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OpenStack (https://openstack.org)2 CcHEX QI 7HAH M 22| A|ABIO 2 2010'A Rackspace
Hosting2t NASAZ} KVM 7|8t 71abst MH|AE M| S35t7| 2I8H AlZHE

- laaS ZHA CHEXQI £ 2 MO|LE 24E 2 A2} 7t 210| H2{2] 7} Kubernetes ELF &1 KA/ X0|X| 942

Kubernetes= Z1E{|0|L] 22| A|ABIO 2 A Googled| A 7HLE[0] 201450 RLE AA R ZINEAUS

2 XS HiZZSEALE R LB 21510 250 w2t Z48|0[L &
|ol= Xt& 577t 7HsE. rolling YHIO|EE S6l AMH|A
Is3tH 227|5 QIE{H|O|ADH K| 2SO Z M 2 QEAA

of 2 Q11 custom resource 7| sk HM|Z6H0] CHFsHA| 2Hxt

-SHX|2HHERI S, 28, custom resource?t LT ChH(IHHBHBI0] Q51X QO 7| Sh&0i|
AlZto] 22| RX|E4=0f £E 0] &

Docker Swarm (https://docker.com/)= 20144 Dockerdfl H2El 7| 5O 2 0f2] = EE S AEZ
A6 M Z4H|0| L E HHELSH | 2l A B Y

-Dockerd]| ZotE|0f Q0 MANO| ZHEHSHA 7| 2)12| 7t H|==8t KubernetesO| H|sH AX[2F 2HO|
IS = 20| I2LEGUI, auto scaling, Ats=+ & 7| 50| ATHM O = 25T H= THEO| !

o
=

..... MP| 7|.Jkl-_g|.

Hydrai= Docker Z1E{|0|{2} Docker SwarmE &-23}0{ MPIS 74ttt
- MPICHO|| ZEE[0{U= T2 M|A 22| T2 Y 32l HydraE AHEd

S-SR IAMECZEE IBE E8% JMMHIESRT, slurm, sge, Isf & AAIE2{2tS] HA|, cloud
foundryLt kubernetes@te| 7 50| S

-

Scylla= Apache Mesos?t Docker SwarmE &850 MPI 2 g 7iH|0|L{of| 2At5tn A

e HDEL
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CCEZHERASS BHiE 4 YN HAIS SHNOE H Y 4 U

- ZH[O|L] M= JHSOHX| 2 AH|O|H ZE 7S HIE R 3 SIS X[&6HX| 85

Distributed MPI cluster with Docker Swarm

-MPIE #4317| 2/t Docker SwarmE &&3t= YEN= Docker Swarm manager®t work=
TFME|E= clusters 450 S2Hst

[l

83 EAIX

— —

40

- cluster7t EA1E 4 Q= overlay network &4 5! SSH
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HPC on Kubernetes

- 7 Ao = A E Clusterdl| KubernetesE ++45t10, TORQUE Worfklow = #tz2|%|= 7|0
OHZ2|7|0| M S HfIZSHO] MKt

- TORQUE= Workload Z2|E &5t Kubernetes= OiE2|7|0| M Z4E|0|L OrchestrationOf|
chst 2ha|= 43

-ZE|0|H O E2|A| 0442 MPIZE OfL|2f, command shello| M 23 E|= 2] OHE2[AH[0|M S
Ciafoz of

- 7HAH A 22{AE{2] Worker node0l| Kubernetes 7|8H9| Z4E|0| LA 7} HIEE| O ASHE|TH, O E 2]
AHo|Me| M2 TORQUEZf EHE
""" #laaS/PaaS/SaaS/STaaS

A2 XA ®Ml 2 5= =0 2} laaS (Infrastructure as a Service), Paa$S (Platform as a Service),
Saas (Software as a Service), STaaS (Storage as a Service) S E2t2E MH|AE CfstA| 714

-laaS= CPU, HIZ22|, CIAT, HEQIZE 71Asst MH|AZ M AF2XH= QIHM|MEE S8z T3
TR AtREA BRISHM A 4= AH AWSS| EC2 MH| AT CHEX R

0

-PaaSe %%HIHIQUH”*R%OILP CO[E{H| O] A AT S Al 2HETK| 72500 M Sk MBI AZA
MEXE SELZESOILIHIO|E S =712 AX[oi M A-E0HH H= A— 9| MH| A7 CHEX Y
I:EH oA

|I-|

- SaaStE AFEAIHHIZ AFEE 4= U MiSots & MH|AZAM B 2T EL0] X g10] & B2t

AN
HolMHtZ EME HESI D AT IS S7RE 4= A2H Google Docs2t B & Office 3657 LHEA Y
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<32l 2> On-premise®t Serverless(laaS, PaaS, FaaS, SaaS) AMH|A 74

