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v FHUE[20AM= AHO|H HelZ 2las Kot 2780| 7ts
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% CPU/ME2| 2|AA Kot

v CPUE =8 == X[F5IX| &1 1vCPU(Zt
3GHz CPUZID 8= 130 HEE X|™H&

v HEE|= 1G = 1000M

v 2laA Hste otE Fo| L& o| Zt Aol Mol HEo| ZEE|T spec.containers|

].resources®| requests.cpu/requests.memory == limits.cpu/limits.memoryS X|Hot= &
Ei = A S

Al
o
8

U)E 1,000m(millicores) EtRI 2 X|™Hst=0|
3,000m~7} Oftl 1,000m

CP
=3



% CPU/HEZZ| 2|AA Hst
v CPU/MEE| 2|AA X|H

o OiL|LAE ZHd: sample-resource.yaml

apiVersion: apps/v1
kind: Deployment
metadata:

name: sample-resource
spec:

replicas: 3

selector:

matchlLabels:

app: sample-app



% CPU/HEZZ| 2|AA Hst
v CPU/MEE| 2|AA X|H

o OiL|LAE ZHd: sample-resource.yaml

template:
metadata:

labels:
app: sample-app

spec:

containers:

- name: nginx-container
image: nginx:1.17
resources:

requests:
memory: "1024Mi"
cpu: "500m"
limits:
memory: "2048Mi"
cpu: "1000m™



< CPU/OIZ2| 2[AA XT
v CPU/HIEE| 2|24 X|F
o OiL|LAE ZHd: sample-resource.yaml

¢

¢

requestse= AFEStHe 2|AA Z[4tE X[Fot=0| Bl =E0f requestsZ X[t
Aol B|AaATF EXSIA| o™ AHEHE|X| YUZ

ofo ™
limitse AFE Y 2|20 X|BgIES X|Hot=0 requests@t 2| = =0 limits2
X ™ot 2| AA T LOF QK| UOtE AF=EEERZ requests g AN %F < limits
2| A FO|X| T requestsSEf limits2| XtO|7} Otz 2 ZIH|O|LH 0| 2517t &5
SIO AR 2 AFRSIZ= 2|AA OF7t AFO|7F Qoo z Z=of

&% 7k CPU: 1000 85 7k CPU: 1000
Requests(Z|4) 7. 1000m Requests(Z|4) &41: 1000m
Limits(ZIcH) &A(: 1000m Limits(Z|cH) £: 10000m
AlM| AR 1000m A AR 10000m
Requests(24) 100m —| »
Limits(ZICH): 1000m . . . . .
BEE| zocosias [HEBE

FHUEIA Lo a FHUYEIA bE é

Allocatable CPU: 1000m Allocatable CPU: 1000m



< CPU/O|ZZE| B[ K
v CPU/HEZ| 2| X
o 2|4 MM kubectl apply -f sample-resource.yaml
o Lo SIE Z[AA HZ &0l kubect! describe node worker1

Allocated resources:

(Total limits may be over 100 percent, i.e., overcommitted.)

Resource requests limits

cpu 600m (60%) 1 (100%)
memory 1074Mi (57%) 2Gi (110%)
ephemeral-storage 0 (0%) 0 (0%)

hugepages-1Gi 0 (0%) 0 (0%)
hugepages-2Mi 0 (0%) 0 (0%)
hugepages-32Mi 0 (0%) 0 (0%)
hugepages-64Ki 0 (0%) 0 (0%)



% CPU/ME2| 2|AA Kot

v requests Bt AT 42
o limitsE NSO MHEX| ¥ SAE 20| 217} N2 A3 O MK 2|arE
A% 285k 2 51| [[H—roil O|& It=7t B oI 7|&0te =EOM 2| WiT|TF &
S0 22|19l 42 O0OM(Out of Memory)2 2 Qs TZMA HX|Z O] X|A =)
o O{L|HAE ZHd: sample-resource-only-requests.yaml
apiVersion: v1
kind: Pod
metadata:
name: sample-resource-only-requests
spec:
containers:
- hame: nginx-container
image: nginx:1.16
resources:
requests:
memory: 256Mi
cpu: 200m



% CPU/M|EZZ| 2|AA Kot

v’ requests Bt A7t A2

o A2 A kubectl apply -f sample-resource-only-requests.yaml

o A A% 20 kubectl get pod sample-resource-only-requests -o json | jq
".spec.containers[].resources”

{

"requests™: {
"cpu™: "200m",
"memory": "256Mi"
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% CPU/OEZ| 2|AaA KT

v limits 2F 278t 2
o HHIHZ [imitsTH 270t BR0 = limits?t &=
o HAHLE|= B2 limitsH Tt OtL|2t BA|H S
® OiL|IAE: sample-resource-only-limits.yaml
apiVersion: v1
kind: Pod

metadata:
name: sample-resource-only-limits
spec:

containers:

- hame: nginx-container
image: nginx:1.17
resources:

limits:
memory: 256Mi
cpu: 200m

40| requestsOfl A &[0 US
Z requestsT HHdHOfF T



< CPU/MEE| 2l
v limits Bt A

A
@ ge

o A A kubectl apply -f sample-resource-only-limits.yaml

o [iX ’é”g 2H9l: kubectl get pod sample-resource-only-limits -o json | jq
".spec.containers[].resources”

{

"limits": {
"cpu™: "200m",
"memory": "256Mi"

3

"requests™: {
"cpu™: "200m",
"memory": "256Mi"
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UKo AEDX|E 8 XLt Y4 BHOIMN F7 252 ALSto] 10| [ o|E
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0|00 7|E &l HIO|EHQe| &AHZE M7 7tsh 80|0{Q| H|O|H Y2 ZHEHS| EotH A4 =

&/hostPath/nfs 50| O E =l Y32 XN 2|ot 2= Ao CHSE A7|QF Ho| &
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off A4 | &
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% Ephemeral 2E2|X| 2|&A X Of

v Ephemeral 2E2|X| Mt 4
® OiL|I|AE: sample-ephemeral-storage.yaml
apiVersion: v1
kind: Pod
metadata:
name: sample-ephemeral-storage
spec:
containers:
- hame: nginx-container
image: nginx:1.17
resources:
requests:
ephemeral-storage: "1024Mi"
limits:
ephemeral-storage: "2048Mi"



