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Mpepucnosue

Haumnnast pa6oty Hap ¢peiimBopkoMm Kubernetes moutu msiTh jeT
Haszag, mbl — Kpeiir, /I’)ko M 1 — IOHMMAJM, YTO OH CIIOCOOEeH
M3MEHUTh MUpP pa3pabOTKM ¥  [OOCTaBKM IPOrPaMMHOIO
obecrieuenusi. Ho MbI He Iymasiy, 4YTO 3TO M3MeHeHMe MPou30iaeT
TakK ObICTPO. B HacTosee Bpems:i Kubernetes cIy>kUT OCHOBOJ JIJIsI
CO3IaHMSI TIePEeHOCHMMBIX ¥ HAJeKHBIX CUCTEM [JjIS OCHOBHBIX
00111eTOCTYITHBIX " YaCTHBIX 00JIAKOB, a TaKxKe
HEeBUPTYAJIU3MPOBAHHBIX OKpYyXKeHMii. HecMOTpss Ha IIMPOKYIO
pacrpocTpaHeHHOCTb  (¢peiimBopka  Kubernetes,  6Garomaps
KOTOPOJ KJIacTep B 06/1ake MOKHO pPa3BepHYTh MeHee YeM 3a ISITh
MMHYT, MHOTHME HEeJOCTAaTOUYHO YETKO MpPeICTaBJISIOT, UYTO Ie/aTh
nmanbliile, TIIOCJAe CO3JaHMsI 3TOro Kjaacrepa. Mbl  TOOMINCH
3HAUMTEJbHBIX YCIIEXOB B IIPAKTUYECKONM peaau3alyuy CcaMoro
Kubernetes, HO 3TO TOJIbKO YacTb pellieHMs. DTO (yHIAMEHT, Ha
KOTOPOM CO34al0Tcs mpuiaoxkeHus. OH IpepjaraeT OOIIMPHYIO
O0MOIMOTEKY MHCTPYMEHTOB IJIsI MX CO3[aHMsI, HO MOYTU He JaeT
COBETOB M pPEKOMEHIAlMii apxXuUTeKTopaM WIM paspadboTymMKaMm
MIPWIOKEeHNI, KaK MOXKHO OOBbeAVMHUTDH pa3jIMuHble YaCTy 3TOrO
dbyHIamMeHTa, YTOOBI MOJYYUTh 3aKOHUEHHYIO0 HaJeKHYI0 CUCTEMY,
COOTBETCTBYVIOIIYIO LIEJISIM U IIOTPEOHOCTSIM.

[IpencraBiieHre O TOM, UTO K€ JaJIbllle MIeJaTh C KJacTepoMm
Kubernetes, MOXHO MOJYYUTb M3 IIPOILILJIOTO OIIbITA PabOThI C
AHAJIOTMUYHBIMM CUCTEMAaMM WIM TPUOErHyTb K METOHIy Mpob u
OIMOOK, HO TaKO¥ ITyTh OOXOOUTCS CAMUIIKOM JIOPOTO C TOUKMU
3peHussT BpeMeHM M KadecTBa CUCTeM, IIpeijiaraeéMbIX HaIlyM
KOHEUYHBIM MOJb30BaTeasIM. [IJIT TeX, KTO PelIUT IMIpemoCTaBJIsITh
KPUTUYECKM Ba’kKHbIe YCJIYIM Ha OCHOBE TaKMX CHCTEM, Kak
Kubernetes, oopeTeHue omnpiTa MeTOAOM MHpoO M OHIMOOK 3aiiMeT
CJIMIIKOM MHOTO BpeMeHM U MpUBeAeT K OUYeHb Cepbe3HbIM
rpoOJieMaM, CBSI3aHHBIM C ITPOCTOSIMM U COOSIMI.



Bor nouemy kHura bunmkuHa u PojaHma umMeeT 0co0Oyio
1leHHOCTb. «[laTTepHbl Kubernetes» 3HAaKOMST BaC C OIBITOM,
KOTOPBIIT MbI BJOXUIUM B APl M MHCTpYMEHTbI, COCTaBJISIIOIINE
Kubernetes. ®peiimBopk Kubernetes sBjsieTcS BOIUIOIIEHMEM
OIIbITA, HaKOIVIEHHOTO COOOIIeCTBOM pa3spabOTUMKOB,
3aHMMAIOIMXCS CO3JaHMEeM BbICOKOHAIEXHbIX pacripeneieHHbIX
CUCTEeM B pasHbIX OKpPYKeHMsX. Kaxkmplii 00BEeKT U Kaxkaas
BO3MOXHOCTb, mo0OaBJIeHHbIE B Kubernetes, — 3TO
OCHOBOIIOJIATalOIINiA MHCTPYMEHT, pa3pabOTaHHbIA U CO3JAHHBINA
CreliMaJibHO [JIsI YOOBJIETBOPEHMS KOHKPETHOI moTpe6HOCTU. B
3TOV KHUTE PAacCKa3bIBAETCs, KaK MUCII0JIb30BaTh Ueu, 3aJI0KEHHbIE
B Kubernetes, nis pelieHMsl MpakKTUUECKMX 3a7ad M TOCTPOEHMUS
CBO€J CUCTEMBI.

Pa6oras Hapg Kubernetes, mMbl Bcerma roBOpuIM, UTO Hallla
I7laBHasl 1ieJib —  MaKCMMaJbHO  VIPOCTUTH  pa3pabOTKy
pacripefie/leHHbIX CUCTE€M, M MMEHHO TaKue KHUTU HaIIsIgHO
IIOKa3bIBAIOT, HACKOJbKO MbI IIpeyCIleJii B ITOM. BUIIKUH U
PonaHg oToOpaiy OCHOBHble MHCTPYMEHTBbI  pa3paboTuuKa
Kubernetes u pas6min ux Ha T'PYMIbl, YIIPOCTUB UX U3yUeHUE U
npuMeHeHre. K KOHIIy 3TOJi KHUTU Bbl OyeTe 3HaTh HE TOJIBKO O
KOMIIOHEHTaX, JOCTYIHbIX BaM B Kubernetes, HO 1 0 TOM, «Kak» U
«3aueM» CTPOUTD CUCTEMbI C MCIIOJIb30BaHMEM 3TUX KOMIIOHEHTOB.

Bpendan bepic (Brendan Burns), pazpabomuuk Kubernetes



Bcrynnenue

B nocnegHue roapl ¢ pasBUTMEM MUMKPOCEPBUCOB UM KOHTEMHEPOB
CrIocoObl ITPOEKTUPOBaHMSI, pas3paboTKM U sKciuryatauum I10
3HAUYMTEJIbHO U3MEHWINCE. CoBpeMeHHbIe TIPUJIOKEHUS
ONTUMM3UPYIOTCS B 1eJsIX MacCIITabuMpyeMOCTH, 3JaCTUYHOCTH,
OTKAa30yCTOMYMBOCTY M OBICTPOro M3MeHeHMs. 1711 COOTBETCTBUSI
HOBBIM IIPUMHLIMIIAM 3TU COBpPEMEHHbIE apPXUTEKTYPbl TPEOYIOT
opyroro Habopa MaTTepHOB M MpakTUK. LleJb 3TOIt KHUTU —
MMOMOYb pa3paboTuMkaM Co34aBaTh OOJauHble MPUIOXKEHUSI C
ucrosib3oBaHeM Kubernetes B kaudecTBe IiaT(@oOpMbl BpeMeHMU
BBITIOJIHEHNS. [Il1s1 Havaja KpaTKO TIMO3HAKOMUMCS C [OBYMS
OCHOBHBIMM  COCTaBJISIIOIIMMM  3TOM  KHUTU: (PpeiiMBOPKOM
Kubernetes u maTTepHaMy MpOEKTUPOBAHMS.

Kubernetes

Kubernetes — sto miardopma mAjis1 yIpaBjeHMs KOHTeiiHepaMu.
3apoxaneHne Kubernetes mpou3oliio rjae-To B IieHTpax 06paboTKu
naHHbIX KommaHuu Google, rOe NOSIBMIACh BHYTPEHHSS
maTgopma yIpaBJ/ieHUs KOHTelHepaMu Borg
(https://research.google.com/pubs/pub43438.html). [TnaTdopma
Borg w™mHoro metr wucrnonb3oBaiacb B Google gna  3arycka
npunoxkenuit. B 2014 rogy Google peminn nepegath CBOW OMBIT
paboThl ¢ Borg HOBOMY ITPOEKTY C OTKPBITHIM MCXOIHBIM KOJIOM
o Ha3BaHMeM Kubernetes (B mepeBOjie C TPeYeCcKOro «KOpMUmii»,
«pyneBoit»), a B 2015 romy OH cTal TIepBbIM IPOEKTOM,
repeJaHHbIM B Jap HedaBHO ocHoBaHHOMY ¢doHmy Cloud Native
Computing Foundation (CNCF).

C camoro Hauvajna mpoekT Kubernetes mpuobpen menoe
COOOIIECTBO  ITOJIb30BATeNel, M UMCJIO YYACTHMKOB  POCIIO



HEBEepPOSITHO OBICTPhIMM TeMnamMu. B HacTosiee Bpemst Kubernetes
CUMTAeTCsd OJHMM M3 caMbIX aKTUMBHBIX IpoeKToB Ha GitHub.
MoxkHO Aaske yTBepKAaTh, YTO HA MOMEHT HaIlMCaHUS 3TOI KHUTU
Kubernetes  6bl1 ~ Haubosiee  YacTO  MCIIOAb3yeMOW U
MHOTO(YHKIMOHAIbHOJ IIaT(OPMOIi yIIpaBJIeHMs KOHTeiiHepaMu.
Kubernetes Takke ¢dopmMupyeTr OCHOBY [Opyrux IuaTdopm,
ITOCTPOEHHBIX TTOBepx Hero. Hambosee 13BeCTHOM U3 TaKUX CUCTEM
Buga «matdgopma Kak yoiyra» (Platform-as-a-Service) sBasertcs
Red Hat OpenShift, koTopas mobaBiser B Kubernetes pasnuunbie
IOOTIOJTHUTE/IbHbIE BO3MOXKHOCTY, B TOM 4YMCJIe CIIOCOObI CO3IaHMS
MIPpWIOXKEHUI Ha 3TO¥ maatdopme. ITO TOJbKO YacTh IMPUYMH, IO
KOTOpbIM MbI BbIOpanu Kubernetes B KauecTBe 3TaJOHHOI
m1aTGopMbl IJIS1 ONMCAaHUS MATTEPHOB MCIIOAb30BaHMS 00JIaUHbBIX
CUCTEM B 3TOI KHUTe.

JTa KHMra IIpeAdriojiaraeT HaJuMuMe Yy UYUTATeNsT HEKOTOPBIX
0a3oBbix 3HaHMiT 0 Kubernetes. B rnaBe 1 MblI mepeuymcanM
ocHOBHbIe TIOHSITUSI Kubernetes u 3aJiOKMUM OCHOBY  [JIsI
00Cy:KIeHMsI TTaTTEPHOB B CJIEAYIOIIMX IVIaBaXx.

MaTTepHbl NpoeKTUpOBaHUA

[ToHsiTME NammepHO8, U WabaoH08, NPOEKMUPO8aAHUS TIOSIBUIOCH
B 1970-x rogax B obyiacTu apxuTeKTypbl. Kpucrodep AnexcaHuep
(Christopher Alexander), apxuUTeKTOp M CUCTEMHBI TEOPETUK, U
ero KomaHja OoIyonukoBasiu B 1977 romy HOBATOPCKUIL TPYH «A

Pattern Language»l (Oxford University Press), B KOTOpoMm
ONMCHIBAIOTCSI apXUTEKTYpHbIe I1aGJOHbI CO3HAaHMUSI TOPOIOB,
30aHMIT UM OPYTUX CTPOUTENbHBIX MpPOeKTOB. HekoTopoe Bpem4
CIIyCTSI 3Ta MuAes Oblaa IpMHSITA HeJaBHO ChOpMMpOBaBILIENCS
MHIOYyCTpMeit mporpaMMHOro obecrneueHus. Camas u3BecTHas
KHUTA B 3TOM 001acTu — «IIpuembl 00beKTHO-OPUEHTUPOBAHHOI'O
NpoeKTUpoBaHus. I[laTTepHbl MPOEKTUPOBaHUSA» IDpuxa [aMMBbI,



Puuapga Xenma, Panbda [koHcoHa u /[IskoHa Bauccupeca —
«bangpl ueTbipex» (Addison-Wesley). Korma mbl roBopum 006
M3BECTHBIX TIaTTepHax «OmuHouka» (Singleton), «®abpukar
(Factories) mnu «JlenerupoBanue» (Delegation), TO wucrosab3zyem
Ha3BaHMS, JaHHbIe B 3TOI KHUre. C Tex mop ObLJI0 HAIIMCAaHO MHOTO
OpYIUX 3aMeuvaTesibHbIX KHUT O TaTTepHax i PpasiuyHbIX
objlacTeii C pasHO CTemeHbI0O TMOAPOOHOCTEN, TaKuX Kak

«Enterprise Integration Patterns»2 I'peropa Xomna (Gregor Hohpe) u

bo66u Bynbda (Bobby Woolf) wmnu «Patterns of Enterprise

Application Architecture»2 Maptuna ®aynepa (Martin Fowler).

[Ipomie roBOps, IATTEPH OIMCHLIBAET NOBMOPUMOE peuleHue

3adauud. TlaTTepH omMUAeTCS OT peuenTa TeM, YTO BMECTO

MOIIArOBbIX MHCTPYKIMIA [JIS pellleHMsI 3ajJauM OH OIlpejesisieT
IJaH pelleHus 1eJIor0 Kijacca MOAOOHbIX 3amad. Hampumep,
naTTepH AyekcaHaepa «I[IMBHas» ONMMUChIBAeT, KaK CJIeJyeT CTPOUTh
nuTeliHble 3aBelleHMs, UTOObl OHM CTaJIM MeCcTaMu, [I[ie
«HE3HAKOMIIbI ¥ Jpy3bsl CTAHOBSITCS COOYTbUIbHMKAMM», a He
«IIPUCTAHUILLAMMU IJII OOMHOUYEK». Bce 3aBeieHMsI, IOCTPOEHHbIE 110
5TOMY 11a0JIOHY, BBIIJISIIST I10-Pa3sHOMY, HO MMEIOT OOIIi e UepThl,
TaKMe KaK OTKpPbITble HUIIM [JISI TPYII OT YeThIpex 10 BOCbMMU
yeJjI0BeK U OOIIMit 3aJl, Tle COTHM JII0[ieli MOTYT BMeCTe BbIMBATh,
BeCeJINThCS, CJIYIIaTh MY3bIKY WM AeaTh UTO-TO elle.

OpgHako maTTepHbI He MPOCTO MpPedoCTaBSIOT pelieHusi. OHU
Takke @(QOPMUPYIOT $3bIK. YHMKaJIbHble Ha3BaHMUSI MATTEPHOB
00pa3yloT KOMIIAKTHBIM SI3bIK, B OCHOBE KOTOpPOrO JIeXKaT
CYIIeCTBUTEJIbHbIE, U KaXAbIM TMATTEePH MMeeT YHUKAJIbHOe
HaseaHue. Korgma OOy YIIOMMHAIOT 3TU Ha3BaHMS B pa3roBopax
MEKIy €000}, OHM aBTOMATHUECKM BBI3BIBAIOT Y HUX ITOXOKMUE
MeHTa/IbHble IIpeacTtaBjieHus. Harmpumep, Korma Mbl TOBOPUM O
cToJe, 11060, KTO CJABIIIUT HAac, IIpeAIiogaraeT, YTo Mbl TOBOPUM O
IlepeBSIHHOM CTOJICIIHUIIE HA YeThIpeX HOXKAX, HA KOTOPYIO MOKHO
KJIaCTh pasHble Belly. 1O Xe MOPOUCXOOUT B IIPOrpaMMHON



MHIKeHepUM, Korma Mbl TroBopuM O «(pabpuke». B KOHTeKCTe
00beKTHO-OPUEHTUPOBAHHOT'O IIporpaMMMUPOBaHMS MBI
HeMe[JIEHHO CBSI3bIBAEM C TepMMHOM «babpuKa» HeKUuii 00bEeKT,
KOTOPbIN IMPOU3BOAUT APYyTrMe 00beKThbl. [IOCKOMBbKY MBI YK€ 3HaeM
pellieHMe, Jekalllee B OCHOBE IIAaTTepHa, TO MOXeM IepeiTu K
pelieHNIO ellle He pellleHHbIX TPo6JieM.

EcTb U Apyrue xapakKTepUCTUKM S3bIKa MaTTEpPHOB. IlaTTepHbI
B3aMMMOCBSI3aHbI MEXKIy CO00Ji M MOTYT IepPeKPhIBAThCS, II0OITOMY
BMeCTe OXBaThIBAIOT OOJIBIIYIO YaCTh IPOCTPAHCTBA 3amau. Kpome
TOr0, KaK OTMEUAaeTCsS B KHUTe «S3BIK ITaTTePHOB», ITATTEPHBI
MMEIOT pa3Hble YPOBHM JeTaam3aiuu U obsactu meiictBus. bomee
o0IIMe maTTepHbl OXBAThIBAIOT OoJjiee IIMPOKMIA CIIEKTP 3ajad U
TpeIaraloT NpuOIM3UTeIbHbIe PeKOMEeHIalluM, Kacamliuecs Ux
pemienus. CHnenyaam3MpoBaHHbIE TATTEPHbI  JAIOT  OYE€Hb
KOHKpeTHOe pellleHre, HO IIPUMEHSIIOTCSI He TaK IIMPOKO. OTa
KHUTA COIEPKUT BCE BUObI IIATTEPHOB, M MHOIME IIaTTepPHbI
CChUIAIOTCS Ha [Apyrue IaTTepHbl WIM [OaKe MOIYT BKIIOUYATh
IOpyriue maTTepHbI KaK YacTh PeIeHus.

IIpyrass 0CO6€HHOCTb ITaTTEPHOB 3aK/IIOYAeTCSI B TOM, UTO OHMU
cyieoyioT kecTkoMy dopmaty. OmHaKO KaXablii aBTOp OmpejesieT
cBOJ opmarT, U, K COKaJIeHMIO, HeT eIMHOI0 CTaHJapTa, KOTOPKI
ompenensii Obl, KaK [O/DKHbI M3/7aratbCsl MaTTepHbl. MapTuH
daynep maeT MpeBOCXOIHBI 0030p (OPMATOB, UCIOIb3YEMBbIX IS
SI3bIKOB TIATTEPHOB, B CBoeil cTraThe «Writing Software Patterns»
(http://bit.ly/2HIuUd)).

CTpyKkTypa KHUTU

Mbl BbIOpa/iM IIPOCTOI TIATTEPH CTPYKTYpPbl KHUTU. MbI He
MpUIEepPKMBaeMCsI KaKoro-aubo KOHKPeTHOTO s3bIKa U IS
OITMCaHMS KaXKOOro aTTepHa MCII0Ab3yeM C/IeIYIOIIYI0 CTPYKTYPY:



Ha3eaHue

Kakaplii TaTTepH MMeeT Ha3BaHMe, KOTOPOE TaKXke SIBJSETCS
HasBaHMeM [JIaBbl. Ha3BaHMsI 00pa3ylOT OCHOBY SI3bIKa
MaTTEePHOB.

3adaua

B sTOM pa3pgene ngaeTrcsl MIMPOKUIA KOHTEKCT U TIOAPOOHOeE
OIMCaHMe IMPOCTPAHCTBA MAaTTEPHA.

PeuwieHue

ATOT paszen pacckasbIlBaeT, KaK IMATTEPH pellaeT IIpobjiemMy
crroco6oM, xapakTepHbIM Iyt Kubernetes. DToT pasmen Takske
COIEpKUT CChUIKM Ha [Apyrue TMaTTepHbl, KOTOpbIe JMOO
CBSI3aHBI, JIMOO SIBJISIIOTCS YaCThIO JAHHOTO MTaTTEPHA.

IlosicHeHue

O630p [JOCTOMHCTB M HEJOCTAaTKOB peIleHuss B JaHHOM
KOHTEKCTe.

JTonosiHumenvHas uHgopmauus

OTOT  3aK/JIKUYUTENIbHBIM  pa3fgen  CONEPXUT  UCTOYHUKU
IJOMOJHUTEIbHOM MHpOpMalM, Kacaloleics rnaTTepHa.

Mbl oOpraHm3oBajM IIATTEPHBI B OTOM KHUTE CJIeOYIOIIM
obpasom:

e Yacmos I OcHo8Hble nammepHbl OXBAaTbIBA€T OCHOBHBIE TTOHSITUS
Kubernetes u mnepeuuciasieT OCHOBOIMOJAraIye MPUHLUILI U



MPaKTUKM CO3JAaHMS OO0JIaUHBbIX IIPUIOXKEHMII Ha OCHOBE
KOHTENHEPOB.

e Yacme II IlosedeHueckue nammepHsl ONUCHIBAET IIaTTEPHBI,
OCHOBaHHble Ha 0a30BbBIX TMAaTTepHaX, U  J00ABJSIOT
CrielMaan3poOBaHHble MIOEU YIIpaBJeHUs B3aMMOOENCTBUSIMU
MeXXIy KOHTeliHepaMu U T1aT)OPMOIA.

e Yacme III CmpykmypHble nammepHsl COIEPKUT TATTEPHBI,
MMeIOolllJie OTHOIIeHMe K OpraHu3aliuy KOHTEeitHepOB B hodbl
(pod) — snemeHTapHble eauHUIIBI TIaTdopmbl Kubernetes.

Yacme IV KoHpuzypauuoHHble nammepHsl JA€T MpeacTaBJIeHue o
pPas/IMUYHBIX CIIOCO0axX HACTpOViKM IpuiaokeHuit B Kubernetes.
OTO OUYeHb [eTaJlu3MPOBAHHbIE TIIATTEPHbI, BKJIOYAKOIINeE
KOHKpEeTHbIe peleIThl ISl MOAK/IIOYeHUS IIPUIOXKEHUII K UX
KOH(UTypaLysM.

e Yacme V  [JonoiHumenvbHole nammepHsl  3HAKOMUT  C
IOOIIOJTHUTE/NIbHBIMM ~ TIOHSTUSIMM, HaIlpuMep, KakK MOXHO
pacliMpuTh caMy IIaT@opMy WIM KaK Co3JaBaTb 00pa3bl
KOHTefHepOB HeIloCpeICTBEHHO BHYTPHU KjacTepa.

HaTTeprI He BcCerga BIIMCbBIBAIOTCA B KdKYIO-TO OJHY
KaTeropmio. B 3aBMCUMOCTM OT KOHTEKCTa OIMH U TOT Xe ImaTTepH
MOXXeT BIIMCbIBATbCSA B HECKOJIbBKO KaTEFOpI/II'/JI. Kaxkmas rmaBsa
IMOCBAII€HA OOJHOMY IIaTTEPHY U ABJISETCA HGBaBI/ICMMOI;'I, ITIO3TOMY
BbI MOXXETe UMTAaTb IJIaBbl 11O OTAEJIBHOCTU U B I060M Iopsgaake.

KoMy agpecoBaHa 3Ta KHUra

JTa KHMTa agpecoBaHa paspabomuuxam, KOTOpbie XOTSIT
IIPOEKTUPOBATh M paspabaThIBaTh OOJAUHBIE IIPUIOKEHMS JIsI



maT@opmbl Kubernetes. Haubosiblilyio I0Jib3y U3 Hee U3BJIEKYT
yMTaTeNM, KOTOpbie XOTsI Obl HEMHOTO 3HAKOMBbI C KOHTeliHepaMu U
noHsATusIMu Kubernetes 1 XOTST HNOOHSITbCSI HAa HOBbIV yYPOBEHb.
OOHaKo BaM He HY)XHO 3HaThb HM3KOYPOBHEBbIE NETa/IM YCTPOICTBA
Kubernetes, 4TO6bI MOHSITH BAPMAHThI U IIATTEPHbI UCIIOIb30BaAHMSI.
ApXUTEKTOpbI, TexXHUUEeCKMe KOHCYJbTAaHTbl U Ppa3paboTUMKU
BBIUTPAIOT OT 3HAKOMCTBA C ITATTepPHAMM, OTIMCAHHBIMU 3[1€Ch.

JTa KHMra OCHOBAaHa Ha CoeHapusiax MUCIIOJb30BaHMA M YPOKAX,
U3BJIEUEHHbIX M3 peaJIbHbIX ITPOEKTOB. MBI XOTMM I[IOMOYb BaM
CO30aBaThb 001aYHbIE IMPpUJIOXKEHN, a HE I/I306p€TaTb BeJioCcuIlien.

Yto Bbl Y3HaeTe

Bl coemaere maccy OTKpbITUMI. HekoTopble IaTTepHbl MOTYT
BBITJISIIETh KaK BbIIEPsKKM U3 PyKOBOACTBa 1o Kubernetes, HO Tipu
OJyKaiIieM pacCMOTPeHMM Bbl  YBUIANUTE, UYTO IIaTTEPHbI
TpeJICTaBJIeHbl C KOHLIEINTYa/bHOM TOUKM 3PEeHUS, Uero He XBaTaer
B IPYIMX KHUTaX, IOCBSIIEHHbIX 3TOM TemMe. [Ipyrue onmncbiBarOTCs
MHave, C MOAPOOHBIMU PeKOMEHIALMSIMU IJIs1 KaxkKA0li KOHKPeTHOI
3aJauu, Kak, HampuMmep, B yactu IV KoHguzypauuorHsie nammepHul.

He3aBucumo OT cTeIleHy NOAPOOHOCTH OMMCAHMS MaTTepHA, BbI
y3HaeTe Bce, uTo Kubernetes mpenjgaraer [as KaxXaoro
KOHKPETHOI'0 IIaTTepHa, CO MHOXeCTBOM WIJIKCTPAaTUBHBIX
npuMepoB. Bce 5Tu mpumepbl ObLIM IIPOTECTUPOBAHBI, UM MBI
pacckaxkeM, Kak TIIOJYYUTb UX MUCXOOHBLIM KOO B pasmeine
«Mcrmonb30BaHMe IPUMEPOB KOIa».

[Ipexkge yeM HayaThb IMOTPY>KeHME, KPaTKO Mepeuncianm, 4em He
SIBJISIETCSI 9Ta KHUTA:

e JTa KHUTA He SIBJISIETCS PYKOBOACTBOM II0 HACTPOIKe CamMoOro
kiaacrepa Kubernetes. Kasknmplii ImaTTepH UM KaXXAblil MIpuUMep
MpeAriojaraeT, YTO Bbl y3Ke HACTpPOuUau U 3anycTuin Kubernetes.



OmnpoboBaTh IPMMEpPHl MOKHO HECKOJbKMMM CII0COOaMu.
XKenawmnym y3HaThb, KaK HacTpouThb Kiaactep Kubernetes,
pekoMeHayem KHUTy «Managing Kubernetes» bpengana bepHca
(Brendan Burns) u Kpeiira Tpejicu (Craig Tracey), u3gaHHyiO B
O’Reilly  (https://oreil.ly/2HoadnU). Kpome ToOro, KHuUra
«Kubernetes Cookbook» Maiikna Xaysenosaca (Michael
Hausenblas) u Ceb6actbsiHa Toacrena (Sebastien Goasguen),
mnsganHasg B O’Reilly (http://bit.ly/2FTglzk), cogeps>KUT pellemnThbl
cosmaHus kiaactepa Kubernetes ¢ Hys.

e OTa KHUTA He gBjsgeTca HuU BBegeHueM B Kubernetes, Hu
CIIpaBOYHbIM  PYKOBOACTBOM. Mbl 3aTparMBaeM MHOIMeE
ocobenHocTu Kubernetes 1 00bSICHIEM MX IO OIpeJeeHHOI
CTelneHM, HO OCHOBHOE BHUMAaHMe YIeISeTCs UaesM, JieKaluM
B OCHOBe O3TuxX ocobe”HHocTeit. B 1imaBe 1 «BBenmeHue»
npenjaraeTcss KpaTkuit 0630p ocHoB Kubernetes. Eciau Bbl
UIIETe MCUYEPIThIBAIOIIYI0 KHUTY 00 Mcnonb3oBaHum Kubernetes,

MbI HACTOSITEJIbHO peKoMeHayeM KHUTy «Kubernetes in Action»2
Mapko JIykmu (Marko LukSa), wu3gmanHyio B Manning
Publications.

KHura HammcaHa B H@HpMHY)K,Z[EHHOﬁ MaHepe u 6obIIIe
HaIIOMMHaeT Cepnio O4Y€PpPKOB, KOTOpbIE MOJ>XHO UUTATb
He3aBUCUMO.

Tunorpadckue cornawieHus

Kak yxXke yIOMMHAAOCh, IIaTTEpPHbI  00pa3ylOT  MPOCTOIA,
B3aMMOCBSI3aHHBIN $13bIK. UTOOBI MOAUEPKHYTh 3Ty B3aMMOCBSI3b,
Ha3BaHMS MMATTEPHOB 3aMMChIBAIOTCS Kypcugom (Hampumep, Sidecar
(ITpuyen)). Korma maTTepH IIoJaydyaeT Ha3BaHMe TII0 0a3o0BOMY
TIOHSI TUIO Kubernetes (Hammpumep, Init Container



(MHuuuanusupyrwowuii konmetinep) wnu Controller (Konmponep)),
MbI MCIIOJIb3yeM TaKo¥ Croco6 odopmiIeHMsI TOJbKO ISl TIPSIMbIX
CCBUJIOK Ha caM maTTepH. Tam, rme 3TO MMeeT CMBIC/I, Mbl TaKKe
IlaeM CChUIKM Ha IVIaBbl C OMMCAHUSIMMU ITATTEPHOB [JIs1 YIIPOILEeHUS
HaBUTalUN.

MpbI Takxke UCITIOJIb3yEM d1eayrouime CorjialmeHms

e Bce, uTo BBOAUTCSI B KOMaHAHOM 000/JI0UYKe WIM B PedaKTOpe,
oymeT obOpMIISITHCS MOHOWNPUHHBIM WPUGTOM.

» limeHa pecypcoB Kubernetes Bcerma 3anmcbiBaloTCsI C 3arJIaBHOM
O0ykBbI (Harpumep, Pod). Eciu pecypc uMeeT KOMOMHMPOBAHHOE
uMs, Takoe Kak ConfigMap, MbI UCIIOJIb3yeM ero BMecCTO OoJiee
eCcTeCcTBeHHOTo 0603HaueHus «config map» (KoHGUrypaLMOHHAs
KapTa), YTOObI ITIOJYEPKHYTb, UTO MMEETCSI B BUAY IOHSTHE
Kubernetes.

» lImena HekoTOpbIX pecypcoB Kubernetes coBmamaioT ¢ OO0LIMMM
MOHSTUSIMM, TAKUMMU KaK «CITykOa» WIN «y3ea». B aTux ciydasx
Mbl MCHOJb3yeM odOopMJIeHre, XapakKTepHoe i MMeH
pecypcoB, TOTbKO JIJISI CChbIIOK Ha pPecypchl.

Ucnonb3oBaHue npumMepoB Koaa

OmnucaHMe KaxKIOro TMaTTepHa COIPOBOXKOAETCS IIpUMepaMu,
KOTOpble BbI MOXETe HaliTM Ha BeO-CTpaHUIle KHUTHU
(https://k8spatterns.io/). Takke CCbUIKM Ha MpUMEPbI OISl KaKOOTO
raTTepHa MPUBOIITCS B pasgene «JonomHuTenbHas MHGopMaLus»
B Ka)XIIO1 I71aBe.

B pasgene «JJononHuTenbHas MHOOpMaLMSI» TaKxKe IPUBOASITCS

CCbIJIKN Ha AJOITOTHUTEJIbHYIO I/IH(l)OpMaLII/I}O, MMEIOIIYIO
OTHOIIE€HME K IIaTTEPHY. MbI IOCTOSTHHO OOHOBJISIEM 3TU CITUCKU B



PeIo3sUTOpPUM IIPUMEPOB. M3MeHeHMsI B KOJIJIEKIMSX CChIJIOK TaKKe
oymyT myosmkoBaThest B Twitter (https://twitter.com/k8spatterns).

VcxomHplii KOO BCeX MPUMEPOB B 3TOM KHUrE OOCTYIIEH B
GitHub (https://github.com/k8spatterns). Pero3utopuii 1 Beb-caiiT
TaKXKe CoAepskaT yKasaHMusS UM MHCTPYKUMM O TOM, KaK CO30aTh
kinactep Kubernetes mjst onpo6oBanus npumMepoB. I[IpocmaTpuBast
MIpUMepbl, TaKKe 3aI/ITHUTE B IpeocTaBjsieMble (aiiibl pecypcoB.
B HuX Bbl HalizleTe MHOI'O I10JIe3HbIX KOMMEHTapMeB, IMTOMOTa0IINX
TIOHSITh KOJ, IIpuMepa.

Bo mHorux mnpumepax ucrosnbsyetrcs REST-caysk6a random-
generator, KOTOpasi BO3BpallaeT cjay4yaiiHble unucaa. OHa
crielaabHO CO3daBajiach MJisI ONMPOOOBaHMUSI MPUMEPOB M3 ITOI
KHUTU. VICXOIHBIN KO 3TOM CJIy>KObI TOXXKe MOXKHO HaitTu B GitHub
(https://github.com/k8spatterns/random-generator), a ee o6pa3s st
pa3BepThIBAHUSA B KOHTelHepe k8spatterns/random-
generator gobasyeH B KaTanor Docker Hub.

Jj1s1 omucaHusl TOJieil pecypcoB Mbl MCIIOJIb3yeM OOO3HaueHMe
myTeit B dopmare JSON. Hampumep, .spec.replicas — 3To
CCbIJIKA Ha ToJie replicas B pasjeiie spec pecypca.

Eciu BBl HalimeTe OHMIMOKY B Koae IIpuMepa WIM B
IOKYMEHTAallMM WMJIM €eCauM Y Bac TIOSIBUTCI BOIIPOC, CMeJIO
co3maBaiiTe 3as1BKY B TpeKepe npo6ieM GitHub
(https://github.com/k8spatterns/examples/issues). Mbl ciegum 3a
TIOSIBJIEHMEM 3asIBOK M C PaJOCTbI0O OTBeUYaeM Ha JII00bIe BOIIPOCHI.

MbI MPUBETCTBYEM JTI00bIE TTPeIOKeHMS 0 M3MeHeHUIo Koja!
Ecnu Bbl cuMTaeTe, UTO CMOXKETe YCOBEpIIeHCTBOBAThb IMPUMEpHI,
Mbl OymeM pajabl pacCMOTpeTh BalllM MOpemyioxkeHus. IIpocTo
cosmaiiTe 3asBKYy MWIM 3ampoc Ha Tpekepe Impobiem GitHub n
HAYHUTE AMAJIOT C HAMM.

bnaroaapHocTH



Co3maHue  9TOM  KHUTM  OBLJIO  JOIATMM  ITyTeleCTBUEM,
MPOAO/IKABIIMMCSI IBa TOfla, ¥ Mbl XOTMM IM00JIaroJapuTh BCeX
HalllMX peleH3eHTOB, ITIOMOraBIIMM HaM He COUThCSI C MYTH.
Oco0Oyto 671arogapHOCTb XOTUM BbIpasuTh [laono AutuHopu (Paolo
Antinori) u Aunpea Tapokku (Andrea Tarocchi), momoraBimmMm HaMm
B 3TOM IIyTellleCTBMM. Bosbioe criacubo Takke Mapko JIykiie
(Marko LukSa), Bpenmony ®wunaumncy (Brandon Philips), Maiiky
XyrrepmaHHy (Michael Hiittermann), Bpaitany I'peitcin (Brian
Gracely), duapio bioky (Andrew Block), Upsxku Kpemcepy (Jiri
Kremser), Toouacy IlIHeky (Tobias Schneck) u Puxky Barnepy (Rick
Wagner), KoTopble IoaaepKajay HaCc CBOMM OIIBITOM M COBETaMIN.
HaxkoHell, HO He B IOCJeIHIOI ouyepenb, 60JbIIOe CIacub0 HAIIUM
pemakTopam Bupmkunum Yuiacon (Virginia Wilson), [I>koHy
HeBuHcy (John Devins), Kostpun Tozep (Katherine Tozer),
Kpuctune Sapapac (Christina Edwards) 1 BceM 3aMeuaTe/ibHbIM
corpyamaukaM O’Reilly 3a To, 4TO ITOMOI/IM IOBECTU 3TY KHUTY [0
dbuHana.

OT M3patenbcTBa

Baiim 3ameuanus, rnmpenjioskeHusi, BOIIPOChI OTIIPABJISITE 10 afgpecy
comp@piter.com  (u3marenbCTBO  «lluTepy, KOMIIbIOTE€pPHAas
pemakius).

MbI 6yzieM pajibl y3HATh Ballle MHeHue!

Ha BeO-caiiTe wu3gaTelbCTBA Www.piter.com BbI HalijeTe
MIOJIpOOHYI0 MHGOPMAIINIO O HAIIMX KHUTaX.

1 Kpucmodgpep Anexcandep, Capa Hcuxasa, Mioppeti Cuneepcmati. SI3bIK 111a0/I0HOB.
T'opona. 3manusi. CtpoutenbcTBo. M3matenbcTBo Ctyaum Apremus Jlebenesa, 2014. —
Ilpumeu. nep.

2 Xon Ipezop, Bynwsgh bo66u. [1aTTe pHbI MHTETPAIMM KOPIIOPATUBHBIX MTPWIIOKEeHMI. M. :
Bunbsimc, 2016. — IIpumeu. nep.



3 Mapmun @aynep, Hetisud Patic, Mammsio ®@ommen, 30sapo Xatiem, Po6epm Mu, PaHdu
Cmadgpopo. TlaTTe pHBI KOPIIOPATUBHBIX MPWIOKeHMit. M.: Bunbsimc, 2016. — ITpumeu.
nep.

4 Kpucrtodep AnekcaHep 1 ero KOMaH/ia Orpee/ iy IlepBoHavYaIbHOe 3HaYeHue
CJIOBA «MATTePH» B KOHTEKCTE apXUTEKTYPhI CAeAYIOIIMM 00pa3om: «Kakablii maTre pH
IoaeT omMcaHue TOi MU MHOI ITpobsieMbl, PeTYJIIPHO BO3HMKAIOIIEl B OKpYy>KalolieM Hac
MIPOCTPAHCTBE, BCJIe 32 KOTOPBIM ITpeCTaBIeHa CYTh pellleHNsI JaHHOM ITpo6ie Mbl,
chopmMyIMpoBaHHASI TAKMM 06pa30M, YTOOBI BbI MOITIM MHOTOKPATHO MCITOb30BaTh 3TO
pellieHMe, HO HUKOTIa He KonmpoBaTh ero» (Kpucmodgep Anexcandep, Capa Hcukasa,
Mioppeii Cunsepcmatin. SI13bIk 1ma6oHoB. I'opoga. 3gauus. CtpoutenbcTBo. C. 20). MbI
CuMTaeM, 4TO 3TO OIpeaesieHue MpeKpacHO MOAXOANUT TaKKe AJIs ITaTTe PHOB, KOTOPbIe
OIMCBHIBAIOTCS B 3TOM KHUTE, C TOW JIMIIIb PA3HUIIEIN, UTO Y HAC, MIOXKAJIYi1, HE TAK MHOTO
CBOOObI B pean3aliuy pelieHuii.

5 JIykwa Mapxko. Kubernetes B neiictBunu. M.: JIMK IIpecc, 2018. — IIpumeu. nep.



naBa 1. BeepeHue

B 5TOM BBOAHOI I/IaBe MbI MOATOTOBMM OCHOBY IJISI OCTaJIbHOM
yacTM KHUTM M 00cyoum BaskHble TIoHSATUS Kubernetes,
MCIIO/Ib3yeMble B IIPOEKTUPOBAHMM U peanmusdanuy 00JIauHbIX
IIPUIOKEHUII Ha OCHOBE KOHTelHepoB. [IoHMMaHMe 3TUX HOBbBIX
abCcTpakiuii, a TaKKe CBSI3aHHBIX C HUMM IIPUHIIUIIOB U MMATTEPHOB
U3 3TOM KHUTU SIBJISIETCS KJIKUYOM K CO3IaHMIO paclpeneleHHbIX
MIPpUWIOKEeHUI, aBTOMaTU3UPyeMbIX 00JIauHbIMMU IIIaT(GopMaMu.

JTa TI7IaBa He SBJISIETCS 00sI3aTeJIbHBIM YCIOBUEM IS
IIOHMMAaHMS  MaTTePHOB, OINMUCbIBaeMbIX Jajnee. YUuraresu,
3HaKOMbIe ¢ MOHITUsIMU Kubernetes, MOI'yT IIPOITyCTUTb €€ U Cpasy
TiepenTy K MHTepecCyIollen X KaTeropumn.

MyTb B 06nauHOE OKpyXKeHue

Han6osbliieii OMyASpHOCTbIO Cpeiy apXUTEKTYP HMPUIOKEeHUI IS
obsaunbix IIaTdopm, Takux Kak Kubernetes, 1oab3yeTcs
apXUTEKTypa MMKPOCEPBUCOB. IDTOT CHOCOO  OpraHmM3aLu
IIPOrpaMMHOro obecrieueHuss MOMOTraeT CHU3UTh CJIO0KHOCTb €ro
paspaboTKM 3a cueT [apobjeHust OM3Hec-QYHKLMIZ M 3aMeHbI
CJIOSKHOCTY pa3padbOTKM CJIOKHOCTBIO SKCILTyaTalMN.

CyiecTByeT  0Oo0JbIlloe  KOJIMYECTBO  TEOpPeTUYECKUX U
MPAKTUYECKMX METOMIOB CO3JaHMSI MMKPOCEPBUCOB C HYIS WU
oejeHusI  MOHOJIMTHBIX  MOPWIOXKEHMII HAa  MMKPOCEPBUCHI.
BOJMBIIMHCTBO M3 3STUX METOJOB OCHOBaHbl Ha MOpUeMax,
OIMMCaHHbIX B KHUre Opuka IdBaHca (Eric Evans) «Domain-Driven

Design»é (Addison-Wesley), u NOOHSITUSIX OrpaHUYEHHOTIO
KOHTEKCTa " arperaTos. OzpaHuueHHble KOHMeKCmbl
HeIloCpeICTBEHHO CBSI3aHbI C OOJbIIMMY MOAEASIMU U OeNIST UX Ha
pasHble KOMIIOHEHTbI, M dazpezamsl TIOMOTalOT TI'PYHIIMPOBATH



OrpaHMYEHHble KOHTEKCTbl B MOAYJM C OIpeaeieHHbIMU
rpaHuiiaMy  TpaH3akuuii. OmDHAKO Kpome 3TUX  IIOHSITUM,
XapaKTepHBIX [JIsI KaKOOi IIpeIMeTHON 00jacTu, IS Kaskgoi
pacmpeie/ieHHOM CUCTeMbI, He3aBMCMMO OT TOr0, OCHOBAHa OHAa Ha
MMKpPOCEpPBMCAX W/IM HET, CYIeCTBYEeT MHOXECTBO TeXHUYEeCKUX
Mpo6jeM, CBSI3aHHBIX C MX OpraHusalment, CTPYKTypoit u
II0OBeleHeM BO BpeMsI BbITIOJTHEHMS.

KoHTeiiHepbl 1 MeXaHU3Mbl YIIpaBJeHs KOHTeliiHepaMu, TaKue
Kak Kubernetes, mnpemjaraioT MHOIO HOBBIX HPUMUTUBOB U
abcTpakumii  mjisi  pelleHMs — IIpobGjeM  paclipeleleHHbIX
MIPUIOKEHMIA, Y 3Iech Mbl OOCYIMM pasHble BapuaHTbI, KOTOpbIE
cjiefyeT YYUTbIBATh IIPU IepeHOCe paclipelie/ieHHOM CUCTeMBbI B
Kubernetes.

B o9TOit KHMre Mbl OymemM McCCAeIOBaTb OCOOEHHOCTU
B3aMMOJIEVICTBMII KOHTeJiHepoB M IIaT@opM, paccMaTpuBas
KOHTEeVHepbl KaK 4YepHble SIIMKU. OOHAKO Mbl BKJIKYMIM 3TOT
pasgesn, 4ToObl MOJYEPKHYTh BaKHOCTb BHYTPEHHEro YCTPOICTBA
KOHTeliHepoB. KoHTejiHepbl ¥ o06iauHble I1aTHOPMbI OAIOT
OrPOMHbIE TIPEUMYIIECTBA paclipelie/IeHHbIM MPUIOKEeHUSIM, HO,
TIOMECTUB MYCOP B KOHTEIHepbl, Bbl IMOJYUYUTE pacrpene/ieHHbIN
Mycop B OosbiieM MacmiTabe. Ha puc. 1.1 mokasaHo, Kakue
HaBbIKM HeOOXOOMMBI IJIsSI  CO3JIaHMSI XOPOLIMX  OOJauHbIX
TIPUJIOXKEHUIA.



Marrepubl Kuberenetes

(aBTOMaTH3MpORAHHDE
MacluTabupoBaHue KoHTeilHepoB)

MpuHUKNbI OpraHmsayuun
MWKpOCEpPBUCOB
(Cnyx0b1, ONTUMW3UPOBAHHbIE ANA
bonee npocToro H3MeHeHna

MpenmeTHO-0pMEHTUPOBAHHOE
NpOeKTUpOBaHUe

(eauHan npeqmeTHaA Mojenb)

Yucreiii Kop,
(BbIBEPEHHbIN 1 OTNAKEHHbIIH KoL)

Puc. 1.1. MyTb B 06n1a4HOE OKpYXEHME

B ob6meM @Iyuyae Kakgoe O00jauHOe MpUJIOKEeHMEe MMeeT
HECKOJIbKO YPOBHEN abCTpakLyuyM, KOTOpbIe TPeOYIOT pasaIUUHbIX
IIPOEKTHBIX PeIleHNI:

* B camoM HM3Y HaXOAUTCSI yPOBEHb NPO2PAMMHO20 Koda. Ha saTom
YPOBHE KaKOas repeMeHHas, KaXObIl MEeTOO M KaKObIi Kiacc,
KOTOpble Bbl CO3JaeTe, OKa3bIBAIOT IIpsIMOe BJIMSIHME Ha
OOC/IY>KMBaHME TPUIOKEHUSI B JIOJTOCPOYHON IepCleKTUBe.
He3aBucuMoO OT TEeXHOJOTMM KOHTEMHepOB U MjaaT@OpMbI
yIIpaBJIeHMs MMM, KOMaHIa pa3paboTUMKOB U CO3/laBaeMble MMM
apredakTsl OygyT uMeTb HaubOoJblllee BAMSHMUE. BakHO
MIOJJEePKUBATh Pa3pabOTUMKOB, KOTOpbIE CTPEMSTCS IIMUCATh
YMCTBIN KO[, MIMEIOT HeoOxoauMoe KOJIYECTBO
aBTOMAaTUYECKUX TECTOB, MOCTOSIHHO Y/IYUIIAaT KaueCcTBO KOIa
M SIBJISIOTCSI MacTepamy B cdepe pa3pabOTKM IIPOrPaMMHOTO
obecrieueHusl.

* [IpedmemHo-opueHmuposaHHoe npoekmuposarue (Domain-Driven
Design, DDD) — 3T0 1oaxof, K MMPOeKTUPOBAHMIO ITPOTPAMMHOTO



obecrieueHMsT C€ TIO3UIMM OM3Heca C 1eJbl0  TOTYUUTh
apXUTEKTYpy, Kak MOXXHO OoJjiee GJIM3KYI0 K peajbHOMY MUPY.
OH Js1yyllle BCErO COOTBETCTBYET OOBbEKTHO-OPUEHTUPOBAHHBIM
SI3bIKaM IIPOrpaMMMpPOBaHMSI, HO €CTb M [JOpyrue Xopoliue
TOIXO/IbI K MOJIeIUPOBAHUIO " TIPOEKTUPOBAHUIO
IIpOrpaMMHOTO oObOecriedyeHus [jisi pelleHus] MPaKTUUYeCKUX
3aay. Mojenb C IIpaBWIbHO BbIOPAaHHBIMM TpaHUIIAMH,
TIPOCTBIMMU B UCITOJIb30BAHUM mnHTepdeiicamu "
MHOTOGYHKIMOHAIbHBIM API sIB/IsSIeTCS OCHOBOIA IIJisl YCIIEITHOM
KOHTeHepu3alunu U aBTOMaTU3aLNU B JaJIbHENIIEeM.

ApXumekmypHbwlli CMujb MUKPOCEPBUCO8 OUYe€Hb OBICTPO CTal
HOpMOI1 U ompefensieT IeHHble TMPUHIUIIBI U  MeTOMbI
IIPOEKTUPOBAHMSI 4YaCTO M3MEHSIONIMUXCS  paclpeeleHHbIX
npuwioxkeHuit. IIpuMeHeHMe OSTUX TIPUHLMUIIOB ITO3BOJISIET
CO3/1aBaTh peanusaium, ONITMMMU3MPOBAHHbBIE IS
MacIITabMpoOBaHMsI, OTKA30yCTOMUMBOCTY M YACThIX U3MEHEHMIA,
YTO SIBJISIETCSI OOIIMM TPeOOoBaHMEM [IJIsl JIIOOOr0 COBPEMEHHOT0
TIPOTPaMMHOT0 0b6ecIieueHusl.

Konumeltinepsl O4YeHb OBICTPO IIPEBPATUINCh B CTaHIAPTHBIA
CIIoco6 YMaKOBKM M 3aIlyCcKa pachpefieieHHbIX ITPUI0KEeHUIA.
CosmaHue MOIYJIbHBIX, MHOTOPAa30BbIX KOHTEIHEPOB, KOTOPbLIE
MIpeKpacHO TMOAXOASAT [Jjis  MCIIOJb30BaHMS B  OOJIAaUHBIX
OKPYKEHMSIX, SIBJISIeTCS  elle OnHOM  (yHIaMeHTa/IbHOM
rpeanocelyikoi. C poOCTOM 4McCjlIa KOHTEMHEpPOB B KaxKIon
opraHmusanuy BO3HMKAeT HeoOXOAMMOCTb YIPaBaSITh WUMMU,
UCIIoNb3ysl Oosiee 3(deKTVBHbIE MeETOIbl U MHCTPYMEHTHI.
ObnauHplli — 3TO OTHOCUTEIbHO HOBBIV T€PMMH, UCIIO/Ib3yeMbIit
IUIST  OMMUCAHUSI TIPUHLUIIOB, TIaTTEPHOB U MHCTPYMEHTOB
aBTOMaTHU3aLUU MacIITabupoBaHUS KOHTEeHEePHBIX
MUKPOCEPBUCOB. MbI oynmem UCIIOJIb30BATh KaK
B3aMMO3aMeHseMble coBa oOsauHslii 1 Kubernetes, mocienHee



3 KOTOPBIX SIBJISIETCS HasBaHMeM Haubojee TMOIYISIPHON B
HacTosIee BpeMsi 00jauHOV IIaTPOPMbI C  OTKPBITHIM
MICXOTHBIM KOJIOM.

B 9Toii KHMUre MbI He paccMaTpuBaeM IIpMeMbl pa3padOTKu
YMCTOTO KOZA, MpeIMeTHO-OPUEeHTUPOBAHHOIO IIPOEKTUPOBAHUS U
CO3LaHUSI MUKPOCEPBUCOB. Bce BHMMAaHME MBI COCPefOTOUYMM
MUCK/IIOUUTEbHO Ha IMabjoHaX M MeTojaxX pelleHus 3a7au
yIpaBjieHusT KoOHTeliHepaMu. Ho uToObl 3T MaTTEepHbI ObUIU
MaKcUManabHO 3(P@eKTUBHBIMU, IIPUIOKEHME CaMO JO/IKHO ObITh
TIIATeJIbHO  CIIPOEKTUPOBAHO C  [PUMEHEeHMEeM  MEeTOLOB
paspabOTKM  UMUCTOTO  KOHa, IIpeIMeTHO-OPMEeHTUPOBAHHOTO
IIPOEKTUPOBAHMS, CO3JaHUA MMKpPOCEPBMCOB n Apyrnx
COOTBETCTBYIOLIUX METOOVUK.

Pacnpe.u.enel-u-lble NnPUMUTUBDI

Yrobbl OOBSICHUTH, YTO IIOJApa3ymMeBaeTcsd IIOJi HOBBIMU
abCTpakUMSIMU M TPUMMTMBAMM, Mbl CpPaBHUM MX C XOPOIIO
M3BECTHBIM OOBEKTHO-OPUEHTUPOBAHHBIM MPOrPaMMUPOBaHMEM
(OOIl), wHampumep, Ha sg3bike Java. Bo BceneHHoit OOII
MCIIO/Ib3YIOTCSI TaKue TOHSATUS, KaK Kjacc, OObeKT, Maker,
HacjieqoBaHMe, MHKaICyasiiumust u  noaumopdusm.  Cpena
BBITIOJIHEHMSI Java MpeaocTaBjsieT KOHKpeTHble (YHKUMU U
TrapaHTUM YIPaBJIEHMUS KU3HEHHBIM IIMKJIOM HaIIMX OOBEKTOB U
MIPUIOKEHUS B LI€JIOM.

SI3bIK Java ¥ BupTyasbHas MaimiuHa Java (Java Virtual Machine,
JVM) TPenoCTaBJISIOT JIOKAJIbHbIE, BHYTPUMIPOLIECCHbIE
CTpOUTEJbHbIE OJIOKM [y co3gaHust IpuiaoxkeHuit. Kubernetes
nobasyisieT B 3Ty IIPUBBIUHYIO KapTUHY COBEpIIEHHO HOBOE
M3MepeHue, TIpenjaras  HOBbIi  HaboOp  paclipeje/ieHHbIX
NPUMUTUBOB M Cpedbl  BBIMIOJHEHMS IS CO3TaHus



pacrpeie/ieHHbIX CMCTeM, pa30pOCaHHbIX 0 HECKOJbKUM y3JaM U

npoueccam. Mcmonb3ys Kubernetes

oI peaanm3alim  BCEro

ImoBeaeHMs ITPUJIOKEHNMS, MbI Oosibllle He ITojlaraeMcsl TOJbKO Ha
JIOKaJIbHbI€ ITPUMUTUBBI.

Ta6bnuua 1.1. JlokanbHble 1 pacnpeneneHHble MPUMUTUBbI-

/

PacnpeaeneHHbii

MounaTtue JlokanbHbI NpUMUTHB
NpUMUTUB
MHkancynaums nosegeHus Knacc O6pa3 koHTelHepa
JK3eMnasap nogepeHus Ob6vekT KoHTenHep
EoMHMuUa NOBTOPHOrO . o
ANHALL P Jjar O6pa3 koHTelHepa

MCMNONb30BaHUS

LLabnoH Sidecar
Komnosuums Knacc A copepxut knacc B

(Mpuuen)

KoHTenHep A co3paeTcs
HacnepnosaHue Knacc A pacuupset knacc B U3 poaUTENbCKOrO

obpaza
EomHuua paseepTbiBaHUS Jjar/.war/.ear Mog (Pod)

N3ongums BpemMeHun cbopku/
BbINONHEHWUS

Mogaynb, MNakeT, Knacc

[MpoCTpaHCTBO UMEH,
noA4, KOHTenHep

3K3emnnspa

NHuumanusmpyowme
HauanbHasg nHnumanusaums KoHcTpykTOop KOHTEWHepbI, unu Init-
KOHTEMHepbl
Onepau,mm“, CNEAYIOWUNE CPAsY 33 \Maron Tnit postStart
HaYanbHOM UHMLUMANM3ALME
Onepauuu, HenocpeaCcTBEHHO
npeawecTeyowme yHuutoxxeHuto |[Meton Destroy preStop

Mpouenypa ocBoboXaeHUA

finalize(), obpaboTumk

[le MHMLMAaNn3nMPOBaHHbIN

I'Iepmo,u,mquKoe BbIMOJTHEHUE

pecypcos cobbITUS 3aBeplieHunaq KOHTel71Hep1
AcuHxporHoe u napannensHoe [IThreadPoolExecutor,
. 3apaHue
BbIMOJIHEHUE ForkJoinPool
Timer,

ScheduledExecutorService

[MnaHMpPOBLMK 33aaHUNM




PacnpeaeneHHbIN

MoHaTHe JlokanbHbI NpUMUTUB
NPpUMUTUB

KoHTponnep Habopa

M OoHOBOE BbIMOJIHEHME M OoHOBbIe NOTOKM BbIMOJHEHUSA
nemoHoB (DaemonSet)

KapTa KoHUrypaumm
(ConfigMap), cekpeTt
(Secret)

System.getenv(),

YnpaBneHue KoHpUrypaumen Properties

Mbl  Bce  ellle  JO/KHBI  MCIIOJAb30BaTh  OOBEKTHO-
OPMEHTHPOBAHHbIE  CTPOUTEJbHBIE  OJIOKM  [JISI  CO3JaHUS
KOMIIOHEHTOB pacIIpefie/IeHHOI'O MPUJIOKEeHMS, HO JOIIOJHUTEIbHO
MBI MOXEM MWCIIOJIb30BaTh INpuMUTUMBBI  Kubernetes gy
opraHmu3aluy HeKOTOPbIX BUIOB IOBeAeHMs MpuaoxeHus. B TaobiI.
1.1 mepeuncieHbl pasjauuHbie ITOHSITUSI U3 00JACTM pa3pabOTKU
MPWIOKEHU A M COOTBETCTBYIOIIME MM  JIOKQJIbHbBIE U
pacrpeze/ieHHbIe IPYMMUTVBHI.

BHyTpHUIIpollecCHbIe U pacHpefie/ieHHble MPUMUTUBBI VMEIOT
o01IMe YepThl, HO UX HeJIb3s CPaBHMBATDH HEIIOCPEACTBEHHO ¥ OHU
He SBJSIIOTCS B3auMmosaMeHsieMbiMM. OHU pabOTalOT Ha pa3HbIX
YPOBHSX aOCTpakLMM ¥ MMEIOT pa3Hble IPeaIioChIIKM U TapaHTUM.
HexkoTopple TPUMMMTHUBBI JIOJDKHBI  MCIIOJIb30BaThbCSI  BMECTE.
Hampumep, MbI [OJ/KHBI MCIIOJb30BATh KIACChl IS CO3IAHMS
O0BEKTOB U IIOMeIaTh MX B 00pas3bl KOHTeiHepoB. OgHAKO
HEKOTOpble [Ipyrue MNPUMUTUBLI MOTYT CIAYKUTb TOJHOLIEHHOI
3aMeHOl IoBemeHus B Java, Hanpumep, CronJob B Kubernetes
MOJXKeT IOJIHOCThIO 3aMeHUTh ExecutorService B Java.

A Temeppr  pacCMOTPMM  HECKOJbKO  pacIlipeeleHHbIX
abcrpakiuuit 1 npuMuTuUBoB 13 Kubernetes, KoTopble 0COOEHHO
MHTEepeCHbI JIJIsI pa3spadO0TUMKOB IPUIOKEHMIA.

KoHTeliHepbl

KonmetiHepsl — 3TO CTpOUTEJIbHbIE OJIOKM IIJISI CO3MaHMSI 00JIaUHbIX
npunoxkeHuit Ha ocHoBe Kubernetes. ITpoBoas ananoruio ¢ OOII u



Java, oOpa3bl KOHTEHEpPOB MOXXHO CPaBHUTb C KjaccaMu, a
KOHTeliHepbl — ¢ oO0beKkTamu. [Io aHa/Joruu ¢ KjaaccaMu, KOTOpbIe
MOXKHO pacIIMpsITh (HacJeaoBaTh) ¥ TaKMM CIIOCOOOM M3MEHSTh UX
TOBeZieHNe, Mbl MOKEM CO3/1aBaTh 00pa3bl KOHTEITHEPOB, KOTOPhIE
pacupsiioT (HacjeoyioT) apyrue obpa3bl KOHTETHEPOB, M TaKUM
CIIocOO0M M3MeHSITh IoBedeHme. Ilo aHamorMm ¢ OOBEKTaAMMU,
KOTOpble MOXXHO OOBeIVHSTH M MCIIOJNb30BATh MX BO3MOKHOCTMU,
MbI MOXeM OO0beIUHSITh KOHTeHephl, momeliast ux B mmoab! (Pod),
" UCIIOJIb30BATh Pe3yJIbTAThl UX B3aMMOECTBUIA.

[Ipomosnskasi cpaBHeHMe, MOXHO CKasaTb, 4TO Kubernetes
HarlOMMHaeT BUPTyaJbHYI0 MalIMHY Java, HO pa36pOCaHHYIO II0
HECKOJIbKMM XOCTaM M OTBeYawllyl 3a 3alyCK KOHTEeNHEepOB U
yIipaBJieHue UMNA.

Init-KOHTeiHEepbl MOKHO CpPaBHUTb C KOHCTPYKTOpaMu
00beKTOB; KOHTposuiepbl DaemonSet TIOXOXKM Ha IMOTOKMU
BBITIOJIHEHMS], IeJCTBYOIIME B (pOHOBOM pexkume (Kak, Hampumep,
coopmk mycopa B Java). Ilogbl MOXKHO CYMTAThb aHaJIOTaMMU
KOHTeKcTa wuHBepcum ympapiaeHus (Inversion of Control, IoC),
MCIOb3yeMOr0o, HammpuMep, B Spring Framework, roe HeckoabKo
00beKTOB MMEIOT OOILMIi YIIPaB/sIeMblii sKM3HEHHbIN MK M MOT'YT
HaIpsSIMYI0 00palllaThCs APYT K IPYTY.

[Tapasienu MOXKHO ObLIO ObI MPOBOAUTH U HAajibllle, HO He
rmy6oko. OmHako cjiegyeT OTMETUThb, UTO KOHTEeHepbl UrpaioT
OCHOBOIIOJIArawIyo poib B Kubernetes, a co3maHue MOIYIbHBIX,
MHOTOPA30BbIX, CIELMaJIM3UPOBAHHBIX 00pa30B KOHTEIHEPOB
SIBJISIeTCSI OCHOBOII ycrexa JiloO0oro IpoeKTa U 3KOCUCTeMbI
KOHTEVHEePOB B 1eJioM. HO 4To ellle MOXXHO CKa3aTh O KOHTeMHepax
M UMX Ha3HAUYEHMM B KOHTEKCTE paclipele/ieHHOrO MPUIOXKEeHMS,
IIOMMMO IIepeumrcIeHus] TeXHUYeCKUX XapaKTepUCTUK o00pa3oB
KOHTeJiHepOB, KOTOpble 00eCneuuBalOT YIAKOBKY M M3OJSILNIO?
BOT HeCKOJIbKO OCHOBHBIX OCOOE@HHOCTEeN KOHTeIHEepOB:



e OO6pa3 KoOHTeliHepa — 3TO (YHKUMOHAJbHAS €IMHMIIA,
pelaoiasi OIHy orpeaeseHHYIO 3aauy.

« O6pa3 KoHTelHepa MPUHAIIEKUT OTHOM KOMaH/Ie U MMeeT CBO
LIVMKJI BBIITYyCKAa HOBBIX BEPCUIL.

e (OOpa3 KOHTelHepa SBJSeTCSI CaMOAOCTaTOUYHBIM — OH
ompejiesiieT M HeceT B cebe 3aBUCUMOCTM BpeMeHU
BBITIOJTHEHUS.

e OOpa3 KOoHTeliHepa SIBJSEeTCS HeM3MeHHBbIM: IOoC/Ie CO3MaHUsS OH
He M3MEeHSIeTCsI, HO MOXXeT HaCTpanuBaThCsl.

« OOpa3 KoHTelHepa MMeeT oIpeieeHHbIe 3aBUCUMOCTY BpeMEeHM
BBITIOJIHEHMS U TPeOOBaHMS K pecypcaM.

« OOpa3 KOHTelHepa 3KCIIOPTUPYET UeTKO omnpeneneHHbie API mjis
IOCTYIIa K €r0 BO3MOKHOCTSIM.

» KoHTeitHep 06bIUHO BBIMIOJHSIETCS KaK oAauH Ipoiiecc Unix.

« KoHTeitHep 1mo3BoJisieT 6e30I1acHO MacIHITabupoBaTh €ro BBEpPX U
BHU3 B J1I000J1 MOMEHT.

Kpome Bcex 5TuUX XapaKTepUCTUK, IIpaBWIbHbIII 00pas3s
KOHTeilHepa  [OO/DKeH  MMeTb  MOAY/IbHYI0  OpraHM3almio,
NOAAeP)KUBATh MapaMeTpu3alnio U MHOTOKPATHOE UCII0/Ib30BaHNue
B pa3HbIX OKPYKeHMSIX, I7ie OH OymeT paboTtarb. Takke OH JOJKEH
rpegycMaTpMBaTh IapaMeTpusalvio [jis  PasHbIX BapMaHTOB
MCII0/Ib30BaHMS. Hanuune HeOOJIbIINX, MOIYJIbHBIX U
MHOTOKPAaTHO WCIMOJ/Ib3yeMbIX 00pa30oB KOHTEHEepOB IOMOTaeT
cosmaBaTh Oojiee clelMaJu3MpOBaHHble U HaAeXHble 00pasbl
II0I0OHO OOJIBIIION 6MOIMOTeKe B Mupe SI3bIKOB
TIPOrpaMMUPOBAHMSI.



MoAapi

PaccmaTpuBasi XapakTEpUCTUKM KOHTEMHEPOB, JIETKO 3aMEeTUTh,
UTO OHM UOEaJbHO TMIOAXONAT [JIsI peaiu3aluy IIPUHIIUIIOB
MUKpocepBucoB. O6pa3 KOHTeliHepa MpeaoCTaBisieT eOUHYIO
(YHKIMOHAJbHYIO eAMHUITY, IPUHAJIEXKUT OJHOM KOMaHe, MMeeT
He3aBMUCUMBIN IIMKJI BBIITyCKA HOBBIX Bepcuit U obecrieunBaeT
pa3BepThIBaHME U WU3OJSLUMIO Cpelibl BpeMeHM BbLINIOJIHEHUS. B
OOJIBIIMHCTBE C/TyyaeB OOMH MUKPOCEPBUC COOTBETCTBYET OJHOMY
oOpa3y KOHTeltHepa.

OpHako MHOTrMe o0auHble IIaThOPMBbl IIPeajIaraiT elle OauH
MPUMUTUB  [IJIST  YIIPaBJAe€HUS SKU3HEHHBIM ILIMKJIOM TPYIIIbI

KOHTelHepoB, B Kubernetes oH Ha3biBaeTcs 1moaoM. I1od (Podﬁ) —
9TO aTOMapHas eOVHMIIA I[UIAHUPOBAHMS, pa3BepThIBAHUS U
U30JISILIM ~ Cpelbl  BpeMeHM  BBITIOJIHEHUSI IS TPYIIIbI
KOHTEeVHepOoB. Bce KOHTelViHepbl, BXOIMdIlVe B COCTaB OIJHOM
T'PYIIbI, BCEraa IUVIAHUPYIOTCS IJIS1 BBITIOJIHEHMS HA OJHOM XOCTe,
pa3BepTHIBAOTCSI BMECTe M MOLYT COBMECTHO MCII0JIb30BaTh
IIPOCTpaHCTBA MMeH aiiyioBOM CUCTEMbI, CETHM U IIpoliecca.
[lomguMHeHMe  eOMHOMY  JKM3HEHHOMY LMKy  IIO3BOJISIET
KOHTeiHepaM B IMIOJle B3aMMOMENCTBOBATh APYr C APYromM 4yepes
daiiyioByI0 CUCTEMY WIM 4Yepe3 CeTh C IIOMOIIbI0 JIOKaJIbHBIX
MEXaHM3MOB  MEXIIPOLIeCCHbIX B3aMMOOEMCTBUI, €CIu  ITO
HE00X0IMMO (Hammpumep, 10 COOOpasKeHUSIM
TIPOMU3BOAUTEBHOCTH).

Kak moka3zaHo Ha puc. 1.2, Ha 3Tamax pa3paboOTKU U COOPKMU
MMKpPOCEPBUC COOTBETCTBYeT 00pa3y KOHTeiliHepa, KOTOPbIi
pa3pabaTbIBaeTCsl M BBIMMYCKAeTCsl OOHONM rpymmoil. Ho Bo Bpems
BBIIIOJIHEHMS] ~ QHAJIOTOM  MMKpOCepBUCa  SIBJSIETCS  MOJ,
MPeJCTABISIOIINI  eOUMHUILY pa3BepThiBaHMS, pa3MelleHus U
MaciiTabupoBaHus. EQMHCTBeHHBIV CIIOCO0O 3aITyCTUTb KOHTeHep
— B XOlle MaclITabupoBaHMUSI WM MUTpPALMM — MUCIIOJIb30BaTh
abcTpakiMio  1nojga. MHorma  1moA,  CONEPKUT  HECKOJIbKO



KOHTEHEepOB, HalpuMep, KOraa KOHTelMHep C MUKPOCEPBUCOM
UCIIO/Ib3yeT BCIIOMOTraTe/IbHbI/ KOHTEeHEP BO BpeMS BBITIOJTHEHMS,
KaK IToKa3aHo B riaBe 15 «Illabion Sidecar».

NokanbHble

KonTeitHep MEXaHUMBI | Koreitnep
B3dUMOOeNCTENUM

>

Puc. 1.2. lMop kak eanHMLA pa3BepTbiBaHMS M yNpaBneHus

VHUKa/IbHbIE XapaKTEePUCTUKY KOHTEITHEPOB U MOIOB 00pasyioT
HOBBIV HaOOp 11a0JOHOB M MPUHIIMIIOB Pa3paboOTKMU MPUIOKEHU
Ha OCHOBE MMUKpPOCEPBMCOB. MbI pacCMOTpe/in HEKOTOpbIe
XapaKTePUCTUKM  XOPOIIO  CIPOEKTMPOBAHHBIX KOHTEMHEPOB;
Terepb paCCMOTPUM HEKOTOpbIe XapaKTePUCTUKY IT0a:

e ITom — 3TO aromapHasi enuHuila ILTaHupoBaHusi. CobMpasiCh
3allyCTUTh MO, TVIAHMPOBIIVK MBITAETCS HANTU XOCT, KOTOPbIN
yIOBJETBOPSieT TpebOBaHMSIM BCeX KOHTEHepOB, BXOASIIUX B
9Ty rpynmy (ecTb HEKOTOpble 0COOEHHOCTM B OTHOIIeHuu Init-
KOHTEHEpPOB, KOTOpble Mbl pacCMOTpMM B iaBe 14 «Init-
KOHTelHepbl»). EciM  cosmatb 1mO4 CO  MHOXECTBOM
KOHTEHEepOB, IUIAHUPOBIIMKY TIPUOETCA OTBLICKATh  XOCT,
00JiafaloNnii TOCTaTOYHBIMM pecypcaMy Ijisl YIOBJIeTBOPEHUS
CyMMapHbIX TpebGOBaHMII Bcex KOHTeliHepoB. IIpoiiecc
IUIAHVPOBAHUS ONUCAaH B [MMaBe 6 «ABTOMaTUYeCKOe
pasmeleHe».



e [Ilom rapaHTUpyeT COBMECTHOE pasMellleHre KOHTEHEePOB.
binarogapss 3TOMY KOHTeliHepbl B OIHOI TIpyIIle IIOay4aioT
IOOIIOJIHUTE/IbHbIE BO3MOXKHOCTM IJISI B3aMMOIEICTBUSI APYT C
OPyroM, M3 KOTOPBIX UYallle BCEro MCIIOAb3YIOTCS 0O0mas
JoKasbHas daiyoBas cucTema, ceteBoii mHTepdeiic localhost u
JIOKaJIbHbIE MeXaHM3Mbl MEXKIIPOIIECCHBIX B3aMMOAEICTBUI
(IPC).

e ITog umeet IP-ampec, uMs ¥ aMaria3oH MOPTOB, OOIIMX IJIsT BCEX
KOHTeHepOB, BXOASIIMX B TIpPYIIy. OTO O3HAvYaeT, UTO
KOHTelJiHepbl B OJHON TpyImIe HeoOXOoAMMO TIIATEeIbHO
HaCTpauBaTh, YTOObI 136eKkaTh KOH(MIMKTOB IIOPTOB, TOUHO TaK,
Xe KakK IapajiejibHO BBIMOJHSIomMecss mpoiiecchl Unix JO/IKHbI
coOJII0AaTh OCTOPOKHOCTh MPM COBMECTHOM MCIIOJIb30BaHUMU
CeTeBOro IPOCTPAHCTBA XOCTA.

ITog — sT0 atom Kubernetes, B KOTOpOM HaxOAUTCS Balle
TIPUWIOKEHME, HO Y BaC HET MPpSMOro AOCTyIa K moay. st 3Tou
11€JIM MCTIOJIb3YIOTCS CTY3KOBI.

Cnyx6bl

[pynmbl  KOHTEHEpPOB, WAM IOAbI, — 9TO 3deMepHbIe
obpa3oBaHMsI, OHM MOTYT MOSIBJISIThCSI M MCUe3aTh B J1I000e BpeMsi
110 pa3HbIM IIPUUMHAM: HaIpuMep, B XOJe MacIITabMpOBaHMS
BBEpX WAM BHM3, B (JIyyae HeyJauM IIpu  IIPOBEpKe
paboTOCIIOCOOHOCTM KOHTEITHEPOB M IIpM MUIpalumu y3ia0B. IP-
aZipec T'PYIIIbl CTAHOBUTCSI U3BECTEH TOJbKO IIOCe TOro, Kak OHa
OymeT 3alulaHMpoBaHa M 3alylleHa Ha ysjae. [pymmy MOKHO
ITIOBTOPHO 3aIlJIaHMPOBATh IJIs1 3aITyCKa Ha APYroM y3jie, eciiu y3el,
Ha KOTOPOM OHAa BBIMOJIHSIACh, IIpeKpaTui paboTty. Bce 3TO
O3HauaeT, UTO CEeTeBOI ajipec TpPYIIIbl KOHTEMHEPOB MOKET
MEHSIThCSI B TeUeHMe XM3HU IIPUIOKEHMS, ¥ TTOTOMY HEOOXOIUM



KaKoJi-TO IPYroit MPUMMUTUB Ijis1 OOHApyKeHUs U OaaHCUPOBKMU
Harpy3Ku.

PoJib 3TOr0 MpMMUTHMBA UTPAIOT CIyKObI (Services) Kubernetes.
Cimy:kba — 93TO ellle oAHA MpocTas, HO MOIIHAas abCTpakiys
Kubernetes, KoTopast mpMcBanuBaeT MMEHM CJTYKObI ITIOCTOSIHHbBIE IP-
ampec 1 HoMep mopTa. To ecTb CIy>kb0a — 3TO MMEHOBAHHAsI TOUKa
BXoda IS JOCTylla K  [OpuwioXkeHuio. B Hamboiee
pacIipoCTpaHeHHOM ClieHapuu C1ykba urpaeT poJjib TOUKM BXOZa
111 Habopa rpymIl KOHTeHepOB, HO 3TO He Bcerma Tak. Ciaysk6a —
5TO YHMBEPCAJIbHbIN MPUMUTUB U MOXKET TaKKe CIYKUTh TOUKOM
BXOoAa [HJIS [AOCTyIMa K (QYHKUMOHAJbHBIM BO3MOKHOCTSIM 3a
npegenaMmu kiaacrtepa Kubernetes. CooTBeTCTBEHHO, NPUMUTUB
CJIY’KObI  MOXKHO MCIIOJIb30BaTh [IjIT OOHApysKeHUS CIyKO U
pacripenesieHMss Harpysku M UIsI  3aMEHbl peanu3aluu U
MaciiTabupoBaHusi 6e3 BIMSHMS Ha IOTpeOuTeNneil CIyKObl.
[TompobHee 0 caysk6ax Mbl ITIOrOBOpMUM B IiaBe 12 «O6HapysKeHME
CITY>KO».

MeTtku

Kak OblJIO MOKAa3aHO BbIIe, HA STare CcOOpPKM aHaJIOTOM
MUKPOCEpBMCA SIBJISIETCS KOHTeIHep, a Ha 3Talle BBITIOJHEHUS —
TPyIIIa KOHTEeHepoB. A UTO MOXKHO CUMTaTh aHaJIOrOM
MIPUJIOKEHMSI, COCTOSIIEro0 M3 HECKOJbKUX MUKPOCEPBUCOB?
Kubernetes mpemjiaraer eme nABa IPUMMTHBA, IOMOTAOIINX
IIPOBECTM aHAJIOTHI0O C TIOHATHMEM MPUIOKEHUSI: MEeTKU U
IIPOCTPAHCTBA MMeH. MbI IOAPOOHO pPacCMOTPUM MPOCTPAHCTBA
MMeH B pasgesie «[IpocTpaHCcTBa MMEH» HIKE.

o TIOSIBJ€HMUSI MMKPOCEPBMCOB TIOHSITUIO  IIPUIOKEHMS
COOTBETCTBOBAJIA OAHA €IMHUIIA Pa3BEPThIBAHMS C €AMHOI CXeMOit
yIOpaBjeHUs] BepCUSIMM U IMKJIOM BBIITyCKA HOBBIX BEPCHIL.
[IpunoxkeHue MOMeIaaoch B oauH ¢aita .war, .ear Uiy B KAKOM-TO
opyrom dopmare. Ho 3arem npwiokeHus1 ObLIM pasmieeHbl Ha



MMUKPOCEPBUCHI, KOTOpble pa3pabaThbiBAlOTCSI, BbIITYCKAIOTCS,
3aITyCKalOTCs, Mepe3amnyckalTcsd M MacHITabMpyITCsS He3aBUCHMO
npyr ot gapyra. C T1IOsIBJleHMeM MMUKPOCEPBUCOB IIOHSATHUE
MIPWIOXKEHUST CTaJI0 Oojiee pasMbITbIM — O0OJIbIlle HET KJIKUEeBbIX
apredakTOB WM OEVCTBUIL, KOTOPbIE€ MOJIKHbI BBIMIOJHSITHCS Ha
ypoBHe mpuioxkeHusi. OmHaKO eciyu IIOHAZOOUTCS YyKas3aTh, UTO
HEKOTOpble  He3aBUCHMMBbIe  CIAYKObI  IIPUMHAMJIEXAT  OZHOMY
IIPUIOKEHUIO, MOKHO MCII0/Ib30BaTh MemKu. [laBaiTe rpeacTaBuM,
YTO OJHO MOHOJIUTHOE TIIPUJIOKEHMe Mbl pasde/uiu Ha Tpu
MMKpPOCEPBUCA, & IPYyroe — Ha JBa.

B sTOM (C/iyyae MbI TIOJly4aeM IISITb OIIpene/ieHUi TPyIIIl
KOHTEHEepPOB (M, MOXKET ObITh, MHOTO 3K3€MIISPOB 3TUX TPYIII),
KOTOpbIe He 3aBUCIT JIPYT OT APyra ¢ TOUKMU 3peHUst paspaboTKu U
BpeMeHM BbITIOJIHEHMSI. TeM He MeHee HamM BCe ellle MOXeT
IIOTPe60BaThCsl yKas3aTb, YTO IepBble TpU II0Ja IPeACTaBJISIIOT
OLHO IPWIOXKEeHMe, a OBa OPYyrux — Opyroe rnpuioxeHue. IToxbr
MOI'YT OBITh HE3aBUCUMBIMM M TIPEICTaBJSITh OIpeae/IeHHYIO
1IeHHOCTb 151 6M3Heca Mo OTAe/bHOCTHM, & MOT'YT 3aBUCETb APYT OT
opyra. Hampumep, OOMH MOH4 MOXET COAepKaTb KOHTEMHEePHI,
OTBeualolye 3a MHTepdeiic C moab30BaTe/ieM, a ABa APYTUX — 3a
peanu3alyio OCHOBHOJM (YHKIIMOHaJIbHOCTM. Ecamu Kakoit-To u3
MIOJIOB IIpPeKpPaTUT paboTaTh, MPUIOKEeHME OKAXKETCs] 6eCroe3HbIM
C TOYKM 3peHus OusHeca. UNcrmosb3oBaHMe MeETOK JaeT
BO3MOXKHOCTb OIIpedesisiTh Habop MOIOB M YIOPaBJSTh MM Kak
OIHOI Jiornueckon eguuuiei. Ha puc. 1.3 rokasaHo, KaK MOXXHO
MCIIOJIb30BATh METKU [JIsl TPYIIIIMPOBKU YacTel paclipeliesIeHHOTO
TIPUIOKEHMST B KOHKPETHbIE TTOACUCTEMBI.



] ]
. < app:contact
| WTepdeic | Mimepgeiic NPt type:frontend
| Ha Angular : Ha Angular
| BuHec- | busHec-
| NoruKa I JIOTHK
| NodelS \  Nodels
> type:backend
/
- —~ —— - — ——
[punoxeHue ynpaeneHia KIneHTami MpunoxeHue yNpaeneHuA KOHTaKTaMi

Puc. 1.3. MeTku ncnonb3yTcs ans naeHTudUKaumm nogos Kak npuHaaiexalmx ogHoMy

NPUNOXEHUIO

BOT HECKOJIbKO MMpuMepoB UCITOJIb30BaHMS METOK:

MeTKkM wuCIIONb3yI0TCI Habopamu permnuk (ReplicaSet) mis
noaAepkaHusi B paboueM COCTOSIHMM HEKOTOPBIX 5K3eMIUISIPOB
momoB. JIJIs 3TOro Kakmoe ompeeieHue Iojaa JO/KHO MMEThb
VHUKAJIbHYI0O KOMOMHAIIMIO METOK, MCIIOJIb3yeMbIX  JIJISI
TJIAaHMPOBAHMSI.

MeTkM Takke HIMPOKO MCIIONAb3YIOTCS ITIAHUMPOBUIMKOM [IJIsI
COBMECTHOTO pa3MellleHus] WIM pacipefeleHuss TPyl
KOHTEIfHepOB I10 y3j1aM C yUeTOM TpeGOoBaHMit 3TUX TPYIIIL.

MeTKa MOKeT 3aJ1aBaTh JOIMUECKYIO I'PYIIIMPOBKY HAbOpa Moa0B

U UIeHTUUIIMPOBATD €ro Kak MpUIoKeHue.

B [momosiHeHMe K YKe IepeuucaeHHbIM TUIIMUHBIM CJIydasim
MEeTKM MOXXHO MCITO/Ib30BaTh [IJIs XpaHeHMSI MeTaJaHHbIX. YacTo
TPYJHO 3apaHee IpeAyCMOTpeTb BCe CJyday, KOIrJa MOTYT



MPUTOAUTBCS METKM, HO JIydyllle MMeTb IOCTaTOYHO METOK,
YyTOOBI OMMCaTh BCe BaskKHbIe acIleKThl MOA0B. Hampumep, Moryr
TIPUTOONTBCS METKM [JISI OMMCAHUS JIOTMYECKUX TPYIIT BHYTPU
MIPpWIOXKeHUsI, OM3HeC-XapaKTEePUCTUK U CTeleHM BaskKHOCTH,
KOHKPETHBIX 3aBUCMMOCTEI CpeAbl BpPeMEHM BBIMIOJHEHMS,
TaKMX KaK apXuUTeKTypa oO0OpyJoBaHMUSI WIM HACTPOIKU
MeCTOIIOIOKEHMS.

BriociengctBumn 3T MeTKU MOTL'yT MICIIOIb30BAThCS
IJIAHVPOBIIVKOM JIJIs1 60Jiee TOYHOTO IJIaHMpoBaHus. Te ke MeTKU
MOXXHO MCIIOJIb30BaTh M3 KOMAaHOHOM CTPOKM i YIIpaBJIeHMS
COOTBETCTBYIOIIMMM IogaMu. OgHAKO He cjeayeT BBIXOAUTH 3a
paMKM pasyMHOTO M 3apaHee A00aBJSITh CAUIIKOM MHOTO METOK.
[Ipy HeoOXOOMMOCTU TpebyeMblie METKM BCErjla MOKHO 0OaBUTH
mosxke. VYgajeHue MeETOK, KaXYIIMXCS HeHYKHbIMM, HaMHOI'O
oIlacHee, MOCKOJIbKY HET ITPOCTOr0 CII0C00a Y3HATh, IJISl Uero OHU
MCIIOJIb3YIOTCS U KaKoii 9G(eKT MOXKeT BbI3BATh UX yAaJIeHNE.

AHHOTauum

Ipyroii IpUMMUTUB — aHHOMAUUU — OYEHb IIOXOX Ha METKMN.
[lomo6HO  MeTKaM, aHHOTallMM  OpraHM30BaHbl B  BUJE
aCCOIMATMBHOTIO MAacCKHBa, HO IIpeJHa3sHaueHbl IJIST OIpedeseHus
MeTaJlaHHbIX, KOTOpble MCIIOJb3YIOTCS KOMIIBIOTEPOM, a He
YeJIOBEKOM.

Nudopmanyss B aHHOTAUMSIX He IIpegHasHadyeHa IS
MCIIONIb30BaHMSI B 3aMpocax U  COMOCTaB/JeHMUSI OOBEKTOB.
AHHOTaUUMU IpeiHa3HaYeHbl 1St MpUcoeIHe HUS
IOOIIOJTHUTE/IbHBIX METaJlaHHbIX K 00beKTaM, CO3IaHHBIM Pa3HbIMU
MHCTpYMeHTaMu U 6ubamnorekamu. Harpumep, aHHOTAIIMM MOXKHO
MCIIONb30BaTh [ no0OaBjieHMs] HOMepa BepcuuM U COOpKH,
mHbopMmanuyu 06 ob6bpase, BpeMeHHbIX METOK, MMEH BETOK B



perosutopum Git, HOMepOB 3ampoOCOB Ha BKIWOUEHMe, Xellei
o0pa3oB 1300paxkeHMUii, aJpecOB B peecTpe, MMeH aBTOpPOB,
CBeIeHMII 00 MHCTPyMEHTaxX M MHOToro apyroro. To ecTb MeTKHU
MCIIO/Ib3YIOTCSl TJIaBHBIM 00pa3oM [Iisi TIOMCKA M BBIIOJTHEHMUS
IEeMCTBUIA C COOTBETCTBYIOIIMMM pecypcaMiy, a aHHOTaluu — IS
TIPUKpPEIUVIEHUST MeTalaHHbIX, KOTOpble MOIYT MCII0Jb30BaThCs
KOMIIbIOTEPOM.

MpocTpaHcTBa UMEH

Hpyroii IpUMUTUB, KOTOPBIN TaKke MOXXET [IOMOYb B yIIPaBJIE€HUU
TPYMIIO pecypcoB, — npocmpaHcmaeo umeH Kubernetes. Kak yske
OTMEUa/IOCh BbIIlIe, TPOCTPAHCTBO MMEH MOXEeT II0Ka3aTbCs
TIOXOXMM Ha METKY, HO B JIEVMICTBUTEIILHOCTM 3TO COBCEM APYIo
TIPUMMUTUB CO CBOMMM XapaKTePUCTUKAMU M Ha3HAUEHMEM.

[IpoctpaHcTBa uMeH Kubernetes mo3BosisiioT pa3neinTh KjiacTep
Kubernetes (KOTOpbIii OOBIYHO pacIipefensieTcss I0 HeCKOJbKUM
XO0CTaM) Ha JIOTMYeCcKue IIyJibl pecypcoB. IIpocTpaHCTBa MMeEH
orpenensoT obsactu ais pecypcoB Kubernetes u mpemocTaBisiioT
MeXaHU3M [jis aBTOpM3aluM U TIPUMEHEHMS OPYTUX IOJUTUK K
CerMeHTy KiaacTepa. Yaile BCero TIpPOCTPpaHCTBA  UMMEH
VUCIIO/NB3YIOTCS  IJjISS  OpraHm3aluy  pa3HbIX  M[IPOTrPaMMHbBIX
OKPY>KeHMII, TakKuX KaK OKpYXeHus [IJisI  pa3paboTKu,
TeCTUPOBAHMUSI, VHTErpaliMIOHHOTO TeCTUPOBAHUS 178)07
TIPOMBIIIJIEHHOM 3KCIulyaTauuu. IIpocTpaHCTBA MMEH TaKkKe
MOXHO MCIT0JIb30BaTh [JIsI OpraHM3aluy MHOTOIIO/Ib30BaTEeIbCKUX
apxuTekTyp (multitenancy), a Takke IJIs1 M30JISIIINM pabOUMX IPYIIII,
IIPOEKTOB M Jake KOHKPETHbIX IPWIOoKeHMil. HO, B KOHEYHOM
cyeTe, IJIST TIOJTHOM M30JISILMM HEKOTOPBIX OKPY>KEeHUI TIPOCTPAHCTB
MMeH HeOOCTaTOYHO, MO3TOMY CO3JaHKe OTHE/NbHBIX KJIaCTepOB
SIBJISIETCSI OOBIYHBIM SIBJIeHMeM. Kak IpaBMio, CO3[JaeTcsl OIMH
HEIIpPOMBIILIJIEHHbIMI ~ Kjactep  Kubernetes, UCII0/Ib3YEeMBIA,
HarpuMep, IJs pas3spabOTKM, TeCTUPOBAHMUSI M MHTETPALMOHHOI'O



TeCTUPOBAHMSI, U JIPYTOit — MPOMBIIIIeHHbIN Kiaactep Kubernetes
IIJISI OTIBITHOM M IIPOMBIIIIJIEHHOM 3KCIUTyaTallun.

JIaBajiTe IepeuncjiiM HEKOTOpble OCOOEHHOCTM ITPOCTPAHCTB
MMEH U IIOCMOTPMM, KaK OHM MOTYT IIOMOYb HaM B pasHbBIX
CLIeHapUSIX:

e [IpocTpaHCTBO MMeEH yrpaBJisieTcs Kak pecypc Kubernetes.

e [IpocTpaHCTBO MMEH CO37IaeT M30JMPOBAHHYIO 00/1ACTh IJIST TAKUX
pecypcoB, KaK KOHTelHepbl, TI'pYIMIbl KOHTeHepOoB (IO[bl),
cIy>kObl MM Habopbl peruink (ReplicaSet). MimeHa pecypcoB
IOJDKHBI OBITh YHUKQJIbHBIMM BHYTPM IPOCTPAHCTBA MMEH, HO
MOTYT TTOBTOPSITHCSI B Pa3HBIX TPOCTPAHCTBAX MMEH.

e [lo yMOMYaHMI0O  [POCTPAHCTBA  MMEH  OIpPenessiioT
M30JIMPOBAHHYIO 00/1aCTh JIJisl PeCypcoB, HO HAUTO He U30JIMUpYyeT
3TU Pecypchbl M He TIPEensITCTBYeT OOCTYITy OLHOTO pecypca K
opyroMmy. Harpumep, rpymnmna KOHTEMHEPOB M3 IIPOCTPAHCTBA
MMeH [Jis1 pa3paboTKM MOKeT 00pallaTbhCs K IPyroit rpymiie
KOHTEHEePOB M3 IIPOCTPAHCTBA MMEH I IIPOMbIILIJIEHHON
3KCIUIyaTaluu, ecau el u3BectreH IP-azmpec 3TOi TpPYMIIbI.
OmHako cymiecTBYIOT TiaruHbl st Kubernetes, KoTopbie
obecrieuMBaOT M3OJASILMIO CeTU IJs HOOCTVDKEHUSI MCTUHHOI
MHOTOapPeHJHOCTM.

e HexkoTopeie npyrue pecypchbl, Takue KaK CamMu IPOCTPAHCTBA
MMeH, Yy3/Jbl U TIocTosiHHbIe Toma (PersistentVolume), He
IIPUHALJIEKAaT K TMPOCTPAHCTBAM MMEH M IOO/IKHbI UMETh
YHIKaJIbHbIEe MMeHa [IJIs1 BCero Kjiacrepa.

» Kaxkmas ciaysk6a Kubernetes mpMHaaeskuT K IIPOCTPAHCTBY MMEH
M TIoJydyaeT cooTBeTcTBywmMii DNS-anpec, BKIIOYAKOIINIL
MPOCTPAHCTBO MMeH B QopMe <UMS-CRyXObI>.<uMa-
npocTpaHcTBa-uMeH>. svc.cluster. local. To ectb UM



MpocTpaHCcTBa MMeH IpucyTcTByeT B URI Kakmoit CTy>KObl,
TIpMHAAJIexKalleil K JaHHOMY IIPOCTPAHCTBY MMEH. DTO OOHA U3
MIPUUMH, TIOUeMY TaK BaXKHO BbIOMPATh IMpaBUIbHbIE MMEHa ISt
TPOCTPAHCTB UMEH.

» KBoTbl pecypcoB (ResourceQuota) orpene/siloT orpaHM4YeHus] Ha
COBOKYITHOE TIOTpebyieHre pecypcoB MpPOCTpaHCTBOM MMmeH. C
IIOMOIIbI0 KBOT ResourceQuota aaMMHUCTPATOP KJjacTepa
MOXXET VIIPaB/JSTh KOJIMUECTBOM OOBEKTOB KakKAOro TUIIa B
MIPOCTPAHCTBe MMeH. Hampumep, MCHoab3ysi KBOTbI, OH MOXXET
oIpeeanTb, YTO MPOCTPAHCTBO MMEH Jis pa3paboOTKM MOKeT
MMEeTh TOJIbKO IISITh KapT KoHdurypaumit (ConfigMap), nsTh
00beKTOB Secret, ISITb CITYKO, ISITh HAOOPOB PEIUIMK, MSITh
IIOCTOSIHHBIX TOMOB U A€CSITh IIO/I0B.

e KBoThl pecypcoB (ResourceQuota) Takke MOT'YT OrpaHMYMBATh
OOIIYI0 CYMMY BBIUMCAUTEIbHBIX PECypcoOB, TOCTYIHBIX JIsI
3arpoca B JaHHOM IIPOCTPaHCTBe MMeH. Hampumep, B Kiacrepe
c 32 I'6aitr O3Y m 16 sgapaMy MOXHO BbIAEIUTb IIOJIOBUHY
pecypcoB — 16 I'6aiir O3V u 8 sgmep — mjist IIPOMbIIIIEHHOM
skcrryaTaym, 8 I'6aitt O3V u 4 aapa njiss TPOMEKYTOUYHOTO
okpykeHus, 4 I'6aitt O3Y u 2 gnapa gjist pa3paboTKM U CTOJIBKO
JKe IIJISI TeCTUPOBaHMSI. BO3MOXHOCTb HaJIOKeHUsI OrpaHUYeHU
Ha I'PyNIlbl 0OBEKTOB C MUCIOJIb30BaHMEM IIPOCTPAHCTB MMEH U
KBOT peCcypCOB HeOlleHMMa.

MoscHeHue

Mbl KpaTKO pacCMOTpeay JIMIIb YaCTb OCHOBHBIX IIOHSATUM
Kubernetes, KoTopbie UCIIO/b3YIOTCSI B 3TOI KHUre. [I[pMMUTHUBOB,
KOTOPbIMM Pa3spabOTUMKM TOJb3YIOTCS KaxkAblii 1eHb, HAMHOIO
oosbiiie. Hammpumep, cosmaBasi KOHTEMHEPHYIO CITY>KOY, BbI MOXETe
3aJeJiCTBOBAaTb MHOXKeCTBO 00beKToB Kubernetes, KoTopsie



TTO3BOJISIIOT BOCIIOIb30BaTbCS BCEMU MpeMYyIIeCTBaMu
dbpeitmBopKa. MmeliTe B BuUAY, UYTO 3TO TOJBKO OOBEKTHI,
MCIIOJIb3yeMble pa3pabOTUMKaMM MPUIOXKEHUI IS MHTerpalum
KOHTeliHepHOJ cy>kObl B Kubernetes. EcTb U Ipyrue moHSITHUS,
MICITOJIb3yeMble aIMVHUCTPATOPaMU, YTOOBI TTO3BOJIUTD
paspaboTumkaMm 3G GeKTUBHO yIpaBjsTh miaTdopmoii. Ha puc. 1.4
MpeiCcTaBjieHbl OCHOBHblie pecypcbl Kubernetes, KOTOpble MOTYT
MIPUTOAUTHCSI pa3paboTUMKaM.

PazgeptbiBanme I'Ina;;;gmt#nx
h A
Habo Ha6o Konrponnep
Lemo HI:)B S cmuﬂﬁuﬁ 3apanue pennuKkaLuu
fon
AeTOMaTW4ecKoe KouTei AeToMaTiyeckoe Blopxer
Cnyx6a FOpU30HTaNbHOE OHTEIIHEp BepTHKaNbHOE HepaboTocno-
MmacwTabup. nogos (Baw kop) MactuTabup. nogos cobHoCT nopa
h 4
Tom
Kapta Cexper 3anpoc API obpatHoit Toma HostPath
KOHUTypauHii P flocToRuHoro COBMECTMOCTH w EmptyDir

Puc. 1.4. Monatus Kubernetes ona paspabotumkos

DT HOBbIe IIPUMMUTUBBI CIIOCOOCTBYIOT ITOSIBJIEHUIO HOBBIX
CIIocoO0B  pellleHMsI Ipob6jeM, Haubosee yHUBepcalbHble U3
KOTOPBIX CTAHOBSTCS IIabJioHaMu. B 3Toi1 KHUre Mbl He Oygem
MOAPOOHO OMMChIBAThH BCE pelleHMs, a COCPeaOoTOUMMCS TOJIbKO Ha
TeX, KOTOPbhIe YCTOSI/IMChH KaK I1a0I0HBbI.
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Yactb |. OCHOBHbIE NaTTepHbI

B mepBoif 4acTM KHUTM OIIMCHIBAIOTCS OCHOBHBIE ITIPUHIIUIIBI,
KOTOPBIM JIOJIKHBI COOTBETCTBOBATH KOHTEHEPHbIE IPUJIOKEHMUS,
yTOObI CUMTATbCS XOPOIIO COOTBETCTBYIOIIMMM  OOJIAUHBIM
okpykeHussm.  CjemoBaHue  9TMM  OPMHUMIIAM  ITOMOKET
rapaHTHMPOBAThb BO3MOXXHOCTh aBTOMATHMUYECKOrO YIIpaBJIeHUS
BAllMMM NPUIOKEHMSIMM Ha 00JIauHbIX ITaTGopMax, TaKMX KakK
Kubernetes.

B crmepyoomux I71aBax OIMCBIBAIOTCS MATTEPHBbI, KOTOphIE
SIBJISIIOTCSI OCHOBHBIMM CTPOUTEIbHBIMM OJIOKAMM pacrpeneaeHHbIX
KOHTeHepHbIX IPUIOKeHMIT Ha ocHOBe Kubernetes:

» I'maBa 2 «IIpenckasyeMbie TpeOOBaHMS» pacCcKas3bIBaeT, IOUeMY
Ka>kKIbIii KOHTeHep JO/IKeH 00BbSIBISITh CBOI MPOduIb pecypcoB
M OTPAaHNYMBATHCS OObSIBJIEHHBIMY B HEM TPeOOBaHUSIMA.

« [maBa 3 «J/lekyiapaTMBHOEe pa3BepThIBaHME» ITeMOHCTPUPYET
pasHble CTpaTeruy pas3sBepPThIBAHUSI TPUIOKEHUN, KOTOpbIE
MOT'YT BBIIIOJTHSITBCS JEeK/IapaTUBHBIM CIIOCOOOM.

e« ImaBa 4 «IIpoBepka paboTocroco6HOCTH» onuchkiBaeT API,
KOTOPbBIM OO/KeH ObITh peajn30BaH B KaXKIOM KOHTeNHepe,
yToObI TIOMOYb IITaTdOpMe HAOMIOAATH 3a IIPUIOKEHUEM U
MIOJIIePsKUBATH €TI0 B paO0TOCIIOCOOHOM COCTOSTHUM.

» ['maBa 5 «YmpaBJ/isieMblii >KM3HEHHbII IIMK/I» pacCKa3biBaeT, 3aUeM
KOHTeliHepy  HYKHa  BO3MOXHOCTb  YMTaTb  COOBITHS,
MOCTYIIAloIIMe OT IJIaT(GOpPMbI, ¥ pearMpoBaTh HA HUX.

e [1aBa 6 «<ABTOMAaTMUECKOE pasMellleHue» MMpeacTaBsieT aTTepH
ISl pacrpeneneHusi KOHTeliHepoB B Kkiactepe Kubernetes c
HEeCKOJIBKMMMU y3J1aMU.



InaBa 2. MNpeackasyemblie Tpe6oBaHUSA

OcHOBa YyCHENIHOTO pa3BepThIBAHMUSI UM  COCYIEeCTBOBaHMS
NpUIOKEHU A B 00IIeM 00/JIaYHOM OKPYXKEeHUM 3aBUCUT OT
ompenesieHNsl ¥ 00bsIBJIeHMS TPeOOBaHMI IIPUIOKEHMII K pecypcam
M 3aBUCUMMOCTSIM BpeMeHM BbinosiHeHMs. [latTepH IIpedckasyemuvle
mpebogaHus ormpenenseT, Kak JOKHbI OOBSIBJSITHCSI TpeOOBaHMUS
NpUIoKeHuit, Oyab TO JKeCTKMe  3aBUCMMOCTM  BpeMeHU
BBITIOJIHEHMSI WMAM TpeboBaHusi K pecypcam. OObsBIeHMUE
TpeboBaHMI1 KpaitHe BaskHO mjis1 Kubernetes — 3TO ITO3BOJIUT
dbpeitMBOpPKY moAo0OpaTh sl Balllero MNPUIOXKEHUS MpaBUIbHOE
MeCTO B KJlacTepe.

3apaua

Kubernetes mMoskeT ynpaBjsTh MPWJIOKEHUSIMM, HAalMMCAaHHBIMM Ha
pa3HbIX $3bIKaX MPOrpaMMMUPOBAHMS, €CAU OTU TIPUIOKEHUS
MOXHO 3aIlyCKaThb B KOHTelHepe. OOHAKO pa3Hble S3bIKM UMEKT
pasHble TpeboBaHMS K pecypcaM. Kak mpaBwmio, IIpOrpaMMBbl,
HamMcaHHble Ha KOMIMIMPYEMBIX SI3bIKax, paboTaioT ObicTpee U
yacTo TpeOyIT MeHbIIe MaMSITH M0 CPaBHEHUIO C IMHAMMUUYECKU
KOMITUIUPYEMbIMU IporpaMmMamMu WIn TporpaMMaMu,
BBINIOJTHA IO LIMMUCS 1o,  yIpaBjieHMeM MHTEpIIpeTaTopa.
VunuThiBasi, YTO MHOTME COBPEMEHHbIE SI3bIKM IMPOrpaMMMUPOBAHUS
M3 ONHOM M TOJM >Ke KaTeropmmy MMEIOT CXOXue TpeOboBaHMsI K
pecypcaM, C TOUKM 3peHMs IToTpebieHNsT pecypcoB 60jiee BaXKHbIMU
acrieKTamMy  SBJASIOTCS MpeaMeTHass 007acTh, OM3HeC-JIOTHKA
MIpWIOXKeHUST U (aKTUUeCKMe NeTalu pealn3aluim.

TpyoHO TIipeacKa3aThb KOJIMUYECTBO PeCypcoB, KOTOpPOE MOKeT
MTOHAA00UTHCS KOHTelHepy ITST OITMMAaJIbHOTO
(GYHKIMOHUPOBAHMS, ¥ MMEHHO pa3pabOTUMK 3HAET OXMUIaeMblIi



00beM pecypcoB, HEOOXOIMMBbII [Jisg peanu3alyy  CIY>KObI
(BBISIBJIEHHBIV B X0[4e TecTupoBaHus). HekoTopbie C/Ty>kKObl MMEIOT
TIOCTOSIHHBIN TIpo(MIb MCIIOAb30BaHMSI IpoIleccopa M MamsTu, a
HEKOTOpble — IepeMeHuMBbhINi. HeKoTopbie CIy>kObl HYKIAIOTCS B
IOJITOBPEMEHHOM XpaHUJINILE I XpaHeHMs JAaHHBIX; HEKOTOpbIe
yCcTapeBIlIMe CIy:KObI TPeOyIOT JoCTyIa K (MKCHMPOBAHHBIM ITOPTaM
B XOCT-CMCTEMeE IS KOPpPEeKTHOJ paboThl. OmucaHme BCeX I3TUX
XapaKTepPUCTUK TIPWIOKEHMI U Ilepejaya MX YIIPaBJSIOe
niaardpopMe — (QyHIaMeHTaJIbHOE YCJIOBME [IJIS HOPMAaJIbHOTO
(YHKLMOHMPOBAHMS 00/ IaUHbIX ITPUIOKEHMUIA.

[Tomumo TpeboOBaHMIi K pecypcaM, Cpefia BpeMeHU BbITTOTHEHUS
MIPWIOXKEHUT TaKKe 3aBUCUT OT BO3MOSKHOCTEI IIaTGOPMbI, TaKMUX
KaK XpaHeHle JaHHbIX UM KOHQUTypalus IpUIosKeHUSI.

PeweHue

3HaTb TpebOBaHMSI KOHTeliHepa K OKpPYKeHMI0O BpeMeHU
BBINIOJTHEHMSI BAsKHO II0 ABYM OCHOBHBIM IIpUYMHaM. Bo-IiepBbIX,
3Has BCe 3aBMUCUMOCTM BpeMeHM BBITIOJIHEHUSI U TOTPEeOHOCTU B
pecypcax, Kubernetes cMoxkeT NpuHMMAaTh pa3yMHble pelleHUsI O
TOM, T7e B K/lacTepe pa3MeCTUTb KOHTeliHep, UTOObl MaKCUMa/IbHO
3(pbeKTMBHO MCIIO/b30BaTh 000pymoBaHue. B OKpykeHUU C
o0IMMM  pecypcaMy, MUCIOJAb3yeMbIMM  OOJIBIIUMM  UYMCIOM
MPOLIECCOB C pa3HBIM IIPUMOPUTETOM, 3HAHME TPeOOBaHMII KaxKAOTO
mpolecca SIBJSIETCS 3aJ0TOM MX YCIIEIIHOTO COCYIIeCTBOBAHMSI.
OnHako 3¢ deKkTUBHOE pa3MellleHre — 3TO TOJbKO OAHA CTOPOHA
MeIan.

Bropast mpuuMHa BaKHOCTU ITpoduieii peCcypcoB KOHTeITHEPOB
— 9TO IUIaHMPOBAHME BBIUMCIUTEIbHBIX MOIIHOCTEN. Mcxonsa u3
IIOTPEOHOCTH B KaXKIOi KOHKPETHOM CTy>kOe 1 00111ero KojamuvecTna
CJIY’)K06, MOKHO  OIIEHUTb HeoOXOOMMble  BbIYMCIUTEIbHbIE
MOIIHOCTY [JIS1 Pa3HbIX OKPYKEHUI U OmNpeneanTb SKOHOMUYECKU



Hanbosee 3¢ddekTrBHbIE MPOMWIM XOCTOB IJisS YAOBJIETBOPEHMUS
nmoTpebHOCTE Bcero Kiactepa. IIpodunu pecypcoB cCiaykd u
IJIAHMPOBAHME BBIUMCIUTENBHON MOIIHOCTY BMECTE SIBJISIIOTCS
3aJI0TOM JOJITOTO M YCITEIITHOTO YITPaBJIEHNST KJIaCTEPOM.

[Ipeskne uemM yriyouTbcs B Tpo@uin pecypcoB, IIOCMOTPUM, KaK
O0BSIBJISITH 3aBUCUMOCTY BpeMeHM BbITIOJTHEHMS.

3aBMCcUMMOCTH BpeMeéHM BbiNOJ/IHEHUA

OmHoVi u3 Hamubosiee TUIIMYHBIX 3aBUCUMMOCTEI BpeMeHU
BBITIOJIHEHMSI  SIBJISIETCS Halauuue XpaHwiuina ¢daiaoB  Ojs
COXpaHeHMUSI COCTOSIHMSI TipwiokeHus. KoHTeliHepHble (daiiioBbie
cucTeMbl 3(eMepHbl M MCUE3al0T II0CJe OCTAaHOBKM KOHTeltHepa.
Ilisi [mOJTOBpEeMEHHOrO xpaHeHus @QaiiyioB B Moaax (rpymmax
KoHTeliHepoB) Kubernetes mpejiaraeTt 1Crojib30BaTh TOMa.

Campiii T1IpoCcTOMM TUII TOMOB — emptyDir, KoTopbIi
CYILLEeCTBYET, IIOKa CYIIeCTBYEeT MCIOJb3yiowmuit ero nox (Pod), To
eCTb TpyIIa KOHTelHepoB, a I[I0Cje OCTAaHOBKM II0fa €ro
cogep>xkumoe TepsieTcsi. ToM HOKeH OCHOBBIBATHbCSI Ha KAKOM-TO
IpPyroM MeXaHM3Me XpaHeHMsI, YTOObI TaHHble B HEM COXPaHSIMCh
rocjie Tmepesanycka mnoma. Ecim 1ipuiokeHue HYXIOAeTcs B
coxpaHeHMM (aiyioB B TaKOM [IOJTOBPEMEHHOM XpaHUJIUIIIE,
HY’)KHO SIBHO OOBSBUTb 3Ty 3aBUCMMOCTb B OIpeJe/eHUn
KOHTeJHepa, KaK [T0Ka3aHo B JUCTUHTre 2.1.

Jiuctunr 2.1. 3aBucumocTtb ot PersistentVolume

apiVersion: vl
kind: Pod
metadata:

name: random-generator
spec:

containers:

- image: k8spatterns/random-generator:1.0



name: random-generator
volumeMounts:
- mountPath: "/logs"
name: log-volume
volumes:
- name: Llog-volume
persistentVolumeClaim: ©
claimName: random-generator-log

© 3aBUCMMOCTD OT Hannumsl U npuBsi3ku PVC

[I1aHMPOBIIMK IIPOBEPUT TUII TOMA, KOTOPBIN BIAMSIET Ha BbIOOD
MecTa OISl pasMelneHus mojaa. Ecayu moay Hy:KeH TOM, KOTOPOTO
HeT HM Ha OJHOM Yy3Jie KjacTepa, TOIJla OH BOOOIe He Oyder
IJIAHMPOBAThHCSI JIsT  BBINIOJHEHMsi. Toma — 3TO IpuMep
3aBMICMMOCTYM BpPeMEeHM BBIIOJIHEHMsI, KOTopasl BIMSIeT Ha BbIOGOP
MHGPACTPYKTYPhI IJIS1 3aITycKa IOAa M OIpee/IeHNsI BO3MOXKHOCTH
3aIJIAHMPOBATh €ro.

AHajiornyHasi 3aBMCMMOCTbh BO3HMKAeT, KOTAa Bbl TpebyeTe OT
Kubernetes mnpenocTaBUTb KOHTEeHepy OIIpele/JeHHbI/i IOPT B
xocT-cucreme vepe3 hostPort. O6bsaBiaenne hostPort cosmaer
elle OOHY 3aBUCUMMOCTb BpeMeHM BBITIOJIHEHUSI UM OTPaHUUYMBAET
KPYT' XOCTOB, Ha KOTOpPbIe MOXeT IUIAHMPOBATHLCS MoA. hostPort
pe3epBMpyeT MOPT Ha KaXIOM Yy3Jjie B KjacTepe, M3-3a 4Yero Ha
Kak[IOM y3jie MOKeT ObITh 3aIlyllleHO He 60jiee OMHOr0 3K3eMILIsSIpa
rnoja. N3-3a KOH(IMKTOB TIOPTOB BO3MOXHOCTU
MacHITabMpoBaHUs TaKUX IIOJIOB OrPaHUMYMBAIOTCS KOJIMYECTBOM
y3J10B B Kiactepe Kubernetes.

Ipyroit TUil 3aBUCUMOCTM — KOHpurypauuu. Iloutu Kaxkmomy
TIPUIOKEHUIO TpebyeTcst HEeKOoTOopas mMHopMaLus 0
KOH(Urypauumu, U Ijas 3TOi 1eau peKOMeHAyeTCsI MUCII0b30BaTh
KapTbl KoHQurypauuii (ConfigMap), npenjaraembie QpeiiMBOPKOM
Kubernetes. Bammu ciay:kObl HO/DKHBI OMNpeIeNuTh CTPATEruio



MCII0/Ib30BaHMsI KOHQUTYpaluit — n1bo uepe3 mepemMeHHbIe Cpelbl,
nnbo uepe3 daitoByl0 cucteMy. B yi060M ciaydyae s Balllero
KOHTelVHepa MOSBJISIETCS 3aBUCUMMOCTb BPEMEHM BBITIOJIHEHUS OT
MMeHOBaHHbBIX KapT KoHurypauuii. Ecin 0yayT co3gaHbl He Bce
TpebyeMble KapThl, KOHTeliHepbl OYOyT IUIAHMPOBATbCS JIS
BBITIOJTHEHMSI Ha Yy3Je, HO He OymyT 3aIyckaTbcs. KapTbl
KoHdurypauuii (ConfigMap) 1 cexkpetsl (Secret) 6ojiee MMOAPOOHO
omuchiBaloTcs B m1aBe 19 «Koudurypauys B pecypcax», a B
JIUCTUHTEe 2.2 TMOKa3aHO, KaK O3TU peCcypChl MCIIONb3YIOTCS B
KaueCTBe 3aBUCUMOCTE BpeMeHU BbITIOJTHEHMS.

Jvctunr 2.2. 3aBucmumoctb ot ConfigMap

apiVersion: vl
kind: Pod
metadata:

name: random-generator
spec:

containers:

- image: k8spatterns/random-generator:1.0
name: random-generator

env:
- name: PATTERN
valueFrom:

configMapKeyRef: ©
name: random-generator-config
key: pattern

© 3aBucumocTtb oT Hanmuust ConfigMap.

[loxoxkuMM Ha KapThl KOHMUTrypaluii SBJSIIOTCS CEeKpPeThl
(Secret), mpepyaraioniue 6o0jiee 6e30ITacHbIN CIIOCOO Ilepenaun B

KOHTelHep Ccheuuaan3upoBaHHbIX KoHcl)lxu“ypaulxlﬁ.m CexpeTnl



UCITIOJIb3YIOTCSA TOYHO Tak >Xe, KaK KapThbl KOH(I)I/IpraHI/Iﬁ, M BBOISAT
TaKVYIO K€ 3aBUCMMOCTb KOHTEﬁHepa OT IIPOCTPaHCTBA MMEH.

Cosmanne o0bekToB ConfigMap m Secret — 3TO MpOCThbie
aIMUHUCTPATUBHBIE 3a/lau, HO XPaHWINUILA M ITIOPThI OOJIKHBI
MpPeaoCTaBJSTbCS  y3J1aMM  Kjacrepa. HekoTopele wu3 3TUX
3aBUCUMMOCTEM CYKalOT Kpyr Vy3JI0B, Ha KOTOpble MOXeT
IJIaHMPOBAThCSI oA, (ecaM BOOOILe MOXET), a Jpyrue MOIYT
MIPeIsSITCTBOBAThL 3amycKy Ioja. IIpy pa3paboTKe KOHTEeHEPHbIX
IIPUIOKEHUIT C TaKUMMM 3aBUCUMMOCTSIMM BCeraa YYUTbIBaTe
OrpaHMUYEHMSI BPEMEHM BBINIOJIHEHUSI, KOTOpble OHM CO34AnyT
To3XKe.

Mpodunu pecypcos

OOBbsIBUTH 3aBUCUMMOCTb KOHTelfHepa OT KapT KOH@UIrypaiuii,
CEeKpPeTOB ¥ TOMOB HeCJI0XXHO. Ho uTOObI BBISICHUTH TpebGOoBaHMS
KOHTeliHepa K pecypcaM, HeOoOXOAMMO IIOpasMbIIIATh U
TO3KCIIePUMEHTUPOBATh. BbluMcanTe/IbHbIEe pecypChl B KOHTEKCTeE
Kubernetes — 3To Bce, UTO MOXHO 3aIllpOCUTh, IOJYYUTb U
MCII0/Ib30BaTh M3 KOHTeVHepa. Pecypcol OensaTcs Ha [OBe T'PYIIbI:
cxumaemvle (MOTYT PEryanMpoBaThbCs, HAIpUMep IIPOIeCCOPHOe
BpeMsl WM TIPOMYCKHAsi CIIOCOOHOCTb CEeTU) U HeCHUMaeMble
(Heperyaupyemble, HalIpuMep 06beM MaMSITH).

BakHO pa3nnuaTh CKMMaeMble M HeCKMMaeMble pecypchl. Ecin
KOHTelHepbl MOTPEOISIOT CAUIIKOM MHOTO CKMMaeMbIX PecypcoB,
TaKMX KaK IIpOLieccop, MX alleTUThl ype3aloTcs, HO eI OHU
MCITOJIb3YIOT CJIMIIIKOM MHOI'O HEC)KMMAaeMbIX PecypcoB (Harpumep,
MaMsTH), OHM OCTaHaBIUBAIOTCS (ITOTOMY YTO HET APYroro crocoba
MIOIIPOCUTD TIPUJIOKEHME OCBOOOIUTD BbIZIeIEHHYIO ITaMSITh).

