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rAbstract-‘ The cloud services market is growing rapidly from the on-premises environment to the cloud
& - computing environment and the domestic cloud software market in Korea is expected to grow at a
CAGR of around 15%. In Korea, research teams are providing open cloud platforms using open source software under
the government taking the initiative, which intends to enhance the reliability and functionality of open cloud
platforms, provide users with a world-class open cloud platform-based and developer-friendly environment that is
managed on heterogeneous cloud infrastructure and supported by full-lifecycle management of application software.
In this paper, we propose a method to utilize Caa$ in the open cloud platform, through incorporating the platform
with the container orchestration platform. Finally, by providing users with the application runtime and container

runtime, it presents how the two platforms can coexist and cooperate in the same ecosystem.

Keywords : open cloud platform, cloud service, PaaS, CaaS, Kubernetes

Received Jan 2, 2019; Revised May 13, 2019; Accepted May 17, 2019
* This work was supported by Institute for Information & communications Technology Promotion(IITP) grand funded by the Korea government(MSIT)
(2017-0-00382, Advancement of Open Paa$ Platform & Support for Development Environments)
** First author, Crossent Inc.(kbongjung@crossent.com)
** Bluedigm, Inc.(juhyun@bluedigm.com)
% Senior Manager, National Information Society Agency(hgyoon@nia.or.kr)
% Director, National Information Society Agency(outframe@nia.or.kr)

90 2019-7l2



[.M2

AT AAZ R 42} AHdE T 7|&o| giFgo| ot
g ZFELE AH|A AL ZEHeE ARy d4oz
o] A3t Yol FEE2 st et = HA
ATEQ O] AZ % Paal,” Saas?E Tet= 2T
QT AnEo] AZL 20174 71% ok 43009 ¢

TEE FW 2ZEo] A9 oF 10%E AHA|ote=
A Aoz sttt E3, 2022‘577}7\] AR
oF 15%2 Zd7sto] oF 8,700 € 117t 2 Zo=
AIAFE 37 Itk (Doh, 2018).

SESE AR ES HZ ITARY &
o] QEAA 7|9t} /Y YA} St
o5 E§7I7F Wilst gt & o}
of we}, ARAE SHLE ARBY 43 9
sto] 20099 S ARE &4 TFALE &
A3l (Ahn, et al., 2015), 20158 St AFE
A Aottt B3t Y FEteE EHE
(Open PaaS)& 201997k 1=3}5to] A|AH $%
o e St ERE 715k g AE -
o] W3 Thopst U} A UBALS A DAL Bxa
AR T EHE AT 7HH]./\}-<§E Zleystar it

T 715 ASHH LR oo,
Zhe-C Qlmet 7Rt 8 295 3-8
01-4 HA gto| ZA|Z (-2 F-7-5) &
+ o] =g
19 EE S EHEY 4
g 1} ofjEejA ol 3% 7]
o] ZA=|o] AHEET }loH, AWS Lambdag o

2 ol= MY A AF"Y(Serverless Computing)

H:l

mlm
Pt
=]
[o

= o p
ruLU

=

)
rom el
o

o =9

P 8o
I
olr

I o
(o]
>

NN
ok

N
oi&

4 o o]:]
o>

e
)
o
<
¢

=}
>,
n}m

ﬁ:l  Ho

- HEO|L KISTY BABS BSOS S2ACC BAT e N2 |

N
I

N
g

o] FAHHUA AHEAEY St EHE A
2 19tk S ESES AEAY
FaaS — PaaS — CaaSS)«] 407 o]g z

}x]r:} FaaS¢} PaaSQ| 4% LAt &

__E_\E:lor_\ji_l%
o 2

N2
Fﬁm[.r_)‘l_,r}q

71101 0= 382 Aol HER T 4 9o

HEelAold 4% B3 B FABL A 7
A7) 2t wle] WA, Caas?] 9l fE el
o4 4B 5 el ololAS AT T5H
4 At B AL 47 AT o
Ak, W A A SIAE oot wdE: 4

ol %o}fcﬂ, 7HEXP7} Ak I AT WSl
9 AHE F7W] HEE AT gL H30E
242 Hopinti & 4 Ytk 53] el Eefo] o]
A A 4% L2As B280 220 HE 54
540l ZRHBE AR AfERGE T2t

