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$Q\ WKHRUHWLFDO ZRUN FRQILUI
HQGV E\ FRQMWWXEFMWRRPWULF LPI

W FUHDWHG W KR B XHIMLENGE RO WAGH. Y H UP\KHH
XQLYHURMHQVH DQG HOHJDQW ZKHUH DOO PD\
DFFRUGLQJ WR WKH ODZRURILQDW K GHDBXGCWIRLO®
RI  WX®L YH,QVIHYFLUMD\Y LW\ WRIBD QL] D W L RQQ LR H WAk
FDSDROHFUHMWRQJIDQL]LQHJIXNHDICQ BHOIHFW L
PDWHULDO V\VWHPRXPID® PV RRMLRIPVL WAR  OLDDAYW W U
VXEVWDUIFH. GIPLVWYV E\ JU DQLGN I XKQEMLRQV DF
WKH ODZV RI JUDYLW\ 0ODVV DQG HQHUJ\ DUH
PDVV ZLWKRXW HQHUJ\ WKHUH D W WQRWHGH U D\H
PDVV (OHPHQWDU\ SDRVWDIAOHV RIH @ DEX\DLERB X P
WUD QARIWARIQVH WZR VW D WHYHWRH QB F KHDRENRKEH Y
30DQFN IUHTXHQF\ (YR OX@LLYRRE RHUMNKEWDHILY LD
RI WKHVH VWDWHVDIGQWAXNDFK RWKHUHLDRFRU
FRQVHUYDWLRQVRI HOMUNXQLY HWWWHKMHH DUH QR
LQILQLWH XQLGLUHFWLRQDO PRYHPHQWV W
FLUFXODWLRQ F\FOHV Rl PDWWHU ,W LV LPSF
ZLWKRXW [XQGBY,MQMW DS BYW.IE OW KWRU M FSADXOUL
IXQFWLRQLQJ RI IXUSBORPOQ@\WDUS KSDURMLFOH Z
DQG DVWURDLRMRGRE WBIQH Y HADEHH E RIQEBAW K H
MRLQW WROREORG@QEIPHQWDO SK\VLFV DVWU
DQG RWKHU VFLHQFHV

'HVSLWH LQWHQVLYH WKHRUHWLFDO DQG |
FHQWXU\ PDQ\ P\VWHYHRBH FEQ @ B RWARHWGE X F W >
DQG IXQFWLRQLQJ RI WKH NQW[URGRERMH
JUDYLWDWULRQQRPWLIRAGG PHFKDQLVPV RI JUD
UDGLDW LR QHQUFLOMEMV U X FW X UM R O IR PMQWHRIU\ S
QRW NQ@RAGURJIJHY PRERMHRPHWULF LADDE GO U
PRGHO RI IXQGDPHRWIMXHS PINLEVEXLOGLQJ F
X Q L Y2HKDQHREM HEQX LDOWBKH. QG RI HQHUJ\ DQ @ KHR Z
IXQFWLRQLQJ RIZ RWRK U PHWNWKIQNRMRIDQF N ‘KR O
s:GDUN PDW®WBUN HQHWDLQ WHRAWHPORBPHR\VWH
0DQ\ SKHQRPHQD RFFXUULTED RV KBIURUWKL LLHQP
YROFDQRHV HD UK DQING FRFOULHDW W

7KLV ZRUN DWWHPSWV WR X QKR QHREP HQXHRH
E\ WKH PHWKRG RI JHRPWWRMEFR LRDMOKVHPQIV 0 R
LPDJHV RI WKH SKHQRPHQD DQG OD ZYRRINYDRM
VFLHQWWW®NW VHYHUDO FHQWXULHV DQG FI
HEOXVLYH FKDWQFRUPOMDNHIR @ HIB/HWRHW KRG
VFLHQWLILF UHVHDUFK RI WKH QDWXUDO SKt
LPDJHV IDFLOLWDWHV WKHLU H[SODQDWLRQ
GLVWRUWLRQV DQGI VALKRISOH | LKKDSBIHRQ VW K H\
XQQRWLFHG WKH\ FDQ EH FRUUHFWHG



7KH SURSRBHO RXQUKHWVHQWHQGHG IRU VFL}
WKHRUHWLFDO SK\VLFV DVWURB®E& RM/K HIV W EIRHX
DV ZHOO DV IRU VW\XBBGQWW RHVUHARBREDWLRQDO
DYDLODEOH DOVRDAG VEDXRWZRRSEGRNIMEIHL QW R
VWDUU\ QLQBWAMRA ND XWLIXO D QGV PLWRVA UQR XV
WKLV HQUEOHMMHN FDQ ILQGENMRRNQYZ HBUMFWXKHHYV
LQ WKLV ERRWUDGIWHKHREH®DWLFDO PHWKRGV R
DFFHVVLEOH RHOOLRIMRK WAROAWIKBHROMW ULF PHWKR
DFFHVVLEOH DQG FOHDU WR XQLQLWLDWHG SHRS(

7KHUR S RAHHR®® H WXDLG VI ¥IIF KD @QIRFAHO LV D FDQGLGE
WKHQORGHO BRQ MYKHH V H

&RPPHQW

7KH ZRUBWNFULENYOBKBJ DQG |XQREHROQLRGHIRI WK I
ZDEXLOW KEHRLQW RRIBEMIHPY LQ IXQGDPHQWDO !
FRVPRERIWKH PHWKRG RI EXLOGLQJ JHRPHWULF
SKHQRPHQ® PHWKRG FDQ EH FRPSDUHG ZLWK WK
Rl DQ XQNQRZQ GHYLFH RXW RI FRPSRQHQWV D¢
SURSHUMDLOHWKRZ DQ WHHREQMW RIROXWLRQ RI VHYF
BWUXFWXUHV RI|EWMXH DORRA) DQRBZQ WEWWHQVIHY H
UHVHDUFK VXEMHFWV RYHU MX HXQD DWW HRNQDADX S
DQG WK HLQHFRWY GRSX \DALWVY QRO RZKW MW RP LV D

URWDWLQJ GLV K PIQWEK$HURDHRFWURPD JQEOMIEM ILHO
KROM+LV WKH PDVVLYH FHOHVWLDO ERG\ LQ WKH |
Rl SUHV YV HGDK\G HR/THSIRAFCLSBIAY W LIV OMHYR Z &V R DWR

WKHVUXFWXUH RI D VXEVWDQFHKRPRHUQ RXNDGH S
VWUXFWXUH FRQVLVWLQJ RI VSKHULFDO SDUWL
SURSHUWLHV 3URFHHGLQJ IURP WKHVH WRRBRQ SK
LQOWKH %KH FRPSUHVVHG K\GURNKQHBWFROR WHEOHV
GLDPHWHU HTX® ®DWR WKH GLDPHWHW DN@OWDRVV |
QXFOHRQV DUH FRPSUHVVHG WR WKERGEB®RI WKF
EH FRPSUHVWXNGRREVRQFID W H QDX BKIHRUDLVF DK YKHR O (
IRUP :RHMQH[DRLMPPHWULF SRLQW FRQFHQIHJLF SD
ILBRLQWY WKDW DUH FRPR®W DRFQV VEIOHD SIDW V8 RV Q/\
QXFOHRQV FDQ KD W DF \§L D WMAKHY WARRDPI FWLRQ R
PDVVHV ROMPSIXOVH RI JWDHQWUJXDYMHQG VHSDUD
PDVVHV FDXWRV RDOSXOVBYLW\ HQHUJ\ 3RVWXODV
%+ K\GURJHQ BIMRP | URFOBHDD Y LWWW KRQBG/BISHY LY LW
HOHFWURQ WKH PDVV LV VHSDUDWH®DQRKXFQ RF(
DQWLJUDYLW\ HQHUJ\ LV ORDAD\WMWEKSDEE W IK W KDH
IXWXUH JDOD[\ LQ WKH D QWKW HW \ EN VAU B ML HF
7K GHFWURQ DQG SURWRQ LQ WKH IWQRWHWLQJ
FRPSUHVVHG VWDWH WKH\ DUH QHXWURQV 3RVW.
W KIQWHUDFW YR G RUVPDRMOWMMNUD QG DQWLJUDYLW\ HC



E\ WKHIRIWQHBEG WDWKHRPPAMHOYHVY 1 RQH QXFOHRC
DWRPURWDWLRQ FHQWHU LW LV QRW FKDUJH
FRQQHFWHG ZLWK LW E\ 6LD® HVKHFREMNRD/AW HL
WKH HOH¥WRKROQJHG 3RVWXODWEAYVYLRAGYRRBH X
QXFOHRODBHRYBO\ SDFEFNHG HSRH/FMKUDRDQV Hp QLRQV W/ I
JDOD[\ WKH DQWLJUM YH WV WW WEBIP %6 R ALB/QMHR/V
H[SORGH®WRWV LV LQ FR P YKHVGHRSHMYGUDHG
DQWLJUDYLW\ HQHUJ\ DOO DWRPV RI WKH F}
FHDVH W R QUR N OAR ¥ $IOHNVR/GIGDR\VLQWHU QDO JU|
VHSDUDWH QHXWURQ FKHPLFDO HOHPHQWV D
FROWWLQJ IDODB@HN JDOD[AGZUWKPDYEGDUN
HQHWIKHVH SRODUWPRMIWEMUHG MRLQWO\ WKH\
WKHLU HITHFWLYHQHVYV

7KH SRVW X O DWMHIER® [MHY LV WKH FORVL
FLUFXWWHRPDWWHUYTV FLUFXODWLRQ LQ WKH .
GDUNOD[LHV ZLOO FRQILUP WKDW WKH YLVLEO
DRWJIDQLF DQG LQRUJDQLF ZRUOG LV IRUPHG
IURP VOMKHGURJH @ FOQWRRF WV R QHD HRWY V RIQ K
WKH VDPHWHKHRIWAWULF FKD U JW KU WWKIHD FHW HREQV
DQG DQWLJUDYLWV VP UXNELRY HWVRIFBXHY QDO HC
PDVV FLUFXODWLRQ WKH HQA 1 QNRKIP BIQIWY R | LML
LV WKH HQHUJ\ VRXUFH

6XFK PHWKRGRORJ\ KDV LWW W\WBMHLPRW)\ H
UHDGHU OHDUWERDWKHXBFEWRRQ DQG SURSHU\
W KHIF WARHUH WKH FRQUWSKEWLRD EHOWKSE %7K L
LQ WU BUVVWRVAMKU H WKH FRQVWUXFWLRQ DQ
LV EDVHG WKRXJK WKH\ KRYVIG LIQDUNSDER \B/AKHBHW }
7KHUHIRUH DW WKH EHJLQ EHQWDWKEB DN | MWKHQ
SKHQRPHQRQ

,Q FRQWUDVW WR WKHRUHWLFDO ZRUNV WK
GHVLJQ DQG IXQFWLRQLQJ RI D PHFKDQLVP IF
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4XDQWL]DWLRQ RI WKH *UDYQGV{OHRAB QWD
3DUWLFOH RI ODWWHU

0DVV DQGDHIHHWIZR VWDWHY RI PDWWHU 7KHU
WKHUH LV QR HQHUJ\ ZLWKRXW PDVV 4XDC
7KHUHWRUHHPBWW\ RQH QRWLRQ RI WKW/ HFADWH\G |
7KH IROP Rl REWWSWWWHU LV PDQLIHVWKIG |
LPSXDXBIQWXP WUDQVLWLRQ RI WKHVH WZR
XQLYHWWHJXFWXUH DQG PRYHPHQWV RI DOO
SKHQRPHQD JUDYLW\ DQGVBQG FWKHRLPWD JLGHWH.L
GLVFUHW H XDRBXOR H
7KHUDYLW? WKHHOB QYLURQPHQW RI WRH H]J
XQLIRUPW\KISEDPN RQMYKHW HY NQRBID DAVKVW | L H
GLVFWHKDM RIQVLVWVORY SBDW ISR W HDQVEL B R QIEQ
HOHFWURPDJQHWLF UDGLDWLRQ DW WKH VSHF
DOO GLUHFWLRQWKHKBUEKLODUWILFOH RI WK
JUDYLR)RWQVN KDYH WKH VDPH SURS MUKW LWHWYD RWHRF
XQLYHWRHS X OV DOWHL WKRKW.RYGELOODWLRQ RQ
WKH SDUWLFOH RI WKH SRWHQWLDO HQHUJ\
SURSHUKHSHMUH LV WKH RQO\ UDWKHR@ D\WKIR UP
ILHOG LV WKH VS DFEIDIRNHG ¥ SKHEHED B SDUWI
DOQWGQFKUBBRXWHKHLU GHQVH D® G KDDFXX W K MLD
DQG PDVVOHVV VDWSDWNDJH6XRIHFRPHWULF V.
VXSHUV\PPHWULF VWUXFWXUH

*HR P HWSJDL\WAX3® UV \P P HMG U\

*HRPHWULF VSDWLDO VXSHWVDPRHWRPMWUALG |
FRQVLVWLQJ RI GHQVHO\ SDFNHG VSKHUHV RI
FRQWDFWHG ZLWK QHH.O KK RWSKHU W S IKBA WEK\W U
VSKHUHV (DFK VSKHUH RI WKHVH VSKHUHYV
VSDFH WXUQ RXW WR EH VXUURXQGHG E\ V'S




7KH FRQWDFW SBLGWMQWMXBHRQPRKUBBU\ SODQ
ZLWK LGHQWLFBALUWRSE BUWLRIY HDFK SORIQHWRQ \

RQ WRHQW\HHOQ RQ WKH
SRLQWYV ZKLFKWNBRHRFRPPRQ SRLQWYV

7KUHH OLQHV RI PXWXDO LQWHUVHFWLRQ |
WKHPVHOYHV D VSDWLDO DQJOH f DQG DUH LQV
RI WKH2W8KHUMKUHH SODQHY DUH LQWHUVHFWHG
2QH RI WKH JUHDW SURSHUWLHV RI *66 LV WKI
FRQVW,BBRMY QRW FKDQJH ZKHQ WXUQLQJ WKH \
IRFDWLRQ RI WKH VSKHUHV RQ WKH IUDJPHQW R
VKRZQ LQ )LIXUH WKHKLVMXYUHZJH®DLQV XQFKDQJF
DWKMSKHUH IURP DQRUG HYBIFSMRQOHWYTV VXSSRVI
SODQHV DUH WKH VDPH LPDJHV IUDJPHQW RI ZK
YLHZ RI WKH SLFWXUH VWD\V WKH VDPH ZKHQ O
VSDWLDO VXSHUV\PPHWULF JUDYLWDWLRQDO ILH¢
HTXDOO\ LQ HLWKHU GLUHFWLRQ 6HH EHORZ

7KH LPDJLQDU\ OLWQEM FRBQWRWMWXKH FERBWDFW!
DWHWUDKHGUDO GLDPRQG FU\WWDOOLQH IUDP]
VXSHUV\PPHWULF VWUXFW XRHF KDYLRDQJBY RS HUX
SUHVHQWHG LQ GAWDQBGEW®RY V8B SH WD\ ARH AW
VWUXRWRQML]DMWLRQLEPWGYLEOH RQO\ LQ WKH VX
VWUXFMKMHUNXSHUV\PPHWU\ LV WKH PDLQ FRJQL\
XQLYHUVH

7KXV WKH VS®PEGHYRUWKIQHIRUPO\ ILOOHG E\ W|
SDUWLFOHV JUDYLWR QL F KF RQ W IRFQV WSKRH. QMP\D [RLI Q3
SDUDOOHO WR WKH SODQHV RI WKH VXWKHV\PPI
GLVWDQFHWKSWEZEBQHO SODQHVRLVWHFXINCSKWRH !
JUDYLWRQYV GLDPHWHU

TKHFMOH RQRWKHUVHYV WKAG/HERWUXPHQW XVHG
ZRUNKHNMEHWKHHUYV HJWP Q\GKHHGJU D Y LXVR YRV WGKLHD P
GLDPHWHU RI WKH XQLYHUVH 7KLV ZRUN GLVFXV\
WKH PDFUR ZRUOG



A+ Planck length LP‘:‘ The Sun’s dlameter o +V

4 1,616210%m ‘ 1,392 109 Cluster of
\ Earth’s dlameter galaxies Gl
{- graviton’s compression length || 1,2756- 1O7m 10%°m 4
Biser’s diameter e ; ?/Iﬁh'?;(w%ly IHI
A095m 7| Hydrogen atom

S 12000000 | 781971038 m | 102'm

W Graviton’s diameter B

V Diameter of the Universe 00 +V -

)LIXUBFDOH RQ MK V H
AXDQWL]DWERQ YRLIMMVKG

7KHUH DUH VXIILFLHQW FRQGLWLRQV DQG WI
ILHAOBU FRQYHUWLQJ LW WR WKMDWRWQVJLHQ
SRWHQWLDO HQHUI\\ PDWW WA YYDDHQW DFF
( PFd WKH HQHUJ\ FDQ EH FRQYHUWMIGHWR PWD
VHFRQG 1HZWRQYV ODZ E\ 30DQFN DFFHOHUL
XVLQJ WKH JUDYLW\ HQHUJ\

3K\WLFDO DFWLRQM RAKHXDQIWLL]WWILRH® & D QG
TXDQWL]HG SDUWLFOHV ODHV IFQU TX REWXP\ IMK
PHFKD@W WKH W U DRNW EHFQ® &K B GHLERD QV ¥ VF
PHFKDQ@LFXDQWXP SRUWLRQ RI| BHVKIFQRAD R
HQHUJ\ E\ 30DQFN DFFHOHUDWLRQ FUHDWHV D

%HIRWKH GHVFULSWLRQ RI WKH TXDQWL]DWLR
VKRXOG EH QRWHG

4XDQWL]DWLRQ RP WXB QWD PMWL\RIQ HROBG/V S
LV WKH SXOVH WUDQVIHU RI WKH HQHUZKHLQ\
WUDQVLWLRQ F\FOH RFFXUV IRU WKH 30DQFN
QRW WUWRWLWZRQWDWHDQ®WR W R FAKYRADMHU |
SDUWLEUHSDUWLFOH KDV WKH VPDOOHRWKH H
30DQFN OHQJWK $OVR ZKHQ ZH H[SODLQ WK}
LOOXVWHKIV\WLRIPHQVLRQOHVY OHQJWKYV WKDW
YRU H[D WIHERP SUHVVLRIQWKHQ JUIKY HSRIBQMWQ LV |
WRDQEIGHVWDQFH EHWZHHQ FRP S RIQWH LRRIQVKRIL
JUDYLWRQYV FLUFXPIHUHQFH 7KH\ H[LVW EX
GLPHQVLRQV )RU H[SODQDWLRQ RWWKKDH/ TXD @
PHQLQJ

'HJ]O0O VKRZ WKH SURPBWYW RVUW RN LAMQALRQI R G
VLPSOLILHGLYBKHPH



Compressable
liquid (e.g. gas)

Iron filings

A Accelerated increasing

al  of the selfpressing force
of a ring form mass

\ 4 Fsp =mrfI(D—>0)2

YJLIXUH

7ZR YHVVHOV |LOOHBOHL WXEWXFKOBY AR YWD FW H ¢
EHWZHHQ WKHPVBOYHWH BHRVHW\ RI WKH VXEVW
HYHQO\ WKURXJKRXW WKH YROXPH RI WKH YHVVH
LYQ WKH FHQWHU RI WKH DHEHWI\QJ DFFKWHIVGI BWZRJ B B
yJU*APS 8

,PSXOVH PDQLIHVWDWLRQ RI WZR PDVVHV FDX
8QGHU DFWLRQ RI WKHVNKPSEE QM LDW VD QISF WH R QY H
GLVSODFHG WR WKH GLUHFWERQ7RLVWE&HVY SOD ¥ H\
RFFXUV DFFHOGKHPWHDG/ HBQWRWKH JUDYLW\ IRUFH
VIXDUHG E\ ODZ '8 7KH PDVV RI WKH ERG\ PD
PRWLRQ %HKLQG WKH GLVSODFHPHQW IURQW RI
HQHUJ\ PDQLIHVWHG O9DFXXP QWLIEHHPHUVH K
HTXDO WR WKH NLBWRKMOLW LK HW K H WSHRQ\WX P

7KH GHVFULEHG SURFHVV RFFXUULQJ LQ LPSXO
EH VKRZQ VRPH PRUH E\ WKH IROOREGQJ, IVIWKIO H
WZR YHVVHOWURQOHGLQJY WR FKDUJH GLIIHUHQ
WKH YHVVHOV ZLG® EGHHBMBGHEG DR GVKH FRQWDF
GLVWDQFH EHWZHHQ WKH JUDWLR/\ FHQWHUV GHFL

,PSXOVH PDQLIHVWDWKRYOMLWDVRHWDOO FRQW
VSKHULFDO ERGLHV LQ WKH VXSHUV\PPHWU\ VWU
GHQVLW WHKRZPHWBLSKHU\ LQ WKH VSKHUH WKDW LV
LQ WKH SHULSKHU\ LV FRPSUHVVHG DQ® LQ WKH
SRWHQWROLY HRWHRHG | )LIXKHHFRQWBRWUGY IRUP W
YHVVZODWKHQ WKH YDFXWRHUFRDFKHWP YDOXH WKF
Rl WKH VXEVWDQFH LV GLWSBHUWIHSX H.B'S X\CRV MOKAH |



JLIXHBAH WREDFXXP LV \MRZEOEMGND\Q FH RIQUAKSIX @ ¥ K
DFFHO HKBIWAXX P HQHUJ\ DX DASKSHH OPDW V2LV P
HQHUJ\ WUDQVLWVJILQWR PDVV )LIJXUH

1HZWRQYV PHFKDQLFDO ORZV DQG TXDQWXP
TXDQWL]DWLRQ RI WKH JUDYLW\ ILHOG )LJXUH

,PSXOVH FRPSUHVVLRQ RI WKH JUDYLWRQ F
LPSXOVH PDVV FRR@WDWWLQJ JUDYLWRQV ZLV
PDV¥BWDYLWREKRPS WHNMNBYWDQFH RVRWQK H WIDL
XQGHU JUD Y LWRRRIWDKMALKD B [ BHLIHMQRE YV L QW H
WHQVLRQ

,Q JLIXWUW IDV RRRZ®SXOVH PDQLIHVWDKDLR
LVIJUDYLWDWLRQDO IRUFHV RFDDXO/G W & HVIBRODQW
WKH ERGLHVY GHQVLW\ IURP WKH FHQWWU HW I
YDFXHBSHDUWKH FHQWHU +HUH LQ )LIJXUH F
ZKHUH LWV VXE\:W[BQREWHBHBERRP VWDWH 6V
PDVVOHQHUJHWKHA YWDWLBDYIV GHQVLW\ DQG F
LQF U HIRARXUV EHILRQOYRJ IURP WKH FHQWHU
PDVV LQFUHDVHV JUDYLW\ IRUFHV EHMDZ B KB QF
RI WKLV LQFUWDVLI@QDYLWYDYLY H[SDQGHGWKUHD Y
LQIOXHQFH RI WKH LQFUHDVLQJ JUDYLW\

*UDYLQD FRXOG H[SDQG WRI WHHB YGWIRRH & B
VXSHUV\PPHWU\ VWUXFWXUH ,Q VXSHUV\PPHW
JUDYLWRQV DAKHH GRHIWWRGWQJ RI JUDYLQD R
FRQWDFW DUHDV DQG SURWUXVLRQV LQ WKH
IRUPHG >6MW@HVRIUPDWLRQ OHQJWK@ ,Q WKH V!
HPSW\ VSDFH EHWZHHQ VSKHUHV WBNHWKH
TXDQWL]DWLRQ Rl WKH VSKHULFDO SDUWLFO!
HPSW\ VSDFH

7KH JUDYLQDYV GHQVLW\ DQG PDVV UHDFK \
JUDYLQDYV TXDQWLW\ YROXPH RI D JUDYL)
RFFXUULGHUQSWKHDO OD\HU RI JUDYLQD LQ W
>F@®XVHV D WHQVLRQ WHDULQJ RI WKH JUDYL
WRUQ WR D YDFXXP VWDWH ZKHQ WKLV WHQ\
PDVV GLVDSSHDUV *UDY MW KEHWRZWHHQ/ JFURDPY
JUDYLWRQ E@LVSBS®WNY ,Q WKH JUDYL®D D
3D FORW RI SRWHGEBHDO VH@BWDIWH ,, )XUWKE
SURWUXVLRQV RI WKH JUDYLQD XQGHU LQIOX
GURZLQWR WKH JUDYVLWR¥REWPHW HDWHDV C
SHULSKHUDO OD\HU RI JUDYLQD LPSXOVHO\ |
FHQWHU 7KH YDFXXP GLVDSSHDPUWK D QGDWKW\
EHWZHHQ JUDYLWRQVFRPISH HV\DLYRLQ RKMINEN Bl Q C
UHDFKHV WKH PD[LPXP YDOXH *UDYLQD LV |
JUDYLW\ RQ WKH FRQWDFW SRLQWVY IODW DL
IRUPHG 6WDWH |,
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12 contact points
on three planes of
supersymmetry
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JLIXUAXDQWL]DWLRQ RI WKH JUDXQADMRBNWOG JUDY
l,230DQFN IRUFH LV SURSRUWLRQDO WR 30

DS3ODQFN DFFHOHUDWLRQ



*UDYLWRQ WKH VPDOOHVW SDUWWKGMH 3 XDQ
OHQJWK DQG DOO WK H UDOM@MRND SID/U DVKHHN B O T
*UDYLWRQ LQWHKHK PUMWSZNMADRUP ZLWK BHKH S
JLIXUH F 6WDWHXUH F WKH GHVFULEHG S
TXDQWL]DWLRQ LV UHSUHVHQWHG E\ WKH JUD
DFFHOHUPRWEA MNWOLRQ DQG UHORD R DR®3FAKD ML
LVLWKRDUHRPHWULF LPDJH RI WKH LQWHUFRF

FRQVWDQWYV
3DUDPHWHUV RI WKH JUDYLWRQ
'LDPHWHU V S A %Ry
4XDQWHG PDVV WKH PDVV RI DQ L P%N®WH
ODVV IRU D VHFRQG Ps A %N J
7LPH RI DQ LPSXOVH W A % XX
JUHTXHQF\ RI LPSXOVHV v S A X Wb
(QHUJ\ RI DQ LPSXOVH , A %o i/

$FFHOHUDWSLIRM)Y RLFERM QG BHOHAD YRV
1
*UDYLWRWQKH HOHPHQWDU\ SDUWLFOH RI PDV

$00 SKHQRPHQD DQG PRWLRQV RQ LMY L
VXERUGLQBEWRBRORV\QFKURQRXV UK\WKP RI W
LQ HWKXSHUV\PPHWULF FU\WWDO VSDFH WKDW
UHVRQDWRU 7KH GLIIHUHQFH LV WKDW KHUH
HQHUJ\ VRXUFH DQG DOO RI WKH PDWHULDO E
XVLQJ LWV HQUIMLV7WH DI@HWHUUHG WR PDWHL
UHGXFLQJ RI LUWKXTHK®FUIWMMNZDWFK \RX FDQ PR

7KH QXPEHU RI IRUFHV DFWLQJ RRUHDWFXYLW
H[LVWHQFH DQG IXQFWLRQ 7HI)V VVRIQ ®LWLR® A
VSDFH )RU H[DPSOH VSKHUHV RI HTXDODGLD
FHUWDLQ GLDPHWHSDFNWIE ®QE KHRPRIJHQHR.
VXSHUV\PPHWULF VWUXFWXUH RQO\ LI DOO S
ZLWK WKH ZDWO®HI® IWKKN RMY HORK®W RI FRQWI
VWUXFWXUH LV GHVWUR\HG DQG VWKKH XQW\RHY
HQYLURQPHQAVR QIMD¥MFISRLQW LR QMPLWBKGIL 1 W,
XQLYWKWHERUGMHVRIMOWKH ODVW ODW W QRIL QU
WKDMYILPLW\ Rl WKH VSDFH WKNLK/NV 5 Q F ARRI G k
ILHOQ@DYLW)\ ILHOG FD@I IH)LVWHA R S DW HHY6/SDOFAHH T
W KKHD L Y HYOM HQHLUMD\Y LW\ R QK BLADR HRWQH M QRU Y\MVA M H
X TV

$V ZDV PHQWLRQHYLMERYHYV FRPSUHVVHG
'KHQ LW LV FRAS DHFWNEHREHUW\ RI WK HKIPGXC
GHFRPSUHVVLQJWKSW RBHIULU RV WKH 2PRIV WKHHV
HQHUJ\ SDUWILFIDHLWRMKH SXOVDWLQJ SDUWLF



SURSHUWLHV RI PBWW BQU®R HQUHW U \R|T P DWWDNH W RER Z
LV GC®PWWLFOH RI PDWWHU EHFDXVH LWV PDVV L
WHQVLRQHG VWDWH LQ WKH G HSDWHH FAK\N WHD O UNDW U
LV VWDWLRQDU\

'RUN HQHUJI\ RI DQ LPAXOVHKHIRZRIRHNN RI LPSX(
GHIRUPDWLRQ RP RISWBN W UMD EIRERQ+ RIRRNDHTW ® D Z
:0'J 0 7KH ZRUNVJ HIXDOLWKHURYKSHID/VWLFLW\
RI WKH JUDYLWRQ 'J FRUUHVSRQGV WR WKH V)
JUWMLWRQ )LIXUH F,6WDMRUUHVSRQGYV WR WKH VX
RI' WKH JUDYLWRQ LQ LWV FRPSUS$MN HGK NUWD W H

9D %oz %LV WKH SXOOLQJ VSHHG RI WZR PDVV
WKH SK\VLFVe WH[W B&ERNM i X Wb 1 %o Pt 1
,PSXOVH RD/X&EEDINMQHVYVY RI WKH JUDYLWRQ JUDYL
"J %0 W X %0 y 1L z N1 %8/ 1 z N1 %edv

