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2MIIB SUN £ QELUSUS 0|24 REHENI HITSHAM Lot A 5
Fole] BYS NUD Y= AMFOITH 0f O[20| o/5tH @=we| MMBHE 1930410
o MR- MAIRY0| FE8 A 4771(1940s~1990s)2) LTI A H 57 71(1990s
0% AWZ)S olyots el USC M 5FINE OB NISSH HW .S I
£, NARS MBBE S8 ST UCLOINE BX)
NEAUS Y0 201087HK 2IIB, DS - AR, J|PH T
& S8 dzsts DS B} YLUN BESAE BHSINE LA U0l PEote
205 HYESMU HES STSHAY 010 1L A (1995-97H)0] ZU S E 2002
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HOIT) 01240 LM SO 21K SIEHT YUYHS 0422 HWstE HOICh

T dFE 20209 X ol 2l G7AH9 IS cEHEE=E SHE MF2 0
E €450 sl 3719 & R&DAEZ GNP 4%4 NX| B2 = ol AES
THSID ALt Y229 10~15U 22 2 MWIISHH'E Bz Raluzty sy
9 JldtE AFSD FIWEY M S5FINE 08 JIESFEIL2 FH4Y & U=SIHE
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Successive waves of technical change

Long waves or cycles

Key features of dominant infrastructure

] ) Transport Universal and
Approx. Kontratieff S&T education and .. Energy
o . communicatio cheap key
timing waves training systems
n factor
Apprenticeship,
. Ind. revolution : :
First learning by doing, Canals, carriage  Water
factory production Cotton
1780s-1840s dissenting academies, roads power
for textiles
scientific_societies
Professional mechanical
Age of steam )
Second and civil engineers, Railways(iron), ~ Steam _
power and Coal, iron
1840s-1890s institutes of technology, telegraph power
railways
mass primary _education
. Industrial RD labs, :
Third Age of electricity Railways(steel), .
chemicals and electrical, Electricity Steel
1890s-1940s and steel telephone
national laboratories
Age of mass
production Large—scale industrial Motor highways,
Fourth
('"Fordism) of and government RD, radio and TV, QOil Oil, plastics
1940s-1990s ) _ , o
automobiles and  mass higher education airlines
synthetic materials
Fifth Age of Data networks, RD global  Information
i
microelectronics, networks, lifetime highways, digital Gas/oil  Microelectronics
1990s-?

computer networks

education and training networks

Xts : Freeman, C. and Soete, L., The Economics of Industrial

MIT Press, 1997, p. 19
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14, Ma"el JlEs80l A dlist Jtsxez BItstn U
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204, ofoff e} WY, ADIL} U0 YJUst 2 0/F (o) N3 =2

GHSHE AS(EE JIS)FHFOI

20 HOHUD M22 J1&8(@ M3)0l SEE wat JE JEH3)Y MNE
B4 0l =255 4stg

(oll) PC 286 — 386 — 486 — Pentium | — Pentium!l — 686 —

.gddist JlENY 2KF

Jlsdo £25&= A2 - 008 - ML Mol vl§ 2 727 WE Sotg
(0ll) ULSI, B-777, Super-Conductive Collider, AIEA WL &

.BIRE ez Jls

-BEEOF otd HEIADI(1960U T ol ) BIHHQ SXHE sk JlextYd
8o &

248 A4
o) HE
28

g, S4217, dYyXl e S
-Jl& St J10l El JIge2EEY Jlesxdo weist
(oll) Cross Liscence, Strategic Alliance....Dances with wolves

Jledgadoie A

JlSaol i MEof OlXl= U BES ATl EXIoiAM ofe

(0ll) OTA, &tA%......0zone layer, Rain forest, Green house effect
A StE R&DO &1

- oA s HYMEO JENLE F=

(0l) Benz, Edison, Ford, Westinghouse, Siemens, Phillips, DuPont, OF=AIC}

- 8N @ D10 S8, FHSUA CH20F & g (Multi-disciplinary)l 28t A

I SUEHAN U2 USIIEXRS0] AAEQ 2o 2ol team
workS & J|Ees &,

En JES SN FPRLSN MNSHRY 2

M
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® AAZ A0

% 23N W52 AMHHAI BRZ st 5

1.3 =Ue Jisos &8s

Jt. Ol= S
> 19004 tH =

Dr. Gilfilan2

Oriented) X 78N WS (5E

)

VLT

L

&H(by Ralph Lenz)

B M S (Warning Signal) 423

0

0

oK

SE S ETCEPETES

K &t™ : Goal-Oriented) 22 7 2.

