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Devwudfw

Wklv sdshu lqwurgxfhv whfkqltxhv wr hpslulfdoo| glvwlqjxlvk gl�huhqw hi0
ihfwv ri eudqg dgyhuwlvlqj lq qrq0gxudeoh/ h{shulhqfh jrrgv pdunhwv1 Zh
dujxh wkdw dgyhuwlvhphqwv zklfk surylgh frqvxphuv zlwk surgxfw lqiru0
pdwlrq vkrxog sulpdulo| d�hfw frqvxphuv zkr kdyh qhyhu wulhg wkh eudqg/
zkloh dgyhuwlvhphqwv wkdw fuhdwh suhvwljh ru lpdjh h�hfwv vkrxog d�hfw erwk
lqh{shulhqfhg dqg h{shulhqfhg xvhuv1 Zh dsso| wklv dujxphqw wr frqvxphu
ohyho gdwd rq sxufkdvhv ri d qhzo| lqwurgxfhg eudqg ri \rjxuw1 Hpslulfdo
uhvxowv iurp d vhulhv ri glvfuhwh fkrlfh prghov doorzlqj iru frqvxphu khwhur0
jhqhlw| urexvwo| lqglfdwh wkdw wkh dgyhuwlvhphqwv iru wklv eudqg sulpdulo|
d�hfwhg lqh{shulhqfhg xvhuv ri wkh eudqg1 Zh frqfoxgh wkdw wkh sulpdu|
h�hfwv ri wkhvh dgyhuwlvhphqwv zhuh wkdw ri lqiruplqj frqvxphuv1

�* Hfrqrplfv Ghsw1/ Ervwrq Xqlyhuvlw|/ Ervwrq/ PD 35448 +dfnhuehuCex1hgx,1 Wklv sdshu
lv d uhylvhg yhuvlrq ri wkh �uvw fkdswhu ri p| grfwrudo glvvhuwdwlrq dw \doh Xqlyhuvlw|1 Pdq|
wkdqnv wr p| dgylvruv Dulho Sdnhv dqg Vwhyh Ehuu|/ dv zhoo dv Odqlhu Ehqndug/ Vlprq Jlofkulvw/
Jdxwdp Jrzulvdqndudq/ Vdp Nruwxp/ Plnh Ulrugdq/ Mrkq Uxvw/ Urql Vkdfkdu/ wzr dqrq|prxv
uhihuhhv/ dqg pdq| vhplqdu sduwlflsdqwv iru dgylfh dqg frpphqwv1 L wkdqn wkh \doh Vfkrro ri
Pdqdjhphqw iru judwhixoo| surylglqj wkh gdwd xvhg lq wklv vwxg|1 Ilqdqfldo vxssruw iurp wkh
Frzohv Irxqgdwlrq lq wkh irup ri wkh Duylg Dqghuvrq Glvvhuwdwlrq Ihoorzvkls lv dfnqrzohgjhg
dqg dssuhfldwhg1 Doo uhpdlqlqj huuruv lq wklv sdshu duh p| rzq1
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D uhfhqw whohylvlrq dgyhuwlvhphqw iru wkh qhzo| lqwurgxfhg _Provrq Lfh% ehhu sruwud|v wzhqw|0

vrphwklqjv guhvvhg lq kls forwkhv lq d edu gulqnlqj wkh ehhu1 Fohduo| vxfk dgyhuwlvhphqwv pxvw

vwlpxodwh ghpdqg iru wkh surgxfw1 Rwkhuzlvh/ Provrq zrxog qrw eh vshqglqj prqh| rq wkhp1

Zkdw lv qrw fohdu lv krz vxfk dgyhuwlvhphqwv pljkw d�hfw udwlrqdo frqvxphuv zkr ylhz wkhp1 Gr

wkh| dohuw frqvxphuv wr wkh h{lvwhqfh ri wklv qhz surgxfwB Grhv wkh idfw wkdw Provrq lv dgyhuwlvlqj

wkh surgxfw vrphkrz lqglfdwh wr frqvxphuv wkdw lw lv d surgxfw zruwk wu|lqjB Duh wkhuh uhsxwdwlrq

ru suhvwljh h�hfwv e| zklfk frqvxphuv vlpso| rewdlq xwlolw| +ru glvxwlolw|, iurp frqvxplqj pruh

dgyhuwlvhg surgxfwv ru surgxfwv wkdw duh dvvrfldwhg zlwk kls wzhqw|0vrphwklqjvB Ru/ lv wkhuh vrph

frpelqdwlrq ri wkh deryh dqg srvvleo| rwkhu h�hfwvB Lw lv wkhvh txhvwlrqv wkdw wklv sdshu hpslulfdoo|

dgguhvvhv1

Wkhruhwlfdo zrun rq dgyhuwlvlqj kdv orqj ehhq frqfhuqhg zlwk gl�huhqw lq�xhqfhv ri dgyhuwlvlqj

rq frqvxphu ehkdylru1 Pduvkdoo +4<4<, sudlvhg _frqvwuxfwlyh% dgyhuwlvlqj/ zklfk kh ghvfulehg dv

dgyhuwlvlqj wkdw frqyh|v hfrqrplfdoo| uhohydqw lqirupdwlrq wr wkh frqvxphu1 Rq wkh rwkhu kdqg/ kh

whuphg wkh _lqfhvvdqw lwhudwlrq ri wkh qdph ri d surgxfw% dv _frpedwlyh% dgyhuwlvlqj/ dqg h{wroohg

wkh _vrfldo zdvwh% ri hqjdjlqj lq vxfk ehkdylru1

Pruh uhfhqwo| hfrqrplvwv kdyh ghyhorshg h{solflw wkhruhwlfdo prghov wr dqdo|}h gl�huhqw h�hfwv

ri dgyhuwlvlqj1 Vwljohu +4<94,/ Exwwhuv +4<::,/ dqg Jurvvpdq dqg Vkdslur +4<;7, h{dplqh prghov

lq zklfk �upv vhqg rxw dgyhuwlvlqj phvvdjhv wkdw h{solflwo| lqirup frqvxphuv ri wkhlu surgxfw*v

h{lvwhqfh ru fkdudfwhulvwlfv1 Qhovrq +4<:7,/ Plojurp dqg Urehuwv +4<;9,/ dqg rwkhuv kdyh orrnhg

dw dgyhuwlvlqj iru h{shulhqfh jrrgv/ surgxfwv zkrvh frpsohwh fkdudfwhulvwlfv duh qrw revhuydeoh

wr frqvxphuv ehiruh sxufkdvh1 Wkh| �qg wkdw lq wkh suhvhqfh ri xqrevhuydeoh fkdudfwhulvwlfv

vxfk dv txdolw| ru wdvwh/ �upv pd| xvh dgyhuwlvlqj lq htxloleulxp wr lpsolflwo| vljqdo wkhlu ydoxh

wr frqvxphuv1 Lw lv lqwhuhvwlqj wr qrwh wkdw lq wkhvh prghov wkhuh qhhg qrw eh dq|wklqj lq wkh

dgyhuwlvlqj wkdw h{solflwo| lqirupv frqvxphuv1 Vlpso| wkh idfw wkdw d �up lv vshqglqj prqh| rq
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dgyhuwlvlqj lv hqrxjk wr _whoo% wkh frqvxphu wkdw wkh surgxfw wdvwhv jrrg ru lv ri kljk txdolw|1

Vwljohu dqg Ehfnhu +4<::, dqg Ehfnhu dqg Pxusk| +4<<6, dqdo|}h prghov lq zklfk d eudqg*v

dgyhuwlvlqj ohyho ru frqwhqw pd| lqwhudfw lq d frqvxphu*v xwlolw| ixqfwlrq zlwk frqvxpswlrq ri

wkdw eudqg1 Lq wkh fdvh zkhuh d eudqg*v dgyhuwlvlqj ohyho lqwhudfwv srvlwlyho| zlwk frqvxpswlrq/

frqvxplqj d pruh dgyhuwlvhg jrrg/ doo hovh frqvwdqw/ surylghv pruh xwlolw| wr wkh frqvxphu1 Wklv

surylghv d zd| ri prgholqj wkh lghdv ehklqg Pduvkdoo*v _frpedwlyh% dgyhuwlvlqj ru Jdoeudlwk*v

+4<8;, _shuvxdvlyh% dgyhuwlvlqj wkdw lv frqvlvwhqw zlwk frqvxphu xwlolw| pd{lpl}dwlrq1 Wkhvh lghdv

duh wkdw dgyhuwlvlqj fdq lq lwvhoi fuhdwh suhvwljh/ gl�huhqwldwlrq ru dvvrfldwlrq wkdw pd| fkdqjh wkh

xwlolw| d frqvxphu rewdlqv iurp frqvxplqj d surgxfw�1

Wkh frqfhuq dqg lqwhuhvw vkrzq deryh lv zhoo ghvhuyhg1 Lq dvvhvvlqj wkh lpsdfw ri dgyhuwlvlqj

rq d sduwlfxodu pdunhw lw lv reylrxv wkdw nqrzohgjh ri wkh surfhvv ru surfhvvhv e| zklfk dgyhuwlvh0

phqwv d�hfw frqvxphuv lv hvvhqwldo1 Frqvlghu wkh srodu fdvhv ri Frfd0Frod dgyhuwlvhphqwv dqg wkh

fodvvl�hgv1 Prvw zrxog vxssruw wkh ylhz wkdw fodvvl�hg dgv sxuho| surylgh lqirupdwlrq rq surgxfw

h{lvwhqfh dqg fkdudfwhulvwlfv1 Vlploduo|/ wkh idfw wkdw prvw lqglylgxdov nqrz ri dqg kdyh wdvwhg

Frfd0Frod vxjjhvwv wkdw wkhvh dgyhuwlvhphqwv duh qrw surylglqj lqirupdwlrq rq wkh surgxfw*v lq0

khuhqw sk|vlfdo fkdudfwhulvwlfv1 Shukdsv wkhvh dgyhuwlvhphqwv duh d�hfwlqj frqvxphuv e| fuhdwlqj

suhvwljh ru dvvrfldwlqj wkh surgxfw zlwk vrphwklqj ru vrphrqh1 Qr rqh zrxog glvsxwh wkdw wkh

delolw| wr sodfh fodvvl�hg dgv lv d odujh ehqh�w wr vrflhw|1 Rq wkh rwkhu kdqg/ pdq| zrxog dujxh

wkdw vrflhw| zrxog eh ehwwhu r� li Frfd0Frod dqg Shsvl pxwxdoo| uhgxfhg dgyhuwlvlqj h{shqglwxuhv1

Zkloh wkh jhqhudo surfhvv e| zklfk dgyhuwlvlqj d�hfwv frqvxphuv lq wkhvh wzr h{wuhph fdvhv

pd| eh vrphzkdw reylrxv/ wklv lv fhuwdlqo| qrw wuxh lq jhqhudo1 Iru pdq| dgyhuwlvhphqwv lw lv olnho|

wkdw vrph frpelqdwlrq ri wkh deryh dqg shukdsv rwkhu h�hfwv duh zrunlqj wr lq�xhqfh frqvxphu

ehkdylru1 Phdvxulqj wkh h{lvwhqfh dqg h{whqw ri vxfk h�hfwv lv dq hpslulfdo sureohp/ rqh wkdw
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kdv qrw uhfhlyhg hqrxjk dwwhqwlrq1 Wkh exon ri dgyhuwlvlqj0uhodwhg hpslulfdo olwhudwxuh/ erwk lq

hfrqrplfv dqg pdunhwlqj/ kdv irfxvhg qrw rq krz dgyhuwlvlqj d�hfwv ghpdqg/ exw rqo| rq krz

pxfk dgyhuwlvlqj d�hfwv ghpdqg +iru h{dpsohv vhh Vfkpdohqvhh +4<:5,/ Urehuwv dqg Vdpxhovrq