1
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&R QG X FW DY L W{ CHFGV U R P(OUHQUHIW H &

*UDYLWRQV SHUFHLYH VWUHWFKLQ®\®IRNHXVKL
VXSHUV\PPHWULF V SiD Qi EAODNMIFE X FRADX B BWWW K QV
SURSHUW\ 7KHUHIRUH UHW LWYMEBQ\R KU DVQHL AIR]
V W DLVGRIH F N OTOKAHH Q HRFRNFO@GXFW RU RI JUDYLW)\ DQG F
HQHUBIVHWKH LPDJLQDU\ OLQH LQ WKH VXSHUV\P
LPSXOVHV Rl VWUHWFKLQJ DQG SXVKLQJ IRUFHYV
WUDQVPLWWHG 7KH LPDJLQDU\ OLQHV FRQQHFWI
HOHPHQWYV Rl WHKHHWWPKHHBUDO FU\WWDO VWUXFV
DUH HOHPHQWYV RIDQX HN IQUREX.ITKD FHKHP HQHUJ\ |
WUDQVPLWWHG )LIXUH

J)LJWU D VKRZV KRZ DQ LPSXOVH RI HOHFWURPI
WKURXJK D QHFNODFH DV WKH UHVXOW RI WDQJF
WKH FRQWDFW SRLQWYV 7KH VXP Rl WKH FRPSRQH
GLDPHWHU RI WKH JUDYRSWRI)V HLRIHH@BOJWR WKE
VKRZV WKH JUDYLW\ EHWZHHQ WZR PDVVHV 7
FRPSRQHQWY RI WKH VWUHWFKLQJ IRUFH IJ LQ V
RI WKH JUDYLWRQ LV HTXDO WR WKH LPSXOVH DV
J 7KHVH ILIXUHV VKRZ VLPSOLILHG ' VFKHPHV -
YHFWRUV RI WKH UHVXOWLQJ DQG WDQJHQWLDO
VDPH SODQH ,Q IDFW WKH YHFWRUV RI UHVXOWL
IRUFH DQG WD QJW§WLLIHO RRR RKRIGHHQS OD QHV W KD
Rl f )LIXUH D



J)LIXUHWDVLQJ RI DQ HOHFWURPDJQHWLF HQHU
JLIXUH7WEDQVPLVVLRQ RI DQ LPSXOVH RI WKH
PDVVHVY DORQJ D QHFNODFH

*UDYLWBHOMNRMIHR)ODVVHYV

(DFK JUDYLWRQ LPSXGWH®\HDRW WURIAWNDW\K HQ .
JUDYLW\ IRUFH RI WKHLU LPSXOVH PDVVHV LQ
v * PvvVvyv %bu %0 y V %0 W'y %oX X/ O
+tFRQVYWDIQWYLWDWLRQDO FRQVWDQW

7TKHUDYLW\ IRUFH EHWZHHQ WZR FRQWDFWLQ
)J I Iv %o B/ X Wo U 12WRQVWDQW

*UDYLW\ EHWZHHQ WZR PDVVHV LVKIHASK ©GBMVH
HDFK RWKHU E\ QHFNODFHV 7KH QHFNODFH
3ODQFN WLPH LQ HDFK LPSXOVH L H JUDYLW
QRW LQVWDQWO\ EXW IRU 30ODQFN WLPH

+RZ DFFXUVH RMKWKSXPDVYQRAYV E\ QHFNODFHV"
*UDRDRDW EHWZHHQ WZR PDVVHV 0 DQG P IRUP



YJLIXUH

7KH LPSXOVH PDVVHV RI WKH JUDYLWRQV DW
DWWUDFWHG WR LPSXOVH PDVVHV RV KMKH SDUM L
DOO JUDYLWRQV DQG SDUWLFO VY FRH UFHD W WHH UWSOH
LPSXOVH 2RDDYHW\2 REGERHV VLPXO WDIMHRKR@Y LC
JLIXUBIUGLVSRVHG RQ VLOSOHW DME®DWLRQ D@ IDFW
EH GLVSRVHG DV LQ )LIXUH E 7KH PDVVHV 0 DQ
) *0 P 55 vViIDOA@WREHQWHU RI JUDYLW\ DUH WXJ.
ZLWK WKH KHOS RI QHPMODFHYV ZKHUH 05

$ERYHJIJXUHVKRZARZ JUDMWHISDGHBIWHU YDFXXP
UDUHI\LQJ 6WDWH ,,, ,Q WKH VX SWKGI VPPBIGWH. F
EHWZHHQ JUDYLWRQVY FHQWHUV LV FRQVWDQW
LQFUHWYHODIYLQDTV GHEMIMQQPQYVURP WKH FHQ
SHULSKHWOUDGEPPHWULF )LQXHEW HRIFFFWHU QD O
JUDYLWDWLRQDO IRUFHV +HUH LQ WKH QHFNODF
WR JUDYLQD 7KHUHIRUH WKH LPSXOVH LQFUHD
UDGEX@N HFFHQWUWFKHFGIWHFWLRQ RI WKH JUC
HFFH@GWUHFWHG LPSXOVH IRUFH UHSHDWLQJ E\
QHFNODFH FUHDWHYV D IRUFHJGUDZLQYLIPDVVHV 0 [

7KH QXPEHU RI QHF N O DBFHMR 81 WWHFR LR R URIX PK
Q P®v %o W Y {tP%VFRQVWDQW

7KH WRWDO DWWUDRBRWLRQ IRUNH V BV

7KH QHFNQWHRGK MG WKH YDOXH RlIe HRF HHDWH LF |
LPSXOVH RI WKH JUDYLWRQ 7KH PDMWVHR QVIMDE R
UHSHDWLQJ IRUFH DQG LQFUHDVLQJ JUDYLW\ E
EHWZHHQ PDVVHYV 1IYERQWE W RE\UDRHHMO\HU D WL R
SURSRUWLRQDO WR WKHLU PDVVHV



$OWKHO HPHWQWBDUWLFOHV RD POEBUMMHUQRW MK H
DWWUDFWLRQ EHWZHHQ HDFK RWKHU ZLWK W
)X *Pav'v A% X FRQVWDQWO\ D& GD biGOWKMD C
SK\VLFDO SURFHVVHV DRG FHURAK\FODUWHFE WD R

* A 1P NJtJUDYLWDWLRQDO FRQWWDQW
LV WKH PDVV RI WKH HOHPHEMID 4\ & DKWL BQ M
EHWZHHQ PDVA BMZVORP AA/ NJ

7KH ZDYH RI LPSXOVH FKDQJLQJ RI WKH JUDYL
WKH ERG\1W RBBWHINXFFHVVLYH JUDYLWRQYV
QHFNODFH DW WKH V[®HPISG HR | WOKH KENIDNRIBY HeID
EHFDRNHFHOHVWDDO VER@XW KWK D QUD YLW\ EHW
(DUWK DQG W KW D RRY\H 7RIHW K L R UFKDYQ I \QU KB F|
ORRQ IRWW ' NP NP VV

(OHPHQI®DWAL B OMARMHY HU

%LVAOW IRUPHG DW WKH EHJLQQLQJ RI WKH QF
PDVV PDWWHU FXQEXEDVMRE RHINKELQAKRS W\
EDQBHH 6HFWIRROXWLRQ RI WKH BEDYLIFUKINVHU
30DQFN PDIVWLWRQYV GRXEOH PDVV %LVHU ZC
LPSXOVHV DQG H[LVWV E\ JUDYLW\ HQHUJ\ UH
JLIXUHV F DQE&RDWHWKRKH HQG RI LPSXOVH F
JUDYLWBRL@WY LQ IUHH VSDFHV EHWZHHQ VS
IRUPHG ZKLFK DUH WXUQHG RXW LQVLGH WKF
YDCEXELY WKH LPSXOVH UHV L GIX DK B UYDAIR{EDTR/
EH ODUWNHWDYHYM[SDQGHG VORZO\2 ZQRWKR XX
PDQLIHVWDWLRQ RI LQHUWLDO UHVLVWDQFH W

YLIXUBDLVHUBIMKHVYUD Y L WERQWV T XMIFNELFS® Q G H Q
WKHP VARQW HQHUJ\ WUDQVIHU IDGPRBNY D WMV R C

%LVHUYV GLDPHWHU LQ WLPHV ODUJHU
YROXPWMEWLPHY JUHDWHU WKDQ JUDYLWRQTYV
ELVHU LQ DQ\ LW VSRFHWVILFO@HQ MKNK JUDYLYV



WZR JUDYLWRQV SDUWRQ@WDZRNJI DL Y WRRYV T HC
E\ SXOVDWLRQZ MR VL VHUEHFV
,Q WKH ELVHU KDVWIY®RDXWBR EWDRQWERYOLWRQV

SDUWV 7KH IUHH VS3KH @HDOHWMRQV ZRFFXSLHV
WRKHRWDO YROKIPEIIRDHE RWUKH HQHUJ\ WUDQVIHU
JUDYLWRQV WR ELVHU E\ LPSXOVH SURWUXVLRQV
IUHH YROXPH EHW ZH R & D'DR/MMIR DMUMD YWILWERQYW H[SHQ
RI WKHLU HQHUJ\ IRU ELVIBXDO WLLAVSDIOMM WER WHZF
LPSXOVHV RI WIRINUB YHWR QW KHRURKRGXBMHYV D Q
TXDQWLWLHV RI DFWLRQV IRU H[SODQDWLRQ RI W
SULQFLSOH

7KH ELVHUYTV TXDQW X PEAB D XWHY [H)HYIW HB & HIGH V L
RI LWV VXEVWDQFH JUDYLQD WR DFFHOHUDWHG
PHFKDQLFV 7KH ELVHUYV GHQVLW\ PDVV LV
H[SDQVLRQ DQG FRQWUDFWLRQ V,QSMWKGKENID QG
PD[LPXPWLQ WKH FRQWUDFWRG LW WXSHLUI O X IMD W
KDV JHUR PDVV

%LVHU H[LVWV E\ JUDYLW\ HQHUJ\ UHFHLYLQJ
KRZHYHU LW IXQFWLRQV LQGHSHQGHQWO\ RI W|
ELVHUYV VWDWRQWR HOKYHL URQFHQW LQ WKH JUDY

JLIXUBQOHPHQWDU\ SDUWLFOH RI PDWWHU
LQ WKH JRIDG LRAROMRYHVLVWD QFH



$ EVHU FRQVLVWV RI IRA RO KM D QW LFBW VPR3
WKH TXDQWLPDQN HRIHXIAH D 7KH ILUVW SDL
FKDQJHG LQ ¥ X\DKDMILKBYWLHRD KDV F® QP8 X Q WH
HTXDO WR RI LWV WRWHBIRBBUW\ LIQLPS
FRQVWUXFWLRQ DQG IXQFWLRQ RI WKH DWRPV
FRQVWDQW PDVNRRVWDPWROHVWUDFWHG E\
SUHYHQWLQJ DWRPVY GHFD\ LQ WKH PID\D\Q WK
PLQLPXP LPSXOVHELVIMWW RIVWKHR | L$WW RW/RWD DFOI
RI TXDQWL]H®WQHYIXWKELVRUTYV WRWVRQH L
YLWDOLW\ %LVHUV ZLWKRXW WKLV HQHUJ\ FD

7KH JUDSK LQ )LIWIHD QR IVKEYZR/Q DYV GEH.Y\HLLY
XQGBEWLRQ RI WZR JUDYLWRQV 7KH ELVHUT\
GHOD\ L IURP WKH LPSXOVH FKDQJLQJ JUDY]I
UHVLVWDQFH WR PRWLRQ E\ WKH VHFRQG ODZ
ELVHUTV GHQVHWWHG PDQ@ZR JUDY LWRGHUV WF
LPSX@®ULNHU DFTXLUHV LQ MIGGHMRYUBMM UHOLF\
GHQVLW\D PN FRQW DATXRWHKWWELVHU DFTXLU
GHQVLW\ PDVV

7KHUBDK LQ )LJIXUHW EHVMKRIAWJ RI GHQVH DQG
RI WKH ELVHU DQG JUDYLWRQ ZLWKRXW WKHL
ELVHUTV ZRBIXISKHLQ )LIXUH F VKR ZWWHKYHUW)
VWDWHV 7KH WRWDX® YDVDYWHR| WKHLWUTXDEX R
JUHDWHU WKDQ WKH YDFXXP VWDWH RI RQH |
VWBWEBRW GHSHQGHR@LDO ODJ RI LPSXOVHV I
PRWLRQ UHODWLYH WR WKH HQYLURQPHQW

7KH JUDS KWKWDERYHUO/ PDW HURRB ®HE RQ LVAK/H V
WKHLYHZKWY ELVHUV PDWHULDO ERGLHV DU
JUDYLDMRRQVQ GHQVH DQG YDFXRPWHULRWYEG VE RF
PRYHG LQ WKH X O DWiiLRIOWKHZLW K W KMESYDLWMLRX
VXSHUV\PPHWULF FU\VWDO VVPU XMNADH M LR/ MWD Q!

%LVHUYJV SK\VLFDO SURSHUWLHYV

'LDPHWHU % \% %0 Ry

4XDQWHG PDVV WKH PDR4WYW HRI DQ LP&XDVH

AXDOQWIHVGY IRU D VHFRQ® % P% b %o J

,PSXOVHVY IUHTXHQF\ % lv X W6l

,PSXOVH DWWUDFWLRQ EHWZHHQ WZR FRQWI
Jo * Pwd %0 %bU %oy U %o W Y %o & W

$SWWUDFWLRQ IRUFH EHW ZIRHQDWZAHRF RRGWDFV
)% J% be %0 X W XV 1k

$00 WKHDHEBWHMUWIWDWFWHG VDRHRDQRK BRWEGIR U P
FKHPLFDO HAIOMP MKWMVKHOS RI WKLV IRUFH



O9DFXXP

7KHUH DUH WZR W\SHV RI YDFXXP DWPRVSKHULF
$QOONPRVSKHULF FRWPWKHYDBWAPLFLDO UDUHILH
DWPRVSKHULF DLU LQ D YHVVHO $WPRRSEKHWHHF S
DLU FROXPQ PROHFXOHV RI FKHPLFDO HOHPHQW\
DWPRVSKHULF SUHVVXUH LV GHFUHDVHG ZLWK DO
LW WXUQV LQWR FRVPLF PD[LPXP YDFXXP 7KH
DQ DFFXPXOBWQYRUWIRNVNWHK®@W IRU FUHDWLQJ WKLV Y
$ XDQWXP ¥WKXXFWDWH RI WKH JWDLWLWA\KHLHO
UHVXWWHRGLWLRQ RI WKH LPSXOVH YDFXXP VWDW|
VXSHUV\PPHWULF FU\VWDO VSDFHN B®XGCVPDNW B LE
SDUWLFOH ELVHUKDGROQBWLQUHEAXHQF\ )LJIJXUH
JUDYLWRQTV SXOVDWLQJ YDFXXP VWDWH DV D YL
HQHEDIFORW RI@IQHQWKRICHDRMWRQVY YDFXXP E\ LPS
JUDYLWMNHHWUDYLWRQV 7KH YDFXXP VMWBKWH RI
HQHUJHWLF \XWh WHY FRDWWHXP YDFXXP SXOVDWHYV
I[UHTXH@F\DUH SDUW RI WKH TXDQWXP YDFXXP
VIQFKUBRERXKY WKH IUHTXHQIEHBMKWKHIBRUBIYZW\VHE
VSDFH RKQWXBYVERRW SX@WBPRMRIIF YDFXXP VWDW
SXOVDWLQJ GHQVH D QG DFIHF R¥F X\WUW DMNBKA/R | W S

ZKHQ ZH RXUVHOYHV DQGD DA WIXOWKHV6RQHMVWWDW
VWDIKHQ ZH DUH QRW

ILIKW

ILIJIKW LWOWKWURPDJQHWLF VLQXVRLGDO ZDYH FR
TXDQWYV RI HQHUKD WK RKWR BN VAHRSXVFXODU FKDUD
RI VSUHDGLWJUDGKMWNHG E\ KRW CORQR PY HFQ G D)
SKRWIRQ WKH HOHFFHMHWRIU O ISDKUM ID QFaK FBKHRIWR QHIQVH U
HQHUJ\ LV SHWRHLWMEG IEX WKHDYLMWWH ZEDUPAWIQ
SKRWRQTV TXD QWP HQHUUI\UDGLDWLRQ RI WKH
RQH F\FOH RQH RVFLOODWLRQ RI WKW WG@RFWU
UHYRCXIWLROXDO WR%®@ V 7KLV LV DOVR WKH X
HQHUJ\ 6HH EHFRWPLHREXDOWXFKD QQLF®KWO RI WKH
+\GURSWRAFKH URWDWLQJ DWRP UDGLDWHV VLQXV
ZDYHWUPHG E\ WKIHRRVEILW®&B HOHFWURQ

7KHUMTXHQF\ Rl WKH VLQXVRLGDO ZDYH LV HTXD
WKH DWRP WKH DPSOLWXGH RI WKH ZR®HWIK\H HT X
VLQXVRLGDO ZDYHV DGGLWLRQDO ZDYHV DUH
RVFLOGDWKRQURRUELWYV WKDW(GFHKSRQ G RIQ FKHPI!
HOHPHQWED W IMRY FRQVW D QW LIWRW BPRVL\QW DI Q W T M-
FRORU LQ WKH VRODU VSHFWUXP



TKH&KURJHQ DWRPTV VSHFWUXP LV LQ WKH X
I[UHTXHWQF\ w+] QP ZDYHOKRQURMDODWLRQ UL
RI WKH K\GURJHQ DWERFPZQYHYV DPSOLWMGH
DWRPTV GLDPHWHU VHH EHORZ

7TKHKBWRQYV ITUHTXHQF\ GHSHQGV RQ WHI
WHPSHUDWXHIHV MK MWKH TIUHTXHQF\ WKH PRUH
RI WKH HOHFWURPDJQHWI K ULRPSIXO § H Y NEIDUDHF HAS
SODQFN IUMKREMYEWKH VSAHHAK DW VFRIDORG VS

RI OLJKW
7KH ZBRMSXVFXODHU FKDQIDAVWDWLRQ RI Wi
JLIXUH

JLIXUAKHOHFWURPDJQHWLF VLQXVRLGI
FROQVLVW@HUIMIPSXOVHY SKRWRQV



7KH HOHFWURPDJQHWXLF SDR/S/H4HYYV W KBRRWKR JUDYL
QHFNODFHVY DW WKHWHRXXHOQR\V ¥ HEHFDROMA REF
DGGLWLRQ DPSOLWXGHV RI WKH HQHUJLHV )LJXU

JLIXUHKH HGRHUDQ HOHFWURPDJQHWLF LP:
SDVVHV WKURXJK D QHFNODFH ZLWKR?>

' KHQVKH JUDYMDOXRE EWQ H[WHUQDO LPSXOVH RI HC
HQHUIMFKODRYKMWD GLR Z\DRY HWV DBPBRAOXGHGH RI D ¢
RI WKH JUDYLWRIQOA\D GI®HE JV KLY HQHRHQHABPSHQ\
ORVWHKBW RFBXQUHIOKHFQVURPDSQMWHKY RRSK OVHID YL
7KHUHIRUH HOHFWURPDJQHWLF ZDYHV SDVV WK
*UDYLWRQ FRQGXFWV HQHUJ\ LPSXOVHV LQ DQ\
+RZHYHU RQO\ RQH HQHUJ\ LPSXRY HG %DV H\L WAK
LPSXOVH (QHUJ\ VRXUFHV DUH DW GL2IGRQHQW GL
SRLQW WKHUH FDQ EH RQO\ RQH HQHUJ\ VRXUFH

LPSXOVHV LD QERQWWKD@WWR WKH OLJKWI\WH VSHHG
HQHUJ\ LPSXOVH FDQ UHDFK WR RQH JUDYLWRQ

(OHFWURPDJQHWLF Y\DGIRWLREFR®QWKHVEXRI ZLGH
IUHTXHQFLHV 7KH UHWLQD RUHPHL YH\GJFRHQYQV WR
VL]HV PDVVHV ZKLFK UHVRQD\WHIRMWWK WK B H
Rl WKH IUHTXHQF\ GLDSDVRQ RI WKH VSHFWU X
DPSOLILHG E\DWHVRQMM@FH WLPHV " DUH SHUFH
QHUYHV DV WKH WKUHH?2 SWIGP DID B@DBEX XD O, IF RWKR
FRORDYH WKH VDPH LQWHQVLW\ WK M IOH\ K\WD YLH/ ¢
GLIITHUHQW WEWH @WIHWBWUFBILYERZ BRORW VH\H
FRQVLVWWHAHQLYLIQYN FHOOV RLGARHY VDRFPM 8 L VW L\G
FRORUVIJKWQLPDOV KDYH DOVR ODUJHU FHOOV
HOHFWURPDJQHWLF UDGLDWLRQ RI ORZ IUHTXHQ
WRR

(QHUJ\ DEVRUSWLRQ RI SKRWRQV E\ SODQWV DQ
UHVRQDQFH RI WKH IUHTXHOQBDKW V7 KN BRIGRIL RU
VL]IH PDVV RI WKHLU SDUWRERDHM JOHNH FHMIOK \C
UHVRQDWH ZLWK WKH IUHTXHQF\ RI D SDUWLFXO|
ZLWK UHVRQDQFH IUWFFHQFL QD WKH FHO&W



'"HIOHFWLR&QRDDVVURELHYV

'"HIOHFWLRQ RI OLJKW LOA{S O DPLDQH/G. YLH) B R BXLUHIY
JLIXUHRE@WDFW SRLQWV R QZMIKMS XONHVWRIQN Q |
WUDQVPLWWHG DUH RQ WKH OLQHV FRQQHFW|
SRLQWV DWRZBIWDS/ WGVVLYH ERG\ 0 EHFDXVH R
GHQVLW\ PDVV RDBXDN IFRP DUMYVQRQ )LIXUH

7KH OLJKW LPSXOVHV SKRWRQV SDVV WKL
ZLWK GHIOMENWULRBWIRQ RI WKH PDVVLYH ERG\

JLIXUHHIOHFWLRQ RI OLJKW QHDU D PD\

*UDYLWRQ H[SHQGV HQHURPDNRW DIQGWH R
WUDQV S RUMDHFMRORPDJQHWLF UDGLDWLRQ O
VXSHUV\PPHWULF VWUXFWXUH WKLVDM[LSWRIEG |
FRPSHQMBWHERQWDFWLQJ JUDYLWRQV (DFK R
RQ FRPSHQVBWWRQV H[SHQGHG aHPDLXWRIGM M A
WKDW HDFKWRHOWKH\LAVRQV L@ MRQMD\RMY
QHLJKERUV WKH QIPRP SHIPAD WLRHQ G 3« B/IRU W
A SDUW RI WKH ILUVW JUDYLWRQYV HQHU.
H[SHQGLWXUH E\ RQH JUDYLWRQ IRU ZRUNV L\
WKH LQILQUWMB GUDRHWWHFRYHU\ RI WKH HQHUJ
F\FOH 7KLV RFFXUV GXULQJ H[WHQVLRQ RI \
*UDYLQD ORUBWKHUHUIRUH LV QRW HQWLUHO\ S
EHWZHHQ ZJWXKDMWLRYW H[SDRQVWRHUPLQDWHG S
+RZHYWDHBPRE®WDFWLQJ JUDYLWRQV ZKLFK DU
WR DWWUDFWH]EDEBQMWRDA®O WKH HPSW\ VS
HQHUJ\ LV UHVWRUHG 7KH JUDYLWRY VHEUNNSRYC
LV FRPSHQVPORVMBPH ZD\ *UDYLWRQV JUDYLW\
DOVR DWRPV RI FKHFKPDDWHKMNQAWHQQ®VQJ RI V
PDWHULDO y4



*HRPHWXD O WXHPF KD QLEG®IDO R | GUKRHBAWR P

+\GURJHQ DWRP LV WKH EXLOGLQJ PDWHULDO RI
FKHPLFDO HOHPHQWY WR EODFN KROHV %+ DQG
EXLOGLQJIXQRYM/KIRI DOO DWRPV DUH $SKEERNHQ [
KROHYV VXEVWDGRH®P FRMMBYBRYHR) ,Q WKH HQWU
%+ DWRP FRPRGHNROLODS BWBWRQ DQG HOHFWURQ
WXUQ LQWR\GQGHRWHGRQ@EMRPWHG IURP JUDYLWDWI]
UDGLIVWWIHPSXOVH RI D TXDQW DQWLJUDYLW\ H
FRPSUHVVLRQ W@ QWQ G LOONVDRHHIWHY\D S R D& H G

7KHWIRP DFWV OLNH DWEDWVEHLGE MSHULMWHAGY [URP
SUHVVHGMXWEWH ,Q WKH WHIRFERVFYVRVW WDKHKW H Q
QX F OHORQG H OMHFDWWRIY DUHW MBGIYDRWHGJ D TXDQW D
HQHUJZKH\GKURJHQ DWRR) WBKHDWVUHDP RI DQWLJL
FUHDWHG E\ LWVHOI DQG RWKNDW WRKPVOLIKW HQ
DQEBKNGURJHQ DWRPWSHBRE@ WKH SURFHVV RI WK
IRU \HDUV " WRRPBKMPLFDO HOHPHQWY DUH I
K\GURJHQ RWRBDHP KHOWXPGPVWKH H[SORVLRQ R
FRVPLF GXVWVKBDNFE B R 2QR®L AWHKGWF H O HR/@V MDIOH E R ¢
IUDJPHQWYV |RWRHHS CCRMLIRIY RIQWWHDY t @J7TWHKHLU V
%+ LV GHMUM®WHGH JDODBIG LYIWEBUMPIVSRUDWLRQ
JDOD[\ EHJLQV WRHFRHOMWIDFMW O ERGLHV DUH DFI
PDVVLYH IRUEOMWRLRQYWHOODU EODFN KROHV 7KH F
JDOD[\ HQGV ZKHQ WKHVH LRUPBMW ERIQW BB FX® & OE
7KH %+ H[SDWRGHW DS RDBWAMRED HWHUQDO UHSHDW
PDWWHU LQ WKH JDORUAXNODPWDR @ HRG FREROW HU LV
K\GURJHQ DWRP KDV DELOLW\ WR FKDQJH LWV VK
WKH HQQDWBRQBH WRB @V BRIAWDLOHG NHE6BOYDRQRQ
(Y RO X WHLCRGD RUH V

$Q AFXUDWH UHSUHVHQWDWLRQ RD@RMHEHW®P {V
DFKLHYBIEK SUHVHQWHG DWRPJV GHVLJQRMHBQO\
H[SHULPHQWDOO\ 7RGD\ WKHUH LV D WKHRUHWL
ZLWK LWV HOHFWURQ URRQIWY PQQP JFRUHLUYINWUKBRW @ B
SRLOQW SHRYHRDSRQPLW®EHGUHODWLYHO\ KXJH RU|
HTXDWHW ZRDWKY VRK WKH SURWRQ DQG WKH HOHF
EHFDXVH RDAMWOWHRZHYHU LWHKDWGBRRQRPLF URW
WKH HFFHQWULF VI\VWHP LV QRW SRVVLEOH EHFD
WKH FHQWUDO PDVVWILWYJURRQ@WHG QEF\ HEMIBU J\ DC
URWDWLRQ ,Q WKLV FDVH WKH FHQG\LHIUH RW IURRQV R
WKH HOHFIYWRBTB PRGHO LV GRWQ W U R BREHQ@ARW V|
SHUIRUPHWXIHUH G X QF WK \REQMR J HKEHRDVWURRBABR/H O \



DQRWKHUGHDRRROAUEWEQEWRQ QHXWURQ DQG
Rl DOO RWKHU FKHPLFDO HOHPHG@GMWLRTKLIFWWL
FKHPLFDO HOHPHQWYV IRUPHG E\ WKH FRPELQD
PDVVHV RI WKH HOHPHQWYVY GLIIHU PXOWLSOF
FRQVLVWLQJ RI SURWRQ QHXWHRRQL DRMHEG HEO |
SKRWRJUDSKV Rl WKH K\GURJHQ DWRP JWKRW
WKH GHVFULSWLRQ R WHMX GHJSYHURPWQWQH G
DFFHO HRIDQWVRMRQWH TESDORWR@® W KU H H A X VRINR\Q F
WKH K\GURJHE DWRP

7RGD\ WKHUH DWKSHD O®WWRRY/E BIAODE RW KW JHRP
TXDQWHKPKDQLAFPRGHO FRUUHVS$SROQGGOU GNP RWG
IXQGDPHQWDO SK\VLFV HOHBWRR RQ\SHWONR G X
W\SHV RIDQGUNMXRQV 3URSHQYGDLWE RR GH®! DU
VXFFHVVIXIDOZNUB®V WWKW DHAXEEQBREDVRX O
K\GURJHQ BMERP LMQRZKDW NLQG RI UROH LW SC
XQLYHUVH

'H SURSRVH IROORIZE R X V8 RWKANHX @ W KWW K H T
DW RKDWHHFHVVDU\ WR SHUIRUP WKH UHTXLUHC

$(OHFWULF FKDUJHWIKW K i EHAWEIRRKIER E LV H U V
WHWLIJUDYLW\ HQHUJHWLF VW U HDP W KM E WOE
WKH FKDUJHG PDVVHYHFINORKWERAF W H @ B DRIIQH W |
WKH ILHOG RI WKH PRYLQJ FKDUJHG ELVHUV 1
DUH PDQLIHVWHG DQG VDYHG RQO\ LQ WKH UR

$$WRP FRQVLVWYV RI KROOR® D) KEBOWHKRHO/OZE R
ELVHD®G RI WKHD HRQFEIWBREBUDWH RI WLJKWO
QXFOBRBYWHUFRQQHFWE GNH\DP R WRERMH V H
FRQWDRWRULVWYV FD Q@ XEKIFKX REKMW BB MV H Q F H
FRQWDFW FDQ EH BBHWHFWHGGL®I JUDYLWRQ"
VXSHUV\PPHWU\ SODQH

