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30DQQRLQJ RI S8UEDQ 3XEOLF 7TUDQVSRUWDWL
6PDUW &LW\

-RQDWKDQ )UH]
8QLYHUVLGDG 'LHJR 3RUWDOHY 6DQWLDJR &KLOH
MRQDWKDQ IUH]#PDLO XGS FO

1HOVRQ %DORLDAQ
'"HSDUWDPHQWR GH &LHQFLDV GH OD &RPBEIRWREKILYWAH 8QLYHUVLGDG
QEDORLDQ#GFF XFKLOH FO

-RVp $ 3LQR
'HSDUWDPHQWR GH &LHQFLDV GH ODH&RPRXW.DBRy &KEQ@HYHUVLGDG
MSLQR#GFF XFKLOH FO

*XVWDYR =XULWD
ODQDJHPHQW &RQWURO DQG ,QIRUPMHWIVR G BGV@BH RKLBSDUWPHQW
6DQWLDJR &KLOH
JJXULWD#IHQ XFKLOH FO

JUDQFR %DVVR
(VEXHOD GH ,QJHQLHUtD ,QGXVWHNVDGD QWLYHBRV BEKDGHLHJIJR 3RUV
IUDQFR EDVVR#XGS FO

$EVW WM QLQJ HIILFLHQW SXEOLF RGUHD@V BRWIVH VYV K HNG! \S DD QQ P
URXWH IRU D EXV RU D OLQH IRD WD\ WERDPRRY VHEWZ $5\H R SO \Q BHIFV QG |
VHUYLFH ,Q WKLV ZRUN ZH SUH\FHREGY FPHWFHKIRGG G RV IX V B LI[H VW LH D Q
2SHQBWUHHWODS DQG FORXG VHUVXISSHRW WO DNW URE&V 6 RUWSW L RDR Q H V
GHFLVLRQ PDNLQJ SURFHVV 7KH PHWKKIG I EMKHRG \RWRWRRGH® S V'
WUDQVSRUWDWLRQ GHPDQG ,W BVAFHR/QGBVWILR® S URJEDWIROS WR YOLGEG G D
2SHQB6WUHHWODS WR SURYLGH L QI®RIM DMW. R/Q FIXE R X W IORRF\D WLLQR @ LRG H O
SUHGLFW ZKHUH SHRSOH PD\ QHE G SKE & WD W W DRUY 8§ R GVWDRNHLRIQ WHIKI\F G
SDSHU DOVR SUHVHQWY DQ H[DPS GGD WWL X M K[ I PIS-OMKRIGR Z IVWIKQ UHQ D ¢
RI WKH FXUUHQW DYDLODELOLW\ RUGHKE QWLE GLWIFRWY SRIUMADWZ R RNV SFRLS)

.H\ZRUGHWPSVWHU 6KDIHU WKHRU\ W UD QWLISHRW WDWIR®Y 'BWWIZEDWYR Y PL
SODQQLQJ SUREOHP
&DWHJIRULH W -

,QWURGXFWLRQ

0DQ\ XUEDQ DUHDV DUH TXLFNO\ JURZUWRHOHKHLDUKBHFLVLR
LQFUHDVLQJO\ FRPSOH[ DQG EHWWIDWH IMKREE WA RUY G & XDMR
VXSSRUW WKLV JURZWK >+HLOLJ @
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0DQ\ GHFLVLRQ SUREOHPV FRQFHSIQAIMAI SUWEBWPDUW WRDWL
GHILQH DQ DUHD WR VXSSRUW DHHUWBDEH HRX DU B PHQVR RE& \DK
LQGXVWULDO DUHD RU D KRVSLWDIDO FRKLOIKIQUPRQIE W KWL KD YOH
G\QDPLF SUREOHPV OLNH LQ SXEHUR XWWH\Q ¥ B R URMDGW Q@ VADUO(A
GHILQHG WR FRSH ZLWK QHZ UHTXRU HPHHQ M FILY GRER/Q R BWUDH. Q V
WR ILQG D SODFH IRU D QHZ EXV VWDS\QIR Q@ REMIHQHRR BXNH QR XV
SODQ D IXOO WUDQVSRUWDWLRQ QHWZRUN

$FFRUGLQJ WR +DUULVRQ HW DO >+DNMUWKRP® PR@LWRVPDUW
DQG LQWHJUDWHY GDWD DQG LQIRFMPOUWHR QLR F QXYL G U LWRIF®\
EULGJHV WXQQHOV UDLOV VXEZDRY]HDLWSRUMMWRXUFGE W HDGR L
PD[LPL]H VHUYLFHV WR LWV FLWL]H@ >%DVVR @ >6W\OLDC

$W WKH VDPH WLPH FLWL]HQV FILH X V,[7Q WIRQ SRIRFDLW HR®DW B F
ZKLFK FDQ EH XVHG WR VXSSRUW WRKH VGHF/MO® QF IPDINLY J S
UHTXLUHPHQWYV 7KH\ DOVR FRQVXPRPSEWDQI=BHUWIDFHV @ &
SURYLGLQJ 6RIWZDUH DV D 6HUYRIFWKBDI6XVFD® EXEBWUM Q/\RP
&LWL]JHQV RIWHQ DFFHVV WKH 6DD6G BREH®WRHEIDEXHY KRROIWL
PRELOH DSSOLFDWLRQV >&KRXUDELHV Z@®W KRPID W L WX 6 5\ D 6
SURSHUWLHY DUH HJ *RRJOH ODSWH2SHQEWRHMHWORSLGGG :C
JHR ORFDOL]JHG GDWD LQ D JUDGELWIKX® \ZDKDWHKH DUGIXOIDK
FKDUDFWHULVWLF WKH\ XVH FURZGRWRXUFHG GDWD WR SURYLG

7KH UHVHDUFK TXHVWLRQ WKDW L VALHW GHW KZ-H ZFROUN XSWUHH V H
WKH GDWD IUHHO\ DYDLODEOH *LQRWMKEKBP®RXG NWRZDF PRPBOL
SVPDUW FLW\" DQG ZRXOG RWKHUZRWY H MR X UU 8 JD\Y KHQ B K PRLXU/M
GDWD LQ WHUPV RI WLPH DQG PRRUHN Z#V YOMH H[DHPHE OH U Y QFWYX L
SURYLGHG E\ *RRJOH 0DSV 2SHQG6WGHHMW0RSHDGGWD]WRVRHER Z(
D 6SDWLDO 'HFLVLRQ 6XSSRUW 6\VMWHPODR®DLWUDQRSRUWDWL
VSHFLILFDOO\ ZH XVH LW IRU HVWLPRWQUQ SNKHQG HBDQRSX VGIG |
RI D EXV OLQH RI WKH SXEOLF WERPRPBRUWDGRR® DAVWKHE ZK
2ULJLQ 'HVWLQDWLRQ 2' URXWH HXD® OIMWRKRRU R R B KWEKD VHSEX U S
RQ WKH 'HPSVWHU 6KDIHU WKHRUWKGRUA6BOORZV W@ PRIGHO
GHFLVLRQV EDVHG RQ XQFHUWDLQ W®E HQWRBPS\O W\K HZ IGIDAKDD E
K\SRWKHVLVY FDQ EH VXSSRUWHG E\ GDWD

6DQWRV HW DO >6DQWRYV @ GHGFVUSBW LID & VGHF LWILHR@G O
VXSSRUW V\VWHP Z6'66 DLPHG DWHJHRXWEWLGRU PX\UMWLSEBE )
YHKLFOH URXWLQJ SUREOHPV WKDWHGQBRRQH DMUEWLRIIJDNKH
WUDQVSRUWDWLRQ QHWZRUN 7KH Z6D6%VLDEEB USRWDRWHY *RRJ
GDWD D GDWDEDVH D KHXULVM/AFLEQGHY B MRBM G FE® RWKX\HP Bl XWDK
WR JHQHUDWH URXWHV DQG GHHWILLSOH G W @G [ERLIPGRIED W H K LE B B O
VI\VWHP VSHFLILFV VXFK DV YH KLRFQVHWRIDI AL W \ [DVQ B H\OKOL IDW B LHF
FRQVWUDLQWY VXFK DV RQH DI\ VWH HZI6V6% BRG ERIUEVBG HR UW X
3ZKDW LI° DQDO\VLV UHODWHG \8RUDPHWIEOW FXPIKQ THV YWHK LIE®
FDSDFLW\ PD[LPXP GULYLQJ VKLI\RI WSLHPRD Q\GH DQRWRBRUNDULD'
PRGLILFDWLRQV DQG LPSRVHG DUF WRHGHI@®W DXWLERDXRY WIUDH K/ \V\
FROOHFWLRQ LQ &RLPEUD 3RUWXJDO

$ FURZGVRXUFHG GDWDEDVH LV WKH\2SHQ@®WUHHWODS S
‘RUOGZLGH VHYHUDO YROXQWHHRWERUW ARGWUIHR®EDQD EQ VRU
,Q VRPH FDVHV WKLV GDWDEDVH HPAHHEY SURSDIQGNVIRULN RQHV
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VRPH DXWKRUV LW LV PRUH FRPSPD\WH WKISHORREKOH PmESV RU
2SHQ6WUHHWPDS GDWD KDV EHHQ CSRMRISEVEBF MR RQWS FRUW
GHYHORSLQJ WUDIILF VLPXODWLWRWFKLBYNHD QH® ZRE FRON®
WULS RSWLPL]DWLRQ WRRO >.0XJ VXS@®RUW WI\D @\OS/MRU BIDAVQ RX
QHWZRUN SODQQLQJ >-RXEHUW % ®@H ,Q 085 GIHWERQE ™ P\H HW
VSRNHQ GLDORJXH EDVHG SURWRW\SDURRXYHBMHRXQGLIMG QDYL
VWUDWHJILHY EDVHG RQ 2SHQB6WUHHINREY 6@ SUMHY®I\Q WDB R E
ZHE EDVHG FDPSXV JXLGDQFH V\VRAH® LIRWGSBWHSWRMLDGL @D Y L
VXSSRUW IRU YLVLWRUV 7KH\ GHYHORSH & B Q FXGHQBW H HH\R QD\S
SDWKV XVLQJ ERWK RXWGRRU ZDONZD\V RPBWMLER®RRU FRUULGR