Martino 2} Linstone S0l TF o 28t

o 19594 Harvard Business SchoolOllA 210

Bright 01 TFE 29l

1940~19604 o= O] |2 Von Karman, al=*2 Cetron,

AR 4@,

2=
et

: Capability -

279 Lenz,

32 WAt 19614 SE

o 19684 Futures, 19691 TF & Social Change, Long-Range Planning S 3&

A gz

o OSTP(87| =8 M=), COSETPUP(1tSL,

M),
), DOD(= ¢

al 23X
= Ooo

38}

/\

g AA.
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DOC : Emerging Technology
OSTP : National Critical Technology

o SRI, ADL, Data Quest S ZIZt$ =29 £%2 JEMNFE ZAMNSAMAM £+
2 245

=}
multi-client project El

7w Az B, @I NSSH - U5, NFO
£g 44,
oz

19714 olF 309 AIJ|s0 =2 sdotct £, 19984 TH63 NeUsEs
A, 2DAM 22 Delphi WS AE, 190089 HEI1JF 11490 Jl=0l 5.

o SAMYN
r21K17| of S MM, (1988),

N=J1E, (1987), Tardo|=
Mol e =X, (1992) S

of MAIE olF, (1989), "AAMU
ctgst Jls0ls 2 S8 TMNE ¥,
o A=A

1992440l "20104 JI=0lE 101, ol2t B aMolM 101709 HHI(Eo O

of Jls4ES HMUlR, V19 HE35 NI H NEAZE 5.

o NRI, MRl, Yano ¥124°, Diamond it, Y2283 SHAM AIHcec=z 3 Y

gist JisEol tiol 2I=SE, T2 RED &S, JIe4+E, NEAZ0 &
st U g U HMUATE L2

nepyle ML S TaEle 5 MY £= 10 Y A8, H4d.

o MSI|s Az Hs (STEP)
- 20004 CHE &5t wepiaed ZIIAH=(1986)
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19874 FE 20019 MK FR J|E20FE LT E.

H 13 ospiex dspiies dEAA? (19944 98),

Delphi 2%, 160082 X2} 117474 J1& x| Ol &.

st=, A, 59 SHI JIadE 24 Y REMAR(19944 128)

3= 2t dlwIt Jtss 31600 Il Mo A olE, ERLTE HlnEAM

20104 = ot Hspola UHE FIAY - S X FEAYN9944 1Y)
o 32 -
@ 1A -
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M 23 s U8l ASZAMSF (19994 538 SN +£8F).

Wl E2E: Two-round Delphi 9,

off 504 &t 2] 2+ 2000-2025'4

ENUHZ0oE R Dt S 157 20t 115670 2HA|

g0l d2oh4e
TAAZEA-4,500H 51,8838 2] HEJHI SEE 8 41%)
2AFZRAF-1,833M F 1,429Y SE(3$SE 78%)

o MYUAUZA, 21C AAZ], Ol sSts], NI AR, FASH 92, MY

AN CHAS TS5 ¥ £2TA AYS Yol2 US.
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2. Jl=0=29 Mda W

I3

2.1 Def. of Technology

- Webster Dictionary

olzio] MED ool TSt HAHME ME6tI sl AMEs8t= Myt £t
Eetd : The totality of means employed to provide objects necessary for

human sustenance and comfort

- Rossegar?| &2}

Mansfield2| A 9

- 712 (technology) : AeiJjofoll 2t X2Alo AN B 7.

