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k' THFKQRORJ\ &RUSRUDWLRQ 6LJKW LV D wubGHBBYNO Innovation Subsidiary
DQG "\QDPLF "QWHUIHURPHWU\ LV D UHJLVWHUHG WUDGHPDUN RI

7THFKQRORJ\ &RUSRUDWLRQ

$Q RHUWHZ R WH WRKQTXHV DG
FROLUXUDARYY XVHG R EXI@ G TP IE
LOMU HIRP ALY DQG P HDVXUHP HQAMUHVXOV

IRU D YDURW R VSDARHEDWHG RSWHDXO

FRP SRCHOWV

0 HDVXUQJ / DUHO WIRW/: I 6HARQEDY
DQG7HIADY 6XSSRUNMWKXAXURV

/DHJ IQMUHRPHM IV D ZIGHY HWEEQKHG
PHMRG IRU P HDWUQ) WH \KDSH DQG VXUDAH
TXDOV R OUH WBMRSH PIURY ' \Q@PIE
,OMUHRPHM p GHYHBSHG E\ 7 HKQR®\
&RBRIDARY LV DQ P SLRYHG P HMRG LQ Z KIFK DD
P HDVXUHP HQV GDD IV DFTXULHG P XORQHRX\O
UWDWHU WDQ RYHU VHYHIDO WP HY DQG \VHYHUDO
KXQAHG P LOHRQGY 7KV WIKQR®I\  HIDEGV
P HDVXUHP HOAR GUIHP LULRWHYHQLOWH SUAVHQRH
R YIEUDARQ DQG DUVKUEXBIGRH Z IMKRXWH SHOLYH
DVROMRQHTXLSP HQW

&KDBQIHV DM IRU IOMUHRP HMF
P HDVXUHP HQV Z KHQ WH P LURURUM WP XQGHU
WAMALY SDUADT® REVFXUHG B\ \WXPXLDOP HP EHLY
7KWV IV WH FDH IRU HDP S® ZKHQ WAMQI D
WWBMARSH Z IMK VHFRQEDW DQG WADY P LLLRY RU
Z KHQWAMQ) DK\ SHLERTF RUSDUDERTE SUP DY DQG
VHFRQEDU DVDM WP ) LIXWH

6LIJKW DQDC
VRIWZDUH SURY]
HIWHQVLYH WRF
PHDVXULQJ PL
SDUWLDOO\ REV
VXSSRUW VWU X

7KV IV WH FDH IRU HDP S®I ZKHQ WMAMQI D
WMBMARSH Z W VHARQEDY  DQG WWADY P LULRY RU
Z KHQ WAMQJ D K\ SHEERTF RU SDUDERTE SUP DU

DQGVHARQEDY DVDWM WP ) LIXUH

JLIXUH 7THVW VHWXSV LQ ZKLF
VWUXFWXUH REVFXUHV SR
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EHIRUH DYHUDJLQJ WR SURGXFH PHDQLQJIXO UHVXOWV
|

,Q WHWH P HDUXUHP HOV WH &/SICHE VIXSSRUV

VIAKPWIH REVEXUHY SRUARQVR! WWH SXSIOQYIAQ)
WH G IQR HHDO MGV  7KHH
QAVFRMXMHY SRH D FKDIQJIH IRU SKDH
XQZ DSSIQ) DORUKP YV SRMOADD GDAQ) \R
SKDVH DP ELIXIMHVVWKDAFDQ UHVXONQLOWAI LD, DYH
SIWRQ HILRY EHVE HHQ GOV MDQGV 7 KHVH IMSV
P XWAEHUHP RYHG EH RUHWH XU DRHVKDSHFDQEH
GHMP IOHG

7R DM WHH WSV KDYH EHHQ UHPRYHG
P DQXDED Z IV DQRSH.DRUDGMVAQ) VKHSIMRQR
WH MDQGY RQH DV D WPH IRBZIQ) HOFK
P HDVWXU-P HQW 7KLY WIKQTXH Z RNV UHDVRQDE®
Z KHQG-DIY Z MK DIHZ P HDWXUP HQW : KHQD
QUHQXP EHJR P HDWUHP HQW P XWWEH KDQBBIG
KRZ HYHJ P DQXDO DAYV HQW EHFRP WV WP H

FRQUXP 1

7KH SIREGP EHRP HV P XFK P RUH FUMFDOZ KHQ
Z RINQJ Z WK DYHLDIHGP HDVXUHP HQW $ YHIDJLQ)
IPSIRYHV  PHDWUPHOQNV UHSHDEEDNV B\
OMWHIQ) WH [PSDRW R TXDULWDQGRP

