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1.21 COST
All charges must be included on the Official Proposal Price Sheets and shall be included in the costing
evaluation. To allow time to evaluate proposals prices must be valid for 120 days following RFP opening.
Bidder(s) must include ALL pricing information on the Official Price Proposal Sheet ONLY and must
clearly mark said pagel(s) as pricing information. The electronic version of the Official Proposal Price
Sheet must also be sealed separately from the electronic version of the technical proposal.

NOTE:

1) The State will not be obligated to pay any costs not identified on the Official Proposal Price Sheet.

2) Any cost not identified by the successful bidder but subsequently incurred in order to achieve
successful operation will be borne by the bidder.

3) Official Proposal Price Sheets may be reproduced as needed.

4) Vendor(s) may expand items in the Pricing Table 2 to identify all proposed services to include
an hourly rate and description of service. A separate listing, which must include pricing, may
be submitted with the “Official Proposal Price Sheet” ONLY.
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Research Trends and Prospects on Autonomous
Driving for Personal Mobility

MA3| Seo Young Hee  MAAILRI Senior Researcher, SPRi © yhseo@sprikr

o 742l 0|54 EKPersondl Mobity, 015t AL DLRENS ATKO= EfRIZ 01851 gt 12918
A% O|SALIORA XSHl TASH U BAH SO| AISIZH|O| HHZMOR ST ULt
Fhel HPRISS XBFY 712 YB3 AL DURE A3t REDS ST UOH, I
RIS7:47 0] 9 2 SMS 9I5f OS5 2 Fip0] 452 THAL DI Ejof EiFR 80| 7Kl

e As a compact mobile vehicle for one to two people to take advantage of relatively short
distances, personal mobility is emerging as a solution to social problems such as continuous
urbanization and environmental pollution. Domestic and foreign researchers are carrying out
R&D on personal mobility using autonomous vehicle technology. In the future, it is possible to
gradually apply it to personal mobility with high mobility and convenience in order to introduce
and spread autonomous vehicle technology.
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BMW2| Xt8Z8 2 EHt0|(BMW R1200GS)

% &X : BMW Motorcycle magazine(2018), “Self-Driving BMW R1200GS Motorcycle Presented at BMW Motorrad
Tech day 2018”.
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% &K : Hideaki YAMATO(2017), “Pedestrian-Space Personal Mobility, ILY=A, with Features of Transformation
and Safety Function”.
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Smart Speaker and E-commerce Trends using Al

HIERS Park, Tae Hyoung © *BI91-12l Principal Researcher, SPRi ® parkth@spri.kr
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e Smart speakers are becoming a smart home platform through inter-working with loT devices
at home. In the field of e-commerce, the Al platform is actively utiized in search advertisements
based on artificial intelligence using existing accumulated user DB as a tool. To expand products and
services that utilize artificial intelligence technology, it is necessary to invest a lot of resources
into improving customer satisfaction, such as reliability and ease of use.
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% &X : RichRelevance(2018); OC&C(2018).
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' BLOCK CHAIN

== M2, WS HIFCH

Block chain, leading the change in education

284 KIM, Yongsung © Me4722l Senior Researcher, SPRi  kys1001@spri.kr

o ZiT MAX} LA AL Lo K2t BIEIO[E, Q1SS 22 L7[ES0] ST, OlFE=
20 0[2fet SE0H| St50f H=AH| Halotil ULt Of=fet Halli= | 2 C0EQ| Yy,
FYY St Z2 oliZolor & 2XIS0| Lol | +2E, OIS
2Eok= ARIIS0| S/t . SFAIR! 7 IES 2&8e

|
=

=
Xt oZECH SSXRI2 Dl2HO| OfFEIR F0FE HaAZ

e New technologies such as big data and artificial intelligence have emerged in the recent era
of the 4th industrial revolution, and ‘EduTech' field is also rapidly changing in line with this
trend. These changes are likely to pose new problems such as how to keep the stability and
transparency of education-related data, and there is an increasing number of cases using
blockchain technology to solve these problems. If security and regulatory issues that may
arise when using the blockchain technology can be worked out gradually, blockchain may play
the role of the key technology in changing the future field of ‘EduTech’.
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Become

MASTER w
et SQL ;

Pythan Tutorlal: Learn Python interacthe SQL Tutarial:
Dictianary, Python For Loop & Lear
Mueh More

Learn PHP Online:; PHP Basics
Explained in an interactive
™ sl

Bootstrap Tutorial: Leam
Hew 1o Use Bootstrap & What
T8t a

29142

$149.00

X £X : BitDegree(https://www.bitdegree.org/)

7 ODEM.io, https://odem.io/index.php
8 BitDegree, https://www.bitdegree.org
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w2V Blockcerts S 22|

ISSUER(school) RECIPIENT(student) VERIFIER(employer)

Issuer Invites recipient to Recipient accepts invitation, sending
receive a blockchain credential issuer their blockchain address

Issuer hashes credential onto
the blockchain

v

T T T
BLOCKCHAIN
1 1 1

v Y
o o

Issuer sends recipient a Recipient sends credential to Verifier checks the blockchain to
blockchain credential verifier(employer) verify the certificate

-9

\/

X% &X : Blockeerts(https://www.blockcerts.org/guide/)

9  Tech in Asia(2018), “Blockchain could revolutionize education next. Here’s how”.
10 EEX|215A(2018.6.3.), “‘MIT, O|ZEE EAUAH- HMMHEE E2X 0102 2",
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Sony Global Education Blockchain & 0flA|(Global Math Challenge)

Global Math Challenge Participant Educator

Issuer Evaluator
Send Data Submit Data
% Data Registration Data Confirmation % + RiL?tiF]aelntification

3% &X : Sony Global Education(https://blockchain.sonyged.com/)

4. 91 X1l B2
DISCIPLINA= % %! 8 2OI0IA TAQI HISHS DHS7| 915101 S2HQ! 7|to| st 252
| JHol St rRiZ BISE BAZOICY, 0] ZUZOIM= ASXIQ| JHRl BELE St 22 |
22 NI 012 S BT MOl IS BISCY, ot MR SO D2Y M0 FTXQI
UTRAES S5 S HLYADF ! 02 HOJES Z0|Lt HES LOojof Tf2t EBEOR M50
LS XA 2E SHAIS HS 4 UL SORECE O XA HOEIS 2410| 9/30] glony

11 Sony Global Education(2017.8.9.), “Sony Develops System for Authentication, Sharing, and Rights Management
Using Blockchain Technology”.

12 Forbes(2018.8.20.), “20 Ways Blockchain Will Transform (Okay, May Improve) Education”.

13 “DISCIPLINA", https://disciplina.io/
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14 Medium(2017.12.7.), “4 Ways Blockchain Could Change the Education System”.
15  Steemit(2018), ‘B89 4= AQA HEFQIOZ 4z g},

16  Tech Recipe(2018.10.30.), “f#H|ZLIAAZ, A= H|ETQICZ:-~

17 O|F0|0](2017.6.29.), "% RX|¢, HIEZQI-0|H2S =2 HE 019

18 ITWorld Korea(2017.11.14.) “EE2XQ19| 57X 2HIF.

19 7RN 5FAE(Q2018.11.1), “EBSHQ 7I&, BR= 74 Lsh MA= Lastof iy
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What should be a focus on blockchain industry in 2019

0= Lee, Joong Yeup © MAXHIL Senior Researcher, SPRi © ilovebiz@sprikr
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e The viewpoint to blockchain industry has changed more rationally over time. The question
whether the blockchain is the best altemnative is also on the rise because little of significance has
been achieved. Therefore, it is very important to demonstrate the tangible values and benefits
of blockchain technology this year. We have to focus more on the fundamental changes of
blockchain ecosystem. What is necessary is not only fragmentary improvement in application
level, but also a clear value proposition to resolve pain point and develop a sustainable strategy
to drive the implementation of the blockchain technology on a more comprehensive level.
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Suboptimal equipment Costly and cumbersome
utilization letter-of-credit process

Complex regulatory Trade-based money
compliance laundering and fraud

Nontransparent pricing
and booking

Complex claims and
changes in ownership

Complex process in

Limited traceability reverse logistics

X &H : BCG(2019)
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& Resources(22%)2 ERUL.
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@#9| Mr-Y(0Occam’s razor) 2 5(Mckinsey, 2019.1.)
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[ — |
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E
= ASIECE & SSXRICR SiZat0F & 227t A=7t2 FeH0F eith= 0Tt HZIX|7t