$ODVVHV RI WKH S UDRMERIO HFHXWRIR ®URWW R K
PDVV OHVV WKDQ WKH QH%WURWRY PDNNDWWRH
WKH 6LDPHVH FRQWDFW ZKHUH ELVHUV DUH
EUHDWIK®JI6LDPHVH FRQWDFW WKH FRPPRQ EL)\

t 7KBWRPJV QXFOHXV DQG HOHFWURQ URWI
VIQFKURQRKWWODUH ERXQG E\ IRUFHV RI EDO!
JUDYLWDWGRHDMFWURPDJIJQHWLF LQWHUDFWLR

$3URWRQ DQG QHXWURQ LQ EQRMRPIUGIW \RH GV
V L]HWRHD H F WOUHRRW U RDRQIYW D QW G U Bl P BIAQH W K\H
FRPSUHVVHG DQG IUHH DWRP



YJLIXUH YJLIXUH
+\GURJHQ DWRP X ®QG VFDOQ&XPURVFRSHYV

7KH\GURJHQ DWRP LV D URWDWLQJ GLVN FRQVI
HOHFWURPDJQHWLF ILHOGV 7KH RXWHOWG WRIQW KW
URWDWLQJ HOHFWQWRIVLEORBIUJIHLQ W KW RVKR QIT.\H O
FKDUJAKHHRWURQ URWDWHY DURXQG LWV RZQ FH(

JLIXUHH\GURIJHQA ODVWKMH FRQFHQWULF URWDW
WKIHOHFWURPDJQHW LFI IWKEBGVIHFWURQ DQG



JLIXUHKH\GURIJHQWHVRPDUFNVY WUDFNV RI WKH

JLIXUHKH\GURJHQ DWRP



$WRP FRQVLVWYV RI KROORZ QXFOHRQV FRQQHF
WKH HORFWWRQ VXSHUV\PBHWILVBOV $DFR&BORPHU
XFOHRQVY GH\DLOTKHVULGSIQMWULIFFDO VKHOO FRQVL
RI ELVHUV ,Q WKH QXFOHRQ WKHUHR TDXUDH NWKU H |
SODQ@MVSRVHG RULJLQ/IXBW RPN\ FLRVBW RQH SR
VWUDLJKW OLQHV RI PXWXDO LQWRUWKHWRIQHBH
FHQWHU DQG IRIUFILQXUHNMO HI® "KHVH SODQHV LQ\
WKH VKHOO ZKHUH ELVHUV IRUP WKUHH FORVHG |
RI WKH T)XODXHNWHRZQ O\LQJ RQ WKH DWRARVR DI[LV
VLPSWIHHSODQDWLRQ

7KHWIRP TV RXW HWDG L D<P HM/ WHQHX F O H.R/Q %
D QW KHHO H F WY ReQUB V QW KCHW R P V. HID@HIPXHDQDW @ RP E H U
ELVHUV LV FRQFHRWUDKHHHGXFOHRQV VXUIDFH W
OD\HU )LIXDGIGQ DNVKH HOHFWDBBQWHKHERRUPRPHL
JLIXUH E

Y)LIXUH

7KHLBPHWHU RI WKH 6L DKH YV PHDRRQWEFEN WD URH D
ELVHVV %IMHQXPEHU RI WKH SURWRQ OHVV E\
6LDPHVH FRQWDWWDVWWKHNRRZWY RI WKH SURWRQ
RI WKH QHXW URGJIWR

7KH FRQH Rl WKH HOHFWURPDJQHWLF DQG JUD)
HQVXOWMMIRQJ OLQN EHWZHHQ QXFOHRQV DQG HO|
URWDWLRQ

(OHFWURQ E\ GLDPHWHU  %LWRWYDWYMWWXHRISUR S
ELVHUV BRBWHBUHQWR VXSHUV\PPHWULF VWUXF\
HOHFWURQYV VXU IDF HH DRRKP ED \'DONFKEDQWOHFWH SR L Q
DQG RQH IUHM ISRMX¥WH PDLQ FRQGLWLRQ RI WKH
QRW DQ\ TXDQWLW\ Rl WKO EBS KSDFND® L[SDWR/ VKSH
IRUFKH IUHH SRLQW GRAMADKIGIOW H @ AU RHIDIDI) AR
IUHTXHQF\ DPSOZMMXIG M HTEXD)Q JWBHVWE D WIEL V



WLPHV JUHDWHU WK D @ LRVRKGIWIDAFSAD [S\WW X G W \R R WK
WKH GRIMHU VKHOO RI WKH QXEPRIGWY D FVYLH{G M HEQ (
SRLQMV VE HF D X WHKHRIID FW W K D WH OVHKF-R QW B VR | S\
RVFLOODWLRQ IREYORREHEVARWEGROWHKH IUHH S
DPSOLWXGH 7KH RVFLOODWLRQ \RMWW K HL QUAHHHU
WKH ELVHWLDUDGY I\ H@ALWVIN W WEHDIPFUHY D SU
FKDEIHWKLV LQMMHY DFAWDIUR® KDV JUHDW LPSRU
WKH K\GURJGHHHDBWRRVRROXWLRQ RI WKH 8QLYHU
$QOHFWULF FKDUJH SXOVDWHV DW XkiH EL
o 30DQFN IUHTXHQF\

(OHFWWRK FRPSRXQ ®GIOOLPMIWIBUF EEQ E% DFFH
DV WKH QDW X8DOWEHRRDHMMBORIX QLTXH SURSHU
DWRPV RI FKHPIZAD®D HO H EDQW@ND HRRADUN/RNDDUHY
FRPSRVHG RI WIOIHF\8 DB LEIH WKH DENIRGVRN H
ZLWKVWDQG WUHPHQGRXV SUHVVXUH LQ WKH
FKDQJH LWV BQRBHYWRW HQWHU LQWR D Ul
SDUWLFOHNQ WHUMFWRQZLWK WKH HOHFWURPD.
WKH DWRPVHWRIMW RPIV GLV LW HARPBW LR Q@ HX W
GLDPHWHU %

7KH PDLQ UHTXLUHPHQW IRU GHWHUPLQVYQJ
WKDWXFIOHH RQ PX¥W WDHHWKDW ELVHUVY RVFL
FLURODHWRBED WHKH TUHTXHQRP\ ERIWKHD YUWMRRONQF'
HQHUJHWLF JUEDYWWH 3BIOD@MEN IUHTXHQF\ 7K
EHWZHHQ ELVHU DQG JUDYLWRQ@WW KDURRIU
UHVRQDQFH DSYHDWYV ZWKDWKH UHVRQDQW FI
QXFOHRQ DHKRXWBJIJHH QXPEHU RI VHFWLRQV E\
FRQVLVW RI VL[ UHVRQDQW VHFWLRQV RLV %
%[ < %HVEGMHMU SXWWDVREQ U HMEUHHQPMNY K H
XQOMKIYIOXHQFH RI JUDYLWRQV

JLIXUH VKRZY RQH UHVRQDQW VHFWLRQ

JLIXUHUDSK RI ELVHUVY RVFLOODWLRQ L$WHF
FRQYHQWAEBQRDIKOWHQHG

7KH ZDYHOHQJWK RI WKH OLQHRY HHMROW B 6

% 7KH ELVHUVY SXOVDD\HRIQ VIKH K H W U@L



JLIXUH D 7KHUWIKRUHEDDPBWGLIRIJOHQIJWK DQG SX¢
RFFXWLVHUV RYG®DDDWH GHU DFWLRQ RI WKH UH
WKH HQGV RI WKH VHEWEPR [L RXPH D RY/F GWIR® WHK H
PLGGOH RI WKH VHFW LR QWHKRE®D VI USKTONHIW H ZRQ\C
RVFLOODWLRQ %LVWIYIROHWKRM QXN F® HBQE/MW ZH H
GLIIHUHQFH RI JUDYLWDWLRQDO DQG HOHFWUR
HOHFWURPDJQHWLF IRUFHV RI XQLSRODU FKDUJH
ELVHUV 7KH UHOD[DWLRQ LV PD[LPDO ZKHUH E|
PD[LPDO DW WKH HQGV RI WKH UHVRQDQW VHF
FRQQHFWLRQV

&RQWDFW DUHDV RI QXFOHRQV &JDUHRORW®H. Q )
PLGGOH RI UHVRQDQW DUHDV ZKHUH ELVHUV SXC
$WRPV ZLKHO % KRHEFADIOHBVUMHH DY DUH MRLQHG WRJHW
IRUFHV DQG IRUP FKHPLFDO HOWRH®W\D UHDNPSR
IRUP 6LDPHVH FRQWDFWYV

1H X WMDRG S WRDNR®H Q@HADBXW WKH\ IXQFWLRQ GL

1HXW URWRMHV D URXQ @KHVUH IRHIGRVGE IRGHSWIRW LW H KD (
RI WKH VSKHUH FURVV WKH DQWLJUDYLW\ HQHU
DQKDYH GLIIHUHQW DREDHHFEBHORHEY 7KH FRQVWD
FKDUYHHQVXUHG E\ WKH FRQVWDQF\ Rl WKH YHOR
WR WKH HQHYEMWLKH VAVRONWDVWD QF\ RI DWRPJV URW
WKH QHXWURQYV VXUIDFH DSSHDU HOHFWULF FX|
RWKHU DORQJ W KHV UFHR/QQID/QWFLHD FLIRIFPKDUJHG EL
HOHFWURPD3@WWLEFQIRG GE B 0OQJIMTRIHRQLHOWHUDFW L
EHWZWKE JQHWLF ILHOG RI@QWGLQDVLWQCGHQHUJ\
FUHDWHY D WRBTWKHJABDQWHYHRWWRE TN QUXRQUINV
DGGLWLRQDO WRUTXH ZKH®@HUH GHRM QW LR QFFHNQR
FHQWHU RI WKH WULDQJOH TXDUNVY URXWHV 6\Q
LPSXOVH PDVV DFW DW K/ B FODEY HP HR K B K FE\
DOQIJLQHXWURWD®WWRP DURXQG WKH FHQWHU RI |
DQ\ GLUHFWLRQ ZLWK FRQVWDQW DQJXODU YHORF
IUHTXHBRWURQFDIRVK G VI\VWHP RI H @HHXWUD BX L
FKDUJH

SURWRVKH VDPH DV WKH HOHFWURQ URWDWHYV
ELVHUV RQ LWV VXUIDFH FURVV WKH HQHUJHWLF
HTXDOO\ 7KH OHQJWK RI WIKH<B8URWRHIWHFLUF
VHFWLRQV RDUHODR@DIQIFW WKH ELVHUVY PD[LPXP
DPSOLWXGH DW WKH HQG RI RQH VHFWLRQ FRLC
EHJLQQLQJ RI DQRWKHU VHFWLRQ 7KDW SURYLGH
ZDYHV ZILPRDKLPXPV RI DPSOLWXGHV R QT WIKWNFIU F
SODQH *UDYLWDWLRQDO FRQQHFWLRQV EHWZHH
KLJKV DPSBHRDOGOHV IROFWKBVIQQWP®H RI WKH HC
FKDUUMSXOVLYH IRUFSI®ODFBVWKHYHVKH ELVHUV )
TXDUNV +RZHYHWHB®ORQ WKH UHVRQDQW FLUFX



TXDUNW WHEMWYQHFWHG ZLWK WKH PD[LPXP DF

FLUFOHV O\LQJ RQ WYXHHRWHKHVYV RVZLR XSWDH QH VS R
7KXSURWRQ FRXMINKYD QHVXDIUWK

IHXWURQ DIOAMRU KD VE@ DWKHID W WISHURWR Q

4XDUNAD UULHWQWHRBRJIZHI X ORI KO FWLRQLQJ

7KH IRUFHV DFWLQJ EHWZHHQ DWRPVDPQGNLQ .
HIITHF WKIMRRP TV URWMOMAWQRQYIY URWDWLRQ ||
GRZQ LWV FKDUJH DQG FHQWHEWURQ KRUGFH
QXFOHRQYV JUDYLW WEHIWQW WRW B BLORMAKRYWR R C
GHFUHDNMHRMDWLRQ IUHTXHQF\ Rl WKH SURWRC
3URWRQ KDV FRQVWD@WMFDRWDKWRIFBQ DB B GHX ¥
7 KH U H BRARHIWMRR) WDRHV RP TV URWDWLRQ IUHTXHGC
FRQGLWWRDWRRIY H[LVWHQEIQJID QG GXE HW LRV
FKDUDH)GRVAXDUNY 4XDUNV D FWK®WMG\H RXWL
IURP WRHUBWNFDXVH RiVERBMIWKHOHFWURQ V
DIDLOWKMH ZDRPQOWKH SURWRQYTV VXN OORDKW
VLPXOWDQHRXVO\ RQ WKH YHUW IKFRRHOM R | THRKM
W K HV HDKIBIOHWFWHG WKH TXDUNV WKDW KDG M)
,Q JLIXUH \HOORZ DUURZV |R U DUON M T XL
7KXVTXDUNV MXPS OVQRRURQRXHUWH[ RI WKH
RWKHU :KHQ RML\Q JDWHKAHU DX W LHO HIFRWES B @ \B R
JUDYLW\ DQG HOHFWIHRFBH®HMHG VRPXEWD Q
EUDNLQJ WRU TEXH{F D) WHKIB JUHHISX FWLRQ RI WKH
UDGLXV 7KHQ@H®WURQYWRUHYV URWDWLRQ IUH
TXDURMWFWURQ VWRRWDMNLARIQQUU H TX®I® FRH G WU
IRUFH DUH(OH¥WRBEBGUHW XU Q\HO R$W KWK SIUWDF
SURWRQ DIWHU UHFHLYLQJ WKH ORVW TXDUNYV
WRSV RI WKH WULDQJOH UHVWRDHNMVLWXBDY
PRWLRQ IURP KROHV WR KROHV LQVLGH WKHR ¢
VWUHDP D Q/GKHHRWFRRQUIY FKDUJH 4XDUNVWWEN|
DQWLJUDYLW\ HQHUJHWLF VWUHDRH §BDWND @
HQHUJ\ IURP WKH DQWLJUDYLW\ VW WHD®D UNR
PRYLQWEBAHKRUWHYXW 8WWRWEKHDWIRISVRI WKH WL
VDPH WLPH ZLWK WKH UHVRQDQW $XDRM BRW
UHFRYHQHQ@J\ DQG LWV URWDKGHRW UBGLXWD €
TXDQWXP BDIQB@HFIMWDRQ EHJBYKHMVR\FDO LV UF
7KXMOHFWURQ URWDRWHVQRQQW K E DRUEQWIDVKLR

4XDUNV LQ RXU DWRPYV PRGHO FRUUHVS
SK\WXFGTXDUNV Rl WKH SURWRQ DQG QHXWUF
TXDUNV KDFH WHKOJWK D QXN K H R SW UBMIVIQRRIZ DX D]
WKHRUHW LK) SKOWLBWREDELOLW\ WKDW DUH W
VHDWV EHLQJ RQ 6H IFRXOGWIS@PIDQGIRW LR | F
H[LVWHQFH RI VXPKXWHDG KDY U BNBY RWKHUV ZK



PXFK PRUH PDVV DQG YHU\ TXLFNO\ GBEREDEWR S
WKH\ DUH RXWN\ G H

7TKH QXFOHRQYV PDVV LV FRQFHQWUDWHG LQ V
LQQHU FDWKHNQY LWRQPHQWURIY WK\H VDVQUWMDIPQDQG L
HOHPHQW RAKIHWNXPDWY Y PRWLREDLYQ WMHR YQRYBOHR (
RI WKH PDVVHV VHSDUDWMG WKRPPRWHRWY XNVLDJ
IRUFHV 7KMHEKDRMNY WUDMHFWRULHYV RIHRRWKR Q
UHODWRLWHKH SURWRQ UHPDLQ FRQVWDQW DQG GR
URWDWLRQ IUHTXHQF\

$WRBIWDWH XIQFW LROD QB ILAI'GHRYBY LURQPHQWV

$WRPVFRQILQHG VSDFH LQWHUDFW EHWWKHQ WK
JUDYLW)\ IRUFH RI WKHLU PDV WH&HIHFGV ER ¥ H KQQ
HOHFWURPDJQHWLF ILHOGV ,Q WKH UDUHILHG H(
PXWXDO LQIOXHQFH RI DWRPV LV PLQLPDO $WRP
WR HDFK RWKKH H®WURPHIWNL QFUHPWHGBDFWLQ
UHWDUGLQJ IRUFHV DSSHDU 7KHVH IRUFHV DUH P
LQ WKHLU GLITHUHQW S RVQ@L Il RHENHBAE $VHLIR D QWWRD Q .
PDLQWDLQ FRQVRWD YB\HRG URWD@VY DZD\ LV UHS
GLUHFWLRQ RL QORIDGOHURPERW K WKH K HOISURIHT X D
TXDUNV RI SURWRQ UHVLGLQJ RQ FRUUKWSRQGL
SURWRQ ORVHV PDVV DQG FKDUDW EWKR O KGO W R
TXDUNVY WUDQVLWLR® KH SOVWHI®\ FE@ DDKIH QIO D Q +
DQJOH WR WKHKVXRQDBVRIRQYMWYXH GLUHFWLRQ ZKF
LV OHVV %XW WKH JUDYLW\ IRUFHV DWDMUDFW L
UHJDUGOHVV RI ZKLFK QKWL WWRE WBHD LIJUBQG D
W R X F K

7KH DWRPVY SRW R LHROIDF KJ HROMDKMLLY LW KRXW UH)
ZKHUH WKHLU UB WSIDW DFO® H DRI IDFR O RW R § V
7KHUHIRUBMVUDWRRPWDQG QH[W DQG URWDWH V\QFK
SODQHV *FK WKBIRPWWEBY VXFKDQMERPRUMALQHZ FKHP
HOHPHQW DQG EHJLQ WR URWDWH DURXQG WKH
RWKHU FRQVWREG®REMHEMGHRQHY RI WKH SURWRQ I
YDWHSHQGLQJ RQ WKHLU ORFDWLRQ LQ WKH FHQ
QXFOHXV ZKHUH WKH WDQJHQW YHORRLWIKHV D
SHULSKHU\ ZKHUH WKH YHORFLWDUWUN SDRWHR QW K
LQWHUPHGLDWH SRVLWLRQV ZKHUH WKH WDQJHC
OHVV DFWRUWKBIJURWDWLRQ UDGLXV 7KH SURWRQ
HOHFWURQV \WWKRWBWRIPKRDVYHHUR FKDUJH

'LVNV RI URWDWQGHDWWLRIHYWHSYEDEOHO RQ F
SODQH DQG FDQQRKHOMFWY RXZIDA LPSXROWKIVY U |
IUHTXHQF\ Rl FKBQYN®PERMNIQF UPDXBBGH FKDQJILC
RI WKH2UWDEHDXFW URWIR RWREL QKB RUELW RFFXUV
T X D U NVRERK HPHIV F DLEERYGK H RVFLOODWLRQ IUHTXHC



WKFHHQVLW\ RI WRH WK MWDWLF S UW KMXHWVH XW
WKH KIMKMHTX QKN PRUH HIXNHQ\ MLKDRWV LIJUDY
HQHUJ\ VWU HD\PHHA RS HRDWEX FHOWODMWNVRQ RI WK
LWV 2RVE MO HF W U R P DAJIQBPDIOA. LHPVOWXDWHR Q R1 Wk

+RZ LV DWRPJV FRPSUHVVLRQ DQ@RKBHGN®@ R B§ UK
Rl JDOD[LHV DQG EODFWNKRERBW WKH\ DUH SKD
PDVV PDWWHU FLUFNA B WILLRI Q\D PRQMHYD F W
BHW KLY GHWDLO (YOREOKMANIRED RIH V
,Q WKH FRQWUDPWIRQDBHUWRG WKH FHOHV
DFFXPXODWHG LQWR RQH %+ LQ LWW KHHBWUHDL
JUDYLWDWRRE DK LIFKOIGY IRUPHG DQG H[LVWYV
ERGLHVY URWDWLR Q&B H R KRB0 WK N PRIDOWAHH R\
%+ IRUP D FWIXVWRARNY 7KHVH FKHPLFDO HOHP
XQGHVUDWLVWLF SUHVVXUH RI RYHUO\LQJ URFN
DV WKH GHSWK LV LQFUHDVHG $W W KHH B WDW
YDOXW ZKLFK DWRPV RI FKHPLFDO HOHPHQW
)XUWKHU WKH K\GURJHQ D@ WRW SIRQHR \G VV ILGWN
DQG HOHFWURQ DUH FRQYHUWHG LQWR QHXWU
,Q WKH H[SDQVRFO®DBHU MRKG IQWLJIJUD YWWH LT
GLVDSSHDUDQFH RI &*PHDRX RXIOHD W QRQRRI DO O
%+HUHHV WKH FUXDWE\UR[S QRDYRY\WFDWWHUV
LOQWRMSDFH RI WKH IXWXUH H[S/DKHE & Q & \RDRIQK] M
%+ WKHSHDUDQFH RD OMMBEHVUR RKB\GKURJHQ DWR
UHOHDVHG IURP VWDWLF SUHVVXUH 7KH SUHV
E\ ODWNMDUWLWBMHKWRPFH RI WKH %+ 1HXWURC
S URVDREO HFW WMRQQHG ERRQWPHWH FDQQRW EH
HDFK RWKHU 7KHUHIRUH WK H36 UMMV Y REZ L\
QXFOHRGBWORZRQTBGUHHOHF WWREWLRQ RI WKH
FRPRII IURP WKHP QRW EORZLQJ 7KH QXFO®
ELVHUV IRUPDDHULRROBRZ VSKHWKH RILGHDF
LQ WKH VKHOO DUH SUHVVHG DJDLQVWLWDF
PDQLIHVWHG E\ WKHLU LPSXOVH PDVVHV 7KHL
EXEEOHV PHPEUD QRUWP REWERXFKBFHQVLRQ RI
PROHFXOHV ,Q WKH VWUDLJKWHQLQJ SURFHV
FRPSUHVVHG VWDWH LQ WKH %+ ZHUH RQ GLI
DSSHOWRP VWDUWYV WR U R WDV H QDR RKEMEO WRWM
PRPHR@WRMQGHXWURQIKHOMEWHRBQ DQG SURWR
IORZ RI DQWLJUDYLW\ HQHUJ\ FUHDWHG E\
GLUHFWLRQV DUHt FISDWRIHIG/ FRIQGVDQW URW
FDUULHG REKXWE\RWKH Q
7KHVW&KURJHQ DWRP UHOHDVLQJ IURP VDMDGVNL
HPLWV D TXDQW DQWLJUDYLW\ HQHUJ\ HTXLYD
FRPSUHENWERQVMSROVH VHSDUDWLRQ PDVVHV R



(QHUDQG IRUGNYY W L QISR P

$WRPRJRWDWLRQ® UVHVKHM ®DLQ SDUDPHWHU GHWHU
DQG EDODQFH RI 2QW HUKH \B WRPWR/UFRIY V W

*UDSK LQ )LJIJXUH UHSUHVHQWY WKH WRWDO
DWRP IURP LWV IUHH VWDWH L®FRKSUHRNVG & W DAD )
WKH % +

JLIXUH)FI )H2)RUFHV Rl FHQWURXG DI DMDOWBWUTI
LOQOWFWLR®VRUNBLRPHVH FRQWDFW FRQQMFWLRQ
OLQHDU WDQJHQW YHORFLWLHV RI2S3UPWRY DG
RI SURWRQD QG XWOHFQVEIRQVDOHH EHWZHHQ FHQW
DQG HOHFWIU/RRP TBLXYWD SIBRWRQIV URWDWLRQ Ul
GLVWDQFH EGQFSRAGI HVVHG OD\HUWIKRH @3HXW UR G
SUHVVXUR WXPBH UDW X U H FRRQ/THSHNBHEGRIOULQJ PDWV
GHQVMNGHR E\ LRDWRPLEW\PEBEQWHU RI IRUFHVY EDC
52 PLQLPDO URWDWLRQ UDGLXV RI SURWRQ DQG
S5EXORJDULWKPWRGY KD OID & BXIVP ¥H FRQGHIWK '/
RI ODYPFRSIUILFLHQW RO CONSR BB VIVE BEQVLW\ RI
EODFN KROHV$ EXENVWVQEHD P4HW H U



JRUPXOD RI FHQWULIXJDO )FI HOHFWULF )H DC
YEI )H )J
®@ PH-PS 5S & H3 'S H3 * PS PQ+PH 5S 5

ZKHUH E\ WKH IRUPXOP: PAGILRFAUH % W1

%o V { %o V { %Wl ZKHEYHK\BURJHQ DW
PDVV FRQVLVWLQJ RD @G RMIRIG W Q R BPWUIAREX FPHBC
PDVVHV Rl HOHPWGRQ@HXSWRR@ERQ 3URWRQ LV HC
YDORIHELVHUVY PDVV RQ WIRK 6LDBHNYH +FRQW
DWRPYV URWDWLRQ IUHTXHQF\ )RU FRPSDUI
PH %wNI SURWERQTV %vMNJ QHXWURGC
PQ % WIDNVRPIV2PDVV %WJ 7KH DWRPYV
FRQVRVWWGXFHG PDVVHV RI LWV HOHPHQWYV H
DWRP § DWRPYV UDGLXWoug& &RXORPE FRQV

H % &3 HOHFW UR QMfKVH FKOHR HQ W. IV UW K IKHCARKIDHU
D ELVAMV YDOXH LV GHWHUPLQHG E\ WKH &R
QXPEHU RRE@OLMBUFWUR®IV VH#UIDFH % 8w 17 KH
HOHFWURQYV FKDUJH LV FRQFHQWUDWHG LQ V
FKDUJHVY HRHUWMKHY HOHFWURQ DQG SUF

%9 W5G _S9BS ZKHUH 9H 9S WKHUHIRUH
RQ WKH HOHFWURQYV VXUIDFH LV HTXDO2WR W
WKDRMKDVJHV RI HOHFWUR Q7 RB0H RIYRWRW B U@ D
DUH QHXWUDO WKH\WKBRLRQWIGWW RJ HWHKKHHLLU BL\P
* %o BYN %ME VJUDYLWDWLRQDO F RQWANEDL.YWU 9
GLDPHWHSURMSRQTV URWDGWRIH QU DBLRRIW G L
'y %o B W

$WRP URWDWHYV XQGHU LQIOXHQFH RI WZR }
RI WKH QHXWURQYV HOHFWURPDJQHWLF ILHOC
DQG E\ WKH DFW WRKQHK@HIRIQ TR K A X DLUNAVL VH Q F
PDQLIHVWHIGWENQ ORFVHIRHFWURPDJQHWLF ILHOG
QHXWURQYTV UHVRQDQFH FLUFOHV DQG DQWL
WRUTXH 7KLV HQHUJ\ LV WDNHQ E\ QHXWURQC
DQWLJUDYLW\ HQHUJHWLF VWWREREMHSWMDMLRI
WKH FRQVWDQW IUHTXHQF\ ZLWKRXW UDGLI
RVFLOODWLRQV LQ WKH RUELW 5RWDWLRC
Q w\Bs UF R Q VW DLW K\&H H

(OHFWURQ XQGHU EUDNLQJ HIIHFW RI H[WHL
WKH RUELW IRU WZR U HYROMXWR @ GAUNWMELIQH Y R (
IDOOV WR2WWN FHRQWDAVL R Q WRGLREQYQE® WWHIV H
WKLV FKDQJH RI EDODQFH ZL\WKQIEWH QMX\HEHM®G B)
ILUVW UHDRYNWDRQNYV VBKIGHOXWRRHDUNVY] LPS
URWDWLRQ LV DFKHO HQGWRIG W R B GV IDRR GREMUWLI
UHWXUQV WR WK3UBWRYQLRRG @HIHIIWR J ROAHN V



WR UHWKIOANVWFHURFHVYVY 2QH TXDUN IO\LQJ E\ GLVYV
WDNHV DZD\ HQBUJ\ JURRLWRQV WKDW DUH LQ

VWUHDP 7KH HQHUJ\ RI JUDYLWRQ@QI%wWRQH LPSX
SODQFN FRIBWODRJW URWDWLQJ IUHTXHQF\ FRQVW
QHXWURQIE\WXKBHHUNWFR QRS MEKHAUWIL\GHKHH QHXWURQT
DWRPTV URWDWLWRH-AFR@YWHULRI WKHIRHIRXHG DBEN -
WKH WUDKDW RY 7KHUHDRRWRWKKCHV HY RI TXDUNV V
WIOHW RP TV URW QW LRV LR WDRWZLLR D FIW HR G HRQ EAOXVQ G
EUHDNLQJ IRUFHV 7KHVHBHUUIHWDRNKHQDUYIRR\ VWU
TXDUNV LV DGGHG WR WKH DWRPTV UDQLDWLR
RVFLOODWLRQ 2 RMKOANKRHP i HBVGU R Y LRQ HMZARJ I\ IR
UHYROXWLRQV
?d %0 W X %0 W

TKHOHTXHQFKHRHFWURQYYV LPSXOVHVY GHSHQGV F
DFFHOHUDWLQJ DMXGRGHRMIORHQY D MOKIEIDYFLUUHRDOHHOQ@ W 1
GHQVLRYRUHBDNKIHQ BUHVVXUH LQ @ XMMQXX® QJ HFFBIE QAL
WKHUPDO HQHD QIGE \FBEWRIPDO UHDFWLRQV