Functions Functions Functions Functions Functions
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Runtime Runtime Runtime Runtime Runtime

Operating system
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Operating system Operating system Operating system Operating system

Virtualisation Virtualisation

Networking Networking

Legend

Provider managed

Customer managed

Cloud Computing

Storage Storage Storage Storage Storage

Hardware ( Hardware Hardware Hardware Hardware

ZH) https.//customers-love-solutions.com/?p=784
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-ZQR 7|2 Ml 3 A 2 E|0|H(container) 2 7HASISIM M2 2tE T | EQ( T = MH| A |4
(service mesh)2ts 7|22 M2 SA6HA| &

E(Intercloud)= “S2LE0| 22ARE"2 £O2 HEal-mato|Y-slo|L2|E 22t

= HZES 90|

\J
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-“MH|Aol IV Edn E2 FE

S W] $J610] AAIZIO R CHE 2ateCo| RtlS SMetn
SEEISE LT RS

- Inter-Cloud= Cloud Federation} Multi-Cloud ServiceE E&tst0 U S. Federation2 5
HEA P2PYC = LiF M, Multi-Cloud= AMH[AS} Library2 LEg. Multi-Cloud= AHEXE7L
SEE o 2eREE €8ot= 222 DR(Disaster Recovery) S2| HHYUS 93t 8L 2 & &,
2HHO|| Cloud Federation2 Cloud 7H2| At 37 3 122 E 0|52 X|#5t= YE{ = 0™ Grid
Computing®| 7HE S LXA|Z] HELR

''''' # Cloud Federation

CometCloudi= Worker, Hadoop, Workflow OiZ2|#|0| 42 A3517| Qs Hst AHAE XIS 2

= =2
A5t SAREL 2| E S 0|715 A1 S 2Eoto] b st n Hst

0

| QS HBO| 7H53HiL, DS SHQI 2|4 40| 270 (12 2|4 A0 Y ARER LB

=0
o —
0|7|% #tA 9| 22+ =(0HIFE EC2, MS Azure, GoGrid, etc.)2| HZ S X|2lgt

-OEnE2 SEE VX1 AT E

St Let O2|=E Edtste At 222 E(federated cloud) 1%
- Hgt 22t ES(federated clouds)l|A Xt X QI 2| AA

- OiZ2|AH|0| M S 7St et St 0| Ui ESH | f|ot =020 F AR} Als

- CometCloud= Infrastructure, Service, Autonomics Layer, Programming layer autonomic,

Application@ 2 4|

- CometCloud= WorkflowE &-83t04 TASKE Ho|stn AatistH, Grid(Cluster), Cloudol| M Z25t0d
St OfZ2[A[0| M2 Hi e, o E2(AH[0| M2 B ot X210t of| A AMA|ZHE AESIHH

A B HAHS H|Ofstn LBt
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RESERVOIR= HIE{Z20| =5 R+ AFEFS sl 57| ff6 H|=L|A AMH|A 22| 3 Cloud Federation2
X|5t= &2t 7Hstot REA 22122 o ||

- RESERVIOR OF7 [ElA = M2 CHE &S =F0f| M AtS2I5t AlE 22| 2XIE HelohA| 22(6ot ==
HAERCH MH[A AERA=LSHES

- Service Manager: AH|A OfE2[7|0|M &2 =H, SLA =+ E ZLIHE ST 3

N}
inl

Il
>~

tO|E2| VEEMI}
of| w2t VEES

- VEEM(Virtual Execution Environment Manager): VEE SAE
M85 Cloud Federation 2425t Service Manager?Zt 27 et H|<f
VEEHO|| £/ Mo = H{X|

A

« VEEH(Virtual Execution Environment Host): VEEMzt A& Xt25104 VEE Sl oli & 2| A A Q| 7|2 X0
S HL B

- Layers of Interoperability: A& 7t2| 2 8l 1 Ao 22HS 20 #&F ZEEZ1} QIEH0[A
AHg
- VMI(VEE Management Interface): A& == EH VEEMS HoliSHA| 980 SRIKQI 2|AA X H1E

