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ABSTRACT

Omelchenko Mnformation technology for computing resources management
in Kubernetes clustér Manuscript.

Thesis for the Doctor of Philosophy degree in the specialty 1@®rmation
systems andechnologiesn the knowledge field 12 Informationtechnologiesi
National Technical University of Ukrainelhor Sikorsky Kyiv Polytechnic
Institutex Kyiv, 2025.

The dissertation work is devoted to solving the problem of automating the
management of computing resources in Kubernetes clusters. Modern informatior
systems can include a large number of applications. One of the important factors i
ensuring a given leveof service quality is to provide the components of the
information system with a sufficient amount of computing resources. Computing
and financial resources are limited, which requires a constant search for a balanc
between the level of service qualimd the amount of resources. Automation of
management processes allows for an increase in the efficiency of using the cluster
computing resources while maintaining the required level of quality of services
provided.

The existing forecasting methodsamnalyzed for the feasibility of their use
for proactive scaling. For comparison, modern forecasting methods for time serie:
with complex seasonality, trends, and planned events were selected. Experiment
studies of the accuracy of the selected methade wonducted on typical workload
templates based on historical data of various lengths. The stability of these method
to the presence of anomalies in historical data was also investigated. Based on ti
experiments, a set of methods was selected for ginegliworkloads in proactive
scaling.

A hybrid forecasting method with a combination of letfegm and shofterm
forecasting components is proposed. Application workloads may include anomalies
which leads to incorrect allocation of computing resourcpsaactive management.

The combined forecasting method allows you to increase the stability of proactive
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scaling solutions in the presence of anomalies with a defined pattern without &
constant frequency. Longrm forecasting is used to predict complexsseality

and trends. Shoterm forecasting is responsible for identifying anomalies in the
current load and determining their scale by comparing current and past patterns. Th
forecasts of the two methods are combined using weighting coefficients, wéich a
determined by solving a maximization problem on the test data. An experimental
study of the proposed method was conducted. The results demonstrate an increa
in overall accuracy from 91% to 95% on the test data, provided that there are
anomalous pattes in the historical data. The use of the proposed combined
forecasting method in proactive scaling solutions can improve the efficiency of
computing resource management.

A method for proactive scaling of computing resources is proposed. Proactive
scalingmethods allow to provide a consistent level of QoS while efficiently using
computing resources. A model of proactive management is described. An
architecture that includes data, forecasting, application, and denisiking
modules is proposed. An approdohthe method to work in the absence of data or
low accuracy of the obtained forecasts is described. Based on the analysis c
forecasting methods, a solution was selected for further use and development of
software module. A software module for horizn proactive scaling was
implemented in Kubernetes using bt tools. An experimental study of the
developed software module on a Kubernetes cluster was conducted to compare
with static and reactive scaling approaches. Compared to the redundant stat
approach, a similar level of service quality was obtained using 46% less resources
Compared to the reactive approach, the average application response time decreas
from 160 ms to 23 ms.

A hybrid scaling method is proposed that includes reactive apacive
components. The combination of these methods allows the use of proactive contrc
in the presence of accurate forecasts. When load anomalies occur and it is impossik
to accurately assess their scale, control is transferred to the reactive commpane

indicator of the transition between proactive and reactive control is proposed base:
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on comparing the compliance of the obtained forecasts with the current load on the
application. The level of accuracy of forecasts is determined within a giverenumb
of iterations. To ensure the prompt transfer of control, both components operate
regardless of the current state. A software module was implemented using the
developed proactive method and a bumltsolution for reactive scaling in
Kubernetes. An expenental study of the developed program module was carried
out. The results demonstrate the ability of the proposed method to identify anomalie:
and transfer control between components according to certain rules.

