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ABSTRACT

This paper proposes the science and technology policy implications of power law in
econophysics methodology under the recent convergence technology environment, Empirical
results are summarized as follow: first, similar empirical results are showed up using Hill
estimates and Rank-1/2 estimates in patent data set during 1990 through 2008. Second, the
estimates of power law exponents for technology capability distribution are decreased during the
periods.

The policy implications for science and technology development draw from the empirical
results, First, the fact that the exponents of power law are decreased show the convergence of
technology capability among countries. The our country policy directs focus on the innovation
strategy rather than imitation strategy. Second, the volatility of technology change results from
a few capable technology developers so that policy direct may need to control the technology
power in the large technology developer or company.

The methodology and analytical results used in the paper may also be useful for consider for
the science and technology phenomena such as convergence and divergence of technologies
among countries in the world.

Key Words : Eonophysics, Power Law, Technology Capability Distribution, Hill's Estimator,
Rank —1/2 Estimator
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223 AAAN A5 EARE o Z}(Power Law)& BATZ, AlBlFZolME WA=

UYL Ashs 03 E¥FHo R QgET kD B AN 214719 71&d
sl a3 dEacor duiEe VI dM e AAATHS A% A
A ARPAE AR g, o] AFEAE @AJEt] flsto] FHT vkl AZEAL ¢

= T7H 71349 E Yehe Vst Ed ol ik Fxuelst x| tigh 3T
71&9] AAA AAPES Z3AESHEonophysics)d o] &l 7]xa}e] A gkt
ol9} sl 71E AT EE HYA Al wE BARA 2 Al Ards A%
ASHAS 373 Scherer(1965)9} Grabowski et al.(1994)2] ¢I47} o] AFHct, WA
Scherere 553815 ol8st] ¥ 7ISAITFARES EAT 23, TR} 433
L YL2-S B o, Grabowski et al. 2 v|7 A2 JfEekZo th3t FDAREE
o]gsto] FEREE MG 43 JA] 7 nElE 7 Ao Brh 9A] Harhoff et
al.(1999)2 &94539] 7kA7} vi¢- 1 &g 7HAE EE2YES AN olE dTtellA
© T 7S ox Hl o] AFshe dQloR TAIT —’F %’i%:— e Eds dudt
L Sk, wEkA ofe] Fehr|edolelA teFsiAl EAlshs 1 £ 7R Ve dgEE
AL golral, I F37} AAJshe H3PrIeA A A Ak }é% T o] e T8

_LH

sigte] W gk, @ B A7) AFRaavs el Beleda Bgos A4
S/ WA el ] wselio] ARl A S A9 2
PN edegel Agaiol sk Al did AASYALE AF T 5 g Pyl =4

*é—.% ®AI51a1A) gk (Hudson, 2000, p.534).2)
% A= 1€ A7t gl AlEAl REAL e FR7IESECN Ts st
A7k 7l aclEel tigt MBS Zissta, 24 s7Hee] tdet A|eZAFTE
vehd 7leqgistel tid 725 votslr] st 2t w7k AESsRAEE o835t
04 a v‘i“:?_?"z@?i% ASH o2 BAsh, o] AFEAARE Fato] §7IEdEelx o
1 FHepr|eg ekt S-elvete] nighAgt A3yl AAATHel gk AR Al
*]fi}F’JP cig s
B AFEAS Qste] WA Z|EgEo] 22 Al 39772 ASEIHE TR 1990d%

r!I.

1) ool th3t A U2 Krugman, (1996)2 Zzul
2) AR g FA=Zo| V)R eyt FAH BHAM AEEE 2 A £ gy EAlEk: dHE
VI 58 ZE A gzt 2AAvR= AAxEe] Fag 83| ¥




5H 2008 9=k HHAS Agsh= ﬁl—r(““ AZHE FA3HA. ol FA A=
HH o] A5 delsl= bl ul$- $a3 ARE A3 WA EAE Wk FAAS
© FAA ol webA Al R 7] wiell 487 ] 74 (Robustness)& $15}
of F 7HA FARAE AHgste] AT #Askgrh WA MY AEHes Hgaial I
Hill(1975)2] 4%} 2 Gabaix et al.(2011)0] AAE 3ARA FA2]¢] A7|Z2A F4
(S Rank -1/2)& #83to] v]aLEAstgict.