2 BCG(2019.1.), “Resolving the Blockchain Paradox in Transportation and Logistics”.
3 Mckinsey(2019.1.), “Blockchain’s Occam problem”.
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Large /\
@ At today's tipping
M"‘.H‘Et 9J paint, many prototypes
size have been built but
blockchain technology
has not yet seen
widespread application
at scale, and the future
remains uncertain.
Small
_~ Pioneering / Growth Maturity . Decline
/ 4 . : N N\
/ N
Entrepreneurs Growing market Slowing growth of Technology
bring prototype demand leads to products and sales becomes obsolete,
new technology product standardization with fewer, but sales decrease,
to early adopters and enhancements dominant, players industry contracts

X% E&X  Mckinsey(2019)
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Educate the : Develop ideas Set the strategy : Conduct proof-of-
orgarization and specify use concept tests
cases

Build capabilties
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solutions
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SEHQ Z2HETI §3HCZ +YE7| oiMs =Y T FEANMREEH =2
SFXMM(Scale)7kX| 2{oHOF SHCF, 12|11 O] TP MESHMEFAEI(ISP, Information Strategy
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ICO(Initial Coin Offerings)2t &2i3t HZF0| 2HIE L7 |H IHUMT HEAHE 246110
AHEXRI 7IXIE HOo2l= LHE2 XIEE(0] UL 0|CH2[Z0|Lt Sl [m{X{o Chet H725] SoIM =
7|1 J4MIE HIELIAK JIXIE & O £0AED QUOH &E U M, A7IZEt TR|A
RO Z TIHEIAH ‘Not for Sale(www.notforsale.io) = 13 S| 29| SILIC HAHE
|ZLIAO] CHer +=E2 QS O BEfoh HIZLA 7IXIZ 0|20 7|™S

o

BYHS HFA ZACE T IHQ At =2 SHEC HIXLIAS| AX| ZEX|0f| 20t =01 U

k=
Ton

ro

i
NSE
[

rirrlo




% TREND 41

= HAle] IS o1t

SWE0I0| =3¢

Current Status of the International Sanctions
against North Korea and Inter-Korean Economic
Cooperation in the Field of Software

AX|4 SHIM, Zee-seop © ALY Researcher, SPRi ® zss@sprikr

o TjAz} ARISBAICION SW 200 HEANBRS YRt BE WAL LY SW Alele] M2
£2(0| 2 52 MRS T[T 0] SL5ICH T2t S8 FASHS UN Oteiz] 202 Higo=
CIXRZt BX2 Soff 2243 HHSHT| S2 PEIET U0l Ba8re] S HTjRists 012
ABOICE IS B3 MXRSE AIS ChHIot] SBHQI SW HSHE FXS o A &
HEROND0IS ARHOY Iiotot0] S ERI0] QRQAS HUAOF 2 TR QUL

e The inter-Korean economic cooperation in the SW field is necessary in the era of the 4th

Industrial Revolution because of high potentiality to be a new power for the development of
the two countries and the improvement of domestic SW industry. However, the international
community is building a framework for sanctions against North Korea through multilateral
coordination based on UN Security Council resolutions, which makes it difficult for South Korea
to relieve sanctions autonomously. However, there is a need to mitigate the risk factors of
inter-Korean cooperation by prioritizing sanctions and legal obstacles to promote successful
SW inter-Korean economic cooperation in case the sanctions are eased.
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Status of North Korean SW Manpower and Education

0|53 Lee, Jongju ® Y72l Researcher, SPRi ® ljj@sprikr
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o After the summit between the South Korean President and the North Korean leader, the newly
developing interest in economic cooperation between South and North Korea is paying special
attention to the SW industry. For a successful economic cooperation between the South and the
North, South Korean government should provide information on the scale of North Korean SW
manpower, the level of labor costs and competencies. Although the number of SW manpower
in North Korea and the level of labor costs are known through media reports, South Korean
government needs quantitative information on the number of workers that can be supplied and
the level of labor costs to encourage domestic companies to participate in economic cooperation.
In addition, by analyzing their SW educational curriculum and courses, we should be able to
estimate the competencies and strengths of the SW manpower in North Korea so that the
domestic companies can benefit from the supply of the skilled manpower they need.
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Changes in Cloud Virtualization Technology
- Container-based Cloud Virtualization and DevOps

cloud
computing

Executive Summary

® Jtyst 71E2 SetRE ARES 7HSoMl 67| fiet 7117|200t M ARle| &80
185 SHO2 SHet 7Hyst 712 3 Sl=0] 71Ete| Tkt JiEdt ADERN 7 |E2 212t
Tl 220, SCtRE ARE0 a0 ALY FZ SCHRE ARES 20 7HYEt 72 ZE A
[2to] @EAA SHUFS0| HHIE O|R1 AUCL 0] 2ZENME S24RE ARE 2N JHst
JIESS HTHEN, 012 7|&30| SHoM & Higat & 0 Tiok =of 211X} ottt

N ruk"'

N
10

@ Virtualization technology is the foundation technology that enables cloud
computing. Virtualization technology, which has emerged with the aim of efficiently utilizing
server resources, has evolved into hardware-based virtualization technology and software

otiel technology, respectively, and has been put to use in cloud computing. Recently, virtualization
AHN, Sung Won technology for cloud computing has become popular with container-based open source
Moiqgl

Serior Researcher, SPRi platforms. This report examines the latest virtualization technologies in cloud computing and

swahn@sprikr discusses the background of their emergence and future prospects for these technologies.
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= Lhg i
Az < Z7HAtDHAIO] VCPUZ BHEH A| 221%91 CPU(S
a0 AE CPU)Z A28t AF|lE2sto] S5t
e - 2k2¢0] 7HATHAIS| vCPUZ 22|2.0{0f| DHZ5H
EAPSEAESoN| ol BICH| ErMoaL o| 0t
CPU) - Ztzbo| JHAHAI(VM)O| SAel | O AHElS HEHY, 7I2Mo2E= T0jef
e | | VOPU BE 2 JtAAg 1= 7%
S = - JR4OIAL MICOICE 2t S2| 20iE Klelats
- vCPU2| 7H4=7t “OI(25~1OO7H)
- Slo|mA 162 223 A ¢ W2 vCPU
o BT Ths
HZalMemory) | ° MO HIZ2| &S sigotn, & | - Jhai0l S2nRelel SHYAES WS
Jpatat V| a5 saln et EXGIS 2 | 89S U5k HOIN(Paging), MRS
< X2 olAl So| 7|¥g =af 22|
I - 22|C|A30| EYPES TS g0 &
KA A(Storage) | - VMOl MEAES Sttt A & | TS - = 2
Spatst HE| LAS R ol ;:;“ SHErEo) H2 & 97| M| HBHS
o
< ZEE{7} 0f2f JHO| WIEYIT QIE | - VMO B2|XQI HIELT QIE{HOIANIC)E
HO|AS 2R3t X Q1A T804, 7HAL| NICS et

THAHIEQIZ(VLAN)S 221X H|
HIE2|3 (Network) E-?—.li()ilkl B35l JHAL| HIEY
7hest HW £ HBA2ZN |FSHQ 22| | - 2t2E{(Router), A2|X|(Switch), E{0|E
o 45780 Jts (Terminal) 52| HET SA7|7| ¥ Ttz
- £ MHIAS MiEohs 7t Ul | 7HdStE S5l 7HYel HIERIRE HED M2
EQI3E 1M3I0, AF2AL, MH| | CIiE Z2EEL ZZES 4 Q=2 &
A 55 1z XA g2 SyE
HESE M

EX MHLE HEA| CIO[E{2Q] X
Q77 UOHK|= AR MLHXo

A EXO:’O_:! XXF _Tl_jl‘o |—|'0 0|E Xx}‘i - _ - = = -
A oy o OO RE KB | stormpstorniol opsh el xmas Fust
= 2t L | Bl mekAHS H2
- 23% KA CIHIO|AZ 7pAt -
(Asr’ggNitt‘jvri?S H 'ﬁggl‘;’q lﬂl!ﬁl 7:;23[ - VMFS(VMEIOl), XFS(Xen), CSV(SHOIT-V)

[oldE Bt
-39 28AH AERX]

16 Hyter-Threading : CPU HIZARQI Q19| 7|&2, CPULY 2t Z0{2 Siits HESISIH £ 12| =2|X A0z
SEoIE of= 71=0(H
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2.3. 7FSm 21t 510|HH[O| X

© 7FST(Virtual Machine)2 7HdetE So101 F3iEl= SXIE ERE &8

JhTit2 ARE 2dE AREL MR Foiet AS Holk=|, 28 Sf=RI0E 7hdetolH
[C13 2-1]0ilM2F Z20] 11 SH=RU0Y RI0IM Th=2f VMSO| HHEl0f 212t SEXQI 2MM| &S
TSIt AL LO| 7RSS 2 AN Thdetol | Mt 22 +FE2| MY V1SS HEScke XS

SXOZ otl, 7HITHLIS Z12| SH=RI0E SR ElCh.