7TKXV WKH DWRP SUHVHUYLQJ LWV URWDW
UHVSHFWLYHO\ UHVSRQGY WR H[WHUQDO LQIOXHC
WUDQVIHUUHG" $ KRW DWRFKRYURWD WURQ VDKUEG IR
IUHTXHQF\ RI WKH HOHIHF WK QWLR) DMKEIINREU BWAR PV R
LQFUHDVH LWV IUHTXW@HWD K@ WKOBGUBWRRVLRQ Il
HQHUJ\ IURP WKH DQWLJUDYLWY IV WRJMABHR W)XOWL IQR QT
I[UHTXHQF\VLQF UHDIMH WKH FR QG \DIWRIFD QVFHHG K B 1M
DWRP UHGXFHV LWV IUHTXHQF\ '"HFUHDVLQJ RI W
WKH PRBEHRIB\WQHWVDEN IWQPDQVIHUULQJ HQHWIVFLQW
ILHOG $V D UHVXOW WKH KRW DWR R QWWRRIRMHHE
DAOYHUDJH WHWEHUD XK HUHY RO XW L OO KHT X HQ
HOHFWURQYY WKH VDPH RVFLOODWLRQ IUHTXHQF
FKHPWHOW®OWPHQWY DUH PHOWHG E\ KHDW UDGLDWL
DWRPV ,Q )WXWHPSHUDWXUH RI ZDDOYPFHSWHG
FRQGLWLRQDOO\ EDVHG RQ WKH ERLOLQJ WHP:
FKHPLFDO?2 MMXHQRBNQWR $WRPV WKBCAROWHQ FKHP
HOHPHQWYV X QG MUKLMFIWEKBHLRH) RSIUHVVXUH LQ GH
GHFD\ LQWR K\GURJHQ DWRPV $W IXUWKHU LQFUL
WR URWDWH WHPSHUDWXUH IDOOV DQG DW
WIXwW DW WKLV WHPSHUDW X UWHZ BDRWRRFO >G/RIHR/Q R QOHQ

RVFLOODWLRQ RI WKH HO# FW U R&RQw WUWHIODIRVILN J H (
LQFUHDVLQJ WHPSHUDWXUH WR % wW&lVSHQW HOQI

%0 W V' %aU
&ROODSVH FRPSUHVVLRQ RI WKH IUR]JHQ DWRP
LQ PLVVLQJ HOHFWULF D QWY FHQMEWIRX $OVD RRURFIHM
WHPSHUDWXUH GHFUHDVHVY WHRP . . WR



7KH HQHUJ\ DEVRUEHG LQ WKH DWRP{V FROOI
RIKW DQWLJUDYHRLWIWISXDVYE® WKH DWRPYV UF
FRPSUHWVIRRQWXP DQWLJUDYLW\ HQHUJ\
2D J %y V %b . % u V

7KH FRPSEHWROHO®SVH VXEVWRRY¥HWRIH WPHH L
GHQVLW\ RI PDWWHU !P 7KLV VXEVWDQFH FR(
RXWHUWGIUDRH WKH HOHRWKHR @ X SRU K L DB LR
WKH ®%4DRQGZAIPMK GLVWDQFH EHWZHHQ OD\HUV
IP PD o %o V { E < w  A{WJIApPw
+HUH 23hOHFWURQYTV ¥RRMAHFLHQW WDNLQJ L
YROXPH RI HPSW\ VSDHAH 2PBIYHAHHIQ! WSHKENFHG |
SURWRQ QHXWURQ DQG HOHFWURQ

+\GURJHQ DWRP LQ WKH HOHFWURPDJQHWLF
HOHFWURPDJQHWLF ULQJ )LJXUH LV SXO0O
H[WHUQDO ILHOG 6LDPHRAMRERDQY® FQWH EW WRE }
XQGHU LQIOXHQFH RI D VXIILFLHQWO\ KLJK PL
LQWR SURWRQ QHXWURQ DQG HOHFWURQ ZKI
SDUWLFOHYV

(YROXWLRQDRLHV

2YHU WKH SDVWDMVIURIS REDGEIM B WYHG WKDW E
%+V SOD\ D ELJ UROH LQ WKH JDOD[LHVY HYI
RI SKRWRWIRRIHYD ULRXVDQIGD BKHAR'X WG{DW DOP
HYHU\ JPRQWDLQ\Q O Wit % HOMWWMHRWHGH DQG R
JDODHMMW HOHFWURPDJQHWLF UD\V 0DQ\ SL
ERGLHV ®@FHZLYMESHU QRYOOLSWLFDO JDODILY
%4 GLVN JDOD[MRY EHWKX®G]HDOD[LHV ZLW
REMHFWYV LQ WKHLU FHQWHUV %+V DQG JDOD]

%\ VWXG\LQJ SKRWRV RI %+V DQG JDOD[LHV
> @ RQH FDQ FW®& AMMEH MUKDWUHODWLRC
WKH VL]HV RI %+ VHDDQUA DO B [WHKWHVH SKRWRV L
D QGREX U H[SODQDWLRQ )LJIXUH

JLIXUH DLY @6FFXPXODW\HHKY ORU\D &D 0D DRU P® |
WKLV BWD¥HLOOLDUGV Rl VRODU PDVVHV 0

JLIXUH E $ VXSS HUHZRY WD W HW RIB\S ORV L R ¢
RI D %+ 7KH H[S ORMNMRQXVEDMHNGID\ HUS R H MHWH R
SHD FW K ¥WQW H U VXRIHWKMDIXWD QG WKHLU VDWH



JLIXUHYROXWLRQ RI JDOD[LHV

JLIXUH F $ JDV FORXG DURXQG D %+2ZLWK Wi
WKH EHJLWRQHYD SRUDIWILRBLYB+K\GURJHQ DWRPVY U
IURP WKHLU NRPBMMNOHDWK®JHQHUJ\ H[SHQGHG
FRPSUHVYEEBWNHQ@DVVHY DQG GLPHQVLRQV RI Wi
JLIXUH G $Q HOOLSWLFDO JDOD[\ ZLW&-D %+ LQ
H[SDQVLRQ RI WKH JDODJ DLO)G GH B WYIQYL RQ \P IRV WHF
ERGLHV DSSHDUD @FHORIDUWIDADF D KROHV 6%+ |
! 0-

JLIXUH $ VSLUDO JDOD[\ DV WKH OLON\ :D\ ZLW
LQ WKH WHPBDWHMUR] WKH %+ LQ OO FHORW HaJ RI WK

0- IXUWKHU IRUPDWLR @ MXQY/GVBUR Z Wk \R IEV WDV
0-~

JLJXUH | $ VSLUDO GLVN JDOD[\ RI ODUJH Gl
VPDOO %+ LQ WKH FMRM HQXPEBBURDVWAQJ DQG Wi
! 0-

JLIXUH J LV E\XKOH® WX PBRAPL R Q XK. IY WM M/ KOHU H
PRUGDUN WWDRRL QR X V@V VIIKE/KWH \ LRUWRBWUDFWLQ
GDUNOD|[\ ,Q WKH FROWKUDBWEQWI SGXYHRGVR LQFL
TXDQWQ®W\PDVVHWRN ®YW WKH IDUPHU 6%+V LQ
JDODDQBFFXPXOOAMRH PHGLXP VL]H W KRXWRD PRWY H
PDVVLYM BROOLRQYKLYV LV WKIEDUMUIH\RZBOHUH D
VWBDYRQH RXW WKH\ DUHVWRSHEL GIHGNY X YBDR LW
HQHUJ\ VWUHDP IURP WKH FHQWUDO BWKHKLFK
FOXVWHULQJ RI WKHYVH &R N UFRIOWYRWY B (S\E RW KX IO\

UHTXLUKB 6 XQYY PDVWRJ



&RQVLGWHHATXHQFH RI WKHVH ILIXUHV DC
FRQVHUYDWLRDVRI MR B MDKD Y RW/HAFKHA XFPX B U H Q \
RI WKH Y DQG WKH WRWDO PDVV RI WKH VWI
PDVV RI WKH LQLWLDO %+ EHIRUH LWV H[SORYV
JDOD[FJDOFEKFJDBKXU O¥MRQ@YW IRU HDFK J
,GHQW MWD ®O)HFRQWWBO EODFN KROH LV LQYHL
GLVNTV VL]HV 2RW KAHK IR DADVO D\AKH SRWHQWLDO |
DFFXPXODWHGEER WKHL®¥HUVHO\ SURSRUWLR
NLQHWLF HQHUJ\ RIBLRWDWRQD[VWRHUY QLR WH
RI WKH SRWHQWLDO DD ANR\Y HWERQMMDQ WH V
$ EODFN KROBIODPGDUH WZR VWDWHYVYWXHD
UHSHWLWLYH FLUFXODWPR® \F\POMWMWHUW RW W R

6 WU X FW&XIWDOHH BR/EG& DDV

,Q WKH JDOD[\ WKHUH DUH WKUHH W\SHV RI F
%Y 6%4SODQIQEBVHERMRSHUQRYD ERGLHV 7KH
H[LVW LQ H[SDQGLQJ JDODI[LMVS OMKQHH V& U N[ E\
H[SDQGLQJ DQG FRQWUDFWLQJ JDOD[LHV $0
HOHPHQWYV RI WKH JD CAX[D ®HEHGQ WMIRQGPRL® \VINECFQXV
VWDWHV 7KH WKL ME MU SR YVIWERIGWHY DQG 6% -
DM[S@RJ VWDWH LQ WKH H[SDQGLQJ DQG FRC
GDUN LQYLVLEOH JDOD[LHV DOO WKH7KHOHV
GR QRW KDYH WKH ODYD OD\H$VWHRPRW WHIQBLEC
HOHPHQWYV DUH QRW |XQPQWR QURY LM U HIHANI \
WKH %+ DWRPV DUH LQ LYGLYLGXDO FROODSYV

JLIXUH DWRMRDWFW X UR QX FDLA® XWK AH® HV W L
WKH JDOD[\ IURP VP\DQKHS KDY HWV MKW+ FRQ)
NQRZQ FKHPLFDO HOHPHQWYV DV RQ (DUWK D
HOHPPH@QMYWDQ G WKH NHUQRRERPBQMKMAWERIHRI 7K
FUXR®VLVWYV RI FRPSDUDWLYHO\ ORRVH URFN
REVHUYHG DVWURQRPLFDO SKHQRPHQRQ DV Il
RI PDWWHU IORZV WR WKH ODUJH %+ DW WKHL
7KHREGLWLRQ RI WKH EX HKIDRDI®! G GHHAHSOMVR Y Q J
EHGGLQJ EHFDXVH RI LQFUHD WUIQH WK H USTWHE M |
XQGHU LQIOXHQFH Rl WKH VWDWLF SUHVVXUH
FD XV HG GHN PHIOHH WDHWY R © VRl URW D W L R QG L @/ MRKH/



JLIXUH?2 6WOUXFWRIPHPRORXY FHOHVWLBOERGAMY ¢
BEO6WUXFWXUH RI OXPLQRXV FHOHVWLDO ERC
7?7 WHPSHUDWXUH

$W ILUVW WKH E&B B RPBURW R PW KCHD W XIWPISVBLL V H V
GHWHUPLQLQJ E\ ERLOLQJ SRLQW RI WKH |

WXQIVWHR $W D SUHVVXUH RI ! DWP WKH PHO\
WR GLVLQWHJUDWH WQ WRGWARDJOQHDWRWR PV KH VPL
KGURJHQ? IRWRP ORQUHWLEMMWY LQBUHDNRYHGC
FRQGLWLRQV DW ILUVW LW LV FRPSDFWHG WR WHEK
WHPSHUDWXUWWRSY URWDWLQJ KQ® LLQJ AFERARSALHSAM
WKH PD[LPXP GHRVLWO ®RISPDWWFOHY LQ PRVW GF
HTXDO DQG PLQLPX®WKGHWRPHW HIRIR PAHHVY HOHFW U
7TKHUHMKHAGURJHQ DWRPYV FROODSVH FRPSUHV
QXFOHRQV DUH FRPSUHVVHG WR WWHHHPCBHHRMM R Q
IURP DWR D 7KXV LQ WKH FRUH RI WKH FHOHYV
VLIHUHDWHU WKDGRDQWHL@MAYHP S HU@GV XK VW D C
GHQ¥ LW\ {“NJ RDM\UH VHW

TKHWUYUXFWXUH RI WKH FHOHVWLDO ERGLHV LQ
GWHUV IURR WXHWXUH 8 HWHKH ER@UEDBMAY M/ KH\ KDY H
PROWHQ ODYD ODHADFNKKHRDBIMGIDAHY YV RRWKOHLU V
PRUGHHWDLOHG SHMERXIDIVMRHOQ RPHQBM 8@L WHUV H
EHORZ

J)LIXUH E WIKIRVAWVXFWXUH RI WKH OXPLQRXV VWI
RXWHU OD\HU RI ERLOLQJ FKHPLFDO HOHPHQWYV I
\HOORZ RMWWDMUKH 6X0Q LV WKHRWHFWLYRI KRKNMLQJ
WKHU PR OXHFODHRBWHPSHUDWX®W GHHSHQLQJ LQWR
HQWUDLOV K\GURJHQ DWREBH¥DXNMWKRLS U HWV XUH
LQFUHDVLQJ WKHUPRQXFOHDU UHD FSAHIRIQV RN IH\
GHFUHDVHGWNKPURFKNY RI K\GURJHQTV FRQGHQVD



VDPH VHTXH@YKGIDDW 2+ VKRZQ LQ )LD¥XBHWIMDL
GHSWK LQ WKH VWDU FRQVWDQW SDUDBHWH
GHQVLW\ RI PDWNIHR

7KH NHUQHOV RI WKH VXSHUPDVoVAY @ HXNNOUH-
VWDUWMG VRKBBWXSHUV\PPHWULF VWUXFWXUH F
SDUWLRDWKH K\GURJHQ DWRPYV HOHFWURQ S
ORVWFWEBHBILHY DQG FRPSUHVVHG WR WKH VL]H

7KLV FRQFOXVLRQ LV FRQILUPHGDEW WRKFKIRK
ZKHUH VR FDOOHG 3VRODU TXHXWQWQR\SR R B/&XH
VWHDP IURX®E WKHRUGLQJ W RWHMDPXODMWRRKY W
REVHUYDWLRQ $VWURSK\VLFLVWV VXSSRVH W
LV ! . ,W LV QHFHVVDU\ WR GHWHUPLQH \
RI WKH KLJK SUHVVXUH WKH WKHUPRQXFOHDU

:KDW LV WKH WHPSHUQWXUH'DUN JDOD[\ LQ W
LOWHUJDODFWLF VSDFH L H ZKHUH WKHUH LV
FROOBRRSUHVYVHEKWHVIRWH RQ VLQIJOH QHXWURC
G +RZHYHU WKH\ DUH QRW GHDG ELVHU\
SDUWLFOHV SXOVDWH XQGHU JUDYLWRQVY DF
VXSSRUWLQJ ELVHUYV OLIH VS HQHKY HRHW IJVUR
VSHQG HQHUJ\ IRU FRQGXFW HOHFWURPDJQH)\
ULVHV WR



% DL RI )RUPDWLRQ DQG ([SORVLRQ RI WKH

JLIXUH,QWHUDFWLRQ RI IRUFHV L®JWEMLRD VIRH\FH
)FI FHQWULIXJDOPIRPUREHPHQWVY PDVVHV Rl WKH
U2 UDGLXVHV RI WRNHNBEHURBFDOGLWDQFH EHWZF
&*)2 FHQWUDO JUDYSE WL VMWDIGHY EHWZAMWMR WEBWVH'
FHQWHU RI WKH WWEBTWHKHW]&EDUIIHDQAMH HQHUJ\ (V\
HQHUJ\ RI WKH 2WNV@HW L F NHQ@H DIV LRIIJ WAV VIHR/W

URWDWLRQ DQJXODU VSGIHBHRU WKHD V LIRWY HPW QW H
Q @IODW WHQVLRQ VW BRGWI FW BRILVWRQRI WZR Pl

9



7ZR PDVPHVDQG PODUH DWWUBDFMHKX RWKHU E
)Ju * PP ' )LIXUH7KBRWHQWLDO HQHUJLVWRI
(Vi\iVvWU '7KH PDVV RI WKH VA\VWHP HTXLYDOH¢
0 (S Fo FRQFHQWUDWHG LQ WKHFRERBLW RI W
7KDW LV WKH FHQWUDO JUW KGHVQMABHIIRQL RE | 1\ W
JUDYYWRQQHFNODFHYV JWWHKHQHABNWYBYHWRWWKH
WRUTXHVY EWRBD)DOFAT MRBURSHUW\ RI WKH PDV

ODVVHDOD®G PUH DWWUDFWHG E\ &FFH&HU DD
EHFDXVH RI FRQVWDQW VIHFWL R | QUHFRNHDDAFIHYJ O
JUDYLW\ IRUFH E\ ORZ 'd LQ GHFUHDVLQJ '
FRQWDFW WKHLU PDVVHV DUH DGGHG WKH
LPSXOVH LV UDGLDOWHW pJUWDW*IJRIDYLW\ ZDYKHLV
HQHUJ\ FUHDWHG E\ WKHDHDS#UJHR 15 YW@ LINL @ $ H
IRU FKDQJLQJ RI WKH PDVVHVY VWUXFWXUH
PDQLIHVWHG LQ WKH IRUP RI HODVWLF GHI
GHVWUXGHSHR@WLQOJ RQ WKH NWBMNKEFRH DIQOEQ L FI
SURSHUWLHV RI WKH PDVVHVY PDWHULDO

TKHHRPHWULF PHHKOPWXPDO PRGHO RI JUDY
PDVVZBWKRZQ LQ )LIJXUH

,QWHUDFWLRQ RI WKH IRUFHV LQ WKH URWDW
LV VKRZQ LQE)LJXWHKLY V\VWHP WZR IRUFHV
EHWZHHQ WZR PDVVHV GHVFRLEHE ® ERYGW Y
IRUFH Rl WKHVH URSSDR L5 PIKHREBAHQRVLD O HC
WKHVH WZR URWDWLQJ PDVVHV LV FRQENQW
&*)2 lODW WHQVLRQ V\WDW 5 URSE HAN/G DFRW @ D N
PDVVHV

7KH VIVWHPTV HQHUJ\ DW WKH.@RPHQW R PI
(VIVW (JU (NL® *BU 0&8>PUU S PUU 3@ <€HUH
LV WKH DQJXODU YHORFLW\ RI WKH V\VWHP
XQUHDOL]HG NLQHWLF HQHUJ\ QRB\HRDXWGIHEI
LPSRVVLELOLW\ RWRHWUJIRQIJVRBLG ERGLHVT
FRQFHQWUDWLRQ FHQWHU Rl WKH SRWHQWLDC
E\ JUDYLW\ IRUFH 7KLV IRUFH PD\ GHVWUR\ |
GHSHQGLQJ RQ LWV YROXPH DQG PHFXKDWHBEDD
)RU H[DPSOHS OMMRWLRIWRGLHV LQ W IGH) \WROD 5D
WKH FHQWHUV DUH PHUJHG WKH &*) GLVDSSH

JLIXUHDQGG VKREWDWLQJ VAIVWHPYV FRQVLYQVL(
J)LIXUH F D GLDJUDP IZQ WK H#HQ DO MWKIRVZ [ ¢
HI[DPSOH RI JHRPHWULF GHILQLWLRQ RP WRH Jl
PA@QG RI WKH FHQWUDO JUDYLWNHKHWGE XO)SR
RI WKH VA\VWHP VKRZIXH &)L IXKBHAKQEDOHQW PD
WR WKH VXP RI WKH SRWHQWLDO HQHULQHVKRI
V\VWHPYV FHQWHU RI JUDYLW\ DQG DWWUDFW



URWDWLRQ YHORFLW\ RI WW KHWBSB\GUR IWVHKINMEK HD
FHQWHU BHEBRRXVYM BQW DFW RI UHSHDWLWBKHPSXC
LQFUHDVLQJ JUDYLW\ IRUFH E\ ORZ 'd LWRGHFUF
WKH FHQWHU VWRSV DIWHU PXWXDO VROLG FRQV
FHQW WKH FHQWHU RI HDFK PDVV LV RXWVLGH W
7KH FRPPRQ FHQWHU RI JUDYLW\ ZDV WX® UHPI
&*)LV7KXW WKH PRPHQW RI VROL&GVIKROQWBRWPRRQ
JUDYLW\ FHQWHU LV PHWU RIRHRZW YW LWRKQHV PHQMP -
PHUJLQJ WKHVH LQGLYLGXDO PDVVHVY FHQWHUYV

7KH VIVWHPYV HQHUJ\ DW WKH VROLG FRQWDFW P
(VA\VW (JU (NL® P P®» 0&3™PPB +H&HV WIQIXODU
YHORFLW\ RI WKH V\VWHP E HIRYHWKDHV WHNYG PR B D\
5PLV WKH DYHUDJH UDGLXV Rl WKH VSKHULFDO PD

7KH VAVWHPIV HQHUJ\ DW WKH PRPHQW RI PDVV
WKH FHQW H UG RHI BKQJWHKIN VHSDUDWH VROLG P
PHUJH LQWRLRBHERBY DOO WKUHH PDVVHV DUH L
JLIXUH G WKH FHQWHUV RI WKH VHSDUDWH PDV
FHOQWHKHLE@HWLF HQHUJ\GR IQARKAH F/R 7 B/G1 WY RI G KWAU D
SRWHQWLDO :HSRMINLQNLMDWRQJ VI\VWHPV E\ WK
FRQVHUYDWLRQ RI HQHUJ\ NLQHWLF HQHUJ\ LV F
HQHUJ\ RQO\ DW WKH FRQIOXHQFH RI WKH URW
VIVWHPIV FHQWHU ZKLRKH QRWBEWILRRUWDIORGOW
WKH FHQWHUV DUH PHUJHG 2WWH RX@JX® D W KBHRV
YHORFLW\ LW UHPDLQV ZLWKRXW FKDQJHV IURI
FROQW&® FWKHUHIRUH SDUW RI WKH NLQHWLF HQHU.
SRWHQWLD:GLMREBMWWDWQVLWY WR DQRWHRKWHR [RUTF
DQWLJUDYLWNLBQHUIIU 7KLV WUDQVLWLRQ FDQ |
IROORZLQJ LQ WK®B BEOD ®DMWWKH FRQWDFWLQJ P
URWDWLQJ PDVVHV WKH PHGLXP URWDWLRQ UD
YHOR&EWMPDLQ ZLWKRXW FKDTBIHAD SBHIDINHD @ B W
KDSSHEG/LEDSSHRIUW&AHPD K IWAKLH H T XALD\D\O R Q W K H
VIVWHP LV UHGXFHG LPSXOVHO\ W& WXIXO0 Y B OKI
UHGXFLQJ PDVV JHQHUDWHY DQ LP3KIOW H PREIX\® ¥ H
ZHDNW®WDYLW\ FRQQHFWLRQV Rl WKH LQWHUQDO
LPSXOVH FDXVRIY RI[SOKRH %+ FRQVLVWLQJ RI VHY
EHORZ



*UDYLWS@WGEDYLW\

JLIXUH H[SODLQV JUDYLW\ DQG DQWLJUDYLW

JLIXUHPRHOHFWURQf Y WPRPWRQR® BBIXWURD TV F

*UDYLW\ EHWZHNQWKMYV WK RI WKHVH PDVVHV
EHWZHHQ WZR PDVVLYH ERGLIHMKUZBYV GHHWRXV VZ
UHSMWIKMWD QLIHVWDWLRQ RI WXJJLQJ JUDYDW\ |
FRPSDUDWLYH VKRZ RI JUDYLW\ DQG DQWLJUL
DIWHU YDFXXRVWDIHP\ERBSDWH ,,, ,Q WKH VX
VWUXFEAKXKUH GLVWDQFH EHWZHHQ JUDYLWRQ
HIWHQVLRQ LV PDQLIHVWHG E\ LQFUHDVLQJ GF
IURP WKH FHQGWHUSWRUZWWPPGEWWLA\ LQ ODFN R
JUDYLW\ IRUFHV , Q  VHIKOH WOAHRF NPD/AVHH V ERIQV ZIH
JUDYLQD HIWHUQDO JUDYLW\ IRUFH DFWV 7K
LV QRW UDGLDO EXW LV HFFHQWULF WRUWKF

DF 7KLV HFFHQWULF JURZLQJ JUDYIULQHDOIX\H ® B
LQ WKH QHFNODFWN KMMALN WHRHDP DRUHH H ERGLH'
RI' LPSXOVH LPDJLQDU\ UHGXFLQJ RI WKH QH
(F  7KH PDVVHV DUH WIURGGHRNODKHY EHW K
URHWKH GLVWDQFH EBWHHHRWPWMQHGE 3I\CRD QF
I[UHTXHQF\

7KH ZDYH RI LPSXOVH FKDQJLQJ RI WKH
FKDQJLQJ RI WKH ERGEYW RPBNNV\LIVY M SIUHDYG W R
LQ WKH QHFNODH® EN WIKIKWS)RU H[DPSOH W
PDVEHFDMXOMOR QAW FHOHVWLDO FKRP®\VLRDRRIHW )
EHWZHHQ (DUWK D QX WRBWIR RQ WKK PR IFUKDDYOQLIW §
UHDPRKKIW ORRQ IRU W ' F N P NP Vv



$QWLJIJUDNWKH UHOHDVLQJ RI WKH SRWHQ@WLDO HC
LV WKH VWUHDP RI WKH VDIORQW LFHFNODFRHNI RP % +
$QWLJUDYLW\ LV PDQLIHVWHG LQ WKH \DH)SDUDW
LPSXOVH DQWLIUBGNEWQGMQIRQ WKH YDOXH RI GL\
JLIXUHW Q@ GH VKRZRZPSXRVB SDUW RI WKH NLQH
WKDW LV QRW WUDQVIRUPHG LQWR SRWHQWLDO
WHOODU EODHRN RKRIOMINU [R) WK H VI XPDXQU HH Y BVGIIS] \
DQWLJUDYLW\ HQHUJ\ W K D/\ALIGBQHHVWV M RAWX W\, MUK RY |
H[SORGHV FUXVW RI WKH %+ D\NKASDFIBWRWHUM LW
JDOD[\ VHH7EHGRRIHQ:OUWHRELQ WKH %+ )LIXUHV
GDIWHU OLEHUDW LR QVIW BXES3AW B W IBPWSRUBHRM\QIU XIS
LV LPSXOVH VHSDUDWLRQ RI ¥ BW@DXFD HRQW \D Q
TXDQWXP DQWLJUDYLW\ HQHUJ\ )DSIW HEWHGH IURP
%+ DFWV RQ WKH JUDYLWRQ JUDYLQD RI WKH Q|
LQFUHDVLQJ RI ZKLFK LV GLUHFWHG DZD\ I[URP WK

$QWLJUDYLW\ HQHUJ\ LV WKH RQO\ VRXUFH RI V
LQ WKH JD®mMWLIKBYLW\ HQHUJ\ VWUHDP H[LVW
FRPSOHWHSRUBRWMRKH EOBFBIDRRAKR OWKH VRXUFH
PDWHULDO DQG HQHUJ\ LQ WKH FRQVWUXFWLRQ
JDODJ\

$QWLJUDYLWD XVEHEEOWMHRQ RI ODUJH PDVVHV LV
QDWXUH

$VWURSK\VLFLVWYV DIILUARPEHKDMH | B RHRY KIID%® £ WK W
FDQQRW EUHDN DADNURRARPHUYV REVHUYH UDGLDW
ZKROH RI WKH HOHFWURPDUDWW LEFD\GI IRF WIUKHPV  IRJ
IUHTXHQF\ )LJXUH H[SODLQV WKLV FRQWUDGLF
UDGLDWLRQ IURP WKH ODYD OD\HU LQ 6%+ LQ WKF

JLIXUHREVHUYDWLRQ RI LQIUIVWH3D O D G LEDOADLARNQ KI



5DIGDO UD\V FDQQRWIKHYFDBHRURKH %+ 7DQ.
GHIOHFWHG WR L Q VW &H WLKRHQ YRAWKMEWHURU H
WHOHVFRSHV UHDFK WKH UDEW GIRD QUKMLRR U L]
GLVWDQFH RI DQJOH .