% Ephemeral 2E2|X| 2|&A X Of
v Ephemeral 2E2|X| Mgt MH

Z[CH 2,048MiE Z4}ot= H|O|EE MAEH OIE= XS 2 E Evict

ZlgXez 480 el AAHELZ o Z 2[AA7F 2R B[ ALt W SEA Evictk| A
%A 2ol 2[AATL ZHE|7| 2 SFX| B ephemeral-storage AHE MBS SHXA| o
™ o &fX| 2t HIO[H A7|2 Qs FHU|E|A 29| A3 8EE X5ty 1 &
o2& ML s E 7tedk AL2E=E F9

2| M kubectl apply -f sample-ephemeral-storage.yaml

2048MB H|O|E A 7]: kubectl exec -it sample-ephemeral-storage -- dd if=/dev/zero
of=/dummy bs=1M count=2048

2048+0 records in

2048+0 records out

2147483648 bytes (2.1 GB, 2.0 GiB) copied, 1.68393 s, 1.3 GB/s
kubectl get pods

NAME READY STATUS RESTARTS AGE

sample-ephemeral-storage 0/1  Completed O 78s



< Ephemeral 2E2|X| 2[AA KO

v 2| ZH[O|H0| A emptyDirg &
® emptyDir2 LtE0AM &
AZE Z3tot 4% Evict

o TrT
ot

T ot=

A&

ote

23t
=

4+ Q17| H2oj of2f o=

off M™El |imitsQ| &

o ILI=0|= Zf ZAH0|H2| /cache CIAEH 2|0 22 emptyDirO| O EE[O| =0 22
O| 7AH|0|H0f 2GiB2| Ephemeral A E2|X| X1|°F(I|m|ts)0| HHEE0 }US

® OiL|HAE: sample-ephemeral-storage-multi.yaml

apiVersion: v1
kind: Pod
metadata:

name: sample-ephemeral-storage-multi

AN -



% Ephemeral 2E2|X| 2|&A X Of
v 0l ZH|O|HO| A emptyDirg &/35t= LtE
® [OiL|IH|AE: sample-ephemeral-storage-multi.yaml

spec:
containers:
- name: container-a
image: amsy810/tools:v2.0
resources:
requests:
ephemeral-storage: "1024Mi"
limits:
ephemeral-storage: "2048Mi"
volumeMounts:
- mountPath: /cache
name: cache-volume



% Ephemeral 2E2|X| 2|&A X Of
v 0l ZH|O|HO| A emptyDirg &/35t= LtE
® [OiL|IH|AE: sample-ephemeral-storage-multi.yaml

- name: container-b
image: amsy810/tools:v2.0
resources:
requests:
ephemeral-storage: "1024Mi"
limits:
ephemeral-storage: "2048Mi"
volumeMounts:
- mountPath: /cache
name: cache-volume
volumes:
- name: cache-volume
emptyDir: {}



% Ephemeral 2E2|X| 2|&A X Of
v 0l ZH|O|HO| A emptyDirg &/35t= LtE
°

2| A MM kubectl apply -f sample-ephemeral-storage-multi.yaml

ZAH| 0|4 0f| 3GB H|O|E A 7]: kubectl exec -it sample-ephemeral-storage-multi -c
container-a -- dd if=/dev/zero of=/dummy bs=1M count=3000

otE =9l kubectl get pods

otEZ APH|StD CHA| 8ot = emptyDir 390 22 X2l &2

O|H0ll= A HW 74H|0|LH2| emptyDir @0 3GB HIO|E{E M= F 7] IEQ|
Ephemeral 2E2|X| XH(limits)Ql 4GiBO| =& SHX| 2£O0F TtE = Evictk|X| %S
4GiB(4,096MiB)0| 2| HIOIHE & I Evict



& A|AEIO| SHEHEl 2| AA 9 Eviction OfL| X

v

<\

CPU/MI 2 2|/Ephemeral AE2|X[Q] LHIH QI 2|AAE US| DZE|H FH L E|A XHA| 7}
SASHA] AL O h:': Ao E22 0jE = A7 WE20f| 2 =E0f|= kube-reserved,
system-reserved2t= F 7HX| El’“ﬁﬂ AM2HEC=Z HE0 UAS

kube-reserved= FHIH|E[A A|AE Fd A LE 4H[O|H] HEIYO =2EE 2|AA
system-reserved= OSO| Z 0| 2&HE O =2 S0 ZEE 2

M oteof 28 7hs3t 2| A A (Allocatable)= FHUIE|A =EO| EXi5HE 2|AA
M kube-reserved, system-reservedE N 2|2+ &

opt
on
<

MAX --==m=cecmcens 5 ke
Hard eviction threshold ==========-

% Allocatable

Soft eviction threshold ----4 -~ (81t 755t o))

User Allocated

(888
Actual Usage
(AK| 2lAA AKZEY b
Node Capacity
e | f TR



% A|2H”Io| SehE 2|2 2 Eviction OfL| X

LEO ZlaA At TE THsE Y2 L E B[AA0| M 29l JHs: kubectl get nodes -0
custom-columns="NAME: metadata.name, CPU Capacity:.status.capacity.cpu, CPU
Allocatable:.status.allocatable.cpu, Mem Capacity:.status.capacity.memory, Mem
Allocatable:.status.allocatable.memory”

NAME CPU Capacity CPU Allocatable Mem Capacity Mem Allocatable

master 2 2 2001348Ki 1898948Ki
worker1 1 1 2001564Ki 1899164Ki
worker2 1 1 2001564Ki 1899164Ki

S E|A LHE O ML= Eviction DHL| A ZH= A QA T} SRS A|AHE MA| 7} Dt S|
X REE e

Eviction OiL| X = Allocatable, system-reserved, kube-reserved| Al HXZ AIE &&= 2[4
2 A 7F Bviction Threshold Z1ISHA| =X H7|H 2= 2015t R0t F{ OIEE
Evictstdl O| & &3l =EQo| 2|AAE 100% CF MX| A= E E| UZ

=9| HZ22[2] B2 100% WXt A|AES 7tsA|7|H OOMO| EO| SR E Eviction
Threshold0f| 2|3l OOM Z'dS 2°F5HA Moot A=

