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Ha ek dEE, 20219 vl= EUE AS7Hstt 8% 4rls 228 F4(Global
Arrangement on Sustainable Steel and Aluminum) @42 7RAlotd, 229 3304

FEshE WA BB AlRtsh A EEAskE X Aok FHI 22 S 94 Folth

21) tistel= Mage|m “2050 BtASE”, 2021.11.8.; IPCC, Climate Change 2021. The Physical Science Basis,
WMO & UNEP

22) 43& (2021), MA=2; European Commission, Keynote speech by President von der Leyen at the World
Economic Forum, 16 September 2020; The Biden Plan for a Clean Energy Revolution and Environment
Justice, available at https://joebiden.com/climate-plan; USTR press release, “Remarks from Ambassador
Katherine Tai on Trade Policy, the Environment and Climate Change”, 04/15/2021; W. Nordhaus, “Climate
Clubs: Overcoming Free-riding in International Climate Policy”, American Economic Review 2015, 105(4)
& “The Climate Club: How to Fix a Failing Global Effort”, Foreign Affairs 99(3), May/June 2020.
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ofal F/NE AR (A
T35t S 5 2 ﬁo%]aﬁ Ho}élgi ABArE ié7c}°ﬂ oA = #?J%’\ﬂ% st 25
A FA 2 =G 7]
(IPEF) 8ol %= 374 ﬂ(PlHar 3: Clean Economy)ﬂ Z35}

25E B4 A% Ul FEREe 2 o | x| otk Mgl QAR AVIA S E
A Sl A&7 Fs o, 2A7EA AA SV, F A Ak QIAIE B SO tigt
£ =95t Qith.29

rl:l

7|1 9&E Aol A, ESG &5l et £A7F 5716kl ARl 71A] oF BA 4= SAlel
F7-8he A1%7Fsd(sustainability)o] FE=EIL 3t} ESG= 73 (E), AFRI(S), A¥i+-2(G)
9] okxjolH, ESG A Golet 222 uekst AH|R} dex} X QAL S o|sfuAA}F W] 2A1e
HX 07 k= 7|9 H IV R AFAA gt ARl A 713 e oAl Lok Aot
ol2} T, 20064 FEoA AAFEZLZ (Principles for Responsible Investment)o] &
gt olgf 719 9] ESG &l thgt FAtet= g el F/4611a 20099 = HlAa5Ho] HA=
A2l AgstAA Syt th71Yd A== ESG 7 B o] SHitE= FAofl At MSCI
ZAbol| W= dHY YL A7 S 95%= ESG FAol| Al

HZ Foto] ESG FAF 20254d0f] 53% Eo] o]& A& HYsH3iT:.25)

Hojl A, Z=9] 1, 34 7]o] 8t= 1L ik, vl=r2 2021.12¢E H++2
(UFLPA)ES HRA|A F= A% AR FLof| A AYAtE|o] A s AF7T FH =
, Z2YAEE, dF0E AE 5 U Agtetal 9lct.20 8 F8 7 7Y

Toto] AlE G A8 A AR TP of A BEAYSR= Q1E Bo9] YA s

ZAE Fole =2 Awglsta 9lom, 2022.2€9 EU AHHolA 71 A&7FsA4]
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23) The White House, “FACT SHEET: The United States and European Union To Negotiate World's First
Carbon-Based Sectoral Arrangement on Steel and Aluminum Trade”, October 31, 2021; The New York
Times, “U.S. Proposes Green Steel Club That Would Levy Tariffs On Outliers: A concept paper sent to the
European Union suggests a new trade approach to tax metal made with higher carbon emissions in countries
like China”, December 7, 2022

Ministerial Statement for Pillar 3 of the Indo—Pacific Economic Framework for Prosperity, September 9, 2022;
Benson, E. (2022), “The Indo-Pacific Economy Framework for Prosperity: Recommendations for Delivering
a Decarbonization Agenda”, CSIS

25) Y& Ustel- RSt 2(Q1H (2022), 7/ ESG &S Sl £ MYFE AHSf AIAE 2172 KIET HTEEIN 2022-15;
Bloomberg Intelligence (2021), “ESG Assets May Hit $53 Trillion a Third of Global AUM”, February 23, 2021
Uyghur Forced Labor Prevention Act; A E X|H0A 2 = MAE SE0)| Hoii= ZH S0 HREACHE
82X =X (rebuttable presumption)0| WMSHH, siZ 7|¥0| IEX| LSS QIS6H0f ST} 2023.3L SHXYIIK| &
3, 237719 £UMH0| 0= ZZ0M ARED 1 F 42712 =Y AREHUL.

24
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AAFR(EU Corporate Sustainability Due Diligence Direction)S 235 tt. oo wht,
A8l e ti71 =0l @Al ESG A3 &2t AARE 86t= A7 &L 1A,
A Aato] wpap AR A7t FEE e Q170 7|HE9] o] =T}.2)

4. 88 F o= |4

AR} FEoh= AFQAA(industrial policy) ©] A&
214 M|AS}E Al7]0ll= 5] 740l A etstal 3%
& oAF O, 2000t SHHE 5 Ao A A7 11:% qgetst7] /\]7—‘}6}1 ==
T8H7] olFoll= Zh=o] A2y A Y F8782 A4 A

Az, JAHYAET 4.0 59 AHAFAS 57—%5}3}9&5}-28) E35] 229 A} ERlE= FR Y
A=4 Md= Aot v tgAg 19 o5
SFY BRI A} 52 FETT A S /5
o] 11 I7tof H3to] BieRE A Aokl 75 XY A A5 ok =42 Y= 873tk
o] A AFFA M} A ol F= =97 HQ1aL, Zh-& T 3 A (how)oll 282 W50

QJt}.29)

A= Y A2 Y FAE A5 AFAA o] 2| Fot. vl=2 @470y 358 A Be
5] QIFo| FEF 5to] A=) A £ 7]& 94 AHAE FE o= gioly FHS
7oA w11 ek, 2= A7 5ke] BA| A Fero] 7129 BAAAE ol A Mo g S
Aol2tal & 4= Ir}.30) tf Q] ko] Qloj A= o] gt =] 9] A 0= osfshH, ATl
=9 Ve ?l—”i E5Z 1S oEN 22 EAAA 88442 AAI5HEA Hl=9

S AT & S HEstH = A FHoka ok A =E, JAEF ol = (Inflation
Reduction Act)2] ﬁo—?—, Hlo| = tf 53 9] ‘u]=2] A7 (Build Back Better)” 5-2Fof| A &41ts}

_|>~
_O\L
g,
)
=)
i
@s]
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Z"_',
o

27) Y49 (2022), ‘EU 272 32U ESG AT &5 2 A", KIET AALH; HHEHNES|oA HERNS, "SS5
ESG 3=Y A" (26l ESG 32, 2023.2.6

28) D. Rodrik (2009), “Industrial Policy: Don’t Ask Why, Ask How”, Middle East Development Journal1:1; J.
Stiglitz (2017), “Industrial Policy, Learning, and Development”, in J. Page and F. Tarp eds., The Practice of
Industrial Policy: Government-Business Coordination in Africa and East Asia, Oxford University Press; A.
Andreoni and H. Chang (2019), “The Political Economy of Industrial Policy: Structural Interdependencies,
Policy Alignment and Conflict Management”, Structural Change and Economic Dynamics \ol.48

29) AN (2022), “MATMO| B, ZAf- I2ALS/0175] 2 Ol B2 Vol.02

30) Aggarwal, V. and Reddie, A. (2020), “New Economic Statecraft: Industrial Policy in an Era of Strategic
Competition”, Issues & Studies 56:2
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of of[u1x] Qb 6l 7] F3ish T8-S 91k Qlare} FALE W4 802 T o)) 43 Y714

=
FA TS T3stal SR E FEoket A SAEHE FaL o8z AY|R; ) A

Aol A Hizo] o= 7] ol &SRt APEA A= 79JA] et 3D EURE I 4RI A S,
SaFHAEH B AHIAAE S Ys o 28 71ed Jo] 9a st e A 31 714

AR A o] A of “HtA| Z(advanced manufacturing) 7} At} U= S8917] o| &
= Ax ARG A FHO SRS 1AL ATA| R o|YME| BE FXIs|gtt
20119 “HAA 2 FEUAH(AMP)' & 2 3sto] A 29] 43 A4, 7P7}X] g, LA

5= WA 20149 Pl A2 F A 43 HHRAMI Act) 33)& S ZLL, A|2F
F713E AR v AR EE F5510] BE=A|, 44, Oﬂﬁx] -8, 9A
g, Hlo] @ 5 7|&T4IE A Yetal Qlth34) S AR A ok HHE 20159 FEAR
2025'& I3sto] 10t HHAI £ Zofo] tigt A €& FHist, AlxdY HAE 7e=
A3t QY S AR AA5FE 2016W00="13.5 AFFH A4 2 -2 of| A
HRg A2 9 AEAE AR Y HAE F6tl L, 20209 '14.5 A 454N WA
g o M= odfl 717HAEA T 671wl A=A, HAE A 70 S44Ed S HASEIE ol
o] =9 A2 AL A 4= FHUEE FYoto] AAE dfistar /I35 £-2 A7
T 7137 8-S Al 243} 7eSt o 571 Qg ASct A ‘=7 A= |44
QF(22.10)= ~Hotqlth. A - ul - tH el TRV Q5= w77 |eS A5t
I, A9 HF5T 5070 AR 71674 =&t 124 577 el 3RS, de
Hpo] @ HFL A -t A& 0], o|AHA 2, ATEZ-A xR, FAL Ato]H ELE, ZpAH 541
SFFE- MY, A AxE, e 2l E 5ol ZEE A

N,
N

¢

3, el A9 S A0 AFAS(AY o] WO YUk AR A A S
7 £ BiE2 Aolshe 2202 PHAE e BAU, Al LEstE deiEe
2, 9 4, Aelo] 42, FHE HAH, 2EFo 5o S8 1 k. HAE o H BAIS

31) Krugman, P., “Why America Is Getting Tough on Trade”, The New York Times, 12 Dec 2022

32) European Commission, “Net-Zero Industry Act: Making the EU the home of clean technologies
manufacturing and green jobs”, 16 March 2023; “Critical Raw Materials: ensuring secure and sustainable
supply chains for EU's green and digital future”, 16 March 2023

33) The Revitalize American Manufacturing and Innovation Act of 2014

34) Manufacturing USA homepage, www.manufacturingusa.com

35) /¥4 2[(2021), =2 CIXIH T M2fut AAE: 5G HIEYT #51t O|0|E| ZH 842 SHOZ, KIEP ATELIAN
21-12
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oM B T, 25 AH2AI0] Ul A5, Hlo]8 14, x5 Sl Al 714 B85t
olek. FHE s 45 AU ekt H2719) FROR Al 55 191702 Eorle

Foka glek. B8] £25A B, AAAA 24214 7| olA] 43
]

7|MA AA AV = Eistal, g5, "z, fj3lHo] 5 Al E3F
O

£ A19J0] 4 @k o] 24 T 9tk 203048714 @A) Al ZE 71900] 1% 55l
2E 30% S0 Shfala, Z2 A1 Al TE71Y 100742 S45l] BEAI0) AR S
Atk AL BEE Gt

ARG gt AR e ol d o] AAl 8ol e, s AT
7Fgastal Sy A7l eol A AFIECl 3 vIRIAL Qo] Ae] Al AT 22
192 QIRt =7 B2 AR 92 7IAIdES] dis= & 7312 22 v Aok, 4
SHeteE thislehs SAIE AA FAT 20 E 7okl F50] Bkl A 47t

