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Bz A—T I M EOEEBENEEINTH, IO ADpHEIFT Y a0
L0 7B A BT R T EEOTIGICE EoT-, LLenb, ®#E7—X%7 7 F v
DEY 2 T — (R E T A TR Full-Turn—-Key-Solution B ~fE#a4- 24 B Eh5
(XY 2 OEATE 1990 RO | doE TEEE 7 27 6 & oM TN O A4 —
T EBE G ENRKBRBICER LD TH D,

#%F D CD-ROM &L, = B a—XRECfibiLd 2 & ZRiHIC L TBEIZ 1980 4F{X
ORPICEBEHEN TE T e, LA LAREMIZTY T u ZHEIF Tl S =8 7E 7o
T, FESHEITEE O G RENIFF IR, EEEERITE LT b H L o FE R4 %
DEENRV, ZHUIMHIOHE X EEA VIR THLIRIL ThH -7z, LorL7esn 5 CD-ROM 1,
~A 7 a7 aty =N FOEEICHTE Lz 1990 RO N5 E Y o2 7 — Rl iig
BL7-, ZTOEEGEDOERRICHREMNOA TV EBESENTILE-T0IEE>EThHA

U IzmarBa—nEETH 1970 IR n L, T AU EBAROB CEEBESEN EENT, L7
DO ZDBETHEMES 2a—NDA V7T 2 —ANA—7 VBB THEEL S22 LIS >TWY
5, TbZbIE, TAVIORCF v —RERTOREMPDELBICLEZLDOTHSTZMN, A ¥
72— ANSMDEHE L TA—F L S 7z 1970 B DB YN D, AARMBENAN— FT ¢ 2 7 EE
M 2 EBR S ER OBE N E T,

5 AR CITEESE R & A — 7 AR L A KR LR W TR T WS, il 2103 1980 4R DT A U B L
72XV a U PEEOERNL, T AV IENOF—F VEHETH->TH, EVXADHEEANSEZITEDE
FEFEAE L [ U E 2RO L 912257, CD-ROM=° CDRIIBEDAEHEENTE LT 7 7 7 MEHE
Tholeh, EVRAMITFEEN oA — 7 AE R, EEERL L REORE L FOX )kl B
BREFRIIRR2D00, KR CTIXIBEMOEBESEE WO RATIEELEZEX DLW BT, 47—
AVZ i e o i R S il | R R e N D YA X B AN

B RERUTUVXNEEZNRET DRy MU=V EETHR U 7208, FEHTRIRIZRED 720,
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W, v A 7araty—OMHEREBIEN H DB MEISE LRI E T e JREEOE Y o
TN EE T, L7ed o THBEM OERS bR Lgn 2 & 2 rd RER IS
% CD-ROM ZEE 2D Z E N TX 5,

Bl e/ VAT B X2 DEMERNEL BTN ThH, v~/ 7uarakyd—
DEFOREARAERIC L o TG T —% 7 7 F ¥y BEV 2 7 —BIANEHRT 5, 2L T2 2
W E AR YA L SN ETAUS LT HEEN O A4 — 7 VEBSENEEN D, R oo [FEEE
EL WD FEERIEN 7 v — VT CHRFICAE TN T et R, FEEABZ TRHRU X
INCBESINZ EM2BE ZENGHEINDLI THA D, 21 ILDOBIETIX, 1ZFETO
T L7 br=7 28 TR ORISR RS w4 /e 7 atk vy ¥—/T 27 L LS R
MEL. 2 U CHEBEEELAINET 5 &0 9 BT, B AT O P O B )s & Stk T3
E L7 PTEE E O THEEN DA — 7  EEE S EN Y0 RTO L 5D 55,

B ABETIT 1990 FERUCTAFEAL LIz A —7 U REBESEIC X - T, THLLETO 1980 4F
&V 10~30 FHLOERTENERFICAETND, 0D FEEE G L RFF TR LV,
ZLTCZIDOAROEKERNTH L “EEEEER GO TRERERE” Ziml 5, i
T—=XT 7 F ¥ DEY 2T —TIA~OEMRIN A — 7 AEREA L L FEOR 2 22 X » TEHESY
ENIE S, e T3EE 7 DT REE LA I ERERL O AL Z 500 72 28 5 %
FREICEIRT 2 FEN, —HOFELET —Z ICLo THRE NS TH A H, 21 Tk~
M7 — VG THEVRIO X S ICEIZT 2 26 ORRFI - #L2f72s88 808, AL
FIAELTOwA7aTdakyh— HLHNE~YA A LRDSP, VAT A LSI BEXOZ
EENT 77— AT Lo TEALGNTWADTH S, 17