FSHUZ WRFEIE 221X MOl ARE 2t IR FAfGIH. AX| MEHXE CPU,

HID2), KEASH 22 SHERIO] XIRS HEIT, LR SUHKS TSAZL 4 O, 24E

SELZIHUS 75 F eI SSHQ AHRAO| X0|-™2 ¢2f 71| 7HSTHAI0| SAI0f
EX = AW, Z THSHLDICE M2 TFE 13 2ES #E 5 A0 TSt OS2A01dE
THGH=E W0 7tSolth= FHOIC). 7HHAS2 2t MR Thdele ARE SlAAS oY 2oL
S

7HSMHAI2 O SIERI0] AR 2 o~ AXIT 7WU'I*._| | 2H0M= EZok= ot=/llof
CHIOIAZL 7HY0[Et= A2 2R ZoHH, BE CHIOIAS CFRs ZXE QAT T, oM A=
2teete| ER0s U EMEN A= HIéEOSH SIERI07t 7HSBHEIACE A
2IX[ot1l SIO|HHIOIME Salf CIHIO| A F el

JHHAE TEE SH2 O 7HAPE UE o= USHI, SHAC| SH=RU0 2{0] SAI0 02 SF
SEHHL Z2ESS Adlie I, SHtO| SI=R0 XS O ARSAIOIA L0 E M, 7RSS

=
Soll FE AL 7H 45 7190] 9= SE(Isolation)S HESIIAL & I SO| UL

o 5}0|IH}0| X{(Hypervisor)= 35 ZRE XS H2|stn JMEHASS HEESI=
F7h2|xt

SIER0IE 7Hst5l7| floiM= SIEQI0ISS 2HEet 221 Ot} 2iZfo| 7HeHASS 2|
7HAHAIELE(VMM : Virtual Machine Monitor)2t 22 S7H2|X7F ZQsiCt 0] SIS
50| HHIO|X{(Hyperviser)2t1l StH, VMO| S&fet 4 U= A2 MSSIC}. 510|mHI0|X =
SIER012] S21XRI 2| AAS VMSOIA| MB35, VML SHEQ0{ZH2] /017 HHES XM2[SHT,

[T

SHOITHIO X0 27 =l= A2 [ 2-2]2t 20| Yahy, S8Y, ds Ml 7Pt U=, 0| 5 ¢
T 7Klz §iNCRE DHESE | 22U ES EMle HWATEE SRtk 2AIE THEAZ |7 (71 o0t

17  Input Output HH
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c=ivivhs SIO|mHHIO|IA 0| 271&l= Ml 7HK] 24

24 Lig
HatM(Fidelity) VME 2ol THE EHE2 22 221N HAlnt ERMo 2 ZUsHOF &
E21M(Isolation)zt A = =
TEe 5 = A|AE X} QFx S 7Rl
OFEAl(Safety) SIO|HHIO[X = AJAR XH2I0]| CHSH 2HSH MojH S 71H
A5(Performance) VMt 22X 8t 7te] 445 Xt0|7} ¢lofoF &

3% &Ex : Gerald J. Popek-Robert P. Goldberg(1974), “Formal requirements for virtualizable third generation architectures”,
Communications of the ACM, pp.412~421.

(23 2-4]= SIOHEIO|X2| S| & St Xt0[0f L2t Typelt Type2Z FHEES LIEFHL
Typel2 HIO{HE (Bare-metal) 7| = SIERU0] Y0M HBiZ TSE|H, SHOIHEIO[X7} Ci=2]
MSS ZEot= YE{OICt SIO|HHIOIAY Q= Z A=K ULt O] EfYU2 7R ZXIE
HAE 2HM|(Guest 0S)7t SIEAO LI0IM 2HHM ~FO 2 TSEILE Type2 2= Of e
‘dSE MISOHAIZL, Of=] SF=RU0) E2H0[HE MIZaH FOF 5t EX |7+ L.

<

SHO|mHIOIK2 Efe!

VM

VM1 VM2

AAEOS

HAEOS

% BN 1 QHIRI2017.7.), "BARE BT} QIBX|SO| Bhe. ITEIU2| M7} 2T,
ATEQOPHHRATA2017), "SR HOt0| SHA0|40t LA,

Ho

Type2= SH=R0] 20 SAE 2FMK|(Host 0S)7+ QL11, 11 {0ilAf SHO|mHI0|X7} Ct2
SSEZTHL RARH FEZ SABICE 0] EtO| SIO|THIOIX0 2fshA L= 7HIMLe|
HAAEQSE SI=R0] 0N 3 +ZC = FSEC,. 7 [1Z0| ARH 2FE0A SIO[HHO NS Z&dtk=
07 [0l Zx Pt E0lotal v+0] Hefeh FEO[ ULt EHH, Typel =L k= FS0| Z0HE 4 U,

- ©Co
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© SlO|mHIO0|XIC| 7hef=t WA Mt 7Lt} HT MY el= 12

Jtdst=s 7hdst ot YA MRtME TIHSetet BVHYelE S 4 AU F= AMH
7HS10fM O] = JHEO| SHGh=Hl, 2Foks 7IE2 SO0 et I/0 EZS HTIK| 7hyst
& 21710 22U [2F 2-51= HIreatet B e HE S LIEFHACE

O HIMMSHFull-Virtualization)= ZARE! A|AHIO| SIEYIN 2|AAS 2AMGHH| THSI6H=
YAOZ T oM SEGH B AAEOSS| 4 ¢l 7£+30] 7+55Itt. MS =20 2=
THR| CiYet OSE MEE £ V| ME0| HE0| +12 HO|C AFEES 7I1Z2 OSL0IM
OlZ20|Mat= A2 X|Rst7 |0 SAE(Host)d 7SIt e STt Ci2t CPUQ| 7Hakst X
71&(VT, Virtualization Technology)'®1t Z+2 SIEQI0] 7|52 Y& XIEY| MR 2E 752
ATEQOMO R 155h= OlE|0[M2k= X107 ALt

H7LASIot HETHALS

0s § 0s HAE

0S
OHWHZ &
Aol 27

(Driver
Domain)

OHWER ¥
Hioj 27

@CPU JtAtat
®HWH[0 23 S >
@HWH0] — REIS G

SHEQII0I(CPUQ] VT7|s XIR) sH=2)0

(a)T7tedst (b)2H7H5t

HIHl0ME HIAEOS7H SHELI00] &5t | sk 71E2 OSE SdiA "2t [1™
2-5]2t Z0| AAEOSOIN LAt SEQI0] M2 2 MO 27= CPUL| VTZ VMM(Virtual
Machine Monitor, HypervisionofIAl HWEZS Q%dt= EXI7t LRSI X2 TA7H S0/
2t VMM(SHO|THHIO|X)Q| REO| 7HEEE1 M2tM M52 YI7HSt 7B R M7H310|
HEAQ! HIE2 VMware2| VMwarelt ESX Server, MS2| Hyper-V S0| QIC}.

@ Ht7+42HPara-Virtualization)i= SI=RI0IS RG] 7HIRISHX| §h= YAI0|C. SHOIHHIO|X7}

SI=RI0] 2{0IM 21 A=V | THE0| I—1|0|EI‘='(Natlve Bare-metal) 7M2l2f il = BTt BV HEh=

SHE=R0{0 CHEt MOIZS SHOITHIOIM(VMM)ZE ZEX| L 7| W20, SH=]01ete] 1/0 &2(0f
UOIN 7 befot ROt 2RI REIS ALZSIT.