Hcxomst m3 XapakTepa IPWIOKEHMSI M OCOOEHHOCTEeil ero
peanusanyy, HY>KHO YKasaTh MUHMMAa/JIBHO HEOOXOOVMble 00'beMbl
pecypcoB (Tak Has3bIBaeMble 3anpocsl) U MaKCMMaJIbHO BO3MOXKHbBIE



— JI0 KOTOpBbIX IIOTpeO/ieHMe MOKEeT BBIpaCTU  (IUMUMDbL).
OmpenenieHre KOHTeliHepa MOXeT 3aJaBaThb HEOOXOIMMYIO HOJIIO
IIPOLIECCOPHOTO BpeMeHM M 00beM maMsaTu B (opme sampoca u
aumMuTa. B obmiux deprax umes 3alpocoB/JIMMUTOB HAarlOMMUHAET
MSTKMe/s5KkecTKMe TUMUTbI. Hampumep, aHaIOrMUHBIM 00Pa30M MbI
orpenejiseM pasMep KyuM Ijig IPWIOKEeHMS Java C IOMOIIbIO
rapaMeTpoOB KOMaHOHOM CTPOKM -Xms U -XmX.

IIpy  pasmelieHuM  IOOOB HA  y3/JaX  IUVIAHUPOBIIUK
OPUEHTUPYETCSI Ha BeJIMUMHY 3allpOoCoB (a He IMMUTOB). [lnanupys
KaXIbI/I KOHKPETHBIN I10J, IVIAHMPOBIIMK pacCMaTpPUBAET TOJIbKO
y3JIbl, UMEIOII[Je MTOCTATOUHbIVi 00beM pPecypcoB ISl pasMelleHust
9TOTrO I10Jla U BCeX ero KOHTEeNHepPOB, CKIaAbIBas 3ampalliBaeMble
00beMbl pecypcoB. B 3TOM cmbIcie Tojie 3alIpocoB requests B
orpene/ieHM KOHTelHepa BAUSIEeT Ha BO3MOXKHOCTb IJIAHMPOBAHMS
noga. B auctuHre 2.3 1okKa3aHO, KakK Takue OrpaHUYEeHUS
OMpenessiioTCs OJ1s TTOOOB.

Jucturr 2.3. OrpaHunyeHus pecypcos

apiVersion: vl

kind: Pod

metadata:

name: random-generator
spec:
containers:
- image: k8spatterns/random-generator:1.0
name: random-generator

resources:
requests: (1
cpu: 100m
memory: 100Mi
Limits: (2

cpu: 200m



memory:. 200Mi

© MuHMManbHbIE 3aIPOCHI ITPOLIECCOPHOTO BPEMEHU U MaMSITH.

® Bepxume nmpenenbl, OO KOTOPBIX MOXET BbIPaCTu
MoTpebJieHNe TIPUTOKEHMS.

B 3aBMCHMMOCTM OT TOTO, UTO BbI OIpeNeNuau — 3aIpochl,
JUMUTBI WIM U TO U Apyroe, — IuiaTdopma IpenjaraeT pasHbie
ypoBHU KadecTBa obcimykuBanus (Quality of Service, QoS).

be3 zapanmuii

ITon, He oImnpemensloOmNiA 3alIpocbl M JUMUTBI OJS CBOUX
KOHTEHepOB, CUMTAeTCsI CaMbIM HM3KOIPUOPUTETHBIM U
VHUYTOKAeTCsI MepBbIM, KOIJIa Ha y3/1e, TIe OH pacIiojiaraeTcs,
3aKaHUYMBAIOTCSI HeCKMMAaeMble Pecypchl.

C NEPEeMEHHbIM Kauecmeom

Ilon, ompenensiolMii HepaBHbIe 3HAUeHMsT B 3aIpocax U
JIMIMUTAaxX (korma JIVIMUTBI TIPEBBIIAIOT 3aI1pPOChl),
rapaHTHPOBAHHO I10JIy4aeT MMUHMUMAJIbHBIN 00beM pecypcoB, HO
IIpY  HAIUUMM CBOOOIHBIX PECYPCOB MOKET IOJYIUTh UX
Oosibllle, BIIOTb OO OOBsSBAeHHOTO mpenena. Korma ysen
MCIIBITBIBAET  HEXBATKy  pecypcoB, 9TU  TOAbI  MOTLYT
OCTAHABJIMBATBLCS, €C/IM He OCTAaHeTCS II0JI0B, OOC/IYKMBAEMBbIX
0e3 rapaHTuii KauecTBa.

I'apanmupoeanHuiii

ITom, onpemensoIMii paBHbIe 3HAUEHMS B 3aIIpocax U JUMMTAX,
MOJIyYaeT HAMBBICIIMIA TIPUOPUTET U TapaHTUPOBAHHO OyOyT
OCTaHaBJIMBATbCS, TOJIBKO €CM Ha y3je He OCTaHeTCs II0JIOB,
00C/TYy3KMBaeMbIX 0€e3 rapaHTuUii WK C IIepeMeHHbIM KaueCTBOM.



Kak BuauTe, XapaKTepUCTUKM IIOTPeOJeHUSI  PecypcoB
KOHTeliHepaMl, KOTOpble Bbl OOBSIBJSE€Te WIMU OITyCKaeTe,
HaIpSIMYIO BIMSIOT Ha KauecTBO OOCTYKMBAHMS ¥ ONpeIesiioT
OTHOCUTEJIbHYI0 BaXHOCTbh II0JAa B CJIydae WCTOIIEeHMs pecypca.
OmnpenensiiTe TpeboBaHMs MOJIOB K pecypcaM C yYeTOM 3TOrO.

Mpuoputer noaa

MbI BBISICHWIM, KaK 00bSIBJIeHME IIOTPeOHOCTel B pecypcax BIMsSIeT
Ha KayeCcTBO OOCAYKMBAHMS M Ha OUYepegHOCTb, B KOTOPO¥

Kubeletll ocramasmmsaer KOHTeliHepbl B cCJiyyae HeXBaTKuU
pecypcoB. Ha MOMeHT HammcaHMsl 3TUX CTPOK yKe BeJIUCh PabOoThI
10 peajiM3aluu elle OLHOI BO3MOKHOCTU, MMeIOlleil OTHOIIeHN e K
KauyeCTBY OOCTY;KMBAHMUS U MO3BOJISIONIEN OMpeaeanThb IIPUOPUTET
1oJa M BO3MOXHOCTb €ro BbITeCHeHMs. HacTpoiika rpuopurera
IaeT BO3MOXHOCTb YKa3aThb Ba)XKHOCTb IMOAA OTHOCUTEIbHO APYIUX
MOJOB ¥ TIOBJMSITHL Ha TOPSIJIOK, B KOTOPOM OHU OYIyT
IUVIaHMPOBAThCA. [laBaiTe TIOCMOTPUM Ha 39TU HACTPOUKMU,
IOKa3aHHbIe B JIUCTUHTE 2.4.
Jiuctuur 2.4. MNpuopwuteT noaa

apiVersion: scheduling.k8s.io/vlbetal
kind: PriorityClass

metadata:
name: high-priority (1
value: 1000 (2,

globalDefault: false

description: 3TO KJjacC NOAOB C OYEHb BbICOKUM
NPUOPUTETOM

apiVersion: vl
kind: Pod
metadata:



name: random-generator

labels:
env: random-generator

spec:

containers:

- image: k8spatterns/random-generator:1.0
name: random-generator

priorityClassName: high-priority ©

O liMs 06beKTa, onpenensIolero Kaacc IpuopureTa.
® 3HaueHMe IPUOPUTETA B 0OBEKTE.

©® Kiacc mnpuopureTra, NPUCBOEHHBIM OTOMY TIIOAY, Kak
ompeneneHo B pecypce PriorityClass.

Mb1 co3pganu PriorityClass, 06beKT BHe MHpPOCTPAHCTBA MMEH,
yTOObl OIpeNeNnTb IeJOUNCIeHHbI IpuopurteTr. [IpucBoOMIN
00bekTy PriorityClass wumsa high-priority wu ypoBeHb
npuoputera 1000. Vmes Takoe oIpeleseHue, Mbl MOXeEM
Ha3HAUUTh STOT MPUOPUTET II0JAM, YyKasaB MMs O0O0beKkTa B
rapaMeTpe: priorityClassName: high-priority.
PriorityClass — 2T0O MexaHMU3M OOBSIBJIE€HUSI BaXKHOCTU IIOJIOB IIO
OTHOLIEHMIO JpYyr K [Jpyry, rOe O0ojiee BBICOKOE 3HAUeHME
COOTBETCTBYET 60JIbllleil BaXXHOCTM.

Korma BO3MOXHOCTb OIIpedeseHus IIPUOPUTETOB  Oyder
MTOJTHOCThIO peayii30BaHa, C ee MOMOIIbI0 MOXKHO OyJeT BAMSTDH Ha
MOPSIIOK  pasMelleHus IUIAHUPOBIIMKOM IIOAOB Ha  y3Jax.
KoHTpossiep ydera ImpuopuTeTa CHauvaja YCTAHOBUT 3HAYEHWUS
TIPUOPUTETOB B HOBBIX Mo1ax, VICTIO/Ib3YSI roJie
priorityClassName. Korma TIOIBUTCS HECKOJbKO IIOHOB,
OXXUIAWIINX pa3MelleHns, IUIAHMPOBIIMK OTCOPTUPYET Ouepelb
110 YOBIBAHMIO IIPUMOPUTETOB, Ojaromapsi 4emy Oojiee BaskKHbIE
OXXMUAamwIye oAbl 6yayT BbIOMpATbCsS U3 oyepeay IIaHMPOBAHMUS



paHbllle MeHee€ BaXHbIX U, B OTCYTCTBUE OI‘p&HM‘—IEHMﬁ,
NPEnATCTBYIOIIMX INITAaHMPOBAHNIO, pa3MeIlaTbCAa Ha y3J/1aX.

30ecb eCTb OOVH BaKHbII MOMEHT. B OTCYTCTBME Y3JI0B C
OOCTaTOYHBIM OOBEMOM pecypcoB il pa3MelleHUs IIofa
TJIAHMPOBIIMK MOXKET BBITPY3UTh (YAQIUTH) MOAbI C 60Iee HU3KUM
MIPUOPUTETOM, YTOOBI OCBOOOAUTH PECYPCHI M Pa3sMeCTUTh MOIYIN
c OoJjiee BBICOKMM IIpUMOpPUTETOM. B pe3ynbraTe IIof C 6oiee
BBICOKMM IPUOPUTETOM MOKET OBbITh 3aIVIAHMPOBAH paHbIlle, UeM
rmop, ¢ 607ee HU3KMUM IIPUOPUTETOM, €CIM BBITIOJHSITCS BCE pyTue
TpeOOBaHMS  IUIAaHMPOBAHMS. OTOT  aAJIrOPUTM  IIO3BOJISIET
aIMMHUCTpATOpaM KJjacTepa OIMpele/siTh BakKHOCTb II0JI0OB U
rapaHTMpOBaThb UX IlepBOOYepeHOe  pa3MellleHue, daBas
MJIAaHMPOBIIMKY BO3MOXKHOCTb YHAJASATh IOl C 6ojee HU3KUM
IIPUOPUTETOM, 4YTOOBI OCBOOOAUTH MECTO jisI IIOJIOB C OoJiee
BBICOKMM IIpuopuTeToM. ECiii 1Ioa He MOXKeT ObITh 3aIlJlaHMPOBaH,
MJIAaHMPOBIIMK TPOJO/DKUT pasMelllaTh JOpyrue IOIbl, C OoJiee
HU3KUM IIPUOPUTETOM.

KauecTBO o6Cay:kKMBaHMs (0OCYKIAJIOCh BBILIE) U IIPUOPUTET
rmoga — 9TO [JBe He3aBUCHUMble BO3MOKHOCTU. YIIpaBjieHUe
KaueCcTBOM OOC/HY)XMBaHMSI MCIIOJb3yeTcsl TIJIaBHBIM 0Opa3oM
areHTaMu Kubelet ni1a coxpaHeHus CTaGMJIBHOCTM Yy37a, KOI7a
IOOCTYIIHbIE BbIUMCINTEIbHbIE pecypchbl HeBeJUKU. BbioMpasi, Kakoii
1moJ, ocTaHOBUTh, Kubelet cHauasa oOlieHMBaeT ero YypOBEHb
KayecTBa OOcIy>kuBaHusi, a 3aTem PriorityClass. C pgpyroit
CTOPOHBbI, JIOTMKA BbITECHEHMSI B IIIAHUPOBIIMKE TOJHOCTHIO
UTHOPUPYET KauecTBO OOC/HYy>XKMBAHMSI TPU BbIOOpe IIOJOB IS
OCTAHOBKM. IITaHMpPOBIIMK TIBITAETCS  BbIOMpATh IIOAbI  C
HaMMEHbBIIUM IIPUOPUTETOM, YTOOBI YIOBJIETBOPUTH MOTPEOHOCTI
IIOJIOB C 60Jiee BBICOKMM IPUOPUTETOM, OKMUIAIOIIMX pa3MelleHus].

OObsiBI€HME TIPMOPUTETA TTOAA MOXKET 0KasaTh HeXkeslaTelbHOe
BJAMSIHME Ha [pyrue TOJbl, KOTOpble OyayT BBITECHSITHCS.
Hampumep, HecMOTps Ha coOO6J0[eHMe TOJUTUK IPaBUILHOTO



3aBeplieHuss  I04a,  BBIMIOJIHEHME  TpeboBaHMit  OlomKeTa
HepaboTocrocobHocT moga PodDisruptionBudget, o koTopom
pacckaspiBaeTcsi B rnaBe 10  «Ciayxkb6a-omuHOuKa»,  He
rapaHTUPYeTCsSI, UTO MOXeT TIPUBECTM K  HapylUIeHUIO
pabOTOCIIOCOOHOCTM  KJIACTEPHOrO0  NPWIOXKEHUS C  HU3KUM
MIPUOPUTETOM, KOTOpO€ OIMpaeTcsl Ha KOJ/UIEKTUBHYIO paboTy
()ifo): R

Ipyras mpobjeMa — TII0Jb30BaTe/ib, KOTOPBIV II0 HE3HAHUIO
MU TI0 37I0MY YMBICIY CO3[AaeT MOAbl C HaMOOIbIIMM BO3MOKHBIM
IIPUOPUTETOM, Mellarolle BbITIOJHEeHNIO BCEX OCTaJIbHbIX MOIOB.
IOnss  mpemoTBpallleHMsT  TaKOil  CUTyalluM B MeXaHU3M
KBOTMpOBaHUs pecypcoB ResourceQuota Oblia gobaBjeHa
nopaepykka PriorityClass u Teriepb 60bliive 3HaYeHUST IIPUOPUTETA
3ape3epBUPOBAHbI [JjISI KPUTUUYECKUX CUCTEMHBIX I0J0B, KOTOpbIE
OOBIYHO HEe TOJ/IKHbI BbITECHSIThCSI MJIM OCTaHABIMBATbhCS.

B 3akjoueHyue cjiegyeT OTMETUThb, YTO IPUOPUTETHI CIeIyeT
MICITO/Ib30BaTh C OOJIbIION OCTOPOXKHOCTBIO, ITOCKOJIbKY 3HAUeHMSI
IIPUOPUTETOB, YKas3aHHbIe II0JIb30BATEJIEM WU  MCIIOJb3yeMbIe
MJIaHMPOBIIMKOM M areHTaMyu Kubelet, yTOObI BBISICHUTb, KaKue
IOAbl  PasMeCTUThb WJIM OCTAaHOBUThb, YacTO BbIOMPAIOTCS
SKCIepPUMEeHTaJbHO. JIioOble W3MeHeHMs MOIYT MOBJIMSITh Ha
MHOTMe I10AbI U TIOMeIlIaTh ImiaTdopMe cOOIIOCTH corjiaiieHue oo
YPOBHE 00CTYKUBAHMSI.

Pecypcbl npoekTa

Kubernetes — »3T0 I1mwiaTdopMa camMoOOCTYy:XKMBaHUSI, KOTOpas
MO3BOJISIET  pa3paboTuMKaM  3amyckaTb  IPUIOXKEHUS B
IpeionpeaeIeHHbIX M30JMPOBAHHBIX OKPYKeHMsIX. OmHako s
HOpMa/IbHOJt  pabOTbl  MHOTOIIOJb30BaTe/NbCKOM  miaTdopme
HEeOOXOIMMBI TakKKe OIlpele/JieHHble TpaHMIbl ¥  CpPeacTBa
yIpaBjeHus, UToObl OTHe/ibHbIe II0Jb30BaTeM He CMOIJIU
3aXBaTUThb BCe pecypchl ImaT@opmbl. OmHMM U3 TaKuX



MHCTPYMEHTOB SIBJISIETCSI KBOTHMpOBaHMe pecypcoB ResourceQuota.
C ero MmoMoIbl0 MOKHO OTPAaHMUYUTH COBOKYIIHOE IMOTpebieHMe
pecypcoB B IpocTpaHcTBe umeH. C momMolbio KBOT ResourceQuota
aIMMHUCTPATOPbl KjacTepa MOTYT OTPaHUMUYUTH OOIIYI0 CyMMY
MICTI0/Ib3YEeMBIX BBIUMCIUTEIbHBIX PeCypCcoOB (IIpOIeccop, NaMsITh) U
xpanmwuina. C MX IIOMOILbI0 TakKXKe MOXHO OrpaHMYMThL O0lee
KOJIMYECTBO OOBEKTOB (KapT KOH(UTypaluii, CEKpeTOB, MOAOB U
CJ1yk0), co3aBaeMbIX B ITPOCTPAHCTBE MIMEH.

Ellle OOHMM TMOJIE3HBIM MHCTPYMEHTOM B 3TOil 00JacTu
SIBJISIETCS ~ Auamna3oH  orpaHuyeHmuyt  LimitRange,  KoToOpbIit
MO3BOJISIET YCTAHOBUTH TPAHMILI  MUCIIOJIB30BAHUSA  PECYpPCOB
KaKOoro tuma. IloMMMO MMHMMAIBHBIX ¥ MaKCUMaJlbHBIX
3HAUEHMI ¥ 3HAUEeHMI I0 YMOJYaHMIO, 3TOT MeXaHU3M TaKxKe
MO3BOJISIET KOHTPOJMPOBATH OTHOILIEHME MeXAy 3alpocaMu U
JMMUTAMM, KOTOpOe TakKe M3BECTHO KaK yposeHb nepepacxoda. B
Tabs. 2.1 1okasaH MnpuMep, KakK MOXHO BbIOMpaTb BO3MOXKHBbIE
3HAUeHMS [IJIS1 3a[IPOCOB U JIMMUTOB.

Ta6bnuua 2.1. [paHuMUbl 3aNpPOCOB M IMMUTOB

Tun Pecypc Mun  |Make Jiumut no 3anpoc no OTHOWweHne NuMuT/
YMONTYAHUIO YMOTYAHUIO 3anpoc
KonTenHep|Mpoueccop|500 mc (2 500 mc 250 mc 4
KoHTerHep|MamsiTh 250 2 500 M6aint 250 M6ant 4
M6ant |[6ant

Iuamna3oHbl orpanmueHuii LimitRange ymo6HO MCII0/Ib30BaTh
IJis1 yrpaBjaeHus TpoWwIsiMU pecypcoB KOHTefHepOB, UTOObI He
IOOITYyCTUTDh MOSIBJIEHMSI KOHTEIIHEepPOB, KOTOPhIM TpebyeTcsl 60Jbliie
pecypcoB, yeM MOKeT AaTh y3es kiacrepa. C ero nmoMolib TaKxKe
MOXHO TIIOMellaTh II0JIb30BaTe/IsSIM CO3[laBaTh KOHTEMHEPHI,
MOTpeObISIoIIMe 60JIbIIIoe KOJUMYECTBO PeCypCcoB U Aeaollue y3/bl
HEeIOCTYITHBIMU [J11 APYIUX KOHTEeMHEePOB. YUUTBIBAS, UTO 3aIIPOCHI
(HO He JIMMWUTBI) SABJSIOTCA OCHOBHOM  XapaKTepUCTUKOM



KOHTeliHepa,  KOTOpyK  IUVIAHMPOBIIMK  MCIOJb3yeT IS
pa3MellleHusi, OTHOIIeHMe JumuT/3anpoc LimitRequestRatio
II03BOJISIET KOHTPOJMPOBATH pasHUIy MEXIy 3amIpocamm U
IUMUTAaMU. DOJbIION paspelB MeXOy 3arpocaMyu U JIUMMUTAMU
yBeJIMUMBAET BEPOSTHOCTDb Upe3MepHOI Harpy3Ku Ha y3esl M MOXeT
CHU3UTh IIPOU3BOIUTENIbHOCTh MPUJIOXKEHMSI, KOTJa MHOTUM
KOHTelfHepaM OJHOBPEMEHHO MOTpedyeTcss O0JIbIlle PecypcoB, UeM
3aIpaininBaaoCch MepBOHAYAIbHO.

n.ﬂaHMpOBaH ue BblYMCIUTE/IbHbIX MOLWWHOCTEN

YUnuTbhiBasi, YTO B Pa3HbIX OKPY>KEHUSIX KOHTeMHepbl MOTYT UMETh
pa3Hble TPOGUIM PECypcoB ¥ pa3HOe KOJIMYeCTBO 3K3eMILISPOB,
OUeBUIHO, UTO IUIAaHMPOBAHME BBIUUCAUTEIbHON MOITHOCTU [IJIsI
MHOTrOIleJIeBOit cpeabl — CJIOXKHAs 3ajgava. Hampumep, s
ONITUMMAaJIbHOTO MCIT0/Ib30BaHMUS 00opyIoBaHMS B
HEITPOMBIIIVIEHHOM KJIaCcTepe MOSKHO MCII0/Ib30BaThb B OCHOBHOM
KOHTeJiHepbl C YPOBHSIMM KauecTBa 0OC/TYy>XMBaHUS «Oe3 rapaHTUii»
M «C TIIepeMeHHbIM KauecTBOM». B TakoM [AMHAMMUUYECKOM
OKPY>KeHUM OJTHOBPEMEHHO MOXeT 3aITyCKaTbCs "
OCTaHABJMBATBLCSI OOJIbIIOE UMCIO KOHTEHEpOB, U [aske ecin
KaKoJi-TO KOHTeiiHep OyJeT ocCTaHOBJieH TIuIaThopmoit u3-3a
HEXBATKM PECypCcoOB, 3TO He OyIeT MMETb CepPbe3HbIX IMOCIeICTBIIA.
B mpoMbIlIEHHOM  KjacTepe, rae  TpeOyeTcsl  BbICOKas
CTaOUIBHOCTL M TIpelcKasyeMoCTb, MOTYT  IIpeobyafaTh
KOHTeHepbl ~ C  TapaHTMPOBAHHBIM  YpPOBHEM  KauyecTBa
OOCTYXKMBAHMSI U B MEHbILIEM UMC/Ie — C IlepeMeHHbIM KauyeCcTBOM
obcayskuBaHus. [IpMHyOMTeIbHAs OCTaHOBKA KOHTelHepa B TaKOM
OKPY>KeHUM TTOUTHU HaBepHSIKa  SBJSETCS MIpU3HAKOM
HEOOXOOVMMOCTM  YBEJIMUUTb  BBIUYMCIUTENbHYI0  MOIIHOCTD
KJacTepa.

B Ta61. 2.2 nepeuncieHO HECKOJIbKO CIYXKO C UX TpeObOBaHUSIMU
K MPOI[eCCOPHOMY BpeMeHU U MaMsITH.



Tabnuua 2.2. lNpuMep NNaHMPOBAHUS BbIUMCAUTENBHON MOLLHOCTU

Moa [3anpoc npoueccopal/lumut npoueccopa|3anpoc namaTu//IuMUT namaTH|dK3eMNNSpoB
A 500 mc 500 mc 500 Mb6awT 500 MGant |4

B 250 mc 500 mc 250 Mb6awT 1000 M6ant |2
C 500 mc 1000 mc 1000 M6awt  |2000 Mb6ant |2

D 500 mc 500 mc 500 M6awiTt 500 MGant |1
Bcero[4000 mc 5500 mc 5000 M6airtr |8500 Mé6aitt (9

B peanbHOI sk13HM Takas riaTgopma, kak Kubernetes, 06b14HO
MCIT0JIb3yeTCs TIOTOMY, YTO CYIIECTBYeT MHOXECTBO C/IYO0, 4acThb
13 KOTOPBIX MpPeAriosaraeTcsi BbIBECTUM M3 3KCIUIyaTallMy, a 4acThb
BCe ellle HaXOOUTCS Ha CTaauy MPOeKTUpoBaHMs U paspaboTrku. Ho
Jake B TaKOM IIOCTOSIHHO MEHSIOIIEMCS OKPYXXKeHUUM MOKHO
paccuuTaTth OOIIMII 00beM pecypcoB, HeOOXOOMMBIX sl BCeX
CJTYXO.

He 3ab6biBaiiTe TakXke, UYTO B pa3HbIX OKPYKEHUSIX MOKET
IeICTBOBATh Pa3HOE UMCIO0 KOHTEMHEpPOB, a ellle HY>)KHO OCTaBUTh
MeCTO JIJiT aBTOMAaTUYECKOTO MacIiTabupoBaHus, 3adaHuii COOPKMH,
MHPPACTPYKTYPHBIX KOHTEHEPOB M MHOroro apyroro. Omnupasich
Ha 3Ty MHGOPMAIIMIO U CBeJleHUsT O MOCTaBIlKe MHPPACTPYKTYPHI,
Bbl CMOKeTe BbIOpaTh Haubojiee S5KOHOMUYHbIE BbIUMCIUTEIbHbIE
9K3eMIUISIpbl, 00/1a1a101/ie HeOOX0AMMbIMM pecypcamMu.

MosicHeHUe

KonTeliHepbl ymOOHO MCIOJb30BaTh HE TOJbKO [JISI M30JSIIUN
IIpOLIeCcCOB, HO M Kak ¢dopmaT yrnakoBKku. C COOTBETCTBYIOLIVMMU
npoduasiMu  pecypcoB OHM  TakKke IIOMOTalOT  YCIEeLIHO
IJIAHMPOBATh BBIUMCIMTEIbHBIE MOITHOCTHU. [IpoBeauTe HeCKOJIbKO
HAYaJIbHbIX JKCIIEPUMMEHTOB, UTOOBI BBISICHUTH IIOTPEOHOCTU B
pecypcax jiI KaXOOro KOHTeiHepa, U MUCIIOJb3yiATe 3Ty



MHopMalMi0 KakK OCHOBY [Jjs Oyayliero IIaHMPOBAHUS U
IIPOTHO3MPOBAHMSI.

OmHako, uyTo 6ojiee BaxHO, IMpoPUAM pecypcoB OaAOT
MIPUIOKEeHMUSIM BO3MOKHOCTh co0oOIMTh maTdgopme Kubernetes
MHbOpMaLMio, HeEOOXOOMMYIO IJIsI TUIAHMPOBAHMUSI U YIIpaBJIeHUS
pemieHussMu. Ecyiv mpuiioskeHMe He ompenesisieT HMKaKMUX 3aIIpoCoB
UM JTUMUTOB, Torma Kubernetes OymeT MHTepIIpeTUMPOBATh €ro
KOHTelHephl KaK UepHbIe SIIMKM, KOTOPble MOKHO OCTaHABIMBATh
IIpY 3amoJHeHuM Kiaactepa. [1o3ToMy It KaKIOro IIPUIOSKEHMUSI
Ba)KHO IIPOAYMATh U OIIpeIe/INTh TPEOOBAHMS K pecypcaM.

Temepb, Vy3HAB, KaK OIpeneasiTh pasMepbl MNPUIOKEHUMN,
nepengeM K [IaBe 3 «/lekjmapaTMBHOE pa3BepTbIBaHME», TOe
TMO3HAKOMMMCS C HEKOTOPbIMM CTpaTerusiMu YCTAaHOBKU U
obHOBIeHMSI TpuokeHMit B Kubernetes.

HdononHutenbHaa uHpopmaums

« [Ipumep npeackasyembix TpeboBaumii (http://bit.ly/2CrT8F)).

[Topsimok ucriojib30BaHMsI KapT KoHurypauuii ConfigMap
(http://kubernetes.io/docs/user-guide/configmap/).

. KBOTHI pecypcosB
(http://kubernetes.io/docs/admin/resourcequota/).

Cratbss «Kubernetes Best Practices: Resource Requests and
Limits» (http://bit.ly/2ueNUcO0).

HacTpoiika ripenesoB IMpoOLeCCOPHOTO BpeMeHU M MaMSITU IS
roga (http://kubernetes.io/docs/admin/limitrange/).

JloTioJIHMUTEeIbHbIE BO3MOXKHOCTM VIIpaBJIeHMUS IOTpebJieHnem
pecypcamu (http://bit.ly/2TKEYKzZ).



e O mnpuopureTax MNOJOB U BO3MOXHOCTU WUX BbITECHEHMS
(http://bit.ly/20dBcU6).

« OO0 vypoBHAX KauvecTBa obOcayxkuBaHusi B  Kubernetes
(http://bit.ly/2HGIimUq).

10 O 3auuieHHOCTM CeKpeToB (Secret) MbI MOAPOOHO TTOTOBOPUM B IiaBe 19
«KoHburypaius B pecypcax».

11 Arent knactepa Kubernetes, KOTOpPbIii BBITIONHSIETCS HA KaXKa0M y3ie. — [Ipumeu.
nep.



[naea 3. [leknapatuBHoe pa3BepTbiBaHUE

OcHOBOIt maTTepHa /JleknapamueHoe pa3eepmol8aHue SIBJISIETCS
pecypc  pasBepTbhiBaHusi  Deployment. Jta  abcTpakuusg
MHKAIICY/IMPYeT Mpolecchl OOHOBJEHMSI UM OTKaTa TPYIIIIbI
KOHTEHEpPOB M obecrneuuBaeT IOBTOPUMOCTh UM aBTOMAaTU3AIUIO
pasBepThIBAHMSI.

3apava

MbI MOKEM HACTPOUTh W30JMPOBAHHBIE OKPYKEHMSI B BUIe
IIPOCTPAHCTB MMEH M pa3sMellaTh CIYKObI B 3TUX OKPYKEHUSIX C
MMHMMAQJIbHBIM ~ y4yacTHMeM  uejJioBeKa Ojarojapsg  yoIyram
IIaHMpoBIIMKa. Ho ¢ pocToM umc/ia MUKPOCEPBMCOB ITOCTOSIHHOE
OOHOBJIEHME M 3aMeHa MX HOBBIMM BEepPCUSIMM CTAHOBSITCSI BCe
0oJiee TPYIOEMKUMIA.

O6HOBJIEHME CJIYKOBI IO CAeOyIolleil Bepcuy BKIIOUAET TaKue
oeicTBUSI, KaK 3aIlyCK HOBOW Bepcum moja, 6e3omacHasi OCTaHOBKaA
CTapoit Bepcuu Ioaa, OKUAaHMe U IIPOBepKa YCIIENTHOCTM 3aITyCKa,
a MHOTIA, B CJlydae Heymauy, OTKAT [0 MpenbIaylieit Bepcum. ITu
IeCTBUSI BBIITOJHSIIOTCS JIMOO 1IeHOV MpOCTOosI, KOrja He paboTaer
HM OJHA U3 Bepcuii CayskObl, MO0 0e3 IpoCTOeB, HO 3a CYeT
YBeJIMUEHMsI JCIIO/Ib30BaHMSI PEeCypCOB ABYMSI BEPCUSIMU CITYKOBI,
OeCTBYIOIIMMM  OJHOBPEMEHHO B  Ilepuojd,  OOHOBJIEHMS.
Belo/siHeHMEe 3TUX IIaroB BPYYHYI0O MOKET IIPUBECTU K
yeJI0BEUECKMM OIIMOKaM M IOTpeOOBaTh 3HAUMTEIbHBIX YCUINIA
IJIT  TIPaBWIBHOIO  BBINIOJIHEHMSI  CIieHapueB, UYTO OBICTPO
IIpeBpalliaeT MPoIecc BhIITyCKa HOBOJ BepCUM B Y3KOE MECTO.

MMnepaTuBHOe pasBepTbiBaHUe 06HOBNEHMIT € nomolbio kubectl
ycTapeno



(PperimBopk Kubernetes ¢ caMoro Havana nognepXuBan
BO3MOXHOCTb  OOHoBneHusi. [lepBass  peanusaumsa  6bina
umnepamusHoli No cBoer npupoae; knmeHt kubectl coobuwan
cepBepy, YTO AeNaTb HA KAXA0M Lare 06HOBAEHMS.

XoT4 komaHga  kubectl roll-update BCE  ewwe
NoaOep>XXMBAETC, NOJb30BAaTbCS € He peKOMeHAyeTcs M3-3a
CnefyrLWwmnx HefoCTaTKOB Takoro MMMNepaTMBHOMO NOAX0Aa:

BMecTo onucaHusa xenaemMoro KoHeyHoro coctosaHuma kubectl
rolling-update BbINOAHSAET KOMaAHAbI, 4YTOObI NpMBECTU
CUCTEMY B HY)KHOE COCTOSIHME.

Bce ynpaBneHMe 3aMeHOM KOHTEMHEPOB W KOHTPOMIEpOB
pennvkaumm (ReplicationControllers) BbinOAHAETCS KAWMEHTOM
kubectl, koTtopbit B3aumogenctsyer ¢ APl cepsepa, noka
NpoTekaeT npouecc 06HOBNEHMS, NepeKknaablBas Ha KJWEHTa BCHO
OTBETCTBEHHOCTb, KOTOPYIO, MO Uaee, LOHKEH HECTU cepBep.

MoxeT notpeboBaTbcs 60siee 04HOM KOMaHbl, YTOObI NMPUBECTU
CUCTEMY B HYXHOE COCTOSIHME. DTM KOMaHAbl Heo6XxoauMMo
aBTOMaTU3MPOBATb Y MOBTOPATb B Pa3HbIX OKPYXKEHUAX.

KTo-TO Apyron no3s)e CMOXeT 3aTepeTb Ballu U3MEHEHUS.

[Mpouecc obHoBNeHMs  TpebyeTcs  3a40KYMEHTMPOBATb MU
NOCTOSIHHO OOHOBNATL MO MEPE PA3BUTUS CNYXKObI.

EAMHCTBEHHbBIM CNOCO6 y3HATb, YTO pa3BepTbiIBaHME COCTOANOCH, —
NpOBEPUTb COCTOSIHME CMUCTEMbI. MHOroa COCTOSIHME TeKyLlen



CUCTEMbl MOXET HE COOTBETCTBOBATb YXEMAEMOMY, M TOr4a €ero
cnefyet OTpa3uTb B [OOKYMEHTaUMM C OMMCAHMEM nNpoueaypbl
pa3BepPTbIBAHUS.

BMecTo npoueaypbl cneayeT MCNonb30BaTh HOBbIM 0O6BEKT pecypca
Deployment, koTopbiit noaaep>X1UBaeT dekiapamusHoe 00HO8/EHUE,
MOMHOCTbIO yrpaBnseMoe cepeBepHou cTopoHoM Kubernetes.
[MlockonbKy [AeknapatvBHble OOHOBMEHUS WMMEKT TaK MHOro
NpeMMyLLecTs, a nNoA4epXKKa WMMNEepaTtMBHOro OOHOBNEHMS CO
BPEMEHEM WCYE3HEeT, Mbl COCPeAOTOYMMCS MCKIKYMTENbHO Ha
LEeKNApaTUBHbIX 0OHOBNEHUSIX B 3TOM NATTEPHE.

PeweHue

K cuactbio, Kubernetes npennaraet cpeacTsa aBToOMaTU3aluu 3TOM
oeATelbHOCTU. lCmonb3ysd TOHATHE pda36epmblédHUsl, MOKHO
omucaTb, KaK [ODKHO OOHOBJSATHCS TIPUIOXKEHUe, IIpUMeHss
pasHble CTpaTerMy ¥ HacTpauBasg pasHble acCleKThl I[poliecca
obHoBnenusi. Ecam 3a omMH UMKI BbIITycka (KOTOPbI, B
3aBUCMMOCTM OT KOMAaHIbl M TIPOEKTa, MOXeT [JIUTbCSI OT
HECKOJIbKMX MMHYT [OO HECKOJIbKMX MecCsleB) pa3BepTbhiBaHMue
Ka’KIOT0 9K3eMIUIsIpa MUKPOCEPBMCaA BBIIIOTHIETCSI HECKOJIBKO pas,
TOrJa 3Ta aBTOMaTu3aumsi, mpennaraemas Kubernetes, rmomoxker
C3KOHOMUTb HEMAJIO YCUJIUIA.

B rnaBe 2 Mbl yBuUuenu, 4to I 3GPeKTUBHON PabOThI
TJIAaHMPOBIIMKY HEOOXOAMMBbI: JOCTAaTOUYHbIA 00beM pecypcoB Ha
XOCT-CUCTEME, COOTBETCTBYIOIIME TOJUTUKM pasMellleHus U
KOHTelHepbI C MPaBUIbHO OIpeie/IeHHbIMM MPOGUISIMU PeCcypCoB.
AHajiorMyHo, YTOObI MeXaHM3M pasBepThIBAHMUSI  YCIENIHO
CIIpaBUJICSI CO CBOeii paboToi, KOHTeNHephbl MOO/KHbI ObITh
chopMupoBaHbl IS BBIMOJIHEHMS B 00JJaUHOM OKpYy>KeHuu. B



OCHOBE MexaHM3Ma pa3BepTbIBaHMS, KaK HETPYAHO [0TaaaTbCs,
JIESKUT CIIOCOOHOCTh 3amlycKaTh M OCTaHABJAMBATh HAOOPHI MOJOB.
YroObl 3TOT MexXaHM3M paboTana [OO/KHBIM 00pa3oM, caMu
KOHTelHepbl OOBIYHO [JOJKHBI IIPUHMMATh M 00pabaThIiBaTh
cOOBITUSI KM3HEHHOTO HuK/a (Takue, Kak SIGTERM; cm. rnaBy 5
«YIIpaBJsieMbli SKM3HEHHbI LMKI»), @ TaKke IpeaoCTaB/IsITh
KOHEUHbIe TOUKM [JiSI TIPOBEPKM UX PabOTOCIOCOOHOCTM, KakK
OIMCaHo B IaBe 4 «IIpoBepka paboTOCIIOCOOHOCT».

EciuM  KOHTeiHepbl B TOYHOCTM  BBIMOJHSAKT STU  [iBA
TpeboBaHMsI, TIIaTdopmMa CMOKET UMCTO 3aKpbITh CTaphblie
KOHTeHepbl ¥ 3aMEeHUTD UX, 3alTyCTMB OOHOBJIEHHbIE K3EMILISIPhI.
B TakoM cjydyae Bce OCTa/IbHbIe aCIIeKThI IIpoiiecca OOHOBJIEHMS
MOXKHO OIIpeIe/IUTh JeKJapaTMBHBIM CIIOCOOOM ¥ BBINOJHUTH KakK
OJHO aToOMapHOe [eiCTBUEe C IIpefoIlpeleeHHbIMU IlaraMmu u
OXXUAAaeMbIM pe3y/JbTaToM. JlaBaiiTe pacCMOTPUM BapMAaHThI
OOHOBJIEHMSI KOHTEIHepOB.

HenpepbiBHOE pa3BepTbiBaHKE

JIleknapaTuUBHbIM criocod 0O6HOBJieHMsT MpuaoxkeHMii B Kubernetes
TPOU3BOANUTCS C MCIIOJIb30BaHMEM TIOHSITUS pa3BepThIBAHMS.
BHyTpeHHe MexaHM3M pa3BepThIBaHMSI CO3HaeT HabOp perviuK
ReplicaSet, koTopblii mopAepskMBaeT celeKTOpbl MeToK. Kpome
TOro, aOCTpaklysi pas3BepTbiBaHMUSI TO3BOJISIET  OMNpeJe/lUTb
MoBeJleHMe TMpoilecca OOHOBJEHMS C MCIOJb30BaHMEM TaKUX
ctpateruit, Kak RollingUpdate (HempepbiBHOe OOHOBJIEHME,
UCIIONIb3YeTCd M0 yMoJiyaHuioo) u Recreate (BoccosgmaHue). B
JIUCTUHTE 3.1 TOoKa3aHbl BaXKHbIE AeTalu HACTPOMKU IJII CTpATerun
HerpepbIBHOTO OOHOBJIEHMSI.

Jiuctnrr 3.1. HenpepbiBHOE pa3BepTbiBaHWE OOHOBAEHUS
apiVersion: apps/vl
kind: Deployment



metadata:
name: random-generator
spec:
replicas: 3 (1]
strategy:
type: RollingUpdate
rollingUpdate:
maxSurge: 1 (2
maxUnavailable: 1 ©
selector:
matchLabels:
app: random-generator
template:
metadata:
Labels:
app: random-generator
spec:
containers:

- 1mage: k8spatterns/random-
generator:1.0

name: random-generator
readinessProbe: (4]
exec:

command: [ "stat", "/random-
generator-ready" ]

O OObsaBIeHMe TpeX peIviuK. s HenmpepbIBHOIO OOHOBJIEHMS
Heo6X0AMMO 0O0JIbIIIe OAHON PeIINKA.

® UYucio momoB, KOTOpble MOTYT BpeMEeHHO 3aIlyCKaTbCsl B
IOOTIOJIHEHMe K peIviMKaM, CO3JaHHBbIM il 0OHOBJIeHUs. B sTom
IpMUMepe MaKCMMa/IbHOE UMC/IO0 PEIUIMK PaBHO YEThIPEM.



©® UYuciao momoB, KOTOpbIe MOIYT OBITh HEOOCTYIHBI B XOJE
oOHOBJIeHMSI. B HaHHOM (jyyae TOJBKO JIBa IOJA MOTYT ObITh
HeIOCTYIIHbI B X0/ie 0OHOBJIEHMS.

® Touxku Bxopa Ajisi MpoBepku paboTocriocobHocTu (readiness
probes) HeoOXOAMMBI JISI pa3BepThIBaAHMS 0e3 IIPOCTOEB — He
3a0ynbTe 0 HUX (CM. I71aBy 4 «[IpoBepka paboTOCIIOCOOHOCT»).

Crpatermsi  RollingUpdate  rapaHTupyeT  OTCYTCTBUE
MpOCTOEB B TIIpollecce OOHOBJIeHMSI. BHyTpu peanmsanys
pasBepPTbIBAHMSI BBITIOJHSIET aAHAJOTUYHbIE [OENCTBUS, CO3[4aBas
HOBbIe HAOOPbI PEIUIMK UM 3aMeHsIsI CTapble KOHTeliHepbl HOBBIMMU.
OOHMM M3 IUIIOCOB MCIIOJb30BaHMS MexaHM3Ma pa3BepPTbIBAHUS
SIBJISIETCS BO3MO>XHOCTb KOHTPOJINPOBATH CKOPOCTb
pa3BepThiBaHMUSI HOBOrO KOHTeitHepa. OO0bekT Deployment
MIO3BOJISIET VYIIPaBJSITh OMAINa30HOM ITOCTYIHBIX U M3OBITOUHBIX
IOAOB uepe3 nmapaMmeTpbl maxSurge n maxUnavailable. Ha puc.
3.1 1mokasaHO, Kak TIIpOTe€KaeT TMIPOLECC HeNpepbIBHOTO
0OHOBJIEHMSI.

: v1.0 X v1.0 x v10 \/ i x OctaHoBneHHbIi noa

|
Cnyx6a temmmm— e b 4 O 3anyuieHHbIi nog
1 Ha6op pennuk

i u u
\h V'I.1¢ v1.1 O 1 “ﬂEHCTByIﬂu.IHH noj

Puc. 3.1. HenpepbiBHOe pa3BepTbiBaHME

3aIyCcTUTh JeKJIapaTMBHOe OOHOBJIEHME MOXHO Tpems
CIiocooamin:

» 3aMeHUTDb BCe oIlpeesieHMe pa3BepThiBaHMsI Deployment HOBOI1
BepcHeil ompeneieHUMs C TMOMOIIbIO KoMaHabl kubectl
replace.



o Hanmoxxutp uctpasiaenns (kubectl patch) man BHeCTU npaBKu
mHTepakTMBHO (kubectl edit), uTOOBI YCTAaHOBUTH HOBBIN
06pa3 KoOHTeliHepa ¢ HOBOJi Bepcueii.

e C nomoimnpio kubectl set image ycTaHOBUTb HOBBINI 00pa3s B
pasBepTbiBaHMe Deployment.

CmoTpute Takke T1oaHbIiM mpumep (http://bit.ly/2Fc6d6)) B
HallleM peIno3UTOPUM, KOTOPbIMi JeMOHCTPUPYET MCIIOJIb30BaHMUE
9TUX KOMAaHA M TO, KaK MOXHO OTCIEeXMBATb WJIM OTKAThbIBATh
oOHOBJIeHMA ¢ moMoilblo kubectl rollout.

[lToMmuMo yCTpaHeHMSI paHee VIOMSHYTbIX HEIOCTAaTKOB
MMIIEpaTUBHOIO CII0COOA pasBepThIBAHMUSI CIYKO, MeXaHU3M
pasBepThiBaHMsl Deployment gaeT ciiemyoiiye mpeuMyllecTBa:

e Deployment — 3T0 00bekT pecypca Kubernetes, cocrosiHue
KOTOPOI'0 IOJHOCTBIO yIIpaBisieTcs: ¢ppeitMBopkoM Kubernetes.
Bech mporiecc 06HOBJIEHMSI BBIIIOJIHSIETCS Ha CTOPOHE cepBepa,
6e3 B3aMMOIEVCTBUS C KIIMEHTOM.

e JlekapaTMBHBIM  XapakKTep MeXaHM3Ma  pa3BepThIBAHUSA
Deployment mo3BoJisieT yBUIeTb KOHEUHOE COCTOSIHME I10Cye
pasBepThiBaHMSI, a He IIary, HeoOXOoauMble [Jis €ero
OOCTVKEHMS.

e Deployment — 3TO BBINOJHSIEMbIVi OO0BEKT, OIMPOOOBAHHBIN U
IIPOTECTUPOBAHHBIN B HECKOJIbKMX OKPYKEHUSIX, IIPEsKIe YeM OH
OOCTUT  COCTOSIHMSI, TOTOBOTO K  MCIIOJIb30BAaHMIO B
IIPOMBIIIJIEHHOM OKPY>KeHUMN.

e I[Iporecc 0OHOBJIEHMST TAKKe TTOJTHOCTHIO 3aMMChIBAETCS U MIMEET
cpencTBa [IJIsI MPUMOCTAHOBKM, BO300OHOBJIEHMSI M OTKara K
TIpeabIAYLIIM BEepPCUSIM.



(DMKCMpOBaHHOE pa3BepTbiBaHUe

Crparteruss RollingUpdate rapaHTuUpyeT OTCYTCTBUE MPOCTOSI BO
BpeMsl OOHOBJieHMss. Ho B Xojme OOHOBJE€HUSI OJHOBPEMEHHO
IEeiCTBYIOT OBe BepcuM KOHTelHepa, UTO SIBJSIeTCS IT0O00UYHBIM
3¢pdexkTOM. DTO MOKET BbI3BaTh IIP0OOIEMbI Y IIOTPEOUTENIEN YCIVT,
0ocoOeHHO Korma B TIIpoliecce OOHOBJEHMSI YCTaHABIMBAIOTCS
nsMmeHeHusa B API, HecoBMeCTMbIe CO CTApOil BepcHeil, a KIMEeHT
He criocobeH o0paboTaTh 3Ty cUTyaluio y cebsi. s Takux
CLieHapueB CYIeCTBYeT CTpaTerusi BoOcCco3naHusa Recreate,
KOTOpAas MoKa3aHa Ha puc. 3.2.

Crpaterusi Recreate 3ak/wuaeTcs B  IIPUCBaMBAHUU
napameTpy maxUnavailable umcina oObsSIBIeHHBIX perumMk. To
eCTb, COIJIAaCHO 3TOi CTpaTeruy, CHadajga OCTAHAaBJIMBAIOTCS BCe
KOHTEMHePhI C TeKYyIlein Bepcueir, a 3aTeM 3aIlyCKarTCs Cpa3y Bce
HOBbIe KOHTeNHepbl. B pe3yabraTe uMMeeT MeCTO HEKOTOPbI
repuon,
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Puc. 3.2. CDI/IKCMDOBaHHOG pa3BepTbiBaHWe C MCMNO/1b30BaHMEM CTpaTErnn Recreate

IIPOCTOSI, KOIZa BCe KOHTEHephl CO CTApbIMU BEPCUSIMU YKe
OCTAHOBJIEHbI, & HOBbIE ellle He 3amylleHbl WJIM He TOTOBbI K
npuemMy u o00paboTke 3ampocoB. IIOJOKUTEIbHBIM MOMEHTOM
SBasgeTcsT TOT (PakT, YTO OJAHOBpPEMEHHO He OyayT paboTaThb
KOHTEJHEephl ABYX BEpCHii, UTO YIPOCTUT KU3Hb ITOTPEOUTENSIM

YCITYT.



CuHe-3eneHoe pa3BepTbiBaHUe

CuHe-3eneHoe paseepmoieaHue (Blue-Green deployment) — 3t1o0
CTpaTerus, WCIIOJb3yeMasi [Jisi pa3BepTbIBaHUS IIPOrPaMMHOTO
obecrieyeHMsI B MPOMBIIIJIEHHOM OKpPYKeHMM, I103BOJISIIOIIAS
MUHMMMU3UPOBATb BpeMsl TIIPOCTOSI M  YMEHBIIUTb  PUCKU.
AbcTpakiust pa3BepThiBaHMs B Kubernetes — ocHoBoIIojIaraIast
uaesi, KoTopas M03BOJIsIET oIpeaennTb, Kak Kubernetes rnepexogut
OT WMCIOJIb30BaHMUS KOHTENHEepPOB OOHOM Bepcuu K Apyrou. [nga
peanusanum 3Toi 6ojiee MPOABMHYTON CTpaTeruu CUHe-3eJIeHOr0
pa3BepThIBAHMSI MOKHO MCIIOJIb30BaTh 00beKT Deployment B
KOMILIeKce ¢ npyruMmu oobektramu Kubernetes.

be3 ucIogb30BaHMs TaKMX paciiupeHuit, kak Service Mesh u
Knative, cHuHe-3e1eHOe pa3BepTbiBaHME IIPUOETCS BbIIIOJHSTh
Bpy4yHyl0. C TEeXHMUYEeCKOl TOUYKM 3pEeHMS] CYyThb 3aK/OYaeTCsl B
CO3JaHMM BTOPOrO pasBepTbIBAHMUS C IIOCJIeIHeil Bepcuein
KOHTeltHepoB (Ha30BeM 3TO 3ejleHblM), TIOKAa He OOCTYKMBAIOUINX
HMKAKMX 3ampocoB. Ha 3Tom B3Tare mpomosskaloT paboTaTtb U
00C/TY>XMBaTh 3allpoChl CTapble peIvIMKM IOJ0B (Ha3biBaeMble
CUHUMU).

Y6enuBIINCh, YTO HOBAasl Bepcus IIOJOB pabOTOCIIOCOOHA U
roToBa 00pabaThIBaTh 3aMlpoChl, BeCb TpaduK MepeKaovyaeTcs Ha
HOBbIe peruinkiu. B Kubernetes 3T0O MOXXHO BBIMIOJHUTD, M3MEHUB
CEJIeKTOpP  CIAYKObI, UTOOBI OH  COOTBETCTBOBAJ  HOBBIM
KOHTelHepaM (OTMeueHbl Kak 3ejieHbie). Kak rmokasaHo Ha puc. 3.3,
KOTma Bechb TpadMK HAuMHAET IOCTYNaTh B 3ejieHble KOHTEMHepBI,
CHMHMEe KOHTeJHepbl MOXHO YIaJUTb, @ pecypcbl OCBOOOIUTDH s
OyIoyLUIMX CHMHEe-3e/IeHbIX pa3BepPThIBaHMUIA.
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Puc. 3.3. CuHe-3eneHoe pa3BepTbiBaHUE

[Tpemy11eCTBO CHMHe-3eJIeHOrO0 pa3BepThIBaHUS B TOM, UTO B
Ka)K[Iblii KOHKPETHbI/A MOMEHT BpeMeHM 3ampochl OOCTYKMBaeT
TOJIBKO OJHAa Bepcusi TIPWIOXKEHMS, YTO CHMKAeT CI0XKHOCTh
oAAep>XK HeCKOJIbKMX BepCuit Ha CTOpOHe MOoTpebuTesneit yCayru.
Ho kiactep [0J/IKeH UMeTh BIIBO€ OOJBIITYI0 €MKOCTb, TIOTOMY UTO
B IIepro[, pa3BepThIBaHMS B HEM OZHOBPEMEHHO BBIIOTHAIOTCS KaK
CMHMe, TaK U 3ejleHble KOHTelHepbl. Kpome TOro, Bo Bpem4
1epexongoB MOTYT BO3HMKHYTh 3HAUMTEJIbHbIe OCIOXHEHUS C
MPOLOJIKUTEIbHBIMM TIPOLlecCaMM M U3MEHEHUSIMU B COCTOSSHUU
6a3bl JAHHDBIX.

KaHapeeuHoe pasBepTbiBaHue

Kanapeeunoe paszsepmoisanue (Canary deployment) — 3To croco6
IIOCTENIEHHOT'0 pa3BepTbIBaHMsS HOBOM BepcuMM TIPUIOXKEHUST B
paboyeM OKpYKeHMM IIyTeM 3aMeHbl CTapbiX 5K3eMIUISIPOB
HOBBIMM C IIOMOIIBIO HEOOJbIIMX OJIOKOB. DTOT METO[, CHIKAET
PUCKM, CBSI3aHHbIE C BHEIPEHMEM HOBOM BepCcuM, OTKPbIBAst JOCTYII
K HOBBIM BepCUSIM TOJIBKO HEKOTOPbIM IIO/ib30BaTensiMm. Ecin
HOBAasi Bepcust XOpOIIo 3apeKoMeHIoBasia cebs Ipy 00CTYKUBaAHUM
HeOOJIbIIIOM BHIOOPKM MOJIb30BaTe Iel, IPOU3BOAUTCS 3aMeHa BCeX
CTapbIX 9K3eMIUIIpoB. Ha puc. 3.4 mokasaHO, KaK BBITIOJIHSETCS
KaHapeeuHoe pa3BepThiBaHMe.
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Puc. 3.4. KaHapeeyHoe pa3BepTbiBaHUE

B Kubernetes 3TOoT MeTOHa MOXXHO peann30BaThb, CO3JaB HAabOp
perivk  ReplicaSet g HOBOW  BepCcuMM  KOHTelHepa
(IpeAIIouUTUTEIbHO C MCIIOJb30BaHMEeM O0beKTa pa3BepThIBAHUS
Deployment) ¢ HeOOJIbIINM KOJINUYECTBOM PEIIMK, KOTOPbIiT MOXKHO
MCII0/Ib30BaTh B POJIM KaHapeeuyHoro sKk3eMmiuisipa. Ha atom srare
CJIy>k0a JO/KHA OTChIIATDH 3aIlpoOChl HEKOTOPBIX I10JIb30BaTesIeil B
OOHOBJIEHHbIE JK3eMILISIPbI MOAOB. YOenuBIINMCh, UTO HOBBIN
Habop pemmuk ReplicaSet gmelicTByeT HDOMKHBIM 00pasoM, €ro
MOXXHO MacIITabMpoBaTh BBEPX, a CTAPbIii HAOOP — BHU3, A0 HYJIS.
B HEKOTOpOM CMbICJIe  BBIINOJHSETCS  KOHTPOJMpyemMoe U
TIPOBEPEHHOE M10J1b30BaTeIeM I10I1aroBoe pa3sBepThiBaHME.

MossicHeHuUe

O6bexT pas3BepThiBaHMs Deployment HamIssgHO ITOKa3bIBaeT, KakK
Kubernetes mpeBpalllaeT yTOMUTE/JbHbI/A IPOIECC PYUYHOIO
OOHOBJIEHMSI TIPWIOXKEHUI B JleKjJapaTUBHOE [eiiCTBME, KOTOPOe
MOXXHO IIOBTOPATD " aBTOMAaTU3UPOBATh. CrpaTerun
pa3BepThIBaHMUS, TOAEepKMBaeMble M3HAUYAJIbHO (HEIPepbIBHOTO
OOHOBJIEHMSI M BOCCO3IaHMs), YHOPaBJSIOT 3aMeHOM CTapbIX
KOHTEeMHEepOB HOBBLIMM, a CTpaTeruu BBIMTyCKa (CUMHe-3ejIeHasl U
KaHapeeyHas) OIIpelessitoT, KaK OTKPbIBAETCS IOCTYTI
IIoTpedouTenIM K HOBOM Bepcum. IlocimemHue [Be CTpaTeruu
BBIITyCKA OCHOBAaHbI Ha pelleHuu O Iiepexone, MPUHMMAEMOM



YeJI0BEKOM U, KaK CJe[CTBMe, aBTOMATU3UPOBAHBI He MTOTHOCTBIO U
TpeOyIOT B3auMoelcTBMUSI ¢ uvejoBeKom. Ha puc. 3.5 mokasaHo,
KaK MEeHSeTCS KOJIMYECTBO IK3eMIUISIPOB HOBOM U CTApOil BepCum
BO BpeMsl IepexXOlOB IIPU WUCIIOJAb30BAHMUM PA3HBIX CTpPaTEruit
pa3BepTbIBAHUSA U BBIITYCKA.

HenpepbiBHoe pa3BepTbiBaHne OuKpPOBaHHOe pa3BepTbiBaHNe
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(MHe-3eneHoe pazBepTbiBaHne Ka HapeeuyHoe pa3eepTbiBaHne
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Puc. 3.5. Ctpateru pa3sepTbiBaHMS U BbiMyCKa

Kaskaplii IIporpaMMHbIM IMPOAYKT VHUKAJIEH, ¥ pa3BepThIBaHME
CJIOKHBIX CHCTEM YacTO TpebyeT IOOIOJHUTEIbHBIX IIaroB W
IIpOBepOK. MeTo/ipl, MpeJcTaBJIeHHbIe B JTOJ IJIaBe, OXBAThIBAIOT
TpoilecC OOHOBJIEHMS TIOJOB, HO He BK/IIOYAIOT OOHOBJIEHUE U
OTKAT OPYIMX 3aBUCUMMOCTEH, TaKMX KaK KapTbhl KOHGUTrypaluii
ConfigMap, cekpeToB Secret 1 APYrux 3aBUCUMBIX CITY3KO.

Ha MOMeEHT HaImMcaHMs 3STOM KHUIUM OBbLJIO IIPeIosKeHO
peanu3oBaTbh B Kubernetes BO3M0O>XHOCTb BbI30Ba JIOINIOJTHUTEIbHBIX



00paboOTUMKOB B IIpoliecce pasBepTbiBaHMs. O6paboTunku Pre u
Post, Kak mpenmnojarajoch, MOO/DKHBI IIO3BOJIUTb BBIMOJHSTH
II0JIb30BaTE/IbLCKIE KOMAHAbI IO U TOC/IEe BBIMIOJHEHUSI CTPaTeruu
pasBepThIBaHMSI. IDTM  KOMAaHAbl MOIJIM  Obl  BBIMOJIHSITD
IOOIIOJIHUTE/IbHbIE NEeMCTBMSI BO BpeMsl pasBepThIBAHUSI U IIpU
HeOoOXOOMMOCTM  IIpepbiBaTh, MOBTOPSITb WIM  MIPOHOJIKATH
pasBepThiBaHMe. OHM MOIJIM ObI CTATh IIEPBBIM IIAaroM K CO3JaHUIO
HOBBIX CTpaTeruii aBTOMaTUUECKOTO pa3BePThIBAHMS U BBIITyCKa.
Ha [maHHBIA MOMEHT MCIIOJb3YEeTCS IOAXOH, 3aK/II0YaloIIuiics B
CO3JlaHMM ClieHapus IIipollecca OOHOBJIeHMSI Ha 0oJjiee BbBICOKOM
ypPOBHE, KOTOPBII yIIpaBJISIeT MPOIeCCOM OOHOBJIEHUSI CJIVKO U MX
3aBMUCMMOCTE}i C JMCIOJb30BaHMEM OOBbEKTa pa3BepPThIBAHMS
Deployment 1 Ipyrux NIpUMMUTUBOB, OOCYKIaeMbIX B 9TOJ KHUTE.

Hes3aBucuMO OT BbIOpaHHOI CTpaTeruy pa3BepTbiBaHMs, UTOObI
BBIMIOJITHUTh ~ TpebyeMyl  MOC/AeIOBaTe/NbHOCTb  IIIAroB s
OOCTVKeHMSI KOHeUHOTO cocTostHMSs, Kubernetes moskeH 3HaTh, UTO
MTObI MIPUJIOKEHUSI 3aITyCTUINUCh U BBIMIOMHSI0TCSI. [TosTOMy maee,
B I7aBe 4, Mbl paccMoTpum TmaTtepH Health Probe (IIpoBepka
paboTOCIIOCOOHOCTH), MCIIO/b3ysl KOTOPBIV Ballle MIPUIOKEHHUE
MoxeT coobiiaTb Kubernetes o ceoemM COCTOSTHUM.

dononHutenbHasa uHpopmauusa
o [Ipumep mexknapatuBHOro passeptbiBaHus (http://bit.ly/2Fc6dé)).
« HempepoiBHOE 06HOBIeHue (http://bit.ly/2r06Ich).
» Onucanne oo6bekTa Deployment (http://bit.ly/2q7vR7Y).

e 3amycKk IpuIOXeHMs 6e3 COCTOSIHMSI € Iomolbio Deployment
(http://bit.ly/2XZZhlL).



e Cratbs MaptuHa ®aynepa (Martin Fowler) «Blue-Green
Deployment»L2 (http://bit.ly/1Gph4FZ).

e Crarbg [Haumno Carto (Danilo Sato) «Canary Release»
(https://martinfowler.com/bliki/CanaryRelease.html).

« Kunra «DevOps with OpenShift» (https://red.ht/2W7fdAQ).

12 TlepeBon Ha pyCCKMI SI3bIK AOCTYIIEH O afgpecy https://habr.com/ru/post/309832/.
— IIpumeu. nep.



InaBa 4. NMpoBepka paborocnocob6HOCTH

ITaTtTepH Health Probe (IlpoBepka pab0oTOCIIOCOOHOCTH) OIIpeAessieT
TIOpSIIOK mepedauy MHPOPMaIMy O COCTOSIHUM TIPUJIOKEHUSI B
Kubernetes. UrtoObl A06MUTHCSI MaKCUMMa/JIbHOM aBTOMAaTU3aLUN,
0o01auHOe TIPWIOXKEHME OOKHO IOCTOSIHHO COOOIIaTh O CBOEM
cocTossHUM, uToObI ¢peiiMBOpK Kubernetes mor ormnpegennTs,
paboTaeT iy IIPWIOKEHNe ¥ TOTOBO JIM OHO OOC/TYKMBATh 3aIIPOCHI.
JocTyrmHOCTh 3TOM  MHGOpMaIMM BAMSIEeT Ha yIpaBjeHue
KM3HEHHBIM LMKJIOM IIOJOB U CIIOCOOOM mepenauu Tpaduka B
TIPUIOKEHHE.

3apava

Kubernetes  peryaspHo IpoBepsieT  COCTOSIHME  Mpoliecca
KOHTeliHepa U Iepe3alryCcKaeT ero mpu OOHapy>KeHUM MIpPoOJIeMbl.
OmHako ¥3 TMPAKTUKM MbI 3HaeM, UTO IMIPOCTO MPOBEPKU
COCTOSIHMSI ~ TIpoliecca  HeIOCTaTOYHO  Ijia  OoIpedeeHus
paboToCIioco6HOCTH mpuaoxkeHusi. Yacrto ObiBaeT Tak, UYTO
MpUIOKeHUe 3aBMUCaeT, a ero Ipolecc Bce elle paboTaer.
Hampumep, npmwiokeHne Ha Java MOXKET CTOJKHYTBHCS C OIIMOKO¥
OutOfMemoryError (HexBaTKa IaMsTI), HO IIpM 3TOM mpoiiecc J[VM
OymeT IMpPOJO/KATh BBIMOAHATHCS. Takke IIPUIOKEHME MOXKeT
3aBUCHYTb, TIIOMIAaB B OECKOHEYHbII LMKI WIM B COCTOSHUE
B3aMMOOJIOKMPOBKM W/IM KOrAa CUCTeMa HauyMHaeT aKTUMBHO
MCII0/Ib30BaTh aiil MOogKauky u3-3a HexXBATKU mnamsaTu. s
BbISIBJIEHMSI TIOJIOOHBIX cuTyaluii gpeiiMBopKy Kubernetes HyskeH
HaJeKHBIN CIIoco0 IPOBepKM pabOTOCIOCOOHOCTH MPUIOKEHUI —
He JIJISI TOTO, YTOOBI ITOHSITh BHYTPEHHIOIO pabOTy MPUIOXKEHUS, a
yTOOBl yOemUThCS, UTO IMPUIOXKeHMe paboTaeT KaK OXUIAETCS U
CIIOCOOHO OOCTYKMBATh ITOTPEOUTEEIA.



PeweHue

HmycTpus IIPOrPaMMHOTO obecrieueHUst MIpU3HAeT
HEBO3MOXHOCTb IMCaTh KOJ 6e3 omub6ok. bBonee Toro, B
pacripeie/IeHHbIX IMPUIOXKEHUSIX BEPOSITHOCTh cO0eB Bo3pacTaeT. B
pe3y/ibTaTe OCHOBHOE BHMMaHME CMECTMJIOCh C OOHapyXkeHUS U
yCTpaHeHMSI HeMCIpaBHOCTelti Ha oOHapykeHue cO0OeB U
BOCCTAHOBJIeHMEe PpabOTOCIIOCOOHOCTM mocie Hux. OO6HapykeHMe
cbos1 — cyioskHas 3agava. OHa He MMeeT YHMBEepPCaIbHOTO pelleHusl,
MPUTOTHOTO [JISI BCeX IIPUJIOKEHMI, II0TOMY YTO pa3HbIe
MIPUJIOKEHUST MMEIOT pasHoe ToHSTHe cbos. Kpome Toro, pasHbie
BUAbl COOEB TPeOYIOT pasHbIX KOPPEKTUPYIOUIMX BO3MIECTBUIIA.
BpeMeHHbIe CO0M MOTYT YCTPAHSTBLCS CaMMUM IIPUJIOKEHMEM IIpu
HaJIMYMM JTOCTAaTOYHOIO BpeMEHM, a IIPM HEKOTOPBIX APYIUX COOSIX
MOKeT TI0TpebOoBaThCsl Ilepe3anyCTUTh IIpuaoXkeHue. JlaBaiiTe
MMOCMOTPUM, KaKue TIpoBepky wucnonb3dyeT Kubernetes s
oOHapyKeHMs U MUCIIpaBIeHNsT CO0EeB.

MpoBepka Hannuug npouecca

Ilposepka Hanuuusi npoyecca — 3TO camasl IIPOCTasl MPOBEPKa,
KoTopylo Kubelet BbimosHsIeT NOCTOSSHHO. Ecam Impoiiecchl He
3aIyIleHbl, OHM 3aITycKaiTcsd. To ecTh 6aromapsi TOJAbKO OIHOI
9TOI MPOCTOJ MMPOBEpPKe MPUIOKEHNME CTAHOBUTCS HEMHOTO OoJiee
HagexXHbIM. Eciu Ballle mpuiioskeHMe CIIOCOOHO CaMOCTOSITEIbHO
OOHApPYXUTh COOJ U 3aBepIIMTHLCS, TOTIA BaM BIIOJIHE IOCTATOUYHO
OymeT 9TOit IIpOCTO¥ IPOBEpPKM pabOTOCIOCOOHOCTM IIpoliecca.
OmHako i1 OGOJBIIMHCTBA CJIydaeB 3TOr0 HEJOCTATOYHO U
HeoOXOIMMbI APYTie BUIbI IIPOBEPOK.

MNpoBepka paboTocnocobHOCTU

Ecin Balle MIPUIOKEHME TIOIIaIaeT B CUTYaIINIO
B3aMIMOOJIOKMPOBKM, IIPOIIeCC HE OCTAHABIMBAETCS caM II0 cebe u



MpoJoJkKaeT  JeicTBOBaTh. UTOObI OOHApYXUTh MOAOOHbIE
Mpo6IeMbl 1 JIIOOble APyrue HapylleHus B paboTe OM3HEC-JIOTUKU
TIPUJTOKEHMS, Kubernetes MCIIOJIb3yeT nposepku
pabomocnocobHocmu — PperyjasipHble IIPOBEPKM, BbIMOJTHSIEMbIE
areHToM Kubelet, KoTopblii 3ampaliuBaeT Yy KOHTeliHepa
MOATBEPsKAEHMEe ero paboToCIIoco6HOCTHU. BaxkHo, UTOOBI MpOBEpKa
pabOTOCIIOCOOHOCTM BBIMOJNHSIACh M3BHE, a He BHYTPU CaMOTO
MIPUIOKEHNSI, TIOTOMY UTO HEKOTOpble cOOM MOTYT IIOMEIIAaTh
CTOpPOXXEBOMY KOOy B MPUJIOXKEHUM COOOIIUTh 00 oImnbxke. B
OTHOIIIEHUHU KOPPEKTUPYIOLINX BO3IEVICTBUI IpoBepKa
paboOTOCIIOCOOHOCTM aHAJIOTMYHA IIPOBEpKe HaJInuus IIpolecca,
IIOSTOMY IIpM OOHapyKeHUM cOOsI KOHTeHep IepesamycKaeTcs.
OmHako 3TM MOpoOBepkM obecrieuMBaiOT OOJbIIYI0O THMOKOCTh B
BbIOOpE METOAO0B ITPOBEPKM IIPUIOKEHMSI, @ UMEHHO:

» [IpoBepka uepe3 HTTP 3axknwuaercs B orripaBke HTTP-3ampoca
GET na IP-agpec koHTeiHepa U B oxkugaHnuu HTTP-oTBeTa C
kKozoM oT 200 o 399.

o IIpoBepka uepe3 coker TCP mpeprosaraeT 6/1aronoJyuHbIN
obMeH uepes coeauHenne TCP.

e [IpoBepka 4epe3 BbIMNOJHEHME 3aK/JIKOYAETCSI B BBIIIOJTHEHUN
IIPOU3BOJILHOM KOMAaHIbl B SApe KOHTeMHepa M B OXUIAHUU
Koja 6s1aromnosiydHoro ee 3aBepiieHus (0).

Opranmsauus MpoBepKku pabdboTocrnocobHocTn uepes HTTP
TOKa3aHa B JucTuHre 4.1.

Jinctnrr 4.1. KoHTeMHep ¢ noaaepykkoi npoBepkn pabotocnocobHoCcTH
apiVersion: vl
kind: Pod
metadata:



name: pod-with-liveness-check
spec:
containers:
- image: k8spatterns/random-generator:1.0
name: random-generator
env:
- name: DELAY_STARTUP
value: "20"
ports:
- containerPort: 8080
protocol: TCP
LivenessProbe:
httpGet: (1
path: /actuator/health
port: 8080
initialDelaySeconds: 30 (2

O KoHeuHas Touka gjis1 mpoBepku yepes HTTP.

® JKpmarp 30 CcekyHn ~ Iieped, [epBOil  MPOBEPKON
paboTOCIIOCOOHOCTM,  UTOOBI  JaTh  IMPUIOKEHMIO  BpeMs
3aITyCTUThCSI.

B 3aBUCMMOCTM OT XapakTepa IpWJIOKEHMsI, Bbl MOXKeTe
1oJ06paTh Hamubosiee NOAXOASIINIA MeTo . PelreHre 0 mMpM3HAHUU
MY HeIPU3HAHUM TIPWIOKEHMS pPabOTOCIIOCOOHBIM 3aBUCUT OT
KOHKpEeTHOM peanusauuu. Ho umeinTe B BuUAy, UYTO eCIu
npuioxkeHue OyAeT IPU3HAHO HepabOTOCIIOCOOHBIM, ITPOM30IIET
repesanyck KOHTeiHepa. EwiM T1iepesanyck KOHTeiHepa He
TIOMOTaeT, TIPOJI0J/IKATh IIPOBEPKY paboTOCIIOCOOHOCTHU
O0eccMbICJIEHHO, TIOTOMY UTO Iepe3allyCK He YCTpaHSeT OCHOBHYIO
Ipo6ieMy.



MpoBepka roToBHOCTH

[IpoBepKy pabOTOCIOCOOHOCTM  YIOOOHO  MCIIOJAb30BaTh  IJIs
MOAJepPsKaHMsI TIPWIOKEeHU A B pabOTOCIIOCOOHOM  COCTOSTHUMU,
OCTaHaBJIMBasi COOJiHbIe KOHTEeIHephbl M 3aMeHss] MX HOBbIMU. Ho
MHOIJIA KOHTelHep MOXeT [eiicTBOBaTh C ONIMOKAaMM U €ro
IIOBTOPHBIN  3allycK  He  pemaeT  mpobsemy. Haubonee
pacIpoCcTpaHeHHbI MPMUMep — KOIJa KOHTelHep 3aITyCKaeTcsl, HO
10 KakuMM-TO IIpUYMHAM He TOTOB o00OpabaThiBaTb Kakue-1nodo
3arpockl. Mnu, MoxeT ObIThb, KOHTEVHEp IeperpyskeH, 3ajiep>kka B
00paboTKe 3alpoCOB YBEJIMUYMBAETCS, M BbI XOTUTE, YTOOBI OH
BpPeMEeHHO MpeaIpMHSI Mepbl 3alIMThI IPOTUB BHICOKOV HATPY3KM.

st Ttakux cieHapueB Kubernetes moppepkuBaeT nposepku
20mosHocmu. [Ig TIpOBepKM TOTOBHOCTM WCIOJNb3YIOT Te Ke
MEeTO/Ibl, UTO M JJISI MpoBepKu paborocriocooHoctu (uepes HTTP,
TCP wiu  BbINIOJIHEHME  KOMaHA), HO KOpPPeKTUpYIollue
BO3/IeiiCTBUSI OT/IMYalOTCsa. Ecaiyu mpoBepKa TOTOBHOCTY TOTepIiesia
Heyaauy, KOHTeliHep He Iepe3allyCKaeTcsl, a MPOCTO MCKIIYaeTCs
13 o00paboTkyu Bxopsailero Tpaduxka. IIpoBepka TOTOBHOCTU
IIOMOraeT OIlpelenTb, KOTma KOHTeliHep OydeT roToB K paboTe,
yTOObI JAaTh €My HEeKOTOpOe BpeMsl IJIsl MHUIIMAIM3aLUM ITepej
MOTyuYeHeM 3aIlpoCOB OT CIykObI. Takke 9TU IPOBEPKU MOTYT
MCIT0JIb30BAThCS /i1 OTKJIIOUEHMUSI CIYy>KObl OT Tpaduka Ha 6oee
MO3IHMX dTallaX, IOTOMY UYTO ITPOBEPKM F'OTOBHOCTU BBITIOIHSIIOTCS
peryaspHO, aHaJOTUMYHO IIpoBepkaM paboTocrmocobHOoCTH. B
JIUCTUHTE 4.2 TI0Ka3aHO, KaK OpraHu30BaTh IIPOBEPKY I'OTOBHOCTU
IyTeM MIPOBEPKM Hajauumst (aiiia, KOTOPBI MPUIOKEHNME CO3IaeT
I10 3aBepIlleHMM ITOATOTOBKM K paboTe.

JiuctunHr 4.2. KoHTelHep ¢ Noanep>KKoi NpoBePKM FOTOBHOCTH
apiVersion: vl
kind: Pod
metadata:
name: pod-with-readiness-check



spec:
containers:
- image: k8spatterns/random-generator:1.0
name: random-generator
readinessProbe:
exec: (1

command: [ '"stat", "/var/run/random-
generator-ready" ]

© IIpoBepka Hanuuus aiina, co3gaBaemMoro MpuaokkKeHueM I10
3aBeplleHuy MOArOTOBKM K 00paboTKe 3ampocoB. stat
BO3BpalllaeT OMINOKY, ecau (aityl OTCYyTCTBYeT, UTO obecrieunMBaeT
OTPULIATEJIbHBIN Pe3yabTaT MPOBEPKN.

1 cHoBa Balla peanusalys IPOBEPKM pPabOTOCIIOCOOHOCTU
IOJIKHA pelllaTh, KOTha IMIPWIOXKEeH)e TOTOBO K BBITIOJIHEHUIO CBOEN
paboThI, a KOrda ero CjeayeT OCTaBUTh B IIOKoe. B oTinume oT
TIPOBEPKM Ha/IMUMs IIpollecca M IIPOBEPKU PabOTOCIIOCOOHOCTH,
KOTOpbIe IpeaHa3sHaueHbl JIJIsi BOCCTAHOBJIEHMS TIOC/Ie COOs ITyTeM
repe3anycka KOHTeiHepa, IIpoBepKa TOTOBHOCTU TpebyeT IaTh
IIPWIOKEHNIO BpeMs Ha BoccTaHoOBJjieHue. IlomHmMTE, UTO
Kubernetes mormbiTaeTcs OrpaguTh Balll KOHTEMHEDP OT ITOJyUYeHMs
HOBBIX 3aIIpOCOB (HaIlpuMep, KOTJa OH BBIK/IIOUAETCS]) He3aBUCUMO
OT TOTO, IPOXOIUT JIM IIPOBEpPKAa T'OTOBHOCTU IIOC/E IIOTYyUYEeHMUSI
curdHana SIGTERM.

Bo MHorux ciaydasix y Bac OyAyT OAMHAKOBbIe ITPOBEPKU
paboTOCIIOCOOHOCTH U TOTOBHOCTU. HO mpoBepKa roTOBHOCTU JlaeT
KOHTeliHepy Bpems [ 3amycka. TOJAbKO Mocjie 6/1aromoaydyHOro
TIPOXOXIOEHUSI TMPOBEPKU TOTOBHOCTU pa3BepThIBaHME CUUTAETCS
yCHeUIHbIM, U, Hampumep, IOAbI ¢ O6ojiee CTapoit Bepcueit MOIyT
OBITh OCTAHOBJIEHBI B ITPOIIECCe HEIPEePbIBHOTO OOHOBIEHNSI.

[IpoBepkM pabOTOCIIOCOOHOCTM M TOTOBHOCTU  SIBJISIIOTCSI
OCHOBOITOJIaraloIIMMU CTPOUTEIbHBIMMU 6JI0KaMM 1St



aBTOMaTuU3aLUMU 00J1aUHbIX TIPUIOKEHUIA. [TpuknagHbie
dpeiimBopky, Takue Kak Spring, Wild-Fly Swarm, Karaf wn
MicroProfile gnsa Java, mpepjarailoT CBOM peaamusaliuy IaTTepHa
Health Probes (IlpoBepka pab0TOCIIOCOOHOCTM).

NMosAcHeHMue

i1 TIOJTHO¥M aBTOMAaTU3alUM OOJauHble MPUJIOKEHUS [TOJIKHBI
OBITh MAaKCHMMAaJIbHO OTKPBITHI M MPEOOCTaBJISTh YIIPaBJSIONIENH
maaTdopMe cpelcTBa UYTEHUSI M MHTepHpeTauuyu uHboOpMalum o
pabOTOCIIOCOOHOCTM MPUJIOKEHMS M, IIPUM HEOOXOAVMMOCTHU, ISl
BBITIO/THEHUS KOPPEeKTUPYIOLINX BO3JIECTBUIA. [TpoBepka
Pab0TOCIIOCOOHOCTM UTPAeT BAXKHYIO POJIb B aBTOMATHU3alIUM TaKUX
neicTBUiA, Kak pa3BepThiBaHMe, aBTOMATHUUECKOe BOCCTAaHOBJIEHNE,
MaciTabupoBanue u ap. OJHAKO CYIIECTBYIOT U APYyrue CpeacTBa,
C TIOMOIIbI0 KOTOPBIX MPUIOXKEHME MOXKET COOOIIUTh O cebe
0oJibliie MHGOPMAIIUMN.

OueBUOHBI W CTapblil METO[H pelleHus 3STOM 3aJaunm —
>KypHajupoBaHue. JKejaTe/lbHO, UTOObI KOHTeHEePbl (PUKCUPOBAIU
B JKypHajiaX BCe 3HauMMble COOBITHUSI, CBSI3aHHbIE C OIIMOKaAMM, U
XpaHW/IM OTU KYpHaJbl B IIEHTPAIM30BAHHOM MeCTe i
nanbHeiero aHaamnsa. KypHasbl, Kak IIpaBuio, He UCIOJIb3YIOTCS
IJIST aBTOMAaTM3alMM JOeMCTBUIM, UMX 3aJaya — OIOBellleHue U
TOMOIIb B [JAJIbHENMIIEeM pacciegoBaHuM. boJiee T1101e3HBIM
acIieKTOM JXYPHAJIOB SBJISIETCSI BO3MOXHOCTb aHa/M3a IIPUYUH
cboeB 1 0OHapYyKeHMe He3aMeTHBIX OIIMOOK.

[Tomumo BbIBOJA MHAOpMALMM B CTAaHAAPTHbIE TTOTOKMU, TaKXKe
peKOMeHIyeTCsl 3alChIBaTh IIPUYMHBI 3aBepilieHNs] KOHTeiiHepa B
/dev/termination-log. 3To MeCTO, KyIa KOHTeiiHep MOKeT 3amnucaTh
CBOM TOCeIHME CJIOBA, MIpeskae ueM OKOHYaTeIbHO MCUe3HYTh. Ha
puc. 4.1 T1OKa3aHbl BO3MOXXHbIe BapMaHTbl B3aMMOJENCTBUS
KOHTeliHepa C r1aTdopmMOoil BpeMeHM BbIIIOJTHEHMSI.



[
TpacatpoBka API Hanuune npouecca q
[0TOBHOCTL API| KoHTeitHep Napametpbl paboTbl npnuecca.
EaﬁDTIJE]'IUCIJﬂHDCTb API HKypHanb! npouecca q

Puc. 4.1. BapuaHTbl HabnoaeHMs 33 KOHTEMHEPOM

KoHTeiiHepbl ~ MNpPemoCTaB/SIOT  YHUBEPCAJIbHbI  CIIOCOO
YIIaKOBKM U 3aITyCKa IIPWIOKEHUI, UHTEPIIPETUPYS UX KaK UepHbIe
amyku. OpHako J1000J KOHTeMHep, IIpegHa3sHaYeHHbI I
BBITIOJIHEHMSI B 00JIaUHOM OKPY>KeHUU, TOJIKeH MpenocTaBUTh API,
C TOMOII[bI0 KOTOPOTO Cpeda BbIMIOJIHEHMSI CMOKET HabIomaTh 3a
COCTOSIHMEeM KOHTelVHepa U IpenlpyMHMMATh COOTBETCTBYIOIME
OeinCcTBUS. DTO  SBJSETCS  I[JIABHOM  IIPeAINOCBIIKON IS
aBTOMaTu3aluy OOHOBJIEHUSI KOHTEMHEepOB WU VIIpaBJeHUS UX
KM3HEHHBIM IIMKJIOM 000OIeHHbIM CIIOCOOOM, 4YTO, B CBOIO
ouepelb, MOBbLIIIAET YCTONYMBOCTb CUCTEMBI U YIOOCTBO PabOThI
nosib3oBaresieil. C MpaKTUUYECKO TOYKM 3peHMsT KOHTelHepHOoe
TIPWIOKEeHVEe KaK MMHMMYM [OOJ/DKHO MpenocTaBisaTh APl mnga
pas3IMUHbBIX BUAOB MIPOBEPOK (PabOTOCIIOCOOHOCTH ¥ TOTOBHOCTH).

Eme O6onee »3bdeKTuBHbIE TIPUIOKEHUSI [O/IKHBI —TaKXke
MpeoCTaB/IsATh  yIpaBisiionleit I1aT@opme OOMOJHUTEIbHbIE
cpeAcTBa jis1 HAGMIOIEHMUSI 32 CBOMM COCTOSIHMEM IIOCPEeJICTBOM
MHTerpaluy ¢ OuOJMOTeKaMM TpPacCUMpPOBKM U cOopa MeTPUK,
TakuMu Kak OpenTracing uanu Prometheus. OTHocUTeCh K CBOeMY
MPUIOKEHUI0O KaK K YepHOMY SIIMKY, HO peanusyiiTe Bce
HeobOxonuMble API, 4ToObI YIIPOCTUTh Hab/IOeHNe U YIIpaBjieHue
BaIlM IIPUTOXKEHMUEM.

Cnemywomuii nartepH, Managed Lifecycle (YnpaBiseMbiii
SKM3HEHHBIN IMKJI), TakKke OCHOBBIBAETCS Ha oOMeHe TaHHbIMMU
MeKIY MPWIOKEeHUSIMM U yIIpaBJsiioiuM cioeM B Kubernetes, HO



pelraeT Ipyryi 3ajauyy — 3amauvy IIOJyYeHUs TPUIOKeHUEM
MHGOPMAIMM O BaXKHBIX COOBITUSIX JKM3HEHHOTO IIMKJIA MTOJa.

HdononHutenbHaa uHpopmaums

o Ilpumep  peanusauuyM  IPOBEPKM  pabOTOCIIOCOOHOCTU
(http://bit.ly/2Y6wCLG).

e Hacrtpoiika 1mpoBepoK paboTOCIIOCOOHOCTM ¥ TOTOBHOCTU
(http://bit.ly/2r096A3).

e HacTpoiika mpoBepKM Haauums Ipollecca C MCIIOJIb30BaHMEM
TIPOBEPOK paboTOCIIOCOOHOCTHU " TOTOBHOCTU
(http://bit.ly/2HJkoDf).

 Pecypc kauecTBa obcaykuBanus (Quality of Service) B Kubernetes
(http://bit.ly/2HGIimUq).

« Opranusauys HopMmajabHoro 3aBepiieHusi ¢ Node.js 1 Kubernetes
(http://bit.ly/2udUfo0).

o JlomoJHUTE/IbHbIE IIAaTTEepPHbI MMPOBEPKM PAOOTOCIOCOOHOCTU B
Kubernetes (https://ahmet.im/blog/advanced-kubernetes-health-
checks/).



[naBa 5. YnpaBnsieMbii }XU3HEHHbIU LLUKN

KoHTeliHepHble  NIPUJIOKEHUSI, HEMCTBYIOIIME B  00JAaUHOM
OKPY>XKeHMM, He YIIPaBJSIOT CBOMM KM3HEHHbBIM IIUK/IOM U II09TOMY
OO/DKHBI ~ CJIYIIaTh COOBITMSI, TeHepupyeMble VIIpaBJsioOlIe
maaT@opmMoii, ¥, COOTBETCTBEHHO, KOpPPEKTUPOBAThb CBOU
KM3HeHHble 1MKJbl. IlatTepH Managed Lifecycle (YrnpaBiseMblii
>KM3HEHHBII LMKII) oIpeaessieT, Kak MPUIOKeHMUSI MOTYT U JIOJI>KHbI
pearupoBaTh Ha COOBITUS SKM3HEHHOTO LIMKJIA.

3apava

B rnmaBe 4 «IIpoBepka paboOTOCIIOCOOHOCTV» MBI Y3HAJIM, ITOUEMY
KOHTEelHepbl MO/LKHBI IPedoCTaB/ISITh MPOrpaMMHbIN MHTepderic
IJIS PasAUYHBIX IIPOBEPOK paboTocrmocoOHOoCTH. IIporpaMMHbINM
mHTepdeiic IMMPOBEPKM PaOOTOCIOCOOHOCTM — 3TO KOMILIEKC
KOHEUHbIX TOYEeK, [OCTYIIHbIX TOJbKO [JISI UYTEeHMS], KOTOpbIe
maaTgopMa  MOCTOSIHHO  OIpalllMBaeT,  4YTOObl  TOJTYUYUTh
TpeJicCTaBJIeHNe O MPUIOKEHUU. DTO — MeXaHU3M, UCIIOJb3yeMblii
11aTGOpPMOIL 1 U3BJIeueHusT MHPOpMaLun U3 IPUI0KEeHNUS.

Kpome MOHUTOpPMHIa COCTOSIHMSI KOHTeliHepa, I[uiaTdopma
MHOTJA MOXeT BbIJaBaTh KOMAaHIbI, OXuUOAas OImpeneieHHOM
peakiuu OT mpuiaoxkeHus. Ornupasicb HA BHYTPEHHME MpaBwia U
BHelllHMe (akTopbl, oOjiauHasi 1iaT@opma MOXKET B JIH0OOIA
MOMEHT T[IpUHATH pelleHue O 3allyCke WIM  OCTaHOBKe
VIIPaBJISIEMbBIX €10 MPWIoKeHnit. HO TOJIBKO CaMO KOHTeMHepHoe
MIPUJIOKEHME MOKET OIIpeNenTh, Ha KaKue COOBITUSI M KaK OHO
Oymer pearupoBaTh. @DakTMUecKM MPUIOKEeHMe IMpejjaraet
MIpOrpaMMHbII MHTepdeiic, KOTOPhI IIaTGopMa MCHOIb3yeT AJIs
CBSA3M M OTIPaBKM KOMaHA TpuwioxeHuw. Kpome Toro,
TIPWJIOKEHUST MOTYT TII0JIy4aTb [JOMOJHUTEIbHbIE BbITOAbI OT



yIIpaB/JeHUs >KM3HEHHBIM IIMKJIOM M3BHE WJIM MUTCHOPUPOBATH
yIIpaBJISIIOLIVe BO3OEICTBUSI, €C/IM 9Ta YCJIyra UM He HY)KHa.

PeweHue

Bolllle Mbl BUIEIM, UTO IPOCTasi MPOBepKa cTaTyca Mpoiecca —
HeJJOCTATOYHO  XOpOoIlMii  TOKa3aTejlb  pabOTOCIOCOOHOCTU
NpuioxkeHus. Bor mnouemy cyiiecTBylOT pasHble APl g
MOHUTOpPUHTa pPaboTOCIIOCOOHOCTM KOHTeliHepa. AHAaJIOrMYHO,
MCIIOJIb30BaHMS ONHOM TOJIbKO MOZesu Iipoliecca Ijis 3amycka U
OCTAaHOBKM TMPUIOXEHUS HeAOCTaTOYHO. YacTo IpWIOKeHUSs
TpeOyIoT 60/iee TOHKUX BO3MEMCTBUIT M MeXaHM3MOB YIIpaBJIeHUS
>KM3HEHHBIM ILIMKJIOM. HeKOTOpbIM MPUIOXKEHUSIM HYyKHA ITOMOIIb
IJisl pa3orpeBa, a HEKOTOPbIM TpeOyeTcs BBIMIOIHUTH TOYHYIO U
YeTKYI0 Mpoleaypy 3aBepiieHus. [ 3TUX U APYrUX Cay4daeB
niaatdopMa reHepupyeT HEKOTOpble COOBITMS, KaK IMOKa3aHO Ha
puc. 5.1, KoTopble KOHTeliHep MOKeT IIPUHUMAaTh U 06pabaThiBaTh,
eCJIY 9TO He0OXOoOVMO.

PreStop o AP le SIGTERM

KoTeifnep
PostStart o[ AP le SIGKILL

Puc. 5.1. YnpaBnseMmbiii XXM3HEHHbIV LMK KOHTEHEepa

EnviHuIIeil pa3BepThIBaHUS MPUIOKEHMS SBJISIeTC moa. Kak Bbl
y>Ke 3HaeTe, MoJi COCTOUT U3 OOHOI'0 MJIY HEeCKOJIbKMX KOHTENHEePOB.
Ha ypoBHe moma MMeKTCs Opyrue KOHCTPYKIMM, Takue Kak init-
KOHTeVHepbl (paccMaTpuBAIOTCS B InaBe 14 «Init-KOHTeliHep») U
defer-koHTeiiHeppl (KOHTEeliHEpPbI C OTIO)KEHHBIM 3aITyCKOM,
HaxXOAMBIIMECS Ha CTAAuM ITIpPeNJIOKeHMSI Ha MOMEHT HaIluCaHWUs



3TUX CTPOK), KOTOPbIe MOTYT IMOMOYb B YIIPaBJIE€HUN KU3HEHHBIM
IIMKJIOM KOHTeliHepa. Bce cOOBITMSI M TOUYKM BXOHa, KOTOpbIE
OMMCBIBAIOTCS B 3TOM IJIaBe, IIPUMMEHSIOTCS Ha YPOBHE OTHOEIbHOIO
KOHTelHepa, a He Ha YPOBHeE I10/1a.

Curnan SIGTERM

Bcsikuii pas, korma ¢peiiMmBopK Kubernetes pelliaeT OCTaHOBUTH
KOHTeJiHep, HaIlpuMep, OCTaHaBAMBAasI MOA, KOTOPOMY TOT
MPUHAIJIEXUT, WM Iiepel TOBTOPHBIM 3aIlyCKOM C IIeJIbl0
YCTpaHeHMsI  HeMCIIPaBHOCTM, BbISIBJIEHHOV TIIpM  MpPOBepKe
paboTOCIIOCOOHOCTH, KOHTelHep IonydaeT curHaa SIGTERM.
SIGTERM — 3TO BeXIMBOe IIpelJjiOKeHMe KOHTeiHepy
3aBepIIMTBLCI caMOMYy, Ipexnae ueM Kubernetes ormpaBut 60iee
pe3kuint «oKpuk» — curHan SIGKILL. ITonyuns curHan SIGTERM,
MIpUIOKEeHNMEe MO/IKHO 3aBEePIIUThCS KaK MOXKHO ObicTpee. OmHU
TIPUIOKEHUSI MOTYT OBICTPO OCTAHOBUTHCSI B OTBET HA 3TOT CUTHAJI,
OPYTUM TIPWIOXKEHUSIM MOXXeT MOTpeOOBaThCsI 3aBEPLIUTh YKe
3aMyllleHHble  3aIlpoChl, 3aKpbITb COEOVHEHUS U OUYUCTUTH
BpeMeHHbIe (aiiyibl, YTO MOKET 3aHSITh HEMHOI'O OOJIbIlle BpeMEHN.
B mobom ciyuae peaknus Ha SIGTERM ob6osHauaeT IOAXOASIINAI
MOMEHT J1jIs1 aKKYpaTHOTO 3aBepllieHs KOHTeliHepa.

Curnan SIGKILL

Eciu mpouiecc KOHTelHepa He OCTAaHOBWICS IIOC/Je CUrHajia
SIGTERM, OH npuHYOUTEILHO 3aBepIIaeTCs CIeAyIIIUM CUTHAIIOM
SIGKILL. Kubernetes ue nocsutaetr curdan SIGKILL HemenjieHHO, a
oxkugaetr 30 ceKyHA IO YMOJYAHMIO II0C/Ie OTIIPaBKM CUTHaja
SIGTERM. OTOT 1nepmoa MOKHO HAaCTPOUTh OTHOEJbHO OJIS1 KaXKOOTrO
roja, oIpeneinB rapameTp
.spec.terminationGracePeriodSeconds, HO cob6/0IeHME
9TOM HACTPOVKM He TapaHTUPYeTCs, MOTOMY UTO €e MOXXHO



nepeornpeneauTb B komaHgax Kubernetes. [ToaTomy pa3paboTunku
OOJDKHBI ~ CTPEMUTBCS MIpOeKTUPOBaTh U  peajn30BaTh
KOHTelfHepHbIe MPWIOKEHMS TaK, UTOObI OHM OBICTPO 3aITyCKaINCh
" 3aBepIaINCh.

Touka Bxopa postStart

OmHakKO OOHMUX TOJIBKO CUTHAJIOB [JIs1 YIIPaBJIE€HUS >KU3HEHHbIM
IIMKJIOM TIpoliecca HemocTtaTouHo. Bor mouemy B Kubernetes
CYIIECTBYIOT IOTIOJIHUTEJIbHbIE 00paboTuUMKMU COOBITUI
JKM3HEHHOro IMKJja, TakuMe Kak postStart m preStop. B
auctuHre 5.1 mokasaHo ompepe/ieHue IMoJa C TOUKOM BXOJa
postStart.
Jiuctur 5.1. KoHTelHep ¢ 0bpaboTunkom postStart
apiVersion: vl
kind: Pod
metadata:
name: post-start-hook
spec:
containers:
- image: k8spatterns/random-generator:1.0
name: random-generator
Lifecycle:
postStart:
exec:
command: (1
- sh
- -C
- sleep 30 && echo "Wake up!" >
/tmp/postStart done



O KomaHzma postStart B stoMm npumepe xueT 30 CeKyH..
sleep 34eCcb MPOCTO MMUTUPYET IIPOAOIKUTENbHBIN IIPOLECC
MHULIMaIM3auM IIpuwioxkeHuss. Kpome TOro, oHa UCIOAb3yeT (aiii
IJISI  CUHXPOHM3ALMM C OCHOBHBIM IIPUJIOKEHMEM, KOTOpOe
3aIyCKaeTCs MapajiesibHO.

KomaHma postStart  BbINOMHSAETCS  IIOC/Ie  CO3OaHMUS
KOHTelHepa, mapaijyieJibHO C IIPOLIeCCOM CaMOro KoHTenHepa. [Jaxe
TP TOM, YTO JIOTMKY MHMUIMAIU3ALUUNM U pa3orpeBa IPUIOKEHUS
YacTO MOKHO peaiM30BaTh 4acCTh IIPOLAYyPbl 3aITyCKa KOHTEHepa,
obpaboTunMk postStart Bce elle MOXET IMPUTOOUTLCS B
HEeKOTOpbIX curyauusax. Ilo cBoemy xapakrepy postStart
SIBJIIeTCsT OJIOKMpYIOIeii oIllepaliyieii, M KOHTeiiHep OCTaeTCs B
cocrostuuu Waiting (maysa) 10 3aBepiieHuss 060paboTuuka
postStart, uTo, B CBOKW oOuepenb, 3aCTaBJIsIeT BCIO TPYIITY
KOHTeliHepoB (I10J]) OCTaBaThCs B cocTosiHUM Pending (oxkupaHue).
DTy 0CO6eHHOCTh postStart MOXKHO MUCIIOAb30BaTh, UTOObI
OTVIOKUTh WHUIMAIU3ALUMIO KOHTelHepa M [OaTb BpeMs i
VHULMAIN3alU OCHOBHOTO TIPOIiecca KOHTelHepa.

Hpyroe npumeHeHne postStart — npenoTBpallleHNe 3amycKa
KOHTeliHepa MpM HecoOJII0JeHM HEeKOTOPBIX IIpeaBapuUTe/bHbIX
ycioBuii. Hampumep, ecin o6paboTumMk postStart coobuut ob
ommubKe, BepHYB HEHYJIEBOM KOJ 3aBepiieHusi, ¢peitMBOpPK
Kubernetes yHMUTOXUT OCHOBHOJ IIpOLiecc KOHTelHepa.

MexaHn3Mbl BbI30BAa TO4YeK Bxoga postStart u preStop
HAIIOMMHAKT BbI30B TOYEK BXOJa orpeeneHus
paboOTOCIIOCOOHOCTM, KaK OIMUChIBAJIOCh B IaBe 4 «IIpoBepka
paboTOCIIOCOOHOCTM», U  IOAJEPXKMBAIOT  CJEOYIOIIie  TUIIbI
00pabOTUMKOB:

exec

BbINoHSeT KOMaHAy HeIoCPeACTBEHHO B KOHTeIHepe.



httpGet

Beinonnasier HTTP-3anpoc GET, moceiiast ero B IOPT, OTKPbITHIN
OIHUM U3 KOHTEMHEPOB B IIOJE.

ByzIbTe OCTOPOXKHBI, 3aK/1aAbIBast KPUTUUECKM BAKHYIO JIOTMKY B
00paboTuMK postStart, MOTOMY 4YTO HET HMKAKMX TapaHTUi
OTHOCUTEJIbHO ITOPsIAKA €ro BhIMOJHeHUs. [ToCKOIbKY 00paboTuMK
BBITTOJTHAETCST TMapa/uleJIbHO C TIIPOLecCOM KOHTeliHepa, eCTh
BEPOSITHOCTh, UTO OH BBIMOJHUTCS A0 3aITycKa KOHTeliHepa. Kpome
TOrOo, O00pabOTUMK JOKEH  COOTBETCTBOBATH  CEMaHTMKeE
BBIIIOJTHEHUSI «HE MeHee OJHOTO pa3a», TO €eCTb OH JIOJDKeH
1103a00TUTHCS O MOIBITKAX IIOBTOPHOIO 3amycka. Ellle oaMH acreKT,
O KOTOpPOM cjeayeT IOMHUTb, — IUIaTGoOpMa HE BBIIIOJIHSIET
IIOBTOPHBIX MOIBITOK, eciiy HTTP-3ampoc He gocTur o0paboTunkKa.

Touka Bxopa preStop

O6paboTunk preStop — 3TO GJOKUPYIOIINIL 3aIIpOC, MOChIIaeMblii
KOHTelHepy Iepes ero 3aBepiieHnemM. OH MMeeT Ty ke CeMaHTUKY,
uyto u curHaa SIGTERM, u moskeH MCIIOAb30BAaTbCS OJIS1 3aIlycka
MpoILleAypbl OCTAHOBKM KOHTEeJHepa, KOIJa peaan30oBaTh IepexBaT
curHaia SIGTERM HeBo3MoxHO. O0paboTuMk preStop, Kak
II0Ka3aHO B JIMCTMHTE 5.2, IO/IKEH 3aBEPHIUTHCS IO TOro, Kak B
cpeny BBIIOJHEHMSI KOHTeHepa OyIeT MOC/IaH 3aIIpocC Ha yaaaeHue

KOHTelHepa, KOTOPbIi MHULMMpyeT oTIipaBKy curHana SIGTERM.
Jiuctuur 5.2. KoHTelHep ¢ 0bpaboTunkom preStop

apiVersion: vl
kind: Pod
metadata:
name: pre-stop-hook
spec:
containers:



- image: k8spatterns/random-generator:1.0
name: random-generator
Lifecycle:
preStop:
httpGet: (1
port: 8080
path: /shutdown

O IlocbutaeT 3ampoCc B KOHEYHYID TOYKYy /shutdown
TIPUJIOKEHMSI.

Ho paxke mipu TOM, 4YTO preStop umeeT OJOKUPYIOIIMIA
XapakTep, OH He MOKeT IIpeOTBPaTUTh 3aBeplleHre KOHTelHepa,
BEpPHYB IPU3HAK OIIMOKMU, UIM YIEePKUBATh €ro OT OCTAHOBKU [0
b6eckoHeuHoctu. QOpaboTunmk preStop — 3TO jaumIb OGojee
ynobHast anbrepHaTuBa curHany SIGTERM, mo3Bossioliast
OpraHM30BaTh IMpPaBUIbHOE 3aBepllieHle IPUIOKeHUs, U HUUYEro
oosiee. OH TOAIEPKMBAET Te K€ TUIThI 00PAOOTUMKOB ¥ TapaHTUH,
YTO ¥ OIMCAHHBIN BbIllle 00paboTuMK postStart.

,D,pyrue cpeanctea ynpasjieHna XM3HEeHHbIM UUKJIOM

B oToOi1 rmaBe MBI IO CUX IIOp pacCMaTpuBaIM O0OpPabOOTUMKMU,
TIO3BOJISIONIME BBINIOJHSITH KOMAaHIbI B OTBET HAa COOBITUS
KM3HEHHOTO IIMKJIa KOHTeiHepa. Ho cymectsyer u Opyron
MeXaHM3M, HaxodsIIuiics He Ha YPOBHE KOHTeliHepa, a Ha YPOBHE
1oja, KOTOPBIA II03BOJISIET BBITIOJIHSITh MHCTPYKIUM
VHUIVAIN3AIN.

MbI mOApPOOHO IIOrOBOpMM OO 3TOM MexaHM3Me B IaBe 14
«Init-KoHTEJHEpP», a 3[ech JMIIb KPAaTKO OIMNMIIEM €ro, UYTOObI
CPaBHUTb C 00pabOTUMKaMM >KM3HEHHOTO IIMKjaa. B oTamume or
OOBIYHBIX KOHTeHEepPOB TIPUIOKEHUIA, init-KOHTeTHePbI
3aITyCKalOTCs I10CaeIoBaTeIbHO, BBIMOJHSIIOTCS OO0 3aBepIIeHus U



3aITyCKaIOTCS Iepe JII0ObIMY KOHTEeHepaMy IIPWIOKEHUII B MOIE.
DTU TapaHTUM II03BOJISIIOT MCIIO/Jb30BAaTh init-KOHTeMHepsl I
3a7a4 MHUIMAIMU3AIUM Ha ypoBHe moma. O6paboTuMKyM COOBITHIA
SKM3HEHHOI'0 IMKJa M init-KOHTeliHephl pabOTalOT Ha pa3HbIX
YPOBHSIX AeTanu3anuy (Ha ypoBHE KOHTeiHepa M Ha ypPOBHE I10ja
COOTBETCTBEHHO) ¥ MOTYT MUCIIOJIb30BaThCSl B3aMMO3aMeHSIeMO MU
IOOIIOJIHATh Apyr zapyra. B Tabn. 5.1 mepeuncieHbl OCHOBHbIE
OT/INYMS MEXIY HUMMU.

Ta6bnuua 5.1. O6paboTUMKKM COBBITUM XXM3HEHHOIO LUMKNA U init-
KOHTEeNHepbl

06paboTumku CobbITHIA
YXM3HEHHOrO LMKNa

Acnekr Init-KoHTeliHepbI

AKTMBI/IpyeTCﬂ Tanbl XKM3HEHHOTO LMKIA
Tanbl XXM3HEHHOTO UMK Noaa

B KOHTeMHepa
Ha atane BbinonHsgeTca o6paboTumnk BbINONHATCA KOHTEMHEPBI U3 CUCKA
3anycka postStart initContainers
Ha atane BbinonHseTcs 06paboTumnk
[Moka HeT 3KBMBANEHTHOrO0 MeXaHU3Ma
OCTaHOBKM presto
fapaHTuu - o
P Obpabotumk postStart Bce init-KOHTeMHEepbl AOMKHbI 3aBEPLINTLCA C
OTHOCUTENBHO

BbINONMHAETCA OAHOBPEMEHHO [MPU3HAKOM YyCneXa A0 TOro, Kak 6yﬂ,€T

nopaka ¢ ENTRYPOINT koHTelrHepa [3anyLieH nepebli NPUKNAAHOW KOHTEMHEpP

BbINMOTHEHUA

[1n5 BbINONHEHUS

o BbinonHeHWe nocnenoBaTtenbHOCTH onepaumm
HEKPUTUYHbIX OoMnepaunn

Cnyyan C MCNONb30BAHMEM KOHTEMHEPOB; MOBTOPHOE
3aMyCKa/0CTaHOBKM, <
MCNOMb30BaHMS MCMONb30BaHNE KOHTEMHEPOB ANS BbINOSIHEHUS
XapaKTepHbIX ANs
< 3a4a4
KOHTelHepa

HeT HMKaKux CTpOruUxX IIpaBwi, IMPedNuCbiBAKIINX, KaKOM
MeXaHM3M  MCIOJIb30BaTb.  EOVMHCTBEHHBIN  KpUTepUin - —
HEOOXOIMMOCTb KOHKPETHBIX TapaHTUii OTHOCUTEIIbLHO MOpsaKa
BBINIOJIHEHMSI. MOXXHO ITOJITHOCTBIO OTKAa3aThCsS OT MCIIOJIb30BaHMUS
00pabOTUMKOB COOBITHUII KM3HEHHOTO IIMK/IA U init-KOHTEeITHEPOB U
MCIO/Jb30BaTh ClLieHapuu bash 18 BBINOTHEHUS ONpeeaeHHbIX
OeVCTBUIM Ha STarax 3alycka M 3aBepliieHus] KOHTeiHepOB. JTO



BO3MOXHO, HO TaKOi IIOAXOJl TEeCHO CBSI3bIBAeT KOHTEMHEp CO
CLieHapueM U YCJIOXKHSIET ero COIPOBOKIEHNE.

MOKHO  OrpaHMYMTBLCS  MCIIOJIb30BaHMEM  0OpabOTUMKOB
COOBITMII >KM3HEHHOro mnukiaa Kubernetes s BbIIIOJHEHUS
HEeKOTOPbIX OEMCTBUI, KaK OIMCAHO B 3TOM IIaBe, @ MOXXKHO MONTU
Oajbllle ¥ 3alyCcKaTb KOHTEMHepbl, KOTOpbl€ BbINIOJHSIIOT
OTHOeNbHbIe HEeMCTBUSI C IIOMOIIbIO init-KOHTeliHepoB. s
opraHmsaluy TaKoi IIOCJeIoBaTeJbHOCTU TpebyeTcsi Oosblie
YCUIMI, 3aTO OHAa IpenjaraeT Oojiee HaJeKHble TapaHTUU U
IOMyCKaeT IMTIOBTOPHOE MCIIOJIb30BaHNe.

3HaHMe DSTamoB U JOCTYIHBIX OOpPabOTUMKOB  COOBITUIA
KM3HEHHOTO IIMKJIa KOHTEHEpOB M IIOJOB MMEEeT pellaolnee
3HAUeHMe [IsSi CO3TaHus IIPUJIOKEeHMI, KOTOpble IIOJYYaloT
IOTIOJTHUTE/IbHbIE BbITOJIbI OT BBIMIOJIHEHMUSI IIOJ, YyIIpaBjeHMEM
Kubernetes.

MoscHeHue

OOIHMM U3 OCHOBHBIX IIPEMMYIIECTB 007auHOM IIaT(HOPMBbI
SIBJISIETCSI  BO3MOXHOCTh ~ HAJEXHOTO U  IpefcKa3zyeMoro
BBITIOJIHEHMSI M MacCIHITabMpOBaHMUs MPUIOKEeHMIT B MOTEHIMATbHO
HeHaJeXXHOV 007auHoii MHQPpACTPyKType. ITU  IIAT(HOPMBI
TpeiaraloT Habop OorpaHMYEHMII ¥ KOHTPAKTOB [IJISI TIPUIOXKEHMIA,
paboTamux II0[ MX yIpaBjieHMeM. B mHTepecax IpUIOKEHMS
cJiefoBaThb 3TUM KOHTpPaKTaM, UYTOObI BOCIIOJb30BAThCSI BCEMU
BO3MOXXHOCTSIMM, IIpeajiaraeMbIMM  00/1auHOM  IIaT(HOPMOIA.
O6paboTKa 3TUX COOBITMII TapaHTUPYET MPaBWIbHBIMA 3ayCK U
3aBeplleHne IPUIOKEeHMSI C MMHMMAJbHBIM BO3JECTBMEM Ha
MOTpeb6IsIoNIMe UX CIYy>KObl. Ha JaHHbBIII MOMEHT 9TO O3HAYaeT, UTo
KOHTEeJHePbI IOJIKHBI IeViCTBOBATh II0I0OHO XOPOIIIO
cripoekTupoBaHHoMy Iponieccy POSIX. B Oyayiiem MOTryT
TIOSIBUTBCSL IpyTMe COOBITUSI, ITOJCKA3bIBAIOIIME IIPWIOKEHMUIO,



KOTma OHO OydeT MaciiTabupoBaThCsl, WM Mpejjaralolue
OCBOOOIUTh pecypchbl, YTOObI IPENOTBPATUTH MpeKIeBpeMeHHOe
3aBepiieHMe. BaXHO T[MOHMMATb, UYTO JKM3HEHHbBIN  LIUKII
NIpUIOKeHUsT OoJibllle He KOHTPOJUPYETCS UeJOBEKOM, a
MTOJIHOCThIO aBTOMAaTU3UPYETCs IaTPOPMOIi.

[loMrMo ympaB/ieHMS >KU3HEHHBIM LIMKJIOM IPUJIOKEHMS,
Opyroit 6OJbIION 00sS3aHHOCTHIO IUIATHOPM YyIpaBaeHUsI, TaKUX
Kak Kubernetes, sBnseTcsi pacmpeneneHie KOHTEHEPOB MO
MaccuBy y3710B. IlaTtTepH Automated Placement (ABTOMaTU4eCcKoe
pasMellleHre) orpenesnseT MpUeMbl BAMUSHUSI HA pelleHUus II0
TJIAaHMPOBAHUIO V3BHE.

HononHutenbHaa uupopmaumsa

o [lpumep opraHusaluyM VIIpaBJdeHUS >KUM3HEHHbIM IVKJIOM
(http://bit.ly/2udxws4).

e« QOOpaboTuMky COOBITMII SKM3HEHHOTO IIMK/Ia KOHTeliHepa
(http://bit.ly/2Fb38UKk).

e [NogxmoueHne oOpPabOTUMKOB K COOBITUSIM JKM3HEHHOI'O ILIMKJIa
KoHTeliHepa (http://bit.ly/2Jn9ANi).

» AkkypaTHoe 3aBepiieHue (http://bit.ly/2TcPnJW).

. AKKypaTHOe 3aBeplieHue 15 (0)if0):] B Kubernetes
(http://bit.ly/2CvDQjs).

» Defer-konreiinepsi (http://bit.ly/2TegeM7).



[naBa 6. ABTOMaTHMyeckoe pasMelleHue

ABTOMAaTMueckoe pasmellleHMe SIBISIETCSI OCHOBHON (yHKIIMel
raHupoBInyvka Kubernetes, KoTopblii pacopeesseT HOBble IOJbI
MEKIY y3/IaMy B COOTBETCTBUM C TPeOOBaHMSIMM KOHTEIHEPOB K
pecypcaM U ¢ COOTI0IeHMeM TIpaBU/I IVIaHMPOBAHMSI. DTOT HaTTEPH
OITMChIBAET MPUHLMUIILI aJirfopuTMa IutaHupoBaHusg B Kubernetes u
CITOCOOBI BJIMSIHMS Ha PelIeHNsI O pa3MelleHNMN.

3apaua

TunmmuuHasi cucTeMa Ha OCHOBE MUKPOCEPBUCOB COCTOUT U3
OecSITKOB  WMAM JaXe COTeH WM30JMPOBAHHBIX IIPOLIECCOB.
KoHTeiiHepbl M IIOAbI CIYKAT XOPOIIMMM aOCTpPaKUMSIMM ISt
VIIaKOBKM ¥ pa3BepTbiBaHMs, HO He pelialT IMpobiaemy
pasMelnieHMs] O3TUX MPOILECCOB Ha MNOAXONSIIMX y3aax. Ilpu
OOJIBIIIOM ¥ IIOCTOSSHHO pacTylIeM KOJMYeCcTBe MUKPOCEPBMCOB
Ha3HaueHue U pasMellleHue WUX TII0 OTAeJbHOCTM HauyuHaeT
BbI3bIBATh HEYIIPaBJisieMoe HapacTaHMe CJI0KHOCTEIA.

KoHTeliHepbl MUMEIT 3aBUCUMOCTU APYT OT APYyra, 3aBUCUMOCTU
OT Yy3JIOB M TOTpeOHOCTM B pecypcax, M BCe 3TU TMapaMeTpbl
MEHSIIOTCS CO BpemeHeM. Pecypchl, IOCTYIIHbIE B KjlacTepe, TaKxKe
MEHSIIOTCSI CO BpeMeHeM W3-3a COKpallleHUsI WU pacCliMpeHus:
Kjlacrepa WIM WM3-3a TOTO, YTO YaCTh pPecypCcoB YyKe 3aHsTa
pasMelleHHbIMU KOHTEeHepaMu. [Topsimok pasMeleHus
KOHTEeHEePOB TaKXXe BJIMSeT Ha JOCTYITHOCTb, IIPOU3BOAUTEIbHOCTD
M eMKOCTb paclpeleleHHbIX cucrem. Bce 3TO0 [enaer
IUVIAaHMPOBAHME KOHTEMHEPOB [OBVOKYILENCS I1e/Ibl0, B KOTOPYIO
TIPUXOIONUTCS CTPEISITh HA XOLy.



PeweHue

B Kubernetes pasmellieHre NOAOB Ha Yy3JIaX OCYILECTBJISIETCS
MJIaHMPOBIIMKOM. DTO 006jacTh, MMeIass MacCy HacTpoeK, Ha
MOMEHT HamMCaHMUSI 3TUX CTPOK BCe ellle IPOoAoJiKaaa ObICTPO
Pa3sBUBATLCS U WU3MEHATHCSA. B 3TOM I[/1aBe MBI PacCMOTPUM
OCHOBHbIe MeXaHM3Mbl YIIpaBJIeHUS IUIAHMPOBAHUEM, IOBVIKYIINME
CWIbI, BJMAKIIME HA pasMelleHMe, a TakKkKe IPUUYUHBL U
MOC/IeICTBUSL BbIOOpA TOTO MM MHOTO BapuaHTa. [[IaHMPOBIIMK
Kubernetes sBjisieTcsi MOIIHBIM MHCTPYMEHTOM, IT03BOJISIIOIINM
5KOHOMMTbL Bpemsi. OH wurpaer ¢QyHIaMeHTaJIbHYI0 PpOJb B
maT@opme Kubernetes, Ho, Kak u apyrue KoMmnoHeHTbl Kubernetes
(API Server, Kubelet), ero MOXHO MCIOJb30BaTh M30JIMPOBAHHO
MM BOOOIIIe He UCII0Ib30BaTh.