08 4RSS0 5 9k H20) SH9E 29

Fee d§3 < g%
o] 7leE2 A2 WAl AA7IeE0l ofd A%
o &3 Pﬂl Argsthe BRI A0 B 51t
SAENA AREARY ARl St B3 Ve A
3t ARg3IAL FA] ARgol 7He e 1111’5}% 2
o] 7P oldA oIy AAldM e e AELE AT H
AL 2 AFoldete G2 dddes Xﬂ*ﬂi 5

AE i 277k Aol £t ek
2 ATE A8 EAE HY AFEES o

1 FSheE S8E A 24sE HOH 7]
& dEACIA SHE HE oY #e| &

|
AEsts S Aot Ae FHO2 gt o]
£ 5o 22t EHE AR A &g Aol
et (Application Runtime)¥ Aoy HEFY

1) Platform as a Service :
AH|AR, oS0 29
A%

) Software as a Service: £ZEF]0}S Y844 PCo] 451 otz Yol AREGoIS We] & 4 gl

MBI 2E oJujsie] BE AH|27) 2t SEA AF

3) Container as a Service: AR&A7} g0 7]8F 7M31E

=, O]EF—} AMH]2(aaS, Infrastructure as a Service) AolA -&2] 7fur-Age A Y
Jﬂ 5 S8 Aol Bag 7|5k SWet AREAH ] 3 Hek IS B 5 S8

5ol ZHolY, Linux 6§

st ojs
Aol BR 7 AUILE

o] e} Z2e=

9]
ST oA LY== ofEA oA

2209 9 FeAHS Befst o)

i
et
&

e e

A& 2, Zelo] Azl QAAEH oA % 712 H{E Elii% ZHE THAZRH AHIAR ARANA AT

FHokEH 91



| HESEN U H3E |

(Container Runtime)S & AZsto 2 H AR}
o EHE &8 "I 0|, EF
9] ZgFo] AE JHT £
Xﬂ"] ok, O(}“?‘ 7HH}‘§ 25

ﬂl
H

II. 7leH HiE

1. Kubernetes?| &t X

7HE3E 71eo] WASHHA 7MY e HES 7
Ho 2 AMH|AE AlFoks ZH oY 7|0l HFE7]
A|Z519 . Kubernetess 20| 7|gS Frol1
Q22 HAE AFHEAHA AHol|E 5&4

otal T shr] Ak HAAQA AIARIOITHKim, et
2018).

Kubernetes= Master =59} Worker =2 +
=0l Slth. Kubernetes® o784+ (18 1)<
%OH o} A oh—,} Master = E& qu] EEV\HE jﬂr
gl5tm, Docker, rkt 59 ZH oY HEY HPS 5
o AFY, YENT 9 AgA(Storage) 5 HE2A
oldo] Q= otz YAAE AT EF, 2T,
HUEE, ABA A 9 A9A Add-ong A% F
7t 4 845 A, SN AdE= 7t
& HA(VM) E+= o] AlEfol A A3 52l H|of H

54319t KubernetesS ©]-&3lo] g o]qZ Hj
Al
al.,

g Ao AX =k Worker LT Q FHHS AA
£ g9l AA Ag o]y Aol 3t
Kubernetese 34 t23 242 5714 715& A

Zott}. Automatic Bin Packing2 A9 834 4
Aok 2o wt 7HAS FASH AECYE
Worker l=E0] 502 Hjx|3tt}. Self-healing
Aoy B & 0F 59 UoE A 2ol A
o Al, AEO|HE A5 22 B3t

o= wjx|sta sty Yoto] AAAQ &4 Horizontal scaling< Pod9 CPU A% E+=
Image Registry
a 1 1 i B
Ul — Node 1
| Usfer
nterface
N - Node 2
— Kubernetes
Master
cLl / > Node 3
Cor[]_mand
ine >
Interface Node 4

source: Authors of the Kubernetes (2018)