Eviction Threshold= soft2} hard & 7}X|7F Q=0 soft Al2H0f| Z2|™ SIGTERM 425 &
L o= £ ™X|8l2{ 2 St=0| O]l terminationGracePeriodSeconds= LtEO0| A™H |0 QU

= ot EE= kubeletOf X|"H /0| Q= --eviction-soft-grace-period &7 & 2 Z0| MEH
Cle=d a2 TH=0 7! terminationGracePeriodSeconds ZfS AMEIMLCE StHEIE S84

H M3A7F X CHE X|™ot A7H0] O Be @ o el MX|E& 427 J2BE F9
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& GPU 59| 2|2A H|&

v Device Plugins 7|'50| X ¥ [0 GPU(NVIDIA/AMD)Lt 1 Q| 2|AAE CPULt 2 2|2t Of
K7LX| 2 requests/limits H$HS d™He = US

v

FPGA/VPU(Vision Processing Unit - T4l H|™ 24l 2{2{ 0| E{)/QAT(Quick AssistTechnology

T M

- % oHEH I Z = {2 0|H)/TPU(Tensor Processing Unit - 7| &H&58 T2 N A)
52| A= X[ ¥

MH|C|OF GPU H|Tt
resources:

requests:
nvidia.com/gpu: 2
limits:

nvidia.com/gpu: 2

AIH|C|Ote| GPU+ requestsOl nvidia.com/gpu X Hsl= GPUE HFSHX| %7| IH2

of == 180 2= s €22 &= US

St &&0| OfL|2tH requests®t limits 242 BH7H 2E5t0 AL&St= A=
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<« QHFHO O 2o BE
v Q7L HAE
® [OfL|IAE: sample-resource.yaml

apiVersion: apps/v1
kind: Deployment
metadata:

name: sample-resource
spec:

replicas: 2

selector:

matchlLabels:

app: sample-app



v HFHLl HAE

® [OfL|IAE: sample-resource.yaml

template:
metadata:

labels:
app: sample-app

spec:

containers:

- hame: nginx-container
image: nginx:1.17
resources:

requests:
memory: "1024Mi"
cpu: "500m"
limits:
memory: "2048Mi"
cpu: "1000m™



2 QAL It BlAA BE
v QHFHO HAE
® A HYE: kubectl apply -f sample-resource.yaml
® 2|4 =0l kubectl get pods

NAME READY STATUS RESTARTS AGE
sample-resource-55978d875f-2n97h  1/1 Running 0 63s
sample-resource-55978d875f-4tx5x  1/1 Running 0O 63s

® A7 Ot2: kubectl scale deployment --replicas 6 sample-resource
® 2|4 =0l kubectl get pods

NAME READY STATUS RESTARTS AGE
sample-resource-55978d875f-2n97h  1/1 Running O 4m11s
sample-resource-55978d875f-4tx5x  1/1 Running 0O 4m11s
sample-resource-55978d875f-hl9d7 0/1 Pending O 6s
sample-resource-55978d875f-tqvd7 0/1 Pending 0 6s
sample-resource-55978d875f-xgfj5 0/1 Pending O 6s

sample-resource-55978d875f-zf86x 0/1  Pending O 6s



& QHF{Ol I} 2AA BE
v OHFU HAE
® 2|22 29I kubectl get deployments
NAME READY UP-TO-DATE AVAILABLE AGE
sample-resource 2/6 6 2 5m32s
® = E 2Ol kubectl describe node worker1

Allocated resources:

(Total limits may be over 100 percent, i.e., overcommitted.)

Resource requests limits

cpu 600m (60%) 1 (100%)
memory 1074Mi (57%) 2Gi (110%)
ephemeral-storage 0 (0%) 0 (0%)

hugepages-1Gi 0 (0%) 0 (0%)
hugepages-2Mi 0 (0%) 0 (0%)
hugepages-32Mi 0 (0%) 0 (0%)
hugepages-64Ki 0 (0%) 0 (0%)



<« QHFHO O 2o BE

v QHZHO HAE
® CPU Z|AAZ SEIst & gl AE|

I I T
Requests: 500m ' . CPU: 50 -

Limits: 1000m OmE EIEE + Qs LET SIS

Requests(Z]4): 100m /

HSIEION gy ot cau: 2000m &g 7Hs CPU: 2000 9 ks CPU: 2000m

Requests(Zl4) &/7: 1700m  Requests(%|4) &7: 1900m  Requests(Z|4) &7 1800m
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Cluster Autoscaler & 2|22

o 7H_Q_
v FHUIE|A0|= Cluster Autoscaler?t 7t3i&l 40| B

v Cluster Autoscaler= FHUE|A S AH XH|Q] LE AAYEZ 2|0|StH =20 2t
FHUE|A L EE X522 FII5H= 7|5

o o= &g E7t
CPU: 500mE g += U= =7t ¢

Requests: 500m /’

Limits: 1000m

0jo

Requests(Z]4): 100m /
Limits(Z|cH): 100m

&< 7Hs CPU: 2000m &gt 7ks CPU: 2000 8kt 75 CPU: 2000m
Requests(®]|4 )2171! 1700m Requests(£|4) 874 1900m  Requests(Z|4) ): 1800m



v Cluster Autoscaler= 222 H MLt 2 L EO| 251 HA0| 0N 2 I 2Xot= AKX EH
HO|X|2t MY s&2 =3 LHE

Pending & E{Q| LtETt 7| = EFO|UO| S22 Cluster Autoscaler?} SAtSHA K

v

£l
At
o

At
o

o
requests®t limits§ M ESHA 2EOH| 2 o
oM E AH Y OFRO| K| ALt 235t HHO| &
2ol &
J2EoE g
Ztsko] 2
7ol OF 2t Sh=

RO M= 28 =E9| £ w0l &
= Y= 2A Y OFRO| E|X| B

rrriorir

20f efgt 2AHZ 2 requests(T|2)E 7|22 O|FOX| = requestsS
A0S XA 2|AaA QFETUOZ 2|AATF T Xt A A7 REE =
O ofmf &X HHO|H ZEMATE AFESHE 2[AA AFEEE2 N{E|X| I

G |y

-

&g 7Ks CPU: 1000n
Requests(Z|4) €4l 1000m
Limits(Z|cH) &2l 10000m

AlX| AF22E 10m
Requests(z4) 100m —| 8 Il I -
Limits(Z|cH): 1000m
EER AN 517} E2 Qs MBOIM AR £S7} E71E
. . (cluster autoscale0| X8l
o Requests?} LS &2