E£4} Cloud Federationg tha=s}

SciCumulus= Cloud OF7|HIX{e] EME 112{5l{ SWFMSE H2l5t= = ol
Workflow2| HE A S SWFMSOH|A] OFOFE EC22} 22 S2IRE S HO = HE, |0 3! ZL[EZ
SI=E dA|E 2% 0|SH Y

- MTC(Many Task Computing) TH2{CII0f 2} 22t =0 A Workflow A3 S XHE53}5tH= OIS0 2

desktop, distribution, execution layer 3AZ2 2 4

- Desktop layer: WFMSE At&35t0{ Workflow Al S A=

Kel;

S

fjo
ro

- Distribution layer: 3 ZEE2RE7H

o
LYS 0|45t 2t HY

A5t 228 A7(0HE AHESH0 S2FR 00| A

mjo
rk Fll'

a 2|

- Execution layer: &t OfE2|A|0| M, Aol ™2F, 0f7HH~ 2f, &1 H0[E 7} = ZH|0|H 2
b=l 2 QIAEIA pair (Instance cloud activity) ol CHal O E2|H|0| M S A5t A

12

ol
—

LS

=t
I

Ht

[N

Dohko= CloudOliA 2|A2AQ| XtE M Sl HHEE 5183510 XI2X0|1 SE X|&
AMAEIS 12510 AF2X}7t Cloud Federation 22 0j| A O E2|H|0| M S MslHst

A
EE_I_

4}
U
>
® 40
oo

Al
|0
U

- Client, Core, Infrastructure®| M| 7tX| Aot 2LIEHZ WA ASOZ 2HE|H, SOA
Loosely Coupling HE{Z Z gt

- Client Layer: 0 Z2|#|0| M MHXHuser, requirements, clouds, applications, on-finish action2 2
IM)EQHOZ S2IRE LCO| AAS NESH=BE
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- Core Layer: Z2H[Xd, dd, 74, 18 S4I, CIO|E BIE 2], O SE2[ZAHI0|H Al 252 74
D2HME 2=2 S 2|ZH0|d EHA =4 S E A dd St

- Infrastructure Layer: AZX P2P 2H2{|0|2t 222 = E2t0|HZE A E|H, 22t =9t oY
L EE HESH= O A

* Monitoring Cross-Layer: T+ | X| 82 7hel Al 2hQl > ol L. EZX| = THA|Ef-> A| A= O] %4
HE 7XE

|_

C-Portsi= 7 ZiE[0]1{] HHZQt MM S AA|Zst 0 AH2l0] RFTH AL JH8 Kalg EHast
2l

MEistH HE|-S2tR = AHof| H2ote] ZEl 0| S Bl 25}

o

-FHUE|AE 8% = UX|TF FHU|E[A S2HAE 0| SHHEICH=E &H|7F A CometCloudE
2t85l0{ Federation2 x|

- SRIREHAEIS S8l 0|8 E0|80% 7t HOH XSO E 0 R 7t U= EHAH S EHSI0] ZAE|0|HE
ZF7t2 Hi IS of2 S0 2K ™50 throughputS Z(CHet 2

Red

Z2y
|

-HHREE2 QE 242 IR0 A B

I
HPC .= 7L A| £7}H|20| 2t & 912

HatAte] OpenShifteE CHEZEQI Kubernetes 7|8 A8 SE1EOCZ A 2zl HE|0|L 7|t
ZO 2 L E|AUCEHE Kubernetes?| 21717t BOFX[HA Kubernetes?| 7| s 2 5& X[ & 5}HA|
k=3

A
(o]
AA

H

= X0 g2 & Fa22 X6 ALY £ ULt

Red Hat0f| Al = OpenStack Platform2 OpenStack 7|4t 482 ZESHEOCZ A 7|& K|
mofsta QoM HIE0| = FHZH4,000 ~ 5,000 E2{0|7| w2 0i| B

=g as

o

-OpenStacke| 4! LE AA HHEZ2 AKXV} 0fR SESILE LE AAZ H{EE|= Red Hate
PackStack2 &X|7t 7+t

[

SpaceONE2 ZZIHEIOER 2

S E

SARI HIZHE 2220 M ISR 2, 20210 QE LA

- Amazon AWS, MS Azure, Google Cloud, Oracle Cloud, Alibaba CloudE X|¢5tH, Tt SHHOj| A
Clofst 22IREE At2|stE 2 &t