~ 10l (technique) : U=5= HSIH X 2Ed 2] FHE Yo4Ly

science DA - Aol st 0] ol (understanding)

- knowwhy, discovery, analysis
technology : X}¢12 21210 SH0 LN 0] 2 (use)

- knowhow, invention, innovation, synthesis

22 JI=9 30N L

< AL b

physical things : tools, machine and material, hardware

®
®@ software : gX 2|23, computer program, ORJIYH S, 2 EANMANLH
®

definitional system : KSRZA(EZE3), o8 RH S

oin

(cf : NI3I2 & program, Xl program, S8l T — social technology)
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23 os9 #9

- Bright: =2|X0! AHE Sdll olafio g = ZHW Uol Ts
Webster Dictionary: clX ol 20 0|271s8 AREA HIYZM 0]29

MA(event) = ZUM MY HU}E A

24 Jlsdz9 &9

Bright : S&st =2AAol wat LA, 44, JAH . As R 339 08
u A JNE5d9 HIAS, Jle544 Moo ast 3
3tE [ Y.
- Olgisl "ol =2 SE42 & Zipl o =2 HAE SiHM &2 24
(replicability) 7t L& & ACs A E 90lgtls £E29 S3Y
- ojgfst =elMAs HA

Moz MAE Yol UHMH, AT 222 Il
U oeiBts T2 MY '

-0l E = 014 24F

- What will occur/what will be - O{EA € Z2o|Ct.
- What could occur/what couid be O|EAN & &+ AL},
- What should occur/what should be O{® M % 0] 00t 8iC}.

25 Jl=052 4K 2HEa

Zt. IS A 21 (Time of the forecast)
21=0] A8s = olaie M

2t (time span)

~ Dt A (by)
¥ 0lSZo ofaso FEE SN ERYS MY AS.

E"l@(single point in time)
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L. ol Sl & J1= (Technology being forecast)
technical approach : SAS J|s8 4£d5iHU 2HE dfdol=s oH
L technology : &2 JIs2 £dolHU BEFHA EMHSE U= A9

technical approaches
- &0 218 222M9 turbo jet @ turbofan 8 R ESIIIE
jetl 22 J)2 0l =0 piston A& FEF.
- Sote W JIsE 28 YHMZ steAl = 22U ZHQ JIES U
o2 st=AlE Y& ¢o{ot &. A
Jledas Yo sitd 8 JIe8320] €42 Jlsue & Jlsed
2 ¥ PREH=XE s $iok &.
Jleg dae2 g i 42 Jlsg Hisied M8S5E UE V&
o HEH PRE=X HEs] ook &.

e

g o A

-

Cl. 719 EXA (characteristics of the technology)
functional capability : S8 Jls8 sds6IHU Sdst 2H
£s599 HsE EHA.
- IS 2% (functional parameter) : 17| &0 AIBAIY 2FE o
. HE AY EHols 24,
(o) jet NZE2 FHE HAHMH2 23617 2ol HLUE AR 0|9 IS
£, AL 23 S FYUE S0 US. olgist 2
Kol 2™ a8 2 d2d.
- N &2 % (technical parameter) : UZ MH X S2 oleist Jis:2s
JIR 2 "t AAsks A2 o2t tubine Y259 YHH|E
22 248 I JHLE. olgst Ve, ES THESEN M
c

= A7 ABR} Wote V5249 ZEE Y

}

Qll

iy
fr
~

of 2

J})l

NIl=

o
>
o0 o
0x ml
_Qﬂ
=
oo
;i_ on o
s TR 1

cl. 8E (Probability)
: EA4SLF9  functional capability & A8ole Jls4d.

[1%

¥ 052 sfMMo 2R= Mgy Asisio] LY &l.