ZolXth BU] 41914 Aol $H5] B 2ot ok 49147 Sof wet 7|44
BF 2T, 58 2, 33 et 20 Ui, Yol AR 22 A4 3 HelS
S Astel 92 7| AAlo] st EATHAI AR nleh e s B sk, Qb
A A7 N, 240 B, Q12 O, AR 5 719 Aere F2 T
AESHAA, of 7|04 Bk AN Ho] 3 2EAQ wAoNA 71&74 Alth HebH AH-&4
ohuoh nje) AR FEo) 2HL Wio], FF ZW /1A eA Y 2L oD - 12
3714 38, 50 Z90| At 71 A7 BESHe ALVISE 4834 B, B39 et
Zuio]A 7|9 2 UAE Hold Adn AYAA 75 71AA0] Fojrlof 3 WAl
AR 2 A48 Bkt

36) 22 9(2021), 0|5 7|81 ZM} 22]0| (SH2E: YA QZXSS FAOR, KIET AP MM 202113
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1. 7| A1t SEfA 2 R CIXIE -T2 &i]s 2
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E=SAGG) 716 dAA 0] 5o AlF Au|2]

She el BRI, oS B 2] FA o] H|2YARd g FYEHEA 714

AT ICTANE O] 97F oA 2L, g9 232 Aok 7| AR 2. = RlolEo]aL §)

R B4 P B HeE S0 B4k HAE - O’ Az g4lo] oIt 71E

A2EH 2 RS AA S SAIBIA U vlole HAE 7es B8t @& Ee
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37) Bartekova, E. and Borkey, P. (2022), “Digitalisation for the transition to a resource efficient and circular
economy”, OECD Environment Working Paper No.192; McKinsey (2022), “Transforming advanced
manufacturing through Industry 4.0”, June 2022; WEF (2018), “Driving the Sustainability of Production
Systems with Fourth Industrial Revoloution Innovation”, in collaboration with Accenture
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MaststeA “He 54, iE, Qe 48 gAEsstal 4o YEAste 347 0lzh
AL, 42D 7eS 28010 7|E A2 Q] Al E S5t 2 A8EE
&3t e AH2ER 4.0 H2Fe] di4fo] k. - oA o & FRskele I7g ol
9 a5 e VA= tAIShs At ARsoek A4 A2 (ERD) & T8 71Y Ha
of AFsterEY, g2t k] sl
AtolH-E 2] AIA”I(CPS) F-@lle IA| SulAle 'l = ld. $78eleks 3D 33U
AT LEAEEH, BAkE, Bitl4 58 HAESSHL AR YIEAT(GAES, A
g, D) A2 2= 71A7L olsista s = U= w1 iRttt TRt AlA et
AHFEHHDM)S 2 AT YA 4G 9o HLHSFE =%, [oT-HAF HAEE
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of FoE 87LA &S S T
A&t 4PA R 2351,
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38) Chakrabarti, G. (2021), “The autonomous plant: Entering a new digital era”, McKinsey & Company; Zuhlke,
D. (2010), “SmartFactory-Towards a factory-of-things”, Annual Reviews in Control 34(1); El&3| (2022),
ADLE ME2|: 02 M= A, 3EHAL

39) MYRAE, “[LEOMO] 1TH] MTt7|= TIHX|, &0 Bt H| MoV |X|IE S0CHLY, 2018.5.31; SHERE, “[H5
HIZ Q] QIZATEL A|CH K| GLE .. AMM ADIEZAOR ‘O|2HFH|”, 2022.8.1.; SHARHY, “ArMFMA} 2OIZ AL Q] AXl0f|

B2RF 557, 2022.8.2
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2]

(physics model)Q] EAolct. &) B9 Shso] A st 5 g3 50| o
o}, ddixt= 3D FIHE D)ol EAoh= ARt} L BAE Q] A5 A8-S S4otal 24T
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5, F4A 1, JAEEY 5 3aFE@FAQD 7R H| 2 ARG S A& X 0 2 1 SEgt
59) BIET(2022), ‘B85 SEE S MENA LMDt HHX A, DT quarterly, St=MA7 X583, 248G - LA
(2022), “EU HiH2| 6{ECZ MM 0|2 £ SHE0| WQM”, Trade Focus
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The Challenges and Al Transformation (AIX) of
Machinery Industry in the Age of Technological
Competition

Ho cheol Kim, Mun—Gu Park, Changsup Shim

- Abstract -

The machinery industry, which serves as the foundation of our industrial sector, is currently facing
global technological competition, demands for digital transformation and carbon neutrality, as well
as challenges and changes in supply chain restructuring. In order to survive in this era of techno-
logical competition, it is necessary to secure digital and green technologies, implement Al-based
autonomous factories, and utilize and enhance supply chain restructuring. Advanced machinery
and manufacturing robots will become key elements in establishing autonomous factories through
the integration of intelligent technologies, which will dramatically enhance the competitiveness
of our main industries such as semiconductors and automobiles. As a national strategy to achieve
this, this document proposes the pursuit of “Advanced Manufacturing Al Transformation (AIX)”
as a goal, which includes bridging the gap in advanced manufacturing technologies, internalizing
intelligent innovation, establishing a supply chain data platform, and promoting global expansion
of advanced manufacturing. The Korean advanced manufacturing system led by digital and green
technological innovation will become a source of competitiveness in the era of technological com-
petition and generate growth momentum for the national economy.

Digital Transformation, Carbon Neutrality, Advanced Manufacturing, Intelligent

Keywords g hots, Al transformation (AIX)
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2023. 1. 9. AM), AAIAIZ o2 & wf 38 B4kt 5 F=to] o]o] AlA| 29]o]tt. A2 Y HFol
E2 Aof| Hls A2 AR Yo Irha B = 013%} vt A2 Y2 20189 AlA

Az A A4(CIP) &8 23 AAA 15270= oA 5L, =l olo] 3912 UEr7|

wolth. Al24 9] olet T2 42 FEluE7E 20209 =y FAI171E DA A A
7P ] 5ok o] 2384Q1 9T S5t A & tiudSo] 22 AnjAY] 9529] 4l
FZ2E 7 AR 72 F 299 thE 71304 9] o o]l 5] =S = W, A2
Aol Ut AAl= Hol7t At o g Aotd Aot

2197} 7HAL BAIf7 1= S A L AxATd ol *%%3*3 EV\] S A7 ¢

AteEl & = Qe S =2 A

747‘4 e }Lu vh e HeIAE 24

O{N

[>
>
e
o
<>IN
fllo
k)
ri
re
1o
o,
™,
m
_\:
;g
=

rlr
5
U
A,
_VE

E Qo) A= A 2AM] 7RHo A = 7] AARE (Machinery Industry)d] £-8/J(Efficiency)
7} RYALA Z=0](Productivity Trend)S #-A A+ O &2 A1 A} e}, 7| AAMGY-S -8yt Al &

GA H SARE =9] Rt 7P7to] ARkl Qlon, miE(Esh Al oA T HA| A=Y 2
1/3 o1& AAISHL Qlo] f-=utet Al o] oAt 27k o] R4l Tkl & = QUTHRH 7]
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231 = Ao| viE Az xFEA(Data Envelopment Analysis, ©|5F DEA)XE g o[t}
7= DEAR @2 53 2016-20209 2] 5711 77hs thf o= FHd] 8842 w415
AR E3F, DEAR E o] Zh= AH A (Static) THAIE 55171 13 HALE BAHIA]
(Malmquist Productivity Index: ©]s} MPD)®&-& Sl 571 717t 47 A| & of| st AYAt
H5lo] S0l 5 HAISEILAL JiTt. o] A7 7| AL ] A a-a o] Hish AlAEA o2 S
= A GA & ALY AEZAR] 24 T 4 T
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ERLE

o&

-3 Ad A7) QoH(E e YA 221 (http://www.britannica.co.kr)).

SEuEtol A 71 At S Al oz st P g2 7 AT AN, W ES
ok o= At 19679 A 51 AlRzoA = 7 AT A= 7174171%1(%}&'&% E@J’})
FEES AR TS X3, 2Hdh= S92 F 5t &
7IAE Rl L3k 5771 S57 1A A1 STt ol=%t
o AEA A S A He AR w7 ] of ke Be 2l

7IAR MAE Aoz Pt Foll AulE Foig ‘OE'%,—“&‘E%WW oje} Z2

A olof| Q]ztslo] =9]& A 7)5}7| & S}

e r°l'
_E
_lZ
rlo
2
ins
e,
2,
2

=

N AZTAXGH ol Yol AHE =71 ALAXZE(KOAMI, Korea Association of
Machinery Industry)+ SF=EFAFAE5(Korea Standard of Industry Classification,
KSIOE 7122 7| A S 5t dF 28 E5oto] Bl SAE 2Hdskal )it o714 Eok=
St ASZ a5A1E, LR71A, A7171A|, D714, 571415 Sfnletet. KSIC 102 71 8=
"Gt At FSEoll o ol S5A1E = 971 AF, LRt ACl= 187 AF, A7171 A=
O AE, FL71A = 570 D&, 571 Alol= 1571 FFol 242 2ot 2 A9 FA
B9 TALYG" HAE A9 2 AR ROl WEIA; $i)

_4—4

ofef (17 1) KSICol &gt 2Lkt 71 A9 Sef P olo] &3k AR W)
2 vk Zoltt.

[22 1] RE|Lt2E 7| A At e

ZlAA
ISC 9%t 7 71&)

* XtZ: Invest Korea EH|0|X|(https://www.investkorea.org/ik—kr/cntnts/i-121/web.do)
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T= AH = SAA} = =51 FQ 4| BIIR|
MNE 984 25,083 5,950,035 3,226,354 2,774,619
Bt 2,044 63,901 20,806,401 13,203,112 7,775,751
CH+* 1,769 56,825 16,951,509 10,542,904 6,310,983
oI 2,412 81,758 26,445,295 16,730,390 9,828,718
35 733 38,522 26,100,523 18,627,844 7,395,849
Ch 415 18,465 6,525,914 4,023,646 2,501,779
2 1,161 110,597 67,561,408 49,432,240 17,997,613
ME 97 4,810 2,173,716 1,418,634 780,040
A7 11,031 376,415| 135,909,783 85,700,605 50,421,109
4 269 11,842 3,774,590 2,303,157 1,478,665
== 1,101 65,799 37,631,201 26,691,305 10,899,350
=t 2,071 110,615 56,992,208 37,362,343 19,886,771
N 680 31,695 12,191,650 8,447,750 3,726,362
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A 32,196 1,333,603| 554,254,089| 367,313,818| 187,213,951
* Xtz 27HEAZ S (https://kosis.kr/index/index.do)
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9J¥iQlo] B, FAA S 4§IEA, YN D DLEA, 4, BFEFA
AL, 7 EHEATA, THE ARIA R E W A 5 T Zotole ALAloN A
AR A U AN R AR ABS) Fo1E Sluished], 498 7149 &5t
2 AE sl 0e 2AHT A E A4 2448 ARt of 519, Aad, Fe
BAILEE B2 BAAOIA F8 SIS Asto] AEHA,
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Aode 2w A7IEE AR 2, FA 4, E810, F A, RIS BE 2|20
A FEAS) 1912 UeRdh B8, AW AR 4, B4 S, E3tol, Fa4)m], 271
Sofl gloiA] 55.9] 2912 AAE AT A S0l QA ABo] 3, 4912 Yektont,
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2 Atk AL AR Ao ol SHrt. AR} lHo] SAFRE ol QlolA] FTH4te)
52 ol A0z Ukt Zstolol A 24to] 39)2 Uehtor], 34, 54, 4%
T HIZ olgith ARG AE S4to] 3990 H, 1 FIE 34, F5, A% 50| o
BPER AelA Bl 3910] Sebylon, S4to] 4912 ekt A3 Sio] 158
o]9ie.

