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MANAGEMENT OF COMPUTING RESOURCES
OF USER DEVICES IN A KUBERNETES CLUSTER

The work is devoted to the topical issue of the effective use of computing resources in systems with
a dynamic distributed architecture that use personal or public computing devices for the needs of distributed
computing, specifically to the task of effectively managing the life cycle of working nodes of clusters of
containerized applications. Unlike the known existing solutions, the systems considered in the work have a
relatively short-term and non-deterministic lifetime of their computing agents and therefore must have
specialized functionality for automatically connecting and disconnecting computing agents from the cluster,
as far as the process of joining a new working node to a system takes time and requires a certain qualification
and level of authorization. The approach proposed in the work is based on the designing of the process of
managing working nodes in a form of Service Discovery in the Kubernetes cluster environment. The
advantage of the proposed approach is the complete automation of the process based on prepared programs
that include operations to check the user's operating environment, install the necessary software to connect to
the computer system, or uninstall components and disable the agent at the user's request. The work considers
the experimental environment, investigates the system's operation in possible use cases and justifies the
effectiveness of the approach.

JUiss  miaBUILIEHHS €(QEeKTUBHOCTI BHUKOPUCTAHHA HE3aMHATUX pECcypcCiB
OOYHUCIIOBAIbHUX BY3JIB Ta 3HIKEHHSI 3arajJlbHOrO0 pIBHS IiX MPOCTOIOBAHHA 1
BOJHOYAC, JUIsl BUPINICHHS HAradbHUX 3aBlaHb 3 PO3MIIICHHA Ta BHUKOHAHHS
MIPOTrpaMHUX KOMIIOHEHTIB KOPIMOPATUBHUX 1HGOPMAIIITHO-00UHUCITIOBATBHIX CHCTEM
y TomepenHiii poOoTi Oyso BHPIIMIEHO CTBOPIOBATH KJIACTEPH 13 3alydeHHSIM
MIEPCOHAILHUX MPHUCTPOIB KOPUCTYBAUiB, a TAKOXX MApKy KOMIT IOTEPHOI TEXHIKU Ta
3arajbHOJIOCTYITHUX OOYMCIIOBAIBHUX MPUCTPOIB y KOPIOpATUBHINA Mepexi. Takox
Oy710 mNpuiHATE PIIIEHHS 00 BUKOPUCTAHHSA KOHTEWHepHU3allili NpUKIaJHUX
nporpaM Ta mporpamuoi TtexHojorii Kubernetes (mami — k8S) mis opkectparrii
poObOUMX HaBaHTaX€Hb Ha 11X OCHOBI, OCKUIBKM 1€l MIAX1J  J03BOJISIE
BUKOPHCTOBYBATH arapaTHi 1 MpPOTpaMHi OOYHCIIIOBaJIbHI pecypcu pi3HI 3a
MOXO/PKCHHSIM 1 XapaKTepUCTUKaMH, & TAKOXK JAa€ 3MOTY MIAKIIOYATH 1 BiJ €THYBaTH
ix y mporeci ekcruryatarii [1]. Byson K8s (node, “noma”) abo pobouuii By301 y
JaHOMY KOHTEKCTI e (pizuuna abo BipTyajbHa MaIlIMHA, gKa Oepe ydacTh y KiacTepi



K8s, 1 siky MOXHa BHKOPMCTOBYBAaTH JUIsl 3alMycKy poOouMx HaBaHTaxeHb (pod,
“non”) y BUIUISIAI KOHTEWHepu3oBaHMX mporpam. [lpore, mpouec AodydyeHHS Ta
BJI’€THaHHS POOOUYMX BY3JIB IMOTPeOye BUKOHAHHS IEBHUX OIEpalliil y pyqyHOMY
pexumi. Ilpu HeBenuKid KUIBKOCTI MOTEHIIWHMX KIIEHTIB aamiHicTpaTop K8s
KJIaCTepy MOK€ caM MPOKOHTPOJIIOBATH MEPEXOJd MK CTaHAMH Ta BUKOHYBATH
KoHQIrypalliiiHi 3aaa4i, a caMme: 1HIIam3aIio IporpaMHOro 3a0e3neueHHs, aHami3
BIJIMTOBITHOCTI HAQJAHOTO TMPHUCTPOIO 10 BHUMOT IJILOBOI CHUCTEMHU ab0 BHIAJICHHS
rioro. IIpote, 31 30UIbImIEHHAM KUTBKOCTI pobOoumx mpucTpoiB N Oyme 3poctatw
omeparliiHe HaBaHTaXeHHs P Ha aAMIHICTpaTMBHUNA BY30J 3a IEBHUM
ekcrioHeHIanpHIM 3akoHOM P = exp(N). SIkio 101aTkoBO BpaxyBaTH, IO CUCTEMa
€ JWHAMIYHOI, TOJ1 dYac XHUTTA pOOOUYHMX TIPUCTPOIB HE OOOB’SI3KOBO Oyjie
30UTBLIYBATUCS 3a JIHIMHUM 3aKOHOM 1 TpeOa BIJCHIIKOBYBAaTH Ta BECTU 3BITHICTb
PO KOYKEH 3 KIIEHTIB: Y IKOMY CTaHl BOHU 3HAXOJASATHCS, a TAKOXK fAK1 A1l MOTPIOHO
BUKOHATH, 1100 O€3MEeYHO MEePEBECTH MPUCTPIi 3 OTHOTO B IHIIUMN CTaH.