Allocatable CPU: 1000m



Cluster Autoscaler & 2|22

o 7H9_

v HIHE requestsE RAH Ao MEJOIA limits XO|7} A L= &&0|M= 2 Z4H 0|
£ limitsE 2GE 2|aAS 2 E AZot=0 dA 2|lan ALEF0| 0HHEE
requests &A= EH Ot% AAHEE0| 7ts5H7| 20 S HAE 7 27 Y OFRSHA| =
NETI

8tet 7ks CPU: 1000m
Requests(%]4) &2: 100m
Limits(Z/cH) &7: 10000m
AlH| AF22: 10000m

Requests(Zl4): 10m ____. ‘
Limits(Z|cH): 1000m . .
HEER Al 2517} 52 ABl0IA Al =E2} 2IIEIX| 942
E . 1 (cluster autoscale0| SXI51X| 48)
q = HE L2
e Requests7} H$ =S

Allocatable CPU: 1000m
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LimitRange& ArESHH TtE S0f S CPULE M 22| 2|20 Zghr 2|0, 7|24 &
2 MXSE A Ole
=2 =2o2 T AADO

LimitRange”| U| A L|O| A0 XMotES Fe{M U JALO|ADIC 2780 ER
LimitRangeE Mz OIEE d48g [ A8 EE 7|E 0= g2 FX| %2
ot 7ot &=

default: 7|2 limits

defaultRequest: 7| requests

max: Z|CH 2|aA

min; |2 2[AA

® maxLimitRequestRatio: limits/requests H| &

LimitRangeE 28 = Ue 2|22 48 &=
® Container: default/defaultRequest/max/min/maxLimitRequestRatio
® Pod: max/min/maxLimitRequestRatio

® PersistentVolumeClaim: max/min



% 71222 H4E|= LimitRange

v

v

LPELr H 0|0 THo B[22 MBS ©5] oA B5 85 28 =& Foter A B0 A
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St JHEsS requests S8 3000m



LimitRange &

< Container0f| LSt LimitRange
v HO|YH 2|&~AE HotstE 8% type: Container?) L|m|tRange§ =p

v JfEH o= YO0 Tl 2| KMiohs FolohX| Gin 7|2 2388 g =& A
ZAE|O[LH0f 5{8%t= Z|CH/x| A 2[4 Kots 28 *E o=
v' maxLimitRequestRatioE ’d5tH requests?}t limits2| X0[0f [}E t=3H QEZ{ Ol = I
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LimitRangeS A}

< Container0f| LSt LimitRange
v ZAHO[H 0| 2|AA H$HE St= LimitRange OfL|L| A E: sample-limitrange-container.yaml
apiVersion: v1
kind: LimitRange
metadata:
name: sample-limitrange-container

namespace: default



LimitRangeE Al

< Container0 C{ St LimitRange
v ZAHO[H 0| 2|AA H$HE St= LimitRange OfL|L| A E: sample-limitrange-container.yaml
spec:
limits:
- type: Container

default:
memory: 512Mi
cpu: 500m

defaultRequest:
memory: 256Mi
cpu: 250m

max:
memory: 1024Mi
cpu: 1000m

min:
memory: 128Mi
cpu: 125m

maxLimitRequestRatio:
memory: 2
cpu: 2

v 2l MM kubectl apply -f sample-limitrange-container.yaml



< Container0f| LSt LimitRange

v Z|X CPU requestsZC} H2 IEE 4g5t= Of LA E: sample-pod-overrequest.yaml
apiVersion: v1
kind: Pod
metadata:
name: sample-pod-overrequest
spec:
containers:
- hame: nginx-container
image: nginx:1.17
resources:
requests:
cpu: 100m
limits:
cpu: 100m
v 2laA M kubectl apply -f sample-pod-overrequest.yaml

Error from server (Forbidden): error when creating "sample-pod-overrequest.yaml|":
pods "sample-pod-overrequest” is forbidden: minimum cpu usage per Container is
125m, but request is 100m



LimitRangeE Al

< Container0f| LSt LimitRange

v' requests 2t limits@| XtO|7} 1| B QI m}
overratio.yaml|

Iy
i

M- dstE Of LI AE: sample-pod-

apiVersion: v1
kind: Pod
metadata:

name: sample-pod-overratio

spec:

containers:

- hame: nginx-container
image: nginx:1.17
resources:

requests:
cpu: 125m
limits:
cpu: 500m
v 2laA M kubectl apply -f sample-pod-overratio.yaml

Error from server (Forbidden): error when creating "sample-pod-overratio.yaml": pods

"sample-pod-overratio" is forbidden: cpu max limit to request ratio per Container is 2,
but provided ratio is 4.000000



LimitRangeE Al

< Pod0d| CH2t LimitRange
v' PodOf CH3lf 2[AAF XTtot= Of L LA E: sample-limitrange-pod.yaml
apiVersion: v1
kind: LimitRange
metadata:
name: sample-limitrange-pod
namespace: default
spec:
limits:
- type: Pod
max:
memory: 2048Mi
cpu: 2000m
min:
memory: 128Mi
cpu: 125m
maxLimitRequestRatio:
memory: 1.5
cpu: 1.5

v 2l dH: kubectl apply -f sample-limitrange-pod.yaml



LimitRangeE Al

< PersistentVolumeClaimO] Ci$t LimitRange
v PersistentVolumeClaim0i| CHaH 2|AAE Xt

apiVersion: v1
kind: LimitRange
metadata:
name: sample-limitrange-pvc
namespace: default
spec:
limits:
- type: PersistentVolumeClaim
max:
storage: 20Gi
min:
storage: 3Gi

of
rr

P

Of L| | A E: sample-limitrange-pvc.yaml

v 2l MM kubectl apply -f sample-limitrange-pvc.yaml



LimitRangeE Al

< PersistentVolumeClaimO{| CH{$t LimitRange
v’ 25Gi8| PersistentVolumeClaima At&dte= OfL|IH| A E: sample-pvc-fail.yaml
apiVersion: v1
kind: PersistentVolumeClaim
metadata:
name: sample-pvc-fail
spec:
resources:
requests:
storage: 25Gi
accessModes:
- ReadWriteOnce

v B|AA MM kubectl apply -f sample-pvc-fail.yaml

Error from server (Forbidden): error when creating "sample-pvc-fail.yaml":

persistentvolumeclaims "sample-pvc-fail" is forbidden: maximum storage usage per
PersistentVolumeClaim is 20Gi, but request is 25Gi
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<+ dd 7tset glas K
v' configmap= 10712 H|otste 2|AA FH
o |AA FH DL I AE: sample-resourcequota.yaml

apiVersion: v1
kind: ResourceQuota
metadata:
name: sample-resourcequota
namespace: default

spec:
hard:
count/configmaps: 10
o 2|4 FH MA: kubectl apply -f sample-resourcequota.yaml
o SN AME A& 1 FE 22l kubect! describe resourcequota sample-resourcequota

