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7KH VHULHV RORGAUQ (OHFWULILHG 7UDQVSRUW ,OM
&RQIHUHQFBIR/UH LQIRYRPDKMMRE [WX LPH®Z HGX SO
KHOG HYHU\ VHFRQG WWR U HMWKEHERUNKYIWL QHH U V
VSHELDOLVWY PDQDJHUV DQG UHSUHVHQWDWLYHV R
IRU HOHFWUELZRHV&PG WIDBIW EIQLWLDWHG  \HDUV DJR E
DIDPRXMVHDURKMWKH IHMEBBWRILF WUDFWQRQ 3URIHVYV

3RGRVNL D JUDGXDRUWMRW DQG 'RFWRU +RQRULV
&DXVD RI WKH :DUVDZ 8QLYHUVEZWLVRAHDWFKQRORJ
0(7 ZDV  RUMINL LQ :DUVBRUH LQIR

KWWS PHW L O | RYQUEIMAK/IS RHRIQ BOD U\ 3DWURQDJH R
WKH &RPPLWWHMURED® (QJLQHHULQJ RI WKH 3ROLVK
6FLHQFHV :DAQMD'HURLWVHFKQRORJ\ OLQLVWU\ RI
,QIUDVWUXFWXUH DQG &RQVWUXFWLRQ DQG OLQLVWU\






' QWHUQDWLRQDO 6WHHULQJ &RP

$GDP 6]HODUVDZ 8QLYHUVLW\ Rl 7THFKQRORJ\ (OHFV&UDEURPDEW L
+UYRMH #&@IGYHUVLW\ RI =DJ4BRF RBRE P $Q

.UJ\W]WRI| .DUZRZTVMNVYN 8QLYHUVLW\ Rl 7THF KQRFXPLURBDR(S 1"
$QGU]JHM )X UNTRZVOADYW LW XWH+ REKDLUPDQ

-DQ $QXV]ERWG( 8QLYHUVLW\ RI 7THFKQRORJ\ 32/$1"

ODUHN %D u#WFRMLOQLYHUVLW\ Rl 7THFKQRORJ\ 32/$1"

3LRWU %LBJAMDZ 8QLYHUVLW\ RI 7THFKQRORJ\ 32/$1"

$OIRQVR &DSDYIMNHUVLW\ Rl 5RPH A/D 6DSLHQ]D" ,7$/<
$QO]HM &KXG]LNIMHFILBY 8QLYHUVLW\ RI 7THFKQRORJ\ 32/$1"
=ELJQLHZ 'XU}5BNQ 9HKLFOHV ,QVWLWXWH 7$%25 32/$1"
7DGHXV]#\D]LPLHU] 3XaDVNL 8QLYHUVLW\ RI 7THFKQRORJ\ DQG
32/%1"

-XOLXV] (QIHBIQRLYEWYVLW\ RI §BJHFLQ 32

7DGHXV] *@BQEDHVLDQ 8QLYHUVLW\ RI 7THFKQRORJ\ 32/$1'
/HFK *UJH¥LDMVDZ 8QLYHUVLW\ Rl 7THFKQRORJ\ 32/$1"

$GDP 6 -DJERUWO®ERZ 8QLYHUVLW\ RI THFKQRORJ\ 32/$1"
O0\NROD .RATWDQVSRUW 8QLYHUVLW\ Rl '"QLHSURSLHWURZVN 8
BWMHSDXQVLBSQLYHUVLW\ RI =DJUHE &52%$7,$

OLURVA4DZ /HZD@QGRUVDNEZ 8QLYHUVLW\ Rl 7THFKQRORJ\ 32/$1"
7DGHXV] ODRLR&NWNMZ 8QLYHUVLW\ RI 7THFKQRORJ\ 32/$1'
$QGUHD ODUL&R@WMOLWD QW ,7$/<

7RPLVODY 0O8QDWHWVLW\ RI =DJUHE &52%$7,%
OODGHRVIHBQLYHUVLW\ Rl =DJUHE &52%$7,$

ODUHN 3DZHAEHN®FH 8QLYHUVLW\ RI THFKQRORJ\ 32/$1"
BWDQLVADZBLUFOLYHUVLW\ RI 6FLHQFH DQG 7HFKQRORJ\ 32/
OLUFHD 0 5DGX/MHHFKEX.FDO 8QLYHDSRWD R3 280G XN
6\OZHVWHU$REND ZLYGMUVLW\ RI THFKQRORJ\ 32/$1"

