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R Number of containers to restrict

CPU, CPU Quotas to allocate to restricted containers
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[Fag]F 1]

Algorithm 1 Reduce Container Restart Technique

1: Function ConnectToContainerRuntimeService()
2. endpoint = containerd.sock

3 connect to endpoint via unix socket protocol
4. client = getruntimeClient()

5. return client
6:
7
8

Function Main()
: client = ConnectToContainerRuntimeService()
9:  while Muuee< Mpper do
10: wait()
11:  end while
12:  RestrictingContainerResources(client)
13 for i = 0, |Ciy -1 do

14 call updateContainerResources() through the client.
15 change the CPU usage of container C[i] to CPU,
16: remove C[i] to Cyy

17:  end for

darg]F 2(Algorithm 2)olM= WA, viRe a5 83T 7beAdol 2 AHoly AAE 93 wm=olM 23
o = HEelyel ARE wolear, ZAHolUe] wke] AMSHS eEAwoR AHIHEH &), ©

Hel CollA s JAdx gs 7S vRd ARl A5S Andn. agal ofv] (PU AHEZES Add
gHeolds vl Alsls AS 9] Aall Chugell o5 AeelHES CollA AT (3 &), 10-1352 W%
o ARERFol W AHolY RS CPU AHEFE Alddstar, A AHIUE (0l 53T, & 5 RO

201 wmg] AbgFo]l 7P w2 2719 Aol (CY index 0, 1H)E Agtsit}, (PU A& &
A AAZE ZEfo]ldEES E3] Aoy HErY o 2 2E updateContainerResources() CRI-APIE

& S o] wine] ARgEFo]l AAY wire] shgigtnu Foplvd, =, iR ARgRFo] i
Ak AEEW Algorithm 25 FREY. == wlig] ARREFo] /WA =R Algorithn 19] 13-17H &
A Cigol 58 2= Aoyl CPU AIZHE sfAlgitt. efar, Gl 559 2E AHHE () ZHE

Wi o] =0 oEg ARE-go] 75X %%qﬂ_&¥ﬂmlmgmuM2418%m:§ HE AP A s
o] wWlzmg AlgFo] MAFEZZHA 7@, 28U % Timeout intervalel E93 wjzbx] QA== okrld
Algorithm 28 A|ARoZ sl b= 7H ]L ES F71E A (208 ).

Iy BE AU E Agtste] A Faete ZH oY BT AAAA HAS F ATk, ol I ZAs]
f8l A7 HAXN = dF HEHolvE At A&t WalS Mgttt 7 wpx ko] A|gks e o] R
70E removeContainer () CRI-APIE Z &3t FXstar A Zetth(Algorithm 29] 4-11H &).
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[&aeg]F 2]

Algorithm 2 Restricting Container Resources

1: Function RestrictingContainerResources(client)
2. Sort C by container memory usage in ascending order
3 remove containers of Cjy, from C

4: if C is empty then

i for i = 1, R do

6: targetContainer = Cig[|Cris| - 1]

7 call removeContainer() CRI-API through the client.
8 delete targetContainer from this node.

9 remove fargetContainer to Ciy

10: end for

11:  end if

12 for i =0, R -1 do

13; call updateContainerResources() through the client.
14: change the CPU usage of container C[i] to CPU,
LS append C[i] to Cyy

16:  end for

17:  round = 0
18:  while M. > M., do

19: if round == T then

20: RestrictingContainerResources()
21: return

22: end if

23 wait()

24. round = round + 1

25; end while

2. A wWAUSE 4

2 g e ~go] HE@ASEE FHUIHE A AW gliasE EYUHESL, 54 oy
Aoy #fargE WA= #AA4ES FRkett. ol Fdsy] Il FHUE2oA AlFsE T4 APIS)
client-go("clinet-go", accessed 1 August 2023 [Internet], https://github.com/kubernetes/client-go.) A}
&5 neldlE & Advk. 2, client-gow= FHUIE|Z AP MW} FAlste] #hs 7HA o WS AMSShe

g, 7zt ==o EAsks 9= = Aol Yas MAS AleshA] &=

b 2wl A= AV S Fdsy] fls AHoly HEed IE o] A (CRT) APTE &3 AH ol i
g Aojdn. = 62 FHUER 7R AHolY SAl FxE ARMIMe 78 REs ¥t dErd