Ha camMoM BepxHeM YpOBHe IIIaHMpOBIIMK Kubernetes
M3BJIeKaeT oOIlpeeseHe KakIoro BHOBb CO3JaHHOTO II07a,
ucronb3ysa API Server, u cBsi3bIBaeT ero ¢ omnpenejieHHbIM Y3JI0M.
OH OTBICKMBAET TMOAXOASIIMIA y3ea (ecay TaKOBOW MMeeTCs) OJisl
KaXmoro moma, Oyab TO IepBOHAuyaJibHOe  pasMellleHue
MPUIOKEHMSI, MacHITabMpoBaHMe BBepX WM IepeMelleHne C
BbIIIEIIIEro U3 CTPos y3jia Ha paboTOCIIOCOOHbIN y3es. IIpu aTom
VUUTBIBAIOTCS 3aBMCMMOCTY BpeMeHM BbIMOJIHEHMS, Tpe6boBaHUS K
pecypcaM ¥ BBICOKOW OOCTYIHOCTM, WCIOJb3YIOTCSI TIPUEMbI
TOPU30HTAJBHOTO pacrpeje/ieHuss IOJ0B M pasMellleHUs] TMOHO0B
MOGAM30CTM APYr OT Jpyra s yMeHbIIeHMs 3a7epskeK IIpu
B3aumogeicTBusx. OOHAKO 4YTOObI IIJIAaHMPOBIUIMK ITPaBUIbHO
BBIMIOJTHSIZT ~ CBOIO  paboOTy M JIOMyCKal  BO3MOXHOCTb
OeKJapaTMBHOTO pa3MellleHus, eMy HYXHbl MH@opMalus o
€MKOCTM Y3JI0B M KOHTeIHepbl C OOBSIBJIEHHBIMU HPOPUIIMU
pecypcoB ” OEeNCTBYIOIIMMU NOJAUTUMKaMM. JlaBaiiTe pacCMOTPUM
Kaskgoe 13 TpeboBaHmii mogpooHee.



JocTynHble pecypchl Ha y3ne

[lpexxne Bcero, kimactep Kubernetes mo/ibkeH MMeETb Y3Jbl C
00beMOM peCcypcoB, IOCTAaTOYHBIM [IJisI 3alycka HOBBIX IIOJIOB.
Kaxkaplil y3es uMeeT OIpeie/IeHHY0 eMKOCTb J1s 3aITyCKa IOI0B, U
TJIAHVPOBILI MK rapaHTHpyerT, 4yTOo cymMa pecypcos,
3arpaliyBaeMbIX IIOAOM, He MPEeBBICUT AOCTYIIHYI0 €MKOCTh y3Jjia.
EMKOCTb Yy371a, BbIJIJIEHHOIO TOJbKO IS Hyxn Kubernetes,
paccumMThiBaeTcs 1Mo popMyJie B JIUCTUHTE 6.1.

Jiuctur 6.1. EMKOCTb y31a

LocTynHas emkocTb [ANA NOAOB MNPUIOKEHUN] =
llonHas emMkocTb y3/a [BeCb 06beM pecypcos
y3na]
- Emkoctb ana Hyxa Kubernetes [AeMOHOB
Kubernetes, Takumx Kak

kubelet, cpeapbl
BbIMOJIHEHUA KOHTEeWHepa |

- Emkoctb ansa Hyxa cucremb [ pemoHoB 0OC,
Taknx kKak sshd, udev]

Ecinyu He 3ape3epBUpPOBATh Pecypchl IJIsI CUCTEMHBIX JIEMOHOB,
KOoTOopble ob6ecrneunBalOT pabory OC u camoro d¢peiiMBOpKa
Kubernetes, 11 0TOATh IO/, HY>KIbI IIOAOB MOJIHYI0 €MKOCTD y3/1a, 3TO
MOXXET IIPUBECTY K TOMY, UTO IIOIbI M CHCTEMHbIE T€MOHbI OYIyT
KOHKYPMPOBATh 3a pecypchl, UTO IIpPUBEIET K IIpobjeMam,
CBSI3aHHBIM C HEXBATKOJ pecypcoB. Takke MMeiTe B BUIY, YTO €C/IN
3aIlyCcKaTb KOHTeiHepbl Ha Yy3jle, KOTOpbIiI He VIIpPaBjsSIeTcs
Kubernetes, 3TO OTpasuTCS Ha BBIUUCIEHUSIX €MKOCTM y3ja B
Kubernetes.

OO6oitT 3TO OrpaHMYeHue MOXXHO, 3aIlyCTUB IIOJI-3arIyIIKy,
KOTOPBI/A HMUUETO He IejaeT, a TOJbKO MMUTUPYET II0TpebiieHue
pecypcoB B 00bemMax, COOTBETCTBYIOIIMX HEOTCIEKMBAEMbIM
KOHTelViHepaM. TakoJi 1o, CO3[4aeTCsl TOJIbKO [JISI TIpeICTaBIEHUS U



pecypcoB, MOTPeO/IsTeMbIX HEOTCAEKMBAeMbIMM KOHTeliHepaMu, U
YyTOOBI IIOMOUb IJIAHUPOBIIUKY ITOCTPOUTH O0Jjiee MOJHYIO0 MOJEb
pecypcoB y3iia.

MoTpe6bHOCTU KOHTEHEPOB B pecypcax

IpyruM BaskHbIM ycaoBUeM 3(PGeKTUBHOIO pasMelleHus: II0JI0B
SIBJISIETCS YUYeT 3aBUCUMMOCTEI KOHTEMHEPOB OT Cpelibl BpeMeHU
BBITIOJIHEHMSI M TpeboBaHMii K pecypcaM. MbI pacCMOTpeN 3TOT
BoIpoc B maBe 2 «IIpenckasyeMble TpeboBaHMsI». Bce cBOOUTCS K
TOMY, UYTO KOHTeliHepbl [OJIKHbI OIIpelessiTh CBOU IPOoGuUIn
pecypcoB (3ampocChl ¥ JIMMUTBI) U 3aBUCUMOCTU OKPYKeHMUS, TaKue
KaK HaJIMuye XpaHWIUIL WM OOCTYITHOCTb MOPTOB. TOJIBKO B 3TOM
cIyyae TMoAbl MOIYT pPasyMHO pacIpenesiTbCsa 0 y3jiaM U
paboTaTh, He BJIMSSI APYT Ha Apyra B IIMKOBbIE II€PUO/IbI.

Monutnku pasmelneHuns

[lociegHuin  371eMeHT —  HaJiMuMe  TPaBWIbHBIX  ITOJUTUK
bunbTpaliMy U TPUOPUTETOB [JSI KOHKPETHBIX ITOTpeOHOCTel
npunokeHui. INIaHMPOBIIMK MMeeT Habop MPeanKaToB U MOJIUTUK
IIPUOPUTETOB  TI0  YMOJIYAHMIO, KOTOPBIA  IOAXOOMUT  IJIS
OOJIBIIMHCTBA c/TydaeB. ET0 MOXKHO IepeonpeenTb M 3aITyCTUTh
IJIAaHUMPOBIIMK C APYrMM HAOOpPOM MOJUTHMK, KaK IOKa3aHO B
JIUCTUHTE 6.2.

' MNoautnkn  u HaCTPOMKW  MNJAHUPOBAHMA  MOXeT
onpeaenuTb TONbKO aAMUHUCTPATOP B Xo4e KOH(uUrypauuu
knactepa. Kak 06bl4HbIM nNONb30BaTeNb Bbl  MOXETe JIUWb
MCNONIb30BaTb NpeaonpeaeneHHble NIAHUPOBLLMKM,



JiuctuHr 6.2. MNMpumep NOAUTUKM NNAHUPOBAHMS

{
"kind" : "Policy",
"apiVersion" : "v1'",
"predicates" : [ (1]
"name" : "PodFitsHostPorts"},
"name" : "PodFitsResources'},
"name" : "NoDiskConflict"},
"name" : "NoVolumeZoneConflict"},
"nmame" : "MatchNodeSelector"},
"name" : "HostName'}
1,
"priorities" : [ (2
"name" : "LeastRequestedPriority",
"weight" : 23},
"name" : '"BalancedResourceAllocation",
"weight" : 13},
"name" : "ServiceSpreadingPriority",
"weight" : 23},
"name" : "EqualPriority", "weight"
1}
]
by
O IlpenukaTbl — 5TO IpaBuiaa (QUAbBTpALIMM HEIMOAXOASIINX

y3yoB. Hanpumep, PodFitsHostsPorts TiiaHUpyeT II0JIbl, Tpebyloliye
Ha/IMUMSI ONpeJe/IeHHbIX (UKCUMPOBAHHBIX IIOPTOB, TOJbLKO Ha
y3JIaX, TAe 3TY ITOPTHI ellle JOCTYIIHBI.

® [Ipuopurersl — 3TO MpaBuia, KOTOpPble COPTUPYIOT
IOOCTYIIHbIE y3/Ibl B COOTBETCTBUM C IpeariouTeHmsMmu. Hampumep,
LeastRequestedPriority paeT y3jJlaM C MEHbUIMM KOJUMYECTBOM
3aIpalinBaeMbIX pecypcoB 60jiee BbICOKMIT ITPUOPUTET.



NmeriTe B  BUAy, UYTO, KpOMe HACTPOMKM  TIOJIUTUK
IUVIAHMPOBIIMKA II0 YMOJYAHUIO, TaKXe MOXHO 3aIlyCTUTh
HECKOJIbKO IUIAaHUPOBIIVMKOB U TIO3BOJIUTh IOJAaM YKa3bIBaTb,
KaKOJM IUIAaHUPOBIIMK OOJKEH MX pasMeniaTb. MOXHO 3aIlyCTUTh
IPYroi 3K3eMIUISp IUIaHMPOBIIMKA C APYrMMM HACTPOMKAMMU, IaB
eMy VHMKaJibHOe WUMS. A 3aTeM IIpOCTO [O00aBUThL II0Jie
.spec.schedulerName ¢ wuMeHeM 3TOro IUIAHMPOBIIMKA B
HAaCTPOMKM I10/ia, MOCJIe Yero 3TOT Ioj OymeT BbIOMPATHCS MJIsI
TUVIAaHUPOBAHMS TOJIBKO 3TUM CrIeMaIn3MPOBAHHBIM
TIAHMPOBIIMKOM.

Mpouecc nnaHuposaHua

[logpl HaA3HAYAIOTCS  y3/71aM, O00JaJalolIyM  OIpeaeIeHHOM
€MKOCTbIO, B COOTBETCTBMM C TIOJUTMKAMM pasMelneHus. s
TIOJTHOTBI OOCYKIeHMsI Ha puc. 6.1 B 0OLIMX UyepTax ITOKa3aHO, KakK
BCEé HEOOXOOMMbIe 3JIeMEHTBhI COOMpAIOTCSI BMeECTe U KaKue
OCHOBHBIE 3TAIIbl ITPEOI0JIEBAET IO B IIpoliecce IVIaHMPOBAHMUS.

PreStop o[ APl l¢ SIGTERM

KonTeithep
PostStart SIGKILL
== apl e

Puc. 6.1. Npouecc Bbibopa y3na ans noga

Kak TOJIbKO IIOSBJSIeTCS M0, KOTOpPBIM II0OKa He Ha3HauyeH
HUMKAKOMY Y37y, OH BbIOMpaeTcs IUIAaHMPOBIIMKOM BMECTE CO
BCEMMU y3JaMM, IOOCTYIIHBIMM IS IIAHMPOBAHMS, M HabO0OpOM
MOJUTUK (UIbTpaLMM U OpuoputeToB. Ha 1mepBom 3Tame
TJIAHMPOBILMK MPUMEHSeT MOJIUTUKY QUIbTPpallUU U UCKIIOUaeT U3
majbHeNIero  pacCMOTPeHMsS  BCe  VY3JIbl, KOTOpble  He



COOTBETCTBYIOT KpuTepusiMm moga. Ha BTopom sTame ocTaBIumecs
y3JIbl YIIOPSIIOUMBAIOTCSL IO Becy. Ha IocienHeM 3Tarie MOOy
Ha3HAvaeTCsl y3es, UTO SIBJSIeTCS IMIaBHbIM pe3yJbTaTOM IIpoliecca
TIJIAaHMPOBAHMS.

B OOJBIIMHCTBE Cy4yaeB Jyullle I103BOJIUTh IUIAHUMPOBILVKY
CaMOMY Ha3HAUMTb y3ej IO0AY, a He MbITaTbCsl peajn30BaTh CBOIO
JOTMKY pasmelieHusi. OgHAKO MHOTIA MOXET IIOTPeO0OBaThCS
TIPUHYAUTENBHO CBSI3aTh I0J, ¢ KOHKPETHBIM Y3JI0M WU TPYIIION
Yy3/I0B. OTO Ha3HAueHMe MOXXHO CIe/laThb C IOMOIIBIO CeJieKTOopa
y371a. .spec.nodeSelector — 3TO Io/je B HACTPOMKaxX I0Aa,
KOTOpOe ompenensieT MacCUB Ilap KJIOY/3HAauyeHue, KOTOpbIe
IOJDKHBI IIPUCYTCTBOBATh B BUIE METOK Ha y3JiaxX, IMPUTOOHBIX IS
Ha3HaueHus1 OaHHOMY TIiody. Harpumep, mnOpenrionoxum, 4YTO
HEKOTOPBIN IO, AOJI’KEH BBITIOJHATLCS Ha ONpene/ieHHOM y3J1e, rae
uMeeTcss XpaHunauine SSD wiM TOAOep>KMBAETCS YCKOpeHue
Beruncienuit Ha GPU. Torga, eciu mo0aBuUTh B OmpeneeHue 1moja
rnojie nodeSelector ¢ comepxkumbiMm disktype: ssd, Kak
TI0Ka3aHO B JIMCTUHIE 6.3, TOJIBbKO y3JIbl C MeTKOM disktype = ssd
OyoyT MMETb IIPaBO BBIMIOJHSITh 9TOT IO/,

Jivctunr 6.3. Cenektop y3na no TMny AOCTYMHOMO AMCKA

apiVersion: vl

kind: Pod

metadata:

name: random-generator
spec:
containers:
- image: k8spatterns/random-generator:1.0
name: random-generator
nodeSelector:
disktype: ssd (1]



© Ha6Gop MeTOK, KOTOPbIMU HOKEH ObITb OTMEUeH Y3ell,
TIPUTOIHBIN [IJIS1 BBIIIOJIHEHMST 9TOTO T10/1a.

[ToMmuMo oripesiesieHusI OOIIOJHUTEIbHBIX METOK Y3JI0B, MOKHO
MCII0JIb30BAaTh HEKOTOPbIE€ M3 METOK KOTOPBIMU OTMEUeH KasKIblil
y3eJ1 110 yMoiuaHuio. Harpumep, Kaxkaplil y3e/l MMeeT YHUKAJIbHYI0
MEeTKY kubernetes.io/hostname, KOTOPYIO MO>XHO
MCII0/Ib30BaTh [JIS pa3sMelleHns MO40B Ha y3/1aX, UCXOIs U3 UMEeHU
x0cTa. Takske MOKHO MCII0/1b30BATh APYrue MeTKU I10 YMOJIYaHUIO,
KOTOpbIe OIIpede/ssiOT ONepalMOHHYI0 CUCTeMY, alapaTHYIO
apPXUTEKTYPY U TUIIbI 3K3EMILISIPOB.

bnausocTb y3nos

Kubernetes moppepskuBaeT elle MHOTO BecbMa I'MOKMX CIIOCOOOB
HAaCTPOMKM TIIpollecca IUIaHMpoBaHMsl. OOMH TakKoil CII0CO6 —
orpefiesieHMe CTeIleHU OJM30CTHU y3/I0B, KOTOPbIi SIBJIsieTCsT 6oee
obmieit ¢hopmoii ciocoba Ha OCHOBe CeJleKTOopa y3ja, OMMCAHHOI'O
BBIIIIEe, U TI03BOJISIeT 3aJaTh IIpaBUa, O0O0s3aTeJbHbIE WU
MIpeanoUTUTeIbHbIE. Ob6s3aTe/bHbIE rpaBuIa IOJIXKHBI
BBITIOJIHSIThCSI BCErya, YToObl y3e/l MOT ObITh BbIOpaH s 3amycka
1oJla, TOrda KaK MpeaIiouTUTe/IbHble IMpaBuiaa MOApPa3yMeBaloT
CTeIleHb MpearnouTeHNsI, YBe/IMUMBAsI BeC COOTBETCTBYIONIMX Y3/I0B,
HO He SBJSIOTCS o00s13aTenbHbIMU. Kpome Toro, mnoagepskka
TIOHSITUSI GJIM30CTU Y3JIOB IIO3BOJISIET BbIPa3uTh BeCbMa IIMPOKMIA
CIIEKTP OTpaHMUYEeHMIi, JOOABJISISI TaKMe orlepaTophl, Kak In, NotIn,
Exists, DoesNotExist, Gt u Lt. B nucrunre 6.4 rnmokasaHo, Kak
orpeenseTcs: 6JiM30CTh y3J/I0B.

Jiuctunr 6.4. Onpepenexune noga c onMcaHneM 61M30CTU Y3108
apiVersion: vl
kind: Pod
metadata:
name: random-generator



spec:
affinity:
nodeAffinity:
requiredDuringSchedulingIgnoredDuringExec
ution: O
nodeSelectorTerms:

matchExpressions: (2,
- key: numberCores
operator: Gt
values: [ "3" ]
preferredDuringSchedulingIgnoredDuringExe
cution: ©
- weight: 1
preference:

matchFields:
(4]

- key: metadata.name
operator: Notln
values: [ "master" ]

containers:
- image: k8spatterns/random-generator:1.0

name: random-generator

O JKecTkoe TpeboBaHMe: y3esl JOKEH UMEThb O0JIbllie Tpex siiep

(0603HAUaeTcsl METKOW y37a), UTOObl yYyacTBOBATh B IIpoliecce
IJIaHMpoBaHusa. IIpaBwiIo He mepecMaTpuUBAaeTCsI BO BpeMs
BBITIOJIHEHMSI, €CJIM YCJIOBUS Ha Y3JIe M3MEHS TCS.

® CoOoTBeTCTBME OIpeie/IsieTCs MEeTKOIA.
©® HexecTkoe TpeboBaHMe: CIMCOK CeJIEKTOPOB ¢ Becamu. K

BeCy KaXXOoro ysja HpI/I6aBHHIOTC$I BeCa COBITaBIIMX CEJIEKTOPOB,



I1ocCJie 4yero BbI6I/IpaeTCFI y3eJ C CaMbIM BBICOKMM Be€COM, €C/JIM OH
COOTBETCTBYET JKECTKMM TpE6OBaHI/I$IM.

O CooTBeTcTBME OIpenessieTcs mmojieM (3aaaeTcst Kak jsonpath).
OOpaTuTe BHMMAaHME, UTO 3[IeChb [OMYCKAeTCsI MCII0Ib30BaTh
TOJIBKO orepatopel In u NotIn, u B choucke 3HaueHunm values
MOET PUCYTCTBOBATh TOJILKO OJHO 3HAUYEHHeE.

bnusocTtb 1 YAANEeHHOCTb N0OA0B

Ban30CTh y3710B ABJISI€TCS MOLIHBIM MHCTPYMEHTOM IIJIAHMPOBAHUSA
" cleqyeT BbIOMpPaATh MMEHHO ero, KOraa BO3MOKHOCTEN cejieKTopa
y371a nodeSelector oka3biBaeTCd HEAOCTATOYHO. DTOT MEeXaHMU3M
II03BOJISIET OrPaHUUYUThL KpPyr VY3/JI0B, HA KOTOPbIX MOXKeT
BBITIOJIHATBCS IO, ONMPAsCh HA COOTBETCTBME METOK WU IOJIeM.
Ho oH He mO3BOJIIeT BBIPA3UTH 3aBUCUMOCTM MeXOy MOJaMU U
yKa3aTb, KaK OHU [OOJDKHbI pasMellaTbCsl OTHOCUTEIbHO IPYIUX
nmonoB. s BbIpaxkeHMs] TpebGOBaHMII K pasMelleHUI0 TMOJ0B C
LeJIbI0  OOCTVOKeHUSI BBICOKOM MOOCTYIIHOCTU WM YMEeHbIIeHUSs
3aJlep’keK BO B3aMMOLEMCTBUAX MOKHO MCIIOJNb30BAaTh OLIEHKY
0JIM30CTY U yIaJIEHHOCTH TIOJI0B.

B130CTh y3710B IOMOraeT HaCTPOUTDb BbIOOP Y3/710B, a OJIM30CTh
IOJ0B HEe OrpaHUMYMBAETCS Yy3JaMU WU II03BOJISIET BbIPAXKaThb
rpaBwia, 3aTparMBarollye HECKOJbKO YPOBHENM TOIOJOTUMN.
Wcronb3ys mosie topologyKey U COOTBETCTBYIOIME METKMU,
MOXHO TMpMUMeHSTb Oojiee [eTaJbHble IIpaBuaa, KOTOpbIE
KOMOMHMPYIOT IIpaBujia BbiIOOpa JOMeHa, CTOMKM, 30HbI 00JIaUHOI'0
IpoBalifepa U perMoHa, Kak I0Ka3aHo B JIUCTUHTe 6.5.

Jiuctunr 6.5. Onpepenexune noga c onucaHneM 6aM30CTH y310B
apiVersion: vl
kind: Pod
metadata:
name: random-generator



spec:
affinity:
podAffinity:
requiredDuringSchedulingIgnoredDuringExec
ution: O

LabelSelector:
(2]

matchLabels:
confidential: high
topologyKey: security-
zone 3
podAntiAffinity:
(4]

preferredDuringSchedulingIgnoredDuringExe
cution: ©

- weight: 100
podAffinityTerm:
labelSelector:
matchLabels:
confidential: none
topologyKey: kubernetes.io/hostname
containers:
- image: k8spatterns/random-generator:1.0
name: random-generator

O OO6g3aTenbHbIe MpaBuUiIa, Kacalolyecss pasMelleHus MoaoB C
Y4eTOM JPYTUX II0/I0B, BBIMIOJTHSIONIMXCS HA 11eJIEBOM Y3JIe.

® MeTKa-celeKTop JJIs1 II0MCKa MOJ0B, pa3MelllaeMbIX BMeCTe C
IaHHBIM.

© V31bl, Ha KOTOPBIX BBIMOJHSTCI TMOAbI C MeTKaMWu
confidential=high, mo/sKHBI MMeThb METKYy Security-zone.



Ilis1 ompepdesnisieMoro 3Aech Ioja OyaeT BbIOpaH y3ea C TOM ke
METKO U 3HAaUeHMEM.

(4 HpaBI/IJIa yAaJI€eHHOCTUM OIMMCBIBAIOT Y3JIbl, Ha KOTOPLIX I1O1 HE
MOKET OBITh pa3MelnieH.

© IIpaBuWjo TOBOPUT, UTO TMOJ He JO/KeH (HO MOXKEeT)
pasMemaTbCs Ha JIIOOBIX y3/1aX, Ie BBIMOJHSIOTCS ITOIbI C METKOM
confidential=none.

[TomoOHO O6JM30CTM Y3/I0B, CYIIECTBYIOT >KeCTKME U MSITKHe
TpeboBaHMS K OJM30CTM U YOAJIEHHOCTM TIOAO0B, KOTOpbIE
Ha3bIBAKOTCS
requiredDuringSchedulingIgnoredDuringExecution "
preferredDuringSchedulingIgnoredDuringExecution
COOTBETCTBEHHO. M Tak ke Kak B cjiyuae 6JIM30CTH Y3/10B, B MUMEHU

TOJISI TIPUCYTCTBYET OKOHUYaHMe IgnoredDuringExecutionl—S,

KOTOpOoe A00aBjIeHO IS BO3MOXKHOCTHM paclivpeHust B oymyiieM. B
HACTOSIIIMIA MOMEHT, eC/Ii MeTKM Ha y3/e M3MEHSITCS M IIpaBuja

OJMIM30CTM  CTAHYT HeHeNCTBUTEIbHBIMM, TIOJbI  MPOJOJIKAT

BbIHOHHﬂTbCHH, HO B 6Y,HYH_[€M TakKye WM3MeHEeHMsI BO BpeMs

BBITIO/JIHEHVS, BO3ZMOJKHO, 6Y,Z[YT YUUTBIBATbHCA.

HenpuroaHocTb U AONYCTUMOCTD

Ellle 0JJHAa BO3MOKHOCTD, IIOMOTaoliasl yIpaBJsiTbh BbIOOPOM y3710B
1711 BBITIOJIHEHMSI TI07Ia, OCHOBAHA Ha MOHSTHUSIX HEIIPUTOJHOCTU U
moryctuMocTu. OlLieHKa OJM30CTM  Y3/I0B  II03BOJISIET I10JaM
BbIOMpATh Hauboyiee MOAXOASIINEe Y3/Ibl, a HENPUTOJHOCTb U
OOIyCTUMOCTh MMeEIOT TMPOTUBOIIOJOKHOEe HasHaueHue. OHU
MIO3BOJIIIOT y3j7laM OIpeJesisiTh, KaKue TMOAbl MO/IKHbI WIM He
OO/KHBI IIJIAHMPOBATbCSI Ha HUX. HenpuzooHocms — 3TO
XapakTepucTuKa y3jda, U el OHa  oOmopelaejaeHa, 3Ta
XapaKTepUCTMKA He II03BOJsIeT IUIAHMPOBATh  IIOAbI IS
BBITIOJIHEHMSI Ha y3/ie, eC/IM OHM HeNPUTOAHbI JIJIsi 3TOro. B sToM



CMBIC/IE HEMNPUTOOHOCTh U HOOITYCTUMOCTh MOXHO pacCMaTpPUBAaTh
KaK Ycjo6ue 8KJUeHUs, TI03BOJISIIONEee IUIaHMPOBATh Ha Y3/aX,
KOTOpbIe I10 YMOJIYaHMIO HEeOOCTYIHbI IJIS1 TVIAHMPOBAHMS, TOTrAA
KaK IIpaBua OJIM30CTU SIBJSIIOTCS YC/I08UEM UCKIHUEHUS, SIBHO
ornpefedIIMM, Ha KaKMX Yy3jaX MOXET BBIIIOJIHATLCSA TI0H, U
MCK/II0OYAIOIIM BCEe HeBbIOpPAaHHBIE Y3/IbI.

HenpurogHocTh gobaBjsieTcss B y3el c Iomolnbio kubectl:
kubectl taint nodes master
noderole.kubernetes.io/master="true'" :NoSchedule,
YyTO oOKasbiBaeT 3(deKkT, mnpencTaBJeHHbII B JUCTUHTEe 6.6.
CoOTBEeTCTBYIOLIAsI JIOMYCTMMOCTh [00aBJSIETCSI B OIpeje/ieHune
10Jla, KaK II0Ka3aHO B JUCTUMHTe 6.7. OOpaTuTe BHMMAHME, UTO
rapametpsl key u effect B paspgene taints B aucTuHre 6.6 U B
pa3nenie tolerations B auCTMHIE 6.7 MMEKT OOHU U Te Ke
3HAYEeHMSI.

JiuctuHr 6.6. HenpurogHocTb y3na

apiVersion: vl

kind: Node

metadata:

name: master
spec:
taints: (1]
- effect: NoSchedule
key: node-role.kubernetes.io/master

© OTMeTUTh 3TOT y3e/ KaK HeIIPUTOOHbINM /IS TJIAaHMPOBAHMS,
eCJIM TOJILKO I10[, He OrpeiessieT 3Ty HEIIPUTOJHOCTb JOITYyCTUMOM.
JivcTuHr 6.7. OI'IDED,EJ'IEHVIE npurogHoOCTM HeQONyCTUMMOro y3na
apiVersion: vl
kind: Pod
metadata:



name: random-generator
spec:

containers:

- image: k8spatterns/random-generator:1.0
name: random-generator

tolerations:

- key: node-role.kubernetes.io/master O
operator: Exists
effect: NoSchedule (2

O CuuraTh OOMYCTUMBIMU (OOCTYITHBIMU [JISI TUIAHUPOBAHUS)
00bsIBJIeHHbIe  HENPUTOAHBIMM Y37l € KIIOUOM node-
role.kubernetes.io/master. B IpOMBIIIJIEHHBIX KJjacTepax
3TOT IPU3HAK HEIPUTOOHOCTM YCTAaHABJIMBAETCS Ha IVIABHOM Y3J1e
IJIS1 TIpeJOTBpallleHUsI TVIaHMPOBAHMS MO0B Ha HeM. OripeeeHue
IOIyCTMMOCTM, KaK B 3TOM II0Jie, II03BOJISIET 3allyCTUTh TaHHbIN
10/, Ha TJIaBHOM Y3JIe.

® CuuTaTh [OOMYCTUMBIM, TOJBKO ecau omnpeneneH 3¢dekT
NoSchedule. 3To mno/se MoOxeT ObITb IIyCTbIM, M TOI/A
IOOITYyCTUMBIMMU OYIOYT CUMTATHCS JI00bIe 3 PeKThI.

VYciosue HENPUTOgHOCTU MOXeT OBITh JK€CTKUM,
NpeaoTBpalllalIMM  [IaHMpoBaHMe Ha ysine (effect =
NoSchedule); HEXXeCTKUM, pPEeKOMEeHIYIOIUM nsberaTthb
ianupoBanus Ha y3ine (effect = PreferNoSchedule); mun
BBITECHAWIIMM YKe 3amyllleHHble monapl ¢ y3na (effect =
NoExecute).

VcinoBust  HENMPUTOTHOCTM UM JIONMYCTMMOCTM  IIOMOTAlOT
OIpenessTh CJIOKHbIE BapMaHTbl MCIIOJIb30BAHMSI, TaKue KakK
CO3JlaHMe BBIAEIEHHBIX Y3JI0B IJIsSI OrPaHMYEHHOro Habopa II0J0B,
UM TIPUHYOUTEIbHO BBITECHSITh IIOMbI C IIPOOJEMHBIX Y3JIOB,
OOBSIBIISIST X HEIIPUTOTHBIMUA.



Bbl MOskeTe BIMSITH Ha pasMellleHue I0JI0B, UTOObl 00eCeUnTh
BBICOKYIO JTOCTYIIHOCTb U IPOMU3BOAUTENIHLHOCTb MPUIOKEHMS, HO
cTapaiiTecb He CWIbHO OTPaHMYMBATH IUIAHUMPOBIIUK ¥ HeE
3aroHsiiiTe cebsi B yroj, Korga IJIaHMPOBaHME HOBBIX TIOIOB
OKa3bIBAeTCsI HEBO3MOKHBIM, XOTSI pecypcoB 0Oojiee ueM
moctaTouHo. Hampumep, eciu Tpe6boBaHMSI BalllMX KOHTEMHEPOB K
pecypcaM CJIMIIKOM TpyoOble WIM y3JIbl CIUMIIIKOM MaJibl, Y BAC MOTYT
OKas3aTbCs He3alloJIHEHHBIMM pecypchl Ha Yy3/1ax, KOTOpble He
MICITOJIb3YIOTCSI.

Ha puc. 6.2 MOXHO BUAETh, 4TO y3ea A wumeer 4 I'6aiT
He3aHSITOM MaMsTH, MOTOMY YTO He OCTaJIOCh CBOOOIHBIX SIAED
Iporeccopa Ajisi pasMmelleHuss IOpyrux KoHTeiHepoB. CosmaHue
KOHTeiHepOB C MeHbIIMMM TpeOGOBaHUSIMM K pecypcaM MOIJIO Obl
IIOMOYb MCIPaBUThb CUTyaluio. [Ipyroe pelieHue COCTOUT B TOM,
yTOOBI UCIOAb30BATh MEeXAHU3M nepeniaHuposarusi B Kubernetes,
KOTOPBIM TOMoOraetr JedparMeHTUMPOBAaTh V37Abl U IIOBBICUTH
CTeIleHb MX VCII0Ib30BaHMSI.

Mpoyeccn | Y3enA
I [lpoueccop )
| (4anpa)
e S
1 (12 Tbai)
1
| ysenB# i
Pecypat : [Npoueccop :
He ncnonbayerca : (4 anpa) 2 1 (BobogHo :
! MNamAts !
(Bo6opHo : (8 i) 3 yi (CeobogHo :
I (1

Puc. 6.2. lNpoueccol, 3ann1aHMPOBAHHbIE HA Y31aX, U HEM3PACXOA0BAHHbIE pecypCbl

[Tocie 3amycka moma Ha y3je paboTra IIaHMPOBINMKA
3aBepIIaeTcs, ¥ MeCTOIOoJIOKeHMe Tofa Oosblile He MeHSeTcs,
IIOKa TOT He OyIeT yaajaeH U BoccosmaH 6e3 HasHaueHMs ysia. Kak
BBl YKe BUIENM, CO BpPEeMEHEM 35TO MOXeT TMpPUBECTU K



(dparMeHTalIMM U HEJIOMUCIIOIH30BAHMIO PECYPCOB KaacTepa. Jpyras
MOTEeHIMaAbHAs IIpobjieMa 3aK/JIo4aeTcsi B TOM, YTO pelleHus
TIJIAaHMPOBIIMKA OCHOBBIBAIOTCSI HA €ro Ipe[iCTaBJIeHUM O KaacTepe
B MOMEHT IUIAaHMPOBAHMSI HOBOTO mona. Eciau Kimactep MeHSIeTCs
OMHAMUYECKM, WM MEHSIOTCS IpoQwInM pecypcoB Y3/0B, WU
OOOaBJISIIOTCS  HOBBIe  y3/Ibl, IUIAHMPOBIIMK He  OyaeT
repepacripesie/isiTb paHee 3allyllleHHble ITOAbl. Kpome eMKoCTU
y3/I0B, TaKke MOIYT MEHSITbCSI UX MEeTKM, BIMSIOIIME Ha
pasMelleHue, HO 3TO TakKke HMKAK He BIMsIeT Ha
repepacripeiesieHye yke 3alTylleHHbIX IT0/IOB.

Bce 3TM clueHapuM OTHOCSITCS K BeOeHMIO MexaHu3ma
nepernyiaHupoBaHusi. MexanusM IeperyianupoBaHusi B Kubernetes
OTHOCUTCSI K pas3psioy BCIIOMOTATeJbHBIX UM OOBIUHO 3aITyCKaeTCsI
KaK 3aJaHue, KOrga aAMMHMUCTPATOP KjacTepa peliaer, 4TO
NpUIJIO  BpemMs  IpuUBeCTH  AedparMeHTaliMi0  KjacTepa,
riepepacripeziesins TIO[BbI. MexaHu3M TeperyiaHMpPOBaHMS
MOAJEep;)KMBAeT  HEKOTOpble  IpenoIllpede/ieHHble  ITOJUTUKMU,
KOTOpble MOXHO BKJ/IKOYaTh, HACTpaMBaThb WM OTKJIKOYATb.
[Monutukyu omnpenensioTcss B @Qaiyie ¢ HACTpoiKaMM Ioja
MexaHM3Ma IeperviaHMpOBaHMS U B HACTOSIIEe BpeMs BKIKYAKOT:

RemoveDuplicates

CrpaTerus ygajeHus: gy6aMKaTOB rapaHTUMpyeT BbIIOJIHEHMe Ha
OIHOM Vy3/Ie TOJbKO OOHOI'O IIOAA, CBSI3aHHOTO C Habopom
periMk ReplicaSet mnu pasBeproiBaHMeM Deployment. Ecin
OOHApPYXMUTCSI OOJblliee YMCJIO II0[0B, JIMIIHME MOAbl OyOyT
BBITECHEHBI. JTa CTpaTeruss MOXKeT MPUTOAUTHCSI B CLieHAPUSIX,
KOT[Aa y3eJ BBIIIe M3 CTPOSI M YIIPABJISIONIVE KOHTPOJIIepPbI
3aITyCTM/IM HOBBIE IIOJbI Ha IPYIMX, MCIpaBHBIX y3max. Korma
HEVCIIpaBHBIM y3eJ BOCCTAaHOBUTCSI M BEpPHETCSI B KJacTep,
KOJIMUECTBO  3aIlyI[eHHBbIX MOJYJIeli  OKaXkeTcs  Oosiblie
KeJ1aeMoro, ¥ TOrga IIepeIUIaHMPOBIIMK CMOKET IIOMOYb



BEpPHYTb MX UMCIO0 K HY>KHOMY KOJIMYECTBY peIVIMK. YaajieHue
ny6AMKaTOB Ha y37axX TakXke MOKeT I[OMOYb pPaBHOMEPHO
pacripeieiMTh IIOAbI MeEXKAY HeCKOJbKMMM y3JlaMM, ecCiu
MOJIUTUKM TIJIAHMPOBAHMSI ¥ TOMOJIOTHSI KJIacTepa M3MEHSITCS
ocJie TIepBOHAYaAbHOTO pa3MelleHus.

LowNodeUtilization

DTa CTpaTerusi BBISBJSET Y37bl C HU3KUM KO3(QOUIIMEHTOM
VICII0/Ib30BaHMSI PECYypCOB U MEPEeHOCUT Ha HUX MOIbI C APYIUX,
reperpy>keHHbIX y3/I0B, B Haexae A0OUTbCS Oojiee yIauHOIO
pacripeziesieHus ¥ paBHOMEPHOTO UCII0Ib30BaHus pecypcos. [lox
y3/1aM¥ C HeIOMCIIOJIb30BAHHBIMU pecypcamMu Mmoapa3yMeBarTCs
y3JIbl, Ha KOTOPBIX KOJIMYECTBO Sifiep, 00beM IaMsITU MU YUCTIO
IIOAOB  MeHbIlle  HAaCTPOEHHBIX  IMOPOrOBBLIX  3HAYEHMI
thresholds. AHa/JIOrMYHO, MO TMeperpy>keHHbIMU Yy3J1aMu
IOApPa3yMeBalTCAd  y3Jbl, HA KOTOPBIX 3TU  3HAUYEHUS
IPEBLINIAIOT HACTpoeHHble 3HaueHus1 targetThresholds.
JIto6071 y3es, MUCIONIb30BaHME PeCcypcoB KOTOPOTO HAXOIUTCS
MeXay  OTMMM  3HAuYeHUsIMM,  CUYUTAETCd  ONTUMAJILHO
MCII0JIb3YEMBIM U He IMOABepraeTcs OeiCTBUIO 3TOM CTpaTernn.

RemovePods ViolatingInterPodAntiAffinity

JTa cTpaTerust MCKAIOYaeT OJIOKM, Hapyllalollue IpaBuia
yOAJeHHOCTM MEXIy I10JaMM, UYTO MOKeT IIPOM30MTU TIpuU
mo0aBJieHUM MpaBWI OMpeleeHus YAAJeHHOCTU YKe IocIe
pasMeleHus MoaoB Ha y3Jax.

RemovePods ViolatingNodeAffinity



JTa CTpaTerusi TIpenHasHaueHa [Jjs BbITECHEHUS IIOMIOB,
HapyIIaoMX IpaBuia 611M30CTH.

He3zaBucumo ot MCHOJI])BYEMOVI IMOJINTUKHU, IIeperyiaHNPOBUINK
CTapaeTcda 1130€3KaTh BHITECHEeHUS :

e KpPUTUYECKM BaKHbIX IIOJJOB, OTMEUEHHbIX aHHOTAaluen
scheduler.alpha.kubernetes.io/critical-pod;

e TIIOIOB, He VIIpaBjsgeMbIX HabopoMm pemanuk ReplicaSet,
pasBepTbiBaHeM Deployment uan 3agaHuem Job;

* TI0JIOB, YVIIpaBJIsIEMbIX KOHTpoJIiepoM DaemonSet;
e IIOZI0B, MMEIOIIMX JIOKAJIbHOE XPaHWINIIIE;

e T10m0B ¢ 1mapaMmetrpoM PodDisruptionBudget, ecau
BbITECHEHME MOKeT HapyILIUTb YCTAHOBJIEHHbIE ITpaBUJIa;

e MOJAa CaMOI0 IeperyIaHMPOBINMKA (C 3TOM IeJbI0 IIOJ
IeperyIaHMPOBIIMKA MapKMPYETCsT KaK KPUTUUECKU BasKHbIN).

KoHeuHO, Bce onepanyuy BbITECHEHMS IPOU3BOASATCSI C YYETOM
VPOBHSI KayecTBa OOCTYKMBaHUS IIOJOB, TO €CThb II€PBBIMU
BBITECHSIOTCS ~ NOABI €  HErapaHTUPOBAHHBIM  KaueCTBOM
OOCTYy;KMBaHMSI, 3aTeM TIOAbl C TIepeMEeHHbIM KauyeCTBOM
OOCTY;KMBaHMS M, HAKOHEI], TTOAbI C TapaHTMPOBAHHBIM KaueCTBOM
obciy>kuBanus. IlompobHee 006 YpOBHSIX KadyecTBa OOCTYKMBAHMUS
pacckasbiBaeTcs B I7iaBe 2 «[IpenckasyemMblie TpeOOBaHMS ».

NMoacHeHUue

PasmereHne — 3TO 00/1aCTh, B KOTOPYIO BMeIIaTeIbCTBO
HekeyaTebHO. ECi BBl OymeTe ciaegoBaTh PEKOMEHIALVSIM U3



rnmaBel 2 «IIpeackasyeMble TpeboBaHMSI» U OOBSIBUTE BCE
IIOTPEOHOCTM KOHTelHepa B pecypcax, IUIAHMPOBIIMK BBIIIOJIHUT
CBOIO paboOTy M IOMECTUT II0J, Ha Haubojiee IOAXOASIINIA y3ell.
OOHaKOo ec/iM 3TOTr0 HeJOCTAaTOYHO, Y BaC B 3arace eCTb HeCKOJIbKO
CII0COO0B ITOMOYb IVIAHMPOBIIUKY IMPUIATH K sKejlaeMOil TOIOJIOT MU
pa3BepTbiBaHMSA. B 3akjoueHue mepeumMcinM — IOAXOAbl K
VIIPABJIEHUIO IUIaHMPOBAaHMEM (MMeiTe B BUAY, UTO HA MOMEHT
HaIlMCaHMsI 3TOM KHUTM OAHHBIM CIIMCOK MEHSIJICS C KaKIoil HOBOM
Bepcueit Kubernetes), B mopsiike Bo3pacTaHUS UX CJIOKHOCTU:

nodeName

[IpocTerimas opMma CBsSI3bIBaHMS I10AA C y370M. B uaeasne 3To
1ojie  IOOJ/KHO  3aMOJIHATLCA  TUIAHUPOBIIMKOM, KOTOPBIN
PYKOBOACTBYETCS TIOIUTUKAMM, a He BpPyuYHyIO. CBs3bIBaHUe
10Jla C KOHKPETHbIM Y3JIOM 3HAUMTEJbHO Cy)XaeT 00J1aCTh ISl
IVIAHMPOBAHMS 3TOr0 IIOAA. DTO BO3BpalllaeT HAC K 3II0OXe,
npenniectBoBaBiieii Kubernetes, korma Mbl SIBHO YyKa3bIBal
Y3J1bI [J1S1 3aMyCKA HAIIMX IIPUIOKEHUNA.

nodeSelector

MaccuB map Kiawou/3HaueHue. YToObI 1MOJ MOKHO OBLIO
3aIlyCTUTh Ha y3Jie, YKa3aHHbIe Mapbl KIHOU/3HaUYeHMe [OJIKHbI
IIPUCYTCTBOBAThH HA HEM B Buje MeToK. CeJleKTop y371a — OOMH
M3 CaMbIX IIPOCTBIX MEXaHM3MOB VIIpaBjeHMUsS BbIOOPOM
IIJIAHMPOBIIMKA, TPEOYIOIINIA BCETO JIMIIb H00aBUTh HECKOJIbKO
3HAUMMBbIX METOK B OIlpejesieHMe moaa 1 y3ja (UTO IPUXOOUTCS
IeaTh B JI0O0OM ciTydae).

H3smeneHnue npaeui njiaHupoedaHusi no yYMojiuaHurw



[1aHMPOBIIMK 10 YMOJUAHMIO OTBeUaeT 3a pa3MelleHle HOBbIX
IIOJIOB Ha y3/71ax B KjacTepe U CIpaBJISIETCS C ITOi 3amadeii
OOCTaTOYHO xopomio. OgHaKo IIpyu HEOOXOAMMOCTM MOXKHO
M3MEHUTh CIIMCOK TIOAUTUK (QUABTpAIMMU U MIPUOPUTETOB
TJIAaHMPOBILIMKA.

Bbau3ocme u yoasieHHOCMs noda

DTy TMpaBWia MO3BOJISIIOT BbIpaXkaThb 3aBUCUMOCTY OJHUX ITOJIOB
OT [Jpyrux, Hampumep, JisI YMeHbIIeHUSI 3aJepskek B
MIPUJIOSKEHUM, YBEIUYEHMUSI OOCTYITHOCTM, YIOBJIETBOPEHMUS
orpaHuueHuit 6e30macHOCTY U T.J.

bausocme y3na

DTO IpaBWIO MO3BOJISIET BbIPA3UTh 3aBUCUMOCTbD I10/Ia OT Y3JI0B.
Hamnpumep, yuecTb HaJimume 060pyI0BaHMsI, MECTOIIOJIOXKEHME U

T.[.

HenpuzodHocms u donycmumocme

HenmpurogHocTb ¥ JONYCTMMOCTb  TO3BOJISIIOT Y37y
KOHTPOJIMPOBATh, Kakue TIIOAbl MOTLYT WJIM He MOTIYT
IJIAHMPOBATHCSI Ha HUX, HAIIpUMep, UTOObI BBIAEANUTh y3€eJI OIS
TPYIbI  TIOOOB WM Jaske BBITECHUTb TIOAbI BO BpeMs
BBITIOJIHEHMS. [Ipyroe mpeuMylecTBO HaCTPOeK HEeIPUTOIHOCTU
" JOITYCTUMOCTY COCTOUT B TOM, UTO P pacIIMpeHnM KjaacTepa
Kubernetes 1yreM mo0aBjieHMSI HOBBIX VY3JIOB C HOBBIMU
MeTKaMM BaM He IIpUAETCS H00aBJISITh HOBbIE METKM BO BCE
IIOJIbl — 9TO HYKHO OYZIET cAeaTh TOJbKO JIJisl TI0JIOB, KOTOpbIE
IOJIXKHBI OBITH pa3MelleHbl Ha HOBBIX y3JIax.



Hecmanodapmmelii niaHuposujux

Ecniu HM oOAMH U3 MOpedbliAylIMX IIOJXOI0B He SBJSIeTCS
OOCTAaTOYHO XOPOLIMM WIM Ballly Tpe6b0BaHMUS K IIJIaHMPOBAHMIO
CJIMIIKOM  CJIOKHbI, BBl ~ MOXeETe  peajiM30BaTb  CBOIA
IJIaHUMPOBIIMK. Takoii IMIaHMPOBIIMK MOKET paboTaThb BMeECTO
CTaHAAPTHOTO IIaHupoBIyKa Kubernetes min oqHOBpeMeHHO C
HMM. MOXHO MCIIOb30BaTh T'MOPUAHBINA TOAXOMd, KOTIIa
3aIlyCKaeTCsl IpOLIeCC  «pacliMpeHus IIIaHMPOBIIMKA», K
KOTOpOMY obOpalllaeTcsl CTaHIapTHbINM M1aHMpoBIIUMK Kubernetes
Ha TIoCJegHeM JTale Iepel TMPUHSITHMEM pelleHus O
naaHvpoBaHuu. Ilpy Takom  moaxode He  TpebyeTtcs
peasiM30BbIBaTh TOJHbBIM IUIAHMPOBUIMK M JOCTATOYHO JIMIIb
npenoctaButh HTTP API past dwibTpaniu M orpeneaeHust
MIPUOPUTETOB  y3JI0B.  [IpeMmyIecTBO  CO3[aHMUSI  CBOEro
IJIAaHUMPOBIIMKA COCTOMT B TOM, YTO TIpU STOM MOXKHO
VUMTBIBATh (PAKTOpPbI, BHEIIHME II0 OTHOLIEHMIO K KJacTepy
Kubernetes, Takue Kak CTOMMOCTb OOOpYyIOBaHMSI, CeTeBbIe
3aIeP>KKM U ONTUMM3aIMS UCIOJb30BAHUSI PECYypCoB MPU
pacripefenieHuMM  TOAOB  MeXAy  ys3aamu. Takke  ecTb
BO3MOSKHOCTb 3a71eiiICTBOBATh HECKOJIbKO CBOMX
MJIAaHMPOBIIMKOB BMeCTe C TUIAHMPOBIIMKOM IO YMOJYAHUIO U
BbIOMpATh, KAaKOi IUIAHMPOBILMK MCIOJb30BaTh IJISI KaxkAOTO
nmoga. Kakaplii IJIaHMPOBIIMK MOXKET MMeTb CBOJ Habop
MOJIUTUK [IJISI CBOEro MOAMHOKeCTBa ITOJI0B.

Kak BuauTe, eCTh MHOTO CIIOCOOOB YIpPaB/ISITh pa3MelleHreM
II0JIOB, ¥ BBIOOP IIPaBUJIBHOrO IIOAXOHA WIM KOMOVHMpOBaHME
HECKOJIbKMX TIOAXOOOB MOTYT OKa3aTbCd CJIOKHOW 3ajadvent.
OCHOBHAsI MbIC/Ib 3TOJ IVIaBbI: OIpeJeNnUTe U 00bIBUTE IPOodUIn
pecypcoB KOHTelHepa, CHabauTe oAbl M y3/Ibl COOTBETCTBYIOIIMMM
MeTKaMM, HaKOHell, cTapaiiTech IOMeHbIlle BMeIIMBAaThCS B paboTy
raHupoBiyKa Kubernetes.



HdononHutenbHaa uHpopmaumsa

. [Tpumep aBTOMAaTU3MPOBAHHOTO pasMenreHust
(http://bit.ly/2TTIUMh).

CasasbiBanue 1omoB ¢ ysnamu (https://kubernetes.io/docs/user-
guide/node-selection/).

Omnucanue TVIAaHUPOBAHMSI 171 pa3meleHu s y3JI0B
(https://red.ht/2TP1ceB).

. Bromxker HepaboTOCIIOCOOHOCTI roja
(https://kubernetes.io/docs/admin/disruptions/).

FapaHTMM TUIAHMPOBAHMSI KPUTUMUYECKM  BaAKHBIX II0JI0B
(https://kubernetes.io/docs/admin/rescheduler/).

o [InanuposBuuk Kubernetes (http://bit.ly/2Hrq8U).

o Anroputm rianupoBanud (http://bit.ly/2F9Vfi2).

e HacTpoiika HecKoJIbKUX T1aHMPOBIIUKOB (http://bit.ly/2HLv5FK).
« [lepertanupoBiiuK a5 Kubernetes (http://bit.ly/2YMQzYn).

» Cratbs1 «Keep Your Kubernetes Cluster Balanced: The Secret to
High Availability» (http://bit.ly/2zuecKk).

» Bugeoponuk «Everything You Ever Wanted to Know About
Resource  Scheduling, but Were Afraid to  Ask»
(http://bit.ly/2FNKBT9).

13 rHopupoBaTh B IpoIlecce BhITIOJIHEHUs. — [Ipumeu. nep.



14 Ecin meTkn y3J/ia USMEHSTCA U II0A4bI, ITPEXKAe HECOBMECTMMbIE C 3TUM Y3JIOM B
COOTBETCTBUMU C CEJIEKTOPOM 6JIM30CTI/I, OKa’>XyTCd COBMECTUMbIMI, OHN 6y,)],yT
IJIaHMPOBATLHCA OJIs1 BBIIIOJIHEHMA HAd 3TOM Y3JIe.



Yacrts Il. lNoBegeHueckue naTTepHbl

IIaTTepHbl 23TOM KaTeropmMM IpegHa3HAaueHbl IS CO3OaHUS
KOMMYHMKAILMOHHBIX MeXaHU3MOB " opraHusauyumn
B3aMMO/IEVICTBUIT MeXIy MogaMy U yIIpaBJisiioleii miaTtdopmoii. B
3aBUCMMOCTM OT THUIIA YIIPABJSIONIEr0 KOHTPOJIJIEpAa IO, MOXKET
BBITIO/THSITHCS bifo) 3aBepIIeHus 178)871 3aMyCKaThCs "
OCTaHaBAMBATbCA MO pacnucanuio. OH MoxkeT paboTaTh Kak
(poHosas caywba WU TIPedOCTaBJISITh TapaHTUM YHUKAIbHOCTU
cBouM pemiukaM. CyIlecTBYIOT pasjnMyHble CII0COObI 3amycka
II0JIOB, ¥ BBIOOP IIPaBUJIbHBIX CPENICTB VIpaBJeHUsT I0JAMU
TpebyeT MOHMMAaHUS MX MOBedeHMs. B ciaemymooniux riaBax Mbl
pPacCMOTPUM ITaTTEPHBI:

e ImaBa 7 «IlakeTHOe 3amaHMe» OMUCHIBAET WM3OJMPOBAHHYIO U
aTOMapHYI0 eAVHUITY pabOTbhl, KOTOPAs BBITIOJHSIETCS 10 CBOETO
3aBepIleHys.

e [maBa 8 «llepmomuueckoe 3agaHyue» OINUCLIBAET TMATTEPH,
KOTOPbI/A  TO3BOJISIET  3aMyCcKaThb eOVMHMUIY paboThl IO
BpPeMEHHbBIM COOBITUSIM.

e« ImaBa 9 «®oHOoBasi ciay:k6a» OMNMUCHIBAET IATTEPH, KOTOPbIi
IO3BOJISIET 3aIlyCKaThb II0[bl MOAIEPXKKM MH@PACTPyKTypbl Ha
oIlpee/IeHHbIX y3JIaxX 10 pa3MellleHMsI IPUKIaIHbIX ITOI0B.

e I'maBa 10 «Ciykba-ogMHOUYKA» OMMCHIBAET IIATTEPH, KOTOPbIi
rapaHTHpyeT Ha/iMuMe eIVMHCTBEHHOI'0 aKTMBHOIO 3K3eMILIspa
CIykObl B KaKOblii MOMEHT BpEeMEHUM U €ero BbICOKYIO
IOOCTYITHOCTb.

I'maBa 11 «Cy:kb6a ¢ COCTOSIHMEM» OMMChIBAET MaTTEePH CO3TaHMS
pacripefie/IeHHbIX TIPWIOXKEHUI C TIOAAEPXKKOM COXpaHeHUs



CBOET'0 COCTOSAHMA U YIIpaBJI€eHUS MMU C IIOMOIIbIO Kubernetes.

o ImaBa 12 «OOHapykeHMe CJIyXO» OIMCbIBAeT MeXaHU3MbI, C
MMOMOIIbI0  KOTOPBIX  KJIMEHTbl  MOTYT  OOHapyKMBaThb
9K3eMIUISIpbl ~ CJIYXKO,  mpenjaraeMbIX  IPWIOKeHMEM, U
00pamaThCs K HUM.

e I'maBa 13 «CamoaHa/nM3» ONMUCbIBAET MeXaHN3MbI MHTPOCIIEKI N
M BHEpEeHMA MeTaddaHHbIX B ITPUJIOKEHMS.



Maea 7. NMNakeTHOe 3agaHue

[Tatrtepun Batch Job (IlakeTHoe 3agaHue) IpedHa3sHauyeH ISl
yIIpaBJIEHVS M30JIMPOBAHHBIMY aTOMapHBIMM eIVHNUIIAMU pabOTHI.
OH ocHOBaH Ha abcTpakuuyu 3adaHus Job, mpegHasHaUEHHOM I
3aITyCcKa KOPOTKOKMBYILIMX TII0JIOB, IEeCTBYIOIINX B
pacrpeneeHHOM cpejie ¥ 3aBepIIaIoNXCs CAMOCTOSITe/IbHO.

3apava

OCHOBHBIM IIPUMUTUBOM [J151 3aI1yCKa KOHTENHEePOB U YIIpaBIeHUSs
umn sBisietcs mnon (Pod) — rpynma KoHTeliHepoB. CyllleCcTBYIOT
pasHble CIIOCOOBI CO3oaHUs TI0J0B C Pa3INYHBIMU
XapaKTepUCTUKAMM:

ITpocmoii nod

[lo3BosisieT BPY4YHYIO CO3[aTh IO [JIsI 3aIlyCKa KOHTEeITHepOB.
OmHako Korjaa y3ej, Ha KOTOPOM BBITIOJIHSETCSI TaKoil IIOf,
BBIXOAUT U3 CTPOSI, TIOM, He IepesarryckaeTcs. 3aIlycKaTb IT0JIbI
TaKMM CIIOCOOOM He PeKOMEHIYeTCs, 38 UCKIIUYEeHMEM CJIy4aeB
paspaboOTKM WIM TeCTUPOBaHMSI. ITOT MeXaHU3M TaKKe
M3BeCTeH I10Jl Ha3BaHUSIMU HeynpasJjisieMble, VU 20ble, No0bl.

Habop pennuk ReplicaSet

OTOT KOHTPOJIJIEP MCIIONb3YeTCS OJjIsl CO3MaHMUS U YIIpaBJIeHUS
KM3HEHHBIM  LIMKJIOM  [OJ0B, M[pedHa3HAauUeHHBbIX  [OJIs
HEMpepbIBHOTO  BBLIMIOJIHEHUS  (HAIpuMep, Jjs  3alrycka
KOHTeliHepa BebO-cepBepa). OH mNoAAepKMBAET CTAOMIbHBIN
HAabOp peIuIMK TIOAOB, [HEMCTBYIOIIMX HENpepbiBHO, U



rapaHTHpyeT Hajauuye omnpeie/IeHHOI'O KOJIMUeCTBa UAEHTUUHbIX
TIOJIOB.

Habop demonoe DaemonSet

KoHTposiep ajis 3amycka eIMHCTBEHHOTO I10/1a Ha KaskIoM y3Jie.
OOBIUHO  MCIIOJb3yeTCS JIsI  YIIpaBJIeHMSI MeXaHM3MaMM
naaTQoOpMbl, TaKMMM KaK  MOHUTOPUHI, OObegVMHEHNEe
XypHaJIOB, XpaHunuiia u nap. ITompobHee o Habopax TeMOHOB
pacckasbIBaeTcsl B r1aBe 9 «@oHOBas CyKOa».

O6benuusieT Bce 3TM MHOAbI TOT (aKT, UTO OHM SIBJISIIOTCS
IIpoLieccamy, KOTOpbIe eMCTBYIOT IIPOJOJIKUTEIbHOE BpeMsl U
KOTOpbIe HEe IOJDKHBI OCTaHAaBIAMBAThCSI. OgHAKO MHOTIA ObIBAaeT
>KeJIaTeJIbHO BBIMOJHUTD MPeoIpeie/IEHHYI0 KOHEUHYIO eOVHUILY
paboTbl M 3aTeM OCTAaHOBUTb KOHTelHep. [Jsi 3Toi 1enu
Kubernetes npenmocTasiisieT pecypc 3agaHus Job.

PeweHue

3amanue Job B Kubernetes nHanmomuHaetr Habop perink ReplicaSet
— OHO TOYHO TaK e CO3JaeT OOMH WM HECKOJIbKO IIO0B U
obecrneurBaeT ux BbinojaHeHMe. OmHaKo, B OTAMUME OT Habopa
peIvivK, Mocje YCIEeIIHOrO 3aBeplleHus OXUIAeMOI'o KOJM4YeCcTBa
II0J0B 3aJlaHMe CUMUTAETCS BBIIIOJHEHHBIM U [IOIOJHUTEIbHbIE
MOAbl He 3alyCKarTcsa. B jmuctuHre 7.1 mokasaHO, KaK BBIIJISIIUT
omnpeneieHne 3aJaHusl.

Jivctunr 7.1. Onpepenenue 3apaHus Job
apiVersion: batch/vl
kind: Job
metadata:
name: random-generator
spec:



completions: 5 (1]

parallelism: 2 (2
template:
metadata:
name: random-generator
spec:
restartPolicy: OnFailure ©
containers:

- image: k8spatterns/random-generator:1.0
name: random-generator
command: [ "java", "-cp", "/",
"RandomRunner",

"/numbers.txt", "10000" ]

(1] 38,[[8.H]/Ie JOJDKHO BBITIOJTHUTD IISATH IIO40B, M BCe€ OHU O0J/I>)KHbI
3aBEPIINTHCA C ITPM3HAKOM YCIIeXda.

® OmHOBpPEMEHHO MOTYT BBITIOJIHATBLCS ABa I04a.

©® B ompenenenusix 3amaHuii TpebyeTcs 00si3aTeNIbHO 3a4aTh
rnapamMetrp restartPolicy.

OOHMM M3 BaXKHBIX pa3aUuMii MeXmy 3agaHueM Job u
orpenejieHueM Habopom  perimk  ReplicaSet — siBisieTcst
orpepejieHue rapameTpa
.spec.template.spec.restartPolicy. [Ina Habopa peruiuk
3TOT [apaMeTp IMOoJy4yaeT 3HaueHue 110 yMmoauyaHuio Always
(Bcerma), MMerolee CMbIC/ OJIS1 OJIUTENIbHBIX MPOLECCOB, KOTOPbIE
OOJDKHBI  BBITIOJIHATBCS ~ ITOCTOSIHHO. 3HaueHne  Always
HeZOMyCTUMO [JIs1 3aJaHui, U eOUHCTBEHHLIMM BO3MOXXHBIMU
BapuaHTaMu sBasioTcs OnFailure (B ciyuae cbos) mam Never
(HMKOrmIa).

Wrtak, roueMy [jii OSHOKPATHOT'O 3alyCKa Jyylle CO34aBaTh
3aJaHMe BMECTO IIPOCTOro moja? 3ajaHusl OAalT MHOIO



nperMmynieCTBs B CMbIC/I€ HaJEKHOCTU U MaCIJ_ITa6I/IpyeMOCTI/I, 4yTo
AgeaeT UX IpearnouyTnuTe/IbHbIM BApMAaHTOM .

e 3amaHue Job — 3TO He 3demepHbIi IIpollecC B MaMsITH, a
MTOCTOSTHHAS 3a7aua, KOTOpast aBTOMAaTUYECKU
BOCCTaHAaBJIMBAETCS ITOC/Ie Iepe3anycka KiacTepa.

e [lo 3aBepuieHMM 3amaHue He YOAISIETCS, a COXpaHsAeTCsad U
OOCTYIIHO [Jis1 TpaccupoBKuU. Ilompl, CcO3maHHbIEe KakK 4YacTb
3alaHNs, TaKKe He YOANSI0TCA U OOCTYIIHbI JI1 UCC/IegOBaHMUA
(Hammpumep, Oji UCCAeOOBaHMS XYPHAJIIOB KOHTelHepa). To ke
BEpHO M [Ji1 MPOCThIX IIOAOB, HO TOJIbKO eC/iM YCTAaHOBJIEH
napametp restartPolicy: OnFailure.

e 3aJaHMe MOXXHO BBIIIOJJHUTb HECKOJbKO pa3. B mapamerpe
.spec.completions MOXHO VyKasaTh, CKOJIbKO pa3 o[,
IOJIXEH YCIIeIIHO 3aBEPIIUTHCS, YTOOBI 3aJiaHye ObIJI0 IIPU3HAHO
BBITIOJTHEHHBIM.

» Korma 3agaHue OOJI)KHO BBITIOJTHUTBCS HECKOJbKO pa3 (COIJIaCHO
3HaUEeHMIO TIapaMeTpa .spec.completions), ero Takxe
MOXXHO  MAacIITabupoBaTb U  OJHOBPEMEHHO  3aITyCKaTh
HECKOJIbKO ITI00B. DTO MOXHO CHiejaTh, OIpelenB napameTrp
.spec.parallelism.

e Ecim y3enm BBIXOAUT M3 CTPOSI WIM MO KaKOW-TO IIpUYMHE
BBITECHSIETCS BO BpeMsl pabOThl, IVIAHUPOBIIMK pPa3sMeCTUT U
3aITyCTUT IIOJ, Ha HOBOM MCITpaBHOM Yy3i1e. IIpocTbie TTOabl OyIyT
OCTaBaTbCSI B HEMCIIPABHOM COCTOSIHUM, ITOCKOJIbKY TaKue MOAbI
HUKOTIA He TIepeMelalTcsl Ha ApyTrye y3/bl aBTOMAaTUUYECKMN.

Bce 5TO menaeT MexaHM3M 3aJaHUM IIpUBJIEKATEJIbHbIM IS
MCIIOJIb30BAHMSI B CLEHApUsIX, KOIrJa HeoOXOOMMBbI TapaHTUU



BBITIOJIHEHMS e AMHUIL bI p8.60TbI.
I'/1aBHBIE pOJiN B ITOBeOeHMN 3aJaHNd UT'PAIOT ABa IIapaMeTpa:

.spec.completions

OHpe,ZLEJIHET, CKOJIbBKO pa3 diaieayeT 3allyCTuTb 1104, YTOOBI
3aaHle CUNUTaJIOCh BbIIIOTHEHHbIM.

.spec.parallelism

Ormnpepenser, CKOJbKO peIyiMK TI0la MOXXEeT BbIIIOJIHSAThCS

rnapajjienbHO. bojpllioe YuCI0 B 3TOM IlapaMeTpe He

rapaHTHpyeT BBICOKOTO YPOBHS MapauieiM3ma, M Ha CaMoOM

Zlejie KOJIMYeCTBO OJHOBPEMEHHO BBIMOJNHIEMbIX ITOJ0B MOKET

ObITh MeHbIlle (2 B HEKOTOPBIX TYMMKOBBIX CUTYyalMsIX OOJIbIIIE)

kejjlaeMoro (Harpumep, 13-3a 0COOEHHOCTeN peryamMpoBaHMs,

OTPAaHMUYEHHOCTM pPecypcoB, Mpu TPUOTIDKEHUM K UUCTY

.spec.completions u mo JpyrMm MNOpuuYMHAM). 3ammuch

sHaueHus: 0 B 3TOT mapameTp 3(PAHEKTMBHO MPUOCTAHABIUBAET

3aJlaHMe.

Ha puc. 7.1 mnokasaHo, Kak mdeicTByeT mnatTepH Batch Job
(ITakeTHOE 3amaHMe), HACTPOVKM KOTOPOTO TMPUBOIUIUCH B
JUCTUHTe 7.1, CO CYETUMKOM BBLIIOJIHEHUI, PABHBIM IISITU, U
YPOBHEM Iapasijien3Ma, PaBHbIM IBYM.

Vcxonst M3 3HAaYEeHMI 3TUX OBYX apaMeTpOB, MOXKHO BbIAEIUTD
CIeayroIe TUIIbI 3aaHNIA:

3adaHue ¢ 00UHOUYHBIM NOOOM

DTOT TUIl BbIOMpaeTcs, KOrga Bbl OCTaBJsieTe 3HAUeHME II0
yMosyaHuio 1 B oboux mapameTpax, .spec.completions u
.spec.parallelism. OTo 3agaHue



&

lapannenu3m BoinonHeHuii=>5
Mapannennam=2
2 Mop Mon BbinonHWBLIMiiCA KOHTeliHep
1 Mo Mog Nog [JleiicTBylowWMi KOHTEIAHEp
>
1 2 3 4 5  BoinonHeuuit

Puc. 7.1. MNapannenbHoe BbiNONHEHME 334aHMIM B NaTTepHe Batch Job ¢ dmkcMpoBaHHbIM
CYETYMKOM BbINONHEHMMN

3aITyCKaeT TOJIbKO OJMH IIOod, M 3aBepliaeTCsa II0 OKOHYaHUM

BBITIOJIHEHUS 3TOr0 €IMHCTBEHHOT0 M10/1a C IIPMU3HAKOM ycriexa (C

koaom 0).

3adaHue ¢ pukcupoBaHHbIM ULC/IOM 8bINOJIHEHULT

Uncino B mapamerpe .spec.completions ompepnersier,
CKOJIbKO pa3 [OOJIKeH BBIMOJHUTBHCS TIO4 M 3aBEepPIIUTHCI C
IIpU3HAaKoOM ycrexa. [Ipy keqaHMM MOXKHO TaKyKe YCTaHOBUTh
rnapaMeTp .spec.parallelism mian OCTaBUTh B HEM 3HaUYeHME
110 YMOJ/JIYaHUIO, paBHOe enuHuue. Takoe 3aJaHMe CUUTAETCA
BBIIIOJIHEHHBIM T[I0C/Ie TOr'0, KaK I0[ VCIIeIIHO 3aBepIIUTCS
.spec.completions pas. JluctuHr 7.1 meMOHCTpUpYeET, KakK
IeiCTBYeT 3TOT PesKUM, KOTOPbI CUUTAETCS JYUIIMM BbIOOPOM,
KOrJa KOJIMYeCTBO eAVHMI paboTbl M3BECTHO 3apaHee U
CTOMMOCTb  00pabOTKM  OOHONM  eOWHMUIIBI  OIpaBIbIBaeT
MCII0/Ib30BaHMe BbIeJIeHHOTO I10Aa.

Pabouas ouepedv

OmnyctuB mapamerp .spec.completions © NOPUCBOUB
nmapaMmeTpy .spec.parallelism 1enoe uyuciao 0Oo0JibIIe
eIVMHUIIbI, Bbl MOJYyYMTEe Pabouylo ouepenb MJisl MapaseabHbIX



3agaHmii. 3agaHue TuNa «pabouyas ouepegb» CUMTAETCS
BBITTIOJTHEHHBIM, €C/IM BCe MOAbI 3aBePIIMINCh U XOTSI Obl OIUH
M3 HMX 3aBEpHIWICS C IPU3HAKOM YycIiexa. B sToMm cieHapun
TpebyeTcst, UTOOBI IOAbI KOOPAMHUPOBAIM CBOIO paboTy APYT C
OIpYyTOM U OIpejesiiv, Hajd 4YeM KaxXmablii OymeT paboTaTh.
Hampumep, Korma B ouepedy uMeeTcs (UMKCMPOBAHHOE, HO
HEeM3BECTHOE  KOJMUYECTBO 3JIEMEHTOB [jII  00paboTKu,
Tapa/yIeIbHO BBITTOHSIOIIMECS TTOAbI MOTYT BbIOMPATh UX OIVH
3a IpyrMm U obpabaTsiBaTh. IlepBblii M0, 0OHAPYKUBIINIA, UTO
ouyepelb OIYCTela, M 3aBepIIMBIIMIICS C IIPU3HAKOM YcIlexa,
yKasbIBaeT Ha BbINOJHeHMe 3amaHus. KoHTposiep Job Takxke
OKMJIAeT 3aBepIIeHUs BCeX OPYTUX MoaoB. [I0CKOMbKY OOMH IO/,
MOKeT 00paboTaTh HECKOJbKO 3JIEMEHTOB, 3TOT TUII 3aJaHUIA
SIBJISIETCS OTJIMYHBIM BBIOOPOM, KOrJa HaKJaJgHbIe pacxoibl Ha
3aIlyCK OJHOrO IoJa s o00paboOTKM OJHOIO 3jeMeHTa
OKa3bIBAIOTCSI HEOMPABIAHHO BHICOKMMIU.

st 06pabOTKM HEOIPaHMUEHHOTO ITOTOKA 3JIEMEHTOB JIyUIle
MICITO/Ib30BaTh JIPyrue KOHTPOJIIEpbl YIIpaBjJeHMUsI ITOAaMM, TaKue
Kak Habop periuk ReplicaSet.

MossicHeHUe

A6cTpakuug 3amaHus Job — mpocCToi, HO BaXKHbIM MIPUMUTHUB, Ha
KOTOPOM OCHOBBIBAIOTCSI Apyrue IIpPUMMUTHUBBI, TaKue KakK
TIaHMPOBIIMK 3amaHuii CronJob. 3amaHusg rmomMmoraioT IIpeBPaTUTh
U30JIMPOBAHHbIE e IMHULIbI paboThI B HaJe>XHYIO "u
MaclTabupyeMyro eIuMHUILY BbIlloJHeHMs. OgHAKO 3aJaHie HUKaK
He oIlpejesisieT, KaK OTAebHbIe 3JIEMEHTHI JIJIs 00pabO0TKM AOIKHbI
OTOOpakaTbCs B 3aJaHUSI WIM IIO0Jbl. DTO BbI JIOJIKHBI CHEjaTh
caMM, TIPMHSIB BO BHUMAaHMe IJIFOChI M MUHYChI Ka>KI0r0 BapMaHTa:

OmoaenvHoe 3adaHue Job ona Kaxcdoii eduHuusl pabomol



OTOT BapMaHT BJieUeT OOIOJHUTEIbHbIe HaKJIagHble PacXo/ bl Ha
co3ganue 3amaHuii Kubernetes, a Takke Ha yIIpaBjeHMe
OOJIBIIMM  KOJMYECTBOM 3aJaHuif, KOTOpble IIOTPEOJISIOT
pecypchl Kjactepa. JDTOT BapMaHT MOXET IPUTOAUTHCS, KOraa
KaKgasi enuHuila paboThl SIBJSETCS CJIOXKHONM 3ajaueil u ee
Heo6xoaMMo (PUKCUPOBATh, MCCAeA0BATh UM MacCIITa0MpPOBaTh
He3aBUCUMO.

O0Ho 3a0daHue Ha éce eOUHUUbI padbombl

DTOT BapuMaHT IIOOXOOUT [JIs CIEeHapueB, KOTIa MMeeTcs
00JIbIIIOEe KOJMYECTBO eAMHUI paboThl, KOTOpPble He TpebyeTcs
dbuKcMpoBaTh, UCCIEOOBATDb MM MacCIITabMpPOBaTh HE3aBUCUMO.
B sTOM clieHapum yIIpaBjieHME BBIIIOJHEHMEM eIVHMUIL PabOThI
MOJKET OCYIIeCTBJISIThCSI CPeICTBaMM ITPUJTOKEHMSI.

KouTposnnep 3amaHuii Job peanusyeT Julllb CaMbIii MUHUMYM,
HeOoOXOAMMbIN sl TVIAaHMPOBaHUS eIuHUL padboTsl. JIrobas Goee
CJIOKHAsI peanmsanusl [OO/KHA OObeIuHSITh MNPUMUTUB Job c
dbpeliMmBopKaMM MakeTHOM 06paboTKM (TakKMMM, Kak Spring Batch u
JBeret B 3KocucTtemMe Java) JiI OOCTVIKEHUS  KejlaeMOro
pes3yJbTara.

He Bce ciay:kObl OO/DKHBI paboTaTh ITOCTOSIHHO. HekoTophklie
MOTYT BBIMIOJIHSITbCSI II0 TpPeOOBaHMIO, HEKOTOpble — B
ompefieieHHble ~ MOMEHTbl  BpeMeHU, a  HeKOoTopble  —
nepuoauyecku. Vcrosb3oBaHMe 3afaHuii IMO3BOJSIET 3amyCcKaTh
MOAbl TOJILKO TIpM HEOOXOAMMOCTM U TOJbKO Ha BpeMs
BBITIOJTHEHMS 3a4aui. 3afaHus IUIAaHUPYIOTCS Ha y3/1axX, KOTOpbIe
MMEIT HeoOXOoauMble pecypchl, YAOBJETBOPSIIOT TMOJIUTUKAM
pasMelleHus] TOJOB U JPYyrMM 3aBUCUMMOCTSIM KOHTeliHepa.
Mcrmonb3oBaHMe 3ajaHuit IS KpaTKOBPEMEHHbBIX 3a7au BMeCTO
OONTOXUBYIIMX abcTpakumii (Takux, Kak ReplicaSet) skoHOMUT
pecypchl taT@opmbl. Bce 9TO menaeT 3amaHusl Job yHUKaTIbHBIM



NIPUMUTUBOM U 1momoraetT 1iatdopme Kubernetes mommepskuBaTh
pasHble BUIbI paboyeil Harpys3Kiu.

HdononHutenbHaa uHpopmaums

o [Ipymep maketHoro 3aganus (http://bit.ly/2Jnlozé6).

3amaHusi Job Kak CpeACTBO BBIMOJHEHUSI eOUMHUI] PabOThI
(http://bit.ly/2W1ZTW2).

[TapannenbHas o00paboTKa C  MCIOJb30BAaHMEM  3aJaHMIA
(http://bit.ly/2Y563GL).

I'pybast mapasnienbHass oOpaboTKa C MCIIOAb30BaHMEM paboueit
ouepenu (http://bit.ly/2Y29cqS).

ToHkast mapasuiesbHass 00paboTKa C MCIOJIb30BaHMEM paboydeir
ouepenu (http://bit.ly/20btutr).

Co3maHue  MHOEKCHMpPYeMOr'o  33faHusg C  ITOMOIIbIO
meTakoHTposiepa (http://bit.ly/2FkjQSA).

DpeliMBOpKM U OMOMMOTEKM Java OJIsI TIaKeTHOM 00paboTKU
(https://github.com/jberet).



Inhasa 8. Nepuopuueckoe 3apaHue

ITatrtepu Periodic Job (Ilepuoauueckoe 3amaHMe) paclIUpsieT
nattepH Batch Job (IlakeTHoe 3amaHme), H00aBsII M3MeEpeHME
BpPEMEHM U MO3BOJISISI BHIIIOJHATD €IMHUITY pab0OThI IO BPpEMEHHbBIM
COOBITUSIM.

3apava

B Mupe pacripenesieHHbIX CUCTEM M MUKPOCEPBMCOB HaOJI0JaeTCs
SIBHOE CTpeMmJieHle K OpraHmsaluy B3aMMOJENCTBUIT U O0OMeHy
COOBITUSIMM MEXIY ITPUTOKEHUSIMU B pesKMMeE peabHOTO0 BpeMeH!
c ucronb3oBanueM HTTP u yIpolieHHbIX MeXaHM3MOB OOMeHa
coobmenussmu. OgHako, He3aBUCUMO OT IOC/IeOHUX TeHIeHLUii B
pa3paboTKe MPOrpaMMHOTO obecrieueHus, IVIaHMPOBaHWe 3aJaHuii
MMeeT OOJITYI0 MCTOPUI0 M MPOJOJ/DKAeT OCTABATbCSl aKTyaJbHBIM.
ITatrepu Periodic Job (Ilepyomuueckoe 3amaHue) OOBIUHO
MCIIO/Ib3yeTCs [Jis aBTOMaTuU3alyuu OOCHY)XMBAHUSI CUCTEMBI U
pelieHuss agMUHUCTPATUBHBIX 3a7ady. OH TakKe IMPUMEHSETCS B
OM3HeC-MPUIOKEHUSIX, TPeOYIOIIUX MepUOINIECKOTO BbIIOJTHEHMS
OIpele/ieHHbIX 334ay. TUNMYHBIMM ITIPUMEpPAMU MOTYT CIYKUTD
MHTerpauuss MexXmIy cucTeMaMyu IIOCpelCcTBOM mepenaun (aiiios,
MHTerpauusi MpUIOKeHU IOCPeICTBOM IepUOLMYECKOro OIpoca
0a3 JaHHBIX, OTIIPaBKa 3JeKTPOHHBIX IMCEM C HOBOCTSIMMU, a TaKKe
apxuBaIus U yoajeHue cTapbix (aiiyios.

TpaIULIMOHHO [IJII Nepuoouueckozo B6bINOJHEeHUs 3a0aHuli c
11€JIbIO 0OCTYKMBaAHMS CUCTEMBI VICIIOJIb3YeTCS
CrIeLaau3MpoBaHHOe IIpOrpaMMHOE obecrieueHue —
maaHupoBIMK Cron. OJHAKO cIienyaan3MpoBaHHOe IMPOrpaMMHOe
obecrieueHe MOXKET OKa3aTbCd WM30BITOUHBIM [JISI ITPOCTBIX
CJIy4aeB MCIIOJIb30BaHMs, K TOMY ke 3amaHust Cron, BBITIOJHSIEMbIe



Ha eIMHCTBEHHOM cepBepe, TPYAHO IOAJepPKUBaTh, TaK KaK OHMU
MpeJiCTaBASIIOT cO0O0Vi eMHYI0 TOUKY OTKasa. BOT rmouemy ouyeHb
YyacTo pa3paboTUMKM CTPEMSITCS peaan30BaTh pelieHusl, KOTOpbie
CIIOCOOHBI ~ OCYIIECTBJISITH  IUIAaHMPOBAHME UM BBINOJHSITH
HeoOXomumMyl0 Ou3Hec-j10rMKy. Hampumep, B Mupe Java
BBIMIOJTHEHME 3aJaHMii C TIPUBSI3KOM KO BpeMeHU MOKHO
OpraHM30BaTh C UCIIOIb30BaHMEM OMOMMOTEK, TaKMX Kak Quartz u
Spring Batch, miM mnosb30oBaTeabCKUX peann3aliiii Ha OCHOBeE
kinacca ScheduledThreadPoolExecutor. Ho, Kak u B ciiydae C
Cron, OCHOBHAsI CJIOKHOCTb 3TOT'O ITOAX0JA COCTOUT B TOM, UTOOBI
Clie/aTh MeXaHU3M TIJIAaHMPOBAHMS YCTOMYMBBIM "
BBICOKOJOCTYIIHBIM, a 3TO BJIeUET 3HAUUTEJbHOE IIOTpebyieHue
pecypcoB. Kpome TOro, mpu TakomM MOAXOJe TIIJIAaHUPOBILMK
3aJaHMI SIBJISIETCS YacCThIO IIPUJIOKEHUSI, M UYTOOBI 00eCIIeunTh
BBICOKYIO JIOCTYIIHOCTb IIJIAaHMPOBIIMKA, HYXHO 00€eCleunTh
BBICOKYIO JTOCTYITHOCTb BCEro IMpwiokeHMs. OObIYHO paay 3TOTO
MIPUXOINUTCS 3aITyCKaTh HECKOJbKO 3K3eMIUISIPOB IIPUIOXKEHUSI, HO
TaK, YTOObI AaKTMBHO 3aHMMaJICS IIJIAHMPOBAHMEM TOJbKO OJUH
9K3eMIUISIp, a 9TO TpebyeT peanusaluy aJropMTMa Bbioopa aumepa
M pelleHus OPyTuX IpobsieM, XapaKTepHbBIX IJIsl paciipee/IeHHbIX
CUCTEM.

B KOHIle KOHIIOB, MpoCTasi Cayk6a, KoTopas IOJKHA
CKOMMpPOBATh HECKOJbKO (paiiioB OoauH pa3 B [eHb, MOXET
MOTpebOBaTh HECKOJbKUX Y3JI0B, paclipelleJIeHHOTO MexaHu3Ma
BbIOOpa JMIepa M MHOroro apyroro. Peanusanysi KOHTposiepa
CronJob B Kubernetes pemiaeT Bce 3T mpo6jieMbl U TO3BOJISET
IJIAaHMPOBATh pecypchl Job ¢ MOMOIIbIO XOPOIIO M3BECTHOIO
dopmara ommcaHus 3aJaHUt, MCIIOIb3YeMOTO IIJIaHMPOBIIMKOM
Cron. 3TO OaeT BO3MOXHOCTb pa3pabOTYMKaM COCPeIOTOUUThHCS
TOJIBKO Ha peau3aliiy BbIMOJHSIEMOJ paboThl, a He Ha acIleKTax
TIJIAaHMPOBAHMS C IPUBSI3KOI KO BpeMeH.



PeweHue

B rmmaBe 7 «llakeTHoe 3amaHMe» Mbl IIO3HAKOMWIUCh C
BO3MOXHOCTSIMM ¥ BapuMaHTaMM MCIIOJIb30BAHUS TOIOEPKKU
3agaHuii Job B Kubernetes. Bce, o yem pacckaspiBajaoCh TaM,
OTHOCUTCSI M K 3TOil IJaBe, IMOTOMY uTo IpuMutuUB Cronjob
ocHOBaH Ha Job. dk3emmisap CronJob HamoMMHAeT CTPOKY B (aiiie
crontab B Unix (Tabnauiia 3amaHuii IUIAHMPOBIIMKA Cron) u
VIIpaBJ/ISIET acIlleKTaMM BBIMIOJIHEHUS 3allaHusl, CBSI3aHHBIMM CO
BpeMeHeM. OH MO3BOJISIET MEePUOAMYECKM BBITIOJHATH 3aJaHMe B
orpefe/ieHHble MOMEHThI BpemeHu. O6pasel] onpeeaeHnst TaKoro
TIepuoaMYECKOro 3aJaHus IIPUBOOUTCS B IUCTUHTe 8.1.
Jinctmur 8.1. Pecypc Cronlob
apiVersion: batch/vlbetal
kind: CronlJob
metadata:
name: random-generator
spec:
# Yepe3 Kaxable TpU MUHYTbI
schedule: "*/3 * % % 0 (1
jobTemplate:
spec:
template: (2]
spec:
containers:

- 1mage: k8spatterns/random-
generator:1.0

name: random-generator
command: [ "java", "-cp", "/",
"RandomRunner",
"/numbers.txt", "10000"



restartPolicy: OnFailure

O Uncrpykuus miss Cron, TpeOyioiias 3aIlycKaTb 3ajaHue
KaK[ble TPU MUHYTHI.

@® [laTTepH 3amaHusI, UMEET Ty K€ CTPYKTYPY, UTO U ONMUCAHUE
OOBIUYHOTO 3amaHus Job.

Kpome ommcanmusi 3agaHus Job, B omnpenenenun Cronjob
MMEIOTCSI  AOIIOJHMUTEJbHbIe IIapaMeTpbl IJjIsS  OIpedeeHus
IIPUBSI3KY KO BPEMEHU:

.spec.schedule

Crpoka B d¢opmare crontab, omnpepensioias I[UIaHMPOBaHUE
3agaHus Job ¢ mpuBsI3KOii KO BpeMeHM (Hampumep, "@ * * % *!
TpeOyeT 3ayCcKaTh 3ajaHKe B Hauajie KaKIoro vaca).

.spec.startingDeadlineSeconds

Kpaiinuit cpok (B CeKyHJax) 3allycka 3aJaHusl, e ObLIo
IIPOIYILEHO 3allaHMpPOBaHHOe BpeMs. Hekoropble 3amaHuAg
OOMYCTUMO BBIIOJHATL TOJbKO B Te4yeHMue OIlpelie/IeHHOrO
OTpe3ka BpeMeHM U O0ecCMbICJIEHHO 3aIlyCKaTh IIO3Hee.
Hamnpumep, ecyin 3aiaHue He ObUIO 3aMyIIeHO B HY>KHOe BpeMms
13-3a HeJOCTAaTKa BBIUMCIUTEbHBIX PeCypCOB WU OTCYTCTBUS
OPYTUX YCIOBUI, MHOTAA Jydllle MPOIYCTUTh BbITIOJIHEHME,
MIOTOMY 4YTO JaHHble, KOTOpble [OJKHO 00paboTaTh 3TO
3aZlaHye, yyKe yCTapesin.

.spec.concurrencyPolicy

Ompepenser TTOPSITOK yIIpaBjIeHMS OJJHOBpEeMEHHbBIM
BBITIOJTHEHMEM 3aJaHUii, CO3TaHHbIX OOHMM U TeM ke Cronjob.



3HaueHue 10 ymoauaHuio Allow (paspeminTb) MO3BOJISET
3allyCKaTb  HOBBbIE  SK3eMIUISIPbl  3aJaHUM, Jake ewIn
Tpenpiayiiyie 3amaHus elle He 3aBepuimwancb. Ecim  Takoe
TIOBe[ileHe HeXejaTelbHO, MOKHO YKa3aTh B 3TOM IlapaMeTpe
3HaueHne Forbid (3ampeTuTh), UTOOBI IIPOMYCTUTh 3aITyCK
HOBOrO 3K3eMIUIgpa 3aJaHusi, wWiu 3HaueHume Replace
(3aMEeHUTD), UTOOBI OCTAHOBUTD IIPESKHMIT SK3eMILISIP 3aJaHUS U
3allyCTUTH HOBBIIA.

. Spec. suspend

OTOT MmapameTp NMpMoCTaHaBJIMBAET 3dIIyCK HOBbIX 3K3€MIIIAPOB
3aJlaHN, HO HE BJIMAET Ha YKe 3allylll€HHbIE.

.spec.successfulJobsHistoryLimit u
.spec.failedJobsHistoryLimit

OTU TIONSI OIIPeNeNsiioT, CKOJbKO 3aJaHuii, BbIIMOJTHMUBIIMXCS
YCHEeIIHO ¥ 3aBepIIMBIIMXCS C ONIMOKOI, C/iegyeT COXPaHUTh
LISl VICCJIeIOBaHMSI.

CronJob — »3TO0 y3KocHenMaAU3MPOBAHHBINA MPUMMUTUB U
IIpUMEHSIeTCSI, TOJIbKO KOIJa eguMHuIla paboThl MMeeT BpeMeHHOe
usmepenne. Jaxke mnpu ToM, urto CronJob He gBisieTcs
MPUMUTUBOM OOIero HasHaueHUs, OH CIYXXUT OTIMYHBIM
IIpUMEepPOM TOro, Kak MexaHu3Mbl Kubernetes ocCHOBBIBAIOTCSI OPYT
Ha [pyre ¥ TOLIEPXMUBAIOT CLEeHApUM MCIIOJIb30BaHUS, He
CBSI3aHHbIE C 00/IaUHBIMM BbIUMCIEHUSIMMA.

NMoacHeHUue

Kak Buaute, CronJob — 3TO O0BOJIbHO MPOCTOI MPUMUTUB,
mobasiasioniuii  kaactepHoe  Cron-momoOHOe  IOBeJieHMEe K



CYIIIeCTBYIOIIIEMY MeXaHM3MYy 3amanuii Job. Ho korma B coueTaHum C
OIPpYyTUMM OPUMUTUBAMM, TaKMMM Kak Pod, cpeacrBamy u3oassuum
pecypcoB KOHTelHepa ¥ JpyruMmu ocobeHHocTssMu Kubernetes,
HalpuMep, OIIMCAaHHBIMM B TIJlaBe 6  «ABTOMaTuyeckoe
pasmMeleHue» Uiy B rase 4 «I[IpoBepka paboTOCIIOCOOHOCTM», OH
TpeBpallaeTcs B OUeHb MOIIHYIO CUCTEMY IJIAHUMPOBAHUS 3alaHUNA.
DTO MO3BOJISIeT pa3paboTUMKaM COCPeIOTOUUTHCS MUCKIIOUUTEIbHO
Ha MIpeJMeTHOI 00J/1aCTM U 3aHSIThCSI pean3aliyeil KOHTeiHepHOTO
MIpWIOKEHMSI, OTBeYalolleil TOJbKO 3a BbINIOJHEeHME Ou3Hec-
JIOTUKU. [T1aHMpoBaHMe OCYILECTBIISIETCS 32 paMKaMU IIPUIOKEHUS
M SIBJISIETCS YacThiO IUIAT(OPMBI CO BCEMU €€ IOMOJTHUTETbHbIMU
NpeuMyliecTsaMu, TaKMMM  KaK  BBICOKAsi  JOCTYITHOCTD,
OTKa30yCTOMUYMBOCTh, €MKOCTb M pa3MellleHMe II00B Ha OCHOBE
MOJUTUK. KOHeUHOo, Mo aHa/JlorMM ¢ peanmu3alyeil 3qaHuii Job, mpu
peaJiM3aluy KOHTEVHepa MIJIsI BBINOJHEHMS TII0[, YIpaBJjeHUEM
CronJob c1emyeT yUuMThIBATh BCe TYMIMKOBbIE CUTYaAIlMM: TIOBTOPHbBIE
3allyCKM, IIPOIYCK 3alyCKOB, Ilapa/IeJibHble 3aIlyCKU WU
TIPUHYIUTE/IbHAS OCTaHOBKaA.

HdononHutenbHaa uHpopmaums

. [Tpumep IIepUOINIeCKU BBITIOJIHIEMOTO 3alaHUS
(http://bit.ly/2HGXAnh).
. OnmucaHne MexaHM3Ma Cronjob

(https://kubernetes.io/docs/concepts/jobs/cron-jobs/).

. OmnucaHue IVIAaHMPOBIIMKA cron B Unix
(https://ru.wikipedia.org/wiki/Cron).



InaBa 9. PoHoBasa cnyxba

[TaTTepH Daemon Service (PoHOBast CJIy>k0a) MO3BOJISIET pa3MellaTh
" 3aITyCKaTh IIPUOPUTETHbIE MHPPACTPYKTYPHbIE ITObI HA 1LieJIEBhIX
y3nax. OH MUCIONb3yeTcsl IVIaBHbIM 00pasoM aJMMUHMUCTpaTOpaMu
IJIS1 3aIlyCKa MO0B, MPUBSI3aHHBIX K KOHKPETHBIM Y3JIaM, B Le/ISIX
pacimpeHust Bo3aMoskHocTel mnatdopmMmbl Kubernetes.

3apava

[TonstTue nemoHa ((pOHOBOTO IMpPOIieCca) B MPOrpaMMHBIX CUCTeMax
CylIeCTBYeT Ha MHOIMX YpOBHSIX. Ha ypoBHe orepaiioOHHOMI
CUCTEMBI JeMOoH — 3TO IIOJITO BBITIOJTHS IOIIIAsICS,
CaMOBOCCTAHAaBJIMBAIOIASICS KOMIIbIOTEPHAsI IporpamMmmMa, KOTopasi
3amyckaeTcsls Kak (oHOBbIN mporecc. B Unix uMmeHa mneMOHOB
OOBIYHO 3aKaHUMBAIOTCI Ha «d», HarpuMmep httpd, named u sshd.
B APYI'MX ornepanyoOHHbIX cucremax VICIIOJIb3YIOTCS
albTepHATUBHbIE TepPMMHbI, TaKMe KaK CaykeOHble 3aJauu "
dbaHTOMHbIE 3aJaHUSI.

HesaBucuMO OT Ha3BaHMUS, 3TU IIPOTpaMMbl OObeINHSIET TO,
YTO OHM  BBITIOJHSIIOTCS ~ KaK  IIpOIlecchl, OOBIYHO  He
B3aMMOJENCTBYIOT C MOHMTOPOM, K/JIaBMATypOil U MBILIBIO U
3aITyCKal0TCId BO BpeMs 3arpy3Ku CUCTEMbI. AHAJIOTMUYHOE TTOHSITHUE
CYLIEeCTBYET U Ha YPOBHE IpuioxkeHuin. Harpumep, B JVM 1oTOKM-
oeMoHbl paboTailoT B (OHOBOM peXMMe U IIpeloCTaBJSIOT
BCIIOMOTraTeJIbHbIe YCIIyTU [10JIb30BATE/IbCKUM IIOTOKaM
BBITIOJIHEHNS. DTU MOTOKU-IAEMOHbl MMEIOT HU3KUI IIPUOPUTET,
paboraioT B ()OHOBOM peXiume, He BJAMUSIOT Ha KM3HEHHbIN LMK
MIPUJIOKEHUST U BBITIONIHSIOT TaKue 3aauy, Kak coopka Mycopa Win
dbuHanmu3anusl.



B Kubernetes Toxke ecTh moxoskee IOHSITHME — HAOOp JEMOHOB
DaemonSet. Kak mbl 3HaeM, Kubernetes siBisieTcs pacnpenenieHHOI
maT@opmMoii, pasdpoCaHHON I10 HECKOJbKMM Y3/1aM, OCHOBHAasI
3aJjauya KOTOpPOi — YyIIpaBjieHue IO0AaMU IIPUIOKEHUI, MTO3ITOMY
DaemonSet mnpeacTaB/ieH NOAaMM, BBIIOJHSIOMMMMCSI B DOHOBOM
pexxMe Ha y3jaxX Kiacrepa M IPeHOCTaBISIOIIMMMU HEKOTOpPbIe
YCIYTY OCTAJILHOM YaCTU KjlacTepa.

PeweHue

Habop peIIuK ReplicaSet " ero IpealiecTBEeHHMK
ReplicationController =~ — 310  ympaBiasiolye  CTPYKTYPBI,
OTBevarollye 3a BBIMOJHEeHNe ONpeieJIeHHOIO KOJM4YeCcTBa IOA0B.
OTU KOHTPOJIJIEPBbI TIOCTOSIHHO ITPOBEPSIOT CIMCOK 3aIlyllleHHbIX
IIOJIOB U CJedsiT 3a TeM, 4YTOObl (PaKkTHMUecKoe KOJIMUYECTBO
BBITIOJIHSIIOIIMXCSI TI0JI0OB BCerga COOTBETCTBOBAJIO sKejaeMomy. B
3TOM CcMbIc/ie Habop JeMoHOB DaemonSet geiicTByeT aHaJIOTMYHO U
CJIEOUT, YTOObI BCErda BBIMOJHSIJIOCH OIpelieieHHOe KOJIMYEeCTBO
nomoB. PasHuila auilb B TOM, 4YTO mepBble ABa, ReplicaSet mu
ReplicationController, TOIEP>KUBAIOT BBITIOJTHEHME
oIpe/ie/IeHHOTO KOJMYeCcTBa I10/I0B, PYKOBOJCTBYSICb OOBIUHBIMMU
TpeOOBAaHUSIMM K BbICOKOJ AOCTYITHOCTM M YPOBHIO HArpysKu IJis
TIPUJIOKEHMI, HE3aBUCUMO OT KOJIMYeCTBa y3J10B.

DaemonSet, HanmpoTuB, pellasi, CKOJIbKO 3K3eMIUISIPOB IIOI0B
3allyCTUTb, HE YUYUThIBAeT YPOBeHb HArpy3ku. Ero rimaBHas 3amava
— TIOAIEePKUBATh BBITIOJIHEHME OJHOTO M0J1a HAa KaXXOIOM y3Jie UM
Ha OIpelesieHHbIX y3/i1ax. [laBaiiTe MOCMOTPUM, KaK OIpeeseTcs

DaemonSet (inctuHr 9.1).
Jincturr 9.1. Pecypc DaemonSet

apiVersion: extensions/vlbetal
kind: DaemonSet
metadata:



name: random-refresher
spec:
selector:
matchLabels:
app: random-refresher
template:
metadata:
Labels:
app: random-refresher
spec:
nodeSelector: (1
feature: hw-rng
containers:
- image: k8spatterns/random-generator:1.0
name: random-generator
command:
- sh

"while true; do

java -cp / RandomRunner
/host_dev/random 100000 ;

sleep 30; done"
volumeMounts: (2
- mountPath: /host dev
name: devices
volumes:
- name: devices
hostPath: ©
path: /dev



© licrionb30BaTh TOJABKO y3/Ibl C MeTKO feature u 3HaueHEM
hw-rng.

® Hab6opsl memoHOB DaemonSet 4acToO MOHTUPYIOT pa3[esibl
(aiiyIoBOI CHCTEeMBI Y3714 I pelieHns 3a1au 00CTy>KUBaHMSI.

© hostPath g nmpsgaMoro gocTyria K KatajoraM ysiia.

[Ipy TakoM TMOBeIeHMM OCHOBHBIMM KaHIMAATAMU [JIsI
BK/IIOUeHUsI B Habop mgeMoHOB DaemonSet OOBIUHO SIBJISIIOTCSI
TIPOLIECChI, CBSI3aHHBIE C MOAAEPsKKOM MHPPACTPYKTYPhI, TaKMe KaK
COOpLIMKM  JKypPHAJIOB,  OKCIOPTEpPbl  METPMK U Jaxke
MapupyTusaTopbl kube-proxy, KoTopbie BBIIIOJHSIIOT OmNepalyun Ha
ypoBHe Kiactepa. CyllecTByeT MHOTO pasiuuMii B TOM, Kak
DaemonSet 1 ReplicaSet ynpaB/siiloT mogamMiu, HO OCHOBHbIE U3 HUX
cyieAyloIye:

e [lo ymonmuanumioo DaemonSet pasmelaeT Ha KaXIOM Y3je II0
OOHOMY 3K3eMIUISIPY I0Ja. DTO IOBeeHMEe MOXHO M3MEHUTb,
oIpe[eauB OTpaHMYEHHOEe MMOAMHOKECTBO Y3JI0B B IlapaMeTpe
nodeSelector.

» DaemonSet co3paeT 1og ¢ TpebyeMbIM 3HaUeHMEM B IapamMeTpe
nodeName. TIlostomy DaemonSet He TpebyeT HaIMuUS
rmaHupoBiMka Kubernetes misg 3amycka KOHTeitHepoOB. OTa
0CO6eHHOCTh MO3BOJISIET UCMO0Ib30BaTh DaemonSet a5 3amycka
KOMITOHeHTOB Kubernetes u yrpaBieHUsI UMU.

o TIlompi, cosmaHHble KOHTpo/uiepom DaemonSet, MOryT
3aIlyCKaTbCs [0 3amycka IUIaHMPOBILMKA, UYTO TIO3BOJISIET
3aITyCKaTh MX Ha y3J1aX paHbllle JIIOObIX IPYTUX MOH0B.

e Tak KakK IUIQHUPOBIIMK He MCIIOJIb3yeTCsd, KOHTPOJIep
DaemonSet He TmpMHMMaeT BO BHMMAaHMe IapamMeTp
unschedulable y3na.



e [Ilompl, vympaBisiemble KOHTpo/uiepoMm DaemonSet, Kak
MpernoaraeTcsi, MO/KHBI BBIMOJHSATBCS TOJAbKO Ha Iie/IeBbIX
y3nax. [1o 9Toi MpuuyMHe MHOTME KOHTPOJUIEpbl 00pabaThIBAIOT
X MHAue M C Oojee BBICOKMM MpPUOpPUTETOM. Hampumep,
MeperviaHUPOBIIMK ~ OymeT u36eraTb BbITECHEHMS]  TaKUX
Mopysaei, MeXaHM3M aBTOMAaTMUECKOTO MaclITabupoBaHUS
KjIacTepa OyIeT yrpaBJsiTb UMM OTI€/IbHO U T.]I.

O6b1uH0 DaemonSet co3gaeT oAMH 5K3eMILISIP I10[a Ha KaXKA0M
y3/1e WIU TOAMHOXEeCTBe y3JI0B. YUUTBIBASI 3TO, €CTh HECKOJIbKO
CIIOCOOOB  JOCTMYb  IIOJIOB,  VIIPABJSE€MbIX  KOHTPOJIJIEPOM
DaemonSet:

Uepe3 cyxcoy Service

Co3maTh CIykOy Service ¢ TemM e CeJIeKTOpPOM II0fa, Kak B
DaemonSet, 1 1CII0/Ib30BaTh CJIYXKOY IJ1s1 TOCTUKEeHMSI (POHOBOTO
moja Ha CJAydyaliHOM Yy3J/ie, BbIOpAaHHOM 0ajaHCUPOBIIUKOM
Harpy3Ku.

Yepe3s DNS

Cosmate aBTOHOMHYIO (headless) ciyx0Oy Service ¢ TeM >ke
CeJIeKTOpPOM I101ia, Kak B DaemonSet, 1 1CIo/Jb30BaTh ee IJis
MU3BJIeUEeHUSI HeCKOJIbKuX 3amnmceir A u3 DNS, comepxkamux IP-
ajpeca U IOpPThI BCEX ITOIOB.

Yepe3 NodeIP u hostPort

[Tomer B DaemonSet moryT onpeznensaTh napamerp hostPort u
CTAaHOBUTHCA OOCTYIIHbIMU yepes [P-anpeca y3/10B U YKa3aHHbBII
HoMep nopTa. [TockonbKy KomOuHaiusi hostIP, hostPort u



protocol Ao/KHA OBITh YHMKA/IbHOM, KOJIMUYECTBO MECT, I[ie
TI0JT, MOKET OBbITh 3aIlJIaHMPOBAH, OTPAHMUEHHO.

Yepe3 npomexcymouHoe XpaHuauuie OaHHbIX

[Ipunoxkenue B nojge u3 DaemonSet MoXkeT 3aMMCbIBATh JaHHbIE
B XOPOIIIO M3BEeCTHOe MeCTO WM IepedaBaTh BHEIIHEeN IJIs1 Hero
cIy>kbe. B Takom ciryyae MOTpPeOUTEISIM He HY)XKHO HAIpSIMYIO
obpamarbced K mogam B DaemonSet.

cTaTuyecKkue noabl

Ipyroi cnocob 3anycka KOHTEMHepoB MNOA0OHO TOMY, KakK 3TO
nenaet DaemonSet, — ncnonb3oBatb cmamuyeckue nodsi. Kubelet,
nommmo B3ammopencteus ¢ Kubernetes APl Server u nonyyenus
onpegeneHnin nogoB, MOXET TakXe nMonyyatb 06baBNEeHUS
pecypcoB 13 I0OKanbHOro Katanora. [logamu, Kotopble onpeaeneHsl
TakMM cnocobom, ynpasnset Tonbko Kubelet,  OHM BbINONHSOTCS
TONbKO Ha OAHOM Yy3ne. [lporpamMMHbIM MHTepdenc cnyxb He
HabnwpaeT 3a 3TUMM NOAAMWU, OHU He YNPaBASKOTCA HUKAKUMMU
KOHTposnepamMn n mnx paboTocnocobHOCTb He npoBepseTcs. 3a
TakMMu nogamu Habnwpaetr Tonbko KnmeHT Kubelet, koTopbin
nepesanyckaeT ux, Koraa oHu 3asepluatotcs. AHanornyHo, Kubelet
nepuoanyeckn CKaAHUPYyeT YKa3aHHbIM B HACTpPOMKax KaTanor,
0BOHapyX1BaeT U3MEHEHMS B onpeneneHusax nogoB u gobasnser
Wnu yaanset noabl npu HeobxoauMocCTw.

CraTuyeckue TOAbI MOXKHO MCIIOJb30BaTh [JjIsS  3aITycKa
KOHTEMHEePHbIX Bepcuii CUCTeMHBbIX IIpoileccoB Kubernetes uan



Opyrux KoHTelHepoB. Ho KoHTposnepbl DaemonSet ayuiire
MHTErpUPOBAHbl C OCTAJbHOI YacTbl0 IJATPOPMbI M BBIJISIST
TIpeaIouTUTeIbHEee CTaTUYeCKIX IMOI0B.

MoscHeHue

B 9Toii KHHUre Mbl OIMCHIBAEM OCOOEHHOCTM U IIaTTepPHbI
Kubernetes, KOTOpbIE UCITOJIb3YIOTCS B OCHOBHOM
paspaboTuMKaMi, a He agMMUHUCTpaTopaMiu. DaemonSet HaxoauTCs
rme-To IlocepenuHe, OoJbllie TIroTess K HabOpy MHCTPYMEHTOB
aIMMUHUCTPATOPa, HO Mbl BKJIIOUM/IM €T0 B OOCYKIeHMEe, IOTOMY
YTO OH TaKXe YaCTO MCIOJIb3YeTCS paspadboTUMKaMM PUIOKEeHMIA.
Koutpomnepsr DaemonSet u  CronJob Takxke  SBIASIOTCS
IpeKpacHbIMM ImpuMepamu, Kak Kubernetes mpeBpaiiiaeT mOHSITHUS,
XapaKTepHble Ijis1 OOHOTO y3ja, Takue Kak Crontab u meMoHbI, B
KJaCTepHble TMPUMMUTUBBI [JjIsI YIIpaBJE€HMSI paclipele/ieHHbIMU
cucreMaMi. Bce 3TO HOBbIe pacrpenesieHHble TTOHSTUSI, KOTOpPbIe
pa3paboTUMKM TOXKe JOIKHBI 3HATh.

HononHutenbHaa nupopmaumsa
e [Ipumep ¢poHoBoOI1 ciy:kObI (http://bit.ly/2TMX3rc).
e Ommcanne koHTposuiepa DaemonSet (http://bit.ly/2r07CWx).

e BrimonHeHMe HempeppIBHOIO 00HOBJAeHMsT B DaemonSet
(http://bit.ly/2CAZ13F).

. Habopsr IIeMOHOB DaemonSet " 3aJaHus Job
(http://bit.ly/2HLeHof).

e Cratmueckue monpl (https://kubernetes.io/docs/tasks/administer-
cluster/static-pod/).



masa 10. Chyx6a-oauHOuUKa

[TaTTepH Singleton Service (Cnyk6a-oAyHOYKA) TapaHTUPYET, UTO B
Ka)K[Iblii KOHKPETHbII MOMEHT BpeMeHM aKTMBHBIM OYIeT TOJbKO
OIVH 5K3eMIUISIP IMPWIOKEHUS TIPU YCJIOBUM COXPAHEHMST BHICOKO
OOCTYITHOCTM. OJTOT IIaTTePH MOKHO peajn30BaTb BHYTPU
MIPUJTOKEHMST IV TIOJTHOCTBIO MepeioXkuTh Ha meun Kubernetes.

3apava

OmHa M3 OCHOBHBIX BO3MOXHOCTel @pelimBopka Kubernetes —
IIPOCTOTA ¥ IIPO3PAYHOCTh MACIITAOMPOBAHMS IIpUIOKeHniA. TToabl
MOTYT MacIITabupoBaThCs MMIIEPAaTUBHO, KomaHmoit kubectl
scale, wiM [gekjapaTUBHO, IIyTeM OIpenejeHus] TaKoro
KOHTpOJIJIepa, Kak ReplicaSet, n gaske guHamMuuyecky, OCHOBbIBASICh
Ha Harpyske Ha puIOKeHMe, KaK OMMCAaHO B I1aBe 24 «2yacTUYHOoe
MaciTabupoBaHue». 3amyckasi HeCKOJbKO 3K3eMIUISIPOB OJHOM U
TOVi JXKe CJIY>KObI (He KOHTpoJiiepa CayskObl Service, a KOMIIOHeHTa
pacripefe/ieHHOr0  MNPWIOXKeHUs, MpenCcTaBJeHHOI0 II0[O0M),
CHUCTeMa MOKeT VYBeJIMUYMBATh IIPOITYCKHYIO CIIOCOOHOCTb U
OOCTYMHOCTD. JOCTYITHOCTL YBEIMUYMBAETCS, IIOTOMY UYTO B C/Iydyae
BbIXOJA M3 CTPOSI OAHOT'O 3K3eMILISIpa CAYKObI AMCIIETYEp CMOXKET
repeagpecoBaThb 3arpoChbl APYTrUMM, MCIOPABHBIM 3K3eMmIuisipaMm. B
Kubernetes mMHoOXeCTBeHHbIe 3K3eMILISIPbl SIBJSIOTCS peIvIMKamu
1014, a pecypc Service oTBevaeT 3a AUCIIeTYepU3aLI0 3alIPOCOB.

OmHako MHOTIA KeJaTe/bHO, YTOOBI JIe/ICTBOBAI TOJbKO OIMH
9K3eMIUIIp CaykObl. Hampumep, ecau caysk6a BbIMIOTHSIET
HEKOTOPYIO IIepUMOAMYECKYIO 3aJauy, TOTAa IIPM OSHOBPEMEHHOM
BBITIOJITHEHMM HECKOJIbKUX 3K3eMIUISIPOB KasKAblii OyIeT 3aIycKaThb
3a7a4y uepe3 3aIUIaHMPOBAHHBIE MHTEPBAJbI, UTO IIPUBEIET K
oyoMMpOBaHMIO, a He K 3aIlyCcKy TOJbKO OJHOM 3ajauy, Kak



OXXKuaaaoch. JIpyroii mpumMep: cIyxkoda, KOTOpasi BBIITOJHSIET OIpocC
oIpeieseHHbIX pecypcoB ((aitioBoit cucTeMbl WM 6a3bl JAHHBIX),
1 TpebyeTcsl, UYTOObI TaKOil oOmpoc M 0OpPabOTKy pesy/IbTaTOB
OCYIIECTBJISII TOJIBKO OOVMH 3K3eMIUISIP M, BO3MOXHO, Jake OOVH
MoTOK. TpeTuit ciaydaii MMeeT MeCTO, KOIJla peub 3axoAuT 00
OJHOIIOTOYHOM IIOTpebuTesie, U3BJEKAIOIIEM COOOILIEeHUsS U3
Opokepa COOOIIeHMI, KOTOPBI/A TaKke SBJSETCS CITy>KO0O0i-
OJVHOYKOM.

Bo Bcex 3TuMX U IIOJOOHBIX MM CUTYalMsIX HYKHO MMETh
BO3MOKHOCTbh OTPAaHMUMBATH KOJMYECTBO aKTMBHBIX 3K3€MIUISIPOB
CJIYKObI B KaskKIblii MOMEHT BpeMeHM (OOBIUHO TpebyeTcsl TOJIbKO
OIMH), HEe3aBUCUMO OT TOrO, CKOJIbKO 39K3eMILISIPOB ObLIO
3aITyIeHO U MMPOJIoJIKaeT paboTaTh.

PeweHue

3amyCcK HeCKOJbKMX PerviuK OLHOTO MOZYJS CO34aeT TOIIOJIOTUI0
AKMUBHbILi-aKmMueHplli, B KOTOpPOJ BCe 3K3eMIUISIPbI CJIY>KObI
akKTUBHBI. HO HaM HyKXHa TOIIOJIOTUSA AKMUBHbBIU-NACCUBHDIU (VIU
gedyujuti-eedomolii), B KOTOPOJ aKTUBEH TOJIbKO OAMH 3K3eMILISp, a
BC€ OCTA/IbHbIE SBJISIIOTCS MAaCCUBHBIMMU. BIIOKMPOBKY IPUIOKEHUS
MO>XHO OpraHM30BaTh Ha IBYX YPOBHSIX: U3BHE U USHYTPU.

bnokupoBKa NpunoXXeHns U3BHe

Kak «1emyer w3 HasBaHMs, 3TOT [OAXOJ OCHOBAH Ha
MICIIO0/Ib30BAaHMM YIIPABJISIIOILETO MMPOLIECCa, KOTOPbIN BBITIOTHSIETCS
OTIeJIbHO OT IIPWIOKEHMS 1 obecrieumMBaeT paboTy TOJbKO OHOTO
ero sk3emiuisipa. Cama peanmsaiys MpPUWIOKeHMs He 3HaeT 00 3TOM
OrpaHMYEHMM UM 3alyCKaeTCsd KaK 3K3eMIUISIPp-OAMHOYKA. OITO
HAallOMMHAeT CO3JaHue eOMHCTBEHHOIO 3K3eMIUIspa KJjacca Java
VIIpAaBJSONIEA  Cpelloil  BBIMIOJHEHMS1  (Hampumep,  Spring
Framework). Peanusaiumsi Kjacca He 3HaeT, UTO MCIIOJIb3yeTCs



TOJIBKO OJMH €ro 3K3eMIUIAp, M He COOEPXUT HMKAKOIro KoJd4,
ImpegoTBpamaromero co3ganmne HECKOJIbKUX 3K3€eMINIAPOB.

Ha puc. 10.1 nokasaHo, KaK MOKHO peajiM30BaTh OJIOKUPOBKY
NIPUJIOKEHUST 3a ero nmpegejiamMmu C IIOMOIIbIO KOHTpOJIepa
StatefulSet mnu ReplicaSet ¢ eqHCTBEHHOT PeMIMKOIA.

AKTHBHBIN
KOMMOHEHT

s —— |

KonTeitnep

State{::elgﬁtﬁipﬁcaht EAMHCTBEHHbIIA

T, 4 JK3emnnap

Puc. 10.1. MexaHn3M 610KMPOBKM MPUNTOXKEHUS U3BHE

B Kubernetes gj1s1 3TOro Hy>kHO 3aITyCTUTh IO, C €AMHCTBEHHO
perinkoi. OgHaKO 3TOro HeAOCTAaTOYHO, YTOObI rapaHTUPOBATHb
BBICOKYIO MIOCTYITHOCTh MOAA-OAMHOYKM. [IOMOJHUTENBHO HYXKHO
3aK/JII0UMTh II0J B KOHTpOJIep, Takoil Kak ReplicaSet, KoTopblii
00ecIeunT BbICOKYIO TOCTYITHOCTb ITOJA-OOMHOUYKN. DTa TOIIOIOT S
HEe COBCEM AKMUBHbILI-NACCUBHbIL (B JTAHHOM Clydyae OTCYyTCTBYeT
MaCCUBHBIN 3K3eMIUISIpP), HO MMeeT TOT Xe 3(deKT, TaK Kak
Kubernetes rapaHTupyeT IIOCTOSIHHOe IIpUCYTCTBME B KJjacTepe
OJITHOTO JeiCTBYIOIIEro sK3eMIuisapa moga. Kpome toro, 6;1arogaps
KOHTPOJIJIEpY, OCYIIeCTBIISIOIIEeMY MPOBEePKY paboTOCTIOCOOHOCTU U
MMOBTOPHBIN 3aITyCcK I0Ja B ciaydae c60s, Kak OMNMCAaHO B IyaBe 4
«[IpoBepka  pabOTOCIIOCOOHOCTM», OOecleuMBaeTcsi BbICOKAs
OOCTYITHOCTb €AMHCTBEHHOTO 3K3eMIUIsIpa Moja.