@ 1>°ﬂ R /ARKE) B i) & A Felietel A0
P olet. B, AV E] AR A B, FE 5 EHY,

o
E’é‘
B, =4t 75“%% FEH 5o AFEIMIACZA 7|ALIGS Bl A &S] Fefskal Atk

2. BMUHE: X RZEM(DEA)L BHAE YL X]|5(MPI)

A 13 HEQ} Zo] B AT 2016-20209 9] 571ES iAo 2 Qajua) 7] A1ArY] 9

FYA- = G843 B4t ol AS AFEH O 5t 9lom, 84 BAVHeR
Z A

+ DEARFZ A&l 11A} g}, whebs], DEAR G O] 543 -84, 34| 5ol Tl

®
~

DEARHS 284 WA H(Frontien B 7144 247 54 G240 AdS Aot
3 Farrell(1957)°14 1 952 3ol 4= Qlid], &2 27 Eolo] 9lojA DEARFL 713
A E471¥.0 % T8 9k D DEAR RS T4 Aol Al a4 71
A3t We X grom, EL gro] Hol EAH /P4 W] of2e BAGNHE Fe glo

i ofy 2t ) AA7E 2 Hpit 7S A (Weight) & AHe 2= A
o, 7FSA AR TGN A7ARe] FHE wiAE o= oH, a2l QJAf

0,

o

» HE
o

a=)

(o]

o

o, ok

U NI )
N 0

=)

1) EBSCO MHIAE Solf SLH2| DEA 8 St&=E AM 5 ZAst
e =5 A7H2021~2022E MO[0Il= 4,000HS ¢f2lok= 222
ZH1 9l =X QMO| XA E T UYSS LIEH= 2O 2 0|5 =ICt,

L o=

21}, 2017~2018 A0] 2,500 Li2|0[H DEA
LEHEEL, Ol 224 S EE0I01A DEAZO0]

44 _ SRR



=E] 2|LEL 7IAMY S A =Y G0t dikg 0|

(Decision Making Unit: ©]5F DMU)YEZ stodg 1E°] &&8%4 %1 DMU7} 2 = JAIE #lA]
7] (Bench Marking) 35 AAsF= EX 0 2 23] 884 /AR &0 14

49l stolEetelg AFoFE Fol ek

IN
2
Hd
oflt

= o ot HHS
U717t ol Fth= Aot Ejt, A == o] whet S4 2ol HAF ASHA e
A2 DEAR B9 AlZ| A& v|isk= A7 571 = 2ttt DEAR B o] it Bl o 2 A2
= 3HE4 T E|o](Stochastic Frontier Analysis) 2@ A= v A&7 FH A5 4
2l 5= Qli= WHH, DEAR @oA = FHLAMA| Bl A& & 1H5517] gjZof|, H|a&o| It
FA == EAA 9A] DEALE0] 2= AR & &= it}

DEAR 0] Zk= o7 @Al = E:F'O]'—L— DEARG 24 H 7 o] opufzt theket

DEARFL 217 260 24838 B8] 584 W48 AEshrt], 1 3 A 83k DMU
[e)

I HWH X*x}— ag4
DMUE©°] 0|33t ¥ A 0 2 BE HojA Q&= A& FLoto]

Hl2 CCREYo|tt, CCREE2 -E’-EE—,—Oﬂ 3] H Etﬁ-'ﬁ’-E/\ 01(Constant Returns to Scale:
ol5t CRSYS 7143t Qe ol 2 3 19919] 27171 4 1h919] 2718 7hA rhe
A2 SJuFHck. of) 4] (1) DEA-CCR B3| 22412 Liehdl Zolth,

m

4/\@(%_9*823 fgzs ................................................................ 2(1)

r=1

s\ 45



71771284 | M2 M15(2023)

AF2Z g = Py, — st (= 1,2,,5)

j*l

Zm« —s; =000 =1,2,-,m)

A =0 (G=1,2,--,n)
st =0 (r=1,2,-,s)
s; >0 (i=1,2,--,m)
6 : Al k=

DEARBO| e n g2 3 FHjof wet HE3, %4"53, ry To= FREA ASE
Ao F2 E8E= Aol v 28 (Envelopment Model)o|t}.
AADY WES AAHCE AT EH 0= BE/dZ 745 {18 87 A k2]

£ 584 284 vjE A AEE Uele AZESsol, s 9 s, & A8 AL Y
40 242 S5 J@‘%l—*r%, A= HEEA AT FY4tE 2 4] titt B84
A ES 9 715X & 212 el E3, 2, &= JAMEATY k9 84S, v, = JAFE
ATho] 7} AKSE AR Q A TA S, 1, AEATLY k7T AT EQIQ 4 0] RS s
A2Q A0 55, 181 me EYRA9 $5 o]t}

_H
i
)
-y
i
o
%9,
rir

|
JY&
09_,

A AT HReE o] CCREH 2 CRSFHIE 7HIsto] £YF7tol gt A= 5717t
DG AL g 7HSHAITE, AA A oM = B US7IF AES7PE ER PSS ol = BTt
Y @2 Suto] gitt. Banker, Charnes, & Cooper(1984)= 5 H=of 33l CRSQ] 714

&= A%E 12sto] BCCREE Ajtelgint. BCCR B2 DMUY &3+ 27t

| = Y= 1 sto] HAL A1 ZHo|| H|B-g&o] A st T 7eZ Rl SH

o] m&Zolzid &2l A0 & Wst= Aol FAY 5 AUtk W kgt S 2

Hapo] Iof) 9 1999 714 1998 o ZAY 34 S716t= BS54 8= A2
2 7FHF R 49](Variable Returns to Scale: ©]3} VRS)C. 2% &=t}

HU

r

CCRE P BCCH P2 EHFE Qo] APAF Ao 5/ (Convexity)d] AFRAES
Fagt Ao ApolE Hol=H|, ol= 75219 &o| 10]2k= eju|o|tt. ofzfet Aok o] Rtz
Ol3] BCCER 2 &5 7]€% a8/ (Pure Technical Efficiency: PTE)THE 9Ju|sh=HHd,
CCREEL2 7]&2% 884 (Technical Efficiency: TE)Z} % &-84J(Scale Efficiency: SE)
= et %?4]751 8E4S ou]sitt. CCREE I BCCEE 9 o] gt A S 44| 5}l o}
212+ 2t

46 F=7|H o



A(2)o14 Hi= Hie} o] CCREE/JATE BCCASHTE A ¥ 7152 a&4
= 72 5 A H=t, ol AR 2R Y 7eF] ag&/do] 27 57] fiZoltt. o]t

FRI BRYL 100%] THFFS F27k AL O ofaf 4 ek

£ 1 Q= A7 2], /485(2008) 5 YF AT ARES ol A" PRt HlolE &
A |07} 7Rsst E o 72 Eol2d]7] Yol HA] AF A& (Fuzzy Linear Programming)<

i AL o= Hekske 32 A A8

811 7(2015)0] 2J5hH T2 DEAR B-S B3tAls AL o 2 53 493
WA S BAY 5 M A 2AR, A7 1A gk A4kl whEA] 274
9 a3 Holuh, A7t BEAIRE A9 47t HA] g AHESHe 3o WA Al

thH o g Holth,

P

o
oF i
1o rif
NN
S~
il

o

it
0

3]

o
rr
N

|

A]

ut
o
i

e
W,
)
T =
i ol
6 S
= K
kot ﬁ;
(o]
N 'l)‘
) ﬁlllg
(0]
2 N
oA
ot
o rr
w
4 H
1
_% flo
M [
%
o=
> o
2
58
_]Ol
m‘E o
o ot
’-ﬂ-i 1o >
B i
rL ol
B o
oo &

B
o
s

o2 WA i EEdoF @ B a4gdo] I aiAolst & = A

B4l DMU 719] S-4a9 47481 #-Asto] A g2 A+FE0] o|F0]
Anderson & Petersen(1993)2 % 8-&/J(Super-Efficiency) &
it g2 AAJet ot CCREFO|H BCCE S Bl E&4Q Ao 2 Yehd DM
d AeeHtEA] 1 ol o2 SAEY] g, o] A% 1 oo A
& Atk Aol 28874 H32 CCREFS 7IHe g 28842 34T Holle F471
o|u 4k=7]E0] TA|Glo] SiE 7 &= UAIRE BCCR B 7|9t = T wjofl=
of Wt 2884 F59 & FoHA| Eohs A9 IARITH e85 25 &, 2010). ol
et A4S 2 CCREY WhE 28874 Hhe 4HEs)

2,
<
. |0
%,—‘1

¢

oflt

o

o

s

i

4o

e,

c o
10
Il

n
fr
B
fol
o
o
>
4>
|t
-
U N 1o o

r_l
A7l
I
()

El
)
T

sR7|Mein 47



71771284 | M2 M15(2023)

Malmquist(1953)°] 2]l A2 &2 At MPIEE -2 Cave, Christensen, & Diewert
(1992)°] ofsf & m o] A9} 22 FEi = LAt MPIRF 2] A 2]k DEAR GO A
Uot= 714 a&442 4o sfg=HE=R 4312 o= MPIRE-2 DEARGE S AR SHAA
A 74 HJ‘QEO]E} S 4= At ofFof| A= MPIE @ 2] 2] 4] 0] & E = IS IHd]
A H 7| &2 St

ofel 4] (3)& Ak o] B E g0l EATHE 492 A} HehgAETE Hol
Uk Aol

il

o714 A(t)E AZHe] #sto] w2 PAksta=9] o]l 7|&HShE ety Aot 4](3)%
-2 2}olE g 5}7] 9af AFREl= A o] Shepherd(1970)9] A& EHelH], 0] & Ed A=X
g HAHANA ol sAZIA =W, t7]9] AEA T (Output distance function)

D, ("' )= oFdll Al(4)e} Zo] vrehd 4= it

D(f(xf f) Min {9 (t,yt/Q)ESt} ......................................................... }4(4)

21(4)9] $'= 1719 BE F-AFE0] #0 2 A AA s EH(Production Possibility Set)
ojgtal iy,

S+H, Cave, Christensen, & Diewert(1992)7} 2]t ¢ 7] Q] A=A WHAE AL
Ag (M)} t+ 1719 AEA G GHAAE LA A5 (M7 1) ofef 2(5)9F o] verd
& 9lom, 7 A 9] A |&stoll A g4 Wt w2 A4 HSkE vepd

48 =AM



D;(Z’t+1,yt+l)

b 0 ittt eee e et et et et et e aetae et et e eaaaaaanns Al
e D) o)

[

Dt+1($t+17yt+l)

o

t+1_
M, - Dt+1(mt yt)
0 )

Fire, Grosskopf, Norris, & Zhang(1994)2 Cave, Christensen, & Diewert(1992)7}
Aot T AE YA A5 7|51 wtoto] ol 4l(6)3 o] AEA S WHAE AR
(MPTT)E =&319

bt = {Mt‘MtJrl]l/Z
Dt(l’t+l yi+l) DtJrl(xt‘Fl yt+l)
l D' y") D!t y')

1/2

&3St Fire, Grosskopf, Norris, & Zhang(1994)2 ot 41(7)T} o] WHAE AR 4=
£ a8/ Wse} 7|este Eeshith

1/2

t+1/ t+1 t+1 t t+1 t+1 t t
a2 Do 'y ) l Dy« hy' ) D)
[

Dt((ﬂt,yt) D5+1((Et+l,yt+l> D5+1(.’Et,yt)

o

ae4 Wsks FA8AE(Catch-up Potential}g RHgsta, 7|&Hsh= JATA
(Innovation Potential)Z §tg st Ect. 843 &4, 71e¥she 25 12 34

A7) 2 GFS vepd 5= Qi o= A% 8843 7|wo] BF ElEE Aeets, S
AAl= 7V o 9loH, 71e} 3AAHIo] ElHEE, B84

olt.