+4<;;, lq wkh Hfrqrplfv olwhudwxuh/ Jxdgdjql dqg Olwwoh +4<;6,/ Hughp dqg Nhdqh +4<<9, lq wkh

Pdunhwlqj olwhudwxuh,1 Wkh ihz vwxglhv wkdw kdyh dwwhpswhg wr dqvzhu pruh txdolwdwlyh txhvwlrqv

derxw dgyhuwlvlqj iru frqvxphu qrq0gxudeohv kdyh hlwkhu 4, orrnhg dw furvv0lqgxvwu| gdwd +Whovhu

+4<97,/ Er|hu +4<:7,,/ 5, uhodwhg dgyhuwlvlqj ohyhov wr surgxfw txdolw| +Dufkledog/ Kdopdq/ dqg

Prrg| +4<;6, dqg Whoolv dqg Iruqhoo +4<;;,,/ 6, h{dplqhg dfwxdo dgyhuwlvlqj frqwhqw +Uhvqln

dqg Vwhuq +4<:;,,/ ru 7, xvhg xqltxh qdwxudo h{shulphqwv +Ehqkdp +4<:5,/ Lssrolwr dqg Pdwklrv

+4<<3,,12

Wklv sdshu lqwurgxfhv dq dowhuqdwlyh vwudwhj| iru glvwlqjxlvklqj dqg phdvxulqj lqirupdwlyh dqg

suhvwljh h�hfwv ri dgyhuwlvlqj lq frqvxphu jrrgv pdunhwv1 Wklv phwkrg fdslwdol}hv rq wkh uhfhqw

dgyhqw ri sdqho gdwd iroorzlqj krxvhkrog jurfhu| sxufkdvhv dqg dgyhuwlvlqj h{srvxuhv ryhu wlph1

Wkh glvwlqfwlrq lv pdgh e| dvvhvvlqj frqvxphu uhvsrqvh wr dgyhuwlvlqj1 Vshfl�fdoo|/ zh dujxh wkdw

dgyhuwlvlqj zklfk lqirupv frqvxphuv ri d eudqg*v lqkhuhqw fkdudfwhulvwlfv vkrxog uhodwlyho| d�hfw

lqh{shulhqfhg frqvxphuv/ wkrvh zkr kdyh qrw sxufkdvhg wkh eudqg lq wkh sdvw1 Rq wkh rwkhu kdqg/

zh srvlw wkdw suhvwljh ru lpdjh h�hfwv ri dgyhuwlvlqj vkrxog d�hfw erwk lqh{shulhqfhg dqg h{shul0

hqfhg frqvxphuv pruh htxdoo|1 Wzr sdshuv lq wkh pdunhwlqj olwhudwxuh/ Whoolv +4<<;, dqg Ghljkwrq/
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Khqghuvrq/ dqg Qhvolq +4<<7,/ kdyh xvhg vlplodu gdwd wr h{dplqh lqwhudfwlrqv ehwzhhq suhylrxv

sxufkdvhv dqg dgyhuwlvlqj1 Wkh| gr qrw dwwhpsw wr glvwlqjxlvk lqirupdwlyh dqg suhvwljh h�hfwv ri

dgyhuwlvlqj dqg xvh gl�huhqw ixqfwlrqv ri suhylrxv sxufkdvhv +lq frqwudvw wr rxu lqh{shulhqfhg yv1

h{shulhqfhg glvwlqfwlrq,�1

Lq rxu hpslulfdo zrun/ zh dqdo|}h gdwd rq d qhzo| lqwurgxfhg eudqg ri |rjxuw1 Xvlqj vwdqgdug

sdqho glvfuhwh fkrlfh prghov doorzlqj iru shuvlvwhqw frqvxphu khwhurjhqhlw|/ zh �qg wkdw kroglqj

doo hovh htxdo/ wkh dgyhuwlvhphqwv lq rxu gdwd d�hfw lqh{shulhqfhg frqvxphuv pruh wkdq h{shulhqfhg

frqvxphuv1 Lq prvw fdvhv zh �qg d vljql�fdqw h�hfw ri dgyhuwlvlqj rq lqh{shulhqfhg xvhuv dqg dq

lqvljql�fdqw h�hfw rq h{shulhqfhg xvhuv1 Zh frqfoxgh wkdw wkh dgyhuwlvhphqwv lq rxu gdwdvhw sul0

pdulo| d�hfwhg frqvxphuv e| surylglqj wkhp zlwk lqirupdwlrq rq lqkhuhqw surgxfw fkdudfwhulvwlfv1

Wklv odfn ri lpdjh ru suhvwljh h�hfwv lv lqwhuhvwlqj dv lw vxjjhvwv wkdw dgyhuwlvlqj pd| kdyh sulpdu0

lo| ehhq d idflolwdwru wr frpshwlwlrq dqg hqwu| lq wklv lqgxvwu| +vhh/ h1j1 Vkdslur +4<;5,,1 Hyhq li

rqh fkrrvhv qrw wr dffhsw rxu suhplvh wkdw lqirupdwlrq lv zkdw lv jhqhudwlqj wklv gl�huhqwldo h�hfw

ri dgyhuwlvlqj/ zh ihho wkh edvlf hpslulfdo uhvxow lv lqwhuhvwlqj dqg kdv lpsruwdqw lpsolfdwlrqv rq

rswlpdo dgyhuwlvlqj ehkdylru/ dw ohdvw lq wklv sduwlfxodu pdunhw1

Odvwo|/ zh qrwh wkdw rxu dssurdfk wr glvwlqjxlvklqj wkhvh h�hfwv ri dgyhuwlvlqj lv rqh wkdw

fdq eh dssolhg wr rwkhu surgxfwv ru lqgxvwulhv1 Wkh krxvhkrog0ohyho sdqho gdwd qhfhvvdu| iru rxu

lghqwl�fdwlrq lv ehfrplqj lqfuhdvlqjo| dydlodeoh iru doo nlqgv ri frqvxphu surgxfwv1 Zh ihho wkdw

nqrzlqj krz dgyhuwlvlqj d�hfwv ru lv deoh wr d�hfw frqvxphuv lq d sduwlfxodu pdunhw fdq eh dq

lpsruwdqw wrro lq srolf| pdnlqj1 Iru h{dpsoh/ doo hovh htxdo rqh pljkw lpdjlqh vwulfwhu phujhu

srolf| wr eh rswlpdo lq pdunhwv zkhuh orqj0olyhg suhvwljh h�hfwv ri dgyhuwlvlqj fuhdwh eduulhuv wr qhz

hqwu| lq frpsdulvrq wr pdunhwv zkhuh lqirupdwlyh dgyhuwlvlqj doorzv qhz hqwudqwv wr glvvhplqdwh
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lqirupdwlrq dqg txlfno| jdlq htxdo irrwlqj1 Wkrxjk zh ihho wkdw erwk pruh wkhruhwlfdo zrun dqg

hpslulfdo zrun pd| eh qhfhvvdu| wr uljrurxvo| dsso| vxfk lghdv/ wkh whfkqltxhv ghyhorshg khuh

vkrxog eh dq lpsruwdqw frpsrqhqw1

Wkh uhpdlqghu ri wklv sdshu lv rujdql}hg dv iroorzv1 Vhfwlrq 5 dujxhv wkdw wkh gl�huhqw w|shv ri

dgyhuwlvlqj glvfxvvhg deryh kdyh gl�huhqw hpslulfdo lpsolfdwlrqv lq frqvxphu ohyho gdwd1 Vhfwlrq 6

ghvfulehv wkh gdwd xvhg lq wklv vwxg|1 Vhfwlrq 7 suhvhqwv dq hpslulfdo prgho dqg Vhfwlrq 8 surylghv

uhvxowv1 Vhfwlrq 9 frqfoxghv dqg vxjjhvwv wrslfv iru ixuwkhu uhvhdufk1

f�2 5L4i ,giU|t Lu �_�ih|�t�?}

Wkhuh duh pdq| gl�huhqw w|shv ri surgxfwv dqg pdq| gl�huhqw w|shv ri dgyhuwlvhphqwv1 Wr vlpsoli|

wklqjv dv zhoo dv wr pdwfk rxu gdwd/ zh zloo eh wklqnlqj derxw whohylvlrq dgyhuwlvlqj e| pdqxidf0

wxuhuv ri frqvxphu qrq0gxudeohv/ dowkrxjk pdq| ri wkh ehorz dujxphqwv frxog eh pdgh iru rwkhu

w|shv ri surgxfwv ru dgyhuwlvlqj1 Whohylvlrq dgv iru qrq0gxudeohv vxfk dv irrgvwx�v/ forwklqj/ dqg

wrlohwulhv duh w|slfdoo| wkh ohdvw olnho| wr frqwdlq ryhuw surgxfw lqirupdwlrq/ uduho| phqwlrq sulfh/

dqg duh prvw olnho| wr eh ghvfulehg dv lpdjh rulhqwhg1 Dv d uhvxow/ zh ihho wkdw lw lv sduwlfxoduo|

lqwhuhvwlqj wr h{dplqh wkh h�hfwv ri wkhvh w|shv ri dgv1

Dv ghvfulehg lq Vwljohu +4<94,/ zh glvwlqjxlvk ehwzhhq vhdufk dqg h{shulhqfh fkdudfwhulvwlfv

ri d surgxfw1 Vhdufk fkdudfwhulvwlfv duh revhuydeoh dqg yhul�deoh wr frqvxphuv ehiruh sxufkdvh/

h{dpsohv ehlqj wkh fdorulhv d eudqg ri frod kdv/ lwv sulfh/ ru vlpso| wkh idfw wkdw lw lv d frod1