HOYLRQP HQEOH |HRAW SUP DU® DU VKUEXBIQFH
DQG\P DEBUH | HRAVVXFK DVFDP HDGRMH

© KHQP HDVXUQ) @UIH P IR/ Z I BRQJ WBQG
R GWEQRHV DYHDILQ) IVHWHADOR DFFRXQAVRU
DIUP RYHP HQWDQGWHUP DOYDUDARQY

J RH ZHH VR \BNH DQ DYHDIH R

P HDVWXUHP HQW SKDVH DP ELIXIVHVZ RX@ BDG WH
SKDH XQ@ZUWSSIQ) DORUMPY VR DEMW D
SDVEXQUIMDQG XS *  Z DYHLQRGH P HDWKU-P HQW
SHKDSV GRZ Q WH QGH WDQG VR RQ :  KHQ WHWH
QLIHHYHY DH VBAHG XS 1Q WH DYHIDIH WH
LHXOVLY QRQ+ ZDYH ISV WKDW FDQQRW EH
UHVROYHG DXVRRP DAWFDX RUP DQXD@ ) LIXUH
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J)LIXUH 7KH 6SLGHU PDVN OHWV \RX TXLFNO\ DQG
FRQVLVWHQWO\ PDVN WKH REVFXUHG DUHDV RI D Ul

6LIKWO DQDOMY \RIVE DIH VXSSTHG Z WK DO
G TP IF IQMIHRP HMY RIHY D QP EHUR \RRY
IRUGHIQQ) IMDQGV UIHVROMQI SKDWH DP ELIXIMAV
DQG HYHQ EUGILQ) REVEXUHG GCDWD 1Q RWEHJU R
DFFXUDMY P HDVXUH @UH P IURY 7KH IRTRZ IQJ
VHAMRQY Z LOH SOIQ P RUH DERXWWHH VRRY DG
KRZ WH DH XVHG IRUP DNQI DFFXUDM DYHDIH
P HDWXUHP HQW

" HIQQ) , MDQGV

7KH IS 1Q P HDVXUQ) D SDUADID REVAXUHG
P LWRUMVR GH IQHWHGDWDIMDQGV ,Q  BLIKWIMDQGY
DQ EH CGHIGHG B\ PRXOMRQ DG IQMMW
WUHKRTV RU RWQ Z WK EHAMAU UIHSHDWELON B\
DSSOLQI DXVHUFHDWGP DN 0 DAWVFDQEHEXI®KS
IURP P XGAS®! VKDSHV 7KH 8SIGH.E P DWN KDSH 1Q
SDUAEX@U BW \ RX FKRRVH WWH QXP EHU Z IO DQG
DQIGIR WH GUVR D VXSSRUAMY AKRAMUH ) LIXUH

7KH \SIGHU P DN SLRYIGHV D YHY  FROUMMQN
P HMRG IRUGH LQIQI WWH UHILRQV WDADLH REVEXUHG
B\ D \SIGHJ DRRW IQAYIGXDOP HOVKUHP HQW DQG
DRRW HDFK P HDVXUHP HQAIQ DQ DYHIDIH 7KH P DWN
FDQEH UIRIDMG VR P DK WWH SDUNQWWDG R VKH SDUV
QHHAQI VREHIRIMGVR P DK \KHP DN

, MDQG/ HYHT)

$V P HWRQHG HDUIHU DIWU GDVD LV \HSDUDMG [QR
MDQGVWHH Z I@INHD EHHILRQHRXV » Z DYH WSV
EHE HHQ VRP H IMDQGY GXH VR WH CP ELIXIMEV 1Q
SKDVH XQZ \DSSIQ)  BLIKWICFOGHY WUH ,\MDQG
GYHIY RSWRQY XQGHU O RAL\ | MDQGV! /HYHO
MDQGV )LUUXUH  WKDWD@RZ \ RX VR DEMVWWH
KHIKW R MDQGV HDWYH \R HDRK RMHJ WR
UHSUAVHOMAH WKH \XUDRH WKDSH 7KH 0 D\H &R

300U PHKRG IV PRW HIHAWH ZKHQ HDFK
IQAYIGXDOIMDQG KDV WOVDQG SIMRQ EXWP IQP DO
\KDSH 7KH DORUMKP  UHP RYHV VO LRP \VIKH GUIHW
MDQGY DANVWWKHSIWRQR DAMDQGYXQAOMH. DH
QHDUD HTXDAQKH.I KWWHQUHWRUHVWH ) GEDOADV

LUUHJXODU VXSSRUW VWUXFWXUH

| WH P LULRU XQGHU WAWKDY VI QUIFDQMKDSH D
EHAWMU FKRIFH LV WWH 981GIH 6SIGHY RSWRQ Z KIFK
XVHV WH IRTZ Q) DORUMP VR FOUY WH &FDO
VERSHVDRRWKHP MQ) VSIGHUSI HY