+RZHYHU WKHUH L \VC9DQIRAWK K B ORHS/L Q IRNGKIR W
HPLW HOHFWURPDJQHWL#& %+D/G PRI RRUD QY GECS T
WKH\ HPLW QRW RQO\ OLJK3M FEXIR B ONKRVBRAUWH
LV QRW DQ\ OMKBW VRXKPW PORHAMOBGBRFN KRO

(QHUODVYDWWHUFXODWLRQ RI WKH *DO

$00 PDWHU IDIDGD EFFOGAHWE DO CS EWUMH BGKHHY B U WH
OLQNHG E\ JU\W K UWDEAL R YDV D FW H G DN R QH/IMFIXQF
DFWSXQAVDWLQJ IRYFH E\ % 'KHPODFIGHU DFWLRQ
IRUFH DOO PDWHUXIQRO EERMGERY RUIHMWBWHG WRJF
FHOHVWLDO ERGLHV DUH IRUPHG ,Q WKH SUR
UHYROYLQJ LQ RUELWV IDOO RQPW&®B ©DVVH
DWWUDFWHG D ®I® FRRW KHRZDQG SDSAVRES RADW LLI
WR WKHLU PDVVHV 7KHUHIRUH LW VHHPV W
PDVVBNRSOH DUH DWWUDFWHG WR (DUWK VPD
RQ WDKU WKH SODQHWYV IDOO RQ WKH 6WH OmDD!
EODFN RROH%+V DUH DWWUDFWHG WR HDFK
7KHVH 6%+V IDOO LQWR WKH FHEGWWMNUUR D VEIOHD |
&%+ ZLWK WKH KMVRDWVXRODWKRI VEKROH JDOD
WR WKH FHQW H UDRIGWAKRY RDHYCH WHIWHY RFD E O
EXUULQJ RI WRIQWFD VREMKKHUZKQH YWRMB G E F
UHSUHVHQWHG DVDBDVR EXI8 HOXPBY RIDQFH $V
REVHUYH2JWRB [KGMIW URWDWLQJ DUR®QGQR QL
RQH FHDW ABRQF X@®MS HDWLQJ F\FOHYV PRIVRD W
FLUFXODWLRRIAROURQWWRQ DQG FRFFW U DLRWLRQ
DQWKDW ZH ZHUH ERUQ LQ WKH H[SDQVLRQ SH!
7KH H[SDQV ERMKB HULHRIGW ERIQLSWUEBHS® RV LR Q
WKH %+ E\ EMUSMIGRWKHSW WKH EHJILQQLHDJ
VEFDWWHUV RQ WKH VSDFH RI WKH 12X RPHKQW HID\C
WKH I XW XU HDQEDSVD@PMIVK W KH | WIFIPW W WY H
GXVW FRQWDLQHGGURIMWKQHDRMURP/ \O L E HUDWKHIG |
SVWDQGLBBLYSY D TXDQW RI DQWLJUDYLW\ HQ
3SUH VX HGEGBU RUVWHY D SRUDMOHHD VLQJ DQWLJUDYLW
VSUBB/GWKH VSHHIQRI HOALLWWLQJ K\GURJHQ DW
E\ WKH ®RZKH JUDYLW\ IRUFH LQKLELWL@XBW
%+ LV GHFUHDVHG DFFRUGIRH W[SDWQKHRQD3
FRQWLRMHBLOOWHDUL/ JGXKIFKVVLYH FHOHVWLI
YDULRXV VL]HVODWBGIRRKHNH ERGLHV VSUHDGL



WKH FHQWHU DUH EBFDXDAKHRIGIXY W LIBRPWX% D D Q G
JUDYLWDWLRQ FOXVWHULQJ DQG SXOOLQJ FKHF
K\GURJHQ LQ WKH LQWHUVW H OROM AN £ Bl UGKKU LRU
\ H DXUgy

7KH VL]H Rl DQ LQFUHDVLQJWKHIO MIMMXROF ERG
FKHPLFDO HOHPHQWYV XQGHU VWDWLF SUHVVXUH
DUH PHOWHG EHFDXVH RI GHFUHDVLRQ ®WRRQ U
DQG WHRMSHUDWWRIH WH )LIXUHV D 7KH VL]
FHOHVWLDO ERG\ FRQWLQXHV WR LQFUHDVH 1HZ
DWRPV DUH IRUPHG LQFOXGLQJ UDGLRDFWLYH H
VWDWLFXBHHD QG W H P @/HbiD @RNJEHR UFID FKD GLRDFW L
EHIJLIYE KHQ WXHAORRU2 WHKIHF WL@RWKHVLY RI KHOL
K\GURJHQ FRPALIW+ IBRPLQV 6WDWWLIVS S)BONUH

E 6WDUNMFRRODVVQXHG6WRVIDRE IRUPHG LQ WKH
ZKLFK DARRMIDGE RS D DWE&RWK BEUOLW\ WRH URWD
WKHUPRQXFOHDU UHDFW L RAX SIHU Gifey V& DXULH/ KHREW
GHIRURMKG UHIRUH WKBU@PW J¥PRIBHMEXYR UP O HV V
FRQJORPHUDWHY DVVHPEOHG IURP VSKHULFDO
JLIXUHV J E

$WRPV RI WKH FKHRQFW R HH QX HGE YRIQW K R X0Q+G
EHWZRHQOVWRQHR %+V DW WK EIQG R X¥WQD O XFHROGM
HQRUPRXV JUDYLW\ DUH GHVWWR\®IE PG KDSHLFA/D!
HOHFWURPDJQHWLF UDGLDW LR Q Q&HKRUPA ED®H M ORH P\
GLDPHWHU HTXDO WR WKH HOHFWURQYV GLDPH\
PRPHQWKRI FRQWID¥MWV\ ZDYH LV UDGLDWHG WKDW
VSHDG

'XULQJ JDOD[LHVY H[SD QWP RIF \RAH SODRUIM
IDYRUDEOH FRQGLWLRQV DUH VHWWOHG GHILQL)
SODQHW WKH W DIDXG DRKSHDIMIQFH RI ZIDWHLW D QG
FRQFHLYHG RQ DQ LVRODWHG SODQHW DQG QRYV
DQRWKHU

7KH JDOD[\fV H[SDQVLRQ SHULRG FRQWLQXHV W
FRPSOHWH WUDQVLWLRQ SRMWMHQUALD HWH YK H IH QIR
SHULRG WKH ZKROH PDVV RI WKH JDOD[\ URWDW
&*) LV FRQFHQWUDWHG ZLWK WKH HTXLYDOHQW F
URWDWLQJ ERGLHV 7 Ka-H F/DXO/AUHVHREKHDRKR/RWL KSR LPE |
LW HURQXH® QW WHWVRSSLQJ RI K\GURJHQTV HQWHULQ.
SODQHWY ®WRSNEROFRQWUDFWLRQ SHULRG RI WK
JLIXUH D&KHPLFDO HOHPHQWVY DEAHRFMWWHERMH W
WHUPLQDWHRMQWILIMWDYLW)\ 7HK®H D B R®WD\EIM®
FRQWUDFWHG E\ LQW HWQIGDV DSEHIDWD B R ADKIVW KRH
DQG SURWRQIV FKDUJHV $00 LRMEFODWNDIORERG
UHJDUGOHVV RI WKHLU VW]HYOHFRHIRERJQRWL FHF
WKHUHIRUH WKH\ DUH LQYLVLEOH ,QF RREWV GHULR
WR FROOHFW WKH FHOHVWLXOHWRGUHY BVR ODUJH!



JLIXUHRUPDWWRKORIDU E O B¥N DNRBGWHLYQ R Y D\
WKH FRQE@WMNFNLMI[IR UP DEVDR®@ RQ WKH JDODI[\
RXWD@Pb+ FHSORVLRQ RI W RKSFHNQWWRPEONL R G
D VSLUDQ JDOD]J\

7KH 6%+V UHYROYLQJ LQ BSSURDNKBG RORL
JDOD[\ FHQWHU7KRERWODMWLREQ VSHHG R IL QVRKWH®OY -
DWKH\ DSWHRDFKQWHU 7KWNKY B 5 SMRBIAEIKEIH O
WKH URWDWLQJ VSHHGWIWRB V6 %Y W R YL UFFRQ \
JLIXUH H VKRZV DQ HTX\KB OR-DQMW HWPIK H P B R
DSSURDHKAKQRWKHU EHIRUH WKHLU PHUJLQJ $
WKH 8%MW WKH PRPHQW RI LPSXOVHQNHWJRH QU \
YHORFIDM\W RI JDOD[\fV NLQHWLF HQHUJ\ ZKL
HQHUJ\ WUDQVLWV WR DQRWKHU IRUP RI HQF
VSUHDGHG DW WKH FRIQWDSWRRHVRRRHGWHUJ
HTXLOYHQW WR WKH LPSXOVH GLVDSSHDUDQFF
HTXLYDOHQW WR WKH YDQLVKLGD NIPGKWNVFH H
DQWLJUDYLW\ HQHUJ\ (DJU LV PDQLIHVWHG D\
LPSXOVH RIHNDWUBDWLWKHQ QQHU VWUXFWXUH



LPSXOVH M/EKBBEHWUXVW Rl WKH %+ DQGNKFHDWW F
VSDFH RI WKH IXWXUH JD\OBH S DLRSURGE HVWKRIZ ¥ +
E\ IRUPDWLRQ VSLUDOV Rl WKHWESORRHWKHUJ K HL
JDOD[\ VSLUD OBHB D KWHARAN GU RW D W IWRIB O) XU WK H U
H[SDQVLRQ SURNHNM&HR¥FNQUULR GHVFULEHG DER
REVHUYHG GLVNDVBOWDHIOHMRKBYRAKLYV FRKNMEURE HGK |
VWDWHPHQW WKDW %KD R QS/QR BB Y®BRWDWHG
LQGLYLGXDOO\ EHJLQQLQJ FUHRMIWIKBIQSIHWQ B KMH\ |
WKH VSLUDO LV WKH WUBBHERHRN QB O [8-OR/GY RU |O%

$V D %+ ORGHY E\ IRUPDWLRQ RI D 6XSHUQ
DSSURDFKLQJ WR HDFK RWKHU DQG WR WKH FHC
FRQWDFW WLPH RI WKH OD VAMHQRW BRQ BAG\H UG % + \Z
UHOHPUWRISRUWLRQDO WR WKH IRUF BOPIVIWP $ DFWR O (|
ZKHOUFMHQW.WUWKH PDVV RI WKH FHQWUDO %+ FRQV
O@WALY WKH PDVV RI WKE/GBSHRIBRGOLVLRQ $W
PRPHOWR HQ@HWWHIVXRWR&DO (DJU (FRQDERBLV X
ODUJH HQHMV\ WK Sl OBRSUPIDMKL R Q R 1$8X SWHKIHQRR PH Q W
RI FRQWSREZ HWIXO0 JUDY HJ\D WQ B/QWRHZBSHHG RI O]

,Q WKH H[SDQGLQJ JDODWKH®HRE EN € R BRIIOD OV F
X SHU G RWBBOITHU Q ZKRE® FR Q WWHEH\OMUERDU Q R Y D
WHHSORVLRQ RI WKH %+ LQ WKH JDOD[\ FHQWHU
JDODFWLF FHQWHU )LJIXUHVHE HUEK® WD RIF FXHIWJ H ¢
WRJIJHWKHU DQG H[SORWKIE VQRWKADUDDOWE\ DERYH
DS SHD UDBIKHWRHU QRWRM UMU SKHQRPH@RY W7 KHU
RI WKH R¥E\SHIWYOHRGY D E\LHGKBHHWD QR Y D V

7KH JUDSKLF LARHERYW KHWWHU FLDBPXOO\DMWLR Q
VKRZQ LQ )LIXUH

,Q WKH JDOWUD¥WRRQ SHULRG NLQHWLF HQHU.
HQHURDVV LQ RUELWV NLQHWLF HQHUJ\ LV GHFU
WKH PDVV LQ WKH FHQWHU SRWHQWLDO HQHUJ\
D UHVXOW LQ WKH BHDWHUXD\O DNFR X/P K& DMRIW D O
JDODP%+ LV IRDOB&H NLQHWLF HQHUJ\ WUDQVLW
SRWHQWLDO 7THMOHHIOVLRQ SHULRG WRKHVNKH HDDADLIR
SHWLRIGI 1IZQ WWKKH[ S O R R R\DK HXBUHQ RY WK H % + LV
PHUJHG ZBWQWWEREB JUDYLWWKHHORBWHQWRRO HQHL
LQWR NLQHWLF HQHUJ\ WKH PDVV RI WKH %+ SiI
UHOHDVLQJ D QWD QWBIERN\O @8RG JRD \WIRUA B[O
K\GURJHQ WKHDUH3 WKHYDVYV URWDWLQJ LQ RUE]
LQFUHDVHG WK HE BEBNYHRUPBRIRQPLFDO HOHPH
RXW RI K\GR®IBRVW DQG VPDOO FHOHVWLDO ERG
2UJDQLRQOEODQHWY DSSHDUV DQG H[LVWV DW WK
SHULRG ,Q JLIXUH WKH VXP RI WKH HQHUJ
FRQVWDQW 7KH WLPH RI+#D PRDODEDUR F\FOH LV 7



)LIXUH

$SERM'DUNSKHQRPHQD LQ WKH 8QLYHIL

JURPHE *'DUN SDWWSHESDWDN PDWWHU 'O LQ DV
FRVPRORJ\ DQG WKHRW BWK\BORAV ISKWLLHFDY/O IRU
GRHV QRW HPLW HOHFWURPDJQHWLFKUIDV L @ WL
SURSHUW\ PDNHV LW LPSRVVLEOH IRU KHU GLL
WKH H[LVWHQFH RI 'O PDGH RQ W EH KEDDRULIRWKRH



DVWURSK\VLFDO REMHFWYV DQG E\ JUDYLWDWLRQLE
RI WKH RDWXEPBQ VROYH WKH SUREOHP RI KLG(
DEQRUPDOO\ KLJK VSHHG RI URWDWLRQNRH WKH
XQLYBUVH FRQVLVWV RI GDUN PDWWHU DQG GDUI

8QGHU RXU DWWKMPBWMRULHV RI WKBRGORW SK
H[LVW VR WKIGPBEWQRPHGRQ FDQ EH H[SODLQHC
JUDYLW\ DQG FRQVHRDADWLEA QVRH HQHWBEXODWLRQ |
XQLYHUYXUH "HTOO W U S MHRQ R BSHIEBLKQ. FADHOHDAHL Q
H[SDQGLQJ DQG FRQWUDFWLQJ JDOD[\ /HWTV UH!
WKH PDWWHUV F\F P RQHWKHWIDLOB[G &KRZLQJ F
IRUFHVY DQG SKHQRPHQRQ )LJXUH

JUDJPHQWYV RI WKH H[SORGHG %+ FUXVW{V IUL
VL]JHV DUH VFDWWHUHG LQWR VSDFH RKHWKH I
IROORZLQJ IRDWHM DBWJIJPHQWY FHQWULIXJDO |
DQWLJUDYLW\ IREPK RO GV KH QW MSFHU\CDQ WR URH F F
EHWZHHQ WKHVHWDIPHARMW\VDIODG\TV H[SDQVLRQ
HTXDWKHVH IRUFHV 7KHVH IRUFHV DUH LQ WK
UHODWLRQVKLS 7KH IUDJPHQWY RI WKH FUXVW
VSUEDGO}I®DQGLQJ VSLUDO FRUEHWY HHOD R DWV IRIUV
OEK DQG WKH PDVV RI D IUDJPHQW FHOHVWLI
DFFRUGUGIZWRRQ IV ODZ )JU * 0EK PIU 58WKB WKF
JDOD[\TV H[SDQVLRQ WKH PDVV 0EHY D\& RIHIBXERIG
K\GURJHQBPWLHRRDQ DQG WKH PDVVHV RI WKH FH
LQF U HDHADX WHK iR IV H G L P H\Y KWHDAR ER @D B Q U DWK R Q V
GXVWFBEBLFDO HOHPHRWXW Rl K\GWRVKRZDQWLRP\
JLIXUH ,E WKH FHOHVWIWX®\EREBDRAK DZKHQWDLQ \
WKHUPRQXFOHDU U H DFUAIRAL EXHUIH. Q VF V WKDHU \F H O K
ERGLHV DUB QWP POOODMWGEOD¥NDKRORVPBE®B+ )LIXUH
7KH FHQWULIXJDO IRUFHV DUH S\WHKUHHIBA BIIGS HEW DA
JUDYLWDWLRDOHU HIRWHHWKHVH IRUFHV DUH HT>
SHULSKHU\ 7KH JDODI[\fV H[SDQVLRQ LV WHUPLQD
RI WKH %+ 7KH FHOHVWLD O GERRGH. MW R\DKVDMA VU B 8 EL
RI HQHUJ\ UDGLDWLRQ H[SHQGLEWXH®GSURIVYEEHU
K\GURJHQ DQG UHGXFLQJ KWE®R JHQ JVJXQARARPH61U
WKH VWDU EHIRUH DOEG XY LWQEH WWIPD\DMWHU PDV\
7KH K\GURJH QYR PVMHIMD ISHFUHDVHG DFFRUGLQJ W

+\GURJHQ DWRPV LQ WKHLU UDGLDO PRYHPHQV
FHOHVWLDO ERGLHV DQG FKDQJH WIRBIOW WDDMHF
K\GUHRY UHBVAKKHS HU L S R K IB/D\W VWD BVULR @ FRK FV X W DAY
URWDWLQJ LQ V RINOXWHAK\E 8 BW WNWIRBKW UWDNFEDULR @ R W
LQ ODUJH RUBLWW 6



JLIXUHYROXWLRQ RI JDODJ\

*UDYLW\ 1JU BHMEDEHEQWVEESN.VWDQFH EHWZHHQ W
OHVVHU PRVVDWWUDFWHG WR WKHH JRIHDLWH R
UHGXPEG WKH RWELQYFRHBVHG ,Q WKLV FDVH

LV UHGXFHG WR D JUHDWHV HP/GHI MORNKS® DV W &
JRQH RI HTXDOLW\ RI WKH FHQWUWLEHB W RIBWU B Q
NLQHWLF DQG SRWHQWLDO HQHU HH{ CEHGE FERHK
LQ WKBJU/DEZ RRQVHUYDXWHRQ\BHGXFWLRQ RI V
UDGLXV RI WIQHF UHDIYWWG LWYLYSHHG WR 7K XV

SHULSKHU\ RI WKRQBHDDIDW\K DQRPDORXV LQFUF
YHORFLW\ RI VWDUV LV IRUPHG ,@| RMKHH U DZF
EHJLQV HDUOLHU WKDQ WKH %+ ZLOO EH HYC



VWDUV EHFRPH GLP )XUWKHU UHGXFWLRQ RI WKt
WKH DQJXODU URWDWLRQY FRMGE ®RX HAWH © & VWK B OF
GDUMOD[\HRWLQJXLVKHG VWDUV ZKHUH FHQWUL
FHQWULIXJDO IRUFHV )LJXUH G ,Q WKH FRQWU
WKH FHOHVWLDO ERG DKW H MRUFUR B MWULILQHBEXIORIH & |
PXWXDO JUDYLWAW HIOO EDENJ KHRW HW He J6REUEDHIGN
JDOD[LHV WKHUH DUH QR VWDWKN PHKHBGV HNYKK\D
H[SOR ®&WHKSBUQRYD\WDSEBHDU 7KH LQBUHDVHG
DWW UD FW WEHRRVBDO\QD O VIE D ®WHRD XVH RI GHFUH
WKHLU BRMERMWWH RI LQFUHDVLQJ JUDYLW\ IRUFH
FHQWULSHWDO IRUFHV RYHUFRPH RAR@WRHFWLLRIQ.
WKH JDOD[\ RFFXUV UDSLGO\ )LJXUWHR QWD FSW RV K\H
6%+V LQ WKH FHQWHU RNLWHKW LR WHRHWU JD DV [Q RW
WUDQWRWIRWHQWLDO HQHUJ\ WKH JUHHQ ILHOG
OHDGV WR WKH HROWRML®R @ RGWKHIHYV D F
7KHAFOH RI RQMUJPDWWH U @QFLK BPODWMLIRQUHSHDW

,Q WIHUNDOD[A WKHUH LV QR HQHUJ\ VRXUFH ,Q W
%+ FF X PXOMIBWIRR UP D6 £ HDRGUIRBIY Q R WX @ [EMOR GV K H
PDVVLYH GDHKNYHREHHQ HBFFXPXGODMEGER HOR W
HYDSRNQ@® HSRHVY QRW UDGLDWH DQWLJUDYLW\ F
HOHPHQWY OMVWXUZEWKRIXWQHUJ\ VWRS URWDW
HOHFWURQV DR\ FRMIRUMNBR/QW UDFWV DEAGLWRO OD
LQWHUQDO(DIFK PIMWRP LV U R GRS ¥ QM &UWRLIGILO H
DWRP IRU H[DPSOH DFTXLUHV WKGGRUFODKREE
6%V VWRIBYDQHWY WXUQ LQWR %+V

7KHRBVWUXFVH QW LIRD OV&B UDD VKHV VKRZQ LQ )LJIX

JLIXUHAODFN KRGBUNOD® WKH

,Q WCHJDNOD[\ WKH RXWHU OD\HWEFRMMISH QG FF
FRPSUHVVHG RXWOXIPERFGEWRUREBPW HGOHPHQWVY D\
SWHUUHMN ULNVD QQ WKH RXWHU EDDWHU F NIQIKVUW / DV K



LQ WKH URFNV DV EHWKWHA BRPSHUBINVYRQVWHR |
JUDYRUIWWKHLU PDWWHHRW PBPH R IEAUD Y LW\ VGKH HFFH) R
Rl WKH7%HB8i6+DI|WWRH[S ORVLRIS RODWIKHVE\ OD\HU
HYDSRUDWLRQV DUH VHGLPHQWRG (ERDWRWIRH QR
OD\HUV RILFBD®OHUD YV

7KH RXWHU OD\HU 2LW KIHH O WU D Bl 1D \GRIRR/\L MelPvR1I

0607 KHROXPH Rl WKH K\GURJHQ DWRP LV UHGX
$VLW GHMWXHQEHQVLW\ RI WKH OD\HU LV LQF
UHDAKAWUWDLQ YDOXH HXOWPH R QUARE H UNK\IP FDHN
VWUXFIMX®KH GHQVLWMNKHHBBKHPXP GHQMUW)
=) {WJ Bw/ KHHRMS HUD\@XUMN JDPOD[LHY DQG G
ERGLHV LV FRQVWDQW BREK HRK-HO |'Y&OU WR). GV |
IRUPFRQJORPHUDWH Rl WKH &%R-© O)XS¥BBW EDFX
DWRPV LQ WKHERKX@MH B HEDAHMOQRR QHAR/ %€ G H U
LQIOXHQFH RI HQRUPRXV 6MHHB K Bl QUIF B DF S LIGV ¥ M
W KHHO H F WIDIR\Q (EZIH | U R PDQ)GF BIMR@W URPDJQHW L
JLIXUH BLJXUH VKRZV WKH SODFH Rl SRVVI
DQWLJUDYLW\ HQHUJ\TV WHBRPWHILRHY S DDXQID
FOXVWHUV DVWURGKMORPREUVHUYH VXFK
LQHWLF HQHUJ\ LV QRW FRPSOHWHO\ FRQY
PRPHQW RI VROLG FRQWDFW RI DOO WKH IRUF
JDOD[\ 7KMWR[SHIRGALRK6RI MLEXUHY I D | F
7KH F\FIOQHBIDVY PDWWHUW @FLK BPODWMLIRQ UHS H
7KHRULVWYV SAKHG IQPVP BMKDRI H[WLQJIXLVKHG
QXPEHU RI YLV¥L@&OKBRPMDIWR P SWEDIRNO B MMAK F \
HPHUJHQWS HRUQRYDV RXWLVEGH JDIOD[LHV REV}
HOHFWURPDJQHWLF UDGLDWLRQWIX®IGY LVDE OW \.
VXFK UDGLDWLRQ DSSHDUV DW MKH# WEPHFRU
VKLIW Rl JUDDMLRW DWIRPJ GDUN JEGIDHWHA |
VWXG\LQJ LWV LPSDFW RQ QHLJREKRUDREXW M
PDVVLYH REGHWWDWLRQ RI GLVWDQFLQJ DQ
WSHUQRYD ZKLFK DUH RQ RSSRVLWH UDGLXVF
7KH SURRI RI WKH HGDWMHIIFGIDPULK\OT I[UHH D\
WKHRUHWLFDO SREDIBKHORRHRRWRBG FRQIL!
WKH *HRPHW UQLR FACDQQWR P 0R G H O 7KIH WSKIHRVKBIRY
H[LVWH®BUDRRID[LHV ZLOO FRQILUP[IWRKDUW K R
IURP %+WIPD\WE HYHU\RMKIILEQDW&HL.QRUJDQLF
DQG H[LVWV E\ DQWLJUD WIKHA\GHQBIWQ\ D WRP % F
QXFOHRWWHDBHIBW URQ KDY L QJWHKHS HFDWRUH P F\K\DH
HIITHFWHRQWHUDFWLRQ RI PDWWHU DQW ID® WIK}
XQLYHUW HRFIFWHVY QD ®DVYHBIUFXODWLRQ WKH
PDWWHU V2 WM KH WY HIQPH VL FOKEH  H Q H DX GV R WK
VXSHUV\PPHWULF FUNVRAROOLLMAMH @ WV B X FOMXQ V H C
SXOVLQJ E\ 30DQFN IUHTXHQF\



7TKMAVHVWPHOODU BHQODPRFKRWDEWDHERWKH FHOHVWL
ERGLHV LQ WKH H[SDQGLQJ JDOD[\ ZKHUH %+V H
,Q WKH FRQWUDGEWLQZKGFMWHN DIOO WKH FHOHVWLI
UHJDUGOHVV RI WKHLU VL]H LW OD¥ND&RSWRSULD)
%6% 7TKHHQWUDO %+WRHHRKXULYH DOO WKH GHYHO
PDWHULDO ZRUOG RI WKH JDOIMHUHDRKX®M\G IRO VR[] EA
WKRUH*BOD [R&R *

(YROXWLRQ RI WKH 8QLYHUVH

7KH IROORZLQJ IDFWV DUH NQRZQ

$1(DUWK URWDWHY DURXQG LWY¥ D[PW DWURXGGE H
WKH26XQMP V 7KH 6XQ URWDWHYV DD@®IXRQG*W KHVF B ¢
VSHHG RI NP OD[AKHQ WXUQ URWDWHYV DURXC
JDODFWLF FOXVWHU *,, DW D VSHHG REH FRR V ).
DVVXPKDW ZH EHLQI\IRW \DKHADRSRDHEBEG WKH FHQWH
ODR'S\HUJDODFWLF FOXVINHYWE WKW HR UPI RV KFHO X V!
LV WKH OLPLWHU RI WKH RUGHKSHQK®EWW HRJ ¥ 0O/
LV SHULIF@QRUP QRW UR\WDYAHGG EKMAKIVQJ RI FHQW I
DQG FHQWULSHWDO IRUFHV LQ FOXVWHUV RI
KSHUV\VWHP RI/REBQW M BAMED QW ZWLFRK HTXDO WR
LQILQLW\

$7KEXQ LV OLIHBWUV PLOOLDIUGAMNWKH FHQWHU |
JDOD[AG PDNHV RQH UHYROXWLRQ LQ PLOOLRQ

$2QH JDODFWLF F\FIRU £V FFLROQONHDMIGH G'XULQJ D
JDODFW LIFFO R VAVOHIU 1, \WDMHYROXWLRQV 2UJDQLF C
LV FRQWRLEXH®O\IHDWE PLOOHDBELQUHDVRQDEOH
OLIH 'XULQJ WKLV W LRANUFHOOROXMLRQWDNHV

,Q WXL Y DWWH SWVRBHWV HPREROQMBWRP JUDYIDWVRQV 'V
KSHUJDOD[\ V\VWHP RF K1UEMUWRILD@BE KPR I|
HQHBDWVYV FLWFXVODWLRQxX WKK\GURJHQ?2 DWRPTV
%X¥u DQ LPSXOVBHDO\FQAN +tRIPLOOLDWD®GHDUYV
DQPSXOVHRILWYXHFK HULRB6DRMVHRIHRFXNO DWD R §
$00 WKH URWDWLQJ FHOHVWLDO V\VWHPV KDYH

,Q WRAD[\ *, F\FOLFDOO\ RDHSH B IMLEXOIDMWH.IR@ RFF
WRHFHQBGMHMVYRULEHG DERYH

,Q WKH JDODFWLF FOXVWHU *W KRRMOHULYMWLDRORE U
RI URWDWLQJ PDVVHV DQG JUDYLW\ ILHOG LV GLII



JLIXUHKRQWUDFWLRQ RI WKH: UDOO@EAYEL K FO X\
JDOD[LHVAHAQWMIWR JUDYLW\ ILHOG &%)

,Q WKH FOXVWHU *,, WKHUH DUH WK R X VD®QI[W
WKH OLON\ :D\ 7KH\ UHWAR®W HDDU RXDQGLWAK H
KDYLQJ SRWHQWLDO HQHUJ\ HTXLYDOHQW WF
PDVVHV RI WKH FOXVWHU *,, *DOD[LH\ W KBS S
FOXVWHEFRQWWDPPWBI[GHVPPHUVYB& R &*),, E\ D
7KH IDOOLQJEII QAR[\DED Y WDWAD Y Q EMWIF XQBIW 1
SURFHVV RI FRQWUDFWLRQ H[SDQVLRQ RU LG
LPPHUVHG E\ WKBIVE*YWALKHQEURP MWKHUSD NG QHW L
HQHUJ\ RI WKHVRRQWR *S RQXHIQW RD W KH ILHOG 7
FDQ WXDW QIROW DG® *, IDOO LQWR REZLGHEXN\G.
HPEUDFHV WKRWKDSSDRMMKIL,QJ RQH F\FOH RI
DQG FRQWUDFWLRQ RI WWKKR XV DLADGHIDIOWLHHG/ F
HQHBDWVYV FLQFXQODWIRVLGLQJ Vi QQVRLIKWHRPF
VFKHPDWLF GLDPHWHU RI WKH F\FOH GHFUHD
LQFUHBWH®WLRQHG DERYH WKH SRWHQWLDO
WKHQMWLF HQHUJ\ RI W KIHLWY\R W RQLOQ JDR/D U R B\
PDVVHV RUELWLQJ DURXQG WKH3&FQNVRMHO H
JDOD[LHV *, LQMVLUERQW K@IDESIPY R/ R W K B QFaH QWKH
HTXLYDOHQW SRWW W HD\OWME EMIA RI DOO WKH
LQ WHKBIQWURMDWLQYKIRXW)VLGH

,Q WKH &*),, JUDYLWRWNQNBIHVMD WK & HRMNACHL
URWDWLQJ JDOD[LHV *, DQG SDVV WKURXJK WK
VXHAKWWUDLQHG ILHOG GHFD\ WR ELLKOEBHMRZ
VKRZQ DERWMHJI\ DQG IRUFHV LQWHW BUFRAWN. QW LL



IUHTXHRQFWKH DWRP LV LWV FRQV W BED/O DNKIHWRL YV
IRUFHV Rl FHQWULIXJDO )FI HOHFWURPDJQHW
LQWHUDFWUHRIPKHOHFWURQ DQG QX FIDIBHRVQWU R F WK €
WR HDFK WWKHBYLEW\ RI WKBRG FARHIWH EGWDUJIHV Z
WKH KHOS RI QHFNODFHV 7KH WHKQWDUYLLIK DDAOL RRU |
U H J X GADRBHHW D Q F HW BHHOWHZFHMHWDR Q D @/@UHDR & E BV RRQ VW K |
DWRP DOVR XVLQHFONMMRBRFRMRIDQF\ RI WKH UR\
IUHTXHQF\ WKH PHQKHI QX BVE O QNREREHYVY | RROM W D QV
DW )LIXUH D