A hybrid scaling method is proposed thabads coordinating the work of
horizontal and vertical scaling components. The method makes it possible tc
increase the efficiency of using the cluster's computing resources when using
horizontal scaling. The vertical component adapts the amount of copputin
resources to the current needs within a single instance for resource types that are r
the main ones in horizontal scaling. A coordination module is proposed to coordinate
the configuration of the vertical and horizontal components. Based on the gropose
method, a program module for working in Kubernetes was developed. The result:
of the experiments demonstrate a 65% reduction in unprofitable reservation of
computing resources compared to the static approach on synthetic data.

The information technologipr managing computing resources in a cluster is
described. The decomposition of information systems into separate modules i
proposed. The functionality of each module and communication between modules
and the cluster are described. Based on the prop@sebditecture, the
implementation of information technology in Kubernetes clusters is described. The
integration of builin tools for status monitoring, data analysis, and deployment of
controls is proposed. The management processes are described. plEmecinted
information system integrates the developed methadschling

Keywords: information systems, information technology, virtualization,
containerization, Kubernetes, Docker, cloud computing, resource management
microservice architecture, web digptions, distributed systems, mathematical

model, forecasting, machine learning, software.
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fesOClsdo dzsets, 1SOC "9 1P O& dzs dzls ¢ © dz tzh E
Ctsd3B ' dzOyY" ¢ pjtelsdC Ol dzsets BOMN Is O tizte I
[ SMY jted kg delo Qadzj digts , davh Sz L s@mW > j dzdz" tetsB Sk
Hisy' dzo kB stod Mistso ko Qdstc dgWEs ts tesiyfjdliEg § Is d o dats
LOf ot sdetso Odets ¢ s fiplgjdiasirvizy * 4 tc HetsjBHEjIsdgts L Ofls
j S Mddsjtezi | sstsdziistelzs Is+ fw L dgj dz" j dedz® o L j to
BsHj dz 0o Qlzaigls o F@H Y 2% Isb d A 5154 bk Gedgliph 'dzd & ok
BOMh Is OB. o O dzdz”
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4 tdrtdarse wAaltfoAwesl Joly tuprfufidcd w
JIYRY[ IOIO[ PV RIR tr8HaULUIEO[R

] HOMsEIzHdz@z' tsmdztso LOf el sdatso Odzd
L tosB A2V sS'tehioy ' 2 dz0 Isj R fzsldafste’ ™2 bk deim di
L OH @8 'd,tc O Gl diifvts dag BAs B ts B dzv * IS fip'® dfny lsiEtin LG st
shseddosmls' ' dlsjcwOy' '~ o- 'dif dedfgis bz kotis's h
B Rl Of el sdaso OO ' dz Ste 5Oy’ 2 dzO s j 7 dats
At e OMistokz § loikAsdstir 3O dzdzv o5 o Mls Odzts 0 dzj dzts 6 ts
B dz & LOY' S odCtstdmlsOdsdzy dzOwW o dzd i toj Mk
[t ©® StdsjSBEt HOHOGOFr&ORdY O o kd
C' dz Csfls' to' Ldeslsdfdedn L OMsshmkdS' & o ¢

Wz ste Oy "' 2 dz0 s j ¢ datf dets ¢ fiykz S bz e dindr's dzozs,
LOBjERjjWL Slsdodsj odqkteddsOsi®dz dzd 5 Ot
C zOMls j B @Y o ootz @eBUE | Tdes dzs e fd Misj Bz L
stejBO odL &zOydlsd ,dj B ts His® QctMfsicl® dzdr dzdsOL O
Mlse st q Il & dg dffls ‘7 S de@BEpSp d S  dzO dzdz ' dalt
i tetsy JjOg dB' HLo d NdgOdzdz? dEBHN®daiy ste 3Oy ' 2 dzd n  f 5
JWJC e dissted flsOdzdz" L[@H' W dzd 8 tej Miztef' o