7KH VBSH DVHDK SI[HOLV GHMP IQHG B\
FDBXOWY WH GHIYDAYH R WH WP P HG
\XUDFHLQ; DQG<

6@SH CDVD LV | LG LQ DALRW WH \SIGHUGBDV VR
DAKIHYH FROAQXRXY @FDO VBSHY  7KH X\VHU
FROARYKRZ @UHR DJDS FDQEHEUGIHG

TKHEW [@OG; DQG< MBSHYDHIOMIIDMGWR
UHRYHUWH FRUHAMG VXU DAH 7KLV IV GRQH B\

WEUAQ) Z WK RQH S HODQG XMQJ D |BRG IO
LOMILDARQ VR HQUXUH WDWDOSI HY DIH FR

HHHPHG

7 KHFRUHPMG XU DFHLY XVHG VR GHMLP LQHWH
SIMRQEHE HHQIMDIQGY

7 KH SIMARQ YDOXHV DUH URXQCHG VR WH QHDLHWY
ZDYyRv

7KH SMWRQ R HK MDQG IV DOMVMG
DFREQIO

Q \RPH FDHV HWHPH
\KDSH RUGDV \SINHV P D\
PD\H IWGLILEX®VIRU WH
DXVRP DAE LRAMGHR BIYHO
MDQGV |, Q WKHVH FDVHY WH
0 DXDO IMDQG BIVHAY
P HMRG FDQ EH X\VHG &TFN
RQ HOK MDQG 1Q WH
FRQOMXU SREEIW 5 HDWYH
+ HIKWZ LODSSHDUIQUHGLQ
WH / HYHO, MDQGY GDBRIXH
ER &INQI WH XS DG
GRZ Q DURZ V DMV WH
MDQEY SMRQ  $
SRIGIRU ' QWSO AXQ
DIG\ RX [Q GHMP LQIQJ WH
FRUHAKHIKW



4' 8. -&2 8.

JLIXUH $ &DVVHJUDLQ PLUURU DV PHDVXUHG
OHYHOOLQJ DQG DIWHU DQQXODU =HUQLNH WHUT
PDUNV DUH YLVLEOH LQ WKH ILQE

( TXDOMQI , VDGV

. KHQ PDNQ) DHIDIHG PHDWUHPHON RH
DEAVRDO SIRAHMQI WS IV LHTXLHG  $V
P HOARGQHG HDUIHU WWH XQZ \DSSIQ) DORUMKP V Z L@
DMP SWVR IRFH D SDUEXQU IMDQG 1Q HIFK
P HDWKUHP HQAKS RUGRZ QR+ Z DYHP X®SBV ) RU
RQHIQAYIGXDP HDWKUHP HONQDQDYHIDIH IMDQG$
P LIKWEH KL KHUWKDQIMDIQG % EXWQWHQH WAMDQG
%P D EHKUKHUWDQS$ 7KLY FDQ UHVXOMQ SKDH
QLI HHPHVEHE HHQWHP HDVXUHP HOV

$OMRXIK  BLIKWFDQERMUHVROH WKLY DP ELIXIW \iKH
(TXDDH MDQEV RSMRQ  XQGHU O HDWWH !
0 HDVXUHP HOV2 SWRQV | $YHIDILQ)  Z L@P DNH WKH
KHIKW R HDAK MDQG  FROAMMQN IRU HDRK
P HDWXUHP HQAZ IMKIQWH DYHIDIH 7 KH IMDQG KHIKWQ
WKHILICDDYHDIHP D EHRIVAWE\ De Z DYHGXHVRWH
I XQEDP HQMEIDP ELIXIW EXWKHHZ LGEHQR | LDPARQDO
IMSVEHE HHQLMDQGY \R SIRAHWIQ) FDQFRQAQXH

$ EHUDAWRQS5 HP RYDO

3IWRQ WOVSRZ HU HF FDQEHUHP RYHGIURP \KHHQALH
AVHAE FKRRUQI $CDOMY ! $ EHUIDARQ 5 HP RYDO
+ LIKHU RUBHJ WP V FDQ EH UHP RYHG XMQ)  6LIKWY/
=HUQNH:  RINVKHHWRU= HLQINH 7 DE®

/HDUQ PRUH DERXW
WKH ' 7HFKQRORJ\
3KDVH&DP 7Z\PDQ

*UHHQ
~QWHUIHURPHWHU

,Q\RP HIDWHVU-P RYLQJ WMLP VEH RUH GYHTY)
WH MDQGV P SLRYHV WH SIRFHW ,Q RWHU
VVWXDARQY SDUAEX@UD Z KHQ VKH WAMP LLLRU
KDV @UH DEHIDARQY RUGHYIDARQ | LRP 1GHDO

WP D EH EHWWR GIYHOMDQGV [ LBADQG WHQ
UHPRHWPYV 127( $ VHSDIDM RSMRQ 1O

6LIKWHQDE®N DEHUDWRQ UHP RYDAWRP HDFK
GO MDQG LQGHSHGHAD $ QDOMYV! |, VDG !