[71aBHOeE, HAa UTO cemyeT oOpaTUTh BHMMAaHMe IIpU peanyn3alyumn
9TOr0 IOJX0Mla, — KOJMYECTBO PeIUIMK, KOTOpoe He IOJIKHO



YBEJIMUMBATHCS CJIy4aiiHO WIM TI0 OIlIMOKe, IOTOMY UTO Ha YpOBHeE
naathopMbl  OTCYTCTBYeT  MeXaHM3M,  IIpedoTBpaliaronui
M3MeHeHMe KOJIMUYeCTBa periuK.

Bblio O6bI HE COBCEM BEepHO VYTBEPXKIaTb, UYTO C ITO
peann3sainyenn B KaKOblil MOMEHT BPEMEHM BBIIIOJIHIETCS TOJIbKO
OOMH SK3eMIUISIp, OCOOEHHO KOrjga uTO-TO WAeT He Tak.
IIpumutuBbel  Kubernetes, Takme Kak ReplicaSet, oTgaoT
MpeariouTeHne  OOCTYIMHOCTU  Ilepell  COIJIaCOBAHHOCTbHD  —
OCO3HAHHOE pelleHue I BhICOKOAOCTYITHBIX M MacCIITabMpyeMbIX
pacrpee/ieHHbIX CCTeM. DTO 03HauaeT, 4YTo ReplicaSet peanusyet
IJISI CBOMX PeIUIMK CeMaHTUKY «He MeHee», a He «He Oojiee». Ecin
HaCTpouUTbh KOHTpoyiep ReplicaSet kak yripaBasoninii OOMHOUYHbIM
9K3eMIUISIpOM, ompenenuB ImapameTp replicas: 1, oH OymeT
rapaHTUPOBATh BBINIOJIHEHME He MeHee OOHOI'0 3K3eMIUISIpa, HO
MHOTIA MOSKET BBIITOJIHSTHCS OO0JIbIlIe 5K3eMILISIPOB.

Yaiie Apyrux BCTpevyaeTcss IpobjeMa, KOrja y3ea C II0JIOM,
YIIPaBJISIeMbIM KOHTPOJIJIEPOM, BBIXOAUT U3 CTPOSI U OTKIIOUYAETCS
oT KkiacTtepa Kubernetes. B sTom ciiyuae KoHTposaep ReplicaSet
3aIryCKaeT [PYroi 3SK3eMIUISIp II0Ja Ha WCIIPaBHOM Yy3je (IIpu
HaJIMUMM [TOCTAaTOYHOrO oObemMa pecypcoB), HO He rapaHTUpyeT
OCTAaHOBKY TII0Jla HA OTK/JIKYEHHOM YV3/ie. AHAJOTMYHO, MIpU
M3MEHEHUM KOJIMYeCTBa peIvIMK WIM IlepeMellleHMM I[OAO0B Ha
opyrue y3abl UX (QaKTHUUecKoe KOJIUYECTBO MOXXET BpPeMEeHHO
TIPEBBICUTD KejlaeMoe. OTO BpeMEHHOe YBeJIndeHne IMpomn3BOINTCS
C 1IeJIblI0 00ecrneunuTbh BBICOKYIO AOCTYIIHOCTb UM IMPeIoTBPATUTh
coou, UYTO HEOOXOOMMO [JiSI MAacCIHITaOMPyeMbIX HPUIOKEHUI U
TIPUJIOKEHMI 6€3 COCTOSTHMSI.

[Toapl-OAMHOUKM  MOIYT  OBITh  OTKa30YCTOMUMBBIMM U
BOCCTAHABJIMBATHCSI AaBTOMAaTUUYECKM, HO OHUM He SIBJISIIOTCS
BBICOKOIOCTYIIHBIMM II0 oOIpedeneHno. i OJMHOYEK OOBIYHO
BakHee COIJIaCOBAHHOCTb, a He BbBICOKAsI [IOCTYIHOCTb. B
Kubernetes umeercs: pecypc StatefulSet, koTopsiii obecrneunBaeT



COIJIACOBAaHHOCTb B VIepOd MAOCTYIMHOCTM U JaeT >KejlaeMylo
rapaHTUIO TPUCYTCTBUS €OMHCTBEHHOrO JK3eMIuisgpa. Ecan
ReplicaSet He mpemocTaB/isieT rapaHTuUi, HeOOXOIMMBbBIX BallleMy
MIPUJIOKEHMIO, M Y BaC eCTh CTPOroe OrpaHmuyeHue, Tpedyoliee,
YTOOBI OJJHOBPEMEHHO BBITIOIHSJIOCH He 6oJjiee OJHOr0 9K3eMILIsIpa
1noja, BO3MOXHO, BaM mnogjoiger StatefulSet. KonTtpomnepsl
StatefulSet mpemHasHayeHbl 1Jis1 TPUIOKEHUIA C COCTOSIHUMEM U
IIpeyIaraloT MHOTO HOBBIX BO3MOXKHOCTE}, B TOM uucjie Oojee
CTpOrMe TrapaHTuUM [jis1 OAMHOUEK, HO OHM TaKXe CJIOKHee B
obparnienn. Mbl 06CcyauM IIpo0OJieMbl, CBSI3aHHbIE C OOMHOYKAMM, U
106/ TIVKe TTO3HAKOMMMCS ¢ KoHTpoyuiepamu StatefulSet B riase 11
«Ciy>k6a ¢ COCTOSTHUEM ».

Kak 1paBujio, IPUIOKEHUS-OOMHOUYKM, BBIIOJHSIONINECS B
nmogax Kubernetes, OTKpbIBAIOT MCXOISIIME COEOUHEHUS C
OpokepaMy  COOOIIEHMII, peJISUMOHHBIMMU 0asaMy  JaHHbIX,
daiiIoBbIMM cepBepaMy WIM APYTUMM CUCTEMAaMM, pabOTAIOIIVIMU
B IPYIrUX MOJAx WIM BHEIIHMUX cucTemax. OmHAKO MHOIJA IIOIy-
OOVMHOYKE MOKeT II0TpebOBaThbCs  IPUMHMMATL  BXOMSIIME
coequuennsi, 1 Kubernetes mpemjaraer Takyl0 BO3MOXXHOCTb B
BUe pecypca CTykObI Service.

[Tompo6HO C/Ty>KOBI Service 6ymyT paccMaTpuBaTbCs B IyiaBe 12
«Ob6HapysKeHMe CIIYKO», a 37TeCh MbI JIUIIb KPAaTKO KOCHEMCSI TOM X
YyacTH, KOTOpasi OTHOCUTCS K ogvHoukaM. O6bIYHast cysk0a Service
(c mapametrpom type: ClusterIP) cospmaer BuUpTyaibHbIN IP-
ampec M OajmaHCHMpyeT Harpy3kKy MeXIy BCeMM 3K3eMILISpamu,
COOTBETCTBYIOLIMMM CeJIeKTOpY CIykObl. Ho mon-oamMHouKa,
yIpaBJisieMblii TocpenctBoM StatefulSet, MmeeT emgMHCTBeEHHbIN
9K3eMIUIIP M TOCTOSIHHYIO CeTeBYI0 MAeHTUdMKaiuio. B TakoMm
clyyae JIydille  CO3JaTb  a8MOHOMHYKW  cayw0Oy Service (C
nmapamerpamu type: ClusterIP um clusterIP: None). Ohna
Ha3bIBAETCS A8MOHOMHOLU, TIOTOMY UTO He MMeeT BUPTYaJbHOro IP-



ampeca, kube-proxy He obGcay:kKuBaeT Takue CIyKObl U riaTdhopma
He OCYIIeCTBJISIET UX IIPOKCUPOBAHME.

OmHako Takas cry>kba Bce ellle MMeeT ITPaKTU4YeCKyI0 1IeHHOCTb,
MIOTOMY UTO aBTOHOMHasl Ciykba Service C ceJieKTOpaMM CO37aeT
KOHeuHble TOUkM B API Server u renepupyet 3anucu A B DNS misa
COOTBETCTBYIOLIMX MOA0B. COOTBETCTBEHHO, MOMCK CIYKObI Service
B DNS Bo3Bpaimjaer He ee BuUpTyaabHbI [P-agpec, a IP-agpeca
BXOASIIIIMX B Hee IIOJIOB. DTO obecrneuuBaeT IPSIMOI OOCTYH K
MOYy-OAMHOUKE uepe3 3aIich Caysk0bl B DNS, MUHYST BUPTyaJIbHbIN
IP-anmpec cayk6b1. Hampumep, ecinu co3gaTh aBTOHOMHYIO CITY>KOy
Service ¢ umeHeM my-singleton, MOXHO MCIOJIb30BaTh €€ Kak
my-singleton.default.svc.cluster.local mig npsaMoro
moctymna K IP-azgpecy monyiis.

[lomBodst MTOr, MOXHO CKa3aTh, YTO KOrfga TpeboBaHMe K
eIMHCTBEHHOCTM 3K3EMILISIpA He SBJISIETCS CTPOTMM, JIOCTATOYHO
MCIONb30BaTh KOHTposiiep ReplicaSet ¢ opHoit pemnukoit u
OOBIYHYIO CTYKOY Service. [IJist CTpPOroro coo/oeHnst TpeboBaHms
1 60ee 3(pheKTUBHOrO OOHAPYKEHMS CTYKOBI IIPeAIIOUTUTEeIbHEe
MCIIONb30BaTh KOHTpoJ/iep StatefulSet ¥ aBTOHOMHYIO CITyKOY
Service. 3aKOHUYEHHbBII IPMUMeEpP 3TOV KOHPUTYpaLMy Bbl HalimeTe B
rmaBe 11 «Ciaykba € COCTOSIHMEM», TOe BaM OCTaHeTCS JIMIIb
YVMEHBIIUTh UYMCJIO PeIUIMK Ha OJHY, YTOObI 00ecIeuuThb
BBITIOTHEHE € AMHCTBEHHOI'O 9K3eMILISpa.

BﬂOKMpOBKa NPUNOXKEHUA USHYTPU

B pacrpeneneHHOM OKPYXeHUM [Jis1 YIpaBJeHUS KOJIUYECTBOM
9K3eMIUISIPOB  CAYKObI UacTO MCIIOJIb3YeTCsl paclipejiesieHHas
0JIOKMpOBKa, KaK Moka3aHo Ha puc. 10.2. Bcgkuii pa3, Korma
aKTUBUPYETCST 9K3eMIUISIP CTYKObI MM KOMIIOHEHT B 3K3eMILIspe,
OH MOJXKET IIOMNBITAThCSI MOJYUYUTh OJIOKMPOBKY M B C/Iyyae ycIiexa
repeiiT K aKTUBHBIM JeicTBUSIM. JII000¥ Opyroil 3K3eMIUISIP
CJIyXObl, He CYMeBIIMii IIOJYYUTb OJOKMPOBKY, TMEpeXOoauT B



COCTOSIHME OXKUIAHMUS U ITOCTOSTHHO IMOBTOPSIET IOIBITKM ITOTYUUTD
OJIOKMPOBKY Ha Cjyuyail, ewIM TeKyllas aKTMBHAs CaykOa
OCBOOOINT ee.

AKTUBHbIiA
KOMMOHEHT

KoHTeiinep

0anHouka

Pacnpenenex-
HaA/obwas

[accHBHbBIN
bnokupoBka

KOMMOHEHT

KoHTeliHep

StatefulSet/ReplicaSet
(replicas=2)

Puc. 10.2. MexaHn3M 610KMPOBKM MPUSTOXKEHUS U3HYTPU

MHoOrMe  CYIIEeCTBYIOIIME  pacopefieieHHble  IIaT()OpPMbI
MUCIIONB3YIOT 3TOT MeXaHu3M Ui JOOCTMKEeHMS  BBICOKOI
OOCTYIIHOCTM ¥  OTKa3oycToiuumBocTM. Hampumep, Opokep
coobmiennit  Apache ActiveMQ  mMoxeT paboTaTh B
BbICOKOJIOCTYIIHO TOMOJIOTMM aKMUBHbILi-NACCUBHbILI, T OOIIYI0
OJIOKMPOBKY oObecIieuMBaeT MCTOYHMK JAHHBIX. OK3eMIUISIP
Opokepa, 3aIlyCTMBIIMIACS TIE€pPBBIM, IIOAyYaeT OJOKMPOBKY U
CTAaHOBUTCS AaKTMBHBIM, a [Opyrue 3SK3eMIUISIPbI, 3alyllieHHbIe



T10C/Ie, CTAHOBSITCSI ITACCUBHBIMM M OKMAAIOT CHSTUS OJIOKMPOBKIMU.
dTa crpaTerusi obecreuyuBaeT HaJUUMEe eOMHCTBEHHOIO0 aKTMBHOIO
9K3eMIuIsipa 6poKepa, a TaKKe YCTONUMBOCTD K COOSIM.

DTy CTpAaTeru0 MOKHO CPaBHUTD C KJIaCCUUECKON peam3salyent
nartepHa Singleton (OpgyHOUKa) B 00BbEKTHO-OPUEHTUPOBAHHOM
MUpe: OJMHOYKA — 3TO 3JK3EeMIUISIP O0BbeKTa, XpaHSIIUCsI B
CTAaTMYECKOI TepeMeHHOM Kjiacca. B aTomM cilydae Kiacc 3HaeT, YTO
MOET CYIIeCTBOBATh TOJbKO OAMH €ro 9K3eMIUISIP, M HallCaH Tak,
YTO He II03BOJISIeT CO34aBaTh HECKOJIbKO 3K3eMILISIPOB B OOJHOM U
TOM 3Ke mpoilecce. B pacnpeneneHHbIX CUCTEMAaxX 3TO O3HAYAET, UTO
caMO KOHTeliHepHOe MpUJIOKeHMe MTO/KHO ObITh HAIMCAHO TakK,
yTOObl He ObLIO BO3MOKHOCTM MMeETh 0ojiee OJHOTO aKTUMBHOTO
9K3eMILIsIpa, He3aBUCMMO  OT  KOJAMYeCcTBa  3allyllleHHbIX
3K3eMIUISIPOB. [IJIsi 3TOro B paclipefieJieHHOM OKPYKeHUM HOJDKHA
MMETbCSl TIOAJEepsKKa pacipeneeHHbIX OJIOKMPOBOK, HaIpuMep
Takasi, Kak B Apache ZooKeeper, HashiCorp Consul, Redis un
Etcd.

TunnuHas peanusauuss B ZooKeeper ucrosb3yeT 3demepHbIe
y3JIbl, KOTOpbIe 3aIlyCKAalOTCI C HA4YaJloM CeaHCa KJ/IMeHTa U
VOQUISIOTCS II0 3aBeplieHuM ceaHca. IlepBbiii 3armyllleHHbIN
9K3eMIIIp CAyKObl MHMLIMUPYET ceaHC Ha cepBepe ZooKeeper u
co3maeT 3¢eMepHbIit y3e1, UTOObI CTaTh aKTUBHBIM. Bce ocTaibHbIe
9K3eMIUISIPbl B TOM K€ KJlaCcTepe CTaHOBSITCS MAaCCUMBHBIMU U
OO/KHBI XXIATh OCBOOOXKIeHMSI 3deMepHOTo y3ia. MIMeHHO Tak
peanusanys Ha ocHOBe ZooKeeper obecrieunBaeT HaIMuye TOJIbKO
OJHOIO AaKTMBHOTO 3K3eMIUIsIpa CIyKObI BO BCeM KJjacTepe,
obecrieunBasi MOBEeIEHME AKMUBHBILI-NACCUBHBIL IJIST 3aIIUTHI OT
cboeB.

B mupe Kubernetes BMecTo co3maHus kiactepa ZooKeeper
TOJBKO paay MOAAepXKM OJIOKMPOBOK JIydllle MCII0/Ib30BaTh
Mmexanmsm Etcd, poctymHbiii  uepe3  Kubernetes API u
BBIMTOJTHSIOILIMIICS HA Bedylux y3nax. Etcd — aTo pacnpeneneHHoe



XpaHWINIle Tap K/H4/3HaueHue, KOTOpOe MCIOAb3yeT MPOTOKOJI
Raft gnsg moppepkaHus CBOETrO PeIUIMIIMPOBAHHOTO COCTOSIHMSI.
Oco6eHHO Ba)kKHO, YTO 9TO XpaHWUJIMIIE MpejjaraeT HeoOXoauMble
CTpOUTe/NbHbIe OJIOKM Ijis peanusaluu BbIOOpa nuaepa, U yxke
MMeeTCs] HeCKOJIbKO KIMEHTCKUX OMOJIMOTeK, peajiM30BaBIINX 3TY
BO3MOXHOCTb. Hampumep, Apache Camel umeeT KOMMIOHEHT
mHTerpanyuu ¢ Kubernetes, KOTopblit peannsyeT aJirOpUTM BblOOpa
Jauaepa U MO3BOJISIET OPraHM30BaTh BBIMIOJHEHME eIVMHCTBEHHOTO
sKk3eMIuisipa. Kpome TOro, 3TOT KOMIOHEHT BMECTO MPSIMOTO
noctyra K Etcd API ucnonb3yer Kubernetes API m opranmusyer
pacripefie/ieHHYI0 OJIOKMPOBKY Ha OCHOBe KapT KOHUrypaumii
ConfigMap. OH mosnaraeTcsi Ha TapaHTUM OINTMMUCTUIHOI
o/sokupoBku B Kubernetes mjisi mpaBKM TakuX PeCypcoB, Kak
ConfigMap, mO03BOJSOIIEl TOJIbBKO OJHOMY II0y OOHOBJISITh
KoH@urypauuio B ConfigMap.

Peanmuzaumusi Camel wucrmonb3yeT 3Ty TrapaHTUIO, UTOOBI
00ecIieunTh aKTMBHOE BBINOJHEHME TOJIbKO OJHOrO 3K3eMILISpa
Mmapuipyra Camel, a Bce ocTajgbHble 3aCTaBUThb KIAThb
OCBOOOXKIEeHUS 0JIOKMPOBKU repe aKkTUBAalMen. 9TO
HeCcTaHAApTHAsI peanusalusi OJOKMPOBKM, HO OHa IIO3BOJISIET
OOCTUYD 3KeJIaeMOro: IMPY HaJUIMMU HECKOJbKUX IOJOB C OSHUM U
TeM ke mnpuiaoskeHueM Camel TOJBKO OOMH U3 HUX [EHCTBYeT
aKTUBHO, a OCTaJIbHbIE JKIYT B IIACCMBHOM peKMUME.

Peanusauusg c ucnonb3oBaHueMm ZooKeeper, Etcd manu amo60ro
OPyroro MexaHM3Ma pacipeeeHHOi OJOKUMPOBKM OeiCTBYET
QHAJIOTMYHO OMMCAHHOM: TOJIbKO OOMH 3K3eMIUISIP IPUIOKEeHUS
CTAHOBUTCS JIMIEPOM M aKTUBUpPYET cebsl, a Apyrue 3K3eMILISIpbI
HaXOOSITCSI B ITACCMBHOM OXMIAHMM OCBOOOKIEHUSI OJOKMPOBKMA.
DTO TrapaHTMpyeT, UTO Haxe ecau OyImeT 3amylleHO HeCKOJbKO
perviuK MoAa M BCe BbITTOTHSIOTCS MUCIIPaBHO, TOIbKO OHA peruivKa
OymeT aKTMBHA ¥ OyIeT BBINOJHITbL CBOM Ou3Hec-QyHKLMM, a



opyrue OyAyT >KOaTb IIpuMoOOpeTeHMusT OJOKMUPOBKM, UTO MOXKET
ITPOM30IATH B ciTydae cO0S MM BbIXO/A U3 CTPOS BeylIlero ysia.

brogxet HepaboTocnocobHOCTM NoAa

B otnmnume ot marrtepHa Singleton Service (Cmy:k6a-oAuMHOUYKA) U
MexaHu3Ma BbIOOpa Juaepa, KOTOpbIE IIbITAIOTCS OTPAaHUUUTD
MaKCMMa/IbHOe  KOJMYECTBO  3K3eMIUISIpDOB,  AEeMCTBYIOIIUX
OJHOBpPEMEHHO, pecypc OlomKeTa HepaboTOCIIOCOOHOCTM IIoJa
PodDisruptionBudget B Kubernetes npezajaraet 10noJHUTEIbHYIO U
Iaske B 4eM-TO IPOTUBOIIOIOKHYIO0 BO3MOKHOCTh — BO3MOXKHOCTD
OTPAaHMYUTh  KOJMYECTBO  SK3EMIUISIPOB,  OCTaHABIMBAEMBbIX
OJHOBPEMEHHO /151 0OCTY>KMBaHMUS.

I[Io cBoeit cyru PodDisruptionBudget rapaHTupyert, 4TO
3aJJaHHOE KOJIMYeCTBO WIM IIPOLIEHT II0JIOB He OyAeT J0OPOBOIbHO
BbITeCHEHO C YVy31a. Ilog 0obpososibHbiM B JaHHOM C/Iydae
IIOHMMAaeTCsl BbITECHEHME, KOTOpPOe MOXKHO OT/IOXUTb Ha
oIpeleeHHOe BpeMsi, — HaIlpuMep, KOIrJa OHO MHULIMUPYETCS
MCTOIIIEHMEM PEeCypCOB y3Ja IJisi OOCTY>KMBAHUSI UJIM OOHOBJIEHUS
(kubectl drain) wiM ymeHbllleHMEeM KJjacTepa, a He BBIXOOOM
y3jla U3 CTpPOsl, YTO HeJb3sI HM MPOTHO3UPOBATh, HU
KOHTPOJIMPOBATh.

B auctmuare 10.1 mnpuBOOUTCSA  OIpelesieHMe  pecypca
PodDisruptionBudget, = koToOpbliti mOpuMeHseTcI K  IIOAAM,
COOTBETCTBYIOIIMM CeJIeKTOpPY, M TapaHTUPYeT MOOCTYIIHOCTb He
MeHee [IBYX IMOA0B B KaXKObli1 MOMEHT BpeMeHN.

Jinctnur 10.1. PodDisruptionBudget

apiVersion: policy/vlbetal

kind: PodDisruptionBudget

metadata:

name: random-generator-pdb
spec:



selector:

matchLabels: (1)
app: random-generator
minAvailable: 2 (2]

O CesiekTOp OJ1s MO[ICYeTa Yncaa JOCTYITHBIX ITOJO0B.

® He MeHbllle IBYX IIOJIOB JO/IKHO OBITh JOCTYIHO. B aTOM
rapaMeTpe TakkKe MOXKHO OIpeleuTb IpoleHT, Hanpumep 80%,
yTOOBI YKa3aTh, YTO MOXKET OBITh BBITECHEHO TOJIbKO 20% momdoB,
COOTBETCTBYIOIIUX CEJIEKTOPY.

Kpome .spec.minAvailable wumeercs Takxke mnapamMerp
.spec.maxUnavailable, onpeness oA MaKCUMaJIbHOe
KOJINYECTBO TMOA0B, KOTOpPble MOT'YT ObITh BbhiTeCHeHbl. HO yKa3zaThb
MOXHO TOJIbKO KakOM-TO OAMH M3 IlapaMeTpoB, a KpOMe TOro,
PodDisruptionBudget 00bIYHO IIpUMeHSIETCSI TOJBKO K IIOJaM,
yIIpaBJIsSieMbIM KOHTpoJiiepom. [l TOAOB, He YIpaBJsieMbIX
KOHTPOJUIEPOM (X TaKKe Ha3bIBAOT NPOCMbIMU, WIU 20J1bIMU,
1ojamMu), cjieyeT YUUTbIBATb APyrue OrpaHUUYeHMs, CBSI3aHHBIE C
PodDisruptionBudget.

JTa BO3MOKHOCTb MOXET IIPUTOJIUTHCS B IIPUIOKEHMSIX, paboTa
KOTOpPbIX OCHOBaHA Ha KBOpyMe U MjisI obecreueHMs] KBOpyMa
TpebyeTcs OJTHOBpPEMEeHHOe BBITIOJTHEHIE HEKOTOPOTO
MMHMMAJbHOTO KOJMYeCTBA peIviMK. Knu Korma mnpuiioskeHue
00CTy;KMBAET KPUTUUECKUIT TpaduK M KOJIMUECTBO NEeMCTBYIOUINX
9K3eMIUIIPOB  HMUKOTIZA He  JO/DKHO  OIYCKaTbCS  HIDKe
orpeJieJIeHHOTO MpolleHTa. JTO elle oauH MpuMuTuB Kubernetes,
BAMSIONIMIA HA  yIOpaBjieHMe  3K3eMIUIIpaMM BO  BpeMs
BBITIOJIHEHVSI, ¥ O HEM CTOWJIO YIIOMSIHYTb B 3TOJ I1aBe.

MoscHeHue



Korpma Tpe6yrOTCs CTporyve rapaHTUM eAMHCTBEHHOCTY 3K3eMILISpa,
UX HeJb3sl IIOJYyUYUTb, Iojarasice Ha ReplicaSet M mexaHM3MBbI
OJIOKMpPOBKM BHe mpuaoxkeHusi. HasHaueHue KOHTpoJuiepa
ReplicaSet B Kubernetes — rapaHTMpoBaTh AOCTYIIHOCTb IIOJOB, a
He MOAJEePKMBATh CEMAHTUKY «He 0oyiee ogHOro». Kak ciencTBue,
CyIlleCTByeT ~ MHOTO  ClleHapueB  HapylleHusi  TpebGoBaHUS
eIMHCTBEHHOCTM (HAIllpuMep, KOrJa y3es, Ha KOTOPOM 3amylleH
MO/-OMHOUKA, OTK/IIYAeTCcs OT OCTaJbHOM YacTu KjiacTepa U
OTK/IIOUEHHbII 3K3eMIUISIP II0Ja 3aMeHsIeTCS HOBbIM), KOTAa B
TeueH)e KOPOTKOTO Mepuojia BpeMeHU OJHOBPEeMEHHO JIeiCTBYIOT
oBa mnoma. Ecim 31O HempuemJieMO, MCHOJb3YATE KOHTPOJUIEPHI
StatefulSet uam  paccmoTrpute  BapMaHTbl  HpPUOOpPETEHUS
0JIOKMPOBOK B IIPWIOKEHMM, KOTOpbIe IPeAOCTaBISIIOT OOIbIINIA
KOHTpPOJIb Haj, IpolleccOoM BbiOOpa Juaepa ¢ 6osee CTPOrUMMU
rapanTusiMmu. Iloaxon Ha OCHOBe OJIOKMPOBOK TaKKe ITOMOXKET
MpefoTBpaTUTh  CJIy4aiiHOe  MacliTabuMpoBaHMe IIOAOB  IpU
M3MeHeHUM 3HaueHus1 mapameTpa replicas.

MNHorga TpebOyeTcss, UYTOObI TOJNBKO OJUMH  KOMIIOHEHT
KOHTEHEpHOr'0 MPUJIOKEHS IeMiCTBOBAJ B OAMHOUYKY. Harpumep,
KOHTeiHEepHOe MpWIOKeHMe, peanusylolee KOHEYHYI0 TOUYKY
HTTP, MmoxkHO 06€30IMacHO MacIITabMpoBaTh [0 HECKOJbKUX
9K3eMILJISIPOB, HO B HEM MMeeTCsI KOMIOHEHT OIIpoca, KOTOPbIi
IOJDKEH BBIMOJHSITBCS B OOMHOYKY. MCIo/ib30BaHMe MOaxoma C
0JIOKMPOBKOJ BHE IIPWIOKEHMSI He MOXKET MCII0JIb30BaThCS B TaKOM
CUTyalMM, TaK KakK ITIOMeIIaeT MacCIITa0MPOBAHMIO BCEI CITY>KOBI.
MbI [OJIKHBI JIMOO BBIIENIUTb KOMIIOHEHT-OJMHOUKY B OTAEIbHYIO
eIVHUILY pa3BepThbIBaHMSI (YTO XOPOIIO B TEOpuUM, HO He BCerna
MPaKTUYHO M3-3a OOJBIIMX HAKJIAOHBIX PacxoioB), JIMOO
MICITIOJIb30BATh MEXaHM3M OJIOKMPOBKM BHYTPU IIPWIOXKEHUST U
0JIOKMPOBATH TOJIBKO 3TOT KOMIIOHEHT. DTO IT03BOJIUT IIPO3PavHO
MacIITabupoBaTh BCe MPUIOKeHue 1 KoHeuHble Touky HTTP, a mis
IPYTUX YaCTeN UCII0Ib30BaTh MOBEJIEHME AKMUBHbILI-NACCUBHDLII.



HdononHutenbHaa uHpopmaumsa
e [Ipumep cayskOb1-oauHouky (http://bit.ly/2TKp5nm).

 VYIpollleHHasT peanu3aiusi BbIOOPOB JinAepa C UCIIOIb30BaHMEM
Kubernetes 1 Docker (http://bit.ly/2FwUS1a).

 Boibopsl 1uaepa B kiaueHte Ha Go (http://bit.ly/2UatejW).

. HacTpoiika 610/1KeTa HepaboTOCIIOCOOHOCTHU roja
(http://bit.ly/2HDKcR3).

e Co3ganue ciayk6-ogmHouek B kjactepe  Kubernetes
(http://bit.ly/2TKm1HR).

e Kommnonent wuHTerpauuu Apache Camel ¢ Kubernetes
(http://bit.ly/2JoL6mT).



masa 11. Chyx6a ¢ cocTosiHueM

Insg  pacnpeneneHHbIX MOPWIOXKEHUIA, MMEKWINX XpaHUMOe
COCTOSIHME,  TPeOYIOTCS: HEM3MEeHHOCTb  MAeHTUdUKaALH,
TIOCTOSTHHBIE ceTeBbIe KOOPIMHATBI, XpaHUJIUIIE "
ynopsitoueHHocTb.  IlatTtepH  Stateful Service (Cinykba c
COCTOSIHMEM) oImucbiBaeT NpumMuTUB StatefulSet, npemnararominii
BCE OSTU CTPOUTE/IbHbIe OJIOKM C HaZeKHbIMM TapaHTUSIMU,
KOTOPbIV MAEATbHO IMOAXOOUT O YIpaBJIeHUS! TPUIOKEHUSIMU C
COCTOSTHUEM.

3apava

K HacTrosmiemMy MOMEHTY Mbl IIO3HAKOMMJIUCh CO MHOTMMMU
npuMmutuBaMu Kubernetes pmjisi  co3maHus — paclipeneneHHbIX
IIPUIOKEHUI:  KOHTeiHepaMM C  TMOOOEPKKOM  IIPOBEPKU
pabOTOCIIOCOOHOCTM ¥  OTpaHMUYEHUSI PecypcoB, TpyIIaMu
KOHTeHePOB (momammn), MeXaHM3MOM OVMHAMUYECKOro
pa3sMelleHus MOL0B B Mpejesiax KiacTepa, TaKeTHbIMU 3aJaHUSI MU,
MHCTPYMEHTaM¥ IUIAHMPOBAHMS 3aJaHUii, MTOSAMU-OOUHOUYKAMU U
MHOTMMM [OPYyTMMMU. Bce 3TUM NPUMUTUBBI XapaKTepusyeT OLHA
00111ast uepTa: OHM pacCMaTpUBAIOT yIIpaBJsieMoe IIpUIoXKeHre Kak
MpuiokeHue 6e3 cOXpaHeHUSI COCTOSIHMSI, CKOHCTPYMPOBAHHOe 13
UOEHTUYHBIX B3aMMO3aMeHsIeMbIX KOHTeHepOB "
COOTBETCTBYIOIIlEe  MPUHLMUIIAM  METOHOJAOTUM  «/lBeHaalaTh
dhaKkTOpOB».

Hanuume mnaTdgopmbl, pellawlleil 3amauyM pasMelleHus,
OTKa30yCTOMUYMBOCTM M MaclITaOMpOBaHUM TMIpUIOXKeHUii 6e3
COCTOSIHMS, JAaeT 3HauuTeJbHOe IPeuMYIeCTBO, OAHAKO He MeHee
BaKHOM SIBJISIETCS MOAEPyKKA MPUIOXKEHU C COCTOSHUEM, KaXKIbIi
3K3eMIUISIP KOTOPBIX YHMKAJIEH U MMeeT CBOU XapaKTePUCTUKIN.



B peanbHOM MMpe 3a KaXK[Ioil MacliTabupyemoit ciaysk60ii 6e3
COCTOSIHMSI CTOUT CJIyk0a C COCTOSHMEM, OObIUYHO B dopme
HEKOTOPOI'0 XpaHMIMIA JaHHbIX. Ha paHHMX 3Tarax pasBUTUS
Kubernetes, korpa ele OTCYTCTBOBa/a MOMAAEPKKA ITPUIOKEHUI C
COCTOSIHMEM, 3Ta Mpobsiema peliajgach IIyTeM pa3MelleHusI
npuiokeHuit 6e3 coctosiiusi B Kubernetes, a KOMIIOHEHTOB C
COCTOSIHMEM — BHE KJIacTepa, B OOIeJOCTYITHOM OOjiake MM Ha
JIOKAJIbHOM amIapaTHOM 00eclieueHuu, YIIpaBaseMOM C IIOMOIIbIO
TPaAMILIMOHHBIX, He O00JIauyHbIX MeXaHM3MOB. VYUUThIBAS, UTO
Kakgoe IIpedIlpusiTue MMeeT MHOKECTBO MPUIOKEHUI ¢
COCTOSIHMEeM (YCTapeBIIMX UM COBpPEMEHHBIX), OTCYTCTBME UX
MOAAEP>KKM CUMTATIOCh CYIIeCTBEHHBIM orpaHmueHmem Kubernetes,
M3BECTHOI KaK YHMBepcajbHas obauHas ratdopMma.

Ho  Kkakme  TummMuyHble  TpeOOBaHMS  NPeIbSIBISIIOTCS
MPWIOKEHUSIMU  C  COCTOsTHMEM? Mbl MOXEM  pa3BEPHYTh
MpUIOKeHue C COCTOsTHMEM, Takoe Kak Apache ZooKeeper,
MongoDB, Redis wamu MySQL, wucronb3ysa: pa3BepTbiBaHMeE
Deployment, KoTopoe co3gmaeT Habop pemnuk ReplicaSet c
nmapamerpoM replicas = 1, 4uToObl 00eCcIeuuTb HaAEKHOCThb
TIPWIOKEHUST; CTYKO0y Service mjis moadepskKM OOHapPYKeHMS ero
KoHeuHoi# Touku; u PersistentVolumeClaim c¢ PersistentVolume B
POJIV XpaHWINILA AJISI COCTOSTHMUS.

B o611eM ¥ 11€JI0M 3TO BEPHO MJISI TIPUJIOKEHMSI C COCTOSTHUEM,
IeVCTBYIONIEro B €IMHCTBEHHOM 3K3eMIUIsipe, HO He COBCEM,
nmoToMy uto ReplicaSet He rapaHTMpyeT CeMaHTUKY «He OOJblie
OJHOTO  3K3eMIUIsIpa», M  KOJMYECTBO  pPeIUIMK  MOXKeT
YBEJIMUMBATBCSI HAa KOPOTKME IIPOMEXKYTKM BpeMeHU. JTO MOKET
MMeTb KaTacTpoduueckyue MOCAeACTBUS U IPUBOIUTb K IIOTEpe
naHHbIX. Kpome Toro, cepbe3Hble mpobjieMbl MOTYT BO3HMKAaTh B
c/ydae C pacrnpeneeHHbIMU CTY>X06aMy ¢ COCTOSTHMEM, COCTOSIIIUM
M3 HECKOJbKUX 9K3eMIUISIpoB. IIpuiokeHMe C COCTOSIHUEM,
BK/IIOUalolllee HeCKOJIbKO KJIACTEPHBIX CIYKO, TpedyeT OT 6a30BOii



MHPPACTPYKTYpbl ~ Pa3sHOCTOPOHHMX  TapaHTuil. PaccMoTpum
HEKOTOpble U3 Hamubojiee pacIpoCTpaHEeHHBIX TpebOBaHUIA,
TIpeIbsBISIEMbIX pacripenejieHHbIMU TIPUIOKEHUSIMU C
COXpaHeHMeM COCTOSTHMSL.

XpaHunuwe

Mbl MOXXeM YBEJIMUUTb KOJIMUYEeCTBO pemnk B ReplicaSet u
TOJIYUUTDb pacrpeneieHHoe IIPUIOXKeHue C CoCcTosiHMeM. Ho Kak
orpenennTb TpeObOBaHMUS K XpaHWJIMITY B Takom ciydae? OOGBIUHO
IJIST pacrnpeneieHHOTO IIPUJIOXKEHUSI C COCTOSTHMEM, TaKOro Kak
VIIOMSIHyTOe  BbIllle, TpeOyeTcs  BbIeJleHHOe  IIOCTOSTHHOE
XpaHWINIIe OIS KaKkaoro sk3eMmiuisipa. Habop permk ReplicaSet ¢
rapaMeTpoM replicas = 3 " onpeneeHneM
PersistentVolumeClaim (PVC) npuBeneT K TOMy, YTO BCe TpU moja
OyoyT IOAK/IIOUYEHbl K OJHOMY UM TOMY K€ ITOCTOSHHOMY TOMY
PersistentVolume (PV). ReplicaSet 1 PVC rapaHTuUpylOT JMIlb
3allycK TpeOyeMOTro umcIa SK3eMIUISIDOB U IIOJKJIIUeHMUe
XpaHWwIuIa K y3jgam, Irae OeiCTBYIOT 3TU 3K3eMIUISIPbl, HO CaMo
XpaHWIUIIE He SIBJISIETCS BbIeJeHHbIM, a COBMECTHO MCIIOIb3yeTCs
BCEMU SK3eMIUISIpaMu Ioa.

PelinTh Ipo6IeMy OOIIEero XpaHmauiia Iyl BceX K3eMIUISIPOB
MOJKHO, peayiM30BaB MeXaHM3M JIeJIeHUs XpaHWINIAa Ha CerMEHThI
M 0ecKOHQIMKTHOTO MX MCIIOJNb30BaHMS BHYTPM CaMOIO
npwioxkeHusi. OgHAKO B 3TOM CJlydae CO3[aeTcs enuHas Touka
OTKa3a C eIMHCTBEeHHBIM XpaHmwiuieM. Kpome Toro, Takoi nomxo/
IIOJBEPsKeH OIIMOKAaM M3-3a M3MEHEHMS KOJIMUeCcTBa IIOJOB B
Tpollecce MacIHITabMpoBaHMS ¥ MOKET BbI3BATh CEepbe3HbIe
CJIOKHOCTM B peanmsalyuy IIpedoTBPAlleHMsS] TOBPEXIEHUS WU
TIOTepy JaHHBIX BO BpeMsI MacIITabupoBaHMsI.

IIpyroe pelieHue — CcO3TaHME OTAEIbHOIO Habopa pervimK
ReplicaSet (¢ replicas = 1) a9 KaXIOro 5SK3eMIUIsIpa
pacripeie/IeHHOTO TIPUJIOKEHUSI C COCTOsSIHMEM. B 3ToM clieHapum



Kaxkapiii Habop ReplicaSet mosyuyaeT cBOJ 3ampoc MOCTOSTHHOI'O
toma PVC u BeimesieHHOe xpaHwinine. HegoCcTtaToKk 3TOro rnoaxoa
— HeoOXOOMMOCTb OOJIBIIOrO 00bemMa pydyHOro Tpyda: s
MaclITabupoBaHMsl IIPUAETCS CO3IaTh HOBbIM HAOOp ompeneieHuit
ReplicaSet, PVC unu Service. B 3ToM I1oaxoJie He XBaTaeT BCETO
OIHOJ abcTpakuuy, VIIPaB/SIOIEl i BCeMM 3K3eMIUISIpAMMU
TIPUIOKEHMSI C COCTOSIHMEM KaK €IMHBIM 1IeJIbIM.

MocTosiHHbIE CceTeBble KOooOpAuHaThbl

Kpome xpaHuauiia, pacrnpeejieHHOe MPUIOKEeHMEe C COCTOSIHMEM
TpebyeT IOCTOSIHHOM uaeHTHduKanum B CeTu. B momosHeHMe K
BHYTPEHHMM [JAHHBIM IIPWIOXKEHMEe C COCTOSIHMEM XPaHUT TaKue
CBemeHusI, KaK MMS XocTa ¥ MHPOpMaums O COeAVMHEHMUSIX CO
CBOMMM TlapTHepamu. To ecThb KaXKIblii 3K3eMILISIP OJKeH ObITh
OOCTIDKMM IO OIIpefe/IeHHOMY ajpecy, KOTOpPbIi He [OOJDKEeH
OIMHaMMUJYeCK MeHSIThCs, Kak IP-ampeca momoB B ReplicaSet. 9to
TpeOOBaHMEe MOKHO ObIJIO Obl YAOBJETBOPUTH C ITOMOIIbIO
00XOITHOTO pellleHusi: co30aTh Service 1 ycTaHOBUTb replicas =1
B ReplicaSet. OpHako ympaBjeHMe TaKOi KOMOMHaLMel HOJIKHO
OCYIIECTB/SITbCSI BPYYHYIO, M CaMO MPUJIOKEeHMEe He MOKeT
MojIaraThCsl Ha IMOCTOSIHCTBO MMEHM XOCTa, MOCKOJbKY OHO Oyaer
MEHSIThCSI TOC/JIe KakKIOoro Iepe3alycka, a Takke emy OyreT
HeM3BeCTHO UMSI CJTY3KObI Service, OTKpbIBAIOIIEi TOCTYI K HEMY.

NpeHTUYHOCTDL

Kak cimemyer w3 IIpempIayIlIMx TpeOOBaHMIA, KIacTepHBbIe
TIPUJIOKEHMUSI C COCTOSIHMEM CWIBHO 3aBUCSIT OT HaJWuus
TIOCTOSIHHBIX CeTeBbIX KOOpIMHAT " BBIJIEJIEHHOTO
IOJTOBPEMEHHOI0 XpaHWINIIA AJIsI KaKAOTO 3K3eMILISIpa, ITIOTOMY
YTO KaKObI 3K3eMIUISIP MPWIOKEHMUSI C COCTOSIHMEM YHUKAJIEH U
JMIMeeT CBOI0 UAEeHTUYHOCTb, OCHOBHBIMM KOMIIOHEHTAMM KOTOPOIA



SIBJISIFOTCSI TOJITOBPEeMEeHHOe XpaHWIUIILE U ceTeBble KoopAauHaTh. K
9TOMY CIIMCKY Takke MOXHO [d00aBUTh WIEHTU(PUKATOP/UMSI
3K3eMIUIIpa (IJiI HEKOTOPbIX TIIPUIOXKEHUII C COCTOSIHUEM
TpeOyIOTCS  yHMUKaJbHble TIOCTOSIHHbIE MMeEHa), KOTOpoe B
Kubernetes 6ymer MmeHeMm Imona. IIoabl, co3maHHbie C ITOMOIIbIO
ReplicaSet, mony4yaloT mpou3BoOJbHbIE MMEHA M He COXPAHSIIOT UX
10CJIe Trepe3arrycka.

Ynopsaao4yeHHOCTb

Kpome yHUKaJIbHOI ¥  [OJTOBpPEeMEHHOI  uaeHTUdUKALHA,
9K3eMIUISIpPbl KJIACTEPHbIX TMPUIOKEHUII C COCTOSIHMEM MMEIOT
GUKCHMpOBaHHOE TIIOJIOXKEeHMEe B UX KOJIeKIUsIX. OOBIYHO 3TO
MIOJIOKeHMe BJIMSET Ha II0CAeloBaTeJbHOCTh MacIITa0MpOoBaHMS
9K3eMIISPOB BBEpPX U BHU3, HO TAKXKe MOKET UCIIOJIb30BaThCs IJIs1
pacripefieieHus1 [TaHHbBIX, OJIOKMPOBKM WIM BbIOOpa Bedyllero
9K3eMILIsIpa.

Opyrue Tpe6oBaHus

[IocTosiHHOe ¥  [OOJNTOBpPEeMeHHOe XpaHWIulle, IIOCTOSTHCTBO
CeTeBbIX KOOPAMHAT M VYIOPALOUYEHHOCTh — BCe€ 3TO TUIIMYHBIE
TpeOOBaHMsI, MpembsIB/ISIeMble KIACTEPHBIMU HPUIOKEHUSIMU C
coctosHMeM. Ho vympaBjieHMe TIIPWIOKEHUSIMU C COCTOSIHMEM
MpeabsiBAseT Takke  MHOXECTBO  JOpPyTuMX  crenudpuueckux
TpebOBaHMI1, KOTOPbIe MEHSIIOTCSI OT C/Tyvasl K ciydar. Hampumep,
HEKOTOpbIe TMPWIOKEeHMS IIOOAEepKMBAIOT IIOHATHE KBOpyMa U
TpeOYIOT ITOCTOSIHHOTO IIPUCYTCTBUSI HEKOTOPOTO MMHMMAJIbHOIO
KOJIMUEeCTBA JSK3eMIUIIPOB; HEKOTOpble U3 HUX TpedyioT
I10C/IeJOBATe/IbHOTO pa3BepPThIBAHMS 3JK3eMIUIIPOB, TOrOa Kak
Opyrue nogaepskMBaroT IapaiyieJibHOe pasBepThiBaHMe; HEKOTOpbIe
IOITYCKAIOT HaiuMuue Oy6JMKAaTOB 9K3eMIUISIPOB, a HEKOTOpPbIe HET.
[IpegycMoTpeTh BCe 3TM YHUKa/IbHbIe TpeOOBaHUSI U MIPEeNOCTaBUTD



VHUBEPCAJIbHbIA MeEXaHM3M [POCTO HEBO3MOXHO, II03TOMY
Kubernetes  Takke  II03BOJIIEeT  CO3JaBaTbh  oOmpeje/ieHus:
HeCTAaHJAPTHbIX PpPecypcoB ¥ OMepaTopoB [Jid  YIIpaBJIeHUS
MIPUIOKEHUSIMU € cocTosiHMeM. OO omepaTopax Mbl IIOTOBOPUM B
rjiaBe 23.

Brillle ObLIM ITepeuMcIeHbl HEKOTOpbIe TUIMYHBIE ITPOOIEMBbI
yIpaBjIeHUs pacripeneseHHbIMU IIPUIOKEHUSIMU C COCTOSSHUEM U
psig, He caMbIX JYUIIMX BapMaHTOB UX pellleHMs. A Tellepb JaBaiiTe
paccMOTpUM MexaHusm, uMemnniniics B Kubernetes, momoraoiui
yIOBJIETBOPUTH 3TU TpeboBaHusi, — npumMmutus StatefulSet.

PeweHue

Yro6bl 00BSICHUTDL, UTO mpenjaraeT StatefulSet mns ympaBieHust
NPUIOKEHUSIMM C  COCTOSIHMEM, Mbl IIepuoauYecku Oymem
CpaBHMBAThb €ro C YyKe 3HaKOMbIM IIpuMuUTUBOM ReplicaSet,
KoTopblii B Kubernetes wucrmonb3yeTcss i1 BBIIOJHEHUS
puIoskeHuit 6e3 cocTosIHMSI. MOKHO ITPOBECTU TaKyl0 aHaJIOTUIO:
npuMmutuB  StatefulSet  mpemHasHaueH A9 yIIpaBieHUS
ooMalrHuMu JobumMmiamu, a ReplicaSet — gaa  ympaBiieHUs
OOMAaIIHMM CKOTOM. [loMalliHMe JI0OMMIIBI M CKOT — WM3BeCTHas
(XOTS M HeOJHO3HAYHas) aHajaorus B Mupe DevOps: naeHTUYHbIE U
B3aMO3aMeHsieMble  cepBepbl  Ha3bIBAlOTCSI  CKOTOM, a
He3aMeHMMbIe YHUKAJIbHbIE cepBepbl, TpeoyloIe
MHIUBUIYAJIbHOTO yXO4a, Ha3bIBAIOTCS JOMAUIHMMMU JIIOOMMIIAMMA.
AHanoruuHo, npumMmutuB StatefulSet (rmepBoHayasibHO OCHOBAHHbINM
Ha 95TOI aHajJIOIMM M Ha3BaHHbIM HabopoMm J0OuMIEB PetSet)
MpeHa3HaueH ISl yIIpaB/JeHMs YHUKaJbHbIMM MOIYJISIMM, TOI[a
Kak ReplicaSet mnpenHasHaueH [Jjis YIIpaBJeHUSI WUAEHTUUYHBIMU
B3aMMO3aMeHsIeMbIMU TTOAAMIA.

JIlaBajiTe paccMOTpuM, Kak paborawmT StatefulSet u kKak oHu
VIOBJIETBOPSIOT IIOTPEOHOCTM TIPWIONKEHMIA C COCTOSIHMEM. B



auctuHre 11.1 TIpuUBOAUTCS ompejfie/ieHMe Hallleil  CIy>KObI

reHepaTopa CIy4daiiHbIX uucesa B popme StatefulSet.12
Jiucturr 11.1. Cnyxoba Service ong pgoctyna K StatefulSet
apiVersion: apps/vl
kind: StatefulSet
metadata:
name: rg (1
spec:
serviceName: random-generator (2
replicas: 2 ©
selector:
matchLabels:
app: random-generator
template:
metadata:
labels:
app: random-generator
spec:
containers:
- image: k8spatterns/random-generator:1.0
name: random-generator
ports:
- containerPort: 8080
name: http
volumeMounts:
- name: Llogs
mountPath: /logs
volumeClaimTemplates: 4
- metadata:
name: Llogs



spec:
accessModes: [ "ReadWriteOnce'" ]
resources:
requests:
storage: 10Mi

O lims Habopa StatefulSet mcrionb3yeTcss kKak rpedukc Ipu
CO3JIaHMM VIMEH Y3JIOB.

® Cchiika Ha 00s13aTeNbHYI0 CIYKOy Service, KoTopas
omnpenesieHa B IUCTUHre 11.2.

© [IBa nopa ¢ umeHaMmu ng-0 u ng-1, SBISIONMUXCSI YIeHAMU
Habopa StatefulSet.

® IlarrepH cosmanmst PVC gnag Kakgmoro 1moja (ogooHO
IaTTepHY I04a).

MbI He 6yneM moApo6HO pa3dbupathb IUCTUHT 11.1, a uccaemyem
TOJIbKO 00Illee ero IOBeJieHMe M TapaHTUM ITOrO Ompeje/eHUs
StatefulSet.

XpaHunuwe

BOJIBIIMHCTBO NPUJIOKEHUIM C COCTOSIHMEM XPaHST HEKOTOPYIO
MHbopMaLMI0O M TO3TOMY TpeOyIOT BbIJIEIEHHOTO TMOCTOSHHOIO
XpaHWInIa i1 Kakaoro sk3deMiuisapa. HacTpolika u CBsI3bIBaHMeE
MIOCTOSTHHOTO XpaHuiauiia ¢ nogoM B Kubernetes mnpousBoguTcs
nocpeactsom PV u PVC. [nsa cosmanmsa PVC BmecTe C IIOOOM
StatefulSet mcnonbsyer anemeHT volumeClaimTemplates. 3To
IOMOJHUTEJIbHOE CBOJMCTBO SIBJISIETCS OOHMM M3 OCHOBHBIX
ominunii StatefulSet ot mpummuruBa ReplicaSet, KoTopbiii MMeeT
ajieMeHT persistentVolumeClaim.

BMmecTto cchiikum Ha IpemonpeneneHHbiii PVC  StatefulSet
nvHamudecku co3naet PVC ¢ nmomoipsio volumeClaimTemplates
BO BpeMsI CO3daHMs rnoga. biaarogapsi 3Tomy KaxkKAblii MO, [OJy4aeT



cBoi BbizesieHHbI PVC BO Bpems CO30aHMSsI, @ TakKKe BO BpeMms
MacIITabupoBaHMs BBepX, IIpU M3MeHeHUM cueTunka replicas B
StatefulSet.

Kak BbI, HaBepHOe, 3amMeTuIu, Mbl TroBopwiu, 4drto PVC
CO3JAI0TCS U CBSI3bIBAIOTCS C MOAAMM, HO Mbl HUUETr'O He CKasaau O
PV. leno B ToM, uTo npuMmuTtuB StatefulSet HMKak He ympasisieT
PV. XpaHunuie Ajisi IMOJOB HO/DKHO ObITh 3apaHee BbIIEIEHO
aIMMHUCTpATOpPpOM  wMau  IpoBamagepom PV Ha  OCHOBe
3alpOIIIEeHHOr0 Kjacca XpaHeHMus M TOTOBO [jisi MCIIOJIb30BaHUS
10JaMM C COCTOSIHUEM.

Ob6paTtuTe BHMMAaHME Ha acCHMMMETpPUYHOE IIOBeJeHMe:
MacmitTabupoBanme StatefulSet BBepx (yBenauueHMe cueTUMKa
replicas) co3maeT HOBbIE IOAbI U CBsI3aHHbIe ¢ HUMU PVC. Ilpu
MacIITaOMpOBaHMM BHU3 TI01bI yaanstioTcest, Ho PVC (1 PV) Hukyma
He JCYe3alT, TO eCTh MOCTOSSHHbIe ToMa PV He yTMIM3UpYyOTCA U
He ypansiioTcs, u Kubernetes He MoxkeT O0CBOOGOIUTb XpaHUJIUIIIE.
Takoe moBeneHVie OCHOBAHO Ha IMPeAIIOOKeHMM, YTO XpaHWIuIIa
IJISI TIPUJIOKEHUI C COCTOSIHMEM MMEIOT BaykHellllee 3HAUYeHue U
IepMuoaMUeckoe MacuiTabupoBaHue BHU3 HE JOKHO MPUBOAUTD K
ToTepe OJaHHbIX. EC/iu Bbl yBepeHbl, UTO MMPUIOKEHME C COCTOSIHMEM
ObLJIO OCTAHOBJIEHO CIIelMaIbHO M CKOIMMPOBAjIo/Iepenano CBOU
IaHHbIE IPYTMM 3K3eMIUIsIpaM, TO MoxeTe yaaanuTb PVC BpyuHy1O,
4yTo Io3aHee T03BOJIUT TIOBTOPHO UCII0/Ib30BaTh
COOTBETCTBYIOLINI IIOCTOSIHHBIN TOM PV.

MocTosiHHbIE ceTeBble KOoOoOpAuHaTbl

Kaxknmplii mopd, cosmaHHbIiE KoOHTposuiepom StatefulSet, umeer
TIOCTOSTHHBIE U HeM3MEeHHbIe CeTeBble KOOPAMHATBI, reHepupyemble
Ha ocHOBe MMeHM Habopa StatefulSet m mopsimkoBoro uHpaekca
(HaunHast ¢ 0). Tak, mpenpIayimMii IIpMMep CO34ACT ABa MOHa C
uMeHamu 1rg-0 wu rg-1. J[lag TreHepauuM MMEH IIOJ0B



MCIIO/Ib3yeTCS  YeTKO  YCTAHOBJEHHbIt  dopmaT, KOTOpHIii
ominyaeTca oOT ¢opmarta B ReplicaSet, ocHoBaHHOro Ha
Io0aBJIeHUM CTyYaliHOTO OKOHYAHMSI.

[TocTosiHHBIE CeTeBble KOOPAMHATBLI SIBJISIIOTCS TaKOM Ke
HEeOTheMJIEMOM YepTOil TMPUIOXKEeHUIM C COCTOSSHMEeM, KaK "
HaJIM4ye IMMOCTOSIHHOTO XpaHWINIIIA.

B muctunre 11.2 onpenensiercss asmorHomHas (headless) cimysk6a
Service. [lapameTp clusterIP: None 3mech 0O3HayaeT, 4YTO MbI He
XOTMM, YTOOBI 3Ta CIayK0a 0O0C/AyXMBajachb MapIIpyTHU3aTOPOM
kube-proxy, Boigensina IP-agpeca u3 gmuamnasoHa aapecoB KjaacTepa
MM GajlaHCHMpPOBaja Harpysky. Bo3HmKaeT BOmpoc: 3aueM HYKHA
3Ta cIyxoba?

Jiuctuur 11.2. Cnyxba Service ong opranm3saumm goctyna K StatefulSet

apiVersion: vl

kind: Service

metadata:

name: random-generator
spec:

clusterIP: None (1
selector:

app: random-generator
ports:
- name: http

port: 8080

O O6bsBIeHMe CTY>KObI aBBTOHOMHOIA.

[Tompl 6e3 cocTOSIHMS, CO3OaHHbIe C IIomoinbio ReplicaSet,
MIEHTUYHbBI, ¥ TIO3TOMY JJisl CUCTeMbl 6€3pa3JIMuyHO, KOMY U3 HUX
nmepenath 3arpoc (6ajlaHCMpPOBKA HAarpy3KM BbLITIOJHSIETCS C
TIOMOILIbI0O OOBIUHONM CYKObI Service). Ho moapl ¢ COCTOSIHMEM



OTVIMYaIlOTCA APYT OT Apyra, 1 MHOTdd Ba’XKHO, YTOOBI 3aI1pocC I10IIaJI
B Ol'Ipe,U,eJ'IEHHbe/Jl 1o, C oripeaeJIeHHbIMM KOOpAMHATaAMMN.

ABTOHOMHas1 CIyk6a Service ¢ cejmekTopamMyu  (37IeCh
.selector.app == random-generator) II03BOJSIET 3TO
coenathb. Takas cry:kOa cospgaeT 3ammcy KOHeUHbIX Touek Endpoint
Ha API Server m 3ammmcu A (agpeca) B DNS, KOTOpble yKasbIBalOT
HeIloCpeICTBEHHO Ha MOoAbl, IOAJepKUBaIoIue CIyxkoy Service.
[Ipoie roBopsi, ISl KaKOOTO IOOA CO30AaeTCs CBOSI YHUKAJIbHAS
3amich DNS, 6sarogapst 4eMy KJIMEHTBI MOJIYYal0T BO3MOXKHOCTD
HAIIpSIMYIO CBSI3aTbCS C HUMMKU. Hampumep, ecin IpenrioioXUTb,
YyTO  Hama  oIykba  random-generator  OpMHAIJIEXUT
rpocTpaHcTBY MMeH default, Mbl MOXeM CBSI3aTbCA C [TOAOM I'g-
O, wuCroab3yd ero IIOJIHOe [OMeHHOe wuMms: rg-0.random-
generator.default.svc.cluster. local, rme wumsa mnona
nob6aBJsieTcsl B Ha4aJI0 JOMEHHOI'0 MMeHM CyKObI. Takoit ¢popmar
TO3BOJISIET APYTMM KOMIIOHEHTAM KJIACTEPHOTO MPUJIOKEHUS WU
OPYyTUM KJAMEHTaM HaIpSIMyl0 o0pallaThCsl K OIpene/eHHbIM
TOJaM.

MbI Takke MOKeM BbIIIOJHUTh MNoMuCK 3ammceii SRV B DNS
(Harmpumep, KOMaHI0M dig SRV random-
generator.default.svc.cluster.local) M oOTbBICKATHL BCE
paboTaloliye Io/ibl, 3aperucTpUPOBAHHbIE B YIIPABJISIIONIEN CITy>KOe
Service, B Habope StatefulSet. IToT MexaHM3M IT03BOJISIET JIOOBIM
MIPWIOKEHUSIM OUMHAMMWYECKM OOHapYyKMBaTh WIEHBI KJjacTepa.
CBSI3b MeXIy aBTOHOMHOW «1yk60ii Service u StatefulSet
OIpeNiesisieTCsl He TOJbKO CeJIeKTOPOM, HO M CChUIKOII Ha UMS
c1y>k0bI B StatefulSet, B manHom ciiyuae serviceName: "random-
generator".

Hannune BbIJIEJIEHHOT O XpaHWINIIA, oIpeessieMoro
rapaMeTpoM volumeClaimTemplates, He SIBJISIETCS
00sI3aTe/JIbHBIM, HO CChIJIKA Ha CIYKOy B moje serviceName
IO/KHA OBITH OIpeje/ieHa Bcerpga. YIpaBsiomas ciayskba Service



IOJIXKHA CYIIeCcTBOBATh 10 co3maHust Habopa StatefulSet u oTBeuaer
3a ero ceTeByio uaeHTHUdMKaIMIO. IIpy HEOOXOIMMOCTU BbI MOXKETE
co3maTh JOpyrMe TUIIBI  CIYKO0, KOTOpbIe  IOIOJHUTEIbHO
OCYIIECTBJISIOT 0aJaHCMPOBKY HArpysku MeXmy IoJamMu C
COCTOSIHMEM.

Kak mokaszaHo Ha puc. 11.1, Ha6opsl StatefulSet mpenaraer
MHOKECTBO CTPOMTEIbHBIX OJIOKOB M TapaHTUPOBAHHBIN MOPSIIOK
yIIpaBJeHUs MPUIOKEHUSIMM C COCTOSIHMEM B pacIpene/ieHHO
cpene, KOTOpble MOKHO BbIOMPATh U MCIOJIb30BATh 3HAUMMBbIM [JISI
BacC CII0COO0M.

:H,uenmunocrh :
] I
: : %
: SRV A-0 I: SRV A-1 I SRV A-N I - HenameHHbie KoOpAWHATLI B CETH
] I &
1 |
I I
e =
= gl
: gz Hewn3meHHas WAEHTHUHOCTD
= #| &
[ I— ..:_ %
' =
! lMocToAHHoe XpaHnnuLLe
i
=
g 5 | [posaiinep ycnyru xpaHeHua
® 3
Puc. 11.1. PacnpepneneHHoe npunoxenue ¢ coctosHmem B Kubernetes
UpeHTUYHOCTD
HodenmuuHocms — QyHIAMEHT, Ha KOTOPOM OCHOBBIBAIOTCSI BCe

OoCTa/IbHbIe rapaHTuu KoHTposaepa StatefulSet. Onmpasich Ha UM
StatefulSet, MOXHO MOJAYUYUTh MMS II0AA U €ro UIEHTUUYHOCTbD.



Vcnonb3ysl 3Ty UIAEHTUYHOCTb, MOXXHO oIpenenntb mMmeHa PVC,
obpamniaTbCsl K KOHKPETHBIMM II0JlaM 4epe3 aBTOHOMHBIE CITYKObI
Service u T.0. UIeHTUMYHOCTD JI0OOOTO II0a M3BECTHA ellle IO ero
CO3JaHMSsI, M STO 3HAaHME MOXHO MCIIOJb30BAaTh B CaMOM
TIPUJIOKEHUN.

Ynopsao4yeHHOCTb

PacripeiesieHHOe MPUJIOKEHME C COCTOSIHMEM IIO OIIpeieIeHUIO
COCTOMT M3 HECKOJbKUX YHUKAJIbHBIX UM HEB3aMMO3aMeHSIeMbIX
9K3eMIUISIpoB. KpoMe MX YHUKAJIbHOCTH, SK3€MIUISIPbI TAKKE MOTYT
ObITb CBSI3aHBI OPYr C JOPYyroM IIOPSAKOM MX CO3daHUS, B
COOTBETCTBUM C TpeOOBaHMEM YNOPSIO0UEHHOCMU.

C touku 3penust StatefulSet ymopsimoyeHHOCTb Ba’kHa TOJIbKO
o macmrabupoBanusi. Ilogbl MMEIOT MMeHa, BKJIIOYANOIINe
TIOPSITKOBBIN MHIOEKC B KOHIEe (HaumHast ¢ 0), M TMOPSOOK WUX
CO3[IaHMsI OIpeJieisieT MOPSIIOK, B KOTOPOM OHM MacIITaOMpyIOTCs
BBEepX U BHMU3 (IIpM  MAacCIITaOMPOBAaHMM  BHU3  TOMbI
OCTAaHABJIMBAIOTCS B 0OpPAaTHOM IIOpsIIKe CJIeJOBAHMS UX MHIEKCOB,
orn — 1 1o 0).

Korma omnpegnensiercsi ReplicaSet ¢ HeCKOJbKMMM peIIMKAMMU,
oAbl IJIAHMPYIOTCS M 3aIlyCKalOTCS BCe BMeCTe, He HOXUAASICh
VCIIEIIHOTO  3aIlycKa MpeapIAyliuX IoA0B (Mofd, YCIEelIIHbIM
3aITyCKOM IT0ZIpa3yMeBaeTcsl Iepexol B COCTOSIHME TOTOBHOCTH, KaK
omucbiBaeTcs B InmaBe 4 «[IpoBepka paboTOCIIOCOOHOCTM»).
[TopsimoK 3aITycKa IT0JI0B U MX Mepexoj B COCTOSIHME TOTOBHOCTHU He
rapantupyerca. To ke  MPOUCXOOUT, KOrga IPOUCXOOUT
MaciitTabupoBanme ReplicaSet BHM3 (M3MeHeHMEM CUeTUYMKa
replicas wiu yganeHueMm Habopa). Bce moppl, mpuHaijiesKalyue
ReplicaSet, HauMHAIOT OCTAHABAMBATbLCSI OJHOBpPEMEHHO 0e3
KaKoro-auo6o mnopsiaka. Takoe moBefeHMe obecrieuMBaeT ObICTPYIO
OCTAaHOBKY, HO MOXeT O0Ka3aThCs HeXeJaTeJIbHbIM ISl
MIPWIOKEHUI C COCTOSIHMEM, OCOOEHHO eCIM MMeIOT MeCTO



dbparMeHTUpOBaHMe M paclipefejeHue  TaHHBIX  MEXIY
9K3eMILISIpaMu.

YroObl 00ecCIeunTh HaHJIeXKallyl0 CUMHXPOHM3ALMI0O HAHHBIX B
Tpoiiecce MacuiTabupoBaHusi BBepx wiyu BHM3, StatefulSet 1o
YMOJIYQHMIO  BBIMNIOJIHSIET  3allyCK M OCTAaHOBKY  IIOJIOB
10C/Iel0BATe/IbHO. DTO O3HAUYAeT, UTO ITOAbI 3aIllyCKAIOTCS, HAUMHAS
¢ epBoro (¢ uaaekcom 0), ¥ KaKObIi MMOCTEOYIOLIMI 3aITyCKaeTC s
TOJIbKO rocjie YCIIEeITHOTO 3arrycka TIpeabIayliiero.
MacmrTabupoBaHe BHM3 BBIIOJHSIETCS B OOPaTHOM MOpSIAKe:
CHauajla OCTAaHAaB/JMBAETCS IIOJ, C CAMbIM OOJIBIIMM MHOEKCOM, U
TOJIBKO TIOCJIe YCIEeIIHOM OCTaHOBKM HAUMHAEeTCsl OCTAaHOBKA IOAa
CO ClaemylolMM MHIEKCOM B  IIOpsjaKe yoObiBaHMsl. Tak
TIPOIOJIKAETCS, ITOKA He OCTAHOBUTCS 1O, C MHIAEKCOM 0.

[pyrue oco6eHHOCTH

StatefulSet o6samaeT ele 1eabIM pSIIOM XapaKTEePUCTUK, KOTOPbIE
MOXXHO HacTpauBaTb B COOTBETCTBUMM C TOTPeOHOCTSIMU
MIPWIOKEeHUI ¢ cocTosiHueM. Kaskgoe mpuiiosKeHMe C COCTOSIHMEM
SIBJISIETCSI YHMKAJIbHBIM M TpeOyeT BHMMATEIbHOTO MCC/IeIOBaHMS
repen IIONBITKOM BIMcaTh ero B mopenb StatefulSet. laBaiiTe
paccMOTPUM ellle HeCKOJIbKO BOo3MOoXkHOCTelt Kubernetes, KoTopbie
MOTI'YT IPUTOAUTHCS IIPU paboTe ¢ MPUIOKEHUSIMU C COCTOSTHUEM.

Pa3sodenvHoe 00HOG/1eHUe

Mbl  ommcanauM  BbIIE  TapaHTUM  YIOPSIAOUEHUSI  IIpU
MaciitabupoBanuu 1omoB B StatefulSet. [Ins o6HOBIeHUS
3aIlyIIeHHbIX  IPUIOXKEHMII C  COCTOSIHMEM  (HaIlpuMmep,
M3MeHeHMeM mapameTrpa .spec.template), StatefulSet
roagepskMBaeT  IO3TAltHOe  (TakKoe, KaK  KaHapeeuyHoe)
pasBepThiBaHMEe M TapaHTUPyeT BLIMIOJHEHME OIIpee/IeHHOIO



KOJIMUeCTBa  9K3eMIUIIPOB, TIOKa  OOHOBJeHUs  OydyT
MIPUMEHSIThCSI K OCTaJIbHOM YaCTy 9K3eMILISIPOB.

OpraHmusoBaTh paslejbHOe OOHOBJIEHME 3K3eMIUISIPOB IIpU
MUCIIOJIb30BAHMM  CTpaTernmM II0 YMOJYAHMUIO II03TArlHOI'O
OOHOBJIEHMSI ~ MOKHO, VyKa3aB 4YMCJIO B  IIapamMeTpe
.spec.updateStrategy.rollingUpdate.partition.
JTOT IapaMmeTp (CO 3Ha4YeHMeM I10 yMojdaHuio 0) ompepdesnsieT
MOPSIAKOBBII  HOMeEpP, IO KOTOpPOMY CJiedyeT pasfeanThb
StatefulSet mns o6HOBeHMs1. EC/iv mapaMeTp yKa3aH, 0OHOBSITCS
BCe MOAbl C MHAEKCAaMM OOJbIIMMM WIM PaBHBIMU 3HAYEHUIO
partition, a ocrasbHble — HET. JTO OTHOCUTCS Oaxe K
ocTaHOBJIeHHbIM IogaMm; Kubernetes Bocco3macT wux B
npeabiAaylileii Bepcun. ITO MO3BOJISIET OOHOBUTH CHauaja OOHY
YacTb KJIaCTEpHOrO MPWIOXKEHUS C COCTOSIHMEM (Hampumep,
yTOOBI TapaHTUPOBATh Ha/JIMUMe KBOPyMa), a 3aTeM pa3BepHYThb
M3MEeHeHMsI B OCTAJIbHOJM 4YacTM KJlacTepa, 3amucaB B mapameTp
partition 3Hauenue 0.

HapaJmeJleoe pa3eepmosliéaHue

Korma rnapamMeTrpy .spec.podManagementPolicy
npucBauBaeTtcsl 3HaueHue Parallel, xkoHTposnep StatefulSet
3aIlyCcKaeT MM 3aBepiiaeT paboTy Bcex IMOJIOB OOHOBPEMEHHO,
He  [OOXUOAsICh TOTOBHOCTM  WMJAM  TIOJIHOM  OCTAaHOBKM
IpeabIayIlero moaa, mpexue yem InepemTu K caenywinemy. Ecian
MIpUJIOKEHMEe He TpebyeT MocjenoBaTe/bHOV 00pabOTKM, 3Ta
HACTPOIKa MOXeT YCKOPUTD 3aITyCK MM OCTAaHOBKY.

T'apanmuposeannaa cemanHmuka «He 60Jvliie 00H020»

VHUKAIbHOCTh — OOHO U3 (YHAAMEHTAJbHbIX CBOJCTB
9K3eMIUISIPOB IIpWIOKeHMUit ¢ coctostHuem, u Kubernetes



rapaHTHpyeT, UTO HMKaKue naBa mojaa B StatefulSet ne Oymyr
MMeTb OOMHAKOBYI0 MAEHTUUYHOCTb WM He OyAyT MpPUBsSI3aHbI K
ogHOMy mnocTtosHHoMy Tomy PV. Koutponnep ReplicaSet,
HaIllPpOTUB, TIOAJEPKMBAET CEMAaHTUKY <«TapaHTUMPOBAHHOTO
BBLITIOJIHEHMSI He MeHee X DSK3eMIUISPOB OLHOBPEMEHHO».
Hamnpumep, ReplicaSet ¢ gBymMs1 peluiMKaMyu CTPeMMTCS
TIOCTOSIHHO MMEeTh He MeHee JBYX MIeMCTBYIOIIMX 3K3eMIUISIPOB.
[maBHas 1e/Jb KOHTpOJ/UIepa — He [OOIYCTUTh YMEHbIIeHUSs
KOJIMYeCTBa IOJOB HMXKe 3aJaHHOTO0 umMc/ia, JaKe LEeHOM ero
yBeJIMUeHNsI B Kakue-TO MPOMEXYTKM BpeMeHu. [Ipu 3ameHe
CTaporo MmoJa HOBBIM OOHOBPEMEHHO MOSKET BbIIIOJIHSITHCS
OoJiblllee UMCJIO PeIUIMK, YeM YKa3aHO, KOrJa HOBBIN IIOJ yKe
3aITyCTUJICS, @ CTapblil ellle He OCTAHOBWICS IIOJIHOCTBbIO. Takxke
YICIIO PeIUIMK MOSKET YBeJIUMUUTbCS, eciin y3ea Kubernetes 6ymer
K1accu(uUIMpoBaH Kak HeAOCTYIHbIN ¢ cocTosiHMeM NotReady,
HO Ha HeM Bce elle OyAyT OeiiCTBOBaTb paHee 3allyllleHHbIe
noapl. B aToMm ciiyuae kKoHTposiep ReplicaSet 3armmyckaeT HOBbIe
TIO/Ibl HAa MCIIPABHBIX Y3J1aX, YTO MOXKET IMPUBECTU K YBEJTNYEHUIO
yicaa paboTaiyx MoAgoB. Bce 9To npueMsieMo B cEMaHTUKE He
MeHee X IK3eMNJsipos.

Koutponnep StatefulSet, HampoTus, nenaeT Bce BO3MOKHOE,
YTOOBI rapaHTUPOBATh OTCYTCTBME MYOJIMKATOB IMOIOB, TO €CTh
CEMaHTUKY «He 6oyiee omHOoro». OH He 3alyCTUT IIOJ, ITOKa He
yoemmuTCsI, UTO CTapblii 9K3eMIUISIP IIOJHOCTbIO OCTaHOBJIEH.
Korga ysesn BBIXOOUT M3 CTPOSI, OH IUIAHMPYET 3aIyCK HOBBIX
IIOJOB Ha OPYroM Yy3Jie TOJbKO Iocjie Toro, Kak Kubernetes
MIOJATBEPINUT, UYTO MOAbI (11, BO3MOXXHO, BECh y3€J1) OCTaHOBJIEHBI.
CemaHTUKa He 6oJiee 00HO20, TIOAAEPKMBaeMasi KOHTPOJIJIEPOM
StatefulSet, mukTyeT 3T1 MpaBuia.

Koutponnep StatefulSet moskeT HapyliuThb 3TU TapaHTUM U
3aIlyCTUTh  OyOJMKAThl IIOJJOB  TOJBKO IIpU  aKTUMBHOM
BMeIIIaTeIbCTBE UejioBeKa. Hampumep, 9Ty rapaHTUIO MOXKET



HapyUIUTh yOajeHue 00beKTa pecypca HeIOCTYITHOI'O y3ja U3
API Server, moka dusmueckuii ysena IpomokaeT paboTaTh.
Takoe pgencTBMe  OOJ/IKHO  BBINIOJHSITBCS, TOJIBKO  eCIu
MIOATBEPIONUTCSI, UYTO y3eJ He paboTaeT MM BBIK/IIOUEH U Ha HEM
He 3allylleHbl Mpoieccsl noga. K HapylieHuo rapaHTuii MOXeT
TaKKe IIPUBECTU ITIPUHYIUTE/IbHOE yaajieHue I10Ja KOMaHIOMn
kubectl delete pods <pod> --grace-period = 0 --
force, KoTopass He XOeT IOATBEPKIEHMSI OCTAaHOBKM I1OAA OT
Kubelet. DTo gmelicTBue HeMeIJIeHHO YIAJIMUT MHGOpPMALMIO O
noge u3 API Server u 3acraBuT KoHTpo/uiep StatefulSet
3alyCTUTb 3aMEeHS 0LV 9K3eMIUISpP M101a, YTO MOXKET IIPUBECTU
K TyOJIMpOBaHMUIO.

Ipyrue mnoaxodbl IJISI OpPraHM3alyiy BBITIOJHEHUS IIOJ0B B
eIMHCTBEHHOM 3K3eMIlisipe obcyxkmaioTcst B riaBe 10 «Ciyskb6a-
OJITHOYKAa».

MosicHeHUe

B 5TOil r/1aBe MBI pPacCMOTpPeIM HEKOTOpble CTaHOAPTHbIE
TpebOBaHMs U IIpobjieMbl  yIIpaBJeHMS  pacIpeeleHHbIMU
TIPUWIOKEHUSIMU C COCTOSIHMEM. MbI BbISICHUIIM, YTO OPraHu30BaTh
BBITNIOJIHEHME  eIMHCTBEHHOTO  3K3eMIUIIpa IIPUWIOXKEHUsI C
COCTOSIHMEM  OTHOCUTEJbHO  IIPOCTO, HO  OOCIy>XKMBaHMUeE
pacripeZie/IeHHOTO COCTOSIHUSI — 3TO CJIOKHAsI M MHOTOIUIAHOBAs
3agaua. OOBIYHO MbI CBSI3bIBAEM IOHSITHE «COCTOSIHME» C IOHSITHEM
«XpaHWInIle», OQHAKO 3[1eCb Mbl YBUIEIN, YTO COCTOSIHME MOXKET
MMeTb HEeCKOJIbKO aCIIeKTOB U pa3Hble MPUIOKEHUS C COCTOSIHUEM
MOI'YT TpeboBaTh pa3HbIX TrapaHTuii. B 2TOM OTHOIIEHUM
KoHTposep StatefulSet gBnsieTrcss OTAMYHBIM CPEICTBOM ISl
peanmn3aluy pacrnpene/ieHHbIX IIPUIOXKeHUi ¢ cocTosiHueM. OH
VUUTHIBAeT HEOOXOAMMOCTb ITIOCTOSIHHOTO XpaHWIMILA, paboThl B
Cetun (uepes CepPBUCHI), MO IEe PSKKU UOEHTUYHOCTMU,



VIOPSIIOUEHHOCTY M HEeKOTOPbIX APYTrux acrnektoB. OH Ipenjiaraer
XOpolInuit Habop CTPOUTENTbHBIX OJIOKOB MJisI aBTOMAaTUUYeCKOIO
yIpaBjeHUs TPUIOKEHUSIMM C COCTOSTHMEM M IIpeBpalllaeT UX B
TTOJTHOIIPABHBIX IPaskAaH 0071aYHOT0 MMpa.

Koutponnepsl StatefulSet maioT xopolilee Hauajo, HO MUp
NPUJIOKEHUI A C COCTOSIHMEM VHMKajJeH U CIoxkeH. Kpome
MIPWIOKEHUI C COCTOSIHMEM, pa3pabOTaHHbIX IJIS BBIIOJIHEHUSI B
objlake, KOTOpble IIpeKpacHO BIMchiBaloTcsi B StatefulSet,
CYIIIeCTBYET Macca yCTapeBIIMX MPUIOKeHMI, pa3pab0TaHHbIX OIS
BBITIOJTHEHMSI B OOBIYHOM, He 00JIaYHOM, OKPYKeHUU U
NIpeabSIBASIONINX elle Oojiee mupokue TpeboBaHusi. K cuacTeio,
dbperimBopky Kubernetes ectb ueM OTBETUTDb Ha 3TO. B coobiecTBe
Kubernetes [maBHO TIOHSUIM, UTO BMECTO MOAEIMPOBAHMS
pasIMYHbIX pabouMx Harpy3ok ¢ MoMoIibio pecypcoB Kubernetes u
peanusanuy UX IOBeAeHUSI C UCIIOJIb30BaHMEM YHUBEPCATbHbBIX
KOHTPOJIJIEPOB  IIPeNIIOUTUTE/IbHEeEe TO03BOJMUTh I10JIb30BaTe/ISIM
peann3oBaTh CBOM KOHMpOJIepsl M Jaske IaTh MM BO3MOSKHOCTH
MOJEIMUPOBATb PpPecypchl IPUIOKEHMIA C TIOMOIIbI0O CBOMX
oIipeie/ieHIIt peCcypcoB U MOBeIeHMsI C TIOMOIIbIO 0Nepamopos.

B maBax 22 u 23 BBl IMO3HAKOMUTECh C COOTBETCTBYIOIIMMMU
natrepHamu Controller (xoHTposnep) u Operator (OnepaTop),
KOTOpble C YCIIeXOM MOXHO MCIIOJNIb30BaTh [JIS1 YyIIpaBIeHUs
CIOKHBIMM ~ TIPUJIOKEHUSIMM C  COCTOSIHMEM B OOJIauHbBIX
OKPYKEHUSIX.

HdononHutenbHaa uHpopmaums

o [Ipumep cysk6b1 ¢ coctostuueM (http://bit.ly/2Y7SUN2).
« OcHoBbI StatefulSet (http://bit.ly/2rOboiA).

» TokymeHTauus c onmcanuem StatefulSet (http://bit.ly/2HGm60E).



» PasBepthiBanme Cassandra B StatefulSet (http://bit.ly/2ZHBLNXA).

e 3amyCcK KOOpAMHATOpa paclipeneieHHOoi cuctembl ZooKeeper
(http://bit.ly/2JmNPNQ).

» ABTOHOMHBIE CTy>kObI Service (http://bit.ly/2v7Z19P).

 IIpunymutenbHoe  yaajeHue  mnomoB B StatefulSet
(http://bit.ly/20euRrh).

o IlpaBwibHOe MacliTabupoBaHMe BHU3 IPUIOKEHUIA C
cocrositHueM B Kubernetes (http://bit.ly/2FkOmgK).

e Hacrtpoitka ¥ pasBepTbiBaHME IIPUJIIOKEHUII C COCTOSTHMEM
(http://bit.ly/2Usbklt).

ﬂ Hpe,E[HOIIO)KI/IM, YTO MbI I/1306p€JII/I OUYeHb CJIOXKHBIN CII0C00 IMoJIy4yeHUA CquaﬁHbIX
yuceJ B pacripeeJIeHHOM KilacTepe RNG ¢ HeCcKoIbKUMMU SK3eMIlIAIpaMun Halem C]'IY)K6bI
B POJIN Y3JIOB. KoHeuyHO, 3TO He Tak, HO OJI IIpumepa 3TO 4OCTATOYHO XOpo1iad
IIpeaIroCblIKa.



nasa 12. O6HapyxeHue cnyxo

ITatrepH Service Discovery (ObHapykeHMe CIYyKO) IIpenjiaraeT
MIOCTOSIHHYI0 KOHEYHYI0 TOYKY, C ITOMOIIbIO KOTOPOJ KJIMEHTbI
MOTYT TMOJIYIYUTh AOCTYIl K 3K3eMIUISIpPY Tpebyemoii CayskObl. st
storo Kubernetes mogmepskMBaeT HECKOJIbKO MEXaHM3MOB,
KOTOPbIE VUCIOJIb3YIOTCS B Pa3HbIX KOHOUTYPAIIUSIX, B 3aBUCUMOCTHU
OT TOro, TOe PacIoJaraloTCsd CIYKObI M MX IOTPeOUTeNM — B
KJIaCcTepe WIN 3a ero npeaeaamMu.

3apava

[Ipunoxenus, pasBepHyThle B Kubernetes, pemko CyilecTBYIOT
caMy o cebe ¥ 0ObIYHO B3aMMOAENCTBYIOT C APYTMMMU CITy>KOaMU
BHYTPM  KjacTepa WIM C CUCTeMaMM BHe  KJjacTepa.
B3auMopeiicTBue MOKeT ObITb MHULIMMPOBAHO U3HYTPU WU U3BHE.
B3aumozmeicTeus, VHULIMMPYEeMbIe U3HYTPU, 0OBIYHO
BBITIOJIHSIIOTCSI METOJIOM OIlpoca: IIpWIOXKeHMe, Cpasy Iocjie
3aIlycka WM TI030Hee, MOAK/IKYAeTCsl K [Apyroit cucreme u
HauMHAaeT MOChLIaTh M IOJydaTh AaHHble. TUIIMYHBIM MIPUMEpPOM
MOXeT CIyKUTb TpPUIOXKeHMe, 3allyllleHHOe B TMofde, KOTOpoe
yCTaHaBJIMBaAeT coenuHeHue c (aiyIoBbIM CEpBEpPOM M HauMHAET
MCIIONb30BaTh (haiyibl Ha HeM, WIM TOAK/IIYAeTcsI K OpoKkepy
COOOIIeHMII ¥ HAauMHaeT MOoJy4YaTh JUOO0 OTIIPaBJISITh COOOIEHMUS,
MM  COeIVHSIETCS C peNSIIMOHHONM 0a30if [HaHHBIX JIMOO
XpaHWINILEM I1ap K/II0Y/3HaueHMe ¥ HauMHaeT YMTaTh WM IMCATh
IaHHbIe.

BaskHas oTiIMumMTesibHas OCOOEHHOCTb 37eCh 3aK/IIuaeTcs B
TOM, UYTO IIPUWJIOKEHME, 3aMyIeHHOe B IoJe, pelllaeT B KaKOi-TO
MOMEHT OTKPBITb MCXOHsIlee CoequHeHue C APYrMM II0O0M WU
BHeIIIHEel CMCTeMOM ¥ HauMHaeT OOMeH [OaHHBIMU. B 3Tom



CIeHapuy B3aMMOJENCTBUS WHUIUMPYIOTCS WM3HYTPU, U IS
TIPWIOKEHUSI He HY)KHbI HMKaKyue IOIOJHMUTEIbHbIe HACTPOMKU B
Kubernetes.

DTOT MOAXOM YaCTO MCIOJAb3YeTCsl OJIsl peaiM3alii MaTTEePHOB,
OonMcaHHbIX B m1aBe 7 «IlakeTHoe 3amaHue» uAM B I/1aBe 8
«[lepromnueckoe 3amaHme». Kpome TOro, K IAPYyrMM CUCTEMaM
MHOTAA aKTMBHO TMIOAKJIKYAKTCSA TIIOA4bl, JOEeMCTBYIOIIME TIO[
yrpaBiaennem DaemonSet mam ReplicaSet. Ognako B Kubernetes
Hanbojiee pacIpocTpaHeH BapMaHT, KOTma B KIacTepe MMeIoTCs
CJIYKObI, OXUOAWOIIME CcOoenVHeHuil, uaile Bcero B dopMme
Bxoasumux HTTP-coeguHeHmir, OT APyruxX IOAOB B KjlacTepe WIu
BHEIIHMX CUCTeM. B 3TuX ciaydasix moTpeduTensiM yoIyT He00X0auM
MEeXaHM3M [JIsI OOHapyKeHUsI IIOJIOB, KOTOpble IMHAMMUYECKU
pasMellalTCcsd  [UIAaHMPOBIIMKOM  HAa  y3laX M MHOTOA
MacIITabMpyIOTCS BBEPX M BHU3.

JTo ObLIO ObI Cepbe3HOI MMPobaeMOoit, ecyi ObI HAM IIPUIILIOCH
caMMM OTCJIEXXMBATh, PETUCTPUPOBATD M MCKATh KOHEUHBbIE TOUYKM
ouHaMmuueckux nomoB B Kubernetes. Bor mouemy Kubernetes
peanusyeT mnartepH Service Discovery (ObOHapykeHMe CITyK0) €
TIOMOIIBIO PAa3JIMUYHBIX MEXaHM3MOB, KOTOPbIe MbI PaCCMOTPUM B
3TOI I/IaBe.

PeweHue

B smoxy mo mosiBieHusi Kubernetes Han6osee pacnpocTpaHeHHbIM
MeXaHM3MOM OOHapy:keHMsI CJIy>KO ObIJIO OOHApYyKeHMe Ha CTOPOHE
KameHTa. Korga morpeburenio Tpe60Basioch 0OpPaTUTHCS K CIYKOe,
KOTOpasi MOKeT MacIITabMpPOBaThCS 10 HECKOIbKMUX 9K3EMILISIPOB,
noTpebuTe/Nib AO/KeH ObUI  MMeThb areHTa OOHapyskeHMs,
CIIOCOOHOTO OTBICKATH B peecTpe 3K3eMILISIPbl CJIY>KObl M BbIOpATh
OIMH U3 HUX. DTO pellieHre MOXeT ObITh peajiM30BaHO, HAIIpUMeD,
C IIOMOIIbI0 BCTPOEHHOT0 areHTa (Takoro, Kak KjiameHT ZooKeeper,



kaueHT Consul mau Ribbon) mau ¢ momoribio Apyroro Ipoiiecca,
TaKOro Kak Prana, mpegHasHaueHHOTO [jisI TIOMCKa CIYKObI B
peecTpe, Kak MoKa3aHo Ha puc. 12.1.

B snoxy mnocie mnosiBieHuss Kubernetes mHorme QyHKIUM
pacrpejie/ieHHbIX CUCTeM, TaKue KaK pasmellleHue, IpOBepKa U
BOCCTAHOBJIEHME paOOTOCIIOCOOHOCTM, M3OISALMSI PecypcoB, a
TaKkKke oOHapy>keHMe CTYKO 1 6aaHCHMpPOBKa
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Puc. 12.1. O6HapyxeHue cnyxb Ha CTOPOHE KIMEHTA

|I MocTaBmk

Harpysky, ObLIM IIepesiosKeHbl Ha Iuteun IuiaTdopmbl. Eciau
MCIIOJIb30BATh  OIpeneNeHus U3  CepBUC-OPUEHTHPOBAHHO
apxuTekTypbl (Service-Oriented Architecture, SOA), mocTraBuIMK
OO/DKEeH perucTpMpoBaTh KaKIObIii SK3eMIUISIP B peecTpe, a
IIOTPeOUTE/b MOKeH 00paliaThCsl K peecTpy, UTOObI IOTYUUTh
IOOCTYI K CepBICY.

B mupe Kubernetes Bce 3TO MpOMUCXOAUT 3a KyauUCaMu, IIOITOMY
MOTPeOUTEb CITY>KObI BbI3bIBAET (PMKCUPOBAHHYIO KOHEUHYIO TOUKY
BUPTYaAJIbHOI CITY>KObI Service, KOTopasi AMHAMMUYECKM OTbICKMBAeT
9K3eMILISIpbI CYKObI, peasiM30BaHHbIe B BuUe IomoB. Ha puc. 12.2
MOKa3aHO, KaK MPOUCXOAST peructpaius u mouck B Kubernetes.
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Puc. 12.2. O6HapyxeHue cnyxb Ha CTOpOHe cepBepa

Ha mepBbiii B3misia natTepH Service Discovery (ObHapyskeHMe
CJIY>k0) MOXKeT MoKa3aThCsl MPoCcThbiM. OIHAKO IJIs1 €ero peaans3aliun
MO>KHO MCITOJIb30BAaThb HECKOJIbKO MEeXaHM3MOB B 3aBUCMMOCTU OT
TOr0, TIAe HAXOOUTCS MOCTaBIIMK WIM MOTpeOuTeab — BHYTPU
KJIacTepa WK 3a ero npeaeaaMu.

O6HapyXeHue BHYTPEHHUX CNYXKO

[lpenmoysioskum, y HAC €CTb BeO-TIpUJIOKeHUEe U Mbl XOTUM
3amycTuTh ero B Kubernetes. Kak ToOJAbKO Mbl OIpeaenmm
KOHTpoOJUIep pa3BepThiBaHMsi Deployment ¢  HeCKOJIbKUMU
peruiMkaMi, IUIAHMPOBIIMK pa3MeCTUT TMOAbl Ha IMOAXOASIINX
y3/laX, U KaKoplii U3 Hux nonyuuT [P-agpec Kkiacrepa,
Ha3HAUEeHHBIN OO0 3amycka. Ecim gpyrast KiImMeHTCKast cIy>kba B
OIPyroM MOIyJie IOoKejaeT 00paTUThCsI K KOHEYHbIM TOYKaM BeO-
TIpUIOKEeHUSI, Y Hee He OyJieT IPOoCTOro criocoba 3apaHee y3HaTh IP-
azpeca IMoJIOB C MPUI0XKEHMEM.

B Kubernetes 3Ty mnpobiemy pemiaeT pecypc Service. OH
OpraHmu3yeT IMOCTOSHHYI0 TOYKY BXOJa IJis KOJIJIeKIUM TMOAO0B C
OIMHAKOBOJM (YHKUMOHAJIbHOCTbIO. CaMbIii IPOCTON  CIIOCOO
co3maTth Service — BBINOJHUTh KomaHay kubectl expose,
KOTOpasi co3JacT Service mjisi IojJa WIM HECKOJbKUX II00B B
Deployment unu ReplicaSet. KomaHpma cosmacT BUpTyaiabHbIi IP-



ajgpec, KOTOpbIi1 3anuiieT B napamerp clusterIP, u usBieuver u3
pecypcoB CejIeKTOpbl IIOJIOB UM HOMEpa IIOPTOB, UYTOOBI CO34ATh
ompeesieHne CIykObl Service. OmHAKO 4YTOOBI TOJYYUTH OoJiee
TIOJIHBIV KOHTPOJIb, JIyUllle CO3IaTh OIpene/ieHne Service Bpy4yHYIO,
KaK II0Ka3aHo B JucTuHre 12.1.
Jinctnrr 12.1. MpocTtaa cnyxba Service
apiVersion: vl
kind: Service
metadata:
name: random-generator
spec:
selector: (1
app: random-generator
ports:
- port: 80 (2
targetPort: 8080 ©
protocol: TCP

O CesiekTOp, ONMCHIBAKOIINIA METKM COOTBETCTBYIOIIUX €My
TIOJIOB.

@® Iloprt, uepe3 KOTOPKIN IOCTYITHA 3Ta CIyKOa Service.
© [lopT, KOTOPBIN MPOCTYIIUBAKOT ITOIbI.

DTOT IpUMep ompeensieT CIyx0y Service ¢ umeHem random-
generator (uMs roTpebyeTcs IMO3Ke IJIs1 00HAPY>KEHMSI) U TUIIOM
type: ClusterIP (mmo ymosnuyauuio), kotopasa npuHumaetr TCP-
coenviHeHus 4depe3 mopt 80 u HampasiaseTr ux B mopt 8080 Bcex
COOTBETCTBYWOIIMX TMOOOB C CeJeKTOpoM app: random-
generator. HeBaskHO, KOrma M KakK CO3JAIOTCS IOAbI, — JII00OJ
oM, COOTBETCTBYIOIIMII  CEJIEeKTOPY, CTAaHOBUTCS  1IeJblO
MaplIpyTu3annum, Kak rnokasaHo Ha puc. 12.3.
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Puc. 12.3. O6HapyxeHue BHYTpeHHewW Cnyx0bbl

Ba)kHO IIOMHUTbH, UTO IIOCJEe CO3TaHMSl CIOyKObl Service oHa
noayuyut clusterIP, [OOCTYNHBLIM TOJABKO BHYTPM KilacTepa
Kubernetes (Ha 4To yKa3biBaeT MMs mapameTpa), u 3TOT IP-ampec
OCTaeTCs] HeM3MeHHbIM, ITOKa CYIIeCTBYeT OIlpedesieHue CIy>KOBbI.
Ho kak apyrue npuioxkeHus1 B KjlacTepe CMOTYT ONpene/nTb 3TOT
OIMHAMMUUYeCcKM pacrnpepneneHHbii clusterIP? B ux pacmopsikeHUn
eCTb JBa CII0co0a:

Yepe3 nepemeHHble OKPYHCEHUS

3amyckass monabl, Kubernetes 3amosiHseT WMX IlepeMeHHbIe
OKpY)XKeHMsI  cBemeHMSIMM 000 Bcex ciaykbax  Service,
IeiCcTBOBABIIMX O ITOro MoMmeHTa. Hampumep, Haiia ciyxkoba
random-generator, mnpocaymmBamomas 1opt 80, Oyxer
BHEJIPSITCSI BO BCe BHOBb 3allyCKaemble TIIOAbI 4epe3
riepeMeHHble OKpY)XKeHMsI, KaK I0Ka3aHO B JUCTUHre 12.2.
[TpmnoxkeHne, BBIMOMHSOILEECS B 3TOM IOJe, CMOXeT Y3HaThb,
Kakoe MMS CIyXObI MCIIOJIb30BaTh, OOPATUMBIINCH K CBOUM
TIepeMeHHbIM OKpY)XKeHMs. ITOT IIPOCTOM MeXaHM3M IIOoMuCKa



MOXXHO MCIIOJIb30BaTh B MPUJIOKEHMSIX, HAIIMCAHHBIX Ha JI000M
sI3bIKE, @ KpOMe TOT0, €ro JIeTKO CbBIMUTUPOBATh 3a MpeneaaMu
kinacrepa Kubernetes mist meseit paspabOTKM M TeCTUPOBAHMUS.
OCHOBHOI1 Mpo06IeMOit 3TOr0 MeXaHM3Ma SIBJISIeTCS BpeMeHHasl
3aBMCUMMOCTb OT CO3JaHus caykO6bl Service. TIoCKOJIbKY
repeMeHHbIe CpeJibl Heslb3s1 J0OaBUTh B YKe 3amyllleHHbIe ITOIbI,
KOOPAMHATBI ~ CJIY>KObI ~ OYIyT IOOCTYIHBI TOJBKO  IOAAM,
3allyllleHHbIM ToCyie  co3fmaHus «IyxkOsl B Kubernetes.
CoOoTBEeTCTBEHHO, CJTy>k0a Service mojkHa ObITh OIpedesieHa M0
3aITyCKa I00B, 3aBUCSIIMX OT Hee, Wi, eCJIM 3TO HEBO3MOKHO,
IOl HEOOXOIMMO TIepe3aITyCTUTh.

Jiuctnrr 12.2. NepeMeHHble oKpyXeHus ¢ nHdopMaumen o cnyxbax, aBToMaTuyecku
co34aBaeMble B MOAAX

RANDOM_GENERATOR_SERVICE_HOST=10.109.72.32
RANDOM_GENERATOR _SERVICE_PORT=8080

Yepes nouck 6 DNS

B Kubernetes peiictByeT cBoit DNS-cepBep, ¥ Bce MNOAbI
aBTOMAaTUYECKM HACTPAMBAKOTCSI Ha €ro MUCIojb30BaHue. boiee
TOro, KOIJla co3JaeTcsd HoBasi «Iyxba Service, nmjas Hee
aBTOMaTHMJYeCcKu co3maeTcss HoBag 3ammucb B DNS. Ecau
MIPENOJIOKNATh, UTO KJIMEHT 3HaeT MMS HeoOXOOMMOil eMy
CJTY>KObI, OH CMOXKET 00paTUThCS K Heli 10 TTOJTHOMY AOMEHHOMY
umenu (Fully Qualified Domain Name, FQDN), Takomy Kak
random-generator.default.svc.cluster.local. 3xech
random-generator — 3To uMs CIyX0bl Service, default —
UMSI MPOCTPAHCTBA MMeEH, SVC YKa3bIBaeT, UTO 3TO pecypc
Service, a cluster.local — OKOHYaHMe, XapaKTepHOe IJIs
Kinacrepa. [Ipu obpalleHUr K CIy>k0e B TOM >Ke IPOCTPAHCTBE
MMEH OKOHYaHMe C MMEeHeM KjacTepa, a TakkKe IMPOCTPaHCTBO
VIMEeH MO>XHO OITyCTUTb.



MexaHusmM OOHapykeHMsI C ucmnosb3oBaHuemM DNS He umeeT
HEeIOCTaTKOB, CBOMCTBEHHBIX [TepeMeHHBbIM OKPYXXeHUS, TIOTOMY
yTto cepBep DNS mo3BossieT J100bIM IOJAM OTBICKMBATh BCE
cJIy>kO0bI Service cpasy mocie ux omnpeneneHusi. OmHaKO BaM BcCe
paBHO MOXET MOHAaAOOUTHCSI MCIOJb30BaTh IepeMeHHbIe
OKpYy>XKeHus1 [jid OIllpedejeHusT HoMmepa TIIopTa, eciu OH
HEeCTaHIAPTHBINM MM HeM3BECTEH OTPEeOUTEIO CTY>KOBbI.

BoT ellle HeCKOJIbKO OCHOBHBIX XapaKTepPUCTUK CIYKO Service c
turmoMm type: ClusterIP, Ha KOTOpPBLIX OCHOBBIBAKTCS IpPyrue
TUIIBI:

Heckonvko nopmoe

B onmHOM ompeneneHuM CIyXObI MOXHO 3ape3epBUpPOBATh
HECKOJIBKO IIOPTOB, MCXOIHBIX U 11e/ieBbIX. Hanmpumep, eciu 1op
MOAAepPXXBaeT BO3MOXKHOCTh coequHeHus 1o rmporokony HTTP
yepes nopt 8080 u o mpotokoay HTTPS yepes mopt 8443, HeT
HEeOoOXOOMMOCTHU OIIpedesisiTh IBe CAYyKObI, IMOTOMY UTO OJHA
cry>kba Service MmoskeT cBsI3aTh 00a mopTa ¢ mopramu 80 u 443.

bauszocme ceaHcoé

Korma mosiBisieTcst HOBBIN 3ampoc, Service BpIOMpaeT CIydaifHbli
rnoj. JTO IOBeJdeHue MOXHO M3MEHUTb, OIpede/iB MHapaMeTp
sessionAffinity: ClientIP, KOTOpbBI/i MNPUBSIKET BCe
3alpocChl, UCXOnsdlye ¢ OmAHOro u Ttoro xe IP-ampeca, K
orpeneneHHOMY Iomy. He 3a6biBaiiTe, UTO Cay>XObl Service B
Kubernetes  BbINOJAHSIIOT  0aJaHCMPOBKY  HArpy3kuM  Ha
TPAHCIIOPTHOM YpOBHe L4 ¥ He MOryT MUCCUIENOBATb CeTeBble
MakeTbl ¥ BBIMOJHSATh OaJaHCMPOBKY HArpy3ku Ha YpOBHE
MIpUIOXKEeHUI, HalIpMMep Ha OCHOBe cookie.



IIposepka zomoeHocmu

B r1aBe 4 «IIpoBepka pabOTOCIOCOOHOCTM» Bbl Y3HaIM, KakK
onpenenuTb MnapaMmerp readinessProbe pjas KoOHTeliHepa.
Ecnin pns moma ompeneneHbl IMPOBEPKM TOTOBHOCTM M OHM
TepHsT HeyAady, MOJ YIOISIeTCs M3 CIIMCKA KOHEYHbIX TOYeK
CJIY>KOBI Service, Iaske eCyii OH COOTBETCTBYET CEJIEKTODY.

Bupmyansnotii IP-adpec

ITpu cosmauum ciaykba Service ¢ turmom type: ClusterIP
TOJIy4aeT ITOCTOSIHHBIN BUPTyaIbHbIN [P-agpec. OmHaKo 3TOT
[P-azmpec He COOTBETCTBYET HM OTHOMY CeTeBOMY MHTepdeiicy u
He  CyliecTByeT B  peajlbHOocTM. OH  00C/TYy>XKMBaeTcs
KOMIIOHEHTOM Kkube-proxy, meicTBYIOIIMM Ha KaXKIOM Y3Je,
KOTOPBIi Mo/iydyaeT MHGOpMAaIlMI0 O HOBOI CTyskO0e ¥ 0OOHOBJISIET
HacTpoJiku iptables Ha cBoeM y3i1e, m06aBJIsSIS ITpaBMiia, KOTOpbIE
TepexBaTbIBAlOT CeTeBble IIaKeThl, HAIPABJSIONUIMECS Ha 3TOT
BUpTyalnbHblil [P-azmpec, wu 3ameHstor ero IP-agpecom
BbIOpaHHOI'0O mnoja. B HacTpoiiku iptables He mpo6aBasSIOTCS
npaswia mig [CMP — TOJNILKO [jis1 MPOTOKOJA, YKA3aHHOTO B
ompeneneHun ciayxkObl, Takoro Kak TCP wmmum UDP. Kak
CclencTBue, HeT BO3MOXKHOCTM MCIIOJNb30BAaTh ping O
npoBepku IP-agpeca ciayxkObl, IIOTOMY UYTO 3Ta KOMaHja
ucroJsib3yet 1poTokoa ICMP. 3aTo eCcTh BO3MOXHOCTb MOJYYUTh
IOOCTYII K ci1y>kOe yepe3 TCP (Hanpumep, nociats HTTP-3ampoc).

Bwioop ClusterIP

B onpenenenuu cry>k0bl Service MOXKHO SIBHO yKa3aThb IP-ampec B
nojie .spec.clusterIP. DTo JOMKeH OBITH AECTBUTEIbHbIN
[P-agpec 3 mpeporipeneneHHOr0 Auara3oHa. XOTS 3TO U He
pPeKOMeHAyeTCsI, HO 3TOT IlapaMeTp MOXXeT IIPUTOAUTHCS IIpuU



paboTe C ycTapeBIIMMMU IIPUIOXKEHUSIMM, HACTPOEHHbIMM Ha

MCIIO0Ib30BaHMe orpeneneHHoro IP-agpeca, uan npu HaJIUuUu

cymectByromiein  3amucu  DNS,  KOTOpyw  KejlaTeJbHO

MCIIO/Ib30BaTh IMTOBTOPHO.

Ciy>k0n1 Service ¢ TunoM type: ClusterIP mOCTYIIHBI TOJBKO
BHYTpU Kiaactepa Kubernetes, 1CHoib3yiOTCS i1 OOHApy>KeHMUSI
II0JIOB, COOTBETCTBYIOIIMX CeJIeKTOpaM, U IMIPUMEHSIIOTCSI Hauboee
yacTo. [lamee MblI pacCMOTPUM OpyTue TUIIBI CIyXO, KOTOpbIE
MTO3BOJISIIOT OOHAPY>KMBATh KOHEUHbIE TOUKM, YKa3aHHbIE BPYUHYIO.

PyuyHoe obHapyxeHue cnyxo6

Korma cosmaercsi ciayskba Service ¢ mapameTpoMm selector,
Kubernetes cosmaeT ¥ IOAJepXMBAaeT CIIMCOK TMOAXOASIINX U
TOTOBBIX K MCIIOJIb30BAHMUIO TOAOB B CIIMCKE PEeCcypCoOB KOHEUYHbBIX
ToueKk. BoinmosHMB KoMaHay kubectl get endpoints random-
generator, MOXHO yOeIUThCsI, UTO ObLJIM CO3JaHbl BC€ KOHEUHBIE
TOYKM OT MMEeHU CIykObl B jucTtuHre 12.1. ITogkmaoueHMUs] MOKHO
TIepeHarpaB/saTb He TOJbKO K IOAAM BHYTPU KjaacTepa, HO U K
BHemHMM [P-anpecam u mopram. [y 3TOro cjieayeT OMYCTUTh
oripenesieHne selector B Service M BPYYHYH CO30ATh PeCypPChI
KOHEUYHBIX TOUeK, KaK II0Ka3aHo B JIUCTUHIe 12.3.
Jiuctunr 12.3. Service 6e3 napameTpa selector
apiVersion: vl
kind: Service
metadata:
name: external-service
spec:
type: ClusterIP
ports:
- protocol: TCP
port: 80



Hanee, B muctuHre 12.4 onpepnensieTcs peCypc KOHEUHbIX TOUEK
C MMEHEeM, COBMAJAIOIIMM C MMEHEeM CITYKObl Service, KOTOpBIi
omnpenessieT LeaeBbie IP-agpeca 1 MOPTHI.

Jincturr 12.4. KoHeyHble TOUYKM A/19 BHELWHeN CnyX0bbl
apiVersion: vl
kind: Endpoints
metadata:
name: external-service (1
subsets:
- addresses:
- ip: 1.1.1.1
- ip: 2.2.2.2
ports:
- port: 8080

O liMma po/mkHO COBIAJaTh C MMeHeM CaysKObl  Service,
obecrieuMBaloIeil JOCTYII K 9TUM KOHeUHbIM ToukaM Endpoints.

Kpome Toro, sta ciaysxba Service AOCTyIIHa TOJIbKO M3HYTPU
KjacTepa M MOXeT MCIIOJb30BaThCS TaK >XKe, KakK IMpenbIayliue,
yepe3 riepeMeHHbIe OKpy>KeHUs uiu mouck B DNS. PasHuiia jiuiib B
TOM, YTO CIIMCOK KOHEUHBIX TOUEK IOALEPKMBAETCS BPYYHYIO U UX
[P-azmpeca 06bIUHO HAXOMSTCSI BHE KjacTepa, KaK IToKa3aHo Ha pUC.
12.4.

JTO He eOVHCTBEHHbINI MeXaHM3M MOAK/IIYEeHUSI K BHEIIHUM
pecypcam, XOTSI M MCIIOJb3yeTcd vallle OpyruxX. KoHeuHble TOUKMU
MOTYT comepskaThb IP-ampeca nmomos, HO He BUpPTyaibHbIe IP-ampeca
Opyrux caysko Service. OmHOI U3
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Puc. 12.4. O6HapyxeHue cnyxbbl BpyYHYHO

3aMevaTeJbHbIX 0coOeHHOCTelt ciayk6 Service sBisieTcs
BO3MOXKHOCTb TOO0ABJISITh M YOQISITh CEJIEKTOPbI M CChIIAThCS Ha
BHEIIHMX WJIM BHYTPEeHHMX IIpoBaiiiepoB 0Oe3  yOaJeHus
orpefejieHus] pecypca, 4TO MOXeT IPUBECTU K M3MeHeHMI0 [P-
ampeca ciayk6bl. To ecTb MOTPeOUTENN YCJIYT MOTYT HPOAOJIKATh
MCIT0JIb30BaTh TOT sKe IP-aapec ciy:kObl, maxke eciau (pakTuueckast
peanmms3anusl IIOCTaBIIMKA YOUIYT OydeT IlepeMelaTbCs IO
nokanbHOI ceTu Kubernetes.
B kaTeropmyu MeTOJOB PYYHOI'0O OOHApPY>KEHUSI CITY>KO eCcTb elle
TUII pecypca Service, mpeicTaB/I€HHbIN B 1UCTUHTe 12.5.
Jinctunr 12.5. Cnyxba Service € BHELWHWM aapecoM Ha3HaYeHuUs
apiVersion: vl
kind: Service
metadata:
name: database-service
spec:
type: ExternalName
externalName: my.database.example.com
ports:



- port: 89

JTa cy:kba Service Toke He MMeeT IapameTrpa selector, HO
ee TUN orpepneieH Kak ExternalName. DTo BaxkHOe OTINuMe C
TOUKM 3peHMsl peanmsalumu. ITa CIykba cchljaeTcss Ha pecype C
MMeHeM, VKa3aHHbIM B externalName, aapec KOTOpOro
orpenenseTcsl UCKAIUUTEIbHO ¢ moMolibio DNS. OTo — cmocob
CO30aHMsI TICeBIOHMMA [JII BHEIIHel KOHEYHOI TOYKU C
ucrionb3oBaHem DNS CNAME Bmecto npokcu ¢ IP-agpecom. Ho
10 CyTH 3TO ellle OAUH CII0c00 abCTparupoBaHus KOHEUHBIX TOYEK,
pacIio/IosKeHHbIX 3a MpedenaMu kiaactepa Kubernetes.

O6HapyxeHue cnyXb B Knacrepe U3BHe

Bce mexaHM3Mbl OOHApysKeHUSI CITYKO, ITpeICTaBjeHHbIE BbIIIE B
3TOI IJlaBe, MCIIOJb3YIOT BUPTYyaabHbIN [P-agpec, ykasbiBarOLuini
Ha MOJbl WM BHEIIHMEe KOHEeUYHbIe TOYKM, a CaM BUPTYaJIbHbIN [P-
azgpec IOOCTYMeH TOJAbKO BHYTpu Kiactepa Kubernetes. OpgHako
BCcsikuit Kiactep Kubernetes paboTaeT B pealbHOM MUpe, 1 KpoMe
MOAK/IIOUEHNMSI ero MoAOB K BHEIIHMM pecypcaMm 4acTo TpebyeTcs
oObpaTHOe — BO3MOKHOCTb MOAKIIOUEHMS BHEIIHUX ITPUI0KEHMIT K
KOHEUYHbIM TOYKaM I0AO0B. [JaBaiiTe MOCMOTPUM, KaK CAe/JaTh MO
OOCTYIIHBIM IS KJIIMEHTOB, OeMCTBYIOLIMX 3a IpenejiaMu Kiaactepa.

[lepBbIii  CIIOCO6 —  ompemenuTb CIyKOy Service u
SKCIIOPTUPOBATh €€ 3a TIpaHullbl Kjacrepa, 3agaB Tull type:
NodePort.

Omnpenenenue B JUCTUHTe 12.6 omMchIBaeT CIyKOy Service,
MoAAepXKMBAaeMYI0 ITI0aMM, KOTOPbI€ COOTBETCTBYIOT CEJIEKTOPY
app: random-generator. OHa IpMHMMAaET COeOMHEHUSI yepes
ropt 80 1o BupTyasibHOMY IP-azpecy M HarpaBJ/isieT UMX Ha IOPT
8080 BwIOpaHHOrO IoOAa. Ho [OMOJHUTENBHO 3TO OIpeaeeHue
pesepBupyeT nopt 30036 Ha Bcex y3jnax M IMepeHanpaBjseT Bce
BXOZSIIMEe COeIMHEeHUsI uepe3 3TOT IOPT B CIykOy Service. 3To



pesepBUpOBaHMe 0OecreunBaeT [IOCTYITHOCTb CIAYKObI UM uepes
BUPTYaJIbHBINM [P-azmpec, u M3BHe, uepe3 BbIIEJE€HHBIN IOPT Ha
KaXIOM y3JI€.
JNnctunr 12.6. Cnyxba Service ¢ Tunom NodePort
apiVersion: vl
kind: Service
metadata:
name: random-generator
spec:
type: NodePort (1
selector:
app: random-generator
ports:
- port: 890
targetPort: 8080
nodePort: 30036 (2
protocol: TCP

© OTKpbIBaeT IMOPT Ha BCEX y3/1aX.

® OukcMpoBaHHLINI HOMEp IopTa (KOTOPBIM HO/KEH OBITh
noctyneH). Ecamu oImycTuTrhb 3TOT IapameTp, OyaeT BbIOpaH
CTy4YalHbI HOMED I0pTa.

JTOT MeTOoH, 3KCIIOPTMPOBAHMST CIYKO (KaK TMOKa3aHO Ha pMUC.
12.5) MoKeT IOKa3aTbCsd HEIUIOXMM BapuMaHTOM, HO y HEro ecThb
CBOM HepnocTaTku. JlaBaiTe pacCMOTPMM HEKOTOpble U3 ero
OT/INUUTEJIbHBIX XapaKTePUCTUK:

Homep nopma

BmecTto BbIOOpa KOHKPETHOrO IIOpTa B BUAe MapamMeTpa
nodePort: 30036 MOKHO II03BOJIUTh Kubernetes



CaMOCTOLATEJIbHO BbI6paTb IMOPT N3 ero Amaria3oHa.

IIpasuna 6panomayspa

Tak Kak 3TOT MEeTOJ OCHOBAH Ha OTKPBITUM ITIOPTa HA BCEX y3JIaX,
B OpaHaMaysp HeoOXOOuMO IJ00aBUTh IOOIIOJIHUTEJIbHbIE
IIpaBIjIa, paspeliamllye BHEIIHUM KIMEeHTaM ITOIK/IIYaThCI K
9TOMY ITOPTY.

Boioop y3na

BHeIIHMI KIMEeHT MOKeT OTKPBITh COeIMHEeHMe C JII0ObIM y3/I0M
B Kiactepe. Ho eciin y3en oKaxkeTcs HeIOCTYITHbIM, KJIMEHTCKOe
MIpUIOKEeHMEe TO/KHO CaMO YCTAHOBUTDH COeAVHEHMe C APYyruM
paborocriocobHom y370M. C 9TOI1 11€/IbI0 MOXKET ObITh ITOJI€3HO
YCTAaHOBUTDb OATaHCUPOBIIMK HArpy3Ku Iepes y3aamMmu, KOTOPbIi
BbIOVIpaeT MCIIpaBHbIE y3/Ibl M 00pabaThIBaeT OTKA3bI.

Bbi6op noda

Korma KAMEHT OTKpbIBAeT COedVMHEHMe dYepe3 IOPT y37a, OH
repeHarpaB/isIeTcsl K CJIy4yaitHO BbIOpAaHHOMY IIOAY, KOTOPBIi
MOXXeT HaxXOIUThCSI Ha TOM JKe Yy3je, Ife ObLIO OTKPBITO
coeMHeHMe, MU Ha APYroM y3Jie.
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Puc. 12.5. O6HapyxeHue cnyxb no nopTy y3na

DTOI IOIMOJHUTEJbHONM Iepeajapecaluy MOXHO u30exkaTb U
3actaBuTh Kubernetes Bcerma BbIOMpaTh MO, Ha y3e, rae ObLIo
OTKPBITO coelViHeHMe, ec/iun n00aBUTh rnapameTp
externalTrafficPolicy: Local B ompemeneHue Service. B
sToM «1ydyae Kubernetes He MO3BOJUT TMOOKIKOYATHCS K
MOJIyYJISIM, pasMeEILleHHbIM Ha [OPyruxX Yy3jax, 4YTO, BIIPOYEM,
MOXeT IIOpOAUTH IIpo6sieMbl. YUTOOBI pemuTb UX, HYKHO
rapaHTUpOBaTh pasMelleHye IMOAOB Ha BCeX y3jax (Hampumep,
peann3oBaB MaTtepH Daemon Service (DoHOBasi ciyxkba)) mau
MpeJOCTaBUTh KIMEHTY MHAOpMAaLMI0O O TOM, Ha KakuX y31ax
MMEIOTCS VUCIIPaBHbIE TTOABI.

