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As a star goeth forth amid stars
[n the darkness of night,
The star of evening,
That is set in heaven as the fairest of all

Homer

The lliad (XXI|, 318)
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$Q DQDO\VLV RI VXFK FLWLHV LGHWKE EORKBIVURZDMDDBQV L
'KHQ FRQVLGHULQJ KRZ WR ORQIWVD HWLEBFDHKLPS BB URHRQ WHW K D\
JDVHV DUH PRVW UHDGLO\ DY DH®@DE®RM KQR WIRLIFHKQ [DUHE CRIIEWH U
GLR[LGH DQG \LHOG DURXQG KX®IOV DDOH B WF K ROXWHDR| IX®! BITXP RQ
LPPHGLDWHO\ QRWHYV WKH FRQVWDXYHQ¥FKH DQ W UQOQIGEN WBHELHQY |
EUHDWKDEOH UHQGHULQJ OD U DHDD/FDR)OME @ HR | RAB B B E LWWKOHWLHRQ L
7KLV VWDQGV LQ FRQWUDVW RWRD &K DWXR K IDOMWM K I BI\Y UDN SKERSGH \
ZKHUH KRXVLQJ LV VOXQJ XQuHUQNDWHKXWKHXBERQMA®RER WBRI&DF
FRQVWUDLQWY WKDW GRJ KDEVMWDWYVY RQ WKH VXUIDFH RI ODU

'KLOH LW PD\ EH LQVWLQFWLY RHVRI DWQXKHDW KD &HW KWH. G KR L
VWDQGV LQ FRPSHWLWLRQ ZL\WRPDKH REW WQ MPKHHQ WRRIDRWK M W H I
SURYHV IDU PRUH FRPSOLPHQWPRHYQWNVWKLBH®DMD V@RUHTH VY UN KR U\
WLPHV DPSOH VXQOLJKW HQ URXWMKHQGDE® MDNLQNUII HEH Y FIKQF O
WR WDNH FDUJR DQG FUHZ WR OHG/ VER @ HE I XJIH/DISE ON GRIW 19H Q X V
ZHOO OLVDOLJQPHQW RI VIQRGLMD Q& WIRLBN SHHRNZIGHQODIHRSSRUW
XVH WUDQVIHU VWDJHV WKDW ZRBXMG RWCKEAKZQMHE B M L\EL WIELLQ\ID W
UHVRXUFHV RQ ODUV DUH TXLWHD IGQVI FRIQY W U SH RTKHF WRRBUFSUR |
QRW FDUH ZKHWKHU LWV QLWURHHEVW BP HHQRY RUK {8 IDUAWP RWS KK H
K\GURJHQ FDPH IURP 9HQXVLDQ @ SGIXRRFURF MG RWQ WKHWLD R
SROVHWK\OHQH IURP V\QJDV LV WEGMSWQEIDYW BPAKHRRHWKH 6D
UHDFWLRQ RQ DLU IURP 9HQXVZRUOKHD WK HYMPGFDR IRRFADK/ LRQD OO\
GLIIHUHQFHV GXH WR JUDYLWRENW PXFXURWWKY V@ P HHCO/UNGZ DU H
IRU ODUV FDQ EH XVHG RQ 9HQXV ® GG LYQUWWHUWHWRDSLSHRH[W U XV |
FRXQWOHVV VPDOO LWHPV IURP SB3BUDQRFRHNVHWY WR NLWFKH

&RXQWHULQWXLWLYHO\
DVWHURLG EHOW DUH PRUH
WKDQ IURP (DUWK $V WKH C
LOOXVWUDWHY PLQLPXP HQ
DGYDQWDJHG E\ WKH KLJK D
9HQXV D SKHQRPHQRQ NQR:
HITHF W

&RPSOLFDWLQJ WKH PD e
LQYROYHG LQ PLQLPXP HQHLI ' O s
9HQXV DQG (DUWK WR WKH C \
LQYROYH WKH VDPH PLQLP X
PLQLPXP HQHUJ\ IURP 9HQX\ S\ .. . 0coem
KLJKHU )RU DQ HTXLYDOHOQ\ o

QHHGV WR FRPSDUH WUDQVI e
DPRXQWV RI GHOWD 9 /HW

EHWZHHQ (DUWK 9HQXV DQC

5HSURGXFHG IURP /DQGLV

/IDQGLV * $ &ROROLIDWLRQ Rl &RQMMHQFH 3URFHHGLQJV GRL

$UQH\ ' & -RQHV &+L¥K SOWLWXGH 9HOXV 2SHUDWLROS®REDWHEQ 6WI9R W H BQIRU
9HOX'$,$$ 63%&( &RQIHUHQFH DQG ([SRVLWLRQ GRL

/DQGLV * $ &ROROLIDWLRQ Rl &RQMMHQFH 3URFHHGLQJV GRL
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Low Orbit to Mars

0 E 2QH FDQ VHH WK
—Ef:|:sganh VDPH DPRXQW RI GHC
IURP 9HQXV WR ODUYV
WR WDNH VOLJKWO\ (
"(DUWK +RZHYHU WK
GHFHSWLYH $V 9HQX
SHULRG LV VKRUWHU
RSHQ XS PRUH IUHTX
e 1 2z 3 4 5 & 7 8 9HQXV WKDQ IURP (D
DetiaV (ki) ILIXUHVY DUH RQO\ YL
7UDQVIHUV ZLOO EH GLVFXVVHG LQ yju DPSSURDFK DQG DUH
7UDQVIHU WR DQG IURP 9HQxv LQFUHDVHG ZKHQ WK

SRVLWLRQV

225

150

Davs

DUH PLVPDWFKHG

(YHQ ZKHQ (DUWK LV UHODWLFRQMR®Q® WG RS WRIWD QW KB UWK L
RSHQ XS DQ (DUWK JUDYLWD WLRH@®OV D GWEWWN DR UQRUW KW LIW RV U D Q
VLIQLILFDQWO\ ,QGHHG |UHWXR{INR YWD VRIWDH FQYH RY W K H
9HQXV V RUELWDO HQYLURQPHRMW RXWRHEHVROBRB YDVUW K PWIR MT X H (
WRZDUG 9HQXV WR WDNH DGY D QWDW H RRQ DROQ B VRAL \P\R U H RIIWMHYQL L Q F
DVVLVWV RQ WKH ZD\ EDFN RXW

VENUS 1 FLYBY b
26 APR 1998

VENUS 2 FLYBY
24 JUN 1999

LAUNCH
15 OCT 1997

EARTH FLYBY
18 AUG 1989

7KH WUDMHFWRU\ RI 1$6% V &DVRLQLZKRUREHX WP DN EQYV KR'BIORZHCRRV WQLWD J/\R K6 DOMEYU @/ R

:KLOH KXPDQ KDELWDWLRQ RI RWEKWW ZPY \CR/ SWRR IMGEHQD VEH
FDVH RI D GLVDVWHU RQ (DUWRXWKRVMW VDDUMHRWKHPYDBIOOYH YV P XF
WR VXIIHU D FDWDVWURSKH $SQGUIRGEKHKRMHYBEQW RU Bl GDOMZIKHUH
VI\VWHP 9HQXV LV PRUH OLNHG\ WKRDRH(EBWK WBR SYRN\QOQGVDRQGHV KR

&DVVLQL OLVVLRQ WR 6DWXUQ DIERSDWRW\3EUROXNAHARQ FHWULHYHG IURP
KWWSV VDWXUQ MSO QDVD JRY UHVRXUFHYV



https://saturn.jpl.nasa.gov/resources/1776/

RI DLG QHHGHG EH RQ KDQG 9HPOHDQ® RDW \L. @ WH QRW FEIRH[SDQ
KXPDQ SUHVHQFH WKH\ DUH DOOLHYV

'HYHORSLQJ DQ HQYLURQPHQW XR/W IVIKGIDEDIHH K O R QW DWWLLRRQ \R
QRW WULYLDO 7KH IDYRUDEGHD RV BELWW 8 PHEHYULHUR @GP KQWLRWU QW R C
YHU\ IDFWRUV WKDW PDNHV 9HQRV XXPR ® KRB GWKR FDHLIQRQ DU W |
PHDQV WKDW LW V KDUG WR UMK F/K \RH ERD WW KI XYMQ BV RRV(IWRUP
WXUEXOHQFH UHPLQLVFHQW RI (COUMKKV OLURWRY 8K HWHS U HAWNHHQ W
DOWKRXJK LWV QDWXUH DQG ORHFQXAM RQDM/P RW § R 1B UXG FIHKHWPLEQ O
HQYLURQPHQW ZKLOH D VRXUF HERI GHIVRW WMWK BOR BHRIOUW Q KI
$QG 9HQXV V VXUIDFH ZKLOH RLNHOURKHEPIBY QIQIE ZHWBIOWKSRWH Q)
DGYDQFH RXU VFLHQWLILF NQRZPHGWHIRWY SIJRBHV KVIRQR'SHWERD W H

7KH SXUSRVH RI WKLV ERRN LVLWRXMH&G DI\GY PO R R WHK HIVQH F
REVHUYH KRZ WKH\ LQIOXHQFH WEW 6HDRQJQQRQE& IBH $HQ RS FKHD E L
DV WKH IXWXUH KDELWDWLRQ Rl 9HQXV

9 /LONLQ 9 .HU]JKDQRYLFK $ /I$SBBWRYXSBYFKNMHEWHUDVKYLGL $URYMRADUROL ' &ULVS
<RXQJ $ 6HLII % 5DJHQW - %ODWPWRR / Y(OCYRPBO0OBRIY '\ODPLFY DOG 9HUWVFDO :LQGV L
OLGGOH &ORX6EFBHQIFRQ

ODMLG : $ /RZ &RVW $SSURDFK WR WKH Q@YKW YN QMY RO SNV X\P E O\ $SULO
%LEWH[ (*8+%% 0



https://www.ncbi.nlm.nih.gov/pubmed/17748083
https://www.ncbi.nlm.nih.gov/pubmed/17748083
https://www.ncbi.nlm.nih.gov/pubmed/17748083
http://adsabs.harvard.edu/abs/2015EGUGA..1714700M

2. Getting There And Back




7UDQVIHU WR DQG IURP 9HQXV

$V GLVFXVVHG SUHYLRXVO\ 9HWXRQ QRNQUH[IFIHKOL@H OQRW KRB D
GHVWLQDWLRQV GXH WR WKH 2EHUWK HIIHFW
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,Q WKH DERYH JUDSKV ZH SORWHWWHGWMVR\H. GEWEZREOQ GHUWX
RQ FRQMXQFWLRQ FODVV PLVVIVRY\DUHQDW KM FOHGW OIFPZIRUB DUV
IRU (DUWK NP IRU 9HQXV 2Q HDKOH SIWILKWO HHWELMPVHOUH DV V X|
DSRDSVLV DW WKH UDGLXV RIIT®/XHQFBIDQHW P VBKHDKW\RI LQ NP |
(DUWK NP IRU 9HQXV DV DQWKISI H® IERX\QGH XAA\HG WR HQW
RUELW LV SORWWHG WKDW ZNUB\DHURKBISWXDEGIHU VWDJH

W EHFRPHY LPPHGLDWHO\ FOH\DIW YWKWDMNE OHQSRN LW LRQDI Y R ®
RUELWDO G\QDPLFV SHUVSHFWRLY HR Q2K L(QHHGBMNUVQ LW LQLP BB® HQH L

/IRFNZRRG 0 . 3DXOVRQ - :&KRQWKQRVDXE$ % 2O0OHMQLBIOWHPYV $QDO\VLV IRU D
9HOXV $HURFDSWXI$6$EVYBERIUDP 1%$6$ 70 WRRAFBURLGX3$6 DHURFDSWXUH W|

IHQX¥%DVHG RQ WKLV VWXG\ WKHUH DHW QRTKQDEGLWR WAFRRBORVK KRKIHMW RUVVLRQ 7K}t
VWURQJO\ HQKDQFLQJ WHFKQR®FROALKM OB KDXF B LFAW WILR QWILFD
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WUDQVIHUV D WUDQVIHU [UR PDYHI@XWWR/ DWWV LRFVQHDUORP (DU\
QRW DFFRXQWLQJ IRU WKH SRQ@BQ \WDVINVQ \RV \( DRUO\K W K B YELHADHWILW R
ODXQFK ZLQGRZV 8QOLNH ODUVFWRMW \BWQRQ .DDORIZWK RUIMHU\ |
UHWXUQ WUDMHFWRULHV WR (DUWK

/ILNH ODUV 9HQXV DOVR KDV D QWRPLELHHY RO YA IFOMKHEOW UNDRV H W
QRW DV ZHOO VWXGLHG DV LQ WO RDWRORIWPRD KDY &\BOAHUWNIH DPI
PDVV VXFK DV UDGLDWLRQ VKLHOGWQBW QGASBED WHGIHUPIMNLQJ |
:KLOH VPDOO VSDFHFUDIW FDUWYSHQRIGFWKHA VORIORDYPHBHB8DWHU GH
D GLUHFW WUDQVIHU LQ RUGKH OMDRJ GRN K LHWHK QJF\KOBEUWWWLRQ
QHHG WR EH DFFHOHUDWHG HDFK WLPH

$ SDUWLFXODUO\ VWXGLHG FDYUMH RIWVKAQHUY 9RUFIHQMN Y VXV W
WZR FRQVHFXWLYH (DUWK SDVVHV¥XRQYRZHH® XV WRYMHW RQW KH
VWXGLHG LQ +ROOLVWHU HW DORI SULRWIMMOHFW LQ RUGH

7KLV FA\AFOHU RUELW RIIHUVHW KR WKRK VLHIMWKVOHD@EV LIWQ & L
9HQXV (DUWK OHJV

21 ITHULQJ WKH IRXUWK VKRUWHWK LYY U RBOWH W\ B/QWOLI BN

F\FOHU E\ DV PXFK DV PRQWKV DW WLPHV

6LPLODU WR WKH RUELW KWRKIWHMW O/GEWDWKHW MARGIE O C
RFFDVLRQDOO\ LV VWDJJHUHG YV DQG

$ VDPSOH F\FOHU WLPHWDEOHPEWKH ® RRYW KD SIHX UHIVQI ER
EHORZ ZLWK WKH GD\ RI FORV QRGWVDOVRIF W LB FDY/ IBG\Y LQ

'HSDUWXUH $UULYDO

(29
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(29

92 (

(29

92 (

(29

92(

(29

92 (

ORUH GLYHUVH ODXQFK ZLQGRZV RURVWFHWWR DY LIHROWEGERY VI
DFKLHYHG E\ (DUWK 9HQXVY 0DUV WKUHH ERG\ F\FOHUYV

+ROOLVWHU : O OHQQLXHUIORGLE VZLOJ EV\ RUELWY EHWRXUBQDO RWKSDFE PURMW DQG
5RENHWYV GRL
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&RQYHUVHO\ LI WKH JRDO LV WRGGAHAPY/RZ RDUIWK R UIBEDL\\® W
9HQXV VRODU HOHFWULF SURSXOVYOQOR®/FBY BP®W HP SORDKWE XODWH
WUDMHFWRU\ ZLWKRXW DHURBPQSWXPH OGW V&IRIKMDANOQ HMWW BOH
FDOFXODWHG D \HDU WUDMHIKWRILQ A BTXLWHIW WUIPMHFWRU\ |

PV G9

7R GHWHUPLQH ZKDW VRUW RIGW O DYHHF \F R Q QH\G DUHG BHIAD G
SD\ORDGV WR 9HQXV ZH ILUVW RQVWUDRRNWXW ¥ KPHWRRDNKH KDE|
WKDW ZLOO DIIHFW WKH GHODMIVeW NTRUHPHQWY RI WKH WU

S$LUGRFNYV

. RQH ZLVKHV WR DYRLG WKH B[8HZVEX RO & RQN WWOH WD [LP X
RI DQ LQLWLDO KDELWDW LYWILLPIL VIHGV WIRS VKO YDL.YN REVHHY HQ D «
SDFNV ZHOO LQWR D YDULHW\ZR WHRXMQ W[ FHRF WM 1DH ULKQN YV WD U
RI D KDELWDW DV SRVVLEOH LV GRAOQ PPCSBHRULMRHWY IDQG VLP S«
RI PDQQHG SD\ORDGYV

'XH WR WKH GHFOLQH RI OLIJKWBWUW-XKID® WKH WW R GFHERNN R C
DLUGRFNV KDYH KLJK DYDLODEREBUWU ¢ WKIHRIXW DBXHU SRWHUYIHQH L
ORZHU YDOXH WKDQ WKH FRVW QUR FRH OW U XHWW XEWKGR EXVOLE W
ZRUOG DUH LQ LQFUHDVLQJ RUGHU RI KHLJKW

7LOODPRRN +DQJDU %
P[ P[ P

%XLOW LQ QHDU 7LOODF
UHPDLQV WKH ZRUOG V ODUJHV
VWUXFWXUH 7KH UHDVRQ IRU
VLPXOWDQHRXVO\ KRXVH HLJKW
: = KXQWLQJ VXEPDULQHV 7RGD\ 1
3KRWR 6DP %HHEH KRPH RI WKH 7LOODPRRN $LU 0°

ORIIHWW )HGHUDO $LUILHOG
P[ P[ P

%XLOW LQ WR KRXVH Wk
866 SNURQ LW LV WRGD\ RQH R
ODQGPDUNV LQ 6LOLFRQ 9DOOW
RZQHG E\ 1$6%$ DQG OHDVHG WR
FRORFDWHG +DQJDU 7ZR LV DS¢
EXLOG D ODUJH ULJLG DLUVKLS

3KRWR 1%$6%

'"HOOQLW] 0 -XQJH 2 3RVW 020 TKLBUHN %RU 9HOXYV VHW R IDIHHOQIW HGI IFFR AHSWW DWZ R
WK UXVW W USDHVOHPWWRIIDIHOUHFKDQLFY DQG '\QDPLFDO $V@RIRQRP\ V \

HPEOH 6 __OWHUSODOHWDU\ OLVVLRQOV 8WH OKWLRXJE DB WXNGIIE KBRUWHWYERDWLRQDO
$VWURQDXWLFDO &RQJUHVV RI XWKLF DADW)HHIGRIDW WRERDO WKW U @ GUBRUGIDAMLIFFQ/D ®  EDVEKIR\ R
,QWHUQDWLRQDO ,QVWLWXWH RIDESDHH /DZ GRL

9DQFH $ $SULWK 6HFUHW $LUVKLS 6HUJH\ %WWARRPEHRIIDQWY WR )O\
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*RRG\HDU $LUGRFN
P[ P[ P

%XLOW LQ LQ $NURQ 2+
FRQVWUXFWLRQ VLWH IRU WKH
$NURQ 7KH *RRG\HDU $LUGRFN
PDQ\ WLPHV RYHU WKH \HDUV I
E\ /JREFNKHHG ODUWLQ

IDNHKXUVW +DQJDU 1R
P[ P[ P

%XLOW LQ LQ /DNHKXUV
VWRUDJH DQG PDLQWHQDQFH R
WKH WLPH ZKHQ RQ WKH HDVW
*UDI =HSSHOLQ 866 ODFRQ 866

+LQGHQEXUJ 7RGD\ LW KRX\
IRU QDYDO WUDLQLQJ

&DUJR/LIWHU $HULXP
P[ P[ P

7KH RQO\ ODUJH DLUVKLS K
DIWHU WKH 6HFRQG :RUOG :DU
ODUJHVW HYHU EXLOW DQG WX}
UHPDLQLQJ RXWVLGH WKH 86 Z
HIFHSWLRQ RI WKH ROG =HSSHC
-DQHLUR 7KH 0 &DUJR/LIWH!
%WUDQGHQEXUJ *HUPDOQ\ ZDV FF
. VKRUWO\ EHIRUH &DUJR/LIWHWV
3KRWR ,PPDQXHO *LHcZDV WKHUHDIWHU SXUFKDVHG E
D

VPDOO IUDFWLRQ RI LWV FR QWG UW@PRMR RQWFLRR/SI FIDG WEKRHOPYHH 8 VU N
FRPSDQ\ UDQ DW D ORVV IRU VBSRUQWLGDOW\ENB GDR) EHVDIXUH
EHJDQ WR WXUQ D SURILW LQ

JURP ORRNLQJ DW H[LVWLQJ DLG GRRF ¥R QWKDWX FRXBQ BH XV Db
2QH DQG DVVXPLQJ WKDW RQH U®I PHWHYVDHR WQIDP R® RDWK D[LV
FRQVWUXFWLRQ DQG PDQHXYHULQVLWIGHROZH SWR/L B IPM [LIPXPK L S
a [ [ PHWHUV 7KLV KDV D YROGPAKRLF PWWRXVDQORDWLQJ DW
DYHUDJH RI EDU SHE®RXRHIQW HHKHUHDRGGZ+RXK D 1 2
LQWHUQDO PL[WXUH ZLWK WKpl&L Q@G W HY WK SH B D WWKHRHS B WD W
H[WHULRU DLU GHQVLW\ LV DINJ ®K@OQOWKH LQWHRIL RUHOGLQJ



NJ Ps 7KXV ZH DUULYH DW DWRBJLPXWREDQMWLPHWOQLIKW OLI)
WKH FUDIW GHVFHQGYV WR GHQ@VHWHQQ2OUY HRBPQHU LIVKHWWLIP H F R

1H[W LQ RUGHU WR GHWHUPLGHR QX UGMUDKRIZF WRFK 2H PWD V9
DVFHQW YHKLFOH RQ WKH 9HQXWUIRQ G HF P K HSAWUKRHL GVHK HW(R G\W KV 9 H G
VWDJH PXVW JR WR D /RZ 9HQX\R PWEH VR UNRDH VHRIVE H UK L QKO \ H O (
RUELW

SURSHOODQW RSWLRQV

7KHUH LV QR VKRUWDJH Rl SROEDQWH OVKOWL RRY ERUXYUHFRES B
KDYH EHHQ UHVHDUFKHG H[WHQV HQ¥Q\U ROPHOWH B KDHDIKY WKH F
D QXPEHU RI PDQQHUV

6WDJLQJ DQG UHFRYHU\ LV PRUH FRPSOLFDWHG
+\GURJHQ LV UDUHU )OXRUL@H M OG GLKH PRW HRWRS 0 R $HDIDO D (
GLIILFXOW WR DFTXLUH

&U\RJHQLFV DUH FKDOOHQJLQG XWHRWEH B R @LAMAWR @ HO KEIBW W |
,658 LQ VLWX UHVRXUFH XWDOIO|BWRSE O0OBP DX HEW \WRB O O
PDQXIDFWXUDEOH ZLWKRXW H[FHRQVEXBDQW¥RPSOH[ SURGXFV

/IHW XV H[DPLQH D YDULHW\ RI SWRBEWORHHW ,BR® ILEDZWLR DW
VWDQGDUGYV

$00 VSHFLILF LPSXOVHVY FLWH G LDAKH &(B F XY FH TXROEKODXWPHERQOGLWLRIQS¥DMW LIRQ EDU DQ
UDWLR DOO DUH DVVXPHG DWWRERHRS ERQHOZ@ILFIRLQVD VAN PFRHG MHRD G KDLUNHK D 2F REPHP B/ E X O

p. DQG 53 ZKLFK LV DVVXPHGWXR H HE PVDL Q@& SKRLQWY DQG G HIQLDHWDILHOA DH[V KBMGE QUR \
Q\WUR[ GHQVLWLHV /LVWHG BEHLOLDWXRLGWY FIHOWIRIHY BUH E\ PDVV
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0DQ\ H[DPSOHV DQDO\]HG IRU WHKGVLBRRW KHDDERY RIWV IDERMX G F
H[DPSOH R[LGL]JHUV VXFK DV QLSHWLAIDFH R IDIPG GLE URHEQSHU IR
LQYROYLQJ VLIQLILFDQW DPRXQRWYRNVNKRBUR JHRP SOLFDRWMG SUR
FKDLQV WKDQ 00+ '(7$ PRUH FRP SOWFWMH O QEKR W KHW+V W UDLQH (
K\GURFDUERQV PRUH FRP SOLF DWHI&HMVL OOX FKQ D W \GIJR\A U EIRO N D
VLPSO\ KDYH SHUIRUPDQFH LQWHKH BG R b\ WWRE B & WWQLGH D IRQ QR W
EUHDNLQJ GRZQ LQGLYLGXDOO\

+\GURORJ[ IDPRXVO\ KDV D VXSHB&EHUSHF ENL EW WY DRV EH @QN\HL W
FRPPRQO\ XVHG SDUWLFXODUOVHYIHEQVOWHRAV RQVX EEHWDQW DI H Vv
IXUWKHU WHPSHUHG E\ LWV H[WRHPAHXVIHOR | LKIWE URHH OV HFW\ R JH!

7KH YDULRXV VLPSOH DONDQH RPTXWXH H\WREHWERWZH, VMWROB QUL
FRQGLWLRQV IRU WKH /2; UHJDRGOODWOY RW 2ZKHWHCHUUWTEKXLIHYV LW
VLIQLILFDQWO\ UHGXFH WKH K\GURJHQ UHTXLUHPHQW

‘H OLVW RQH FRQYHQWLRQDO K2SHWWR OR FLFRAELUDMNORQ 1
XWLOL]HG DV 021 OL[HG 2[LGHVLRD VMPDORIBO RXROWRBRLQ2 UDQJ
DURXQG WR 7KLV KHOSV FRODWUIR @ FFRMURSURYVEXQH DQG O
IUHH]LQJ SRLQW DW WKH FRVMFRILE VP 8XOVBIP RXIQW PROLWSGLV DG
WKLV IXHO DQG R[LGL]HU FRPEEZ®DW LRRR WD V& HEIR B FV RPFHX O V H
GHSHQGHQF\ FKDLQV IRU 00+ SURGXFWLRQ DUH IDLUO\ ORQ

021 KRZHYHU UDLVHV LQWHUWH®RWQRHUSRYNQEEOD®WGHWK XW Y
VWRUDEOH ,WV UHGXFWLRQ LQWISHBIFIURDLPHSE GHQFRWHV,\Z EXU
KLIJKHU 2 ) UDWLR DQG WKXVQIVHY\ KNE VRXHD L @ QKOG LXHO $Q
ORZHUV WKH FRPEXVWLRQ WHP SHWRWXUPDW>XBRZQVLGH LV LW

'KHQ EXUQHG ZLWK IXHOV OLNHHK\GU\WRHQO® DQDWR\D QWV VE |
VRPHZKDW WHPSHUHG 7KH FKDPEBULWIORS\HYBWXVHIQHGXP\Y MR .
VSHFLILF LPSXOVH UHGXFW LRDLAWIXQWEZHR VHRWLL EFIX®\E V % W U ER Q
DQG F\DQRJHQ LWV EHQHILWYV UHDOO\ VWDQG RXW

&DUERQ PRQR[LGH LV D UHODWILLYHOV RR W WDIHVWKIGCQWE XRC
SRWHQWLDO Rl ,658 RQ 0DUV EXKRP$IGHIMMOK K\;GURMNHOQVIUHH DQC
SURGXFH IRU H[DPSOH YLD D 6R®ODIWPLODU WWRVOEHQHILWYV VRF
WUDLO RIl DW WKLV SRLQW HLWW GMGQVL\R Y H LFQ PARRSIHIAR/ WK D Q /2
VSHFLILF LPSXOVH LV SRRU

6XWWRQ * 3 %LEODRENHW 3URSXOVLROK(BBPHGWSYV -RKQ :LOH\ 6RQV

/LQQH " / &DUERQ ORQR[LGH DQG 2[\JHQ &RPEXVWRRY WSEBWLRIPORMVDUY ,Q 6LWX 3UF
$,$% 1$6% THFKQLFDO OHPRUDQGXP

obuv 2[\JHQ ,658 ([SHULPHQW 02;,( 5HWULHYHG IURP

KWWS PDUV ODVD JRY PDUV PRIMWLIRQY NOPMW Q WRNWOWY P
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7KH XVH RI F\DQRJHQ DV D SURSWMPOHD QWK LY HRYUHBDWHRY PR C
DOWKRXJK LW KDV GUDZQ VRPHL®LWRRHER DY W N URHIVEWH L Q K LIFGRHP SO
K\GURJHQ IUHH DQG KDYLQJ D GI®NHDMO ¥ SIHF WKFH IDESXOQWN WR EH
LQWR D VROLG K\EULG IXHO MWW GRYQVMKGLDHBDRQE KADRHWHP SH
QDWXUDOO\ RFFXUULQJ FRPSRXQGWKMW @D \&WH\WD ERD O B\ QOHQM D
D IXHO GXH WR LWV H[SORVLY$SHODWXUH UKXYDKQBKFWHBPLFE HQ
SRVVLEOH WKH\ DUH LPPDWXUB @IHR SRV H7KIH @ R\.VWDWQLW LK L F D Q
GHPRQVWUDWLRQ RI D FHUDP L FH HXQIL\@ ¥ XW K XWS DB HFFDUD LVW@ WK RQL
PLVVLRQ WR 9HQXV ZKLFK V XHI} WRX WHQRQ]® i HDWMXUHHG WR W
PLVVLRQ :KLOH WKH IDLOXUK DNV QY KHR PEXOW IRRQRRRQFBILWLRQV
VWXFN YDOYH DQG QRW RI WKH \FGR DM BRY HVWHKPIVIHIOMH R | I KEHH U D
HQJLQH IRU D 9HQXV KDELWDW ]DH KD VQ\R WUD GREFPURIPG B RIRIH W K
SRWHQWLDOO\ EH UHSDLUHG LQ VLWX

7ZR DOWHUDWLRQV WR WKH SURBNGODQWRAIH[@ R XA K KRRAHY H
DSSHDOLQJ 2QH LV WR EXUQ LW ZIKLEK K BURSW KRB BAXK/MQ R Q
WHPSHUDWXUHY E\'  p JLYLQJG6GSLM HFPOMQDARRQWWRHDOWHU GH(
QRQ FU\RJHQLF R[LGL]HU 7KH @WRRXQW WRDEXURQURNMRDBHDULAQ.
VXFK DV PHWKDQH RU K\GURJHQ QDORQJ ZLWK WKH F\DQRJH

7KH QHW HIIHFWV RI WKHVH RQ SHRIORUP DQFHIDFB QR E MV K H H QU
JUDSKV SXUH PHWKDQH LV RQ WRH. ORIV WIQKE BSXIKWF\DQRJ
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,Q HDFK RI WKH QH[W WZR JUDSM\KHSGHHVKD@QGRISKQPHLF\BRQR JI
WKH ULJKW

%URWKHUWRQ 7 . NIEH-6YOWKHVLY DOG &KHPLYWHR BH®\DQB3IHQ

GRL FU D

.LUVKHQEDXP $ ' *URVVHKIS FRPEXVWLROQ RI FDUERQ VXEMRMWWIOSAHWKRGDIRE VKK

SURGXFWLRO RI FROWLOXRXYV WRIPSHUDWXARXWQQ AWRHWKH) $RHULFDQ &KHPLFDO 6RFLHW
GRL MD D

/IDNGDZDOOD ( '"HENPBWAXNL XSGDWH )DLOXUH WRFH B WU XHCEBWHIOMX MWER LQV X

I[URP KWWS 7Z7ZZ SODQHWDU\ RlbJ EORJVKMPAL®@\ ODNGDZDOO
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$V FDQ EH VHHQ WKH PDMRULDW RRQMOK H EHQ MPLIMOO RFFFRXQ W
K\GURJHQ DGGLWLRQ ZKLOH WKN BRMRRIW WY KH WHKSIURISHIMWLL HV F
F\ADQRJHQ PHWKDQH &\0HW DQG RI\DQRDSOHDOGQURRSWLRQV |,
FOHDU ZKHWKHU 021 ZRXOG EH KOMKRRIKLFLYIHQPKORLWKWH QGHQF
K\SHUJROLF LJQLWLRQ LW ZRXOG QRW VHHP XQOLNHO\

$Q LQWHUHVWLQJ DOWHUQDWLYUH. MDRVDR® Z N HWHIVV HB G SWHY v
DQG LWV PL[WXUHV ZLWK R[\JHH) LY\RXRY O#HNWVWUWRRKMRMWEDQ QLW
WHWUR[LGH PL[WXUHV ZLWK RI[PJSXD V6 FGI® WHYHWS\H B UIH¥V XUH V
LQVLJQLILFDQW ORZ WHPSHUDWXR HVKRQIK REDHWQ URRPWULRBSHU I
R[\JHQ IUDFWLRQ WR D YHU\ KDWXUHERUJKORP\ JHPISHOFWLRQ $
WR I\WUR[ LV LWV ORZHU GHQSXWVHN \VVOQRZNSHPLIORZMR[\IHQ IL
EHFRPHV PRUH /2; OLNH DW KLJKHUVRRHHQUUQEWRRQRZW IRU 10|
WHPSHUDWXUHY ,Q JHQHUDO 1\DVOULRJZ2RKDG EHL FZRUHH 1D KIHK Ot
VHOI SUHVVXUL]DWLRQ DQG RU IXWHHD ¥ LDAUKH GERHZV WHHPGS HU D W X U H

2Q WKH IXHO VLGH DFHW\OHQ HDSWHNHDM\L YDH) W Q WK DG R WHLGD
RU WULSURSV 9HUVXV &\+\ IRUURJHY M SHURCWO O QW RVIHUV
JUHDW EX W P& KLIJKHU FKDPEHU WHY DHURDWDGU H WHKDWL VR &\ -
IRU 021 DQG SXUH QLWURXV R[LGH DEXWK BHE[RPHY IWPOFHUIRR) LQF |
I\WUR[ $FHW\OHQH LV PRGHUDRWOQQB BRUBGWLFp & EWMIKOMZEWKDW |
DW LWV PLQLPXP OLTXLG SUHR/NAXH IS URS HUMPLH$ O/OX RIHWW WKDW
ZRXOG EH D PRUH SUHIHUDEOH LXOHOF\RQ KBSH UXWW B IHR/XDIG EH V
ORZHU VWDJHV 8QOLNH F\DQR JHLF XIDMDHNM\OW R H. E V KRREZW YS-DW Z K L
OLTXLG LW EHFRPHV LQFUHDVW®RJIDNXIQE MFREFOIR B QG LRWODRDW K L Jk
WHPSHUDWXUHY ,W KDV EHHQ FRGYO®HDWOMG RRW XYM DV D S

$ QRWH RQ WR[LFLW\ ZKLO HRRIWILHIDFHVR @ HBI\QG VP IWKHHG XIVAHS R
SURSHOODQWY FDQ LQFUHDVH GHQVRSYPRQ WDDGX KDIQIX® OWJ LH)
WDEOH PRQRPHWK\OK\GUD]LQH PRRBRERQ RBQR[LGH LDIQRDBW WR]

.DUDEH\RJOX $L[WXUHV RI 1LWURXV 2[LGH DQGLGLAIHOV 1RWUFRIF DWW BURSXOVLRQ $SS

WK $,$% $60( 6$( $6(( -RLQW 3URSXOV[MRERRIQIHUHQFH

/IDQGLV * $ /LQQH $FMW\OHOH IXHO IURP DWPRV-RXUQFOLR| REDEBEWDIW DQG 5RFN
GRL
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WKH ODWWHU WZR F\DQRJHQ KDV W®& M&KDMSBURPLWPERVHPRQRI[LG
+RZHYHU F\DQRJHQ LV LUULWRWL @K DOV TR ERQ PHROWRUIDGHLR V\
DUH VXEWOH XS WR WKH SRLQJ @ IDIOQFOEDVLWRWOLRE FODERQ PR
DQWLGRWH DP\O QLWULWH DRWGRDOFRHM/WHU SRVW H[SRVXUH

1RZ WKDW ZH KDYH VRPH RI RXU R SWICRXQYV ORHW IXIW W[LDRILR H
VWDJLQJ UHTXLUHG DQG WKH WKSO(IDARDMK R Q ¥ XW KW WDIQDMHBR W WD .

6WDJLQJ RSWLRQV

SHWXUQLQJ WR RXU WRQQH ®XMKDLUWKGE ZMR KDRG\ IRR) W
DVFHQW YHKLFOH" ,Q SDUW LWZGHISHQEK RW WRZVXBSRBWH 6 RP H
IRU FRORQL]DWLRQ VHHN W RHZWIROR YIP\DID\D ZKMOKH RRMOK HUV V HH
ZLWK GR]JHQV RU HYHQ KXQGUHG U LIOW \XKWOEHWIQQE\DD UMW VR Q V
LQLWLDO KDELWDW

ORVW WKLQJV LQ WKH KDELWIXWDB B OO UG VH QWOL VO WIKHN H «
WKLV FDVH WDNLQJ XS N Pr SWRISR/M G QRERREHVIHRQUXYV PLV VLI
IURP DURXQG J Pr IRU WKH 9(9REBABCR.QFRSWWWRURSY Pr IRU
9$/25 %DOOXWH HQWU\ ZDV HV W LPADWIHG XL WHF DRQD P 6 DR ROR S
RQH Rl WKHLU WHVW VFHQDULPBWY VRF PBWHKG @ DWOZRUWHKN FRXQW
WKH HQY ~ ORSH 'KLOH HQYHORS IS HFHWV ZXQ EK DLPRPEHD B[LV F X V
WKHUH LV VRPH WKLFENQHVV ZKYR MF DOIH X LUK DR/ BVIRG OHHWL V W
DWWDFN DQG JDV SHUPHDWLRQ V\D\Z RIHFKOVIF\D @ IRV H W\KK. FANKGHH U D G
KDELWDW VXFK DV WHQVLOH \D/OWHRQR RKU H B Q WIHO B L WW URIMHAHSU H \
PXFK KLJKHU IRU SUREHV WKD® |RUU KIDE HWQYWO RSH (IDEWLFV UD
GHQVLW\ EDVHG RQ ZKDW P DWH UERW VJ MEHHU DJHOP D G HWVRHWOREZ K X
JUDPV SHU VTXDBIUH PHMEBHOLQ 17 39) SRO.AVWHBWRQ (DWPWK $I
PXVW GHDO ZLWK D KLJK SHUPHKWLIRQVIOVI WKHILXPYHV R[\JHQ
DQG DGYDQFHG PDWHULDOV FDQ UBGEXFHQWKHIHRXY WV RESH. RQV VR
UHLQIRUFHPHYWIQMMHH VFDOHV KRVWLOH HQYZQR QR HOWX\VDQG
FDQ LQFUHDVH LW

LWKRXW VXIILFLHQW GDWD WRLDXNUHY A H WLD @ RRUWH V8 K H RAD/NH
DUJXPHQW FKRRVH D EDVHOLQHGWQU VIMHWOQRRUFHPHQW F3XWKXV D
HQYHORSH SOXV UHLQIRUFHPHQWVHINV VW R\ WRQQHY NH ODXQ

3DWQDLN 3 3DWOPERPBUHKHOVLYH JXLGH WR WKR KBEHPULGRBVV S ERGBHEW HVV

Ss +RERNHQ -RKQ :LOH\ 6RQV

HU]JKDQRYLFK 9 9 &XWWV - $RZ FROW EDOORRQ PLVVLRQV WIR (B3US PSR LOXIR X V
RQ (XURSHDQ 5RFNHW DQG %DOORRG BWiRHDFAHWG D @CEDHODWLRQV 'LYLVIRQ ,6%1

+DOO - )DLUEURWKHU ' )WDH®RWWEKNWRGDLG .HU]JBEDQG\ $& SPWHRXEBEQ@HVLIQ
DOG WHVWLOJ RI D 9HOXV ORQE IBXMORWDRE H¥ LUG ©DDFLHVKIBWH D U F K

GRL M DVU

+DOO - $ UHYLHZ RI EDOOXWH WHFKQRORXUMK ,$6 BROWHDWH @FHHJ RRD/RZ &RVW 30DQHW
OLVVLRQV /DXUHO 0' 0D\

OF5RQDOG $ '$ OLIJKWZHLIJKW LOIODWDEOH K9HDXWRMEFEIEPE HWWURE\FDP LFV
6SHFLDOLVW &RQYHUHQFH *LUGZRRG $. $XJIXVW

$FKDW ' =HSSHOLQ 17 WE KL RIOWMWBWD Z%F FDUQHWGHYRO RUJ JHSSHOLQ 7HFK
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FDSDFLW\ IRU WKFK )DOFRQ +HD .\ 6)XFXGDQ HQRMORSH FDQ EH UH
SDFNHG LQWR D W\SLFDO KHDY\ OLIW URFNHW IDLULQJ

'H QRZ DGG SD\ORDG 7HQ SHRSONDWUQLIVKBBKKRXWIKQJ ZLV
NJ Rl ZDWHU VWRUHG DQG NJIJVHRWWRG@M SRHVRILMWOVERVWR DG (
WRQQHV 7ZHQW\ PRQWKYV RIFDWRGM\GDIRE GNIFWO J GRHV PRU|
LQFUHDVH WKH PDVV EXW QRW QWWYHP$\Q GRXVYRPRGE BURGWRWLRQ
FRUQ KDUYHVWV ZHUH GJ\ EXVKHORJEBB\WBEHH VRXDUH PHWI!
FRUQ LV DSSUR[LPDWHO\ N ADVCR § JU H TDXQ. WHR WK HDDSH) XD O F D C
DURXQG VTXDUH PHWHUV 7KLVHRBW P RM\H W \RW OIVEHWHR X LU HF
YHJHWDULDQ G.HWV RQ (DUWEKOO, ¥ VGKIV EXHYIKW ZOQWHURPQY LUR
9HQXV ZH ZLOO DVVXPH WKH HTXLYDDWHQMKRYV VKDR FIURB W ISH DU

$VVXPH WKDW RQ 9HQXV DYHUDIBEOEBWZHBE\DO S URGRFW
RQHV DQG LQFOXGLQJ DQ\ DQXP®INXBRQ YZHDUWWLR QORI DWDIWFNLQJ F
UHGXFHG VSDFH WKDW WKH DY HR)XON 8XIH BY R Q WUTHXTDUL i) HP\H WY/ I b1 V
WRWDO YHUVXV D KDELWDW FURYV MHEWVRMVRIXDHRXIMR D UXQ!
DYHUDJH RI NJ RI SODQW K\GURISRPQLW¥ N UP DIF\RW $SIHUML GVXRIRMBXHUWH
7KLV ZRUNV RXW WR WRQQHWHVIDMMUKBERBERQH DFRQWWVIRO SUR
VFUXEELQJ SRZHU VWRUDJH GWWURLRDUQWWRBNBHORG @OWHULD
IDEULF ,658 DWPRVSKHULF FRDWOROWN® VHRZ| B RWKY WERQ Q HV
EXGJHW) VKRUW D PDWXUH KDELWMM\RRQVRUW 2/ ZRXDIGWKDY V DW
WRQQHV RI GHDG PDVV OHDYLQJ /R @PRHW WK /G DWHR XRE WKH DV
YHKLFOH

7KHUHLQ OLHV WKH UXE RQH FIDA@ @ RWPEB DO\ UR F R B WHQUMLKR ¢
SRWHQWLDO WR WDNH HYHUQRQ®HW \MRAD 8 HIROE LMD @ L SM{ LB DR D G H ¢
WRQQHV %DVHG RQ H[LVWLQJ DYgROUPIRWKH®D FUBHAUWHKQFOH
9HQXV UHXVDEOH FDSVXOH ZLWKWRHLMUIJBHWKXYQHG FIDW DR NHO\

WRQQHV IXOO\ ORDGHG WINHQWU\EKHDWLQUIJKW LG PL]HG 7k
WDEOH OLVWV H[DPSOHV RI KRIRDNVHIWHEWXRG BHYRILR PHUHO\
/JRZ 9HQXV 2UELW /92 a NP V BHOMDNVIORYNBXGCLQ3 RUELWDO

GHRUELW

6SDFHDOFRQ +HDMWULHYKGWSRPZZZ VSDFH[ FRP IDOFRQ KHDY\

%RHIEBDFH /IDXQFK GBNWUPHYKWWERPZZZ ERHLQJ FRP VSDFH VSDFH ODXQFK V\VWHP

$W D SDFNLQJ GHQVLW\ RI QNQW\DRIDEULFPRDWKIEISDFNLQXS IR WKH FRsUGHONRQ J

RI WKH YROXPH RI D W\SLFIDQWHDY \DQIGI\D WREN HWDF\WERQ KHWKHODIWMYWRHP VXF

DV 6/6 RU ,75DBBIHQJ OLPRW PWURQ&HWDLOV

8QLWHG 6WDWHY 'HSDUWPHQW R $8U REBXDWRXAISHWIURGLRNG IURP
KWWS XVGD PDQQOLE FRUQHOO H8X XV&GWDRGBYRGLURS3URGGI

&RUQO GULHGSHWOORYHG IURP KWWS QXWHMKIREGIRWOBWHOI FRP IDFW

3HWHUV & - :LONLQV - / 7HWWLOJ:D FRPSOHWH GLHW PRGHOHWRRXWFWLPDWLQJ WK
UHTXLUHPHOWY RI IRRG FROVXPBWWLRQ JIDOESDFUWAX @WK UBE@ BRIOQNH 2 IVEDOHH $H UOLFE XM X U H

DQG )RRG 6\VWHPYV GRL \%
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63 ILJXUHV DQG DVVRFLDWHG SIUREMOOMDWQW CRRPEFLIQIWKLIRIE VS U HVALRBIN  KILU ¥ i \B\ Q VHL R
LPSXOVH UHGXFHG IRU DWPRVSRWUdLF AMRUDWLRQ VWDUWLQJ

$V FDQ EH VHHQ ZKLOH WKH GUF ®BWY \PHD\N R I\DRVHFH @ XWL WHK L
GHOLYMUTHDH WKHLU SHUIRUPDQFH KN B DBALVA G ISWUIRSHROL@DANALVD N

DQG VWRUH \LHOG XQGHU WRRHR $B\GIR DG XIDAG SHIREP /O D Q W
H[FHHG RXU QHHGV MXVW WR /92

1RZ OHW V VHH ZKDW KDSSHQV ZKHQ @ZBIQWUD WK N WDPLH $ UR
FRPELQDWLRQV IRU D KLJKO\ HOGHDMWIF DO +92 a NP
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NP V| ITUDH W

021 &\OHW,
021 &\OHW

021 &\OHW
12; &+

12; &+
12; &+

12; &+
12; I+

12; |+
12; I+

7KH SUREOHP LV DFWXDOO\ HY H® ZRX\OH W KD DHW WL \D V FHHID
KHDWLQJ DQG RWKHU IDFWRUV EGFWRWV HUDEWL. RED MHQUPSXOV H YV
EHHQ FKDQJHG LQ WKH DERYH WDEOH

‘H FRXOG DGG DQRWKHU VWDJH WD\ WR QHW&WKHWY BMORRVNWR X

DWPRVSKHUH ZKHUH LW FDQ EH KDWX&RHR/SIWWPHHIOE DEXPRAX KK DV
KRSH
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,Q DQ HQYLURQPHQW DV FKDOOH@W @D QW IR FRPBQHF®RHV
DVFHQW DQ\ PRUH WKDQ QHFHVWDH\IR®G/GKIOY HD @ RUWW IR VWD U J L ¢
LPSURYHPHQWY GRHV QRW VHHP MXVWLILHG

*LYHQ WKH GLIILFXOW\ LQ FLWWURP WRKB X BIBIOLBW LEZBIOVR B>
RIIORDGLQJ WKH HQHUJ\ UHTXVWMDRIHQ WD YW R WKW DHWIRF\DISW X U H
WKDQ +(92 ,Q WKDW FDVH WKH TR \Z\W DRQVIRAUWR R LRWELMVDW KH W
VKRXOG XWLOL]H RQ WKH (DUWK HQG

6LQFH ZH QHHG DW WKLV SRLQWKULR WB\WMEUN DRW WDKH VHDIN B |
DUJXPHQW ZH ZLOO FRQVLGHU 6SDFHW VUS WRIDRWH®R UMWV B/ H P
LQYROYHV D YHU\ ODUJH VW D J3HWH XH® ORHG DIPUREDBSYEUH DW L
GHVWLQDWLRQV

ITS delta-V

10 —— Without

landing
8 With Mars
landing

0 100 200 300 400 500 600
Payload

S5HFDOFXODWLRQ RI ,76 ODXQFK G FE GCAHW.UQVWWRFOVD U FIRPSCWIR RZ® MR WMRD/'WHTR SD!

PDWFK WKH VWDWHG 0DUV ODQQUIGIURSH DD DQMT ¥ DWQHG \ODWFGALW W W S RIORBIE WRWD® D
RI WKH WRWDO DW W SD\ORDG

6SDFH ([SORUDWLRQ 7THFKQRORJDBY\WRUBRHBWDRIQRYHG IURP
KWWS zZzZ VSDFH[ FRP VLWHV VMWHVURQHS/GPDUVBSUHVH


http://www.spacex.com/sites/spacex/files/mars_presentation.pdf

$00 WUDQVIHU VWDJH SHUIRPRRQFXPI IHAHBI\ BEHOREWWHUDQV I

NP /(2 WR 972 DHURFDSWXUH ®G6XVUHPXVYURHRQWIGHXHWD 9
NP V

NP /92 WR (DUWK DHURFDSWXUHHQFR\OXWHTXPUHWV¥ DQ@H QWD ¢
NP V

7KXV ITURP /(2 WR /92 DQG EDFN UMHAXL GHOWDRXQRGG FDQ GF
DSSUR[LPDWHO\ WRQQHV LQ GED\W ROWRRRGG DRIBUH DUH K
PDQ\ SRVVLELOLWLHV IRU IDVIWH Z L\ OD@WH IBUW R FQUG KW & FIH WD E O
DFFRXQW RXU UHVHUYH SURSHOODQW UHTXLUHPHQWYV

7TRQQH(7TRQQH| NP V NP V { 'D\WVW 'D\VW O0ODUV /02 GD\  0DUV VXUIDFH
9H Q X (DUW| 9HQX (DUW| 9HQX (Duw HTXLY SD\Q HTXLY SD\OR

([FHSWLQJ WKH WRQQHV RXWBRXRQEDVH WRQQEDAQRER FDVHVRBWHRQMVHQWHG LQ
UHPDLQLQJ GHOWD 9 JLYHQ WRVWKH RW R/ BVROHQ GQ BARK ©BQ WR RXWMERXQBJIDQG  WWRR
LQERXQG DQG WR RXWERXQ G/ DR @D UVW\RF HOBPRX.®E DUH JLYHQ IRIWKRXSWULVRQ
UHIXHOOLQJ DQG WR WKH V7XUH DOFDHV VE HW KL RISIOX HO OLQD W WK H O % OFCH GOV R IG VWRIKGH HVOSFLKF B A U
EXW NP V G9 LV QHHGHG IRU GEY EMQ@QWIBDREG IRMMWFHQW



7R WKH ULJKW I
URXQG WULS WUDQ\ *
(DUWK DQG 0DUV RL 4
3D\ORDGV DUH DVV: 4
HTXLYDOHQW LQ ER
$Q\ H[WUD GHOWD 9
HYHQO\ LQERXQG 1&”
FLUFXODU FLUFXOD 20

LQ WKH 9HQX 10
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FDVH WKH RXWERXQG OHJ LV FRDIEEEXWRIWKIFKIRRYHGD\WHI LV Q
WUXQFDWLQJ LWV FXUYHV RQ WKH DERYH JUDSK
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JUDSK

Payload vs. Time To Destination Payload vs. Time To Earth
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W EHFRPHV LPPHGLDWHO\ FOHD W VKIDIMWE V (& RZT 5H WOX/UNH KI D
WUDQVIHU YHUVXV /(2 /02 5HWXQ QVHQ RWLRH PBXMP RR\SHDXQRDG 9}
ODUV ,658 VFHQDULR 9HQXV ZLPHWDEX®\ WRIQHLOERX QE58/ IV FHQD |
RIITHUV PRUH IDYRXUDEOH RXWER®Q QG ON LEFPHH @ R WH 5 DRKDGGWWH OR
IDVWHU WUDQVIHU VFHQDULRYV @WH FORUMOND ¥ R(RUD®DQ Hs MAR XIHQ Z L
DOO UHJDUGV YHUVXV DOO RIRKWMHIQRAW DRIRW IRAFHLQDH BIXHMORD G\
VKRUW WUDQVLWYV

$V GLVFXVVHG SUHYLRXVO\ XRWULEQLIWDDKL SKQ\XN OWOH BXALIUAHD/O W K
RI D ODUJH KDELWDW RU DGYDQRHRGBUSUHRSW A VEHR @ BFQRH) MHRS WIVU U\ |



ODUJH DVFHQW YHKLFOH WR UHDHEK ¥*V(82R+BZAKHYKWHQHYUHQ RRUELW
(DUWK HQG RI WKH WUDQVIHU ZRQ®WG EH D JUHDW LPSURYHP

,V WKLV SURKLELWLYH" ,Q D +U{R /%XHBHHWMXOJXV LMWFNEG@RUFOH |
UHPDLQV LQ D KLJK RUELW DWRODUWKKH RYXUUBIRMMK DQG WRH@ LV OD'
WR D KLJK RUELW S3DUWLFXODLBO\ DRWHLGNWIRG SRIVWL ELWH WK
ODJUDQJH SRLQWYV KHDYLO\ LQYH' WLIJDWHGHED PBOHX KD LEH UF
YLD D GD\ NP V WUDQVIHUVRWUDQGIHU HPSIGR\LQJ D OXQDU
DVVLVW

TRAMSFER TIME  EARTH-MOOM LEG: 140 HRS

MOON=L; LEG: 72 HRS

AV=-REQUIREMENTS  EARTH: 10,310 Fps (3142.5 mps)
= MOON: 404 fpe (1B4.1 mps)
Ly : 484 Fps (147.5 mps)

EARTH

il \

e
MOON Ly

5HSURGXFHG ZLWK UHIRUPDWWLQJ IURP )DUTXKDU

JURP / D FUDIW FDQ EH SODEROQ @QWR SHKILLIKH WO D MW WRI
RU WUDQVIHU EXUQ WR 9HQXVV W @ R\QWP RQ ROVFUDPW FRXOG
EH EH UHWXUQHG IRU DV OLWRIOB ®RQJ PaV OW\ WWHIOFRWLMW WLPH

PROBE
TRANSPLANETARY

/ INJECTION

ARTE 2

TUG RETURNS
107Ly MOON

5HSURGXFHG IURP )DUTXKDU

7R ILOO WKH ,76 VSDFHVKLS DWZ/R PG G L WH RXQLIUH W DVXNDAMWU V  E
/(2 (DFK WDQNHU KROGYV W RIFFUHR/SHO GIDOQEX UDKWRVDQWHUF H ¢
LQFRPLQJ YHKLFOH RQH DIWH W WAHS @ H HD FKW BLKL(FDH QWY DSSU

W SURSHOODQW UHPDLQLQJLQRWQPFERXGWYEY IRMIWRQWLOOL
VSDFHVKLS IRU LWV RXWERXQG WV RS B/ RRBHH@DOD QHD K RDNVQLQJ |
DQ (DUWK IO\E\ WUDMHF WR U\RIR 0 DIGREU IPNILY JHW R DRAUHEL W R )
UHPDLQLQJ IRU WKLV SXUSRVH DQG FRQWLQJHQF\

$V 6SDFH; KDV QRW DQQRXQFHG OWKBUURSORQELURU FXQIQRDE
FDQQRW DQDO\]H ZKHWKHU D F UHZDF R XKIDG RAHE WW IVE WIGIJWLHRG

YDUTXKDU 5 :7KH 8WLOL]DWLRQ RI +DOR 2 U E LMD WQFRGGDURBHES DRHI0LIEW &HQWHU

6SDFH ([SORUDWLRQ 7THFKQRORJLBYV V& RUWISRHWBWIWRQRYHG IURP
KWWS ZzZzZZ VSDFH[ FRP VLWHV VMWHVURQHS/GPDUVBSUHVH


https://ntrs.nasa.gov/archive/nasa/casi.ntrs.nasa.gov/19710005876.pdf
http://www.spacex.com/sites/spacex/files/mars_presentation.pdf

8VLQJ 6SDFH; V FRVW EUHDN GRZXPIRRUUDRK W B GRNUHEU W DAKKQH K
LQFUHDVHV IURP WR WKH QKIPFEHURRPI EWRVWHUW GDXIQH VKLS L
LWV FXUUHQW HVWLPDWH 7KHJUMY X® WILHHQUIVXRVWKIEM- U BVSMHLP DW I
ODUV VXUIDFH ,658 +RZHYHU WKHBQWIRVRIUDFHDWLFURRY WKH |
ILIXUHVY ZH ZLOO XVH WKH VDP HDWQRRXRIGGRXOWDBRX GG \DFOWLHEMHG S|

. OD[LPXP SD\ORDWRQQHYV GD\V HDFK ZDRUYV W G I
/(2 /192 BHWXUQ W G IRU /(2 /02 \§HRAKXWER XODQEG W
LQERXQG G IRU /(2 0ODUV 6XUIDFH ,658 5HWXUQ

. WRQQHV GD\V YV G G IRU /(2 /62 5H®/ XRIQ
/(2 /102 SHWXUQ DQG G G IRU /(B 508D §NWXWQD F H

. WRQQHYV GD\V YV G G IRU /(2 ®2 5HWMRIR
/(2 /102 5 HWXUQ DQG G G IRU /(3 508D Y NWXWQPD F H

. WRQQHV GD\V YV G G IRU /(2 M2 5HW KUD
/(2 /102 SBHWXUQ DQG G G IRU /(5 508D HNWXWQD F H

W VKRXOG EH UHLWHUDWHG WKDWHQWREHVGEBWQ ®H 6 RXRIG
SDUWLFXODU V\VWHP DUFKLWHE WXQ\HERR BLUIQXNSWRKSD VS LOHRWU G H
VSHFLILF WUDQVIHU VWDJH H[\DFPP3@®IH 0 RRRIUMUDGHWVRPECDXQF
DUH SRVVLEOH DV ZHOO

6FDOLQJ

JURP WKH DERYH GHOLYHU\ RSWLRDELWBW &FIK D EAMNXL
DERYH FDQ EH VHHQ WR EH TXLWHKZRONDEOH REXD PAMH HQW RP HZ
ODFNOXVWUH LQ WHUPV RI SDYBRDWR GHOWDFRZLOEDRREZBHDDLAWHU
VFHQDULR WR LPSURYH RXU FUWHID QM OHY WUWMDWIR YR WEKLWWR R QKCS X W "
HIDPLQH KRZ YDULRXV IDFWRUV LQIOXHQFH LW

. +RXVH IHZHU SHRSOH "XHY KHEX¥FBHW ERWK PDVV UHODWHG W
UHVLGHQWY DV ZHOO DV WKHKHHKUFHOEH VL]IH RI WKH ODXQ

.1RW KDYH WKH DELOLW\ WR ODXQFKLNYHWORZNM SHW XURKDHWWELC
VPDOOHU

. 6LQN GHHSHUKDSY FRXQWHULQWXLWLKH OWRRYSKBDU HG B H S/HU
LQFUHDVHV WKH ODXQFK FDSDFUWWQ JKQB H LD ® YDRY SRR PH
PDVV WR JR WKURXJK EXR\DQMQ RWROXPHMELW BWURIFDV OL YS U R
WR WKH H[WHULRU DLU SUHVGXUIRUZKXWKDQ KHDWWLRO B ULRXR
IOLJKW DOWLWXGH \LHOGV D KEDEDWHBW WDNQROK RDSD FIUWD V8|
HQYLURQPHQW VKRUWO\ EHIRUHVHDUVRRKY Z RXOMGK IVRX\W R H B XEIH



SUH ODXQFK DQG ZLQWHU LPPHBUDR®H®\ FRKOLKDD | WHUN KR G
HPSOR\H& OLWPHDWH FRQWURDO

. /LIWLQJ EREFXVVHG LQ P BXR\®HWD E®Q@MMUROQJ ERG\ ZRXOG
DOORZ IRU PRUH GD\WLPH SD\OR®DW LMDESIH L WX W VWV E H IKYDHEQ W
VLOQN GRZQ WR D ORZHU OHY HOSKRWY HU LKWJ AKEXEG HA RERXFOH/ IGRH
RI GD\ DQG QLJKW DOWLWXGH EXWI| MKHHQE BI® DIQ/F 8 HRM LW R IED K H
YV RWKHU IDFWRUV LV DQ LP ®0QBPWHKQDND WXKR Y ESHED OIFQG HY

. *R QXFOHBEBOHDU WKHUPDODXBAGHRHNHWWMKBNOHKIDOY H IDU KLIJKHU
SD\ORDG IUDFWLRQV HYHQ LQPDRADOL@ WUARHF N MMV H 6 RVIKHD @ X KGIH
WKHUPDO GHVLJQV FDQ DG G U®WURQUIRONY CRAVYWHHUG WEKHHU DREG @ LR
GRFNLQJ

.*R ELZQH LV QRW UHVWULFWHG WQJIJDKM XVIREH ZXWHHWYR 86

UHSXUFKDVH WKH &DUJR/LIW KDQID® L ¥ rAUCPDQY\R KR @ DRI HU
P ODUJHU DQG PRUH PDV\DRSWKIPD/O PR XK® FHHGE XL O W

VFEDOLQJ IDFWRUV DOO PDNH ELJ PRUH IDYRUDEOH

, /LIW VFDOHV SURSRDWLRQFXEH®R WKH
, $LUVKLS VWUXFW XUDBDRDH W IKDQ MWK I XSHE/LVX W KT & D U H
UDGLXV FXBEAGSOHYV
z 3HUPHDWLRQ UHVLVWDQFH HQYKDBEB QB8 UVKIXYF |
UDGLXV VTXDUHG
z &KHPLFDO ZHDWKHULQJ UHV LY WDKFWHHOLWHIO RS H [
DQG WKIGLXV VTXDUHG
z 7HQVLOH UHLQIRUFHPHQW QHH GWR LW DI MWLHPWH B UR S
WKLFNQHVYV UDGGXWKKYEH® VSKHULFDO VKHOO VW
. 35 WKXV WR PDLQWDLQ FRQVWDBWVXWHHVV |
3 WKH WKMRN@BWHULDO EHDULQJ WHQVLOH ORDGYV
FRUUHVSRQGL®GJ WR UDGLXYV
z 5LJLG IUDPLQJ LI SUHVHQW HBWHQTHH W RVK F DUDIHG D YWV
VTXDUHG DQG FXEHG
, $JULFXOWXUH DQG VRODU SRZKMW DU EDBOMKXMVKUWNEK H B X |
DUHD DQWDWKXV VTXDUHG
, ,OWHUQDO KDUGZDUH UDQJHVRI WEP G RQVN MDDWFWRZO L @
DUHDDGLXV VTXDUHG
, ,658 QHHGYV VFDOH ZLWK FUHZPDQ® ZLWK WRWDO DLUVK
, SREFNHW PDVV VEDOHV DW OHV D SDKEDY \O IDAMHED W KXW © HF\W!
UDGLXV VTXDUHG

,Q VKRUW WKH ODUJHU \RXW XDERWDWQFK WKHZHDY G HD UWR
UHWXUQLQJ YHKLFOHV DV ZHOOWIX\. GRHQY W X% W DDEIRXMDHYW D W
FRPH DW WKH FRVW RI KLIKHIG FRQGWP B QARINOWOA UHOWXNUB® D V XS
ODXQFK V\VWHP



,PSURYLQJ WKH VLWXDWLRAQ

$V KDELWDW VL]HV JURZ WKHHW UDHQW IXW W [ BVEXIDQWL R/G H. FFDWRY
WKH OLIW RI WKH KDELW D WX VD E/OH I IDRVLAHHOQWV WRH K/ IXFSCSHRU W KUDHW  F D C
J)RU H[DPSOH D KDELWDW GRXEPHVWWKHISRE XU DDMLR QR XUSMRSOH
WRQQHV OLIW ZLWK DERXW DURWQGEH G L MR/QHGE W R WK/ DVFHQW

DOORZV IRU DQ DVFHQW YHKLROWKDHDRERU WBE W EPIOV XOIDMW HR Q V
SUHYLRXV FDVH IRU D WZR VWDJW DVFHQW WR +(92 ZH JH

G9 obvyy 'U\ PDV| B3URSHO| 3D\OR
6 WDJ 3URSHOO , VS NP vl 1UDF W W W

021 &\OHW
021 &\OHW

021 &\OHW,
12; &+

12; &+
12; &+

12; &+
12; |+

12; I+
12; I+

(YHQ WKH VPDOOHVW RI WKHVHUWWVWBUPBUH WEBDRSQHF H&W K
6SDFH 6 KXWWOH SDVVHQJHU Y DUW R QIS OIRAUHHW P SFOOHU JRHBEIBI\  ZK
FDUU\ WRQQHV WR /(2 ZLWKHQJELVWDWW FRIQWDWHKLFOHV VXF

IHG E\ ,658 IHG LQ WXUQ E\ IHHKNWUY BV HIAR XHWEH WIDNH EDVLFDC

FDUJR LV GHVLUHG ZDQWHG RILRRUDG PRVHZWEBO @ W KIQ DERUHP H (
SHRSOH WR OLYH LQ WKH KDELWDW

7KH LPSURYHPHQWY QHHG QRW VW R & DMKHWU HD KIDVE DWWDIW X OW
SURYLVLRQ IRRG IRU UHWXUQ WURISV X LW K HMQK\VH GERH-YDHOR SEBSHBQS U R C
KDELWDW FRXOG UHIXHO WUBWQV(BBKVYWDHB WIRNHQHRWX WE KBV BHQ X'
LPSURYHV WUDQVLW WLPHYV FDRURVWKURXJKSXW DQG HFRQR

$QDO\VLYV

,W LV QDWXUDOO\ FRP SHO O LRMHFR ATPOW OV RH @ WIDLLQDMWDH WY KSH
WKHQ VFDOH XS ,QGHHG WKHUHPKD/NWKHM@RED FRIORBIDDPXH Wi
DFKLHYH WRR PXFK WRR VRRQ

+RZHYHU WKH EHQHILWY RI VFDRY D VWH XV VKD FLRAPIBW O QIWMQV

/ 'DYLG 5 &LWURQ 7 5RJHUV & ' :DONAKWH GSDED 7R¥IBLVW WR ; 3URFHHGLQJV RI W]
JRXUWK $QQXDO / 6SDFH 'HYHORS®SQMD &RQIHUHQRH: KHIOIQIJWRQ ' &


http://www.spacefuture.com/archive/the_space_tourist.shtml

DYRLG WKH TXHVWLRQ LV LW WWQRYQIPWW R EXLHOWG DYY BPEDY KD UG
UHFUXLWLQJ JUHDWHU PDQSRDEBKHU CIDXWAKL @ H KMF @ HW KVDFO O KLV
KDELWDW WKDW LV QRW RQO\ F\D\WDE @R RH BSHIRED KRPGGWIRREDO P
FDSDELOLW\ EXW LWV ODUJHUZRXDKH D CEORE VIRKQMW JYHDIWFIOU GH C
WRBHQXV DQG RU VLJQLILFDQWOS W FAUHISV HWV Y DEQVIIHUX @/\WPWR V[
LV QRW FRPSHOOLQJ &RQW U\N UAFOX O W KEHH HE MVGULLF BV EIGV\D R/ @D U J H L
PDQXIDFWXULQJ FDSDELOLW)\ ,UHWPIIUHQHGRXUKVULRON EMQW QR
DVNLQJ VKRXOG WKH ILUVW PBHEOHG PLVVLRQ QRW EH ODUJ

%XLOGLQJ ODUJH DLUVKLSWKHF (RRWIWQXYLDOO EWLD OHYYV W
HQG RI WKH GD\ ODUJH DLUVKHSWDRQUBQWGREB R VEKXKLQE WIXQ® @RW DV
H[SHQVH +DG IL[HG ZLQJ DLUF UPQW BUMRK HQLUR 3/WINFWKBRQODLU Y
KRZ ZH ZRXOG DOO EH HQJDJL @ LLQD B HWBI GV UFDQYHH @ IWARKG-D Y USH DW D G
9HQXV DV D GHVWLQDWLRQ LDAUWKDWVHWK SHYDMDODH LWAHWR XUH  J
PDNH LW HDVLHU WR WHVW IRWIRSED\WURKKY : MK P/LDPRHU KFIDFEG W D W
XVH RQ 9HQXV FDQ EH ORIWHG FRQWRUW IR IZKWRLKIPORAE B[\JHQ X\
GLYLQJ DQG VXSSRUW D FURQ@ 2R@K8BH RYHW ,6 MX¥WQEH HIITHFW
VRPH H[WHQW FRQGHQVLQJ ZDWNULIURW 2ZMKH DWERY YKB B HGDP LV
VDLG WR UDLVH WKH 75/ IRU KBDIBLIMD W KD 9BQRVH YRLERXP HQW
DQ XQPDQQHG VPDOO VFDOH GHPRWQYRXO®G EH R QEH WDHWQ R'Q DO®! @ \
DGGLWLRQ WR D ZLGH UDQJH RBBMWXHU QBTX VWHPHQWY VHH

.l KDYLQJ D VPDOO PDQQHG KBIEIHWDW D\G GRWH@WE DHO B\REB Y
QRW D QXFOHDU WKHUPDO D VF$HSHD ¥ HEKL POMW EURDDMWQRWN WA FKI



3. Deplo{/ment: Where and How




'KLOH WKH SRZHUIXO JRQDO ZHFRQWHROHRR G DIRDK LON NGO
DOWLWXGH DQG ODWLWXGH FHWEK R/HDOHF WH B X B IDQIFW XGKL OW O
GHWHUPLQHG E\ SURSXOVLRQ DN MIRUMVK W IR W K OB RULLYGLARQDHD Z L
QHFHVVDU\ 7KH FRPELQDWLR QGH VOHWPLYDHEHWKHGGDAWLERGBQF
WHPSHUDWXUH DQG SUHVVXUHOH\KLBUY ©DAWHQWX GIHO W QB X\ER DG H W
HIITHFWLYH GD\ OHQJWK YLD VXSHUSHUURWDWLRQ

7KH EDODQFH RI WKHVH IDFWRORZARDQ EUVID\VSKHQ ,bQ, 8V k&I WO

=]
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:KHQ FRQVLGHULQJ WKH JUDSK DRDOYWHHWY DNXROQW IEBHH L\VQ HEP[S\N |
VRPHZKDW GXH WR WKH SUHVHQFIHQRWBRHIKBHIOWMBWY HKHIHBRWWRP
JUDSK NP DOWLWXGH FRUUHVBIRYGYIWDYV PIEMXUHKHRXOG EH
DSSUR[LPDWHO\ R[\JHQ 7KH EHDXFRQGUBVKWEB O KOHOHRUWHW LQ ZKL
R[\JHQ DWPRVSKHUH KDSDWWHDOBHHRVV XUH DV VHD DKIHYHO RQ (C

%DVHGRRFLDOOL &\ FORVWURSKLE ZLOG LQO WKH P H\HROKYKHSH HM \O RE X% Y ®BQL R Q V
8QL (GLWLRQ
9HQXV*UDP 9HOXV *OREDO 5HIHUHQFH $WPRVSKHULF ORGHO 9HQXV *5%



http://www.mps.mpg.de/phd/theses/cyclostrophic-wind-in-the-mesosphere-of-venus-from-venus-express-observations.pdf
https://software.nasa.gov/software/MFS-32314-1

SXUSOH GDVKHG OLQHSPOWEBGBG\S WHKHVXUH LQ 4XLWR (FXDGRU
URXJKO\ WKH PD[LPXP FRPIRUWLQPPLUIW. GRDQARXKHDWREBDWHHG OLQ}
WKH $UPVWURQJ OLPLW WKH SIUHW DXWUHRDBW ¥ KPRSK ZDWXUHE R

1RWH WKDW WKHUH DUH RWKHUQ&IMWWHQWRIXUHFCHVL QD QGUWK P H Q
9,57,6 GDWD FRPHV IURP ,5 FORXG RWPUHDF NLRR UIHGIDRGORXKM GLQJ L
\LHOGV WKHVH UHVXOWYV IRU FWILIPY BQG NP UHVSH

Pressure level: 200 mbar Pressure level: 500 mbar
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BLFFLDOOL

9H5D GRHV QRW SURYLGH D TXDOIKWYBDNQLUWWSERWDGIKB\RZQ
VHQVLWLYLW\ DQG VSDWLDODEKOVHRIRPQMHMLRQ ZLWKLQ WKH KDELW

‘H FDQ PDNH D QXPEHU RI JHQHUBAGWEGBWDINWMWRQV IURP W

6WD\LQJ QHDU WKH HTXDWRUGLYVQDDED3E W 5R/Q RVORDID G MDURKD
HDUWK GD\V ORQJ WKH KDELWIMHW \PXWHW BNMRDEH TDHE OHH VOR K [3
HDUWKOLNH WHPSHUDWXUHY DHWHIUWD WOLFEW RUK VY H @ R D FSHUGR/R
PHDQ SRWHQWLDO LVVXHV IRU XHBDG W K DW/GEOR R FERW W REIHY F
LPSRUWDQWO\ UHGXFHG OLIW IRU WKH DVFHQW YHKLFOH

. $ EURDGHU UDQJH Rl ODWLW KGMHK DH)\GH B OB LXWXHG RV DF R ® DRSD
FRQWURO VI\WVWHP DOWKRXJK VXFRQMXRH R\ JIULHL B D Q WH DIPQR
RI SRZHU VHH W&GILY BRWHLIRREWDOR/SLUDWLRQ

p ODWLWXGH SURYLGHV DQXGQ@WHDHV W IKRXED®D\QE HQ LWR C
GHSHQGLQJ RQ ZKHWKHU 9,57,6 RBXUHBW HS D & DWW ORHR R HUR G |
DQG HDUWKOLNH WHPSHUDWXUHV RUW B URXSQHV V DWHPY 7EBIR Y
E\ ORVLQJ RQO\ QLWURJHQ QRN QR[W\M QH FORGNUHHIASHR Q & JDIWIL Y
HIITHFWV WKH RQO\ NQRZQ RQMVRH \OXQLVLEDB FHHVY WK BE®WW L
FRXJKLQJ DQG D QXPEHU RI DGWIDHQUVBUH D WIKQ PO X GU D VHRDQ L
SODQW JURZWK DQG ORQJHU WH$HM AEROWKREG VSRLODJH VH

BLFFLDOOL S\ FORVWURSKLF ZLOG LO WKH PHHRKIYKHSESH HRM W REXWMHYBEFQLRSIM. (GLWLRQ
S3DUNHU - ) -U THVWALRBYWUROQODXW LFH6 $D WAL ReRHFNK QRLGB3\63Q F



http://www.mps.mpg.de/phd/theses/cyclostrophic-wind-in-the-mesosphere-of-venus-from-venus-express-observations.pdf
http://ntrs.nasa.gov/archive/nasa/casi.ntrs.nasa.gov/19730006364.pdf

)XUWKHU SROHZDUG DOORZV IRVUHHY KIQ KR SW HV \GOAN VD @R
LQ DGGLWLRQ WR IXUWKHU UHGKXBNYQU RQYPIDQNK W KLRPSWRHA H
KDELWDW FORVH WR WKH SRODU YRUWLFHV

’TDDDDDHW

3KRWR6S$ 9,57,6 9HQXV; ,1%) ,$6) /(6,$ 2EV GH 3DULV * 3LFFLRQL ,19%)

+RZ GDQJHURXV LV WXUEXOHQFW LY WKHLFRODMWRVWLFOIR "
HYHU SDVVHG WKURXJK WKHP :RRO HOIRW M R ¥R QWP QW HGVRU RE |
ORQJHU WHUP VDWHOOLWH REWY MUHUPNEBBVHQ@EW KRXWKH GRRXHEG V
PDNH ILUP FRQFOXVLRQV LV OLPLWHG



6KLIWLQ) ZHDWKHU V\VWHPV REDWUYXNG LQKIRWBDU HEG6E\ -$N$

7R VXP XS LW DSSHDUV WKDW DURRXIG p M WLWRXGHE D Q @ W
DSSHDUV WR EH DQ RSWLP DOEQRPIW 7RG IRWLP QW LW LIDY KDDE O |
VLIQLILFDQW 7KH JHRORJ\ DURMBG QWH U MVDVWUIXD PQGPRLY HUVH
LQFOXGLQJ SDVVLQJ RYHU , VKW IDUSRMMWLE O 1V FRIQWLLFG HH A Q D Q \
FRQGXFWLYH VHPLFRQGXFWLYH LM RKWVORFDWHBRWIRIQQBQOKD W K
PRXQWDLQ OD[ZHOO ORQWHYV DQG KQ B WWHKRYMWL QB YXQHDF H
&RQVHTXHQWO\ ZRXOG DSSHDU WS IEUHWMIRK $QH WLLDUCH GQR/MHHRILW L R
WUDQVIHU DFURVV WKH HTXDWRWH K6 RILNIS REWHWR ROKHIGREH B\R V \
DVFHQW YHKLFOH SURSHOODQW RB \KDH\. \DDW O® ZR UDACHILR WIRQ UO R D
DOWLWXGHV

(QWU\ DQG GHSOR\PHQW

7KH WUDGLWLRQDO DSSURDFK I'RUX\HOQXE\DIWHRIRV BIQHU S B REERY
IRU XVH LQ IXWXUH XQPDQQHG EDOORRY WBREHY DQRXFHKURW KHOO
SDUDFKXWH DQG D VRXUFH RWHQWXMKHWLIRLY EDSHY WR LQIOD

7KLV VA\VWHP LV IXQFWLRQDO DDW OHRYMYRQ VDKW\SPPDO VF
GHFHOHUDWLRQ SURILOH IRU HL WKEHUNDWR B/OHRSDMM R DLAQONRIOLYI K. Y |
GHSOR\PHQW RU SUREOHP DWLBDRWMGKLQKWKH RCHOQH.GV \ $92 & KD E
SURSRVDO

6KHOOQXWW -3HWURORJLFDO PRGHOLQJ RI ED¥ BOWHFIRWRFMNWH IJRIPVIHHERX RQDMQOLFLF U
RI *HRSK\VLFDO 5HVHDUFK 3O0DQHWWRL MJUH

7UHLPDQ $ +DUULQJWRQ ( IHIODWSWRGDY EULJKW KLIKONVOBYG 'RPDWHHQWOVLRQDW X
2YGD 5HIJLR DOG RO OD[EBOXVORQWHVGRL M LFDUXYV



http://onlinelibrary.wiley.com/doi/10.1002/jgre.20094/full
http://www.sciencedirect.com/science/article/pii/S0019103516303633
http://www.sciencedirect.com/science/article/pii/S0019103516303633

$QDO\VLV Rl SRLQW EDVH
KXPDQ PLVVLRQ GHVLJQ VSDFF
G\QDPLF SUHVVXUHV DW SDUDI |
H[FHHG WKH YDOLG HQYLURQPI
ORZ DOWLWXGH DW ZKLFK WKH |
DQG UHVXOWDQW KLJK GHQVLW
SUHVVXUH LV EH\RQG WKH VXU
FRPPRQO\ XVHG SDUDFKXWHV
GLVF JDS EDQG XVHG LQ FXUU |
H[SORUDWLRQ 7KXV D GLIIHUH
ULEERQ SDUDFKXWH RU EDOOX
WKH YHKLFOH HQRXJK WR SHUF

ODUN KLJK GUDJ ERPEV XWL
ZKLOH XQGHU SDUDFKXWH GHFHOHUDWLRQ IURP KLJK VSI

7KLV LV D NH\ LVVXH ZRUWK\ RdDFYRQ WIRGHQ DVQIHRHQY DI QR X
HQWU\ GHSOR\PHQW V\VWHP UHJDOGIBRXV R@XVKIHIKWUDAM Z® WKD
WKH JUHDWHVW SRWHQWLDO EG QWHKLW IR/ W KW KPLIW VY ROQU JX@E O\ [
GHFHOHUDWLRQ GHYLFH EDVRRQRQIPUVWDR LRD D@ WHQY EQ®O

9HQXV LV DUJXDEO\ WKH PRVWODXLWNROP BER G\GLQ WKWM ERO

75/ WHFKQRORJ\ UHDGLQHVV OMHWP RV RIHPDR B OCVWHW IRUJKQ IRU |

HQWU\ LW UHPDLQV ORZ DV VXFAKQDGW\S/OWRN A GKDARDHYHW EDOO X\

IRU PXFK OLJKWHU V\VWHP PDVV ZIHWK RXFKHORYKHOQUHHQWU\ WH

DQG VRPHZKDW ORZHU GHFHOHUD® URI@WVLQ ¥ KXOED CLAYOMIS FRE BC

WRZHG RU LQYROYH DQ LOWHVUKDWWGIORHOREBY WKIWWWH.V UHW
LQIODWLRQ DWWDFKHG RUXGRFRREH FRSWEICRD DHOIXRHLQF O

ool

cocoon attached towed

5HSURGXFHG IURP +DOO

7KH RWKHU EHQHILW LV WKHGWRIYR Y LR QNVKIHDED D@LRMHD/DOV LG X
FRQFHSW SUHYLRXVO\ UHYV HDUPRKNG HPY L QKSIDIWDIVE IOH AHHHGUE \

/IXJR 5 $ 2]RURVNL 7 $ O9DQQRUPD® -HF $ $ -RQHV &+$+LIXBDODIWX&H 9HQXV
2SHUDWLRQV &RQOFHSW WUDMHF WRRXOD®BEERIQ PRGHOLQJ DQG

1XPHURXV H[DPSOHV LQ SDUDFKXWSRQD® G$ B LJ \GIDRFHIBGIEMW UHOWWHED BIPXMEOH QRQ
ZHUH XVHG DV D SDUDFKXWH VWPEQDLMHHMLRQ V\VWHP RQ *H
KWWS 7ZZZ KT QDVD JRY RIILEFH BDRKM/IFWRU\ 63 F

+DOO - $ UHYLHZ RI EDOOXWH WHFKOQRSRXBIRKVHOWHGY D W\ WKIH RWR ,$$ &RQIHUHQFH
30DQHWDU\ OLVVLRQV /DXUHO 0' 0D\

OF5RQDOG $$ OLJKW ZHLJKW LOIODWDEOH K\SHOX\R GAUANGBHRQWEBYDLWHWMIRH $$6 $,$$
$VWURG\QDPLFV 6SHFLDOLVW &RGXBXHWFH *LUGZRRG $.



https://ntrs.nasa.gov/search.jsp?R=20150006858
https://ntrs.nasa.gov/search.jsp?R=20150006858
http://www.hq.nasa.gov/office/pao/History/SP-4203/ch8-4.htm#source35
http://www2.jpl.nasa.gov/adv_tech/ballutes/Blut_ppr/jlh-4iaa.pdf
http://www2.jpl.nasa.gov/adv_tech/ballutes/Blut_ppr/adm-vnus.pdf

KHDWLQJ SURYLGLQJ WHPSRUDUDO EXRIDIHOXFH EHVWXP KIBUHV \
FRPSOHWH LQIODWLRQ

$ EDOOXWH GHVLJQ LV DGGLWURQDLOW\ WH/THIIXWDHR G W R Q VK I8 H
9HQXV KDELWDW LV RYHUZKHOP IDYJ0D VGRIFQLVD DY\M K GF D\HWKOHX RH X Q (
ZKLFK LV LQ WXUQ RYHUZKHOPLQYORIGRRH GRS 8 CEQ DIQKH XP\DH G E \
VLIJQLILFDQW VRXUFHV RI PDVVHWY X6 KNHZ IS\OHD 6 RIHDQIBWZADUN 7 K X V
PDVV DQG OLIW UHTXLUHGVWIRQOWKW LMQ D OVP DWWV CCRZGIULQDO OLI
D FRQVHTXHQFH DW DUULY DO IW®&®G HED & &R KMLW @HHIGPWR E®IOD
WKH LQLWLDO OLIWLQJ JDV ®Q &\DEHW0BHGHWRS LIOH \RKH WB B HQ X
EDOORQHWY 8VLQJ D EDOOXWHG V \W WHI RVLRPW MOROBWQREHBOR\P H(
UHO\LQJ RQO\ RQ WKH EDOOXWH IDQV

,Q RUGHU WR DGYDQFH WKH WBPKWHD GL®YHA\O O HEYHH Q HIRHJV K/
GHPRQVWUDWH UHOLDEOH GHSQRPHQIFNMEH W PR WKW REG \\OWR L
DQG KHDWLQJ LQ OLQH ZLWK ALRIRFQAOMWRL\R QR'Q RX FEEIHV O X XVAH G Q W L
XQPDQQHG 9HQXV SUREH ZRXOGRARWQRW @Y DLIH QX WKBEGWHW E’
DGGLWLRQDOO\ EH RI XVH IRU 3DWORD ®\WY & R/ KBIUMIK DQGWFH JLD
/JRZ "HQVLW\ 6XSHUVRQLF 'HF HOHM\DZARRUN B Q R WHRF @/HIY\H O R %/ IEYD O O X
RQ 0DUV

3KRWR 1%$6$%

‘H ZLOO FRYHU EDOOXWHWsD® O RWH €R YPLAHXIDBHEROD RI
DGGLWLRQDO LQIRUPDWLRQ DBRXWXEDQRRXWH G HWLIRXDGGLERQL!

$ VRPHZKDW VLPLODU DOWH U Q DSMLR/SR WHRGE IIRQWOW WIH \8 HOBVF R4
SOHQXV $WPRVSKHULF ODQHXYHUDAFK B G OWIRH® H UDM®GXQHB\HH W K
/ILIWLQJ (QWU\ $WPRVSKHUUF)DOEBIQWUERRWHKRAW UDQVWHR/ 1XOO0\

1$6$% 'XYDQW - & 6FKH® 66 3 PWHQW 1R 86 :DVKLRJIWRQ '& 8 6 3DWHQW DQG 7UD(
21ILFH

:KLOH LQLWLDO JDV LQ WKH KIDHIXWDIE®RP DLW KZ RRNYOHU EMLR iV HYRX OW LPDRVGIMAWLRQ GRM W
GHVLUHGA DWPRVSKHUH WKHUHLQ $V DQ WRIDWEBHLIKWHU HQRQQHWR SURGIXFH JDV IUDF\V

IURP &B+ - PRO E\SURGXFW &2 b+ ; &2 2- BRRO 2 0- PRO 2 0- NJ LV *-
BURGXFHG DW HITLFLHQF\ ZLWK RDSBPINWSRDRWMPWZRXOG UHDTXLWR BQRGXFHDUWK (
BUDFWLFDO OLPLWDWLRQV OLMW I RWH R QQWKLIHV X USRI/ PRPWIFRQ8WAE OL]DWLRQ

&ODUN /IRZ "HQVLW\ 6XSHUYRWURHNHIGOINRPW R

KWWSV 7Zz7ZzZ ODVD JRY VLWHWIKGBI/IBXOWGUOHY ILOHV ,&0D

*ULHEHO +5HDFKLOJ KLJK DOWLWXGHV R &\EHUWV ROWEK G 0 DLIO EQDMHVED-GH QO © KMZH J
7HXEQHU 9HUODJ

/HH * 3ROLGDQ 5 6 5BNWOXY $WPRVSKHULF ODOHXYHUDEH@GH ZBRDVWIRHOXY$03  $
([SORUDWLROQ$RROEFB® *HRSK\V)PDO 8@ HRQ QJ



https://www.nasa.gov/sites/default/files/files/IClark_LDSD(1).pdf
https://books.google.is/books?id=cnfAIDWYUxUC&printsec=frontcover&hl=is#v=onepage&q&f=false
http://adsabs.harvard.edu/abs/2015AGUFM.P23A2109L
http://adsabs.harvard.edu/abs/2015AGUFM.P23A2109L

VSDFH ZLWK QR RSHQLQJV EXUEGKH HQF® DMWH GQVIX E®DH @KW Q D F \
K\SHUVRQLF OLIWLQJ ERG\ WR B D LSRVIVILE O WLKL OGEHVBPAH DRIQO\ D
IURP WDQNV DV LW GHVFHQG VW KH OHO Q R @/J SRURW K B LEDIOIGRRIQ H W V
RITHUV WKH SRWHQWLDO WR UHGXFH GHDIQWQYHORSH KHDWLQ

7KHUH DUH PDQ\ RSWLRQV IRURIQQ L)\ UD\OS DIFHIFW DRW LK) GOLDRA H
KHOLXP DUH WKH PRVW FRPPRQ LOVDQWRR) PDVWNV KORIZHH WA SLF D
KLIKHU WKDQ WKH PDVV RI WKHWRVHRQ®KBERVWOYHE B} LOMF UHDV
SUHVVXUHV +\GURJHQ FDQ EH SURGXWH & QUR PK WEKUIR GHIF ERD U L Q
FRPSRXQGV EXW WKH K\GURJHQ RQUMDFRMOLRQVRX SVE P PORWLWRZH"
UHPDLQLQJ IUDFWLRQ LV XVHIXE@ QWHOW WKDRQW WHRPW DDBDRSGRUW
H[DPSOH DPPRQLD GHFRPSRVLWHR® IRN\DMHG BPYWDBMDWQ VLWR JHC
K\GURJHQ IRU D K\GURJHQ HFRQRP\ SURFHHGV DV

1+ 21 +

7KH K\GURJHQ XVHIXO IRU |XH OZMPMOHU SRIZRGX FAMQRIDD \B QREQP |
DSSOLFDWLRQV FDQ EH VHSD UDPASHRG \WDQ W KHL Q. MOURIBND EDQD P R
RU VHOHFWLYH PHPEUDQH 7KHUGXPEBQ RIOPRNVIRXQOVPLKLHEEG FLC
GHFRPSRVHG WR \LHOG OLIWLQP LD VIH&G IPVRIVRY) D O 8\ H] @ PMKHHIV L Q J
KHDWLQJ $GGLWLRQDO PROHWDWHOLYKW WRNM ARBE® EMHUPWIF UHY
VKLIW UHDFWLRQ XS WR WKH P S[WIPXPXWBHWRI UDDWRD LYD SRGHUH Q'Y

&2 + 2 +2 &2

$OWHUQDWLYHO\ DFFHOHUDIWZYHRE DW PRV SKWKDRQRODPLQH V\
FRXOG SRWHQWLDOO\ \LHOG QDWHRN KR KIEWWDNR XCIHU WRI LLOVYV G |

'REFNLQJ DVFHQW DQG GHVFHQW

$V GLVFXVVHG SUHYLRXVO\ R@HHRV WKMKIOBHOQWH YW FAKDW D@
WR DQG IURP WKH KDELWDW RK\\R RG SR SDG OMRQWN. ®KWBDWW D J L
FRQVLGHU WKH GHWDLOV RI GRE®Q

7KHUH DUH PDQ\ SUREOHPV Z
REMHFEW DQ\ZKHUH EXW WKH XQGt
LQFOXGLQJ ZHLJKW EDODQFH LQF
JUHDWHU GLIILEFXOW\ PRXQWLQJ ¢
XSSHU VLGH DQG VR IRUWK $OW
ZRXOG EH HTXLYDOHQW WR WKH
DLUSODQHV RQ WKH 866 ODFRQ D(

) & 6SDUURZKDZN ILJKWHU
$QDO\VLYV DUJXHV DJDLQVW FDPLUVKLS 866 0ODFRQ 7KH 866

VHUYHG DV DLUERUQH DLUFU
PDLOQWDLQLQJ OLIW DQG PDQHXKRE 3KRWR 1DYDO +LVWRU\

%HOO 7 ( DQG/ 7TRUUHTVUMR RXIXWERDORLD $PPRQOLD 'HF RMRERDHLWHWO B RIDQUDIORQPWLY  $
S5HYLHRSLFV LQ &DWDO\VLV ‘HE



http://link.springer.com/article/10.1007/s11244-016-0653-4
http://link.springer.com/article/10.1007/s11244-016-0653-4

5RENHWV WUDGLWLRQDO RU WRWBODH EDWWRHYD US RUHILHIGGSZLQ.
WXUERSURSV DQG VR IRUWK WDRBVV KLHK & \WK\RHPVPIDVYYKW DQG
FDWDVWURSKLF IDLOXUH PRGHRWWQRBQRBRWLFHO RMW V RQMHP FRP
PDVV ORQJ IOLJKW WLPHV DQIGKWAW OHK D) OXUHY ARGHOHW $ OL.
YHKLFOH FDQ PDQHXYHU WR XQ GHUMG DWR WK HVKDVELNMVG GBRQ H
FRQQHFW D GRFNLQJ FDEOH WRWHRKWWHRRD WKH WREL 2IQFHY HK L]
OLIW WR WHQVLRQ WKH FDEOSODEB LV WKHQ ZLQFKHG LQWR

$VVXPLQJ WKDW FUHZV PXVW FIODRPEW U WLWKGE K $ LWL W R
WKH ERWWRP RI WKH KDELWDMW DKWQWIKCGBUMNHVYYRBH &IKIHKWUWHQ WL |
DQG RXWVLGH DQ DLUORFN R@&BSQXWHIGY RTXLWHVWIERS MK Rl IUDP
GRXEOHG XS HQYHORSH ILOP UuBwo FW IRRPRYWR WIDEHS BQG D
HYDFXDWH DLU RXW RI WKH VSEPRZHY DH QI WROR HWKH WERBERV LW H
SHUVRQ RU FDUJR LQVLGH EULHIBGEBRRRPUH EMKQLQUHAUWE R SH(
DQG HPHUJH RQ WKH RWKHU VLGH

,PSOHPHQWLQJ GRFNLQJ E\ P HDH}L RO D PIHMQW WKKCDAD DA U DY
VDPH UHTXLUHPHQWY DV WKH KDEDWDWQAGNWK®RV IWKHG. B DUV R C
VDPH :KLOH GLVSRVDEOH YHKLFOHYWLDY GRMVRBDRR LLFD® SR Y LDE
WHUP IRU ORQJ WHUP YLDELOWR\E B \DFEHIHVWYRH E HFXOWHH/G QRDHIBN L S O
ZH ZLOO FRQVLGHU WKH VRUW @H DWKIMVQ W ROXQGS GNHD/NFHH G WHRA D Q G
RUELW IRU UHQGH]YRXV DQG UHWXUBXEBFN WR WKH KDELWDW

2QH RI WKH ILUVW FKDOOHQJHVYADOHRHE BN RVEUWRY\L GHIQMQ YCHER |
VFHQDULR ,I WKH YHKLFOH LW GRS S\HEH QUARR HVER/HWKRD BEWDW LW
UHFRYHUHG $ EDOORRQ VLIH® WR FUIKQF OK WR SMK HU KBWVELW D W
WKH OLIW WR FRXQWHU WKHLFDWHY BRQG DRXO\GI X BGKMBK\ ZLQ(
IDOO 7KHUH LV JURVVO\ LQRXHIREWH QWK AVIVRMHD 1Y RKERIRSHOODQW
SRWHQWLDOO\ EH MHWLVRQHG M bDQVKKRUBH\VORMMDULR EXW

$QRWKHU SUREOHP DULVHV ZLWKLPOMNQWKLYJW\LKRH DR B HAKM
DVFHQW YHKLFOH UHSUHVHQWN MDMRWIAVS RRUWNLRID) KDIEQR\WD WYV P
VXGGHQ FKDQJH LQ WKH PDVV EXR DNWMKXH B8H WXHWOBEAL WDWY BV V HV
VHULRXV ULVN WR WKH LWV VWUXFWXUDO LQWHJULW\

7KH VROXWLRQ WR ERWK Rl WKBUHQW WR KRG GHR D@ HA X LL
KDYLQJ WKH DVEHQW YHKLF OH WHILKQHWKH Gl BUR HY R A SKDHE LIMDWK R F
FDEOH DYDLODEOH $V WKH EUDEHJILYD\O HMORLIQ W KEX YRIELGJ XS L
KDELWDW EHJLQV DFFHOHUDWLEJVXSAFWLE QW®AHDVWKBESWDR DDQG
GRZQZDUG YHORFLW\ LQ WKH DV FHD@WE ¥ HK QAL OWH GV K IHWHK@R XV HJ L V |
KDELWDW ,I LIQLWLRQ LV VEHF BHIWWI RROH & KW KD BO AHRDQ Y HKLF O
FDQFHOOLQJ LWV GRZQZDUG YHORBDW\ IXXE CH/ ARHK®IGR/D EDLW DWW Y H
UHGXFH OLIW DQG XVHV LWV RS&BZDLUGWRHIRF EWOWRAKWYHO LQVV
UHTXLUHG ZLWKLQ VHFRQGV WHKMKHOQUHRHFPBQ EGGVKEBLRIDW E

JUHH IDOO ZLWKRXW DFFRXQWLQITIRW Z3 @G U®IVLVRWDIQ FHDRQ WDIWMLKR Q DRO IREFHOHUDWL
DFFHOHUDWLRQ DQG P IRU GHFBIWHUDWQBQY DWVWRRQ®OWHPRUR WKDQ DLVI®KY IRU D JR



VWRS DQG WKHQ ZLQFKHG EDFN RBVYKN EREOH R @GVFHFKULR D
UHDVRQDEOH

%RRVW VWDJHV RI DVFHQW YHKULUBRWW WDBSHQU WFRH QD H VR QW
VWDJHV ZRXOG KDYH WR EH FR @WMXX D@L OPISRUWHGANR®R (VWD.
DQ\WKLQJ EXW D QHDU WHUP VFH®DWLBRU URY KVQD WURPGWKDWH O\
DOWHUQDWLYH GURS WDQNVS W@@INNHOD PA\NAL® Y WQJIHQ VG URDQ E
VLPSOH VWUXFWXUH WR EXMIGH UMIRUWIHB KIHODADLUYHH OAHOQLIEW D
KDOI DSSURDFK ZRXOG DSSHDU WFRDERKL@ HF B/XR¥HH G DVEHRS WD
SURGXFHG LQ WKH KDELWDW PWYXW EHQMEWMHOWAK DIQAD M/ DRG] IR X W
DLUORFN 'HVSLWH VXFK WDQN YV EBHIOGLP Y AKX WRPISOW W RKDQO\ W
UHSUHVHQW D VLJQLILFDQW P D @XID FMRXW DQQ HDKLD &6 @ J YA RIDXGV L R

$ SRWHQWLDOO\ VXSHULRU VROXGHHREY DKDWHKDSBISHQ \R @K HR
GURS D WDQN RU VWDJH RQ 9H®YPWRV,IK BUIN F HRQLGAK LHEH WRKHHLY
SURJUHVVLYHO\ GHQVHU DQG HIRBWWG ¥ URKSHO® OPI WS DWIGHRY HEL] H |
SURYLGLQJ FRXQWHUSUHVYV XUSURY WKHH WR UHVLXWLFREOOQW SV H
DFKLHYH 6KRXOG LW KDYH D @HWWK G WQV INU\PGLB KW HDQWKDWI D F H

ZKLFK PRVW HPSW\ URFNHW VAWIH@EW XD WIBDIOMNW IR DWRRV SKH

ZKLFK LW IORDWY 6R ORQJ DVRRPKMHKHDW GWHYXFRQNFRW B PLQUWHJIUL
UHFRYHUHG

7TDNLQJ WKLV HYHQ IXUWKF &
FRQFHSW RI GHOLEHUDWHO\ IO .
VWDJHY LQ PLGGOH FORXG ODJ
FUHZ YHKLFOHY ZRXOG GRFN Z p—
EHIRUH WKH EHVW ZD\ WR GR \
UHVWRZDEOH EDOORRQ RU EDO|
VWDJHV IROORZ WKH VDPH SUL
WKDW UHWXUQV WR WKH KDEHW|
OLJKW JDV UHGRFNVYV UHVWRZ®
FDUULHG XQGHUQHDWK WKH KD
XQXVXDO DV D EXR\DQW URFNH &RQFHSW DUWZRUN IURP WKH '
FRQFHSW LV QRW QHZ Lw zDV 53287 o2t h0R St Vst
LOWHQGHG DV D 979/ VXFFHVVI

JRU H[DPSOH D N: (PUDJ[ PRWRAULWW D NNJSDQYUHUWHU \LHOGVND SIRZUDLEHQD/LW\ RI
WRQQH ORDGHG DVFHQW YHRIOMGHIDADGOQRIW D RWRAY IRRDWLN R BRTWKUMVL@ &R XU
WKXV UHTXLUHV D PRWRU LOYPWIRWHDEP®H DPWID WYDWINF ORDGIGQD BPLF3DRDOGDRIVLQJ IR
VHYHUDO WLPHV KLIKHU SOXV DQUHKROGCQDEBOMHD VG IPBWMWDUI XLURQ DMPrIJRAPSURKM VHFV
DGGHG PDVV LV WRQQHV :KLD®JVIWDWGEADX BDDGIEYGWEHRU IV K H SW R AVIDWD L RAOK W IR HWLKVH CALIMMWY O
EXGJHW
1$6% 06)& 6DWXUQ 9 ODXOQFK YHKLFOH IOLJK\$SHROIMRXD VOB LEBPSRUW $G&EDWXUQ

96 ,9% UHVLGXDO UHVHUYH SURSSHODXOD@WY 6 ,, RI WRWDO
5 -HONLQV 6SDFH 6KXWWOH 7KH KLVWRU\QRIOGHSDHGIRBUQRQ WEIRH WIDWILRQ 6\VWHP 7KH
WKURXJK 67TBOGZRUWK 3XEOLVKLQJ &RPSDQRWWDAH HEIVQB XO®ODFBREBEHOOD QW R1I WRW
$V DQ H[DPSOH UHVLGXDO SQBRSHEeEBDEWXDWU ZHIPIKW RI HERLOBSG A7 DV  p& \L

SUHVVXUH RI a 03D a DWP QRW LBGKXPROXYWH ORI XBRD QW
%DVHG RQ FDOFXODWLRQV IURB {BERWISD QVARIH QU IWDWERRWVKMRFNY FREV IORDWHRYXVLDQ
2267 (QF\FORSHGLD $VWURQDXWWWWH 54HWUWHYHBOADRRL] FRP R RRVW KWPO



https://history.nasa.gov/ap14fj/pdf/a14_saturn-v-fer.pdf
http://selenianboondocks.com/2013/11/venusian-rocket-floaties/
http://www.astronautix.com/o/oost.html

%HIRUH UHILOOLQJ DQG UHODXQFKH G/ WRJIH FIKXRWKER U,HP R X
FRQYHQWLRQDO PRXQWLQJ FRQILUNWDKH RBSRUKWD VE RXKQ ® IUBIQ L G
OHDVW H[SORVLYH EROWYV |RUQDIF K \VODXN@IKRSWERQY HOXAKR DV
PDJQHWLF FRQQHFWLRQV FDQ DWWXR BHIVRIVE&BHVHG GXULQJ

'KLOH WKHUH PD\ EH VRPH LQLWRP Q) H§ LGXW DRIY &R \RH RYLBL
ERLOHG RIlI ZKLOH WKH FUDIW ZFD\D ERQOPWELRNW V R/ JUHHNVQWW KD W W
LQVXIILFLHQW LQ PRVW FDVHV WR QFH HVHKHVU R FSNUHRS BIBIBYW R
RQERDUG IRU LQIODWLRQ 7KH YQPWLDG VKR E Y WDRD WQIRDMURQ DI
JDV FKRLFH DQG WKXV WKH R®\KHP\DIDP ¥R 6 BW DROQW.IVF D DION G\H F R F
DPPRQLD RSWLRQDOO\ FRPELQHGDALWKLWK K WFW UR/®Gl R D \DMAP R\
QLWURJHQ

/IDVWO\ WKH EDOORRQ KDV WR WHKHOEBKLW&H HVUW R VWERIZUYI B XL
VI\VWHPV IRU DXWRPDWLFDOO\ UHMWRIW QKIDYHUBH K VWVIRWY RIQGH UH
SDVW ODQXDO EDOORRQ UHVWRKIL@IWKHD O RVMNRYVIVLEWW GAV F
&KHPLFDO (QYLURQPHQW DQG 5HVRXUFH &RQVLGHUDWLRQV

,Q DGGLWLRQ WR YHKLFOHV GHAMAHQWG UWRW RXEBZ BWFEHHQW IGF
KDYH D VPDOO FDUJR YHKLFOH IRHGXYD\ @ R D\GHQ BLRR) (CQPDIQ 7K H
GHVLJQ SULQFLSOHV DSSO\ WREDW W WRKRLEFQEHZRBOE LEIY WP XFK
DQG FKHDSHU E\ PHDQV Rl QRWEQWHGWQRRXR GJ BWNXMH DL WIR RHW GLV
SDUWV DIWHU EHLQJ HPSWLHG

$V GLVFXVVHG SUHYLRXVO\ D QXFSHMRSE RO ORR®/ S HDWIR FRILQ J |
UDLVLQJ WKH LVVXH RI VWRUD D Q@) (DWRMKHG2L QW DHRQXP WDQN V
WR EH YHU\ KHDY\ DQG ZRXOG QHPGWKR EBFXXPRWWE VI DRIH XV H
RQO\ EHFDXVH RI WKH KLJK GHUMGHERW. EWKORWH RQUDBTMLRQDO
SHUIRUP SRRUO\ DW FU\RJHQLF WHPSHUDWXUHV

$Q LQWHUHVWLQJ DOWHUQDW IRCH 9$HQXWH G\D U ERAQV B DR [Q W X B
GLR[LGH KDV D ORZ WKHUPDO IFRQEXF W QGLYLWKROH@ KDWRDW R
DQG E\ QDWXUH RI [UHH]LQJUGHMWVHFUIHE\ BMRO RZV RDWE DARBY QRW
OLNH R[\JHQ RU QLWURJHQ D QGXIP\S MWXIX \7 KPP GHJ R\SRH B W\IRS/ KDY
UHVHDUFK RQ WKH XVH Rl FDUBDRNQ GLW LIRGHHNAHQ LRRFPB®OLFDWL

$ WDQN ZLWK D PDVV IUDFWLRDOFROREHMARQW LHMKG LY HS\W DPOHDWQ WV FPKIFELRY WK D
HYHU\ NLORJUDP RI SURSHOODIQWHP XY \R | SOLR WL GRU DVK 19 FADD/@INL B Q & KRHD H O R/W RL W V B OVIP RAVKS |
GHQVLW\ WR SURSHOODQW GHQS.WDBER® GHRDPMG B HKIDWWD P R ORHF X\O B IV ZIHPLS G MH R | W KIDRV \
UHVLGXDO SURSHOODQW IXHO DWW BYLG D] RB GHRAPEQDY @ HR XK W HRJ H U D P®\OXRW OBI® WV WD F
VFHQDULR

+HIIHUQDQ 5 & 6 3DWHQW 1R 86 :DVKLRJWRQ '& 8 6 3DWHQW DQG 7UDGHPDUN 2I1ILF

%RZGHQ 0 . %XFN 8 6& 3DWHQW 1R 86 :DVKLRJWRQ '& 8 6 3DWHQW DQG 7UDGHPD

7HFKQLIDE 3RBGRIMHQVLF ,QBKOMMWHRG®G IURP
KWWSV WHFKQLIDE FRP FU\RJHRIHFQUH WRKHIFRFHRGLEDPURW BU\RJHQLF LQVXODWLRQ

(QJLQHHUV7(GHBPDO &RQGXFWLYLWS5 IRW UDWM MY G KIDRIRV
KWWS 7ZZZ HQJLOQHHUVHGJH FRPFR{LOGXEWW B DW | HID WH\H i VPO

6KDUSH ( / -DFNVRQ3HMUBRUPDOFH RI D K\SHUVROLF KRWHKI®VHIDDIRIQV B/IR{E @K UBRV W
SURWHFWHG OQORQOLOWHJDQOOHIN RHMEDU MKDQNQWHU +DPSWRQ 9D



https://technifab.com/cryogenic-resource-library/cryogenic-thermodynamics/cryogenic-insulation/
http://www.engineersedge.com/heat_transfer/thermal-conductivity-gases.htm
https://ntrs.nasa.gov/archive/nasa/casi.ntrs.nasa.gov/19750010039.pdf
https://ntrs.nasa.gov/archive/nasa/casi.ntrs.nasa.gov/19750010039.pdf
https://ntrs.nasa.gov/archive/nasa/casi.ntrs.nasa.gov/19750010039.pdf

Thermal Conductivity vs. Temperature Thermal Conductivity vs. Density
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'DWD IURP $QGHUVRQ DQG -DFNVRWKH HIlH AW R VWHIDSMHLIUTIW X U M LW K | \W Q DIKGH G H Q V
WKHUPDO FRQGXFWLYLW\ RI ORNRY Asl|LDIONK BHLAV K& U XKO-DOXB®BQ EQ WK FRER&2H VSDFH %RWK
$70 7KH OHIW JUDSK LV DW D VR GQHOVQW\ ZKLOH WKRH ULJKWWIR/ DY HWBDRIHE. DFURVV |

+H JLIXUHV RI PHULW GHQQMNDLEHRW GXFK DYOMR LIDAXVWUDWHG RQ WKH U

&2 LQVXODWLRQ FDQ UDQJH |URGHI) VH JIKAMH DRI WXN\R UOXRIQW R
WHQGV WR VORZO\ GHQVWHILVBRURRWKGEG E\ FRQGHQVLWKMKH FDU
SUHVHQFH RI VLIJQLILFDQW DP)RXQGHHE I FIU RIGVQLB QMW RDWDIH H [
KHOLXP LV D SUDFWLFDO GLOKWW@WDJRUH [OQHRF Z\IRURQU JD
KLJKHU ERLOLQJ SRLQWV VXFEK DV QLWURJHQ FDQ EH XVH

'KLOH SRURMMIERUPV VLIQLILFDQWO\ EHWRQ W KK DQVEW BV |
SURYLGHV VLJQLILFDQW LQV FUBWVRY DAHDWM VRIQHF ROWY R Q QR U

WDQNV RQ 9HQXV PD\ EH WKH RULW ARXOG| EXMVOIGLKS RQ\WKH WD Q
WLPH XQWLO WKH KHDW 10RZORD W FCKW X2E30 K PI DUADLVR I RM HPHEDHAW D W X |
WKRVH WHPSHUDWXUHYV UHJX®BQ R VW& DUMIERGH ZKRIDNV ZBIROWOV | X
URFNHW FRXOG EH VWRUHG GRFNIH® LQWROPRILRRQ 'RIUQRR\DO D XC
WKDW GLG QRW UHPDLQ DWW D HKHGE WHG WKR! FFIRFIRNRR QUHBIQ EMLID W
KDSSHQV WR LFH ZLWK URFNHVEWH RQRAMWW B U HF RE\RDE GL RYD JL O H
PDWUL[ WR KROG LW RQWR WHQGV WR VSDOO RII

5HIDUGOHVV RI WKH LQVXODWLRRRONOQM R \DOHP UARIBGLEH
UHODWLYHO\ ODUJH KHDY\ SLHFRH RLXIDRG Z2POLWH. P + HEQRIHWRH XV H
UHPDLQV GHVLUDEOH

:KLOH HLWKHU IXHO RU R[LGLIHVWDIJHHZKMWRUHG L\NQVMWREZHG
WKH KDELWDW WKH YHKLFOH PXVYWREHWSRVKIWERWBYW ZKAQ BRWK
LQ RUGHU WR OLPLW WKH SRIYWQWLWYRHSBP DB QK VRR DX 1B KDLEIRMMQ W

'"HYHORSPHQW RI WKH DVFHQWHYWRLEB® HDW ZQO QV & HNRHFOX W5 BIR S
DQG FKDOOHQJLQJ DVSHFW RI WKH HQWLUH SURJUDPPH

$QGHUVRQ 0 6 -DFNVROFDUERQ GLR[LGH SXUJH DOG WK HRIP DO TXUBWKH 5W RB B QV VWD/QHN
K\SHUVROLF D1§68%6) OHV

6KDUSH ( / -DFNVRQ3HMUSRUPDOFH RI D K\SHUVROQLF KRWKIRVHIOWDEROV@/LUR{EBXUBRYV W
SURWHFWHG QOROLOWHJDQOGCHINBEAMEDR FMMDRNQWHU +DPSWRQ 9D



https://ntrs.nasa.gov/search.jsp?R=19670048918
https://ntrs.nasa.gov/search.jsp?R=19670048918
https://ntrs.nasa.gov/archive/nasa/casi.ntrs.nasa.gov/19750010039.pdf
https://ntrs.nasa.gov/archive/nasa/casi.ntrs.nasa.gov/19750010039.pdf
https://ntrs.nasa.gov/archive/nasa/casi.ntrs.nasa.gov/19750010039.pdf

$GYDQFHG &RQFHSWYV

$ QXPEHU RI DGYDQFHG FRQFHSWDY B HDYSFFOR EFBDE LI UW(\D R @/ 1@ HK
ZHOO

$LUEUHDWKLQJ HQJLQHYV

'HVSLWH WKH ODEN RI R[\JHQ DRW EUWNXEN RIQQF HD@IE (/G H U V
VFUDPMHWY DUH SRVVLEOH LQ 9WIQP®O D WU RHJ 0RA SEXH Q8L@GJ K\ G UF
DWPRVSKHULF DLU EDU pH[BPBIWVH@®W DDWMRHP SHUDWXUH E
WKH %RVFK BBDFWLR® 2 WUDQVLWLRQLQJ WR WKH DGGLWLR
PHWKDQH DQG WKHQ DPPRQLD DW KLRE K\GURJHQ DDWPRWD$ UD
LV SRRU EXW VSHFLILF LPSXOWN H[ FRHD & HIP\E OHQ ® W L FH YHIIIHF W
LPSXOVH VFDOHG E\ WKH IXHODDLU UDWLRHEVDQG DMWF VHI
7KLV KRZHYHU GRHV QRW DFFRXDRMF HOH WKW LQUDWKHYRPRPAGQJ C
ZKLFK LV SDUWLFXODUO\ SU R EDOMLPROW LK) PWHO R Z K\ GUKRIDHVQNVU D Q G
K\GURJHQ LV UHTXLUHG ZLWK L%®RV AR \UHDIFWIHRKGL \$ \D MWKH HQ H U
K\GURJHQ R[\JHQ FRPEXVWLRQ SHWIRRNWBDW FH DRU EH B KYHFWHG \
ORZHU WKDQ VFUDPMHWYV RQ (DUWK

$LU DXJPHQWDWLRQ

7KH URFNHW HTXLYDOHQW R [DKUJBXBPSHDQW DMH\R H Q QIEQHI D V
HIILFLHQF\ RI D URFNHW HQJLQHORFARQ Y HURNZLP D \DVKHPKD XVW VW
ORZ YHORFLW\ KLJK PDVV H[KDXWWWRKHUFBRPW 7KIL W KR PBDWV RI
GUDZ DLU LQWR WKH H[KDXVW V@KHDIPF SRV B XIWM HD® 6 WRHRR F L W
GXFW RQ 9HQXV ZRXOG \LHOG DRJIWHADZWKOG BQV(IRU WK UG WHKDIVR WK
PROHFXODU ZHLJKW RI 9HQXV V DWPRVSKHUH

1XFOHDU WKHUPDO

$V GHYHORSHG XQGHU WKH 1
EHWZHHQ DQG QXFOHDU W
XVLQJ D ILVVLRQ UHDFWRU WR Kt
GHPRQVWUDWHG D VSHFLILF LPS:
K\GURJHQ SURSHOODQW DOEKWW
UDWLR ORGHUQ GHVLJQV VXFKUI
FDQ EH H[SHFWHG WR DFKLHYH D
+RZHYHU WKH VSHFLILF LPSXOWL ). i
PROHFXODU ZHLJKW $V SRWHQW 7';[K%g;gg‘;;ﬁ%ﬁ'g{:ﬁ%\
SURSHOODQWY RQ 9HQXV DUH 1(59% SURJUDPPH 3KRWR 1
K\GURJHQ DOWHUQDWLYH SURSHOODQWIFDAKRUIABY UDIOLOA IR @R
175 UDPMHW H J 3URMHFW 30XWROELRRIGIMY QKXW HDKHWKHGHG |
DLUEUHDWKLQJ RSHUDWLRQ IXHMWKKMUUDMWILRVY WKH WKUXVW WR

Fi

6XWWRQ * 3 WLEODRHANBREW SURSXOV L-ARK @ OH®PHH\Q WB\R Q V



https://books.google.is/books?id=1Sf6eV6CgtEC&redir_esc=y

$ QXPEHU RI1 175 FRQFHSWV H[LVWH,QEMUQ@HUD QEXHUV WKH
WKLUG ZKHQ LQ XVH EXW WULRSW BVPWKK MWPKSURMWHGDWRBXVYRIWR
7KH DIWHUEXUQHU FDQ EH VKXW Q®W WRUWZSLD\RWHKWRKHK.BPSYXOVH Z
WKUXVW LV QR ORQJHU QHHGHG

,Q EHWZHHQ DLUEUHDWKLQJ DQG H7B QRWR/$IILY VP PG H VD WXAHHQ
1($5 DQG VFUDPMHW 1775 GHVIRQWYH®BRYF K RMDBSRYRQEOH U
SHUIRUPDQFH ILJXUHV IURP D KDHEHLQ D WKH +(®Q OFRYQ @HWDEOH

,63 VHi7 :| (QIJLQOLVF L{'U\ PDVV BURSHOQ G9 NP|[3D\ORD

175

175 5DP N

/1$175
/$175 1($4 N

1775 N N

J DFFHOHUDWLRQ OLIWLQJKBPREWGAHVLIQN DWWLIRWR D WXL IWRNM W) G B O DO Y H G\FFO 919 |

VKLHOG DQG LQWDNHV DQG RLWGDMDLHYUHWW RUDHE KMLFROCHY ZIHWAH P BWDVO N B 1M F S @RI Q 1 Q A /% C
1775 ,63 UHGXFHG GXH WR %RVF Kk WHBRWEROQWLRWKHU WKDQ

7KH UDPMHW FRQFHSW DERYH LV DWR XOFFHFG OVRU R WHH SOSUW RL TS
VSHHGV EXW FRXOG XWLOL]H DU®HTS WRVDIFHK LAY BII YW HOIREDOHU HQJL
WKH FRVW RI VRPH VSHFLILF LFRYXCGRHD®MLQ B WKHHNNMHUQ@O DLL
SDUWLFXODUO\ LQWHUHV W L CH[ WbUD WHKIHD\FW HRE@ FDVYQLIWKMQRD UG Z
FRPHY DW D PDVV SHQDOW\ EXW BPRXQW RKQUHDHQV RWHDMH

:KLOH SXEOLF IHDUV RI DWPRV SKKUDBG RBO®/ D P 5 GHY IHOR KB K
(DUWK RSSRVLWLRQ ZRXOG OLWHOKIEWM REGXRISEURWWMVFR® 9HQ X
SD\ORDG ILJXUHV WR D KLJK RHUE KW OIMHUW KK IDW? IR X.@ \& URIIVKAIGYU R JH Q
FRQVXPSWLRQ LV YHU\ KLJK D@®® BWVFGIXR UHHQRIQV 9GIQ KIMF XWOKMH DV F H
FRXOG VLPSO\ EH VFDOHG GRZQD Q6 GXRSHODDWK STROQRBBS W LRC
WKH VLGH EHQHILW RI DOOREHQUPWKI® H Q L VWV 0LOV KIDFEHL W QW VWV RD Y H
KHDY\ DVFHQW YHKLFOH $ FDYHDMMW PLDQ/W KEHVDGIGHSH KIRDHPYD Q F H
WKUXVW WR ZHLJKW UDWLRYV GHHFQLHIHV BV WKH UHDFWRU VL]H

7HFKQLTXHV KDYH EHHQ SURSRVHGFWR SRCGVRY H XIS KHHF L |
(IDPSOHV LQFOXGH D WKLQ ILOPUILYWR QOO DQRVH QKD WHITSF @/L U H F V
IUDJPHQWYV LQ ILQH FKDQQHOW WWKXYVDHN B VGK QR XM VWHKGIHIXHO R
OLJKWEXOE SODVPD RU PLVW\GRRAHHG EXMW PHHVIKRDQLVVNBI SW V
WUDQVSDUHQW FKDQQHO U D GaD@W YRPON \KIHDHN L QK HVKIH] ISR KN G U
WHPSHUDWXUH SURYLGHG IRU EDVMPKKHR®¥ WIS W Y5FWR LQFUH VHI
KRZHYHU WKH\ SUHVHQW PRUH FKDPOOHRL QUDIRWIQW UMDRWR U\
H[WUHPHO\ QDUURZ IXHO HOHPKILQW\QHX®RPRQ HIEFRRPDQBKLOH W
WUDQVSDUHQW PHGLXP RQ D QXKOHDU WRR KWDEXDMEV WRH® G @ DFRI H C

'‘DYLV ( : $GYDOFHG 3URSXOWDIURSQ BUWNHSOHWULFY $LU J)RURH 5HVHDUFK /DERUDWRU
$)5/ 35 (' 75
$GDPV 5 /DQGUXP$ODO\VLY RI D QXFOHDU HQKD QFRHG HILW\E K HDRV R UG IWKDSNEDWF D W L

-RLQW 3URSXOVLRQ &RQIHWRIQFH DQG ([KLELW
%XFNQHOO - 7%H 1XFOHDU 7KHUPDO 7XUER 5RFKNBIMU | BUSRQERSVDXMK MR 2UELW 3URS
B\WWHPVW $,$$ 6$( $6(( -RLQW 3URSXO®RRQ &RQIHUHQFH



http://www.dtic.mil/cgi-bin/GetTRDoc?AD=ADA426465&Location=U2&doc=GetTRDoc.pdf
https://ntrs.nasa.gov/archive/nasa/casi.ntrs.nasa.gov/20010020152.pdf
https://arc.aiaa.org/doi/abs/10.2514/6.2015-3958
https://arc.aiaa.org/doi/abs/10.2514/6.2015-3958