B AT e vt o] 7IEd 5 vk WA 2 Aol FIeka e BAE
2|3hA] HAle o yatellx] SdstA| kel A8kl v AP EER Sl vt
SElvetelA o] BAMEES A83 A7 AW} slisltt. 53] 71eAAl 2 A BokellA
g o7t A7) whizel APAQ] A7AArt 2D < Qdvk B4, ol ARk e A
gojunt ole}, 71&7d9 2 BAIEHE EAA gk s A7FeA3S AAlstaL, £ Ao W
HES U3} 7FeAS ddiE & Jlom, Ve oA 71l tigt wAlARl A
oM AXNA ZIeRAAATH ZI2ARRE 282 5 vk wEbA & A

9= =&
WS HAREA 7 |eke] AR A ] Aol tig AHEdelE AAFe R AA F FAK
71 9 ARiAAoleRs AARH A 71xAlR ] g FHE AAlEola B 5 o)

B A7 7L vt 2k v Aeldde 2147] 718739 detiqle R Ahe] A
UE FR7IETH W2 A L AR v|Xe AREAR] ofgke AR, B AT F8
g 5221 A EAFsAdel thet FAHE AWt Al IPgellMs= & AtellA A
23 A= Y3k 219e EAF Hill3: A% Rank-1/2534 % 280 gk 24492 v|w
AN, BAAAE 7HdsH] 71&8) ulR el B ot goksla, A AT o

bt s 1eRAA AN 2 AT AR T1ed

21417190 vl Al A4 H AT, NT, A=A, 102 383kt A7]e Sitol wer| 113y
Ha1, 71e3t 43Tt UE 7iEstEE AAD Y] Tledds stolsta Jitt. oled =
A Nedd s MHIRRS, AA A J2la $PE S F AR a2a geldd
w3 2ol SHEAL glow, 98] ARS] =Rsle are] FH 7 Foll mE 25H 8T
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=2 Al s A9 FartgArdo] R582do] WAlsta gk, wEbA] Rand(2001)9)
Al AABEAL 9lo], S2Hsle] ikt IA1A 7B AR fevel AAlTE 2 Ve
z9| A&A adel=rt dasiA =

2141719 718 2Ele ZeE3A] mE 7SR A RS e tig AledS 8
TokaL itk WA ddH ol APA Al AA AN B ol vl Al #3}
ZIERAAATY Q7= o] o] ZeE A ol dute AXA AAAA =E 87}
EAlget, =g A3rlegtols Zlet el 28g I edEs Hg AlsAd
o thet 71&87dwAl ol gk A8 A7-dado] Al71Ect. & Kauffman(1993)0] AAIg 7]
SEAAIRE A ZledEs A7z Astdee] b TleTxusiuete] dadtA =l
gk F7IEE AN AXAER e AAATES ko] 7180] B VTR HEE 9
otsl7] $lste] wAlA FEREA O R NT, BT, A4A71Ed ICTY §3ol Whe 7kt
(Technology Space)¥} Al 2F98E 2 71 AHgelA ICT7 W 71zt dagxe] &
FulFYZE (Linkage Structure)i-2do] F astH, B} A33E vl AlM| Al (Microscope) ZHgA| Al
o] oJsi7} AlE38] HastA =3t

