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Abstract

This research has been conducted to deduce the mechanism of high-tech industrial
cluster formation, and, by taking the mechanism as a working hypothesis, to verify the

hypothesis from the formation process of the Oulu ICT cluster.

In the working hypothesis, I divided the formation process into two periods: a Creation
Period and a Development Period. Five processes take place in the following order,
mainly within the Creation Period: I. Improvement of the Environment for Innovation;
II. Accumulation of Firms; III. Emergence of Anchor Companies; IV. Improvement of the
Environment for Entrepreneurs; and V. Establishment of a Reputation as an Industrial
Cluster. The working hypothesis also assumes that there is a set of causalities among
these five formation processes. Because of those causalities, the formation process will

gain momentum in the Development Period that follows the Creation Period.

After the examination of this set of working hypotheses by analyzing the case of the
Oulu ICT cluster, I succeeded in proving that the order of the five formation processes
was almost appropriate, especially for the Creation Period (1965-1994), and that some

of the causalities among the formation processes are almost proven.

The Creation Period for the Oulu ICT cluster started in 1965 and ended in 1994, while
the Development Period began in 1995 and ended in 2000. (The period after 2000 is

regarded as the cluster’s Maturity Period or a Transition Period toward a new era.)

An Executive Summary in English may be found on pages 140 -147.

JEL classification N94; M19

Keywords: High-tech industrial cluster; Mechanism of cluster formation; Flexible

group; Environment for innovation; Environment for entrepreneurs; Anchor company;

Reputation
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T 74T ROFTHORTA YL (128 TAN) iF, ~v R (562 TA), TAKR— (232 T AN)., #
VAL (204 FAN), UrrH— (18 FAN), bowiy (174 FAN) ICKRET6FEOANOBME L 2D, (E
FLDI BV UF TRAR— Uy A — Iy R HRICE TN D, A DI 2006 4F 6 K
IRF A0

8 SEA U IVHIRTRE SR = 1 « ¥ 2 T (Parvo Simila) K ~D A ' Z B2 — T, 1970 £ % 2B
R REREEZ P E LIZERREZ RIS, AU ATERETO FIST L2 U7 7200 &0 D fE RS ER
REN TV Z ERIRRL TS
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X, Ba=F 4 2 B —E X (1,721 AH) . #I5E - NGE - BTV - IR (834
AN B2 T Dy, filiEEE (8,486 A—7,728 A, 758 AJ) 13 1980 4ERIZH VT HiE
DEFGTTNDZ ENRERSND, ZOHMIX, F 710 ICT 7 7 A% =Rl S vahad
RN HT2 D b DD, £ DREMAIE N RITEAFOREZREIC K T 2B Z M > o b 0
TIPS T-Z LD,

X 4-3 : A v LT E R R B HER

60000
BOSa =T #R- 1wy —E
50000 R
OE/-RE-TBE-FR-&
g%
40000 BEH-BE-BEX
OHE5FE-/INGE-RTIL-BRBE
A 30000
WENE
20000 .
OBS-KEEZE
10000 OREZE
(- FiES
0
N ORME
)
(R4-37—%) _
1975: 1980: 1985 1990: 1991; 1992, 1993: 1994, 1995
EHE 467 434 49 409 370 37 207 298 274
% 9% 109 | 65 % 4 37 K 44 46
ESCES 9712 8486 : 763 : 7728 : 6986 : 6512 . 6275 : 6720 : 1874
EX - KERE 512 ¢ 511 ! 517 ¢ 545 521 ! 500 ! 498 ! 467 452
[EEES 4888 . 3095 . 3138 . 3146 . 2600 . 2031 . 1751 . 1667 . 1708
EIST N T L R E 8255 6936 : 7108 : 7770 : 7215 : 6528 : 6012 : 5959 6082
BB BiEE 3162 ) 3691 i 3631 i 3437 i 3207 i 2919 i 2760 2747 } 2750
SE-RIR-TBE-ER-EEE 2238 & 2569 1 3146 . 6226 1 5635 1 519 i 4695 i 5091 . 4986
Q32=T4-HR B —ERED 14070+ 16902+ 18519+ 18623 18593 ' 17833 ' 16693 ' 16820 ' 17690
it 43400 42793 . 44178 1 47920 . 45175 . 41867 . 39014 . 39813 41812
1996, 1997, 1998 1999, 2000, 2001, 2002 2003#
RHE 254 262 43 2712 28 27 260 229
EiES 60 ! 62 | 65 ! 66 ! 68 ! B 1L 82
HE% 8354 : 9184 1 9775 . 10425 : 11086 : 10378 . 9805 . 9650
BES-KESE 439 418 433 41 405 415 306 ! 388
[EEES 1774 2000 2182 2319 . 2600 . 2502 | 2485 | 2643
H5- G- RT - BREE 6227 : 6480 : 7210 . 735 7513 & 7921 & 7683 1 7,933
E-RE-BEE 2775 ¢ 2951 ' 3105 ! 3297 ' 3313 ' 3346 ' 3349 ' 3382
SRl-RIR-TBE-FR-ERE 5288 . 5574 . 6299 . 6655 . 7610 . 8372 . 8774 . 9097
23274 HEEY—ERIEN | 18515 ¢+ 19209 1 18717 1 19648 1 20265 i 20666 1 21,585 1 22340
Bit 43686 . 46230 . 47979 | 50467 . 53128 . 53942 . 54415 . 55744
HFR : Statistics Finland
(ENEEE

(E2)19754F, 19804F, 19854 () F —4 (& Standard industrial classification 1988 (TOL88)IZ& %,
19904 A& () T —4 (L Standard industrial classification 2002 (TOL 2002)[2& %,
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1990 725 1993 FITNT TIE, VBRI X 2@ HRIC L 5 7+ v 7 v FRRELR
RORARPIZ LD | 1ZELTOXERMTREHED D LR TITN 48 TAGH 39 FAE
TRELBD Lz, ZO%IT 2000 409 53 FINTH T TRHE L 2003 459 56 T AN E T
W9 525, FEFERIC 1993 4F025 2003 FFOBE W CHDHE, aIa=7T 1 -t - &
MY — B R (5,647 ABH), Axfb - PRBR - RENE - JEH - BE 4,402 A, RE¥E(3,375
AH)THIMLTWD, ZoMBIZE T 24 U REOERS %L LTlInAg 7 7 BlpEE%Eh
D ETHREEOHEMBRENWE B D2, EEOHEINTIEANMIT Y —E XL EZD T
FEEWEETEERIN TN D,

Wiz, BEREONEER Y, ~ 32—V v —7 T A (%A - EHE - OFEREE) L Fofh
DEMETHIT TR THRLE (K 44), ~F—V v —7 T AXTT B L THMLELT T

WD ZEDRDND,

4-4 . AU VITRIEEEMEEHR (v F—V v —27 7 X - TOMENEH])

16000

14000

12000

10000

BIR—Tv—
A 8000 —
OZzDOhERSE

6000

4000

2000

0
QD O DAV DD N XA O DO DN
KRGS \°;\ \°5\ \°5\ FF PSSP q,QQ
&
(H4-4T7—%) (Bfi: A)

& 1960) 1961) 1962] 1963] 1964] 1965[ 19661 1967] 1968] 1969] 1970] 1971] 1972 1973 1974
IP—Ir— 1,131] 1,183] 1,228 1,295] 1,330] 1,529| 1,661] 1,628 1914] 1963] 2,152| 2,108 2,168 2,360 2402
ZDMERE 5207] 5583 5,659 5583] 5678] 6,360] 6,392] 6,459| 6,576] 6,834] 6,930 6,477[ 6,416 6,714] 7,105

At 6,338] 6,766] 6,887 6,878/ 7,008] 7,889 8,053| 8,087[ 8,490{ 8,797[ 9,082 8,585| 8,584] 9,074] 9,507

&£ 1975] 1976] 1977 1978] 1979 1980f 1981f 1982] 1983] 1984] 1985 1986] 1987] 1988 1989
IF—Ir— 2,638 2,793 2,777{ 2,796 2,786 2,976] 3,116] 3,170] 3,140] 3,072] 3,000 3,127] 3,112] 3,484] 3,259
ZDMERE 7497 7655 7,447] 6,999 6,178] 7,541] 7.688] 7,578 7,357 6,898] 6,690 6,342 6,386 6,279] 6,248

At 10,135] 10,448] 10,224] 9,795] 8,964] 10,517] 10,804] 10,748| 10,497] 9,970 9,690 9,469 9,498 9,763| 9,507

&£ 1990] 1991) 1992] 1993] 1994] 1995 1996 1997] 1998] 1999] 2000] 2001] 2002] 2003
IP—Ir— 3,681 3433 3,182 3234 3218 3,277] 3,827] 4,379] 4,879| 5839| 6,656] 6,547| 6,626] 6,245
ZDMERE 6,115] 5,793 5,188 4,770] 45303] 4678] 5315 6,089 6,440] 6,567 6,800 6,814 5,725 5,465

&t 9,796] 9,226 8,370f 8,004] 7,521] 7.955| 9,142]10,468| 11,319] 12,406| 13,456] 13,361f 12,351{ 11,710

AT« A U VITREHREAS RS KO L R R
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FFIZ 1990 RO (1995 4~2000 4F) (ZR2BITHIML (3,277 A—6,656 A, Z D
[ OFEFLH UL 15.2%) . 2000 4-~2003 2T H 2003 4 (6,245 A) 12000
L72b DD 6,000 ANEEHMERF L TV D, 20 1990 FRE D~ F—T v —27 T ZADR7R
fRONE, ICT FEFICEIT HWF50H - BIRBOBMIZ L 5 & 2ARKEVWE D L Bbh b,
—J7 . ZOMORERE T 1994 (4,303 N)%& R Rk AIZ 2001 4F121F 6,814 A FE THMNL 7=
LoD, KHEL LTIHBEOE—2 (1976 0 7,655 AX 1981 40 7,688 A) (2L T
BHF. 2003 4£1213 5,466 NETRE S AKMEEZTIF TS, ZO LD ICRIEEOEMN O
F DA TH 1990 FAAZLURED o T 7 RIFER OBFFERH3E - BATEHM o Bt 5 0 2381
N5,

WIZ, 1980 4EfE 1990 ERERE (F—Z O AFHEEEOHIFIC L D) oA v Lol
EHENEBEBOERBINRE A5 & (K 4-5), 1980 RO ATH- 1T - &8 5L -OAM Y
fn e AN - FIRIZEZ AU L, 1980 AL HITREBIIZE L TV D b D DO ARM R, -
HE R o FIRRIZE I8 NG T LS TV 5, £72 Z oI\ TESER Z & Toik
e BRELITHINZE L TWHD OO TN ERbND, —JF 1991 Fnb
1994 4F £ TIEIE & A E O ¥R TR LT 2,000 AL EJK-> TV 223, s - 4mHL,
EONEREAZESC L TS, I OICHEI - RREIE 1994 025 1995 2T THW
HINR7.7%) %~ D Th b,

X 4-5 : A v Vi LEFEERR R R B B HER

BZDih

O#-cEHESHEE

BEX-TREGEEE

Db REEE(TL- TSR
FuOEED)

OARM & & - %/ - ENRIZE

DG

BEG--IXCaEE
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(R4-5T—%)

Bm-f- WiEHs AME  (L2ER EX- BW-£€ ot |8
[RCEE % Mo/ HiEE AESE BRAR
E3 fRE (dL-7 &% &
SRAFYY
=EL)
1982 1,539 89 2,527 1,266 530 3,802 4797] 10,748
1983 1,484 92 2,457 1,243 569 3,390 4652 10497
1984 1,360 81 2,425 1,341 483 3,067 4,280 9,970
1985 1,405 81 2,224 1,321 470 3,009 4,189 9,690
1986 1,547 75 1,893 1,376 450 3,058 4128 9,469
1987 1,605 0 1,992 1,428 488 2,903 3,985 9,498
1988 1,596 0 1,965 1,396 548 2,873 4,258 9,763
1989GE1) 1,569 0 1,648 1,338 586 2,889 4,640 9,780
1990 1,542 0 1,330 1,279 624 2,905 5,021 9,796
1991GE2) 1,549 0 1,213 1,260 504 2,583 4,700 9,226
1992 1,391 0 1,014 1,241 378 2,530 4,346 8,370
1993 1,290 0 918 1,074 341 2,579 4,381 8,004
1994 939 0 733 941 327 3,024 4,581 7,521
1995 835 9 1,382 1,017 232 3,862 4,480 7,955
GEN98IEDT—RIIAFRARETH o1z ERIDEER L1988 F L1990 F D FHEE LTz,

CENMNEFEDILFHFHEEZDT AN THATH = OERDEE L 1990F L1992F D FHELLT=,
HFT AL TR A FE A AR

@A v iR EEHHR

WIT, AN OREFROHR Z R THhDHE (X 4-6), 1970 FFROEFITHIML T
D (FOEDOEERDOE—271E 1978 D 10.7%) . 15 2T RS EO/HR BT 2N
WrddbDERLID, ZD% 1980 FFRITHE DA N T E 2R L2, VEPEELE
1991 4E> HHE 2 R % 1994 FEDLZERIT 22.7% & FCdk L=, TDOHRIZICT 7 7 A X —DIF
bdH B L THEMMNTND LD, 1990 FRLIEORIEE K - KR 1980 4
RURBTOZNHITHRTOR Y SVWKEICH D, TUTATNTET TR 74T 0 e
FIZBWTHED LIZEMICHY (K 4-6 ZR, A V/VITREPEEITH AR 2~5% VKT
THERE) L 1990 FEACEITLUE D NA T 7 FEZED IR E W EE GDP Bk FRED 8 EH Sh
D7 42Ty RRRFIZBIT D805 LTEETREMBEE 2> TV D,

X 4-6 : AV VHIRFEELL - REFRHED

4= 20,000 250 4
% 15,000 1 200 & :
= 150 & COAILTRREH
£ 10,000 100 (A)
~ " e | B (BEUIUN R ER
. 5,000 50 %
~ 0 LR S (A0 0L O O 00 +T@)LT’E%¥$(%)
IO 0O — < I~ O0O MO O AN O
NI~ 00 0 0o O & & ©O ©
D OO OO OOOO OO O O
PPPPPPPPP AN N
-3

9 7 4T ROERE GDP ERIL 1994 25 2000 £F T 3~6%DKAETH R L, BN THIEFY
DEREEFER LI, 2B AU VRO — A% 7-0 28 GDP (3. ICT 7 7 A X —Dgk a3 5 & LT 2002
FITIZ T 4 T v REEROHEE 15.8% EEIAKAEIGEL TWS, (K4-12 BH)
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(Bl4-6T—

1]
<

1975] 1976] 1977) 1978] 1979 1980[ 1981 1982] 1983] 1984] 1985 1986] 1987] 1988] 1989] 1990
Aok EZEH(N 1251] 1,602( 3235] 4354 3877] 3037[ 2909] 3298 3461| 3662 3926] 4,008] 3442] 3334[ 2617] 2,621
TNHREE(%) 33[ 38 171 107 95 15 7 1.1 8.1 86| 81 8.2 7 6.6 52 5.1
(EEINEREE 22 38| 58 1.2 59| 46| 438 5.3 54 52| 50[ 53 50] 45] 34 34

_ 1991] 1992 1993] 1994 1995] 1996 1997] 1998 1999] 2000 2001] 2002] 2003] 2004] 2005
Aok EER ] 4484 7.730[ 10,666] 11,581] 11,039] 10,678] 9.554] 9.474] 9,146 8669 8512 8711] 8316] 8375 8208
A THEER (%) 89| 15.3] 209] 227] 218 208 18.1] 17.4] 164] 151] 143] 141] 133] 133] 129
(BE)IIINREE 751 130f 177] 182 171] 147[ 126 114 102] 98] 91 91 90 88 84

HAET : AU VTGRSR, A 7 VTR B L O Statistics Finland

FAONTHORELRNT 4 T REEREERTHWEBE LTE, O7 47 R
DRFEFRIIANODZ ALV X EHEEZ G 7 17 v ROBEFICH 2k b TE
0. FEELUANOHGEOTIXT 4 v Ty REEROHT L LE Y (W) HEchd 2
&L @A TIVTHIZ A ORERRIC &5 6D % F54E T8 O HL 2R3 i < 80, FEARJE O33R T—fRAYIC B
81 Z Linh, TORTETRERNPHL ETFoNnLZ L, @FYATTIXICT 7 7 A4 —0
TERUZHI D 030D 1990 FEARAT LA, dEER 7 T o REHL & T 2o BigEH D
NAOVEADRFENTIR Y82 2D EORURE 2 EHLYEOFTHILEEN G END Z &
Lo T, ZORTETRELEDPHLETONTWAHERONAZ L8, RENREZLNS,
84