18 CPUOIAM X|25t= 7Haat 7I&2 Intel2| Intel-VT, AMD2| AMD-V7} QICt
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SO[HHIO|X= 1/0 LIHIOJARL 2R SAI5H | ffoh HIEA] 2R2RO| HZE2H0/HE 2RaHOF
oIt OIE SotiM AAEOSS| SI=R0] HE QS +elCt. ALE OS= AH0| 21 SH=RI0E
H|O{oX| 2ot | [=20]| otO0[HH[O|X 2| HE=2H0|Het Stlo7| #fet 80| 2o,

238
r

HAEQSH| CHEH 28 IHZE0| OSAAT 0| ChSH X20| 7Hs6H0F 5t EQ10| AljMo 2
0242 M™O|Ct, BI7HSte| CHEAMRI MIE2 AIEEAL| Xen0| ULt XenOliME SAEQ| 32 6=
ZH|QI(Driver Domain, Dom 0)0] =01 2! VME0| LISt 22|12 it

ciseh | MI7MASIRt Hi7FASE H]m
=2 M7tedst H7hASt
HASE Q| | o SHEHIO MK ZHASt « SIEQI0] Y& THASt
-7d s 4
- StO|mHIO| X7t HEEEZO|H(ZREE)E
oS - 278 QIO A 7ts HOFH0F 5t, AIAEQSE 2R E|= C|Ht
270 | - MxIot 240] 8Ol OIA0H 2B 4 2/0{OF
- fE=| OHE| MY (Partitioning) el CIHIO|AS
ZtVMof| &

« HAEOSTt 2 SHIchs AXME S&t

- AHI2E CPUL| VTOiIA SHO|mHI0|A

5tEL - 50| =
SHE=RII0] JIof OI7l QBI5He HEHO|D SAEQSE & SIO|mHIO| X7t SX|
aff H2
« CPU-VT X2l 0420 2 HWA|F q
M5 | -VO=E muyoz olgt e gsRT | | L V0 SHSZ SIPLES 245 #X
0S X 271 " RT(Real Time) OS XI# 7ts
FONIE » VMware ESX Server » XenExpress

HI7}25} SIOEHI0 X7} /00 e 4= U= LAl= 7HE ME|ME(Partitioning) TIHIOIAS
£ VMOl ok A= ALt OfFA ofF 2 VM2 HIO[E[E E2tO0|HE AFZoI0] IERIE 1/0
CHIO|A0 217 HZ0| 7tsottt. 22 VMMO| 2fet ZH30] HOJX|H, 2123 S10|HH0 M| fHE
S01S7| =0t slo|mHIo X7 H 2 g M= Sl0[HE(HyperCallls Soll 7158 #&511, 0| SE8

ZASIBHO2ZM H53 SYAZE 2 QUL

SI0|mHZ(HyperCall)

0f0|ﬂ1'=|f0|7(‘| SESH= BEOE HAEOS7E AHMHIA HEE 4 U= BIT7HS} QIET|O|A
SAXIXIIAM ZHAIRFSE(Supervisor call)S QA6H= A1t SAFSICE
% ”AINS" Uk OHZZIAIOIN SZ0IM & 5 Sl= RI™E MHIAS A3

=

SIO|HZE2 HAEOS7t St=R)012] 7=t RS &1 U0{0F 5t 0] 7150| 7HsoteS AAEOSS)

7 A%0| =R
- [EtM, QEAA 7|Ht9| OS7 OHL|ZIH HIZHAIBIS 0|2517| £IX| QL.
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JHdetet 4SEA|

* 73k 7|1Z2| SH=R01E StO|mHI0IME Salf 21 7Hedet 5L SAEOSHIM AZEQI0He =
TS50l SS2l 5tEf0] 2
- 7HSTHAOIA TIAT @17]/247 |9 22 SHEYI0] 2 Al 712 Native AIAHO0] HISI0] HRl= EHAI7
SO0JLIEZ HY X{2| REIO| ZOJTICE
% AR M52 &=A 1 Native > Bt7Hs} > H7H45E 0flZ2|01M

OTTo oo—

UEEE HAE THSHAI(VM)
oHZ2j30|M
,,,,,,,,,,,,,,,,, L AAEOS ‘
HWEZ & HWE2 o
Ao Hof
- L7 wozes

¥ SlC2I01(Disk, RAM, NC) ¥ S{T2I01(Disk, RAM, NIC)
Native Virtualization

[22!] Native®t 7+et5te] SHERI0] HZA|0 RE

- 7143 ARG E H5S IHMAIZ (7] QIS CrEst A7 43
% SR-IOV19Z 225t NIC HZH|0f, GPU 7HAlst 22, NUMA effect?Z 12{5H Multi-core CPU &

g5
0f|=84|0]|M(Emulation)
- Of|Z2[0| M2 ZFE| SIERI0 222 2E 7|52 AZEQ Mo 2 Joish= HHAl

N

- OZ0lE{= BIEL0NS ChAISIC) Bt SH=RION 22 Who 2 Satste 2hy i
%, 28E20US TSAIZ OfF MR} ST SBTRIUS MBAIL 4 U FA |am AEE 20
Zolct.

+ Ol=2f|0132] o
- AREY0IM =2/ 0IZ20IHE Sal &M Z2IE= HZE|0 UK 2L, OtX] HEE|0 A= AXE
QAL SASIAIE She 20| UL
- x86 7[4to| ZFE{0IM ARM AZO| 7MY MAIS ER 1 QFE 20|28 LEAIFATE QEMU?! 3 0|2
2|0|42| 2E0|Ct.
* OIZ2|092 SIEYI0] 7I1SS A AHR = 7Hdetets CLiEA|, RE RS AZEQN 20 236k | T2
0l 882 =2l 450| H 2oL
- 27|29 7SS 2 HIAEL| SIER0j2t RS 2T OflS|0|E5H0F 7|0 £=7F Oh =iCt

—=1

>

19  Single Root 10 Virtualization, 21%12] Network Interface CardOfiA X|&ot=s 7|52 2 TIEINES Edf 74T
Ot 1R NIC HZ22| FY9g H2E + UAEE &

20 CFs T0jo| AREOIM AIAE HAS ZR3t= U2 FZ20| CPULH HIZ2|e| HA X0 [t Hs0] HetA|
=

21 Quick Emulator, 7}&3} 7[5& X|2dote 2l5A 7[Ee] QEAA ATEL0] 002 KVME X832 4 ALt

rir
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7tatmAlel Z&lMd(Isolation)

- BHOIT{HIOIR{O] OfsH TEEI= FIATIAIR 2t JHTIAIEE SRIE A0 RIS BErg
- 7h| HalE BEREre olnj SiSRi0lol £ 3] ot B2 d8E saech ool
x H2io] 22 S=910] 2% 0lE BHEIE Si0l HOR(Paging) 22 S5 Hm2] B2 Rvisich

Isolated
VM1 : VM2
|
S
* F- 7HSHASES S ot=R0{0l LSEIH
- ' 2t =2|Mo 2 E2|k|0] U0IA SH VMO

y
A

=
=
A e
| T slomER | r | saﬁnmg% 7iLt RHE0| BEOIE 2
o=z

SUE|R| =Lt
SIEY]

e o |

(2] VM 2te] S2ld

J
I'

12| 22t

EAX2|(Distributed Computing)= 22H2EES Q[st Q47 I%E Of2] CHe| AFH ALt R MEs=E 0]
RGPO:I Z{CH2 ALMERLE CHE 2| HIO|E K& S siiZsh= WA
- oMo 2= 0f7 71| AL CIHIO|AE SHLtR| AJAR! QF |

2| EHZE(Grid Computing)2 22 AMElS R Z SH= A
Fote] 7hee| fHAFEHAME 28 4~ QUCL

* HIERI3(Network)= S2IM0 2 HOIM QU= CiUSH HHISS HEGH| It fHO 2 SAHEX|(2HRE,
AQIR| 5)2| 7tAIEIE E5lf 7HAHIERIT (Virtual Network)S K|
- Cifet HHISS HIERIAZE HZ5t0 Stte| 2 (Cluster)S THEL 2|AAS 2HESICE 2, HERR
ZFEE!(Network Computing)2 S2IZ2 12 MH|(Server) A0 F&| 52 AFRXHClient)2| AHRIS
0|83t= AS o|0fatt.