MPIE B2 DEA E 2] Fef & &£/ Foldo] e 4 BAd BIgE oot 4= QA of=
AR 02 ol -2 A-FAE Qo) v FH AT G| A H-BE o Yot T
MPIEE-L Pasto & Lovell(2005) S0] X5} vle} ZHo] &3l

S
7|4 ERI.2) & 3717 o) i3S Wl Shs B Al A 24

[okiW)
59
rlr
O%E
o
o
4
39,
)
I
1
o

A

2L

AZ(Circular test) S HHEA]

[e)
o] ¥rA3Ith= Al o[t} Pasto

Q.

jai)

2) 01 OIS S0 251 20052 E 2009 E7HX| =AE X2 24t 200515 E] 2009 7HX| TR X|<= 2 ALO[of] Xt0[7}
LAIhE N2 HFAE MY K= M2 TE A di7 s ZHEIN & SHE MEIoH0F 5t= 2HIE 7Iot8d S
=olf aiiZot7| W=oll, Ol2iet ey HE5S S501/| HFELA B A0

s 49



71771284 | M2 M15(2023)

”
—~
)
©)
o
(=
=
=
3
Q
=3
4
)
—
o
[N
c
@]
=
<
=
~

and Lovell(2005)°] A3t 2 H WHAE LA Z]
Index)= 4 A8 S8/ HSIR) 7| HIHAAPH F 1 = 2 AJARHT Ato]o] A 2jH|
£)9] Fo 2 YePH o2 X, 7|5PE & F-o1A] ote R|4=0] P AdE F- XS 4= A Hrt.

op
o
D
oy,
=2
iy
\)
o
S
—
N
rlo
j
sy
o
3

] s 1070 A4t e ddee F_aee

AR, QJZHEHI %‘—%ﬂ% —’F%, AEEEe MEdE A7EstaA DEARYS 53l 1996-

19994 713t &<t A ma4dS A4S 42, IMF o] & Al 241 9] 49884
_C_)‘ =]

o] =7 ek A4

FA - ol F(2004)2 AR & 947N 7IARZ LA S AE 2] 20028 B84 £

Aol DEARL P} Tobit7| & 2851 FURMTREE SARELS **PXP B7IAE AE
7HE, AR E HEdn PR g Agsith. 2425, 71AF H* A A

B 7 uehkou, EQD 9 €4 AU ok Ao u}a}ﬁu}.

5]3¢<:(2005)2 -2 vt HHEA-E 7 ALY S T4
AT 20048 9] 71424 8842 Cobb-Douglas BAREEE 5
7HX A S AR, AFAAE N FAY H(esFU)E APHF-E Aokt 49483
oo
AT =

W71 T LR7IAEG S S84 0] A FAE

lo

=2 1994-20034 7|7+ Q443
E5] 2A51g=g|, ARAES}

He173(2008)2 QAEAE A7, 7HE BAIA, ARIIA, B4R 714 5 4 4l
1991-20057) ulA] Hlo|el S g0 2 BB FAYHTSE K85
4 37129 71018912 Tetst A Sy, ARe AR HURFD

BB 52, ANFS AP NS AT SH A%, QA G 7 AAE

50 sE7AIeTd



ol el PAH(2013)E WA HES G RELANIL 127] 5] chstel B4
A 5% A £5 FYRLE, YA A
1993-2009971419] e Sk BAS St A AT, A1% F&o] 71 AR

2
4Ql Aow Uehon], Qe AREe] B84 Walvh M A9kE Ao w ek

LABH2014)2 A A4 6570 7
DEAR G} HHAE 7| HES B 4519+,
S, AEHSEE &Y F7]e0]
A2 Y QA 71H 9] a&A4dH Tt Hrk

o] 2715 7199] 4= 4] 9 27 71%o] Ak

o155(2017)s S Uebt Eakel 1874 AZAS Y AL 5 117 AlzRgos

F-E3ko] 20002015 7I7HEH0] AL SEH ZelElo] YA S o) AN

Y, RuSRE S 5 2P o, F7H =

WRRRFohS HAShR, AENSE a0 42 Teid 2] 29 7559
o

7}
o 2425, R A2 F2olA d8 &/l M w2 Ao E UEhg e, -2uEt

2l -4+ 0]43(2018)2 714

We,
N,
)
N
F‘?:
A
N
[@)
=
ofy
e
ofx
N,
A
e
filo
i
oX

o)
U

A g
DEAR#S 2 §3lo] A7AUEAY H2HS S5, TR0 1A JFRele ors
7] 9180 Tobit 2412 Sastelct. FYMSRE AP/, AT 5 E512 9, AR
SHFGASE, ABUFELE BN HPote], AR E 7199 v EE Uglo] 7143
2] Gt 02 et 7147 Wust Basit 22S A9t

G- ATH2018)2 20104, 2015 FAAAE Fehs HRHES ZHohw, 22
717k] g ek LSk, Bub|AAY 5 i oo] L 107 Aol s Fel
%, WA, RAD BAAS EQUSE, vl odat §elo]o A2 SR Aste
ok $423, o] ZI% 59k Bt Aol St e S Bt

o159 F Y2019 737 V1A 49 FA719L thYOR B, 4, Yol 38

A BgA B B2HAE 72480114 AT, EURL2E FAY 4 AR,
2

2IAE, A4 RE I 7|0l Y, AR WlEHS AHSIAT 2018

ga7peine 5]



71771284 | M2 M15(2023)

doll tigt £447}, 7847 $224d0] %2 Underdog AH2] 71H°] £78719Y 50%=
4

SO 2 A9 me4de oFHA JAZAEADMUE A Hoz
o}, b 3] - g £(2018)= F-Eluteh WagA o] F A =

St A DEAR J 0 G AE i A+ gS 2809 2m, H2E(2014)2> DEAR®
9= A= 1671 A =2 S84} ¥ st AH-

(2017)2 DEARQ H HHALE B4 e FS 28510 A 2okl
g2 A= 1670 FHA = ¥ w5t AHH 9] B82S A AHdoA H&
DEAR G} FAXE Aibg A+ S B-E37t 497 o, A2y 242
Hohs S8 0L, 50 WA S BIAIE AH
A, & AF-ek o] 7AA e e FAAATAE a8/ AAE 24T AElle
SAIBHA fh= Aoz Hejol et 2 A9 T2 Al AA| o AT A2 Aol okl

2 4 Sle,

M

e

o

for Sk

o px

o o

ﬂ.llo r_&

I o 4

lo o MN Mo 2w

e
q,

>

1A

o

u)

o

o

il

ol

rr

o,

o

= N

_>C4 1]

@ g oo

20 g R

A of 1 o 5
B U < o N J < TR
lo M o 7

DEAR @& 53t AF0lA 7FE S8t At Hiz £ -4bs Wi, S S5 o9 A A%
5

A9/} 51 BAlo|ck, ZgHe] Aol 84 dgsho]
whe} A2 EE 384 ol 2 BATL BAESH] Rl o A2l A A& ute} et

52 siE74aTd



m

i
i)
T
u
N
=
g

Q
o
12
>
H1
UE
ol
Mo
0x
=
0z
rx
0x
Skl
o

[
i)
i
r>~

™
it
rlr
(g
=Y
el
=
O
M
p
i,
5
4
o)
N

L.
ox
_Oi‘
rr
pous
flo
8
>
=

ol
2
A
rek
"
9

L.

%

=
L3 AW He 29 1 ol Az
DEAZ# A4 9] 9842 Auixos

DEAAZ AR A] 24 M4S Tt Aepa] o 2 A5 $I3t ATelo] Y o] o]
SEARE, THES Tt Aol o} 2 Aok 1] of itk slelol At vy, BEAY
opg 5 2% 4

=2 1S Al=stgler, =
A& Tofallis(1996)5 ¥IE2= A9 - ¥ E&(2014), A=A (2015), #5-H57(2015)
5°] DEAR G| Ao Zeutdg7|HES 28k vt Qlet. o, o2 Fole &5
AL, , opAEr GAe A= ArARe] S o] YD seatoll ks ol AR M4
o] A& Bl Ao= H7| ofPrh

floflA A Hie} Zo] S| A E Algetolr] 915k e Fol| & E-E5HaL, oFA7HA|
DEAASEA oA tith A= 7|& AR oA ARSE HE4E E-85HA Y, A4S et
oJsf| 24 sh= "ol 75 ol FaL Atk & Aol Ak o9} 2 APAT 4 52 Hetst
11, Bessent & Bessent(1980)7F A A2t H=A g of] T3t UREAR]3)E 1 efsto] 2 A9
£ A= W45 AAstaAt g

O

EE | iz My A7 MEE | Mz My A
=M. 7|XH7<(2001)
x*dOl%Q%@ 2= Z21KZ(2001)
Z4(2005) Z4351-0|41%(2004)
IﬂH 0]Z(2008) LABH2014)
ETNPN S 9 O ZHH - Z2H=(2013) il =Sl 7 =32017)
=7(2017) Rt 2/(2018)
ZHH 2/(2018) G- a2k (2018)
AARY - L= AEH2018) 0|52 - Hd82H2019)
Ol5 - M™EH2019)

3) Ol= A, SN SR HEE 7|2 T1X|1 A0I0F =T, S, ZFE F0lA £
2= AO{0F 5, MM, £10| S717t =9 S7HE 7HN2 L= St 2A 7t EX5H00
ACME O Elt= 20T

MENKIC| AL HEHCZ F2E
FotH, SUM, ZZXI0f 02 4=X17}

sty 53



(2023)

s

7171283 | W22 A1

Mw 0 > >
S o R=) o
i o oo o
8ll oo ol S
=0 OO = <0 KO — KO
| °oX&& H & QR
A = ofd ol oFJ
< {0 & HO B0 Ho <0 Lo
Ko & o PURS) H>S
<F
LH <t o~ o~
T
2 sz | 3z | 52
= > < © < >
(@) — (@] — o —
S o S o o o
| & o o o o o
Bl ool | 8gco® | VoW
%0 |.AO11xo .A|._11ﬂ(/_\Ao A|._O,Ixo
% ®S83% 58354 |588%
X0 RO gl Kf- of! B ol KF T = i1 < K}~ oF)
Ho = <O o Ho | <k <0 1o J0 B0 | <= HO O LHO
dF Ho o KF HS K KO K16 © ©
<F
LH To) To) <t
od
- —
O 3 — T il
ol 0 on U e
wF = = K

o

mj

o

Njo

]

_('3’/\
=T,

by ol A58 St Sk 4

7

Tk, (I 2004 Lhehd e} Zo] ez

7igel

R s‘o‘leﬂvv
. L= |

3t

S T

2~ =
T ©

FAMEl Hl3l 71h 2] I

ol wret &

S}
o

RpRPAY, LG ZLAL, O] ARMALIEA] T

SE DR

At

2

L}, 2 AHollA

12 Pt gk Qo] 98 4 90

=
=
A2

2 Q4

Skl 2k

CRCECES

-
[e]

=7Fe A" A=

5t

ety

=7 AT

°
)

54



g

A
=
=

L=

|

=

i AR A

O

34§

—

A
ELIE

Afo] H]

S

A} 1k o

FeellA 71

ohel of Ho] B

7}7HA]

1

T

L d

|

A7+ DMU
X

S

k

1

w47} v}
2~
o}

=
=

]_

Qr
5]

]_
1 o

R84

] Lt 7|A|

°

2
SIS

i
—

[

S

Q4=

.
Bt I

297

pu—

o
-

T
kel

g4,

St
o}
0 7| HE-ES FEEr=Eol=,

R84

8 487
Az

6]:

R84

ShE I 1o, AHAE FIHA]

ol 2 v} o
(G 2)01A e vie} ol A

2017). ®

s

—

<

:
Gin
uy

IS8

L q
.

oA

A5 0 AT

TolA ekt

oV

4

o,

2Hgdol o

1=
=

=
=

F
55

A
Rl

|

(=]
=

o

A= ol
2T

ot

<]

H

Aoz Holo, & Aol M =

0} O

1o

ol gukd o & DMU9] 47 =Y
Bersteit

Aoz

St

i

AT

-

T}l EohBarros & Alves, 2003).

