$WPRVSKHULF REVHEDRRW LRI R ZHFKHD O DOI I\
DQG RSSRUWXQLWLHYV

O0DUWLQ (HRKIO 'RIOYP® 9DOWUQ * UDRENMW D U H &

'"HSDUWPHQW RI +\GUDXOLFV DQG +\GURORJ\ &]JHFK 7HF&XJMHFKD ®HSXEXOHFV L
'"HSDUWPHQW RI (OHFWURPDJQHWLF )LHOG3@PHKK 7THFKQLROBFKQLN 8HXEQWR
'"HSDUWPHQW Rl J)UHTXHQF\ (QJLQHHULQJ &]HFK OHWURORJ\ ,QVWLWXWH

&RUUHYV SR Q@A WRQW O 0 FIYDQF G ]

$EVWUISBRUWXQLVWLF VHQVLQJ RI UDLQIDOO DQG ZDWHU YDSRHOOX®IUI
QHWZRUNV ZDV FRQFHLYHG PRUH WKDQ D GHFDGH DJR ,MWGKBV ¥ UG\VSR ELH}
FRQFHQWUDWLQJ RQ WKH FYHTXHYFP DNVRQLBW SURYLGHY WKH ILUVW HY|
VHQVLQJ ZLWK PLFURZDYH PDQBV \RSHAD MFIOIOP® B ( ZKLFK QRWHDVLQJ
XSGDWLQJ DQG IUHTXHQWO\ UHSODFLQJ ROGHUDERPPEQLEH®DWQ RIQY U
WKHRUHWLFDOO\ RQ GURS VL]H GLVWULEXWLRQ GDW P LPURE R M H PGAJEHS VT XA
ZLWKLQ FHOOXODU EDFNKDXO DUH FRPSDUHG ZLWK REVGHWHEW ZDQDO (
GHPRQVWUDWHG RQ WKH ORQJHVW PLFURZDYH OLQN PHIEDXUE ®LFUREB YLH
DWPHUNHBRYH VHQVLWLYH WR UDLQIDO Ot WD @ TERIYH. PHMNG RCSUHU BV X @ JDLEQD MV KV
UDLQIDOOV D IHDW SUDFWBSHBYQR XY ERUMBLIO® B NVRDIHK LKRZHYHU VXEVWD
HUURDWHGH @& R YDULDEOH GURS VL]H GLVWULEXWLRQ :[CEDQG VLR B ZDHW U
QHYHUWKH QO HNVH QWK ¥ HS\DHDXWL R QUARKQR\Y WHL B QZLLICIHEIHO BWWQHY QD FW L F H

,QWURGXFWLRQ

(OHFWURRWLF (0 ZDYHV LQ WKH PLFURZDYH UHJLRQ DUH D WOHDQXDW R & EV
RI PLFURZDYH DWWHQXDWLRQ DW GLIITHUHQW IUHTXHQF\ WDRQVUWXXYGUE
DWPRVSKHUH DFMWWLH ALFQQRZDYH V\VWHPV KDYH EHFRPH DQ LQWHJBIW® SD
VHQVLQJ VIVWHPV DQG FRPSOHWH UHPRWH VRR®K®X \PH WKKHR B I FLUR RDWKH U
LV KRZHYHU DOVR LQFUHDVLQJO\ XMWOA®@R¥H G JL R B RPHZX G RAVDMW E R QLW VAWH Y
XQLQWHQWLRQDO RSSRUWXQLZWIYH ®HQNV Q&0 &R PIPUHHI L@ G [FHOWRH QW H I
VIVWHP FDSDEOH RWRURXQGLREVHIRADHWLRQV RI WKHWSBRERWSIQHIKHN &0 & L
FRQQHFWLRQV ZLGHO\ XVHG LQ PRELOH SKIRQUYHEMF NOKIXIOV KRUWRB QRHF®AL L
PHWHUV WR VH YHUHZBHNH OREROWWH BR SSHOUWWHG ZRUOGZLGH ZL WK L(Q LFFHVO/GXO |



DQBERXPLOQIRQ (ULRY¥VR ORVW RI WKHVH &0/V RSHUDWH DW IUHTXHQ
(ULFVVRQ ZKHUH UDLQGURSY DQG WR D OHVVHU H[WHQW ZDWHW®DSRL
DQG 8OEULFK /LHEHRHWDOVA RQ RQ WK H: DMZWW R XQ ¥ RKQ \R WIZQ ¥ HUGH\D D
DFFHVVLEWHBRHWEHDO\ Rl VHYH U DD WMHAE\R B GOR FDRIRD R @Y Z R/VUSIL R B © WiKE DR
HW DO FUHDWLQJ DRSB&IMXMULYIWLF VHQVLQJ VAU RWR KOG 0 EREV RUBDRYRG
LOQWHOQWILMQVH HW DO DHOG/ B D WIS Y®BWRUG HW DO
&0/ UDD@ HRHWHKRGU GRIWNMRR SHIBVW GHFDGH KDYH EHHQ SUHGRPLQDQWO
EDQEBHWZHHQ *H@XZDOD DQG .XQVIMADK@XDW LRQ IFOEWREVEY |UMHXHRG\
DOPRVW OLQHDUO\ UHODWHG WR UDLQIDOO LQWHQVLW! DRHUG R HVQGRSA N @V

'DWHU YBIS\RKDHY EBUHRE RRW & 0/V RSHUDWEF®N 'DYRZQHBN IXEKHUH WKHUH
UHVRQDQFH OLQHQRIUEDWHYJY®SRLQ GV R R SGHMW BV RWAD ORI BKUWA OR PHF HK L JK H U
QHZ JHQH U DEVDIQR3Q &BISH UD WHKQJ DW+]IUHTXHQFLVE DQIEE RBE 0 FIHD@XODU EDFI
QHWZRYSWFLDO @K HQ HRAWKLHIY HRDSSOHF GHY LFHV EDIQHG \BKIDV H R IPRELOH SKRC
KDV DOUHDG\ UHiDIF & DQWKH &]HFK FOH)SXEW LV H[SHFWHG WR JURZQIGQ R\
&0/V DUH FRR®NEHOMGE DO SDUW RIUQHZVR@HWZRUNV
(EDQG &VOKRXOBFERUGLQJ WR UHFRPPHQGDW/ MRV IR B RWHYVVHDNLWEYH W
QH Y H U WKHKIHD HYAD D WUL B QQEBNGVZLHB@DWQIEQ XDWLRQ LV QR VE IDQ @ HADUE HK KN K H U/P.
WR IRXU WLPHTV VKPQWEHW MHDQHWDRIGIOWK UHVRQDQFH SHDN LV KHKHKHVV
DWW H QODL\QLIB@RW L RBROH VHRVEWRS W MWH GAKIWBLEXW ER®Q DOUHDG\ GHPR
SURSDJDWLRQ HPEHDIPHQ® VHW BOXLQL HW DSDGLRZDYH SURSEDWLRY DWW\
PRUH VHQVLWLY HZWIRF R DS/RRWW W DSRKID O O HQ JH LAKGHF N @ SIDW\Y RV & Bl AW IDREQX| [JRY
DWWHQXDWLRRD Q@KW KHH @ WIKWMIUY LW\ WR ZDWHU YDSRU PLJKW DOVR HQDEO
7KLV PDQXVFULSW SURYLGHEDW & H& DUV VDN KDDL QXDOW @ IGHZPMSDLE Iy DI® GHWH
&0/V IRU ZHDWKHU PRQLWRULQJ DUH WKHRUHWLFDOO\ HY® EXMWEHEYMGG G}
'"HFHPEHU IURPDR G/ B0 RSHUDWHG ZLWKDBRPPOHU¥OQDO EDRNKGREL ®H 3 U
&= 7KH XOWLPDWH JRDO RI WK LR/YHWWH W& LRIDWHK IR & K.Y VORI G URRW D®HE IR S R U
REVHUYDWLRIYGZEMKFWLRQ RI WKH PDQXVFULSW VXPPDUL]JHV EDVHG XSH
UHWULHYLQJ DWPRVSKHULF YDU I68EWHR Q UHRGHES A KR \GHRIOWRD WV DRV DWKD V H
PDQXVFRIWSWKH DRVH\DWPGH @BHMFWLRQ VBKHMUWHOMOWY RI WKHHWKH I MPW QI T
'6' RQ W KIH) ODMMER@ DOO UHODWLRQ 7KH UHVXOWV D&HF WX BRIKMRIZ BKGIWEH U\S
FRQFOXKLM®GW SUH\6HBDWIHRGQL Q



S5HWULBWIPQRNSKHULF YDULDEOHV IURP &0/V
&P SRQHQWYV RI WRWDO REVHUYHG ORVYV

6WDQGDUG &O0VWRDUIG PRUEMGEGPPY © GWJ HHIBLMHIGI QDO SRZHU DQG WKMPQGIIHU
ULWRKHRWDO REMHIVZKGFORVEH VHEOMRDWHNHUDO FRPSRQHQWYV

cL .6UE .4 E.coE.q06F)cF)ad 'S

ZKHIEHG %WV IUHH VSO BHOORNVORVVHV LQvAMERE QFaH GER P H O RWWHYDDWPLWWLQ

UHFHLYLQJ DOWGH®QIBVG WG DQWHQQD G QWHHFWVDLDWHL RIBIQOMR QH UYIPHHD @ SID F +
ORMNYV XQLTXHO\ GHILQB® EH W RMIMEL N Q\DFRLAMHW HD QIEQ B\ (ZDFYHHEOYHHQI W K