@D 3. ZiHIO0IL] 7189 EetRE Jhddst

3.1. ZIH0|H2| 7HR

d

o ZiE|0|(Container)= 2E3=I 2l HRFE St E= ARE 32 A0[5IH, A|AH
28 o= YS Eihjol QFYHoZ I3

22 oHYE HR22 8 #2lcks VIEez of Hof 7<'|EI%E = A= HYF7|WOIX]) HelZ 250 F7[AHX|
(RAM)2t EZ27|AHK|(HDD)2| HIO|X| AH(Swap)S
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ZH[O|LC] APl 0="ERIE Z2[oh= SZFOIL}. 217t E5| £ B =A SOIM Hoks
ZE(O|H40] 1 ZAE|0|HR 22 2ID|O|Ct. ZE[0[L= HetE HA Tt a2 28 +
UM BkZ2| H 2} 0[50] UHR: ZIHS|0] ALY, HFE MEUIME ZIH0|UE 2E2tE1 Z2)E
ARE S B ARE 2ES Attt AZoME, 9 ATt THMAE 71ES 2ER

OHZ2{HI0IS| ZIH[O|L=AL = 4= QUL

=
o

SURE AREUM ZEHO|H= OHE2IAH018(App)t Apps &oh= HES Aot 3te
OIORICt. 7heate| B LHOIA ZIEO[H= 71E SHO[HHIO|Mt AXAEOSE ERE UH Thdmi
YAIE= S|, ZSNAS 2|51 'RESHE T2 IH7 (X[ 2M lck= AS 0[Stk O1ZA|

ofH 7IZ2| 7HS LI HioH 71 B2A| SEE 4 = FHO| AL

ZIH|0|H2H= JHEO| Mg S8t A2 20000 SHHFE] 2i520 LiEE LXC(LinuX Container)
7IE2 AHE[HMREOICE ZHO|H 7IE0| SO & AZI= JHEe Z2I0| 35282
et T2t Ol YotA] 2ot 45 RRE AT WS olidst/| AYO0INUCE. 0] EXM=
SWIHEAIS| 22 SHARIR=L, 02 2F7t &dol= 0lfs ++& 20 HES, AR,
2ot SO gH0| 242 BE 4+ 7| WZO|CE 2= S Lto| ARE SH0M LHE AHAFRE

I. L
-
HHOR OISHICRIE QA0S Mt W

>

i

7

Ju

=
i
_O'E

=
S DASIY L

_—

= YEO| HZ ZAH|0L0|C.

—

(27 3-1]2 ZH0|L W49 JHES LIEFHTE 1 0F 20| OHS2|7H|0]89] Ao RE
2t0]=242|(Library, Libs),** HIO|A2|(Binary, Bins),* 7|Et FEIIY S W7 X2 F
TS0 B0 2240]| ot IHU0| &A| a7 | HE0 LFE ElAsKe 4= QI

=i=fel AH0IH2| 7H'E

APP1 APP2 APP3

= | | Bins ||| [ Bns | ||| Bins |

b » [ Lbs || [ Ubs ||| [ Lbs |

g | SHOITHFOIX | | ZAE(0] L H1%!(ex : Doker) |

T emw | S |
IHETH A ZAH|O|Lo Bl

23 D27 7S A0 BRI BSOR NSE 4 Qi 5% 7159 HEIRIY FE AATC HES i3,
21022420 X2 BA(MERE), S2HA0| Tt oI, THHOIE S 02 NS B0} BaHE 4 UL,

24 HRE XYY M2 SNE Ao 224 $HOZ AFYE HoJE| HUS 2nlsi], A=0| HIel(Complle) EE
YEE 2SS Ui
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2|52 ZE|0[L(LXC)

* LXC(LinuX Containers)= Tt Mol 0121702] S2IE 2j5A 72 AH|0|HE Htct7| 215 OSEIE
o 7tat7 o= AH|O[H JHE2| A=
- IBMQ| A0 AL 712 CgroupO| ZEIE|0] 2|=A AH|0|H(LXC)7t BHAEIROH, SAENM U3l
L= Z2MAS ALO[Of B BtEE= YIS
X HIYAHO|AE BlSA AAH 2|AASS FO| Z2MA0 HE otz YA R NSEID, SHfo|
Z2MAL| RS 2elsh= 71SOILt.
% Cgroup2 CPU, M22| § Z2M|A IF| A|AH 2[AA AEE 2H2|ot0] S 0HEE(H|0[H0] At
2S LIS Ar8sh= XS HMIghe &= UL
- LXC= 22| ZE7F GNU(LGPLV2.1+) EIOIMA S 2= QEAA ATEQ|0{O|C
- DO e MRS Qe =2, ’HIES!, 2t0[2E2|, 22y A0 HIRIFO| MEZ FEE|0 =24
& X0l RASHH, Z|M 20| X[2ots 2ZE ZHIO0|H 7SS HE

-

o ZE0|L] 7[&2 ZHSIZ QIS K0t 0[A1Y SHOIN Zpath= M|

z2 SRE ARE0M= AHOIL 7|2t 7heetst 71Z2| StO|IHIO|N 7|2te| 7hfst
71&S THXlo 2 QIO G2 ITRAI2| tHEFAIN 7122 Gmail, Google DriveS Z 2ot

£ MHIAES ZHO|HZ MSSATH HHSIFCMH S KA ZIH|0|H S3HZQ! FHUE[A
(Kubernetes)S Eafi 0|0] 2014H5E] 0§ 2091 7H O}&2| ZHEIO|HS TS5 ACE

JECHH S2RE AREA 00] 'Fa2| A0l= M 7hst 7120 QL= 2 ZEO|LZE VIS

TE= AL 78 2 0lf= 7187 |(ZZeh) W0ICt Eat, 7HE7| HE0 D= £, oAl

SO eaili= U

ZEOHE 7HMilit= 2| 2SXME Melotal oHS2AH 01 Ao Qe 2= MES
7| (Packaging)BtCt= O ‘OSIH 7Hay 25211 BICY. 7|ZC| MO 5t0|HHIO0|XISE
HX[SH1, 11 20l 7HEOSLE APPS IH7 &S VME BHS0] Adlich= ARSI HWRHIO| 7HASIRK=
[(13 3-1]22t Z0| AXEOSL} SHO|HHIO0 X7} Gith= STHOM AHEES E2ICt.

-

ZEIO|UHE 7HSTHA A9 THYSHECE AIARIO CHet 2-LAF0| KL}, MAf ZE|O|Lf 2717}
AL}, QO 2 ZEO|H0= OS7h ZE=IX| B0t 3717t =4 MBO| S1olct. Seo| 2SXK|
FE0[ E2 G| 20 MHIAS ARfoh= AlZE o STHHOZ iR BT Eot, X2 37| Mo
ZAE|O]L{0]| CHEE S X2 BHE7} & & EO[HTt.

25 RIHE pZ 7hdEE RYRMC AHE0] K2 712 A2|E ALEX} S AABAE 25 & QITE Sh= 7HYSH A
26 HMEXMO=Z AH 7HASt - VMware, Xen, KVM, Hyper-V &

(=}
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B3, VMOll= AIAEOS7} BIEID2 HE 4 GBS HI, AIAY X2 50| AR8ICH 1
0IQE Zi2te] JDHAO| TSat= HAE OSE S5101 SBHK TS| L3 SIEI01] 7Ky
STI2(CPU, RAM 5)2 25 75510} 517 | HZOICH, OF= AEI3 QUIEHIZOI,

M

0] H=2 Z= Xj0fl Ciet QtAtet EHO = O[0IZICE. ZE|0[H2| AR, e 3 AT O
A 0IM SfLte| OHZ2A01H0] SEfot=s At SEet 22| BARE AHEES Q= ot
Alé'élg JIE SEZRIHS HAAT = Wit FAGH Ol 73T CI29| ARE At ACH

EICt 0 71Z22| 7heTHal GA| THH| AABO| §5 Fol7t 2N AL,

I

HitHZ EQ SlS [[H, CPUO| Cifet M%%'!OILF M%IV b2t YA M2t ASL2 oy E=
F47t7ksol

ZEO|H= 5 LA{0] ZiThottt. £ SetRE HS2A01H0] 27| 2iet 2= 240[=2{22F
HIO|LH2|I Y SO| IH7 |XISHE|0] UM, 2K 7129 AAZOIA 2ot Ot 2, Z7hdmd
YA2 M22 MHIAS MISo | 2ot £ OHS2AH0RIS AAAZ[2E, HA MZ2 VMS 51
S (- M E= 02| MES HZ) 28t Thg, 228t AXEOSE 2HE £ ofZ2AH0S

AIAHAFAOF SIT.