Name: sample-resourcequota
Namespace: default
Resource Used Hard

count/configmaps 1 10

count/configmaps: 10



* M4 IHST 2 An M

v configmaps 10702 H$tst= 2|24 FEH

® configmap 117 "47/d: for i in 'seq 1 11 do kubectl create configmap conf-$i --
from-literal=key1=val1; done

configmap/conf-1 created

configmap/conf-2 created

configmap/conf-3 created

configmap/conf-4 created

configmap/conf-5 created

configmap/conf-6 created

configmap/conf-7 created

configmap/conf-8 created

configmap/conf-9 created

error: failed to create configmap: configmaps "conf-10" is forbidden: exceeded
quota: sample-resourcequota, requested: count/configmaps=1, used:
count/configmaps=10, limited: count/configmaps=10

error; failed to create configmap: configmaps "conf-11" is forbidden: exceeded
quota: sample-resourcequota, requested: count/configmaps=1, used:
count/configmaps=10, limited: count/configmaps=10



* MK ST RlAA

VEE

® OiL|HAE: sample-resourcequota-count-new.yaml

r__O'_I'

SHoR 2|2 4 M

apiVersion: v1
kind: ResourceQuota
metadata:
name: sample-resourcequota-count-new
namespace: default
spec:
hard:

count/persistentvolumeclaims: 10
count/services: 10

count/secrets: 10
count/configmaps: 10
count/replicationcontrollers: 10
count/deployments.apps: 10
count/replicasets.apps: 10
count/statefulsets.apps: 10
count/jobs.batch: 10
count/cronjobs.batch: 10
count/deployments.extensions: 10



X WAlS BBISh 2lan 4 N3

=
O L| 5| A E: sample-resourcequota-count-old.yaml|

apiVersion: v1
kind: ResourceQuota
metadata:
name: sample-resourcequota-count-old
namespace: default
spec:
hard:
#0| %1 4]
sample-storageclass.storageclass.storage.k8s.io/persistentvolumeclaims: 10
services.loadbalancers: 10
services.nodeports: 10

# MZ2 YA

pods: 10
persistentvolumeclaims: 10
replicationcontrollers: 10
secrets: 10

configmaps: 10

services: 10
resourcequotas: 10



© 22N ALY H3

v
v
v

2lAA A Kot = US
CPUL} O =2|0f CHs ZAHO|LHof &Y 7ts3 2| O &
AEZ|X|E limits7F ZXWSHA| &1 requestst XY 7Hs st AEE|X|

= A 0|0
=T U

PNETER R

fuju

o A0FCH KotS

O L| 5| A E: sample-resourcequota-usable.yaml

apiVersion: v1
kind: ResourceQuota
metadata:
name: sample-resourcequota-usable
namespace: default
spec:
hard:
# requests2 AEE A
requests.memory: 2Gi
requests.storage: 5Gi
sample-storageclass.storageclass.storage.k8s.io/requests.storage: 5Gi
requests.ephemeral-storage: 5Gi
requests.nvidia.com/gpu: 2
# limits2 AF2EF XS
limits.cpu: 4
limits.ephemeral-storage: 10Gi
limits.nvidia.com/gpu: 4



Horizontal Pod Autoscaler

Mz

v’ HorizontalPodAutoscaler(HPA)= C|EZ20|HE /2| Z2[7HAl/2|Z2|AH 0| HEZ2 Q| &

2|7} =& CPU o SO| et Ars22 A7 Eote 2o
v 507t 0K E A7 2 OFRotAl Fot7t HOpX|H A4 2l &

=
v ItE 0| Resource requests7t 4™ K0 UX| A2 FR20|= SESHK| %=

HE B Ee~>EHEHEERN

...................................... ;

kubernet
e Horizontal Pod Autoscaler

Ie(CIE20|HES] 2|7t )2 LE AHUE



Horizontal Pod Autoscaler

v HorizontalPodAutoscaler= 3020 ot H E2 QE A7 Ldd HEE =20l
v EHaotE27t =& Al A (ceil = 2F AW X2|0|M 28510 "= b2 2[H
St &)
o ZQotE2|7} = = ceil(sum(@EL| X CPU AFEE) / targetAverageUtilization)
00%
R ——
@ T ABIB % --eeememeeeemeeeaeeees : ;
R T : ;
- : : :
90 % L. : '
o R ¢ H :
-+ 475 % 475%  475% = 475%
o .l ® -
k"—‘w——J N~ o~ an —
Replicas = 2 — Replicas = 4

-l-

o Qo Z2[7t = = ceil(sum(IT=2| @X CPU A8 &) / targetAverageUtilization)
= ceil( (100% + 90%) / 50%) = ceil (190 / 50) = ceil (3.8) = 4



Horizontal Pod Autoscaler

CPU AFH2E 2 metrics-server(T Heapster)OlAl 7t 2 Zt GtEO| 127t HAZIS AIE
ZICH 320 12| 2A Y of22 AASt D %[O 520 12] A7
O 2t CPUL| 25171 &4&dt= HEE LOo|= F&2 X|aztet
AR O 2 AL - Ol DAHINK| SSHK| Q0F O] H X}
O|7p Q0 AA L Z Ol= mtE =7} Of
o nie AHo =9 g
s

d

SL- O T O 'L— i =
o A7 Ot ZUA! avg(IEL| XY CPU AFE-E) / targetAveragelltilization > 1.1
o A7 Q ZAHAL avg(TtEC| HHA CPU AHE-E) / targetAveragelltilization < 0.9