RN

St

o

= 7= AAs}
i DMU A7} 4

O

A
T

Gl

o
Zz A

o

SheT} 24 3 Bolo

SHIL AATH17 ) 3(2x 1)). AHA 912t

ol ¥ Aol H]

A DMU 2212} 91 -

#ise]

E

=

&
=

3] ARGl A

H}o} o]



S}
=

7k

=
T

ol 7ol

Xe)

Zolet. o|FA & wj &2 A-olA

1=}
s

=
o

= DMU 47}

o

o

AA

(2023)

2

B5E 1) o4 o
ohL & 45 9 Zolth. e, & AT ABHold 23t WaE 1R

=
=

)

A

JIH7IE8H | M23 Hi1
Solsut 4

A

T

3730

[el

L
*1:‘7:]0

kst

o] IA &

o
=

el vl

B

P oFf (& 3>}

9

WS e

oju

o

<+
0
Kir

8l
!

=]

]_

.

-

o

o

A

H
=S
T

=

AR R E A
o}
29l0] 43

15

B 2GS

202 5 X DEAR F 9] vj 70| H ofjuj 25

o

o S-eftet 71 A

o)
53

=

[e]

=
T

24 817 FZoll A 271
> I

i 57HE 470 Al ol o

1o

=
=

A7o] B g A

A+ 291 5 ofjuj it

Ao 2 DEARE S

O
=

stal, MPIZ¥S &

0= 3haL AT, A ©]

o
;__"‘

= DMU9] H]

s
%

|

o
2]
=

2016-20209] 5704 7| 7¢
WA DEAR

Jo = gt

=7[A ST

b

st} she AL =

L=

k<]

1

R

S

BT
SELR

Folg &
IHEAZRY g

56

£



1

] Lt 7 A

[ =]
[

i
=

[

uw._ TR H W T MY T SR T 2 o-
o Bl T P ogd o BN BN M- R OR WY =
R o H 0T o om ogr AR O B eﬁ%og:uau S
T L B S oo T B x
W = o go W o7 of ~ ' o= 4 ek "o om o) E R
B > SO R - L A COR ool
= g oo Moo — g 5 N eE % o To KO o R 2
Ty DWW bko e Pe  awyxTg HT
=~ o e Tl | = ~
D= Wdulﬂ%q_oe_ﬁﬁﬂj_twmz_. MEWM&% ﬂAnﬂ
28 HpEBIRCrsBEIENT FrEgAl @
; — ) o ! ol "
c: rRiTEEocerel wzgid G
Y ~ il T -~ ] f o
@ BEYEeiwgeint Higta D7
N o v —_— ~ — __
T THelrEciuacE 2ERErs g
£ Yrlevzlexdilis Tegzis FU
y R T oy o8 gy R° W ph = 9 X o ' T -
M Bax ooy AdE e X 4 DB E D= ,mem
j— s X — ]_oJI e
nE LIRS eRISHIE Syndc @y
N . u —_ = |
oy qwts B led e, Heaxzmy 2
WO B o gy O O @ ™ O Romp gy R G G
o) W o 0 ~ ol —_— yAE X T =} ;A.._ — 0 X 71_
_m_vmvwﬂ__o ﬂﬂ@%ﬂ.ﬂ%%&ﬂ.ﬁ% LG e Ty
sl Fodrivesppdtel Hrgzld Ko
bdx ¢pPTETR AR Jawza  Lw
" AN ) — =0 AN o e L
ook mooop B o| ol Mw;o 7o X o o} o e P T O o A 2
cRY sedXF Dk EE  wiE QY N
o i sl < — =0 R ~ L o
_Dlo_eq_olnMow%ﬁ,_qullm.MnMoWF@E_ﬂ_ﬂﬁLf Wﬂqqﬂuﬂwm T o
Er® Japreygddeity  wrhigTo mw
LE&mﬂ@ﬂ_d%%imﬂmﬂ&ﬂ%mﬂ M ﬁw%w_mm "o
Moo oy fn o T o B gy PR W R o P GO TR~
Kooy B oz oo O oy TS ooy B ow g ok U T E oo MR
E._EEﬁLDL_LHoﬂme@EA_ﬂE%i @Lo,maw,_ﬂ% o
=M S o s MR Moo s oo
a M oy PYK RS &S W a RO T8 Ao W <K

7}
57

T

|

2]
=

Z
=7|A &2

1]

F

<]
ef

o 1

=
=

-

\__

1= 397} 9k, I8 DEAR o A=
A

(MPD2]

o

2
n

i

o
=

HE 28

K



(2023)

s

7171283 | W22 A1

47§ gQlo g

=
o

Ao}

oA olct. MPIEAOIA 7H 59

2
=

ol

A
i

9171

ER

ERRTD

ARV

5

g, & Aol A = AR A

r
[}

20204 7|1&

L=
1

at

aL
[e]

=7 A ZE A Al

=
B4

B4 H|o]E

=
=
1

-

1081 o] 714l o
MicrosoftAF2] MS-Office 20169] Excel©]

P
nn

S
.

H, 9]
glolel 2] 7ksA 2ol

o

p=S
=

ol

S
T«

AEHS

4

ot

o

=

EnPAS Version 1.0°] &85},

ofef (I 4y 2t

o
-

A7nY

(E 4) 972

@ 7|AM L] HHAl- =8 2016-2020F £ CCR-BCC

on on on
—| H H H
3 = = =
~ [ [
W | 40 o o
™~ [N ™~
i i i
Pl
&
Ir
i ]
K &l
= <l )
mo . -
x| wm | %
O
7l < ofl ~
Ki0 &l I+
Bl Bl B
4ol i
< < <
Br Br 3r
o 0 o
ol ol oT
oyl 3T 3T
o =l B
= = =
~N [N ™~
IH ol L
- Wk <
. X0 RO
e O
= o] KIr

5127 |17

&t

58



=] REULEE 7[AMH BAA- T G40 MLty F0|

.

(& 5>°ﬂ ‘%EWF HP@r *01 = ﬂ?ﬂ W A B 1% 2] oA BAE R
kol 2k} A= 0. 9710] \1], ZAR} 4291 Bt

i AT 27151 Qi) o] AEA 7 A st
= ZA07 & 4 ti(Mostafa, 2009).

S SARE XK EH S
SAt 2 1 - _
[UKLL T 971" 1 -
BI17IR|H 992" 976" 1

F) " 1% SEQLSHEH0IN R

ol (i 6)°fl Yehd Bt &4 A4S HA AvEH CCREF T of 20169 79.3%,
20179 79.9%, 2018 78.2%, 20194 80.6%, 20204 75.8%% Wegt=tl, 2016-2019¢
7HA Bt B84 AEEE FARE 52 X617 2020 5o tha ol A 02 Hel
th. BCCE o) 93t A84 A4 20169 86.8%, 20174 85.2%, 20184 83.0%, 20194
85.2%, 20204 82.9%% ZH = =0, 20180l thA sHHE &-&4J0] 20194 S0] thA|
53 THE 2020 S0 tHA] sk A0 = UrEryT

skE7IARY B9



71771284 | M2 M15(2023)

- 2016 2017 2018 2019 2020

= CCR|BCC| SE |CCR|BCC| SE |CCR|BCC| SE |CCR|BCC| SE |CCR|BCC| SE
N2 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

EAF 1068 [0.701]0.969|0.678|0.682|0.994 | 0.697 | 0.698 | 0.998 | 0.702 | 0.704 | 0.998 | 0.634 | 0.637 | 0.995
CHL |0.644| 0.68 |0.947|0.675|0.683|0.989|0.693|0.694 | 0.999 | 0.683 | 0.684 | 0.998|0.579|0.579|0.999
QI |0.679|0.734]0.925|0.679|0.704 | 0.964|0.625(0.632 |0.989|0.706 | 0.707| 1 |0.626|0.643|0.974
45 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

CH&  10.921(0.9370.982|0.889 |0.892|0.996 | 0.802 | 0.807|0.994 | 0.877 |0.886 | 0.99 | 0.81 |0.817[0.992
24t 10.873]0.986|0.886|0.884 |0.916|0.964| 0.76 |0.761| 1 |0.847|0.848|0.999|0.848|0.902| 0.94
N[ES 1 1 1 10.92110.941| 0.98 |0.869|0.891|0.975|0.823|0.856 | 0.962 | 0.845|0.878 | 0.963
47| 0771 1 |0.771]0.815| 1 |0.815|0.843| 1 [0.843|0.801| 1 |0.801|0.745| 1 [0.745
vAS 0.7710.782|0.986|0.768 | 0.775|0.991|0.893 | 0.901 | 0.991 | 0.823 | 0.843 | 0.977 | 0.869 | 0.883 | 0.984
= 0.7830.7840.999|0.845|0.8510.992|0.837 |0.838|0.999 |0.898 | 0.9 |0.9990.863|0.893|0.966
= 0907 1 0907|0964 1 |0.964| 1 1 1 1 1 1 10.936| 1 |0.936
H 0.82 {0.833]0.984]0.814|0.815| 1 ]0.788|0.789]0.999|0.798|0.801|0.996|0.647 | 0.65 |0.996

0.485|0.497|0.977|0.5618 | 0.52 |0.997|0.415|0.417|0.994 |0.475|0.479|0.991 |0.515|0.5180.993
0.723|0.815|0.888|0.715|0.747|0.958|0.737|0.738| 1 |0.767|0.775| 0.99 (0.721|0.775| 0.93
0.823| 1 |0.823| 0.77 |0.956|0.806|0.825|0.951|0.868|0.893| 1 |0.893|0.728|0.919|0.792
0598 1 |0598| 065 | 1 |065|0514 1 0514|0603 1 |0.603|0.528| 1 |0.528
0.793|0.868 | 0.92 |0.7990.852|0.945|0.782| 0.83 |0.951|0.806 |0.852|0.953 |0.758 | 0.829|0.925
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Mg |CRS| - 5 |CRS| - 8 |CRS| - 5 |CRS| - 4 |CRS| - 4
EA IDRS| 71| 0 |DRS|7I=] 0 |IRS|7]=| O |IRS|7I&| O |DRS|ZI=| O
== |DRS|7I=| 0 |DRS|7|=| O |IRS|7I&| O [IRS|ZI=| O |IRS|7]=| O
1M |DRS|7I2| O |DRS|7I&| 0 |DRS|7I&| O |IRS|7|1&2| 0 |[DRS|7|&| O
&= |CRS| - 9 |CRS| - | 11 |CRS| - 8 |CRS| - 8 |[CRS| - | 1
O™ |DRS|ZI=| O [IRS|ZI&] 0 |IRS|7I&| O |IRS|7l&| O |IRS|7I&| O
=2 |DRS|7I&| 0 |DRS|7I=| 0 |IRS|7]=| O |DRS|7I&| O |DRS|ZI=| O
ME |CRS| - 4 |IRS|7I&| 0 |IRS|7I&| 0 |IRS|7I&| O [IRS|7I=| O
&7 |DRS|#2| O |DRS|#2| 1 |DRS|#Z2| 1 |DRS|#2| 0 |DRS|HEZ| 1
A& |DRS|7|=| 0 |IRS|7I=| 0 |IRS|7I&| O |IRS|7I=] O [IRS|7I=| O
=5 |DRS|7I=| 0 |DRS|7I=| O |IRS|7I&| 0 |IRS|7I&| O |DRS|7I=]| O
=4 |DRS|#2| 5 |DRS|#2| 7 |CRS| - 7 |CRS| - 7 |DRS|H2| 6
=2 |pRs|712] 0 [IRs|71z| o [IRs[712] o |IRs|712] o [IRs|712] 0
Mg |DRS|7I&| O |IRS|7]=] 0 |IRS|7]=| O |IRS|7I&| O |IRS|7ZI=| O
Z% |DRS|7|=| 0 |DRS|7I&| 0 |IRS|7I&| 0 |DRS|7I&| O |DRS|7I=| O
25 |DRS|#2| 1 |DRS|7|&| 0 |DRS|7|=| 0 |DRS|#2| 1 |DRS|7|&| O
HMz= |IRS|H=Z| O |IRS|#2| 5 |IRS|#Z2| 10 |IRS|HZ| 9 |IRS|HZ| 6