(3" DM ®Bzo], §7edEolx g 7le53/dedM A4e A=A
£ =3 YsiMe AAA F-elA NT, BT, 22A71&3% ICT2] g3t w2 x93
Az 9 1 7[dqadsdiskE A ZIsAAAAT BasH =H9rh =3 §A7INE &
7ol ATz ZF wlFAUS (Linkage Structure)?] EEAALE 913 Azl
b 2wl FARAAE A ASH A8 SHE A% A8 do] Has
Hdok, 2ev H2 21T Ve57 A AXA T AAAITZE SHs] g v
Al AE 7IREO R s e ARA AETE Dasi S wAlF ©e9le] #etr|exlst
WS Rdetal, 1 B3RS gt e Ado] AU g vAIA @9e Tl
A0S HoFe TledATte ] i3 AXE 72| dAdEE sk T
A7t dasH = vAA Zlerd d9jel AXA BTG AsdelE vetsr] ¢
g FHIedFTRE AFH R EAstoksl, Ve ol TIeEdAE A
2 FA8H7] flste] 2 BAIEEshe] Fagh WAl W o] EX|oRT APdA o HQ

o



AV, AN, BAEdE, g BAE R Ad

(ag 1) 87I=2d0M erladMMATES flet A+ 2

it

21407 $8716879] Eefel theat] $15tel MR TS (E 1) oM Bol, Tyt
7164 AS FHstel sk qirk. WA A FhAR AASPEALRES Sleto]
Aulstan, We §Y7Iestl H35h slstel el

gt Aeried A AAE
AAYFS YA (Ecosystem)2A] B §HAE 7Ieoitel ASEE 9 AMITEE

sk Qo B4, TEAIEEA L ABEANAS 93 TERATTo R vt

RIS HE AAY FME AAS AL ok B3 o3 2 AEAE] dFAlY &

A ATATE 98§54 Y AT 2 B aNe £, o)F Fs

(E 1) OECD =7iE ggfufely|atd REEXZA A YHMFT H|W (2008E= 7|&E)

H|2
w87} Aol el
A3 ;giﬂi
Fol 1T7]&44 2
Finland Ministry of Employment and the Economy R ]Egglﬂgég
"J 71 F g
wate] g 7

=7} #el
Australia Department of Innovation, Industry Science and Research
ustralic
Department of Education, Employment and Workplace Relations

Minister of Enterprise, Energy and Communications

Sweden o
Minister of Research
Minister for Research and Higher Education
Norway . .
Minister for Education
Spain Ministry of Science and Innovation
UK Department of Innovation, University and Skills
Ae}7)1&AA A 77 2
France Department for Research and Innovation e s =
37 33

Z3]: OECD(2008), OECD Science, Technology and Industry Outlook 20084 &g
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1 gl whAsho R 20085 AR AAE B71A710 71 Ag o] 1 gol
WS gl olF BT R R AAAFE L, urt Zasha 9,

che A 2147 §87168 400 A1) st B 1A
¥ % Rkl 55 slet] & Aol 88 JaEeiseoles 1 3uaes
SPA 71,
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SR

2. ZRIS2S 0|2 U BAwHE

BAEEEA A Ee] BHste] mE AA 9 AL e oy #E fokellx] A7t &
ol ot 53] BATF A=Y Fsdd 2 AEo= wig- Eidstal, AR
dSo] B7Fsd BAA TS etele, B3g BAAA L] 2FdHrt wie- 2hdg 9=
vehdl= AAl 2 ARl gt ofsiE flste] &84 *1]71101]*1 HIHsHA 4% 5 Qe
HA2H dele] A87FsAdel g k24 '@t 318 Foll
Stanley(1995)¢] A7A AT2RE H g oA LA 724 2 HAPNISS
Z3AIBteN A BetaAtshs o] thiHeA AREIL glom, AR ATHPEES] A8
ol @& 7HAF A7ddEe] vehtar Jlvhd) mgk o SA1F A0 FAEE SRRk &

ﬂl

4

d

22l WA = dElE ol8ste] BAAY Ads olslistar #Asks o TEF 9
(Interdisciplinary Field)© 2 A}S]EA|Nb] 2838 4 9= dFEof2 A% ot
(Ball, 2002).