.LQHWLF VXVSHQGHG VWUXFWXUHYV

‘KLOH FXUUHQW PDWHULDO W HFEKIORMRIG H VU RPRW & H UM RXLU
RI D UHDOLVWLF VSDFH HOHYDWRUIRQ ZBUWHK RQVEHQXWR Z&HMRI H \
URWDWLRQ UDWHV ZLWK UHVSHEWLWROW KB \FDIRXIG OHDY S HF RUW R
PDNHV WKH FKDOOHQJH HYHQ JEH DMOHY DWRKVODWH WMXGI) PRL H
FRPSOLFDWHG +RZHYHU DQ DI®W A URQ DALY XHF WDLY MAY \LOVWK E G H G
HQHUJ\ 7ZR QRWDEOH H[DPSOHMRQWELQ DQB WKH OOXRHF K ORR!
DUH QHDU WHUP RSWLRQV RQV(DKREZK YO KWWK Q3HJ R @ HIG\P X. Q W H
SRVVLELOLWLHV IRU WKH ORQJ WHUP

—
reton masnet Eti?iton\ \
article stream Launch track ~
Pert 2000 km long \
elevator | /' East

vacuum tube

West deflector

station

\

West 80 km high

incline

- Stabilization

cables
West

T deflector
/IHIW VSDFH IRXQWDLQ &UHGLWRBRSQERIHGLWKWHOWKQGQRKYWURP

,Q D VSDFH IRXQWDLQ SDUWLFRHNR PLIFF URMF RS EH ®KUDMNFHG
FXUYH DW D EDVH VWDWLRQ $O0/\WW WH\G bl H BVKKH W B bl HWVIDHIG HWH B W H G
PDJQHW WUDQVIHUULQJ WKHDW NR@ HV@HFY BWRUI\ OWRN MZALH M V¥ D Q
IRUFH XS WKH XSIORZLQJ SDUIWHFO W IVG\HU KM W@ BWWRK DKHUH S
SDUWLFOH VWUHDP PXVW EH SURWW FRAXMG/ LG HD RYl DIFEKHX FD WIRKEWM S K I
XQVKLHOGHG 7KH RQO\ HQHUJ\ BIHIX IR H FCHOQW QD LD VOR P®W D Q C
WKH VIVWHP VXFK DV IURP DQ LEREBROHEMWLYDWXXPWKHKM\VWHP
WKH VSDFH VWDWLRQ LV ERUQHIB\QWWK HWEKHAHH PZRIXQMIGY B H 2GR F D W
ODUJH SRWHQWLDOO\ WRURLGDO DLUVKLS

,Q D ODXQFK ORRS VRPHWLPHVDAWOHOHIGNVREWWURPHORRBQ L
URWDWHYV EHWZHHQ WZR EDVH MWVWEIHWQ RRW F WL E B FIND J\W K MV IOFRORCSO (
HITHFWLYHO\ EDOOLVWLF WUDWHRY RDEOHKD ZHEKWPDODWBBHILOD UH"
DFKLHYDEOH ZLWK WRGD\ V WHKNKQRMRI \WIKHGVBIDIF H6 BRBXQMWDLQ W
LQ DWPRVSKHULF SRUWLRQ PXV®W EKHPWKW IBRWHGHED IV YK XR X C
ODXQFK ORRS GRHV QRW MXWWSORIS\HOMKULKBAWR®B RERY BOEL WD (
WUDMHFWRU\

$ YDULHW\ RI RWKHU VXFK FRQRRBWYV HOWWWVY RWKBPNVV NXQ
FRPEXVWLRQ DQG PDIJQHWLF YDWLHWILGIN DOQ & PEPKQWRWKERORJ

(GZDUGV % 7KH 6SDFH (OHYDWRU 1,$& 3KDVH ,, )LQDO 5HSRUW
‘DYLV ( : $GYDOFHG 3URSXODIUBSQ BUINHGOHWULFV $LU JRURH 5HVHDUFK /DERUDWRU
$)5/ 35 (* 75



http://keithcu.com/wiki/images/6/67/Edwards_NIAC_Phase_II.pdf
http://www.dtic.mil/cgi-bin/GetTRDoc?AD=ADA426465&Location=U2&doc=GetTRDoc.pdf

WKLV SRLQW LQ WLPH RQO\ FRONMIVWQY SWRKHAQIWLHDVCH RV IVDRWMHO R Q
(DUWK EXW 9HQXV DV ZHOO

% XR\DQF\ FRQWURO

$ OLJKWHU WKDQ DLU YHKLF@MHQIBFHY VXY XNHVQU HEDIDWQE HVRK
EXR\DQF\ DQG PDVV ([WHUQDO WH FXHDWIW X U B @& S DEUWHIA/XAD U O
WHPSHUDWXUH FKDQJHV GXH WP G IBWLPBHW.AEOD®\KBEDOWHQIJWRLYV
FRPPRQ UHDVRQ IRU DOXPLQL]LQYJ VDR KOS YHKIGVOBILQNDL. @R UH F I
LQWHUQDO WHPSHUDWXUH DQG WKBELEWRND QWK LYRLY RO G RS\
HYHQ WKH SUHVHQFH RI D FORXGRIDFRYQQ.RYUHRP DV B ZUWHIIOHF W
JURXQG FDQ UHGXFH OLIW E\ VILUMKLESDRSH DPWXQWBW $RMXIKO\ |
SUHVVXUH ZLWK H[FHVV OLIW @ LLOW/ FEFO@WOR@-HNVW FD UHVARR S WH W H
LW PXVW HLWKHU YHQW WKH SD QPDLUVHKQ B HQRGH LRW XX UNIWH QW C
WR GHVFHQG XQWLO LW LV GHVWUR\HG

'H ZLOO H[DPLQH VRPH RI WKH YDULRRK\D @HDQV WR FRQWUR

9HQWLQJ DQG DGGLWIKRY RV JDRMRRQO\ XVHG E\ DLUVKLSV R
UHVXSSO\ LV UHDGLO\ DYDLODEOHY DY DHOXEO W RHHRQORGXFHG (
VRPH H[WHQW WKLV LV SRVVLEQEMWRUVR VXHW XOUWQERH IOHFO R /2
GHFRPSRVHOMWRRDQ EH XVHG WR TXLFNO\ SDEYWBWP RKHOGIL | W
GLVWLOOHG DWPRVSKHULF QLWRIRI\HQ FFDH)Y BY DIEL.GW GF R Q@ G HWLAR Q
YDU\ EHWZHHQ GD\ DQG QLJKW JBBHQKRX® B UHONHEX\H 2 R/ KALKQH W K H
UHSHDWHGO\ YHQWLQJ ODUJH D\WP RRGWD U DPW LHFDIOUY FEMX VLLR Q
RQO\ EH GRQH LQ HPHUJHQF\ VLWXDWLRQV

$FWLYH SURSXOV 8@ DGV
GRZQZDUGV WKUXVW FDQ DW
FRPSHQVDWH IRU EXR\DQF\ FK
PDVV DQG HQHUJ\ FRVW RI DFV |
DLUVKLS GHVLJQV NQRZQ DV K
D VKDSH DV D OLIWLQJ ERG\ %
RI OLIW WKH\ FDQ FRPSHQVDW
FKDQJHV

‘KLOH WKLV ZRUNV ZHOO F $LU°DQ§,':,§WR P A
WUDQVSRUWLQJ JRRGV EHWZH
WKXV DOZD\V XQGHU WKUXVW XDBWYQX\NGKBDHGWIRE HB RQUBDDQ@GE D W
WKXV UHGXFHG DELOLW\ WROSUWY QG HE G\ W HPKDLW® W B R® WX\ R FF
RQH VLJQLILFDQW UHDVRQ LMWL G HWLFUHSEOHE R B QGNL ® RDD ORZ |
QLJKW ZKHQ WKH DPELHQW WHP SHEDWWIURX @O RSV HRW¥ H B YGHLU W L G

.KRXU\ * $ $LUVKLS WHRKBOFREQRBJH &DPEULGJH 8QLYHUVLW\ 3UHVV GRL
.KRXU\



FRXOG DOORZ IRU D GHJUHH RF D\BG LRV LIRQ\DLY/ WD\PRRD GQFORDV L Q J
UHWXUQ VWDJH

‘ 6XSHUSUHVVXUH EDWIORR GAK D
~ WKH VDPH SUHVVXUH DV WKHLU H(
EDOORRQV PDLQWDLQ VLJIQLIVNXQ'
DQG NHHS D URXJKO\ FRQVWDQW Y
EDOORRQ VXSHUSUHVVXUH ED QIDF
SURJUDPPH DQG DUH SRSXODU SUI
9HQXV SUREHYV

7KH JDV PDVV LQVLGH WKH YK
VXSHUSUHVVXUH EDOORRQ DVQWW
FRQVWDQW $V LW GHVFHQGV WH
EHFRPHY GHQVHU DQG LWV OLIWKI
UHYHUVH KDSSHQV +HQFH VXSHU
SDVVLYHO\ VWDEOH DQG SUHVHQ\
EXR\DQF\ FRQWURO :KLOH WKRY IF
VPDOO SUREHV LW GRHV QRW NGLC
(XURSHDQ 9HOXV ([SORUH SUHYLRXVO\ HQYHORSH PDVV QVLS
SKRWR (6% ORDG ZKLFK LW PXVW EHDU GXHWW

2Q WKH VFDOH RI DQ HOQWLUH FREDPDMIG IKRDJE DWDODWH PMMIKIG/R XR XFODV V

OHFKDQLFDO FRPSUHVVERRPLEDOOWR YKSHUSUHVVXUH EDOOR
FRPSUHVVLRQ EDOORRQV DUH D/EQJHH VWR G [W KXW YIDNUHDLD Y H S WOHVYW F
IXQFWLRQ DV D KLIJIK DOWLWXGHDDOQRBRIXH RI WKH EHOORZYV

9HQXV DOWLWXGH F\FOLQJ EDO®RRQ FRQFHSW 3KRWR 1%$6

3KDVH FKDQJH EBOORRIMRZQ DV UHYHUVLEOHDORR@GV]HUR S
JRU HYHU\ VWDEOH VXEVWDQFHUDWMNUH DQB %D HW\QJUWM HPRHG L W
LW ZLOO FKDQJH SKDVH EHWZBHQ\D VW QVNGFRP PRJXRE® VXEV WD Q
SKDVH QDWXUDOO\ DW GLIITHUH® W BRXP® W H Q DDAQL VMW RVRV W KHUO R F
DQG SUHVVXUH FRQGLWLRQV :KHUBRQZ HDUVLXE WK Bl QOFW PERRALSIVH U H [
FRQGHQVHV DW KLJKHU DOWLWXEBHUH & (R LIVI DER PWRIGK HQWR P SR
SURYLGHV D SDVVLYH VHPLVWDW®WORORURLRI EXR\BHHFQ BRIGRQV W



(DUWK LQ WKH $/,&( SURMHFW
UHYHUVLEOH PHWK\OHQH FKOI
DQG

:KLOH WKLY DSSURDFK RY
GLVDGYDQWDJHV RI WKH DIRU|
GRHY KDYH VRPH LVVXHV RI L)
DVVXPHG WR SURYLGH D VWDE
EHHQ GHWHUPLQHG WKDW SKD
LQKHUHQWO\ RVFLOODWH LQ W
WKHLU UDWH RI KHDW H[FKDQ.
DLU ,QWHUHVWLQJO\ VRPH Sl
I9HQXY EDOORRQ SUREHV SODC
WKLV IDFW WR DOORZ WKH VDI
HI[ISORUH PXOWLSOH OHYHOV R

,Q VHOHFWLQJ WKH ZRUNL
FKRRVH WKH VWDELOL]DWLRQ

%\ FRQWDLQLQJ WKH SKDVH PKWDRQWH | ODXIFG Q@Y IFWDQ GHTSUBY HQWF
OLTXLG LV UHOHDVHG XVHIX®VEWO® EGHN VXS KMORVDQW B GJWR DO\
RSWLPDO IOXLG IRU WKH PLG & CHQ FIDFRPXRSQQ B YZHDAVRQ BPH WX UMH W i

%DOORRQ $/W,WXGH &RQWURO

3KRWR 1%$6%

UDWLR GHWHUPLQLQJ WKH VWDELOL]DWLRQ DOWLWXGH

9% Ammonia/Water Envelope Lift vs. Temperature

273°K 280°K 290°K 300°K 310°K

\ | | |
Night: 55.8km 55km 54km 53km 52km
Day: 56.1km 56.5km 55.5km 54.5km 53.5km

1RFN . $DURQ . -RQHV - COCFJKBIYURRBRZGO®

/HIW $ SKDVH FKDQ
FRQWDLQLQJ NJ F
ZDWHU PL[WXUH DQ
9HQXV DLU 7KH FRO
FRUUHVSRQG WR GL
SUHVVXUHV WRS OI
WXUQ FRUUHVSRQG)
DOWLWXGHV 30RWW
DFWXDO WHPSHUDW
p ODWLWXGH GXUL!
/LIW UDQJHV IURP Q
WHPSHUDWXUHYV DV
RYHUZKHOPLQJO\ OL
SRVLWLYH DV LW GL
OLIW FXUYHV WUXQF
RI WKH IOXLG LV HY!I

‘X% DOORRQ $/W. WXGH &RQWURO ([SH

$/.&( SURMMEWLIKWHU WKDQ $LU 6\VWHPV 7TBRKQRORJ\ &RQIHUHQFH

1IRFN . $QGHUVRQ - % DFKHO&GMHMHWRQ% Db OBUWRXR 0

7K GHYHORSPHQW RI D

30DQOHWDU\ $HURKRVHOIQDWERGQDO %DOORRQ 7GHFKQRORJI\ &RQIHUHQFH

1RFN HW DO

-RQHV - SHYHUVLEOH IOXLG EDOORRQ DOWKLM IKW HAR QWD BERG@FHEBMWRYV 7THFKQRORJ\

GRL


http://arc.aiaa.org/doi/abs/10.2514/6.1995-1632
http://arc.aiaa.org/doi/abs/10.2514/6.1995-1632
http://arc.aiaa.org/doi/abs/10.2514/6.1997-1444
http://arc.aiaa.org/doi/abs/10.2514/6.1997-1444
http://arc.aiaa.org/doi/abs/10.2514/6.1995-1621

6 XEVWDQ $OWLWX(

7KH JUHDWHU WKH VXUIDFH I :DWHU N P
H[FKDQJH ZLWK WKH RXWVLGH DW $PPRQL|%HJILQV N
GHJUHH RI RVFLOODWLRQ 7KG& MR ;ig“f;'ﬁ?f”\?VHﬁ
SURYLGHG E\ WKH SKDVH FKDQJH $ :DWQHLF"RQG%QVHG
GLIIHUHQFH EHWZHHQ GDLO\ SHDIS— 1 ¢
FRQGLWLRQV +HQFH WKH VA\VWH | "FxupLVRU NP
PLQL EDOORRQ V\VWHP ZLWKLQ ZD&Q+ | P
LGHDOO\ FRYHULQJ D ODUJH VXUI| FKHPLVRU
WKLFNQHVV LQ RUGHU WR DOORZ [0HWK\OHQH NP

%RWK DPPRQLD DQG ZDWHU DUH QHUGLOWPRNGKHWG |IDRPZAl
GLVFXVVHGOXQGHUS5HVRXUFH BQRKIDOWHRQDO YHKLFOH FDQ DUL
PLQLPDO VWDELOL]DWLRQ V\VOWAIPW XBHL @ 4 LI2Q0/GC HDW KISIKRBXFH P
WKH FUHZ DUULYHYV

$ SKDVH FKDQJH EDOORRQ ZDV S QRSHRYX\G (I[FED RUKHU(X(OR SHD

2ZWKHU RSMWQIRFRAXVGH DOORZLQJ WKH KXPREBLWDW RW\DHRO [ZEW K L
WKURWWOLQJ WKH WUDQV S LUDX\FVRXQD MRR@N QWRIAHY HKX FRE®IHWVD W V
FRPIRUW

&OLPDWH FRQWURO

$V QRWHG HKSXEHBHQW :KHUHWKPGDERDLW\ WR FRQWURO WKF
WHPSHUDWXUH ZRXOG DOORZKWR D W QFRIZHDWY HKR W MW WUYROWQWIX G H \
FRPHV ZLWK PDVV DQG SRZHU FROQF IWMYUDWOQORY ZK\ FHQEHDR QP[H QW
VIVWHPV (&6 IRU VSDFHFUDIWM WQY\R HYH UDRQPBEQ®\GWKDQ D 9t
KDELWDW DQG (&6 GDWD IRU WHWGV KIHS ¥ LR® (IRUWW HYDPLRIH (&6 |
FRPPHUFLDO DLUFUDIW

7R SURYLGH IRU FOLPDWH FRQWDU RO
DLU p p& N3D LV GIDLHWFMIFGH
$&0 7TKHUHLQ LW SDVVHV WKURRRK IDQK }
DPELHQW $ FHQWULIXJDO FRPSWH BRU V
LWV WHPSHUDWXUH WR DURXQGW HI& K®IQ
FRROV LW WR DPELHQW WKHW MR LEVHB®[RZ
7KH DLU LV WKHQ GHPLVWHG ZDQ& HURYFK
WKH FDELQ IRU D W\SLFDO FQR® P WU FWL Q@
UDWH ZLWK D V\VWHP PDVV RI| DWRRXG

&HQWULIXJDO I-F’SJHQHUDWH WHPSHUDWXUHY DV ORZ DV
3KRWR 6 - GH :

*XR : .H 3 =KDQJ (6/lHFWV Rl (QYLURQPHOQOW &RQW UR G @HMVSHIWPHDSHLLRIDW, IR RI® $LU S
&DEIBYRFHGLD (QJLQHHULQJGRL M SURHQJ

7RUKRUVW 6 +70O]HO 1 _RIO@QWLANDWLRO DOG HY DOXINRIRD® \RW MFKH DSRGV HIQDO\B RV R |
ODQDJHPHOW LQ IXWXUXURISHIDQD&RGLHUKWQFH Rl WKH JDRUBNANPW QR ERFE HWD O W K



https://www.researchgate.net/publication/283945585_Effects_of_Environment_Control_System_Operation_on_Ozone_Retention_Inside_Airplane_Cabin
https://www.researchgate.net/publication/283945585_Effects_of_Environment_Control_System_Operation_on_Ozone_Retention_Inside_Airplane_Cabin
http://elib.dlr.de/94833/1/phmce_14_094.pdf
http://elib.dlr.de/94833/1/phmce_14_094.pdf

8QIRUWXQDWHO\ WKLV GRHV QHRMG YR $NUREXW | ZH DHQ HRULD ROV
$&0 GXH WR WKH DYDLODELOLWKHRIHD BMHVG DQG DWSLHMBFEFW FRP ¢
VDFULILFLQJ HIILFLHQF\ DLUIEFEERDWRROLQHGKEDRG POV DQG V
/IDFNLQJ MHW HQJLQHV DERDUGI IDLKDE QWD VR W RIGUURITWILBRIQYJ ZR X O
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COOLING TOWER 20
2Q WKH VLPSOLFLW\ VLGH | J @‘h

DSSHDUV WR EH D ZLQQHU ZLW -‘_y— '
W\SLFDO DEVRUSWLRQ FKLOOH! L_——= = A t
KHDWHG LQ D KLJK SUHVVXUH F !

YRODWLOH SKDVH WR FRQGHQV e /700 -
DQG WUDQVIHU WR LW WKH KHD|[IIT [ = ~ %~
YRODWLOH SKDVH PRYHV WR D ~ =\ — i
ZKHUH WKURXJK HYDSRUDWLRC L e

IHHG WKHQ FRQGHQVHV EDFN | ,PDJH 5 FRP
SKDVH $

VLQJOH SUHVVXUH YDULDQW XWLQJ¥ WEGHHD BOVR GIYLWWY¥K:BRVYOH D
PDWXUH WHFKQRORJ\ DEVRUSWKBYQHF&E&RBOHRHNXQFR Y QWY DRY HM® U
&23 XQGHU PRYLQJ WKH SRZ MU NGHNXWUHRHYWOWR XQ

$ QXPEHU RI RWKHU WHFKQRORFLHBWGO\WMMW FRIROR.RH OH FWH |
YHU\ VPDOO DQG OLJKW EXW RDYH WHU U LOERQHV &2 3V X\E\lS VAN WH P V
D FRPSUHVVHG JDV LQWR D KRW VDXQUGERRPSD QWM B YD U ZIKQ N KDY
PD[LPXP &23V DV KLJK DV WUDRUW HR WDXE W XKD ZIR &QGV Rl RQ
21 FU\RFRROLQJ WHFKQR0BRRHYWH.RVSKH K DMX&H SRWHQW]
PDJQHWLF UHIULJHUDWLRQ VKRP\D\§XHH LIMHWEKXW URVWLJ&HUPR
UHIULJHUDWLRQ VWDQGLQJ ZDYRWIHQWH\F® HR UZKG ® B ZAMPKHQW F
QRW FRPSHWH ZLWK PRUH WUDRLVWERRBQDQ VKRUMP WIKM W HY VR S\
N DSSHDUV WR EH WKH PRVW PXQGD
e, Coneres F\FOH

e coniensy )DPLOLDU LQ WKH IRUP RI DLU
UHIULJHUDWRUV DQG ODUJH LQGX
YDSRXU FRPSUHVVLRQ F\FOH FKLC
FRPSUHVVRU WDNHV LQFRPLQJ ZD

FRPSUHVVHV LW WR KLJK SUHVIMX\
B SURFHVV 3DVVLQJ WKURXJK D UD(
TYPICAL SINGLE STAGE FRQGHQVLQJ WKH OLTXLG $V MAKH

VAPOR COMPRESSION REFRIGERATION

7ULSOH (IIHFWKEKPDOHYHWULHYHG IURP
KWWS Z272Z WKHUPD[JOREDO FRP WIKMHUPDJWHRRYSDWRRKO PERRUSWMWROKRDOKLQHY WULSC

+RZ HIILFLHQW LV D WKHUPRHOBB OWRZF5HRROMHYHG ITURP
KWWS 7277 PDUORZ FRP UHVRXUFHIVLEHBEGWDIO/ ID TWK KRFRHOHFWULF FRROHU KWPO

3ROLKURQRY - * 6WUDDWRB®DS$LPXP FRHIILFLHOW RI SHWI\RHP WKERDNM&ELBQRI YR
-RXUQDO RI 3K\VLFV GRL FMS

$SUHD & *UHFR $ ODLBDIQRWS$F UHIULJHUDWLRQ D SIRRPHWHWIOND YLKEKQROR J\
L OWHUQDWLRQODO -RXUQDO RI $PELHGWRLQHUJ\

=ROSDNDU 1 $ ORKG *KD]DOL 1 (H)YDRDBDOFH DODO\VLY RI WKH RMYWDWIGAH QJ ZDYH
UHIULJHUDWRYSH@HZBDEIOHZDQG 6 XVWDLQDEOH (QHUJ\ 5HYLHZV



http://www.thermaxglobal.com/thermax-absorption-cooling-systems/vapour-absorption-machines/triple-effect-chillers/
http://www.marlow.com/resources/general-faq/14-how-efficient-is-a-thermoelectric-cooler.html
https://www.researchgate.net/publication/275024199_The_Maximum_COP_of_Vortex_Tubes
http://www.tandfonline.com/doi/abs/10.1080/01430750.2014.962088
http://www.tandfonline.com/doi/abs/10.1080/01430750.2014.962088
http://www.sciencedirect.com/science/article/pii/S1364032115010977
http://www.sciencedirect.com/science/article/pii/S1364032115010977

PDJH .HHQDQ 3HSSHWKURXJK DQ H[SDQVLRQ YDOY&H D
IODVKHV RIl FKLOOLQJ WKH UHPDI

:KLOH WKH FRI Refrigerant Condensation Pressures

UHTXLUHPHQW LQF 3
FRPSOH[LW\ DQG P
YDSRXU F\FOH FRR
PDWXUH DQG KLJKC,
YDULHW\ RI UHIULJZ |
DYDLODEOH WKDW
ORFDOO\ ZLWKRXW *
HOHPHQWY VXFK D

——Fropane (R-290)
——Butane (R-600)
Isobutane (R-600a)
— —Ammonia (R717)
- -502 (R-764)
Propene (R-1270)

ressurs

(YHQ FDUERQ ZE?U 283 286 289 292 295 288 301 304 307 310 313 316 319 322 325 328
FDQ EH XVHG DV D Tmperatue (1)
KRZHYHU LW UHTX %DVHG GDWD IURP WKH 1,67 &KHPLVWU\

SUHVVXUHY DQG LV VXERSWLPDIMH IRW WXEGGWHPISWHK B VIDXWRKY KW G | U
LI SURSHUO\ LVRODWHG WR SWMHYWR W K\HLH WLR/[NFRIWVOHDINPVP RQLD
GLR[LGH DUH WKH PRVW LQW HURGXIFQE O% RMNRF DOB\UADWKOALJIK K
YDSRUL]DWLRQ DQG KLJK YROXPHWAU I6KX O IXHF G ILLRF] IKGHD WVFBPRBODH W
SURQH WR SHUPHDWLRQ WKURXJK BEROVRPHWRBEXFBHGDIM Y H\W UR G X
GLUHFW ZDWHU DQG R[\JHQ SURGXN\®HRQVNM RRVRXWIKK ISFVNDBL]DW
$PPRQLD LV OLIJKWHU DQG LV RQGXRWWKBOPBM W [FIRHRIFDRQQVIVQ

%HIRUH ZH FDQ ORRN DW PDVV DQBGHS®HEHG WRQWH BHWH \R DR
DUFKLWHFWXUH :KLOH WUDGIRQMBDY WHD®W B SBKD@IHOU BOWIH U
WR LQWHJUDWH SUHVVXUL]HGDWXEKLSLRQGW KHWHROHUQWER WK K L
SRUWLRQV RI WKH HQYHORSH V \8RX¥ &XH D VQV WWOH WX G DEDWHRQH P H
RI OLTXLG WR JDV LQ WKH W XE®GW LARK®H DO WR QIDVLFZILANDK WR D
DOWLWXGH VWDELOL]DWLRQ HEMWBORS H UDXRK BADXEHW RRXODE QK H
EH WROHUDQW RI FKDQJHV LQ@MUUBHUBWSLR\F KV $QRWKWH RRWKH
WR GULYH GHKXPLGLILFDWLRQHSDWKHIK FMKFOWH B HTFIOH GHIBXP LG

'KLOH VLQJOH VWDJH FKLOOHUWHAWRK W HDRL SV RBDIWL @ R FEFHR P
UHIULJHUDWRUV DQG DLU FRQGUWERDRUD WPRXNQKD Y H IR WG D\UHODW
OLIW FHQWULIXJDO DQG VFHHEKDLQIGOVA2ABLRD FKU KO HKNURIRW VP
WHPSHUDWXUH GLIIHUHQFHV DQG %R & HHEMBUR DXJIIHWE R PESH.DHM.V R L
H[FHHG $V RXU QHHGYV DUH ERMN SIDAH HKY FID BX AIGGVDHZH Z LC
DVVXPH D UHODWLYHO\ KLJK ®URIDLP&& MBXRW XRGWUOKDOI WKH &
HIILFLHQF\ ZLWK RXWOHW QIUVRH HRYHQ@PRSHRLROLp. p& YHU

p. p& H[WHULRU WHPSHUDWXDM G X EIDQU WKH GDYWHMRI D V\V'
ZRXOG EH QHHGHG DQG KRZ PXFK'SRZHU ZRXOG LW UHTXLUH

1,67 &KHPLVWU\ :HEWRRRDO ,QVWLWXWHYV RI 6WDQGDUGY DQG 7THFKQRORJ\
&RPPHUFLDO &2 S5HIULJHUPWUNR G\ZOMHPDWH 7HFKQRORJLHV
(QHUJ\ (IILFLHOF\ %HVW 3UDFWIHH U GEXWMWDREQD\E UQODW\ 9LFWRULD DEWDWH *RYHL
$XVWUDOLD



http://webbook.nist.gov/
http://www.emersonclimate.com/en-us/Market_Solutions/By_Solutions/CO2_solutions/Documents/Commercial-CO2-Refrigeration-Systems-Guide-to-Subcritical-and-Transcritical-CO2-Applications.pdf
http://www.sustainability.vic.gov.au/-/media/resources/documents/services-and-advice/business/srsb-em/resources-and-tools/srsb-em-best-practice-guide-refrigeration-2009.pdf?la=en

,GHDOO\ WKH HQWLUH VWUXFWXWHPPRXIVWLRIY PRGH ORIG QRZ .
GR D VLPSOH UDGLDWLRQ EDODDW HRIDQ G FRICDWHLIERA)L RR)U FID OB KO E R
E\

"KHUH
M LV WKH WRWDO UDGLDWLYWMKSRZHU DFURVYV DOO ZDY
$ LV WKH VXUIDFH DUHD
¢c LV WKH HPLVVLYLW\
« LV WKH 6WHIDQ %ROW]PDQQ FPRQVWDQW H
7 LV WKH WHPSHUDWXUH LQ .HOYLQ

‘H IDFH D FKDOOHQJH LQ WKH SUHMKAK KD RILY U D Q WHIDHDF K
UDGLDWLQJ WKURXJK LW IRU D®SVIRAEPDWRRBEG GXWSRVHY ZLPHWI
VSKHUH ZLWK DQ DYHUDJH HPLYFNHYW.WR SHUDVDXQQGHDKBRUAD\ EHW Z
H[WHULRU DQG LQWHULRU PDWLR® L\2 YWKEKR/XQG W:DGRU WKH LQ
UDGLDWLRQ ZH ZLOO WUHDWULW PKHWHS WKW HOWLQLBUYKP QD W H
GXH WR VXQ H[SRVXUH ZRXOG EH p R HWPPELHQWGY p O:
LQFRPLQJ UDGLDWLRQ IRU D QHW GLIIHUHQFH RI 0:

JRU FRQYHFWLYH ORVVHV ZH Z2&6GROIMH 1HZWRQ V /DZ RI
3 K $ b7
:KHUH
3LV WKH KHDW HQHUJ\ WUDQVIHUUHG SHU VHFRQG SRZHU
KLV WKH KHDW WUDQVIHU FRHIILFLHQW
$ LV WKH VXUPDEFEH DUHD
b7 LV WKH WHPSHUDWXUH GLIITHUHQFH p.
6 XEVHTXHQWO\ ZH FDOFXODWRHLWRM KDADW WUDQVIHU FRHIIL
K 1X N /
"KHUH
1X LV WKH 1XVVHOW QXPEHU
N LV WKH IOXLG V WKHUPDO FRQGREWLYLW\ IRU &2
/ LV WKH FKDUDFWHULVWLFGQERBWK UIRU DPVSKHUH WKH
8VLQJ WKH &KXUFKLOO FRUUHODWLRQ IRU D VSKHUH
1X 5D 3U

"KHUH



5D LV WKH 5D\OHLJK QXPEHU
3U LV WKH 3UDQGWO QXPEHU

5D *U 3U
3U BN
*U J e b7 /s Sr

"KHUH
*U LV WKH *UDVKRI QXPEHU
FLV WKH VSHFLILF KHDWJ IRU &2
% LV WKH G\QDPLF YLVFRIVL3D VIRU & Pr
J LV WKH ORFDO JUDYLWDWWRQ@BO DPFHOHUDWLRQ DW DO\
e LV WKH FRHIILFLHQW RI WKHUPHDO H[SDQVLRQ IRU &2
S LV WKH NLQHPDWLF YLVHRVRWYV IRU &2

3IXWWLQJ WKLY DOO WRIJHWKHU ZH JHW

*U H
3U H
5D H
1X
K
3 N :

&RPELQLQJ UDGLDWLYH ZLWK FRORRIGMALY @HRZ RU ZH:JHW C

$ FRPPRQ DOWHUQDWLYH IRUP XODQNRIOWKM PRYVYBOWORXP BE
LW LV RQO\ YDOLG IRU D 5H\QROG)\R @ OREBUURDRZ WRORFLW\ RI X

5H X F&
1X 5H 5H 3U % Y%oa
K

7KLV \LHOGV D WRWDO FRROLQIZQHHHDS/RY WEBH FARR/E&HQJ SRZ
QHHGV DW &23 DUH DURXQG N: DIQG\ $NW\SHAVIEHHBWPRQLD FKL
PDGH IURP VWHHO DQG LQFOX®IQIHWY PGOAWDLRDDORKHIGN H[RK :H
DVVXPH WKDW YLD RSWLPL]IDWLPRG WHKWFKHDW FPRE&RVRWHUQZUQH YV
HIFKDQJH YLD UHXVH RI VWUXFW>XQUDNO WHFROMH R g YW YU P\WD VY JVBDHK XP |
LQWR FRROLQJ HWF ZH FDQHEVLWWQWHPKRD WRZRXME MRKPH LQ DW
WRQQHYV 7KH UHIULJHUDQW FKDURH ZRXRGQEHH RQ WKH RWIFHD U\ C
VPDOO

ORLVWXUH LQ WKH DLU DQA WHKXNWDGEHNXPRGH UL BIWX RQH P H (
GRHVY QRW GUDPDWLFDOO\ LQF WPHD/WH 8WKLHQ I AIVIKH. Ud-XE NV \WWKHDRV L R
VDWXUDWLRQ YDSRXU SUHVVXUH LQ SDVFDOV



3 H 7p& 7p& 7p&

6DWXUDWLRQ SUHVVXUH DW pBEBW.YV pRKXW LV 3D 3DK LM
UHODWLYH KXPLGLW\ WKH XSS HUQWHRRRRHYESHAHERXQE DRUHU Y I
ZRXOG EH J Ps

+LJKHU KXPLGLW\ OHYHOV FD>XVRIDXVMDWHVUHYURQG | KD D M IDF
KHDW LQGH[ EXW UHGXFH SURFOHBR®M F+WUKDHQV BXPDWILWQ OHY H
WKH UDWH RI ZDWHU YDSRXU UQFR¥WU\ KIXI°P DEUWAREBRB QW HRY DWL

EH J Ps DW J Ps DW G DWJ Ps DQPs WKLV LV UHODWI
DLU PDVV RI DURXQG J Ps )RUIORZRIWRRBKQEL DIP V GHKXPLC
UDWHYV DUH WKXV NJ V 5++ NNJJ W 55+ NJ V

S5+ DQG NJ V 5+ 7TKHUYUBQRLUIH FEW\ADWHU UHFRYHU\ |

OLQH ZLWK RU H[FHHGLQJ WUIDDWSLUMRIERRIKDOWHMW K/ IBRWHQWLEL
UHGXFH RU HOLPLQDWH WKH QHHHW IRU D VHSDUDWH FRQGHQV

SURGXFLQJ WKH UHIULJHUDQWOBKNUEPBH Q+RZWXHY QKW PPY
FKLOOHU LWVHOI DSSHDUV OLNK OD Q\CR VEKIHX®FARHPURWHMXEOHRHQW
VLIQLILFDQW 7KDW VDLG QRQ@K RDWXKBDWH HRZWHUP HOXURYX DUH
IXQGDPHQUWMRIOIARLWLYH DQG PD\ EH MXWLW QI FIREX HJ X U\ W IFRHQWV CH-
GXH WR WHPSHUDWXUH RU GHKXPLGLILFDWLRQ FRQVWUDLQWYV

%DODUDV &RQVWDQWLQRYV $ 'BWKRQDNHI$EOBQOD @IBRWN WKHUPDO FRQGLWLRQV LQ K
RSHUDWLQJQRBPWVDQG %XLOGLQJIV HQEXGRG M

‘RONRII BHGHU .MDHUJDDUTKH GIHERWRP\ RI UHODWLYH KOLYRYWYU RQPIHIGWRRU DLU TX
,QWHUQDWLRQDO GRL M HQYLQW



http://www.sciencedirect.com/science/article/pii/S0378778806002209
http://www.sciencedirect.com/science/article/pii/S0378778806002209
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6WUXFWXUDO LQWHJULW\

,Q D /DQGLVY KDELWDW WKH FOR3HRY BD\WQ DUWKIKQ SN KHJBWXH L
VOXQJ XQGHUQHDWK LW DV LQ WKHQMDU®R ZKDNH VsRRY. SUIRY LGH
JHQHUDO FRQFHSW RI ZKDW QHHGN WR \VEKRIOGVEHQ ORIFQGVAKHZ LW
VWUXFWXUH )LUVW RQH VKRXOG FRQVLGHU DLUVKLS W\SHYV

.5LJLG VWUXFWXUDO IUDPH UDWKRW MKDQWKHVEDBHWYV KIUW |
WKH HQYHORSH LV LPPHGLDWHB®\ WUDQVIHUUHG WR WKH IUD

.1RQ ULJARKSULILG VWUXFWXUDO UHOQORDENPHQHV AV KWWOL W
E\ FDWHQDU\ FXUWDLQV DQG WRPRYOHNUWFDHOEOHG D EEFDH\W S &R

. 6HPL ULJRGGY DUH WUDQVIHUUHG IURP LED®& HNGHWO\ RXQU XKILLRX
RWKHU ORDGY DUH VXSSRUWHG

1RQ ULJLG DQG VH
DLUVKLSV FRQWDLQ ED
VL]HG HQYHORSHV RI H
UHVSRQG WR FKDQJHV
DQG LQWHUQDO SUHVV:

N —

B el e ol
i :. ¢ _

\ .\>rorwm! %

DQ RXWHU VNLQ PDLQW w“m;“i;ﬂj”i <
JDV FHOOV SURYLGH Ol V7, e
VSDFH EHWZHHQ WKHP e &
EDOORQHWYV i

6WRFNEULGJH HW DO

,Q QRQ ULJLG DQG VHPDWHQIDG DBEHYMMBNE/WR VSUHDG RXW |
RI VWUXFWXUHYV DFURVV WKH XSBEHUMHQYHKQBSHADBWLF WQDQVIF
JDV FHOOV WR WKH IUDPH ZKLFK LQ WXUQ EHDUV ORDGYV

$V D JHQHUDO UXOH QRQ ULH ® PVLWVHKER Y RPH G OWRWE ¥ PVDIO (
ZKLOH ULJLG DLUVKLSV WHQG VDRV EXHDW KHUP\RL]W VH FCRQ B FULHFA\DXOO W |
IDFWRUV 7KH IRUPXOD IRU VWUBVVQRWEG/ SKHUYLRXY OAK HU

e 35 W

"KHUH
. LV VWUHVYV
3 LV SUHVVXUH
5 LV WKH UDGLXV
W LV WKH VKHOO WKLFNQHVYV

/IDQGLV * $ &ROROQL]DWLRG R ®RQMMWHQFH 3URFHHGLQJV GRL

$UQH\ ' & -RQHV & $ IHQNK SOWUWWGRIQDO &RQFHSW +HO2BWHIQ (RYORUDWLR
IHQXY,$$ 63%&( &RQIHUHQFH DQ&RUSRVLWLRQ

6WRFNEULGJH & &HUXWL $ S$DDVUKREFMHVHDUFK DOG 'HYHORSYHION W UXKEKR XUHDV F
"\ODPLFV DOG (QHUJ\QWWHWBPWLRQDO -RXUQDO RI $HQRBDXWLFDO DQG 6SDFH 6FL

GRL LMDVYV


https://ntrs.nasa.gov/archive/nasa/casi.ntrs.nasa.gov/20030022668.pdf
http://kpubs.org/article/articleMain.kpubs?articleANo=HGJHC0_2012_v13n2_170
http://kpubs.org/article/articleMain.kpubs?articleANo=HGJHC0_2012_v13n2_170

+HQFH DV WKH UDGLXV ULVHV WLKHH VO IQFHNDQHOU VL @ XRW/G D10 \f R
UHPDLQ FRQVWDQW +HQFH HQY HORSFA PN\ LLQF DFHPR VG DIFH Z
UDGLXV FXEHG WKH VDPH DV WKH OLIW

$ ZD\ WR ZRUN DURXQG WKLV LV
RYHUSUHVVXUH +RZHYHU WKH RWH
WKH DLUVKLS V VKDSH DJDLQVKHDSEL
D ULJLG IUDPH ZKLFK UHVLVWVYHGWHF
ULJLG IUDPHG DLUVKLSYVY WHQBBDW R. J

7KHUHLQ OLHV D SUREOHP ULJL
KLVWRULFDOO\ SDFN GRZQ ZHBO RU
FROODSVLEOH WUXVVEV KDYH ORI
VLIQLILFDQW DPRXQWYV RI DLUV DO
ZLWKLQ WXEHV WKHPVHOYHV KD&UW
GRHVQ W XVH OLQHDU ERRPV FEIXW L
WUXVVHV (YHQ D VLPSOHU SRBEWXD  3PWHRW LPDJH By W
VXFK DV WKDW RI WKH =HSSHOIHQ YW $(& $EOH (QJLQHHULQJ

FRQWDLQV GR]HQV RI WUXVV LQWHU VLQFH DFTXLL.1G E\

$Q DOWHUQDWLYH
VIVWHP ZRUWK QRWLQJ
WXEH FRQFHSW SLRQHF
$LUE..DW ,Q WKLV V\\
XVHG EXW LQVWHDG RI
RI ULJLG PHPEHUV LW
FROODSVLEOH ILOP WXI
ULJLGLW\ ,Q WKH SURW
LPSOHPHQWDWLRQ WK
%PLDORSKDQ 3(7 QR
UHLQIRUFHPHQW DQG :
%UDFKHU HW DO SUHVVXUH RI  N3D

3HUKDSV WKH PRVW H[FLWLQXDRWRIRORFANLGQI]DRQAQEIOH V¥ R
WUXVVHY EXLOW DURXQG UROOHDE B WHXEHN Q ZKQ K W IKHHP WHI® H D
VLQFH WKH V. $NLQ WR D WDWKEMHPOWKWY DY) DQWRHMIE WHQV L
XQUHHOLQJ VKHHW WR DFKLHY HI R K BHMLW HGJ VE-DBGL Q J RIRRED G V
VXERSWLPDO LQ KDQGOLQJ WRMVVRGBGK DRUMKRNHHIQWRFGHREFRU D
&RPSRVLWH 7THFKQRORJ\ 'HYHORSWPWMIQRN YWRLRY HU DREM MOKILY ZHE

KRXU\ * $ $LUVKLS WHFRKIPREQRBJH &DPEULGJH 8QLYHUVLW\ 3UHVV GRL

7LEHUW 'HSOR\DEOH 7HQVHJULW\ BWUXFIRKQUXQJIR VKBS QEVNSBE SHI¥NRODQ GRFWRUDO
75,7% 0(. ,661 ;

‘DUGHQ 5 0 8 6 3DWHQW 1R 86 :DVKIQJWRQ '& 8 6 3DWHQW DQG 7UDGHPDUN 2IILF}

%UDFKHU - 6WHLERH MLUERDW D FKDOFH IRU HOULWROPNSRIKWOWERBRSDWLE
JLIKWHU 7KDQ $LU B\WWHPV 7HFIGRRORJ\ &RQIHUHQFH



https://www.mech.kth.se/thesis/2002/phd/phd_2002_gunnar_tibert.pdf
https://arc.aiaa.org/doi/abs/10.2514/6.1997-1458

5RFFRU V GHVLJQ DOOI
DFKLHYH DSSUR[LPDWHO\ K
VWLIIQHVV RI D IXOO\ VH.O
,QGLYLGXDO WXEHV FDQ L¢
PRUH FRPSOH[ VWUXFWXUH
(PEHGGHG HOHPHQWYV FDQ
ZLWK WUXVVHV DQG WXEHYV
KDUQHVVHV ,Q WKH FDVH F
IXUWKHU GHYHORSLQJ VXFFk : |
FR GHSOR\ VWUXFWXUDO V: 3KRWR 5REFRU
K\GURSRQLFV FRQGXLWV LC
XWLOLW\

$00 ULJLGL]DWLRQ FRPHV ZLWKXWRP HX®IOXD G W PLEWBIJ H § YYHOF
JUHDWHU FRPSOH[LW\ DQG P RUHLQWHIW RE\EWUGFW[BRDSWRW K+R
RITHULQJ D SRWHQWLDO PHDQ W DR UBIGIXEWLIRYLRIQVNY VVWWHHPP V D U |
LQYHVWLIJDWLQJ $Q DGGLWLR® EEG DJHD ¥R QWLKGBIWDULURGL]IDWIH D
RXU FRQVWUXFWLRQ WR H[LVWIEZQJVWIHQIDVUKH ORYXERW WDUK V P
ERUQH DFURVV D ORQJ VSDQ RWOEHK)DWKDW QRQH LGLKMDBFH E
KDELWDW LPSO\LQJ H{WUD FDEGH PPVNWVLEQGLWH G XFH® KDW LV
FDEOHV ZLOO EH KLJKO\ DQJOHGVDQW UMK/XAH P8 RYWQQ HHE HVR EH

1N 0.54N 0.54N 0.71N 0.71N

$ERYH 9HFWRU IRUFHV LQFUHDNV®JIVWVIOHE YWMWHHMODLWLY KISWRUWKH ORDGLQJ DQJ

'DYLV % / )UDQFLV%iLJ+'HSOR\DEOHV ,QO 6B6&0O SOWHOOLWHYV



http://www.altius-space.com/wp-content/uploads/2014/08/Roccor_SmallSat_Paper_Final_2014-06-20.pdf

6RPH GHJUHH RI ULJLG ULJLGLEDXWHRWKANQSHIR XOWHKE WR UH

&RPSRQHQWYV

$V GHVFULEHG SUHYLRXVO\ L&Y QQRLHWHERUQGQH LURK IFDW HD@RDDU \
(YHQ LQ ULJLG DLUVKLSYV WKHALWKPHZLW R QRUVIHILBIWRIBRSRQHQW
WKH VNLQ FDEOHV JLYH DFFHN WRSRGRANMHR U RKH QDN IVR Q KSLUR 'Y L C
GLITHUHQFH LQ FRQVWUXFWLREHIRQLQDWROGEHM UHRRVWIGHWIRI R XQ G
OLNHZLVH ZLWK ODUV 2Q 9HQXWVX\RWXXWH G ISDOQPQUEZOWKQVWHQV LR
FRPSUHVVLRQ )URP D PDVV SHUWSHHAWXY HKRAHYHWY DWW YIRHV Ut
UHWKLQN RI KRZ ZH FRQVLGHBKGEHH\HL BHOQ F K. @ GHRIMQW XMKRXOG EH |
ZLWKLQ WKH KDELWDW

. $VFHQW YHKHRIHLY RQO\ RQH RSWLRQ IRWP H@WU MV R/ Rl GVRXW H
KDELWDW VWDELOLW\ VXFK D X@E&HH@EPHIDWKPWKW EHIVRX®JIS$
VFHQDULR DOORZV IRU PXOWLS/OR EHHP FW\REB M B HIMW RGHKHL F BXIW
IXOO\ IXHOOHG GXH WR OLIWGFRQVWUKHIQAVV DIQGOZ & HQF XR'W
R[LGL]HU DUH DERDUG LW PXWW EHHVEXIHDDWK DV B IKDEILW D'
HISORVLRQ VDIHW\

. +XPDQ KDELWKWHRQDFWRUV DUJXH WKDW VK IWKWK\E RS G 7KH
ILUVW LV D FRPPRQ IDFWRU W®HMKLR L VXDWRIRY RD BADKH/ OS L
LQ WKH FDVH RI D QRQ ULJLG RNUWKDSV W KH ERQ® RQFHWR/UD U
WKH ERWWRP DV WKH DLU LQ XWKHG® [IRW KH.DW L H U BADICOOQR QVHD \
ORFDWHG QHDU WKH WRS WKKHKD¥EWQW Y R X DRSO b RZDD/ ZOKDHQL
EDOORQHWY XQGHUJR D JUHDW R®WWHH \R L RQSE® XN MR VDIQHE F
UHTXLUHPHQWY WKLV OHDY HVORQRR WL BRIR\S R 0 WLRFHIOMW WP
XQWKUHDWHQHG E\ WKHLU H[SOWVRIRR P/DNMRADHQQHWRS HHOH |
H[WHUQDO FDUERQ GLR[LGH DWPRW®RIPUI$ZVYD@®J IR R OVINWRW K
VPRWKHULQJ WKH RFFXSDQWYV DWWHKH LURWDH ORWD %M G R QW
OHDN SRVHV OLWWOH ULVN WK HVYRWWQR D WKUILKMD ERVWDKH B
DLUVKLS FDQ EH MHWWLVRQHGSL QO WHKH ZREUNQWF DN KL FLQH O

1RWH WKDW WKHUH PXVW EH D BOWKZBW LOHODWGEAB)VYH
WKH FUHZ KDELWDWLRQ DUHDV WREQ WRHW WHYEHKW MRP ZK\HW
VOXQJ &DEOHV QHWWLQJ RY KMQW &KW ERPWRQHVPXVWRSUH
WKLY FHQWUDO FKDQQHO

. $JULFXOWKMWNWDPH IDFWRUV DV IRU KEPMXDWLRR BOBEO W R
RI DFFHVV KXPDQ KDELWDWLR® O KRXWIG EHJ DBXIQWE U A HID/EU
IURP LW 6LQFH DJULFXOWXUH LZOWWROY HWX VK 1D \P R © HHPEHED DVQRSI
K\GURSRQLFV DJULFXOWXUH \QKR®CHY B Q JXOEDBHN LE IR IGRHUHWLL
OD\HUV I0ORZLQJ RXWZDUGV DW W KHIL 1KMW DARZ\Q Z\DXUFEK DAKI DM
QXWULHQW VROXWLRQ HQGV XS GHWDDHIFWK QUKHQFW KB B H & I/\-
EH SXPSHG EDFN XS



. /[LYHVWRIKINOH WKH VDPH IDFWRUV DS8S&SQWW R\ WRHNXYWRIFQIV LR

IDFWRUV VXFK DV QRLVH DQG RIBR D D\ KHR IR 1§ HRRSRITHNV 1$Q J W
UHDVRQDEOH FRPSURPLVH ORMPIWVRERP WRKNWHGKVD BMHK B BE
FKDQQHO ZKLFK \LHOGV DFFHV \E MR W K HVEKIDWMWRP WRR WEH ¥ B
EHQHDWK WKH FUHZ DUHD EXW DERORSHKR.ERWWRELRN W/HHH \
ORFDWHG LQ XSSHU DUHDV DZDR KUR@®J FOUH B DK\D\E LW DA VRAQU L\E
HYHQO\

. ,QGXVWULDO KRQGBGRYWWHDO KDUGZDUH VHUYBY RQQHMGREISRYV

JDV VFUXEELQJ DQG LQ VLWX UKWRXHRHFDHRSXR SHERQD QW F I
ZDWHU DQG YDULRXV LQGXVWVYEBDVHCHRQEB®WX RV ROKWHVHG L
SWLOL]DSVLWGEH JDWKHULQJ RI H[W H B8QIDO QIIDNVHHV\ RALR/ \E M GRRWD |
HLWKHU RQ WKH XQGHUVLGH UXSBHVIWEW®R WRKHQHDYUHYR SHS U
VIVWHP PD[LPXP DLUIORZ IRU VFN\ BDELH O R FACKMHIG K@\GW R Q +
KDELWDW /LNHZLVH WKH PDLQWXHP DQBHIRW WHKHKIL REW SXW O
XQGHUQHDWK WKH KDELWDW ROXWWLRIQEQ¥WDVLQDE RFHDGY!
RI D QXPEHU RI KLJKO\ WR[LF FRPBRRQED XL DK FNRXIO\E SR J|
IOXRULGH SKRVJHQH K\GURJH®\F\WDGORY LRWKDIDWBNO®HQ
UHDVRQDEOH ORFDWLRQ IRU P RO/GNELHQ W RVA\RFLIDOHV WKW R PQYH B
SURSXOVLRQ XQGHUQHDWK WKHORE ¥IBORGHL UR WPKHQW REZDDVH
WKH SULPDU\ HQYHORSH $Q R WHKMW HR 5W LLRQDZR X Q G HAHV WARHO |
HPSHQQDJH HOHPHQW 7KH JUHDWBUMKKHLYB Y WDWDRQV EF W
WKH KDELWDW WKH EHWWHUYVVLEOMW LW VWLOO PXVW EH DFF!

. ODQXIDFWXUDLIQWHQDQFH DQG H[SDQVLRQ @Y POKBIEL YRMD DQ

PDQXIDFWXUH ZKLFK LQYROYHVREVRFHVPHIW WEDWNKNU HDIWE HF
IDFWRUV WKDW RQH JHQHUDOODWGRHWZQBWHDLNQ WK REDMOHG P
QHHG RI WKH RXWSXWYV RI PDQXGBBE QXKDWEJIWKIH HIRFADWRBGE X C
LW PLIKW EH UHDVRQDEOH W RKE& REFFOWWHRRPD QX Bl v W XAKLEQ@ QLHXO
DERYH WKH ERWWRP RI WKH HQYGOIORS H Q$NY DRERGK ZR X\W IGHV
DIRUHPHQWLRQHG VPRWKHULQJ ULVN LV UHGXFHG

. 3KDVH FKDQJH EXR\DQFQ RRGWURMDR UHVSRQG TXLFNO\ WR H|

WHPSHUDWXUH FKDQJHV LI DQ\ SSKDN B UK B BIG J VK HH\QW KHFOXRC
DORQJ WKH H[WHULRU HQYHORSH Y6L @BR DHP® RWRPLEV U RHIH
SHUPHDWLRQ DQG EHFDXVH WKH BQYHOIRSYXUSDFHN HDQUWD VX
EH ORFDWHG XS LQVLGH WKH EDOORQHWYV

. )JXHO FHOO V\WDEBYWLRQ WR SURYLGLQD(EHYWWH HMHNVUIXBE

FHOOV KHOS GHDO ZLWK WKHXGHXINLAKBLXQGCLYRXHUWWRUDJH
'XH WR WKHLU KLJKHU HIILFLHQWAWO RIJE YWLKW\P ISFRIYAH WV VBRIU D J
+&0 IXHO FHOOV DSSHDU PRPHXHEOESBRGOVDWHL WIKDRIQDIQG WXE

+XVNLQVRQ % 5XJROR - ORQGDO 6 $ KLIKI[SRRZHU GHQVLM\G KRJHK M IH KBIRHIQR\H
UHJHQHUDWLYH IXHO FHOO ZLWK BQOR ERWBO LRWY YLHURQ® HFHRWDO 6FLHQFH

GRL

F HH G



ZRXOG DUJXH IRU D ORFDWLRQ @DV HORMOQWR V8RN VIQEEOXH VB U (
FKHPLFDOV DUH LQYROYHG WKHG YKRXQGQG WRW IKBDIEER/ DRCG B V
WKH HQYHORSH

%H\RQG ORFDWLRQ ZH VKRXOG HWUDNH. R Q W FE HD\FRRRX @ WDFR RV |
GXULQJ W\SLFDO KDELWDWLRPHRW IHQWKH BQH WHKEKHHRIHD ULJL

:KLOH PRVW EXLOGLQJV LQ WK KOBLW VD KOY HR @ FS QHHHGX U
VWUXFWXUHY ZKLFK SRVH D JUGD®MWR D VKD P RGI SFOFH VXF ISHJRRP
LV ZRUWK FRQVLGHUDWLRQ :WIHO HK BWKLHD K [DE VWD WLR\WQ HAQR WRXL J K W
LQWHUQDO FDUJR PHDQV WK HDDE LFARIQWAXW R UNLUFORBAS RIK\D VR IERL Q R \
YDFXXP FRPSDWLELOLW\ UDW KQHIH W KY®& WKDIYWBP WRQUM WMR M KH ¢
DOVR SURYLGH D FRQYHQLHQW RFOMNML U RGP N Q WK HRU WSKOHF K D& L \® D W
GHSOR\HG LQ DGGLWLRQ WR RAUNLRDW\DWRDQIXQFRWLROQW &FRROG S
IRU SHRSOH WR VKHOWHU LQ WGKAVHR ®D \¥ LRV K& QOQW K H RKYY FHRO@® S H

LQVXIILFLHQW R[\JHQ HWF ZIDOIG L&V REZQXERUED WDQN

.1 ZH RSHUDWH RQ WKH SUHPLWHZRI KHFE& W R/ KROW FHDWW KWK I
ZLWKLQ LW :H DOVR QHHG WHR ORRRRAW MW KN Q R/ UHI LG QDIONDYV  ZKL
IROG RXW OHDIV WR H[SDQG W KL Q R/ I0]BIU JHKIHWHKIHD WKH BRF N HW
LQWHUQDO GLDPHWHU PLQXV VRMHR RYBEPK®B GD LER QH LOMHEU QDO
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/RQJ ODUFK XVHV VLPLODU GLDWGWHHUIPQWLQBYQ DVKVEXQG JWHMVHAKSDHORQ G\ R¥\W@B W
GLDPHWHUY DUH NQRZQ DUH OLWWREBWHU GLEZRHWHU LWXWWUDBWLESSWRILPDWHQ\WKBW
GHVLJQ KDV QRW \HW EHHQ IORZDIW7BRAH 8 GPRIQ WLFOH F U

/0 $ 6HULHY /DXQFK 9HKLFOH 8VHU &KILMMDPXDWHDWVIDHOO ,QGXVWU\ &RUSRUDWLRQ
&KHQJ =KHQJ /IRQJ &BPUFKX 6SDFH 5HSRUW KSHWSWLH ¥ KGOIMNRPDFHUHSRUW FRP ODXQFK
+ ..$ 8VHU V 0DOXDO 90HJ /DXQFK 6HUYLFHV
$ULDOH 8VHUSULRDRHBHYSDFH ,VVXH 5HYLVLRQ 2FWREHU
$ULDQH(QF\FORSHGLD $VWURQDXWWRDS 5HWX DWYWHGER OLRPVL] FRP D DULDQH J KWPO
$WODV 9 /IDXQFK 6HUYLFHWQBWHG WDXQRXH$OOLDQFH ODUFK
'HOWD .9 /DXQFK 6HUYLFHWQBWHIG VYDXQEKI $OOLDQFH -XQH
SBURWRQ /DXOQOFK 6\VWHP OLVYVLFRWHULDWRYDROLMKXQFK 6HUYLFHYVY 'DWD DV RI
BURWRQ 0 %UL] 0 /DXQFK 9HK L5HOMU L6HDH @ IQULRK W

KWWS VSDFHIOLJKW FRP VSDFRURFNHWY SURWRQ P EUL

6SDFH /DXQFK 6\VWHP 6/6 3URJUDPXQIGH LR 3@ EHBDROWUYWL &4 LY & HOA / YHU
$XJ
JDOFRQ /DXOQOFK 9HKLFOH 3D\@GBDEHVHU V *XLGH
J)DOFR@®SDFH; S5HWULKWWG IR VSDEH[ FRP IDOFRQ
J)DOFRQ +HBDWH; S5HWULKWWGE IUWWRF VSDEH[ FRP IDOFRQ KHDY\
1,1$ )LQDO 'UDIW ODUV 7PODFFHHYSMWEIMYHG IURP
KWWS 777 VSDFEH[ FRP VLWHY VOWHVURQHS/GPDUVBSUHVH

JRXVW - ODUXWHOVDW ILUVW EXVWRPHU IRUSSMORKH PHIAMLQ V 1HZ *OHQQ
/RQJ ODUFK /DXQF K SIHKH.IFOO.H KW SHWUNHY WG DBRPOLJKW FRP VSDFHURFNHWYVY OR!



http://www.cgwic.com/LaunchServices/Download/manual/LM-3A%20Series%20Launch%20Vehicles%20User%27s%20Manual%20Issue%202011.pdf
https://chinaspacereport.com/launch-vehicles/cz5/
http://h2a.mhi.co.jp/service/manual/pdf/manual.pdf
http://www.arianespace.com/wp-content/uploads/2011/07/Ariane5_Users-Manual_October2016.pdf
http://www.astronautix.com/a/ariane5g.html
http://www.ulalaunch.com/uploads/docs/AtlasVUsersGuide2010.pdf
http://www.ulalaunch.com/uploads/docs/Launch_Vehicles/Delta_IV_Users_Guide_June_2013.pdf
http://www.ilslaunch.com/sites/default/files/pdf/Proton%20Mission%20Planner%27s%20Guide%20Revision%207%20(LKEB-9812-1990).pdf
http://spaceflight101.com/spacerockets/proton-m-briz-m/
https://smd-prod.s3.amazonaws.com/science-blue/s3fs-public/atoms/files/SLS_Program_Mission_Planners_Guide_Ver1-Aug2014.pdf
http://www.spacex.com/sites/spacex/files/falcon_9_users_guide_rev_2.0.pdf
http://www.spacex.com/falcon9
http://www.spacex.com/falcon-heavy
http://www.spacex.com/sites/spacex/files/mars_presentation.pdf
http://spacenews.com/eutelsat-first-customer-for-blue-origins-new-glenn/
http://spaceflight101.com/spacerockets/long-march-7/

.l RQH GRHVQ W FDUH DERXW PG KWDFJ WIKXQFKHYRIKDFOH

WKH\ FDQ GHVLJQ WR 6/6 ,76 RIHRWERSPHORERVWUWEGHPLN)ZLWK OD
+RZHYHU VXFK D ODXQFK YHKLFOHTXL QHRRAH QWX @ 8 DPLVFWDBOHG S
WKH HQYHORSH LWVHOI SDFNWEBR2Q YR®WRPMH \WHIDWIGAKID\R| ZK
DQG SDFNLQJ UDWLR SDUDPHWH UM RQUHU A & RED/ELW DDVDLER © RAMMU X F \
UHTXLULQJ QR ULJLG ZDOOVWRIIFNPOIODIV SDFRO®BOVFH LOHVLJIQL
GLDPHWHU IDLULQJ VHHPV WKH P FPV®/L DR BWHDW WKRHOMWHR @/ RX Q G \
UHDVRQDEOH FRPSURPLVH EHLQIDERP SDMQEOH & EWBYW KH ®BRQ

+ ,,% DQG IXWXUH VI\VWHPV VXFK DV WKH 6/6 DQG ,76

$FFRXQWLQJ IRU WKH VSDFH IRKRXKIG ECWRORRR S HE WK ER)
LQVLGH DQG RXWVLGH VR WKIHW BXRE RW & R QW KPWYN WR XQM W K
OHIW ZLWK D URRP WKDW V DRWUDDAWRID\D EPRIQW.YR ORAH DR VODE /HW
VRPH RI WKH RWKHU W\SHV RI URIRPHUWE D IRV KRXRBXOH KDY H D
VRODU WHQW DV ZDOOV WKDWVW BEVH HG LRKWGOR UIKMRZE GHIAJ LY I
VXUJH EDWWHU\ SDFNV SRZHWREZ LQWEWLRIWOHWY DQG UR

. .LWFKHMBGFRXQWLQJ IRU IRRG VWRUD M PRIIRAD WKG F KV K K\R IR
UHTXLUHV IROG RXW OHDYHV \RR DQERGIO \RK W KERRIHBHVILQ®
ORDGV DUH XOWLPDWHO\ ERUQB QGR®PLRXIHW KMIRA DD E G VRIRIEC
VKRXOG EH VXSSRUWHG GLUHFQ @HMVRIPQB DRED B VI QRK B K L\ K
WXUQ EH VXSSRUWHG $ ODUJH SUHR Y L GHGD B HG/ B URH DD FFIDRY BB
WHQW RI IOH[LEOH DOXPLQL]QG]EGEERDP SODNQM F RQ O ONXIPZ |
FROODSVLEOH DOWKRXJK WK R GCRQUHGL R SHRHOWNNL R\GR D WUXDSV W
7KH NLWFKHQ DV WKH ORFDWWORD ORRG FLD/OWORR E B WLRRUIRGE | F
SURFHVVLQJ LQFOXGLQJ ZLQQRYEQUQRURY E GQIR R3U SLURIG X F \
VIVWHPV ZLWK D VPDOO IRRWSUDQWLY DWHRIR ®\R® XOUKUR R VWX
FRXOG OLNHZLVH EH VOXQJ |URM VPSR W FPEWHYJ VKR CORF
OLYHVWRFN LQ WKH NLWFKHQ HOWN W®& H KX DIPHHQ F RIDY Gl @IRHL.Q FHL
DIJDLQVW WKLV SRVVLELOLW\

. &RPPRQ DWHWRFLHW\ QHHGYV D SODFH WRZLIMWKKIHRWD G5 FEXRW P R Q
OHDYHV FDQ DOORZ IRU VRFLD@LWK JLIEM® GIQWKHLQUDRQP 88 W
VRIDV DQG FKDLUV D WHOHYLVGERQGRER PRY VD HYD DG IDQ
PXOWLSXUSRVH JDPLQJ WDEOH LQKRMGALFQ G BYREGH GRU XKW B L
LVRODWLRQ ZLWK D SODVWLFSPRWYWDEQVE B BWLRYIH BKGD X LY K
6XFK D URRP FRXOG EH ORFDWHZHHQ@ BV KB QI A WHLD B B EE HWR
NLWFKHQ ERWWRP

. %HGURRPYH Rl WKH JUHDW DGYDQWDVHWKRI IDF QWK B VK D B W
HIWHQVLYH URRP IRU SHRSOH WRURRYPN NVKRXQG E} GQGLEG!
H[SORLW WKLV (DFK EHGURRP \RWRX\HGIORQV LYWW RO D UF R/MY'
FRPSRVLWH EHG IUDPH LGHDO®\ KIDWWLWLHV VD \OKHRAWZGILIR V
IURP D GHKXPLGLILHU 76RQGSIQBEMBLRMMADOO ZDWHU WDQN
JUDYLW\ IHG KXQJ DERYH WKH UBRBPEH $O/L DKEHBQRRPK2ZRK P R



FUHZ PHPEHU FRXOG KDQJ WKHLUW WRR B KHU HJ WK H\DZ\DHNDHIE F
ZKHWKHU ULJKW LQ WKH FHQWWHJ RU IDU IURP HYHU\RQH HO

. 6KRZHRBQO\ RQH VKRZHU VKRXOG EHQUHTXGHBG Q\QDWKIH R B DLV

VRODU WHQW HQFLUFOHG VWQXPWXWH FZ L WIKP DOZTUNW B WH I\ B
RU (FR9©D V\VWHPV :DWHU UHE\FRWQILRIOQ D QUIHGKYE WLR
ZDWHU WDQNDJH DQG FROOHFWKRQ WHIX UHTXHQMWRHEWW DIC
RQ WKH RXWVNLUWYV RI WKH LFQKODEL \EH G5 RQ H [¥ LWKR WHHQIVD F
RXWHU HQYHORSH SURYLGLQL®LQUHUZKDEM VWLOO PDLQWI

. /LYHVWRFN SODWHRMKH ODUJH DPRXQW RI URRPESWRYW.GHG E

UDLVLQJ OLYHVWRFN EHFRPHYV RQR PRUW RDBEWRB/IO & R D (
SURGXFWNXDSRQLFV LV LGHDOO\ FRODRFID W B G\ZR MWW KOHL R M W\
IURP OLYHVWRFN FDQ EH LQSXWWUMR. OTHDSRQUBDW JRIIRQ XUKH [
FRQVXPH LW GLUHFWO\ IRU M[DMHOVHW GHRFQW. RDWLRA DT XD SR
NHSW K\JLHQLF ORZ GHQVLW\ DGGRMW LIRQKD CDOUPEH) X¥FREARU

. 0DQXIDFWXULQJ OIDRJBWUPVRODU WHQW P DQXNBEWHKWDQJ D
GXUDEOH VDIHW\ WHQW WR UHMLRS\OMBNUDNYG R ROW HPQR P IHQUD!
VXFK DV ELWV RI PHWDO RU VKB WORRIH 8 X XNWRAH @X GWVEN DE
ZLWKVWDQG GULSV Rl PROWH Q \PLHMD 0 SIIUGRPH GHORSW QR VOLY G &
BKHOYLQJ DQG IORRULQJ VKR XOKGHDH KK DWW KXWV P DD VE M H U\
WHPSRUDULO\ RU SHUPDQHQW RO DRE D WHHIEY W KHRIRIU K OSHPUHVDL
D PXOWL PDWHULDO G SULQWHU &1& PLOOHU

7KH '0* 025, IDVHUWHF FRPELQHWBY & WP IGHGBIRMLWIWER ZHOGLQILTXIWWK WKLV SULQYV
WKH VSUD\HG SRZGHU JHWV DEVRHEBWGSBRG PHBWWBGA @GWR KOH ODVHU WR UDSLGC
SbUwWV ZLWK H[FHOOHQW PHFKDQLFDO SURSHUWLHYV

6XFK D VIVWHP FRXOG HDVLO\ DPIDWRQ QDR UHPIRJIDH WY RIQ ® I

ZHLJKW UHGXFWLRQ DQG WDNH DORRU VSREBHHMR O HWHNURZRI

2UELWDO 6\VWHPV EBMWISIVHY RGEIWRPO V\VWHPV FRP
S5SHYHHFRIOBHWULHYKWGWEBRPZZZ UHYHHFR FRP HFRYHD KWPO

$//

L1 /IDVHU '"HSRVLWLRQO :HOGH@MDOXIDPWXU BGELWILOLO@L Q O 145 DLW XURSH

$*


https://orbital-systems.com/
http://www.reveeco.com/ecovea.html
http://en.dmgmori.com/blob/176078/01e15b6a1ada509cb34fa169fafaed17/pl0uk14-lasertec-additive-manufacturing-pdf-data.pdf

JLIKWQLQJ

$ GHVLJQ LVVXH ZRUWK\ Rl FRON.UGWQR QYL KD \L \E IOH QK@HM. B B
9HQXV DQG DSSHDUV WR EH DW OMBDWKW DVRERF PR Q LMWV RIDW X UH
ORFDWLRQ KDV DV RI \HW QR®WLEHHAROWM WBEWRYVRMNEK IPVRUM WKDQ
QRW DSSHDU WR EH YHU\ KLJK DOREIDEXGH HDDNOGE WKDWY OWIKWQL

/DUJH KHOLXP DLUVKLSV JHQWWRO®V IDYQRA GVISLERWOQ HONL O |
RQH ZLUH OLJKWQLQJ SURWHFWWLWR Q L\N\WW R B VD HEXRW @& DM W @/LHW K H
FRQGXFWLYH FDEOHV DUH FRPPRQLQJQ (DVUKHK GKHOHXR UKD VWU
% WKH EUHDNGRZQ YROWDJH Rl OLUKWR®HQ G W R RORZFWXURXHK LW
UDWKHU WKDQ DURXQG LW +RZO-D/MH3 ZDW R RG LIWH R DIEQ & MWW U R JH G
GLHOHFWULF VWUHQJWK DQG EWWDGIH RDY LYLRROQWPHIMWW R WKH RX
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%DVHG RQ 'XQEDU

.l FDUERQ ILEUH LV XVHG DV D RUIHLGH RUIFW & U IROLOF DWHE DH F W
GLVEFKDUJHV ZRXOG WHQG WRVI®RIKW K UHROHKWW. F&XOHFR R GX\F W LY

5XVVHO & 7 +DUW 5 $ =9DOW 7ISUHVV &ROWULEXWLROWWRIWWEBREIBD ®I 30D QH)
30DQHWDU\ 6FLHQFHR @R Q X3 6l& V

ORLQHOR $ & $ELOGJDDUG @®RQOX*R] SUDVVALFIFR. VWDWLVWLFDO HYLGHQFH RI OLJKW
QLJKW VLGH DWPRVSKHUH IURP_9. 5% Q8 IRIEWKINUNDBWNRNR D \O L V

GRL M LFDUXYV

*XUQHWW ' $ =DUND 3 ODQQLKRV SRGIXWWN\ * & $YHUNDRS :7 0) YDUUH

1RO GHWHFWLRQ DW 9HQOXV RI KDOK IFKDIXBROW H W ID\GW RFVRIDWMKWHHY WULDO OLJKWQLQJ
GRL

30XPHU $ 3HUDOD 5 $ -DBEIEWDLOI DOG (OHFWURVWDWWHRWDRQHHMHFWY $QG 3UF
$SSURDFKHY JRU /DUJH 7TUDQVSRUW $LUVKLSV
%HUJHU [/ | 'LHOHFWUMAQWRBWHWKDROVLQV XOD

'XQEDU : * &RUROD ROVHW YROWDJH RI L@GHMODWHG WDH) GHED D HUWBMHE RWKHU JDV HV
THFKQLFDO UHSRUW $)$3/ 75

(OLPDW = 0 +DPLGHHQ 0 6WNWIIFRKXOWHOHJID &L 'LFKPDQ® O Y XN\OFHKERARWLG-
SURSHUWLHY RI HSR[\ VKRUW FDRMHRIDO RUHWDIFWRERMOWHVLHQFH

GRL \%


http://meetingorganizer.copernicus.org/EPSC2014/EPSC2014-34.pdf
http://www.sciencedirect.com/science/article/pii/S0019103516302226
http://www.sciencedirect.com/science/article/pii/S0019103516302226
http://www.nature.com/nature/journal/v409/n6818/pdf/409313a0.pdf
https://www.nts.com/pdf/whitepapers/aerall.pdf
https://www.nts.com/pdf/whitepapers/aerall.pdf
http://www.dtic.mil/dtic/tr/fulltext/u2/483820.pdf
http://link.springer.com/article/10.1007/s10853-010-4557-6
http://link.springer.com/article/10.1007/s10853-010-4557-6

'DPDJH WR EOLPSV IURP OLJKWQGY JWRNEH N/EW KRQL VD QW B\ VDHR
WKH IDFW WKDW PRVW (DUWK EQIGDSN¥YLBQHUGQ R W RVD&W I URPRR RSR
VNLQ RI D 9HQXV KDELWDW 5WMWEGE W R EUHDWMH D WMULNMWI SLQ
LPSDFWHG DUHD V

ORYHPHQW DURXQG WKH KDELWDW

,Q GHVLJQV HPSOR\LQJ ULJLGL]\WWH RK® EQWDIW FDIPQR X G VD RH V
XWLOL]LQJ WKH VWUXFWXUDO HOHP HWHWY IV VZIO N ZDGV ] DAMRZRIQ W
JLYH DFFHVV WR DOO SDUWYV RIDWKH BQGHOHRSMH.URU PDLQWH

SHORFDWDEOH ZDONZD\V FRXOG SERWEZGH QVHHRBR®WRJUFLDB AL
DV FRXOG PRELOH FUDQHV GHWUXFNGX WIROEHOMHPIHE® W R RZHY HU
SURYLGH QR DFFHVV WR VWUXPWQQWAW DZD\ I[URP ULJLG HOH

3HUVRQDO I0\LQJ PDFKLQHV RIOGSERMVGHREQ R SWWRIQ WIRD
DQ\ ORFDWLRQ LQVLGH RU RXWV BOPHEWFRYHDZLG B RYXKPGW LD O |
WKH KDELWDW RU HQYHORSH 1WQYH®DO78MUSHRWWM RSWHREQ PO EH
DVFHQGHUV DQ LQFUHDVLQJO\ PDWXUH WHFKQRORJ\

,Q D QRQ ULJLG DLUVKLS DVFHOQGHFDE FHRKX EG FIOIPIEI VB KR |
FDEOHV VWUXQJ XS QHDU WKH WIRISDRIHW KMRHEA\SID® R SHX ZSRUKW L Q.
FXUWDLQV DNLQ WR D VNL OULWLYG WREWKLSKIFDEBWY FDQ EH VW
IUDPHZRUN DV QHHGHG +DQJLQJPIPRP W DEODH \B RIVDWK\Q D QUBRD G M X
OHQJIJWKY EHWZHHQ WKHP ZRXO®R PDWRRZQRIQH WFRS DFHD EHWQRHBQ W
SRLQWYV $ KDQG FUDQN RU VLP SIHHPHUOIHQEREOEGNXBRFOGRELQJ
LQ FDVH RI HTXLSPHQW IDLOXUH

7KH $WODV $3%$ URSH DVFHQGHWQZBLVERWSSNHBOHQEFIWWHU\ OLIMHWWHWMNV SHIQ FRK@UPEH
DQG FDQ EH RSHUDWHG E\ UHPRWHHRIFWYRO 3KRWR $WOD

30XPHU HW DO
$3%$ 3RZHUHG 5RSH ®WOOIMGHXY LFHY S5HWULHYHG IURP
KWWSV DWODVGHYLFHY FRP SURGNBWE DREHOOGHWHOQGED VG FRQILJ



https://atlasdevices.com/products/ascenders/apa-5-powered-rope-ascender-std-config/

5HJDUGOHVV RI WKH PHFKDQLVP W& YFHIDRSEH HURROR XRE NRCH
FRXOG EH XVHG WR UHDFK DQ\ KDDG WHRF WHR BN RU HDW HDRS H OR
WKH KLJKHVW DFFHVVLEOH ORFDWLRQV

,Q DGGLWLRQ WR PRYLQJ SHRSGOHHDURK GG XEMH WRDEBHRPVR |
QHZ HTXLSPHQW ORFDOO\ SURGXFWBULDOWZWRP WK H G/DHE IPF H
VXJIJHVWV WKH SUHVHQFH RI RQH/ RUGHPWWH L GWWULRWGZWRFKH U H
UHORFDWHG WR GLIITHUHQW SPUWLVEW RRAINY OH  KSD/EFLMADDW D '3 GHHWF H Q \
DGGLWLRQDO ODUJH KLJK SRZHW WKQW K H. X BEHME@H/G IRYGHWRZ L Q.
GRFNHG URFNHWYV

*DV VHQVRUV DQG DODUPV VKR XGR EGWS/U BV R R Q/GDWK ¥ DHIQ IY &
DOHUW SHRSOH ZRUNLQJ QHDU W NHPWRIRVISENY H: &R IHRMX SRV
WR[LFLW\ LI GLOXWHG LQWRI EXHIDRWKHDEW B \ D& UO OWIEGQ R QIHWLY S UL
VXIIRFDWLRQ E\ GLVSODFLQJ R[\YHQVLRXQNRYRD QL Q W DAUKIDA SRLQW
VWURQJ RI DQ RGRU WKH DWP R\OSKHUH KD W XRZXMWYGILR [WE&H V KR X
WKH KXPDQ RGRU WKUHVKROG HB®OVROEW OD ¥ QEIHIGQKRCRERLW HIBV [AH O
ODERUDWRU\ VKHOWHU ZLOO UBH®REUWR[ADM@PDVNY DQG HPH

+DELWDW SURSXOVLRQ

BURSXOVLRQ LV QHHGHG LQ RUGHU WR

SUHVHQW DQ PLQLPDO GUDJ SORQIFM WR KD]J]DUGRXV W
5RWDWH WKH FUDIW WR WKH IR QMW GO \VZIKLEG IRUZDUG
ORYH WKH FUDIW WR UHVLVW PHULGLRQDO ZLQGYV
ORYH WKH FUDIW WR WDUJHW VXUIDFH IHDWXUHV IRU V
ORYH WKH FUDIW WR DVVLVW LQ GRFNLQJ
$VVLVW LQ DOWLWXGH PDLQWHQDQFH

. 5HORFDWH WKH KDELWDW E HWZHH®D KHPH \QSRKHUKNU Q @
FRPELQDWLRQ ZLWK KLJK DOWLWXGH H[FXUVLRQV
HHS WKH GD\ OHQJWK FRQV MKHHRWE LIMDD B USHUL RVGR R\ UL
VDWHOOLWHYV

,Q QR UHDOLVWLF VLWXDWLR@YKRERPHUWEKDB Q SRIIRGXBD\RRO (
WR ZHVW ZLQGV H[FHSW LQ WXH H[WUHPH SRODU ORFDWLR

&2 /& UDW 7&I/R ubw

62 SSP& SSP _UDW K 7&IR SSP KPP OKXPDOQ K SSP +XPDQ G
&2 SSP& SSP UDW K [/&/R SSP KXPIR) KXPDQ P

+ 62 a PJ P/sk PJ Ps JXLOHD SLJ /[&/R _PJ Ps KXPDQ K

.OHLQEHFN 6 6FKaSHU 0 -XWBQ® 6 $%ODMWWZH®W] 0 *ROND . 2GRWKULHO

TKUHVKROGY DOG %YUHDWKLOQJ &KDWDNVERIOWVHAXG QREOX RWIBKHOSKXU 'GRUIGH ([SRVXUH &f
OGLYLGXDCSDDHWWRD®G +HDOWK DW :RUGRL VKDZ



http://amerex-fire.com/wp-content/uploads/2015/04/CO2.pdf
http://www.raesystems.com/sites/default/files/content/resource/50056.pdf
http://completewelderssupply.com/safety/MixtureN2-CO.pdf
http://seastarchemicals.com/wp-content/uploads/2015/03/SSNSSE_03SulphuricSDSRev201407.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3430915/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3430915/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3430915/
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'LQG VSHHG HVWLPDWHY IURP 9,50H8N E@QXNP aUN® YaLRNP 9H5D JRHBOJKHQGVBBHEGY DU
UHSURGXFHG IURP 3LFDOOL

7KH QDWXUH Rl WKH SURSXOVLRRQVWKHH®DOHIHD BV ,6Q8SDHT
ZKLFK LQ WXUQ GHSHQGV RQ | DFQWRURZ @ K,IWS D U W IDFVX R DUH W D U LR
,658 FROOHFWLRQ FDQ LQFOXGH

. 3UHFLSLW.KWQRQVKH 9HJD GDWD ZDV LQIGZED®/QQIQ@MRHUSUH YV
SUHFLSLWDWLRQ RU FRQGHQV IX\WF YRIQD WRAHHG Q\DKDIU LWH Y € D Wi
WKH RSSRVLWH )RU H[DPSOH ZRV PWUIXMPBVRKRIDW 9H LDV
DFFXPXODWHG NLORJUDPYV DKW DQJRI WLMO/X F WU ROF L Q
EHIRUH WKH FROOHFWHG OL T XLREOBDHIDNL G GW § \R R Q 33HDIND
FODLPHG DW PJV 7KH PDVV FHKDIQUIK DD YMWHQHG WR E
FRUUHVSRQGLQJ ZLWK VWRUPV PH®WXUHG E\ RWKHU LQVWU

. &RQGHQVDWIWIQHU WKDQ SUHFLSLWDWLRQF FRQBHE BWWR @
XVH RI D K\GURSKLOLF HQYHORWHR BERKRE R SR P HDWLQYHDG
K\GURSKLOLF DIWHU SODV2P BEQWUHWRWPHQW LQ D 1

. $EVRUSWMKRH KLIKO\ KN\JURVFRSLF JDVHG RDYHQ>XOW R LWGE0OAH F
WDUJHWYV IRU GLUHFW DEVRUBSWQRY ELWEWHWP LRAD B WSKIHRLE WV R
GLUHFWO\ RU WKURXJK D PHPEUDQH

WV LPSRUWDQW WR QRWH WKBW [WKAWHGCHVRREH BERWHU QL
GLIITHUHQW FROOHFWLRQ WHFXRXO®HEH HKIIDOHAWHEY RVRSPMOLRWX U H |
K\ JURVFRSLF FRPSRXQGV SUHFLWHWDWR FEQI SRXGB®R EBYDEBMED \ +

3LFFLDOOL &\ FORVWURSKLFE ZLOG LQO WKH P HHRKSKHSH HRM \O HiRE X0 ®FOL REIDL (GLWLRQ

"‘RUULQJWRQ * JUHOLPLODU\ HYLGHOFH IRU G® IJDOH UL @ I$EHNDPNEGE OLHQ FECSIE H
5HVHDUFK GRL M DVU

9DQGHQFDVWHHOH 1 OHUFKH ' _:365BQCGHEURQWDFW DQJOH VWXG\ RILILHE G72( SODVPL
39') DOG 39) VXWBIOFID¥FH DQG ,QWHUIDFH $QDO\G/RV VLD



http://www.mps.mpg.de/phd/theses/cyclostrophic-wind-in-the-mesosphere-of-venus-from-venus-express-observations.pdf
http://www.sciencedirect.com/science/article/pii/S0273117713001798?np=y&npKey=85401e6d6bfc5d74c32adc5ba28848309e2a68db7514062bb89262ccab2064c0
http://onlinelibrary.wiley.com/doi/10.1002/sia.2255/abstract
http://onlinelibrary.wiley.com/doi/10.1002/sia.2255/abstract

KLIKHU ODWLWXGH PLGGOH FOEXDBFILG GRIARISODHWH/G DEN B X @ XXQG
FRQFHQWUDWLRQ ZKLOH PRVW RWHKHNUKDEURUF T RRORXIQGY WKL
JDV SKDVH $ SUHFLSLWDWLRQRRUVERW B8P @\RX\U GRBHF RSO MWHIG
WKH HQWLUH HQYHORSH WR FKDWQIQ3HO GUDLQDJH WR WKH XQGH

+RZ GRHV SURSXOVLRQ GHVLJQ GHWHIHRYG RRWN¥RXEBEEHQIROO
PD[LPXP DLU IORZ UDWHYV DQ® MHWKXYV REFSWN UDKEWRIXTK WRXH SUR
VI\VWHP 7KH DEVRUSWLRQ V\VWHRGFWRORED K HQ¥\HHEW KGHHK ILIIQH U D
GXFWLQJ DOO RU SDUW RI WKHRUBVBVRVQUBRPWKURXJK DQ DE

,] SURSXOVLRQ LV WR DVVLV®@FX6&VW KD LPQAWMHUIVPWKM FDR Z
LPSOLHV SURSV RI ODUJHU UDGEDORF DW\G M\OWKHWHDRDWQBRQ Y

b7 Z « U9r D D GU

KHUH
... b7LV WKH HOHPHQWDO WKUXVW
... ZLV WKH IOXLG GHQVLW\
... 9LV WKH IUHH VWUHDP YHORFLWKHRBWKS$HDIOHBRYLQJ S
... ULV WKH UDGLXV Rl WKH EODGH VHJPHQW
. DLV WKH D[LDO LQIORZ IDFWRU

7KXV |IRU D JLYHQ WKU X\
PHDQV QRW RQO\ D JUHDWHU
UHODWLYH WR SURS UDGLXV '
YHORFLW\ EXW D ORZHU IOR
UHODWLYH WR WKH VTXDUH U
VKRUW D JUHDWHU UHVRXUF
DEVRUELQJ HOHPHQWYV ZLWK
WLPH LQ FRQWDFW ZLWK WKH

7KH SRWHQWLDO SURSHO
"HQVH VWUXFWXUHG SDFNLQJ IRL
KRZHYHU OLPLWHG QRW MXV 9HQXV V JUDYLW\ LV VLPLODU XDRV
GLPHQVLRQV $ VLQJOH SURS |RU FDOFXODWLQJ WKH SUHV V XEH

H[SHFWHG WR EH OLPLWHG W FDQ EH H[SHFWHG WR EH URX
WKH SD\ORDG IDLULQJ H J a SKRWR /XLJL &KLHVD
D

FROODSVLEOH SURS FRXOG DG8B8RZ WKDW OLPLW WR EH H[FHH

'"LVFRXQWLQJ VFUXEEHU SUHVVXIUHOGEHR SV VEXKRVHG X BEWUZ
$WPRVSKHULF VEHXHELQH[DPLQH WKH IROORHLQJIPVVFHQDULRV W

.UDVQRSROVN\ 99MUWLFDO SURILOHV RI + 2 + GROPBGWWXIWARIOFODFLG NP RQ 9HQXYV
,FDUXYV GRL M LFDUXV

%DUVXNRY 9 / .KRGDNRYVNLGLGRURYRONRY'RURIHHYD 9( $ $OHGNMHMH FBRORU LG H
DOG HOHPHQWDO VXOIXU FRQGHSBRMEKM UK WIH I KQSQDER ® Q\GE ®GBIDQHWDU\ 6FLHQFH
&RQIHUHQFH WK +RXVWRQ 7: ORHHWHKGLQJYV B6HFWLRQ $ QG 2[UREZG<RUN D

3HUJDPRQ 3UHVYV
6W 2QJH 7 _3%5(6SDFH )OLJKW G$6WHOWMQQ 5HVHDUFK &HQWHU


https://mipt.ru/dppe/upload/ispavr/2015_Krasnopolsky2.pdf
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https://spaceflightsystems.grc.nasa.gov/sopo/ihho/psrp/msg/pbre/

PD[LPXP IOLJKW VSHHG $00 ZLU®Y UMFWRR@® [ BUWDRURFRHIILFLF
IO\LQJ LQ NJ Ps DLU OLQNC-HRRIITDAMALWOWN GUDD FRHIILFLHQW

&

gr KXE GLDPHWHU RI SURS GLDBBWHUY IILF QHAQWF S RRKBUWZ

EODGHV SHU SURS &DOFXODWDR@WOWHVKHR EDVLF EODGH H

RI SU &KRUG B3RZHU |)ORZ N|[:DNH P| 530

'LDPHYV %ODGH O
P KXE W
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7KH ODUJH P SURSV DUH DVVXYPXEBKWRCHHJBFR GOURSVIERBGG |

UHVHPEOH D ZLQG WXUELQH GXP SURREW W R WDOH. QI LRUXOW MMAY FH !

,Q DGGLWLRQ WR YDULHG SURMBDOWHWL GBIWLYPW WK FBWHR $iH IOV

QRWDEO\

SUFMHWYV

$ UHODWLYHO\ VLPSOH W\SHHRMVH OB ¥ M WLKFX WIKDWX § WLHPLD U
IRXQG XVH LQ VDWHOOLWHY ZRODIQW KIS\HFDRQ FERR % WOVHRB\
VHFRQGY VXFK DV $HURMHW 5RF NDHQWIBY DM HW0 D Q HOHFQ@WULF
KHDWV D JDV HLWKHU LQHUWVRRDBREPH X\ 3G GHG WRKW R R WK LI
7KUXVWHU PDVV SHU XQLW SRZHU ADQSRYZ HDYRRQEXOMS WLRD
FXUUHQW V\VWHPV LV SURKLERARQYXPOSVWKLRR [ZUWKHW\BURX®
N: 1 7KLV ZRXOG LPSO\ GR]HQV RGHPHTIRZDPWIWQWR/SHR®V
DERYH SURSHOOHUV (IILFLHQFHLBSBERMWRHQ@WNLH NSHRW \DLE®
HQJLQHV SHUIRUP EHVW ZKHQ KHDKVSEQH LV XAURQYGXE & HE VDKV |
E\SDVV DQG ZRXOG WKXV IDYRBELQQWBIWVWLRQ LQWR VFU>

. (OHFWURK\GURG\QDPLF SURSXOVLRQ

$OVR NQRZQ DV LRQ ZLQG WKOIXWMHBYY LRQRFUDIW F
HOHFWURK\GURG\QDPLF SURSXONERE KB'$XWDQHE @ GOXQHDW R
FODLPV WKDW VLPSOH KRPHPDGH\ (BQWKUXVYAUYV R/KHUDW H

$ODO\VLYVY RI BURSHOOHUY *ODXHBM@pBQEMHOWPWO R BHBRU\

05

(QF\FORSHGLD $VWURQDXWWRDS 5HWZX DWYHGR OLRPVL] FRP P PU KWPO

$XZHWHU .XUw] 0 * 2JUDYH +DPPHWYUDELIXUW] + 6O HILIKODRZHU +\GURJIHQ
SUFMHW 7 KIRXWWIBDWVRI SBURSXOVLRQ DQG 3RBRHU
7DMPDU 0 _%LHIHOG %URZOQ (IIHFW OLVLQWHE SKHWPEHRDERXIULDWOR Q D

GRL
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WHFKQRORJ\ LV QRQHWKHOHYV VUR XA VYWR ® D WHHGHHWMKWRIGGI\R IR
XVDJH

$Q (+' WKUXVWHU RSHUDWHV E\ XYWVHIQ WR K IUHKD YWRHO MVRDLI R (
GLVFKDUJH LRQL]JLQJ WKH VXV URXIa) QWRDD G R RQW WO RV H
7KH\ FDQ RITHU WKUXVW HIILFURGHOOXINUD RWUOWR HXYH®VS V ¢
DV D KDELWDW EXW WKUXVW GHORZQ UL DAULHD QY M MHUHGQ QL
WKUXVWHU :KLOH LQ KHDYLHUY BHKBQ RKILE DWWUF H D LV WHILWD RV
WKUXVWHU DURXQG WKH HQY HRYRIS HD FPIRVG MIHDWMR. @ DEIQIHK WWRD
KLIK YROWDJHV XWLOL]J]HG ORYNWWWKH UHTXLUHG ZLULQJ PD

$Q LQWHUHVWLQJ VLGH HIIHFWLR D O+ F WIXQ XMV HQ W KW F K
DWPRVSKHUH LQ ZKLFK WKH\ REPDDMWH JR® UDWH VWRJIRQ B U :
9HQXV LW ZRXOG SULPDULO\ JHQHURBRYRQADUERRURRABRWGH T
DOWHUDWLRQV FRXOG LQVWHD® DBGK D WKRIQS SREW E X.GRIWM
DFW RI SURSXOVLRQ ZRXOG GRXRMH HWYRMOKHLR § L\GHHT M H YA WW D
SDUWLFXODWH LQ WKH DWP RVRXWM IRH) WHKGIGIVQWR B 8 U HFW B VW Q
SRWHQWLDO PHDQV IRU UHVRXUFH FROOHFWLRQ

DC arc et MPD arc jet Hole thruster

lon engine Teflon thruster

$ERYH $ YDULHW\ RI QRQ PHF K DR FDHI GGRIR SWKAOMOWRWHWAW W H H K ¥ BVYWHIW V RO UHU B WPHDW L HWA
RI LRQ HQJLQH 3KRWR -$;%

'XH WR LWV DGYDQWDJHV ZH ZHOO }IQNMHV WRLIJDKWRE (GR HFD RWK |
HOQYLURQPHQW DIIHFW LW" 7KIH@KHRBRO 8 WWRDF MHIG FAGIRVFN O\ E\ H
GDWD LV GHVFULEHG E\ WKH IRUPXOD

) 3 % (Y

*LOPRUH & . %DUUHVWOWFB/ USRK\GURG\QDPLF WKUXV VR GRIQV LWG X¥ HGJLRRVY. EWALYHS ¥

LO DWPRVSKHUH3YRRHXGLORY RI WKH 5R\DO 6RFKHW\H OODY/® HQ DMIAHHWL@B] 6FLHQFHYV
GRL Uuvsb

'RUV 0 OLJHUDF]\N&ROQYHUVLRO RI OLWURJHQ RILGHV & 122 P R[2VXOWHEV 1
VXEMHEWHG WR D GF RRARHRRRVORMIXND UBRXUQDO RI 3K\VLERL El

3DUNHU . 5 $SSOLHG HOHFWURY WOWEMN SH 1$ F DSIHWPL W IDRG SURIHVVLRQDO

*LOPRU HW DO

ODVX\DPD . %DUUHWWO 6VI6H SHUIRUPDOFH RI HOHFWURKXUBBRBGQRQRBVFRS WRKSK 6 R LIRO

6RFLHW\ $ ODWKHPDWLFDO 3K\\FILHDFBWG (QJLQHHULQJ 6 GRL UVSD
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"KHUH
) LV IRUFH 1
3 LV SRZHU
) 3 LV WKHIRUFH WR SRZHQR\DWLR RU SRZHU HIILFL
% LV LRQ PRELOLW\ Pr 9V
(LY WKH YROWDJH JUDGLHQW 9 P
Y LV WKH IUHH VWUHDP DLU YHORFLW\

)RU SHDN HIILFLHQF\ UDWKHWEMRDQLKNKJHG WR WKKRXRTH VW
PDLQWDLQ FRURQDO GLVFKDUJH WL IXHG GLYNGHSHBE\HOBRQJ HC
VSDFLQJ VXFK DV a FP ,RQ PRELOLWIQRQ (DUWIKRUVGU\ DQG
VDWXUDWHG 5+ DLU UHVSHOWPRHWG\ HWKFLEQWWHIR® PRELO
GLR[LGH LV ORZHU WKDW LV WR-VL., PRRUHARALOCAMAQMIFUHDVHYV
SURSRUWLRQDOO\ WR WKH WKW KIWDIWHWRRW\RUBGBKVME&UHHV V)
HIILFL..QF\ +HQFH D a EDU (+KWWKURMXYKO\RDKHHOXRH HIILF Lt
VDWXUDWHG DLU WKUXVWHU RQ (DUWK DW VHD OHYHO

JRU D KDELWDW PRYLQJ DW POWHFXWMULROGH WKB SINWHPDWHG

LV WKXV 1 N: FRPSDUHG WR H WODNEOIHQ IRXUSDRBMOOHUYV RI Gl

7KLY FDQ EH LPSURYHG E\ LQFUHDBDWYLBR OO WFRHURESHNL QIWEWWHA FRV\

PRUH HOHFWURGH DUHD $W ORZHVUKWSHERYWH VX FHKIILVLHQNF\ EHFF
1 N:

KDW ZRXOG EH UHTXLUHG WR RYNLU PRB HJWXHYV KMDEQMND /W |
7TDNLQJ P1 SHU PHWHU DV D W KDUJOF/XO B\W R VOL WMH TZH UFHD&® HFOHF W U |
NP 9HUVXV D KDELWDW VXUIDNHHOXBWRY aVR PrHOKFWURGH S
VTXDUH PHWHU IRU D VLQJOH VUWWIK K IBRNVIQVLIYWMR ODMWHG BRKLF K
RI' FP EHWZHHQ DQRGH DQG FDWKB8BWHUY RRXOHBOHH WURJGHHY FRYH
ZKROH HQYHORSH &RQWUDULOQWXH ARBURWK FRIFOMBUKN IPRDQALY H['
I[IURP WKH VXUIDFH HYHU\ ; PR\ YROMH ;)RDODEGXDO VWDJH (
DOWHUQDWLQJ QHIJDWLYH SR?PYDWLYBOHEHNVWURGOHWVWKBGHBYV RU
SURWUXVLRQV DUH QHHGHG 'XDQ RXWDGE H W K BIXN.WLHRFN\E HDQWD O W
VLQJOH VWDJH

&DQ D VLQJOH OD\HU DSSURDFK EHMVDE R ON YUHHES XFGIHHROMHE W H R
VSDFLQJ WR DFKLHYH KLJKHU WEHRWWRGHQVSD/ELQBHGXF LGP WKH
GURSV WR 1 N: EXW SDFNLQJ &HQ/GWHW QRUHON HW URIGHIV SDF L
HIILFLHQF\ GURSY WR 1 N: EXW SMLPMMKLGKAYLWKDY WKH EDVF
,Q VKRUW RQH FDQ WUDGH SDIFQILGHGVILWLHQF Z LRW SEXW WKLV
FRVW :H ZLOO QRWH WKDW [RUKD EPLX\CDWL. GRIE/H.GQO MW HQUXERDFH T

*LOPRUH & . %DUUHVWOWFB/USRK\GURG\QDPLFE WKUXV W GRIQNV LWG XFHGJLRRV. EWALYHS ¥
LO DWPRVSKHUH3YRRHKHGLORY RI WKH 5R\DO 6RFKHW.\FH OOD Y& HQ DMAHHWL B 6FLHQFHYV
GRL UuvspD

6KDUPD $ B3URSHUWLHY RI VRPH JDV PL[WXWHFNWEISEG L QRYSUDFNLQJ GH
6/$& -2851%/ ,&)%

/ILX < +XDQJ 6 =KXQUVOXHQFH RI KXPLGLW\ DOG PRU ISIINNWVEXDMHBORW KGHULRW WXEH P
&6(( -RXUQDO RI 3RZHU DQG (QHUJ\ 6\GRIHPV FVHHMSHV

ODVX\DPD HW DO
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LV KLJIKHU WKDQ IRU WKH HO® LB@/G FDIOX K DEK WDK L(FRPRUEHIRRP
WKUXVWHUV /LNHZLVH ZH GR QRW HPRHQGHMIH WIOH PRIG\Y VR 1 U X G C
HOHYDWRUV DQG VWDELOL]HUM DQ®RVERW WR &V LIGIHUGE Q2 HVK U X V \
RI WKH VXUIDFH DUHD RI WKHXKNBVEVWDWLZRWOBDE NUHRW @HW DHU
HITHFWV RI WKUXVW DORQJ WKWDIMWHUBUWSOHDYHRRDRJIOCHEDUH Q
KHUH

+RZ PXFK PDVV ZRXOG VXFK D WKDXVWWH B KMHAGE'H UHRX X VORE (
FRDWLQJ LWVHOI FRXOG D RW KDH/U DIRGS@GHEMBHNRGHS FAHRIX U F H
SWLOL]DSVIMRKLFN FRDWLQJ RI ,72 LV WPKLIFANRIH V VIHYGDQRU P D O
PLFURQV $VVXPLQJ FP VWULSVWRILFRRQRIVY PALKWRQRVV VHFW

Pr :LWK DQ HOHFWULFDO FR@GRHHF WLYURX QRE DVKRIXDIP HH DV P H
D PHWHU UXQ HTXDWHV WR DLWHVR WRDQMH HRIRI NvN9 DQG FF
VSDFLQJ WKH FXUUHQW UHTXLUMGRWY@  PBRP SRKIOG\S D
YROWDJH GURS RI 9 D UH®DW HYRHROR SIIQUWH.G QL RL WIXGIWR SHUDWLQ
&RQVHTXHQWO\ XVDJH Rl ,72 DH/DV @ HOMHFEQGHIRFGMHR R W RW IOH HOHI
DSSHDUV WR EH D TXLWH IDYRXUDEOH RSWLRQ

$QRWKHU RSWLRQ IRU SRZHU WYBQR SHHUUIH. @ RUWEFRP HLEW HVHH
SHLQIRUFHBHQMW WLYLW\ RI FRPPRQ FDUERRQ ILEBEH WRZWVRIDQJH\
VLPLODU WR GULQNLQJ ZDWHI2 WX R WFGHRY W R FPFDWRQ NG D UHD Z
KDYH WR EH DW OHDVW WRQ MISSHBQ N HX QUKHIVORSWLF ZLWK W
KLJK FRQGXFWLYLW\ FDUERQ ZIULH\W QG HY SF\QAEODE FOMERQ UHLC
FDQ EH XWLOL]JHG IRU VKRUW UWXRK/D WHXFKOVFI FRERQDO G

(OHFWURGH ORQJHYLW)\ DJDLQUW + (SRI\RLSX@® Y VRI) F R Q & HDY 1§
UHFHLYHG VXIILFLHQW VWXG\ WRWVER IFRBYV L& H UHBNVRMYWIXUQI H 1UR
WR H[SRQHQWLDO ZLWK FKDWXHVORIGWMNU OLY R® ¥ MWD\HW F R
FRURQD ZLUH ZDV RQO\ GD\V FID@& PR VWRAHVUHIUV ( ORIEIWURGH O
DSSHDUV WR SURYLGH VLJQLIHRDQW ODQHHF BW® EHDXH ZLWW\RY R (
FRQGXFWLYH SRO\PHUV VXFK JHOYRQIRWVWHLR YILF @UTED®W VHO
SURSHUWLHY DQG PD\ SURYH VKHW RJEHO/HH DEHIKD UG QHVIK L UXHUIBN D C
.72 FRQGXFWRUV DUH XQOLNHGI\PWRWHWRQREHLYLRAQHTXLU

2\DPD 7 +DVKLPRWR 1 6KLPRMWLPD $NDBRNDZD . 6XJRMLUHVLVWDOFH LQGLXP WLC
R[LGH ILOPV RO ODUJH VFBRXUQDXO/ RIVODEXWB BWHHQFH 7HFXQIPEGRIIN DPBGHKRPV 6

GRL
,QGLXP 7LQ 2[LGH ,72 ,QQ@GLXPQZRUSRUDWLRQ 5HWULHYHG IURP
KWWS ZZZ LQGLXP FRP LOQRUJDQIPFSRRB SR XIGNGEM X B GLIXP FE[RGH

ODWHULDO ,QGLXP 750 WLIGHYKBNESRPZZZ PLW HGX a PDWSURSV LWR KWP

*LOPRUH & . %DUUHVOWMFB URK\GURG\ODPLF WKUXV VR GRON VGG XFHGJILRRL EWALYGS ¥
LO DWPRVSKHUH3SRRSKHGLIORY Rl WKH 5R\DO 6RFKHW\F$ 00D Q& HO DMIHHWLBJ 6FLHQFHV

GRL UVSD

DI{URY{ 9 *UOCJU(OHFWULFDO FROGXFWLYLW\ PHDWVXQUMR HQWHNURIDWERDD®QBQIHUHC
7(;6&, 6HSWHPEHU /LEHUHF &]HFK 5HSXEOLF

,VODPRY 5 6 LWULVKWDIRMLEWLRH$DOG HURVLRQ RI VLGIWHIUQ EDY MG VZUD A RUFHFWUR G
-RXUQDO RI (OHFWURVWDWGRY M HOVWDW

,VODPRY 5 6 LULVKWDIRVYIERK. RO $0OG /LIHWLPH RI 7XQJVMWHQ HBQBGEYAQLFEURP
BOWUDFRURQD ZWDRVWDFWLRQV RQ 30DVPD 6FLHGRH WSV

*DR * -HZHOO /DUVHQ 1 +XBSVVBRQ HOW 1R 86 ‘DVKLQJWRQ '& 8 6 3DWHQW

DQG 7UDGHPDUN 2IILFH
&DR < ORUULVVH\ 7 * $FRPRQJ %$OOHEHBOLQJHU & $DMUID &Y SDUHQW
6HOlI +HDOLQJ +LJKO\ 6WUHW FHEDYEOQHF HR3) 0 B V. R @ IGBARWY R U DGPD
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6KRXOG ORQJHYLW\ EH DGGUHVNOEGHLEWHDS®S tHD UWWKWKDW K
XWLOL]HG RQ D KDELWDW + R Z2HPYHW XAXHVW R IVWDICHWBIH QDWILY H P H I
SURSXOVLRQ ZH ZLOO RSHUDWH R¥ HVKIHSURB\HORFOHVUM Z RW KV W K -
DGYDQFHV LQ (+' WHFKQRORJ\ PDLRQUUDQW UHFRQVLGHUDW

&RQWURO

&RQWURO DQG VWDELOLW)\ |RGHGKE\ KOREFLAV B RPEX Q WWELHR © URR Y
GLITHUHQWLDO WKUXVW WK UQXDRWL F HFRWQRWLRD DR RAHD H § R GN K H
GHSOR\V IURP D VWDFN ODXQRKH{S LQJDODRBNHWVI\WHBVQUQ OLQH
RWKHU LV VLPSOHVW IURP D GHS SR UG\ WLYG] P DK IQW HRDOME KV H (
IRU HLWKHU RQH RU D SDLU RWR URIS FGHQWBEW O \D¥@ G NV QKD Q Q H ¢
HPSHQQDJH DQG SURSXOVLRQ ZFPXQ®\DOIVIRDELWDOL IN[SDWDARERQ \
(ISDQVLBQG WKH XVH RI WKH KDELWDW@DNVULVED GV WRIHS K H U L
FRQVLGHWXDEIPIHORSH GERQWMUDULO\ WKH IXUWKHU WKDW SUR S
HPSHQQDJH DUH IURP WKH FHQWWHUWRWWK H R VW R WIK¥HJIJW KB\ H[H
FUDIW

1RW DOO PHDQV RI FRQWUROWX®RAWLRRBPONDRQ WLPWHP V$FL
IXO0 WRUTXH UHJDUGOHVV RIWLYWH ®HRH\E K 1D \D GHUIDIHGOBRROD ZLQ
WKH VXUIDFH KRZHYHU WRUTXH HSRIR GWHKMWHR © HQIQHD UH QD W LY H
+RZHYHU HPSHQQDJH SURYLGHVWDSBADLIOY B/ WW R EWXIUID WHRGV P D
FUDIW SRLQWLQJ LQWR WKH ZLQG

$ ILQDO IDFWRU ZRUWK\ Rl AFROW.\GHY DWERQW\Q W KHFRR\WMH D
PDLQWHQDQFH 7KLV LV RI UR O DUMHIOMHOL YOHLON WOMD WREO FPHV @ HP V \
VWDELOL]JHUV EXW LPSRUWDQ®DIRWVVVXWK W ZLXNGKG ABY LHDIH Y D W
SURSXOVLRQ V\VWHPV

2QH DSSURDFK WR LQFUHDVLQJ WRGRAEKH L WKRXB/FHR HVHM\ELYX
ZRXOG EH WR ORFDWH SURSXOVILRROD\I/SWH.IED HD W WKKH/ HQ GRW R Q | (
ZKLFK EHJLQ DW D UHDGLO\ DFAFH\OALEZQW IO R FOX\FVRIDG SARQMWY WV \
LQOHWY DQG RU RXWOHWV FRXWIGEBH ORFDW N/ LGR Q B \DW MFKEH S U
YHFWRULQJ VIVWHP LWVHOI LWV RE O W QG/EKRWLRDVDICR@Y BIFIEVW W
ORFDWH PHFKDQLFDO V\VWHPV LW KH FHYW HPE ® HVIXIDRD W RIK\L 6 R Q W
UHODWLYHO\ LQDFFHVVLEOH DWHRY DFREU\WDPGB HD FRARDQWEU V W
DFWXDWHG VXUIDFHV

$ ILQDO SRVVLELOLW)\ IRU SILR SWHFPKIRF DOG SRYW UROH MR »
DOWLWXGH EDVHG JRQDO ZLQUF B LRI WHKGWKLIDELW YW H) M UAM O DV
ZLQG SRZHU JHQHUDWLRQ +RZHEHU RWIGLVILP$@WHMVDWKDPW DUt
SURKLELWLYH IRU DQ HDUOQ G KIRZHKDELWDW VHH



‘H ZLOO RSHUDWH RQ WKH EDV HQWIHD DVAV/RKPIS WA RER R IDW R W \F
FRPPRQ DUHD NLWFKHQ OLYHVVERERJIJISRDPMURMRH ZRGXVKMRIL DO \
VXUURXQGHG E\ D WULOREDW Hc WDQ R\ B MW F WOX WH WRV\F IHRQEOLL R
ZRXOG EH GLUHFWO\ FRQQHF WMIGRDL VDK & KWK H GEGRWWRIR. VAV HEO L
DFFHVV URXWH WR LW WKX/QRHHBR®JW KH DS\ IDP DU\UH®MHD R S H
UHDVRQV WKXV WKLV ZRXOGHDOORE NV R IR FHIQAH® RFHHD U7 WIKH LP SO L
IURQW Rl WKH KDELWDW ZR XOW KEH ZGIH GK WDRM VKW FDE AB QWQY HK L F
FRQVHTXHQFH WKDW WKH |IURQKOE D Q OIRIDMMG VL QZ RKGIGE BHLIQIQ L Q.
HPSW\LQJ DV ,658 SURSHOODQWHSURENRAWLRMVVQFUHDVHV WK

3RZHU FRQVLGHUDWLRQV

9HQXV LV EOHVVHG ZLWK DEXQ GDRMWD U RXQUHWHM RIDILEE\D QG
FRPSOLFDWLRQV FRPH XS LQ W KEHILD GGADHWVAHEFK QHHG WR
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IURP a NP WR a N Latitude, [deg.]
DQJOH GHWHUPLQF 9H5D JRQDO ZLQGVSHHGV IURP 3LWEQD OMKH KL &K
VXFK DV WXUELQH ZLQGVSHHGV EHWZHHQ DOWLWXGH:

DQG WXUELQH
OLIW DQJOH \LHOGV D PV GVBSKG GLNBKHDMALDO ZLWK WKH
$70 DW D WHPSHUDWXUHV DURXQG®LIIHWEH @WH XA Q& VGBHBIEO\ FRQV
LQFOXGLQJ D JRRG GHJUHH RQGDXUWRID W WIDELQH VERHBR QRW ORYV
HQHUJ\ WR OLIW DQG VR ORGHDUWWEHGGUDHYW WKIHU WK GUDJ
H[SHULHQFHV XQGHU WHQVLRQ WRPWVHKGIHW 3UEDQHE P RDWQRIV V H
FRQWUDVW PRVW ZLQG WXUELGHVLREQH®G UMRKKIDUHS Q R W IHYGNQS H H
WKDQ P V DW $70 :LQG GUDJ |RWKAH VFIKWDWHIVBRWE&M WIRQ GV SHH(
FDSWXUDEOH HQHUJ\ WR LWV FXEHQH RQVKRDRO D VP® OICHWE D W
UHOLDEOH VRXUFH RI HQHUJ\ RQ 9HQXV

g 8
(O
o m

)

7KHUH DUH KRZHYHU VRPH SUREQ&PDWV ZD. QK DKW KWP KRR ZH |
VRXUFH RQ 9HQXV )LUVW OHW DXVVKPDPQD B WEBFNKIVHHVFDUERC(
FDEOH

BLFFLDOOL S\FORVWURSKLF ZLOG LO WKH PHHRKIYKHSH HRM W REXWHYB®EFQL REIM. (GLWLRQ
BK\WWLFV RI :LQG (QHUBILQ N Q G D PHHOMWDLAHW KIGWEB RPKRPH XQL OHLS]LJ GH HQHUJ\ HI KW P
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"KHUH
.. 9 LV WKH IUHHVWUHDP ZLQG YYHORFLW\ DW KDELWDW D
.. 9 LV WKH IUHHVWUHDP ZLQG YHHORFLW\ DW WXUELQH D¢
. 9LV WKH YHORFLW\ RI WKH KDELWDW WXUELQH V\VWHP
e ..V WKH DQJOH RI WKH WHWKHU
.. OLV WKH WHWKHU OHQJWK
.. PJ LV WKH IRUFH RI JUDYLW\ aDQGWD®RIQRW KH M X D EIOPH
.. ) LV IRUFH
../ LV OLIW FDQ EH QHJDWLYH WR KROG WKH WXUELQH G
.. 3LV WKH SRZHU WKDW ZRXOG EH DWQHUDBWHBLEHQWKH W
.. ZLV WKH DLU GHQVLW\ DW KDELWDW DOWLWXGH
. &G$LV WKH GUDJ DUHD RI WKH KDELWDW

‘H DGGLWLRQDOO\ GHILQH

.. 5, LV WKH OLIW GUDJ UDWLR RI WKH WXUELQH

.. bKLV WKH WKH DOWLWXGH GLIIHUHR WH HE FMAKZUHEH Q W KPHH W

... * LV WKH VWUHVY LQ WKH FDEOH

... ULV WKH UDGLXV RI WKH FDEOH

.. P, LV WKH PDVV RI WKH WXUELQH

.. P, LV WKH PDVV RI WKH FDEOH

. *pp LV WKH PD[LPXP DOORZDEOH VWMWLF VWRMHVV RQ W|
ZLV WKH GHQVLW\ RI WKH FDEOH

7R WKLV ZH DGG WKH IROORZLQJ HTXDWLRQV

I ) »p

O bK FRV ..

f DWDQ) PJ |/

. PJ / FRV .. ) VLQ .. e Ur
P B B

P, 4+ Uro
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P7 PEODGHVRIHQHUDWRU‘?’

$QG KLJK YROWDJH ZLULQJ PDVV
0. 3O0r H

2SHUDWLQJ ZLWK KDELWBWF[IDGEWI:IV\OQ—GJ—I\/K\/\MJZF"gD[
03D &G $ 3 : DDWPQERDW NJ Ps DVVXPLQJ

DFWXDO SRZHU JHQHUDWLRQ Q¥%, D& MDIHQW HDMWGUQW MW \WW W KH
IROORZLQJ

. TRWDO PDVWJ
, (XUELQHNJ
, &DEOH NJ

z /HQJWK P
z 'LDPHWHU EP
z 7THQVLOHNJ
z :LULQJ NJ
z &RDWLQJ NJ
... 7XUELQH DOWLWKGH
.. bo PV
./ ' UDWLR

. &DEOH DQJOHp

JRU D SRLQW RI FRPSDULVRQ ZH WEKDPID O® QRN YWH RD PLROXDW KS R

6RODU SRZHU
:KDW DERXW D FRPSDUDEOH DF 1o

JLUVW ZH PXVW ORRN DW WKH OLJK | Waveiengit
0.8 - :T_é: %EE
7KH VRODU FRQVWDQW LQ VSD i
WKDW RI (DUWK DQG WKDW\ o7 T
OLJKW KDV DOUHDG\ ZHOO DVDWKBYX o6~ :
PLGGOH FORXG OD\HU $W WU R/ oos o
UDGLDWLRQ WKHPLGGOHFORXG()_M_ o
Pr 7KLV LV IXUWKHU UHGXEH G e
ZKLFK FDXVHV VXQOLJKW WR KDYH % &ﬁf“

JUHDWHU DPRXQW RI WKH DWPRVSS o024 /
FRVLQH VFDOLQJ VXJJHVWYV DURXQ mg;,f
OLJKWLQJ DOWKRXJK LQ SUDFHW/WFH |
VLPSOH FRVLQH VFDOLQJ ZRXOG @k © 1 2 3 40 5 6 70

Altitude (km)

DUH IDLUO\ DYHUDJH E\ (DUWK J) XU /DQGLV DQG +DDJ

/IDQGLV * $ +DDJ$QDO\VLY RI 6RODU &HOO (IILFKHOQH\DIRG 6K QDIOF HWIHRRV ERQV
,QWHUQDWLRQDO (QHUJ\ &RQYHUYRREIR(QIJLQHHULQJ &RQIHUH



https://ntrs.nasa.gov/archive/nasa/casi.ntrs.nasa.gov/20150016298.pdf

ODWLWXGH WKH OLJKW FRPH LQVOIFVWRAHZRRWWRBQREDECLDOKRXQ!
9H5D GDWD EXW SRVVLEO\ XSZD,B&GDODRIDWKUHH GD\V 9,

S $ SDUWLFXODU FXULRVLW\ |
UHODWLYHO\ DQLVRWURSLF QDV

] OD\HU OLJKW FRPLQJ IURP XQG

- DV VWURQJ DV OLJKW FRPL

Altitude (km)

] 7KLV KDV D QXPEHU RI LQW|
17 FRQVHTXHQFHV )LUVWO\ LW P

Zenith

10- Nadir | HITHFWLYHO\ FRQFHQWUDWHG L

/. l L] KHDWLQJ GXH WR FRQVHUYDWL

0 100 200 300 400 500 600 700 800 PHDQV WKDW FORXGV YLVLEO®EH!
Radiance (W/m?/um/sr)

—HOLWK DG 0DGLU oLikORZ FRQWUDVW DOWKRXJK VWLL
ORVKNLQ HW DO (6 SRVVLEOH WR VHH LQGLYLGXDO

7KLUG LW PHDQV WKDW WR FDSWIXHE@HVUKH PDJKRXP XDPREGW
FDSWXUHG IURP DOO GLUHFWLRIQWDIGD W KH W @NKD@QWOLRHS RN WKHV L
GRXEOH VLGHG FHOO SUHVHQW\RWZRHVW R DAVUKHPHMWRXWGY GHFHN S HU
PHWHU RI SK\VLFDO DUHD

‘H UHWXUQ WR SRZHU VRXUFH FRR STLQW RQ W STKAHH VERSY KRG W
VIVWHPV WRGD\ LV DORQJ WKH [ORQE V8 @WWB H $i7.VO-HIIDH®H 8 OW U D
QDPHSODWH : NJ XQGHU VWDQGIM®RQVUWKLWH\WOWUQIOHR QS G
IRU XS WR : NJ 8OWUDIOH[ ZDRKQHE CROIQWHKH ODKIN FDQFHOO
ODQGHU DQG 1HZ OLOOHQQLXP QI V\D @G RHYHIBB02 SHRG L0 3&9
2UELWDO $7. &56 &\JQXV DQG WKH 0DUV ,QVLJKW ODQGHU

+RZHYHU RQ D 9HQX\
VLWXDWLRQ LV IDU VXSHU
VI\VWHPV WKH VA\VWHP P X
VWUXFWXUDO VWUHQJWK |}
Rl WKH PDVV RI D IOH[LEO
9HQ XYV ZLWK VRODU FHOG
HQYHORSH VWUXFWXUDO
SURYLGHG E\ WKH HQYHOI
ODUJHVW SRUWLRQ RI WKI s
VRODU VA\VWHP LV WKH VX $7. OHJD)OH[ 3KRWR 1%$6% *5¢

SBLFFLDOOL&SFORVWURSKLE ZLOG LQO WKH P HHRDXIYKHEH HRMV \9 REXFHIWERIM L BQY (GLWLRQ

*ULHJHU % ,JQDWLHY 1 , HROMWHPD 8LOGLFDWLRQO RI D QHDU VXUIDFWRPORXG OD\H
UHDOQDO\VLYV RI 9HQHUD V SHRBWRRHAKBW®RPH R IHW KD VQIW H U Q DWW BRIRE® :RUNV KRS 30D Q
$WPRVSKHULF (QWU\ DQG 'HVFHQWG76MLMIQFWRU\ $6WREBHW D J/LYERQ 3RUWXJDO ,6%
'LOVRQ & ) &KDVVHIL'UH (HV+LQ3OD®hDO[LQW DLQ6 % HIDW K&H O L H W H- 6]R
(XURSHDQ 9HOQOXV ([SORUHU (9(([SHWULPRH®D WD RSRMDDORQRP\
GRL v
8OWUD)®RQDU $UUD\ @\WBAMMO $7. 5HWULHYHG IURP
KWWSV 777 RUELWDODWN FRP VSPEHOWY WROW Y SOFHDEPRBRFY )6 BHB SEB 8OWUD)

OHJD)OH[ 6RODU $UUD\ 6FDOH 8SJ XIS38BR6%,%: SHWULBBYHG IURP
KWWSV Z7ZzzZ VELU JRY VELUVHDUFK GHWDLO



http://www.mps.mpg.de/phd/theses/cyclostrophic-wind-in-the-mesosphere-of-venus-from-venus-express-observations.pdf
http://adsabs.harvard.edu/full/2004ESASP.544...63G
http://adsabs.harvard.edu/full/2004ESASP.544...63G
http://www.boulder.swri.edu/~rafkin/wilson_etal_expastron_2011.pdf
http://www.boulder.swri.edu/~rafkin/wilson_etal_expastron_2011.pdf
https://www.orbitalatk.com/space-systems/space-components/solar-arrays/docs/FS007_15_OA_3862%20UltraFlex.pdf
https://www.sbir.gov/sbirsearch/detail/388526

LV SURYLGHG E\ WKH HQYHO R®HD UWHHDDIV REGAMWQR R WG\ L®OXP L
VLGHVY GRXEOLQJ WKH QXPEHU WM BHYRKLY HFODXD UXDRHWH WHU
+HQFH ZH FDQ FRQVLGHU WKH $7KDWVWKHRPAM &/ EH IEAH XYW WKH ZRL

/HW XV WDNH D SHVVLPLVWLF VWIRA\L W DREQDR IV X IR RIVWRK IRV WMXIH
PDVV RYHU WKH DOUHDG\ UHTXLUWNG PDNY RH WRHWHDQYHWRWHKH V|
N: DV EHIRUH LQ ZLQG EXW ZUWRHVUKOWEBGEHXIXHBRBZWR GXULQJ
GD\ WR VWRUH KRXUV RI SRZHIWAW QF\Q HWOWVRWHWGEHWRXU FHC
GD\WLPH QLJKW FDSDFLW\FRXQVR URUWKKDHWVGUM I HURI@W OLJKW (
FRXUVH RI WKH GD\ DV ZHOO DM § WKXF WIXEIDMDWKDBILRQUQZLSHV V L
7TKXV ZH KDYH

7KLV N: WKXV UHTXLUHV D QDNHSPDWHLED PDFLWN IRI1IRWH
WKDW WKLV GRHV QRW LQFOXGMHMRW RBHPODWWRIPWEKXWH Q/HKUY\ LW UH!
OLIKWZHLJKW GLVWARWHNHICKXR@BHUSRZHU VWRUDJH LVVXHYV

W LV FOHDU WKDW WKH VRODORZIWW AP VAR WH\D Q QVEW DL DG \
HYHQ ZLWK DUJXDEO\ SHVVLPLVWWVF MRWBIUMPDRY WMVKOBORR\ Ul
OHYHO LW LV DOVR IDU EH\RAQ.® GV NDWVRIPDZEOER F WR XKID® GOH 9H
FRQGLWLRQV PDQ\ Rl ZKLFK DUH KQMKQ RZXF KDDVG WIRIKMIVRLQJ FR)
KD]JDUGRXV WR DQ REMHFW GD Q}HSDQHVRI@WWB WKHRFY FERDBHU GF
SDWK ZKLFK FDQ EH YHU\ UHD G ID@\PWMWMHG RQLCDEDON KUBQ® HU U

,Q WKH ORQJ WHUP ZLQG KDV RADKMV ERW B WX D W W R | SWRFOLG t
LQFOXGLQJ QLIKWWLPH JHQHGBWLRWRDVQIHORUBM VDR CGRRLYQJ D
KDELWDW WR JDLQ JUHDWHWHOLLYWHW D GG LYLRGWLBQYSURYLUHVI
GLVFXVVHGOXEQLMWDHUS5HVRXUFH BIAHYOHUDWRR@Q LQLWLDO KDELWDW
EH WKH VXSHULRU RSWLRQ

7KH TXHVWLRQ DULVHV DV WR ZKMKRXORGOEH SREBW WGV WW R
E\ HPEHGGLQJ VRODU SURGXFWLRBBGLEYRHORIS HD ODMXGWUUMRERQ K
HIWHUQDO V\VWHPV \RX SURY IHEHNVHWY DW XER RV WKW HH PWQISUDKD O F
HQYLURQPHQW DQG ZHDWKHU QOB HMGS QL W MFHDX/E \DW LPDVONWL Z L\
IOXRURSRO\PHU FRDWLQJV KDY HWKR@QJ|EE P G PRROIRYOR/QWDD LLFQY/

+RZHYHU DOO SDUWV RI WKH H@XBOR$H LWH QRW W UGIPDW PG
SODFH VRODU FHOOV RQ WKH WKRZ HD\H @ HWZIRD\® G. \R @ KBIUGMRE DW L R
DJULFXOWXUH LV FRQGXFWH GV JRICFHOO VFRW LG RXNWVIS & VIZ . VDK 1© L J K
OLJKW UHDFKLQJ DQ\ SRLQW RG IMS DG & XLR)L Q DWLIPFE® M Q Y RIWRIQ P H Q\\
RI DV WKH SHUFHQWDJH RI LWYXFNAHGS KKHHUGH M K\I WHL F ORRBAHW W K H
SODFHG WR WKH SODQWV W KHJ GFH\OVO @ LUK VH § © B Q WKH DORG LMFRDAD F
WKDW WKH\ VKRXOG EH DSDUW IURP HDFK RWKHU

'"HEHUJDOLY QOXRURSRO\PHU ILOPV LQ WK HRXKRYDROYRIONVDIXIRU L Q B X@KHPLV W U\
GRL M MIOXFKHP
+XQW 5 %DVLF JURZWK DQODO\VLV SOD QW) DHRBOKRDQ B QALIQV +\FPWD @ H



http://www.sciencedirect.com/science/article/pii/S0022113904001472
https://books.google.is/books?id=2bT1CAAAQBAJ&printsec=frontcover#v=onepage&q&f=false

$GGLWLRQDOO\ ZKLOH OLJKW RNVGGDUWIHOR XGRMWUWRILRQ PG QW
DQJOH VWLOO UHFHLYHV PRUNHZNMHKWNVWKHKDQR BKUBHVQDBGELRI WKH KD!
WKH EDOORQHWY SURSXOVLRG®RDQIGHRBEAHWHIN REVWYWUWHVWRLWREYV UHP
WRS 7R VRPH GHJUHH WKHUH LVYIJERPGCGW WU W IDRXG BAHRAODHHIR U Wk
SRVLWLRQLQJ :KLFK VKRXOG ZLQ"EH PWROGRQRD WDIDUALHFFW@WIOUH $J
SUHVHQWY D PXFK JUHDWHU HP ER%HRGWKIDWY VRHAUD VU TXRAUHHUP B Q G
YDVWO\ PRUH KXPDQ ODERXU DQQ®Q8HRGKNHEBX B K \VHRDMLHHUY WRHS UR
DUHD RI VRODU FHOOV WKDQ PRUH FXOWLYDWHG DUHD

$00 RI WKLV WRIJHWKHU DUJXGRWVEKDMR ERQ WN Q/JRIGRUVRROTHU S
GHDG VSDFH VXFK DV ZDOOEH ORRKDMWHG HXWFWKKRXERZ Q LQ WK
7TKHUH DUH WZR PDLQ DUHDV I&®RW RMKWKH LED Y& R QUHMPWH URZIDW KH R X
HIWHUQDO HQYHORSH

$ ORFDWLRQ RQ WKH LQQHU Z IVOW K DRV O KJK BDIQRR QWM WH/ EPRMD'
SDVV WKURXJK WZR HQYHORSH 8DARON UEAHOUH UBREGHQILWKW | U
WKH KDELWDW PRYHV WKURXJKLRQON HRHI3YV WKKHH FEX\DIOY ORUF\DKH U |
DJULFXOWXUH SDUWLFXODUQK®@KHQ I'WBW HE® OW[FEQISW Y QQIUW KkH. E R
H[WUHPLWLHV Rl WKH EDOORQHW YD GOVRRDWEKRE RQORIQH WY KDV
LQ WKDW RQO\ D VLQJOH VLGSHRRIHGKMRVW & B UH FW 9O DIDU FHKH P L F D
DQG QHLWKHU VLGH LV H[SRV HX MKRPZRHDHVEFHIH VL E® HD KRR P DL Q\
DQG H[SDQVLRQ






OXFK DERXW 9HQXV V PLGGOH FORXRG (MWK FIHE HHPDL W & URY
SUHVVXUHV DUH VLPLODU 7KH ODYMK MW WBRRSYRMWIKIHUHH GIVWR U P V
DFFRUGLQJ WR RXU EULHI DPRXQWNODIUOBIY VGDMEXWEKBRYH QG ZLC
(DUWK GULIW E\ +RZHYHU WKH ARRRXWIDO GRIYHURQWHIDMWG LKR V!