GE7)L 177 A 20w fFudsolieie} v ao] U9l BEFSE BAT Ao]
o}, fFRsolAbE QhA Q1 Hhe} o] B mA0l(CRS)T 7HAT HL=0l (VRO T

62 ___ sE74¢Td



=E] 2|LEL 7IAMY S A =Y G0t dikg 0|

25, 7P RS2 £ 199 S71ol thsf) AFEo] 199 S71ll vAA] Zote AR
9(Decreasing Returns to Scale: ©|5} DRS)T} £ 199 S710] tisf A+=o] 19y 571
£ A3l SR (Increasing Returns to Scale: ©]3} IRS) O & Lo AL},

(B 7)9 A FRSAE S Au R E 20169 9] 4 CRS 371, DRS 137, IRS 1712
Uehg o, 201792 CRS 271, DRS 971, IRS 6702 YeRgth 2018W o= CRS 371, DRS
370, IRS 117§99.2. 4, 20192 CRS 37H, DRS 471, IRS 107§t} 20201 o= CRS 274,
DRS 871, IRS 771 & Yelgtth. A=l 2ol e o] 432 2016-201787HA]= DRS7t
Thas Wokth7t, 2018-20199 E°1 IRS7H 24 Wobx 0w, 20204 o= DRSEH IRS7F H] 523t
H|Z-S Ueplith. 0|9t B2 R0l H= A AA R 2Bk FYHES LAl ofet
TR AR Aof| Bl 2-& 0] YRlo] EAste] 5 W IRSE YR A5 A9 9
FY -4 STHEZS AIEE Eartqlon, %E#%‘*JFJM DRSZ &7t &

Ak

& S
1780 Qs A7) A9 B9 T 4H% S7HHet] 415S 71T Bast IS Aow

[o
10
=)
ot
ﬂ.

421 &42& L}E}wnﬂ o= T—f&a l 1*%94 A9lo] 8118 g o) om 177 ww =
of A | AE UL V|&H S FrA SHoE IR 201699 A% 7164
H|g-&o] 1078, 754 vja-&o] 47192, 201793} 2018 9] 4% 7|&4 v|&a&dt 124

&
H];%O] 7¥71127H9P37H%1E} 201999] 3% 71&4 vja-gol 11719om, 124 B F-&0]
Hla-go] 1270, 724 v a-&o] 371= Yepyth
=] ZHo|| B Fg-&0] Q= Aol Fholu A&
oA AU FRAS S| AV Eofof 57| w2, v a&9] /i
, TR B G8-2 BT AFES BT ZT5h= HA RS oAU &
o=
&

=
(1
™ o
19
i)
i)
ro,
A
u=)
filo
=
)
ol
4
E
ﬂH
_IZi

>
£

R

2
o M oX

Mo

r]I.

(H o

el
/g-q] 202 dajrtil B 2= 9t} mEbA] 7o)

£

2
W
o
=2
i
rlr
ﬁfm
el
L

R
fo
o
S,
r
=
_O|L
rir
o J
18
)
%
o
o,
o
l(

O
s
ol o
{5
s r;
H
i o
L p
2 o
g |3
rir Ho
Y
o S
LU
% 30
e
o
j\z gl
w2
rlo c
) N
fr of
o
FHHU il
, B
% &
o =
o
0
b
>

¥
flo
N
o
o,
o,
Hi
k1
[t
o
2
ro
)}
=
c
oN o
i)
>,
k1
fols
o
o,
o,
N
o
Hir
fr
N
flo
1o
=)
St
O

stEpeRe 63



71771284 | M2 M15(2023)

o
HAdLzE tha FAYsIHAL & 5 e, & 39 F2He d IR

o2 (I 8)2 2016-202019] 57 47 Aol e AIAD B A 442 Lhekd
Aol

(E 8) AAE G gt X

& TECI TCI PECI SECI MPI
T2(16'9-179) 1.0115 0.9926 0.9835 1.0285 1.004
T3(178-189) 0.9699 0.9943 0.9684 1.0015 0.9644
T4(18-199) 1.0373 0.9775 1.0313 1.0058 1.0139
T5(19-209) 0.9377 1.0752 0.9693 0.9673 1.0082

7lot8d 0.9884 1.0092 0.9878 1.0005 0.9974

(B 8)9 A HA &, = HA| Gof] EA|E TECIE= 7|€4 &&4 W3FA|<(Technical
Efficiency Change Index)& 9u|stH, TCli= 7|& 3| <(Technical Change Index)&
UEdT PECI= £ 884 WSHR|$(Pure Efficiency Change Index)E 9u|s}al, SECI
= R a-84 WA (Scale Efficiency Change Index)S WERATE A AF3H vEe} o]
MPIR 2 DEAR G} 22 =2 25 27| 2], PECI®} SECIE &3t°] TECIE 72
 lem, TECI®F TCIDY| 3= &3 MPIE & < St

(I 7)ol Hi=uie} o] 47 A1 717 B 1770 FGAl- = 71 AR 9] A4S
0.26% A3 A0 & Yepgt=d], 2017-20184 717+] AAH 312H(3.56%)°] AA| 7]17te]
A& sheo] Q10 d Ao = B4 F 9t 2017-20184 717+ A1£Jgt 2016-2017¢
717H0.4%)3}+ 2018-2019 717H1.39%), 2019-2020% 717H0.82%)0l+= ABAtA o] AF53t
RO Yehg7] wio|tt.

5) TCl= DEAR Y1} H| el = [ 7H CiH| == 229 MPIZ&O| S QA S 0|20} TCl= 7|&HEK|~E Uol=d|, 2=
Ol= MAt7|&0| H31E o0|3iTt. 0[215 M7 |&2 Hah= §E2XQ HAM(Frontier)0| HAEICH= 0|22 TCIZE 37
galet A9 I ARl CHet HESE 240] 220t
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MPI
0.9485
1.0087
0.9939
1.0026
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0.9614
1.0189
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SECI
1.0000
1.0065
1.0137
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14
PECI
1.0000
0.9763
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0.9952
1.0139
1.0517
1.0336
0.9444
1.0141
1.0187
0.9954
0.9851
0.9974

MPI

SECI
0.9915
0.9994
0.9918
1.0080
1.0029
1.0041
1.0117
0.9904
0.9696
1.0005

AAA = 28 2902 5.17%

ol9ic}. %5 A9}
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Efficiency and Productivity Trend of the Machinery
Industry at Provincial/Metropolitan Level in Korea

Seo Hojoon

- Abstract -

This study aimed to derive a specialized industrial development strategy for each region by analyzing
the efficiency and productivity trends of 17 metropolitan cities and provinces in Korea's machinery
industry. The five—year period from 2016 to 2020 was set as the target period, and the DEA model
was applied to analyze efficiency and the Malmquist productivity index was applied to identify pro—-
ductivity trends. As a result of the efficiency analysis, regardless of the model and year, the areas
that showed efficient DMU were Seoul and Gwangju, and Chungnam, Gyeonggi, and Jeju areas
showed 100% pure technical efficiency. Overall productivity decreased by 0.26% over the five—year
period, but productivity in Chungbuk and Chungnam regions improved significantly. This study
examines the need for a multi-dimensional efficiency analysis of the machinery industry, the need
to prepare a restructuring strategy that comprehensively considers efficiency levels and pro-
ductivity directions, the need for R&D support efforts at the central and local government levels,
and The necessity of fostering value—added industries was presented as policy implications.

Korean Machinery Industry, Efficiency, Productivity, Data Envelopment Analysis,

ey oS Malmaquist Index
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The Bricolage Strategy Utilization for Vitalization of
Technology—based Startup

- Focusing on KAIST’s Silicon Photonics Technology -

Kwon, Sang-Jib

- Abstract -

This study considers the interplay of bricolage strategy in relating to the initiation and vitalization
of technology—based startup. In a technology—based business context, entrepreneurs could turn
to resource utilization and reconstruction as a guideline for untangling growth and success related
to startup actions and their strategic planning. However, technology venture research has not yet
fully taken advantage of bricolage strategies. This study suggests that under resource constraints,
a standardized technology—based startup process could be counter—productive and bricolage per-
spective (resource reutilization & reconstruction) might better explain effective startup process
in resource—constrained business environments. Results from a silicon photonics technology
startup process of KAIST. The role of resource constraints in technology startup processes has
been investigated in various perspectives but with conflicting outcomes. This study not only exam-
ined and organizes technology commercialization by providing resource reutilization mechanisms
but also offers a much—needed integration between technology policy studies in these disciplines
by offering a resource reconstruction perspective. Overall, this paper contributes the importance
of bricolage for advancing technology policy research domains and a fully understanding of technol-
ogy-based startup process as a genuinely entrepreneurial action.

Bricolage, Technology—based Startup, Technology Commercialization,

Key words Business Model, Silicon Photonics
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5G+= 3GPP E#9] Release 152 AJ&Fsto] Release 177HA] A=l oH, A= B3
5G Advanced(7]& 5GHH] FFH 715= A5ttt A= n))Q] @Al Z1Y5to] Release
18 2 Foltt. o]= 4G LTEY A9 Release 8-97F LTE, 10-127F LTE-Advanced,
13-147} LTE Advanced Pro= A A H A} 22 Wom], Aol A9 A e A&
P Eth= A2 Queitt,

4) ETSI (R8), TTA (8t=), TTC, ARIB (¥&), CCSA (=), ATIS (0|=), TSDSI (21%)
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= aT

5G7} 71 AAMY & Z3HgH H]B-A14FYG 9] A DSl Aottt Ao 2= XY Ao
T&o] ¥ gh=tt ¢ Ho }7} q, JAE 28R o] £7] I3 5G] AlE 7] 5-E0] ofE AAA|
SRQIsk= Ao] F85lt} 5G= EE 7|HIC R 551 FP == 70| B g, 3GPP 2 7|5
< A EHE] Z20] %D}i AREE 765 20234 7|02 nefd g g7} Qi o] =
=" o

2 WA 2 o #7k 0w,
5GS T8l AR/ /AL HAG Y AISS 27h5ke] 5G] A TG AL
% ol o] AUH o2 HA5A 7HsT 4 YES Wt

T, B8] Qe 7152 BRIHE AL HolA, 1550 At A Ale] ke B 4 e
3GPP H Fo]o] @go] o @A H=A|E L sjof Tt T ALt Yol 5G 7149
A A 7\ AAIA S AT B S A A 0], AFBA] 5.8 B3] TelshA] PL 7 &S
317 of ek, Rk, AHBATE 716 4B SIS dF 7169 Bieke wolshe AE
2%, ol 70 Fol S B4 AL moto] it o5 8, & ATo) A
3GPP B3} 704 W BAGAE, B Lolrb sh5te] uEA9A} Anht ofsha 9l
A 3k BRI} ol B3] 565 B8 WA TXA B, 565 T E4

A 5] 13 o] Anhk B3 YA thepoR 2As] flshAelct.