(322 1) Kubernetes O}7 |
(Fig. 1) Kubernetes Architecture

92 2019-7l2



>

' Ziejold s

=
4 =2

fEA ol A1 Wt ReplicaSet Han
£ o] &% AdHoH 9 $84 AALG S A Ytk
Service discovery and load balancings ¥ x9]
ofjZg Aol 2 }lo] Service discovery HIAYUS
o] &&5tA stal, Heojdo] if IP X ©Y DNS
£ Al5sto] #8} EAHLoad balancing) 7HsoH
gt} mpAEto 2 ofEE Aol E A WA AL A
A AAEALG S glo] HAA Folgo] 7155t
Rolling update A &4 A, vi £ 2ju]H o] whe} ¥
73 Ardol ek A 292 A4t

Kubernetes= B33 22 AHES AU .
A Master 9 Node(Worker), TAZEE Ao
U= etcdol et A5 ol E45 A YA gk
, o 3¢ S9AHY 22l dade|ert 7}
sttt 182 Node(Worker)7} 500070 7R 9t &+
} 7ks5te] 11 o4 Abgste | of2 79 S AH
7t Rk, FHAEE Aot BT Stateful
AHIA e 7]50] FEoltt npA| o 2 AT E o]
A 9] w2 A Jo & QHY/do] WolAw, i i

o o H kI

0.

W27E 4590 Go ol2 ZAE o] Qlof AAE 4
A5t7)7} &HThe Kubernetes Authors, 2018).

2. 29| Kubernetes®t ZIEI0| 7|& S&

Z|T ZELE AL SaaS7h E HIS5S AR5k Q
om AR AR E QFAGE SAH R A
23ks7] Qs AujAg HEoluRl CaaSYt S2H9-E
Zeolv 9] A53} Aot 24o] 7hsgt HE ol A
ZHA(Container Orchestration) 7]&°] S4745}
I Qle}. tEAR]] HElol AsHA £F42 Docker
Swarm, oFA] ] Mesos, 12|31 54 Ak
Kubernetes, 225 IR-E2] AT Diego 5°]
t}. @4 Kubernetese 2, OfFtE, Ulo|A24ATE
oF 22 tF7Y SEE AHA A FARE0] AHlA
2 Agoka 31w, Docker? Cloud Foundry T
gt KubernetesE A/ ¥57] Al&skGiaL, AHA|121Q1 =}
SHAG &F4S AlFotd AWS E3F Kubernetes Al
H| A A3 S EHH(Cloud Foundry Foundation,

Google Trends

0.8

R Y T .

Apr-16 Jul-16 Oct-16

Jan-17

- Kubernetes
OpenStack

- Mesos
Cloud Foundry
Docker Swarm

Apr-17 Jul-17 Oct-17

(12 2) Kubernetes 4% X0
(Fig. 2) Kubernetes Growth Trend



| HESEN U H3E |

2018).

Kubernetese ZEojy A58HA ERF 4 &
T+& Adolvgte ofEA el H(Containerized
Application)?] ®iE, &% 9 #2E 93 2E4
A EAE0E, 2N AA F 7]5st dA H=
A Ao Al BEjRtet FHUE AT, FHEH A
K8s”, “FH|", “FH", “FH g3 F 29 Apache
License 2.0 2to]AA& F7HgFHLinux Foundation,
2018). Kubernetes= Zg[o]H ol thgt #7]7], v,
A A S 9 £ ddo|=E gt A
oy &<l HdZ AFstH Abs i, A5 AA|
&, As BA|, A SO ofZA ol A gl
g Ao B8 L3ttt £3F A ojustd ofEe]
Aol At s B AAl SA] & 7|52 AUt A
EA A 9 271 AP E §A(Stateful) HE

gAold Aol 7k

T2 IT 71459 A9oE wEA SAstHA
Kubernetes+= Wy129] zgojy A-sHAdo] ZQ
St dgolet HHoE HESoF & £FHOE 7}
2] Foron, (19 2)¢ Zo] AA=E #3049 4
A W7} 1E0] oot A

EQF (O™ 3)0lA Hi= Hie} Zo] A A 719
o] Agoly #f &FH AT T4 Kubernetes7t
Aot BlEol YRHoE 52 SRIT & 3o
o, (18 HE 59 7oy 87004 Kubernetes
£ AH&Ste 7199 80% oldol i E HAE g
730l A &0 AHESRAL 9leH, 201749 349 7+
02 69%9] 7190l Kubernetes?t g ol 7|&
< 29 QM E gt Y2 QT &t
(Conway, 2017). o]49] FAIZ s =f-9] 7|Y
oAl Kubernetes 7|¥t2.2 Container AH|AS &
Altal QLA 23t At = ot Z