BAEES] #hE 7€ A7 o] 7HA B3 FEle BAA A% Aetehe w4

PHECE WA EAA 9 s e HAs THshe AYer Al A8
3k Gabaix et al.(1995)¢] 77 B2 AE=aL glow, 7|He] A+ 2 aela 584
o] wigo that AAETske] 2g0 2 Axtell(2001) Z Sutton(2002)¢] AT-ZAx7t A3
. T3k Chatterjee et al.(2005)2] Aol H o] HujALs]ollA 7elE2] A5Hu| o 2s
she HZYSe] SHERZES Tk o2 B ATH A=l el sl A
3L Qe A Eluetolr HIEAS ARl BAId BdE Al o]&L A AT o]
93](2008) Aol A

oA =l Ashr|E@rgel et BAlEelsHd o4 "o ddd7= Amaral, et
al.2001)9] A7AHE ol 8sto] that 2ol AlAst & 5 itk (™ 2)9lx] Hixol, AAl
3o W EelN d7E ATPHEES ol8shE e ATERE =il BT

-

o

3) 53] o] FH|HE Chatterjee et al.(2005)2] 77} ol <183,
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gepstopd B4HT gl Fad Aeie) 2pge] e} EAlsks Aol oig 97E
T 5 g ek
4 NAEE L AIHEA
Econophysics AGGA 2 o] AgEA
Power Laws
Scaling S7hg wgsie}
Universality
Phase Transition
. A 2 FASYR e}
Self-Organization
| AA A 2 AEpdagsiet
(O 2) gr=S2etd wHEe HHst 3 MEHY
B AToE HEAe] Eao] tig AFEAS Tledutelel 3718 gher 7%
wpo] REFee] FAom Huln A} deh WA HHAolek 54 AAAA i AR
A AL sBo] FoiFl R 2 Wt 2 thet @% FERFE QT A1 Zalw 3
< W 7)ol g Zes e ok TRt o S B A o] Auishk= 3
B S P
P(S>xz)=ka ¢
o] 73l ARAT (= ol® ZD9lol BAgle] YFsH 2R 3 H=2 JHERE

e SAFEE AR ZipfREQl 9% Wi Ho] ZEsh= E¥olt}, 3] Zipfe) 'ﬂﬂ
o] ZA5hk= 790l (= 10] "}, = (= F3E¥E(Extreme Distribution)S ZA#sh= &
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o ule ATHAZ Ao, B AT
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ol WA (=28 J|FEOE (=29 A9ols AFEES 2= REFUS, (<29 A9
o= FHE EXIFEE ZHA )
Newman(2005)2 73A] 2 ALs]| oA el =] 2]

A2 S ERYE == ZipfREE YEl
WA == olf2 ofe] 7HA AWE AAEH |
EIE

i

A9lzgo] HhEze WA

WY=L ATl gol Wyst, WETEE Gy o SeEr

Eo] A5FAe] gol AT QIck6) AW Follx] HEAL WA U0 Bl

ARSI SAAa1A] AAS Hobbe Attol EAla, oleld el § i Agol

Holehs A5 edel tehirl B} 9] Krugman(1995)}& $UspA ZAAANE 2
7] A8 A7} AAE o hEA BHo] AEsto] ZipfREES et

=] 2AHE AFH g 0l e ST % AZb4 BEhEo] B

A]
A
o

2l AR WA 2 Aol HH ] digk EAE 8T F e A THES
U 2ol AN ET. WA AlAImTRe] @A TSR w2 YRS v 2]
w3t

S =8 =25,

AW S iwe) SR HM—ﬂ Aol BHol AFshe ERES A4
E BS (2 F4ske 7P uba we] Hil1975)0] AAE FAHoldt. =

n—1

= (n—1)/ 3} (InS, — InS,) )

i=1

o] %ol o] EEQAE (Min'? 2 Aaked),
ﬂ—__i T Gabaix et al.(2011)2 2] 2)ollA] (= 02] Lutz2l I|AHREX o 2|3t
HA o] AFFAHE FAAS7E #7158 vehdiH 9 vt 22 71
TS AXES S

ro
o)
N
BN
o,
ot
)
e .8

Ay

In(R—~)=a—bln(9) 2)

5) H3re] AARke] Welol that B4 Kleiber, et al.(2003)2 FxulE

6) A gl oigk AAZE WE-& Hill(2010)0S Fxnket

7) B AFINE AlA 15071571 Folld 4T 4718 3o s sl ol ¢ >
g AAROEE 71eibde] ARE JElE S3RET S o)fedx] AAslen, 53] B Aol
ZH= 710 7l&ddo] ¥ e ERE & 9.