2. N aAVERIIRAILGT—T LTV 2T —LDOER L BB OERRSy %

2.1 7RV D OEEBOREGH L A —7 L ip ¥R EOHKE

1800 AERDZ Y- D KRB RIE L2 T A U h L, 7k y NEERAROME
HIECRIh MRV IR LTz, BUBOREIZ X > T A NI & ik HER 2 [ EHE S ¥ -0
Thd, EFEREHREL BEL CRAUCHRAILEITW RN bBERAR L 2 T r <] v
N OFARKRE ) & BE & . RIRFICHFEMGI 28 AT 5 2 LI K o CREWGHARR O HEr 22~
F—=V A REBRLUTE T, UROT A U BEREENE D BT, Al ARRED
ME, HDWEEE, BEEREOERY LT —%7 7 F ¥ 2Fffo Tz, Z0k
WCHIET 2 a v A—~ioz1L s b=/ 280G TH->TH, 2TTFr /Wit
MRS TWizo T, 21 ioBHA2PNEICT A7 UMy ¥ETD & LV R UEE

T ZHNETABTIEYA 2 VAT ALSTI ZRBILARWTHW, IO ZAld~A 7 aratwd—(z
ARIA v 2T r—2Day ha—FkEEr T~ A a L PHAEE 2t v —Th 5 DSP (Digital
Signal Processor) 23HLTH o 7228, 1990 4FR D Y-ERETEF A3 Z % SystemlST IZE(L S ¥ 7=,
SystemLSI 121X~ A 2 R0DSP L ZHELERRERED 7 7 — L V=T (FAHIAHRY 7 M) B—KHEA S
TFERVAT AER>TND, ZORARENRLT/ V2T AOWNEESE Z KoM a8l (527
) RS E D LWV BT, v A 2 ERICERARRBBE S A7 AICETRERESND L5k oT,
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DR THBEN. DA —T VEEED T, £ b2 BIAELER1o T,

1960 AR DX KN F AMGIZ L > TT A U W OMBEBBO Tt L < 7eoiz, £1-Z2 D%
D 1970 FERITB & 72 T EICHEDL AMAEHEIC L > TREIOKBELAEL O L VA > 7 L D[R
AT E SNz, 1980 FROPMIZ /> TH Z 2 bk HERNTW D TH D, £
ZTT AU BBUFIE, 1980 FARICFERBORZ X A F X v ZIZE X T2, 18 PEENETE 2 TRiIHY
WCEZ LD ELTEDOTHD, FRIBIEOFKR A DY VIO XK HIZFED A — 7 AR L4
KM, N F v —REREOHHFIL, 1980 EOFEHESRE (V7 U7 I
ZEdsd D). 1981 ORI HEE IEO RIEFEF, 1982 40 H/MEZEE T 4815 (SBIR : #F5E
DBRFABIAHIE) . & LT 1984 FOEFZHFEFRIEOHIE R &, —HOEREDO L > TS
DOz AENT,

1980 AEDFAEHEVE O SEIL, 1981 4 10 AIZHiff 45 IBM PC D [aIEE X i <> BIOS
— A« a— ROAMZEFRHE ST, XY IV EENS—T MG EANRRT S ECE
BB Rle Ule, EMEREORE & EFILFNFEEOHIE, BIOCZ IR L
2 OIERBUEIZ L - T, EEOBEDOHHEIC X DHANBRFE D “HREEOFA” T
<, “BEHOFH] IZit-> T, LbBEDS T R EHERE T —T T 5D ThHIE,
AEE LTc, 19 22 bRFEBREOMRZ EFUREICT D LV oBE 2, RE @ik L 72
STT A HDBGEED DNA (225, A HOT AV B ORI 1985 4F 12 Aoy 7L
A= F TS ENLETO—#HOERTHIENERICR > TWeDTh D, Y7 LAR—
N DOFNZ B NE FE - Tz,

[EF I RIFFEIEDRRSL L7290 2 44 0D 1986 45 2 AICEFIEHREL 7728V a D
ISA /XA (Industry Standard Bus). 3L TF 198871989 4 EISA /XA (Enhanced ISA Bus)
DA =T ANEHEACD, RV A DEY 2 T — L EREMDKVENELMES T, TAY
B DOPFEFEBORPENEEOE R AET IV E L TRV IAENTAEEN RO 2 EHTH
Do TNV aryml LT VANV FR Y MU — 7B ORBRFERIZEND |
WABNL DA — 7 VEBR G ERA~ LR D, TOHNFEINTILL 1980 FRICEN L72%
MR TF ¥ —EETH Y | AR REFETIE R oTz, 20

22 F—FoES25—LOERELLEELDEIRS %
TSR R B OUINTE LI R ORGB R 2 Ea— S ThoTe, 27T

Bz iz AN T E RIS T IRIN Ry - 7= R ORBFBENRH DB, 2O ANEX
RICONRT Z L« AIZAOEEW CTH D LEEDLILD, HEMTIEEEN O HEMNFFOREEHMEN—H
LTCEESNTND, ZORENME T 0 —UHH~KEIEKRT DX o MITFIZ2 572D P 1980 DT
AVBDOFEEBORTHY, THNEMIG LI Y aVEESCT VXN Ry NI —JEEXETHE LA —T
B TH D,

