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Abstract

The escalating severity of the climate crisis, combined with information overload, hinders our ability to respond
as interdisciplinary researchers. In this thesis, I propose anticipatory designs for a novel platform aiming to reveal
information we already know in ways that facilitate dialogue between academic disciplines.

Iintroduce original contributions, including Semantic Forms (3D text-graph compositions), Query Iso-
morphs (dimensionally versatile graphlets), Ontological Semantic Network Summaries (to reveal ontological
frameworks), and the Terroir of Text and Graphs (topological analysis of the relationship between knowledge
artifacts and ecological place).

By modeling Query Isomorphs across Semantic Forms, Systemic Design methods, and Language Model vec-
tor graph renders, I demonstrate opportunities to use the versatility of visuospatial reasoning in conjunction with
Topological Data Analysis for information complexity management. The tools I present in this thesis comprise a
platform that would accelerate the synthesis of existing knowledge and extend the applicability of that knowledge

across disciplines.

KeEywoRbDs

visual epistemology, anticipatory design, Systemic Design, Sustainability Transitions, interdisciplinarity, trans-
disciplinarity, consilience, isomorphology, evidence synthesis, humanistic information design, Topological Data
Analysis, Systems Oriented Design, gigamapping, Systematic Combination, Language Models (LM), Large Lan-

guage Models (LLM), Small Language Models (SLM), Artificial Intelligence (AI)
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6'$v6\WWHPLF'HVLJQ $VVRFLDWLRQ
6'167v6\WWHPLF'HVLJQIRUBXVWDLQDELOLW\7UDQVLWLRQV
6'*v6XVWDLQDEOH ' HYHORSPHQW *RDOV

6), VBWUDWHJLF)RUHVLIJKWDQG,QQRYDWLRQPDVWHU{VSURJUDP
6*6 VBFKRRO RI*UDGXDWH 6WXGLHV

6,0,/(V6HPDQWLF ,QWHURSHUDELOLW\RIOHWDGDWDDQG ,QIRUPDWLF
V/IDEv6WUDWHJILF,QQRYDWLRQ /DE

[l



ILVW RI7DEOHYV

62'V6\WWHPV 2ULHQWHG 'HVLJQ
67v6XVWDLQDELOLW\7UDQVLWLRQV
67.$v6XVWDLQDELOLW\7UDQVLWLRQV .QRZOHGJH $FWLYDWLRQ
7&$v7RSRORJLFDO &DSWD $QDO\VLV

7'$v7RSRORJLFDO'DWD $QDO\VLV

77*v7IHUURLURI7H[WDQG *UDSKYV

81v8QLWHG 1IDWLRQV

81)&&& v 8QLWHG 1DWLRQV )UDPHZRUN &RQYHQWLRQRQ &OLPDWH &KD
9$/vI9LVXDO $QDO\WLFV /DE

[[L



QWL RSSUHVVLR(

, DPFRPPLWWHGWRIRVWHULQJHTXLWDEOHDQG MXVWDFDGHPLF GLV
DQRQG SUDFWLFHV 7KLVWKHVLVLQFOXGHVFULWLTXHVRIWHUPY WKDW
TXRWHWKHXVHRIWKHWHUPV3}EOLQGVSRWYV ~}EODFNER[$, ~DQG}V
SHWXDWLRQ ,DFNQRZOHGJHWKDW P\HIRUWVWRGLVPDQWOHKDUPIX
DUHDQLQFRPSOHWHZRUNLQ SURJUHVV $VVXFK ,ZHOFRPHRQJRLQJ
WRLPSURYLQIJWKHDQWL RSSUHVVLRQDQG QRQ YLROHQFHRIP\FRPP

[[LL



SUWLXFLDO ,QWHOOL

,DENQRZOHGJH XVLQJ$, WRROVIRUVXUIDFH OHYHO LPSURYHPHQWV R
LPSURYLQJUHDGDELOLW\ ,GLG QRW XVH$, WRROVWRDUULYHDWRU I
JHQHUDWH RUPRGLI\DQ\LPDJHV SUHVHQWHG LQ WKLV WKHVLV 7KH$,
LQJ$SVVLVWDQW &ODXGH 6RQQHW &KDW*37 7XUER iR PLQL F

3UR ,YHULXHGDQGHGLWHGP\PDQXVFULSWDQG WDNHIXO0O UHVSR

[[LLL



IDQG $SFNQRZOHG

, KRQRXUWKLVODQG ,KDYHEHHQ KRVWHGRQLWDVDUHIXJHH VHWW
LQUHODWLRQVKLS ZLWK WKLV SODFHORQJEHIRUHLW ZDV }GLVFRYHU
'LVKZLWK2QHG6SRRQ :DPSXP %HOW &RYHQDQW DQG WKHWHUULWRUN\F
I1DWLRQV WKHG6HQHFD DQGWKHOLVVLVVDXJDV RIWKH&UHGLWS5LYHL
ZKRDUHRIWKLYODQG DVZHOODVIJIJXHVWYV KHUHIURPDFURVV 7XUWO'

[[LY



SURIHVVLRQDO $FNOQF

6D AE%EARIEIqe... $...4cIEI]

&HQWUDO WR WKLV ZRUN{VGHYHORSPHQW ZDVWKHUDGLFDOO\LQWHL
$GDP7LQGDOHIURP 2&%$'8'LJLWDO )XWXUH{VIJUDGXDWHS SURJUDP , D
*UHJYDQ $OVW\QHIURPWKH 2&$'"86WUDWHJILF)RUHVLIKWDQG ,QQRYI
$OL6KDPDV4DGHHU

2&%'83a%Eiccde

O\VLQFHUH WKDQNV JRWRWKH2&$'8 HGXFDWRUVDQGDGYLVRUV ZKR
IHHGEDFN :KLOHPDQ\KDYHFRQWULEXWHG WR P\UHVHDUFK , SDUWLF
'U &LQG\3RUHPED .DWH+DUWPDQ 6LPRQH-RQHV 'U (PPD:HVWHFRW
OLFKDHO - 3URNRSRZ 'U $VKRNODWKXU 'U OLFKHOOH :\QGKDP :HVW
%DLQV 'U .DWK\ORVFRX ,VDEHO OHLUHOOHVY 1DWDOLHODMDED :DOG!
,UL]DZD 'U ,DQ &ODUNH 'U )LGHOLD/DP 'U -XOLDQ +DODG\Q 'U 1HD
%DUEDUD 5DXFK 3HWHU6FRWW OLFKHOOH*D\ --/HH 'U 3HWHU &RSSlL
'U 6XVDQ %OLJKW 5HDJDQ.HQQHG\ OHOLVVD *HQHUDO $OHHQD 'HUR
4XUHVKL OHLFKHQ :D[HU ODUWLQ &KRFKLQRY .LPEHUO\*ZDQ]XUD +D
*DOH $O0OHQ

[[Y



ILVW RI7DEOHYV

+qEA4QE.. 83ea%Eiecbe

,RTHUP\HDUQHVW DSSUHFLDWLRQ WR P\FROOHDJXHV IULHQGV DQG ¥
JUDPIRUWKH (YROXWLRQRI6SLULWXDOLW\DQG LWV YDULRXV ZRUNLC
'DQOF.DQDQ 'U (ULFORUWHQVHQ =LD3ROOLV 2ZHQ <DJHU DQG 6DGL
YHQHLQWKHOLPLQDOVSDFHVRIPDQ\ZD\VRINQRZLQJ

(¢cO%E3q-,3100@0 s

O\UHVHDUFK KDVEHHQHQULFKHG E\FROODERUDWLRQVZLWKQXPHUR
DGPLUDWLRQ FRQWULEXWRUV WR WKLV ZRUN{VGHYHORSPHQW IURP {
1HZ <RUN &RQFRUGLD8QLYHUVLW\ (XURSHDQ &RXQFLOIRU1XFOHDU'
1XFO«DLUH &(51 *HRUJHWRZQS8QLYHUVLW\ &2067%$76 8QLYHUVLW\, KV
RJ\ ,QVWLWXWHRI(TXLWDEOH 'HVLIQDQG -XVWLFHDQG &UHDWLYHS5H
<RUN8QLYHUVLW\ 1<8 1RGXV/DEV 2VORG6FKRRORISUFKLWHFWXUH I
&ROOHIH 6\VWHPLF'HVLIJQ $VVRFLDWLRQ 7HUPLQXV'% 8QLYHUVLW\
B8QLYHUVLW\RI)ORULGD 8QLYHUVLW\RI1IHZIRXQGODQG DQG WKH8QL

(..eO°Eiq®.. 30 |~cei™es” 6@ /EE°EO

7TKHGUDIWLQIJRIWKLVWKHVLVYRZHVPXFKWRWKHGHGLFDWLRQRI'U |
%U\DQ :HLVVHQERHFN 5HEHFFD 'LHGHULFKY 'U /HQQDUW 1DFNH 'RXJ
ULDOLQVLIKWVDQGWHFKQLFDOH[SHUWLVHVSDQQHGIURPFRQFHSW
WKLV WKHVLYV

[[YL



3HUVRQDO $FNQRZC

0%30°Eiq®...$..4cei°EI

7JRP\PHQWRUV IRUNHHSLQJPHVDIHDQG ZHOO HVSHFLDOO\'U ORQL\
*HUPE£Q 6D QPOJMNHYX QUWUD SEDWH $OH[OF/DUHQ 'U 5RE\Q 6WHSKHQV
‘U 6DW &KXHQ +RQ DQGS5LFKDUG .ZDQ

600 ..%301

TRP\VWXGHQWY ZKRVHHQWKXVLDVP KDVIXHOOHG WKLV ZRUN IURP 2
LQJ 7THFKQRORJ\ DQG &ROOHFWLYH , YDOXHRXUVKDUHG MRXUQH\F

&Oa—I%OQE3%0Ei

,Q2&$'8QLYHUVLW\{VJUDGXDWHSURJUDPVW'LILWDO )XWXUHV 6WUD
SOLQDU\ODVWHU{VRI$UW OHGLDDQG'HVLJQ DQG&ULWLFLVPDQG &X
VKLS ZLWK $EKD $xID $QDV $QXVKD $UDQ\D %HQQ\ &DLW &DPLOOH
(OVKD (- )ODYLD *D\DWUL -HQQLIHU $P\ -HVVLED -L\HRQ -XDQ .XC
3UD\D 3XUYL 5DKD 5DTXHO 5KHD 5LFDUGR 5LP 5RGHULFN 6DO 6DC
BWHSKDQLH 6XVDQ 7DOOXODK 7DPLND 7D\ORU 7HUPHK 7\0OHU 9DOH
$OEHUWR &DVWLOORDQG +DOD $OVDOPDQ ZLWK VSHFLDODSSUHFLDW
PHDQLQJIXOWRPHDQGPDQ\RWKHUYV

[[YLL



ILVW RI7DEOHYV

-

YE %3 ... |

7KDQN\RXWRP\GHDU IULHQGV IRULQVSLULQJPHGDLO\ HVSHFLDOO\
JODV (OHQD *RUGRQ -DVRQ -HVVLFD -HV%V -XDQ 3DEOR -XVWLQ .L
1LODEMR 2\LQ 3LSSD 6DQMD 6KHUHH 6WHOODQ 6WHSKDQLH 9DQH\

)g2oe-e

TRWKHDQFHVWRUV ZKRVHVWRU\P\IDPLO\UHWHOOVDVDVRXUFHRIL:
&DVWD3*R 3«UH] DQGODULHOD &DVWD3R 3«UH] IRU\RXUHQGXULQJH[D
7TRP\PRWKHU *ORULD ODUJDULWD &DVWD3R6XEUH] P\ xUVW WHDFKH !
VXVWDLQLQJRXUVWRULHVDFURVVWKHH[SDQVHVRIFRQWLQHQWV W
LO\{\VEUDYHDGYRFDWHDQGHQGXULQJVXVWDLQHU ZKLOHZHIDFHG VI
$IXVWR IRU\RXULQWHUFHVVLRQ WRP\\RXQJHUEURWKHUG6LPHQ IRU
SRUW DQGIRUEHLQJP\KRSH 7RP\IXWXUHVLVWHU LQ ODZ $QJHOD |
&DUPHQ IRUOLJKWLQJXSP\KRPHZLWK\RXUWHQGHUFRPSDQLRQVKL

7 ™% 0°E% a7™q3a+@2q3:°E~...