Hcxodawue adpeca

CyliecTBYIOT ellle HeKOTOpble OCOOEHHOCTM, CBSI3aHHbIE C
UCXOISAIIMMM aApecaMiy I1aKeTOB, OTIIPaBJISIeMbIX CIysKO0am



Service pasHbIX TMIOB. B yacTHOCTM, CTy>kObI Tuiia NodePort
MOJIy4alOT TIaKeTbl C MCXOOAIIMMM aZpecaMu KJIMEHTOB,
MpOIIeIIMMM ITIPOLieAypy ITpeodpa3oBaHMsI CETEBBIX aJipPecoB
(NAT), To ectp ucxomsauue IP-azmpeca K/IMEHTOB B CeTEBBIX
IaKeTax 3aMeHSI0TCS BHYTPEHHMMM aapecaMi y3ia. Hampumep,
KOIJa KJIMEeHTCKOe MpUIOKeHue OTIIpaB/seT IakeT Ha y3en 1,
UCXOIAIINUIA aZpeC B HeM MeHSeTCsd Ha ajpec ysja, aapec
Ha3HaueHus] MEHSeTCSl Ha aapec IIo4a, II0Cjae Yero IMakeT
riepechblIaeTCs Ha ys3ea 2, rae HaxoauTcsa cam moxa. Korma mop
IIOJTyJ4aeT CeTeBOi IIaKeT, MCXOASIIuiAi agpec B Hem Oyder
OT/INYATBCSA OT afpeca OPUTMHAJIbHOTO KJIMEHTAa U COBIANATb C
ampecom y3na 1. UYToObl 3TOro He MPOMCXOAUIO, MOXKHO
ornpenenutb Imapametrp externalTrafficPolicy: Local,
KaK OMNMCAHO BbIllle, U IlepedaBaTh Tpad@uK TOJbKO MOAAM,
HaXOIAIMMCS Ha y3ie 1.

Ipyroii croco6 oOpraHu3oBaTh BO3MOKHOCTb OOHAPYKEHMS
CIyXO [Jisi BHEIIHMX KJAMEHTOB — HaCTPOUTh OalaHCUPOBKY
Harpy3ku. Bbl yke Bumenu, Kak ciaykba Service ¢ Tumom type:
NodePort crpoutcsi moBepx OOBIYHOI CIYKOBI C TUIIOM type:
ClusterIP, mOMOMHUTENBHO OTKPBIBAs IMOPT HAa KaKIOM Y3Je.
OrpaHuueHreM 3TOr0 MOAXOAA SIBJISIETCSI HEOOXOAMMOCTb MMETh
O0aJaHCUPOBIIMK HArpy3KuM [  KIMEHTCKUX TPUIOKEHUIA,
BBIOMpAIOIIMii  paboTOCIIOCOOHBIVE  y3ea. CiaykObl € TUIIOM
LoadBalancer ycTpaHSIOT 3TO OTpaHUUYEHNe.

KpoMe cosmaHusi 0ObIYHBIX CTYKO Service U OTKPBITUSI TIOPTOB
Ha KaXXIOM y3jie C IOMOIIb0 cIykb ¢ tTunoM type: NodePort,
MOXXHO TaKXXe 3KCIIOPTMPOBATh CAYKOy BOBHE C MCIIOJIb30BaHMEM
OasaHCHMPOBIIMKA HArpysku objavyHoro mposaiimepa. Ha puc. 12.6
IoKa3aHa Takas KOH@Urypaluusi: COOCTBeHHbI OajaHCHMPOBIIUK
Harpy3Ky urpaet poJb Iijo3a B kiactep Kubernetes.
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Puc. 12.6. O6HapyxeHue cnyxb nocpeacTBOM 6anaHCUMPOBLLMKA HArpy3Ku

To ecTb CmykObl Service 3TOro Turma AeiCTBYIOT, TOJIbKO KOTIa
obOyslauHbIii mpoBaiimep HacTpown B Kubernetes monepkKy
O0a/1aHCUPOBKM Harpy3Kiu.

MblI MOKeM CO3[aTh CJIYKOY C O6aJlaHCHMPOBIIMKOM HAarpysKu,
yKkaszaB Tui LoadBalancer. BerpetuB Takyio ciayk0y, Kubernetes
no6asut IP-ampeca B mojg .spec M .status, Kak II0KasaHO B
auctuHre 12.7.

Jiucturr 12.7. Cnyxb6a Service Tmna LoadBalancer

apiVersion: vl

kind: Service

metadata:

name: random-generator
spec:
type: LoadBalancer
clusterIP: 10.0.171.239 (1
LoadBalancerIP: 78.11.24.19



selector:
app: random-generator
ports:
- port: 80
targetPort: 8080
protocol: TCP
status: (2
lLoadBalancer:
ingress:
- ip: 146.148.47.155

O Kubernetes npucBamBaet clusterIP u loadBalancerIP,
€CJIi OHU JIOCTYITHBI.

® Ilone status ympasisercs ¢peiimBopkom Kubernetes u
nobasssieT Ingress IP.

C oTuM oImpefeseHMeM CIykObl BHeIIIHee KJIMEHTCKOe
IIPUJIOKEHME MOXKET OTKPBITh COeOMHEeHMe C OaJaHCUPOBIIVKOM
Harpy3Ku, KOTOpbIi caM BbiOepeT y3en M Haiger mona. Crocob
IIpeOCTaBJIeHNsI OCTylla K O0aJaHCUMPOBIIMKY HArpysku U
oOHapy>KeHMs CIyKO 3aBUCUT OT IIOCTaBIIMKA O0JIAUHBIX YCIYT.
HekoTopble 06/1auHble TIPOBaiAephbl pa3peliaoT OnpenesTh ajpec
OaJaHCHMPOBIIMKA HArpy3Ky, a HEKOTopble — HeT. HekoTophbie
MOAAEPKMBAIOT MEXaHM3Mbl COXpPAaHEHMSI MCXOOSINIMX aApecoB, a
HEKOTOpbIe 3aMeHSIIOT UX aapecoM bajaHcupoBiyvka. O6s13aTeIbHO
IIpOBepSIiTe KOHKPETHYIO peanusanmio, Trpe/ijIlaraeMyo
BbIOpAaHHBIM BaMM 00JIaUHBIM ITPOBaiiIepoM.

[NoppepxmBaetrca ewe oanH Tun cnyxb Service:
asmoHomHble (headless) cnyxbbl, AnNS KOTOpbIX He Tpebyetcs



BblaeneHHbin  |P-agpec. ABTOHOMHas  cayxba  co3paetcs
nobasneHneM napametrpa clusterIP: None B pa3sgen spec:.
MNoppepxuBatowme noabl A00ABNAKOTCA B aBTOHOMHYHK CHyXOy
BHYTpeHHMM DNS-cepsepoM, un Takune cnyxbbl Hanbonee nonesHol
ans peanusaumm StatefulSet, kak nogpo6bHoO onucaHo B rnase 11
«Cnykba € COCTOSIHUEMY.

O6Hapy)XeHue cny>X6 ypoBHSA NPUNOXKEHUS

B oTnume oT MexaHM3MOB, 00CY>XKIABIINXCS OO0 CUX IIOp, Ingress —
9TO He THUI CAYKObI, a CaMOCTOsITeNbHbI pecypc Kubernetes,
KOTOPBIN pacriojaraeTcsl Iepen caysk0ammu Service U IeiCTByeT
IIOJJOOHO MHTEJIJIEKTYaJIbHOMY MapIIpyTM3aToOpy M TOUKe BXOAa B

KnaCTep&. O6bryHO pecypc Ingress WUCIIOAb3yeTCsI C  1eJbI0
OTKpPBITh JOCTYHI K Ciaysk6am Service mo mportokony HTTP uepes
BHemHMe URL 1 obecnieunThb 6aaHCMPOBKY Harpy3Ku, 3aBeplilieHue
SSL (SSL termination) ¥ BUPTyaJbHbI/i XOCTMHT Ha OCHOBE MMEH,
HO CYLIeCTBYIOT U [Opyrue CIeUMaJu3UMpOBaHHbIEe pealnsalun
Ingress.

Ilisi HOpMasibHOI paboThl Ingress HeoOXoAMmoO, UYTOOBI B
KjacTepe OB 3allyllleH OAMH WIM HEeCKOJbKO KOHTPOJIJIEPOB
Ingress. B nuctuHre 12.8 mokaszaH TIIpocToi pecypc Ingress,
9KCITIOPTUPYIOIINIT e IMHCTBEHHYIO CJIY>KOY Service.

Jiucturr 12.8. Onpepenexune npoctoro pecypca Ingress
apiVersion: extensions/vlbetal

kind: Ingress

metadata:

name: random-generator
spec:
backend:
serviceName: random-generator



servicePort: 8080

B 3aBucumocTtu OT MHGPACTPYKTYphbl, Ha KOTOpOiI paboTaer
Kubernetes, 1 peanusaiiuu KOHTpoJiepa Ingress, 3To ompeeneHue
BbIgessieT [P-ampec, OOCTYIIHBI M3BHE, M OTKPBbIBAET IOCTYH K
ciykbe random-generator uepe3 1opr 80. Ho 9Ta
KOH(Urypauys He CUJIbHO OTIMUAETCS OT CJIYKOBI Service ¢ TUIIOM
type: LoadBalancer, KoTopas TpebyeT BHeliHero IP-aapeca as
KaXIOro onpeneneHuss Service. Hacrosimass cuima Ingress
3aKJII0YaeTCs B MCII0/Ib30BaHUM eIVIHOTO BHEIIIHEr o
OanmaHCMpOBILMKA Harpy3ku wu IP-azmpeca masg oOCTYKMBaHUS
HECKOJIbKUX CJTY>KO U CHMKeHMS 3aTpaT Ha MHPPaCTPYyKTYpY.

B nuctunHre 12.9 moxasaHa IIpocTass KOHQUrypaluss BeepHO
MapUIpyTU3aluy MeKAy HEeCKOJbKUMMM CIysk0amMu ¢ eguMHbIM IP-
agpecoM, ocHoBaHHass Ha HTTP URI.

Jvctunr 12.9. Onpepenenue pecypca Ingress ¢ oTobpaxeHnMeM MapLipyToB
apiVersion: extensions/vlbetal

kind: Ingress

metadata:

name: random-generator
annotations:
nginx.ingress.kubernetes.io/rewrite-target:
/
spec:
rules: (1]
- http:
paths:
- path: / (2,
backend:
serviceName: random-generator
servicePort: 8080
- path: /cluster-status (3



backend:
serviceName: cluster-status
servicePort: 80

O Cneuyanu3upoBaHHbIe IpaBuia MaplIpyTU3aLMM 3alPOCOB
Ha OCHOBe ITyTU 11 KOHTpoJiepa Ingress.

® OTIpaB/SATh B CIYKO0y random-generator Bce 3apoChl...

© ...KpoMme 3arpocoB, B KOTOPBIX yKa3zaH nyThb /cluster-
status; 3T 3aMpochl TOJKHbBI IlepeJaBaTbCs APYTOil CITyKOe.

MapuwpyTbl B OpenShift

Red Hat OpenShift — nonynspHbI KOpNOPATUBHbLIN ANCTPUOYTUB
Kubernetes. llomMumo nonHou coeMectuMoctM C Kubernetes,
OpenShift npegnaraet psig 4ONOAHUTENbHbBIX BO3MOXHOCTEN. OgHa
M3 HUX — Mapwpytbl Route, oyeHb noxoxue Ha Ingress. OHU
HAaCTONbKO MOXOXMW, YTO NOYTU Hepasnmummbl. Cleayetr OTMETUTD,
YTO MNOSIBNIEHME MOALEPXKM MaplpyToB Route npeplecTtsoBano
BBeaeHMo obbekTa Ingress B Kubernetes, mo3atoMy MapipyTbl
Route MOXHO CMeno cuuTaTb NPSIMbIMM MNpenLeCcTBEHHUKAMMU
Ingress.

TeM He MeHee Mexnay obbekTamu Route and Ingress cywecTBytoT
TEXHUYECKNe OTINYNS:

MapuwpyT Route aBTOMaTUYECKM noanep>XXmMBaeTcs
6anaHcMpoBWMKOM Harpy3ku HAProxy, uWHTerpMpoBaHHbIM B
OpenShift, nostomy HeT HeobXxoAMMOCTM  YCTAHABAMBATH
AONoNHUTEeNbHbIM KoHTponnep Ingress. OgHako B OpenShift ectb
BO3MOXHOCTb 3aMEHUTb BCTPOEHHbINM BaNaHCUPOBLLMK HArpysKMu.



NmeeTcsa BO3MOXHOCTb MCMOJIb30BATb AOMOJIHUTESIbHbIE PEXUMbI
3aBepuweHns TLS, Takme Kak NOBTOpPHOE WNUPpPOBAHUE U CKBO3HOM
AOCTYN K cnyxbe.

MNopnoepxuBaeTtcs pacnpeneneHue Tpaduka Mexay 3Kk3eMnaspamu
C YYETOM BeCOBbIX KO3IPPULMEHTOB.

HO,D,,D,ep)KMBaI-OTCFI laBNOHHbIE CUMBOJbI B JOMEHHbIX UMEHAX.

HakoHel, Ingress Toxe MoXHO ncnonb3osatb B OpenShift. To ecTb,
ncnonb3ys OpenShift, Bbl nonyvyaeTte HekoTopyo cBob6oay Bbibopa.

[IockombKy BCe KOHTpoJulepbl Ingress MMeWT pasHbIe
peanusaluu, KpoMe OOBIYHOTO oOrmpeneneHus pecypca Ingress
KOHTPOJIJIEPY MOJeT MTOTpebOoBaThCS IOTIOJTHUTEIbHAS
mHbopmalusi, KoTopasi rmepefaeTcs IIOCpeICTBOM aHHOTaLuii. Ecian
MPeIOoOKUTb, YTO KOHTpoJulep Ingress HacTpoeH MpaBWILHO,
npenpiaylee orpeseeHue obecrieunT UCIIOJIb30BaHMe
O0aJIaHCMPOBKM HArpy3KM M TOCTYITHOCTb JIBYX CJIYKO C pasHbIMU
nyTamu yepes o IP-agpec, Kak mokasaHo Ha puc. 12.7.
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Puc. 12.7. O6bHapyxeHue cnyx6 ypoBHSI NPUIOXKEHMS

Ingress — B5TO camMblii MOIIHBIII M B TO € BpeMs CaMbIi
CJIOKHBIN MeXaHM3M OOHapykeHMsi caysk0 B Kubernetes. I'maBHOe
ero MpeuMMyIleCTBO — BO3MOXHOCTb OPraHM30BaTh [OOCTYIl K
HECKOJIbKMM CITysk6aM uyepe3 oauH IP-azmpec, korma Bce CITysKObI
VCIIO/Ib3YIOT OOVH U TOT K€ IPOTOKOJI MPUKIASHOTO YpOoBHS L7
(o6b1uHO HTTP).

NMosAcHeHMe

B 23TOil 11aBe MbI pPacCMOTpeaM OCHOBHbIe MeXaHU3MBI,
MUCIIOJIb3yeMble TIpu peanm3auum ratrepHa Service Discovery
(O6napykeHne cayk6) B Kubernetes. O6HapykeHne IuHaMUUECKUX
IOJOB BHYTPU KJjacTepa BCerma MPOU3SBOAUTCI Yepe3 pecypc
Service, XOTS1 pa3Hble BAapMaHTbl MOTYT MOPUBOAUTH K pPa3HbIM
peanu3anusiM. AOGCTpakiiusi Service — 3TO BbICOKOYPOBHEBBI
00JIauHbI/l CITIOCOO HACTPOIKM HMU3KOYPOBHEBBIX [eTajiei, TaKuUx



Kak BUpTya/ibHble IP-anmpeca, nmpaBmia iptables, 3amucu DNS unn
repeMeHHbIe OKpykeHus. OOHapykeHMe CIyKO M3BHE KJjacTepa
OCHOBBIBAeTCSI Ha abOcTpakiuuy Service M HaIpaBJIeHO Ha
TpenocraBjeHre yoIyr BHemHemMy Mupy. Tumn  NodePort
MIO3BOJISIET ONpeneauTb IIPOCTYIO CIYKOY, [OCTYIIHYIO W3BHE,
OJHAKO JIJIST HACTPOMKM CIIY>KO C BBICOKOJ JOCTYITHOCTBIO TpebyeTcst
MHTerpaius ¢ MoCTaBIIMKOM MHGPACTPYKTYPhI IJIAT(HOPMBI.

B Tab6n. 12.1 mepeunciieHbl pasHbie CIOCOOBI peann3alnu
naTtepHa Service Discovery (O6HapykeHne cayk0) B Kubernetes. B
Heli gJaeTcsd KpaTkasg wuHboOpMauyMs O pasauMyHbIX MexXaHMU3Max
oOHapy>XKeHMs CTY3KO, OIMMCAHHbBIX B 3TOJ IJIaBe, OPraHM30BaHHbIX B

TIOpSIIKE BO3pacTaHMs CJIOKHOCTU. MbI

HazeeMcs,

YTO OHa

ITOMOXXET BaM MBICJIEHHO ITOCTPOUTDb MOJEJIb M JIYUIIIe ITOHATDH ee.

Tabnamua 12.1. MexaHun3Mmbl nattepHa Service Discovery (O6HapyxeHue

CNyxo)
HassaHue Kondurypaums Tun Onucanue
K/JMEHTa
cL Ip Hanbonee
type: Cluster y
ClusterlIP P BHyTpeHHMI pacnpocTpaHEHHbIM
.spec. selector MeXaHU3M o6Hapy>KeHm|
Y6 U3HYTpH
PyyHoe o6HapyxeHue type: ClusterIP B _|06HapysKeH1e no
. ) HYTPEHHWUI
cnyx6 no IP kind: Endpoints BHewHeMy IP-agpecy
O6HapyxeHue no type: ExternalName ObHapyxeHue no
NOMHOMY LOMEHHOMY N BHyTpeHHMI|BHELWHEMY NONTHOMY
UMEHMU -spec.externalName IOMEHHOMY MMEHMU
type: ClusterIP OB6HapyeHue Ha OCHOBE
ABTOHOMHas cnyx6a .spec.clusterIP: [BHyTpeHHuin|DNS 6e3 BupTyanbHoro IP-
None aapeca
[MpeanoyTUTENbHbIN
NodePort type: NodePort BHewHnn  |BapuaHT ona Tpadmka,
oTAnyHoro ot HTTP
LoadBalancer type: LoadBalancer |BHewHunn [TpebyeT noaaepXku co
CTOPOHbI 0613a4HOW




MHPPACTPYKTYPbI

NHTennekTyanbHbIM
Ingress kind: Ingress BHewHMn  [MexaHW3M MapLpyTu3auum
Ha ocHose L7/HTTP

B 3TOJi I1aBe mpencTaB/ieH AOCTAaTOYHO ITOJHBIN 0030p BCeX
OCHOBHBIX MexaHmn3MoB Kubernetes misi oOHapysKeHUSI CIYKO U
mocrynma K HuM. OpOHakKo Halle IIyTellecTBYe Ha 3TOM He
3akaHuMBaeTcsi. B pamkax mpoekrta Knative 066111 CO3JaHbl HOBBIE
MIPUMUTUBBI IIOBepx Kubernetes, KOTOpbIe IIOMOTalT
paspaboTuMKaM IIPWIOXKEHMIA OpraHM3oBaTh OOCTYKMBaHME U
0OMEeH COOOIIeHNSIMMU.

B koHTekcTe nartepHa Service Discovery (OGHapy>KeHMe CIIyKO)
npoekT Knative Serving mpencTaBjseT 0coOblii MHTeEpec, MOTOMY
4TO MpepjaraeT HOBbINM pecypc, HalTIOMMHAIOINIA Service, KOTOPbI
OB IpeACTaBJIeH 3/leCh, HO C apyroii rpymimoi API. Knative Serving
npenjiaraeT TakKkKe IOAAEPKKY peBU3UIM NPWIOKEHUM U OYeHb
rMbkoe MacuiTabupoBaHye CJIy>X0 3a 6aIaHCUPOBIIMKOM Harpys3Kiu.
MbI KpaTKO pacckaskeM 0 Knative Serving B pasnene «Knative Build»
raaBbl 25 1 BO Bpe3ke «Knative Serving» rinaBbl 24, 04HAKO IIOJHOE
obcy>kmenme Knative BBIXOOMT 3a paMKM 3TOW KHUTM. B pasmere
«JIlomomHMUTeNbHAS MHAOpPMaLMsi» IJaBbl 24 BbI HaiifeTe CChUIKU,
I7le MOKHO HaliTu 60Jj1ee 1ofipo6Hyi0 nHbopmaliuio o Knative.

HdononHutenbHaa uHpopmaumsa
e [Ipumep obHapykeHMst cayko (http://bit.ly/2TeXzcr).
« Cmy>k0n1 Service B Kubernetes (http://bit.ly/2q7AbUD).

o lcnonb3oBanue DNS st oOGHapykeHMSI CIOyKO U TIOAOB
(http://bit.ly/2Y5jUwL).

» OTnagka ciryx6 Service (http://bit.ly/2rOigMX).



. Hcrionb30BaHMe UCXOOSIIIero IP-agpeca
(https://kubernetes.io/docs/tutorials/services/).

HacTtpoiika BHEIIIHETO OasaHCUPOBIIMKA HarpysKu
(http://bit.ly/2Gs05Wh).

Boibop mexxmy NodePort, LoadBalancer 1 Ingress B Kubernetes
(http://bit.ly/2GrVio2).

Ingress (https://kubernetes.io/docs/concepts/services-
networking/ingress/).

Boibop mexkmy Kubernetes Ingress u OpenShift Route
(https://red.ht/2)JDDflo).

16 Ha3BaHue pecypca Ingress Tak u riepeBoauTCss — 8x0d, mouka éxoda. — Ipumeu.
nep.



nasa 13. CamoaHanus

HekoTopble MPUWIOKeHUSI OOKHbI MMETh BO3MOXXHOCTD ITOJyYaTh
mHpopmanmio o cebe. Ilarrepu Self Awareness (CamoaHanms)
onucbiBaeT Kubernetes Downward API — mpocToit mexaHusm mjisi
caMoOaHa/IM3a ¥ BHeJIpeHNsI MeTaJaHHbIX B IIPUJIOKEHNUS.

3apava

BOJILIIMHCTBO 0O6JIaUHBIX MNPUJIOXKEHUII HE MMEIOT COCTOSIHUS U
OTIMUUTENIbHOM UIOEHTUYHOCTM. OOHAaKO MHOrga HOaxke 3STUM
NIPUIOKEeHMUSIM ObIBaeT Heobxomuma MHOoOpManusi o cebe u 00
OKPY>KeHMM, B KOTOPOM OHM BBITIOJHSIIOTCSI. JTO MOXKET ObITh
nHopMalusi, U3BeCTHAsI TOJbKO BO BpeMsl BbINIOJHEHMSI, TaKasl
Kak ums roxa, IP-agpec M mMs XOoCTa, Ha KOTOPOM pa3MelleHO
TIPUJIOKeHIe. Nnn Apyras cTaTnueckast nH@opManus,
omnpezesisieMasl Ha YpOBHe I10/a, TaKasi KaK KOHKPETHbIE 3aIpPOChl U
JIMMUTBI pecypCcoB, WIM AMHAMMUYECKasi, Takas KakK aHHOTalUuuU U
METKM, KOTOpble MOI'YT M3MEHSTbCS I10JIb30BaTEJIEM BO BpeMs
BBITIOJTHEHUS.

Hampumep, B 3aBUCMMOCTM OT PeCypCoB, IOCTYIHBIX
KOHTeVHepy, IIPpUIOXKeHVe MOXKeT HacTpauBaTb pasmep Iyiaa
IIOTOKOB BBITIOJIHEHMSI, M3MEHSITh aJTOPUTM cbopa Mycopa MIu
pacripefenenue ImnamMatA. VMg moma M MMS  XOCTa MOTYT
IIPUTOOUTBCS OIS XKYPHAJIMPOBAHUSA WIM OTIIPAaBKM METPUK Ha
IIeHTPAJIbHBIN cepBep. Takske BaM MOKeT ITOHAaJZ00OUThCSI OTHICKATh
Ipyrue II0Abl B TOM >Ke IPOCTPAHCTBE MMEH C OIpeleseHHON
METKOI ¥ 00beIMHUTD UX B KJIaCTepHoe MpuioxkeHue. s 9Tux u
npyrux ciydaeB Kubernetes nmpenocrasisier Downward API.



PeweHue

OmnucaHHble TpeboBaHMSI U pellleHMe, IIpeACTaB/JIeHHOe HIKe,
OTHOCSATCSI He TOJbKO K KOHTeliHepaM, HO M K JIloOoMy
OMHAMUYECKOMY OKPYKEHMIO, TIe MeTaJaHHble pPeCcypCOB MOTIYT
nsMeHsiTbcss. Hampumep, AWS mnpemiaraetr «1yxk0sl Instance
Metadata 1 User Data, KOTOpble MOKHO 3allpOCUTh Yy J0O0TO
sk3emMiuiapa EC2. Ananornuno, AWS ECS mpenocrasisier API, c
TIOMOIIbI0 KOTOPOTO KOHTEMHEepPbl MOTYT 3allpallinBaTh U I0JIy4aTh
MHbOpMalNIO 0 KlacTepe.

B Kubernetes ncrionb3yeTcst eiie 60jee 3JeraHTHbIN U IIPOCTOI
noaxon. Downward API 1i03BOJIsIeT IiepelaBaTh MeTadaHHbIE O
1oJie B KOHTEMHEePDI U B KJIACTep yepe3 rmepeMeHHbIe OKPY>KeHUS U
daitnpl. OTO Te ke MeXaHM3Mbl, KOTOpble Mbl MCIIOJb30BAIM [IJIsI
repenauy JaHHbBIX, CBSI3aHHbLIX C IpuiaoxkeHuem, u3 ConfigMap u
Secret. Ho B 3TOM Ciiydyae JaHHbIe CO3MAI0TCS He HaMU. MbI IIPOCTO
yKa3bIBaeM KJ/IOUM, KOTOpble Hac MHTepecyioT, a Kubernetes
IpucBauMBaeT MM 3HayeHus1 IOuHamudyecku. Ha pwmc. 13.1
rpeacTaBaeHa obmas cxema, Kak Downward API BHeapsieT B 1oJibl
MH@OpPMAaIINIO O pecypcax U O cpefie BpeMeHU BbITIOJTHEHMS].

AP server
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Puc. 13.1. MexaHu3Mbl MHTPOCMNEKLMM NPUSTOXKEHNI

Cytb B TOM, uTo Downward API BHeapsieT MeTajaHHbIe B MO U
OHM CTAHOBSITCS OOCTYITHBIMM JIOKAJIbHO. [IpMiokeHMI0 He HYKHO
MCII0/Ib30BaTh KAMeHTa U B3aumoaeiictBoBaTh ¢ Kubernetes API, u
OHO MOKeT ocCTaBaTbCcs He3aBUCMMBIM OT Kubernetes. [JaBaiite
paccMOTpUM  JIUCTUHT 13.1, [OeMOHCTPUPYIOLIUIA, HACKOJIBKO
TIPOCTO 3aIlpalinBaTh MeTaJaHHbIe uepes repeMeHHbIe OKPYKEeHMS.

Jinctnur 13.1. Nepepava uHbopmaumm u3 Downward APl yepe3 nepeMeHHble OKPYXXEHUS
apiVersion: vl
kind: Pod
metadata:
name: random-generator
spec:
containers:
- image: k8spatterns/random-generator:1.0
name: random-generator
env:
- name: POD_IP
valueFrom:
fieldRef: (1
fieldPath: status.podIP
- name: MEMORY_LIMIT
valueFrom:
resourceFieldRef:
container: random-generator @
resource: Llimits.memory

O IlepemenHas okpyxeHus POD_TIP mnonyyaer 3HaueHue u3
CBOJCTB I10J1a ¥ MHULIMJIU3UPYETCS BO BpeMs 3aIycKa Ioja.

® JlepemenHass okpyxkeHus MEMORY_LIMIT mony4daer
3HaueHyue, paBHOe JIMMMUTY TIIaMSTH, BBILEJIEeHHON [JisI STOro



KOHTelHepa; ¢aKkTuyeckoe oObIBIEHME JIMMHUTA 34eCh He
TIOKa3aHo.

Is1 mocTyria K MeTaJaHHbIM YPOBHSI II0Ja B 3TOM IIpUMepe
ucrionb3zyetrcsa cBoictBo fieldRef. Kiroum, rnepeunciieHHbie B
tabs. 13.1, pmocrymupl B fieldRef.fieldPath u B Bume
TiepeMeHHbIX OKPY>KeHUs, U B Buae ToMoB downwardAPI.

[To anamorum ¢ fieldRef, pgng mocTtyma K MeTagaHHbBIM,
OTHOCAIIMMCS K KOHKPETHOMY KOHTEMHepy B TIIoAe, MOXXHO
ucrnonb3oBaTh resourcefFieldRef. DT MmeTagaHHbIe OTHOCSITCS
K KOHTelHepy, KOTOpbIii MOXHO 3aJaTb C  IIOMOIIbIO
resourcefFieldRef.container. ITpn VICII0JIb30BAHUU
IIepeMeHHOM  OKPYKeHMSI 10  YMOJUaHMIO  COOOIIAIOTCS
MeTaJlaHHble IJIS TEeKYIero KoHTelHepa. Bo3MOXXHbIe KIOUM IS
resourcefFieldRef.resource nepeunciaensl B Taba. 13.2.

Tabnuua 13.1. Mupopmauma n3z Downward API, poctynHas B
fieldRef.fieldPath

Nmsa Onucanue
spec.nodeName MMsq y3na, roe pasmeLaeTcs nog,
status.hostIP IP-appec y3na, rae pasmeLlaeTca nog
metadata.name Nmsa nopa
metadata.namespace [poCTpaHCTBO MMEH, B KOTOPOM AeNCTBYeT Noj
status.podIP IP-appec noga
spec.serviceAccountName YyeTHas 3anucb ServiceAccount, McnonbayemMas noaoMm
metadata.uid YHWUKaNbHbIN MOAEHTUDUKATOP NoAa
metadata. labels[ ‘key'] 3HayeHne MeTkun key nopa
metadata.annotations[ ‘key' ]|3HayeHne aHHOTaumm key noaa




Tabnuua 13.2. UHdbopmauyma ns Downward API, poctynHas B
resourceFieldRef.resource

Uma Onucaxue

requests.cpu Yncno npoueccopos, 3anpoleHHOe KOHTEMHEPOM

limits.cpu J/IMMUT NpoLeccopoB A9 KOHTelHepa

requests.memory|O6bemM namsaTu, 3aNpoLLEHHbIN KOHTEMHEPOM

limits.memory |/IuMUT NnamMaTH, AOCTYNHOM KOHTEMHEPY

HekoTopele MeTajaHHble, TakuMe KaK MeETKM U aHHOTALVM,
MOI'YT MEHSITbCS I0JIb30BaTejieM BO BpeMs paboThl II0jA.
[lepemeHHbIe OKpPYKE€HUSI OYOyT OTpaskaTh TaKue M3MeHEeHMS
TOJIBKO TMIOCJe TIiepe3arycka Ioma. Ho Toma downwardAPI
CIIOCOOHBI JIMHAMMUYECKM OTpaskaThb M3MEHeHUs] B MeTKax U
aHHOTALMSIX. B 1Omo/IHeHMe K OTIOeIbHBIM IT0JISIM, [TI€PpeUMCI€HHbIM
Bbille, TomMa downwardAPI ™moOryr XxXpaHuUTb BCe METKU U
aHHOTaIuM ITI0JOB B ¢aitnax ¢ mMeHamu metadata.labels u
metadata.annotations. JIuctuHr 13.2 moka3bpiBaeT, KAk MOXXHO
MICIIOJIb30BATh TaKye TOMaA.

Jivctunr 13.2. Mepepava nHdopmaumm ns Downward API yepes Toma

apiVersion: vl

kind: Pod

metadata:

name: random-generator
spec:
containers:
- image: k8spatterns/random-generator:1.0
name: random-generator
volumeMounts:
- name: pod-info
mountPath: /pod-info
volumes:



- name: pod-info (1
downwardAPI:
items:
- path: Llabels (2
fieldRef:
fieldPath: metadata.labels
- path: annotations ©
fieldRef:
fieldPath: metadata.annotations

O 3nauvenuss u3 Downward API MOXHO MOHTUpPOBAThb Kak
daiisibl B mogie.

® OQaiin labels comepkXuT BCe MeTKM, IO OJHOM B KaKImOM
cTpoke, B dopmare uMa=3Ha4yeHue. ITOT Qaiy1 OOHOBIISIETCS
CMHXPOHHO C MU3MEeHEeHMEeM METOK.

© ®dait1 annotations comepkKUT BCe aHHOTALMM B TOM >3Ke
dbopmare, UTO 1 METKM.

Ecnu MeTamaHHble M3MEHSIIOTCS BO BpeMsl paboOThl MMOja, 9TU
M3MEHEHMSI CUHXPOHHO OTPa’kKaloTCI Ha comepkuMoM (aiiioB
TOMOB. Ho mpunokeHue-moTpedUTeNb CaMO [O/IKHO OIpeensiTh
dakT m3MeHeHus: GaioB U UMTaThb OOHOBJIEHHbIe AaHHble. Ecin
Takasi BO3MOXHOCTb B IIPMJIOKEHMM He peajn30BaHa, MOXKET
MOTpebOBaThCS Iepe3aIryCTUTh IO/,

NMoacHeHMue

Bo MHOrMx ciaydasix IIpUIOKEHMI0O  HEoOXOOMMO  MMeEeThb
mHbopmaiuio o cebe 1 00 OKpPy>KeHMM, B KOTOPOM OHO paboTaer.
Kubernetes mpepjaraeT HeHaBsI3UMBble  MeXaHM3Mbl  IJISI
MHTPOCIIEKLIMM ¥ BHeApeHMs] MeTaJaHHbIX. OOVH 13 HeJOCTAaTKOB
Downward API — orpannuyeHHOe KOJIMUYECTBO Kjl04eil, Ha KOTOpbIe
MOXHO CCbLIaTbCsI. EC/IM MPUIOXKeHMUIO HY)XKHO OOJibllle JaHHBIX,



0cOOEHHO O OPYruxX pecypcax MWIM MeTaJdaHHbIX, CBSI3aHHBIX C
KJIaCTepOM, OHO JOJIKHO 3ampaiuBaTh ux uepes API Server.

DTOT MeTOJ, UCIIOJIb3YeTCsI MHOTMMM IIPUIOXKEHUSIMMU, KOTOPbIE
sanpaminuBaloT API Server c 1iebi0 OOHApY:KeHMSI APYTUX MOAO0B B
TOM JXe IIPOCTPAHCTBE MMEH, KOTOpble MMEIOT OIlpejeeHHbIe
MEeTKM MJIM aHHOTaIMu. 3aTeM MPUIoKeHre MoXKeT chOpMUPOBaATh
KjacTep ¢  oOHapyKeHHbIMM  IIoJaMu M,  HaIlpumep,
CMHXpOHM3MpPOBaTh  cocTosiHMe. OH  TakKe  MCIIOJb3YyeTcs
MIPWIOKEHUSIMM MOHUTOPUHTA [JIsI TIOMCKA MHTEPeCyoIlnx uX
TI0JIOB U yIIpaBJIEHUS MMMA.

CymiecTByeT MHOKECTBO KIMEHTCKMX OMOJMOTEeK Ha pasHbIX
SI3bIKAxX IIpOrpaMMMUPOBAHMS, IpeIHa3HaAYeHHBIX 1St
B3aumogeiictBusi ¢ Kubernetes API Server u mnomyueHust
MHboOpMaLM 0 CaMOM TPUIOXKEHUM, KOTOPYIO HeJb3s MOJYUUTD C
rmomoupio Downward API.

HdononHutenbHaa uHpopmaums
o [Ipumep camoanannsa (http://bit.ly/2TYBXpc).

o Tlonyyenue uHboOpMalluM KOHTetHEpOM O mope uepe3 Gaiibl
(http://bit.ly/2CoZyFy).

o [lonyuenue wuHbOpMalLMM KOHTeEiHEPOM O TMoAe uepes
riepemMeHHbIe OKpy>keHUs (http://bit.ly/2)JpuHPe).

e AreHT uHTpocnekuuu B Amazon ECS (https://amzn.to/2)JnVXgX).

e Cry>k0nI Instance Metadata u User Data (http://amzn.to/1CuOfTLl).



Yactb lll. CrpykTypHbIe naTTepHbl

OO6pa3bl KOHTEITHEPOB U KOHTEIHEePhI MOXKHO CPAaBHUTD C KJIaCcCaMU
M 00beKTaMMu B OOBEKTHO-OpPUMEHTUpPOBAHHOM wmupe. OO6pasbl
KOHTeJfiHepOB — 3TO 00pasibl, MO0 KOTOPbIM CO3[AI0TCs
9K3eMIUISIpbl KOHTeliHepoB. Ho KOHTeiliHepbl He pabOTalT II0
OTHEeJBHOCTM; OHM O0BEeOMHSIOTCS B abCTpakuyuy 0ojiee BBICOKOTO
YPOBHSI — MOZbI (TPYIIbI KOHTEMHEPOB), KOTOPbIE MPefOCTaABISIOT
YHMKAaJIbHbI€ BO3MOKHOCTY BpEMEHM BbITIOJTHEHMS.

[laTTepHpl M3  3TOM  KaTeropum OPMEHTUPOBAHBLI  HA
CTPYKTYPUPOBaHMeE U OPraHnU3aLI0 KOHTEMHEPOB B IMOAbI C YYETOM
pPa3HbIX BAPMAHTOB MCIOJb30BaHMs. CWIbl, KOTOpble BAMUSIOT Ha
KOHTelHephbl B MOjaX, MPUBOISAT K IaTTepHaMm, 0OCY>XIaeMbIM B
C1eyrlyuX raBax:

e B rmaBe 14 «Init-KOHTeliHepbI» OIMCHIBAETCS OTHEIbHBINI
KU3HEHHbIM LMKJI 3a7ady, CBSI3aHHbIX C MHULMAIM3ALVEN, U
OCHOBHBIX KOHTEHEPOB IIPUIOKEHUNA.

» B rimaBe 15 «IlaTTepH Sidecar» pacckasbiBaeTcs, KakK JOMOIHUTD U
pacIIMpuTh BO3MOXKHOCTM CYILECTBOBABIIEro KOHTeliHepa 6e3
ero M3MeHeHMsI.

e B maBe 16 «Aparitep» OeMOHCTPUPYETCS, KaK TeTepOreHHYI0
CUCTEMY IIPUBECTU B COOTBETCTBUE eJIMHOMY
YHUPULIMPOBAHHOMY MHTepdericy, KOTOPBIi MOKET
MCIT0JIb30BaThCSI BHEIITHUM MUPOM.

e B rmaBe 17 «IlocpegHMK» ONMMCHIBAETCS IPUeM OpraHm3alumn
IOCTYIIa K BHEITHMM CTy>K0aM uepes IPOKCH.



lnaea 14. Init-koHTelHepbI

ITatTepH Init Containers (Init-KOHTelHEpbI) MMO3BOJISIET PA3OEINUTh
3aJla4M M OPraHM30BaThb XKM3HEHHbIN LMK [JIS1 3a[1a4, CBSI3aHHbIX C
MHULIMaIu3aluen, OTIOeJNbHbIM OT OCHOBHBIX KOHTEIHEPOB
NmpuioxkeHuss. B 3TOil MaBe Mbl MOAPOOGHO PacCMOTPUM 3TY
OoCcHoOBoIIOJIarawinyio uaer Kubernetes, KoTopasi UCIIOb3yeTCsI BO
MHOTMX JpPyTMX IIaTTepHax, Korma TpebyeTcs OmnpeneanTb
OTAEJbHYIO JIOTUKY MHUIIMAIU3ALUN.

3apava

3ajaya MHULMAIMU3ALMM IIUPOKO paclIpoCcTpaHeHa BO MHOTUX
SI3bIKAaX MPOrpaMMMPOBAHMS. B HEKOTOPBIX C/Iy4asiX OHA SIBJISIETCS
YacTbl0 $I3bIKa, @ B HEKOTOPBIX [JisI OOO3HAUEHUS] KOHCTPYKIIMIA
VHULMAIN3AIUM  UCIIOJb3YIOTCSI COMIAllleHusT 00 MMeHaxX U
natTepHsl. Hampumep, B Java, 4TOObI CO30aTh 9K3eMIUISIP 00bEKTA,
KOTOpbIii TpebyeT [OMOJTHUTENIbHOM HACTPOIKM, MWCIIOIb3YyeTCs
KOHCTPYKTOp (MAM, B HEKOTOPbIX HEOOBIUHBIX CUTyaLUSX,
cTaTuyeckue OJIOKM). KOHCTpYKTOPBI rapaHTMPOBAHHO
3aITyCKalTCId Cpenoil BbITIOJIHEHMS Ha 3Tarie CO34aHus IK3eMIUIspa
00beKTa U TOJbKO OAMH pa3 (3TO TOJbKO MPMMeEpP; Mbl He OyleM
BIABaTbCsl B IMOAPOOHOCTM, XapaKTepHble [JISI PasHbIX SI3bIKOB U
cutyanmin). Kpome TOro, KOHCTPYKTOP MOKHO MCIIOJIb30BaTh IJIsI
IIPOBEPKM TIpeABapUTEJbHbIX YCJIOBUIM, HaOpuUMep HaJIU4Us
00si3aTe/JbHbIX  TapaMeTpoB. Takke  KOHCTPYKTOPbl  MOTLYT
MUCIIO/Nb30BAaTbCI  JII  MHULMAAM3aALUM  TI0JIeM  3K3eMIUIsIpa
3HAUEeHMSIMM BXOOHBIX aAPryMEHTOB WM 3HAUEHUSIMU TIIO
YMOJIYQHUIO.

KonmetiHepul UHUyuaiusauyuu (nnn Init-KOHTeliHepbI)
MIPeICTaB/ISIOT aHAJIOTMUHYI0 a0CTPaKLyMio, HO Ha YPOBHE IIOMIOB.



To ecThb eciu B MOJe MMeETCSI OJUH WIM HEeCKOJIbKO KOHTEITHEPOB,
KOTOpble 00pa3yl0T OCHOBHOE IIpWJIOKeHMe, 3T KOHTelHepbl
MOI'YT MMeTb IIpeIBapuUTeJbHbIe VCJIOBMS, KOTOpbIE TOJIKHBI
yIOBJIETBOPSITHCS Ilepen MX 3aIlyckomM. K umMcay TakMx YCIOBUIA
MOXXHO OTHECTH, HaIllpMMep, HaCTPOIKY CrelMalbHbIX pa3pelieHnit
s ¢aiyioBOi CUCTEMBI, CXeMbl 0a3bl AAHHBIX WJIM HauvyaJIbHbIX
OAHHBIX MpUIOKeHus. TakkKe JIOTMKA WHUUIMAIM3ALUM MOXKET
MOTPe60BaTh UCIOIb30BaTh MHCTPYMEHTbBI U OMOIMOTEKM, KOTOpbIE
He/lIb3s BKIIOUMTHL B 00pa3 npwioxkeHus. Ilo coobpakeHUSIM
0e30I1acHOCTM 00pa3 MPUJIOKEeHMSI MOKET He MMETh paspelleHuii
IJISI BBITIOJTHEHUS OeMCTBUM 10 MHULIManu3anun. Kak BapuaHT, Bbl
MOXeTe OTIOXKUTb 3allyCK TMPUIOXKEHMUSI, TII0Ka He OyayT
yIOBJIETBOPEHbI BHEIIHME 3aBUCMMOCTM. BO Bcex TaKuUX Caydasix
Kubernetes mnpepjiaraeT MCHOJ/Jb30BaTh init-KOHTeltHepbI, UTOOBI
OTOEIUTDb JeCTBUS, CBSI3aHHbIE C MHUIMAINM3ALMel, OT OCHOBHbIX
00s13aHHOCTe IIPUI0KEeHMS].

PeweHue

[TaTtepH Init Containers (Init-koHTeitHepbl) B Kubernetes siBisieTcs
YacThIO OmnpeeeHns IoAa U IeJUT BCe KOHTeHePhI B MOe Ha JIBe
TPYIIIIbL: COOCTBEHHO  init-KOHTeJiHepbl M  KOHTEIHephI
TIPUIIOKEHUSI. Bce init-KOHTeHEePbI BBITIO/THSFOTCS
ocjenoBaTebHO, Opyr 3a OpyroM, ¥ BCe€ OHUM [OOJIKHBI
3aBepIIMTBLCI C TIPU3HAKOM YycIiexa, Iipexkae uveM Kubernetes
TIPUCTYIIUT K 3aITyCKy KOHTEMHEPOB IPUJIOKEeHMUSI. B 3TOM cMmbicie
init-KOHTeViHepbl TOXOXM Ha KOHCTPYKTOPbI KjIacCcoB B Java,
KOTOpble€ IIOMOTalT MHULMAIU3UPOBATh 00BEKThl. KOHTeliHepbl
MPUIOKeHMSI,  HAaOpOTUB,  3aMyCKalOTCSI  MapajjiejbHO, B
IIPOU3BOJILHOM TIOpsiake. OmuMCaHHBIM IIPOLlecC I0OKa3aH Ha puc.
14.1.



Kak mpaBujao, init-KoHTeliHepbl MMEIOT HeOOJIbIIONi pasmep,
OBICTPO 3aMyCKAIOTCS U OBICTPO 3aBepIIAIOTCS C IMIPU3HAKOM ycIlexa,
KpoMe C/IydaeB, KOrJa OHM MCHOJb3YIOTCS ISl 3adep>KKM 3aITycKa
MIOJIOB, TIOKa He OYyIyT VIOBJETBOpeHbl BCe HeOOXOAMMble
3aBUCMMOCTU. B 3TOM mnociegHemM cjyyae OHM MOTYT He
3aBepIIaThbCsl JOBOJbHO A0AT0. EC/in init-KOHTeHep 3aBEePIINUTCS C
MIpMU3HAKOM OIINOKM, OyIeT IpoM3BelleH Iepesamyck BCero mopa
(eciM TOJIBKO OH He OTMedyeH MeTKoil RestartNever), B
pesyjibTaTe 4ero BCe init-KoHTelHepbl OYAYT 3aIMylleHbl CHOBA.
[TosTomMy Ajis1 TIpeIOTBpalleHys IT000UHBIX 3(PPEKTOB KelaTeabHO
CO3[1aBaTh UIEMIIOTEHTHbIE init-KOHTEeIHEePHI.

Moa (rpynna KoHTeiHepoB)

KoHTeliHepbl
NPUNOXKEHKUA

3aBepLUMBLUMIACA KOHTeHHep

Mpuuen

Init-KoHTeWHepbl - -
BbinonHawwmitca KoHTeilHep

KoHreitHep 1 KoHTeliep 2 [naeHbIA

nOCHEﬂOBaTEHbHOCTb BbINONHEHKA

Puc. 14.1. Init-koHTelHepbl U KOHTEMHEPbLI NPUTOXKEHUS B NO4E

C onHOM CTOpOHBI, init-KOHTeliHephl 00/1aJal0T TeMU XKe
BO3MOKHOCTSIMM, UYTO M KOHTEJHepbl NPUIOXKEHUI: BCe
KOHTEeJHepbl SIBJISIIOTCS YaCTbK) OOHOIO I0AAa, MO3TOMY IJISI HUX
OeJCTBYIOT Te >Xe OrpaHMYeHUs] pecypcoB, TOMa M IlapaMeTpbl
0e30I1aCHOCTM U, HAKOHell, OHM pa3MellalTcs Ha ogHoM y3ie. C
IpPYyroil CTOPOHBI, OHM MMEKT HEeMHOTO IPYryld CeMaHTUKY
IIPOBEPKM PabOTOCIIOCOOHOCTM ¥ MCIIOJb30BaHUS pecypcoB. [Ijist
init-KoHTeliHepOB He TIPOU3BOOUTCS IIpOBepKa
pabOTOCIIOCOOHOCTM, TaK KaK BCe 3TU KOHTelHepbl IOJKHbI
YCIIEILIHO 3aBEePIIUTHCS OO TOTO, KaK IIPOLiecC 3aIrycka Imoga CMOXeT
IIPOJOJIKUTD PAbOTY C KOHTeHepaMM IIPUI0KEHMSI.



Init-KOHTeIHepbl TaKKe BJIUSIT HaA pe3yJabTaTbl pPacuyeToB
TpebOBaHMII K pecypcam [ TModa IIpu IUIaHMPOBAHUH,
aBTOMATMUYECKOM MAacIITaOMpOBAaHUM M YIpaBJeHUM KBOTAMIM.
VuuThiBasi, YTO KOHTEIHEpbl B MOAEe BBIMOJHSIIOTCS MO ITOPSIOKY
(CHayasia II0C/IeJOBaTeJbHO 3aIlyCKalTCS init-KOHTeHepbl, a
3aTeM MapaieJIbHO 3aITyCKAIOTCSI BCe KOHTEelMHephbl MPUTOKEHMS),
B KaueCTBe OEVCTBYIOLIMX 3HAYEHMiI IJIsI 3aIllpOCOB U JIMMUTOB
BbIOMPAIOTCSI HAMOOIbILIMeE U3 CIeAYIONIMX ABYX TPYII:

e HaMOOJIbIlIee 3HAUEHMe 3aIIpoca/IMMMITA OIS init-KoHTeliHepa;

e (CyMMa BCe€X 3HAUeHMi1 3amrpoca/JIMMuUTa MOjs KOHTelHepa
TIPUJIOKEHMS.

BciencrtBue  3TOro, eI UMMEKTCS  init-KOHTelHepbl €
BBICOKMMM TPeOOBAHUSIMU U KOHTeITHepbl IIPUIOKeHUI C HUSKUMMU
TpeOOBaHMSIMU K pecypcaM, 3HAueHMSI 3aIllpOCOB U JIMMUTOB Ha
YPOBHE II0fia, BAMSIONIME Ha IUIAaHMPOBaHME, OYIYT BBHIUUCISITHCS
Ha OCHOBE BBICOKMX 3HAUe€HMI1 [Jis1 init-KOHTeiHepoB. JTO He
ONTMMAJIbHOE pellleHMe ¢ TOuKM 3peHust 3PGeKTUBHOTO
pacxomoBaHus pecypcoB. [laske eciau init-KoHTeliHepbl paboTaioT
OueHb KOPOTKOe BpeMsI M B OOJBIIMHCTBE C/IydyaeB Ha Yy3je
OocTaeTcss CBOOOIHBIM HEKOTOpPbIi 00bEM pecypcoB, HMKAKOIA
IOpPYTOJi IOJ, He CMOXXeT MX UCIIO0Ib30BaTh.

Kpome TOro, init-KoOHTeiiHepbl MO3BOJISIIOT pa3denTb 3adaun U
clenaThb KOHTeHepbl 60/iee crienyaan3mMpoBaHHbIMU. [IpUKIagHOIM
IPOrpaMMMUCT MOXET CO3JaBaTh KOHTEMHEpbl, COCpedOTOUYEHHbIE
TOJIBKO Ha JIOTMKe NOpuioxkeHU. VHKeHep IO pa3BepThbIBAHUIO
MOXeT CO3[1aBaTh init-KOHTelHepbl, COCpelOTOYEeHHbIe TOJbKO Ha
3aJauyax HAaCTPOMKM UM MHMIMaAu3auuu. Mbl IDpOIeMOHCTpUpyeM
3TO B JucTUHre 14.1, rme omnpenesnsieTcse OOVMH KOHTEHep
nipuiokeHnst Ha ocHoBe HTTP-cepBepa, o0CTysKMBaOuii Qaiisbl.



KoHTeitHep peanusyeTr YHUBEPCAJIbHYIO QYHKIMIO
oocnyxkuBanusi  HTTP-kamueHTOB M He  JejlaeT  HUKAKUX
MIpeIoJIOKeHUI T O TOM, OTKyHa OepyTcst ¢aiibl i1 pasHbIX
KJIMEHTOB. Init-KOHTeViHep B TOM 3Xe Mofe peanusyet KianeHra Git ¢
eIVHCTBEHHOM 1e/ibl0 KJIOHMPOBAHUS peno3utopus. I[IOCKOIbKY
o0a KOHTeliHepa SIBJSIOTCS 4YacTbi0 OJHOTO IIOfa, OHM MMEIOT
OOCTYM K OJHOMY M TOMY K€ TOMY JIJISI XpaHeHUsI OOIIMUX TaHHBIX.
MbI UCIOIb3yeM TOT K€ MeXaHU3M [JISl Iepefaul KJIOHMPOBAHHBIX
daityioB U3 init-KoHTeliHepa B KOHTeHep NPUIOKEHMS].

Jlmctmar 14.1 copepXuT omnpenesieHMe init-KOHTelHepa,
KOTOPBIV KOMMPYET JAaHHbIE B ITyCTOM TOM.
Jinctmar 14.1. Init-koHTeNHep
apiVersion: vl
kind: Pod
metadata:
name: www
labels:
app: www
spec:
initContainers:
- name: download
image: axeclbr/git
command: 1
- git
- clone

- https://github.com/mdn/beginner-html-
site-scripted

- /var/lib/data
volumeMounts: (2
- mountPath: /var/lib/data

name: source



containers:
- name: run
image: docker.io/centos/httpd
ports:
- containerPort: 80
volumeMounts: (2
- mountPath: /var/www/html
name: source
volumes: ©
- emptyDir: {}
name: source

© KinoHupoBaHue  BHemiHero  penosutopuss  Git B
CMOHTMPOBAHHbIN KaTaJIor.

® OO01mMii TOM, UCTIOIb3yeMbIli 000MMM KOHTeiHepaMMu.

© IlycToii KaTa/IoT Ha y3J1e, MCII0/Ib3yeMbIii JIJIsl OOIMX JAHHBIX.

Toro ke 3ddexkTa MOKHO TOOUTHCS ¢ TTomolnbio ConfigMap man
PersistentVolume, HO 37ech S XOTeJI MOKa3aTh, Kak paboTaloT init-
KOHTelHepbl. JTOT MpPUMep WUIIOCTPUPYET TUIIMUYHBIMA MOOXOH, K

COBMECTHOMY  WUCIIOJIb30BaHMIO TOMa init-KOHTeliHepOM U
OCHOBHBIM KOHTEITHEPOM IMPUJIOKEHMS.

3aaepiKKa 3anycka nopa

Inqa oTnagku pesynsratoB init-koHTeMHepoB 6OblBaeT MNOAE3HO
BPEMEHHO 3aMEHUTb 3aMNyCK KOHTEMHepa NPUNOXEHU GUKTUBHOM
KoOMaHaon sleep, UTobbl NONYyYUTb BPEMS HA U3YYEHUE CUTYALUMU.



JTOT NpueM MOXeT 0COOEeHHO MPUrogMTbCs, eCn iNit-KOHTEeMHep
TEPNUT Heyaauy M NPUNOXKEHWE HE 3aMyCKaeTCcs U3-3a OTCYTCTBUS
OOHKHOM KOHGUrypauum okpyxeHus. Cneapylowass KoOMaHOa B
onpeaeneHnn nNoga AaeT BaM 4ac AN OTNALAKM CMOHTUPOBAHHbIX
TOMOB NOC/Ne BX0Aa B Mo C NOMOLbO KoMaHAabl kubectl exec
-it <nopg> sh:

command:
- /bin/sh
_ ll_cll
"sleep 3600"

Apyrue npueMbl MUHULUANTU3ALUU

Kak Bbl yxe Buaenu, init-kOHTeMHep — 3TO KOHCTPYKUMS YPOBHS
noga, KoTopas akTuBMpyeTcs nocne ero 3anycka. B Kubernetes
eCTb eLle HeCKOJIbKO MeTOA0B, MCMOJb3yeMbIX A1 MHULMANU3ALUM
pecypcoB, He CBA3aHHbIX C iNit-KOHTEMHepaMn, U 1 Nepevnco ux
AN NONHOTbI KAPTUHBI:

KoHmponnepsi 0ocmyna

JTo Habop nnarMHOB, KOTOPble MNepexBaTbiBalOT BCE 3anpochl,
noctynatowme B Kubernetes APl Server nepep coxpaHeHwem
obbekTa, U MOryT M3MeHATb uAu nposepaTb ero. CywecTByeT
MHOXECTBO  KOHTpPOA/NEepOB, KOTOpble  BbIMOJHST  pa3Hble
MPOBEPKU, MPUMEHSAIOT OrPpaHMYEHNS U HACTPAMBAKOT 3HAYEHUS NO
YMOJIYaHUIO, HO BCE€ OHW CKOMMWUIWPOBAHbI B [ABOWYHbLIA (ann
kube-apiserver u“  HacTpauBakwTCd  ALMWHUCTPATOPOM
knactepa npu 3anycke APl Server. CuctemMa nnarMHOB He



OoTMyaeTca rmbkocTtbto, NoaTtomy B Kubernetes 6binn pobasneHbl
Be6-06paboTumkm gocryna.

Beb-o06pabomyuku docmyna

JTU KOMMOHEHTbI ABASOTCS BHELWHWMU KOHTpPOAJIepaMm AOCTyna,
KOTOpble BbINONHAKT 06paTtHble Bbi3oBbl HTTP pgna nwboro
cooTBeTcTBYytOWero 3anpoca. Cywectsyer pnBa Tuna Beb-
06paboTUMKOB [OCTyna: u3MeHsuue (CNocobHble WM3MeHATb
pecypcbl Onsi MNPUMEHEHUS MOJIb30BATENIbCKMX HACTPOEK) M
nposepsowue (CNocobHble OTKIOHSTb pecypcbl B COOTBETCTBMU C
MO/Ib30BATEIbCKUMKU  MONUTUKAMKM  [0CTyna). WMpes BHeWwHuxX
KOHTPO/INEPOB MNO3BONSEeT pa3pabaTbiBaTb Be6-06paboTUMKM
noctyna BHe Kubernetes 1 HacTpamBaTb X BO BPEMS BbIMOJHEHUS.

NHuyuanuszamopesl

MHuMumnanmsaTopbl MOMyT MCNONb30BATbCS aAMUHUCTPATOpPAaMM ANA
MPUHYAUTENbHOIO NPUMEHEHUS MONUTUK MIM HACTPOMKM 3HAYEHUN
MO  YMONIYAHMIKO  MNyTeM  onpegeneHMa  CAMcka  3agad
npenBapuTeNbHOM MHULMANU3ALUMKU, UMELWEerocss B MeTadaHHbIX
ntoboro  obvekta. [locne onpepeneHnss Takoro  CAMCKA
NO0/Ib30BaATE/IbCKME KOHTPOAEPbl MHMLUMANM3ALMU, UMEHA KOTOPbIX
COOTBETCTBYOT MMEHaM 3aAad, O6yayT BbINOAHATL 3TM 3agaun. U
TONbKO MOCNe 3aBeplieHns BCeX 33ah4avy MHMUMANM3aUMM 0ObekT
API cTaHOBUTCS BUOMMBIM N9 06bI4HbIX KOHTPONNEPOB.

[1pedsapumesnsHbie Hacmpoliku PodPreset



[penBaputenbHble HacTponkn PodPreset npumeHsitoTca  ewe
OOHWM KOHTPOMEpOM [0CTyna, KOTOPbIA MOMOraetr BHeapsTh B
noabl  NONSl, YKa3aHHble B  COOTBETCTBYWOWMX  Habopax
npenBaputenbHbix Hactpoek PodPreset, BO BpeMa mx co3paHus.
[Mong MoryT BKAKYATb TOMa, MOHTUPYEMbIE TOMA UK NEPEMEHHbIe
okpyxkeHus. To ectb PodPreset BBOAUT [OOMNONHUTENbHbIE
TpeboBaHMA K OKPYXEHMIO BpPEMEHM BbINOAHEHUS B MNOAAX Ha
3Tane Mx CO34aHus, UCMOSb3ys CenekTopbl MeTOK Ans Bblibopa
NOAOB, K KOTOPbIM MPUMEHSIeTCS AaHHbIK Habop HacTpoek
PodPreset. Habopbl PodPreset no3BonstoT aBTopaM NaTTepHOB
nogoB  aBTOMaTM3MpoBaTb  AobasneHue MOBTOPAOLLENCS
MHbopMauumn, HeobxXoAUMOM HECKOIbKMM MOAaM.

CywectByeT MHOro cnocoboB WHMUMANMU3ALUUKM pecypcoB B
Kubernetes. Ho oHu oTnmuatotrca ot Be6-06paboTynKoB [OCTyNa
TEeM, YTO NMPOBEPSIOT U M3MEHSIKOT pecypcbl BO BpeMs CO34aHMS.
JTM MeToAbl MOXHO WMCMNO/b30BaTb, Hanpumep, 4ToObl BCTAaBUTb
init-koHTeHep B N0OON MNoA, roe TAaKoro KOHTEMHepa elwe HeT.
MatTepH Init Container (Init-koHTerHep), 06CyXAaeMblit B 3TOM
rnaBe, HaNpoTWMB, aKTMBUPYETCS M BbINONHAET CBOK paboTy BO
BpeMsi 3anycka noga. Ho camoe cyuwectBeHHoe OTauume — init-
KOHTEMHepbI npeaHasHa4veHbl Ans pa3paboTumKoB,
pa3BepTbiBaOWMX CBOM NpunoxeHuss B Kubernetes, a onuncaHHble
30eCb MeToAbl MOMOratT aAMMHUCTPATOPaM KOHTPOAMPOBATb WU
yNnpaBasTb NpOLECCOM MHULMANN3ALNN KOHTEMHEPOB.

[Toxoxkuit 3PheKT MOXKHO TMOJYUYUTb TIPU MCIIOJIb30BAHUU
nattepHa Sidecar (Ilpuilen), onucaHHOTO Hajee B IjaBe 15, roe



KOHTeliHep ¢ HTTP-cepBepoM u KOHTelHep ¢ KiameHTom Git
paboTaloT BMeCTe, KaK KOHTeiHephl IpuioxkeHusi. Ho marTepH
Sidecar (Ilpuiien) He TIIO3BOJISIET Y3HaTh, KAaKOil KOHTelHep
3allyCTUTCSL TIepBbIM, M IIpeJHAa3HaueH [Jisi CJIy4dyaeB, KOraa
KOHTelHepbl TIOCTOSIHHO paboTaioT BMecTe (Kak B JucTuHre 15.1,
rIe KOHTEVHep CUMHXpOHM3aluuu C perosutopueM Git MOCTOSIHHO
OOHOBJISIET COAEPKMMOEe JIOKAJAbHOIM mamnku). IlaTtepusr Sidecar
(Ilpuuen) wm Init Container (Init-KOHTelHep) TakKXke MOXHO
MCIIOJIb30BaTh B Ilape, eCcAM TPeOYIOTCS TapaHTUPOBaHHAs
MHULIMAIN3AIMS U TTIOCTOSIHHOEe OOHOBJ/IEHME TaHHBIX.

MosicHeHUe

WTtak, 3aueM pa3felisiTb KOHTeMHephbl B IMOJAaX HA [Be TI'PYIIIbI?
[louemy OBbI IIPOCTO He WCHOJb30BaTh OOBIYHBIN KOHTeHEp
MIPUIOKEHUST I MHULIMAIM3alUuM T0Aa, eI 9TO HeobXoammo?
[leno B TOM, UTO 3TU [Be KaTeropmuu KOHTEeMHEPOB MMEIOT pa3Hbie
JKM3HEHHbIe LIMKJIbI, LIeJIM M MHOTAA Jake aBTOPOB.

Init-KOHTeHepbI 3aITyCKalTCS repen, KOHTelHepaMu
TIpUIOKEeHUM, U, UTO OCOOEHHO BaXXHO, init-KOHTelHepbl
3allyCKalTCId I0C/IeJOBATENIbHO ¥ TOJBKO IIOC/Ie YCIIeIIHOTO
3aBeplIeHns TeKyIero init-koHTteliHepa. To eCTb Ha KaKIOM 3Tare
MpoLeaypbl MHUIIMAAU3ALMM MOXHO OBbITh YBEepPEeHHbIMM, UTO
NpeapIoyliuiA  3Tall  YCIOelIHO 3aBeplieH M MOXHO CMeJsio
IepexoouTh K clenywlnemy 3Tary. KoHTellHepbl IPUIOXKeHUMN,
HAIIpOTMB, 3aIlyCKAITCSI Iapa/yIeJibHO M He [AlT TrapaHTUi,
KOTOpbIe HAlT init-KOHTelHepbl. biaaromapsa STUM pasinuusIM
MOXXHO  CO3[aBaTb  KOHTeiHepbl,  OpPMEHTUPOBAHHbIe  Ha
VHUUMQIU3AUI0  WIM  pellleHue  NOPpUKIALHBIX  3amady, U
OpPraHu30BbIBATh UX B IOJDI.



HdononHutenbHaa uHpopmaumsa
o [Ipumep init-koHTeiiHepa (http://bit.ly/2TW7ckN).
* Init-koHTeliHeps! (http://bit.ly/2TR70sD).
e Hactpoiika manumanusauuu noaa (http://bit.ly/2TWMEbDL).

e Tlarrepu Initializer = (Maummanuszatop) B  JavaScript
(http://bit.ly/2TYF14G).

e Muummanusanmsi oo0bekToB B Swift (https://apple.co/2FdSLPN).
 Mcrionb3oBaHMe KOHTpoiepoB aocryta (http://bit.ly/2ztKriM).
» JlInHammueckue KoOHTposiepsl gocryra (http://bit.ly/2DwR2Y3).

. Kak paboTaioT MHULIMATN3ATOPbI B Kubernetes
(http://bit.ly/2TeYzOk).

e Habopsl mnpenBapuTenbHbIX HacTpoek TomoB PodPreset
(https://kubernetes.io/docs/concepts/workloads/pods/podpreset/)

 BHenmpenue wuH@popmauuyu B noabl ¢ Imomoiibilo PodPreset
(http://bit.ly/2Fh7QzV).

e PykoBomcTBO mno  uHMIManusatopam B Kubernetes
(http://bit.ly/2FfEu4Ww).



lmaea 15. MNarTtepH Sidecar

[latrtepn Sidecar (Ilpuilemn) 3ak/jamuaeTcss B  OmpeneleHUU
KOHTelHepa, KOTOPbIM paclIMpsieT BO3MOKHOCTU CYIeCTBYIOIEro
KOHTelHepa 6e3 ero u3MeHeHMs. DTO OJMH 13 OCHOBOIIO/Iarammx
IIAaTTEPHOB  KOHTEMHEepOB, KOTOPbIMi  II03BOJIIET CO31daBaTh
Y3KOCIIeIMa/IN3UPOBAHHbIE KOHTEINHEePHI, TeCHO
B3aMMO/IeICTBYIOIIME OPYT C ApyroM. B 3TOJ I71aBe Bbl y3HaeTe BCe,
YTO CBSI3aHO C ujeeit narrepHa Sidecar (Ilpuiien). A B rinaBax 16 u
17 BBl TMO3HAKOMMUTECh CO CIIeLMaJIU3UPOBAHHBIMM BapMaHTaAMU
9TOro maTrTepHa — mnaTtepHamu Adapter (Apantep) u Ambassador
(ITocpegHMK) COOTBETCTBEHHO.

3apaua

KoHTelHeppl — TIOIYJIIpHAS TEXHOJIOTUS VYIIAKOBKM, KOTOpAas
IIO3BOJIIET pa3pabOTUMKaM M CHCTEMHBIM aJMMHMCTPaTOpaM
CO3[aBaTh, IOCTaBJISIT " 3aIyCKaThb TIPUIOKEHUS

VHUDUIIMPOBAHHBIM  CIIOCOOOM.  KoHTeitHep  IIpeAcTaBJIsIET
eCTeCTBEHHYI0 TpaHully (YHKIMOHAJIbHOM eOMHUIII CO CBOEI
Cpemoii BpeMeHM BbIMIOJIHEHMS, LMKJIOM BbIycka, API mun
KOJUIEKTMBOM  pa3pabOTUMKOB, KOTOPOMY OH IIPUHAIIEKUT.
TUNMYHBIN KOHTelHep HOeiCTBYeT MOMOOHO Ipoieccy B Linux —
peliaeT OofHY MpobyieMy, U HejaeT 3TO XOPOIIO, — U CO3/laeTCs B
IIPeAro/IOKeHM  BO3MOKHOCTM  3aMeHbl M TIOBTOPHOTO
ucrosb3oBanus. IlociemHee  0coO€HHO  BasKHO,  ITOCKOJIbKY
II03BOJIIET ObICTpee CO3daBaTh IIPUIOXKEHMSI C MCII0/Ib30BaHMEM
CYIIECTBYIOIIUX CIeIMaIM3UPOBAHHBLIX KOHTEHEPOB.

B HacTosiee Bpems, uTo6bl nociaath HTTP-3ampoc, He HYKHO
MMcaTh KJAMEHTCKYI0 OMOJMOTEKY, HOCTATOYHO MCIIOIb30BaTh YKe
CYIIIeCTBYIOIIYI0. AHAJIOTUYHO, IJis OOCTY>KMBaHMUSI BeO-caiiTa He



HY;)KHO CO3[aBaTh KOHTeliHep C Beb-cepBepoM, [IOCTATOUHO
MCIIOJIb30BATh YXKe CYIIeCTBYIOUMIA. ITOT MOAXOL I103BOJISIET
paspaboTuMKaM He M300peTaTh KOJIECO M CO3IaThb 3KOCUCTEMY C
MEHbBIIMM KOJIMUECTBOM KOHTEMHEPOB JIydlllero KauyecTBa [IJisl
obcy>kuBaHusi. OmHAKO YTOObI MMETb BO3MOSKHOCTD UCIIOJIb30BaTh
Y3KOCHeaJIM3upOBaHHbIE MHOTOpa30Bbie KOHTEMHEePHI,
HeOOXO0IMMbI CIIOCOOBI pacHIMpPeHMsT UX BO3MOKHOCTEN! U CpelcTBa
111 OpraHu3aluy B3aMMOIeiCcTBUII Mexxay HuMu. IlaTtepH Sidecar
(Tlpuiierr) omnmchIiBaeT KakK pa3 TaKoil CcIIoco0 opraHu3anumn
B3aMMO/I€CTBUM, KOrga  OOVMH  KOHTeMHep  paciuupser
BO3MOXHOCTY APYTOTo, yKe CYIeCTBYIOIIEero KOHTeinHepa.

PeweHue

B rmaBe 1 ™Mbl Buaenau, KakK TMOAbl TO3BOJSIOT 00beIVHUTD
HECKOJIbKO KOHTEetHepoB B OAMH OJIOK. 3a Ky/jaucaMy, BO BpeMs
BBITIOJIHEHMSI, TTIO] TAKXKe SBJISIETCSI KOHTEHEPOM, HO 3alyCKaeTCs
KaK IIPMOCTAaHOBJIEHHBI (OYKBa/IbHO C TIOMOIIbI0 KOMaH/Ibl pause)
TIPOLeCC repes BCeMU OCTAJIbHBIMM KOHTelHepamu B noge. OH He
IlejiaeT HUYero, Kpome TOro, 4TO XPaHUT BCe IPOCTPAHCTB MMEH
Linux, KOTOpble KOHTEelHepbl TMPUIOKEHUI UCIOJb3YIOT [JIs
B3aMMOJENCTBUS Ha MPOTSIKEHUM XKU3HEHHOr 0 1IMKa rnoga. Kpome
3TOM [eTanyu peanusaluy, MHTepeC IpPeACTaB/ISIOT TaKXKe Bce
XapaKTepPUCTUKM, KOTOPbIE IIPeIoCTaB/IsIeT abCTpaKLys Ioa.

[lom siBysieTCS HACTOJbKO (yHAAMEHTAJbHbIM IIPUMMUTUBOM,
YTO IIPUCYTCTBYET BO MHOTMX OOJIauHBIX IJIaTdOpMax, MyCTh MO
pa3HLIMM MMEHaMM, HO BCerga Co CXOXMMU BO3MOXKHOCTAMM. [lon,
KakK enuHuIla pasBepThiBaHMS, HaK/IaObIBaeT OIllpeleeHHbIe
OrpaHMYEHMS] BpeMeHM BBIIIOJIHEHUS Ha M[pUHajexaliue emMy
KOHTeiHepbl. Hampumep, Bce KOHTeVHeEphl Pa3BOPAuYMBAIOTCS Ha
OJHOM Yy3Jie ¥ UMEeIOT OOIuii XXM3HEeHHbIN 1I1KJI. KpoMe Toro, mop,
MO3BOJISIET CBOMM KOHTeliHepaM MCIIOb30BaTh O0OIMe ToMa U



oOMeHMBATbCSl JAHHBIMM Uepe3 JIOKAIbHYIO CeTb WU C
IIPUMEHEHVEM CpPeACTB MEXIIPOLIECCHbIX B3aMMOIENCTBUIA XOCTa.
IMeHHO TO03TOMY II0JIb30BaTe/M OObEeAVMHSIOT KOHTeMHephl B
noabl. IlattepH Sidecar (IIpuiiern), KOTOpPbIVi MHOTAA Ha3bIBAIOT
takke Sidekick (KoMmItaHbOH), OINMCHIBAET ClieHapuit JoO6aBIeHMUSs
KOHTEelHepa B II0A4, [JIS pacCIIMpPEHMsS BO3MOKHOCTEN Opyroro
KOHTelHepa.

TUNIMYHBIM TIpUMMepOM, AeMOHCTPUPYIOIIMM 3TOT IIATTEPH,
MoxeT Cayxkutb HTTP-cepBep M MexaHM3M CUHXPOHU3ALUU C
perniosutopuem Git. Konteiinep HTTP-cepBepa pemiaetr 3agaumu,
CBsI3aHHbIe ¢ 00cykuBaHueM ¢aitioB uepe3 HTTP u He 3HaeT, Kak
M OTKyda 3Tu (aiiyibl MOCTYIal0T. TOUHO TaK ke eIVMHCTBEHHOI
1IeJIbI0 KOHTEMHepa, OCYIIeCTBSKIIIEro CMHXpoHusauuw ¢ Git,
SIBJISIETCS CUHXPOHM3alMsl JaHHBIX B JIOKAJbHOM (aiiyioBOI
cucTeMe C JOaHHbIMM Ha cepBepe Git. EMy HeBakHO, 4TO
MIPOUCXOOUT C (haiiaMy Mmocjie CMHXPOHU3alMM, ero eIMHCTBeHHAs
3aJaua — CUHXPOHM3UPOBATH COAEPXKMMOE JIOKAJbHOM Marku C
colepXXMMbIM Ha yaadeHHoOM cepBepe Git. B namctunre 15.1
TIPUBOAUTCS OIpenesieHue IoAa C 3TUMM JIBYMSI KOHTelHepamu,
HaCTPOEHHBIMM Ha MUCIO0/JIb30BaHue ToMa it oomeHa daitiaMu.

Jivctunr 15.1. Peanusaumsa nattepHa Sidecar (Mpuuen)
apiVersion: vl
kind: Pod
metadata:
name: web-app
spec:
containers:
- name: app
image: docker.io/centos/httpd ©
ports:
- containerPort: 80
volumeMounts:



- mountPath: /var/www/html (3
name: git
- name: poll

image: axeclbr/git (2

volumeMounts:

- mountPath: /var/lib/data (3
name: git

env .

- name: GIT REPO

value: https://github.com/mdn/beginner-
html-site-scripted
command:
g
- "-c
"git clone $(GIT_REPO) . && watch -n 600
git pull"”
workingDir: /var/lib/data
volumes:
- emptyDir: {}
name: git

© OcCHOBHOJ KOHTelHep IIPWIOKEHUSI, OOCTYKUBAIOIIMIA
daiinbl uepe3 HTTP.

® BcnomorarenbHbiit KOHTelHep (IIpuinern), peincTByrOMMi
rapaJsijie/ibHO U IOJyYarollii JaHHbIe ¢ cepBepa Git.

©® OOmas mamka i oOMeHa NAHHBIMM MEXIy OCHOBHBIM U
BCIIOMOTaTeIbHbIM KOHTEliHepaMMu.

DTOT TIpUMeEp II0KAa3bIBaeT, KaK KOHTeMHep CUHXPOHMU3ALUU C
Git moGaBiisieT KOHTeHT mjisl obciaykuBaHusi ceppepom HTTP u
NoAJep>KMBaeT ero B aKTyaJlbHOM COCTOSSHUM. MOKHO TaKxke
cKazaTb, 4YTO o0a KOHTeiiHepa [HOENCTBYIOT B  TeCHOM



COTPyOHMUYECTBE M OOMHAKOBO BaXHbI, HO TaTTepH Sidecar
(ITpuuernn) 1pepmosiaraeT HaauuMe OCHOBHOI'O (IJIAaBHOrO) U
BCIIOMOTaTeJIbHOTO KOHTeiHepa, KOTOPBIN pacumpser
KOJUIEKTUMBHOe IoBedeHMe. OOBIYHO IJIaBHbBIV TepeuyuciasieTcs B
CIIMCKe KOHTEVHEepOB MepBbIM M IMIpencTaBjsieT KOHTelHep II0
YMOJIUaHMIO (KOTOPBIN 3aryckaeTcss KoMaHaon kubectl exec,
Hampumep).

DTOT TIIPOCTO} TIaTTepH, WU300pakeHHbII Ha puc. 15.1,
obecrieuBaeT TEeCHOE COTPYOHMUYECTBO KOHTEHEPOB BO BpeMs
BBITIOJIHEHUSI M B TO XXe BpeMms II03BOJISIET pasfenTb 3adauMu,
KOTOpble  MOTYT TIPUHAIJIEKAaTb OTHOEJbHBIM  KOJJIEKTMBAM

pa3pabOTUMKOB, VICITOJIb3YIOIIUM pa3Hbie SI3BIKU
IIPOrpaMMMUPOBAHMS,
Aok X X 3 % 3 X 3 3 A 2% 3 3 X 3 3 313 . |
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Puc. 15.1. MNattepH Sidecar (Mpuuen)

C pa3sHbIMM LIMK/JIAaMU BBIITYCKA HOBBIX Bepcuil U T.A. OH Takxke
CIIoCOOCTBYeT B3aMMO3aMeHSIeMOCTHU " MHOTOKPaTHOMY
MCIIOJIb30BAHUIO KOHTEMHEepOB — B TOM cMbIciie, uTo HTTP-cepsep
M MeXaHM3M CMHXpOoHM3auuu Git MOTYT IIOBTOPHO MUCIIOJIb30BAThCS
B JOpyruxX TIPWIOKEHMAX M C [OPYyTMMM HACTpOMKaMM, Kak
CaMOCTOSITeJIbHO, TAK ¥ COBMECTHO C APYTMMU KOHTEeHEPAMMU.



MosicHeHUe

Bolllle yKe TOBOPWJIOCh, UTO 0Opa3bl KOHTEIHEPOB IIOJIOOHDI
KjaccaM, a KOHTeliHeppl — o00BbeKTaM B  OObEKTHO-
opueHTUpoBaHHOM IiporpamMmupoBanum (OOII). ITpomormskass 3Ty
aHAJIOTMI0, MOXKHO CpPaBHUTb pacliyMpeHre BO3MOXXHOCTEI
KOHTeliHepa ¢ HaciaemoBanuem B OOII, a coBMecTHyI0 paboTy
HECKOJIbKMX KOHTEMHEepOB B IOJle — C IPUEeMOM KOMIIO3ULIUM B
OOIIL. O6a 3Tux MoAxXoda AOITYCKAIOT MOBTOPHOE MCIIOJIb30BaHMe
KOJla, HO HacjeJoBaHMe OIpenensieT 0ojiee TeCHYIO CBSI3b U
MpeACTaB/seT OTHOLIEHME «SIBJISIETCSI» MeKITy KOHTeiTHepaMMu.

KoMmmnosuius B Tiofe MpencTaBlisieT OTHOIIEHME <«MMeeT» —
0oJiee TMOKOe, TIOTOMY UTO He TpebyeT 00beAHEeHMS KOHTetHEPOB
BO BpeMsl COOpKM, UYTO [AaeT BO3MOSKHOCTb ITIOTOM TIOMEHSITh
KOHTEeMHepbl B oOlpenejeHMM Mmoaa. Ho KoOMIO3umus Takke
roApasyMeBaeT Ha/iMuyue HeCKOJIbKUX KOHTEeHepOB (IIPOLieCcCOB),
OEeMCTBYIOIIMX OJHOBPEMEHHO, KOTOpble HYKHO IIPOBEpSTb Ha
pabOTOCIIOCOOHOCTh ¥ Ilepe3allyCckaTb M KOTOpble IIOTPEOJISIIOT
pecypchl, Kak ¥ IJIaBHbIV KOHTeiHep npunokeHusi. Ilattepu Sidecar
(Ilpuuen) mpezarmoJsiaraeT CO3gaHMe MaJIEHbKMX BCIIOMOTaTe/IbHbIX
KOHTEHEepOB, MOTPebASIOUIMX MMUHMMAAbHbIE pecypchl, HO BaM
peliaTh, CTOUT JIM 3alyCKaThb OTHEJbHbIM IIPOLIECC WIM JIy4dlle
00beIVHNUTD BCe 3a1aUl B OCHOBHOJ KOHTeIHeD.

C Ipyroii TOUKM 3peHMs] KOMITO3UIIMS KOHTEeHEepOB IMOX0XKa Ha
aCIIeKTHO-OPMEeHTHPOBAHHOE  IIpOorpaMMMpOBaHue, Korga C
IIOMOIIIbIO [OTIOJTHUTEIbHBIX KOHTEHEepOB B IIOf, J00aBJISIIOTCS
OPTOTOHaJbHBIE (HE3aBUCUMBbIE) BO3MOKHOCTM, He Kacalolyecs
IJTaBHOTO KOHTeiHepa. B mocinemHue Mecsupl IaTtepH Sidecar
(TIlpuiien) obpeTaeT Bce OOMBIIYIO MOITYISIPHOCTh, OCOOEHHO IS
pellleHMs 3a4ay yIIpaBjeHMs CeTbl0, MOHUTOPMHIA CIYKO, TIme
Kakgasi cJIy’kba Takske IOCTaB/SIETCSI B BUAE BCIIOMOTATeIbHBIX
KOHTEHEPOB.



HdononHutenbHaa uHpopmaumsa

o Tlpumep  peanmsauuyu  narrtepHa  Sidecar  (IIpuiem,
http://bit.ly/2FqSZUV).

o IlaTTepHbI MPOEKTUPOBAHMS IJISI paclpelesleHHbIX CUCTeM Ha
ocHoBe KoHTeliHepoB (http://bit.ly/20dan24).

e Prana: BcItoMoraTe/IbHbIV KOHTEHep /IS IPUIOXKEHMUIT U CITYKO
c noggepskkoit Netflix Ha ocHoBe PaaS (http://bit.ly/2Y9PRnNS).

e« KopaGenpHblit TemedoH: IaTTepHbl mjIsT  Ho0OaBIeHUS
aBpTopu3aluMy ¥ MmuU@POBaHMS B YyCTapeBliMe IIPUIOKEHUS
(https://www.feval.ca/posts/tincan-phone/).

. YHUBEPCAIbHBIN KOHTeHep ISt TIPMOCTAHOBKY
(http://bit.ly/2FOYH21).



naBsa 16. ApanTep

[latTepH Adapter (ApmanTep) MO3BOJSIE€T IPUBECTU IeTepPOTeHHYIO
KOHTeJHEpHYI0 CHCTEMY B COOTBETCTBME C eOdMHOOOPa3HbIM
YHUDULIMPOBAHHBIM nHTepdeiicoMm, MMEeIIM
CTaHOAPTU30BaHHBI M HOPMAaJIM30BAHHbIM (QOpMaT, KOTOPLI
MOXeT MWCIIOJIb30BaThCsl BHeIIHMM Mupom. IlaTTepH Adapter
(ApanTep) HaclegyeT BCe CBOM XapaKTepPUCTUKM OT MAaTTepHaA
Sidecar (Ilpuiien), HO UMeeT eAMHCTBEHHYIO 1ieJib — MPegoCTaBUTh
aJarnTUPOBAHHBIN JOCTYII K IIPUIOKEHMIO.

3apava

KoHTeitHepbl IIO3BOJISIIOT YHU(PULMPOBATh YIAKOBKY M 3aITyCK
MpUIOKEeHUI,  HaMMCAHHbIX HA  pasHbIX $3bIKaAX U C
MCIT0JIb30BAaHMEM pa3HbIX 0MOJIMOTEeK. B HacTosIIee BpeMsi MHOT'M€
KOMAaHIbl  MCIIOJb3YIOT  pasHble TEXHOJOTUMM U  CO3HAI0T
pacripefie/ieHHble  CUCTEMBI, COCTOSIIME U3 TeTepOreHHBIX
(pa3HOPOHBIX) KOMIIOHEHTOB. JTa Pa3HOPOAHOCTb MOSKET BbI3BaTh
TPYJHOCTM, KOTAa BCe KOMIIOHEHTbI OJIKHBI 00pabaTbhIiBaThCS
OPYTMMM CUCTeMaMM eqMHOOOpa3HbIM criocobom. ITaTtepH Adapter
(AparnTep) rpenjiaraeT pelieHue, IOMOramwliiee CKpbITh CJI0KHOCTD
CUCTEMbI U IPeNOCTaBUTb YHUPULIVMPOBAHHBIN JOCTYM K HEJA.

PeweHue

DTOT TAaTTepH Jy4dlle MOPOMUTIOCTPUPOBATh Ha IpUMepe.
OCHOBHBIM YCJIOBMEM YCITEIIHOM 3KCIUIyaTaluy pacipeje/eHHbIX
CUCTEM SIBJISIETCS BCeOOBbEMITIONINI MOHUTOPUHT ¥ BO3MOXKHOCTH
OTIIpaBKM oOMoOBelleHnii. Kpome Toro, ewin pacrpeeneHHas
CHCTEMAa COCTOUT M3 HECKOJbKUX CIYKO, IJIsT MX MOHMTOPMHIA



MOXKHO MCII0JIb30BaTh BHEIIHUI MHCTPYMEHT, MU3BJIEKAOIIUI U
COXpaHHIOH_U/Iﬁ METPUKHU KayKI0M CJ'IY)K6I:>I.

OmHako CJTy>KObl, HalmMCaHHbIEe HA Pa3HBIX SI3bIKaX, MOTYT MMETh
pasHbie BO3MOKHOCTY U MIOCTABJISITh METPUKY B pa3HbIX popMaTax,
OT/INYHBIX OT OXMOAEMOrO0 MHCTPYMEHTOM MOHUTOpMHra. Takoe
pasHooOpa3ue cosmaeT MmpobyieMy I8 MOHUTOPUHTA pa3sHOPOIHbBIX
TIPWIOKEHUI C WCIIOJIb30BAaHMEM €OUMHOrO pelleHusi, KOTopoe
OXXugaeT TMOAIEepPKKM eAVMHOTO (opmara Bceii cuctemoii. IlaTTepH
Adapter (AparnTep) I0O3BOJISI€T OpraHM30BaTh YHUMUILMPOBAHHbIN
MHTepdeiic MOHUTOPUHTA, SKCIOPTUPYS METPUKMU U3 PasiUUyHbIX
KOHTEIHepOB TIPUJIOKEHUIA B OJIMH CTaHOApPTHbIM dopmar u
npoTokoj. Ha puc. 16.1 n3o6paskeH KOHTeliHep-aJganTep, KOTOPBI
nmpeobpasyeT MHGOPMALIMIO C METPUKAMM, XPaHSIITYIOCS JTOKAAbHO,
BO BHeIIHUI opmaT, KOTOPbIii TOHMMAaeT cepBep MOHUTOPUHTA.

: [naeHbIN KoHTtennep- :

! KOHTeHHep apanrep !
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Puc. 16.1. MNartepH Adapter (ApanTtep)

[Ipy TakoM TOAXOHe Kakmasi CIykba, IIpeacTaBeHHast
OTHEeJbHBIM II0IOM, KpOMe OCHOBHOIO KOHTeliHepa IIPUI0KEeHMUS
OymeT BK/IIOUATh ellle OAMH KOHTeitHep, KOTOpbIii 3HaeT, Kak
MIPOYMTATh METPUKU TIPUJIOKEHUST U TIpeobpa3oBaTh UX B opMmar,
MIOHSITHBIV MHCTPYMEHTY MOHMTOpMHra. Harmpumep, Mbl MOXeM



MMeTb OJIVMH KOHTEeNHep-aJanTep, KOTOPbIM  3HAeT, Kak
AKCIIOPTUPOBATH Java-meTpuku yepe3 HTTP, u opyroin KOHTeHep-
ajarnTep, B APYroM IOJe, KOTOPBI 3HAET, KaK 3KCIIOPTUPOBATH
Python-metpuku uvepes HTTP. MHCTpyMeHTY MOHMTOpPMHIra BCe
MeTpUKM  OyayT  pmocTynHbl  depe3 HTTP B obuiem
HOpMaJnu30BaHHOM popMare.

YToOBbI II03HAKOMMUTHCSI C KOHKPETHOJM peanusalieil 3TOro
raTTepHa, BepHeMCS K HallleMy MpumMepy NpuIoKeHUs reHepaTtopa
CIYYaMHBIX YMCel M CO3OaauM anarTep, OeMCTBYIOIIMM, Kak
1oKasaHo Ha puc. 16.1. Ilpy COOTBETCTBYWOILEI HACTPOIKEe OH
ynuTaeT ¢ail KypHajla reHepaTopa CJIy4aitHbIX UMCea U U3BJIeKaeT
M3 Hero BpeMs CO3JaHus cayvyainHoro umcia. [Ipenmnonaraercs, 4To
MbI IOJIKHbI KOHTPOJIMPOBATh 3TO BpeMsl ¢ MOMOIIbio Prometheus.
K coxkanenuwo, ¢opmaT XypHajia He COOTBETCTBYeT (¢opMary,
KOTOpbI oxkuaaeT Prometheus. Kpome ToOro, Mbl JOKHBI OTKPBITh
OOCTYM K 3TOi MHpopMalyuy yepe3 KoHeuHyt0 ToukKy HTTP, uTobbi
cepBep Prometheus mor nmoayuuTs ee.

[latTepH Adapter (ApanTep) MOeaJbHO IIOAXOOUT IJsI STOTrO
cJlydyasi: BCIIOMOraTe/JIbHbIii KOHTeNHep 3aIlycKkaeT HeOOJIbIIo
HTTP-cepBep M Iipu KaxkgoM 3ampoce umuTaeT ¢aia XypHana u
npeobpasyeT ero B dopmaT, MOHATHbIN mjis1i Prometheus. B
auctuHre 16.1 T1ipencTaBieHO OIpeleseHue pa3BepThIBAHUSA
Deployment C TaKUM KOHTeiHepOM-aJarTepoM. JTa
KOH(UTrypauus 136aBisieT OCHOBHOE TIPUIOKEHNe OT
HEeO0OXOAMMOCTHU 3HaTh UTO-11M060 0 Prometheus. IToynHbIi mpumep B
Hamem penosutopun GitHub meMoHCTpupyeT 3Ty KOH(Urypaiuio
BMeCTe C ycTaHOBKOJ Prometheus.

Jiucturr 16.1. ApanTep, npeobpasyowmii tHbopMaumio B popmart, NoHaTHeIM Prometheus

apiVersion: apps/vl
kind: Deployment
metadata:

name: random-generator



spec:
replicas: 1
selector:
matchLabels:
app: random-generator
template:
metadata:
Labels:
app: random-generator
spec:
containers:

- image: k8spatterns/random-
generator:1.0 (1

name: random—generator
env.

- name .
LOG_FILE 2)

value: /logs/random. log
ports:
- containerPort: 8080
protocol: TCP
volumeMounts:

- mountPath: /logs
name: log-volume

- 1image: k8spatterns/random-generator-
exporter O

name: prometheus-adapter
env:



- name:
LOG_FILE e

value: /logs/random. log
ports:
- containerPort: 9889
protocol: TCP

volumeMounts:
(6
- mountPath: /logs
name: log-volume
volumes:
- name: lLog-
volume 7

emptyDir: {3}

© [naBHBINi  KOHTelViHep TIPUIOXKEHUSI CO  CIIY>KOOii,
reHepUpYyIollei cyyaiHble Ynciaa, JoCTynHomi yepes rmopt 8080.

@® IIyTh K daiiny sKypHajia ¢ uHpopMaliyeii 0 BpeMeHM CO3IaHus
CJTyYaiiHbIX YMCeJl.

©® Karasor, wuCrosb3yempiii COBMECTHO C KOHTelHepOM-
aZlarTepoM.

® OOpa3 KoOHTelHepa, SKCHOPTUpPYIOIIEro MHMOpPMAaLMIO B
Prometheus yepes mopt 9889.

© Ilytp Kk dailly >XypHajia, KyJa OCHOBHOe MpUIOXeH!e
3alMCbIBAET MHTEPECYIOUTYI0 HAC MH(POpMAINIO.

® OO61IMIt TOM MOHTUPYETCS TaK:Ke B KOHTeitHep-aaanTep.

@ OO6mue daiipl HaxodsITCI B ToMe emptyDir, B (aiioBoit
cucTeMe y3Ja.

JTOT IaTTePH MOXKeT TakKke  MUCIOJb30BAThCSI IS
KypHajaupoBaHus. Pa3Hble KOHTeMHepbl MOTYT 3allMCbhbiBaTh
MHbopmalmMio B pasHbIx @opmaTrax M C PasHO CTeNeHbIo



netanusanuyu. KoHTeliHep-aganTep MOXKET HOPMAaIM30BaThb 3Ty
MHpopmaluioo,  OYMUCTUThL  €ee,  000raTUTb  KOHTEKCTHOIA
mH@opMallueit c momoibio rnatrrepHa Self Awareness (CamoaHanms),
ONMCAHHOrO B IJaBe 13, a 3aTeM cHaenaTh pe3yabTaT AOCTYITHbIM
IUISI LIEHTPaIM30BaHHOIO arperaTopa sKypHaioB.

MosicHeHUe

ITaTtTepH Adapter (AmanTep) — 3TO CIlelMaJIM3MPOBAHHbIN BapyaHT
naTttepHa Sidecar (Ilpuiien), onMcaHHoOro B m1aBe 15. OH geiicTByeT
KaK OOpaTHbIN IIPOKCU [JIsI TeTepOreHHON CUCTeMbl, CKpbIBasl ee
CJIOXKHOCTD 3a YHUMUILMPOBAHHBIM MHTepdeiicoMm. Vcronb30BaHue
OTHEeIbHOTO Ha3BaHMS, OTAMYHOIO OT HasBaHus OoJiee 06Iero
nattepHa Sidecar (IIpuilerr), mo3BoJsIeT 60ee TOUHO 0O003HAUUTH
Ha3HaueHMe 3TOro naTTepHa.

B crenywoiein r1maBe Bbl IM03HAKOMMUTECh C elle OIHUM
CIleMa/JIM3MPOBaHHBIM BapuaHToM ImaTTepHa Sidecar (Ilpuiemn):
nattepH Ambassador (IlocpeiHMK), KOTOpPBIV MOEICTBYET Kak
TIPOKCH, IJISl JOCTYIIA K CJTy;K6aM BO BHEIITHEM MMpe.

HdononHutenbHaa uHpopmaums

o [Ipumep peanusauuu natrepHa Ananrtep (http://bit.ly/2HvFF3Y).

e  HVHCTpymMeHTBI  pacmpedelieHHbIX  CUCTEM: MaTTePHBI
KOHTEHepOB [JII CO3HaHMsI MOMYJIbHBIX paclipelieleHHbIX
cuctem (https://bit.ly/2U2iWD9).



Inaea 17. NMocpepHuK

[TatrTepun Ambassador (IlocpedHUK) — 5TO CIIELMaIM3UPOBAHHBIN
BapuaHT natTepHa Sidecar (Ilpuiierr), oTBeuyaloliii 3a COKPbITHE
CJIOKHOCTM ¥ TIpeIOCTaBSIONMIA YHUDUIIMPOBAHHBIN MHTepdeiic
ISl OOCTyMa K CAy:k6aM 3a mpefenamMu Mnonaa. B 3Toit riaBe Mbl
YBUINUM, KaK nattepH Ambassador (ITocpeqHMK) MOXKeT BbICTYIIATh
B KaueCcTBe MPOKCM M OrpaskgaTb MOAbl OT MPSIMOro IOCTyIla K
BHEIIHUM 3aBUCUMOCTSIM.

3apava

KoHTeliHepHbIe CITY;KObI CYIIECTBYIOT He B BaKyymMe U 4YacTO
oOpamialTcsl K OIPYTUM Cay>K0aM, HaJesKHbIM IOCTYH K KOTOPBIM
MOXeT ObIThb 3aTpyaHeH. CI0XKHOCTb JIOCTYIIa K APYIUM CIy:KO0aM
MOXeT ObITb 00YCIOBJIeHa AVMHAMMUUYECKUMMM M U3MEHSIOIIMMUCS
agpecaMy, HEOOXOOMMOCTbIO OaJaHCHMPOBKM HArpy3KM MEXIY
KJIaCTEepPHbIMU 9K3eMILIIpamMu CJTYXO, MCIT0/Ib30BaHMEM
HEHaIeXXHOI'0 ITPOTOKOJIa WM CIAOXKHBIX (OpMAaToOB [aHHBIX. B
Maeasie KOHTetHepbl JOKHBI ObITh Y3KOCIELMaAUM3UPOBAHHBIMU U
IOITyCKAIIMMM BO3MOXXHOCTb MHOTOKPATHOTO MCITOJIb30BaHMSI.
Ho ecin y Hac eCTb KOHTeMHep, KOTOPBI peain3yeT HEeKOTOPYIO
BXHYI0 (YHKIMIO M OCOOBIM 00pasoM MCII0Jb3yeT BHEIIHIOIO
CJIY>KOY, OH OyZmeT HecTu 60JIbIlle OTHOM OTBETCTBEHHOCTIA.

Ilns mocTyma K BHeEIIHeH caykbe MOXKeT I0TpeboBaThCs
MCIIO/Ib30BaTh CIIeIMa/IbHYI0 OMOAMOTEKY OOHapYyXeHMSI CITYKO,
KOTOPYIO HeXejlaTeJbHO IIOMelllaTh B KOHTeiHep. Wi MoxeTt
MMOHAA00UThCS 3aMEHUTh OJHM CIYKOBbI IPYTUMMM M MCIIOJIb30BaTh
opyrue  OMOMMOTEKM UM METOHObl  OOHapykeHMSI  CIIYXKO.
Ab6cTparupoBaHyue U U30JISLMS JIOTUKM TOCTYIA K APYTUMM CIIY>K0am



BO BHEINIHEM MMpe KakK pa3 U SBJSIOTCS 1IeJIbI0 IaTTepHa
Ambassador (ITocpegHMK).

PeweHue

[IpogeMOHCTPMpPYEM  MCIIOJNIb30BaHME TIATTEPHA Ha IpUMeEpe
opraHmsaluy Kaiia Ajisi MpuiokeHus . sk JoCTyna K JTOKaJbHOMY
K3IIy B OKPYXeHMM [JIsI pa3pabOTKM MOXKET ObITh JIOCTaTOYHO
ompene/NnTb HEKOTOpble HACTPOMKM B KOHUTypauuu, HO B
MIPOMBIIIJIEHHOM OKPY)KeHMM MOKEeT ITOHAJ00UThCSI HACTPOUTh
KJIMEeHT, TOAK/IIOUaoMiics K pasHbIM cerMeHTaM Koaiia. Ipyroit
IpuMep — IIOUCK CIYXObI B peecTpe [Ijiss ee OOHapysKeHMs Ha
CTOpOHe KaMeHTa. Elle oauMH mOpumep — B3aMMOOENCTBUE C
BHeIIIHel Cay:k00ii 110 HeHaJesKHOMY IIPOTOKOIY, TaKOMy Kak
HTTP, wu3-3a uyero /s 3allUTbl TPUIOXKEHUST TIPUXOOUTCS
MCIIOJIb30BaTh JIOTUKY 0OpabOTKM OOPBHIBOB CBSI3M, HACTpaMBaTh
TaliM-ayThl, BHITIOJIHITD IIOBTOPHBIE ITOIBITKM ¥ MHOTOE IpYToe.

Bo Bcex 3TUX @Iy4yasiX MOXHO MCIIOJIb30BaTh KOHTEMHep-
TOCPeOHNK, CKPBIBAKOIIMI CJIOKHOCTb [OOCTya K BHEIIHUM
cIy>kb6aM 1 ob6ecrieunBaoInii YIIPOIeHHOe UX IIpeAcTaBlieHne Ojisl
OCHOBHOT'O KOHTeVHepa IPUIOXKEeHUSI uepe3 JIOKAIbHOE ceTeBoe
coenviHenue. Ha pwuc. 17.1 u 17.2 mokasaHO, KakK KOHTelHep-
TOCPEeIHUK T[IOMOTaeT OTHENUTb MPUKIALHYI JIOTUKY OT JIOTUKU
OOCTyIMa K XPaHWIMIY Tap K/IKO4Y/3HadyeHue, MPUMHUMAS 3alpoChl
yepe3 JIOKaJIbHbIM TIOpT. Ha pwmc. 17.1 BuUAHO, KaK MOKHO
IenerupoBaTb MOCTYI K JAHHBIM, XPaHSIIIMMCSI B YyIaJ€HHOM
pacrpeieJieHHOM XpaHWIniie, TakoM Kak Etcd.
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Puc. 17.1. lNocpepgHuk ans AoCTyna K yoaneHHOMy pacnpefeneHHoMY Kelly

Bo Bpemsi pa3pabOTKM TaKoi KOHTeHep-IIOCPeIHUK JIETKO
3aMEeHUTDb JIOKAJbHBIM XpaHWIMIIEM Map K/I0U/3HaueHue, TaKUM
Kak memcached (Kak 1mokasaHo Ha puc. 17.2).

ATOT IMaTTepH Ipeajiaraer Te ke MPeuMyILecTBa, UTo U IaTTepH
Sidecar (Ilpunierr) — 06a CHOCOOCTBYIOT Y3KOM CHELMaIM3anum
KOHTE{HEpPOB UM  MPUTOJHOCTM MX K  MHOTOKPaTHOMY
MCITOJIb30BaHMIO. IIpM MCIIOIb30BaHUM ITOTO
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Puc. 17.2. KoHTelHep-nocpeaHuK C NOKaNIbHbIM XPaHUIULLEM

raTTepHa IIPUIOKEHME MOXKET COCPedOTOUYMTHCS Ha pelleHUu
Ou3Hec-3a/1a4 U IeJIerMpoBaTh OTBETCTBEHHOCTD 3a UCI0/Ib30BaHMe
BHEIIIHEeN CJIYy>KObl IPYyroMy CrHelyaau3upoBaHHOMY KOHTeEMHepYy.
JTO TakKe TIIO3BOJIIeT CO34aBaTh CIlelMaIu3MpPOBaHHbIEe U
IIOBTOPHO MCIIOJIb3yeMble KOHTEWHepbI-TIOCPeSHUKM, KOTOpbIe
MOXXHO 00beAVHSTD C IPYTUMM KOHTeiHepaMy MPUI0KeHUIA.

B sauctuHre 17.1 T1ioKazaHO omnpeneneHue IMOCpPeSHMKaA,

neicrByloiero napauieabHo REST-cirysk6e. Ilpexkne ueM BepHYTh
orBeT, REST-cimy:kba >KypHaaupyeT CcreHepupoBaHHbIe [TaHHbIE,



oTmpasiasas ux mno ¢ukcupoBanHomy URL: http://localhost:9009.
I[Tpoiecc-rmocpegHUK IIPOCAYIIMBAET 3TOT IOPT M 0OpabaThIiBaeT
IaHHbIEe. B 3TOM IpuMepe OH MPOCTO BbIBOAUT JaHHbIE B KOHCOJIb,
HO BOOOIIe MOr ObI JejaTh UTO-TO OoJjiee CJIOXKHOe, Hampumep,
riepecyiaTb IAHHbIE B TIOJTHOLIEHHYIO MHPPACTPYKTYPY
skypHanupoBauus. [nst REST-ciay:kObl He uMeeT 3HAUeHMUS, UTO
TIPOUCXOONUT C XYPHAJIMPYEMbIMM HAHHBIMU, M BbI JIESTKO MOXKETe
3aMEeHUTb KOHTeNHep-IOCpeIHNK IIepeHaCcTPOnKoM T1oaa, He
KacasiCh OCHOBHOI'O KOHTelHepa.
Jinctmur 17.1. MocpeaHuK oS BbIBOAA XXYPHATMPYEMbIX LAHHbIX
apiVersion: vl
kind: Pod
metadata:
name: random-generator
Labels:
app: random-generator
spec:
containers:

- image: k8spatterns/random-
generator:1.0 (1

name: main
env:

- name:
LOG_URL )

value: http://localhost:9009
ports:
- containerPort: 8080
protocol: TCP

- 1image: k8spatterns/random-generator-log-
ambassador ©

name: ambassador



O I[naBHbIV KOHTeliHep NpuaoxkeHus coaepskut REST-ciaykoy,
KOTOpasi reHepupyeT CIydaliHble Ymnciia.

® Agnpec URL mjis1 nogkiawueHMsT K KOHTelMHepy-IOCPeIHUKY
yepes JIOKAJIbHOe CoeqHeHMe.

© KoHTeliHep-MOCpeJHMK, BBIIIOJHSIOIINUIACSI Iapa/ieibHO U
npocaymmBaomuii noptT 9009 (KOTOpbIM He SKCIOPTUPYETCS 3a
Tipenesbl Ioaa).

MoscHeHue

dakTtuuecku nartepH Ambassador (IlocpegHUK) — 9TO BCE TOT 3Ke
natrepH Sidecar (Ilputierr). OCHOBHOe OTIMYME MEXIY HUMU
3aKkjo4yaeTcss B TOM, 4YTO IlocpemHMK He [06aBisieT HOBBIX
BO3MOXXHOCTEM B OCHOBHOE TMPUJIOXKEHMe, a IIPOCTO OeMCTBYeT
IIOJOOHO MHTEJIJIEKTYaJIbHOMY ITPOKCU-CEPBEPY, OTKPhIBAIOIIEMY
BBIXOJT BO BHEIIHMI MMP, M3-3a Yero 3STOT IaTTepH MHOrAa
HasbIBalOT Proxy (IlpemcraBuTens).

HdononHutenbHaa uHpopmaums

[Tpumep peanmusanumn raTTepHa [TocpemHUK
(http://bit.ly/2FpjBFS).

Kak wucronb3oBaTh mnarrtepH IlocpemdHMK MJs1 OpraHu3alu
IVMHAMMUYeCKM HacTpauBaeMbIx cyskO (https://do.co/2HxGIQG).

IIuHaMuuyeckoe  CBsI3bIBaHMe  KOHTeiiHepoB  Docker ¢
UCIIoab30BaHMeM rnartepHa ITocpenHuk (http://bit.ly/2TQ1uBO).

OpraHnmusanusi B3aMMOJENCTBUIM Yepe3 KOHTeMHep-II0CpeIHUK
(https://dockr.ly/2UdTGKc).



BapuaHTBbI 06a30BOr0 raTTepHa [TocpegHUK
(http://bit.ly/2Ju4zmb).



Yactb IV. KoHpurypaumoHHblie naTTepHbl

JIto60e TmpuioskeHue HY;KHO KOH(PUIypUpOBaTh, M CaMblil IIPOCTOM
criocob caenaTb 3TO — COXPAHUTh KOHMUTYpaLyuM B MCXOTHOM
Koze. Y 3TOro moaxojia ecTb Mo60uHbIl 3¢ @deKT: KoHbUrypamus u
KOJ, >KMBYT M yMMpaloT BMecTe, Kak onucbiBaeT Kud Moppuc (Kief
Morris) B cratbe «Immutable Server» (http://bit.ly/2CoH5c¢j). Ham
ke HY>KHa I'MOKOCTb, MO3BOJISIONIAsl afanTUpPOBaTh KOHMUIYpaLMIO
0e3 MOBTOPHOrO co3JaHus obOpasa mpuioxkeHUs. DakTUUECKU
IIOBTOPHOE CO3[laHMe MOXeT IOTpeboBaTh MHOIO BpeMEHM U
CUUTAETCS AQHTUIATTEPHOM B METOJMKE HENpPEPbIBHOM IOCTABKMU,
KOrJa MpUIOKeHMe CO3[aeTCs OAMH pas, a 3aTeM IepeMellaeTcs
0e3 M3MeHeHMI1 yepe3 pa3Hble dTallbl KOHBeliepa pa3BepTbIBaHMUS,
TI0KAa He JOCTUTHET MeCTa IMPOMBIIIIEHHOM SKCITyaTalun.

Kak B Takom CIeHapuuM MOXKHO ObUIO Obl aJanTUPOBATh
MIpUIOKeHMe K pas3/JIMUHbIM HACTPOJKaM OKpYKeHUii pa3paboTKu,
TEeCTUPOBAHMA UM  I3KcIuyatauun? OTBeT  3aK/JIKUaeTcs B
MCIT0JIb30BaHUU BHEIIHMX  KOHMUI'YpAlIMOHHBIX  [TAHHBIX,
pasAMYHbIX [JISI KaXOOTo OKpyKeHMs. IlaTTepHbl, KOTOpbIE
MPUBOISATCI B CIeOyINIMX TIJIaBaxX, OIMMChIBAIOT HACTPOMKY U
ajanTauuio  OPWIOKEeHMII K pa3HbIM  OKPY)KEeHMSIM  C
MCIT0/Ib30BaHMEM BHEITHUX KOH(MUTYPaALMIOHHbIX JaHHbIX:

o [ImaBa 18 «KoHdurypaumuss B MepeMeHHBbIX OKPY>KeHMS»
OMNMChIBAET IIOPSIAOK MCIIOJIb30BAHMS IEpPEMEHHbBIX OKPYKeHUS
1711 XpaHeHMs KOHQUTYpallMOHHbBIX JaHHbIX.

e TImaBa 19 «KoHdurypauus B  pecypcax» OIMCbIBAeT
1cronb3oBaHme pecypcoB Kubernetes, Takux kak ConfigMap u
Secret, mj1s1 xpaHeHUsT MHQOpMaLUM 0 KOH(PUTypaLn.



e I'maBa 20 «HeusmeHsemasi KoH(HUrypalys» OMNMUChIBAeT CII0COO
XpaHeHMsI B HeM3MEeHHOM BUIe OOJbIIMX HAOOPOB HAHHBIX,

roMelasi Ux B KOHTeMHepbl, MOAK/II0YaeMble K KOHTeHepam
TIPUJIOKEHMI BO BpeMs BbITIOJIHEHMS.

[naBa 21 «MakeT KoOHpUTypaluu» OeMOHCTPUPYET IpUEM,
KOTOPBI MOXKET MPUTOOUTHCS, KOTHA IJiI XpaHeHUS HaCTpPOeK
pasHbIX OKPYKeHMIi, MMeWIIMX JuIllb HebOOosblline OTINYMS,
MCIIOJIb3YIOTCSI OUeHb 00JIbIlIMe KOHGUTypaloHHbIe (aiiibl.



lmasa 18. KoHdurypaumsa B nepemMeHHbIX
OKpY)XXeHus

PaccmatpuBasi mattepH EnvVar Configuration (Kondurypauus B
repeMeHHbIX OKPYKeHMS), Mbl TIO3HAKOMMMCSI C CaMbIM ITPOCTBIM
CIIOCOOOM HACTpOMKM mpuaokeHuit. Camblii IIPOCTOI CIIOCOO
orpenennTb KOH(Urypalmio, KOrja KOJIMUYeCTBO HacCTpauMBaeMbIX
rapamMeTpoB HEBEJMKO, — TIOMeCTUTb WUX B IepeMeHHbIe
OKpy>keHMsl. Mbl yKe BUIENIM pasHble CIIOCOObI OIpeneaeHus
repeMeHHbIX OKpyXeHMsI B Kubernetes, a Tak’ke MO3HAaKOMUIUCD C
HEKOTOPbIMU OrpaHMYEHUSIMMU, MPensTCTBYIOIIUMM /0.
MCIT0JIb30BAHMIO /151 CJIOKHBIX KOH(DUTYpaLINIA.

3apaua

Bcskoe HeTpuBMadbHOE IIPUJIOKEHME TpedyeT ompeneneHust
rnapamMeTpoB il OOCTyHa K MCTOYHMKAM HOAaHHBIX U BHELIHUM
ciykbamM — wiM IS TOHKOI — HACTpPOMKM  TIOBeeHUsI B
IIPOMBIIIJIEHHOM OKpy>XeHun. Ellle [0 mnosiBaeHuss MaHudecTa
«/IBeHaAaTh (aKTOPOB» MbI 3HAIM, UTO XPaHUTb KOH(MUTYPaALMIO
BHYTpU TPUJIOKeHMS HempaBwibHO. KoHdurypammio ciemyer
BbIHECTM 32 PAaMKM IIPUIOXKEHMSI, UTOObI €e MOXKHO ObIIO M3MEHUTD
oaske mocyie ero c6opku. ITo elle OOJibIlle YBeJIUMUMBAET IeHHOCTD
KOHTEeVHEPHBIX MPUIOKEHU, KOTOPbIe MO3BOJISIOT MUCII0/JIb30BaTh
HeusMeHsieMble apTedaKkThl M CIOCOOCTBYIOT 3TOMy. HO Kak 3TO
cOeaTh B KOHTeMTHEPHOM Mupe?

PeweHue

Inss  XpaHeHMs] ~ KOH@QUrypauuii  NpwIOXKeHuii  mMaHU@eCT
«JIBeHaA1IaTh (aKTOPOB» peKOMEHAYET UCII0Ib30BaTh IlepeMeHHbIe



OKPY>KeHUSI. IDTOT IIOAXOJ IIPOCT UM MOKET MCIIOJIb30BAThCS B
JTI00bIX OKPYKeHMSIX U Ha JIo6bix 1iaTdopmax. Jlobas
OoIepalMOHHAsl CHUCTeMa II03BOJISIET OIpenesiTh IepeMeHHbIe
OKPY;KeHUSI U TlepenaBaTh UMX B IIPWIOKEHMSX, M KaKIObIil SI3bIK
IIPOrpaMMMUPOBAHUS TTOAAEPKMBAET ITPOCThIe CPeACTBa JOCTYIIA K
3TUM MepeMeHHbIM. MOXXHO CMeJIO YTBEPXKIaTh, UTO epeMeHHbIe
OKPY>KeHMSI — 3TO VYHUBEpCaJbHbII MexaHusM. OOBIUHO IIpU
MICIIOJIb30BAHMM TI€peMEeHHBIX OKPYKeHUSI BO BpeMs COOpKHU
OmNpeneNnsdoTCI WUX 3HAYeHMsI II0 YMOJIYaHMIO, a BO BpeMs
BBITIOJIHEHMSI OHU M3MeHSI0Tcs. [laBaiiTe pacCMOTPUM HEKOTOpbIE
KOHKpeTHbIe TIpMMeEphbI, KakK 3TO peann3oBatb B Docker wnu
Kubernetes.

B o6paszax Docker rmepeMeHHbIe OKPY>KEHMSI MOKHO OIIpeneTnThb
nipsimo B daiinax Dockerfile, c moMoIibio AupekTuBbl ENV, 110 ogHOII
TiepeMeHHO B CTPOKe, KaK MMOKa3aHo B IUCcTuHre 18.1.

Jiuctunr 18.1. ®ann Dockerfile ¢ onpepeneHnsMM nepeMeHHbIX OKPYXXeHUs
FROM openjdk:11
ENV PATTERN "EnvVar Configuration”
ENV LOG_FILE "/tmp/random.log"
ENV SEED "1349093094"

# AnbTepHaTMBHbLIA BapWUaHT:

ENV PATTERN="EnvVar Configuration”
LOG_FILE=/tmp/random.log SEED=1349093094

IIpunoxkeHnme Ha Java, [eNCTBYIOIee B TAaKOM KOHTeMHepe,
MOXET JIerKO IIOJYYUTh AOCTYII K IIepeMEeHHBIM C ITOMOIIbIO
CTaHJapTHOI 0MOaMOTEeKM Java, KaK IOKa3aHo B JIMCTUHTe 18.2.

Jiucturr 18.2. YteHne nepeMeHHbIX OKpYyXXeHus B Java

public Random initRandom() {



Long seed =
Long.parseLong(System.getenv("SEED"));

return new Random(seed); (1)

}

O VHnuuanmsanus reHepaTopa C/Iy4yalHbIX uucesl HavyaJlbHbIM
3HaYeHMeM U3 repeMeHHOo OKpy>keHust SEED.

O 3HAa4YeHudax no ymon4aHuo

3Ha4yeHMss NO YMOJIYAHMIO YNpPOLWAKT >KM3Hb, MOTOMY YTO
n3baBnsaT OT OpemeHM BbibOpa 3HayeHMs AONg nNapameTpa
KOHGUrypaumm, o CyLLeCTBOBAaHMM KOTOPOrO Bbl MOXETe Aaxe He
nono3speBatb. OHM TakXe MWrpalT BaXHYW poNfb B MNapaguMrme
npeobaadarus coenaweHuli neped Hacmpoulikamu. OAHAaKO He BCeraa
XenatenbHO onpenensaTtb 3HayeHMss no yMon4yaHuiwo. A umHorga
TaKOM NOAXO0L MOXET Aaxke OblTb aHTUMATTEPHOM.