O|ME ZIHIOIL HAI2 7|29 7hfMal HAEDE AARO| ZFSIE AU7| 20 & B2
SSIZ2THS O gA otte] 22 MHOIM FSAI7 1= 20| 7+S51L.

il ZHS A AL AB|O|H 18t 7h4St jAQ| O]

= 7|E WA ZH T A(VM) ZE|0| 7|2kof ZHetst

« VMZ 2=2|=l(Monolithic) 8 AH|A
* VMERRIQ| 05, EX|2t 4 7ts

< IVMEZH 1AHIA - BAE 0S7d 2L0|22 TR 012 &t
- 5 QUfHIS ZX oA

MHIA QO | - Z14 & GB OJMQ| £71 VME A4510] | « HAEOST} Q= 4 MB E9I0] ZIE0]
mE Ay | e o

2HOIA HIE | - VM 2t X2

Host 1CH2| HIE2t X|=

o |t A% SUE VMSE ol 2l | - SHIE FS0IXIR 0S7LE BROIDR
Lo = =
(2reist 22)) Hoay Al 20| B3 S
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3.2. £72| S} SRE J[=2| Hat

o =7{(Docker)= LEAA 7|4te| ZH|O| 22| SZHEO|Xt x| ZHO|H 7|8t SR
ZiRElo| [JHIE(de facto)
ZiH[0|H 7|8to] TtAtst ATEQ00l= OpenVZ, LXC, Lunix vServer, FreeBSD Jail, Solaris

Zones, Docker 50| Tk IE0A 22 7K43t U 2L HEE FOIA 73 ZBD Ol

20| HE2 E=7(Docker)O|Ct. 7= M HTHE ZE|0|HS 2r2loh= 7159 LEAA SO,

7= 20134 38 MEIZ2I2I0AM E2! Pycon ConferencellA] dotCloud2| ARl S22
5t2lA(Solomon Hykes)7 "The future of Linux Containers 2t= MMS LUHSIHA XS MIA|
AL

0|F =77t QU IS BHAM Z2 ol 108 2lAL OIS AtAte] SHEHIt 22 Docker2 HZGIL,
20143 62 Docker 1.02 ZHINCE 201340 QLEAAZ TINE = S1t 34 0H0f| M SFA|M2]

[m]
7|27 e 27| ARRICE (O3 3-21= £71Q 2101 E 12fiol IR &8 X|HES LEKHL,

£7j0| 219 S2ALE U NE

80%

say Do

4 strae

60%

plan to use Docker to
migrate workloads to cloud

41% 35+%

portability across
environments

& docker

% &X : Docker.com(2016.4.)

e 2540 SEZRIYMSS AZER AHO|H 0| HiX|A[7|= 25 AtSStot=
QLEAA DZHEZ 2EA ZHO|L(LXC) 7I&2 7IEICZ HSAUCL 7IE 254 ZHO|L(LXC)
7120 OfAkd 2Hd, HIOJE{Rt TEQ| FAkE 2|, D=3l ARHO| 7HA-HE sl S 0I5 g RSdS
=0l= HaIE FUCL 71ZEQ| AJAREC O H1 HEH QF2EE HRESHD SXEHD 0|5

UCH AL TFSOIC.
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E7i9] SIS ZEIOIL O[0IX 44 7158 HB3He ol Tk Ol S ZEOIL{OIA
A3 ATEQ0lO} A ChEt PSMRIEOI H20) WRF Ta 43 3 S8 B3
Rlglot=

0j2| golshl 3= AS 20jettt. i A= =AM X|Eoks ZiH0|H O|0IX| =41 &E510]
OKS2AH|0142 O|0IXIE S, EACZ HYELSHK Hdidh= A= 7hSOICt. O[FAH| ofH 19
2L AAES Yok 20| TEaTCt. HUAZF 20| CIO[EHIE2| AMHE SOICHLTA SHt4

HIEE! TR} giCk= SO,

—_

T2 285 0[0IKl= 40| £kt SEYE HREIE| Oj22 EHYEICt HMOR KBS,
HEIOLIOA A= It BS5H= AIAE0| 2218 SEjZ 7| HE0| © 2T ATEYOf
A8 30| FH55ICL, OIDXIO= ZIEIO|LIZ A%5P7| $lt BE TR 27} HHOICE, 0|2 Ol

ASBIZ0f TOILX| OO, B OENS MOl 4 UL,

O|0IX| M2 e B2 JHE RAISC (27 3-3]2 20| AUE|0|L= O0|XIE et
SR, Z2 OI0IXI0IM Ct==0f ZHOILE Y& 4 ASH, ZH|0|L{Q| SE{7 BEFALY

MHEH2E O|0|X|= 2= HOF UA| T ’ésc'i T I HEE 22 Q| ZE(0|H0
MEECL ASAPY olig DHUS MTSE U= H=Q1 O[0X|2t ZIH|0[LH7} 7HE &7 ¢S &l

ZiKo=Z HZO0[0jX[0f CHet S=8S GoH +FE UTS E2ol0] AAHO| FFatE
ULt 012 ME0| =2 WOt OHH AH22 x| HES T2otAL AXIg 227t itk A
ojofgict. =M= O 7152 2M0[0i(Layen)2t= 7HES SotA XIeiTt,

A
e
=
=

=719 O|0[X|= ZEIO|HE H&lot| 2fet 2= BEE 7HX|A UMM EH0| E& - MB
O[J0ll OIELY. TH7H= 217 4&(Read Only) H[0I0SZ FFI=|1, TAU0| 8 L= I M22
(01017} SSEICE.

£719| 75 0f7 |

0

DOCKER_HOST }
docker build e 1 Docker daemon 1
< T =

/ \
docker pull -1 ; '
P j Containers J——\. [ Images }——

N

l\. g
\'-.
. ,
- /
\'\ "4
S

docker run —

0eeg

% &X : Docker.com
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el Laye

'&I ’ ’ Layer B

Docker file ’ Layer A ‘ ’ Layer A ‘
Image0 Imagel Image2
EF 0|Ojx| = HHOIH

[O& 3-4]9| GoflMAZ ImagelE 7|22 = 10 2HE Image12 Base Image + Layer A7}
E|7, CtA] 0|2 7[2tOZ BHE Image2= ‘Base Image + Layer A + Layer B2 FA4=ICt O
047]A Layer BOi| i == AAE 610 HCHH, Image1S MIQIS LIHX| Layer BL| v2(HZ 2)2t
CHRHIOM FICt

[LE =y

ZIHO|HE e Mol 71Z2] 0[D|X] 2{0]0f 2101 471/247] I0IH(R/W LayenS F7toHH
Lk 0|7 23 J0f MY X +Hoks M2 HEZ 0] R/W [0]0{0] AFECt. ThetA
0121 7H2| ZIH|O|LE YOIt E O[0[X| 2{0|0= JItHZ AFEdt7| W0 ZE|0|L= Z A5t
S8YUs TR St H=20|0[X(0) thet #2l= (23 3-3]2t 20| =7 5120 St =7

ZIXIAEZ|(Docker Registry, MEA)S THS0] &2[8t 4 QUCH

=7 SCH0IAE-MH RRXF S2A0|HUENM Lot HiESt Hlok= QHEE =H
Hl2(Daemon)?’0fl LEHSIHM ZEO|HE FSAIZ 4 QAL =7 S240|HES Hi=2

DIAOIA SE{E! A 9T 22O F410] SX6P|E B,

=7 H22 S20IHENM LISt QM= (- Docker APAS E510) =7 HXIAEZ|ZRE
7t%42 0[0|X|(Docker pull 7I5)E 7IEICZ ZHO|HS Mot Jok= MHIAS FSBICE O
OfEAH SZS & ARUK|, 0= FEO| F7|2 SHREE T8 ARURIE SH B[S,

7= YN HTHE JXE AR ZIH0|H2| S (0] LIERIF»9| &g, T2 FL=2

27 OIE, ZFH AAE 20| T2 E 2AS Background AEIZE Ml = Z2 7

28 Application Program Interface, OS2 APPALO|Q| SAI0| AHZ &= AOLE HIAIX| FAC=Z, o Z2TJHMS
TS517| 2I5 2to|=22|of EA F2oty| st FASS Folst A YsiCh

29 Overlay Network, S2| HIE3 2{0] 4&5t= 7Heel HE/IZ 0] HEYILS| E= 7Hyel =2|X0l
EECRuE=u
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FUA AR S| $iESHE 7IeS & IO #2 138 ES MSots SHS0I0. Eat
D2MS X2 HRIZ L0 £86h= O00|22(Micro) MHIAS XISt E7HE J[He=z
ot= QEAA Z2MEE 102 71 0L TIE|D UL ZZ0l= Hile{dat 22 ASXs

3.3. £7{2| MEI}E| - FHL|EJA(Kubernetes)

o L+ ZiE|0]L{0]l Chet §EXQ1 2|t SeAEE

ZEOH= 7IZ2| 7HdHl FSEL B0 A0 M XS Eh 2 2HOZ MEdk=
20| 7kSOHX|T, Of HA| ZAEO[LAS| =7t BOFX[A| EIH (et 20| A0 021Z0| THEH.
Ch2] ZEO|LA(MEIA)S| MRS 2| I Z85h= XS ZIH|0|H AHAE201¥(Orchestration)
O[=L BiL.