'D]JH LV JHQHUDWLQJ DQRWKHU SRSNOMUH URZGPREUBHG JHF
*36 DSSOLFDWLRQ WKDW DOORZRWR. WHRQXYUHQDBQHY HBB/R/UW W L
DXWRPDWLFDOO\ GHWHFWV WBDGHDW\D P¥HDXWKHY FDE FWAS RQV
URDGY DQG RWKHU DOHUWYV @ GHFL QLR VB H/KRIBHW 2H \GAL I PQRM
'D]JH GDWD PD\EH EHFDXVH LW LY HDR)XQW®RVRPWDE FRQYGHREZR Y
DQDO\VLV VI\VWHPV >6LOYD @QEIEV HR R QDY H OFR RV X RHQEAIDW D
D HE&UDZOHU DQG DQ DFFLGHQWY DWW PLQARQEMGDORQYV S|
WKH VDPH UHDO WLPH GDWD IURPDDJ¥ RR®DL®RE WX ZRYN W K -
VDPH WHFKQLTXH ZH GHYHORSHE D KHESMRLAGIDO \G R WBHIERQN \E [
RQ SXEOLVKHG GDWD RQ ZD]H FRP

'H IRFXV RQ VSDWLDO '66 XVLQJ E@OLHI SOURMLIF@\D U>)UH]
'"HPSVWHU 6KDIHU WKHRU\ '67 SURSRVHWHWRUBVY B VB WD Rl DES R
HJ WKH QXPEHU RI SHRSOH ZDLWVY QMWIRS MQEXRQD IV BH 8 MDW Q
WLPH LV EHWZHHQ Q DQG Q DVVRFRIWHBW LWL QJSEHREDELOL
IXQFWLRQV ZH FDQ SURYLGH D ©O\SB VEKIO\WLHY VXSSRWOLMDBOXE”
DVVLJQHG WR D FHUWDLQ JHRJUDSKMW DO DUHD VDWLVI\LQJ D K

7KXV WKH PDLQ FRQWULEXWLR @RI LVGOMWHSD PHW KR GV RZ B UFHKY/
DOORZV PDNLQJ D SUHOLPLQDU\HSWH CAHROLR® DE 8 XWK W KNHU S DIV
FRQJHVWLRQ DORQJ D SODQQHG BOE QHRX\QHR X FD®/LRD ®\Q U H
UHVRXUFHV IURP WKH ZHE

7KH UHVW RI WKH SDSHU LV RUHIRQPH® \D W KRIOD'RZR X \HHF W L
SUREOHP LQ GHWDLO 6HFWLRQ RQ@QWHERW XKL PKKEHY 2RXOLH I
DSSURDFK WR WDFNOH WKLV SUER®BRXW&HBW®BRI®@ L H& FHRPUL E H V
BHFWLRQ GHVFULEHV D WRRO FRRFXWOHNDLRQ DL @ VIHQ WDRY \G B QW
IOH[LEOH ZD\ ZKLFK FRQYHUWVNLWQ L X5 SREZWUWMRRGHRUVERBO
WUDQVSRUWDWLRQ SODQQLQJ 6EWW IPPGH $R b WHDW G DAR PG JHR S
DSSURDFK XVLQJ UHDO GDWD )LQDO®\ 6HFWLRQ SUHVHQWV \

7TKH 2' 5SRXWH 3UREOHP

3HRSOHYV WUDQVSRUWDWLRQ PRGHRXQ N WD\ PHRIEG! @ D)6DH O\ ELC
WKDW ZDV GHYHORSHG LQ WKH V >RBHOQHV D PHAW KKG IRXU
XVHG WR IRUHFDVW WUDQVSRWDWDLYWR® GHE DIORG DH) BVIHVG LR S 0
WHUP SODQQLQJ RU IRU LQIUDVWU XRWLXQU¥R GMNWAR X B HRDW R &% K
VWHSV WULS JHQHUDWLRQ WULS GKRWRH ERW DR/IYLPRBHQRK R LF

7ULS JHQHUDWLRQ HVWDEOLVKHW DWKLIH $ IKRZHPNQ WW WIRS W U D
DUH JHQHUDWHG E\ DQDO\]LQJ BREXERQAR QW LDIQEV G NQWE Q DDWVL
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NQRZQ DV DWWUDFWLRQV VHSDUKXRHEMPDQDYULSV@RMXIGHIDP
UHVLGHQWLDO EXLOGLQJ SURGXFH DOI®WRD BOVON UDFMS V7 DR R0 C
DUH PRGHOHG DW GLIIHUHQW D BXROG®WHL\RED OB & OAR PIRW DPH \K
WKH SHUVRQDO OHYHO 7KH PRVW FWERRRQ PR GHOWK ¥V HRD W WRU
PRGHOV RU UHJUHVVLRQ PRGHOV FRPEODDIQE PDH \U W R PIWVRHE R C
YDULDEOHV ,Q WKH QH[W VWHS@W WIKH GAHIDWIDEXK M IRRIQ (D @
GHVWLQDWLRQV DUH FRPELQHG WSRDEUWD WH RRIRMWQFERRR/Q QD \
ZD\ Rl FUHDWLQJ 2' SDLUV LV XWIOW BUDZXLWK ZREBGV\LWEE D+t
PDWUL[ RI 2' SDLUV 7KH QH[W YWRDSS \P R/GH RMKRLIH 2'XSDKHU L G
GLIIHUHQW PRGHV RI WUDYHO WIFU SXEHOHHAH¥FWORN®RBW RF\GO|
LV LQWHJUDWHG DW WKLV V\WBBDIHXOAH @HOD/ B MBLHPQIGE 6 $ H.Q GVHK®H]
QRW XVXDOO\ $0 SHDN DQG 30 SHOWNVSHRIRRREY RRIGKROX LRU P 7 K H
XVHG GXULQJ WKLV SURFHVV LVHGYSHABHWFDPOKRLERJRRGPROGBHO
>2UWX]DU @ 5RXWH FKRLFH RU HRBWH ® WLLIS\P RQW F5 QVIKAH
WUDQVSRUWDWLRQ QHWZRUN 7ULBYGLQH MWRVIWRW G RIDWRL VK |
HVWDEOLVKHG LQ WKH GLVWUBGEX®LWRRHVARIGH DRICGR Ul K H WWHHUS |
'HSHQGLQJ RQ WKH DJJUHJDWLRQ OHYHK®ROZLLWYK JRQDO EHLQJ |
WULSVY DUH LQMHFWHG LQWR $R® B ® W RV WH HF WERWD G RQ I6W ZZRQMN W7
DUH PRVW FRPPRQO\ VSUHDG L QM B WWKKHP SVRIDREQ QR WDZFRAU M YKLQOGIH
VIVWHP HTXLOLEULXP DW ILUVW VWHK HRU \OX\DRAW ZIREK\DLG/ \F D R YA HI W
RULJLQ WR GHVWLQDWLRQ DQG QHWZRUW\HRUXKDYIHEWIUXDPY REF X U
HITRUW E\ VKLIWLQJ WR D QHZRSDWKH QRIGWRHIM FEHFHDRLAD RV U R
DVVLIJQPHQWY DUH FDOLEUDWHGKULQJ @HDO OLIH WUDIILF FR)

7UDYHO GHPDQG GDWD LV FRQQHFSRISEK 00Q WD PHDAUK RIG/ \L R [ WZIOH
KRXVHKROG WUDYHO VXUYH\ ZKLFKRIL@XROSRSXODWLRQQRID
YDU\LQJ VRFLRHFRQRPLF VWDWXV LKQEERWPHK RGP EYHK RF OFHH P E F
RZQHUVKLS HWF +RXVHKRO GV RSYDLGMLWIKSD W LU D YQHW KOHF WX Y
D FHUWDLQ SHULRG H J D UDQGHRPWGED [RQ |WHPDIHIRND LQKAD KRB
RULJLQ GHVWLQDWLRQ WUDYHO PRGHHWHR LBH S MU B/R\HD HYIVK L
UHFHQW WUHQGY KDYH XVHG SD&W Y B YGION®HW R GG WOHUPLQ H DU |

@ 7KLV LQIRUPDWLRQ LV WKRQ@ XY & ® WIWWKD AN HRW URS GHIRG IX
WKH WULS JHQHUDWLRQ VWHS WR FUHDWH WKH 2' PDWUL[ >*X\

7KH ILUVW YHUVLRQV Rl WKH |RX Q@ XREHS) IRR &ZHDOVZ HQDP BO R L W |
EHFDXVH RI DQ DJJUHJDWHG DSSURIGAK RIL @B MWQLR QR QHWHDW RQJ
WULSV DV D VLQJOH RULJLQ DQGQGBWWXDRWW LROW HIQ® VEHED X
WHPSRUDO HIIHFWV 7KH GDWD ZBRQO\ NQRVWQHGYLWWRI IJIRFQ H V
DQDO\VLV JRQHV 7$= 2' SDLUV RMWH RASICHW KRPR \EBZRH®D MR
DQG QRQ KRPH EDVHG 1+% DQG LRQWWR U P GIDOLW HZ M WIR SOR WL W K
WDNHQ LQWR DFFRXQW 7LPH RI GH®Y RMHN Y QDMER & QN GD 0 DV H
SHUFHQWDJH GHSHQGLQJ RQ WLAHVRILESYD\D DHKILQ KIHHF \8 H G FLHIQWMR
VIVWHP GXULQJ PRUQLQJ DQG HYHQLQJ SHDN KRXUV >%ULFNH!