RB.74T L FTIEZIZAOFOMICEBAESAEBIRE & 2@AEER L 72> TR,
HETHHR» O BEHE F TETERTHDLIED, EF LAV CHE LML
TSN TER Y | B - LRI > T 5, 8 1990 ERLIGILR »7- & b
DIREIIREZE L T DOEOMIITHK L, £ 9 LIZFE LA EE DSHERE L CHES DL EIC
BEoTnDHLDERLND, 86

80 NEAERCIEICE D D 15-24 IROD IR (2005 4F) 1%, 74 T2 RRER 125%THLDIIx L. Fv

AL 17.0% & 4.5%F A > FHE,

81 7 ¢ T FEKROEFRE (1524 5%) DRFEHIL 2004 4T 20.8%TH VD . &FMED 2 [5LL D%

fEE 72> TV D,

82 1994 4725 2000 4FE TO 7AERTA U AHOANDIFHK 16 TAHIM L7223, 5 B 9,300 A3t
(thoothlk SLEZET) 2260 - fOHIE~DOERHIC L D41 45) Th D,

83 Bl X (XD O BFED DA UV EICI & 4G THE R E DA UV A LTRSS, DO A0/

BEZRENTIUEFEZROT5ND EITRLRNWZD, NOOSEEIZESTE ) LIERETOHIRL

EFEOHDPHZ REREML LI TS AEREMERH D, (FEEA UMK TIEZ 5 LICBGAMET I T

%50 . Oulu Region Business Agency TIZAE—/LE VR ADREZEZIZIL D, ZDOODOXRIZELY

FATND,) BRI T 4 T FOLMEDOREMFRITIEED Z 1 EE DR LIED R, 72 & 213 2006

FAARRTOT 4T RAEOEFEFRAD (1564 5%) (2 HDDBEROFGIT. BN 74.0%I2

*f LTl 69.5% Th 5,

84 723 Technology News (2% 3" % 4 U LT FT O £AEzE S (2005 427 A 13 BfHF) e kv, Ao

AL 7 7 RO TRROEH TH Y . £ 5 L7WHICidd HRE OMER) - BEIR R KEE DN

TET 2R H L0, A TVOEHEE D LI RELEOHBANNCEHD DEAETL25%THD &V, (7

FIZIFRD X H12H D, Because Oulu is the biggest center of northern Finland, there is naturally some

structural long-term unemployment in the region. However, the amount is a mere 2.5 pct of the total

workforce, and unemployment is continuously declining.)

85 Manuel Castells and Pekka Himanen(2002), ¥R 12 B

86 Manuel Castells and Pekka Himanen(2002)iZ L iuiE, 7 4 > 7 v RO V=58 (FifE 0B O R TFLE S

D) 131990 45(0.204)7> 5 1998 4E(0.295)12 71 TRUEIZ ES (RFE%E() LTWwa 00, th
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@A 7 VU SE R I B
ZETAHUNANOT =X EMBLL T, AU ICT 7 7 AKX — O LR HEPHIX
F U NVHEL O BIGIRIZ B IEA > T D, 2000 FLIREA D L & 3k H’C%WF%@%%%
i LT3 10 @ BiRIK (A v viifEil @ Kempele, Oulunsalo, Hailuoto, Haukipudas, ,
Kiiminki, Liminka, Lumijoki, Muhos, Tyrnava, Ylikiiminki) & A4 /L iin s 72 2 ik
(LT Aot EEs) (K4-7) 1, AUVICT 7 7 A% —OHBIRYHEIPH & b
LD ERONDTZD, EOHIKOKE T — % &2 B THI-,

4-7 : Aok (11 BiGE)

v

Hauklpllldasr;-’
i
H-{Iu H’Iikim

jKlln'n
'}n’bulun &y

f-'\.:Z( ke & .__r")
fjoki |
W“H mk"H 'H .\t

}“2

Culy

HiFT : Oulu Regional Business Agency &~—AX—

( http://www.ouka.fi/ouluseutu/yrityspalvelut/suomi/intra_esitteet.htm )

HEFOHIKIC LY 1990 AL (b L<IX 1993 4ELUE) OF — & L7225 h8, pEERE A
FROHRBZ LD & (K 4-8) FRBCTIE 1990 25 1993 4R F Tl L (48 3 6.2%)
Z D% 2000 FFE TRALEF U GEFEEEINE 4.4%) . TO%R LEINOT V RITFESCHIZR D
HEIN(2000 F~2003 4F F THEFE 1.9%H) ZFeiT TV D, 1990 425 1993 4 F Tl
FEIZ23 00 5P LTV 5 23,1993 4272 5 2000 A2 2T T, Bl 34 (5 %) 8.6%H) |
Gl - PRI - RNENE - I - EE¥E EFY 6.7 %) & PUOLICHOENE L, 2000
5 2003 4 TIHELEFET 2000 4 ©— 7 [ZHAIZEIR L2 O D, e - PRI - REE - IF
fir - EEEITFEEY 6.6%H. 2 2= ¢ -t - @bV — © AT 3.6%H O A
feiT T 5, 2000 FELARE, BESEN STBERNR Ly THEEBE B Z WD STV L0t
L. 1990 D ICT 7 7 A X — D DB R > TH— B REENPORT TV DH LD

SRR EZ R TIRIEDO — > TH HINER (10 H AHT=V, 1950 4= 187 A, 1990 4E 69 A, 2000 4= 62 A)
X ORI EED T 1950 FLUE—E L TR T LT T\ 5, (FAE, R 9 BELU 82 H)
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b AXITbND,

4-8 : A v VIO SE R TR B B HERS

100000 BZDfth
90000 - - _ _ .
BOSa=—T-#&-EilY—E
80000 A
70000 OS/-RIR-TEE-FIR-E
BX
60000 mEH-BE-BEX
A 50000 DS INE R TIL-REE
40000 _
W EER
30000
20000 ODER-KEEE
10000 I OslEx
0
D O O O OO OO OO OO OO OO O O O ™M
22222222 1 8
S \mewx
F
(H4-87—4)
1990 1991 1992 1993 1994 1995 1996]
BWE 2810 2666 2483 2323 2237 1989 1902
EI/E 3 136 156 127 119 157 142 138
REE 12373 11086 10348 10038 10955 12629 13329
BR-KEEE 965 947 909 851 805 774 763
B 5626 4729 3743 3320 3268 3353 3486
SN R TIL-BRBE 11353 10692 9762 9014 8880 9045 9306
E-mE-EEE 5286 4925 4560 4354 4434 4460 4484
SR-RIR-TEE-FR-BEEE 8435 7761 7255 6691 7218 7062 7467
AZa=To-#E-EUY—EX 25584 25489 24479 23061 23451 24612 25920
Z Dt 1543 1530 1500 1299 1312 1256 1111
X 74111 69981 65166 61070 62717 65322 67906
1997 1998 1999 2000 2001 2002 2003(;%2)
BWE 1834 1773 1776 1733 1653 1575 1510
EiES 158 161 168 166 172 166 204
B 14764 15729 16654 17918 16909 16075 16097
BRKESHE 757 769 772 740 699 662 640
Baex 3954 4259 4606 5139 5003 5067 5431
EFE-INE R TIL-RBE 9805 10797 11085 11329 11921 11735 12120
ER-AEREE 4764 5027 5284 5302 5372 5427 5519
SRb-RIR-TEE-ER-BEE 7952 8844 9278 10504 11544 12187 12725
AT #HE-BUY—EX 26896 26471 27528 28499 29188 30560 31645
FDith 1110 1045 1290 1246 1186 1337 1541
A5t 71994 74875 78441 82576 83647 84791 87432

(H Fr)Employment Statistics, Statistics Finland
GE1)EZE D $EldStandard industrial classification 2002 (TOL 2002)IZ& 5,

(GX2)2003F L EEE,
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O vl A T RISLE S RS

T, AUNAMBOEIEEDO TS T 7RI EALESIT BT\ D, EE A - EE
ROSRE S SRR ARG R - oo Yo — s ER RS o E T
FEOHBEZ R THRDE (X 4-9), 5T 1993 4 (3,402 A) 75 2000 4 (9,181 A)
ETEWVHO (5,779 AH. FFH) 15.2%H) LTk, #iE¥ (10,038 A—17,918
AL 7,880 NHf) DIRINTINGDREENEGIRE THT2Z ENREMT O TN D, FFIZE
TR - GG AR TG (2,744 A—8,281 A, 5,537 AH)DFHENIERIBIIZ K Z W (FH S
3 95.8%), 2001 4ELARE (XS 72 TT A PLS0AE FE LA OO PR O 8 A 2 1 C— B L
TebDd, 1998 4 TOREZ LRI D KETHERE L TV 2D,

4-9 : AU VN A T 7 TGS JE A RS

10000
9000 :
8000 —TH HI—=F —_— .
7000 + B H OREHREESE
6000 =Tt 1 H L H H H  DEFSa-BERkRsEs
A 5000 L P ]  mssmmesarea—s—as

4000 R S N = N "
3000 A S I O o I B s [ TR
2000 S H L HLE
1000 S H L HLE

0 L i — . - - i B —

& \(,JOP‘ \%03’3 & \cg? R ‘L@Q '\90\ ‘9&,\9&*

&
(H4-9T7—5) _ _ _ (AL A)

EXREEX [FHAKS - |BFHm - 8 |[BEHRSEE )

F avEa— |ER#SBEE (X H
2_RER X

1993 266 85 2,744 307 3,402
1994 184 137 3,799 328 4,448
1995 157 157 5,174 401 5,889
1996 216 95 5,754 410 6,475
1997 228 81 6,413 476 7,198
1998 179 400 6,483 557 7,619
1999 164 122 1,947 536 8,369
2000 139 151 8,281 610 9,181
2001 127 125 7,449 591 8,292
2002 26 22 6,850 794 7,692
2003 27 24 7,181 684 7,916

H Ff:Statistics Finland
3E1:20035F (X E E B
;¥2:Standard industrial classification 2002 (TOL 2002)(Z&2<
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®A vV HUISR PTG

Fo, A UNHOFEENEE D L (K 4-10), 1995 A JEIZ 2000 FLUES —EH LT
MONTEY, BELERERAEZHR > TVWDEEE2 LY, ZoMlofERoEE 2 /5
&L 1993 4 550 FHEFTHDH 2001 HED 645 FEFT~ 17.3% ML TW5, 7233, R
DOREEEEIL 1993 D 10,348 AN DS, B —7 &) 7= 2000 4£121% 17,918 A~ & 73.2%
WAL CRY, —FHERHZVOREBE LNV OREHMLTCND Z ERNbNDd, Z0
HERICIE, BRI 5/ T 0EEEE. / XTOVTar T2 —L L TEEME A
SELTEARZED ) RTINS B R AD B BTN~ OB © H0 U Ze A & 3R A L
RKLIZZERH D,

X 4-10 : A 7V HIERE 3651 E T CHERS

9,000

8,000 O it

7,000 BOSa2=-T-#HE-EiUtY—EX

6,000 D&pt-RIR- T EBE-BiR-E5%
5 DEH-EE-&E
2 5,000 DN/ AT L - SR
A7 4,000 mERE
Ed ES-HRKESE

3,000 Dflge

2,000 L FE S

DEHE

1,000

0

1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003
-3

(B4-107—%)

19931 1994, 1995, 19961 19971 19981 1999,  2000: 2001, 2002: 2003
' ' ' ' ' ' ' ' ' '

BWE
821 90 961 102: 99, 96 1121 1141 1101 118 117,
R : : : : : : ; : : :
61, 64, 65, 65, 66, 60, 70, 62, 61, 58, 62
550! 556! 557! 602! 628! 643! 633 619" 645! 638! 633
Eﬁ . 731 . 7kié$$ 1 1 1 1 1 1 [} [} 1 1
27 30! 31! 30! 26! 29! 290 26! 27! 25! 25
RaE | \ \ \ \ \ | \ 1 |
. | | | : : : : . .
767! 776! 757! 795! 813! 854! 855! 8731 906' 919t 922
EN5E - /NFE - ARTL - BR ' | | | | | | | ' '
JoE ' | | | \ \ \ 1 ' '
20120 1,958 1,9361 2,048 2125: 2134 2134 21261 2,148 21661 2,191
& - BE - Bl j . . . . . . . j j
628 6281 620: 651, 690: 6881 700, 7331 729, 724 746
e ER TOE F ; : : : : : ; : : ;
- AHE | | | | : : : : . |
1,145, 1,142, 1,188, 1256, 1,341, 1,376, 1457, 1,512, 1,602, 1,666, 1,751
TTaics, HE B 0 i i i ; ; i ; i 0
HwH—EX ' 1 1 1 1 1 ! ! ' '
950, 874! 659! 765! 792! 936! 1007! 1,207' 1,252 1,211) 1,371
%0)1'@. 1 1 1 1 [ [ 1 [ 1 1l
55! 441 541 23 311 301 260 26 o7 25! 29
EH

6,277!  6,162!  5963! 6337 6611 6,846 7,023' 7,298' 7,507 7,550' 7,847

HiFF : Statistics Finland
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DA 7 )V HIE SR 52 b EHER
F7o. BEEROFR EEmoHiBE LD E (X 4-11), 1993 LI 2000 4F £ THIOWHT, 4%
Z1999 -, 2000 4= & BLEZE A HLIZE LUWVFOE R L7223, 2001 ALARRIE 1999 4R D7k
‘@KELTb\éO 2000 EOE—7 NEH L TWDHEDZI0LOIEL KENWHL DD,
BDHRIZEBNTH 708 1995-1996 4RO 2 (5FEFE & AR A mk T (21K TK 100 fE=2—nr |
BUEFETZT T B0 e —mgy) ITEL TV D,

4-11 : 7 v VHIEPE ¥R T B HER

14,000,000 BT Ot
= — P - —F
12,000,000 H l§~1—74 HE-f@ity—t
Sh. i ~ ELS 4=
P D%I’ﬂ%ﬂ REz-AFEE-BiR-E
SWEAR -2 _
a mEH- A EE
= 8,000,000 |
£ OEFE-/NE-RTIL-BRE %
= 6,000,000 [ | 0
BEA e
4,000,000 L H
OES-AR-KESE
2,000,000 S i
OshEZE
0
S X O OO QA D OO NAD D .ﬁﬂ:%
SRS RIS ‘\96 ‘\96 ‘\96 ‘\/@ s
DEME
&
(H4-117—%) (Bf: F1—0)
F 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003
ERE
B 13,647 16,240 16,683 19,267 18,276 46,701 45178 52,711 45,073 43,317 49,034,
e
19,670 16,120 25,393 30,073 41,690 39,158 39,886 35,972 62,447 76,261 83,492
EBCES

1,266,717) 1,518,601] 1,919,735] 2,036,463 2,679,757| 2,601,795| 5,602,627 8,401,700 4,799,826| 4,916,046] 4,654,852

BR - HR - KERE
366,478 154,682 157,938 91,005 81,592 98,872 93,662 88,269 119,316 136,400, 139,808

[EBES
347,816 347,995 397,898 447,309 555,377 614,143 708,609 755,716 882,490 743,714 852,980

E5E - N - RTIL ER
B 2,105,924] 2,202,021] 2,240,058] 2,000,905 2,372,320| 2,245,949| 2,191,408| 2,350,552| 2,565,299] 2457,738] 2,621,859
B - B - B

142,151 205,276 269,548 330,177 500,097 545,395 516,318 613,266 609,020 606,705 709,433

&EL - RIR - FBE - F

B-E8% 186,011 199,848 227,010 274,665 311,830 384,339 447,216 568,488 656,192 759,166 809,212
EEEES R -2 ]
WHH—ER 124,207] 91,075 88,587, 88,517 89,850 104,614 121,992 145,671 158,791 166,760, 197,605
Z 0t
2,563 2,704 2,350 1,409 2,051 2,221 1,282 1,755 2,117 1,978] 1,903
it 4,575,184| 4,754,562| 5,345,200] 5,319,790 6,652,840 6,683,187 9,768,178 13,014,100) 9,900,571] 9,908,085] 10,120,178,