-DQ BLNRMBOLQ 8QLYHUVLW\ RI 7THFKQRORJ\ 32/$1"

*UJHJRU] 6NDUSHMRRZWANAWDQW 6:,7=(5/$1"

YR 8JOM®QUYHUVLW\ RI =DJUHE &52%7,%$

':DOGHPDU :#WMFEGLQ 8QLYHUVLW\ Rl 7THFKQRORJ\ 32/$1"

2UJDQLVLQJ &&RPPLWWHH

OLURVADZ /HZDGGRUZVINEZ 8QLYHUVLW\ R&KRBEKPDRQ R J\
$JDWD 3RP\ND&ADZD\ ,@¥RQWXWRFH 6HFUHWD U\

-DQ 5DF]\ ¥ANRLOZD\ ,QVWLWXWH

64DZRPLU -*GHNVN 8QLYHUVLW\ Rl THFKQRORJ\



SUHVHQWDWLRQ RI O(71

7KH SDUWLFQLEIQWYV ZKILFW KLY XBYVUKHQGDUVDZ KDG WKH RS
IRU H[FKDQJLQJ YLHZNVWKXQRBVEKBAHUDWOLVWY LQYROYHG LQ WKH
HOHFWULILHG WUDQVSRUW ERWXH O BDVBEIPE & RIXEWRRGHRY W
UHBM VFLHYMWREK@IWLQGXVWULDO GHYHORSPHQWYV

,Q WKLV \HDUYV HGLWLRQ ZMWKHI[ WHRSLHFE WRYHQAGXGH LVV;
HFRQRPLF HIILFLHQF\ DQG VDIHW\ Rl WUDQVSRUW V\VW
LPSOHPHQWDWLRQ Rl SYWKMHRWHLQY WM WPHHG WXISIS R B W OIRIRL
LQGXVWU\VSPDMWD DWW S B U7 ULINFGI D GGLWLR Q DAH [SRIOW BH &5V
%\GJRV]F] 6 $ &25%,/ 6,(0(16 :RO6V2DQ OHGLDQFHMUSEKEEK V\
DQG 77UDQVSRUW 7HFKQRORKL GBAMWMPK R XV LQWIE SR M MDHAGL
E\%LUHIWIRIHVYVLRQIDWDWLRQV

3KRWR:HOFRPH VSHHFK ESHENHRWKEIMUVDZ 8QVNW\ Rl 7THFKQR
3URI 6WDQLVADZ :LQFHMSIHIN QG XFHWHPRQ\ RI 0(71 LQ 0D
ODLQ %XLOGLQJ RI :87



7KH 2SHQLQJ &HIUKLFRKQIDWRHHWEHU DSSURDUPDIVFHOD QWY DQC
WRRN SROYWEARWREHU D P LQ 0D&aDVEXOmpX RO G WKIBDRIV D Z
S8QLYHUVLW\ RI 7HHKDHRORIPH VSHHHARHV EAMAKMHHEI VHQWDWLY F

WKH PDLQ LRWIPAMW:DVUXBZREPLYHUVLW\ RI 7THFKQRORJ\

187

3URI $GDP &]KRDLUPDQWHKWNHIWQOLRQDO 6WHHULQ:D EGRPPLW!
8QLYHUVLW\ Rl 7THFKQRORJ\ (OHFWULF 7UDFWLRQ 'LYLVLR

3URI 6WDQLVADZ+9lFFHRWIRIBNR IBKRWR
3URI 6\0ZHVWHUW BREWRU RI 3RZHU (QJLQHHULQJ
(QJ :87

3URI ODULDQQDHDF\RID)DFXOW\ Rl 7TUDQVSRUW :87
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B3URI -RVLS 7RPLVESHS OOWR/QYWERQLYHUVLW\ RI =HDUHRI 9L