JURP WKH QHHG RI KDYLQJ D PRUH WK EBYLBHIEBEVWGE DESORE
OLIH WUDQVSRUWDWLRQ GHFLVLRRXY DDVEKOO UKDQKB WHHS ER
VKRUW WHUP WUDIILF PDQDJHPHRWFKWDYWHIYHDR BHKG DTRWLY
DFWLYLW\ EDVHG DSSURDFK YLHZV \&R P®XQG/ XGH DIFWWHLGY LWR A VW
GLVWULEXWHG LQ VSDFH %)\ IRFXR/ILQFVRIQY MM EMEB B RRI  SADKH
DFWLYLW\ EDVHG DSSURDFK LQWHK W DWHW KRZWN (SDYWVOH WY VP&
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FKDQJHV LQ WKHLU OLIH RU VKW ¥ RDNV HZ RU W K I KW GDX QWS IRKIDQDJ
FRQJHVWLRQ HWF >%ULFNHU @

'LWK WKH DGYDQFH Rl FRPSXWHU SDRAHRQ/ PRGBRYZHKUD YWD UL
EHHQ FUHDWHG WKDW FDQ WU HWUWR &R WK @ G \GMPIDEXN LR QIS |
VXSSO\ URDG LQIUDVWUXFW XW HL Q\FW B H QFV R D @JIH PLHFQ WL DE VR R
DW GLIIHUHQW OHYHOV Rl GHWWDQ O 7KHBHW RD A H RAVIFIRGS LOFH WH/DDA
GHWHUPLQLVWLF PHVRVFRSLF VVWRAKOW W LIFQ G5 \R)LIFRILRY RRIDLI FL
ODQH FKDQJH UXOHV FDU IROORZHQJIPRGHRND3$ZDWIDWH D@G:
GLVDJJUHJDWH DSSURDFKHV DUH XXHG VR BRGUBOQWODYHO G
LQWHOOLJHQW WUDQVSRUWDWLRK WUDNHFEVLQ78HDO HVX P H GZ M
VHQVRUV SODFHG RQ WKH URDG QHWZRUN IRU H[DPSOH >%DUF|

&RPSXWDWLRQDO SRZHU DQG PRUH \GHKADDQLIOMHH BRRIMGHOLQJ L\
QRWLQJ $QRWKHU IXQGDPHQWDO FRPSRQHWWR RU BROGVHOLQJ K|
LV DOVR FKDQJLQJ :LWK SHRSOH PRRHGDD ® ® B UHKFHRD@WHHF QWM G
RI WKH *HRVSDWLDO 5HYROXWLRQ@\>BHBERPLQJ@ HH PWW MK I WC
DUH FROOHFWLQJ DOO VRUW W R IW5WDDAQD/ SIRQAODX\E LR Q GSD WHDF U i) @D
RI XVLQJ VRFLDO PHGLD GDWD WRYGWW 85D WMWHU YV LY WBRK WP WI
RI SODFH" SURMHFW LQ 7XUNX V) IQHDRQBEXXKWHW R S, \ZW D B UFRFO BRIV
DQG FRPELQHG ZLWK RWKHU GDWOUNR GLV®RY® WREW SDISMWUS D'
ZH SURSRVH D WUDIILF DVVLJQP H Q@ EF-HMZHRE) DG RWLLN H Q LIKR® C
GHVWLQDWLRQ XVLQJ 2SHQB6WUHHWODS DQG :D]H GDWD

7TKH 2' DQG %HOLHI 5RXWH

$ SXEOLF WUDQVSRUWDWLRQ WQMWERUN WKSIHD QAW DRRIRP/SOH
FRPSRVHG RI YDULRXV WUDQVSRUDWDHV DRG &R@ISO HPHVQWQBIG
XUEDQ VFDOH WUDQVSRUWDWLRQ \OROWO/QLRQHDAD&DYLQB®PREMWV
WKDQ LQKDELWDQWY ZRXOG RRGHGHMSE HIMHLW B RVWXIHQ H \
GHYHORSPHQW GHJUHH RI WKH UHJR®QW DWX W\DZDZO \K\DYM WR P F
OLNH VXEZD\ DQG RU WUDPV :KHQX¥E DQOXQH\VDRIGDHYB D XDXW L Q
OLQH ZKLFK ZLOO VHUYH SDVVHMQDHUW R GR/Q\IL B DUARRK I W @ M/D VWA
LPSRUWDQW FKDUDFWHULVWLEY RAKWM KIH U/MP RQG LRU WKKD W/V WR.
ZKLFK FRXOG EH UHSUHVHQWHG E\ YMXG @LXNPHE KR RV CSNDRY WAHKQHI 1 1 \
DW D FHUWDLQ VWRS WKH RW K BNWKHR EX\ \E NWKZH WQ [DOYOH®D WMDZIR
FRQVHEXWLYHV VWRSV RI WKH UHRXWW \6IIMD FHWWIKH GJLR X\W M OR |
HVWLPDWH ZLWK KLJK FHUWDL QWL ONK K DO/HHP DEQVGX GVLKDW P Y K I HV |
FRQGXFWHG EDVHG RQ GDWD DEBRRMWSHRB® G DWERQL WILHIM VB O R
DQG DPHQLWLHV QHDU LW E XA MFKL F LU K WX Q & MV EGID YWHDU Y VW R §1 O
WR SHUIRUP 7KH WUDYHOLQJSWH BH FIVWD\ERRH MK IQ I RZKH. F i UL W L
VLQFH WKH H[LVWLQJ WUDIILPXPK QLNHO W& R W. QWRU RIGXE M. R\CR |
VLQJOH QHZ EXV OLQH 1HYHBWKHDKLVK ZWOWHTINLNHYH/RRPH W
WR SHUIRUP

,W ZRXOG EH YHU\ XVHIXO LI ZHOERKXQ DB UG R{ DO ® BV R'QVR P M/
QHZ SODQQHG URXWH ZLWKRXW RBYR QJPW@& H SLHQ W KHR RUREFHK/ W
LQ RUGHU WR GHFLGH WKH IBQWEUOLWWRUIH @MZZHRXMHVBIG L
ILUVW VHFWLRQ ZH ZRXOG OLNH PDRLIQD® RRUMOLRHQORVVLE
HYDOXDWLRQ ZLWK GDWD RE W QFHNG RIQ[ FDKHY Z¥HHEO \VISJHRAAL [IURHDHD ¢
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IURP 2SHQ6WUHHWODS DQG :D]H )RAR WKHV:BXOIRYVHWDBEM SURS
>)UH] @ %HOLHI ODSV DUH 6XLW®D EXQIOM DDBK tQREREQWW |
GDWD EDVHG PRVWO\ RQ EHOLMI\WP OWRHH WKBD® \WRF W M WeDUPL
WKH DSSURSULDWHQHVV RI DHJL7YH® BURBHRWY DV STDOMHX & X U WK
DQDO\VLV DQG LWV IXQGDPHQW IS® FSW LRIF MWSKO-H G DY) GWKD®/H H |
KDV LQWULQVLF FKDUDFWHULVWLDEMWABEDW R U HX @\RX \ R/PHE GHH J R &
DFWLYLWLHV EHLQJ SODQQHG 6X\\W VELPMMM\F L \P YXGCOMVH LDFFL\VDRI G
DQDO\VLV RI WKH GLITHUHQW DVSHFWV Rl WKH WHUUDLQ " >0XU.

,Q RUGHU WR JHQHUDWH WKHVHLPYSVLBMQHIDYRWR W B LA
SK\WLFDO OD\RXW SROLWLFDO K FLMLRQW V HARHD RIKIHQ GDIWS OF
RQ D PDS ZKLFK VKRZV LQ GLIIRUWEW FHRRORIDS WLKAD & X0 WHIEL O
W\V\SH RI PDSV LV XVHG WR DQVZKH ENMWWRRBNWRRNH W R X HOLC
ZDWHU UHVHUYRLU" 32ZKLFK DUH WK I® PR 8 WOG& B8 YHRIRXRFFE D F'H
3ZKLFK DUH WKH PRVW SUREDEDH ZXQB RKHW WRK HL 8 B VR\L GIODFE VI’
RSHQLQJ D UHWDLO VWRUH"" ,QLWXLG/HT® BB RSHD PHO KV CON IF RIRPV
FRQVLGHUDWLRQ GLVWDQFH WR PROWRU WIKIKZFPRPEQGHFWRSIH YV
UHVXOWV ZLWK ODQG XVH SRSXODWLRWRGEBNLGHN FO®D @ KR QV X
EHVW ORFDWLRQ IRU WKDW VWRSH 2HRIRUWPWRQ\ LG E@QWQ ID D6 M B
RI K\SRWKHVHV WKDW PD\ UHLQIRDGBE RHUAMMDINHD\ \BE R XSAD DX
RFFXUUHQFH RI D FHUWDLQ IDFW DKLWHK H MXQVEBEXQH®\ZKHQ
FHUWDLQ ORFDWLRQ RU DUHDPE 2RV IGR X MWK SSRWI K HHHOWY FDHOL EKIWP
FRPSXWH ZKDW LQ '67 LV FDOOHGS SWHWLIMRHFBPPRBOWHG )RV V'
H[DPSOH LI ZH ZRXOG OLNH WREBIDQHU GWHUD! P RS MIQRGAL@I SHKRIS
LQ D FHUWDLQ DUHD SODXVLEGHEK\SRWEHX P \FRROWF MQW. Y DADISR Z
RI SHRSOH FDQ EH IRXQG LQ FRPPMHWUKEUROFRQUHIDYW DRQW L@ HU F
SHRSOH DURXQG VFKRROV DW FHUWDLQ WLPHV RI WKH GD\"

%DVHG RQ VLPLODU SULQFLSOHVHDW K&HPREFIAB®VRIH6ERE HIQ
SRXWH ZKLFK ZLOO EH XVHG W R/ VO SDWWHWY B HUY X\ E B WV ZRIX !
OLNH WR XVH D SXEOLF WUDQWSRQ W W LRIUE R XYW WHFWQ R QWK D(\
VHFWLRQ LV GHOLPLWHG E\ WHRLFR GWXWXRKV ERFS\RWRSVR I$ WK
EDVLF HOHPHQWV 7KH RULJLQ BRG\GHYM ERDQW HR @ LSRL QW W V
WZR SRLQWY ZKLFK GHVFULEHVLWKRUGRXWHRI RRUGR ZHOG I ER W R
WR GHVWLQDWLRQ $ VHW RI K\SRWRNSRY W B WHERIQLQ 8 PDRRV R
2" %HVLGHV HVWLPDWLQJ WKH H RMY VRRPH GOPOD@GE QR W MHGD U RE
LW LV LPSRUWDQW WR HVWLPDWH XWKRO M WRIXWH FRE® JRHVGHR QV
HYDOXDWH LI WKH WUDYHOLQUWEPMKEHRZIHH Q WRRE K HD 8 H\HWD X
LV ERWK SUHGLFWDEOH DQG LW ]WDNKWV YHOPMREDEOHAWLPH >)
8VLQJ %HOLHI 5RXWH DQG %HOLHFERRIQRIG PUNRQ FRQWARPSBVHW
YDULRXV SDWKV DQG HYDOXDW8 WS RKMUD IV/E RML WK TKR WHRMHLQMW R
SRSXODWLRQ DORQJ WKH URXWH