£3|, iR 2 722 AEHI20|ZZ3" 0| HHE X 2t2l= 0f2 ME DHE|(Srd Party)*?
OZHET} HlZsty Y=, FHUEIA(Kubernetes, K8Sy= TL20|A] B71st CHEXQ! Z4H|0|L
| AARICZ X2 TP D Q= QAIAEY0M S3Z0ICE £22 0[0] XAF2| Gmaildt
Google Drives2| 2E&tds FHUEIAS #8510 2F S0|H, LEAA FHFLE| T Z(CHO|

TE 7|04E 5t Tt

JHEXL S AEAHE ZHH|O|H RAAEZ|01M ATIS SSHA ZIH|0|L2| et AH, ARt SH
AP Hof, ANEEY, 2EMRY, SHAHY(OES) S THOUS S8 oiZ2|AH0MS Fdoh=
= 1PYS E2lohs 20| 7HStLt. [ 3-2l= LAAEH0RE AEIQ| 7155 LIEFHC,

H 32 EEeRESSE (RS

7|

or

e

=)

MH|A BHM 7502 J|@2Xoz= ZEtRE SHE0|IA B0 2| 44} b

MH|A CIAFHHZ _
(S:rv'ice $iscluv1@rly) %] 0= 022 o 2 G7[0f| P, Port At QIHO0[E 2 T2 Eaf AHIAS
Riiat

30 Union File System, 917IX80| IS +38 0 A7)7} 7k53t YALYS MA5HT 20| HRER 7=
A7IHZ THAS HRISHS HAS| AN AL

31 Enterprise-class(Grade), L7220 MHIAY EE 0} TE37| 23t AIAE BHS ojnjsin) YeHo= i
AHINE BOH= 71918 574 K,

32 oY 20j0) ST ME T FR7I2| $H7ISS YR5 I MBS MASHE SAF
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7ls L
==t PN MAME| ZH|0|{Q] HEEI A} AFREE0| AN U RFEHHE
A2l (Load Balancing) | <<+ =c Stz
(Scaling) | uspmay | ot HEIOILIE REE MBHO) L0} BHESHD, MHpt CoE 29 Al
(Scheduling) | ZO0IE ZE0II4S T2 MEHOlA 2EAIZ)
SEAHY 021 7He| MHE F0{ SHLt2| MHXH AFEE 4 UESE X|ISHALY, 7H4|
(Clustering) E9ITE 023101 MUY MHE AZAIHA &
2Z/2LIE (Logging/ | CI2] 7HS| MHE SAI0f| Rt2|2 22 3t 0 At MEHS DLIERSID 2
Monitoring) e S L QYT E S

UM AMHE EHU|E Swarm REEH=E XX QAAEY0|M 7|55 XIS 1 Q0= Apache
Mesos, CoreOS fleet, AWS EC2, Redhat Cockpit, HashiCorp Nomad S CH¥st S2HZ0]| QICt.

—

sicie | 32 QAAED0IM S3HE Hlm

= T2 Kubernetes £ Swarm OHItX| Mesos
- -~ Ul £&0| =1 7|50|
Ed CHYsHHIAES DHESH= 21 A P 2
8‘3 obxisol Z‘—?—ﬁ ArE0| 80[st &2 M SHEotLE X L 22|7t
ojzie 224
ooyt
=237ts 1,000 nodes 1,000 nodes 10,000 nodes
host Al
22| MH|A | Google Container Engine Docker Cloud, SDN Azure Corzlt\jlsr;er Service
7|&XE7t 0 S5t . MS2}t Mesosphere?t
AN i ~
ke | ONGFEegmolmor | IBMEAIETA N3Oz x|t
22R2E FIsHY = J|Ext2ot BES
ZHOJMIA . . -
P ot ot ot

Chat, FHUE[AE 27t 2 AHI2H0|Z52| ZIH|0|H E2(0| & & 2FEXRl S MISoHH,

AL J[Ho] S2RE TSRl VIEAtE7t SO [18 3-bl= FHUIEIAQ| O [HIXE
LHEHHLTY

FHUEIA= SAH FXE E=0, AL HHES H2[Sk= OtAE|(Kubernetes Master)7t
UL, ZEO|LA7 BHZE=h= 7H Ee= 22| TiAIQ! I-=(Worker Node)7H ZXHSITC.

33 CNCF : Cloud Native Computing Foundation, #20| ZHUE|A v1.0& SAI6IH 2l5A T X

dEe 2ARE HRE M
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FHUIEIA0] QfsHA] BHE 5! #2|=k= ZE|0|HS2 ZE=(Pod)2h= HRIZ FOIM 22[ELt Pod=
ofLt 0]&2| AE|O|HE Z3totl UL, 22 Pod U0 £olf = HEIOHS2 M2 =22 S40]
7HSoIH, LIAT K= SKSIC). O|ZAH o1 MEIA ME HFE D9 27|UZ(Scaling)O|
TIREICE.

OtAE = FHUEIAC] A 2t 4% XESHL LE2 0|201% SHAH IS 22I5HH, Kubectl
/U QIHHOJIAS SohM MEE = UCH OIAEO= APl AMH, AZIED], ZHEE2] 0HLIX, Etcd
2 FgE0] QUCE APl A= C>J('I(User Interface, UDZEE{2| QFO|L}, OIAE--E 7to| EAlIZ
EESICE Etede EHAE{Q| DB(Data Base)H&tS okl L= Y SHAEQ| AN 2t MELE
TERIL,

FHHIEIAL| S2HRE Of7 K]

Kubernetes Master

User
[NETESS \ API Server Scheduler
/ Controller-Manager
Kubectl

Pod1 Pod2 Pod3 Podl

==EE=

\\u Kubelet J[Kube-proxy] [ Kubelet ][Kube-proxy] //

% &X : Docker.com

AAEH= Pod2| HIEE 2 MH|AQ TSt 2|AA St A| MESH L E0f| &ol= et
HEZY IHLKE Pod2] 22 (Volum, M& Z7H) X, EMOZ 7} L= A|E= Poddl| CHEH

2H(Label) &, S|, 0i2] Pod2| IEE MHIA A| 2EWRY SS H2[SHTH

el
mjo

siC

_—

nx

= OLAE(O] Ot BBS 2T AR SIS $36H AHIA ZEHES ZHE0ILIS BQ0!
PodSO| BIXIEICL Pods == LIOIAYS £71 Z3ET} 2122 X242 SIPop TSE, Kubelets
DIAE(O] API AfH{ot SMZ BIZOI 433 TRIS UL -Co| MEIS DIAER Mgsls o2

[Il
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BIC}. Kube-proxys =0 S0{Q= HIEYT EHLS Pod LIQ] ZAE0ILA0H 2SI =9
DRAE] Zto] HIEYT SAIS B2J3iCY

o=
FHUEIAE= O MU SAE2RE)0M ARBAPE Qe ZH0|US 0= Tl SAE
AR[ok=Al, O HL0] HRE Xt 67t A=KIE TG0 ZHO| MH|IA HEIE FX(oHA
tt.

o

FHUYEIAS ZHH F ofLi7t HiZ 0]2F 2AE Fault-tolerance®* 7[SQIH|, 7[ES| MH|AT}
{EEE 22 MHlA SH HHE 20 RACHH, FHUE|AE FTXQ A HH0IES Sdl
Me|A ST Sl0] MHE HCI0IES 4= QUCE ESH 53 ZHE|0[L0] HOH7 T LYSICIEE HiZ =X

ZH|O|LE Yol MHIAS |AIE 2= AUCE

IF

SRE ABAE MH|A ZEXKVendor)E HASIIX

&, 7|Z20l= AHIA HIE =
Qlmat 7to| 53t 2H|Z AfH|A 00| Of2{RICE. Ol2fst SaS EX YA S&&= 22X &, HiK
Z&4(Vendor Lock In)0[2f11 St} FHUE|A= 71 2| MO|= &7 ZHH|O|LHE 7[HIC2 Sk=

REAA SUF0/0M S2HRE OFHM| & XH—’.EEf.