BpaxoBytoun 1€, B paMkax poOOTH TPOMOHYETHCS BEIACHHS AaKTyaJlbHOI
Ta0JIHII CTaHIB poOOYMX MPUCTPOIB y BUTIAML Service Discovery, e y podi cepBica
BUCTYNAIOTh HOJAM, 3 BUKOPUCTAHHSAM Oa3u JaHux etcd, sika € pO3MOJITIEHUM
CXOBHIIEM Yy dhopMaTi KITt0U-3HAYEHHS 1 3a3BUYai oCTaBlsseThes pasom 13 K8s. Ileit
KOMITOHEHT 30epirae BClo 1H(popmalito npo pododl HABAHTAKEHHS, SIKI TIPEJICTABIICHI
y cHCTeMi, BpaxoByrouun o00Omik HoA. 3a momomororo iHTepdeiicy K8s API ms
iH(popMalliss TepioJIMYHO OHOBIIOETHCHA, 1100 BIANOBIAATH pEaJbHOMY CTaHOBI
cuctemu. ko y etcd Hemae 1HoOpMmalli Ipo MEBHY 3 HOMA, TOJI BBAXKAETHCA, 1110
BOHa TepeOyBa€e y CTaHI TOTOBHOCTI A0 iHimiami3amii. HaBiTe y Bumaaky, KoJH
MPUCTPIA KOpPHUCTyBaua Oysl0 BWUIIYyYEHO 13 KJIacTepy, aje MporpaMHi KOMIOHEHTH
JI0C1 BCTAHOBJICHO HA MOTO MaIllMHI, BIH 3HOBY Ma€ MPOWTHU €Tal 1Hiliali3alii 3anuTy
Ha MMPUETHAHHS 0 PO3MOAUTLHIOBAIBLHOI cUCTeMU. [ aBTOMaTH3arlii akTyamizamii
iHpopMarii mpo poboui HaBaHTaKeHHS 3 Bukopuctanusm etcd Ta K8s APl y po6ori
OyB CTBOpPEHMI aBTOMATHU30BAHMM NAaKET (CKPHUNT), SIKUA TNEpeBIpsie CUCTEMY Ha
BIJIMOBIJIHICTh BUMOT I1JIbOBOI KJIACTEPHOT MEpexXi, IHCTAII0E HEOOXIHI MPOrpaMHi
MakeTH Ta TPUETHAE KIIEHTCHKUM mpuctpii mo K8S abo HaBmaku 3/1HCHIOE
BiJ’€JHAHHS poOOYHX BY3/iB (IUB. puc. 1).

HaBeneni crieHapii KOHTPOJIOIOTHCS CTBOPEHUM Y POOOTI MPOTPAaMHUM KOJIOM,
10 OTPUMYE KJIEHT 13 BiANOBIAHOI aapecu. [Ipote, moxke OyTu curyarlisi, Koiau 0yio
BTPAu€HO 3B 30K 13 pOOOYMM BY3JIOM. Y TakoMy BHUIMAAKy, poOOYUN BY30I]
NEPEeBOJUTHCS y CTaH «HEAKTUBHMI pexum». Komum By30m1 BUMHKAEThCS abo
BUXOJUTHh 3 JaAy, BiH mnepexoauTh y crtaH NotReady, ToO6TO #oro He MoKHa
BUKOPUCTOBYBATHU I 3amycKy moxiB. Ilicis mporo BCi monu, 3amylieHi Ha BY3I,
CTalOTh HENOCTYNHUMHU. PoOoul HaBaHTaXEHHA 3aJMIIAIOTHCS TPU  LBOMY
3aKpIMJICHUMH 32 MpoOiaeMHUM By3ioM. Skmio K8s He Moke 3B’s13aTUCS 3 BY3JIOM,