&RPSXWLQJ D %HOLHI 5RXWH

*LYHQ WKH SRO\OLQH UHSUHVHQWHW JV MWW H WIKRHK WLHJ D\@ GV WIK S K
FRPSXWLQJ WKH %HOLHI 5RXWH LV WR MRLYQ®HUW KW CDQUIHOMH Y Q

7KH GLPHQVLRQV DUH EDVHG RQJIRKIHVKPEUWK® VR IDNVYVRR UDRVHW KV
SRVLWLRQ RI WKH XVHUV EDVHXKKRQ XK IFRBS&6 XNV HVWH H 1P LVAVO HRW
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HDFK UHFWDQJOH WKH URXWH JRIHKA S\RVWIREKV K VD K ¥R G GIL\D LU YVRH W
WR SUHGLFW WKH FKDQFH RI ILQ®LIIS8HRDVH R Q QMIUQYL FHR XK
HDFK K\SRWKHVLV ZH DVVLJQ DKHHLBRWQWKR WP DLNVOD G W MIHUHRAL
WR WKH UHFWDQJOH ZKHUH WKH K\SRWKHVLV KROGYV

7KH PRVW FULWLFDO DVSHFW RRW W IDH) G X6 B YN | RIRDK H \OWH R
S5RXWH LV D FRUUHFW HVWLPDWIRRK® ® |J WEHUBWS R WKKI HR D ZKL
VXSSRUWLQJ WKH SRVVLELOLW LHWWRIPY Wi RGP D Q 8 @IQ\G KAR © OB
URXWH ,Q RUGHU WR WHVW WEH FREYA8BWQHHVV HD ONE BIWKD SIR\R F
SXEOLF WUDQVSRUWDWLRQ V\VWHP ZVBIB XWHWLIRK | RO R MKLY
K\SRWKHVHV

3HRSOH UHTXLUH PRUH WUDQVSRUWDWLRQ QHDU VKRS DL
3HRSOH UHTXLUH PRUH WUDQVSRUWDWLRQ QHDU DPHQLW

7KH ZHLJKWV DUH SUHOLPLQDU\ JXH\D\GHWX \DWQIEGWEIH\ ZLOO
FRPSDULQJ WKH SUHGLFWHG GHPDWIGL\Z LWKH %/ KM KIHH R Q L &/ /O
FRQILJXUDWLRQ IRU WKH SUHGLRWRBXWY RERP DUHW AFRD QB F W
GLVWULEXWHG WKH QH[W VWHSLQVRWE& HR MR QHQMKIHD\WR DN PR
DVVLIJQPHQW IXQFWLRQ DQG WK HQWBRRBS&XW Hb W KWK E M CBLRHIQI\R U LHY
DVVXPHG WKDW WKH FRQW U L EDSW RREGI ®W HO P KWHH R W R 9 U OUHH EW D
DQG WKHUH LV D VSDWLDO GHFBRXBUQW KH & Q W U KE XWAHRFKD WR
HVWLPDWHG ZLWK D QRUPDO FXRXOZK EXHD G+ \D/QWGL B XIWD. R ®@ H B QF
DQG VWDQGDUG GHYLDWLRQ KDV WWRREW KH HYSRY WOV G H LIVOHHGL
DV VHHQ LQ WKH QH[W HTXDWLRQ QDREQOMNKH FRQWULEXWLRQ

S gFé
LL@L <s s;FFsEAN A%pp EB @Lr :EJOE@A; EB @ Pr :KQPOE®@
é

,Q WKH B6KDIHU H[WHQVLRQ WR WM WPRONRUDV WLKIH PHDQWY HO
IXQFWLRQV ZKLFK\DY &23GHKGQIRW HRESBYDWHY RYHU VXEVHWYV RI D
IUDPH RI GLVFHUQPHQW ; ,Q RXU VDWH KDKH GRWZRQS RW \&HRSHD
YDOXHV KLJK SHRSOH GHQVLW\ D@GIRRIVEHRBOH BWQKLWK 7k
SHRSOH GHQVLW\ $ FDQ EH GHIDPHGLWYHWKRI \DX F HRIWDQQ
FRQWULEXWLRQ &

| ;L | Lit;
[T

7KH ILQDO YDOXH IRU SHRSOH GHORHWYV XU W& X/ IDQU HHFLWMKGIL
WKH EHOLHI Rl $ RU WKH SODXV LIEV. GIHWL GRH G DYKW KEHH U XRIREBO
WKH PDVVHV RI VXEVHWYV RI WIOHWWHVS ®RI$ L QDWHWKWW PR R ISDOC
VXEVHWV WKDW FRQWD L@ GHSHQENM WERHVKBIOXIHVWIDQFH LW LV
WR FKRRVH D PD[LPXP YDOXH RI G RQVWWDKIF ¥ HWR FEIHL B WIHQXHDAWH B
WKH VXEVHWVY WKDW DUH FORVH WR WKH FHOO
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:KHQ D FHOO LV DIIHFWHG E\ PRUI® GV KR DWX RYHWKA S RMKKH V LV
'"HPSVWHU 5XOH LV XVHG WR FRHABEL\Q HRD QGKHRPHX @/ H6 WK HH M)XRD\Q |
EHORZ

|5a5’[. L r
S ]
| 546%; L SF. I | 5:%;1 6:%
c@»évs -1
- L i l 5:$;1 6:%
» @Y, @i

. LV RQO\ XVHG IRU QRUPDOL]DWVLRIQV SSURSFRMWHN LV KKH BHHO/HD
PDS VLQFH WKH IRFXV RI WKH SURY¥YQOHP 1LY GV KK i) R M H W KRH  (
FHOOV IURP WKH EHOLHI PDSWMWKDWHL Q@B OVBHFWJMO I R RLWKHDOI
FHOOV DQG RQO\ NHHSV WKRVHWKHFKRXMWSHU H\KH@QWZB QRBBIWQR
WKH VXEVHW RI FHOOV LQ FOULGIHWR RVRB NDXNVWG W RBLWF OY&AH BIOB R
WKDW DOORZV JHQHUDWLQJ % HW LRHS HRDXWYIHR/QL R IRUGIH RDW K B JL Q
QRUPDOL]DWLRQ LV WKH IROORZLQJ

,QSXW D OLVW RI K\SRWKHVHV WRG WKIP HKQWW RIHFRWGEDWRHERWW B/MR EH HYI
5HVXOW JULG DQ DUUD\ ZLWXTWBHHE RO MWHKIHY DWDGIVHRHUDMFHKG IRU HDFK UHF\
FRQVLGHUHG DUHD ILOWHUHG EWW MK BHRPWMMW ULFDO LOQWHUVHFWLRQ ZL

REWDLQ WKH K\SRWKHVHV RGKHO W HPGE® UB Q HUIBVGLY WOREHRU FRPSXWLQJ WK
IRU HDFK FHOO TXDG RI WKH JULG
K\SRWKHVHV JHW+\SRV
WHPS JHW7HPSRUDOORGHO
SDWK JHW3DWK
GLVW JHW'LVWDQFHORGHO
TXDGV JHQHUDWH*ULG
D WZR GLPHQVLRQDO DUUDHDRK FERY RQ MW KHI BD&\D FRBHGLQJ WR HDFK K\SF
E\ WKH XVHU
TXDGUDQWYV $UUD\
IRUDOO WKH K\SRWKHVHV DV K\SR GR
UHWULHYLQJ DOO IHDWXUHV KEWIKH DUHD ZKLFK PDWFK WKH K\SRW
IHDWV JHW)HDWXUHV+\SR K\SR
IRUDOO WKH IHDWV DV IHDW GR
IRUDOO WKH TXDGV DV TXDG GR
REWDLQ WKH PDVV DVVRFLDWHG WR WKH K\SRWKHVLV
PDVV IHDW PDVV
FDOFXODWH LWV FROQWULEXWLRQ WR WKLV FHOO
PDVV PDVV WHPSRUDO(YDO GDWHWLPH K\SR WHPS>IHDW@
PDVV PDVV GLVWDQFH(YDO TXDG IHDW ORFDWLRQ
TXDGUDQWV>TXDG@> IHDW@ DSSHQG PDVV
HQG
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HQG
HQG

ZH DSSO\ WKH FRPELQDWLRQ UREGMADRQ LB IV WHQJIOKIDPBY VWRMWDFK K\SRWK
HDFK FHOO
TXDGUDQWYV FRPELQH+\SRWHVHV TXDGUDQWYV

5HWXUQ OLVW RI TXDGUDQWYV WKDW LQWHUVHFWYV ZLWK SDWK
TXDGUDQWY LQWHUVHFWYV TXDGUDQWYV SDWK

YDOXHVY DUH QRUPDOL]HG EHWZHHQ
TXDGUDQWY VFDOH9DOXHV TXDGUXQWYDGWWYWLQ TXDGUDQWYV JHWOD

IRUDOO WKH TXDGUDQWYVY DV K\SROLVW GR
REWDLQLQJ WKH PDVV RI WKH FRRSRYBGXNSRWKHVLY ZLWK WKH ELJJH
ELJK\SR JHW%LJJHVW+\SR K\SROLVW
JULG>TXDG@ ELJK\SR
HQG

‘H DUH JRLQJ WR XVH D EDVLF H[BR SOHOWRI 5FRODH D Q& H X
%HOLHI & RQJHVWLRQ 5RXWH LQ D GO ALYDR Y HP BWNZIRQ G LS URRIFHHY W
URXWHY FRQQHFWLQJ D SDLU RI RMKH L® HIOH\HW LIDPGV YRHQO ISHRIL G
&RQJIJHVWLRQ 5RXWHV ,Q LIV DBREWHW ZRQRESHRORMDY D ER W KR 2
RULJLQDWLQJ DW SRLQW $ DQG HOGURXWW SRV QM RAUW,QUWKK B
URXWH DQG WKH WUDYHO WLPH LWBPWRRQWRBEWHU DFFRUGLGC

~Tamobiarta

Hospital Militar - Valenzuel
—re r

ol aLlanos, S...
Hospital Militar - Valenzuela Liancs, S... S
s A A =,

R £ gty 2 Costanera Center, Providencia, Chile
Costanera Center, Providencia, Chile - T= =