TRWKHPDQ\PRUH WKDQ KXPDQEHLQJY ,DPLQUHODWLRQVKLS ZLWK L
WHUV HVSHFLDOO\/DNH2QWDULR IRUFDOOLQJPHDQGLQVLVWLQJW
\RXPDNHVLWHDVLHUIRUWKHKDUPRQ\ZKLFKH[LVWV EHIRUHODQJXD
IRUYLVLWLQJRQGD\V,ZDVLQPRVWQHHGRIUH HQFRXQWHULQJ WU X\

[[YLLL



)XQGLQJDQG6SRQVRUVKLS §

7TKLVWKHVLVZDVVXSSRUWHG E\WKH2QWDULR*UDGXDWHG6FKRODUVK
8QLYHUVLW\ WKH:LOOLDPDQG 3K\OOLV:DWHUV %XUVDU\ 1RGXV/DEV
WKH2SHQ (GXFDWLRQ &RQIHUHQFH DQG6LP)RWR

[[LI



JRUPDWLYH $NOLDWLRQ $F

, RIHUDQHDUQHVWDSSUHFLDWLRQIRUWKHYDULRXV SURIHVVLRQDO |
WKLV WKHVLV

Aul-u /o Poo@YPMAEPW FRQWH[WXDOL]LQJ$SUWLXFLDO ,QWHOOLJ
ZD\V ZLWKLPSRUWDQW IHHGEDFNIURP $UFKHU 3HFKDZLV DQG 3HYV

0D & U] £*bD U DVADD@®VEHHUDWLRQDO &ROODERUDWRU WR
D- %2-D XD -AD¥ D¥YWXGHQW ZLWKLPSRUWDQW IHHGEDFN IURP IR X

®eYe -6$ D Y 1 -DDW2%$08DVDJIUDGXDWHVWXGHQW ZLWKLPSIH
‘U (PPD:HVWHFRWW .DWH+DUWPDQ DQG &LQG\3RUHPED

%6 A-6 Ppu DU 0eDVDUBGXDWHVWXGHQW PHPEHU ZLWKLPSRU)
FLDWH'LUHFWRUV'U ,DQ &ODUNHDQGI1ILFN3XFNHWW

- -1 ®-xle DMIESUHVHQWHU H[KLELWRU DQGPHPEHURIYDULI
'DQOF.DQDQLQWKH3URJUDPIRUWKH (YROXWLRQRIBSLULWXDOL)
=LD3ROOLV 2ZHQ <DJHU DQG6DGLH  7ULFKOHU

/i & DU ® -Aob P BYDIRXQGLADPHPEHU

/U D lee £ 6el- *B- DI &l mBbPlae-m -DWR &SYE& WHKHH PURIJUDP L
ZKLFK,EHJDQP\GHJUHH DVDQH[KLELWRUDQGH[KLELWLRQRUJD
DWH3URJUDP'LUHFWRU-D\,UL]DZD

[[YLLL



ILVW RI7DEOHYV

ub A£D -0 ®IR-VEF URYXVY VHQVRU\DFFHVVLELOLW\UHVHDUFKDW
SUHVHQWHU ZLWKLPSRUWDQW IHHGEDFNIURPLWV GLUHFWRU 'U

[ - PY®eAS$ D aeYada -0l/0l0 —- 2@ DW2&$'B DYDFURVV GHSDUWPHQ\
DQGSUHVHQWHU IRULQ LWV ,QWHUQDWLRQDO ,QQRYDWLRQ )R
BURJUDP'LUHFWRU6X]DQQHB6WHLQ

[ - DPYaeA /il -DWDWUHXHDUFKDVVRFLDWH ZLWKLPSRUWDQW IHH(
$OVW\QHDQG'U 3HWHU -RQHV

[« DleZ£ D &Yi DVBA®HBEHUDQG UHYLHZHUIRUWKHWKLUWHHQW
DQG 'HVLJQ6\PSRVLD 56" ZLWKLPSRUWDQW IHHGEDFNIURP 'U
%DUED 5\DQ- $ 0OXUSK\ DQG &KHU\O 0D\

qe -6 U-0 PEDUAVHDUFKDVVLVWDQW ZLWKLPSRUWDQW IHHGEIL

[[LI



QWURGXF)\

'HDUHLQDF FULVLVRIXQGHUVWDQGLQJ 7KHPDJQLWXGHDQG FRPSOH]
GHPDQG WKDW ZH FKDQJH WKHWRROVDQG PHWKRGV ZH XVHWR WKLQN
WLYDWLQJODUJHWH[WY SDUWLFXODUO\LQWKHFULWLFDO GRPDLQR
WKHFOLPDWHFULVLVYWKDWEXLOGVRQWKHZD\VZHUHDVRQZLWK V\P
SOLQDU\NQRZOHGJH ZRUN
TKHFOLPDWHFULVLVLVDFFHOHUDWLQJZKLFKLPSRVHV DVKULQNLC
PRUH ZKLOHZHPD\QHHGWRFUHDWHQHZWRROVDQGPHWKRGV ZHPL
JDWLRQ WKDWOLH XQDFWLYDWHGLQ WKHVLORVRIUHVHDUFKUHSRVL
O\WKHVLVSRVLWLRQVLWVHOIDWWKHLQWHUVHFWLRQRIXUJHQW J(
PRPHQWLQ KLVWRU\ZKHQWLPHVDYHGLQUHVHDUFKFRXOGPHDQ WKF



&KDSWHU , QWURGXFWLRQ

RIOLIH WKHGHYHORSPHQWRIEHWWHU ZD\VWRZRUNZLWKNQRZOHG

i %Qqe©"E°@3..q3...°30%cO

i i 5% (% qEe™ 3E°|-%2(q®... 60”302" @ *q2e%

2XUFULVLVRIXQGHUVWDQGLQJGHPDQGY QHZVROXWLRQV DQGIDVW
PDNHVLWLPSRVVLEOHWRFRQVLGHUDOO GDWD $V'UXFNHUQRWHV }
WKDW FDQ EHUHSXUSRVHGDQG UHPHBEPMWHS QHDUO\ERJJOHV WKH Pl
‘RUNLQJWKURXJKDOODYDLODEOHLQIRUPDWLRQLQHYHU\GLVFLSO
DQXQVXVWDLQDEOHDPRXQWRIWLPHDQGUHVRXUFHV LILWLVHYHQ !
WR FRSH ZLWK PXFK ODUJHU BIP RXQ®NERS) L Q FDUPDAVA. RIORXOG LQFOXGH
LQJWRROVWKDW LQFUHDVHWKHHRNFLHQF\RIPDQDJLQJLQIRUPDWLRC
EHWZHHQ GLVFLSOLQHY .QRZOHGJH$FWLYDWLRQ RUDFWLYDWLQJF
DOO\DVVLVWHG PHWKRGV RIDQDO\]LQJWH[WDQG JUDSKV KDV WKH HI
LVVXHV OLNHWKH FOLPDWH FULVLV 3DUDGLJP VKLIWLQJVROXWLRQV
LVFULWLFDO WKDW ZHHQGHDYRXUWR xQGDQGDSSO\WKHP 6RPH QH?
PD\MXVW QHHG WR DFWLYDWH WKHNQRZOHGJH ZHDOUHDG\KDYH

i i )°@3..q0 e %" ©O%& & ... % ql

&RPSXWDWLRQDO WRROVFDQDFFHOHUDWH FOLPDWH UHVLOLHQFH NC
PXOWL GLVFLSOLQDU\DSSURDFKHVUHTXLUHG ZHPXVWFR LQIRUP }H
LWA\BXFNHU S 7RHFKR'UXFNHU{V HSLVWHP RO R L(F DAYRAGRS/VRH U P L Q
NQRZOHGJH SURGXFWISRQ~ , RTHUDQ HW\PRORJLFDOO\ LQIRUPHG GLV
GDWD

7KHFRQYHQWLRQBO RWH Rl QDXWMHERUURP RQH PHOMEQVRPWWHK LRQW L Q 2
JLYHQRU 2UDRQWHGIOLVK 'LFWLRRDAK UHPRYHV LQWHUSUHWDWLYH D.
FHLYHU { 7K H/OMR@MWRHBWKHU KDQG FR FAHV iPIH R W WH. \DXWIHGBARR 8 H D
WDNH UHFHLYHV KW ZFHTHKZERHDF K VKLIWYV DJHQF\WRZDUGIWKH UHFHL Y
& : WUDGLWLRQ RURDQGQRQJIRWKH'UFWLRONQRZOHGJIH



&KDSWHU , QWURGXFWLRQ

'"UXFNHUGHxQHVFDSWDDV}DV\VWHPDWLFH[SUHVVLRQRILQIRUPDYV
SHUFHLYHG DFFRUGLQJWRSULQFLSOHWRIFREMHS YHU '@XSENEG BDGW VG
WKDW E\}TXDOLI\LQJDQ\PHWULFDVDIDFWRURIVRPHFRQGLWLRQ Wk
HYLGHQW }IDFW~WRFRQVWUXFWHG LQW HWSRNNUDSN L R Q PRIV \YHD RVIH G |
WKHWHUP GDWD LVREYLRXVO\TXLWHFRPPRQ $VKLIWWRZDUGV XVLC
WHUPV , XVHLQ WKLV WKHVLV VR,PHQWLRQ OWHQHWDH \DIW WK $H RIX WI\DHP\M
ZRUNWKDW XVHV WRSRORJ\WR VWXG\WKHVKDSHRILQIRUPDWLRQ LV
'"UXFNHU{VWHUPLQRORJ\ ,ZL®O; 9B ON\KHWHEB MRBEGARMAD®OLIQ ZL
HSLVWHPRORJLFDOLQWHUSUHWDWLYHDJHQF\DIRUGHG E\P\WKHVLV
WKH WA D& G LWV HPSKDVLVRQLQWHUSUHWDWLYHNQRZOHGJHFRQVW
DQGOLQJIJXLVWLFVKLIWWKDWFRXOG GHWUDFW IURPWKHFOHDU GLUH
WKLV WH[W )RUWKLVUHDVRQ,JHQHUDOO\GHIHUWRWKHFRQYHQWLR
WKHWOIWRZHYHU ,UHPDLQ RSHQ W R OXIOID NOVGRISMWARUNWVK H WH U P

O\H[SHULHQFHRINQRZOHGJHLQYROYHV D FRP EI(Q ® WLRWQHU & RMM X R
WLRQRIWKHP *LYHQ WKH FROYEUHWILKR E Q00 R WX \QRAKARIMNKHH VLYV WR HP
VLIHP\DFWLYHJUDVSLQJUROHLQWKHDFWRILQWHUSUHWDWLRQ

i S%Oi%OQE'TML]-@%oiOCEO?’i

'"RUNLQJZLWKLQWKLVEDFNJURXQGDQGFRQWH[W ,DVNWKHIROORZL
UHVHDUFK TXHVWLRQV

XWias O:. 141, 401 O;:i1 0; 8010 e8! .>:0;:1 0 0O0..1104 i4:1:ic;>0 U1
O:1 1~ jeuinrt1 O
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&KDSWHU , QWURGXFWLRQ

XWalth i ; 147 O ; 8411140; :d!da4d a! 41 17840 O0.104; &aitad!l 0at1o; ]i-
ieui.11é>4; ! O

XwWialy~ao b% 11110 11 O; ! 4 .4&i:~ii . O&i O é;ic:0
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XWils O; 41110 !~ jéuir1 410;201i~> /70 ;;1a> é;! ar1.110;i d]101

4.0; O 011 6; 1 14>0 iO; ! ;1 &1 ;0d 4! 11, 847 O ; 44:1>8;>1741

> e0 i ;0 eid4ia> e! al 0al10; 1iad ar O al1i]ido 11 O6; ! 4 .4
JA1]i> ]i14 ;d 1~ qeai O Oui i ;O
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7KHFOLPDWHFULVLY FRQWLQXHVWRDFFHOHUDWHIDVWHU WKDQ FOL

XS 1RYHODSSURDFKHVIRU.QRZOHGJH $FWLYDWLRQFDQFDWDO\]H SL

67

7TKHVHYHQ FRQWULEXWLRQVRIWKLVWKHVLYVDUHDVHWRIVXFK C

HGIJH$FWLYDWLRQ .$ XVLQJKXPDQ LQ WKH ORRS +,7/ &RPSXWDWLF

+XPDQ $QDO\WLVRI7TH[WVDQG *UDSKV +%$7* RUERWK 7KHVHVHYHQF

LQJ VIQWKHVLY WUDQVODWLRQ DQG SURGXFWLRQRINQRZOHGJH

=)

[T O; 8$'DWD[RQRP\RIWKUHH GLPHQVLRQDO WRSLFPRGHO FRPS

RUERWK
W>ild /4! DV.DAPHDQV RI 7RSRORJLFDO &DSWD $QDO\VLYV 7&$ LQ +,7
FKXQNV
H ! 1g a0 [i O ; &Ci;~1 [> ODUDPHDQEYIRI UHYHDOLQJRQWRORJLF