Vo b —HOBERIZOW L, B (2008) 552 AT2,

0 HAETHHNEZEOTEMEAL - BRICHZANTWENR, TA Y BOHEINTE IR, W7 —%7 7 F
F¥NEY 2T R LB Th o TAH— T VEBRE TOEMLINCTWVEETRITIVEL, 7 AV I
REBWRTOF—T A ) X—va UBREEH, FABECRUTF Y —REOFKIZIT, BET—FT 7
T DR E I AT EEBURN LI TH B,
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by at, AT UG TRETAEE Y a— L TovA s/ Tnky—%

LERGETOPZITIRA TW2Z L b dH D, 1980 ERFETHIOT A U A THilE S 7k ED
R AL E Z L FRBHFEE ORI E /R & OEEBORIZEM L SNWRN DL, T2 bl 4 —
TR L BFEO O ORI L r o7, 2t

1981 A HEIZ HE 7= 9)fR D IBM PC & 1984 4R|Z Hifif S 4172 IBM PC/AT I, i K 512
BN A—T AL TN LD ICH 2D, LU bAd—7 b3 7z DX EEE X
EBIOS THY, BiE L THANL CHHEAICROEER ) UNERDLT =X NADH A A
F¥— FA F T 2 — AOMERIEHRIT, TXT IBM & WS BFEONERTH U TV TAR
STV, F 7o Bl in 2 SMEBAHIE T 2 0BG 1 72 > TITW 223, & T IBM OFF5I
AR A Z~ A RSN T Wz, LB The &b 3y b S 5Ealdh O N
ITEY a7 —RESTFE DD, AL 7L —ALRAULZE—X RBREDEY 27875
7O Toh D,

ZOX D RERECIE, FREERSR LU CEEHMLARDS Z LN TE RN, ZOMH
HIBRBEZFTBHT 272D ETA T VRE THEEM L L D & LR ISANNZRTH Y |
ZDH%ITHES EISA NATH o7, IBM TixZp < B A — a3t 7eb LhrbA—7
VERBE CEFEMEIHIE Lm &V ) BEIR T, 1980 AEREIHID T A U W PEEBUR LT D
HRHEE 72D Th 5, 22 LIED X ST ISANZAD A — T U EREbN . T2 & LTD
VargaA—7UVREDOEY 27 RN IS E DA T v S Th D,

SERME LTONY avmzd—7 Va7 ARSI ZDORT » 7L, Bus
Bridge D>t 7 FCTH D, 28 Zhb IBM Tid/el, HEHEA —D THDL Ly 740
SIEEINTZ, 228y ZH-EOD Bus Bridge 1%, BEFO U —HF (FIH0E) 12
WBEHEZT, T RDLEOEEMRDEMMEZAMFFL, O LTHIZa /Ny 7 H)H
(2N A OMRE-HEREA B S DD DORE L A Y —Th o7z, T TIZERRA A
—V R R=ZANHR LR oo = EE LB FOV T T A v —05MED A0k & O EH
PEZHMEFRFT 2 2 & Txy N —Z4NBMEZ B, 20 ETa Ny 7 BNERHTME O
A R—=va R Ea—Y - AV b LTRETED L2107 ThH 5.

TIMNBHaAr Ry IR T NI EDR T — ¥R, WA OREANR L ST
kvt (YEEO i-360) ZIEH LT, IBM S35 5 m~ Y o v OERE - MERE & L
ST, Y aVFEEN O ARGBILOHNA ) N— g o THRLI LT,
EEWHLZ TH LV, TREARRICLIEDOD, BIVARWNBL LT —4 - Ry T 57 70
FLZ B O THERL S 4U72 Bus Bridge TH Y, BiAFO—FEME (LU —Hily) SMBEA
JR—=v 3 vl OMHARFEZ ESRICHERT DA Fro Tz, BT E Y 2 — LA O

1 EOMETHIRARTZA, IBM BN 3 OWNE AN A ORI YIFOT A Y 272 TEHAT A0
EoleDThHY, —FEOT 777 MEENRMEKEZRD, LrLERbZo%Insettifceyrrx b
DFEEGERIEYL 72 o2 L W) BEIR T, AR TIIA—7 B & EFERE(LE R CEWRTE 5,

2/71\11 (2009b) D 5 ESH,

2/1\)11(2009b) D 5 F X 5.3 -,
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{RAEMEZ SERITHEBR T & 5 Bus Bridge OB AIZ L - T, FEALIhE LTO/RY a2 O
EREDBICEY 2T —RIANLEATZDTH D, VT —HiT & HBEA O BARE 2 BE
B9 Bus Bridge ®BEGGZ L o TUI L O T, Ny ar ) B OKREE K & EIEE DR
Rp BN A — 7 BRI CTHIREIC 7R o 72,