JLIXUH 5RXWH JLIXUH 5RXWH

,Q )LJV DQG WKH WUDQVSRUWDWARQLEHBRR®H V:HHSUH)
FDQ VHH WKDW DFFRUGLQJ WR BSH\G RW/UKH N W DS RXQ\CH W KD 8 PRS
GHPDQG WKDQ URXWH
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J)LIXUH %HOLHI URXWH JLIXUH %HOLHI URX

7KH %HOLHI &RQJHVWLRQ 5RXWHVDD WKFQ®PBXMWHEHQQRHD VLI
S5RXWHV 7KH RQO\ GLIITHUHQFH LW WHKDM QIREFAHUHSR D W IDERXHV
WUDIILF MDP LQ :D]JH DGGV PDWV ZDR/ WKR WHIFWDIQFOIHE K HW KH
UHSRUWHU  )LJV DQG VKRZ WKH %We®s WKHRDK URXWHYV
LQIRUPDWLRQ IRU ERWK SDWKYV JURRKQUH VWDRPREH BWHOLH.IFRM X
ZKLFK LPSOLHV OHVV UHOLDELOLW\

JURP WKLV H[DPSOH ZH FDQ QRWH W KMRW i BHPID Q&DV OHVV
WKDQ URXWH +RZHYHU URXW® ZLOOVERSMWHE RIQBKWHNGE G LK
2' WKH GHFLVLRQ PDNHU LV ORRNKIJIGHALVLR RUEBKHKH YWR/ XXS S
HYDOXDWLRQ RI WKH %HOLHI 5R\RXWH G VWERIW%HOQR X J K& REXQ H
HYDOXDWLRQ PHWULFV IUDPHZRUNXUVI)XQWMXGH GRUNG LW ZLOO EI

JLIXUH &RQIJHVWLRQ YUIRIXWH &RQIJHVWILIRQ URXWH

$Q $SSOLFDWLRQ IRU '"HYHORSLQJ %HOLHI 5RXWH

7KH SURWRW\SH DOORZV LWV XVHOVQHR GW D QWRDQHIV\S BMKH DX
VSHFLI\ K\SRWKHVHYV IRU WUDQV S RKIL¥ B W MR BD®HPHD@HEU PRVGIHWG Z R
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W\V\SHV RI YLVXDOL]DWLRQ 7KH GHPDLHG &RI@IHM VB RRK @/ B RXQ\GH WK

7KH DSSOLFDWLRQ DOORZV VHWMRVDK HIV MWU B 1B W S RRIR\SIDW/LLFED |
ZLWK '67 ,W DOVR DOORZV LQFOXBUQH[DRPE HP ROGHRA & VG KWR O\
$IWHU WKH K\SRWKHVHV DUH ZQ FERKRNGQ W WH HD S\Q S HFRIW L RQ D C
ZKLFK ZLOO EH JHQHUDWHG DQG VKRYQ/L®E GRXWHRXWH RU %H (

7KH DSSOLFDWLRQ XVHV RQO\ GDWOQJGIRHMORBGHIGF HYRP VL
DYDLODEOH RQ WKH :HE ,Q WKIRM YRIRVQR @ DBN YARHGRKID ORDE L
WKH PDSV ZKLFK ZLOO EH XVHG VDRV G LD/ESRXON WKH EBILLHL WILRXWA
DUH QHDU WKH URXWH DUH GRZQO RDERIGN | WA 2YHKQLEW OB HW 0
FRQJHVWLRQ RQ WKH VWUHHWYVY LVMHEREZWERDKDHG! IDRPS3DWR 7 k
UHTXHVW DQG GRZQORDG WKH GWRMPRRV LI7EH WISIS OHEB WU RIQF KU
EHHQ GHYHORSHG ZLWK DQ DUFKLWHFWODNODG B MIOR QQRVH Q G H
RWKHU VLWHV RIITHULQJ VHUYLFHVER X\GHREZ WRR DGE QX G3D WRUZK |
LQIRUPDWLRQ DERXW WKH DUHD ZKHWXI®GVKHQS WRRX WBINSDD VHV
EHWWHU SUHGLFWLRQ RI WKH WWDFQW)SWRHU R D WIKR § B 8 S0 QD W KR
H[SODLQHG LQ GHWDLO LQ >=XULWD @

$V VHHQ LQ )LJ WKH DSSOLFID\ZRRCHEQWRQ VD FH H \O B LW LRGH
LV IRU VHWWLQJ WKH SDUD P HIRKWAH | B Q GG RWKIX WR Q J HW MH. REH @lLE
S5RXWH 7KH XVHU FDQ FKRRVH RQEXWR/ KQ WP SDW MV KN LEDRWWRP VR
WKLV DUHD $W WKH WRS SRUWLR QVRVLW B LW KHUSIDUD R H WHH D\ KR
FRPSXWLQJ WKH %HOLHI 5RXW HW KRAKMRGHHOU ¥ KRKIO BRIU U M WS\RH®
WR ZKDW LV JRLQJ WR EH SUHGLPWIG | H&HVRRE KB VKRAKHOFRG CEVH D
SURJUDP PRGXOH GHYHORSHG LQ PDWMDX&MHG.LSWR GHYAORY WKH
ZKROH DSSOLFDWLRQ DQG IROORY MQIHDHSLMSOHI R MG HQWHUWII
WKH FKRVHQ PRGHO LV FDOOHG *@H RS.GH H Wb HZGIHBPMMXK WHKIH WPKRHG
ZLGJHW XVHG IRU VWDWLQJ WKH &LSBWRMNYHVO 0$ CBWW 0 GRYZ\Y H
DYDLODEOH ZKLFK FDQ EH XVHG WPR/ GRH | IMKH VD PK\G R WDKUIHHV L V
DXWRPDWLFDOO\ JHQHUDWHG DFFRUGLEK WRZQHERDEQVWDOC
LQIRUPDWLRQ DERXW ORFDWLRQW HIIXODFRO LSWLHGL ZWLBK RO
GHPDQG )RU WKLV ZRUN ZH XVHG RQ®URYQRLUPDENLRQ DER:
2SHQBWUHHWODS $W WKH ULJKMW KBX\8HY WEH KIVWE H V6 GHA WK
ZHLJKW ZLWK ZKLFK WKLV DWWBDBXW®O DILIRED AR QWKIH EXOWH/ \E
FOLFNLQJ RQ D FLUFXODU ZLGJHW ODRHE @ WXWLDOXHGSXWHKRRDQ
K\SRWKHVHV ,Q WKH ILJXUH ZH AOR YHHIMWWHR DWW W BRWH 3VKF
WKLV LQIRUPDWLRQ WKH FXU U HQWW H\Q ® B IBY. VBXO\DAN @ H,IQ QMIG
ILJXUH ZH FDQ DOVR VHH WKDWDWZXKHL KK SR R/IKH V IZ\D \D DHOYIRV\  Z
VWDWHG 8QGHUQHDWK WKLV LQHRURMWIRIF KH FVY ZLHI O QEH D\
GHFUHPHQWHG RU HYHQ VXSSUHMVIHRS OH | R24HD 5 DROQ VMWV HONY H RAXKVDH
WKH SUREDELOLW)\ RI KDYLQJ SHRGEOH SLR BDED ONWP\DR | GHIDF YLHDA
SHRSOH RQ D ODNH ZLOO EH JHHWRPHOHY LHWRHDH DU HL QDRI N
LV D ZLGJHW WKDW DOORZVPIHR URWH KN E® JWKHHSDIHIBIF IV RR QV Z L (
JHQHUDWHG 7KLV LV PDLQO\ IRU RFQ®R BRXWIHQ JZ WLKAK % M OYLHHU \ & R C
VHQVLWLYH WR WKH WLPH RI WK I®]EDRR YR WSKRQYGEQV HW 5 DWKD \
SHULRG ZLOO EH FRQVLGHUHG
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J)LIXUH (YDOXDWLRQ RI DQ 2' XVLQJ WKH GHYHORSHG I

7KH ULJKW KDQG VLGH Rl WKH LQWHUIDERRVIORIZY WKH PDS
0DSV ZKLFK DOORZV WKH GHILQKXDWREG FIQWE KW KIHR & WHS O/R\ |RH ¥
UHVXOWV ,Q )LJ ZH FDQ VHH D QUHOLWS GR\MIHVWLRQ 5RXWH |

%HOLHI 5RXWH (YDOXDWLRQ

7KH SXUSRVH RI WKLV HYDOXDWRR @ KMW KNY&RWHHW HVKW KRW UH B
WKH 3PDVV" VXSSRUWLQJ WKH EHOL HMWWIRRDWKR Q3/HP DR Q JD\Q GHF
SODQQHG URXWH DQG WR VKRZ X\OHGHMRP SO K® D VQKILZY URRUMHF IV
DFFXUDF\ Rl :D]JH WR SUHGLF VD GWUDKRFQWD PPV KDV BHMR DWUH

ZLOO IRFXV RQ HYDOXDWLQJ WK H, @ BFXQUM OR | DVQK H [ S4HDW HI KRR
KDV WKH QHFHVVDU\ NQRZOHGJH WK R XFDG/ N WIRW HF BV®& FIX 0\B\R MWK
%HOLHI URXWHYV ZH XVHG WKH KSSKEVOK I VM V¥ DV K/ 3 W USAHIRVB IORHQ ZQ ¢
DUHDV ZKHUH VKRSV DQG VHUYLMRYVWHWWOIR FW WHIGH K SRRAZK BIY
ZHUH D FRUUHFW JXHVV 7KH WHV® XY H RHVDIORGDMDVILLPRSFO W K BIHS
WUDQVSRUWDWLRQ V\VWHP LI WKH I8V NGMW WALIRWQ FXHYH UVWH G |
UHDO GDWD WKHQ ZH DVVXPH WKUHD KAIS @ WokHHOLHHV K IR XOVS HD/QESU\N KYHD
'H XVHG GDWD DERXW WLPH DQ&\OLRFDMILRIQ VZHKUHLH IS HB B B HV K W
6DQWLDJR LQWHJUDWHG SXEOLFVWY H)FG R VMDD RD B VWL PF [
ZLWK PDJQHWLF EDQGV SUH ORDGHG ZIKMKWRRGHFFOWWSDXPHQV
FKDUJHG WR WKH SDVVHQJHUYV FDUBXYKHQ® KR SWKWHQJIHU
WUDQVSRUWDWLRQ V\VWHP UHWLKLW HUWH YW H :\W LIPDA @GV IOFRF BWK
LV QRW H[DFWO\ WKH ORFDW LFRD@® B | UWMHIOHD GH R BEXGU W DOV W KAHK D\R R
ZKHUH SHRSOH OLYH ZRUN VKRS HRRQHEXWKRUWVZXPN SRR S
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WKH EXV VWRS 2Q WKH RWKHU KRG QW WHUW UDWVI$ B UNWKHVER Q)
ZKHUH WULSV HQG VLQFH WKHNH GOH\WBYFRIVWKHDWH LVE KBHHQD WK D
SDVVHQJHUV GR QRW KDYH WR $PHWVZWKEOQ LOHBPINXUQY WKK XKL BQ
7KLY GDWD ZDV REWDLQHG IURP WKIHRQKLOHDQ OLQLVWU\ RI 7U