3HU, MDQG$ EHUDARQS HP RYDO 7 KIVRSWRQLY
IOMEGHG IRUXWH ZIW DUDV R IQAYIGKDO
GQVAHM REMPW \IXFK DV P IRR P LULRWY/ 1Q DQ
DUD \WWKRX@ 127 EH XVHG Z W \SIGHU
P HDVXUHP HQW 1QZ KIFK Z HNQRZ DSURU DN
WH VAPV DIH HAVHQAD® WH \OPH IRU DD

MDQGV

$Q( [ DP S®I0 HDWUP HOW

YUXH WKRZV WH HIHFW R HDFK R WH
DERYH WSV IRU DFEXUDMO P HDWWH WH
SuP DU PP PIURU IQ D &DAMIWDQ
WBMARSH 7KH ®I WP DIH \KRZ V \WKH CDVID DV
P HDVXUHG KD Z DYH WSV DUH FBDUD YIME®!
,Q WH VHFRQG SDQH WH %UGIIQ) P HWRG Z DV
XVHG VR GYHOMH IMDQGV , QWKHWILLG SDQHOWH
=HUQNH:  RINVKHHWZ DV HP S® HG VR UP RYH
DQX@U =HONH WPV [LRP WH CDVD
UHYHDIQ) WH VXU DRH\KDSH



2 WHU&RQUGHDARQY

YXUMP HDVXUHP HOV
,Q D EXUMP HDVXUHP HQVD VHUIHV R IQAYIGKDO
P HDVXUHP HQW LV WRUHG DV D MQI®! JLRXS <RX
FDQFDEXOWWHDYH DIHR DEXUMP HDWXUHP HOWN/
B\ AKHNQI WH &DBXOWM $ YHIDIH ER]  XQGHU
0 HDIXWH | 0 HDWXUHP HQWV 2 SURQV | 9XUMV
+RZHYHU WH ( TXDDH ,MDQGV P HDWXUHP HQW
RSVRQ GRHVCQRADSS® VR %XUMP HDWXU-P HON \R
SKDH DPEUXMHV EHEZHQ WH DYHIDIHG
PHDXUP HOV PD UHXOVIQ [LDPARQDO IMS
KHIKW 7R P DNHWLY DYHIDIH P HDQIQJI XOEH RIH
VENQJ WWH 96OMP HDVXUHP HOMHBPMKH 0 DNH
&R 30U MDQG GYHIY RSWRQ DG UHP RYH
3IWRQILRP WKH HOALH GDIVAWT KHVHVE R RSURQY
Z®IRFH DOR WH IMDQGV VR WH \DP H SOCH
EH RIHWHDYHIDIHMVENHQ
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$QDOMY ,MDQG2 SMRQY

7KHH RSURQV XQGHUS QDOMY | VDQG !, \MDQG
$CDOMY DBSO VR 6LIKW/, MDQG $ QDOMY Z KIFK
HIE® PHOWUPHONV R WIWMEY [RU HDRK
LQAYIGXDOEDWD IMDQG 7 KHVH RSWRQV DUH WSLFDD
QRAKVHG Z IVK \SIGHUP HDVWXUHP HOVLQ Z KIFK WWH
DV VKRX@ EH WHDWG DV D MQI®! @LIH CDAVHV
0L $WW)®Z : HD6GZ PRYIQI DIUVKUEXGIQH
FDQ UHJMMU DV HILRULQ RQH RUP RUH IMDQGY DQG
FDQ \XEVHTXHQAD EH WHDWMG DV D WS Z KHH
QROHH MV ,WY/LIP SRWEBQAIR FROAMROMH DUl BZ
LQ WKH P HDVXUHP HQAFDYIW DQG VR P I IMZ HD, |
QFMDU EGZ 1DQV DBRQY WH GQIW R \WH
P HDVWXU-P HQWFDYIW \RIQRUHDVHWH I BZ DM

&RQFOMRQ

7HAKQR®I\ &/ G Q@OP IE LOMUHURP HMY DWH
XHG WWRXIKRXW WH ZRUG [IRU FUMEDO
P HDWUP HQV R @UH P LURY DQG MBMARSH
VWPV BLIKWY H WIQLYH VRROIMP DNHV MHDV
VR P HDVXUH @I HRSWEVDQG M WP VIQUHDXY. RUTS

WWWFRQ LIXUDARQY DG HYILRCP HWV

/HDUQ PRUH DERXW WKH —-/7