R ALVDT =X T I F XA —T 0 FV 2T AR EET-E=ZDRT v 7T,
AT MR- TN b, A U7 viE, £ EAOMIMEEER (777 - Ry
7 A) Thor~vA7mnruytki— (WPU) EVRAZFERFEFNOTLFELE LT,
Br7-12 North Bridge E W IO FEE L A v — 2 AL H L=, X HIZEE{FD Bus Bridge % South
Bridge E\WZ9 a7 MIEZ, ZHEA T ILNB%E L7 PCI /S 28 T North Bridge
WZEAS S H T,

Tex DFFICER T NE AT, A= URETHEEL SN PCI NAIZ L - T, North
Bridge B3 DA /) X— 3 % South Bridge | ~¥2&% 5z ¢\2. T/hbbA T I/LH
SR LORERIETE T THDONE IR EThD, TNEHOREND SV
ZAULZ, DRAM A —onN—RT AT « A= T 7 47 AFEBT A ZADA =B, A
YTV MPU I BIRNEIZ, Z L CRIFFZ LA 2 — « T34 ANEEMNR 2 South Bridge N5
MNZIZ, BESBILOEINA ) R—va VERIEDL LRI EEBE®T D, A
TODEAN LT 250 Bridge (& X D EAKFIEOPERD, RIFZOEE Y a7 —F
T Fx B RICHNREY 2= VOMBEDENLRDA =TV EY o T —Rl~sgLtini
SEHEEEHST-OTH S,

E1 t—jyﬁéﬁib’éﬁﬁbfa{yv‘-}mo)d’iwb?t—Aﬂ
EVRRETN ATV

- Elzx®ys
\ 4 TIYRoF-L

L)
/ I/
II BES#HED
’ £)R—S 3y
ng ,’*_jy MMt Synchronize
B BED | fliEHRSE DRAM
A/ R—3> | |
I Bus Interfach BinEs/EEREL
: (IR SRR AT
| A—FEME Ty
| e
e EEAREO

5% A/ R—23y
< 2 PCl Bus >
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SEREn E LT/ a iy, AERBROA—T A 0BT 2= AN T DHEEETY
27BN 5 5 A4 I VT nD BEIEA T ADHER, WITHE R o TH A
ZU O, ZABBIEDA VT ARME SR ZADFR L >7-R1 DT 5y b7+ —ALTh
D, M1 ZZNRA U TNAREDRADRRATHY , NV aVFEXEDZELEY 2 7 —(bER
W HrETT v T — ATl oT=, TORFN 1995 £05 1996 2 A7 -7-DTHh
o

K1 CHEANETERTRE AL, BFLOEN , vy LM T S~ A1 7 1
Tty P— (MPU) BELONZICE S EET /S AH O North Bridge & O A KA |
Fizsfb Lzl d 5, £ L TE, SouthBridge (BEfFDT A Zf) &%, PCI NA%
ML TMPU & DA EARAEME 208 b LTz, 24 ZHUC K- TR 1 0S8 CHA S, 328
BN T T v 7Ry 7 ZAMEENTA T NVCHWIAEND Z &b, A—TF v - BT T4
F = — 2 OFFETERD M GFEPE O (Fab) IZmhrol EF 0z TH KUy,

WICEHTREST, ATV 22—V ELTOT Ty F 74 —AIZ27 < DRAM AE Y
— N=RT 4RI TTT 4y PBEET SRR USB T3 A7 L &TO/NRY a i
BT, ZOANBA VB T 2= ANT =T VRETIEELEN TV D RIZH D,
FoT, AT NAOMIMBEREST S 7B L ENTZHEEY 2— (B 1 OSRTHATL
NHEE) 1, Lo TOFIEEIEA—T v A v X T 2 — A %N L THMES T D 2 &8
BRIZ7eoT-, N arvO—T 2 EY 2— NI ZTRHET D

LT =% T 7 F ¥ DEY 27 —(bniite L XY 2 U OEFMOMELE ZNEED T2
DEERM. I OIEINNY arOMBINLETRE, N a—Fz—rOENENDET A
RAMNZIZA ) R_R—=va U EAZHLTH, TOFEEY 2ok - e Eo= 2 M|
BICERET D, XY artWIBEREZEOETOHMEREZE ML TYH, #Et S
AU NDA ) R= 3 VIRFEERIRDA ) RXR—T a3 VIZERET DL IR0 TH S,
[FIREZ AU, BREGE DA 7 _R—2a V3, SEhE LTONRY I U BT 21EE T
TOMEMTEBITIERT D Z L2 BWT D, KRB R BB O 4 — 7" EER I 0. FRIZ
ST EEE T T HEOM TRBBICERT DRFREN Z ZNBAENTZOTH D,