- 22| CHA2 M QIARA @F, Toli/ds ZLIEZ, XI5 AAHEY S0 AS

— _— L)




72 DUEZ0) 7|50] 230{H Q0| IABIA MMT ATEY 0| T AThHOR BE
-E| 229C X2 B2| 091 WAOR oF 1 0, BE AA FES AOX| $IE HE 2oz
CI2 22t ES XIS 4 YD UI7H HAIK O JHUXet ofL|at JHol ALSKIE ALR3t7| 27

£ /AS

2219 HIZ|AEH: UK 22ALCO AIANES THTRS HUKHSO| M= ATELO|Z AWS 5

Cte IS8 2220 22| A2 S HiEotn 2e|, ZLEES = SHo = I E

|

- 20194 SRS MATLLA(ETRI) HPK 2 ARSI T, QE AAZ o2 RIZFIHE M| 7 EHO{sH A
Y =0|10, 20228 SAHMLES SHZ S YS

2| o] 7kx| HE| S2tRE HHA WSSOI UAS

- Snow-Embotics Commander: https.//www.embotics.com/

- Flexera (RightScale) Cloud Management Platform: https.//www.flexera.com/
- Micro Focus Hybrid Cloud Management: https.//www.microfocus.com/

- Morpheus: https.//morpheusdata.com/

- Scalr: https://www.scalr.com/

-VMware CloudHealth: https.//www.cloudhealthtech.com/

- HyperGrid: https.//cloudsphere.com/

- BMC Cloud Lifecycle Management: https.//www.bmc.com/
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3. E2RE MH|A ST

* HPC 22I2E MH|A N SX S

Rescale (http://rescale.com)

- MH|A THE
- Rescale2 1= ALY AMH[A OFF|EIN, HOt SO| ZotEl £ AE XtE32t £2MQI Rescale
SHES M3t oM 2 0| MEHE ER6tH MH|AE MESt= 40| Ol =2 22IRE
MH|A M SA|2L 220 A H|0|E ME{0| A 5t0|E2|= 5l HE| 2225 2F 2 7tsoHA oF=

HPC 22tR = MH[AS XIEotD AZ

= ARE 27 &L HPC g2 AR
(o]

Hlzet
- MH|A BF
- HPC Software Application Containers: Singularity 5! Application Container0f| Ciet 1 8&
OE L EE X YstH D85 HERIZLE S8 HPCAZEYHE NS 2 M HE| 2E2RE
HPC | &3}, ZIE|0|] $ZEZ2? &2 52| 0| S0| ZMst= EFHS H3e
* Multi-cloud Hybrid £FM: 7| & 2Rt Ql= 2T 2t0|A S2HRE 2HF0 M OO[E 22|, s/
AlZtsh HEXZE Qo 2 A7|ER 254 82, 7|gE fl3 EERE S AEHE AdHT
2to|= S8 52 MS5h=5I0|HE|E SERE SRME M3
- NHIA EE
- E7EEARZ XL QIE{H|O| A= MH|A F 0| E0[5HH O10| 2 S Q= RAMAIE & = 0| | 2HE !

MH|A 0| 80| 7ts¢t

- HPC 2tE 2T E9)|0{ 80071 O] 2| & & S UKL AT E 0 S MSoIH AHE 70 = E A2t
XSS HMSoto| iEofl &l ol8e =

+ HPCSI0|E2|E 22t 2RH S Sl AEAIAIE &2/ HPC S8 T2 1711 G| OB 2h 2t2[SH0]
=] C
=

- QUE A2 HPC AT EY 0= AFRSH OHE0t X|Z38t= 210 M A (On-Demand) 2 A2t QL0 A,

11
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- 749l AFERIBtO| SHst HEE L= S| AE| P2 T 4 9O0 2lo|HRz| By, U AnE

= E_I_A
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Ao EX|, AER|X| H2 L S2 MSSHA| 87| iz 0l HPC 2tZ0]| CHet Customization O] 2752
Nimbix (https://atos.net/en/solutions/high-performance-computing-hpc/hpc-as-a-service)
- MH[A TR