ool tr @A
7KH VXP RI DQWHQQD ORVVHV DQG JDLIQQFOXGHY H@ \EH W KK IHY K ZE MKU W
DQWHIMPMMHQQD ORVW BGRHFWRQWKH ZHWQHVY RI DQWHQQD UDGRPHV 7KH
ORVV LQ XWPKH RAGILVW Rl DWWHQXDWLRQ GXH WR DWPKRLFKK KD DR U MR H.[FH
G% NFVHFWLPQVWHQXDWLRQ G XEKWHKS WHHLFSK. W B WH. B Q0 HW W Q RDQR W & @ XNDRV L
GXH WR REVWDFOHVQLE® GAKIN ZPWHRSDWRVVHV FDXVLQJEKBBXTRBR OVERIVE L
DOEIR LQIOXHRFMHOBD BGWXOWLSDWK LQWHUIHUHQFH RFFXUULQJ WXRWKRH WKt
VLIQDO DW WKH UHFHLYLQJ DQWHQQD GXULQJ WKB ®MWP RWSBBULF PXOWLS
7KH VHSDUDWLRQ RI DW VWHEX GWERIBRG X B SRR UDR D IRWRH U W BRYVHE GRH DR
H[WHBXWOAVGE U\ DQG ZHW ZHDWKH G IS @ WIDRIGNGHOHAH W B EH L 6FKOHLVV |
SWWHQXDWLRQ GXULQJ GU\ ZHDWKHU LV DVVXPHG WR EH DWEKBD\HDWWHH QXQ
WKHQ DWW U L E)OMXHF @&/ X\CRV EBYMI@IQWMA KX ULQJ GU\ ZHDWKHU FDQ EH WWMAULE
FDQOER FOBXEHWHPSHUDWXUH FKDQJHV KDUGZDUH LQVWDELOLW\ HWF
7KH FRUUHFW HVWLPDWLRQ MIQGDEREHRSY S5 REVBIWMNEHUD MI@W | DGGLWL
DWWHQXDWLRQ FD XV HAH & W IRINCHIHED ZWHMG ROV HQ Q ¥ HOFWW. R @ K DW ILR'QH \/ $ $1 F
LPSRUWDRRUWHU &0/V ZKLFK DUH DWWW®& NDWKHRGE \E \ SIDIVLKQ ® QDRSS W K6 RIGD D V
FRQWULEXWRRQLEB QW

WWHQXDWLRQ E\ DWPRVSKHULF JDVVHV

$WWHQXDWLRQ E\ DWPRVSKHULF JDVVHV LV FDXVHG SUHGR®LIQD RW @D \EH \
R\JHAKHYBOXDWLRQ R IDW ®HWW HBED® LRQG RULJLMEGONW @O/ EDVHG RQ \
FRQFHWWRPISOH[ UHIUDFWLYH LQGH[ ,Q D PHGDRXWKH W& WR® % OW [PR HI{ U W
DWWHQXDWHGPDWVGLVWDQFH
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ZKHUH @ F PLVY D YDFXXP ZDYPIVQXBEHHMG RI @IQJICWM@PRYEHY WKH LEHIMBD U\
OWURGXFLQJ FRP3OH) UHIWWRFMALMLW \DW &/NH P XIDEMWRDQ. QHG DV

GL erngZé%fALrészs{BH:O;é TV

ZKHUH+] LV WKH (0 ZDYH IUHTXHQF\
7KH DWWHQXDWLRQ GXH WR ZDWHU YDSRU LV DIQU KHDWE GBNLVY H G XIDW WK GG
PRLOMU SUHVNREHUDWXWH 7KXV DOVR H I DHRWDRIWZHDQUWK-DUV ¥, B SRV FEQ BWRW H L
GUDLU SUHVVXUH GHFUHDVHV GXULQJ KXPLG FRQG DX URRWH \XQGHU V&G DN
ZDWHU SUHVVXIDHWB I RHFRRO &/IIKHLRQV EHWZHHQ W KH JXRNHIFEZ\D N8 H 5 UIH. VE VIXW ¥
E\ZDWHU Y B3R BWYYE Q X DWR RQ VB Y DS R WWKSIFXUHH@E/ WD WHAH F H SRMVR €@ SHD N
DURXQG *+] DQG WKH GHSUHYD LRKQHDWHRROLGDLWHW\YDSRU DWWHQXDWLRQ
SUHVVXUH PRQRW ROYL RIKSMON HQEFUHZIAHAW HP SHUDWXUH DQG S D HUY \DXVBR HIQOX\F
HVSHMWMIXHQFLHY DYRXEB G  *+]
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JLIXUHD $SWWHQXDWLERQEZRBRWHU YDSRU IRU IUHTXHQFLHV WR *+] 7KH UHODWLRC
GHQVLWLHV ZYG IRU WHRPSHURWXQUGHSUHVVKBB FREBPRRKBGE U\ DLU DWWHQXDWLRQ |
WHPSHUDWXWRY f & DQG SUHV VKXW RWDNMRVSUHDG RRCGRIBING G\ REAMDYLA Z \VRK H
ORZHU DWWHQXDWLRQV

5HODWLRQ EHWZHHQ UD L QIEUR § [SIDQV B CDON MGHDEK @ WLLVR\Q

$WWHQXDWLR®@ZDYH GXHHWW UDLQGURSYV FDQ W KHBLW RHVHENIFE @ KR OADRE G
E\ D VLQJOH UDLQG URSZIDW KGINMQHIMPRRMMIGY B\L Q @ B[ VRIDBMHWSIMUDPHWHUV R \
HIWLQFWLRQ BUYRNK 2ZKHFWLRIQ EH FDWAKAPDWUYIG RUMIKFGNR DQG 7UDYLV



FKDUDFWKWDMWWHULQJ DQG DEVRUSWLRQ SURSHUWLHV RI HORK QXREGWRS
GURSV LQ WKH XQLW YROXPHLSHB BRRS$\G UBPDWH Y HO\WERDDEITHR H | R D W X W
FRQW UL BXAWD MRVGHRAHIEE ZD\Y HP GLDWHG | WRAPK $i DIUQNFLLFSOHHIRAW KLHHUD G DRI E@LHIVL E (
7KH VSHFLILF UDLQG WRENFD WR @ WM MWEXVYWLRRILGHUHG DV D VXP RI DWWH:
RI GLDPHAMWPHMQ G FDQ EH H[SUHVVHG LQ LQWHJUDO IRUP
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ZKHYH P VLV WKH WHUPLQDO YHORFLW\ RI UBNVQBRMEW SH¥H QL FE \DW KMHLQX [
LQWHQVLW\ DUH PRPHQWYV RI G WK WIHRGDGHWWIH IE@WILWR Y H X DWLRQ DQG
DSSUR[LPDWHG®BY D SRZHU

GL =4%3 Ny,

ZKHDRPEKEGY% NPQESE DUH HPSLULFDO SDUDPHWHUV GHSBQGHEWQREMVWHP R M/C
UDLQIDOO IURP REV(AHU YHIQDEHWHHIRDWKROWHG WR

4L UG a 1z
ZKHUWP KG®%WNP DEDQG E

7KH PRGHBVSDSSUR[LPDWHYV WHH Q@YW QXDWMWR®RQ ZHO®] D YWRIQHWX HQ FHLVH/V
LQFUHDVH IRU ERWK ORZHU DQG KLJKH®WHUGEHAXHQG LW GohHE KIR-R DIDG 18D MOF
KRZHYHU LQYHVWLJIJDWHG VHQVLWLYLW\ WR*4]' KR®DHBDEB GWOHV LURHDT R
DWWHQUODLWLROIRWRKERDK®YV QRW EHHQKUHKRUWH® VERNE @ L&AOV\RIWR '6' KDV
GHPRQVWUDWHG GXULQJ VHYHUD@QVWURBSBWD WORQ H[SHUKRIMWEKWMVUIPRRUH GL
VHQVLWLEDMGIE RV (WR '6' FRPSDUHG WR RRYHRM\B HH KW IQFHEMILMR GV BO VR
3ged 228

obpU

ZKHE&HHWFP DQBGrFP DU HWH Q FMAMBIQR P HW U Y A FFKRRRAY U D L7GXGHY R § QHF M/LLARLGH: QIEI
(0 ZDYHV DBDWERHLY WKH KLJKHVW )IRU ZKDIOW HKDUWDEQGIUWRSYWLF IRU VWUDW
ODUJHU UDLQGURSYV FKDUDFW WU IEWYRR QR E R QW H FUNALAKERMLDY B VOG- X\ W/ L
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‘"HW DQWHQQD DWWHQXDWLRQ

‘HW DQWHQQD DWWNQXKDXWIRRW KIS OD\HU IRUPLQJ RQ DQWHQQD UDGRPH)
RFFXUWHRGEED :$$ LV FKDWOKHHIJRQPDWLRQ RI ZDWHU ILOP RQ DQWHQQDV
UDLQIDOO LQWHQVLW\ ZRWGDGEUUHFG URQ P NIERNGIDRIMMYOD UDGRPH K\GURS
2Q WKH RWKHU KD Q®BV XEY W BDHINHRDHID BV D PHDW & HQXBWAHRFL DO O\ E\ DIQRU W H
LWV LGHQWLISFDWWRRQDIQU®R K HDWWHQXDW L RO F [3XOWHKG KEAIKIHE)E QIERLIBISOL D BRI
UDLQIDOO HVWLPDWHYV
ORVW RI WKNSHFEGHFWDOO\ VXJIHVWHG IRU P L AURPSY.H LG D@N DQISO® DMLY QU
IUHTXHQEQKBWY D@PXUDND 2YHUHHP HW DO +BREKO KHVYMIPSE LDDOFDO PR
VXJJIHVWHIGMBVH HWHQDEOHV 3@ UEUWUDU\WRHI DOFEBDORAHMQVH PRGHEHO DV\
OD\HU RI ZDWHU ZLW K KLREXV BAD\QIP MGK MBI 78 WVSRIDA B CD VA TIOW BERQVDWMW H UV
UH O D)W IHRQRRWEREFABUGLQJ W RP RUGKHIO/ HiL$\ QUIELFQ® &0/ IUHTXHQFLHV LV DE
KLIKHRWKBDR+RQJ HW DOKRZHYHU VKRZHG RQ DQG *+] PLFURZDYH OLC
RQ VSHFLILF KDUGZDUH VHWW L Q4\ HYQ HD@AHIGQ:G B BIXWERIVWD WBGRPIHJ H[SH
DUWLILFLDO UDLQ 7KH DQWHQQD FRYHUHRGE\WD H[BSERPHQEKGF$$ \R DDV8\SSULI
'$$ GHFUHDVHG IXUWKH W W RZ RIQ® \DDSBE RPKRELW KFRDAMUR)J ZDV XBBEH G LPIL
'$$ DWED @O/VK B H HH@ SRUBNMEURPHW]N\ HWREY HUNHVGRI  * G%GDQ*"