Bl ZAXA— 7 AR L ST [SA R ADBIGIZ L > THIOH T, N F v —mERD 1BM
LITESMNLIZ, 3.6 A »FDON—FKTF 4 Z7ITA ) N—=va ralITZENTEL,
TIOBNA BT 2= ANF =T MRS N TWeNDETH D, FHE 3.5 4 F HD R
TATOWNEICT Fu V7 EERAERESCa Y ha—FJRBERETHERINLTRY, 2TV
2= UEIEIZ IR > CWeD T, =T VDA > 2 7 = — AR S 2 SFUSRECT L T
BANTE, ZINBEHDONN—RT 4 AT HIEA—TR, Y a3l &Mz A
R gV ERITIENTE 7, 1980 FRUCHA THEA - N80 ELH -T2 v

#1990 ERDEFH5H[X 1 D North Bridge & South Bridge 1%, F#L<E Media Control Hub 3
L TVI/0 Control Hub ~EAFnZEb Y BIZH b LT T\ 2,
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Ve BANBHEL DMEN 3.5 £ FDON—RF 4 AT FEE~BALEN, BHiEPH
NE, NEC 72 E DRI R BETIT R WIS MO TN— RT 4 RV FEE~B AT DA
HECThHoTz,

FEEIELHATETIHENT DL 010, BEO~F—FR— REESCMS EEL, A VT
ANRERSEERLIOT T v N7 — L EEAICKEET 5, MEREN Y aHo
DRAM A & U — T 1990 4E 0 B AR E OBLEICE 72D b, T LTV a O RT 57 A
L —CHECEERENRME L2 RICH, 725 3 0 ~PWET % CD-ROM 25 < DVD %
BERRKELEL LIZLOEOL, F—F oA v Z 72— 2 %0 L CTHAEKRGFEE 2P L. 8
OB OEMN A / _X—= a URA[RRIZ R > T2 EN L Th -T2, Wbhwbdr A —7 A v
BT = A LT BN OEB ¥ E 2N ERAIC LB OA ) R—v a3 v
PHEFR BT E Y | EEREL - KA B - @RE L &K= X MERFIRFET L7 TH 5,
IRy 3 iR R TR T D,

3. T ARV ELIIRAZ;—T TV a5 —(LOERE L BN OEE %

3.1 A4 7urukyP—DMHER LEET VNV T 4 — Ry 7 HIEOZRSE

LT =X T 7 Fx ORELO AT T 4 — Ry 7l & 1%, 72 & 2 HIEx G oW
IR (FrEANT Y 2 0RELHL) BdHoTh, &2 W Ry EL (Blz iz
NEME S AT AMIOBLENR T Y X VAT AMUDOIRENIC / 4 X, BEI R L) PEE
LThH, TNERHLTTZ 4 — RNy 7 LN RFECHILOEELZIRVERS Z L TH-
Too 74— RNy 7 HIBIASAISA F AL BRI B U2 2T D OO R AR~
hHZRW, EEVWHLZ TH LV, ZOEKRTHEINE Y 2 — VB OKRFEZPERT 2%
REFO, KK SHEKFEEOBRNT Fu 7 BOEMKRR, H5VIIHEEREEZL &0
B2 TH->TH, Hx OEME Y 2 — L OMEERIA LT DEZ DR, 7
{4 — Ry ZHIHTH 5,

CD-ROM 3£ =2 DVD, HEHFEEG. W7 L B, AMFEICREIN I BELMIIT, [EE
FERE AN MR, 7 v Z R EA 2 EAREEEO T A D D Z RS L. AE
BT T ZHREMAR THER SN T\, 2 2ifb7 — Ry 7l S,
1980 R FETRLETCT I r B ThH o7z, TFHa s ThHIIET 4 — Ky 7l A 45
AT DR (R 7 LY X8) REEINTHBIZEZ D Z ERHRRN, Lz
Mo THEAT I w7 LU UPIERITH, TRDHNERECINELL /N S WA TS L,
HAER L B g 2 N TE R, 7HasMoT o— Ry 7§, iz
HERR ™ 2 BREHAH A OREEAZENIEF IS, LSV TH LU,

—H. TUENOT 4 — Ry 7L, "EHBEO T XA TT 4 — NNy 7l
D) DTN T 7 —ATTT « EVa— R ELE L TAEY —ZEBINTEY, 2 {5

B Ty —AUZT EHAETIIMAIALR Y 7 F EES T E NS,
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B DT A —=213b & LV EEBRBOMEZO DI 2, 77 —L VT DANEZT
HHEEIZEZDZ ENTE D, ZOEKTH X NEEECHAELOENIEFIZRKELS TH
RIEBBE AT v 7 ITEZNIT, TOEENMLOEMER~ T TRELYERT D 2
ENTED, Thbb ATy Ly URNERFITIEL oo T, SERGhZ MR D BEHEH
WA OFEBENENFEEICRELS TED, TOEKRT, TYVXL7 40— K2y 7 filf
WET =X T 7V F v TV 2 7 AR SELEHEZRO, EFWRZTH L, 26