HorizontalPodAutoscalerO| A= AAH Y =AD} XN g E2|7F /%2 &7t =& X[H



Horizontal Pod Autoscaler

« AE L
v kubectl BHOZ ALE: kubectl autoscale deployment C|E20|HE --cpu-percent=H|& -
-min=2| 274 --max=Z|C 7+
v yaml| It
apiVersion: autoscaling/v2beta1
kind: HorizontalPodAutoscaler
metadata:
name: sample-hpa
spec:
scaleTargetRef:
apiVersion: apps/v1
kind: Deployment
name: C|E20|HE
minReplicas: &|A7H==
maxReplicas: Z|CH7H ==
metrics:
- type: Resource
resource:
name: cpu
targetAverageUltilization: H| &



Horizontal Pod Autoscaler

+ HPA A&
v' Metric Server A X]

® O{L|HAE O|£: kubectl apply -f https://github.com/kubernetes-sigs/metrics-
server/releases/latest/download/components.yaml

o 27 IAH A Al 4

& 7| =3H: kubectl edit deployment metrics-server -n kube-system
& spec.template.spec.containers.args MM &0F o2 & £E2 F7t
= --kubelet-insecure-tls: 915M AE AL H 7

= --kubelet-preferred-address-types=InternallP: 22 =& EA A4
7tsot | e g

& Pod ZEf 22l kubectl get pods -n kube-system | grep metrics-server
& LC 2|AA *f%%k 2}9l: kubectl top nodes
¢ i2 Pod 2|22 AFEEF 21l kubectl top pods
® Helm2Z MK
€ helm repo add metrics-server https://kubernetes-sigs.github.io/metrics-server/

€ helm upgrade --install metrics-server metrics-server/metrics-server --
namespace kube-system --set args={--kubelet-insecure-tls}


https://github.com/kubernetes-sigs/metrics-server/releases/latest/download/components.yaml

Horizontal Pod Autoscaler

% HPA AHE
v Deployment 2} Service ‘44
o OjL|HAE mt: php-apache.yaml
apiVersion: apps/v1
kind: Deployment
metadata:
name: php-apache
spec:
selector:
matchLabels:
run: php-apache
replicas: 1



Horizontal Pod Autoscaler

% HPA AHE
v Deployment 2} SerV|ce Ao
o OjL|HAE ntel: php-apache.yaml
template:
metadata:
labels:
run: php-apache
spec:
containers:
- name: php-apache
image: registry.k8s.io/hpa-example
ports:
- containerPort: 80
resources:
limits:
cpu: 500m
requests:
cpu: 200m # HPAZ} A ASt= 7|&H



Horizontal Pod Autoscaler

% HPA HE&
v' Deployment 2} Service ‘44
o OjL|HAE mt: php-apache.yaml
apiVersion: v1
kind: Service
metadata:
name: php-apache
spec:
ports:
- port: 80
selector:
run: php-apache
® c|AA H{|IE: kubectl apply -f php-apache.yaml
o =0
€ kubectl get pods
€ kubectl get services



Horizontal Pod Autoscaler

% HPA A&
v" HorizontalPodAutoscaler 2

® HorizontalPodAutoscaler #d: kubectl autoscale deployment php-apache --cpu-
percent=50 --min=1 --max= 10

® HPAE HA|Zt2 2 29l kubectl get horizontalpodautoscalers --watch

NAME REFERENCE TARGETS MINPODS MAXPODS

REPLICAS AGE

php-apache Deployment/php-apache cpu: 0%/10% 1 10 1

15s

php-apache Deployment/php-apache cpu: 13%/10% 1 10 1
2me6s

php-apache Deployment/php-apache cpu: 12%/10% 1 10 2
2m34s

php-apache Deployment/php-apache cpu: <unknown>/10% 1 10

2 2m43s



Horizontal Pod Autoscaler

® E2fE M&: kubectl run -i --tty load-generator --rm --image=busybox:1.28 --
restart=Never -- /bin/sh -c "while sleep 0.01; do wget -q -O- http://php-apache;

done"
® Apache BenchE 2X|¢t 320 E2ijH & ab -n 100000 -c 500

http://127.0.0.1:8080/



Horizontal Pod Autoscaler

% HorizontalPodAutoscalerO A AHE 7tsot HIEE ol BF
v' Resource: CPU/Memory
v" Object: Kubernetes Object Metric(ex: Ingress hits/s)
v' Pods: Pod Metric(ex: Pod Connection <)
v’ External: kubernetes 2| 2| Metric(ex: LB2| QPS, Cloud Pub/Subd| &0 Q= HA|X] )



Horizontal Pod Autoscaler

% Horizontal Pod Autoscaler 27| €2 & A

v autoscaling/v2beta22| HorizontalPodAutoscaler®| Al spec.behavior 2 E7} Z=7t&|0f 95
A HELp =2 7bs3t gZ2|7) 2 24e EXS 2|AA |:|-O|§ MAS 2 Q1A &

v' autoscaling/v2betal M= FHHE|A S HAH Ee[A7) A[AH> 1 @40 s S5
Al 27880 S SEZ=ATOMICt 2AS HEY = Y3
v’ v2betal 1t2| X}O|H
o [tE X|H X|&: CPULL MemoryE SAI0 ZAIE == JA=0l 0| BL = & StLtET!
AXE EOHE 27 Y OtZ(Pod S7H0| &
® target.type
& Utilization: 22 (%) 7= (0l: 50%)
® AverageValue: 2§ ==X| 7[& (Of|: 500Mi, 100m)

° Behavior(*.JE—'.* AtEh: v2beta2 B = AAH L 20| HMSt= S0 oF Hoj =[C] H
ol tEE X, E0= W CH7| AlZF2 LOIRIX))E spec.behavior MM A N
(@]

=
A Mg = UAS

ol
[

—_——

f
P

OF u



Horizontal Pod Autoscaler

% Horizontal Pod Autoscaler 2722 &t &7
v OjL|E|AE: hpa-v2.yaml
apiVersion: autoscaling/v2beta?2
kind: HorizontalPodAutoscaler
metadata:
name: php-apache-v2
spec:
scaleTargetRef:
apiVersion: apps/v1
kind: Deployment
name: php-apache
minReplicas: 1
maxReplicas: 10