GBW WZR &07¥] 7KHVH Y DOXH Y AIREWIB\WK DIOR X V 0\$B EDARAHHG |UH TK@RE L H'
HW DO OLQGD DQG 1DNDPXUD DOWI6ERQHSI(&V/ W KHIRX\W RRHERHH VHQVLW L
'$$ /HLMQVH HW DO



ODWHULDO DQG OHWKRGV

7KHEDQG HYFEROFWQRQIDWHRXARAQDWWHQXDW ZRW BQ & D SVR/UDEHD@WHL IVERTDRN X
WKH UHODWLRIQ BHR % HHOW H QUMWHIRGEB Q & FUH/VQIQ D ORKSWDLUIHVLIR] GLITHUH
FRPSRQMHEMWKRGRORJ\ FRPELQHV QXPHULFDO H[SHULPHQWYV XVLQKHW UW)
REVHUYDWLRQW RILWK REVABUWDWLRQV REWDLQHG GXULQJ WKH GHGLFDWH (

([SHUIQPHDO VLWHV DQG LQVWUXPHQWDWLRQ

'URS VL]H GLMWRE B0OW QREG 61,9 R VIG URPHIW OB UDWLRQ PDQXIDUFRSXBRBQEN\2 T
IDOO YHORFLWLHV DUH UHFR UG HBRRYHF W H/GLGMRUMPSHHRMEE @0 R/D|I Z&Y D
VLWH  ZKLFK HVILGBQBUL\WHIEO :H IXUWKHU UHIHU WERHW &EMNMDDWDVHW DV
7KHEDQG HYDOXDWLRQHWDIRKYWVMGXEQ VL[ &01\Q WKEOBRYWORKEXWHGR | 3UDJIXF
VKRUWHU &0/V DUHHYR BHEYMWGE QY DYH B\2W VW H CRRR&I0 5 D RHKY RR WHRHIVE P RN DV O
DJULF XIDMYA)RWH 7KH PDLQ QRGH &QUREDAKKF¥KRDDILQDWH L \WDO R FMDDADHOG ERQ ONGK
WKH HQG QRGHV \BRUH MBERWH JERXQG $00 DMUH RWVR @R S HIU D IV.DSXIBN AH R H P
GHSOR\HG WR WKH §GW & 03X KIIXBXSOH[ FRQILJIXUDAELLRRBE U\ W MOZRLQ RQH
DWt *+] DQG LQ WKH VHFRQ &+§ ZU RENI R VWS D B-DW UR QW FMEW Q D OWIPRIZGH U
UHFBYYBQDO WHRZHUFROOHFW HR® G HWWHABXM® /IR IWZDUH ZKLFK SROOV VHOH
SURWRFRO DQG VW RBRNW WEHD R/UIEE \NEEYIB DR H \D/SISS RW7 K HV R O XONWDRE[ R |
UHDGLQG®BV$OO GHYLFHV KDYHWH®RZARPD \FR D WY VPMENPRZHU LV DXWRPD!
FRQWUROOHG WR PLQU&Q]Hs DOKEF \B K DXYLRQGWL RQ LV 63-S\GFOH AEHH@WLDQU G ADAD HO |
7LSSLQJ EXFNHW UDLQ JDXJHV 05 0(7(26(5%,6WR B XW LKRIDMWHF BRHESUGHEDH GRKR)
PHDVXULQZR/IWDHQ JDXJHV DUH ORRDWHKER OMR QYK H WQIA RRGEHWOHYHO FORYV
DERXW NP I[URP WKH FIDQ® RGNV D E B X W)R/E RURRXWHH RIDILQ QR BHHY QOGN VLW
DUH HTXLSSHG ZLWK WHPSH U DRRQHREEY® @AYLRIKPXLPQ. GULLVPSD/GMORRW W DLQ JD X J
EHHQ UHJXODUO\ PDLQWDLQHG RQ D PRQW KOXBKIMAVH B @@ DX HWX QD RLHFID
WHK F D V H QDML DV PN )BRWO HW DO
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JLIXURDVH VWX8YDIXBMKE=7ZR Rl WKH UDDWQWHJBXIHYIHE®E KXWKGLW\ DQG WHPSHUD
«<2SHQ6WUHHWODS FRQWULEXWRUYV

7DEOH &0/ FKD UDF S/UHWDWHYEEFR/N X I IL[HV $ DQG % GHQRWH ILUVW UHVWS DVHERQG HC
WKH UHFWLRQ IWRPSS WRVR $

K /R® /DW$ /RQ% /DW% )UHTBPUHBE 3BROBBROBE /HQJWK
GHJ GHJ GHJ GHJ *+] * 4] P

+ © + © © ©
+ © + © © ©

([SHUL P HXDWDO

([SHULPHQWDOXBHHQRRVS I WMDRAFK WRSULO 3UDJIXH GIDWRBY$IDRVWVYHR
'"HFHPEHU 7KH UDLQIDOO REVHUYDWLRQ\D DD HOBBEK®E\M® REHKKHFIRFDEH SURE O |
'XHEHQGRUTKGDWDVGUREPHUWHBKEHMWBG DQG VXVSLFLRXV UHFRUGY DUH HI[F
-DIITUDLQ DQG %GHRIWHRY HUH FRRQ@WV FODVVLILHG E\ W IOV GLHBVWR B H R/PXE WDE U |
IXUWKHU BQDO\WNYHWQWWV IOH I HWHO XIGIHRK SDVV WK BHDWKHh@RMMNR B/KHPISNR DIDE DB
XVLQJ DYHUDJLQJ

3UDJXH GPWDO ORVV LV FDOFXODWHG IRU HDFK &0/ DV WKH GLIIBITWHTKH E
WRWDO ORVV GRWDQUVDFUWBMAL@QWHP SRUDO UHVROXWLRQ



5DLIDXJH BODMWDPHSDUDWHG LQWR UDLQIDOO HYHQWY $Q HYHQW YN GHLIQ!
JDXJH WLSV RIQRU WRIKHWKILL@ DO O H YGIHIWMRZH W RAUDYE IBOFRIDXGHG IURP WK
)XUWRMHP HYHQWV B KBS HAUOWXKUH G 8B RESBHG (EMOR BE[FOXGHG IURP WKH F
SHUIRUPDQFH DVVHVVPHQRQWR DKIWXLUHS X E WLVS L\YHBWWLEREO B U HOYHED MYHHUPW VR
WRWDO GRSEWRO WKH SUH F LIS LSMDW BRIQ\ER®Q IPJO W K3-D W DE D D M HIUWD B/ HE DYV H G
WHPSRUDO UHVROXWLRQ WR OLPLW XQFHUWDLQWLHWG®GRXXQW B SUDX.DIEDDHMH !
YDULDEMHPELQXWH UDLQIDOO LQWHQVLWLHY DUH IRU DHOO |RXKWMH FXPXAIDW
UDLQIDOO REVHUYHG E\ WKH UDLQ JDXJHV LV DOVR LQO/GI RQERRES DIJUHHPF
7KH DLU WHPGE UDMOOMLYH KPLRL GALKMWAS®B DM WEHRAMR O X WWRBU SURFHVVHG
FRHIILEHWEWHQ WHPSHUDWXUH REVHUYDWLRQV LV DQG EHWERBE® RRPW
URRI Rl WKH OO EXL@WGLQJKDYH VOLJKWO\ OR ZWHRU RNOQG DAEE \DH WY DWVK. R Q VF
GLVFUHSDQFLHYV DUH HWSHFRLD WO D § VRO GWIFRGHIQN QR Q V

7DEOBDLQIDOO HYHQWHN HKYBGXIRWLRQ RI &0/ UDLQIDOO UHWULHYDO

(YH§WDUWXUDWLRH)SWK 5pp|
PLQ PP P PK

*DVHRXV DWWHQXDWLRQ

7KH HIITHFW RI W DR SHOPALGWU MW \DRG WRWDO &0/ DWWHQXDWLRQ LV HVWLPDW
DQG UHODWLYH KXPLGDWG WRPSOKMELHRIPD &0/ GDWD REWDLQURP GXKH QURY
&0/ ,' $WPRVSKHULF SUHWDXUYH HD WD @R W VPDVVXRHWE HVES REHG E Q@ O WHRDHDAVH |
SUHVYWPRVSKHULF SUHVVXUH FKDQJHKDYHO BWHIGYWEB ZIHD W& AR VAR QG LUWL R
DWWHQXBWLRQ7KH WHPSHUDWX.IGH WQBVBIGU LKXWKH DQDO\WHY DUH DYHUD.
ORFDWLRQV DORQDWKRXE%ODVBWWEBXDWLRQ LV HV¥XR B WWEHRRHP BHBD O BULR
RQBPRQWGGHWZHDWEHULRGY ZLWKRXW UDLQIDOO DQG G4 ®F DXW OHONMVR 1
UDLQ JBXWIHWW\ ZRIQKERDV VHW EHIRUH DZLGMER HYHHD WDFKQWYBBWHG WR VWD
DQ\ UDLQ JD X DALDMKSHHQIBV W WLS



7KH WKHRUHWLFDO DWWHQXDWLRQ GHULYHG IURP DLUFRPFPS G BRIMVBHG C
DWWHQNWWHRRRY/ 7R HEFRP®ISDULVRQ WKH REVHUYHG DWWHRLDDWLRE VW
FRUUHVSRQGLQJ WR WKH WLPH VWHS Rl WHPSHUDWXUHRRQ G XKX\PK U MR UR
FRQVWDQW EDVHOLQH LV VXEWUDFWHG IURP WKH REWHIW VG DDNNMD REXOD WR |
OLQN *+] DQG *+] VXFK DV WKH PHGLDQ DWWHQXDWLRRRREW DR MG B | §
WKHRUHWLFDO PMGLIDQXDWWRQ XDRH RQ LV ZAHDONFKIOWD \§ HGLRREYVRGBULQJ G U\
7TKHEVHUYHG DWW H QX WRRS DIIHEWMR QVKB WKHRUHWLFDO SDWWHUQV FD(
REVHUYDWLRQV DVVXPLQJ FRDQWWDHQKHE RGBT SUKNRXHWLFDO DQG
LV TXDQWLILHG LQ WHWRRIRQ EWNXGHORD WLRHIM DDPGOLWXGHY ,Q DGGLWLRQ
VHULHV VP RRRWKIDG BY HUDLHGRIZMKLPH RI RQH ZHHN

