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7LWOH Rl WKH | 'XUDWLR( &RXUVH 'LUHF 6SRQVRUYV 1R RI SDUWI
5LFH 3URGXFWL -XO\ | 'U 11 -DPEKX| $70% *DQMDP IDUPHUV D
7HFKQRORJ\ IRU 'U 6. OLVKUD| 2GLVKD RIAFHUV IUR
S5HVLOLHQW $JU OU -3 %LVHQ *DQMDP 2GL
5LFH EDVHG GLY $XJIJX\ 'U 6DQMR)\ 6D ($3 IDUPHUV |
IDUPLQJ 6\VWHP 'U %6 6DWDS %UDPKDJLUL
Y)DUPHUV DQG (UVDPD
5LFH EDVHG GLY $XJXY 'U 6DQMR\ 6D ($3 IDUPHUV I
IDUPLQJ 6\VWHP %6 6DWDSDW YOGOP ED

Y)DUPHUV 1 DMQIKSXU 71RO
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7LWOH Rl WKH ) 'XUDWLR( &RXUVH 'LUHR 6SRQVRUV 1R RI SDUWI
7HFKQRORJ\ ED 6HSWH 'U *$. .XPDU | $%, 1%$,) 1DW IDUPHUV
(QWUHSUHQHXU $JULFXOWXUD HQWUHSUHQ
'"HYHORSPHQW 3 ,QQRYDWLYH | H[ VHUYLFHP
7('3 L &$5 HGXFDWHG U
XUEDQ \RXW
3DGG\ 6WUDZ 0X 6HSWHP 'U 6. OLVKUD| 155, )DUPHU ) IDUPZRPH
&XOWLYDWLRQ | 'U 6 /HQND 3URJUDPPH IURP IRXU D(
) D P L OXWMRQDQG YLOODJHV X(
QRPH 155, )DUPHU
),567 3URJUD
,PSURYHG 5LFH BHSWHE 'U 11 -DPEKX| $70$ +RRJKO IDUPHUV D
BURGXFWLRQ 7H 'HVW %HQJDO RIAFHUV IUR
IRU 'RXEOLQJ )D &KDQGLWDOI
,QFRPH %HQJDO
7HFKQLTXHV RI 'U 3& 5DWK | $70% %DUJDU  SURJUHVV
$SSOLFDWLRQ D 6HSWHPE| 3UDEKXNDUW| 2GLVKD IDUPHUV IUR
ODQDJHPHQW RI 65 DQG 'U 1.9 %DUJDUK DQ
3DWLO %»DUDSDOOL
&OLPDWH 5HVLO 'U 5DKXO 7UL 'LUHFWRUDWH RIAFHUV IU
$JULFXOWXUDO | 6HSWHPE| DQG 0U -3 %Ll ([WHQVLRQ *| 6WDWH GHSV
7HFKQRORJLHYV DQG ,&$5 LQ
IURP VHYHQ
7HFKQLTXHV RI 'U 3& 5DWK | $70$% %DUJDU  SURJUHVV
$SSOLFDWLRQ D 6HSWHPE| 'U $QQDPDOD 2GLVKD IDUPHUV IUR
ODQDJHPHQW RI DQG 'U 6 3RN $WWDELUD ¢
DQG %KDWOL
%DUJDUK GL
,QWHJUDWHG 'L BHSWHE 'U 6. OLVKUD| 155, )DUPHU ) IDUPZRPH
3HVW ODQDJHPH 'U 6' ODKDSD| 3URJUDPPH DQG IDUPHU
NKDBILFH DQG 'U 6 /HQ IRXU DGRSW
YLOODJHV X(
155, )DUPHU
),567 3URJUD
7HFKQRORJ\ ED 'U *$. .XPDU | $%, 1$,) 1DW IDUPHUYV
(QWUHSUHQHXU| 6HSWHPE $JULFXOWXUDO HQWUHSUHQ
'"HYHORSPHQW 3 ,QQRYDWLYH | H[ VHUYLFHP
7('3 L &$5 HGXFDWHG U
XUEDQ \RXW
$ WZR PR QNW&V BHSWHE 'U *$. .XPDU | 5.9< 5%$)7$%$5 &DQGLGDW
$ JUL 9MGHY QRXEDARQ 1RYHPE 'U %& 3DWUD| $JULEXVLQHYV
3IRIUP ,QPXEDRUE\ 5DWWA D
_.ULVKL 9LNDV
5LFH EDVHG GLY 6HSWHE 'U %6 6DWDS| ($3 YDUPHUV Il
IDUPLQJ 6\VWHP| 2FWREHK 'U 6 /HQND (UVDPD 7LU
YDUPHUYV .LVDQQDJDU
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9. .RGHUFBOHEUBDWW®E& HUX®LFDW LF
ZHHBXULQWR $XJXVW /LYHAHEFIRMW
+ RQE® 30 V@XQK R 3DKX $UWRI\D 0 HD RQ
6HSWHPEHWQW®Y US®GID QWD DAF®E KW B 'Y D
FDPSDRIQ6HSWHPEHAL WKKHROODERUDW
RL))&27ZRKXQG DM LQHWBUHWLFZISDW YV
EHQHAWWRWRKEWYRIJUDPPH