U’I
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26 G2 Jixl
o592 XJIZEH Sel(self-altering forecast) : 1052 2= oj) A%
(R2)ol Uik YisolE Rx&
@® self-fullfilling : SAHUNSZ/EE20S

@ self-defeating : SIS/ LN 85

JeMEo M2 MEFF HygMo U= 210 ol 240 A2Y
ast M2 st Aso] AM 2OojLLX fO2is: AR w2 9
MNZAEN =22 & utilityol] 23] 9

2 e SIE0 8N JeyUAEY o= S0 58=X *
£ =

Ssl= X2 Was| J)Ss)o &,

o ©HH 1 : J]1 2 (Origin)
® ZHEoIL XA ©$F=2RH P X= USXId AXUHELY

f
198 olaols AEN 52 U WA
|

©@
I
kO
1R

0
rx fr
ol
e
P
ey
(@)}
rl‘
<
(@]
=
c3
T
[a\)
X
o
o
~g
>~
i)
we

(o) nstY Moo dAs= d¥

o THAHl 2 : WYl A eH(Proposal of Concept)
Ol 29 Mol A3 JHde Moz HEx2 AN 0185 = Jlesde
EUOF =0l Z28 Jis 4.
(o) SHSH 0 1864Y MaxwellOl ZAIEIS] EME X2 HF

o THHl 3 : AHZ(Verification)

- MtE O|EO0ILt A g EtgddE Holsis 49,
- 788 SHUQ 88ls FHEHE ez £F ZH st dS5S A0l
(o) FHEL 1 18869 HertzIt HXATHE H4510 Maxwelld] 0|ES BY
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cHi 4 : A8 A AHZS(Laboratory Demonstration)
- Jlg Hdge =8¢ g2 LEW 259 AANY 2,
- M3F0ILE A= Uit Aol “T0t3 (Bread Board)"2 .
(o) SMEL ¢ 1894Y Lodgelt EEAPAOA e3p g AlO|2] FHASN

:AE Jtsd dE(Field Trial)

Aoy AH 0l JtsdE8 dEsie A
OS2 0|&E | AMzste Jlegiol #Y
orel Ald ZZ(Pilot Plant)0] Ojoll of &.

(P

2

|
m

|
0z
o g2
ity

Ha

(o)) SMEL 189649 MarconiZt 9 mile2t Sl
ctH 6 : AAUN <2 (Commercial Introduction)

]
ﬂ
Ph
lo
0=
rx
¥a

oo £ 2180l EfYEtD PAHE HHZ AIEEHE AL
18973 MarconiZ} British Marconi A&

2
4a
>
ok
>

Al 7 : U452 A (Widespread Adoption)
- SA0| ATEHEH AIEIY HEIE JIXIDI0) BRS 722 018 E BV

(<)
2 g MYots HAIIYolL 0| SRS Y olog Y

- NEH AE
(o) SHEA 19104 Marconi?t EslE&22 Yl 23, 19134 oyst

o &

ctHl 8 : & (Proliferation)
(1) 229 =5 ol 22X g HENE
(of) 239 D552 &H HOITHE 0|3)
(2) TIE Jis0 D)= E ¥EANY
(o) HAtelietXiof aiolct ololaZ2 ol 2l 0|18)
(of) SMEA 119208 S84 radio, AHYUS AlZ, 19284 TV

A3 1938~394 radarts, 19644 &AL EL A
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el EEEE KHUsts sty £tol JlsdSLHOICH s Jls0E2 &9
= XZZo Aes HEF 78, HOlE Y22 5P H2d 2 gYHez2E Jle ¢
z F0lM R&DIA 2| HIt2t RADAHE £ L 2K CHsict
UHS B 25, 59 WY, Jled 54 ¥ XAz FHAZH wet
0icd JHXl HEf2 YAEO 2 £6] 01332 Lenz, Jantsch, Cetron, Bright, Martino,
LinstoneRt 2o HEFHR & ES WSTIBISH Al £ 21N J120 52180 N
20 = 2= Y, Y$2H Y Yy YYo=z I AL

)
Ja
M
2
0F
€

Intuitive Forecasting)
AN UYHS MBS0 (WEELE MS5t) ol MU 248t 259 Aol
tot= YeolCt ZI[H M2 BH, 2is2Ad oist
29 SHAIJH MOl wel MEoE9 A, NAY mouyg S85 #8de

