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7KH ,QVWL WXWRRIDNFLRQ &RXQFLO ,,& LQ DVVRFLDWLRQ ZLV
&RPPXQLFDWLRQ (QJLQHHULQJ RUJDQL]JHG DQ LQVLJKWIXO VHP
,R7 DQG B6HPERKIQRORJILHV  RQ )HEUXDU\ DW /+ 7 K B RIRBAHWL

ORKD$SNVRFLDWH 3URIHVVRU (&( |URPHFIFXDRGIRH/EPD L, QKL WK N
HQWKXVLDVWLF SDUWLFLSDWLRQ IURP VWXGHQWY DQG IDFXOW
,QWHUQHW RI 7KLQJV ,,R7

'U ORKDQ SURYLGHG YDOXDEOH LQVLJKWYV LQWR KRZ ,QGXVWUL
DXWRPDWLRQ UHDO WLPH PRQLWRULQJ SUHGLFWLYH PDLQWHC
WKH UROH RI VPDUW VHQVRUV FRQQHFWHG GHYLFHV HIEGHIGY
DQG VDIHW\ DFURVYV PDQXIDFWXULQJ VHFWRUV 7KH VSHDNHU C
VNLOOV DQG LQQRYDWLRQ WR PHHW WKH HYROYLQJ GHPDQGV F



7KH VHPLQDU ZDV RUJDQL]JHG XQGH U W,QH BX IDGDLQREH &R X\Q K HO,
OLQLVWU\ RI (GXFDWLRQ ,QQRYDWLRQ &HOO DQG LQ FROODER
SODWIRUP IRU VWXGHQWY WR XQGHUVWDQG UHDO ZRUOG LQG
UHVHDUFK DQG LQQRYDWLRQ LQ VPDUW WHFKQRORJLHYV

2YHUDOO WKH VHVVLRQ ZDV KLJKO\ LQIRUPDWLYH DQG LQVSL
FXWWLQJ HGJH LQGXVWULDO VROXWLRQV DQG IXWXUH FDUHH
HIRUWYV Rl -HSSLDBIBK QR @R WXMWR RURPRWH LQQRYDWLRQ WHF
OHDUQLQJ DPRQJ VWXGHQWYV
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7KH ,QVWLWXWRYRIDFLRQ &RXQFLO ,,& LQ DVVRFLDWLRQ ZL
&RPPXQLFDWLRQ (QJLQHHULQJ RUJD GIS|SGLBE DWHIPRQWD R IR,® W, B4
2SHUDVSPBQ@DOLHUV LQ ORGHUQ (OHFWURQLFV" RQ )HEUXDU\

'U 90 6HQWKLB®WKIMDAYRU ((+9/6, '7 IURP 5DMBO6RQ R &RAIH QYL
HYHQW DWWUDFWHG DFWLYH SDUWLFLSDWLRQ IURP VWXGHQW
GHVLJQ DQG DSSOLFDWLRQV

'XULQJ WKH UHPHQWKLONXPDU H[SODLQHG WKH IXQGDPHQWDO
RSHUDWLRQDO DPSOLILHUV RS DPSV LQ PRGHUQ HOHFWURQL
VLIJQDO FRQGLWLRQLQJ ILOWHULQJ DPSOLILFDWLRQ LQVWU»
WHFKQRORJLHVY 7KH VSHDNHU DOVR GHPRQVWUDWHG KRZ LQV
FRPSDFWLHQW DQG KLJK SHUIRUPDQFH HOHFWURQLF GHYLFH

7KH SURJUDP ZDV FRQGXFWHG XQGHUVWRR RXD®DR OH&R X QKIHO,
OLQLVWU\ RI (GXFDWLRQ ,QQRYDWLRQ &HOO DQG LQ FROODER
H[SRVXUH WR UHDO ZRUOG GHVLJQ FRQVLGHUDWLRQV HQFRX!
SXUVXH LQQRYDWLRQ LQ HOHFWURQLF VI\VWHP GHYHORSPHQW



2YHUDOO WKH VHPLQDU ZDV KLJKQH UQQRUSPDWW IYFH. 8 QGWHQ D
RSHUDWLRQDO DPSOLILHU WHFKQRORJLHY DQG WKHLU JURZ|
WKH FRPPLWPHQW RI -HSBHKQOROR HVWR WKWHHRILDJ WHFKQLFD
DQG LQGXVWU\ UHOHYDQW OHDUQLQJ DPRQJ VWXGHQWYV
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7KH ,QVWLWXWLRQ ,QQRYDWLRQ &RXQFLO ,,& LQ DVVR
&RPPXQLFDWLRQ (QJL$BHIBUEBV HDQUFKWRBG 'HYHORSPHQW &l
+DQGV RQNVKRS ®Q'HYHORSPHQW IURP )HEUXDU\  WR