7UDLQLQJ

.9. .RGHUPRQGXFWWHWBDLRURJIJUDPPHYV
ZLWK SDUWLFLUSDOWMKIREWKIWHQVLRQ
IXQPARQDUHY VR P SLRYH WH W@ DQG NQRZ BGIH
GXULGONVRHSW H KM D LERXQUIVGIVO X GH G
YDORBGISGRG XHFIWIVPDH SXOVK\N\GURSRQLF
IRGGHLR G X FRH\WRQRG LI IHWOMBDSDG
DQBKLBUNL@FLHQNWDIARAPLMHIQDIJHPHQW
RI5DQLNGHWHDBRXOWWUHQRWK HQW L QJ
6+* JWRXSV E\ RII VDVRQ YHIHEE® FXOMYDWRQ
PDQHP HOAR IFD &ID S D FELVLO RUIPUBRPHQ
WIURXJK DGYDQFH P HMRG R QXUHY WDIMQI  |HHG
PDQDJHPRHPMWO FRZFR QW URRIDQ D JH PRIQ W
YUWDOGIMDWH P DQDIHP HQWRI P DEDXWIWRQ DP RQJ
FKLABUHQ DQG WHU GIHV VAHWAF FXGWYDWRQ RI
P XVKURRP  \N@EHYHBRSP HQW U D LIRIBQIYBI WU H H G
LPSURYHRHIHMWIRZPDQDJHPRIGWFN\DUG
SR X O WRN H QRAXIOAF L YRDRA \/ REBKLY K U RIRPG
ODRXRWQ XW U LMWIL\R DG HQLQJ
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2 GM\KD DQG $WDP WMV [LRP SDWIHZ \ HDW/7KH
GIMDWH FDQ FDXWH HYHQ \ IHBE GRW DQG TXDDW
GHMURIDARQ XQGHU AHT FRQGIMRQV 7KH GLIMDWH
FDXVPRGHUDRHY FDRY VEWH UPNM.H O G G
TXDOLKMSRSXYDULHRWILHHBRREDDUQD
$EKLVERW KHW L HEWMERRHI KOXVFHSWLEC
WW kG V H DR/ L V HLDACHX VBH )X V D UIDOMPL N X U R L
1LUHQEHVWHOHR PREBSHUXMIONDSEDRD G D
CWHR@®ISDWKRMYW HPQEH HER URQ®@ DW X U H
7KXFDXWHYP SWRPRFEWDWEQRUPORQJIDWLR(
| RRURMR U P D W ILRRRVPWD RKR GHKDIJUDLQV
6 L QW H.WQHY X VW D IPQIDA H ARFHQWU R QYK H
GLVHDGHQWLARAOMEX ROURHWVLVIQGFH
EUHHGRQMH X DU L HWLKEM VW D V XMURHD F N O H
WH GIMDWH ' HYHRSP HQWR D WDSLG DQG HARHW
VAFUHHQLQI) SIRRFROLY P RWHAWHMDO + HOFH Z H
GHYHORIMGVEUHHQOURAW RE®RO UMFHDOH
VFUHHRIY QU L HAWIHH V R DANKK®I D OWWHKHIGY

Z DMJIRURYHQUKWR@Z HSB\ VRENQJ LQP IRRFRQADO
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6\PSRVYUNDKRBQWHU 6FKRRO

/UDLQLQJ SURJUDPPHY DWWHQGHG

SDUWLFXODUYV

'LUHFWRUV &RQIHUHQFH DW ,&$%$5

JRXQGDWLRQ 'D\ DQG $ZDUG &HUH
DWWHQGHG D PHHWLQJ RQ 60' RQ

457 UHYLHZ PHHWLQJ DW %$8 5D(

'RXEOLQJ )DUPHUV ,QFRPH DW 2835

%UDLQVWRUPLQJ 6HVVLRQ RQ "=HI
)DUPLQJ O\WK RU 5HDOLW\p DW 1%¢
'"HOKL

BWUDWHJILHV IRU &0LPDWH &KDQJ
$JULEXOWXUH 6HFWRU DW 7ULSXU
(QKDQFLQJ UHVLOLHQFH DQG SURC
VIVWHP WKURXJK SUHFLVLRQ DJUF
DQG ,&7 EDVHG WRROV DW &KDQGL