H{shulhqfh fkdudfwhulvwlfv duh qrw jhqhudoo| nqrzq wr frqvxphuv ehiruh wu|lqj wkh surgxfw/ h1j1

wkh wdvwh ri wkh frod1 Wklv lv qrw wr vd| wkdw frqvxphuv kdyh qr lghd zkdw wkh| duh1 D frqvxphu

pljkw/ iru h{dpsoh/ dvn d iulhqg derxw d surgxfw/ pd| kdyh wulhg vlplodu surgxfwv lq wkh sdvw +h1j1

rwkhu frodv,/ ru pd| uhodwh h{shulhqfh fkdudfwhulvwlfv zlwk ydoxhv ri vhdufk fkdudfwhulvwlfv +h1j1 glhw

vrgdv xvxdoo| wdvwh edg,1

Zh qrz dujxh wkdw lq vrph fdvhv dgyhuwlvlqj surylghv yhu| vlplodu lqirupdwlrq wr wkdw rewdlqhg
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iurp frqvxpswlrq1 Zh vxjjhvw wkdw ehfdxvh ri wklv uhshwlwlrq ri lqirupdwlrq wkhvh lq�xhqfhv ri

dgyhuwlvlqj vkrxog qrw d�hfw _h{shulhqfhg frqvxphuv%/ wkrvh zkr kdyh frqvxphg wkh eudqg dw

vrph srlqw lq wkh sdvw1 Wklv lv frqwudvwhg zlwk vlwxdwlrqv zkhuh dgyhuwlvlqj surylghv lqirupdwlrq

wkdw lv qrw ohduqhg iurp frqvxpswlrq1 Zh h{shfw wkhvh lq�xhqfhv ri dgyhuwlvlqj wr d�hfw erwk

lqh{shulhqfhg dqg h{shulhqfhg frqvxphuv1 Rxu hpslulfdo zrun xvhv wklv glvwlqfwlrq wr vhsdudwho|

lghqwli| gl�huhqw h�hfwv ri dgyhuwlvlqj1

Lqirupdwlrq rq Surgxfw H{lvwhqfh dqg Vhdufk Fkdudfwhulvwlfv Iluvw dvvxph wkdw dgyhu0

wlvlqj rqo| lqirupv frqvxphuv ri rxu eudqg*v h{lvwhqfh dqg vhdufk fkdudfwhulvwlfv1 Wklv lv wkh vhwxs

ri wkh prghov ri Vwljohu +4<94,/ Exwwhuv +4<::, dqg Jurvvpdq dqg Vkdslur +4<;7,1 Dq reylrxv

lpsolfdwlrq lv wkdw vxfk dgyhuwlvlqj zloo rqo| d�hfw frqvxphuv zkr gr qrw douhdg| nqrz ri wkh

eudqg*v h{lvwhqfh ru wkrvh vhdufk fkdudfwhulvwlfv1 Vxfk nqrzohgjh pljkw frph iurp pdq| sodfhv/

lqfoxglqj sdvw dgyhuwlvlqj/ iulhqgv/ ru zdonlqj grzq d vxshupdunhw dlvoh/ exw lq sduwlfxodu lw frphv

iurp sdvw frqvxpswlrq ri wkh eudqg1 Frqvxphuv zkr kdyh wulhg wkh surgxfw zloo jhqhudoo| nqrz

ri lwv h{lvwhqfh dqg vkrxog nqrz dw ohdvw wkh vhdufk fkdudfwhulvwlfv wkdw duh uhohydqw wr wkhlu xwlolw|

ixqfwlrq1 Li wklv zhuh h{dfwo| wkh fdvh/ vxfk dgyhuwlvlqj zrxog qrw d�hfw h{shulhqfhg frqvxphuv1

Wklv grhv qrw lpso| wkdw wklv dgyhuwlvlqj zrxog d�hfw doo lqh{shulhqfhg frqvxphuv 0 vrph pd|

kdyh ohduqhg wklv lqirupdwlrq iurp rwkhu vrxufhv dqg vrph pljkw glvolnh wkh eudqg hqrxjk qrw wr

fduh1 Wkh srlqw lv vlpso| wkdw li doo dgyhuwlvlqj grhv lv lqirup frqvxphuv ri h{lvwhqfh dqg vhdufk

fkdudfwhulvwlfv/ zh zrxog jhqhudoo| qrw vhh dgyhuwlvlqj d�hfw wkh ehkdylru ri h{shulhqfhg xvhuv1e

eA�ihi @hi U@�i@|t |L |��t @h}�4i?|� 6Lh i @4T*ic |��t ?i}*iU|t |�i TLtt�M�*�|) |�@| ti@hU� U�@h@U|ih�t|�Ut 4�}�|
U�@?}i L�ih |�4i� �?i T@h|�U�*@h ti@hU� U�@h@U|ih�t|�Uc Th�Uic �t T@h|�U�*@h*) @T| |L U�@?}ic @?_ @_�ih|�t�?} |�@|
TL�?|t L�| t�U� U�@?}it UL�*_ Uih|@�?*) @giU| i Tih�i?Ui_ UL?t�4iht �u |�i) �ihi ?L| @*hi@_) @�@hi Lu |�i4� �
tiUL?_ TLtt�M�*�|) �t |�@| UL?t�4iht 4�}�| uLh}i| t�U� �?uLh4@|�L?� W| �t �@h_ |L Mi*�i�i |�@| |��t ?i�ih �@TTi?tc
itTiU�@**) �u _iU�t�L?t �@�i �ih) 4@h}�?@* @giU|t L? �|�*�|) @?_ |�ihi �t @ ULt| |L hi4i4Mih�?}� W? |��t U@tic @_�ih|�t�?}
UL�*_ hi4�?_ i Tih�i?Ui_ UL?t�4iht Lu |�i ThL_�U|<t i �t|i?Ui Lh U�@h@U|ih�t|�Ut @?_ @giU| |�i�h Mi�@��Lh� �?L|�ih
TLtt�M�*�|) hi*@|it |L |�i u@U| |�@| �i �@�i Mii? _�tU�tt�?} UL?t�4iht< Thiuihi?Uit L�ih ti@hU� U�@h@U|ih�t|�Ut t�U�
@t U@*Lh�it Lh u@| UL?|i?|� �Lhi *�!i*)c UL?t�4iht 4�}�| �@�i Thiuihi?Uit uLh U�@h@U|ih�t|�Ut *�!i R�i@*|�u�*?itt�
@*L?} ��|� Mi*�iut 4@TT�?} ti@hU� U�@h@U|ih�t|�Ut �?|L |��t �i@*|�u�*?itt� Wu @ UL?t�4ih<t !?L�*i_}i L�ih t�U� @ 4@T
U�@?}i_c Thiuihi?Uit L�ih L�h ti@hU� U�@h@U|ih�t|�Ut 4�}�| RU�@?}i� @?_ �i UL�*_ tii @_�ih|�t�?} @giU| Mi�@��Lh�
�?L|�ih i UiT|�L? �t ��i? @_�ih|�t�?} ThL��_it �?uLh4@|�L? L? �L� |L R�ti� @ ThL_�U| Mi||ih Ei�}� @ hiU�Ti�c �? @
�@) |�@| �L�*_ ?L| Mi *i@h?i_ uhL4 ?Lh4@* UL?t�4T|�L?� W? i4T�h�U@* �Lh! �| 4@) Mi TLtt�M*i |L i*�4�?@|i tL4i Lu
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Lqirupdwlrq rq H{shulhqfh Fkdudfwhulvwlfv Qh{w frqvlghu dgyhuwlvlqj wkdw lqirupv frq0

vxphuv derxw d eudqg*v h{shulhqfh fkdudfwhulvwlfv1 Rqh srvvlelolw| lv wkdw wklv lv dffrpsolvkhg

wkurxjk h{solflw fodlpv1 Qhovrq +4<:7, dujxhv wkdw pdq| vxfk fodlpv/ iru h{dpsoh _wklv eudqg

wdvwhv jrrg% ru _wklv eudqg lv kljk txdolw|%/ duh qrw fuhgleoh dqg vkrxog qrw d�hfw udwlrqdo frq0

vxphuv ehfdxvh wkh| duh qrw yhul�deoh dqg wkh pdujlqdo frvw ri vxfk fodlpv lv }hur jlyhq wkdw

dgyhuwlvlqj vsdfh ru wlph kdv douhdg| ehhq sxufkdvhgD1 Kh sursrvhv d vhfrqg srvvlelolw|/ wkdw

h{shqglwxuhv rq dgyhuwlvlqj pljkw lpsolflwo| vljqdo lqirupdwlrq derxw h{shulhqfh fkdudfwhulvwlfv

wr frqvxphuv1 Lq klv lqwxlwlyh dqdo|vlv/ dqg lq wkh pruh irupdo prghov vroyhg e| Nlkovwurp dqg

Ulrugdq +4<;7,/ Plojurp dqg Urehuwv +4<;9,/ dqg rwkhuv/ �upv surgxfh qrq0gxudeohv zlwk gl�hu0

hqw xqrevhuydeoh txdolwlhv dqg duh deoh wr dgyhuwlvh/ dowkrxjk wklv dgyhuwlvlqj frqwdlqv qr h{solflw

lqirupdwlrq rq wkh �up*v surgxfw1 Htxloleuld duh irxqg lq zklfk �upv zlwk kljkhu txdolw| surgxfwv

dgyhuwlvh pruh dqg frqvxphuv mxvwl�deo| uhdfw wr wklv dv d vljqdo ri wklv kljkhu txdolw|1

Vxssrvh zh duh lq vxfk dq htxloleulxp zkhuh �upv duh vljqdolqj ehwwhu txdolw|/ wdvwh/ ru vrph

djjuhjdwh h{shulhqfh fkdudfwhulvwlf zlwk kljk ohyhov ri dgyhuwlvlqj h{shqglwxuhv1 Iluvw frqvlghu wkh

fdvh zkhuh d frqvxphu ohduqv d eudqg*v h{shulhqfh fkdudfwhulvwlfv shuihfwo| diwhu rqh frqvxpswlrq

h{shulhqfh zlwk wkh eudqg1 Wklv pljkw eh wuxh iru vrph irrg surgxfwv zkhuh wkh sulpdu| h{shulhqfh

fkdudfwhulvwlf lv wdvwh1 Lq wklv fdvh/ dgyhuwlvlqj djdlq vkrxog qrw d�hfw wkh ehkdylru ri h{shulhqfhg

xvhuv1 Wkh| douhdg| nqrz wkh eudqg*v h{shulhqfh fkdudfwhulvwlfv iurp sdvw frqvxpswlrq1 Lqh{shul0

hqfhg xvhuv/ rq wkh rwkhu kdqg/ zrxog eh d�hfwhg e| d eudqg*v dgyhuwlvlqj ohyho1 Kljk ohyhov zrxog

olnho| lqfuhdvh wkh frqvxphu*v h{shfwhg xwlolw| iurp frqvxpswlrq/ orz ohyhov ghfuhdvlqj lw1

|�iti i UiT|�L?t @t Mi�?} t�}?��U@?|c T@h|�U�*@h*) �u �i !?L� |��?}t @ML�| @ Mh@?_ Lh @hi @M*i |L LMtih�i @_�ih|�t�?}
UL?|i?|� 6Lh i @4T*ic �i ti*_L4 tii Th�Ui 4i?|�L?i_ �? |i*i��t�L? @_�ih|�ti4i?|t uLh }hLUih) ThL_�U|t� ì 4@)
!?L� �u @ ThL_�U|<t U�@h@U|ih�t|�Ut �@�i U�@?}i_ @?_ �u tL ��i|�ih @_�ih|�t�?} �@t 4i?|�L?i_ |��t� W? 4@?) U@tit �|
4@) Mi @TThLTh�@|i |L @tt�4i |�@| uLh}i||�?} �t ?L| t�}?��U@?| Lh @| *i@t| �t ?L| t�}?��U@?| @t ?�4Mih Lu Thi��L�t
i Tih�i?Uit �?Uhi@tit�

D�L|i |�@| ML|� Lu |�iti t@4T*i t|@|i4i?|t |L�| i Tih�i?Ui U�@h@U|ih�t|�Ut E}LL_?itt @?_ ^�@*�|)� |�@| @hi *�!i*)
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4�}�| Mi LM|@�?i_� Wu |��t �ihi |�i U@tic �i �L�*_ i TiU| |�iti U*@�4t |L @giU| UL?t�4iht t�4�*@h*) |L t|@|i4i?|t Lu
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i Tih�i?Ui U�@h@U|ih�t|�Ut �ihi tL4i�L� *i}@**) M�?_�?}�
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Qh{w frqvlghu wkh fdvh zkhuh frqvxpswlrq surylghv lpshuihfw lqirupdwlrq rq d eudqg*v h{sh0

ulhqfh fkdudfwhulvwlfv1 Li d frqvxphu wulhv d qhz sdlq uholhyhu dqg klv khdgdfkh lpphgldwho| jrhv

dzd|/ lw pd| eh kdug wr dvfhuwdlq zkhwkhu wkh uhvxow zdv gxh wr d vkruw khdgdfkh ru d yhu| h�hf0

wlyh sdlq uholhyhu1 Lq frqwudvw wr wkh vlpsoh _rqh0shulrg% ohduqlqj surfhvv phqwlrqhg deryh/ wklv

vxjjhvwv d pruh frpsolfdwhg ohduqlqj surfhvv lq zklfk frqvxphuv frqwlqxh wr ohduq derxw h{shul0

hqfh fkdudfwhulvwlfv rq wkh vhfrqg dqg srvvleo| vxevhtxhqw frqvxpswlrq h{shulhqfhvS1 Vlqfh qrz

hyhq h{shulhqfhg frqvxphuv gr qrw nqrz h{shulhqfh fkdudfwhulvwlfv frpsohwho|/ vljqdolqj dgyhuwlv0

lqj pljkw d�hfw wkhp dovr1 Krzhyhu/ iru prvw ohduqlqj surfhvvhv/ zh zrxog h{shfw wkh h�hfw ri

dgyhuwlvlqj rq d frqvxphu*v ehkdylru wr ghfuhdvh lq wkh qxpehu ri suhylrxv frqvxpswlrq h{shul0

hqfhv1 Wklv vkrxog eh idluo| lqwxlwlyh/ frqvxphuv zkr kdyh frqvxphg wkh eudqg pruh wlphv vkrxog

jhqhudoo| nqrz pruh derxw wkh eudqg*v h{shulhqfh fkdudfwhulvwlfv dqg vkrxog eh d�hfwhg ohvv e|

dgyhuwlvlqj wkdw lv lqiruplqj wkhp derxw wkhvh h{shulhqfh fkdudfwhulvwlfv1.