INETHEONETVAIAME T, TOANMEERT VLNA X T 2 —Rp 8 &R
TZEeREnoT, LLAERLY s —LAR Ty NORSHEZESICLTAEENTE
T 7R AN P DO MNSBED A S he =7 A8 E T, ZOPEE X2 TEZ0
N7 4 — Ry ZHITH D, ZOHRBEHICT X AR TET 5 2 &I XD HAK
FHEDHEER, TRPOLEY 2 7 —B~DETHZ 23, ALY ORGEH TR TEELEWK LY
Fro,

ZOFBEDRVAINSEMINTREY, a v Ea— 2R3 ETHET T 4 — A
> 7 ~OIEHAPIE S Tz, Lo LS EME BB S A I L —# D 7 ¢ — KA
v Z il AZ ) T Z A LTS DI EHEE SN 52D T, umyiﬁifiﬁm
DI=arbEa—RELNTWZDTHD, ZRHd 5 LR GEICIEN D12, &
m@:/tn~5\#@b%747m7m?yﬁ~®§%ifﬁk@fhi&%@#ot
23, 1971 FCHEE LT~ A 7 a7 aty P—I3EENIEFICEI LrbEM7E o7z, TV
HNT 4= Ry 7 A i G O S U SR S D K 9 I o 7ok, PEREDSHR
BRI ELCY T2 A AEEAETE S X 912780 . & LUl 335 1990 4%
MBSO TH 5,

ALV a—XOREIE, FIZUOZATH- TH, FHEEEN AR L@@ S
ThoTTrtEyh—OMEROEINMEIC D Z L1348 2ol 1980 FTH-> T
H BEARES XY 2 B RHROEENAMOLEEA Y — REV@ENICEETH D,
FIBIZEHERLII L > TELSR-oTH, AT L= I=ar TERBEAR—
ANTHEI XY a2 bR T ol

L7>L CD-ROM JEESC DVD, & 5 MET L By BT L, BRI T ) 1 7 HR o
BEMAARC AR OBMER EICL > TRED | v 77 oty =N ORHNTEIEY
TIVE A DLBEETE HMERRIC /e o TR R, BEEEE I ety P —2EHT 5 2
ENTERWN, iz~ 7nTankty P —2x L VNI T5HvA a2 DSP NEEMHERT
o TH, 1980 FRITHEDIEFICIREN ThH o7, XEMGOT —FT 7 F ¥ 2T
2 7RI S E BRIV — LB E N DRSS A S5, ki To
Tu AL A DT BB O A ) N— g CERSTERITZ R B o e D

% R2OLMT, sl,s2, + + -, S1,82, + - - %g7/5w74~%ﬂ/7ﬁﬁ% Ex R0, T—X
NRAEMN LT s, 82, « » « RENLEUH— %% ZUF, IhEiRICHIEE B 2EY HTonK 2 D
A r7uraty—Thb,



Thb,

AP ERT DA 7 a7 vty h—OWRET, FEROEIFERICK 2 5T 1990
R SRR HEIL Lo, 1203 1970 AERIEMEREY 0. 07~ 1T MIPS(Million Instruction
Per Second) TdhH-> T, L 10 ETHENE W I5fZLE ELAR0->7-, 1980 FIC7 -
TH 1~30 MPIS Th - THREDM L b 30 fFRETH -7, LrLeA 5 1990 4RI 5
& D 10 MK 100 5L BB MERED A B35, #1990 4R 441213 500~3000 MIPS &
WO BERIZRMERBIZ R . RIRFIZ 2 2 BB L T OGBS ILR Uiz, Y67 «
A IEEBRGT OB~ A I BIFELTZO S 1990 RO TN S TZ 720 TH 5.