0] HR3AH = ATt Z Y oisLgo=s AuolHE AAMAM BHALEY, wAH

2 FM( cross impact analysis) S0 QChL

2
g
=
2l
lo
Hu
0
\J
=
X
o
A
Iz
2
re

L. A ‘é‘;“é,‘(Exploratory.Forecastingi
§@P2A w2 JlesY XNl (capability-oriented) GISUY L2 M dUtNoz A5,
S 2 J1£9 SO MAYH dud == HEd del RAFS
2 HIIBICID JtEste HESUHRM Oldes HFY A3, AAEN, AN

fye
8, ASAAZHY S0l 0jo) Stk

ek

tl. 7#¥A v (Normative Forecasting)

AU a4y SHEX| Xl (goal-oriented) HEYUHOR2M J|&0] Q2 IPE FF
NIID ZRo SEE 25t Aot ML ASECtD JHFsICH XM Thast
21¢E 0|20l0f Dj2kI&9 FERHEY IR, £ £ ESHMIIE o Fctes ¢y
C2M UWHAHO 2= HAUF(relevance tree) It U LE
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3.2 Jled&EIIE Hw

AAE A

o & 7)Y £ £ F A g A
2% 9 44 o 7159 o H]8o] Y o RAYY
(Trend Extrapolation) | o Al F@vjn o o]3}7} &0l o Q@A ZASNA ¢
o AAF AEA o W S/W7L ol 8715 | o dEuiArITe] @]
AAE 234 o 71E4% o HI§o] HY o A @A AR ¢
(Time Series o AF Wvlxn o AR Y o A& thA}7I3te] ©7)
Estimation)- o AAE NEA7) o 2AYY
A AEHY o 7|&X% o H| 8o wl3| vlmH o §%lo] sl& W49} of
(Regression Analysis) | » A& @ujx Ay ol o AxE Lole}

AZRA B

ANAQA Jedsd

d&5dar dRAYAE

g% Bt BG4

(System Dynamics)

}gsE 995 Bo
AU es szxe

%ol ¥

o (-] (-] o

(Econometrics) AEF Bz oz &5 2L (53] A719A)
o AHEN AABAE X
A" FEY o 71EABAAYAN FF | o EFF FA9 FF B34

Z 43A UA g
UytalE Software {4
Aol g w8Fels

[

47 F A
(S - Curves)

AZH /&
1259

ARH LY AYsH

3724
H) §-9]

PAE B=x
A

#d 7leA8E FAS
ol %% + UL

G w5
(Historical Analogies)

R&D 4289 e}
AFAYFZS Wy o}
7 Ago) WE}T Y&
SEE T

o] g FA9] &
22 3y

e AgEel %7
EANE AR

gdzxgs} ¢ 87tsd
gzt asst glerc
Hlgo] Bo| &
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TR 2 % 33 e
AhQunr g8
Eol.Alad @y
=4 )“_%O\;&\-t}q 71&9] w37t AAd vlx]| o £5AF}FEF XTI AN FEHA EYEA9
(Input-Outpu e Qgua AALDI BETtS £ ANHE Hgo|
Materices)

S8 2484y
(Patent Trend
Analysis)

71€9 2UEY
22 A A
N2 A2 T

o AMAES] R&D F %o o
¢ AEAT
o oY software o] §7}%

: g ZMEART 8§

43
18 - 36709 Ax9
89
2 E R&D7} %3gs

AREH EAY
(Scientific:
Literature

71&€9 2UHY
719 R&D 24
%4 7iedy s

o B3 FAEAET g ¢
A4 e
o Py software °|&7t%

R&D =39 gy
oy
HYE A2 §F FIA

TEAAE E4Y
(User Created
Data base

e BUHY, FUzAL,
A5y

o 208 AR % 75

ot 187153 94
e w3 Asd 2
T A&

Wz ARy

(Interviews)

AAE =& 433 =49

A&l A5 R FPeY

o data base 8988
o AAAA T4 AF

HEZART ¥ gol

=
.