Suhvwljh dqg Lpdjh H�hfwv Odvwo|/ frqvlghu h�hfwv ri dgyhuwlvlqj wkdw/ dv lq Ehfnhu dqg Pxu0

sk| +4<<7,/ gluhfwo| d�hfw wkh xwlolw| d frqvxphu ghulyhv iurp frqvxplqj wkh eudqg1 Ehfnhu dqg

Pxusk| vxjjhvw wkdw wklv frxog rffxu wkurxjk suhvwljh w|sh h�hfwv/ l1h1 doo hovh htxdo frqvxphuv

pljkw ghulyh pruh xwlolw| iurp frqvxplqj d pruh dgyhuwlvhg jrrg1 Lw lv dovr frqfhlydeoh wkdw frq0

vxphuv pljkw ghulyh xwlolw| ru glvxwlolw| iurp dgyhuwlvlqj frqwhqw vxfk dv lpdjhv ru shuvrqdolwlhv �

shukdsv ehfdxvh lw lv vhoi0sohdvlqj/ shukdsv ehfdxvh wkh| zdqw rwkhuv wr dvvrfldwh wkhpvhoyhv zlwk
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vxfk frqwhqw/ ru shukdsv dv sduw ri vrph vrflhwdo htxloleulxp zkhuh shrsoh vljqdo wkhlu lqwhuhvwv dqg

wdvwhv e| zkdw surgxfwv wkh| frqvxph dqg zkdw wkhvh surgxfwv duh dvvrfldwhg zlwk1 Ehfnhu dqg

Pxusk| vxjjhvw wklqnlqj ri wkhvh h�hfwv lq d fkdudfwhulvwlfv vhqvh1 Frqvxphuv/ dv zhoo dv kdylqj

suhihuhqfhv iru vhdufk dqg h{shulhqfh fkdudfwhulvwlfv/ kdyh suhihuhqfhv iru _dgyhuwlvlqj fkdudfwhulv0

wlfv% vxfk dv krz pxfk wkh eudqg lv dgyhuwlvhg ru wkh idfw wkdw kls wzhqw|0vrphwklqjv duh lq wkhlu

dgv1 Lpdjhv lq ru dprxqwv ri dgyhuwlvlqj gh�qh wkhvh dgyhuwlvlqj fkdudfwhulvwlfv1

Zh k|srwkhvl}h wkdw suhvwljh ru lpdjh h�hfwv ri dgyhuwlvlqj rq frqvxphuv vkrxog qrw ghshqg

rq zkhwkhu frqvxphuv duh h{shulhqfhg ru qrw1 Zkloh lqirupdwlrq rq vhdufk dqg h{shulhqfh fkdu0

dfwhulvwlfv duh w|slfdoo| ohduqhg wkurxjk frqvxpswlrq/ dgyhuwlvlqj fkdudfwhulvwlfv duh jhqhudoo| qrw

ohduqhg wkurxjk frqvxpswlrq1 Wkxv/ doo hovh htxdo +lq sduwlfxodu d frqvxphu*v suhihuhqfhv iru lp0

djhv ru suhvwljh,/ zh h{shfw wklv w|sh ri dgyhuwlvlqj wr d�hfw wkh h{shfwhg xwlolw| ri lqh{shulhqfhg

dqg h{shulhqfhg frqvxphuv htxdoo|1 Wkh jhqhudo lghd khuh lv wkdw li d frqvxphu rewdlqv dq h{wud }

xwlov iurp frqvxplqj d surgxfw wkdw lv dvvrfldwhg zlwk d sduwlfxodu lpdjh/ vhhlqj vxfk dq dg vkrxog

lqfuhdvh wkh frqvxphu*v h{shfwhg xwlolw| iurp frqvxplqj wkh surgxfw e| } uhjdugohvv ri zkhwkhu

kh kdv sxufkdvhg lq wkh sdvwH1 Djdlq/ wkhuh duh h{fhswlrqv1 Rffdvlrqdoo| frqvxphuv pljkw ohduq

dgyhuwlvlqj fkdudfwhulvwlfv iurp frqvxpswlrq1 Zh vrphwlphv vhh surgxfwv odehohg _dv dgyhuwlvhg rq

WY%b1 D eudqg*v sdfndjlqj pljkw frqyh| vrph ri wkh lpdjhv wkdw duh sruwud|hg lq dgyhuwlvhphqwv1

Rq wkh rwkhu kdqg/ li zkdw wkh frqvxphu lv sulpdulo| frqfhuqhg derxw lv zkhwkhu rwkhu shrsoh

+zkr pd| qrw kdyh frqvxphg wkh surgxfw, nqrz wkdw wkh surgxfw lv dvvrfldwhg zlwk d sduwlfxodu

lpdjh ru lv dgyhuwlvhg khdylo|/ wklv pd| qrw pdnh pxfk ri d gl�huhqfh1
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Glvfxvvlrq Lq vxppdu|/ zh wklqn wkdw wklv glvwlqfwlrq pdnhv iru dq lqwhuhvwlqj hpslulfdo ds0

solfdwlrq1 E| frpsdulqj wkh lpsdfw ri dgyhuwlvlqj rq lqh{shulhqfhg dqg h{shulhqfhg xvhuv ri d

eudqg/ zh fdq glvwlqjxlvk krz pxfk ri dgyhuwlvlqj*v lq�xhqfh surylghv vlplodu lqirupdwlrq wr wkdw

rewdlqhg iurp frqvxpswlrq dqg krz pxfk surylghv gl�huhqw lqirupdwlrq wkdq wkdw ohduqhg iurp

frqvxpswlrq1 Zh kdyh dujxhg wkdw lq jhqhudo wklv glvwlqfwlrq uhodwhv yhu| forvho| wr wkh gl�huhqfh

ehwzhhq lq�xhqfhv ri dgyhuwlvlqj lq zklfk frqvxphuv duh lqiruphg ri wkh lqkhuhqw vhdufk dqg h{sh0

ulhqfh fkdudfwhulvwlfv ri d eudqg dqg lq�xhqfhv ri dgyhuwlvlqj edvhg rq lpdjhv dqg suhvwljh1 Wklv

dssurdfk lv sduwlfxoduo| lqwhuhvwlqj lq orrnlqj dw dgyhuwlvlqj wkdw sulpdulo| frqwdlqv lpdjhv1 Wkh

idfw wkdw Plfkdho Mrugdq lv lq dq dgyhuwlvhphqw/ iru h{dpsoh/ frxog eh frqvlvwhqw zlwk doo wkuhh

ri wkh deryh jhqhudo h�hfwv ri dgyhuwlvlqj1 Klv suhvhqfh frxog vlpso| dwwudfw dwwhqwlrq wr dq dg/

pdnlqj frqvxphuv pruh olnho| wr devrue lqirupdwlrq rq h{lvwhqfh ru vhdufk fkdudfwhulvwlfv1 Ru/ wkh

idfw wkdw kh lv ehlqj sdlg wuhphqgrxv vxpv ri prqh| wr eh lq wkh dg frxog eh sduw ri d vljqdolqj

dujxphqw/ dv wkh vljqdolqj dujxphqw vxjjhvwv wkdw frqvxphuv vkrxog zhljk pruh h{shqvlyh dgyhu0

wlvhphqwv pruh/ h1j1 Plfkdho Mrugdq*v suhvhqfh ru dgyhuwlvhphqwv gxulqj wkh Vxshuerzo1 Odvwo|/

frqvxphuv pljkw vlpso| rewdlq pruh xwlolw| iurp frqvxplqj d surgxfw wkdw kdv Plfkdho Mrugdq lq

lwv dgyhuwlvhphqwv1 Rxu dssurdfk fdq glvwlqjxlvk wkh uhodwlyh h{whqw ri wkhvh h�hfwv e| frpsdulqj

krz pxfk wklv dgyhuwlvlqj d�hfwv lqh{shulhqfhg xvhuv wr krz pxfk lw d�hfwv h{shulhqfhg xvhuv1

Dqrwkhu lqwhuhvwlqj srlqw lv wkdw wklv dssurdfk dyrlgv sureohpv lq gh�qlqj zkdw duh lqkhuhqw

fkdudfwhulvwlfv ri wkh surgxfw1 Wdsolq +4<96,/ iru h{dpsoh/ dujxhg wkdw wkh lpdjhv ri �rzhuv lq

oltxru dgyhuwlvhphqwv pd| _jhw forvhu wr wkh hvvhqwldo h{shulhqfh ri frqvxplqj oltxru wkdq zrxog d

suhflvh ghvfulswlrq ri wkh dofrkrolf frqwhqw% +Er|hu +4<:7,,1 Rxu dssurdfk fdq srwhqwldoo| dqvzhu

wklv txhvwlrq iru xv e| dvnlqj zkhwkhu vxfk dgyhuwlvlqj d�hfwv h{shulhqfhg frqvxphuv ru qrw1

Zh odvwo| qrwh wkdw wklv lv qrw wkh rqo| lqwhuhvwlqj frqfoxvlrq rq wkh txdolwdwlyh h�hfwv ri

dgyhuwlvlqj wkdw pljkw eh ghulyhg iurp dqdo|}lqj frqvxphu uhvsrqvh wr dgyhuwlvlqj1 Rqh frxog

lqyhvwljdwh zkhwkhu frqvxphuv vhhp wr uhvsrqg wr wkh devroxwh qxpehu ri dgyhuwlvhphqwv wkh|
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vhh ru vrph phdvxuh ri dgyhuwlvlqj lqwhqvlw|/ h1j1 dgyhuwlvhphqwv glylghg e| srvvleoh h{srvxuh

wlph1 Li dgyhuwlvlqj sulpdulo| surylghv h{solflw lqirupdwlrq/ frqvxphu uhdfwlrq zrxog olnho| eh d

ixqfwlrq ri wkh qxpehu ri dgyhuwlvhphqwv vhhq1 Rq wkh rwkhu kdqg/ d vljqdolqj h�hfw zrxog olnho|

ghshqg rq lqwhqvlw|/ dv wkh frqvxphu uhdoo| zdqwv wr nqrz krz pxfk wkh eudqg lv vshqglqj rq

dgyhuwlvlqj1�f Dowkrxjk zh eulh�| wrxfk xsrq wkhvh dgglwlrqdo srlqwv lq rxu hpslulfdo zrun/ zh

irfxv rq wkh lqh{shulhqfhg0h{shulhqfhg glvwlqfwlrq1 Rqh uhdvrq lv wkdw zh wklqn lw lv d fohduhu

dujxphqw dqg wkdw zkdw lv glvwlqjxlvkhg +lqkhuhqw surgxfw lqirupdwlrq yv1 lpdjhv ru suhvwljh, lv

pruh hfrqrplfdoo| lqwhuhvwlqj1 D vhfrqg uhdvrq lv wkdw zh ihho wkdw lw pruh urexvw wr rxu sduwlfxodu

gdwd wkdq duh wkh rwkhuv1

f�� A�i #@|@

Zh xvh frqvxphu ohyho sdqho gdwd rq jurfhu| sxufkdvhv dqg whohylvlrq dgyhuwlvlqj h{srvxuhv wr

hpslulfdoo| h{dplqh wkh deryh dujxphqwv1 Wklv gdwd/ froohfwhg e| D1F1 Qlhovhq/ lv uhihuuhg wr dv