Aubd o g JARMFATFL H}AHY|(Underestimates) S YR E Aeg 424 ot AAHE W82 Newman
(2005, p.327)2 Fzuig,
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A7 y=1/29 A%l b Aol =, o] gl be] BEAE=
b(2/n)"? 9 KT},

U Aollxs & Aolx daeh AFEAEES 283517] st WA 7l AgEE
Feoll thgt =43 A, 2 VWS ofd mAA FHjol 725 vehdis Aol o
2 WA 2 OECDF1e] ZlSalial s ANjalglen], FUSmel S7le) RADA e
2ol izt B RO AESHo g Edlghs B YAz el BHAE 2185t v
B2 ARy 2 o g AEZAeC] Hillel FAUMHT 2o Gabaix et al (2009)0] AAISH
Rank -1/2534%-& 28310 7ledd Sl 4534E st tielle 45E
sste el gokiglon], 1w dsel mhe Aeblesl aH ANEE EEe
ok o]t A7 EAE (2 3ol B3

rlr
o~
Lo

Hill 4%
A SeAm (> EeE azed S sena sz

Rank-1/2 A%

(3F 3) A7 FTIYH HX=

1L AR 3 #42%

1. AEXR & 7|=3A

B Aol SR elE wEd vmA AT S5k 30715te] AREHEEASE
ALY AFESEEATE el Aol 9 Agel S53t7] uiel & vt

9) BT 3070 Sk Thew Rk delx, deltel, UbRlE, wagel, FAUS, Ui, i, 59, ]
, Fohel, SARE, Wm0, W6, 2909, 291 2l SRup), Exblel, A7kEe, of=dlE
ool ofalds, xEuol, G, QAEwll olgelol, U, FF, A, Aeh, B, T2E v

Zgx, AJE, 3=, Jrhe, sFolnt. oH I7HES] Aol $8F o= HAC] AFdhe 49 ¢

n £ 2
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2to] 7|EHdFAEE Uehlle $838 AFolrh. B A9 AuEA= OECD, (2010)< A}
31910 Bz g o) e 712 EAS (F 2) ol Yebith 7125AIE YeE (& 2) ol
Al BZo], 19909 x| 531553 0] 858904 2008 d% e 1,237 E 53551157] w
=27 Z7kelnh. =8 7P 23 5402 19905 HAEIvte] S5Edse 1
et H) E55ET71e] 5SS 11,2582 F Il 52480 11,2580 2R A
o[t} o] H]&o] 2008 d%kel 1 HE&L 4,7995 e}

(® 2) 2AUd=7t9] 7| gt 7|1=&7

A= = ot EFEHR} Ha i

1990 39 858 2,365 1 11,258
1995 39 947 2,512 2 12,354
2000 39 1,149 3,154 1 14,379
2005 39 1,250 3,242 2 15,272
2008 39 1,231 3,134 3 14,399

AAA 71Ed9ds Yeills ASS553E2e] SA4L O 94K ad 08 2 1
TS & 7 o BA (3™ 99 dvle ridE SS9 A URlEe vy B
U, ASSESs97E B2 USted 343 Aolds Kol (T¥ 59 (2d 6)9] sl=
BTN tiddzel dagle] SaeSEEdo] FARS HoEd.