T : Statistics Finland
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@A 7 NVHIR O R — N2 7= 0 O EAEHER:

FI2Z LA T 7L L LT EESCY — U A EOER a0 EH RIS, &
TVHBE OER— N4 72 0 O IMEELE (X 4-12) b 1990 FAH% 005 2000 4120 F T
JNEFIZ O, 2002 12137 4 T > FEEOBIEZ 15.8% LRI D KEECEST L7 L, ICT
7 T AL =D A U VHI IR DR IZT G L W OR8N D,

4-12: AR OFEER— AN 7= 0 OB ELEH#ER (2000 FEAfi)

30,000

25,000 ™

20,000 %/
d

a—— H#hig
| 15,000 j_ml:mj
0o — T4k

10,000

5,000

0

1995 1996 1997 1998 1999 2000 2001 2002
3

(R4-127—%) (8 21—0)
& 1995 1996 1997 1998 1999 2000 2001 2002

A )L hiE 17,916 18,791 20,142 20,577 21,962 24,812 24,853 26,047

74)3:/_|: 17,441 18,084 19,154 20,024 20,687 21,841 22,059 22,487

T —2H T : Oulu Region Business Agency& $1(Oulu Region Quick Facts)

F1.2002F (L EENE

E2. 4 )Lt 11 D S5 Yiikiminki DT —2IXEENTULVELY,
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4.3 FUNWICT 7 7 A X —EamFEIC BT DERBI ORI T 7 % — D@ X
W, oD ICT 7 7 AX —DEOREE, FRTEDOFEBERT 7 X —D# )X % H
DR TV Z 2zt 5,

4.3.1 1958 4EN 5 1970 4RI E 5 Te@h =
OA T NVKFORN & BR LR ORE

FONRKRFZ, AET 4 T RIZBIT D TORY: (BERFLELTET 1T~
RTIZZEHE) & LT, 1958 RITH 8, Lh, IS, b 4 7 & FIFSERT &
BRI T o Tk SNz, 24 - 72 (Mika Kulju)(2002)12 k% &, 1949 4
WCH T EEZH D T 4« 1A T T (Pentti Kaitera)BALEE 7 v 7 o R EHIZERT
DFRNLEFRE L TLR, 7 4 v 7 v REHED D Ok 4 2B 072 h>, Rz 5 A6
B 225 AT 108 < ORI 2 iFBrEB 2R T < RALBBOONTZ LD L TH
Do ZODX DA e HEGER AR TR SN KFEETIC, AUAKFEFAE T T
Y ROHBIRILZ RN S L 0 R BT 2 Lo, BRIFEHLMNIRD X DI,
FINVRKRFTA T NAD ICT 7 7 A X —OWEIEE & AMBRICE T 5L ko T, £
I LIz E RIS, AUNDOY A = A= BT 5T 7 /R Y Aftk(Technopolis
Oyj)DHMHED~V v T 4 « 7—A 3% (Pertti Huuskonen) K i%, 4 7 /L KZEDFRILIZD
WT 22 100 4F Tl & BB HUBBORIRE | LFEL TW 5, 87 F UV RFERALATITAL
747y RICEDEENENTEEREEEZTH1-0IE 7 0 7 v RERICEBY £ F
RN B holebFTHY, L7 4 7 FOMIBIRELZ & > CTlI R X Z2FiHE T
Holm, 88

(BRI O & A7 A~ U EIZ ORT)

FTINVRKZFD LT LR DT 575, %1 ICT 7 7 A % — Ot 5Em &k P
MERE COFEE L 72 5ERA L TFRT 1965 F DRI &5, 80 Z OFRHTEKEATE
(Department of Electrical Engineer)? & L CAZ— kL, RS HIZB W TIEFICILE 7
4T ROTOOENFEIOFRRE B E LTz, BREEROBZ N OBRIZIE, ~v
VUOFR IRRFEEER, VYU RFOEBRKmONIEE & L CALimEICH 5 Y &
VX a7 CEMEMEEZ L Q2= - A7 A< (Juhani Oksman) K91 & Zd%., FF
FLELTHRW, RRIIEB7Z 07y ROAEENZN L, RBOEFEOBMR TR

87 Mika Kulju (2002), p. 193.

88 FUNKFARED, LT THRRD LT, AUVNVKFOEXEAMBFEDORFELEDLINT 4 T
FAEBIZ RN O 2 SR D 72 AU 72 DV REERSET <t Z L 1T/ B,

89 ZOFRHIBIETIX, LEHMOPIET TR A UNLVKRFEREOF THRROFERTHY | FROFAEK
LHE R OGS L 3,000 4 BB OB EAT D,

90 1975 4£|ZBR T.2¢F (Department of Electrical Engineering)(Z24#: L, 2002 4E7> & LB 8 T8}
(Department of Electrical and Information Engineering) & 72> T\ 5,

N Fr 2= RICET DR E. Mika Kulju (2002), pp. 35-49.2 & &2 LT\ 5,
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FCIEICH L N2 I THMITREIHR 7 T RIZiZb e b L Rdb o7,
ZORN=T I TORBPLMBEER? BRICFEKROIE 7 1 7 RORFRIE~DTRE
MR E 72> TH LD Z LD, &7 A~ 7T, 1966 4FOFRH R TEBL T
TV 7 bu=J Z0BEHOBALITHH L, FRELYPOE b7 17 Fo
TEODOEIEMOER) R 2T LT, TR FT I NMIBITHNAT 7 RIESXY T A
2 —IERRICINT CORPID—H L iroT- 2 X 9,

(F 2 Z Bz OHTE)

TV hu=g AEROGFEHIESE 47 A~ U HFRIT, YR, /X T OEFIZAST
WIeZ 4T R e =T e 7y 7 N —OEFEEHRABD WYy T 4 - X
7 (Matti Otala) K98 Z#fz L L CTHIET 2, A4 JRIIAUAVEENS T, IH - 712
(200212 k% &, TIRCTHZEE T VA EIEY 1 5IRTT IV VET LEERESTLE VI KT
BifiETHY, 74T FIBRFPEZEFEE, TLEA—D— (~VT 7 uth) 8%
T, T4 T R =70 777 b U—IZ Atk B F 712N S 72(1966 4)
7o, JXTOMEE LIRS T\, T A~ UV HRIZLD L, RRIIAZ TRB ATV
EENTHLZELICHEZDT, =L 7 b= 2 RHYOERE LTHRBEL, A4 7K
X [RA—=Yr— 2795 CRVDRB] LWHRUETERHLIZESH, A=Y r—AH%
WZOWTIERFPNTRS 22T 2L WO R, FRETHo 7oA 7 A~ R & LY)
ST,

4 7 K% 1968 FAERICEIRITAT%, ISHE 7 L7t = (Department of Applied
Electronics, Hi/ED Electronics Laboratory) 238\ CxT L 7 b= AFEHXDERED =—
AWV IANTEN T ZED D L B, 7 1T RO L br =7 APEEDARK
WZOWTEICH Z DTz, TIUCE DA A2 T RITBEZES OFTRD K 5 IZBR~T
Wb,

(G A=V Ur2gzss, bl biidmoAEL2EFAZ Lo 7-, Jb
74T K6 ANATRHZIE L, #ERICEBD 52 L TEAN—& L, 4
INTCE =T REMLTH, BETRIZEH T 0 72 RIZED L5 THIUTEWRM

2 FI AT UVERADA A 22X DL, BMETHIFERORBULIT 4 T RREE TRE - 7-1%412.
VEOBRETEHAEFEEOHsTouN=x (T T 0 RigdEEO 7 v 77 > RINOME) A Lo
5 ENREKTZE VD, RRIZEDORBENHIEN SZ T ZRIZH W2 E W R b R b ozt &
Thbd, £, FARIFXBOBEDORIESENG, 7 1 7 v FIZB T 2 REF MBI L TBELAR
<. TOMEE BROIEOBRERLOT —<IZBATLRE Tho V),

93 I & T HFRICET SR 1T, Mika Kulju (2002), pp. 51-62. 22 E1C L T\ 5,

94 Mika Kulju(2002iZ &k % &, 4% T KON~ D288 28N 5 72D A 7 VITEBI L Tz
BrcAEn-eoZ &, (FAE, p.53.)

B KZETHZ D EEFETREZOFEMICHET D Z &,

96 Matti Otala, “Uskalla olla visas”, Ajatus Kirjat, Jyviskyld, 2001 (KD % 1 bvid THx TEL Hiv)
LWV HER) I Z Tk Mika Kulju (2002), p. 56. 25 D3| A,
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2, ALERICER EEEAHET O RETH- T, LR WERICEW®RSH L Z M F%
DFEHIENHI Z LT DTE, )

* o A< R & A2 T H % T EEI(Electrical and Electronics Industry) &V 9 &5
Ev 720, A% 7881 HEOMIZIEE 7 « > 7 > Ro EEI THET AL Lo HAIEN
ARETH D] 97 BEHH~ORFTMER CkA R TAF L. BHIME CHE D720
ST EF DM, 1975 FEHITITEM D 2,000 NHEIZEL T A~ U BiR & A5 T HiRi
fare mEHE ZfRoT2 LD, 98

F 5 THEL, AUNVICT 7 7 A2 —DORIMMPIM OERE 2T 7 2 — L2 % 71 v — =+t
ME LT b= AFEEIEEZITIICHI > TCOERERIZ Y A M LTOREIZ T
LTo B —=fi3A v L O HK 180 km (2 & 2 MG TT I ¥ — =128 HH UL~ - UK
A =T —TH o7, 1968 4, A X THIRDOT L7 bu =7 ZAFEZEDRERIEICONT

OEMICN T v —=ttD I v 3 « T ¢ % (Mikko Téhtinen )E RN A ¥ 7 Bz
T7ua—F L, BEROFEIWE LEZESRIIEEIY—=+ 17 fr =7 2t(Kajaani Oy
Elektroniikka)®® #3726 Bif7-, HAIOBGITA ¥ 7B R OMIEE & OILFRFIECTHZE L
TV TIEATRMES TH o2, BRICERTRICEDY 00w Thnd 2oz
L7 b= 280 AT 2 L b, (DY —=thic oW TiIkik 7 5,)

2 T BIRIT 1971 AR FRHR ST, TR I8 & L TN (Information
Technology) DF#(LZEB L7-, 2D Z EIXIC Y 7 b7 = 7T B O FEHRILIZ D723 |
B, /T T DA TMTBNT 1985 L, MHEREI & ik L T <RIk 5 izO=
V7 hr=7 25058 @Y7 by =T QERUEIED 353810 D5 HDOEQ@D ZEHM DR
RIZT TRREICEN 2D CTWe 2 E 2 ERT 5, HRAIZQODERBE ST ITA 7 A~
R OA— 0 FIWFED IO OBEWMTEN S A & — ~ L TEBRIEE OBFJEICIR L, 1973 4
DFBATOERBEMEEORE. S OITIXFEMEEL I E L 1995 40
CWC(Centre for Wireless Communication)i% i~ & D72 3> T\ 2 &7 %,

2T HIT 1974 FIA VIV S IZE LA e o 4 — T D VIT =L 7
0 =7 AW5ERT (RICEER) OFMRETRICEE L. FBFERTIC T D FEWFE O HEE 2 58
Nz — R L72#%.1983 = L _X— & — A —J1—D KONE (8 5101 £ C A7 /Ld ICT
JIAZ—=DEYa S YA MRF—N—Y 2 LTHERT D,

N F Iy A< RICED & BRI RICAEETM CORHZHEEL T\,

B F I AT URA U H Ea—

9 BT BPNIA Y —=DAFZE LY - =L 7 hr=2 2%(0y Janki Electronics Ab) & L CTU /=,
(Mika Kulju(2002), p. 61.)

100 TEKES A7/ (7 A2« =X U THER) A% =—, B TEKES (7 ¢ > 7> REIHIT) |
74T NBEEEE AT OMAR1983 FAIR) T, EITRHEEI B O T A CHITEB I ﬂbfﬁﬁm
BB EITo TV D,

101 2otk /X7 72ET7 4270 ROKRFREOTKE 2 2T LT,
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(F U NVRFEK[LFROZEE)

F o A~ U EER, AX TEROEI LR O LB TH DN, FRERSLLSKR OWFZES) B
DFERFEFIMIEEOLE (M 4-13) [ZHHDH TN D, 102

BALRFOFRA I TEREMB CThH o 722y, EEMIZITER LER L FED L9 sk
L7k <, IR FZE=E  (Department of Measurement Techniques) . &+ L%
W7t % (Department of Applied Electronics). HlimdE 5 LM% (Department of
Theoretical Electrical Engineering) ® 3 DDOIFEEZHEL TA X — K LT,

F9°, FHUHEAFAFZE= (Department of Measurement Techniques) T&h 573, ZiidA
U A~ CEEEOMZEE L LR S, BUETIIONEF LFE A2 A, EF LY - G
HIE IR A58 2 (Optoelectronics and Measurement Technology Laboratory ) & 72 > T\ %,

X 4-13 : AR (L) B LR OMFEE D 25E

7965 19705 R DAD 19;&3?’% 970ERORDHYE  1980E D HD T980FE R DEDH YR 19904 B
) Keptg
EEEINBECEES >

(REIR: AN -F ORIV ER) KEF I FHRIRAT B
RE

ICABFIFHRE

(RBIR: TV T1-F27HIR) BFIFHRE

ERESIFHARE >

(RBIR: TV T A HIREKIR) 24yAILYra=Y R
MEERRE

1980

AVE1—R—THHERE >

IR KT 1Sy \TARAE  VSBEDR: 1A -0=2 T 5iD)
1994

BRL —

R
(RBIR: YT ETTAhARY
1973 %)
(FORRBIRDITE o > BRBEMRE >
BPERHAR)) (DRI AN FHRIVHER) v (FEIEE R )
1995

CWGC(Center for Wireless
Communication) (FIfXFT & : X>
TA-LyRRHR)

BRI IR L P o B 56 B L HPublic Relations ManagerOllkka HeikuraFc ~0){ - A€ 1— (2005.11.30) =& U TERX

GEDERA L. 1965F DRI L ¥)IL BT IRENF (Department of Electrical Engineer) Td#ho1=A%, 19755 (ZE R L% %} (Department of Electrical Engineering) &%5Y) . 20024
[ZIFERIEHRT %% (Department of Electrical and Information Engineering) ICZEB SN TRAEICES TS, (FHRADER (T, RENEEINTHLAELEDILIZLEZD
HEHEDIE)

GE2) T &EFRNIZ, 19694F 1ZIRZEER (Fuculty of Science) D TR R 2% (Department of Information Processing Science) NSk iIah , METIELF T2EE
[TREVERELGOTNVS (BRADEREIERFERTFER

s B L2 W28 % (Department of Applied Electronics. i 1E @ Electronics
Laboratory) 1%, 4% 78R OMExEL L TCAX— L, Lk v —=% L DOI[FEMIE
LUk REMMMEEIToTc, X THRORBER L L THBEESA By R - Ly
X774V (Seppo Leppavuord) Kix., 7 « > 7 > REEICAILDO B 5 7 ARtk & 6] TR
NAT Yy FEIRIC K 2 BEFEEEBRFE 21TV, A UVl T CEIEKEREHEIN, B
DFEEE MBS ET, 108 Ly XUFVERIT, A7 A~ Bk e 45 7 BROMEH
BN THILTZ WS DD BUN O PEZESANISHFFEHE TH 5 VIT =L 7 hu =27 A4

102 A7 L KREBER TR ORI OV T, FFRA— 58— (http//www.ee.oulu.fi/ )25 H (2 LT
WABIED, A 7V RFZLTHEESE # L FE Public Relations Manager @ Ilkka Heikura lx~® A % £
2—IZEZL B LoTND,

103 Jouko Métténen K(AR—F— +« =L puathlttR)A ¥ Ea—
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TR OA VNVFHEBROBHEEEZE0L 28 A UNAHIRO 7 T 2 F —TBRIC T ) 5 @ ThHE
Fei « AMBE R « BRI R CIER I BB e 2 o L,

o, BERLFRORNOLFEETRIOE L, EXLFRHHS ORINOBRTHLE >
R« W= J v > 7 A (Seppo Saynijikangas) K b HE T LA AEOHE TH S, Y=
T T ABERE, AU AR TR e — VI E R AERET AL e
=g AL DHRT— - =17 hrtt(Polar Electro Oy) (ENEIZ 7 e A v
~z#~@k@xﬁ~/ﬂﬁ%_%wéhﬁﬁ@@mmﬁ%%&—)%1%7&:@¥L\
1980 FRATEHIAHEICHER T L LI o ThbL bR AVLVKRFZORELROFEE &
b, RFEEAZ— T v 7 REOREFRE L TOR—LET NV ERST,