Hpxjeto s, 910 £ 7h) SWE o R 31 ZIAARle] Cl e e Sle] 562 A

1. 712

B 3 5G9 7158 - 7H] ZHolA] Z1atic. HAR, Wkt 7|45 7k0] 741 Qe
o]0t B4l MR ESS EFTHE T A2 7] &olch, T A 7SS BE B A4S
AFElolgt SHetEol A AT E AL ghot, UA DA B A G ARG ARl Yol =go]
AUt 755 B2sle] 7140k SRR, 56 A2 Aol A TN DA U 48 ALE

st7ARE 111
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Aol SHA sk 7160l °l 7S

glovt, B4 A 7 &wE WeEst

il

EG ALAL G2 A A= A8 5

A gt

i

2. FU AL V)=

1) CHEQtE|L &

TZ2tE U71& (MIMO: Multi-Input Multi-Output)} Wi-Fit} 4Go| A HE E-&=d
7|0 AR, 5GoM = Bt 2 9] AHHYE E-85h= Massive MIMO 7|&< =5k
Ak, o] 4% 3] A 2o AEU] 7t AREE Y 7R =9] A9 AAI= 1671014
B 128719 RHEHUE Z-85t0] of | ARARE Erh a8 0 & -85kl AR = 2

3 2 Qe BRET B V&0l

2

71£9] 5G| A= A 44 0 & Massive MIMOQ] Downlink (oA @2 ASEHE 5
= Au)E FHAIHTH, @A Release 189]4= Uplink (g4 B2 AEE= 54l
OJu))E A= dlof] FF3HaL AUtk (5G Americas, 2022). 3] AHG-8 THE-2 AULE o]
=RHEA] 27] wiZol, TRt ©Ee] S7-E 118 Sh= Massive MIMO 7|52 #E38}F 50|H,
ZAA| A} 3145 o5 ARG AlElER] SHEA 2| A Stel= AHAE 213 Foltt (5G Americas, 2022).

2 o

5G9} 2419l Release 159} 16014 2 5G] 71 5 0] 5EAIGIA 9] 28o] o]

Shol A4 EEPH APHGILE o) FF ol 5EAIGIA 0] uhE 56 483l that 274}
ao] 91917] o] EE8k] 9] Eak B4 ABEIUH Aol Release 17251 4918
2 919 5G 7149) BES BAR O oo X|7] AHsect

0

RedCap (Reduced Capability) 7]5-2 0|2 gt -zr/\ﬂ":é—' HFg St} RedCap2 thFsHAMG &
D=2 g A5 FABHE 25Tt A& 9 A (S kbit/s)@F 114 HlolE A
(Gbit/s) Ate19] Aol A H=(H, 44 Mbit/S)oﬂ A ote S 5= Fosta e
o] B/5HL Q= 37 E FH| Q| AR ARtetoi A 5= 2 & SIok= Aot (5G Americas,
2022). Release 17914 = Hol=lE, 94 A4 AHl 5 F o FAL 0] g dd=o]
2 HATE F o, Release 1894= & B 7HH& 5= 8°oh= =l 25 243}
£ X3 Foltt (5G Americas, 2022)
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A1918- T SO A= A4 9} o] 11 $718 7HA T Hlo] 8|5 B A8k s 497 9t
SE A 2ie) 7] 3T el § U Sl 3 3971wk MX] f80] F3ch

1
ol 2= 9JA wk=E9loH, FAL o] 8L © 3RIA|7]7| 95t 71&:9] Bk} WUSTH 22415}

Wake Up Signal (WUS)E =45} IEM 1T z‘ii ?,1715 %IZJA]Z} AYHT "dEe
L FA7E HE g B30 glolE £541S 93t $4:417] = T Q Aof|ut 2551 Wt
1 0]t} (5G Americas, 2022).

3.5G Al28 7|1&
1) AH2Y/HISSY

A EOA HaE %ol AMEE-2 EYote 7|3e] HHof 9P A AR /F5/2F0] He
o), £3] sig7| ol A Q17 sk ARGARRE ol &S 4= Qlof o] gk Aloj o} T vt
7}s 5ttt 3GPPoA = AME Y Bl 55U (Non-Public Network)gh= 71'd 2 & 7 2] 5}of
A E2Z Yot o= Fru AET £ Qe 35 ole 8AY T gy B AREAE
A& 7hst BAR) 23L& wE Ade R, I F 7R ERE

2 7139 HA(: A48 ARG AHoll ek M A BtE] o] 15 d G E= ot} o EA B

7129 §A 71 B4} SAGE 02 7| o] A 07 (B2 £FA AIAE A A 5Ho])
Al AZGE F55te] 7| B9 S &8, ok Wolth 1ot thHH= fdeE
PNI-NPN(Public Network Integrated Non-Public Network)= AFdHQ] A HE 5O
AR 55 olsBAY s E8ots Yo g, YEYA &0l 22 7|&= &9
7139 E Y1} 55 SAIE Y Lut 7HIANE 7, thE Aol /] BAE A8 4 Q.
53] CAG(Closed Access Group)°lgt 7= &34 Lut 7HIA = 7139 =2 A 5of <&
< 3 = QA THETE (Kim, 2022). SNPNO| 739, ARE-7| 9] HAof 2|4 5}=| 1

SNPN(Standalone Non-Public Network)® 5% 0] 554149 E& Qlo| +=EH=go
]_
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Al Aol /& 4= Q) o 500 QloiA] A7t 27| FA |7} who] d g sirt= To] §lom,
Hti 2 PNI-NPNQ] - 5% ol 5-841H-E E-&517] wfj&o] Aol /|7t At th= Tgo]
Ao} o] EAfot= 1L ehE -85 = Qlof Bl AR /S| 7Hsokal 271 FA |7 A A

<=t Aol o

3GPPo A= AP TS ©e5] 5hte] 7] 3ol IF, &Ptz Alve] Eto] oy 2}
TR AR 5 A Hst7| 913t 716 = nhestar )itk £ AP A/ ARE S 717
AHEARE #1to] ofy 2} Credentials Holdergh= tHE 71380l A QIS5h= AFEARE = T
AEGE AET S A 38k 715 = Uk (Kim, 2022). T3 AFdgof H&8huf 5GERt
o] ofYzt Wi-Fig Bl E &0l 7HssHA o9& 7)A Foln, AHdol 485=
71E FAFATER, 1543 5% 35D = AUe 715k B9 Folth (SA WG2, 2022).

o

3

9ot 22 T15EL 5o, 71 AR 8ol whebd SYE AT (SNPN)S 75
AL, Wl AREL FF olBE ATl JEIA, o E FF ol FFAY Qlueiue
B Yoh A 5 ITHITH 1] ). ol TR AU ARG Aol 71 7o) Heke
F%317] glehAolct.

(33 1] A2 ST 0|SSHT| S

100% S =l AbAIR || H B

A2 EY

* Xt&: Apicella (2020) K724
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2) UK ARE S

glo]8 AEfo]] A7} HF= of 2k A 2fstal 1 AIE ARGAIA ASote Sk =

o

Ard e g, A AFE2 AHE ARAN 71712 F4(AA: Bdge)oll BHIA|SHo] AEA]
ﬂ%tﬁiii ol M2 71 W rtdolw. S| AFE2 whE RS- Alte] 8757

YRS Sf5te] HolEl7h /1% HO R HEE|A £ oH Aol A 2olo), 4G ALG AU

% U141 22152 AHR Qe Ol AR AHE QeSS oK AFFol B slelof
ARG IT £ 40) QAL 5541 5 rt. o1 B4, (19 29} ol 5% Fooc
A FEAS=E AT 56 Bt LY AR ALY 71715 ALY S Ak

[OF 2] H4HEE A MHE SFoH7| 218 UK HRE AL

g gs

3GPPOIAE 5GHT A AR S BTA71Y] §18 71552 AZSL ek, A, AA)
39 BAL AT 919 B AH] /715 5S BAA Y| op ]S Hojska glow,

:ll:l

= }
AR g0 29] 717} of® Y[l A o g o] ROl Lifo] whE Al LSk A ¢stal
ATk BGPP, 2022¢). 4], AR &8 7he fi2 HERA 7550 W= 755 459
29 Zekecot Bk YEYD 7557 oy Q%%%%H]E 93 7)5-50] B30} A
715 AR H= B4 T2 =Eoto] A bttt FAk= AR AHE 1] ofyEt 7129
2 E Y BEofof ok 9o R8Tk EAZ, 567 —.% o A3 A PR
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g2 ERACIAC: HhE EF4D)0] B8 = Ue ENFS 25kl 3l ofiEE A0l
AS2 0] ERES 8ot A AFE AT 752 AT = e, 3 A &
F A sl=| o] AREALON| A AlF-E 4= Utk (BGPP, 2022d). AlzAd 54 A T oA T2 oA
P oz g7 |Al 2 A5 olETAlel L] AH| 7T B71A] Al ARAMIA Al 52 4 A==
AEGE EAste 750l A

3) 6GY 75 7HY

Aol S| gHgo] obd o= 1AL ZF49] MHIAE 919 5G] 75 5= &8
T 71 Ak 5GoF oA At & Aol 5GH-2 A4l 7]5(Capability)& 7R
(Exposure)sto] AI3AKThird Party)7} 5G9 of2] 7HA] 7155 AH419] Afu]2o] A5t
oA &85 4= Q1A $h= Aot} o] SEAL(Service Enabler Architecture Layer)E 53]

A o]oi7lct.

SEALZ Release 1655 A 2lH 7|5 22 Release 18 Ao &% 02 7§A Foltt,
SEALZ 5GT HH-9] 5545t A8 & H =Gk A|3A7F 5G| F<4, 1E 7ls== €A
2835 4= A Tt== API(Application Programming Interface)& A&ttt o g4 2
ofl&2] i0Sol Al APIE Al&5te] i0S 4 7dAS0] i0S WiF-2] E445r A& of izt 2] 4] 2]
ofFot= #e] glo] 1089 7|e5< €A &8 & A wte= A HidE

SEALONA 7fste] A3A7E A 7Hs 3t 715 2 2= A 67147} Itk (3GPP, 2022b).
AR, A FE F7t et AR ALY AHEARES] YA RS =T 5= 9loH,
£74 A5t 92] g HI} AFE- 02 A Auo] ZRE 5= YA A-T 4= . o Yozt
A 7 1A FH Qe gEET 1 3EEY 9 AR T 1ot 4= Sl Ve k AlgEt
SRR, 25 7t Aot AR A4 ARARES 1508 AAskAY oju] Fojd o
IEI P S 9loH, FojH IFES A9 thE ofZ Aol Aol 283t 4= Sl AlA
2 29 ARBAFE S THE9] A& TEjotal Agshe A4 T 7150l %
Hoto] 493t YHE(YS 7] 5)S HoH THollA] vjxdt 4= Q& 7] T 7|5 AYS
]k Identity ] 71%5°] Atk oA E o 2= 5G] A R8-S A ote T UIEYA
LS gAof| gHA Fejshs YEYA A #7150 AUt
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g a7, 2AARE AL Fold 45 LRE A5 ok
A3l Z 71 A7k} Alzo] F71sketal AAE 7|2 AA1ET (Scheduhng)o] Z-8-= 1ok 3
k. o3t W2tol A FAd Ethernet 71&0l -85 A%t WA HEHA(TSN: Time-
Sensitive Networking) 7]€°] [EEER Ql5to] =11, 714 A-s-3te] 2-8E et 5G=
oju] 74l 7[Rto 2 7|75 AF At 7 e THe H7 Sl 7hsstH, ol & Al Aol H <]
H [EEE B35 335 & 7|5 Al&sitt

A2, IEEE 802.1ASO A A 9]H Generalized Precision Time Protocol (gPTP)E A
H3kaL 5GH 9] Al /AR E go)7t 7|E A3t Al A" 5713 o e F St = 79
APETHINPN)O] 22 7| A2 B0k Aol AR 57131 2 &= = &, ©@<=9] 5h<]
5G APl FEA| Y= F71817H 7Hsstth SR, IEEE 802.1Q014 %22t TSN 7155
= A5t sig of7|ElA] HjofA 5GTg0] o] A = ofof Sh=A1E ARttt =T F o g
=, 5G] 7|& A58} AL Yo A= TSN = Q40| H= FHiE ZtEt. (5G-ACIA,
2021)