,QV W LWHKRAKK) RORH ZRUNVKRS DLPHG WR HTXLS VWXGHQWYV
WHFKQRORJ\ GHYHORSPHQW DQG H[SRVH WKHP WR HPHUJL(
PHWDYHUVH LQGXVWULHYV

7KURXJKRXW WKH SURJUDP SDUWLFLSDQWY UHFHLYHG LQV
8QUHDO (QJLDH BHOMAGMHVVLRQV FRYHUHG |1$QIPHRMHGD
$5 DQAWXDO 5HDOLW\ 95 ' PRGHOLQJ HQYLURQPHQW C
DSSOLFDWLRQ GHSOR\PHQW B6WXGHQWY HQJDJHG LQ KDQG
VFHQHV FUHDWH YLUWXDO REMHFWY DQG XQGHUVWDQG U



7KH ZRUNVKRS ZDV FRRUGLQDW G GENHB FIXOXWY P,IQFXEDWDRQ 0D
,QGXPDWKL %8 98(Q &KDUJH ZLWK DFWLYH VXSSRUW IURP VW;
LQWHUDFWLYH QDWXUH RI WKH WUDLQL @QIBQFRKEDHR G/ RR ®D®.
SDUWLFLSDQWY HQDEOLQJ WKHP WR WUDQVIRUP WKHRUHWLED

2YHUDOO WKH SURJUDP SURYHG WR EH KLJKO\ EHQHILFLDO SU
WHFKQRORJLHV DQG IXWXU$b PBUGHIYUHR RSP HBIW WQ I7W HHMQ L@ LD W L
-HSSLDDU ,QMWH@KWRIRWR IRVWHULQJ LQQRYDWLRQ LQWHUGL
WHEKQLFDO H[SHUWLVH DPRQJ VWXGHQWYV
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7KH ,QVWLWXMRYRIDFLRQ &RXQFLO ,,& LQ DVVRFLDWLRQ
&RPPXQLFDWLRQ (QJLQHHULQJ R WM LRWG5 B \ZHEWBKHURQ R §
IURP $0 WR $0 DW /+ -HSSLDDWHFEQWOWXWH, Rl 7KH VHVV
ZLWK WKH REMHFWLYH RI LQWURGXFLQJ IDFXOW\ PHBEMUWLYLE
,QWHOOLJHQFH WRROV LQ DFDGHPLF UHVHDUFK DQG LQQRY|

7KH UHVRXUFH SHUVRQ IRU WKH ZHBMYDV\ZDE V0 BNSRIHT BB @Y
(OHFWURQLFV DQG &RPPXQLFDW VR&ROQOIMDH RUKQJIL@WHURQH
LQVLIJKWIXO SUHYVHPMWLW BRYMIRWKE WRROV |RW BV WHUDKWVS
GUDIWLQJ SODJLDULVP FKHFNLQJ GDWD DQDO\VLV [3Q6DUH
HQKDQFH UHVHDUAK SURGHK PEFBBUWFYH WLPH ZKHQ XVHG HW

'‘XULQJ WKH VHVVLRQ SDUWLFLSDQWY JDLQHGWRDPEGW LRMNR I
ZRUNIOKH VSHDNHU DOVR GLVFXVVHG WKH LPSRUWDQFH RI
$, WHFKQRORJLHYVY 7KH LQWHUDFWLYH VHIJIPHQW DOORZHG D
DSSOLFDWURRVHMHDUFK DFWLYLWLHYV

7KH ZHELQDU ZLWQHVVHG HQWKXVLDVWLF SDUWLFLSDWLRQ
VXFFHVVIXO DQG LQIRUPDWLYH HYHQW 7KH VHVVLRQ FRQFC
IRU VKDULQJ KHU H[SHUWLVH DQG JXLGLQJ DVSLULFRLHQMWVUHIE
SUDFWLFHYV
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BHPLFRQGXFWRU WHFKQRORJ\ FRQWLQXHV WR H[SHULHQFH VLJC
LQFUHDVLQJ GHPDQG IRU KLJK SHUIRUPDQFH FRPSXWLQJL LMW
HOHFWURQLF VA\VWHPM UWREDIHURVRDPHEKRBILPSURYLQJ WUDQV
FKLS SHUIRUPDQFH ZKLOH UHG¥GY Q Q BHRG W R RIQWX MRVGIHR/QE HO R
HQKDQFH VZLWFKLQJ VSHH® DEGLGH FRPS B \DIQMG SRZHUIXO LQ
DSSOLFDWLRQSURFKBRUV DQG GDWD FHQWUHYV