3.2 A—FrEVaT—(LOERE L LLEBEMNDOEEESE

1980 AELLRITD T F 1 7 HAN CHERR S 2 BHHERR TlE. 72& 27 4 — RN 7 il
b Tz & LTHIESREMTE L O AZENIEF I, Lzid - CEHEH - K
RN ZEN e e =T X — 2T 25 AL, BT HEISKE G o T AR & Pk
PreEpvny, ZORFEZR2DEMIC R LT, 2 IR INE S A D 5V 3 &
BRED LB - EAHEMRIL, BRAESST O ACB T AT —% 7 7 F v LRI ‘B
DA Thotz, 27 Bz BEGRFHITE S Lz L LT H A A O GAZEMR
RE L CIERITHND T, BREHEIT - FEepiBaniifr, & U CAEERINZ & 0T ok E
REWNEBICRFOMATLO R TINHBBATHZ ENTEEOTH 5,

—07, BEERGE O RS EA L O T O 2 VB, T bbb s a Tk yh—L 7
7 AUZTBNETDHEND Z EiE, 28 il A & 5 WL & & BERE O A A BIMR N
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3. Strategic Alliances between Smart Grid Startups

(FH JEffAeth, SRELah)

1. PURPOSE OF STUDY

The “Smart Grid” is often described as the “Internet for Electricity” which will modernize
our aging electricity distribution grids with the goals of reducing excess energy and taking
renewable energy sources in.

Earlier 2008, after the U.S. president Obama took office, he issued a report of economic
recovery plan. This plan announced that within the next 3 years, investing more than 40 billion
dollars, 40 million U.S. households would install smart meters. The United States has been and
will be leading the Smart Grid investment for the next several years.

Numerous factors are forcing the outdated energy distribution grids around the world to
become smarter, from rising energy costs to environmental concerns. The factors have a wide
range of areas, including advanced metering infrastructure, demand response, metering and so
on. Therefore, Smart Grid is an absolutely huge technology system that cannot be achieved by
only one enterprise or a single industry. Hundreds of enterprises, large and small, belonging to
different industries, are participating in the smart grid. Furthermore, many of them have already
built the partnership with each others. For example, Silver Spring Networks is a provider of
smart grid solutions. Founded in 2002, Silver Spring Networks has built partnership with 31
companies by April 2011.

Different firm may have different motivations to form strategic alliances and most of those
are based on the logic that each partner can bring strength or benefit to the participant. Although
it is difficult to find out the motivations of alliances according to the external information, we
have made an attempt to find a way to analyze from technology view, because the patent
information is public and easy to get.

From a technical point of view, there are two kinds of basic relationship between partners,
complement and reinforcement. In cases where partner firms do not have the same technology,
creating alliances can allow them to share the technology. This type of alliance is based on
complementary relationship. On the other hand, if partner firms have the same technology,
alliances can help them to strengthen it. This type of alliance is based on reinforcing relationship.
This study explores how firms’ technology or patent output is related to alliances in smart grid.
Especially, since startups have less operating resource than large firms, the impact of technology
on alliances is more notable in startups than in large firms.

Therefore, we examine how technology affects alliances of smart grid startups from the
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following points of view. The first is technical area. It means whether the same technical area or
different technical area is conducive to alliances. The second is the number of patents. In
particular, the more patents the firm has, the easier it is to build partnership with the others. The
third is the special technical area. It is that the firm participating in the special technical area has

more partners than others.

METHODS
Data

We began our data collection by researching the smart grid startups. Referring to the home
page and some other information from internet, 106 firms are listed. We downloaded the patent
data searched by patent applicant which is company name from Thomson Reuter’s database. The
data revealed a total of 2298 patents of 106 firms. Each patent contains extensive information
about the applicant, application date, classification, citation etc., all of which can be accessed in
Excel form.

To examine how a firm's technology affects its strategic alliance from the
above-mentioned points of view, we built a sample data from the downloaded patents. Firstly,
we collected the partners of each firm in the list and got the patent data of partner firms.
Furthermore, we found out technical areas of both the firm itself and the partners. We identify
the technical area of each firm by U.S. classification of patents. Every patent is assigned to a six-
or seven-digit number as classification. The first-three-digit number of classification is class and
the remaining part is subclass. We addressed technical areas of each firm using patent class by
the following steps: the first is to extract the class of each patent by firm. The second is to find
out the most frequent class and define the class as technical area which the firm is participating

in.

Variables

Each variable of independent variables, dependent variables and control variables are
defined as follows.

Independent Variable

Alliances is the number of partners including large companies, smart grid startups and the
other startups, the numbers of which are represented respectively as Alliancel, Alliance2 and
Alliance3.

Dependent Variable

Ap-patent is the number of application patents.

Same layer is a binary variable that take a value of 1 when there is at least one partner

belonging to the same technical area and O when there is no partner belonging to the same
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technical area.

Class370 is a binary variable that take a value of 1 when the technical area of the firm is
class 370, which is defined as the generic class for multiplex or duplex systems according to U.S.
classification. Otherwise, the variable takes a value of 0.

Class340 is also a binary variable that take a value of 1 when the technical area of the firm
is class 340, which is defined as electrical communication. Otherwise, the variable takes a value
of 0.

We choose class 370 and class 340 as observation objects because the two classes are more
frequent than the others.

Control Variable

Stocklisting is a binary variable that take a value of 1 when the firm has already listed on
the stock market. Otherwise, the variable takes a value of 0.