PR E AR L F9E = (Department of Theoretical Electrical Engineering) (%, #H%#
D~ v T 4 + 717 A(Matti Karras) #dZ OWFE=E T, LICHGRWHEFO®E ) b B LT 2 %
DTSR EH T, RICvA I/ m L7 fr=J X - Hﬂ%'ﬁﬂné(Mlcroelectronics
and Material Physics Laboratory) & 72 ¥ | IC [FI# ORGHLCE F-ilsh D 2 > 287 MbZe &
AWMERN O XA T KEIZA-T2 L EA X9,

1973 FEITi%, 4 FHOWFEE & L TEXEENI=E (Telecommunication Laboratory)
WA T A P ERICE > TRLENT, b b AT A~ VERITHERWEF O /38 TO

EHEE OWFEE Th oo, £ I TOEMMITE, BARITIZARY b T AIEEER I EFH
L—Z—IZHWOLND D TH-o7on, TOHEHMTE-RAMNEE (BEHES. HEHE
B WCBIBHEND LR D, EDZLIZT 4T ROEER (TVA——0DH 1
— TR/ FT | MHEROFRAALE LT 1979 FITHRSLENTZETET) BRIKDNIZT L5,
J %7ﬁ§#%?€n§k%i&ﬁ VAT LATHRBRIDZIND D Z LI HHEERTEKE oo T
DI THLN, FRICBWTUIAZ ATV EROL B ED Z EIZRWVEENRLKDONTED
1973 212 é&%%@ﬁn%ﬁ%&btﬁk BEFEEZ FRNICLD BIF 72, Z OfgEsE
TIFALBE O Y # % 2 T TH 7 A~ U ER EEME A L~ T 0 - Ly sx
> (Pentti Leppénen)?ﬁi‘%ﬁﬁ‘ﬁ Av L HRE L ICEHERERERI-T L1205, 106 F
72, 1995 F\Z H{EAFEEFE8 T CWC (Centre for Wireless Communication) % 37
[SH SN 3 1 %T®ﬁn%yﬁkbf®ﬁ%dﬁ%ﬁ@f%<:kﬂﬁéo

1980 (21X, 5 FZBHDOIFFEREL LT ¥ a—F —T20%5E= (Computer Engineering
Laboratory) 230> -> 72, Ziuix 1994 4|21 #HALBELHF 7% = (Information Processing
Laboratory, #f7E=E & L ClX 6 FH) 2PN SN OHEE THROTWD, [HHlLE
DY OWTIFELZEES (Faculty of Science) D HIZH 1969 470> b 1 # WL R}

104 Mika Kulju (2002), p. 68.
105 Mika Kulju (2002), p. 46.
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(Department of Information Processing Science) 106 /3fFAEL CTUWN =2y, BAR LFEEO
HCTHar B a—%— LSO % R B DNEBENLIED TV Z &3, &I/ T N7
1980 AL LR, A U VTR BN 2158 b S5 THIAZ T2 Z Ll » T2 E 4
i 5 o

1

ZO X oIz, ERLFF T, w&&m%ﬂ& EHNDOT L ha=7 A0 A
L7=DFH7e 63, 1973 I EERRIE(E 2 FOICEREE 2%, 1980 Rl v B a—X —
I?®%%K“%$<$%%:EﬁbJQBE#%@/%T@ﬁ?wTWNMTW%WE
HJR Y AT LB um&%#%m#*ﬁﬁﬁwmﬁkﬁ/7bﬁx?@mmww
Software)108 MBA%E, 1980 L0 7 4 T ¥ RHEITOXE L5 THRD LV H
ﬁﬁ%%%%&ﬁf%éCDMA&W:%#éHn%%:kw:E%wa<_&:ﬁéo

BRLTHZ 1980 FICHAFEL, 7472 REHICH L RFCEEE L 4010 VIT
T L7 ha=7 AT AR T, 1985 D ) X7 B —ELT 4 (SFRHE S X7 -
EFEET) THBRLY 7 b =7 ORBEEFEELHOLTILy X« Tl v aTf Ry
(Erkki Veikkolainen) [ i%, A 7 /LK T 5 ICT 0B ~OE S ORMORE L 202
D XT O FEHEREFBUC L 5 X TR 2RO L D IZ5E> T D,

(FONEY T NI =T REA VT H A= ar T 7 ) av—\ZENT DO
WMEVEPoTetE 25D, RWRHICA 7 A~ VRN A U VR LA ER LR
BOWTERBMM#ZR NSOV Y b=/ AICHEAZYVEZ, S5I12 1970 ER1 DL~
Ar7a7aty b —ORKETR LAV T A A—var -T2 /ao—\lFENTHRE
ENENo L, TOEASHEEZ N 7T 4 7 SE TV o7,
BT NA TN FEFEFHDO) Y7 hy =T ORBISEZF>TEDiX, UL
FAUAVKRT, VIT = v 7 hr=7 AT (MHrAHR) V7 MU =T O eimoif
ZEITHOTBY ., FOZABICFINET 4T ROFTHIREMRE P IBFHTTH -
T2 ENEFTBND, 109 49 OEDIAUNVRFPEEELED MR HEONDZ LT
bb, FTATNENPTEMINZEE T (OWFFEHRE) /B Lzt W lliE b H 5, ) (FE
SVNIXEEE 1T K D)

AT A U HAR D OBE AT ORI, BRI T O TEHEEEE 4 7 WIZ 5] AR,

106 FHAETEA VILVRKFELZOF CERER THERHIR T2 FBICREWER (AR, ZENSD
T 2,000 ZIEWVHED) IZE - TV,

107 Nordic Mobile Telecommunication System Dlg, 2T = —F > 7 ¢ T v Rip LA EZ iz
1981 FRIZBAFE Stz 7 7 RO HE R EEHERE S 2T A,

108 FEAFEEHINE SN TV D~ A 2L ZHEITH7200 Y 7 =T

109 éﬁ#@mv//ﬂelﬂjtéf‘mﬂ?fﬁ&y7 b = 7 OFFRITHEA TN, AT E~LY UFT
ELBERHEALTHEMNCHONTIE, ALV EDZ s, (Tl vadf xR a—)
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FONDNAT I FEERBLO BICRKRWICH G LTI EF D0, b OBFE7 B OE4R
ITYRFORBICEWTLT LLEPADO LD TIE R N0, HDOWIEIRTH-7-, RS
BfREIEZ W, B2, B/ LFR (G V27 ha=27 ZAM%E=E) % 1974 FFIZFFEL,
BroxzL 7 ha=7 ZApEOTLGRCHEEZTED, FUALKOZ LY ha=7 25850
RFEM 2 EHEETH D JOT A— F A— 3 4E (1998 412 B, 2002 4124 7LD
L7 hrbty MEEED) O CEO 2%H7-3 /1~ -« 7L = 7(Jorma Terentjeff) [k
X, TDOZEERD XD IZIBRTND,

(AT NOFRIZONTIEL, ETAVARFLFEBEILFROAE L DO HPENR K
Mmolo W) ZENHRD, A7 A R L A X T EEDNERGE L IC MFFEOM )T
DI EBRLS DI HH LG, YEHIZOHF MM 0T, Fo& ) LTz
bl CiE o7, |

Flo, AUALRKRFLFHEIE R LFPROLHHY ~ 1 ¥ ¥ — (Public Relations
Manager) CEX LR 40 9 (Heikura(2005)) ##E LA Vv « ~1 27 T (Ilkka
Heikura) KiZ, 747 RO L7 ba =7 RN KESE &R TEATHZH T,
FINVKFEDGFE L > THEN LTRF 2RO KL S IZFE-> TV 5,

(F o A~ 8%, X THRIL, FUNVKRENRT 4T ROPTZLY fhr=7 X
RN NN DE LT 2 EOHMFHETH LI TR, 74T RBEYEET A
UBRARICHATT L7 b =27 ZHFIRFFE T 10~20 FEDEINLZ I > TWZZ2) T,
TV FR=J ZAOFDEDHBITETRENLWVWIRELITo 72 (FHEIN &
Telecommunication) &9 ERTHERZFEF- TV B, FARTIEETH-
72 (FEINIZEE T L 24 2)

ZDEHIT 1950 FFRE TIEIANA T 7 ITkEDST2A T IITBWT ICT 7 7 2 X —1JE

S TOL W OREIL, AU AVRKRFORSN, RO THLEXLFRORK, 2L TAH7
A= HIR, A 7RO OBEBLILFFHIBIT 2 BERASBOBRICH T FRAL D,
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4-14 . UV RFER LFRIFEER 23 4E 5 (1969~2005 4 : & 2,318 44)

OavEai—42—I%
BEFIF(TILYFOZHR)
DEHERE

259 OEFIZF-FHRIBAM

B EERA0E
Dﬁg%@%¥ﬁ%r¢ﬁ

BS—~1R

O£t

HIFT : Ilkka Heikura(2005), pp. 200-254.0 A 7 )V KFE 1 TP R AR 54 98 1 0 VERR

QVIT =L 7 hu =7 AP OFE - %L

WIZA T NWVICT 7 7 AKX —IZ8 féi%i@i@iﬂﬁ?ﬁ 2 —THHVITT= L7 hr=2 ZHf
et (1974 4F381T) 1220V Tk 5,

VTT 1335554 % VIT Technical Research Centre of Finland & SV, [[E LA
VHE—] EWIHEKRTH D, 1942 FFIC~ Ly v X TRRZ &2 BB ISR S U2 E O
firifFget o % — T, REEOBMEDOTFM O IR E@RT 5135, B EANH IR 726
FERREIC DIV A TWD, 2 OBBIEIIZE /S 2 L2 1 TR LSS B O BFSE T %
ALTEBY, BERETIE, =7 b=/ 2B N), A>T A—var -T7 /0y
—(401 N), FEFET AT 5(16 N), 7rt A (6T N), NA AT 7 7 av—(290 N), Hik
(425 N)D 6 530 TV D, Hils s LTI~ R EE (1,724 A, NER @ K
W AR —1,710 A, X/LIY/LT 4 11 A\, ~ILI v F 3 N) DIEh, Z 2L (293 A),
F U (320 N, A TNWIERD T —~D 4 NxETe), by Z (18 N), 3 AF 27 (130
N FoXrFes (12 N), Ur—4% (6 N) T2 F5D,

VIT =L 2 hu =27 ARFFEFTRA T IVICERNL S T- DI 1974 1272 5, 1970 41 VIT
PIROFEICA TV DRy H - ¥R Pekka Jauho) K2V E L2 &b H 0, HEFD
FINKEFD~ IV 7 e~ 2 Fb a A% (Markku Mannerkoski) 2R, ¥ 7R & HEEL .,
VIT =V 7 hua=7 ZRFTOF 7 HERICENN -, FEO-OO/-EREIL. T VLVKRY

10 VIT = L7 b u =2 ZAFFRATICHOWVTOFERIL, VIT &—s2—(http//www.vtt.fi/ ) & X Mika
Kulju (2002), pp. 63-74. #5EIZ LT\ 5,
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THETHEZOT L b= AMREO® v AR « Ly T4 URBEERR CY4E) nEN
bDThbd, YK, =L 7 hu=7 AG5IRESE L AL THER, VIT oL
ha =2 ZWFRFR VY X FLD TR A VVICHR SN Z LITELIRE 2L Th-o
72l E2, VIT =L 7 hu=7 AfF{fo I/~ « 7 v A== I (Jorma Lammasniemi)
FRIZZEDZ L 2RO LD ITERTND,

Y VIT = L7 b =7 RN A VR SN2 Z LT Ebo TRAEAID Z &
Pol LB, 128 2 TE IR LW B OBFZERT 2 B Cld 2z < ALIRICEA 9 &
WHIEIREDE S-S, 1 VIT =L b =2 ZANA 7 USRI ADD
N2 B OEANZRIEBN O ETZ LS, AT L7 hu =7 ARKESBHTH D
WO EYa DY (FREBUFRNCIE) HUEBH &0 O BUERI 2Bl b o 72 &
Jo ) (FEIMNITESD)

IH 72O LDE, VIT =7 bu=27 AFEFTOF 7L ~DOFHEIZEE L T
F, FUNVRKFO~ I aAXFRLZIFCDESHEICHIRERERE R EL < OO
BAMRE DB ZIEBN A4 0 [N 7o & v D FE o, YIREO FIRBURHMANT & Hulsk B 58 O HEdE &
WOBCGRAMINH Y, & 213 THHFEH 12 ~DEFEMEHICE L TiT TBHFE L] (2
KO &N EIND LD RERBFEL TV, L, AUMIZED L ) I RE
IEOBEIARAFT D721 T2, AUVAKFIZBWTEITMICZ LY he =7 25 % it
HDTNZ EHOLDONTND LT, BV a v KL FEFFESE R S b
RHZENHKRD, FUNRFELFE BUDfﬁfﬁaﬁkfﬁi&I%?%ET%éﬂ—/\ s T=u7
(Juha Roning) K1E, VIT =L 7 kv =27 ZFFEFFHBEDPRE > - EFICA TV REFEIZBT
LTV bu= AW OMBREZEDIFENHD Z L Z RO LS IZFE> TV D,

'VIT =V 7 ha=27 ZWRFHHA T VICHRTZO A UV RFIC (v hr=7
A O) MRENTLS SANVTENPETH D, HRF, IY—=ICbEEDOEREIH Y
VTT SO TH > 7228, ATV KBEOFEICL D A IR E 57,

(FEIMAN LRI O SUIRD> B 238 D3l 2 )

Fiz. VIT =L 7 b =7 ZEFOMRFTRICIE, Ahd Lz X 5104 % 7 L3
L. WFFEFTOE R 2RI ) — R 5 2 &2 b, A2 THEIE )/ 7 OEREFBED
SATIVKEOPROE LRI U R 2 FIS, 4 7V KBIZE T DR
BICBWTHEMFEEZEE L, FE A~ NTEER TOERED =— XA L7257

Ul mHREFAHCIHEEZSINT-Z B35 5,
U2 7 020 RALER - B L
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—~ & 527, TOXI ROV FEIRFOFTHEREAESZ E bbb H118 28 5
x5 L35 VIT OFRICIEC T LIRS RO LS 20t 2 BWie, X0 - 7=
002DIT & D &, ZD &S eA 2 FETRDORV 513 VIT A#H I L2 S i

ZHIERZTROLDTH oL E S, 1 VIT =L 7 b =7 XM OEHHIE R
(Head of Operations Development) DT —12 « 7 ¢ E 1 (Eero Timonen) K%, 4% 7
FrRBEREEEL VR — M 272D OIHRICE LIckRF &0 203/ /A9 VIT =
L7 ha =7 2R OB OIERIZE R > TR F A2 IRD X HIZ5E-> T\ 5D,

(A2 ZE08 VIT =7 hr=7 2o (FI) ke LTRE La&BITR
T, MHIE VIT IZIRMEZEEBERB IO TIHEFEZ LRTIER B0 EFnT,
RMMEEOR B AT 5 X 5 2% % L B W i=o72, it
FEOMFE T RTINS Do Tz, RIEEHET Y OBEBEFE OO OWIFEEIT 5 I LR
ST, 22 TPEROBMLIE X Thofe, ZIUIBUF (BB »o o TPEIER &S L
TuW%, TEKES!5 785 (1983 4Ei2) HIR T, PEFEEEZ(RET S0, IHEF D5
PCHFZEBI R E &2 DT DIREEZ FLIZZ EOBERIIKE W, B LTHL~A 7
BTLY ha=g ARV 7 b =7 O BIIEEH ST (ERERZR) PRS0
7o | (FEIMNIZEE I K 24 2)

A% T ETRIE 1983 IR O B3 (= L _— & — X — 51— Kone t5) (2 5 23,
AKX VIT prERARDZ D I 5 il HEHT, B TR OB L WO D b2 D% O
B ORBEZEN-EFX LA, £lo. FUAKFIZET 5 EHAMTES B ORI & [F
Bk, VIT =L 7 b =2 ZFRFTICB N TS, WL OO EZERWFE B ORE T~
XD B RIATDIL, TOEKRTHEIRMEICEATW LS ICRZITbRS, VIT =12
fe =7 2RO EZ 1983 FnbBEH 57 o~ A= IgiEiE, VIT =7 hr=
7 AR A 1970 FFRD BN OO EBERFEI T~ L % L0 BnNg A I 7 Tiff
ZEBIEL TWEZ LIZOWVWTKRD L IR TWn 5,

f~vy 2 (AR —) 121 VIT OfFEHEIN (Information Technology) #WFZEATZAY
HO. FNREFTILOTLY Fu=F ARFEFIIMHEICER L TWS, (Y1 TR)
1970 o~ A7 nTuyh—Hii, 77V r—varYy 7 v=T TUHN
TV br=7 AR EOMERALZ—FLTEY, T OOZHFTIFRIC L FT
BIFED G E D, 1994 FIC VIT OF TS E2AH Y, VIT =17 ba =27 A3~
N rF (ZAR—) THHOWREEZFFOL I ICRSTZRARTIFSTHLAE I LITH B,

W3 Fy A<= KAV H B a2—

114 [F)3E p. 69.