%XON VWDWLVWLFV GHVFULELQRVOEQ@XWVFX\WP R®DSE KK UBHXDU LK
D SDUWLFXODU OD\HU RI LW J/WWHDVEPIRVG KN UFHD WUILKHLIKW DOW
RI' LW LW V FRPSOH[ DQG ZH XHI RO\ VFUDWFKHG WKH V

7KHUH DUH PDQ\ FDYH
WR JR LQWR FRQFHUQLQJ !
EHIRUH ZH GR VR OHW DO
UDQJH RI VSHFLHV )RU VL
ZLOO SUHVHQW WKHVH PL]
ORJDULWKPLF VFDOH RQ W

'RUULQJWRQ * 3JUHOLPLODU\ HYLGHOQFH IRU G® IJDOHUL Q IS$EMIDENEGHS OLHY FESHDXE H
5HVHDUFK GRL M DVU







$ IHZ EXON FRQVWLWXHQWY DUMHHDH OO WKW ® &M |V HG \DLOVEL QIR \
WURSRVSKHUH QLWURJHQ PDNHYKL® D ISR LP\DW POWMRULW\ RI V
UHPDLQGHU LV FRPSULVHG RI FBIWVERQ@\WKRKXJKHN QREQ HZ UK OHV \
DUH DSSUR[LPDWHO\ SSP DUJR@QHRRSP KISELXP\SHFRQ DQG S
[HQRQ

9HQXV KDV WKUHH GLIIHUHQW RFOB®G GRENV KBOMW LBLAG O/
SRSXODWLRQV RI WKUHH GLINQRZQNDW\BRGHM SDUWQBOHVORGH
SDUWLFOHY DUH DHURVROV DS GIRRPAWWHOVPRRHFWIRAE LORGH
SDUWLFOHYV DSSHDU WR EH VSKHWPHWBERXMQH ARBUWRQNGLQ EHOLH
SULPDULO\ VXOIXULF DFLG DW PISQUWRDRWDRQGIO\7KHURR®Y VRPH G
WKH PRGH SDUWLFOHV WKH\HFWH PRW MR GFLLN N @\DIONI KDIS\BS R[LP T
LQ OHQJWK RI D VSHFLHV RWKKHRW MHM Q W W®RI XUKLHFL D FQAIBW X UH U X C
DFLG WR SKRVSKRULF DFLG WR SRO\PHULF VXOIXU

7KH XSSHU FORXG OD\HU
UHODWLYHO\ XQFKDQJLQJ LQ
WKH ZD\ DURXQG WKH SODQHV
WXUEXOHQW DUHDV RI WKH SF
FORXG OD\HU LV VRPHZKDW Y
FORXG OD\HU DSSHDUV KLJKO
VRPH FDVHV GLVDSSHDU HQW
ORZHU FORXG H[LVWV WKH OR
UHJLRQ WKDW PD\ FRPSULVH
%H\RQG WKH ORZHU KD]JH WKI|
EHFRPHVY RSWLFDOO\ WUDQVS
ZD\ WR WKH VXUIDFH ZLWK W

VXUIDFH IRJV ZKRVH H[LVWHQ

%»DVHG RQ .QROOHQEHU.
7KH VXUIDFH DQG DWPRV PQG +XQWHQ
XQGHUJRHV FRPSOH[ ZHDWKH
OHDGLQJ WR WKH FUHDWLRQ RNB ¥XISGIH LYHFDW LIHW\ORIGLMN SRWK GH
K\SRWKHVL]HG FRPSRXQGV 7KHVBVHWROYHFDLQ GWIDMHRRXW R W
DWPRVSKHUH DW YDULRXV DOWUWRGEMQBHEKDIS \L W R R FPFRXQ GV |

WDNLQJ SDUW LQ D FRPSOH[ VROQXVFHRWHRINEPHEIZKDIMWZDWHU F\

.UDVQRSROVN\ 9 % JH1&YKWHHP LY WU\ RI WKH $WPRVSKHUHVWREGFSDW DIWDWN DQG 7
&OLPDWRORJ\ Rl 7THUWGRIWULDODEB®EWWYHV VB FK

_UDVOQRSROVN\ @HIUWLFDO SURILOHV RI + 2 + GRODBDGWUXIDWLRIOFIDFLG NP RQ 9HQXV
JFDUXV GRL M LFDUXV

*ULHJHU % ,JQDWLHY 1 , HROMWHPD 8LOGLFDWLRO RI D OHDU VXUIDFWHRPORXG OD\H
UHDODO\VLV RI 9HOHUD VSHRBWRRE KB W®RPH R IHW KD YQIW H U Q W BRIRE® :RUNV KRS 30D Q

$WPRVSKHULF (QWU\ DQG 'HVFHQWG 76 ALMIQFWR U\ 8@ WRBHW D /ILYERQ 3RUWXJDO ,6%
.QROOHQEHUJ 5 +XQWH®LFURSK\VLFV RI WKH &ORXGNVKRII AHRIXHHBLHIMRIXWBIIRUWLFOH
6SHFWURPHWHU {RXHWQIDPAHRW*HRSK\VLFDO 5HVHDUFK




/HIW 9HQXV V VXOIXU F\FOH

JHIJOH\ HW DO B3\ULWH L
GRZQ LQWR S\WUUKRWLWH WKt
VXOIXU ULFK VSHFLHV 7KH U
VXOIXU DOORWURSHYVY DUH SU
FDUERQ\O VXOILGH WR VXOIXI
IXUWKHU R[LGDWLRQ IRUPV V
DFLG RU FRQWUDULO\ LV VHT
IRUPDWLRQ RI DQKV\GULWH

OLGGOH FORXG VSHFLHV RI LQWHUL

. &DUERQ PRQBESHR[LPDWHO\ SSP YW SWKIMH Q WY H C
D JUHDWHU WR[LFLW\ SHUPHDWLRQ WKUHDW

. .DWHODULDEOH EXW DURXQG WZR BBRXG SSP 1IWWKHYBPISKR&EC
DQG VXOIXULF DFLG LQFOXGLRXQT®WHUWKRXWGLWEKBHUWRRAU E
K\GURJHQ ZDWHU K\GURFDUERQWDMMWF IRU D 9HQXV KDE

. +\GURJHQ FKOGBBURHLPDWHO\ SSE H[SHFQMHGURX¥EH SULP

. *\GURJHQ IOXROVMIRGH[SHFWHG WR EH SULPWHQDW DRKOG WRXIH
FRQVWLWXHQW DW DURXQG SSE

. 6XOIXULFEOFRIXDEO\ WKH PRVW QRWDEORI| 9H)GXYDW EDRXKE V S
GHFNV 3HUKDSV VXUSULVLQJPRVZWLIOHW LMDV BRRRUFDION L
DWPRVSKHUH PRGHOV GLIIHU JUHNBWW®\ IRAGKIRWY PXBW IORBEDW
6 XOIXULF DFLG OLNH ZDWHUW O/RXGNUR @ LWHWHKV DISESWDWR
ODWLWXGH DQG WLPH RI GD\

JHIJOH\ % /RGGHUV . 7JUHLRDIGIUS *+ 7KBLOOWE RI S\ULWH GHFRPSRVLWLRQ RQ WKH
IHOXFDUXV

.UDVQRSROVN\ 9 $ /THEKHP LVWUN RI WKH $WPRV SKHUHVWHRIGIHSDW DWW RN DQG 7
&OLPDWRORJ\ RI 7THUUWGRIMWULDODXBREWWHV VB FK

.UDVQRSROVN\ 92 WKH LURQ FKORULGH DHURVR-DUQGRKH FORMGWF RUXWQ XV

.UDVQRSROVN\ 96$DQOG 6 DEXQGDOQFHY DOG LPSURRIBE & KRIP \WWRI® ARDHWIDFW PRV SKHU |
IHOXFDUXV GRL M LFEDUXV

.UDVQRSROVN\ 99MUWLFDO SURILOHV Rl + 2 + FROBDODCWWXIDWARIOFDDFLG NP RQ 9HQXV
,FDUXV GRL M LFDUXV

.UDVQRSROVN\ 96$DQG 6 DEXQOGDOFHY DOG LPSURRIGE T KRIPIWRKD ORDHWIDFW PRV SKHU |
IHOXNFDUXV GRL M LFDUXV

.UDVQRSROVN\ 9 % /HU&KHP LVWU\ RI WKH $WPRVSKHUHVWHRIGSDW DWW DQG 7
&OLPDWRORJ\ RI 7THUUWGRIMWULDODBEBREWWHV VB FK

.UDVQRSROVN\ 92® WKH LURQ FKORULGH DHURVRKDUQGRKH FORNMGWF RUXWQ XV

.UDVQRSROVN\ 926 WKH LURQ FKORULGH DHURVRKDUQGRKH FORMGWF RUXWQ XV




%DVHG RQ 3DUNLQVRQ HW DO HV R8s DIGHFRXXODW N E HX WILP MW L GD WH GQIR U DMKLHRYV DU
PRUQLQJ DQG HYHQLQJ WHUPLQPFWRUY DB\ RUGHIDWRWRDHQ LWXG D QWWW XGHHO BWILMHEQ V

$W RXU SDUWLFXODU ORFDWWRGHRI & QWO DWY WX GaH N A WD

RI GHQVLW\ YDU\ RYHU WZR RUSGGIGNUR ISBPJRQ WXBWQ RSRO V N
WR QHDUO\ SSP LQ 3DUNL®YREB WWHDPRQFHQWUDWLF
ORZHU FORXG GHFN LV GLVSMXAMHWEK DWK KDWY WO 1© DAXW OHJ GR \DF
LW DW WKRVH WHPSHUDWXUHW Q/X GIKRRF SIRFLHV LV XQV WDE (

. 3KRVSKRULPQ@IFHBYSKRUXV SHOWRIFVBHRQ E\ 9HJD KDV EHHQ
VXJIJHVWHG EXW QRW FRQILUPHGOWYKPIHF\DW WR 0O WOVKRWSISIRR
VKRXOG EH D FRPPRQ LI QRW G RPQLDH QW 2\HSHF ORX G @G MAM G
GRZQ SKRVSKRUXV SHQWR[LGH ZRKIOHV E B KRS KGRRIPLLFQ D B MG
H[LVWV LQ PLQRU TXDQWLWLBV DWZKRYKHNPDOWLWXGHV DQC

. YJHUULF FKD@EHGH. F VRXEMHUK HG E\ 9HQHUD ;5) DQG WKH 9
ODQGHUV &RQVLGHUHG D FDQGLGDVDEVRU BHOXVOG B \YRWHH
FRQGHQVDWLRQ QXFOHXV |RUXGHOGHSIHQ B FIQG H+ D % @] DUDGV HWi

(VWLPDWHG WR PDNH XS SHURDBYHURNWEBHBDNWDFLG G
7KH GUDPDWLF YDULDWLRQ LQ{@ &8 UXWIKA \D FYLDGO M M VBILR I WX ©® W
‘H KDYH DGRSWHG D ORZ YDOXH IURP .UDVQRSROVN\

JHUULF FKORULGH R[LGL]JHV QWRXCHHQYE WR@R B W RY AWK |
FRXUVH RI VHYHUDO ZHHNV )HQUARHYXRDEDWH VKRV QR P XFHKH
UHVHDUFK DV LW LV QRW D FD®ERQE&BIW H V8@ LIPBWRHME RU WIXGIGU
DYDLODELOLW\ LQ WKH PLGGOH.FR®WGWHRQNR P R ER H QW KR H \C
UHPDLQV DQ DGGLWLRQDO SRWHQWLDO LURQ UHVRXUFH

.UDVQRSROVN\ 99MUWLFDO SURILOHV Rl + 2 + FROBDODCWWXIDWARIOFIDFLG NP RQ 9HQXV
,FDUXV GRL M LFDUXV

3DUNLQVRQ & ' *DR 3 B6FKXOWHKXBGJ %RXJIJKIDWEBHHQ & * "BYWIREXWLRQ RI
VXOSKXULF DFLG DHURVROV LOHVRHOIFHOXXGXVDO G HBBHW (KBYHV YV 9B87X DB G 9RSDOWWP SH |
30DQHWDU\ DQG 6SDFH 6FLHQFIBRL M SVV

.UDVQRSROVN\ 9HJD PLVVLROQ UHVXOWY DOG FKOXVADQ® FRMRXRBWL.WLRQ RI 9H
GRL

.UDVQRSROVN\ 926 WKH LURQ FKORULGH DHURY RPDIUXW KEHREOR X G VMRIL FOIHDXKW




. 3RO\XOIB@RRQILUPHG EXW SRWHQWQWOTHXDSUHMHICHV LY IR\
FDQGLGDWH IRU WKH P\VWHU\ 8GRZEN RZIHE HQF O R & FEW K DN P
RI 6 DOO SRO\WXOILGHV DQG Y DGIHRX VD VQGLLWW G K B OVWELRRM\W XK
FDWHJRULHY DUH HDV\ WR ORFDWH

. +LJKHU KD@LWRPLQH KDV EHHQ GHWHFWHSSEQ LRLORQXNVXBQW
XSSHU DWPRVSKHUH IURP (DUWKD[R®ZEPLRIPWREHO O 56 D WHID R.
NP $ OLNHO\ ILW IURP .UDVQRSRRXQE SSEOIDF MK HVKDELW
JRQH SULPDULO\ DV K\GURJHQ G URIPQ ®H OEXW @W TR DQUVD QY L
,RGLQH KDV QRW EHHQ DV H[WHM YWY B \EWWQXE SHE VHIQ W DD
UHODWLYH DEXQGDQFH ®V LQ (DUWK V FUXVW

. 7ZKHRUL]JHG PLQRU PHWDO XL ARPBRXQPGKNK FRPSRXQGV KDG
LQLWLDOO\ VXJIJHVWHG DV VLBQRMNGO6Q WWKHR XD YRIUVPILQB H E |
ODUJHO\ UXOHG RXW LQ WKLV UMQ 0O WBEKEER R HE HIDQF & HDOW HALLP L Q
WR OLNHO\ KDYH WRR ORZ RI ) ERJ KXBQDNUDRWLIKH WIFF EFHR © ¥ 1
2WKHUV KRZHYHU VWLOO UHP@LW LODNHDW \D \I /RO B K HOUHLYFH BF

, OHUFXU\ FKORULGHY VXRH.GRQ GCHWIDOWLRQ RI PHUFXU
WKH JUHDW P\VWHULHV Rl 9HQXV & HDUKMBWSKREOLKN FRR®
WR WKDW RI WKH XQNQRZQ 89 DENRUGH U V ORIGHIDMA SW M G
PRUH PHUFXU\ LQ WKH DWPRV SKHDHQWK/DQQG H WHW W L R (&

$V PHUFXU\ KDV D KLJK YDSRXWKBXGE \EXUG HZDKH A G XR
LW EHIRUH WKH 9HQHUD PLVVGRW K DWWV 9K E WHROW K B R |
GRPLQDWHG E\ PHUFXU\ )XW XUH \PLLW MYLIR QIVT XZILS\PKH © RIUZHL
KRSHIXOO\ VKHG PRUH OLJKW RQ WKLV

OHUFXU\ ZRXOG PRVW OLNHO\ EH XKRXQBKDV KHWOKRXQGEVD O
EHIJLQ WR FRQGHQVH RXW DW NP DOWLWXGH

, SUVHQLF R[LGHV VXOILGR@HPKOWRULIGNW WKDW DUVHQL
FRQVWUDLQHG WR XQGHU SSEY LV78W DKILIFKLQJ FDQGL
VKRXOG EHJLQ WR FU\WVWDOL]H DW NP DOWLWXGH

» SQWLPRQ\ VXOILGH R[LBHXQGKWRIEMWGH; PHWDOOLF FRP
DOQWLPRQ\ KDV WKH PRVW SURPLYDQW PRG 30 HINAWXAOCHWVE

.UDVQRSROVN\ 99BUWLFDO SURILOHV Rl + 2 + FROPBCGWWXIDWARIOFCDFLG NP RQ 9HQXV
,FDUXV GRL M LFDUXV

.UDVQRSROVN\ 963%$DOQOG 6 DEXQGDQFHY DOQG LPSURRIBGE T KRIPLWRIED QRDHWIDAWPRV SKHU'|
IHOXFDUXV GRL M LFDUXV

.UDVQRSROVN\ 9 % YHOMHNYWFKSIRU +%U DOG EURPLOH SKRADRKWHPLYVWU\ RQ 9HQ X!

GRL M LFDUXV
/IHZLV - 6 YHJOH\9BQ XV +DOLGH &ORXG &RQGHQV DWLRY @S EMICAMV LOH (OHPH
GRL VFLHQFH
%DUVXNRY 9 / .KRGDNRYVNLGELGRURYROQNRY'RURIHHYD 9( $ $OCHOWHMH FBRORU LG H
DQOG HOHPHQWDO VXOIXU FRQGHBRIVEKM UK WHIH WM IQSQUDER @ @'GE ®BID QHWDU\ 6FLHQF H
&RQIHUHQFH WK +RXVWRQ 7; OREWKGLQJV 6HFWLRQ $ QG 2[URZG<RUN D
3HUJDPRQ 3UHVYV
IHZLV - 6 YHJOH\9MO XV +DOLGH &ORXG &ROGHQV DWL Y @S BEMRIAMN LOH (OHPH
GRL VFLHQFH

+XQWHQ ' 0 &ROLQ / 'RQDKXH 7 9HOGRWKR]S8QLYHUVLW\ RI $UL]JRQD 3UHVV 7XVFRQ



KLIJK DV PE SRVVLEOH $ QW L P\R/QWX DR © G HH BER-XIW QDWW RN
DOWLWXGH

, BHOHQLXP PHWDO FKORRGAKMHW VRPUGINW WKH PRVW OLN|
6H LV FRQVWUDLQHG WR XQGHU HGSP W@G6EHILOQW WR I

, THOOXULXP PHWDO FKORULGHV0ORGHEY ¥XUGHYV R [ WEKHVP
OLNHO\ VSHALHRTHWWUDLQHG WR XQGHU VWHOD IDG®IGD BH .
NP

, I[HDG FKORULGHV POHR®DHOWRMGCGIHHVW WKH PRVW OLNHO\
FKORULGH LV FRQVWUDLQHG WRRKQGHWWD GCE] B ®&EHMN

, =LQF FKORULGHWRGMOWDWOXJIJHVW WKH PRVW IOLNHO\ VSH
FRQVWUDLQHG WR XQGHU SEYH DAG BHRILQV WR FU\VW

,» ,QGLXP FKORULGH PHVWBOVRYXGHHVW WKH PRVW OLNHO
LQGLXP FKORULGH LV FRQVWUDE®@BIGQW RVRQFSIHY WD SO E]
NP

., %LVPXWK FKORULGHV PRWBOVR[KGHWW WKH PRVW OLN
%L&QV FRQVWUDLQHG WR XQGHUVWBSWLPOVEHNBV W

$V DFLGLF KV\JURVFRSLF FRPSRXBRWWGWKR DIF FHORX € B VAHSIHY
VXOIXULF DFLG IUDFWLRQ GXULQJ DWPRVSKHULF VFUXEELQJ

%HIRUH ZH DGGUHVV WKH FULWOMHUD Q¥ W X VWRIHH K[ YNHHOLRBIHOV
HQYLURQPHQW DQG UDWHV RIVSHE B WHKWLR®D WKHWRIXQ K WWH LHVIHF V
H[WHUQDO DWPRVSKHUH RQ KXPRQLRPBGIWKWIKROHDXON RXM FEDJHD
RQO\ IRU WKH ODFN RI R[\JHQ FLYGH QVEEVOIQWHBXORXBDR BRQ GLR]
FDUERQ PRQR[LGH DUH KD]DUGR XM SRR/ XMKH VH\FHSAV R\PKVH Z8RX O G E H
LPPHGLDWH LQFOXGLQJ VWLQJGRB DHHOIWRPHBKYIRQLRFQH [B®E X U H
,PPHGLDWH KD]DUGV WR WKH V NKRZHYRPUWB U HD QPR \DSKAHHWDLQ
FORXG VXOIXULF DFLG OHYHOX WP®JH AU PR D7 KHHZ2WR$DDIHG 1,26+
ZRUNSODFH H[SRVXUH OLPLWV IGGIKLDUBFPX®KEY EUM@WKLQJ |

/HZLV HW DO

+XQWHQ HW DO

+XQWHQ HW DO

+XQWHQ HW DO

+XQWHQ HW DO

+XQWHQ HW DO

+XQWHQ HW DO

+XQWHQ HW DO

*UDQW : 0 7R[LFRORJ\ Rl WKH §SH/LQIGLH®G ,/ &KDUOHV & 7KRPDV

1RO 9RODWLOH $FLGV 6XOIXULAGHLBE6E@® GXBO RIRIQIFOSWLFDO OHWKRGY 10$0
(GLWLRQ O0(7+2° LV VXH




H[SRVXUH PJ Ps IRU ILYH GD\V IDF WRQVIRWUHSXCGPR QV\ HGHPD
PJ Ps IRURQH KRXU D ULVN IDFWRRQRU EURQFKRFRQVWUL

7KH RXWVLGH HQYLURQPHQW DW B OHRR M\R IDW HDZ JIO@B]HRHP J
DPD]LQJO\ WR EH WROHUDEOH WRHKXRBQYW.NEXD Y ZDRWOY DMXOO |
,QGHHG WKH DFLG PLVWV LQ WE®KRKY¥RXOG& NGHH PN XU HE RQ U P R/J

$ IHZ FDYHDWYV DUH RI QRWH ZKUF KLW MRS F/AX @M K IU\ F KIRRZIHY R L
9HQXV DW WKH GHVLUHG ODWLWX®RKF DOWW DN GRIQDUHRQ URX QG W
DW WKHLU VRXUFH FRQFHQW UDIWHR @ LEAXKV DRAYHRV WK A H L\EHOR LG/LW X |

FRQFHQWUDWLRQ 6HFRQGO\DWKIBUHHYDUHHW\GR WL RIQDLFOD Q K
FRPSRXQGYV LQ WKH DWPRVSKHUH FIVRIWKHQ FKHDPZEGOWD@JOHY
VWXGLHG IRU SURWUDFWHG VEL® HWERQXRIWH FROYGHRYVBWHRED FRX
LQFUHDVH WKH FRQFHQWUDW LRIQ I ROXWWHWR VQ\ : KL WK RXWLM[SH |
ZKDW WKH DWPRVSKHUH Rl 9HQXV ZWX\OHHBR B/GRDKXREQH WKP W V
LQIUHTXHQW H[SRVXUH WR WK H H [MEAIAHDIFH RW BR W & K 5 UW DLMDLWQ F
FRQGHQVDWLRQ PD\ QRW SURYH KHGKGP KDH DB GRX \Z L WK WHKIHS HD W
H[SRVXUH RU LQ WKH FDVH RIVDPWHRG L &DWLRWY LR F R/GIGIRY OLN
PLQLPXP XS WR VHYHUH EXUQ VQHAHQWKOWHI[GRLA&LWR FR

'"HXWHULXP DQG SRZHU VWRUDJH LVVXHYV

$ OLWWOH GLVFXVVHG LVVXHR R RO}V ULRORDO G \E BQSD UW LVF
LQ ZKLFK 9HQXV GLIIHUV GUDP MW UERXO HYRG V(DURWMKNV RHXHQXV
LVRWRSH UDWLRV DUH TXLWH VEDPW GEHX WIRUWKRWN Bl CDDWRWLF
+DYLQJ ORVW LWV DQFLHQW RFWDDRW LWRR \RS DEHX WAHKLH. X IR QRFOH ©H Q X
HQULFKHG WR OHYHOV ZKLFK YDU\ ZLWK DOWLWXGH

6XOIXULF DFLG >0$. 9DOXH 'R&F XPHDKWD 0A.R&QROOHFWLRQ IRU 2FFXSDMILRQDO +HDOWK D
GRL PE H

+XQWHQ ' 0 &ROLQ / 'RQDKXH 7 9HOBRKR]SQLYHUVLW\ RI $ULJRQD 3UHVV 7XVFRC

.UDVQRSROVN\ 99BUWLFDO SURILOHY Rl + 2 + 6GRROPDBGWXIDWILRIOFIDFLG NP RQ 9HQXV
,FDUXV GRL M LEFDUXV

6XOSKXULF DFLG PLVWY DQG RF FHOSDWW.RQIDDOQ K, IVOWL W X WHXRING2 EF X BIRWLARUID O +\JLHQL\
BWDQGDUGY &RPPLWWHH -XO\

%XOORFN 0 $ +DUGHU - : 6Q0PRRZH®®HE &RPSDUDWLYH &OLPDWRORJ\ RI 7THUUHV W
8QLYHUVLW\ RI $ULJRQD 3UHVYV




‘KLOH WKH 9LHQQD OHD
GHXWHULXP OHYHOV RQ (DU
HDUOLHU HVWLPDWHV IURP
HVWLPDWHG 9HQXV V UDWLI
VSHFWURPHWU\ PHDVXUHPF
DWPRVSKHUH ORUH UHFH(
PHDVXUHG DQ DYHUDJH GHX
FRQFHQWUDWLRQ WLPHV
XSSHU DWPRVSKHUH Y
ODWLWXGH DQG DOWLWXGH

:KDW SUDFWLFDO LPSD
GLITHUHQFH UHSUHVHQW"

. &KHPLVWU\

'"HXWHULXP DQG SURWLXP D
GLIIHUHQW DQG WKXV WKHI

ZHOO &RQVLGHU KHDY\ YV

ZDWHU LV GHQVHU DQG

W IUHH]HV DW p& DQG EI

PD[LPXP GHQVLW\ LV DW

OLJKW ZDWHU +HDY\ ZDWH!L

UDWH RUGHUV RI PDJQLWXGH IXQ GKLOWK/D QUL RKWHZD WIHIW L I LF |
VROXEOH LQ LW

,PDJH IURP )HGRURYD HW DO

$ QHZ UHVHDUFK ILHOG KDV EHHG G6XXOW ZHRKXK GVB & Z\WHR B\
PXFK ORQJHU OLIHVSDQV LQ WKM EBDBWWE FQR X\KMHU SDRIQVBH 7K+
FRPPHUFLDO GHXWHUDWHG GUXWRD W WGHIVWPM & WLM B X{UXQHDMDO \ |
DSSURYDO LW LV H[SHFWHG WR/ISBYW WHKIS ZHYHRW IP@IQD P DUNHYV
RI ELOOLRQV RI GROODUV 'HMNWHWDOMRROG A DG SHIRWH G D WV LV \
WKHUPR[LGDWLYH EUHDNGRZQ CPXENLEDWWRQ LQVWHWHWWHI KRQG I
'"HXWHUDWHG 300$% SRO\IOXRURPSR\CKPHUN RIVHH XQG® EWHE WHVH

JHGRURYD $ .RUDEOHY 2 ID-QGBHOWD Y % HUDMODHX[ $ +'2LDODBUG2 (
YHUWLFDO GLVWULEXWLROV ®OG AN RRWRSSKH UHDEY L&RR IO® W B H FHHONUDRPIHROH DR QQ ERRDWHEG V S
IHOXV ([SURXVQDO RI *HRSK\VLFDOGRHVHDUFK MH

IDWLRODO . QOVWLWXWH RI 6WDOQ®RDUQGYHVAAIEKQNRIARRY S B HFSIRWQW H ODWHULDOV

'RQDKXH *ROIPDQ + +RGJHV 5 5 DWVRIHOXV :DV :HW $ OHDVXUHPHQW RI WKH 5D
'"HXWHULXP WR 6RGH@BHQ GRL VFLHQFH

JHGRURYD HW DO

&KDSOLQ O :DWHU 3URSHUWLHV LQFOX&SHWU ILNVRMR SRR J X HV

KWWS 7ZZZ OVEX DF XN ZDWHU ZDWHUBSURSHUWLHV KWPO
.DWVQHOVRQ $HDY\ GUXJV GUDZ KHDY\ LOWHUHVIWWXRP SKBWPDQHDFNHUV
GRL QP
%HQPHOHK < &RUWH] 0 $ BHHESWGHPEH DG 'UXJ 7THFKQRORJ\ Y% OBDRWKHRKIK WV %]
%ORRPEHUJ
&DPSDQD - ( +LJK 7HPSHUDWXUH 'HXWHUDWHGHRKEDQEDBPW VD GG GHHAKKYRHRY
$'$ ‘DVKLQJWRQ '& 1DYDO 5HVHDUFK /DE




IRU XVH LQ ILEUH RSWLFV DWHWKEK K XEV WLB/XRIHRP GUDFPDWLFDO
DWWHQXDWLRQ "HXWHUDWHGHS/QMNWDRIOAW WRIQRQULRLEHB B RG HDL

21 SDUWLFXODU LQWHUHVW IRV GR FIDFOWS BIIRG JRAFW X R QL QD GFHOU
WKHUPRSODVWLFVY ZKLOH WKHKP@RSQD \PWD L FE\H WKUFKXQDAS [ R IDQRWVL Q
ORZ GHXWHULXP DQG KLJKO\ GHXMAH BDWKE PY WHWICR R FPH. [KALX K O\
7KLV LV D UHVXOW RI WKH GIMZHWHIQQ G X\ MULIDW ® LDA/EV QB G H X W
FRPSRXQGV FDXVLQJ WKH ORZHKURMN®O VSIRD\ FBIRWU QWR G-RIZ VGMHXGWO L] |
GURSOHWY RI KLJKO\ GHXWHKBQ H®& \YO\DONLILA OHDW LEHKD QG M) LI L
UHIUDFWLYH LQGH[ DQG D SDWOQLWEH ¥ D]YHH®XRK V@ BRI HYUL WIKE OH C
FU\WWDOV KHDYLO\ VFDWWHUOWKHHUUORSRWXBIQG OHDYH WKH SR

. +HDOWK

'"HXWHULXP LV DFXWHO\ WR[LF WRZPWR PO-:ONVKDW LKAL\J E HGIR DI\
DURXQG BWXGLHV RQ KXPDQVYHQMMYUD EBH B @AV LYHRBOYLQJ
VKRUW WHUP HOHYDWLRQ RI ERG\ GW KW RPRIVP FORPYRHROY WLREH H Ik
YHUWLJR OLNHO\ WR WKH F®&D\QIH RH \GMIQB/X.ODURV VOWH® L2QH VX
PDLQWDLQHG DW IRU GD\WLW\L WKPRSWWR PFXWH WRJL

5HODWLYHO\ IHZ VWXGLHV KDY HFEMRQ LGRQRZWRHY H D ULFFKS DRFY
HOHYDWHG GHXWHULXP RQ KXPDROWDGGWHY HGHURBSVLY KIHP RV V
ZDV 6WUHNDORYD HW DO G PXOWLGLQNFW § O XQ\LIR\QWDW XBBQ Z K LF
VLIQLILFDQW SRVLWLYH FRU U HDPW GRIG WEHAXWALIRIQL R P H[ SRR/ WHD Q .
IRXQG RQ (DUWK $V WKH (DUWGRZBIQJW KIVQGW R B WWRIFDHIQXYV WKL
VLIQLILFDQW FRQFHUQ IRU WKIHQRQJ WHUP KDELWDWLRQ RQ

ODQ\ DOJDH DQG EDFWHULD FDQ SUNRRZ D Q G HIXVBH B GXH HDIOQV X
JHQHUDOO\ DW D VORZHU UDWHIRIMD QHXWRD IIX B WDH) 8 UHQDUWFLHF K LW
&KORUHOOD [ DQG ( FROL OH[FHO GIRH WFKKHP AR R/ IDFWRUYV D
LWV H[SHFWHG WKDW YDULRXW PKKHHRRADIODSWEAHRBEWAR &KW KHQ U L
WKHPVHOYHV KDYH PXFK KLIKHU HRIKIHHK PIPQ WDIODFWRBK DRUU XL
GHXWHULXP OHYHOV SHDNLQJ EWW UHGMRBRQRDWIKHVY S WH % LF
HITHFWV DW WKH PROHFXODU RHYHOKDOH EREQY WHWXBWHGO | D

.DLQR 7 3UHSDUDWLRQ RI SODVWLF REWIF® QVUFQWXUWRQDDIRDBRO\PHU 6FLHQFH 3DU"
3RO\PHU &KHPLVWU\ GRL SROD

<RVKLPXUD 5 +LNLWD 0 7RBDUX 6RZ PPOWKXKBRO\PHULF RSWLFDO FWKHIXLGHV IDEU
GHXWHUDWHG SRO\IOXRXBRBEBWKRDHFUIRWWDBYH THFKQRORGRL

OLOLQFKXN 9 . .OLQVKSRQW 9 5 (IISDAMLOHQNRWRSLF FRPSRVLWVRRQRQ QUHH UDGLF
SRO\RO+RXQQDO RI 3RO\PHU 6FLHQFH 3RQ\PHU &KHPL\GRU\ (GLWSRO

7DQDND 7 ([SHULPHQOWDO PHWKRGV LQO SRO\RRG W EDHBEG\ PRHRIG bl W DHPDHWXQD QG WHF K Q
'"LHJR $FDGHPLF 3UHVV

-RQHV 3 - /HDWKHUGDSMHD BBOH LVRWRSHYV LO FOLQ LIFRDRHEEH\QH. B D K6 PLBIGIFAH U H D1

GRL FV

BWUHNDORYD 7 (YDQV 0 &KHYQRSRIVDWDNRX@HV&RXF&EHVSXJOLR S5 HXWHUHXEK

FROWHQOW RI ZDWHU LQFUHDVHY GKIS SRYWHRW LDV RIC M/ IRE LD MK BYRHNKFDYLLER X WHDO ok ® LRH F

5HVHDUFK GRL M EEU

&KRSSLQ * 5 &KRSSLQ * 5\GHMWMHGQ]LBDGLRBKHPLYWU\ DOG QXRBXDQ FKBHPLVWU\
%XWWHUZRUWK +HLQHPDQQ

+DPPHO 6 & (DVW . BKDND &KDKRNHW WD GL %8ULHI (DUO\ /LIH 1RQ 6SHFLILF ,QFRUSR
"HXWHULXP ([WHQGV OHDQ /LIH 6SO@RJDY WHRV R S\KKRMWP $iIOHH MX.YOH Q BIWX R Q LBV HD U F K

GRL UHM



GHWHUPLQBG WKIDWH DFWLYLW\ LQFUHDVHKWEHOV IRW FEHXW HU L X

‘LWK VSHFLILF IRFXV RQ WKH HIDHRWIQRSI KXPXO\WQ OLHHDRG =X

UHYLHZHG H[LVWLQJ VWXG IURP RRQFWRISILD\O UDRIVDK WR FDQF
FRQGXFWHG WZR DGGLWLRQDO WJ)REHUPH®DWM 0 DRIROERQUGHZW LR Q'
VORZHU XQGHU 9HQXV FRQGLWLRRAQ X RIGOH BAXFXHHOKHYLIPVBHIG FR
KDG ORZHU \HDU ORQJ VXUYLY\DO ,0\\D MWW VD B VURHPUF\M K M/ ¥ MQX @& K D W
ZLOO WKULYH LQ WKHVH LVRWRFLFOFIRREDIAW. RQY D W K& JEVROEOH
FRPSRVLWLRQV QHHGV WR EH WD R 8 QQLQMDRN B B SRXOQ@WM VZBEHQ PV V |

.. ([SRUW

:KLOH PDQ\ SRWHQWLDO ORFDQOQ3IN®@W LROOG WMKKNHHUH. X F D UYHH WAL
LVVXH RI QRWH LWV SRWHQWNDYDI®RXIDIECHR UM D'FHW R/BH U UDREH KHD
IRU URXJKO\ NJ $V GHXWHUILWKHF PDNY R$ KHDG\RZDWHU |
PDVV YDOXH IUDFWLRQ LV NHVIKLYIUWEWJURNHIHBPY LQRWHQ XYV HFR
RQ GHXWHULXP H[SRUWYV

$ IHZ LVVXHV RI QRWH

+\GURJHQ JDV WDQNDJH LV XVDHUOWK B QJW KIH FKD G WRJHIQH DW V

WLPHV KHDYLHU +\GURJH QWX R UEH WD GINOD P H QPIDW N H \
UHSODFH WKHP ZLWK DEVRUEHQW IPVDIVAAH V O RKZHH WK\WJ WHD\OW DEJH:
FDQ EH DFKLHYHG E\ GLUHFW ERW\WKHU RR FBSRANDHEI/L X\PX E @ WDR/

KHDY\ ZDWHU PHWKDQH RJMR QQ B QLWKLXP
K\GULGH WHWUDERUDQH K\GOILWKLXP DOXCDQMKP
EHU\OOLXP K\GULGH DQG RWKHUYV

. $V DQ DOWHUQDWLYH OLTXLGLK\ ®RRNHW FRBRERYOE KXV H®R Z
PDVVHV FRPSDUHG WR WKH PDVV RX OGN N W RGWDR HHR! WX R K HG
FU\RJHQV LQ VSDFH LV DQ DFWLYH WRSLF RI UHVHDUFK

. 7KH PDVV RI GHXWHULXP FDQ EH HRWHQGME DKRXBIGQWRKWR P H
PDWHULDOV WKDW WKDW ZLOKWIEH EHHWINQ W XEFIXF N VWRR (DVWMLKQ
OLTXLGV IRU H[DPSOH DPPRQIXWNGRRDOMW DWREB FDQ LLDHOW \
7KLV HIIHEWLYHO\ DOORZV \RX VBRI X\I B Y HXW K M LROOAHY R HWZKR X
KDG WR H[SRUW K\GURJHQ KDOI LWV PDVV UHJDUGOHVYV

/RE\WVKHY 9, 7YHUGLVORY 9% ®9RJHOS$SFWDNRYHEGN®RR/ 1D . $73DVH E\ VIPDDO FRQFHQWU
LOKLELWLRQ E\ KLIKW®WIRQEIB®DG DWLRQV

/IREA\VKHY 9, )RJHO X ,DNRYHQNR HWGLI/HIRPHWH DV D PRGLILHU RI LROQLF VSHFLILFLW
. $73DVHLRIL]BRDG

yLH =XEDUHY 52® WKH (IIHFW RI 30ODQHWDU\ 6\MRMEORQ VRWRWHK 8RBEBSEXUWLYDO RI
THUUHVWULDO3DRM DPDQHWPVGRL MRXUQDO SRQH

OLOOHU $ +HDY\ :DWHU $ ODOXIDEFWXUHUV O X4HMAHERIQNGUD @\ GXIRAHDU 6RFLHW\ %XOC
YRO QR JHEUXDU\

(XURSHDOQV . OWHUHVWHG LQ 3XUFKDWFHPEHDYQD@QWHDO 7ULEXQH

6HBEDVYV % XGRUVGHWDLOV RQ HVWLPDWLRQV RI WDQNDJH PDVYV




%\ HQULFKLQJ WR KLJKHU OH¥ RO W KRIQRHD W KBIVD E X VWV KB H\DLY O
WKH YDOXH RI WKH GHXWHULXPY\:EDOWHUHNFWRU DQGGH KHID
LW FDQ EH HQULFKHG VLJQLIERN@W®\W E I5VRUBR WH\L V VIREK ODV
VSHFWURVFRS\ &RPSDULQJ UHW EX® $ ULXFDHWILQ/ MHWH DOYIDLLIOHD

6HOOHU , WHP BULFH4XDQWLY (QULFKP| 3ULFH SH

&DPEULGJH ,\ '/0
&DPEULGJH ,\ '/0

6LIJPD $0GU ¥
&DPEULGJH ,\ '/0

6LJPD $0GU *

6LIJPD $0GU *

6LIJPD $0GU *

,Q VKRUW LI PDWHULDO UHW RUEH FIRRWWWYWH (R O FGZH M YRIXNLKK P \W K

RI GROODUV SHU NLORJUDP IRV RIVEROO@DRIINUSHW N K& R EWHG IR U
DQ HQWLUH HFRQRP\ FDQ EH HEXWBWLRE WEKH HESBURXRIGGHQ XV
VLIQLILFDQW QDWXUDO DGYDPRINIHLRI WKMWXUBIPNGIR KO MW KH |
KXQGUHG RU HYHQ D WKRXV D QG XARILINMOK BHRUEMLDRK UDPHGUHQ W
WKHUH LV WKH SRWHQWLDOORQJDWIHDUPIH, Q QMBKKINV WKRWUY WIRHP HG L
H[SRUWV LQ WKH N NJ UDQJHEDUIH PXRKZKROM SKKMXFDUNHW L
UHGXFHG LW VKRXOG SURYH PR WHR WK GHHRV KR F R PVSFDIUGHGE F R O

"HXWHULXP LV D YHU\ KLJK GHP DOPGNEY R GXE WWRWQ SODURMHK XWH
QXFOHDU UHDFWRUV VXFK DV &$SURGXFXWFLARRHD WAMBBREOK SLO0O5 W
HWF DQG D YDULHW\ RI RWKXVWLRYS®OREBDW MWVRONWH BRKIRX@® & KH | XW.
DPRXQWYV RI GHXWHULXP ZLOO EW WY MWHGEHGH XOW HWK K Pl HDHIGSY W/IRW K L .
XVHG IRU WULWLXP EUHHGLOXQOLPYWHGDPCHWQLWLHWXDR® VHD

NJ FDUERQDWH IDU FKHDSHU WKDQ WKH GHXWHULXP

7KLV UDLVHV WKH TXHVWLRQ KRDX¥X\WRSORHHGLIFKRHOMKRR®@
SODQWYV WHQG WR EH KXJH HQHAHIWPKX®JUQ YMNWWHPIMWH RVKH YDU
SURFHVVHV ZKLFK YDU\ VLIQLILFDQWO\

6LIPD $OGULFK GHXWHULXP R[QGH)SEBEUXBDW\5HWULRFY HG R
KWWS 777 VLIJPDDOGULFK FRP FOIWHDNORP YRHIDGH KOWHHWR DEHIX$O O 1 PREG K POWHK SDUW

Q UHJLRQ .6 IREXV SURGXFW

&DPEULGJH LVRWRSHV GHXWHUYIHX® RQLGHHBIULEHW\ 5HWURHA
KWWS VKRS LVRWRSH FRP DGYDOGHOMHPEBKU BUXOMAVW IDWMPSRTLGH V HD WK SEH $// CH\ Z

HDUFKG6SHFLILF)LHOG 6HDUFK&RQWHQW

&LH] 5 ( KLWDFUHKH FRVW RI OLWKLXP LV XOORIN/H O\RW RV XVSRH DGR W I/ BVOHIRAVH
B3RZHU 6RXUFHYV GRL M MSRZVRXU

OLOOHU $ +HDY\ :DWHU $ ODOXIDEFWXUHUYV QX34 HMHERIPMEIHD @\ GXRAIHDU 6RFLHW\ %XOC
YRO QR JHEUXDU\




&RXQV] YHHG
6HSDUD| (QHUJ\ 1DWXUDO (] ,
(QULFKPHQW FXUUHR 'LvwLoOL
)DEWR| 1HHGH 5DWH OR .5
'LVWLOODWL WR | 9HU\ Kl ORGHUDW <HV ‘DWHU
'LVWLOODWLH a ORGHUI 60RZ <HV | 9HU\ sXxU
‘DWHU HOHF WR 9HU\ Kl )DV W 1R ‘DWHU
+\GURJHQ V ,
TERBEI WR +LIK )DV W <HV :DWHU
$PPRQLD K\ 60RZ FDW
ITEKBEIE WR | ORGHUI ohnoHG| <HV +
$PLQRPHWK 60RZ FDW
K\GURJHQ HII BIR - BRERHG oHHGHG| <HV *
_ $OPRVW QRQ _
:DWHU K\GU WR ORGHUI®DUE YT 0 <HV :DWHU

7KH HQULFKPHQW IDFWRU DQG HH[UFAKIDGH MW K B WH. ]®IDRIJW®H G H \
HQULFKPHQW V\VWWHP ZKLOH WKW BRZHY WRA WXR 8 VRLRDK & HY/REZ H
QHHGHG WR SRZHU LW 6WDQG HIOHRXWU RQ\ERWKSVHIPO QUWN PRV
FRPSRXQGV DOWKRXJK PRVW VWXWHHRG MHSRDWWURQ RDIXKEH DF
XVLQJ D FRPSDFW V\VWHP +RZMRIGWD\LWV) IPXOBDUHOHKWHGBO\VLV |
JUHDW DPRXQWV Rl HOHFW ULWMAYQUIOQ WK HHHERPAHRFNR 17X B OLH V X C
JDV FDQ EH UHYHUVHG LQ D |XBONKHIOOH EXUN V& 5 ORFVNWY DORQF
HQULFKPHQW IURP WKLV PHWKR® K W KQW¥ RV SRMKHUL 8 H REEQ VI bl V
*LUGOHU 6XOILGH 7KHUH DUM KRSWKV DL Q DVUKH IPXDAUDNMHMWWRD HOHF
K\GURJHQ VXFK DV IURP K\GUR.L1MQFRKXOGFHBPRPHKDFFRRPSHWLWL
IRU HQULFKPHQW KRZHYHU K\GURJB\Q WR GUDRFFRPMAK $DQPID V
UHIRUPDWLRQ ZKLFK LV PXFK FKHDSHU

2Q 9HQXV WKRXJK DQ LQWHUHVIKIHO RSBR QWNQV WL FDH SR ¥
VWRUDJH QHHGY PDQGDWH D VWRONJW QGWWP SDQ & LIGH G UFHID W H
GHQVLW\ WKDQ EDWWHULHYV OMVZHRO WX HRIUHDR QN MIKH ®ELGV
E\ ,658 ,Q JDOYDQLF GLVFKDUJHHPRGHOKARBORJIJHRPELQHY K\GUF
R[\JHQ WR SURGXFH SRZHU ZRKOMW I P® G0 KFGUWRIHW DR G R[\JH
UHJHQHUDWHG $OWHUQDWLY &\IX HROUFH[®®\8 (RIS HIUQ® W& OV IDPH.@ B bl O
DQG FKORULQH DUH FRPELQHG WY \@GLLFR P RG HF KDKRLLOLHG M/ K B\ JD U H
JDOYDQLF PRGH ,Q VKRUW H[WWQWR YEH HFRIPF\M B ROI\G/ HW IQBIHG D\
LQGHSHQGHQW RI HQULFKPHQW GHSOHWLRQ QHHGYV

+\GURJHQ 3URGXFWLRQ 1DWBQLWHOBV6EWHDWHY LQEDUWPHQWPRI (QHUJ\
KWWSV HOHUJ\ JRY HHUH IXH@®RHQOWXUBWRIMY SHIRGWPRWY 1

S5HWULHYHG IUF

6HH FDOFXODWLRQV D@ \G EXKEXWHWW.RQ LQ



)XHO FHOOV KDYH D VLJQLILFWQGX K LW R/ RMK\HLQ VHOYNVHDOGYY IKQWDJIHY 7KH DERYH D
K\GURJHQ R[\JHQ IXHO FHOO ZDV6EWDWWQHURBMDXYYREEDBKRWR 6WHYH -XUYHWYV

,Q VKRUW D IXHO FHOO VWDFN\D @KLG&LIW. G RPS UFLH/AHEBV R | SO X

D FDVFDGH FDQ HQULFK K\GURSH® YDLVE MWK B DMBRVWWR IR E RN XS ST

SULPDU\ H[SHQVH RYHU D EDV DFVHW & \FAMOHP VFWRB B HM. WU HSD U W L

JUHDWHU QXPEHU RI VWRUDJH HRN WOPSHW LIPGHGLSX BB R GEWHW GH

DOVR SURGXFHV GHSOHWHG ZDWHNUDI® UH [MAPFSIDA FRQ YV XPISMH@W L Q
VWDJH FDVFDGH FDQ SURFHHG PWRXNPHG HQULFKPHQW ID

RI V\VW RlI VA\VW| 7RWDO . '"HXWHUL
6WDJ K\GURJH K\GURJH V\VWHE HXVéT_"L;LOXHPWi PRODU
GHSOHW HQULFKI] K\GURJ HQULFKH
7KXV RQ HYHU\ F\FOH RI WKHQPWKN RYVKVG BRI @XW S XW

GHXWHULXP DW UHDFWRU JUDGHNKH K\GURUGIK) PDVRILQ WKH V\V
RXWSXW GHSOHWHG IRU GULQWIFQUXWHU&F XSBPXUHKBQEHPRYRD R
IURP WKH VA\VWHP LV FRPSHQVDRIHGHR X ES URKH VY QMG KWERBRJIHQ



VWDJH JRU D QLIKWWLPH VWRUDOQHKBELWDW PDOONUQRI K\GURJF
SDVV WKURXJK WKH VI\VWHP SHUJGDP WHRILQ/GZR XL 8H H 3D\

)RU D VWDFN GHVLJQHG IRU WKHOFRPRIRQ ® RPICQD O X I&OY RIDOK
YROWDJH RI 9 WKH QXPEHU ROBVWEBIFNV SHU OD\HU ZR DC
UHVSHFWLYHO\ \LHOGLQJWKILQ KRABOM LS PRUG XHUW R XUIORXWD G L QJ H
HQULFKPHQW OHYHOV DQG RU WX ER X DKESMID ¥ DI BHKHQG ¥ DN B R |
WKH FRVW Rl VIVWHP PDVV DQG FRPSOH[LW\

$ IHZ IDFWRUV QHHG WR EH GLVBXRUYBGEG O H R\RWD RIHWY XM VKD E L
DERYH IXHO FHOO VWDFN DV YV XPHNOREOAURQ@UY EX P ARQWKGCXR ER QV
WRZDUGYV JDOYDQLF HQULFKPHOQW UHNHZRYHKZE& LFOOHWWH PPAR\V LV
V\VWHP LV ZDWHU RWKHU K\GURJBQ FIRRSRKQBVLGXIFBEMM KSURY
HQULFKPHQW IDFWRUV &RPSDUH® WRORUNIBH 3(0V KXVUGEUWRIHKHU ¢
GHQVLW\ VPDOOHU PXFK PRUHOHGUOALHRWH PKIFEKOPIRDN D XV LQJ
V\VWHP IRU JDOYDQLF DQG HOHFWURO\VLV PRGH

$ QHIDWLYH DVSHFW RI IXHO FHOONVK\DIV HR $RUL FHQ) VRKPHND W |
LOQYROYHY RSHUDWLQJ DW DV GRX RILEOIHRKRPIBRMWWH QMQWLA- BFH Q\
PD[LPL]HG DW DURXQG 9 RYHUSRWHOQWIRDOR Q\ 7KK [ SWHKUH.IRQF L Q
SRZHU WKH JUHDWHU WKDW K\GURHHDKHRQSRHA HHO UV FKRHWBGH Z Q V K
WKH HQULFKPHQW IDFWRU FDQ EH GHFUHDVHG

$Q LVVXH DULVHV DV WR KRZ WR SBH LR WK BW PEQDX UKV DUROL
"KLOH FKORULQH DQG K\GURJHQ H KOR U WGRI TFRELHI}HV VLR G POV H F
K\GURJHQ GLVWLQFWO\ LV QRW

$ UHODWLYHO\ VLPSOHRBDSHURDI
DOORZV XV WR DYRLG DOO PRYIDQJ S
FKHEN YDOYHV PHWDO K\GULGH FRF
1$6%$ V 30DQFN VDWHOOLWH K\ UR
VXEVWUDWH DW ORZHU WHPSHUKXWRER
WR UHOHDVH LW DW KLJK SUHWKMNWRH
WHQV RI WKRXVDQGV RI F\FOH VO DR\
HQWLUHO\ UHQHZHG E\ YDFXXP KHDR
3ODQFN SXPSHG RYHU D NLORJUDPUWgevRUSWLRQ FRPSUHVVRL
RQ WKH RUGHU RI WZR JUDPV SHIXN{ 658 3KRWR 1363 §

$QGHUVRQ ( % 7D\ORU ( :LOHPVNLKtJK SHOERUPDQFH K\GURJHQ/BRORULQH IXHO F
SRZHU DSSOLRPWQBRQ\RI 3RZHU 6RXUFHVGRL [

/ILX 6 =KRX / :DQJ 3 =KD@ 3 <%L6%G6KIDLF /LTXLG %DVHG 3URWRQ &RQGXFWLQJ
IRU $OK\GURXV + &0 )XHO $&® ®SEIBLHIG DIWWRIQLDOV ,QWHUI®RHYV DP F

+DPPHUOL 0O OLVODQ - 3 20PV¥RMHHOGIFEW-RI 2YHUSRWHOWL D3R QHWK'H X &/HRWXR O\W
6HSDUDWLRQ JDEWRU RO %ULJKWI3ODWLOXRROVUQ DO REHKH QOHFWURFKHPLFDO 6RFLHW\

GRL
'DGH / $ %KDQGDUL 3 %RZPDQRBJIJEQWIDLOH/LLGHQVPLWK+\&URJIHO VRISSVLRQ
FU\RFRROHUV IRU WKH3BGVGIRWHAGYDWRE(& ORQWUHD R -X®Y &U\RBXEPLWWHEOMHULQJ 9R

/IRWRWVN\\ 0 <DUW\V 9 3ROOHW 0MWD®RY®DIOGH K\GURJHOQ FRPGWHUYQRWVYR® DG Y LH
-RXUQDO RI +\GURJHQ (QHUJ\ GRL M LMK\GHQH




ZRXOG EH QRWKLQJ PRUH WKD QW §H VL B3 P]H.E $ OXR E LLGU ODW H G |
K\GURJHQ WKDW FRQWULEXWH WR OLIW

$V QRWHG SUHYLRXVO\ IRU FK®RUHQHRPSRIFIMYIL RSX X H LFHH \
LGHDO +&0 IXHO FHOO SUHVVXUD DG W HP FKORWKQHWRQGHQV
DURXQG pé& D TXLWH VPDOO VWHRRSHUDXWR WK \GIDIMRBBQB H HOW
FRXOG OLTXHI\ WKH JUDPV SHMOWHNFRQG\Y WHRRWWDGL LY RQFH I
HOQRXJK WR EH OLWWOH P RUMHDW Y CEX GRS W RIOVMHWE IQWWD LONHR Q IORZ

2WKHU LVVXHVY UHODWHG WR WK 6 GWL 5KV ARQ/GR G HF@RGHRS H
H[SRUW RI HQHUJ\

,Q 6LWX 5HVRXUFH 8WLOL]DWLRQ

'XH WR WKH YHU\ KLJK VKLSSLQWRRVAHV LURIPWR X\O K LPQ &/ H C
ORFDO UHVRXUFH LQGHSHQGHQEH ODX @RHO P DDAV VRR VO G ROEM MD O |
SURGXFLQJ ORFDO UHVRXUFHV6BLDK BB B W \P BIYVWORVLOIOULWLHYV D
PDQ\ VLIQLILFDQW GLIIHUHQFHW& W\RSMFKRIP,R&8 RIH YW B DV F K

JHW XV EHJLQ ZLWK WKH NH\ GRWHURIQF BK MUKH 0UL\P BKDWV FD Q
DGYDQWDJH RYHU 9HQXV FDW LH 6 HBEWDLLFOD RIL A IWVRQ : [PVRK W/ IRHH W D C
DUH UDUH RU DEVHQW IURP 9HQXV PDRQWWRDSKEUH H\QFHOQXWELD O W
FDOFLXP SRWDVVLXP VRGLXPRPDPQLORIUXDXWDFH QWBLMDQG LQC
FRSSHU DOXPLQXP WLQ QLFNHQGFREDHWR XFVRROWKGHHYXWR LQF U
OHVVHU H[WHQWV

7KHUH DUH WKUHH SULPDU\ PHDEQWAR B/KTHX V UokK W O YA HHHO H |
DFFHVVKLSPHQW IURP (DUWK ZKLREXWKHTKNDWO\DWWEBIMAD ROKDEL
PXVW EH PLQLPL]J]HG GXH WR FRVWYV DQG UHF\FOLQJ

&DWLRQ UHF\FOLQJ WKDQNIXOOGLIIWKXQW BXW QKW \ER HHSH
(IDPSOHV KDYH EHHQ UHVHDUFKHIHRHUROGEBBSROYFW V7 KHIK WHF
LQFLQHUDWLRQ RI DOO ZDVWH RQCGVKSWIIRK\DHODA HV RIHB[R J MR SUR
PL[WXUH RI R[LGHV DQG K\GUR[LDGHEH 7EKRHRW W P SHEADW/EKK B M H F W |
PDQXIDFWXUHG K\GURFDUERQV RU BIOH WD YOQW DL@W LRJH G B W IDRQ G
DUH WKHQ GLVVROYHG LQ VWURBYQJI PEF IKG G UB S RQKIF P DU QH M UDV
VDOWV WHQG WR EH KLJKO\ PROXE ®MHQUWIRF WKLE SXUWBRNH 61
RI WKHVH VDOWY WR K\GURSRQHRZG®IXW UL HQWXVIR 6 XMQW QVRDWXV W\
QXWULHQW EDODQFHV WKH VDN WAX PK\DW E HWKH BIDDUADWWLHR® DIOU ¥ U\

+XVNLQVRQ % B5XJROR - ORQGDO 6% KLIJK$BRZHU GHOVLW\ KLJK HIMIFQHQF\ K\GURJ|
UHJHOHUDWLYH IXHO FHOO ZL\QK BQUR FRWHO LRWY YALHWRD® HFARW DO 6FLHQFH

GRL F HH G
.DSRRU 5 ODUWLQ7KHUPRG\ODPLF B3URSHUW(QHHV RHWKKOQRW.Q83QLY RI OLFKLJDQ
:DWVRQ 5 ' $ VXUYH\ RI UHVRXUFH XWLOL]|DWQRBOLWWV REBB/RM GWKXGLHW QVWLWXWH




'7% DQG WKHQ WKRVH DGGHG MKRW BOXR IPRON BV ROIGIGHGE XDO V
DYDLODEOH IRU RWKHU LQGXVWULDO SURFHVVHV

7KDQNIXOO\ PRVW Rl WKH PDVV WQBIW G R I KOHIUX W K BRL Z
PHWDOOLF FDWLRQV DQG LQDWHQBWGY RIHQODWVWHKGIYKDRIQP HQ W
JLUVW ZH VKDOO ORRN DW WRHNN SENVVRIXS NV HBEBDELHONV) G H U
SURSXOVLRQ

. &RQGHQVDWLRQ SUYBKLSVWDWIKRMPHG IURP FRQGHRVDWLRQ
ZRXOG EH H[SHFWHG WR EH SWIKLPBDGLOALRROX PLR RE LFAR @ VW |
VXFK DV LURQ FKORULGH

. $EVRUSWHRMRUSWLRQ LQWR D OLTXLG YRKIO®\F RZOWHRWRUHQ
GLYHUVH DQK\GURXV K\JURVFRWNFVK®OHEKUHN DNLBHPIO/ VW L

. 7DLO JDVYBIMO JDVHV OHIW RYHU DIWHW DDQUHD EV RG R WILR QQSNWAR

FDUERQ GLR[LGH IROORZHG E\ PROYRRIEH) DIQUE RVK HRD UBRQH
PLQRU QREOH JDVHV

7ZR NH\ DVSHFWV Rl HVWDEOL VAW X LA 1 Q @XY BWM. D B FRADQNH
FUHDWLRQ RI VWUHDPV RI WKBIQFDWRH HY &OEWUVRPHIPLGN D SH)
LQGXVWU\ /LNHZLVH NH\ KDELWHD® SRESXPDDQNW \VOL®R RRQLD

PXVW EH SURGXFHG LQ VLJQLILF® QQYHYDWDWHHWKHHF VRBHVVH'
GRLQJ VR

$SWPRVSKHULF VFUXEELQJ

,Q GHVLJQLQJ D VFUXEELQJ V\VIVOHPS WLH DDA HF WIKX® Ol IR Q DHRZ

. &DSWXUH HIILWLHQREPSRUWDQW WR FDSWXRHPDLWY EURDG HM D
PRYLQJ WKURXJK WKH VFUXEEHHBWVIISR¥RPPRK) VRV IMXW W W
LPSRUWDQW WR FDSWXUH DV KNl ®H DVEBHUHFH® I BIJSURG $RW

. /RQIJHYLWH\RQG HQVXULQJ WKDW PDWHUERPGYD WVEHGHDUHVKK H
9HQRXV V DWPRVSKHUH LW PXVW G BQW KB XGDWHKID/W O QBUHR/C
HURGH WKH VFUXEEHU $GGLWARGQEGORLRRNLQHIGSDUWY VKR

. :DWHU ORWMW HDVLHVW ZD\ WR FDSWXUHR BRYMV RR IWKQHV K \UR\RW
DV ZHOO DV OLTXLGYVY OLNH WEGHW LFRZHLY® UL WE H NW U FQU \
DWPRVSKHUH RI 9HQXV PHDQV DHULWRLWED HWKORV W KIWADAND
,QFUHDVHG SUHVVXUH FDQ GHGRVLFRFUWEKELRQUUZDWHU WKD NS R/ X
SUHVVXUH LV ORZHU WKDQ WKEKWDEERHN W ISW HEX\X UHKRY W KIH X
KLIK ! EDU SUHVVXUHYV

NWXEHQKHLP ' :LJQDUDMIDK\F.OLQJ RI LORUJDQLF OXWUS HMOQWEXRW KRG URCGARZEQRIUR
LOFLOHUDWLRO RI L®GCDE@PHVELQPSS\D\FH 5HVHDUFK GRL \Y




. 3UHVVXUH GURSBGHU WR PLQLPL]H PDVV DQIELSFPRMLBRQV XP
WKURXJK WKH VIVWHP VKRXOG IS BHUMXQH & DR SVP\D G & \RM LIE C

. ALIKWZHLIKW DQG W WBDW\WSNKRHIPVDE ®H QR XVH LI L\W BDQ W EH
IDLULQJ ZLWKRXW UHTXLULQJ XDQVWWH RWROPEOMHHDP RXQWYV RI1 F

,Q VKRUW ZH QHHG D OLJKWZHUJEUWW K RGIQD SM LIEFQH @' \W UDCEE |
VFDYHQJLQJ DQG PLQLPDO REVMEUIXFWR RF® SWMRXWIHI PRRIVV. QRR UHF
WKLV LQ PLQG OHW XV H[DP LQHMGDLQDRR G WH RW IRRSMDLAR Q§ GX VWU L
(DUWK

2ULHQWDWLRQ

, 9HUWLFDWHQWHUV D YHUW
IORZV WR WKH RSSRVLWH H
OLTXLG FDQ VSHQG ORQJ S
FRQWDFW ZLWK WKH DLU El
DW WKH EDVH

, +RULJRQVDNOHQWHUV WKH V
WKH VLGH DQG IORZV WR W
JHWV F\FOHG WKURXJK PRU
FRQVWDQWO\ EHLQJ UHSOD
OHVV VXVFHSWLEOH WR IR)

&RXQWHUFXUUHQW SDFN
j THGHUPDQ OLNUR . )ORZ

» &RXQWHUFXUUHQW VXIUX BE
PRYH LQ RSSRVLWH GLUHFYV
LOQYROYHV D YHUWLFDO RU

,» &R FXUUHQW VAUXEEHNQG .
WRIJHWKHU LQ WKH VDPH V\

» &URVVIORZ VFUXEHEIBULQWH

WKH JDV VWUHDP DW D G

IORZ RI WKH VWUHDP 7KL\

+RULJRQWDO PXOWL YHQ KRULJRQWDO V\VWHPV ZLW
GHPLVW YDQHV j 1HGHL IURP WKH WRS

. /ILTXLG GLVWULEXWLRQ

» HLU)XOO WURXJKV FRQVWL
WKHLU OHQJWK :HLUV DUH

-RVHSK * 7 %HDFKOHFUXBEHU 6\WWHPV 2SHUDAKMQUIBDOLHINHQVLRQ 6HUYLFH &ROO
(QJLQHHULQJ 1RUWK &DUROLQD 6WDWH 8QLYHUVLW\




OLTXLG GLVWULEXWLRQ P
HIWUDFWLRQ ZHLU ERW

VORWWHG ZHLU
UDGLDO VSUD\

GULS
i 6XO]H

\

FORJJLQJ DQG DOORZ IRU K
PLQLPDO SRZHU EXW UHTX
DOLJQPHQW

1R]]OH&SUD\ QR]]JOHV DWRP
DV LW HQWHUV WKH VFUXE|
H[FHOOHQW IOXLG GLVWULE
WR DOLJQPHQW EXW DUH L
FRQWDPLQDWLRQ LQ WKH O
SUHVVXUH SXPSV

'ULS OUZXEHYV ZLWK KROHV ¢
VFUXEEHU 7KHLU SURSHUW
IORZ DQG FORJJLQJ OLH LQ
QR]]JOHV DQG ZHLUYV

IHQWRWRU LILAH DLUIORZ L\
WR DFFHOHUDWH IORZ DQG
FUHDWLQJ D YHQWXUL YDO
HLWKHU DW WKH QR]]JOH R
HQYLURQPHQWY DERYH LW
DWRPL]J]HV WKH LQIORZLQJ ¢

OHFKDQLHADXLG IORZV RQW
HOHPHQW W\SLFDOO\ D IDC
GLVWULEXWHYV LW

SDFNHG HHTGXLG IORZV DFUI
SDFNLQJ PDWHULDO VWUX|
JHQHUDOO\ PHWDO FHUDPI
GHVLIQHG WR VSUHDG RXW
PD[LPL]H LWV VXUIDFH DUH

YOXLGL]HGBERIGODU WR D SC
IORZ LV PDLQWDLQHG DW K
DQG UDWH WR ORIW WKH SL
LW WR FLUFXODWH OLNH D
PL[LQJ DW WKH FRVW RI JL
UHTXLUHPHQWYV

 PSLQJHPHQW/ISOQBH V IRU
FLUFXLWRXV URXWH DV LW
KRULJRQWDO SODWHV RU W
SHUIRUDWLRQV $LU IORZV



WKURXJK WKH SHUIRUDWLR
I[URP GULSSLQJ WKURXJK W
WKH VKHHW RI OLTXLG

,» J)LEUH EHHBGV RI ILEURXV PI

DLUIORZ OHDGLQJ WR WKH

DQG OLTXLG ROQKW KEH Q\E DR\

1H;5LQWUDQGRP SDFNLQJ GHVLIJQHG IRU PD[LPDO VXl
&KHPWHFK /WG D FRUUXJDWHG IROGLQJ RU

. /ILTXLG SDUWLFXODWH UHFRYH

, 6LPSOH GUD$QDRIDKHUHQW ¢
ZHW VFUXEEHUV OLTXLG U
JUDYLW\ DQG LV SXPSHG IR
UHXVH

, &\FORQ$F\FORQLF IORZ LV
7UD\ FROXBRUJHU &KHPW ZLWKLQ WKH VFUXEEHU FD
EH SXVKHG WR WKH VLGHYV

,» OLVW HOLPLGQODWRWANG ZLUH
VI\VWHPV IRU FROOHFWLQJ
SDVVHV WKURXJK HQWUDL!
RU DEVRUE RQWR WKH V XE\

, &RQGHQVDWLRQ VRKHXEEV Q.
EURXJKW WR VDWXUDWLRQ
LQMHFWLRQ 7KLV FDXVHYV
FRQGHQVH ZLWK DQ\ SDUW

OLVW HOLPLQDWRUV 7RS VWUHDP DFWLQJ bV FRQGH

ZLUH $PDFV 3URFHVV 7RZt

, (OHFWURVWDWLF SUPEOSLYV
ZLQG KRPH DLU ILOWHUV D
HOHFWURK\GURG\QDPLF SU
VWUHDP SDVVHV RYHU KLJ}
ZLUHV IROORZHG E\ SRVLW
,RQL]HG SDUWLFXODWH LV
DQG LV UHPRYHG IURP WKH

+LJK (IILFLHQF\ ILEUH %H 3XPSLQJ

3DUNHU . 5 $SSOLHG HOHFWURVWBHAOWDFNIHHFABGEWPWLRQG 3URIHVVLRQDO
.HUuUL . ' 2SHUDWLRQ RI ZDVWHZDWHU WWKGWWRHOWOS QEDFW R PBIMQRHO G BVOLIRUQLD 6W
8QLYHUVLW\ ,6%1
'KHQ WR XVH D SRVLWLYH GIXB®BFKRRQW SDNPLJ 3XPS 5HWULHYHG IURP
KWWS zZ7Z7Z SXPSVFEFKRRO FRP LOWIGR SG YV FHQWULI S




SHFLSURFDWLQJ SX

,QWHUQDO JHDU SXPS ,PIL

&KRSSHU FHQWULIXJ
,PDIJH %RJHOXQG

$[LDO MHW SXPS ,PDJ

5HFHVVHG YRUWH[ LF
,PDJH 9DQWRQ

SHFLSURFODOWEQSURFDWLQJ
LQ D YDULHW\ RI IRUPV DO
WKDW D SLVWRQ SOXQJHU
UHFLSURFDWHY DOWHUQD\
WKURXJK WKH RXWOHW DQC
LQOHW ©6XFK SXPSV WHQG
YROXPHV ZLWK H[FHOOHQW

3RVLWLYH GLVSODFHBRQW
FRXQWHU URWDWLQJ LQWE
JHDUV HWEF LQWHUPHVK W
PRYLQJ FDYLWLHV 7KH\ RII
HIILFLHQF\ JRRG KHDG DOQ
UDWHV 7KH\ DOVR GHDO Zt
RIWHQ UXQ LQ UHYHUVH DV
VRPH FDQ UXQ GU\ IRU SHU

7KH DERYH W\SHV KDYH SRI
ZHDU DQG DUH VHQVLWLYH

EHQWULIXKKBQQYHUVH RI D
D URWDWLQJ LPSHOOHU DF
RXWZDUGYV SURYLGLQJ IRU
DQG KLJK IORZ ORVW YDUL
DLU LQJHVWLRQ H[FHSWLQ

5RWDU\ D$[DDO IORZ SXPS)\
E\ PHDQV RI DQ LPSHOOHU
WXEH 2IWHQ XVHG IRU YHU
SXPSLQJ DSSOLFDWLRQV ¢
EH DGMXVWHG E\ EODGH SL

7KH DERYH W\SHV H[SHULH!
PRGHUDWH ZHDU DQG PRGH
HIILFLHQF\

9RUWH[ SRMSKHUZLVH VLP L(
FHQWULIXJDO DQG D[LDO S:
GLIIHU E\ UHO\LQJ RQ LQGX
IOXLGYV HOLPLQDWLQJ WKH
WROHUDQFHV 7KLV UHQGH
HURVLRQ DQG IRXOLQJ DW
FRVW

(YDQV+RZ /RZHU (IILELHQF\ &DQ 5HGXFEHVHY HF DBXPG& KR8 WV 9RU




, -HW SXPS HGXFWRU,Q IDQMH
D KLJK SUHVVXUH MHW LG}
JDV VXFK DV VWHDP LV LQ
YHQWXUL QR]]JOH 6WHDP F|
PRUH VXFWLRQ 7KH VWUHEL
DQ H[SDQGHU ORZHULQJ Yl
(GXFWRU SXPS .PDJH | LQFUHDVLQJ SUHVVXUH &R
SXPSV HGXFWRUV DUH ORZ
RSHUDWLQJ RQ KHDW WKH\ DY RW&HVRH @ R\DWHHFW UQ R HW H QMQ HQ D W
PRYLQJ SDUWV H[FHSWLQJ DQ\ FEIHFW O/ Y MAK KV RF 5 QHEYHH @ WG H
H[WUHPHO\ UHOLDEOH DQG DLW YKV L RQR OHRZQYW LR | WXEMIRQ GU
LQIORZ ZDWHU WHPSHUDWXUH ULVHV WRR PXFK

$V SURSXOVLRQ LV GLUHFWLQJEBUUXKRUWKR DR/@\OLGBHZBWILRQ
KRUL]RQWDO VFUXEELQJ OD\RXW ZROKDEBIVHROQQBISY LEHQILEWH P D
VFUXEEHU ERG\ KHOG ULJLG EDQ@WHUULRCMOREBHSWHXVXHW 3UR:

PV DUH QRUPDO IRU FRFEXUHMBW VKXEXEEHWKVY HEKRZLWLHYV |
VFUXEEHU OHQJWKYV 3UHVYVXWH FKBWIRRBQL RV DS WCREG RSUB IR WCROITWR W
VTXDUHG DQG ZH ZLVK WR NHHSUWKRBDSEUHVDY X ODHRGUHRE XDGCGH V
D ZHW VFUXEELQJ GHVLJQ LW DQ V$DH HJIDREOH MR WD NBVIKGS OHQ
PD[LPL]H OLTXLG FRQWDFW WL\ HGBHDQWKHEH®YXDQ XVLQJ WKLF

&DQ ZHW VFUXEELQJ EH XWLOL]JHG™"

/HW XV ILUVW LQYHVWLJDWH WKB8WKHUHZHVWOUXEEQQDFW X

$ FRPPRQ SUREOHP ZLWK ZHW SDRRWGKEHRVFRXEE HDWFV G \J DA
IRUP VXEPLFURQ PLVWV WKDW ]L.JJRIXSDRDW MW KW KFOFANDQH H[DF W
ZH ZDQW WR VFUXE DQG WKH 8 WREWGDR G PLR/OK WR R Q HFRV VKW L\
QHHG WR XWLOL]JH 'LIIXVLRQQVUP AXUWKHXDUHPHIQBNFINQ IMXZLOO V
VHERQG IRU PL[LQJ DQG VDWXUDGIL®RRYGXF¥WIRM BWDQNWDY WHD P

$V ZH GR QRW KDYH WKH VRUW BHG&LIRUI O R ZHYIHG RFLYW\ YGHQ W
DQG GR QRW ZDQW WKH DVVRFLDW NG WBUBEHIW B UG RISIKY HQ M/IXJ\
ORRN DW RWKHU RSWLRQV D GHYHVVIHUW RIDLFL BQ UX\OH B ZRXW G X
OHYHOQHVYV UHTXLUHPHQW &ORXH QV WKRKOGFRRWQEHZD@®/ HY LV
VWHDP VR VSUD\HUV DQG GULSDMDXEHVHB KB RFWORYYUDLRIOA ZR X

3RZHU 5 % 6WHDP MHW HMHFWRUV IRU WHH <RIRF HOVW* URZLG XV O/0Q LHQF

.RKO $ / 5LHVHQIHO® W S&XULILFWKYHHEELQIJWRQ 3XEO
'DUF\ :HLVEDFK HWEIXDWLRRQIYr
5HGG\ $ 6FUXEELQJ 6\VWHKWVBHWUFHYWHE GHRKDUH OHW UHGG\DV VFUXEELQJ V

(OGULGJH -£URVV IORZ VFUXEE&K(GQQXMO ,QWHUQDWLRQDBXKIRKWUERHFHGHUWLOL]HU
7HFKQRORJ\ &RQIHUHQFH

7\SLFDO LV VHFRQGV 0DQX]XQ HW DO

,GHOWLILFDWLRO Rl SRLOW VR GHW HPIPVDIDRVL KQ RYV WK D@ I LESSBEGHY PQG FRVWYV
&DOLIRUQLD $LU 5HVRXUFHV %RDUG 3HQFKDQ 5HSRUW 1R

&ROXPQ ,QWHUQDOV 597 3URFHV\HYXICS PHRORV *PE+ 5HWU
KWWS ZZZ UYWSH FRP ZS FRQOW MG HERDXPODEVOSNRMEHNEBH 5 SGI




DQ XQGHVLUDEOH FKRLFH DVIIDMRWKGIHFRNYKB DSBUWLRRZRIY HU
FDVH WKH ZDWHU FRXOG EH GURSBBOGHW BWIHIE RRVWDRMQ SOV WK
VKRUWHQ LWV OLIHVSDQ RUKVILWYLRSHUDMARIQQ WRIW IGIWRISDIHW HY
WLPH IRU PL[LQJ ZH WDUJHW DDVZHWRRJ RUPREVUWQ7KLV ZLOO VI
HITHFWLY HO\ KXPLGLW\

JRU IHHGLQJ WKH ERLOHU WR UHRBRR WKHWXRIHCE ER® XS B R QG
HGXFWRU SXPS LV D QDWXUDG DWW W BAIWKUWBH GRWRQWQRDO H[FE
YDOYHV WR SUHYHQW EDFNIOR2YHMGEHB UHTTXQUHAKHWKDWYW) GR QR
QHDU JHUR UHYHUVH IORZ UDW MWD WIKIHYW VWARRNKD@RFRPHLRQ SDUW
HIDPSOH WKH 7HVOD YDOYH ZKHBEX R[FHDIIHWHOIH KLRKBU UHVL'
RQH GLUHFWLRQ WKDQ WKH RWKHU

'XH WR WKH YHU\ KLJK HQHUJ\ UWRKXLDBWHQWL RHXWIHVERD Q
PXVW EH SDLUHG ZLWK WKH E R LHOHIWWRY USHRADVSMVEXOWH [V FOXAK Z K
IORZ UDWHYVY ZRXOG EH WRR OREHNIR G IPRHHWIHQD VAWUWOEEM B XSXP SL
GHPDQGYV D YRUWH[ SXPS ZRXOG EH GHVLUDEOH

$IWHU H[SDQVLRQ DQG FRQGHQVDWPR® HW® K HKZHD@HHIG PIRWWWVE
VEFUXEEHU WR EH FROODSYV LE Ol WWURFODIMAR WD R @ X S UWE KX D U O\
DFFRUGLRQ IROGLQJV $V HOHFWWRVMIDG DE O/H UXEE LRDIVSYUBINT X L
FDQ HYHQ DGG WR WKUXVW D WHDUH FWK BRIV WDV V IF W FEJEHEE R R D0 G |
FDWFK ILQHU SDUWLFXODWHHMHQXD IXQGS &R WH.V 00 IRX IO LLYJ ULV N
FDUERQ GLVXOILGH DQ HIIHFWUK I/ VROOMH WQ RIKWXQVXURXINHV F
SHULRGLFDOO\ IOXVK WKH PLVMTRROKD HDIOWRIXP SNK IDWQ & RKFOEX E E H L
EH FKHPLFDOO\ FRPSDWLEOH ZPZYWKFRWORRQWRUD UFLROAO & KEHH B H V L.
UHPRYHG DQG FOHDQHG

$W WKLV SRLQW WKHUH VKRDOWHEHOLWY KW K \@BHIDPU WKR
VWUHDP LV QRZ IXOO\ VDWXUDDVWHRX ZGWK KDWRIEDYBOHRXU DWHUYV X
SDVFDO RI ZDWHU LQ WKH IEPSHRHQ WHDIHO TIOQHWACHVH[K DXV W GR
EH EHORZ DPELHQW ZH UH DOWRDPREKRYWWIRQ Y XQIRQULIEFDRLG |U
ZDWHU FDQ EH UHFRYHUHG +RZBANGUZDW QB H® S\RAHVRXW HORDL Q\
DV ORZ RI D OHYHO DV SRVVUHYRXD¥HW LV D YDOXDEOH

6LQFH ZH UH JRLQJ IURP VXFK DWMRLYK B DWILRDO RFQH VIV Wb H
DSSURDFK LV PXOWLVWDJH PRLVWXRP PRPRYWR OFHDR/IWHVRH @ LU
WKURXJK GHVLFFDQW EODQNHWYOLWRH HORW MWRODINMMAEZHLRROHF

+ROWHUPDQ +LOHWLFVY DOG HYDSRUDWLRQOBKF ZHBRUWURSV LQ DLU

HVW 1 7HVOD V 9DOY XODX L&ER IRBZHW -RXUQDO

&DUERQ 'LMXBHIBWHWLHY DOWKR/GHW RI 3URGYOW(EXQFDWLRQDO 6RFLHW\

%XFN HTX3DWLRQ H ! ! ZKHUH 3 LV SUHVVXUH LQ N3DQDRKO¥ LXVWHPSHUDW XU




WXQHG IRU HDV\ UHYHUVLELO(WAVDMWQSDOUMMHFE D IRU WIHW SHDWWR Q
DLU SDVVHV WKURXJK EODQNHWHNQFMRRJWGBHQDKILIKAYV SRRWHEKWVIY I
FDSDEOH RI HYHQ GHVLFFDWUQW WDRIJDPGH F DEX® WRWKXOLRLWHG
UHTXLULQJ VLIQLILFDQW KHDWRDUVWKXRUBULYH RIIl FDSWXUHG

+HUH OLHV WKH FKDOOHQJH IRUH VZFHIX FEIUXEBHBXQGZH F XE
PHWHUV SHU VHFRQG DQG ZH QHMHGYWHYRHUWWDFWHERWIE\RXQ GHV L
ZH UH QHHGLQJ DURXQG D WKRXMDWE® FKHELF WKN BHV \RIFPROW 7K
UHSUHVHQWY QHHGOHVV WR \HDD PR $Q W EFO H® DWWLLFFCDOQON O, QUMK R L
H[DPLQH DOWHUQDWLYHV WKDWPLJKW LPSURYH WKH VFHQDUL

,PSURYLQJ WKH SURFHVYV

. 3DUWLDO VDWXUDWLRQ

KLOH WKH VDWXUDWLRQ YDSRXBEHIHVY XUHH HQ W OGNL & KR 8 DWH
YDULRXV DQK\GURXV FRPSRXQGVZHUOMD ERRG QWK \RXWHDWERR I X
WHQGV WR DOUHDG\ EH FRQGHQSWHHGV \$XW H pRY HWKH YXKBERRBKORUL

SDVFDOV K\GURIOXRULF LVSKRVSEXWROGVDFIDXG p& LV
SDVFDOV ,Q VKRUW [IXO0OO0 VI XXWRYORQVLY HQRW K AWK lTUHMH F W
VRXUFH RI IOXRULQH VDWXUBPWOMQ VWLOO PXVW EH VLJIQLI

. +\GURJHQ IUHH VROYHQWYV

7KH SUREOHP ZLWK DOORZLQJ ZDUNEW WKRD &HIO\GH RIKHHD LVU X B
DQ\ VROYHQW ZKLFK GRHV QR WUUHMHHFAMQ KA\G IV R FHKQD \R UDOXBRUHQ H
LQYHVWLIJDWLQJ ,QGHHG RIQEUWIZHBPWRROBELW\ VI OIXIDHILFDQ\
PXVW EH GLVFDUGHG &DUERQ DRG ROQOHQLWHE IXDQWDLEAKY D
VRPHZKDW JUHDWHU HIIRUW QLWURJHQ

&RQFHUQLQJ URRP WHPSHUDWX U B LHIOXH BN VRV SRQOMH ® RH W
FRPELQHV VWDELOLW)\ VLP SO HSWRSHUHWLNYYDRIGORWRIDYFHDEFEERQ G|
GLVFXVVHG SUHYLRXVO\

8QIRUWXQDWHO\ ZKLOH DQ H[FWHYEBQW VRIORNHSKR VRO YEHORV
D QXPEHU RI RWKHU VXEVWDQF®YV JRRGLVRDRW @WS DRUNDFXG DI DV H
VHULRXV SUREOHP ZLWK D YDSRXM SWHVWKHHMHORWY WYBRWH ZRXOG
H[FHHG RXU VXOIXU LQWDNH

*ROGVZRUWK\ OHDVXUHPHOWY RI ZDWHU YDSRXWB 'VWRIWOSWDRIHOV RIWGHUPV IRIB2$ =

$462$ = DOG &(&$ |HRDEWRISBURXY DQG OHVRSRURXV ODWHULDOV
GRL M PLFURPHVR
3KRVSKRUXV SHQWRI[&KHPLFDO %RRN
/LOH\ 3 ( 7KRPVRQ *HRUJH DXBHUMQG '( *%XFM YU\ &KHPLFDO (QJLOHHUV +DQGERR

(GLWIEBRHEWLRQ 3K\VLFDO DQG &KHPLFDO 'DWD OF*UDZ +LOO
ODWHULDO 6DIHW\ 'DWD 6KHHSMDMWDREIQKRBLFDSOVLGQF
3XULILHG 3KRVSKRULF $FLG 7THHKQIRWOVRIGRBPOWLRQ %X0OO0O
/ILQVWURP 3 - ODOODUG7 :&#KHPLVWU\ ‘HERAMDQGDUG 5HIHUHQFH 'DWDWDR®DIXPEHU
,QVWLWXWH RI 6WDQGDUGY DQG 7THFKQRORJ\




. *DV LQMHFWLRQ

SDWKHU WKDQ DWWHPSWLQJ WRKMHEV QR 8 PZDAV B W PYAID\GIRKKHU LAK
YDSRXU RU UHFDSWXUH RI VFUXEHL® D WDNWHHPLE W AMMRFQROFIOGND WH L
WKDW ZH FDQ FDSWXUH 7KHUHUWWRIQH REDLRXWHEKRLEGH RZKLFK
DFLG XSRQ DEVRUSWLRQ RI ZDWHU

,QMHFWLRQ RI VXOIXU WULF
SXUSRVH DV D FRQGLWLRQLQJ I
$W FRQFHQWUDWLRQ DQG
SDUWLDO SUHVVXUH RYHU VXOI:
KHQFH YLUWXDOO\ DQ\ ZDWHU Y
ZLWK D VXIILFLHQW VXSSO\ RI 6

8QOLNH ZLWK GLUHFW ZDW't

WULR[LGH FDQ IORZ ZLWK WKH\J

6XOIXU GLR[LGH IURP YROFDCPL[ ZLWK $ IHZ FDYHDWYV PXVW

R[LGL]HV WR VXOIXU WULR[LGH[LVWLQJ VXOIXULF DFLG PLVW\
PLVW RI VXE PLFURQ VXOIXUI

DEVRUSWLRQ RI DWPR\/SHDYRLG HRVWDJIJH WRZDUG FRQFH

3KRWR %URFNHQ ,QDJ(VXOIXULF DFLG 6HFRQGIOQMRXW

FDQQRW XWLOL]JH PRUH VXOIXLsWKIDQ Y N FBEROFOHF BH VOKKHVW@ RKU L |

VXOIXU GLR[LGH +HQFH LW FORURD®GLUWQFWLRQ DV D PL
. ,RQLF VROYHQWYV

5RRP WHPSHUDWXUH LRQL
UHSUHVHQW D UDSLGO\ H[SDQC
WRXFKLQJ RQ QXPHURXV VFLHC(
VHPL RU FRPSOHWHO\ RUJDQL
VDOWYV EXW H[LVWLQJ LQ D OL
WHPSHUDWXUHYV p& ZLWK |
SUHVVXUH RI UHOHYDQFH LW
LRQLF OLTXLGY LQYHVWLJDWH(
WXQHDEOH DQG KDYH EHHQ UH|I

HWK\O PHWK\OLPLGD]ROLXP RO

XQLYHUVDO VROYHQWYV :KLO OLTXLG RQ SRO\HWK\OHQH 3
LYV EURDGO\ VLPLODU WR VROX
GHFUHDVLQJ
RUGHU RI VROZXELDP2VWU 822 1 &2 + WKH IOH[LELOLW\ RI WKH W
VFDIIROGLQJ DOORZV D JUHDW GXSYUBHVFILRQKRDIQIMHP EEWRUSWLR

&RRN 5 ( _6XOIXU 7ULR[LGH-KKQQ@DWLRQWEH $LU 3BROOXWLRQ &RQWURO $VVRFLDWLRC

/JLOH\ 3 ( 7KRPVRQ *HRUJHDBXEHUWQ®B ( “%XFBHWYU\ &KHPLFDO (QJLOHHUV +DQGERF
(GLWIBRIEWLRQ 3K\VLFDO DQG &KHPLFDO 'DWD OF*UDZ +LOO

YHGRURY 0 9 .RUQ\VKHYRGLF /LTXLGV DW (OHF&KHIPILFBO, G WHIHDY HV
GRL FU [

/HL = 'DL & &KHQD% 6ROXELOLW)\ L @KROLFDOTXHBVHZV
GRL FU D




HIDPSOH RI RXU JUHDWHVW FROQPHUILQJKDBEHWRDHNVH IDAR IR [®WDWH
VLIQLILFDQWO\ HQKDQFHV DEVRUWSW LYRDQU LH¥EX RW IS WLHRRS H D B WK U
SHFXOLDU SURSHUWLHV RI 57,/VDMWARRZPIRW KKALBW X)RQW WHSPSOH .
GLVVROYHG LQ PDQ\ 57,/V H[LVWWBVY W RCHIMWDLQ JZB\WUHHIOBPW LY HO
DPRXQWV FDQ FDXVH LW WR VHODUDWH RXW DV D VHSDUDWH

:KLOH LRQLF OLTXLGV DUH LQ \WOUXEZDRQ/M LQG-HDEV | RWMKRXB DUt
FDYHDWV :KLOH WKH DQLRQV BURGXFHA XFARWIORQ/ VRSWK HWR YV LV
FRPSOH[ DQG EH\RQG WKH PHDQWRMWD @ VDK @AKWUWSIRMNAV KBEBH H[FH
ODERUDWRU\ VEDOH EDWFK SUR ®XMWL RYD QMKILW LHWVD®X/VEWR BH N H
UHDGLO\ GHOLYHUDEOH VFDOHKW \D\YGV MK PW VOM BN DN H SIW RIPRWD Q [
PLQLPXP

$Q DGGLWLRQDO LVVXH LV WRDWLBQLF IDLARXEV B R PIPYRQ\C
P3D V DW URRP WHPSHUDWXUH WD ®JLFOIW BB PRIMK W R IMAKSBL $
YLVFRVLW\ LQFUHDVHV WKH GLGN.FKRINYRH WD WRFERWQUWA LTV LWV}
WXQDEOH SDUDPHWHU (YHQ VPDIOM VRRXGWWWRIGOARY RRAYFAW Q L
FDQ GUDPDWLFDOO\ GHFUHDVH HW® VWXRR\HGNVAR U W WIHW UROH F
FDUERQ GLVXOILGH KDYLQJ DHUWVARMVALWROQOWDHQ LK DIRZKDWUR JH
FHUWDLQO\ ZRUWK FRQVLGHUDWLRQ

$ ILQDO LVVXH RI QRWH LV WRKHRDTXWE UPRWWDERQLWORT X |
SUREOHPV ZLWK WKH RSHUDWLQJMWNPBUK DWXIUXHQR@\KDBG\ DBEL
LQGHHG VRPH DUH VXSHUDFLGV SORQKG5ZQWBHHSQRBZXFPWLRQ |
DFLG 1RQHWKHOHVV SURSHU QOW®JWKHUHP[\WRP DW LHEQ®LWR QP H
HQVXUHG

.. (OHFWURVWDWLF SUHFLSLWDWLRQ

$V GLVFXVVHG SUHYLRXVO\ H®HFEWURW \UQ WL F H-QGIH Q B/L /DD
UHPRYLQJ ILQH SDUWLFXODWH IRRPLW \J [RZ § W WHDPQ FRQ@POHFW W
PLVWV DOUHDG)\ SUHVHQW RQ KHIQGNV EXMGLIMYKLEBSRRW JQ/ MR XV
FRPSRQHQWYV LV OLPLWHG /LPLW6&IV ERWHQRMH Q RAKHRZ § WHRQWH P F
JDVHRXV PHWDOOLF WUDFH HOHW®HIRZVFAONH @WUBWILRBYHQ (B3V

&KDEDQ 9 _+\GURJHO IOXRULGH FDSWXUH FEQ ILFP [0& B HPGIEDRO D8N WLIFW H/ W W H U V
GRL M FSOHWW

&KDEDQ 9 9 3UH]KGR.RQOI9F DOG 0OROHFXODU /LTXLGV RRXVNN QQ JARPKHMKLIOU IRU 5
-RXUQDO RI 3K\VLFDO &KHPLVWU\ /HBRMHUV  M] \

JHGRURY 0 9 RUQ\WKHYRGLF /LTXLGYV DW (OH F&KHIPILFBO, G WHILHR Y HV
GRL FU [

&KDEDQ HW DO

+D\QHV : 0 &5& +DOGERRN RI &KHPLVWUWR B 3K&B&FIUHV V

ODWRQ & 9RV 1 ° BWHYH®WLE BLTXLG WKHUPDO VWDEKDIQVVRY BHE RITROA VWY R Q
WRROKHPLFDO 6RFLHW\ 5HYLHZ@RL F FV K

7KRPD]HDX & 2O0LYLHU %RXUBXWRX 6+ ODOGBUWIVBHUPLODWLRO RI DO $FLGLF 6FDOH
7HPSHUDWXUH R@IXUQDXIRIVWKH $PHULFDQ &KHPLFDO 6RFRIHW\ MD

5RJHUV 5 ' 6HGGRQ . 5 9ROWMMRIYO 8 0B XVWULDO DSSOLF DAMIHRGID R RR QUKHOLTXLG)
1$72 $GYDQFHG 5HVHDUFK :RUNVKREHHFHS LO +$SIDRIOGRBEFKW .OXZHU $FDGHPLF

/LDQJ ; /RR\ 3 -D\DUDP 6 H¥HOH]L@KBQUORJPHUFXU\ DOG RWKHU WUDFH HOHPHQWV
FKDUDFWHULVWLFV Rl '& DOG SRWVH SQOHE{EIMMDEREFWURYWRQ ,QGXVWU\ $SSOLFDWLR

GRL




FUHDWH D FKDUJH JUDGLHQW WFR QRW H] HE B YGD DW R/ U B B W USDAUHW F D
DQG R]JRQH ZKLFK FDQ VXEVHTXRPBRQHBWRWL QLWKHRWKHVYW U H D
FDQ IXUWKHU RYRGAZHKIBRK LQ WXUQ FDQ DEVRUEQMRY X Q/IXWH FVR 1|
DFLG SDUWLFXODWH

.| VROLG SDUWLFXODWH FRQGW@XIWWRCGE HHDI | RXOURU LWXKH
HOHFWURGHYV FOHDQLQJ FDQ HHIMAKHWREWD B H FIOBIG MADROG HEWU XH/W F
PLFURZDYH KHDWLQJ UHVLVWIWWHKHDSSQRIZEKHERXOGHE® IDYRL

$O00 WDNHQ WRJIJHWKHU D Y DURBQVE R IDVFFUBISEED B)Q HG HE\WKIW Z\H

FRQVLGHU DQ H[DPSOH V\VWHP WHKDONMG SRBYOLG@HOQ IDVRVAQWLIPIDA. QJ K

P ," " GXFW D VLQJOH P SURRSZ\DRG GDRWVPHWDLBIY¥ 6XOIXULF
PLVW FROOHFWLRQ UDWHV SHU (63 DUH DVVXPHG DW

&ROODSVLEOH WUXVV [ VWWDEFWOUHHSE DR RXRJHHP FZQ W K R K WJ KUGH VI EXKIUQH RAXFSEB® IRW HSGX U H ¢
GHVLJQV DUH DOVR SRVVLEOH

$ SURSHOOHU SUHPLVHG RQ WHKEHFWXRK\\EG URG WOPWFSWHKH :
SURYHV LQVXIILFLHQW LPPDWXUHORZULYHV WKH SULPDU\

7KH DLU LPPHGLDWHO\ SDVYV
YROWDJH '& QHIJDWLYH JULG
PDUJLQ EHORZ EUHDNGRZQ °
VWUHDP WKURXJK FRURQDO

6KRUWO\ GRZQVWUHDP WKF
+9 '& SRVLWLYH JULG KROH
GR]JHQV RI FHQWLPHWHUV Ol
QHDUO\ 62V #%RWK WKH DQF
FDWKRGH JULGY PXVW EH R)
HQRXJK IRU ORQJ WHUP RSH
FOHDQLQJ

2QH PHWHU GRZQVWUHDP LRQVNF GLZKOG RGMHBDWEHRRQE W KH
DVVXPSWLRQV FRQWDFW WLPHOXPHFRQBY WRWIXDUWRQHE
NJ GHQVLW\ JFF 7KLV FRVEFUWWIHRQWLVFWKEELQPHWHU
ZLWK D OLTXLG IORZ UDWH RTXLG BMUDFXELF PHRIHOLRI DLU
EHLQJ DEOH WR QDUURZ GRZQL\S KIHWY WKE R VI RL\QRM VZ IKIHZ © © DXC

OHUWHQV - $QGHUORKU & ARIKBNXDBLD6WBDFRHWKHHU ( $ &AKDEKWWHFWURYWDWLF
SUHFLSLWDWRU :(63 DV FRXOQWHWIRAD V& WDHP MORH PFHIVWH GREW B E R O W IDRSQ\DXQJ HRXU QDO R

*UHHQKRXVH *DV &RQWURXRL M LMJJF



GHWHUPLQLQJ VSHFLILF LQMHFQ RR@ HRW \8 R PISAIQLIHFY MWDK RLG\H
HYHQ PL[LQJ

‘H RSHUDWH RQ WKH SUHPLVH R}VQIHOW BX W R V]RIQWNOGRZ QI
WR DVVLVW GUDLQDJH RI XQLWKOQWLRBRRROE SWHHAFLLSLL\W/IDWH
H[EHVVLYH WKRXJK WKLV VHJRHUQW FIRXO\G EH RULHQWHG Y

%XON OLTXLG LV UHPRYHG YLDDDY®DRYHEPULYIWPHPQOHRMMXRK DQ
IRU GLVWLOODWLRQ

6WHSV DQG DUH UHSHDWHGGWRI U & IRXYEH WKRIPIH (BHNH YDV X U H
7KLV LV FRQGXFWHG DIWHU LWL RN GRH W WRRP ISRIVALIW HRW KRV
OLTXLG E\ WKH (63

+DOI D PHWHU GRZQVWUHDP ZIOD)VWHKH KROUR R LW X QINKHF W UIGR |
DURXQG WKUHH JUDPV SHU VHMRODH DOYR CHPWT HE SQW W R LQXFEX
ZKHWKHU IURP WKH RULJLQDO YDEEMWUWAWPIRU RURP WHIKIR @G U
FRQWDFW WLPH PHWHUV LV SBRFH®MG DWHRQLRIJ DSEP |
KLJKHU WKDQ WKH PLQLPXP QH FHGRMEH RULDR PO DD WH B QE \ DWIGH
LRQL]DWLRQ 7KLV VWHS LV ¥R ¢ KB WEHE. Q IWWHR DRRLEG DD
62 YLD DEVRUSWLRQ LOQWR WKH. RQTX ® GLIRED MW VI KMKOV X/SH
DOORZ IRU JUDYLW\ GUDLQDJH Rl UHWXUQ OLTXLGV

6WHSV DQG DUH UHSHDWRG D W @IX®l RXSRAHWK QWRYWR F
VFUXEELQJ OLTXLG DV ZHOO DVWW\ QHZO\ QXFOHDWHG PL

6WHS PD\ EH VKRUWHQHG RU HOULPDWBWIBR QRWKMXWVHFIRY MV

7KH IROGHG XS VL]H LV TXL
WKH SUHFLSLWDWRUV DQG PL®}
7KH LPDJH RQ WKH ULJKW LV D
WKH FROODSVH Rl WKH DERYH \
VHQVH RI VL]IH WKH SURS FRZO
PHWHUV LQ GLDPHWHU YHUVXV
KLJK LQQHU GLPHQVLRQV RI D)
IDLULQJ

$V ZLWK PDQ\ VA\VWHPV GH
9HQXY KDELWDW WKH GHYHORS
VI\IVWHPV IRU 9HQXV UHVRXUFH ISODUFBEYEWQRIQW\KWR SROBKW LIR) FR
RQ (DUWK ZKHUH WKH JRDO ODMRRYDQG DBVGIFUBERBMWIAFEKDPV L
D FRPPRQ WDVN

'XSOLVV\ - OHULNDQWR - YUDWQIPRWLQ* $.DQVYDYNORXRPD - :LPPBUO' (IITHFPYOPD
RI LROV RO VXOIXULF DFLG ZDDWHWR G L O DXYS FSWILAMIOAVDHHOI IRV D MEARE FREIS|HGL ¥ D VMWD @ &
OXFOHDWLR® XYWKHRWURI *HRSK\VLFDO 5HVHDUFK $WPRVSGRHUHYV MG




6FUXEEHU IUHH VFUXEELQJ"

KLOH WKH DERYH SUHVHQWYV D ZFRAKN MECH LNOAMUKEEG X Q W DRSQ@ R
OLTXLGVY DQG KHDYLHU XVH RRUMOHG WILVRNW BRW/QV¥ LS HUALVS LR W1 V
GLITHUHQW DSSURDFKHYV

J)LUVW DPRQJ WKHP LV WKH FROBRSWORIHKWODL G GQADMONQ O WK E V
HOHFWURK\GURG\QDPLF WKUXVW @LWHK VMV FRHOMDQIQRX VF R K O & EFEH
D VFUXEEHU GXFW EXW LV PXBI PARUN HRIXMFDVEY RVIM WEKBHVNLQ R
RQ DOO VLGHV :LWK VXFK D YD/QVQRRZORSIWWRIRI® RUHDS WRIFHV V |1
DQG PDVV HIILFLHQF\ UDWKH W MM Q LS IRHFH. § £ W\ WL RQWH HDH P H Q\\
FDWFK D JLYHQ DPRXQW RI SPIDWLFPXFODHVW R WRHPKHH ¥V ORUERAROOH
FRQGHQVHG GURSOHWY QHHG WRIEH GRMX\DHG H. QPAHRJ FIKPIQ W R ONW |
XOWLPDWHO\ EHLQJ FROOHFWHKE8 LQ®&RVWXEIDDI WHE\WURQJ WRH P L
GLVFXVVHGDELOWHU SURS KOWERURGH ORQJHYLW\ H KRKIOG LW S|
FRXOG EH DQ DSSHDOLQJ RSWLRQ

%\ FRQWUDVW WKH QHDU JHUR & IDTSRUGY DUCHOVRZMW HR B | [L K @ OO
PHWKRG WKDW FRXOG QHYHU EHOPRGWVL G/HWHI® G LYK W IRIDD WE O RV
VXUIDFH RI WKH KDELWDW RUWKHHRLWSWR\EGJIFRRBPMAL\QMW®R RQ WK
WKLV FDVH WKH KLJK YLVFRVWW\WRKHIRQDEYORMEDIERGNFUHDV L
WKHP EHLQJ HQWUDLQHG LQWRUZLAYGWL \WR®EI OBFWR W MHR SURS IV S U
IOXLGV IORZLQJ DFURVYV WKH VWK H F XU DDA A RPXHOX KRGS SUH Y H
HQWUDLQPHQW LI QHFHVVDU\

, 1 ZH DVVXPH D IOXLG GHQVLW\HRIDIJHIFP RDQGTHQGCDSHU VTX
PHWHU WKH IRUFH RI NJ Pr\XQYGHU SDWVPFDOVYUDWRQLWPRXQW WKD
HDVLO\ EH RYHUFRPH E\ WKH VHYHUDBOHWVXWJWHHIGQYDGHD OVVRK P D
WKRXVDQGYVY RU HYHQ WHQV RI WKRXWXUWUGKFRII YUXD WHK B WWHRX O G
WKH RQO\ SUDFWLFDO OLPLDELOYLWQ DA RBRQRFILTYXQG DYDLO

,Q WKLV VFHQDULR WKH LRQLGHOZI'WKGWAOH R/X BHH B RFFRTDMLLCE]
HQYHORSH KRZHYHU ZLWK WKHGRQY KQRSE\ LLAQUHHMMG F RBIWX QU W |
WR EH SURKLELWLYH $GGLWLBBDOFWIZYWHK WASEADORVKLIH RI LR
WKH WRS Rl WKH KDELWDW ZR X ON GEHHF W[FSDHVFIV B GJW\W S RO H WD W L
WKHP GXH WR VSHFXODU UHIOMFVQURIOQN RRIQWHIQKDELOWH G FOALH D V
IXQFWLRQ DV D VRXUFH RI D OGPVWBGHGHJUHH Rl RYHUKHD

,Q HLWKHU WKH (+' RU LRQLF @ KIDEIGNPIMW BYV B XQ@QW LVAREH V
OLIWLQJ ERGLHV FDQ PDNH GUDUQIMIARZVQP SOKUG E\LRAXYVGYV WR
EHWZHHQ OREHYV



&ROOHFWLRQ UDWHYV

6LQFH ZH QRZ KDYH PXOWLSOH ARGE0WRWLRRNPHW KRG VR X2H K
UDWHV FRPSDUH WR RXU KDELWAWK O IBHRY GH IZYLHDO® EXPIWQZ LW K
DLUIORZ RI NJV 2XU VFUXEHEGE R RGKHDO IRIOMAR EIHOHDW V XP SWLF

p& ZDUPLQJ UHTXLUHG WR UHOEHBRASRXRIGH/OIQ) BE WRKIHE LR C
OLTXLG ZLWK D VSHFLILF KHDWIRHLFLHQW XPQW B[FKDQJHU

NJ V LRQLF OLTXLG IORZ UDWXH HE LD/MKG HWHHFRMGWSBFSH G GL
ZLWK GLDPHWHUV RI PLFURQYV

. +HQU\ V /DZ HTXLOLEULXP DEMQUBWPRRQH GLR@V W DWWV WR W
OLTXLGV ZKHUH DYDLODEOH IHUXUWN IRT XIIBNGIU IXVHB QR WKV
WDNHQ IURP ZDWHU

$EVRUSWLRQ FRHIILFLHQWY WKBWFZHVH RRWRDY B LOWTEXQIG V|
DUH HVYWLPDWHG EDVHG RQ VLPLODU VSHFLHYV

. $EVRUSWLRQ UDWHV IRU K\GBRRXQ W K.QAEWLHDH/ MIDIN-HH QW R |
FRQVWDQWY DW ORZ JDV FRQFHGW UDRW. RDYG WRWX K HFUD \Q SEHHF |
FRQVLGHUHG WR EH SHVVLPLVWLF

. %DVHG RQ /LDQJ HW DO R A EZLLQDHOG DROMUX P6-B W KDWY IFS
PHUFXU\ DQG H[WUDSRODWH WRQLXP I/P® O X R XPR P O B X\DHW
FRQWDLQLQJ OHDG ELVPXWK ]JLQG LR VIHRELIFQBQ & ULRJIRLED H6 X O
SDUWLFXODWH LV DVVXPHG UHFWRNHUEK QG P HUKKWN IKDX H
QR ZD\ EHHQ YDOLGDWHG DQG ZALIO® VEKHGEHMRRZHEU D S B B UDIME
VSHEXODWLYH QDWXUH

. %H\RQG GLUHFW VFUXEEHU FPSWWXU®J DHVPIDG0MD 00 U RVELR Q L
SRVW VFUXEEHU H[KDXVW IRU WRXIH FROO F X ORW LGRIQWH FDAD ®LAWH.
$FLG JDV VWULSSLQJ HWKDQRPRPHYH RURIBQLGFROLKKWLG U
EXON DFLG JDVHV RI RWKHU VSHMADIMLQYEREPRYRG YLD
IUHH]LQJ ZLWK DQ XQLQWH QWPLRROOWG ¥ RALW R 10 R RH D OWHFRL Q.
SRLQWV WRRDG &2 RI WKRVH ZKLFK ZRXORGRGLRHHIH ZLWK F

, QWHUDFWLRQV EHWZHHQ GLVVROGNWBIKGY SHFLHY DUH QRW F

+H 5 /RQJ % /X < OHQJ + 6ROXE&OLW) RI +\GURJHO &KORPHVWK\QOPLIDHRIOLEGN\O
&KORULGH ,ROLF /LTXLGYV LO WKH NBBVIVXG HHBMOHBDWWWRH 5DOJH -RXUQD® RI

&KHPLFDO (QJLQHHULQJ 'DWD GRL MH
/LDQJ ; /RR\ 3 -D\DUDP 6 H¥HOH]LQ@KBQIORJOHUFXU\ DOG RWKHU WUDFH HOHPHQW
FKDUDEFEWHULVWLFY RI '& DOG SRWVH SOHBPWEIMDERBFWURQWRQ ,QGXVWU\ $SSOLFDWLR

GRL



. 1ILIJKWWLPH SURSXOVLRQ SRZHKWHQV IPAXWL /RU HDWKH C Q)GRD LN J T
D ORZHU IOLJKW DOWLWXGHKN SHH®WG L QJIRQ MWKRWHL B KU DQ J KWK H
D UHGXFWLRQ RI JDV IORZ UDWMWWWRPHUBKTIXA G SIXPWSLDILV F

NJV DQG GLVWLOODWLRQ LV SRVWSRQHG WR GD\WLPH

SDUWLFXODWH GURSOHWY bBPHOWWERONYHB K EMHFEXRVHLQ GL
VXFK DV IHUULF FKORULGH ZRXHFRYAUHDDYWM KH ODWWHU

,Q WKH DERYH JUDSK HDFK HOHIP\HOQWRW IVGIGXDIOUYVKXKFRW KK \P
WKURXJK ZKLFK LW LV UHFRYHHHR® D5BRBFHUWKPIXUMFDIOH ZKLC
SHUFHQWDJH RI HDFK VRXUFH HERXH OHIHD B W/ FIDOGIR 2\ ®URJIHQ |
LQ WKUHH IRUPV UDZ K\GURJHH ZIDX\W B W DVWQ\G DD/P PIRQQ DD M TWKY D O H'
WKDW DPRXQW RI K\GURJHQ HRQYHDWE XLOURRIHR@HEIR WKRVH S|

$VVXPLQJ QR HOHPHQWY ORVW GKHWQRZ WDEXIBD VWRAVQKR VR
RI HDFK HOHPHQW DQG ORQJ IWKHRXWORGS WOOBPIQWRIBURGXEH &\0 H!
URFNHW DV OWDGLRAWERLRQV

(OHPHQ 021 NJ &1 7TRWDO N 'D\V
&+ NJ

&

7RWD O




SHFRYHU\ UDWHV RI FRPSRXQGV RI UHOHYDQFH DUH

$vV DQ H[DPSOH RI OLPLWLQJ HOBPHRQIWWKH | AR GWHELH O WHRU L (
HQYHORSH SURGXFWLRQ ZLWKRXWW.FOR RV DV ZLRAWKI DVBUH. B WWKOPVS LY
FRPSULVHG RI IOXRURSRO\PXWOF RDW X®RU WXHD WNIKHQQ WPr RI IL
FRXOG EH SURGXFHG SHU \HDU H}HWRXHAKa WR RHS DDHFBOWIOHHQY HQ
\HDUYV

JRU HQHUJ\ FRQVXPSWLRQ ZH DVVXHPUWH HIILFKHOM RFKBQLF
GHJDVVLQJ RQ ERLOHU KHDWRQHFRYGHIUDV VW WIRSBQK®J Rl GLYH
DQG N:K NJIRU GLVWLOODWLRCRBORROALQHB DW SHRWHYY WX DV H
JHQHUDWLQJ OLTXLG QLWURJHQ )REZ LK S L KH CDNVQWRHFARY HHQ HU D W
PLFURQ PLVW DW D YLVFRVLW\HRQVE WR BD N LWQHT)OWID®I D ZDWF
PLFURQ ZH ZLOO FRQVLGHU D QRYP@H DUO P\LRIQR]IPMY  ZLWK

HIILFLHQF\ YRUWH[ SXPS P VEOUT®RLGH/ SHH®VXQG GURS 7KH
LQYROYHG LQ WKH SURFHVV EUHDNV GRZQ DV IROORZV

<DQJ < =KDL H5($ %DVHG &2 &DSWXUH 7THFKORORJLMD ARZIHWV3BHWRW WRW.RVWDLQDEOF
HQHUJ\ 'U $UWLH 1J (G ,6%1 ,Q7HFK

3XVDYHF ) .UDMQLN 3 /BOSDWLWLROLOJ WR VXVWDLOSEOHF S WRERFRQ RO F KDALY J,
WHFEFKORORXUMO RI &OHDQHU 3URGXFWRRQ M MFOHSUR

*XLGH WR VSUD\ SURSHUWL%{ ( 5HWRISGIFYW G/ LUK P

KWWS 777 VSUD\ QR]J]OH FR XN UHWRXUHAHW HXLIGAHHWRBLWSUDY SHRSHUWLHV GURSOHYV
'"HQVH IRJ PLVWLQJ QR]]OH %(7( 5SHWULHYHG IURP

KWWS 7277 VSUD\ OR]]OH FR XN SGHRF VKHHWXOHW VRAMWEBH YVH IRJ PVQYWLQJ QR]]JOH SGI"V




W FDQ EH QRWHG WKDW ERLGHY BQG GUMWIOIPARDM R Q@ UHH@HHYY
EHFDXVH DV WKH\ ZREBNRRCX MAKHMI X ESBEHDWLO ZLWK RQO\N VPDOO TXDQV

7KH RYHUDOO SURFHVV LV YHU\SDHQ P HWILHYUH W,R) V8 RH W KIRX/GIL

(TXLOLEULXP FDQ EH UHDFKH®® AZLKLK/ IJ N KRUIWHH/UDGDXLRW U B\XS
WKXV D KLIJIKHU SUHVVXUH GURS 2RU VORI RW K HV FKRD/Q &/ \ D OXKR
DOORZV IRU D UHGXFWLRQ LQ $R®REACRIA XIHO RPVW\ DR ® R W |
EHHQ PDGH WR VROYH IRU WKH RSWLPXP

. +LJKHU OLTXLG IORZ UDWHYV ZWIKRWR K I KKW K HUW F B X HEH b \D CEXR
VWURQJO\ FRUUHODWHG ZLWK S/RZH VY HGHDRIDWGE RIQHRWHDIW R U
VSHFLHV SXPSLQJ SRZHU DV ZHWVKL B ¥LIQY YRIDWML QIO KL BRH W
SOXPELQJ SXPSLQJ

. +LJKHU GLVVROYHG JDV HTXDQIRUGXPHOMFMWQR Q LDNVXRQDA ¢
SURPLVLQJ DYHQXH IRU VLJQLIUFDRW ¥PSWE RQ @G LGP SBRM
FDSWXUH UDWHV 7KLV UHPDLQVWK M NAFHRSWF K| WWRKIIVF ZRHAR Q

. +LJKHU KHDW H[FKDQJHU HIILAAWIQFZHW K RBUGKY¥ 8ERBQIRBHUH
FRQVXPSWLRQ EXW OLNHZLVH UHSUHVHQW LQFUHDVHG PDV

. &2VWULSSLQJ HIILFLHQFLHV FIWUYGLWRBQP RW URY HDWH K Q W
DQG RXU HQHUJ\ FRVW HVWLP DWHHUR B\ DEAHH G L ILQR_P L W B © VWA DRN
E\ WKH WLPH RI FRQVWUXFWLRQW §GBOMWIIRSELQO \L \P EDWH® G
DURXQG OHDYLQJ WKH FDUERQRGP®W G M XFKX D ¥ DFRP)SWHEWHH
ZKLOH ZH VLPSO\ H[KDXVW LW

. ,QFUHDVHG VFUXEEHU IORZ UDVSH\R SHORKAY VD UQRBHDNWHIHH
ZHOO DEVRUEHG VSHFLHV EXW GR Q8BMWFKHO & K L WK UUHH BYORIW
OLPLWHG E\ DEVRUSWLRQ WKXEEGD@QWGIWTXYXIHG XLUHYVY PRUH VF

&RQFHUQLQJ VSHFLILF UHFRYHU\ WDUJHWYV



. 2[\JHQ,QKHUHQWO\ UHFRYHUHG LQ I3 PRHD/PH WHILDW B ORIV QR | V
SHFRYHUDEOKSMEBRRRRVLWLRQ ZLWK D Y DQ DK IEXRR. RHIIUGRIUF D W
VROLG R[LGH IXHO FEYOM RRGVE\F&PPRQO\ YLD ZDWHU HOHFW

. & DUERSHFRYHUHGEDV
SUH IUHH]LQJ RI GLVW
IHHGVWRENV LQ D GXI
SURFHVV ZLWK RQH F
UHJHQHUDWLQJ ZKLOF
7KH DFLG JDV UHPRYCL
DOVR EH XVHGVIRX DF&

&RQWDPLQDQWYV LQ W
ZLWK RXU DERYH ILJX
WR WKH ULJKW

. ILWURJMHHFRYHUN FDQ RQO\ EH UHDQEVWDNRDQO WMKH- GHDNUHGL
VWUHDP YROXPH DQG WKXNPRYADDUWHBPRY QW &2

. +\GURJHOQKH IDFW WKDW K\GURJHQ L\RER RR RO\ XRXO ® EQGW
PDNHV HDV\ WR FDSWXUH ERWKGRBGVRMWM [ KV IWHQR & XEL @
+RZHYHU LW LV OLPLWHG EXB DAV R WHIOH UXD QKVH.MFLHH Y QLFRQU W
SURGXFWLRQ LPSOLHV LQFUHDVLQJ PDVV IORZ UDWHV

. 6XOIX8N GLVFXVVHG SUHYLRXVO\ NMXHYIXW HQ KW IUYYHH WVMRHIG G @
DQG LV EHVW GLVSRVHG RI DY ZDMW HUUYWS RX[W WH MR BUG 7 K
KRZHYHU UXQV FRXQWHU WR R\GXF+ B ER[OLMQ BARFOWD DWWWR S|
GHFRPSRVLWLRQ 7KH EHVW RSWRRWLR@WRDY BIVOREDVIHQD VE RW

. &KORULBKMRULQH DEVRUSWLRQ LV KUHFRYGINS HEREWMIQ W QR QY HOL
OLTXLG HTXLOLEULXP FRQFHOWUWNMWLRQV DQG OLTXLG IORZ |

. JOXRULERPH OLPLWHG DGGLWLRQDOQ @EHUMNWWB LQHGEW R U R Wl
LPSURYHG UHFRYHU\ WHFKQLTXHW JVXFK D&VEBIQ/A KUJREV RAJ
UDWHV +RZHYHU WKLV FDQ RQPS DRYCHF R PV KU H KXY MWIKHK LU K
IORZ UDWHV DV ZHOO

. ,URQDWD LV ODFNLQJ RQ IHUULFRK B KO/RAXFGEIVD B Q RRJ SMTLA @ L B2
FRQFHQWUDWLRQV EHLQJ VLPO®ULW ROR X CF B 8 WGXURH LIGHWHIN
WKLV PD\ EH SHVVLPLVWLF 2@ BRKHHROKMD XD @E HLRVW KR L Q

(63 FROOHFWLRQ ILIJXUH VFKHIUM WY LOLQX\PEH B ROV EOQ Z
DVVXPLQJ WKDW WKHUH LV OQWW O R WPPLIBWMH GLOY ROXHIG DL\) 1+U
SDUWLFXODWH RU LQ RWKH WK RRIW VWRIWSIDA WL R R ODHVFHR Y HQ \VI |
EH JUHDWO\ YDULHG



. OLQRU VSHRENHZLWK LURQ GDWD RQ PHYRUDDWE RRKHRUL]HC
PHUFXU\ ]LQF LRGLQH EURPYEBBHRQZPX®HWE MG EXFP XW ]
ODFNLQJ 0DQ\ RI WKHP SUHVHRQXW P® ®HRA I X B @XIHWW R VWK |
EHLQJ DW KLJKHU DOWLWXGH WKH\QZ W X8 GCD W QB XVERI $ QHEK ISH
DQG WKXV ZRXOG EH EHWWHU KDY HWY KW \E \ LQR ZHY/W D DDV MK

+RZ ZRXOG DOWHUQDWLYH DGYDRFMHSDBBESWXUH DSSURDFKF

. +LJK GLDPHWHU,ISYRFRQVLGHU D ODUJH SWRSRHODHOGHUQ AOROOL
ODUJH IDLULQJ JDV PDVV IOREDDWHVZKQPUHHDWRE VISHHGV (
VKRUWHQV WKH GXFW UHGXFL®GIWKH SSFPZH D F RQORFEW L B
FDSWXUHG VSHFLHVY OLNH VXOARKLFUEBBWA D UKDQWQYLMG LYV PD
RWKHUZLVH FDSWXUHG E\ HOHRMNKKHRIWWDUNL B LSUW 6 HSD WIDMWL R

. (+' SURSXOVLR@HFWURK\GURG\QDPLF SURDD/QRRXETOVLIQ!
FDSWXUH UHVRXUFHV LV XWL O ISJHHFGL HAA GUHFERYQH DQ BRXIOGR U V
GUDPDWLFDOO\ LQFUHDVH +RZB YU XXGOHRX B DHGIGL WV R G
QRW SUHVHQW DV SDUWLFXODWHGRE\ RWIKHUIZRXVDE ZB00 UHFF
VLIJQLILFDQWO\

. BFUXEEHU IUHH OLTXBRRYFHMYBEQQMWKH FRQFHSW RI KDYLQJ
VSUD\V RQ WKH WRS RI WKH KB ELMEXWW HGLUOQRE W VISHE'G \D W |
SURS ZDNH EXW D YDVWO\ JUHDWHH[ DRP\RK® W+ RZ B W P DVK/L"
QRW ZRUN DURXQG OLPLWDWLRQROXESERVYWE ENHITXVOREUGX W
VSHFLHV LQ WKH IOXLG WRWNDH\ |®REZE Y 88 Z 2H0D/0OHN EVIRRIE HE
VXFK DV VXOIXULF DFLG DQG WHKXO0 &\%URIHQFWDHRRY\HILQ F U F
)XUWKHUPRUH GHSHQGLQJ RQ WK HUDHFWLURQ RIPWKK JULH XWGE
DFWLYHO\ DEVRUELQJ DW D Q\HIL YMK® S RLHILVD 1 Q QVE PSHH W B WIKC
FLUFXODWHG EDFN WR D GXFW HQWUDQFH

. /IRZHU DOWLWXGHS$WFQRBEHI®IVRPH VSHFLHV DBNMVWD DWHO\ WR
VLIJQLILFDQWO\ ORZHU DOW L WX &HYKDIEGWR /X\GEN S Q HWVIH@LW K
TXDQWLWLHV 7KLV UDLVHV WKH SERXEHE QIR | KLRHHW KLY/WADR
GRQH ZLWK LQGHSHQGHQW DHURERWVY Q3 HUSSIRD RKK H VP RRWF
VFUXEELQJ ZLWK ZLQG SRZHU RXQKUDKH BQ F WL BVHKL QIRG WL K Yl
JRQDO ZLQG GLIIHUHQFHV 3RZHIWKWRXH EH WHIQH QBWGE I8GUW |
WKH VFUXEELQJ SURFHVV ,Q R® GRIW SWR BDIYRILVGILYDH ON KOR Q M 1D
SOXPELQJ FRQQHFWLRQV WR WXHHBDWR KB EIMUL\R G L WDDOROR OC
UDLVHG IRU UHVRXUFH FROOHMHFMR Q! ® EHQH DEWDW X¥G B H/ FL
WKDW KLJKHU JDV SDUWLDO SOHBWLXXPHYDW. WR® XE. @& HW LHHTVX D
PRUH VFUXEELQJ SHU NLORJUDF R SRIQKQ® V+RZRY WUQ P\W DE (
OLTXLGV WKHPVHOYHV P XVW KLH IDHED KV MRS H ILVID KWXW DI QHEQ W K b

. 3UHFLSLWDWLRQ FRQQRQ@WDBWILWRHYLRXVO\ LI SWHRIQGSLWDWL
RFFXUV RQ WKH HQYHORSH WKQW Y RR{OGEL TIXH 62 ROICLQIG B-P R X



%YRLOLQJ DQG GLVWLOODWLRAQ

$V FRYHUHG SUHYLRXVO\ VXOXXKWFRD PLNG D JHIYBWUWBOWR WHHR
RI 9HQXV LV D UHVRXUFH EOHWWDQS& HDYVK®\ DEVRVERSL WKH KH
+62 LQ D ERLOHU ILUVW GULYHV RRI WKH BFLLGMW. @D YDWH W Kd F K
EH VHSDUDWHG E\ D PROHF XODUWILMH H) RUWKHWH K MW HQRIHB HEF R P
+62 WR 620XV PRUH +RlI WKH UHPDLQLQJ PDVVJ GAWLWE&HXUWKHU
SUHVHQFH RI D FDWDO\VW V XFKFIR\Q Y B QWER6GR2 B @K R FIKGFHD Q
EH OLNHZLVH VWULSSHG RIl IRWWHKCH DY 62w KWW FRQ R & BERDW G
UHJHQHUDWLRQ RI VXOIXULFH PGV MIURIQQW RVDLG\ LRW FRIXEELQJ
VLQJOH VLPSOH SURFHVV FDQXQBYGZWDIR B UILOG RPQJH®P SR

7TKH LQSXW IOXLGV DUH KRZHYALG @RW \SKTXHOQ WX\O IDUWDLARW L F
GLVWLOODWLRQ QHHGV WR E B XWVYHG& XMRO VWHSHORULHW H |, RVX WV WDK HXIH V'
LPSRUWDQFH ZKDW VSHFLHV ZIUOW R B IWHAIVO ODRVA. RUK HDERW® HV G
FROQGHQVDWLRQ SRLQWYV 7R WKBW LHFQ® HHXZDQBUH[D PR H FFOF XC
&($ IRU WKH PL[WXUH EHLQJUVYWG HQWHRVWRQMW ERLIOH BEDYK ZKHUH
SRVVLEOH UHDFWLRQ ZHUH FDWODXAUHHBGR XW&HIHROHRLE YGVP WMH Z Kt
WR FKDQJH ,Q SUDFWLFH UHDMRLRQUYDWHEH FRRHOHAWUR\OBDW D O\V
UHVXOWYVY WKDW GLIITHU IURP WKH HTXLOLEULXP FDVH

7R LOOXVWUDWH WKH W\SLF DROL HDI®I HWXRIOSEHVDN X WK HR QR BIOHR
SORWV WKH DOORFDWLRQ RI KRGHRUHQOEWSWAHHY ®WIBUHQWHQW

:KLOH SUHVVXUH DIIHFWV WKH WSMFLRHW EWWHA HPHRQY W LQIRIW B B @
WKDW ORZ SUHVVXUHYV QDUURZ WKHYWPISHHPW XV KLOBIQKIH KRYU H
LQFUHDVH WKH UDQJH

.UDVQRSROVN\ @HUWLFDO SURILOHV RI + 2 + GRODBDGWUDWMLRIOFIDELG NP RQ 9HQXV
,FDUXV GRL M LFDUXV

%DUEDURVVD 9 %UXWWL 6 'HPPNQWL* 0&DBMXOBWLE WKHUPDO GHFRPSRVLWLRQ RI \
VXOSKXU LRGLOH F\FOH IRU RQWHRQ D W LSRIRIBX FRXRQDO RI +\GURJHQ (QHUJ\

GRL M LMK\GHQH



SORWWLQJ UDWLRYV YV WHPSHEIDMWUXUHR B YOHLL MHSEHF LHN\B R | |
ZH JHW WKH IROORZLQJ

&RQFHUQLQJ HOHPHQWYV RI VLIJQLILFDQFH

. &DUER@DNLQJ XS RI WKH DEVRUEHd WS 8B UMM BX K WRY VXV
WKXV HTXLOLEULXP VROXEWQRW\LQWKKIH&RRLOHU GBHV QRW I
XQGHU DQ\ WHPSHUDWXUH DQG SUHVVXUH FRPELQDWLRQV

. 1LWURJHVURJHQ UHPDLQV RYHUZKHOKXIQEEKY DY MRS WD /KR® L
FRQGLWLRQV H[FHSWLQJ YHU\ KILB KR BUWLGH ENXUIHYWZWRUH QEW
TXDQWLWLHYVY DQDORJRXV WR WHKWV+DEHU DQG 2VWZDOG SUF

. &KORUIS@®H N3D FKORULQH UHPDLQV RKGRULG BV ZK\\@ K R/FHD
DPRXQWV RI FKORULQH JDV IRUP [pQD EHWZROMTXDRWOQWLHV R
HOHPHQWDO FKORULQH DW YHURRXQW WHFEBBDWXH HD V 7IKMF
ZLWK SUHVVXUH EXW HYHQ DW WD WRHSQYRWDOHWDHAR SHUI
a p.