WZHHQLGHDVLQDJLYHQERG\RIUHVHDUFK XVLQJ+,7/&%$7* +$7* F

[d &' 47;D RHWKRGIRUH[SDQGLQJWKHVHPLRWLFUDQJHRINQRZO
FUHDWLRQLQ+,7/&%$7* +$7* RUERWK

bill! 110 bic;® & %10P KW WHKIREIRI +,7/ &$7* WKDW XVHV 7&$ WR LQWH L
PDQWLFUHODWLRQVKLSVEHWZHHQ D WH[WVDQGJUDSKV DQG E



&KDSWHU , QWURGXFWLRQ

b Xi471014 11 %DISURSRVDO WR XVH 7&$IRUJURXSLQJUHVHDUFK F|
XVLQJI+,7/&%$7* +$7* RUERWK xQDOO\

b s!1 4.0BISURSRVDOIRUD FROODERUDWLYHSODWIRUPIRU+,7/&

DKRXVHDOO P\WKHVYIL® F RSV BEDAWARKINC A d &! 47;bb o
DQG Xid4iO1& il%1!>. i
EIDFLOLWDWHWKHLU FRPELQHG XVH ZLWK 6\WVWHPLF'HVLJQ PHW

WKURXJKP\OLWHUDWXUH UBKNYEH?2 OANXEH DVAE IXED S Q@A
6\VWHPDWLF &RERELVITLQA *D CEGIFGH

7KHFRUHRIWKLV WKHVLVLVDVHWRIWKUHHWRROVIRUZRUNLQJZL)
PRUSKYV DQG 7&$:RUNVSDFH 'HYHORSLQJWKH 7&$:RUNVSDFH VRIWZD
DWHWKHVXUIDFLQJDQG LQWHUSUHWDWLRQRILQWHUGLVFLSOLQDU\
DQDO\VLVRIWH[WVDQGJUDSKV 7&$%:RUNVSDFHZRXOGLQWHJUDWH 6
LQJRIWH[WJUDSKV 4XHU\,VRPRUSKVIRU7RSRORJLFDO &DSWD $QDO
DV6\PERO VHWWLQJ )XUWKHUPRUH 7&%$:RUNVSDFHZRXOG ZRUNFR E
IRUPDQDJLQJFRPSOH[LW\BEOQFORGVGANYDDBMRSL QJ DQG 6\VWHPDWLF
&RPELQXBBLVDQG *DGGFAGH (SLVWHPRORJLFDOO\ 7&$:RUNVSDFH Z|
SDUWLFOHDFFHOHUDWRURILGHDV ZKHUHUHVHDUFKHUV ZRXOG ZRU



&KDSWHU , QWURGXFWLRQ

b]tu;*:¢9 u;"b;% 0=% )ouhvr-1; btobw| $oaohwv';l-mz1 oul-00tf| t;u<h Viohdyuw o= _0% $
Jouhvr-1; %ott7u;m7;u- t;uc volour_-0ot||_bv]|_;vbvtol-|;7bm- oumS$outv";I-mz1 oul m;|%oc



&KDSWHU , QWURGXFWLRQ

i i 0& FE®C°E 4°EO©

,QWKH2&$'86FKRRORI*UDGXDWHGBWXGLHY ,DPZRUNLQJDFURVV WK|
JRUHVLIJKWDQG ,QQRYDWLRQ $VDEUDQGGHVLJQHU V\PEROVDQG Wk
LQJLQWHUHVWRIPLQH DQGWKLVVSDUNHGD VWURQJGHVLUHIRUPH"
H[SORUDWLRQOHGPHWR ZD\VV\PEROV FRXOG EHUHSUHVHQWHGLQW
WLPH $VLIJQLxFDQWEUHDNWKURXJKIRUPHZDV XQGKQNWD@QEGLQJI WK
S DORQJVLGHWKHWKUHH%%LRBEBVDR®DO 0MWWRYKIDNVUWKH LQWHUVF
WKHRORJ\ WHFKQRORJ\ DQG SV\IFKRORJ\OHGPHWRH[SORUHPXOWLG

HIDPLQLQJFRPSOH[LGHDV O\ XUJHQF\LQ WKLV ZRUNLVWRLQYHVWLJ
FOLPDWHUHVLOLHQFH

i +°80™M@eiO™%ieioeci°E"q3cei%o...

7KHRYHUDOO VWUXFWXUHRIP\WKHVLVLVDVIROORZV ,Q WKHIROOR?Z
UHYLHZWRVHFRQGDU\PHWKRGRORJLHVDQGPHWKRGY SUHOLPLQDU
PHWKRGRORJLFDODQG WKHRUHWLFDO SURSRVDOV GHULYHG IURP YL\
GLVEXVVLRQRIP\FRQWULEXWLRQV DQGDFRQFOXVLYHFDOOWRDFW

,Q &KDSWHU ,LQWURGXFHGP\WKHVLV{VEDFNJURXQGDQGFRQWHI'
WLRQV RINH\LGHDV UHVHDUFK TXHVWLRQV WKHVLVVWDWHPHQW FF

,Q &KDSWHU /LWHUDWXUHUHYLHZ ,SUHVHQW P\PL[HG PHWKRGV V
WLRQ DERXW WKH FOLPDWHFULVLVDQG YDULRXVFRJQLWLYHDQG VRF
SURDFKHVIURP GHVLJQDQGFRPSXWHUVFLHQFHFDQKHOSPDQDJH FR
JEODENER[$, ~DQG}VWDNHKROGHUV ~,HQGP\LGHQWLI\LQJWKHJIDS

,Q&KDSWHU 6HFRQGDU\PHWKRGRORJLHVDQGPHWKRGYV ,SUHVHQ
DQG &ULWLFDO 6\VWHPVOHWKRGRORJLHV +HUH ,SUHVHQW P\PHWKR
LQFOXGLQJ6\WWHPDWLF &RPELQLQJDQGOHWD 6\WVWHPDWLF &RPELQL

,Q &KDSWHU 3UHOLPLQDU\PDNLQJ ,SUHVHQW WKHDUWDQG GHVLJ
VLV WKHFRPSRVLWLRQRIKRUQWRUXVVSDWLDOLQIRUPDWLRQ YLVX
DQDO\VLV H[SHULPHQWV LQ 3HUVRQDO .QRZOHGJH ODQDJHPHQW WRS



&KDSWHU , QWURGXFWLRQ

,Q&KDSWHU )J)URPWKHRU\DQGPHWKRGWRYLVXRVSDWLDOPRGHOV
4XHU\,VRPRUSKY DQGKRZWKH\ZRUNWRJHWKHU 1H[W ,SUHVHQW 7&
DOQGPHWKRGRORIJLFDOFRQWULEXWLRQV ,DUULYHGDW WKURXJKPDN
ZRUNG6XPPDULHV 2616 6\PERO VHWWLQJ 7HUURLURI7H[WDQG *UDSI

,Q&KDSWHU 'LVFXVVLRQRIFRQWULEXWLRQV ,UHWUDFHP\UHVHD!
UHVSRQGWRHDFK ,Q WKLVVHFWLRQ ,DOVRSUHVHQW WKHKXPDQLVW
TXDOLWLHV RI6HPDQWLF)RUPV 4XHU\,VRPRUSKYV 2616 6\PERO VHW\
‘RUNVSDFHSODWIRUP RYHUDOO

,Q&KDSWHU &RQFOXVLRQ ,UHWUDFHWKHFRUHSUREOHPV ,IDFHG
VIQWKHVHYV DQGRIHUDFDOOWRDFWLRQ



[LWHUDWXUH

TRDGGUHVV WKHFRPSRXQGFULVHVRIFOLPDWHDQGLQIRUPDWLRQ Z
LVWLQIJNQRZOHGJIJHIURP YDULRXV GLVFLSOLQHY 6ROXWLRQV WR WKt
WKHRYHUZKHOPLQJDPRXQWRILQIRUPDWLRQDYDLODEOH 7R UHWKLC
LQWHUGLVFLSOLQDU\DSSURDEFK

i 7@A % ° -0 %EqODE % E % ace % a

JROORZLQJ*UDQW DQG % RRWR{QWDHIRORBRRMMKHYRHEZKHVLYVY UHVHDUFE
PLIHG PHWKRGVDQGDVFRSLQJUHYLHZ



&KDSWHU ILWHUDWXUHUHYLHZ
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$VDPL[HGPHWKRGVUHYLHZ ,FRPELQHTXDQWLWDWLYHDQGTXDOLW
SURMHFWLVDQH[DPSOHRIKRZPL[HGPHWKRGVUHYLHZVVKRXOGEH |
WKH\DQDO\JHYDULRXV GLVFLSOLQHV 'UDZLQJIURP SKLORVRSK\ FRP
}IFRUUHODWLRQEHWZHHQ FKDUDFWHULVYWLEW-DWR IUESSFOMWKL I\ J@ SV LQ I
P\UHVHDUFK ,ZDV XQDEOHWR xQG VWXGLHV PHWKRGV RUSODWIRUP
VLPXOWDQHRXVO\

"LVWLQIJXLVKLQIJWKHYDULRXVPRGDOLWLHVRINQRZOHGJHDQGU
GHXQLWLRQVEHWZHHQPRGHVRI.QRZOHGJH $FWLYDWLRQ LQFOX
SBURGXFWLRQ 7KHOLPLWHGVXEWOHW\LQ WKLVVXEMHFW PDNHVF
QHHGVWREH ,WLVLPSHUDWLYHWRGLVWLQIJXLVKDQG T TXDQWLI\
$FWLYDWLRQ E\WKHLUH[SHQVHWRUHGXFHXQQHFHVVDU\FRVWYV

'LVWLQIXLVKLQIJWKUHH GLPHQVLRQDOIRUPV E\WKHYDULRXYV ZD)\
VHPDQWLFUHODWLRQVKLSVDV OD\RXWVIRUWH[WJUDSKVDQGJU
VWUDLQVH[SORUDWLRQRI9LVXRVSDWLDO .QRZOHGJH $FWLYDWL
LQJSV\FKRORJ\ DQGGHVLJQ 9LVXRVSDWLDOPRGHOVIDFLOLWDW
UHDVRQLQJDQG VHPDQWLFUHODWLRQVKLSVLQWH[WJUDSKFRPS

'LVWLQJIXLVKLQJKRZFDSWXULQJDQGUHYHDOLQJVHPDQWLFUHO
FRPSXWDWLRQDRIZAMUIQWRRPSXWDWLRQDO ,Q RWKHUZRUGV ,DP
QRWLPSRVHEXW UDWKHURTHUWKHRSWLRQIRUFRPSXWDWLRQDC
NHHS KXPDQVLQ WKHORRS +,7/ 7KHOLPLWHG GLVWLQFWLRQDQ
GULYHQDQGKXPDQ GULYHQ zPDQXDO{PHWKRGVLQWKHYLVXRVS
GHUV WKH XVHRIYDOXDEOHWUDLQLQJGDWD IRU//OVWKDW FDQ V)
VWUDWHVY WKDW WKH SUDFWLFDODSSOLFDWLRQV RIH[LVWLQJ YLV
VWURQJFRQQHFWLRQ WR UHVHDUFK xQGLQJV WKDW LQGLFDWH LW
RJ\FDQEH XVHG E\FOLPDWH UHVLOLHQFHUHVHDUFKHUV :HPXVW
PRGHVRI9.$ WR WDNHEHWWHUDGYDQWDJHRIHDFKPRGHDQG WK*



&KDSWHU ILWHUDWXUHUHYLHZ

'"HSOR\PHQWRIFRQWHPSRUDU\WRROVIRUWKHQRQ FRPSXWDWLR
+$7* WKDWUHOLHVRQPDQXDO SODFHPHQW RIZRUGVDQG YLVXDC
6\VWHPLF'HVLJQ 6\VWHPV2ULHQWHG '"HVLIJQ 6\VWHPDWLF &RPEL
RSWLRQVLQWKLVDUHD SUHYHQW XVIURP XVLQJWKHIXOOUDQJH
PRGHVRI.QRZOHGJH $FWLYDWLRQDQG WKHRSWLFDORSSRUWXQL
LQIRUPDWLRQUHSUHVHQWDWLRQ :HPXVWEXLOGEHWWHU WRRO\
SODFHPHQWLQWKUHH GLPHQVLRQDOVSDFHWRPRUHIXOO\DSSO
WZR GLPHQVLRQDOOLPLWYV

OHWKRGV WKDW XVH +$7* WRWUDLQDOJRULWKPV RU//OV :HPXVW (
LPSDFWRI//OVLQFOLPDWHUHVLOLHQFHUHVHDUFKDQGRYHUDOGO

i i 6e°/E@3” E% a0e % a

JRUP\VFRSLQJUHYLHZ ,XVHGDNH\ZRUG VHDUFKDFURVV YDULRXV GD
LIDWLRQ YLVXRVSDWLDO SHUVRQDONQRZOHGJHPDQDJHPHQW GLJL
7RVHOHFW WKH SDSHUV , UHDG ,RSWLPL]J]HGIRUWKHGHSWKRIWKHF
DQG SXEOLFDWLRQV ZKHQHYHU SRVVLEOH ,IDYRXUHG SULPDU\UHVHI
SHULPHQWDO TXDOLWDWLYH TXDQWLWDWLYH DQGPL[HG PHWKRGV
LQFOXGLQJV\VWHPDWLFUHYLHZV