7DEOHPSLULFDO SDUDPHWHUV RI FRQY HF V8L YUHH PRGY WX R\E I RQUM GPR\Q DDQG [URH
SDUDPHW H8Q FHG FEQ

7\SH 1 PFP- — 0 K /

&RQYHFWLYH WKXQGHUVWRUP
:LGHVSUHDG RU VWUDWLIRUP

1RWHP FPT DQG DUH SDUDPHMMSLWRFD/HBDPPD GLWWULEXWLRQ IXQFWLRQ
DQG DUH VFDOLQJ SDUDPHWHUV RI WKLV IXQFWLRQ

6GHQVLWMWHNSPRGHO WR GURS VL]H GLVWULEXWLRQ

7KH DQDOWMIBVPRIGHO ZLWK UHVSHFW WR '6' (0V ERQ/ BD® R QXKNNQRQ Q WE QA
REWDLQHG IDR®B FLUVW WKH WHKHY IPRIGYH.QV'S B U PRI WIKBVW\SH R1 UDLQIDO
FRQYHFWLYH LV LQ YHNO LBIOWAHF G REOMBOHRRIMH WIKH 'XHEHQGRUI GDWDVHW
,QYHVW IRM WHRQHW ZKBIOQ%PEHULR LG K REI\DIPHRRI®HOHG XVLQJ WKH JDPPD G
VFDOHG WR UD L8®IPOICF K QRHH SDUWPHWHUV RI JDPPD GLVWULEXWLRQ IRU V
WDNHQ8OWERRFK 7KH HP L SDRDPHW H UV KBHHAHRGHGV LRXUF VRULR §WRUDWLIRUP DQG
UDL@DIF@BOOHKB LVWULE X WL RRZELQ FHWIHRQN U D L Q \DIORZ QQIMPH QVLWLHYV DUH
1 "' LV FDOFXODWHG UR UHDUNDBLRYX Bl Q & HHWIHIQR\P K WIRDIQ O F U HPIH @WK IRU ERWK
W\SHV RI UDLQIDO OV VBBYEFHMSRI)EYWHD WERW HRY L W \DD G GWIKBIQQ FIDME YO\ W H
(T 6SHFLILF DADUADQ¥FXWDRGIG IRU DQG *+£] H Y H U WHFSIW BHHS®IZENM. ] D
EHORQJWRHB WRQD &VKH 3UDKKHHVEDWBTXHQFLHY DUH DSSUR[LPDWH®\RIQ Wi
+ *+] DQG *+] DOORFDEVAG IRHG ZL U H O HVR/XWSWHMHQWDEQG] &R DO O (



7KHS5NPRGHO LV ILWWHG VHSDUDWHO\ IRU HDFK |UHTW R&P\ RIQGTXDUE D 08
EHWZHHQ UHIHUHQFH (UD LIDQEO DQL QWG Q DMWNHEMWMNKL-H R BHRBIWE FBIMHE DWW H Q
REWDLQHG E\

,QYHVWLIDWLRQ 'Bl XMWBBGRWHFW RVKB' RRZGMZ DSSUR[LPDWLHRQNIENG | R QW6
GDWXEHQGRUI DQG LW LIQDEXWQPB VRIGR O XDFRFMMLEGRFHGXUH LV DQDORJR
RWHKWMKHRUHWEREZBYBU UDLQIDOO LQWHQVLWLHY DQG VSHFLILF DWWHQXD
UDLQIDOO UHFRUG@R VZIR MOB®.Y VD ERVEHKIHEFKDMRVE GL DP RRVHIKLFK LV WKH UDWL

WKRXUWK DQG WKLUG '6' PRPHQWYV

iﬁgla\cil/zﬂ/zoxl/z
s L—=2%Y 3 ISTr;
& iﬁgéaug%; Y x 1
7KH PRMNVIKWHG 'GLNPBEWRBPRQ GHVFULSWRU RI WKH FHQWHBEKRIUD FSWHRELD
'6' WKXVpVEIONWHG FODVVLILRMDA RGOV UHVBDRMEGRVRQ FRQYHFWLYWDD QGO QW Wbt

7KH PRNVIKWHG GLDPHWHU RHIHQ@Q EWHGE SURWRDWBQ DD OXIQFWHQQL W\ E
& L 244 'SS;
ZKHBEHP K LV UDLQIDO OF LEPPHQN@EH\ MG HPSLULFDO HIPUSSRHRJIHRDM 6KG KU H
SHUIMWMFRWINVW UDWLIRUP DQG FRRNE@ MEISYCH HG VYR DV KOE\R KHHB ISISDUR [P DW LR Q
LV XVHG WR FDOIRADO b OB\ KIGHRHRRMV O FRQYHFWLY H KRHU W WWHDWKIRQGBPLYV GH
UDLQIDOO3IDQWHBWBEYUH HVWLPDWHG EWRLDNE/HQUYHG IURP UHDO IQWV GUR

(T
(@) (b)
<~ - . )
convective convective
— stratiform < — == convective fit
‘TE stratiform
£ O NN P -~ stratiform fit
) =~ @7
S E |1 e -
Z ~ \ \ g e -
a \i o E N
z light %\ heavy & [ .~
e - — ) :I/’
8 ]
O - ! o —
I | | I | | | | | | | |
01 2 3 4 5 0 10 20 30 40 50
D (mm) R(mmh™

JLIXUHD7KHRUHWLFDXLJ&EMPRU DQG KHDRRPK FRQYHFWLYH DQG V\DQIEN IMGRRIPHDIZL Q | D C
UHODWLRQ EHWZHHQ PDV¥DAHL JXDNIQEDGIODPOWHQVLW\ IRU WKH VDPH UDLZLDADKO W\
SDUDPHWHUV FRUUHVSRQGLQXMLR D/UWDRDURHY XWHHSR UWH G E\



3HUIRUPDQFH HXBOXDRUWRNG FS-REHNDZ DSSUR[LPDW LRQF RY SHMDIGX D\WBIGH Y W H
REWDLQHG GLUHFAWOBDRP D O H \QWLHFDWREMBEK MREHO 9LUWXDO VSHFLILF DV
GHULYRE '6T IRU WEZRHUHQW IUHTXHQFLHV BUMRGCHKIE DVULRS KV FW R W K M
W K UHHVA-RABWIOQ J5 PR GWMIOHZNWK D VLQJOH VHW RI SDUDPHWHUV REWDLQHG E
N5 PRGHO ZLWK WZR VHWV RI SDUDPHWHUV IRU SHULRGV\ ZLW W LMW U\ WH. | F
VEDUDWHO\ IRU WKHVH WZR RGQODDIONW \S B ¥ B RHWF RBWH QRBW LR Q V

7KH D Q D OLWHAD IOV RWYHAKK H R U 6I'W WACHR UHWLFDO 3')V GHVF DEG VB BRIGE PR H
GHWRLE PHDVXUHG E\ D GL WKWRWHMRHEEND © B G HX D & X D W H GULRR W HPUHDWQ R T X
HUURU FEQ6NHRIWRMKH ZKROH GDWDVH®LDR\E WKH QP RIGSDIKWIEO \P IR PK

DQG KHBDY\PPK UDLQIR® GDUDPHWHWPRERHWREWDLQHG IRU 'XHER® &RV GI
DWWHQXDWLRQ REVHUYDWLRQV LQ 3UDJXH GDWD

&0/ UDLQIDOO UHWULHYDO

5DLQUMHOMOJLHYDO LV SHURQRHGI SPW BWHIOWVXYEUVW W R WL RIBHAHRIDNE/GLLANR WL\
FKHFNHG 6HFRQG WRWDCOHRBEW RPWDOHEG HPR\RW DY DHWRIGRWLRQ DQG WKH EDV
7KLUG :$$ LV HVWLPDWHG DQG ILQDOO\ DWWHQXDWLRW®W\FBOWKRMME GRIU
ZHDWKHU FODVVLILFDWLRQ YINOQRW WK NG V W G\ BMB@HHE®M EGEIHEW EH QH
IXWXUH VWXGLHY DQG DSSOLFDWLRQV VHH 'LVFXVVLRQ VHFWLRQ

4XDOLW)\ $&O MUIPH VHULHY RBUWRWDXDORVVBYSHFWHG WR LOGHQYWIQ FREDEY L R
FDVH &O0/WKH VXGGHQ EPNEGOH QH) WWKPDQXDOO\ FRUUHFWHG DV DXWRPL
SURFHVVLQJ DUH QRW G HML\W @ G- GZEDHEIRCSUWANAT VKWK PRUH GHWSSBGJIHVHQ
%DVHOLQH LG% QWNJURXW GR VKA BXQRODI\E L IR H @ARGH QUDLLIQ IDOO L QG XFOIG DW
LV HVYWLPDWHG DV D PRYLQJ PHGLD @VZILRMR QN FZBHGHME UHHE FZQ QUGLRZH K\DHYUW IOH)\
DYHURYHMGPLQXWWHS RDDWHN ZLQGRIHPVMVR EH DSSURSULDWH IRU WKH FOL
LWRYHUV D SHULRG ZLWK PRUH WKDQ KDOI RI WKH UHFRWOM | EFIO-RIQW DY IV K
UHO LFDEM®R @ HUP EDVHOLQHWHUR VWD BNHSIINWKIRG W UH RU JDVHRXV DWWH G
‘"HW DQWHQQD D$SWIDQXIDW LIRMLQIDOO LV HVWLPDWHG E\ F R RSO\ R ID@/LW IHH
SDWK OHQJWKYV :$$ TXDQWLILFDWLRQ DVVXPHV VSDWLD/WON X QNER4PP UDLQ
RI WKI®IMXEV « REMIUDRJ DW WKH VDPH IUHTXHQF\ EDQG LQ WKH VDPH DUHD

°_?°%@é.