. +\GURIHQGURJHQ LV GLVWULEXWHG DFR®V ¥ ZWE&HMKPOR H[ R D
KLIKO\ VHQVLWLYH WR WHPSHUDW@&HHWLURHBOBH®KHE®D O W HWR
LQFUHDVHV LQ IUDFWLRQ ZLWKDWHPWBRX@GG/ XUH DOMY HOIB@JI R
SUHVVXUHVY FDQ EULQJ WKLV WHPISHDWDWXUH GRZQ WR DV OL



. 3KRVSKRWBXWRVSKRULF DFLG IROORZV R \LMAS & HGRIXOWWLHR @ H/Q\DL
IXOO\ GHK\GUDWHG WR SKRVSKRpP XV GHBERYRIDEGHROWUHVYV XU
SUHVVXUHV IDYRXULQJ GHK\GUDDWW.RQHV$VEDHJW UFRPGIDW B P BN
SUHVVXUHV WKH SKRVSKRUXV SHQWRNL G R ZG)L FVHRUVEKH IRRQ R/|
DQG XOWLPDWHO\ WR SKRVSKRUXV GLR[LGH

. )JOXRULXQMGRPLQDQWO\ H[LVWLQJ DRPK\ GBRIEHWLEORULGH L
SDUWLFXODUO\ DW KLJK SUHY ¥FRQHSUHGRR UG WOl XAUKLP DFFLLG
FRQFHUQ GXULQJ GLVWLOODW LRE HOXRIUGR VRQ@HXRIIL B/ OHF LPGR Y/ \
VLPSOH %U ., QVWHG DFLGV OL[HG WG BRWLPRMN BBQMW P RC
FRPSRXQGV QRW DQDO\]HG KHUH SIRZ HRUPQ® RADKIH FH D A QGP K H
FDSDEOH RI SURWRQDWLQJ VXF K UGIRQ V A/ID\Y KD D XE \KWBWQREHM
KDORJHQV

. 6XOIXIHPSHUDWXUH DQG SUHVVXUH ROOR@HRW IR Q HEHGA ZRHHHEL,
IDYRXULQJ VXOIXU GLR[LGH &VWWHUIEWH WQILRYIHGKO MRKIHUHF |
VXOIXULF DFLG DQG DV D VFUXEEKEHOUHFW R B IFVUIHDIORQDRB H @\ +
UHOHDVHV IUHH R[\JHQ DQG FDIORBH QH/ R GF D@ WIRHIW RO WKW H
JDV 1RWH WKDW ZKLOH HTXLGH BPWL X U DK RVHP 8 M 0O DIWX G HR/[ L
UHTXLUHV D FDWDO\

UHDVRQDEOH UDWH
YDQDGLXP SHQWRJLC
FRQWDFW SURFHVYV

. 2[\JHQ3ORWWHG WR
N3D DQG H[FOXGLQ
GLR[LGH R[\JHQ LV
ZLGHO\ EHWZHHQS®R
/IRZ SUHVVXUHV DQG
WHPSHUDWXUHV IDY

JURP FRQVLGHULQJ WKH DERY HF RO FROXY L RQVWKDKD O R VK BIH \
DQG PRGHUDWH WR KLJK WHP S HUBDWDWLRQ\RH & UNEHILE DWW \USIH F |
LQWHUHVW R[\JHQ DQG ZDWHU QHKID®DO O R B GIWAVR/XDGI®\ HHDQ O
WKURXJKSXWV WRWDO IORZ UDWRINJDDR \P IS BV XWHRR DG GRUJHPD U L
DQG WKXV WKLV LV RI OLPLWHG XFRHF WWHP SHU B WG WD \DW GUS UH V
JHQHUDOO\ UHGXFHV FRUURVLRRQFAHF® LV YHU\ PXFK RI

SHHG & $ 0\WKV DERXW WKWNXIURWRO LO &RGBHRXNGWEVORGEKHPLFDO 5HVHDUFK
GRL DU T
20DK * $ &URVVLOJ &ROYHOWLRODO %R XCRGBHVHMYEKFHK- REUD RH BWXUIDQLF &KHPLV\
GRL MR R
%DUEDURVVD 9 %UXWWL 6 'HPPDQWL* 0&DBMXOWWLE WKHUPDO GHFRPSRVLWLRQ RI \
VXOSKXU LRGLOH F\FOH IRU RWHRQ B W LSRIRIBX FRXRQ@DO RI +\GURJHQ (QHUJ\
GRL M LMK\GHQH
$VKDU 1 * *ROZDONDW3UBFWLFDO *XLGH WR WKH 0DLBX D6 MXXRM [RQ G %66 IOXI R IQFD $/A Q J
$JHOWSULQJHU ,6%1




$ SHUKDSVY PRUH VDOLHQW REVHKYBK RX® §X WWK HDEH EBHHD U
YDU\LQJ WKH LQSXWV 1RWH KREKHQKAHHU NP R®LEHU WX HF KIDOGIHHU Y D SF

WR SSPY VXFK DV ZLWK D PROHBXRBHVWLHY HVN IODHFRHPW BRRFKHP LF
LQGXVWU\

6RPH RI WKH DERYH GDWD LV PIXDHDCGLRKWRVIKRULYF WRKHG V
WKH K\GURJHQ FDVH LQ DFWXDW MWKH ZKPWDIOV FKRIGSFSHHDW QDWLR Q |
UHPDLQLQJ LV GURSSLQJ EHFDXWIRZRHYWKH RWWHU GHRPRYBDQFHV C
UHDO $W HTXLOLEULXP JDVHRWVQRRGI[XVWHDRLG KR\SKRRILF DF
DW D PXFK ORZHU WHPSHUDWXUBUB Q® GRRRODY HF KORLIBGE URY R X

FRPSRXQGV ZLWK SKRVSKRUXV D&KOBDGCQHDHOIX\LDORMHIPDHW RRDY R X
JDV WR K\GURJHQ FKORULGH

/HIW ZLWKRXW ZDWHU UHPRYDWODHGLWRW SZ3IRWK ZDWHU UHPR

OROHEXODU 6LHYH $HR/RKHHQYWBHHVWUDVVH

woow BHWUIMRQ D@G6 H H



7KH NH\ WDNHDZD\ LV WKDW HIXHOWRUWRHLWHPY HW X WVH GREP\S |
DQG DOWHUDWLRQ RI WKHLU FRFESRWL W LIRIGW ¥ IR KDKH H/ILXYQQ L E U
$ VLQJOH VI\VWHP FDQ WKXV EH X\DHXG W R | JHROMHSFOVOHE ¥ ADGEHM HF W
QXPEHU RI FDYHDWYV

3DUWLFXODUO\ DW ORZHU W HW BB WDBWX LKHLV K X W WRSWR DM K
FRPSRXQGV GR QRW LQKHUHQWDVY RMDE®HHW X P ® VEWLOHPY L @ 95
FDWDO\WWV PXVW EH XVHG

. )RU UDSLG UHDFWLRQV D GHVHDRG&HGT XEXOWEWKXPUPDALRM Z |
VKLIW ULJKW EDFN DV LW PR WHW RIXWLRIL BKIHX P REDGINQEFGGU H
VXFK FDVHV GLYHUVLRQ Rl GHWW XBDGH WV S\HKFH. FWR PEMML RO F
OHG WR WKH GHVLUDEOH HTXIHQEUHRFW2RQV VFDRYZ X Q G HURR
WHPSHUDWXUH SUHVVXUH FKDQJHV EHIRUH VHSDUDWLRQ

. 1RW DOO PDWHULDOV DUH FRPREBDWICEYOH) QWK (D/MOMOFKRI@ G E B
HI[DPSOH DTXD UHJLD FDQ GLVVRW LN YHDFELROAVZEPWWOVWRR 6
IOXRURSRO\PHUV EXW WKH ODWWPSHRUDOWOXRM H[WKWWRDBQ &L
RUJDQLF VROYHQWY WKDW SUHFLRXV PHWDOV FDQ ZLWKVWI

. 1RW RQO\ DUH GLIIHUHQW FOMADOW \BW R FGHAMHAD EEDXHWL QWG LVI F
GHVLUDEOH WR VXSSUHVV FHUWDLICR QHD FWHK IR K D PKEHH & R.RVSF
KRZHYHU EH FDWDO\WLF )RU KD PUBHOH. VSVOIDQW TRP SR XQG D
FRUURVLRQ LV RIWHQ FDWD O\MDLFFWW R GPD KK \O3HJ RE R Q ESRIH V
YHVVHOV KHOS FDWDO\]H WKH +DEHU SURFHVYV

. ,W ZLOO IUHTXHQWO\ EH GHYREBDEOVHVWR KREYHU B WQ R'Q SIOM \§
WLPH UDWKHU WKDQ RSHUDWNQ®J LQ D SXUHO\ EDWFK SURFF

6RPH SURFHVVHV FDQ SRVH ULY§DWUIQRX\KHLURUHPRQYWR®
D ZD\ WKDW FDQ KLQGHU RWKHU VXEVHTXHQW SURFHVVHYV

,Q VKRUW ZKLOH WKHUH LV DUWHGHORW SR HQWVIDW URX WD RY
UHDFWLRQ YHVVHOV IRU JHQHWRWDQY DWHK.IGH LWDQR M RIQRKHP LW H (
YHVVHOV PDGH IURP D YDULHW\LRWE KH FLIFD DO\ Y WWKLD QBB GHG \
UHDVRQDEOH ORFDO FKHPLF DORIPH&/XD 83D U HRIH WHID WL & HEHE Q | C
LPSRUWDQW SDUWLFXODUO\ D§HMKGH @ XRERU RV FKHPRPB®/\KLQJ
ZLOO VHH VKRUWO\ ZLOO RFPFXRIUDBILGOLS OHM XWHGH \ORURER W L
ODERUDWRULHY DSSOLHV KH U0 H ISW K RIEHIG LD ® HFRRQU DIXU D

7R ILQLVK XS RXU DQDO\VLV RNLQUWEIZDWKUBWRAKFGHSURHRRI
GHVLFFDWLRQ DQG ORZ RSHUDWIHPISBHUBWKIHNVQ RISE UVDRVRQD\ E
a p. UDQJH WR DFKLHYH D KLJKYEHYJWHHC RARAMWRHU WKIF FSKRV SKR
SHQWR[LGH ,I R[\JHQ UHFRYHWKLY QRVG IGHHWWIWHG GLKHE®WO\ WR
WKH WHPSHUDWXUH LV IXUWKHUWLWDLRVVHG IWRLHQW WR E/RLO RII DC
FRPSRXQGV H[FHSW IRU VRPH PRWDCOIHUBB KV LEKOMPMWKWH ZXLFEk



ERLOV DW p. DQG WKXV UH®SWKBDWH Q WWKB & WHHA XS IWANWOH SHU LR
SURFHVV &2 2V(KH } 2 UHDFWLRQ LV VORZ ZLWKRXWRWFDWDO\VW
QHHG WR EH UHPRYHG DW KLJK R$W ISRIQWY W& RUHH\L V VD ORMK RKJK WHF
UHPRYDO VXFK DV FHUWDLQ R[NJR[Q GHIVLF L9%IRMD B H URYVGEILWW L O C
FROGXFWHG DORQJ ZLWK GLUHFWLRY PRY SKXHWWFLXF/ VYBIG GUHWLABRV (

/JLVWLQJ D YDULHW\ Rl FRQGBOQWLW QR Q $/RL RWVV ILRPLB G L F MO

6SHFLK p. 6SHFLI 6SHFL 6SHFL
YH&O +32 &0 .U
,Q8&0 62 &0 286 2

6 E6 % U 62) $U
$V2 62 +6 &2
32 +) +% U 1

+J + 2 &2 1H
+62 62 +&0 +H

] P ; H
+62) 32) 12

'"HQRWHYV VSHFLHV ZKLFK ODFN D) @& DXIGGHBERPSRVHWQGWIRPHEOIK WHPSHUDWXUHV

6SHFLHV ZKLFK FDQQRW EH FRE&OHPWHGE AKX LQETWXHIEWH \D [5W R
SUHVVXUHV PXVW EH IURJHQ RXWR $5RRQKIHQ LY O PHRIKKE WR \
ZKLFK WKH 02;,( H{SHULPHQW RQ PWVVFDUBRRY BURFRG®®HD SDUDO
WZR WDQN FRQGHQVHU :KLOH RMWH WHE NR UK HWHLEN LOHKRDOW LQJ D
LW ZKHQHYHU WKH IUHH]LQJ W% JHDIQWN @ HDHYOAUINXIO @ RG KM 7KLV
LPSRUWDQW IRU FDUERQ GLR[LGHO\ZRDRKW K RWHG SURNERSW X
JDVHV

,Q FDVHV ZKHUH FRQGHQVDWLRQMREREKYDWXW H\D Q LEHH FEORN
LVRODWH LQGLYLGXDO VSHFLHVLQ KWKHLYURRGXFRWQ. R® RD BWEHQ E
OLTXHIDFWLRQ WKH FR FRQG HQWHLE DUKR @ [\ HIGI QHQUDID\OX @ K H U
UHPRYH LW ZKHUHLQ LW LV HWODWWRE \LW DK HFR Q\K B LPRRQ F HQ
SULPDU\ VWDJH UDUHO\ H[FHHGYV

7KH IDWH RI PHWDOOLF SUHI
UDWH RI FROOHFWLRQ DQG GHPD
FKORULGHVY FDQ EH UHDGLO\ FRK
ZKLFK LV LPPHGLDWHO\ XVHIX(
EDVHG G SULQWLQJ ,I RWKHWUHP I
FRPPRQ DV ZHOO KRZHYHU WKH
EHIRUH WKLV VWDJH ,URQ FKOMRR
YDOXDEOH LQ D QXPEHU RI GLYIHA

3&% HWFKLQJ ZLWK D IHUULFLQFOXGLQJ DV D FDWDO\VW
3KRWR $GDP *UHLJ

<DQJ = JLQ < 6 =HOWIK 7THPSHUDWXUH 6RUSWLRQ 30RFM 2 [NRH GBI5HBRSDODWLR
,QGXVWULDO (QJLQHHULQJ &KHPLVWU\ 5GIRIHDUFK LH N
+LVWRU\ DOG WHFKQRORJLFDO BERUDMUR®E B*R J(QILOHHWLYJ 'LYLV LR @WWD KD O YRQ
3XOODFK *HUPDQ\
6WDQOH\ B 6 3DWHOW 1R 86 :DVKISQJWRQ '& 8 6 3DWHQW DQG 7UDGHPDUN 2I1ILFH




DVLF LQGXVWULDO IHHGVWRFEFNYV

6 XOIXULF DFLG DQG K\GURJHAQ

6 XOIXULF DFLG IRU LQGXVWUHIH® 8 U RWH\GV H VWIKH UGHLIPG@\\ E"
RI VXOIXU WULR[LGH RU IURPQVKQIXUBAWLR&GH LQ WKH %

: 62 2 2+, +62

7KH K\GURJHQ LRGLGH FDQ EH GHF RR B YKHRHGWEKIHRN W/ROMR G L Q
RU DFURVV D VSHFLDOL]HG FHUOFRMHPHREGBDQH K\IGQU RDH®E DV D X
E\SURGXFW

%H\RQG WKH VXOIXU LRGLQH S OR FHI\Q\H UKD\G H B JHICD LIWOW I VAR
LQFOXGLQJ RI ZDWHU RU K\GU R HQ@ ¥ KORK VGHR WKLY WIHSHW R1 D IX
VWRUDJH VI\VWHP DERDUG WKH KREHVED\WSRKIP®,BD,AOY5IBU GRLQ
VFUXEELQJ VXOIXULF DFLG IURPMOAQRYV ¥ DWPRWIKHGHFRFKSRV LV
DQG R[\JHQ DQG WKHQ HOHFWH®BUDM/HRK\W K R JHIMWHYCWR \IHQ |
ZKLFK LW XVHV WR NHHS LWVHOI DORIW

+DOLGHV K\GURJHQ KDOLGHV DQG K\GURKDUC

3DUW RI WKH FKORULQH RXWSXM FIDARPHFFRRIYG EW M @/ MORP K\ (
DQRWKHU RI WKH PDMRU LQGXVWRIDXG W G¥LGLRBQLEHH JKQHUDYV
K\GURJHQ IOXRULGH LQ WKH VDPRIPWRIQIHU DQRXEBYRXV BRWKY DU
DV ZHOO ,QGHHG RIWHQ WKH GHYHUWDBOH FRRQLYRHU WL PRDHK\G U
LWV KDOLGH ZKLFK FDQ EH GRQH E\ WKH '"HDFRQ SURFHVYV

+&0 2 &0 +2
7KLV LV FROQGXFWHG DW p& DLWW K2 NKH VAR HLYCH W \WRCLW D

SURFHVV LV XQQHFHVVDU\ VR ORIRHOW HO®WRDHE RNEBRBUIZEHFK E
QDWXUH RI WKHLU RSHUDWLR M QHYKHOWRULETH WRORNIGW\R JK\G DRIG F

%DUEDURVVD 9 %UXWWL 6 'HPPDQWL* 0&DEDXO\GWLEF WKHUPDO GHFRPSRVLWLRQ RI
LO VXOSKXU LRGLOH F\FOH IR QW HUQDIW DRYDOGRXVIGDD RI +\GURJIHQ (QHUJ\

GRL M LMK\GHQH
%XJJD 5 9 9HOXV  OWHULRU 3UREH 8VLOJ WLROWR , 3RZEBW QGRIXOIMNRQ /DE &DOLIR
,QVW RI 7THFK 3DVDGHQD &$
2YHU + 6FKRPaFNHUKBW ODNHYV D *RRG &DWDO\WW IRB&BKEIDWDORMQLWBURFHV V"
GRL FV H




$PPRQLD

+\GURJHQ DQG QLWURJHQ DUH XVHRQRXWKWH G B U SURFM V \
RYHU D .2+ GRSHG LURQ FDWDRO\VW WR \LHOG DPPRQ

1 +2 1+

7KH SURFHVV LV YHU\ VHQVLWLEB WHRS R[R $SKQ LDVGI ¥ DUERXL U
KLIJK SXULW\ UHDFWDQWYV 7K IK\D QY HRIHP RQ @D DWKH UAKRKWHFK\ G UR
SUHGRPLQDQWO\ VRXUFHG IURP I/OVBDW UEKNMR HROLHFIWRIR@O W K K\ C
SXULW\ 6R ORQJ DV QLW URJHIDGGWRWILLG QDM ERQ \& FRH VJ D& W RIQ W D
FDWDO\VW SRLVRQLQJ VKRXOG QR®HSIREY I F W\HRUHROX. ¥ \&X U HID A/D W
VRPHWLPHY HPSOR\HG LQ +DEHU RHH®@WMREN SUHWUHDWPHQW

7KH YHU\ KLJK SUHVVXUHV LQYRO/N WG D@LW KR QGHDEG\U KDWY RIF S|
FRPSUHVVRU FKDOOHQJHV $JDISQYURWKHNVRRROWOD DG ®RQWRBNY QLW
LQMHFWHG GLUHFWO\ DV D OLDXLIGVM\EZIBDOBGY K3G K LSUIHRQDXWG\Y DV C
WKH FRQWH[W RI IXHO FHOOV @ HFWRPOUK\GW KGEE WMRIYHWHWWR FFBIU\ KL
SUHVVXUHV ZLWK WKH RQO\ PRYAKHFSIDYMNOV/YUMTXLUHG EHLQ

$PPRQLD LV UHFRYHUHG E\ FRRRQYIWAR WRKRRPRW SQHVNG WD \G L
UHFLUFXODWHG EDFN LQWR WKWUR®Q FWRW R I1LMWK RXW QH WRIFRI U I
WKH DPPRQLD DV LWV SUHVVXUH DWQ & XEVHI YHRQBED\WUEBRIEHE G

2[LGHV Rl QLWURJHQ DQG QLWULF DFLG

,Q DGGLWLRQ WR EHLQJ LPSF
DPPRQLD LV IHG ZLWK R[\JHQ LQV
2VWZDOG SURFHVYVY ,Q WKH IYUV\
SURGXFHG E\ FDWDO\WLF UHDFW
a p &

1+ 22 12 2

&DWDO\VW ORVV LV D VLJIQLI
KLIK UKRGLXP SODWLQXP FDWDO ;| \yRriHO GLR[LGH DW GLIIHU
OLIHVSDQV 30DWLQXP UHFRYHU) (IUDP *ROGEHUJ
HPSOR\HG GRZQVWUHDP $PPRQL
NHSW XQGHU WR DYRLG H[SORGVRDUBILWNYLFDO ADWHU LV UHP
VWHDP EHIRUH WKH VHFRQG V VB HV AKHIFHVW & HZ QWW PLIRFUR[ R [\ JH
QLWURJHQ GLR[LGH

$SSO 0 S$PPRQOBODOPDQQ V (QF\FORSHGLD Rl ,@®BXVWULDO &K HP LB/ W B\XE
7KLHPDQQ 0 6FKHLEOHU ( LHUWOGF $FLG 1LWURXV $FLGSOQREDQIQVYWRIHQ 2[LGHV
(QF\FORSHGLD RI ,QGXV®RILDO &KHPLVWWU\B




12 22 12
1LWURJHQ GLR[LGH LV WKHQ UMNBAWH®/ULWBONMEHDP WR SUR
12 +2 2 +12

1LWURJHQ WHWUR[LGH WKH F KILW ISRRFS$IRO@HD@W RI[ MGLH HLR FON
GLPHU RDDXL LV SURGXFHG E\ FKLOOLQDWW WR U BRFP RAHFPKSHHWHDWV
SUHVVXUH

1LWURXV R[LGH LV SURGXFHG LOQQ BLWWDR R/ WHISG DR MRORDE
SURGXFH DPPRQLXP QLWUDWH ZKLFKH&WGEPRIRISRDMG/BWXEEHG
DTXHRXV DPPRQLXP QLWUDWH $WQREWW HIRUINWLR @ WKHVKBIR/ i VE DV
2VWZDOG SURFHVV DPPRQLD R[HOIOMWRHG RHIPHBWHXHLO QG ELV P
R[LGHV DV D FDWDO\VW

&DUERQ PRQR[LGH V\QJDV DQG R[\JHQ

2QH RI WKH SULPDU\ PHDQV RI JHDWWRWLQD KOS U R FOL BKQW
FDUERQ PRQR[LGH DQG K\GURJH®@ IZIDGLHEOA XVHG UQFIDWVWR 7KH L
FDUERQ PRQR[LGH FDQ EH JHQHUDWHE\GD MRRQ G RWKIHU IRHD QWO O
DSSURDFK WR EH GHPRQVWUDWHGWYRR WKH 0D;J{ H[ S HLRPHID ,
SURFHVV FDUERQ GLR[LGH LV @AMARWRRYHG&EW K BRIHPWQRFLGH
R[\JHQ

&2 2 &2 2

9DU\LQJ PL[WXUHV RI FDUERQ P RRORHMWAIP ID\D ® KRQU RZINKX WD
RI FDUERQ GLR[LGH PHWKDQH BB HE\DWMNKBEK KOD/NWRDUVIDYI GRRG JI
FRDO JDV 7KLV UHIOHFWYV W KHUHWF B UWAKDMDGXBK JIDYHRIOWHG [UF
RUJDQLF PDWWHU LQFOXGLQJQRYMEDWURGXF \WW JD\VSPL@ DD V R
SURGXFHG IURP OLJKW K\GURF D UEERQWH D/PX I IIRW P HQWK D Q H

&+ t2 2 &2 +

6WHDP UHIRUPLQJ LV KLIJIKO\ HQGABWKBUBLRGOREW ODWHQHUD
DQG 03D LQ WKH SUHVHQFHFRIDW HCWDLW\K/ WRWDNWNVHRP R[LGH

"ULJKW $ &1LWULF $FLG ILWURJHO 7B6W)URUIRGH QOIDQWHYNQGERRNY HWRWBEXPH ,, 0DUW

6FKPLGW $ :HLQURWWHU ) : 0X00HW BDWHRKOHR :DVKLQIJIWRQ '& 8 6 3DWHQW DQG
7TUDGHPDUN 2IILFH

6XZD 7 ODWVXVKLPD $ 6X]LNL <6\QWKIHYDL\¥ RI 1LWURXV 2[LGH IED-RKUIGPDMLRQ RKKBP PR
&KHPLFDO 6RFLHW\KREZDBD'SIQND /WG

OH\HQ ) ( +HFKW 0 + +RIIPDXHU-PBG\ODPLF PRGHO RI ODUV 2[\JH®; 658 ([SHULPHC
$FWD $VWURQDXWLF®RL M DFWDDVWUR
S5HLPHUW 5 ODUVFKQHU ) BM®HU %UHMMFO® : 6FKDXBURGXFWLRQ

SURFHV¥GBIOPDQOQ V (QF\FORSHGLD RI GRAXVWULDO &KRPIBRRWU\

%LHUKDOV &DUERQ ORGOQ@BBQQ V (QF\FORSHGLD RI ®@RBXVWULDO &KHPLB/ WU\



OHWKDQH

$SDUW IURP V\QJDV WKH RWKHUKEGVY RFDPLW RN\ IWRWKH KGHDUE |
UHDFWLRQ ZKLFK SULPDULO\ SURFHHGV DV

&2 +2 &+ +2

7KH 6DEDWLHU SURFHVV KDV EHRIWD \H WHHDIDILY K %\ D/S/8XOE EB GV I
IRU OLIH VXSSRUW DQG UsbBFWRUNUROHVBRSXODU LQYHVWLJIDWL
UROH GXH WR WKHLU VL]H DQG HADFERQ LR [+\GH R UHQUBIQPE WHG
ZDWHU DQG D GLYHUVH PL[ Rl K\ISQRIE@ILR RGR/P LEXOWV R GHEAZKH W K D
GHVLUHG GU\ UHIRUPLQJ FDQ V®ENW TYXHDQWION JRQERDM WHD F W
RYHU D UXWKHQLXP FDWDO\VW WR PLQLPL]H FRNLQJ

&+ &2 2 + &2

7KH KHDW UHTXLUHPHQWYV IRU WE&BIUMERDYHOU BSDRWLE R G- DRU EE
R[LGDWLRQ RI PHWKDQH WR \LHBGOQRRUH V\QJDV WULUHIR

&+ 122 + &2
(WK\OHQH

(WK\OHQH LV D FULWLFDO IHHGVQGFWNVW R DID BUURRFG! WU\DIQV H 3D
R[LGDWLRQ RI PHWKDQH UHSUHVWRWWR\RHIXH7IIRUSBRW KRDANOG QH
H[DPSOH D GHPRQVWUDWLRQ VR/GNKHRVERQORN XROW U@ WLWKK FSROHF
SRO\HWK\OHQH 8+0:3( IRU 0DUV HPSBPBRW BDFMWRW\G HRRIWKH FD
R[LGDWLRQ RI PHWKDQH WR HWK\OHQH DW p&

&+ 2 2 +& &+ +2
6\QJDV EDVHG SURGXFWLRQ RI KLWKHLG X\E B RADRIERKH DX’V R

HWK\OHQH IUDFWLRQ OHWKDQRYXS RLYRHUHING B R ROMKERQM HBG VW R
EH XWLOL]J]HG LQ HWK\OHQH SIURXPWWR®IIZRW QEWK OLPLWH

-XQDHGL & +DZOH\ . :DOVK 6 5R\ERRXBKWWOG /LIJIKWZHLIJKW 6DEDWLHU 5HDFWRU
'LR[LGH 5HG%PHWURBEDQ ,QVWLWXWH RI $HURQDXWLFV DQG $VWURQDXWLF

OHLQKHQ] - ( 3DB0$.658 SURSHOODOW SURGXFWRDGVAD WWRBVYRH @WKRERLARH
6\PSRVLXP RQ 6SDFH 5HVRX®MAEIH 8WLOL]DWLRQ

-DKQV * 1RYHO &DWDO\WLF 5HDFWRU IRUL&Y SUHRSKH WSO RMITFFHPKEQRORJI\ OLVVLRQ
'LUHFWRUDWH 1$6%$

+DYUDQ 9 'XGXNRYLGC 0 3 &RRY&UB/LRQ RI OHWKDOH DQG & DDEXEG 'ARRGXKHE WAR +LJIK |
,QGXVWULDO (QJLQHHULQJ &KHPLVWU\ 5BRHDUFK LH

6HQ 6 &DUUDQ]D 6 3LOOWLIBOFWLRQDO 0DUWLDQ KDBIWKHVY L] RIS RVRLRY HQP D MAHU L D
UHVRXSBYWQFHV LQ 6SDFH 5HVHDUFIGRL M DVU

=LPPHUPDQQ + 'DO]O 5 8OOPOMIQVH@F\FORSHGLD RI ,QGXVWULDO &KHPLVWU\
GRL D B SXE




+\GURJHQ F\DQLGH

'KLOH D ZLGH UDQJH Rl UHDFWLRQG HF LDHD WHHOK\ ® Y RE\HD® R UBI Q
LQ VPDOO TXDQWLWLHYV DPR®HWRIG PRWWRZPSRRAHNQW LR/HW KD (
DPPRQLD R[LGDWLRQ RYHU D SOD&LQKPFKDWDIO\MWUMHWDW QR H[WUD |
LQSXW

&+ 1+ 22 +&1 Z

$QRWKHU RSWLRQ LV WKH '"HIXVVDHTPXOLY BY RFPHNWWI\ E2XN RKE
K\GURJHQ ,W LV OLNHZLVH FREDWPWHGNRYDMWU aD SPOHWLQXP

&+ 1+2 +&1 +

&DXVWLFV

$ QXPEHU RI FRPPRQ SURFH
VWURQJ FDXVWLF DIJHQW JHQHL
K\GUR[LGH ZKLFK JHW UHGXFHG
FKORULGHVY 7KHVH DUH UHF\FOl
WKH HOHFWURO\WLF FKORUDONI
FKORULGH GLVVRFLDWH®EGE@EUR

&@ &O H 6RGLXP K\GUR[LGH FDXV\
3KRWR O0ODUWL :DONF
+2 H2+ 2+ Q

7TKXV DV D QHW UHDFWLRQ

1D&O +2 2 &0 + 1D2+

6HFRQGDU\ IHHGVWRFEFNYV

$ QXPEHU RI IHHGVWRFENYV DQG FIDWHJIJRQONW RT X HUIGE WHRU V¥
SURGXFWLRQ WDUJHWYV ZKLFK PDW RQ P KDQRWDEHW PISRIOW M@/ D JH

$QGUXVVRZ 3URFHRRPSUHKHOVLYH 2UJDQLF 1DPH 5HDFWLRQV DQG 5HDJHQWYV
GRL FRQUU

*DLO ( *RV 6 .XO]JHU 5 /RUPDXKHU O5XER +DVHQSXMPKR:&RPSRXQOGY ,QRUJDQLF
800PDQQ V (QF\FORSHGLD RI ,@®IXVWULDO &K HDP LB/ W B\X E

BFKPLWWLQJHU 3 )ORUNLHEZINH % &¥DQIQHOO0&5 1DYLQ 7 &KORYBDIWDRK B
(QF\FORSHGLD Rl ,QGXV@®RILDO &KHPLVWM\B  SXE




&\DQRJHQ
1HHGHG IRU F\DQRJHQ EDVHG SURSHOODQWYV

&\DQRJHQ FDQ EH SURGXFHG E\ D Q¥®IEMHU RI PHDQV LQFO

+\GURJHQ F\DQLGH R[LGDWLRQRY& U D&VLOY HIUHPIBWDO\V W
+&1 22 &1 +2

+\GURJHQ F\DQLGH FKORULQD\RQRMWR Y H U pEF B/Q & DAXHE & HTDUHE,

LQ VLWX FRQYHUVLRQ DW SPER GUXHFGHLVD K DHK SSURALWIA VY W U H

ZDWHU VFUXEELQJ

+&1 &0O@ &1&0 +&0O
&1&0 +&1 2 &K &O

&\DQRJHQ FKORULGH JHQHUDWMKEHGY ZSAMMK KERYRIEQW WHGp ¢
TXDUW] WXEH \LHOG

&1&0 2 &1 +&0

+LJKHU DONDQHYV
1HHGHG IRU 3%$1 FDUERQ ILEUH BNNFPRILGIDDVIRPO VHHEVMWREYV WR

+LJKHU DONDQHV DUH SURGXFHG7UWRFV FKQV DYWHEK\HM-MF KIHNL Q
JDV WR OLTXLGV *7/ SURFHVYVHVHROVHRBQWR WBWRGWEKH VHQIHUDO U
a 03D LV

; &2 < R &+ ;2
+LJKHU WHPSHUDWXUHYV p ODFRNYV VIKORRW LKKHD LQLDKW F
ZKLOH ORZ WHPSHUDWXUHV IP&H A CRVLROXU ZDJKWEQ® SHUDW XU t

LV JHQHUDOO\ SHUIRUPHG LQUB VRWRG JDK. OBIXQBEZ]WEBE UDW XU
LQ D VOXUU\ &DWDO\VWYV G IH I HWX & LEWKHWPKRY WHRERPLIR@OW LS RQ S
SRWDVVLXP DQG FRSSHU 7KHWDHQGVXRIVKQ ROHUILQLELEDR®XFW S
HWK\OHQH DQG SURS\OHQH 8 QWD Q WO \G R LAWK G N W 8 DU Q J

OHWKDQRO
1HHGHG IRU 3(7 RQH URXWH WR UBURPWHRWFLG LQGXV

%URWKHUWRQ 7 . NOEH-6YOWKHVLY $0G &KHP L\&KHP RF RO DEHRYILHZ V
GRL FU D

.DQHNR 7 'HUE\VKLUH ) ODMNLR®U DO 0*UDIL'.&RDO /LTXHBDOWDR® V (QF\FORSHGLD R
,QGXVWULDO &RHPLVWU\ D B SXE




OHWKDQRO LV SURGXFHG IURP FDQIRQZEMR]LKAHKHQULFKHG V
VHOHFWLYLW\ DW 03D P& RRIHG HAR BYHWOX@GQJRQE\ WKH IR
UHDFWLRQV

&2 +2 &+2+
&2 +2 &+2+ +2

$FHW\OHQH
1HHGHG IRU 39)

,Q DGGLWLRQ WR RFFXUULQJ HWYHDSWIRGHK BWRE @ F IVFIHQV HOHQ B
SURGXFHG IURP PHWKDQH E\ WKH IROORZLQJ UHDFWLRQ

&+ 2 +& & +

7KH UHDFWLRQ FRQVXPHV D OD U JH DFFRRAGHA YRH QMDBI\U DY HD R 18 C
GULYHQ E\ SDUWLDO FRPEXVWLBEDRDRI FWUERWQREHDTUXIQUHRDWHD SL
GHFRPSRVLWLRQ WHPSHUDWXUHWO! GHFR P8R \WPLWOLLPQ JRI IWKH PH\
FDUERQ DQG K\GURJHQ 7KH TXHGFKQLY DXWKWD ORY FRPSEEMLW\ E>
EH FRQGXFWHG LQ OLJKW K\G U RFMPH\E RIHQW RDSURIGE 6 HD R RHWHK \ O H
K\GURFDUERQV

(WK\OHQH R[LGH
1HHGHG IRU 3(7 HWK\OHQH JO\FRO IHHGVWRFN

(WK\OHQH LV SDUWLDOO\ R[LGHYHE FADRN DWW KX VHRIHV R [LYGHHU RR
R[LGH

+& &+ 2 2 &+ 2
7KH HWK\OHQH R[LGH LV ZDVKHGWF RDBERQ GWRH® B\ISW G
IURP WKH VWUHDP E\ UHYHUVLEPH DEEFRQBWHR QKH) SSRRFBIWWYLF DV

JHQHUDOO\ KDV D OLIHVSDQ RINHD EFRQWKLHY X RMKY CA-RQUHN RQLUIGH LV EF
WR[LF DQG UHDFWLYH DQG PX@WHEH §WRUUBIG KD UH SXORV\L W@

TULFKORURPHWKDOQH
1HHGHG IRU 37)( )(3

)LUVW PHWKDQH LV FKORULQPRPMHLEE WRGVDDRML [W XUpI&R1T FKORU

2WW - *URQHPDQQ 9 3ROWJRQVPDRLHGOHWHUVHERKP ' % OHWKWRRO &
800OPDQQ V (QF\FORSHGLD Rl ®RBIXVWULDO &K HP LB/ W LB\X E
3aVVOHU 3 +HIQHU : %XFNOLVZLQNKOVY +HURLFNH + $FHOWDOBMUDPDQQ V

(QF\FORSHGLD RI ,QGXV@®RILDO &KHPLVWWM\B SXE
S5HEVGDW 6 OD\HUWK\OHOH 200PBDQQ V (QF\FORSHGLD RI ,QGXVWULDO &KHPLVWU\
GRL D B



&+ &Q &+&0 +&0

7KH UHDFWLRQ LV KLIJIKO\ HIRWIKWURL AP QQOVWRBHUDWXUH B)
FRQWUROOHG WR SUHYHQW H[PHRWKERQH ¥ RXPEXIQGR/I PV BWR G X
WULFKORURPHWKDQH DQ RSWLPRBFPLIWEGHRRI R B/ARXOURASIIDN
RI WKH XQZDQWHG SDUWLDOO\ FEBRIHRQPOHG ERW K FOLQ\GWNOMHDZD V

&KORURHWKDQH IHHGVWRFNYV
1HHGHG IRU 39& GLFKORURHWKBKQRURBHOWKDQH W

& KORURHWKDQH FRPSRXQGV DU HLRWRARMAHGRE \ FHLORUH) B WO
+&0 RI HWK\OHQH 3URFHVVHMVHHONRORER IDHWKRDMHODVLQ WKH U
JRU FKORULQDWLRQ RI HWK\OHQH WR GLFKORURHWKDQH

+ & &+ &0 + &0 & &&O

7KH ILUVW PHWKRG LV FRQGXFMWHG LOL TIXLREQS K PV H KO/RQLIGH |

E\ ZHLJKW || PLQLPL]DWYRQMRHVLGHNISUREARWRHWKDQH L\

R[\JHQ LV DGGHG /RZ WHPSHUDWYXWUH DOMWMR 8BRHAHWNWGIHFWLYH

WHPSHUDWXUH p& SURFHVVHWLBERW OHWVSHK@ENBI\DHDG HYHQ

QRQ FDWDO\WLF UHDFWLRQV DUMNHERVKNREIDHHEXWKGIRW HDGHFRQV

,658 FRQWH[WYV ZKHUH ORZ WK UWURMXJ KFHFWS W HEIQ R LEDQNF IFHDVW D O\ V \
FRQVXPSWLRQ FRPHY DW D VLIJQLILFDQW FRVW

JRU R[\FKORULQDWLRQ RI HWKQ®HQH WR GLFKORURHWKD
&+ &+ +&0 122+ &0& &O 2

7KLV LV FRQGXFWHG JDV SKDV H DR LYURIERIVO/D IR W K WHCHA'L ¢
FKORULQH JDV IURP K\GURJHQ HKIOR D LGRIP RARG FHW BROWRW LGL[HG
EHG DQG WKH UHDFWLRQ LV FR® ®GRWWERQNVWRY MUGH [SBURG X F W\
WULFKORURHWKDQH WKH R[\JHY IDBOHORER AREWW REG X AVWHLVRIQO\ ®H Q H
DV FRQVXPLQJ D VPDOO IUDFWUERQ R WIGH \H I R\ HRUHP WR FFDL G

YRU 39'& WULFKORURHW K D QUHD BVHKFHRIP WK DAOK B WLIDGUH) EBW R G |
DGGLWLRQ WR HQFRXUDJLQJ LWWBEHWRGKEGW LR QGLLF K\CKRU B BERNKHD Q +
VHOHFWLYHO\ FKORULQDWHG WR WULFKORURHWKDQH

+&0& &0 &Q@ +&@ &+& 0O +&0

5RVVEHUJ 0 /HQGOH : 3IOHLGWHHKHMU *( 7/PIHIAHUS ( DIDORU LIODWHG +\GURFDUER(
800PDQQ V (QF\FORSHGLD RI ®@RBXVWULDO &KHP LB/ WWXE




7KH UHDFWLRQ LV FDUULHG RXW DLWXLGE KSKDGIGIDW.RQ RI HW
DQ LQLWLDWRU 7KH \LHOG SHU SDWWRPSXWVHY HEW RSWUFRKORULQD)
SKDVH SURFHVVHV H[LVW EXW DUH QRW DV GHYHORSHG

THWUDFKORURHWK\OHQH
1HHGHG IRU 3&7)( (&7)(

7KUHH SULPDU\ URXWHY DUH XQHGS LRRUG WHMLRIF K G RO R H WXDGE
DFHW\OHQH R[\FKORULQDWLRRURHMWRQHPRRUFKERIFIKIRO\V LV
K\GURFDUERQV 7KH ODWWHU W HF R@L TXBIW KW KIHV PIRVW\R FVRPHP R R V/ \
LQWHUHVWLQJ IRU 9HQXV ,Q GWRAOLPERMV VKRN W LPKOOLVQDIQHR XV O
DQG FKORULQDWHG LW FDQ DO®REMLOVIG FRO RHEFRIYWMHE K\ G UR
SURGXFWV 7KH WZR SULPDU\ RAWEHRW VVWHWUDFRWOURERBRKERBW D
WHWUDFKORURPHWKDQH ZKLFKBJHDFK WKH IROORZLQJ HTXLO

&&@W &&® &&0 &O
&R& && 0O && &&0 &0

7HWUDFKORURHWK\OHQH LV 1D YRKWY HD® & \UKLG X IFH i GWSHPHBHMOIA
FKORULQH FRQWHQWYV $ W\SUWADRKSEBERNWW\PH[QIY W HWHWD F K OR
ZLWK RI WKH FDUERQ IRUPLQISRWEEYV FAOARULDOWHEHF RHF\FO
SURFHVV LV FDUULHG RXW DW UHV\pXUBIQ G XONISIZWEDDN SV PXVW E
TXHQFKHG JHQHUDOO\ E\ KHDW HHPROYQHG EY ZHRHKR QU LIVEV R U ¢
GHVRUSWLRQ DQG WKH JDV P L[WEKH KV BWUW E®O R G RWRV K HIFHRQ HH U

/HUWLDU\ IHHGVWRFNYV

7KH EHORZ IHHGVWRFNV UHTXL U HHBIW VOMHRRNV LRIQEX DN FWR Q GO

$URPDWLF K\GURFDU

1HHGHG IRU 3(7 S [\OHQH VF
ODERUDWRU\ XVHV

7KH PRVW UHDVRQDEOH SUF
SURGXFWLRQ RI EDVH DURPDWLI
LQYROYLQJ WKH F\FOL]DWLRQ R
JHROLWH FDWDO\VWV :LWK SUR'
& DURPDWLFV ZKLOH ZLWK EXW

%HQJHQH PHOWLQJ DW WKH [\OHQH \LHOG WKHUHRI LV I
3KRWR (QGLPLRQ

'UHKHU ( 7RUNHOVRQ 7 5 SHHORMIRHWKDQHY DQG 8BORD@E WK(@F\FORSHGLD RI
,QGXVWULDO &RHPLVWU\ R BR
S5RVVEHUJ 0 /HQGOH : 3IOHLGHHKHU *( 7/ PIHM US ( SIDORU LTODWHG +\GURFDUER!

800PDQQ V (QF\FORSHGLD RI ®RBXVWULDO &KHP LB/ WWXE



7KH IRXU [\OHQH KRPRORJXHV R\ O\ HD PG[ HOMIQID ESI Q] HQH
SURGXFHG VLPXOWDQHRXVO\ DWH VD W RR\G IGM ISRIQ\G L'Q Y W QOSIIRFL R
GXH WR WKH VLPLODU ERLOLAY ISRLQWNF \WRR GD[OOHOQOM WBEOL]DW
DQG p& LV PRVW FRPPRQ 7KH BBWHXEEW LMWHD BIBWHY SUREVRUS
S [\OHQH E\ D PROHFXODU VLH YHQIRWHUFEF® YEHHUY HMAWHRWBIG WR LW
PL[WXUH RI KRPRORJXHV E\ UH DR DR]} R HW HD DDIWILG\MWP BV K H |, \
SURFHVV $ ZLGH YDULHW)\ RI RWERRQ YSHURFIHRQ/ BV VAZIEH® GLIIHUF
WKDW DUH EH\RQG WKH VFRSH RI WKLV VHFWLRQ

IDSKWKDOHQH
1HHGHG IRU 9HFWUDQ SURGXOWILRY \LHOGV DGGLWL

2Q (DUWK VLPSOH K\GURFDUER®Y LZDWK KQ JXQGHG ROFORI \W U
DUH JHQHUDOO\ UHFRYHUHG DVUIHRNDREXNLRD X QRO YADR.IDM® BDH R 11 ZR U C
ORZ SUHVVXUH S\URO\VLV RI KGXENUH B ORD OHYW R IW/RI G FR@XFH R
SHWUROHXP \LHOGV D QD DHEWK RQN QFHR QM B MR DON\OQDS
EH SURFHVVHG WR XQGHUJR K\ RURQHDOWLORYRRQW QW K\B& Z LW
FDWDO\VW RU P& ZLWK D FKRIRFRL®EA R[LE R HEDODWP R)XGH PRO\I
R[LGH FDWDO\VW

$FHWLF DFLG
1HHGHG IRU 392+ (92+ VROYHEMGIRBU/WHUHSKWKDOLF

KLOH EHVW NQRZQ IRU EHLQJ SURERMDAER Q QDOIEREWR LB O
DUH PDLQO\ SURGXFHG E\ PHWKDRGR®W LFFOQJ RR @ XOWDDAQLHR QQR S KRY K D F
DFHW\ODOGHK\GH 1HZHU SURFHIVNW D@ RO YHWR\IO3HQMLRQ R

OHWKDQRO FDUERQ\ODWLRQ SURFHHGV DV
&+2+ &2 2 &&22+

7KH ORQVDQWR SURFHVV UKRGLXPWLXYW DS R RVH\D\WQ A QHFZIHXP ¢
FDWDO\VW DUH W\SLFDOO\ GRWHIHSDRFHNHG3IBEYHQ P& BEWPRVSKHUL
ZLWK VHOHFWLYLWLHV RI D QFAD U E RROU PARRHVR KID@HR OUBI§ SHE W LY HC
&DWLYD SURFHVV LV PRUH GHWLDOBOM LV VPWRKH Y WDEXHP FQG QR
LV UHTXLUHG %\SURGXFWV LQKODXRGH KF\IBWRIG G LROPIGGEURSMRQLF

3URFHVVHV LQYROYLQJ R[LGDW IORRZ RAHIO\IGRWREDIWER BXWK D@ M |
VHYHUDO SRWHQWLDOO\ XVHI®BDOWN QU PHHGHDUR G URBKW DO G HK \ (
SHUR[LGHY DQG NHWRQHV 6RPH SWFF BWYWRIFW\DWHY QR & P DHDKO\O H (

YDEUL - *UDHVHU 8 6LRBH@E®OPDQQ V (QF\FORSHGLD RI ,QGXVWULDO &KHPLVWU\
GRL D B
&ROOLQ * +qNH + *UHDLPKWKDOHOQOH DOG +\G8BROPBEY KND@FVFORSHGLD Rl ,QGXV WL
&KHPLVWHL D B SXE
%HUUH & / 6HUS 3 .DOFN3 3 BRUIWHO BSFQABDQQ V (QF\FORSHGLD RI ,QGXVWULDO &
GRL D B SXE




HWKDQH DUH PRUH VHOHFWLYHRXKS WBVVHWRWWANKBPKLUHG ZLWK
FROQYHUVLRQ YHUVXV PHWKDQRGE WHRZNMHE PGXWXWRH WERHWXHR[\J]
EHORZ H[SORVLYH OLPLWYV

(WKV\OHQH JO\FRO
1HHGHG IRU 3(7

(WK\OHQH R[LGH LV UHDFWHG KLWHQZDWHBR®OR JHQHUDWH H\
&+ 2 +2 2 &+2+

7KLV UHDFWLRQ RFFXUV ZLWKERIOD ZDWR @\ KWW O EXOWI R RO \DV
DW p& DW QHXWUDO S+ 7KH UWHDRWIORQ BUWRIKFH HGW KILIKHU WHP ¢
HLWKHU YHU\ ORZ RU KLJK S+ RS ORDHNLDYD WWYH @® DE & D WLKIWIR U P D
HWK\OHQH FDUERQDWH ZLWK FDIRER/QKGGR R G\ L¥KWRKQHDPBIDY S X |
JO\FRO ZLWKRXW DQ\ SRO\PHUL]DWLRQ E\SURGXFWV

2 & 2 &+2 2 &+ 2 & 2
&+2 & 2 2 2 &2+ 2 & 2

2WKHU SURFHVVHV WR SURGXF R HTWK\NDIHXQIHHINDK FERHOQ AL R/[K_FSXV
IURP FDUERQ PRQR[LGH RU HWKINDWRE DUH EHLQJ LQYHVWL

$PPRI[LGDWLRQ EDVHG IHHGVWRFNYV
1HHGHG IRU 3%$1 FDUERQ ILEUH 39'& FRPRQRPHUYV

1LWURJHQ EHDULQJ RUJDQLFV SU¥REXPWIRDQ F WHREQ WLERUGD C
WKH 62+,2 SURFHVV ZKLFK JHQFKHWW®R® VWUAWDW RDEWRABIHY DQG K
F\DQLGH ,W LQYROYHV UHDFWLIQJGSERSHQHWLWK DR PR QIQ0G

p& RYHU DQ\ RI D YDULHW\WRKH BWIDFODYWW D WZINWW JHQHUDOC
DFU\ORQLWULOH

+& &+ &+ 1+ 22 +& &+ &1 +2

BHOHFWLYLW\ LV KLJK U PLVGV Z OW B VDITR@I R X VSSIKDR' H SUR
$PPRQLD PXVW EH VFUXEEHG ZLQUKD\WPPRQEUXF DKOGD WM HRWH]F HV
QHHGV

ORUH XVHIXO RQ 9HQXV DUH QHZHY ZAWRF RRVYHVHDKILEOK BERJIX]|
SURSDQH LVKHU K\GUREQVBRD®G RI SURSHQH RSHUDMANMNQJ DW KLJ

P

S5SHEVGDW 6 OD\HUWK\OHOH 200 QQ V (QF\FORSHGLD RI ,QGXVWULDO &KHPLVWU\
GRL D B
/IDQJYDUGW 3 $FU\OR@BIOMOPIDOHY) V (QF\FORSHGLD RI ®RBIXVWULDO &KHP LB/ WU\



&KORURIOXRURFDUERQ IHHGVWRFNYV

1HHGHG IRU 37)( )(3 FKORURGLIOXRORPHWKDQH 3&7)(
WULFKORUR WULIOXRURHWKDQH

+DORJHQ H[FKDQJH LQ WKH SUH VRAQLFIH R DDAQD D QW R RHDO G\K @
RI FKORURIOXRURFDUERQV ZKHFKPED® EMR G IPKWRUREE | QRBURP H\

&+&0 +)2 &+&0) +&0

7KH SXULILFDWLRQ SURFHVV UKTUAIFUBNLDEG ZDXKWDR) ® WK M X@
UHTXLUHV D VPDOO DPRXQW REZHRKQREDWHKRW UHQHZDO EHW

)JRU WULFKORUR W U L VOARRRNR H W KADHOMU DVAKKHD RHUHRGH W K\ C
$OWHUQDWLYH FDWDO\VWYV | RO WA YOXRRIRIBWHVDIQEE- R B BH. XIPU F

&& &&0 +)2 &0& &&0O) +&O

2ZWKHU ITIHHGVWRFENYV

1RW DOO FRQVXPDEOH FKHPLFDOWLPXVRM DM SIUHD/H @ WWDKM W
4XLWH WKH RSSRVLWH ORFDOG BRGXFMIRDGFOSDBEWHF KR WD OO
WR VSUHDG RXW WKH HQJLQHH WV PRY¥WYVRQOWWRKKWWBEP® EXI
KDELWDEOH HQYLURQPHQW D Q GQDV WIQF WEW X8 HJ LPQYLVD E HV SWRHANES L
VKLSPHQWYV Rl FKHPLFDOV QRW DYWDEDHOFRORWRABQVDUH DF

7TKHUH LV DQ DOWHUC
LPSRUW RI FKHPLFDOV IU
KDUGZDUH GHGLFDWHG W
SURGXFWLRQ SURFHVVHYV
SURGXFWLRQ SURFHVVHYV
FKHPLVW FDQ EH VHHQ D\
PHPEHU RI WKH FUHZ IRU
PHGLFDO PDQXIDFWXULQ
SXUSRVHV $ URERWLF FK
FRXOG KHOS DXWRPDWH V

FRPSOH[ ORZ YROXPH VX 2yHUWXUH D URERWLF FKHP LVALO \O\IE

EH XVHIXO RQ 9HQXV EXW DSSOLFDWLRQV 3KRWR | 7 KH BHUW
FRPSULVH D ZKROH YROXI &DOLIRUQLD WKURXJK WKH /DZUHERUDY

‘H ZLOO KRZHYHU GLVFXVV FKHP\LWIROW KZH. W R YD-SSROSH EL® WK H L
WKH QH[W VHFWLRQ

6LHIJHPXQG * 6FKZHUWIHJHU W YHLGIHXU $) GBRDHO + JOXRUVBHK &SRPSRXQGV
2UJD@BFOPDQQ V (QF\FORSHGLD RI ,GBRXVWULDO &KHPLWBWUSXE







(QYHORSH

7KH HIWHUQDO HQYHORSH LV WEHHQ MK R D E\. WSSOELCCHAVD. B 19 DE
WKH KRVWLOH FKHPLFDO HQY LUHRQYH QW BYXUWHM GRI SXYWUBRVWYV

7UDQVSDUHQF\ WR DOORZ IRRZKW® DIQI®NFVWRADY HIDDWQIW JUR

SHMHFWLRQ RI QHDU LQIUDUHBGH®ISHWD WRUHYGXE 8 DQWRD UH

DOWLWXGH KLJKHU SUHVVXUI®MQYWNREPHQWY DW D JLYHQ

7ROHUDQFH WR WKH DFLGLF HQYLURQPHQW RXWVLGH

7KH DELOLW\ WR ZLWKVWDQG KLJK WHQVLOH ORDGYV

/JRZ SHUPHDELOLW\ WR ERWK HQWHUQDO DQG H[WHUQDO JD"

89 WROHUDQFH

$FFHSWDEOH OHYHOV RI FUHHS

/JRFDOO\ SURGXFLEOH ZLWK PLQGPRGLHNVQXIDFWXULQJ GHSH
. 3UHIHUHQFH IRU PD[LPL]LQJ WK XVIH) B | HFGRHPFPHR@WH/O @& P\M iy O

IRU RWKHU SXUSRVHV ZKLOH PLKQRPH@W W KH RUGRU WD WY

2 & 1 6 &0 + )

9DFXXP FRPSDWLELOLW)\ IRD@XW.QJ LQLWLDO KDELWDW WL

,Q SUDFWLFH QR VLQJOH SRE&EW QU G\ & IV\M KN H\D BIO/ODRM  WH
GRZQ YDULRXVY FDQGLGDWHYV LQQWRD @Y EHJ ISR 3/HRUBWH.IY W EKBRMY VLK
FRPSOHWH OLVW RI SRO\PHUVRI MRVUW LCF RQDW RQ V8RO MHR/MU VZ LW K
PHFKDQLFDO SHUPHDELOLW\ SWU\R®SHYMWLIHW\DRHVYR3IH 6 HD/F U/RJ D Q)
ILIXUHV H[FOXGH VSHFXODU UNIOHPWWRYHZWRFKHLQBBWDRDVH LQG

SHUPHDELOLW\ ILIXUHYV DUH IRU p.
&RPPR|, THQVL 3HUPHDELOLW\ Ps
sKkRUW { PDUNH T2YH vwUuHdoHOw e ng&
QDPH 1 03D t2 &2 2
)(3 THIOR H H H
$FOR
3&7)( | THRIO H H H
(&7)( | _+DOD H H H
39) 7HGO H H H
3(7 0\0DJ H H H
39'& | 6DUD H H H
392+ +LIK 6HYHU 6XSH| 6XSH]
(9%/
©2e | gt H H H
_ 6SHFW
8+0:3( | \QuHP
&) &DUEF
9HFWU[ 9HFWU
3%2 | =\OR(

BURSHUWLHY QRW GLUHFWO\ D&B UGDW B\GK KW DLQINHDE R@RQPGHU HDFK LQGLYLGXDO SR

OF.HHQ

/o SHUPHDELOLW\ SURSHUWLHYV RI $POWKHWULED D GWHIILHWRPHU V




1RWHYV
392+ VWUHQJIJWK SHUPHDWLR @ BEOHD GXXH MUIRDIOWY @RW HUWY b

&DUERQ ILEUH DQG 3%2 GR QRWRPHOWDNXGRIU@\DWWHKLEK JLQ
WHPSHUDWXUHYV

SHUPHDELOLW\ ILIXUHV DUH KDQROD YH WIHBRWHV HR& O\ PHG
(92+ DQG 39'& WUDQVSDUHQF\ HWWEP BWDGN DJ R3N DH ¥ U VIHHE0!

(92+

,Q WKH IROORZLQJ WDEOH WKMLQD¥XP0F FRRIDONQLEV®LARV VD
&98&0 &ROOHFWHG 9RODWLOH &R ®GHQOADEDHLOEWHULDQG PG\ F
ILJXUHV DUH UHSRUWHG WKH WLIGIEDBIGGY\D B XX A W\R MSD B EFRH D

UHVSHFWLYHO\ 2Q DOO XQMPDPAGHUDEMORDG LVV IDYRUDEOH

6KRU 01J 89| $FL|+2 &9&(0 89 )
QDPH 2 & ! &q + ) HDV&UH WR| WR WR70/ EOR| EOR

) (3
3&7)(
(&7)(
39)
3(7
39'&
39%
(92+
8+0:3(
&)
9H F WU
3%2 OLG| OLG

IRWHYV
)(3 RXWJDVVLQJ RFFDVLRQDOOWQPXHK KRIYIHKY WO LPOWKRXJIK

89 LV WUHDWHG DV XQIDYRUDAENOHIH WKDRALI1K EORBR P JHO

8VLQJ 70/ IURP 39& IRU 39'& 39& LM YKHQKEO\WIOH) YIDHOLQJ VWDQGDUGYV RI RXWJDV\
PHDVXUHPHQWYV EXW XVXDOO\ QRW YDFXXP FRPSDWLEOH

8VLQJ (92+ IRU 392+ RXWJDVVLQJ GDWD

1R RXWJDVVLQJ GDWD IRU 3%2 K[SHFWHG WR EH PRGHUDW

6XUIDFH OD\HUV FRDWLQJV

6XUIDFH OD\HUV RU FRDWLQJV WUWW H DBHKIRXOK \OKRRMI RSRO\P H
QRQ IOXRURSRO\PHUV PD\ SURYWHKRXIOIGF LGDOQRWA \Q H HAVR.Y OWDFQWL R Q

LQVXIILFLHQW

*HQHUDO SURSHUWLHV RI 10XR U RSRZOWHQUWL 0 @ ROXIGHQ B VH
UHVLVWDQFH KLJK FKHPLFDO WHDELIVOKIVQ FK\ GYUIRSIKIREEQ IF SIHQW L | R
WR ERQG 7KH GHJUHH RI 10XRRMW WERRQH RUE HHHOR ZU M PJHO\ C
KRZ VWURQJ WKHVH SURSHUWLH® RIUH XERUN GDY'WMORD AR CMYWR C
JURXS V VXSHUODWLYH SURSHUWLHYV

2XWJDVVLQJ 'DWD IRU 6HOHFW 6IS(HE H &3 D5l MAWWOLDLW N W BDIAMR PFOONV JDV VLQJ QDVD JRY



.. )(3 7THIQRQ

$ PRUH UHFHQW YDULDQW RI 37)
7HIORQ )(3 LV D FRSRO\PHU RI SU
WHWUDIOXRURHWK\OHQH 7)( DQG D
KH[DIOXRURSURS\OHQH +)3 /LNHO®
37)( WKH FDUERQ EDFNERQH LV IX0G
WR 37)( LW SURYLGHV LPSURY HGID B
DQG UHGXFHG DOWKRXJK VWLR® XKWL

PDOQXIDFWXUH LQWR ILOPYV
3KRWR 6DLQW *REDLQ
30ODVWLFV

7KH SURGXFWLRQ URXWH WR )(3HJUBVFDORQ@V3IOQXUJHO\ WKH VDP
&KORURGLIOXRURPHWKDQH LV RWDOYXKEBE WOYHU RUQFDWBERQ WXE.
DORQJ ZLWK VWHDP WR S\URGIQH LT ( WBWHWUDLEBXRBURE® K\ O
VHOHFWLYLW\

&+&03 ) & &) +&0

&DXVWLF DQG VXOIXULF DFLG ZBVWWHR @ U HVWIHIEO IRVULKERUILQ
RI D SRO\PHUL]DWLRQ LQKLELWEBDUDWHK DWKBLBSEHR\WBO® SWRGXF
+)3 DV ZHOO DV XQFRQYHUWHG HAKBGRURIULHUXRURRFHWHKOQH JUHI
IUDFWLRQ ZKLOH ORZHU SUHYV VEXW IHR/QL @ U B \GH. IWLKEEK G W WURD V W R L
UHTXLULQJ LQKLELWRUYV DQG RW ®SRRESWHRP S WWRVXBGHVLWZKHWGEURQ
ZLWK VLPLODU IRUFH WR JXQSRAGRHVWRBHY PXFK HDVLHU

&RSRO\PHUL]DWLRQ RI +)3 DQG 7DQLN[FBVUWV [RH G- FBXB/XHLWR L\
ORZHU UHDFWLYLW\ DQG FDQ EH GRQ@ ®XKWRSVL B HIGIDOH RB¥XMJ RRG L F
UHVWRFNLQJ RI GLVSHUVLQJ DJHRW? XRXRIR W DIFOPRH) LX© GS L Q L W
DV SHUVXOIDWH ZRXOG EH UHTKRQEBF\WHGDMQAWRQ\PRVUVWHEHQ
SRO\PHUL]DWLRQ 7KH GLVSHU VR RRQOPLVQREHFRDRFLHMIWHIZVLD W D W F
GLVSHUVLQJ DJHQWV D PRUH JUP®XODE SHRWXEWRFBIY VELHQ $WH T
FRUURVLRQ UHVLVWDQW DOOR\V

7HIORQ) )(3 )OXRURSODVWLF J_JORKRBRREHYWWLHY %XOOHWL
7HIORQ) )(3 JOXRURSODVWLF )LOP&KHPIRXPYWLRQ %XOOHW
7THIORQ) )(3 JOXRURSODVWLFE )LOP &RHRRNXUVLQJ DQG 8VH
%LURQ 0 7KHUPRSODVWLFV DOG WKHUBR®SWHBW\GDP FFPSHRWLHUH V
&DUOVRQ ' 3 6FKPLHJH®RURSRO\PHUS8/OQRDQQLWF (QF\FORSHGLD RI ,QGXVWULDO &K't
GRL D B




. 3&7)($FORQLHRI)IORQDQ®&7)( +DODU

3&7)( DQG (&7)( DUH VLPLODU
WKH ODWWHU EHLQJ D FRSRO\P
ZHOO NQRZQ IRU LWV KLJK WUDWQV
ZDWHU SHUPHDWLRQ RI DQ\ SODV\
(&7)( KDYH UHODWLYHO\ KLJK SHU
JHQHUDO %RWK WROHUDWH GHHS
WKH VWDQGDUGYV RI IOXRURSRQ@\P
(&7)( KDV UHGXFHG IUDFWXUH DQE
WHPSHUDWXUHV 3&7)( LV VRPHZK
HOHYDWHG WHPSHUDWXUH |UDRWHID OQG FRW HY ODRWUQRDW KV (.
HDVLHU WR PDQXIDFWXUH IURPJEQ®HWR TAKK-HWR P B B\&Z HOGSWAG V
PROWHQ VWDWH PXVW EH PLQLPVY]BIRBZ DMVEKRW MPB® M DSRPHWLE H\
PROHFXODU ZHLJKW 3&7)( LV XVWB BYDDMWREO]R UWKHHDX®IN SRO\F
DV EHLQJ XVHG DV D OXEULFDGWHVQOHTXILSP RQWH QY KOIMVE KRQ URV
FKHPLFDOV

3KRWR &6 +\GH &RPSD

ODQXIDFWXUH RI WKH IOXRULQPRUHCH WRQRIPGIN & K)J R B R DM
VLPLODU WR 37)( )(3 LQ RUGHWR MK RYRHIWDERD LI\WMEAKORF N

WULFKORUR WULIOXRURRQSD@ARHYKHLBRROYAHRPGHKDORJ
PHWKDQRO RYHU JLQF WR &7)( DQG JLQF FKORULGH

&0& &&0) =Q ) & &&0) =Q&O

ORUH DSSURSULDWH IRU RXU QHMHGWHBRW®GU BEHHQRI DIY\R H G| LYK
LQVWHDG UHO\ RQ D UHDGLO\ R[OXHRY UGH) WZA S IO SRRYSZSROWH FLC
JDV SKDVH K\GURGHFKORULQDWLRQ SURFHVV

&0& &&0) +2 ) & &&O0O) +&0

3&7)( SRO\PHUL]DWLRQ UHTXLWHVDQGE H DQ Gl B R LELFWLBD & R
VROXWLRQ VXVSHQVLRQ RU HPRQV LIRSS ISD B RAHR/ PR VP XQWH U H\
SRO\PHUL]DWLRQ LV FRQGXFW HIBWRYY HH @R I# D W)DWI\DMWH ELWXOW K H
FRDJXODWHG E\ IUHH]LQJ ZDVKHG DQG GULHG

(&7)( SRO\PHUL]DWLRQ LV VLPLOWHG EDXW YQX&NU E H & R® GRIP P
SURFHVV LV WKH GLVVROXWLRQDRN ) Z D\ K Bl WKANOFK@R UG D F H W\
FDWDO\VW DQG FKORURIRUP VDQIVA KO RDURFHW KIRPH FURE BVW U V
SRO\PHUL]DWLRQ LQ PHGLD DV URRZXBM PRWHR WKIEURMROSFUDFN U}
SURGXFWYV

1(2)/21) 3&7)( 0 6HULHV 'DLNLQ SHWWIWYHEAWRANLO FRP FKP SUKRMECXFWY UHVLQ UHYV

+DODP&7)( 6ROYD\ S5HWULHNYWMWMGE IURP VROYD\ FRP HO PDUNHWGE BORBRGCXKEFRG/XFWYDIHBWRO

%LURQ 0 7KHUPRSODVWLFVY DOG WKHUBR®SWHBW\GDP FFPSHRWLHUH V

&DUOVRQ ' 3 6FKPLHJH®RURSRO\PHUS8/OQRDQQLWF (QF\FORSHGLD RI ,QGXVWULDO &K't
GRL D B




. 39) 7THGODU

'LWK LWV FDUERQ ED
RQH TXDUWHU IOXRULQDW
HOHYDWHG WHQVLOH VWU
GHQVLW\ ZKLOH LWV 89 T
UHVLVWDQFH DUH VRPHZE
SKRWR 'X3ROW WR RWKHU IOXRURSRO\PH
HQYLURQPHQWDO WROHUI
JHQHUDOO\ VXSHUE 39) LV QRVDDRY HLIEHKRURSIR® \IP\H WAK HEXW X Q ¢
KDV D KLVWRU\ RI XVDJH LQ DLUY KES HRQWIDRGHW =H S S

:KLOH PXOWLSOH SURGXF WLRIQGHYRRXPMIRP WIR M KWW LY KMH I'DIXARS
,658 LV IOXRULQDWLRQ RI DFHWIDEBQHVNRYHU D PHUF XU\ FD

+&C&+ 2)+ & &+)

JUHH UDGLFDO SRO\PHUL]DWLRI®XRUR/SRO\OHUN ZEXMK WRWW
SUHVVXUHV DUH KLJKHU $ W\SLFDO® GG PFSNVR{UGN RDVDHR FDWD
p& DQG 03D 39) LV XQXVXDOPLHOWKDYR FBQQRG EHIHFWO\ G
LQVWDELOLW\ DERYH LWV PNOWOYHGRIQ W VR W/Y PIQWVWDEHS GLKHQ
K# & RXWJDVVLQJ SHULRG LV UHF FRPISQ®H G LIRIUWY D F X X

1RQ IOXRURSRO\PHUV

(IDPSOHV RI QRQ IOXRURSRO\PHHEAWDEWK PRWG QW VDY WD DR FF
SURGXFWLRQ FKDLQV DQG JRRG WLDP® VEPUBRE \FIRPFESRX®HGF9 & 39
39'& DORQJ ZLWK SRO\HWK\OHQH HYBIUSRGEWPHDWYOX UBH EH GLVF X\
VKRUWO\ 6XUIDFH OD\HUV RI R\RIONHWIR OHHU VF DX PIOWR EH 10 XF
FRQVXPLQJ RQO\ VPDOO TXDQSMWLR¥FIHW Rl IOXRULQH LQ WKH

%LD[LDO UHLQIRUFHPHQW DQG EDUULHU OD)

3HUPHDWLRQ UHVLVWDQFH DQ® WM ¥ R EQBWHGU B IQW W K IDIKHGRI
SRO\PHU FU\WVWDOOLQLW\ EXKWUKLDKE\VW\S\LWVADDOO IRSD BRID\FR DF |
SRO\PHUV DUH W\SLFDOO\ EL 5 LCQQ\QR UH[MUWMGR § WUGIGVRKBW T

3RO\YLQ\O )OXRULGHXBIRGPV BBWULHYHG IURP
KWWS 777 GXSROW FRP SURGXFWNVDIQGPABY L FIHOP FHOERD Q

%LURQ 0 7KHUPRSODVWLFV DOG WKHUBREWBW\GDP FFPASHRWLHWH V

BWRFNEULGJH & &HUXWL $ $SDDVUKRBFSHVHDUFK DQG 'HYHORSPHION 6W UKKRVRXUHDV F
"\ODPLFV DOG (QHUJ)QAWHWWBPWLRQDO -RXUQDO RI $HQRADXWLFDO DQG 6SDFH 6FL
GRL LMDV YV

1RUULV * OBV\EULG +RSHV $0 .QVLGH /RRN W KISBHLOWIRED HHN  $L

6LHIHPXQG * 6FKZHUWIHJHU W 9HLGIHKU $) ORDHO + JOXRUVEBHK &RPSRXQGV
2UJD@FOPDQQ V (QF\FORSHGLD Rl ,GBXVWULDO &KHBLBWU\SXE

&DUOVRQ ' 3 6FKPLHJABRURSRO\PHUS/OQRDQQLWF (QF\FORSHGLD Rl ,QGXVWULDO &Kt}
GRL D B

2XWJDVVLQJ 'DWD IRU 6HOHFW 6lSQHE B 6$J D5l MWVOLDLM M W IEDIONR PROON JDV VL QJ QDVD JRY

'"KLWHOH\ . 63RO\HWK80BRPBIQQ V (QF\FORSHGLD Rl ,QGXVWULDO &KHPLVWU\

GRL D B SXE




FUHDWLQJ FU\VWDOV ZLWK ORZWXHPKRQHBWYX BHODWWLW HDWE W/K X\
VFDWWHULQJ

. 3(7 0\ODU

KLOH 0"ODLWD[LDOO\ RULHQWHG 3.
WKRXJKW RI LQ WKH FRQWH[W RV W OX\
EDOORRQV WRGD\ DUH PDGH IURB D@®.
SRO\HWK\OHQH 3(7 LV VWURQJ WQG
DOWKRXJK VRPHZKDW EULWW OKIXP WGk
, WV PRQRPHUV HWK\OHQH JO\FRODIDDN
WHUHSKWKDOLF DFLG SUHYV HQXNDIF WX

SURFHVYV
3KRWR 7$3 30DVW

(WK\OHQH JO\FRO SURGXFWLRQ KXOWOE HHRQU G K If XRWWKIHEU SW HR
PRQRPHU RSWLRQV ERWK EHJL® LG WX BgPRNGHD ®ZBWL®W RH VRO
R[\JHQ WKH R[LGDQW DQG FDWROPRED ®W HPARPIDL@IWHLRQE EUR

S [\OHQR 2 WHUHSKWKDOPRF DFLG +

7KH WHUHSKWKDOLF DFLG LV H®E WG/ BONE DFL WD WKW \6ROY
RI DFHWLF DFLG DQG S [\OHQHLGDN DRY W RV R DRRFFRSD RILIG IRY D QG
DV WKH ORVV RI VPDOO DPRXQKRZRY EURP Y QH ZAKROBIO W WO GV DU
ZLWK KLJK VSHFLILFLW\ :DWHUWRYQDBSRXW WV RIHPRMHBUK\GH WHUH S
FRQWDLQV VLJQLILFDQW LPSXDEMA HYHRXLURQRB\DBKXQLRLFDWLRQ
KLJK SUHVVXUH K\GURJHQDWLR®QWHD WOHUHSKIWKD Op& [XAMBK D
&RQYHUVHO\ FUXGH WHUHSKWKD W/IRF @LPLHEWKD Q & IV SAKWIUKLD IO D W
SXULW\ E\ UHDFWLQJ ZLWK PHWKDUFRMHQWH RI Rp[& QKQW K

$Q DOWHUQDWLYH URXWH WR \8YPWHWP KOD W KMURH S/KIW K 3 & D/\K Bl O
SURGXFWLRQ ZLWK WKH R[LWEW LMRHY AM@DWM DY ¢ DAL WQMHNP HG L |
HVWHULILFDWLRQ VWDJH LQY R®DY LTKH UHDRFGKLIRD LAL\S K FPGVE IKIIBQL Q
WKDQ DFHWRQH DQG EURPLQH LD PW LARRQRH W KIH BXILRIGDG W[WH T X L
PHWKDQRO ULQVH HYDSRUDWHRRLYW DJNWSBX\DVGH I$X ULRMF DW LF
&RQYHUVHO\ GLPHWK\O WHUHS KWK XQ DKV B XFULQV E MW IF RO S KW KHGGL F
K\GURO\VLV SURFHVV

3(7 SRO\PHUL]DWLRQ SURFHHGVHWLMERWMRMI BYGWUDQVHV\
SRO\VFRQGHQVDWLRQ ERWK GULYRIQIEVHRQID\Y KB XD/QGHRWR PBIOV K |
IRUPHU H[FHVV HWK\OHQH J®L¥RQAMDWK R @ D WWHK U0 7Y MDKH UDZ

%U\GVRQ - $30DVWLEFV PMRQHBRIY NWXWWHUZRUWK 6FLHQWLILF
O\OBRO\HVWHU )LOP 3URGXFW ,Q HRYUHP® WLREK) 'X3RQW 5HWUL
KWWS XVD GXSROWWHLMLOILGRY CFARAPDIGYI BY P\DW¥ IDROBRBIDGW AKKHUPDOB3URSHUWLHV SGI

%LURQ 0 7KHUPRSODVWLFVY DOG WKHUBR®S WHBW\GDP FFPSRWLHUH V
0\ODU +LVWRU\ DQG ODQXIDMHWXW IEHWBEHNQ®UIULRKE 'LU
KWWSV 7Z72Z VELHOWLILFEVROQOLGH WREF 6 UIROBPXV WHM\WD U UHI

6KHHKDQ 5 -_7HUHSKWKDOLF $FLG 'LPHWK\GKWKESKWBOPDRYH CQFAFURSHGLD RI
,QGXVWULDO &RHPLVWU\ D B SXE




PHOWHG DW P& DQG WKHQ HQHQ®HNERDL WK MOKH ZH WK\ @$
UHTXLUHG :LWK '07 WUDQV HV RRMNH ULLFDWDLARRR \VF\D MY B\VAWANO HP H Q
SHULRGLF WDEOH DUH HVVHOQRQDO WR \BEK Fi$0 MKBIW H FWWR 8WS U R F H
SRO\VFRQGHQVDWLRQ HIILFLHOMH¥FWLYHDQ GLVWHIXDZADE WRLP L
JO\FRO ZKLOH WKH YLVFRVLW\VLDRQBRVWWG7EW 3URFHWDQG LV W
ZKHQ D VHW YLVFRVLW\ LV DFKLHYHG

,Q ELD[LDO H[WUXVLRQ D UDRBLEFKXKHQHKVKWH NP\DHO@OWRE DY/ WD
DOORZV WKH ILOP WR EH WUDQVSDUHQW WR YLVLEOH OLJKW

. 39'& 6DUDQ

6LPLODU WR 0\ODU WKH EUDQG® Q\D@RIP6HU R QnW.K/DRV WHRG D\ V
:UDS LV QR ORQJHU 39'& EXW SREBWHWKRXHRW RBI9D& FFOXF K P RUH
SHUPHDWLRQ UHVLVWDQW Y D WIQDIQMK R | Z30&0 GWK MV IOIDUINGVRRIV B Z L ¢
SODVWLF GHVLUHG IRU LWV FRP EZRWDNOILRID RWKDQGRLVIK AKHP LI
UHVLVWDQFH $W MXVW DERYH&WV REOWDEBPSHYG® \VEXEKORULQL
PXVW EH SURFHVVHG FDUHIXOO\ LIDLBX@&WHE\VLWIVGKILPR BPH GW Y L\
RIWHQ EOHQGHG ZLWK a Rl RWKSHWRSRUVDELYIWR LPSURYH

7KH PRQRPHU YLQ\OLGLQH FKORHLGH'& IOV BRIGRRSXE H\G KA DW
! VHOHFWLYLW\ E\ WKH GHK\GWBERIORRURBWKRQHREZLWK D FDX
VXFK DV VRGLXP K\GUR[LGH
+&@ &+&0 1D2® + & &&0O 1D&O 2 +
&DXWLRQ PXVW EH WDNHQ ZLWK \WKO R KRDK W QOE H [B\GRRIG
RQH ZLVKHVY WR DYRLG WKH QHIHE IRUXSYWRGEXF IDQS\UBRBFWAF FUDF
LV DYDLODEOH DOEHLW ZLWK ORZHU VHOHFWLYLW\
+8&R &+&Q + & &&O +&0& &+&0 +&0

7KH ODWWHU UHDFWLRQ DYRL®RW MRKH KK OR GR DEXW LO/HQW LHD[!
UHVHDUFK SKDVH RIWHQ WURXHBMN FDWSERO\WPW WA D WDIFRKY R Q

2QFH SURGXFHG DQG FOHDQHG ZLWRK EDXWNMDGLRYU PRIV RBQE
SHUKDSV WRR UHDGLO\ DV LWHN BPTCHQRRXOI® IQRR\O EFHHUWJRUHG |

ISQLFN + B6FKPLGW 0 %U%JIJDRLQVNSY%WHIRG\HVSOQAPDQQ V (QF\FORSHGLD RI ,QGX
&KHPLVWHL D B
6DUDQ) 3RO\YLQ\OLGLQH &KORULGHH WY IEH 5HI® LQR P
KWWS PVGVVHDUFK GRZ FRP 3XEOLBKBG/GWHUDWXUBM@E&SGI"ILOHSDWEGIVRGRF WV DIHY

HJ SGI IURP3DJH *HW'RF

6DUDQ 39'& 5HVLQV DQG WKHM: (6MWWRERHGWURP
KWWS PVGVVHDUFK GRZ FRP 3XEOLBKBG/GWHUDWXUE'2:8B0"ILOHSDWIGBODRWHEBVBDS

IURP3DJH *HW'RF

%LURQ 0 7KHUPRSODVWLFVY DOG WKHUBR®SWHBW\GDP FFPSHRWLHUH V
5RVVEHUJ 0 /HQGOH : 3IOHLGWHHKHMU *( 7/PIHIAHUS$ ( DIDORU LIODWHG +\GURFDUER(
800PDQQ V (QF\FORSHGLD RI ®RBXVWULDO &KHP LB/ WWXE




WZR GD\V ZLWKRXW LQKLELWRUDO®R F\PRIGX FIWHIR QW V JHRQHAL WK
LQOLWLDWRUV WR DFFHOHUDWH WKH UHDFWLRQ

'XH WR WKH GLIILEXOW\ RI KHDVRBRHRF HDW\HL QUHI %H GRPRQ® G G

&RPPRQ FRPRQRPHUV LQF ORGHYDIUQ\RX ¥ KFOKRAPLGH OV VWHP

IURP DPPR[LGDWLRQ UHDFWLRQWF P NOMKW® DIFFW OMRGH. WHINLIOHD P H
PHWKDFU\ODWH DQ. EXW\O DFU\ODWH

. 392+ ZDWHU JHO (92+ 93BG 6RDUYQRO

.QRZQ E\ D YDULHW\ RI DPEL.

SRO\YLQ\O DOFRKRO DQG HWK\OH

FRSRO\PHU ZLWK HWK\OHQH DW Y

XVXDOO\ HWK\OHQH E\ PDVV

VWUHQJIJWKY DQG ZHDNQHVVHV 7

SHUPHDWLRQ UHVLVWDQFH WR KF

WUDQVSDUHQW SODVWLF E XMW D

UHVLVWDQFH WR ZDWHU YDSRXU

SURSHUWLHYVY GHFOLQH ZLWK LQF

A\GURJHO VXSSRUWGLVVRLQGHHG 392+ LV VR YXOQHUDEDY
D 6 suLoQw 3krRwrR 7R¢LY VROXEOH IRUPLQJ D K\GURJH(

(92+ V HWK\OHQH FR PRQRPHU JUDW WY PLIWWHBS ZRWHI DIOE H\
UHODWLYH WR WKH HWK\OHQH B HWBRNVHQ RIDUH GXKIHNG FSFRFUHPWH DWLR Q
WR PRVW FRPSRXQGV RWKHU W KD 925 WHIT X)ILWHPV HWW H XAMHR @ | D
JHQHUDOO\ ZDWHU

7KHVH SRO\PHUV DUH XQXVXD® RQRPKIWGWHKWLYURMUN W XKL O
LQGHSHQGHQW VWDEOH FKHPLF D® (R2RQN B XHMVDOAH G 912U \D\Y E\
39$ DQG (9% ZKHUH 9% LV YLQ\O DEWMIDWMQ WKHVBISRQH IVH G

7KH PRVW UHDVRQDEOH SURFHVWDRMH SQRGIXW K QI YIIDOA Cb IOBFW
R[LGDWLRQ RI HWK\OHQH ZLWK DFHWLF DFLG

+& &+ &+&22+ } 22 &+&22+& &+ +2
7KH SURFHVYVY SURFHHGYV DW ! p& DYROLG EBSDRRSHWODGL:

DONDOL PHWDO VDOWYV RQ FDUSHUW L P\DWHW IORYV & R QRY HHWHK\FOH Q
DFHWLF DFLG +RZHYHU WXH SURKHVYV RIVDFHOHFWILFLG DQG

ILQDV - 'XILOV 3RO\ 9LO\OLGHQBOOPDMUWLFVHQF\FORSHGLD RI ,QGXVWULDO &KHPLV\
GRL D B SXE
392+ *RKVHQRO ) 7HFKIQISERQ 6IRKNHL 5HMWUWEY HAZ PURKVHORO FRP LQGH[BH VKWPO
3RO\YLQ\O DOFRKRO IRU . XUDSSOLEBWURRYHG IURP
KWWS Z77Z NXUDUD\ HX HQ SURGXWW®O\ S UREFRKWROURXSV SR

(92+ %DUULHU 5HVLQWX  DQGD\LGMWULHYHG IURP
KWWS 7Z7ZZ HYDO HX PHGLD VEEBTHY®EIB B P RKBAJIHV LQ

+LJK JDV EDUULHU)UHVYEQGR®DBRREOL SHAMWUWHEY HAZZURPDUORO FRP HQJ LQGH[ KWPO
%LURQ 0 7KHUPRSODVWLFY DOG WKHUBRSWHW\EDP FFOPVSHRWLIHNWH V




HWK\OHQH FRQYHUWHG WR YLQLWWBFHWRUN DBRO\PHUALIDWERQ G
R[\JHQ LV VDLG WR DVVLVW LQ WKLV UHJDUG

9LQ\O DFHWDWH LV SRO\PHUL]HGKIRP RESRX\PPGRIO 38E WKBH U DV
FRSRO\PHUL]HG ZLWK HWK\OHQHRQ9WHFBHA ISIRWXRHYVLPMELORZ PH
FRQWHQW FDXVH VORZ SRO\PHUIPIROHRQOBXWZKLIKBIWKILY PROH
ZHLJKW WUDQVODWHY GLUHFWO\HABK3®2+ (92+ PROHFXODU Z

7KH PRVW FRPPRQ FRQYHUVLRQ PIHWKREGLRY WRH WWR QYR T W
JHQHUDOO\ HPSOR\V VRGLXP PHWRRBLDGHP A KWIIFX WR TSXLRIGIXFH OR
+RZHYHU VRGLXP DQG SRWDVVLXPXXKNGU PR IEHQRBDWQKR Y VSR EAH V V
VXLWDEOH WR ORFDO SURGXFWLRQ

1RWH WKDW 39%$ DQG (9% DUH XWRHIX O LSIKRG X3ROW \ . @ QWKWK H U
K\GURJHO OLNH 392+ ZKHQ GLV VRROPFHHRQ DO YRWG WD V(9KRW JOXH
ZLWK RWKHU WKHUPRSODVWLFOLQW WHIBFMWAR ZDWHK W KWHIPF NFL | L
DGKHVLYH RI VWLEN\ WDSH (9% RNUNHD\GHL® \DMRDIRIDEG WDXEEHU XV
ZLGH YDULHW)\ RI IRRWZHDU DQG VSRUWLQJ JRRGV

2] WKH WZR K\GURJHOV 392+ IRUR VWX JORWHL E KIHFQ ® L PHFGVYV D)
WKLFNHQHU DQG H\H GURS EDV HOHIFW LIRDY DW D \PROOOEOH G S
VXEVWUDWH S5HDFWHG ZLWK QLVDUS®DD/FALIGF HWSPDRFVRF HVXSHIXO |
DFFHOHUDWLQJ VROLG URFNHW. & RRASKHHOUD. QW W BREQ Q\Z ZWRGA JC
(OPHU V JOXH XVXDOO\ ZLWK K® U I5R)OF WE G LALWHK ERQIFORELG 3
EHFRPHV D WDFNLILHU WR EH WWRHIGH DG RMCK IR UV VG K N VE N WW H U

ILEUH UHLQIRUFHPHQW

'KLOH ELD[LDO RULHQWDWLR®VF DQ RUH®HUWRH \DLIH. W XVGHH & I
XQRULHQWHG SRO\VPHUV XQLDMNWO HQUIWHKQW D @ IRRIGEG AD R | LAHIDI® L W
VWLOO 7KLV FRPHV DW D FREMWUXQQD RSO KIHE UHEF UHWHFIHQ EH HF
ILOPV UDQGRPO\ RU IRU JUHDWHU PHVEHQRVKH PN QD DURD®/HI U VW
XQLW PDVV ILEUHV DUH PDGHWRWKLFXEBEYHORS O IOWRNGYIFDQ E
WUDQVIHUUHG (DFK VWHS XS LVER H B X QMW HAVR G H FRIHB®WWH® WKH D
EORFNHG E\ WKH UHLQIRUFHP HQW WBEWWVWK HF RAMVD QY SIIHTKXQW 1LO
LQFUHDVLQJ VSDQV RQ LWV RZQ

SRVFKHU * 9L0O\O (VBMOPDQQ V (QF\FORSHGLD RI @®IXVWULDO &K HP LB/ WU\

+DOOHQVOHEHQ 3RU\YLO\O &RPSRXBOOPRQYAHMIYQF\FORSHGLD RI ,QGXVWULDO &KHPLV
GRL D B

6D[HQD 6 . B3RO\YLO\O YSER&RBPLFDO DQG 7THFKQLFDO $$VHVVPHQW VW -(&)




7KH EHORZ OLVW RI UHL(
RQO\ VFUDWFKHV WKH VXUID
RSWLRQV DV H[DPSOHV 2QH
LYV HDV\ WR SURGXFH DQG LQ
GHYHORSPHQW 8+0:3( RQH
PRGHUDWH OHQJWK SURGXFW
PXFK ORZHU FUHHS KLJKHU |
ORZHU K\GURJHQ FRQVXPSWI1
DGYDQFHG ILEUHYV IUHTXHQW
PLVVLRQV EXW ZLWK GLIILF> $ VDLO PDGH RI &XEHQ D ORRVHGII
SHLQIRUFHPHQW RI SODVWLF P\OPU 1RWH KRZ WKH ORRVH |LEQR
RI WUDQVPLVVLRQ %HIRUH WK HLWHI
FRPPRQ LQ ILHOGV WKDW UH gxELF 7HFK ZDV ZRUNLQJ WR PDUSR
IDEULFY VXFK DV FDPSLQJ D DLUVKLSYV 3KRWR :$5'2* n 6XUILC

. 8+0:3( 6SHFWUWIDHHPD

W FDQ EH VXUSULVLQJ WKDW \8RRO\H
K\GURFDUERQ SRO\PHUV PLJKW KH G HA\SY
VWUHQJWK ILEUHV ,W ERDVWWR &RW HR@\O
VWUHQJWK WR PDVV H[FHOOH QANDPKRHPIL
EHVW DEUDVLRQ UHVLVWDQNHNOR/IRDW R HS
SODVWLF WKDW KDV DOUHDG\ EBHY LIQRI
RI ZRUOG XVDJH IURP LQ VLWXRZHWYRXU R
ZLWK WKH VDPH GLVDGYDQWDJHYDRI $RE
SKRWR ILEUH /v xOQHUDELOLW\ WR 89 DQG ORZ3PHOW \
H[WUHPHO\ VOLFN DQG
IHHOV DOPRVW RLO\ WR WKHDWRIXEK H\Q DWGLMNY PQ WRREHV KV HG IF
SRO\HWK\OHQH XVHV VXFK DV HWPV PROGHG SURGXFWYV

*DV SKDVH DQG VOXUU\ SKDVH SIRRJF 8V0/:BY PRI MHHIHIH WY R Q
LQ WKH ,658 VA\VWHP GHYHORSHG LQOKDWUY x]DVHW DY XWLOL]JHG
SKDVH DOORZV IRU ORZHU FPWDNORWQVEXWQUWTLTRMWRINV FROQMXDUH
WHPSHUDWXUH FRQWURO WR SURHY HOQW HXQDEZO\ %R YO MHRHIDWL WKARLX \
RI SURGXFW DUH W\SLFDOO\ SURWE XV RAHQAUBAIRUHADWIHO \Y
WR UHFRYHU FDWDO\VW IURP W KH SOUR\GIG VE X\W UHH OUGRTX IDQW OV R
SURGXFLEOH R[\JHQ FDQ EH XVHW PWNWHWHFRIDOMWMUROWRI BERW\PHUL
DQG WKXV SURGXFW FRQWURO PRUH GLIILFXOW

7KH GULHG SURGXFW FDQ EH XWHHG BEXWMHEODW WOQFXRER WRLLH GV
WHQVLOH ILEUHV 8+0:3( SRZGHWRBXE VEIHRIH G \WR HPOP BOHQGHG

'RZQV 5 9HU\ /JLIKWZHLIKW +LJK 7HQDF MWX\GH & IUUSAK|IBSKF R Q YWKUDPFWL + 4 &
+RQH\ZHOO"6$SRRWWMHOO 5HWKWMYSHG IURPKROQH\ZHOO VSHEWUD FRP SURGXFWYV ILEHU
'"\QHHPD5R\DO '60 5HWULUIHNWE IURP GVP FRP SURGXFWY G\QHHPD HQB$8 KRPH KWPO
%LURQ 0 7KHUPRSODVWLFVY DOG WKHUBR®% WHBW\GDP FFPSHRWLHUH V
6HQ 6 &DUUDQ]D 6 3LO0OWLIXOFWLRQODO 0DUWLDQ KWD\BIWWHY LF] RIS RMIRV HQPW WAHU L D
UHVRXWBBNWDQFHY LQ 6SDFH 5HVHDUFIGRL M DVU
KLWHOH\ . 63RO\HWK8O®®BQQ V (QF\FORSHGLD RI ,QGXVWULDO &KHPLVWU\
GRL D B SXE




IRDPLQJ DJHQWV VXFK DV VKRURFBKBERQ\WORDYWVLRDYR KRDP YL
H[SDQVLRQ PRXOGLQJ XVHG LRU G IVH GI\WAUX G Bl & LQRFRVOQRULHQV
XVH LQ ILODPHQW SULQWHUVV SRQ@WQWR L0 13W REQHE HZKHOK FDC
IHG LQWR WKH SURGXFWLRQ RPERYIEWURQ FZHWK &40 :BQ FRP SDWLE
UHVLQV GLH H[WUXGHG LQWR 8+0\8XFRPSRWVXBLH IS DREXFWU XFW
SURILOHV

. &DUERQ ILEUH

%\ QDWXUH RI EHLQJ SUR
HIWUHPHO\ KHDW LQWHQVLYH
FDQ ZLWKVWDQG H{WUHPH WH
HQYLURQPHQWY LW H[SHULHC(
UDWKHU VXEOLPDWLQJ DW VH
OLNHZLVH RQO\ FRQWDLQV VF
HOHPHQWY VXFK DV QLWURJH
SULPDULO\ DEXQGDQW FDUE
EH D GLVDGYDQWDJH DV DQ HQYRORBQJUHLW KRHIWF WKIDQWJI HDEWF W |

3KRWR ILEUH /LQH

7KH LQLWLDO ILEUH 3%$1 FDQ RHVSUIRGHK EMGI L WKP W SWHOARL S L'
VROXWLRQ SRO\PHUL]DWLRQ BBWSKHUQISWEDM/RHYV V RIOXRVDRQ, 6RO\
QLWULF DFLG IROORZHG E\ JHOWK DQQLWU LK DRPISHYMBOQHQW WH
EH NHSW EHORZ p& 1R PRUH WKDBXQEH FXR/RHREQ IRRRUH 818 ¥ KERHXVOW L Q H (
FDUERQ ILEUH SURGXFWLRQ DQG/ KMV YU MWERXQQJIEIHD PWROQHDV V

JROORZLQJ GU\LQJ WKH 3%$1 LYDIUWVYIWOVRDEDWLRGQG SUKRNHYV V

EDU DQG IRU KRXUV DWROORDPHG/ELWVWFDVEIRQL]DWLRQ LQ D
DWPRVSKHUH ZLWK WKH WHPSWEBDVEXWR X O V. LIFRDJWWHD SKILWLLQ D W L
UHVXOWDQW FDUERQ ILEUH LXULXUDPES WDHBWHRB JUIHVK IVYXHD V W D
FRPSRVLWLRQ DV YRODWLOHY DUH GULYHQ RII

ODWHULDO & + 1 2

3%1
6WDELOL]HG 3
&DUERQL]HG 3%1 X
&DUERQL]HG 3%1 X
3$1 EDVHG FDUERQ !
+0 p.