Zoltt. = 29ke] Apol 2 & EWeld 7 REEe] AEAl FHE[NTE Aot & AN =, VIS F
HUE| A glas defAel kubeletd 78 EE5s woldos ZAdstel &4 v= 9 Aoy das et
2 o, 78 EEE0] kubelety} =eA o2 FASA= FARE, (RI-APT 2/H= A28 ARES $af 7
o Aoy gliax #Hels FHstng =20 wAolA kubelet¥ 78 EEES SFd d= 3 Y

gas HEAE & 4 u

T8 BB gt 2 RES ge 9 Agoly g4~ $37](Resource collector for Pod & container),
Holy glA&2 WZHA(Container Resource Modifier), =% wl®2z AX F7](Information Collector for
Node Memory)Z Hoj€tt, Al EES BT gos &3 FdHIUH.

D = 2 Aoy #as 517

mkMFiﬂﬁadzﬁwhﬂﬁﬂ@ﬂcmwma&3H4izﬂﬁ»gﬂﬂﬂgﬁzﬂzzgﬁﬂﬂd ARE 7}

2) Zdely iz WA

CRI-APIE &3l B 52 cgroupdl H Aodo=zA 7]Ed AAEo e ZeHY FHAhE2ZHEEH(H: cpu
limit, memory limit %) #= W7AI}.

3) =& vRy R -7
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= 72 AdEold A A4 dagEe] s AAHS 7E EE aE Ve yEkl Zeor. WA, == v
el AR 7S S vRe] AREES hAR o AAE dRe] At a2y o, mRg
g 2 TheAel 2 AHlolY AAE ddl v= 3B AdEely ik F7A kR dEE BE 3
= g Aoy ARE Py, BE AHCYZE AdEAT, AEHolY 2las MAAE st A5 A
Holus Azt Wil ofz Algto] 7he g A elY7E wopsivhd Ald e AEoly A R A Aol

BE AdHeld ] ARe AH oY

U5 ASa, vutos wWme] Agel A4 shdghu Helarw
BAE o A,

AN E F e =2 FY2EHYE FAEEY, 1 F Uie SY2E AolE Fdste viaH == 9%
& 3. YU e mEE YA ' FARY. BE == Intel i9-10900K TEAME FA O Qlar
TG AAZ Ubuntu 18.04.06 AX=™, 1Gbps oltiHo® A% AAHT. YA =29 wxgE 326B, whE
w9 WreE 166BE A F ).

& el el Wggel e Aol EAAlHe Muast fEgom Mstshs 4 AEdc)
As] A thet 2o 24 A AdolY 4AREE ofel A AYte] At Bue Brw. vw
o wEgel wo AHleld ABAIHE colE Bal FRHG. olF Aol AARET e pe
4% 7Hi,

1) Limit gtRET 22 vxzgl7l Zdeejye &9y &eth. o Aoy Ar|ntt & WEer ddEo
e o)\ rt AAr&shs AS 2] Yol

2) Limit #te] Aubol] sidsls w2+ Aoy A& Fo &4 adE o] U},

3) Limit/2¢} limit Abole] ¢l
vz g9 4L fuE

o}

Aol F32 kubernetes jobs E3&] HIEZE TH("Kubernetes Jobs", accessed 1 August 2023 [Internet],
https://kubernetes.io/docs/concepts/workloads/controllers/job.). A& A3 Aoy Fgte] AL
3 29 k. 2GB 7HlelY 100719k 4GB el 5071, 8GB 7ol 25718 skl HElely JFoR e
b Aeeoly g s sk o R dd wf w9 2 256MB, 512MB, 1024MBA FElTh.