J)DEXOW\ RI 7TUDQVSRUW DQ@&RMWMPIILF 6FLHQFHYV

SURI UJ\W]JWRI . DURBRKDLNIPBEVN SYHUVLW\ RI 7THFKQRORJ\

‘U $QGU]JHM )Y XEURREUNUPRDQHFWRU RI 5DLOZD\ 5BKRIWRFK ,Q
OU -DPHV +DHMHHDYG/ R 6 HF BH WHBK@GODUBO U O L DPHOQWRIXS /57 RI

*UHDW % UHLRMECHUYRSR QRUDU\ &RRPDWWHBKRWR
OU.UJ\V]WRI &HIOWHFNERLU RH Q V

SKRWRHOFRPH VSHWRMHEUHVHQWDKBHQOYMHRIUVLW\ RI =EDWQHEI

J)DEXOW\ RI 7TUDQVSRUW DQG 7UDIILF 6FLHQFHYV 3URI

-RVLS
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SKRWR:HOFRPH VSHH¥FKHERKRDLUPDURI .U]J\V]WRI .DUZRZVNL
8QLYHUVLW\ RN\ 7THFKQRORJ

SKRWRHOFRPH VSHHFKREKMWMKIHPDQ 'U $QGU]JHM )XUNRZVNL 'L
SHVHDUFK ,QVWLWXWH



SKRWR:HOFRPH VSHHFK E\ OU -BPHND GDRINGEQNWUHWDULDW RI1 \
SDUOLDPHQWDU\ *URXS /57 RI *UHDW %ULWDLQ

SKRWRBUHVHQWD®BH\R®RI *UJHIJRU] 6NDUSHWRZVNL



1HW GXUZQHQBAMWYVLRQ , FKDLUHS$QEU]HWMHPWRIRIMIWHG SDS|
ZHUSUHVHQWHG
/LIH F\FOH DVVHVVPHQW DVVHVVLQJ WKH HQYLURQPI
PDLOQWHQDXMHKRBRUVHJIJHGLG 1 AWHIDQLG O 1LN&ALG 8QL®
SUHVHQWHG E\ 0 1LNAL{
7UDFN LQVXDIRWRWQRYHDQG PBRWXKRWRHQW%RQJIJLRUQR 8
*HQRD $ ODULVFRWWL $670 6DJO SUHVHQWHG E\' $ 0D
5HDOL]DWLRQ RI WKH PHFKDQLFD® [FKYUY GF\& HROLFVRALIQAH RIQ
ZLWK FRQMB UMK FW L FEQ* PENFKURHHW RZVNL 6ZLW]JHUODQG
1RYHO DQDO\VLV PHWKRGV RI G\QDPLF SURSE\WS$ LH\O NRL
*GD VN 8QLYHUVLW\ Rl 7THFKQRORJ\
(OHFWURG\QDPLFV Rl HOHFWULF SRZHU WUDQVPLVVLRQ
WUDQESRUWVWLQ 8NUDLQH

$IWHU D EUHBAHGQGRULGHOMGRE)DRE $ :LON IRXU SDSHUV ZHUH
7KH]JHFK SURJUDP RI KLJK VSHHG UDLOZD\ GHYHORSPHQ
FRQQHFEALRQWLN OLQLVWU\ RI 7UDQVSRUW &]JHFK 5HSXE
$ PRELOH FDWHQDU\ SRZHU VXSSO\ V\VWE\P |RDFDRHR\P
'DUVDZ 8QLRHUMEWQRORJ)\
(THFWLYHQHVYV RRDO®NHFEQWMMERYH GULY MW YBI® ¥B&XMMW RQ VS |
7 "\U .DJLPLHU] 3XODVNL 8@RORUVLRLYEG RXFEHOKWLHV LQ
=LYANRZVND 8QLYHUVLW\ RI BRIFLIDXOUVFILHQBROHRIBQLY
7HFKQROBUWHVHQWHG E\ 7 '\U
7UDFWLRQ SRZHU FRQVXPSWLRQ DV D FRPSRQHQW RI P
VSHHG BLOHVXUNRZVNL 5DLOZD\ 5HVHDUFK ,QVWLWXWH