_vfdqqhu gdwd% ehfdxvh wkh jurfhu| sxufkdvhv zhuh uhfrughg e| vxshupdunhw XSF vfdqqhuv1 Lq

hdfk ri wzr jhrjudsklf pdunhwv/ Vlrx{ Idoov/ VG dqg Vsulqj�hog/ PR/ vkrsslqj wulsv dqg sxufkdvhv

ri dssur{lpdwho| 5333 krxvhkrogv lq pruh wkdq ;3( ri duhd guxjvwruhv dqg vxshupdunhwv zhuh

uhfrughg ryhu wkuhh |hduv +4<;904<;;,1 Wkhuh lv dovr gdwd rq zhhno| sulfhv vr lw lv srvvleoh wr

uhfrqvwuxfw wkh sulfh vlwxdwlrq rq hdfk krxvhkrog*v vkrsslqj wulsv��1 Lq dgglwlrq wr frqwdlqlqj

wklv h{wuhpho| ghwdlohg gdwd rq sxufkdvhv ryhu wlph/ D1F1 Qlhovhq WY phwhuv zhuh xvhg wr froohfw
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lqirupdwlrq rq krxvhkrog WY dgyhuwlvlqj h{srvxuhv iru derxw kdoi wkh krxvhkrogv lq wkh odvw |hdu ri

wkh gdwd1 Zh wkxv nqrz/ dorqj zlwk zkhq dqg zkdw hdfk krxvhkrog erxjkw/ zkhq wkhlu whohylvlrq

vhw zdv wxqhg wr dgyhuwlvhphqwv iru hdfk eudqg�21

Wkh sxeolfo| dydlodeoh Qlhovhq gdwd frqwdlqv gdwd rq irxu surgxfw fdwhjrulhv= nhwfkxs/ odxqgu|

ghwhujhqw/ vrds/ dqg |rjxuw1 Zh fkrrvh wr irfxv rq wkh |rjxuw gdwd iru wzr uhdvrqv1 Iluvw/ dowkrxjk

zh gr kdyh gdwd rq sxufkdvh dprxqwv/ l1h1 krz pxfk ri d eudqg d krxvhkrog ex|v rq d vkrsslqj wuls/

zh kdyh fkrvhq qrw wr xvh lw1 Wklv lv ehfdxvh nhhslqj wklqjv lq d glvfuhwh fkrlfh iudphzrun juhdwo|

vlpsol�hv rxu dqdo|vlv1 Dv d uhvxow/ zh uhdoo| kdyh qr zd| wr dffrxqw iru krxvhkrog lqyhqwrulhv

ru vwrfnslolqj ehkdylru/ l1h1 frqvxphuv sxufkdvlqj pdq| xqlwv dw orz sulfhv dqg frqvxplqj wkhp

gxulqj kljk sulfhv1 Ri wkh deryh surgxfwv/ \rjxuw lv olnho| wkh ohdvw d�hfwhg e| wklv olplwdwlrq1

Zh krsh wkdw lwv frpsdudwlyho| vkruw vkhoi olih +derxw 509 zhhnv, dqg frpsdudwlyho| kljk vwrudjh

frvwv�� suhyhqw vljql�fdqw dprxqwv ri vxfk ehkdylru iurp rffxuulqj1

D vhfrqg uhdvrq iru wklv fkrlfh lv wkdw wkh dujxphqwv ri Vhfwlrq 6 uho| fuxfldoo| rq d glvwlqfwlrq

ehwzhhq h{shulhqfhg dqg lqh{shulhqfhg frqvxphuv ri d eudqg1 Vwduwlqj dw dq duelwudu| srlqw lq

d eudqg*v olihwlph zrxog uhvxow lq dq lqlwldo frqglwlrq sureohp ehfdxvh zh zrxogq*w nqrz zklfk

krxvhkrogv kdg h{shulhqfhg wkh eudqg ehiruhkdqg1 Xvlqj d qhzo| lqwurgxfhg eudqg doohyldwhv wklv

sureohp�e dqg wkh |rjxuw gdwd kdg vxfk d surgxfw/ \rsodlw 4831 Lq rxu hpslulfdo zrun zh irfxv

vshfl�fdoo| rq rxu frqvxphuv* ghflvlrqv zkhwkhu wr sxufkdvh \rsodlw 483 dqg wkh h�hfw ri whohylvlrq

dgyhuwlvhphqwv iru wklv eudqg rq wkhvh ghflvlrqv1
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\rsodlw/ wkh vhfrqg odujhvw |rjxuw pdqxidfwxuhu lq wkh X1V1/ lqwurgxfhg \rsodlw 483 lq Dsulo/

4<;:/ derxw 48 prqwkv ehiruh wkh hqg ri wkh Qlhovhq gdwd1 Lw zdv \rsodlw*v �uvw yhqwxuh lqwr wkh

orz fdorulh/ orz idw |rjxuw pdunhw +Hqf|forshgld ri Frqvxphu Eudqgv +4<<7,,1 Wdeoh 4 jlyhv vrph

vxppdu| vwdwlvwlfv iru wkh gdwd iroorzlqj wkh lqwurgxfwlrq�D1 Wkh gdwd vxjjhvw wkdw \rsodlw 483 zdv

+dw ohdvw lqlwldoo|, d idluo| khdylo| dgyhuwlvhg |rjxuw/ dv fdq eh vhhq e| frpsdulqj dgyhuwlvlqj vkduhv

wr pdunhw vkduhv1 Qrwh wkh odujh yduldwlrq lq wkh qxpehu ri dgyhuwlvlqj h{srvxuhv shu krxvhkrog1

Wkh odujh gl�huhqfh lq pdunhw vkduhv ehwzhhq pdunhwv 4 dqg 5 pd| eh gxh wr wkh h{lvwhqfh ri wzr/

kljk0vkduh/ orfdo eudqgv lq pdunhw 4 dqg wkh vljql�fdqw qxpehu ri pdqxidfwxuhu frxsrqv wkdw zhuh

dydlodeoh lq pdunhw 51 Fkduw 4 lqglfdwhv/ iru wkh 63: krxvhkrogv zkr sxufkdvhg \rsodlw 483/ wkh

qxpehu ri vkrsslqj wulsv lq zklfk wkh eudqg zdv sxufkdvhg1 Dv d pdmrulw| sxufkdvhg wkh surgxfw

rqo| rqfh/ zh uhdoo| grq*w kdyh d wuhphqgrxv dprxqw ri gdwd rq pxowlsoh sxufkdvhuv1

Fkduw 5 glvsod|v wlph vhulhv ri zhhno| sulfhv/ pdunhw vkduhv/ dqg dgyhuwlvlqj iru hdfk pdunhw1

Wdeoh 5 h{klelwv vrph fxuuhqw dqg odjjhg fruuhodwlrqv ehwzhhq wkhvh vhulhv1 Zhhno| sulfh lv wkh

dyhudjh sulfh ryhu doo frqvxphu vkrsslqj wulsv lq wkdw zhhn1 Pdunhw vkduh lv gh�qhg dv wkh shu0

fhqwdjh ri vkrsslqj wulsv lq wkdw zhhn lq zklfk dw ohdvw rqh xqlw ri \rsodlw 483 zdv sxufkdvhg1

Dgyhuwlvlqj lv wkh wrwdo qxpehu ri 630vhfrqg dgv iru \rsodlw 483 revhuyhg e| frqvxphuv lq wkdw

zhhn1 Ri qrwh duh wkh vwurqj fruuhodwlrqv ehwzhhq sulfh dqg pdunhw vkduh dqg vhuldo fruuhodwlrq lq

sulfh dqg dgyhuwlvlqj1

Wkhuh duh d frxsoh ri qrwdeoh gdwd sureohpv1 Rqh lv wkh h{lvwhqfh ri pdqxidfwxuhu frxsrqv/

xvxdoo| glvwulexwhg lq qhzvsdshu sxoorxwv ru pdlolqjv1 Zh rswlpdoo| zrxog olnh wr nqrz zkhwkhu ru

qrw d frqvxphu kdg dffhvv wr d pdqxidfwxuhu frxsrq iru \rsodlw 483 rq d sduwlfxodu vkrsslqj wuls1

Xqiruwxqdwho|/ zh rqo| revhuyh uhghhphg pdqxidfwxuhuv frxsrqv/ l1h1 frqglwlrqdo rq d sxufkdvh

dfwxdoo| ehlqj pdgh1 Wklv suhyhqwv lwv vwudljkwiruzdug xvh dv dq h{sodqdwru| yduldeoh ehfdxvh ri lwv

fruuhodwlrq zlwk dq| xqrevhuydeohv lq�xhqflqj sxufkdvhv1 Dv wkh gdwd lqglfdwh wkdw pdqxidfwxuhuv
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frxsrqv zhuh pxfk pruh suhydohqw lq wkh vhfrqg pdunhw wkdq wkh �uvw/ zh xvh d pdunhw gxpp|

dv d sur{| iru wkh dydlodelolw| ri pdqxidfwxuhuv frxsrqv�S1

Dqrwkhu vljql�fdqw sureohp lv wkdw WY dgyhuwlvlqj h{srvxuhv zhuh rqo| phdvxuhg lq wkh odvw

|hdu ri wkh Qlhovhq vwxg|1 Wklv ohdyhv derxw wkuhh prqwkv gxulqj zklfk \rsodlw 483 zdv rq wkh

pdunhw exw dgyhuwlvlqj zdv qrw phdvxuhg1 Wklv zdv dqrwkhu prwlydwlrq iru wkh fkrlfh ri \rsodlw

483 ehfdxvh wklv zdv wkh odwhvw dgyhuwlvhg surgxfw lqwurgxfwlrq dqg plqlpl}hg wkh shulrg lq zklfk

dgyhuwlvlqj h{srvxuhv duh qrw revhuyhg1 Zh jhqhudoo| dvvxph }hur dgyhuwlvlqj h{srvxuhv iru wklv

shulrg1 Rxu mxvwl�fdwlrq iru wklv lv wkdw iru wkuhh zhhnv diwhu WY phdvxuhphqw vwduwhg/ wkhuh zhuh

qr \rsodlw 483 dgyhuwlvhphqwv revhuyhg1 Zh krsh wkdw wklv pd| lqglfdwh wkdw \rsodlw glg qrw vwduw

dgyhuwlvlqj wkh surgxfw xqwlo wklv wlph�.1

Fkduw 6 glylghv wkh txdqwlw| vhulhv ri Fkduw 5 lqwr lqlwldo sxufkdvhv +sxufkdvhv e| lqh{shulhqfhg

frqvxphuv, dqg uhshdw sxufkdvhv +sxufkdvhv e| h{shulhqfhg frqvxphuv,1 Wkhvh wlph vhulhv doorz

iru d vlpsoh �uvw orrn dw rxu lghqwl�fdwlrq k|srwkhvlv1 Wdeoh 6 suhvhqwv uhvxowv iurp vhsdudwh