WS 7 ¢ U REMT, 7407 NBEEEARTOME T, IR R0 oA R R IC
* U CTREM B EIT 5,
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FUMIT L7 b= RZEAFHET OB ENST0OT, 9509 BN AIEEIC 72
Sl LB, HATHHLWAIIZEW TR 208X, /U HaET 5 LR
HLEODT, I2& 2 EHE TR U X 5 2IEERThoh Tzl LTH, 205 CHE
IRHIBIC 2 D T E Rk D, AUVITERFERICBERODDRELZ LI E B S, Dk
EXERZ ETlEeholzlL, AL — 74U —RRZETHRNPo7, ) FEIA
ITEFIC L AR

VIT =V 7 bu=27 AEFTOEBNTZHEIEIEIC OV TR, A7 A KHRO K H Ik
_CTNW 5,

[VIT =L 27 hua=27 &A%, (1980 FRHEEIZ) A— A —va (A br=7
AV D E LGS EICE D iATein L AT U F (RAKR=) OVIT A V7 4 A—
a v 7y a Y —iRET E OB O FEDH 2 LR, ) (RN
HE L DME)

£ VIT =L 7 hu=7 ZAWFFEFNL, 1970 F£RICA T VRFERLT LY b= A%
LHEFETEFMD (FU o MERA~D) REEIROZE DTV | 1982 2B A T
n=7 A 1983 ) DAAIAZRY 7 N = T O ARG LTZV T 5728, =L 7 fu=
7 ADJEIN G ORFFEAE D | FERIIC T ¢ T v REERICARIUM A F7-> 7 2R (1972 I

SFhAEE U T U VICHEE%, 1980 FICA ULV THIER)L / 7 (1985 L A vL
THEREFMOY 7 7 =7 2B OF v VHlIZ 31T 5B RC AR B Ok %
HE BT O LD, 116

S HIT 1980 FRUICKITLH VIT =L 7 b =7 ZMRFrOEE LRI vyra & LT, A
H— T o T REOTIRRLA AR EDO R ELEN IR LT 2 EPRFEIND, U
WMEEOMFZEFT O EX2EE F#THY (Fitad v ZEa—2M), TOMELH - TRRT
“HHTADO VITERE DS REEECERE S 2 WIEASOSEZRELZEVWS  VIT =1
7 ha=7 ZMEFTO T o~ A= IFTRNT LEBREMRDOT 4 TR KR8 (TE O
THERD LI IZFESTND,

116 VTT oiEE it & LTk, WOtz e d 2 B2k 2 BikE R EIZER L T\ b bl Tik
20, VIT L7 hu=7 AFRHDOT o~ A= IFFEIFRDO L 51 ~TnW5s, [(VIT=L 7 br=
7 ARFFERT) BIRRLISES THE IR, A UAEELIT TR~V UFOLE L BAEORESKRE L
HILFTHEFEEZ LTV, HFITI OO ) BT & A EDHFENR~LY U FHIORETH 72, £72.
ZOITHIENDLZEFHLIL ) UNUREMENHIRERICEM T 2D THD, ) ZOMITIEFICEET
HY, BRZRVITEZT TR OBBITEE 2V L ERIRT D & & biC, BIEFTORMRE D
B2 hnmoniud, BAREOFERICHRY 2D LERLTNS, £V I BERTAREICE
5 NEEEK] RFhe2 X2 5 A%y MU= OFENEEIL/R> T B[RS 5,

117 1973 4 VTT AFF, 1978 -4 U Lb~#EME, 1983 05 VIT =L 7 b r =27 A5 E,

118 1982 4= VIT = L 7 k1 =7 AFFFERT AT,
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(Fr~A=xIFTR)

(1980 D VIT =L 7 b =2 ZWFEFFNAZ — N T v TREOIRZ T2 &
X, BFIEFT Ot Ch b ote, AX— T v T RERT TR BMEREOHFEER L T
frole, £l /X728 > THLDO® 25 OMFZERRE S RV T>72, VIT =L 7 k
0= AFRFND ) XTI T oA v a T4 3 RIE, VIT RRIC 7 & 36
THAIATL Y 7 N0 =T OWFFE %47 > Ty, (1985 452 VIT Bk L, 47/ 7)
JXT O (ERHBEFHHAOHMBARY 7 N7 2T D) RED~YFR Vv —IZ72o7, ] (FELHN
TEEIC L DML

(T 4R K)

['VIT =V 7 br=7 AFRFEZ2HDTRE LY REBEICE -T2 75 ANEZ0,
ZZ5AEMEITTYH 100 41X D, BREFTHEE 350 A< HWO M BFERT TRl Z 52 1 R ER
AR AM B A TR Ot (RY— 8T v T REEET) ICB-oTWVnDH Z
Lt b, VIT BY A RT LicbiF Tidke, RERBRBNICE > TW5, | (EINNITE
FIZL ML)

BEO VIT =L 7 ha =27 ZWFRFTIL 300 A& x5 KT L 720 REMEEOHIZIX
FRtiF D a 2 R FEDO A B — RIZOW TR B D 5 6 72V Tl nme 28,
Dip L 19T4 FE DRI D 1980 FEROEE I OWTUIIEFIC R E REEI 2 Rl Lo &
BDHTENBHREL S,

@A v« RVU T 7 =—72 (IH Institute of Technology) D#fx

F v« RY 727 =—27(0ulu Polytechnic)120 X, 1996 |2, A U H D HANEHE
B @ Institute of Technology <°A 7 VL &8 D 7 — ~IZ & % Raahe Institute of
Technology and Business!?l, AU/ DE TR AN L vV FHilt LERER 72 E VW< 2o
EBH MRS, Oulu Region Joint Authority for Vocational Education?2 Oz T 1,
LITHA SN THRZEFHERRATH L R ROFARITHZANTAE 1,200 A2ED
T 7,700 N\), AUNCBITHHMT#E (Technician) #HEORESRILH <, WEa2 > THIBT
D 1894 F\ZM D, Z DEAMTHE A DF LN BIE D Institute of Technology DFE R & S5
D3, OHAMF PRI E THINFH (Technician) OFEBHEE TH VD = ¥ =7 DR

9 {2 a—ZBWTEOD L) e FmBNEBRICHE NI,

120 F v e RY 77 =— 7 12T Hitkid, FRHR— 53—V (http//www.oamk.fi/ ) & ZEI2 LT 5,
72 BRI 2006 47> 5 Oulu University of Applied Sciences (24 AT ST\ 5,

121 F o b EE 75km (2 & 5 R A =T IRV OHITERT 7 —~I2d 2 Hili & S 4 E R

122 1994 FRICA DN E N BIBRTH DN TIXFTHA A — TN F—IvF I/ A U7 =23,
VIV, DRA, Fonrdnm AV g— 4 —F (F—~LFUTAXNTENESM) ORI X
VRS SNTZIREHE O D OFEME T, Z OMMOAZTICIX, ®mEHAEHE TH 5 Oulu Polytechnic DI
M EB LUV OB Td D Oulu Vocational College (52434 5,000 A) &% 5,
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TR D o7, AUVRFEBR 2 EH% D 1960 FI, LN T =T ORMAE ARy L
9% Institute of Technology |Z4% Lif &4, L ARLFEZHH> VLT V=T VT D=
— AL BEBRIFAIOBREAT ) a— AL LI DA E - 7o (BT 1960 FRER T
400 44, 1965 F-121% 800 44, BATETIX 2,200 44), £ 72, AUV RFEOEKEAMEIER L (1965
) O 3HEHD 1968 FITITHEE MR L, RIRHTHE TR 3T bz, 1973 i
TN O H o BRI MOa—2 (BEXLFR) OF CEXBESHOHEN S HITHH
fbEAv, 1984 FFITITEXR LERDEICIRE S TR o a2 —aniERcA & — 3%
7p 128 AU NNKFEOBEB R LFEROBE CZERC LR F A I 70, B TH 3~4 4
BAZIL AR RO 5B 258k L CTE TV D, AUV RFLFE & Institute of Technology
IR & bEEHERETHY, 2o P=T LV OTEHE LT Z EICED TR
HOD, HIEILL BRI - BBEICEZ 2EIFERMOEREO BRICE 0I5t
L. BEITELD ZEENRBECEGHZEMICES Z2E L L HIZBENR O0ED (F
UVRFEORES FIC LRHE4AFERE) EWVWIEWVWERFS, JED Institute of
Technology DA %1% 2,200 4 T, 95 700 4 NES LFF124 J&§ L ICT 5H 2K LT
W5, £72. FUnb 75k miEEENL 7 7 —~1Z& % Raahe Institute of Technology (i
Raahe Institute of Technology and Business) (ZHAETIZA TN « KU TV =—27 DT
IZAS TWD A, [RIRIE 1972 SEDOBSL U H) L 0 FHHREATICFHME L TR v | HWir M o
EEHEHE LS LI RVEBETORY — N Tho T ARBEIND, 12 [[AKR1D
ITHITL T —~D BT T A 7LD ICT I H ARG S, BT < OfiL7 4~
7 v RETIC b IEMBEINOFAZ NG S D Z Lz o7, (BlRE R CORIR D T4 5
DRI 600 44)

F 72, (Ouluw) Institute of Technology I, 74 7 /L{ZE W T ICT EENTEE 2 TE R (L &
SrD 72 1980 FERUTIH W T, BEEADOHHEE, & <ITHLWAE Th 2 EHUERFEICE T 51
MEOBHABO=—RUGR T E W) BERTHEENIREZ D, 0 NAT 7LD
E Ny T TAOMIEKRTE (FUNVOEEFATIVKE) ICOBRAR Y T4 FnH=
MHTHLN, [HEEDERR] ITWNANAREMOBOBENLIEL SNDH LI, H
BUZ BT D EAMTAMIC bREL REB R T 4 — NV RS T2 70D AP EE S nEE L

123 Jorma Keindnen X (5t Institute of Technology ##%) & ® X —/MIZ L AE5EE(2006 4 4 A 24 H)IC
£5).

124 5 ¢ 7Y —7' a7 T AOL4LFRIT Degree Programme in Information Technology and
Telecommunications & 7¢-> TV 5,

125 [EREIE, 1971 T T — 2 H o T HIME R FR BB S NI E LTH LS 7 —~ICiiE S iz
BEBEMEE T, YED A ¥ THEHO FICRT b H B S CHRIBRFRICRERB I N D REHE
BEONEEZRF LR, MEEREThH-omA YA RFEO YL T « 2 E(Yrjo Kilp) &R (&FE) o
OINERIZEY | BERBGEHEICHEMRML L7 E L TRREISNDLZ LICholz, TDO X5 72@m%EH
BHEOBBEITYEOT 4 T2 RTEPMDTOZETHY | FROBKICH > THIIHEED Y T 32
D72 EIZA T NVKFZOFZ ZH IR O OWMIINbHoTc V), RBXVEERIIFAROBEFESEBREL R
<HBHDHI LiZlo7=, (Ot Institute of Technology #iZ M I —~ « A TR UK EDA—IZ L DEE
(2006 4= 5 A 15 AT L %)
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25, 9V AMEHBERBEOM TEFRINCHAS LT TE 722 LoERITRE V., &
UVRFHHE AN R T I =—T D7 ‘7 U «Z > v h(Lauri Lantto) 5 & X, Institute
of Technology 7% 1980 X123\ THERLEAE 70 BF D AM BRI KT L& B0, AR At
ﬁﬁékﬁ@%@_omfﬁwiozﬁ&fwéo

[F v« RY 727 =—27 (Institute of Technology) (ZIZE AL ANBNTOT 4 7
J—a =2 LHROBNANY v R ha—2 &Il TEY, 1980 FRLIED T /A
NTVvaia=r—va OO ANMBEER EICHBKR L, ZORUIIIH LS
FER L S AENTZ LT LWAEGRD KD Bt TW e, AUV KRFEBEEARITO 2 — X%
ﬁH%L’Cb\fCEE5 26 AT R T == OERIIL0 T T 7T 4 VIR EE

DFEINIE R T,

r?]"?/l/ ARV TV == MO AMITA DV T 5 & (BEERA R mIES
h LIRARND) BENRHY A ) _R— a3 VEEHICH SN TS E B, UM
Z O LIEENHE TH D, | FEIMNITER L D4R)

Z ® X 912 Institute of Technology IZ4 7 /LD ICT 7 7 A X —DAIT A T IV K & &
FIDHE LN oEE) L TEHW TSI H 0 | AL ORNLHTHA YL ICT
7T AR —DEBERHILT 7 X —Thbd I EBbnd, /XTITHT 5 AMERHRIZONT,
FON RV T 7 ==0DT vy MERIBRO LD ITETN D,

[ XTI UM T TUTAOWEEBZHEL, ZOL BB LT A L DEF
TH Y., EEEE TV, T TIEA TV RFEHEE DT RRRL 0 DD
FONKFLERYT 7 == bIEEEGTODOAMEMIE L TWD, BRAICRY T
77 =— 7 @ Institute of Technology @ 2004 D 2534 X450 T 400 4 TH DM,
NZD=T VT AB=TN, = hr= 71ﬁ&%bﬁ TEFICHE L TV D,
1990 FRO%ENY (VX7 OMERPERbENoT L &) [IFHEEED =500 ) *
TRZDOMD ICT 38 DO ~A T 7 REITHR L Tz, ) (?EE’JI\W IREEAR)

ZOXINT, AUNICT 7 7 AZ—IZHBTH AMBERDOE TIX, Institute of Technology
ZIILHE LA TN - R T 7 =— 7 OFEGIEFIIRENEFTZAHTEA D,

ODEFEOBEX—F UV RERFRIZOILTL 74 T RO LT b =7 A{pH¥E—
FONKENEFZL-%S., WO, AUAHNICIERNY. o727 ha=J 2D

126 4o L KRB TIE, 1981 4RIZEJEHE L (Department of Continuing Education) 3RE S TWD
27 HIETIE, AUAKRE (L5, A Un - "YU T2 =—2 (Institute of Technology) M & & &4
600 HFEE DAL EZIT AN TND
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I GFE Lo Sbid, IS0 - 7 1=2Q002ICL DL, dLE7 4 > 7 v RIZBIT
DHEND LWEEIL A UG HRIC 75km Bz 7 —~(Raahe)|IZA 7 = —7 @ L.M.
= VU 7 YV 4 (L.M.Ericsson Ab)OERE 7 —7 VTG & LB LET 5T v 77> il
F D ¥ 4 Kemijarvi)lZ TV A — B —odH 11— 7 t(Salora Oy) DF=4EDH L2
7'#t(Salcomp Oy)D 2 4L Th o7& vvH, B & b NIRERIZI W TR 7 ¢
7 ROBERZ2 B2 X N OIEHOTZOIZE T N AFENS Th o To, (B RIZHIHE
IR E LR OICE L RV E EMAEHI L, #E 1T, %IZ JOT A— h A —v 3 4t
COE L epd—~ T Lz 7RV THREZBOIRN (1979 F£~1983 ) 12, 7 4
v REEOY aildh 2 RO/ TICH LT, Ty = 7REDF U LKRFEDE
R[RLFROR Y FU—7 % 7 IER U CHAFE OB A EDNROUHER E 2@ LT
EERFEVI128 BHIECTHAIEER T TV D,)