$V ZLWK 8+0:3( WKH UHVXOWDQW RUEDH Hf DRHEVHK XMRG HRW U X
FRPSRVLWHY ZKHQ FRPELQHG ZLRE NEIUW DREEFDVHK UHV L Q \S D&JDWILE- X O

%LURQ 0 7KHUPRSODVWLFV DOG WKHUBRSWHV\GDP FFEPVSHRWLIHWUH V

1RJDM $ 6%0LQJ & 6FKZHEUHHY 0 3RO\DFU\DRQRNQQOH(QEWFORSHGLD Rl ,QGXVWU
&KHPLVWHL R BR

JLW]HU ( )ROH\ $ )JURKV : 0+DXaNNH U7 + +HIBQAMWWHUV 6 &D U ERREIS B GRDIYQ V
(QF\FORSHGLD Rl ,QGXV®RILDO &KHPLVWRI\BR




IRU XVH LQ FRPSRVLWH OD\XS¥FDUGRDOOVUQVHRKRUHBRPBBREF LWH RY
YHVVHOV

&XWWLQJ FDUERQ ILEUH FORWXLORAHDVOPBRPS 3KRWR 6NL%

. 9HFWUDQ

2QH RI WKH QHZHU VXSH
YHFWUDQ LV D VWURQJ UHVL
SHUPHDWLRQ UHVLVWDQW YL
OLTXLG FU\WWDO SRO\PHU :K
SURSRVHG WR PDNH EDOORRQ
XQPDQQHG SUREHV RQ 9HQXV
$LUODQGHU RQ (DUWK LQ
ZHDYH IDEULF LW LV XQVXLW
/DQGLV KDELWDW LQ WKDW DWW OV TKLIK GURSWDRHSRO\P HU

3KRWR ILEUH /LQH

'KLOH LW ZRXOG PDNH IRU DQ H [FHEMH QLVE WHH LW KRWF WP MW
WKH ORQJ GHSHQGHQF\ FKDLQRQQWKDWSUR GXKOW IRRIO\ VR IP RY
EHJLQ ZLWK VLPSOH DURPDWLFV DQG QDSKWKDOHQH

3KHQRO
EHQJHQH 2 SKHQRO
WROXHQR SRHQRO &2
FXPHQH 22SKHQRO DFHWRQH
DQG PDQ\ RWKHUV $00 EHJLYHEVYWK EHQ]JHQH GHULY

K\GUR[\EHQ]RLFRDEIGG6FKPLGW V\QWKHVLV
SKHQRO .2+ 2 SRWDVVLXP SKHQR[LGH
SRWDVVLXP SKHQR[LG@H &R\GUR[\EHQ]JRLF DFLG
L2+ K\GUR[\EHQ]RLBDRLGK\GUR[\EHQ]RLBXDFLG
62 +2 2 L2+ 62 HOHFWURO\VLV

IHFWUXQDUD\ 5HWUKWYWSG IURPYHFWUDQILEHU FRP

1RUULV * OBVEULG +RSHV $0 .OQVLGH /RRN $W KIEHLPIWICRD GHHN  $L
'"HEHU 0 :HEHU o0 .OHLQH %RBRBDIQ®IOPDQQ V (QF\FORSHGLD RI ,QGXVWULDO &KHPL
GRL D B SXE

%RXOODUG 2 /HEODQF + 6DHVYREFOBPIDNQ V (QF\FORSHGLD RI ,QGXVWULDO &KHPL
GRL D B



K\GUR[\QDSKWK D®IS® W KR O
QDSKWKDOHNQH QPSKWKDOHQH VXOIRQLF DFLG
QDSKWKDOHQH VXOIRQLF DFLG KMDQHQ@H6XKIBUR[\QDSKW
1D62 +2 2 1D2+ 62HOHFWURO\VLV

K\GUR[\ QDSKWKRLF DFLG
K\GUR[\QDSKWKDOHQH .2+ 2 SRWDVVLXP QDSKWKR
SRWDVVLXP QDSKWXRRGH KABUR[\ QDSKWKRLF DFLG
L2+ K\GUR[\ QDSKWKBRF2DFKGGUR{\ QDSKWKRBRF DFLG
62 +2 2 L2+ 62 HOHFWURO\VLYV

/IDVWO\ WKH K\GUR[\EHQ]RLF WKLW® KN SRGPRIUL]BOG KWKR
WR \LHOG YHFWUDQ 7KH SRO\P HQLK{ DGVLLREH UHHQHUBW IDFH WEH W L
WKXV ZH PXVW DGG LW WR WKH SURGXFWLRQ OLVW

$FHWLF DQK\BWH®H SURFHVYV
&+&22+ 2 +& & 2 +2
+& & 2 &€22+ 2 & & 22

. 3%2=\0RQ

$QRWKHU VXSHUSRO\PHU RIWH[@
9HQXV 33RO\ S SKHQ\OHQH EHQ]REY
WUXH PHOWLQJ SRLQW MXVW DQ KIKIKF |
EHJLQV WR GHFRPSRVH $ VLPLODWBR
3%2V SURSHUWLHV EXW LV DP R USBWXIRXY
DGGLWLRQDOO\ JDLQHG LQWHUHVW IRL

$ WKHUPRVHW OLTXLG FU\VWDOWK
3KRWR ILEUH /L KLIJKHVW VWUHQJWK WR ZHLJKW &RRAD
WR YHFWUDQ WKH SURGXFWLRQVFBDHC
ORQJHU DQG PRUH FRPSOLFDWH®LRQ® WWKKWPFR X UORR BM LHHID E U

THUHSKWKDOLF DFLG WKH VLPSEHH@RQRPXWYV KOG V 7KE URHW IGH
PRQRPHU GLDPLQR EHQ]HOH GRS UREXEH B AKD RKIEHGIROORZ
SURGXFWLRQ SURFHVV FKDLQ

%RRWK * 1DSKWKDOHOQH 'BOOPDQQYWHYQF\FORSHGLD RI ,QGXVWULDO &KHPLVWU\
GRL D B

ORQWJRPHU\ & 6 3DWHOW 1R 86:DVKLRJWRQ '& 8 6 3DWHQW DQG 7UDGHPDUN 2IILF

ISQLFN + B6FKPLGW 0 %U%JIDRLQVNSY%WHIRG\HVSOQAPDQQ V (QF\FORSHGLD RI ,QGX
&KHPLVWHL D B

+HOG + G5HQJVWO $ 0OPRHWLE $OK\GULGH DQG OL[HG )T0/OWD ORLE (QR\EARSHIGLD R
,QGXVWULDO &RHPLVWU\ D B

3%2 ILEUH =V®RRRER &R /WG 5HWULHYHG IURP

KWWS 7277 WR\RER JOREDO FRPEXWVKILOSNFHFKR) | FDROQ S |




SHVRUFLQRO

%HQ]HQH %HQ]HQH
SURSHQH 62
2 1D2+
2 1D2+
+ 2 UHVRUFLQRO DF + 2 UHVRUFLQRO 1L
2 GLDPLQRU..VRUFLQRO
2 GLDPLQR EHQIHQHGLROXGLK\GURFKORULGH

3RO\PHUL]DWLRQ LV FRQGXFWHBL WK YKOIRIODVEKRYLE PRV B (
SURGXFWLRQ RI ZKLFK ZLOO QRW EH HODERUDWHG RQ KHUH

2WKHU SRO\PHUV RI QRWH

. 3)$ LV DQRWKHU IXOO0\ IOXRULQDWHGVRR)®SP EXWR IP@R W H R\PLSK
VIQWKHVL]H DQG ZLWKRXW SD $W URXGINUDN GID AWH.S\W LR R D 08 SH
VXSHULRU PHOWLQJ SRLQW

. (7)( LV D KDOI IOXRULQDWHG I0XRURSRZFRRPOIE® EHLWKS BB R SIGUI
VXFK $V LWV SURSHUWLHV GRQ W&JHQ HUDE SN BI[FRBIFMG BRT Y |
RQ FRUURVLRQ UHVLVWDQFH FRPSIDYLXE @VO DNQ & U COHHRIFLHIH
LWV PDVV LWV GHVLUDELOLW)\ LV UHGXFHG

. 39') .\QDU LV DQRWKHU KDOI IOXRULQIRBHG WRKRURKERW\ PZHKUW
JRRG GRQ W PDNH LW D VWDQGRX®XRHUQDWUWLIR QYR § R/IGWDHM
FRPEXVWLRQ RI 39') GHHS LQ 9HQSRNV YV LIEVORRNVSX\HH IR ILW KOH 3
DQRPDO\

. 300%$ DFU\OLF 3QHUW ®PRYJI WKH PRVW WUDQVSDBUMQW RI D
D FRQVHTXHQFH LV IUHTXHQWOHJIXLBGE WL Q HEIHYRISW LR Z ED |
DQG FKHPLFDO UHVLVWDQFH SURBHWRLIFWY PRW B OW ML D Q/IH

. 3BRO\FDUERXDWHYV WKH VDPH EDUULHU DQ&BOH”FPWLBD/O UHV L\
300%$ DV ZHOO DV EHLQJ UHOXWHY BEWGCLYI WXDQNVWRUSHURG L
WR \HOORZ RYHU WLPH ,WV DXONMHUND EVOLRAHWYW R F IORZ IHRUD O

6FKPLHGHO . : '"HENHIHVRUBIRDQQ V (QF\FORSHGLD RI ,QGXVWULDO &KHPLVWU\
GRL D B
1DGHU % 68 6 3DWHOW 1R 86 :DVKI®QJWRQ '& 8 6 3DWHQW DQG 7UDGHPDUN 2IILFH
3XEFKHP 5HWULHYHG IURP
KWWSV SXEFKHP QOFEL QOP OLK JRRRUHRRIRXOBOBGLIKDNBURFKORULGH VHFWLRQ 3DUHQW

.ULFKHOGRUI ++BOGERRN RI SRO\PHIHYZ\<RUKNHVHWNHU
6HLII $ B6URPRYVN\ / %RUXFMNWIHQWUDLSREQJ 5 ( 5DIJHMW 9MWMQXV 3LRRH
$ORPDO\ :RUNVKRS 5HSRIWVRFHHGIFHIY RI D ZRUNV KR S&BRIDQ R D YWLORS HSMWH B EHOG




. 3%$1 :KLOH 3%$1 ILEUHV DUH SURGXFAHERY DLBUMH F R QGRWVKD ¥
SURFHVVHV VLPLODU WR 39'& LMD ALD@®R \R ELHH P GG LI QOVFRV EZ
KHDY\ EOHQGLQJ

. % DUHILY D 3%1 300$ FRSRO\PHU XVHG WWRWD RU LMW IBORSH!
DUH LQIHULRU WR RWKHUV SUHYLRXVO\ GLVFXVVHG

. &2& F\FOLF ROHILQ FRSRO\PHU KDNUGBBUOVDM IKRP® G/ UDQ\
VLPLODU SHUPHDWLRQ UHVLVWMWQFHQWRK3 R V& D, WNOW WQ Y HOM
XQLPSUHVVLYH 03D 3URGXFWRRQ BRBLERPBSOHI[YHU\

. 1\OR@WDBUDPIQRW SUHYLRXVO\ GLVFXVVHG WXHHQHUDO WK
SURGXFWLRQ FKDLQV GR QRWSMXMWWHW MX WIHU P D VRH WLKDHOL 8 U
UHLQIRUFLQJ ILEUHV

ID\HULQJ GLVFXVVLRQ

7KH QXPHURXV IDFWRUV LQYROYHBQYHGRSHAORSP QUM PDREH
FRPSOLFDWHG E\ WKH IDFW WXIOM WS 1S LRR SSRIONPHY RADDQWLD U\ :
GHSHQGLQJ RQ WKH PHFKDQLVPV XYH{G W@GSP RG X FH VSR PMAK H
7KH SURGXFW PXVW IXUWKHUP PDH QDM B DQNVHBODOQ QH 8 Q ULRPGW K
LQFOXGLQJ D PHWKRG IRU UHSOBFMWILRGUP PIBAAEUDID BERASHHY GD
LQVXIILFLHQW LQ LWV RZQ ULSIOWQQEESWHMHUS VD@ ISPIH SUR G XF |
TXDOLILHG RQ LWV RZQ

&RQFHUQLQJ H{WHULRU FRDWLQJV

3&7)(VWDQGY RXW ORUH KDORJHQDWHE MCK-DUN3 )W D\WQ/GL O & >
DERXW WKH VDPH DPRXQW RI IXRWLIQH GRIW BQ LWWWR QB NQ/H & 7) (
FHUWDLQO\ QRW 39) EXW LWMREHVVORR SAHHVGHWR BWK HLWQGHU O\ L
GDPDJH E\ 9HQXV V DWPRVSKHUH H,DMWVL R R SHR\EL ¥ DADQE 5 HJ K W D Q
DOVR IUHHV XQGHUO\LQJ OD\HUWKID\R FF BSDNEROLWR BQRNKIBHU RZC

$OWHUQDWLYH FDQGLGDWHYV P BLBRRPNAWNDXEHIMRU LQ VRPF

(&7)( LI 3&7)( ZRUNDELOLW\ SURYHVKWRERLEKDIOWRQUH O LRI
WKDQ K\GURJHQ

39) LI FKORULQH LV KLJKO\ OLPLWHG

)(3 LI IOXRULQH LV QRW OLP LWRHGREWXKW ¥V FSURYOL P i WD\ IFYG QR
UHTXLUHPHQWYV

6WDELOL]HG /'3( 398 IBWRULQH LV KLJKO\ OLFRHWHBWQG FD
VXUIDFH WUHDWPHQWYV LI WKDW

&RQFHUQLQJ EDUULHU OD\HUV



392+DQ@®2+DUH WHPSWLQJ GXH WR WKHLW LLFQF UMBP EB H HED &
WKHLU ZDWHU VHQVLWLYLW\ 2@ HDUXVOK G3 RXWF BXOGIGWRLNW® H[W L
VHQVLWLYLW\ WR KXPLGLW\ KRZWIYWUQWRBWXWH HA HOI\QEMKY DW
PDNHV LW D SRWHQWLDO R SWILRVES KRW B DIDG H U 7¢KH U UK RIKHHY BIW P L J
FRPSOLFDWH PDQXIDFWXUH DQ® & ORWDQ D\ E RWKRR QH \DKAD K DH (9
VHHPV D PRUH OLNHO\ FKRLFH B3IOPGNFMIORQ/ RP $924+SDRFHVV L
DOVR SURGXFHV (9% D YDOXD EJKXN S UFRDEXFME X Q DLW VQRIZVQVUDRE L O L\
OD\HUV ERQG DQG WR IRUP ERQGLWK BARQIWD KIBIKPEHQHIGHZRI
SHUPHDWLRQ UHVLVWDQFH FRXQ® \EH@OFHKUHR Y G DRV GORE\GHQV KF
SURYH D SUREOHP DQG FHUW DUQVOK U QQ WHWIKRW O DWW OB QG F
VLPSOH SRO\HWK\OHQH OD\HUOLDA HUS R D\E IHE GVH SSIRRW B E @/ YO W W O
UHVLVWDQFH SRRU VWUHQJWK WR@HRKQI SHU CRUPHINFM DRRX Q
K\GURJHQ (LWKHU D IOXRURSR®DR WK U YQHIHBDRWW ISHURHB MW LR Q
VXSHULRU

$OWHUQDWLYH RU DGGLWLRQDO EDUULHU OD\HUV KDYH PHU

39'& LV VWDEOH DQG OLNHZLVH UHODGWEYHQJIWHBRVW K RS WG
SURGXFWLRQ RI 39& +RZHYHU WKHOSQRIGKFQ ER® SHVBIR TLHV K 39 &
DSSOLFDWLRQV UHQGHULQJ R®XERW 3®V&HVWYHR \WDD O LRIVDWSKH G L
RI VHQVLWLYLW\ WR PDQXIDFWXNWLIG RRYGD WL RQN HX G RRRMHH W R
VXUURXQGLQJ OD\HUV ZRXOG Q MRS DADR DISIS®E RSH [RDAWH DOHWLHG

3(7LV D IDOOEDFN VWURQJ DQGHZE WEKWLRRED (D OWFIRRMMNK LQR I,
HYHU\ FDWHJRU\ LW KDV ZLGHOLEMNBO BURSKRWHOXRWBXRHEHV +R
LWV PRGHUDWHO\ ORQJ SURGXFMDLMVRRQ IRKDILVQY XWHP § R B HHZKVD KX V

'KHWKHU D FRDWLQJ OD\HU | RMWWWKH QNG BE & H SHKGIGK/DE QVK F
SURWHFWLRQ WKH FRUH OD\HHOWO BY WRHE BEOPQ® HMIGH BIY) ZHOR S H
JRXOLQJ FDQ H[LVW LQ WKH IRRPWK ®XWDVLRQ DIDIBGRWKHU IDFV
EH UHGXFHG RU HOLPLQDWHG E\ TX HOS B URIR\OGRE ) ¥ R®MV LY WK D)
FRQVXPHV DQ DGGLWLRQDO DPR¥®®WLUQ D XRIALK D VDA 7N K FARX O G
H[SHFWHG WR EH DV WKLQ DVHSRWHWUILRWHF R QWLRQIW WZIK\LW KWRK R X O
WR ZHDU

,QGLYLGXDO OD\HUV PXVW EH ERMIGHS WRKHLW KRIZQ B ®& O ONDKLC
6RPH SURGXFHG ILOPV FOLQJ V RZ VWHKIRQN CD QN P G DI K LR \W KRHW W K H
ERQGLQJ WKDW D ILQG GXVWL@RQRILEQREW B DMGHWW LB RV W CEH XV H (
WR HQDEOH WKH LQGLYLGXDO20MXHWY WRURH SX\0OOHGL D $DVMF X U +
DQ\ W\SH )OXRURSRO\PHUV LQ/ 6D GWILERROW DMRHERRVERYPRXJ RV
WHFKQLTXHV WR LPSURYH ERQGIQWE | GIDPRIVXUM RRRY B/ODSYSPOLEDE O
9HQXV KDELWDW HQYLURQPHQW HNVKBIVHVUBNERIO® IHD® WO WRMH V-
DOORZLQJ LW WR ERQG EHWWHUW V 30Dy PD WK EIHD KN FAGU WERWPFDHNH
H[WHUQDO VXUIDFH OHVV K\G WRSK®RHEWH ULP LIKH W KHWD W HVKIDV Z R X

ODWKHLVRQ 3UHWUHDWPHOWY RI IOXRURSRO\PHQBX EVR. VIOHKG PHDNV WHHWHW WVRKHV LY  /RXJ
8QLYHUVLW\




IDVWHU ,658 OLTXLGY FROOHFWLRQ Q@ BSWR8XFWVSRXKAKHG W KBIRRU I
FDQ DOVR DLG LQ DGKHVLRQ

$ 39% (9% 392+ (92+ URXWH PLIB® HORPEOHVWRE RRBGKHV
XVHIXO IRU ERQGLQJ OD\HUV D@ ERPRHPDW BVRBDBVNWG FVRIHWK
PDQXIDFWXULQJ WKLV LQFOXGB¥ OVHRPXRURSRORRHHVGABYNYH 3&7
RSWLRQ IRU FDVHV ZKHUH IXUWKWUUPEOW LQURBBEUWHEBXFIW @ TX|
DSSURDFK ZKHUH LQGLYLGXDGOQODHU\D VWH IPHAVO R/l MRILQMG/ R/ SDF
RQH DQRWKHU 7KHUH LV D JU HDHW GRHHD@WRDIWORIQ WK MW @ DO EH
GHWHUPLQH WKH RSWLPDO VRIORKIHRHU , D GKKIN IZRHW W FD DG G LW L
DOZD\V EH VHQW IURP (DUWK HURF BQQ D DV RV KHK KW RVIRWDRI SVKH H
UHPDLQV ORZ

SHUPHDWLRQ FDOFXODWLRQV

)RU WKH VDNH Rl SHUPHDWLRQHUQD OAVR SO B H R IYGI® KR V. BU
FRPSULVHG Rl %P 3&7)( %P 39'& PDIRT)IQRWKHU QRW FRXQWL
UHLQIRUFHPHQW :H ZLOO DQD\NBDHH[WHIM) DO 88 BQGX U H N 3D
SUHVVXUH 12 +2 &2DWPRVSKHUH LQVLGH IRU D [
HOOLSWLFDO KDELWDW ZLWKIFRSEGKRO HW LRWH UQVSWBDOH¥ VR DU
RQ DJULFXOWXUH UDWKHU WK D\QLKXPD\QHG RFL G BWD R RD ELIOTRN G V
RI EDOORQHWY RQ SHUPHDWLRQ LV QRW FRQVLGHUHG

6SHH SHUPHDE 'DLO\ SHUPHD 'DLO\ SHUPHDY5HFRPPHQ
Ps P PrV|Z FRQWLQXRXV |Z R FRQWLQXRXV OLPLW
+2 H NJ NJ
2 H NJ NJ
1 H NJ NJ
+) H SSE SSE SSW
+ 6 H SSE SSE SSP
+&0 H SSE SSE SSE
+62 H SSE SSE SSE
62 H SSP SSP SSE
&2 H SSP SSP SSP
&2 H NJ N J SSP

J)LUVW RII LW ZRXOG DSSHDU WXB W KH LZRXBDGOQPHBLW D §FU
ILIWHHQ WLPHV SHU GD\ WR PIDARRAMD WR WK IR LIGEHW LILHIFG/ O IRRQA\WJULF
HTXDWHV WR Ps V D YHU\ KUWUDKLYD®H WKHORZ QXA PRXQWYV RI K
IOXRULGH DUH MXVW DV VLJIQUIDADRXWQ WYV RIKUXPXKKWLFUBBWH GXH
SODQW VHQVLWLYLW\ :KLOH FHERHHK\EFEDRIEZQWR X RIDIQEH | RS ZH

9DQGHQFDVWHHOH 1 OHUFKH '_:365BIQEHAROVWDFW DOJOH VWXG\ BILILH3G72( SODVPD
39') DOG 39) VXWBMWFIIBD¥FH DQG ,QWHUIDFH $QDO\WRYNV VLD

)OXRURO/QRQSIFIKJQRV &RUSRUDWLRIOWS/HWWIHFKGRIWERUS FR MS HQJOLVK SXEOLFV LQGH

9RO\R/®FI)( 7THFKQLFDO %YURFKXUH $UNHPD 5HWULHYHG IURP
KWWS Z77Z HQJ OEO JRY aVKXPDOQ 1(;7 (AFH(D . H/% ILDBBYROWDOHI SGI




ZLWKRXW LQMXU\ DSULFRWYV ISHDEKHWYDMRG MRWUQ VXIISISEMRU VF
PRQWKYV

5DWKHU WKDQ FLUFXODWLQJ WIXE FRUT XEMNK RW K H B X\ DD WH
EHDU FRQVLGHUDWLRQ 7KH ILUXRNFAK FSDWVREFKUDEQRUWSWREQ WR
GHJUHHV LQWR FRQGHQVDWLRQ RGHFKHWQUHORIKOSKWHKRVHARS
VSUD\V PD\ DOVR EH YHU\ HIIHF WIRPH VWR\H IDHPRRRALBK HW KH B W W K H
LQFUHDVLQJ GHKXPLGLILFDWLRRSWHRXQLUWPRHDMW D% QRIHKBDLO\
UDWHV DUH VR WLQ\ WKH HQY® RRSEHFRRKD\G VAL RROW KR QW VIH U LR
FRPSRXQGV WR QHXWUDOL]H SHADP/MDON L QO DE WL F RXIHF VHLP SO\ F
RU EUHG IRU JUHDWHU DFLG \WHRVW\HO DRIFY DW M KR B3 B R VO W\DV W |
KXPDQV

5HPRYLQJ WKH SHUPHDWHG FDUPRQRG LR AKCHODODHQRW MW JUF
FRQFHQWUDWLRQ DQG NJ Ps\ RIPWKH BEDELWRYWIKAROXPH PXV
SURFHVVHG SHU GD\ &DUERQ PREBRHM@GMHVVEBUKNKBEPERWQE VYHIXLIWFDQ\V
EH EHVW GHDOW ZLWK E\ LQF URID&2 QH WKW LFRHQWV SIIFMLHNYW VR K D
UDGLFDOV 6XOIXU GLR[LGH DQ/&®R RNEHRUHRQRUXDPLOGWLEXHDQG OR:
UDWHV ZRXOG OLNHO\ EH VFUKKFHMGSRRWHNYVRIQM EKR\KHAK /W GHLI

'KLOH WKH ORVV RI R[\JHQ DQG L@WUQIHF DQW WHIOH W RY N OR
QRW :DWHU LV D VPDOO SRODQH RRHEKOPHDWE KQJIKD\SBORP HUV
ZDWHU HTXDWHV WR NJ RI K\GRIXRIISQ HR URXEFOX W DOFIXODWHG K
UHFRYHU\ :KLOH WKLV LV DFFHSWBEOWDIQF Hs RH ¥ DAKLRZ] WK/ OHD)
WKDW RITHUV VLJQLILFDQW U H\RLY WIXFKHDW R3 & D)W H)R 1S HUHPVH.IVWY L Q
SHUPHDWLRQ RI WR[LF VSHFLHY'&KRUEZ FSDHW LFDX\GIDWOO (K 21+3KD Y H

PRUH HIIHFW LQFUHDVLQJ WKHK W KY FIN®D HWVIY FRW MYKIH® HDGDA W R U H
VEUXEELQJ UHTXLUHPHQWYV

89 WROHUDQFH LPSURYHPHQW

/HIW 2SWLI

WUDQVPLW'

YDULRXV St

$00 DUH IR

ILOPV HI[FF
%P DQG
%o P

+LOO $ &$LU 4XDOLW\ 6WDOGDUGYV IRU VOXRXIU QB 09 RJI MWKIHWE IR 3RIHEFXWLRQ &RQWURO
2,




ORVW WUDQVSDUHQW SODVWLFVEKV) GEYV RBYSWWRQ RY B9V LIR
89 & DUH TXLWH YDULHG 89 W WD \DRL X QGRY LWVDERW S QRS HU W\
ERG\ XVHV 89 WR FUHDWH YLWDPLQUHTXHKQ®O\8BH{BRV XSO Q W V
FDURWHQRLGY DQG RWKHU FRPSRXWQREWEKLEKHMW H BEKRXOLGF D) D\
PDGH DW DSLFXOWXUH EHHV XWILRQ]BIQE® DX UKW ZRKWHQ@DLWLLV PLV
SUREOHP WKDW EHFDPH FOHDU WQ WKHV%DQ 8 SIKHQMW HSIU RMREOHF
VSHFLILFDOO\ UHVHDUFKHG LIQD\E KW DFVRIQRADH [ WL R U R3 RZHRW OIEQ XV V
HQYLURQPHQW SUHVHQW DQ DE XRWPLIDO/Q\RDW WRMLIJ KW XW K BWR P XV
VHBHRODU SRZMAHYHU VRPH SRO\PHUV VXFIKR®HY SBROMHWKQUHWHY
WR ORQJ WHUP H[SRVXUH WR \KROBQH Z L WLRXW BGP S ROELVDL]DWL
WR WKH VXQ IRU D VLQJOH VXP®E EHPRPHHEUQ WWROFHORXG D

7KH ILUVW FDWHJRU\ Rl FRP SR XDRSDJ HR UV SENRIDBEMHLDI ZXK IGF k
DEVRUE 89 OLJKW DQG FRPPRQ@RFPPWRICEAHD®BEDKHV DY ZOHOE®H FDU
EODFN WLWDQLXP GLR[LGH JL@QRAH.OH XKIGRREBSKAHRSBEHQ]RW
2UJDQLF DEVRUEHUV WHQG WR KD@E RRX0 & ERIUGWL IOLFXDSD @R SU
'KLOH LW KDV WKH GLVDGY DQWD RH RK 05/D U WH\D IDEBIG\W & HWIRR R U E R
RWKHUZLVH DQ H[FHOOHQW F [RYG LE3DLWPH SRIR ORFID® \BIURSIOKH WD U
SURFHVV LWV ROG QDPH ODPWLEROD BN WHHHURRMNVOHIRW EBKLQG
2SWLFDOO\ RSDTXH DEVRUEHUW ¥ DQRRY) ®\UBH) X § Bl GHIQQN | LEQP V

$QRWKHU FDWHJRU\ LV TXHQF KHUW O] EQ N H B ORU JPROR. & OFHH PCELF
EXW RFFDVLRQDOO\ FRSSHU RU PDWJPMWKHUEDKPG PENERREQQ] 8
SURYLGH H[FLWHG SRO\PHUV ZIWRKXD GVDWD WH XDWH DVRRW K H T X H Q
ZRUN V\QHUJLVWLFDOO\ ZLWK DEVIRUE FRY SOKH FREMRIRQVXIMDKRZ |
ZRXOG UHQGHU WKHVH D OLNHOXD@UWK. HFSRUW LQ VPDOO

5DGLFDO VFDYHQJHUV DQG K\GURSRUR M EHUGHFRW B RR BI\U \% R
FRQVXPHG LQ WKH SURFHVV RI EDHONERW ®RHNR MW I YWWLF DO
DEVRUEHUV +RZHYHU TXHQFKHADWP B QMR HX Q6 & LIRUH LORWKFHR Q V X |
DUH OLNHO\ D PRUH DSSURS U LYDHOH VIR XXV OH B P B U F DIDUWFIH Q H |
FRPSOLFDWHG RUJDQLF FRPSRXQIG\D & MRVSIRGXG HEORPSODOE W

7KH PRVW UHFHQW GHYHORSPHQ®ODY WIKAV 89V SKILRMGHHRMAIGR Q P
VWDELOL]JHUV RU +$/6 7KHVH FRE®Y GHIRRUGMHQQR FRWSHRPQSURWH
EORFNLQJ UDGLFDOV LQ PXOWIKESOHRFKDMHY RI WKH R[LGDWL

$V D JHQHUDO UXOH 89 FRQW UR RORRU HD /EIDWL Y HM ZP SIMBF XS
RI WKH SRO\PHU WKDW WKH\ UH 8 Y RODVUHF MREBR @ ®N\6 XO/BAMR DB RQO

+ROLFN 0 XQO3JKW 89 5DGLDWLRQ 9LWDHRAD OXFREGE RN DQ IJKINO FBXIOLIKW" 9LWDPLQ

'"DQG 6NLQ &DQFHU $GYDQFHV LQ DQE VAPRHGRNGRLOHGLFLQH B

6RORYFKHQNR $ ( OHU]JOMODMNJHHALQJ RI YLVLEOH DOG 8RWBIGWIWHRRMHBWKDQEKRWRS |
SODGWVVLDQ -RXUQDO RI 30DQW 3K\VGRQRJ\ \

&RFNHOO & 6 $QGUDBHHHDUWLDO DOQG HIWUDWHU URMYRPHOW O SALRDERUDMDBR® @@ Y LL
FORVHG ORRS HFRV\VWHFFF WROQSMWUHRQ WXWQNDGRL \%

8QSXEOLVKHG SHUVRQDO H[SHULHQFH

<H < .LQJ 5 ( SGGLWLYHV IRU SRO\ROHILQ IL®P PSKHRFEOVAVM DSIEHDY 6B R/IIMYO W\

&KHPLFDOV



E\ PDVYV +$/6 TLQXYLQ ZDV UG BU BHNG MPRDAFHHOHUDWH G
WHVWYV D OLIHWLPH LQFUHDVH HIXKRYDOKRXUWRVR \HDUV LQ GL!
VXQ

&UHHS LPSURYHPHQW

&UHHS WKH HORQJDWLRQ RI RQ®HWULMMDURYINU WY PoH SRW B GV
IRU DQ DLUVKLS HQYHORSH JIDWHHL P RRIHF WD L BUKHY VIKER'QVD QF H \
UHLQIRUFLQJ WKH WHQVLOH BRPRKNHWKIPW MDKH\QU B\EWD D QE JH U U
VXSSRUWHG VWUXFWXUH XOWQRDW® G\UFBSVLE F DW HOD UDLKDE O+
FDXVH ORDGV WR EH XQHYHQOQEQUREMWE®WLGY PUJAQWDOIO UX
VKRXOG EH UHGXFHG DV PXFK DWW QR VWDIOFXHD DINQ®R GI\D PLDQUHWM W D N +
DFFRXQW HORQJDWLRQ RYHU WLPH

2QH zZzD\ WR UHGXFH FUHHS
KLIJK FUHHS ILEUHV OLNH 8+0:3(
FURVVOLQNLQJ LQ SDUWLEFXO@X)
FRPSDUHG WR FKHPLFDO PHFKD
FRPSOLFDWHG IHHGVWRFENV FK
FURVVOLQNLQJ HWF LW FDQ R
PDIJQLWXGH ZLWKRXW UHOHYDQ'
VWUHQJWK &URVVOLQNLQJ DO
UHVLVWDQFH DQG HYHQ DOORZ
WHPSHUDWXUHV a pé& IRU VHY
&URVVOLQNHG SRO\HWK\OHQH L 3(; SLSLQJ 3KRWR &KL]
PHGLFDO LPSODQWY DQG KRPH ZDWHU SLSLQJ VROG DV 3(;

$Q DGGLWLRQDO IDFWRU ZKLFRKHLFD QR CCF & M UHRHY XRENWUI R/O
GHJUHH RI SRO\PHU FU\VWDOGR@P\WNUKLIKQHB DODWV IVXOIHPHIURP
WKDQ DPRUSKRXV RQHYVY 8+:03( +\ODPRRUDWVI KHBWHWKB® VORZC
FRROHG LQ RUGHU WR LQGXFAOLMKWJIK G HWKHN\RURKBWWIDBO DFKLE
FUHHS UHGXFWLRQ 6 XFK KLIJK SKYNMOCOJHW F DR K LRIGAHRU OWVD S S

, QIUDUHG UHMHFWLRQ

:KLOH 9HQXV V FORXG WRSV D UMHHWKRQHWKRY WRMDWKOMLWHPSREK
(DUWK WKH FOLPDWH FRQGLWIORQR UWIKHUWHIU & HYRMD IRG HDQ W LFU H

%XWROD % 6 -RVBKIRVORVWDELOLW)\ RI +'3( )LODP HEWR UBHLEL 089 $ GDRLGV K. BROW
BWDELOL]HUVR*¥$@DO RI (QILQHHUHG ILEUHY DQG )DEULFV

BWDKPHU 0 OLFLF 3 "HDWKANERQLFEIDI GRWHY 9; 71 & S5HWULHYHG IURP
KWWS 7ZZZ YLOLGH[ FRP DX WHFKEE WM FOUHQBWLSBYH ZHDW

3HQQLQJ - 3 3UDV + ( 3HQOUQXHOF H RI FKHPLFDO FURVVDYQRUQRI K@ WWKB K UIKH
PROHFXODU ZHLJKW SR&ORDWRLGH Q3RO\PHHWVEFLHQFHGRL El

‘DQJ + X / /L 5 +X - :DQJ 0 _PSURYLOQOJ WKH FUHHS UHVLVWDRJFH DQG WHQVLO
8+0:3( VKHHW E\ UDGLDWLRQ FUR¥JJ5DGOQODNWQR® GR\VOFM DQIG &KHPLVWU\
GRL M UDGSK\VFKHP

3(; ,QIRUPDWLRQ 7UDGHVROLGIBHSSMIWBOFZBHWH[LQIR FRP

-DXIIU"V ' [DPH 2 O9LJLHU LGULEW®Y) JU<LHOG FUHHY MIQXGOMUDUKIUR PHRIOWEK OD |
ZHLIJKW SRO\HWK\OHQH SURF HYV VHBWER B UIXD DHROIRFIS\O LHBPBRO\PHU 6FLHQFH
GRL DSS




ODWLWXGH 9HQXV WHQGV WRXWN K& VW& 88 RBNVKBQW D KWK HGL. ¥ &
+RZ )XUWKHU FRPSRXQGLQJ WKLV \SH RIEIGIHFRV LAL W K HQJ WK H Q-K@RKH C
HQHUJ\ LV DEVRUEHG EXW FRQY WHWLR 6 ZRFNH & KB /W R RAMBYKHHO R ¢
WKH LQWHULRU WHP SHUDW XH IF RAQRY H E WHL YXHD &/ O DVQKEHH W & DIDW LHYYV
OLJKW DV LQ XQPDQQHG SUREIY UWNSOQRWHIQVR SR\QLARQD MQA®\ 1UD
VRODU HQHUJ\ +HQFH RQH VHHBNV V8RDVHMWPM EOHP XFK QH

6XFK ORZ ( DGGLWLYHYV DQG FRDWRQBVRD WHZ R RR\KW FFLRFFDFOR/Q O !
DQWLPRQ\ GRSHG WLQ R[LGH $727PQERWYEXPZWLRKRKLDEGH UHOD
VLPLODU FKHPLFDO DQG HPLVVLDYLEAH SBSORQEBHE LH)VZYWHWH WKHU
SURFHVV VLPSOH PL[LQJ RI VXUIDRWD QWRWRGLRPH® $QLEWWUH ZL
XVHG SDUWLFXODUO\ ,72 ZKLFKUW QW H&R QRXF /R W WIXF\K DV IF
IOH[LEOH HOHFWURQLFV DQ®XRQRBXDWRIEDUSH WSV RDOWFREBEBOARUD!
SXUSRVHV LQ IOXRURSRO\PHUV LV E\ PDVV

'KLOH QHLWKHU DQWLPRQ\ QRU GQGILLXP FKWOAHL B HHH® BWW H F W
DWPRVSKHUH DQWLPRQ\ LV VWBRQRO\ PPLOCSHHF \WE B XERFRI? DR Q H C
LQGLXP KDV EHHQ WKHRU LGS PRI W [R V WQRVEHURREMHHU LV QRW O
SUHVHQW LQ UHOHYDQW TXDQ®@G 8T R \D U K HIGIFOHD WZIKYLID®I\ ,VRPIEOH W
WKH\ ZRXOG UHTXLUH WLQ HLKMHK HDUWRPLWKHP DROITRKB RMLW LHV

$ SUREOHP H[LVWV ZLWK ORZ (\WRDW [EQ JFORFNHQHORAHUQI U
HOHFWURPDJQHWLF UDGLDWLR®GWR H\DYB VR WH & XK ZRRKPNE K L
LQWHULRU UDGDU RU FRPP XQLFDW DRRER/QW VWKHRXW LA RDSBIOQHG W
DYRLG WKLV LV WR SDWWH U QDK HF R®G X(FDWLF BIVSDXWFKKZ DARDBMU H E L
QDUURZ FKDQQHOV $ IXUWKHGLGLLMHX OWG ZARDKWQRZV( PP HV L
HQYHORSH LV WR EH XVHG DV UWV IRZAWHQWUQYHUWVHON FRRRIUHOL
WHP SHUDW XAJHYO XMW FRQVLGHUDWLRQV

$Q DOWHUQDWLYH DSSURDFK ERHQQ@DUWKHWWRH /W H G WRU XD/
FRQVWUDLQ LQIUDUHG UDGLDWIHRGRRRIZDYPHORQEWE® \EV MKAK W P
WKXV HQDEOLQJ UDGLDWLYH H[WKDQJW KAH WE&S\HID B W RIDWSKKHHW H 7
DFFRPSOLVKHG YLD WKH HPEH®GEQR RS ISRRWDOHDW 1G] MXHHF ML O PF

2WKHU DGGLWLYHYV

$GGLQJ WLQ\ DPRXQWV RI OLTXOUGNAMON WD O SREWHAUYWD DWR
SURFHVYV UHVLQV FDQ LQFUHDVHDIMNKIHQOS LERPHVIYDELBUWMH QY HG IL
RI FUHDWLQJ PLFURSURWUXVLRQMFUKDWVKH VHUFWMLR Q RQHWD WHD V K

3IXHW] - $HIHUWHURKOHBLEFDO ODORWHFKQRORJ\ IRURPRDWQ DS D LRHO W KARQIBITFWLQ D G
SODVWLF IRLORXEQWW RWWKH 6RFLHW\ IRU ,QIRUP®RALLRQ 'LV SOD\

9DQ 1XWW & 1 (QQLVV - 3% /L3LFNMHWARUS ($ 6WHJIDOO 3KLBOLSVEED WG &%DUWK 6
8 6 3DWHOW 1R 86 :DVKMQJWRQ '& 8 6 3DWHQW DQG 7UDGHPDUN 2IILFH
(VWLQWR ( 'LQVRU6 53DWHQW 1R 86 :DVKMQIJWRQ '& 8 6 3DWHQW DQG 7UDGHPDU!
=KDL < OD < 'DYLG 6 1 =#OmR * /RX<5EQ 6FDODEOH PDOXIDFWXUHG UDQGRPL]HG
JODVV SRO\PHU K\EULG PHWDPDWLHH. B @R RHWQEHRMWLPH UDBLHWQFH DDL

'RQJ & 3 8 6 3DWHOW 1R 86 :DVKIQJIJWRQ '& 8 6 3DWHQW DQG 7UDGHPDUN 2IILFH




2WKHU DGGLWLYHV VXFK DV SOGW\W LFHUMDL @ DALEHK DW T R QWH

%DOOXWH FRQVLGHUDWLRQV

$V SUHYLRXVO\ GLVFXVVHG KBWLDW RARMS KB 8 HWDMWL WQWRHD \
HQWU\ YHKLFOH RITHUV WUHPHQGRKFR SPLVIMHUVAXRDQWBUIRY DHREZ HY
EDOOXWHYVY GR QRW VXIIHU Q WIXUDOM WIKIH® BHUHHB WRAHOHDWGRJ WKH |
FKDOOHQJHV WKDW PXVW EH GHDOW ZLWK

,Q D EDOOXWH GLVF RU WRURUGDI] LPKD S®.Y ®WHHI FOSW HRDVA
KHQFH ZH ZLOO RSHUDWH RQ WIX® IDYI'\DORMARIORDL RIKDDL WELWKH H
SLQFKHG 10DW ZLWK WKH FHHQWHLD VZ R QW KKHRWD G REJI WWHKRHS R U D U
VHFXULQJ WKH KDELWDW LQ WIXEHWUS RIVGMW DRVQR G OV\H KNV EKX V V |
XQGHWUXFWXUDGDQWHBUXWIRU KHOSLQJ L GIFODIIED BAOKHH VHKDYSHHO IRC
YDFXXP ,Q RUGHU WR PLQLPL]RXHBQWQ) ZHRIILOW EDRXQG E X |
WUDQVIHU HQHUJ\ ZLWK RQH RWVMRU HROLQFEZHOD BL DM BEQ SO/ SH

DQG XQOLNH 9$03 ZH ZLOO DWQWBH QRIWLVW R2M GRZQ WKH
SURFHVV DQG ORZHUV SHDN WHPSHUDWXUHYV

SHUIRUPLQJ D FXUYH ILW RQ WKH GRWDUURKF H PVYWRYKBGIG ROO
DSSUR[LPDWLRQ IRU KHDWLQJ

7 &Gs$P

"KHUH
7 LV WKH WHPSHUDWXUH LQ NHOYLQV
&G$ LV WKH GUDJ FRHIILFLHQW WHRWMIWKH DUHD LQ VT
P LV WKH WRWDO PDVV LQ NLORJUDPYV
, LV WKH HPLVVLYLW\
7KLV LV DGPLWWHGO\ D FUXGHXSBBRIORKDWRQV \V LPWDRAEIHQD
HIDPLQDWLRQ RI WKH LVVXH UHMKHURWV P L WAKW @& G RALIQV WIHDIO ZRU
+RZHYHU WKLV VKRXOG \LHOGHLORXVR VW&®M H RQ WHKHWY LD

2XU SUHYLRXVO\ GHVFULEHG ERGHIR®@M IR ESWO KRV LB QX\HB
FURVV VHFWLRQ RI DSSUR[LPDWHDUHN RIsDDRGQE VXNUPEF :H ZLO
RSHUDWH RQ WKH EDVLV RI D RTXINREGDVVWRRNVQV HFNLERXQUEOH |1
VWDELOLW\ KDUGZDUH GRHV B RW P\G\G WHEWLRE DRY® \DVKRSWMK V R (
FRHIILFLHQW &G 'LWK D EDVH®IRGHHQYDNNW HE RG YTHRW HW W K H
IROORZLQJ UHODWLRQVKLS EHWZHPHEHBPWKXWIHY LW\ DQG SHDN

OF5RQDOG $'$ OLJKWZHLIJKW LOIODWDEOH K9SHXWYRMSF6EH S SIVHWURE\IQRDP LFV
6SHFLDOLVW &RQYHUHQFH *LUGZRRG $. $XJIXVW

/HH * 3ROLGDQ 56 5BNVNXY $WPRVSKHULF ODQHXYHUDEHBH 3BNWIRH®XY$03 $
(I][SORUDWLRQ$RRQEFB® *HRSK\V)IPDO 9@ HRMQ QJ




c 7 p. o |

$V D JHQHUDO UXOH DV onowl 0PI FRQWLQ
LWV PHOWLQJ SRLQW Lwv P | OPWHE oo 5w WHRPSSHHUUDDWW'-
DV WHQVLOH VWUHQJWK GUD
IRU DOO RI WKH SRO\PHUV o | )C
PD[LPXP RSHUDWLQJ WHPsHU |_3(7
WKH PHOWLQJ SRLQW (YHQ [ | (&7)(
WKH SRO\PHU LV VXEVWDQW]I | 3&7)(
7KDQNIXOO\ G\QDPLF SUHVV (92+
SHDN KHDWLQJ DSSUR[LPDV | 39)
HQWU\ YHKLFO.. RI NJ Pr 39'&

DFFXUDWH WKHVH
I ZH VHOHFW FDUERQ ILEUH DV RXL
WHPSHUDWXUH EHFRPHV LUUHOHQYD
VR ORQJ DV WKH\ GR QRW GHQA@DPLC
SURGXFHG DW WHPSHUDWXUHV RHW
VRUW Rl WHPSHUDWXUHY KDYH RQO
SURSHUWLHYVY 7UDQVSDUHQW SRO\P
PRUH YXO(tl.coEOH

ILIXUHVKZ

$V KDV EHHQ GLVFXVVHG SUHYLRG/AA\WORHAV( PRI W HYILW RBO
UHGXFH WKH JUHHQKRXVH HIITHBW KULWKLHP WWHLMODWHORZEHUY HQ\

WHPSHUDWXUHYV

NHHS HQWU\ KHDWLQJ XQGHU FRQWURO"

+RZ FDQ WKLSW TR ZKDLWVR\EKHUGBHBEV HF®'Q EH

. 8VH QR ORZ ( DGGLWLYHKLVRDHDIQIWFFHSWLQJ ORZHU SUHYV
KDELWDW DQG ORZHU OLIW DKM KH WKDBM\NDWK GV W KD \DEW
DW WKH WKLFNQHVVHV LQ TXH®WUWRQDMWHY G O RK KDKY H RLIVW X Y
JHQHUDOO\ XSZ_UGV RI

. $SSO\ WKH FRDWLQJ/ RHWVHUREHQWRI\ZLWK WKLV LV XMX®W ORZ [
EH RQ RU QHDU WKH RXWVLGEGHRI WKH ILOP QRW WKH LQVL

. &8RDW LQ DFFRUGDQFH ZLWKWWHWERBWDWKKHIBULRU WDEOHV FI
WHPSHUDWXUHY PRVW RI WKH SXDNDFH LV ZHOO EHORZ WKF

. 8VH D OLIWLQJ ERG\WIRUWHOQWKM /($) FRQFHSW DIWKHIWLQJ ER

GHFHOHUDWLRQ SHULRG DQG WKXV ORZHUV SHDN KHDWLQJ

%LURQ O

7TKHUPRSODVWLFY DOG WKHUPRSEODY WQFRERBPSIR\RION HRAJ I BGIBK\YLFYV XVHUV

% XWWHUZRUWK +HLQHPDQQ

%DERLDQ 5 &RUURVLRQ WHVWY DOG VWDOQ GBWEW:DMMREE@WLRICRBE R B QL Q3IBH$670

,QWHUQDWLRQDO

OD[ &RQWLQXRXV 6HUY LF2P QHPSY UDNMWMKUWIEHYHG IURP

KWWS

RPOH[XY VSHFLDOFKHP FRRSROWIHY POR FAROWIHVXRXYV VHUYLFH WHPSHUDWXUF

OF5RQDOG $ '$ OLJKWZHLIJKW LOIODWDEOH K9HXWYRPF6ER) TS /HWULRE\IQRDP LFV

6SHFLDOLVW &RQYHUHQFH
YXMLNXUD < BX]XNL 7

*LUGZRRG §.
ODBRXP\WRWR (PLBMQYLWDNNDLVIGIRL

$XIXVW

ILEHU BW



. 8VH PRUH KHDW WROHUDQW PDWHYHDDW XRUHVWIRM BDLKORHVW W
KHDWLQJ LV HYHQ KLJK WHPSHUDXW XK HDMW MIRO HDQQW H RS E

. 8VH D VDFULILFLDO KBIKLJKRDPMDMWOHULDO W\SLFDOO\ RSDTXH}
HURGH DZD\ LQ WKH DWPRVSKHUHRBDQ\ERXWEHEBHGDDNUD WHP S

. *R OLIJKWKIHU ORZHU WKH GHQVLW\ RKW ISH KD BN MHDSNH U KX DR 2
J)DEULFV GHVLJQHG IRU EDOOXWHWW RS LFQO\O\ WD WPIHWVGEIRV
SUHYLRXVO\ RXU HQYHORSH PDWWR EWWLHADMW R IAMRXICFG B URY K
HQYHORSH PDNHV IRU GUDPDWLMXUHVORZHU HQWU\ WHP SHI

.$GG DQ H[WHQGHG LQIODWDEOH ULKH DWHRX\WBUMKKHKDEHW®W D\
ORZHU WKH SHDN WHPSHUDWXU H\H | H B 2VHV/Y W K H VEKILNS B D H VRIL DX
RXUVHOYHV WR DYDLODEOH DLVVKIOD KIHAWIBDILU G WAIRQVW R W L
EH FRQGXFWHG ZLWKLQ WKH KKEUDUH WHH QH G R EDMRE M H K R/Z
GHVLJQHG RQO\ IRU HQWU\ XVDIH JKWHWQ EH PDGH PXFK

. 8VH DQ HQWLUHO\ VHSDUDWH EDGBXMHIRWRQ JHI) WUAWNHLCD Q R
RSWLPL]HG WR EH D EDOOXWHJ IMHWPKS IR XX B W >XOULH KW EU L FK IDIKE C
FURVV VHFWLRQ HIIHFWLY HO\RWMUII) VIIRVUPDWWRE SHREOHE H
OFS5RQDOG

. 8VH DQ DHURVKHOQHKRVY HRPNHIA ZLWK D KLIKHU PWXWHSHQDOV
WHFKQRORJ\ 7KH KDELWDW RPWWW GG MVOIDMKH Q O IWRIRH WIXGIODBI L

ODQXIDFWXULQJ QRQULJIJLG FRPSR

ILEUH PDQXIDFWXUH

ORVW SULPDU\ ILEUHV XQGHU FRQROOGISUBRWKRAEZ RXD G HEM \L§
$ 8+0:3( SURGXFWLRQ FDVH IURP BX®® HEBOIHYWHROV DQ H[DPSOH
8+0:3( LV GLVVROYHG LQ D VRO YH\DWX DM H G pl&QVERGDLV SIS QHUHW
VHYHUDO KXQGUHG FDSLOODULBNF WDX LIGQ W R XMMGHVWVDNR UR GG I LE U
WKHQ SXOOHG WKURXJKVWPRLIMLDWW [ RU JUHDWHWP GUDZ UDWL
ILEUHV ,Q WKH H[DPSOH FDVHRQBKIGE WRUHW KDHIH BN D BMKEUP RSOTC
D FRPSRVLWH 7KH ILEUHV DUB ORUR PR GOWKRH VERID G HYL WHVROY |
HYDSRUDWHG RIl 7KH IRUP LV W KMIQHKRR\D &/ BY WHRG XOR IP MK H | LE

5XVVHOO % .DUWKLNH\DQ .FNHWUKSDQ@&H KILJK VOMUDLQ UDWH UHVSRQVH RI 80WUD +
OROHFXODU ZHLJKW 3RO\HWK\O MG WHR@DWERBDOR-RRBQOPD® Rl ,PSDFW (QJLQHHULQJ

GRL M LMLPSHQJ



7KH NH\ DVSHFW
LV D KLJK GUDZ UDWL
VWUHWFKLQJ SURFHYV
SRO\PHU PROHFXOHYV
SRO\PHU LWV KLJK WI|
ILEUH FDQ EH ZRXQG
EH SUHSDUHG IRU FU
RU IHG WR EH FKRSSF

7KHUH LV UHODW
DERXW JHO VSLQQLQ:
,PDJH IURP <DR HW DO QHHGV WR EH FXVWR
FRQGLWLRQV DSDUW IURP JHQHUEBGRMVIEWH HGEXEMK RAYD QK E\
VZDSSLQJ RXW VWHHO IRU OLJKWHEWD B OPRRY DQEGVHAKHUH SR

$Q LGHDO JRDO WR VWULYH HMWYLD QLI U HRVHPWALKXFHK B D
PXOWLSOH IHHGVWRFENV UDWMPRHEHWK B QWHDF IVQ Y WHRP SIRRYHBHK SF

JLOP SURGXFWLRQ

JRU WKH SXUSRVH RI WKLV VHRPWMRH B8 YZHORSBVIWX B H G\DKADL
KXQGUHGV RI PLFURQV  :KLOHKWIKMHWHRQW XIORFSLHH @ W\ WKIIDFFN QH V V

FRQVLGHUHG VKHHWLQJ UDWRKRHUQWKDPR ZILO® UHRRUFWRRMWIW VLP S
WKLY VHFWLRQ

3KRWR 9LWDVKHHW *URXS

,Q RUGHU WR GLVFXVV LVVXHGXFMULWRQLQL\WWN HPR DHIZQ P G BIRD
SURFHVV IRU 3&7)( ILOP 7R P DIHQW QMWQ SOURSW BRW MHWH GLWNW WHP P

DW GLITHUHQW WHPSHUDWXUH®J WHWRWIKEHW BWXH HW HH HRRDIRZW D L C
DSSOLFDEOH

<DR - %DVWLDDQVHQ & +LBKHIBMMIHOIJWK DOG +LJK ORGXOXWIIOBAFWWURV SXQ 1DQRILEF
GRL ILE

1HRIORQ 3&7)( OROGLQJ 3RZGHUG' 'D(EN LD ,SHOXY MHYLHHG/ IR P
KWWS 777 GDLNLQFKHP GH GRZQORDGV 3&7)( SGI




*UDGXDO WUDQVLWLRQ PHWHUVIQRQVBDWZIR UBPSU
PP EDUUHO /' UDWLR RQWUHDU FHQ@®WHU IU
$GDSWHU P&
'LH KHDG p&
'LH WLS p&
. OHOW WHPSHUDWXUH p& P PPRIQWWHNNIRHWVND F K
03D FRROHG WR p& P-Q

,Q RUGHU WR PDLQWDLQ VWHDBOD WW FRI WHIDW B RWY HE K EKNV W
DQDWKHPD WR D OLJKWZHLJKWF HORL JKM \MB G \QWX\R/E\HUP RKKBD W H L
WKHUPRFRXSOHV PD\ EH UHTXLWUB® FRQ KWESSEBRBKEGIG DOKHD W |
ZKHUH UHTXLUHG 3DVVLYH WHP SWHP W XVXFKDRD WHQIEYFBKLPK F
SKDVH DW WDUJHW WHPSHUDWXUHYV PD\ EH RI XWLOLW\

+LJK YLVFRVLW\ UHVLQV RIV
JURRYHG EDUUHO ZKHUH UHJXO|
DzD\ IURP WKH VFUHZ 7KLV KHO
HYHQ IDVWHU KHDWLQJ RI WKH |
JHQHUDOO\ LQFUHDVHG WRUTXH
VRPHWLPHYV JUHDWHU ZHDU

$V ZLWK XQLD[LDO RULHQWLEL
RlI ILOPV LQYROYHV WHQVLRQIL® *ORXFHVWHU /*) /LJKW *UF
PHOWLQJ SRLQW EXW ZKLOH LMWWI ILOP H[WUXVLRQ EDUL

3KRWR 30ODVWLFV 7HFK

7KLV LV XVXDOO\ GRQH ZLWKH HU
LQ WKH IRUZDUG GLUHFWLRQ X®®&HQJW WDRYYRMLMHHUR IO KU FSF W
ILOP PXVW EH KHOG LQ WHQWXDRQFR@W OB WHGEY WRB QLYWW LRRIQW LP H
ILOP LV KHOG DW YDULRXV WHRFESNWYDMWXEHVWEXDIOQW RVERY WUROC
SHUFHQWDJH RI FU\VWDOOL]DWVRD OQ VWKW WVRJIR RIKWKH FLOP Q
FRROHG PRUH TXLFNO\ FRROXIMHG FKLOO UROOHUV DUH

6LQFH WKH HQYHORSH H[LVWV WQEYWRD G\RPS RV Y WGJ OMKE DG HI
OD\HUV FDQ EH MRLQHG DW DQ\ WML JLIQURPXEHQQ JRISMLIRQG HG
VDPH GLH FRH[WUXVLRQ WR EWHQGISHMR &RFMIGUIHEGHSDRDH KHD
EHLQJ SURGXFHG HQWLUHO\ LQGH SHEDH@WO\ \DWBIJPHOIHGRBQ/LP
ZLOO GHSHQG RQ WKH FKRLFH RI[SROLPHQW DWW GRZL &/& \B B MW UP L
SURGXFHV WKH EHVW ERQG DQG WRAELQHG PDWHULDO SURSHU

1RWH WKDW RWKHU ILOP SURGRNWLQRWNREFH\GLHVERRZXZNVYJ F
WKLV LV PDLQO\ RI XVH IRU IROFP R Q¥HKILAR HHU WHIQDH KRV BURG X F !
RXW WR EH SRVVLEOH IRU WKH KWDEHWDW IWRRKWLFORXB@MHIGAR]HQ V
KXQGUHG PLFURQV WKLFN SDGWMWKHODEORRQ WRKRR GBREZUXVHRQ P
VXSHULRU FKRLFH



,PDJH IURP /L HW DO 3KRWR ODDUWHQ

7KH SULPDU\ GLIIHUHQFH EHWZREQQH [ MMJ Y\KIDRAD WDEVEK & UHWEKD
OLQHDU D GLH EORZLQJ GLHHNRW¥PWHDP DL QW IZLQWHKG DOLLQJ VBKIH FHQW |
HORQJDWHG EXEEOH 7KH EXEEQRQYHWKHRQGDEXMW Z2HS RALMW K SRR C
(ISDQVLRQ RI WKH EXEEOH SURYRGHR! WKH OLDONPH ZEKQ OH SADKQH/ SUL |
PDLQWDLQ WHQVLRQ LQ WKH GLUHFWLRQ RI WUDYHO

$V ZLWK ILEUH SURGXFWLRQ KDA H DX G LEHP G/HVHIHWVD HQ W WAKR/ L
VI\VWHPV EH DGDSWDEOH :KLOH WKW ISQYPADBSHL.OPEQHHGIRU PDL
DQG XOWLPDWHO\ WR DFFUXH FG&HLWRHOWOE RK@WYDWRBHEHKD ELV
ZLOO DOVR EH QHHGHG IRU YDBWRRWY EXENEW VYV B W HNVJI UARFFXOWXX D O
ZRUNVKRS VDIHW\ VKHHWLQJ DQG VR IRUWK

6SLQQLQJ DQG ZHDYLQJ

6SLQQLQJ ILEUHV LQWR FRUG D DH \RL WLDA\L RX\D W/ \KSDHW B WY HIDQG |
KDQG DV IDU EDFN DV SUHKLVPWRWDH ,\@ DLNHYV VR RVRR LRHU ILE U H\
DQG WZLVWV ERWK HQGV RSSRVNWGGNHERK RWPK HQ WK WPILGS D H
FRQWLQXHG WZLVWLQJ WKH NKLQNZF REW HY XIH\G WQ W R RZK HZ IEW Q G ¢
GLVDSSHDU VWULQJV DQG URSWW H\DWHQ LVDIOW W ZZVWK WEEBRZLQ
WKH ILEUHV DJDLQVW HDFK RW WHW BIQIG F\R? FH (BUHDINDY HRRI1 LQG
VWUDQGYV

/L + &KDQJ - 4LQ < X <DQIXXQ O3ROX*KODFWLGH FR WULPHWK\OHQH FDUERQDWH
S3RO\ODFWLGH 3RO\WULPHWK\OHQAWHWERWDRID®GCRXQ QDOPRI OROHFXODU 6FLHQFHYV

GRL LMPV
.LGGHU 1 ODNLQJ &RUGDJH JRWLPDWEGYH :D\V




,Q D 9HQXV KDELWDW KRZHY
DUH IDU WRR KLJK IRU SULPLWLY

PHWKRGV ,Q PRGHUQ FRUGDJH F

HDFK ORDGHG ZLWK FRQWLQXRX

UDSLGO\ DPRQJVW HDFK RWKHRX;

WKH SDWK RI WKH ZHDYH ZKLFK 1

7KLV VLPXOWDQHRXVO\ IRUPV WI

PXOWLOD\HU URSH GHVLJQV /LWI

D VKXWWOH JXLGHV WKH URSSRR

7KHUH LV OLWWOH WKDW UHRRKXUY SKRWR 'YRUW\ILUO
FRQGLWLRQV

"HDYLQJ WRR LV D SURFHVV GDWRSUREDHG BN D SADHKLHAW RRJI
WHFKQRORJLFDO LPSURYHPHQWW XBKW B HVE B HP R G G LOIRIRIAH Q3N C
WKHUH LV UHODWLYHO\ OLVOWR®BE D SHGXAD WR R G LWHLTRQWV DG DRW U
UHGXFWLRQ ZH ZLOO QRW JW LOWRGGHW DR QVWRWF WHDW ISRL @ SD U
HQYHORSH UHLQIRUFHPHQW WKH Y@PHP® \OR KD § &RKOGHEN HE W D Y
FRPSRVLWH UHLQIRUFHPHQW DQG7XHQBEID®L WX WSFR ¥ H D B BUGIEIVH U
LV LPSRUWDQW IRU FRPSRVLWHIQWHEQVWWHAHPMQWHDF GLINMWHQW
SURSHUWLHV LQ WKH UHVXOWDQW FRPSRVLWH

$ WKLUG SURFHVYVY WDQJt

WZR LV WKDW RI RYHUZUDS Z

XVHIXO WR SURGXFLQJ FRPSF

WDQNDJH 7KH SURFHVV RI R"

WR WKDW RI ZLQGLQJ D UHHO

WKDW WKH ILEUHYV DUH ILUVW

RU WKHUPRVHW UHVLQ ZLWK

EDNH VWDJH DIWHU ZLQGLQJ

&RPSRVLWH JLEUH :LQGHU 7 WUDGLWLRQDO ILEUH IRU WKI

3KRWR :LQGLQJ 7THFKQROR.
WKH EHVW RSWLRQ IRU D 9HQ

RQ
WKH VXEVWDQFH WR EH FRQWIEH) HGWWHKH QDWW LEGLRB WP RWDO |
JLYHQ LWV JUHDWHU DYDLODNEDRBHW\UXGWLQJOBULIMH VNGB WMNU V.

*RUH DVVHPEO\ DQG PDLQWHQDQFH

$LUVKLSVY DUH JHQHUDOO\ ERLOWERXW MRUQHE\D WVWHKH. SA\HDF
WDSHU DV QHHGHG WR SURYLGH IRU VKDSH FRQVWUDLQWYV

$V GLVFXVVHEWXQEHWD\HUVIORRDWEROVYPHUYV DUH QRWRULF
WR ERQG DOWKRXJK QRW LP SR\QWLED®MHGWHYXFREPBQRRQ SURSF
LQFOXGH WKH XVH RI D SRO\XORZWIRDQHDM OHAK BY Q¥HKN BRRQBOQJ Z
FRQQHFWLQJ FRQQHFWLQJ VWU DSW REUREHUQF ®RXEOR& XBUH WKL

8QGHUVWDOQGLOJ &DUERQ J)LEU H BRWV\R&RKP SRVQMKWV HPHQW




ZKLOH DSSHDOLQJ KDV D UH

URXWH WR PDQXIDFWXUH DQ

DYRLGHG 6LPSOHU SRO\PHU

VXLW IRU WKH VDPH SXUSRV

GHPRQVWUDWH ORQJHYLW\ L

HQYLURQPHQW )XUDQ WKHU

E\ K\GURJHQDWLRQ RI IXUIXL

DFLG GLVWLOODWLRQ RI ELR

RSWLRQ $Q DOWHUQDWLYH I

ERQGLQJ DOVR GLVFXVVHG

FRQWH[W Rl ODPLQDWLRQ I 866 6KHQDQGRDK XQGHU FRQ'
3KRWR 8 6 1DYDO +LVWRULFDO &H

UHDGLO\ DYDLODEOH WR OREF

IRXQG PRUH FRPSOLFDWHG ER Q G\.EEONI WHW 8 ROULH) D G HDFHQIGH Q F

(DUWK

ODLQWHQDQFH RQ 9HQXV SRVHV BDWWEBSXQBUW K D W OHRXIMW
GHVLUDEOH WR EH DEOH WR F RQTGLWK\L @ QK R IXIDEW WQBWQ ZHK LB R JL
WR RQO\ RQH VLGH ,Q RUGHUWHR QN ® LR WKW HIHDHG HREUBDIW W H
EH GHYHORSHG IRU UHSODFLQJ Q\HZPW RMQ/ VRK H RKUDHEV. VAIDWY L LPH S D L
LQWHULRU FKDOOHQJH LV PROQMWNQ DY F\W KZH. WKV Q QWKLHG B DLOVOW K
LQ WKH H[WHULRU DWPRVSKHMHVDBRODWLAQ BHDXWHIR \RKIHD U\ DLL
SUHVHQFH RI D SHUPDQHQW RQWHEMMW WKMGDWKB RSRULWLRQ W
ZKLOH IXOO\ VXLWHG XS

$Q LQWHUHVWLQJ RSW
PDLQWHQDQFH LV LQ GHYH
IRFNKHHG ODUWLQ .QRZQ
6HOl 3URSHOOHG ,QVWUXF
(YDOXDWLRQ DQMKBM FRIQ |
RXWVLGH DQG LQVLGH KDO
WRJHWKHU WR FUDZO DFU
DOORZV WKHP WR FRQGXF

SDWFK SLQKROHV
3KRWR /RFNKHHG 0DUWLQ

ODQXIDFWXULQJ ULJLG FRPSRQHQ

%H\RQG WKH SURGXFWLRQ RI HHOWHRRRBRW KIHQ@PW DS HVGRIl SRIG
DUH QHHGHG DV ZHOO

G6NXON :RUNV 63,'(5 6HOI 3URSHPIWHWKLESG VWRIXIAH OWD OXD W RFFQ KOHHEG 50HWW U Q




([WUXVLRQ

$ VLIQLILFDQW QXPEHU F
EH HHWUXGHG LQFOXGLQJ SL
VHIPHQWYV ([WUXVLRQ RI VXF
SURFHHGY UHODWLYHO\ VLPL
+ROORZV DUH DFKLHYHG E\ K
RI WKH GLH VXSSRUWHG HDUC
EDUUHO ZLWK WKH IORZ WKD
VXSSRUW OHJV UH PHUJHG DI7xen H{WUXVLRQ GLH SODWHVORRN
HDUO\ VWDJH FRORQ\ H[WUX' WKH IORZ IURP WKH FHQWHU IBK!
WR EH SULPDULO\ SODVWLEY VXEVHTXHQWO\ FRQVWUDLQWYV W]
LQFOXGLQJ ORRVH ILOO KLJK SWHSKHQ *RROYVAUWRQ
+RZHYHU
LQ WKH PRUH GLVWDQW IXWXUHO® HEWMDH) $FHWW MG LW R DGIHGHDX H

OHWDOZRUNLQJ

:KLOH PHWDOV DUH QRW DEX
SULPDULO\ ZLWKLQ WKH FORXG R
YDULHWLHVY PRVW QRWDEO\ LQB:
PHWDOOLF FRPSRQHQWY VHQW II
YDU\LQJ GHJUHHV RI DVVHPEO\ Ql
DQG GLVDVVHPEO\ RYHU WLPHH 7
ZLWK LQGXVWULDO KDUGZDUH HC

$PRQJ FXWWLQJ PHFKDQLVP
3KRWR -DVRQ .DHFKOIR[\DFHW\OHQH FXWWLQJ OHQGYV |
HQYLURQPHQW ZLWK R[\JHQ EHHPHDRWXDG® DHFQWDOHQHTRHUQJ S
IURP PHWKDQH +RZHYHU QRW MD@OVKXWWGQW R RHGV HDW\WO BB H

&XWWLQJ ZLWK DQ DQJOH JU DTRY FRQ\DHP HM HIFM QYGH QV VBHL \
LQYROYH DEUDVLYHV QRW UHDGLOVF H HSFGFHRVH/D E76H \& LWWKLFGX VR @ O \
VPDOO QXPEHUV RI GLVFV DUHODWUELDREXRW R IUFHODWLYHO,1 GL
PDQXIDFWXUHG ORFDOO\ WK KXFDNXK DRW SBEWQERDWHG\ YKWJIDE |
VXSSRUWHG LQ D SODVWLF PDWEUH WHKILEIKR UG HPXHOQW KITHDPH LQ L
VWUXFWXUDO VWUHQJIWK $Q\

PXVW SURFHHG ZLWK FDXWLRQ
KD]DUGRXV ERWK WR WKH RSH
DUHD DQG GLVFV PXVW EH ZHC

$ ORFDO DEUDVLYH RSWLR
PDWHULDOV IRU SURGXFWLRQJL
D GLDPRQG DEUDVLYH DUH RIW



WKRVH ZLWK RWKHU DEUDVLYH SKRWR (PLOLDQ S5REHUW
OLPLWHG PDLQO\ E\ SULFH

J)LQH PHWDOZRUN DV ZHOO DV H® WN IRQHIEHE\DP L' BYA P E\ND R/IW/\ C
$V WKH ELWV IRU WKHVH DU HH DA\Q U DADION PT OMVBIQV (FDIUACK  IFUS R U W
D FRQFHUQ HDUO\ RQ

'HOGLQJ FDQ EH FRQGXFWHG ESWRF¥FBVYVHW)\ BR G LIHQXVQORS H U
0,* IHG E\ D VSRRO RI ILOO ZPDKXDQG HHG KRIGQURD ILOO DUH PF
DSSURSULDWH DV ZLUH DQG V KW R CBAJLRGIXFIHV 6 R FIDUWDHD H BAKIDHQU 6 0 $ :
HOHFWURGHYV 7KH HYHU DEXQ GHIQNMF WD Y BHRQK GH & BLLGH UDWDORU V\
QRW IRU PDQ\
RWKHU PHWDOV VXFK DV DOX
DUJRQ RU IRU YHU\ VHQVLWL
7KDQNIXOO\ QREOH JDVHV DU
9HQXV V DWPRVSKHUH LQ GLV'
TXDQWLWLHY DUH UHTXLUHG |
DQG XQOLNH JULQGLQJ VSDUNM
D JUHDW DPRXQW RI KHDW HQt
WKURXJK RU LIQLWH WKLQJV V
ZLWK 7KH ZRUN HQYLURQPHQ'
ZLWK GXUDELOLW\ DQG ILUH V

3KRWR 5RE /DPEHUW

&ORWKHV XVHG LQ PHWDOZRUN LZRURDW KEHR K [ & HIFW BDGU\W RX BH
LQFOXGLQJ JORYHV ZKLFK PXWP EHUGMXLLIDH G* ORRY KV JBUM P RV W
FRPPRQO\ PDGH RXW RI OHDWKH W XDGIWSKRRX PKH K I/J B UMHHR\BHE D Q V|
EUDQGV

6DQGEODVWLQJ LV XVHG WR UHPR¥
VXUIDFHV DQ LVVXH FHUWDLGQIOX KH UK
LQWHUQDO HQYLURQPHQW LV KXPQBHED
DFLGLF 7KHUH ZLOO EH QR VKRXWWDHE
9HQXV UHJDUGOHVV GXH WR VKN YDV
KLJK SUHVVXUH OLQH WR DQ HMNWWDQ
DWPRVSKHULFDOO\ DFFHSWDEOH JDV
6DQGEODVWLQJ VIVWHPV DUH YHQJ RI
QRWKLQJ PRUH WKDQ D SODVWLP E®H
YHQWXUL QR]]JOH WR VXFN LQ BEUDWIL
FRQVXPHG UHODWLYHO\ TXLFN®\O D® \
VRPH H[WHQW KLJKHU HQG GHVLJ®QWHR
UHFRYHU\ Rl XVHG DEUDVLYH 6UDHIBVE (
RI GXVW DV ZHOO DV RFFDVLRQL® K/ W 3KRWR $QGUHD $

OLJ :HOGLQJ 6KLHOGLQ@QHUMD Ue® VHV®GLQIJ 5HWULHYHG IURP
KWWS 777 EHUQDUGZHOGYV FRP PVYIEDNOEVOS VKLHOGLIDH/DK(




,W LV ZRUWK H[DPLQLQJ WKH ORBPODRQW PLRYAS BI3S OR A DRI VW
ORFDO SURGXFWLRQ 6WHHO LVI DWRI AOL@GE AFDRJ ER® SB X WHIBOR RV V
FRQWDLQV YDULRXV DOOR\LQJISHIHMWY WsR/ WPISHN\RF HD W M/ HSQUHRU D C
FDWLRQV QRW IRXQG LQ 9HQXV V DONRRV SIEHEH 0Q: 7l &R 6H
DUH XQDYDLODEOH ZLWKRXW V XH[IPHFWCYIHIG YIKQS RBEGWIYWUR®@ V(D L
WKXV DUH LGHDOO\ PLQLPL]HGHZ KHRWH D WH. D OREZ [HFHBW LIR Q V

. 1ILWURJKQOH VSDULQJO\ VROXEOH L©&DQNVWHXDV DMW WHXREHS LRV F
DW KLJK SUHVVXUHV ZKHUH LWVIWB8WNRQMVID\E LD VMAUR QQ\UF
VROXWLRQ VWUHQJWKHQHU DQG H DWMQWJ FRKH R WLLRHY U\W K H'
HIIHFW FDQ EH VLJQLILFDQW DW+RZHIV3IDUSKHUWURJIBEQ UHGXF
ZRUNDELOLW\ ,| FRQWUROOHRGUHFQWHOVWOWQD @ UL WHHF D/UA
SURGXFHG ZLWK VXSHUE ZRUNIDELOLW\ DQG QR VWUDLQ DJL

. 6XOIXLQ VPDOO TXDQWLWLHV FDQ IEGDEVBGWV R QGFWRRU HOBI
FRVW RI LQFUHDVHG UDWHV RI FRUURVLRQ

. 3KRVSKRD®VR LQFUHDVHV PDFKLQDELEGDRWIHVUMWDQWIK DQG
SDUWLFXODUO\ LQ FROQMXQFWQR @ V¥ HW® VF RERZHY HQ ZLHAD WK HHL
LI WKH FDUERQ FRQFHQWUDWLRQ LV WRR KLJK

. /HDGQBLVPXWKQLILFDQWO\ LPSURYH PDFKRLQD PHFKWQIZEW®R
SURSHUWLHYV

. %RURY VRPHWLPHY DGGHG LQ PLQLWFROH TXDWW LLVPIERN\H DV H
KDUGQHVYV ,W KDV QRW EHHQ G 8 NHUFIW HEX WQGRHYX K DW 1B \B PR
Rl JDV SKDVH DFLGLF VSHFLHWVDMGHROQHONXWUEGTXDQWLWL

. 7THOOXUNVXPGGHG WR VWHHO WR LQF WHYINHUR DIFKLULQRIDED @/IH\L L
SURSHUWLHYV W LV DPRQJ WK®JPIRMMD \8 R W I QMK B V¥ FUWRMH OFRA
GRZQVLGH RI PDNLQJ WKH VWHHO GLIILFXOW WR KRW ZRUN

. 6HOHQLBPNH OHDG ELVPXWK DQG WHIDEALODILXPA ZAIQ¥FKR)OW HV
VDFULILFLQJ PHFKDQLFDO SURSHOMICHWK PEQRWHNB WHDQ XUL X
ZRUNHG 2QO\ DUH UHTXLUWRQ HHIANMDED QRUK VWK V>
UHGXFHV QLWURJHQ DEVRUSWLR@ VW BbOYWLEHGKWNY K\GUR

$PRQJ WKH PRVW LPSRUWDQW Q HHEBH I R VW HRH QV R R 00 N @EH\VH ©
DUH PDQ\ HIFHOOHQW ORZ DOIORW Q/iR R\(R VQARHBIO® RWIK@IWDI M B VOV Q
9HQXV V DWPRVSKHUH :KLOH WK HKVFOQUDRKHMHY HWKHH FB QGRX | 1|
UHGXFHG OLIHVSDQV FRPSDUHGVRROYDWHRXOW KLIKHU DOOR\

2Q WKH LVVXH RI NHHSLQJ LP SRUQGMWYWVROWRY X WDH HPUW H URIDUWHPR
VWHHOV DUH RI QRWH 7KHVH XYIAXDOQGR\ LQJVIPIHI)AVVXPQWALWLHYV
ZKLFK LQFOXGHV 1E DPQGLUDEBH-HDUWWK PHWDOV )RU V\

%ULVWRZ ' - &DUWHU 5 -/HZDNQNHY¥ 6DQJU ) 6DWWHOEHUJIH U H& URDWER\V
DQG $OOR\LQJ $GGLWLYHV 2QO0LQRA +THWEIRRM\ENIE REDPIGLYXRP FRQWHQWY KWPO
6LPPRQV - 2YHUYLHZ KLJK OLWURJHO DOVWGRDMWHURDOWBEQHAFH DQGEHQJILOQHHULQJ $

GRL
ODW:HE ODWHULDO 3URSHUW\KDWBE 5HAWURBWHBEIUFRP VHDUFK &RPSRVLWLRQ6HDUFK D




QHHG H[SRVXUH WR WKH H[WH U @NH G @HDIRQPHGW VARISISOIV E
&X DUH ZRUWK\ RI LQYHV WL JDRW. RQI HOWHKHR X/ TKP W IOHH YGIRD ®| SUR

VWDLQOHVV VWHHOV

‘KHQ VXUIDFH PDWHULDO EF
VPHOWLQJ EHFRPHV DQ RSWLRQ
FKHPRWKHUPLF UHGXFWLRQ RI L
SUHVHQFH RI IOX[HV PRVW FRP
UHGXFWLRQ ,Q WKLV UHDFWLRQ
VRXUFH VWULSV WKH R[\JHQ IUR
WHPSHUDWXUHV )OX[HV DVVLVYV
R[LGH VODJ ZKLFK LV VNLPPHG
EHIRUH FDVWLQJ ,Q VWHHO VPWH
IUHTXHQWO\ LQOMHFWHG WR FRQ'
VPHOWLQJ SURFHVVHV VXFK DV
HOHFWURO\WLF HPSOR\LQJ FRQ
HOHFWURGHYV

B3KRWR 6NHH]H

DV ZHOO DV IOX[LQJ DJHQWYV WRV UHGX K H YMKHVR WQWLER G BURG XF
FRPELQHG ZLWK DOXPLQXP VP HPHMWMNJI YIHD AWK HD6YOQBAH BBGRSWI
PXOWLSXUSRVH VPHOWHU LQYROXUBJKPRBZRQ H EJRX W 6 ANSHHHID WA V
PDVVHV ORZ VI\VWHP PDVV ZKLOW BQRY RG ISQURFRHV DHWRDG

:KLOH LW V HDV\ WR WKLQN RIX\FRVAXQMW N U W BN URHD VW IOYRH | X @/GIC
UHTXLUHPHQW WKDW WKH\ PXVM BWHRUYMPHOWHQYU EXBEQH. WKDIKO HV
FRQGXFWHG DW VXFK VFDOHV ZLWK BREGENUKRIHRAMJWHYG 6WFR LP

HITLFLHQF\

&HUDPLFV

$JDLQ KLQGHUHG E\ D ODFN

VXLWDEOH UDZ PDWHULDOV FHU
H[SHFWHG WR EH RQO\ D PLQRU !
FRORQ\ V ORFDO SURGXFWLRQ 8
EHFRPHV ZLGHVSUHDG PRVW FH
EXUQHU QR]]JOHV FHUDPLF HQJL!
UHIUDFWRU\ OLQLQJV DQG VRER!
LPSRUWHG IURP (DUWK /RFDO D¢
FRDWLQJV RU ORFDO FDVWLQJW¢
LPSRUWHG IURP (DUWK 6RPH G

&HUDPLF KHDW wWLon LQYROYLQJ VSUD\LQJ DQG ODVIRU
3KRWR 5RVFNHW 7DVDXVH ZLWK FHUDPLF DQG VRPH FL

XVH ZLWK &1& PLOOLQJ

7KH BLOLFRU 3URFHVV (QY LURW BHQWRQ@O\5 HIN B IQHSYH G6 RUDMP

KWWS Z2727Z VLOLFRUPDWHULDOV FEB RFRPORODG QW GRAFRDIXPBBWDO ZKLWH SDSHU KWPO




6RODU FHOOV

:KLOH WKH FRQFHSW RI1 IXO
SURGXFWLRQ RI VRODU FHOOV K
OLNHOLKRRG RQ 9HQXV VRPH HR
SULQWLQJ SURFHVVHV DUH RI
RUJDQLF &,*6 TXDQWXP GRW £
WKLQ ILOP VLOLFRQ FHOOV Y® )
OD\HUV HOHFWURQ GRQRU DFF
DUH FRQWLQXRXVO\ GHSRVLWHC(
WKH VXEVWUDWHY PDNH XS WKF
PDVV RI WKH SURGXFHG VRODU
SURVSHFW RI LPSRUWLQJ WKH \VHIZDESES'E;Z:VSSBUL(';:\??:SSLEQHW
DQG SULQWLQJ RQWR ORFDOO\ ¢ | yeywupwH IURP SODVWLFV -
LGHDOO\ LQWHJUDWHG LQWR WKk
SURFHVYV LWVHOI

'KLOH VLOYHU IROORZHG LPPF ODWHUL QvwPwJ
JHQHUDOO\ WKRXJKW RI DV WKH EH 6RGLXP
PHWDOOLF FRQGXFWRU WKLWKY R L
'LWK UHVSHFW WR PDVV WKH PRDF

&DOFLX

DSSOLFDWLRQV WKH WRS HONPBH®D
OLVWHG WR WKH ULJKW %\ FRQw | SRWDVV
QvwPwJ FPs 8QIRUWXQDWHO\ IRB C $OXPLQ
OLWKLXP FDOFLXP DQG SRW DWWk %HU\OO
LQWHULRU RU H[WHULRU ZLUQQJ XVv| ODJQHVL
UHDFWLYH QDWXUHV +HQFH DOBRBLWQREHIMWKBFPDRXOBSWIPHDO V
7KLV PXVW EH WHPSHUHG E\ D IHZ IDFWRUV

3XUH DOXPLQXP DOVR KDV DURXRIGFRS § MUK HD BWHKHR KD W H
GUDPDWLFDOO\ UHGXFHG ZLW K D/ARPRAWQ P HD\J HDQ WX/S HHR.SRSH B Kl
ZKHUH WHQVLOH ORDGV PD\ EH RWHWW QRO + R ZAHRFHSR WLX\BHH & IE
DOXPLQXP ZLULQJ ZKLFK XVH FRB SRXWL\WBOXARQXPRIRGEHD UL
WUDQVPLVVLRQ

+LJKHU JDXJH DOXPLQXP ZLULQGODADIRQHTIXYVH PRUH LQV X

7TDEOHV RI UHVLVWLYLW\ DQIGWEGHD VEWU VRRXIWAHIGE IR PRP URSIFWEGVLHY $ 5HVLVWLY LW
KWWS SHULRGLFWDEOH FRP SRRBHVSHHWLY HOQV LW\ DQ KW

+9&5& 6PDUW &RQGXFWRU OHUFXUAWWDEBOHHBDQGRRHUJ\ 5
KWWS PHUFXU\FDEOH FRP SURGX¥RW KYFUF VPDUW FRQGXF




$OXPLQXP ZLULQJ LV OHVV IPOLANWQR® WKEQY R RISS HD VO W
OHDGLQJ WR QXPHURXV SUREOHPNPIHE KRG H Z QUIZGIU V IMDFHS |
DQG WKH XVH RI $$ VHULHV DOXPLQXP ZLUH

1$6%$ DQG 86 GHIHQVH VDWHOOLOMHNG KDY A RRALS/MURDILE D@D\ LEK
DOXPLQXP LV XVHG E\ (XURSHDQ WYSDRHRAMD IVQ FUSBDBVIH LNVAHV RZQ 7
XVLQJ DOXPLQXP ZLULQJ DV D ZHLJKW VDYLQJ PHDVXUH

1R UHDVRQDEOH WUDGLWLRQDORGXEBDG PRE®IO®D VW H VFIORX BH
GUHGJLQJ ,URQ LV D UHODWLMNEO\DSRRHLER BANFQHRWRDAVRBDURV LF
FRQGXFWRUV H[LVW EXW WKHLURBIRBGGXFRLYDN LMWX GHQEG R DIOU W
PHWDOV $Q LQWHUHVWLQJ XQ FHRW YIHSBMIDRIYDW RR § W LHRPQH UGR DH Y F [
QDQRWXEH ZLUH

&DUERQ QDQRWXEH EDVHG ZLUH VDRXOMIDXPRRDDHVXY EXQEV 3KRWR 5LFH 8QLY|

JRUPHUO\ D SURGXFW RI UHVHMHUGRZ @ WWH WHRWVW FRORPFPEROFZDO
SURGXFHUV )RU H[DPSOH &XUWWWQIM®R X QIFWMIG: MKH UB R HQWO\O D U JH
% RLOILHOG GHYHORSPHQW F RQRRIDEX\F W LYW &RDMIWRVFRBISHWO R Q
EDVLV DQG ILYH WLPHV EHWWHO RQ BHR DV K EXXO\VF DPWURNQRQ DC
UHVLVWDQW DQG KDYLQJ WLWHKVWKIDI®E HFR S\ S HJV LOH VWUHQJ

)XUWKHU WHVW ZRUN YDOLGD® IVXLWDEER®DWALUM MQ O/RIQL RUH
9HQXV HQYLURQPHQWY FRXOG OGIDBQWRFIDWG XV MHWH IRQ BELPHQJ F
VDLG WKH 75/ RQ FDUERQ ZLULMWURQVDHW PWS B B H \DHE®W LEFR Z

'LULQJ LQVLGH WKH KDELWDWHQ YORQYHNSORDRW \VSIDUHN RR LLP |
PXOWLSOH URXWH JULG ,Q REGBUWYRNIRQPYRDE H Q\DKHMLRUIUYWMH/Q W F

4XLQQ - 3 'RZ0Q 7R 7KH :LUH &RSSHU $0G $0XR I7¢X¥P) LIQODWRKWUILEDO &RQWUDFWRU
3DWHO 0 6SDFHFUDIW 3RZHGRA\WVWHPV
'LOODBGYDOFLOJ $OXPLASBES LIMIHUHQFH 1R 11- =%+ /

6SURYLHUL &DO &DUERQ 1DOQRWXEHYV SHVS/GHPHEHD & @B FMHLQ H
5\DQ © OHHW WKH +RXVWRO VWDUWXSLWRV W HE QRE IO IWRISEWRIQEMBKW LQHVYV -RXUQL
/[LWH:LUH YV &RBPHIQ S5HWUMHWYHG FMBRWUDQ FRP EHOHILWY OLWHZLUH YV FRSSHU




VKRXOG EH PDUNHG E\ EULJKWOL @& ORIW RBULNQEBWR U HIIXRODLW 1L QW H
&RQGXFWRUV VKRXOG EH VSDFHDG-WKXMWDDV JUHDWO\ DV LV SU

*HQHUDO GLVFEFXVVLRQ

:KLOH PXFK HPSKDVLV KDV EHHQ KSDW YH GHIG\ \R R LIOQ VPOUL @ H W
SURGXFHG ORFDOO\ LW VKRX®&LEH QRW MK MVKQUWVQRW KIYEIWDW
SHUIHFWO\ SRVVLEOH DQG PD\ LWH BPN LLUD/E/DBIQ FHR/ BEEXL 0% PDMI
FRPSRQHQWY RXW RI WKLQJV WEKOAH G MRERW EH AKHIVG KR\ZS Y R U

XQGHUWDNHQ FDXWLRXVO\ E\BEXH POMHURDW\RI\RXDFGHYYEH WK
UHDGLQHVYV OHYHO IRU XVH RIXW KFVEHL \W DW HHILLDIOM Q@ HDQY¥HQQRW
UHDGLQHVY OHYHO RI WKH P DHWUH IKD ® VP WK\ VE 1D FANDX\NCHOQO L @\D R/ W W
FRQVLGHUDWLRQ ZKHQ PDNLQJ RNVWRULWRH RZUWLRO & B E L WIDRV






5DWKHU WKDQ WUHDWLQJ ORFWE URK® YSIKR\G KEW WG DXWXQ B
DUJXDEO\ EHVW WR VHH DV D RIGDPW QRUD O HDVXIHA W JRV IFJRXQ I LF D
RSWLPL]H DQG WKXV VRPHWKL® P MKIDDW W ROR X$VG \H K HE M DPG W LP H
IUDXJKW ZLWK FKDOOHQJHV DDRGJSRIDHUNAR B Q+HH) KIY | /WPLSOH S
SODQQLQJ GLFWDWHV WKDW 0N R D QWRLPHG DI R/RG! IVAKLRDQONG \EXISD Y L
IURP (DUWK WR VXVWDLQ WKHUEYHZERS M IDOVW R HWKRXW GVBH QH]
ZLQGRZ RU RWKHUZLVH UHFHLYH DQ HPHUJHQF\ UHV XSSO\

%HIRUH ZH FDQ LQYHVWLJDWH ZKH § HVHK®R XVORGHE B PLWRIG X Ik B S
UHTXLUHG

I1XWULWLRQ

+XPDQ QXWULWLRQ FDQ EH EURN HRQUX B\ QR\DRF WR @ XEULRIH® W
SURWHLQ IDW FDUERK\GUDWBW HW G Q& DHE DRDGHODQDW BRI PLF L
$V WKH SULPDU\ FRQFHUQ LQ D@ ROIG FEWHO GIIQHW UNRIQIPI @ FZN V V|
ODWWHU ZH ZLOO H[DPLQH WKAIPNDRRQW RV Z&EBW JKHWPSOVR XU
SURYLGH WKHP

(VVHQWLDO IDWW\ DFLGYV

7KHUH DUH WZR HVVHQWLDO PO IWRL\GD BLE VD P® KL, QRO PG
$GGLWLRQDOO\ GRFRVDKH[DHQRLOLPAMEHG+BZKHFQ WEHFRR$® H$ UDW
ZKLOH JDPPD OLQROHQLF DFLGEMMR FH Q LFPARDHNG EQL.J@®HUQD O

21 WKH WZR HVVHQWLDO IDWW)\PICFMLBWL VB X $SRP IYRIPW X' MK IR L O
DV 1OD[ DQG FKLD DQG LV IRMgA QO VAXREEOHRT RMXMIUWL LQFO X
ZDOQXW VR\EHDQ J.G UDSHVHHGWHQGsWRKEHS$ WUFIQRIRAVYV Z|
KHDW WROHUDQFH DQG OLPLWQMG DWW WISWHVMUQW HR GLKHYSH D
VHUYHG FROG :KHQ FRRNHG XVHPFROUASRGEBVWRVUMNBRQ@R/ ADRY LQFUH
VWDL._OLW\

/$ FDQ EH IRXQG DEXQGDQWO\ LY PROYMORBPO R Y XSDDREHRL Q
VDIIORZHU KHPS FRUQ FRW.RQVHHG DQG VR\EHDQ

9LWDPLQV DQG OLQHUBO®»KRLFHY S5HWULHYHG IURP
KWWS 777 QKV XN &ROQGLWLROQW YVIW\OCPRIQON PR IQAHHIDO0ON 3DV 8 [

"KLWQH\ (1 5ROIHV 8QGHUVWDQGLQJ 1XWWHWRPRQW W& HBGVZRUWK SS
6DQGHUV 7 $+% 6WDWXV RI YRBURVWOIDOIDWQGLQYV /HXNRWULHQIKBY DQG (VVHQWLDO )DW\V
GRL M SOHID 30,

+RUURELQ ' )DWW\ DFLG PHWDEROLVP LQ KHHMHORMKCHOG B L VEFDWIHVEXIKRIV @ K W U
6XSSO 6 6 GLVFXVVLRQ 6 6 30,'
2UVDYRYD - OLVXUFRYD / $PEURDR¥BIN- - QUKW $FLGV &RPSRVILWLRQ RI 9HIJHWDE(

WV &ROWULEXWLRO WR 'LHWDUGKOQEBIRI, GQWOSHRYQEFNOBO ORURVD O WWK\ RBE LGNWWDU\ ,QW
,QWHUQDWLRQDO -RXUQDO RI OROHFXODUGGFLHQFHWYMPV

$EHGL ( 6DKDUL OR®J FKDLQO SRO\XQVDWXUDWHG YDWWDVWERG RRWHEFHY QRW U WLRQ
IXOFWLRODO FRRGHEWHEFH 1XWULWLR®RL IV Q

%KDOH 6 ;X = 3ULQ\DZLZDWRBEMU. -.LQUHJROR DOG 5RVHPDU\ ([WUDFWV ,QKLELW 2
/RQOJ &KDLO O )DWW)\ $FLGV-RAWARGMREHRRG BFLHQFH GRL [M

2UVDYRYD HW DO $EHGL HW DO



/JLNH LWV SDUHQW PROHFXOH /$ RO®LYDOUBQAWXRIGOFRPP WK
DV ZLGHO\ HYHQLQJ SULPURV HO\ERDWXU DA®W FROWDQW RLJIQLILI
DV GRHV D JHQHWLFDOO\ . RGLILHG VDIIORZHU RLO

8QOLNH $/$ '+$ LV QRW IRXQGHW BODHHMDVRB QW HVX WWBURG
WKHLUV IURP $/$ 5LFK GLHWDUM VRXK PI\G |.0330LBEOXG $ ORZ
LQWDNH RI '+$ KDV QRW EHHQ DVWWRFAWW R @ . WKXEBFBIW LY H

OLQHUDOV

OLQHUDOV DUH D UHODWLYHOMXRBOGH ZLMKQ QMR BV RY L ®K) IE
FRPPRQ DQG QHDUO\ DOO FDWLRRYWHHRG WKILXSYKRBWOHG7KDW V
SODQWY DUH HTXDO ZKHQ LW FRAKWW®R RVWHINL @G XEOFHLQRUWQORQ
PLQHUDOV GHILFLHQFLHV DUHGLINWUWD VH[ FHBAMH Y B UF IDWPHRWQ RIW KRV I
GHILFLHQFLHYV ZKLFK GR QRW IDOO LQWR WKDW FDWHJRU\

. &DOFLXRILFLHQF\ LV SULPDULO\ DQ LWKXHHDFRGRHUIOX RPRIQ B I\
VHFRQGDU\ WR YLWD., LQ ' GHILFLBRGMH OHBRRGYWRKWBHDHDO HQ F
VHHGV PDQ\ VSLFHV PLON HJJVK DQNKDF ERQ@QHE ZKROH IL

. ,URQURQ GHILFLHQF\ LV WKH PRVIWFERPFR QQ, ./\W H LARLRID O (
VKRUWDJH RI LURQ LV PRVW QR\WDE 0$ ®MVPORF VIRW H 5 HAL W K LDJC
KHPH DUH FRPPRQ DQG UHDGKOFBVYJRIVMWHRE 3DO® WHPR
DOWKRXJK DEXQGDQW IUHTXHQMV LQHIMNB H VY B QIEWIKERIDHV J L
DUH PRUH SRRUO\ DEVRUEHG 6WPLHIRG O/RXUFHY\ VKFK DODWQ
DQG VZLVV FKDUG DOVR FRQWG® LRKR FIKOE EQIEQICU RIQ\ W Q6 XE Q
DEVRUSWLRQ 2WKHU LQKLELWRUSRMMBSE®KGR WD @QMLE R WHKBIQF
PLFURQXWULHQWY VXFK DV ]LQF RRS&URPFRIMIWU & RBIMX P ISFV DR
DVFRUELF DFLG O\VLQH FDURWMKW®H RAXWF HYQRS VY 8RB B DFRGYLIQU
KHOS LQFUHDVH UDWHV RI LURGQKHW RIRSWDL.: QU RY IGRWM B NCH K
VXUSULVLQJO\ FRRNLQJ LQ D@ XYQFRDQLHG IXWORQQF G D MHHOLRD

LURQ FRQV..PSWLRQ

. =LQF IDLUO\ FRPPRQ GHILFLHQFSWRPHOWUHNR ERWRR LQ WMV
GLHWDU\ VRXUFHY DQG ULVN RIKEMIAGLDB LA WHR RHYGIIUF ORDB ]

$EHGL HW DO

I\NLIRUXN & 6KHZPDNHUKEHYHO DFFXPXODWLRQ RIWDBEBRY JHMEOWDILD G 8D U WK
WLOFWRULYWDQNHBELF 5SHVHDUFK GRL v . 30

$EHGL HW DO

6DQGHUV

&RRSHU 0 6 *LWWRHMDIQRVLY DQOG PDODJHPHOWY%AM\SRFDOFDHPLD
GRL EPM EH

LURQ 'HILFLHOQF\ 8QLWHG 6WDWHWDPD GRL MDPD MZU

&ROOLQJV 5 +DUYH\ / - +RBSRIUQ/7 +XUYQW HBWW - 6 JDLUZHKDMWKHU 7DLW
DEVRUSWLRQ
RI LURQ IURP ZKROH GLHWYV $P HWU VADHP DRXLUFQIDIDYRH&ZOLQLFDO 1XWULWLRQ
GRL DMFQ

.ROOLSDUD 8 . %ULWWHQHBYBG _URQ &ROWHOQW RI| 6RPRIR NOZGBOMQU QRORAS R | WH WV R
$PHULFDQ 'LHWHWQLF $VVRFLDWGRL v [




SODQW VRXUFHV LV RIWHQ FDXVE@BE GHULFRHCQ %RDQW \D QAL \
OLPLWHG DSSOLFDELOLW)\ LQ DQSBRFHUA RD@HIHE K\GURSR

. , RGLQRGLQH GHILFLHQF\ LV FRPPR®RDQUAKHUIHD W KBRM WXt

FRQVXPSWLRQ RI . DULQH IRRGW HO\WVLY SRRZW R HW HYHGDW E
LQFOXGLQJ LRGLQH LQWR D K\EUWR BQ@DRMY XGRJ QHROWURMLIX L U
WKHLU JURZWK KLQGHUHG E\WRWR WHDIG RO\TWDQ .. QWAHD QG V

S9LWDPLQV

9LWDPLQV EHLQJ SURGXFHG E\WVSNFIDUH BIRRO RIL E IBLNRIEG

VXSSOHPHQWHG RIIZRUOG H[F DDE RHLDMARU\ EHIMRUQLRILFBQWXSSO
IURP (DUWK +HQFH FRQVXPLQJ SWRBRUHGILPSWOUWNDIVRWUFHYV

. 9LWDPLQHWLQRO UHWLQPODWBPURWHIIRLENVHQF\ LV WKH OHD

FKLOGKRRG EOLQGQHVV DQG D FREP RQ FORXUVLK k .36 DFKK AGL
9LWDPLQ $ LV FRPPRQ LQ FRORXUARO WRMWMWBW®®G H VO H/ITIX DAHI
PLON DQG DEXQGDQWO\ LQ OLYHU

. 9LWDPLQ@WBRLDP LBQHKDOO\ RQO\ FRPPRQ DPRQJ SNRSERHDYLWK ¢

DOFRKROLFV EXW DOVR WKRVH ZKIRVRYWHIUFHR QQRW H KRO N UG
WKHLe oLHW 7TKLDPLQH LV IRRQG LQFD XE& GEJUDHDIW RSRW
EURZQ ULFH YHJHWDEOHV HJJV HWF

. 9LWDPLQ@UERIOBYARQGLWLRQ ZKLFK KLQGHUROWKHA REVRUSW

RWKHU QXWULHQWY VXFK DMVMRIUR@FLIFPV@GHLIFFRAPR Y LI GMK L
DOWKRXJK UDUH L WKH ILUVW @RGP &G DLURRGIWRXUHTHV O}
YHIHWDEOHYV OHJXPHV DQG PXVKURRPV

. 9LWDPL@UWFLQ DQG UHODWHGQRUHANFLHQF\ SHOODJUD LV

LQ ORFDWLRQV ZKLFK RYHUFRQWXFPOHORPIOWH RROR ZW X H WV RILN WC
FRRNLQJ RI PDL]JH LQ D FDXVWLRWRORWAZRWHWY XFX QW UWLDAXO\
WKLoV 6RXUFHV RI QLDFLQ DUH HRBY R@D LQF ONHGE HWDE IDBIW
PXVKURRPV QXWV HWEF

$OORZD\ % -6RLO IDFWRUV DVVRFLDWHG Z8EW K DLE) K XFRYQRILR@A-H QWDFOURHRFKHPLV WU\

+HDOWK GRL v
=LPPHUPDQQ 0 % -RRVWH 3 / 3RGGMIY G&IBF LHQ F\KE LADRUFGIMU V

GRL v
6PROH 6 .RZDOVND |, BD/GAHYVPHOW RI ELRIRUWLILF DOWIXRPO RA LOWKWIVRIGH KD I SOQNEL V B @
WKH 1)7 K\GURSR GBIFL WQWWEB PR UW LF X O WaRID H M VELHQWD
"KLWFKHU - 3 B6ULQLYDVDQ 0 8SPGEMDO ECIQOGOHVY D JHXRODM®R S8 G \AIHDFOMLK 12 UJD
YRO Q *HQHEUD -DQ GRL 6

%DUHQQHV + 6HQIJNKDP\RQJ . PHONQQ@QH- 03 _%BKULEHUL 7KLDPLOH 'HILFLHQF\ DQG +
ORUWDOLW)\ LO 1BIPWKIHUQHPWWG 7URSLFDOGIRLHDVHVMRXUQDO SQWG

$EGRX ( +D]HOO $ 6 QK\IPBGBDMWIHFRIH3DWKRSK\VLRORJLF OHFKDQLVPV DQG
7KHUDSHXWLF &R QMUDGHRIAKMIPRED O 5HVHDUF K v GRL ]

6 KL

= =KHQ 6 :LWWHUW * $ 7BDXORU %$ =XFOGHTXDWH 5LERIODYLQ .QWDNH DQG $Q

D &KLOHVH 3RSXODWLRQ )LYH BODV X RXORZ WEH/RRQ BIMKG\L

GRL

MRXUQDO SRQH

ODL]H LQ KXPDQ QXWYRRGRIQG $JULFXOWXUH U IDHA JIDMLIFRQRI WKH 8




. 9LWDPLQR®WLF DFLG IRRIODWHDEHGLFLHQF\ LV UHODWLYHO\ F
HVSHFLDOO\ RI FRQFHUQ DPRQJ SUHYEBRQWRARRH@HBURWY HE
GHIH., WV  7KH SULPDU\ VRXUFH YHJHRWODRHLVY D O WH® XQHKDL V
EH IRXQG LQ ZKROH JUDLQV OLYHU DQG RWKHU VRXUFHYV

. 9LWDPLQF%DQRFREDODPLBGRHAWRQ GHILFLHQF\ DQG RI SDUWL
IRU RIIZRUOG HQYLURQPHQW\WQ\IW RWUPHQRW |RXQREQI0Q SORC
FHUWDLQ W\SHV RI PLFURRUJDQ KB KHUQGQRER QBN Q WWHXA/H IGW
FRPPRQ GLHWDU\ VRXUFHV DUH FGHKF./VHJJ&XB O G HPMHLQW \B R
SURGXFHG E\ EDFWHULDO FXOWWHHSRB IHPS\WRURIHG $L VR WW XY
VWRUHV LW IRU ORQJ SHULRGWDRMHWLPH WsRH M/A Rt HD\WUNVDWR P
DQG RQO\ YHU\ VPDOO TXDQWUWGHMQ WKWt GLHMWJH UHTXL

. 9LWDPLOMV&RUELF DXPIQYV DUH RQH RI WKH IHZ DQHFRDO VSHF
VIQWKHVL]LQJ DVFRUELF DFLG IXRW FRRONRWPH LD/ G QVW XY LRU
ERGLO\ VWRUHY DUH RQO\ VXIILFLHGQGW\.RU RRWEBHLUDN HRWODLH R
WKH JUHDWHVW FDXVHV Rl PDQIQXWXUWLRY UBOBWHGS DX | BHL
LV IRXQG LQ ODUJH TXDQWLWLBEQG @ PIQ VKO BIQDW VRIXO FVHRX L
FRQWDLQ LW LQ VXIILFLHQW TXDQWLWLHYV

. 9LWDPLEKROHFDOFLIHURO 'HUWRAQFALIMUFRPPRQ SDUWLF XC
ZRPHQ DQG WKRVH OLYLQJ DW KLDKEOBWGWOERHW MIQG EDW R F
IURP ERQH ORVV WR FDQFHU WRGGVYBBDNWHWWRSDMWRQFBPERA!
VHYHULW\ KDV OHG WR LWV FRBDNQGHEDW E RKG. ) © VDK PDWRRED Bi(
6RXUFHV Rl YLWDPLQ ' LQFOXGHDUXY RXBRWUXDN ZAMIOHD TUL L
VRXUFHV VXFK PHDW HJJV DQG PRVXKL.KRPV H[SRVHG WR 8

3URWHLOQ

SURWHLQ LQ JHQHUDO LV RIWSHQ PDVDOANWIMEXANDH® W R EGI\L QQ
SURGXFWYV &DORULH SHU F D O RMIFHK HUHV R WIDFEEKD\H R IDRJUHR RV MIHQ W K

H[DPSOH JUDPV RI OHDQ JURRQ® EH®Y FRRINRIGH V GDLO\ Y
&]HL]HO $ 'XGjiV , O9HUHFINH\ $ )R®BDOKHGHINFLHOF\ DOG JROLF $¥HG 6XSSOHPHQWL
SUHYHOWLRQ RI 1HXUDO 7XEH 'HIBIEW VHDBOWNNRE QMOLWDO +HGRL QX

‘RR . .ZRN 7 &HOHUPDOHUIWQ 'LHW B6XEQRUPDO 9LWDPL@®YWDV FOVDDWXNVHDQ® K DU G L
IXWULHQWYV GRL QX

$QGU"V ( /RXNLOL 1+ 91WPBOL(Q 49N DOREDODPLQ GHILFWHDE\OHG $USRB O\ SDWLH
$UPHODJRV * - 6LUDN . :HUMHPD 7300XUQNURI OXWULWLRODO GVWMBDY¥HK LQ SUHKI

IRU VEXUY\ LO DOWLTQWWU QDWLRROO\-RXUQDO RI 3BABHRSDWHKRDW®RSS

3DODFLRV & *RQ]IDQMIYLWDPLQ ' GHILFLHQF\ D P DMK U REWRHED' OR X KEBMDMIOF RIHEWMNWU R LG
%LRFKHPLVWU\ DQG OROHFXODU &@RRORJ\ M MVEPE

&KHQ 6 <X + .DR - <DQJ WKF&KINDQJ26 OL 60XSVNE&RHDHVKPSWLROQ RI YLWDPLQ '
HOKDOFHG PXVKURRPYV LV DVVRFLDMHDETKIKW-KR KR DRYRIGIKWUHWLRQDO %LRFKHPLVWU\

GRL M MOXWELR



SURWHLQ DQG RI' L\.V GDLO\ FRQRURHNDORKHHWDPRJIRPFERIRFF R (
FRQWDLQ RI RQH V GDLJY\ YDOXH RI SURWHLQ

7KH LVVXH DULVHV WKDW LW WLNW VR D YPHKIFHKW.IDUEHOHW H UV RPIHQ
VD\ XQUHDVRQDEO\ ODUJH WR PHHEW @ODE &EKXY\ SHRSRAH WHQC
JDLQ WKH PDMRULW\ IURP RW KMHW FDWRRK\G VBWHNHYQ® XBWYV +R
HYHQ LQ WKHVH FDVHV SURW LR BEHAF LHRQF HLIVP SDUWH @AKBI FOD\
EUHDG SURYLGHV RYHU WZLFBURWHMXPKQRIHRBEWYHDW GWLGRHYV RQH
FDORULF QHHGYV  +XPDQV VXUYLYZBX®® QRVWHWEE BRGVAEWHU | E
GHYRLG Rl SURWHLQ SURYLGHG SURWHLQ

,Q VKRUW FRQVXPLQJ VXIILFLV@RW BRREW W FRD VEIUR WHILQ Y +
+RZHYHU LW LV QRW RQO\ SURMWMLQHD/ BXMKR/GH FALKIDRVDIPLQR DF

(VVHQWLDO DPLQR DFLGV

%H\RQG EDVLF SURWHLQ UHTXWKBRVHR@HN UHF HLY H VRQROW K DR
FRQVWLWXHQW DPLQR DFLGV ZKLFKQMWHKH KIX]JHD T KEHR GV ¥ B Q VR VO [
DFLGVY DUH LVROHXFLQH OHXSKBE8\MDUDQHQPHWKURRIQQIYH WU\
DQG LQ WKH ORQJ WHUP KLVWIRPHBEP LQ K QFLSNOEVWRRMHF¥RQGL
HVVHQWLDO LQFOXGLQJ DUHLBOLOWHEQW UXQ® WVQ\W RRULQHW KRRU L Q
HVVHQWLDO LV FRQWURY HUV LD HE X WQD\SLSIHD UR/UWE. J B W B U P \QM R

$QLPDO SURWHLQV DUH FRQVLGHQ MK DAVR PASKGHH WKHD B I FDWUHR. QM
EDODQFHG PL[WXUH RI DPLQR DRKGDQ @ PRERUBRIQFH FQWEW SUF
XVXDOO\ QRW DV ZHOO EDOD QMG V+RZ WDKW U\ D SUDRFEMIHFH  HD\V
SODQW VRXUFHV Rl SURWHLQ WEMGN/QWRVF IDAFH OVWR KW &IXIFIKF X OW
UHDOLVWLF YHJDQ GLHW ZKLFRKVLY G BF..QR@WLE® DQ\ HVVH

ODQ\ DPLQR DFLGY DUH DOVR PDODGASO WKBXWLIEFQPWQV )RU H
XQTXHVWLRQDEO\ HVVHQWLDO HR/UW JHEBEWMVY RP QrBWKIDQ 6 D\WP\IQQWHK LV F
DFLG RU D]JLULGLQH $V FRRRIQI BUHH WWXIUADVWO DW USHWK $SOHP H
VIQWKHWL., WDXULQH

%HHI JURXQG OHDQ PHDW G EWRLOBGEWXKDFPERXNHHU JURXQG OFW R F B KW B (H YIKGV U L
IURRWWS OXWULWLROGDWD VHOI FRP IDFWV EHHI SURGXFWYV
%URFFROL IUR]JHQ VSHDUV FRIRWKREXVER/IDOHWVG U)DLXOWCEGLWLRQ 'DWD 5HWULHYHG IURF
KWWS OXWULWLROGDWD VHOIYHBRWDEWN SUHBRGBGWPWUHY DQG

%UHDG ZKROH ZKHDW FRPPHUFLDOWLBQHBWOHGHWU)LHXWG IURP
KWWS OXWULWLROGDWD VHOI FRP IDFWV EDNHG SURGXFWYV

/DLGODZ 6 $ .RSSOHLHZMU FROFHSWV RI WKH LOGLS$BHQVDEREXMRERE DF LGRO
QR
<RXQJ 9 5 3HOOHWODJIW SURWHLOV LO UHODWLRXR WR KX PDBRY S KRRUREBYVDQG DPL

OF'RXJDOO -30DOW IRRGV KDYH D FRPSOHWHIRIFKODWILRFRPSRVLWLRQ
&,5 )
7X00\ 36 HGG6XOIRQLF JFUNS\2WKPHU (QF\FORSHGLD R -&KHP LIFEDHD 7 HRIQYR Q@ B\
GRL D




6XPPDU\

7KHUH H[LVWV D QDWXUDO W HPRBI\COWGLMR Q WRDD®O R R D\VQM D0
DJULFXOWXUH DV SRVVLEOH W@WLYQLW H]GH DAUKHHD WDHOTCX IGLHHOG. FIXU\ P
WKLV UXQV FRQWUDU\ WR SURSHUWKXWLE @ KWQ LPRV) FHKUWHELQC
YLD VXSSOHPHQWDWLRQ LQF O X(@LQN KV WRHAN VLV X5 ®GIVHG G HRIPU D |
WR WKH FUHZ FRQVXPLQJ GLHWW WKB®VQDWXUDOO\ PHHW WKH

$ KHDOWK\ YHIJDQ GLHW ZLWK QVEH P DRLIQIWDLLRM ® 1Z%W KRBW V
DQ\ DQLPDO SURGXFWV DW DO R | 7KK R/OHQ YWRIDLYHN DURMH @/ OB 1\ Y F
OHJXPHV FRORXUIXO YLWDPLRUL WWE KR I YSHUIQWD EDWY DQG LGHD
UDLVHG XQGHU 89 OLJKW ,Q V XFRXDKMD VUHR P (DEWNEK RH BURGXF H (
PLFURELDO FXOWXUH

7KDW VDLG D QXPEHU RI QXWWVLB @WVY PDUICH VHROMLAHHWY W RJ R IDWL C
VKRXOG EH JLYHQ DWWHQWLRQDIUHDQRWDDYVDRRODEBW RVRI RS X U H
DEVRUSWLRQ &DUH DOVR QHHGVKWRIEBRQD K HQR O® VELHRQ N QDG KV
KHDOWK\ IRU KXPDQV EXW QRWRIOHVRLUWHG KRV SICROGL\VY HP HWWUDHE Q R
SURYLGHG

1IL[WDPDOL]DWLRQ RI FRUQ KHRWEQV KFRXOIG EWMRILW HQODHU LR
FRQVLGHUDWLRQ RYHU ZDWHU FRRINGIG AR HQ WI QKRV D LQWAREXDLD V \
ZHOO DV IRU LWV XVH LQ CAVWHRXLQHEB\FRMRWILGY DWHH YDLODI
WKH KDELWDW IRU D QXPEHU RZ KIFKXWWH\LDOFH URBHPWMHDWBG L
PL[HG R[LGH K\GUR[LGH DVK EH KQW IRIRHXEFW % UH LM)KHKLUDWLRQ

$JULFXOWXUH

*URZLQJ SODQWYV QRW RQO\ SURRQYH\Q WIKRQDRVMH B Q VFILRHR @
SURGXFWLRQ IRU KXPDQV LW HHGARVMRENY MR KHDBDR Y DD PIQIG [ XQJ|
IRRG SURGXFWLRQ ,Q DQ LG HDDOWIRNKHWM HR @ OS CRD QM WV RZDW E R
H[KDODWLRQ DQG SURGXFHV WKB SRHW EHFVMD WRRROQW RISEPBWLFH
XQDFKLHYDEOH JRDOV DQG LQG®XRYULOG® ¥FVWH YV SEER®IFLV

1IRQHWKHOHVY KXPDQ SUHVHQGWHE IWRHGGVRLOODIQNDULDE

30DQW JURZWK UHTXLUHPHQW W BMKHQUZ U\R R VDVVW R VENHU D @/FHK |
ZKHUH WKH URRWY ZLOO UHFHLYKHE@WHKGRI[RIHR[DIGI® ZMWHDY \ WR
IHZ FURS SODQWYV FDQ ZLWKVWDLQ\K IXQOXVIXERHQWLRRQ JIDQ GVKHL L
WR EURZQ URW HPLW D IRXEIRGRW\P G RPKHRS ZMOYWHA UH [KHILF LHC
XOWLPDWHO\ GHDWK E\ GHK\GUPWMRQLWY RDBWBQWKHYBWWRZQ
VRLO PHGLD KRZHYHU HYHQ OLDKRXGWIWW ?HGLOLWBQ® WRRXQ

)$2

$PRQJ WKH RWKHU SUREOHPV H[SHULHOQF DG LQONLRRSBKHGHD QG PXPEPRY G RIXGHQAIHY H
WKH GD\WLPH IROORZHG E\ WKHKMQ YFDWD\QHV VILDA HIRX VRDDD W H) SURBXIHFRD/WLROEVIRHY RDVHG W
*DVHV DOVR SHUPHDWH WKUR ZBK RHCHVH R § HHEROSAHX ODHMHL R Q V



DQG YROXPH RQ WKH VFDOH RI0X0/OLQEHEDMLUURIVW RN EEBOV QHHG
VXSSRUW WKHP $V D FRQVHTXHQEHWK\GRRBAQLES VYRGWHRSG ZDW!
KDYH WKH PRVW DSSHDO &RPPRQ YDULDQWY LQFOXGH

. 6WDWLF VROXWLRQ

30DQWV JURZ LQ FRQWDLQHU
HLWKHU DHUDWHG RU ZLWK W KMK
VROXWLRQ ZLWK D ZLFNLQJ PHBGQ!
IRU URRWYV WR H[LVW QHDU WX®H\
QRQ DHUDWHG VWDWLF VRO XRDLARGA
SODQWV DQG SODQWV WKDW WRO

. &8RQWLQXRXV IORZ

BWDWLF VROXWLRQ UL
3KRWR %UVJKW .QLJk $ FROQWLQXRXV ILOP RI OLTXL

URRWY WKLQ HQRXJK WKDW WKKHV
DLU DQG WKH OLTXLG VWD\V Z\HO(
VORSH FRQWLQXRXVO\ GRZQZDUG
SURWUXVLRQV WR KHOS NHHS WB
PXVW EH FRYHUHG WR SUHYHQW (
URRWY SUHYHQW HYDSRUDWLRQ
SUHYHQWHG IURP FORJJLQJ WKH |
WDNHQ WR HQVXUH WKDW ZDW HU\
WKH ILQDO SODQWYV RQ WKH UWXH
ZDWHU QHHGV LQFUHDVH

... (EE DQG IORZ

&RUQ JURZLQJ LQ D K\GUR
$ OHVV VHQVLWLYH YDULDQW

DUH IORRGHG ZLWK D WKLFN UHQM
VROXWLRQ DW SHULRGLF LQWHUWY
IRUDHUDWLRQ 7KH JUHDWHU \DPUY
WKDW DOO URRWYV JHW WKRURXHK
Rl JURZWK

.. SHURSRQLFV IRJSRQLFV

5DWKHU WKDQ EXON RU IORZI

SURYLGHG WR URRWYV E\ D QX@UUW

WKH\ FRQWLQXDOO\ UHFHLYH ERW

OVSHFWLOJ JURZLOJ UfDUHD FDQ EH NHSW PRLVW ZLWK |
DHURSRQLFV VIVWHP L(QXWULHQW VROXWLRQ UDW KIHQR
SKRWR <DDNRY 6DDUw yRXJK RU VLW LQ DHUDWHG VRO

2l WKHVH DHURSRQLFV DQG HEE DQS&HIDM®RZOV H6\W DWKLH R/RRVOVX !
UHTXLUHVY EHDULQJ ODUJH OR DRRX DM\G RBIVNRRECORW QR @ DEAJRBQ@WL Q X R

5REHUWR . +RZ WR K\GURBR®LROVGDOH 1< )XWXUHJDUGHQ 3UHVV




VHQVLWLYH WR DOLJQPHQW DQGEFODQW IPRZVXCPSRAR @ WH WKD Q (
IORRGHG WKHQ WKH QH[W WKWEQ W\KH QHYW VWRWRALMUTRQGE DQG
FDSDFLW\ DOWKRXJK WKH SHDN P DV K IOIKBIGLW K B0 Z IFW R TR W L C
%\ FRQWUDVW DHURSRQLFV PD\FRAHHPKXQQA QKD W QRYW FIDWQ UH
RI WKHLU FRQGXLWYV ZLWKRXWHVOO\LF PAIGRSRDQF\RFRXBBZEH V
VXLWDEOH IRU ORQJ PHWMUIRUXQ®DD W FROGXLWY IDVW D
ZRXOG DOORZ IRU ORZHU ZHLJKW DQG PRUH URRW VSDFH

:KLOH IOH[LEOH RU VHIJPHQWH® G XRWF LR XO G ERIS 8RV ¥ LFEFO H
DSSHDOLQJ GHVLJQ ZRXOG EH WRWAROGWRWHRORO B0 HOMUKRYE V
VWUXFWXUH ZRXOG IXQFWLR QLBX OMWMXXFQV R K D Q QHCE\S PO\ ZDIWN Z
5RSH KDQGUDLOV ZRXOG LGHDOWUYXWHVHRO G B RK WG ZH K WK EH |
RUGHU WR LQVSHFW DQG F O HDX WRKH HYRFOQMV R B DBRWFROBUIDIR Z W
,QGHHG WURXJK GHVLJQV QHHOORRIEGIIBYG QMW BIDHOQNWOWLQJ H
DFEXPXODWLRQ RI ZDWHU 8 QG HY®HDIMWKRXD K &\\VWDU R M WKH UH W\RHH D F
WKH SODQWY DW WKHLU PD[LPXF V KJHH VQHMG VQWRR BH LS QVIRVAD W F |
$V ZLWK DQ\ DUHD ZKHUH KXPDQVL® D\ \EHI WM Y XQHWMIL ZIRQNHGV W
ORFDWHG XQGHUQHDWK

7KH OHYHO RI K\JLHQH WR EH WWR Q L J&RQ MWL Q@ ORRKSH@XTKHM Q'
VWHULOL]DWLRQ ZLWK 89 OLWKWDLVSVRNSOPRIGIRKKEOBDKWJILQJ W
HQWLUH WURXJKV EHWZHHQ KDU®HVYMMH E WML ¥ BWKKSD RU
RWKHU KDQG VWHULOL]DWLRQVER W@ AH B DV/CHJ WKWWAM \DI$ - DRI W K L
NLOOLQJ RII FRORQLHV RI FRP SHWQ QD BLRWY HWLRYZ W K MRSYRDF K :
EXW UHTXLUHV H[SHULPHQWDWLRQ WR HQVXUH LWV YLDELOLW

6HHGVY DUH W\SLFDOO\ VWDUWHGILG VREPOVWUILWHHV XX KVBIWY U
LQLWLDO EDWFK RI VHHGV FRXX® EHVPWH IR EHIGGHE Q@ WKR VSU
ZDWHU LV SURYLGHG WKLV ZRXRXG/BG ERRRLOD YWN WMRHEHDUYS LY H
WLPH EHIRUH WKH ILUVW KDUYXWYW EMMWHPSSROQGEHRAE URRWYV P

&OLPELQJ SODQWYV PD\ QHHG SOPREOHELRW MQLDY X\EF5 BE W H g
ZKHQ KDQJLQJ IUHH 30DQWV ZLRXO M VW XRQ W KHK DIWR RAG O L N
VXSSRUW +DQJLQJ Rl ODUJH KERY®QVUXHWEW WRK LW \ERRW WKHIL
HORQJDWHG VKDSHYV

6RPH 9HQXV VSHFLILF DVSHFWV FRQFHUQLQJ SODQW JURZW

BXWWRQ - & B6RSKHU & 5 2ZHOQ *RULRG]LIQMUNL/ % +DOO -/& WHICRRKRLP\RIDQ G
HSLGHPLRORJ\ RI 3\WKLXP URRW URXW UB KWCNREROH & JHEX®® D5 8 K WBRISDWLK RO R JLF D

GRL \%



SKRWRWURSLVP

$ FXULRXV DVSHFW IRU SODC
ZRXOG EH WKH HIITHFWV RI SKRR®
WKH GLUHFWLRQ RI WKHLU JUWRDW
JURZWK WRZDUG OLJKW DQG W
JUDY LW\ :KLOH JUDYLWURS\ HJLI
9HQ XYV OLJKW FRPHV IURP DOOW
QHDUO\ HYHQO\ KHQFH VKDGHXIt
HQFRXUDJH JURZWK WRZDUG WKFE
K\GURSRQLF FKDQQHOV DV ZHOXC gHHGOLQJV QHDU D ZLQGRZ JU
DSSHDU WR EH D JRRG WKLQJ MM RI WKH OLJKW 3KRWR 5X
RI OLJKW LQWHUFHSWHG E\ 0D QVFR GEXLXWQR VR DIKH FPYRAM P DV
DJULFXOWXUH EHFRPHYV

SKRWRSHULRG

7KH SKRWRSHULRG RQ 9HQXV LW/ KBIUKDEIOWD \® H/S B Q @/ILQIXR @
IURP QHDUO\ D ZHHN QHDU WKHH FXRIOW R @\R OLORW M\RXWKH SRC
GLVFXVVHG SUHYLRXVO\ WKH 9HRL HVaV L DWW LRV X G K RSRMLW LR Q
RSWLPDO FRPSURPLVH EHWZHHQ GRQMHIQDYE VHE DH.UBW XOUHY RO
WXUEXOHQFH ULVN IURP WKH BRODU YRUWLFHV RQ WKH RWKH

30bQwWY DUH QRW DGDSWHG WRDUWRXORPKHRWREHKULR GAMRRDW
DQG SRWDWRHV ILQG ORQJ SKRWKFHKULRZWUQMEHURXWVODATXL
SKRWRSHULRGV IRU IUXLW VHW V HERIGIN WHODWYRRWLYKFK P XO
KRXUV VHHP PRUH WROHUDEOH WD Q WRWRISBIQ UR G PMAICRAQ.MA. PEX O V
KRXU GD\ FDQ DFWXDOO\ EH ZRUQ W YWKKD @ DDV HVKRWUWD &6 HHDUV Wk
LQWHUSUHW WKH OLJKW OHYHOV DV LI WKH\ PLVVHG D GD\

)RU SUREOHPDWLF SODQWYV DROIOW BOGIW X\OW HFED (B B/HL FDSJONHL LLGF
ZRXOG EH D KDQJLQJ VRODU VKDHW RI0OS ODDWMQI MRKOVE RN KD G H
RI WKH GD\ ZKLOH VWRULQJ H@HGU\N HAKHQW WKW RDBBRUWV FRXC
SDUW RI WKH QLJKW :KLOH WK B YOIPLROOEW® HR IEH QHUWIOPDKGMLQJ ZR)
OHVV WKDQ WKH HQHUJ\ RI W IKH SAXB O LE\K W KW KW M/QZ\D VD L\ WW U F F F
SKRWRYROWDLF VWRUDJH DQG& ALSFROXW DQ W DEW R B \LWHYR WV R W L
EXW VLPXODWLQJ D SURSHU GRV®@BQ D/QKL\6V ®IF HRUKWW LM PULQJ |
ZRXOG QRW QHHG WR EH D SHURDWHKHW IE HWXUMHR FEDMWH BREIDVE Z H H
JURXSV RI SODQWYV DW GLIIHUHB®HBWDJHYV RI JURZWK DV Q

:KHHOHU 5 0 6DJHU - & 3ULQFHODGFBRZIIRWW 0 6WXWNVH ** ' &URRL
SURGXFWLRO IRU $GYDQFHG /LIH 8X®OIRIRWY \6 \WNRIPPW KH2 BFVGHOH G\ 6SDE IR MHHEBBHU %UHDGE

HQQHG\ 6SDFH &HQWHU GRL 'RFXPHBQW 1$6
+VX - & +DPQHU .6WXGLHV RI WKH .OYROYHPHOW RUQ® & K8 GRRVDRXHUERGAIKP5HV SR
RI +\RVF\DPXV3QROMU3K\VLRORJ\ GRL Ss

&RXOWHU 0 : +DPQHBKRVERSHULRGLEF JORZHULQJ S5HVERQOQOV HRXIUNGIBDAWR\EHDQ
S3K\WVLRORJ\ GRL SS




$ IXUWKHU RSWLRQ LV WKH VVWORBE WIHGKX EH 8 HKIRQN RBSIHYQ B G W
7KLV LV LQ DGGLWLRQ WR WKMHM FKRRIVHQW RGWMQAWEY ZKIL¥F KPBBUH QF
VHQVLWLYH IRU H[DPSOH ZKHDW

30DQW QXWULWLRQ

,Q K\GURSRQLFV QOXWULHQW VROXQWNMRY VKH JHRBLDIDDS &1
ZKLFK LV WUDGLWLRQDOO\ FRPSULVHG RI

3RWDVVL SSP ,URQ SSP
ILWURJH SSP %RURQ SSP
&DOFLXP SSP ODQJDQHYV SSP
6 XOIXU SSP =LQF SSP
ODJQHVLX SSP &RSSHU SSP
3KRVSKRU SSP ORO\EGHQ SSP

ILWURJHQ FDQ EH LQ WKH IRUEXW DPPRQLD RY &DW P DMHLQ
TXDQWLWLHYV DV LW KLQGHUVWILR\DEWRDSWLRF RO @WXRIWNNDE H \
FKHODWLRQ EXW QRQ FKHODWBBOHIRQ ¥R & ®GL WHGRRIWHQRXN. W H T
SURGXFWLRQ RI FKHODWLQJ DJWQRHNV GICHEH®R QQ W QR TWKFDRHV L W L
PLFURQXWULHQW LQ WKH IRHPHQW R\GBXK \RUL BLFDAWHY 'SUIHIHU V
GLIIHUHQW W\SHV Rl VROXW QR\QV WDV H\VHOQ WY HIW GLMHVHDQG L'
PDLQWDLQ WKUHH RU IRXU GLIIHUHQW WDQNV RI VROXWLRQ

$ FRPPRQ PLVFRQFHSWLRQ LV WKDDWHKMHHIRD Q@ VR WXRRROXIWVOLVRE
FRQVWDQW FRQFHQWUDWLRQ R GOWK LGDQWIL BQW DBV RUEF\G LEW
GLIIHUHQW UDWHV IURP VRO XWGR®XWQIGH QWD B UG OR REBMRDIQ W O\
FRQFHQWUDWLRQ LQ SODQW W [MHYH PCSQV ENFHRPIHVWRR EHIKO DE\
OQXWULHQWY VXFK DV SRWDVVLXRI BR® UFHDX \DHE \GRIW EFHLGH Q KMHU L H Q
FDOFLXP 7KH JRDO LV WR HQWQWM IWXDWK HDISOBQW R IUGRPWUQV ED
LW LV RIWHQ HDVLHU WR PHD) X0 B QX WULNVNXWVOWKBQVZZWWKQ W
DQG DGMXVW WKH VROXWLRQ E® WPHRGE R @ I KITHV \D X% W DHGIW V KQ N HF |
WKH FDYHDWYV WKDW DOO SODNURXJIXKY P XV WHIQD ¥ UDFPLVD DRI Q X W
DW WKH VDPH SRLQWYV LQ WKHLHTIHREW KR F WIOLHA L 7 KHKPRWQ G L 11 H U
VKRXOG EH IHG E\ WKHLU RZQ WIFQNFNLGQ/KRRR G EWHD GQEMG DV Ql
NHHS S+ LQ WKH UDQJH

2Q (DUWK VROXWLRQ LV IUHTXMQ@RQWV GGWEBGGLHE Z & B Q ALWG
9HQXV D FORVHG ORRS V\VWHP PEXH WRE HVKWHRE LYK BEB\FRQ Q X W
$QLRQV DUH LQ JHQHUDO HDVLPRSGSRNWUBHKRZ\HYHHQX \P R VDWW F D W L |
UHF\FOLQJ )UDFWLRQDO FU\SMWMLO0DRE|\DMAWRY RDRP LIV REDWW L\R Q

+RDJODQG '5 $UQROKH :DWHU &XOWXUH OHWKRG [RUGRIZBOQD 30D DMV [:S \SBRQY W& LU F

%XIJEHH % _1XWULHOW ODODJHPHOW ,OQO 5HF LOW$GMMDLORUHWEBERCW X UMD K X
GRL DFWDKRUWLF

NXEHQKHLP ' :LJQDUDMIDK\F.OLQJ RI LORUJDOQLF OXWUS HOQWEXRW KRG URCGABRZEQRIUR
LOFLOHUDWLRQ RI LRGICDLEPHVELQFPSIS\DFH 5SHVHDUFK GRL \Y




$LU SUHVV XUH

$ 9HQXV KDELWDW GRHV QRW H[YHRWIH @RF HJ WK HRN [ B F \§ UHD/PVHK
WHPSHUDWXUH JHQHUDOO\ UHTXUHLWQR P MHGXEFHE DRRI BUWDEO
WHPSHUDWXUHVY DURXQG N3D RUKRQN IXDO\ DWHRLIRN ZRHNM RXW
SODQWV 30DQWV FDQ VXUYLYH 3 WH\ROIUMM GRZQ WRBIW KB GE ZK
SUHVVXUH UHGXFWLRQ LV SHUWURIH® VHY HEBEG X FWRRWKRUDW HV |
VLPLODU WR DQG VRPHWLPHV DHWBMERWVISEE U LB RAMWRK WOWHH V7 X L
DW N3D LV VLPLODU WR DW PWRRWHSKBODR \8 Y HM\RZUW R 7RLP LOD
N3D DV DW DWPRVSKHULF SUHVWNKBN EXWWXFRHK JW\R IR EHWWWH U L
WKDQ DWPRVSKHULF SUHVVXUH BMFHDAGUHYNKGW RN RD\ SHDQ WR
QRUPDOO\ :KHDW KDV EHHQ VKRWY3ID WK DQRZWEBWWRWVSKWULF SUF
‘KLOH WKHUH DUH H[FHSWLRQV NQFRKIDV WXKQQE&EBGRPEV FOHDU
LQ WRWDO SUHVVXUH FRUUHVSRQGRZWK WIRPOBRU RV RQEDQ MH G
GLR[LGH SDUWLDO SUHVVXUHV UHPDLQ FRQVWDQW

7KH UHDVRQV IRU WKLV DUH QRWHBQW IMKDW RIAHEDXWF HEX B/U IHW
PDNHV LW HDVLHU WR XSWDNHWBU ERLQI)GLIRR QGHDGXH WRKHD @R Z S
KHOS GUDZ RXW FKHPLFDOV VXFWDWMNWKY®&HQ H DWRPHIODIKHD RP |
VLGH HIIHFW RI LOQFUHDVLQJHBKFHOVIOMO E ORGXRWKDUYHV W

7KH RQH QHIJDWLYH JURZWK HIIHH WUIRRIFRQ U H & XW K [BWS WHAYV DDW,
RI ZDWHU YDSRXU WHQGY WR WHJLQOJBODU @MNVFU R RIENF LLHVEBRKQDIY LR
KDYH QHIJDWLYH FRQVHTXHQFHMW. WR WKKH UQWRZIWKWELROUVSUBY SH
VHOHFWLYH EUHHGLQJ RU JHQAMWHIUF JN@RZLVOK HIDWHYV HFREXQ GDEVMH DF
SODQWYV LQ UHGXFHG SUHVV XUHDHOQMYUHRWRBEDMWRI UKMHDV AXQIRU
JUHHQKRXVHYV

7UDQVSLUDWLRQ

'KLOH WUDQVSLUDWLRQ LV D RARWR DIOQ|BRWIQFRDRYV 806 CHRQN LW
UHSUHVHQWY D VLIJQLILFDQW WRERORN HRG KNP HRKRXVEBVUIMHQG WF
KLJK OHYHOV RI KXPLGLW\ DQG \OIDWLURQD PHREQW D \R IGHR/QGE'Q P XV \
GHKXPLGLILFDWLRQ IRU KXPDQ R&RIRH ¥ D\Q\GL WH IF FSQGIN GI\DBWL L R G
WKH ERWWRP Rl WKH HQYHORSHD WQRQLRWSWHPW KDFERWEHEH GHV L
UHPRYH WRQQHV Rl ZDWHU BSHU GRQGHQVDWLRQ V\VWHPV KI
VLGH EHQHILW DV LQ %LRVSKIIOWHZDWHISUREXV LUHYRMPBVE QJ Z DV
KDYLQJ WR EH SXPSHG DOO WKHIX®WVKEWLRP WWHMQGERWWRP R
WKH ZDWHU LV GLVWLOOHG LQ WKH SURFHVYV