M2 FHUE|A= TE|O[H 7129 TS0 2AAE|0[M SHES| BEMY AKX
UACH, 7 AEIZH0|Z OCIM0| HEZ HSECE FHUEIAE= 2018E 128 = oiff 7[EC=
VIA3TEX| SAIZIACE v 6RE HERE XASHTH

@ 4. AAHE

4.1. S22E 7I22| HaiS 7142 DevOps

2

o

U BESH MY

rir

© DevOps= ALEY0] i} HEI | HE 2BA 22| 283 2

E4S 2l0jolH ZH0|H 7[2t SERES| =4

o= —

DevOps= AZEQ|0] 7§ (Development)dt 2F(Operations)2| &-&00|Ct. DevOpse=

SWHZ AT} SUXE 7t 45 ZIUsH ASTH 32, (S 0[GHD, SWHIBT AMHIAS B2

o =
AIZH0| e 2 HHEESHE 248 SHOR BiLt, YIHHOD D22 Q| FEIX ST} L2 AAHS
L5101 SAJ3t OO BIEA] ‘@ O2H= HRIZ} HOF UL,
34 23T MHIA, AAR UR0| THO| LY E 7|59 LR = MHE RAlols A
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NARIS R JHE3H7| G20l AASI0) Ch510] & 2T QU JHURZH XK SITIRI Cigt
Lt9] 9l0] SR, J2i7(0l= 2 S0 20X Cifet SRS(UOLE, HOI2R), HIAE,
H SR

R, YOl S)S M |0 FREFQ! S&0| S0|AH| =t

EESH AIARIO| Tt SO 7|2 ASH0) 127t ST, OISEIT HUSS AT 2H7}

S flohs B, REE2 QYR ME|ATH S0 =2 YH0|ERZ QI Hslet
—

et ZHI(MHCER, XISy, B S)2 22 2|ATS 7|L[SI A} BiTt,

T2t S2RE0| SHOE Qlolf 0243 i 3! 2F SHF0| Hatt ML 7=l MH2
= H27F oRICt 24 171e| MHE FFOHGHOF ot 2 MOt 2SXMIE AX[GHOF SHH,
SHE ME7t L= HIO|EMIEI(IDC | Internet Data Center)2| 2HE01 XA AU0| AMHE MESHOF2t
UL ZF MHERE A0fet HWE ArBSIA| 2 B ME0| 234 THE 5101 812, Of2fet MEe=
Qlol MH|A= D|ESHEOPHES 7HXA| L.

—

SRES| SHOZE AH| MEt 22t A2 R0 M2t 7HE D 2E0| FAl= Si20RC
2=, 2ARER Q16 DevOps/t FHMCZ aoia 4 AU, 0|20 HEIO[H 7| 28X
ANAH S0iS ZEAICH, 0|22 THA| 7|E9| SetRES AR TEAP = 21E U

ro

AN

4.2, E2PE HRE YEA| == Y

o ZiHI0|4 7}=2 S2IRE ARE I} SUHIESIH SHtS 7153t

ZHEfO|LA 7luto] SRAPE ARG B THS JIEO| AAYEICH FYSIS FToH0, 10 M2
ST, Dj0|TZAHIAC| SOIF, ZIEIO|LI2] OIS, MHIAC] SHA, AHUY T4, Qi3
Z

=20 o —
ZASIAM0[2H= SAIHK| KIZSHL

S2USC HRYS MPARIQ! IT ST Hsler 37, MHIA HIEILE AISXISOIZ 0[] HOr3t

AJAEO] EI0f HZLT, 0] NABKS HHAJ7|T Qs ZIEI0| 7[8te] LISt 78S AAYO| BEO|

EIACE. BUOIME ZIEIOILT 7[8te] MHIASS HGLL BHES SHH= AR SAMRIAILL
SW7IR! & AEIEQIZ S4O2 S0{LIT YOM YOBE Of £7}3t HOR HOILY,

£5|, 731 254 THHO| HE S2AHRE HRE MHTCNCRHY Xt QEAA J[H0]2t=
YE2 2ELA HRLEM SHRE AR 2 02 Z2HE0| 7|04l QUL 0= ZE|0[H
e FEES 7HBM 28 FASS| S3F LE 24518 ot UV|x ol

20173 QEAEH(OpenStack) 2ZRE MH|A AIAXIQI D|ZHE|A = XpALS] EHEO
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FHUEAS SYRU(4E), MS= FHUIEIA 7|29 AH|0|H HHZE SSHZ JHUAKTIOIA)SE
215kl AzureOff HUE|A 7|8 MHIAS SYRCL 0|2, IBME AfARS] S2tRE ZE|0[H
MEIA0M FHUEIAS XI5 | ARRICH(GE), 22T AR S2RE &4 F0JOSHIA
FHUEIAS X2 A0t SACKEE). 12Kt SR MB|A ARl L2 FHUEAS
X|@sh= D2 ZH0[L MHIA(PKS) 7HLS ZHIYLY, OHRELR CNCFO| 7HSHHM(8E)

MIxMo=z FEE 7|0fotl QUL

122 S| $M et HICIS2 SFAfet M HHO| ZIH|0|L AMH|ASS L1 U0t

S

r

° T20| Y FEE YORE XA A

FHUEAS S SHRE ARE MH 28 52 M52 dE= 222 HH O
LQAHAEHO0IM AFL| RS Yofotil, 22ARE HRE YHAE Hxot ULt 122

M
FHUIE|AE= ZE|O|H 712t0] 7het 7 &7 Of2t 2 ARl 28 HAME HEE0] [UCE

Abel T20| 2= A EHTIO| BEIOR CNCFS MRSt 22 E747} 2f=AKIET} OCRSS AfRist
ES0[C16, 20| 0] 2 SEHE BJ=A AYERAO| HEZO! HE319| @ ZA|ZE(OpenShift)

EABUME FHUEIAS XIZSI=E 12, 0|2M O 2 ZHESIRE (XS] XS -1 ULt

ron

M E77t ZHO|H 72| FEtRE Thdet 7|E9] AHede| ROt Y FHUE|ATL
0IE M= XlHoks YIS MY AT X, EHE HXIX| 11 ZHZ B0 HER=
HIO|IHA (Bypass)® QIEH|O|AL W QIO MSHQ! THIMal TIFQ QLEAMM IEH2
FHUEIATL 7[222 EE SIO|HB0|Y 7|Hte| ZIE|0| &HQl 7HEHKata)S Solil =712+

BYS AERC

=79 27| & O X7{=0rd 2OIX|2, 71=29| FHUE|A= HEE|X| B2 EHES
HOrE7 7t el ez Ee] A QU

4.3. ZE0|H 7|=2| Y

o AT 2Fo10] 0|Z SHZSILIAL 5h= 7S/ Mete A

ZEOIH 7|52 71E2] 7hST FEQ| MH 7kt 7HRE B2 EXIE SHEUCL ALSARL

35 Open Container Initiative, ZIE0|H EE1 AAHAMME Eot7| ?let H|Y2| TA|, 2015.6.22. £,
36 2015.7.21.0 FHUEIA v1.0 SAI2F 274 CNCF 2.
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25t D1 24 O 01Ol M 2

aRE SHS HlWH 7HH UIS Sot0] tHo 4= U, Hoio|
M2t AHSO2 A 7H+-E Selil E0

o
|= 2= O 2 off =L
1Lt Ol2fet ZEO0|H Vet 71ES| YHEL S2AREE Fdoks YHE A0M 22X A

SEX|2HEEE ZHKILL QUCE AN 7hSmlel 3FERI iaE0| Z2MA 22| 7|s2 & ZE|0|H

[E L |

o

7&2| HHO| =t

7SN SEohE HAEOSE 2AEQ| 0S9 3¢e 7t gl Ol 7HSTAIDHT,
Mz OE =2 23 8dS 7158 o AT 2A0(0|1, shte| HA 7iEC= MEH + U=
Mb|A9| T ZHOME & © RE6ICt 2 4 ACE L3 7hSm 2k S&1d(Isolation)O]

HEE] 8 7T FOWTt EHE 7S THAIO|LE AAE TR S2k= DIXIX| =D,

g2, ZE|0|L= SAEQSS| SHIE HS Ao, B2 ZH0|HS0| L3t 2K

o
H2S SR ZHOILS2 7HHUXME O ZXoHA 2eI=0] UX| 47| HE0 2210(L Qg
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=

AN
ZHO|HE= A QABAMZZMA)S HRUSHH ZIH|0|LH7H ARZFX|LL THAIREI=E, OfA| M At

Ll
o

ZIH|O|L= O ZAH|O|L=k2| HZE e FEIt Qi [t SEHES PlotiM= OIS MM AR
Zslok= O[0|X|e| M22 4-&0] Qs 0] £E2 ZH|0|Het HZE B=9| DBL S&XL
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