YALLQIRP LQJ VHMRQRQ6SHHS %4HHGEQ) DNVQGRH 0 3
SHYLHZ PHHWLQJ RI ,&%$5 30DQ 6FK
5HVHDUFK LQ $JULFXOWXUH DW 1%
&DUERQ %HQHAWY 3URMHFW &%3
1HZ 'HOKL

*&5) 6RXWK $VLDQ 1LWURJHQ +XE
5HJLRQDO 1LWURJHQ ORGHOOLQJ I
6WDNHKROGHU FRQVXOWDWLRQ PF
"6FDOLQJ RXW &OLPDWH 2 6PDUW §
)DUPLQJ LQ ,QGLDu DW .9. 1DOEDU

$WWHQGHG DQG GHOLYHUHG D WD
LQ $JULFXOWXUH 5ROH RI ,&%5 LQ
3URJUDPPHY DQG 5HVHDUFK *DSV
%WKXEDQHVZDU

""HSDUWPHQW RI 6FLHQFH DQG 7HI
THFKQRORJ\ ,QIRUPDWLRQ )RUHFL
&RXQFLO 7,)$& :RUNVKRSu DW ,,7

7TUDLQLQJ FXP ZRUNVKRS SURJUDR
DFWLYLWLHYV DW .9. .DPUXS

*HQGHU *DSV DQG ,QWHUYHQWLRQ
,VVXHV LQ $JULFXOWXUH DW ,&$5 |

"“PHHWLQJ RI WKH 360& DW '%7 1

6HFWLRQDO &RPPLWWHH PHHWLQJ
.DO\DQL :HVW %HQJDO
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D Q 6D VBK. 3K\VLFR FKFARPDBDOWHULVRXRQDO

RULRW\]D6DWILYDLRSD UWHQUVW@®FH <DGDY 0. $WDYLQGDQ $ 1 JDQINKDP 8
WKHMVRFLDWGRHQY HOR SFABIORM HY L O 3IDEKXNDUMINH DQ 65 . HHIXDQD 8 5DIKX 6
6LWRSKUORYW &ROHRSMKHUFXOLRQLGRHPHK ' 9DHMHS$ 5R 6 6DQUKDP WD 3

( QYLURQP HQWDO 6 X VWDLQDELQLW $GDN3UL\DGDUYKH@BIHDW. DQEDWK
KWBV  GRLRU % 3& &DQGLWFWHH R LEXIDWAW LVWDQF
635,1*(5 GRQRRIWU L FEHJ HH G-RXIURBHQ HW L F V
3DWWD QBB 6 RREG,DQJYWMDQHYMHH KWWS  GRL RUJ v ]
*XSVD QR VKL SLAEHDOID HVNORZQ  <DGDY 0. $U'LQGWDQ 6 1 JDQINKDP 8
SXOH Z I Z HDUHRIQ] HG SRWMQMDO 3 @D 3WDEKXNDUANH DQ 65 . HHUMDQD 8 5DIKX 6
KWWSV GRL RUJ % 3UDPHV%DQHS® MBBR\6 &DQGLGDWH

3UDEKXNDUVSK I5IDMBB@ 3DUDPHVZDUD®YFUHHREQDNHW L VE/RQRBIVLEHHHGLQJ
. HHUWKD QDWKH&D L&VBID QQHHUVH O YD PRXURIBIQHWLFV

5DIJKK$QDQGIDQYD G MY DQSUDYLQGGD%
RSXGDWLFOH
%LR SURWHBWKG®WV HDWIHB ) G e

LU KWQRWHP RBFXGUEDAVR LQMDFWRQEHE HQ 3UDVEDG "-DYDWKDUBDWVDQLQGL

2 U] DVDWYD %L.SRMUVRU | DH DQG %DFLAXV 'KDQ

CP \ &OXH DAHYV %RBILFIC RO 3WDVDG 60 9 DI\ DQIN7 DUNH 6H 6XUDNWKIW
KWWSYV GRL RUJ M ELRFRQWURB®RDQGDWYID@GEKDQ

5DWKRG . XPDUERVVDI®KDBEWLRG 6LQ3KDQ&UD VDG "*HQKXNLXQQDWN

+DULVK *' %KDUGZDM 5 *DGDJ 51 D Q Gm0HAS KAIBDSKDOHZ DP Q) DOAMDQU + LOGL
&KDUDFWH B LO]DREIRRL]BD QG UDFH WK Hws

IURPRUWK (DVWIDOQUBIQLRWQL @LFUR
VDW HPDUMHRX URBODBWRFKHBIQGNVUIDLQRDQ XD O

$ JUFRX@XWDO 7 HKQRARILHV IRU ) XW(H 7 WDLQLQ)
6LQIK6LQJIKDQGBGUDVING "BWXBD PDOXRQRGH@DLQERNIUNIHRRP WR
SOQVIHRP HM  FXOWYDU DQG THIAMD HJ GRHV RQ 6HSWHPEHW®S$5 155 XWWDFN