[pMyMHa B TOM, YTO PETPOCMEKTUBHOE U3MEHeHUE 3HAYeHW Mo
YMONIYAHUIO — CNOXHas 3agada. Bo-nepBbix, 4TOObl M3MEHMTb
3Ha4yeHMe Mo YMONMYAHUIO, HYXKHO M3MEHUTb KOA, @ B 3TOM CJlyyae
NPUAETCS BbINOAHUTL MOBTOPHYD COOpPKY npunoxeHus. Bo-
BTOPbIX, J/IOAM, MNONAralolMECs HA 3HAYeHWUs NO YMOJYAHUIO
(0OCO3HAHHO WMAW HET), MOTYT BbITb HENPUSTHO YAMBAEHbI, ECIU 3TU
3HaYeHUs M3MeHATCA. Mbl JOMKHbI SBHO CO0OWaTb O TaKMX
M3MEHEHUAX, YTOObl MONb30BATENM HALLIErO MPUIOXKEHWUS CMOTIU
M3MEHMUTb BbI3bIBAOLLMI KOL.

C Apyroi CTOpPOHbI, 3HAYEHUS MO YMOJYAHUIO YACTO NMPUXOAUTCS
MEHSTb, MOTOMY YTO TPYAHO BbIOpaTb [OCTATOYHO XOpoLWue
3Ha4YeHUs ¢ caMoro Hauvana. [o3ToMy M3MeHeHWe 3HAYEeHWM Mo



YMONYaHUIKO  cnefyer  pacCcMaTpuBaTbh  KaK  CYWECMBEHHYIO
MoOUUKayU, N ecin UCNOoNb3yeTcs CEMaHTUYeCKoe yrnpasneHue
BEPCUSIMU, TaKMe W3MEHEHUS L[O0JIKHbl Bbl3blBaTb YBEUYEHME
OCHOBHOrO HOMepa Bepcun. Ecam  He  ypaetca  HauTu
YAOB/NIETBOPUTENbHOE 3HAYeHME MO YMOJIY4AHMIO, YacTo Jyyuwe
BoobLLe yOanuUTb ero U reHepnpoBaTb OWKNOKY, eCnuM NONb30BaTeNb
He onpenenun cBoe 3HayeHue napaMeTpa. JTO NO KpanHen mepe
SBHO HapywuT paboTy nNpUNOXEeHUs M He npuBeder K
HEOXXMAAHHbIM U TPYAHOAMATHOCTMPYEMbIM NpobnemMam.

YunTbiBag BCe 3TM NpobnaeMbl, 4acTo fydwe C CaMOoro Ha4vana
0MKa3amascs 0m 3HA4YeHUl No YMOJIYAHUK, €C/N Bbl HE YBEPEHbl XOTS
6bl Ha 90%, 4yTO BbIOpanu pasyMHOE 3HayYeHue MO YMONYAHMUIO.
[Maponn mnu napameTpbl NOAKAKYEHUS K 0a3e AaHHbIX — BOT
SpKue npuMmepbl HACTpOeK, AN KOTOPbIX HEe A[O0MKHO ObiTb
3HAYeHUN MO YMONYAHWUIO, MOTOMY YTO OHM CMAbHO 3aBUCAT OT
OKPYXXEHMA M YAaCTO HE UMEIOT pa3yMHbIX 3Ha4YeHnn. Kpome Toro, B
OTCYTCTBME 3HAYEHMM NO YMONYAHUK Mbl  OO/MKHbI  SIBHO
npencTaBuTb MHPOPMAUMUID O HACTPOMKE, YTO TakKXKe MNOCAYKMT
AONOJIHUTENIbHOM AOKYMEHTaLMEN.

Ecmyu 3amycTuTh 3TOT 00pa3 Kak eCcTh, OH OYAEeT MCII0/JIb30BaTh
’KeCTKO 3aJaHHble 3HaueHusl 10 ymojuaHuo. Ho uyacto ObiBaer
KeJIaTeJIbHO MepeoIpeie/INTh UX U3BHEe 00pasa.

CoemaTh 95TO MOKHO, [J00OaBMB HOBBIE€ 3HAQUEHUST IS
IepeMeHHBIX OKPY:KeHMSI B KOMaHIy, 3alyCKaloIlyl KOHTEHHep
Docker, KaK IT0Ka3aHo B JucTuHre 18.3.

Jinctmnur 18.3. NepeonpepeneHne nepeMeHHbIX OKPY>XEHMSI Npu 3anycke KoHTelHepa Docker



docker run -e PATTERN="EnvVarConfiguration" \
-e LOG_FILE="/tmp/random.log" \
-e SEED="147110834325" \
k8spatterns/random-generator:1.0

B Kubernetes riepemeHHble OKPY>KeHMUSI MOXKHO ITepeoripeaeanThb
HEeIOCPeACTBEHHO B croenuduKamum II0Ja, B KOHTpOJLIEpe
Deployment mnu ReplicaSet (kak rmoka3aHo B J1MUCTUHTe 18.4).

Jucturr 18.4. NepeonpeneneHne nepeMeHHbIX OKpYXeHus B KoHTponnepe Deployment
apiVersion: vl
kind: Pod
metadata:
name: random-generator
spec:
containers:
- image: k8spatterns/random-generator:1.0
name: random-generator
env:
- name: LOG_FILE
value: /tmp/random. log (1
- name: PATTERN
valueFrom:
configMapKeyRef:
name: random-generator-config
key: pattern
- name: SEED
valueFrom:
secretKeyRef: (5
name: random-generator-secret
key: seed

00



O dakTuyeckoe 3HaUeHMe 151 IepeMeHHO OKPYKeHMS].
® 3HaueHMe U3BJIeKaeTcs 13 KapTbl KoHpuUrypaiumii ConfigMap.
© limsa kaptsl KoHurypauuii ConfigMap.

O Kiwou BHYTpM KapThl KoHpurypauuii ConfigMap a5 moucka
3HAYeHMs IJIs1 TIepeMeHHO OKPYKeHMSI.

© 3HaueHMe M3BJieKaeTcs U3 Secret (MOMCK BBITIONHSIETCSI Tak
ke, KaK Py UCIOIb30BaHUM KapThbl KoH@Urypaiuii ConfigMap).

[Ipy TakoM TIOAXOOE MOKHO OIpelnensTb He  TOJbKO
dakTuuecke 3HAUEHMS IIepeMeHHbIX OKpyKeHus (KakK ISl
LOG_FILE), HO 1 cChltaThCs Ha pecypchl Secret (mpeaHa3HaueHHbIe
IO7sl XpaHeHMsI KOHMUIaeHIMaAbHbIX HAaHHbIX) M ConfigMap (eciu
HACTPOMKM MOKHO XPaHUTb B OTKPBLITOM Buae). IIpeumyniectBo
1cnoab3oBaHus pecypcoB Secret u ConfigMap 3aka0uaeTcsl B TOM,
UTO OHM T[IO3BOJISIIOT YIPABJISATb IlI€peMEeHHbIMU OKPYKEeHUS
He3aBUCUMMO OT oImpeneaeHuit momoB. IlogpobHee o Secret u
ConfigMap, a Takke 00 uX IUII0OCaX ¥ MMHYyCaxX paccKa3bIBaeTcsl B
rinaBe 19 «KoHndurypaiiys B pecypcax».

B npeppiayieM npumepe 3HaueHue i1 nepeMeHHo SEED
M3BjeKaeTcsl U3 pecypca Secret. B ob6iiemM u 1ejioM 3TO BepHOeE
pellieHVe, HO Ba)KHO OTMETUTb, UTO IepeMeHHbIe OKPYKeHMS He
SIBJIIOTCST Oe3omacHbIMM  XpaHmwiumamyu. KoHdupeHimanbHas
nHpopMmaiiusi, TIIOMellleHHass B  IepeMeHHble  OKpY>XeHUS,
CTAHOBUTCS OCTYITHOM IJIS1 UYT€HUS M MOMKeT Jake MPOCOUYUTHCS B

>KYpHaJIbI.

MosicHeHUe

[lepeMeHHbIe OKPY)KEHMSI IIPOCTbI B MCIIOJIb30BAaHMM M XOPOIIIO
3HaKOMbI. HMpaes uMx MOpMMeHEHMsI XOpOIIO OTOoOpaskaeTcs Ha
KOHTeltHepbl U ToAAepXuBaeTcsl BceMM IaTdhopMamMy BpeMeHU
BbINOTHeHMSI. HO TIepeMeHHble OKpY:KeHMSI HebOe30IacHbl U
XOpOIlIM TOJbKO [IJisI HeOO/bIIOro uucia mapaMmeTpoB. Ho Korma



MmapaMeTpoB CIMIIKOM MHOIo, VyIIpaBJeHNe JIIepeMeHHbIMAU
OKPYXXeHMs IIpeBpallaeTCda B YTOMUTE/IbHYIO 3a1a4y.

B Takux Iydyasix MHOTME MCIIONb3YIOT HOIIOJHUTEIbHBIN
YpOBEeHb KOCBEHHOCTM ¥ TIOMENIAal0T CBOM KOHUTypauuu B
pasnuuHble daibl, 10 OJHOMY JISI KaKIOTO OKPYKeHMsS, a 3aTeM
MCIIONIb3YIOT €IMHCTBEHHYIO TIepeMEeHHYI0 JIsI BhIOOpa OJHOTO 13
9Tux ¢aiioB. DTOT IMOAX0/, HAIlpUMep, UCIIOAb3YeTCsI B Npopusix
Spring Boot. ITockonbKy ¢aitibl mpodusieii 0ObIYHO XPaHSTCS B
caMOM ITPWJIOKeHUM BHYTPU KOHTelHepa, OHM OKa3bIBAIOTCSI TECHO
CBSI3AHHBIMM C MPUJIOXKEHMEM. DTO YaCTO MPUBOAUT K TOMY, UTO
KOHUrypauum mjs pa3paboTKM UM 3KCIUTyaTallMM BKJIIOYAIOTCS B
onuH obpa3 Docker ¢ mpuioskeHMEM, UTO TPeOyeT IepecTpoiiku
obpasa mpu J11060M M3MeHeHUM B JI0O00M OKpyKeHMM. Bce 3TO
JIUIIb JOKa3bIBAET, UTO MepeMeHHbIEe OKPYKEeHMS MOAXOAST TOJBKO
1711 HeOOJIbIINMX HAOOPOB KOH(UTYpaLIMii.

[TaTtTepubl Configuration Resource (Kondurypaiust B pecypcax),
Immutable Configuration (HeusmeHsiemasi KoH@uUrypauus) u
Configuration Template (MaxkeT KOHMUIrypaluu), ONMCAHHbIE B
CJIeAyIOIIMX I7IaBax, SIBJSIOTCS 6ojee yIauHbIMM ajJbTepHATUBaAMU,
KOTIa BO3HMKAET IMOTPe6GHOCTh B 60/iee CJIOKHBIX KOHPUTYypaLUsIX.

IlepeMeHHbIe OKPYKEHUSI — 5TO YHUBEPCAJNbHbIN MeXaHU3M, U
MX MOXXHO OIIpeAesisiTb Ha pa3HbIX YPOBHSIX. ITO MOXXET MPUBOJUTD
K {dparMeHTUMPOBAHMIO HACTPOEK M 3aTPyAHSATh BbISIBJIEHHUE
MCTOYHMKA 3HAUYeHMs [Js 3aJaHHOII IlepeMeHHOi. M3-3a
OTCYTCTBUSI 1IeHTPAJIM30BAHHOTO MeCTa, IJe OMNpeNessiloTCs BCe
repeMeHHble OKpYKeHMsI, 4YacTo ObIBaeT TPyAHO OTIAIUTh
MIpo6JIeMbl, CBSI3aHHbIE C OIIMOKAMM B KOHQUTYpalIUN.

Ellle OIYH HeAOCTATOK IIepeMeHHbIX OKPY>XKeHMSI COCTOUT B TOM,
YTO OMpeAeauTb UX MOKHO TOJIbKO neped 3aITyCKOM IPUIOKEHUS U
He/Ib3s M3MeHUTb IMo3Xe. C OOHOIM CTOPOHBI, HEBO3MOKHOCTb
OIlepaTUBHOrO M3MeHeHMs] KOHQUTypaluy BO BpeMs BbIIIOJTHEHUS
MIPUIOKEeHMSI MOXKHO CUMTATh HeJoCTaTKOM. OIHAKO MHOTYE BUMIST



B 3TOM IIPEMMYIIECTBO, TIIOTOMY UTO 3TO CIIOCOOCTBYyeT
HeusmMeHHocmu KoHdurypauuu. B gaHHOM ciaydyae HEM3MEHHOCTb
IoJpasyMeBaeT HeOOXOAMMOCTb  OCTAHOBKM  JeMCTBYIOIIETO
KOHTeilHepa ¥  3allyCcka HOBOM KOMMU C UM3MEHEHHOM
KoH@Urypalmei, HaIpumep, C TIOMOIIIBIO CcTpaTerumu
pasBepThIBAHMSI, TaKOi KaK HeIpepbIBHOE pa3BepThIBaAHME
obHoBieHuit. Ilpum TakoMm TIomxome BbI Bcerga OymeTe MMETh
IIPUJIOKEHME C UYETKO OIpeie/IeHHbIM COCTOSIHMEM KOH(UTIypaiumn.

[lepeMmeHHbIe OKPYKEHMSI IIPOCThI B MCIIOJb30BaHMM, HO B
OCHOBHOM MOTYT IIPMMEHSITbCSI TOJBKO IJISI XpaHEHMS IMTPOCTHIX
KOHpUrypaluii M MMeEIOT OrpaHMUeHMs] IIpU Haaudum O6o0iee
CJIOKHBIX  TpeboBaHmii. IlaTTepHbI, OIMCbIBaeMble jajee,
ITIOKa3bIBAIOT, KaK IIPEOJ0JIETh ST OTPaHMUEHMSI.

HdononHutenbHaa uHpopmaums

o [Ipumep marTepHa KoHdwurypaiiusi B mepeMeHHbIX OKPYKeHUS
(http://bit.ly/2YcUtIC).

» MeTononorus «/IBeHaauaTh ¢pakTopoB» (https://12factor.net/ru/).

 Cratbg Kuda Moppuca (Kief Morris) «Immutable Server»
(https://martinfowler.com/bliki/ImmutableServer.html).

o Hcnonb3oBanue tipoduieit Spring Boot mas  xpaHeHUS
KoHurypauuii (http://bit.ly/2YcSKUE).



maea 19. KoHdurypauusa B pecypcax

Kubernetes mpepmjiaraeT cBOM pecypchl IJisl XpaHEHUSI OOBIYHBIX U
KOHOUAEHIMATbHBIX  KOHMUIYPALIMOHHBIX  HAHHBIX, KOTOpbIE
MO3BOJIIIOT OTHOENUTb SKU3HEHHbIM IIMKJI KOHGUTypaluu OT
SKM3HEHHOro 1uK/a npwioxkeHus. IlartepH Configuration Resource
(Kondurypauyuss B pecypcax) OObBSICHSIET WUIeM, 3aJl0KeHHbie B
ocHOBY pecypcoB ConfigMap u Secret, a Takke CHOCOOBI WUX
MCII0JIb30BaHMSI M OTPaHUYEHUS].

3apava

OouMH u3 CylLIeCTBEHHbIX HEOOCTAaTKOB TIartepHa EnvVar
Configuration (KoHurypaiys B mepeMeHHbIX OKPYKeHMUS) COCTOUT
B TOM, UTO OH IMOJAXOIOUT ISl CIy4YaeB C HeOOJIbIINM KOJIMUECTBOM
rapamMeTpoB M TMPOCTbIX KOH@uUrypauuii. [Ipyroii HegoCTaTOK B
TOM, UTO IepeMeHHbIe OKPY>KeHMSI MOI'YT ONpede/siTbCsS B pa3HbIX
MeCTax, M3-3a UYero 4YacTo ObIBaeT CIOXKHO HaiTH, I7e
oIpenessieTcsl Ta WIM MHasl IlepeMeHHas. I pgake OTBICKaB ee,
He/lb3s  ObITh  IIOJIHOCTBIO  YBEpEHHBIM, UYTO OHAa  He
repeorpenensieTrcss roe-ToO emle. Hamnpumep, IiepeMeHHbIe,
oripenensiemMble B obpase Docker, MOXKHO IepeorpenennTb BO
BpeMsI BbITIOJIHEHMS B pecypce Deployment.

Yacto ObiBaeT yAoOHee XpaHUTb BCe KOH(UTypalMiOHHbIE
OaHHbIe B OJHOM MeCcTe, a He BO MHO}ecTBe (ailyioB C
ompene/NieHUsIMM  pecypcoB. Takke HeT CMbICJIa IIOMEIATh
COZIEPsKMMOE BCero KoH@UrypaummMoHHoOro ¢aitia B IlepeMeHHYIO
OKpy:KeHMsI. B Takmx caydasix HEKOTOpas IOMNOJHUTEIbHas
KOCBEHHOCTh MOKET JaThb OOJbIIYI0 TMOKOCTb, UTO U IIpejjaraer
nattepH Configuration Resource (KoHdurypaiys B pecypcax).



PeweHue

®peiimBopk  Kubernetes nmpenjaraer — crenuaau3uMpoBaHHbIE
pecypcbl I XpaHeHUS KoHurypauuii, Oosiee THOKMe, YeM
IIPOCThIe TIepeMeHHbIe OKpYyKeHMus1 — 00bekThl ConfigMap u Secret
IUISI MTaHHBIX OOINEero HasHaueHMs M KOH(PMIEeHIIMATbHBIX JAHHBIX
COOTBETCTBEHHO.

Oba pecypca  TOOAEpPKMBAIOT  OOMHAKOBBIE  CITOCOOBI
MCIIO/Ib30BaHMSI, IIOTOMY UTO 00eCcreuuBalOT XpaHeHUe U
yIIpaBjieHMe mapaMu KJro4/3HaueHne. Bee ripuemMbl, KOTOpbIe gajiee
ONMCHIBAIOTCS MOpMMeEHUTeNIbHO K pecypcam ConfigMap, B
OOJIBIIMHCTBE CJIydaeB MOKHO MCIIOJIb30BaTh IIpu paboTe C
pecypcamu Secret. Kpome koaupoBanusi B dopmat Base64, sTu nBa
pecypca He MMEeIOT TEXHUYECKUX Pas3INdnIA.

[locne co3smanusa kapTbl KoHburypaimm ConfigMap u
COXpaHeHMsI B Hell HJaHHBIX €eCTh ABa CII0COOA MCIIOJb30BaHMS
kiatouelt 3 ConfigMap:

e KaK CCbUIKM HA nepemMeHHble OKPYHCEeHUs, TOe KU IpeaCcTaBjsieT
M4 TIepeMeHHOI;

* KakK (aiinsl, oTOOpaskaeMblie B TOMa, CMOHTMpPOBaHHbIe B Ioje. B
3TOM CJIydae K04 UCIO0JIb3yeTcsl Kak ums (aiina.

daiin B cmoHTupoBaHHOM Tome ConfigMap oOGHOBJSIETCST TTIpU
msmeHenun ConfigMap uepe3 Kubernetes API. To ecTb ecian
TIPUJIOKEHUe roAaepkKuBaeT TOpPSIYYIO riepes3arpysKky
KOH(GUIYpallMOHHbIX  (baiijioB, TaKoe IIOBeJeHue II03BOJISIET
TIOJIYUUTDh oIlpenesieHHble Bbiroabl. Eciu ConfigMap ucronb3yeTcst
IUIT  TIpeACTaB/JeHMsI CCbUIOK Ha T[epeMeHHble OKpYKeHMs,
U3MEHEHNUS B HEeM He OTPaKaloTCs Ha 3HAYEHUAX IepeMeHHbIX,
IIOTOMY UYTO I[epeMeHHble OKpYXeHUS HeJib3s U3MEHUThb I10Cie
3arrycka Ipoiecca.



Hpyroii anbTepHaTuBO pecypcam ConfigMap u Secret siBsieTcs
XpaHeHMe KOH@Urypalyuy HeNoCpeACTBEHHO Ha BHEIIHMUX TOMax,
KOTOPBIE 3aTeM ITOAK/II0YAIOTCS K MOIY.

Hanee TIpUBOOATCS KOHKpETHbIe IIPMMepPbl UCI0Ib30BaAHUS
pecypca ConfigMap, HO OHM MOTYT MCIIOJNb30BAThCSI TaKXKe C
pecypcom Secret. IlpaBga, ecTb OOHO BakHOe OOCTOSITE/bCTBO:
3HaueHMs B pecypce Secret XpaHsTcs B popmaTe Base64.

Pecypc ConfigMap xpaHuT Imapbl Kjl04/3HaueHue B CBOEM

pasnesie data, Kak IoKa3aHo B JIUCTUHre 19.1.
Jiuctunr 19.1. Pecypc ConfigMap

apiVersion: vl
kind: ConfigMap

metadata:
name: random-generator-config
data:
PATTERN: Configuration Resource (1

application.properties: |
# KoHdurypauusa reHepaTopa CAy4YaMHbIX 4YMUCEN
log.file=/tmp/generator. log
server.port=/070

EXTRA_OPTIONS: "high-secure,native"

SEED: "432576345"

O Kaptsl koHburypaumii ConfigMap MOryT 6bITh TOCTYITHbI KaK
nepeMeHHble OKpYKeHMsS M KaK CMOHTMpOBaHHbie ¢aiiabl. Mbl
COBeTyeM MCIIOJIb30BAaTh CUMBOJIBI BEpXHEro perucrpa s
o003HaueHNsl KIioueii, KOTOpble MCIOJIb3YIOTCSI KaK IlepeMeHHbIe
OKpY>KeHUSI, ¥ OOITyCTMMble MMeHa (aiiyioB IpU MCMIOJIb30BaAHUN
MOHTUPYeMbIX (aitioB.

Pecypc ConfigMap Takke MOXKeET II€PeHOCUTb COJEPKUMOe
TTOJTHBIX KOH(UTypalMOHHbIX daiinos, Kak



application.properties pmns Spring Boot B 3TOM Ipumepe.
HeTpyaoHo moragaTthbCs, UYTO B HETPUBUAIBHbBIX CIy4YasX 3TOT pasge
MOKET 0Ka3aThCsl BecbMa 00JIbIIM !

YroObl He co3maBaTh BPYUYHYIO IIOJIHOE OIIMCaHMEe pecypca,
MO>KHO BOCITIOJIb30BaThCs KoMaHmoi kubectl. Komanga kubectl,
KOTOpasi BOCIPOM3BOOMUT TMPEIbIAYIIMiIA IIpMUMep, II0Ka3aHa B
auctuHre 19.2.

Jvctunr 19.2. Cozpanne ConfigMap 13 danna
kubectl create cm spring-boot-config \
--from-literal=JAVA OPTIONS=-
Djava.security.egd=file:/dev/urandom \

--from-file=application.properties

otor pecypc ConfigMap MOXHO WMCIIO/Jb30BaTh Be3le, Ifie
IOCTYIIHbI [IepeMeHHbIe OKPYKeHMs, KaK JeMOHCTPUPYeT JIMCTUHT
19.3.
Jiucturr 19.3. YctaHoBKa nepeMeHHOM okpyxeHust u3 ConfigMap
apiVersion: vl
kind: Pod
metadata:
name: random-generator
spec:
containers:
- env:
- name: PATTERN
valueFrom:
configMapKeyRef:
name: random-generator-config
key: PATTERN



Ecim B ConfigMap mnpucyTcTByeT OOJbIIOe UYMCIO 3alllceit,
KOTOpble MOJKHbI OBITh JOCTYIHBI B BUIE TepeMeHHbIX
OKpY>KeHMsI, MCIIOJIb30BaHME CIIelMaJbHOTO CUHTAKCUCA MOXeT
COSKOHOMUTb HEeMAaJI0 BpeMeHU. BmecTo 0O0bSBIeHMS KaxKIoii
3aMMCU 10 OTAEIBHOCTU, KaK MMOKAa3aHO B IpeAblaylieM npuMepe B
pasgesie env:, MOXHO OIIpeleNuTh pasfen envFrom:, KOTOPbI
oTobpasut Bce 3amucyu u3 ConfigMap ¢ Ki1ouamMu, KOTOPbIe MOKHO
MCIIOJIb30BAaTh KAaK JIOITyCTMMbIe MMeEHA IepeMEeHHbIX OKPY>KEHMSI.
Takke eCTb BO3MOSKHOCTb 100aBUTh OmpeJie/ieHHbIN MpeduKc, KaK

TI0Ka3aHo B JIUCTUHTe 19.4.
Jinctunr 19.4. YctaHoBKa nepeMeHHbIX OKpYXeHus 13 3HaveHuit B ConfigMap

apiVersion: vl

kind: Pod
metadata:
name: random-generator
spec:
containers:
envFrom: (1]
- configMapRef:
name: random-generator-config
prefix: CONFIG_ (2,

© BriOpaTh Bce kiawuu u3 pecypca ConfigMap ¢ umeHem
random-generator-config, KOTOpble MOKHO MCIIOJIb30BaTh B
KaueCcTBE MMEH IepeMeHHbIX OKPY>KeHMS].

® Bce otobpanHbie kmounm u3 ConfigMap mnpenBapsiioTCs
npepukcom CONFIG . B pesynbraTe mjis ConfigMap u3 npumepa
19.1 o6yayr co3manbl IiepemeHHble CONFIG _PATTERN_NAME,
CONFIG_EXTRA_OPTIONS 1 CONFIG_SEED.

Pecypcbl Secret TOke MOXKHO MCMIOJb30BaTh [IJISI CO3JIaHUS

repeMeHHbIX OKpy:keHMs, Kak u ConfigMap, nmubo u3 Kaxkmoi
3alMCU B OTHEJbHOCTM, MO0 cpasy M3 Bcex 3amuceir. UToObI



3ameiictBoBaTh Secret BmecTto ConfigMap, HYKHO 3aMeHUTb
configMapKeyRef Ha secretKeyRef.

[Ipu ucrionb3oBaHuM B KadyecTBe ToMa Becb pecypc ConfigMap
MpoenupyeTcs B YKa3aHHBIN TOM, IIPU 3TOM KJIHOUM UCIIOIb3YIOTCS
Kak umeHa ¢aitaoB (cM. IMCTUHT 19.5).

Jiuctuur 19.5. Montuposanune ConfigMap kak ToMa
apiVersion: vl
kind: Pod
metadata:
name: random-generator
spec:
containers:
- image: k8spatterns/random-generator:1.0
name: random-generator
volumeMounts:
- name: config-volume
mountPath: /config
volumes:
- name: config-volume
configMap: (1
name: random-generator-config

© Tom Ha ocHoBe ConfigMap 6yzeT comepskaTh (aiiibl MO YNCITY
3amuceit B pecypce. Kimwoum OyAayT MCIIOAb30BaHbl KaK MMeHa
¢daitnoB, a 3HaUeHMSI — KaK UX COAEepPKMUMOe.

Kondwurypauust u3 auctuara 19.1, cMOHTHMpOBaHHAasI Kak TOM,
cosmacT gOBa (aiia B Tamke /config: application.properties c
cogep;KuMbIiM, onpeneneHHbIM B ConfigMap, u ¢aitn PATTERN c
eJVHCTBEHHOM CTPOKOJA.

[1o6aB/isIsl IOOMOJHUTEbHBbIE CBOMCTBA B OOBSIBIEHME TOMA,
MOXKHO 00Jjiee TOHKO HAaCTPOUTH OTOOpaskeHMe KOH(MUTYPALMIOHHbBIX



IaHHBIX. BMecTOo 0TOGpa-

HACKOJIbKO 3alLMLLEHbl pecypcbl Secret?

Pecypcobl Secret XxpaHsT gaHHble B dopmaTte Baseb64 u gekogmpyrot
MX nepen nepegavyerd B MEpPEMEHHbIE  OKPYXEHUS UM
CMOHTMpPOBaHHbIE TOMa. MHoOrMe OWKMBOYHO CUMTAKOT Takoe
KogupoBaHue 6e3onacHbiM. Base64 He 9BnsieTcs anropuTtMoM
WNPPOBAHMUA U C TOYKM 3peHns 6e30MacHOCTU OaHHble B 3TOM
dopMmaTe aBnatoTCS He Bonee 3aWMLEHHbIMU, YEM OTKPbITbIA TEKCT.
(Popmat Baseb64 B Secret npocTo NO3BOASET XPAaHUTb ABOMYHbIE
AaHHble. Torpa noyemy pecypcbl Secret cuuTtatoTcs 6Gonee
6e3onacHbiMU, yeM pecypcbl ConfigMap? lMoToMy UTO ecTb ewe pss
netanen peanusaumm Secret, KOTOpble [enakT 3TU  pecypcsl
6esonacHbiMM. B 3TOM HanpaBieHUM MNOCTOSSHHO MOSBASOTCA
HOBble YNYYlIEeHWs, HO K OCHOBHbIM [AeTansM peanu3aumu
OTHOCATCS Cnepyowme:

e pecypcbl Secret nepefaroTcs TOMbKO Ha Y3/bl, rAe AEWCTBYHOT
MoAbl, UCNOJb3YIOLINE UX;

* Ha y3nax pecypcbl Secret xpaHaTCca B Namatn, B (PannoBomn
cucteMe tmpfs, HuKoOroa He 3anucbiBaloTcs B dU3MYeckoe
XPAHUULLE M YOANSOTCS NOCNe OCTAHOBKM Noaa;

» B Etcd pecypchbl Secret xpaHaTcsa B 3aWMbpoBaHHOM BUAE.

Kak 6bl TO HM OblNO, €CTb BMOJHE 3aKOHHbIE CMOCOObI NONYYUTb
oocTyn K pecypcaM Secret, Hanpumep, 06paTMBWINCE OT MMEHU
No/sb30BaTENS root MM Aaxke Co34aB NOA M CMOHTUPOBAB HYXKHbIM



pecypc Secret B Hero. MoXHO, KOHEYHO, NPUMEHWUTb MPUEMBI
yrnpasneHuss [oCTynoM Ha ocHoBe ponen (Role-Based Access
Control, RBAC) k pecypcam Secret (Tak xe, kak ans ConfigMap vnu
APYrMX pecypcoB) U paspeLlmnTb UX YTeHWE TONbKO OnpeaeneHHbIM
nogamM ¢ npeponpeneneHHbIMM  YYETHbIMU  3anucaMn - Cnyxo.
[Monb3oBatenn, uMewOWwMe BO3MOXHOCTb CO34aBaTb MNOAbl B
MPOCTPAHCTBE MMEH, MOrYT MOBbIWATb CBOU MPUBUAETNU B ITOM
MPOCTPAHCTBE WMMEH, 3amyckaTb NOAbl MOA4 YYETHOM 3aMUCbI0 C
6onee BbICOKMMU MNpPUBUAETUSIMU M uUMTaTb pecypcbl Secret.
[Monb3oBaTenb UK KOHTPOAEpP C NPUBUIEIUSIMU, Pa3peLlatoLLMMU
C034aBaTb NOAbl B NPOCTPAHCTBE MMEH, CMOXET AeNCTBOBaTb OT
MMEeHU N06O0M YH4eTHOM 3anNnCK CNyX0bl M NOAYYUTb LOCTYN KO BCEM
pecypcam Secret n ConfigMap B 3TOM npocTpaHCcTBe nUMeH. [1o 3Ton
MPpUYMHE HA  YPOBHE MNPMUIOXEHMMA  YACTO  BbIMOJHSETCA
AONOJIHUTENbHOE WNdPOBaHNE KOHDUAEHUMANBHOM MHDOPMALMN.

>KeHMsI Bcex 3amuceii B (haitibl MOXXHO BbIOpPaTh KOHKpETHbIE
KJII0UM ¥ uMeHa aiiioB, I10J, KOTOPbBIMM OHU HOJIKHBI ObITh
OOCTYIIHbI. 3a OoJiee MOApPOOHON MHpOpMalMeii obpallaiTech K
mokyMeHTauuu ¢ onucanuem ConfigMap.

Ente oguH crioco6 xpaHeHus KoHdurypauumu B Kubernetes —
UCII0/Ib30BaHMe TOMOB gitRepo. Toma 3TOro Tmuria MOHTUPYIOTCS
B MYCTble KaTaJiloT¥ B IOJAX, M B HUX KIOHUPYIOTCS 3aaHHbIE
peno3sutopun Git. XpaHeHne kKoHpurypauym B Git aBToMaTuueckKu
IaeT BO3MOXKHOCTb YIIpaBJieHUs BepcusMu u ayaura. Ho Ttoma
gitRepo TpebylT mocTyrma K BHeImIHMM peno3utopusam  Git,
KOTOpble He SIBJSIIOTCS pecypcamyu Kubernetes, MOTYT HaxOIUTbCS
BHe KJjacTepa U TpebOBaTb OTHOE/JbHOIO MOHMUTOpPMUHTA U
yrpasieHusa. KioHupoBaHMe U MOHTUPOBAHME IIPOUCXOOUT BO
BpeMsl 3allycka II0oJla, M JIOKajbHasi KOMusI He OOHOBJSETCS



aBTOMATUYECKU TIpU U3MEHEHUM OCHOBHOIO penosutopusi. Toma
3TOro Tuma paboTawT MoAo6Ho naTtepHy Immutable Configuration
(HemsmeHsiemasi KoH(puUrypaiys), omnucaHHOMy B riaBe 20, U c
ucrosib3oBaHuem rnartepHa Init Container (Init-kKoHTeliHep) IJis
KOMMPOBaHMs KOHQUTYpaLuy B JIOKAJIbHbI TOM.

B Hacrosiee BpeMs Toma Tumna JgitRepo cuMramTCcA
yCTapeBIIMMM U BMECTO HUX PEKOMEHOYeTCS MCIO0JIb30BaTh
pemieHuss Ha OocHoOBe maTrTepHa Init Container (Init-KOHTeliHep),
IIOTOMY UTO 3TU pelleHus: 60jiee YHMUBEPCAIbHbI U MOAAEPKMUBAIOT
Ipyrue MCTOYHMKM HAHHBIX, a He TOoJbKO Git. Bel TOXe MoOskeTe
MCIOJb30BaTh 3TOT MOAXOJ, IIJIs M3BjeUYeHUsI KOH(PUTypalMOHHbIX
IAHHBIX U3 BHEIIHUX CUCTEM M COXpaHEHUS UX B TOMeE, HO BMECTO
IIpeoIpeneIeHHOro ToMa gitRepo mcmonb3oBaTh 601ee rmoKmii
metog Init Container (Init-koHTeliHep). [TogpobHee 3TOT NIPUEM MbI
obcynum B pasgene «Init-KoHTeiiHepsl B Kubernetes» riassi 20.

MosicHeHUe

Pecypchl ConfigMap " Secret TI03BOJISIIOT XPaHUTb
KOHQUTYpallMOHHYI0 MHQOpMalLui0 B  CIelMaau3upoOBaHHbBIX
00beKTax pecypcoB, KOTOpPbIe JIETKO YIIPaBJSIOTCS C ITOMOIIbBIO
Kubernetes API. Camoe O6osbiioe mnpeumyiiectBo ConfigMap u
Secret B TOM, UTO OHM OTHEJSIOT onpedeieHue KOHPUTypaliOHHbIX
OAHHBIX OT MX UCho/Ib308aHus. Takoe pasneneHue I03BOJISET
yIIpaBJsITh 00bEKTAMM, MUCIOJIb3Yysd KOHOUIypalyuyu He3aBUCUMO OT
KOH@UTrypaumii.

Eme omHo mpeumyiiecTBo B ToM, uTo ConfigMap u Secret
SIBJISIIOTCSI HEOTbeMJIeMOJ 4YacTbio IiaTgopMbl. OHM He TpPeOyIoT
HUKAKMX HEeCTAaHIAPTHbIX KOHCTPYKIMIA, MOAOOHBIX TeM, UTO
ornucaHsbl B r1aBe 20 «<HeusmeHsiemast KOHQUTypaLysi».

Tem He meHee natTepH Configuration Resource (Kondurypaiins
B pecypcax) TOXe MMeeT CBOM OrpaHMUeHMs: pecypchbl Secret He



MOI'YT MMeTb pa3mep Oosbiiie 1 MOaiiT, TO eCTb OHUM He MOTYT
XpaHUTb TIPOM3BOJIbHbIE 00beMbl HAHHBIX M He TONITCS IS
XpaHeHMsl TPUKIAOHBIX OAHHBIX, HE MMEKIIMX OTHOIIEeHUS K
KoH@urypauuu. Pecypchbl Secret MOT'yT XpaHUTb IBOMYHbIE TaHHbIE,
HO 13-3a TOTO UTO JaHHbIe XpaHsITcs B ¢popmaTe Base64, UnCThIN UX
00beM He MosKkeT npeBbimaTh 700 Koaiir.

Kpome TOro, MHoOrme [eicTByIOIIMe KiaacTepbl Kubernetes
YCTAHABAMBAKOT CBOM KBOTbI Ha uuciao pecypcoB ConfigMap,
KOTOpbIe MOXHO MCIIOJIb30BaTh B MPOCTPAHCTBE MMEH WIN B
npoekTe, 1moatomy ConfigMap Toske He SIBJISIETCSI YHUBEPCATbHBIM
peleHneM.

B cnemymommux ABYX IVIaBax MbI ITO3HAKOMMMCSI C IIpMeMaMu
XpaHeHMsI 04eHb OO0JIbIIMX 00beMOB KOH(PUIYyPaLMOHHbBIX JAHHBIX,
OCHOBAHHBIX Ha raTTepHax Immutable Configuration
(Heusmensiemas konurypauusi) u Configuration Template (Maket
KOH(UTypaLmn).

HdononHutenbHaa uHpopmaums
« [Ipumep koHbUrypauuu B pecypcax (http://bit.ly/2YeGymi).
» [TokymeHTauus c onmcanuem ConfigMap (http://bit.ly/2Cs59uQ).

. HOoRyMeHTaus C OIMCaHNEM Secret
(https://kubernetes.io/docs/concepts/configuration/secret/).

. CraumoHapHoe mudpoBaHe TaHHbIX B Secret
(http://bit.ly/20Rsavt).

e besoracHoe pacnpocTpaHeHMe YYeTHbIX OAHHBIX C ITOMOIIbIO
Secret (http://bit.ly/2FfcvCn).

» Toma gitRepo (http://bit.ly/2HxuGqO).



» Orpanmuennst Ha pasmepbl ConfigMap (http://bit.ly/2UKHRRY).



masa 20. HeusmeHsieMasa KoH¢uUrypaums

[TatrepH Immutable Configuration (HeusmeHsiemasi KOHQUrypaiys)
npeariojaraeT  yImakoBKY  KOH(MUIYpallMOHHBIX  JAaHHBIX B
HeM3MeHsieMblii 00pa3 KOHTeiiHepa U €ero IMOAK/IIUeHue K
MPWIOXKEHNI0O BO BpEMS BBINOJHEHUSI. JTO He TOJbKO [aeT
BO3MOXXHOCTb MCIOJIb30BaTh pa3Hble U Heu3MeHsieMble BepCUU
KOH(MUTYpallMOHHbIX JAaHHBIX, HO U II03BOJISIET IIPeOI0JIeTh
OorpaHMUYeHMs] Ha 00beM  3ITUX  [AHHBIX, CBOJCTBEHHbIE
repeMeHHBbIM OKpYkeHMs 1 pecypcam ConfigMap.

3apava

Kak pacckasbpiBajioch B InaBe 18 «KoHdurypauys B mepeMeHHbIX
OKpY>XKeHUsI», TIepeMeHHble OKPY)KeHMs IIpe[jararoT CaMbli
IIPOCTOM CITOCOO HACTPOMKM KOHTEMHEpPHBIX MpuaokeHuii. Ho
HEeCMOTpPS Ha TPOCTOTY UM  YHUBEPCAJIbHOCTb, VIIPABJSTH
TIepeMeHHbBIMI OKPY>KeHUSI CTAaHOBUTCS KpaiHe CJIO0XKHO, Kak
TOJIBKO MX YUCJIO TIPEBBICUT OIpeneeHHbIN MOPOT.

DTy CJIOXXHOCTb OTYAaCTM MOKHO IIpeoiojieTh C TIOMOIIbIO
Configuration Resources (Kondurypaiius B pecypcax). OgHako 3T
MaTTePHbI He obecreunBaioT Heu3MeHHOCmu caMMx
KOH(MUTYpallMOHHbIX  OaHHBbIX. [log  HeM3MeHHOCTbIO  31eCh
MoJIipa3yMeBaeTcsi HEBO3MOXHOCTb M3MEHUTb KOH@Urypaiuio
mocjie  3aIlycka IIpWJIOKeHMsI, KOTopas TrapaHTUpyeT, UTO
KOH(QUTypallMOHHbIe JaHHble BCerga HaxoOsTCI B  YeTKO
ornpeneleHHOM  COCTOSSHMM. Kpome Toro, Heu3MeHSIEeMYIO
KOH(UTypalyio MOKHO XpaHUTb B CUCTEMeE yIIpaBJIEHUSI BePCUSIMU
" CJiefOoBaTh 3a MMPOLeCCOM KOHTPOJISI M3MeEeHEeHUIA.



PeweHue

I1st pelieHus: YIOMSIHYTBIX ITPo6GjeM Bce KOH(PUIypalMOHHbIE
OaHHble IJiSI KOHKPEeTHOTO OKPYKeHMS MOKHO IIOMEeCTUTh B OJUH
MIACCHMBHBIMA 00pas M pacIpoOCTPaHITh €ro Kak OOBbIUHBIN 00pa3s
KOHTeliHepa. Bo Bpems BbIIIOJHEHUSI TPUIOXKeHMEe U o0pa3 C
OAHHBIMM CBSI3BIBAIOTCSI APYT C IPYTOM, U IPUJIOKEHME II0JyYaeT
BO3MOYKHOCTb M3BJIeKaTb KOH@Urypaiuo u3 3Toro obpasa. Takoit
MOAXOJ TIIO3BOJISIET JIErKO CO3[aBaThb pas3iuMuHble o00pasbl C
KOHMUTYPALIMOHHBIMM JaHHBIMM JIJISI PasAUUHBIX OKPYKeHUi. DT
obpa3bl 00beOMHSIOT BCIO MHAOpMALMI0O O KOH(UTypauuu Ojisi
KOHKPETHBbIX OKPYKEeHMII ¥ MOTYT XpPaHUTbCSI B CUCTeMe
yIpaBjeHUss BepcusiMM, Kak U Jio0Oble Apyrue  oOpasbl
KOHTEHEePOB.

Cos3paroTcsl Takue 06pasbl JAHHBIX JIETKO M IPOCTO, TaK Kak
SIBJISTIOTCSI OOBIYHBIMM 00pa3amMy KOHTEIHEepPOB, KOTOpPbIE XPaHST
TOJIbKO AaHHble. CJI0KHOCTb 3aK/IHYaeTcs JUIlb B TOM, UTOOBI
CBSI3aTb KOHTeliHepbl BO BpeMsl 3amycka. [Jas 3TOro MOKHO
MUCIIONIb30BaTh  pas3jMyHble MOAXOAbl, B  3aBUCUMOCTU  OT
1aT(MOPMBI.

Toma Docker

[Ipeskme yem paccMaTpuBaTh pelieHue njs Kubernetes, oTcTynum
Ha IIar Ha3aj M pacCMOTPUM CJIy4ail ¢ OOBIYHBIMM KOHTeHepaMu
Docker. B Docker koHTeliHep MOKET SKCIIOPTUPOBATb MOM C
maHHeiMM. C momoiubio aupekTuBbl VOLUME B Dockerfile MOKHO
yKas3aTb KaTaJioT, KOTOpbI II03Ke MOKHO cHenaThb o6iuM. Bo
BpeMsl 3aIlycka CcoAep)XMmMoe ITOTO KaTajora B KOHTeliHepe
KomupyeTcst B o6muit katanor. Kak mokaszaHo Ha puc. 20.1, Takoe
CBSI3bIBaHME TOMOB



KoHQurypaLnoHHble

[NaBHbIiA KOHTElHep Anbl
[lpunoxeHue I el B
C KOHQUrypaLuen
MoHTMpOBaHMe

/config NG » /config

Puc. 20.1. Peanu3zaums nattepHa Immutable configuration (HenameHsemas koHburypaums) c
ncnonb3oBaHueM ToMa Docker

SIBJISIETCSI OTJIMYHBIM CIIOCOOOM Iepenauy KOH(PUTypallMOHHOM
mHbopmaluM U3 KOHTeliHepa ¢ KoOHburypaiueii B KOHTeiHep
TIPUIIOSKEHUS.

PaccmoTpum mpumep. Co3maauM [Ijisi OKPY>KeHMsT pas3padboTKu
obpa3 Docker, KOTOpbIi1 COmepKUT ee KOHQUrypalluio U CO37maeT
ToM /config. Co3maTb TaKoit 006pa3 MOXKHO C IIOMOIIbIO
Dockerfile-config, kak rmoka3aHo B quctuHre 20.1.

Jmctunr 20.1. Dockerfile, onpepensiowmii 06pas ¢ KoHbUrypaumein

FROM scratch

ADD app-dev.properties
/config/app.properties O

VOLUME
/config (2]

© [Jo6aBuTh 3aJaHHOE CBOJCTBO.

® Co31aTbh TOM M CKOIIMPOBATb CBOMCTBO B HETO.

Terepb, ¢ MOMOIIbIO KJIMeHTa KoMaHaHOM cTpoku Docker CLI,
cosmagMm caMm o0Opa3 u KoHTeiiHep Docker, Kak II0OKa3aHO B

nuctunre 20.2.
Jiuctunr 20.2. C6opka obpaza Docker ¢ kKoHdurypaumen



docker build -t k8spatterns/config-dev-
image:1.0.1 -f
Dockerfile-config

docker create --name config-dev
k8spatterns/config-dev-image:1.0.1

3aKJIIUNTEbHBIN IIar: 3aIlyCK KOHTeliHepa C MPWIOXKEeHUEM U
CBSI3bIBAHME €ro C KOHMUIYpallMOHHbIM KOHTeitHepOM (JIUCTUHT

20.3).
Jinctmrr 20.3. 3anyck KOHTeMHepa C NPUIOXEHWEM U CBA3bIBaHME €ro C KOHOUIYpPaUMOHHbIM
KOHTEMHEPOM

docker Tun --volumes-from config-dev

k8spatterns/welcome-servlet:1.0

O6pa3 ¢ nmpuaoxkeHMeM OXuAaeT HaiTu daiiabl KOHPUrypauum
B KaTajore /config, B TOMe, CMOHTUMPOBAaHHOM KOHTeJHEpPOM C
KoHburypaumeii. [Tociae mepemeliieHus IPUIOKEHUS U3 OKPYKEHUSI
pa3paboTKM B MPOMBIIIJIEHHOE OKpPY)KeHMe BaM OCTaHeTCS TOJIbKO
M3MEHUTb KOMaH/y 3aITycka. MeHSTb camM 00pa3 MPUIOKeHUs He
IIPUOETCSI, BbI TMPOCTO CBSI)KETE KOHTEMHep TMPWIOKEeHUS C
KOHTEeHepoM, coAepskaliyuM KOH(MUIYpalLMi0 ITPOMBIIIJIEHHOTO
OKpY>KeHMs, KaK MoKa3aHo B 1ucTuHre 20.4.

Jvctunr 20.4. icnonb3oBaHWe Apyron KOHGUIrypauumn B NPOMBbILLIEHHOM OKPYXXEHUM
docker build -t k8spatterns/config-prod-
image:1.0.1 -f
Dockerfile-config
docker create --name config-prod k8spatterns/
config-prod-image:1.0.1
docker Tun --volumes-from config-prod
k8spatterns/
welcome-servliet:1.0



Init-koHTeHepbl B Kubernetes

CoBMeCTHOe MCIIOJIb30BaHME TOMOB KOHTeliHepaMyu B Moje
MJeaqbHO TMOAOILIO OBl  JJIS  CBSI3bIBAHMSI  KOHTEIHEpOB
NPUIOKEHU A € KOHQUTYpPAaUMOHHBIMM  KOHTeiiHepaMu B
Kubernetes. Ho eciiu Mbl pelliM IepeHecTy 3Ty TexXHUKyY u3 Docker
B Mup Kubernetes, To oOGHapykuM, UTO B HacTosIiee BpeMs B
Kubernetes HeT HoAmepsKKM KOHTEIHEPHbIX TOMOB. YUMTbIBaS,
HACKOJIbKO JTaBHO 0OCYXKIaeTcsl He0OXOAMMOCTb 3TOM MOIIepPsKKH,
CJIO(KHOCTh €e peanms3aluy M OrpaHMUYEHHOCTbh ITPEeUMYIEeCTB,
IIpeCTaB/SIeTCS MAaJIOBEPOSITHBIM, YTO KOHTelHepHble ToMa
TIOSIBSITCSL B OJI1sKaiiiee BpeMsl.

[losToMy KOHTelHepbl MOILYT COBMECTHO MCIOJb30BaTh
BHEIIHMEe TOMa, HO IIOKAa He MOTYT HaNpsSIMyHK MUCIO0JIb30BaTh
oOIIMe KaTajaoru, Haxomsliiuecs B camMuxX KOHTeliHepaX. OmHaKo
ISt peanu3anumn raTTepHa Immutable Configuration
(Hensmensiemas KOH(pUryparms) B Kubernetes MO>KHO
ucnonb3oBatb mnartepH Init  Containers (Init-KOHTelHepbI),
OMNMCAHHBLIM B 11aBe 14, KOTOPBIM MOXKET WHULIMAIU3UPOBATh
ITyCTOJ O6IIMIA TOM BO BpeMs 3aImycKa.

B nipumepe ¢ kKoHTeitHepamu Docker MblI co3manu IycToit obpas
c KoHdurypaimeir, He coaepXkamuii  HUKaKux  (¢aitaoB
omepalMoHHOl cucTeMbl. HaM HuYero He HYKHO MMeTb B 3TOM
KOHTelHepe, KpoMe KOH(GUTypalMOHHBIX ITaHHbBIX, IlepegaBaeMbIX
yepe3 Toma Docker. OgHako init-kKoHTeliHepy B Kubernetes Hy>kHa
HEeKOTopasi IIOMOIIb OT 06a30BOro oOpa3a, UTOOBI CKOIIMPOBATH
KOHMUrypalyoHHble JaHHble B 00IIMii TOM B Ioge. busybox —
XOpOIINit BbIOOP Ha pojib TaKOro 6a3o0Boro obpasa, MIOTOMY UTO OH
OOCTAaTOYHO MaJ ¥ IIO3BOJISIET MCIIOJb30BaTh IIpocTyio Unix-
KOMaHAy Cp.

Ho Kak MpouCXOaUT MHUIIMAAMU3ALMUST OOIIMX TOMOB C
KoHpurypauusmu? PaccMoTpuM mnpumep. [Iasg Havaaa CHOBA



co3maaMm ob6pa3 ¢ KoHdurypauueit ¢ momoinbio Dockerfile, xKak
1okasaHo B juctuHre 20.5.

Jinctnrr 20.5. O6pa3 ¢ KoHdUrypaumen ans oKpyxeHust pa3paboTku

FROM busybox
ADD dev.properties /config-src/demo.properties

ENTRYPOINT [ "sh", "-c", "cp /config-src/* $1",
nm__nm :l (1)

O 3gecb [ MHTepIpeTaluy  IIA0JIOHHBIX CUMBOJIOB
MCITOJIb3yeTCsI KOMaHaHast 000JI0uKa.

EnvHcTBeHHOe omimume oT mnpumepa 20.1 co cTaHIApPTHLIM
obpazom Docker sakioyaeTcsi B Hajiuuuu 6a3oBOro obpasa u
nupekTuBbl ENTRYPOINT c Komom, KOTOpbI KomupyeT daiin
CBOJCTB B KaTajoOr, YKa3aHHbI/i B apryMeHTe KOMAaHbl 3aITycKa
obpasa Docker. Termepp Ha 3TOT 06pa3 MOKHO COCJIAThCI B init-
KOHTelHepe, BHYTpU pasiena .template.spec c omnpenereHnemM
pasBepThiBaHMsi Deployment (yiictur 20.6).

Jinctnrr 20.6. OnpepeneHne pa3BepTbiBaHUS, KONUPYHOLLETO KOHMUIypaumio U3 init-koHTeMHepa
B YKa3aHHbIW KaTanor

initContainers:
- image: k8spatterns/config-dev:1
name: init
args:
"/config"
volumeMounts:
- mountPath: "/config"
name: config-directory
containers:
- image: k8spatterns/demo:1
name: demo



ports:

- containerPort: 8080
name: http
protocol: TCP

volumeMounts:

- mountPath: "/config"
name: config-directory

volumes:

- name: config-directory

emptyDir: {3}

Omnpenenenne paspeptbiBaHusi Deployment BK/rouaeT oyH TOM
U IBa KOHTeHepa:

e Tom volume config-directory mmeer tun emptyDir, TO
eCTb Ha y3Jj1e, Iie HaXOOUTCS IO/, CO34aeTCs ITyCTOM KaTaJIor.

o Init-koHTeliHep, BbI3bIBaeMblli (peiiMBopkoM Kubernetes BoO
BpeMsl 3amycka, KOHCTpyupyeTcsi M3 o0pasa, KOTOPbIi MbI
TOJIBKO UTO CO34aiu. Mbl TakKe OIpeneauan eguHCTBEHHbIN
aprymenT /config, kortopeiii mepepmaercs B ENTRYPOINT
obpaza. OTOT aprymMeHT COOOIIaeT init-KOHTeliHepy, Kyja
cleqyeT CKOMMPOBAThb ero copepskumoe. Karamor /config
MOHTUpyeTcsa U3 Toma config-directory.

e KoHTeliHep npumioxkeHuss MoHTUpyeT ToM config-directory,
YTOOBI MOJYYUTD OOCTYIT K KOH(PUTYpaluy, CKOMMPOBAHHOM U3
init-KoHTelHepa.

Cxema Ha puc. 20.2 wWUIIOCTpUPYET, KaK KOHTelHep
MIPWIOKEHUST TI0JIydaeT MOOCTYI K KOH(UIypalMOHHbIM HAaHHBIM,
CO3JaHHBIM init-KOHTEIHEepOM B 00IIlEM TOME.



Ternepb, UTOOBI 3aMeHUTb KOHOUTYpaLMI0 [ OKPY>KeHUS
pa3paboTKyu KoHUrypauyein mjsi MPOMbIIIIEHHOTO OKPYKeHUS,
HY3KHO JIMIIb 3aMeHUTh 00pas3 init-KoHTeliHepa. [IJis1 9TOro MOKHO
MCIIpaBUTh ormpeneneHe YAML wmiau Ipous3BecTH OOHOBJIEHME C
IIOMOIIIbI0 KoMaHObl kubectl. OmHako OBLIO OBl CIUIIKOM
YyTOMMUTEJIbHO IIPaBUTh OINMCaHME pecypca JIsT  Kaskgoro
okpykeHus. Ecau Bbl  wucrnonb3yete Red Hat OpenShift,
KOpIopaTuBHBIN aucTpudyTtuB Kubernetes, nammepuwst OpenShift
MOTYT MIOMOYb B pelieHuM 3Toi mpobsiemMsl. [TatTepHsl OpenShift
OAalT BO3MOXXHOCTh CO3[aBaTh pa3Hbie OMMCAHUS PEeCypCOB IJis
pasHbIX OKPYKEeHMIA U3 OJHOTO IaTTepHa.

Init-KoHTeRHep KonTeitHep npunoxeHua
‘ Configuration I ‘ [punoxeHne I
/config /var/config

MoHThpyeT
W 3anKCbIBaeT

OHTUpYeT
W YuTaeT

Koudurypaumon-

floa Hble daiinbl

Tom emptyDir

Puc. 20.2. Peanusaums nattepHa Immutable Configuration (HeusmeHseMas KoHbUrypaums) ¢
MOMOLLBHO init-koHTelHepa

MarTrepHbl OpenShift



[TaTTepHbl — 9TO OOBIYHbIE OIMCAHUSI PECYpPCOB, KOTOpbIE
OOIyCKAalT mapaMmerpusaunio. Kak rokaszaHo B juctunHre 20.7, B
KauecTBe TaKOro TIlapaMeTpa MOKHO MCIIOJIb30BaTh 00pa3s
KOH(UTrypauun.

Jiuctuur 20.7. MatTtepH OpenShift, napamMeTpusyembii 06pa3oM C KOHPUrypaumen

apiVersion: vl

kind: Template

metadata:

name: demo

parameters:

- name: CONFIG_IMAGE (1]
description: Name of configuration image
value: k8spatterns/config-dev:1

objects:
- apiVersion: vl

kind: DeploymentConfig
//
spec:

template:
metadata:
//
spec:
initContainers:
- name: init
image: ${CONFIG_IMAGE} (2
args: [ "/config" ]
volumeMounts:
- mountPath: /config
name: config-directory
containers:
- image: k8spatterns/demo:1



//

volumeMounts:
- mountPath: /config
name: config-directory
volumes:
- name: config-directory
emptyDir: {3}

O OOmbsaBnenne rmapamerpa narrepHa CONFIG IMAGE.
@® licriosnib30BaHMe rnapamMmeTrpa naTTepHa.

30ech MOKa3aHa TOJIBKO YacCTh IMOJHOrO OIMCAHMSI, HO MBI C
JIETKOCThIO CMOXeM pacrno3Hath mapamerp CONFIG _IMAGE B
00bsIBIeHUM init-KoHTeiiHepa. Eciamu co3gaTh 3TOT IaTTEpPH B
kinacrepe OpenShift, mMbI cMoXkeM cO30aThb €ro 3K3eMILISIP
KOMAaH/I0i1 0C, KaK IMOKa3aHo B auctuHre 20.8.

Jinctmnur 20.8. MNpumeHeHne nattepHa OpenShift ang co3aaHns HOBOro NPUAOXKEHUS

ocC new-app demo -p
CONFIG_IMAGE=k8spatterns/config-prod:1

Kak 00bIYHO, MHCTPYKILMM TI0 OITPOOOBAHMIO STOTO MpUMepa, a
TaKke IIOJIHOe olpeaeneHue KoHTpossepa Deployment MoskHO
HaiTu B periosutopuu Git ¢ mpumMepamu Jis 3TOM KHUTH.

NMoacHeHUue

Vcronb30BaHMe OTIE/bHbIX KOHTEMHEPOB C JAHHBIMM B IIaTTepHe
Immutable Configuration (HeusmeHssemass KOHUrypalus) — He
camasi TpocTtas 3amadya. OmHaKo 3TOT IIaTTepH IIpejjiaraer
HEKOTOpble YHUKAIbHbIE TTPeUMYIIEeCTBa:

o Koudurypauysa mjas KOHKPETHOTO OKpY)XeHMS 3akjaiueHa B
KOHTeliHep, a 3HAauuT, ee MOXHO XpaHUTb B CUCTEME



yIIpaBjJeHus BepcusiMM, Kak Jo0ble  Apyrue  00pasbl
KOHTENHEPOB.

o Kondwurypaimio, CcO3JaHHYI0 TakKuUM CIIOCOOOM, MOXKHO
pacIpocTpaHsTh uepe3 peecTp KOHTeitHepoB. Kpome ToOro,
TaKyl0 KOHQUIypallMi0 MOXKHO IIPOBEPUTh, [ake He uMes
IOCTYIIa K KJIacTepy.

» Kondurypaiiusi cuntaeTcsi Heu3MeHsIeMOii, IIOTOMY UTO XPaHUTCS
B 00pase KOHTeliHepa: u3MeHeHMe KOHurypaium Tpebyer
OOHOBJIEHMSI BEpPCUM U CO3[IaHMsI HOBOTO 00pa3a KOHTeHepa.

e O6pa3bpl C KOH(UTypalMOHHBIMM JaHHBIMM YIOOOHee, KOTOa
KOHQUIYpaLuy CAUIIKOM CJIOKHBI WIM COAEPKAT CIAMIIKOM
Oosiblliie 00beMbl KOH(UIYpPaLMOHHBIX MTAHHBIX, UYTOOBI MX
MOXXHO OBIJIO IIOMECTUTh B IIepeMeHHbIe OKPY)XKeHMSI WM B
pecypcbl ConfigMap.

OpHako 3TOT IIaTTepH MMeeT 1 CBOM HeJOCTATKN:

e OH CJIOXHEe B MCIIOJIb30BAHMUM, IIOTOMY YTO HIPUXOIUTCS
CO37aBaTh M PaCIPOCTPAHSITh Yepe3 peecTphbl JOIOJTHUTEIbHbIE
00pa3bl KOHTEITHEPOB.

e OH He pemiaeT IpoOJjieMbl 0€30MaCHOCTY KOHMUIeHIMaTbHbIX
KOH(PUTypPaLMOHHbIX TaHHBIX.

e B ciyuae ¢ Kubernetes TpebGyeTcsi momosHuTeNIbHas 06paboTKa
init-KoHTeltHepOB, a 3HAUUT, IIPUAETCS YIIPaBJSITh pPasIUUHbIMU
obbekTaMmyu Deployment /1j1s1 pa3HbIX OKPY>KEHUIA.

B m060M cyyae HYKHO TIHIATeIbHO OL€HUTh, HAEMCTBUTEIHHO
I HeoO6XoAMM TaKo¥ CIOKHBIN 1onaxon. Ecay HeM3MeHHOCTh He



TpeOyeTcsi, MOXKeT ObITb, OyIeT OOCTaTOUYHO IIPOCTOrO pecypca
ConfigMap, kak ormucaHo B 1aBe 19 «KoHdurypaius B pecypcax».

Eie ogHO pelieHue, KOrga He0O6X0AMMO padboTaTh C OOJIbIIMMMU
KOH(pUrypauMoHHbIMM (daiiiaMy, He3HAUUTETIbHO OTIMYAIOIIMUCS
B pa3HbIX OKPYKEHMSX, OIIMCAHO B CJeAyIolleil IjaBe, I[ie
obcyxkmaercsi  martepH  Configuration Template  (MakeT
KOH(UTypaLmn).

HononHutenbHaa uHpopmauma

o [Ipumep HensMeHsieMoii Koupurypaunuu (http://bit.ly/2HL95dp).

« Kak wumwurupoBatb --volumes-from B Kubernetes
(http://bit.ly/2YbRhhy).

o [IpemyioskeHue IO YAYUIIEHUIO: TOAJAEPKKA TOMOB 00pa3oB B
Kubernetes (http://bit.ly/2WfOpijt).

. docker-flexvol: IpanBep TJISI Kubernetes,
TIOIIe P>KMUBAIOII A TOMa Docker
(https://github.com/dims/docker-flexvol).

e [TarTepunl OpenShift (https://red.ht/20hh7v0).



naea 21. Maket KoHpuUrypaumum

ITlarrepun  Configuration Template (MaxkeT KOHMUIrypaLum)
II03BOJIIET CO3JaBaThb M 00pabaThIBaTh OOJBIINE U CIOKHBIE
KOHMUrypaumy Ha 3Tare 3amycka ImpuioskeHus. CreHepyupoBaHHasI
KOHUrypauus 3aBUCUT OT 1IeJIEBOTO OKPY)KEHUSI BpeMeHU
BBITIOJTHEH M, orpeesisIeMOro rapaMeTpamu, KOTOpbIEe
MCIIOIb3YIOTCS IIpU 06paboTKe MakeTa KOHOUTYpaLi.

3apaua

B mmaBe 19 «KoHdurypauus B pecypcax» Bbl Yy3HaaM, Kak
MCIOJb30BaTh CTaHIApPTHbie 00BEKThI pecypcoB Kubernetes —
ConfigMap u Secret — 1y HacTpoiiku IpwioxkeHuit. Ho mHorma
KOH(UrypauyoHHbie @daijibl MOTYT ObITb OYe€Hb OOJbIIMMU U
c10kKHbIMM. IlomecTuThb Takue (aiiibl HEIOCPeICTBEHHO B
ConfigMaps MokeT ObITh TPOOIEMAaTUIHO, ITOCKOJIbKY OHU JTOJISKHBI
ObITh IIpaBUIbHO BHeApeHbl B OIpedeaeHUs] pecypcoB. Takxke
MIPUXOINUTCS ObITh OUeHb OCTOPOXXKHBIMM U M306eraTh CIielyaJlbHbIX
CMMBOJIOB, TaKMX KaK KaBBIUKM M II€PEHOCHI CTPOK, UTrPAKOIIUX
oco0yil0 poJjib B CHMHTaKcHuce ompeaeneHus pecypcoB Kubernetes.
Pasmep KoHuUrypauumu — elie OAMH BaKHbIV (PaKTOp, KOTOPbIi
cjleyeT YUUTbIBATh, IIOTOMY 4TO pecypchl ConfigMap mim Secret
OTPaHMUMBAIOT CyMMAapHbIii 00beM BCeX 3HAUeHMi1 BeJINuMHOM 1
Mb6aiiT  (3TO  OrpaHMueHMe  HaKIaAbIBAETCS  BHYTPEHHUM
xpanunuiem Etcd).

Bosnbiine KoHDUrypaimoHHbie daiabl A1 pa3HbIX OKPYKeHMIA
00BIUHO MMEIT He3HauuTesjbHble OTINYMs. Takoe MX CXONCTBO
MPUBOIUT K GOBIIOMY KOJMUECTBY ITOBTOPEHMIT U U3OBITOUHOCTH
B pecypcax ConfigMap, moTOMy UYTO B Ka&XIOM OKPYXKeHUU
UCIIO/NIb3YIOTCSI B OCHOBHOM OJHM M Te e [aHHble. IlaTTepH



Configuration Template (MakeT KOHUrypaiumu), KOTOPbIA Mbl
paccMOTPHUM B 3TO¥ I71aBe, peliaeT 3TU KOHKpPeTHbIe IIPO6IeMbI.

PeweHue

YTO6bI yMEHBIINUTH 00beM MOBTOPSIIOUINXCS JAHHBIX, MMeeT CMbIC/I
xpauuTh B ConfigMap mwin gaske HemoCpeJACTBEHHO B IlepeMeHHbBIX
OKpY)XeHMsI ~ TOJIbKO  pasiuyamiimecs  KOH(pUTypaliOHHbIE
3HaAUeHMs, TaKMe Kak ImapamMeTpbl NOAK/IIOUeHMs K 6a3e JaHHBIX. Bo
BpeMsl 3aIlycka KOHTeliHepa 3T 3HaueHMs] 00pabaThIBAIOTCS C
TIOMOIIbIO raTTepHa Configuration Template (MakeT
KOHMUrypaumm), 4ToObl IOTYUYUTH IIOJHBII KOHGUTYypalMOHHbBIN
daiin  (kak, Hampumep, standalonexml B JBoss WildFly).
CyiecTByeT OOJIbIIIOE UYMCIO MHCTPYMEHTOB, Takux Kak Tiller
(Ruby) mnu Gomplate (Go), mnas 06pabOTKM MaKkeTOB Ha 3Tarle
MHUUManu3anuu npuinoxkenus. Ha puc. 21.1 nokasaH mnpumep
MakKeTa KOH(UTrypaluuu, 3aroJHeHHbI/ JaHHbIMM, TTOCTYIIAIOIIMMU
U3 TIepeMEeHHBbIX OKPYXeHUSI WIM CMOHTUPOBAHHOTO TOMa,
BO3MOXXHO, OCHOBaHHOTO Ha ConfigMap.



init-KoHTeAHep

Mapamerpsi 06paboTumk WwabnoHor

Makerni
KOH@UrypaLmit

TOoM config-map

KoHTeitHep npunoxenna

‘ MpunosxeHue I

Hble dainbl

Puc. 21.1. MakeT KOHDUrypauum

I[lepen, 3aITyCKOM MIPUIOXKEHUST TOJITOTOBJIEHHBIIA
KOH(UTypallMOHHBINI (haiia moMelaeTcs TyAa, OTKyAa ero MOXXHO
HaIllpSIMyI0 ~ MCIIOJIb30BaTh, Kak  Ji0b6oit  Jpyroit  ¢aiin
KOH(MUrypaummn.

BoT AaBa crioco6a, Kak MOKHO peajan30BaTh TaKyl0 OIlepaTUBHYIO
00pabOTKY BO BpeMsI 3aITyCcKa:

e MoXHO [O00aBUTh 00OpabOTUMK IIATTEPHOB KaK 4acTh
ENTRYPOINT B Dockerfile, uTo6bl caenaTb 060pabOTKy MakeTa
HeIIOCpPeICTBEHHO YacThi0 00pasa KOHTelHepa. Poyib TOUKM
BXOJAa B TaKMX CJIy4asiX OObIYHO WTpaeT CIeHapuii, KOTOPBIi
cHauaja o6pabaThiBaeT MaKkeT, a IIOTOM 3aITyCKaeT IIPUIoXKeHMe.
[TapameTpbl [jisi MaKeTa M3BJEKAIOTCI M3 IMepeMeHHbIX
OKPY>KeHMSI.



o JIyummuit crioco6 BBIMOIHUTH MHUIIMAAM3aLui0 B Kubernetes —
MCII0JIb30BATh init-KOHTeliHep ¢ 00pabOTUMKOM MaKeTOB,
KOTOpbI  co3maeT  KOHQUIypaluio 1S  KOHTeliHepOB
TIpUIOKeHU B mmoje. Init-KoHTeliHepbl NOAPOOHO OIMMChIBAIOTCS
B I/laBe 14.

PemieHue C MCIOJb30BaHMEM init-KOHTEHEPOB BBITJISIAUT
Oosiee mpuBJeKaTe/lbHbIM B Kubernetes, moToMy 4TO ITO3BOJISIET
ucronb3oBatb ConfigMap a1 xpaHeHMs IapaMeTpPOB MakeTa.
Cxema Ha puc. 21.1 UIIIOCTpUPYeET ero pabory.

OnpeneneHue noga MPUIOKEHMS BKIOUYAeT KaK MMHMMYM [Ba
KOHTelHepa: init-KoHTeliHep I 06pabOTKM MaKeTa M KOHTelHep
npuioxkeHust. Init-KoHTeliHep COOEPXKUT He TOJIbKO 00paboTuyMK
MaKeTOB, HO ¥ caMM MaKeTbl KOHQUrypauuu. Kpome KoHTeitHepOB,
3TOT II0A, OmpepesisieT TakKXke OBa TOMA: OAVMH [Ji IapamMeTpOB
nmaTTepHa, ocHoBaHHbI Ha ConfigMap, u Tom emptyDir,
MCIIONIb3YeMbIli IJIsI COBMECTHOTO MCITOIb30BaHMsI 00pabOTaHHbBIX
MAaKeTOB init-KOHTeTHepPOM ¥ KOHTEeMHEPOM IIPUIOKEHMS.

IIpy TakoM opraHmMsalMM BO BpeMs 3aIlycka 3TOro Imona
BBITIOJTHSIOTCS CIeYIOIIye IIar:

1. Init-KoHTeltHep 3aITyCcKaeTCsl ¥ BbI3bIBAa€T 00PaOOTUMK MaKeTOB.
OOpaboTuMK M3BJE€KAET MaKeThl U3 CBOEro 0o6pasa 1 mapamMeTpbl
13 CMOHTHpPOBaHHOTO ToMa ConfigMap u coxpaHsieT pe3y/bTaT B
ToMe emptyDir.

2. Tlocnme 3aBepuieHus init-KOHTeliHepa 3amyCKaeTcsl KOHTeHep
MIPUIOKEHMST U 3arpy:kaeT KOH(uUrypaloHHble daiiibl U3 TOMa
emptyDir.

Cnepywoimiuii  OpuMep  WUCIIOJb3yeT  init-KOHTeHep  [Jis
yIpaBjeHus TIOJHbIM HaO0pOM KOHQUIypallMOHHBIX (aitioB



WildFly pnas OByx OKpyKeHMit: OKpy>XeHus pa3paboTKu U
OKPY>KeHMUSI MPOMBbIIIIJIEHHON 3KciutyaTauuu. O6a oueHb IOXOXKU
IOpyT Ha Opyra ¥ UMeIOT Majo oTinuuii. Ha camoMm pmese B Hallem
IIpUMepe OHM OTIMYAIOTCS TOJIBKO CIIOCOOOM >KypHaJMPOBAHMUS :
Kaxkgass ~ CTpoka B JKypHaje  cHaGxkaeTca  IpedUKCOM
DEVELOPMENT : man PRODUCTION: cOOTBETCTBEHHO.

[TonHBI TIpUMEp C MCUEPIbIBAIIMMU UHCTPYKLUUSIMU IIO0
yCTaHOBKEe MO>KHO HaTU B pPerno3nuToOpun GitHub
(http://bit.ly/2TKUHZY), a 3mech OymeT moKasaHa TOJIbKO OCHOBHAS
uaes.

MakeT KOH(Urypaluuu >XKypHaIMpoBaHMUSI B JuctuHre 21.1
xpauutcss B aiine standalone.xml wu TapameTpusyeTcs C
MCIIOJIb30BAaHMEM CUMHTAKCKCa naTTepHoB Go.

JinctmHr 21.1. MakeT KOHGUIypaumm XXypHanmpoBaHums

<formatter name="COLOR-PATTERN">
<pattern-formatter pattern="{{(datasource

"config").logFormat}}" />

</formatter>

30ecb O 00pabOTKM MAakKeTOB IIPMMEHSIETCSI ITPOLIeCcop
naTTepHoB Gomplate, KOTOpPBIV MCHONB3YeT IMOHSATHE UCMOYHUKA
OaHHbIX IJISI CCBLIKM Ha IlapaMeTpbl MakeTa, KOTOpble TpebyeTcs
3aI10JIHUTh. B HallleM ciiyyae MCTOYHMKOM [AHHBIX SIBJSETCS TOM
Ha ocHoBe ConfigMap, CMOHTMpPOBAHHBIV B init-KoHTeliHep. B
naHnHom ciaydae ConfigMap comepkXUT OAHY 3amucCh C KIKYOM
LogFormat, u3 KoTopoii u3sBjekaeTcs GakTudeckuit Gopmar.

Ternepb Ha OCHOBe 3TOr0 MakeTa MOXHO co3zaTb Docker-obpas
init-koHTeitnepa. Dockerfile pnsi obpasa k8spatterns/example-
configuration-template-init oueHb IpoCT (JIMCTUHT 21.2).

Jiuctuur 21.2. Mpocton Dockerfile, onpepenstowmin obpa3 MakeTa



FROM k8spatterns/gomplate
COPY in /in

Ba3oBbiit 06pa3 k8spatterns/gomplate ornpepnesnsieT o6pabOTUMK
MaKeTOB U CLieHapMii TOUYKM BXOJa, KOTOPBI IO YMOJTYaHMUIO
MCIIONIb3YeT CJIeAYIONIe KaTaloru:

e /in comepxuT MakeTbl KoHpurypauum anas WildFly, Bkiawouas
nmapaMeTpusoBaHHbIt  Standalone.xml. OHM  H00aBSIIOTCS
HeIloCpeICTBEHHO B 0Opa3.

e /params WCIIONb3yeTCS [JISI TIOMCKA MCTOYHMKOB JAaHHBIX
Gomplate — daitnoB YAML. OTOT KaTajJlor MOHTUPYETCSI U3 TOMa
ConfigMap.

e /out — 3TO KaTajor, KyJa COXpPaHSIOTCsI obpaboTaHHbie (aiiibl.
DTOT KaTaJIoT MOHTHUpYeTCs B KOHTeltHep npunoxenus WildFly
M VICTIOJIb3YeTCS IJ1s1 KOH(GUTYpalUn.

BTopoii MHrpeaueHT Haliero npumepa — pecypc ConfigMap,
ornpefendwIuil mapaMmerpol. B auctuHre 21.3 Mbl UCIIOAb3yeM
TIpoCTO¥i haiii ¢ mapamMu Kaou/3HaueHue.

Jincturr 21.3. 3HaveHns ong MakeTa KOHPUrypaumm

LogFormat: "DEVELOPMENT: %-5p %s%e%n"

Pecypc ConfigMap ¢ wumeHem wildfly-parameters
orpenenser 3T pdaHHble B ¢opmare YAML ¢ Kiaouom
config.yml, KOTOpbBIA WUCIIOJb3yeTCS init-KOHTeliHepOM mIJisl
MU3BJIeUeHMs TaHHBIX.

HakoHell, HAaM HYXHO oIpeneauTtb pecypc Deployment s
pasBepTbiBaHus cepsepa WildFly (nuctunr 21.4).

Jinctnur 21.4. Pa3zeepTbiBaHME C UCMOJIb30BAHUEM iNit-KOHTEMHepa B posin 06paboTunka MakeTa

apiVersion: extensions/vlbetal



kind: Deployment
metadata:
labels:
example: cm-template
name: wildfly-cm-template
spec:
replicas: 1
template:
metadata:
labels:
example: cm-template
spec:
initContainers:
- image: k8spatterns/example-config-cm-
template-init (1
name: init

volumeMounts:
- mountPath:
"/params" (2
name: wildfly-parameters
- mountPath:
"/out" ©
name: wildfly-config
containers:

- image: jboss/wildfly:10.1.0.Final
name: server
command.:

"/opt/jboss/wildfly/bin/standalone.sh"

- "-Djboss.server.config.dir=/config"
ports:



- containerPort: 8080
name: http
protocol: TCP

volumeMounts:

- mountPath:
"/config" (4]

name: wildfly-config

volumes:
(5]

- name: wildfly-parameters
configMap:
name: wildfly-parameters
- name: wildfly-config
emptyDir: {}

© O6pas ¢ makeTaMy KOH(PUTYpaLIMIA.
@® ITapametpsl 3 ConfigMap wildfly-parameters.

© IleneBoit KaTajor mIjs 3amucu o0OpabOTaHHBIX MAaKeTOB.
MoHTHUpyeTCsT U3 MyCTOro TOMa.

® Karasor ajis1 3alicy CTeHepMPOBAHHBIX KOHMUTYPaAIMOHHbBIX
daiiioB, MOHTUPYEMBIVi KaK /config.

© Oo6bsBinenus toma ConfigMap ¢ mapameTpamMu U ITyCTOTO
KaTajiora, WUCIOJb3yeMOro [IJjis  mepemauu  o6paboTaHHOI
KOH(UTypaLyn.

ATO IOBOJbHO IJIMHHOE 00bsIB/IEHNE, [TIO3TOMY PAaCCMOTPUM €ro
nogpobHee: ornpenenenue Deployment comepskuT omnmcaHue mnoja C
HAallMM init-KOHTeiHepOM, KOHTEeiHepOM NPWIOKEeHUS U NBYMS
BHYTPEHHMMM TOMaMMU:

e IlepBbii TomM, wildfly-parameters, comepXuT Halll pecypc
ConfigMap ¢ TemM ke uMMeHeM (TO €CTb OH COIEePXUT aiil
config.yml co 3HaueHMeM mapaMeTpa).



e« BTopoii TOM WM3HAYaJbHO SBJSETCS IMYCThIM KaTajJoroM U
MCIIOJIb3YEeTCSI COBMECTHO init-KOHTeifHEpOM M KOHTeiTHepOM
WildFly.

Ecnu 3anmycTuTh 3TO pa3BepThiBaHMe Deployment, mpousoiiger
cylenyrouee:

e byzeT cosmaH init-KOHTeliHep M BBIIOJIHUTCS OIpenesisieMast UM
KOMaHAa. TOT KOHTelHep u3BjeueT ¢aitn config.yml u3 Toma
ConfigMap, 3amonHMT MakeTbl M3 Karajaora /in B init-
KOHTeliHepe ¥ COXpaHUT HoyuuBIImecs: ¢aiabl B KaTajaore /out.
Karanor /out — 3TO TOYKa MOHTHpOBaHMA TomMa wildfly-
config.

e [locse TOro Kak init-KoHTeliHep 3aBepIIMTCSI, OyIeT 3amylleH
cepBep WildFly ¢ mapameTpom, yKa3bIBalOIIMM, UTO IOJHAs
KOH(Urypaluus HaxoguUTCsl B KaTajiore /config. U cHoBa, /config
— 910 o06mmit Tom wildfly-config, comepxkaninii
obpaboTaHHbIe (ailibl MaKkeTa.

BaskHO OTMETUTb, UTO 3TO OIMCaHMEe pecypca pa3BepThIBaHMUS
Deployment He TipuaeTcs U3MEHSITh IIPU IIepeHoce TIPUIOKEHNS U3
OKpY;KeHUSI ~ paspabOTKM B OKpYKeHMe  IIPOMBIIIIEHHO’
9KCIUTyaTanuu. V3MeHUTh IOHagooutcs Toiabko ConfigMap ¢
rmapamMeTpaMy MakeTa.

C momompi0 3TOro MeToda JierkO CO34aTb KOHd)I/II‘ypaLU/I}O

DRYLL 6es KOMMPOBAaHUS UM OOCTYKMBAHUSI TTOBTOPSIIOIIMXCS
OonbIIMX  KOHGUrypallMOHHbIX  ¢aiyioB. Hampumep, ewin
MMOHAA00UTCS BHECTM OJVHAKOBbIE M3MEHEHMSI B KOH(Urypalum
WildFly pjist Bcex oKpy>keHMit, JOCTaTOYHO OyaeT M3MEHUTh TOJIbKO
onuH ¢aitn mMakeTa B init-KOHTeiliHepe. JTO JaeT 3HAUMUTEJIbHbIE
MIpeuMYyIIecTBa sl TeX, KTO 3aHMMAaeTCs: 00CTy;KMBaHUEM, [IOTOMY



YTO YCTpaHSEeT OIIAaCHOCTh HEeCOIJIAaCOBAHHOIO  M3MeEHEeHMUS
KOH(MUrypaumii.

CoBeTbl NO OT/IAAKE TOMOB

[pu paboTe c nogamMmn M TOMaMu, Kak B 3TOM NaTTepHe, He COBCEM
MOHATHO, KaK OTNaXXMBaTb Npobnembl, ecim naTrepH paboTaeT He
TaKk, Kak oxwupganocb. Ecnnm  noHapobutcs  npoBepuTb
06paboTaHHble MaKeThl, npoBepbTe KaTanor
/var/lib/kubelet/pods/ndompodids/volumes/kubernetes.io~empty-dir/
Ha y31e, MOTOMY YTO MMEHHO TaM HAaxXo4MTCS COAEpPXMMOe ToMa
emptyDir. [pocTo BbinonHUTe kubectl exec B noge nocne ero
3anycka M NpoBepbTe 3TOT KaTanor Ha HanMyuue CO34aHHbIX
hannos.

MosicHeHUe

[TaTttepH Configuration Template (MakeT KOH(GUTYpalMiy) OCTPOEH
Ha ocHoBe maTrTepHa Configuration Resource (Kondurypamusi B
pecypcax) ¥ IIpeKpacHO TIOAXOOUT [IJs CUTyaluit, Korma
puUiokeHue TpebyeTcs 3amyckaTb B PasHbIX OKPYKEHMSIX CO
CJIOKHBIMM U TIOXOXMMM KOHpurypauusmu. OmHaKO HaCTpolika
MIPUIOKEeHUI C UCIoab30BaHueM maTtTepHa Configuration Template
(MakeT KoHburypauum) Oosiee CJIOXKHA ¥ BKIIOUaeT OOJblile
KOMIIOHEHTOB, = KOTOpble = MOIYT paboTaTh  HeNpaBUIbHO.
Vcrionb3yiiTe ero, TOJAbKO €C/IM MpPUIokKeHMe TpebyeT OrpPOMHOIO



obbeMa KOH(UTypalMOHHbIX JaHHBIX. Yacro TaKue
KOH(UrypalMOHHbIe JaHHbIE MMEIOT BecbMa HeOOJbllMe OTINUNS
B pa3sHbIX OKpyXeHMsIX. Jlake ecau KONMPOBaHME BCel
KOHUrypaumm Ajisi KOHKPETHOTO OKPY)KeHMSI HeIIOCPeICTBEHHO B
ConfigMap T1103BOJISIeT [OOOUTBHCS >KeJIaeMOTo, TaKoOit IIOXO[I
YCJIOKHUT OOCTY:KMBaHMe KOH(Urypauuii B 6yayiieM, IIOTOMY UTO
CO BpeMeHeM KOoH(urypauyuyu Hen30eskHO OyAyT pacXoIuThCSI BCe
nmasblile Opyr oT apyra. [Ijst Takux ciydaeB maTtepH Configuration
Template (MakeT KoHQUTypalyun) IMOAXOONUT UAeaTbHO.

HononHutenbHaa uHpopmauma

. [Ipumep peanmsanumn MakeTa KOHUTypaLumn
(http://bit.ly/2TKUHZY).
. MexaHu3Mm 00paboTKM MaKeTOB Tiller

(https://github.com/markround/tiller).
» Gomplate (https://github.com/hairyhenderson/gomplate).

e CuHTakcuc maketoB Go (https://golang.org/pkg/html/template/).

17 DRY — a66peBuaTtypa ot anmt. «Don’t Repeat Yourself» — He moBTopsiiics.



Yactb V. lononHutenbHbie NaTTepHbl

[TaTTepHbI, OTHOCSIIMECS K 3TOM KaTeropmy, OXBaThIBAIOT Oosiee
CJIOKHBIE@ CUTyallMM, KOTOPbIe HE BIUCHIBAOTCSI HU B OIHY U3
NpeapIoyluX Karteropuii. HekoTtopbie M3 IAaTTEPHOB, TaKue Kak
Controller (KoHTpoJsiep), INOSBUINCh OYeHb OABHO M Ha HUX
rnoctpoeH cam ¢peiimBopk Kubernetes. Ho ectb u gpyrue,
CuMTaKIIMecs: O4eHb HOBbIMM (Takue, Kak Knative, mis co3maHus
0o0pa30B KOHTeHEepOB M MaclITabupoBaHust CIyKO6 Service mo
HYJIS1), KOTOpble MOTYT M3MEHUTBHCS K TOMY MOMEHTY, KOI[a BbI
OoymeTe umMTaTh 3TU CTPOKU. UTOOBI He OTCTaTh, MbI OyaeM
TIOCTOSIHHO OOHOBJISITh 136011071 OHJIAMH-TIPUMePbI
(https://github.com/k8spatterns/examples) 1 oTpaxkaTh IOCIegHNE
IOOCTVDKEHMST B 9TOM 06J1aCcTH.

BOT 9T JOIOJHUTE/IbHbIE TTATTEPHBI, KOTOPBIE MbI PACCMOTPUM
B CIeIyI0UIMX TJlaBax:

e TImaBa 22 «KoHTpomnep» omuceiBaeTr mnarrepH Controller
(KoHTpossiep), MMelOWMii O6OJbllIoe 3HAaueHue i CaMOoTo
dpeiimBopka Kubernetes. DTOT maTTepH AeMOHCTPUPYET, Kak
MOKHO pacCIIMPUTb BO3MOKHOCTU IUIAaTQOPMBI C ITIOMOIIbIO
CBOMX KOHTPOJIJIEPOB.

e ImaBa 23 «OmepaTop» ONMCHIBAET CIIOCOO MCIIOJIb30BaHUS
natrepHa  Controller  (KoHTpo/lep) B coueTaHuuM C
COOCTBEHHBIMM U IMpeIMETHO-OPUEHTUPOBAHHBIMM pecypcaMiu
1St TIpeACTaB/IEHMS MIPaKTUUYECKUX 3HAHUM B
aBTOMaTU3MPOBAHHOI popMe.

e I'maBa 24 «3JmacTUYHOE MacIITaOMpOBaHME» PACCKA3bIBAET, KakK
Kubernetes cropaBisieTcsl ¢ AMHaMUYECKMMM Harpy3kaMu IyTem
MaclITabupoBaHMS B Pa3HbIX HAIIpaBIeHUSX.



e I'maBa 25 «ITocTpouTesib 06pa30B» OMUCHIBAET MATTEPH, KOTOPDIA
MepeHOCUT 3a1auy cOOpKM 06pa3oB B caM KJacTep.



lmaea 22. Kontponnep

KoHTposiep BefeT akTUBHbBIMI MOHUTOPUHT U TTOAAepKMBaeT Habop
pecypcoB Kubernetes B HykHOM cocTtosHuuu. OCHOBa C€aMoOro
dpeitmBopka Kubernetes coctrouT #u3 IMapka KOHTpPOJIEPOB,
KOTOpbIe peryjsspHO TMpPOBEpPSAT ¥ COIVIACOBBIBAIOT TeKyllee
COCTOSIHME TIPWIOXKEHMUII ¢ TpebyeMbIM Iie/ieBbIM COCTOSIHMEM. B
9TOJ1 I7IaBe Bbl YBUAUTE, KaK UCIOJIb30BaTh 3Ty 0A30BYIO MUIEI0 IS
paciiupeHus iaTGOpPMbI IO, CBOM HYKIbI.

3apava

Bbl yke 3HaeTe, uTo Kubernetes — 3TO cjioskHast ¥ MHOTOTpaHHas
maaTdopMa, Ipezjaraioinas MHOXKeCTBO BO3MOKHOCTel. OmHaKo
9TO YHMBepCaJbHas IuiaThopma yHOpaBaeHUsI KOHTeliHepaMu
OXBaTblBaeT [ajieK0 He BCe BapMaHTbl  MCIIOJIb30BaHUS
npuwioxkeHuit. K cuacTbio, OHa MOALEep>KMBAeT TOYKM pacClliMpeHus,
MICIIO/Ib3YS KOTOpble MOXHO PeaiM30BaTh KOHKPETHbIE BapUAHTHI,
OmnMpasicCh Ha IpOBepeHHbIe CTpouTe/ibHbIe 6/10kM Kubernetes.

[maBHBIM BOMNPOC, KOTOPBIM MbI PAaCCMOTPUM 30€Chb: Kak
paciiuputbh Kubernetes, He u3MeHSISI ¥ He Hapyliasi ero paboTy, u
KaK  MCIIOJIb30BaTb  €ro  BO3MOXHOCTM  JII  TIOAJEPXKKU
HeCTaHIAPTHBIX ClLiIeHAPUEB.

B ocHoBe Kubernetes jexur geknapatuBHbIii  API,
OPMEHTUPOBAHHBIN HA pecypchbl. UTO MoApasymMmeBaeTcs Mok CJIOBOM
deknapamueHslii? JlekmapaTUBHbIN MMOAX0/, B IIPOTUBOIIOI0KHOCTD
uMnepamueéHomy, ONUCbIBA€T He KaK [OO/DKeH [IeliCTBOBATb
Kubernetes, a KakuMM [JO/DKHO OBbIThb IieJieBOe€ COCTOSIHMeE.
Hampumep, maciitabupyst pasBepTbiBanme Deployment BBepX, Mbl
He co37aeM HOBbIe IOJbl, TPebyst oT Kubernetes «co3gaTh HOBBIA



IoJZl», & MeHsieM CBOCTBO replicas pecypca Deployment uepes
Kubernetes API, mpucBanuBasi eMy >kejiaeMoe YMCIIo.

Ho Kak co03#aloTcs HOBble IIOAbI? OTy 3ajady pemiaioT
BHYTpPeHHME KOHTpoJjiepbl. IIpy KakmomM M3MeHEHUM COCTOSIHUS
pecypca (Harpumep, TIpM U3MEHEeHMM 3HauyeHusI CBOMCTBA
replicas B pasBeptbiBaHuM Deployment) Kubernetes cosmaer
COOBITME M IIepedaeT ero BceM o00paboTuMkaM. 3aTeM 3STU
00paboOTUMKM pearupylT Ha COOBITHE, M3MEHSs, VIAISS WU
co3zaBasi HOBbIE pecypchl, UTO, B CBOIO oOuepedb, MPUBOAUT K
MOSIBJIEHUIO APYTUMX COOBITUI, TaKuMX KaK COObITHe, Tpebyloliee
CO3JaTh HOBBIN IO, DTU COOBITMS 3aTeM IepemalTCs APYTUM
KOHTPOJIJIEPAM, KOTOPbIE BBIIOJHSIOT CBOM KOHKPETHBIE IeJICTBUSI.

Becb 3TOT mpolecc M3BeCTeH KaK C02/1aco8aHue CcoCmosiHull,
KOTZa IlejieBoe CocTosiHue (TpeOyemoe KOJMYEeCTBO PeIlIMK)
OT/IMYAETCS OT TeKyiero (pakTuueckoe KOJIMUECTBO 3aITyllleHHbIX
9K3eMIIIPOB), M 3ajadya KOHTpoOJjepa COCTOUT B TOM, UTOObI
COIJIaCOBATh U OOCTUYDL >KeJaeMOTro LiejeBOro coctossHusg. C 3Tou
Toukyu 3peHusi Kubernetes rpeacTaBiisieTcss B pOJaM OucIieTyepa
pacrpeieJieHHOTO COCTOSSHMSI. Bbl cooblilaeTe eMy MapaMeTpbl
’KeJIaeMOro COCTOSIHMS 3K3eMIUISIpa KOMITOHEHTA, a OH IIbITAeTCs
IOCTUYb 3TOT0 COCTOSSHUS U IOOAePKUBATH €ero.

MOSKHO JIM KaK-TO BHEIPUTHCS B 3TOT IIPOIIECC COTTIaCOBaHMS
6e3 n3meHeHust koga Kubernetes 1 co3aTh KOHTpOJLIEp /I HAIIMX
KOHKPETHBIX ITOTPeOHOCTEe?

PeweHue

B cocraB Kubernetes BxomuT 1lesasg KOJUIEKIMSI BCTPOEHHBIX
KOHTPOJIJIEPOB, YVIIPABJISIIOIINX CTAHIAPTHBIMM pPeCcypcamMy, TaKUMU
Kak ReplicaSet, DaemonSet, StatefulSet, Deployment unu Service.
OTM KOHTPOJIIepbl paboTalOT TMOM yIpaBjeHMeM IucIeTdepa
KOHTPOJIJIEPOB, KOTOPbIMA pa3BepThiBaeTcsl (KaK OTHEIbHBIN



IpoLecC Wau MoA) Ha MIaBHOM y3ie. KoHTposuiepbl He 3HAIOT O
cyliecTBoBaHMUM APYT Apyra. OHM BBINIOJHSIIOT O€CKOHEUHbIN LMK
COIJIaCOBAHMSI, TIOCTOSIHHO ITpPoBepsisl (paKkTUUecKoe U sKejaeMoe
COCTOSIHME CBOMX PeCcypcoB U IIpeAllpMHMMAasi COOTBETCTBYIOIINE
OeicTBUSI, YTOObI TIpUOAMU3UTL (AKTUUYECKOEe COCTOSIHME K
KeaeMoMmy.

Onnako apxurekTypa Kubernetes, ympaBisemasi COOBITUSIMM,
MO3BOJISIET TOAK/IIOYATh [pyrue, HecTaHIAapTHbie KOHTPOJIEPHI.
OTM KOHTPOJIJIEepbl MOTYT O00aB/SITh HOBbIe BO3MOXKHOCTU U
obpabaTbhiBaTh COOBITHMSI MOAOOHO BHYTPEHHUM KOHTpoJ/IepaM. Bce
KOHTPOJIJIEPBI II0 CBOEI IIpUpOMAe SIBJISIIOTCSI PEaKTUBHBIMMU, OHU
pearupyloT Ha COOBITMSI B CUCT€MEe U BBIMOJHSIIOT CBOU
KOHKpeTHbIe IeicTBUsI. B 001eM u 11eJIoM IIpOLIeCcC COTIacOBaHMS
COCTOSIHMSI COCTOUT U3 CJIEAYIOIIMX OCHOBHBIX STAIIOB:

Hab6nroodenue

Omnpenenenne GakKTUIECKOT'O COCTOSIHUSI ITyTeM HaOJII0IeHMs 3a
cOOBITUSIMM, KOTOpble pacmpocTpaHseT Kubernetes 1ipu
M3MeHeHM KOHTPOJIMPYEMOTo pecypca.

AHanu3

BoisIB/IeHMe OT/IMUMI OT >KeJlaeMOro COCTOSIHUS.

Jleticmeue

BoirosiHeHne orepaiuii, HeoOXOOMMBIX [JISI IIpPUBeAeHMUsI
TEKYIIEro COCTOSIHMSI B JKeJlaeMoe.

Hampumep, KOoHTpossep  ReplicaSet  Habmopmaer  3a

n3MeHeHUsIMU B pecypce ReplicaSet, ompemenseT, CKOJIbKO ITOI0B
OOJDKHO OBITh 3allyIleHO, M BBIMOJHSIET [OeMCTBUSI, ITOChLIas



orpepnenenuss 1nomoB B API Server. Ilocie 5TOro BHyTpeHHMeE
MexaHn3Mbl Kubernetes mpomus3BoAsiT 3aMycK yYKa3aHHOTO MOAa Ha
y3iie.

Ha puc. 22.1 mokasaHo, KaK KOHTPOJUIEp perucTpupyer cebs,
MOAIIMCHIBASICh HA COOBITMS C 1IeJIbI0 OOHApY>KeHUSI M3MeHeHUs
COCTOSIHMSI KOHTPOJIMPYEMBIX PECYPCOB, HAOIIOIAET 3a UX TEKYIIMM
cocTossHMeM 1 obpaiaercss K API Server (eciu 3To HEOOXOAMMO),
yTOOBI MOoAepPKaTh (GaKTMUeCkKoe COCTOSIHME KaK MOXKHO OjisKe K
>KeslaeMOoMY.

Habnionaemble cobbmua Kowtponnep

>
API server € o

KomnoHeHTH! y3na Ynpasnaiot >
(kubelet, kube-proxy, ...) Mpunoxenns

Puc. 22.1. Lukn HabnogeHne-aHanM3-nencTeme

KoHTpo/sieppl  SIBJISIFOTCSI  YacTbl0 YPOBHSI yIIpaBjeHUS B
Kubernetes, 1 ¢ camoro Hauaja 6bIJI0 SICHO, UTO OHU MOTYT CJIYXKUTb
MHCTPYMEHTOM pacHiupeHusi IiaTGopMbl HOBBIMM acleKTaMu
nmoBeneHusi. bojiee TOro, OHM MPeBPaATWIMCh B CTaHAAPTHbIN
MeXaHM3M pacIiMpeHus: TIaThOpMbl U YIIPABIEHUSI CJIOKHBIM
KM3HEHHBIM IIMKJIOM IIpWIOKeHUIi. B pe3ynbTaTe poamaioch HOBOe
MTOKOoJIeHre 06ojiee COBepIIeHHbIX KOHTPOJIJIEPOB 10l Ha3BaHMEM
Onepamopsl. C TOYKM 3peHMS 3SBOJIOLMOHHOIO Pa3sBUTUI U
CJIOKHOCTM aKTMBHbIE KOMIIOHEHTbI COIJIACOBAHMS COCTOSIHUS
MO>XKHO pas3[ie/ITh Ha ABe TPYIIIIbI:

Konmponnepot



Peanu3yoT mpoCTOM IIpPOLIeCC COIIaCOBAaHMSI, KOHTPOJIUPYS U
BO3eiCTBYs Ha cTaHAApTHbIe pecypchl Kubernetes. Yaie Bcero
3T KOHTPOJUJIEPBI CO3OAIOTCSA C LEeJIbI0 COBEpPIIEeHCTBOBAHUS
noBeieHMs I1aTGopMbI U J0OaBIeHNUSI HOBBIX BO3MOKHOCTEJA.

Onepamopul

Peanmn3yloT CJIOXKHBIM  MPOLECC  COIVIACOBAHMS, KOTOPBIN
SIBJISIETCSI OCHOBOI1 raTTepHa Operator  (Omepatop),
OOC/IIYKMBAIOT  OIpede/ieHre  HeCTaHZAPTHBIX  PecypcoB
CustomResourceDefinition (CRD). Kaxk IIpaBUJIOo,
OIepaTOpPbl MHKAIMCYJIMUPYIOT CJIOKHYK MNpeoMETHYIO JIOTUKY U
VIIPABJISIIOT TIOJHBIM >KM3HEHHBIM LIMKJIOM MPUIOXKEeHUSA. Mbl
IOJpOOHO paccMoTpuM IaTtTepH Operator (OmepaTop) B IJIaBe
23.

Kak oTmeuanoch Bblllle, TAKOE Ae/ieHMe IIOMOraeT MOCTEelIeHHO
BHeIpPSITh HOBbIE Uaen. B 9TOI I71aBe Mbl COCpeIOTOUMMCS Ha OoJjiee
TIPOCTBIX KOHTPOJIJIEpax, a B cienyroinein mosHakommmcs ¢ CRD u
paccmoTpuM nattepH Operator (Oriepatop).

YToObl MUCKIIOUUTh BO3MOXXHOCTh OTHOBPEMEHHOI 00pabOTKM
OOHUX U TeX e PeCypCcoB, KOHTPOJJIEPbl PeaqusyrTcs C
MCITOJIb30BaHMeM mnatTepHa Singleton Service (Cmysk0a-0ayHOUKA),
onmcaHHoro B miaBe 10. DBoOJBIIMHCTBO  KOHTPOJIIIEPOB
pPa3sBepPTHIBAIOTCSI C MCIIOJb30BaHMeM pecypca Deployment, HO c
eIMHCTBEHHOJ peIuinkoii, moroMy uTo Kubernetes wucronb3syer
ONTUMMCTMYECKYI0O OJIOKMPOBKY Ha YpOBHE PEeCypcoB s
MpefoTBpallleHuss  IpobjieM, CBSI3aHHBIX C  TapaiejbHOI
00pabOTKOI IIpU M3MeHEeHM 00BEKTOB pecypcoB. B KOHIle KOHIIOB,
KOHTpPOJUIep — 3TO He UYTO MHOe, KaK MpPWIOXeHUe, KOTOopoe
TIOCTOSIHHO BBIMOJIHSIETCSI B (POHOBOM peskiMeE.

[Tockonbky caMm @peiiMBopk Kubernetes wu KIMeHTCKas
oumbmoTeka 1y goctymna K Kubernetes mHammcanpl Ha s3bike Go,



MHOI'Me KOHTpPOJUIepbl TOXe HamucaHbl Ha Go. OpmHako mnpu
’KeJIaHMM KOHTPOJIIephI, Mochliaoiye 3amnpockl B Kubernetes API
Server, MO>XHO MMCaTh Ha JI0O00M s3bIKe. Jlanee, B aucTuHre 22.1,
Bbl YBUIUTE KOHTPOJIJIEp, HAIIMCAHHbIA Ha $3bIKe ClleHapueB
KOMAaHIHOM 000JI0OUKMN.

Hanbosiee mpocTo peannsyloTcs KOHTPOJIIEPhI, pacIiupsioliye
BO3MOXXHOCTM  Kubernetes  ympaBienuss  pecypcamu. OnHu
OIEPUPYIOT TEMMU Ke CTAaHIAPTHBIMM pPecypcaMy U BBITIOJHSIOT Te
’Ke MIeiCTBMSI, UTO M BHYTpeHHMe KOHTpoJjiepbl Kubernetes, Ho
HeBUIVMbIE I10JIb30BaTeJISIM KJacTepa. KoHTpoJiepsl
VHTEPIIPETUPYIOT  OMpeleseHusI  PecypCcoB M BBITNIOJHSIOT
HEeKOTOpble [IeMCTBMSI B COOTBETCTBUM CO  CJIOXUBIIMMMCS
YCJIOBUSIMU. XOTS OHM MOTYT OTC/IE€XMBAThb M BO3OEMCTBOBATh HaA
110007 mapamMeTp B ompejie/ieHMM pecypca, Jydllie BCero Ijs 3Toi
11eJIM TIOAXOSIT MeTaJaHHble M KapTbl KoHurypauuii ConfigMap.
Hiske mepeunciieHbl HEKOTOpbIE COOOpaskeHMsI, KOTOpbIe CleayeT
VUMTBIBATH IIPU BhIOOpPE MecTa XpaHeHUs JaHHbIX KOHTpOoJIepa:

Memku

MeTKM, KaK 4acThb MeTaJlaHHbIX pecypca, JOCTYITHBI IJIs aHa/IM3a
M100bIM KOHTpo/uiepamM. OHM MHAEKCUPYIOTCSI BO BHYTPeHHei
0asze [JaHHBIX, Ojarogapsi YemMy 3aIlpochl C MeTKaMMu
BBITIOJIHSIOTCSI ~ O4YeHb  3ddeKTMBHO.  MeTKu  ciemyer
MUCIIONb30BaTh  BCerma, Korma  TpeOyeTcsl  peann3oBaTh
(YHKIMOHAIBHOCTh CejJieKTopa (HampuMep, MJisi BbISIBJAEHUS
COOTBETCTBYIOIIMX IIOJIOB B ompefeleHusx Service wan
Deployment). HegocTaToK METOK B TOM, UTO B MeTKaxX MOKHO
MCIIOJIb30BaTh TOJbKO OYKBEHHO-LMMPOBbIE MMEHA U 3HAUEHUS
C HEKOTOPbIMM OorpaHmueHussMu. OmucaHme CMHTAKCMUCa METOK U
Ha0Op IOITYCTUMBIX CMMBOJIOB MOXXHO HaiTH B JOKYMEHTaLIMU
Kubernetes.



AHHOMauuu

AHHOTaLUM SIBJISIIOTCS OT/JIMYHOM aJIbTePHATUBOM MeTKam. KX
clenyeT MCIOJNb30BaTb BMECTO METOK, eCIyM 3HaueHUs He
BIIMCBIBAKOTCSI B  CUMHTAKCUMYECKME OrpaHUMYeHUsT  METOK.
AHHOTallMM He MHAEKCUPYIOTCS, II09TOMY OOBIYHO OHU
MCIIO/Ib3YIOTCS JIs1 TIpeacTaBjieHus uMHbOpMalluM, KOTopasi He
UCIIOJIb3YeTCd B KaueCTBe KJII0Yeil B 3arpocaxX KOHTPOJUIEPOB.
Enle omHO mpeumylilecTBO aHHOTALMI Mepen MeTKaMy, Kpome
BO3MOXHOCTYU ITIpe[CTaBJIeHMus] MPOU3BOJIbHBIX MeTaJaHHbIX, —
OHM He OKa3bIBAlOT OTPULIATEJbHOIO BIMSIHMS Ha BHYTPEHHIOIO
npousBoauTeabHOCTb Kubernetes.

Kapmut konduzypauuii ConfigMap

MHorma KOHTpoJjiepaM HyKHa AOIOJHUTebHAsi MHGopmalus,
KOTOPYIO He/Ib3S MepenaTh yepe3 MeTKM M aHHOTaluu. B Takmux
cIydasix IJIsl XpaHeHUsl OIpenesieHusl 1IeJ1eBOr0 COCTOSIHUS
MOXXHO MCIIO/Ib30BaTh KapThl KoHMurypaimii ConfigMap, jierko
IOCTYTIHbIE KOHTpPOJIJIepam. OnmHako orpeneyieHns
HeCTaHAapTHbIX pecypcoB (CRD) HaMHOTrO syylllie MOAXOIAT [JIS
TpeJiCTaBJIeHUS HeCTaHIApPTHOTO OITMCaHUSI 11eJIeBOTr0
COCTOSIHMSI M TIOTOMY TIpeAriouTUTe/libHee, YeM IIpPOCThbIe
ConfigMap. Opnako maa peructpauuyu CRD  TpebyroTcs
TIOBBIIIIEHHBbIE TIPUBWIETUM HA YPOBHe KiacTepa. Eciin y Bac ux
HeT, KapTbl KoHpurypaumit ConfigMap ocTaHyTcst Jydiiieii
anbrepHaTuBoit CRD. I[Togpo6Hee o CRD MbI ITOrOBOPUM B IJIaBe
23 «Oneparop».

BOT HECKOJbKO IIPMMEpPOB ITPOCTBIX KOHTPOJJIEPOB, KOTOPbIE
MOSKHO MCITOJIb30BaTh /IS M3Y4eHMsI CIIOCOO0B peanm3aliuy 3TOTO
naTTepHa:



jenkins-x/exposecontroller

oror  KoHTposuiep  (http://bit.ly/2Ushlpy) mnpocmarpuBaert
ompenesieHus1 Service 1, OOHAPYXMB B MeTaJaHHbIX aHHOTALIUIO
C MMeHeM expose, aBTOMaTUYeCKM co3/1aeT 00bekT Ingress mjist
OOCTyIla K CTyk0e Service u3BHe. OH TakXke yAajsieT 00beKT
Ingress mocsie ynaneHus Service.

fabric8/configmapcontroller

OTOT KOHTpPOJLIEp (http://bit.ly/2u) 2Fnl) cequT 3a
mn3MeHeHUsIMMU B o6bekTax ConfigMap 1 0OHOBJISIET CBSI3aHHBIE C
HUMM pas3BepTbiBaHus Deployment. Ero MOKHO MCITOJIb30BaTh C
MPUIOXKEHUSIMM, KOTOpble He CIIOCOOHbI HAOMIOmaTh 3a
ConfigMap ¥ pgMHaAMMYeCKM OOHOBJISITbCS TMPU M3MEHEHUU
KoHurypauumu. OTO 0cobeHHO BepHo, Korma ConfigMap
oTOOpakaeTcsi B IepeMeHHble OKPYKeHMS WIM  KOrma
MIPUIOKEHMEe He MOXKeT OBICTPO M HAJeKHO OOHOBUTH CBOIO
KoHUrypaumuioo Ha jeTry, 6e3 mepesamycka. Peanusaiusi Takoro
KOHTpOJIJIepa B Buae ClieHapus KOMaHAHOV 000J0uKkM Oymer
TIOKa3aHa B JIUCTUHTe 22.2.

Onepamop o6Ho8/1IeHuUs1 KoHmeliHepa Linux

21oT KOHTposuiep (http://bit.ly/2uFcNgX) mepesarpyxkaer y3sei
Kubernetes, 06Hapy:>kuB OIpeaeeHHYI0 aHHOTAIIMIO B y3JIe.

Teriepp pacCMOTPUM KOHKPETHBIM IIpUMep: KOHTPOJIep,
COCTOSIIIMII U3 eIVMHCTBEHHOro CIeHapus KOMaHIHOM 000J0UYKM U
HabogaomMii 3a u3MeHeHMsiMM B pecypcax ConfigMap uepes
Kubernetes API. Ewmm cHa6auts ConfigMap aHHOTalues
k8spatterns.io/podDeleteSelector, BCe T10/IblI,
COOTBETCTBYIOLI[ME  STOMY  3HAUEHMIO  aHHOTaluUM, OYyIyT
OoCcTaHOBJieHbl TMpu usMeHeHun ConfigMap. Ecaum 3T™u  moabl



VIIPaBJSIOTCS TIOCPEICTBOM BBICOKOYPOBHEBBIX PECYPCOB, TaKUX
Kak Deployment unau ReplicaSet, onu OymyT mepesamnyiieHbl C
M3MeHeHHOJ KOH(Urypalyei.

Hampumep, Halll KOHTPOJIJIEP MOT Obl CeIUTh 32 M3MeHeHueM
ciemylolieit kKapTbl KoHQurypauuu ConfigMap 1 nepesamnyckaTb Bce
MOJbl C METKOI app M 3HaueHuem webapp. Kondurypauys us
ConfigMap B nawuctuHre 22.1 wucmonab3yeTcs HamuM Beb-
MIpUJIOKEHMEM IJIs1 OIpeeeHNs IIPUBETCTBEHHOTO COOOIIeHMSI.

Jvctunr 22.1. Pecypc ConfigMap ang Be6-npunoxeHus

apiVersion: vl
kind: ConfigMap
metadata:

name: webapp-config

annotations:

k8spatterns.io/podDeleteSelector:

"app=webapp" ©
data:

message: '"Welcome to Kubernetes Patterns !"

© AmHHOTalMs, KOTOpas MCIIOJAb3yeTCS KOHTPO/UIEPOM U3
aucTuHra 22.2 KakK CeJIeKTOp [jisl TOMCKa II0JI0B, TPeOYIOMIMX
repesamycka.

JtoT pecypc ConfigMap OymeT MpPOBEPSITbCS  HAIIUM
KOHTPOJIJIEPOM, peaJiM30BAaHHLIM B BUIE CIeHapusi KOMaHIHOM
060s10uky. [To/THBIN MCXOOHBIN KOJ BbI HalijeTe B perto3utopun Git.
Kontposnnep 3amyckaeT 3asucarouwiuti HTTP-3ampoc GET, 4uT0ObI
OTKpBITh OeckoHeuHbIi1 1TOTOK HTTP-oTBeTa, uepe3 KoTopbiii API
Server nepenaeT cOObITUS KM3HEHHOTO IIMKJIA.

CoObiTus MMeT GopMy MPocThiXx 00beKTOB JSON. KoHTpomiep
aHaIM3UPYeT  COOBITMS UM OIpelensieT,  COHepXUT  JIU
msMmeHumuiicst ConfigMap Hairy aHHoTauuio. IToyunB coObITHE,
TpeOylolllee peakiy, KOHTPOJIEp OCTaHaB/JIMBAeT BCe IIOJbI,



KOTOpbI€ COOTBETCTBYIOT CEJIEKTOPY B 3HAUEHMM aHHOTAIVA.
JaBaiiTe 1o6JIIsKe pacCMOTPUM paboTy KOHTPOJIIepa.

OCHOBY KOHTPOJIJIepa COCTABJISIET LMK/ COIIACOBAHMSI, KOTOPbIN
IpUHUMAeT U 00pabaTbhIiBaeT COOBITUSI SKUM3HEHHOTO ILMKJa
ConfigMap, Kak 1moka3aHo B JIMCTUHTe 22.2.

JiuctuHr 22.2. CueHapuit KoHTponnepa

namespace=${WATCH_NAMESPACE : -default} (1]

base=http://localhost:8001 (2]
ns=namespaces/$namespace

curl -N -s  $base/api/v1l/${ns}/configmaps?
watch=true | \

while read -r event (3]

do
#

done

© IIpocTpaHCcTBO MMeH Iy Habmogenus: (win default, ecniu He
3aJaHoO).

® Jloctyn K Kubernetes API ocyiecTBisieTcsl yepe3 IIPOKCH,
peajiM30BaHHbBI/i C WUCIIOJAb30BaHMeM maTTepHa Ambassador
(ITocpegHMK) U NECTBYIOIIMIA B TOM 3Xe TIOZe.

©® Ilukn o00pabOTKM COOBITMII UM3MEHEHMUSI COCTOSTHUS
ConfigMap.

ObpaTuTe BHMMaHMeE Ha napaMeTp 3anpoca watch =
true B NMUCTUHre 22.2. DTOT napameTp coobuwaet, yto APl Server
AomKeH ocTaBuTb HTTP-coeamMHeHue OTKpbITbIM M nepecbliaTb



yepes Hero cobbITMS Mo Mepe MX NOoSIBNEHWUS (3TOT NpUEM TaKxe
MHOrAa HasblBalOT 3asucarnuwul GET vnu Comet). Llukn yntaet u
obpabaTbiBaeT nocTynatowme codbITMa No OTAENbHOCTH.

[Tlepemennas okpyxeHusi WATCH_NAMESPACE omnpegmenser
IIPOCTPAHCTBO MMeEH, B KOTOPOM KOHTpPOJIIep OOJIKEH CIeduUTh 3a
OOHOBJIEHUSIMU ConfigMap. oTy repeMeHHYI0 MOYKHO
MHUIIMAIU3UPOBATh B OIMcaHUM pas3BepThiBaHus Deployment
caMOro KOHTpo/uiepa. B 1JaHHOM IipuMepe, UTOObI U3BJIEUb
niepemeHHy0 OKpykeHus WATCH NAMESPACE wun3 mnpocTpaHCTBa
MMEeH, B KOTOPOM PasBepPHYT KOHTPOJJIEpP, WCIOJIb3yeTCs
Downward API, onmcanHbiii B rnaBe 13 «CamoaHanam3», Kak

II0KAa3aHO B JIMCTUHTe 22.3.
Jinctnrr 22.3. WATCH_NAMESPACE nsBnekaeTtcs n3 TeKyLLero npocTpaHCTBa MMEH

env:
- name: WATCH_NAMESPACE
valueFrom:

fieldRef:
fieldPath: metadata.namespace

Ha ocCHOBe mpOCTpaHCTBA WMMEH CLieHapuii KOHTpoJuiepa
KoHcTpyupyeT URL koHeuHoii Toukum Kubernetes API pmias
Habmogennst 3a ConfigMap.

Kak BuauTe, Halll KOHTPoOJIep cBsi3biBaeTcs ¢ Kubernetes API
Server uyepe3 JIOKaJibHOe  COeduMHEHMe. ODTOT  CLEeHapum
HeoOsI3aTeIbHO JO/DKEH pPa3BePThIBATHCS HEMOCPEICTBEHHO Ha
rnaBHOM y3i1e Kubernetes API, HO Torma Kak OH CMOKeT paboTaTh,
MUCIIONb3ysl  JIOKaJIbHOe coenuHeHue? Kak Bbl, HaBepHOe,
norajanauch, 3/eCb Ha CIeHY BBIXOAUT OPYroi IaTTepH. OTOT
CIleHapuii pasBOpauMBaeTCsl B II0Jle BMeCTe C KOHTeHepOM-
TOCPeJHUKOM, KOTOpbIi OTKpbiBaeT mopt 8001 Ha s0OKaJIbHOM
XOCTe W CBS3bIBAeT €ro C HacTosimel Cayko6oii Service B
Kubernetes. Boiiee rmoypo6Ho o natrepHe Ambassador (IlocpegHMK)



pacckasbpiBaeTcs B riaaBe 17. dakTuueckoe orpejejieHue Iroga C
TUM MOCPeTHUKOM OyIeT IT0Ka3aHo Jajiee B 3TO I/1aBe.