$IWHU D OXIGHFKWLFLSDQWYV ZHU W K&R Q QISR V& EGRWAR+ R W H O
'DUVDOIAHEV]\Q ZKHHUBFRPHIGLADY RMGDQLYV

2Q JULGBRI 2FWRHEWWKHPDWLF VHVVLRQV ZHUH KHOG
(QHUJ\ HITHFWLYHQHVV Rl WUDQVSRUW (IHNW\ZOR i HC
FKDLUHG3UWRI0O 1LN&ALZLWK SUHVHQWHG SDSHUV RQ H
LPSURYHPHQW LQ HOHFWKURRGHWWDLQVERRY RI SRZH
RSSRUWXQLWLHVRIRHUOARWWIWFQFDUV ZLWK VRODU HQHUJ
VWRUDJH GHYLFHV DQG HQHUJ\ FRQVXPSWLRQ E\ PRGHUQ
3DQHO 6HWHIYR@QVDOL]DWLR® UFDQXBBD@®KDQFH IRU UHGXI
HQYLURQPHIGN WO DQVSRUW SURERBIPWVHEY RS R BHNOZ 1 WK
SDSHYWUWLFXODU DWWHQWLRQ VKRWXDGWBHDLLRGMNIH GV R
+DUNLQV +WESOBIUBDUOLDPHQWDU\ *UBMBWS5% URIWDLQ
*LEOLQ 6WUDWHJILF &RQVXOWDQW RI 7UDP)RURBSEBG5B. $
RQ WKH HIURFOMLYH WUDPV LQ WDFNOL®DVORUBDQHMWU O
LQYHVWP® QWN\NDPKEHL QV S H F LID@WN U HKWEZ QUX8H ZKHUH WUDP!
ZHUHOLPLQDWHEBLG WKFHQWXWY\ LQFUHDVLQJO\ NRWWURIDJ ¢



LPSURNEWHRNRQPHQW LMWLWW\LQJOWMRRWH]HQV DQG SROL)\
IRUFH UHWXUQ RI WUWDRW WRHWREBYWLRQHG SUHWHQWD
VXEVHTSHDGWUV GHGLWEB/QIOWRY Rl WUDP SRZHU VXSS
3RODQG URXER W\ DQG FRQG LRV LIRMNO FFDY W K BFRIP B D WILNCRRQ
RIHITHFWLYHQHVNPRIQ®WY RI XUEDQD@WG DEDMBWHWLHY DV V
HQBW IRDXWRQRPRXV W FRQVSBWWWHELQJ I RMMHN HNRW L
GLVFXVVIZRKGUH ZHUH WRDAMR REWYV HOHF W D \E H HIG WR ODX@ALSRF
RYHUF URRIGMG URDEAH YWORZ LPSURYHPHQWVIWRUDIH GHY
WHFKQPQRBULYEIPDQFH RI DXWR QR P RWKK/H YUHHKD FROIWZAKOD U\
VXSSOLHG YHMSHFLHDWO O\ DX &/ SR@HY\VOHDGLQJ URGH B ULHY W
IXWXUH 7KH QXPEHWRBWROPH\EXVHWHPYV LO@GBBODQG
NPRI N9'& HOHFWUMDMBLIKW KHOSL@®EKDIQAIQI SRLQWYV
DXWRQRPRXV OIKEWOREG G BYV
3DUDOOHO MHA/WHRFEKQRORJILHV LQ HOHFRWDUWIUIHBGRW UDQV
3DZHAF]XMW QH[W  SUHVHQWDWLRQ@V WAHRRKRHRUMRQNJIDSSOL
WUBBWERQYHUWHUV QHZ LQGXFWLRQ IRGBEBPWXRBRHOPRRWR
FDWHQDUWDWMHEDQWRIURSBKH FRWLRQ HIIHFWLYHQHVV RI
VXSSO\ V\SWOIPFDWLRWL B8 G/ WR\WU D J FUUBH YL WHAD QR/ SR U W
3DUDOOHO V$XWRRQWARFYWURO DQG PDQDJHPHQW LQ HOH
FKDLUHBURY - OOLQDWKHUHG SD®HOXYHEFBHNRRQVRIOR O
D WWIHEOH RQ HQHUJ\ FRQVXPSWEGMYE D PHIEBR \RDQG UL
DVVHVVPMXMHOZID\ WUDWIURD BWWHARMWUYRGXFWLRQ RI Q
+] VIVWHPV LQ 3RODQG PHWKROGWIRID XHRMFHINRD RBL Q J
FDWHQDU\ RQ GLVWXUEYIQKLEDWAR FLEFVUH@®W IORZLQJ LQ
3DUDOOHO VBVYRERHMPN RI FRQVW UPSFORLRVD VD IQREDSHRWY WA U
LQIUDVW WPPKIWXHBURS %LFZHWK SBRYHUWM.VN DVVHVVPHQ
RERDUG RAOYWHKLQ WXQQHOVSUME R RRIG WLKR W KRYL HF Q GRUQV
VXEXUEDQ RI UDHOHRBWOLQHD WU RDOKVLQHMOBBRURQ RI K
VSHHG UROOLQJ VWRFN LQGXFWLYH LQIOXHQFNSHHG N9
EUHDNHUV LQ N9 '& WUDFWLRQ VXEVWDWLRQV WUDP |
LPSOHPHQWDWLRQ RI QHZ VROXWLRQW ¥YRSSBVLIQLQJ RI |
3DUDOOHO VHYQWURD HII ALY IR I W U DQNISIRIULUM G UR\I
*OLQNBDSHUV ZHUH SUHVHQWHG RQ /&& FRVWV LQFOXG
FULWHULRQ RI UROOLQJ VWRFN SXEBKD¥HW DGBSOUFDW L
VWRUGHMLFHY DQG LRIWWKEHEBDWIHMKHNOS '& SRZHU VXSS
VIVWHROHFWURPDJQHWLF SURFHRWHER®XGL ¥ X SFHDRDIS DR
VWRUDJH GHYLFH LQIOXHQFH RI LQFUHDVLQJ YROWDJ
HTXLYDOHQW YD @XHNVORX D DUMHBQY EQUFXLWYV RI D WUDP
PRGHUQ WH FIK@QFRIDFELQJ 61L& GHMLYAHHW DQG DX[LOLDU\ FRQ
DQG HOHFWULF EXVVHV