JLIXUH

,Q WKH &*) WR WKH JUDYLW R Q VWLKGHMVDK/H. FQQH FRIDM
RI WKH Q DRNIRMWAHVSDVVLQJ WKURXJK WKH FHQW
HFXDV® 7KHVH IRUFHVY DUH GLUHFWHG WR GLIIHU
WKH FRPRRWKWVLRQRUFHY WKH DWWUDFWLKRH IRU
HOHFWURQ DQG QXFOHKNROR L\ JXHGIDIKES DWRP J
HOHPHQWNMDRFRFRV IR WKHLU FKDUJHV W R DWKM \VDF
EHWZHHQ ELVHWKH WY FMWHORPHIEQ G QXFOHRQV GHFD
LOOXVWUDWDRGL VEFROWM.® RQVD OLQH WR VLPSOLI\
WKH\ FDQ EH GLVSRVHG DV LQ )LIJXUH E



$V D UHVXEWL@WRE. NG EKG LWLR WEH VMW H *D
VWDUV DBQGV%BYO FKHPLFBGLNOGRMB VYW C
SDUWLFOH WKDRV EKD/\HWPWDVYIWHU GLVLQWHJIUD
UHJLRQXRJILWHHNH,, LW GOIRRGGWRWHQW LIDOOHQ
E\ ELVHUV EHLQJ XQGHU JUDYLW\ EHWZHHQ
QHFNODFHV &0 RXGWHKHR QW UDFAMULIRRG HQGV E\
GLVLQW HJWRA[RIQ \BLREL BIGQEHE\ ELVHU VKRV F
LV WKH VW BEFDW@Rd @EBKDW LV WKH EHIJLQQLQJ
RI *,, ZKLFK LV UHS HDRWHIGP MAK ROSVBURFED\X V'W H U
FOXVWHUWX'S HUFIOK VW H UL QV,K H8 XOWPBIWZD B K HW |
&*),,:BDEVREBDX VW HIGV VL, Q W MIKIDPNVWNR ELVHUV
IRUPV DWRPV FKHPLFDO HOHPHQWV *,  * |
VLPXOWDWKBWMRAI M J ERGF XUV DENWKIR X W

+RZ %LVHBUPHG

,Q WKH JUDYLW\ HQHUJ\ ILHO®® ZWR ZR B BMRN VW1
D FORW RIFHEBWH D ELWVHUHQHKH\FIORWUDYLW
V X S HUNDFO@YAV DLWN/ KRZQ LQ )LIXBHE VFAM LU H
LPSXOVH PDVV HASOOVWRPDWAR RI JUDYLWRQ 3
RU PRUH LPSXOVH PDVVHV LQ WKLVWIBERFHVRU
DIWHU WZR JUDYLWRQYV LPSXOVHV JRHV RXV
LQGHSHQGHQW RI JUDYLWRQV IXQFWLRQLQJ
DQG IXQFWLRQV E\ WKH DQWLJUDYLW\ HQHUJ\

7KH ELVHBUPHG DW WKH@EHR® ®LQUKRI HISD
*  ZLWKLQ WZR JUDYLWRQVY LPSXOVHYV

7KHUBQVLWLRQ RI WKH FRQ&MSDBWLRQ SHULF

LQ *,, ZLWKLQ JUDYLWRQTV W DESXODOWHV DRI
WKURXWKEDRX GV YROXPH VYVLPXOAMVDQHRXVO\LV
OLNHVWRBAHGEXQWKRPSWRVLRQ ,W EHJLQV K
IRUPDWLRQ RXW RI ELVHUV

$FFRUGLQINWRUWRH UKE&GBWLWKWLWHUV LV
VLQIJXODY S&RLRMHUH WKH ZKROH RI WKH PD\
FRQFHQW DDWHWGEMBKEHI ELYIH[SDQGHG DW D VSt
WKH VSHHG RI @WIKRHWVYLOOLDUGYV



JLIXUHYROXWLRKQ IRMHMK H

$W WKH EHILQOQRQRG IL@ WKEH E\ ELVHUV HYROXW
D YLDEOH V\VWHP RXW RI| B8ALYHLE&VEDEWHEHQMHW KR C
EHIMDRADOWXUDPKRHBMIKRMI ELVHUVIRRERRPEHQDWURQH
DWRP FORASDEXQWWHKMBDEWHRGORSPHQW /HWIV FR
SRVVLEOH FRMBEKNEDMURIQ RPWRPV IRUKDWBRQ ZK
LQ WKH IROORZLQJ VFHQDULRDWVLVHUX WDKBYLQJ
DWWUDFWHG WR HDFK RWKHU E\ JUDYLW\ DQG IRL
YDULRXV VL]HV 6%KKUHFDB ERGLHV LQ WKH LPSI
VXSHUV\PPHWULF VWUXFWXUH RI YDULRXV IRUPOF

$ERYH LW ZNKRWRZRILQLWH TXDQWLW\ RI WKH
FDQ EH SDFNHG LQWR VXSHUV\PPHWULF VWUXFW >
FDQ KDYH D SUL®BDK\6AKBHRRHWIXDLGWXFKDQLFDO



ORGHO R+\GWRUMORP7ZR VXFK SULPD UK K DZW.DH
FRQJORPHUDWHV DUH DWWUDFWHG E\ JUDYLW
FRQWDFW SODFH RI WKH WZR FRQJORPHUDWHYV
SURWRQ DQG QHXWURQ QIGEUYIF RPLHD FFHR\PHP RFRQR Q W |
HQYLURQPHQW PRWHK FERRWEKH FRQJORPHUDMW
JUDYLW)\ IRVBHVREUIKBIWHP SXOVH LQ WKH WZR |
7KHVH WZR FRQJORPHUDFRRFP R WEIHHPI B DI UHRL
SRODU FAXQ®JHRWP DQ HOHFWURPRWPNW QR @D
GLSROH FD SOWXWHWERRQWE&RPEUDWH DQG LQYR
JLIXUH J ,1 WKLV FRQJORKHUQWIDWESHRD F
RI WKH GLSROH LW LVD®&B BBMEHQ H FRWUKRYH (
QHJDWLDYHIHNGFKQG FRQJORPHUDWH RI WKH G|
FHQWHU RI WKH V\VWHP D Q SDO@RNXW UFRK® UFW DV
WKHOHFWURQVWRISH RDLISKRMY LWV URWDWLRC
DQJXODU YHORFLW\ H W P BMIPWHIG. | XM OV KR U F
PDVVHV DSSWXMWVHQREW UR @V EHEZPRMEY LIDF WH D V
URWDWLRQ VSHHG RI WKHLDERGB WHHVBIRW B R/Z
LV OLPLWHG E\ WKH FHQW U LWXJ}D OR URFAIHAVH RZ K U
HOHFWURPDJQHWLF DWWUDFWLRQV EHWZHHQ
HVWDEOLVKHG EH\URQIBHIR WHEKE WRCHRQ) EXNE/BKE
(OHFWULF FKDUJH GHSHQGV \R QMK Q\RRIHD W
JUDYLW\ DQG HOHFW URFIQ QHWLE LIV WO G ¥ HG HS-
VHWKMHVWHPIV FREGQWWOPBF\ RI WKH URWDWLQ
WKH FKDUJH DURXQG WKH FHOWRYQRE WKH ©Q
7KHUSWRQ@QMAEW LQFUHDVH WKH URWDWLRQ UD
FRQWDFW 3URW RPYX\D & HH G KB WIMGURRVDW L Q J
UDGLMWWHM U FKDUJHV V KRKKHD® FEHUR K HU R VADHW H
RUELWLWQRRUH FKDQEHSGW RWRQ URWDWLQJ R
FLUFXPIHUHQFH VKRXOG KDYH D JUHDWHU QXF
VRVKDW WKH WBRWDXDEOKWBIWKH FKDUJH RI W
SRVVLEOH L\Z KIRQH MKLHEQD QB FLEQERW IH@ F/UHMITK\HL G
VXUIDFH DUHD?2 FEN WWN SQIRYIBRMRR@® D W L RGD PH VL
VSKHUH ZKHUH EHWZWHBWERLWHROWL YK HRBWFH R
PDVVH\WDWHEXOVLYH HOHFWURP D JQWWIKF\ I R/UHPH
FDQQRW EHLPOMXDIEGDPHWHU RI WKH VSKHUH"
WKHLU GRURDVFHERUUHVSRQG WR WKH YDOXH C
IXQFWLRQLQJ RI TXDURNRXIGH B H I RLUDHH RLGDWMNE K.
VHOHFWBDRQRPHEPMWHVY G LDPG WHKHY Q GRERO H\
WKHLU VXU BVWFRQRQWLDDYHV RF® W IEH KRYUWRD (
GHILQLWH GKB\RKWBIY EH BXYBWNWRKXOG FRQWU
DWRPDWXUH KDV D:0RWRRO QILP®IV R PLOQGD U
DIWHU QXPHURXV WVXBDIORQDIQ & PRHWIWDHI KRY G LD
ELVAXYDUNV DSSHDU 4XDUNV ZRUN VLPSO\ L
DQRWKHU DWRR®KBNERXWVRIORILVLRQ WKH\ IO\ R
SLQFRQYHNXDHNQWY ®@BMHEDFN EXW RQ HPSW)\



QHLJKERULQJ TXDUKHWRBXXGGHU TXDUNVY LQIOXF
VHPDQD3LGWI FDQ FKDQJH LWV SREHBEILAR® I @ QNK
HQYLURQPHQWDO FRQGLWLRQV 6XFK DWRPV DUH
FKHPLFDO HOHPHQWYVY )LJXBHPDWLRQ WRIKMVK HF DRK
HOHPHQWY RFFXRQ WXKWHRKH SPUDWH WHRXMDQGV'
M N ZKHUBDWMKHQ*, DUH IRUPHGLYURXOWDQHR.
([ISDQVLRQ RI WKHQRVMWMHPLEJ) LWV VE]EGRIBRIWQ JDO
RFFXU

JHWIV UHWXUQ WR )LIXUH J ,| WKMVRKHUG F
SRVLWLYHO\ FKDUJHG HX® RIHEKSIRELBRFB OL\D QG
SRVLAMWRQYV IRUPBQWLK\GURJH@ QWRED IKH FOH
DQWLSDUWLFOH KDV WKH DSSHDUDQFH DQG SDUD
RSSRVLWH VLJQ FKDUJHV )LJXUH

JLIXUHQWLK\GURIHWLWRBPWLFOH

TKHHKURJHQ DWRP DQG DQWLSDUWLFOH WKH W
GLVNV DUH DWWUDFWHG WR HDFK RWKHU E\
HOHFWURPDJQHWLF ILHOGV D Q ®& KB WKW Q WEDANF WV |
LQVWDQWDQHRXV PXWXDO QHXWUDOLIDKRWRWEY G
FLUFXRMFXUV &HQWULIXJIDO |RWFEHDRFRVMVQ Bl GEN RLHG
PDVVAKHOQWLJUDYLW\ LPSXOVH ZKLFK RFFXUV Lt
SHISORGWKMWAR DWRFRLVLIOMVHRIUDWHELVHUYV E\ UHO



HQHUWBYSO+ ( %oWU %Wl ZKHUWHKHDGLDWL
HQHUWHRWRPYV RQH UHYROXWLRQ

7ZR FRQJORPHUDWHRXBPIBQ WKRM/DWARPPRQ F
DURXQRHQWHU RI RQBIWR PWKRIPVIDMWLQJ RI RQO
HOHFWURQ FDQQRW EH IRUPHG

7KH FRPSOHWH F\F®®DW WROMWWEHUFLUFXODW
RUGHU RFFXUV LQ WKH JDODFWLF FOXVWHU *,
FDORMHKHEDRUWK IRUPDWLRQ RI HOHP HQWIBD®\GS D
HQGV ZLWK WKH IRUPDWLRQ RI JDOD[LHV *,

+RZHYHU WKLV LV QRW WK N RYGUDFC/ DQE W

JDODFWLF FOXYWEBYM DURXQG BRXNSHUFQEVIRHYE
WKLUG RUGHU *,,,

JLIXUHSRQWUDFWXK BRQUFIOWKWHU V\VWHP

7 K BFR QW UDFWRRHY VWRSIHW KRB XVWHU V\VWHP *
VDPH DV WKH *,11)QIMAKH @PRHF HQOHVRULEHG D
LQVLGH WIKIHK&L)QNEQXVWHUV *,, FDQ EH LQ DQ
RI URWDWLQJ WYRWHPW RKHRH V\WVWHPV EHLQ
SLQFUHREV)IQD WG LV VR DY HMBKHOGI Rl 1ODW VWUD
EHFDXWHDHMIRPYV GHFD\ VHH DERXYGO WKMHU,DE
DUHD RRQWKMEMARRGGEOBRXG UHPDL Q¥ R QW OB NW
DQGI[SDQWRIR®,,, RFFXU DV LQ *D+XQ HEG QL
ZLWKRSWRVLRS HKAOXVIWWN KM ¥,.DPH ZD\ DUH D
&*),9 IRUPLGORYG Rl WKH %M KWWKE RDBHUZD\ WK
*9 *9 *9 &PSXOVDWH

7KH FRPSOHWH HY REOKMQLIRVHBKARZIYP RQD)LIXUH



JLIXUH(YROXWLRRQRYHMWKHDOD[\ DV OLON\ :D\
* L, «*PJIJDODFWLF FOXNVMWPHHIWH U RR DXAY K¥YHH W% H
GLDPHW Q@ IR HAJ K/ i



7KH GBWWFOXVWHU V\VWHP RE KHEH R E HK/N W
HQHBDWVYV FLUFXODWLRQ LQ WKH V\VWH®¥FRI D
RFFXKDWKAS KHULFDO IRUP 'RIQRMD RIRWHWR DO |
XQLYHUKMDLYHUXN®LIRUPO\ ILOOHG ZLWK VXSH
FRQVLVWLQJ RI WKH @RSDHULLYRHDUOY IRIEW Y WKLIRDE D U
GLDPRWKHU V
,QLQILGDWH VHDFK SRLDQG HWRFEQUHDU LMWV FHC
7KH QXPEHURRKX®LKAM DVHG HYROXW LR QOQULYF\FQ
DUHHTXDO WR LQILQLW\

*HRAWORKGHOV &KIHW KFDI®WPHQ WV

$Q[BFW UHSUHVHQWDW LR QK RY REM H QD RERGPH (D ¥ K
UHSUHVHQWHG DWRP PR GHIY LW RDIW M/K 8 HEQIO'V
PDLQ GLVWLQJIXLVKLQJ IHDW XU H IRLL UN B W RFRKLHFP
$WRPLF PDVV ZDV PHDVKWHKGWK®G KHOBN R
VSHFWURPHWHU 7KH PHDVXUHG PIDMTXRD W

A %WJ ZWDFFHSWKWBHGURJIJHQ DWRP FRQVL)\
SURWRQ DQG D Q HFOHFR\QUIR/QP IV \KEAHIFD QMW @&RE BV |
PDVVMV  WLPHV VPDOOHU WKDQ WKH SURWRQ
LV FDOFXODWHG S URPHNGPSWKDRIW R/ KHRIPWRP F
RQO\ WZR HOHPHQVBY RIFOMRBOWR XVH WKH K\G
WR GHWHUWMOTHVWYKH PDVVHVY RI RWKHU FKHPL
DSSOLFDWLRQ KDV OHG WR HUURUV LQ PHDVX!
WR DFFHSW IRU WKH XQLW RI USTOUDW RY KV E W FE
PDVV A %WJ WKDW FRUUHVSRQGV WR WKH U}

DWRP A % A % 8 ,QSMMKLIHRGLF V\VW
HOHPHQWY 36( WKH UHODWLYH PDVVHV RI WK
PXOWRSIB ®XH 7KLV PXOWLSOLFLW\ LV HTXD
K\GURJHQ DWRP FRQVLVWLAQG ROBEWWRQ QHX'
PS PQ PH A %NJ A %oN § A %N § A %ol §

WKH UHIHUHQFH GDWD RU 7KXV WKDW FR
RXU LGMDKMEKIDRMHQ DWRP FRQVLVWY RIQQXWRE
DOO DWRPV Rl WKH FKHPLFDO HOHPHQWYV ZHUI
FRPSRRQOGAMH K\GURJHQ DWRPV ZLWK WKH UHO

7KH UROMAKH SURWRQ DQG QHXWURQ LQ WKF
LQ WKH FHQWHU D QG WIOHR\V Bl U HWIRETEAN HBARKHUNHH
SHULSWKH\ DUH $SHRWRWURQ FDQ MRKISGIHGLYY
WKH UDGLXV DQE QRWRW IVPRRWHKTLQJ WKH EHEC
LQ MRW@&HQQ@H[W K\GURRHPLDYRPKBEHEHPHQW DF
WKH 36( 7KHUHIRUH LQ WKH FROOHFWHG FKH
DWRP



$WRP LV D URWDW LRIJ FRLQ/AH @ RVQVL EVWL@IN RI1 HC
ILHOGV )LJIXUH LVKWKRKWEBHFW.WRPDJQHWLF IL}
HOHFWURQVDRMIKHI HQ QMUWKBHILHOG RI WKH URW
SURWRQV FKDUJH ,QWHUDFVELRWKBHHMWIZHHQU B
HOHFWURPDJQHWLF ILHOGH QQ HMRDHAIW YE \RW R P
ODWHUDO VXUIDFHV RI WKH GLVNV E\ WKH FRQW
VXUINVHH IXUH MNKXGILEWNVY ULPV 7KEDBHIOHREWUR

FRQVWDQW IRU DOO%D&Y RRFRXORPE FRQVWDQW 7K
YDOXH GHSMKBEWHOQU WDQJHQW YHORGLWKHRI V
LQWHUDFWLRQ DREGHOQRVLEUDNUW\R € QW K H\ DAMRIRHIL
URWDWLRQ IUHTXHQF\ DQG LWV UDGLXV

7KHWIRP R HD KO FKGIPRFRHV WD NVQ G LFDRPIWWHIIQ BVQ
URWDWLRQ IUHTXHQF\

7KH\GURJHQ DWRPYV HOHFWURQ ZK&{FKVKDV |

FKDUJHG WR WKH HOHPHQWDU\ FKDUJH%DW UR)

% %Wy ELVHUTV GUHOHPFBWUHIPHWHUYV FDQ EH X
GHWHUWIHKM QDWLYH SDUDPHWHUYV RI RWKHU FKHPI

%YHORAVKRZ VHYHUDO H[DPSOHV RI FRPELQDWLF
WKH FKHPLFDO HOHPHQWYV E\ DUWLILFLDO VH
FRPELQDWLRQGDIQFHEZEWK 36( $SMWMRRWHRAHQKH IRU
WKH 36( KDY B DML GLYHWKW UXKHFWYWX BRH WKH HOHPH!
RU PRUH OD\HUV

7KH QXPEHU RI GLVNVY OD\HUV RI WKH DWRP F
HOHFWURQVY RUELINWPHY KRR 2DKIHQ3WKH VFK

7KHROORZLQJ FRQGLWLRQV D FHR PSL B MWRA\QW R
JHRPHWULF VFKHPHV DWRPYV FRPSRQHQWYV DUH
RQ WKH ODWHUDO VXUIDFHV RI WKH GLVNV LQ \
FRQQGIEWMWKH ULPV LQVKHIRKURQIDWQRQ XQGHU JL

YLIXUH VKRZV HMXPMBQMWURIFWLRQ RI KHOLX
EHU\OOLRP GERIG UR JH® PR GRHFKKCGHW RIHQ DWRPV

\GURJHQLOQWRPXUMKRZQ LQ WZR LWH IBWLHR/QNQ WH/G
WKSULRGLF V\VWHP DQG DV ZH SKHMKURWHOQW L
PROHFXOHE¥XLROMHBXW RI WR R DWRIFP\HOWZKDW LC
DWRP ERQG DQG ZKHQ LQW HUCLFW DQ JG HIEW KV RVQKM
DWRPV ,WORDGERIJHQ DWRP GRHV QRW IRUP D PR
EXLOGRWAY GHWHUPLQH WKHLU SK\V IDRDEK BIQE F K
DELOLW\ WR FRPELQH ZLWK HDFK RWKHU DQG IR
H[DPSOH RQH RI WKH PRGLILFDWIRRQVZRI| KKBORX |
DWRMN RQH HOHFDMPO® B UTREW AMMFBHO OFDLQE R W
FRQQHFW ZLWK RWKHU DWRPYV



JLIXUH[DPSOHV RI JHRPHWULF DUUDQJHPHQ!'
EVFRPELOPKMGRI@®RIHQ ‘BWRGFENMRQB DWRPIV UDG

,Q )LIXUH WKH ULJKW DQG OHIW VFKHPDYV
EXW WKH\ KDYH GLITHUHQW URMWHBWLBROFOWRF
HYMR HDFK RWKHU

7TKHHOLXP IDWRK\GURJHQ P RVGEK PQ M WRRNHDRIF
WZR K\GURJHQ DWRPV +HOLXP LV IRUPHG LQ
%LQ LQWHUVWHOODU VSDFH

&DUERQIXUHEXLOWVREKVERRIJHQ D W R RAKDEND H |
RQ WZR2RQEHLRMHWMKEHLWDY WKUHH SODQHV RI \
XQLTXH SURSHWWRKWORM QKDRRGLILFDWLRQV
ILOOHU DQG JUDSKHQH 7KHUH PDWKEHDDQRY
JUDSKHQFRUG

+HUHEXHOW DWRPVY JHRPH\WU LW RY GEBFHPHSAVD
WKDW HOHFWURQV UHYROYH RQ GLIIHUHQW
HOHFWURQV LQ WXMHUWEBPYM DUGIJORWDWHG
VDPH RUELW DQG DUH GLVWULEXWHG HYHQO\
UHSXORU¥HY WKHLU XQL SHR GooHJ WF KADKUH HDYW R P §
VFKHPHV ZLWK GLIIHUHQW HOHFW WR/EHIWVHR WE R\
FRPELQDWWRIBWRRNYV FROQWHRDA.R@R LPSRWWDC
FOHDUHU



JLIXUHKDUERQ

'LDPRQ*& HBDNG DPHYRW VXEPLVVLYHO\ LV WKH KI
'LDPRQG GRHV QRW FR@EXFWRH&ME YW PN WY\ &
WKHLILBXWQV f& 'LDPRQGYV FU\WWDO KDV WKH W

*UDSKU'WHHN EKSIQWR ZULWH RSSRVLWH RI WKHI
YHU\ VRIW VXEVWDQFH RLOVTWRPWX\ WRXFKVR/
VWUDWLI\ *UDSKLWH SPHEMVHEHFWULF FXUUHQV

J)LOO3MUH FDUERQ XQGHU DFWURBORFVOWLMH W U
FRQGHQVHG RQ D FROG VXUIDFH ,WLfRIDWDR@V D
DWRPYKGDY D VSKHULFDO VKDSH (DFK DWRP LV |
QHLJKERULQJ DWRPV E\ WKH JUDSKLWH FRQQHFW!I

*UDSKH@HD GUZARIQVLRQMM® FRI\ FDUERDWRPYLQJ
WKLFNQWBDYV KLJK PHFKDQLFDO VWUHQJWK H[WU
WKHUPDO FRQGEX RWIKHUNXQLTXH SURSHUWLHYV

7KHHRPHWUKE IV \R U WKWK VIKRZSX ILV@H) L J X U H

JLIXUHBWUXFWXDSKRWH

,Q WKH JUDSKLWH FDUERQ DWR MO BDRWURPONRE
ILHOGV RQ WKH SDUDOOHO SOD|IWMW\DQGZBWNDQL
7TKH ZIOLRNWRBPD FDQ URWDWHSI DYDQBOKHOR @OA WO



DVVRFLDWH G BWRW V Y\HK WNRK H D KK RRAM KIKDUIH F W U R
ILHOGV RI WWKHO/HH ODDBYUWDWERYY 28 HR Q Q HHFWW

7TKHRPHWULF VWUXFWXWYHK RZ QVIK@® )JLLIX 8 KH C

JLIXUHSWUXFWXDSKRIQH

7KHUDSKPRGDIWERQ RI FDUERQ GLIIHUV IUR
DWRPV DUH FRQQHFWHG E\ ULQJV RI HOHFWU
KH[DJRQDO ULQJ ZLW RVWKRRMRHTSBWRIFRQVRI V
FRQQHFWLRQ URWDWH D FFRKMHQ PMWEQRKQH U R
GLUHFWLRQV RI FRQWDFWHG DMRRFDW DR® RIS
VIQFKURQRXV WKH\ IWBRRWEHBWUWRGIDSKHQ
FRQQHRWRW®PV ,Q VXFK FRQQHFWLRQ QRW R
EXW DOVEHWDNH®\HOHFWURQRLRQ ® SANRMEROQV
FRQQHFWLRQ 6XFK FRQQHFWLRQ LV IRUPHG L
SUHVVXUH DQG DW KLJK WHPSHUDWXUH 7KI
JUDSKHQH E\ WKH SODQH RI K RQKQH F DA QDK D\
WUDQVIHU Rl HOHFWURQV EHWZHHQ DWRPV T
RFFXUV DW YHU\ ORZ YROWDJH EHFDXVH GLV\
PLQLPXP DQG FRPSXOVRULO\ ,Q FRQYHQWI
UHYROXW KRIQDRORP HOHFWURQ WUDQVEWAKUBI®
HOHFWQRQWRHRMEKOURZ RYHU IURP DWRP WR D!
WRWRRWK JHDULQJ

3DUDOOHO OD\HUV FRQVLVWLQJ RI WKH JUL
VXUIDFMHRQ f DURXQG WKH FHQWHUQRF ORR/Q@W
DQ DWRP ERWRGXROHRQV RI DQRWIRKW DFVR D
IRUPLQJ VWURQJ LQWHUDWRPLF FRQQHFWLR
FRQQHFWLRQV |RUWWF KURRRXXYQLWHRWDWILHJ E|
FDOO ¥RPK BFWILRHQMRBRBQ W K WNDRSV RI RQH |

DQKGDV DIRKIWXEXODU VHFWLRQ RdRGW D PXWH U
*UDSKHQFRUGWHWP SH KD WKQUGHK AW U B RY BVUUHRDOND



7KHVH SURSHUWLHY DUH VDYHG WR WKH WHPSHU
EHFDXVH WKH GLVWDQFH EWWRQHAROS®WW OOHO
HOHFWURQV URWDWOEOHFKURQRXWOUDQVLWLRQ
GUHFWLRQ RI WKH WKUHDGYV D[LV *UDYLWDWLR
RFAEYV DWRPWKH PD[LPXP SRVVLEOH FR@WBFW D
LQWHUDWRPLF ERQG

)DF  QF®P % & * PS RQY+QLP3 ¥ ZKHUWW WKH
QXPEHU RREGLWHKHVFRQWDFW IVRBRBYDIH GLWBWD
EHWZHHQ FHQWHUV RI FRQWMDKREIQU EL\FRQW DFMW
PS PHQUMKHSXOVH PDVVHV RI WKHDRGRWRWKBIQ G
DWRPYV URWDWLRQ IUHTXRQFWPD®X | IFMRBURLIQU L D
JUDSKHQFRUG FDQ E H WDHD BHi & DGG.ID FRVSEHMWVAKLLGJ
WZLVWLQJ LW WKURXJK D FU\WWDO GUDZ SODW
W HPSHUD WW WP GXIDIFRM\DQVOKHWLF GLDPRQG RXW |

JLIXUHSDUERQ KODAVRIPM KEBLW\ WR JHDU
EHWA2AMKIKDP VHO DR XWHVDINP O H

7KLV SURBBIUBK@HG IRU EXLOGLQJ LWV GLDPRQ

ORQRFU\WWDO RJUGUBIPRQGY D WHWUDKHGURQ
WKKHEDJRQDO ULQJV E\ WKH JUDSKHQH FRQQHFV
WKHUHFDWHERQ RWRRYFRQWKH YHUWLFHV Rl WKH
LQ WKH LQWHUYDOV EHW ZHHQL WHKH B US$WURFPW DRADH @
GLUHFWLRQ DQGGHYDQFRPRRRXWKH VLGHV RI WKH
URWDWHG LQ WKH RWKHU GLUHFWLRQ DQG DOVR
FDQ EH FRQQHFWHG EVRURLWUFD W R QIGXVRABMNN D O (
7KH WLS RI WKH GLDPRQG FU\WWDO FRQWHLVWYV
FRQGXFWLYLW\ Rl GLDPRQG LV HTXDO WRDJHUR D\
ORFNHG LQ WKH VLQJOH FU\VWDO



JLIXUHORQRFU\VWDO SRLGMWDXERQGEHQ DWRPTV

2[\JHQV VLQJO B QEx LFOWHR JKWERIRJHQ DWRPV

JLIXUH[\JHQ

$WRPV RI R[\JHQ DQG K\GURUGQLBYHQFRYQHHUY
WHPSHUDWXUHV IRUPLQJ LFHOHWFW LYOIERGE H
VKRZV JHRPHWULF VFKHPHV RI ZDWHUYV PRO
FRQQHFWLRQ DV ZHOO DV WKH SRVWXUHV RI
SODQH RI R[\JAMXKBRWPH YWDWHY LFH ZDWHL
ILIXDBIWHUTV PROHFXOH LW KKRZ®L BERRB®L Q J
EXW ZLWK WZR K\GWYRJH @ DWKRIPYHZIRBOHD FRQV
RI D K\GURIZHQ DWRP