KoHeuHo, IpocToe HabOIOAeHMe 3a COOBITUSIMM — He camoe
HajexxHoe penieHne. CoeIiHEHME MOKET ObITh Pa30pBaHO B JIIOOOIA
MOMEHT, II0O3TOMY HY)XHO IpeayCMOTPeTb  BO3MOXXHOCTh
nepe3anycTuUTh IMKJIA. Kpome TOro, cOOBITMSI MOTYT TepsIThCS,
TI03TOMY, OEMCTBYS B IIPOMBIIIJIEHHOM OKPYXeHUM, KOHTPOJIJIEPbI
OO/DKHBI He TOJIbKO CJIeAUTb 3a COOBITUSIMM, HO U BpemMs OT
BpeMeHM 3arpamiBaTth y API Server Bce Tekylillee COCTOSIHUE U
MCIIOJIb30BAaTh €ro Kak HOBYK OCHOBY. Ho mjisi meMoOHCTpanuu
MaTTepHa TaKOTO pelleHNs BIIOJIHEe TOCTaTOYHO.

B nuctuHre 22.4 rnokasaHa JIOTMKa, BbITIOJHSIOILASICS B IIUKIIE.

Jinctuur 22.4. Uukn cornacosaHms B KOHTponnepe
curl -N -s  $base/api/v1/${ns}/configmaps?
watch=true | \
while read -r event

do
type=$(echo "$event" | jg -r
'.type') (1
config map=$(echo "$event" |  jg -r
'.object.metadata.name')
annotations=$(echo "$event" | jg -r

' .object.metadata.annotations')

if [ "$annotations" != "null" 7]; then
selector=%$(echo $annotations |
\ (2
jg -r "\
to_entries
I\

L]



I\

select(.key
\"k8spatterns.io/podDeleteSelector\") |\

.value
I\
Quri

\
u)
fi

if [ $type = "MODIFIED" ] && [ -n "$selector”
1; then ©
pods=$(curl -s $base/api/vl/${ns}/pods?
labelSelector=%$selector |\
jg -r .items[ ].metadata.name)

for pod in $pods;
do (4
curl -S -X DELETE
$base/api/vl/${ns}/pods/$pod
done
fi
done

© li3Bieub 13 cobbiTUA THI U MM ConfigMap.
® ls3pneup wu3 ConfigMap Bce aHHOTAllMM C KJIHOUYOM

k8spatterns.io/podDeleteSelector. CM. ToapoOHOe OmucaHue 3TOTO
BbhIpaskeHMs BO Bpe3ke «HekoTopbie 0COOGEHHOCTH jq» HIDKE.

©® Ewu co6biTue yBemomiisier 06 mameHenuu ConfigMap u B

HeM MMeeTCsl Hallla aHHOTalMsI, HaiTU BCe IIOJbl C METKaMW,
COOTBETCTBYIOLIMMU ITOMY CEJIEKTODY.

® OcTaHOBUTH BCE IOAbI, COOTBETCTBYIOIIME CEJIEKTOPY.



CHauasia clleHapuii M3BJIEKAET TUII COOBITUSI, OIIpedesIsIIoIIii
npousouieniiee ¢ ConfigMap. J[lamee u3BIeKaeTCs pecypc
ConfigMap 1 13 Hero, Cc IIOMOIIIbIO jq, M3BJEKAIOTCS aHHOTALIUN.
jq (https://stedolan.github.io/jq/) — OT/IMYHBLIN MHCTPYMEHT IJIs
aHanu3a JOoKyMeHTOB B ¢opmare JSON 13 KOMaHAHOI CTPOKU, U
IAHHBIM ClleHapui IIpearoiaraeT ero JOCTYIMHOCTh B KOHTENHepe,
i€ BbIIIOJIHSIETCS.

Ecim B ConfigMap ecTb aHHOTALMM, C TIOMOIIbIO 0OoJiee
CJIOKHOTO  jg-3alpoca IIpOBepseTCs Haauume Cpeayt HUX
aHHotauun  k8spatterns.io/podDeleteSelector. Ilenb
9TOTO 3aIIpoca — Mpeobpa3oBaTh 3HaAUEHME aHHOTALUM B CEJIeKTOP
IOAOB, KOTOPBIM MOXHO MCIIOJIb30BaTh B 3ampoce K APl Ha

clenywlinem niare: aHHOTALMS
k8spatterns.io/podDeleteSelector: "app = webapp"
npeobpasyercss B app%3Dwebapp — cenekTop MNOAOB. ITO

npeoOpa3oBaHMe TaKXKe BbBINIOJHSIETCSI C TOMOIIbI0 jg, Kak
OMMChIBAeTCs BO Bpe3ke «HekoTopble 0COOEHHOCTH jq» HILKE.

Ecnn cueHapuio ynaaoch U3BJIeUYb CeJIeKTOp, ero MOKHO Cpasy
K€ ¥ MCIIOJb30BaTh, 4YTOOBI BBIOpPAThb MOAbI [JIS OCTAHOBKIL.
CHauasa BBIOMPAIOTCS BCE TIIOAbI, KOTOpPbIE COOTBETCTBYIOT
CeJIEKTOpY, a 3aTeM OCTAaHaBJIMBAKOTCS APYT 3a APYrOM IIPSIMbIMU
BbI30Bamu API.

DTOT KOHTpPOJIJIEp B BUAe clleHapusi KOMaHIHOM 000JI0UKH,
KOHEYHO, HeJjib3s1 MCII0Jb30BaTh B IPOU3BOJACTBE (IIOTOMY UTO, K
IpuMepy, LMKI 00pabOTKM COOBITUII MOXKET OCTAaHOBUTHCS B
11000/ MOMEHT), HO OH XOpPOIIO PAacKpbIBaeT OCHOBHbIE MIEU Ha
HeOO0JIbIIIOM 06beMe CTaHIAPTHOI'O KOJIa.

OctanbHas paboTa CBsI3aHa C CO3TaHMeM OOBEKTOB PeCcypcoB U
obpa3oB KOHTeliHepoB. Cam clleHapMii KOHTpoJjjiepa XpPaHUTCS B
ConfigMap config-watcher-controller, u ero Jjierko MOXHO
MIOIIPaBUTh M033Ke, eC/iv MOTpedyeTcs.



HekoTopble 0cob6eHHOCTH jq

N3BneueHune 3HaYeHus aHHOTALMM
k8spatterns.io/podDeleteSelector 7 ero
npeobpa3oBaHue B CeNIEKTOP NOAOB BbIMNONHAETCS C MOMOLLbIO jQ.
JTO OTAMYHbLIA MHCTPYMEHT KOMaHAHOM CTpOKM Ana paboTbl C
pokyMeHtamMm JSON, HO HekoTOpble ero maen MOryT nokasaTbCs
HEMHOro HeobbluHbIMKU. [laBanTe paccMOTpuM, Kak paboTatoT
BbIpaXKeHUS:

selector=$(echo $annotations | \
jq _r ll\
to_entries

I\

[]
I\

select(.key ==
\"k8spatterns.io/podDeleteSelector\") |\

.value
|\

@Quri

ll)

e [lepemeHHas $annotations coaepxuT BCe aHHOTaLMK B
dopme obbekTa JSON, B KOTOPOM MMEHA aHHOTALMM UrPaKT POsb
CBOMCTB.

e KomaHpa to_entries npeobpasyer 06bekT JSON Buga { "a":
"b"} B Mmaccus c anemeHtamu { "key'": "a", "value": "b" }.
MoapobHOCTM MWKUTE B AOKYMEHTaUMM ans jq.



° . [] Bbl6|/1paeT 3NEMEHTbl MaCCUBA MO O4HOMY.

e W3 3TUX 23neMeHTOB BbIOMPAKOTCS TONIKO 3/IEMEHTbl  C
COOTBETCTBYHLWMM KJOYOM. [locne npuMeHeHMs 3TOro unbTpa
MOXEeT OCTaTbCs HOMb MW OOMH SNIEMEHT.

e HakoHeu, wu3Bnekaetca 3HadyeHue (.value), KoTopoe
npeobpasyeTcqs KOMaHAOM @uUri Tak, 4TOObl €ro MOXHO 6blno
MCNONb30BaTb Kak YacTb URI.

JT0 BblpaxeHue npeobpasyet cTpykTypy JSON, Takyt Kak

{

"k8spatterns.io/pattern”: "Controller",

"k8spatterns.io/podDeleteSelector":
"app=webapp"

by
B cenektop app%3Dwebapp.

PasBepThiBaHMe Deployment [jis1 KOHTpoJjjiepa Co3HaeT Mof, C
IBYMSI KOHTeHepaMMu:

e KoHnreirHep-nocpegHuk cBsA3biBaeT Inopt 8001 Ha 0KaJIbHOM
xocTte ¢ Kubernetes API. O6pas k8spatterns/kubeapi-
proxy — 3To Alpine Linux ¢ ycTaHOBJIEHHbIM JIOKaJIbHbIM
kubectl wu 3amyckaercs KomaHmonm kubectl proxy c
COOTBETCTBYIOIIMM CEPTUPUKATOM U TOKeHOM. OpurmHajbHas
Bepcust kubectl-proxy 6bi1a HammcaHa Mapko Jlykmieir (Marko

Luksa) u mpencras/ieHa B ero Kuure «Kubernetes in Action»18.

e OCHOBHOI1 KOHTEelHEpP, B KOTOPOM BBITIOJIHSAETCS CLieHAapUi,
cogepskaluiics B TOJAbKO uTO co3maHHOM ConfigMap. [l ero



CO3IaHMsI ~ MCIIOJb3yeTcsi  0as3oBbiii  o06pa3s  Alpine ¢
yCTaHOBJIeHHbIMM curl 1 jg.

17883 Dockerfile C orpeneieHUSI MU 0bpa3oB
k8spatterns/kubeapi-proxy u k8spatterns/curl-jq BbI
HaligeTe B perno3utopuu Git ¢ mpumMepaMu K KHUTE.

Tenepb, Korma y HaC ecTb 00pasbl JIJIS1 CO3IaHMsI MOAa, OCTAOCh
JUIIIb pa3BepHYTb KOHTpOJUIEp C ucIojb3oBaHuem Deployment.
OcHoBHbIe pa3fgesibl pasBepTbiBaHMs Deployment mnokasaHbl B
AucTUHre 22.5 (MOJHYI0 Bepcui0 MIIUTE B PEno3UTOpPUn C
IIpuMepamMn).

Jiuctnur 22.5. Onucanme pasBepTbiBaHUS KOHTpoOJiepa
apiVersion: apps/vl

kind: Deployment

#

spec:

template:
#H
spec:
serviceAccountName: config-watcher-
controller O

containers:
- name: kubeapi-
proxy (2
image: k8spatterns/kubeapi-proxy
- name: config-
watcher ©
image: k8spatterns/curl-jg
#
command:

o



”Sh”

"/watcher/config-watcher-
controller.sh"

volumeMounts:
e

- mountPath: "/watcher"
name: config-watcher-controller

volumes:
- name: config-watcher-
controller 6
configMap:

name: config-watcher-controller

© VYuyerHast 3ammch CIy>kObl ServiceAccount ¢ IIPUBUIETUSIMU,
HeoOXOOMMbIMM [IJIs1 HaOJIIOeHNUsT 3a COOBITUSIMM U Ilepe3amycka
TOJ0B.

® KoHTeitHep-TniocpenHUK 1y moctyna K Kubeserver API uepes
JIOKaJIbHOE COeiHEHME.

© OCHOBHOII KOHTEVHep CO BCeMM MHCTPYMEHTaMU U
CMOHTMPOBAHHBIM ClleHapueM KOHTpOoJljiepa.

O KomaHpa, 3amycKarlas ClieHapuii KOHTpoJliepa.
© TomMm, oTobpaxkatomuiicsi B ConfigMap co ciieHapueM.
® MouTupoBaHue ToMma Ha ocHoBe ConfigMap B rinaBHbIi MO,

Kak BUIOUTE, MBI MOHTUPYEM config-watcher-
controller-script wu3 ConfigMap, co3maHHbII paHee, U
HAMpSIMVIO UCITOJIb3YEM €ro B POJIM KOMAaH[bl 3aIlyCka B OCHOBHOM
KOHTeliHepe. VMCKIIUNTEebHO pagy MPOCTOTHI MbI OITYCTUJIM BCe
IIPOBEPKM PabOTOCIIOCOOHOCTH U TOTOBHOCTH, a TAKXKe 00bSIBJIEHMS
C IMMUTaMM pecypcoB. Takke HaM ITOHAZOOMIAaCh yUeTHas 3amiucCh
ServiceAccount config-watcher-controller C
TIPUBWJIETUSIMMY, TIO3BOJISIOIIVMU CIeOUTh 3a COCTOSIHMEM KapT



KoHurypauuii ConfigMap. ITosHble HACTPOIKM 6€30MaCHOCTU BbI
HaligeTe B PeO3UTOPUM C IIPUMeEPaAMMU.

Temepp MOCMOTPMM HaA 3TOT KOHTpoOJUIep B HeicTtBum. s
3TOTO BO3bMEM IIPOCTO} BeO-cepBep, MCIIOb3YIONIMII 3HAUeHME
IepeMeHHOM OKPY)KeHUS B PpOJAM KOHTeHTa. [Ijas 35TOoM Lenan
06a30BbIii 00pa3 UCHoIb3yeT 00bIUHbBIN NC (netcat). @aiin Dockerfile
C ompelejeHMeM 3TOro o6pasa MOKHO HaiTM B HalleM
pPero3uUTOPUMN.

PasBeproiBanme HTTP-cepBepa peann3oBaHO C IIOMOIIbIO
pecypcoB ConfigMap u Deployment, npeacTaB/ieHHbIX B JUCTUHTE
22.6.

JNuctuur 22.6. Deployment n ConfigMap ¢ TecToBbIM BeO-NpUIoXeHHEM
apiVersion: vl
kind:
ConfigMap
(1)

metadata:
name: webapp-config
annotations:
k8spatterns.io/podDeleteSelector:
"app=webapp" (2
data:
message: '"Welcome to Kubernetes Patterns
P ©
apiVersion: apps/vl
kind:
Deployment
(4
#

spec:



template:
spec:
containers:
- name: app
image: k8spatterns/mini-http-

server (5

ports:

- containerPort: 8080

env:

- name:
MESSAGE (6
valueFrom:
configMapKeyRef:

name: webapp-config
key: message

© ConfigMap ¢ gaHHBIMM 151 0OCTY>KMBaHMSI.
® AnHoTauMsl, BBbI3bIBAIOIIAS IIepe3allycKk IIojJa Beo-
TIPUJIOKEHMS.

©® CoobmieHne, KOTOpOe BO3BpalllaeT BeO-IIPUIOKEHNE B
HTTP-oTBeTax.

O Omnucanne pasBepTbiBaHMs Deployment Be6-mpuaoKeHMsI.
© IIpocToit 06pas c Beb-cepBepoM netcat.

@ IlepeMeHHass  OKPYKEHMSI,  COJEpPKMMOE  KOTOPOIA
MCIIoNb3yeTcs Kak Teqo HTTP-oTBera M mM3BeKaeTcs U3 pecypca
ConfigMap, Haxoag1erocs 1moj Hab/oAeHeM KOHTpoJLIepa.

Ha 3sTom MBI  3aBepliaeM  IIpuMep  KOHTpPOJIepa,
Hab/omaomero 3a u3sMeHeHusamu B ConfigMap u peann3oBaHHOIO
B BUJE ClleHapus KOMAaHOHOI 000JIOUKM. JTO, ITOXKaTyii, CaMbIii
CJIOKHBIM MpUMep B KHUIe, HO OH JOCTAaTOYHO SICHO ITOKa3bIBaerT,



YTO IJIS CO3[aHMsI IIPOCTOr0 KOHTpOJIIepa He TpebyeTcsl IMMCaTh
MHOTO KOJa.

OueBMAHO, UTO [JII IIPOMBIIIJIEHHOIO  JCIIOJIb30BaHUS
KOHTPOJIJIEPhI JOJDKHBI ITPOrpaMMMPOBATLCSI Ha 00jiee MOIITHBIX
sI3bIKaX, 00J1aJaI0IMX JIYUIIMMU CpeACTBaMM 00pabOTKM OLIMOOK U
6oraTbIMU JOIIOJIHUTEIBHBIMY BO3MOKHOCTSIMU.

NMoacHeHMe

ITogBoast UTOrU, MOXKHO CKa3aTh, UTO KOHTPOJIJIEP — 3TO aKTUBHBIN
TIpOIlecC COIIacoBaHMs, HaOMI0Omaonuii 3a 00beKTaMy, KOTOpPbIe
MIpeICTaBJISIIOT JXKeJlaeMoe COCTOsSIHME OKpYyKeHMs. OH aHa/Iu3uUpyeT
dakTHueckoe U >KejlaeMoOe COCTOSIHMSI M TIOChbLIaeT MHCTPYKIINUH,
MIBITASsICh IIPUBECTU TEKYILlee COCTOSIHME OKPYKEHUSI K 3KeJIaeMOMY.
Kubernetes peanusyeT 3TOT MeXaHM3M BO MHOXeCTBe CBOUX
BHYTPEHHMX KOHTPOJJIEPOB, M Bbl TOXE MOKeTe MUCIO0JIb30BaTh TOT
’Ke MeXaHM3M B CBOMX COOCTBEHHBIX KOHTpOJIIepax. Mbl yBUIEH,
YTO HEeOOXOAMMO [IJISl TOTO, YTOOBI CO3AAaTh CBOJ KOHTPOJIIEp, Kak
OH (YHKUMOHMPYET U paciliMpsieT BO3MOKHOCTM IIJIaT(OPMbI
Kubernetes.

Mbl MOXeM J00aB/JSITb CBOM KOHTpPOJIJIEphl Ojaromaps
MOMY/IbHOI apxuTekType Kubernetes, ympaBiisieMoii COOBITUSIMMU.
Takass apxXuTeKTypa eCTeCTBEHHbIM 00pa3oM CIIOCOOCTBYET
CO3JIaHMI0 HE3aBUCUMMBIX M aCHMHXPOHHBIX KOHTPOJUIEPOB [JISI ee
paciiupenusi. Takske CyIIeCTBEHHBIM IIPEMMYILECTBOM SIBJISETCS
Ha/IMyMe YeTKOM  TEeXHMUYeCKO) TpaHMIbl MEXIy CaMUM
dpeitmBopkom Kubernetes u y06biMu paciiupeHusimu. OgHaKO C
ACMHXPOHHO IIPUPOJI0i KOHTPOJIEPOB CBSI3aHa OJHA ITpobiemMa —
MX YaCcTO TPYAHO OTIAXKMBATh, MOTOMY UTO IIOTOK COOBITUII He
BCerga MMeeT MPOCTYI0 CTPYKTypy. Kak ciencrBue, HET MpPOCTO
BO3MOYKHOCTM YCTaHOBUTb KOHTPOJIbHbIE TOYKM B KOHTPOJIIEpE,
YTOOBI IIPMOCTAHOBUTD €T0 U UCCIeI0BaTh KOHKPETHYIO CUTYAIIUIO.



B r1aBe 23 BbI IMO3HAKOMMUTECh C POACTBEHHBIM MATTEPHOM
Operator (OmepaTop), KOTOpPbIVi OCHOBaH Ha maTtepHe Controller
(KoHTposuiep) u mpeajaraer eie 6oyiee r’MOKNii CII0C00 HACTPOIKU
oreparuin.

HdononHutenbHaa uHpopmaums
o [Ipumep nmatTepHa Kourponnep (http://bit.ly/2TWwW6AW).
e Cosnanue koHTposuiepoB (http://bit.ly/2HKLIWc).

. Co3nmaHue CBOEro KOHTpOJI/Iepa Ha Python
(https://red.ht/2HxC85a).

[lonpo6bHoe  06OCykOmeHMe  KOHTposiepoB  Kubernetes
(http://bit.ly/2ULdC3t).

KoHTposep, OTKPBIBAIOIMIA  OOCTYII K cIy>kb6am
(https://github.com/jenkins-x/exposecontroller).

KonTposaep I1ST Ha0/II0IeHUST 3a ConfigMap
(https://github.com/fabric8io/configmapcontroller).

» Co3gaHue co6cTBeHHbIX KOHTpoJepoB (http://bit.ly/2TYgo9b).

« Co3manme CcoOCTBEHHBIX KOHTpoyiepoB st Kubernetes
(http://bit.ly/2Cs1rS4).

» Kontposuiep Contour Ingress (https://github.com/heptio/contour).

» Koutponnep AppController (https://github.com/Mirantis/k8s-
AppController).

» Ha6op cuMBOJIOB, IOITyCTMMbIX B MeTKax (http://bit.ly/2Q0tdOM).



» Kubectl-Proxy (http://bit.ly/2FgearB).

18 Jlykmia Mapko. Kubernetes B mevicteun. M.: IMK-ITpecc. — IIpumeu. nep.



naea 23. Onepartop

ITatTepn Operator (OnepaTop) — 3TO TOT >Ke maTtepH Controller
(KoHTpoJsiep), HO MCIOJBL3YIOIIUI ONpeleieHUs] HeCTaHOAPTHBIX
pecypcoB (CustomResourceDefinition, CRD) s mnpencTaB/ieHUs
MpaKTUUYECKMUX 3HAHMIT B KOHKPETHOV MpeJMeTHOl 00/acTu B
aJrOPUTMMUECKON ¥ aBTOMaTU3MpOBaHHOI @opme. IlaTTepH
Operator (Omepatop) mo3BoJjisgeT paciiuputTbh nartepH Controller
(KoHTpossiep), onMcaHHbIi B Ipeablaylileii raBe, U odbecrieunBaeT
00JIBIITYIO TMOKOCTD U BhIPa3UTEIbHOCTb.

3apava

B rmaBe 22 «KoHTpomnep» Bbl Vy3Ha/M, KaK pacClIUPUThb
BO3MOXKHOCTM IaTdopmbl Kubernetes mpocTbiM crioco6om 6e3
BHeIpeHUsT B ee peanusaiuio. OgHAKO B HEKOTOPBIX CIy4yasiX
OOBIUHBIX HECTAHJAPTHBIX KOHTPOJJIEPOB HENOCTATOUYHO, IMOTOMY
YTO OHM MOTYT KOHTPOJMPOBATh TOJbKO BHYTpPEHHME pPecypChbl
Kubernetes. IHorma ObIBaeT KejaTeJIbHO [100aBUTb HOBbBIE
nmoHsiTusi B 1aTdopmy Kubernetes, TpebGyooliye BBemeHMs
IOOIIOJTHUTEJIbHBIX MPeaMeTHbIX 00beKTOB. [IOIyCTMM, B KayecTBe
pellieHMsI [JII MOHUTOPMHIa Mbl BbiOpanu Prometheus u xoTum
no6aBuTh ero B Kubernetes yeTko omnpejeneHHbIM 06pa3oM. Boiio
Obl IIPOCTO 3aMeuaTeJbHO, €cJu Obl y Hac WUMEJCS pecypc
Prometheus, omuceiBalomuii KOHQUIypalLuMi0 U BCe JeTalu
pasBepTbIBaHMUSI CpPeACTB MOHUTOPMUHIA, TOHOOHBI OPYrUM
pecypcam Kubernetes. Takske ObIJIO ObI XOPOIIO MMETb PeCypChl,
OMMChIBAIOIIME, KaKMe CIYKObl cjiefyeT OXBaTUTb MOHUTOPUMHIOM
(Harpumep, C ITIOMOIIBIO CeJIeKTOPa METOK).

B TaKUX CUTYaLMSIX MCIIO/Ib3YIOTCS orpeeneHus
HecTaHIApTHBIX pecypcoB (CustomResourceDefinition, CRD). Ouu



1o3BOJISIOT paciupsiTh Kubernetes API, mo6aBiisiss HecTaHIapTHBIE
pecypchl B Kiactep Kubernetes u mucnonb3ysl ux, Kak ecji O6bI OHU
OBUTM BCTPOEHHBIMM pecypcaMiu. HecTraHgapTHbIe pecypchl BMeCTe
c nmattrepHoM Controller (KoHTponaepom) mAjsi yIIpaBJeHUS UMMU
obpasyoT nattepH Operator (OnepaTop).

Cnenyromast nurara (http://bit.ly/2Fjlx1h) [xummu 3enmHCKU
(Jimmy Zelinskie) kak Heib3s Jjyullle OIMNMCbIBAET OCOOEHHOCTHU
rattepHa Operator (Omniepatop):

Omnepatop — 3To KOHTpouiep Kubernetes, 3Haiomuii aBe
npenmeTHbIe o6sacT: Kubernetes 1 Kakyto-To eiie. O6beaMHSS
3HaHMS U3 00eux obJacTeir, OH MOKET aBTOMAaTU3MPOBATh
3a7auy, OOBIUHO TpeOyollye ydacTus oOIlepaTopa-uejloBeKa,
KOTOPBIN IOHMMaeT obe 06/1acTu.

PeweHue

B rnaBe 22 «KoHTposiep» Mbl Y3Ha/IM O BO3MOKHOCTU 3(D(HEKTUBHO
pearupoBaTh Ha M3MeHEHMe COCTOSHMSI pPeCcypcoB, BCTPOEHHBIX B
Kubernetes. Terepb, moHMMass Kak paboTaeT IiepBasi IOJIOBMHA
rartepHa Operator (OrnepaTop), paCCMOTPUM APYIYIO MOJOBUHY —
MpeicTaBjieHNe HeCTaHIApTHBIX pecypcoB B Kubernetes c
ucronb3oBanem CRD.

OnpepeneHns HeCTaHAAPTHbIX pecypcoB

OrnpeneneHus HeCTaHIAPTHbIX pecypcoB
(CustomResourceDefinition, CRD) mno3Boasgi0T [00aBUThL B
Kubernetes BO3MOKHOCTb yIpaBjieHUSI TOHSITUSIMM M3 Hallei
npeaMeTHOI obactu. HecraHmapTHbIe pecypchbl YIIPaBJISIIOTCS Tak
Ke, KaK JIIoOble Ipyrue pecypchl, uepe3 Kubernetes API, u XpaHsSTCS
BO BHYTpPEHHEM XpaHWINLLe Etcd. HcTopuuecku



IpealiecTBeHHMKaMU CRD OBLIU CTOPOHHME pecypchl
ThirdPartyResource.

@dakTHMUeCKM YIOMSIHYTBIM BbIllle CIleHApuii peasn30BaH C
MTOMOIIbI0 HOBBIX HeECTAaHAAPTHBIX pecypcoB B Buje orepaTopa
CoreOS Prometheus, KoTOpbIii obecrneuuBaeT OECIIOBHYIO
mHTerpauuio Prometheus ¢ Kubernetes. B nuctunre 23.1 nmokasaHo
onpenenene CRD Prometheus, rme Takke MOXHO YBUJIETh
OobIIMHCTBO napaMeTpoB CRD.

Jinctnrr 23.1. CustomResourceDefinition

apiVersion: apiextensions.k8s.io/vlbetal
kind: CustomResourceDefinition
metadata:

name: prometheuses.monitoring.coreos.com ©
spec:

group: monitoring.coreos.com

names:

®

kind: Prometheus

plural: prometheuses
scope: Namespaced
version: vl
validation:

openAPIV3Schema:

Q00

O

O Nwms.
@® ['pyrnina API, K KOTOpOI1 IIpMHALJIEXXUT pecypc.

© Bujn, ucnonb3yeMblil Oyt UAEHTUPUKALMU 5K3eMIUISIPOB
3TOTO pecypca.
® I[IpaBuio  uMMeHOBaHMSI  Ojsg  co3maHus  (OpPMbI

MHOKEeCTBEHHOI'0 YICJIa, MCIIOJb3YeTCS /IS ONpenesieHMsT CIIICKa
00bEeKTOB.



© O06sacTh BUAMMOCTM — MOMKET JIM pecypc CcOo3maBaThCsl Ha
ypPOBHE KjacTepa UM TOJIbKO B HEKOTOPOM IIPOCTPAHCTBE MMEH.

O Bepcus CRD.
@ Cxema OpenAPI V3 mjis1 ipoBepkM (371€Ch He IIOKAa3aHa).

Taxke MOsKHO ykaszaTbhb cxemy OpenAPI V3, uto6nsr Kubernetes
MOT IIPOBEPUTh IPABUIBHOCTb OIpeJe/ieHus] HeCTaHIAPTHOTO
pecypca. B mpocThIXx «Iydasix CXemMy MOKHO OITyCTUTb, HO B
MIPOMBIIIIJIEHHOM OKpPYXeHUM 00s13aTe/IbHO CjelyeT OIpeaeanuTh
CXeMy, UYTOObI OIMIMOKM KOH(PUrypalluy MOKHO ObIIO OOHAPYKUTH
Ha CaMOi1 paHHel CTaiuMN.

Taxke Kubernetes mosBosnser ykaszarb B Kaxmom CRD pgBa
BO3MO>XHBIX BJIOKEHHBIX pecypca B 1ojie subresources:

scale

C MOMOIIbI0 3TOr'0 CBOMCTBA MOKHO YKa3aTh, KaK OIpenessieTcs
KOJIMYECTBO PervinK pecypca. B aTom mapameTpe MOKHO yKa3aTh
myTb B ¢opmaTte JSON s IMOMCKa >KejaeMoro KOJau4vecTBa
peIuIMK: MyThb K CBOJCTBY, B KOTOPOM XpaHUTCS (aKTUUecKoe
KOJINYECTBO 3amyIlleHHbIX peIyiMK, M HeoOs3aTelbHbIi MyTh K
CeJIeKTOPY MEeTOK, KOTOPbI1 MOXKHO MCIIO/JIb30BaTh [JISI TMOMCKA
KOMMi1 9K3eMILISIpOB pecypca. OOBIYHO 3TOT CEJIEKTOP METOK
MOXHO He YyKasbiBaTh, HO OH 00s3aTebHO OO/DKEH ObITh
orpeneseH, ewiM  Bbl  XOTUTE  UCIIOJb30BaThb  CBOl
HEeCTaHIAPTHbIM pecypc C MeXaHM3MOM TOPU3OHTAIBLHOI'O
MacHITabMpoBaHMSI 1§(0)i(0): HorizontalPodAutoscaler,
OIMCAHHBIM B I7IaBe 24 «JIacTUUHOE MaCIITa0MpOBaHMEY.

status

[Tocsie yCTAaHOBKYM 3TOr'O CBOMCTBA CTAHOBUTCSI OOCTYIIEH HOBBIN
BbI30B API, 103BOJSIONIMIT M3MEHSITh TOJBKO CTATyC. JTOT



BbI30B APl MOXHO 3alUMTUTh OTHEJbBHO U IO3BOJUTL C €ro
MIOMOIIbI0 OOHOBJISITh CTATyC M3-3a MpefenoB KoHTposuiepa. C
IpPYroit CTOPOHbI, MpU OOHOBJIEHUM pecypca B 1eJIOM pasfen
status UrHoOpupyeTCd TOUYHO TaK JKe, KaK OJjis1 CTaHOAPTHBIX
pecypcoB Kubernetes.

JIucTuHr 23.2 MOKa3bIBAeT, YTO IYTU K BJIOKEHHBIM pecypcam

orrpene/isitoTCsa TOYHO Tak >Ke, KaK B OOBIYHBIX rmogax.
JinctmHr 23.2. Onpepenexune BNoxeHHbIX pecypcoB B CustomResourceDefinition

kind: CustomResourceDefinition

#
spec:
subresources:
status: {}
scale:
specReplicasPath: .spec.replicas O
statusReplicasPath: .status.replicas @
LlabelSelectorPath: .status.labelSelector
©

O [IyTh JSON K kelaeMOMY UMCITY PEIUIMK.
® [IyTb JSON K UMy aKTUBHBIX PEIUINK.
© Ilytp JSON K cesekTOpy MeTOK [jis 3arpoca KOJMYeCcTBa
AKTUBHBIX PEeIInK.
Onpenenns CRD, 1erko MOXXHO CO3[0aTh TaKOM pecypc, Kak B
JIUCTUHTE 23.3.
JiuctnHr 23.3. HectaHaapTHbi pecypc Prometheus
apiVersion: monitoring.coreos.com/vl
kind: Prometheus
metadata:
name: prometheus
spec:
serviceMonitorSelector:



matchLabels:
team: frontend
resources:
requests:
memory: 400Mi

Pasnen metadata: wumeer TOT e d¢dopmaT U IpaBuUia
IIPOBEPKM, UTO U B JI00bIX Hpyrux pecypcax Kubernetes. Pasmen
sSpec: CoIepXXUT HaCTPoiiky, xapakTepHble a1 CRD, 1 Kubernetes
TIpOBepSsieT ero, UCIoJb3ys rnpasuiao n3 CRD.

Cammu 110 cebe HeCTaHAAPTHbIE Pecypchl He MMEIOT OOJbIIOTO
MIPaKTUUYECKOTO  3HaueHusi 0e3  aKTMBHBIX  KOMIIOHEHTOB,
paboTaromux ¢ HuMu. YTobsl cAenaTh UX I0Je3HbIMU, HEOOXOOUM
YK€ M3BECTHBIM HaM KOHTPOJUIEp, HAOIIOMAIOMINIA 32 KM3HEHHBIM
IIMKJIOM STUX PEeCypcoB U [eMCTBYIOIIMIAI B COOTBETCTBUU C
00BSIBJIEHUSIMU B HUX.

Knaccudukaumsa KoHTponnepos u onepaumi

[lpexkme uveM VYINIyOUTbCS B peanmusanuio nartepHa Operator
(OnepaTtop), IO3HAKOMMMCS II00MIDKe C  Kiaccudukaimein
KOHTpPOJIIeEpOB, orepaTopoB U ocobeHHo CRD. OcHoBbIBasich Ha
IeiCcTBUSIX, OTlepaTopbl MOXKXHO pa30UTh Ha cledylolye OOlIMpHbIe
TPYIIIIbL:

CRD 0na ycmaHoeku

[IpegHasHauveHbl i1 YCTAHOBKM M 3allyCka NPUIOKEHMIA Ha
mat@opme Kubernetes. TunmuHbiM npumepoM siBisieTcsi CRD
Prometheus, KOTOpPbIiI MOXXHO MCIIOJIb30BaTh [IJIsI YCTAHOBKU U
yrpaByienus Prometheus.



IIpuknadnsie CRD

CRD »aTOro turia MCIoab3yrOTCSI IJISI MpPeacTaBIeHUsT MOHSITUM
IpeIMeTHOI 00671aCTM M 00ecreunBaloT MTyOOKYI0 MHTerpaluio
npwioxkennii ¢ Kubernetes, rmomorass o6beAVMHUTDL IIOBeIEHME
Kubernetes ¢ nmnoBemeHMeM KOHKPETHOTO  IIPUJIOKEHMS.
Hampumep, ServiceMonitor CRD wucmonb3yeTcsi OIepaToOpoM
Prometheus mjis1 perucrpauyum ompeneleHHbIX CIyXO Service B
Kubernetes ¢ 1menbio HabmomeHusi 3a cepsepom Prometheus.
Omnepatop Prometheus 3a60TUTCSI 0 COOTBETCTBYIOIIEIA
ajanTauyuy KoHdurypaiumu ceppepa Prometheus.

O6patute BHMMaHue, uTo oneparop MOXeT
OAHOBpPEMEHHO paboTaTb C pasHbiMu TMNamm CRD, kak onepartop
Prometheus B pgaHHOM cny4vae. [paHuUa Mexay 3TUMM OBYMS
kateropussmu CRD BecbMa ycnoBHa.

B Hameli kinaccudukainuy natrrepHoB Controller (KoHTponnep) u

Operator (OmepaTop) ormepatop aensemcsal KOHTPOJIJIEPOM,

KOTOPBIN UCIIO/Ib3YyeT OlpeAe/ieHus] HeCTaHOapTHBIX pecypcoB CRD.
OOHAKO 3TO OT/IMYME TOXKEe HeCKOJIbKO PasMbITO M3-3a UMEIOIIUXCS
Bapualvin.

[IpymepoM MOXKET CIYKUTb KOHTPOJUIEpP, WCIIOIb3YIOLIMIT
ConfigMap kak cBoeobpasHyio 3aMeHy CRD. JToT moaxon mMmeer
CMBICJI MCIOJIb30BaTh B C/Iy4asiX, KOTJAa BCTPOEHHBLIX pPeCypCcOB
Kubernetes HegocTaTouHO, a co3gaHyue cBoero CRD HeBo3MOsKHO. B
TakoM ciaydae ConfigMap MokeT  CIYKUTh  OTVIMYHBIM
IIPOMEXYTOYHBIM  3BE€HOM, MHKAIICYJIUPYIOIUM [pegMeTHYIO
noruky. I[Ipu ucnonbzoBanuu rmpoctoro ConfigMap He HY>KHO MMeTb
MpaBa aJMMHMCTpATOpa KjIacTepa, Heo6XoAMMble IJIs perucTpaLn



CRD, u 3To 60jbllIOe IIPeMMYVIeCTBO. B HEKOTOPBIX KjacTepax
IPOCTO HET BO3MOXHOCTMU 3aperucrtpupoBaTtb Takoit CRD
(Hampumep, B OOIIEOOCTYIIHBIX KjacTepax, Takux Kak OpenShift
Online).

3ameHusB omnpeneyneHre CRD kaptoii koHburypammumu ConfigMap
C TMpeaMeTHbIMM HACTPOMKaMM, MOKHO MCIIOJb30BaTh IOOXO[,
Habnwoodenue — AHanu3 — [lelicmeue, HO IIpyU 3TOM Bbl JIUIIUTECH
nogmepskku MHCTpyMeHTOB it CRD, takmx Kak kubectl get,
BO3MOXHOCTM TIpOBepkM Ha ypoBHe API Server u mnonamepsKku
yripasiaeHus Bepcusamu API. Kpome TOro, Bbl He CMOXeTe OKa3aTb
OOJIBIIIOTO BJAMSIHMSI Ha MOZeIMpoOBaHMe TIIojas status: B
ConfigMap, Torga kak B CRD MOXHO ompeneauTb CBOIO MOJEeIb
CTaTyCa, KaKylo MoskeJiaerTe.

Eme ogHo npeumytiectBo CRD — Hanuume rmoapoOHO Moaean
paspeliieHuit, OCHOBaHHOM HA Turne CRD, KOTOpyld MOXHO
HaCTpaMBaTh MHIOMBUAyAJIbHO. OJTOT Bupg 3ammTbl  RBAC
HEBO3MOKEH, KOraa BCs IpeaMeTHasi KOHQUrypaiusl 3akjaluyeHa B
ConfigMap, nmotomy uto Bce ConfigMap B IpoCTpaHCTBe MMeH
MMEIOT OAVHAKOBYIO HACTPOIKY pa3pelleHnn’.

C TOUYKM 3peHUs] peaiM3aluy BayKHO, YTO MMEHHO pean3yeTcs
— KOHTpPOJIJIEP, OTPaHUYEHHBI MCIOJIb30BAHMEM BCTPOEHHBIMM
oobexkTamu Kubernetes, 1amu y Hac ecTb HeCTaHIAPTHbIE PeCypChl,
KOTOPBIMM KOHTPOJIJIEP OOJDKEH YIIPABJ/ISITh. B mepBom ciiyyae y Hac
Ha BBIOOP €CTb BCe TUIIbI, TOCTYIIHbIE B KJIMEHTCKOJ OMOIMOTEKE
Kubernetes. Bo BTopom ciydae y HaC HeT IOTOBOI MHGOpMAaIIUM O
TUIIAX M Mbl MOXXEM MCIIOJb30BaTh IOAXOA K YIIPaBJIE€HUIO
pecypcamyu CRD 6e3 uCIIOIb30BaHMSI CXEMbl WIM IOJIKHBI CaMM
ornpenejnuTb TWUIIbI, BO3MOXHO, Ha OCHOBe cxembl OpenAPI,
comepskanieics B onpenenenuu CRD. IToaggepskka TUMNIM3UPOBAHHBIX
CRD 3aBUCUT OT MCIIOJb3yeMOJ KIMEHTCKOI OuOIMOTEeKU U

MHPPACTPYKTYPBI.



Ha puc. 23.1 mnokasaHa KiaaccupuKauyus KOHTPOJJIEPOB U
orepaToOpOB, HAUMHAs C IIPOCTHIX CIIOCOOOB OIpeeeHNs] peCcypcoB
M 3aKaHuYMBas CJIOXKHBIMM, TIIpM OSTOM TpaHUIIA MEXIY
KOHTpOJ/JIEpaMM M oIlepaTopaMy  IPOBOAUTCS IO  (akTy
MCITOJIb30BAHMS HEeCTaHAAPTHBIX PeCYpPCOB.

I1s1 oriepaTopoB B Kubernetes cyliiecTBYIOT TOUKM pacIiypeHMs
c eme OoJjiee MIMPOKMMM BO3MOXHOCTSIMU. Korma ompeneneHmii
CRD, ymnpasisiembix Kubernetes, oka3piBaeTcsi HeAOCTAaTOUYHO IJISI
Mpe/icTaB/JeHUs] MpeaMeTHOV 007acTy, MOXHO pacIIMpPUTh
Kubernetes API co6cTBeHHBIM CJIOeM arperMpoBaHusi. Mbl MOXXeM
no6aBuTh pecypc APIService ¢ coGCTBEHHOJ peanmsaliueii Kak
HoBbII1 URL-1yTh K Kubernetes API.

Habniopaembie cobbimua KoxTponnep

>
APl server € =

KomnoHeHTbl y3na Ynpagnaror
(kubelet, kube-proxy, ...) MpunoxeHus

Puc. 23.1. CnekTp KOHTPONNEPOB U ONEPATOPOB

UTo6bl MOAKIKYUTL JAHHYIO CIOyKO0y Service ¢ 1MMeHeM
custom-api-server s NoAAepsKKM Mojda C Balleil cIy>k00ii, Bbl
MOJKeTe UCIIOJIb30BaThb pecypc, IpeCcTaBJIeHHbIN B JUCTUHTE 23.4.

Jiucturr 23.4. Cnon arpernpoBaHms ¢ HeCTaHAapTHbIM pecypcom APIService
apiVersion: apiregistration.k8s.io/vlbetal
kind: APIService
metadata:

name: vlalphal.sample-api.k8spatterns.io
spec:



group: sample-api.k8spattterns.io
service:

name: custom-api-server
version: vlalphal

Kpome ompenenenuii ciayk0bl Service u mopa, HeOOXOAMMbI
TaKKe HEKOTOPbIE JIOTOJTHUTEIbHbIE HACTPOMKM 6€30IaCHOCTU IS
yUeTHOI1 3amucy ServiceAccount, o, KOTOPOit 6yIeT BbITTOTHITHCS
IO/,

[Tocse yCcTaHOBKM 3TOW HACTpPOVKM Bce 3ampochkl K API Server
(https://<ip-aapec cepsepa API>/apis/sample-
api.k8spatterns.io/vlalphal/namespaces/<ns> /...)
OyIyT HAIIpaBJISITbCS B peaau3alMio Hallei cIykobl Service. OTa
peanusanus [OO/DKHA o00OpabaThiBaTh BCe 3allpoChl, BKJIOYAsI
COXpaHeHMe peCcypCcoB, yIIpaBiaseMbIx uepe3 3TOT API. DTOT moaxon,
OTJIMYAETCS OT IpeabIayIero cayyas ucroiab3doBanuss CRD, roe Bce
yIIpaBJieH/e HeCTaHAAPTHbIMM pecypcaMM OCYILeCTBJISIETCSI CaMOii
maTdopmoii Kubernetes.

B nuie cobcrBeHHOM peanm3anuy API Server BbI IojrydyaeTe
ropasfio 60Jibliie CBOOObI, UTO ITI03BOJISIET HE TOJIbKO HA0/II0aTh 34
COOBITUSIMM XM3HEHHOI'O 1IMKIa pecypca. C Apyroi CTOPOHbI, 3TOT
TIOJIXO0I, TPeOYyeT peasn30BaTh ropas3no 00JibIlle JOTMKM, TIO3TOMY B
TUIIMYHBIX CAyYasX MCIOJb30BAHMUSI OOBIYHO OI'PAHMUMBAIOTCS
oriepaTopamMu, paboramiyumu ¢ mpoctbiMu CRD.

[Tompo6HOe ucciiegoBaHue Bo3MokHOCTelt API Server BbIXOAUT
3a paMKM 3TOJ rnaBbl. bosee nmonHyio MHOpMalMio Bbl HaliieTe B
obuimanpbHoii  gmokymeHtanuu  (http://bit.ly/2uk7TWM) u B
3aKOHUYEHHOM rpuMepe sample-apiserver
(http://bit.ly/2HJULSy). Taxke MOKeTe MCIIOJb30BaTh OMOIMOTEKY
apiserver-builder (http://bit.ly/2JIhHELl), KoTopas I1OMOKeT
BaM peayin30BaTh arperupoBanue ¢ API Server.



A Temepp TIIOCMOTPUM, KaK peaan3oBaTb U pPa3BepPHYTh
oreparop, YIIPaBJISTIOI U HaLIMMU cOGCTBEHHBIMM
orpenenenusimu CRD.

PaspaboTtka u pa3BepTbiBaHMe onepartopa

Ha wmomeHT HamucaHus 3Tux cTpok (2019 r1.) paspaboTka
orepaToOpoB  SIBJsIaCh aKTMBHO pasBMUBalolleiics 00J1acTbhio
Kubernetes 1 1MMeioCh HECKOJIBKO MHCTPYMEHTOB U (ppeiiMBOPKOB
IJTST CO3aHMS OIepaToOpoB. BOT Tpu OCHOBHBIX U3 HUX:

» CoreOS Operator Framework;

e Kubebuilder, paspaboranusiii HenocpenctBeHHO B SIG API
Machinery Kubernetes;

» Metacontroller n3 Google Cloud Platform.

MbI KpaTKO KOCHEMCS MX [ajee, HO IIOMHMUTE, UTO BCE 3TU
IIPOEKThI AOBOJBHO MOJIOALI M MOTYT CO BPEMEHEM M3MEHUTbCS
WU Jaske 00beOIVHUTHCS.

Operator Framework

Operator Framework mpepjaraer OOLIMPHYIO  ITOAIEPKKY
paspaboTku omepaTopoB Ha Golang M COCTOUT U3 CAeAyIOIINUX
KOMIIOHEHTOB

e Operator SDK rnipenjiaraet API BbICOKOTO YPOBHS IJIsI HOCTYIIA K
Kiactepy Kubernetes u ympomjaeT co3maHue — IPOeKTa
orieparopa.

e Operator Lifecycle Manager ympaBJisieT BbIITYyCKOM M OOHOBJISIET
ornepaTophbl 1 ux onpenenerus CRD. Ero MoskHO paccmaTpuBaTh



KaK CBOe0Opa3HbIil «OIepaTop OepaTopoB».

o Operator Metering yIpolaeT pnobaBjieHMe B OMepaTOpbl
TIOJIIEP’KKU OTUYETOB.

Mbl He Oymem 3mech BHaaBaTbcsa B getanu Operator SDK,
KOTOPBII MPOAO/KaeT aKTMBHO Pas3sBUMBATbCSI, M OCTAHOBMMCS Ha
mHcTpymeHTe Operator Lifecycle Manager (OLM), mpepjiaramiiemM
0cOOEeHHO IIeHHYIO0 MTOMOIIb ITPY pa3paboTKe orepaTopoB. OgHa u3
1po6jeM, CBsI3aHHBIX ¢ pecypcamu CRD, 3ak/oyaeTcss B TOM, UTO
MX MOXHO 3aperucTpMpoBaTh TOJbKO Ha YPOBHe KjacTepa, IJisl

yero HeoOXOAMMBbI IIPUBUJIETUM aIMUHUCTPATOpPA KnaCTepaE.
OO6bruHbIe TMOJIb30BaTean Kubernetes yacTto MMeIOT BO3MOSKHOCTD
VIIpaBJISITh BCEMMU acIleKTaMM ITPOCTPAHCTB MMEH, K KOTOPbIM UM
IIpeiOCTaBjieH [OCTYI, HO He MOIYT IIPOCTO MCIIOJb30BaTh
orepaTopsl 6e3 B3aMMOIeCTBYS C aAMUHUCTPATOPOM KJIacTepa.

OLM — »39To KJacTepHasl CJIykba, AeiicTBywoouiass B (OHOBOM
pexuMe C IPUBWIETUSIMU, paspemiaroiiumu ycTtaHoBky CRD.
Bmectre ¢ OLM perucrpupyetrcs BbigeneHHbIt pecypc CRD,
Ha3biBaeMblli  ClusterServiceVersion (CSV), mo3BosIOmMIiA
omnpenenuTb pasBepTtbiBaHMe Deployment a1 omepaTopa co
cceikamyu Ha CRD, cBsi3aHHble ¢ 3TUM omnepatopoM. Ilocie
co3maHus Takoro pecypca CSV omHa yacte OLM xpeT peructpanmum
ero u Bcex 3aBucuMbiXx CRD. B stom caryyae OLM pa3BepTbhiBaer
orepatop, YykasaHHblii B CSV. [pyrag uvacte OLM moxer
UCIIONIb30BaTbCcsl st peructpauuu 3tux CRD ot uMmeHn
HEIMPUBWJIETMPOBAHHOTO I10/Ib30BaTe/sI. DTOT IOAXOM IT03BOJISIET
OOBIYHBIM  TOJIb30BATENSIM  KjacTepa YCTaHaBJAMBaTb CBOMU
OIepaToph.l.

Kubebuilder



Kubebuilder — sto npoekTt rpymmnbl SIG API Machinery ¢ o61imupHoii

,ZLOKyMeHTaumeﬁu. [Tomo6oHo Operator SDK, oH mnopgepskuBaeT
co3gaHue mpoekToB Ha Golang u ynpasieHue HeckoabkuMu CRD B
OIHOM IIPOEKTe.

B ominume ot Operator Framework, Kubebuilder pa6oraer
Hanpsimyio ¢ Kubernetes API, Torma kak Operator SDK mobasisier
IOIIOJIHUTEJIbHBIN CJIOi abCTpakiiuy IoBepX cTaHmapTHoro API,
YTO YIIPOIIAeT ero MCII0/JIb30BaHMe (HO LIeHOM yTPaTbl HEKOTOPBIX
BO3MOXKHOCTEMN).

IMogmep>kka YCTAaHOBKM UM YIpaBJe€HUS] >XMU3HEHHBIM IIMKJIOM
oIiepaTopa He Tak cjioxkHa, Kak B OLM n3 Operator Framework. Tem
He MeHee 00a ITPOeKTa BO MHOTOM COBIIAJAIOT ¥ B KOHEYHOM UTOTE
MOT'YT IPUIITH K 001lIeMy 3HaMeHaTeJo.

Metacontroller

Metacontroller cuibHO OT/IMYaeTCs OT ABYX APYIMX MHCTPYMEHTOB
paspaboTku omeparopoB. Ou pacmupsier Kubernetes API cBoumu
GYHKUMSIMY, peaM3yIoIIMMK 00Iye BO3MOXHOCTY CO3JaHMS
II0JIb30BATE/NbCKMUX KOHTpojaepoB. OH HeicTByeT I0JI00HO
nucrietuepy Kubernetes Controller Manager, 3amyckasi HeCKOJIbKO
KOHTPOJIJIEPOB, KOTOPbIE OIPeHe/IsIIOTCS IMHAMUYECKM C TIOMOIIbIO
ocobbix pecypcoB CRD, mommepskuBaembix Metacontroller. MHaue
TOBOpSI, 9TO KOHTpPO/UIEP, KOTOPbIA BbI3bIBAET CIYKOY C
aKkTUIeCcKOI TOTMKOI KOHTpOJIIepa.

Omucatp Metacontroller MOXKHO TakXke C€ TOYKM 3peHUS
nekjmapatuBHoro noseneHus. Pecypcet CRD paroT BO3MOXKHOCTh
XpaHuUTb HOBble Tumnbl B Kubernetes API, a Metacontroller
I03BOJISIET JIETKO ONpeneysiTh IOBeJeHMe CTaHOAPTHBIX WIU
T110J1b30BaTEIbCKMUX PECYPCOB OEKIapaTUBHO.

Ompepgensis  KOHTpo/ulep c Tiomolnbio Metacontroller, MbI
OO/KHBI yKa3aThb (YHKIMIO, KOTOpasi peannsyeT OM3HEC-IOTUKY



Hallero KoHTpoJsaepa. Metacontroller 6epeT Ha ce6st Bce XJIOIMOThI
no B3auMmogelictBuio ¢ Kubernetes API, 3amyckaeT LMK
COIJIaCOBaHMSI OT HAIller0 MMEHM M BbI3bIBaeT Hally (QYHKIINIO
yepe3 3aJaHHYI0 TOYKYy BXxoga. @OYHKUMM TepelaeTcs YeTKO
oIpee/ieHHbII Hab0p JaHHBIX, onychiBalomuii coopiTe CRD. Tak
Kak (yHKUMS OO/KHA BO3BpalllaTh 3HAadyeHMe, Mbl BO3Bpalllaem
omnpeneneHue pecypcoB Kubernetes, KoTopeie TpebyeTcs cO31aTh
(WK yOAIUTh) OT MMEHM Halllei (yHKIMMY KOHTPOoJIIepa.

Takoit crocob, OCHOBAHHbBIN Ha [eJerMpoBaHUM, II03BOJISIET
nmucaTh (QYHKIMM Ha J11000M $I3bIKe, CIIOCOOHOM 00pabaThiBaTh
HTTP u JSON, 6e3 Bcakux 3aBucumocteil or Kubernetes API min
KJIMEHTCKUX OMOMOTeK. DTU (PYHKLIMM MOXKHO pa3BepPThIBATh B
Kubernetes, Ha cTopoHe BHellHMX IocTtaBuiukoB FaaS (Functions-
as-a-Service — QyHKIIMSI KaK yCIyra) WIM Te-To elle.

3mech y Hac HeET BO3MOSKHOCTM TMOAPOOHO pacCMOTPETh Bce
BapMaHTbl, HO eCJIM BaM TpebyeTcs Juillb AOIMOJHUTb Kubernetes
MPOCTBIMU CpeACTBaMM aBTOMAaTMU3aLMM WIM YIIPABJIEHUS U He
HY>KHbI JTOTIOJIHUTE/IbHbIe (YHKIIMM, OOpaTUTe BHMMAaHMe Ha
Metacontroller, oco6eHHO ecau Bbl XOTUTE peayn30BaTh CBOIO
O0M3HeC-JTOTUKY Ha sI3bike, OTANYHOM OT Go. B MHTepHeTe MOXKHO
HAlTU TIPUMEPbI KOHTPOJLJIEPOB, KOTOpPble OeMOHCTPUPYIOT, KaK
peanun30oBaTh CITY3KOY C COCTOSIHMEM, CUHe-3eJIeHOoe
pasBepThiBaHMe, MHIAEKCUpPyeMoOe 3aJaHue U CIYKOy-OIMHOUKY
TOJIBKO C Mcrosb3oBaHueM Metacontroller.

Mpumep

PaccMOTpMM KOHKpPETHbBIN IpuMep peannsauyuu narrepHa Operator
(Onieparop). 3mecb MblI pacliMpUM [OpuUMep U3 IJIaBbl 22
«Kontponnep» u onpenenum CRD tuma ConfigWatcher. dx3emmsp
storo CRD omnpepenser ccbuiky Ha pecypc ConfigMap pis
HabJII0AeHNsT U TO, KaKue MO/Ibl JOJIKHBI Iepe3amnyCcKaThCs Py ero
M3MeHeHMM. Tako¥ IMOAXO[ IMOMOraeT YCTPAaHUTh 3aBUCUMOCTb OT



ConfigMap B mopax, Tak KakK HaM He HY)XHO M3MeHSITb CaMu
pecypcbl ConfigMap 1 106aBaSITh B HUX aHHOTAIMM, OTBevaloliyue
3@ 3amyck JIoTMKU. Kpome TOro, B VIIPOIIEHHOM [puMepe
KOHTpPOJZIepa, OCHOBAaHHOI'O HA AaHHOTALMIX, Mbl MOXeEM
noakaounuth ConfigMap TOMBKO K omHOMY mOpuiaokeHuno. C
ucronb3zoBaneM CRD BO3MOXHBI ITpOM3BOIbHbIE KOMOVHAIIUY U3
pecypcoB ConfigMap u nozioB.

B nuctuHre 23.5 1OKa3aHO, KaK BBIIISAUT  pecypc

ConfigWatcher.
Juctuur 23.5. Mpocton pecypc ConfigWatcher

kind: ConfigWatcher
apiVersion: k8spatterns.io/vl

metadata:
name: webapp-config-watcher
spec:
configMap: webapp-config O
podSelector: (2
app: webapp

© Ccouika Ha ConfigMap nj1a Hab/II0IeHMSI.

® CejleKTOp METOK [IJIs1 BbIOOpa Mepe3alryckaeMbIX ITO/I0B.

B stom ompepenennu atpubyT configMap ccelaeTcs Ha MMS
ConfigMap, 3a KOTOpbIM BemeTcsi  HaOmomeHue. Ilose
podSelector — 3TO KOJUIEKLMS METOK M MX 3HAUeHMI1, KOTOpbIe
UIeHTUOULIMPYIOT IIepe3alryckaeMble IMOAbI.

B nucTtuHre 23.6 1okasaHo OIlpelesieHne TUla 3TOro pecypca B
Buae CRD.

Juctuur 23.6. ConfigWatcher CRD
apiVersion: apiextensions.k8s.io/vlbetal
kind: CustomResourceDefinition
metadata:



name: configwatchers.k8spatterns.io

spec:
scope: Namespaced (1
group: k8spatterns.io (2
version: vl ©
names:
kind: ConfigWatcher 4
singular: configwatcher (S
plural: configwatchers
validation:
openAPIV3Schema: (6
properties:
spec:
properties:
configMap:
type: string
description: "Name of the
ConfigMap"
podSelector:
type: object
description: '"Label selector for
Pods"

additionalProperties:
type: string

© CBsI13aHO C IIPOCTPAHCTBOM MMEH.
® BrinenenHas rpynmna APIL.

© HauvasibHas Bepcus.

® VuukanbHbI Tl 3TOro CRD.

© MeTku pecypcoB [JisI  UCIIOJNb30BAaHUSA C  TaKUMU
MHCTPYMeHTaMMI, Kak kubectl.



O Cxema OpenAPI V3 mjst storo CRD.

YroObl HAlll OIlepaTop MOT YIIPaB/ISITh pecypcamy 3TOrO TUIIA,
HeoOXOOMMO TIIPMBSI3aTh YUeTHYI0 3amuch ServiceAccount c
COOTBETCTBYWOIIVMMM pa3pelieHMsIMU I pa3BepThIBaAHUS Halllero
ornepatopa. C 3ToJi 11e/ibl0 ONpeJie/iMM BblJieJIeHHYI0 pojib Role, Kak
I0Ka3aHO B JIMCTUHre 23.7, KOTOPYIO TMIO3Ke WCII0JIb3yeM B
RoleBinding njis ee mpuBsi3ku K ServiceAccount.

Jiuctmur 23.7. Onpepenenne ponu Role, oTKpbiBatoLWwen 4oCTyn K pecypcy
apiVersion: rbac.authorization.k8s.io/vl

kind: Role

metadata:

name: config-watcher-crd
rules:
- apiGroups:

- k8spatterns.io

resources:

- configwatchers

- configwatchers/finalizers

verbs: [ get, Llist, create, update, delete,
deletecollection,

watch ]

O6bsBuB Bce 3T CRD, MOXHO ompemenuTb Pecypchl, Kak
II0Ka3aHo B JIMCTUHTe 23.5.

Yro6bl MpMUIATh 3TUM pecypcamM IPaKTUYECKYI0 II€HHOCTD,
HY;KHO peajiM30BaThb KOHTPOJUIEP, KOTOPbI OymeT HabIo0maTh 3a
yKa3aHHbIMM B HUX pecypcamy ConfigMap u mepesaryckaTh I10/ibl
IIPU UX U3MEHEHUM.

MbI BO3bMEM 3a OCHOBY ClLieHapuii KOHTpPoOJIJiepa M3 JIMCTUHTA
22.2 ¥ USMEHUM IIMKJI 00pabOTKM COOBITHIA.



Hab6nmogas 3a usMmeHeHnusimu B ConfigMap, BMecTO HpoBepKU
KOHKPEeTHO} aHHOTalluM Mbl OyIem 3ampaliiMBaTbh BCe pecypcChbl
turia ConfigWatcher u mnpoBepsiTh, yKaszaH JM MU3MEHUBIIUICS
ConfigMap B atpubyrte configMap:. B nuctunre 23.8 mokasaH
TOJbKO LMKJI cornacoBaHusi. I[IoMHBIN TIpMMep BbI HalimeTe B
perntosutopun Git, rae Takske MMEIOTCS MOAPOOHbIE MHCTPYKILIMA TI0

YCTaHOBKe 3TOro oriepaTtopa.
Jivctunr 23.8. Uukn cornacosaHus B koHTponnepe WatchConfig

curl -Ns $base/api/vl/${ns}/configmaps?
watch=true | \ (1

while read -r event

do

type=$(echo "$event" | jg -r '.type')

if [ $type = "MODIFIED" 1;
then (2]

watch_url="$base/apis/k8spatterns.io/v1/${n
s}/configwatchers”
config map=$(echo "$event" | Jjg -r
'.object.metadata.name')

watcher list=$(curl -s $watch url | jg -r
'.items[]') ©

watchers=$%$(echo $watcher list |
\ 4
jg -r "select(.spec.configMap ==
\"$config map\") |
.metadata.name'")



for watcher in watchers;
do (5)

label selector=$(extract label selector
$watcher)
delete pods with _selector
"$label selector"
done
fi
done

© 3amyck IoToKa cOObITUI Ijis1 HAOMI0JeHNUsT 32 U3MEeHEeHUSIMU
B ConfigMap B 3aJaHHOM ITPOCTPAHCTBE MMEH.

@® IIpoBepsiTh TONbKO coObITHSI MODIFIED.

©® IlomyunTh CIMCOK BCEX YCTAHOBJEHHBIX PeCypcoB
ConfigWatcher.

® li3Bneub cmmcok Bcex aneMmeHToB  ConfigWatcher,
cchlaoInMxcs Ha gaHHbi ConfigMap.

© [Ins xaxnmoro HaigenHoro ConfigWatcher ocTaHOBUTH
yKa3aHHble ITIOJbl uepe3 cenekTop. Jlormka ajsa dopmupoBaHUS
CceJieKTOpa METOK, a TakKXe OCTAaHOBKM IIOZOB 34eChb OIIyIleHa.
[TonHyro peanusauui Bbl Haigere B peno3utopun Git ¢
TIpUMepamu.

DTOT KOHTPOJIJIEP MOKHO IIPOTECTUPOBATH C TEM >Ke MPUMEpPOM
BeO-TIpUIoXKeHMs B HalleM perno3uTopun Git, YTo 1 KOHTpOJIIEp U3
riiaBbl 22 «KoHTposuiep». EOMHCTBEHHOE ero OT/iuyMe B TOM, YTO
30eCh i HaCTPOMKU TIPUJIOKEHUS UCIIO/Ib3YeTCs
HeaHHOTHpoBaHHbIN ConfigMap.

Ham omepaTop Ha OCHOBe CIieHapMs KOMAaHIHOM 000JIOUKMU
TIOJIYUMJICST AOCTATOYHO (PYHKIMOHAJbHBIM, HO TaKKe OUYEBUIHO,
YTO OH MO-TIPEeXHEMY ITOBOJBHO IIPOCT M He IIpeayCMaTpUBAET
00pabOTKy KpalHMUX ciaydaeB wiM OIIMOOK. IIpu >kejaHUM BbI



CMOXeTe  HalTM  elle MHOTO  MHTepeCHbIX IIPUMEPOB
IIPOMBIIIJIEHHOT'O YPOBHSI.

B cnincke Awesome Operators (http://bit.ly/2Ucjs0)) BbI HaligeTe
MHOEeCTBO [OEeMCTBYIOIUX OIepaTOpPOB, KOTOPble OCHOBAaHbLI Ha
uaesx, OMMCAHHBIX B 3TOM I1aBe. Mbl yKe BUIea, Kak OIepaTop
Prometheus moxeT ymopaBiasaTh 3K3eMiuiipamu Prometheus.
Ipyroii mpumep oreparopa, HanuMcaHHOTo Ha Golang, Ha3bIBaeTCs
Etcd Operator u mpenHasHaueH 4151 yIIpaBJIeHUsT XpaHWUIUIIEM I1ap
K/JII0U/3HaueHre M aBTOMAaTU3aLUMM TaKUX 3a[ady, KaK pe3epBHOe
KOIIMPOBaHMe ¥ BOCCTAHOBJIEHME 6a3bl JaHHBIX.

Ecnu BbI uimeTe oreparop, HaIlMCaHHBIA Ha Java, oOpaTute
BHUMaHMe Ha Strimzi Operator, KOTOPBI MMOCTYKUT BaM OTIMYHBIM
MIpMMEpPOM OflepaTopa, YIpaBJIsIIoLIero CI0XKHON cucTeMolt o6MeHa
coobnrenussmu B Kubernetes, Takoit kak Apache Kafka. Emnre ogHum
MHTEpPeCHbIM MHCTPYMEHTOM ISl pa3paboTKM OIlepaTOpoB Ha Java
sBasietcst JVM Operator Toolkit, KOTOpblii obecrieuBaeT OCHOBY
U1 CO3OaHMS OIlepaTOpPOB Ha Java U ApYyrux s3bvikax JVM, Takux
Kak Groovy u Kotlin, a Takske cogep>XuT Habop MpuMepoB.

MosicHeHUe

MbI yBUIE€/IM, KaK MOXHO pacIIMPUTh BO3MOXKHOCTU IIJIaT(MOPMBI
Kubernetes, HO uMeliTe B BUIy, UTO OIIEpaTOpPbl He SIBJSIOTCS
YHMBEpCaJbHbIM pellleHMeM Ha BCe ciayuyau XusHu. I[Ipexkme uem
MIPUCTYTIATh K CO3JIaHMIO CBOETO OllepaTopa, BHMMATE/IbHO U3YyUUTe
CBOI1 cy4aii, YTOObI ONpeie/INTh, COOTBETCTBYET JIM OH Mapagurme
Kubernetes.

Bo MHOruMx (Iy4yasgx BIIOJIHE JOCTaTOYHO OOBIYHOTO
KOHTpoOJiepa, paboTawllero Cco CTaHJApPTHBIMM pecypcamm.
[IpeumyIileCTBO 3TOTO MOAXOJA 3aK/JI0YaeTcsi B TOM, UTO OH He
TpebyeT ITOJTHOMOYMIT aAMMUHUCTpAaTOpa KaacTepa [jisl perucTpaium



CRD, HO OH MMeeT TaKkKe CBOM OrpaHUYeHMsI, KOT[la peub 3aXOOUT O
0e30I1aCHOCTY MUJIU ITPOBEPKE.

OnepaTopbl  XOpOLIO  MOAXONAT  OJISI  MOJeJIMPOBAHMS
TIpeMEeTHOJ JIOTUKM, COUeTaIoNIelics ¢ JeKIapaTUBHbIM CII0COO0M
06paboTky pecypcoB B Kubernetes 1 1CIonb30BaHeM peaKTUBHbBIX
KOHTPOJIJIEPOB.

B wactHOCTH, ontepaTopbl 1 CRD Xopolio MogxonsaT B 1000 u3
CIenyounX CUTyalmit, Koraa:

e TpebyeTcs TecHass  MHTerpaums C  CyIIeCTBYIOIIMMU
mHcTpymeHTamu Kubernetes, Takumu kak kubectl;

¢ JIPOEKT HaAXOOUTCA Ha CTapTe€ M Bbl MOXXeETE CIIPOEKTUMPOBATD
IMpUIOXeHMe C HYJId;

e QueBMIHA BbIroga OT KoHuemiuii Kubernetes, Takux Kak myTu
pecypcoB, rpymibl API, Bepcunt API 1 ocobeHHO MpOCTpaHCTBa
VIMEH;

e HeoOxoAMMa XOpoIllasi KJIMEeHTCKas MoAAepskKKa IJjisi JOCTyIla K
API ¢ uvacamu, ayreHTHU(}MUKAalLMel, aBTOpM3alyeili Ha OCHOBeE
poJieil U cejieKToOpaMy MeTaJaHHbIX.

Ecimu Baul 1moJjib30BaTebCKUI CLeHAPUil COOTBETCTBYET 3TUM
KpUTEpUsIM, HO Hy)KHa Oosblliagd TUOKOCTH B TOM, Kak
MOJIb30BATe/NbCKME pecypcbl MOTYT ObITh peajiM30BaHbl U
COXpaHeHbl, ITogymaiiTe 00 MCMIO0/Jb30BAaHUM T0JIb30BATEIbCKOTO
cepepa API. IIpy >5TOM He CTOUT pacCMaTpUBATb TOUYKU
pacimiupenust Kubernetes B KauecTBe IaHalleMn.

Ecnu Balll ciyJan VICIIOJIb30BaHMS He SIBJISIETCS
IeKJIapaTUBHBIM, €C/IM IaHHbIe 1S YIIPaBJeHUS He TOAXOOAT MJIs
Mmonenu pecypcoB Kubernetes wuam BamM He Hy)XHa TecCHas
MHTerpamus B ImaaTgopmy, BepOsITHO, JyUllle BCero HalmcaTb CBOJ



aBTOHOMHbIN API 1 ory0/1MKOBaTh €ro C IIOMOIIbI0 KJIaCCUYeCKOro
obbekTa Service win Ingress.

B  pokymenrtauuu Kubernetes Takke ecThb [IJlaBa C
IpeajoKeHMsIMM 10 MCIIOJb30BAaHUIO KOHTpPOJIIEpa, OIllepaTropa,
arperanuy API nnu rmonb3oBaTteibCcKoi peanmsannum API.

HdononHutenbHaa uHpopmaums
e Operator Example (http://bit.ly/2HVfIkV).
o OpetMmBOpK oriepaTtopa (http://bit.ly/2CKLYN1).
e OpenAPI V3 (http://bit.ly/2Tluk82).
» Kubebuilder (http://bit.ly/218w9mz).
« Knuentckue 6ubanoreku Kubernetes (http://bit.ly/2Sh1XYk).
» Metacontroller (https://metacontroller.app/).
» JVM Operator Toolkit (https://github.com/jvm-operators).

. Pacimnpenue API Kubernetes C IIOMOILbIO
CustomResourceDefinitions (http://bit.ly/2ukélq5).

» Awesome Operators B gericteuu (http://bit.ly/2Ucjs0)).

. Custom  Resources mu  API  Server  Aggregations
(http://bit.ly/2FrfR6l).

e CpaBuenne Kubebuilder, Operator Framework u Metacontroller
(http://bit.ly/2Fp04Uqg).



. TPR MepTB! Kubernetes 1.7 BK/IIOUAET CRD
(http://bit.ly/2FQnCSA).

o TeHepaumss Kogma [  TOJb30BaTENbCKUX  PECypCOB
(https://red.ht/2HIS9Er).

e [Ipoctoit Operator B Go (http://bit.ly/2UppsTN).
« Prometheus (http://bit.ly/2HICR]T).
 Etcd (http://bit.ly/2JTz8SK).

* Memhog (https://github.com/secat/memhog-operator).

19 Cnoso «saBnseTcsa» (https://en.wikipedia.org/wiki/ls-a) oguyepkBaeT OTHOILIEHME
HacnemoBaHus Mekay ratrepHamu Operator (Onepatop) u Controller (KoHTposuiep), rme
Operator (OnepaTop) obnagaet Bcemyu ocobeHHOcTsIMU Controller (KoHTposuiep) u
nob6aBsieT CBOU.

20 OTo orpaHMUYEHME MOKET OBITh CHSITO B OyIyIeM, TaK KaK yke CYI[eCTBYIOT TIaHbI
peructpauuu onpezneneunit CRD B paMKax IIpOCTPaHCTB MMEH.

21 CriennaibHbIe IPyTITEI IO MHTepecaMm (Special Interest Groups, SIG) — 3T0 c110c0o6
opranmsaiyu coobmectsa Kubernetes no pyHKkumoHa bHbIM 00/1acTsIM. CITMCOK BCEX
cymectByiomux rpyi SIG B mpoekte Kubernetes MoskHO HaiiTu B perto3utopum GitHub
(https://github.com/kubernetes-sigs).



lmaBa 24. dnacTuyHoe MacwTabupoBaHue

ITatrepH  Elastic  Scale  (9nacTuyHOe  MacIITabMpOBaHMUE)
OXBaThIBaeT MacIITabupoBaHMe TIPUIOKEHUA B HECKOJIbKUX
M3MepeHMsIX:  TOPM3OHTaJbHOEe  MacliTabupoBaHue  IIyTeM
KOppeKInmn KOJIMYeCcTBa  peIviMK  T0Ja; BepPTUKAJIbHOE
MaciiTabMpoBaHue MyTeM KOppeKLIuM TpeboBaHMit K pecypcam Ijist
IIOJ0B; ¥ MacIITabupoBaHMe CaMOTO KjacTepa ITyTeM M3MeHeHUs
KOJIMYECTBA Y3JI0B. Bce 5TU IeiiCTBUS MOKHO BBITIOJTHUTDL BPYUYHYIO,
HO B 3TOI1 IVIaBe MbI [IOCMOTPUM, KaK TO XK€ caMOe MOXET [ejaTh
Kubernetes aBTomaTuuyecku, B 3aBUCUMOCTU OT Harpy3KMu.

3apava

Kubernetes aBTOMaTuM3MpyeT VyIpaBjJeHMe pacIpeneIeHHbIMU
MPUIOKEHUSIMM,  COCTOSIIMMM M3  OOJIBIIOTO  KOJIMYeCcTBa
HeM3MEHSIEMbIX KOHTENHEepOB, IIOJJepKMUBasl sKejlaeMoe UX
COCTOSIHME, BBIpakeHHOe JeKjapaTuBHO. OpHAKO, YUYUTHIBAs
HEMNOCTOSIHHBIM XapaKTep MHOTMX pPaboumx Harpys3oK, KOTOpbIe
YacTO MEHSIOTCSI CO BpeMeHeM, HeNpOCTO TMOHSITh, KaK IOJIKHO
BBIIVISIIETh KejlaemMoe cocTosiHue. TOuHoe oIpenesieHyne, CKOJIbKO
pecypcoB IOTpebyeTcsl KOHTeHEpPY M CKOJbKO PeIUIMK CITYKObI
OOJDKHO OBITh 3aIlyIleHO B JAHHBIi MOMEHT [JIS BBIITOJTHEHUS
coralieHuii o6 ypoBHe OOCTy:KMBaHMS, TpeOyeT BpeMeHU U
yeunuii. K cuactbio, Kubernetes mo3Bosisier ierko M3MeHsSITb 00beM
pecypcoB KOHTelHepa, UMCIO0 peIUIMK CIYyKObl WM Y3JI0B B
Kinactepe. Takue M3MeHEHMSI MOTYT MPOUCXOOUTH BPYUHYIO WIN
aBTOMaTUUYECKM, B COOTBETCTBUMU C OIIpeieJIeHHbIMM ITpaBUIaMU.

Kubernetes moykeT He TOJIbKO cJieJoBaThb (l)I/IKCI/IpOBaHHbIM
HaCTpOﬁKaM moaoB M KJiacCTepda, HO TaKXKe CJIeIUTb 3a YPOBHEM
Harpy3km m CO6I)ITI/IHMI/I, CBSI3aHHBIMM C M3MEHeHMeM O00beMOB



pecypcos, aHa/IM3UPOBATH TeKyIlee COCTOSIHME "
MacIITabVpPOBaATHCS IS IOCTVKEHUS >KejlaeMoit
IIPOU3BOAUTEIBHOCT. DTa CIIOCOOHOCTh HAOIIOOATH ITO3BOJISIET
Kubernetes amanTupoBaThCcsl U 00peTaTh 3JaCTUUYHOCTh, ONMMPAsICh
Ha QakTHUUecKkye MmoKasaTesu MUCIO0Ab30BaHMs, a He Ha OKMIaeMble
dakTopbl. [laBaiiTe pacCMOTPMM pasHble CIIOCOOBbI, KOTOPBIMU
MOXKHO JOCTUYb TAKOI'0 IOBEIEHMS, U TO, KaK OObeIVHUTD pa3HbIe
MeTOIbl MaCIITAOMPOBAHMS.

PeweHue

EcTh [OBa OCHOBHBIX MHOAXOAAa K MAacCIITa0MpPOBAHUIO JIFOOBIX
TIPUJTOKEHUIA: TOPM3OHTAJIbHOE M BepPTUKAIbHOE. ITon
20pU30HManvHeiM  macuimabuposavuem B Mupe Kubernetes
MIOJIpa3yMeBaeTcsl Co3faHue OOJbIIero KoJMuecTBa peIviuK Iofa.
[lom gepmukanvHuoiM  MacuimadbuposaHuem  IOAPa3yMeEBAETCS
yBe/IMueHne obbema pecypcoB [jisi KOHTEHEpPOB, YIIPaBjsSeMbIX
nmogamu. Ha Oymare Bce BBIIISOAUT IIPOCTO, HO OIPEAeIUTH
KOHUIypaumio IIPUIOKEHUST 1St aBTOMAaTUYECKOTO
MacIiTabMpoBaHus Ha 001elt 00/1auHOl TIaTdopMe TaK, UYTOObI He
MOBJIMSITh Ha Jpyrue CIYKObl M Ha caM KJjacTep, 4acTO MOSKHO
TOJILKO MeTogoM TIipo6 u omub6ok. Kaxk Bcerma, Kubernetes
rpejjiaraeT MHOKECTBO CPeJICTB M METOJO0B, ITOMOTAIOIINX HANTU
Jy4lIyie HACTPOVKU IJisl TIPUIOKEHMI, U Mbl KPaTKO PacCMOTPUM
X 371€Ch.

I'opu30HTaanoe MacwTabum pOoBaHUE BPYYHYHO

PyyHoe  MacmiTabupoBaHue, KaK  HETPYOHO  JIOragaThCs,
3aK/JII0YaeTCsl B TOM, UTO OIlepaTOp-4YejiOBeK IOChIJIaeT KOMAaH/bI
Kubernetes. 9TOT I1OAX0od, MOKHO WMCIOJb30BaThb B OTCYTCTBUE
aBTOMAaTMYECKOTO MacCIITaOMpoBaHUs WIM [JIE TIOCTEIIeHHOTO
TIOMCKA ONTUMAaJIbHOM KOH(pUrypauun TIPUIOKEHMS,



COOTBETCTBYIOLIE) MeIJIeHHO MEeHSIOIIelicsl Harpyske, B Te4eHMe
IJIUTENbHBIX IepuomoB. IIpeMmyIecTBO PydyHOr'o I1OAXOHdA
3aK/II0YaeTCs B TOM, UTO OH JOIYCKaeT yIpexaaloliye, a He TOJAbKO
peakTMBHbIE M3MEHEHMsI: 3Hasl MepUOIUYHOCTb ¥ OXUAAEMYIO
HarpysKy Ha IPUJIOXKEHME, ero MOXKHO MaclITabMpoBaTh 3apaHee, a
He pearupys, HaIlpMMep, Ha YyKe BO3POCIIYI0 Harpysky C
MCIIOJIb30BaHMEM CpeJICTB aBTOMAaTMUYECKOTO MacIITabMpOBaHMSI.
PyuyHOe MacuiTabMpoBaHMe MOKET BBITIOJHSITHCS B IBYX CTUJISIX.

MMI'IepaTMBHOE MaCIJJTaGMpOBaH ue

Koutposiep, Takoit Kak ReplicaSet, oTBeuaeT 3a IIOCTOSIHHOE
BBIIIOJIHEHME  3aJaHHOTO KOJAMYEeCTBA  JSK3eMIUISIPOB  IIOAA.
binaromaps 5ToMy, UYTOObI MaclITabMpoBaThb TMOMA, JOCTATOUYHO
M3MEHUTD KOJIMUECTBO KeJaeMbIX peIiMkK. MacuitabupoBaTh Hallle
pasBepTbiBaHMe Deployment ¢ mmMeHeM random-generator Ao
yeTbIpex 3K3eMIUISIPOB MOYXHO OLOHOVM KOMAaH[AO#, KaK IOKa3aHO B
JuCTUHre 24.1.

Jinctunr 24.1. 3meHeHune yncna pennuk passepTbiBaHna Deployment 13 KOMaHAHOM CTPOKM

kubectl scale random-generator --replicas=4

[loce Takoro wu3MeHeHMsT KOHTpojuiep ReplicaSet moxkert
3allyCTUTD OOIMOJHUTENbHbIE TTOAbI MU, €C/IU YMCIO OeMACTBYIOIIUX
II0JIOB OOJIbIIIE 3KeJIaeMOT0, OCTAHOBUTD M30bITOUHBIE.

JleknapaTMBHoe MacTabupoBaHue

MacmitabupoBaHe €  UCIIOAb30BaHMEM  KOMaHAbl  scale
BBITIOJTHSIETCSI TPUBMAJIBHO IIPOCTO UM yAOOHO [ OBICTPOTO
pearMpoBaHusl B Upe3BbIUAMHBIX CUTYaLMSIX, HO 3TOT IOAXO0H He
COXpaHsIeT HaCTPOIKM BHe KjacTepa. OObIYHO BCe MPUIOKEHMST IS
Kubernetes xpaHST oIlpeneneHuss CBOMX peCypcoB B CUCTeMe
yIIpaBJIeHMSI BepCcuUsiMM, BKJIIOUAs UYMCIO pervink. BoccosmaHue



ReplicaSet n3 mcxogHOro ornpedesneHus MNpUBEIET K M3MEHEHMUIO
yyciia pelviMK [0 MpeskHero ypoBHsI. UToObl 136€skaTh TaKOTro
OTKJIOHEHMS KOH(Urypauun " 0becIeunTh obpaTHOe
pacripocTpaHeHne W3MEeHEeHMI, PEeKOMEHOYeTCsl IeKIapaTUBHO
M3MEHSITh JKeJaeMoe KOJM4yecTBO peIink B ReplicaSet wnn
HEKOTOPOM [PYyroMm OIlpelejieHn U TIPUMEHSITb M3MEHEHUs K
Kubernetes, Kak 1okasaHo B JMUCTUHTe 24.2.

JTuctuHr 24.2. icnonb3oBaHue pa3sepTbiBaHus Deployment ans aeknapaTtMBHOM HAaCTPOMKM
yncna pennk

kubectl apply -f random-generator-
deployment.yaml

Mbl MOXeM MacIITabMpoBaThb Pecypchbl, YIIpaBJsSIONINeE
HECKOJIbKMMM IIofjaMu, Takue Kak ReplicaSet, Deployment wu
StatefulSet. O6paTuTe BHMMaHMe Ha aCMMMETPUYHOE IIOBeeHMe
npyu macitabupoBanum StatefulSet ¢ MOCTOSIHHBIM XpPaHUIUIIEM.
Kak pacckaspiBasioch B raBe 11 «Ciaysk0a ¢ COCTOSIHMEM», eCIu B
StatefulSet umeercs snemeHT .spec.volumeClaimTemplates,
oH Oymer co3gmaBatb PVC mpu macimtabupoBaHUM BBepX, HO He
oymeTr  yOoanasaTb  IpM  MacIITaOMpOBaHMM  BHMU3,  UTOOBI
MpeIOTBPATUTD YIaJeHIe XPaHUIUIIA.

Eme omHum pecypcom Kubernetes, [OOCTYIMHbIM ISl
MacliTabupoBaHus, HO CAeOyIOIIMM JOPYTMM COIJIAlIeHUsIM 006
MMEeHOBaHUM, SIBJISIETCS pecypc 3aJaHus Job, KOTOpPbIi ObLI OIMcaH
B miaBe 7 «[lakeTHoe 3amaHue». MacuiTabupoBaHue 3amaHUS C
11eJIbI0 TIapajjieJibHOTO BBITIOJIHEHUSI HECKOJIbKMX 3K3eMILISIPOB
OJHOTO U TOrO >Xe TOoJa OCYIIeCTBJISIETCS M3MeHeHMeM MOJIs
.spec.parallelism, a He .spec.replicas. OgHaKoO 3TO JaeT
TOT JXe CceMaHTuyecKuii 3¢d@eKkT: yBelMueHUe IIPOMYCKHOI
CITOCOOHOCTM ITyTEeM 3aITyCcKa AOIIOJHUTEIbHBIX 00padaThIBAIOIINX
MI0JIOB, KOTOPbIe AeVCTBYIOT KaK OJiHA JorMuecKas eIyMHuIIa.



[lng onucaHuns nonen B 3STON KHUIe UCNONb3yeTca popmaT
onpepenennss nyten JSON. Hanpumep, umsa .spec.replicas
cooTBeTcTByeT nonto replicas B pa3gene spec 06bsSBNEHMSA

pecypca.

Ob6a cTuist MacliTabuMpoBaHMS BPYUHYIO (MMIIEPATMBHbLINA U
oeKJapaTUBHbLIN) IIpeAIiojaraioT, UTO uUeJoBeK OymeT HabJIaTh
WIX TpeaBUIeTb M3MEHEeHMe Harpy3ku Ha IIPUIOXKeHue,
IIPYMHMMATh peleHue 0 HaIlpaBJIeHUU " BeJI4VHe
MacIITabupoBaHMS U IPUMEHSITD 3TO pellleHMe K KiaacTepy. OgHaKo
3TU CTWIMU He TMOAXOOAT OJIs TIPWIOXKEHUI C OMHAMMUYEeCKOM
Harpy3Koi, KOTOpasi YacTO MeEHSeTCSI U TpedyeT IOCTOSIHHOIM
amarntauuu.  JlaBamTe  IIOCMOTpUM  Jajiee, KakK  MOXHO
aBTOMAaTU3MPOBATH IIPUHSITHE pEIleHNii 0 MacIITabpOBaHNUN.

ABTOMaTHYeECKoe rOpU3oOHTaJIbHOE MacwTabum poBaHue

MHorue paboume HArpy3kKuM MMeEIOT IMHAMMUYECKYIO IIPUPOMY,
MEHSISICh CO BpeMeHeM U 3aTPYIHSS oIpeesieHne (PUKCMPOBaHHBIX
HACTpPoeK MaciiTabupoBauusi. Ho o6auHble TEXHOJOTMM, TaKue
Kak Kubernetes, I103BOJISIIOT cCO37aBaThb IIPUIOKEHUSI, JIETKO
aJanTupymIyecss K MU3MEHSIOMMMCS Harpyskam. Ilommepskka
aBTOMaTU4YecKoro MaciitabupoBanusi B Kubernetes mosBoiisierT
ompenensaTh  IIepEMEHHYI0 €MKOCThb  IIPUJIOKEHUS  BMECTO
(UKCHUPOBAHHOIA, KOTOpast obecrieunBaeT IOCTaTOUYHYIO
TIPOITYCKHYIO CIIOCOOHOCTh [JISI OOCTY>KMBaHMSI IPYTroii Harpys3Kiu.
[Ipolre Bcero Takoe IOBeIEHME peajn30BaTh C MCIIOJIb30BaHMEM
HorizontalPodAutoscaler (HPA) ILIST TOPMU30HTAJIbHOTO
MacIITabMpoBaHMS UMC/Ia ITO0B.



Omnpenenenne HPA nis pasBeptbhiBaHus Deployment random-
generator MOXHO CO3JaTh C TOMOIIbI0 KOMAaHbl B JIUCTUHTE
24.3. Ytobnl 3T0 ompeneneHe HPA umeno kakoii-nnbo sddexr,
BaKHO, UTOOBI 1P pa3BepThIBaHUM OBIJIO 00BSIBJIEHO OrpaHMUEHME
.Spec.resources.requests Jjs Mpoleccopa, Kak OIMMUCAHO B
rnaBe 2 «[Ipemckasyembie TpeboBaHMs». Takske BaskHO, YTOOBI B
KJacTepe ObLI BKIIOUEH CepBep METPUK, KOTOpbIii cobOupaer

OJAaHHbIE 00 MCIOJIb30BaHUM pecypcCoB.
Jinctnur 24.3. Co3panume onpepenenmnst HPA 13 KoMaHOHOM CTPOKM

kubectl autoscale deployment random-generator -
-cpu-percent=50 --min=1 --max=5

JTa KOMaHaa cosgacTt omnpenenenue HPA, 1okasaHHOe B
JIUCTUHTe 24 .4.
JinctnHr 24.4. Onpepenenune HPA
apiVersion: autoscaling/v2Z2beta?2
kind: HorizontalPodAutoscaler

metadata:
name: random-generator

spec:
minReplicas: 1 (1
maxReplicas: 5 (2

scaleTargetRef: ©
apiVersion: extensions/vlbetal
kind: Deployment
name: random-generator
metrics:
- resource:
name: cpu
target:
averageUtilization: 560 4



type: Utilization
type: Resource

O MuHMMa/IbHOE UMCJIO BCEIIa BBITOTHSIOMIMXCS IIOT0B.

® MakcuMalbHOE UMCIO0 IIOJ0B, KOTOPOE MOKET OBITh
OOCTUTHYTO IIPY MacCIITabMPOBaHUM BBEPX.

© CcbliKa Ha 00bEKT, CBSI3aHHbIN ¢ 9TUM onpeneneHuem HPA.

® VpoBeHb WUCHOJNB30BaHMS IIpolleCCOpa B MPOILEHTax OT
3alpoIllleHHOr0 B TIodax. Harpumep, eciuM B Ioae IapaMeTp
.Spec.resources.requests.cpu wumeer 3HaueHue 200m,
MacIITabupoBaHMe BBepX MPOM3OIAET, KOrda CpedHSsS BeauduHa
1CI0b30BaHMs mpolueccopa npesbicuT 100m (= 50%).

B nuctuure 244 pna Hactponrkn HPA wucnonbsyetcs
Bepcusi APIl pecypca v2beta2. 3Ta BepCcus HAXOAUTCS B aKTUBHOM
pazpaboTtke n gBngseTca pacwupeHueM Bepcum v1. Bepcua v2
npegnaraer HamHoro 6onblle KpuTepueB, YeM  3arpyska
npoueccopa: Hanpumep, notpebnexHune namaTu nnm
HeCTaHOAPTHbIE  METPUKM AN KOHKPETHOro  MPUIOXKEHMSI.
Komanpon kubectl get hpa.vZbeta2.autoscaling -o
yaml nerko MoxHo npeobpasosatb pecypc HPA v1, co3gaHHbIN
komaHaon kubectl autoscale, B pecypc v2.

Crnemysi 3TOMy ompeneneHuto, KoHTposuiep HPA Oyger
CTPEMUTbCSI COXpaHUTh CpefHee TIIOTpebeHMe IIpolleccopa Ha
YpPOBHE 50% OT 3HaAUeHMsl, 3aTpeb0BaHHOTO B
.Spec.resources.requests, M3MEeHSI ST KOJINYeCTBO
3aMyIIeHHbIX 3K3eMIUISIPOB I104a B AMana3oHe OT OLHOTO [0 MSATH.
Takoe onpenenene HPA MOXHO IIpUMMEHUTD K JII0OBIM pecypcam,



KOTOpble MOIJEpPKMBAIOT  IoApecypc scale, Takue Kak
Deployment, ReplicaSet u StatefulSet, HO BbI JO/KHBI YUMUTHIBATD
no6ounbie 3(pdekThl. Pa3zBepthiBanus Deployment co3mal0T HOBbIE
HaOOPbI peryiuK BO BpeMsi OOHOBJIEHMI, HO He KOMUPYIOT HUKAKUX
orpeneneuuin HPA. Ecin npumenuts omnpenenene HPA k
ReplicaSet, koTopslit ynpasisieTcsl pasBepTbiBaHMeM Deployment,
OHO He OyZeT CKONMMPOBAaHO B HOBble ReplicaSet u mpocTo
norepsercsi. Jlydiie Bcero mnpumeHsITb HPA K abcrpakumn
pasBepThiBaHMsi Deployment 60jiee BBICOKOTO YPOBHSI, KOTOpas
coxpaHsieT u npuMmeHseT HPA k HoBbIM Bepcusim ReplicaSet.

Terieppb mocMoOTpuM, Kak omnpepeneHre HPA moxxeT 3aMeHUTb
oIiepaTopa-yeaoBeKa " o0ecrneuynThb aBTOMaTU4eCKoe
MaciiTabupoBanme. B obmem wryuae KoHTposuiep HPA
HeTIPEePBIBHO BBITIOHSAET C/IeyIolye NeiCTBUS :

1. V3BjekaeT  METPUKM  TIOHOB, KOTOpbIe 15 (0)18) (N
MaclITabuMpoBaHMIO coOIIacHO ompenenenuio HPA. MeTpuxku
M3BJIEKAIOTCSI He HaIpsIMYIO U3 IMOJ0B, a 3 Kubernetes Metrics
API, BoO3Bpalawiinero arperMpoBaHHble MeTPUKU (M Haxke
I10JIb30BaTe/IbCKME U BHEIIHME METPUKM, eC/IM BBIMOJTHEHbI
COOTBETCTBYIOLIME HACTPOMKM). MeTpukuM YpOBHS TMOIOB
m3BJiekaroTcs u3 Metrics API, a Bce octanbHbie — 13 Kubernetes
Custom Metrics API.

2. Borumcasier HeoOxoAymMoe KOJMYECTBO PeIUIMK Ha OCHOBE
TEKYILIero M 1eJieBOro 3HayeHMs MeTpuKu. BOT ympoleHHas
Bepcusi GOpPMYJIbI:

tekyee3HaveHue MeTpuku
tpebyemoeYncnoPemmnk=| TexymeeYucroPernimk x .
#xenaemoe3HayerueMeTpuku

Hanpumep, ewin B HACTOSIIMIA MOMEHT BBITIOJIHSAETCS
eOVHCTBEHHbI I0J C  TeKylIMM  3HAaueHueM  MEeTPUKU



MCII0JIb30BaHMS Mpolieccopa, paBHbIM 90% OT sanpomeHHoroﬂ, a

KejlaemMoe 3HaueHue cocraiseTr 50%, Torma KOJIMUEeCTBO PeriuK
[lxg—n}:2

6ymeT VIBOEHO, TaK Kak 50 . B meiicTBUTEIHLHOCTU
MCIIONb3yeTCsl OoJsiee CJIOKHAS peanusalusi, IMOTOMY UYTO OHa
IOJDKHA YUYUTBIBATb HECKOJIbKO BBITIOJHSIOMIMXCS 3K3eMILISIPOB
10Ja, HECKOJIbKO TUIIOB METPUK ¥ MHOKECTBO KpPaHUX CJIy4yaeB U
KoJieO/Monuxcsl 3HaueHuit. Hampumep, ewin 3aJaHO HECKOJIbKO
MEeTpPUK, Torga KoHTpo/uiep HPA OuLeHuT Kakaylw MeTpUKy
OTIEIbHO U U3 BCeX pe3yJbTaTOB BblOepeT Hambo b Nit. KoHeuHbIi
pe3yJbTaT BCEX BBIUUCIEHUIN — OTO OOHO IIeJioe YNCIIO,
NpeLCTaBJIsA0IIee KOJIMYECTBO JSKeJaeMbIX peIviuK, KOTopoe
IIOMOXeT yAepXkaTb W3MepeHHOe 3HaueHue MEeTPUKU HUKe
’KeJIaeMOTO0 ITOPOTOBOr0 3HAYEHWSI.

B mone replicas B ompemeneHUM pecypca, MMOMJjIexKallero
aBTOMAaTUMUYeCKOMY MacliTabupoBaHmuio, OyaeT 3alucaHo 3TO
BBIUMCJIEHHOE YMCJIO, TI0C/Ie Yero Apyrue KOHTPOJIIEePbl BBIIOTHST
CBOIO PaboTy MO IOCTVOKEHUIO U MOJIIePskaHMI0 HOBOTO TPedyeMoro
cocrossHus. Ha puc. 24.1 1mokasaHo, KkKak paboraer HPA:
OCYILEeCTBJISIET MOHUTOPUHI METPUK M M3MEHSeT YMUC/IO PeIvIMK
COOTBETCTBEHHO.

| [
t Mog 1 Mop Mop
g
lpoBepka
3HaUEHHU 3aMycK Wil 0CTAHOBKa NOJ0B
METPHK
Horizontal Pod
Autoscaler MSMEHEHHE'\ Deployment
nona replicas

Puc. 24.1. MexaHU3M aBTOMATUYECKOrO FOPU30HTA/IbHOIO MaCLIJTa6l/IpOBaHM$| noaos



ABTOMAaruueckoe  MacliTabupoBaHue —  3TO  00JaCTh
Kubernetes co MHOXeCTBOM MeJKMX [ieTajeil, KOTOpbIe
MIPOJOJIKAIOT OBICTPO Pa3BMBATHCSI, UM KaXXdas U3 HUX MOKET
OKa3aTh CYLIECTBEHHOE BJIMSIHME Ha 00lllee MOBeIeHMe MexaHu3Ma
aBTOMAaTMUECKOr0 MaciitabupoBaumsi. IlosTomy 3mech MbI He
OymeM TMOZpoOHO O0OCyKIaTh BCe JeTajluM, HO B paszese
«TormonuuTenbHass MHGoOpMaLysa» Bbl HaliJeTe CChLIKM Ha CAMYIO
MOCJIETHIOI0 aKTya/IbHYIO MHMOPMAIMIO TI0 STOMY BOIIPOCY.

B 11e710M TOIe P>KMBAIOTCS C/IeYIOIIe TUITbI MeTPHUK:

CmaHdapmHble MempuKu

OTU MEeTPUKU 00bSIB/IEHBI C rmapaMeTpoM
.spec.metrics.resource[ :].type, coaepsKalum
3HAUeHue Resource, " IIpeaCTaBJISIIOT MEeTPUKU

MCIIOJIb30BAaHMS PECYPCOB, TAKMX KaK Ipolleccop U namstb. OHU
IOOCTYIIHBI [jIsT JI000TO KOHTeitHepa B JI0OOM KJjacTepe IIOf,
OOHVMM U TEeMMU XKe MMeHaMU. VIX 3HaueHMs] MOXKHO OIpenessTh
B MIPOIIEHTAX, KaK 9TO CIIeJIaHO B IIpeAbIAyIeM IIpuMepe, WA B
aOCOMIOTHBIX 3HAuUeHMsSIX. B oboux «Iyyasgx 3HaAueHUS
OIMCHIBAIOT rapaHTUPOBAHHbBIV 00beM pecypca, TO eCTb 00beM B
1ojie requests KOHTelHepa, a He Limits. OTo camble IPOCThIE
B VICIIOJIb30BAHMM TUIIBI METPUK M OOBIYHO MOAAEPKMUBAIOTCS
cepBepoM MeTpMK Wi KOMIIOHeHTaMu Heapster, KoTopsble
MO>XXHO 3aITyCKaTh KaK JOIOJHEHMUS KJIacTepOB.

HecmandapmHsie Mempuku

OTuU MeTPUKU C rapamMmeTpoM
.spec.metrics.resource[ :].type, cofiepsKaIum
3HaueHne Object win Pod, TpebGyIOT pacliMpeHHbIX HaCTpPOeK
MOHMTOpPMHIA KJlacTepa, KOTOpble MOIYT OTAMYATBCS IS



pa3HbIX KjacTepoB. HecTaHmapTHas meTpuka ¢ TUrnoM Pod, Kak
MOJKHO [OraJaTbCsl, OIMCHIBAET METPUKY, XapaKTepHYIO i
10ZIa, TOrma Kak MeTpuka ¢ TuroM Object mMoKeT OIMChIBATh
100071 Ipyrom 00bEeKT. HecranpgapTHbie METPUKU
obcmyskuBaioTcsl arperupytomiuMm API Server ¢ TOukoii BXoja
custom.metrics.k8s.1i0 U MOOAEpPKUBAKOTCS PA3TUIHBIMU
ajanTepamyu MeTpMK, TakuMu Kak Prometheus, Datadog,
Microsoft Azure 1 Google Stackdriver.

BHewHue mempuku

K 3TOi KaTeropmm OTHOCSTCS METPUKM, KOTOpbI€ OIMCBHIBAIOT
pecypchl, He SBJSIOIIMecS 4YacTblo Kiactepa Kubernetes.
Hampumep, y Bac MOKeT ObITh MO, IPUMHUMAIOIIMI COOOIeHMS
OT o0sauHOi CIykObl ouepeneit. OueHb 4YacTO B TakKOM
clleHapuy ObIBaeT skejlaTe/lbHO MaclliTabupoBaTh KOJMYECTBO
MOOB-TIOTpeduTeieli B 3aBUCMMOCTM OT IYOMHBI Ouepemiu.
Takue MeTpUKM TMOAAEPKMBAKOTCS BHEIIHMMM ILIarMHAMU
MeTpUK ¥ MMeWT MHOro O00Ilero ¢ HecTaHJAPTHLIMU
MeTPUKaAMMU.

[I[paBWILHO HACTPOUTh aBTOMaTHUYeCKoe MacliTabupoBaHue
OYeHb HeIpocCToO. HOna 3TOrO0 [IPUOETCA HEeMHOTI'0
MO3KCIIePUMEHTUPOBATh C HaCTporKkamu. Hibke mnepeunciieHbl
OCHOBHbIE aCIIeKThbl, KOTOpble CJieAyeT YUMUThIBATDH IIPU HACTPOIKe
HPA:

Boi60op mempuk

OmHMM M3 caMbIX, ITIOXKaJIyil, Ba’XKHbIX peIIeHUi, KaCaIIXCs
ABTOMATMUYECKOTO0  MacIITabMpOBaHMUSI,  SIBJISETCSI  BBIOOD
MeTpuk. UToO6bI [IOOUTHCS MaKcuMaibHOM oTmauu oT HPA,
MEeXIy 3HaueHMeM MEeTPUKM U KOJIMYeCTBOM peIUIMK Moja



IOJDKHA CYLIeCTBOBATh MpsaAmas Koppensuusa. Hampumep, eciun
BbIOpaHHAasT MeTpHMKa ompeneaseT KOJUMYeCTBO 3alpocoB B
cekyHny (Harnpumep, HTTP-3ampocoB B CeKyHIy), yBeJIun4yeHUe
KOJIMYeCTBa MOJOB IPUBEIET K YMEHbIIEHUIOD CpeaHero 4ymciia
3aIlpOCOB, TIOTOMY UTO 3aIlpOChl OYIYT MepeaaBaTbCs 60blIeMY
KOJIMYECTBY IOA0B. TO ke BepHO [JIsI MeTPUKU, OTIpelesolein
MCIIOJIb30BaHMe IMpOoIeccopa, MOTOMY UTO CYIIECTBYeT IpsiMas
KOppensuusi MeXOy 4YacCTOTOW 3allpoCoOB ¥ MCIOJb30BaHMEM
rpoleccopa (yBeauyeHue yuciaa 3apocoB BeleT K YBeJINUYEeHUIO
UCIIOJIb30BAaHUS TMpoleccopa). [pyrue MeTpuKM, TaKue Kak
MoTpeb/ieHNe MaMSITH, He MMEIOT TaKo¥ IPSIMOi KOppessiuin.
[IpobyieMa MeTpUKM TOTPe6IeHMST MaMSITU 3aKII04aeTcs B TOM,
YTO eCay CIykba MOTpebsisieT oIlpeneeHHbIi 00beM IaMSsITH,
3aITyCK OOJIbIIIero umcjia 3K3eMIUISIPOB I0fla, CKopee BCero, He
NpUBeNeT K CHIKEHMIO IIOTpebjieHMs1  IaMsIT, ecCiu
TIPUWJIOKEHME HUYEro He 3HaeT O APYIMX 3K3eMIUISIpax U He
MMeeT MexXaHM3MOB ISl TepepacrpeneneHss M 0CBOOOXKIEeHMS
cBoeit mamsaTu. Ecau mnamsTh He OCBOOOXIAeTCSI U 3TO
oTpaskaeTcs B MeTpukax, HPA Oyger co3maBaTh Bce OoOJibIlle U
OoJibllie TOJOB, YTOOBI YMEHBIIUTb 00bEeM MOTpPeb/IsIeMOii
TaMSTH, [IOKA He TOCTUTHET BepXHero ropora Ha YnciIo perviuk,
UTO, BEepPOSITHO, He SIBJISIeTCS XejlaeMbIM MoBeneHueM. [losTomy
BbIOVMpailiTe METPUKM, MPSIMO (TIPeIIIOUTUTENbHO JIMHEHO)
3aBUCSIIME OT KOJIMYeCTBa IOJ0B.

Hpeﬂomepau;euue yacmoeo U3MEeHEeHUs uucdjia penjiuk

MexaHn3m aBTOMAaTUYECKOTO MacIITabupoBaHMs HPA
IIpUMeHsIeT pa3Hble MEeTObl, UT0Obl u30eXaThb OBICTPOrO
BBITIOJIHEHUSI TIPOTUBOPEUMBBLIX pelleHUl, KOTOpble MOTYT
IIPUBOIUTh K  M3MEHEHMI0O  KOJMYeCTBA  peIuviuK  [Opu
HecTaOuIbHOM Harpyske. Harmpumep, BO BpeMs
MaciTabupoBanus BBepx HPA urHopupyeTt NMKOBbIe HAarpy3Ku



Ha TMpoileccop, OOyC/JIOBJeHHble MHULIMANMU3alMeil IO/I0B,
obecrieurBasl IIagKyl0 peakiMio Ha yBeauueHue Harpysku. Bo
BpeMs MacHITabMpoBaHMs BHU3, YTOOBI 130eKaTh
HeOIPaBJaHHOIO YMEHbIIEHUS Yucjia pPeIviMK B KOPOTKUe
TIepuoabl IIPOBAIOB, KOHTPOJIEP YUUTBIBAET BCE PEKOMEHAALU
110 MacIITabMpOBaHMIO B TeUeHMe HAaCTpauBaeMOro BpeMeHHOT0
OKHa ¥ BbIOMpaeT caMyl0 BbBICOKYI0O pPeKOMEHJAINI0, MMEeBIIYIO
MeCTO B TeUeHMe 3TOro OKHa. Bce 3T0 yiyuiiaeTr yCTOMYMBOCTD
HPA K ciyyaiiHbIM K0jIe6aHMUSIM METPUK.

OmnoceHHas peakuyus

MaciitabupoBaHue, MHUIIMMpPYyeMOe W3MeHeHMeM 3HaueHUSs
METPUKM, — DOBTO MHOTOCTAOUMHBIN MPOLECC, B KOTOPBIN
BOBJIEUEHO HECKOJbKO KOMIIOHEHTOB Kubernetes. IlepBbiii —
9TO areHT cAdvisor, AeiCTBYIOLIMIA B KaXXIOM KOHTeliHepe, U
peryasipHo cobupatommii metpuku mjas Kubelet. Bropoit —
cepBep MeTpMK, Mu3BJeKawmuii MeTpuku u3 Kubelet uepes
peryJsipHble MHTEepBaibl. HakoHell, mepuoanyeck 3arryCckaeTcst
KoHTpoJiep HPA, KoTophblii aHanM3upyeT cOOpaHHbie METPUKIN.
@®opmyna MacmitabupoBanus HPA  BBOOUT  HEKOTOPYIO
3aIeP>KKy, UTOObI  IMPeAOTBPAaTUTh UacToe IpUMeHeHUe
TIPOTUBOPEUMBBIX pelleHuii (KaK OIMCAaHO B IIpeabIayleM
IyHKTe). Bcs 3Ta IesaTeNbHOCTh HAKaIUIMBAETCS B 3adepiKKe
MesKAy IIPUUMHON U peakiiyeli MacliTabupoBaHus. YBelnueHme
3aJlepKKM HACTPOMKOI 3TUX MapameTpoB nenaer HPA meHee
OT3bIBUMBBIM, a YyMEHbIIEHNEe YBeJIMUYMBAET HArpys3Ky Ha
miatgopmy. Hactpoiika Kubernetes st 6anaHCUpPOBKMU
pecypcoB U IPOU3BOAUTEIbHOCTY — 3TO MOCTOSIHHBIN IIPOLiecc
00yueHus.

Knative Serving



[poekT Knative Serving (C KOTOPbIM Mbl MO3HAKOMMMCS B pasgene
«Knative Build» rnasbl 25) npepnaraet ewe 6onee NnpoaBuHYTbIE
METOAbl TOPM30HTANbHOIO MacwTabuposaHmsa. K wmx uucny
OTHOCMKTCS NOALEPXKKA «MACLUTabMPOBAHMS 40 HYNS», KOrAa YMCNO
nogoB, nNOAAEpPXMBAKOWMX CAykby Service, MoxeT 6bITb
YMEHbLUEHO 40 HYNS M YBEAUMYMBAETCS, TONIbKO KOrga nNpouCXOAuT
onpeneneHHoe cobbiTMe, HanpuMmep Bxoaawmn 3anpoc. B Knative
3Ta BO3MOXHOCTb peanuM30BaHa MOBEpPX «CeTKU cCnyxb» Istio,
KOTOpasl,, B CBOK oOu4epenb, npennaraer npo3payvHblie CayxoObl
BHYTpEeHHeM Mapuwpytusaumm gna  nonos. Knative Serving
obpa3syeT ocHOBY ans beccepBepHOM apxMTekTypbl, 06nagatolLen
ewe 6onee rMMBKMUMU U BbICTPbIMM CpeaCTBAMU FOPU3OHTANbHOIO
MacwTabupoBaHus, NpeBOCXOAAWMMU CTaHOAPTHbIE MEXaHWU3Mbl
Kubernetes.

NogpobHoe obcyxaeHne Knative Serving BbIXOAWUT 32 paMKu 3TOM
KHMUMM, TaK KaK 3TO elle OYeHb MONOLON NPOEKT, 3aCNYXXMBAOLLUI
OTOENbHOW KHUMU. TeM He MeHee B pasgene «JononHutenbHas
MHbDOpPMaUUs» Bbl HaMaeTe AOMNOJHUTENbHbIE CCbUIKM HA pecypchbl
Knative.

ABTOMaTHYECKOE BepTUKaJibHOE MacwTabum poBaHue

[opu3oHTaIbHOE MacliTabupoBaHye TIpeIrouYTUTeIbHee
BEPTUKAIbHOTO, ITOTOMY 4YTO MeHee pa3pylIMTe/SbHO, 0COOEHHO
oS CIYy>kO 0e3 COCTOSSHMS. DTO He OTHOCUTCS K CIyskb6am C
COCTOSIHMEM, [JISI KOTOPBIX BepPTUKaJIbHOE MacIiiTabupoBaHue
MOXKeT OKasaTbCs IpeAIouTuTe/bHee. B umcie apyrux clieHapueB
MIpUMEHEeHUSI BEPTUKAIbHOTO MacIITaOMpOBaHMS MOKHO Ha3BaTh



HaCTPOMKY (aKTUUECKMX MOTPeOHOCTel CAyKObI B pecypcax Ha
ocHOBe (aKTMUeCKOi Harpysku. Mbl BbISICHWIM, I0YEMY
oIpeeeHe MPaBWILHOTO KOJIMYECTBA PEIIMK I04a MOXKET ObITh
3aTPyJHEHO WIM Ja)ke HeBO3MOKHO, KOTJa Harpy3ka MeHSeTCs C
TeyeHMeM BpeMeHU. BepTukajbHOe MaclITabupoBaHME TOXe
MMeeT TII0J00HbIe IIPo0OJIeMbl, CBSI3aHHBIE C OIpeJeleHueM
MPaBWIbHBIX 3HAUYEHUN [IJIs MapaMeTpoB requests m limits
KOHTelHepa. MexaHM3M  aBTOMAaTMUECKOI'O  BepPTUKAJbHOTO
MaciitabupoBanust mojgoB B Kubernetes (Vertical Pod Autoscaler,
VPA) pemiaetr 3Tu mpob6jeMbl 3a CUeT aBTOMAaTM3aluM IIpolecca
HAaCTPOIKM U pacIipesieieHNs] peCypcoB Ha OCHOBe MH(OpMaluu o
dhakTUYeCckoM UX OTpebIeHUN.

Kak mbl Bugenu B miaBe 2 «IIpemckasyembie TpeOOBaHMUSI»,
KaXXIbI/I KOHTENHEep B IOJe MOXKEeT OIlpedesisiTb CBOM IapaMeTphbl
requests ¢ Tpe6bOBaHUSIMM K IIPOLIECCOPHOMY BpeMeHM U aMsITH,
UTO BJMSeT Ha IUIaHMpOBaHMe MomoB. Ilapamerpnl requests u
Llimits B HEKOTOpPOM CMbIC/Ie OMNpefeassioT KOHTPAKT MeXay
T100M " TUIAHMPOBIIMKOM, KOTOPBI obecrieunBaeT
rapaHTMpPOBAHHbI/I  00beM  pecypcoB  MAM  OTKa3bIBaeTCs
3aluiaHuMpoBaTh nofd. CHAMIIKOM HHU3KMe TpeboBaHMS K 00bemy
MaMsITV MOTYT IPUBECTU K TOMY, YTO Y3/Ibl OYOYT TJIOTHO 3a0UThI
nmogamy, 4TO, B CBOIO oOuepellb, MOXET IPUBECTU K OIIMOKam
HEeXBAaTKM TaMSITU WIM OCTAaHOBKe [OeiCTBYIOUMX IIOLOB M3-3a
HexBaTKM  namsatu.  CAMIIKOM  HM3KMe  TpebOBaHMS K
MPOLIECCOPHOMY  BpeMEHM MOIYT T[PUBECTM K  HexBaTKe
BbIUMCIUTE/IbHBIX  PECypcoB UM HU3KON  3PHEeKTUBHOCTU
npuioxkenuit. C Opyroit CTOPOHBI, €M 3alpOCUTh M30BITOYHO
00JIbIIIOII 00BbEM pecypcoB, 3TO MPUBOAUT K HAIMPaCHOMY WUX
pacxomoBaHMIO. BakHO orpenensiTh MapamMeTpsl requests C
TpebOBaHMSIMM K pecypcaM KaK MOXHO TOUHee, IIOTOMY UYTO 3TO
BaMseT Ha 3(Q@PeKTUBHOCTb pPacXOJOBaHMS PeCcypcoB KjacTepa U



TOPU30HTAJIBHOTO MaciiTabupoBaHus. JlaBaiiTe MOCMOTPUM, Kak
VPA momoraeT peliuTb 3Ty npobJiemMy.

Paccmotpum omnpenenenue VPA wu3 nuctuHra 24.5, 4UTOOBI
Moo6/Mke TMO3HAKOMMTBCSI C aBTOMATUYECKMM BepTUKAJIbHBIM
MacliTabMpoBaHMeM IIOAOB B KJjacTepe c Tmopmepxkkoit VPA u

cepBepomMm MeTpHK.
Nvctunr 24.5. VPA

apiVersion: poc.autoscaling.k8s.io/vlalphal
kind: VerticalPodAutoscaler

metadata:
name: random-generator-vpa
spec:
selector:
matchLabels: (1
app: random-generator
updatePolicy:
updateMode: "Off" (2

© CenekTop METOK JIJIs1 UAeHTUPUKALIUA TTOI0B.

® TlonuTuKa OOHOBJIEHMS OIIpedesseT, Kak MexaHusMm VPA
OyzmeT IpUMeHSITh U3MEHEeHMUSI.

OnpeneneHme VPA BKiItouaer dieayrouime BaXHbI€ 3JIEMEHTDI:

Ceniekmop memok

OmpepessieT MObI, TTOAJIEKaIe MaCIITa0MPOBAHMIO.

IMonumuka o6HOB/1IEHUSA

OmnpegenseT, Kak MexaHu3m VPA 6ymeT IpUMeHSITh M3MeHEeHMSI.
Pexxum Initial mo3BO/IsIeT BBIZEISITh 3allpOllleHHbIe pecypChbl



TOJIbKO BO BpeMs CO3JaHus I0J4a, HO He Io3ke. Pexxum 110
yMOJYaHMI0 Auto MO3BOJISIET BBIAEISTD 3aIPOIlIeHHbIe peCypChl
BO BpeMsl CO3OaHusl T110Ja, a TaKXXe BBITECHSTb UM CHOBA
IJIaHMPOBATh IIOMbl TPU M3MEHeHUM TpeboBaHMil. 3HaueHMUe
Off oTkimoyaeT aBTOMAaTHYeCKOe MPUMEHEeHMe M3MEeHUBIIUXCS
Tpe6oBaHMIt TTOAOB, HO IO3BOJISIET OIpelesTh MpepjaraeMble
3HauUeHMs1. ITO CBOEro pojia MPOOHbIN IIPOTOH 151 OoIlpeaeaeHNsI
HY>KHOTO pa3Mepa KOHTeliHepa, HO 06e3 HermocpeACTBEHHOTO ero
TIpUMeHEeHNS.