JURZIVGA HBEDUWKHQREBXBEKRGHU oo oo
S UR W HFRIOHEE. W Q RVGHLU Q DRAXIUARM®D0O U H Q'w ™ K @ 0 Q

OLFURE DROSERIOAHGI QFHV SDM 3& , QM LDMG 3HWO DRI HP HWILQ
5DLQBS®DRIGH55,7HFKQR®RO\OIHRW L Q
6LQIK6LQJIK3UDVIOGD QEDPZBO

; 5HY L V&GN W, QN D
(11 HFRWF X OW MSDW IDZUG RVAHI13. RQ
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KDYH EHHQ KRQRXUSSSRLQWPHDR®YVIHU S5HVLIQDWLRQ B5HWLUHPH

60 1 $SSRLQWPHQW '‘DWH

6KUL 6 6DUNDU DQG 6KUL & .DPUDMX MRLQHG DV 7 -XO\

6KUL $. 6XPDQ MRLQHG DV 7THFKQLFLDQ -X0\

6KUL < OHHQD DQG 6KUL 6. 5RXO MRLQHG DV 7HFK - X0\

0G + $ODP DQG 6KUL $. 'XOHW MRLQHG DV 7HFKQL -XO\
6KUL 6 +DOGDU MRLQHG DV 7THFKQLFLDQ -X 0\
6KUL 3 3DQGLW DQG 6KUL +6 6DKRR MRLQHG DV 7k  -XO\
6KUL .. OHHQD MRLQHG DV 7HFKQLFLDQ -X 0\
6KUL $ORN &KDXGKDU\ DQG 6KUL 6DQMHHW .XPDU -X0\
6KUL $VKD 5DP OHHQD DQG 6KUL 6DQMD\ .XPDU MR  -XO\
+D]DU 0G 6KDGDE$SNWKDU DQG 6KUL 6XU\DNDQWD 'DV MF  -XO\
¢FLD 6KUL 5DQMDQ 5DQD DQG 6KUL 0DQDV .XPDU 3DULG 6HSWHPEH
6KUL %HQXGKDU 6HWKL MRLQHG DV 7HFKQLFLDQ 6HSWHPEH

6KUL 6DUDGD3UDVDQQD6DKRR MRLQHG DV 7THFKQL 6HSWHPEH

6KUL 1IHHUDM .XPDU OHHQD MRLQHG DV 7THFKQLFLI 6HSWHPEH

6KUL 6DW\DEUDWD OLVKUD MRLQHG DV 7HFKQLFLD 6HSWHPEH

6KUL 6 XUDM .XPDU MRLQHG DV 7THFKQLFLDQ 6HSWHPEH

$

,Z
1/4|P OU %KRRSHQGUD 6LQJK 606 +RUWLFXOWXUH MRL $XIXVW
VXEPLWWLQJ KLV 3K'" 7KHVLV DW "HSDUWPHQW R
8QLYHUVLW\ RI $JULFXOWXUH 7HFKQRORJ\ DQG 6
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60 1 7UDQVIHU 5HVLIQDWLRQ '‘DWH
6KUL $. 7LZDUL 'LUHFWRU 2/ WUDQVIHUUHG WR $XIXVW
6KUL +5 OHHQD 7HFKQLFLDQ WUDQVIHUUHG WR &5 $XJXVW
6KUL 6& OHHQD 7HFKQLFLDQ WUDQVIHUUHG WR &5 $XJIXVW
6KUL & .DPUDMX 7HFKQLFLDQ WUDQVIHUUHG WR 5 $XJXVW
0G :DKLG 7HFKQLFLDQ UHVLJQHG IURP VHUYLFH $XIXVW
6KUL $SEKLVKHN .XPDU 6WHQRJUDSKHU *U ,,, UHV $XIXVW
6KUL < OHHQD 7HFKQLFLDQ WHUPLQDWHG IURP VE $XJXVW

60 1 5SHWLUHPHQW '‘DWH
'U -1 5HGG\ 3\6 +HDG &URS ,PSURYHPHQW 'LYLV - X0\
7THFKQLFDO 2IAFHU
6KUL $SDUWL 6DKRR 7HFKQLFDO 2IAFHU $XIXVW

6KUL 66& 3DWQDLN 6FLHQWLVW 6* 6KUL 1. 'DV
DQG 6PW 6KDQWL 'HL 666

6HSWHPEH
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