J)LIXUHF DWHU PROHFXOH DQG LWV WKUHH

)OXRW)LLIXUH LV IRUPHG E\ MRLQLQJ RQH K\G
SRI\JHQOD\HU ,Q WKLV HFFHQWULFLWIRERFXUV
VRPH GHFUHDVLQJ Rl WKH DWWW RARHGU BWSRRRJ G L Q
LQFUHDVLQJ DQG G H VFMNRIGRW KRHJ ELLUAV \R | ODKHUH O

JLIXUHOXRULQH



IHRQLIXUHWHYRUPHG E\ MRLQLQJ WZR K\GURJH
SR[\JHQD\HU ZLWXRXMF HW F H

JLIXUHLHRQ

JLIXUH6XOIDMRUPHGIREMQLQJ WKH VHFRQGI LOJBW |
K\GURJHQ@ WM#HRRYHQD\HU WXUQHEBXWRB WKH UF
FBWHU

5DGLRDFWLYLW\

7TKHUH LV QR UDGLRDFWLYLW\ IGQLROWKMN KR®O
JDOD[\ RWHURIUDGLRDFWLYH HOHPHQWYV E\ F|
DWRPV DV ZHOO DV DOW WK H W Ik R/EBNMAE® BIDEIRPL
LWKMSRQWDXHFRKWVDUGEMEDWHIUDWLRQ RI KHDY
E\' HPLWWLQJ KHOLXP FRQVLVWLQJ RQGNXRR
HOHFWURQV +RZHYHU WKLV H[SODQDWLRQ
RQOQVLGWMKBW XUDQLXP ZLWK UHODWLYH DWRF
KHOLXAWK DWRPLF PDVV OLIH SHUH K® RI WK

}\HDUV $FFRUGLQJ WR WKH ODZXRIDRRRN
VKRXOG GLVDSEIHRODAIRBKHIOW XP DWRPV |IRU D
XUDQLXP WR SQURHYHWIRKWWWAPLW QR PRUH WKI
KHOLXP DWRP IRU HYBHUY 7TKHUHIRUH LQ |
UDGLRDFWLYLW\ LV VXSSRUWXSIERYV HYWHKI) O I
UHMHFWLRRKOEAPKHDMNYY DWRPV K\GURJHQ DQG K



WKH DQWLJUPDVW\FKQUBWIQMY I RPN EMADWHPHQW W
GXULQJ UDGLRDFWIH® FEHEDKHWLNPLLV,VBDVR TXH
EH D K\GRROHRXOH LQ WKH W &BWWWYUIMWNKHHO BOWU VD
HQHBDWVYV Wk K\GURJHQ WDNHE/ KEBOLXP RQO\

% RXU K\SRWKHVHV WKH SURFHVV RI UDGLRDF!'
WKH VFKHPH LQ )LJXUH

JLIXUHBFKHPH RI XUDQLXPYVY UDGLRDFWLY

5DGLRDFWLYH HOHPHQWYV ZLWK DPARPLRHPEQG R
WKBHULRGLF V\NOHPH@®WY (OHPHQWV ZLWK ODL
FRQJORPHUDWH RYHU D FHUWDLQ VL]H DWWUDFW
DWRPV URWDWLQJ E\ KLJIXL VIS H8® F B ORJ WKW RX U\
URWDWLQJ VORZO\ (OHFWURQV DU H \WH{S HDIOH G
UHSHOOLQJ DQG D W W3V BVFUNDLERIH DRAGE B W WTHRIBUH W K H
NQHWLF HQHUXLVRIWIUDHML PRUH WKDQ WKH NLQH\
K\GURJHQ DWRP W®E HQWMUBHWI WKH KHOLXP $
VSOLWWERO LRKQM QLXP ORVHV HQHUJ\ WKDW LV PI
RI HOHFW U RPDG QBWILFQ E\ IUHTXHQF\ HTXDO WR
$FFRUGLQJO\ WKH URWDWLRQ IUHTXHQF\ LV VOR?Z
TXDUNV Rl WKH FRUHHV@LRINVRIRWKH K\GURJHQ R
EHWZHHQ ODVW GLVNV XUDQLXP ORVHV WKH GL
HOHPHQW ZLWK WKH ORZHSHNV IRRGAIFQD\Y QNP E 8 Q Gl
K\GURJHQ DWRP E\ VIQFKURQL]LQJ LWVVULRBWDWLF
VXUIDFH RI WKH URWDWLQJ F\OLQGHU RI WKH XUD
ZLWK WKH JUHDWHU RUGLQDO QXPEHU LV IRUPHG
HOHPHQW FRQRAKYXHWY D\WRRQGEWLLW LWUDRQWIRUPHG
QRIDGLRDFWLYH HEB-HPHRGW A VD BWEMKH OHDG ZLW
QXPEHU DQG UHODWLYH PDVV

7KH WRUQ SDUWLFOHV RI WKH K\GURJHQ DQG
SURSHUW ISHDW WWRMHQXFOHRQV FRQQHFWWG E\ WK
DW WKH EWRWPWLIQYJ ENFIRPHHYWHDHFWURPDJQHWL
VRRQ VSMIMOHQJI\ RI WRUTX D QBRRISY ERMWDIW LG R (
QXFOHRQV DUH VODPPHG WR WKH VV]®IRRI WZKI® H
QHXWULDRHS® UWLFWKH HOHFWURQV WHDULQJ RII
URWDWLQJ ORYIQ G EHERRE QY XN UKLIQ\RY XQQFKD U J |



SDUWLFOHYV KDYH ORZ HQHUJ\ DMWBWQ R HWS B IR(
HYHQ WKURXJK WK H I ¥ WH WR R ISR LDQX®K H
QHXWURQ SDUWLFOHV HPIUMEHAGE RENW W KHBMNR C
WKURXJK VXFK REVWDFOHV QRW QRWLFLQJ WK
7KH GHFD\HG SDUWLFOHV RI WKH UDGLRD
ZDQGHDBGR QRW FRPH LQWRHFRQWPH@W Y WD
PLOOLDUGV RI \HDUV &WKXG Z|,0DQEH FID® V8RO K V
SDVVHPEIOWKH K\GURJHQ DWRPV )LJXUH

IHXWULQR

JUREHE/ LWIHI X W LL\NR. S H GBI X WWUQBRWUDO 1XQG
SDUWLFOH WKDW SDUWLFLSDWH RQO\ LQ ZHDN
HQHUJ\ H[WUHPHO\ ZHDNO\ LQWHUDFWV ZLWK
OH9 KDV D OHQJWK RI IUHHYSDWRE\R| W IOH R
\HDUV (YHU\ VHFRQG WKURXJK DQ DUHD RI
Ut QHXWULQRV HPLWWHG E\ WKH 6XQ 7KHU
HOHFWURQIBHPWRQQRMHXWIURXHRX WIO2QRDVV L\
“ H9 F& XWKRI WKH WKUHH FRORUV &KD!

1IHXWULQRYV DUH IRUPHG *U& DIWRIRWAKKH B RQ Q 3
KDSSHQV" S5RWDWLRQ IUHTXHQF\ RW KBKHR P KV
RVFLOODWLRQ IUHTXHQF\ LQ MWORAEEM I UKI
WHPSHDRMQFAWHDVHG FHQWULIXJDO IRURHUHKH
Y)FILV FHQW UL I X JIDVOK RRUUFWM IRWO KRl WKH 6LDPHVH
EHWZHHQ SURWRQ DWXHOHFWUR®D JOHWUF HD
EHWZHHQ HOHFWURW KM BYSWRWREAQPIO IRUFH
DQG QXFOUDRPMWH FRQWDFW EHWZHHQ QXFOHR
WKH DWRP DUWUHQWW RSB UDRDWIRKN HQRBKD U JH V7 KGH VD
KROORZ SURWRQ RPQGEQ GLDPHWHU % DDB VC
HOHFWURWKDBOIOVSDUWLFOHYV DFT%LUH®PKH V
7KHUBWRQ FRPHWKRHKWIRPQ OHDYLQW KWR QXWPE
RI ELVHUV LQ WKH 6LDPMISH FF\W R XPW WWHH B R
VPDOOHU GLDPHWRU DEEWKHHGURJIHQ D\WRB V.
IRURWKUHH W\SHV RI QBXW W LQD RSR) RANGRKW DU R R
DQG QHXWKXWR@Q.L IR H\ KDYH GLIITHUHQW VSHHGYV
JDOD[\ DQG FKDUJHVY YDOXHV 7K HQHQMANLIYR
LV VHMWKAED Q J HEWH® & IVWKH HOHFWURQ DW WKH
K\GURJHQ DWI®BPP I9) RXW RI WKH PDWWHRUNV |
7KH FKDUJH RI WKH QHXWULQR LV GHWHUPLQI
ELVHU DQG DQWLJUDYLW\ HQHUJ\ VWUHDLPV U]
HTXDO WR WK HQOI@WWH/SWMHORFOHWRMULQR LV
+ 7KLV LQWHUDFWMRMHWDRHW WEHMUSDWK OH
OLPLWHG 7KH VSHBGXRIWY@R S WRWERHFDXVH



WDQJHQWLDO VSHHWEKRIHB KHQIU RRFRH DVAWRY ZRK H [
WPHV OHVV WKDQ WKH HOHFWURQYV VSHHG )LJX
WKH QHXWWIITYR 0Q W R7 K HQQ HXHKWRIQVOKRHJ IBBW L Q J
PRPHQW RI WKH DWRP U RWHONUHEG RIPNRERGWL W N F H
WHKHHDFWRY UHMHWWKAHRG FEQD RI WKH 6XQ DQG LQ
(DUWKYV DWPRVWKHUSK HORFARE W KRH UQKBGIL J KW V

JRUPXOD RD WWHUFRKODWLRQ

0DVV DQG DHQHWRAR VW D WBIW VRH LPORRIMW U O DWWHU |
PDQLIHVWHE FEXOX¥BIQWXP WUDQVLWLRQ RI WKHVH
RWKHU DQG H[LVWV E\ HWHUQDO UHSHWLWLYH
FLUFXODWLRQ RFFXUV LQ WKH QURWRW®Y QJ CDHGH
MVWHPV JDQG[UB@DFWLF FOXVWHUV XQIOY ADWHIU
UHYROKHMLBFXODWLRQ F\FOH FRQVLVWV RI WKH
UHYROYLQJ FRQWTUKH VERGL WV WHPVQ MW HRQ DWLRQ
WKH NLQHWLGWHKEHFXPXODWLRQ RI WKHLERIGHLHV L
PDQLIHVWDWLRQ RI WKH SRWHQWLDO HQHUJ\ 7K
HQHUJLHV RI D V\VAMHOPNUL IKBRUWRQMH UHJXODWF
RI WKH F\FOH )RU H[DH[SOKVWKG HEOBEQWRALWK W
WHKHQWUDO %+ 7KH H[SORVLRQ (RUWRHMF MRV FUKH
%+ LQWR FRVPQFNVKSINFHI U BUHPB\® WA | VGKFIHH[SO RV L |
DFWFLUHFWHGA SKRIUNKID BHWKH JUDYLW\WIIRWFH
FHQWHU ([WHQVLRQ RI WKH JDOD[\ FRQWLQXHV >
%HFDXVH LQHUWLDO IRUFH LV UHGXFHG E\ ODZ
WKH IRUFH RI JUDYLW\ ZKL&FKWRHUMGXHNM G [B\DQC
HQRUPRXV VL]H EHIRUH WK HYHD BRUXWVHE OR{HU HY X D (
OLAKWUMDIPHQWYV RR@KH VXWAMRURZOHR X W

IURP WKH VXUIDFH Rl WHKBIU%+DKR RBORWDAHY D UH
FKDQJHG LQ WKH SURFHVVHV RI H[SDQVLRQ DQG
SURFHVV RI JDOD[\fV H[SDQGLQJ WKH PDVV RI W
SHYDSRUDDMIR QWKH PDVVHV LQ RUELWV DUH L
VHGLPHQWEMALIRHRIMSRUDWLRQV $V D UHVXOW
H[SDQVLRQ LV VORZLQJ GREZQN , QDDKH\F R R WG MG
WKH FHOHVWLDO ERGLHV LV FRQWLQXHG FHQWUI
UDGLXV Rl WKH GDUN DQOGDJ\KHV K REHHWKHGF HQW
LQFUHDVHG EYKLIVZIRB&H H[FHHGV WKH FHQWULIX
W KR QW UDFWLR @ RFFFH OBIOD W H G

$V \RX FDQ VHH LQ D URWDWLQJ VHWSXBNLWHKH
DWWWDQL FHQWULIXJDO 7KH FHQWULIXJDO IRUF|
WZR IRUFHVY 7KH SURFHVV RI PDWWHUTV FLUFX(



JHQHUDO HTXDWLRQ RI HTXLOLEULXP RI WKH
PDVVHVY URWDWLRQ FHQWHU

™ FHQWUL M ID/OWUDMWMILHSIXOVLYH

ZKHOHFHQWWLLYIDWKH VXP RI WKH FHQWULIXJDO
URWDWLQJ PDVVHV DUR X Q G™ADKNW U L& WHHEIH RV XHF
DWWUDFWLQJ IRUFHV EHODQFL HSW GRMERIH FHCH
VXP Rl UHSXOVLYH IRUFHV UHODWLYH WR WKH

™ \DW W U DIFRANEQH)

LQ WKH2JDWOWIKH JUDYWWsHEBDIQ/Z FH@HVWLDO E
LQ RUELWV LQYHUVHO\ IS RSRAFX URQDEF RK G D
ODZ Rl FRQVHUYDPDMQ WKHQRUBH RI WKLV J
EHFDXVHDRIWWIOHWLRQ RI RUELWLQJ ERGLHV V
FOXVWHUYV

IQ WKH DMWRMMKH JUDYLW\ NRUFGE RE EHRFCDX\
DWWUDFWLRQ IRUFH RI RSSRVLWH FKDUJHV
FRQQHFWLRQ IRUFH Rl WKH 6LDPHVH FRQWDFW
WKH YDOXH RI FKDUJHV LV SURSRUWLRQDO WF
WKH FKD UJIH HLPYY R W H U D FW L R QV RIQ BVLLVIRIUD\Y LD/\C
VWUHDP IURP WKH %+ &HQWULIXJDO IRUFH \
URWDWLRQ IUHTXHQF\

™ UHSXO0RUAH

LQ WKH2JDOW[WKH DQWLJIUDY LW \W RKMHEEHF LRQ JV
JUDW\ EHWZEHH@® QG JORZLQJ VWAKLE K ADWNGX]
EHFDXNE@HJIJ\ UDGLDWLRQ

LQ WKH2RWRWPK/H UHSXOVLYH IRUFH RI ELVHUYV
R ZKLEK PDQLIHVWHG FIRP SRRH/ORBQHDQG UH
FRPBWVLRQ DWHKEH®XOF BUSHIRWRQIV PDVV DQG
WLPH RI WKH TXDUNVY DFWLRQ

7KH GHWDLOHG HfBXDODLERRH RIQI RUGEHRIHQ DW
3(QHUDQG )RUGHIMAWL QISR P)LIXUH L@HFWLRQ
*HRPHWXDBWXFEKD QLEGKO R4\ GWKRIHVRP, Q WKD
HTXDWL'R QHE KBIRUFHYRMW NKRZQ EHFDXVH LW F
IRUFHV ZKLFK DFW RQO\ LQ WKH ORDGHG DWR



([SHULP QDY WURV\QFKURJUDYLWURQ

7TKEBVWURVI\QFKURJIXKXDH. WURY GHVLJIJQHG IRU GHYV
DQWLJUDYLW\ DQG MBI RYHDHIRWRNY RSB\ RI (DUWK

JLIXUH $VWURV\QF KU RFPKDWEHWR IRU LQVWDOOLQ.
PHDVXULQJ DQG DVWUR G KMUFDHON L & WSBXERH 6 VY L
J\URVFRSLF2 RDQWHY SXMIWHU FRBKPK SUHVVXUH S
WR/KHEHWRQDWLRIJWKMHV\QFR Y RWXIRKP S 2

UHPRYDEOH PHDVXULQJ GHYLFHV GHWHFWRUV V
DQG DVWURQRPLFDO LQVWUKPRIRQWY IRU LQVWDOC

$VWURVIQFKURJUD Y EPWWURQ IWR FFKDIREJHWP RX QWL Q.
VIQFKURWURQ )LIXUHDQGZVWXUGHWHAWRDWY LWDYV
UHPRYDEOH UHVHDUFK LQMWWRRPGWWE DQG. GH Y K
URRP RQ J\URVFRSLF KLQJHV WR GLUHFW WK}
VSDFH DQG IRU DXWIRBDWHFRBEMBFWNNVQILQ WKH VN
(DUWK ,Q WKH VSKHULFDYDBRRP FROQ Hi MY IK@IIKD_W |
SHISORWIRRK@G WKRXJK WKH VIQFKURWURQ DQG G
RZQ KHUPHWLF YDFXXP KRXVLQJV 7K$&SDDWVURWYMQ
VIQFKURJUDYLWDDR® VEXNWHHFWRUYUDYLW\ DQG DQV



$Q LPSXOVH RI D GLUHFWHG JUDWKERPFP ZDWIHVE R
WZR VIQFKURQRXV LPBWIWUHRF BREQ@IWIYRY\RI PLC
RI DOWLUBBXIBMAIWHSDUDWLREHRIJRDWVHYV

JLIXUHFKHPH RI FRPSRVLWLRQ RI WKH JUDYL

*UDYLW\ DQG DQWLJUDYLW\ ZDYHV DUH LQWHL
SURSHUW\ RI HOHFWURPDJQHWPKS OADYHWYWV LRI
UHFHLYQUVKH RVEHUR MMM WEKVMQWHUPHGLDWH |
UHVXOW LW IAD WRKWLEDMUWRHO\ ZHDN Q@I F
GLVWDQFHV W LV SRVVLEOH E\ WKHRVDFAHD S L
JUDYLW\ DQG DQWLJUDYLW\ ARYHY¥RKWU FHRW SO
GHWHFWRUV RI JUDYLWUH QG DQWLJUDYLW\ )L

JLIXUHBPSOLILHU RI DQWLJUDYLW\ Z

7KH DQWLJUDYLWW KHHURWY IIVLRWR WKH GHW

DPSIOADWLRQSPSOLILFDWLRQ RIHW KK DUJAFRIEE\O |
WKH VDPH ZD\

6\QFKURJUDYLWUREXLXRWXDHFRUGLQJ WR WKH
6\QFKURQRXV LPSXOVHV RI JUDYLW\ DQG DQWI
D WRUXYV Z KULG RARRWP E X U MKMIRRE H U ZKHQ WKH
DLU RU KHOLXPDWRRD PKRHUMH 7SKUHHYXYXKH H[SDQG
FUHDWHG LOFROAX{P Q@DWMHXYWBNLQJ LQGLYLGXDO



FDPHUDV IRU FRQQHFWLRQ D QIgVG D\SFRQUMHAMALR Q
DGYLVDEOHVEKHED X RWORMHLU VIQFKURQL]DWLRQ

JLIXUH 2 FRPEXVWLRQ ZFWBBENMWUR QD W L2QEIL ¥ YARHD
ZLWK PDV¥I@®RDWLQJ F\OLQGHU XA WK IRV VY HRV XU
IORDWIQ@WHB\WMR LWV RULINARDWLYRVREWLRQGHU ZLW
2]LIDWRU RI WKH EORFN? FRIQWKD WEKHUPDMVKPG H W |
PHDVXULQJ LQYWHYPHQYWKN YDFXXRXWAMIMOWR YDF
SXPS

+RZGRHV WEHKYRWUR Q [ZHKHW IFRIHDWLQJ LPSXC
GLUHFWHG JUDYLW\ ZDYHV" ,Q WKH KRXVLQJ Y
WKH H[SDQGLQJ JDV DIWHU H[SORVLRQ RI WKH W
LPSXOVHO\ SXVKHV SLVAKREOK \ZILRXXKADAGHARDMAO
P DQG UHPRNMW P,PSXOVH FRQQHFWLRR@GRAR PDV\
FDXVHV DQ LPSXOVH RI JUDYLW\ DQGDIQFREYOVH V
FDXVHV DQ DQW L2 WHKDMNW\DW P®/X OO/GIG DQWLJUDYL
DSSHDU VLPXOWRMDUBRKYOW\ 7TKWWHFWRU RU PHDVX
SODFHRQWD VDKW DYLW\ LPSXOVH GLUHFWHG IUR|
PP P WR WKH LQFUHDPV LWXIVKBWVE\WP 7KH SHUFXV\
WHDULQJIDRP\UH D KK W H D U LGH WSIE BRHBGEM K HR |
HODVWLF GHIRUPDWLRQ RI WKH IORDWLQJ F\OL(
SLVWRQ IRU FRPSMQGHBWDRRQ MLWPW RIOKQWNU E
P 7KH JUDYLW\ DQG DQWLJDDW IOW ¥ KD MWK DHIHHG V
FRQWDLQHUYV OHQJWK LV VPDOO 7KHUHIRUH WR
DQG GLVFRQQHFWLRQ RI PDVVHV LW iSND \Q\HLFQHV V D
VSHHG RI HODVWLF GHIRUPDWLRQ ZDYH DORQJ



DFFXUDWHOW KB®BRO RYWW YV WULSRLGIVMXWRU HJ
DLU SLVWRQV UHWXUQ WKH IORDWLQJ F\OLQG

2Q WKH V\QFKURJISBRYVWE®® WR FUHDWH

fPSXOVHV Rl WKH VIQFKURQRXV DGGHG JUD"

fIIPSXOVHWKR JUDYLW\ ZDYHV DRIGNBIREW PDVV

fPSXOVHV Rl WKH DQWLJUDYLW\QTDRHV ZLW

7KH EDVLF UHTXLUHPHQWYV IRU GHVLJQLQJ F
SRVVLEOH PDVVHV DQG YHORFLW\ RI VWVURMNWA
FHQW HVUW PKWER QRUI] VWY IURRGS MR WIHF®/ LRQ IURP HC
OLIKWWG UDGLR HPLVVLRQV

JLIXUH 6RXUFH RIQROMFKXHWRQRXV LPSXOVHV
DQWLJUWDWROWH QRIS XW RI FRQWUVRDOMG KR® WL

$Q LPSXOVH RI WKH HOHFWULF FXUUHQW®GLQ
P WR WKH ULJKW WWKEHNPN VAL W K WHOB\R [RP'S X0 V
JUDYLW\ DQG WKH FPPLQI RII 1URPFWKBWRI
DQWUDYLW\ LPSXOVEH WIOH KPHDGAHJRBHIN KLWV P
7KH LPSXOVHV RI ZDYHV FDQ EHEB O WHQ\Y DAV K E
WKH VROHQRLGV ,PSXOVHV RI JUDYLW\ DQG
DPSOLILHUV RI WKH ZD\SHW D)W BOU HE\ VIQFKUR
RWKHU VRXUFHV Rl LPSXOVHYV



JLIXUHRXUFH RI VIQFKURQRXV LPSXOVHWORIWUDY
VROHQGRLG KW VROUHRRBWDWRROOHWMEMVRIKHU RI W
HOHFWUL B LRKHRMHERY S GCOIPHDV XULQJ LQVWUXPHQW
DQG LQGLFDWRUV RI JUBDMEMAN B/GRGWIKGWYLE BXOXR V8 X |

7KH HQJLQH FRQVLVWLQJ RI URWRU DQG VW
GHYLFH DQG VROHQRLGV D @® HRXMD V ZLKH KD
FXUUHQW FRPLQJ WR WKHEHRVAROHEMRRAZK H W R U RXKIHK F
GLUHFWLRQ GLYD®IYVFAPQEVHROPQRLG DQRRE®QHFW!
$IWBKIDWXW®EH OHIW GHYLFH LV IRXQG RQ WKH SO
WH PDVVHV DUH VHSDR QI VH R XIEGRWY K\ KUHL SO F H
GHYLFH DQG WKH PDVVHV DUH FRQQHFWHG 7KH L
URWDWLRQ IUHTXHQF\ Rl WKH HQJLQH

JLIXUH'HWHFWRU RI DQWLJUPDEWDQMPISGOWD Y LW\
HQJLGHORD>PWDWHU RU PHUBXW\ EHDP2 WRXQEIDJ
PLUURUQGLFDWRU RI EHEPYSCGHRWIFRQ SLHBHV
OHDG SLQ SPMPMM.SOH WR URKIGDOHWREORSD T
FDVH SURWHFWRU IURP DLU FXUUHQ@WKD QOHIKW
EUDFNHW



,Q WKH GHW MFHMRYFUAKRIWHHE DFWLRQ RI DQWI
WKHOHFWURPDJQHWLF ILHOG ODQLIHVWDWLRQ
W KK S RW KWHNDIW HOHFWULF FKDHIKDM H VY DFKH. RIQ| 1R
SDUWLFOHV ELVHUV DQG DQWLJUDYLW\ HQHU

7KH DQWLJUDYLW\ GHWHFWRU LV DQGRFWVYY |
ZLWK OHDG SLQV DQG D WRURLGDW DPXOWUS
LQ SDLUV DQG URWDWH LQ RSSRVLWH GLUHFW
RI WKH SLQVY PDVV FUHDWH LPSXOVHV RI JUL
GLVNNKH SLQV V RAWW 8 G 7\ R UKD RWUHD YZKRHQL P
RRFXUY RQH SDYDN@RQWLJIUD Y LRWAF XRII/X DY HF X FIKR'
LPSXOVHV DUH FRPBRVHEFWHBDWIINLW\ ZDY}
WKURXJK WKH FDEOHYVVEIONHEMQUIL F NI H RAADN
ZDYHV ,QWHUDFWLRQ RI WKHVH ZDYHV ZL\
DPSOIELWGEKHQHIXUH WXUQV WKH DQWHQQ
ZKLFK LV IL[HG RQ WKH LQGLFDWRU DQG LV
ZDYHV FDWQHEMDMBE EMUHQFH Rl WKH GHYLEWS]V
ZDYH WWUHQ U MDRG MQKHD U UDKWAL WM RZ VKK 1B H3 WW H F
DOORZV H[SHUZLRHQWDWHEBQW YDULDQWV RI
FUDWLQJ LQ WKH FDEOH FRQWUDU\ DQG SDV
IUHTXHQFLHV 7KHR®HWREWRQDOHEPWNFWURPD
7KHUHIRUH WKH DQWHQQD SO R HBKLRQVWRKW \K H
OLJKW UDGLRQGDIELWD WRRAFNHQW



&RQF O XV LRRWWX@® W H V

FODWWHU FRQDMWWN RAXIBEADNDQBH H[LVWV E\ .
HOQHWIG IXQFWLRQV DFFRUGLQJ WR WKH ODZV |
f0DVV DQHUDWH WZR VWDWHYV RI PDWWHU 7KHL
HQHUJ\ WKHUH LV QR HQHULV ZNAKHKRDOWBRD VYV 0
IRUPX D \RIWIWHRFS ODWWHU L VWPKHIRIXIDWW H/GUB\Q V L W
WKHVH WZR VWDWEWPHMR WDE K SFO/GRKEHLF AN R KPD WV
SDUWNFOKWHKKY WUDQVLWLRQ RFFXWHKYY) GEDDIQHN X H(

I[UHTXPHQF\ %o X o LVWMVY VIXEVUOWDYQE®RD LQ WKH PD)

LWXSHUKR®G®WDQIGQ WKH HQHUJ\ RBVVOSHWIOXW
YDFEXXP

1,0 WKMLYHVWH XFWXUH DQG PRYHPHQWV RI D
SK\WLFDO SKHQRPHQDOHFWURMDJCHYWG.EH WHKHOLEV
LQWHUDFWLRQV DUHXDBQWKPHWHKDQR®XOVHRQ RI \
LPSXOMWRQDQW

$4XDQWL]DWLRQ RI MWHKHE QD MLWL\WRHPGX OV H
ILHOGYTV HQHUJ\ WR 3D WLHADLOMWD RDTRDIGAD HD W L R Q
JUDYLW)\ ILHOG DQG LQWHUDFWLRQ R\ TNK®KQML]H C
XVLQJ TXDQWXP DQG F GDMDLFW OR IP PHFIK@IQAVF D O
FRPSUHVVLQJ D FORW RI HQHUJ\ E\ WKH 3DDQFN [
TXWQRI POVKW SDUWLFOH KDYERQUBONOBR W RRQV W |
HQHUV\JUDYLWRBIW HPG®N® &H\FWYH W D W H

t*UDYLWRQ LV WKH HOHPHQWDU\ SDUWLFOH RI
JUDYLW)\, KDHVODB \DSK HRWP Rl GLDPHWHU HTXDO WR
V 30 % Ry 1 U D YLLW W @R SDLQVLFOH

$*UDYLW\ ILHOG X\OKHHRWEWIMY HONMW LW\ ILHOG L\
VSDFH RQMWKHOWOHG ZLWK JUDYLWRQV DRSXOVH P
WKH VSDFH KIPYPLHWULFSWHWUDKHGUDO FU\WWDOO
30DQFN I8HTXH QK ¥wu

$t*HRPHWULF VSDWLDIOV VIX SIHHRP\WPWHWR\IRUPD W |
OLPLWHG VSKHULFDO VSDORED FANRHG/ LWSKIHUIH R RG |
GLDPHWHU DQGKHIRSHOWK MASKHUH DWW IFRKEW D E QY H
VSKHUHV 7KH FRQWDPWJBRDQWSODIGHR @RI VXSHU
FRQWDFW SRLQW\R RZK LFIHK FROMK@@ HQHY RI PXW X
LQWHUVHFWLRQ RI WKH SE@D@N\SDRUP & HWZ B HQRI
DQG DUH LQWHU YV HFW W& H. G HRQWH B RAEKQWIKKHYH/IS K H |
SODQHV DUH LQWHUVHFWHG LQ RQH SRWQVQRTKH S
FKDQJHG LQ ORRNLQJ DW WKH PSIKHUH ISSRPDP @ WE
DOO WKH SODQHV DUH V\PPHWULF DQG WKH \
VXSHUV\PPHWU\ LV WKH PDLQ LQVWUXPHQW IRU
XQLYBQBHWKH UHDVRQV RI WKH PDWWHUYV H[LVW
ILHOGMIMESGRVRQO\ LQ WKH VXSHUV\PPHWULF VSDF