3DXO0O $ )HUO YKH %LRORJ\ Rl /RZ $WPRVSKHURRDSURWVHBEBRUPDBWORBDWILY VLRQ '"HVLJI(
$GYDOFHG /LIH*DYSIMDWLRQDO DQG 6SDFH %LRORJ\ $XIXVW

*UHHQKRXVHV IR BHIDIVEOLVKHG JHE 5HWULHYHG IURP
KWWSV VFLHOFH QDVD JRY VFLNOFH OHIAEKFRIHIDPEKRXW HYD

*XR 7 (QJOHKDUGW - 5HXLHZ RI FRVW YHUVXV VEDOH UHDMWPH QWG DBVWHXADHVHU W
SURFHV-DM\MHU 6FLHQFH 7HFKQRORRL ZVW




7R HVYWLPDWH RXU OHYHO RI WK D/RPSIL B D WH R0/ VZXHP § W DRIQW Z
QLJKW p& DW QRRQ N3D DW QLFKMWZ PNBEHUW QR®G DLU ZLW
IUDFWLRQ RI QLWURJHQ R[ZIMWE KXQPALGLW&2KHOG DW Vi
GLVFXVVLREDKPOWH FRYWRKROH HVWLPDWLRQ RI GHVDMXWIHW X UD W L
ZLWK D QLJKW OHDI WHPSHUDVRWRQ RLV p& BDMGW pBL DKW DQG
QRRQ &RQGLWLRQV DW QLJKW H) BR QUGHSW K@D \DW B QM DOBI\GVEP W L

:LWK D YDULHW\ RI SODXVLEOH DWHRIPGWHRQS/D\ DDQGLBIYWHRD JI
NFDO JUDP RI KDUYHVW WZEB KDUWRQQ@NVSRUKBDYHDW SHU KF
DUULYH DW Pr LQ FXOWLYDYGIHHQRI: LWKKB OHDI DWHD LV P

‘H QHHG WR GHFODUH VRPH DG GLOL®@DWKSDIDPE®WW UNH ZH O
DVVXPH D ERXQGDU\ OD\HU GLIIXVLW® BAVDVWBQRAHWHQFH EHWZ
DQG QLJKW VWRPDWDO GLIIXVPRPW DAVWNWIYWNWHBEE RWKHUWZWRH (

7 p% DWP FP :H FDQ WKHQ XVH IROORZQY WRDEXSIDU DWW

NJV $ NJ PROg,, PR@ s UHV LMW RFHYV LVWDRQRH

ZKHUH $ LV DUHD LQ VTXDUH FHQWHPHWH DVQ L) UKW WL RIHV W U D QV
NJV D QRRQ WUDQVSLUDWYRQDRH WUDNQWSLD@WLRQ RI N
DYHUDJH KRXU WUDQVSLUDWR® @ RV XP HW REHKKP LGAWKHU HQHU.
0: NJ WKLV UHTXLUHV NE FOQNHXUPDSIWM LRRYZ HZL WK D SHDN D)
'H GR QRW LQYHVWLJDWH KRZ GUHK ¥MLG LEDHNW G RHUOR ADFOVRORZ S
FRQGLWLRQV ,Q FRQVLGHULQJIHHP[\V BV ZOIWFHRIP PHUHWD® R VDAV U D\
NJ V XQGHU VWDQGDUG FRQGLWLRQEHWD Q 2WM MKHPHOQO@LNHO\ \
UHGXFWLRQ ZRXOG EULQJ WKH VQWWHP PXFK EHORZ WRQ

.1 D UHGXFHG WUDQVSLUDWLR®\LVVGWMR LMULHPGS OW IOHH \W DIV K H VUM
KXPLGLW\ ULVH WKLV DOVR LPE®IHDNBW LRIQH JJDMHNRY HEBHKKW L R Q
WR HQFRXUDJH JUHDWHU VWRPDWBD EQRVRAHM AROQ CRY\HRJ GRH U
FDQ KLJKHU LQWHUQDO SUHVVRUIR/ QROVWXAF REQWHIRUHIRRE VR XL
WKDQ SODQWYV WKH ORZHU WHH WXGWNLYDQ\HSSL DDWDR @/ KIHDWR Z +R
GR QRW DFFRXQW IRU RWKHU VYRXVF$HRURMWRQ QV % E K CDVLRROPMD QV
DTXDFXOWXUH RU K\GURSRQLFV FKDQQHOV

$V QRWHGERQBBWH MRQWARRGLWLRQLQJ FDQ JHQHRIDWH VLJC
GHKXPLGLILFDWLRQ DQG WKHEPWRHH RMROW K AVWSIRRLQ W CD/GHMX D W D
WKH DLU RXWSXW WHP SHUDW XUWHW HCLNO B IDH. KK FRQICHW L RQIGQD LU F
SRZHU FRQVXPSWLRQ D VLJQLIEKDRXW W[ &K B [FEHLG WE DRWUZ K L
GHKXPLGLILFDWLRQ LW FRPHV YLWRZQ}XP BHORXW OPGH DLUHDIMAHU
658 UHFRYHU\ JUHDWHU FRP |RQIW LDVKGRIDIEGW LWDXEBIHH RRPEL QD)
GHFLVLRQ RQ WKH EDODQFH RWIDFQVRQ & FROU BSHIW K PALREQW.ERO V\V
UHTXLUHV FDUHIXO LPSOHPHQWDWLRQ VSHFLILF DQDO\VLYV

/IDUJH 6FDOH :DWHU:DWGRIHUBYW RUUHWULHYHG IURP
KWWS ZDWHU JHQ FRP SURGXFWWDZBWBWHUWURPHDHW DW R UH




$ ILQDO QRWH LV WKDW ZH DWHX\WQUHIMLERGN KH R DE LWOM DX
DQ HTXDO WHPSHUDWXUH HQY HO®RBSIH LQ/ SOLDFMLIF & R YWIKKHWHR Y X V V
WHPSHUDWXUH GLIITHUHQWLD OV KMHQIGQ RRIQYIREFWLLR R RAKW H H QWK\D Q \
HQYLURQPHQW DQG WKXV KRWWHUI WKDQWLRI® #HQ YD-PROSHL & HE \
YDULDWLRQV VXFK DV VHFWLRQWRRDHQYHIORSH FRYHUHG E\

&RQGHQVDWLRQ IURP FRQYHFWLGURK®HB DU UFL\V.\W KTQYE B WA
WUDQVPLVVLRQ DOORZV IRU WBE JNREWR RIOBIOTDW D @0 WHU DF |
XQZDQWHG DUHDV +RZHYHU SURSMIURQ PRROGHEH ARGBKQVDHG
RQWR FDWHQDU\ FXUWDLQV W®&BVXRQWRDWKEGRWW E B EGRH\O HF Wt
K\GURSRQLFV FKDQQHOV 7KH UDHNDLVRIQUSW K M VUDMAIVR ERIVWZIHMX W K
ZDUP DLU WKH PRUH SDVVLYHFHKXPLGLILFDWLRQ ZLOO RF

OXVKURRPYV

$V GHFRPSRVHUV PXVKURRP
FRQYHUW LQHGLEOH ZDVWH SGILQ
DQG LQ HIIHFW LQFUHDVH WKHO W
7KH DPRXQW RI DUHD QHHGHG YHRL
VPDOO DOORZLQJ WKHP WR EWFKH
$ IHZ FDYHDWYV VKRXOG EH PHQWL

. OXVKURRP W\HEE\ FRPPRQO\ FI
PXVKURRPY VXFK DV EXWWR!
VHFRQGDU\ GHFRPSRVHUV D' 6PD0O0O VFDOH R\WWHU PXVKI
VXEVWUDWH WKDW KDV DOUH SKRWR 5XGL $UGLDQV)
GHFRPSRVLWLRQ IURP D SULPDUPBWHF PRSRVRIRSOKWLVWAVFBV \
LV GLIILFXOW WR MXVWLI\ 3ULY RUVWHBPRPXS\RWVHURP W XFIXQ
GHFRPSRVH SODQW PDWWHU G LHHG \D AR QW GQXRKE ROQA\VEXS
JURZ QHZ SURGXFWLYH P\FHOLXP

. (QFORVHG HQYLURQWHRW KURRPV JURZ EHVW LPHQWK KXPLC
$GGLWLRQDOO\ KLJK GHQVLW\ X DKWIRRWP IRXIOWXYEKWRR®O ZR
OXQJ DPRQJ SHRSOH ZKR ZRUN ZRWHK MXKIPO HWJERQVAYXVVY 8 J
K\SHUVHQVLWLYLW\ SQHXPRQLWLV OG EHQIFMR PG WQURRPB U HX
VIVWHPV ZLWK DLU ILOWHUV HPEHGGHG

.89 OLJEWVKURRPV GR QRW UHTXLUH WKH DG\ RWURZ R+ RBAHJ L
GXULQJ WKH JURZWK SURFHVV KBDEMHIQQ¥ KR DY M & H3/UHIDP/D R/
'LQ PXVKURRPV KHQFH HPEHGGHG.BBDQWWY\FRX®GRYHIOUHZ
QXWULWLRQ

6KDUPD 6 $GYDOFHV LQ IXQJDO EHRWHOKIQ REDRQGRP 3XEOLFDWLRQV

ORUL 6 1DNDJDZD <RVKLGD .RUNMERLKDV.OZDEDWD 0 1LVKIOXUD < 2VDPH
OXVKURRP ZRUNHU V OXQJ UHVXOWIR@I RU BB HXOQGCRREXSHOGWIRMWOVOHGLFLQH
&KHQ 6 <X + .DR - <DQJ L KRKAMDMQJI 26 O 60XSVNR@VIOPSWLRO RI YLWDPLQ '

HOKDOQOFHG PXVKURRPYV LV DVVRFLDMHDG WHKWRXPQDRYRIG XWOUHWLRQDO %LRFKHPLVWU\

GRL M MOQXWELR



$QLPDO SURGXFWYV

*HQHUDO SKLORVRSKLFDO LVVXHYV

7R PDQ\ SHRSOH LQFRUSRUDW IVWRR) FRH DA\ BB OF BUW G KB & W RQ
OLIH %HLQJ GHSULYHG RI HJJOLGBLSXQDWIGPRQW HHPW SDUW R1 WK
IDLOXUH RI D 9HQXV FRORQ\ G H$HD®E Q R SOLDNF HE MLR) D DYHD SVKLV L\
VKRXOG QRW EH LJQRUHG

7R PDQ\ RWKHU SHRSOH KRZHWHXHVRVWO RYJOHORDURXFW Z
3HVFDWDULDQV ZLOO FRQVXPHWLYRWHYHD WDIQ®R R DIDRG EXQLP DOV
9HJHWDULDQV GR QRW FRQVXPH BFRQNNPW DIHIDQVPGR SRWGXF W
SHRSOH ZLWK D PRUDO RU UHICQOLRAW RERHFIQR QKWK LYK HVRR OL
ZKHUH DQLPDOV DUH EHLQJ V ODXOM WHKDWGW KSH WQD/SWUDE MP B L W K
IRUPHG D ERQG ZLWK ZRXOG UDMRHVIWRE BW.FRQFHUWLQJ

7KLV FRXOG RI FRXUVH EH DGGWHRWY HGKHAMWKKH B UYHD \DH RHUAP |
VHOHFWLRQ SURFHVV RU VHOI VIHW HOW DRIQW K Q W MRXHIUH ZLOK® EH
SURGXFWLRQ DQG WKXV DUWGRLRIRDN OH HMCH O HFHH &/ KRW HLVZ KEIRQ G F
RSSRVHG WR LW 2QH FRXOG KPGWWRHUEB\ZRDNOHEHWP HOMD SUW G X F
DUWLILFLDOO\ VHOHFW LQ WKMWRM RRWU Q@ BHRIW RR)D O,  MKARSRLQW
SODQQHUV FRXOG GLFWDWH WRAXYWKW N KRRDOIRE EVHWDWQ K RZKWWH\LR L
VKRXOG OLYH WKHUH

‘H FDQ KRZHYHU H[DPLQH WK HFLKQLED G XUH\WR/Q $WH QW H'
ORJLFDO IURP D PDVV SURG XFWQ DN\ DHIIXS HROWL WHR" PWNH P L
RI OLYHVWRFN FDQ FRQVXPH L QUWRSR. BADKD B/OPIQV EZD 8 WRIG OFXMEG | RF
SURYLGHV QXWULWLRQ WKDW UFR) FEW KGILU | Y RXOWHWR X WXWHHV R
WR D SRLQW DJULFXOWXUD®MGEDWVIWW DX0GQRLIOMLEN HD P RUM. PILMF L |
PHDW SURGXFWLRQ IURP D IHHG POW VFSIODWVHNAWR P HV IOH) G HBU V S H
VSDFH UHTXLUHPHQWYV 7KLV ZRKWIGQY HH® L\W RWHIG XOHP R W DR| OL
PD[LPL]LQJ WKHLU WLPH LQ SURGNG® LVRIQHR! WA DXJBWE UHIFJ WKH
DUH QR ORQJHU SURGXFWLYH WY QRGLRHDRQO\ VPDOO DPRXQ

8OWLPDWHO\ KRZHYHU ZKHQ LW W RPWYXHVRHRBOBIOD I MMIHYVG
ZKR VKRXOG EH PDNLQJ WKH GHBXVLRONK WRSBROBRH RPHIWKHLU
WRZDUG RQH WKLQJ RU DQRWIQKW ULRW PR Q BIOFD ORNELIRFPDICAD O GHF
HIWHQW WKDW VKRXOG EH WKHRY BGHBVRIORDE WHR WRNHY HWSHWRSOH
KRZ WR IHHG WKHPVHOYHV EXGHBOHG®GHN Z KLMMWXSVWRS B/ KRIPUWRWH |
ZLVK WR NHHS XQSURGXFWLYH RQDPDHYGDRIRWR B LW RO WKHIVQ BW Q
DQLPDO SURGXFWY DW DOO IURHWYHW KOOQVG WKIRKIDW W K HPKBIV U F |
ZDQW WR UDLVH DQLPDOV LQ HMRKRX® G RAL N BDX\K VEHUW KWWHIDUNG H F |
FULWLFDO DVSHFW LV WKDW WEHH GGRHFH LIOR D PIDNQLAHIUSW R B WVFU H'Y
WKH JUHDWHVW H[WHQW SRVWROH ERVWHPRXLDO FHRE® R/QRL & WWF X V



DQ\ RWKHU PRUDO LVVXHV ZLWK RRIOR®Y H WWHEIQIRD @ GNIXDWXH O LC
SRVVLEOH KDYH GHFLVLRQV ZEHWHKLBRDVHYNVX\WKDELWDW PDG

$00 DQLPDOV VKRXOG EH VHQW DVOWE B I/ RVIRODIHVSND EIV HHGNL
PDQDJHPHQW DQG IRRG QHHGV HQWJ RXW H BVERL WHDQX VD QIQPFIHON F D (
EDEFNEUHG WR ODUJHU VL]HG EUHHEVPBUARYJ IURJHQ VSHUP

'KHUH HJJV DQG PLON DUH WKH WU RRDIM DRDRS W HR  HH@RWFK L
DFFXUDWH VH[ VHOHFWLRQ ,WKLKLDR @SBRRY )RUEGRWHILODER X
VSHUP FDQ EH VH[HG ZLWK RYHUDVHDRIFRDWRMOHQWLRH GRZ F\WR
ZKHUH VSHUP DUH VWDLQHG ZLVOK @JIGXR DIDGFW R WQ' 1EX @ WDKLU R X .
VHOHFWLRQ JDWH EDVHG RQ KRZ ® ¥FHOWKW RQXGDERXW F DHOEH
(DUWK

(JIV

%LUGY FDQ EH EURXJKW DV XQKDWBEKFGXMJIDW HE QG DQR X8
LQFXEDWRU ZRXOG EH GHVLUDBO/H TRHWMRK XDHEL WKW B HU BV @OJH
WKH OHVV SK\VLFDO UHVRXUFIDWWKH\ ZLOO FRQVXPH LQ WU

:KLOH DQ\ ELUG FDQ EH D VRXUWFIHY RDHYP/D R QX PEHUODUH X
FRPPHUFLDOO\ WR DQ\ PHDQLQJWICE 8HW HDMG V, ® WH B \EVWORZG W R
FDORULF JUDLQ EDVHG IRU FRRBRMHY VIREGSKRIS\R\DHIH R MWVWHG
UHDVRQV

*HQHUDO GDWD

NSH $GXO|3HDN H| (33 JHHG| 1DWX| ODWY/LIH V{OLQ S{3HQ KH
PDVV GD\ |PDVV | GD\ GLH)] ZNV \ DUHD P
&KLFNH OL[H
"XFN a *UHH
*RRVH a *UHH
4XDLO 6HHQ
7XUNH OL[H
*XLQHD 3URW
3DUWU I 6HHQ
3KHDVD OL[H

IXWULWLRQ SHU JUDP RI HJJ

(JJ W\S NFD{3URWH| )DW [)RODWH % %] $ ,8

&KLFNH

'XFN

*RRVH

4XDLO

7TXUNH

*DUQHU ' / (YDQV . O 6HLEHOG6RUWLOJ 6SHUP 8VLOJ JORZ ROWWRRGV\LHOO 6RUYV
OROHFXODU %LRORJ\ 6SHUPDWRIHQHVLV B
6(/) IXWULWLRRQGBWDLDV W




IXWULWLRQ SHU NLORJUDP DQLPDO PDVV SHU GD\
(JJ W\S| NFD{3URWH| )DW |)RODWH %  %| $ .8
&KLFNH

"XF N

*RRVH
4XDLO
7XUNH

IXWULWLRQ SHU NLORJUDP IHHG
(JJ W\S| NFD{3URWH| )DW |)RODWH %  %| $ .8
&KLFNH
"XFN
*RRVH
4XDLO
7XUNH

%HIRUH ZH GR D VSHFLHV EUHDNGRZA@ HVWRH QIDGWXWDHD®ML & IL H V¥
VSHFLHV YDU\ PRVW VSHFLHV UBIGY & GHMRP WKDM. DOE\SIMHGRP LQ
HQHUJ\ ULFK JUDLQV DV WKLV WU HDWWHDVPIRVWILE QH IDDE® MDD[LP L
UDWHV 7KLV KRZHYHU KDV WZR/DLYDBG@EQWOYHXV XDOWW OD\ H.
VRPH RI WKH QXWULWLRQ RI WWRVHKN XHG&G ZUBB QWY HGEMN ALY HHV X O\
RUGHU RI PDIJQLWXGH KLJKHU RPHIBBHRFBW®O\DRBU® IOHY BOM QRW
SURGXFW RQ D 9HQXV FRORQ\ RWQBIRNV VW KH SYH? WRFNAQWDWKHLU
ZDVWHY DQG FRQYHUW WKHP LQWR IRRG

$W OHDVW LQ WKH EHJLQQLC
ZRXOG OLNHO\ EH RSWLPDO KRX\
VHSDUDWH KHQV DQG HJJV IURP
DQG GXVW EDWKLQJ DXWRPDWHF
URRP IRU KHQV YHUVXV WUDGLW
SURYLGH D FRPELQDWLRQ RI KLJ
PDLQWHQDQFH ZLWKRXW FRPSUR
FRQGLWLRQV $V DGGLWLRQDO K
DYDLODEOH FRORQLVWV FDQ FK
PRUH VSDFH IRU ITUHH UDQJH WVWE 6L[ FDJH HQULFKHG V\VWHP
QHWWLQJ ZLOO KRZHYHU EH UH IRUZRRG

&RQVLGHULQJ HDFK VSHFLHV LQGLYLGXDOO\
. &KLFNHQV

:KLOH PDQ\ EUHHGY DUH DYDLODI
KDYH EHHQ KLJKO\ RSWLPL]HG DRWRBF

6SHDNH % . 0OXUUD\ $ O IREDHVESSRRUW DOG WUDQVIRUPDWIHROWORIS PRIAMWCRISLGV |
WKH DYLDQ 3URBIW\HRVY LQ /LSLG 5HVHDGRK \ [
6SHDNH % . 6XUDL 3 ) 1RBOH RR&G YWWHHULIHHUHOFHY LQ HJJ OLSLG DQG DQWLRIJLC

FRPSRVILWLRO EHWZHHO ZLOG D QJH HW&R\PLS/DHU B MVH.IY WD MR DKLV WU\ DQG 3K\VLRORJ\ 3DL

%LRFKHPLVWU\ DQG OROHFXODU %GRQRJ\ \ [



OHJKRUQ DSSHDUV EHVW KDY LQJDWO&
PDVV UDWLRYV DV WKH IXOO0 VLIAK OMDE
VLIH EDQWDP JHQHV DUH EHLQJ XVHC
FRQYHUVLRQ RI IXOO VL]HG ELUBN HJ.
LQGXVWU\ IRU D UHDVRQ WKHJH® ZHV
H[FHOOHQW IHHG FRQYHUVLRQ HW WL
DV QXWULWLRXV DV WKRVH RI QRIVH UF
UDQGRP EHKDYLRUDO LVVXHV QWKIWEL
SHENLQJ DQG FDQQLEDOLVP 5 R R VKM
. 'XENV DUH TXLHWHU

ODWXUH EDQWDP OHIW
IXOO OHJKRUQ 3KRWR

‘H FKRRVH IRU DQDO\VLV WKH NK
TXLHW VSHFLHV RI GXFN WKDW DRVZDW

VSHFLHV LW WHQGV WR OD\ KLUKBRQ

QXPEHU RI HJJV SHU \HDU IRU BQB\ER L

NKDNL FDPSEHOO ZKR ODLG R ® H HHDYWH

GXFNV FDQ PDWXUH DQ HJJ LQ FKKRXU

.KDNL FDPSEHOO FDQ DQG OD\ DW WKH VDPH WLPH GIVYF
SKRWR 9DOHQFLD 'EjywWWHU WHPSHUHG WKDQ FKLFW B!

*HHVH DUH EURDG UDQJLQJ IURP VG D\
UHIOHFWV WKH QXWULWLRQ Q@MYWW R
IHH G

200\ RQH VSHFLHV RI JRRVH ODJA

HJJV SHU $APHU F\JQWIKEHHEZDQ *RRVH

KRZHYHU QRW LQ ZLGHVSUHDG RGHQIR

YHU\ UHILQHG OD\LQJ UDWH YV PYIDIQ\L BA

ZH FKRRVH D PHGLDQ ILJXUH IRU MKKH

$QVHU F\JQRLGHV 6Z2JHQHUDO VWDWLVWLFV DUH UHRNG @D
SKRWR - PGN GXFNV DQG WKHLU WHPSHUDPH@WVX
 AXDLO DGYDQWDJH LV WKHLU ORQJ SURGXFW

4XDLO KDYH RXWVWDQGLQJ HIKH
WLQ\ VL]HV 7KLV LV WHPSHUHG ED WH
UDWLRYVY DQG WKH IDFW WKDWQVKHR\HDG
RI' JUHHQHU\

%RZO RI TXDLO HJ
3KRWR )DFK /HFWI

3DUNLQVRQ * % &UDQVEHNIXBW4RO RI D EDQWDRBWFRRAHGHQIWRIHWKH WK $XVWUD(
3RXOWU\ 6FLHQFH 6\PSRVLXP 6\GQ#XVWHIZDORBDWK :D PHIE/U XD U\

-DFRE - JHDWKHU 3HFNLOQJ DOG &DQOQOLEDOLE BRROMPD\Q)WHOBIVRQF N\D

'DOEHUW '_KDNL &DPSEHOO HJJ7KH RIGXZF$IIUDWD LD Q

'XEFN 0DODJHPHQWHQ@WWHDO 3RXOWU\ '"HYHORSPHQW 2LLFOM® L -DHWVLRHIU JARXWWKB U% D Q JD OR L

OHXOHQ 6 - 'LNNHQXFN NHHSLOJ LO \WXH QUQIHF V$JURPLVD )RXQGDWLRQ

%XFNODQG 5 % *X\RRVH SURGXRRMH RRRG DQG $JULFXOWXUH MHI®D QDMMRIRQ RI1 WK}




. 7TXUNH\V

1RW FRPPRQO\ PDUNHWHG WXUN
QHLWKHU JRRG IHHG FRQYHUVRR @ SUILF
DQG WKH ODUJH VL]H RI WXUNHAKLISS U
7KHLU HJJV DUH UHODWLY HO\GSIRRW R ¢
7XUNH\V DUH PDLQO\ UDLVHG IBUEW IO+
"PSRWHQWLDO EVSURGXFW RI WKLYV

. *XLQHD IRZO

7XUNH\ HJJ 3KRWR

1R HJJ OD\LQJ VWDWLVWLFV UHO
SDUWLFXODUO\ RXWVWDQGLQRDWMNKUTLE
ULFK LQ LOQVHFWY UDWKHU WKDINXBR &\
FKRLFH IRU FRQYHUVLRQ RI DJULFXO\

+HOPHWHG JXLQHDIRZ
*RXOGLQJ

. 3DUWULGJH SK
IHLWKHU SDUWULGJHV QRU SKF
VRXUFHV RI HJJV SULPDULO\ GKHM
ODLG SHU \HDU 1R QXWULWLHRIQDQ
DYDLODEOH

5HG OHJJHG SDUWULGJH 3

JURP WKLV LW DSSHDUV WKDMW DXQEL O X3HWE OERWIQU WD@WHV Z
H[FHOOHQW VWDUWHU ELUG WIR WY HHG \8 URSK F WXIRQ DIGIG ZHIHWDI
KXPDQV ILQG XQGHVLUDEOH RWHQHGLEORIG XR W ICFDQ LIQUWKHED | X W X
DQ\ FRPELQDWLRQ RI OHJKRUQV DQGENKIBWLPDPS ZH B VWKRIXIRUF
SUHGRPLQDQWO\ IURP ZDVWH JOWHQHO\ VIRQ @ WHHIUOBDWHMIGY HQ W
EH EDENEUHG IURP VKLSPHQWYV ROMUFR{WRQUWIBPHQ RU HJJV

'‘DLU\

7KH VDPH EDFNEUHHGLQJ DQG W SD® YV S\R K BWD N S\RXIGHIV SW R QT
DSSO\ HTXDOO\ WR GDLU\ OLY HMVBRIENV DIKW VGXBI\ VERI WRHHSUDP D W
VLIHV ,QGHHG WKH VL]H Rl GOLIK\ \DBDLAD RV PRGWHKSIWLR G X FW LR ¢
SHQ GHVLJQ LPSRUWDQW LW VERWGGLEMW R FROW R PWKIRRGH @&/ ZR X J K
LQFLQHUDWLRQ FDWLRQ UHFRXBBX®W XUHXV3UBYHEWGEQIQ XML QW H
VXFK ODUJH DQLPDOV RU WKHEXUHDS M@V DRSO RMW WKHD G/ B HW W L



RIIVSULQJ DUH QRW GHVLUHG RKBRBRARQWWSHBGERFHGWRDDGHBRQV
FDWWOH H[SHFWHG WR EH .LDEOH LQ RWKHU VSHFLHV

$GXO[/LWHOLONLQJ *HVWD|&RQFH|'U\ PDWODW] /LIH[OLQ S

7OE PDVV GO JHVWDOSHULR|[ NJ GDf NJ GD| ZNMVSDQ(DUHD

*RDW

6KHHS

&RZ

:DWHU %

<DN

&DPHQG <HD UV

$OSDF

+RUVH

"RQNH

5HLQGH

&RQFHQWUDWH DQG GU\ PDWWHUDMWLHR @ DMHG VR @ VG\FSRE B D VO
FROQFHQWUDWHY IDWV SURWHRHIUHVEROERKLEGWKDW BWFDHDY HFRQ P
7KH DERYH WDEOH LV IDU IURP HREBVHKKDW LKCH HR WHKHQ X\BHG IR
SURGXFWLRQ LQFOXGH JHEUD HWKX® PRGHP XONDRD SBPROQ RWKH
ZLWK OD\LQJ ELUGYV EUHHGV KDLYGID PHIRQ \F RR WHP@ ORDUVARIR D QG K
SURGXFWLYLW\ 1XWULWLRQDNMNIOFEQGWHARMWQY\WUSHHW R/JILBQOIN-FDQ

IXWULWLRQ SHU J

7\SH NFO3URWH|)DW |[/DFWRV| % % &DOFLXP 1RWHYV

6KRUW FKDLQ IDW

RIS (DV\ WR GLJHV
6KHHS (INLFLHQW IRU F¥
RI ZRUOG SURG

Rz (DV\ WR SURFH
. 8VHG LQ PR]]DUH
LRI B (DV\ WR SURFH
<DN (DV\ WR SURFH
[ PRUH YLWDPLQ &

&DPH( PLON DQWLELRWLF
$OSDF &DOFLXP ILIJXUH IU
+RUVH 6LPLODU WR KXPI
'RQNH 6LPLODU WR KXPI
S5HLQGH (DV\ WR SURFH

ODJOLDUR $ .HQVLQJHU 5 )RWOUGOOHLZ &RQQRDERBRVINLGXFHG /IDFWDWLRQ LQ 1RQSUHJC(
&RZV 3URILWDELOLW\ DOG 5HV SROMRXWR DR RLQBIL R FBF\WHRQHAH

GRL MGV V
OXHKOKRIl ( $QWKRQ\ % OHDUGLMG 0DLU\ 3URGXFWYV )RR POG $X¥WUAXQWRU H
2UJDQL]DWLRQ RI WKH 8QLWHG 1DWLRQV
%DU RZVND - 6]ZDMNRZVND OU®*OLWZL EXXWUI2NVLRQDO 9DOXH DQOG 7THEK@QRORJILFDO 6X
IURP 9DULRXV $QLPDO 6SHFLHY RQOEBPKUHKHQVBYR GHYWHZY LQ JRRG WFLHQFH DQG )RR(

GRL M [
6(/) IXWULWLR®QGWMDLDYV W



IXWULWLRQ SHU NLORJUDP DQLPDO PDVV SHU GD\
7\SH P/ NFDq3URWHI )YDW IDFWRV| % % &DOFLXP
*RDW
6KHHS
&RZ

:DWHU %
<DN
&DPHO
$OSDF
+RUVH
"RQNH\

5HLQGH

&RQFHQWUDWHY WUHDWHG DV BBVYXLUYVQGU\ IRRUDHHDQLPDO

IXWULWLRQ SHU NLORJUDP GU\ IRUDJH
7\SH /JLWH{ NFDJ 3URWHL )DW | /IDFWRVI % % &DOFLXP
*RDW
6KHHS
&RZ
‘DWHU %
<DN
&DPHO
$OSDF
+RUVH
"RQNH\
5HLQGH

&RQFHQWUDWHY WUHDWHG DV \GHOGRWDJIJH PRUH PLO

%\ VSHFLHYV

*RDWV
*RDW PLON KDV D JRRG QXWULW
% ZKLFK LV XQIRUWXQDWH O\l FBIR RUK
1LJHULDQ 'ZDUI DQ $3$ JHQRW)\SRIGRX
WKH . LON  YDULHW\ ZLWK D QFR@XW
OLONLQJ SHULRGV DUH ORQJ G®LBF)
LV KLJK ZLWK NLGV SHU NLKBIBU QUI
PDWXULW\ 1LJHULDQ GZDUIV DQKs ®I
UHQRZQHG IRU KDYLQJ D JRRG WHPLF
1LJHULDQ GzDUI JRDW'ZDUI LV VPDOOHU NJ EXD RIRON
SKRWR “RRGODQEG 7TUISURGXFHU VR WKH EHQHILW RQ SOR¥
MXVWLILHV DYRLGLQJ WKH EDPRBUMR
EUHHGV EXFNV KDYH D VWURQ. DQI

%DU RZVND - 6]ZDMNRZVND OUSOLWZL E]PXMUIEWLRQDO 9DOXH DQG 7THBEK@WRORJLFDO 6X
I[URP 9DULRXV $QOLPDO 6SHFLHYV RQEBPKUHRHOVBYR GXHNYWHZY LQ JRRG WFLHQFH DQG )RR(
GRL M

6WDUEDUG $KH GDLU\ JRDW KDOGERRN IRU BGFWRDODQG LREHDWRODE ©®1 9R\DJIJHXU
3UHVYV




6KHHS

'KLOH WKH VKHHS GDWL LV IRU \
RXHVVDQW ZRXOG PDNH D EHWWHWK
VLIH NJ YV a NJ WKH O DWWKHHE
EUHHG R( (DUWK +RZHYHU WKH\R>
EUHHG VR LW V D TXHVWLRQ RIHRZ
SURGXFWLRQ RQOLQH YV PLQLPL]LQ
&URVVEUHHGY PD\ EH DEOH WRRILHD

$ZDVVL UDP 3KRWR 6W

6KHHS PLON KDV D VXSHUE Q>QW!
RSSRVLWH WR JRDWV ODUJH RDPRXQ)\
SURYLGHV SDUWLFXODUO\ KLJkLLGIO
YDULDELOLW)\ LV UHSRUWHG HY K.JDV

2XHVVDQW VKHHS 3KR'

&RZV OLOQLDWXUH FRZV JHQHUDOO\ SU

PLON WR ERG\ PDVV UDWLR ZLWKQWH

DV WKHLU IX0OO0 VL]HeRRRKQWHLU. D D WX

D PHDW EUHHG DUH HYHQ VP DIOHGW

VXFK DV +ROVWHLQV DQG -HUVH\V F

YDULDQWYV -HUVH\V DUH VRPHZKDW

FRQYHUVLRQ ZLWK D ORQJHU S KP®X)

EHVW FUHDPLQJ UDWH IRUP DWLRKQ DR

7KH QXWULWLRQDO SURILOH DW DU}

OLQLDWXUH MHUVH\ FR: NJ DGXOW PDVV UXPLQDQW ZRXO

*DOWFKHW &RYH )DL | JOLILFDQW WUDQVSRUWDWLIRYHFR"
<DN XQXVXDOO\ JRRG .HPSHUDPHQW

KLOH SURYLQJ D IDLUO\ QXW UL\
PLON D \DN V O GD\ PLON SUWRGIX¥V
VLIH LQGHHG RQ (DUWK DFWLYHEZ2W
LPSURYH <DN SURGXFWLRQ E\ FCLRYK
VDLG WKH DELOLW\ WR EUHHBUZLWK

EDFNEUHHGLQJ LI GHVLUHG
<DN LQ 7DMLNLVWDQ 3K

BKRHQLDQ 66KHHS 5HWULHYK@WWSRPZZZ VKHHS LQIR EUHHGYV KWPO

*OHQGD\ & 'HOJDGR $ ORQWWXMFK ' BRALXBDHYILFOHVY ZRUOG U MMRIFEHOR QD
30DQHWD 3XE &RUS

(SVWHLQ +7KH $ZDVVL VKHHS ZLWK VSHFLIRY HE |ED HUSRPWK R) RRGI DOSUSJULFXOWXUH
2UJDQL]DWLRQ RI WKH 8QLWHG 1DWLRQV

5RWK7KH 0DO\ %HOHILWY Rl 0CRGHEW®U)D BREW -XQH

&DSSHU - &DG\ $5FRPSDULVRO RI WKH HOYLURQFROWDOH@® IDWW RROMWWHHQ PLON IR
FKHHVH SURGXUQIRAMR| 'DLU\ 6FLHQFHGRL MGV

%»DU RZVND - 6]ZDMNRZVND OU®OLWZL EX¥MNJLWLRODO 9DOXH DOG 7THBK@MORJLFDO 6X
I[URP 9DULRXV $QLPDO 6SHFLHYV RQEBPKUHRHQVBYRGXNYWHZY LQ )RRG WFLHQFH DQG )RR

GRL M [
*XLGH WR OLOLDWXUH &DWWOH % U B HRP HRY/W KR XRARGHRIMOPRPHVWHDGLQJ
3DUN < : +DHQOHLQ * ) ‘HQERUGEGIERRN RI PLON RI QRQ +EREYRIHIQP [1P P DRK/Q
:LOH\ 6RQV




:DWHU EXIIDO

JLNH VKHHS V PLON EXIIDOR ROG
FKHHVH SURGXFWLRQ 7KH QYWUWR F
PLON EXW ZLWK VLJQLILFDQWODWU H
+RZHYHU WKH ODUJH VL]H DQG WKRL
PDNHV WKHP D JHQHUDOO\ LQIKMLRU
FDQQRW EH EDFNEUHG |.RP FD\WWOH
UHODWHG VSHFLHYV DQ HPEU\RKVRXD

OXuUDbK 2DWHU EXl rp7 DV D VXUURJDWH 2QH DGYDQWO

3KRWR .OHR ODUOQC

WKH\ DUH VOLJKWO\ PRUH H IHLWLKHD@W
+RUVHYV

/LNH RWKHU HTXLGVY PDUH V PL(
QXWULWLRQ SRRU PLON J SURWPRQ
VLPLODU LQ FRPSRVLV..RQ WR KKRP\DH
WKRXJKW RI DV GHVLUDEOH IURW DVK
VR IURP D QXWULHQW FRQYHUVWRIVS
JHQHUDOO\ WKRXJKW RI DV O D URIBIQD (
JDODEHOOD PLQLDWXUyHDFEK VXUSULVLQJO\ VPDOOHVYPDO
3KRWR -RQR %DFR
EUHHG ZLWK DQ DYHUDJH PLWXUH V
"'RQNH\V

OLQLDWXUH PHGLWHUUDQHDQ ¢
WKH VPDOOHVW DGXOW VL]HVZHILVKK
RQO\ NJ  :KLOH GRQNH\V FDQ W
KRUVHV PXOHV DQG KLQQLHV IHRRU
FRXOG SRWHQWLDOO\ EH D VXUUWRMDI
SDUWLFXODUO\ QXWULHQW SRRPWONY
6DUGLQLDQ GRQNH\V {SURGXFWLRQ UDWHV DUH HYHQODRZL

OLWWOH LQWHUHVW IURP D ZDVWH F
&DPHOV

'"URPHGDULHY EHLQJ EHWWHU P
EDFWULDQV DUH FRQVLGHUHG IKWHQ\H
WA\SLFDO QXWULWLRQDO SURILW B PH.[F
KLIKO\ HOHYDWHG WLPHYV JWRDMW
WKLV EHQHILW LV RI UHODWEXBQOXOE
YLWDPLQ & HDV\ WR DFTXLUH &DPHC

3DWLO 6 7TRWHHYHORSPHOWDO IDLOXUH RI K\EVIL®@ NPHWRVHIHOIHOUDIWAIGRQ RI ZDWH
NXEDOXV EXEDOLVY RRE\WH Z[LWROHFXIGEDU VSHEWRIGBGXREMRIDRQ DQG '"HYHORSPHQW

GRL PUG
%XIIDOR _)$OGRDO +XVEDIGE8WBIULWHFK 3RUWDO
3DUN < : +DHQOHLQ * ) ‘HQERUEGIERRN RI PLON RI QRQ +EREYRIHIQP 1P P DRK/Q
:LOH\ 6RQV
Y)DODEHOOD %UHHG ,QIRUPDW L RAQU LHR/UNGH 8 BRI P K& V IENEW HBIEV OLV W FRB® KRUVH EUHHGYV
3RUWHU 90DVRQ V :RUOG (QF\FORSHGLD RI %UWHHGLREN %UHHGV DQG




SURWUDFWHG OHQJWKV RI WLRHLWI®/I
IRU FKHHVE.>DNLQJ 7TKHLU ODUJH Vv
LPSUDFWLFDO WR WUDQV SR UWE WHM®
WKH PXFK VPDOOHU QHZ ZRUOG FDP!
JXDQDFR YLFX+D $Q DGXOW 9LF XUI
YV NJ IRU D CJRPHGDU\ 7Bl
K\EULG LV VPDOOHU WKDQ HLWKHUWNJ
&DPHOV FRQVXPH SDUWLFXODURUIBR

HQ\DQ KHUGHUV PLONL( LQFOXGLQJ WKRUQ\ DQG VDOWNGOD
3KRWR ,/5,

$OSDFDV

3KRWR &KULVWRSKH

5HLQGHHU

UHTXLUHPHQWY LQ WLPHV RI VKRWUWW
PRQWKYV RQ DV OLWWOH DV NJ GU\

$OSDFDV DUH WKH VHFRQG VPD(
ZLOG YLFX+tD $OSDFD PLON KDV D Y
FRQFHQWUDWLRQ ERWK LQ FRWP SDQ
JHQH.DO 1HZ :RUOG FDPHOLGVUDRI
SURGXFWLRQ EHLQJ PRUH SR S/XOOLIDWD
GDWD VXJJHVWV JRRG . hQYHUVLR®
DUH RQO\ VOLJKWO\ VPDOOHU WHK D

N .

SHLQGHHU PLON SRSXODU DPRQ
HIFHSWLRQDOO\ ULFK WKUHH WERRHAY
PLON ILYH WLPHYVY KLJKHU LQ IBWZIDY
ODFWDWLRQ UDWHV DUH YHU\ VWR2M X
DQLPDO V PRG..UDWH VL]H JHPDOH
VXEVSHFLHY WKH 6YDOEDUG UHLQG!

OLONLQJ UHLQGHHU 7T"PDWX JLW\ ORRVH PLON LV VLhO WXL

3KRWR

,Q VXPPDU\

DUHDV 6KHHS E\ FRQWUDVW \LHEXWDUHB ®@W RYXGWOR RH Y%

JUDQSRLV 20LYL

QRW DV ULFK DQG QRW DV H[WHQVL

JRDWYV VHHP DQ HDGDEHWRBSHIR GV WWRQ WRRIXW L C
IHHG FRQYHUVLRQ DQG RXWVWBQGWQYLY B UWRK XAWHILRQO®RHE YEFROGA B D
D GLYHUVH GLHW DQG QLJHULPHWEFZRIZHFUHH S% SXSURG BNWLRQ
LI EXFNV DUH WR EH UDLVHG WGRX O IZYRK\OW RGE INF B/HDQWH ZOHROF®D D Z D\

%DU RZVND HW DO

.LQGHUVOH\
<DJLO 5
3DUUDJXH]

9+ 7KOQRW 0

'RBQLEDO 7KH "HILQLWLYH 9LVXDQAOBIEFEHHWR WKHB®WRUOG V :
&DPHOV DOG &DPRIRGODQE $JULFXOWXUDO 2UIDAMMURPRPNLYRFBRL WKH 8QLWHG
/DWRSDUHL (/ § HULWNOLRP SRV LWLRQ LQO $OSDFD

&RPSDUDWLYH 6WXG\ LQ 7ZKRUFHKILRRORWHIF&KLOH

/H\YD 9

GH ILEXDULDOED
I9DXIJKDQHHGLOJ $OSDFDYV WR OD[LPL]H 7 KHW U®SHS UHREGHKWIWLY H 3RWH
OLQLDWXUH7PQSDHEZRRG )RXQGDWLRONVEEWUZHYWGOIURPZRRGIRXOGDIWL R RQ®J PLQLDW

) "HQERUGEGIERRN RI PLON RI QORQ HREYRNQHQP [P P DROWQ

3DUN
:LOH\

<
6RQV

+DHQOHLQ

*

BHGHUVHQ@Y.DOEDUG UHLOQGHHU 5DQJLIHU WRWUIZE GXD/QSITROD\W KQY MKLDW/X W H

DQG W

/IDPD 3DF|

ODUNDV_QYROXFLRQ GH OD JODQGXOD PWRDWRBUHOHDOSIDFR W RWHIREDO \ SUR



VKLSSLQJ PHWKRG UHTXLUHV EBRRNEIUQRHLG IPQL RDWNXKHH FEDHW E U H
RWKHU VSHFLHVY KDYH SRLQWVDW R/ ORIX XK LRPW KW RKIDYRRBM YV DQ
ZRXOG EH GLIILFXOW WR MXVWLI\

$V SURFHVVLQJ RI PDQ\ GDLU\ S XRGHUWNR IQUWURROO/GH/GDW HPS |
DQG KXPLGLW\ FRQGLWLRQV \@KW KUHHNU MIFHKHDW PR § W \IVOVHPZ LR U |
WHPSHUDWXUH DQG KXPLGLW)\ LFSFOW UR G L Y GG OD@O\ZD G K XPYXWOMG F
&KHHVHPDNLQJ UHTXLUHV VPDOOUDRWX®EW\8 RR &XFVQW WVK®E HR F D
SURYLGHG IURP (DUWK RU KDURGXMHGHUWR BB WURPQF B SV H V
PLFURELDO FXOWXUH :LWKRXW QHEHQSWR G/XPI® HURPHE®ARWW D (
LQFOXGLQJ FLWULF DFLG HH[SPOMHADUSRQUWDIDWQE DEQBIDU HJ

OHDW

5HJDUGOHVV RI FUHZ DFWLRQYH PHW WGLE\ LVQKH BWWRWBVYV RI UL
DQLPDOV LQ WKDW LI QRW VXDGOKVEH H HIG QDINHX UZL® G HYWR W Q G
SRWHQWLDO VRXUFH RI PHDW G, \WRKWOMWXHE W W WD RVWK R\E F\QHD W W
QXWULWLRQ RSWLPDO VROXWLRGURGHKE WVYZKRHQKDQ GBEPDQHG [
HIILFLHQW IHHG FRQYHUVLRQ BBSGIHF BEPKIQMY HGWER BVKRXQJHU D
FRXUVH JLYHQ VXIILFLHQW V S QFEHD@QIEL VHHHGG Z IDWK PADKOH VFH F LI L F
PD[LPL]LQJ JURZWK IRU VODXHdEWHUGH¥F LBE @KBW WKH\FDUH FRP
ZLWK

,Q WKH ILUVW WZR FDVHV KRZBIWHG W WDMD @ KEHH C5AHP)XRDW \WR U F
SURGXFHG LV YHU\ VPDOO :H Z|DDW DIRRN HHVSKRLG RXIHF&® BHU FUH.
OLYHVWRFN H[SHULHQFH D OLGRHPDW X QWFIWMADY @ G @ WPRDG/AF KSHWIV R

RI WKHLU QDWXUDO OLIHVSDQ

7\SH

WR SURGXFH
HJJ RU PLON SH
PDWXUH DQG LH

'D\V WR
SURGXF

3URGXF
GD\V

7RWDO (
DQLPDO
NJ

OHDW J
SHU FU

&KLFNH

"XFEN

*RRVH

4XDLO

7XUNH\

*RDW

6KHHS

&RZ

:-DWHU % A

(GLEOH FDUFDVV PDVV WDNHQ DW R1 OLYH DQLPDO

$vV FDQ EH VHHQ ZLWK WKH H[BH&WKXR Q/ IRR QVRU W H\ND BAOKH D P
PLON DQG HJJV \LHOGV RQO\ VPPQQZ IDPRXQWXIJRWHHIDWKHYHDVR
HIFHSWLRQ LQ WKH FDVH RI WIXUNH\FI WHGXBRRR WKRGX KUV RI
WKXV UHTXLULQJ ODUJH DPRXQWVHY PRQED@IGDVODUDIKY GHHRS FRC



,] PRUH PHDW LV GHVLUHG IURPPXYDNGEW MSHFQ IVREOBHWDL \
VXFK +RZHYHU LW TXLFNO\ EHRRPLH\D Q¥W®D UK QDT WHKUD W/PRIXIQWYV |
VSDFH ZLOO EH UHTXLUHG HYHOQHHGWKKRHB SWRERSW VP IEJBIKBHIRW P HD\
GDLU\ RU HJJV &RQWUDULO\ \ODEDRARKRDJ PBD\NYUMVYUDBQRGO/WDUW
VHHNLQJ WR VFDOH XS IRU FRQVXHABW UV OHWFLHENIAARZWQRBE X F H (
SURYLGHYV QR PRUDO TXDOPV +RZAHW HEWH EWYHIXKIOGOVWRBRDMWUROOH
EHLQJ D ZzD\ WR FRQYHUW DJULFXOWXUDO ZDVWH

STXDFXOWXUH

7DQNV ORDGHG ZLWK ZDWHU FDQ\ EH KW Y\H LEX\R WZFKHHE® WD G N/
QRW EH $TXDFXOWXUH FDQ EH FHOX GLQIHY 6 UMD PIHIDXDW LK) SO D Q\
DJULFXOWXUDO ZDVWH DQG LQ VRRH BWWHW DLYLB FRZPR @ HD O E
FRQWURYHUVLDO SUDFWLFH LIQW LRIDGS SI RY WU B HQIR UQD&KRQW L R Q
WKH FRVW RI FRQWDPLQDWLRQ DQG RGRXU FRQFHUQV

$TXDWLF SKRWRWURSKV W
SKRWRV\QWKHWLF HIILFLHQF\
EH LQ WKH VDPH WDQNDJH DV
ILVK GHQVLW\ $W J Pr GD\ DC
DFFRXQWLQJ IRU HOHYDWHG (
&2 DQG ZLWK PDWXUH WLODS
WKHLU ERG\ PDVV SHU GD\ JU/
ERG\ PDVYV HDFK VTXDUH PH
FOHDU ERWWRPHG ILVK SRQG
PHDW SHU GD\ ,Q VLWX SURGX
LQDFFHVVLEOH DUHDV IRU DOJ
SUHYHQW RYHUJUD]LQJ

+LJK GHQVLW\ WLODSLD IDUPLZRU
7XGH

&RQYHUVHO\ ILVK FDQ EH UDLY KGJKQGH @ WMNX\S | VIS DD DRLLGY
DOJDH FXOWLYDWLRQ 7KH ODWRMHKVKDR GE BIBIQVL Q YHHWQ B BWRHIBY V
SURGXFWLRQ LQ HLWKHU DOJDSUEPDHGOX\EWW R H. Y FOROPQW HRG OLJ|
WKH ZDWHU +LJK GHQVLW\ V\VWHEW XK QI HD § GHEHHLQQN LR URY F R Q
UHTXLUH PRUH FDUHIXO HQYLUR GRRGWD R PR B QMWW DRW RD B G VUKHUP F

+DIQHU - ODDEKIURZQ FKLENHQ VWULSY PDHEEXWHRE D\Q¥@FIDDRGBIDO OV G
%URZQ & / <DQJ 7 )LW]VLPPBR®V . 7KBRDOXBURI 3LJ ODOQXUH DV D & RXUFH RI 1XWU
6HPL OWHOVLYH &XOWXUH RI SHYHHFIODEXDWRUIR®M 6RFLHQFHV

GRL DV
'"LVPXNHV * & &DUULHUL ' PBoHQQWWWBRYHZBIQDQWOSTADWLE SKRWRWURSKY HIILFLH
DOWHUOQDWLYHYV WR ODOG EOMHGHRWRSBSLIRIR @ LLIRY XHRWHFKQRORJ\

GRL M FRSELR

ILP & 7LODSLD ELRORJ\ EFXOWHKHPEHKRUDNG)RREGWUIRRXFWY 3UHVYV

0OXOOHU 0 6 %DXBHWO&ROVXPSWLRO RI 7LODSLD)DRBVIWHKORXUKDD BOBWRW\SH &ORVH
$TXDEXOWXUHL$6$WIOP




ZDVWHV DV ZHOO DV D PHWKRC
WKHLU JURZWK SRQG $HUDWLIH
IRU ORZ GHQVLW\ FXOWLYDWLR

&ROOHFWLRQ RI FHUWDLQ I

DOVR FKORUHOOD HYHQ ZLWXQ

SURYLGH D YHJDQ VRXUFH RI %

ILOWHULQJ GU\LQJ DQG GHSHC

DOJDH SRWHQWLDOO\ IXUWKHAL

1$6% $5& WLODSLD DTXDFXORU H[WUDFW WKH % DV D VXSS
$0JDH ZDWHU SODQW SRQGYV
SRQGV FDQ EH XVHG IRU VZLPPLQ
ZDVWH LV QRW XVHG LQ WKH SUR|
SURYLGH HQULFKPHQW DQG SRWH
ZDWHUIRZO VXFK DV GXFNV DQG .
WR ZDWHU LV LQ QR ZD\ D UHTXLL

$vV D JHQHUDO UXOH DTXDWL (GLEOH VHD OHWWLFH VRPH\
FDOQQRW EH WUDQVSRUWHG DV FU B3KRWR 7KHVXSHUPD'
HPEU\RVY VSHUP FU\RSUHVHUY DMKIHRUH LWUBRHWFIH SWREQWP IRU HJ[!
VDOPRQLG HJJV KDYH EHHQ VXFFHWXWOOKHWHRBUWUHSHUHGRB LQDCQ
FDUQLYRURXV VSHFLHV DQG WWKRQ QHM BE WHY VX FRU ZRUWRG X J
FU\RSUHVHUYDWLRQ KDV QRW EHHOQUPHGBGLHUN HONDIVALBD ¢ RFBPHRQHYV
WLODSLD +RZHYHU PRVW DTXDMW XN NIXHF § H R SFHHPR\Q ¥ Y WDKVDNV  Z
HQYLURQPHQWDO FROGLWLRQ\ DW K F\RIR[K LE DW KH.W W B Bl QWR\ IR J
HQDEOHV VKLSPHQW RI \RXQJ LQJIGLQFDRWXPHRZIMKNERXIWQY W U D

$V DQ H[DPSOH ZH ORF
WLODSLD 5HG WLODSLD ILQ
JUDP WR JUDPV DW p&
UHGXFLQJ WKH WHPSHUDWX
RQO\ DURXQG JUDPV LQ W
5DWH RI JURZWK DOVR GHSFH
IHHGLQJ -XVW WR UHDFK
FRQGLWLRQV WDNHV DSSUR
WLODSLD IDU ORQJHU LQ V
(YHQ LQ VRPH UHDO ZRUOG
7LODSLD ILQJHUOLQJV 3KRWR *RGHVLJQHG W R PLQLPL]H JUE

:DWDQDEH ) <DEXWD < %LWRILWDPIKO®W )&ROWDLOLOQJ 3ODOWVURR@WRXUFHYV IRU 9}
IXWULHQWYV GRL QX

5DOO0 : ) $GYDOQFHV LO WKH &U\RSUHVHUYDVSHFQVRIIRREBSBO LFOGVBRA WR WKH &RQVI
6DOPROLG YHWOQMHHWLF &RQVHUYDWLRQ RI 6DOBRQLG )LVKHV B

3ROHR * $ *RGNH 5 5 7TLHUOWK DF\SRSODVPLF 6SHUP  OMHIFGN NR[H &V IDQUG&U\RS U H
JUHH]H GULHG 6SHUP LQ (JODURIQHLZHRWEHBRERQRORJI\GRL \Y




FDQ EH DV OLWWOH DV PJ (JJVSHWHOKLDWHRIKKEH@G VPDOO V\VWHPV
NHHSLQJ VLIQLILFDQW QXPEHUN GRRQULW D HIQD/ VW D/AKR XGXE LIEHI UHD |
E\ WKH XVH RI GLHW UHVWULFAWLIQDPQG WHPSHUDWXUH UHGX

'H ZLOO QRW JR LQWR DQ H[KRXVDAXDH XOQWWURI QR PIXHGL © J
VKHOOILVK FUXVWDFHDQV HWBH F LRH/OX WVIRO QRVEHVW R R YGD B H I 1L
DQG RU GHWULWLYRUHV 6SHFHG VRO D HDIER XZH/DXOU HVWKIREXOLG/ EH
WKDW WKH GHWDLOV FRQFHUQ®KHUVKHRRGU R U LHJD PSGIHZ HQ & K W
LPSRUWDQW WKDW HLWKHU EE@CPDLOVHKVL R W KHK B WLRDWUY RMWDDIND J L\
WKH ILVK UHDFK PDWXULW\ RWG® HWUKH \BH LWBH\ WIDAN EDKHK KDV
FUHDWLQJ PDQ\ VPDOO ILVK WKPXF K IF'R FCA/SHER S\RRJ WKRIQ D VEIRG \
VWDQG QR FKDQFH RI UHDFKLQJKDAXPRVLIOR R GQ $HWHARQ GDON V H'
WKDW ZKLFK WKH\ ZHUH WUDQWSRUMWHGA WHRGWRH EDEHGD®JILQ

$SLFXOWXUH

*HQHUDOO\ XQWKLQNDEOH IURPU®K B KI-MH § BB W IKYDHE RW DWW HVL
VLIHV RI D /DQGLV KDELWDW DO OREZXIGRW XEROVWKFDXSID EEMWAQMR V XV W
RI KRQH\EHHYVY DV ZHOO DV VXIIHPKZ KB W WHD FHRWR RV H SKOLUYCHV

7UDQVSRUW WR 9HQXV PD\ DW XIHU \EW VD S\SKHD M HDR/ E® DIDQ FL\ ¥ @
EHHKLYHV VXLWV ZHOO IRU WUWN®R'SSIRUW DIVOLIRDW +IRRIZH WERHRHS/HW D W
RXWGRRU WHPSHUDWXUHV KDY H GHHRG SHGR 8 X | ALF\LLHQIWDAL G WWKKFH K
SRSXODWLRQ UHGXFHV WR PLQLPLPHIUGY RWKLFHSHRIQ RGPS WH R R U
EDOO NQRZQ DV WKH ZLQWHU FOXOWWRY VZWKFHKFREEZ GI\D WRQH WK
UHVHUYHV JHQHUDOO\ DURXQIGQ INWASUFD & VILFWBUKLY¥HY HV FDC(
ZLWK VXJDU ZDWHU DQG SURWHLRGWX 3R BH R NNV WEHFRUSHI DSAHUU H
HQRXJK WR DOORZ EHHV WR OHWWR SHHD W IXYH VSV LWRIRWDXDIV. F L HQ W
EHJLQV OD\LQJ D QHZ JHQHUDW LHRS IRQ & RUKNHKILWY W RRWDE KGOV S U L

,Q VKRUW D VHDOHG ERJ[ FRQ\WW B GQK IQWHDQHMH.G\D W HWARQKV WRC
PDLQWHQDQFH LQ WUDQVLW %MHNSRQH W\KHHQ KA DK ERDIH®\Q RI D
SRWHQWLDO VRXUFHV RI FRQWPPQD BEWHR QVKDYF QKB LN UGBRR, QC
KDYH DOUHDG\ EHHQ IORZQ DERDHQ &P REB\DW H DO XQUWWDKIH D E L O
KRQH\FRPE LQ ZHLJKWOHVVQHVV

6DQWRYV 9 % ODUHFR ( $ BUBYIWKOFXUYHYV RI 1LOH WLODYLDVVUBRFK FRKBDWLYDWR
DW GLIIHUHOW V$AWDHERDLWMROQWHWDWUXP $QLPDOGRAFLHQFW¥WWDVFLDQLPVFL Y L

5RXWK - 6SULQJ)HHGLOJ RI “ORWDIWLNKHNHHNHHSHUY $VVRFLDWLRQ

BHHOH\ 7 ° 9LVVFKHBXBYLYDO RI KROQH\EHHV LQ F RO LP® DB DRY HA\R ORIQN FUWR WL R DD Q (
UHSURGXFRQROLFDO (QWRPRORJ\GRL M WE [

BRVNHYLFK '$ FRPSDULVRQ RI KRQH\FRPE $SWV XPF\@®UHW BXQLOWFNVRQ -7 &KULVWLH
1: FRPHKXWWOH 6WXGHQW ,QYROYHPHQSRBWRJIRD P S6E6,BP ) RUKOER ZQ 1DWLRQDO
$HURQDXWLFV DQG 6SDFH $GPLQRWWQDMEDER &\OBRIQUY% -REFW -6&




5DWHV RI DQQXDO KRQH\ SURG XAWRR® HQW\H K DMU RS GHDA H
KRZHYHU WKH $XVWUDOLDQ DYHBFBYHRIVZDWHU PXSHMD BFRRDGH D
DV EHHV FROOHFW ZDWHU WR GULQN DQG WKHUPRUHJXODWH

W LV DQ RSHQ TXHVWLRQ
KRQH\EHHV ZRXOG QDYLJDWH
HQYLURQPHQW ZLWKRXW D GL°
GHDOLQJ ZLWK FKDQJHV RI KD
GLVWLQFW VXQ GLVF %HH QD
WRSLF LQYROYLQJ ERWK VXQ I
DXWRPDWLFDOO\ DGMXVW IRU
WKH VXQ LV QRW YLVLEOH DOQ
QDYLJDWLRQDO DELOLW)\ DSSH CRQHIEHH SROOLODWLOJ DQ
DEVHQFH Rl XOWUDYLROHW OL 3KRWR $QGUHZ 0DQGHPDI
SRVLWLRQV WR HDFK RWKHU Y
RQ WKH FRPE ZKHUH XSZDUGV PRYWKRMHHEXW BRQWHVSR GRY MWR R Q
GLVWDQFH FRUUHVSRQGV WR WEHHG/L ¥ WRORNEH WMRRO LW WHH & LR/WH L J G
RQ WKHLU LQGLYLGXDO OHYH® RRQGEXFF® \G\L \DIK WH) GLDDIUFORY Z LW
EX]] $ EHH QDYLJDWLQJ WR B \S DUGLAKFOD UEBIRPRWHR @ ROLW YV D
ORFDWLRQ WKHQ EHJLQV D U DKHERROCHDY BK PWRER Y IMRIX IIRFUH W

,Q VKRUW ZKLOH WKHLU UDQG RR H\W UR®VE A RD 8 URL IDGH G/HR
WR FRPSHQVDWH EHH QDYLJDWURQBG W\R \WRBY HDUMKQRW GHRHQ
LQIRUPDWLRQ DQG DUH SUHPLVHGRPHRMRUP WRKHURNDIGIQORIG RIXQ
WHVWLQJ UHYHDOV GLIILEXOW\QIQKMQEXAY IRARG GHEAHRRUFHFNHG
OLJKWV RQ WKH HQYHORSH WKIRW ®IR\Y I$ E®MMIGR RQ OMK H WRICFDHJ F H
ORZHU HQYHORSH PLJKW EH LQWHURBUMHG H®R DNVYWHRP H [IRWWPLRHQW
EH UHTXLUHG

%HHVY GR KDYH D GHJUHH RI GRHWHQLQRVIHHLWAKHG LIQL@/H UP V
WR OHDUQ ZKDW FRORXUV DQGRRKDBHVRURYYH\GH WKBUEHDWWHU D S
LV WKHLU DELOLW\ WR OHDU Q MR KMHBECRYHMXIWRR QWL UFDIGLD @ LJ K\
DGDSWLQJ WR ORQJHU GD\ OHQJWKYV

7KH DUHD ZKLFK D VLQJOH KL YWHPIND S KO ¥ HGDRWH UITAUH. HAVR D |
VWUHQJWK IRRG DYDLODELOR®H MK RWRKQ G RQ®WVRQVU\LQ J
PHWHUV &RORQ\ VWUHQJWKLQVYHLRISRUNDQWE DFALWHLDO YL
DQG PDFURVFRSLF SDUDVLWHV RQXIEVLWIEQIRWVHPQG KRYHRD LOQ G W

*LEEV ' 0 + OXLUKHDGKH WMFRORPLF YDOXH DOG HOYLYUROQWHOWDODOLEBEBNWHSILWKH

LOGXVWU\

&RFNHOO & 6 $QGUDTHRHSDUWLDO DOG H[WUDWHU URKYRMHOMD O 98 LRDRUDMOE @ GI@ Y LL
FORVHG ORRS HFRV\VWH$F WPQSMWHR Q ’XWQFDGR L Y

1LHK - & $ 1HJDWLYH JHHGEDFN 6LJODO 7KDW XW FV LR 8 HH G HAM KHIE WHQLW PoHLR O R J\

GRL M FXE
-RQHV 3 / $JUDZDO/HMDBOLOJ LO .OVHFW 3ROOLGRWRDO® HGLH B RA LOQRAURPR OR J\
GRL DQQXUHY HQWR
IXGLQ 1 0 &KHHVHPDQ - )DWH&U\ $ :PUBDQ@O * BKH HIIHFWV Rl WKH JHQHUDO DQDH

LVRIOXUDOH RQ WKH KROH\ EHHD @ H@EKUMNOPIREHROR F\LUFWKBUQDWLRQDO
GRL
$ERX 6KDDUD + AKH IRUDJLOJ EHKDYLRXU RI KRDHD BHHEWUWIHULMOPHQQLOHBLFLQD




PLWHV DPHULFDQ DQG VPDOO KULRSHPHHMRABEUBRBRWWRRXEURR
FKDONEURRG GHIRUPHG ZLQJ VOREIWN R ®RXWHUERMYV SSOVUIDHU YV

JHQHUDOO\ PXVW RSHQ XS KLY MAR FLQONS HFOH | R/W FDHMVG DMUKHIDIJIW G L V
SDUDVLWHYVY DV ZHOO DV WR PRIOQLWWRB WHEGI XIHH @ XFKKHDIVELLY SR\
FRPSOHWHO\ VWHULOH DQG SHWW OWHMHGW\DRMND ZHR X\MRGOERH+ BO DSL

:KLOH IORZHUV LQWHQGHG
SURYLGLQJ EHHV ODUJH DPRXQ'
FRXOG EH JURZQ DGGLWLRQDO
OLYLQJ HQYLURQPHQW DQG KF
SURGXFW WKH SROOLQDWLRQRV
DJULFXOWXUDO FURSV LV DUJXI
EHQHILW WKH\ EULQJ 30DQWJB|
IURP QR EHQHILW WR LPSURYH:

(OHFWULF WRPDWR SROOLRD EH| QJ HVVHQWLDO IRU IUXLW Q/t
E\ KDQG DQG WKHUH H[LVW WHR-
WKLV LV D KLJK ODERXU WDVNS}H
GURQH EDVHG SROOLQDWLRQ V)
GHYHORSHG XVLQJ DQ LRQLF JI

BURWRW\SH SROOLQDWLE
S3KRWR (LMLUR OL\DNR

&KHFKHWND 6 $ <X < 7DQJH 0 ODWIHADNROG\ (QJLOHHUHG&KIHWPLILFLDO 3ROOLQDWRU
GRL M FKHPSU







:KLOH LW FDQ EH GHVLUDEOH W&OR SSHHO\DRAKHU E B Y WDLYCDO.@\D X DIHQ
DWPRVSKHUH WKH JURXQG EHORRISURYREHVHDY ZEGW K DRIFHDV O\
SRWHQWLDOO\ YDOXDEOH IRUGH SRUMD FIR HQYHW RW R H X\W VUMLT X L U
FRQVLGHUDWLRQ

6 XUIDFH DFFHVYV

1R VROLG VXUIDFH LQ WKH VI
FRQMXUHYV XS LPDJHV RI +HOO WK
KLIKHVW SRLQW 6NDGL ORQV LV
JLDQWHVYVY ZKRVH YHU\ QDPH PHD

EDU p& MXVW EHORZ WKH PHO
HQYLURQPHQW WKHUH DW N PHI
SODQHWDU\ PHDQ RI EDU p

YROFDQRHV VKRZ VLIQV RI UHFHX

&KDVPD ZDV REVHUYHG JLYLQJ RI

LQGLFDWLYH RI RQJRLQJ YROFD®I

Rl ODQGHUV KDYH ODQGHG RQ 9H(

UHWXUQHG XV RQO\ D VPDOO DPR . 0uup vxUIDEH LPDIH 3K
DFFHVVLEOH FDQ VXFK D ORFDWL 'RQ 3 OLWFKHOO

7KH DQVZHU LV VXUSULVLQJOGDWFHFMWW LEOH LQ D EUR

JHW XV ORRN DW WKH 9HQHUD GRXQ&E UV S BHDWIHD O UWRXQIEQD X
SUHVVXUH VKHOO RQ WKH RXWYL@&H WHKHHY FZIHQ H QWKKHOD® WLREGIRO
KHDW DFFXPXODWRU 7KLV ZDVPOLWISOL DO SKOLMHK FHOIQVMWRUH D
RI KHDW EHIRUH LW FRQWLQXHW LW\Q FKIDLQ/I F L\DHW BP WHURBR X LW L
ZKLFK PHOWY DW p& $V IRU WKHZTRRQRQH VEY WSPH WKHUPDO L
DOORZHG WKH ODQGHUV WR VXMLQUYH 'R U RWHAUDWZ R K RMI\K GR OR
LV QRW D OLPLW WKH ODUMKHWKRQVH]HVRK W ERVIYREGHW XUYLYD
WKH JUHDWHU WKH UDWLR RI W RHUP® & RIDANHW R YXXODMH. RQ 7K
DWPRVSKHUH PDNHV JHQWOH O DIHILYQJPHDND O YBEHUB LD QHDU |
DIWHU LWV SDUDFKXWH IDLOH® \KLW PASKH D QR XRREQ DWW QRXGHGE\ RS H U

:KLOH WKH LQWHULRU RI D ODQGEHS DW WPH B R RV IRYUWCD EFODHY W WP
IRU D IHZ KRXUV PXFK PRUH FKDQDE @CIRQUQUSFDDQ\VHRWFKSLHFHYV
VFLHQWLILF HTXLSPHQW %\ WKHLYLPH RRZHYHUDWKBIQEx65 KDG
VROYHG WKHVH SUREOHPYV OXBHKLKBDQW VPRWNRKWRCRMID WBJIR HV
KLIJK FXULH WHPSHUDWXUHYV HWMUDRWRWYY RGHAPLIROQH G QRIUUH HI

JHIJOH\ % -USUDFWLFDO &KHPLFDO 7KHUPRG\QBFIDFGHPLEF BHWRWNVLHQWLV WYV
6KDO\JLQ ( %DVLOHYVN\ $ YODUNUHYDB])YVNVLOWVR 5RDWNBKFR IRU ROJRLQJ YROFDQ
DFWLYLW\ RO 9HOXV &DVH VWXGRABYV DAV 20RM VYR ONVSIRDEBHWBRBHY DQG 6SDFH 6FLHQFH

GRL M SVV
6KDO\JLQ ( 9 ODUNLHZLF] :7- 7%WRYOMY¥NYIJ@DWLHY 1 , $HWMIDYGH YROFDQLVP RQ
9HOXV LO WKH *DOLNL &&HKHRSKDPVLEDO]RMHMHWHDUFK /HWWHUWGRL JO

OLWFKHOO '9BOQHUD 7KH 6RYLHW ([SORUDWLRQ RI 9HQXYV
OLWFKHOO '9BOHUD 7KH 6RYLHW ([SORUDWLRQ RI 9HQXYV
OLWFKHOO




WHQG WR EH RSWLPDO IRU XVH LQJIHIXM HFW.XRQRHUQ WY G 0Q G »
PRWRUV FDQ SURYLGH IRU SHQHEMWIAMHIHRQ WK H H. € R Q@HH PVQ GRW ¥ H
2SWLFDO WUDQVSDUHQF\ LV SURVLIG MG ES HX\DMX T KMDIWDWN RHV VX
9\FRU ZKLFK DUH ZLGHO\ XVHG $QOWA VHRR\PLI DRV UEHWVH ZU WK WKH
DQK\GURXV DFLGV DQG VXOIXURR®[LGH DUH ZHOO XQGHUVW

*HWWLQJ EDFN RIl WKH VXUIDFHHPIBL QLOH & L VIHPXROXD GE X W W
ZHOO XQGHUVWRRG FRQFHSWXDORZ\ 7BOWKRKJK DWHUMDR \8UY. RO U
WHFKQLTXHV 7KH ILUVW LV SKD®B UF MIRQWH HE MOHFRRQT XM DPV HG |
FRQWURO DQG GLVFXVVHG SUHDPRRWAD $LYLARQGHQXFIG DG VW
SUHVVXUH YHVVHO 7KLV KHOSVRSUWRKHGHDW&HUP 2R LIOMH IUWAL [5 U H
EXLOGV :KHQ LW LV WLPH WR GRIZTHGH W\R KI® D\PK RIRL D DLSREO LQV L (
KHDW WROHUDQW EDOORRQ VXEEWY D@GRE,PRWDPDUEROQHG IDE L
EDOORRQ LV HLWKHU DOORZMBFPRR GDRY EHUWRFEQ® QU\GREBAR\HG
JUHDWHU LQIODWLRQ YROXPHHDRI LW KRXBY RSYW D OMKHW KB XU W K H
KDELWDW KHDG IRU UHQGH]YRXE\ RPDQLQKIXBHHM @ ¥ RO NDLWDIRE H W H
JRQDO ZLQGY RYHUVKRRWLQJOW®BHHWHWLWKIKEKF EQ HOWLQJ LV
JRQDO ZLQGV $IWHU GRFNLQJLRUORD\GQAD PRGCUHIQVKDEEISKDV H
OLTXLG LV UH FKLOOHG D Q GUIHSD END® RRCH L/D QKW U DGFWRES RI11 W
GHVWLQDWLRQ ODQGLQJ DSSUR[LPDWHO\ PLQXWHVY ODWHU

,Q D IXWXUH VLWXDWLRQ ZLWK @X32UWW KR OMKKID\ED wWH \W B E UM GW
ORQJHU QHFHVVDU\ KD E L VGHWAR R &/GWHIH- K OB NO XW IWWH O D Q
E\ WKH
KDELWDW DKHDG RI WKHP WKXW ¥ URXLUI

$Q DOWHUQDWLYH WR WKH SKDMGDI
EDOORRQ DOVR GLVFXVVHG SUHYV LHRDSD
RU FRQWUDFWHG E\ D ZLQFK RURDKWM I
WKXV LWV GHQVLW\ 'XH WR WMOHUKDBK €
VPDOO EHOORZV KDV WKH FDSQEHD LW\
EHOORZV EDOORRQ LV HQYLVLRQNG LLRX
FRQFHSWV DQG 9HQXV FRPSDWLERHH Bt b GLDPHWHU EH
FUHDWHG DQG WHVWHG LQ WKH \OIOH RI  ,PDJH 1$6% -3/ &D
EHOORZV KRZHYHU D
VHFRQGDU\ EDOORRQ ZRXOG EH MW FHOWDWXGH UHDFK KDELW

/IRQJ WHUP RSHUDWLRQ DW WXKRWXIK DX U SIM GILOQILEX O RV \DLCE C
FDQ EH SURYLGHG E\ VRODU WILW SSOQOMP@QFWLRBRrFHOS/VVDDBEHL

%DU &RKHQ < %DR ; %DGHMAX 0 - 6 KHDFWQLW. 6 OXPRPLOOLQOJ DOG 6DPSOH 7UDQV
OHFEKDOLVPV IRU 3SRWHOWLD®QHWYVERQL UWR \OW BR\L B
.HU]JKDQRYLFK 9 +DOO - <DYURXIDQ 8O OORWWWROFHSW )RU /LIWXQUDFH\QRDGV )UR

9HOXVHW 3URSXOVLRQ /DERUDWRIUTHE B Q RIRRIX L PR, )XQU/\WH. WX HUR) DRAULNRVIDROS 30D QHWD U\ 3L
3DVDGHQD &$ 86$ -XQH

$PDWR O :LOOLDP¥FFHVVLOJ WKH 9HOXYV /RZHU $WPRRBKIHOHHDD ® @ KUIDRAHHU 9HQ X
WR 9,.6( DQOG,QQBU 6RODU 6\VVRR B

/IDQGLV * & +DDJ$QDO\VLY RI 6RODU &HOO (IILFKHOQH\DIRG 6K QDOF HWIHRRV ERQV
,QWHUQDWLRQDO (QHUJ\ &RQYHUYRREIR(QIJLQHHULQJ &RQIHUH




FRROLQJ FKDOOHQJHV RU ZL@®E W/ BH FOSRV\W B U LEHHOQX @VIKGH) M H Q +
SURSRVDO RI D VXUIDFH ZLQGLWXU DL TTHB® \ IY HAKWR & HBW RIS RV H (
VDLO IRU ORFRPRWLRQ $ SDUWLNXEEIUOD EXELBKV LISIQRBWX D\ ||
HOHFWURQLFV IUHH ZLQG SRZHUNGV XD ONLH) Z IUR\H D U HIPIIQXE XV
DURXQG P V EXW EHFDXVH RFRGW XLQK GCHILVLRAD QW DE® X QW V

$V IDU DV UHFRYHULQJ PDWHUDRDDHWR R IWKHVKRGND KIDYB EH |
UHVHDUFKHG IRU WKH SXUSRVKUWIW ALQFROXIGLSO VG B SOGIVU K\ P P H
ERUHV WKHUPDO VSDOOLQJ WKEOPDO \PHOWLHPLDIQW BEW LSO
WKH OLVW LQ DQ HQYLURQP HQ@ W I ZKHVUBLEQD¥ LW X\ DRFEXPOWERH !
RSWLRQV KRZHYHU VWXGLHGNXPHWRNVFLNGWLNFEDOIPERHY |
QHFHVVDU\ ZKHUH WKHUH LV XQEURNHQ URFN

9HQHUD FORVH YLHZ 3KRWR SMRKHO/YHG E\ 'RQ 3 OL

I9HQXYV V DWPRVSKHULF GHC
LV DERXW KDOIZD\ EHWZHHQ WK
(DUWK RQ D ORJDULWKPLF VFDO
XVLQJ WKH VDPH IDQ DV LV XVH
VXJIJHVWY D PHDQV IRU UDSLG F
PDWHULDO

'KLOH URERWLF DFFHVV LV
SDWK IRU UHVRXUFH FROOHF WL
WXUQV WR KXPDQV $V IRU DQ\
WKHUH DUH PDQ\ UHDVRQV DOZI
KXPDQV RXW RQ PLVVLRQV 7KH
FDQ UHSDLU WKLQJV 7KH\ FDQQ/DQGVOLC;i[*S\;/R\?ﬂSHV\V/ﬁL;/D%VQHﬁ
PDNH VHUHQGLSLWRXV GLVFRYF PDIH 1368 -3/

WR HDFK RI DOO RI WKHP

'R DQ\ RI WKHVH MXVWLI\ WKHHRW W RISEWYKHXOPRCSQAWY R @ \WWH
7KLV LV KLIJKO\ XQOLNHO\

IDQGLV * $ OHOORWWOXV&VXUIDFH SRZHU DO G$FWRCH\QN UR @ VKW I/F D
GRL M DFWDDVWUR
%DGHVEX 9 =DFQ)QQHU VRODU V\VWHP SURVSHF W HWHR X\ @HDP BSGLOIWHULDO
6DXGHU - $SXMORPDWRO 5RYHU IRU ([WUHPH (I$6SURG@PHQWYV $5((
%DU &RKHQ < %DR ; %DGHM®HX +0 - 6KHDFWLW. 6 OXPRLOOLQJ DQG 6DPSOH 7UDQV
OHFKDOLVPV IRU 3RWHQWLD,® QHWYERQDUWR \OW KRV B




+RZHYHU WKHUH LV D PXFK VLPFRKOHVY SRROA WK PW NSHH RSKOLH
WR JR WKHUH $QG ZKHQ SHRSORMVIWUWRSPONH WEH QWHDWOMD QHWL
UHODWLYHO\ VPDOO LQFUHPHQAMBO FIROAW R W& HSYQHBDARS S@I R SWKHH R (
EHFRPHVY LQFUHDVLQJO\ MXVWRKMG LI QRW RXWULJKW REY

O0D[ZHOO ORQWHY ULVHV VWHHSIBU RYHY VOKK XK WURRQBW QY |
2Q LWV VORSHV VQRZV RU IURVWWHRILF RO 8 XFFR\LOHF W W RLD O V
S\ULWH ELVPXWKLQLWH RU JDOKI D HFRY HLIDQW KKDVYRRQE p& a

NP DOWLWXGH LV D D NPIZQ®RH) IHDWRUALRQIDF NP GHHS GU
LWV VXUURXQGLQJ FOLIIV 9HQMY W KIRF NNUMNKHVWP ®&KK MIRUG ODF N
DOORZLQJ IRU PRUH GUDPDWLF ODYGW KB SIHR/Q J HOHD X\ YHYH B KD Q ¢

VRODU V\VWHP %DOWLV 9DOOLV

P GHHS FDUYHG E\ DQ XQNQ

PRVW OLNHO\ DQ H[RWLF ORZ Wt

RLO\ EODFN QDWURFDUERQDW IW

ZKHQ WKH QLJKW IDOOV WKH JU

FULPVRQ :KLOH ODUV LV RIWHQ

GHVHUWY 9HQXV KDV QR FRPSIX

GRZQ WKHUH QHDUO\ DV ODUJH

7KH ODYD JORZ IURP 20 'RLQ\SURFHVVHV WRWDOO\ DOLHQ WR
RQO\ DFWLYH FDUERQDWLWH Y
VXQVHW 7KH IDVW IORZLQJ

VOLIJIKWO\ KRWWHU WKDQ WKHH &OLPELQJ ORXQW (YHUHVW |

DOWLWXGHV RQ 9HQX WKH ILW FRVWYV N SHU DW!

SKRWR ODUFR )XOOH ZZZ "\WKH N WKDW 6SDFH; SUHGLHW
VIVWHP ZLOO HYHQWXDOO\ SIRROVDLIGW IRRIX Q @ Y/® INS. &/Q ¥ NKHDWDV DV S H
SHRSOH ZKR DWWHPSW LW S B RS BB QW O\H DERHX\D OYOH U HVKW KR O«

VXUIDFH RI 9HQXV" ;W V VDIH WHYWDQ\ LW KADKWA RNWLHP GIMXIDFOHOA IR U DF |
ODXQFK SULFH UHGXFWLRQV DUgHQRWWH LRHIODG HGJ WIKIDQ SVWKRSBRH Z
LQWHUSODQHWDU\ WRXULVP

&OHDUO\ LI RQH FDQ GHOLY H W IOH\QRERHMUN/G WERH Q/IKHH U XKIX B BB V
VXUIDFH LQ D VXEPHUVLEOH LYWQRW WHHKLBEBHV RBAWOWH{BWULHQF
DGYHQWXUH VHHNHUV GHVLUH DDUIRG WLRRW DRDSDF IV XK WR FG L
WKHUH LV RQH NLQG WKDW F DMR GKD\WIR V IGHHS WHIDNG L BIVPIG 1$6$
GHYHORSHG KDUG VXLWV IRU W KH \$'8 RSUWRE ISH&H GDIPK M HIJU WX D Q
FRPSHWLQJ VRIW VXLW SURJU D¥PIPGHO \EXRWQ WRKKH COXHWIA RS ERY LHIG WY

5DGDU 5HIOHFWLYH OLQHUDOV 7BXWIHDE B QRIPEG OWORGVIHBBIOHFWLYH OLOHUDOV 7HVW

9HOXV 1HDU 6XUIDFRRULEFDQLRMHR/SK\V)PDO 8@ HRQ QJ DEVWUDFW 3 %
1LPPR ) OFNHQ]JLHOROFDQLVP $O0G 7HFWREQ®@®XDXQ5HYQAKZ RI (DUWK DQG 30DQHWDU\
GRL DQQXUHY HDUWK
.RPDWVX * :DOWKDP % WRMODOL JYQYEXFWORSHGLD RI 30DQHWDU\ /DQGIRUPV
GRL B
+DQVPDQQ + +RADOXEFK 'RHV W &RVW WRXWVEBEHYHUHVW"
OXVN ( ODNLQJ +XPDOQV D OXOWLSOD WKW QWHOUIDWHRQDO $VWURQDMIYUBDO &RQJUH\

-HQNLQV O 0 D-[X@®H2 XW RO (YDIWHR/QWO *HRJUDSKLF




1$6$ FRQWLQXHG ZRUN RQ KDUGBH $LWYQF XOP LERWHQIDMQ OV
VXSHULRU WR VRIW VXLWV LRRWQBBO MXHD ZXO6G QBYHU MEOH WR
ZHLJKW GLVDGYDQWDJH 7RGD)\HKDOU® KH HROWP VIL /W PRAAS KMU LF (
IRU GHHS XQGHUZDWHU UHSDLUHDIHZ WM KRWH ([\R WXIEW D GN$ 63

(IRVXLW DQ DWPRVSKHULF GLWYM\MWXWXL

1$6% $; KDUG VKHOO SUHVVXUH
WKDW RI 9HQXV V VXUIDFH 3KRWR

$ OHQXV KDUG VXLW OLNH DQ X6 WKHS VOPGGRIXIW B B XI5 HU
SUHVVXUH VKHOO DQG LQVXODXMARWRUQULEH ZDL WK DW CHUDXFERXO
FRQWUDULO\ D KHDW SXPS ,Q /B@GUWD HW DXSOH[ KEDW SXPS LV
DVVHVVHG WR EH VXIILFLHQW WR PP&QWRQE BV RPWZFKBGB IDNLRQI
FRXOG UHGXFH WKLV WR ERG\ WHPSHUDWXUH

7KH SUHVVXUH VKHOO LQVXODWLQ@W ZDQ® WRI HARPXOUO/ R DB DN H
TXLWH KHDY\ +RZHYHU WKHUHWR WKHPSSIREZRPNOGHRKQBEOH U
WKH VXLW PDVV WKH DIRUHP H®@/G FDYHLL BVHKOD® X\ EDQQRE S URE
MXVW D VPDOO EHOORZV EDOORR G R KO3 UWMR OL WX WPKOD ZKQJV
VRDU DQG JOLGH DV ZHOO ZLWHHBGY B JVSHPBWDX SVWRHR B HQW V S
PV DWWHPSWLQJ WR 10\ ZLWRPVWRIGEHE ZRQ D\RXQ V) RWHUHF R/

6RPH DVSHFWV RI WKH VRXUFHYV FRIOWRHMY HKDXYH IBOUHBIGQ XWH H C
EULHIO\ DGGUHVVHG VXFK DV KBGHRWRQ®BHR®HRUXW RXQUEWP :H .
FRYHU VHYHUDO RWKHUV KHUKH VMUHDFIH UF\RW SROGAVWH\RWVLQJ W

6 XUIDFH UHVRXUFHYV

$ EULHI VXPPDU\ Rl RXU NQRZOHG@RXBG %D X 0 WV R ¥ FIXF H
+RZHYHU WKH OLWWOH WKDW Z®XER DQRZRFDIQDW HIONRREWY RI
EH UHFRYHUDEOH IURP LW )PUQWUDRBD @1 WVWKHWDEUW BBHE\ W K H
ODQGHUV DQG VRPH FRQFHQW U P W QRQYVWR HDHLRP SEOR\OLEID I HHE® N D
DQDO\]HG ZLWK :5)

%HQVRQ ( $OVWHEWLIJDWLROQ RI D &DEOH GURWHRUBMIHNYVYVXOGHEX DWFKWDRD DWW ORWLRQ $V VI
8QLYHUVLW\ RI ODU\ODQG
/IDQGLV * $ '\VRQ 5 OF*XLUMFBPLTOHV*RQ*WBDQWLHU - OXREVPGAHOHURERWLF

(ISORUDWLRQ RI 9HOXV $ )OH[LE @K 3)$BKSHHYRYS BFAHX 6K LHQFHV AHEWHRQULLRG®XGLQJ WK

JRUXP DQG $HURVSDFHHURMBIDFHROF LHQFHYVY OHHWLQJV GRL
$EGUDNKLPRY $ 0 %DVLOHYRVONRIBKI WKH 9HOHUD DOG 9HJD6/R@BEL @IV MM 5HILRQV
5HVHDUFK GRL $




.DUJHO - 7KH 9ROFDOQORORJ\ RI 9HOHUD DQG @ WX HD*HRIFCKIH®LW MY IDRX VW H Q XV
GRL LFDU




/IDQGH '"HVFULSWLRQ 8 SSH7K SS| . SSP

B8QFHUWDLQ LQLWLDOO\ WKRXKXKLV\
I9HQHUJUDWH RI LQFRPSDWLEOH HOHP MK
VDPH IURP VDPSOHV WKDW ZHUH

9HQHU7KROHLLWLF EDVDOW HQULFKHG

7TKROHLLWLF EDVDOW QRUPDO R

9HQHU[:GHFU\VWDOOL]HG KLIJKO\ ZHDWK

/IHXFLWLF EDVDOW ZHDNO\ GLIH

9HQHUI:DONDOLQH JDEEURLG

O9HQHUO7KROHLLWLF EDVDOW 025%

9HJD |7KROHLLWLF EDVDOW QRUPDO O

9HJD |$QRUWKRVLWH QRULWH WURFWRO

,QFRPSDWLEOH HOHPHQWYV DU K LHDKHFRH QYWN FUWK\YW DOV S\RIRAFC
7KH\ DUH WKH ILUVW HOHPHQW R DR VHRGDW ML RAQK B PGH @\ HS KDV RV S |
DV D FRQVHTXHQFH WKH\ KHSKWHPO®OPRO WKBW LR WRHWG MKH URF
(IDPSOHYV

RI LQFRPSDWLEOH HOHPHQV
UXELGLXP FHVLXP VWURQ\
JLUFRQLXP QLRELXP KDIQL
HOHPHQWY WKRULXP XUDQ

$V D FRQVHTXHQFH RI \
GLITHUHQW W\SHV RI URFNYV
OHYHOV RI LQFRPSDWLEOH
ORZ VLOLFD DUH QRUPDOC
HOHPHQWY SDUWLFXODUO'
EDVDOWY 025% FRQWUDU
VLOLFD DQG JUDQLWH DUH
H[DPSOH RI W\SLFDO YDOXH

&ODVVLILFDWLRQ RI JDEEUR
WKH (DUWK DQG WKH PRRQ

%R G\ 6DPSOH 8 SSP| 7K SSK . SSP
(DUWH1 W\SH 025%

(DUWHK( W\SH 025%
(DUWH2,%

ORRQ |/RZ 7L ROLYLQH
ORRQ |/RZ 7L ROLYLQH
ORRQ [/RZ 7L SLJHRQLWH
ORRQ |[/RZ 7L SLJHRQLWH
ORRQ [+LJK 7L ORZ .

ORRQ [+LJK 7L KLJK .
ORRQ |[/RZ 7L DOXPLQXRXV

6XUNRY < $ ORVNDOHYD / 'XGBOKHMJORYKDRUBXNRYDI(9$3 /DOGHU $QDO\VLV RI 5RFN
&RPSRVLWLRQ LO 1RUWK HIRY I$I$W USR/GALUWRQ RFRIQ BWWBQV )HE S




7KH SHEXOLDUO\ KLJK YDOXHV RHIORAB XM XXIKBV \W WRIOH ISG H
ZHOO GLIIHUHQWLDWHG EDVDQWM KWKIQWWIMRQQRW WHETHXEGH L
&RQFHUQLQJ VSHFLILF PLQHUDOWVV DIIRIVWKREYEWWKBKLDQIGHRP P |
PRRQ LV UDUH RQ (DUWK ZKLOWK®IUHHHQWHP B FEWDWK RRED/BIVH H(
DQG GHSOHWLRQ LQ LQFRP SDWLVES®BUHQMP HRAWNV WRIBLIW FPWLRQI
SURFHVVHV DUH VWLOO D WRSNMFVRIPGODIXWR D QRUIRFKRRQAMNHH[F
VLIQLILFDQW ROLYLQH HQULPKH® H®R®W LLYQ\DWMHDHL. ®J 8QBIJRR MK | L |
VHWWOH WR WKH ERWWRP G X B LEDV®IO WM HOWLLIFFW HBQL QG HX KLWK H
SRWDVVLXP DUH YHU\ UDUH RQ RD (DKW KQGSHBHE RQXOMW LV FRPS!
URFNV DV ULFK LQ SRWDVVLXP EXW DYGPDIVBPBOWKH 9HQH

6XUIDFH IHDWXUH

VDPH VWRU\ RI VORZ |

SURFHVVHV /DUJH ER

QRW SDUWLFXODUO\ F

EXW WKH\ FUHDWH DE

RI ORZ YLVFRVLW\ PH

WR SHUVLVW IRU JUHEL

DQG RIWHQ HYHQ RYH

RI WKH LPSDFWV WKD

7KLV LV OLNHO\ LQ QF

WKH KLJK VXUIDFH WH

HQYLURQPHQW $GGDPV &UDWHU ZLWK RYHUIORMISQJ OLC
(YHQ LQ SODFHV ZKHUH UK\ROHWM WHRHPKN W RRHJVWWXHQFWM

VHEFRQGDU\ GLIIHUHQWLDWLRQ ®HRQRDPQA YDOEON LR PNVWERH (DU \

GRPHV DOEHLW DEQRUPDOO\ VRRRW K LRGQ! Q DNGCHJ DHFALIGRIFVH QLY L U R

IRUP LQ WKH\ WRR ZRXOG OLNGIO\HEH G WH DVMR. R @ IRR EOIVWD\OWYV D

YROFDQLVP LQ ,FHODQG

/JHIW G UHFRQVWUXFWLRQ Rl 9HPEYHMDOD$EHQFDNH GRPHV
5LJKW 3DQXP &UDWHU &DOLIRU QXD ULIQ\R GKRA B RP6H & LW

$VKZDO / ' $ORUWKRESWMHMHU 9HUODJ %HUOLQ $Q
.DUJHO - 7KH 9ROFDQRORJ\ RI 9HOHUD DQG ®@ WX HD*HRLFKIH®LW MY IDWRX VO HQ XV
GRL LFDU
'RQJ & ( $ODO\VLY DOG &RPSDULVRQO RI 3RRWLIKRORUREH URBIIHFWDEHOW )ORZV RQ 9H

WKH ORRQ WR '"HWHUPLOH $WeRRI/GBBUGF7KRYWW ROV

7D\ORU 6 5 OF/HQQD@GOD @HWDU\ FUXVWY WKHLU F ROXSREDPER DG RU LWDE EWQG JHY R
8QLYHUVLW\ 3UHVV




$ ILQDO IDFWRU WR QRWH LV W|
QDWURFDUERQDWLWH YROFDQL\RQR
DSSDUHQW ULYHU FDQ\RQV ODRWH %I
QXPEHU RI RWKHU VXUIDFH IHDWXU'
ORZ WHPSHUDWXUH ODYDV ZHKLER D}
DQG R[LGL]JH WR EULJKW ZKLWWK ROQU
DFWLYH FDUERQDWLWH YROFD@RDILJ
DJDLQ KLJKO\ GLIIHUHQWLDW® B DC
HOHPHQWYV

,Q VKRUW LW VHHPV WKDW LI \
GLIIHUHQWLDWLRQ DQG GLY HNQ N
WKH SODFH WR ORRN

60RZ PDJPDWLF GLIIHUHQWLDW
LQWUXVLRQV /0,V DUH DVVRFLDWH , owr 0bUFR)X00H 27
PLQHUDOL]DWLRQ ,Q VXFK GH®DRMLV
IUHTXHQWO\ DVVRFLDWHG ZLWKIHRF
RI FKURPLXP QLFNHO FREDOW RIRIHU DQGYWUWBQDMA QXEWKRXJ
RQ WKH SDUHQW URFN  $V D KLJKDQRQWEKRKH® i Q8 PHPTEHHQ W O
WKH PRVW YDOXDEOH GHSRVLWVYWR /8, VNPEORGY RI PKWRPFN W
OHUHQVN\ W\SH SODWLQXP JURKBKGHBRYHWIVW N DPDBUXP ARSSH
DQG RWKHUV  +LJKO\ LQFRPSDWLEGHFBOERRBQW LWHK DODN ZV.GH
ZLWK YDOXDEOH GHSRVLWV RI BRRPSKRDRV XB L REKIRAPL XWD § WS S H
WLWDQLXP YDQDGLXP EDULXP $0XRY HQBIP D@ BRIMRK ISXBLFD V
3DODERUD FRPSOH[ KDV SURGXFHBRBBE KD E@ HDIOW QW UW RIQV R |
JROG VLOYHU QLFNHO DQGJSPDWWRXPYRWRHNMEBRQ HQIPRIQ QLILF
GHSRVLWV RI QLRELXP DQG UDUH HDUWKYV

/RQJ ODVWLQJ EROLGH PHOW SWRGVZDWK OHNHXID\OX DE® IR FPLL
GHSRVLWYV )RU H[DPSOH WKH 6XREHN R MIXHL D RWHSA M VO-DWN MV W |
LPSDFW FUDWHUV WKH UHV XOM VKD D IEHVQV RRLH RQ IWKHIQIZRUWDY S |
PDVVLYH TXDQWLWLHV RI QLFOBGLRRISHE JROBWLQXP SDO

'"LIIHUHQWLDWLRQ RI PDJPDV LV WRH RQ AHKGWUDWRID P PR QW U
$GGLWLRQDO NH\V WR FRQFHQWHDWLRQ RLQRWWDOR/GDAE VDKH Z H|
WUDQVSRUW

YOXLGYV VHOHFWLYHO\ GLVV RI®YBIQRL OB U DO W KHRRD X DOH. @ QVW
ORQJHU VROXEOH OHDYLQJ WKHP EHKLQG DV SUHFLSLWDWH

,RQRY ' 7UDFH (OHPHOQOW &RPSRVILWLRQ RIVIDOWOKK GRULYHVELLD BKRYBVLQ 3HULGRW
IURP $ONDOLRXRNQDDOVRI 3HWURORJ\ GRL SHWURM
.XPDU 0 O .ULVKQD * 9 5HGG\$6 SDWE@DNDU KH %RIJIXODNROGD *DEEURYV 3UDND\
'LVWULFW $QGKUD 3UDGHVK . QJGODCL® ISORBSERRXIFQDO Rl OHFKDQLFDO DQG &LYLO (QJLQ
GRL

$VKZDO / ' $ORUWKRESWHMHU 9HUODJ %HUOLQ $Q
+HLQULFK (7KH 3DODERUD &DUEROQODWLWLF &RPMSRV[LWS 8QLTXH &RSSHU
$PHV ' ( 'DYLGVRQ $ ‘RGFARDRI\ RI WKH JLDOW 6XGEXU\PSRQ\PWMIMDIROLF PLQLQJ

&DOQODGMRQRPLF *HRORJ\



3K\WLFDO WUDQVSRUW P\ |I0OXRRBGRYHORFDWHR P WRHDQRW K E
HQYLURQPHQWDO FRQGLWLRQV OBEHGU WKHEXOKIPHQFDQG
7KLV WHQGVY WR FUHDWH DUHDV W® ZW LFKHGHISREG H® \D © B CDOH
GHSRVLWLQJ GHQVHU PLQHUDKDQLQLEKWHUHRQMWORFDWLRQV

. &KHPLFDO DQG ELRORJLF SURFHWYW B VQVMHMHIOHHWIOLOY\HZK DONV Bt
RWKHUV XQDOWHUHG FKDQJVY R WKHIGE WD Q 6 LW WIUHRG WER B H DX

2Q (DUWK VXUIDFH IOXLG |0 RZ/ \LRFIOX GHRZNWHIF KDDYV JD D F
WHFWRQLF DOWHUDWLRQ ZKLQR 3 DWW PIIHGHZD@W X QQIBUPW K F
(DUWK V DWPRVSKHUH LV D YHQWISRHPWRLYE PKIBDRVFRD®UDWWDF
ZLWK R[\JHQ EXW LV D SRRU QROGIVHQRXQGTRRG RIMWWMKH X/ XUIDF H
H[FHOOHQW VROYHQW DQG UNR®LYMHGY PUQHY DAV S ¥ KDLYGD®IOR Z L Q
ZHDWKHULQJ DQG GHSRVLWLRDHDR®W KHAGIQN LRQGWRUDIQVERD W E\ Z
ULYHUV *ODFLHUV H[SRVH GHHSZHKUCOH WMWVF WRQWHK HREWHND FR P S U
WUDQVSRUW PLQHUDOV WR GLIIADEWW B\QYWD® QB RYWK D)QR \S\® D
URFNV ODJPDWLF LQWUXVLRQV KOIRIL X URR OYHGEEL QRPRG PLQ
DOWHUDWLRQ

$ NH\ WR PDQ\ RI WKHVH
FKDQJHV LQ HQYLURQPHQW (
KRW GHHS ZDWHUV ZRXOG EH
ZDWHUV LI WKH HQYLURQPHQ
FRQVWDQW %XW DV WKHVH F
WR WKH VXUIDFH WKH WHPSEH
GURS SUHFLSLWDWLQJ RXW
K\GURWKHUPDO PLQHUDOV 7k
RI' GLITHULQJ VWDJHV WKDW [ ;x4 LURQ KDW RI D JRVVDQ RUH
HQULFKHG LW FDQ EHFRPH LC ,vODQG 3KRWR -RKQ 6FRWW 7K:
H[DPSOH WKH ROG JRORB®GQ BHUYLFHV 7KXQGHU %D\ 2¢(
ZHDUV
DQ LURQUHDBUYVY WR JRVVDQ GHSRVLWVYPAHAIGHUWRF XYOHKKULFWILRL(@ RI1
DQG R[\JHQ RQ S\ ULWH KHDYLOW HDHDW IDZDUBWLWWBQVMRPNQHUDC
TXDUW] KHDYLO\ VWDLQHG UHE&EURRQ \HXOOR YW KN GROGRORQWDL
6XEVHTXHQW SURFHVVHV FDQ IRUWKB R SORQ DHOMXY DWW DG EHQF
RFFXU ZKHQ IURVW JODFLDWLRXSE DMKH RGNHKSHRY PWM DQO ORIZHDQN ZDW
WUDQVSRUW LW ZKHUH JROGWHWINO@URSKXW ZKHQ WKH IORZ

$W D ILUVW JODQFH WKLV PD\IRSSHDQUXWR EG G HYHIDWAW K H |
WKH VRODU V\VWHP DSDUW IURPRBOWKVHR IR BA @M RKDPDWLRQ
YROFDQLVP LW KDV QR ELRORNHE DERVLEFHWD QIR @QR.TIODG ZHUV  +
LV ORRNLQJ IRU PLQHUDOV GERRBRQW\VRKD@DWWRVWHKRXQE QRW
VHFRQG (DUWK WKH\ UH ORRNLQY RIIQB UEDNIVQWWL Y & DS/R KIDWI X O

.HOO\ *RVVDQF\FORSHGLD RI (DUWK 6FLHQFHGRILQHUDORJ\ B
(IWUDFWLRQ DOG %HOHILFLDWIR@ORPR UHVRDODO@GBDEQRYUORQPHQWDO 3URWHFWLRQ
(3% 5




SURFHVVHV RI GLVVROXWLRQ BRLFIDRDDHDWKGWERUIWSRG®RRXV
VRPH RI WKHVH WR H[WUHPHYV

8QOLNH (DUWK V DWPRVSKHUH [ZWIHRK DR V PELO/O/ RO RN Q WX
FRPSRXQGV 9HQXV V GHQVH KRW|[PREWHGDWOBWLEKWRPH. ¥DVH\
EHHQ GHWHFWHG WR GLVVROVYH RIVERPISRIXQQYO\SEHRDSL VDWW LQ
DW GLIIHUHQW B ®NFAIVAX/GRIVL @/ BRY W KH HOHPHQWY FRQVLGHUH
XQGHUJR VXFK SUHFLSLWDWLRQXP F®RPGHR X\QHIOVWO XHIOLAKK ZDRUBN IKQK X
GROODUV SHU NLORJUDP DQG RJF FV KRIDDDION X/GH N LLOIVRLM KB UH
DSSHDOLQJ WDUJHWYV IRU VDPSOLQJ

$V GLVFXVVHG SUHYLRXVO\ ODWWLGH POURB®\ BORYHVHPBHHG
HIWHQVLYH QHWZRUN RD QDWHUWKHUIRDQY HURVLRQ 7KLV SKHQRPF
VPDOO VFDOH H[DPSOHV NQRZQ BOQHDNUMMK.DPORBQQWHMHP ODY I
DPRXQW RI WKHUPDO HURVLRQ KQHOIGHTG GVIRUB B U WHKD Q) MYKHJ $F° D] F
WUDQVSRUW SURFHVV HQWLUHO\ DOLHQ WR RXU H[SHULHQEH

9ROFDQLF IHDWXUHY DSSHDL

DEXQGDQW RQ 9HQXV WKDQ (DUW

KXQGUHG VXSHUPDVVLYH |

YROFDQRHY DV ZHOO DV RUGHU\

VPDOOHU YROFDQRHYVY VFDWWHULF

S3HUKDSVY RQH RI WKH PRVW XQXV

WKH VXJIJHVWLRQ LQ % ROPRWRY

DWPRVSKHUH PLJKW DW WLPHV G

(ODVWRPHU R ULQJ GLVVROYLLQWR D VXSHUFULWLFDO IOXLQA VI

3KRWR 0DUW\Q 3BROLDFRPPRQO\ XVHG DV D VROYHQW F
VXSHUFULWLFDO FDUERQ GLR)LREHM DWW RADH WIUW EXADRMHWRLFLQHUL
ORGH IRUPDWLRQ ,Q ODYD OlRZXLOEE W KDORYWWY QD P WRHRUGHL

PDIQLWXGH KLIKHU WKDQ RQ (PREKOLGFDMDVKQDE®RY HIHBEWKYV

/RZHU OHYHOV RI ZDWHU ZRXOGHD § X WDIMWKD EHE B HKQ QAU RBE
FRQWLQXHG SUHVHQFH RI ZDWHBKIDSR X $QLHVQW K DAWDWHRHR VP D Q)
IXOO\ GHYRODWLOL]HG 1RW R®OMNMARMNOGLRDWRQ DY 8 LYVMGXG W LR (
GHSWK WKH ZDWHU FRXOG HY HQMSWUDMWLR @ WQX8XWRDF HF ROIOW V
9HQXV V KLJK DWPRVSKHULF SUHVVQ®RW S HBXAK & DRQHH ZFRREKI0H G
UXJJHG ODQGVFDSHV VWURQJO\ MXIVHEVE DXKDWG ZDWHU GH

.HUU 5 & _7KHUPDO HURVLRQ E\ OPRXQQDOORY DHROSFKAWLFDO 5 HVHDUFK 6ROLG (DUWK
GRL ME
%ROPDWRY 'I6RADUX W RODO HYROXWLRQO RI VHNOYHBBRWIHM HMREIQDPURIVSIKWKFDO FKHPL
OHWWHUYV
.RNK 0 $ S$NLQILHY 1 1 BRWIURSY VNELXIFO®D X6 DHDK'H UROH RI FDUERQ GLR[LGH LQ WKH
DOG IUDFWLRODWLRQ RI PHWHRF ELPIHRDORW. RRYRRRKKGRLFD $FWD

/IRZHQVWHUQ - 8@WUERQ GLR[LGH LOQO PDJPDV DQ GVIKRSOAFO WOKRRHAPDXOL XPRGHBRV LWD

(ONLQV 7DQWRQ / 7 6PUHNDUSDBURHOWNVWU 3(8BOFDOLVP DOG YRODWLOH UHF\FOLQJ |
ROH SODWH SODOQOHW $SSRXBRWORR)IV* MRS ENVXFA/D @ 5HG/RHD U F K MH




,Q DGGLWLRQ WR OLTXLG WUMEWSRDWH EHGHQV GL VXA HR E
UHORFDWLQJ GXVW IURP VXUIDRB G DRGRAL J: BURK XE XDPBWHU ¢
RU OHVV WKH KLJK GHQVLW\ P HDWVOWKIOIM WKHH [DVER B V&K MURH O R |
SDUWLFXODWH 9HQXV V ORRWHH IS QHW LVFKDQ WBUMWK OL NDH@G WR Q C
IRUP VPDOOHU GXQHV WKDQ HONM TKHHUW R. QV WHK 16 W RO D W P\RW S K |
FKDUDFWHULVWLF GXQH OHQJWRQWRUY FEXWDORQXK @ PFP RQ 9F
5DGDU GDWD VXJJHVWV VXFK P
WKH VRXWKHUQ KHPLVSKHUH 9H
RI ODUJH GHNQBW 8QGDH DQG $0
WKH ODWWHU RI ZKLFK DW ©PDC
RI D KDELWDW GHVLJQHG IRU D C
GHWHFWHG E\ UDGDU DUH WKRX"

IHDWXUHV LQWHUSU..WHG DV \DI
<DUGDQJV LQ .DORXW 'DVKW H

,Q VKRUW 9HQXV KDV PRVW HY HURWHKLHD L QRX IERXQIBEWZ DIQVR X
ORRNLQJ IRU PLQHUDO SURV SHBPWNG VKH UR G\LHR SHY® WYUDHOW SR U W
LQWR DUHDV RI GLITHUHQW W HIR [SHH@WLYUHH L QA BV IHWH X RIDF D Q LV
DOWHUDWLRQ HYLGHQFH IDYRUDERMHW R HDYG K RJIFRL WW UKW O H
OLWWOH GDWD WR VD\ ZLWK LIQH UBDHOUMRDL@® VO KD ® RQ DKW VP DO
WKH SLHFHV WRJHWKHU PDNH LMWDBRPWHOOLQJ SURVSHFWLQ

7R GHWHUPLQH ZKDW PLJKW EH ZRUWKOW WHIQVPB5QH VP MR I UN
PRVW YDOXDEOH QDWXUDOO\ RAFXNHMWQ$ WICFHPHRW R IR Q -\B R PU \
‘KHUH WKHUH LV D VLJQLILF DH) WH®&LN HORQUFDHP LEHWER H Q@ WK H P DV
YDOXH RI WKH HOHPHQW LQ VVWRWH HIWOMG VW RMW N DAPCH LR MK H R |

6LOYHU 5KHQLXF N L,ULGLXH N
7HUELXF 6FDQGL X N RI[L 3DOODG N
%HU\OO L 7KXOLX N ROG 5KRGLXH N
IXWHW L N RJ[L &HVLXP N 30DWLQ N

5XWKHQL N 2VPLXP N *ROG N
;HQRQ N

%RXUNH O & /DQFDVWHU 1 OPHQWRQLPEHGIQVH 5 5D@HEDRWHUUHVWULDO
GXOHV $0 LOWURGXFWLRQ WRHMIKH V &KX BIEDZH RPRIFHE RRORID Q

GRL M JHRPRUSK
*ROG 3ULHWULHYKGWSYRPIROGSULFH RUJ
&DWDOWMY 5HWULHYMGESWRMSSY FDWDO\WWY EDVI FRP DSSV HLESULFHV PS
5DUH OHWDOV 3ULFHYXDQG @& KDHMWUAKMWISE | W TXDOGO FRP FROOHBF®AMRQV PDUNHWYV |
OLQHUDO 3ULFHV SHWWIHYHGHURPSULFHY FRP
OLQHUDO 3ULFHV SHWWIHPYHGHURPSULFHV FRP
3DOODGLXP 3ULFHVPDGGHK BHWNIKWWISS | WWRFE TXDOGO FRP FROORFWLRQV PDUNHWYV S
600 5DQNLQJ E\ OHWDO 3BHWH LHFHGE DV RIP
KWWSV QOHZV PHWDO FRP OHZVFR@MMWHOW E\ OHWBOO03DFH ,QOFUHDVH :HHNO\

+HGULFN - %DUH (DUWK86GHWDEHWULHYHG IURP
KWWSV PLOHUDOV XVJV JRY PLOHHBBOVUSXKEY FRPPRELW\ U

5DUH OHWDOV 3ULFHA/XDQG & KPHOWWAWWISEG WK TXDOGO FRP FROOHFWMRQV PDUNHWYV |
/IXWHWLXP R[LGH SULFH ZRUOGEQG&H 6lURRO OD WAR SGHWDNLG/RVD DPHWULHYHG IURP
KWWSV 772Z VWDWLVWD FRP VEAMOWXWWMWAWKP RI[LEBGIREDOFH IRUHFDV W

$QIJXROR 0 $&HVLX®P6*6 5HWULHYHG IURP
KWWSV PLOHUDOV XVJV JRY PLONURPWIBXEY FRPWPIRXGE®N F

5DUH OHWDOV 3ULFHA&/XDQG G KPHOWWAWWISEG WK TXDOGO FRP FROOHFWMRQV PDUNHWYV |
5DUH OHWDOV 3ULFH&/XDQG & KPHMWWUAW WIS G |WRF TXDOGO FRP FROOHP@WM-RQV PDUNHWYV |
/ILYH 2VPLXP 31DJFHWMWH *ROG S5HWWWHANYHG WDRIRJIHHIJIROG FR XN RV®PLXPSULFHVXVGROOD
*ROG 3UIHWULHYKWWUYRPIROGSULFH RUJ

T HQRQ *BBWL%DED YDULRXV VXSSOKWWUWSYV 5HW U LHYIHE® EWRPPRP VKRZURRP [HQRQ JDV KW




$ QRWH RI FDXWLRQ PXVW EH JLFHQ RRLWHKHWVRP ALRIHWRBVSU |
WUDGHG LQ ODUJH TXDQWLWLRWKBUNH QRN \DRO SORW D@XG FHV |
WUDGHG LQ VPDOO TXDQWLWLHWRDIKQGKWEXNVFPDIOKAWXEWMHRQN 7
KRZHYHU JR ERWK ZD\V GHSUHWWHFHQWIM-HAD RV RHURWFNHWHZ KHQ
SURGXFWYV VXGGHQO\ LQFUHDYV HHWHKIHU &/HKKPHDQHP HRQUWW KKIPY UBURY |
SDUWLFXODUO\ SURQH WR WKLV KHRZKYWHRIO XORJHH AHROPVALRIGLW RHS O D (

(ISRUW RI HOHPHQWY DW YDOXI®WRYHKLJIKNG DRIEQED W OHF KX Q
JROG DQG SODWLQXP DW RYHH MX\V W.IM LOREVOHQIWL DO ®Q F K LFR V W V
GHFOLQH VR ORQJ DV DFFHVV RWRHQH\Q K \E R WEHQWL FDQHE K ISWK R X W
RI H{TSHQGDEOH KDUGZDUH ,Q WRCHCERQUDWHK MRIMHONFPKEWDO H[S
IXUWKHU SURYH HFRQRPLF

THPSHULQJ WKLV KRZHYHU LVORKIDGULDUHUHBPRVEHVEURIGEF \
FRVWY 'XH WR 9HQXV V ODFNWXUH) GRGWRNXID O GAQISWDPWNLERXY) WR C
KRPH SODQHW DOZD\V EHJLQV ZLSKRG ®PHWIIRRIQ DFARAVD/MW HYHH LWL Q 1O X
VSDUH SDUW HYHU\ FUHZ FRQV XHFRPGH LIPVG DPUKNHGE WERS BIQQ XV ,Q
UXQ KRZHYHU LW LV HVVHQWYDA®MOXBHW R HWIFREH WIX\D WRFO O F
GURS ZKLOH (DUWK UHVRXUFHVHYXUWPRHW K FKRODWHPGE LIQQRKF RXUF
9HEXV UHVRXUFHV DUH H[WUDFMMHUIBRMR B R PAHOWEUDXNHDBF I GH
DQG LQ VRPH FDVHV HYHQ WKH DLU LWVHOI

,Q VKRUW PLQLQJ IRU WKH SXESRV HCRHPH®W D A RU QU] YDWDW V
VLIQLILEDQW SURPLVH LQ WKMRORIQG WHUP K@ ZWKH ¥V KRWWY OLN
GLIILFXOWLHV Rl VKLSSLQJ FRARVWIBRQG ORFDO SURGXFWLRQ

*HPVWRQHYV

,Q FRQWUDVW WR YDOXDEOH H Q4P HDQUWM HIHW N W R Q@ DX HF O R
ZLOO H[DPLQH WKH SRWHQWLDO XQ® RBUWRMH\Q JURRH* RRY BVOF RP F
GHVLUDEOH VWRQHV GLDPRQGSKPWH DVHELREDOQGXED QD LWH

/RZ TXDOLW\ JHPV DUH W\SLFDAQC
PDJQLWXGH OHVV WKDQ WRS TXDDQ MW
OLVWHG JHPVWRQH TXDUW] WRSNTNX
OHVV GHVLUDEOH YDULHWLHWRH TRADI
Rl WKH VSHFWUXP WRS JUDGHW®O SR
FW DW FW VL]JH WKDW LMPV I )
SRVH D SRWHQWLDO H[SRUW DWs WiLYRH{3PYP ED WRXUPDOLQH 3

)LQH SDUD ED WRXUPDOLQH LVHKBQ®O\ WQ HVK® OQ LW[WH QR & YT

EHQLWRLWH UDQJHV IURP P RJIN B XQRRPRRIHWRXUPDOLQH
P NJ 7DDIIHLWH P NJ $TXBPNDULBQYHQLWH P NJ

5KRGRFKURVLWH P NJ '"HPIRQMWNRLTH JIRINQHW H P NJ

7VDYRULWH JDUQHW P NJ &RORXUNXDXXIH\VPRUEIQHWD

P NJ $QG VR IRUWK RYHU @GXPHURXV JHP VSHFL

S5HIHUHQFH 9DOXH HAYBE® V5 HWU KHMWWHES TURPYSIVWA FHRW DUH DV RI -DQXDU\



7KLV OLVW KDUGO\ FRXQWYV DV SWHKMH.RR\WRW HYSIOQV LY H KIIHIK T
DOH[DQGULWH GLDPRQG VHUXKWQILULEY WHH DUDR G DGHHWMWHHPXOD

N FW P NJ 3DLQLWH FDEWHOO IR NJ ([FHSWLRQDO
GLDPRQGY DUH DOPRVW XQERXQGBGD
FDUDWY VROG LQ IRU % PNJD &

GLDPRQGV RI ZKLFK RQO\ DUHDW Q@RL
% SHU NLORJUDP

:KDW PDNHV WKH PRVW YDOXDEO|
UDULW\ DQG KRZ H[RWLF W K& \XmWHH DG
WKHUH PD\ EH JHPVWRQHV WKDW GG/ 7KH 3LQN 6WDU 'LDPR
QRW H[LVW RQ (DUWK GXH WR QVMHKIGL DPURXQG ~ RI WKH S
WRQQH SD\ORDG )L
HQYLURQPHQWDO FRQGLWLRQ\WLORKM 3 URENHW ODXQF K

TXDOLW\ FXW 9HQXVLWH LV OBIDLQ 3KRWR 'LDPRQG +LV

&OHDUO\ HYHQ ZLWK QHDU W HWHPV \DRODEO B[ WEBI®H OHRW R0 QS B B
FRVWY JHPVWRQHV FDQ SURYH HWK®RPIRU HR WD FFSERUW K D)KL W D W
D IDU JUHDWHU GHJUHH Rl PRER®LW R DV 2XHYDAJ LRU F(RPLB\WD KD E LW D \
VHDUFK SURSHFWV 6XFK DQ HFRQ@RWIKFFSRWWLIFEDL® FWY ARWNV RI F
VXFK JHP EHDULQJ SHIJPDWLWHYV RDQRBHK HRXQIES FO\QLGN F DHY LEVAWU H D
UHFRYHUHG

+RZ SURQH LV 9HQXV WR JHQHUDWR&QHYDOX ZKMH 1P ¥ WRIDW
VRPH W\SHVY QRW OLNHO\ 2S®WDWRIG H[PRSOKR XYW IRKP Rl VLOL
LQFRPSDWLEOH ZLWK 9HQXV V KRYW CGOH\Q\FF DQHDD OH/Q W KWDRWQ B U H
K\GUDWHG VWLOO IRUP LQ K\GU\RMWE&NXHPDR W KH@OF WURQNVRKHOZT X L
PDMRULW\ Rl PLQHUDOV RI LQWWR M\AKMLKRRHPPBWLRRHDNH\YHQHU
FRPELQDWLRQ RI VORZ FRROLQXQXHODQ GLDIFHWHROWLDMWDRRQRQ SU
VR IRUWK 9HQXV DSSHDUV TXLWHWGVRPLVLQJ LQ WKHVH UH

BKRXOG IXUWKHU VXUIDFH H[SQRQW \RLRQ GLLFDW. B ~ MIHRIIIO
H[SORUDWLRQ FRXOG SRWH QML PGOQW MRGVIK lUMWODHMDXNVH ODJRP D Q
SRVLWLYH WUDGH GHILFLW

"HFRUDWLYH FROOHFWLEOH VWRQ

:KLOH JHPVWRQHYV UHTXLUHV H[BORUDWIPFE®@ B ® WIHYWH DR B K
QHDU WHUP WUDGH LV QR PRUH\RRRPFS\OLFDWHG WKDQ RUGLQDU

ODUWLDQ PHWHRULWHYV IDU VURRWSKUIHY WIKDH) DQ G- RO QHRFXV R
I[UHTXHQWO\ VHOO IRU P NJ RWORR®YWI DFWNHYHDNXWY DYXBEWLP DW
R P NJ 9DOXHV RI OXQDU VDPRSOHW YPW\ ZNGHQ\ 11U WR WKU

1DFH 7 1RRVW ([SHOVLYH *HPVWRQMWRUBHY¥KH :RUOG
5HDOO\ ([SHOVLYH *HPVWROQHVY QN RFPVDLO [IDPIRRIEEIRV32 QOLQH
6XWKHUODQG 6 _KDW 'GIEHY LW WDNH IRU D URFNUD/R' RAHZ QU \WKRP VSDFH LV D JRRG \
7KH :HDWKHU 1HWZRUN




JUDPV IURP 5XVVLD V /XQD VR®GNIRU ,QWNHUHVWLQJO\ ZKLOH
PDWWHUV LW PDWWHUV LQ WKRXREE RYEMWHWP VQE@ D HDW WRKW X Q +
DIJHQFLHVY DUH ZRUWK IDU PRUHDWKDRSWRKWRH \VZ KLKK QXREMH RI |
PHWHRULWHYVY RQ (DUWK WR KDYH FRPH IURP 9HQXV LV JHUR

OHHWLQJ WKH GHPDQG RI FRO HRWRW EXVDRQR W KUHK \WDQ.
UHDGLO\ VDWXUDWHG ZLWK LPH[RBDW®EHGEGRIZAEW R UN KM H[RW EH GHF R
SUHFLRXV VWRQH PDUNHW ZKDFK RYHDDJE DRILGHU DIOHE)DVWRRQ WH
RU UR\DO ILJXUH LV ORRNLQJ WKKUWHDUQBE KW X YWHUM®RSQIRTXHV WL
FRXQWHUWRS LV PDGH RI WKH RIHVHQ RRWVKLN ¥FB QVREAWEHPH ULQJ DV
FRXQWHUWRS FRPHV IURP WKH \DARSHY RI D 9HQXVLDQ YROF