,DLPHGWRDVVHVV WKH}SRWHQWLDO VLJH/DQG/\DRRE t BRIWKDLODEO}
,QGRLQJVR ,LQYHVWLIJDWHG ZKHWKHUDQ\H[LVWLQJSURMHFWYV PRG
UXHQWLDOLGHDVLQWKUHH GLPHQVLRQDOIRUPV 1RWDEO\ ,IRXQGR
6XQWHU

, HI WHQGHG WKH VFRSLQJUHYLHZPHWKRG ZLWKD VWHS UHFRPPHQG
TXDOLW\DVVHVVPHQW VWHS WKDW LQVSLUHGPHWRLQFOXGHUHFRPF
XQNQREQQWDQG %BRWK +RZHYHU ,FDQQRW FODN@RYZR SR A S RXHIDAK
, VXJJB¥EWM NQRZQ



&KDSWHU ILWHUDWXUHUHYLHZ
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'"HVSLWH WKHPLVLQIRUPDWLRQDERXW FOLPDWHFKDQJH WKHUHLVD
WR ERDRFFHN HW DOQDV HW D@FFRUGLQJWR 3, UWQHU HW DO QRQH}RI W]
ELRGLYHUVLW\WDUJHWVDQG QRQHRIWKHPLOHSRVWVRQFOLPDWH W
EHHQ BHWWQHU H8 DO 7KH :RUOG OHWHRURORJLFDO 2UJDQL]DWLRQ :0
QLQH\HDUYV v ZHUH WKH QL QR 7D GRPHWWW RHDRIVRRIQ U RUGB-Q L | D
'"HVSLWH WKLV JUHHQKRXVHJDVHPLVVLRQVFRQWLQXHWRLQFUHDVH
HTXLYDOHQWVWSHUW\HBWO .H\WDUJHWVY KDYH QRW EHHQ PHW DQGHP

2XURXWORRNLVEOHDNLIZHGR QRW ZRUNWRJHWKHU ,I WKHURRW F
QRW SURSHUO\}DGGUHVVHG RUFRQFUHWHDFWLRQVWRPHHW FXUUHC
VFDOH ~WKHJOREDO VXVWDLQDELOLWBWMDUQHWHYE RO :H QG ZLO
UDGLFDO FROOHFWLYHDFWLRQ WKDWDGGUHVVHV }FOLPDWH ELRGLY
JHURXV WUDGH RIVDQGPD[LPL]H FREMQH KEDIRIRKKODRWH Q®LYDEOF
ZH XUJHQWO\QHHG EROG SROLFLHV WKDW SURPRWH }LQWHUOLQNHG K
GLQDWHG }LQVWLWXWLRQV JRYHUQDQFH DQGVR¥FQEO M\WWIGI PV~ DW |
7KXV ZHKDYHWRUHWKLQNKRZKXPDQV RXUHFRV\WVWHPV DQG SODQ!

‘HQHHG WUDQVIRUPDWLYHSROLF\DQGDQLQWHJUDWHG DSSURDFK E
WLRQV DUHUHTXLUHG DQGIDVW 7KHFKDQJHVUHTXLUHG WRDFKLHY!
YHQWLRQRQ&OLPDWH &KDQJH 81&&& WKH&RQYHQWLRQRQ %LRORJ
WLRQV 81 $JHQGDIRUB6XVWDLQDEOH 'HYHORSPHQW DQG LWV 6XVV
UHDFKLQJPRELOL]DWLRQDQGWUDQVIRUPDW3 RQUDAHVULHR®Y®I D W\SH |
1HZVROXWLRQVWRWKHFOLPDWHFULVLVYPXVWEHEURXJKW WR SDVV
> @ WRVHFXUHD OWQDHEOHS OWXHIQHHG UDSLG XQSUHFHGHQWHG DC
DFWLRQVWRVHFXUHDOLYDEOH IXWXUH

7KHFOLPDWHFULVLY GHPDQGV XUJHQW WUDQVIRUPDWLYHDFWLRQ
UHVHDUFK WRROV %\IDLOLQJWRPRELOL]JHFRRUGLQDWHG JOREDO HI
ZRUVHQELRGLYHUVLW\ORVYV WKUHDWHQLQJDOOOLIH



&KDSWHU ILWHUDWXUHUHYLHZ
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&OLQJLQIJWRWKHKRSHWKDW ZHDUH\HW GLVFXVVLQJKXPDQLWLHV D
LVD FULVLVRIXQGHUVWDQGLQJ LQVWLWXWLRQDOO\DQGVRFLDOO\
7KHVRFLDO FKDQJH WKDW FRPHV IURP FRPLQJWRDFOLPDWH UHODMW
SLQJ ~DWHUP XVHGEY % QMQHW/EKB\H)SODLQ WKDW VRFLHWDO FKDQJ}
WHFKQRORJ\ SROLF\ DQG KXPDQ EHKDYLRXUWRIXQGDPHQWDOO\ UH\
DQG}FRQWDJLRXV~LQWHUYHQWLRQV ZLWK SRVLWLYHRBRPSWEWY RQ FC
HWDO S 6XFKFRRUGLQDWHG HIRUWV DUHFUXFLDOWRDGGUHVV RX
$ SURSRVHG DFWLRQLQ WKH}VROXWLRQVSDFH~HPSKDVL]HV WKH Ut
LQWHUYHQWLRQV~IURPDUDQJHRI}DGDSWLYH VROXMWQRQ WWUWDON K H U
S )XUWKHUPRUH PRUHILQQRYDWLYHDQG UH[LEOHJRYHUQDQFH D
WRQRP\WR FKRRVH }EHWZHHQ DOWHUQDW LY\W G B WK BN 0 WRWKRLGW | R
3, UWQHUHWDO SUHVHQWD YLVLRQRIFOLPDWHDFWLRQWKDW LV FKLC
PHQW 7KLV FKDOOHQJHVPRUHPRQROLWKLFFRQYHQWLRQDODSSURD
6RFLDOWLSSLQJLVY SROLWLFDOO\UHVWULFWHGE\D ODFNRIFRKHVL
VHSDUDWH 81 FRQYHQWLRQV VXFKDV 81)&&&DQG &%'~DQG RIWHQ FRQ
PHQWV ZKRLQ WXUQKDYH WK B LWRZ QL H BRHG$IDS/EKIROIKKIH\D-WHIJUD W H
IRUWKH QH[XV~RIFOLPDWH ELRGLYHUVLW\ DQGVRFLHW\RTHUEHQH:
}JQHHGV RIWKH SRRUDQG YXOQHUDEOH ~WKHGHVLIJQDQG IXQGLQJRI
UHTXLUH WKH FRRSHUDWLRQ R3 RX/OOH_$ D8 DPOVWREFY DG WR\B\BVEOD OHV X L
FRQVLGHULQJKRZJRYHUQDQFHV\VWHPVRSHUDWH ZLWKLQ WKH LQWF
HFRQRP\
6RFLDOWLSSLQJDVDVKLIWLQXQGHUVWDQGLQJLVQRVPDOOIHDW
VDULO\LQYROYHVDVKLIWRILQGLYLGXDODQGFROOHFWLYHO\VKDUH
WR SULQFLSOHV VXFKDV UHVSR Q¥ IUBALQHW H 8\ B ZIIRGWKK IS OTHY & MAXR/HV
ZHGR ZHOO WKHPRUHZHZLOOZDQW WRGR ZHOO }7KLV YLVLRQRILQF
FDQRYHUFRPH VRFLHW BOUMQIEHSROS WO KO VO VRWXD- RQV FDQ }KHO S
FURVVLQJELRSK\VLFDOWLSSLQJSRLQWVYDQG WKHLU ZRUVW LPSDFW\



&KDSWHU ILWHUDWXUHUHYLHZ

DEOH ZRWAG>HU H8 DO 6RFLDO WLSSLQJWRZDUGV VXVWDLQDELOLW\ Z
RIFOLPDWHUHVLOLHQFHLIZHFROOHFWLYHO\VKLIWRXUEDVHOLQHY
WRZDUGV FROOHFWLYH ZHOO EHLQJDQGUHVSRQVLELOLW\ $VKLIWO
WKDW RYHUFRPHV WKHLQHUWLD RIVRFLDODQG SROLWLFDO VWUDWL >
HQYLURQPHQWDO FDWDVWURSKH

5DSLGDFWLRQLVUHTXLUHG }ZKLFKHQWDLOV WUDQVBRURDRWUYH FK
HWDO S 7JRHFKR3,UWQHUHWDO UDSLGDFWLRQLQJRYHUQDQEFHC
WHJUDWHG VIVWHPV LQYROYHV~GLYHUVHDFWRUVDQG YDOXHV }DER
PRUHHTXLWDEOHDSSURDFKHV DQG DG BSWWQHO\H\B Q D J, VHR/R/HILOFHH] L
ZH QHHG WKHVH FROODERUDWLYHVROXWLRQV ZLWKLQ DOO UHODWLR(

+XPDQVULVNVTXDQGHULQJRXUOLPLWHG FKDQFHV WR VKLIW DZD\ IL
FODLP UHLQIRUFHVRFLRSROLWLFDO L3QDWWHRQM\EQGLYZEZDQMWP D
WR PDLQWDLQ VRPHRIWKHLQWHUQDWLRQDO IUDPHZRUNV ZHFDOO PR
WKHWRROVWKDW EULQJDERXW MXVW }LQFOXVLYH LQWHJUDWLYH D¢
OXWLRQV ZLWK }JFREHQH*xWV LQ W B UPW @H W XMSVIDQ Q D K B H FSS-D/FHVO R SIPGHI ¢
PDWLRQ WHFKQRORJ\LQQRYDWLRQFDQIXQGDPHQWDOO\LPSURYH WK
FROODERUDWLRQDFURVV VHEWRUYV

2XUSUHGRPLQDQWO\FDSLWDOLVWLF SROLWLFDODQGHFRQRPLF FR
QDPHGDQG FKDOOHQJHG 7LPRWK\ORUWRQDVVHUWYV }6LQFHLWYV EH.
WRUHLQYHQW LWVHOI 7KHEFXUUHQW FDWDVWURSKHLY QRH[FHSWLR(
RISRVVLELOLW\~DQGD}UHWXUQWR IDWXUH ~,QVWHDG OHW{V XVHV
FLHW)\ Z HORDIQWR-Q S 7KLVLQFOXGHV UHGHXxQLQJWKHSROLWLFV RI
RIFRPELQHG FRUSR U DSDMQEWNED W HYRIHWWDQGY WKH GRPLQDWLR
RJ\SHUSHWXDW.HWWPSB UL DRKIVPG ODEBRQ BWWLW Y ZRIWOWWLRQDO DQ

S DQG IRUPLGDEOHKHDOWK KD]DUGV WR FK L-OHGIUHRF B QIG/DUCH J G
S 7KHHFRORJLFDO FULVLV GHPDQGV D UH LPDJLQLQJRIQRQ FD

FXUUHQW SDUDGLJP ZKHUH GLJLWDO WHFKQRORJ\WGHVSLWH LWV SRW
ODERXU SUDFWLFHV DQGHQYLURQPHQWDOKDUP

‘HPXVW }LPDJLQHFROOHFWLYLW\UDWKHU WKDQ FRPPXQLW\ JURXS\



&KDSWHU ILWHUDWXUHUHYLHZ

ORUWRQ S ORUWRQDVVHUWYV }:HKDYHEDUHO\EHFRPHFRQVFLRX
(DUWKDOODORQJ 1RZZHKDYHWKHFKDQFHWR IDFH XSOWBEWRKQV IDFW
S ,QVRPHZD\V ORUWR.QIVAGHTA\FBW } ROFNM [WHQGHG IDPLOLH
H[WHQGV WKH QRWLRQRIIDPLO\EH\RQG FKRVHQ IDPLO\WRLQFOXGH D
VHOI GHVWUXFWLRQ
IRWZLWKVWDQGLQJWKHFKDOOHQJHVRIPLVLQIRUPDWLRQDQG GLV
$, KDOOXFLQDWLRQV WKHFOLPDWHFULVLVYUHPDLQVDFULVLVRIXQG
DQG KRZLWEHFRPHV 9LVXRVSDWLDO .QRZOHGJH $FWLYDWLRQ DV WKF
FRYHU\RIEHWWHU VROXWLRQV

i &°"3e 03
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7KHXQPDQDJHGRYHUURZRILQIRUPDWLRQZHUHFHLYHDERXW WKHFO
WKHFKDOOHQJHVLQKHUHQW WR WKH FUDVIENE XWORQHB ED(VEISG MURD Q C
(SSOHUDQG OHRJLYV DQG AQIFOXNGIHIPRO®PDQ@i 4!1d !]ilL BR& VN L
ar > a0; ! 1iaHORU 1M TEGT!]TI+MOBEW DQG 1IHZPDQG@G!1 O; !