MEEATEATE TR & AP ZIedFE el R IxeAlY i 542 o
= 2ol F 7R 208 5 Slvk. A, VI TR dik¥oE JeEe A 2X
(el ZrrEE)st 2] e vh2 FEE HofEdh

& meol7] wWEq.
10) AF= E3(Triadic Patent Families)8 OECDeX Z7Pd EF|ALE vlwsly| g8 /st AF2A nIEsH
(USPTO), UREIH(POL} FHEFIAHEPO)o] BF TZF=o] gl E3lolH, OECD, Main Science and
Technology Indicators, 2010-1& ©]-83}%32-.
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B4, Bo} $23 54 I3 B 2] Fee B2l Al HyRol
Aeshe A9 B il Bl vehds ExgE ol

ol£7 AEal Hgk%ol, 7% usg oA EHel AN bledArgel B
ol ket AXAE AN, B Aol A 397ke) AFENRES FAlo2 HHA
o EAR) o AL T P T S e
£ 20 2Eo] BpFgo g Hil FARS olgatel WM Aol tig FA AoE (%

3yl Xil*ls}M‘:‘r. GE 3y ollA] BXo], FAAITE 04004 1L47bA]2] SIS 2= Ao
ERiTt. o]t FAIge] HelE o] EAshs 2o B loltt, g AT
2141710 B} 3A JERsi

a0 2 < Gabaix et al.(2011)0] AAJGE A& 24T FAAFS o83t L3 &
Fofl tig Hy A AleE FAsIT (F 4) ol BKo], 1990 d%0] FAHH AAAAAF
7} 0.339014] 2008 el 0,382 vElyttt. olefgt FAAGJAMAITE Hill F873-S AM8-g
FARE A Jepgrh. QA FAXE Aol Aol wiebA] E=A] vERstt)

(F 3 F D FHEAE= AAA ZeddExe] Ju7t Wil EAlsh= X3
HE RHoErh =3 2§71l HA e Agie] Aido g ofslEa gIx
g AAA 7Ttz HiE A7t A8eta 9SS o It IRelE VY
s —%7@74]—?94 S7he AlAIR SR ZF 7Yl 7|e el @ o] WEe Ad=
A2 & F ok

AN

o 3‘2’

(E 3) Hill FRO O3t o AHOIXIY A4FHE U B AU
av | 344 | maed | g | @ L
1990 -0.4336 0.029 -14.9517 0 -0.49044 -0.37676
1995 -0.7531 0.0823 -9.15067 0 -0.91441 -0.59179
2000 -0.960 0.108 -8.88889 0 -1.17168 -0.74832
2005 -1.4295 0.1914 -7.46865 0 -1.80464 -1.05436
2008 -1.2591 0.1506 -8.36056 0 -1.55428 -0.96392

12) B 7o) ztgRAL STATA V.11¢} Gauss V.6.0& ARR319e



e am
(& 4) Rank —1/20f o|gt HHA! ZFEQIXIS| FHX| A et SAHU
aw 249 | mred |t | p@t e
199 Al -0.3369 0.0200 -16.79 0 -0.37755 -0.29625
3 3916117 0.0913 42.86 0 3.730964 4101271
1995 A% -0.35467 0.0223 -15.84 0 -0.40004 -0.30929
e 4.135862 0.1082 38.22 0 3.916581 4355142
5000 A4 -0.35639 0.0239 -14.9 0 -0.40484 -0.30794
e 4.240489 0.1208 35.1 0 3.995699 4.485279
2005 A -0.38336 0.0261 -14.68 0 -0.43628 -0.33044
s 4519684 0.1394 32.4 0 4.237044 4.802323
2008 A4 -0.38785 0.0265 -14.59 0 -0.44171 -0.33398
Chn 4556925 0.1426 3195 0 4.267944 4.845906
0.4
0.39
0.38
0.37
0.36
0.35 |
0.34
0.33 |
0.32 |
0.31
1990 1995 2000 2005 2008

Sele PIENETE Sotol thest Be F4A e Fod 54S 258 & 9
ok WA (E 49 (18 7)7h HolF vk = e] AP Alzte] Aol et
Z7hen gichs Zelth. olefat Aok oF ol et ulsl o] mal FAHIFAPE &
A GRS /0] SN, GG 1 SIS L Azl
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