:KLOH HYHQ UHODWLYHO\ P XQG D QWHHBMQHWD IARW KO/YHLWYRW K LY
WKH PRUH DWWUDFWLYH DQG GBXUWREDH DVXOHN DQB RADKUN BHWH D W H
WKLY UHJDUG 9HQXV DSSHDUWWR SFHODLY MWUR BH BBV & DRE VORZ
7KH 9HJD DQG 9HQHUD VDPSOH\E DR HVRDEE DRLEWDEN JUDQLW
VWURQJ PLQHUDO ZLWK ODUJHW IGW R WIKRAWW AW V V2 B € DWJIRZQ\DKO/O \
LQ RUELFXODU IRUPV HDFK RYEFH@WEVUD FU\VWDOOL]DWLR

2UELFXODU JDEEUR IURP 9RORGDUVN 9ROK\QVN\
3ROLVKHG WURFWROLW &RXQW\ 3KRWR (XULF 8NUDLQH 3KRWR -DPt
j7KH +XQWHULDQ
*ODVJRZ

&DUERQDWLWH IURP -DFXSLUDQJD 1RULWH 3KRWR 'HQLV )LQQLQ
3KRWR (XULFR =LPEUHV OXVHXP RI 1DWXUDO +LVWR
2FWRRQ 5REN %ULOQJV 7R /HDG ULWH (YHOMHRW + HU+MUWLWDEXFWLRQV

$XFWLRQV
8OLYL 3 +DUODQGXDMmMU H[SORUDWLRQ KXPDOQ SLREHNRQ @R 6RERYIHU VOHUOD J




TURFWROLWH LV DQ ROLYLQH VSSHFANGHWG UHBIKG VE YR RIH E KDMD
URFN 6RPHWLPHYV DQRUWKRYVLWRUH\QAHHIDFHY B [0 KVWKODHEGMHY F
WR WKH SUHVHQFH RI WKH |HO QQEUD B RQHWMOUQ B kK WIDEFRSWHANHD U
JHPVWRQHYVY XQGHU WKH QDPH VSHFWUROLWH

W UHPDLQV DQ RSHQ TXt
GHJUHH URFNV RQ 9HQXV ZLO
DOWHUHG DQG WR ZKDW GHSV
DQRUWKRVLWH LV DEXQGDQW
KLIJIKODQG VDPSOHYV DUH JHQt
KHDY\ ERPEDUGPHQW VKDWW
DQG WKH IUDJPHQWY VORZO\
9HQXV LV ZHOO VKLHOGHG IU
DJDLQVW DOO EXW ODUJH LP¢S /IDEUDGRULWH 8&/ FROOHFWLRQ\
DFLGLF DWPRVSKHUH 9HQHUD LPHDAOW WRI ZKBDIWKMD UQLUOBHAHZYHHQ V
DOVR ZRUWK QRWLQJ WKDW RQLK \8KHRKIPIKWALROHROY RHQXNFW ZL
PHWDPRUSKLF VSHFLHV FDQ EH WK$HE MWWHX . Q HBEG GLQHARRQY W HF L

SHWXUQV RI DQ\ 9HQXV URFNV ZNBOW B H HVMHDVY D LWOHD & H PYIKWR
DIWHU D FRORQ\ LV HVWDEOLVKW®GRAKRI H[BRWWY WKK-HPODRDHU W
NLORJUDP EXW VLJQLILFDQW RDX@/X\WHL @O0 0RO NVVEKHPDIRY PLQF
WR WKH URXJK GHVLUHG IRUP EMIRKH WDPIRWHWSEUONLPRPLPOP E\ H
ZDVWH PDWHULDO WKDW ZRXO GOE R LRV KMHHUEZ R\DHWIKHH D W\R KE H Q-G
WKH SURFHVYV FDQ EH IHG LQW R PAD WIKPDXV FSJRG XKW DFEQ VWALWYHH V F
GHVLUDEOH IRU VPHOWLQJ

S$JULFXOWXUDO SURGXFWYV

.RSL /XZDN FRIIHH VHOOV IRU +DFHB QNED RDU(VAP H DM@&GG D IR L

7KH PRVW H[SHQVLYH FKHHVHVSNMNUMNAL ORUUDPHPDU Y\KH PRV W
HISHQVLYH ZLQHV VHOO IRU W KRXWDQRGEW VRR BRQGDU G\ RU R W W
PRVW H[SHQVLYH WHDV FDQ VBOOVRRHBWHOW RIPDPO RFFM & RVX LU W
ZHLIJKW LQ JROG

:KDW LV LW WKDW FDXVHV SHRPGOGHDWRLE RO WR WPXF IS URWE XRW
WKH OX[XU\ PDUNHW LQ JHQHBD ODUWWA WRIE GRIVEUPEWQORW\ ,QG
FDVHV FODLPV RI WKH UDULGN\ IIRWHHD D W3O L.IRGQ\/ XQDONDMMHEHOL
SURGXFHG LQ TXDQWLW\ IDU HIFNHGRQU DNWPRHSVHUSSHRD/HHG 7KH UHS
KRZHYHU FRPELQHG ZLWK WKHVVIX$GSRWHGEH DULW\ LQIODWH

$VKZDO / ' $3QRUWKRESWHMHU 9HUODJ %HUOLQ $Q

7RS ORVW ([SHOVLYH &RIIHH .Q TKHH: RUORW/XRBRQAMRWPFFHY 2QOLQH
6HPLJUDP 5 BEWIKAH :RUOG V. ORVW ([SH®QMWMYHO&KHRAMNVH V

7RS ORVW ([SHOVLYH 5HG :LOHV OMHWKED XRUOCGRQRDMRBM) DARHYV2QOLQH
6XWFOLIIH 7 7KH $IUDO WKDW FRVWKHY%RRUMZWKDQ JROG

.ZRN < 2FW:RUOG V ORVW ([SHQVLYH &ROMHHD®P @O &UXHO &\QLFD




5HSXWDWLRQV JHW LQIODWHG ESURGHSFRVW G IGR ZIHHYJHHID MHMQ K 6
FRQQHFWHG WR TXDOLW)\ .RSL /XGADN\SDVWH V \W WHPXRK VR HY HW
RI WKH ZRUOG V IHZ GRQNH\ FKHHWHV K DYHI \ZKRSHQMLYWRU\ H[S¢
XQLTXH SURYHQDQFH 'D +RQJ 3DR WUWHHDH KN RPXI/WIURIPWIH GHZLQFH D
WLPHV 7KH VWRU\ SOXV LWV UDULW\ EXLOGV LWV SULFH

'KLFK EULQJV XV EDFN WR 9HQXSDGDRIOG/OLV LWORURBE DQG
FRVWV HQVXUH WKDW RQO\ VP DOSUBRBREQW VZ RO ® HMHFX OWKUDH |
HQYLURQPHQW KDV QXPHURXV GHYHUWHSE RS XFKDMWVNVDRZILYKDOL
GLIIHUHQFHV XQXVXDO GD\ OMQGWKNMUBAW DWPRYVISKWXUHFR JDV F
FKDUDFWHULVWLF ZDWHU P L QHHQWP O FIRQIPVHIHWU DY IGRQR | BUWKU $ (
FRQFHSW RI IRRG FRPLQJ IURP DWRVWKMHUHIRWQHAW WRWNV LW

,Q VKRUW DOO RI WKH SLHF MAX DD® 19 [USHRUHMDW ZRUW FOKI B DROX @ X |
MRXUQH\ FRPPDQGLQJ YHU\ KLHHSUISRMHR®/ (DOWKHQRIGI K WR N
H[SRUW FRVWYV DQG WXUQ D SURILW LQ VPDOO TXDQWLWLHV

,QGLUHFW H[SRUW RI HQHUJ\

,FHODQG LV WKH ZRUOG V WK HOWD UEZXW W ID@XW L Q X P QS WRIG R~/
SRSXODWLRQ /LWWOH DOXPLQRB DV K WKG GHR MW WIEFRRIDARP\L FL D O X
GHSRVLWV LQ WKH FRXQWU\ 2DEGA VLQKVESIEGDWRP,EQOD Y& LSSHC
IRU RQH UHDVRQ HOHFWULFLGD QX PAKHPS ULHILOHQD QB DIQ
HOHFWULFLW\ LQWHQVLYH SWRHAHSRUWIHODWGHIL\ LQ HIIHF

'KLOH WKHUH DUH QR SURVSHF VW FKIKH[SR D W LDQIX B LSQUXRPG MFRAF
9HQXV WKH VDPH JHQHUDO FRQF HSWHUSPODWE G LHEHWHFRMD@M $Q
PHQWLRQHG SUHYLRXVO\ 9HQXVRKD¥H\WD RV ERN B RZW 8 Q WLIDE WROL
FRPSDUHG WR (DUWK ,Q WKH RBXPWGRQVD G JE&DERKNOFRY WV Z L
HITHFWLYH HQHUJ\ FRVWV IDU FKHD® MWK R Q RIMUWKH KR ZHYBIXV KD
SRWHQWLDO WR H[SHULHQFH FKMHDSK UDHBEHSHURBRSWW WRDQEDQ!
FDQ LW EH H[SRUWHG"

ODQXIDFWXUHG LVRWRSHYV

6RPH RI WKH PRVW YDOXH GHQV B UK EFDW DRXW L. VARKADRAS HYL V ¥\
JUHDWHU PDVV GHQVLW\ WKDQ WKOREDOHPWG UHPV WRQGHRLVRWR S
HISHFWHG WR UHDFK % LQ PQG(¥FHQUWKHH:GORVYWRERBPRQO\
SURGXFHG PHGLFDO UDGLRLVRWWRBEH 3BR NVORRUWK VK®BSSLQJ F
HVYVHQWLDOO\ LUUHOHYDQW ZIGHH@ VWWHRRIFHY WR VXFK YDOXH

7TKHUH DUH VHYHUDO KXQGUHG LWIRXKNSHNGLE 054 PLDYIEX YRAUU Y |
UHVHDUFK DSSOLFDWLRQV 'LIIBRWRWHIGY RW®RLS HYUBIQNYV PSUGEIHV V T

&KX + OPHWODQG GLYLGHG RYHU DOXPIQAXPPHWROH LQ LWV IXWXUH
'"HEDGLRLVRWRSHYV IRUOHSGLXEQHDU $VVRFLDWLRQ
ORO\EGHQXP THEKOQHWLXP P 3U&®BXFWLRQ &RV WYV




EHVW SURGXFHG LQ QXFOHDUSISOVAREBL CLOWG WIRYHHQXW WERP B DU |
IURP QDWXUDOO\ RFFXUULQJ PVQHINM ©RV BQHDEE DW SRIRBX FFHOG E\
ERPEDUGLQJ WDUJHWYV ZLWK KLKFHQHWDWSHDWW LW IOHYHI ZRXOG EI
IRFXV

:KLOH VRPH GHVLUDEOH LVRWRISP P QG B UWVHVDE G HR IPVRRAVR B @ \C
KDYH OLPLWHG OLIHWLPHV RIGMDHNQ WQR W KN HIDII H ROWKWZ 7KH
DIRUHPHQWLRQHG OR IRU H[DIPSOH &DWD KDWMW®RR N RRUW IRU
EDFN WR (DUWK ZLWK ORZ HQHBDWVWWYDMHFXWRIRKYG,QHHO/ WR SL
SDUHQW LVRWRSHV ZKLFK SURGXGEHFW K HWKH V LDKIG K VARXRSHVE J Q
UHGXFH WKH UDQJH RI UDGLRLYRWR3WY CRI] LQW K UMKV MQ HRI\HU HW
VLIQLILFDQWO\ PRUH RSWLRQYV P RDWH W HRW XHNQH/Q SRWVHN.E OHKLV U
FRVW SHU NLORJUDP RI UHWXUQRW % UDHLD WILE R OWD P ELXVWHWIVIHE W L |
JLYHQ WKHLU H[WUHPH YDOXH WGHVQX/UW® \P 3\ \SIDQ JIRW U BADAN\ OLIW
ODXQFK RQ (DUWK

2QH SRWHQWLDOO\ LQWHUHVWAYIQRQUD\G LRIDV RWMREK FRQ EWR G
SURGXFHG DORQJVLGH $0 E\ ERPHDQEVQXF DWDHUHVRRAHWK Gt
$V D FROG SRVLWURQ VRXUFHIRUW KD \L E QDN UPPIWWGE U LQlL
URFNHW \LHOGLQJ D VSHFLILKMPGEOMFRQABYHBWDUMORS 3RVLW!
'\QDPLFV KRSHVY WR GHPRQVWUDWH VOXKHDGWE QXVR HDUBMK LW K
UHFHQWO\ JDLQHG LQWHUHVW DWHBIHIZZFLRMQQLQJ LVRWRSH

3HUKDSV WKH XOWLPDWH IRUPSRIRSWAVDRA RLH GHUWLROH C
LV WKH FUHDWLRQ RI DQWLP ID/Q\W HKLIRUWGE RQH F @/J DQNWL P-DRZ\M M H U
WHEKQRORJ\ LV DV RI \HW QR W DURIXDAVHR QRW RD DMV SRIDW W HED O
EHDU H[WHQVLYH FRQVLGHUDWLRQ

'KLOH HQHUJ\ FRVWV PD\ PDNH X$RPKHWABWYW R IDMRUH /M LRD W
RSHUDWLRQ WKHUH VWLOO U HRAD MWXKWH WRN W HRS HEFXEBGEQ L QVWH DF
ORFDOO\ PXVW EH DIIRUGDEOHRV KMK/HLRDWR DB\SBV VLERKH VKRXO
ORFDO SURGXFWLRQ 7KH H[DFWRD®DEHIHRIGMFR® RKIH GDAHUHQ
ORFDO DQG (DUWK HQHUJ\ SUL¥DBOY W HHIUBWYR/RI FDSL

5LJKWPLUH 5 $ .RKPDQ 7 3 3%@®CHKGWSRO RI FDUULHU IUHH DOXKKHQXP DQG VRGL
,QWHUQDWLRQDO -RXUQDO RI BSS®LHG 5DGLDWRRQ DQG ,VRW]|
2F¥RVLWURQ '\QODPLFV QHDU WHUPLPRWNWR EDWDOOIHRXGHE@WULXP IXVLRQ SU
RYHU BAH[W %LJ )XWXUH




+LJK HQHUJ\ UHVHDUFK

| DFFHOHUDWRUV XVHIXC(
SURGXFWLRQ EHFRPH FKHDSH
WKDQ RQ (DUWK WKHQ LW EH
FKHDSHU WR FRQGXFW KLJK H
UHVHDUFK RQ 9HQXV XVLQJ W
3DUWLFOH DFFHOHUDWRUV DI
W\SHV Rl PHGLFDO UHVHDUFK
VIQFKURWURQ OLJKW VRXUFH
VWUXFWXUHVY DQG FKHPLVW

251/ 6SDOODWLRQ 1HXWURQ 6RX

&RPSXWDWLRQ

'DWD SURFHVVLQJ GHPDQG FRQWZLKWX HFR QWRX BS L R QKIL\D® \§ RD
H[WUHPH UHODWLYH WR FDSLWDIOHERM\FKPIV\QWKDWLRLWSHV RV V
DFFHOHUDWRU DSSOLFDWLRQVKW&HRIVWKB & RDOWW R 5 FDSHIXIDVGL Q

'KLOH WKLV VRUW RI GLIIHUHQ¥FKHFBD[GORW H RDBHQ\GMEY \WDQ W LU
FOXVWHUV RI 9HQXV LW FRXO G I$WDEY B LHV\RW R POFE F\DIOFOX C83J RVG X F +
FRROLQJ HWF EH HVWDEOLVKHG FRPIXRNZHQLWKW XFFRP BD LEIBW D Q
FRXOG EH HFRQRPLFDOO\ LPSRUWHG

$SSOLFDWLRQV WR EH UXQ RQ IHIPU\G WK QRIR O DEMH IQLEAK DR \EWD |
DQ H[FHSWLRQ IRU FDVHV LQ ZKEBR WHKHMLRBESHORWRWW\ XVHUV

(OHFWURQLFV

&RQYHUVHO\ WKH VDPH O
FRPSOLFDWHG HOHFWURQLFV
PDNHV WKHP D SRWHQWLDOO\
H[DPSOH YDOLG DV RI -DQ

SULFH IRUD 0% OLFURG6' FDU
LV $W D ZHLJKW RI JUDM
DQ HQHUJ\ GHQVLW\ RI N NJ
DQQRXQFHG 0% OLFURG' FDU
SULFH RI RU N NJ K

DUH KLIJKHU WKDQ ZKROHVDOH $Q ILQLVKHG VLOLFRQ ZDIHU @RI
RUGHUV RI PDJQLWXGH PRUH WKMD
6HE

SRWHQWLDO IRU HOHFWURQLMK H[BRW W V+H YK G HDQW KWIKL Q¥Q U D
VXFK DV DUH XVHG LQ &38V DQG *®BWKLEREAUIMBOMNMHIHD VYW DO\

([SHULPHOWDO 7HFKQLTXHY DW /L2KW 6RXUFH %HDPOLQHYV
.RRPH\ - * %HODG\ & 3DWVWHUDRQIHO. 6DPWRIWYVLOJ 7UHOGY 2YHU 7LPH ,Q 3HUIRU
&RVWYV $0G (QHUJ\ 8VH/DRAWHROBHHAWUNHOH\ 1DWLRQBQUPHERVYIDMWMRUOLFEWRYQRQIRULRUSRUD

,QWHO &RUSRUDWLRQ +HZOHWW 3DFNDUG &RUSRUDWLRQ
6DPVXQJ (OHFWURQLFY  OWURGXFHW WRGH &DA GOXVWK*WKH +LIJKHVW &DSDFLW\ LQ
6DPVXQJ 1HZVURRP




ZKROH &38 *38 PDVVHV GRPLQDWHRBDR\DEBBEY HQWDRIV KHDWH IDU (
YDOXH GHQVH

7KH SULPDU\ FRQVWUDLQW WEXW QRFOPWSORKZRAFW IFFRY WRV
QHHG WR EH GHPRQVWUDWHG WEKBWOGREFP bW X3OUIRG XERNV NRIG W FORK W
(DUWK LQ DGGLWLRQ WR DFFRXW@W&RQ VRUTXWHQWOK LEKIHYHFSRV VL
ODUJHO\ ORQJ WHUP DQG XQOLMHKG WKRISWRWR PER Q\RPULF LQ

6FLHQFH

7TRGD\ (DUWK SD\V IRU WKH FRWMDW RK FRQ FZXEWRELHLMD QG |
KXPDQLW\ ,Q WKH VKRUW WR PWGQXHUWR (DRUWKSHARWGOIG MRRYQS D\ IF
FRQGXFWHG RQ 9HQXV ZKLFK ZRXPRQEXFRMWME ERYVIHF® OWR FE DQ\ K
SUHVHQW 6XFK IXQGLQJ PHDQV RVRK MUKLIH $ MRS HRD/QWGV KRDIUES Z D U +
WKH UHVHDUFK

+RZHYHU WKHUH DUH DOVR SURWSHFMIVY QR W R FAHH@MVH EFHRMP
RQ 9HQXV 21 SDUWLFXODU QRWK\\WDUWLAD ©\VWHFPYDWL RQLIRK FULWLF
DVWURQRPLFDO LOQWHUIHURP HHWUWHYV ARSHHD S OD\Q HWWHWU B D G DRI WD
ZDYH REVHUYDWRU\ HWF KL WHRKQIGFEPO @ RVFORMKHG\DW DQ\ S
VSDFH RQO\ SK\VLFDO ERGLHIVORIFBO WK RGGRWILEQ GRIWVKRH EXON
DQG WKH DGYDQWDJHV RI OHOXWHQPWKRNVNPDANBUGD E RWN RXQU FH S
DQG VXSSRUWLQJ KXPDQ ODERXU KDYH EHHQ GLVFXVVHG

1RWH WKDW VFLHQWLILF KDUGRBPLW H&R AVWEKREY OHKHG WRGHH
OD\HU LW FDQ EH ORFDWHG RMW KANHKH KLWHW KA AV'YWBWE KN ORIWH
HQYHORSH PXVW EH SHU XQLW OLIW

6HUYLFHV

,QFUHDVLQJO\ PDQ\ MREV WR G®H RIJHH R W HRKRIFE PGW ZQ W KU R
GLVWDQFHVY WR GR WKH VDPH MRE VB3DRFKD HRLIQ D HEHHALIQIQ DQG V
DQ\ ZRUN ZKLFK GRHV QRW UHTKEDW HGSHUVKR G KWRLED & RDELOLW
LQ UHJXODU WUDYHO DQG ZKPPKQUFWRQRQUQWDWHQRPH KR VDP
D 9HQXV KDELWDW (DUWK FRE®GNALWHOQXD/OO\ RXWVRXUFH MR

JRU WKLV WR EH D QHW SRV LWLYHONFRRIRWKH ZRWNYRMD QWK
ZRXOG QHHG WR H[FHHG WKH YQ®XP DEOMKHLH QM UVRR DDURMRK D\
ZKDW WKH\ FRQVXPH LQGLUHFWRN \EX M LFIRMDRQ R D W IOHZERBG YV 7KL\
PRUH HDVLO\ YLHZHG E\ FRQVLGOMLQUIRWF DORRARQA RIZKRLW WD
ODERXU RI SHRSOH WR SUR YOLGHNHRQDDEE THHEGV DSHRB8OH FDQ
RXWVRXUFHG VHUYLFHV WK HQ DRWL @K HQF RERQE ODFE NEMRE WUD
SK\VLFDO JRRGV PXVW EH OHVVERKDQ RWUKW KH @ XMW RR XWKFHHOG VHU
DERYH H[DPSOH LI WKH DY HUDDHMRGZRUGKXD O R RISHIXFMDHG \LHO
UHYHQXH DQG ODXQFK FRVWV WRUWWKH M DNEIL WADKWM QUR R UXIQWLKQ W



WKH FRORQ\ FRXOG LPSRUW QR\PRQHH WKIDO®D SBNVUORDRBXURGBNHW S
7KLY ZRXOG PHDQ DQ DYHUDJH BHQVNW\RREKMHE WM APSRUWHG 11U
FRORQLVW SHU \HDU

$Q\ SK\VLFDO H[SRUWYV IURP WKH WBDGE R \GAR XBIGNORQZ 6 W WXV
WKH DPRXQW RI DQQXDO LPSRUMWWLQUWRKRRBWRBWVXLULQJ RSHU

9,6% IHHV

$ UHODWLYHO\ VLPSOH PHDQVDOW BYBUDPROR QL W QDI W K\H
VXSSRUW WKHPVHOYHV LV 9,6% IHHV 8QGHU VXFK D VFKHP

$00 LPPLIJUDQWYV ZKHWKHU SHUPBDTOHQQW RWR/ISRERWUDVH D
WLFNHW QRW VLPSO\ D RQH ZD\ WLFNHW

,Q DGGLWLRQ WR WLENHW FRWRY WWRKIHW IR B VW VKPDLHS RL VKG
IURP (DUWK DV ZHOO DV WKH RRORVWRAHULU V@ D VIR FRRH RAQKHH VF R
ODERXU RQ WKH DVVXPSWLRQ WKDRX VK IQHERB Q/RWFRRUN WKI
EHWZHHQ ZKHQ WKH\ DUULYH DQBLYERZQH[W UHWXUQ ODXQF

I WKH\ KDYH QRW E\ WKH WLPGRR Q ®KIDW WHKLQF R LVLAGRE[ S |
WKH VXEVHTXHQW ODXQFK ZLQGKRH QMKW\IPXYRWUHWXUQ RQ

. 3DUHQWYV DUH UHVSRQVLEOHRIRB KL ERY WAKRWWHKH LER P QQ
RQ 9HQXV

. $ VPDOO SHUFHQWDJH IHH QHH®XGWR IRU WRNMHEG@ RQWWR/ D/F
FRORQ\

. (YHU\RQH ZKR ZRUNV ORFDOW\LUVZKNING DRXDJB DUV \F CRQUF W®O L
GRZQSDLG FRVW RI WKHLU VKDWXWRIQRIWH WRID FR\VW @RD BARKKHIL
7TKRVH ZKR GRQ W ZRUN SHRSOH RIHFHDQYM QRRARED Q W DIHOW L

, ] WKH FRORQ\ KDV H[SRUWVH @KW\ IRR SRHIW HYFRWVINWHV LG
/IRFDO VDODULHYVY DUH DGMXVWMKMG BEDPWUHGDEQ GLUWHGDL G & )G DE

,Q VKRUW WKH DSSURDFK ZR X (DG 86 VHPVE ORIQW KIDWPRIQY , 8 § D |
(DUWK ZKHUH DSSOLFDQWYV P XWW SIUR WH MAKHH DE IHVL & X WLR) W W K F
SHULRG 7KH SULPDU\ GLIIHUHQFWH. B YD W K W HRY 19 M OXWVH WFIRHP P X Q D
WKDQ SHUVRQDO DQG KHQFH WIRHLGWR YOH DRP\PKIQW QO IR RQGW J

6XFK D VIVWHP VKRXOG EH LQKHUSRDVQY E DDOD QKLH @ DGV UR
LQGLYLGXDOV DQG WKH FRORMXR , O RDRPO® \DDFRORIGHHW SIOOHY B W K H
VXVWDLQ WKHPVHOYHV WR GRUWQR BRKBO GERXWMRRXOEB WXSSRU
WKRVH ZKR KDYH WKH PHDQV WRWS 2R WNRLQUIY HX WK 6 DZELRKKR V K R
DGYDQFHV SDLG RQ ORFDO VIDUNHILH V¥ RWKO S URQ SHW WALN HWZ R X E V



DOORZLQJ WKRVH ZKR KDYH QR RMWKHSOP KB QVWNRRLW P DNUHHOVW R 7K
DQRDORJXHV RQ (DUWK

'LVWULEXWLRQ RI ODERXU

WLV FRPPRQ WR KHDU ZKHQ RHAXRVBOBG FRORWLHWOWBHRBEO
DFWXDOO\ GR" 7KHUH DSSHDUV R/@ \E K DDNFREPHPQRHY 8§ UFHHRSSAWOH O LY
WKHUH ZLOO EH PHFKDQLFDO VRXWHPV FRQGXFWLQJ DOO ODE

7KLV LV TXLWH XQIRUWXQDWVH®V ZQWW RQUOLOAK WRLBGKREN
WKH ,QWHUQDWLRQDO 6SDFH 6W DWRRWHGRERWKF LM\ \F\BSP ELDUW W |

ODERXU WKURXJKSXW D ELFORLS\O W/ RVRV Q@B OB QA Y HENHHORSP
DUH WKUHH PXWXDOO\ H[FOXV L Y\AHR DWRSEREWLF ¥ K QU WK HFIRPPRIWH W |
GHYHORSLQJ D KDELWDW LV KH[JKH\P\R @/HR\ ZQ O R FQORWW BMHRLDXW R P D\
DXWRPDWLRQ LV QRW HVVHQWWX® TR VOXW KIMQD (RIVDK\H B ZOH\ ZR:
WRZDUGV ZRXOG EH H[SHQVLYH WV WHRPVLWRDDRARLG GHR\L QG HDR W
(YHQ UHODWLYH VLPSOH V\VWHPQRQXFK\GRRBWR Y LW KR GRIONVV \
KDUYHVWLQJ RU RWKHU DJULFWRWEX B OHNVBIONW L @ DK XHDWLON HCR O
PRQH\ FRXOG LQVWHDG EH GHGLFRWHBWWREZWD U&E & WY WW R B R HQK\D'
WKH DQQXDO FRVW RI UHVXSSO\LQJ WKH FRORQ\

/HW XV ORRN DW VRPH RI WKH VE\S KWW RH \Z\RDJUW\ W& D) HRDXUADG
FRORQ\ DQG D SRVVLEOH GLVWRUBXMAXRQ RI ODERXU WR VXS

. &RRNLQUNHO\ WR EH RQO\ SDUW WICPRQDYRUN IRU DQ LQLWLDC

. JRRG SURFHWWODIZQDIJULFXOWXUDO SURGXFWW RRQWMRXLUH VL
SURFHVVLQJ *UDLQV QHHG WR EG WHKRKXHMX HIXW M. PN XHBEHD Q
VKHOOHG 3DVWDV DQG EUHDGV HIDIVME FAXFO WX WPHD @QBX U WX® HDG\
SURGXFWYV QHHG WR EH LQGLY LWMWHMO POGFH 9 IFKIHRMXWH MR REX
QHHG WR EH GULHG 9LQHJDU QHH®RWP SRHEH 18 U\PW QW HIG L YWKH
HDUO\ SKDVH FRORQ\ WKH FKHWKVVDZRDWXUDO PDWFK IRU

. BULPLWLYHODQLOMDKLQIV WS

E\ KDQG LQ HDUOLHU VRFLH

KDQG ZRUN LQFOXGLQJ PD¢

DQG KDLU SURGXFWYV IURP |

PDQXIDFWXUH RI URXJK SDES

VOXUULHY VHZLQJ DQG VR

SURGXFWY DUH EHVW PDGH

HQYLURQPHQW DQG FRXOG

2WKHUV PD\ EH PRUH VXLWI,rpHPDGH SDSHU IURP YDULH\

PHPEHUYV /RFDO SDSHU ZRXOG EH SULPDL
3KRWR /DZUHQFH )DUPHU"

. OHGLFLQH YHWHULQDU\ PHGLBLQIHQ IDHGLGBQWLLG/X\DUD. ZRXO G
H[SHEFWHG WR SHUIRUP DOO RS&X\KHW HRW DIWNRYZ \X ¢ WI1OLW KB G\



WKH HDUO\ SKDVHV LW ZRXO GN®RW VE 8§HR $X0GOPW L FEHH MRIE X2 U
DVVLVW LQ SURFHGXUHYV DW WLPHYV

. &KHPLWWFKHPLVW ZLOO EH UHTXLUHG WRVDWYV LL\QW OOLGLKQ O X P
PHGLFLQH SURGXFWLRQ VFLHOMWWEXRUHHVHDUFK DQG PDQXI

. 5HVHDUGKIQLILFDQW VFLHQWLILF UHW\HD BHAKFRRXGXGE VEHGH[®H
YDULRXV ILHOGV FRQFHUQLQJ WKHKDR A DD HIRQHE SODGMWR W
RIIZRUOG \RX ZLOO XVH LW WR LWW IROBZH[WHQW VR ORQ

. ODLQWHQDRIE®IV EUHDN HYHU\WKLQJ P XS/D/A UEHHG GRIY WIHSHOD Wt
2QH RU PRUH SHRSOH VKRXOG KM GLYIHLOHG DLQUD N RD M) VQIH R
RQERDUG ,Q SDUWLFXODU

. &KHPLFDO HQJLRMHHQGQYLGXDO ZLOO EH QHHGBG WR RSHUD\
RSWLPL]JH WKH QXPHURXV ,658 VIVWHPV RQERDUG

. ODFKLQLQWWLDOO\ RQO\ D SDUW W L PG FFOSLDELLROQ WL W \P Bl QXD
VR ZLOO WKH QHHGV IRU SHRSPXWALIMK] V&L O\S U RQIHMGLRS |
DQG VR IRUWK 7KH QXPEHU RI SHRSXUL DR N O@®JI G QDR IV ¥ID O
ZKHQ ZRUNLQJ RQ FRQVWUXFWLQJ QHZ KDELWDWYV

. $JULFXOWKKHUB®DUJH DUHD RI SODQWYV QHHGLH® WRIP@LQWDLQ
GHGLFDWLQJ DW OHDVW RQH FSWKEDWOW R X G WLL\S @K FSERIS T H C
H[SHFWHG WR JURZ OLQHDUO\RZWWHK B/MKIH BREXOMWWREB SRS W
VXIILFLHQW WR MXVWLI\ WKH LHI'KH 8 I/IPG\Y WV RQDWR/ DKW R B DI\D
LQVSHFWLRQ IRU GLVHDVH PDLQWNRQ® FBUPQ® XKVDYMWWLQ
PRQLWRULQJ RI SODQW KHDOW K/ RREXWLIPR. QW WRID RN IQXIWRIIL FR
DQG WHVWLQJ KDUYHVWYV |IRUHIXW DG LRQRQIFRQRUIQARDES

. /LYHVWRPBNQWDLQLQJ OLYHVWRFN INM® W VAR QREGXFIMLLRD A\
SDUW WLPH LQ DQ HDUO\ FRGIROQXWDD\E /&GO N@RE LA O ® FKROL Y
SURGXFWLRQ KDV FRPPHQFHG

. -DQLWR®BHDRQG WKH VLPSOH QHHG WR NHHE HFRPW R ¥ KOHU MIR\L ¢
IRU FDWLRQ UHFRYHU\ UHPRYDGF)XCRXVODWERE CHRNOG WKBHBW
ZLOO LQYROYH D VLIQLILFDQRONMRXRRY RQIWDERXWKREQ UQYLC
IUDPHZRUN HOHPHQWY DQG RU URBRVHRDWPRURWWWRDB QKD
MDQLWRULDO ZRUN RQ (DUWK

. $VVHPEQQLWLDOO\ RQO\ LQ ORZ GHPIORIGRE BHZQG\ WW HPL\Q V I
YHU\ ODUJH DPRXQW RI ODER XDV ¥HPE &HRQ HHHZH IGDIRIUNV WY WK T
H[SDQVLRQ RI H[LVWLQJ RQHV

$GGLWLRQDO ODERXU RYHU WLPHLOWHUQYROWN WV RUNWDQOH®
FKLOGUHQ WKH LQILUP DQG WKH HOGHUO\






6FLHQWLILF OLVVLRQ

W FDQ EH ZHOO DUJXHG LQ JH(
JRDO LV VFLHQWLILF UHVHDU FEK WDh

QRW ZRUWK WKH H[SHQVH LQ WKH V

VWDQGDUG DUJXPHQW LV WKDW RIQ|

PDJQLWXGH PRUH URERWLF PLW IR

VLQJOH PDQQHG PLVVLRQ ODX@FK

ZLWK GLYHUVH VHWV RI KDUGZDHM

WKDW KXPDQV DUH XOWLPDWHO\ OL

VFLHQFH JDWKHULQJ DELOLW\\ED WU

ZLWK MXVW OLNH URERWV IS[FHIGW

URERWYV LV OLJKWHU WKDQ WKDW7&

WKH PDLQ WKLQJ KXPDQV EULQJ WR

ODWHQF\ EXW ZKHQ \RX FDQ RR®V I

URXJKO\ DQQXDOO\ HLWKHU ZKHWW

PLVVLRQ LV DFFRPSOLVKHG LQ ®Bi\'

KXPDQV PD\ EH DEOH WR UHSDLHVVR

VIVWHP IDLOXUHV WKLV LV FREQW]I SUWERON 568 68
IUDJLOLW\ RI KXPDQV

$QG DOO RI WKHVH WKLQJY DMHUPDWONKBV W RDHWHKH WWKRIXW .
DQ XQXVXDO FDVH %HFDXVIREW PEBQYXWMHUWODWHQF\

8QOLNH PRVW VROLG ERGLHV IXQMKH RR®OBQ XM \LW HFH UN KHR WV
DQG WKH DPRXQW RI WLPH WKDW XSQUREHW H[DVH @ 8 HQIE RVHOHVUXH H V
LV OLPLWHG )RU D 0DUV SUREHQHMWPLDMXVWRILLQHSUREHQVR VLW |
EDWWHULHV RU SURFHVVLQJ VDP YQWW LQ DHRXQ & ¥XUWLEH IRU
LV KLJKO\ SUREOHPDWLF $ SUKEHW BSDHPB ®E RRROMLWQRWDV DO\
FHQWLPHWHUYV IURP D JUDQLW HJ RS WHUHRGWRLD R W & HH[ A HW WXL B H Z
KRZHYHU DV LW FDQ W DIIRUG M\R ZAMIONG RW LKX© O Q LIBXOH |URP
EHFDXVH WLPH LV OLPLWHG WRAMKHYMDQ WQ R FADAMRLRQWRIOD Q EH WL
FRPH LQWR YLHZ $ VXUIDFH SURHEHW FQ REH FROWWROZXHDGVHY HU |
LQWHUHVWLQJ HQ URXWH :LWHKVRB OAXD IIBIZHK RYRZV OMMPHQBWF RP P
DOORZV IRU YDVWO\ PRUH VFLHQFH WR EH FRQGXFWHG

JRZ ODWHQF\ GRHV QRW UHTXLUHLY KWHKSIUMVGRTH RO KX® D QV
HQYLURQPHQW KXPDQV LQ RUEIDW H RIXD\® D F F R&XIND KR MQKH Q/H H C
DW 9HQXV HLWKHU ZD\ $QG RQ®QMWQLW KMKHWRIXE KHQ SR WRIQRVLDO
RU DW OHDVW UHGXFH WKH FRQ@WXP® PO HVR QUREF YWD UQ/ K/ LVDX DWP R
VELHQEFH

6FKPLGW * /DQGLV * +§5520HWR/QR&YV WR 0DUV DQG 9H O\ MVAHD J[ BRI DRVERWY LIFU R P
2UEGY$$ 6335&( &RQIHUHQFH ([SRVLWIRUXRFSRES 63$& (

/IDQGLV * $ "\WRQ 5 OF*XLUWFEPLTGOMVRQ*WBDQWLHU - OFX&OUWGYH'OHURERWLF
([SORUDWLRO RI 9HOXV $ )OH[LE ®HK 3)HSK$HIWRY S BFAHX 6K LHQF HV AHIEWHRULLRE®XGLQJ WK
YRUXP DQG $HURV SDF HHURR\SIDFIHRQFLHQFHY OHHWLQJV GRL




$ 9HQXV SUREH XQOHVV EDQGHI&IMKHLVDWMRHBD \OWRLMRFP X0
ZLWK (DUWK $JDLQ WKLV GR MK I PW RRNHSK WERHE H DZLWHKR QI K W K L
UHGXFH WKH UHTXLUHG JDLQ R® SMKH MIEG 6 UJ KPDHIW QF RPVQWQ HG k
SURYLGH WKLV FDSDELOLW)\ IRU MK X&DQHALOHGE HDE\RXB®I RIXV WD
HQYLURQPHQWY IRU ODQGHUV DAMWR LPHSHDG VI WHID/QH D URDW RS\ @ O
LQ WKH VRODU V\VWHP O0DLQWBIQOWQEH ERQHRRQION KIHD OHQWV FV/ FC
HQYLURQPHQW

,Q VKRUW UHIJDUGOHVV RI WKHEBVRD QURRE RWW KGH KR WBQ V| YW
DQ\ ORFDWLRQ LQ ZKLFK WKH EIQO/DQMHVZBRXQXVIDYRXU KXPD

W LV VRPHZKDW GLIILFXOWPWRVQABQRBPW WKBW ZLBQWILHISH Q
ZKDW LV GLVFRYHUHG EHWZHHQ QRR |DRSH WKW LARROPVP B\ FWM R H X\ E |
EH WHPSWLQJ WR YLHZ WKLV OD\HYPWDWOR QW XGKHUHX WLD@ EWIDFW LF
RSSRVLWH LV WUXH :KHQ \RX KPR GLUNODIWLK MBUXENQIRZ §XHV W
XQDQVZHUHG FUDFNLQJ WKH VX WIIDEE VRW R KRREHHD THCH B W IKRR@\H U D
HYHQ JUHDWHU TXHVWLRQV

'H ZLOO KRZHYHU H[DPLQH VR PRISRIQWKRIGIH QXYGWKSLE XD U H
FRXOG EH XVHG WR KHOS LQYHVWLWBW I (\WHKHPR DOV VIW U ZHI @X V
,QYHVWLJDWLRQV WKDW VKRXOGHWH ID)GY BROM & EXHRUR QLRIDD KD
PDUNHG LQ UHG LQYHVWLJDWULFP@\Q QH® W CCELAV DRV RQWEDXQW QR W |
FRPSOHWLRQ RI GHVLJQ FRQVWUXFMRR QD QIGOIOQ H \P\B UNDHGL RQV R
DSSOLFDELOLW\ WR KXPDQ KDEIOXBWLRQ ZLOO EH PDUNHG LQ

, 8QGHUVWDQG DWPRVSKHULF | BUPDWPIDRVH KYRWRWLRQ 9
, $ +RZ GLG WKH DWPRVSKHUH RI"9HQXV IRUP DQG HYRO"
z OHDVXUH WKH UHODWLYH DEXQGEXOHV;RI 1IH 2 L
DQG RWKHU QREOH JDVHV WR GMWHRPPGIE LUBRRQ XV

WKH VDPH PL[ Rl VRODU QHEXGDVWHUPLDHHG L HQ BYJ HD

FROG FRPHWV SOD\HG D VXEVWR@WWIL@®WROH LQ G

z OHDVXUH WKH LVRWRSHV RI QREDMGIDWV HY +HV SHF

1 1 DQG FXUUHQW 2 DQG + HVE®QB HVHEBVWH\R XWERWG

DQG WLPHOLQH RI WKH ORVV RG XWKLH) R WLKIH QCCOO/ Y WF

RI IRUPDWLRQ DQG WKH FXUUHQW ORVV WR VSDFH

, % :KDW LV WKH QDWXUH RI W KOO UHDQGLWDIW LEYDHD D Q EHGRQD®F
WKDW GHILQHV WKH FXUUHQWW SURBWMWYV I8 8 HFRLQMWFDRO@D W
DWPRVSKHULF VXSHU URWDWLR @ IRV WKH DWPRVSKHU

z &KDUDFWHUL]JH DQG XQGHUV WD G RWKHVL WO VX
JOREDO FLUFXODWLRQ LQF OCOODWOLIRDRODBRIY BI Qe L NVPF

DQG SODQHWDU\ VFDOH ZDYHV B\GPRHDWLXGILLR)IDWK H

ZLQG VWUXFWXUH DQG HQHUJ\ WUWDR) $BRRDW OWR\PL W

DQG RYHU WLPH RI GD\ IURP WKW LWKXXG B F I WHRJ ® R ER
FLUFXODWLRQ PRGHOV WR FRP SYHWH®QQNVYBIOT XLRI®IC

RYHU GLIIHUHQW HSRFKV DOWLRQXGHY DQG ODWLW



z

'"HWHUPLQH WKH DWPRVSKHU LW KD B WIPR M \SH HEDIOT
WHPSHUDWXUH SURILOH RY HUI DRV MK X GWHX D QOEF M/ PR
a NP DOWLWXGH LQ RUGHU WRWIWKRDUBFWRODJH W
HQHUJ\ LQ WKH FORXG OD\HUVORZG lUQF ORG L QW MWK
UROH RI WKH ZLGHVSUHDG 89 DEVRUEHU V
&KDUDFWHUL]H VPDOO VFDGH Y N\WRVE A VG PRRIVOLR §
UROHV Rl FRQYHFWLRQ DQG ORFDWKH YHUWDFD®\
WUDQVSRUW RI KHDW DQG PDVNLDOEBOWKHIRQ UROH L

& :KDW DUH WKH PRUSKRORJ\ FHHMBPEDOWDRHWEHHD QB
FORXGYV ZKDW DUH WKHLU UR @\ EQOWXEGDWPGRNSKIHYUH
EDODQFH DQG ZKDW LV WKHLUDWBD FRAHR VWK HK D B QW b B
]JRQH LQ WKH FORXGV KDUERU OLIH"

z

&KDUDFWHUL]H WKH G\QDPLF RAHIVHRR URIOR FIORQ G
OD\HU WKURXJK FRUUHODWHG PBIQ® XGIHPHGOW LRRQ |
SURFHVVHVY RYHU DOO WLPHVY WXGBV DRGDD\UBQJH
FORXG DHURVROV LQFOXGLQ.E MWK HLDW 8 DAHDVFLONL M\
EXON FRPSRVLWLRQ DQG YHU VEXRIED © RMAL ARQ W KBHAL:
SULPDU\ SDUHQW JDVHRXV VSHIF DHM® & XBK DV 62
ZHOO DV PLQRU FORXG FRQVWLMWXRIQWNORXEK DV 6
FKHPLFDO SURGXFWV

'"HWHUPLQH WKH FRPSRVLWLRG ORGVWKH SURG XF
PHFKDQLVPV RI *UHHQKRXVH DHHXCMLROW RQIXUDYV
F\FOH JHQHUDWHG VSHFLHV DQG BROMEN RQ BMHKH/ D¢
FORXG OHYHO UDGLDWLYH EDODQFH

&KDUDFWHUL]H OLJKWQLQMHBOWRWIWLHTXH GEV FIXQ
YDULDWLRQ ZLWK WLPH RI GDWBRE QRO W IRV 0GB K VWHN
FUHDWLQJ WUDFH JDV VSHFLHV DQG DHURVROV

&KDUDFWHUL]H ELRORJLF D OO F KIHHROLWMDWD\W F OR X G
LQFOXGLQJ & & DQG FRPSOH[ RUJDQLF PROHFXO|

'"HWHUPLQH WKH HYROXWLRBWIRWKRI YXQMXOFH DQG LQW

$ +RZ LV 9HQXV UHOHDVLQJ LWWK K DM @RE HXN & K RIH VX
DQG RXWJDVVLQJ" +DV WKH VWO R LRIJWHFRM R Q LA/LPV R UV |
6SHFLILFDOO\ GLG 9HQXV HY HYU LK) S\HHUFAL\W R © HFDVWUY O 9 I U
PRELOH OLG WHFWRQLFYVY WR VWDJQDQW OLG WHFWRQLF

z

7KURXJK KLJK UHVROXWLRQ LPRDUQF W& G LWHR SVRH
VWUDWLJUDSK\ DQG GHIRUP DVBIHRQWR OXDIDF WK E L)
VHTXHQFH RI HYHQWV LQ 9HQ XMW QQFHRGRIV.F KLV V
DVVHVVLQJ DQ\ HYROXWLRQ LQOHR0 PRGLB DG | WOLF
DQ\ HYLGHQFH RI VLJQLILFDQWGINS\W DXFRHPLHR@W D O

OHDVXUH UDGLRJHQLF +H PLULODGDOW LLR\RW® S\
DWPRVSKHUH WR GHWHUPLQH WKH PWDIQURWHWRI L
9HQXV V KLVWRU\

&RPELQH JHRSK\VLFDO PHDV XUHPHQVDW ZRYY WRL
FKDUDFWHUL]H WKH VWUXFEW XU HV KA QIP\LHFWL FOW 8 1 K
9HQXV DQG LWV HIIHFWV RQ VXIHBBK\YHRORJ\ 5HO
DSSURDFKHV LQFOXGH EXW D UHO® R W WRAPIL WOHHBN WR\



” %

KHDW IORZ URWDWLRQDO G\QDRQFWQGHPQDQW PDJ
VHLVPRORJ\

'"HWHUPLQH FRQWHP SR UD D\QGDWHHF/WRRIQY. IR ODFFDVLL ¥ L
WKURXJK REVHUYDWLRQV RI FXVXHARVD\D® G DU-HDEDMDI
WKHUPDO DQG FKHPLFDO VLIJQDWKXWHYURMBEHDW LP
GHIRUPDWLRQ VWXGLHVY DQG REVHUYDWLRQV RI R

'"HWHUPLQH DEVROXWH DJHVWIRNWJIRBNW BWWRF D
XQGHUVWDQGLQJ WKH SODQHW V JHRORJLF KLVWRL

+RZ GLG 9HQXV GLIITHUHQWLBD'W,N DWXE HYRKY YWHCQRHYDHULD V

EDVDOW RU DUH WKHUH VLJQLIHBBQWLDRHGE HWL 8 L PIR W
FUXvw"

z

'HWHUPLQH HOHPHQWDO FRP SRYHWURQUPSRHRDC
VXUIDFH VDPSOHV DW NH\ JHRGRJIKFODQWMY VXFK I
WHVVHUDH LQ RUGHU WR XQGIBLYWDQIGWN P G ARRRUIR
RI WKH FUXVW

'"HWHUPLQH FRPSRVLWLRQ D ONL Q DRI P DW\FLIRAH MR ¥ VU
UHPRWH VHQVLQJ WR JDLQ D URIERQD®UKEMV XUHN R

'"HWHUPLQH WKH VWUXFW X UHVRE RVKK] \FSIDXW MD CDOA |
ZLWK GHSWK WKURXJK KLJK UHVROKRHRW VI HR SK\V
WRSRJUDSK\ DQG JUDYLW\ VHIQMRORUIQ HVWRE GWH
FUXVWDO YROXPH DQG OLWKRVBKHWLF VWUXFWXUH

'"HWHUPLQH WKH VL]H DQG V\WBAOH RMWW KA VFRWH D
YLD JHRGHV\ RU VHLVPRORJ\ WHD 8OD BH | FHRUH/QWWLLDL
SURFHVVHV DQG WKHUPDO HYROXWLRQ KLVWRU\

(YDOXDWH WKH UDGLRJHQLF AKRIDWHHWR B X ALK FHL
WR EHWWHU FRQVWUDLQ E X ORQFIRPG RWKNULARIO GLIIF
HYROXWLRQ

&KDUDFWHUL]H VXEVXUIDFH RQWDFIVOVY W& GG HHBR\K
XS WR VHYHUDO NLORPHWHUV WRFHRKWOPH XQGHU"
SURFHVVHV

vy, 8QGHUVWDQG WKH QDWXUHRKISKGWH WIORNIH Y XX B MDIERIQIVWRPY
WLPH LQFOXGLQJ ZKHWKHU OLTXQ®& ZDWHU ZDV HYHU SUHVI
, $ 'LG 9HQXV HYHU KDYH VXUIDDAWHRU D Q& HKIDRW WA N LK3
JUHHQKRXVH HIITHFW KDG RQ FOWRRDWH WKURXJK 9HQXYV

z

'HWHUPLQH WKH LVRWRSLF BKWUR RIR SODOF WKH I
FRQVWUDLQWY RQ WKHVKHVWRW RVRZDRSIU UDWLR\
1 1 2 2 2 2 6 6 DQ& & LQ WKH DWPRVSKHUH W
FRQVWUDLQ PRGHOV RI SDOHRFKHPLFDO GLVHTXLO

,GHQWLI\ DQG FKDUDFWH U LJYH PQR MW HDY MKDW U
JHRORJLFDO RU FOLPDWRORJLWDO GIQ YHURQW HQ WPV
SUHVHQW GD\ 'HWHUPLQH WKHWRK HR WP DWLRR RD)
KLJKODQGV WHVVHUDH

BHDUFK IRU HYLGHQFH Rl K\GBURXNSRVQMUWHEBOV R
VHGLPHQWY DQG RI JUHHQKRXVHHIDRAN WU® RIHGH
WR XQGHUVWDQG FKDQJHV LQ SODWRRWSKHADLWHU E
FRPSRVLWLRQ RYHU WLPH



. % +RZ KDYH WKH LQWHULRU VIXQWMHUD FIWQHEG DDAVP R \F RKKHS
FOLPDWH V\WWHP RYHU WLPH"

z &KDUDFWHUL]H HOHPHQWDO FJDPVSIRRAL \K L @ DG |
JDVHV LQ WKH 9HQXV DWPRVSKH WY DL DQ OARGILG
U $U $U 1HH DQBE WR FRQVWUDLQ WKH VRXUFHYV
DUH GULYLQJ HYROXWLRQ RI VREKAV DDWPRAQIKIFRHP L Q
VXUIDFH LQWHULRU

z 8QGHUVWDQG FKHPLFDO DQG SK\N\OADIEF B URFHW V
ZHDWKHULQJ RQ 9HQXV LQ RUGHDUNR/GWWW DR H F
LGHQWLI\ SURGXFWV IURP SD\OW FIH RBWEHVRQGLWI
GHWHUPLQH WKH FDXVHV DQG \VISDG YBIO WLWBQ WR IK
ZHDWKHULQJ UHJLPHV VXFK DV MKHRHLPKFHWBREDD W L
HPLVVLYLW\ $W ORFDO VFDOHY WH¥ I ORIDZHD W K H URLI
ULQGY DQG FRPSDUH WR XQZHDWKHUHG URFNV

z '"HWHUPLQH WKH DEXQGDQFHM DEDBFDMWHWXGH SL
DWPRVSKHULF VSHELHY 62&662 § +&0 +) &O02
DQG &OQUHHQKRXVH2JDD/HY RWKHU FRQGHQVDEOHV
FKDUDFWHUL]H VRXUFHV RI FKWRKHFDW PRWSKHKWLO LE
DQG WR XQGHUVWDQG LQIOXHQFHYV RQ WKH FXUUHC

z '"HWHUPLQH WKH FXUUHQW UID\RA R/IKWX\OX X UDR X \WDIC
FKDUDFWHUL]H WKH DWPRVSKHULEXVKUIDFH VXOIXL
PHDVXUHPHQWY Rl WKH LVRWRSI2F DWLERV RI ' +
6 6 & & LQ VROLGDWI® BDWHP\RVSKHULF PHDVXUHPH(
62 +2 2&6 &26 6 DQG VXOIXULF DF&®m DHURVROV

%H\RQG EURDG PLVVLRQ JRDOV OMSWIRGIDEBXHQRRIXPE RU R
DSSOLFDELOLW\ EHDU LQYHVWLJDWLRQ

. 3UHFLSLWDWWRQOO\ LQWHUSUHWHGJ)IDQDR\YUWFRIS.MIDWGE RW
DUJXHG WKDW ERWK EDOORRQW HESBUWBQARE® \GLADLQ U P QML
PLGGOH FORXG OD\HU 8QGHUVWDHELIQY VKMV M LY WDHIIGEF 16 L\
RI DQ\ VXFK SUHFLSLWDWLRQ UWUWRVV DINGHD 6 RW H HEMWMOL. QWUR F
ORQJ WHUP VWXG\ DQG GHY HORSIPRH/QW IR IPRG H.O S UR FHIG VB IUH
KDELWDW VDIHW\ DQG ,658 FDSDELOLWLHYV

. 0LQRU DWPRVSKHUBR ISB¥WHDWVQ GLQJ PLQRU DWPRVSKHULF V
PLGGOH FORXG OD\HU DQG OBVHUINP SRUMPERW WD DGV RWRK B H Y
,658 VIVWHPVY DQG GHWHUPLQLQIFRXIRGEXFWURRVUDWHY 183RB!
VFLHQWLILF SHUVSHFWLYH LGHUXDEW PARWS QRIDWOEU 819 RD BV IRH) K|
GHWHUPLQLQJ ZKDW KDSSHQHG WRRIVYHQXV V PHUFXU\ LQYHQ

. 6XUIDFH DHURWRORPHWULF REVHUYDWLRQV IQREGWKNM 9HQHU
GHWHFWHG D OD\HU RI DEVRUEERWKDOD Q GN® JD\OMWMHWX GHO I/\W |

'RUULQJWRQ * JUHOLPLODU\ HYLGHQOFH IRU G® I0DOHUL @ I$EKNDNNEGIE OLHQ FESNE H
5HVHDUFK GRL M DVU




VSHFXODWHG DV VDQG GXVW ORMMHA E\DVXU DFE ZHYBW OYLR
VHPLFRQGXFWLQJ FRQGHQVDWHWGE IIPLEKDRLUKWME WRRV W XXN |

KLOH WKLV LQ QR PHDQV LQWH®OB8BOCHVRREH HIL KQXAMWLFY HT XL
DYDLODEOH WR WKH KDELWDMW ERNE@GHRW WV F DRU LIQA\OLGIH W K H

+DUGZDUH 8VHG RQ 3XUSRVH
'"HWDLOHG PDSSLQJ RI WKH VXUIDH
3KDVHG DUUD\ U +DELWD|VXUIDFH IHDWXUHV 'BDBOW BQ XQ

FRPPXQLFDWLRQV

OXOWLSOH VHSDUDWHG DURXQG W

5) OLJKWQLQJ GH +DELWD /1 DOIXODWLRQ

2EVHUYH YDULDWLRQV LQ VSHFWU

AL *DELWD FKDQJHV LQ DWPRVSKHULF VSHFLH

1HDU ,5 VSHFWUH +DELWD|'"HWHFWLRQ RI DFWLYH YROFDQLVP

JOX[JDWH PDJQHW +DELWDW |BUREH WKH LQWHUQDO G\QDPLFV H

'"HWHUPLQH WKH GHQVLW\ RI IRJV |

1HSKHORPHWH| +DELWDW OD\HUV

OHDVXUH WHPSHUDWXUH SUHVVXU

OHWHRURORJLFDA +DELWDSUHFLSLWDWLRQ

2EVHUYH UHDO WLPH KLJK UHVROX

9LVLEOH FDPH{ +DELWDW PHWHRURORJLFDO DQG VXUIDFH S

,GHQWLI\ VXEVXUIDFH FRPSRXQGV

*DPPD UD\ VSHFWUR /IDQGHU|UDGLDWLRQ HPLWWHG YLD SDVVLY,
UDGLDWLRQ
OLG ,5 VSHFWUR /IDQGHU|+LJK UHVROXWLRQ PLG ,5 PDSSLQJ

OXOWLSOH OHIW RQ WKH VXUIDFH

S RUQRY JHIEH) F2@EIRY C;‘UVXUIDFH GHIRUPDWLRQ

IDQGHU RS

6HLVPRJUDSK GURSSH

'"HWHFW WHFWRQLF DQG YROFDQLF

/IDQGHU RS|OHDVXUH WHPSHUDWXUH SUHVVXU

6XUIDFH PHWHRURO GURSSH{GHSRVLWLRQ

7'/ VSHFWURPHYV /IDERUDW|'"HWHFWLRQ RI WUDFH VSHFLHV LQ

'"HWHUPLQH LVRWRSLF VLIQDWXUH

ODVV VSHFWURP /DERUDWVDPSOHV

SWWHQXDWHG WRW

VSHEWURPHWHU /IDERUDW|,GHQWLI\LQJ FRPSRXQGV LQ VROL(

,Q DGGLWLRQ WR ZHLJKLQJ VDPSO
OLFUREDODQF /IDERUDW|JUDYLWDWLRQDO ILHOG IRU GHWH
DQRPDOLHV

*DV FKURPDWRJU /IDERUDW|,GHQWLILFDWLRQ RI YDSRUL]DEOH

(OHPHQWDO DQG FKHPLFDO DQDO\

; UDV IOXRUHVFHQ /DERUDWVDPSOHV

$ FRPSOHWH OLVW RI ODERUDVKRIUY FHRISKH. SRR HADKAL \L \D E VI VY B H¥\
LV IXUWKHU DQDO\VLV Rl KDELWDRQNQWG \OWRB HHIKEPP XQLFD

*ULHJHU % ,JOQDWLHY 1 , HROKMWHPMD 810GLFDWLRO RI D QHDU VXUIDFIHRPORXG OD\H
UHDODO\VLYV RI 9HOHUD VSHRBWRRHKBWRPH®HW KID VQIW HU Q UW IBRIRE® :RUNVKRS 30DQ

$WPRVSKHULF (QWU\ DQG 'HVFHQWG 76FILMIQFWRU\ $6WREBHW D /LYERQ 3RUWXJDO ,6%



'Q WUDQVLW

%H\RQG HQVXULQJ WKDW WKH BIRXYFORBR SIVVWLEIDHF DQGWD\QY
WKH WUDQVLW ZLWKRXW GHJUB G B WLHRIWR W B H RESDHRH HALYMK BOIP
DOVR EH DFFRXQWHG IRU

‘KLOH KROHV IURP PLFURPHWHRRIRL G FRBXME \Y RWHE HRD WHHLLR
WKUHDW GXH WR WKH ORZ KD BEVGDOWD R BISRIHW K M UHQ YWHIORR SRIOZ K |
PHDQV WKDW HYHU\ LPSDFW ZLOW®W LFRIQW H LGMPGHLURIXY BSXRIXRDDVLY |
WKH FRXUVH RI WKH WUDQVLW DIXWHIW/YP DY PR IDIEPWMOQRQDQ WHHG
PXFK PRUH LQWHQVH LQ VSDFH WIODHUL ® & WRHEE O RRRRBQY F
FRROLQJ

‘H ZLOO LQYHVWLJDWH D FRPPRQ/ WIKHUPLDQ VFHQPW LR SOLAW
PXVW GHWHUPLQH WKH ULVN RIWR PHRRKMWH RV HGVRIQQWKRIX VIHO F X
ORWR\DVKLNL ..W DO IRU WEKH | RN DDVWXN X \OWE KVRS SR RMHF V
Pr ZH ZLOO VFDOH WKH FXEX®ODW LY $HURWREMNEHL G LDAUHDV LQF UHT
\LHOGV DQ H[SHFWHG YDOXH RI - LP®MWF WYV DW-( DQG DW (!

&RPSOHWH VKLHOGLQJ IURP D@GXH PR\ MWK SWERBGDHFWHFUR
GHJUHH RI SLQKROHV PXVW EH MHF6H3WHIH WHKRDAH YWHKWH WRHWRDO P
VI\VWHP FDQ DOVR GRXEOH DV VWWD QG RR Ul WPLIFRQMPOOSMDIERWQY O KLV
DGYDQWDJHRXYV

$QRWKHU FRQFHUQ ZLWK DQ\ S¥PRNXNEP ZEOLGLDQ VSDHW DY O
WKRXJKW RI DV D FRQFHUQ IRUFPQWDIOAR ERPRPHUMRDRHUG/ LQ WK
DQ DWPRVSKHUH ODLQWDLQLQJ IDOVIDNVO BHMFZRIMHDWOPN WBIY LFAXQ S U

2ZWKHU GHWDLOV VXFK DV LQ VROMNWMNWRAV FRIPGPD@QAH DSWLREO \
FHWHUD DUH EH\RQG WKH VFRSH RI WKLV ERRN

ORWR\DVKLNL < +DVHJDZD 6 2NXGDOUBURPHWBWRRLG LPSDFW RQ FHUDPLF WKLQ F|
LOWHUSODOQHWWHURWMAHR QDO -RXUQDO RI ,PSDFW (QEMRHHULQM LMLPSHQJ

*ULHEHO +5HDFKLQJ KLJK DOWLWXGHY RE\EHUW RDWK G 0 DLIO EQDMHB/E®HGHDRO O XWH
9LHZHJ 7THXEQHU 9HUOD]J




(QWHUWDLQPHQW

+XPDQ EHLQJV UHTXLUH WLPH WR$6 $l @MD U G WWKRHQ KDKULG K C
WKH IRXUWK 6N\ODE FUHZ LQ HUZRHUQ\ N @&/ BHIWHY PUFRPPERYY HQGHC
FRPLQJ WR D KHDG LQ D VHULHIWURIGY AUW B UURX FR FRIOPUWI R O

a) q))" o{¢) -No) -{ ¢)=- a) NH)ufp *{I)'kf9)*1pa) "{aB- Upq-W
{)a)e N2) py-)¢ p o)pf a)g)fa’¥®W) WNgB® ¢q"

2IWHQ HUURQHRXVO\ GHVFULEHG/BVDDW IPX WIKH FEAHE KD BA Y
OHIW WKHLU UDGLRV RII IRIKBQHRAEDW I WKW\HPBQW RAQKWXUH ¢
+XPDQV LQ VSDFH DUH ZKHQ LW RRPBHQ GRZI WFR QWU NVRVRO ORQJ
KDELWDWLRQ RI DQRWKHU ZRWOBN WWHK H UHE WHRW DREQBHD \QHHS D
WKRVH ZH DUH DOUHDG\ XVHG WR RQ (DUWK

0DQ\ HQWHUWDLQPHQW RSWLRQY SBHQ \ERIQDIH IQRE ¥ LLHMVG LAK HEL
PDVV UHTXLUHPHQWY DUH ORZDMUMGLWKROMHE \OKWW GH & EWGHI | H
VKDUHG DPRQJ WKH FUHZ )RU BQDHGWR\VLNRQWWEQYLB®G WKHU
DERDUG IRU SURGXFLQJ \DUQVH PREXVWUEDO \RADRBQEBLPSXQ W
UHDVRQ WR REMHFW

$V ODSWRSV RU WDEOHW\

VWDQGDUG HTXLSPHQW LQ OL}

YLGHRYV DQG JDPHV FDQ EH VK

KDELWDW V FHQWUDO VHUYHU

SOD\HG DFURVV WKH ORFDO Z|

JLJKWZHLJKW SRWHQWLDOO\ k

FRXFKHV LQ WKH FRPPRQ DUH

JDWKHULQJ DUHD DURXQG D O]

79 PRYLH DQG JDPLQJ DFWLYL

$OVR LQ WKH FRPPRQ DUF
ODWUL( Lo FrRoYHUwLEoFRQYHUWLEOH JDPLQJ WDEOH
,PDJH $PD]RQ FRP JDPHV VXFK DV SRRO WDEOH
PDJQHWLF ERDUGYV SULQWHG
GLVSOD\HG YLD D VFUHHQ IRU JDPKINVVXBR DVQBKHRNRUWK DV Z
SURYLGLQJ D IODW VXUIDFH IRW JURXE FRPFPPEQVGDQGQVP HOO ORR
PXVW EH DEOH WR EH VHFXUHG WRDD® A R/X 6 W URRMKKCHELZALIVW UR OO
WXUEXOHQFH KDELWDW DFFHGOWHDOLR@F &KV L QD 6 WR1 QR WHKK L

+LWW ' *DUULRWW 2 . HRZWRIDGLQJ VSHRAH WKH 6N\ODE WUWWWRW\ ARIQFHREOD VIN D8 Q L
SUHVV



%DOOV IRU EDOO JDPHV ZRXOGWEKL Q OFRFDWDLERIH IRQ XK/IH K LW
ODUJH HQRXJK WR QRW EH DW I IBIMWANQRIWMW OQJL QD QBEKURRIKXW H RQ(
ZKHUH WKH\ FDQQRW UHDFK YHDRPLWWHWKXMNRD®W® FRXOG SRVH

6RPH DFWLYLWLHYV
OLNHO\ WR VWHP QDWXU
HQYLURQPHQW WKDW VX
SURYLGHV )RU H[DPSOH
GR]JHQV RU HYHQ KXQGU/|
KHLJKW ZLWK WKH FUHZ
ZLWK VDIHW\ QHWWLQJ E
GLIILEXOWSMHEZ PHPEHUYV
XVLQJ WKDW IHDWXUH U]

LQGRRU VN\GLYLQJ EXQ
60ODFNOLQLQJ ]LS OLQLQJ DQBIHIXQEW

VZLQJV HWF 7KH DEXQC DUH SRVVLEOH ZLWKLQ WKH FDYH
DOVR SURYLGHV RSSRUW ,PDJH :LOO OF3KHUVRQ

JDUGHQLQJ LQFOXGLQJ SODKWYHZI KKWVFKHLV XIWRA@HWV WIRRBK D U\
SRWHQWLDO LQFOXVLRQ RI ORFRGR & QMWV\ DITHDF POWREZHRHQVEZLP

3DUWLFXODUO\ IRU D KDELWDWDRWY ZKRER SFDFGWLRXU LW RH
HQYLURQPHQW SURYLGHYV QXPHURXVOHWIHMP H YW@ ULW\W SRM@DL
PDQQHG YHKLFOH IRU VXUIDFH DFFHM\O RP MVWEHUH @ REQIY HEXRSIHH H -
IURP EHQHDWK WKH KDELWDW ZRIX\W & UL OROWL GHWXR D/ KRWWD FIRRO+
FRQWUROOHG GHVFHQWYV FRXOGRPH WHUHNQBHGHD R/ K/ MAKHHU IOIDE N W L
WKURXJK JDSV LQ WKH FORXGPEDA PR XDOWHTZ L5 F DR Y DDKWR VHH W
LQ RSWLFDO ZLQGRZV

$V GLVFXVVHG XQGHU 6XUIDFH BEIFGHMWY\ RZ LKWDK @&/ K/H HDQY @ DOV |
GLYLQJ VXLWV D GHVFHQW WR WKMHRY YW H} WH) ZR ¥ G GQHWR YH[GHU L |
RFEXSDQWY ILUVW D} WR KRKRQWWU B OOH Gl ROIQIKZHBUERXQG WK
RI D YHU\ DOLHQ SODQHW ZL\WR WD DK ®LYHD EMKDW WR KPP DQ KD
H\HV RQ EHIRUH

:KLOH VXFK DFWLYLWLHV UHSUHYWRWWDKK HHQYWH E B VHFEGHRIV
DFWLYLWLHV KRZHYHU UHSUHOHQY@YW @O RP¥RV LRAQARQURITXHULQJ
EXGIJHWLQJ RI FUHZ ZRUNORD®WHW WR HQVXUH VXIILFLHQW WL

OHGLFLQH

6RPH DVSHFWV RI PHGLFDO FDUHXKDNM¥IG DWOXRKD BV BMHKHH) SRIWAFI
RI FRORFDWLQJ PHGLFDO IDFLADWIOHWLDLEY KWKWBRPP\WRQ DWIH H
D GHGLFDWHG PHGLFDO DUHD DRBUDKWRXYV HDRIL @KWLWY PMKO W F R
DWPRVSKHULF DQG VXUIDFH DQDDQVOVVWR BSQGIRDWRKDP HGHF DW L



VIQWKHVLY +RZHYHU PHGLFDO FWKD QQHRGYIBDW IPWKEKVP RXHK R
VHFWLRQ ZLOO EH EDVHG RQ LVNQAGVBBRUFXVVHG LQ %DUUDW

2Q WKH ,QWHUQDWLRQDO 6

FDUH IRFXVHV DURXQG ORFDO V

FRQGLWLRQV EXW VWDELOL]BW

IRU PDMRU FRQGLWLRQV ,QGH®

IRU D SK\WLFLDQ WR EH RQ ERD!

RQO\ KRXUV RI PHGLFDO WUDI

HYDFXDWLRQ WR (DUWK FDQ WD

DQ DYDLODEOH UHWXUQ YHKDBC

DSSURSULDWH ODXQFK ZLQGRZ

RQO\ VXLWDEOH IRU WUHDWPHQ 5owupvRX0G H[DPLODWLRQ LO
7HOHPHGLFDO FRQVXOWDWLRPN 6WDWLRQ V &ROXPEXV /DERUL
FRQWURO RI

UHPRWH V\VWHPV IRU VXUJLFD & GH RAXHGW B HAR PV QRVF R VRQV G
VKRUW WKH FUHZ PXVW EH TRBQOGILWGRWR WWHED MDY HUW R K VKD U G
WR GR VR

0DQ\ RUJDQL]DWLRQV RQ (DUWK @D PH G5B O LIID® E 8 LRGLHH/D MQ
DUHDV WKDW FDQ H[SHULHQFH WMHWWRENQQJ XOXS® IF G QF MOEWHLE
NQRZOHGJH 6XUJLFDO QHHGVQERBUSDUMKHFRRDW RIAP RQFRDXVH |
HYDFXDWLRQ IURP SDWURO V XE PFKLIDQWWL FL € YDHIBA W LIRVQ WKR/ SH F W
DSSHQGLFLWLY D VR FDOOHG P L SRU WRKQ AFHDD AFIR® & HWH[BG FWH
H[SHULHQFH D PLQRU VXUJLFDODHUWHQW RQFH HYHU\ \H

%DVHG RQ WKH GLPHQVLRQV RQ@HG IRRHUGES DPHI B RLDOA MR QS PUD
DQG LQIODWLQJ WKDW E\ ZHRDUORRKH MEDFWHR XQGFREBWUDVW [
FRPPRQ DUHD FRUH ZLWK P IROGWRXWOMRRLYBYHBR HE SDRGDO Gl
HTXDWHVY WR Pr $ FRUH ZLWK P PFGLP®@GRXN OHDYMMWHY WR D 10

Pr 5ROODEOH IORRU GHVLJQWY FRQHEPHINDHOU \D ZARSHI QVRVRUHG Y+
LQVLGH WKH ODXQFK YHKLF OXQIMLLRJILV H GDHEQ B W K FAL MYKHROAW W K H
,Q VKRUW WKH IORRU DUHD UHPXM HPRGW\Q FDKH EGDUHB GLHD | R L
VFHQDULRY SRWHQWLDOO\ O HI\W HGLFDDQ $QWSRVENGLFDWHG W

&RQVLGHULQJ WKH HTXLSPHQW DGW H\Q GRIG WRUW K H HPGIRGA. F D@
XVHG YDULRXVO\ RQ 6N\ODE 6KSRWWGHKDYE DIGH, 6BU SMR XUH P L
H[SDQGLQJ LW DV UHTXLUHG IR® ORRAN WD MHUPY ADR HDALWHK IDF L O
FRPH XS ZLWK WKH IROORZLQJ FDWH QRIWHIGW R R WP D@WHIQIBHEG W R
H[KDXVWLYH

. *HQHUDO PHGLHTRRE SUHVVXUH FXII VWHWRRVERDB® H{BPRF XO
LQVWUXPHQWY WKHUPRPHWHUN JPBYG®IM\ IRV NO/D WAK HHWHL QL)
FORWKLQJ WXEH[ LOQOMHFWRUWOUWHWVIH+HOH VV\ULQJHV PXOWL

%DUUDWW 0 5 BRROLBFLSOHYVY RI FOLOLEDO PHIHZZEKRHUNRU<VEBBHQIHUKW




. 2SKWKDOPRORBDGY H\H VKLHOG IR[ VKIZHWMX RSBEWMKERPEYV
YLVXDO DFXLW\ FDUG LQWUDWRFX\OORMU Y HYSDWXSODR) WO XRU IH\

. 2WRUKLQRODUXWRWRRSH Z UHXVDEOH VSHFX@DV DQG VSDU
HIWUDFWLRQ HTXLSPHQW DXUDP® W R BWHK DKW G U 8 HFIXHDXP F
ODU\QJRVFRSH QDVDO OLJKW URDRGHIT XA SKW IQMO PRLFK M/[RADUODPA
RSKWKDOPLF VSDWXOD VOLW 8V®WRPOMHIVQIFPVHRE HWWR Q DX H
GHSUHVVRUV QDVRJDVWULF WXEHXRHMYHYWRP\ NQLIH HD

DCHOQWEBXWWHUY GULOOV PHFEKDQLBODYOHLQIGE AKKHD QFH R H B WD WIHX
HIFDYDWRU H[WUDFWRUV |RUHW SY¥X 0% VHH WQRD| F @/HR US/O X/JRU D ¢
VPRRWKHU WZHH]HUV VSHFXOXGHYWDOSWH@ LWRRWKFBORBN
FXUHWWHY WRRWKDFKH NLWWZHKJHQRO IEGWVORY SHO/DLHAAXY

. 8URORSULQDU\ FDWKHWHUV QR]J]ONUWOBYERQGWKHUDSHXW
. 2WKHU ILHOGWLF H[DP NLW

.  QWUDYH®BRNQLVWUDWLRQ VHWV SRZHUHEGHDQGQ{RNBRRE® UH
GHYLFH YHQRXV FDWKHWHUV FMXQXGDZBUHNOXHW LQIXVH!
VROXWLRQ LQIXVLRQ VHW

. 6XUJLFDO SRVW VXUJLFDO FDUHHD® G RMXDEGOQLMWEWVR G QG
DQG ODSDURVFRSH SOXV DFFHVWRHULHOH &X D SHAD OVRZWIOV
IRUFHSV YDULRXV VFDOSHGCHP RODOFMW VS WRIEMWYD FOMRIG\D HK |
QHHGOH GULYHU RUR DQG QDWYEBKMDR@® EXDE DL XYEZWL\R QL D Q/(
UHVSLUDWRU\ VXSSRUW V\VW H PD LHIQW HPLSGID W& X U & HPARHOALW/ARL
GUDLQ KHPRJORELQ PHWHU R{YP MWW F\DXONXYEHYLF QWG & L
G\QDPRPHWHU GLJLWDO VSLURPHWHU

. 'RXQGV 10XLG PDQOLMMWHHOWGKHVLYHYVY WDSHV YDULHG JD
DEVRUEHQW FRWWRQ SURGXFWYV FOGRWKLBRDYGDUEBMODGEGRHYH
EDQGDJHYVY YDULHG EXWWHUVO\ EBRVRXIUN V Z BEAVH WLRGKW QILS >
SODVWLF VSDWXOD RLQWPHQOWYDBSHMG®ROHXP MHOO\ VSOLQ

. 3DWKRORJ\ DQG ®#ROWXWH GLVKHV GLVFV DQGYBPWEGLD LQFOX
GLVFV VZDEV VWUHDNHUV ORRY® KBEBGBHUFW RFSHHW HIUWL FVIAL G
ZLWK VOLGHYVY DQG UHDJHQWVH WWUGSVG IKHP-HRDAMUV 8 SO NVF
KHPDFKHFN DVVHPEO\ XULQH WHBWWEWOW ULGLQ LKRD*OWEHO/RAR GS B
DFFHVVRULHY LQFOXGLQJ FRQMURQGYBBOKNMM\RRWLHY LEBRWB
RLO FDSLOODU\ EXOEV WXBHVLQEQEPWBDQFHWY FXOWX

. 6DPSOHYV DQG ZmMWNUB LGHQWLILFDWLRQ ODBHODYWEDHG FKHF
ELR ZLSH ]JLSORF DEVRUEHQWVYLSHHVXYLQOWDFRQMVDEZQV W
FDQLVWHUYV



. +HDOWK VDIHW\ DQGPWROWRIUDQLF FDUERQ DQOOWHU ZDW
HOHFWURGH DVVHPEO\ ZDWHUJDY LFFRIRIEAZ R O \D LIU [ G PO S R
WHPSHUDWXUH PRQLWRUV UDGLDWLRQ PRQLWRUV

7KH PRVW GLYHUVH GLDJQRVWHP $6RVHQ JL Y RRB® FEX WV HCRADAR
ZLWK D UDQJH RI DSSOLFDWLRUOMERBPAIGHRMO DEKRPLRBIDFO PIXVF O
YDVFXODU VPDOO SDUWV DQG KADOW W WHHKIR/FD KX GUDH KARW H C

. (OHFWURJRRPKSOULVLQI D EURD
PHGLFDO V\VWHPV WKDW ZRUN
HOHFWURFDUGLRJUDSK\ HOHF
HOHFWURP\RJUDSK\ HWF HOF
DQRWKHU LPDJLQJ PRGDOLW\ Z
OLIKWZHLJKW KDUGZDUH

. UD\ VFDQ®HOH QR IX0OO ; UD\
KDV EHHQ GHSOR\HG WR VSDF}
H[SHULPHQW IRU PHDVXULQJ P +*ROWHU HOHFWURGHV
EHHQ SUHSDUHG ; UD\V DUH XVBIGWLM D YPRIGIWN KH P BGDH
LPDJLQJ IOXRURVFRS\ UHDO WU KWV JJUQY D IMQHI DLQ@QMRF W |
FRQWUDVW DJHQW 0XOWLSXUDRWHHQRWDSNVUWW RRYDH[OV \@D U
PRVW RI WKH YROXPH LV KRXVLQG BRENFHNEROWYV BMKDWRBRK)

. 0DJQHWLF 5HVRQDQFH QMLIL.@JI\ WKRXJKW RI DV YHW\ ODUJH
PLQLDWXUH 75$6( 05, VIVWHP KDV SDHHQDGISOHDB®HBQARU \6 X
DQ GHYLFH VL]JHG IRU DUPV DQG OHIV ZRXOH G KL XQEG HRIU
ZKROH ERG\ ZRXOG ZHLJK DURXQ@G, VINWHRVWV RQWDDWW RIWF
PDVV DURXQG WRQQHYV

. 3RVLWURQ (PLVVLRQ 7RIPRH WWSERXOG EH GHVLUDEOH WR PD
LPDJLQJ KRZHYHU WUDGLWLRQDKH3XVH RD MIJHDDE R DRV L
DFFHOHUDWRUV WR FUHDWH VXMRU IVVOILOXRA UQHKS L R LAKRW R SHV
XVHG WR PDQXIDFWXUH WUDFH U X¥XRPBRKR[G YO X/FXFAE\KHD V7 K H O/ |
KDOI OLYHV LQYROYHG DUH PHDW KB SRUMDL © 1 Q/XXW K VF RPUSHRYXHX
(DUWK +RZHYHU DQ DOWHUQDWHQW DSSBRFERJI QIGHXMB RS
UDGLRODEHOHG QDQRSDUWLFQWM® 8RRIZW WRKQHVYRXH RH \D RWDX|

1D E\ HQVXULQJ WKDW WKH\RX:G. QRW SHUVLVW LQ WKH E

6KL - /HH 6 8\HGD 0 7DQMBDm -+ &P - 6RR* X8 GHOLOHY IRU 'XDO (QHUJ\ ; 5D\
$EVRUSWLRPHWU) $ODO\VLYV RI 7TURBNFX@DUFKR OMHS B IRFYKH 6HIU H F L WLIRMDL YSRPW\XILRDUF\ DQG 6
$VVHVVLOI /ROQIJILWXGLOZOV¥ KB H @QXUDHHWLQJ 3DUW & OHWEBRGYV WHQ WHF

5DGLRJUDSK\ VOM®MHPD/O ([SR S5HWULHYHG IURP
KWWS 77ZZ PHGLFDOH[SR FRP PHGREDO SPD QXNDW W U H UKWPG®

6DUW\ * ( 6KDUS - 7RPDQHNQEOXV7XUHOMNF RWWEH 3LHBEWRQOEWLE 5HVRODQFH ,PDJHI
IRU WKH .OWHUQDWLRQDG 6GWHN GDMWMREMO $VWURQOWWDRDB&RQYIUHVV 1DSOHV

YDUDM $ $ $ORWDLEL % 6KDDWPH]3, GKDPPHUOBRGLXP UDGLRODEHOHG VLOLFD
ODORSDUWLFOHY DV QHZ UDGLROVBDWHBQRULELRPMRB LSOO WIROLOP LEVRE QVWRIRE XWLRIQ
DOG ELRFRPSQWHBIQDWLRQDO -RXUQDO RGRIDQRPHGMBLYH




&RQFHUQLQJ UDGLRLVRWRSHV D EJXPFEH W RH WHD\O WE &/[RDW EF
WKHUDS\ LVRWRSHV KDYH VXIRE LPGROWORR E KDQIDEOWHH W QF O X
\ &R\ 5X \ DQG WR D OHVVHU B[WBGW , GU
7KH XQVHDOHG EUDFK\WKHUDS\ XVRWRBH SPOOLDWLYH ERQH SD
FRXOG DOVR EH SRWHQWLDOO\DL® XRDWH ®| D RF WOIKENVWR UVRR U
UDGLRLVRWRSHVY SODVPD ZDNHVLIQO® GHGKHHVRZDW ® SERIPHY LQ
HQHUJLHV ZLWK VPDOO V\VWHPV

$W D PLQLPXP IRU PHGLFDO IDFLOXFW DY D FRECWRPXWORDH .
WDEOH RU PHHWLQJ WDEOH FDQDEI WHKSIXUSR \ZH & KRWKH[ XKW RI1 \
SODVWLF VKHHWLQJ 6WHULQENGLRQ RKBOBWILKE R BENHB &FLWLRQ
REMHFWVY VXFK DV JORYHV DQGRXIDGL E B ONDNHQUXPWMR \B ¥ F R XQ W
DQ DXWRFODYH IRU WKH ODERWWWRUNRY SUBKRGNWVH KRX GG EH L

$QWLVHSWLFV ERWK IRU VWHWRGSLFDWLWRQ HOWXKHQMNW RY 0Q/G
LPSRUWDQW DQG D GHVLUHGQNVDKUEW DRW D\RHFPWLE VRGXKHKVDR LF
JUHHQ WLQFWXUH DQG EHQ]DON®RD VXRWHG RVUR G/H IDSUHHQIRRIFF 2@ S'L
DOFRKRO KDV EHHQ XVHG VLQFHGNIRIHH QPSHFHARR UGB CF DD EHKIH Q H |
IURP ZDWHU E\ VLPSOH HOHFWUR®@MEGVRWKRB H° B G WHD/H SWRBKF W
WKH IRUP RI FRDWLQJV RQ DS ¥QDFMHWRQLWWDKMNAYV WKKH\KHDXZR XO G |
KDQGOHG LQ D UHXVDEOH PDQQIEY DKBYIS ONKIKE FBRW IDQHEX DN VRO

'XH WR WKH SUHVHQFH RI DQ RRIWRPODYH LRQU N WHXVYA LD VWR
KLOH QRW W\SLFDOO\ SHUIRUPSFRV VQHEDGO A LWHK ¥ B XW LRQV RRU H |
HDUOLHU VWXGLHV RI GLDEHWEGWPFGAPWR \QMUBIGWH G BXWM OB (BJlL C
LQMHFWLRQV ZLWK RQO\ RFFINLHRRQMO PREAHR/RGBIV @ WWEEBLHV |
DVVRFLDWHG LW ZLWK OLSRK\SIBUQHHGENYV SWDHNGFOQWY B \XIVIHH W\
SURFHGXUHV RU KDUGZDUH VXBKO®BYW VHDV ZHWOIDIFWQG H @GIHYV G|
PDLOQWDLQ VKDUSQHVY RU UHVKQUSHIKRDEDG EIVHQNY MKI/VUIBIWHG
QRWHG WKDW HYHQ VLQJOH XVID YRBDOGOHM BRS WHRBIQW Y RQO\

'HDOLQJ ZLWK VWRFNSLOHG EORH G KDQE0 WQ DLGMI X @ LRKD/F FD Q
LQWHUHVW LQ DOWHUQDW L ¥R RRORELORBNV HG KRP\WW QFKIDWWL HU V
KDYH JDLQHG LQWHUHVW DV D@ H@WH DDWKWH DWRH IFUR EGAR BR
VWHULOH DQG UHDGLO\ VWRFNYINRG D @YK FIONL QLRDDKHYHQ W

1XFOHDU :DOOBMWWRD HEMEBWEORPZZZ QOGFEF EQO JRY ZDOOHW ZF KWPO
/ILWRV 0 $GOL ( $Q : &ODUNH &RUGHOB\WRQ <RENJK*HIILFLHOF\ DFFHOHUDWLRQ |
HOHFWURQ EHDP LO D SODVPDIDMXUHHOG DFFHGHRULDWRU QDWXUH

(OHFWURFKHPLFDO +\GURJHQ AKGRIQOH *RREAVRYBIDFH &HQWHU +RXVWRQ 7H[D
&KOXS 5 0DU jOHN ( % B BOURVSHFEFWLYH 6WXG\ RI_ WKH +®I] DLWV/G\R \RD BGD V8 LIS 0PI BV H
DOG 1HHGOHV LQ ,QWHOQV L'ILBIEBHMWVX OHG LIALQUHD S\G R L M W E

%ODQFR 0 +HUQjQGH] 0 6WUDXVV_SUHYPRIHOFKE DOQG ULVN IDFWRUV RI OLSRK\SHUW
LOVXOLO LOMHEWLOQJ SDWLEHHWHNV Z LOHW®IEIR-CHWRY GRL M GLDEHW

9DQ '\NH / 5 8 6 3DWHOW 1R 86 :DVKMQIJWRQ '& 8 6 3DWHQW DQG 7UDGHPDUN 211IL
"HLVNRSI 5 % 6LOYHUPBDODRBO$FLOJ SRWHOWLDO ULVNW EQV HEG RHVIWY RD KBIPHRUDR E
7UDQVIXGIRRQ WU I




:KHUH EORRG VXSSOLHYV
FUHZ ZRXOG EH H[SHFWHG WF
UHVWRUH DQ\ GHILFLHQFLHYV
KDUGZDUH IRU DSKHUHVLV EF
DGGLWLYHV WR VWDELOL]H W
FLWUDWH DQG DGHQLQH *OX
DOVR QHHGHG IRU SDUHQWHU
UHSOHQLVKDEOH IURP VWDUF
VWRFNV RI DOSKD DP\ODVH <«
JOXFRVH LVRPHUDVH DUH PD
DFLG DQG FKORUDONDOL VRXUKHGHED XOWHL B WERG®D EDGVERREBDD O\
LGHDOO\ SHUIRUPHG ZLWK D GMBDPODWIHK®  WAWH.PFI VEXDWQ IRM GRQH
VIQWKHVLV ,Q WKH HDUO\ SKINVBIW LPE®RWWRBWIRXQFRVH L

$SKHUHVLVY PDFKLQH VHSDUDWLQ

JRU DQ\ OHJLWLPDWH FRORQ\ REQMRIWEER X QP VSR B A HWIN )¢
QHRQDWDO FDUH D LQIDQW L @RXEDNWER G WWIDUD/ESRU WQVWK & HH Y H
XQSODQQHG SUHJQDQF\ DQG FRXORI| B V& RHSH SUHY PBYM\Q MR K
KDQG DV QHHGHG +RZHYHU PRV NQRL Q\FKKHE FWESDELPDQWRBVSEHV V X
PRQLWRULQJ R[\JHQ KRRG ,9 SWFS BRXOOE & [INHONHW SHURYLGH/
HTXLSPHQW LI FDUH LV WDN HQL®WRW QMXWKH QHRFOLDMWRHR/P STIX\M L\EL P S
EXEEOH &3$3 PDNHV LW DQ DSSHRQIQQD @®W DUHW SWR GWRO\ZG W W U |
LQ FRPSDULVRQ WR PHFKDQLFDO YHQWLODWLRQ

‘H GR QRW JR LQWR D IXOO EU HDING RQQWRH PG EROVWGRQ WL W
RQ WKH IXO0 WKH :+2 ORGHO /LNW R NV XS\SHMW HIDAW BIIBGLV¥ LQHHGH G
LV WRR H[WHQVLYH WR FRY HUWR RHRHG [2RDON LIR § P XRX O GDEMVD Y DL O
UHDG\ IRU SDWLHQW GRVLQJ F®RKHAHMHPDDLYHEI IRUPY ERULERP SR X
&RPSRXQGLQJ ILOOHUV FDQ EH GLEFHOH O PEWHG BDINGHGKRX @R F D (
2] WKH :+2 PHGLFDWLRQ OLVW P®R®WKREHP N UD WH. ]HHDE\OWPHOHP H (
WKH LQKDODWLRQ PHGLFLQHVW KR®R R KIDGEH D Q\GRRYWXBHIQ HE @QRR G |
FRPSRQHQWY SODVPD SODWHOH® EGRRKG FWODWH\WQ G RRREB BO
ORQJ WHUP SDUHQWHUDO IHHG LLXP FHKIHRW L EX ARG XPRMKIORU L G

$V D JHQHUDO UXOH LQKDODWIHGQLDQWSMFKHF HG LLAV/L © H R K IXEHL
FRQILQHG VSDFHV HYHQ VPDOOLJK®?\OKDNDW GRXO VR URYHZK 7KL
GRHV QRW DSSO\ RQ 9HQXV GXHHWRORK i G [YARCHFPHO \(DYIUQH SUR G
LQKDODQW DQHVWKHWLFV VXFEHDOQLEHRRY R{UEB RXRXOBRUH
QRQHWKHOHVYV SRWHQWLDOO\ SURG K¥REQXU DQH \D\Y & HRADLGF-RAWKDRQ
PDVV VWLOO PXVW EH DFFRXQWHG IRU

‘DWHU VRXUFHG IURP GHKXPLGWUMHDWRRQRRIQ RO KHENARE |
VWRUDJH VA\VWHPV DUH GHVLJQH3 WK HLQWOXWH DV KEKKDWHD O VW
LQWR HDFK WDQN LW VKRX@® EGRGXNPFDRAGWS RRUD YV QXA FKORU
UHDGLO\ SURGXFHG IURP |UDFWKIREDO®URB\R/Q\LFYOL{DWHRQIRIUHD

'+2 ORGHO /LVWV RI (VVHQWUD®G OCHHDIFWRHRW IDQL]DWLRQ S5HWULHYHG IURP
KWWS 777 ZKR LOW PHGLFLOHNHSXEQOOMHDWHRQY HVVHQWLDO




UHTXLUHPHQW WR HQVXUH W KDDA. QWK B DIDOMUFIHE W3VRGXWWR Q QJ R |
GHVFULEHG DERYH

W FDQ EH GLIILFXOW WR MXRWUWISHWRFPHE WDWH PRE VO DR F D
RI PHGLFDWLRQ DQG PHGLFDO VX BHBDLW W RIKHY HRU WKHRQRQJ W
DELOLW\ WR VXUYLYH DQG WKUWW H DR BWY SHIG/HQWRRD WDNWHWPKSW W
QDVFHQW SURGXFWLRQ DV PXFK DV SRVVLEOH

W VKRXOG EH QRWHG WKDW V

UHODWLYHO\ VLPSOH WR SURG XFIR

FDSVLEXP ZD[HV DQG RLOV IRU SDI

DQHVWKHWLF SURSHUWLHV RI S/HKW

7KURDW OR]JHQJHV DUH RIWHQ SH®!

D PLOG DQHVWKHWLF RU RWKHUDVF

VWHDP GLVWLOOHG HXFDO\SWR®RVD®

PRGHUQ PHGLFDWLRQV IRU PRUH V

VLPSOH H[WUDFWV RU VLP SO$0®

FRPSRXQGV 2SLXP LV SURGXFHG |

'LIJR[LQ IURP IR[JORYH $WURSLERE

IURP YHOYHW EHDQ (SKHGULQHHKH

WRWDO OLVW RI SODQW IXQGDRJ\L

ZRXOG EH SURKLELWLYHO\ ORQRI :k

JR[JORYH VRXUFH RI WKH SODQWYV FDQ IUHTXHQWO\ EH KBYD

'LIJR[LQ /DQRILQ  SKRWRp| WKH DFWLYH FRPSRXQGV WKIHWS
FKHPLFDO DQDO\VLV KDUGZDURB YRURQPX®WRP DMNKHVORFIDOLWH GR\
DFKLHYDEOH (DFK PHGLFLQDO 0 DQORIEREHQSEERERYA\ FHHWWYHUY
DGGLWLRQDO SLHFH RI (DUWEKRQRIURGLYHUPLWYUREHZ BUBGXFHG G

SRWHQWLDO RI HIILFLHQW SUBRKXFWLRQ DW YHU\ VPDOO VED

ORVW FRQFHUQV ZLWK VSDFH P HGILP LS HRJIDDH WR GR ZILWKQ\
ZKLFK LV ODUJH LQDSSOLFDEOH [WRS¥LRQ/ VKR BXMDWLR QHEFRY HU'
SK\WLFDO GHJHQHUDWLRQ UDIGKDWLBRQUWSRX®DH LSDWUDQWYV F
WR KDYH H[SHULHQFHG VRPH GHJSRM RU PLWIFAD HD QW RO AHH G
DGMXVW (DUO\ VFKHGXOLQJ RK $HA FIDADIR IRAFMDIRDLGALIQHIV VKR XO G E
DURXQG WKH FDSDELOLWLH V DFIFIRX®W MEHDLAN UMBNXEQ S LROWRE OH |

7UDYHO WR RWKHU SODQHWVQLQIQRKNOWQVP®\QWHOW TR DYDY
WKDQ PRVW GLVHDVH LQFXEDWLRQ SQPFN RIORDRX W R RXIOXGDH D
VSDFHFUDIW RQ ZKLFK FRQWDJLRXRWGELKNBIDN R REKXMBUHD NV RI

&RQFHUQLQJ WKH 9HQXV HQY LU FRRNGI XIHD\FHIE | RD G SKRADXOUN
WKH H[WHUQDO HQYLURQRHKEWLMDOGTOYEURBHPHQY DQG 5HVRXUF
&RQVLGHUBPWVYWQEH ZHOO VWXGLHG /RQJHMWWRPVZXRUNSLFDB FALIG[ SR
LV DVVRFLDWHG ZLWK FDQFHU PQBFRWK HDW W& R KUK/ W KIHD @ WR X O C
FRQFHUQ LQVLGH D SURSHUO\ BSN b @MRSHGY BREUWD \W RZQMWKRIUW Q J
VNLQ H[SRVXUH WR WKH H[WHU GHFWMBE LWR ERHDWW R B QDEWH & [Z LW



DQG VKRUW WHUP H\H H[SRVXUH DRX®G LCHVH[G HEWK G MR EHHG Q
EOXUUHG YLVLRQ (\H H[SRVXPRVWWRWDUQLIKX\. D BDXWE WHKH IDFWR
IOXVKLQJ ZLWK ZDWHU RU VDO LPQH X\®BXWKRQFIRUZDW KW RWW DO |
VKRXOG EH ORFDWHG LPPHGLDWRIODQ B B BLBHLQOR F'M¥ R QWAIDP/LH D V
UHTXLUHG LI WKH SDWLHQW KDAMVR/Q®L EHH DQFB[EWR VL& WFORILRQ R
! PJPs LV WUHDWHG E\ D EHF QBPKXPHBV RGHE LRIKDHOH U DV WHUR
DOVR EH RI XWLOLW\ 3DWLHQWNVW RRBPU® EHKRRKQVWRBR® HR W LD (
VLIQLILEFDQW WKUHDW LV WKD@JR/FDGBRYIR@®WBH BRXVRQWDW
WKH SDWLHQW KDV JRQH LOQWRVRDVU GLIDFXDH U MAKW B U LP WS LRIDM H |
FRUUHFWLRQ RI K\SR[DHPLD YLD RREGHWRIWL QK LOWRAP BRDWWHUL

OHGLFDWLRQV W\SLFDOO\ PHDVREGIGPIDW LGURG R | IRIRQY EE SU
HQYLURQPHQWY DV GURSOHW VID¥YMWR DQHBK \D IV HIPW HIGVED O W L W X
JUDYLW\ LV FORVH WR EXW QFPW L GW® W IDFYDHIU IVRH GDURBIO WW V L]H
EH VOLJKWO\ ODUJHU RQ 9HQXV

$V LV VWDQGDUG LQ VSDFH PHELFRREWGER VRIQAG LAFIDRWLHRID W K X
DVSLULQ VKRXOG EH OHIW WRPWHKHW LS D QVWHRRHQU RH @ B\HZ URHHF D X W
GHILEULOODWRUV DPEX EDJV DRBQRWYXKR XHREH BB HIgHR HW/TVAUESO H L ¢
ORFDWLRQV

$ GLIILFXOW DVSHFW WR FRQWHKILROH LW W UBIPBIGSRQDWKOWK P W |
H[SHULHQFH URXJKO\ KRXU GBHWULRWQKHUGOR PHQUREY WDQJILQJ
FRXSOH (DUWK GD\V XS WR QHDUN FDF DHNND U 8IQ X WXDIOREIDG EH QI
DEQRUPDO RQ (DUWK UHVLGHIQROW RHI[ &H UK FDODMH W X\G W @HR BRW P L G
GXULQJ VXPPHU GD\V DQG OLWWQW HLL KWK \WND QR UPRQWEY RQ F
OLJKW LV FRPPRQO\ DGGUHYVVHBURNQIG BEGOOHHNSRLQW BYH VD L QRP H |
H[SHULHQFH VHDVRQDO DIIHFWRF RQOLV\RU BB W HEGKE F 1§ KRWARW K H U
SV\FKRWKHUDS\ DQG RU PHGLFDWULRDW RQGRAMYRHU UEB QO DVWKHE WR
SHULRGV RI FRQVLVWHQW OLJIOLIRW RE® GDEOILSH EHRGXHH@V D
QRW GLUHFW )XUWKHU VWXG\HIVHEMHGRIG FRQEBUGSKBWWREHULRC
SURWUDFWHG OHQJWKYV RI WLP ) W\D 8V DKLE SR ZH.U KFVRIQQ/MW OH H C
WKH KDELWDW DW QLJKW HY HK® Z\HR HB RW KIH. DKUMIDQY/J ZNWKH.@VD Q G
DURXQG OLYLQJ TXDUWHUV FD@LEWHKN HSOWL ZKMIOQUOOXPLQDWHG

$Q DGYDQWDJH WR WKH 9HQXV HQFDRQREH HB WG\ WKW LE DR
LVRODWHG IURP HDFK RWKH UTIXDQHHW E@ H LRQF @)RGGE D ORILWK DQ
LQWHUSHUVRQDO LVVXHV EHWZHH® FEWHH X FPWIPRDAW YV V¥ RE W WHKID W
ULVN RI KDUP WR VHOI RU RWIKHBM WP X¥6\6 H M LGHIDQ \WHM WKKRUW W
RI DJJUHVVLYH LQGLYLGXDOV FIHQ EH GG REIORIGWKKURXOKPVED DQ
WUDQTXLOL]JHUV  +RZHYHU X Q&SMFHHREQVWYWH R Q WHXIFXD WQ & QYDLAS X

6XOIXULF%$B)G&KHPLFDO OHGLFDO (PHUJHQF\&RMBGLFDO *XLGHOLQH
ODUPRKODJLOJ K\SR[LD DOG KXBMUGD IQRBYV
6HDVRQDO $IIHFWLYH 'LVRQGHUSHWULBYHG&EORP
KWWS 777 PD\RFOLQLF RUJ GLVOIDOHVIBERWGYWIRWRYVYEBYVEDVLFV GHILQLWLRQ FRQ
%HKDYLRUDO $FXWH 3V\FKRVLWRO BPHEBIMHOH $WDOWHR@DOMWHIUDWHGLBBGLFDO *UR
&KHENQISGY -6& (




EH UHDGLO\ WUDQVSRUWHG ED PN RO BMW K L &RQ WALREHDW WK@ U
VKDUS KHDY\ REMHFWV IURP D WRGWHRIR® \DIYE WAKGIHMEL DQW FRP S
DURXQG LW ZLWK UHVSHFW \DRDWEBWW) BWW RGLYLGXDDEGBWWWU P L
&RQWDLQPHQW RI SUREOHPDWLF WKHQ@ F RPEHUNVVGXQ LYYV RHUEH W
GHVLJQ Rl WKH LQWHUSODQHWDJUQ WO B PN QU VRV 2K F\WX KHJ 8 HQ R W
WKLV ERRN

SDGDU DQG FRPPXQLFDWLRQV

5DGDU DQG FRPPXQLFDWLRQV LQWUYH PXOWLSOH UHTXLUH

&RPPXQLFDWLRQ ZLWK (DUWK

&RPPXQLFDWLRQ ZLWK VXUIDFH SUREHV

&RPPXQLFDWLRQ ZLWK RUELWDO DQG LQFRPLQJ VSDFHFUDI
+LJK UHVROXWLRQ VXUIDFH VFDQQLQJ ZLWK UDGDU
"HDWKHU UDGDU

&RPPXQLFDWLRQV ZLWK (DUWKZBXWYWWDEHH \MRFOHUDQW RI1 KDU
5DGDU VKRXOG QRW GLVUXSW FRPPXQLFDWLRQV ZLWK (DUYV

7KH UDGDU V\VWHP PRVW FRPPRQWOV XYW KEHRQ M DISFHHFADOL W L
6$5 DQG YDULDQWYV VXFK DV LQMWHUD/GDWY\Q®K5H VRIUF LEDSMHIW K U R P
VIQWKHWLF DSHUWXUH UDGDU KH ¥$D F $PODRW NVHPRMLRQW HW Z H
HPLVVLRQ RI D UDGDU SXOVHWW G MNKHIQHIQ VRUGHW LW R RPXODW !
ODUJHU DSHUWXUH DQG WKXV KLUIKWROXMWLR®P 7XAKLHYPEGHD W H
FKDOOHQJH IRU D KDELWDW ER WRYH VU PRYW /A \DWHW®R ZRKREGHUV RI
ORZHU YHORFLW\ WKDQ DQ RUEQ®ADIKDYDS IDFH R U B HU \RIMP DIIQHW X G |
JURXQG

,QVWHDG WKH RSWLPDO GHVLWQ VY@ VKD \FIDF H RU D\ KUDE3 DD
SKDVHG DUUD\ PXOWLSOH LQGHXSW®RGH®YWHQWR GI®@ XD D¥HF I/ VR Q
DQWHQQD ZLWK WKH HPXODWH® KX R DWW OPKHP SR S\ROUQWFIER BB 2RI
LQGLYLGXDO DQWHQQDV )RU PRWW WISIDF NFHSDIW WQRQKDEXKW®G EH
VPDOO KRZHYHU LQ WKH HQRV KDELWIDWQ WEHWDHNG IGY WHIQXF HV F |
VXEVWDQWLDO 7KH PD[LPXP DFKYHYQHEGHEUHVROXWLRQ LV J
"5

5WDUJHW

Q %
"KHUH
Bousky WKH UHVROXWLRQ DW WKH WDUJHW
"~ LV WKH ZDYHOHQJWK
5 LV WKH UDGDU WDUJHW GLVWDQFH
%LV WKH SHUSHQGLFXODU EDV H®HQR D& LYHLEHRHS E FX
WKH SDWK RI WKH EHDP



JRU WKH EDQG LQ TXHVWLRQ ZHWKHY BR(b WEGH WIKDR HRH Q@ WHR U
DQDO\VLV DQG EHJLQ E\ VHOHOWLQRY FBQEGEH EBMAGI IR/ HUYDW
WKH\ GHWHUPLQH DQ RSWL. DO  FB GADX\HW HRUWKK H GH WHKHIQQ F H
WKH PLGGOH FORXG DQG RUELWW® BEFRY R QPKIW\D J7W K HQIDIE L W
ORFDWHG SDUWZD\ WKURXJK WKH DWRRVEBKRVHW VHFGLIRQ DBWKR D
DEXQGDQW ORZ PDVV SHQDOW\ SRWBW SURQ IGZHEDEOWKMRRDE SR
DQG DQ HDVLHU WR MXVWLI\ JUPDQQHGDRWHQAD FBUVXRWDR XQF
RQH ZH FRQVLGHU DOORZLQJ DEOHLRWBRD'SKHDL B DA\ WQXDW LR
SHVVLPLVWLF DVVXPSWLRQ $V DMPRAN SKBGUD W WVDD@X DWVHICRDQV L\
IUHTXHQF\ WKLV \LHOGV D IXQWKKWRBURSPQ MKKM BRWNOXV LQ .I

*+]

(QWHULQJ WKDW LQWR WKH
DVVXPLQJ D EDVHOLQH RI PH
RI NP ZLWK DQ DVVXPHG DQJO
SHUSHQGLFXODU D SDWK OHQD\
D PD[LPXP UHVROXWLRQ RI P
FRQVLGHULQJ HQKDQFHPHQW W
FRPELQLQJ PXOWLSOH ORRNYV
SURSRVDO DLPHG WR PDS 9HQX)
DQG WKH EHVW FXUUHQW PDSSL
GRHV QRW HIF.HG P 7KH OIgUR% VA0 SKovro ouup o
DOVR \LHOG VLJQLILFDQWO\ LPES OREHV GR QRW LQWHUIHUH I

,Q VKRUW HYHQ LI DQ XQPDQQHEFWDIED Y (B I¥$S LIQJ W REH] NG
EHWZHHQ QRZ DQG WKH WLPH RI KDHQWD W IGH KO R \LRAHIQW V DUDGS D U
YDULRXV UHDVRQV QRW DV DV SUNFYXH BVWV KH CERFRIVISKKMULF
RITHUV WKH SRWHQWLDO IRU G DE DGMLF\ LW B URMWHRCHYGHWI ILQHWWKX U | |
DGGLWLRQ WKH ORQJ WHUP REWHKDIPMWNRW BUWRP/ B QIMW RMKHHRS S F
PRQLWRU IRU FKDQJHV LQ WKH WHKUWDL QP DAXF K DWW B B WRRXQF D Q
SURFHVVHVY DQG DOWHUDWLRQV LQ VXUIDFH UHIOHFWLY LW\

$ SKDVHG DUUD\ DQWHQQD SURYDVGHV B GLWLRQDO EHQHILV

7KH DELOLW\ WR WDNH SDUWQGHBKQWHWHUWILEXWDOWR QHR XV
FRPPXQLFDWLRQV WDVNV ZLWKOPRFDAMLAG DRUGHTHGHWDV N L
5DSLG GLJLWDO VWHHULQJ RI WKH EHDP

*UDFHIXO GHJUDGDWLRQ LQ WKHWYHQW RI KDUGZDUH IDLO

/ILNH ZLWK 6$5 D SKDVHG DUUD\EDBRSDBDAMDWHX QP ®W RBHWQU \
HPLVVLYLW\ PHDVXUHPHQW PRGHW J$HBRMWYEY P GBWB FH VIVRY KV FL
FROQWUROOLQJ SKDVHG DUUD\ W B IWQV WAULX FHWQ XW K DAN. MK HOKID ED O O

+HQVOH\ 6 6PUHNDU 6 1XQHWUGR6HX HW ®IEPBH 3DVV : EDOG 5DGDU ,QWHUIHURPH
7RSRJUDSKLF O0DSSLQWRI/XBDXMVDQG 30DQHWDU\ 6FLHQFH &RQIHUHQFH

*UD\]HFN ( _O0DJHOODQ O0OLVMI$®S 303/Q




KDYH WKH PHDQV WR SUHFLVHG®\ UG ODW W RVKBEK 8 WKW D QFFX O
VHFRQG

EDQG LV QRW FRPPRQO\ XVHG IRW K IGDXW KHR KIDJ&DLER K UBDW
DOWKRXJK LW GRHV SURYLGH VRAHF®RIPFPPLR\HOG XD B GHI R:UEDRIUGBN D E C
ORZ JDLQ VKRUW UDQJH ZHDWKKUJHRGDD OV \WHRXRXR (INPWUD Q
JRRG ZHDWKHU EXW XQGHU NPHIUDQDII ZHOWKBUQUDRQU JHQH
& RU 6 EDQG +LJKHU IUHTXH Q FG HVDISIW VR QORIRZ. IIRQWOW KHSDUWLF
VLIQLILFDQW VFLHQWLILF RQ LQX\WN UG Y \EHH® MY | BUESQIEY LR X
REVHUYDWLRQV Rl 9HQXV ZRXGOGWDFERP $RU PR GEGBEWLRQD
WR KDQGOH PXOWLSOH IUHTXHQRILHD GIQRF VH DN & F HWHK[HS Y UDLUFL HH@W V
FRQGXFWHG ,Q VKRUW WKHQ@HLRL\ELWRURSMUBDGIGMILY TR UWK
FRQVLGHUDWLRQ

&RQFHUQLQJ (DUWK DQG VSDFHF BDWA BRP B WQQRDIWLE B VX LSW
"KLOH VWHHULQJ LV RQH RI WKIHNUDGY VOQWDHRAYV RV ISHK K\DIEGWDW P
LWV FXUUHQW SRVLWLRQ RY HRIL @H (HWZ /K@ NDX@IU L ¥ HOBIQWE LV X Q V
\LHOG DSSUR[LPDWH ORFDWLR @W LIRI)&DRI DAKGH RAX U3 CRFEV AR X O G \ |
JUHDWHU SUHFLVLRQ

$V QRWHG XIQGHWG UBRAERWIRDWLQJV WHQG WR VLJQLILFDQ\
WUDQVPLVVLRQV EXW WKLV FDRDQ VEHQZRW KHIR XVRXOYGDEQ BQ FRQ
OD\HU &DUERQ ILEUH LI XVHG QNHI VMR IRUFXQH WEDW LW GRH
VLIQLILFDQW DWWHQXDWLRQ LR WD MNHHOU DVRL E H/ PVRUHIPR I7 BILFVR Q F H |
&) WKDQ IRU FDEOH UHLQIRUFHPHEWDWLKHOR SRRU EKRQFH RQ L
OLJKW DEVRUSWLRQ

'LWKRXW DQ RUELWDO UHOD\ FRR® & @RFDWL R ESCHJRY R X DV
RI HDFK DWPRVSKHULF VXSHUUKRIMWDMDLR @ H5 B GIGRIGI V \GHDG E\7XWLOL
RU PRUH FRPPXQLFDWLRQV UHOD\ VDWHOOLWHYV

2UELWDO KDUGZDUH

,Q RUGHU WR PDLQWDLQ QLJKW\WVRH RFGRHP B X @IDR DWDLYRK® O IDMH
UHTXLUHG 7KLV LV QRW VR PXF KR 8S$ DOWESRWL VIKDR'Q @N VIDW HO O |
REVHUYDWLRQV RI WKH ORF D OZ HW K LRRRIGPLHADLVR QWR RFERVUHULHYQDBNVE WA
ZRXOG EH RI WUHPHQGRXV XWLRLWHN QXVHQ BWPRAVEIKMRGHDOV ZHO
SURYLGLQJ ZHDWKHU IRUHFDVWY WR WKH KDELWDW

JRU D VLQJOH VDWHOOLWH VFHRDUWIDRN IIREP DB 5 RREIPVID WH. QU KJ
WKH VXSHUURWDWLRQ UDWH IDOVWKH WHKDBIQVY WHHOQXYUWIWDE@P 4 Q WOlG
ORJLFDO FKRLFH )RU D KRXWDE ALRXOVBHRQ HWMHEB DPIRWQHY WKL
FLUFXODU RUELW DW NP ZLLIW KHJHRIRI K QNFRO INGHIHE LARRFOF X @ WD W L R (
9HQXV UHODWLYHO\ UDUH ,Q WWKAOIDWMXW A R WEG FSHU R XEB®HV DO R E D (

5DGDU %RVBV\WKLQJ :HDWKHU HDWKHU (GJH



I9HQXV RXWVLGH WKH IDU SRODHQWHBRR® X @MW BZWOR QW ESOIDHW R X'W
WKHUH DUH D ZLGH UDQJH RV IZXAE® KQMHIZQHOWRYSIWELH B & YRHUEDLIMH L Q
PXOWL VDWHOOLWH HQYLURQPEBQYWWZXAEHK IS MDWOWHHRZLQJ IRU ORZ

%H\RQG FRPPXQLFDWLRQV RE\HDWYOD VBKPY W KWW HOWD W HWVH TIX
IXUWKHU RUELWDO KDUGZDUHHW IV KK PRKU HRU R/$W PR &X\R DHYH Z R |
FRQVLGHUDWLRQ

$ VSDFH VWDWLRQ ZRXOG DOORZ RXWEEXQYGWRUB ZY LWRDDPIDQ
WUDQVIHU YHKLFOH 7KLV LWXQOWN HHD\UW R FEQ *RIVWE HRIWWKWHE L ¢
DQG %DWKH OLIW RI D KDELWDW L@ CSUQ\R CPLLL\OM XAKH.G K RUD SRS F
UDSLGO\ UHJHQHUDWHG RYHU VKIRUM WKPEVWD®HND QE@RWHUDSLG
DVFHQW YHKLFOH WR VHQG P RUWHRU HR UNIR FDROW Q W] HREQ9 H®RXW Z L\
KDELWDWVY FUHZV FRXOG EH DPIDWDWG I$RELEILIRODIOQW KDE OD U
KDELWDWV ZLWK PXFK KLJKHU W RSHODDO@AK JIDR\GKF WRRQGJBW P
DOORZLQJ WKH KDELWDW WR P DN PWDYWHCOWKRDXQEKHVYRGE R W

JURP D ORQJ WHUP YLHZ D SURBWODDQWUGBSYRWVERX®EOLLYHt
UHWXUQ FDSDFLW\ RI LQFRPLQRSMODOQMW WVSHD ZRX O GKEIHSHG WR
ZLWK WKH WUDQVIHU VWDJH MMWDKHUZKPER\EDRQ BXWOQDQRZIHKAG UR
RU YHU\ ODUJH VFDOH SURFHVVLQJ RI PLVWV LQ VLWX

$ VSDFHFUDIW LQ RUELW DURXQGORZQ@X\G HFLINHR YCHUMWW LZHO W
RFFXUV DW KLIJKHU DOWLWXG HWD OMKWDH) RQVKDDWK NYRPrDBLDOOD LYV W
RYHU WKH FRXUVH RI WZR \HDUV PLWDZWXOSPORVHWDRXQG® P

PV DW NP DQG P . DW NP

SUHOLPLQDU\ VWHSV

6WXGLHY DQG SURWRW\SHYV

. 'HVLJQ VWXSUWIYWHG LQWHJUDWHG PRGHQJIJRRPBELQLQJ VWUX
UDGLDWLYH DQG FRQYHFWLYH EPODRIFWMH FRRAHWURIDR GRFRULLAR
SURSXOVLRQ EXR\DQF\ FDOFXOGMWQRQYH @G B$0D QHWP U\ P
2SWLPL]JH WKH PRGHO RYHU GHVLUHG PLVVLRQ SDUDPHWHU)

. +XPDQV KXPDQ PRGOBBY XS VWXGLHV RQ ORQJ WHHRMPVUHG XF |
JROORZ XS VWXGLHV RQ WKH HRSEFQWNWVVRMUDRNHIGBYVV B RW VWH U
TXDQWLILFDWLRQ RI DFFHSWDE QH6GHXYGLAW RIQJ BV HYH D B HOIWWA
SHUIRUP WDVNV LQ VLPXODWHGYKDRISWMDAD HRQR @ L Q R QHROHYWHW W
ZKLOH RQ WUXVVHV URSHV HWFVHOHNWLWQGHYHORSPHQW

/IRFNZRRG 0 . 3DXOVRQ - :&KRQWKQRVDXE$ % 2O0OHMQLBIA\OWHPV $QDO\VLV IRU D
9HOXV $HURFDSWXI$6$BEVYVBRRIUDP 1$6%$ 70




. SIJULFXOWRK@MRZXS VWXGLHV RQ ORQJ HW W® HOLIG\LK\L [BIQKGD U W/
HIITHFWV 30DQW VHOHFWLRQ DWR EDHHGEGL® B URGIEQHRQLDQ

ORZ SUHVVXUH HQYLURQPHQWW BXOWERQWDRQ HG WPXN K SR
+\GURSRQLFV DQG DHURSRQLFV $0OBWR® FRHYGWW VRQGNG 66 H/a
JHUPLQDWLRQ UDWHV XQGHU Y BURRBVDWRRY S KH UWH FRHQGDY
‘DVWH LQFLQHUDWLRQ FDWLRRUUWWERDHDWLR®D VDFWHLR SDG

. $QLPDO KXVEPWRBGLHY RQ OLYHVWRFN DGP&WOBWKRRQWR 9HQ
%UHHG RSWLPL]DWLRQ IRU VP INGEQJ MHIBLIIS IR IUMF WL HHD®IE \E 2
VDFULILFLQJ SURGXFWLRQ RU RBHEBKHRINHEW LR 8 Q BW X GRIHWD
DJULFXOWXUDO ZDVWH GLHWYV DG FD/MLR Q DO HI/WRRWFRIWR B 1§ B.H-
KDUGZDUH ERWK IRU KDELWDW DQG WUDQVLW HQYLURQPHQ

. $TXDFXOWROBRZ XS VWXGLHV RQ DGDSW BE O XX KDHEQW DIV W
HQYLURQPHQW RSWLPDOO\ IRBXQWKSWD B R K VHRVX GWXIGH. HR\
PLQLPL]DWLRQ RI VSHFLHV VL]WLEK SURWE WDRW\E RIUHY W K G OV
VWDJHV RI RSHUDWLRQ XVLQRFONRF DERQ \VDLYGIHUDMVE ORIQ! IR H WKW
XVH WKH DTXDFXOWXUH IDFLRL®LHY IRU UHFUHDWLRQDO ED

. $SLFXOWRYHVWLIJDWLRQ RI EHH QD XYDKORIQWIDWD ELHOTLN\U HY
SURWRW\SH KDELWDW ,QY HVOLMWD WRRIHQRIAWFOEMH GGDOWO!
SUHVVXUHYV DQG JDV PL[WXUHV H3DERG BWPRDOWWDDWSRQ W KL
VXUYLYDELOLW\ WKURXJK WUDQVSRUW FRQGLWLRQV

. THVWL'GNX HORSPHQW RI HQYLURQP HQ\G GMOR! \FLAPROOD WO YALHIGOQF
FKHPLFDO PL[WXUH WHPSHUDBWXQKH RLHQYLHREGPHEWH®R \
VXUIDFH SUREHV ([LVWLQJ IDMSBURSHM PWHEH XVHG DV

. ODWHULB®MORS IOLJKW LQWHQW V\\B\MHIR URY H,[QWROOGLH) D 6 Q
DGGLWLYHV DQG VXUIDFH WUHDWWFRQWQYF BO®KPDW A RRIBWLGRX
SULQWLQJ 3URWRW\SH IORRVLQUIQBXRK REDSHV D R DOIUW WW R U
UHTXLUHG SRO\PHU VKHHWLQJO '¥S H@RLSQ O D QWU RGN HEQMD LIGH]
VIVWHP GHPRQVWUDWH IRU M®O LLCHI XILEWKE LY EW R \E H, IXQRR L
D ILEUH FKRSSLQJ V\VWHP $F TYXUUH RLR B P YFHDRE OHPR QD BD R
DOO QHFHVVDU\ ZHDYHV 3URWF/Q\G ) BFHWWOHR IREUGRRQG |
WUHDWPHQWY VXFK DV 3%$1 FDUBKGLXYWIRQ! BEQDBDRWL QR R
ZLULQJ DQG FDSDELOLW)\ IRU GREMNO SDURIGSVEDWL RRQ 'RIYUWR X |
HOHPHQW H[WUXVLRQ V\WWHPYV

. +DELWDW SURSXOVLRQ DQG ,Q 6LWHX BWHVRDOLMH SAWLXAELN] BW LR
DOWHUQDWLYH PHDQV Rl SURSXROYLURQLTIYEV VRISMDMPLLR B A QR
VFUXEELQJ 3URWRW\SH VFUXEEBB UHHRSW DU DR QI YKDWHRG
UHFRYHU\ ERLOLQJ FDWDOOMWLEBFRPSRVQMWUILWRQ DFLY WER'
GLVWLOODWLRQ ,QFUHPHQWW QHHRWMWRRF\N VQ O \R K HSALR/SW\O/GN
DQ\ FU\RJHQLF FRPSRXQGV SUFREWRW\S\RUH R L FOLWKRW FIHS B\ \



. (QYHORSFHFHOHUDWHG DJLQJ Rl HQY HORSHN LRW ORDIQWISDP |
SHUPHDWLRQ HOHFWULFDO DQBPRPKDOLWDRQE BRSHEWUHW
JRUHV DQG LQ VLWX UHSDLUV 'HDWHRRS RHQ WGDRICQ &R O R GBHN
DQG UHSDLU V\VWHPV 'HYHORS WA QWVIVH® W HYRWW WY 1 RI \HDN A

. (QWU\ VAIVWHWWLOHG UHHQWU\ KHDW L QQ FD/LORID \ZLLWV K VKOG \L W. |
DQG DVFHQW YHKLFOH GHVLJQ V\@X\GLLAHX/O O @ ¥ I OHRG\W UN HA\RWD I

. 7UDQVIHU VMDIH8HVLIQ VWXGLHV IRU WKHHUK(DEDWHDW DQG F!