BiH Yekae 3a 3aMoBuyBaHHsSM 40 CEKyH[J, a MOTIM BCTaHOBJIOE CTaTyCc By3ja Ha
Unknown. SIKIo By30J1 3aJIMIIAETHCS HEJOCTYIMTHUM BiJIOYBAa€TbCS 1HIIIFOBAHHS
«BHCeNeHHs» 3a gonomoror0 API nns BciX HOJIB Ha HENOCTYHNHOMY BY3Il. 3a
3aMOBYYBAHHSIM KOHTpOJIEp By3Jla 4Y€Ka€ 5 XBUJIMH MK MO3HAYEHHSIM By3jla SK
HEBIJJOMOTO Ta MOJAHHSAM MEPIIOTO 3alMuTy Ha BHiydeHHs [3]. SIKmo HegocTymHU
BY30JI HE TIOBEPHYBCS J0 MEpexi, Horo Oyne BUIAJICHO 13 BHYTPIIIHBOI 0a3u, 110 y
TEepMiHaxX JaHO1 poOOTH O3HaUa€e MEePEeBECHHS Y CTaH “TOTOBHOCTI J0 1Hiiami3amii’.
VY BUMaJIKy MOBTOPHOTO MPHUEIHAHHS BTPAYSHOTO pOOOYOro By3Ja MICHs TOTO,
K Horo Oyno BugaseHo 3 K8s kiactepy, KJII€HT MOBUHEH MOBHICTIO MMPOUTH MPOIIEC

1HIIlai3a1ii onucaHui BuIie (IuB. puc. 1,a).
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Puc. 1. brnok-cxema nporiecy peectpaltii a) BiJi’€JHaHHs 0) poOOUNX BY3IiB

Y poboTi OyB CTBOpEHUN EKCHEPUMEHTAIbHUM MakeT (AuB. puc. 2), AKUN
MICTUTh OJIMH TOJIOBHHMM BY30JI, JIBa po0OOYl CTAaTHYHI BY3JHM, OJWUH JAUHAMIYHUM
By301 (y cTaHl “aKTMBHUN pexuM’), MOTCHLINHUN JuHAMIYHUK By301 (y CTaHl
“rOTOBHICTH JI0 iHIMiaMi3aIlli”’) Ta TOYKY JOCTYITY (B paMKaxX KOPIIOPATHBHOT MEPEXi)
3 BUKOHYBaJbHUM MPOTPAaMHUM KoioM. PesymbraT poboTm pospobneroro I13

MOKa3aHuii Ha puc. 2.



bash-3.2$ sh ./script.sh --init NAME STATUS ROLES AGE VERSION
# System information master.static.com Ready master 12h v1.23
Target 0S: Ubuntu 22.04.1 LTS nodel.static.com Ready compute 12h v1.23
SYstemtiesoulices Clbck: pesed node2.static.com Ready compute 12h vl.23
node3.dynamic.com Ready compute 10h v1.23

# Kubernetes information
Target Kubernetes version: 1.23.13
Installation kubernetes packages: kubeadm, kubelet, kubectl

Successfully installed kubernetes packages. NAME STATUS ROLES  AGE VERSION

master.static.com Ready master 13h v1.23
Target Docker version: 20.10.8 nodel,static.com Ready compute 13h v1.23
Installation docker packages: docker-ce, docker-ce-cli, containerd.io q
Successfully installed docker packages. node2.static.com Ready compute 13h v1.23
node3.dynamic. com Ready compute 11h v1.23

T Josing the c oter node4. dynamic. com Ready  compute 6m v1.23

Successfully joined the cluster.

# Docker information

a) 0)

Puc. 2. Peectpaiiis HOBOro By3Ja a) Ta OHOBJICHUM Niepertik 0) poOoUnX BY3IIiB.

BucHoBku.

1. 3aBasku TporpaMHOMY KOJy BJQJIOCSd MIHIMI3YBaTH OIEpaTUBHE
HABaHTAXKEHHA Ha aaMmiHicTpaTopa K8S Kiactepy, CTOCOBHO YIpaBJIiHHS JKUTTEBUM
[IUKJIOM pOOOYMX BY3JIIB Ta iX MiIFTOTOBKOIO JI0 IPUETHAHHS Y CUCTEMY.

2. 3anponoHOBaHUI METOJ| J03BOJIIE aBTOMATU3YBaTU MPOIIEC PEECTpallii Ta
BUJTy4CHHS poOoumx By3niB n0 K8S kmactepy, 0O Ja€ MOXIHMBICTh TOOYAyBaTH
JUHAMIYHY OOYMCIIOBAJIbHY CHCTEMY 3 pOOOYMMH By3JaMHU 3 KOPOTKOCTPOKOBHM 1
HEJIETEPMIHOBAaHUM YaCOM YKUTTS CBOIX OOYMCITIOBAILHUX areHTIB.
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