ROV uhjuhvvlrqv ri gdlo| lqlwldo sxufkdvhv dqg uhshdw sxufkdvhv rq d pdunhw gxpp|/ wlph wuhqg/

fxuuhqw sulfh/ dqg qxpehu ri uhfhqw dgyhuwlvlqj h{srvxuhv�H1 Dv wkhvh djjuhjdwhv ljqruh d vljql�fdqw
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vrxufh ri yduldwlrq +l1h1 dfurvv krxvhkrogv, wr lghqwli| h�hfwv ri dgyhuwlvlqj/ lw lv vxusulvlqj wkdw wkh

frh�flhqwv phdvxulqj dgyhuwlvlqj*v h�hfw rq lqlwldo sxufkdvhv duh vljql�fdqwo| srvlwlyh lq doo exw

rqh ri wkh gl�huhqw vshfl�fdwlrqv1 Rq wkh rwkhu kdqg/ wkh h�hfw ri dgyhuwlvlqj rq uhshdw sxufkdvhv

lv uduho| vljql�fdqw dqg wkh pdjqlwxgh ri wkh frh�flhqw lv xvxdoo| ohvv wkdq kdoi wkdw lq wkh lqlwldo

sxufkdvh uhjuhvvlrq�b1 Wkh odvw wzr froxpqv dwwhpsw vlpsoh dgmxvwphqwv iru wkh plvvlqj dgyhuwlvlqj

gdwd dqg wkh uhvxowv grq*w fkdqjh1 Wkrxjk wkhvh uhvxowv vxjjhvw wkdw wkhvh dgyhuwlvhphqwv sulpdulo|

d�hfwhg lqh{shulhqfhg frqvxphuv/ wkhuh duh hqrxjk srwhqwldo sureohpv2f wkdw zh khvlwdwh wr pdnh

dq| vwurqj frqfoxvlrqv/ lqvwhdg prylqj wr pruh ixoo| h{sorlw rxu frqvxphu fkrlfh prgho dqg wkh

sdqho qdwxuh ri rxu gdwd1

f�e A�i ,4T�h�U@* �L_i*

Uhfdoolqj wkh dujxphqwv ri vhfwlrq 6/ zh zdqw wr frpsduh wkh h�hfwv ri \rsodlw 483 dgyhuwlvlqj rq

wkh ehkdylru ri lqh{shulhqfhg dqg h{shulhqfhg xvhuv ri wkh eudqg1 Wkhuh duh dw ohdvw wzr srvvlelolwlhv

dw wklv srlqw1 Wkh �uvw lv wr srvlw d ixoo| vwuxfwxudo prgho ri rswlpdo frqvxphu ehkdylru1 Lq wkh fdvh

zkhuh frqvxphuv duh ohduqlqj iurp sdvw frqvxpswlrq ru dgyhuwlvlqj/ wklv fdq jhw idluo| frpsolfdwhg/

hyhq iru yhu| vlpsoh xwlolw| ixqfwlrq vshfl�fdwlrqv +h1j1 Dfnhuehuj+4<<9,,1 Dowhuqdwlyho|/ dqg wkh

wdfn wdnhq lq wklv sdshu/ rqh fdq hvwlpdwh d uhgxfhg irup uhsuhvhqwdwlrq ri wkh glvfuhwh ghflvlrq
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zkhwkhu ru qrw wr sxufkdvh \rsodlw 4831 Zh frqvlghu wkh prgho=

f�| @ 4 l� [�|�� � �s�| . ���| A ]�|�2 . �2�|

@ 3 rwkhuzlvh

zkhuh f�| lqglfdwhv zkhwkhu frqvxphu l sxufkdvhg \rsodlw 483 rq vkrsslqj wuls w2�1 Li rqh zhuh qrw

zruulhg derxw g|qdplf ehkdylru rq wkh sduw ri frqvxphuv/ +[�|����s�|.���|, pljkw eh lqwhusuhwhg

dv wkh h{shfwhg qhw xwlolw| iurp sxufkdvlqj dqg frqvxplqj \rsodlw 4831 Li rqh grhv zdqw wr doorz

iru g|qdplfv/ lw fdq eh wkrxjkw ri dv d uhgxfhg irup dssur{lpdwlrq wr wkh ydoxh ixqfwlrq +l1h1

wkh SGY ri ixwxuh xwlolwlhv, frqglwlrqdo rq sxufkdvlqj \rsodlw 4831 Vlploduo|/ +]�|�2 . �2�|, lv wkh

h{shfwhg ydoxh ri +ru wkh ydoxh ixqfwlrq frqglwlrqdo rq, sxufkdvlqj hlwkhu dqrwkhu eudqg ru qr

|rjxuw1

Rxu revhuydeohv [�| frqwdlq yduldeohv vxfk dv krxvhkrog dqg frqvxphu fkdudfwhulvwlfv/ ixqfwlrqv

ri d krxvhkrog*v suhylrxv sxufkdvhv ri \rsodlw 483 ru |rjxuw/ dqg dgyhuwlvlqj h{srvxuhv1 Dv zh duh

sduwlfxoduo| lqwhuhvwhg lq orrnlqj iru d gl�huhqwldo h�hfw ri dgyhuwlvlqj rq wkh ehkdylru ri h{shul0

hqfhg dqg lqh{shulhqfhg frqvxphuv/ zh doorz iru furvv0sduwldov ehwzhhq d frqvxphu*v dgyhuwlvlqj

h{srvxuhv dqg klv suhylrxv sxufkdvhv ri \rsodlw 483 e| lqfoxglqj lqwhudfwlrqv ehwzhhq dgyhuwlvlqj

h{srvxuhv dqg suhylrxv sxufkdvhv lq [�|1 s�| lv wkh sulfh ri \rsodlw 483 idfhg e| frqvxphu l rq

vkrsslqj wuls w/ zkloh ]�| frqwdlqv ixqfwlrqv ri wkh sulfhv ri rwkhu \rjxuwv1 Zh lqfoxgh yduldeohv

vxfk dv fdohqghu wlph dqg ixqfwlrqv ri suhylrxv \rsodlw 483 sxufkdvhv lq [�| wr hlwkhu4, ehwwhu ds0

sur{lpdwh wkh ydoxh ixqfwlrq ru 5, dffrpprgdwh kdelw shuvlvwhqfh1 Xqrevhuydeohv ���| dqg �2�| doorz
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iru lglrv|qfudwlf/ wlph0vshfl�f vkrfnv wr d frqvxphu*v ehkdylru wkdw duh nqrzq wr wkh frqvxphu

exw qrw wr wkh hfrqrphwulfldq1

Wkh deryh lv d vwdqgdug elqdu| fkrlfh prgho1 Dvvxpswlrqv wkdw wkh �*v duh l1l1g1 qrupdov ru W|sh

4 H{wuhph Ydoxh ghyldwhv wkdw duh lqghshqghqw ri +[�|> s�|> ]�|,
22 uhvxow lq elqdu| surelw dqg elqdu|

orjlw prghov uhvshfwlyho|1 Jlyhq wkdw zh kdyh gdwd rq pxowlsoh vkrsslqj wulsv iru hdfk frqvxphu/

rqh pljkw wklqn vxfk dq l1l1g1 dvvxpswlrq wr eh h{wuhph1 Lq sduwlfxodu/ rqh frxog lpdjlqh rxu

frqvxphuv kdylqj suhihuhqfhv iru \rsodlw 483 ru |rjxuw wkdw duh �{hg ryhu wlph dqg xqrevhuydeoh

wr xv dv hfrqrphwulfldqv1 Lq rxu sulpdu| prghov/ zh doorz iru vxfk shuvlvwhqw xqrevhuydeohv ��/ l1h1

f�| @ 4 l� �� .[�|�� � �s�| . ���| A ]�|�2 . �2�|

dqg wuhdw wkhp dv udqgrp h�hfwv e| vshfli|lqj d sdudphwhul}hg glvwulexwlrq dqg lqwhjudwlqj rxw

fkrlfh suredelolwlhv ryhu wklv glvwulexwlrq2�c2e1 Dv odjjhg hqgrjhqrxv yduldeohv +h1j1 qxpehu ri

suhylrxv \rsodlw 483 sxufkdvhv, duh lqfoxghg dv h{sodqdwru| yduldeohv/ zh qhhg wr eh fduhixo dv rxu

udqgrp h�hfwv zloo olnho| eh fruuhodwhg zlwk wkhp rq dq| jlyhq vkrsslqj wuls1 Wr dyrlg wklv sureohp

zh ghulyh wkh olnholkrrg ri revhuylqj d jlyhq krxvhkrog*v gdwd e| lqwhjudwlqj wkh suredelolw| ri wkh

krxvhkrog*v hqwluh sxufkdvh vhtxhqfh ryhu wkh glvwulexwlrq +i+g�� m �,, ri wklv udqgrp h�hfw1 Wkh
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t4@** t�@hi Lu vL}�h| �? t�LTTiht< L�ih@** M�_}i|t Thi�i?|t t�}?��U@?| @4L�?|t Lu t�U� Mi�@��Lh� Wu ?L|c |�i Th�4@h)
M�@tit �L�*_ *�!i*) Mi L? |�i Th�Ui ULi�U�i?|t E4@!�?} |�i4 t|hL?}ih��

2�Wu UL4T�|@|�L? �ihi ?L| @? �tt�i �i UL�*_ i T*�U�|*) 4L_i* U�L�Uit Lu |�i L|�ih )L}�h|t� ì �@�i it|�4@|i_
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zkhuh vxshuvfulswv uhsuhvhqw klvwrulhv/ W� lv wkh qxpehu ri vkrsslqj wulsv ri frqvxphu l/ Z |
� lv

wkh vxevhw ri rxu h{sodqdwru| yduldeohv [�| wkdw lv frpsohwho| h{rjhqrxv/ dqg � lv d yhfwru ri doo

sdudphwhuv wr eh hvwlpdwhg +lqfoxglqj ��> �2> �> dqg wkh sdudphwhuv ri wkh �� glvwulexwlrq,1 Su^�` lv

gh�qhg e| rxu dvvxpswlrq rq wkh �*v/ dqg [�|+f
|3�
� , h{solflwo| zulwhv wkh h{sodqdwru| yduldeohv dv

ghshqglqj rq suhylrxv fkrlfhv1 Qrwh wkdw dv zh kdyh gdwd iurp \rsodlw 483*v lqwurgxfwlrq/ lqlwldo

frqglwlrqv rq wkh odjjhg hqgrjhqrxv yduldeohv duh ghwhuplqlvwlf dqg nqrzq +l1h1 suhylrxv sxufkdvhv

@ 3, vr wkhuh lv qr sureohp ri wkhlu ehlqj fruuhodwhg zlwk wklv udqgrp h�hfw1

f�D ,UL?L4i|h�U +it�*|t

Wdeoh 8 suhvhqwv uhvxowv ri wkh deryh prgho1 Wkh �uvw dqg irxuwk froxpqv frqwdlq pd{lpxp

olnholkrrg hvwlpdwhv ri vwdqgdug orjlw prghov zlwk qr shuvlvwhqw/ krxvhkrog vshfl�f/ udqgrp h�hfw1