- Nimbixe HAIZY, Al & HPC O{EZ2|AH|0|ME 2|8l 22tRE & U
JARIVCEZ F#SE|0] HPC, Al, 2X S2 as-a-serviceZ N|&st= I._% SeE Fx gl g2

sy
Saeuely

zln
£
o
|>
(]
é
Okl
ot
o kI
)
|0
=

HHIABR

- Nimbix Cloud JARVICEZ 55| 145 SaaSE MZot0] of|4X|, MHarst H =&, O|C|of &

=4 o{E2/70[d SS ?let 152 HO|E] XM2|E S50 A 2F XI=Sdt= pay-per-use
MH[AS MS3HD JAS

- HH|A £

- Al LR HPC AZEQNSS MSdtL, Y= 20| MA #| = Gl0] AFESHEZE XSt /M
2 AT E Q)00 CHet demo E&t A A 710|E S2 MBSt ALZXH He|E Mlaet

- Federated supercomputing-as-a-serviceE &350 Consoleg Sl IH{E2 = Z2t0[tl
HPC,Al 82 2= ARE MH[AE 0|BE = UZ

QX AFEIOf| CHEt AT EQ 0742

» HPC MH[A S0 et XiM[St S 53 MSOHK| M Al S
= LAZER0 MESE B2 oot S

L& S2tLE0l| HX|SHA A= JARVICE XEEt
Amazon AWS HPC (https.//aws.amazon.com/ko/hpc/)
- MH|A 72

- AWSOl A= HPC AfHIA 2019l Tslol tiRmel ZEet AB20ld U Hoid HARES

AWSO| M i 4~ QUEE MH|AS SOt /S

i

HHIA BR

- Elastic Fabric Adapter: 11 &2 LEZF S41 7|52 E&5I0{ HPC O{Z2|A|0|8E 22
X-”_A_ol'
* AWS ParallelCluster: HE X 2| 2tA 2 2[oHHHE SHAHE 78 = UCH HE HPC AA|Z2(¢!
A

Slurm, PBSE 0|83 HPC S8 X2 1S At = US

12
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- Amazon FSx for Lustre: 22[Z 0|52 X|H A|ZtE HSot= 18 s It A ABS So10 CHEE
HO|E{Z2 CH 2 HAtO Z Hi =2 A K2|et £ e

- AWS Batch: XtH| {THE 2t SO|Lt LB ot H S Sl A 2 HFE SHAEE A4S0, AFEXI}
0= ZiE|O[L O|O|X| & AMaet = US

- AWSOl|A= SageMaker2ts Ml 2{d ATELE St JLSHTensorFlow, PyTorch,
mxnet, Keras 52 E&6iA ALES £ UL, Jupyter NotebookS S A CHISHA EHE
UA St JAS

- MH|A EH
- 22 AH 37|12 AN HoHX| ¢, AF2SHX| b= MRS X CHEE BOIA XEHTt QSO 2 A

= &g
SHE = A0 EYO|H Slurm #2 HEXQ HPC 23E2] ToolE I Z 0|8 =+
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An Autonomic Computing Engine for Computational Science and Engineering Applications in Cloud
Computing and Grid Environments (Moustafa Abdel Baky, Hyunjoo Kim, lvan Rodero and Manish Parashar)

A user-centered and autonomic multi-cloud architecture for high performance computing applications
Alessandro Ferreira Leite)

Container orchestration on HPC systems through Kubernetes (Naweiluo Zhoul, Yiannis Georgiou, Marcin
Pospieszny, Li Zhong, Huan Zhou, Christoph Niethammer, Branislav Pejak, Oskar Marko and Dennis Hoppe)

Distributed MPI Cluster with Docker Swarm Mode (Nikyle Nguyen, Angel Beltre, and Doina Bein)

Docker Containers Across Multiple Clouds and Data Centers(Moustafa Abdel Baky, Javier Diaz-Montes and
Manish Parashar)

Integrating MPI with docker for HPC (Maximilien de Bayser, Renato Cerqueira) https://github.com/
maxdebayser/mpich-docker-integration

SciCumulus: A Lightweight Cloud Middleware to Explore Many Task Computing Paradigm in Scientific
Workflows (Daniel de Oliveira, Eduardo Ogasawara, Fernanda Baido, Marta Mattoso)

Scylla: A Mesos Framework for Container Based MPI Jobs (Pankaj Saha, Angel Beltre, and Madhusudhan
Govindaraju)

The RESERVOIR Model and Architecture for Open Federated Cloud Computing (B. Rochwerger, D.
Breitgand, E. Levy, A. Galis, K. Nagin, I. Llorente, R. Montero, Y. Wolfsthal, E. Elmroth)
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