GL—=NGL

° 208, 0208y et
T NONG L4 'st;

ZKHYH% V UDLQEXF®GIG DWWHA/EGEHD WHURHQQWFH EHWZHHQ WY Q & DROL RIERVEGJX NG OR

ZHW DQWHQQD DWRLNVQXODWEREOND @G QJIJWK $VVXPL®H R LD W KRINREBEHD) H
&0/V$ZFDQ EH GLUHFWO\ TXDQWLOLHIN YURP @LQ NHYIMHIQWRO WXEWKY RSHUDWL



DFFXUDF\ Rl WKH TXDQWLILFDWLRQ UHOLHV RQ WKH |XQIWKOGP®NID RQ VKKV
ODUJHOHY WKHGLITHUHQFH EHWZHHQ WK HD&W® U F MXUD WRHD BID\HHO LD MV K 8 HHQ W
$ZZLWKLQ WKH &0/ SDLU 2Q WKH RWKHU KDQG W KKQL\WWEPNEWIR®D IR U V&D
FRYHDQRUUHDDHZLWK FRQWUDVWLQJ OHQJWKYV

'$$ LV TXD @QWDIEKGVLPH VWHSWEIARRSRDWQRQ R IR WKHKIH VIX\R W\W QX0DRW MR Q R |
'$$ DIWHU UDLQIDOO DQG GXULQJ GHZ HYHQWYV LV$B VW XDGXERG RAEERAVEN X D O
WKHBODWBGQWROO LQWHQV LW\ : HQV VD WMRSQRNSA-RU B H O B @ LR D W WHGIX D W HRQ

PLQ

5DLQIDOO HYWILE@IMWICRDY HVWLE DYN &WBQSRIZGKZRGHD ZLWK SDIDPHWHUV |
SDUDPHWHUV GHBDDW® LUWRIB 'BY VWUDWLIRUP UDLQV DOWHUQDWLVYRIWD\ 7}
LWV GRPLQDQFH LQ OLJKW DQ® PRGHERHEK BN BXPQL B D INBOIHF Y HG DW D/
LQSXW \WFP RWKHIONLY FDOFXODWHG

GL |:T:—A3?»?°Gém“5r;é sy

ZKHUWHG % LV WKH WRW® G %R E VW WKHSZESRGM Y FFR Q VW D Q W N:BISV DVQKGI &0/ U H\
VXEBLQN SDWKKHQOWKDQW :$$ LV HVWLEPPWHBQ &HSDUDMEH QN VRDYV VRKH PH.
'$$ YDORXNQWLILHG OIFFRUGLQJ WR
&0/ UDLQIDOO UHWULHYDO SHUIRUPD QF H RGSEY DX\ WHN\G  IS0UU DVEZHRW Y kI W VC
UHFRPPHQGDWLRQV DQG SDUDPHWHUV REM B QERADNMNRRLHG RER/HY WHOIDWLLR
TXDQWLWDWLYH SUHBI SR MWD WH. FOGORIHERPMS\DHAH G ALRY DUYCHQOURKY OJ DIRRNPKVH
VLWHV DQTXH 43(V Rl WKH VKRUW &DMH D DBIHRRP B DO HDBOLEY RIDRPKHIMN HV D Q G
7KH TXDQWLWDWLYH H YDRROD WAKRLF KRLAK V ¥ M LRFQ. FGKWA OV KBIRIE W \WUFD E Q EDADYOH G
W B D IXHWIOH SHUIRUPDQFH RI WKH VKRUW & QW DLW L\RIQR/Z Q VO \G H 6 RIQR/ WK B\
'$$ LGHQWLILFDWLRQSEKLBIO ®WUE X U LRRIUE LS KR QRXIQFIHD® ENK K & ®/3\ M UD & 6/ V
HYDOXDWHG RYHU VHOBIEWHQ WBHIUUPND ®0 AFRUHHOWDWLRQ UHODWLYH HUURU

5HVXOWV
*DVHPXWWHQXHDIWHAR) RI DLU KXPLGLW\ DQG WHPSHUDWXUH

TKHRUHWLFDO JDVHRXV DWWWIQXDMGE RYHPBBOBRWXWHG DWDRP LIRHODWLYH KXF
YDSRU GHQVEW\ DW ERWK MIWMHXQGEHHELHAKH IOXFWXDWLRQV LQ WHPSHUDW X!
IXUWKHU HYDOXDWLRQ WKHUHBUHR G RQ AMHIQNRWIHWH W (RA) DKW HERASNV LR Q W
OLQNV RI WKH DRQYH&DUDWH JDVHRXV DWWHQXDWLRQ IURP RWKHU BRVVLI
HYDOXDWHG



7LPH VHWIKHR EDHIGL R E ® MO HH@XUMWARRS DU G LLFK )WKRZV WLPH VHULHV RI DW
E\ D PRYLQJ DYZHHNJHL®GRZ VL]H 7KH FRUUHODWLRQ EHWZHHQ WKHRUHW
VXEBLQNV W DQG WWHWRSDWWHUQV RI REVHUXYDGLRQE WRKURWWSRFOG OV |
ZHOO %RWK WKHRUHWLFDO DQG REVHUYHG DWWHQXBPMIWRBREBUH XQ GK U
GHFUHDVH GXULQJ WKH BEXWHNPBEHSHULRIG GLAWREHIFH EHWEZOM Q QP 8 B DX DWW
'HFHPEHU LV DERXW G% RWMWKRPSDWHGVYWR RQO\ GIQ NR U7 KAHK M/ K H Rt
REVHUYHG DWWHQXDWLRQV KDYH VLPLODU PHGLDQ YDOX®% IRU ERWHK]IDH
UHVS G% IRU *+] 7KH WKHRUHWLFDO DQG REVH®% HG XMW HR X [
*+] FRPSDUHG WR WRHQN *+] UKES G% IRU *+] FRPSPWHG W-R Ul
7KH KLDWRMHQXDWLRQV RDIMKM GXUt€JVWEH DXWXPQ SHULRG OQQAR PRDQ IE
H[SODLQHG E\ GU\ DLU DWWHQXDWLRQ 'U\ DL G % WWIKQPDUD VEIHREM @G L Q J *R P LW
WKDW RI 2Q*WKH RWKHU KDQG KLJKHU IUHTXHQF\ EDQGYV DUH P RIKH W HQ\
GXULQJ VXPPHU 'LIITHUHQW VHQVLWLYLW\ WR ZDWHU Y IDS& U LDW W & QXN DR
RI WKH ‘O MFESDUHG WR WKH *+] RQH
7KH GLVFUHSDQFLHV EHWZHHQ WKHRUHWLFDO DQG REVHU YIHED DDRW@Q X D
UHVROXWLRQ DV GHPRQVWUDWHG RQ WKH WLPH VHULHW KRIWRIEIDRQX R P H D
DWWHQXDWLRQ IURP WKH RWKHU VRXUFHV RI DWW H QB O WRR®EG RW LIRENIMES Z DY
GLVFUHSDQFLHVY WKH FRUUHODWLRQ EHWZHHQ WKHRUHWLFD®H DQGKREVH
WKHRUHWLFDO DQG REVHUYHG DWWHQXDWLRQV DUH KLRBKOR RHRI ULLFH.GIQWI G
DQG IRU WKH *+] D UHWMISQN 7KH] FEUWKEDWLRQ LV OREZHV® G X
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JLIXUH&RPSDULVRQ RI \WKHR DHVGLREMHYY BBV DWWHQXDWLRQV DWOWBNYV RI DAVKG] &0/
IRUPLQ GDWD 'DWD DUH VKRZQ VHSDUDWHO\ IRU HDFK PRQWK

$FFXUDF\ RE SREHDWRZ DSSUR[LPDWLRQ

(YDOXDWWRBRRIHWL7AAHOUBODWLRQVKLS EHWZHHQ DWWHQXDWLRQ DQG UDL
ZHOO DSSUR[LPDWB® ZEP RVKHIOS KRB YHU WKH SDUDPHWHUYRKHEBL®S G3H S
VSHFLILF DWW HPXERW URIY S DGO QMROBQVLW\ RPKDERRXWDLQIDOO ZLWK '6" \
VWUDWLIRUP UDLQIDOOV +RZHYHU WKURXJKRXW FRQ ¥KEW RYHUWD IQ@DIDADO L
RI DERXWK )RR ERWK VUWRXHREGHA® SO/UD P HWEHHWUEZ HWROQRKWWEVWR WKH UDI
VWUDWLIRUP UHV S+ RRDMHEWIFORW U WR WKH pVWUDWLIRUPY FXUYH IRU O
DEHWWHU pFRQYHFWLY K JROHLY WKR@ [RFEH RIKIHW, (718 VS D UNDKPHHWWEH BRIYVELR IR G
DSSUR[LPDWLRQ ZKHQ QR LQIRUPDWLRQ RQ SUHFLSLWDWLRQ W\SH LV DYD
(YDOXDWXKREHQGRUGDVWDPLODUO®DRZHWY DUH REWDLQHG ZKHQIPRGHOR® JUBM
'6' REVHUYPHMULHR QVZR W\SHV RI UDLQIDO OZBIUBKMO-DG/ GIUR H G5 ED VKW HRUW WD QV
WK DVVLILFDW&R@ W KIHWKGQR/® B U DFP HW HEPWP °D QG 7KH UHODWLRQ EHW?2
LQWHQVLW\ DQG WKHRUHWLFD @ R WHWKGND H\RRZEEBEWBKERMEB V7K WEREZDG R
UDLQIDOO LQWHRI\ VE\L W& HDYFQ\H D VKNG J PIR\SG W 6 Q5<HDI WHEIRHIEQUMUMH DVIKE ZLWK L Q
UDLQIDOO LQWBQVRBWYQ DUWRPDWREHSEE( 7DEOH
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73.5 GHz - vertical polarization
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83.5 GHz - vertical polarization
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JLXUH 56HODWLRQ EHWZHHQ VSHFLILF DWWHQXDWLRQ DQG UDLQIDPRO@WDGEGHHS WBG GURF
DWIUHTXHQF*+] DEG *+]7TKHSNPRGHKHD ZLVEOUDPWWHRUGL@35 WR UHVHPEOHV WKH P
RSWLPL]JHG IRU DOO WKH UHFRUGV 7KH FXUWHM BB WIDAR.L( H330 ORU GAR KHYH F WY HI LIFQE
PRGHOV DUH VKRZQ