. $VFHQW YHMIZFR®HGURJIJHQ SURSHOODQW VWVGIQHV ZLWK HQJL
1XFOHDU WKHUPDO FRQFHSW VWLX@BR ARG LDHOKIVSPREQG LWL RROY
ZKLOH GRFNLQJ $XWRPDWHG HQYHORSH UHSDFNLQJ WHVWE

./ DERUDWRU\ VKHOWHHVLEQ WKWRRRW\SLQJ GHSOR\PHQW D¢
XVDJH VWXGLHV IRU D FRPELQDWIRRQVODERQ DWW READW KUKRRPWZ
GHVLFFDWLQJ WRLOHW 6HOHRWERQVIDQG OGCPERWDWRRQ HRIIXD ¢
VXSSRUW ORFDO VFLHQWLILARHHGMGLFDO DQG LQGXVWULDO (

. &RPPRQ DUHD HBAHGUEDGURWRW\SLQJ GHSOR\PHXGBANHWG K?
IRUD FRPPRQ DUHD RSWLRQD®O® LDPYBDILWDWWMG ZLWK PHGLF

. .LWFKHQ IRRG VWRUDJHHVBURFSHVRWRIW\SLQJ GHSOR\PHQW
XVDJH VWXGLHV IRU WKH |IDF BQIRMRW)\ SRQ X B Q ®WEIEWBRWGR G
OLJKWZHLJKW IRRG SURFHVVLQEWIHWHPAY &RODW BR QERIHOW |
RYHQ UDQJH DQG PLFURZDYH V\\2ADMAHW KOW B DLW WG VDRV

. %HGURRMWLIQ SURWRW\SLQJ GHSOR\PWHXGNHWQ GRKXPDQ XVI
OLIJIKWZHLJKW EHGURRPV LQFKXGEQUI @D WPE FROHDHNFWLRIDP

.6KRZHUWHVLIQ SURWRW\SLQJ RU DRTXAVUWLREOQW BG LFHW DRNOL
VKRZHU VA\VWHP ZLWK LQWHJUDRRD®ONRWDRQWHQW DQG ZDWF

. &OLPDWH FRQWURO DQG GHRWHRVEISLEDWLRPQIJKWZHLIKW FOL
DQG GHKXPLGLILFDWLRQ V\VWNRMN XHFIWKLRDXD BAOHREQYRAYLQ U

. 5DGDU FRPPXQLHFDPMOARHQW RI SURWRW\SH FURGLNUQHV W
DQG FRPPXQLFDWLRQV VI\VWHP ZLWHKHRRRQHI[QRRXRVY WWE&E M X\DVE!
VWUXFWXUH ,QWHJUDWLRQ ZLWK D ZLUHOHVYV /$1

. OHGLFLQRQWLQXDWLRQ RI FXUUHQW S RIUD RP K\ JRW 2MK BIKG
PHGLFDO V\VWHPV ,QFUHDVHG HFESIGDN HG LF® Q (F R QW X PELEROG
ZKHUH SRVVLEOH ,QYHVWLJDWLRGYQRQZPWGE LERMOLR®\ FRAIR
ILOOHUV 'HYHORSPHQW RI D FRPPRQ VXUJLFDO WKHDWUH



. (QWHUWDLQPHIDRSPHQW RI OLIKWZHLJKW RX® W LI5XE SRWKH U
HQWHUWDLQPHQW DFWLYLWLHYV

. 6FLHQWLILF S@RQRDIGNMXDWLRQ DQG H[SDQVLRR®RSRI SURJUDPP I
VA\VWHPV XVHIXO IRU PHHWLQJ 9(;%$* JRDOV

. 6XUIDFH V\VWRI®GWLQXDWLRQ Rl WKH GHYHORSP\WQM RY KRUK
XVH RQ 9HQXV V VXUIDFH ZLWK B DRFX¥ HRIO KKV VED PIORRD V
UDLVH VDPSOHV WR KLJK DOWLWWGWYP 3URWRW\SH GUHGJLQ

OLVVLRQV

. (QWU\ WHVWESIGRMUDPPH PXVW WHVW HQ®HVW BQQ RQWKDWRR
DGYDQFH WKH 75/ IRU XVH RQ 9H®D X ¥ PAN DGR VP BRW K U X\CF D
SUHOLPLQDU\ PLVVLRQV

. ,Q VLWX WHVW EDWOWQARRQ SUREH LGHDOOHRWBIREW RY\DLEQF
PXVW RSHUDWH LQ WKH WD U JH WDHQW DBHRQJ WHQRY WRLP B V L B3IL
PLQLPXP EDVHOLQH WHVWLQJ EDHEY\W B RS E RCIRN Hid V. DO K\
SRZHU JHQHUDWLRQ HWF DV WHEBCMDW RXGEHUXP GWRISHQ W
RSHUDWLQJ HQYLURQPHQW FKHPLFDO ZLQG HWF

. OLQL KDELWDW LQ ¥ LPAX WVDNWAWEH G J WK VEFD®H XQPDQQ
WKH KDELWDW VKRXOG EH GHSOR\GIG RIQWKHD XD P SHELO R UP L RQ
DV WKH IXOO VFDOH PDQQHG KDELWDW

. +HOLR[ WHSWEBGWR IXO0O VFDOH YHUXHRBQRRI (WK M K IDELGV D W
LQIODWHG ZLWK KHOLR[ D EWHDWXWDE GH ©HOKWP W QX RO\ DHQ
FRPPRQO\ XVHG IRU GHHS VHD GHYWQY WKLYV IARX 0OF SHDNEWD R
ORQJ WHUP KDELWDWLRQ LQ DUMKR NMWAL QR KROVESKNHIWMA Z LHAVKALCD |
DWPRVSKHULF VFUXEELQJ DOEBHULMAUZHQYW WEHFULHNRYHU\ RI

. &RPPXQLFDWLRQV%WHHRDM DQ\ ODXQFK Rl KXPDQMWWKHUH VK
RQH VDWHOOLWH SUHVHQW ZKL K FID\Q LIKQF W HR® \DE XJ ERP W
WKDW (DUWK LV RFFOXGHG |URP 0HOQX W YK L\DDW KD & DW H VR Z
JHQHUDOO\ VHUYH RWKHU VFL¥YQWIODEFEL X FRPWPH\Q DD IH R \I

. 6XUIDFH SURKEI®W QRW QHFHVVDU\ IRU DQZKQEKW ED@ KDELWDV
UHSHDWHGO\ DEFHVV WKH VXU I|DFHE EGIORPRIY DIKDE RWK RQ
VLIQLILFDQW XWLOLW\ WR W RN ZBBIOVDW E HL5B) X ¥ HHQF RQ W
ZLWKRXW D KDELWDW EHLQJ SUHVHQW



ODVV EXGJIJHW

JRU WKH EHORZ VDPSOH PDVV EXRGKBELWMNZEZOW KF R &M D @ M/UO :
DVFHQW YHKLFOH QXFOHDU ZRXOGH BUMDADHU PZLWWEGDDVXR O X |
Ps HQWHULQJ WR N3D p&NBBIRPE WKH QQWMWRDO OLIW DN
,658 SURGXFHG OLIWLQJ JDVHVWKM L QLROLDHOV KDHEY. W DWK P@ VYV S U
FRQFHSW WKDW SURSXOVLYMWI®IRWSWDRGXEDWRR RU QLKW LD JDV H
VXIILFLHQW WR PDNH XS VXFK D VPDOO GLIIHUHQFH

3UH H &UHZ

1DPH SUULY - 65l puur|(YHOW 1IRWHYV
NJ ’ NJ
NJ NJ
(QYHORSH
JDEULE $VVXPHG EDVH IDEULF PDVV RI
H[SDQVLRQV RYHU WLPH DV
SUWDLONE HEW Rl WRWDO HQWU\ PDVV DGGH@DF
ZKLFK LV QRW MHWWLVR
ZD(SDEI_Z(I?DI\T/UFE\PGI- 5HLQIRUFHPHQW ZDONZD\V DQG K
DOORFDWHG DW RI IDEU
FKDQQHOV
(PSHOQDJH (PSHQQDJH DOORFDWHG DW RIQ

PDVYV

&DEOHY FDUU\LQJ WKH HQW LU HWK
YHKLFOH DFURVV LW V KHLJKW
3ULPDU\ VXSSR GHJUHHVY ZLWK WHQVLOH VWUH
JFPs DQG VDIHW\ PDUJLQ RI

DFFHVVLQJ UHPRWH DUHDV DQG
PDVV LQFOXGLQJ ZLWKLQ LQ

+RUL]JRQWDO

+RUL]RQWDO FDEOHV P DV BX
FDEOHYV XS WR NJ WR LQDFFHVVLE(
6KHDYHV [ VKHDYHV J HDFK RQ WKHUl
FDEOHYV
&DWHQDU\ FXU P FDWHQDULHVY FDOFXODWHG
VXSSRUW FDEOHV
%DOORQHW J Pr EDOORQHW IDEULF DW WKH

HQYHORSH

J Pr SKDVH FKDQJH HQYHORSH U
HQYHORSH DUHD VSUHDG DORQJ
KHDW H[FKDQJH

J Pr FDUERQ ILEUH VDIHW\ QHW
6DIHW\ QHW IDOOLQJ P GHFHOHUDWHG RYHUR
WKH PD[LPDO KDELWDW KRUL]R

3KDVH FKDQJH

BUHFLS FRQG

Rl WKH EDVH HQYHORSH
FROOHFWL
VXEVWUDW Q Q '
Pr
$YHUDJH ZLUH GLDPHWHU RI P P
/IRQJ GLVWDQFH [ KHLIKW [ ZLGWK [ OHQJIWH

FRSSHU SHVVLPLVWLFDOO\ DVVX




DVVXPHG WR DUULYH OD

/LIKWLQJ FDH
VHQVRUYV

$YHUDJH RI NJ SHU Pr VXUID
Ps YROXPH ZLWK WKH VDPH D

%DOORQHW
HQFORV XUH

J RI EDOORQHW IDQ V\VWHP PD
EDOORQHW DUHD

JOH[LEOH SODVWLF SOXV YDFXXP

$LUORFNV DVVXPHG
9HQWYV RI WKH EDVH HQYHORSH
7TRWDO

LWK PDUJ

)XHO FHOO VWDFNV

ILJKWWLPH SRZHU VW
*- UHFRY

6WDFN JFPr C FPr HITLFLHQF\
&0 HQYHOR NJ &0 PDJ Ps LQFOXGLQJ
J Pr
+ HQYHORS NJ + IRU WKH IXHO FHOO EXXW g
Ps J Pr
NJ &0 PD] Ps LQFOXGLQJ

+&0 HQYHOR

J Pr GRXEOHG GXH WR FDVFI

WK GHOLYHUHG LQLWLDOO\5HTWH

&0
VORZHU LQLWLDO QLJKW IOLIKW
.\ [ PD[ UHTXLUHPHQW VKLSSHG L @il
K\GUD]LQH IRU H[WUD OLIWWDLER]
180 3URGXFHG DW QLJKW IURP + &

DFFRXQWHG IRU VHSDUD

&0 FRQGHQ

WLPHV WKH PD[ FKORULQH VW

+ FRPSUHVYV

&DOFXODWHG IURP FXUYH ILW RI

VWRUDJH UDWH J Vv
+&0 SOXPEL JP[ P
+ SOXPELQ JP[ P KDQGOHG LQWHUQDO®\
"HSOHWHG + S JP[ P OHVV FDVFDGH SOXP
RWKHUZLVH VLPLODU FRQ
' SOXPELQJ JP[ P OLNH DERYH
&0 SOXPEL JP[ P OLNH +&O
:LULQJ VHOQ RI VWDFN SOXPELQJ DQG FRQ
PDVV
7TRWDO
:LWK PDUJ
3KDVH FKDQJH KDUGZDUH
,QLWLDO 1+ + ! SUELWUDU\ ILJXUH DFWXDO DHAB
SDVVLYH IOLJKW VWDEL
1+ + 2 WDQN &XUYH ILW EDVHG RQ FRQWHQWYV
HWF
1+ + 2 VXSS( ip[ P
SOXPELQJ
7TRWDO
:LWK PDUJ
,QGXVWULDO JRQGROD

YORRU WZRq

NJ Pr IROG RXW FRPSRVLWH I




(QYHORSH

$VVXPHG WR EH VHSDUDWHG IUR
HPSHQQDJH HOHPHQWYV RU KDQJLW
RZQ HQYHORSH VDPH PDWHU

(QYHORSH VW

RI HQYHORSH PDVV

(QYHORSH ILO
FOLPDWH

SHTXLUHV LWV RZQ PLQLDWXUH
VAVWHP

6SRWOLJKV

3RZHUIXO OLJKW IRU YLV XD OWLIRR]
LQFRPLQJ RU KDQJLQJ YHK

'"RENLQJ OLJH

OXOWLSOH VPDOOHU OLJKWV WRD

,QWHULRU O

/(" OLIJKWLQJ

&KHPLFDO WD

$UELWUDU\ YDOXHV GHWDLOHGQ
7%' +DUGZDUH QHHGHG WR SURC(
DQG QLWUDWHY VHQW LQLWLD®&Aa\
QR SODFH WR VWRUH SURSHOOI
DVFHQW YHKLFOH

3OXPELQJ

:LULQJ EUHDN

3ULPDU\N GLVW

+DEHU XQL

2VWZDOG X

6DEDWLHU X

021 XQLW

&\DQRJHQ X

'"HK\GURJHQDW

+\GURFDUERQ

6ROLG R[LGH

(WKVOHQH X

+\GURJHQ F\DQ

&DXVWLF X(

JLVFKHU 7URS

OHWKDQRO

$FHW\OHQH

(WK\OHQH RJ[L

2UJDQRFKORU

&\FODU XQI

IDSKWDOHQH

$FHWLF DFL(Q

*O\FRO XQU

$PPR[LGDWLR

&KORURIOXRUR

2WKHU FKHPLH

*HO VSLQOQL

J)LOP H[WUXVLR

YLOP SULQWL(
FRDWLQJV

([WUXVLRQ

&DEOH EUDL

TH[WLOH ZHD




6DIHW\ QHWW

S$UELWUDU\

7TRWDO

LWK PDUJ

3URSXOVLRQ

BURSHOORU $VVXPHG [ P GLDPHWHU SURSYV,
ORWRU V N: PD[ SURS SRZHU :NJ PR
&RZOLQJIV $VVXPHG HTXDO WR SURS
7TRWDO
:LWK PDUJ
6FUXEEHU
'XFW P GLDPHWHU P ORQJ
&ROODSVLEOH RI GXFW PDVV
(63V [ [ NJ Pr

6SUD\ DVVHP

[ VSUD\ QR]]OHV J HDFK SOX
SHU QR]]OH

6SUD\ IHHG

P 3( [ VDIHW\ IDFWRU P KHIM
IORZ VSHHG P3DV NLQHPDWLF
SUHVVXUH EDU SUHVVXU

./ WDQN

WKH PDVV RI WKH IHHG OLQHXL
UHPDLQV LQ WKH IHHG OLQH WK
UHVHUYRLU

$V GLVFXVVHG XQGHU ,Q 6LWX HH
VFUXEELQJ VI\VWHP KDV QRW H

,/ SXPS

%DVHG RQ DQ H[LVWLQJ VI\VWHMEZ
KWWSV SURGXFW VHOHFWLRO 14
URGXFW GHWDLO KWPO"ODQJ (18 §

SURGXFWUDQJH JSV TFL®LJKWH

'"HPLVWHUYV DQ
IHHGV

$VVXPHG [ WKH PDVV RI WK

62 FRQGLWLR
IHHGV

$UELWUDU\ YDOXHV GHWDLOHQ
7%’

5HFRYHU\ ER

?

5HFRYHU\ KH
H[FKDQJHU

'"HFRPSRVLWLH

'"HFRPSRVLWLR

:DWHU VWUL

2 VWULSSH

'"HFRPSRVLWLH
H[FKDQJHU

"HFRPSRVLWLR(
SOXPELQJ

‘LULQJ

7TRWDO

LWK PDUJ

$VFHQW GRFNLQJ UH

ODW

HG

3URSHOODQW

$VVXPHG P OLQHV [ NJP

IDXQFK ZLQFK

$V GLVFXVVHG XQGHU 'RFNLQJ D\X1




D PDUJLQ

6HFRQGDU\ ZLQ
FDEOLQJ

OLVFHOODQHRXV SXUSRVHV DV
SULPDU\ ODXQFK ZLQFK SOXV \PRI
LQ FRQVWUXFWLRQ H[SD

"URQH

/DUJH WHWKHUHG GRFNLQJ GUR
KDUGZDUH

2WKHU GRFENLQ

OLVFHOODQHRXYV

7TRWDO

LWK PDUJ

%YHGURRPV

YORRU

NJ Pr FRPSRVLWH IORRU Pr
XQGHUVLGH

%HGIUDPH

&RPSRVLWH IUDPH LGHDOO\ F

ODWWUHVYV

&RXOG EH OLJKWHU DLU PDWRMDH
GHSHQGLQJ RQ WKH YDULHW\ &R

DHURJHO RU RWKHU PHDQV FR
OLIJIKWZHLJKW PDWWUHVVHV ZLW

+HDY\ GXYHW QRW UHTXLUHG GRH

6KHHWLQJ
Q VKRXOG EH HPSKDVL]HG
6RODU WH J Pr P KHLIJKW IXQFWLRQW D
ZLWK RSHQDEOH IODS ZLQGR
%XIITHU RI N: IRU PLQXWHW K

6XUJH EDWW

UHGXFH WKH H[WHUQDO VXSS

LULQJ EUHD

SUELWUDU\

3OXPELQJ

$UELWUDU\ ,QFOXGHV HLWKHU G
K\GURSRQLFV FKDQQHO RU PLVDWH

'"HKXPLGLILHU

OLQL ZDWHU JHQHUDWRU HDFK E®

:DWHU WDQ

O ZDWHU WDQN

:DWHU O RI ZDWHU

*UH\ ZDWHU SU 6LPSOH ILOWUDWLRQ
6LQN 6PDOO SHUVRQDO VLQN FR
6KHOYLQJ &RPSRVLWH VKHOYLQJ LGHD
/LIKWLQJ 6PDOO RYHUKHDG /(' OLJK|

OLVF IXUQLV

SUELWUDU\

*DV PDVN

(YHU\ LQGLYLGXDO KDV WKHLU R
R[\JHQ WDQN

2[\JHQ WDQ

6HH DERYH

IDSWRS

(YHU\ LQGLYLGXDO DVVXPHG WR |
ODSWRS FRQQHFWHG WR WKH F
VHUYHU YLD ZLIL

,QGRRU FOR

SUELWUDU\

$SWPRVSKHULF
VXLW

$UELWUDU\ 'HVLIJQHG IRU (9%V

)bQ

6PDOO FHLOLQJ GHVN |

&OLPELQJ KD
DVFHQGHU

$ELOLW\ WR DVFHQG FDEOHV WR

SHUVRQDO SR

SUELWUDU\

&UHZ

$VVXPHG DYHUDJH FUHZ PHPH

7TRWDO SHU EH

6LQJOH EHGURRP SOXV RQH FUHA
LQGLYLGXDO QHHGYV




7TRWDO

[ FUHZ %HGURRPV FDQ EH MRL

'LWK PDUJ

"RUNVKRS

JORRU Z IROGH

NJ Pr FRPSRVLWH IORRU Pr
OHDYHV HPEHGGHG VRODU

6KHOYLQJ ZRU

NJ Pr FRPSRVLWH VKHOYLQJ RYS§
DUHD

6RODU WH(

J Pr P KHLIKW IXQFWLRQV DAD
EH UDLVHG ORZHUHG

/LIKWLQJ

2YHUKHDG /(' OLIJKWV

:LULQJ EUHDN

SUELWUDU\

6XUSOXV PDW
UHSDLUV H

(QYHORSH PDL
KDUGZDUH

,QFLQHUDWRU

‘HOGHU 0,* RU
JHDU

&2 WXELQJ I
LQGXVWUL

+DQG WRR(

6FUHZV EROW
DGKHVLYHV IH

6WRUDJH FRQ

'ULOO ELW

6DZ EODGH

3RZHU WRRO H
FKDUJHUYV

9LV H

G SULQWHU V]

3ULQWLQJ UDZ
VWRFNV

6DIHW\ WH(

J Pr P KHLIKW H[WUD WHQ@W N
VSODWWHU GHEULV H

6XUJH EDWW

%XIIHU RI N: IRU PLQXWHV @GH
SULQWLQJ HWF WR UHGXFHJWK
JDXJH

)DQ &HLOLQJ IDQ
OLVFHOODQH $SUELWUDU\
7TRWDO
LWK PDUJ
.LWFKHQ

JORRU Z IROGH

NJ Pr FRPSRVLWH IORRU PHDY
HPEHGGHG VRODU XQGHU

6RODU WH(

J Pr P KHLIKW IXQFWLRQV DB\G
ORZHUHG

6LQN

OXVW EH ODUJH HQRXJK WR ZDV&V
FORWKLQJ VKHHWYV HW

/LIKWLQJ

2YHUKHDG /(' OLIKWV




&ORWKHVSLQV

S$UELWUDU\

&RXQWHUW

NJ Pr FRPSRVLWH FRXQWHUWR
NLWFKHQ DUHD

:DON LQ IULGJH
FROODSVLH

J Pr P KHLIKW Pr IOH[LEOH
ZUDS DQG RU DHURJHO ODVV LQB
ZDOOV &KLOOHU DVVXPHG

YULGJH IUHH]H

NJ Pr Pr VKHOYLQJ [ UHIULJ

[ RYHQ [ PLFU
FROODSVLE

9HUWLFDOO\ VWDFNHG RYHQV PLB
FROODSVLEOH LQVXODWLRQ VWV
GHK\GUDWLQJ HWF

JRRG VWRFNSLU
OLTXLG IUR

GD\V RI VWRFNSLOHG N F
NFDO GD\ GLHWV IRU D SHWWI
VWRFNSLOHG RYHU WL

/IDUJH VFDOH K
IRRG VWRUL

$VVXPHG WR EH RI PD[ IRRG V

/DUJH VFDOH {
OLTXLGV VW

$VVXPHG WR EH RI GU\ VWK

.LWFKHQ VKH

NJ Pr Pr [ NLWFKHQ IOR

&RQWDLQHL

SUELWUDU\

5DQJH

OXVKURRP FXO

OXVKURRP FRH

'LULQJ

3OXPELQJ

'DWHU LQ SO

*UH\ ZDWHU I

7TDEOHW FRQ

7TKUHVKHU Z

*UDLQ PLOO P

*ULQGHU VH

3UHVYV H[WUX
SXIIHG JUDLQ

JRRG SURFHVVR

.QHDGHU FKXU

&RRNZDUH

)bQ

7TRWDO

'LWK PDUJ

&RPPRQ DUHD

JORRU Z IROGHR NJ Pr FRPSRVLWH IORRU Pr
OHDYHYV

6KHOYLQJ NJ Pr Pr VDPH DV IORR

&KDLUV [ WKH ZHLJKW RI D EHGU

&RXFKHV [ WKH ZHLIJKW RI D EHGU

7THOHYLVLRQ
FDEOLQJ VSHD

/DUJH OLJKWZHLJKW KDQJLQJ 18D
HWF

OHGLD FRQW
FOXVWHU

&RPPRQ VHW RI OLIJKWZHLJKW F RW
GDWD VWRUDJH LQWHUQHW FDFKH
ORFDO FRPSXWLQJ DQG RWKHU




VA\VWHPVY SURYLGHYV UHGXQGDQF\
FDQQLEDOL]JHG IURP EURNH

6RODU WH J Pr P KHLIKW IXQFWLRQVLDW
ORZHUHG
:LULQJ S$UELWUDU\
3OXPELQJ SDV SUELWUDU\

*DPHV JHQH

HQWHUWDLQ

$Q\ SK\VLFDO JDPLQJ HTXLSPHQW
WDEOH

&RQYHUWLEOH

OXOWLSXUSRVH WDEOH SRRO\W
IRRVEDOO SRNHU HWF ZKLFK F
PHHWLQJ GLQLQJ WDEOH RWHU4

SODVWLF VKHHWLQJ D VXU

OHGLFDO

GHQV

1RW EURNHQ GRZQ LQGLYY

OHGLFLQH GL

1RW EURNHQ GRZQ LQGLY |

5RRP OLJKW

2YHUKHDG /(' OLIJKWYV

6XUJLFDO O

&HLOLQJ PRXQWHG DUWLFXORWL

PHGLFDO GHQWDO SURFH
7RWDO
TLWK PDUJ
6KHOWHU ODERUDWRU\ EDWKURRP
NJ Pr FRPSRVLWH VWUXFWXUH
JORRU 2000V VPDGO SURVVXUH GLIKUHOWLDW

KDUGZDUH FDQ EH VWRUHG LQVHKH
HYHQW RI HQYHORSH JDV FR

,QWHULRU ZDA(

NJPr[ P

/[LIKWLQJ

6PDOO RYHUKHDG /(" OLJK

6KHOYLQJ

NJ Pr Pr VDPH DV IORR

(IWHUQDO SOD

Rl WKH EDVH VWUXFWXUDO P
ODERUDWRU\

LULQJ EUHD

$UELWUDU\

30XPELQJ

&RQWDLQHL

&RPSXWHU

(IWHUQDO ZLQF
FDEOLQJ

&KDLUV

?

&2 VFUXEELQJ

$Q LQGHSHQGHQW &2 VFUXEELQJ
WKH URRP WR DFW DV D V

2[\JHQ GHZzZD

+DOI WKH ZHLJKW RI WKH VW,

2[\JHQ OLTXH
GLVSHQVLQ

$ WKLUG WKH ZHLJKW RI WKH

2[\JHQ

6XIILFLHQW R[\JHQ IRU
D ZHHN

SHRSQHR

*DV PDVNV |

7KUHH SHUVRQDO JDV PDVNV SURM
OHDYH WKH VKHOWHU LQ WKH F DV
DV VSDUHV

,QGLYLGXDO R]
[

BHUVRQDO R[\JHQ WDQNV UHIUAQO
VWRUHG R[\JHQ

&OLPELQJ KDU
DVFHQGHUV

6SDUHV IRU XVH LQ HPHU]




7TRLOHW ZDV
GHVVLFDWL

$UELWUDU\

6LQN

SUELWUDU\

OLVF EDWKU

$UELWUDU\

&HQWUDO FRU

%XIITHU RI N: IRU PLQXWHV IRBU
ODE FRPPRQ DUHD NLWFKHQ

EDWWHU\
VXSSO\ ZLULQJ V JDXJH
YDQ 6PDOO FHLOLQJ GHVN I
7RWDO
TLWK PDUJ
$WPRVSKHUH DQG ZDWHU PDQDJHPHQW
&RQGHQVHU $UELWUDU\ VHH
HQYLURQPHQW,
&HQWUDO FRUH &RPSRVLWH ZDWHU WDQN W K HH

&HQWUDO FRYU

O RI ZDWHU

7TRWDO

LWK PDUJ

6KRZHU

/ILIKW

6PDOO /(' OLJKW

6RODU FXUWV

J Pr P KHLIKW VKRZHU DVVX

URRI SUHVHQW

6KRZHU EDVH
ZDWHU UHFD

%DVHG RQ H[LVWLQJ ZDWHU UHF
VRPHZKDW OLJKWHQHG

'"HKXPLGLILHU

6PDOO FRQGHQVHU WR UHI

:DWHU WDQ

&RPSRVLWH ZDWHU WDQN W K HH

‘DWHU OLWHUV RI ZDWHU
30XPELQJ $UELWUDU\
LULQJ _

7RZHOV ZDVK

GU\LQJ OL(

OLVFHOODQH

?

6XUJH EDWW

%XIIHU RI N: IRU PLOQXWHV WR
VXSSO\ ZLULQJ V JDXJH

7TRWDO

LWK PDUJ

$IJULFXOWX

UH D

SLFXOWXUH

IXWULHQW

,QGLYLGXDO DJULFXOWXUDCHGHH W
DV VDOWYV UHDG\ IRU GLVVRORW
PDVV PHWDOV RU R[LGHYV K\ G UR)

DFLGV WR JHQHUDWH VDO

JUDFWLRQDO F

S$UELWUDU\

6ROXWLRQ W

&RPSRVLWH VROXWLRQ WDQNV UH
VROXWLRQ

6ROXWLRQ

O RI VROXWLRQ JHQHUDWHG

6ROXWLRQ DQ
DGMXVWPH

SUELWUDU\

30XPELQJ

?

3XPSV




YORZ PDQDJHF

ORYDEOH VKDG
WHQW V

*DUGHQLQJ HT

?

6HHGV SOD

$Q\ SODQWV IRU ZKLFK LWV GHIRVVLHK
VHHGY SUH HPEHGGHG LQ JHUPL(
K\GURSRQLFVY FKDQQHOV DUH VKL
ZLWK WKH FUHZ

%HHKLYH HP

$ VPDOO KLYH DUULYHV IXOO\RGH
VRPH EORRPLQJ SODQWYV DW DU
LPPHGLDWH RSHQLQJ RI WH

%HHKLYH LQ

%HHV KRQH\ HWF

%QHHNHHSLQJ H

$UELWUDU\

7TRWDO

'LWK PDUJ

$TXDFXOWXUH

7UDQVSDUHQW FRPSRVLWH UHLQ

3RQG V
ZDWHU PDVV

P GHHS Pr *URZQ SXUHO\ RQ D

"DWHU WLODSLD SHU SHUVRQ SHU GDW M\

/(' ERRVWHG DOJDH JURZWK DQGO
DQG RU OLYHVWRFN ZDV

$0JDH VKHO

J SHU VTXDUH PHWHU

:DWHU TXDO
PDQDJHPHQ

J SHU VTXDUH PHWHU

JLQJHUOLQJ |

SUELWUDU\

7TRROV QHWYV

LULQJ

3OXPELQJ

7TRWDO

'LWK PDUJ

/ILYHVWREN

)ORRU

NJ Pr [ Pr VXP RI GDLU\ DQ®
DQG SOXV VTXDUH PHWHUV WH
*RDWV DVVXPHG IRU GDLU\ DNI

6RODU WH(

J Pr P KHLIKW IXQFWLRQW DN
EH UDLVHG ORZHUHG

&LUFXPIHUHQH
WURXJIK

RI IORRU PDVV SOXV N

‘'DLU\ DQLPDO

&DOFXODWHG IRU JRDWV ZLWK
GD\

'DLU\ SHQ

&RQWDLQPHQW IHHGLQJ HQULFHK
Pr SHQ DUHD LQFUHDVHG WR

%LUG PDVYV

&DOFXODWHG IRU KHQV ZLWK VHI

SHU GD\
(QULEKHG EO &RQWDLQPHQW IHHGLQJ HQULFRH
SHQ DUHD LQFUHDVHG WR R

6WRFNSLOHG (

GD\V IHHG VWRFNSLOH

6WRFNSLOHG (

GD\V IHHG VWRFNSLOH

:DWHU LQ WU

RI DQLPDO PDVYV




'"HKXPLGLILHU

OLGVL]HG FRQGHQVHU

'DWHU WDQ

&RPSRVLWH ZDWHU WDQN W K HH

:DWHU LQ W

OLWHUV RI ZDWHU

'LULQJ EUHD

S$UELWUDU\

3OXPELQJ

?

/LIKWLQJ

SRUWDEOH PLON

,QF XEDWRU

%XFNHWYV FR(
WRROV

I9HWHQDU\

?

6XUJH EDWW

%XIITHU RI N: IRU PLQXWHYV QD
VXSSO\ ZLULQJ V JDXJH

7TRWDO

LWK PDUJ

&RPPXQLFDWLRQV

VFLHQFH

$QWHQQDV

[ NJDQWHQQDV LQFOXGLQ

5DGLR PDQDJH
VAVWHP

SUELWUDU\

:LIL  UHSHD

LULQJ

?

IHSKHORPHW

%DVHG RQ (9( LQVWUXPHQWYV 2zl

5DGLRPHWH

'5)

0(7

7'l VSHFEWURP

ODVV VSHFWU

$756

&DPHUDV PL

S$UELWUDU\

6FDOH PLFUR

$XWRFODY

S5RERWLF FKH

5RFN WRROQ

OLFURVFRSH
DFFHVVRUL

+RW SODWH

OLVFHOODQHH
HTXLSPHQW

OLVFHOODQH
H[SHULPHQV

7TRWDO

LWK PDUJ

,Q WUDQVLW QR

W UHWDLQHG

&0 VXSSO\ W

&XUYH ILW EDVHG RQ FRQWHQWYV
HWF

$PPRQLD WD

RI WKH DPPRQLD PDVV

ILWURJHQ UL

+\GURJHQ IUDFWLRQ DOUHDG\ DFH




DPPRQLD VWDFNV 7KLV QLWURJHQ LQIRDW

HQYHORSH IXOO0
+\GUD]JLQH GHFH &DWDO\VW SDFN WR EUHDN GRZ
6HSDUDWLRQ PHPEUDQH WR VW
1 + VHSDUD K\GURJHQ HQYHORSH DQG LQMH

HQYHORSH

RI LQLWLDO VSDFHFUDIW PDV

BURSHOODQW D
KDUGZDUH

3URSXOVLR RI SURSHOODQW DQG WDQ

,Q WUDQVL
FRPPXQLFDW

SUELWUDU\

*XLGDQFH $SUELWUDU\

RI LQLWLDO VSDFHFUDIW PDW

6KLHOGLQJ
KDUGZDUH

RI LQLWLDO VSDFHFUDIW PDVYV

'LVSRVHG HQWU
KDUGZDUH

3RZHU VXEV\ S$UELWUDU\

RI LQLWLDO VSDFHFUDIW PD

OLVFHOODOQH
LQ WUDQVLW PDVYV

7TRWDO

LWK PDUJ

7KH UHWDLQHG KDELWDW PDVVLOVY WKHNGLVZEROHG ®F OWD QV
KDUGZDUH EXW QRW WKH 972 ERRALW YWDV H W.ZLWKINJWKH UDQ.
XSFRPLQJ ODXQFK YHKLFOHV WRQ(2HBMN\ %MHZFNOHQQOFRSWLR QD
VRPH FRPSRQHQWY VXFK DV OLTHKTGNQ\D GIDHK® ZKWKKB WXED/QV I H |
FRXOG EH ODXQFKHG VHSDUDW O\ UDQGE GP\D W HI®D UQHRIUE RWN KWV X
%ORFN RU 6SDFH; ,76 FRX0OG QRXQFK LW FRPSOHWH WR /

$IWHU GHSOR\PHQW DQ DGGHG URGXREQHW RR UAD WK H.\F $H Z
7KH ILUVW FUHZ DUULYDO EUL®JFRVWWR QEHFKRF SOOGRDH VHQW
WKH KDELWDW LI VR GHV LUHGHY$HR WD\ DGBRIGQHY RV ZKLFK L\
UHSUHVHQWHG E\ WKH DTXDF XQVBEXWHHP ISR GIGF MV WKLV BOIXD FAXOW »
EH IRFXVHG RQ PRUH LQWHQVLYH PBIXWUI MKOIRQ D RIADDWG RU
DOJDH DW WKH FRVW RI QRW BIURP/LLGL QRUDDY REGW GRIMOMRJI HW K |
WKH DTXDFXOWXUH SRQG WKH MR DW KDEWRRWHVD WHEV XAK B W

WRQQHV OHDYLQJ OLIW RI WE&HNVRV FHQWRDMKILW O :KLOH D Z
FXWEDFNV RU GHVLJQ FKDQJHVHDXS$ 8 RVIVZE®R] MR WMRQP HYD WW L
WKDW DQ DVFHQW YHKLFOH IRDEOYF W R H[DFEHHGD BVURRKXQWBG EHVRQ Q
PDVV






(ISDQVLRQ

7KH SULPDU\ JRDO Rl ORQJ WHUPRUIDGWHW KRQW FRIQIF®IRMCKM
DUH DFFRXQWHG IRU WKH VHWW®GHRNQKVOFD\QF RR FL{GDWGRG RI H(
DQG QHZ VHWWOHPHQW FRQVWUXRQLRHQ XKLV Q¥ HQR BKREHWHW K
WKH VWDJH RI VWDELOLW)\ D QRS MWD KKMHXYUIO SBRGPXIFWHRIQDOV |
IDEULF FDEOLQJ HWF LQ H[RMWKRKOR FEMHOPQRWHIGVWRZFID UGV QH:
FRQVWUXFWLRQ

7KHUH DUH QR VKRUWDJH RI ZD\W LERZXRIGFKEB RRQWDEX AW H C
KDQJLQJ IURP EHQHDWK WKH HDIERWHQUWDERWDKWH VORBEWDQG D Y
PHDQV IRU EXLOGLQJ ZLWKLQ WHKH KIDEKRXOW ADQVGN LEXIGBKGIHP HQ
RWKHU SRVVLEOH PHDQV ZH DIQ@OLRBEOVWDRFWRBUWDYWHUVKLS Y
DV WKH DLUZRUP

$ YDULHW\ RI DLUZRUP GHVLJQV VHBPRQ .DfB®OLQ AWDDO

7KH DLUZRUP PXOWLVHJPHQWHEWLUPRKQIBSHSW\EBMUDEOW G L
E\ JHUGLQDQG YRQ =HSSHOLQ LQL]DWZRWKDW WRIPBSMUEQDO E\ 7KH
=RUQ EXW XOWLPDWHO., QHYHU LWV SGIWNXHQWHWHG7IKH LGHD ZB3QL
RI 6WXWWJDUW VSLQRIlI QDPHG D4.) ODWRHERPHGIAEH G GLH&E V P D
YDULDQW NQRZQ DV WKH 6DQVZLUN XYBY HBT76HQWDKLGHXBDORSHG L
$UJIXV 2QH 8$9 E\ LWV VXFFHVVRYURKISO @KWY HDOODQW KRZH"
XWLOL]HG VRPHZKDW GLIIHUHQWQ@GH\WEHG IGRHF DVKREM\Y R WKIOH U
XVHG IRU KROGLQJ RQO\ JDVHREKNDIXH®DI QRW IRIKEDGARDEY ZDV F
RQH RI 7LPH V EHVW L(YHQWLRQV RI

UTSOLQ % (SSHUOHLQ YHEX®IGLFEDO DVSHFEWY RI 10LJ KW H @& HADKOH 6 RIZEFUN X W D WIRHSR
DOG $SSOLFBMHWODV]NLHZLF] 6]\PF]DN V *URVORUVURQGRQFL6%1

%OHLEOHU 6WDUUOXIWVFKLIISURMHNWH LQ LOXWNEKOL@E U :ELWIVI  /XIWVFKLIIH GL
JHEDXW ZXUGHQ )ULHGULFKVKDIHQ 6

IXW] $TUGKDQ@WLWXW [%U $HURG\QDPLN XWQ&W BWEWMPLENWSQLYHUVL

IXVFRPEH % IRYAREHU%HVW .QYHQWIL/RE®Y RI




$UIXV 2QH 3KRWR |j:RUOG 6XUYHLOODQFH *URXS

&RQWUDU\ WR DSSHDUDQFHV WKW BDHYZRQHRG RRFHIS\D PBID Q
H[SDQG H[LVWLQJ DLUVKLSV GBH-DAWKBUURW MKB @ DRXYYEDSS IRU DF
PDVV HIILFLHQF\ LQ ODUJH QREHHQLGLYEXVKHSV SHW KIRKXV O\ WK
PDVV HIILFLHQF\ LV DFKLHY HG/ WWKRH VFSIRMH.F D@ BROWKWLEBULO\ DFH
IDYRXUV ORQJ QDUURZ VKDSHV BEHDHH WWKHWVZIRU ZRU P FRRP QHL
VSKHULFDO HQYHORSHV DU UD\Q JHIGWIKQ 0D JKVQHHD VK@ | & RZHRY HU S
LOQWHUFRQQHFWYV EHWZHHQ WKH®Y HDRKS K i B UEX LY SK B Y LIF DD W H C
LQGHSHQGHQW DLUVKLS ZLWKIWEXRZQOSIURBROGLRQ W M MHRUH W k
PREL_LW\

"KLOH QRW GHVLJQHG DV VXFK DKM BSS GLRFOFEH DW WA RRZ DWIG V
H[SDQVLRQ FDQ EH FOHDUO\ V HRQ WLR N HRWU WR Q PQFKDLERWDW QR U
KDELWDWYVY DUH EXLOW ZLWK LGLQDPOW (DEGQMHHFIVK R & LWR W KD @& & H
WKDQ WKH ODVW DQG PRUBOWR GHKHLSREQW IURPLD @ PWXRG\QL
SHUVSHFWLYH WR GR VR DHURIGVEDSHWY 1DN @ X.WW BMB RIPBIVQG HV
KDYH D KXPDQ SUHVHQFH LQ PXQOWRISDE DREFEDRULR €D Q SRILWFIRR) Q H
FHOOV DQG WKHLU RXWHU VR GQHDWKDQHDI B EQMUDM P BIRQD WX @O\ | X
DQ DLUVKLS RQ LWV RZQ (DFK VOBIPH®WRBDHDPKN RWHKHWY RQ WKH
HPHUJHQFLHV (QWLUH VHIJPHQW\GHRXPOBWEG WRRJ L{GRBWH\ ZLW
FRQFHUQ DERXW FRQWDPLQDWLRWKRM BGHM@W HI WD ¢ HDIFPFH.GW Q W Q V
NHHSLQJ WKH GRRU FORVHG HJ S/ORY HR@ QW RIVDX\DIOLMBID\ WK D
RU WZR VHIJPHQWY ZRXOG EH G D FRIQHMEL QWKIHWRRV 8 H R Y LGRIX O GI W

,Q VKRUW WKHUH LV PXFK DSSHRDH®D B U ERXK W XWVKH QGRZVH)QP
LVVXHV WKDW SHUWDLQ VSHREIZRD® G3HVR I\ KMV XV 19 HRQ XD/QKID E L W I
FRQFHSW

. (QYHORSH PD&CHIOLWLD® DQ\ HQYHORSH IDEUHFWHSRDPBG WR W
HQYLURQPHQW PXVW EH UDW KXG HWWRHJ\R BHURW B RWWNV L7KQV RQ|
ZHOO DV WKH LQWHUFRQQHFWWR B ILIDEADLFG W XMF Z® D \§ RIVEARDRN
HQYHORSH"

5HVLVWDQW FRDWLQJYV FRPH RRURFRVWHWBRBRIWWEROD U
WKH UHODWLYH UDULW\ RI IOWRBV@HK HUWRLFFS D\HKEY W RKRIW R IDW R
EH KHDY\ DQG ZLWK ORZHU VWD@AWXWDO O/ WHIQN B\ P KLIOW

.UfSOLQ HW DO



RQH OD\HU UDWKHU WKDQ G L& W\l QRBW BWIKUPHOLAN VW UPULR XEH
IRU IXWXUH OLIW FHOOV WR KQ@W K BVAMN VX KK I RSIRW IHGE) '8 R B MW
RXWHU VKHDWK SURWHFWHG 7RDWEZRQ®WG KDYH D IHZ LPSOL

7KH YRLG VSDFH EHWZHHQ OH IBMX R HBODAM ZHKXWH DO FRVY
GLR[LGH WR VHUYH WKH SXUSRVH RL UKW DH QIKQN CCPRA Q
FRQWDLQ FRUURVLYH FRPSRXQGY VXFK DV DFLGLF PLV

'XULQJ VHSDUDWLRQ WKH LQQHG LHHUMHFRGOR SHH PRRWMGQH Y

. ORLVWXWKHH &2 OOHG YRLG VSDFH VKRXOG LIGHPDWL K® YAHRV OF
UHFRYHU PRLVWXUH SHUPHDW KOG LOQZWR HQYYIRNGRSW K H KIDUEW WF
RXWHU HQYHORSH LV KLJKO\ LP SH.URKHDEFOHP X0 DWIKRQ (R ZDW
YDSRXU SHUPHDWLRQ IURP WHKHEBLDW BWW & \R Z RXOIE0 @ R B/ORIQ
UHVRXUFH EXW FRXOG DOVR OHBBLSRWIRMIGRH \DI/GEL RE XD\Q 6
FRQFHQWUDWHG PDVV ORDGLQQOW IRORSAXP® RIBDW ISH LRRGH DK H (
DUH QRW RI PXFK FRQFHUQ QLWLRIHY P QG TR\ UHQ DYE GRQ
DQ\ FRQGHQVDWLRQ ULVN

. 8WLOL]DWLBB® WKH YRLG VSDFH FDQQR\G ERUHE R@R FZILADKCRX\W
LPSRVLQJ VWUHVYV DQG WKXV PDYRQHWKHOHF M @EMVX WIL\VD LA Bl ¢
SRZHU JHQHUDWLRQ 7KH SRWHHRQ® MSD RH WKW DXMH. RX QWKXU H
LQYHVWLJIJDWLQJ

$Q\ VRUW RI EDVLF EXGGLQJ S WKDEHWD W Z\KHHFNKLHRUQ DR Q HVZX V' \
WHPSRUDU\ OLIW HQYHORSH SRURFRAW URXWKBUMWKM QBPHWHUQ

. 7KLV ILUVW LQYROYHV FUHDRWLRQHRH QYHOIRSRUFQQ KRQ BV L
HQYHORSH DUH KLJK VWUHVV DUW R VE MIXUD W KHH DXRUGH V7 R DE L
PXVW EH LQVWDOOHG ZLWKRXW RGDFPLDMW A O \WKH HGN MOKRS H H |
ULQJ D KHDWHU ZLUH VKR XO GVKH WQ \DWIPMADHG U BW 6 LLGL\QLIGE!
WR WKH HQYHORSH

1H[W WKH WHPSRUDU\ HQYHORIY \D QFoX MW LEH G XZLLOWK LWDIGR |
HQYHORSH DW WKH UHLQIRUFL®DRSEEIVKRYOGHPH RBBXUHQY
WR WKH RULJLQDO KDELWDWL@FIRWABPHQMV DIQWBKRAL Q EKIH3/ U t

. &XUUHQW LV VHQW WKURXJKIWWHKHKMBWWURZL BH WKHHORMLIQIL ¢
LQVLGH WKH UHLQIRUFLQJ UE®QD NsHOR RQ\ VDKV WIL@R KRV BRI R
SUHVVXUH WR SXVK RXW WKH QH{ D Q\G{ P Q@ RUIDWMN QWM W QY ED®
LQVLGH WKH KDELWDW VLP XOWDWHR XR/\D WK @IRW M W R DALRP S

. $V QHZ ,658 KDUGZDUH SURGXFWIRQEW ROEPHRPUP R&3B IDEU
SURGXFWLRQ FDQ SURGXFH PRUWHKLTWHQIHYHW WER VFRPWHRY
HQYHORSH DQG KHDWHU ZLUH AIHQDHEK QRIFMNJ IY H B HVEKW KUHRAXD K (
UHXVH



JRU FDVHV ZKHUH OLIW FHOOVVWHWHODIOSHQDMHRISIHR PWVK KW G H !
WKH KDELWDW V GHVLJQ $ KDBHIWDW @GHVWUQTHEZIBRRP WWHOE EX(
DOUHDG\ KDYH LQQHU OLIW FWEOV SVRWHEXQGHG HEQ DHORSH ,Q
RXWHU HQYHORSH FDQ EH H[SDQIGHG GN FXGGELMU RY KHKE HVPI O H P
IROORZHG E\ EXGGLQJ RIl WKHWQBY GHIWF BHPHGLRERBH RI WKH RL
ZDV QRW GHVLJQHG VXFKO\ WK HLURS R IRREH BRWDRQHEHMEHIH Q W K
VHERQG OLIW FHOOV WKH RXWHQ B\ YWHIOR § H ZIRXG ® WWHROHDI® D
IRU HDFK VXEVHTXHQW H[SDQVLRQGH KDE LMDVR V¥ RXOGRZ@VWKH F
DOEHLW DW JUHDWHU GLIILARGWOR SH DORWIQH DRPRIXWIHRH LW Gt
FHOO ZDOOV

([SDQVLRQ LV D GRXEOH HGJHGDVHARUGR ALV JYWHBDGIRWLLRFQ A D
EXW DW WKH VDPH WLPH E\ KDYMWXR PRHW BRRBSORQG XFHWIGYJ P RU
SURGXFWLRQ LW LQIODWHYV WK(H UWER U W QFHHT XWUIHWP H B 8\R'U WIRQ W
DV D FRORQ\ JURZV LW LQFUXMBY BVEURD @OHEL UIDM\IWRISOREDO JR
DOOHYLDWH LPSRUW QHHGV I7TERWK @R/ OXBWHYKKWLP IOQ® MXQ D FH
IHHGVWRFNYV

JURP WKLV SRLQW IRUZDUG WKWNWUBIHIWUWXI Q RVELMIQMGMY H W 2
GHVFULEHG WKH ORQJ WHUP SRWHQWLDO DV IROORZYV
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%\ WKH WLPH WKDW KDELWDW GILLIDFRHP\WM MU D WHD W K Bl U XW KIBQL
KXQGUHGV RI PHWHUV \RX FRXOE\ORYW 6ZFKFOSHY H B QZIRREGV IFRD S HV
ERXOGHUV DWRS D VWUXFW XWDW JMXIG G <RX FEWQGHL@HEIV XUIDF
SODQHW D VXUIDFH  WLP HYGDIUBDURH (D W VDIOO7 WLKH LD LQ HIIH
WHUUDIRUPLQJ

%XW WKHUH DUH RWKHU IRUPV DV ZHOO

/HUUDIRUPLQJ

7KH XOWLPDWH YLVLRQ RI PDQ\PDODIEW EF\R ORHQL] D VRILRPQ @5 Y7R
WKH 0DUV 6RFLHW\ IRU H[DP SO D LD BEKIUMN WD QR/DBRHFRHG LQWR
(DUWKOLNH SODQHW ZLWK DQIRVWURQMGN WM QQGELLQRIX VY MOKIHW K |
SODQV 6SDFH; IUHTXHQWO\ XV HYDI W WWRAO R WIUFDDQHNR RP LQJ LQ!
(DUWK ,QGHHG WHUUDIRUPLQIURSB QM NYEQHFEHTIXEWRRQD



7KH OLWHUDWXUH RQ WKH VXEM®MEG W RW MHWHQW RYWHE QE IMH
RQO\ WR UHFDS VRPH RI WKH P DOVIRQH B/ @HAWWO LOICINUBGJIXOLBHYV RY
QXPEHU RI REVWDFOHV )LUVW UMKIDQIW DDKILFK WR GHH@XOV ZD. WK W k

*UDYLW\

(DUWK V VXUIDFH JUDYLW\ LV P W VIHQRVWMWVYYV P Vr 7KH
LV OLWWOH UHDVRQ WR VXVSKE6®W SR\DHNWDIBQRE OHPUIRVULWRQ@R WH
KHDOWK EXW LW V XQFHUWDLO® V8BY¥IRUZWHEKXWRMWUWHOD UVWHY ZIRDRU P L
JUDYLW\ LV HVVHQWLDOO\ DQWWISRWODVEEQWMHIBWRFBWIPDYLY DQ
IURP VODPPLQJ 9HQXV RU (DUWK HMWRDEIWULYY JRRRWRBDMKBDDO VROL
WKH FRUHV RI JDV LFH JLDQWWW®RH MXMAW XY YRIOWKPW RWKFK VRC
VRODU V\VWHP

JQVXIILFLHQW QLWURJHQ

:KLOH VRPH RI ODUV QLWURJHQ KDIMR E® DY WQHWUHDMWHW HER W\
HYLGHQFHG E\ LWV LVRWRSLF ORWWRWR KONVFEHRIYQHODWAN W KLYV WR
RI QLWURJHQ RQ 0DUV ZHUH GRHBVIWRUKWE®OG QHW .¢YHR IDW HPWR G D\
LV D NH\ HOHPHQW IRU DOORJHI® RAK B PIXPQMWLIWRHMV KWW ZRXOG
LPSRUWHG IURP WKH . XLSHU EHOQOW HVBWR R W SKIHIWH LY (DUWEKH\R Q G
IRU WKH IRUHVHHDEOH IXWXUH

%LRSUHVHUYDWLRQ

2QH RI WKH SULPDU\ DUJXPHQW\D DYDL\Q VAD W MUKW RIWWP EQRX O
FXUUHQW RU SDVW OLIH R$\DWRQWBW\WWHRL®HOFR@®IOHWXYV DUH |
DQG WKH HQWLUH SODQHW DSSHBUXUWRFKGY MVRIOWHD @ EXFHK OH\
DOWKRXJK VRPH OLQHV RI HYLGB Q@AH SFOW HQBWLHD®D "» NIUGIN @QFHH R

7KHUH DUH DOVR SUREOHPV Z¥X L KD @BV \P XGC\RW \D G & WH V

5RWDWLRQ

ODUV GD\ LV K P QHDUO\ WIOH @DWP N XY DIRAHKKRZHY HU
H[SHULHQFHV D GD\ OHQJWK RI 9HQDXWW KD G BAK/O LONDHN LQH TXLUHV U!
WKLV VLWXDWLRQ

,QVXIILFLHQW ZDWHU

9HQXV V DYHUDJH ZDWHU LQY HQWLR U\HRIX VS\E FF [PUHDRXY GVLKRD) G
PRVW RI LWV QLWURJHQ ZHUH BHW R YDHG DWW RARXIOHBU EHF RE WD L Q L (

-DNRVN\ % 0 3HSLQ 5 2 -RKQVRQ 5 DOV )RWPRVSKHULF ORVVY DOG LVRWRSLF IUDI
VRODU ZLOG LOGXFHG VSXWWHUDGHPMWGCXEKRWRFKHPLFDO HVF

/IDQGLV * $_$VWURELRORJ\ WKH-RXUK DRURIHDKY %ULWLVK , QRBAGBUSODPQHWDU\ 6RFLHW




ZDWHU YDSRXU GU\ DLU RY HUGDFQUXWI¥ O\QZWDKRHUNG HIWD YR KOG EF
SODQHW

/IDVWO\ WKHUH H[LVW SUREOHPV VKDUHG E\ ERWK
ODIQHWRVSKHUH

&UHDWLQJ D SODQHWDU\ PDJQHWRRLS DRWWH. | ZKIHDAOK HWR X Q & HEW
IRU (DUWKOLNH OHYHOV RI UDGLDWLRQ DW WKH VXUIDFH

$WPRVSKHULF GHQVLW\

IHQXYV KDV WRR PXFK RI DQ DWPRWNIS KHIJHG XYIRRPIK 42K DW RR PQ
HIFHVV RWKH SUHVVXUH PXVW EH ORZHOBG W K R@YWHUMM @D URNDKR/C
OLWWOH RI DQ DWPRVSKHUH

5SDGLDWLYH EDODQFH

ODUV DQG 9HQXV QHHG WR HQV XUHYV DIWH D GAWKAHLW HIBW RVR\DSAK
DSSURSULDWH OHYHO RI DOEHKBRHIUMARKR RV N UH | HFWW IK\O ISNUH W H
WKH VXUIDFH

,Q VKRUW ZH KDYH ILYH SUREOHPV WR VROYH IRU 9HQXV

URSRVDOYV

&DUO 6DJDQ PDGH WKH ILUVW RN ED SERGRLROLIGRH |G RS 0%
DWPRVSKHUH LQ SURSRV L QRIVWXWM KIHQWLHF B R\ HRU LK RQW R WK |
VHTXHVWH. FDUERQ $O0OWKRXJKMW? RN FHRHPLSHR ZDW QRW RH &/ H QR Z
WLPH WRGD\ ZH NQRZ WKDW ZKLDW XM N KRMINDOR RW K KK BIHH [ L\
YDU\LQJ TXDQWLWLHV RI & + RJQLIBFDQW BBREDBMOA Rl 3 DV ZHO
HOHPHQWY RI DOO OLIH RQ (DUWK

8QIRUWXQDWHO\ IRU KLV SODQ YWBID K& QWHKIIDWS WHRQ X D P/P Bl WJRH
ZDV IDU PRUH PDVVLYH WKDQ H[FHIEEWEBGW IKDWD QLY DSVRG F\RMO Z D
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6DJDQ & 7KH 30DQOHW 9HOXV 5HFHOW REVWKMIDWRRONSKKHE OIXNKWRH DQG SRV VLE
WKH QHDUHBRLEQBRAHW GRL VFLHQFH
6DJDQ & "UX\DQ 39 OH %OXeH, RWDOODQWLQH %RRNV




JUHTXHQWO\ VXJIJHVWHG DSSURDRKKBYKHUR] KHDFYRIY ILQY RADKYHH G W
ERPEDUGPHQW 8QIRUWXQDWHO\ BREBGDOFKN DQW KMWDWQWRIDLOEXRO 9t
DQ REMHFW NP LQ GLDPHWHU DQROQIKHDA D G XIW HDW H U HDRVHU WK
ZRXOG RQO\ UHPRYH OHVV WKD®\WDSWHKE KV DABEIN K R\l VDKRMHR DOME) X V
ZKHUH LW FRXOG HYHQV. XDOO\ BM WHFDRWMAMNX BHEBGKW TKQH W HRGHIQQ G
LQFUHDVH 9HQXV V DWPRVSKHUHNBDYYGRFLQJ YROFDQLF RX

ORUH UHDOLVWLF EXW VWLOQ QDB EHNRQERR KD UFOLSPDIEQ QWY
PDWHULDO WR VHTXHVWHU LWH®GWRREBKBUGJ OHIOH/WZ § WK SIRS/S U
H NJ FDOFLXP RU H N. PDIQHVLXPPDVAM RRQYWKH HOQWLWK DV WH I
RQO\ H NJLQ WRWDO 3HUKDSRSVRFKRYVH LQSNHBHRWW IOQW R VE RP ED U C
ZLWK H NJ RI K\GURJHQ ZKLFK LWRIF®R @ RHUBW EWYGCDWRRY SKHU F
DQG ZDWHU YLD WKH %RVFK UHDFOMALRQP BERMD Q HFRIRFAVIMH DR UD W
FRYHULQJ RI 9HQ XV V VXUIDARHGURRHRVYF BERUML W\KRRXJK VROI
FDSWXUH LV \HW WR EH VW XQAIPHGVHIO VOKR XM LRXKOW REW KHV@®R Z ¢
VHD JHQHUDWLQJ SURSRVDOV LRQWY YRD WRPWMWAVWRW \HDGKMWLY P \
I[IURP WKH RXWHU SODQHWY ROQMRRD\9HQRBVHIQFWN M Q WHIW WIUW K D D
WKH VDPH .\VWHP 7KH FRQF HSRP RIHHY XWU B FRDLQDN OZHD WHKW A K LV
QRW FRPSOHWF O\ GHIJDVVHG K DOVWDKRR KE B HWQH G OV ¥ XWL\FHRSH Q V
ODFNLQJ 5HJDUGOHVYV RI WKH KD @QVSRUWHRY RHOHQRVUR H[FHV
ZRXOG GLVVROYH LQWR WKHP LQDFAFRUGDQFH ZLWK +HQU\ V

$ YDULHW\ RI FRQFHSWYV SUHVHRUWING HE]\L % L WFKKH DFODARE R Q OGL |
RI WKH DWPRVSKHUH E\ YDULRXVVAR/HD @ VKW RRMK SR8 HAX DIQGP YR OD U
7KLV WKHQ UHTXLUHV VKLHOGLGHVRIQHWKR]WRQURDEE RDLB/IKRH[SDQ
RI LQVXODWLRQ DQG PDVVLYH F\RR\CKLQ/J VAN WHLPAH PIEYQ R XXMOG H U
RI PHJD HQJLQHHULQJ :KLOH D ORQIXWWURQSPIREOGRQRWKHH SHUI
VHTXHVWUDWLRQ RI FDUERQ DRBX\W KHUR[MDGMLRW HO QIRFN® X [HV
GLR[LGH RQ D PRUH RU OHVV SHID RBDWDQ WQEDRWDW HX/V) B QIEXKW Q W L

SHUFHQW LQ WKH URENV VDPSOHG

$Q DGGLWLRQDO SURSRVDO IURRJ%WKHRHKYXQYROH RV SXONH WL
RI' NP RU PRUH WR H[SRVH VXITWKHHOQOWPRMISRAHHJRRKRNIRMRP FDUE
KRZHYHU DSSHDUV OLNHO\ WRSOWHDTOHW H Q& WKH RREDOQILRE HRI ZLC
PHGLDWH FDUERQDWH IRUPDWLR@ QGWDEMRY | VKPP WRXWV[ ILMHW X L
WKH VLWXDWLRQ LW LV GHVLIJQHG WR DFFRPSOLVK

$V PHQWLRQHG LQ WKH SUHYLRR® /PRBIWHY WKHJRERV¥EBOWU
VLPSO\ PRYLQJ WKH VXUIDFHQu / L7QX BIW H.RWWWR HNURAD MRIJHP IP RUH F I

3ROODFN - % 6DJBQD@HWDU\ (QBHMRXUFHY Rl 1HDU (DUWK 6SDRPHLW\XRVRQ 7KH 8QlI
$UL]JRQD 3UHVV

*LOOHW 6 [QOZDUG AMPPDQGY LQ WKH VN\ EROG QHIZDEGHEXHBUQF FORQL]IBEKPLGW -RK(
:LOH\ 6RQV

%LUFK 3 7HUUDIRUPLOJ 9HORXWQD G NRO\WKH %ULWLVK ,@RMHUSOTQHWDU\ 6RFLHW\

(ONLQV 7DQWRQ / 7 6PUHNDU3SDBURHQW VWU 3(S®BOFDOQLVP DOG YRODWLOH UHF\FOLQJ
ROH SODWH SODOHW $SSRXERQNORRIV* MRS KNWDIXR/D @ 5HA/RID UF K MH

/DQGLV * _7HUUDIRUPLQJ 9HOXV $ &KDOOW RRIRISRPINERIE R U ) XEVRQIHUHQF H
(ISRVLWGRD




EXLOGV LQ WKH KDELWDEOH ]RBBYV WKYHH PORUGH LL@FFWHHDWLLGQIM\ L Q W
WKH ORIWHG VWUXFWXUHY DUHWWHKH RBIDF HWR EWKRPSHYDQWW DF
FORXG KHLJKW $V WKHVH KD E MKBIWDMWIPRAMSKIHWIH EBOREDGW VOR
VKULQNYV 7KLV OLNH DOO RWHKH F G\RBIRV B G VX FOHUHBWID\HQJLC
+RZHYHU XQOLNH SUHYLRXV SURISRYD ®VQ DMKV IFR SOR JAMH VV LRC
VWUDLJKWIRUZDUG IORDWLQJHRERORGLKXPDY FR S XODMMRRQ JH[SD

$ ILQDO SURSRVDO LV VW UDWJIKWHEWAIRDG R\ 9W& K VR X VDWW R V
VSLQ XS WKH SODQHW &RQFHSWI\W RD @IH B FGBIRW\H WK MV B RDSDG H |
DQG EH\RQG $V /DQGLV SRLQWW RXWH WXKH HD® RXQRV RMRIQHYV L\
D WHUDZDWW RI SRZHU DSSOLHB®ERQWHRYRXV O\ IRU PL

2ZWKHU SURSRVDOV WR DFFHOHUDWAHUW IQF HED DURHRNV LY SUDRAVW\DRN
IDFLQJ WKH VDPH VL]H DY DLODSD PWW\UREGEDAP YHDIWRRU LPSDFW
DWPRVSKHUH UHPRYDO WR D VWWHEHMHR WKHOOKQY/' D PR VHQX Y DW
VSHHG RI OLJKW DQG PDIJQHWLFIDWEALRHI OMHEG ~\HE HT K DENHROWNV

'LVFEFXVVLRQ

/IHW XV EDFN XS IRU D PRPHQW I & BVMiH\UY DWHER Q\HQH

7JHUUDIRUPLQJ LV QRW D QHDUHWHKP7RFWLNUWD IRUPQQ Y K |
PRVW FHUWDLQO\ QRW

7KH QHZ VXUIDFH SURSRYVDOVUWPB X\DKRWD @K R XS/URMSH E Q/J RR X W
ORZHU DWPRVSKHUH +RZHYHU LWKIOX Z5MD ©@ HQRW RF& XQU3BDV \
VXUIDFH SUHVWXHUH H&2DW p. VLIQLILFDQWDEIEWMDW®WZ FRPIF
WHPSHUDWXUHY KHQFH WKH FURQWHFRWLO/G] EDHD % QUEDHALIIRW DY |
H[FKDQJH ZLWK DQ LQVXIILF L B@WGD GHRUD/G ®HDY H ¥ R HYDHELL WD F
FRROLQJ RI WKH XQGHUVLGH RIUMKKLKDE ISRYWVEERX®EG UHQC

. ,JJORULQJ DOO LVVXHV RI SUDFMHWEKBREDWO\PFRXO 8 MY LRS \
WKH VDPH WLPH DV GHSOHWLQJWHKK H IDMH R R SWCHULHR Q LWHKT K DU
LPSDUWLQJ H - DQG WKH DWPRNS$KHDHKPNDNVYRIIDP HIMHF W
PXVW LPSDUW D PLQLPXP RI 0- @B WHRQDX W HFORRUFULMW SRFRIQ G LN F
7KLV LV URXJKO\ WKH VDPH DV 9RRXV VN RWF DBV YV HZOLRAEK W \
VXIILFLHQW HVFDSH YHORFLWQWRX®E M HIMWHE WWE& HRDQ ROV H
VIVWHP ERGLHV SRWHQWLDOOK RHOSUPUQIURW P &M SKKHIM Z L\

. $UULYLQJ K\GURJHQ IRU ZDWHV D OXIQUDWPR® HRW X B WHRS DHJ
ZHOO

. $00 RI WKH PDVVHV LQYROYHG ® DV S8 RUWHBPWHRQDR W B\ EHRR
DQ\WKLQJ ZH KDYH HYHU GRQHHRKLAMAKH KLVWRU\ RI RXU VS

%LUFK 3 +RZ WR VSLQ % WMWLYKW, QWHUSODRXHMDW\ 6KFILHWY ; YRO QR S




8VLQJ DWPRVSKHULF HMHF W L K® WR DHOA F/ISQ QWS WHKKHH B\@ P R
H[SRVH D QHZ SUREOHP DV VRRQ WKH®XWVUXAEBHMRB HF& IDDVEH |
R[\JHQ ULFK DWPRVSKHUH VXUIDFGGURHAS Y HRX Q@& R{L\GRLRID W
SURSRVDOV ZKLFK VHTXHVWHU @HMORJ /XK DW E FR D® FOIAE0 V KD
GHSRVLWYV RQ (DUWK ZRXOG QRW DXIIW K H WRRPI MK LV HSHER EQ
GHFRPSRVLWLRQ ZRXOG KDYH R[LGL]JHG WKH LURQ

. &RQFHUQLQJ URWDWLRQ SHWIRZIOGWBWXLUHIILINLHRBV W
DFFHOHUDWH 9HQXV V DQJXODU RRPHQWXPLWR P W BK XVKRN
NP DQG D VRODU FRQVWDQW RIKW IDPOLRO® ®IOWRKVOERP EL

3: ZKLFK LI HQWLUHO\ KDBQHYNHBRXWG VWLQAO WDNH
WR IXOO0\ FKDQJH 9HQXV V G D\Q@HQ JIVKU LAKLHD O LURW RMUHHUWX Q
LWV RZQ LPSDUW WKH VRUW RKHQWHMN GNEFN @D U)\GVE R WELR QI
VRXUFHV ZRXOG EH QHHGHG 6XREWHRE QR RO G QOPR VSV RE L
UHQGHU WKH SODQHW XQLQKRBUWDE®HPHKLDY P®PKY SR XMU @
VXQ FXUUHQWO\ SURYLGHV DWOO @GRXEDHQWKHZRKD/GKWWW L (
SODQHW

. 7TKHVH WRIJHWKHU VXJJHVW WK DW MWKH CPSFSVUWR IFRKP WHRQ9 Bl Q WW
URWDWLRQ SUREOHP PD\ EH P RWHIGUMNH VRIOWWW LY D Q. DK 5 URK
ODUJH HQRXJK WR HQWLUH EORRWRKXWL®Y KR QDQ | KRKX L HEEOWD
$V LW SDVVHV RQ 9HQXV V GDLMIFGB OLQL FKW D /W \L VD G MWWAH \
QLJKW VLGH LW FUHDWHY DQVN DNV REDLD O/ GIDO PBWHUIUBG Z
HIWUHPHO\ OLJKW PLFURJUDPKR DERBW VAN WHH P P\ BNV RILW 7

6XFK D VIVWHP IDOOV LQWR DVSRWBHQIHLDROOOBSXQOFWLERP BL
LOQGXVWULDOL]JHG VRFLHW)\ DWDPWK B M BIK HQWIR DX & K Bl WVIHLFQK @VF
FKDOOHQJH RQ QXPHURXV |UR GMVWRKW BVF KD 1D WHR GOO 6T XW &
WKHUH ZRXOG EH DQ LQWHUHNW FRXHG HR W LR WKHRFW Y BIO O\
VROXWLRQ ,W DOVR PHHWV W KEH § WID @/G DUSD R WLLQROWH PAHRPVE |
VXQVKDGH LV EHWWHU WKDQ QRUHPGNOKWDIEA DIVI FDHD O D KIFFKK H ¢
WKH SODQHW D OLWWOH P R UHW(ID U WK® LRRIQ WIKXXDKMHERRL R I WM
GHYHORSPHQW SURJUDPPH RYHU ORQJ SHULRGV RI WLPH

7KH DWPRVSKHUH V EXON PDVV DKRURFEGHP V VEDQW IUNHP BL\QV
VROXWLRQV VXFK DV IUHH]JLQJ LW RXW DQG VWRULQJ LW

W KDV EHHQ HVWLPDWHG WKDMREKDG 6DDIMQEWHHQLWEKB BHRVLF
ZRXOG KDYH WDNHQ EHWZHHQ HO®IYHRQWHKRXVDWR DRFTCSOHWIH Gt
KRZ RSWLPLVWLF WKH DVVXPSWHRW\V D UWHXBVE R XW UK R WIRAH QWX E
QHYHU KDYH EHHQ VRPH VXGGHQ UD®KWW & VDREGHRRIHQ XY RPH JUI
KD]DUG ZDLWLQJ WR JR RIl 5DWWHORZVWHRRKOG RKDRHJIJMHQ LQ WK
DWPRVSKHUH DV ZHOO DV ORZ OSHYHFIL\E IRW DWAD UBRQD,FHRPM\GH L\
UHDFWLYH ZLWK R[\JHQ DW YBG WKKXN D FAR K¥BENRQRXPH LW D
ZDV EHLQJ FUHDWHG XQWLO W KHUHHG@XFH QR XMBHF LBIQ G ZRANVKIHH [K D

JRJJ 0 - 7HUUDIRUPLOQJ (QJLOHHULQJ 30BRHINWMHMWNV(QBUWIRQPHQWYV




FRPSOHWHO\ EXULHG 6R ORQJKIMU MK H RWFND DR Q RIW QY XRIVZWBW [ SR
XQZHDWKHUHG URFN WKH HQWYWH G DOIQPW VZ ZE® GFGR @ W LODAH QU C
GU\ GHSRVLWHG EDQGHG LURQ IRUPDWLRQV

,Q VKRUW ZKDW ZH ZRXOG EH @RR/N DQJ HITVX LZYFDXOCH) B/HRD ©HU V
*UHDW 2[\JHQDWLRQ (YHQW ZKH®R R PORWRE B FQWHKH DL EH IDXRGW HO H
R[\JHQ ILUVW R[(BUWMKIYDIOFOLRIRQ WKHQ VXEVHTXWQWO\ WUDQYV
DWPRVSKHUH WR RG./ IXO0O Rl RQOGHT WEB GHDWK RWPKRNWD OLIH
ZRXOG EH OLIH V ELUWK

7KH G\QDPLFV DUH QRW VLPSOMN®Q G UHLRXRXWS HKFVOHDMNIL R @
+RZHYHU LI RQH KDV SDWLHQFHQ D QG SRONKEWRERPHPGABUREH  F
DFKLHYH WKH VDPH HIIHFW W RHDBES KU & DSIVDIQVL BB QRWHY DOO

1R SODQHW LQ RXU VRODU V\\DW MWK U Q0O WA K H®D LW B UOEH DD
VPDOO DQG ORZ JUDYLW)\ 5DGLFHNDRIQQVKQHBEGLQJI UMKTHX BB HW
KDYH WR VXIILFH ZLWK KDYLQJZERIVABMMH OV BH Q LWSURHARHYV WH U
UDWKHU WKDQ VWULSSHG DQFROUBOXHQEHM RN HWHERRD @ V WL
KRPH 6XIILFLHQW R[\VJHQ SUH V\KHEGHM B REXCHD WH LHQIWZLEAOKLR/X W H [
KD]DUG DWP +HDY\ DPRXDWVWHWRIFRXDHQUBXVH WKH WHP SH
DOORZ VHDV KRZHYHU VSDUVHO\ LQKDELWHG WR IRUP

9HQXV WRR PLJKW QHYHU EHF RIP b DIMLRMW KMV (DR W B W$ REHDS
QHYHU EH DFKLHYHG D VROHWWD PDGQBWGRWQRVKXHOBHQJ PD\ E
PRUH WKDQ LWV RYHULQIODWHGIUH EDUJOILDRRIGW\DRIPRYWHU P
EH GHOLYHUHG DQG SODQW OIQAHK L @G HRXGGDEHDDFRRWGIG XHK R V H
OLYH DV LI DOZD\V KDYLQJ D PALR GV B ORRKZAHWL A EXY] R.AGLWURJIHQ
XQWLO OLIH PDQDJHG WR VHTWKN VQH W DRO B Q JIHQS\W KM IOR® RRV SKH
FDVH RQ DUWK 3HUKDSV WK HX ¥ [DVDWVDHK\ GALROIH Q HY®IG WRPH ¥
VXFK D VFHQDULR LW FRXOG WWK. ® OGENFRMHVDZKRPH (DU

7KLV LV SHUKDSV WRR SHVVLRLMWRGYRKH ILENOWPRERPEDU
+RPR VDSLHQV HYROYHG WKRXWDQGE CHRUWKHIRLUVW\NQRZQ St
VWUXFWXUHV ZHUH EXLOW 2QHGK)XOZGUEXEIIHBY\RBPWR KRENBHG F
LQGXVWULDOL]HG QDWLRQV TKH DUDWDH) RH R Q VWV HZEKK QRIOKRLILKO \ X
EHWZHHQ WHFKQRORJLFDO ILH®G\Y DY RA® G ISGIU LRGU/K KDW LE) W
VSHFLHV ZLOO EH FRQWUROOLQJIVVFKKWHLHFUHQ B R XOQ BDRVRNMHMQ DV
DEOH WR FRQYHUW RXU ZD\ZDUG VUE®NQ JIS S D QB ®/NVI R QWRR EGHU H
RXU VSHFLHV UHDFKHV RXW LQWR WKH VWDUYV

, 1 ZH GR QRW GHVWUR\ RXUVHOWHWKHUXWXBDKRPNDRY \KRZ®DB

3LQWL ' _*UHDW 2[\JHODWIQFQFORIMGLD RI $VWURBIRORJI\ B
'LYLOQJ 3K\VLFV ODBLWRAXQH DQG &RDVWJIXDUG $JHQF\
-DFRE ' - L OWURGXFWLRO WR $WPRMBIMKQAHWRKBQLYWUVLW\ 3UHVYV







*ORVVDU\

$HULDO YHKLFOH WHUPLQRORJ\

$LUZRUP $ VHULHV RI URXJKO\ VSKHULF D@ HREXYWHIR SHR/Z AR
VNLQ 3URYLGHV D ZD\ WR PLQULUALIHS O-RPYGEH MR 8 HRE
DLUVKLS ZKLOH VWLOO PDLQWBLQLQJ DQ DHURG\(

$/,&( $ VHULHV RI (DUWK EDVHG H[SHUWNPABQWKRHZKILEFEKLG
EHKDYLRUDO SURSHUWLHYV RI SKDVH FKDQJH EDOC

%DOORQHW $Q LQQHU HQYHORSH RI YDULDEDM ML H FRQ WD 0
GHIODWLRQ Rl WKH EDOORQH®WDRQOIRZV DRDSBHUD
WKH YROXPH RI LWV LQWHUQDO JDV FKDQJHV

%DOOXWH $ VHOI ILOOLQJ EDOORRQ WKIDWDLXQEQQIRWY DO O@F
WRURLGDO EXUEOH IHQFH DIMLONRZ\8\LMG VDR PMDGQD
YHORFLWLHV WKDW DUH SUREQHNPBMLFJ | BHVHDWIF
DQ LQIODWDEOH UHHQWU\ V\VWHP

%HOORZV E $Q DFFRUGLRQ OLNH EDOORR® WIHRD HAKLG ®\ FEDX). & ¥
RU H[SDQGHG RXW DQG WKXV HRIHWOLINMQ F,H) YIHUAH R
IRU PRYLQJ DURXQG 9HQXV V VXUIDFH

%OLPS 1RQ ULJLG DLUVKLS KDV QR R@WNHUHHQ®DO ULJLG IUIL

&DWHQDU\ I'$ FXUWDLQ RI IDEULF VKDSHGJOEXNUBYBQ URY 6 UQIH
RI D QRQ ULJLG HQYHORSH 7UIO)/ FDBE0 BR DGR/ WKF
IDEULF ZKLFK LV LQ WXUQ VX8SRUWHG E\ WKH R)

'LITHUHQWL 7KH SURSHUW\ WKDW GXH WR EKMD QF\NH WHKQHFUH LW
WKH WRS RI WKH HQYHORSH DQXOWIKGE ERMON RR HD

(PSHQQDJH 7KH WDLO UXGGHU DVVHPEO\ Rl D@MOBRHAVLIRY YMKLE
PDQHXYHUDELOLW\

(QYHORSH 7KH VNLQ RI DQ DLUVKLS
/IDQGLV KDE$ W\SH Rl DHULDO KDELW DW ZXR PKHIGX ED @ VY HID/QKO |
/JLIWLQJ ER' $Q DLUFUDIW ODFNLQJ ZLQJV Z®REH XKD S HJ DIVIO

O0XQN ORDG 6WUHVV RQ WKH HQYHORSH F DX\HH® HR WKHY GHLQ R+
DLUVKLS WR WZLVW DQG WKHRI®SHQQDJH UHVLVW

IDFHOOH $ KRXVLQJ IRU DQ HQJLQH SURMIQGRNV VIDQ HYG\G [EWM A
DLUIORZ DQG RSWLRQV IRU YHFWRUHG WKUXVW

3KDVH FKD(C$ EDOORRQ LQFRUSRUDWLQJ DHRDMNURD @ \Z KIHKHI
EDOORRQ DV WKH HIWHUQDO WHPSHUDWXUW DH® GVHYV SRVYM
UHJXODWLQJ OLIW ZLWKRXW UM TIKDVRIFEKIKXQJIHK RL
FUHDWH DQ RVFLOODWLQJ HIKHPW WDYEOE I IRQ WKF

5LJLG DLUV $LUVKLS ZKRVH IRUP DQG VWERBXREWMNGD® W B\UB QL



IUDPHZRUN 7KH H[WUD PDVV FRWW GANFWN¥YHVKHLQW
WKXV PDVV RI WKH HQYHORSH

6HPL ULJLG $LUVKLS ZKRVH IRUP LV PDLQWDEQH 8 SE\ EXWH XWXU
DLUVKLS NHHO

6WDWLF OR 6WUHVYVY RQ DQ DLUVKLS FDXVEHGONEZH 8 QI IGILL HHQUFHHQYW
ERG\ SDUWLFXODUO\ EHWZHHQ RDKI GRS HRQ) QDKH E

6XSHUSUHV $ EDOORRQ GHVLJQHG WR KD QGRWHWUISLH Y VKDGIW 6l
EDOORRQ EDOORRQV WHQG WR KROG VBRI ZID/QKHQI RUSD WWY I (
WKH QHHG IRU EDOORQHWY SKDWK G KIDYH UHIBXHK
GLVWULEXWLRQ QHHGV 7KLV FIR KH\D DWW W K B YAHRO/F

9HFWRUHG 7KH XVH RI YDQHV RU VWHHUDEIOH EWEWRY MR ZKKD
HQJLQH

5S5RFNHWU\ WHUPLQRORJ\

$EODWLYH $EODWLYH PDWHULDOV DUH EYH WKGH U @ DWERIHWEH
XQGHU HIWUHPH WHPSHUDW XUHJFIRW BR WEIRKWL FV K
GRLQJ VR FDUU\ DZD\ KHDW WKW ZRXIHW KIBE HVRV

$FHW\OHQH &+ WKH VLPSOHVW DON\QH DQG IUBBRG BYHORUPI

$HUREUDNL 7KH UHGXFWLRQ RI D VSDFHFUDWKWR X HO WKIHWVR XBNV
SODQHW V DWPRVSKHUH

$HURFDSWX (QWHULQJ D SODQHW V RUELWRRUDHWQMOWUO W UDIHNI IR EE

$HURVKHOO $ ULJLG VWUXFWXUDO HOHPHQ®WDXRRPIG SBXRM Q5 W'
IDOOLQJ DZD\

%LSURS $ FRPPRQO\ XVHG URFNHW GHVLJQWAKHBBOW®IRD VX
ELSURSHOCR[LGL]HU DUH EXUQHG WRJHWKHU IRU WKUXVW
&DUERQ $ IXHO RSWLRQ IRU SURSHO O DRQYW URHRIEXE lUGID K\ GRIRRV

PRQR[LGH WR[LF PRGHUDWH GHQVLW\ DQG SRRU VSHFLILF

&\DQRJHQ $ IXHO RSWLRQ IRU SURSHO O RYW URHRTIXE LUGID Kt GRIGR\
1RQ FU\RJHQLF WR[LF JRRG GHB\LIP\8XONQG ERRG
FKDPEHU WHPSHUDWXUHV SDUWGEGRWUHG\ ZZLWKK K
SURSHOODQWYV

&\ +\ $ IXHO FRPELQDWLRQ LQYROYLQLAFSDRRIBDQ PRRE]
SURSHUWLHV YHUVXV SXUH F\DQRJHQ

&\OHW $ IXHO FRPELQDWLRQ LQYROY L QUPB\DRRIMQ FIRPE X
SURSHUWLHV YHUVXV SXUH F\DQRJHQ

&\FOHU $ VSDFHFUDIW WKDW WUDYHO\WH® Q@ RRSR ULRRGULHF FH

ZKLFK UHTXLUHV OLWWOH GHOWRD\9 W RORD DQRYPQ €
VWRS DW LWV GHVWLQDWLRQY WHAKQWL QB \DFWE
DOORZV D ODUJH DPRXQW RI| PDNR/P SLKQ\HSOMGY DK Q &l

'"HOWD 9 &KDQJH LQ YHORFLW\ DQG WKX¥ WHBLX¥XWHG HQHDJ
RI KRZ PXFK FDSDFLW\ D URF N HYWH K \D QREU KRRZE R WH
FDSDFLW\ ZRXOG EH FRQVXPHG E\ D JLYHQ PDQHX
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'"HHS 6SDFH 1HWZRUN DQ JORED®Q\H BRH\E ®RH [HVPE
1$6% WR DOORZ IRU FRPPXQLFDWUDQW ZLWK GLVW

(DUWK 7UDQVIHU 2UELW
+LJK (DUWK 2UELW RU +LJKO\ (OOLSWLFDO 2UELW

$ FRPPRQ SUDFWLFH ZKHUH URFNIRZQ DUW HK\N\IIOH
FDQ EH FRQILUPHG WKDW DOO M\/mCHF\WV DUH RSHL

+LIJK 9HQXV 2UELW

+DYLQJ WKH SURSHUW\ RI VSR QRNOD@HIRK\D V JU MY LIE
URFNHWU\ ZKHUHYHU VLPSOLERWWDQ® UHOLDELO

$ VWUXFWXUH WKDW FRQQHFWY WRQR VMS®HDIWRH
WKHLU VHSDUDWLRQ

6SHFLILF LPSXOVH *HQHUDOOUNSESRUMMMELIQQ WK
H[KDXVW GLYLGHGHSUHVHQWY D PHDVXUH RI KRZ
DFKLHYHG ZLWK D JLYHQ PDVVVRI BTRSHIOOOHIQW WY

/IRZ (DUWK 2UELW

ILTXLG K\GURJHQ :KHQ EX\WBCQUH® RIWWKHR2Y HV HQ W,V
EXW ORZHVW GHQVLW\ SURSHRWOVDIHW 'HREBBL DUWH

ILTXLG R[V\JHQ $ SRZHUIXO DQGLYHW\LRLGRIEON KW HY
IRZ 9HQXV 2UELW

7KH UDWLR EHWZHHQ WKH GU\ MDA ZKIHRQ VX\ODQH O
SURSHOODQW /RZ PDVV UDWLR GREOVWHIVY WEBQ@KI
URFNHWY DOO RWKHU IDFWRUV EHLQJ HTXDO

OL[HG 2[LGHV RI 1LWURJHQ 3U[ILRMHU UO2 Q LBAXWR FHRC
VPDOO DPRXQWYV RI QLWULF RQR&GRWKRHUHAGWXHH FR
SURSHUWLHYV

12 D PLQRU DGGLWLYH WR 021 W®RGRMKKHAL R IOG &1L
12 D WR[LF VWRUDEOH R[LGL]HWW RWRBHHLISULPDU\

12 ODXJKLQJ JDV D VHOI SUMK\ORZH UQWN R LLFG.LW
LPSXOVH YHUVXV 021

$ PLIWXUH Rl QLWURXV R[LGH D®IURRUIMDQ FER RO\G
YHUVXV SXUH QLWURXV R[LGH

7KH SURFHVV RI FRQYHUWLQJ D [ERB®DIQMW SR RQ
(DUWK

THFKQRORJ\ 5SHDGLQHVYV /HYHO D P HDNWKKPRBIRARE
UDQJHV IURP %DVLF SULQFL®GHGY RER HUWBH®/ BOI
IOLIJIKW SURYHQ WKURXJK VXQNWHVVIXO PLVVLRQ

$ UHODWLYHO\ XQFRPPRQ URFNIHPAX G\WM B DHR X Q YRR®
WKUHH FKHPLFDOV RIWHQ LQVYRDAW D KQBKUKHDE WY
DQG DQRWKHU WKDW \LHOGV DXO/RZ PROHFXODU Z

9HQXV 7UDQVIHU 2UELW



6SDFHFUDIW SUREHYV

SNDWVXNL

$5((

'$9,1&,
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+$92&

.RVPRV
.RVPRV
.RVPRV
.RVPRYV
ODULQHU
ODULQHU

ODULQHU

ODULQHU

0ODJHOODQ

3LRQHHU 9t
2UELWHU

SLRQHHU 9t
OXOWLSURE

'DZQ D 9HQXV RUELWHU ODXQFKHGJEL ¥ H G 'HF HF
EXW IDLOHG WR HQWHU RUEIGWV &K AHW R | M Q DL\ QHHQ MD
'"HFHPEHU YLD D EXUQ IURP W MUWXDW WUWW XTKH FPF
H[SODLQ 9HQXV V VXSHUURWDWMRQ ZBDWKHU GHW
GHWHFW DQ\ RQJRLQJ YROFDQLVP

$XWRPDWRQ 5RYHU IRU ([WUHPH (QFHSWR QRHWQMQ/
HOHFWURQLFV IUHH ZLQG SRZHUMIGUPDRIH QD WILRRQ
VXUIDFH

'HHS $WPRVSKHULF 9HQXV ,QYHV W&HK B WLL\RWY UR | DXRG
SURSRVHG DWPRVSKHULF SUREN NWR LEHSO\H/QXY WV WDX
ZDV QRW FKRVHQ LQ LQ WKH URMHRWHU\ VHOHF

(XURSHDQ 9HQXV 2UELWHU (6% HBVA\RSIRHY EOARBRQ
NP PLGGOH FORXG OD\HU DQW RRWHKRHNUIH DWB 2

+LJK $SOWLWXGH 9HQXV 2SHUDWYRQIUR SRQBE SWU
VHWWOHPHQW RQ 9HQXV EHJLQ®@IPQY ¥YLRE DQRD Bt
VPDOO PDQQHG PLVVLRQV ZLWKNK VPR I RHBD BE
YHKLFOH OLYLQJ LQVLGH D VPDOO LQVXODWHG J

6HHRQG 09 1R
6HWHQHUD 09 1R

BHWHQHUD 9 1R

6HH 9HQHUD 9 1R

86 IO\E\ PLVVLRQ WR 9HQXV ODXQ@FICGHBLMXRX®A Ut

86 IO\E\ PLVVLRQ WR 9HQXV ODXQRMKK O BRI ADV
'"HFHPEHU 'LVFRYHUHG W KD W CBHHIIXON \D @ LKIRKWY \
DQG ODFNV DQ LQWULQVLF PDIQHWLF ILHOG

86 I10\E\ PLVVLRQ WR 9HQXV O D XDKE DHBXEG HXQHX O
2FWREHU 5DGLR RFFXOWDW IFRRQ \G B WD W R O/BKIH
HQWU\ GDWD IURP 9HQHUD

86 PLVVLRQ WR OHUFXU\ ZLWK DL QHIRXWHPEHUWV ODX
LQ )HEUXDU\ UHYHDOHG WKRIIRBHQWVFIURWPHXSDL
WKH YDU\LQJ DSSHDUDQFH RI WKH FORXGV LQ 89

86 RUELWHU PLVVLRQ WR 9HQXV DODXDHEH® ®FW F
$VVHPEOHG WKH PRVW GHWDLO HZD WBHIG D) ® ZHW R\
PLVVLRQ WR 9HQXV H[FOXGLQU IGNEW LID® W RK Q\H
RI 9HQXV ([SUHVV LQ

86 RUELWHU WR 9HQXV ODXQFHKHXG LD 'BBPHPEHDQG
&RQGXFWHG GLUHFW DQG UDGDHWREVMHI YRW LR\
UHDFWLYDWHG WR DVVLVW WKS LI RO /KY WXDFB

86 DWPRVSKHULF PLVVLRQ WR 9HQXVDODKQH&H®) L
7KUHH VPDOO DQG RQH ODUWHGHWHHQWHYURIE
RI 9HQXV V DWPRVSKHUH
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9%/25

9%03

9&0
9HJD

9HJD

9(*$6

9HQHUD

9HQHUD

9HQHUD
1R

9HQHUD
1R

9HQHUD
1R

9HQHUD
9HQHUD
9HQHUD

1R
9HQHUD

9HQHUD
1R

9%

09

09

09

09
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3URSRVHG 86 ODQGHU PLVVLRQ WM BHD@POW /,Q08 HJ
VLPLODU WR &KHP&DP RQ WKH &XULRVLW\ URYHU

-DSDQHVH VWXGHQW PLVVLRQ WR DHBGXVQWBRGHK
VWXGHQW EXLOW PLVVLRQ WRZONDY RV\P UVKIR RW B!

9HQXV $HURVWDWLF /LIW 2EV HDUFKR DLEVRISRRINV HQ
ORQJ GXUDWLRQ EDOORRQ PLVVLRQ

9HQXV $WPRVSKHULF ODQHXYHUDEOHIRWBIW \RKPQ |
SUREH IRU 9HQXV XWLOL]LQ\ H@® WQNOD\W IVEEH '@V
1RUWKURS *UXPPDQ

9HQXV &OLPDWH OLVVLRQ D SURBRWRHGGHS &% \E\DLAR

6RYLHW IO\E\ EDOORRQ ODMEHKRGVVER®BMWMR ¢
LQ -XQH 9HIJD DQG UHP D IPQ VWHK.HR @R\ O\ RE D@}
RSHUDWLQJ IRU DSSUR[LPDWHOOH 60ORXEDIFX\HQ B
RXW RI WUDQVPLVVLRQ UDQJHIML@XUXOWLPDWHO\

BRYLHW IO\E\ EDOORRQ ODMGHKRGVWER®BMWR ¢
LQ -XQH $ VLVWHU PLVVLRYXH®@ RVEHJDDP H & H\R
LQVWUXPHQWDWLRQ

9HQXV *HRVFLHQFH $HURERW D SKDL\RD FEKDWLIH E\D
1$6% -3/

6RYLHW LPSDFWRU PLVVLRQ WRDYUHQXV )ODBRREKWM|
972

6RYLHW LPSDFWRU OLVVLRQ WR 9HQXQOHD X QKKK
NLORPHWHUV RI 9HQXV EXW ORRW BPWBPXIQWKXDW HE

BRYLHW ODQGHU PLVVLRQ WR 9HQX WD LODNRQWIRHGH

6RYLHW ODQGHU PLVVLRQ WR 9HQXV ODNLQ@FHKG @ I
/(2

6RYLHW IO\E\ PLVVLRQ WR 9HQXV ODXRE®HG WR |

6RYLHW IO\E\ PLVVLRQ WR 9HQXV ODBXGFHKNGSGIXQ C
9HQXV LQ )HEUXDU\ EXW WKH VB8 DEFMHW D DA RIX CD4-

6RYLHW ODQGHU PLVVLRQ WR 9HQ XV OOWERPKIBEGII
DWPRVSKHUH LQ ODUFK EXW QR GDWD ZDV UH

BRYLHW IO\E\ PLVVLRQ WR 9HQXV ODBRRGHKBGNIRQO

6RYLHW ODQGHU PLVVLRQ WR 9HQERXF Fo-DX\Q KIOHDG |
9HQXV V DWPRVSKHUH LQ 2FWREBIUEXWDQGOHONW I
VXUIDFH LQWDFW 7KH UHWXUQHGZDWWD LEPARVAXGEH
FRQVWLWXHQWY DQG FKHPLFDO WHPSHUDWXUH

6RYLHW IO\E\ PLVVLRQ WR 9HQXV ODBREKHEGNIRQO



9HQHUD

9HQHUD

9HQHUD

9HQHUD

9HQHUD
QR
9HQHUD

9HQHUD

9HQHUD

9HQHUD

9HQHUD

9HQHUD

9HQHUD

9HQHUD

9HQHUD '

9HQXV &OLI
2UELWHU

9HQXV ([SU

9(3

6RYLHW DWPRVSKHULF SUREH WRUAHQ XVZLAO\DKX @ DK

5HWXUQHG PRUH HODERUDW HR @ W& PRAMS KIHQG FE ¥
VPDOOHU SDUDFKXWH SHQHWUSKMHHG GHKIS@ 9 H@H
EDWWHU\ UDQ RXW

6RYLHW DWPRVSKHULF SUREH WRUIHQ XVZLO\DXX @ RK\
$ VLVWHU SUREH WR 9HQHUWDGHVY W ¢ DA HQW

BRYLHW ODQGHU WR 9HQXV ODXWRKFGH® GRAR VLY
,QLWLDOO\ WKRXJKW ORNNZ RW W R B DGO D WOHF
DQG UHWULHYHG EDVLF GDWD @ERXW WKH VXUIDF

6RYLHW ODQGHU WR 9HQXV O DXO@RXIHIG LLQQ 0-DXWDR K
IXOO\ VXFFHVVIXO ODQGHU LWQWWKHLYKGIDEW D¢
WKH ILUVW DQDO\VLV RI 9HQXV V VXUIDFH

BRYLHW ODQGHU WR 9HQXV ODREEBKWE D@ DDK F K2

BRYLHW RUELWHU ODQGHU WR 9HQMXM Y® BXIQF RHA
7KH ODQGHU VXUYLYHG IRU P IL QXWWH \L FDOJG WU HWR
Rl DQRWKHU SODQHW %RWK DQWGMN W [BQQ RHWE LRI
9HQXV V DWPRVSKHUH DQG FORXGYV

BRYLHW RUELWHU ODQGHU WR 9HXQXM Y® BXIQF RA
VLVWHU SUREH WR 9HQHUD  DWD © B ULLQ HE WX R H QM

BRYLHW IO\E\ ODQGHU WR 9HQXY ODRQBKMBG Q¢
7KH ODQGHU VXIIHUHG P X QW Y SEOXHW L QNWXIX® H C
HYLGHQFH RI WKXQGHU DQG OLJKWQLQJ RQ 9HQX\

$ VLVWHU SUREH WR 9HQHUD VLUW BQGULG\CGWIKR
UHWXUQHG VLPLODU UHVXOWYV

6RYLHW IO\E\ ODQGHU WR 9HQXV DDIHQYAHKEHGQ QI
7KH ODQGHU VXUYLYHG IRU PHLHD XMUHAWD;G 5 OFQRIN
9HQXV VXUIDFH PLQHUDOYV

6RYLHW IO\E\ ODQGHU WR 9HQXYV O DXNQUREKNHG ILQ
$ VLVWHU SUREH WR 9HQHUD VLUW BQGULGH\GWWKH
UHWXUQHG VLPLODU UHVXOWYV

6RYLHW RUELWHU WR 9HQXV QDFXGFK@ @ AW R-EHUH
&RQGXFWHG UDGDU PDSSLQJ RI WKH VXUIDFH

BRYLHW RUELWHU WR 9HQXV QIXGFK® @ AW R-EKHQH
SUREH WR 9HQHUD LW FDUULKBE WUX¥P QMWD WHR
VLPLODU UHVXOWYV

$ SURSRVHG 5XVVLDQ SUREH W R PHRSUQ 1 RUEQ WLH;
GHVLJQHG IRU ORQJ GXUDWLRQ VXUIDFH RSHUDWI

6HENDWYV XNL

(6% RUELWHU PLVVLRQ WR 9HQXV ODQ® MKHE YRGL
W FUHDWHV WKHUPDO PDSW RIRQLUK®A\QMXIH I
Rl SDVW RFHDQV DQG DQDO\]HV WKH XSSHU DWPI

9HQXV (QWU\ 3UREH DQ (6$ UHIRQHQGWREWRGS HRF
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=HSK\U

=RQG

=RQG 09
=RQG 09

9HQXV

9HQXV (PLVVLYLW\ 5DGLR 6FLHQWFHRSQ 65 URBR \6
PDSSLQJ PLVVLRQ WR 9HQXV G H\DIFAHDE/ W R XAL JH)
9HQXV V VXUIDFH DQG GHWHF W FHHF MRV~ YWR TH
VHOHFWHG LQ WKH GLVFRYHU\ PLVVLRQ VHOH

9HQXV 6XUIDFH 6DPSOH 5HWXUQ WX I3 UR $ RN HIEGPIOV
D ODQGHU WR FROOHFW D V XUDDEMOWIRRRID W R ¢ DU
DOWLWXGH D URFNHW WR \WDWMDUW WR WDRLIHNL VD

9HQXV ([SORUDWLRQ RI 9ROFDQRURSRY G G WPRHV Ik
PLVVLRQ LQYROYLQJ D EDOORRQ QMK WHRX B DEWRS
LPDJHU\ Rl WKHLU GHVFHQW

9HQXV ,Q 6LWX ([SORUHU D SURSRXKLG IS ZHREOOWY R
VDPSOH WR KLJK DOWLWXGHV BARARIVDQRW ZUHRWXVUIDPI
ZKLFK FDQ WDNH VLIJQLILFDQWF@®HQJWKYVY RI WLPH

9HQXV ,QWUHSLG 7HVVHUD /DQGHBRQDFIHIWHFDWGE DO
FDSDEOH RI ODQGLQJ RQ YHU\ WRXGKR \GLWIDFW W XU
D WHVVHUD

9HQXV ,QWHULRU 3UREH 8VLQJ Y@ RQ WX BRBZHIKDQ
IRU D EDOORRQ SUREH ZKLFK V\WHKENVWPROSKH B HD
JHQHUDWH K\GURJHQ DQG R[\JHQ IRU OLIW

9HQXV ORELOH ([SORUHU D 16) 'HFEH/DLO QKW YR H
VXUIDFH ZLWK D VLQJOH XVH EBUOREV BXOOWRRBK
HODERUDWH PLVVLRQV LQ WKH IXWXUH

$ SURSRVHG 1$6%$ 'LVFRYHU\ FOD VAL ® GVSALRSH DO
URYHU

BRYLHW IO\E\
9HQXV

ODQGHU PLVVLRKSWR 9HQX\DL O BBC(

"6RYLHW IO\E\ PLVVLRQ WR 9HQXV ODXQMHCGH® R QE
6RYLHW IO\E\

ODQGHU PLVVLR@ WK 9HQX\WDLOBK(
/(2

ODWHULDOYV

$FORQ

$FUVOLF JO

$72

%DUH|
%R3(7
&)

$ EUDQG QDPH IRU 3&7)(
$ FRPPRQ QDPH IRU 300$% VKHHWLQJ

$QWLPRQ\ 7LQ 2[LGH D WUDQWGERLWHYW FRY) @RRZV
LQIUDUHG UHMHFWLRQ SURSHUWLHV VLPLODU WFR

$ 3%1 300%$ FRSRO\PHU XWLOL]HG DV D EDUULHU 1
%LD[LDOO\ RULHQWHG SRO\HWK\OHQH WHUHSKWK|

&DUERQ ILEUH SRO\PHU ILEUHV URROAWH E RAPRHD H
\LHOGLQJ D PRVWO\ SXUH FDUERQHERHDPBERWROWRBI
FUHHS KLJK VWUHQJWK DQG XmMRRGCHOOWIHRGHDI!
HOHFWULFDO FRQGXFWLYLW\
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IHRIORQ

3%1

3%2

3&

3&7)(

3(

&\FOLF ROHILQ FRSRO\PHU D KLHXDYWDW V BRUWY
SRO\PHU

$ EUDQG QDPH IRU 3(7 ILEUH
$ EUDQG QDPH IRU 8+0:3( ILEUH

(WK\OHQH FKORURWULIOXRURHT K \IDM® H WX \FOR-BR-O
JHQHUDOO\ VLPLODU WR 3&7)( ELWLB\RDEXW OHMDW
H[FHOOHQW EDUULHU SURSHUWLHYV

3RO\ HWKHQH FR WHWUDIOXR GRIHOXRH®IS RD\IRBIQI M
IRU WUDQVSDUHQW LQIODWDEOH SRO\PHU FXVKLR

(WK\OHQH YLQ\O DFHWDWH D FRE&RDQPMUHRIDMMAK\
PHOW DGKHVLYH WDFNLILHU HD@&WRPMHGUHRBDP\

$ EUDQG QDPH IRU (92+

(WK\OHQH YLQ\O DOFRKRO RFMXW.RQYVOBD GIHY B WD
KLIKO\ SHUPHDWLRQ UHVLVWDQW RXDW HR P\PHR@\OL W
EDUULHU ILOP

JOXRULQDWHG HWK\OHQH SURS\DGI®H )0 &RFSIRIDDB
UHJDUGV WR 37)( DQG OLNHZWVERDVMDY EHXRW HQ D
SHUPHDELOLW\ DQG KLJKHU VWUHQJWK

$ EUDQG QDPH IRU (&7)(
+LJK GHQVLW\ SRO\HWK\OHQH 3¢

,QGLXP WLQ R[LGH D WUDQVSDYHQWUFARB XPWRV
UHMHFWLRQ SURSHUWLHV VLPLODU WR $72

YRUPHU EUDQG QDPH IRU 3&7)(
%UDQG QDPH IRU 39")
/RZ GHQVLW\ SRO\VHWK\OHQH 3¢

%UDQG QDPH IRU ELD[LDOO\ RSKMXWBGVBR O3KHI KT
DUH KRZHYHU QR ORQJHU PDGH IURP 0\ODU 3(7

%UDQG QDPH IRU 3&7)(

3RO\DFU\ORQLWULOH D PRGHUBDWH®K ISIRIX\ RVHP Kk
DQG ILOWHUV ,Q WKH FRQWW [MRWRW DQ RMDEO K DIEL \
KLJK TXDOLW\ FDUERQ ILEUH

3RO\EHQ]R[D[ROH D YHU\ VW URCIQ M [ @/UHAHKEO F WK\
ORUH IDYRUHG WKDQ 3,%2 IRU XVH LQ ILEUHV

BRO\FDUERQDWH D KDUG WUDQ® SODUHOQW G RO HH-L

BRO\FKORURWULIOXRURHWK\OHQ ) RV | XD\ KDXR 1
IOXRURSRO\PHU %RDVWYVY JRRG @& HFKROIL WIXG! &U RK
WR ZDWHU SHUPHDWLRQ RI DOQHRNQWRAQ FFO\DSYRRF Z

SRO\HWK\OHQH WKH ZRUOG V PRV Y RRRPKR R Q@OV IXP/
SURGXFWLRQ H[FHOOHQW ZRUNBEHOGLWDOJBRGLIME
ORQJ FKDLQV RIIHUV KLJK VWVHQRWIKD &RZHPYHHQWL
KLIJK FUHHS DQG 89 VHQVLWLYLW\
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3OH[LJODWV)

300%

33

38

37)(

39%

39&

39'&

39")

39)

392+

6DUDQ

6SHFWUD
7HGODU
7HIORQ

SRO\HWK\OHQH WHUHSKWKDODW IRRDB HRPF®RQVKERIR
UHVLVWDQFH KLJK VWDELOLW\ DQG JRRG ZRUNDE

&URVYV OLQNHG 8+0:3( FRPPRQO\ XVHG LQ SOXPEL

3HUIOXRURDONDQHYV D IDPLORQIPHDO E HBZRIBIQ D
SHUIOXRURHWKHUV 3URSHUWLRW)DUBXV) 2V K WEDH
SHUPHDWLRQ DQG FUHHS UHVLVWDQFH VLPLODU

B3RO\LPLGREHQ]R[D]ROH D H[WURHAHQALKWKD 83U W RIDUY
VLPLODU WR 3%2 EXW ZLWK 6RQ/YVHIHVWR QW OFEO M
WKDQ 3%2 IRU XVH LQ ILOPV

$ EUDQG QDPH IRU 3008$

3RO\ PHWK\O PHWKDFU\ODWH
VKHHWLQJ DQG ILEUH RSWLFV

\ PHKIL XK/GI\GW. QD W VY BK

B3RO\SURS\OHQH WKH ZRUOG V VHNKRPGG BROW HRP
DUH EURDGO\ VLPLODU WR WKERWA RUWIR @ RPMR\KDH
WKHUPDO SURSHUWLHY DQG V RHPWHIZKW W QLFE FBUWIRRSUH

3RO\ XUHWKDQH D SRO\PHU FRFPEBBLNVGIDBWRH DUBKXSR
SRO\RO &RPPRQO\ XVHG LQ IRDPW BHQ B WNHBDRHWMW

SRO\WHWUDIOXRURHWK\OHQHS RK\H WULY IV Y IKIC
HTXLYDOHQW WR SRO\HWK\OHEHWV YHPH ®&H b WHWIRFX
UHVLVWDQW EXW ZLWK KLJKOSHURHDE IVOLWHQ KW Kt
ZRUNDELOLW\

3RO\YLQ\O DFHWDWH D ZDWHV WRODYHE® I \5 RO PRHHUL
EDVLV IRU PDQ\ RWKHU DGKHVLYHYVY 3UHFXUVRU"

7KH PRVW FRPPRQO\ VROG KDORJIDGSW®HGD BRAR\PH
DGYDQWDJH RI LWV KLJK ZRWMDEQDVWLFULHUGLWQ
OHYHO RI FKHPLFDO UHVLVWDQFH

$ SRO\PHU VLPLODU WR 39& FRPPIRQO\ XMW G ®DR/UBI
LQ FRPSDULVRQ WR 39& EXW H[MDRIFHQW SHUPHD

$ KDOI IOXRULQDWHG IOXRURSPRO\RRAY X &R MEDRQNVR (
PXOWLSUREHV LV WKH OHDG LWQUF W& HRAR PO WERXW |

7KH IOXRULQDWHG HTXLYDOHQW [RHV3®RE& | XRHIRB/K
FKHPLFDO ZHDWKHULQJ UHVLVYWRQWHR XHHV WHRJ
WKHLU QRQ IOXRULQDWHG HTHQMWDIKO HQRZV G K RIK W

3RO\YLQ\O DOFRKRO RFFDVLRQDOBD @WIHY B IDFHIR G\
H[WUHPHO\ SHUPHDWLRQ UHV L VHWUDXWH GZD® X B/URL
DGKHVLYHV GLVVROYDEOH SDFNDUHQJINEEVWHKHV
QRW SUHVHQW

$ EUDQG QDPH IRU 39'&
39'&

6DUDQ WIRJIHW KREHYIHW

$ EUDQG QDPH IRU 8+0:3( ILEUH
$ EUDQG QDPH IRU 39)

$ FRPPRQ EUDQG QDPH IRU 37)( DQG RFFDVLRQDC



8+0:3(

:DWHU JHO

9HFWUDAQ

=\ORQ

&KHPLVWU\

%LD[LDO
RULHQWDW|

&DVFDGH

&UHHS

&URVV OLQ]

&U\RJHQ

&U\RSXPSL(

&U\WWDOOL

(63
(OHFWURVW
SUHFLSLWD

(XWHFWLF

8OWUD KLJK PROHFXODU ZHLJKWUERBE UWWLK\\D HEQR D
RWKHU IRUPV RI SRO\HWK\OHQM VEK®WUH NVOGM QLIEV
DQRG KLJK DEUDVLRQ UHVLVWDQFH

$ JHQHUDO QDPH IRU ZDWHU VROXEORB GROXPHUY \
GLVVROYHG VWDWH

$ OLTXLG FU\VWDO FRSRO\PHU RIQGK\GUR[\EHQ]RL
K\GUR[\QDSKWKDOHQH FDUERKMWE LIFQDFHL GRYB®X®I

$ EUDQG QDPH IRU 3%2

SK\VLFYV

%LD[LDOO\ RULHQWHG SRO\ P HUQ/G DQH\WHA D IO F HOH/C
H[WUXGHG FDXVLQJ WKH SRO\FHUWH ® RROXNF XJO MAK M
‘KLOH XQRULHQWHG SRO\PHUV WIWHQQKW KH &RIGNG
PHIJDSDVFDOV ELD[LDOO\ RULHKW®GWE RS RK\H KX &
PHIJDSDVFDOV

,Q LVRWRSLF HQULFKPHQW [F KPWQWVVRV DUGIG LN R C
RWKHU VXFK WKDW WKH RXWSOW WHRH LRIEX W\WDR F
HDFK VXFFHVVLYH VWDJH DW DFRIPIKHWHIBQW RF\K KH

7KH SURFHVYV E\ ZKLFK D PDWHQKXRAEV WAEMNHFW R &
RI WLPH HORQJDWHYV 7KLV KDBOWISHHREQHWD RO W
ORDGV ERUQH E\ WKH HOHPHQWHQWR RWKHU FRC

7KH LQWHUFRQQHFWLRQ RI LQEDRHU®OID ER G HITHL
WUHDWPHQW RU H[SRVXUH W RQLRRQLIQROUDHE F\R ¢
\LHOG LPSURYHPHQWYV LQ FUHHSZDW & RXEN V\DIFRQ U
VWUHQJWK KRZHYHU UDQGRP VE\LQRQRQVBIQE® BUF
DVVRFLDWHG ZLWK EULWWOH IDLOXUH PRGHV RI ¢

$ FKHPLFDO VWRUHG DW ORZ WHRSHIWN WRRPRQ 8\
LEQGXVWU\ GXH WR WKH PXFK RLJIKUWH UDVHIQV LDM\GRW
PDQ\ KLJK SHUIRUPLQJ IXHOV D/WHH KD WOXIEKKY. G KR
ZLWK FU\RJHQV SUHVHQWYV VLJQRDOWDBQMD ® B VAK DD

$ SURFHVV LQ ZKLFK D JDV FRBWRE WWYJERLVXIUQD
FRQGHQVHV RQWR WKH VXUIDFH LQ@QHIDW Y QSJIOM FSHD W
PRUH JDV ,Q WKH FDVH RI JDVMXVGWKZWHRR®Y & H QB
D ODUJH HQRXJK VL]H LW W HQGY FWROBX QZRLIF KD G
VLIJQLILFDQW DPRXQWYV RI KHDOM WR FRQWLQXH

,Q SRO\PHUV WKH SHUFHQWDJHASRIL WHKG EIX 6 N\ Y WU
VSKHUXOLWHY UDWKHU WKDQ \DPRW3KRXY L\QW USE(
EH VWURQJ ULJLG ORZ SHUPIOBEDPRWSKRRG REBO}
EH ZHDNHU IOH[LEOH KLJK SHIWPMDELOLW\ DQG W

'"HYLFH ZKLFK XVHV D KLJK FKDUOHGLYVFG&DHQM WR (
RXwW RI D JDV VWUHDP 5HODWHG WR (+' WKUXVW

$ PLIWXUH EHWZHHQ WZR V XEV W DI¥RHWD EIOH © MW Y
(XWHFWLFV DOORZ IRU WKRURXRIK VWK N WARZARX WX RWQW
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OLVW FROO

3DFNHG EH(

6 XSHUFULW

7THQVLOH V\

8QLD[LDO
RULHQWDWI

PLILQJ UDWLR DSSURDFKHV W KH W X W HEMS VFWSR ILQ'
ERLOLQJ PHOWLQJ SRLQW WHQGVY WR GURS

$ KROORZ FKDQQHO ILOOHG ZLDMK BHVRRQH G VKN K
SDVVLQJ WKURXJK ORIWV DQGFFKRUEBD LW XTWKLH K]
DSSOLFDWLRQV VXFK DV FDWDO\VWV DQG VFUXEE

$ FKHPLFDO ZKLFK LV D OLTXLGVBWSBESBWR({URA DAKH
PHDQLQJIXO YDSRXU SUHVVXUH

,Q 6LWX 5HVRXUFH 8WLOL]DWLBRFDWRON BDYRIEGNKC
PHHW WKH QHHGV RI D PLVVLRQ

/ILTXLG FU\VWDO SRO\PHU D HKW JKHQHYV B/DOO\OE QD Y
KLIJIK WHQVLOH VWUHQJWK OB 6 UHRHS WOURDBEDPB

$ GHYLFH ZKLFK XVLQJ YDQHV VIDENIWXURVYV 8KV
JDV VWUHDP LQWR D IOXLG VWUHDP

$ KROORZ FKDQQHO ILOOHG ZUWIDOW H/UNDW L 7 KSR WE
LV XWLOL]JHG IRU LQGXVWULDO\DV 350 DRGBVWLRUNE KL

$ VXEVWDQFH ZKHUH DERYH GWWRUDBRFEFWOSBREE
ERWK D OLTXLG VXFK DV VROVH®XWFRURS HUNMVHR/(
SRUHV LQ VROLGYV

7KH DELOLW\ RI D PDWHULDOHWRKZIQVKORDQEG WAa\
VWUHQIJWK UHSUHVHQWYVY WKH @WWH\DW WV WZ EKO HK\
UHSUHVHQWY WKH VWUHVYV DW PAKQ H & WWMK\HGRHD R/UHRJ

6LPLODU WR ELD[LDO RULHQWIHWLIRWQ V W[EFHE WKW & |
D[LY FDXVLQJ DOO PROHFXOHW VR LIRGR S LW KLH/ M
IRU ILEUH SURGXFWLRQ DOO/RRLYH YRHW WH QNVIODID

*HRORJ\

$QRUWKRVL
$UDFKQRLG

%DVDOW
&DUERQDWL

&RURQD

"LITHUHQWLI

"LNH

$Q LQWUXVLYH LIQHRXV URFN FRPSRYH® RYDBNHE K

$ FDWHJRU\ Rl ODUJH ZHEOLNH MROFD QRFINWXXF
VPDOO FRURQD ZLWK D VHULHSHRI FARRES\UBIY M LWHA
GHQVH QHWZRUN RI VWHHS ULHLV BEQWIMNQJ DZ

$ EURDG FDWHJRU\ RI ORZ VLOANW H[WUXVLYH LJ¢

$ KLIJKO\V IOXLG YHU\ ORZ WHPBRODWRUHDOGWD/Y.¥H)
(DUWK 20 'RLQ\R /HQJDL LWLDSGHNDUYIOWKH GDR
UDGLDWLYH JORZ DW QLJKW WK G2RMHQ [HWVWR RLBU
YDOXDEOH PLQHUDO GHSRVLWYV

9HU\ ODUJH XS WR NP GLDPRIQWMHUL WKUPB XODW IR
VXUURXQGHG E\ ULQJV RI GHQVHVUHAQW W KFHHPRE DI
XSOLIWHG E\ D PDQWOH SOXPHKHEXWL®Y®&HX g FOHUWW |

7KH SURFHVYV LQ ZKLFK PDJPDV XQG HWHKOAKWHIPQF I
YDULRXV IUDFWLRQV YLD FRRODQ® RWHKHUY BWRE BV

,JOHRXYV LOWUXVLRQ WKURXJIK DREMINO @ KOLANKH F\RW O
JURXQG ZKLFK FDQ ODWHU EH H[SRVHG YLD HURYV
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025%
IDWURFDUE
3DQFDNH Gt

3KDVHG DUL
UubGDU

5DGDU UHIO
WHUUDLQ

5HIROLWK
5HVXUIDFLQ

6FDOORSHG
PDUJLQ GRF

6\QWKHWLF
$SHUWXUH !
6$5

7THUUD WHU

7THVVHUD W

7KROHLLWL
7LFN
7JURFWROLW
<DUGDQJ

5HODWHG WR WKH ZLQG (ROLDDRWH\R BHNRXHNG P RRL
VHGLPHQWDU\ IHDWXUHV VXFK DW X&XYHW XFRCD M !

(OHPHQWV ZKLFK WHQG WR EH MRGRBYW WRD\PBGPID
GLIIHUHQWLDWLRQ

$ GDUN ODUJH FU\WVWDOOHG PEW UXRPEYWHOIRIDHRK?H
PDJPD )RUPLQJ D PDMRU FRPSRQHQ@WVRNY (DWW.R/ F
GHFRUDWLYH VWRQH XQGHU WKH PLVQRPHU EOD

$ IHOGVSDU PLQHUDO FRPPRQO\L FRXQGVISQ D\YRD W
LULGHVFHQFH NQRZQ DV ODEUDGRUHVFHQFH

7KH RXWHUPRVW OD\HUV RI D RUPQHHMD VAKIL i B O M
EULWWOH IDLOXUH UDWKHU WKDQ WKURXJK YLVFI

7KH PRYHPHQW RI PDWHULDO UJDK ID@ON LRAVUX & 8 R 20
IRUFH RI JUDYLW\

OLG 2FHDQ 5LGJH %DVDOW
6HH FDUERQDWLWH

/DUJH VWHHS VLGHG YROFDQINHBEGWRFEHN UHR@W.
GRPHV RQ (DUWK DQG SRWHQWLIF®OU LFRP BWD WM\ G
GLIITHUHQWLDWHG EDVDOWLF ODYDV

$ UDGDU VA\VWHP FRPSULVHG RI WKQWOYDSBWRURGGE
FUHDWH WKH HIIHFW RI D VLRUODS HDWRUHZLWK D

2QH RU PRUH W\SHV RI WHUURG® \ RX@® © H.QXX D VI KKLLF
VQRZV RU IURVWV RQ (DUWK FRPSQRZGFRIQREIHA V
VHPLFRQGXFWLYH PDWHULDOV

/IRRVH EURNHQ URFN VDQG GXKW \DXQWQ DFHEBRL\ERE

7KH HUDGLFDWLRQ RI DOO VAWYRA YIHPNXDUYH W)|
PROWHQ URFN 9HQXV DSSHDUV W& RKDYIHRQ GORE
HYHQW DSSUR[LPDWHO\ PLOOLRQ \HDUV DJR

/IDUJH ERZO VKDSHG GHSUHVVLRO®WW M SRIHYRIQMDOLQ,
KDYH XQGHUJRQH D VHULHV RI PDVV ZDVWLQJ HY|

$ WA\SH RI UDGDU XVHG IRU VXWBRHHP RIVSRQ@ R | XWK
WKH VXUIDFH EHWZHHQ WKH HP LYINGRR) 200/GH ¥ AFKIR
HITHFW RI D ODUJHU DSHUWXUH

&RQWLQHQW VL]HG WHVVHUDH W KKK/ PDKWHIN RD &
DQG ,VKWDU

/IDUJH FKDRWLF KLJKO\ GHIRUPH\GHQWHINM SUWRNDINL
ZKLFK VXUYLYHG WKH ODVW JOREDO UHVXUIDFLQ

6XEDONDOLQH QRQ R[LGL]HG ERVY DMOKRAR OMHASAWL B LE
6HH VFDOORSHG PDUJLQ GRPHYV
$Q ROLYLQH ULFK UHODWLYH RI DQRUWKRVLWH

$ ZLQG FDUYHG URFN VWUXFW )G A DRUP IVED BHQ W
IDFH RQ WKH XSZLQG VLGH DQGRPRQYDSE WHGS HDF H



$SWPRVSKHUH DQG LOOXPLQDWLRQ

$OEHGR 7KH UHIOHFWLRQ FRHIILFLHQ®MW\A RW PHVIXOEBIIGHR SQ O
UROH LQ GHWHUPLQLQJ D SODQHW V WHPSHUDWX

$WPRVSKHU &RQYHFWLYH UHJLRQV RI DQ DWP RMISKIRMSE KWHXIHK
FRQYHFWLR WUDQVIHU YLD WKH PRWLRQ RI GOXDBNVF ZTRONWRBHBL

WXUEXOHQFH DQG UHJLRQDO Y®DW LDHODRQ F RAHD DMK
FRQYHFWLYH OD\HUV LQFOXGLQJ WKH PLGGOH F

"\QDPLF VWI '\QDPLFDOO\ VWDEOH UHJLRQV R/I (DQ DK FRY\S KB W
WKHUPDOO\ VWUDWLILHG DQG PRWRRBKY RDQDEHICG
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