—

SHVLGHQW LDO~<go 0w _.*T | O0DLQ FLW\ VHUYLFHV
DUHD o FRPPHUFLDO DUHD
: : VXEZD\ VWDWLRQ

o ,QGXVWULDO DUHD
5HVLGHQV

JLIXUH =RQH W\SHV RI WKH DQDO\]HG DUHD

‘H FRQGXFWHG D ILUVW WHVW W® PDRHADDLIHBORBHQDUQ R
HYDOXDWLRQ RI WKH VXLWDELOHVWRH \§RM VK ELFO WH WNV RD Q\GK
PHWKRG WR SODQ D QHZ URXWWHWKH KDWHD ¥HDH PWID® I B B UMK
DFWLYLW\ LQ WKH FLW\ RI 6D QWKDYRQD D QV WKRSSN Y B QMKTHWIE LY
FHQWHU DQG WKH RWKHU LVL D& SUHVMH W\ K IKYLH Kl FSIR X 0 B WLLRH
ORFDWLRQV Rl WKH JRQH W\SHV DH H LEUQ KI\OH @/HKWFUHEHG HLQOW)LL
DUHDV DQG DV ZHOO DV W KHKHQGKRIQUG DOLRBHDD WRRDGDQJY
WKH GDWD WKHVH DUH WKH DUHDV ZKHUH SHRSOH VWDUW WKH

JLUVW )LJIV DQG VKRZ WKH 'S ORI VZKH UBHX\BEHRSOH
DFFRUGLQJ WR WKH GDWD SURY WETHGLRQWKKHOERQRWV \VKIR ZUW K
FRQFHQWUDWLRQ RI SHRSOH OLPOW\ESHKRISIRH | HZ S H RIS®HHQW/R L

DUHD LW LV SRVVLEOH WR QRWH WORIGHPEGE KRWS SRV W]
WKH ,QGXVWULDO JRQH WKHUH LRI FDQDR IRAM WKHRWAL\GS-HRIW DBVO WDKLH
7KH WUDQVSRUWDWLRQ GHPDQGEIHQPRKH HJTEROWU ICDO WRIQ B XWH
DV LQ WKH UHVLGHQWLDO DUHIF WQR QL WLWKKR K /J R QB0H PROQHG V PLDQDD
LQ UHVLGHQWLDO DUHD WKHHGHPDQGE KV & MRSV LB WVWWIGH DFPHR
RI WKH DUHD

1RZ ZH ZLOO FRPSDUH WKLV GDWW IDLID ZEWW WRMSSWHGQUF WL
WKH %HOLHI URXWH XVLQJ '67 D ®GWIK®I ZBIED WY RAH ZHO BBIQ G\H W
VDLG WKH WHVWHG K\SRWKHVHV DDMW MRKD WHIHR SRR SUBITXDWVH
DQG WKDW SHRSOH UHTXLUH PRUH WUDQVSRUWDWLRQ QHDU DF
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JLIXUH 7UDQVBIRIXWEWLRQ®DQVSR U MWXWHRQ
GHPDQG LQ 5HVEBPRWEDLQ ,QGX\WWQLVS®R DWBWLRQ GHPDQG
DUHD LQ 5HVLGHQWLDO DUHD

7TKHVH K\SRWKHVHYVY DUH WXQHG WRB ERRSEQAMWUK MMKHDISD W H J
IRU WKH W\SH RI REMHFWV LWHWRQHVH V$ SLDQU WU RDRWPL R Y UCHEHRW
IDFLOLWLHY FODVVLILHG DVLRPH®@HWWHDV @ QG VK REWHQR WL \W W GJ
FRPPHUFLDO SODFHV RITHULQEWWDXUBRWWOLNHKRIRIPV EKRUYHW
OLEUDULHV HWF ZKLOH VKR®Y¥HW MHOHCOLIW HR® RAGRY FORLANPHH B B INDBA(
FRQYHQLHQFH VWRUHY VXSHUPDUNHWW PGHGL¥RRZVWEEHOLHV |
UHDO GHPDQG YV WKH SUHGLFWRVEH® HBDULHHD W RXWH IRU WKH WK

SHDO 'HPDQG SUHGLFWHG 'HPDQG

JLIXUH 5HDO GHPDQG YV SUHGLFWHG GHPDQG IRU UHVI

JRU UHVLGHQWLDO DUHD JWWLRQ ZBVYHILWHWXR SWBIS HFI F
WKLV URXWH VHFWLRQ 7KH % i# & QM UIRXMRH SRIHVEK A W5\H PDIKQLG KD ¥
FHQWHU RI WKH URXWH VHFWLRR UAKO.GIGERPREW, W OO0V R DSNVHKG
D PHGLXP GHPDQG FRQFHQWU D WIKRHQ URX ¥ 6@ PRMW KD D O VR KFHD WHFK
WKH UHDO GDWD 7KH RQO\ QRWHBOHBEORXGMHIBUHGERWY BVRB %
KLIJK GHPDQG DW WKH HQG RI WKLV URDDMHGDHWIVLRQ ZKLFK LV
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JRU WKH LQGXVWULDO DUHD WKHUH DO GGIVPR @GIRRG PDWEFKI
WKH EHOLHI URXWH WKH UHDO ®DHWR WX DLOW0 DWKHIGW R R W5HH R/BI@® X
HIFHSW IRU WKH ODVW SDUW RIQGKHYVHERAQR Q7 KAK 8 UH &L KW HIG
%HOLHI 5RXWH DOVR VKRZV D PHIGREHA SHPWQRORRK[ BEFW M R UWK K
VDPH KLJK OHYHO GHPDQG DW WKHHKBYGCVRHKH/IRQOQMHIGUR KW H QI-UHH
ORZ GHPDQG DW WKH PLGGOH RI WBXHVHEKWERQVFRRWUWEDGF ¥HW |
E\ UHDO GDWD )LJ

SHDO 'HPDIQG SUHGLFWHG 'H|

JLIXUH 5HDO GHPDQG YV SUHGLFWHG GHPDQG IRU LQC

7KH SUHGLFWLRQ IRU WKH VHFWLRQ DRH®J WEWRXHR WAK R RUH
GLIIHUHQFHVY WKDQ WKH RWKHUDWY P DWHIONV EXW LW DBWR VK
SUHGLFWLRQ VKRZV D VPDOO VX QEFIWL R BLEWKI POIGLE P KIL WK
VHFWLRQ ZKHUHDV WKH UHDO G BWDHWKW® KD \R QDR W K G L XPUGHV P\DK
D PHGLXP GHPDQG XQWLO WKH SRLQW XAK® URK WHH BRWW HWPKOHN H
UHDO GHPDQG DQG WKH EHOLHI URKM MV XKREZ QI SIRIKQ &/H RADKHZJ Hj
D VPDOO VHFWLRQ ZKHUH WKHZUGIIDPDGDBWIXK NKREZV I/ KPH GoLHXPL B
5RXWH VKRZV D PHGLXP GHPDQG IRODREKGLEX DHWXEKREZFILRQ
PHGLXP KLJK GHPDQG $W WKH HRBWH B/KHG\LEFRWLRROP WV ¥ H FO%H.®
Rl ORZ GHPDQG ZKHUHDV WKH WHYBI® GHMWKF D Q/&K RZKPIHKE[ISXOPD Q R & IOR
PD\ EH DV IROORZV WKH ODVVKSRXM BIQVWKH D HD O K RKIVN KRR
DQG DPHQLWLHV EXW VLQFH LW EMJWEELIQQ G GRH SW RIS LURIX RIGI WRK
GLUHFWLRQ SHRSOH WDNH WKH EXRPLIQN FURRFF RMQK\W UDHDHME P R U H
DUHDV 7KLV IDFWRU FDQ EH FREWNGEGW WG OW XU IDERMDION Y R Q@ DX
PD\ EH LQFRUSRUDWHG WR WKH VHW RIARWSR@KHVHV IRU REWD|

6XPPDUL]LQJ ZH FDQ VD\ WKDW \WKHNHOHRL IPD BWREXWMN EKDWKD k
UHDO GDWD DQG ZKHUH LW GRHV QRV)RX\OOD B DRVF,K UIVFW KW KG
%HOLHI 5RXWH GRHV QHYHU SUHGGBPW D \KKR K \G Bl IRZGGHPD® @/ K
DQG YLFH YHUVD 7KH PRVW G LHLLG XGHWP B@® FHH MR/ SWRI GELHF W Ky
UHVLGHQWLDO DUHD ZKHUH WKHHMW DQG FIRY WHKRSRQBQW RR W KOH
EHJLQQLQJ RU HQG RI WKH URXWH
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SHDO 'HPDQG SUHGLFWHG

J)LIXUH 5HDO GHPDQG YV SUHGLFWHG GHPDQG IRU UHVI

1RZ ZH ZLOO FRPSXWH WKH %HOEZHURBRWWHSRUWWMNMKH QR SRV
VHH LI WKLV RQH ZRXOG KDYH D KIRXXH O FSFHRRIDL® WWBRQWY KHJR Y b
Rl WKH SUHGLFWLRQ ,Q )LJ WHV EG QQMDNDLA DQ RIYH WWR M QR
URXWH SUHVHQWY D KLJKHU GHPDRBFWHKY @ D\LIQHD R B H FIDXIY®! RVKI
QHZ URXWH SDVVHV WKURXJK DUHDW BKORFDRRIGH VKRSY DQG D