$IWHWEPORQJ VHVWLRIQVGD\ ZDV FRQFOX\GRFA DA WK HQLQJ Z
DOORBXMMKSIDUWLFLSDQWYV DNV@X®EWRXRY YD UL FORW WRRBIOAMDMW HG W
WHFKQLFDO DQG UHVHDUFK LVVXHYV

2Q 6DWX U\ 2FWREHSB® UWLFLSD QW V YRIVOWHIKEG $0 VRUR\VW KRS LG
20VQWND *URFKRZVND :DU\HI¥YG R DK IQBRHWED VIHEY RRSEAROLVK 5DLC
DUH VHUWKRMWR7KH LQWHUWRWXWLRQ LPSOHMH®WHIBEWLKHG H
FDWHQIKRWROORZLQJ D W WXH WHR YLEFW HUWUDFN  Z K3 KDUHI FOUDPW F
PDLQWHQ@RQROWVKH URIRRD@WBUWY PRYHG DZD\ ZKLWSDMEMXUH\
VDIHW\ IRU VHUYLFLQJ VWDII

'XULQG@D\V RI 0(7¢9 RYSDUWLFLSDQWD VWD\Q BQB¥NE RQY PHHW
DQG WKH WHFKQLFDO YLVLW

7KHRQBDJH DEVWUDKBIDS HRUV EMBPOLVKHG LQ WKH S&RIGIHYIQF
ZKHUHDK/H DXWKRUV RI WKH VHOHFWHG SUHYVHQWKBHW_HRQ@E HZBL
YHUVLR@\NKSDISHUASROHYLHELQWKH PHPEHUV RI WKH ,QWHUQ!
&RPPLWWHH WKHENGIOSBESHUYDOXGHEOHFW UROQKIF BRIREBLQJIV RI
0(79 7KH 3URFHHGLRQVPEHAAVWV ZROOSEHOLVIOHG RQ WKH
0$7(&: HE Rl &RQIHUHQFHV LQERPH GLHHIRG DUH H[SHFWHG WF
LQ 3RORXK IPBIGLD SDUWQHU7MBXRNVRERV\

3KRWRBHQGROLQRNVWHMINMWIREN VKRS