7DEOKO6(YDORHBVXULQJ GEHWZRIBEGHHWYY N G PX@®DVUHG D O/OKKBVPRGEHO ZLWK GLITHUHQW
VIWW7KH HYP@ XVVE VRSDEBW HO\ IRU OIQIEWHBRGHD D@D QWK D \Z KRIOW GINYWBRVHW

3DUDPHWHO 506( PP K
VHW *+] $O00 /LIKWORGHUDWHD Y\
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5" 5 & 51
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"HW QW HDQMWHQ XDWLRQ

JLIXUWBHJHVHQWY &0PGOWMHBPSRDDO UH YV PDOWMWHLGRQDMDRX GXQLQLU SHDN UDLQ
GU\ VSHOOV YFI\R DIQE VBNRUBUQIDOO DQG LLL DWWHQXDWLRQV GXHURQYJ GHZ
$WWHQXDWLRQ GXUIP@UISHG R\ UM QMHIFHERS WHYXDWLRQ DQG LV SURSR
JLJE ,Q FRQWUDVW DWWHQXDWLRQ ERWK GXULQJ GU\ VS H®HZV RFFE UDU WG
ZLWK WKH H[FHSWRRQ RAIRPXDDWHG E\ :$$ DQG WKXV LQGHSHQGHQW R
TXDQWLILFDWLRQ PHWKRG XWLOLJHGW GRBHRWH@\WR &6/ SROQKH OWRDWROV MXVV

(a) (b)
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JLIXUHD7RWDO UIMGENBPG DWWHQXBDMLRER RNV DQG PHDQ UDLQIDOO LQWHQVLW\ IURF

ZLWK SHDN UREIRDEGOD SR WR SHWDL RGI ZOW KD QREQEWR WEBH D O S U R
WR DQWHQQD GUYH@RNBRB LRSS BR| WR DQG GHZ RFFXUUHQFH DQG V>
WHRVIBP DSSUR] WR 7RDMDWHQXORWMA/BIERNWK OHQJIW K+[RW)EL QN VWZARSIR UD W H

OLQHDU ILWV IRU LQWHUYDOV ZLWK PRGHUDWW UFD BEIOQD §IGOI0QW BHYDR & ZU RFK
1RYWR YRV VKRZQ



JLXUH :HW DQWHQQD DWWHQXDWLRQ GXULQJ UDLQIDOO HV VN PIMEHGRIQR BOVRKIH: $HL | |
ERWKBDLONt *+] DQG:t *+] DUMKRZQ IRU+&07KH SD QMION WIQKKRZ PHDQ DO IREO/V

'$$ TXDQWRULHBFK VKRUWHU &0/ DQGL @ K HIDW DI¥ HQ DM HPIS\R V R RFHBH VRO K WO R
WR UDLQIDOO LQW HI@WLXE\L\QNDDHEZN. VAKFFBWUHODWLRQ FRMIGELHQW UHVSH
+LIJKHU UMMVOHDEQWLHVIBUMRELDWHG ZLWK KLJIK :$$ DZKBUHDNQ:BSCRINER DR K Y
ORZHU LQWHQVLWLHYV :$$ DYHUDJHG RYHU WKH Z&®ROR Ut WIKGIX\DX¥EL @ QVSB Q G
+ IRU WKH+] VBOLQNV DQUABKEMEROWLPH VHULHY UHYHDOV WKDW DWW}
H[SRQHQWLPK QV SUR BOGO\LGNE BOMRH QLIDWAR'Y
'$$ DOVR FRQWULEXW H VG WRWNR WRFF XOGEWR @ @ ©DRDLVR QU VR &/ 6 VD QVHR DIQ\D
SWWHQRBWRRIODWHG ZLWKVGWEZPGEBRVIRMLRRWK IUHTXHQB\%EDIOGYYIRYG UH
PRUQLQKHVH YDOXHV D3$H- R XYKHD B KID@O

SDLOQHDWONMLPDWLRQ

JLIXUWKRZV 43(V REWDLQHG WHWPPRIGHMXYZLYK ,78 SDUDPHWHUV DQG SDUI
GXULQJ UDLQIDOOV FODVVLILHG DV VW U\DHNQ GRILSF QERFOGRNIDW DR QAK R E W D
LQ SDUWKRX'GDWXOEQW FDRFOPGMOMYHQ OLJKW UDLQIDOO LQWHQVLWRKYHUHOC
REVHUYDWLRQWS LV HRZHYBGIWQW3(V GHULYHG ZLWK ,78 SDUDPHWHUV WHQG
DOVR OHDBVHER5CQEOM7KH PRGHO @HWIKYHG SDUDPHWHUV LPSURYHV SHUI
PHW WBXEYLQENMOVR UHPDLQV VLJQLILFDQW G\HXQ & H G HS/DAULCPFDHANHEEH! YL FRRIKYS 'IL @
EDVHOLQH DQG :$$ MGHHQIQWGHEBDWALRPMDWLRQ LV SURQRXQFHG HVSHFLDOO)
LQWHQVLWLHY X®GFK UHPURVWRWDO WBKRQIBVDKDBHHSWHYY VHQVLWLYH WR L
VKR UW H UDSBRWEH DHFGV HGL EL HEQWFK HVH VWD P B O/IHEH DKXGV:$$VH RI '6' SDUDPHWH
VLIJQLILFDQWO\ LPSURYH SH&ORWRBQBMW RU WKKRIQV 8NOFVRYHUHVWLPDWH UDL
&0/V



JLXUH &0/ 43(V VRKIHRQ0/ DDQG VKER&WYV ZKHQ XVPREMNO ZLWRHTEG '6HULERBWRP
SDUDPHWHUV 5HVXOWYV DUH VKR ZAG3 (IR URERWKKR LUM B0 H\Q B\U bl DELILHBAY R QUZLRY RUGHK & VFRR
&0/V ZLWK S D WMWK R HDIHW © RQIHQY VNSDUDWHO\

7TDEOBHUIRUPBI@QRRIFWKH &0/ 43(V REWBNRDARGHWKVLQJ ,7/GHMNQ®HG&' SDUDPHWHUV

6XOLQN , 78 SDUDPHWHUYV '6' SDUDPHWHUYV
U UHO 506( U UHO 506(
LG HUURUPP K HUURUPP K
D
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,Q JHQHUDO UDLQEDQ@G & WUIL DDIGI EW H G G R WLR\G 6Dl IL FK W BEDNYMHIEO\WRK +6 $ D
EDVHEXQHOBMELHEDDAWHG' :$$ DQG BHOPWHEHHUURUY FOHDUO\ GRPLQDW
UHJDUGHIQ) NPOR®QO/ '6' VHHP Y DWYRILIP LFODHYHQ O DUQWED N FAHEFW *+] VREQN
7KHIITHFIW6'LY OLNHO\ WRKLQRDIHDIDI @ LVORKVFFHKQXHMWH HKRZHYHU QRW HQFRXQ
VW X GL\RSH U

'LVFXVVLRQ

*DVHRXV DWWHKEXWWHRQHWLFDO JDVHRXV VIXEVDHNQ XDWLRY BRWIZ G B&%
DPSOLWX3MP DQBWKH *+] VXELQN EHWZHBQG G®% DPSOLNWPXGHKHVHG %
IOXFWXDWDRQYRKDHWHIHFW RQ UDLQIDOO UHWULHYDO ZLWK UHVSHFW WF
GWMPFRUUHVSRQGY WR D UDLQIDGKOUHYMS HQKLRPUR| DERXMQG P®LK] NWXE
2Q WKH RWWHKUVKWIQ®DO LV VXIILFLHQWO\ VWURQJ WR HQDEOH WRH GG WHF
GWPFRUUH\ESWRIBWORQJ &0/ NP RI G% UHVS G% 7KH PDMRU
JDVHBWWHQXDWLRQ IURP ORVVHV FDXVHG E\ RWKHU SKHDR®MHOID JHYMUW
IROORZLQJ FDXVHV Rl ORVVHV QHHG WR EH LGHQWLILHG DQG VHSDUDWHG
JLUVW :$$ RFFXUULQJ DIWHU UDLQIDOO DRQHVEBEVWQD W H B CHONH H[MIBIBFER@VWKIH
+HUH D VDIHW\ ZLQGRE ® IE HKRWIH HD RIBVDXWHU HDFK UDLQ JDXJH WLSSLQJ W
7KLV PRVWO\ HOLPLQDWHG :$$ EHIRUH DQG DUWREAI GIDZ Q'DHIDNNFUMANMDE ¢
+RZHYHU VXFK HOLPLQDWLRQV FRQVLGHUDEO\ UHGXFHSHIWRE \R E WILRFUH LI
UDLQIDOOV PLJKW KDYH KLJKHU UHODWLYH KX P LFGY.INO XYDKADL@® @ YOHHIOOGW B R G
OR®HUP HVWLPDWHV RI ZDWHU YDSRU GHQVLW\
6HFRQG VLJQDO IOXFWXDWLRQV GXH WR PXOWLSDWK ®UWRE B JDEWHRUE®H RG R\
OHYOHKKOW LMWK IHUHQFHY RIWHQ OHDG WR D GEEQNXKHG I INHIHDSD G R IHKH O/
RI WKH ROWK®WOME HW DO
)LQDOO\ KDUGZDUH UHODWHG DUWLIDFWV PLJKW GH\OW @BUDR I WON BERX WD W
GXULQJ WKH SHUW®R ® 12 RW RAEKFHH RMERI @ LGKLY GULIW LV FOHDUO\ UHODWHG V
WR JDVHRXV DWWHQXDWLRQ DORQJ WKH SDWK OXEXIWKGRLIW 2ARPX BDBQ KIRIDH
TXDQWLILFDWLR QDRVLFOY/ HRSRVDWRHXYHQ DW ORQJ &0/V
7KH VHSDUDWLRQ RI JDVHRXV DWWHQXDWLRQ IURP RWXHAK FRRXWDFH W RN I LD
RI WKH  *+] GXISDW [ R/QI £ H WAHHQEBRIG WREY &RPELQLQRDRMDMWH QD MIIRFPQAID
GLIIHUHQW OHQJWKVY PLJKW DOVR EH SURPLVLQJ
$FFXUDF\ R WRHHN ODZ DSSURHLBEWDWQRQ EHWZHHQ UDLQ(DOMQBRQ UDL
(EDQG IUHTXHQFLHV LV VXEVWDQWLDO@\ PR U&D /Bl R ERG B Q WK R (5 DAJ DIPKIDVH