HEZAY

(Questionnaires)

AAE e AT =4
7€ 2UHHY/ES
vigel 7leBA

o A43n] ulgo] Bo] EX
21T B $H€e dg
F A

F4£a77 A
4g T 29S
Az

duto] 71y
{Delphi)

AAE £e AF =4
Z1[(FE dNd)el 8ag
4 71& met

o YRAYA} B8 H

289 dAYA
Blmy ulgol BB B
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K £ % Z 3 e 3
& Agel Aol As

o

o 2% ol A =
ool B3 | - AAF m Aolg sep | T So0 BWEFRE | ae ws
(idea Generation) | (8 - 1291¢] AE7} AW | gE ctelHet 2ol & o ofelrjojr}t gtd
S NE T
T 71278 EE 9 AZS
BEIE Y | nge naw 2A 9o | o BE FTAA ojoltolH o cloltiolsy HEAs
(Norminal Group - N
: o 719 H47e Bek@ - 12) TIHE #@aA 2%
Technique) ST
_ o ARAHLTH AYY Yol
AL 71 | o FF Ve E 45 Az o YR YT FAHHY
(Scenarios) o MY B4 o B3 Ayusizt Qojuy)| ° Bl ulge] ¥y A
A gdold 71 | o« 4833 Ay o it AYE] W | o ANFE FAo] §olF
(Simulations) o MekE Y e 2oy 3 2do] 87¥
o J1EEAE ARFoz Y
° o]
ad 29 | 3 . AePE BYRA waH wdd
(Paths and Trees) 71&32 e} o AYAZ9 vlo} o tietAQ BEXE FAR
lETE __ o dzeol Be

o ZEZIL FAY

EEEAL T | aquug Aun s1es| o ng 324 A, sugd]  I2E BERE A3
(Portfolio se gz AR s NErles vy | XTFUS
Analysis) o 7% AFNEAHE

* X3 2l . Stephen M. Millett and Edward J. Honton, "A Manager’s Guide to Techology
Forecasting and Analysis Methods”, '
Battlle Press, 1991, pp. 89 - 90.

*%

P $2 FEAME B

ro

HEIIEE NI st HHEHRE AN &
Bl T o8, AR, software, hardware H|89 EU FHXOH 22I(U2

A@ot olol #Z =0l 0l&otsstthe JrEstol AaE 2i01L)

b
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33 JI=s0s Ve 280 MY

Battelle® 29| MilletZ} Honton2 19914 DI2 oM 2 XUt 10W2t2] J]&0) S0 25
o
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A JIPAZ2 BgE EUR 1990H00lE LISl #€2 380 UFE Az H
OIE}_
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[e]]]
T

© Jeds JIgE2 0idf ¢ NHERE Y 20 2 57|80l 20 1=5HE
Z10ICH 2f 22 olefst g S0l A2dRte) 2370 20 2 F8Y H2g Iy Ect

ol218 EX0l Sshe ol BAXY HEI LE HYol2UE MO0l Eig A

portfolio24} 2t #2 S M M (multi-option analysis) § Al X 2R79 Il
0] Z=8o} =0] AF2E W iS22 Mg EMol At £%2 Y
Jt2d S5 MEsHeE JIWe sy &L

@ WESZAO Mest A2 88 T Hst TS0 LS8 WYY TAD

® MSZTAIS] Y0l FEE 00 B issue, R0, FAl, HASS TAsHI| s
=3

]
Ha
N
=
e
am
el
a
(]
QO
o
ih]
|
=
Q
3,
=
=3
[/,=]
3
C
©
T
S
3
2
[an
1]
KR

of EerE 2t 2019 WX, A N OIF ESst oS B ope

3lJ| flgt HAURM (S5l AL, AMHYE, S5ESEY 5)
@ Mgt FHE BeoM 7YY HNYS EEE Dl Yl tjts MAISH| A
&t 288 24 (multi-option analysis : 3] scenario? simulation)

® 5 ZU22H AL tigt oiAdes Motnt My M8 BHUI| #18t
M2 IHIHCHES| idea generationt nominal group technique)
® AsLde SHE

st MEMO TNRME SIS ABEN(SH 2
oaTt AT TIZ 05 JIH (S5 ABM 24 L MPHB) 28
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-l

* Delphi & -« path and tree - portfolio @41

® 1990 ol M0l SZE & JIA HE JIYH2 computer 24

2 MNEX KA
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513_
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g0 SEE A2 odE’
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4 3 1990 34 A%
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- AJAlE £4 2 3
- AHEY 3 X
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- A" B A 0
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