B7 &b EARMICAFEIS CThH T 7ER, AU ALy ba=7 2Ap¥ED R
—ALR—Z2 5 LEHLORHBLT 5D, 4 VIV RKACEIBEAF A AL S N A 0h
F 5 1960 LT F TR T UE R b ienoTo 2 &2 D, ik L7z & 512 1968 4
FHTERBAL SN R EE DO ¥ — =4, Y —=04FiERB LYl - =L
7 hua=7 2L W ZRIOHELE A TIVICHS L, =LV 7 hu =7 258 OFIER %
R T 5, 2% O 1970 FIZT Y — =T ERICHANICZ LY ba =7 ZAFER
(Kajaani Oy Elektroniikka)% &%/ C, 7¥—= (VA2 5EHIZ 180km) (TR > TH
(BB LGOS, FEWRIA TIANOL DY —=ZBo72), A UNVKT L ORE S
HiTr 0% bk Z&IX8 D, DY —=tHOREYOT L7 br=7 ZFEFAHDR L2 LD

A UNKFEOF X T HFROFRE & ORI TR LIz L7 EA LRAIESR CTH -
TENZED X D 8K TRGE S A7 A2 Tlidel, 7V —RB&eA—4— Fyvia
LYUAS = kR OE B PR TRICERO RV GEFIZBWNTH N ool
ZHRFE LT, 129 20, 1980 FROFIHICH v —=A= L7 fr =7 ZFH¥E) L HUR
THZ LR DN, Te A AT AOFEEIZONWTIEY 7V A v hE(Valmet Oy) %
BH LT, BIETIET 4 7 v RICRAEDN B 2 R RO BEEBER A — T — - A > >
t#:(Metso Corporation)®d A > # « A — k A—3 3 t(Metso Automation Oy)IZ 5| & fk
MNTEY, BIETOI VY —= AU NMIREDOIERH D, Z ORI RS ttoBs )
OBEBERPFRIL, 1970 FERIEOD ¥ —=HDOF L RKFELHEEL COT LY fun=/ ZAH
EllholZ Lithd, AUVNVKEBLIEMBHIBT 2O L7 su=7 A58 O
LHEEDOK RN, BEFEIEBELEZDOLDOTIIRL, 74T NLEOMGFEEXTH
o T AR O > A 7 DTHASAE L, 2O, FFES R CRES 5 EE

128 g—< « FL UV 2 T7KA LV H B 2—
129 Metso Corporation DY /LE « 2 AF KK (Mr. Jarmo Koskinen) ~® A — L COEEE (2006 4F 4
A1 ARV 6 A 14 H) 1282,
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BB L Tp o7 Z LIFREBKIENFEETH D, /o, Wy —=tox1L s bn=r 2%
D) HESHEIMOEIEL [ZoONTIE, 1983 b= & 2t (Edacom Oy, A4k : 7
Y= AUMICHEER) 1T, TOFEEO R 1986 F2H MBO IZL o TR At

(Bascom Oy, At : A7 v) (T &fEBIL, EDHK%, [FFLIEL 1992 FITIF IR T T
RFID (Radio Frequency Identification)Z i\ 7= IC 7 — NI X B /AIHAZE O EHE UL & A
T LERER LA TV ASOMAZ RO D IR T 5 SRt b 5B L L TR L T
W5, 181 F7o, BeEmHOEEEREIZONWTL, Y —=fTEZDOFELRNTWNT
A v+ 7y by (Veikko Huttunen) X 512 L - T 1984 FIZAIZE Sz =27 Ltk
(Jutel OPIZ L > THIEMB N, BETIET DX NN EE-72T VA ER T AT LV )

a—va rOitEEE LT L TN D, 182

it1m0¢ﬁ®m% I, 74T FRTOAM « AREETH 2T ARER = L
7 b= A E LT, FftE A vV REER TR (YRR IR ES AR
DL 7 | 13:7?%3?%%@%?‘/% « Ly Y (Seppo Leppiavvori) #id% & D% THY
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—H—DT 4=y a s TN— e T—=F 2L 1912 EINTZ T 4=y v s T—T

Ve U= AN, KNS —DD ) XTI N—T LI DI 1967 £ Th 5, 134
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L) T IN—TRHET D, (ZORSTO/XFT O L7 ha=7 AHMAOREEERK
ITHB 460 A THoT2,)

ZDFT OV hr=7 ZHAO 5 HERERER 1973 FIC L5 T & A UL A
KIS Z Ll b, AUMCIEBEIC R LIBR — T VTSR b ooz, /¥

TIZE 5 THUIIHD TORTIZ Ao 72b OO, WHREBETEE (Thbbi—Lax
—R) DA TNA~OBERITZORFRIZB N TUT LY ARR I ETEARN-72L5 TH D,
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IRFELIROTWNWD, TDOZEeaEZRDLE, VA vadf X ROLIREE) —F—
NH L9 EVWWIFIICA L TIRE L2 L OBFEITRE VD, ek @S 7-0ix
1970 FROKRFANETH T,

1980 FERDOFEIZTNANWARBERTH A I 7N ) L E RV, AULDICT 7 7 A
— DB (REEBOER L X — LR 0EORRE) ZMEDIz ) ENRHEKD, £
FTIEOAM THEZ L V=T OER (4 VVKEBEBR L AR OZEEAEDS XTI E
RKOTWebOD, ZDORFHIFRFRZT THEABMRIZEL Tz, M 4-15) BdH D,
OF —L et (VF7T) OF U TOFEREFBOILK &R (1984 476 DKM
Ry AT LM TR DB G, 1985 £ b DR ER MM AAL Y 7 b U = 7 OBIFEBRLA,
1980 AEAVEL N & O — REEHTFERT S A 7 Alf1) CDMA Hifff OAFZEBI s B AA) . @12
SEHIOW B T E 72D & & BICREIRDO VAT L EEB R L TWeT 7 /ay— - &
Ly PORZFEEEMTORIER (1986 4 3 AIZKZEHBEMTORIOBEY M) . DAV
N OFEEBRO2EE (198446 ARKDOLT 4«47«77 ) aV—ilg), NER
STce TNHIZO®T 4 T v NBUROEAMNBFEEN N5 2 L1 d, BARITIX, /
X7 cEBEETNI8THENSL T 4 T RETO/N— =L LT, AUtz
7 ha bty MERA TV KT L EFT T2 M EEET) (CDMA 72 &5 = 5 E
VAT MWL D) ZFET DI LICRo I ETHYIB, A UNANRZEDRT
NAN T 7 )l —D TR Ay IDO—2L R HERE/>TND,

B, AUV RKFEEERERLERI RO Ry U« =1 — (Petri Pulli) Zd% 513,
7 4T REBURFIZ K o THEBGEE 0B IC B 2 HANBR SR L a2 < B x bivizo
X7 47 RREUICIET 2 1995 FE TOHMTH Y . T E T2/ 7 03RS
WCBWTHABIS - TG L =T R ETT KRV T—VORBEEEDO T2 &N, /{7
2% 1990 A% T HEF N0 1 DFEREER - EHUR S AT LA — N — L R o T HERERTH

183 [FEKIZEDE, D7 £ 2030 NORBREFEATZ T V=70, REKOFUNFIIG U TAH UL
WICR->T&EE D,

4 =L 7 bubty Mida s 7y ak (BERTLERZEE), CCCHITT 4 - aLFmr K (HE
ERE AR R 2R ) ISk o TR S L,

176 z—p « Ty LA a—LKNnLDA—)L (200644 A 28 A) 12X 5,
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HESHT L TRV, FUNANERNCT 4T REFOREEEIR - HIFBOROREZ
2D Lol lE b Rkt e v s Th A9,

[ 4-15 : AUV KRFER L ERIF R ER 236 4A RS
2500 BZ0ith
ORaahe (5—~1K)
2= 2000
E3 BTKT-TKO(IvEa—%—
4 I%)
7 1500 BTIL(E4RESE)
H
21 1000 BTF (i AYES)
A EIMIT (BT - OEM (¢
~ 500 BEFIF)
OMIK (FEE T #H4
. =22 J'L}
ST ST B SR R S A SN BINF-INFO (1R #RA12)
RN ORISR AN
F DOELE(ZLYFA=YR)
(K 4-15 7= %)
1969] 1970] 1971] 1972] 1973[ 1974] 1975] 1976] 1977] 1978] 1979] 1980] 1981] 1982] 1983] 1984] 1985] 1986] 1987] 1988
ELE(TL/PA=HR) 13| 12 21| 32| 44| 57 e6] 73] 77| 85| 99| 1o8] t1i6] 128] 139 148 153 161] 173
INF-INFO (FEERILIE) of o o o of of of of of o of of of of o o o o of o
MIK (BRI % - #1491 of o o of of f o o A ol A o] 4 g 12
MIT (GBI ) - OEM(REF T2) 0 7] 14 25| 33| 4] 53| 64| 69 70 76[ 84 96| 104] 119] 122[ 127 132] 135] 138
TF (5 FYES) ol of of 3 e 6 6 6 1] 12 15[ 18] 19| 22| 26] 33[ 36] 37| 37| 37
TIL (B3RE(E) o 4] 12| 28] 36 4o 43| 54| 60| 64| 71| 8o 91[ 95 104 108] 14| 127] 151] 171
TKT-TKO(QYE1—5—I%) o of of of 3[ 7] e 15[ 24 34 42[ 54 6] 78] 90[ t104] 123 142[ 154] 173
Raahe (5—~) o o ol o[ of of of of of of of of of of of of of of o o0
Z0fh of o o ol ol o[ of o o ol of of of of of of of of of o
Bit 1] 14] 3] 77[ 110[ 139] 168] 206] 238] 258] 290 336] 381] 416] 468] 507] 550 595 646] 704
1989] 1990] 1991] 1992] 1993] 1994] 1995] 1996] 1997] 1998] 1999] 2000] 2001] 2002] 2003] 2004] 2005
ELE(ILHRO=HR) 184] 198] 212] 225] 254 277] 305] 326] 341| 64| 401| 448| 490| 514| 531 554 564
INF-INFO ([E3R ) of o o [ 8 ui| 18] 24| 34| s3] 71| s8] 114] 133] 157 195 217
MIK (£ R TE - ) 17] 20 21| 27] 34[ 34| 34[ 35| 35] 37] 38| 39] 44 46] 49 54[ 63
MIT GHEIR ) -OEMCEBF T ) 142] 147] 153] 158] 164] 169] 170] 177] 184] 192[ 196] 210] 219] 226] 238] 252 259
TF(CAMES) 37| 37| 38| 38| 38| 38| 38| 38| 38| 38| 38| 38] 38] 38| 38] 38| 38
INGERE) 195] 214] 229] 245] 272] 291] 308] 333] 51| 85| 410] 429 454] 474] 491 510] 520
TKT-TKO(AVE1—5—T%) 195] 214] 229] 243] 271] 293] 312] 331] 346] 359] 382] 408| 448| 483] 514] 550] 571
Raahe (5—~&) of o o ol o ol 7l nml 15| 16| 24 25| 28] 28] 28] 32 32
ZDith of o i 2o s e[ 15| 211 37 41| 43| 46| 47] 50| 52| 54| 54
&3 770]_830] 883] 939] 1039] 1119] 1207] 1302] 1381) 1485] 1603] 1731] 1882] 1992] 2098] 2239] 2318

HIFT : Ilkka Heikura(2005), pp. 200-254. DA 7L KFET THRI A5 2 8 X 0 1Bk
@AT 4RV ADE) —F 7 /KR U ADHRE—

FINHIED AT I RIPEFE S T A Z—DA T 7 BIPEFE L IXEIC ICT FEETH S0,
NAFFEHED DX T = LR ZpEFE (EFRALPER) LW O b Db —HEEN TV D, 1980
FROFEIZIZA ULV TERFTOYT 4« 3T T 7 /ay—07ryzy hF—LOHT
NA FPEEDORBN T —~ & L TR ESNhD Tz, £z, Ih -7 1=2Q002DICEDE, 7
7 )uaY— Ly CEO 7 —Z2Aa R KOFERIEOPIZEH A F « 7 2 )L APE

176 7= —ZRA v F Ea—
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EDTDDA v FaX—F—DFE LD LOMN 1987 FEMLIEICH ST 5, 177

T ) RY ARFTIVKFBREER O ) o~ — TR AL T 95 1988 RIS, NA A -
Uz VRAPEEDT DD E IR D REAR—REERT D [ AT 47K Y A(Medipolis)| @
T2ODT—F 2 T T N—TFINESLEND, OO A L R— 13 F T (BFERB L O
HEALR) BEOT 7/ ay— - B Ly PkE0IEh, AUV RZESZE (N 44555 OMF
DN A —2ET), A UNRKFIEEE, NHIAFTEREE C o 5 IERFT T T 70 &
ThHol,

1989 FRICAT 4 ARV R« Fry=y MIERXITHEY, 1990 6 HiIcT 7/ av— -
Bl O 100% 2178 L LTAT 4R Y 2tk(Medipolis Oy)235% 3. & 4L, HHOHL
W T 4 I T AR AT 4 R ADOERDBEGIND, ZO-EMITA TV
RFIPE & ZEHEE T CTORVBLEO LD THY | 1992445 AIZZETT D (AT 4HRY A -
7 x—X 1 DFEK), =D, GMP (Good Manufacturing Practice) 179 (ZHI| - 7= [EFK 5L D
SRERIE X 7 1000 Jr—w 2 U T 5, b0 —HEOREX, ICT FEXE &t
% EBREDORREN—ADPE BRI LIEROBEEITH N > T2 (FFIZ GMP fiigk~
DEHEOEEDHRN o> TniRw) EOFMLIPNL DD, BIEAT 4K Y

2IE 50 s NJE L. JE A £ 600 AMEN TV D

4.3.3 1990 U E 5 B &
OA TN & A D VP T O s

2O X DI 1980 FROE BN TUIA VL HIE D ICT 7 7 A X — BRI T TFHE
IR T 7 B — 3K E S BE AR DS, 1990 AERAID D Y HAREE D B K B KR T,
FUNMVREFEOREREEEZT 5, 2 LA ULV TIEYEE ICT FEENLD ERY Sobh o
Tl ORI E L TOMNBEY O_R—ARNHE N7 20D Z ERHED,

L ABRBRED I A T VTR PTRRE RIEA U AP LEEIT L ¥ > 7 A TR &
BIPEEB RO T2 O LR BRSNS ([ 7 L M B kS ) 2R ET 5, 180 =
DHEHE & 1980 FARDHENE (1983 F£~1987 - [FRFHFE T 0 7T LAl : o7 4 « A7 -
T mrv—]) LOREENT, OFMEHUIER A T VTi7200 Ce < JE BIRIRIZ B 523
Sl OQRMEXOREHEEEILEZANTEZ L, DR THD,

DIZHWTIE, FRREE b ARROREZ T THEXEOR - BHBORZ1T O LEITHED
NTWe—FHT, MBUES H 0 BMTREREBORZ FEMT 2 RBICZ LinoTo 2 ERERIT
HD, DITHOWVWTIE, YEOF T AHIECIZ ) 7T 0EBE Y2 (B3 - 4PE) wf

7 ®EKE b w2 TR A = A= BIEORHOS THEEHMOBZR LS L VS, (Mika
Kulju (2002), p. 149.)