Onpenenenne VPA Takke MOKET MMeTb IMOJUTUKY BbIIeIeHUS
pecypcoB, KOTOpasi BAMSET Ha TO, Kak VPA Bberunciaser
peKOMeHIyeMblii 00beM pecypcoB (HaIllpumep, IyTeM YCTaHOBKU
IJIS1 K&KOOr0 KOHTeHepa HIDKHEN U BepXHel IPaHuLl).

B 3aBUCUMOCTU OT 3HAUEeHMS rapamMeTpa
.spec.updatePolicy.updateMode, VPA BoBjeKkaeT B paboTy
pa3Hble CUCTEeMHbIe KOMIIOHEHTBbI. Bce Tpu KomMrmoHeHTa VPA —
MeXaHM3Mbl peKOMeHJalui, COIJIacOBaHMUSI TpPeOOBaHMII U
OOHOBJIEHMSI — [EICTBYIOT HE3aBUCMMO U MOTYT 3aMeHSIThCS
aJIbTepHATUBHBIMU peanmsauusiMiu. THTe/l1eKTyaJIbHbIII MeXaHU3M
peKoMeHaluii co3gaBaicsl C yYeTOM OIIbITa Pas3spabOTKM CUCTEMbI
Google Borg. Tekymiasi peanmusanusi aHaJaM3upyeT @aKkTuueckoe
MCII0/Ib30BaHMe peCcypCcoOB KOHTEMHEePOM IO, HAarpy3Koi B TeyeHue
orpee/ieHHOro repuoga (Mo yMOJIYaHUIO BOCEMb IHeN), CO3aaeT
TMCTOTpaMMy ¥ BbIOMpaeT  3HaueHMe, COOTBETCTBYIOIIEE
HauOO0JIbIIIEMY ITPOLIEHTWIIO 3a 3TOT mepuojn. Kpome MeTpuk, oH
TaKKe YUUThIBA€T COOBITHS, CBSI3aHHbIE C PecypcamMy, B YaCTHOCTU
C IIaMsIThlO, TakMe Kak BbiTecHeHMe u OutOfMemory.

B Hamiem npumMepe mbl BbiOpanyu 3HaueHue Of £ mjist mapameTtpa
.spec.updatePolicy.updateMode, HO ecTb elle [Ba
3HAUYeHUs, KaxKaoe W3 KOTOpBIX OIlpenesseT CBOM YPOBEHb
MOTEeHIMAbHOM  Je3opraHusanyy  paboTbl  MacIITabMpyeMbIxX
mojoB. JlaBajiTe IOCMOTPMM, KakK paboTalOT pas3Hble 3HAUEHMUS



updateMode, rmepeuncaInB UX B MOpSAOKe  YBeJIMYEHUS
Pa3pyLUINTETbHOIO BIAUSHUS :

updateMode: Off

Mexanusm pekomeHmaauuii VPA cobupaeT MeTpPUKU U COOBITUS
TOJI0B, a 3aTEM BbIJAeT peKoMeHaauun. PekomeHmauum Bcerga
XpaHATCS B paspene status pecypca VPA. OpHako [nasbliie
storo MexaHusMm B pexume Off He upmetr. OH aHanusupyer
MMernyiocss MHOpMalMI0 M BbIJaeT peKOMeHIaluy, HO He
TIPUMEHSIET MX. OIDTOT PEXMM MOXHO WCIIOAb30BaTh [IJIsI
noayueHus: MHGOpMaLu O OTpebeHnM pecypcoB mogamu 6e3
BHECEeHMSI Kakux-Inb0 M3MeHeHUIt U HapylleHUs] UX paboThl.
[IpyHATHE pellleHUsI O TIPUMEHEHUN PeKOMEeHIaluii OCTaBJIeHO
Ha YCMOTpeHMe MoJIb30BaTesl.

updateMode: Initial

B stom pesxkume VPA pnenaert eie 1iar snepen. Kpome nemnctsui,
BBITIOJIHS€MbBIX MEXaHM3MOM peKOMeHpalen, IOIOJTHUTEIbHO
B paboTy BOBJieKaeTcsl IUIaruMH corjaacoBaHust (admission
plugin), KoTopblii IpUMeHsIeT peKOMeHIalM TOJbKO KO BHOBb
CO3IaHHBIM mopam. Hampumep, ecau MacmTabupoBaHMe II01a
OCYLIECTBJISIETCS BPYYHYIO, uepe3 wmexaHusm HPA, npu
M3MeHeHMUM MapaMeTpoB pa3BepTbiBaHus Deployment uau B
cJlydyae OCTaHOBKM M MOBTOPHOI'O 3aITycKa ITofa 0 KaKoi-amnbo
IpUUMHe, KOHTpoJulep cornacoBaHusi VPA 0OHOBUT 3HaUYeHMeE
3arpoca Ha pecypc.

OTOT  KOHTpOJUIep  SIBJISIETCS  USMEHSAIWUM  NJId2UHOM
C02/1aC08aHUSL U TIepeolpenesisseT 3HAaUYeHMUs B MoJjie requests
HOBBIX IIOZIOB, COOTBETCTBYIOIIMUX CEJIEeKTOpy MeTOK VPA.
JLaHHDBIN peKMM He BbI3bIBAeT Iepe3arryCK AeMCTBYIOLIMX MOO0B



" SIBJISIETCS YaCTUYHO Pa3pyIIUTEIbHBIM, IOTOMY UTO M3MEHSIET
TpeboBaHMs K pecypcam [jisi BHOBb CO3[IaBaeMbIX ITOJOB. JTO
MOXXeT IOBJMSITh Ha BbIOOP MecTa IjIsI 3allycka HOBOI'O IIOjA.
Bojiee TOro, MokeT Tak IIOJYYUTHCS, YTO IOC/IE IPUMEHEHMS
peKkoMeHyeMbIX TpeboBaHMII K pecypcam IIof  OymeT
3allJlaHMpOBaH Ha JpyroM Yy3jie, UYTO MOXeT MMeTb
HeOXXUAaHHbIe TToCaeACcTBYS. Vn, UTo ele XyKe, INTAaHMPOBIIMK
He CMOXeT moAo0paTh IJIs1 IMoIa MOAXOASINMIA y3€eJI, eC/IM HU Ha
OIHOM Yy3jIe B KJIacTepe He OKaXKeTCsI AOCTAaTOUYHOTO 0ObeMa
pecypcoB.

updateMode : Auto

Kpome cospmaHusi peKomMeHOAlMii M UX MNPUMEHEHUS K BHOBb
CcO3JaBaeMbIM I10/IaM, KaK OIMCAHO BbIllle, B 3TOM pexkuMme VPA
BOBJIEKAeT B pab0OTy CBOJ KOMIIOHEHT, BbIIIOJIHSIIOIINIA
OOHOBJIEHMSI. DTOT KOMIIOHEHT OCTaHaB/JIMBAaeT 3allylleHHbIe
II0/Ibl, KOTOPbI€ COOTBETCTBYIOT CEJIeKTOPY METOK, U 3aIlyCKaeT
X BHOBb C TOMOIIBI0 IUIarMHa coriacoBaHusi VPA, KOTOpbIin
00OHOBJISIeT TpeboBaHMsS K pecypcam. To eCTb 3TOT pPeRUM
SIBJISIETCS Haubosee pa3pyLUINTE/IbHBIM, ITOCKOJIbKY
IIPUHYOUTE/IBHO Ilepe3allyCKaeT BCe MOAbl ISl IIPUMMeHEeHMS
peKoMeHIalnii, YTO MOKET BbI3BAaTh HEOXKMIAHHbIE TTIPOOIEMBI C
IUIAHMPOBAHMEM, KaK OIMCAHO BHIIIIE.

@peiimBopk  Kubernetes mnpegHasHaueH [jisi  yIpaBJeHUSI
HeM3MeHsIeMbIMU KOHTeiHepaMu C HeU3MeHsIeMbIMU
omnpenejieHUSIMU SpPeC B IIOAAaX, KaK IIOKa3aHO Ha puc. 24.2. 3TO
yIIpolaeT TOpPU3OHTaJIbHOE MacliTabupoBaHue, HO CO3JaeT
npoOJjieMbl  [JIS  BePTUKAJbHOTO  MacHITaOMpoBaHMS  M3-3a
HEeOOXOIMMOCTM OCTaHABJMBATh ¥ MTOBTOPHO 3aITyCKaTh I1OJbI, UTO
MOXKET IIOBJIMSITh Ha IIPOLIeCC IUIAHMPOBAHMSI M BBI3BATh COOM B



paboTe. ITO BepHO, Jla’ke KOraa II0Jl COKpalllaeT TpedyeMblii 00beM
pecypcoB U X04eT OCBOOOIUTD yKe BblIeJIeHHbIE PeCypChlI.

Ipyras rpobjemMa cBsizaHa ¢ cocyiectBoBanuem VPA n HPA. B
HacCTosilllee BpeMs 3TU [BAa MeXaHU3Ma [elCTBYIOT He3aBUCUMO
Opyr OT [Apyra, 4YTO MOXeT TIIPUBECTU K HeXeJlaTeIbHOMY
rnoseneHuio. Hanpumep, ecain HPA ncnosnb3yeT MeTpUKU pecypcos,
TaKue Kak IIPOoIlecCOpHOe BpeMs U 00beM maMsTi, u VPA Bausier
Ha 3TU Xe 3HauyeHWusl, 3TO MOKeT IPUBECTU K OLHOBPEMEHHOMY
TOPU30OHTA/JIBHOMY ¥ BEepPTUMKAJbHOMY MacCIITabMpPOBaHMIO II0JIOB
(TO eCcTh MPOM30IAET IBOITHOE MacIITabpoBaHue).

MbI He OymeMm ele Aajbliie YITyOJasIThCS B JeTaM, IIOTOMY UTO
MexaHu3M VPA Bce ellle HaXOOUTCS B COCTOSIHMU OeTa-BepCcuUm U
ero rnoBelleHMe MOXeT M3MeHUTbcsi. Ho umeiiTe B BUIy, UTO €ro
IIpUMeHeHMe MOXeT 3HAUMTEeJIbHO VIYUIIUTh IIOTpebjeHue
pecypcoB.

Events t Mog « + Tog

Mpoeepka
3HAYEHUIA
MeTpUK

lpoBepka coObITHiA Mepe3anyck

Vertical Pod TpeboBanusa
Deployment
Autoscaler
TpeboBaHuit HoBbIE
K pecypcam TpeGoBaHKA

Puc. 24.2. MexaH13M aBTOMATUYECKOTO BEPTUKAaNbHOIo MaCLIJTaGMDOBaHI/Iﬂ nonos

ABTOMaTHMUeCKoe MacwTabum poBaHUe Knactepa

[laTTepHbl, TIIpeACTaBjieHHble B JOTOM KHUIE, MCIIOJb3YIOT B
OCHOBHOM TMPUMMUTUBBI U Ppecypchbl, TMpeaHasHAaYeHHbIe IS
pa3pabOTUMKOB, MCIIONb3YIOIIMX YK€ HACTPOeHHbI KjaacTep
Kubernetes. ITocko/ibKy 9Ta Tema CBsI3aHa C MaclITabMpOBaHMEM



pabouMx HArpysok, B O5TOM pasgeje Mbl IT0O3HAKOMUMCS C
MEeXaHM3MOM aBTOMAaTMUECKOTO MacIITabupoBaHMs KjiacTepa
Kubernetes Cluster Autoscaler (CA).

OmgHuMM U3 TIPUHLUMIIOB 00JIaUHBIX BbIUMCIEHUIT SBJISIETCS
oriata (GaKTUYeCKM IIOTPeOJIeHHbIX pecypcoB. MbI  MOKeM
MCIT0/Ib30BaTh OOJIauHble YCYTH, KOTAa OHM HeOOXOAMMbI, i POBHO
CTOJbKO, CKOJIbKO HeoOXomumo. MexaHM3M aBTOMAaTUYECKOIO
MacHiTabMpoBaHMs KjacTepa MOXKeT B3aMMOIEICTBOBATh C
ob/slauHBIMM  TIpoBaifepamu, Tme paboraer Kubernetes, wu
3alpaliuBaTh BbiJleJieHMe OOIOJHUTEIbHbIX Y3JI0B B MePUOMIbI
MIMKOBBIX HArpy30K U OCBOOOXKOATb HE3aHSIThble Y3/Ibl B Jpyrue
IepMoabl, CHI3KAsI 3aTpaThl HA MHPpacTpyKTypy. Ecin HPA u VPA
BBITIOJTHSIIOT MaclITabMpoBaHMe HAa YPOBHE MOIOB U 00eCIieunBaT
371aCTMYHOE pacIipeiesieHie peCcypcoB [IJisl CTY>KO BHYTPU KjacTepa,
To CA obecreuyuBaeT MacIITabMpyeMOCTb Ha YpOBHE Y3JI0B U
971aCTUYHOE pacIipefiejieHre PecypcoB IjIsl KjacTepa B 06auyHO

MHPpPaCcTPyKType.

CA — s10 pacmupenne gjisi Kubernetes, KoTopoe JOKHO ObITh
BK/JIIOUEHO ¥ HACTPOEHO MMHMMAJIbHBIM U MaKCUMMa/IbHbIM
KOJIMYECTBOM Y3710B. OHO MOXKeT (QYHKIMOHMPOBATb, TOJIHKO €C/IN
kinactep Kubernetes paboTaeT B 0671auHbIX MH(PPACTPYKTypax, Ije
y3JIbl MOTYT BBIAEASITHCSI ¥ BBIBOAUTHCS M3 IKCILTyaTalyM II0
TpeboBaHMI0 U MMeeTcs mommepskka Kubernetes CA, Takux Kak
AWS, Microsoft Azure 1 Google Compute Engine.

Cluster API

Bce kpynHble obnavHbie npoBanaepsbl nogaepxueatotT Kubernetes
CA. OpgHako nnarvHbl, peanuaylowme 3Ty MNoA4EpXKKY, Oblnu
HanMcaHbl CaMMMKU NpOBAMAEPaMM, YTO BbI3bIBAET MPUBA3KY K
OAHOMY npoBangepy M HecoBMecTMMOCTb B nogaepxke CA. K
cyactoto, nosasunca npoekt Cluster APl Kubernetes, uenbto



KoToporo siBngercs onpegenedune APl ong co3gaHusi, HACTPOMKU U
yrnpaBneHuss knactepom. Bce kpynHble npoBangepbl 06na4vHbIX
BbluncneHun, Takne kak AWS, Azure, GCE, vSphere u OpenStack,
nogaepxann 3Ty wuHuumatuey. OH Takxke npenycMaTpuBaeT
aBTOMaTu4yeckoe MacwTabupoBaHue 0KaNbHO YCTAHOBEHHbIX
sk3emnnapos Kubernetes. Cepguem Cluster APl gsngetcs
KOHTPOJIIEP MalUMHbI, OEACTBYHOLWMM B (HDOHOBOM pexume, Ons
KOTOPOro yXe CyWweCcTByeT HeCKOJIbKO HE3aBMCUMbIX peann3auni,
Takmx Kak Kubermatic machine-controller unn Open-Shift
machine-api-operator. llpoekT Cluster APl ctout TOro, u4TOObI
BHMMATENbHO CNeAMTb 33 ero pa3BMTMEM, TaK Kak B Oyaywem OH
MOXeT CTaTb OCHOBOWM [Ans NbOro Apyroro MexaHusMma
aBTOMATMYeCKOro MacwtabupoBaHus Knacrepa.

CA BBINOJHSIET IBE OCHOBHBbIE oIlepalyiu: J0OaBjieHMEe HOBBIX
y3JIOB B KJjacTep M yOajeHue VYy3JI0B U3 Kiacrepa. JlaBaiiTe
IIOCMOTPMM, KaK BBITIOJTHSIFOTCSI 3T I€ICTBUS :

Jlo6aenenue HOB020 y31a (MacuimaduposaHue 68epx)

[IpunoxkeHusIM C TepeMeHHOM Harpy3koil (C MMKOBBIMU
repuoiaMy B TeueHMe IHS, B BbIXOJHbIE MM MTpa3gHUYHbIE THU
M HAMHOTO MeHblIleli Harpy3Koit B Apyroe BpemMms) HeoOxoayMa
BO3MOXXHOCTb YBeJIMUMBATh 00beM AOCTYIIHBIX pecypcoB, KOrja
3TO0 TpebyeTcsi. MOKHO, KOHEUHO, KYIUTh (PUKCUPOBAHHBIN
00beM pecypcoB Yy 00JaUHOI'O IIpoBaiizepa, UTOObI MOKPBITh
MTOTPeOHOCTHM B IMMKOBbIE TTePUOAbI, HO TOI/Ia BbICOKAS OIlJIaTa 3a
3TOT 00beM B IepuoAbl C HeOOJbIIOI HAarpy3KOil YMeHBIIUT
MIpeMMYyIlecTBa OO0JIauUHbIX BBIUMCIEHMII. B Takux ciydasx



dBTOMAaTHN4YeCKoe MaCHITa6I/IpOBaHI/I€ KiacTepa CTAaHOBUTCA IIO-
HacCToA1meMYy ITOJI€3HbIM.

[Ipy TOpPM3OHTAJILHOM WM BEPTUKAIbHOM MacIITaObMpOBaHUM
rnoga, BpyuyHyr wian nocpenctsoMm HPA wnm VPA, perinkn
IOJDKHBI ~ pasMeliaTbCsl  Ha  y3/1aX,  VAOBJIETBOPSIOIIUX
TpebOBaHMSIM K Mpolleccopy M mamsTu. Eciam B KiacTepe He
OKaXkeTcsl y3/la ¢ 00beMOM pecypcoB, VAOBJIETBOPSIOIINM
TpeOOBaHMSIM IIOHAa, TOrAa 3TOT IIOJ OymeT IOMeuUeH KaK He
noonexcawjuti NAAHUPOBAHUK) W OCTAHETCSI B  COCTOSIHUU
OXXUAAHMS, TIOKa TaKoi y3ea He OyaeT HaigeH. Mexanusm CA
CJIeguT 3a TaKMMM TOJaMM, YTOObI TOHSIThb, KOIJa cjaemyeT
I00aBUTh HOBBIV Yy3€J, YIOBJETBOPSIONIMII MX IMOTPeOHOCTH.
OOHapykMB Takoit 1om, MexaHusM CA WU3MeHUT pasMep
KJIacTepa COIJIacHO IMOTPeOHOCTSIM.

CA He MoOXeT [00aBUThb B KjacTep CAyJaiiHbIiI y3el — OH
Io/XKeH BbIOpaTh y3es M3 JOCTYIIHBIX IPYMIT Y3/I0B, HA KOTOPbIX
paboraeT kiaacTep. IIpearonaraeTcsi, UTO Bce MalllMHbI B I'PYIIIIe
Y3JI0B UMEIOT OAVHAKOBYI0 €MKOCTh ¥ OAVMHAKOBbIe METKU U Ha
HUX BBITIOJTHSFOTCSI OAMHAKOBbBIE TT0/Ibl, YKa3aHHbIE B JIOKAJIbHbBIX
daiinax wmaHudecta wuaum B Habopax DaemonSet. 3To
IIpeaIoaoxkeHne Heoo6xoaumo, uToobl CA MOT OlLIeHUTb, KaKyio
IOTIOJTHUTE/IbHYIO0 eMKOCTb T0OaBUT HOBBIN y3eJl B KjacTep.

Eciu moTpeOHOCTSIM — OXMAAIOIIMX IIOAOB  COOTBETCTBYET
HECKOJIbKO TpyIm y370B, Torga CA MOXKHO HACTPOUTHb ISl
BbIOOpa TIpYyHIIbI VY3JIOB C IIOMOINBIO PAa3HBIX CTpPaTEruii,
Ha3bIBA€MBbIX MexaHusmamu pacuiupeHus. MexaHu3m
pacHIMpeHnus] MOXKET pacCHIMPUTh TPYMITy JOIOJHUTEIbHBIM
y3JIOM, MCIIONIb3ysS KPUTEPUIX MMHMMM3ALMM CTOMMOCTH,
MUHUMM3AIUM M30BITOUHBIX PECypCcoB, MaKCUMM3aLMM YMUCIa
IIO0B, KOTOpble MOSKHO pasMeCTUTh Ha y3/Ie WIM IIPOCTO
cIydyaitHeiM ob6pa3oM. Korma BbiOOp OyaeT chesiaH, O6GJauHbIA
IIpoBaiiep MO/KeH 3a HECKOJbKO MMUHYT IIOJTOTOBUTH HOBYIO



MalllMHy U 3apeructpupoBaTth ee B API Server Kak HOBBII y3es
Kubernetes, roTOBbII 111 pa3MelleHMs OKMUAAI0IINX TOJO0B.

Yoanenue y3na (MmacuimaduposaHue 6HU3)

MaciitabupoBaHe BHU3 IIOJOB WM Yy3JI0B 6e3 IIpepbIBaHUS
o0C/IYyXMBaHMUSI BCerga CJIOKHee U TpedyeT MHOXeCTBa
nmpoBepok. CA BBITIONHSIET MacIiTabupoBaHue BHU3, KOraa HeT
HeOOXOIMMOCTY BBITIOJIHATh MacIITabMpoBaHue BBepX, a y3es
UIeHTUUIIUPYETCS KaK He3aHSThIN. Y3ea MOXKeT ObITh yIaJleH,
€CJIM BBITIOJIHSIOTCS CJIeAYIolie OCHOBHBIE YCIOBUA :

e bonee moOMOBMHBI €ro eMKOCTU He WUCIIOJNb3yeTCsl, TO eCTb
CyMMa Bcex Tpeb6OBaHMUIi K MPOIECCOPHOMY BpeMeHU U
MaMsITU Bcex I10JI0B Ha 3TOM y3Jie cocTaBisieT MeHee 50% oOT
€MKOCTHU ero pecypcos.

» Bce moapl Ha y3jie, JOCTYIHbIE IJISI TlepeMelleHus: (KOTOpbie
He 3aMyCKaloTCs JIOKAJbHO C MOMOIIbI0 (aiiyioB MaHudecTa
1y HabopoB DaemonSet), MOKHO MepeMeCTUTh Ha JpyTue
y3ibl. UT06bI yOemuTbcsi B 3ToM, CA MMUTUpPYeT IIpoliecc
IJIAaHMPOBAHUS U OIpenensieT Oyayllee MeCTOIO0XeHMe
IJIs1 KaKIOro IMoja IocCje ero OCTAaHOBKM Ha 3TOM Y3Jle.
OKOHUaTeJbHOE  PACHOJIOKeHMEe  TOAOB  IO-TIpeXXHEMY
orpenesisieTcsl TUIAHMPOBIIMKOM M MOXKET OTAMYaTbhCs, HO
yCIiex MOIEeJMPOBaHMSI TapaHTMpPyeT Hajuuue pe3epBHbBIX
MOIILHOCTENM B KjacTepe.

e HeT HMKaKMX APYIrUX IIPUYMH, TPEISITCTBYIOUNX YOATEHUIO
y3jia, KakK, HalnpuMmep, WCKIOUEeHNe Vy3j1a U3 CIOucka
OOCTYIIHBIX [JISI MacIITaOMpOBaHMSI BHMU3 IIOCPEICTBOM
aHHOTAaLIA.



« Ha y3/1e HET mof0B, KOTOPbIE HEJIb3SI IEPEMECTUTD, TAKMX KaK
nmogbl ¢ Tpe6oBaHusMu PodDisruptionBudget, KoTopbie
HeJIb3sI YAOBJIETBOPUTDh, MOABI C JOKAJIbHBIM XPaHWIMILEM,
IIOJbl C AHHOTAUMSMM, IIPeIOTBPAIlAONIMMM BbITECHEHNE,
IIO/bI, CO3/IaHHbIE 0€3 KOHTPOJIJIEPa, UM CUCTEMHBIE TTObI.

Bce 5Ty npoBepKM BBIMOJHSAOTCS C Le/IbI0 TapaHTUPOBATh, UTO
He OyZeT OCTaHOBJIEH HM OJUH IO, KOTOPbIi Helb3sl 3ayCTUTD
Ha ApyroM ysie. Ecjiv Bce mpeAplayliye YCIOBUS BBIMIOTHSIIOTCS
B TeyeHMe HeKOTOPOro BpeMeHM (Mo ymoauvaHui 10 MUHYT),
y3eJI MOKeT ObITh yhaneH. [IJis yaajieHusl y3ea ImoMevaeTcs Kak
HEIIPUTOOHBINA IS TUIAHMPOBAHUS n  BCe TIO/Ibl,
BBITIOJIHAIOLIMECS Ha HEM, TlepeMellaloTCs Ha ApyTrue y3iibl.

Cxema Ha puc. 24.3 mokasbiBaeT, Kak CA B3aMOENCTBYET C
obsauHbiM  TpoBaiimepom  u  Kubernetes B mpolecce
MacIITabMpoBaHMs KjacTepa.

| [} -
CobbiTnA ‘_HO&_V| Pod ' x > Yzenc HE0CTAaTOYHOW
He noAnexaiyun 1 EMKOCTbH

MNaHupoBaHnio “
Tﬂpoaep AeT CobbITHA PasmeLenme noga
Mexannsmagtomat- | 3anpawmeaer  |06naunbiii noosaiinep| Moarorasnusaer .
YecKoro MacLITabuposa- HOBBIT! y3en (AWS AzuEe GC“I"D‘} P yaen Hogblil yzen
HWA Knacrepa ! '

Puc. 24.3. MexaH13M aBTOMaTM4YeCKOro MacluTabmMpoBaHuMs Knactepa

Kak BbI, HaBepHOe, yKe IMOHSUIM, MacllTabupoBaHue IIOJI0B U
MaciiTabupoBaHue y3JI0B He CBsI3aHbl MeXmy coboil, a
BBINOJHAOTCA He3aBucumo. HPA mian VPA moryTt aHanm3mMpoBaTh
MEeTPUKM, COOBITUSI M MacIITabMpoBaTh Moabl. Ecayu B Kakoii-TO
MOMEHT €MKOCTM KJIacTepa OKa3bIBaeTCs HeJOCTAaTOUHO, B paboTy
BcTymaeT CA m yBenamuumBaetr ee. Takke mexaHusm CA MOXeT
MIPUTOIUTHCS, KOTIA MMEIOTCS CyllleCTBeHHbIe Koje6aHMsI Harpy3Ku
Ha  KjJacTep  WM3-3a  BBINIOJIHEHMS  TAKeTHbIX  3aJaHUM,
MIOBTOPSIIOIIMXCSL 3a/ay, TE€CTOB HEIPEPbIBHOM MHTErpauuy Win



OPYyTUX IIMKOBBIX HArpy30K, TPeOyIOIMX BPeMEHHO YBeIUUYUTH
eMKOCTb. OH MOXeT YBeJIMYUTh ¥ YMEHbIIUTb €MKOCTb KjacTepa U
3HAUMTEJIbHO COKOHOMMTD 3aTPaThl Ha 00/IaUHYI0 MHPPACTPYKTYPY.

YpoBHM MacwTabupoBaHus

B oToii m1aBe MbI pacCMOTpeNM  pasauyHbie  CIIOCOObI
MacIITaOMpOBaHMSI  pPa3BepPHYTHIX  paboOuMx  HArpysok  JJis
VIOBJIETBOPEHMSI MEHSIIOIIMXCS IOTpeOHOCTeli B  pecypcax.
BOJIBIIMHCTBO M3 IepeuyncieHHbIX 3/1eChb OEeVCTBUI BIIOJIHE MOXKET
BBITIOJIHUTh  OIIEpaTOP-Ye/JioBeK, HO 3TO He COOTBETCTBYET
00/IJaYHOMY MBbIIIIeHNIo. [IJIsi KPyITHOMACIITAOHOTO YIIpaBJeHMsI
pacrpene/ieHHBIMM  CUCTEMaMM HeoOXOomuma aBTOMAaTU3aLMS
TIOBTOPS IO MXCS IeVICTBUMN. Jlydine aBTOMAaTU3UPOBATh
MacIiTabupoBaHue "n TI03BOJINTh orepaTopam-JIroasIM
COCpeOTOUMUTBCSI  Ha  3ajlauyax, KOTOpble TI0OKA  HeJb34
aBTOMAaTU3MPOBATh C IIOMOIIbIO onepamopos Kubernetes.

HaBaiite elre pas OKMHEM B3IJISIIOM IIpUEMBI
MacIHITabMpoBaHus, B MOPsSIIKE OT 60jiee TOHKUX K Oosiee IrpyObIM,
KaK IO0Ka3aHo Ha puc. 24.4.
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Puc. 24.4. YpoBHM MacWITaBMPOBaHUS NPUNOXKEHMM

Hactpoiika npunoxeHum

Ha camoMm fgeTajibHOM YpPOBHE HAaXOIAUTCS METOZ, 3aK/I0UYaIOIIUIACS
B HACTpPOMKe IIPUIOKEeHUI, KOTOPBI Mbl HE pacCMaTPUBAJIM B 3TON
I71aBe, MIOCKOJIbKY OH He cBsI3aH ¢ Kubernetes. Tem He MeHee camoe
TepBoe, UTO MOXXHO MpenrnpuHATb, — HACTPOUTh IPUIOKEHME,
BBITIOJIHSIIONIEEeCS] B KOHTeliHepe, 4UTOObI OHO OITMMAJIbHO
MCIT0JIb30BaJIO BbIJleJIeHHbIE PeCcypchl. DTO AeiCTBMe He TpebyeTcs
BBITIOJIHSITh MIPM KakAOM MacIITabMpOBaHUM CITY3KObI, OHO JOJIKHO
OBbITh BBIMIOJTHEHO M3HAUYa/JIbHO, Iepel BbIITYCKOM IMPUIOKEHMUS B
JKCIUTyaTauuw. Hanpumep, st cpelibl BBITIOJHEHMS Java MOXKHO
HaCTPOUTD pasMep IyJia MTOTOKOB BBIMOJHEHMSI, 0OecrieunBalomii
OIITMMaJIbHOE MCII0JIb30BaHME PeCcypCoB IMPOLIeCCOPHOTO BpEMEHMU,
KOTOpbIe IT0JydyaeT KOHTeiHep. Takske MOXKHO HAaCTPOUTb 00bEeMbI
pPasIMIHBIX 00/1aCTel MaMSITH, HaIIpyMep pa3Mepbl Kyul, 0ObIYHOM
MamMsITM UM TaMsSITU [JjI CTeKa TIOTOKOB  BBITIOJIHEHMS.



KoppekTupoBKa 3THUX 3HAUE€HMI OObIUHO BBITIOJIHSIETCS C IIOMOIIbIO
M3MeHeHul KoHbuUrypaimm, a He Koja.

B KOHTeliHepHbIX MPUIOXKEHUSIX MUCIIONb3YIOTCS 3allycKaloliye
ClileHapuy, KOTOpble MOTYT BbIUMUC/ISITh ONTMMa/IbHbIe 3HAUEHUST T10
YMOJIUaHUIO [IJIsI KOJMYEeCcTBa IIOTOKOB M pasMepoB obJacTeii
MaMsSITH [OPUIOXKEHMSsI, OIMPAsiCbh Ha pPecypchbl, BblJIeJI€EHHbIE
KOHTeliHepy, a He Ha OOIyI0 eMKOCTb y3/1a. Vcronib30BaHue Takux
ClleHapMeB MOKeT CTaThb OTIMUHBIM MepBbIM I1aroM. MoXXHO OMATHU
ellle Oajbllle UM UCIIOJb30BAaTh METOIbl M OMOJIMOTEeKM, Takyue Kak
Netflix Adaptive Concurrency Limits, ¢ MOOMOIIbI0 KOTOPbIX
MIpUJIOKeHVEe MOKeT OMHAMMWUYeCKM BbIUMCISTh CBOM OrpaHUUYeHUs
myTeM caMoOIlpo@WIMpoOBaHUS U aJalTMPOBAThCS K HUM. DTO —
cBoeoOpa3HOe aBTOMAaTHYeCKoe MaclITabupoBaHMEe HA YPOBHE
MIPUJIOKEHNSI, KOTOpPOE YCTpaHSeT HeOoOXOAMMOCTb HACTPOIKM
CJIY>XO BpYUHYIO.

HacTtpoiika npuiokeHuii MOKeT BbI3BaThb perpeccuio, mogo6HO
M3MeHeHUsIM B KOJie, ¥ JOJIKHA COMPOBOKAATHCS TECTUPOBAHMEM.
Hampumep, wu3MeHeHMe pasMepa Kyuu TMIPWIOKEHUSI MOXKET
MpUBECTM K ero Kpaxy u3-3a omubku OQutOfMemory, u
TOPU30HTA/IbHOE MACIITa0MpPOBaHMe B 9TOM Cayuae He IoMosKeT. C
IOpPYTroii CTOPOHBI, MaclITabMpoBaHMe MOJOB 10 BePTUKAIU WU TI0
TOPU30HTAJIM UM BbiJie/ieH e 00JIbIIero KoJu4ecTBa y3/0B He 1acT
oxkugaemoro 3ddekTa, ecyiv MPUIOKeHNEe He UCIIOIb3YeT JO/IKHbIM
oOpa3omM pecypchl, BbIAeJeHHbIe s KOHTeliHepa. To ecThb
HaCTpOiiKa Ha 3TOM YpOBHEe MacIITaGMpOBaHMUSI MOXKET ITOBJUSITH
Ha BCe ApyrMe MeTOHbl M OKasaTbCs paspylIUTe/NbHON, HO ee
HeoOXOOMMO BBITIOJIHUTL XOTS Obl OOMH pa3, YTOObI JTOOUTHCS
ONTMMAaJIbHOTO ITOBEAEHMST ITPUIOKEHMSI.

ABTOMaTuuyeckoe BepTUKaJIbHOE MaCI.I.ITaﬁl'ipOBaHMe noaos

B npenmonoxkeHuu, 4YTO OpuaoxkeHMe 3(PEHEKTUBHO MCIIOIb3yeT
pecypcbl KOHTeliHepa, CAeAyIIMM IIaroM SBJsSeTCsS YCTaHOBKa



MpaBWIbHBIX 3alIPOCOB U JIMMUTOB PeCypCcOB B KOHTeliHepaX. Boiiie
Mbl Bumenau, Kak VPA MoxkeT aBTOMaTU3MpPOBATh IIpoOliecc
ompene/ieHUs1 M IIPUMEHEHMUSI  ONTUMAJbHBIX  3HAUEHUIA,
OCHOBAaHHBIX Ha pealbHOM IOoTpe6iaeHun.  CyllecTBeHHas
npo6jemMa B JAaHHOM C/Iyyae 3aK/iouaeTcs B ToMm, uTo Kubernetes
TpebyeT OCTAaHOBKM TIOAOB M WMX TOBTOPHOIO 3amycka, 4TO
OCTaB/IsIeT BO3MOXHOCTb [JIT KOPOTKMX WIM HEOXUIAHHBIX
1IepMoJOB IIpepbiBaHMSI OOCTYKMBaHMS. BbifeneHue O0bllIero
KOJIMYeCTBa pecypcoB [Jisi KOHTeliHepa, WCHbITbIBAIOIIETO
HEeIOCTaTOK PeCcypcoB, MOXeT cAejiaThb IIOJ He IMojieXXalyuM
MIJIaHMPOBAHMIO UM ellle OOJbllle YBeIUUUTh HArpysky Ha Jpyrue
3K3eMIUISPbI. YBeJIMYeHMe pecypCcoB KOHTelMHepa TakXke MOXeT
nmoTpebOBaTh MOIOJHUTENIbHOI HACTPOKU TPWIOKEHMS, UTOObI
obecreunThb ONTUMa/IbHOE X UCIIOJIb30BaHMe.

ABTOMaTMUYeCKOe ropM30oHTa/IbHOE MaclTabupoBaHue NooB

[Ipenpimyiiye aBa MeTOJa SBISIIOTCS (OPMOI BePTUKAIBLHOTO
MacIITabupoBaHusI; TIPUMEHSSI UX, Mbl HaJeeMcs YIYUIIUTb
MIPOM3BOAUTEILHOCTD CYIIECTBYIOIIMX ITOJOB ITyTeM UX HACTPOVIKH,
HO 0e3 u3MeHeHMs UX KojuuectBa. Crenyioliye 1Ba MeTonda
SIBJISTIOTCSL (DOPMOJI TOPM30OHTAIBHOTO MAaCIITA0MPOBAHMUS: B 3TOM
clyyae Mbl He Kacaemcsl OIpeliesieHuii, HO MeHsIeM KOJIMYEeCTBO
MOJOB M y3/I0B. Takoii MOAXOH, CHUKAeT BepPOSITHOCTDb IOSIBJEHUS
M00bIX perpeccuit M cO60eB U YIIpollaeT aBTOMaTuU3aluio. B
HacTosiiee BpeMsi HPA siBiisieTcss Haubosiee MOMy/sipHOM GhopMoii
MaciiTabupoBanusi.  IlepBoHauajJbHO OH  Mpemiaraj  JUIb
MMHMMaJ/IbHble BO3MOXKHOCTM, OIMPAsiICb TOJAbKO HAa MeTPUKU
MoTpeb/ieHNsT IIpolieccopa M MaMsaTH, HO HbIHe IIOSIBUIAach
BO3MOKHOCTb VMCITOJIb30BaTh HECTAHAAPTHBIE 1 BHEUITHME METPUKH,
TIOMOTaroIIIe OpraHm3oBaTh bostee CJIOXKHbBIE CXEMBI
MacIITabMpoBaHMUSI.



Eciv mpenrionoXuTb, YTO Bbl BBINIOJHMIM ABa MpPeablaylnX
MeTOJa M OIpemeluiu IpaBUIbHble 3HAUEHMSI HACTPOEeK IS
CaMOro IIPWIOXKEHUSI UM TOTPeOHOCTM B pecypcax KOHTelHepa,
II0C/Ie 3TOro MOXHO BKIOUMTh HPA u obecrieunTb aparrtamuio
TIPWIOKEHUST K M3MEHEeHMSIM IToTpebHOCTel B pecypcax.

AeTOMaTMuyecKoe MacliTabupoBaHue KaacTepa

MeTonbl MaciiTabupoBaHusi ¢ ucnonb3oBanumem HPA u VPA
obecrieuMBalOT 3JMACTMYHOCTb TOJBKO B TIIpelenax eMKOCTHU
Kjaactepa. Mix MOKHO IIpUMMEHSTh, TOJIbKO ec/in kiaactep Kubernetes
obJiagaer IOCTATOYHOM €MKOCTBIO. ABTOMaTHUeCcKoe
MaciiTabMpoBaHue KjaacTepa obecrneuuBaeT I'MOKOCTb Ha YpPOBHE
eMKOCTM Kiactepa. Mexanusm CA [ONOJHSET OpyrYe MeTOZbI
MaclITabupoBaHMsl, HO JeicTBYeT He3aBuCcUMO. OH He 3a00TUTCS O
TIPUUYMHAX OSBJIEHUS TOTIOJTHUTEbHOI'O CIIPOCa Ha pecypchbl UIN O
TOM, [IOUEMY IOSIBMIACh HEUCII0Jb3yeMass eMKOCTb, SBJISIETCS JIU
3TO CJIefCTBMEM [EeNCTBUII YesioBeKa-orepaTopa Wiv MeXaHM3Ma
aBTOMaTMUeCKOr0 MacIiTabupoBaHus, MeHSIMUX Ipoduin
pabouyeii Harpysku. OH MOXeT PpacHIMPUTh KJacTep, UTOObI
n00aBUTb MOMOJHUTEIbHYI0 €MKOCTb, MJIM COKPAaTUTh €ro, 4ToObl
CO3KOHOMMUTD Ha 3aTpaTax Ha HeMCIIOJIb3yeMble PeCypChl.

NMoacHeHUe

DNMaCTUUYHOCTh M pa3jIMuHble MEeTOHbl MAacCIITaOMpPOBAHUS — 3TO
obsacte Kubernetes, KoTopas IpoJo/KaeT aKTUBHO Pa3BUBAThCS.
IMoppepskka MeTpUK JUIIb HeJaBHO Oblja gobasieHa B HPA, a VPA
BCe ellle HaXOOUTCS Ha CTaauM SKCIepUMeHTaJIbHOM paspaboTKI.
Kpome Toro, 6jaromapst Iomy/asipu3any Mopejayu OeccepBepHbIX
BBIUMCJIEHMIA  HAMOOJBIIMM  CIIPOCOM  CTajayM  II0JIb30BAThCS
BO3MOXHOCTM  MAacIITabMpoOBaHMSI O HyIsi U OBICTPOro
MaciTabupoBanus BBepx. Knative serving — 3To paciiupeHnue ajs



Kubernetes, KoTopoe Kak pas pelaeT 3Ty IIpobjieMy, obecreunBas
OCHOBY [IJIsI MacIITabupoBaHMSI OO HY/sSI, KaK KPaTKO OIMChIBAETCS
BO Bpe3Kke «Knative Serving» Bbiiie 1 Bo Bpe3ke «Knative Build» B
rnaBe 25. [IpoekT Knative u jexaliue B eT0 OCHOBE CETKMU CITYXKO
MPOAOJ/IKAIOT OBICTPO Pa3BUBATHCS U MPEACTABJISIIOT HOBbIE U OUeHb
MHTepecHble 00/lauHble MPUMUTUBBI. Mbl BHMMATE/IbHO CJIEAMM 3a
9TOI 00J/1aCThI0 00/IAaUHBIX BBIUMCIAEHUII M pEeKOMeHIyeM Bam
NpUCMOTPeThCs K Knative.

Onupasich Ha ornycaHue ’KeJlaeMOoro COCTOSTHUS
pacopeneneHHoii cucrembl, Kubernetes MoxkeT co3maBaThb U
noamepskuBaTh ero. OH Takxke obeclieunMBaeT HaAEXHOCTh U
YCTOMUMBOCTh K COOSIM, IIOCTOSIHHO BBITMIOJHSISI MOHMUTOPUHT U
aBTOMaTMUeCKM BOCCTaHaBJAMBasT M obecrieunBas COOTBETCTBUE
TEKYILIero COCTOSSHMS >kXejaeMoMy. [MOKOCTb M HaAeKHOCTb
CUCTEeMbI HaXOMSITCS Ha AOCTATOYHO BBICOKOM YPOBHE [JISI MHOTUX
HbIHEIIHMX TpuiokeHuii, Ho Kubernetes He ocTaHaBAMBaeTCs Ha
OOCTUTHYTOM. Hebosblasi, HO MpaBUAbHO HACTPOEHHas CUCTeMa
Kubernetes cMoxeT HaaeXHO (QYHKIMOHMPOBATL [aXke IIpU
OOJIbIIION HaArpysKe, MaclITabupys Ioabl M y3abl. To ecTh mop,
BJIMSIHMEM BHeIIHMX (aKTOPOB Takasl cucTeMa OyIeT CTaHOBUTbCS
OoJbllle M CUJIbHEe, TI0JIb3YysICh MOIIHBIMM BO3MOXXHOCTSIMM
Kubernetes.

HdononHutenbHaa uHpopmaums

. ITpumep 371aCTUYHOTO MacIITabMpoBaHUS
(http://bit.ly/2HwQa6V).

o IlpaBUibHBIII BHIOOP pa3MepoB II0Ja [Js MCIIOJIb30BaHMUS
MexaHu3ma aBTOMAaTUYECKOI'0O BE€PTUKAJILHOTO
MaciitabupoBanust mogos (http://bit.ly/2WInN9L).



OcHOBBI aBTOMaTMyeckoro macuirabupoBanus B Kubernetes
(http://bit.ly/2U0Xo0Ga).

ABTOMaTHYeCKOe TOpPU30HTAJIbHOE MacliTabMpoBaHue I10I0B
(http://bit.ly/2rO8Row).

o Aniroputm HPA (http://bit.ly/2Fh35Xb).

O630p MexaHM3Ma aBTOMAaTUUYECKOTO TOPU3OHTAIbHOIO
MacitabupoBanus mogoB (http://bit.ly/2FLUSRH).

Kubernetes Metrics API u KJIVeHTbI
(https://github.com/kubernetes/metrics/).

ABTOMaTHYeCKOe BepTUKaJIbHOE MaclITabupoBaHue I0I0B
(http://bit.ly/2Fixzbn).

HacTpoiika aBTOMAaTUYECKOTO BEPTUKAIIBHOTO
MaciitabupoBanust nmogos (http://bit.ly/2HylOeb).

[IpenjioskeHne 10  aBTOMATMYECKOMY  BEPTUKAJIbHOMY
MacitabupoBanuio nogos (http://bit.ly/20fAOnW).

Pennosutopuit  GitHub ¢  peanusanueii  MexaHu3sma
aBTOMaTMUUECKOTO BEePTUKAJIbHOTO MacIITabMpoBaHMUSI TOMOB
(http://bit.ly/2BDnAMZ).

ABTOMaTHueckoe MacliTabupoBaHue KjactepoB B Kubernetes
(http://bit.ly/2TKNQL9).

O630p oO6uommoreku Netfix Adaptive Concurrency Limits
(http://bit.ly/2JuXxxx).

YacTo 3amaBaeMble  BOINPOChI [0  aBTOMAaTUYECKOMY
MaciiTabupoBanuio kiaactepon (http://bit.ly/2CumONH).



e Cluster API (http://bit.ly/2D133T9).

« Kubermatic Machine-Controller (http://bit.ly/2VeTqae).
» OpenShift Machine API Operator (http://bit.ly/2ul7T1zP).
» Knative (https://cloud.google.com/knative/).

. Knative: opraHmsanus 6eccepBepHbIX CJTY>KO
(https://red.ht/2HvenKZ).

» Yue6HUK 1o Knative (http://bit.ly/2HT70x9).

22B cjiydyae C HECKOJIbKMMU MMogaMM B KayeCTBe mekymezoBHaueHuﬂMempuKu
MCIIOJIb3YETCA CpeaHee 3HaueHMe MCII0/Ib30BaHMSI ITpo1eccopa.



naBsa 25. Nocrpourenb ob6pasos

Kubernetes — 3To ympaB/sSIONMii MeXaHM3M OOIIEero Ha3HaueHMusI,
KOTOpBI TIPEeKpacHO TIOAXOOUT He TOJIBKO [JjIs  3amyCKa
TIPUIOKEeHU, HO U JIJIS CO3JaHMusI 00pa30oB KOHTeiHepoB. IlaTTepH
Image Builder (IToctpoutesib 06pa3oB) OOBSICHSIET, ITOYEMY MMeeT
CMBICJT CO37aBaTb 00pa3bl KOHTENHEpPOB B KJjacTepe U Kakue
MeTO/Ibl CO3IaHMsI 060pa30B CYIIEeCTBYIOT cerofHsl B Kubernetes.

3apaua

Bce marTepHbl, NpefcTaB/JIeHHbIe BbIllle B 3TOM KHUIe, KacajaucCb
paborer mpwiokenmii B Kubernetes. Msbl  y3HamM, Kak
pa3pabaThiBaTh U MOATOTAaBAMBATDL HAIIM IIPUTOKEHUS 11 paOOThI
B 00/1auHOM OKpYy>keHuu. Ho Kak cobuparomcsi camu TIPUI0KEHMS ?
Knaccuueckuii  1moaxopn, 3aK/al0UYaeTcss B CO3JaHMM  00pa3oB
KOHTEIfHepOB BHEe KjlacTepa, [HO00aBJIeHMM UX B peecTp u
MCIIOJIb30BAHMM CCBhIJIOK Ha HUX B OINMCAHUSIX pPa3BepThIBAHUNM
Deployment. OpHako c6opka o00pa30B KOHTEITHEPOB BHYTPU
KJ1acTepa MMeeT HeCKOJIbKO IPeuMYIIeCTB.

Ecny sKoHOMMYECKasl MOJMUTHMKA KOMIIAHUM MO3BOJISIET MMEThb
TOJIbKO OAVH KjacTep [HJis Bcero, Torga cOopka M 3aIycK
MIPUJIOKEHMI B OJHOM MeCTe MOI'YT 3HAUMTEIbHO CHU3UTD 3aTPaThl
Ha 00CTy>KMBaHMe. DTO TaKKe YIpoIaeT IJIaHMPOBaHMe eMKOCTU U
CHIM’KaeT 3aTpaThl Ha MTOTpebieHne pecypCoB.

Kak mpaBuiao, mjst c60pkyu 06pa30B MCHONb3YIOTCSI CUCTEMBbI
HerpepbiBHOM MHTerpauyuu (Continuous Integration, CI), Takue Kak
Jenkins. C6opka ¢ mnomompblo Cl-cucteMbl — 3TO 3ajmaua
TJIAHMPOBAHMSI, 3(pheKkTUBHOrO ToyuckKa CBOOOTHBIX
BbIUMCIUTE/IbHBIX PECYPCOB IS 3a7aHuit Ha cO0pKY. B ocHOBe



HenpusuneruposaHHas c6opka

Korga cbopka BbinonHsetcs B Kubernetes, knactep MOAHOCTbIO
KOHTPOJIMpYET ee Npouecc, HO eMy TaKXe HYXXHbl 6osiee BblCOKME
CTaHOapTbl 6e30MacHOCTM, MOCKOJbKY COOpKa BbINOJIHSAETCS He
M301MPOBaHHO. [Ing cHbopkM B Knactepe BaXHO, 4TOObI OHa
3anyckanacb 6e3 npusunermi root. K cyacTbio, B HacTosLLee BpeMs
CyLLeCTBYeT MHOXeCTBO CnocoboB opraHu3oBatb COOpPKY B Tak
Ha3bIBAEMOM HENpPUBUIE2UPOBAHHOM pexuMe, Korga He Tpebyetcs
MOBbIWEHHbIX NPUBUIETUNA.

lNpoekt Docker poctur 6o0nbWwKMX yCNnexoB B MacCOBOM
pacnpoCTPaHEHUM KOHTEMHEPHbIX TEXHOMOrMiM Gnarogaps CBOMM
HenpeB3oMAeHHbIM  BO3MOXHOCTAM. Docker ocHoBaH Ha
apXuTeKkType KnueHT-cepBep ¢ gemoHoM Docker, paboTtaowum B
$GOHOBOM pexuMMe U NoNyYalLWwUM UHCTPYKUMU OT KJIMEHTA vepes
REST API. lpuBunerun root Hy>XXHbl 3TOMY AE€MOHY B OCHOBHOM A9
yripaBneHuss cetbld M TOMaMu. K COXaneHuo, TakoM noaxon
co3gaet yrpo3y 6e30MacHOCTH, NOCKONbKY 3/I0YMbILLUNEHHUK MOXET
MPOCOYUTLCA B KOHTEMHEPbI HEHAAEXHbIX NPOLECCOB U NOJYYUTb
KOHTPOJIb HAaJ BCEM XOCTOM. JTa NpobaeMa OTHOCUTCS He TOMbKO K
BbIMOJIHEHUIO KOHTEMHEPOB, HO U K UX COopKe, NoTOMY 4To cbopka
TaKXe MNpoMCXOOMT BHYTPU KOHTeMHepa, kKoraa gemoH Docker
BbIMOJIHSIET NPOM3BOJIbHbIE KOMAHAbI.

Co BpeMeHeM 6b11I0 CO30aHO MHOXECTBO MPOEKTOB C LeNblo AaTb
BO3MOXXHOCTb BbINONHATL C6OpKy B Docker 6e3 npuBunernin root u
CY3UTb KPYr BO3MOXHOCTEN NS 3N10YMbIWNEeHHUKOB. HekoTopble 13
HUX (HanpuMmep, Jib) 3anpewaroT 3anyckaTb KOMaHAbl BO Bpems
cbopku, opyrme UCnonb3yT UHble MeToAbl. HA MOMEHT HanucaHus



3TOM KHWUIM CaMbIMU  M3BECTHbIMU WMHCTPYMEHTAMM CO34aHMUS
obpa3oB 6e3 MOBbIWEHHbIX NpuBuaerMi o6biin img, buildah w
Kaniko. Kpome Ttoro, cuctema S2I, onucaHHass B pasgene «M3
MCXOOHOrO0 Koga B 00pa3s» HWxe, TakXe BbINOAHSAET COOpKy
obpa3os 6e3 npusuaerni root.

Kubernetes neXXuUT OuyeHb CJAOKHBIN IUIAHUMPOBIIUK, KOTOPbIN
UOeIbHO MOAXOONUT IIJISI TAKOI'O pOjJia 3a4au.

[Ipy uUCIIONb30BaHUM METOHOJIOTUM HeIpepbIBHONM OOCTaBKU
(Continuous Delivery, CD), Korma TpebyeTcsi OpraHmM3OBaTh
riepexo OT co3daHusi 00pa3os K pabomaroouwjum KOHmetiHepam, eciu
cOopKa MPOUCXOIUT B TOM 3Ke KjacTepe, oba Tara MUCIOJb3YIOT
OJIHY " TY 3XKe MHPPpaCTPYKTYypy, UTO yIpoiaeT nepexon. Hampumep,
MIpeINoJIOKMM, UTO B 0Opase, MCIIOAb3yeMOM B KaueCTBE OCHOBBI
IIST BCeX MPUIOXKEeHUH, OoOHapy:keHa HOBasl YsSI3BMMOCTb. Korma
Ballla KOMAaHJa WCOPaBUT 3Ty MpobiieMy, BamM IPUAETCS
nepecobpaTh Bce 00pa3bl MPUIOXKEHUH, KOTOPbIe 3aBUCSIT OT 3TOTO
6a30BOro oobpasa, 1 3aMeHUTD 3aMyllleHHbIe MTPUIOKEHNUSI HOBBIMM
obpaszamu. B ciyuae, ecnm peanusoBaH maTtepH Image Builder
(TTocTpouTeib 00pa3oB), KjaacTep OymeT 3HaTh, Kak co6paTh 06pa3s u
KaKk €ero pasBepHYTb, M CMOXeT aBTOMAaTUYECKM BBITIOJHUTH
IIOBTOPHOE pa3BepThiBaHMe MOCae u3MeHeHMus1 6a30Boro obpasa.
Himske, B pasmene «Co6opka B OpenShift», s pacckaxy, Kak Takas
aBToMaTu3anus peanusyercsi B OpenShift.

A Terephb, BBISICHMB, Kakue IIpeUMYyIIecTBa [aeT CcOopka
00pa3oB BHYTPM IUIAT(GOPMbBI, IOCMOTPMM, KaKue CYIIEeCTBYIOT
MeTOo[bl co3IaHMsT 00pa30B B KjaacTepe Kubernetes.

PeweHue



OnuH U3 TepBbIX U HauboJjee 3pebIX CIIOCOO0B COOPKM 00pa3oB B
KiacTepe Kubernetes ocHOBaH Ha WMCHOJb30BAaHUM I1OJICUCTEMBbI
coopku B OpenShift. OHa mopmepskMBaeT HECKOJbKO BapMaHTOB
coopku 06pa3oB. OouH U3 HUX — cOOpKaA 06pa3a u3 ucxooHslx Kodos
(Source-to-Image, S2I) — KoOHcepBaTMBHBIN CIIOCOO OpraHMU3aLUU
cOOpPKM C MCIIOJIb30BaHMEM TaK Ha3bIBAEMbIX ITOCTPOUTEJIE
obpa3oB. Mbl mompobHee paccMoTpuM S2I U crmmocob cOopku
o6pasoB B OpenShift B pasmene «Coopka B OpenShift» Hioke.

Ipyroit mexaHusm cOOpKM 00pa30B BHYTPM KJacTepa OCHOBaH
Ha ucnoab3oBaHuu Knative Build. 3TOT MHCTpyMeHT paboTaer
nmoBepx Kubernetes u ceTku ciayk6 Istio u sBjseTcs OmHOI U3
OCHOBHBIX 4acTteii Knative (https://cloud.google.com/knative/),
maaT@opMbl IS CO3JaHMSI, pa3BepThIBAHUSI U  yIpaBJeHUS
O0eccepBepHbIMM NpWIOXKEeHMSIMM. Ha MOMEHT HalmMcaHusl 3TOI
KHUrK Knative Bce elje CUMTa/JCS O4YeHb MOJIOALIM MPOEKTOM U
TIpoJo/Kaa OBICTPO pa3BuBaThcd. B paspmene «Knative Build» s
KpaTKO pacckaxy o IpoekTe Knative u npusBemy mnpumMepbl COOPKU
o6pas3oB B kiactepe Kubernetes ¢ nomoibio Knative Build.

HauHem 3HAaKOMCTBO ¢ MexaHusamamu coopku ¢ OpenShift.

C6opka B OpenShift

Red Hat OpenShift — »2To KopmopaTMBHBIN IUCTPUOYTUB
Kubernetes. Kpome mnopaepskku BCEro TOTO, UTO IIOAJEPKUBAET
Kubernetes, oH go6aBjisieT HECKOJIbKO JOMOJHUTEIbHBIX (DYHKIINIA,
BOCTPeOOBAHHBIX Ha MPEINPUITUIX, TAKUX KaK MHTETrpUPOBAHHBIN
peecTp 00pasoB KOHTEHEPOB, IMOAJEPXKKA €OUHOI CITYKOBI
aBTOpM3alMM ¥ HOBBII I10JIb30BATEeIbCKMUIT MHTepdelic, a Takxke
mobasiser B Kubernetes BO3MOKHOCTb CO3HAHMS COOCTBEHHBIX
obpa3oB. [ljg  cooOIiecTBa  OTKPBITOTO  MPOrPaMMHOIO
obecrieueHus BbimyckaeTcss auctpubytus OKD (https://www.okd.io/)
— paHee u3BecTHbIM Kak OpenShift Origin, — moamep>xMUBaroIii
BCce Bo3MoxkHOCTM OpenShift.



HOuctpubytTuB  OpenShift cranm mnepBbIM  IPeIOKUBIINM
MHTErPUPOBAHHYIO B KJacTep BO3MOKHOCTb COOpPKM 0Opa30B MOf,
ynpaBiaeHueM Kubernetes. OH mnoggepXKuBaeT  HECKOJbKO
cTpaTeruit co3gaHus oopas3oB:

U3 ucxodnoezo koda 6 o6pa3s (Source-to-Image, S2I)

[IpyHMMaeT MCXOOHBIM KOO  TIPUJIOKEHMSI U CO3[aeT
BBITIOJIHSIEMbIN apTedaKT ¢ IMMOMOIIbIO IMOCTpouTesiss obpasa S2I
IjIsT KOHKPEeTHOro $I3blka, a 3aTeM IIoMelllaeT o00pasbl B
VHTEeTrpUPOBaHHBIN peecTp.

Coopka cpedcmeamu Docker

Wcnonb3dyeT Dockerfile maioc KaTaJor KOHTEKCTA UM CO34aeT
06pas, Kak 3To caesan 6s1 gemoH Docker.

Komneeiiepnas coopka

[IpencraBisieT IIpoliecc COOPKM B BuUIe Ccepum 3aJaHUIA,
BBITIOJTHSIIOIIMXCS TIOJT yIIpaB/ieHueM cepBepa Jenkins, mo3Boisisi
T10JIb30BaTe/II0 HACTPOUTh KOHBeliep Jenkins Ha cBoJi Jaf,.

Hecmandapmnas coopka

aeT TOJIHBIA KOHTPOJb Haf IIpolleccoM cOOpKM 06pa3oB. B
9TOM CJTyyae BbI JOJIKHBI CAMM CO3aTh 00pa3 B KOHTeTHepe st
cOOPKM U OTIIPABUTH €TI0 B PEECTp.

JlaHHbIe [yIT COOpPKM MOTYT WM3BJIEKAThCS U3  Pa3HbIX
VICTOUHMKOB.

Git



Periosutopuii, OTKyZa WM3BJIEKAKOTCSI MCXOOHbIe [aHHbIe,
onpenesiercs B Buae URL.

Dockerfile

@aiin Dockerfile, KOTOpbINi OOCTYyIIEeH HeINOCPeACTBEHHO, KaK
4yacTh pecypca KoOHGUrypaimmu cOopKi.

Oobpas3

O6pa3 gpyroro KOHTeltHepa, 13 KOTOPOTO M3BJeKaloTCsl (aiisibl
171 Tekyieit coopku. IMoamepskka 3TOro TUIa MCTOUHMUKOB JaeT
BO3MOXKHOCTb BBITIOJIHSITh KOHBeliepHyl cO0opKy, Kak Oyaer
TI0Ka3aHo B JIUCTUHTe 25.2.

Pecypc Secret

DTOT  pecypC  MOXHO  MCIIONb30BaTh  MJIsI  Hepedaun
KOHpMIeHIMaTbHOM MHpOpPMaLMK B IIPOIIecC COOPKIN.

JleouuHsie daHHble

VICTOUHMK 3TOTO TMIIA IIpegHa3HadyeH Iy Mepenauy JaHHbBIX
M3BHE, KOTOpbIe JO/IKHBI OBITh ITOJATOTOBJIEHBI IIepes HauaJloM
CcOOpKIL.

Bb160p TOro MM MHOI'O TUIIA MCTOUYHMKA 3aBUCUT OT CTpaTerumn
cOOpKIU. JlsouuHple JdaHHble " Git SIBJISIIOTCSI
B3aMMOMCK/IIOUAIIMMM TUIIAMU MCTOYHUKOB. MCTOUYHMKM BCeEX
OCTJIbHBIX THUIIOB MOXKHO OOBeAVHSATH WM WUCIIOJAb30BaTh IIO
oTaenbHOCTU. Hiske, B mucTuHre 25.1, S IMTOKaXy, KaK 9TO AeaeTcs.

Bca umHbopmanysa o cOopke oImpenessieTcss B ILIEHTPaJbHOM
obbekTe pecypca BuildConfig. 3ToT pecypc MOXHO CO31aTh



HAIIpsSIMYI0, TIPMUMEHUB €ero K KJjacTepy, WM C [OMOIIbIO KJIMEHTa
KOMAaHOHOM CTPOKM OC, KOTOPBI SIBJISIETCSI 3KBUBAJIEHTOM
kubectl B OpenShift. KnueHT oc nogaepxxuBaeT komaHay build,
C TIOMOIIbI0O KOTOPOI MOXKHO ONpeneauTh HACTPOMKM COOPKU U
3aITyCTUThD ee.

[lpexkme uem B3misgHYTb Ha BuildConfig, Mbl [IOJKHBI
pasobpaThcsi C  JOBYMS  JIOTNOJHUTEIbHBIMM  MOHSITUSIMMU,
xapaktepHbiMu 1711 OpenShift.

ImageStream — 310 pecypc OpenShift, KoTopblit cchliaeTcss Ha
OJIMH UM HEeCKOJbKO 060pa30oB KOHTeiiHepoB. OH MMeeT HEKOTOpOoe
CXOOCTBO ¢ pemnosutopuem Docker, KOTOpbIii Takke COOEPKUT
HECKOJIbKO 00pa3oB ¢ pasHbiMu Teramu. OpenShift orobpaskaer
daxkTuuecknit o6pas ¢ Terom B pecypc ImageStreamTag Tak, uTO
ImageStream (perio3mMTopuii) Moay4yaeT CIMUCOK CChIJIOK Ha pecypChl
ImageStreamTag (o6pa3bl C TeramMmu). 3aueM Hy)KHa 3ITa
mononHuTenbHas  aobcrpakuus?  Ona mosBossier  OpenShift
reHepupoBaTh coObITHS s ImageStreamTag mipu OOGHOBJIEHUM
obpa3sa B peectpe. O6pa3bl CO3AI0TCS BO BpeMsi COOpKM MM KOraa
obpa3 nomeiniaeTtcss Bo BHyTpeHHMIT peectp OpenShift. IIpu Takom
MoaxXole MexaHU3M COOpKM MM pa3BepThIBaHMSI TOJy4aeT
BO3MOYKHOCTb IIPOCAYHIMBATh 3TU COOBITUSI M 3aIlyCKaThb HOBYIO
cOOpKY MIM pa3BepTbIBaHME.

Ina noaknwveHna ImageStream K pa3BepTbiBAHUIO
BMecTto Kubernetes-pecypca Deployment OpenShift ucnonb3yer
pecypc DeploymentConfig, KOTOpbIM MOXeT coAepXaTb TONbKO
CCblIKM Ha obpa3bl KOHTeHepoB. TeM He MeHee B OpenShift Bce
paBHO MOXHO MCNonb3oBaTb pecypcbl Deployment, ecnn He
NAaHMPYETCS UCNONb30BaTb pecypcbl ImageStream.



Ilpyroe moHsiTME — mpuzzep, KOTOPbI MOXXHO pacCMaTpPUBATh
Kak 00paboTuMk coObITMiII. OOHMM M3 BO3MOXHBIX TPUTTEPOB
saBasiercss imageChange, KOTOpbIii pearupyeT Ha COOBITHS,
myo/sMKyeMble IIpu u3MeHeHuMM ImageStreamTag. B KkauecTBe
peakuyy Takoi TpUrrep MOXKeT, HallpuMep, 3aIlyCTUTh [TOBTOPHYIO
cOOpKy mpyroro obpasa MM IIOBTOPHOE pa3BepThIBaHME II0IOB,
OCHOBAHHBIX Ha 3TOM oOpase. Y3HaTb 0OOjbllie O TPUITepax U UX
Pa3HOBUTHOCTSIX MO>XHO B TOKyMeHTaLMn OpenShift
(https://red.ht/2FrDIDj).

U3 ncxopHoro Kopa B obpas

JlaBaiiTe KpaTKO pacCMOTPUM, KaK BBIIJISIIUT ITOCTPOUTETH 00pa3oB
S2I. He BpaBasicb B AeTaay, OTMETUM, UTO IIOCTPOUTEIL 00pa3oB
S2I — 3TOo cTaHIApTHBIM 00pa3 KOHTeHepa ¢ HaOOpOM ClieHapueB
S2I, KOoTOpoMy MbI [OJIKHBI MpPeJOCTaBUTh OBe 00s13aTeIbHbIe
KOMAaH/Ibl :

assemble

CueHapuii, KOTOPbI/i BbI3bIBAETCS B MOMEHT 3amycka COOpPKIN.
Ero 3amaua — MOJYyYUTb WMCXOOHBIM KO M3 MCTOYHUKOB,
orpeneyisieMbIX  HACTPOMKaMMU, CKOMITWJIMPOBATD, ec/in
HeoOXOOMMO, U CKOIMPOBATh IIOAyUYMBIIMeCS apTedakThl B
COOTBETCTBYIOIIVE MECTOIIOJIOKEHNSI.

run

Vcronb3yeTcss KakK TOUKa Bxoja Ijs 3Toro obpasa. OpenShift
BBI3BIBAET OSTOT CILIEHApUii TIpM Ppa3BepThIBaHMM 00Opasa.
CleHapuii TUun MCIOJAb3yeT CreHepupoBaHHbIe apTedaKkThl s
3aITyCcKa IIPUIOKEeHMSI.



I[Tpu kenaHMM BBl TaKKe MOXKETe CO3JaTh CIleHapuii i BBIBOJA
COOOIIeHMST O  TIOpSIJKe  MCIIOJNb30BaHMSI,  COXPAHSIONINIA
CreHepMpPOBAHHbBIE apredaKkThl IJISE TaK Ha3bIBA€MbIX
UHKpeMeHMAabHbIX COOpPOK, KOTOpble OYIyT IOCTYITHBI CIleHapUIO
assemble B mociaeaylomux 3amyckax COOpKM, UM T00aBJISIONINIA
HEKOTOPbIe ITPOBEPKI.

PaccMoTpuM 10O6/IKe MexaHu3M cOoopku S2I, m300pakeHHbI
Ha puc. 25.1. OH CcOCTOUT M3 JABYX KOMIIOHEHTOB: ITOCTPOUTEJIS
00pa3oB M CpeacTBa BBOJA MCXOOHOro kKoma. Ob6a 00beauHSIIOTCS
cucteMoii coopky S2I B MOMEHT, KOI/ia IPOUCXOIUT 3aITyCK COOPKU
— ubO0 TPUTTEPOM, IOCJIE IOJYyYeHUSI COOBITHUS, JIMOO BPYUHVIO.
Korpga c6opka obpa3sa 3aBepIINTCS, HAIpMUMeEpP, IyTeM KOMIUISIIUN
MICXOJHOI'0 KOJa, KOHTeHep KOIMpPyeTcs B 00pa3 U mnepemaercs: B
cKoH(uUrypupoBaHHbiit ImageStreamTag. IToT 06pas coAepsKUT
CKOMITMJIMPOBAHHbIE U IIOATOTOBJIEHHbIE apTedaKTbl U CLieHAPUIA
TUNn B KaueCcTBe TOYKM BXO[a.
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Puc. 25.1. Cuctema cbopkm S2| ¢ UICTOYHMKOM BXOAHbIX AaHHbIX Git

B symctuHre 25.1 I10KasaHO MPOCTOe OIMcaHue CcOOpKU C
MCIIOJIb30BAHMEM oO0Opasa IIOCTpouTedas Java. ITO OIMCaHMUe



oIpeiessieT Mpoliecc CO0PKM, KOTOPKIN MOJydaeT UCXOAHbIN KO, U
o0pa3 MOCTPOUTEsI, CO3MaeT BBIXOMHON 00pa3 u mnepemaeT ero B
ImageStreamTag. OH MOXeT 3aIyCKaTbhCsSI BPYYHYI0, KOMaHOOM OC
start-build, wim aBTOMAaTHMuecKu, IIpU M3MeEHEeHUM o0bOpasa

IOCTpoOunTeIAd.
Jincturr 25.1. C6opka S21 ¢ ucnonb3oBaHMeM ob6pasa nocTpouTens Java

apiVersion: vl
kind: BuildConfig

metadata:
name: random-generator-build
spec:
source: (1
git:

uri:
https://github.com/k8spatterns/random-generator
strategy: @
sourceStrategy:
from:
kind: DockerImage
name: fabric8/s2i-java
output: ©
to:
kind: ImageStreamTag
name: random-generator-build:latest
triggers: O
- type: ImageChange

© CchlIKa Ha MCXOOHBIN KOM, KOTOPbII TpebyeTcsl U3BJIeUb; B
IaHHOM cjIydyae OH M3BJjiekaeTcsl u3 perosutopusi Ha GitHub.

® sourceStrategy Bxiawuaer pexkum S2I, u  o6pa3s
TIOCTPOUTEJISI U3BJIEKaeTCs HenocpeacTBeHHO 13 Docker Hub.



o Omnpenernsercs ImageStreamTag TSI repegaun
creHepupoBaHHOI'0 o6pasa. Ilepemaua BHIIOIHSIETCSI KOHTETHEPOM
IIOCTPOMUTEJIS TIOCJIe BBIIOJTHEHUS ClieHapus assemble.

® Hacrpoitka aBTOMaTHMUYeCKOro 3aIrycka COOpKM IIpu
M3MeHeHUM 00pasa MOCTPOUTEIS.

S2I — o9TO HameXHbII MeXaHM3M [JIS CO3JaHus 00pa30B
npunoxkenuit. OH 6e3omacHee ITPOCTbIX MeEXaHM3MOB COOPKU
Docker, IOCKOJBKY IIpoliecCc COOpKM MpOTeKaeT TOJ ITOJHBIM
KOHTpOJIeM IIpOBepeHHbIX 00pa30oB MocTpoutesneil. TeM He MeHee
3TOT IMOJXO[, MMeeT HEKOTOpble HeJOCTATKN.

S2I MoxeT paboTaTb OYeHb MeJJIeHHO, OCOOeHHO Koraa
cobupaeTcs CJIOKHOe TIPUIOsKeHMEe CO MHOXKECTBOM 3aBUCHMMOCTEIA.
B oTcyTcTBME KaKOM-IMOO omTuMM3anuyu MexaHusm S2I 3aHOBO
3arpykaeT BCe 3aBUCUMOCTU Ijs Kaxkmoit c6opku. Ecim Java-
MpUiokKeHue cobupaeTcs € TMOMOIlbl0 Maven, K3lIMpoBaHMue He
BBITIOJIHSIETCSI, KaK IIPM JIOKAJbHOM cOopke. UTOObI He 3arpykaTh
3aBUCMMOCTM M3 MHTEpHeTa CHOBA M CHOBA, pPEKOMEHIyeTCs
HAaCTPOUTH B KJIaCTepe BHYTPEHHUI1 Pero3suTopuili Maven, KOTOPbIN
CJIY>)KUT K3IlIeM, a Takke HaCTPOUTb 06pa3 MOCTPOUTEST, UTOObI OH
oOpaianacs K 9TOMY BHYTPEHHEMY pPeNoO3UTOPUIO, a He 3arpyskas
apredakTbl U3 yAaJeHHbIX PeO3UTOPHEB.

Ipyroii crioco6 yMeHBIIUTh BpeMsl COOPKM — MCIIOJIb30BaTh
UHKpemenmanvHvle cO6opku ¢ S2I, TIO3BOJSIONIME TTOBTOPHO
MCII0/Ib30BaTh apTedaKThbl, CO3JaHHble WM 3arpykeHHble B
npenbiayuieii coopke S2I. OgHaKo M3-3a TOro, UTO OOJIbIIASI YaCTh
OAHHBIX KOIIMPYETCS M3 paHee CO3JAHHOIO o0pasa B TeKyIIuii
coOMpaeMblii KOHTEHEp, BBIUTPHIII B IIPOU3BOAUTEIbHOCTU
rmojyvyaeTcss HeOGOJbIIMM IO CpaBHEHMIO C MCII0/Ib30BaHMEM
JIOKAJIbHOTO K31IIa B KJIaCcTepe, rae XpaHSITCS 3aBUCUMOCTMU.

HOpyroit  HepmoctaTtok S2I  3akimoyaeTces B TOM, UTO

CreHepMPOBaHHbLIN 00pa3 COMEPKUT TaKKe BCe OKPYKeHMe COOPKI.
DTO He TOJbKO YBeJIMUMBAET pa3Mep 00pasa, HO U pacIiMpsieT Kpyr



BO3MOKHOCTEN  [OJISI [IOTeHLIMAJIbHOMI aTaku, ITOCKOJIBKY
MHCTPYMEHTBI pa3paboTuMKa TakKske MOTYT MUMETbh YSI3BMMOCTN.

YT0oObl M36aBUTHCSI OT HEHYKHBIX MHCTPYMEHTOB COOPKM, TaKMUX
Kak Maven, OpenShift mnpemjaraer wucnonb3oBaTh IpuUeM
KOH8eliepHoll cOopKuU, KoTaa U3 pe3ynbTaToB cOopku S2I cosmaeTtcst
yMeHbIIIeHHbIVi 00pa3 co cpenoii BbimoaHeHUus. [TogpobHee 3TOT
IIpMeM MbI pacCMOTpUM B pasgeiie «KoHBeiiepHast cOopKa» HILKe.

C6opka cpeactsammu Docker

OpenShift mopmepskuBaeT Takke c60pKy cpemactBamy Docker. Takas
cOopka BBIMIOJHSIETCS ITyTeM MOHTMPOBAHMS COKeTa IeMOHa
Docker HerocpeacTBEHHO B COOpPOUHBI KOHTEHEp, KOTOPKI
3aTeM Wucrojab3yeTcss KomaHaoin docker build. McTouyHMKOM
OAHHBIX HJis cOopkm cpeactBamm Docker sBinsiercss Dockerfile u
KaTaJIor KOHTeKCTa. Takske MOKHO MCIIOJIb30BaTh MCTOUHMK Image,
CChUIAIONINIICS HA MPOM3BOJbHBIN 00pa3, OTKy[da M3BJIEKAIOTCS
(daiiabl 1 KOMMPYIOTCS B KaTaJIOT KOHTeKCTa. Kak yske TOBOPUIOChH,
3TOT METOJ, BMECTe C TPUITepaMM MOXKHO MCIIOJIb30BaTh MJIsI
KOHBEJepHOJi COOPK.

Kpome TOro, ectb BO3MOXHOCTh MCIIOJIb30BaTh CTaHIAPTHBIN
MHOTOCTyIIeHuaTblit Dockerfile st pasmesieHus] 3TarioB COOPKU U
cpenbl BBITIOJIHEHMSI. B HalleM pernosutopum C IIpuMepaMu
(http://bit.ly/2CxnnuX) BbI HaiizieTe OEMCTBYIOLIUI IIPUMep TaKOM
MHOT'OCTYIIEHUAaTOM cO0pKkM cpencTBamu Docker, co3garoimii TOUHO
TaKoOi >Xe o00pas, UTO M KOHBelepHast cOOpKa, OIMCAHHAas B
cyieqyroleM paszerie.

KoHBeiepHas cb6opka

MexaHlMKa KOHBeliepHOI cO60pkM MokKaszaHa Ha puc. 25.2. IIporecc
KOHBEJepHOoJ COOpKM BKJIOUAeT 3Tall HavyajabHOW coopku S2I, Ha
KOTOPOM  CO37IaeTcsl  BbBINOJHSEMbIi  apTedakT, HaIlpumep



IBOWYHBIN BBITIOJIHSIEMBIN aii. 3aTeM, Ha BTOPOM 3Tare, 0ObIYHO
BBITIOJIHSIeMOM cpeacTBamu Docker, aTOT apTedakT M3BaeKaeTcs U3
CcreHepUpPOBaHHOTO 06pa3a.
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Puc. 25.2. KoHenepHas cbopka ¢ ncnonb3osanunem S2I ong komnmnsaumm un Docker ona c6opku
obpaza npunoxeHus
B nuctuHre 25.2 1mokazaHa KOH(pUrypalus BTOpPOro 3Tama
cOOpKM, KOTOpbINi ucnoab3yeT daiin JAR, creHepupoBaHHbBIV B
nuctuHre 25.1. O6pa3, KOTOPbIVi B KOHEUYHOM UTOre IepeaeTcs: B
ImageStream random-generator-runtime, MOYKHO
1cIob3oBath B DeploymentConfig a5 3amycka mpuaoxkeHus.



O6patnTe BHUMaHMe, YTO B NIUCTUHIE 25.2 ncnonb3yetcs
TpUrrep, KOTOpbIM CneguMT 3a pesynsbratamum cbopkm S21. 10T
TpUrrep aBTOMATMYeCKM Bbi3blBAaeT MOBTOPHYK cbopky o6bpasa
BPEMEHM BbINOMHEHMS Mocne Kaxgon cobopkm S2I, nostomy oba
ImageStream Bceraa CMHXPOHM3MPOBAHDI.

Jiuctunr 25.2. Céopka cpeactsamum Docker ans co3paHms obpasa npunoxeHus
apiVersion: vl
kind: BuildConfig
metadata:
name: runtime
spec:
source:
images:
- from: (1
kind: ImageStreamTag
name: random-generator-build: latest

paths:
- sourcePath: /deployments/.
destinationDir: "."
dockerfile: |- (2
FROM openjdk:8-alpine
COPY *.jar /
CMD java -jar /*.jar
strategy: ©

type: Docker
output: 4



to:
kind: ImageStreamTag
name: random-generator:latest
triggers: (5
- imageChange:
automatic: true
from:
kind: ImageStreamTag
name: random-generator-build:latest
type: ImageCh

© licTouHMK cchljlaeTcss Ha 06pa3 B ImageStream, comepskaliiii
pesynbTaTthl cOopkyu S2I, M ompemensieT KaTajor B oOpase, rje
HAXOOUTCSI CKOMOMIMPOBaHHbBIN apxuB JAR.

® Dockerfile nnsgs coopku cpenctBamu Docker, KOTOpbIi
KomnupyeT apxuB JAR n3 ImageStream, creHepupoBaHHOTO COOPKOIA
S2I.

©® Crparerusi, BKIIOUAKOIIAS pPeKUM COOPKM CpeacTBaMM
Docker.

O [IloBTOpHasT cOOpKa 3amycKaeTcs aBTOMAaTUYECKU, €eCIu
pesyiabTar cbopku S2I — ImageStream — U3MEHUTCST U
6J1aromoyIyyHo O6yJeT co3naH HOBbIN apxuB JAR.

© Perucrtpaimsi IpueMHMKA  COOBITMIA, CBSI3aHHBIX C
M3MeHeHMeM 00pasa, ¥ BHIMOJHEHME TTOBTOPHOTO pa3BepThIBAHMS
nocsie no6aByieHNsI OOHOBJIEHHOT0 obpa3a B ImageStream.

[TosHBIN TpUMeEp C MHCTPYKLMSIMU IO YCTAHOBKE MOXKHO HAMTU
B HalieM periodutopuu (http://bit.ly/2CxnnuX).

Kak yske yriomuHanoch, coopka B OpenShift, Bkitouast Haubosee
M3BECTHBIN peskuM S2I, aBisieTcs OgHMM M3 paHHUX U HauboJjiee
3pesIbIX CIIOCOOOB 0e30macHO¥ COOPKM 00pa3oB KOHTEHHEpPOB B
Kiaactepe Kubernetes.



Tenmepb paccMOTpPUM  JIpyroit croco6 c6opkyu  00Opa3oB
KOHTeliHepoB B KjaacTtepe Kubernetes 6e3 BCSIKMX pacIIMpPeHMIA.

Knative Build

B 2018 rogy xomnauus Google 3amyctmiia nmpoekt Knative c 11e/bio
npuBHecT B Kubernetes momnosHuTenbHble BO3MOXKHOCTH,
MMelolye MpsIMOoe OTHOIIeH)e K IIPUIOKeHUSIM.

OcHoBoii gjist Knative crana cemka cayxco Istio (https://istio.io/),
KOTOpasl IipejjiaraeT TOTOBble MHGPACTPYKTYpHbIE CIYXObI s
ympaBjaeHuss  TpadMKOM,  HaOMOmeHMsS M IOoAJepskKaHus
6esomacHocTu. CeTKM CIYXO MCIIOAb3YIOT mnarTepH Sidecars
(Tlputien) mjist repegady NpUIOKEHMUSIM HOBBIX MH(PPACTPYKTYPHbIX
BO3MOYKHOCTEI.

Kpome ceTku  «Iykb, T1ipoeKT Knative  mpepajaraer
IOTIOJTHUTE/IbHbIE CITY>KObI, B TEPBYI0 ouepedb IpegHa3sHaueHHbIe
IJ1s1 pa3pabOTYMKOB MTPUTOKEHUIA:

Knative Serving

I1s1 TIoAep>KKM MacliTaOMpoBaHMUSI OO HyAS MPUIOKeHUIA,
KOTOpble MOTYT MCIIOJIb30BAaThCsI, HAIpuMep, Ha ITaTdopmax
FaaS (Function-as-a-Service — pyHKIIMSI Kak cayk6a). Hapsmy ¢
IMaTTEPHOM,  OIIMCAaHHBIM B  maBe 24  «3JlaCTUYHOE
MaciiTabupoBaHue», U TOOIOEPKKOM ceTkM ciIyxb, Knative
Serving T1I03BOJIIeT TakXe MacIITabupoBaTb OT HYIS [0
IIPOM3BOJIBHOTO UYMCJIa PeIlIMK.

Knative Eventing

I [OOCTaBKM II0 KaHajlaM COOBITMII M3 MCTOYHUKOB B
npueMHMK. CoOBITMSI MOTYT 3aIlycKaTb CIyKObl Service,



MCIIOJIb3yeMble B pOJIM TIPMEMHUKOB M MacliTabupyembie OT
HYJIS.

Knative Build

1T KOMIMJISILIMM MCXOOHOTO KO4a NPUIOKEeHUII B 0bOpasax
KOHTeliHepoB BHYTpM KjacTepa Kubernetes. IIpomosskeHueM
9TOI CIykObl cTan IpoekT Tekton Pipelines, KoTopkwlii B
KOHeYHOM utore 3aMmeHUT Knative Build.

O6a mpoekta, Istio m Knative, peanusoBaHbl 10 MaTTEPHY
Operator (Operator) 1 UCIIO/Nb3YIOT OIpeleneHnss HeCTaHOAPTHbBIX
pecypcoB (CustomResourceDefinition, CRD) mas o006bsIBIeHUS
CBOMX IIpeMEeTHBIX PeCypCOB.

B ocraBlieiicsi 4acTU 5TOro pasfena Mbl CPOKyCUpPyeM CBOe
BHMMaHMe Ha Knative Build peanmusanmmu nmatrepHa Image Builder
(TToctpoutens o6pasoB) B Knative.

[NpoekT Knative Build B nepByio o4epenb
npefHasHavyeH AN pa3paboTYMKOB MHCTPYMEHTOB, CTPEMSILLMXCS
npenocTaBuTb KOHEYHOMY Noab30BaTeNto YAOOHbIN
MONb30BaATENIbCKUM UHTEPPENC M CKPbITb OT HEro cam npouecc
cbopku. 3pecb Mbl AMWwb B 0OWMX YepTax pacCMOTPUM
cTpoutenbHble 6noku Knative Build. lMpoekT 6bICTpO pa3BuBaeTcs,
n B Byaywem ero MoryT Aaxe 3aMeHUTb NoCneaylLmM NpoeKkToM,
TakmMm kak Tekton Pipelines, HO OCHOBHas MexaHWKa, cKopee
BCEro, ocCTaHetcs npexHen. OgHako HeKoTopble AeTann MoryT
M3MEHUTbCS, No3ToMy obpawantecb K npuMepaM  Koaa



(http://bit.ly/2CxnnuX), KoTopble Mbl MOCTOSAHHO OB6HOBASEM MO
Mepe NosiBNeHUs HOBbIX Bepcmin npoekToB Knative.

ITpoekt Knative co3gaBajsics €  1eJbl0  IIPeJOCTaBUTh
CTpOUTeJIbHbIE OJIOKM [Jj MHTerpaluumM C CYyLIeCTBYIOIIVMU

pelieHnsIMu CI/CDE. JOto He pemeHne CI/CD pgas cospmaHus
00pa3oB KOHTeliHepoB. OKMUIAEeTCsI, UYTO CO BpeMeHeM OyreT
MIOSIBJISITbCSI BCe Oosibllie M OOJbllie TaKMX pellleHuit, HO ceifuac
ImaBaiiTe MOCMOTPUM, KaKkie CTPOUTe/IbHbIe 6JI0KM OHO peayin3yer.

MpocTasa c6opka

Pecypc Build saBasercs ocHoBoit Knative Build. O ompepensier
KOHKpeTHbIE IIIary, KOTOphble MJOJ/DKEH BBIMIOJHUTb OIIepaTop
Knative Build. Hmke mnepeuncieHbl OCHOBHbIE MHIPEOVEHTHI,
MCIOIb30BaHHbIE B JIUCTUHTE 25.3:

e [lapameTp source ormpeznejisieT MeCTOIOJIOXeHMEe WCXOOHOTO
KoJa TIpuiaoxkeHusi. VCXOOHBII KOI MOXKeT XPaHUTbCSI B
peno3utopun Git, Kak B JUCTUHTe 25.3, B APYruX yaadeHHbIX
xpaHunuiax, Takux kKak Google Cloud Storage, unam naxe B
TIPOM3BOJIbHOM KOHTelHepe.

 [lapameTp steps onucbIBaeT maru, KOTOpbie HY>KHO BbITIOJIHUTb,
yTOObl MpEeBpPaTUTh MCXOOHBIN KO B 00pa3 KOHTelHepa.
Kaskmplii 1Iar cchblyiaeTcsl Ha 00pa3 IMOCTPOUTES, UCITIOIb3yeMbIii
IJISI ero BBIMOJIHeHMs. Kakapiii Iar mmeeT OOCTYII K TOMY,
CMOHTMPOBAaHHOMY B KaTajor /workspace, KOTODPbI COOAEPKUT
MCXOIHBIN KO, M MUCIIONb3yeTcsl il oOMeHa MaHHBIMU MeEKIY
1aramMu.



Pojib MCXOOHOrO KOJA B 3TOM IIpMMEpEe CHOBA MIpaeT Halll
nmpumep Java-mpoekTa, KOTOpbIii pasmeniaetrcs B GitHub u
cobupaeTcs ¢ riomoinbio Maven. O6pas mocrpoutesisi — 3To obpas
KOHTeliHepa, cojepskaiiero Java u Maven. CoOopka o6pasa
BBITIOTHSI€TCSI MHCTPYMEHTOM Jib
(https://github.com/GoogleContainerTools/jib) 6e3 TmpuBIeUeHMSs
nemoHa Docker 1 oTIIpaB/isieTcsl B peecTp.

Jnctuur 25.3. Coopka Java-npoekTa B Knative ¢ ncnonbsosaHnem Maven u Jib

apiVersion: build.knative.dev/vlalphal
kind: Build

metadata:
name: random-generator-build-jib 1
spec:
source: (2,
git:

url:
https://github.com/k8spatterns/random-
generator.git

revision: master
steps: ©
- name: build-and-push
image: gcr.io/cloud-builders/mvn (4]
args: (5
- compile
- com.google.cloud.tools:jib-maven-
plugin:build

Djib.to.image=registry/k8spatterns/random-
generator

workingDir: /workspace 6

O liMs 00beKTa-IOCTPOUTEIS.



® CchUIKa Ha MCTOYHMK McxomHoro koga ¢ URL penosutopus
GitHub.

© Dranbl COOPKU.

® O6pas c Java 1 Maven, KOTOPbIi1 UCIIOJIb3YeTCSI HA 9TOM 3Tarlie
cOOpKIU.

© AprymeHThl [JIsI TepefauuM B KOHTENHEpP IIOCTPOUTES,
KOTOpBIM 3aIlyckaeT Maven s KOMIIMISLMM, CO3OaeT U
repechbljiaeT 00pa3 KOHTeHepa ¢ TOMOIIbIO jib-maven-plugin.

® Karanor /workspace — obuiuii 11 Bcex 3TaroB COOPKIA.

Takke WMHTepPecHO 3ar/iSHYTh BHYTPb, UYTOObI y3HATh, KakK
orntepatop Knative Build BbimtosHsIeT COOpPKY.
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Init-KoHTeiiHepbl

BoInonHKBLLMiACA
KOHTeiiHep

knative/build/cmd/nop

KoHTeiiHep npunoxeHua

Puc. 25.3. C6opka B Knative ¢ Mcnonb3oBaHMEM init-KOHTEMHEPOB

Ha puc. 25.3 mokasaHO, KaK HeCTaHIApPTHBIN pecypc cOOpKuU
Build mpeBpatiaetcst B mpocTbie pecypcbl Kubernetes. Pecypc Build
npeBpaliaeTcss B IIOA, a 3Tambl COOpPKM — B IE€IOYKY init-
KOHMeliHepos, KOTOpble BbI3BIBAIOTCSI OAMH 3a JOpyruM. Init-
KOHTelHephbl CO3OAITCI HeSIBHO. B HalllemM mpumepe OOUH U3 HUX
npegHasHaueH IS  MHMIOMAAM3alMM  YYeTHbIX  JaHHBIX,
He0OXOIMMbIX TSI B3aIMOIEeMCTBUMN C BHEIIHMMU



perio3suTOpUsSIMU, BTOPONM init-KOHTelHep peasn3yeT U3BJIEUEHME
MUCXOOHbIX KoAoB u3 GitHub u TpeTuii init-koHTeliHep MPOCTO
peaqmsyeT IIary, ocymecTBiasiomue coObopky. Korma Bce init-
KOHTelHepbl 3aBepllaTcsi, OCHOBHOMY KOHTEeMHepy He OCTaHeTCs
HUYEro, KakK IMPOCTO 3aBEePIIMTHCS.

MakeTbl ansa c6opku

JIuctuur 25.3 ompepnensieT TOJbKO OAMH IIAr cOOPKM, HO OOBIYHO
cOOpKa COCTOUT M3 HECKOJbKMX IIAroB. [IjIs onpenesieHus I1aros,
MHOTOKPAaTHO MCIOJIb3YEMbBIX B aHAaJIOTMYHBIX COOpPKAxX, MOSKHO
MCIT0JIb30BaTh pecypc MmakeTa coopku BuildTemplate.

OouH M3 TaKMX MAaKeTOB IIOKa3aH B JauctuHre 25.4. OH
ompezessieT Tpu 1iara:

1. Cospmanue JAR-daiina c moMoOIIbI0 ITakeTa mvn.

2. Cosnmanue Dockerfile, koTopblit KoniupyeT 3TOT JAR-daiin B o6pas
KOHTelHepa 1 3aIllyCKaeT ero KoOMaHI0o1 java -jar.

3. Co3pmaHue 1 OTIpaBKa oOpa3a KOHTeliHepa C TOMOIIbIO
noctpoutenss  Kaniko. Kaniko —  3TO  MHCTpyMeHT,
paspaboTanHbilii B komnaHuu Google, KOoTophsiii mpeaHasHaueH
st coopku 06pasoB KoHTeliHepoB wu3 Dockerfile BHYTpU
KOHTeliHepa C IIOMOIIbIO JIOKaJbHOrO JeMoHa Docker B
IIPOCTPAHCTBE MOJIb30BaTes.

Maxket BuildTemplate HamomunaeT pecypc Build, HO, B oTinune
OT MOC/IeJHET0, MOALEeP)KMBAET MapaMeTpPbl, KOTOPbIe 3aMOTHSIIOTCS
B MOMEHT MCIOJIb30BaHMS MaKeTa. B 3TOM IpumMepe MCIOJIb3yeTCs
enHCTBeHHbIN mapameTrp IMAGE. C ero rnomoumipo orpenessieTcs
11eJIeBOJi 00pas.

Nuctunr 25.4. MakeT c6opku Knative, ncnonb3yrowmit Maven n Kaniko



apiVersion: build.knative.dev/vlalphal
kind: BuildTemplate
metadata:
name: maven-kaniko
spec:
parameters:
- name: IMAGE (1

description: The name of the image to
create and push

steps:

- name: maven-build (2
image: gcr.io/cloud-builders/mvn
args:

- package
workingDir: /workspace

- name: prepare-docker-context ©
image: alpine
command: [ .... ]

- name: image-build-and-push 4
image: gcr.io/kaniko-project/executor
args:

- --context=/workspace
- --destination=${IMAGE} e

O Crucok napamMmeTpoB MakerTa.

® Dran KOMOWISLIUM U YIIaKOBKM MPUIOXKEHUS Ha Java ¢
rmoMouibo Maven.

©® DOran cosmauus Dockerfile nas KonupoBaHMS M 3alTycka
creHepupoBaHHOTO JAR-(aiina. [letanu peanusauum 31ecCh
OITyIlleHbI, HO BbI CMOXXeTe HaliTU UX B IMpumMepax Ha caiite GitHub.



® DOran, Bo3piBalomuii Kaniko pis cOopku U OTIIpaBKU
KOHTeJHepa.

© Appec ornpaBku obpasa onpefensieTcsl apaMeTpoM
${IMAGE}.

JTOT MaKeT MOKHO yKa3zaThb B pecypce Build BMecTo crmcka
I1aroB, Kak MoOKa3aHo B auctuHre 25.5. Kak Bumgure, makeTy
OOCTaTOYHO IlepemaTh ITapaMeTp C MMeHeM o00pasa KOHTelHepa
MIPWIOKEHUSI, KOTOpPbIii TpebOyeTcss co3maTb, M €ro MOXHO
MICIIOJIb30BAaTh AJISI CO3aHMST Pa3/IMUHbIX ITIPUTIOKEHUIA.

Jinctnur 25.5. Onpepenenmne c6opku B Knative Build ¢ ncnonb3oeaHvem Maketa

apiVersion: build.knative.dev/vlalphal
kind: Build

metadata:
name: random-generator-build-chained
spec:
source: (1
git:
url:
https://github.com/k8spatterns/random-
generator.git
revision: master
template: (2]
name: maven-kaniko
arguments:
- name: IMAGE ©
value: registry:80/k8spatterns/random-
generator

O OnpeneneHne UCTOUHMKA C MICXOOHBIM KOIOM.
® CcblIKa Ha MaKeT, OObSIBJIEHHBIN B IUCTUHTe 25.4.
© Ommmcanue obpa3sa 1j1s1 mepefgauy B MakeT B BUjIe IlapaMeTpa.



MHOKEeCTBO IIpeoIpeneeHHbIX ITaTTEPHOB MOKHO HalTHU B
penosutopuu Knative build-templates.

DTOT MpUMep 3aBepliiaeT Halll KpaTkKuit Typ no Knative Build.
Kak yske yIIOMMHAI0Ch, 9TOT MPOEKT ellle OUeHb MOJIOMION U JeTanu
ero peaamsanuy eme MOIYT M3MEHUTHCSI, HO OCHOBHBIE
MeXaHM3Mbl, OIIMCaHHbIE 371€Ch, JOJIKHBI OCTAThCS ITPEKHUMIM.

NMoacHeHMe

MTak, MbI ITO3HAKOMM/IUCH C JIBYMSI CIIOCOOaAMM CO3IaHMsI 00pa30B
KOHTeliHepoB B  KkjacTepe. Cucrema cbopku  OpenShift
IeMOHCTPMPYET ONHO M3 IVIABHBIX HPEUMYIIECTB, KOTOpbIe [aeT
cOopka M 3amycK IIpUJIOKeHUs B OJHOM KjacTtepe. C ITOMOIIbIO
TpurrepoB ImageStream, peannsoBanHbix B OpenShift, MoxkHO He
TOJIbKO CBSI3bIBAaTh BMECTE HECKOJbKO COOPOK, HO ¥ IIOBTOPHO
pasBepTHIBATh MPUIOXKEHME, eC/iM B IIpollecce COOpKM OOHOBUTCS
oOpa3 KOHTeliHepa Balllero IMPWIOKeHUs. ITO 0COOeHHO YyA0OHO,
KOoraa 3a 9TaroM cOOpKM OOBIUHO cjiefyeT 3Tall pa3sBepThbIBaHMS.

VHTerpanmst cOOpKM M pasBepThIBAHMSI — OSTO IIar Brepen K
CBITOMY ['paajiio TEeXHOJOTMM HEIPEePhIBHOIO pa3BepPThIBAHMS.
Coopka B OpenShift ¢ momompio S2I — TmpoBepeHHasT "

IlOKa3aBlllas CBOXN HAJEeXHOCTh TEXHOJIOTUS, HO B HaCTOsllee
BpeMss S2I MOXKHO MCIIOb30BaTh TOJBKO B AUCTPUOYTUBE
OpenShift mnaTdopmbl Kubernetes.

Knative Build — emie omna peanusaius nmatrepHa Image Builder
(TToctpoutens o6pa3oB). OcHoBHast 1enab Knative Build —
IpeoOpa30BaTh MCXOAHbI KOJ B T'OTOBBII 00pa3 KOHTeitHepa U
1iepesaTh ero B peecTp, YTOOBI IIOTOM €ro MOKHO ObIJIO 3arpy3UTh C
MIOMOIIIbI0 pa3BepThiBaHMus Deployment. DTy miaru BbITIOIHSIIOTCS
IIOCTPOUTENSIMM 00pa30B, CIIeLMaTIN3UPOBAHHBIMMU JIST TIOIIEe PSKKU
pasHbiX TexHojoruii. Knative Build He 3aBUCUT OT KOHKpPETHBIX



3TAIoOB COOPKM, HO YIIpaBJsIeT >KM3HEHHBIM LIMKJIOM COOPKM U ee
IJIAaHMPOBAHMEM.

Knative Build — 3To eIe m0BOJBHO MOJIOMION IPOEKT (IO
coctossHMio Ha 2019 ropm), KOTOpBI MpemjiaraeT CTPOUTEIbHbIE
O/JI0KM 11t cOOpkM 00pa3oB B Kjactepe. OH He MOpeacTaBisieT
ocoboro MHTepeca [jisi KOHEUHOIro IT0Jb30BaTe/si U B OCHOBHOM
OpPMEHTMpPOBAH Ha pa3pabOTUMKOB MHCTPYMEHTOB. MOXKHO
IIPeIIIO0XUTh, YTO HOBbIE U CYIIECTBYIOIIME MHCTPYMEHTHI OYyAyT
noagepxkuBaTh Knative Build nn gpyrue npoexkTbl, OCHOBaHHbIE Ha
HeM, IMO3TOMY Bbl HaBepHSKa YBUIUTE ellle HEMAJIO peaan3aliuii
naTtepHa Image Builder (IlocTpouTenab 06pa3oB).

HononHutenbHaa uHpopmaumsa

e [Ipumepsl nocrpoutesneit narrepHos (http://bit.ly/2FpCKKL).

« Jib (https://github.com/GoogleContainerTools/jib).

e Img (https://github.com/genuinetools/img).

» Buildah (https://github.com/projectatomic/buildah).

 Kaniko (https://github.com/GoogleContainerTools/kaniko).

» Onucanune cucrembl coopku B OpenShift (http://bit.ly/2HILDOE).
« MHoroctyneHuaTsiit Dockerfile (http://bit.ly/2YfUY63).

» KouBeiitepHas coopka c S21I (https://red.ht/2)qzlw9).

 Tpurrepsi coopku (https://red.ht/2FrDIDj).

» Onmcanue c60pkM 06pa30B U3 UCXOIHBIX KOAOB Source-to-Image
(https://github.com/openshift/source-to-image).



e lukpemeHTanbHbie coopku ¢ S2I (https://red.ht/2TSGxp9).
e Knative (https://cloud.google.com/knative/).

« COopka o0060pa3oB KOHTeliHepoB B Kiaactepe Kubernetes c
riomoiibio Knative Build (http://bit.ly/2YJuzZUC).

» Knative Build (https://github.com/knative/build).
« Tekton Pipelines (https://github.com/knative/build-pipeline).
» Knative: c6opka 6eccepBepHoii cryk05bI (https://red.ht/20ew8Pj).

» Beemenne B Knctl: mpocreitinii cnoco6 mucrnoab3oBanusi Knative
(https://ibm.co/2Hwnmvw).

. VIHTepaKTUBHOE PYKOBOJICTBO 13 (0) Knative Build
(http://bit.ly/20ewlZb).

e Maketrbi B Knative Build (https://github.com/knative/build-

templates).

23 Continuous integration/continuous delivery — HempepbIBHasI MHTerpalus u
pa3BepThiBaHMe (0CTaBKa). — IIpumeu. nep.



NMocnecnosue

YHuBepcanbHag nnardpopma

B Hacrosimee BpeMs Kubernetes cumraeTcss camoii MOIYJISIPHOI
raTdopmoii yrmpaBiieHnst KouteitHepaMmu. OHa pa3pabaTbIBaeTCs U
MOAIEeP>)KMBAETCSI B TECHOM COTPYIHMUYECTBE BCEeMM OCHOBHBIMU
KOMITIAaHUSIMM — pa3paboTuuMKamMy IIPOTPaMMHOr0 obecrieyeHus: u
rpeajiaraeTcsd B KadyeCcTBe  YCIAYyIM  BCeMM  OCHOBHBIMU
IIOCTaBIIMKAMM O00JauHbIX YyCayr. OHA IIOAJepPKUMBAET CHUCTEMbI
Linux 1 Windows u Bce OCHOBHbIE SI3bIKM IIPOrpaMMMPOBAHMUSI.
Kubernetes moxkeT ynpaB/siTb NPUIOKEHUSIMU 6e3 COCTOSIHUS U C
COCTOSTHMEM, IMaKeTHbIMU 3aIaHUSIMU, TIepuoaANYeCKUMU
3aJaHMUSIMM U OeccepBepHbIMM pPab0OUMMM HAarpy3KaMu. DTO HOBBIA
YPOBEHb OpPraHM3alMy TepPeHOCUMBIX IIPWIOXKEHMIA U OOIIuii
3HaMeHaTelb Iy 00JIauHbIX BbIUMCIAEHUII B 1eaoM. Eciu BbI
paspaboTunk I10, KOTOpoe UCIIOJIb3yeTCsT B 00/IaUHOM cpefe, Toraa
Kubernetes 1mouTtu  Heus30eXXHO CTaHET  4YacThi0  Ballei
II0OBCEeIHEBHOM XU3HU.

MHoroobpasue o6s3aHHOCTE M

B rnocinemHue Tronabl TIPWIOKEHUS TIPeIbSIBASIOT 00/JIaUHbIM
nmiaardgopmMam Bce Oosbiie ¥ Oojblle  HeQYHKIMOHATbHBIX
Tpeb6oBauuii. Hampumep, Kubernetes mpuHuMaeT Ha cebst Takue
00SI3aHHOCTM, KaK IIOJArOTOBKA, pa3BepThIBaHME, OOHapYyKeHMe
CJIY>K0, yIIpaBjieHMe KOHGUrypalusiMM, yIIpaBJieHMe 3aJaHUSIMU,
M3O0JISIIIUSL PEeCypcoB M IpoBepKa paboTocrocobHocT. C pocTom
MIOITY/ISIPHOCTU apXUTEKTYpPbl MMKPOCEPBUCOB peanms3anus Igaske
MPOCTON CJIY>KObI TpebyeT XOpoIlero MOHMMAaHMUSI TEXHOJIOTUM
pacripeie/IeHHbIX BbIUMCJIEHUT i OCHOB yIpaBjieHus



KOoHTeltHepaMu. Kak ciencTBue, pa3pabOTuMK OODKEH CBOOOOHO
BJIAZIeTh COBPEMEHHBIM  SI3bIKOM  IIPOTPaMMMPOBAHMS  [JIsI
peanus3anuy Ou3Hec-PyHKIMIA M He MeHee CBOOOTHO BJIaAeTh
00JIaUHBIMU TeXHOJIOTUSIMU IIST yIOBJIETBOPEHMSI
HeYHKIMOHAIbHbIX TPeOOBaHMUIA.

O yeM MbI roBopuaM

B 3TOM KHUTre MBI pacCMOTpenn 24 CaMbIX IOIMYJISIPHBIX IMaTTepHa
ucrionb3oBaHus Kubernetes, crpynnupoBaHHBIX —C/IeAYIOIIMM
obpasom:

e Yactp I OcHosHble nammepHsl TIpeACTaBIAsIeT MPUHLINIIBI,
KOTOPBIM IOJIKHBI COOTBETCTBOBATH KOHTelHepHbIEe
MIPWIOKEHNSI B 00JITaUHOM OKPY>KeHMM. BbI JOJIKHBI CTPEMUTHCS
C1efoBaTh 3TUM PeKOMEeHIAlMSAM, He3aBUCUMO OT IIPUPOIbI
TIPWIOKEHMST M BO3MOXHBIX OrpaHMUYeHUn. OTO IIOMOXKET
rapaHTUpPOBATh MPUTOAHOCTb  BalMX MPUIOKEHUN IS
aBTOMaTU3MPOBAHHOrO yIIpaBjaeHust umu B Kubernetes.

e Yacte II IlosedeHueckue nammepHbsl OMNUCHIBAET MeXaHMU3MbI
B3aMMOJEeNCTBUM MeEeKIy IogamMu " YIIPaBISIONIEN
maT@gopMoii. B 3aBMCHMMOCTM OT THUIIAa paboueit Harpysku Mop,
MOKET BBITIOJIHATBCS OO 3aBeplieHus, KaK IaKeTHoe 3aJaHue,
WUAM 3amyckaTbes Iepuoauuecku. OH MoOKeT paboTaThb Kak
dboHoBast cy>k6a MM Kak CIy>k0a-0AMHOUKaA (CUMHIJITOH). Beibop
MPaBUJIbHOTO  IPUMMUTUBA  YIIpaBJeHMS  IIOMOXEeT BaM
obecrieunTh JkejaeMble TapaHTUM /IS 3aITycKa IMofa.

e Yactp III CmpykmypHsle nammepHsl OCHOBHOE BHUMaHMe yaesnseT
CTPYKTYPUPOBAHUIO U OpPraHM3alii KOHTEMHEPOB B IMOMObI [JIs
pasHbIX BapMaAHTOB McHogb30oBaHMsI. Co3maHue OOJaUHBIX
KOHTEeIHepOB — 3TO TOJILKO IMepPBbI 1Iar, HO ero HeJOCTaTOYHO.



Cnepmyroiimii mar — rMOBTOPHOE MCIIOJIb30BaHME KOHTEHEPOB U
UX O00benuMHeHMe B TIOObI [JISI OOCTVSKEHUSI KeJaeMOro
pe3yJbTara.

e Yactp IV KoHpuzypauuoHHsie nammepHsl OXBaTbIBaeT IPUEMbI
HAaCTPOMKM M ajalTalyuyu MOpuaoXkeHuit B obake. Kasxkmoe
IIPWIOKEeH)e AOJKHO ObITh HACTPOEHO, HO HET YHMUBEPCAIbHOI'O
criocoba cHenaTb 3TO, KOTOPBIN ToOAMICI Obl O BCeX
NIpUIOKeHUM. B 5TOi 4acTM MbI MCCIeOOBalM MATTEPHBI OT
CaMbIX PaCIIPOCTPAHEHHBIX JI0 CAMBIX CITeIIMATN3UPOBAHHbIX.

e Yactb V /[ononHumenvHsle nammepHsl UccaemyeT 6oJiee CIOKHbIe
TeMbl, KOTOpble He BIIMCBIBAIOTCSI HM B OJHY M3 JOPYyTIUX
KaTeropuit. HekoTopbie maTTepHbl, Takue Kak Controller
(KoHTpomiep), ABJISIOTCI OOCTATOYHO 3peJIbIMM — B YaCTHOCTH,
Ha mnaTtTepHe KoHTposaep mocTpoeHa cama I[uiaTdopma
Kubernetes, — a HeKOTOpble BCe ellle SIBASIOTCSI HOBBIMU U
MOTYT M3MEHUTHCSI K TOMY BpeMeHM, KOTrJa Bbl OyfeTe 4nTaTh
5Ty KHMT'y. HO 2Tu maTTepHbl OCHOBaHbI Ha 0a30BbIX UESX,
3HaTh KOTOpbIe OO/IKHbI BCEe paspabOTUMKM, MCIIOJb3YIOLINe
00J1auHbIe TEXHOJIOTUN.

B 3aknwuyeHue

Bce xopoliiee Korma-HMOYAb 3aKaHUMBAETCs, MOAOILIA K KOHIY U
sTa KHMra. Hameemcs, UTo oHa BaM IIOHpaBUIachb M M3MeHMIa
Bale MpexncraBieHne o Kubernetes. Mbl MCKpeHHe BepuM, UTO
maTdopma Kubernetes 1 3amoxeHHble B Heit Uaey CTaHYT TaKUMU
ke (yHZAMeHTa/IbHbIMM, KaK UIeu 00beKTHO-OpPUEeHTUPOBAHHOTO
IIporpaMMMPOBaHMS. ITa KHUTA — Hallla IMOMNbITKA IOBTOPUTH TPY/I,
«baHAbl YeThIpex», HO YyKe IPUMEHUTENbHO K YIIPaBJIEHUIO
KOHTeliHepaMu. Mbl HajieeMcsl, UTO 5TO He KOHell, a Hayajio
Baliero myTemniecTByus B Kubernetes.



YnmauHoit paboTsl ¢ kubectl!



06 aBTOpax

bunmxkun HMopam (Bilgin Ibryam, @bibryam) — riaBHbI
apxutektop B Red Hat, unmen Apache Software Foundation wu
VUYaCTHUK HECKOJIbKMX IIPOEKTOB C OTKPBITBIM MCXOIHBIM KOIOM.
biorep u momyaspusaTOp IPOrpaMMHOrO  obecrieueHus] C
OTKPBITBIM MCXOOHBIM KOJIOM, SHTY3MacT OJiOKYeiiHa, JeKTOp U
aBTop KHuru «Camel Design Patterns». lmMeer 6osiee uyem
necsITUIeTHUIA OIIBIT CO3JIaHMsI i MIPOEeKTUPOBAHMS
BbICOKOMACIITAOMpPyeMbIX, OTKa30yCTOMUMBBIX pacIlipeie/ieHHbIX
CUCTEM.

BunmkuH 3aHMMAaeTCs HaCTaBHUUYECTBOM,
IIporpaMMMpOBaHMEM M OKasaHMeM IIOMOIIM KOMIIAHMUSIM B
CO3JaHMM YCIEUIHbIX PEIIeHMii ¢ OTKPBITBIM MCXOMOHBIM KOIOM. B
HACTOSIIlee BpeMsI OCHOBHOJ ero paboToil SIBJISIETCSI MHTEerparys
MIpWIOKEeHUI,  OpraHmsainusi  KOPIIOPaTUBHBIX  OJIOKYEITHOB,
MIpOeKTUPOBaHMe paclipe/ie/IeHHbIX CUCTEM, a TaKXKe pa3paboTka
MMKPOCEPBMCOB M 00JIaUHBIX IIPUIOXKEHUI B 1IE€JIOM.

IOoxkTop Pomanpa Xacc (Roland HuBl, @rol4nd) — m1aBHbIii
paspab6oTtunk B Red Hat, KOTOpBIii OCYLIECTB/SIET TEXHUUYECKOE
PYKOBOACTBO IMpoekToM Fuse Online 1 HemaBHO BoIlle B TPYIIIY
paspaboTky OeccepBepHBIX BbIUMCIEHUI 1y paboThl Hapg Knative.
Vske Oosbiie 20 et 3aHMMAaeTcsl pa3pabOTKON Ha Java M HeJaBHO
obpes BTOPYIO JII000BH B juile s13bika Golang. OmHAKO OH HMKOIA
He 3a0bIBaJl CBOE MPOIIJIOe CUCTEMHOTO aJMMHUCTpaTopa. PomaHn
MIpUHMMAET aKTUBHOE yUacTie B IMPOEKTaX C OTKPHITHIM UCXOIHBIM
KOJIOM, SIBJISIETCSI BemylnuMM paspaboTunkoM Mocta JMX-HTTP
Jolokia ¥ HEKOTOpBIX IMOMYJASPHBIX MHCTPYMEHTOB cOOpKM Java,
KOTOpbIe TIPUMEHSIIOTCS IJ1s cO30aHusl 00pa30oB KOHTEMHEPOB U UX
pasBepThiBaHust B  Kubernetes u  OpenShift. Ilomumo
IIPOrPaMMMPOBAHMS, JIOOUT [OEIUThCSI OMNbITOM pabOThl Ha
KOH(epeHLMSIX U B pacChbIKax.



06 obnoxke

Ha o6noxkke «[larTrepubl Kubernetes» m3o00paskeH KpacHOHOCHIN
HbIpOK (Netta rufina). Ha3zBaHue Buaa rufina Ha JaTbIHM O3HauyaeT
«PbDKMIA». [Ipyroe pacripoCcTpaHeHHOe Ha3BaHMe — KPAaCHOT'OJIOBbIN
HBIPOK. «HBIPOK» O3HAuaeT <«HBIPSIONIAST YTKa». KpacHOHOCHIN
HBIDOK 0OuTaeT B 3a00/J0UYEHHBIX MeCTHOCTSIX EBpombl u
IlenTpanbHoit Asum. Ero apeanm o6uTaHMsS OXBaTbIBAeT TaKKe
6osoTa CeBepHoit Adpuku u IOxxHOI A3un.

JIlnuHa Tejla B3POC/JIOTO0 KPAaCHOHOCOTO HbIPKa JoCTUraeT 53-57
cM, a Bec — 10 800-1250 r. Pasmax KpbLIbe€B AOCTUTAET IIOUTU
ogHoro Metpa. CaMKM MMEIOT OJHOPOAHBIN OYphIii OKpac IepbeB
CO CBeT/ION JIMIIEBOM 00/JIaCThI0 M MeHee KpacOUHbI, YeM CaMIIbl.
CaMIbl KpPacHOI'O HBIPKA OTIMYAIOTCSI OYphIM OKPacoOM TOJIOBBI,
KPAaCHBIM KJIIOBOM, UEpHOI 1lIeei, TPyAbl0 U LeHTPaAJIbHOI YaCTbhIO
opioxa 1 6e/IbIMM 6OKaM.

PaliioH KpaCHOHOCOT'O HbIPKA COCTOMUT B OCHOBHOM M3 KOPHEI,
CceMsH ¥ BOAHBIX pacTeHuit. CBOM THe3ga OHM YCTPauMBAKT B
pacCTUTENbHBIX 3apOCyIsIX PpSIIOM C OojoTaMyu M O3epaMu U
OTKJIQIBIBAIOT dilla BecHO u JjeroM. OOBIUHO B BbBIBOIKE
HacunTbiBaeTCsd 8—12 yTaT. [0/10C KpaCHOHOChIE HBIPKM MOOAIT B
OCHOBHOM B Mepuop, criapMBaHusi. 30B caMiia 00JjibIlle HallOMMHAaeT
XPUIIL, & 30B CAMKM 3BYUMUT KaK OTPBIBUCTOE «BpPa, Bpa, Bpa».

MHoOrue >KMBOTHbBIE, M300paskeHHbIe Ha O00JIOKKAX KHUT
usnatenbcTBa O’Reilly, HaxoasiTcs mopd yrpo30it BbIMMpaHMS; Bce
OHM OUeHb BayKHBI IIsT 6Mocdepsl. UTOOBI Y3HATH, YeM BbI MOXKETE
IIOMOYb, ITOCETUTE CalT animals.oreilly.com.

MnnocTpauuio s 06J0KKM HapucoBana KapeH MoHTromepu
(Karen Montgomery) Ha OCHOBe uepHO-0eJj10ii rpaBiopbl U3 «British
Birds».
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