41 mMsesdzd o sMmis® B yYydmadzs o8 Odz' dzd dzd Izte JS O iEQ

Il " HtetsL H'® dz' tofsLzafde"GoQiz' Idzdayw [Q MsgzdCls d
fsobdvwL Odz L totsL f 5H 'lzddgCd@idydds [ t ¢ da® fipls j tc ©
Ctstej SIsdedr sdz' IsdS Hitedodh jdedzw L OfdlIs' ¢
LOMIstsMEzdzS " @ IsO B OdzOdzMmiz o Odzdz? dzO9 Odzls O
CBte Ssdetsets WhkdzC y' sdzlzo Odzdz?y wy SO o d¢ t5¢C

4. 1.1 )isyds GsodR ddzdzd " ki@ i s jeo dz0 ©B Y
e Miztemd

1 6" HdesMiEz BOdz2 )L Of disd x,OfgistsirErda&ing  daC
HphiC  dz €' ! ksdf' o tojnjEts figl o OHipdsMs i€ O
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C'dzr €' fls! okLd o, dzjOcdsky w2 i-gugtdg Vsl &
5 COOddskz’ dzOwW o dz fls! dzjtsBa' Hdats'® §°'
OflstsMizgz&BE Hdzs o dL dzOydlsd  Qfdictasjtedds'd d
WOCkdudsses o ¢ i ki B Gz ot jimeddn . o d B G
e Mtem"™ & sy O GBXRBI Y dIsd BJjL o dats’ |
L Offlstsfkze OlsdMw Isteslsdz e yBmMiz dEOH §istsy 2t
Bjtejixed fjtjodh jddz odCtstedmlsOdadzy L OH O
LOMsMEzdS © o e’ ftosfsdkz Is' fjw od¢
M siGstesets’ kO dzj Mstese s’ .

ted Mlese' 2 fd sdy' %o fpjojdasieSdzj didjn
s 1=Im, y=ih,iz=In, H Hi ¢ d € fis! Isdf ' o tejmMizteh
¢ dzr ¢ Ofplsis fipli &S ‘d® ¢ Mo HBlZLd] 8OIdzj L Os j
JjSLidBfdvtekz, "t fotekzhzy &£BHEQ&shHizsi BL C
hts jJOLj B dzvted atPdgdso)daglistsedsjskz * dzh d A
JSLj B dzvtc' ototsdz@y Nofieddri Of totsf ezt Od&Z® 3
L OMistsmizo Olsd Hdv Bjd" 90ydzdadr L OMisshE

1 tod dzj Mlstes@s? i3 Bgzdadz Yy S L j B dzvw ted B
dZOH dzdh S s tojfMiztefyd okL O HGId, ¢
fitejodhk' fwolskyds Mis! HOdSets okL dzO:

DX, ¥, & X, ,I¢Lmy Lhi 1n (4.0)

>

-

X

HiDX,i 5B6° B HBMikyfddn tjMmzth' o okL dzO

oMisOdztse dzj dX[,A o d KHEd " g d-c 5B &Nis ©Mizdglcts Ht
sdf & tdg®dzic e dz@A;ls/j tctos 6 td3 sMiskz f deg B 10 dzv d
Hdge s sdfk toj M.

1 tod \ ! ots dzlic @ 120 dzlzve ©adze s to Is O dzdzW dztso d n
9 d¢C stcffipls dipiedzy o Mis Odzso dzj dz' LOf dIsd, 0]
lted S dzOH s toj Odz' L Oy’ = teduéstf dimit§ is@z' g & O dz
i tc' tstc @ kupdsnetes
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4.12f Ofh Is OB E asz@diztzy tc O
1 OHOY @ dzsets tesL d3' M jdzdew J CL J B dzwts' o
9 ®filsddy L Oy' tcSL GStelsOdzdzy tetsB sYd s 0z
BOSMd 3" L Oy ° [E6). o dzWd ez p'JldRdav@yy " "HBBL 9 sdzd Is
W' dzOdelmtse” odlstcOIsd O flk@hkzddHizgEdr § &
1 JB8BR" Hdzs L Ouwz@udlyd, ‘h f " Hdgdesy  ddiss s L
tesL d&3' M j dzdzg" o ' tols z ONY ted BEISHSOh ddz, W C O