2ULJLQDO 5RXWH ZLWK 5HDO 'HPDQG WHGBRSRVHG 5RXV
'"HPDQG
YLIXUH 2ULJLQDO URXWH ZLWK UHDO G HRIMHBEFWHG®HZ SURSH

GHPDQG IRU UHVLGHQWLDO DUHD

)LJ VKRZV WKH RULJLQDO URXWH DD WWIHD) VKA RKKIK WK
UHVLGHQWLDO DUHD DIJDLQVW WEH (YH B BAMR SIRNKHIG URXKWH 2\
DOVR FOHDUO\ QRWH WKDW WKH SURG RWKII;Q URKM HR ZILO@ XO Y |
URXWH
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2ULJLQDO B5RXWH ZBWRSRSHDBO5RXWH ZLWK SUHGLFWHG
'HPDQG 'HPDQG
)LIXUH 2ULJLQDO URXWH ZLWK UHDO G HRIMHBEFWH@HZ SURSI

GHPDQG IRU LQGXVWULDO DUHD DQG UHVLGHQWLDO L

,Q RUGHU WR KDYH PRUH GDWDGRERX\R QVKEHHDFE@G RFWR G WK
ODUJH VFDOH H[SHULPHQW FRPABILRQ QD VWKWLPKROH &DQ WIRD WK
SUHYLRXV H[SHULPHQWY WKH 2S H\R \WHGIHWD\WYE &XW EFDOMHH Z D B
XVLQJ K\SRWKHVHV FRQVLGHUHG XXCHRNHG R [E HOLE | FARIS/ ZDW LF
RI KH[DJRQV HDFK KH[DJRQ KIHWBI® \D UGKE \RH T X H\QIVXO U HVK H
DFWXDO GHPDQG PDS ZDV FRQVWUXFWOI&/ BEDKBE BQHWKH S
JHRUHIHUHQFHG :H XVHG PLOOLRQ RDONZHNVFARBPHVSRQG
X0\ XQWLO -XO\ 7KH GHPDQ® RDP FRIQVQIYW W IRD W KH (
H[LVWV LQ HDFK JRQH KH[DJRQ WIDIBLOLWQBDSWKRZ WKH VMD
DQG SUHGLFWHG GHPDQGV $W |LHVWK D@D Q/KHI UHWL V VD SRVIND E
UHODWLRQVKLS EHWZHHQ ERWK PD®A\KLEHLOL QIR QW UXHP CRUG D O
FHOOV

7R FRPSDUH WKH UHODWLRQVKLSVEBWZZR{  HER\WMKX RD YD OXH V
XVLQJ WKH FHOO DVVRFLDWHG EMWRK HDEB& WXGIQH ZBVFD GFRP® R\
WKH 3HDUVRQ FRUUHODWLRQ EBWZRBQE HRKHWQH WIKHY Y D OK HR
DVVRFLDWHG ZLWK HDFK KH[DJRQ AR/U U H O DKWLFKQLBW EZ B W6 WIK |
UHDO DQG WKH HVWLPDWHG PDJQHW@W®E H RW IG IOMHYGW KBRQH Y H U
SDVVHQJHUV WKH FRUUHODWWRQXMH LW V® D WHIDW RR VO BR \G\HLFHE
%HWZHHQ DQG SDVVHQJHUV LV  VVEHQNEWNQ DQG
WKH FRUUHODWLRQ LV 7R UHPRLQG WRDUVRQYV VFDOH UDQ.
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J)LIXUH 5HDO GHPDQG J)LIXUH SBUHGLFWHG Gt

&RQFOXVLRQV

,Q WKLV ZRUN ZH SUHVHQW D PHRWXKREGWEDXWH WRL VWS R URY R/
WUDQVSRUWDWLRQ QHWZRUN GHFLIWV.RKRARDNPOYVBH B FHK\DV H UK H
7KHRU\ SURYLGLQJ D IUDPHZRUN W R DPRHEH R QVRIDIHV $RW WHWH R Q
IURP *RRJOH 0DSV LQIRUPDWLRQ DERMXWM IDEXWHWLHRP ORFD
2SHQ6WUHHWODS DQG LQIRUPDW LHR Q LDAEKR XWK LW K IHQ WRUCPI DIWFL RUR P
WKH %HOLHI 5RXWH DQG WKH % HGLHK & RQH 6 VMM LRRX WHQSEH G RP\
WKH SRVVLEOH GHPDQG DORQJ DQVWLBRRXHNRK D 8 GS WHKGIL %\W @ LW K
FRQJHVWLRQ VR WKH WUDYHO WH\PW LIRIMWIH & X ¥ XRUQ PWM MVIKR IR RV}
DOORZV XV WR PDNH D SUHOLPLIDWKRXYD @ XYWV RQQRI WWLKPHH DR,
UHVRXUFHV WR SHUIRUP DOO WKH QHAKXYVBG\ QDR N P DWR RI® WH
FRPSUHKHQVLYH DVVHVVPHQW $OVRHDMKGRWIK 2B HQXS/OH B R
KRZ RXU SURFHGXUH ZRUNV PDNLRQ SRWVNLEOHOK PLDHD®L FRWLIRG)
WDON DEVWUDFW

‘H SHUIRUPHG DQ H[SHULPHQW 2ZWWWWD WHKIHD ¢ HJ L BWW® R U X\
DSSURDFK 6SHFLILFDOO\ ZH FRPSRGHRWWID LSQHEG ZEWKRW KR W
%HOLHI 5RXWH DQG WKH GDWD IFROD® ¥ 3RIGW DMRIPR @Y KIHE R X Q/L VW
QXPEHU RI SDVVHQJHUV JHWWLQMH LIQQ WHKDHF KE YEWKIVV VWAHRUSY L DKIHW K
REWDLQHG UHVXOW VKRZHG WK BWFWHIE RIS oW R B Q6H DX HW B R2H
VHH SUHYLRXV VHFWLRQ 7R VWRHD\PW VZKHF B \DHF IXXGDOM N W R H VOaH.
5RXWH IRU D QHZ URXWH ZLWK QISR VOWM RXWJIWQ DYHEOG B Y WLKQL
RWKHU VWUHHWYV :H ILQG WKDW MK IG\H BPBI@ GJ RX KX ZRN.AG RBRYH
UHVRXUFH HIILFLHQW 7KH %HOMRI BR GRPBEW WRHEG SRR W K HFRX DIGV
WUDYHO WLPH ZRXOG KDYH DOV RHW Q ROF FAHRSYWWLE O/ H 7R DW \8
DQDO\VLV

7KH SUHVHQWHG DSSURDFK KDV VRPHVODRLWEWLRROXYWHW L
GHPDQG LV GHSHQGHQW RQ WKH GHRDQS3HRU RWKHU URXWFE
7KHUHIRUH D ODUJH VFDOH DSSOLFRR/WR QZ RO ON K$HD\DRS SURD F |
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K\SRWKHVHV VXFK DV 3HRSOH UHNTKRS B WPRIM WKRXQWG FEWWDAM G
ZLWK FDXWLRQ WUDQVSRUWDWDRQ HIHP DEXHG VDD MKIRSS ED LRHDK
URXWHV RU RWKHU WUDQVSRUWDWLRQ PRGHYV

$V IXWXUH ZRUN ZH HQYLVDJH WKH GXDBORS RNE® WRDQ LQ
PHDVXUH LQ D PRUH REMHFWLYHQEB\RWW K H5 BoHH®LLFHW I5RQ V8 H D@
WKH %HOLHI &RQJHVWLRQ 5RXWH ZKIHXGER B YRWHBL @ OWKH OIS DR
FDOLEUDWH WKH PRGHO DQG FKRRVSIUW & H FRY SR KWK 16D QK DNVK
ZHOO DV WKH WUDYHO WLPHS, QL VQIEQ VR QR B HWVK/DW \ AR X GG3H Y K §
DGYDQWDJH RI RQH URXWH FRPSNURIG VDMK IDIQRW B HAL RGHU L ¢
GHPDQG ZKLOH PDLQWDLQLQJ DFFHSWDEOH WUDYHO WLPHYV

$FNQRZOHGJIJPHQWYV

7KLV SDSHU LV D UHYLVHG DQG HQ®DIHHEG YWWJLRQ @I FRQI
>%DORLDQ @ DQG >%DORLDQ @

SHIHUHQFHV

>%DORLDQ @ %DORLDQ 1 )UH](I4LFIH@RAV SBDQMQG ERUKWED® SXE
WUDQVSRUWDWLRQ QHWZRUNV ,QWHW QRWERQLQJI&BRQCH $SREEHQRQ 8
,QWHOOLJHQFH SS '"HFHPEHU 6SULQJIHU

>%DORLDQ @ %DORLDQ 1 )UH]DQG3IR®PDMEDQEXYLBMDHOLPLQDU\
$VVHVVPHQW RI 3XEOLF 7UDQVSROWD®H R B R & WHHW KIVALHM D QKEH %OHYMDL
5RXWHV &ROODERUDWLYH 7HFKQRMR KL B SO DMDIWBERQNWQSHS LQ 6P D
6HS /RJRV 9HUODJ %HUOLQ *HUPDQ\ ,6%1

>%DUFHOYyY @ %DUFHOy - '"HOJDGRDUOQDXQHV DQG*bRBED\"' $ 3H
2Q0LQH PLFURVFRSLF WUDIILF Vv MWPXDIDIWL RQRQWDX S E R QWYV VUWHIDW W LIPH V
1HZV

>%DVVR @ %DVVR ) %DVVR /5HD@WDLYRH FUDMKGSIHHBDFWLRQ LQ
XUEDQ H[SUHVVZD\ XVLQJ GLVDJJUHJDWB3OsU V& D& D ( PPFHUDI QYRS RUWDWLR
THFKQRORJLHYV SS

>%KDW @ %KDW & 5 DQG .RSGHRRR®HO L)Q J6 R iAMDY MQ BIHPD QG
,Q +DQGERRN RI WUDQVSRUWDWLRQ 6FLHQFH SS 6SULQJHU

>%R\H @ %R\H - )J)UHGULNVVRQ- ODORBRWRQLIVXD/YAMDIVVFDON WKLYV
ZD\ 6SDWLDO JURXQGLQJ IRU FQWWHHDPSFOWRIWRBDNVZ RWQK 5@ ERWWYX UDBQAR ZER W
6PDUWSKRQHYV SS 6SULQJHU