$*UDYLWRQV SHUFHLYH VWUHWFKLQJ DQG €
VSDWLDO VWUXFWEHBGVW ROQHFIXOWW BMKQY SUF
7KHUHIRUH LW LV DSSURSU DIMPD MW &/DVDGIDD] .
QHFNODFH

1, QILQLWSDEM WKH FRQGLWYLRQFRIRI WKH J
JUDYLW)\ ILHOG FDQ H[LVW RQO\ WJHRWK H QLFH LR
XQLYH¥NVHQWMYLW\ RQH QRWLRQ

t*UDYLWYEZHEMQ RIVIVRS/XOVH SXOOLQJ WKHVH
E\ QHFN@RABMPHQWDU\ IRUFH RI JUDYLW\ LV
DWWUDFWLRQ IRUFH EHWZHHQ WZR BRQWD FRWL
WKH DWWUDFWLRQ IRUFH EHWZHHQ WZR FR
)J 1V ,Q HDFK LPSXOVH RI JUDYLW
QHFNODFH LV UHGXFHG WR WKH Y DOKRQRIHF R
FRQVWDQWO\ E\:URKKM KM YSWOOV WKHVH PD
IJUHTXHQUD YLW\ LV W QYVQMARWOMIGH 30DQFN \
ZDYH RI LPSXOVH FKDQJLQJ RI WKH JUDYLW\ |
ERG\JV PDVVELVXIFUHDEYH JHYWILRRQY WRPS
E\ WKH VSHHEW )RU H[DPB R/ BWWHK K PRRM EH
IDIO@D FHOHYVVRIQDAD K RVBSH DHRI WIKIIDYLW\ EHW ZH
DQG WKH ORRQ 7KH ZDYH RI WKLWKAKDQRIQ J
W F NP NP V Vv

$7KHOHPHQWDU\ SDUWLFE&D\RIJBDWMWHRR TV G
%LVHU ZDV IRUPHG DW WKH EHJLQQLQJ RI WKI
PDVV PDWWHU FLXYGKOBRMMRQ KOQ VWKXS HWKD L
FRPSUHVVHG VWDWH DQG NUSHMUWHKQGH®\ V
DOWHUQDWLQJ E\ |KMWEXNZH®RAL\PHY OHVV WKDQ V
IUHTXHQF\ %LVHUYV GLDPHWHU LV HTXDO WR
E\ JUDYLW\ HQHUJ\ REWDLQLQJ ZEXMK NXRIF WK
LQGHSHQGHQWO\ RI W K HW K/RKKSHH U ILOMXUBYT VY WD M\H
WZWLPHV PRUH WKDQ WKW KHISNUWRQ®SVVW DR
ELVHDO®O PDWHUDDE PRELEBY LQ WKH HQYLURQ
WKH SXOVLQJ VXSHUV\PPHW UK LFIUH D WHVDIGH. Q/F
UHDFKLQJ OLJKWYV VSHHG ZLWKRXW DQ\ UHVL
RFFXUV LQ WKH VXSHUIOXLG YDFXXP VWDWH
LQ WKH VXSHUIOXLG DQG VXSHUKDUG VWDWI
PDWWHUYTV H[LVWHQFH

T (BIFWULFLVKBVKIH HITHFW RI LOQWHUDFWLRQ
DQWLJUDYLW\ HQ MUSN+ YOHFNDWPR FDRIEM W KH ILLHHG
WKH PRYLQJ FKDUJHG ELVHUV L\HKIFR\OWRRDJ R F
FKDUJHG PDV\KHNO LRV KQWRNMODFHY &KDUJH DQ
RFFXQIBMDYHG RQO\ LQ WKH URWDWLQJ DWRP

$7KH\GKURJHQLD VOIRPU JD QL] V\GHIOB GODWLQJ SD
PDWWHU ZKLFK FRQYHUWYV D Q\WW RPDFRVDY HQ
SURWRMHXWDRRPHOHFBUWRQPRQ DQG QBXROURBRRZ
VSKHULFDO VKDS B X\HUKVW KB O/ RYMHD HE MWHRIY



VSKHULFDO FRQJORPHUDWH RI VXSHUV\PPHW
DUFMRQQHKWHBIFEHH FRQWDFW HEABPWRAGQ DOGROYH
VLQJOH ZKROH V\WWHP DQGDVERKKQWR ER XD Y LW
HOHFWURPDJQHWLF DQGF IFHRPWR £IGUROH QR UDRWR/P
UHSUHVHQWY D GLVN URW@WLRRQBAL MMITXHAF\FRQ
ULQJV Rl HOHFWURPDJQHWYFWMK H GHEOH FVKBIRR O W @I
WKH URWDWLQJ HO HRMKRIQ 1) QEKD WKHD JILHOG RI
SURWRQV FKBHLEW U R QOURRYDIEWLIHN W FHRYW FKID KIH
7KH PDVVHV Rl WKHDSQUERWBBF\QUIR® DRI WKH VDP
SURWRQ LV HDVWMUBWRDXVH Rl WKH 3LPOWRY HD BRQ
QHXWURQ LQ WK H O-DFWDIRIOKRRRE WK HGKWMR WKH
HOHFWOHFQVURQ KDV FRQVWDQW GLDPHWHU ,W U
IUHH DWRP 4XDUNV Rl WXFDSUR WRWG fIQIBQGERWW U
WKW RP TV | X QFOMIERQILRQY URW DMGH YDDIYQD Y WIMR R U E L
+\GURJHQ DWRPXGQRVXH VSAHREBQWEHVLQ WKUHH \
FRPSUHVWHEQWQ DULRM+ RUHH LQ WHKGGYRQGWHG L
FKHPLFDO HOHPHQWMS HW KDY BIDQGMVKEBEEL W\ WR
VHOHFWLYHO\ FRQQHFWHZHW& REW KOHDUN Bl WARLE W XEU) |
FREWD WR FRQQHFW ZLWK RWKHU SURWRQV DQC
DQWR FKWIRHROHY Rl SURWRQ DQG QHXWURQ GHSF
WKH QRED®HG DWRPV RI FK# B8 URDE D WRRGPDD O HV
DWRRDPIXQLTXH GEHRWUWRDWLQJ DELOLW\ 7KH UH
K\GURJHQVDWRP

$+$WRPV RI DOO FKHBUFDE@XMOMREEWYDWLRQ R
K\GURJHQ DWRPVY FRPSRXQGV 7KH QXFPHEHD ®I K\
HOHPHQW LV HTXDO WR BMWLRGGE DOWMHPPEHU LQ

+ 7KH PD[LPXP GHQVEWR RI RDNWVWEWY WKH
VXEVWDQFH RI %+V QHXWURQ VWDUV FRPSUHV\
VXSHUV\PPHWULF WHW U D KHRRIDV. VAL QW 0RO OQ B XW
GLDPHWHU % WKH HOHFWURQYfV RXWHU GLDPH!
ZLWK WKH GLVWDQFHY% HW ZH%R? GDVHHUWM YV BLDPHW

$*DODYY WKH HOHPH QXML HIK/HID HR U MWBEHE W [RQ J F
HQHBDWVY PDWWHU FLUFXODWLRQ RFFXU %ODFN
RI WKHIPWOIROXWLRQ F\FOHUFY®BWDR® [FYWOH FRC
FRQWUDFWLRQ DQG H[SDQVLRQ SHULRGV ,Q WK
ERGLHV DPXIODDFHREE LQ WKH FHQWHU RI WKH JDO
ERGDEODRKROH ,Q WKH H[SDQVLRQ SHULRG DV V
SH[SOR\ELRWHOHDVLQJ D QW LIHNDYLRBDNE MER R DHXG
WKH EXLOGLQJ PDWHULDO CGRO[MHOHVWODO ERGLY
IRUPHG VWDDQYRGE GD@MBMMQLY XS SRENCHBN LIJUDY LW
HQHUJ\ E\ WKBIVNQBUXJ\IURP WKH %+ 7KH JDODI\Y
ZKHQ WKH ODVW ZDYH RI DQWLJUD YUWRAHQHIRIR D
WKW+ LQ PLOOLDUGVWRH\HERUWGHWWHDRI WKH JDOD
DFFHOHUDWHG FRQ\WUDVFWERQLEOWOH RI WKH



$17KKQLYHUWHKH LQILQLWH VSDFH ILOOHG E!
PXOWLOHYMH®RUBWURI WKH ILUVW RDGBU *WK
OLON\ :DV WKH VWDU V\VWHP FRQV D\QEGBHY R QY |
DURXQG WKHLU FHQWHUV DURXQG WKHLU %+
WKRXVDQGYV " JDODI[LIBVWAWYROYHWD BURX Q
ZLWK WKH SRWHQWLDO HQHUJ\ HTXLYDOKQW
WSHUJDODFWLR FRRMWMW QJ RI WKRXVDBQGYV
UHYROYHV DURXQG WKH &*),,, ZLWK WKKHSWR R\
PDVV RV XSHIN FQ X V KHH WXCS\HW F O X VW H K/ L Y KRHWGHPU |
*FKDMWWSKHULFDO IRUP 'RL VAL RNV HB W DMIFEGO 7
XQLYHURMHUH DUH LQILQLWRFQUQREHWUWWKRIN VXE &
LQILQLWH V SOFIHY RU\GH KRUP VXSHUV\PPHWHW LF
ADPHWHUXRLWHINH V ,Q WRHX®LYWUMWHUQI
UHSHDWHG F\FRIMWVR P B QMM F L UF XRECDOAREERE) R
EDQKDSSHQV ZLWKRXW H[SORVLRQ IRUPDWLR
RXW RI ELVHUV DQG DWRPV RFFXUV RQ WKH
VLPXOWDQHRXVO\

1&DUERQ SKR¥E DEBRGHHIBF@WD SKHQFRUG ,W
VLWKUHDGV RI RQH DW R PKWHLH[ND J R/ & Bl OJ WIXFEKKHD
ZLWK WKH GLDPHWHUWowWR 3V HKLMHPSHUDW
VXSHUFRQGEFIWRWD RDUHWR 7KHVH SURSHUWLI
WHPSHUDWXUH QRW OHVV WKDQ f& BAKHD
JUDSKHQFRUG FRQGHEMDPRQEG LW FDQ EH PDG
VOWHWPAKZQUWLQJ WKH PHOWHG JUDSKLWH WK
SUHVVXUH DQG W HWPISHE QX VDX URHX G QW LF GLD |
RI JUDSKLWH

$,Q DOO SUWRME D BIHEN P BG\DWHIUH G RIRW  HW V W
FQ EH H[SODLQHG E\ WKH ODZV RI JUDYLW\ DQ
WKH ODZ RI FRQVHEPDDW L RRU RV XHFEHW[BOD QD W L
WR VWXG\ WKH G\QDPLFV RI FKDQJLQJ RI WKF
DQG WKH G\QDPLOY RI WKDIQFHOHVWLDO ERC
H[SDQGLQJ DQG FRQWUDFWLQJ JDOD[\ ,Q WKF
%+ GHFUHDVHV IURP PD[LPXP HTXDO WR WKH
EHFDXVH RD S RYDUWDICR@WLRQ RI KYGRIRWKE FRD
ERGLHV DUH LQFUHDVHG LQ SURSRUWLRQ WR \
RI FRQVHUYDWLRQVWDXVQHEVBEGLPHQWDWLRQ
SHYDSRUDRILRVXWH FKHPLRIR® HAOKHP HFGMOW VW LD C
SRWHO@HDD LV FRQYHUWHG LQWR NLQHWLF }
EHOW Ri DBEPBOHUDW L2REHRL Q\R WIBMURIQFRP S OH
RI WKW %3 WKH FRQWUDFWLQJ JDOD[\ EHFDXV
HQHUJ\ |10 RZ4H RHROHEQYV DQG SURWRQV RI FKHF
ORVH FKDUJHV VWR S RPBEWEWLRJIODREQ YO H'
ERGLWWHOODU E O DB RSO WQEIDRMNR KR O HV
GR QRW HPLW HOHFWURPRQ@HMEW U@X UDYD R
GDUBROD[\ '* ZKHUH JWIKWHUMIREMOWH W R QW U D



DFFHOHUDWLQJ .LQHWLF HQHUJ\ LV FRQYHUWHG
RI WKH GDUN FHOHVWLDO ERGLHV HQGV E\ WKHL
FHQWHU RI WKH IXWXUH JDOD[\ ,Q WKW KBW WKH
ZKWKH\ DUH VR EODFN

$+ ,W LV SRVVLEOH WR FUHDWH H[SHULPHQWD
DQWL JUDYLW\ HQHUJ\ E\ DGGLQJ WZR 2V\QFKUR
DWWUQF E\ FRPSRVLWLRQ RI WKH PBYXO@VLYDH GE
VHSDUDWLRQ RI WKH PDQWPISXOWVHH HGHUB\FWRIO\ S
WWRIDOXH RI PDVVHVY DQG WKH VSHHG RI DGGLWLF

t /LJKW WKH HOHFWURGDOQHWUYH \FIR@IALRMW L
HOHFWWRAD JEB QWYV RI HQNDIW KEKRRBEXVFXODU
FKDUDFWHU RLWA\SUHDGEUIWHG E\ KRW DIDRRBV D
QHFNOP BRWIRQ WKH HOHWHBROGH RI SOLUKW DQG Kt
3KRWRQYJV IWQBHUFHLYHG E\ WIOHB\ W NIV WKH OL
ZDUPWK 7KH SKRWRQTYVTWXMWNKDHHWQHWIGLD W I
K\GURJHQ DWRP IRU DWRPJV RQH UHYROXWLRQ D
RQ LWV RUELW WKDW MyuWTXRBD WRWODNLQJ DWRI
VLQXVRLGDO ZDYHV FRQVLVWLQJ RI ZDYHV IRUF
HOHFWURQ )UHTXHQF\ RI WKH ZDYH LV HTXDO W
DWRP DPSOLWXGH RI WKH ZDYH LV HTXDO WR Wt
WKHPERBO HOHPHQW KDV LWV FRQWW DRRWQ VR
IUHTXHQF\ FRORU LQ WKH VRODU VSHFWUXP
IUHTXH@F\ W +] QP ZDYHWKQIWKN URWDWLF
IUHTXHQF\ Rl WKH KAGURJ# @ DZDR'MHTY DPSOLW)

% G DWRPJV GLDPHWHU 7KH ZDYH RI W

LPSXOVHV WK WRBX)JJHD GEKONMMFIHYI E\ 3 G DA NV KHH T)
VSHHG RI OLAK\WA%

$9DFXXP 7KHUH DUH WZR W\SHV RI YDFXXP D
TXDQWWPRVSKHULF FRMPWKH DEXWRLFLDO UDUHI
WKH DWPRVSKHULF DLU LQ D YHVVWQF S\ RRWXHKIHL
WKH DLU FROXPQ IRUPHG E\ (DUWKfV JUDYLW\
GHFUHDVHV ZLWK DOWLWXGH DQG D VDFARY BLFW LW
PD[LPXP YDIKODXQRXP YLINFWXPRNVWRWHUDYLW\ ILH
PDWWBGBWKH UHVXOW RI DGGLWLRQ RI WKH LP
JUDYLWRQVY HQYLURQPHQW VXSHUV\PPHWULF FL
IUHTXHQF\ DQG PDWWHUTV SRD®OFQFN EUVANH G
AXDQWXP YDFXXP SXOVDWHYV BV I3 CGIDURAN RU KVTKHH @ F
YDFXXP2 \ZWDSIXIDVDWH ®VQMKU RGRIXMUHTXHQF\ RI W
ILHOVKHUHIRUH ZH VHH XK BUB/OERW R SXW KMWDRAHL Q J
FRVPLF YDFXXP VWDWH 7KH SXOVDWLQJ GHQVH
RRFXU DW WW8H WA BHREKHQ ZH RXUVHOYHV DQG (|
VWDQWG JDOD[LHV DUH & Q@ KMIQHZHD B X K PQWRWD W H

1$00 URWDWLQJ FH M@HYDIWL DG WNVIRH PV KDY H



$15DGLRDFWLYLW\ RI WKW/ RKKIPLFDMDHFHRDQ
WKH K\GURJHQ DQG KHOLXP PBRRVIQRERBR®JIW
DWRPV ZLWK ODUJH PDVV DWWUDFW DWRPV Z
RQO\ LQ H[SDQGLQJ JDODJ[\

17KH 6XQ VWDUV SODQBWS DO O WRKN KMKIH FOHF
ZHUKMPRG RXW RI FWHIUPHIQWNDRPXOP X RBDMAHG RQ
OD\HU Rl WKHWEI GHUEIQIJFRQWUDFWLRQ LQ W
HQHBDWVV FLUFXODWLRQ $W WKH EHJLQQLQJ |
XQGWHKMIOXHQFH RILY GMVWDRLWG DQG WKH I
LQWR VSDFH

17KH WIQKFPRIBDFWRYWDUV W RERENQROW WDKUH
K\GURJHQ KRR P Q X VKR JIHQ RI6WBRH WRREHQLIHQ W
H[SDQGLQJ LU & R[Q WWKHR DR RMRW

1,0 WKH VREBMLNVENGHVWLBIDER KIRHOHV QHX
DQG VR WRIQQXFROHDU UHDFWLRQ LV DEVWMQW
| P {WJ BIQBKNHHPSHUDWXUH

1$00 FRVPLF ERGLWNDNIHWKKH VDPH FKHPLFD

$1(DUWK DQG DOO W K® FIHHQNWIRID @ GRLELHN W
JDODI[[$D QMLHRRD X WK R IFRQVWDQW IRUPDWLRQ
RXW Rl K\GURJHQ D QB HIFIROWIEFRYV R X A/ VBIXWHR/Z Q
RXW WRKUIDFH RI WKEH%WDRGBPHG LQ LQWHU
RXW RI K\GURJW® RRWILLRG LURP WWRS RJIDWK. (

" \HDUV PROEDXWMRRIDOOLQJ FRVPLF ERG

UHDVRQ RQ (DUWK WKH YROXPH RI ZDWHU DQ¢
GXVW VHGLPHQWYV E\ WKLFNQHRQWRRXVPR GS HI
LQFUHWNHQIKLFNQHVV R(IDW WH WU BUW IMWR P L(
7KH DUFKHRORA@YEBCEQP GHSWK $00 F HMHV W
FRYHUHG Z4S\DiF 6 SB\RETPE W D U G R WWQEKW M UV W HO O
WKHHPLFDO FRPSRVLWLRQ RI ZKLFK L\ DQRWK
DQG RQ RWKHU FHOHVWLDO ERGLHV 7KLV FR
KRE&H DSRUDMEHWKDW WKH FHOHVWLDO ERGLHYV

(DWKJV LQFUHDVLQJ IURP LQVLGH DQGWAHOHLP
DFWLYLW)\ RJVWKHM R OLREDQERSDW W K KBNS OD\H U
WKH PHOWHG FKHFLEQ @ GI@ WMPHQWR/E HAA\W RD @ K&
DUH PR UKHWHKDJQVYL @V KW RPNPR F XQ GIHDH P 1§ QOK\VH
VWDWLF SUHVVXUH RI WKH RYHUO\LQJ URFNV
WU\LQJ WR PDLQWDLQ WKH FRQVWDQF\ RI WKF
HQHUJ\ KHDW XS

1% HFDPOVHN KTV PRVVLQAUHDVLQJIDWH HRERG O
PRYLQJ DSDUW RI FRQWLQHQWY HDDQ®& TWIKN
SGHHSHRMQEHGGLQJ RI FRDO DQG RW K HUU OB X
VXUIDFHSURFDUERQDMXVDOVJIDV RLO PHWKE
IRUPHG LQ WKH HQW DWFEXY XEID WBRIRIRHO IDNHG U L
LPSHUPHDEOH EHGVD QRWNXUDQ@LEDRUKDIRQF ,Q
ZDUP RLOIGBRRPAMVOVUDQJH FUHDWXUHY DUH RE



ZKLFK VRRQ GIHHPI®EIDWYROQQYH®W KLYDRLDV QRW
DFFXPXODWHG LQ VXSHUILWWLBIOX S R G RIKR/QWRMH-D QW0
DWPRVSKHUH 7KDW FDQ BH ® BAHDUKRHGEHR/IDO WLKVH QFF
UHQHZHG KRZHYHU RAHMWWRBHRYCGVMWMW® DQG D
$/LIH LV FRQFHLYHG RQ SODQHWYV DQG QRW WUDQ

$7KH JLDQW DQLPDOV DQG SODQW\H GURZEHHDU
(DUBMKFDXWKHRUDSLG JURZWK RI (DUWKYV JUDYLW)
(DUWK WKHUH KDV EHHQ D KHDY\ IUHTXHQW IDOO
RI WKH HQHUJ\ IURP WKH %+ WKHUHIRUBQI®RP W
WKH ROLRDV ZDUPHU $GDSWDWLRQ RI DQLPDWH
HQYLURQPHQWDO FRQGLWLRQV 2RR RUHWIOHRZPH RIKF
FKDQJLQJ RI WKH HQY LURR BBHRMW  QWRES HPDIPX\R X V
ZHLJKW IHHOV PRUH FRPMRBWB E O/HK RV K B © HW KBIX R I
LV WKH RQO\ FDXVH R+ RPDQRIQ JEH 5 R REE IVEVD\D O
WR WKH LQFUHDVLQJ (DUWKYJVY DWWUDFWLQJ

17KH FRWZMDLFGHUWMKM VPDOO FHOHVWLDO ERGLH
IURP PLOOLPHWHU WRMUERXJREZHEWB/KW K TV VDWHO |
FDSWXUHG E\ LW IURP WKH VWU H EP DRFINI KRIAH QW
PLOOLDUG \HDUV DJR $W WKDW WLPH (DUWK ZDV
EODFN KROH EXW RI ODUJBQ GV LWH JEHREDNW K ERM JUF
IDOO RI WKHVH VD WH®G®HMHM RW WKHNOR2E8VWLDC
LQ MXOD[\ RQ WKH VDPH GLVWDQFH IURP WKH %+
VWDWQG VWDU VI\VWHPV LV HT7KLRY FRQRLOP\W DAUKH
RI WKHVH KHDYHQ®AHE RWLWKHWRPPH WLPH

$1/RQWHUP FOLPDWH FKDQJHV ZDALANBPEIXWODF
EHFDX¥KDRIJHV LQ WKH LQFRPH R FFIR@QW WIUWXOPWL MR
PDWHULDO KRGEH®RDAR KIREGHW UDWPD@®U EODFN |
$%@® LW LVWQR@WDYLW\ HQHUJ\ ZDYHV DUH DGGHF
JOREDO ZDBRP\EBR®RVHZDEHV Rl LQFUHDVHG DQWLJ
IURP WKMW R/ MHDWD/S RURWIROORQ WKH VXUIDFH R
FHQW U DAOK BYYHEY XV HDB B MIKUWD QFH RI D QHZ VOHHY'}
JDOD[LHV \HD LBH FDX/ HQRRU HDVLQJ WKH VS
SHYDSRUPMWWRE 6%+ RZLQJ WRVVHGRMHUQDWYJUD
DGGLWLRQ ZDUPLBBFDXVHKEHEHQRL QGGLWLRQD
DQWLJUDYLWQBQRDWHUL®®+IURP QHDUE\



'LYLQH ,QWH®RS WHWHDS\QURGIUVHTV (YRC

JQILQUIWVDY LW\ VWERWLY RXQUKNH FDISIREOFUHMWOQJ
RUJD QL NI X O IVQLEHOH U I H PDMQHIULDO V\VWH|
8QLYHUVH

*RGEUHDWHG W KH*UDHMLYQ2 BRMWAVVLRQHG LW
HQHUJ\ LQYHQWHG WKH PHWKRG RI PDNLQJ F
HQHWIQRBUHDWHG RXW REF*WEGD WV W IDWROW HAE BA/KRHD
ELVHU *RG ILOOHG KLV HRZQ Q@ MXK WKHQMW STXU
DOO WKH KHRYBQOI[LHRGMWDUV WKH 6XQ (DU
SOD@OQWRUHYHU OLQNHG DOO WKHVH SDUWLFO
7KHVH WKUHDGV QHY MWK HEAHH 3D URNIL GKOREE/D W R ¥
FRQGLWLROYLWHKHQDUWH EHWZHHQ SHRSOH EH
WKH 6XQ DQG VWDUV LQ ILUH LQ WKH FROG
RWKHU DQG ZKHQWEKHW HIQE B BW K®IP E G HP LGILWY MDD
D QRSL OUDG.IDR DKW URK XV  *RG P D GW KWV EVHR. QWK KW
ZRXOG OLYH WRZHWRFAK RVQMHOHYBI®HRSE KLV FR
VXSHUYLVLRQ

7KH QRI{R/G TV FUHDM RBVMHPEOH® GXWW RFO |
7KHWIRP KDV XQLTXHVEQRY D QWIS DARQUBRYQ VW D Q'
SHDWWR ZBRWRPVYYEBGHSHQGHQWO\ FRPPXQLFDW
XQLWGIG IRUP QWXQWMEVXVLQJ HQHUJ\ RI WKH
SURSHUWLHV Rl WKH DWRPV *RG PDQDJHG IRL
(DUWK DQG IRU 2 WEOIDQtRGJVHDUDVRQDEOH
QILQWMYLW\ HDFK RI KRIKRHYRIGS U UAMWHBDWRHKQ H
LV EHYW WMUKHQWHU RI *RGYTV DWWHQWLRQ

0DQ OLNH DQ\ RUJDQLF EUFPQWXXPH Q BMKRRW
VRXUFH Rl HQHUWR ODKMHHWEEHHDW FRQWBRD Q
FRQVWDHIWIRPXVW FRQRUWNQWORGEUHDG KR X\
FORWHKQGJVRFBQ EH H[WUDFWHG RQOVEYQ AOMA
SURGXFMRBQHKH RRRQN FBBIFKHOGUHQ JURZ IR
GZHOOLQHD @G D/ R RYQEUSDELOLWLHY DUH OLP
LQ FRPPXQLWLHV WR LQFUHDVH SMERIGXE WU YFLX
WKH VRLO WR SURGXFH \WRH R VIIRBREH WRRZ LDHBG F
WKHLU PKKBGUH®QY JHMHRSMDMLRQ RI

7KH FXOWLYDWLQJ DUHD RI (DUWK L{DOWKL
HYHU\ OLYLOLYRQG FERRIDRGXKIHUDHF HWWDLQ DU
GHFUHDVWMHZEWHDVLQJ RI WKH SRS XRDDBWKL\RD
UHSURGXFH KK PVHRIOW WRRDDAVE D Q Q R VWK LLSM\HMAW L E
ZLOWR UHSHRBXWEKHUHORIUWMHKIY SRSXODWLRQ
LQFUHDVLQJ DQG WKH DYHUDJH D WRHIH \SHH VR
GHFUHDVHG ,I WKH DUHD L\S RIHEWRS G HE 2 D®R@
ILIKW XRWHQDRFBSWXUH [RUHL XR OXRIR B \D R 0L



UHOLJLRQV WR DYHUW VXFK ILJK&RRD DIO/HR G HFR
SURYLGHG WHBHIRIRGXABLIQJ ZLWKRXW WDNLQJ LQ\
DQG IXWXUMK K HIDQALF L G H D RROWDFONY VLN HW,KH VD Pt
FRPHV WRHSWKRE®XFH \RXUVHOI 7KRX VKDOW QRW
KHDOR KLY R HSURGXFH \RXUVHOI LI \RX FDQ JUF
FKLOGUWRRXWDRD@J E\ \RXU RZQ ODERU RQ \RX!
WHUULMRODW MRKHGEY LQH FRPPDQGPHQWYVY OHDG!
EHWZHHQD IGRSIDG! VRFLBWR B ERWR & FDWDVWURSK



5HIHUHQFHYV

*UHHQH - ( 6FKZDU]H /|FKHU PLWWOHU
'LVVHQV BKD|IW

ODWWKHZ &X0DVD FRH DWUKN-O HY W X B B

BWHSKHQ $DANHOIWRILPRIIURB %BRODFN +RO
%DQWDP 'HOO

7KRUQH . 6 :LWWH®@®HQOREQERIWHGWRUL 0
3)ODFN %6EQHQFH +

$QHW B RAWFRFHBUROHQ $WRPV XQGHK\WLF@I L
SHYLHY /BIBAWHUV

3LFWXUH Rl WKH K\GURJHQ DWRP REMADLRW G
<XLFKL ,NXKDUD XVLQJ DOWEDQQLQJ PLFURVF
ZZZQHZVUX FRP

' *URVYAKERPLGHY RO X WHLEEDLPGEKQ WIDFO/

ZZZ HOHPHQW\ UX

, ,YDORMPD]LQRU QY LG HWRKHXF O HXV

ZZZ HOHPHQW\ UX

53 'HDQHH WORDID U %L@DWWDQW 7ULBLOY BXSH
%ODFN +ROHMDGMX WHIP -XO\

%ULDQ *UHHQH 7KH (OHJDQW 8QLYHUVH 6X:
DQG WKH 4XHVW IRU WK B Q@M EPDMWWHH 7 KHR U\



$XWKRUV

$1]DO ) =KGDQRY OLNKDLO $ =KGDQRY
-XQH )RUPHU VRIRRUNMUIESULO 3URJUDPPHU
81D 3HWUROHXP 5HVHD BFK $@VDMWWRK@WHQLYHUVLW\
(QJILHERQVWW¥EBWRUDQ )HGHUDWLRQ

OLNKDLO QR¥KGD JHOL[ 0 =KGDQRY
JHEUXDU\ 3URJUDPPHU 0D\ &KHPLVW
8ID $YLDWLRQ 8QLYHU¥DWKNL)U 6WDWH 8QLYHUVL\