Horizontal Pod Autoscaler

% Horizontal Pod Autoscaler 2722 &t &7
v OjL|E|AE: hpa-v2.yaml
metrics:
#1.CPU 7|8t 272" 47
- type: Resource
resource:
name: cpu
target:
type: Utilization
averageUtilization: 50
# 2. Memory 7|8t A Y2 HH (v2beta22| 4 )
- type: Resource
resource:
name: memory
target:
type: AverageValue
averageValue: 500Mi



Horizontal Pod Autoscaler

% Horizontal Pod Autoscaler 2722 &t &7
v OjL|E|AE: hpa-v2.yaml
behavior:
scaleDown:
stabilizationWindowSeconds: 300
policies:
- type: Percent
value: 100
periodSeconds: 15
scaleUp:
stabilizationWindowSeconds: 0
policies:
- type: Percent
value: 100
periodSeconds: 15
- type: Pods
value: 4
periodSeconds: 15
selectPolicy: Max



Horizontal Pod Autoscaler

% Horizontal Pod Autoscaler 2 €& Sx H4H

v LH%

® spec.behavior®l= 2H Y Ql(ScaleDown)t AH Y O} (ScaleUp) Z+Z+0]| CHaH Of 2
HMZ O

o HHMOl= 2dH™ 7|7t B 7Is3t gEEZI =& Netst= HelE 7=

o S 7ts¢t HEZElZt = Metol= X glE2l7F =0 Ciet #iEZ(type: Percent) £
= B=xit(type: Pod)2 X 8E = AUS

o A7 O FMOE 15 52 100% S7t 2F 15 S0t Y| 7§ ItE FItetes F 7|
o MMo| 4EE0f US

® type: PercentOf| 200%7t X[’ &l Z2= 15& 2 [T Ml H{(100%+200%)2| 2| Z 2|

7t =7t £E[= AE 2|0
® selectPolicy0= O] 7He| X|HEl M = o™ gfZ MEVSX| X|7d5t=0|. O & %
A EO"A-]‘— A;L"OI o|.° I—IIHOE 15 E|_ 100% §7|. 9|. 15;( EO|- |__-” 7H .l_.L|-':

7tete & 02| EHO| Folk|o UAX[TH 2 F %Sk (selectPolicy: Max)O| &4 &

o ZZ2[7} =71 F 7§ TE HEfOA 1271 Tt=E= S7I510F o= 22 X &2A| Y OF2
AEOM 100% F=7HF 70 THE) == Y| 74 Tt =7t & Z(S4gkel Wl 7i Th=7F =7t
oo = oM 7o EJL £ LM 15X 3 100% F7HOIA 7 THE) E= | 7§ ot
E =7t & %520 oA 7 TEY FItE[D F 1270Q| =7t & Bt =
selectPolicy: Min2 02 71e| XM = *I*”o A EH

o S0t {22 Disabled?} MEE B2 27 OFR = 27 Y 210 |§E GotE| =0
spec.behavior.scaleDown. seIec’cPoIicy':'fo Disabled2 X|got 42 &7 OFREF &

'6'CI;IE|_T|_ ﬁ7‘”0| ol AIOHElxl 7.” St A olo

L =2 o AN O



Horizontal Pod Autoscaler

< Horizontal Pod Autoscaler 27| &3 % 474
v L2

® selectPolicy MEi gt=

-1 O T
& Min: X| ™3t 7|7 SO XA HglEfo 2 Kot M
& Max: X|™&st 7|17 SO X0 BH3lgko 2 X|otE A%
@ Disabled: 27| Y& & H|Z/H3}

® stabilizationWindowSeconds= 2|2
o AniolA2 HEe|7t =7 247

of = Al
® stabilizationWindowSecondsO| Al X| & &l 7|72t S¢t F=H g 227t = HIEHSZ 2
=27t =& 274

I’g¢t 7
X g¢t 712t S¢F Z[=gts UEisk=h| 0] 7
= A= 97| ?loll At8ot= A0l E5

® stabilizationWindowSeconds”7t 0@ A2 HIE FH g E2|7f =2 BHE5H7| 20

AH Y o209l A220|&= stabilizationWindowSeconds=02 £ X|H8l| == Zd0| 2



Vertical Pod Autoscaler

o 7H9_
v IIEO| 2E5t= CPU/MEE[S] requests(2E)= HH=E d&5S 578510 MAES ¢fs 27
Sf{OF S22 AfH|X §._*70"01| BiZSHA| o™ =HO0| 02 E == U=0l 0| requests &l A
Tl welz ZTo| SA 908 AHE NBTIE 22 ¥l BE 222 Yo Kol
dA Elas BFo=2 O._|0H SHO0| SR AL g2 2[aA atPe = Q5 HH| 7t

71712 St=4 o] 2XE sl Zd5t= 40| Vert|calPodAutoscaIer(VPA)

v VerticalPodAutoscaler= 71H|0|H0f| & HSt= CPU/HEE| 2|AAQ| SEZ XSO 2 AF
Ol-c')-HX L 7| —
= | - o

v' HorizontalPodAutoscaler7t IIEE A Y OFZLIMLCHH VerticalPodAutoscaler= IFEE A
AL A

h
S350 B B B |

kubernetes

Vertical Pod Autoscaler
oE 2|AA SYES XSO AAYUY



Vertical Pod Autoscaler

<% HPA 2} VPA X}O|

T= HPA (Horizontal) VPA (Vertical)

IS s Podo| 718 &8 (VIZ &%) Podo| AMHY2 =2 (ME =F)
T =55 EcfL 71 S MAED g|an SR XM}
712 =gt O (FHUYEIA 7|2 7|5) X(EE X 2€Q)



Vertical Pod Autoscaler

v HPAE FHUYE[A 7|2 LfE 7| SO X| B VPA(VerticaI Pod Autoscaler)= FHUIEIA AX|
A 7| 222 Zote[X| = S22 0 E2(Add-on)

v GitHubO|M 34| VPA X HAE S ESH7LE LR EE: git clone
https.//g|thub.com/kubernetes/autoscaler.git

v C|EE2| 0|&: cd autoscaler/vertical-pod-autoscaler

v AX| A3 EE HdMSt=0 o] 2 EHoA ERot CRDR} #BHRBAC), Admission Controller &
O] X}s2 2 4-d: /hack/vpa-up.sh

v AX|7} 2t=E[H of2f HHOZ VerticalPodAutoscaler 2| 2AE QIASH=X| 2Ol kubectl
get crd | grep verticalpodautoscalers