00; > 4d :&KUUPDQ HW DO
7KHUHOHYDQFHRILQIRUPDWLRQRYHUORDGWR.QRZOHGJH3URGXF!
RYHUORDG ZDVPHQWLRQHGE\QDPHDV D SUREOHPDW WKH5R\DO 6RFL
,QLW ODXULFH/LQHFRPPHQWYV }1RWIRUWKHXxUVWWLPHLQKLVWRU\
IHDUHG WKDW WKHRYHUZKHOPLQJURZRILQIRUPDWLRQ ZRXOG H[FHH(
> @ XQGHUDYKUIKOIMY-G 5RES QVRQQIRUPDWLRQ RYHUORDG DQG WKH G
WKHYDVWDPRXQWRISRWHQWLDOO\UHOHYDQW PDWHULDOLV QRW D ¢
PDWLRQLVSURGXFHGDQGPDGHDYDLODEOHSRVHVDQLQFUHDVLQJO'
WLPH 7KLVFRPSOH[RISUREOHPVUHTXLUHV QHZVWUDWHJILHVDQG QF

ORUWRQ{V GH®.Il FCAWERIDNLRQ }7R P\H[WHQGHG IDPLOLHV~ LQVSLUHG P\GH
WKLV WKHVLYV



&KDSWHU ILWHUDWXUHUHYLHZ
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$VFRPSOH[DVWKHTXHVWLRQRILQIRUPDWLRQLYV WKHTXHVWLRQ RI L
RIFRXUVH PXBKIODUIHAD ,Q!>i ZLPRWK\ORUWRQ FRQYH\V WKLV IHDUV
ORUWRQFRLQVWKHWHUP K\SHUREMHFWVY WR PHDQ }WKLQJV WKDW DU
KXPDQV~ JOREDO ZDUPLQJEHLQJRQHRIWKHP

ORUWRQ SRUWHQGV }+\SHUREMHFWVLQYRNHD WHUURU EH\RQG WK
JLRXVIHDU $PDVVLYHFDWKHGUDO GRPH WKHP\WWHU\RIDVWRQHFL
RE M HFRMWWR Q S

ORUWRQIRUHERGHVY WKDWLQDGGLWLRQWR JOREDO ZDUPLQJ K\SHL
RIWKHODVWLQJKXPDQOHJDF\ 7KHVHPDWHULDOV ZLOO RXWODVW FX
WDNHRXW ER[HV ODVW IRUKXQGUHGV RI\HDUV DQG SOXWRQLXP UHPD
LVWRGWRQ S ORUWRQ SRVLWYV WKDW K\SHUREMHEWY VXFKDV JOF
HYRNHD XQLTXHO\PRGHUQ WHUURU E\H[LVWLQJRQ VFDOHV WKDW GZI

7KHLOOXVLRQRIFXUUHQW $,DVDJHQHUDWRURINQRZOHGJH ZRXOG
DVDSRWHQWLDO VDYLRXULQWKHFOLPDWHFULVLVK\SHUREMHEW 7K
WKHVHW RIUHODWLRQVKLSVY WKDWDQ\$, XVHVWRJHQHUDWH PHGLD L
LWV GHVLIJQWIURP WKHDOJRULWKP FRQVWUXFWLRQVWRWKH ZRUGV F
/HW XV UHPHPEHU WKDW GHVSLWH WKHPHDQV RIFRQVWUXFWLYLVW G
ZRUGV DQG PHWDSKRUV ZHVHWWKHREMHFWWRQO\WREHJLQDJDLQ
GHXxQLWLRQVEHQHXWV .QRZOHGJH3URGXFWLRQWHYHQIRUDVKRUW :
SDUDGLJPV

i i &°E®3|eDied ... %l

&RQYHUVYHONHRW KR G VAH.[ LMWIKRRRUH FRPSOH[LQIRUPDWLRQ YLVXDOC
QLWLYHRYHUORDG RIWKHFOLPDWHK\SHUREMHFW ,WXUQKHUHWRW
'HVLJQ 62' 62'LVDJUDSKLQJPHWKRGRORJ\GHYHORSHGE\%LUJHU 6
ZLWKPXFKODUJHU DPR>XGWN REMRERUP BWYRQGVRQDVVHUWY WKDW Y
VLPSO\WKHEHVW ZD\ WR XQ GHYWUIVWDMERRFRP S&H| VWMMXHW~WKH GHVLJIQ



&KDSWHU ILWHUDWXUHUHYLHZ

HQWDELOLW\WR ZRUNZLWKFRPSOH[LW\~DQG WKHHYDDGYBBQWDJH LQ
S 62" WKXV XVHVYLVXDOL]DWLRQDORQJVLGHGHVLIQHUV{FDSDF
FKDOOHQJHV SRVHGE\FRPSOH[LVVXHVOLNHFOLPDWHFKDQJH

i i 7T™M% acei@d°i£qleq-

%DUEDUD 7YHUVN\{VZRUNLQ WKH QHXURVFLHQFHRIWKHYLVXRVSDWI
WR KDQGOH SRVLWLRQLQVSDFHEHIRUHWKH\HYROYHG WKHDELOLW\
7YHUVN\KDV IRXQG WKDW }VSDWLDO WKLQNLQJLVWKHIRXQGDWLRQR
WKRXJKW LV DOVR WKH IRXQGDWHRQY NR D BRGDRMN R B 0 QKRR X YKW VY N\ L
QRWDQH[DJJHUDWLRQWR VWDWHWKDW RXUVHQVHRISODFHLQVSDF
ODQJXDJH DQGUHDVRQ

i, ... %qlq3...0™%eE zE-qe%{°“°Ece”we?

.DQW TXHVWLRQV }ZKHWKHU LGHDV GRLQIDFWUHSUHVHQW WKHLU RE
*XWWLQJDQG 2NQMHEURSRVDO IRUDGGUHVVLQJ.DQW{V TXHVWLRQLQ
LVWRDGRSWD SRVW VWUXFWXUDOLVWISRMWYXUH RILQWHQ SHHRKD W LI
LGHDV DUH QRW XQFULWLFDOO\ XVHG D V% ¥WW\S DR EDOHP DNRZEENHKUL F O H V
WKLY GRHV QRW FRQVWLWXWH WKDW UH S U tH\WH\Y WDMILRE® KNIRODPW K L Q
IDFW WKHIRUPDOPHWKRGV RI.QRZOHGJH3URGXFWLRQUHPDLQH[DP
HVVHQWLDOO\LQYROYHG LGHMDV QU BREH\HREB DR © RVENRPM GHUHG WKL
LWSRVVLEOHWRWKLQNDERXWUHSUHVHQWDWLRQLWVHOI DQG WKH
LQ VRPHWKLQJ EH V L'GHWULHBIUHYG DNWIMDIDR Q

7KLVil '1L¥ DGGUHVVHG LQWKHRORJLFDO WHUPVDVDWUDQVFHQGH
YHDO WKHPVHOYHV WR SHRSOH OLUFHD (OLDGHDVVHUWY WKDW KXPD
LWVHOI VKRZVLWVHOI DV VRPHWKLQJILZKRIDD \ G L HHUGHHRQ HVRKCLM KR S K
DVIWKHDFWRIPDQLIHVWDWLRQRIWKHVDFUHG~ }WKDW VRPHWKLQJ
}JWKHPDQLIHVWDWLRQ RIVRPHWKLQJRIDZKROO\GLITHUHQW RUGHU D
MHFWV WKDW DUHDQLQWHJUDO SIUW®RHE XU QCON X GH IBRISR U B Y WK
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WRU\RIUHOLJLRQV }LVFRQVWLWXWHGE\DJUHDW QXPEKUIIRJOEHHURSK

S $VDIXUWKHUDUWLFXODWLRQ (OLDGHSURSRVHVDPDWULIF
HPHQWDU\ LQZKLFKWKHVDFUHGPDQLIHVWVLQDQRUGLQDU\REMHEF\
VXSUHPHKLHURSKDQ\ZLWK WKHH[DPSOHRI&KULVWLDQLQFDUQDWLF
PDQ 7RXQGHUVFRUHWKHGLIHUHQWLDWLRQVEHWZHHQ (OLDGH{VWZ
zVDFUHG >ZKLFK@ PDQLIHVWV{DVD ORZHUWLHURIGLYLQHIRUFH HQV
ORZHUREMHFWV LQ WKH SURIDQH (OLDGH#VINHFRQIGLW@EXKBOBFHYWHG
LIHGDVLQFOXGLQJDVXSUHPHDQGVLQJXODU*RG FDSLWDO zJ{ LQWHF
EHLQJ 7KLVDQWKURSRFHQWULFHOHYDWLRQRIKXPDQLW\LV FHUWDL
GLTHULQJIUDPHZRUNV ZLOOEHGLVFXVVHG ODWHULQWKHGLVFXVVLF
JHQFHVDQG VR FDOOHG $UWLXFLDO ,QWHOOLJHQFH

i /932" @q”% ... ©3°8 % ..." %o

L QOLQJIJXLVWLFV VWUXFWXUDOLVP XSKROGV WKDW }ODQJXDJHLVDVEFH
GHULYHWKHLUH[LVWHQFHDQG WKHLUYDOXHIURP WRHKHUGILW RWWV E XV
RI(QF\FORSDHGLDEsJQWRQWUBNVW SRVWVWUXFWXUDOLVP KROGV WK
PHGLXP WKDW FRQQHFWV RQHGLUHFWO\ZLWK D }WUXWK~RU}UHDOLW
SDUWV GHULYH WKHLU PHDQLQJIURPWKHLUFRQWUDVW ZLWK RQH DQF
ZRUOGH (GLWRUV RI (QF\FORSD H®RRY ZUWWBQVZERVH ZRUNDOLJQV Z
DUH5RODQG %DUWKHV DQGOLFKHO )RXFDXOW

7HUU\ (DJOHWRQ VXPPDUL]JHV %DUWKHV{VGHVFULSWLRQRIWKH VKL
LVPDV}DPRYHPHQW IURPIZZRWNSWR zWBIJWHWRQ HODERUDWHYVY },W L\
WKH SRHP RUQRYHO DV D FORVHG HQWLW\ HTXLSSHG ZLWK GHXxQLWH P
WR VHHLQJLWDVLUUHGXFLEO\SOXUDO DQHQGOHVV SOD\RIVLJQLxH
FHQWUH HVVHQPHRWWR® QLQIHUHLQ OLHV WKHUROHRIWKHQHWZRL
SUHVVLQJGHFHQWUDOL]JHG PHDQLQJV XVLQJVLJQLXxHUVOLNH ZRUG ¢
H[SUHVVLYHPHWULFVDQG JUDSIKLEM4 LIVIFWBX AL DO, EPRYLAI|ORPI} 0!
WHRE 4:1>48;ié7c.1i44 1 10 . i+8UKENHUS O QWHUSUHWDWLRQLQ WKL\
PRUHWKDQMXVW }FRQVWUNXRWMIGO$ VYV DQG LQUHFWLRQ~
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'"UXFNHU RTHUVD GHSDUWXUHIURP WKHWHUP GDWD ZKLFKFODLPV W
VRQLQJ '"UXFNHUFKDUDFWHUL]HV }DOOLQIRUPDWLRQDVFRQVWUXFV
IRUPDO'BDXVNHU S 'UXFNHU G&OHO REOW;ZBWHY}ILY QRW DQ H[SUHV VL
LRVI\QFUDF\ HPRWLRQ RULQGLYLGXDO T TXLUNV EXWDV\VWHPDWLFH
DVSKHQRPHQD SHUFHLYHGDFFRUGLQJWR SULQFXEOHV KRIREVHUYHU
'"UXFNHUJRHVRQWRFODULI\WKDWWR}GRWKLYVY ZHQHHG WRFRQFHLY
SRLOQWRIYLHZ DIJHQGD DVVXPSWLRQ SUHKVXPSVELRQ RYNWNUPOO\EBEFR
}TXDOLIWLQJDQ\PHWULFDVDIDFWRURIVRPHFRQGLWLRQ WKHFKDUD
}IDFW~> RUGDWD @ WRFRQVWUXFWHGLQWHUSUKWRWWILRBQ PRWLYDW