Yepra po3MilleHHs eK3eMILISIPIB Ha BY3/IH KJIacTepy
#1 #2 #3 #4 #5 #b

VY pasi HeB/la4i IPH PO3MIIIEHHI eK3eMIUIAP MOBEPTAETHCA B HEPTY

(ineTparlia By3miB 3a

O1iHKa JIOCTYMHAX Po3mimieHns Ha
nMpaBHIaMH Ta ~ ———> . —

BY3JIIB obpanomy By31

HAasBHICTIO pecypciB

V pasi BIZICYTHOCTI JIOCTYIIHHX BY3IIIB /U1 PO3MITIIEHHS

{ dME4AB 6 R j 5O | sOf ' § ¢ i s otz

V 9adfOHSCE, WOt (kBB dz] i 'cdzitclstO:
o sEts jCLj &Y dzvick, RO 0C dz@ fipls JOHSGR, fyveiz
HBBHO9 Odzgdg? desodr o bkzL dz' 8 IsOCdd3 y(d.a&tsds,
FtcOR ko Odzdz? &8 j S L j B dzwtc' © o yJ teL $ dz@Mls fp t
sLd&ZOYyo0', hts totsu gAY PmiEfie® iz 82C j § OBt d
® " HBERZzOO' Ist Mw L L dzO ydats & L Olsted d3¢ 55 .
totsL EtstolsOdadzy 99 jJHj.Bs S j W' y' “ dazls L Of Oft

8aV,2 (1 O) &X,

{axIy J=1m,y =Lh,i %n (4.2)

o - max

iav,
HXyioddBtsed j 9661 a6 nidglisds ey [ (toj ik tsh
stz Is! v EV,¢&®b)is@te] t H sifiplisktisdzd TylsdaBvsH
sdf z tgUn&wsitlz' y' ‘ dzls L Of Oz, w¢d2 :9dL dzC
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- -1 _
avV, ,y=1h, =n, (4.3)

HjaVj i BOSC fd BOd dz0 By $TerO@me] WiihR & i tzdzh ks
g mjodon dls' Mw HE dOMisk] des’ L Odzj ¥ detsfls

? ~ - 1 °’I = l’ ’y :11h 1i iln (44)
av, 1+U

1ted> CdzOMisjte RO HBMOIdE 5 [t Hdw
LOMistsMizdS' @ OBt jCLj &Y de' oSLA' okt OF

st lsd 30N ddgdgnte s° ssys¢d Ltstelz. 1 5C 6]
LOMsMkzdS ' @ OBt &OMh sOB ko Odptizis v ° fzls ¢ y
ks d dz te O @' o dk3® ‘dzOfMisQ@det®e dilsd 100 %.

4131 OO dzik o Odzdzy zOo Odzls Oy j dzdz® o' ¥ j €

JHdg “ 8 L o d di3ts G H S CdaW BtedzOy ' 2 dz
C tsdzls § 2 dzj to d LOSrpls@diErfrdgaf. @id@dfs dz' fifds ' B CLdraljfriizlodd Is
LOfdIsd OB LOHOY  dO usGfplssifizdz®™" 99 J &L |

1 OdzOdeld ayQdedfvte s yj i totsL f sSH ' dzj dzdzgw totsB
Bdzts ) d dets s j CLLQjfrdstsdryztalzGols s L dzad Xy j dedz? L Ols te
ftoesf M des” L HOLdasMmis® IsO i &8 JdaOtff joy dglzdzvo
ZO t' 9 jdz QoS ' Htslstod BO{EEY o fisOdatso dzj c

tdmz4aZE e s j &30 B OdzOdziz o Odedzy k2 ¢ dz(
























































































