AHEl oA = 71 A /\}%1}91 AAE I, gofsh= o] 835ttt 71A7F Ak
Ao g t3oh= 5= SRS, SUolA B A whetstal R A Zidst] fIgt
T AR E Esk= Ax Q5 o]F flsiA= HX] FEE A 4= glek. 5Goll A=
A &el/mehE 9ot YIE T ZollA] 5G Location Services (LCS) 7]5& A¥stal
ULt 0] 7|52 T Z-2 A3ARY] A H|A AHo]l IA]5HIL Q= LCS S| AEZHHIER A
A FEE @7t YEYINA 7| A=/ L] AEE 7, Sdoto] JAE =& &

5G7F &9l AUoIA AR S 7HA = FE2 o2 o AA R, 4AFDE AR Al B
45 Al ololx)7] o], 4u]4-8-02 el BB GNSS (Global Navigation
Satellite System) - 3] GPSZ & A At =& 1|2 &85 ] ofl = AJeko] i}, Aol A
£ 189 AR 7} kA AL 251 7] 2ol GNSSE &3l et AAE wefstr] o2 ¢
Rtk AR, 5G= 71 A =04 7R 9] Agol| A= AlZHe] ]’ & o2 7|A]=llA 57
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sto] AAE =E5HAY 71A1=9] o FEUE o]-&-5te] EE7IA| 9] AR W A s EESh=
59 95 ol IA FAFS BHA] k= AAA -] 91A] 91 7150] itk viA9t e &2 5GoflA]
T )Y (A 24GHz-40GHz )L e85t 49 Hoh A3 9% =4 o] 7}55}o]
floll AFH F 7HA A= o ek 5= ot

J

ool = AFE A0l 3GPPE Ol FEAl 71 FTS BE3te] Gkt FAISHE 22 ol
AA B A ATHWI-FL, §A% )2 Easte] waka BAIsH 2L APt glow,
£ Yol o2 ST BTOR YU AU A8 AIS F25] SIS ST
o] ohe} thE FR| A V14 E 8ok s 297 9] whel, ST BRL tix
Ago] YA 919 WoAolch. AT, F4lo] WAt 4G Al SAHCR, Wi-Fi 52
22e20h o] 7h e AAHORE AR A ARl HY 7142, 56 T4 Aeisolx
HEAT71EBS 56 T4 QAE o] AS TEFL AAH BE 56 AAHA o]Fold

o2 913 3GPPol AL 3A T 7HS AW Folch. A, Tt S50 SATE B
5G Al2dlo] ST} g4 4 gl ol 8 S o), A4H 02 4 Bolt). oS 51, 56

(3GPP, 2022a). €4, et AL 7|&EE o]DA E-8FX] Hst= ATSSS (Access
Traffic Steering, Switching, Splitting) 7]%5-°] It}. Steering TS BA|A 7] SOl A]
ojd 7|&= flo|H & A& AR F5hH, SwitchingS A& 52l Hlo|€H & 84 &8 5
HA|A 7|0l A e AA| A 7]s 2 F4 glo] A AT Sphtting—‘l H|o|E & shte] A
A 7]&R EE5HA] 0L T 7)) ol ANA Ve R £, ASeh add, dEo =L
Het A8E AoA] Mokl 4 EA] 2745t 71&2 Steering,
Wi-Fig 2745t AEsh=d 5G= &4 §lo] vl 4 Agsh= 7]&-2 Switching,
=

Wi-Fig} 5G& & t Z-&3toiA Ho] << Splitting®]2tal & == Ut
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4. 7| AIANL/HZR 5G4 S ALl
1) Ford

B AR B BSAGACNA 5GE EE&T 5 U LT 7] Z2AELL XS XT

Zo]t}. Digital Catapultgt= T2 &) o] 2|t X gyt T2 A E S Feskal 9loH,

| & FEIIRE TEAE = Ford?] Essex A71AsA 57400 5G AME= 75, A4 A3}
< AT Aot

O

ol

Ford= A7IAFEAF A 20l QoA I BEZ A x5ty 5 B E 1A 2480k oh=
ARGl 1o, o]k IS0l A A=A il (KA Q) I FUAY AufjshR] grotok
(a241=)) gict. o)A Wet sfof|A], 5G= A &F4019 2™, Forde 5G AHIH} 5G AllA]
== T Y3t ”Xﬂ T3 HAd EASZ A4, 9449 A7 e 54 Hlol'HE
At o] =gt Igof| LA F=+2] Vodafone©]

2 29 Ford 22jH 0% 7)7)/Alo1 28 WA gx A8sHA 442 WA
o sl 3

NZ2E &AL 183t Ql3lon, o] Ford #yto] ofugt Z} 71 A1 A Z38= FEARE
Ax Lokt &, 7148 A= =Y o}ﬂur A olE sh= ol A= At BE5T ¢
A= A Sokgint E3 56 0]9]9] BAI7|&2 ¢ olHHE tE AR 34 ol 9]
AA A 1418 HEo] 56 EYO.Z 755 E oAtk (GSMAa)

2) Gree Zhengzhou

SG /\}J\‘hﬂ- EO] 1_'5‘] }\HE
S=th 5GolA o€ 56 7
Art.

20219, 9] Gree Zhengzhoudh= A7] AlF A FAR= AALY] 370 5G A=
ToJstar oA HFP TS 1Eote] A Az AlAHS 2 5G4 ik 7120
107} o149l 7iE Az A|lAFEC] QoA HEet HA3to] ofHZS 7L YW Gree
Zhengzhous= 5G2H= HiQhS S92 B41ARRI China Unicomi} F=12] SAI%H] A RAR]
ZTES 87 AE, Y5ttt (GSMA).
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B
29 5E Ige A%, Ko ARV dF2 A8 5 A0,
80%7HA] A 4= A% 2™, olFde T3 56 =P = <

HaAE 5 AT (GSMAD)

3) Hotel Star

Hotel Star= 5G AME® =4S &3 Bl 8= A3t S48 282 7iAek Allolth. Hotel
Stare A ARF A RALR AL 7HE A 51et HE S7 ke A E ol A AR SjAtolot.
o] ¢ siZ25H7] 9l Hotel Star= S22 541AIRI China Mobile@} A 2ARI ZTES}
A 5G AHEE U] HFHES =Yt Hotel Stare ©& B3l AH] 7Hs-ES 20%,
SR IE 882 50% FIAZFoH, AEIHE E5l AAHIE 30% EH6te 5 & AL

H1-8-2] 20%E 4T 5 AU (GSMA)

IIl. 3GPP EX5} &0| 33 £

S,
2
2
H
N
i
)
%Q,

In

o
)
®)
10
N
i
=
)

[o
o)
1o
_Oi,
rr
P

= =4 2 3GPPo|H, 3GPP EZ9] A2
319 713=9] 71119 715ksto] o] Foi Xt} &, 3GPP LJF oA a-E5FAL 3GPPol| A 6]
5ol 7| HEO A 275 AR 3GPP EF2 44 I3 whA] ¢kom, 3GPP WHojA
7125 H531AU 7101 Stojof 3GPP EF0 YIS & 4 Utk ol Hhe 1Es o,
5G 71&9] vl SAIGAI] 874K} BHdo] & =11 Ql=A1E B7sh] i @4 3GPP #E3lo]

A1 BIEAIAAZE utt FolE shal QleA], 53] o= B4l A o Fofes o= A=l
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2 BEA0A &84 Hlo|E= 20209 1&715-E 2023 1871744 3GPPe] 7]11d 71 31&
=2 Ao E o] AR} 7|3E =F EE519 21, £35] Change Request (CR)Z+
Pseudo-CR (pCR)E} 3GPP WGZ SA1, SA2, SAG, CT1, CT3, CT40] 24L& WA B4
ST BGPP WGHE g9 W82 [1d9 3] Z=x).

[22 3] 3GPP WG 2! et 29|

. E|

My~ @ 7Apet

SA2

CEEH

o TA0Y 5 2w o]~

SA4

o|cjoj/acs ~DIEZLE(SIM)

SAS

o 2o

S Tg

R MEZ S (Layer 1)

RAN2

L2 EZ HE (Layer 2&3)

RAN3

FHALAY L) A H 0|~

RAN4

o o
T4 g5

RANS

ot S HAE 72

SA6

HE|Z/0] 832 E|H

CR¥} pCREF E573F o]5+= o]=°] 3GPP2] 7|& 114 (Techncial Specification)dt 7]&
A (Technical Report)& 4 9|5h= 7] al&0]7] fleolth. BE $72] 7|75 ol et
HESO) AR ¥ & & U, CRY pCREE A2 0 2 HAAGZ B
U71 H2of] o] &9 EA5H T CR¥ pCRES] 49 & &9 (Agreed) 71 1LERE 61|
2k om, Zojof o5 F3U7] dizoll FO=A] Lot etE 71317} E QUrhd FAof 236l
ot 9o] A P = 7| I F= F 44,89071%F 01, o 7|1 E-L2 27 o]AFe] 7]Ho]
ootk A& AT 39 (0] A5 2 3] 7]o] g A o2 FA) 64,7074 (oI5 711
o= F7])e]qiek. it 718 203709 7] o = o] 5 10719] 7]3o] g0l EAHEE7H
AAZE 7)ol et TS, HI[SAIPA R AT B9 54719 7]o] E23te] rofsigl o,

=7 |AE A 121
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o] & 3719 7]qto] gh=rof] #AY/ZH7t /AR 7] el .

B H9lo] QlolA 9] 6712] 3GPP WGHE Z38}st 0] 9=t} 7t} SA1LS 3GPP 7|49
LAY A oJok= WGolH, olw] Bl-5-4I4A|19] 7|#E0] 87ARG HH2 flsl JoE skl
UE WGolth. 187] fio] A48 5GE =9 f SATS AL 4= §itt., SA2E= 5G9
AR Q] o}7|HlA & 7 2f5h= WGoIH, 4Fg-E- 5G2] o784 T3t U7 F& SA201A B
Sk Qlth, SAGY] A%, AFE 5G F vA A A AR dEYolY 56 7] NS AT
7152 A9t Q17] wio] EeHE It} CT1, CT3, CT4: SA29}F SAGOIA] A QJ3t o7 el A
A7) 3 TR EFH AE o] ASE A sh] wizo] 23S CT1, CT3, CT49
, ET (@l FAT, AT 5)3 o] 5-EATY

p

AL Q= SALOA = (B 2olM = & 4= 0] & 3,146719] 7132
2 HSAIA Y o7 15.3%% =2 1FoleH, E3] =9
HlEAY 71H8E FoIAE 10.6%2] 71L& Fof E 7158 A= ol & oA st
A ERH7|3LE 30f 9 9.8%F AHAISIAL A2, 20228 AR 9

+ = 71 BE 713 F7F 15%01/80] B F =R 7]91E Wol shal ok (& 3) &=).
doll= 71&2] E4l AR ARl ol AFIL A7) Hizoll 87ARY 2o

O|F 4t4E 5G =27t Bt ISR A vl SAY 7| HES Edet

ZAREARl 7]3L% Foj7h ot Ao =® Held.
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5G for Digital Transformation

- 5G features, 3GPP standard participation status and implications -

Dongwook Kim

- Abstract -

Digital transformation uses communications technology as an enabler for information technology
solutions and achieves full automation and optimization of industries. 5G can realize internet of
everything and is therefore suitable for digital transformation. This paper provides an overview
of the 5G features that are suitable for digital transformation and analyzes the current stand-
ardization status of 5G. 5G enables private networks, integrates edge clouds, exposes its capa—
bilities, and ensures precision of time and positioning. Currently, Korean industries' participation
in 5G standards are limited. To exploit 5G to the fullest, it is recommended that they participate
in the standardization and consider introducing government or industry-led 5G pilot/training
programs.

Digital Transformation (DT), 5G as tool for DT, 5G Features, Standardization Status,

Keywords o ticipation in standards
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