[E& 2]

Limit container Size 2GB 4GB 3GB
Number of Containers 100 20 25
Minimum Memory Usage 1GB 2GB 4GB
Memory Allocation per Unit] 256MB 512MB 1024MB

Ao Alg" gEvgES veldt. §id SEivEE og e FdeigE 2getd AdEd A T
ANE HAFE Aot} 4BolM = Al oy HFe F3o] TdTo= B4t 23 ALEEo| uhet
(100-140%%2 =<} 150%< =) defrEjEo] 2 A A=

7 ey gEe Agd el 9ds AAsEA kg, = Aoy AA4e Foly] 98] o HAsw
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[X 3]
Limit container Size 2GB 4GB 8GB
100-14026: 89
Mo 94 150%: 91 38
- 100-140%: 86
M ipwer 91 150%: 89 36
T 3 3 5
. 1007140%: 1
i 2 15025 2 !
CPU 1000 (0.01CPU)
CPUy 20000 (2 CPU)

FUT A FAH0N, A Y WA A AU AR BFEE Hed el =
w0t ADNS AEHA BES WSt ALES AERE W Aeeld AT MY At Arolue]
€}

T 98 B9 WrE 23 AMgoR A3 AHoolY AAFFo] wAgE A9 AM7|HE AFEIS wrt AlIES
ARSSEA] kS wiob wlauste] Aoy AAIE HIETE Yol S-S AT 4 k. 2gb9} 4gbolA AE|OY
AAZ H]go] oF 419 wrolx o | E3d] 4gh-140% e <F 58%2 A ZAr). 8gbollAE oF 36% 7FAET).
ARrIHoz Az o] AA|Z H[Eo] welF oM ZAg oy FFel A A7te] dHEHUSS £ 8
A =Ze1E 4 9tk 2gb-150%Y W, A®olY YPAZ=] A A7ko] ok 8% FAEGl, 4gh-140%Y W 14%,
8gb-150% 4] <k 10% 7+A38k3ict.

Tl Aoy AjAl=te] BEAEEA] kS uls T A3 AIZEe] Aozl AL glEdl, ol ArIHoz Qs
Aoyl A Azgte] J&S vA = W=} AX FSS HoFE

5

T 109 = 113 Ao7IHE Hgekx] s ok AckES Heds
7IAZHE vagk Ao)m | g oy AA]2te] WHASHA] k2 AldlE Wl

w ZAEelde] Ad Ak A el
el A A2l skt

Adloly A ARk A oly7E A =Fstr] o] d7kA o] AHelY A A]ZF, CrashLoopBackOffell 48 Al
I Aeelyrt SR 2™ AIEE 9k Aot 4gb-140% A ZElo el Hak Ad AJFko] 454%]
40227 oF 126 ZAagEd], ol Adelue] AAZA 357t 7asuA AeelUst AN ol dAH Y A
Blo]u] 218 A7}, CrashLoopBackOffel]l AQ% A|zko] 7]Z&e] Hls) 7+A43t97] wjioltl. tf2 AlgdM e e
ol AHUEe] B A3 Aol AAEASTS AT F A

A

Fl’N

7H4 o AdE Aol As) A7Fe 4gb-140%Y W 653%cA 523% & ¢k 20% 7HASFET, olE oy
H A A ZFo] whASE AE| o] =7 & H3] Al WiEoRE FHHE. 53] 8gh-150% M= 7HE &
g A® oo A3 Agko] oF 18% FrAskl=dl, T A AIzE 1A Aoy AIERY
A AIZF AR oo H Y.

lo,
R
B
5
r>4

£ Adelurt A 29 glonz Ay AdeluE dd F¢ Adelurt $rIAN 2L )
ek, = 119) Aol ARk Adelust AAs AN Aot Actor Aol Aol WA
Aol A A FAE AW BTk dgb-14052 ©, Aol PFehs] Alge] of 2863 A
21522 o 256 Fadtgom, g od tl@ Adelue] tIANE of 206 FATE BYEd, ot A
oUW B8 Azke] FastaAl o7l Fo AelelUst o wed] Agd 5 Q) dEes el

o

ant

IR

H

™

g e @0 v 23 AR Al ZAHOlY AAZRE Fol7] Sl viRy @3S e Tt
sdo] & AHolvE AdAsta siF AEelds dAAASH: VIS AXAG. oS F& dxe 23 AR
3