>%ULFNHU @ %ULFNHU ' DQG &ULSRDFK-WR $@ DGWLYWWUEBQWGE R
3DXO + %URRNHV 3XEOLVKLQJ

>&DVDYV @ &DVDV - 3HUDUQDXG WRDRRPERQBDALISHUKEW MHUDIIL
PRGHOOLQJ OHYHOV IRU HIIHFWMMAWY WGBENQLUQD @DELUHGYPBUR LR
DSSURDFK 3URFHGLD 6RFLDO DQG %HKDYLRUDO 6FLHQFHYV SS

>&KRXUDEL @ &KRXUDEL + 1DPD 7- :DIOOIGIRX®L 'O FDKRQ .
3DUGR 7 DQG 6FKROO + 8QGHLOMWHDIQ®MLY MPIDDW HZIRUINHY VBR +DZL
,QWHUQDWLRQDO &RQIHUHQFH RQ 60VWHP 6FLHQFH +,&66 (
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>&LSHOXFK @ &LSHOXFK % -DFREQH\ 3L@RPSQOHYRY MIQWKH
DFFXUDF\ Rl 2SHQ6WUHHWODS IRU WIHIID@IES YL WKQ\RR JQM 18 DS VDIQRQ D
6\PSRVLXP RQ 6SDWLDO $FFXUDFR$VFHV\IPH® \Q Y Q UIFDQ\PHLIVODEHEF LH Q F
8QLYHUVLW\ Rl /HLFHVWHU

>)HUQIQGH] @ )HUQIQGH] 5 WH® &DPBWDOFRDQEFAZHRQ DQG FDOLE
RI SDVVHQJHU VHUYLFH WLPH PRBHBD V( XRIR SN\HCHY 77TUDIQADSRUIMD R @ I H U H

>)LUH @ )LUH 0 .DJDQ ' 3X]LV (BRYLRU SRNDWR PLQDQSE
RSSRUWXQLWLHV LQ JHRVRFLDO QW ZRUNV WKU SRRSUHRYWQBRQRDG V
(OHFWULFDO (OHFWURQLFV (QJLQHHUV LQ ,VUDHO ,(((, SS

>)UH] @ )UH] - %DORLDQ 1 =NDOWQJ ZLWRG GERMRSOHWWH DQG
8QFHUWDLQ &RQWH[W 'DWD LQ *HRJUD KRICAH Q HRUFFHD WQ R&R B SWWHHRY
6XSSRUWHG &RRSHUDWLYH :RUN LQ 'HVEJQ &6&:' +VLQFKX 7DLZDQ

>* X\ @ *X\ % 3 DQG )ULFNHU D &R ®XHFMAIRDHVHIRKIQLOIWHY DQG
OHWKRGV IRU 5RDGVLGH 6WDWLRQ 2ULJLQ 'HVWLQDWLRQ 6WXGLHV
>+DNOD\ @ +DNOD\ 0 DQG :HEHU JH QSHIMWEWE HHWWGDHEW DSV, (((
3HUYDVLYH &RPSXWLQJ Ss

>+DUULVRQ @ +DUULVRQ & (FNPPQ %% +DODOQM@DP5 - +DUWVZ
3DUDV]F]DN - DQG :LOOLDPV ZWIRKQGHWLRIVQRD RP BHWHDUFK D (
'HYHORSPHQW Ss

>+HLOLJ @ +HLOLJ * :RUOG XUEDUHYDWLR® SQRWSHFWNWRAYV

'"HSDUWPHQW RI (FRQRPLF DQG 6RRIQD'Q Y$UMLIRWYV 3 REK O DRVIORADWIWLPDW
DQG BURMHFWLRQV 6HFWLRQ 1HZ <RUN

>+RSNLQV @ +RSNLQV / ' OHWKRWED EIRQL W QUHDSI/W 5 QIR/MSIDA) W L Y H
(YDOXDWLRQ -RXUQDO RI WKH $PHUISSDQ ,QVWLWXWH RI 30DQQHUV
>-DFRE @ -DFRE 5 =KHQJ - &LEBPXX¥X J%L®MBFBHRRYWHRB IRU

LQWHUQDWLRQDO FRQIHUHQFHV ED VH\GY RE RISHDGKW BBIGI WPIIRS) P:HIE LIRQC
6\WWHPV SS

>-IPVI @ -IPVI - 3LHVNI 6 D@®® /XZPMPBQHWY GOWRRWIALWLYH
WUDQVSRUWDWLRQ V\VWHPV 6SHFL DAL RQWX HQR @ BRREIFALAKIQY H- ,QIRFRPF
Ss

>-RKQVWRQ @ -RKQVWRQ . 9HU +RIKIFDV 01 SMLYRUKERN R
JHRVWDWLVWLFDO DQDO\WW 9RO 5HGODQGV (VUL

>-RXEHUW @ -RXEHUW - : DQG SDOMWHIPREG®DQOW ¥ DDUSIRIUW PR B HO O
3DUW 'HPDQG JHQHUDWLRQ

>.0%XJ @ .0OXJ 0 &6 7UDQVSRUW 2HW IEFLWHGVZBRDS £ $ WO X W DRQ RRU
%DVLQJ RQ 2SHQ6WUHHWODS ,Q WK ,76 :RUOG &RQJUHVV

>0XQL]DJD @ OXQL]DJD 0 $ DQ® 3DV JEHJIVWHBDMX®RWLRRGDO

SXEOLF WUDQVSRUW 2ULJLQ*x'HVWPODWIF®Q GPHWWIL IURP 6DYWLYDH R
&KLOH 7UDQVSRUWDWLRQ 5HVHDUFK 3BUW & (PHUJLQJ 7THFKQRORJLH

>0XUSK\ @ OXUSK\ 0 ' /DQGVFDB® BYRRYWRFVERGN RMKWREBXJKW
:DYHODQG 3UHVYV
>1DJHO @ 1DJHO . DQG 6FKUHWNRHORHRIYYI PR G$ & HR O XIQBWY ZIDX

WUDIILF -RXUQDO GH SK\VLTXH , SS
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>1HLV @ 1HLV 3 =LHOVWUDQHWIZAGN-HYIRGXWKRQWUHRHRZGVRXU
PDSV 2SHQB6WUHHWODS LQ *HUPDQ\ S5 YXWXUH ,QWHUQHW
>2UWX]DU @ 2UWX]DU - DQGWUDQXBRW® /-RKQRGOID\OLERQV
>3HQJ @ 3HQJ = 'XHNHU . B6WUDWRROQDQHRQG UHRS\EHU HY 0

WUDQVLW SDWURQDJH PRGHO GBPWQBQVKSESOYVUDQE LRUWNHMWULRRQWH U

>3HQQ @ 3HQQ 6WDWH 8QLYHUVLW®Q QM B YBI®VS BW DMCH SHNYR/GHUW L R/
%URDGFDVWLQJV KWWS JHRVSDWLDOUHYROXWLRQ SVX HGX
>6DQWRYV @ 6DQWRY / &RXWLQKR 5REGHEJXHDWLD® GG BIOM RQHV

VXSSRUW VA\VWHP IRU YHKLFOH URXWX®IRPUWIL GIVWRRPUH 0DSYS '"HFLVLR

>6KDIHU @ 6KDIHU * $ PDWKHPDYWRGFEDO VBKHEBMWR® YB8GH@FHWRC
8QLYHUVLW\ 3UHVYV
>6LOYD @ 6LOYD 7 9D] GH ®HOR 6D O9IHNQD HQEHEOMKULHLUR [/ 7UD

&RQGLWLRQ ,V ORUH 7KDQ &ROR UHBW/ILR® \R R D JH 0SIDH UKD UIDF VERBLD C
,QIRUPDWLFV SS

>6W\OLDQRX @ 6W\OLDQRX . 'LPLWDWRXDQG BQROGBOHONSWS 0 %
&RPSUHKHQVLYH 5HYLHZ ,Q ORELODQY SPUWWHQRU\WALFV'DISD DQG 7U
(OVHYLHU

>7XUNX @ 7XUNX &LW\ ([SORULQXVW KHR S RRAFHDQOWY [REDO % DVWHGES SSFR\F\L IDED
1HWZRUN 'DWD IRU XUEDQ DQG WUDQYVSRWW DAHIRMUHSODQQLQJ
KWWS ZZZ VSLQXQLW HX SRUWIROLR D VHQVH RI SODFH

>9XFKLF @ 9XFKLF 9 5 BUEDYVEXEWVLEQUYBQVISWURIDMMHRQVVOYDAQI
SKLODGHOSKLD 3% 86%

>:DQJ @ :DQJ & 4XGGXV 0 (QRFXLWRQ5\OHYSOR UL@G WDKH
SURSHQVLW\ WR WUDYHO E\ GHPKOH @ XWH\E DQWHLDY RIWUDREROSRVWLUEG
(QJODQG &DVH 6WXGLHV RQ 7UDQVSRUW 3ROLF\ SS

>:HIJHQHU @ :HIJHQHU 0 2YHUYIPRRGRDODQEQXCERRNIBQVEBRQWSRUW
*HRJUDSK\ DQG 6SDWLDO 6\VWHPV

>: X @ X 3 3 < DQG OHQJHUVHQ . $ UHWMAHORUBRRGBHRY DQG PRC

DQ DLUSRUW FRPSOH[ VA\VWHP 7ULCRDLFR DQBWIRMFBWHFHDUFKSSDUW $

><DQJ @ <DQJ / DQG :DQ % $ OXOWWPRGRQ@ & RWIZRWLNNGRGUHIDQ V S
DQG 7RSRORJLFDO 5HODWLRQVKLS %RQ H®LHIUF HOR & UWIOW K B R QP\M 19 WDIDW
6FLHQFH DQG ,QIRUPDWLRQ $SSOLFDWLRQ 7HFKQRORJ\ ,(((

>=LOVNH @ =LOVNH 0 1HXPDQQOMS MRYGWLDDHDF V LPSHIDEWLLRHH WV V
(XURSHDQ 6WDWH Rl WKH 0DS+2SHQ6WUHHWODS FRQIHUHQFH
>=XULWD @ =XULWD * %DORLDQRXG DVRG GHWHHORSSDES D LVFROM LFR (

VXSSRUWLQJ JHR FROODERUDWL YWD WL XD &RIFES XOM B U QL QW H)XW X U Hb S* -

>=XULWD @ =XULWD * 3LQR - §WRRERXDRQWI1 'HRSBRRQVADN L6@D
IRU 6HOI JRYHUQDQFH ZLWK 0XOQ KR®PISXOWHDV6 FHFQFHUH 1R®HV L
6SULQJHU