'"UXFNHU FKDOOHQJHV WKH QRWLRQRIREMHFWLYHGDWD SURSRYV
DOOLQIRUPDWLRQLVLQKHUHQWO\FRQVWUXFWHG VKDSHG E\REVHU"®
VWRRGDVDSURGXFWRIVSHFLXFYLHZSRLOQWV UDWKHUWKDQDV VHOI

i i 50i0iq3..°EE°EQ0D30Oe%I° %cAEqd..e3"3qEE°4 ~q3"@q” %o

‘HWXUQKHUHIURP D SKLORVRSKLFDO SHUVSHFWLYHWRDPRUH SUDFV
3DXO3DQJDUR{VZRUNRQODQJXDJHLQRUJDQL]DWLRQV LV V\QWKHVL]
GHVLJQ 3DQJDURH[DPLQHVFRQYHUVDWLRQE\EXLOGLQJRQLQUXHQF
OLFKDHO & *HRJKHJDQ DQG*RUGRQ3DVNWRGHYHORSKLVPRGHORIF
FRQYHUVDWLRQLVXVHG WRLWHUDWHDQGHYDOXDWHDFURVV IRXU St
RUWRGHVLJQ}D QHZVSDFHRISRVVLELOLWLHV~ F WRFUHDWH QHZO
R@BDQJDURS 3DQJDUR{VPRGHOHPSKDVL]HVFRQYHUVDWLRQDV D
WLRQ

7JRFDOOLQDQHTXLW\ GULYHQRULHQWDWLRQIRUWKHOLQJXLVWLF
RISRLQW}$~LQ 3DQJDUR{VPRGHO }&FRQNHUNSW LR QW R/ $ RDHHWRAGH*R D ¢
&DUUROODQGKHUWHDP DW &UHDWLYH5HDFWLRQ /DEVKDYH GHYHOR
(&&' ZKLFKFKDUJHVWKHFRQYHUVDWLRQDO FRPSRQHQW RI3DQJDUF
MXVWLFH RULHQWHG LQWHUVHFWLRQDO FR FUHDWLYH VROLGDULW\
RSLQJ}DJUHHG XSRQ GHXxQLWLRQVIRUDQ\UHFXUULQJ VEHUPW\IRXZLO:
5HDFWLRQ /SE ,ZLOO ODWHU SURSRVH 6\PERO VHWWLQJDV D VHPLI
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FROODERUDWLYH.QRZOHGJH3URGXFWLRQ

,UHWXUQ KHUHWR 3DQJDURDQG KLV SUHVHQWDWLRQIRUWKHDO,?7
H[DPLQHV WKB }IFR CGBHeR }i] = LIY5HYEHQHUDWLQ3RQIDQRFD WL RN ~
EROGWH[WLVLQNHHSLQJZLWK3DQJDUR{VWH[W ,Q WKLY SUBIVHQWD
3DQJDURS $QRUJDQL]DWLRQLVPDGHRIFRQYHUVDWIRQVRZKR W

S 7KHRUJDQL]DWLRQLY SHUSHWXDWHGE\FRQYHUVDWLRQLQ

DFWRRQJDURS

3DQJDUR SUHVHQWV WKHRSSRUWXQLWLHV DQG ULVNY RIVSHFLxFLW
LQFUHDVHWBREDH@S\ ~ +RZHYHU MDUJRQGHYHORSHGLQRUJDQL]C
OHPV~JURZVDQG OHDGVWRDQRYHUO\ QDU URIDWHSSHRIFRPPXQLFDW
}JIDUURZIQJDY®VR LQFUHDVZHQIDQRYDQFHK¥®Q RUIJDQL]DWLRQ{V VSHFL
ZKLOHHNFLHQWIRUFXUUHQWEXVLQHVVRSHUDWLRQV FDQEHFRPHD
LHY QHZDSSURDFKHVY /LNHDOORIXV WKH\FDQQRW UHFRJQL]HWKHL
VXFFHVVIXO ODQJXDJH ZHGR QRWNQRZWKDWZHGR QRWNQRZ &RQV|
OHDUQ 'HYHORSHGDVDWRROWRLQFUHDVHHNFLHQFLHY WKHRUJDGC
3DQJDURS ,QRWKHU ZRUGV 3DQJDURZDUQV WKDW ZKLOH VSHFLD
LQDGYHUWHQWO\OLPLWDQRUJDQL]DWLRQ{VFDSDFLW\WRUHFRJQL]
%LUJHUB6HYDOGVRQPLJKWIUDPH3DQJDUR{VQDUURZLQJRIODQJXD.
$VDSDUDGLJP WKDW LV ZLGHO\}UHJDUGHGDV SRVLWLYHLQRXU FXOW
DQG SKLORVRSK\RIVFLHQFHOLNHWKH}PDQDJHULDO FOLEK«~}.,66 .F
YD O GV REQS 7KHGDQJHURI}PRGHUQLVW VLPSOLXFDWLRQ~LV WKDW
DQGH[SUHVVLRQIURPGHVLJQ DBEENHGWEH LW WHRLMNOGHR Y BY FHUWV
QRW SRVVLEOHWRUHGXFHKXPDQOLIHWRVXFKVLPSOLXxFDWLRQV QR
EROVIURPGHVLJQ ZLWKRXW ORVLQJRXWDREGWKSE U L F,KIZREK\O\GRI & UDAXEK
SUHPLVHRILQWHUGLVFLSOLQDULW\DQG V\QWRSLFDOFRQVLOLHQFH
SHUVSHFWLYHRQRYHUVLPSOLXxFDWLRQDUHHPEOHPDWLFRIGLVFLSC
VHPDQWLF GHSWK

BHWXUQLQJWR 3DQJDURFRQ YYRFUHOWV HV[BRBORBUQYXQLW\ 7KHFRQYH

%ROGHG WH[WLQ TXRWHVE\3DXO3DQJDURUHUHFWV KLVRULJLQDO HPSKI
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IRUJHQHUDWLQJQHZRSSRUWXQLWLHV FRPHIURP WKHRXWVLGH V\VW
WRDFTXLUH QHZ UHO H YID@W DWDRSJ X D JHOGRPIRWKHQ FODLPV WKDW }V
RUJDQL]DWLRQ RWYH-DNE WX BSRHIZW DQ RUIJDQL]DWLRQ{V IXWXUH YLDELO
WLYHO\LQWURGXFHFKDQJHLQWR WKHV\VWHP 7KH\GRVRE\JHQHUD\
RUJDQL]DWLRQ FRPHWR XQGHUVWDQG DQG HPEUDFH 7KLV QHZODQJX
HNFLHQW VI\VWHP EXW UDWKHU FUHDWHYV Q HZD@UWWR® FWLRB@WYDQG VX
JDURDUJXHV WKDW RUJDQL]DWLRQDO JURZWKDQG UHQHZDO GHSHQG
LQWHUQDO SURGXFWLRQRIQHZWHUPLQRORJ\ ZKLFKLQWURGXFHV Fk
BHYDOGVRQDQG3: $QGHUVRQ GLVFXVV WKHHSLVWHPRORJLFDO UL
LPSDFWRQLQWHUGLVFLSOLQDULW\ 6HYDOGVRQ FODLPV WKDW }DGGl
VRWKDW QHZ OHYHOV RILQWHUSUHWDW IBRIQ DO B \@R& G H G RAHHUD/ARQO H
H[SODLQV IXUWKHU WKDW WKHUHGXFWLRQLVWVFLHQWLxFDSSURDFK
WDO ODZV ~GRHV QRW SURYLGH D F RIFSOHWHR L F W X $'Wi IRR P FRHP[SOH [ V!
LQFUHDVHV QHZODZVDQGFRQFHSWV HPHUJHWKBWGEBQQRW EH HDVL
S $QGHUVRQHPSKDVL]HV WKLY SRLQW VWDWLQJWKDW }3V\FKRO
FKHPLYWOWUVRGS (DFK FRPSOH[LW\OHYHO UHTXLUHV LWV RZQ VH\
BHYDOGVRQ ZURWH WKDW WKH}FRQWUDGLFWLRQ >VLF @ EHWZHHQ L
LQDQROG GLFKRWRP\EHWZHHQ WKRVH xHOGYV ,Q GHVLJQ GLVFRXUVH
FUHDWLYH DQGEDVHGRQPHWDSKRUV HWF %XWLQWXLWLRQ FUHDW
FKRWRP\EHWZHHQ DUWDQG VFLHQFHLVUHODWLYHO\QHZDQG VKRXO
LQJDZD\IURPDUW ZLOO PDNHGH\OGEERUH VFL BQ@HYFRQ ZURWH }ZH
VWDUW ZLWK D YPGKEWRB QLVPEXW WKLV GRHY QRW SUHFOXGH LQWHJ!
PHWKRGY DQGHYHQGLVFLSOLQHYV
3VI\IFKRORJ\QRWEHLQJDSSOLHMGEHROR® QRWHPWHYMDGEDGN LQ W
XUDO VFLHQFHVDUHHYLGHQFHRIGLVFLSOLQDU\LQWHRQDWLRQ E\ FR
'LOVRQ QRWHV WKHIROORZLQJIRXUH[DPSOHV xUVW FRJQLWLYH
RJ\WR }VROYHWKHP\WVWHULRMRRRQBFLRXV WKHRPRIBE® KXPDQ EHKDYLR X
LVLQYHVWLIDWLQJWKHLPSDFW RLPMNQHS RQ P MKW D G GHNRHOOXRASLARHICD/
RJI\DQG6RFLRELRORJ\DUHHQGHDYRXULQJWR }H[SONRODWKH KHUHG L
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IRXUWK HQYLURQPHQWDO VFLHQFH QHFHVVLWDWHY WKHLQWHJU
ZKLFKDUHLQGLYLGXDOO\QRW UH[LEOHHQRXJKWRJUDVS WKH QDW XL
KXPDQVSHFLHVHYROYHGDQG WR ZKLFK LWV SKOWIRRDBJ\DQG EHKDYLF

3DQJDURGLTHUHQWLDWHY WKHD[LRPDWLF GLTHUHQFHV RIWZR NH\R
+HLOOXVWUDWHY WKDW WKHODQDJHU VHHNV HNFLHQF\ZLWKLQ WKH F
RXWVLGH LQWKBBQYUBRQPHQW,Q WKH SXUVXLWRILQWHUGLVFLSOL
DQDORJRXVWRWKHVHDQG RWKHUVHHPLQJO\GLFKRWRPRXV SHUVSH
SRLQWRIYLHZWRLPSURYHWKHVHDQGRWKHURSSRVLQJSDUDGLJPV

i i /93"@q "% jq|..800®°3jq3...2°... % |De-..e3"

,QFRPSXWDWLRQDO WH[WDQDO\VLYVDQGNQRZOHGJHUHSUHVHQWDW
HQWLQODQJXDJHLVFUXFLDOIRUGHYHORSLQJHIHEWLYHPRGHOV WK
LQIRUPDWLRQ 2QHVXFKDSSURDFKWRFDSWXULQJWKHVHVWUXFWXU
GXFHG E\66RZD S
$FDQRQLFDOJUDSK}LVD FRQFHSWXDO JUDSKWKDW UHSUHVHQWV D
W\SBRZD S &DQRQLFDO JUDSKVHQFRGH SDWWHUQV W\SLFDOO\D
W\SSHRZD S &DQRQLFDOJUDSKV}FDQEHXVHGWRVHOHFW WKHRUL
GHVFULEHG E\ WERXM FBQFHIRWH[DPSOH FDQRQLFDO JUDSKV IRU YH!
RU}WKHPDWLFUROHV~DQG WKH FRRADNUDLQWV RQ WKHLU FRQFHSW W
6RZD LOOXVWUDWHVY KRZLQGLYLGXDO FRQFHSWV FDQPDSRQWR D JL
RILGHDV RUD }ODMREDFHRI WKHRUKHY3XUH WLWOHG }ZRUGV W\SHYV
ODWWLFH RERKHREBLHNIXUH ZRUG EUDQFKHV RXW WR PXOWLSOH FR(
UHVHQWHG E\DGLVWLQFW FDQRQLFDO JUDSK ,Q WXUQ HDFKFDQRQL
ODWWLFH UHSUHVHQWLQJLQWHUVHFWLRQVRIWKHRULHVDQGFRQFF
1DYLIJDWLQJWKLY ODWWLFHLQYROYHV VHOHFWLQJWKHPRVWDSSU
JLYHQ SKHQRPHQRQ 7KLV SURFHVVLVLQKHUHQWO\DEGXFWLYHLQD :
QDWLRQ ,LQWURGXFHDEGXFWLRQLQPRUHGHWDLOLQWKH.QRZOHG
,QDPDFKLQHOHDUQLQJFRQWH[W DEGXFWLRQ SOD\VDFUXFLDO URO}
PHWKRGV WKDW HQDEOHLQWHOOLJHQW VIVWHPVWRRSHUDWH DGHTX



&KDSWHU ILWHUDWXUHUHYLHZ

WLR@WRQLRXZKHUHFRQFOXVLRQV PD\FKDQJHLQOLJKWRIQHZHYLGH
RGVRIQRQPRQRWRQLFUHDVRQLQJFDQEHYLHZHGDV VWUDWHJILHV IF
WKHRRKQ) 6RZIS

bltu; “:«9 oml;r|t-tJu-r_vbm|_;t-®&l-07F7|ompud;m :"0%-=v btttv|u-Zom > -rrbm] %ou7 =-mv |o -t-®1; o
-tvom-1;70¢"0%--vV>%o0u7vE|<r;vEl-mombil-t]u-r_v Eot-@1; bc@%b+¢BubsvQ P