7}

Ao A Adole] A7|e} BAGO] AT HE AFESHA] ke ulel vl Al o] A S¢E

I+ 40%, A 5802 Z=gow Ag o)y AAR 3¢ AR s Aoy Hate] & A8 Alzko] HIF 7%, H

o 13% #AsksE A¥E B, 2F Z2IE B B dge 29 wugE ALEeH] g 70 Ad oY
S =

A2 Y Wl ZHa 8 Aol AaZRe] HA A ARbe 2d 5 e 71EE A ST
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ool A AHE A= =] FA 84, AZESO FA 84, B/EE =] T 84 H AXES
of 74 849 HFoR FPE F Uvk. dE 59, /‘a‘/\]@]%ﬂlﬁ AgyE ) 9 FA 84E, dF8
IR AMA, ZEEY, ALU(Arithmetic Logic Unit), ©A" A& X2 A A (Digital Signal Processor), w}o]=
27 FE, FPA(Field Programmable array), PLU(Programmable Logic Unit), WO RZIZTZAMA, Hi+=
(instruction) & A&t SHT F Av T2 AAust Fx|of Zo], 3hu} oo WME AFE Ee &
AFEE ol g3te] dE = Advt. Al A= & AA(Operation System, 0S) L 7] &4 AA Aol A
T = S o) e AZES] o EFAHS T F vt S, A FA = AZE0]9 "é“‘goﬂ <
ete], diolHE A2, A%, 22, Az 2 AT = v}, olFe HE f5td, M7 FA= shurt A
|HE FAoR AWE AT AT, AT Vs oFddlA 'I'Eé‘ol'gl A2 g 7 A=, A” ZA7F B e A
2] Q4 (Processing Element) B/%E 55 F3 9 Ay 845 X F A5S & 5 Aok, dE 59, A
AAe B N ZRAA EE shue] ZaAA Y shue] ZEEE 23 & vk g, WY ZEAA
(Parallel Processor)®t #2, U A7 4l (Processing Configuration)® 7}&3}c}.

AT EY A E FHFE ZZ 13 (Computer Program), ZE=(Code), W # (Instruction), T+ o5 F 3y oA
2¢S 23 F gon, dste "2 FASEE AP AXE FAPIAY SH™eR e AgHoen

(Collectively) A& FAE WHET F Jrl. LZEo] 9/HE= dolE=, A Ao oste] A=A A
g Ao W == dolHE AFsr] fldte], o' §3Fo A, 74 84 (Component), EEA A, 7
A (Virtual Equipment), FHFE A# WA == Ax, = #d4$EE A5 9(Signal Wave)ol g7z o=
TE Aoz A3 (Embody)E 4 ATt AZEYOE UEYAR AZE AFE A|2®= Ao EikxojA,
Ak o R AFEAY Add R Jrt. AZEo] 9 dojHE s o] AFE 5 Jte V|F v
Al A4E 5 vk

AAlofo] wE e et AFE Fus Bk FAd ¢ vy 22O WE YR Fdso] ASFE &
5 7k WA 715E 5 Aok A7) AFEH d5 vke uAe 2209 gy, doly 3, oy Fx 5&
9Eo R e xHete] XS £ drt. Y] wiAd VFEHE 2203 Yy AAdE f5te] 535 A
2k :r“é?l 31%017414 AFEH AZES C‘1 FAANA FAE o] AME Tt AY X k. ASFE W5 U

3 tjz=z 9 A7) Holxel e 1}7 1| 3
ROM, DVDQ‘r e A= uﬂxﬂ(optlcal Media), ZHFElZ Ut~ (Floptical Disk)9t & #7|-34 vl
(Magneto-optical Media), =(ROM), @(RAM), Z#A wxy S & Tz Ué%‘% AR FE =
53] 7A4% st=do] Axr7F R, 203 WH o] o= Huadeld o) whEolAE A 2 U
of Rk ofYg} QEZIEH F& AFEEA HFE oJsiA Addd § s g do] I=E X

st=do] A= AAld o] TS Fsr] 3 s ol e AXESY] RERA AFIES FAHAE F

(Magnetic Media), CD-

71E &

Jer, I qi= nprhA ot

2 e =de =g AAdE Far dYEHdoy o= dAAl Aol EdsiH, 2 Ve #Eoke S
AXE 7ED Apehd o2 5E gef MY B ded B AAldrt vhesiths A4S olald Aot dE &
ARE 7lEEe] AdE WY vE SAR s, 2/xs A AR, 7x, ZA, 32 5o 74
a45o] AdWE U g dHlz 24 e 2994, UE A 84 e gsEel o] oA EAY
2] 85| ¢ = o 74 B H9le HARE s5F T

a4 dart @44 o wEkA, & e 1A
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