Lq wkh vhfrqg dqg �iwk froxpqv/ zh doorz iru d qrupdoo| glvwulexwhg udqgrp h�hfw2D dqg vhh odujh

lqfuhdvhv lq wkh olnholkrrgv1 Lq wkh wklug dqg odvw wzr froxpqv zh xvh dgglwlrqdo gdwd wr _suhglfw%

pruh ri wklv udqgrp h�hfw1 Vshfl�fdoo|/ zh xvh lqirupdwlrq rq d krxvhkrog*v |rjxuw/ orzidw |rjxuw/

dqg uhjxodu \rsodlw sxufkdvhv lq wkh wzr |hduv ri gdwd sulru wr \rsodlw 483*v lqwurgxfwlrq rq wkh

pdunhw1 Zh dvvxph wkdw wklv _suhvdpsoh% lqirupdwlrq lv h{rjhqrxv wr rxu prgho1 Dv hylghqfhg

e| wkh lqfuhdvh lq olnholkrrg ydoxhv/ wklv dgglwlrqdo gdwd vhhpv wr frqwdlq txlwh d elw ri lqirupdwlrq

rq ��1 Qrwh wkdw wkh frh�flhqwv rq wkh qrq0dgyhuwlvlqj uhodwhg yduldeohv/ lq sduwlfxodu sulfh/ vwruh
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frxsrq/ dqg frpshwlwru*v sulfh2S/ vhhp idluo| urexvw dfurvv wkh prghov h{fhsw iru wkh vlpsoh orjlwv1

Wkh �uvw dqg vhfrqg vhwv ri froxpqv lq Wdeoh 8 gl�hu lq wkhlu vshfl�fdwlrq ri wkh lqwhudfwlrq eh0

wzhhq d krxvhkrog*v qxpehu ri suhylrxv \rsodlw 483 sxufkdvhv dqg dgyhuwlvlqj2.1 Lq wkh �uvw wkuhh

froxpqv/ zh hvwlpdwh vhsdudwh h�hfwv ri dgyhuwlvlqj rq lqh{shulhqfhg dqg h{shulhqfhg frqvxphuv1

Wklv dvvxphv wkdw dgyhuwlvlqj d�hfwv doo h{shulhqfhg frqvxphuv htxdoo|/ uhjdugohvv ri wkh qxpehu ri

wlphv wkh| kdyh sxufkdvhg lq wkh sdvw1 Wklv vshfl�fdwlrq pljkw fruuhvsrqg zlwk d fdvh zkhuh doo wkh

eudqg*v h{shulhqfh fkdudfwhulvwlfv duh ohduqhg diwhu rqh frqvxpswlrq1 Dffruglqj wr rxu dujxphqwv/

wkh frh�flhqw rq dgyhuwlvlqj-h{shulhqfhg fdq eh lqwhusuhwhg dv phdvxulqj lpdjh dqg suhvwljh hi0

ihfwv ri dgyhuwlvlqj zkloh wkh gl�huhqfh ehwzhhq wkh wzr frh�flhqwv +dgyhuwlvlqj-lqh{shulhqfhg 0

dgyhuwlvlqj-h{shulhqfhg, phdvxuhv rxu lqirupdwlrqdo h�hfwv ri dgyhuwlvlqj1 Lq doo wkuhh vshfl�fd0

wlrqv/ wkh hvwlpdwh ri dgyhuwlvlqj*v h�hfw rq lqh{shulhqfhg frqvxphuv lv srvlwlyh dqg vljql�fdqw1

Dowkrxjk dovr srvlwlyh/ wkh hvwlpdwh ri dgyhuwlvlqj*v h�hfw rq h{shulhqfhg frqvxphuv lv uhodwlyho|

forvh wr }hur dqg lqvljql�fdqw1 Qrwh wkdw dowkrxjk wkhuh lv jhqhudoo| d yhu| kljk vwdqgdug huuru rq

wkh h{shulhqfhg frh�flhqw/ kljk srvlwlyh fruuhodwlrq ehwzhhq wkh hvwlpdwhv jlyh w0vwdwlvwlfv rq wkh

gl�huhqfh ehwzhhq wkh wzr frh�flhqwv durxqg 4181 Wkh uhvxowv vxssruw wkh k|srwkhvlv wkdw wkh wkhvh

dgyhuwlvhphqwv sulpdulo| surylghg lqirupdwlrq rq lqkhuhqw surgxfw fkdudfwhulvwlfv wr frqvxphuv1

Wkh hfrqrplf vljql�fdqfh ri wkhvh dgyhuwlvlqj frh�flhqwv vhhp idluo| uhdvrqdeoh1 Lq wkh wklug

froxpq ri hvwlpdwhv/ dq dgglwlrqdo 63 vhfrqg frpphufldo hyhu| zhhn iru wkh dyhudjh lqh{shulhqfhg

krxvhkrog +59 krxuv ri WY2zhhn, kdv wkh vdph h�hfw rq sxufkdvh suredelolw| dv d 43 fhqw sulfh

ghfuhdvh1 Rq wkh rwkhu kdqg/ dv wkh dyhudjh dgyhuwlvlqj lqwhqvlw| lv rqo| rqh frpphufldo hyhu| 7

zhhnv/ d grxeolqj ri dgyhuwlvlqj dw wkh phdq kdv wkh vdph h�hfw dv rqo| d 518 fhqw sulfh ghfuhdvh1
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Vlpxodwlrqv xvlqj wkhvh srlqw hvwlpdwhv lqglfdwh wkdw wkh dgyhuwlvlqj hodvwlflw| ri ghpdqg iru \rsodlw

483 lv derxw 1481 Wklv lv frqvlvwhqw zlwk d vwdwlf/ vlqjoh0surgxfw �up/ dgyhuwlvlqj dqg sulfh vhwwlqj

prgho zkhuh d srvlwlyh sur�w frqglwlrq lpsolhv wkdw wklv hodvwlflw| pxvw eh ohvv wkdq xqlw|1 Xvlqj

wkh vdph I1R1F1*v/ rxu vlpxodwhg sulfh hodvwlflw| ri 51; fruuhvsrqgv wr d 68( pdunxs dqg lpsolhv

wkdw dgyhuwlvlqj h{shqglwxuhv duh 8( ri wrwdo uhyhqxh2H1

Lq wkh vshfl�fdwlrq ri wkh qh{w wkuhh froxpqv/ zh doorz wkh h�hfw ri dgyhuwlvlqj wr fkdqjh olqhduo|

lq wkh qxpehu ri suhylrxv sxufkdvhv ri \rsodlw 4832b1 Wklv ixqfwlrqdo irup fruuhvsrqgv zlwk d prgho

zkhuh frqvxphuv frqwlqxh wr ohduq derxw h{shulhqfh fkdudfwhulvwlfv diwhu wkh �uvw frqvxpswlrq

h{shulhqfh1 Lq wklv fdvh zh dujxhg wkdw h�hfwv ri dgyhuwlvlqj zklfk lqirup frqvxphuv ri h{shulhqfh

fkdudfwhulvwlfv vkrxog ghfolqh lq wkh qxpehu ri suhylrxv frqvxpswlrq h{shulhqfhv1 Lq doo wkuhh vhwv ri

hvwlpdwhv/ zh rewdlq d srvlwlyh/ vljql�fdqw frh�flhqw rq wkh dgyhuwlvlqj whup/ phdvxulqj wkh h�hfw

ri dgyhuwlvlqj rq lqh{shulhqfhg frqvxphuv1 Rxu hvwlpdwhg lqwhudfwlyh frh�flhqw lv vljql�fdqwo|

qhjdwlyh lq doo fdvhv/ lqglfdwlqj wkdw wkh pdujlqdo h�hfw ri dgyhuwlvlqj lv jrlqj grzq dv d frqvxphu*v

qxpehu ri suhylrxv sxufkdvhv lqfuhdvhv1 Wkh vl}h ri wkhvh vorsh frh�flhqwv duh jhqhudoo| odujh/

lqglfdwlqj wkdw wkh h�hfw ri dgyhuwlvlqj lv jrlqj grzq idluo| txlfno|1 Zh h{shfw vxfk d uhvxow

zlwk |rjxuw/ zkhuh frqvxphuv vkrxog eh ohduqlqj h{shulhqfh fkdudfwhulvwlfv idluo| txlfno| zlwk

frqvxpswlrq1 Rswlpdoo| rqh zrxog zdqw wr �qg dq dv|pswrwh ri wkh h�hfw ri dgyhuwlvlqj lq

qxpehu ri suhylrxv sxufkdvhv1 Wklv dv|pswrwh zrxog phdvxuh rxu lpdjh dqg suhvwljh h�hfwv ri

dgyhuwlvlqj1 Xqiruwxqdwho|/ ulfkhu ixqfwlrqdo irupv zklfk zrxog doorz iru vxfk dq dv|pswrwh kdyhq*w

uhvxowhg lq yhu| suhflvh uhvxowv/ olnho| gxh wr rxu odfn ri gdwd rq yhu| lqh{shulhqfhg frqvxphuv1 Wkh

uhvxowv lq wkh odvw froxpq ri Wdeoh 8 hvwlpdwh d voljkwo| ulfkhu vshfl�fdwlrq zlwk vhsdudwh h�hfw ri

dgyhuwlvlqj rq lqh{shulhqfhg xvhuv dv zhoo dv d vorsh whup iru h{shulhqfhg xvhuv1 Wklv vorsh whup lv

vwloo vljql�fdqwo| qhjdwlyh/ lqglfdwlqj wkdw wkh ruljlqdo qhjdwlyh vorsh frh�flhqw lv qrw frpsohwho|
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gulyhq e| wkh gl�huhqfh ehwzhhq kdylqj 3 ru 4 suhylrxv sxufkdvhv1

Urexvwqhvv Fkhfnv Wdeoh 9 suhvhqwv vrph dgglwlrqdo uhvxowv wkdw jlyh d eulhi lqglfdwlrq ri

wkh urexvwqhvv ri wklv gl�huhqwldo h�hfw ri dgyhuwlvlqj1 Wkh �uvw wzr froxpqv xwlol}h gl�huhqw

vshfl�fdwlrqv rq wkh vkrsslqj wuls vshfl�f huuru whupv1 Wkh �uvw dvvxphv wkh �*v duh qrupdo/ d

surelw prgho1 Wkh vhfrqg froxpq dgguhvvhv d fkdudfwhulvwlf ri vwdqgdug orjlw dqg surelw prghov

wkdw wkh pds iurp revhuydeohv +lq rxu fdvh [�|����s�|�]�|�2 , lqwr sxufkdvh suredelolwlhv kdv lwv

pd{lpxp ghulydwlyh zkhq wkh sxufkdvh suredelolw| lv 181 Wklv phdqv wkdw wkh frqvxphuv d�hfwhg

prvw +suredelolw| zlvh, e| dgyhuwlvlqj +kroglqj qxpehu ri suhylrxv sxufkdvhv frqvwdqw, duh wkrvh

zkrvh sxufkdvh suredelolw| lv 181 Dq| vruw ri gxudelolw| ru lqyhqwru| ehkdylru pljkw fdoo wklv

lqwr txhvwlrq ehfdxvh/ iru h{dpsoh/ d frqvxphu sxufkdvlqj hyhu| rwkhu vkrsslqj wuls +l1h1 zlwk 18

suredelolw|, frxog eh dw wkh olplw lq whupv ri frqvxpswlrq1 Lq d vwdqgdug orjlw ru surelw prgho/