7JRQDYLIJDWHWKHODWWLFHRIWKHRULHY 6RZD SURSRVHV WKH XVH
IRUV DQG ODNLQVRQ IUDPHZRUNIRUWKHRU\UHY¥QVKR® UBRQW WDIFQV L
$GGLWLRQDOO\ DQDORJ\HQDEOHV GUDZLQJSDUDOOHOV WKDW W
SXWDWLRQDOO\DFKLHYHG E\UHODEHOOLQJFRQFHSWVDQG UHODWLF
WRUVDQGDQDORJ\WRJHWKHUDVDVLQJOH XQLW

 ;7108LQYROYHV UHGXFLQJWKHVHWRIEHOLHIVRUWKHRULHV WR
c.0 4DGGVQHZLQIRUPDWLRQRUK\SRWKHVHVWRDVHWRIH[LVWL
Xi] 4PRRGLxHVDQH[LVWLQIWKHRU\WRDFFRPPRGDWHQHZHYLGHC
O 'MOORZVIRUWKHWUDQVIHURIVWUXFWXUHIURPRQHGRPDLQ"

6RZD{V xJXUH})RXURSHUDWRUV IRU MM JDSNLQYLIWHH QD YWDNOLFH R W
UHSUHVHQWV WKHVHFRQFHSWY 7KHODWWLFHVXEJUDSKLV GHSLFW!
$ % & bQG' (GJHVFRQQHFWLQJWKHVH SRLQWV DUHODEHOOHG ZLWHK
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5HYLVLRQ DQG $QDORJ\WLOOXVWUDWLQJWKHSRVVLEOHWUDQVLWLF
QRGHHGJHV

6RZD{V TXDGUXSOHRSHUDWRUV LWHUDWHE\UHYLVLQJROGPRGHOV

WH[WDQDO\VLV ZLWK *HRUJH %R[{VIDPRXV VWDWHPHQW $$00 PRGHO
6RZD S

b]tu; *:'9 > otuor;u-louv=oum-"b]-Zm] |_; O®&17 @m|_gomb ;V'D %o - =v b'td %e#|r-Z7om & Q :

, QWKHLOOXVWUDWLRQWLWOGHRZPORGHO ZTKHRHIRIOLEF GHY B QW Y FWMcH
WLRQVKLSVEHWZHHQ WKH:RUOG WKHORGHO DQG WKH  7KHRU\

7KH:RUOGDQGWKHORGHOUHODWHWKURXJK$SSUR[LPDWLRQ DF
UHVHQWDWLRQVRIWKHFRPSOH[ZRUOG

$SSUR[LPDWLRQ OHDGVWRDVVHVVPHQWV RIWKHPRGHO{VTXDOL

7TKHORGHODQGWKH7KHRU\UHODWHWKURXJK'HQRWDWLRQ FRQFI
WKHRU\LQUHSUHVHQWLQJWKHPRGHO

'"HQRWDWLRQOHDGVWRDVVHVVPHQW&RZIDNKE WKHRU\{V YDOLGLW

7KLV }PRGHO 6RRKIDRUSIWLBHUVSHFWLYHHPSKDVL]JHV WKDW PRGHOV I
VWDQGDQGLQWHUDFW ZLWK WKH ZRUOG EXW WKH\DUHLQFRPSOHWH
PHQWDQGDGDSWDWLRQ ZKLFKLVHVVHQWLDO ZKHQ GHDOLQJZLWK Z
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8QGHUVWDQGLQJDQG SURFHVVLQJFRPSOH[LQIRUPDWLRQ VWUXFW X
LPDJHV ORJLF DQGODQJXDJH -RKQ) 6RZDLQWURGXFHV FRQFHSWXL
WKRXJKWLQD VWUXFWXUHGDQG FRPSXWDWLRQDOIRUP &RQFHSWXD
PRGHOWLN S ZKLFKFDQUHSUHVHQWYDVWDPRXQWV RILQIRUPDW
WKH\RTHUD EDODQFHEHWZHHQ VSHFARFDLW\SDQG WHFKQRORJLFDO IHLC
. HOQQHWK &UDLN{VPHQWDO PRGHO K\SRWKHVLV XQGHUVFRUHV WKH L
RUJDQLVP FDUULHVDVPDOO VFDOHPRGHORIH[WHUQDOUHDOLW\DQ ¢
WRFDUU\RXW YDULRXVDOWHUQDWLYHV FRQFOXGHZKLFKLV WKHEH)\
XWLOLIJHWKHNQRZOHGJHRISDVWHYHQWVLQGHDOLQJZLWKWKH SUH
VDIHU DQGPRUHFRPSHWHQWPDQQHEBWRWKHHPHUJHQFLHY ZKLFK IC
%XLOGLQIJRQ &UDLN{VPHQWDOPRGHOV FRQFHSWXDO JUDSKV DFW I
(DFKJUDSKUHSUHVHQWV RQHSHUVSHFWLYHRQDQLQxQLWHDUUD\RI
ZLWKLWV RZOQRRZOPWROD RI+FRZHYHU WKHVDPHUHDOLW\FDQEHUHSUHYV
OHDGLQJWRGLIHUHQW FRQFHSWXD®IDDSKV IRUWKHVDPH SKHQRPH(
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$ FKDOOHQJHLQ XVLQJFRQFHSWXDOJUDSKVLVWKHQHHGWRDOLJQG
OHYHOVRIGHWDLO ZLWK GLTHUH@RZ®DES$ OV MHERIQVHBRV/OLYE UWDC
XSSHU OHYHORQWRORJ\WKDWHQFRPSDVVHVHYHU\DFDGHPLF GLVFL
FRPSXWHUVFLHQFH VXFKDV &\F 2SHQ&\F/68B2 *RO&{WE)D DQG RWKH L

$QDORJRXVWRWKHIXQFWLRQRILQWHURSHUDELOLW\LQ XSSHU FRP
LQJGHVSLWHGLIHUHQWRQWRORJLHVUHTXLUHVPDSSLQJRQWRORJLI
HTHFWLYHO\

i i 0 3% @Ee% {l &-qiicc“cceqO®°3°“5%qi°3m@3”q3... O™ % 5°-%0 °“ $3q

6RZD VXPPDUL]J]HV WKHIRXU3HLUFHDQ PHWKRGV RIORJLF LQDGGLWLI
ULYLQJLPSOLFDWLRQVIURP SUHPLVHYV~ LQGXFWLRQDV}GHULYLQ.
WLRQDV }IRUPLQJD K\SRWKHVLVWKDWPXVWEHWHVWHGE\LQGXFWLF
RZQ ZRUGV }FRPELQHV WKHFKDUDFWHUV RIWKHWKUHH \HWFDQQRW
LQ6REZRZD S $QDORJ\LV}PRUHSULPLWLYH EXWPRUHUH[LEOHW
RIORJLFDUHGLVFLSOLQHMEB8ZD\VRI XVLQIJDQDORJ\~

6RZDRTHUVDQ DQDORJ\WRLOOXVWUDWHDQDORJ\{VUHODWLRQVKL
DQDORJ\DVGDQFLQJLVWRZDONLQJ 'DQFLQJLVDVW\OL]J]HGIRUPRIZ
ZDONLQJ EXWLQDPRUHVWUXFWXUHG GLVFLSOLQHGIRUP /RJLFLVE
VDPHPHQWDO SURFHVVHY EXWLQDPRUMHVBUXFWXUHG GLVFLSOLQF

O
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6RZD RXWOLQHV WKDW }PDSSLQJRQHFRQFHSWXDO VWUXFWXUHWR DC
(TXLYDOHQHH
*HQHUD O L] DRVE@ICH V

6 S HF LD O Li] DR\SLARIH V

6LPLODULW\ 1HLWKHURKRRADLPSOLHV WKH RWKHU ~
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$QDORJ\XWLOL]JHVDOOIRXUNLQGVRIPDSSLQJ ZKLOHORJLFXVHVR
PHFKDQLFDODQG QHXURSK\VLRORJLFDOPHFKD®RXPV $QGHUOLHDOO
7RRSHUDWLRQDOL]HDQDORJLFDOUHDVRQLQJLQFRPSXWDWLRQDO
qe— Beell U-0 Yo UYBEIPHAS@R\V WKUHH VWUXFWXUH PDSSLQJPHWKR
DQDORJLFDOUHDVRQLQJWR FRPSD UH DR GCRILY 55 RIEHDHIFW XQIRA W WXFDNV
LGHQWLFDO ODEHOV ODEHOVWKDWDUHUHODWHGDV VXEW\SHDQG V.
PRQVXSHUW\SHVXFIGBYBDW®QBMRBSDUO- AdelY A¥RPSDUHV
VXEJUDSKV ZLWK SRVVLEO\GLTHUHQW ODEHOV 7KLV PDWFKVXFFHHG)
WKHODEHOV RUZKHQWKH\FDQEHPDGH LVRRRILBKRGFOP\WWRBEDQLQJ D
- £deeidY -0 U0}, 0WEHIXUVWWZRPHWKRGVIDLO OHWKRG >PDV
VHDUFKHVIRUWUDQVIRUPDWLRQVWKDW FDQ UHOD/RH ¥V XRIADISKY R F
MXPGDUS 7KLVPHWKRG SURFHVVHVDQDORJLHV RAAMAZIDORJILHYV DQ
S 9$(LVDQH[DPSOHRIWKH ZD\V&RPSXWDWLRQDO $QDO\VLV RI 7H]
LQJYLDDQDORJ\ VHWWLQJWKHVWDJHIRULQWHUGLVFLSOLQDU\FRP:
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1IDWXUDO ODQJXDJHLV}DFTXLUHG E\LWV XVHUV ZLWKRXW VSHFLDO L
UDWLRQDQG VRFQDOISIDWIZREFKDUDFWHULVWLF UH[LELOLW\RI QDWX
SUHVVHYHU\WKLQJIURP YDJXHLGHDVWR SUHFLVHVSHFLXxFDWLRQV
EHYDJXH }EXWWKH\FDQEHXQGHUVSHFLxHG~ DQG WKHRIEQQ EH }RUJ
6RZD S $VDUHVXOW B6RZDUHFRPPHQGV WKDW IRUPDO V\VWHPYV 2
ODQJXDJHV~DQG }HPSKDRK|® )L @WHIBRSHUQ EKBUWA-WR GHYHORS NQR:
VHQWDWLRQ PHWKRGV LQJUDSKVDQGRWKHUZLVH IRUPDO V\VWHPV
PXOWLSOHFRQWH[WV E\LQFRUSRUDWLQJWKHUH[LELOLW\RIQDWXULC
ZRUGV RI$OIUHG 1IRUWK :KLWHKHDG ZKR ZURWH }:HPXVWEH V\VWHPL
'KLWHKHDS -RKQ) 6RZDS

%\ LQWHJUDWLQJDQDORJLFDOUHDVRQLQJDQGPDLQWDLQLQJRSHQ
WRZDUG PRUHLQWHUFRQQHFWHG PRGHOV RINQRZOHGJHWD QHFHVVD

ZLWKFRPSXWHU DVVLVWHG .QRZOHGJH $FWLYDWLRQ



&KDSWHU ILWHUDWXUHUHYLHZ

i i 1%OA8°E© "EqAE ™|

7TKLVVHFWLRQLQWURGXFHVQHWZRUNJUDSKLQJLQ VPDOO FKXQNV W
KLVWRULFDOH[DPSOHRID xJXUHZKLFKLVERWKWZR DQG WKUHH GLPF

i i *EqE™ «™MP30]

3U@XOM HW DDl X VW RVKHHDVOH QW ZRUN VXEJUDSKV~RU }D FRQQHFWHG
RI QRGHNM&XOMH® DO 6DUDMOLEHWDO {VLOGRVYWMDWEBQ RIGGLUHFW
LQFOXGHV QRGH OLQHFRQxJXUDWLRQVLQOLQHDURQH GLPHQVLRQEC
JOHVDQGUHFWDQJOHYV

b]tu; :*9 u-r_t;| lomC]tu-20%bE-lomyI7bl;mvbom-t m;|%ouhtbm;v-m7 |%0J7bl;mvbom-tm;|%ouhv_
“Jmo7;7-m77"Jmo7;1lomC]tu-Zomv: b]ftu; 0-v;7 om"-u-ftbA ;| -t: P‘eeuQ-utftblA 7emros 7Qu;1|;7 Ju-r_t;
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7TKHPLVVLRQRIFRQFLOLDWLQJLQIRUPDWLRQIURP YDULRXV GLVFLSO
LW\7UDQVLWLRQVUHTXLUHVPDQDJIJLQIJD KLIKGHIJUHHRIFRPSOH[LW\
PDQRDIJHPRUHHQWLWLHVDQG UHODWLRQVKLSVDQGVKRXOGEHFRQVL
HGJH ZRUN VXFKDVLQWHUGLVFLSOLQDU\DQGFRPSXWDWLRQDO 6XV\