Vertical Pod Autoscaler

|>

A = ?Iet CIEE0|HE: vpa-deployment.yaml

apiVersion: apps/v1
kind: Deployment
metadata:

name: vpa-demo-app

namespace: default
spec:

replicas: 2

selector:

matchLabels:
app: vpa-demo-app



Vertical Pod Autoscaler

E0|HE.: vpa-deployment.yaml|

Il
T

1l

o
rot
n
ik

template:
metadata:

labels:
app: vpa-demo-app

spec:

containers:

- name: app-container
image: nginx:1.21
ports:

- containerPort: 80
resources:
requests:
cpu: 100m
memory: 128Mi
limits:
cpu: 200m
memory: 256Mi
env:
- name: DEMO_ENV
value: "vpa-test"



Vertical Pod Autoscaler

27 Y2 ft CIE 20| HE: vpa-deployment.yaml

apiVersion: v1
kind: Service
metadata:
name: vpa-demo-service
namespace: default
spec:
selector:
app: vpa-demo-app
ports:
- port: 80
targetPort: 80
type: ClusterlP



Vertical Pod Autoscaler

VerticalPodAutoscaler O L|H A E: vpa.yaml

apiVersion: autoscaling.k8s.io/v1
kind: VerticalPodAutoscaler
metadata:
name: vpa-demo-app-vpa
namespace: default
spec:
targetRef:
apiVersion: apps/v1
kind: Deployment
name: vpa-demo-app

# VPA YO|0|E HH 47
updatePolicy:
updateMode: "Auto" # Off, Initial, Recreation, Auto & &t



Vertical Pod Autoscaler

VerticalPodAutoscaler O L|H A E: vpa.yaml
#2lan M MY (MY
resourcePolicy:

containerPolicies:

- containerName: app-container
# XA 2lan Kot
minAllowed:

cpu: 50m

memory: 64Mi
# X|Cf 2| Kot
maxAllowed:

cpu: 1000m

memory: 1Gi
# Mog g[a ErY
controlledResources: ["cpu”, "memory"]
# A7 LY BE
mode: Auto



Vertical Pod Autoscaler

%% Al
DX
v

VerticalPodAutoscaler Of L| | A E: sample-vpa.yaml

® VerticalPodAutoscalerOf| Al = Z1H| O[] O| & (containerName)= X|’dotl ZtZto| ZAH|
o0 RE AAH LY HH2tE X|HSIH & 713t 2|AA X<
(minAllowed/maxAllowed)2 878 7=

® no-vpa-container ZIH|O[HQF X|FHSHX| B2 LIHX| 2= B O[H [+ 2F2Hof X|78e
= QUL vpa-*et 2 A BEEA2 A EE = YIS
o ZtZo| 71E|0|{0f= VPA LAt Ol H7 mode(Off/Auto) & &Y 7tstt 2|aA

O| x[Z=2t minAllowed, X[SH 4} maxAllowedE X8 7ts

® requestsE HASOHH OIE X 7| 50| BRI requests HELZ 50 dFet=
OE = A7 M0 =X gf= AL ot Fn gro =20k =kolgh = A &X| oOf

LB A5z A7 A &X| dEig = JA=F 2o A

® \VerticalPodAutoscaler= requests?| =8 gf= A ittt 29| S22 ME Jts
® VerticalPodAutoscalerOf| Al At& 7+&3t updateMode

¢ Off requests| =M Z+Z AATHSHD HX HE2 8=

¢ |Initial: TFE7F G E A[-OTH =M Zf2 requestsE HE

& Recreate: ™ 10| HAE [jf TtEZ} IH MM |1 requestsE HE

® InPlace: =8 Zt0| HAE [ ut=7t 7|58t HEIZ requestsE A

& Auto: =M 20| HAE M InPlace fE= RecreateZ requests= HZA



Vertical Pod Autoscaler

® VPA CRDZ 2X|&[0f U=K| =2l kubect! get crd
verticalpodautoscalers.autoscaling.k8s.io

® kubectl apply -f vpa-deployment.yaml
® kubectl apply -f vpa.yaml

v ZtOtEol 2laA TEEF 3101 kubect! get pods -0 custom-columns=" NAME:
.metadata.name, CPU_REQ:.spec.containers[*].resources.requests.cpu,
MEM_REQ:.spec.containers[*].resources.requests.memory"

NAME CPU_REQ MEM_REQ
<none> 50m 250Mi
<none> 50m 250Mi



Vertical Pod Autoscaler

ZF AH 0| & 2|aA sehEF 2Ol kubect! get pods -0 custom-
columns="POD_NAME:.metadata.name,CONTAINER_NAMES:.spec.containers[*].name,CPU_
REQ:.spec.containers[*].resources.requests.cpu”

vpa-demo-app-658d9df694-hhhsv app-container  50m
vpa-demo-app-658d9df694-n2rrm app-container  50m
v’ VPA HEl =0l kubectl get vp
NAME MODE CPU MEM  PROVIDED AGE
vpa-demo-app-vpa Auto 50m 250Mi True 18m



Vertical Pod Autoscaler

VPA & Ef =Ql: kubectl describe vpa vpa-demo-app-vpa
Recommendation:
Container Recommendations:
Container Name: app-container

Lower Bound:

Cpu:  50m
Memory: 250Mi
Target:

Cpu:  50m

Memory: 250Mi
Uncapped Target:
Cpu:  25m
Memory: 250Mi
Upper Bound:

Cpu:  789m
Memory: 825259213



Vertical Pod Autoscaler
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Vertical Pod Autoscaler

%% Al
o =

=
v BLHZEE 25} 4 otE: vpa-testyaml
apiVersion: v1
kind: Pod
metadata:
name: load-generator
namespace: default
spec:
containers:
- name: load-generator
image: busybox:1.35
command: ["/bin/sh"]
args:
- -C
|
while true; do
wget -q -O- http://vpa-demo-service/
sleep 1
done
restartPolicy: Always



Vertical Pod Autoscaler

VPA &Ef 2Ql: kubectl describe vpa sample-vpa
NAME  CPU_REQ MEM_REQ
<none> 300m,100m 300Mi,100Mi
<none> 300m,100m 300Mi,100Mi
<none> 300m,100m 300Mi,100Mi
<none> 300m,100m 300Mi,100Mi
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