WKH SREZEWPRGHOZKHQ RSWLPL]JHG IRU DOO WKH '6' GDWD FRUUHV,SBQGV F
5 +RZHYHUY DOXBY6RIUHVXOWY IURP WKH YDULDELOLW)\ LQ '6' ZKHQ XVL
ILWRU FRQYHFWLYH DQ&X D ONKHVEYBDOXMRVIHR DIOO VW KH VBB DILDW B ISR ZIOR V +
SDUDPHWWWZHHQ DQG E AREZSHOH G WIRQ G DQG DUH OHVWXGUIRQR W
UDLQLM@@ IEEXWLRQ DORQJ WKH &0LGBIKLWWPRRKW EMHIWERXGRQ E\ UHFRQ)
VSDWLDO YDULDELOLW\ DORQJ WKH &0/ SDWK IURP WEB VHG JKERDM DR Q& E/F
QRXQLIRUPLWIROQUBLVWULEXWLRQ DQG UDLQIDOO LQWHQVLW)\ GXRXHBEBW K
XQNQRZQ '6' ZLOO SUREDEO\ EH RQH Rl WKH PDMRU XQFBO® D2Q WLK-H R\QKT
KLJK VHQVLWEYHWWWR VWKH RSSRUWXQ LW\l WARP L\§ KHHU DIVOWR-DSXCDWMBARIT). RRQD( 6 '
FRQGHQVHG IRUP RI '6' PRPHQWYV 7KLV + V*+]Q WKKRXR K \\G B IVARXDRY O LE K H @
/HWK HW D®GLWLRQDO LQIRUPDWLRQ RQ UDLQIDOO LQWHQVLW\ RUDDNFRPE
ORZHU IUHTXHQFLHV ZLOO EH UHTXLUHG IRU '6' UHWULHYDO
4XDOLW\ERFKRBN UDL QI DIXO QLHM URLKHHYFDND ZADKW 8 M U DRYQRUSKEIPIM LV HRILWR WD O O R\
,Q WKH FDVH RI &0/ D VXGGHQ FKDQJH LQ EDYROH QMVR\IKIBYWG ZDVH DERD®.
LV SUR Y$SSHGQ [

'"U\ZHW ZHDWKHU FODVVLILFDWLRQ DQG EDVHOLQH VHSDUDWLRQ

7KH GURODVVLILEFDWLRQ KDV EHHQ UWHS&UMSHUR P VY@ QPLERKIDMAD QW BV H &/
LQ DWWHQXDWLR QEDHHOL EN WHI\S VW RW MAK\HIRU HDFK HYHQW |UR R MZIHODH O
DQG .XQVWPDQQ 2 Y HUHHUWHHP ZEMM X1 DW K H U FID\D Y\RIWLXDMWERRU EDVHOLQ'}
ZDV DJPODWLF FKRLFH HQDEOLQJ EHWWHU BHW FRUQ5 VWLIRGQWD RVE W @ HLR/S $1 1HO W I
SHULRGV ZLWK LQFUHDVHG DWWHQXDWLRQ GXH WR :$$ WXINMHI SHULRGD O |
HY HEDVHYGD OXDWLRQ QRW LQFOXGHG

7KH VHSDUDWLRQ RI ZHW ZHDWKHU LQFOXGLQJ GHZ RFFXQU BQM-H @DD/WLER
ZDWHU YDSRU :KHQ UDLQ JDXJH\D DHG PRIMW DVYDEOWEARD [ HHBNWNVRHDM ISH
FODVVLILEPRMORLY/V DQG XHU QHSHQGLY GHVLIJQHG WR LGHQWLI\ UDLQ\ SH
RFFXUUHQFHV DV GU\ ZHDWKHU $OWKRXJK VHQVLWLYLW)PHMRBHY RY WEW\D
GHZ HYHQWYV KDYH VLPLODU G\QDPLFV DVWHKKBGE SHWY G DL R QXPHB § WU DW X
DOVR FRQVLGHULQJ REVHUY DMWLHRIHHR | HYR DIK BPREM PR & 61/ D S S URMSW LZDHDHV KR
FODVVLILFDWLRQ XVHG IRU WKH VHSDUDWLRQ RI DWWHQXDWLRQ FDXVHG [
7KH EDVHDURHMABWMLRQ PHWKRG ZLWK DZRARYZBDWKIGWU IFQ DAMWLKIRPOW GRIQ S
UHWULHYDO SXUSRVHV ,W VKRXOG EH QRWHG WKDW QLOHKYW®W EFHRIHHS W |
PHGLDQ PRYLEDVYHQG®R®HE ZLWK ZLQGRZ VL]H Rl RQH WHHHUN DM IFD SDKELGFHK \R |
VXEBLOMNSBHQGLLOGRZIH RI RQM YMHNFLH QW @®MFORGH WRURI WKBQZHDWKHU U
LQWR WKH ZLQGR ZL WABHP\SWOR WBREH SKK PMGLDQ PRYLQJ ZLQGRZ EDVHOL



GLVWLQJIXLVKLQWHWRVGHHIQVORDIDWHG WR KDEQRDQIE BLQINQBEWQBRYWG WR
LQ DLU KXPLGLW)\ D QGLYDNDRSH &FDQWXNIHQ W XEDWHIHOX@IIRE@BR'U DQDO\VLV RI JDVH
RQ VXXIEQNV D DQGREVILEVWHIIBNHU YDSRU PRQLWRULQWWIDX\G BRY H \Z KW KK b
WW K/MDELOLW\ Rl WKHHDWWHQXDWLRQ EDVHOLQ
‘"HW DQWHQQD DIWIVG\YXIDWDWEGKQ LRIJ:$OLQIDOO LV EDVHG RQ WKH DVVXP!
GLVWULEXWLRQ RYHU WKH VWXG\ DUHD DQG WKDW ZDWBRHI RRIP EWR MRQ WRK
&0/V DQG WKH ORQJ RQH ,Q RXU RDYHO @/ DN IROYWRXWY XP 8 LIPQ KROBE V H |
GXULQJ WKH HYDOXDWHG HYHQWYV 7KH FRW H/QDMWAMR Q KM FIK FOLWHY WORAM D]
LV + DQG= IRU WKH PRDHQG DOVWIHIMH VLPLODULW)\ LQ DQWMNROPSKREUWE
SURSHUWLHY RI DQWHQQD UDGR RZHDW MR WHIOMV 5N FWKIHEL G LOUFWFXA\DAD,  VAK D WY X WL
UHODWLYHO\ LQVHQVLWLYH WR :BY PFMFXHQXQW RRQWKHRQRQIWE0SDWK GRP
UHODWLYHO\ OLJKW UDLQ DG Q LD QED QWKORRY QPEEHROFNGSRWLILF DWWHQXDW
'$$ GXULQJ UDHQNIOOCGFRUUHODW H GHWI8 FIKEDLHLI\D\O @ \XIN0OH BYX WY DUH OLPLW
PRGHUDWH UBEIQOBIQYVRIQWHNB® UW HRAX 6 WWRQVIZILMRKXDY H[SRQHQWLD @KEIFRUH |
DOVR FRUZHM&RRRBWH U Y PIW IDRORZHYHU TXDQ WRFMF BWERR® BRRLEJ UHTXLUH D
LQVWUXPHB QDO RWWHRIRPLQH HQGMURFWDLQTRE®HS RO U DDA G XWDIVQ D GBWR L
UHSRUYHWK EHW Z& RXJJHWKEGEV\LQJ SDWWHUQ RFFQYR®HR Q BEBRMEH@Q D ¥ KAL)
DOVR WKW KD/ BIQRY DQPBRQ WKH RWEH WD WIVG® XDWLRQ SDWWHUQV RQ DQWH
PLIKW EWHNIBEGOHUHQW
'$$ GXH WRYDBWUH FRQGHRDNDOMWL RRQIJKHU YDOXHV W KR IG\R DBy FDEDLEN W HUCALHD |
ZDWHU ULHXI HWW DIKH KLJKHU YDOXHV RI DMDWHQXGMRRBPBMUNNE EWR D
FDXVHG E\ ULYXOHWV @DYFDQN R{W HB® SWHIEE @H D W WWREDXLD W WR 0 RED RIVOW ]
YDSRU FRQBBRNOMHEHRFODVVLILFDWLRQ RI GHZ DV UDLQIDOO
,Q JHQHUDO :$$ TXDQWLILHG LQ WKLV VWXG\ LV VOLJKWOMWEKJKWUDWKD Q
+RZHYHU WKH UHODWLYH FR QW UDL\E YW OX® WLRYS LWROWKY WIRWLILFDQW JL
UDLQGURS SDWK DWWHQXDWLRQ :$$ LV WKXVz+ DR D B DHU@QARNUF\N KR O3-R
DFFXUDWH TXDQWLILFDMALRHF LIV OXBARLA/OH UP & RWW DQWGGLWLRQ :$$ GXULQ
LQYHVWLIJDWHG LQ WKLV VWXG\ DQG PLJKW EH MLIGROWHWDIDV VKRZQ IRU
5DLQIDOO HVWHEDWGRY®/V SURYHG WR EMLRDLUYNMHW R\ UTRQG VRS SD'WK DWW
GHYLFHV 7KH ORQJ &0/ SURYLGHG VXUSULVLQJO\ DFFXEPWHMW KDRQUP®O F
LOQWHQVLWS$VMXPDGBWHFWLR® | VGRA HW KEREIRZGI U T X D @ W RJ@GH.IR @ HNYROFRHQ/J

*+] &0/ FDQU IBHGWDAMP IDOO L Q*WPIRKVGWSHRQGLQJ RQ UDLQHDICDO WASHRUEZKHU
*+] &0/RQGHWHFWY UDLQIDOON VKSH DK LIMRW WHIRW LW\ WR O LMK \ OLPIRL\VQN DDA WR L