178 SRBNTA Y AHNHE LT (HOHEkERIT 24%),

179 RIS ORGEE K O EEHICRE T 2 KT, EERLORE TROKEM CREE L MR L,
FREDOIEYE B\ T RE AR E R A2 RE S 25 72 O ICE RS O RITE S5 N REsr 5 & R,

180 1990 RO A U VTHILET & A VAR LSO WM OV TORRE, £, YITK, vFK, ¥
— v« F v ax(Jaakko Okkonen) s (L TEBITEEHE) ~DAf L a—|lk>TW5,
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ZERRRTEE) (BERF IR M AGAL Y 7 k7 = 708 — R CDMA Hiff) OB R
LCTWezZ e, 202 &b =7 brby Mk, CCCH:, JOT A— hA— a3 A4h7R
EOXTOYTar T 74— UTHE LIERENMIEL TV Z &, 1970 FRICHIZ
ENTATNVRFFHEOR—T — « = L7 b a b8t 3RE A4 E A ST 5 F TICRE
LTWeZ &, e RAEER EOBFEREIIBNTHORROEENRYRRELEILE
T2 —b b FEOFTRHAZ ML N HI O PESEMIR DR E ISR HGE ol &, o d
NEFITH o7,
COMBEREDOFLAMIAIATEFTOLI TR EAUAELEHERTO~ T 7
(Makella) B FETH 72, I T KITZOMIERENIAVVE 2 B ZIAATO, FRD
RO ATHS T2 EZIRY > TRO X 9 IZiR TV 5,

1990 A8 O HUEHEEE O E OFRIZ I, (1980 OISR E DO & 13- 0%
<@ﬁ¥;lOT%%okL\ELQ%W%W@DN%%@iTO&k%<@OKO@
WHEIBIRIZ & > TRHEIL TR D T o Tz (LA AT & - T 8 s & 3@
WMOMI Z LITAEEETHo72), £ OHUIEIE DK EIZWmT T, i?wﬁIA%%@
~ 7 THBHE LA TERE L BZAALTHRE BT, v 7 7RIIBRIES RN LT
K 7pote, WERLT, AVNANDOEEIED X I RFIIITE, EPOXoheya v &k
OREZDONEVIBIEREDTZOD T —F 0 F T )—F 2, REDY —F— KFEA
V= F7 4 —2gt), ik (Ey R - ~vFR, "—Ux - VITK), B
HBOY —F— (HEITYEY 2 b - 2% X Risto Parjanne) K2~ CTiz) 72
EEEDT-N, FRh¥) —¥—iE FFIcR—9— -7 hatkoVdraFvY o T A
KAt #23 (Tapio Tammi) KBEWL) 2B XIAL, HOHICHKKICZI v FL
ThbolcZ EEE, 1980 FRDOHEIES U NF— =Y U LD ARy U
— 7 ZTI L TWeDIZx L, 1990 FFERAF10 DL VTR 2RI M T7E 72, £ L
THPRMENCT —F o 7 TN —T OEH R 2 LAR— Mo &z (1993 ), £h
RO aEY s V4L THY T c AT TU—Tholo, | FEMNITERICLD
i)

Z O (8 7 VSR BR R ) 13D IR FE O FEMRIN 72 2N & 13 TR E S L.
FUNBETLREN Ay ax HEHFEICLDE, FHMBNCBITDLEVELEDIINLTLHE
ST, LVELOLNEKIEL TEPRR - F VT R ThY, %
DAIY FPAY P FATOVLTEORFITEIEDR LD ThH o725,

Fro. ZORHOA T VKR O PEFERRIG L, PREDO A T I RPEZETZT TR < kT
Y= T VTR (1992 0D T —~, ML= A OBk - 2T L RAPEFEOPL A AN

8L QRO R Y a2F YU TAR(FUNAVRFEEHZ) CCEODHX B4+ # X (Tapio Tammi)
FCITHIER RIS O SR ECA 7 L O3t 78 P RICK & 2kl % Jef- Lz,
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LBEEROERERRL LD ET57uTey b)) b E T at ApEE (1992 F0 5
DT AEEDOEENODA T U MARFE) | EREE (191 FORTRAT 4 v
FORE) 728 b BEXAALTHIBIND & L BT, BN HEE & O (1992 412 KA -
N—=F v e Ta LT oLy N E Okt 17 v v = 7 b &K (Euroregion2000)) %12
T DL, BIEORAMEZML TWD, 29 LIEREMHEOIEKIE, 1980 4{RLLIk 0 Hilm;
B W O AEAGEIN 72 I 0 BEIZ 22 0 OF AT o TE 72182 HCTH LWERARD 51T
W2 bR, RO T ICT USNDOFEEDOBIURE NS & HbR 2 2818 72 6 3R O B MV £
STWEZ &, REPNBERICHLLDEBZBND,

QEEREOUFICHITILEE —FT 7 /) R_RUFr—L A UALT v OFNT—

1990 FRABAD AP D DI DIZ O OFPEXEB DT R T v T OLEEMEE | 1980
FERLSEDONA T I RIPESE 7 T A X — RO T2 OGNSR ORI THREOFEL H 1 | 1994
T A VIO EERE O CHEREMA H o1, TP Fy—T7 7 R
T%é?ﬁ/NV?V—ﬂHmwmmmow@%ﬁkﬂ—?kﬂwfy%nN—&—m’?
HHATIT v 74 (Oulutech Oy) DFENTH 5,

AT I, HUEBHIE O 72D OB R 4R TH 5 KERA (Bl FINNVERAS ¥ 3
40%58) . A T TG R 25%) 7 R ORI BRI (&R 40%H), X F v
—REIEEF RN ET LR 7 7 K ThH5H SITRAS (HEHR 5.1%) /e ERENLH
HMETL2H T 7 o F GEESHIIEAHEID ié?ﬁ/NV?%—-VXVfVFﬁ)
TdH 5, 1988 422 KERA CHind R O HEIZ LV RSN Fr—T7 7~
KoT 27 ) A _A K~ A ME(Technoinvestment Oy)ﬁ*l@d\ﬁ%ﬂi (10 &5 FM) D=4
MO BN EZERTE ot RN EZ T T, 77 /XU F ¥ —tHixHE4 80 57 FM (K
15 G h—n) THEINIIiz, itk 2 4T 100 OFEEZITV, 95 10 fHIc&EE L
7oo TOHFITHIZ ESH L JOT A— ~ A—v 3 U4t (FfRE 2002 #ic=L 7 ha by

182 2L 1990 SEDF IV RKFED E VR AR 7 — )V ORER (Aot & Ao AR Tasmns b b
BEEEM bEFN WD, (FFERA LV FEa—) EELECKRADBHOHEE B IRIIREFEEROFT
1988 - HARE - Tz, (ZL T IVREFRRE © B R R — A — Y http//www.taloustieteet.oulu.fi )
183 Z ZTA=Fp &) HRIZ, AR=Z2FUIHTORY ([ rFax—F—) LWIEKRTHY,
AR—2E LSO IREBHITETITY (BED, BREBAX—RELFEITT 7 /vy — - B Ly UHRLT
Do

184 F 7 ) RUFx —|ZOWTOFIIE, F& LTRfA—L— (http!//www.teknoventure.fi/) &
WEtEED A v - vy ) == 2 (Ilkka Lukkariniemi) 7250 A —/L (200545 11 A 24 H) (&
S>TWD, ATNVT v ZICONTORRIL, EICFtEFR— L= (http//www.oulutech.fi/) F & O E#:
CEO O~y 7 4 « =T (Martti Elsild) K~DOA > F E2—lXoTW5,

185 2B HEOAN SR TH Y | EERECHEER, WmRAA B & L TREESm A 5T
DAY —E AR L TND, REBIISV YV F RN A—EFICHY . FUNLEED 16 OHIEEFE
Hi & 5, )

186 #iiE T IEA4AFRIE The Finnish National Fund for Research and Development 7 4T v RSE
50 A4 D 1967 T, 7 4 T v NRRFEOFRE L EEEH A ) otz BRICRIL SN, 74 v T Rk
FATOBRE T ICH o123, 19T ENPDITT 4 T > FEZOEE FICH MO TH 25, (RHIEA~
)
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MEEADFL, =V 7 habEy b JA—TERD) bEENTND,

BEIL, BEZNAT I AL T v TREICAR—ZELUSNOH 5P 5 K IEE]T
IEET, EORF ¥ — LB TH D SITRANELLR 40%)DIENT 7/ ay— - v
Ly D& HER 30%) & A UV RF O e (& 30%) D EIC L VRSN, AU
NT v TERSLOONEDORIEER SO, 1992 FITA ULV KRFEDOHFIZH T LN
7=”INNONET” L MEEN HEEXEMBE TH D, b bLTr /ny— Ly VFid7r
YENOMELTLHLWL XA RMIET L ATy FICEE SN TERLD, LD
BHE TRV —E A ZRMET 27D T VT v VTR STz, XBERRITZIE
IZEY, EVRAT T U OMERRY R — MMM FERE OB BRI 1T E Y EAHE T
NHIREB DI EBHR B S DIERT, XU T ¥ —F ¥ EX VO 2L Lokkx G &fHiED
BIEL, WExy U —27 OGO ERALD X, ~ RV A v b F— DR,
BB OWHER &, SO EEBICH > THEx R A =2 —2HEL T 5,

@WH4 COE(Centre of Expertise Programme) D €7 /L i3k (2

DX D A T VI O HUBEERE O FETE L 1980 FRE LU DO REDKE - D
WINZX, 7472 RBUFPD BIER S4L, RFEAREND O %2 B S lko ks F A
LT DREEMAPHR S K DIl oT, 188

T4 T RBIFONBEIL. AV OMIBEER A58 L, Mo TR 722AT%E - BH
BRI Z FDIC AM B Z Y 72705 G REFERILAZ X 5 COE 7' 77 F . (Centre of Expertise
Programme) % 2[ER7HUREGE & L CEA L (1993 FHusBA% 1L No.1135), Z i
B HUIE S F I 2 3R E L TS EICHEE L, TN aNEE 1% A L T COE HlllZfiE S b
L ZDOTOOENOESBEIZ L > TAHINL LWL TH 572, AU/ HUE S
Tl k=R, Flvala=r—rar, Y7 yv=7, qHUEMN. EE - S 4
CHEE L. 1994 ORI OB E THRE 23 0 7o b HB (B TIE 14 BT O 9 b,
BROEIIZhy 7FHRTH o7, 189 FHUIOBIEIIENZNER->TRBY | #iliZ L -
TITHIE ONE N RFIZBEEST 5 b DITR Y REOSMBE AR+ r— A b otz &
DM, A UNOEIKITER LI LD I iR D+ a Iy AV FE/RTRESNT
BY ., ZOERTEIMENEFIZTE NS D TH o7, 190

F o VHIE O ICT 7 Z A % —%, 1990 SR DE BN TZ D COE 7rn /7 A2 LD
EOEE&LIEH LN G, £72 /X7 0RAMER EZHRICI DITHEMDHEL, MOFEE
BT A IT EEOHE X L FEE 2000 il — 27 2017 A2 LT b,

BT SA4v Ly TIZOWTIBRETRE T Y M= 7 L T0nBEDT &,
188 I TR A X B a—

189 Foaxr K (AUARELSET) A X a—

190 FwaRx K (FUARELSHET 14 Ea—
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4.3.4 2000 FARICEEE D Felh =
OADIN s Fa—R T TV —RA L NOKE

2001 4ELIFED IT R e 7o — Y P —3 g N2 K D AFEMREOBERITA 7V IC b 8
ZMIE L. 2001 225 2002 A2 THIMERSE DS —HRESEDBIATL Z &2 D, 7272
LA AHIED ICT 7 7 AZ —OHFLHEETH D /) T OFEEIZONTIE, AU TIE
&b L BITESCHIGEDER Sy 3% < AEPERERE DB HR R U1 & DI T A/ N S o T2,
191
ZOERICHT D2, AR COE 7 u /T AO¥SAEIRA L, Ao -7
n—2Z 77 J—2x2k (Oulu Growth Agreement) #KEL7- (& 4-1), Ziii 2001
D 2006 HED 5 HAEIZH L B VR ABFEMNS T, ICT PEEDIID, /S APEHE, V=)L
FAPERE (EFEBEAESE), BRIEEE, LT 0y c AT A THEEDS ODFERET T AL —
DAEZ BT L LB, BV AT ¢ v 7 AFHHE, BEVRARFEHEBO 2 >OXET 0 S
T LD (F42), TNENOREEY T AX—OFLRIENL, [T+ —F 4] T
NBHEEMREE L ET 2 ARNRBEHOSIZE N TfThhv T\, ICT 7 7 A ¥ —Ti
TRA) e T —TFh, VYT IxT « Tx—Fh5, =7 bua=2 ADO NCEMForum ®
3ODT A =T LMY, NAF I TAZ—=TIEFIN A« T4+ —F L, Ux)LRAT TR
A—TE VWA + T —TFAh BEJITALZ—TETa - 7r—F A5, a7 V&
AT LT I TAZ—=TIEAT 4T « 74— 7 LABRTNEIA S d, BARN 7o s 15 855
O Lo TWE, BB, EAANL e TH-—F AT, VI RNTxT »- 7H4—FAhLLEHIT
RHHE< (1996 ) HRZ7+—TF A THY, AUALRKRFERILFHOESBEMEEE
BT 1995 FFIZ7R 1T H3v7- CWC (Centre for Wireless Communication) @SN 4572723 5
EEA 2Ry U — 7 B LIERICTEI 21T > TWDHD, 2D T 4+ —F LA TIEA Y X
A (Octopus) EPFEHINDENANFHMEHEST=2T7 7V r—2a v DlzdD7 A Mgz H
BT5Z LIk T, k7 7 24—k b A /"=y a2 RELSD, B NLET +
— T LSBT HZEOWDEEDTND,

IOFTN e Tra—R T T U — A NI, 1990 FAR O IS & [FRE, GBS
BEOSMEHFTRESNTEY, RENREWEAEELZRT L b, BFET =27 V1
A— N CTHCR 2R L 72 M B RNcETe H A o T 5, FHERER ORUE B AR IX, 150
HOFIHAIZE. 6,000 AOEMAE, 15 [Eax—a 05 FIF¥CThoT-, FDDDES
A S L CTIEARR T 3{E 1000 H2—r 2 E L, Z0 5 b0 145 8000 7 — 1 [T
(EU &@zate) 118 3000 57— XM GERIIERE 7 1Y =7 b~ 472 &)
WEMTLFHETHY, BEOII Yy FAVMEHFTAZ— LTINS,

Z OFHEIE 2006 I RAARE 2 2 . ARBYRBCRORGEEX Z NN B2 505, D7

191 ) %7 OA 7L TOMREEFIL. 20004 (K4,700 A) 25, 2001 4F (4,271 A), 2002 4 (4,134
N) TN TR L7y, Z0%FFHEL L, 2005 £E1213 4,680 AL 72> TWnd, (72721 2000 FEDOUEHEER
iz —nm - Uy LA br—LAEKA~DA U Z Ea—IZ KO, thoFiFAvL ) —Tad . BUx
ez —Vzr—ITkD)

-93-



CEVBEPEORBMICOVWTIZIINETOE ZATEFHITEWSHE LY FEH TV A,
BE, T Ta—2 77U —=R2 2 NOBKETEIZOWTOHERBLIEE > TV 5D,

F41 FIN e Fa—R T TY—RA 2 NOME

SE=E
2 iz A )L Hhis
2 20024 ~20064F (20024F2 B FEFK)
E A A9 ILiigCOET OS5 L (E/ ()L NCEM(TLHAZH R).

YIRDIT ATAT  ITIVAR NAF  TADTODTH—5
LR THA) (CHUE R EAS M, A DIILTHEFAAI—T1
I2—b GENTHOSRZ—ILE/NACIL NCEM, VIR ITT7 D3TH—
SLTHE

B #Y DOEEMIZZEHENI-COEELTDAIILDKRSI I DIEIE
@7 L DFRESE k1t

@A IINIZEBITIRREEDRFKE LA
@FHRERLHHRBZEDOHSDORH

OFA I IILHEIZH TENATIEEDZHIE
GEUEE£DEA

18 B 4Z (2002 | O#Fr 37 8l 3 15041 (2002 F BF 52 T 780%1)

FEH 520064 |QFIRE 6,000 A (20024 F &5 TlL14,700N)

FHQ) R L1581 —0 (20024 &5 TlE37{81-0)
T EHE#%R NHIEL180(5F1—0)
(2002-2006%) | RfEIE 130
&&t 310
BRExR 5OMEEISREI— AT (FHMBELMT) . DTIL R R (BERAL) .

N IRE. QAVTUOY&ATAT)

2DDXETOVSL(ESHRRBEEE., AP ATy RE
[ETD)

B A )UTih—IsR— (http://www.oulu.ouka.fi/kasvusopimus,/english/index.html)
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F4-2 AN e TO—R T TV =X "DKT T AX—FHEBEONE

FRIE(2001 E—2002%)

/75\;(@\ Bi% (Bifg -4t BH1—A. A)
T BEREE AT BIEGER) DR TZ%. 261259
I 7 EEDERRE 7Lk 3.425—3,128
FEE -/ H T Ds&1E ER#&E%.8,379—8,467
AEE A SURIZEITAITERE NDILEK
AT |MEHRATATEEDFHT )7 DILK TEH: 314—325
QATAT |"MEGHHATATEZA—ATAT7 D HMEE  |[FL: 127—131
RIVFFrorIAZ 25—V DFERE |ERES:1,289—1,289
BAF
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Mechanism of High-tech Industrial Cluster Formation:
An Empirical Study on the Process of ICT Cluster Formation in Oulu, Finland! 2

Takashi SASANO
Research Institute of Capital Formation

Development Bank of Japan
Executive Summary

This research has been conducted to deduce the mechanism of high-tech industrial
cluster formation, and, by taking the mechanism as a working hypothesis, to verify the

hypothesis from the formation process of Oulu ICT cluster.