(Unit: %)

90 r======x

80

70 1

60
53

50

30

25

2
20 19 20

1
1
1
1
1
1
1
1
1
1
1
1
1}
1
1
40
1
1
I
1
1
1
1
1
1
1
1
1
1
)
1

Mesos CAPS

14 14

22
20 22

Shell Scripts~ Open Shift  Cloud Foundry Open Stack

‘ Mar "16

W June '16

Nov "17 W Mar 17

source: Conway (2017)

(& 3) Container Management Platforms Preferences
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(18 4) The Shift from Development/Test to Production for Kubernetes
(Fig. 4) The Shift from Development/Test to Production for Kubernetes
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~Emittero] 93} A= AHlE Setoc Zaxo]
9B HTTPS} TCP LR2EZS B 5 2| Ydt),

M S5 SRES 5 Application PaaS

(Diego) ¥t Kubernetes + Container PaaS(®E
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Cloud Foundry+ o &gAlo|Ad Rt A& F=
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HE g EHENM A& Aot FL5ota] AfH|
A5 ATE 4 Q&R o = 5, Kubernetes=
M7 A4 HolHE A/t o] & ZE ol 2
A AEg ]| A& stal A%E Zgoly ofn| A& Hjx
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O R st HEoto] ABAE AT ¢ =S

o] = Afo| o] &3ttt (& 1)< Cloud Foundry
9} Kubernetes 7t2] A}o]¥-& 52 HojZr}, ol
oA HojR= H| W Hol|A HE 8Fe} ZHo] Kunernetes

22 £+ Cloud Foundry A€9 PaaSE €% & /EAA o €2 Af2e fU94S AlEdhe
Fom YWRrHoz Agoly AsHAdS xgsttt. ¥, Cloud Foundrys #e] 7Hsgt oA 7l
E 1) Cloud Foundry®} Kubernetes H|u
(Table 1) Comparison Between Cloud Foundry and Kubernetes
Cloud Foundry vs. Kubernetes
Type Categoty Cloud Foundry Kubernetes
Concept PasS Type Application PaaS Container PaaS(aka CaaS)
Development | Main user interface CLI CLI
Environment | Sypported IDE Provide Eclipse Plus=in Provide Eclipse Plus=in
Application Deployment unit Application Build outputs Container image
Image Repository bofore deployment Artifactory(Optional) Docker Registry(Required)
Respo_n3|b|l|ty el apphcat\on izl Buildpack within platform Developer or deployment pipeline
Runtime (container) generation
Environment | Container orchestrator Diego within platform Kubernetes itself
Types of sopporting containers Garden Linux Docker / RunC / OCI
Routing System DNS IP Address
Container - Storage connection External storage and APl connection Direct container - storage connection
Service Service catalogue connection ggrrl?ceectk;?gkte%;;ough individual back-end Helm Chart connection through helm
SIS Service provisioning / binding method Using Open Service Broker APIs Using Open Service Broker APIs
Responsibility of Infrastructure confituration | Bosh within platform Operator or laaS automation tool
Operahon Monitoring method S_epar_ate_metrlc provision, storage and S_epar_ate_metrlc provision, storage and
Environment visualization visualization
Metering framework CF Abacus Operator Metering
. - L Namespace(Virtual Cluster), Quota
Security Support multi-tenancy Organization / Space, Quota Management Management
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(Fig. 10) Fusion-type Container Service Architecture
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W Achieve multi-tenancy by providing the kubernetes Virtual Cluster as a service

W Use Bosh for intergrated and consistent installation, configuration and operation management

M Separate account generation by each tenant and role-based access control

M Provide a dedicated dashboad designed for Kubernetes

M Also use as an application backingservice

M kebectl (CLI)-based container deployment and management

(J8 11) i3 S22 SHE L Kubernetes 88 #%|
(Fig. 11) Principles of Converging Open Cloud Platform and Kubernetes
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(J8 14) 7143 S EHE2 FHUEIA (AIRE
(Fig. 14) Kubernetes Dashboard on Open Cloud Platform
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