PDJQLWXGH KEDQU&O/V ORUHRYHU WHKMHOWBK B 6 RUGNWHRY [RASURY EG QR
&0/V 2Q WKH RWKHEDRDBQSD /Y MYH (S UREGH RISKV ROXQNGIHIUHEH VB W QR X BIW\ UD |
7KLV KLJK VHQVLWLYLW\ WR UDLQIDOO WRJHWKHU ZL@IKWIRABELLRYBIELDXDQ @V
KDYLQIJNLOREHWHU SDWK OHQJWK ZKLFK ZDV SUDFWLFDI(U\VOR W KH WDILEO
JHQFO HW DB&XRUW &0/V DUH PRUH DIIHFWHG E\ HUURUV UHODWHG WRUS$S$
GXULQJ KHDYLHUKRZHYBLGOQ RWLRKFXU GXULQJ WKH RYVRRDWLERQVSADLES |
HVSHFLDOO\ GXULQJ KHDY\ UDLQIDOOV DVVRFLDWHG ZLWK W DJI®L VRSUDRV UD(
GLVWULEXWLRQ DORQJ D &0/ SDWK LV PRUH OLNHO\ RRAU®R AVKBPRUIR W& O/RQ K
UHTXLUHV IXUWKHU UHVHDEPK 8 QU i $ XHREHGIVQJ DW (

JLPLWDWLRQV RKWRIMWXBGWKQYHVWLIDWHY WKH ZHBDVWXGE & (R GRQV B UG DF\DHS\
RI IRXU PRQWKY RI DIWWHQXDOWVRQQGDWD ,IURO/V RSHUDWHG ZLWKLQ FHO
&0/V DQG OHQJIWHK R IVWIKHEEHPRRBWRUDWH WKH FKDOOHQJHY DQG RSSRUWXQ
PRQLWRULEGD @®ZHQYKKY OWPLWH® KH. JBIDWDVHW GRHV QRW HQDEOH XV WR G|
UHOLDELOLW\ RI ZHDWKIED PR QQ RIR WR) LY WKWLIDWH LQ GHWDLO QHZ RSS
ZDWHU YDSRU DQG '6"

6SHFLILFDOO\ WXRWGIDQWFIDWHEWM GRBY\ UD L QHED Q G V& 07 KIHD U & COLE LHOAWM\PRIW(L R
LV EDVHG RQO\ RQ WKH HYDOXDWLRQ Rl WKHRUHWLFDO DMW WH®X'BWH R 8 FWR
WKH DWWHQRDMA®RRM-OID WRRQEH WKHUHIRUH VWXGLHG LQ GHWDLO RQ W
DQG KXPLGLW\ DUH PHDVXUHG DW WZR ORFDWLRQV FORRGVWRHREDHMOQREH ¥
SUHVHQWHG UHVXOWW QHIQ LIPKELDQ GBHHP RN DEWED B SER UAMPGUKMILH P RRILW R UL Q.

&RQFOXVLRQV
(EDQG PLFURZDYH OLQNV DUH LQFUHDVLQJO\ XSGDWLQJ O® G HWHEZRUNYWRRS\}

PRVWOY D'W] 7KLV LQYHVWLJBWIQRHZ GKPROQWWIMWDQG RSSRUWXQLWLHV Ut
7KH SULQFLSOHV EHKLQG ZHDWKHU UHWULHYDO LV WKB I'OXPI) PH RR D \ORR
SKHQRPHQD VXFK DV GURS VL]H GHPSHUBDXWIURIQD ®E KKPQGHW\ LD IBIEW W L
VLIJQLILFDQWO\ GLIITHUHQW PDQQHU EDXUGWK HW RSR.UIHH UKIMWAG ZDXIHQ YWAL HBWHE\R Q
HWF 7KH UHVXOWV REWDLQHG IURP WOQRODMOLRIQRQ ¥ RIINOEE VA0 MY IF DWHI W\ X &
7KH PDLQ FRQFOXVLRQV DUH OLVWHG EHORZ
x (EDQG &0/V DUH PDUNHGO\ PRUH DWWHQXDWHG E\ UPILGEYRBNVD GKQ
OLJKWHU UDLQIDOCPREH DERXW *WWRRWY PRUH WKD Q7KL VGHYLLIERD
LPSURYHV WKH DEGCONY RMR( TXDQWLI\ UDLQIDOO LQWHQVLW\ DFFXUD)\
X 7KH UDLQIDOO BEDHMBULIHYMXHOQRLKY LV OHVV LQIOXHQBWR ZE\UZ HMA TDXHOH
'$$ REVHUYHG LQ WKLV VWXG\ KDV D VLBERDHLYDNWWH BQ VD VL W DDW R



XQFRUUHODWHG ZLWK UDLQIDOO LQWHQVLW\ DQG H[KWHRLWN YBIQ OHJ SR
'$$ GXULQJ GHZ RFFXUUH@BHY UHDFKHV XS WR
X 7KH SRZBIZU DSSUR[LPDWLR Q UDLW®YKHO D WM IQOENRDREW BHRE\V6 ' WKDQ R
*+] IUHTXHQFLHV 7KH YDULDELOLW\ LQ '6' UEDQHYV QWD VQIRQ O BHY
RI GLIIHUHQW SBUD®HWHIHYWWW\SHY Rl UDLQIDOO DV GRQBWH® K Zt
QHYHUWKHOHVV WKLV UHTXLUHY DGGLWLRQDO LQIRUPDWLRQ RQ UDL®
Xx 7KHS5NUHODWHERQGDWHTXHQFLHV LV OHVV OLQHDU WK BIQ WDRW D REZ A SHIFLH
ORQJHU &0/V IRU ZKLFK D XQLIRUP GLVWULEXWLRQ RI HD\MPOHGL QV
WKH RWKHU KD Q GN LHOYRFHBIKRE ¥ OANVXBUH VXIILFLHQWO\ VHQVLWLYH WF
XV@HIRU UDLQIDOO UHWULHYDO
X *DVHRXV DWWEDR®DWDORY IDWGHWHFWDEOH KRZHYHU LW LV VXEVWDQW
JOXFWXDWLRQV LQ VSHFLILF DWWHQXDWLRQ FDX\LIQGWE\HZ D ¥ BLHRUGDIRGHR
FOLPDWH 7KLV PDJQLWXGH LV U HIOUROHEG E \ OV K@ MOV DWW W & XLIDWWLHR@V L
E\ ZDWHU YDSRU GHQVLW\ DQG LV WKXV LQ WKHRU\ DKL FRRZB WHl
UHTXLUHFLWRMW WHSDUDWLRQ RI DM)\UB QXPWWLHRWQ ZIKIRFK RWKHQ SUDFWL
UHVXOWVY VKRZ WKDW WKLV VHSDUDWLRQ LV WR VRPIF Hi\WWQW O B8RV \
VHYHUDO NP LV DYDLODEOH
,Q JHDOOHUWKH RQJRLQJ VKLIW RI &0/ QHWZRUNV WRZDUGV KL RKHQJWRH TKHLQF
RQ D TXDOLWDWLYHO\ GDIQHUB QW DHMHIDEOMZVR REVHUYH OLJKW UDLQID
IUHTXHQF\ &0QW LW\ VHUYH DV '6' SUHGLFWRUV 7KH UDLQIDOO UMWULH
*+] IUHTXHQFLHV SURYHEDWR BAYXYHODCO {RWHU YDSED QG & U/MH KD ®LIQR P
OHQJWK RI VHYHUDO RY©RP® M HUAMEKERLKIKVENNKISEIS\DHUFDXWL B QURIP QRWD MHL R & L J Q D
ZLOCFKEBIOOMQJIEQUDFWIL¥VHLUVW H[SED@®QEHDAMMKU(UHWULHYDO DV SUHVH
KRSHIX0OO\ FRQW U L EBXHNHYNBRRN KR B HH URHEXIVRH QWD O Y QY KISV W Y DG ED WH VW R
ZLWK UHVSHFW WR ZHDWKHU PRQLWRULQJ

$SSHQGL'U$ZHW ZHDWKHU FODVVLILFDWLRQ

7KH FODVVLILFDWLRQ LV SHUIRU® N R QFHEIMIRVHDOHREES RAAP B \WRXELOF K P HRIL V V
DQG %HUQMH XVHG EKMEKBERYLQJ ZLQGRZ VWDQGDUG GHYLDWLRQ 7KH ZLQ
WKH WKUHVKR O GVKRIUUFHERV\GLIDA QHWHWRXDQWLOH RlI DOO VWDQGDUG GHYL
PRYLQJ ZLIQQORIZU BKREDELOLW\ FRUUHVSRQGYV DSSURQLW B W& D \WRNHBIW\KIH LZHL
E\ WKH UDLQ JDXJHV



JLXU$H 6WDWLVWLFD@HWZIEIHAH RQVEDBVLILHUV EDVXBLR® YGQUOHHRADD RDJI WKH SDWHK
ORQO/ UB DQG WKUHH UDLQ JDXJHV QHDU HNSHUNKRH® EYV RRUNWJHWODIDWLRQ FRHIILF

'UZHW ZHDWKHU FODVVLILHU®NGE WDHQARP SDRM G WLWKEHDFK RWKHU DQG
UDLQ JDXJH RERBGIWHOMMRRY LV XVHG KHUHKH HY B B B D XH. R GZ IR D MPYIOWD U WA\
RQ RRAMXWH GDWD EHFDXVH WKHFR@M HH\Q EDINIQRLIBOMV LIKIQKEMOA EDVHOLQH LG
PHWKRGV EDVHG RQ G D\VZAHWY @EONMQW L LIEFFPDWIRRQ RI ZHW DQWHQQD DWWHQ X
'"U\ZHW ZHDWKH B M.COVRELMERMOR QJLQJ WRMMNHFERIUWHPDOWH 6Q H[FHSWLRQ L\
OLQIZKLFKDLUWFWHIKGDE\GZDUH P BGIKHFGIIREG FRUUHODWLRQ EHWZHOIQQWKH
EHORQJLQJ WR GLIIHUHQW &0/V LV ORZHU EXWJVWLO3Y U H D FKHHV FIRLLIKH DDV
&0/ FODVVLILHUV WR WKH FODVRIQ LBUAUIBLINKMGIR Q RIZIHQ JDXJHV LV
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FKDQJH ZLWK PREWIUGHHIXGQ F\ VKM KINU FRIFGRRIQIHG HG EBIQ FEGIXMIL\RIQD\ UHF
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