In this paper, “industrial cluster” is defined as “a value chain and the social system to
support it, existing against the background of the activities of a flexible3 group which
consists of various regional actors and aims at the accumulation of firms in a particular
industrial field and the sustainable creation of value in a region.” On the assumption
that such a flexible group will act consistently for that purpose, this paper induced and

examined the mechanism by which high-tech industrial clusters are formed.

Previous research has focused on the analysis of agglomeration economies in industrial
accumulation from the standpoint of economics, as well as the analysis of the
continuation mechanism of existing industrial accumulations, and the induction of
important factors for the formation and development of industrial clusters, from the
standpoint of business administration. However, very little research has been directed
at the mechanism by which high-tech industrial clusters are formed from comparatively

small industrial accumulations.

In this paper, therefore, I first deduced the mechanism of high-tech industrial cluster

1 This paper was written in Japanese and originally appeared in Economics Tbday, Vol. 27, No. 2,
October, 2006, published by the Research Institute of Capital Formation, Development Bank of Japan.
2 T thank Prof. Takeo Kikkawa (Tokyo University), Prof. Shigeru Matsushima (Hosei University), Prof.
Akio Nishizawa (Tohoku University) and participants in the seminars respectively hold by Prof.
Kikkawa, Prof. Matsushima and the Research Institute of Capital Formation for helpful comments
and suggestions. I am also indebted to Prof. Yuko Harayama (Tohoku University) for motivation
through many suggestions at the Regional Cluster Seminars in Sendai and Tokyo. I also thank key
persons related Oulu ICT cluster who kindly allowed me to make interviews and especially thank Mr.
Seppo Miki, former Manager Business Relations, City of Oulu for many helps and kind suggestions.

3 “Flexible” in this definition means flexible in terms of both the number and the composition of its
members.
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formation from the added viewpoint of innovation, based on previous research on the
continuation mechanism of existing industrial accumulations. I then took that
mechanism as a working hypothesis for this paper and tried to verify the hypothesis by

analyzing the formation process of an ICT cluster in the Oulu region of Finland.

In the working hypothesis, I divided the formation process into two periods: a Creation
Period and a Development Period. Five processes take place in the following order,
mainly within the Creation Period: I. Improvement of the Environment for Innovation;
II. Accumulation of Firms; III. Emergence of Anchor Companies; IV. Improvement of the
Environment for Entrepreneurs; and V. Establishment of a Reputation as an Industrial
Cluster.

The working hypothesis also assumes that there is a set of causalities among these five
formation processes. Because of those causalities, the formation process will gain

momentum in the Development Period that follows the Creation Period. (Figure 1)

I examined this set of working hypotheses by analyzing the formation process of the ICT

cluster in the Oulu region.

The reasons I chose the Oulu ICT cluster to verify my working hypotheses were (D in
Oulu there had been a relatively small accumulation of existing industries from which a
high-tech cluster might have originated (meaning that the initial conditions had been
relatively simple); @ a flexible group (which is included in the definition of the
industrial cluster in this paper) remained present in Oulu and continued to promote
cluster formation processes; and @ Finland was a country which, like Japan, had a
relatively low fluidity of human resources and company headquarters, suggesting that
this case would be suitable in terms of its implications for regions in Japan after this
research. (Figure 2 shows the first and second reasons mentioned above. I chose Oulu
from the two cases in the second quadrant of the figure in order to satisfy the third

reason.4

4 T have also been studying the case of Austin, but that work has not been completed and is not
included in this paper.
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Figure1: Mechanism of High—tech Industrial Cluster Formation (5 Processes of Formation and
Their Mutual Causalities)

(The flexible group can work to improve physical and
institutional infrastructure.)

L. Improvement of
Environment for

Innovation
(v)
(i) 0)
(xvii)
V. Establishment of| 1 T\ >1I. Progress of Firm
Reputation as an | (viii) Accumulation
Industrial Cluster
(Outside (xiv, (The flexible group
the (xiii) (ix) can work to improve
flexible (i) (vi) physical
group’s (xii) infrastructure and
control.)  (xviii (xv) attract investments.)
(x)
IV. Improvement of & (xi) II. Emergence of
Environment for N Anchor Company
Entrepreneurs (Outside the flexible group’s control.)

(The flexible group can work to improve physical and
institutional infrastructure.)

i) If universities and public R&D facilities are located in an area, high—-tech companies will be interested in
locating their facilities there as well.

ii) If the environment for innovation improves, existing companies will be encouraged to grow and serve
as a “home base,” increasing the possibility for the emergence of an anchor company.

iii) If there is an increase in innovative technological ideas and talented engineers from universities and
public R&D facilities, the chances for founding high—tech companies will increase as well.

iv) If universities and public R&D facilities locate in an area, the area will benefit from a reputation as a
mecca for related research.

v) If the number of firms increases, the possibility for innovation increases due to the larger number of
actors involved in innovation.

vi) If the number of firms increases, the possibility that an anchor company will emerge also increases.
vii) If the number of firms increases, the “industrial ecosystem”becomes richer, increasing the chances
for new business creation.

viii) If the number of firms in an area increases, its reputation as an industrial cluster improves.

ix) If an anchor company emerges, the potential for innovation improves as the anchor company
functions to combine demands and technologies.

x) If an anchor company emerges, the volume of business in the area will also increase, causing
companies outside the region to become interested in locating there.

xi) If an anchor company emerges, the volume of business will increase along with chances for
subcontractors to set up in business.

xii) If an anchor company emerges, the region will benefit from gaining a reputation as the home of that
company.

xiii) If the environment for entrepreneurs improves and there is an increase in the establishment of new
high—tech companies, the possibility for radical and disruptive innovation will increase as well.

xiv) If the environment for entrepreneurs improves and there is an increase in the establishment of new
high—tech companies, the result will be an increase in firm accumulation.

xv) If the environment for entrepreneurs improves and there is an increase in the establishment of new
high—tech companies, the area will gain an improved reputation as a new high—tech region..

xvi) If an area establishes a reputation as a high—tech cluster, information on markets and technologies is
likely to flow in, increasing the possibilities for innovation.

xvii) If an area establishes a reputation as a high—tech cluster, high—-tech companies will be interested in
locating there.

xviii) If an area establishes a reputation as a high—tech cluster, supporting business companies will be
interested in locating their facilities there.

Note: IV—IIl and V—III are not included in the above figure because there seems no direct causalities.
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Figure2: Classification of Major IT Clusters in Europe and the U.S.

Degree of Activity by Flexible Group to Promote Formation Processes

A
High (Flexible group acts energetically and continuously)

Oulu (Finland) Neuchatel (Switzerland)

[—ICT] [Watches—MEMS (Micro—electro mechanical systems)]
Austin (Texas, U.S.) Dortmund (Ruhr Region, Germany)

[—IT] [Heavy industries—IT, electronics]

Dresden (Freistaat Sachsen, Germany)
[Machine industries—IC, automobiles]
Grenoble (Rhéne—Alpes, France)
(Electronics, machinery, chemical
industries —IT, bioindustries)

_ Small Large . Degree of
D " accumulation of
Sophia Antipolis (France) exisiting
[(R&D site) —IT, life sciences] industries, such
as machinery,
Silicon Valley (U.S.) before formation
[—=IT, bioindustries] of high—-tech

industrial cluster

Low (Formed naturally)

References:Noboru Maeda (2003), “Oubei senshin jirei kara mita kurasutaa keisei sokushin
youso (Factors for Formation and Development of Clusters induced from Advanced Cases in
Europe and the U.S.)”, Nihon no sangyo kurasutaa senryaku (Strategy for Cluster Initiatives in
Japan), Yuhikaku, Yuko Harayama(2004), “Kaigai kurasutaa no torikumi shokai (Presentation of
Activities of Foreign Clusters)”, Danronhuuhatsu(Discussion), February 2004, Ministry of
Economy, Trade and Industry

The founding of the University of Oulu in 1958 can be regarded as the preparation for
the industrial cluster’s formation. The Creation Period actually started with the
establishment of the university’s Department of Electrical Engineers in 1965,
accompanied by the first process, “Improvement of the Environment for Innovation.”
In 1975, the Department of Electrical Engineers was renamed the Department of
Electrical Engineering and continued to strengthen its research and education in
electronics, mobile telecommunications and information technologies. The innovation
environment was further improved by the founding of VI'T Electronics® in 1974 and of

Oulu Technology Village Oy, the first science park in Northern Europe, in 1982.

The second process, the Accumulation of Firms, started in the early 1970s when the
first electronics companies started to locate facilities in the Oulu region. The presence of

Oulu Technology Village, and its move in 1985 to Linnanmaa, near the University of

5 VTT Electronics is one of the centers of Technical Research Centre of Finland and is in charge of the
applied research and contributing to its customers in the field of telecommunication systems,
embedded software, optoelectronics and advanced interactive systems.
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Oulu, also encouraged firms to locate in the region.

Process number three, the Emergence of Anchor Companies, began in the mid-1980s,
when Nokia increased the production volume of its wireless base station business in
Oulu and began the development of embedded software for mobile phones there. With
Nokia as an anchor company, other high-tech firms in the Oulu region, such as
Elektrobit Oy, JOT Automation Oy (JOT-Palvelu Oy), CCC Oy and Solitra Oy, benefited
from increased business opportunities and enjoyed substantial growth. Polar Electro Oy
emerged as an anchor company in the 1980s, although with a smaller volume of

business than Nokia.

The fourth formation process, Improvement of the Environment for Entrepreneurs,
started in 1982 with the founding of Oulu Technology Village (Oulun Teknologiakyla
Oy), but entrepreneurial conditions didn’t really take sufficient shape until 1994, when
Teknoventure Oy (venture fund) and Oulutech Oy (virtual incubator) were established
following Nokia’s initial development into an anchor company in the latter half of the
1980s.

It is difficult to judge the period of the fifth formation process, Establishment of a
Reputation as an Industrial Cluster. But Oulu was considerably well known by 1994,
when Finland’s Ministry of the Interior launched its Centre of Expertise Programme
after studying the successful development of the Oulu ICT cluster. So the fifth and last

formation process in the Creation Period can be regarded as ending in 1994.

The ensuing Development Period ushered in an increase in the number of high-tech
related business facilities, particularly during the latter half of the 1990s. This increase
marked the acceleration of the cluster’s formation during the Development Period. The
emergence of listed companies at the end of the 1990s further secured the region’s
reputation as an ICT cluster. If we regard the year 2000 as the end of the Development
Period, when indicators like shipping volume peaked out, then that year would also

indicate the point when Oulu took its place as a fully formed ICT cluster.
The cluster’s Creation Period thus started in 1965 and ended in 1994, while its

Development Period began in 1995 and ended in 2000. The period after 2000 is regarded

as the cluster’s Maturity Period (or a Transition Period toward a new era).
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In this paper I succeeded in proving that the order of the five formation processes was

almost appropriate, especially for the Creation Period (1965-1994).

I next considered a set of causalities among the five formation processes. Some of these

are almost proven:

i) If universities and public R&D facilities are located in an area, high-tech
companies will be interested in locating their facilities there as well.

ii) If the environment for innovation improves, existing companies will be
encouraged to grow and serve as a “home base”, enhancing the potential for the
emergence of an anchor company.

iii) If there is an increase in innovative technological ideas and talented engineers
from universities and R&D facilities, the chances for founding high-tech
companies will increase as well.

ix) If an anchor company emerges, the potential for innovation improves as the
anchor company functions to combine demands and technologies.

xi) If an anchor company emerges, the volume of business will increase along with
chances for subcontractors to set up in business.

xii) If an anchor company emerges, the region will benefit from gaining a
reputation as the home of that company.

XV) If the environment for entrepreneurs improves and there is an increase in the
establishment of new high-tech companies, the area will gain an improved

reputation as a new high-tech region.

These causalities are shown as broad arrows in Figure 3. I was not able to verify the
rest of the causalities in the formation process from our research on Oulu, and hope to

look into those causalities by studying different regions.

The flexible group aimed at forming the Oulu cluster was led from the latter half of the
1960s through the 1970s by Dr. Oksman, Dr. Otala and their colleagues at the
University of Oulu and VTT Electronics. The vision prepared by Dr. Oksman and Dr.

Otala also played an important role during this period.
During the 1980s, members of the Oulu municipal government, as well as

representatives of the private sector (especially those at anchor companies) who were

inherently the cluster’s leading players, were also central members of the flexible group,
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in addition to the people at the University of Oulu and VTT Electronics.

In the 1990s, executives of high-tech companies founded in the Oulu region started to
number among the leaders of the flexible group. The Oulu Chamber of Commerce took
on an active role during this period, after which the business community in general

began to act more systematically than in previous periods.

Since 2000, the flexible group has seen no big increase in its group of leading actors,
such as had occurred from the 1980s through the 1990s. Change has been limited to an
evolution in the organization of regional actors and the replacement of some old

members with new ones.

In this paper I tried to verify a set of working hypotheses concerning the mechanism of
high-tech industrial cluster formation based on the development process of the ICT
cluster in the Oulu region. While these hypotheses are obviously tentative, I believe 1
have been able to present a dynamic view concerning the mechanism of high-tech

industrial cluster formation.
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Figure3: Mechanism of High—-tech Industrial Cluster Formation (5 Processes of Formation and
Their Mutual Causalities) and Causalities Verified from Oulu's case
(The flexible group can work to improve physical and
institutional infrastructure.)
I. Improvement of
Environment for

Innovation
(v)
@ii) 0)
(xvii)

V. Establishment of[ T 11 >|II. Progress of Firm
Reputation as an a (viii) Accumulation
Industrial Cluster
(Outside (xiv, (The flexible group
the (xiii) (ix can work to improve
flexible (vii)  (vi) physical
group’s (xii) infrastructure and
control.)  (xviii (xv) attract investments.)

(x)

v
IV. Improvement of ¢ i) II. Emergence of

Environment for Anchor Company
Entrepreneurs (Outside the flexible group’s control.)

(The flexible group can work to improve physical and

institutional infrastructure.)

Note1: Broad arrows show causalities which seem to be verified from the formation process of Oulu ICT
clutser.

i) If universities and public R&D facilities are located in an area, high—tech companies will be interested in
locating their facilities there as well.

ii) If the environment for innovation improves, existing companies will be encouraged to grow and serve
as a “home base,” increasing the possibility for the emergence of an anchor company.

iii) If there is an increase in innovative technological ideas and talented engineers from universities and
public R&D facilities, the chances for founding high—tech companies will increase as well.

iv) If universities and public R&D facilities locate in an area, the area will benefit from a reputation as a
mecca for related research.

v) If the number of firms increases, the possibility for innovation increases due to the larger number of
actors involved in innovation.

vi) If the number of firms increases, the possibility that an anchor company will emerge also increases.
vii) If the number of firms increases, the “industrial ecosystem”becomes richer, increasing the chances
for new business creation.

viii) If the number of firms in an area increases, its reputation as an industrial cluster improves.

ix) If an anchor company emerges, the potential for innovation improves as the anchor company
functions to combine demands and technologies.

x) If an anchor company emerges, the volume of business in the area will also increase, causing
companies outside the region to become interested in locating there.

xi) If an anchor company emerges, the volume of business will increase along with chances for
subcontractors to set up in business.

xii) If an anchor company emerges, the region will benefit from gaining a reputation as the home of that
company.

xiii) If the environment for entrepreneurs improves and there is an increase in the establishment of new
high—tech companies, the possibility for radical and disruptive innovation will increase as well.

xiv) If the environment for entrepreneurs improves and there is an increase in the establishment of new
high—tech companies, the result will be an increase in firm accumulation.

xv) If the environment for entrepreneurs improves and there is an increase in the establishment of new
high—tech companies, the area will gain an improved reputation as a new high—tech region..

xvi) If an area establishes a reputation as a high—tech cluster, information on markets and technologies is
likely to flow in, increasing the possibilities for innovation.

xvii) If an area establishes a reputation as a high—tech cluster, high—tech companies will be interested in
locating there.

xviii) If an area establishes a reputation as a high—tech cluster, supporting business companies will be
interested in locating their facilities there.

Note2: IV—III and V—III are not included in the above figure because there seems no direct causalities.
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