,Q ,QGLD VHPLFRQGXFWRU GHYHORSPHQW KDV JDLQHG VWURQJ
(OHFWURQLFV DQBFKQRIRIWKLR®SKDVLY RQ GRPHVWLE FKLS GH\
DGYDQFHG SDFNDJLQJ WHFKQRORJLHV ,QYHVWPHQWYV LQ VHPLF
FROODERUDWLRQV DLP WR UHGXFH LPSRUW GHSHQGHQF\ DQG V'
VXSSRUWLQJ WKH JURZWK RI LQGLJHQRXV 9/6, GHVLJQ VWDUWX:

ODWHULDO LQQRYDWLRQ LV DQR WKIHGHNED QGUIB S GV HB L)FHEQX ORW F
VLOLFRQ FDUELGH 6L& DQG JDOOLXP QLWULGH *D1 DUH LQFU]
DSSOLFDWLRQV 7KHNNXPSHUK B UDVD K HRKPLD® HR @ G XK PW GRIZ\P\ Y RO W
HILFLHQF\ FRPSDUHG WR WUDGLWLRQDO VLOLFRQ EDVHG GHYLF
UHQHZDEOH HQHUJDPBOYHWHWUNUDQE) * FRPPXQLFDWLRQ LQIUDV

$UWLILFLDO LQWHOOLJHQFH LQWHJUDWLRQ ZLWKLQ VHRRPBQQK
,QWHO 760& DQ@WHIQHHUDILYHQ FKLS GHVLIJQ WRROV WR RSW
GHWHFWLRQ DQG SHUSRWRINVQFMW NGPOOHFMWRED W LRYLIP WRRO)
GHYHORSPHQW WLPH DQG LPSURYD®DEBDQX M RWXVUWG.U DRRXRNIF

2YHUDOO )HEUXDU\ KLIJIKOLJKWY UDSLG SURJUHVYV 1$3Q DHYPLV¥
GHVLIJQ DQG GRPHVWLF PDQXIDFWXULQJ H[SDQVLRQ 7KHVH GH
VHPLFRQGXFWRU WHFKQRORJ\ LQ VKDSLQJ WKH IXWXUH RI FRPS
DFURVV JOREDO LQGXVWULHYV



'+589 [ ,Q@LIMIGLIJHQRXV ELW OLFURSURFHVVRU 5HYROXW
(OHFWURQLFV DQG &RPPXQLFDWLRQ (QJLQHHULQJ (&( LV D
VHPLFRQGXFWR WHRMEHFK®R® RIVWHPY DQG KLJI$ SHQGERALPDND B
LQ ,QGHDHFWURQLFV VHFWRW5I89 WKH. FUFBOURFHVVRU2DQ HQ
SURFHVVRU GHYHORSHG WR VWUHQJWKHQ WHFKQRORJLFDO
DGYDQFHG HOHFWURQLFV

'+589 [ LV ,§ALDYW LQGLJHQRXV ELW GXDO FRUH PLFURS
WKH &HQWUH IRUSBYBQREBBHERPSAWLQJ & '$& XQGHU WKH
3URJUDPPH 7KLV SURFHVVRU UHSUHWHQMPL DREIGKE W R UOHAR
GHSHQGHQFH RQ LPSRUWHG FKLSVY DQG SURSULHWDU\L @\HF K
VHW DUFKLWHFWXUH '+589 HQDEOHV V\VWHP GHVLJQHUV |
FRPSXWLQJ VROXWLRQV ZLWKRXW FRVWO\ OLFHQVLQJ UHTXI

THFKQLFBO®I[ EHORQJV WR WKH DSSOLFDWLRQ FODVV SURF
SRZHU PLFURFRQWUROOHUYVY WV NH\ IHDWXUHVY LQFOXGH D
RI RUGHU H[HFXWLRQ SLSHOLQH IRU HQKDQFHG SHUIRUPDQF
PXOWLWDVNLQJ IORDWLQJ SRLQW VXSSRUW IRU VFLHQWLILE
ILQX[ EDVHG RSHUDWLQJ V\VWHPV 7KHVH FDSDELOLWLHV PL
SURFHVVLQJ DQG VFDODEOH HPEHGGHG SODWIRUPYV

7KH SURFHVVRU HQDEOHV D ZLGH UDQJH RI PRGHUQ (&( DSS
LQIUDVWUXFWXUH DXWRPRWLYH HOHFWURQLFV DQG VPDUW
V\VWHPVY GHIHQFH DQG VWUDWHILF HOHFWURQLFV DV ZHOC
DUFKLWHFWXUH DOORZVY VHDPOHVYVY LQWHJUDWLRQ ZLWK H[W
PDNLQJ LW LGHDO IRU QH[W JHQHUDWLRQ LQWHOOLJHQW V\\