TRFDSWXUHWKHLQWHUUHODWHGQHVVRILGHDVLQDJUDSKLQDOH"
IDUJH/DQJXDJHORGHOUHTXLUHV FDSWXULQJDODUJHQXPEHURILGH
VLRQV LQIDFW VPDOO//OVDW SUHVHQW KDYHELOOLRQVRIYHFWRUH
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PDWLRQ 7KLVVHUYHVDVDEDVHOLQHIRUFRQWHPSRUDU\DSSOLFDWIL
> OLQKXPDQ LQ WKH ORRSJUDSKLQWHUSUHWDWLRQ ZHPXVW FRQV
,QDGHSDUWXUHIURPWKHPRUHJHQHUDO VHQVHRIWKHYLVXRVSDW
GLVFXVVLRQ GHWHFWLQJSDWWHUQVDQGDQDO\][LQJQHWZRUNJUDSI
SODFHRIKLJK GLPHQVLRQDO JUDSKVDQGKXPDQLQWHUORFXWRUV L\
VLQFH ZHFDQ VHQVH QR IXUWKHU
‘DUHDQG OLWFKHOO UHSRUW WKHIROORZLQJDERXW WKHLU H[SHULP
QRGHJUDSKV\LHOGHG FRPSDUDEOHHUURUUDWHYVY 7KXV ZH xQG UR
RIWKHJUDSK WKDW FDQ EH }JUHDG~ ZKHUH ZHFRQVLGHU }JUHDGLQJ~W
YLHZLQJLVDYDLODEOH XVLQJ YDMHUHRDQGVERW DRQ GHSWK FXHV ~
,QEULHI ZKLOHWKHQXPEHURIQRGHV WKDWFDQEHUHDGDFFXUDW|
WKH QXPEHU OHJLEOHLQ WKUHHGLPHQVLRQV WKHFRPSOH[LW\RIJUL
xQGLQJ KXPDQ LQ WKH ORRSRURWKHUZLVH 1RQHWKHOHVV WKHPL
GLVFLSOLQHVLQWRFRPSXWDWLRQDODSSURDFKHVIRUFOLPDWHUHYV
SURPSWLQJXVWRZRUNZLWK WKH IXOO OLPLWV RIWKHYLVXRVSDWLD
KLJK GLPHQVLRQDO JUDSKV 1HWZRUNJUDSKVRSHUDWLQJLQPRUHW
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ODQDJLQJDKLIKQXPEHURIQRGHVLQKLJK GLPHQVLRQDO QHWZRUNYV
\WLVRI7TH[WVDQG *UDSKVUHTXLUHV OLPLWLQJWKHOQXPEHURIYLVLEC
WKHLUVWUXFWXUHVDQGVXEVWUXFWXUHYV

ce ®iY - EaD U 0Q0-0-YelY £ 0 6Peib — 0

$ :10; !

JLOWUDWLRQPHWKRGV VLPSOLI\FRPSOH[QHWZRUNV E\UHGXFLQJQR
HWDO SURSRVHDQLWHUDWLYHSURFHGXUHZKHUHDJUDSK XQGHUJR
EDVHGRQ JHRPHWULFSUR[LPLWNEHWZHHQ QRGHYVY 7KLVDSSURDFK UF

‘-DUHDQGOLWFKHOO  GLVWLQJIJXLVKWKHQXPEHURIOLQNVDVDNH\IDFWRU
ZDVVXUSULVLQJO\KLJKDQGWKHUHJUHVVLRQHTXDWLRQ VXJIJHVWV WKDW D
LOQDQDGGLWLRQDO LOQRUHHDYE CLIONHKUHROWUKDIWH~ UDWLR FDQ JXLGH WKH GL
UHGXFWLRQRIODUJHUKLJK GLPHQVLRQDO JUDSKVIRURSWLFDOO\OHJLELO
WR GLVFXVVDYDULHW\RIRWKHUIDFWRUV WKDW VKRXOGEHFRQVLGHUHG ZK
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QRGHJURXSVWRUHLQIRUFHLQWUD FRPPXQLW\FRQQHFWLRQV ZKLOH
HOKDQFHVWKHYLVLELOLW\DQG GHWHFWIEIEQ LHW B DF O XR/YE IF U \H XML DVXK
FDOO WKLY;BILRFIMG Xk 0 O é Xis(i50 ;RVWEFV HW 30

> é a

1RGH OLQNGLDJUDPVLQWKUHHGLPHQVLRQVIRUUHODWLRQDO GDWTL
WZR GLPHQVLRQDO JUDSKV KLQGHULQJHRNFLHQW GDWDDQDO\VLV =1
GLPHQVLRQDO FOXVWHU EDVHGHGIJHEXQGOLQJDOJRULWKPLQVSLUFE
PHWKRGVFDOHV ZLWKJUDSKVL]H VXSSRUWLQJYDULRXV VWUXFWXUL
VWUDWHWKLY ZLWKVLPXODWERIQOVIRVRRFHEVIXE EUDLQ IXQFWLRQ
+ROWHQDQG9DQ :LMNLQWURGXFHVHOI RUJDQL]LQJEXQGOLQJ ZKL
OLQNGLDJUDPY 8QOLNHPHWKRGYVY WKDWUHTXLUHULJLG KLHUDUFK\\
VSULQJVWKDWDWWUDFWHDFKRWKHU LQWR EXQGRRONWM @ D@QLEPLDIOQ I M/

7KHUHVXOWLQJPRGHOVPRUHFOHDUO\V\UHYHDO KLJK OHYHO HGJ

+ROWHQDQG 9DS :LMN

>4;i1 0 O4ie $!14&i lia;ie u!l ; 4
,ODWXUQIURPHGJHVWRIRFXVRQQRGHY /XDQG6LSURSRVH&OXVWHFE
ZKLFKZHLIKQRGHVDQGFOXVWHUVWRUHGXFHWKHFOXWWHURIHGJF
LOWHUSUHWDELOLW\RIODUJHX\DFRDOHVEKUHH GLPHQVLRQDO JUDSKYV
[.1 U &aieeil4a!1$'1ai 174;1é¢ =0d!>;4
6SULQJHPEHGGHUY DOVR NQRZQDVIRUFH GLUHFWHGDOJRULWKPYV |
XQGLUHFWHG JUDSKV~XVLQJ}IRQO\LQIRUPDWLRQ FRQWDLQHG ZLWKL
RQGRPDLQ VSHFLRERGRRISHGIHRERXURY VXUYH\V}FODVVLFDODOJR
PRUHUHFHQW }VFDODEOHPXOWLVFDOHRHMKXRGNSIRU DIWOHNMH DQIRG\ QL
ULWKPV SURGXFHJUDSKVWKDW}WHQGWREHDHVWKHWLFDOO\SOHDYV
IUHH OD\RXWYV IRURERXQRYSUDSKYV ~

ce @®UY £a-66DuYD U — 06&lUY —a® d&d:eYab u ID 0D — 6
*UDSKVY ZKLOHFRQYHQLHQW }FDQRQO\SURYLGHD OLPLWHG GHVFUL
WRUHSUHVHQW V\VWHPV ZLWKBDWU X VWRHI IQW #RDHFYWH IR PYOROVONRORJIL
SK\WVLFDO DQGVRFLDO V\VWHPV H[KLELWLQWHUDFWLRQV EH\RQG G\D
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RUGHU BhIHWWWVVWRSG HW PRU LQVWDQFH UHVHDUFKRQ QHXUDO V\VWHF
WRSRORJLFDO VLJQLxFDQ FH//RD K MIKHWRRBU-GMH & RBS\OH] VFVWWRPW UHS U
DVQHWZRUNVRIWHQUHTXLUHDGYDQFHGPDWKHPDWLFDO VWUXFWXU
FRPSOH[HV WRDFFRXQW IR UMW KHYV\VRRG HWIDPWHUDFWLRQV
6WXGLHV KDYHGHPRQVWUDWHG WKDW KLJKHU RUGHULQWHUDFWLR
ZRUNHG V\VWHPV LPSDFWLQJSURFHVVHVIURPGLIXVLRQDQG V\QFKU
SURFHAMWAWLVWRS HW DKHVH LQWHUDFWLRQV PD\HYHQ OHDG WR }WKH
WUDQVLWLRQV%EBWEHHMQY R®BEWHRIKOLIKWLQIJWKHVLIQLXFDQFHRIDC
LQWHUDFWLRQV
:KLOHUHVHDUFKRQ}G\QDPLFDO SURFHVVHVRQ QHWZRUNV~FRQYHC
GLDWHG E\OLQNV UHFHQW H[SORUDWLRQVLQWRKLJKHU RUGHU VWU
%DWWLVWRGHW P®WUH HGJHVDQG K\SHUHGJHV FDQ SRVVHVV G\QDPLF
HQFHGE\QRGHVDQGKLJKHU RUGHULQWHUDFWLRQV WKXVWUDQVIR!
}JDUHFRXSOHG WR WKHUHVW RI W RADWWWWHBREBUGVHYROYLQIJRYHU WLP
$QRXWVWDQGLQJFKDOOHQJHOLHVLQGHXxQLQJ}UHDOLVWLFPRGHC
VWUXFWXUHDQGKLJKHU RUGHU G\QDPLFV H%B®YW. X Q®BUWKHOHITHF W
/GUD @&iY ,eYab pH 1D /U D £ & i
&HQWUDOWRPRGHOOLQJUHDO V\VWHPV LV WKH }UH%RQWW YV XRDLRQ B
S OHWKRGV FRPELQLQJGDWD GULYHQPRGHOOLQJDQG %D\HV
LQJHIHFWLYHDSSURDPKBWWRWWFR @ WWDWXFWLRQ
&XUUHQW UHFRQVWUXFWLRQWHFKQLTXHYV SDUWLFXODUO\WKRVH L
JXLVKLQJGLUHFWFDXVDWLRQIURPLQGLUHFW SDWKVDQGQRQ FDXVI
PHWKRGRORJLHV FDSDEOHRILQWHUYHQWLRQUWDWWHUY WKS Q WH®\LQ.
%D\HVLDQ LQIHUHQFHRIJHQHUDWLYHPRGHOV ZKLOHDGGUHVVLQ.
RWDO GLUHFWLRQIRUH[WHQGLQJPHWKRGVWRLQFRUSRUDWH YDU\LC
}JGHVFULEH HPHUJHQW K% DKMW LR WRHUHW RPHW U\ ~
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7KH 9HGLF WUDGLWLRQV VWHZDUG D ZHDOWK RIZLVGRP DQG YLVXDO F
ZFKD NUD{ RU..WA4E » N; LQWKH ,3% DUHGLVDPBEAK®XBWHTEE\ *XGUXQ
,QWKLVWKHVLV ,ZLOOGLVFXVVWKHG6UL<DQWUDDQG WKH OHU X

‘KLOHWKHWHUPV z6UL <DQWUD{DQG zOHUX &KDNUD{HDFK KDYH WKH
WH[W RI1RUWK $PHULFDQ GLVFXVVLRQV RI9HGLF YLVXDO FXOWXUH W
LQWKLV ZD\QRW WR SUHFOXGHRWKHU WHUPV WKDW PD\EHPRUHOLQJ
WKHUHDGHU xQG WKHVHIRUPV VKRXOG WKH\VHHN WKHP

+RZHYHU WKHz6UL<DQWUD{DQG z0HUX &KDNUD{DUHDOVRNQRZQ E
WKH6UL <DQWUDDV WKH} UIFDNUDRU Ui\DQWUD ZKLFKLVDFRQxJXU
URXQGHG E\ORWXV SHW DOWK BHPRMSY DQE D WV RMDIBHIFBI GHSLFWLRQ
RIWKHB6UL <DQWUD DQG DQRBWKHADGGIS OFVILR QLIOVUD Y;DilLO/REQHOBQ; | 4
PDQQ S %% KQHPDQQ FRQWLQXH VaVR &IDRG! MZ K H ® IDLFIDNUMDUDLY 5\ D
UDW VXUIDFH~ DQG WKIH 03 BXDE KM@ D BFMUD KDV WKH IRUP RID PRXQV
HOHYDW%LRQMP D QS

,WPD\EHVXUSULVLQJWR WKHUHDGHU WR xQG WKDW WKHUHLV DQ H\
QRORJ\ LQ MK HIZRIWFK }GHVLIJQDWHVDQLQVWUXPHQW PDFKLQH PHFK
RQHXVHGLQ ZDUIDUH DQ®%DIOYRMDORIFILF GMDIVYBPEDO URRW \DP PHDQ
W U RQrK QHP D Q%)

7KHB6UL <DQWUDDQG WKHOHUX &KDNUDDUH UHPDUNDEOH SLHFHV RI
RWKHUDFURVV GLPHQVLRQV 7KHGB6UL <DQWUDLQWZRGLPHQVLRQV D
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