LogAge is a variable taking the logarithm of the firm age. We calculate the company age in

the following way: age = 2011- (the year of foundation).

ANALYSES AND RESULT

In order to examine the effect of technology on alliances of smart grid startups, based on
the sample data, we conducted correlation and linear regression analysis.

First, we summarize the results of the correlation matrix of the variables in Table 1. As
expected, Alliances is strongly associated with Ap-patent, same layer, class 370 and class 340.
Alliancel is associated with same layer and class 340. Alliance2 is associated with Ap-patent,
same layer, class 340 and stocklisting. Alliance3 is associated with Ap-patent and class 370.

Tablel Correlations between the variables

Alliances | Alliances | Al liances same

Alliances 1 2 3 Ap-patent layer Class370 | Class340 | LogAge |stocklisting

Alliances  Pearson OFEBHRH 1 637 5437 e4s™|  amtl 3t 318 196" 204" An
BEREE (@) . 000 .000 . 000 . 005 . 001 . 001 . 044 . 036 . 080

N 106 106 106 106 106 106 106 106 106 106

Alliances! Pearson M#ERI{ZEH 637" 1 418" 953" . 046 192" 174 905" .087 -. 051
AEREE (EAD .000 .000 .009 . 643 . 048 .075 . 035 L3713 . 602

N 106 106 106 106 106 106 106 106 106 106

Alliances? Pearson M#ER{ZE 543" 418" 1 .107 999" AT .152 403" 187 194
BEREE (@A) .000 . 000 274 .002 . 000 119 .000 . 055 . 046

N 106 106 106 106 106 106 106 106 106 106

Alliances3 Pearson DFERARE _845™* 953" 107 1 9214 140 280 .010 163 . 166
BEREE (@) . 000 . 009 274 .023 154 . 004 .920 . 096 . 089

N 106 106 106 106 106 106 106 106 106 106

*n<0.01 *p<0.05

Second, we conduct a set of regression analyses of alliances. In this analysis, we examine
the effect of patent applications on alliances using variable Ap-patent along with binary

variables same layer, class370 and class340. We input LogAge and stocklisting as control
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variables. The result is shown in Table 2. From model 1 to model 4, it is shown that Ap-patent,

same layer and class 370 have positive effects as observed on alliances. Some effects are
significant at a p<0.01 level. From model 5, it is revealed that Ap-patent, same layer, class 370
and class 340 affect alliances together because the value of adjusted R? is higher than that in the
other models.

Table2 Regression analysis

Variables Model 1 Model 2 Model 3 Model 4 Model 5
Ap-patent 0.049** 0.036*
same layer 7.662*** 4.689
Class 370 7.347*** 7.034***
Class 340 4.891* 2.317
LogAge 4.541 4.801 5.922 5.364 5.365*
stocklisting 0.863 1.719 1.624 1.875 -0.537
N 106 106 106 106 106
R2 0.100 0.134 0.149 0.084 0.243
Adjusted R2 0.073 0.108 0.124 0.057 0.197

***p<0.01 **p<0.05 *p<0.10

Third, to further explain the causality between alliance and patent, we made time series of
numbers of application patents, published patents and alliances. Graph 1 below is two samples
of Silver Spring Networks and Tendril Networks. From these graphs, it is clarified that alliances
basically come after the patent application and almost at the same timing with the patent
publication. This result suggests that patent disclosure itself is not necessary for deciding

alliance for their counterparts.

Graph 1 Time series of Patent application, publication and alliance
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Based on the investigation, we can get the following conclusions. First, the players in the
same technical area are easier to build partnership, which means that reinforcing relationship is
more common than complementary relationship in smart grid alliances. Second, patent is
conducive to alliances. The more patents a firm has, the easier it is to partner with other firms.

Third, the firms which participate in class 370, meaning multiplex or duplex communication
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system, usually have more partners.  All of the three factors affect alliances together.

DISCUSSION

This study indicated the effect of technology on alliances of smart grid startups from three
points of view. It also revealed that alliance usually come after the patent application and
almost at the same timing with patent publication. This means that firms exchange the
technology information privately before building a partnership. Alliance is related to the fact that
the firm has the technologies but not related to whether the technology is open to the public.

There are two limitations in this study. One is that we use published patent data to
investigate. As for the technologies which have not been published yet or will not be published,
it is impossible to put them into investigation. The other one is that we could only collect the
partnership information from internet. That means we only collected the alliances announced or
opened to public. However, for the startups owning few operating resources, a partnership can
be conducive to next alliance, so we consider that players are willing and positive to disclose the

alliances with the other players.

FURTHER RESEARCH

This study reveals that the number of patents and technical area have positive effect on
alliances of smart grid startups. However, from the regression analysis, the value of
determination coefficient is low. We will get some other variables about business management
of smart grid startups in order to build more effective model that can reveal the effect more

clearly.
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