JRU (&( VWXGHQWY DQG SURIHRBHERQDEY D¥HEPXHV IRU OHDU
SURYLGHV D GRPHVWLF SODWIRUP IRU HPEHGGHG V\VWHP Gt
DUFKLWHFWXUH RSSRUWXQLWLHV IRU FKLS GHVLJQ UHVHDW
,QGLD FRQVXPLQJ D VLIJQLILFDQW VKDUH RI JOREDO VHPLFR
FUXFLDO IRU VWUHQJWKHQLQJ WKH (OHFWURQLFV 6\WWHP 'H
HQVXULQJ WHFKQRORJLFDO VRYHUHLJQW\

'+589 DOVR DOLJQV ZLWK QDWLRQDO LQLWLDWLYHYV DLPHG
SDUW RV RBWBGRDEHU SXVK WRZDUG LQGLJHQRXV FRPSXWLQJ V
IRU DGYDQFHG 6\VWHP RQ &KLS 6R& GHVLJIQV DQG KLJK SH
WKH FRXQWU\

,Q FRQFOXVLRQ [WRHFYWRSIURFHVVRU UHSUHVHQWY D PDMRU
&RPPXQLFDWLRQ (QJLQHHULQJ2LQGLJHQRXV VHPLFRQGXFWR
KLJK SHUIRUPDQFH DQG GRPHVWLF GW YWH-OARKSPRIGRN L E VOV MQL
SURYLGLQJ HQJLQHHUV ZLWK D SRZHUIXO IRXQGDWLRQ IRU ¢
LQWHOOLJHQW HOHFWURQLF V\VWHPV
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$ UHFHQW EUHDNWKURXJK LQ FRQGHQVHG PDWWHU SK\VLFV
PDWWWWNLQJ D VLIQLILFDQW DGYDQFHPHQW LQ PRGHUQ HO
SRVVLELOLWLHV IRU QH[W JHQHUDWLRQ HOHFWURQLF GHYLF
VHQVRUV 8QOLNH WUDGLWLRQDO VWDWHV Rl PDWWHU VXFK
XQGHU H[WUHPH FRQGLWLRQV ZKHUH WKH EHKDYLRXU RI HO|
PHFKDQLFV

,Q FODVVLFDO VHP L FHROHFEXWFWRRQWY WKHRRIMVHQ WUHDWHG DV LC
WKURXJK D ODWWQ AMK +\R DHHZEOYW LGHQWLILHG TXDQWXP VWDW
PHDQLQJ WKHLU PRWLRQ EHFRPHV KLJKO\ VIQFKURQL]HG DQ
LQ HOHFWURQLF SURSHUWLHY WKDW FDQQRW EH H[SODLQHG
FRUUHODWHG V\VWHPV DUH RI JUHDW LQWHUHQW FKBLXWHW
UHGXFH HQHUJ\ ORVV 2QH RI WKH PRVW SURPLVLQJ DVSHFW
WRSRORJLFDO FRBEDRWHDIGSY/ WWHDWHY DUH NQRZQ IRU WKHLL
DQG PLQRU VWUXFWXUDO GLVWXUEDQFHYVY ,Q SUDFWLFDO Wt
HYHQ ZKHQ LPSHUIHFWLRQV DUH SUHVHQW LQ WKH PDWHULD
DGYDQFHG HOHFWURQLF DQG TXDQWXP GHYLFHV

7TKH LPSOLFDWLRQV IRU TXDQWXP FRPSXWLQJ DUH SDUWLFX(
WKDW DUH HWUHPHO\ VHQVLWLYH WR HQYLURQPHQWDO QRL
FDQ SURYLGH LPSURYHG VWDELOLW\ DQG UHGXFHG GHFRKHL
UHOLDEOH DQG VFDODEOH TXDQWXP SURFHVVRUV 7KLV ZRX
FU\SWRIDQSKKLIK SHUIRUPDQFH FRPSXWLQJ

JRU VWXGHQWY LQ (OHFWURQLFV DQG &RPPXQLFDWLRQ (QJL:
LPSRUWDQFH RI VWURQJ IXQGDPHQWDOV LQ VROLG VWDW i$\8
WKH HOHEWURQLFV LQGXVWU\ JUDGXDOO\ PRYHV EH\RQG WU
HPHUJLQJ TXDQWXP PDWHULDOV ZLOO EH HVVHQWLDO IRU IX
KHDYLO\ LQ VHPLFRQGXFWRU UHVHDUFK DQG TXDQWXP WHFK
DQG GHYHORSPHQW RI HOHFWURQLF V\VWHPYV

,Q FRQFOXVLRQ WKH GLVFRYHU\ RI D QHZ TXDQWXP VWDWH
VLIQDOV WKH EHJLQQLQJ RI D QHZ HUD LQ HOHFWURQLFV %
TXDQWXP OHYHO UHVHDUFKHUV DUHIISBELYH@QW WKHGZDPRAZRUIRE
LQQRYDWLRQ GHPRQVWUDWHY KRZ IXQGDPHQWDO VFLHQWLI
DSSOLFDWLRQV