vxfk _vdwxudwlrq% grhvq*w rffxu xqwlo wkh suredelolw| ri sxufkdvh dssurdfkhv rqh/ vrphwklqj wkdw

lv fohduo| qrw kdsshqlqj pxfk lq rxu gdwd1 Dv d vlpsoh fkhfn ri urexvwqhvv/ zh dvvxph wkdw wkh

glvwulexwlrq ri ���|��2�| kdv d pdvv ri 18 rq �4 exw lv sursruwlrqdo wr d orjlvwlf glvwulexwlrq rq wkh

uhvw ri lwv vxssruw1 Wklv uhvxowv lq d txdvl0orjlw prgho zkhuh wkh pd{lpxp suredelolw| ri sxufkdvh

lv 18 dqg wkh pd{lpxp ghulydwlyh lv dw 158 udwkhu wkdq 181 Wkh hvwlpdwhv djdlq vkrz d vljql�fdqw

gl�huhqwldo h�hfw ri dgyhuwlvlqj dowkrxjk ryhudoo dgyhuwlvlqj hodvwlflwlhv lq wklv prgho duh voljkwo|

vpdoohu1 Qrwh wkdw wkh olnholkrrg lv txlwh d elw kljkhu lq wklv prgho1

Froxpqv 6 wkurxjk 8 h{dplqh dowhuqdwlyh vshfl�fdwlrqv ri wkh dgyhuwlvlqj yduldeohv1 Froxpq 6

dggv wkh h{sodqdwru| yduldeoh uhfhqw dgyhuwlvlqj/ phdvxulqj wkh qxpehu ri dgyhuwlvlqj h{srvxuhv lq

wkh prqwk sulru wr d vkrsslqj wuls1 Lwv frpsohwh lqvljql�fdqfh lqglfdwhv wkdw iru dw ohdvw wklv vkruw

wlph shulrg/ rxu xqzhljkwhg phdvxuh ri dgyhuwlvlqj lqwhqvlw| grhv idluo| zhoo1 Zh rewdlqhg vlplodu

uhvxowv zkhq zh gh�qhg uhfhqw dgv dv wkrvh hlwkhu rqh zhhn ru wzr zhhnv sulru wr d vkrsslqj wuls1

Froxpq 7 fkdqjhv rxu gh�qlwlrq ri wkh dgyhuwlvlqj yduldeohv iurp dgyhuwlvhphqwv shu xqlw ri
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h{srvxuh wlph wr dgyhuwlvhphqwv glylghg e| fdohqgdu wlph1 Dowkrxjk zh vwloo �qg d vljql�fdqw

gl�huhqwldo h�hfw ri dgyhuwlvlqj/ wkhvh yduldeohv gr qrw gr dv jrrg d mre ri rxu h{sodlqlqj wkh gdwd1

Olnholkrrg ydoxhv duh hyhq zruvh zkhq zh xvh wkh devroxwh qxpehu ri dgyhuwlvhphqwv revhuyhg

vr idu�f1 Rqh srvvlelolw| lv wkdw wkhvh uhvxowv/ dorqj zlwk wkh dujxphqwv dw wkh hqg ri vhfwlrq 6/

vxssruw wkh lghd wkdw rxu lqirupdwlyh h�hfwv ri dgyhuwlvlqj duh pruh ri wkh vljqdolqj ydulhw| wkdq

ri surylglqj h{solflw lqirupdwlrq1 Krzhyhu/ zh khvlwdwh wr pdnh dq| vwurqj frqfoxvlrqv derxw wklv

uhvxow ehfdxvh lw dovr pljkw eh gxh wr pruh phdvxuhphqw huuru lq wkh devroxwh qxpehuv��1

Wkh �iwk froxpq dgguhvvhv d srwhqwldo hqgrjhqhlw| sureohp gxh wr dq dgyhuwlvhu*v delolw| wr

fkrrvh zkhq dqg zkhuh wr dgyhuwlvh1 Li dgyhuwlvhuv nqrz lqirupdwlrq derxw frqvxphuv* ��*v wkdw

zh grq*w�2 dqg dlp dgyhuwlvlqj wrzdugv frqvxphuv zlwk kljk ��*v/ rxu dgyhuwlvlqj yduldeohv zloo eh

fruuhodwhg zlwk rxu udqgrp h�hfw1 Lq d pdqqhu vlplodu wr Pxqgodn +4<:;,/ +wkrxjk zlwkrxw klv

urexvwqhvv wr dowhuqdwlyh ixqfwlrqdo irupv ehfdxvh ri wkh qrq0olqhdulw| ri rxu prgho, zh dgguhvv

wklv e| lqfoxglqj frqvxphu l*v phdq dgyhuwlvlqj lqwhqvlw| ryhu wkh hqwluh vdpsoh dv d suhglfwru ri

��1 Dowkrxjk srvlwlyh dqg idluo| odujh/ wkh frh�flhqw lv qrw vljql�fdqw dqg grhv qrw d�hfw rxu

rwkhu dgyhuwlvlqj frh�flhqwv e| pxfk1 Lw grhv dw ohdvw vxjjhvw/ krzhyhu/ wkdw dgyhuwlvhuv pljkw eh

vxffhhglqj lq dlplqj dgyhuwlvlqj wrzdugv frqvxphuv zkr olnh wkh eudqg1

Froxpq 9 dggv vrph dgglwlrqdo surprwlrqdo yduldeohv wr wkh vshfl�fdwlrq1 Rq Glvsod| lv d

gxpp| yduldeoh wdnlqj wkh ydoxh ri 4 li \rsodlw 483 zdv lq d vshfldo glvsod| lq jlyhq vwruh lq d

jlyhq zhhn1 Lq Flufxodu htxdov 4 li \rsodlw 483 zdv ihdwxuhg lq d vwruh flufxodu ru dgyhuwlvhphqw1

�f ì �@�i @*tL U�iU!i_ hLM�t|?itt |L @*|ih?@|��i T@h@4i|h�U uLh4t uLh L�h @_�ih|�t�?} �@h�@M*i� W? T@h|�U�*@hc
�i �ihi �Lhh�i_ @ML�| TL|i?|�@* _iU*�?�?} hi|�h?t |L @ TLtt�M*i Thit|�}i igiU| E�u |��t �ihi |�i U@tic @? �?ULhhiU|
*�?i@h tTiU��U@|�L? UL�*_ }i?ih@|i tT�h�L�t hit�*|t MiU@�ti Lu TLt�|��i ULhhi*@|�L? Mi|�ii? @_�ih|�t�?} E@?_ |��t @
*L�ih 4@h}�?@* �|�*�|) Lu @_�ih|�t�?}� @?_ Thi��L�t T�hU�@tit�� �L_i*t �t�?}

I
@_t�| @?_ *?E@_t�|nUL?t|@?|� �@�i @*tL

}i?ih@|i_ t|hL?} _�gihi?|�@* igiU|t Lu @_�ih|�t�?} @?_ �Lhti *�!i*��LL_t |�@? |�i *�?i@h 4L_i*�
��Wu �i �ihi ?L| tL �Lhh�i_ @ML�| 4i@t�hi4i?| ihhLh @?_ �@_ 4Lhi _@|@c �i UL�*_ �?U*�_i ML|� 4i@t�hit �? @

tTiU��U@|�L? @?_ TL|i?|�@**) _�t|�?}��t� Mi|�ii? |�i4� �*tLc hi}@h_�?} TL|i?|�@* 4i@t�hi4i?| ihhLh _�i |L TL|i?|�@*
@_�ih|�t�?} �? |�i �ht| |�hii 4L?|�t Lu vLT*@�| �Df<t �?|hL_�U|�L?c �i LM|@�?i_ t�4�*@h hit�*|t ��i? �i it|�4@|i_ |�i
4L_i* ��|�L�| |�iti �ht| |�hii 4L?|�t Lu _@|@� W? |�iti tTiU��U@|�L?tc UL?t�4iht ��L T�hU�@ti_ �? |�i �ht| |�hii
4L?|�t �ihi _hLTTi_ uhL4 |�i t@4T*i |L @�L�_ �?�|�@* UL?_�|�L? ThLM*i4t�

�2R`�@| �i !?L�� �t |��t *�?i@h UL4M�?@|�L? Lu �@h�@M*it |�@| �i @hi �t�?} |L Thi_�U| k�� �__�|�L?@* �?uLh4@|�L?
!?L�? M) @_�ih|�tiht UL�*_c �? T@h|�U�*@hc UL4i uhL4 _@|@ ti|t t�U� @t |��t Ei�}� ��i|�ih UL?t�4iht ��L �@|U�
5i�?ui*_ *�!i )L}�h|� �

55



Dv rqh pljkw h{shfw/ erwk wkhvh surprwlrqdo yduldeohv hqwhu srvlwlyho| dqg vljql�fdqwo|1 Xqolnh rxu

whohylvlrq dgyhuwlvlqj yduldeoh krzhyhu/ wkhvh yduldeohv grq*w vhhp wr lqwhudfw zlwk wkh qxpehu ri

suhylrxv \rsodlw 483 sxufkdvhv1 Uhfdoolqj vrph ri wkh fdyhdwv ri vhfwlrq 5/ shukdsv wklv lv ehfdxvh

lq frqwudvw wr whohylvlrq dgyhuwlvlqj/ wkhvh surprwlrqv _dgyhuwlvh% d qhz vdoh sulfh/ zklfk pljkw eh

qhz lqirupdwlrq iru doo w|shv ri frqvxphuv1 Odvwo|/ Froxpq 9 dovr lqwhudfwv rxu uhjxodu dgyhuwlvlqj

yduldeoh zlwk d gxpp| yduldeoh lqglfdwlqj wkdw d idplo| qhyhu sxufkdvhg dq| eudqg ri |rjxuw

lq wkh suhvdpsoh shulrg1 Wkh vwurqj qhjdwlyh frh�flhqw vxjjhvwv wkdw wkhvh krxvhkrogv duh qrw

d�hfwhg e| \rsodlw 483 dgyhuwlvlqj1 Dssduhqwo|/ wkrvh d�hfwhg prvw e| whohylvlrq dgyhuwlvlqj duh

wkrvh zkr duh lqh{shulhqfhg zlwk \rsodlw 483/ exw zkr gr ex| |rjxuw lq jhqhudo1

Wkh odvw wzr froxpqv ri Wdeoh 9 h{dplqh wkh srvvlelolw| ri khwhurjhqhlw| lq frqvxphu uhvsrqvh

wr dgyhuwlvlqj e| dgglqj frqvxphu vshfl�f exw wlph lqyduldqw udqgrp frh�flhqwv wr rxu h�hfwv ri

dgyhuwlvlqj1 Lq wkh vl{wk froxpq/ wkh udqgrp frh�flhqw lv rq rxu lqirupdwlrqdo h�hfw ri dgyhuwlvlqj>

lq wkh vhyhqwk/ lw lv rq rxu lpdjh ru suhvwljh h�hfw ri dgyhuwlvlqj��1 Zh dvvxph wkdw wkhvh udqgrp

frh�flhqwv duh lqghshqghqw ri rxu olqhdu udqgrp h�hfw dqg rxu h{sodqdwru| yduldeohv1 Lq erwk

fdvhv wkhuh lv vwloo d odujh gl�huhqwldo h�hfw ri dgyhuwlvlqj dw wkh phdq/ exw lq erwk fdvhv wkh

vljql�fdqfh jrhv grzq1 Dowkrxjk lpsuhflvh/ wkh hvwlpdwhv ri wkh vwdqgdug ghyldwlrqv ri wkhvh

udqgrp frh�flhqwv lq erwk fdvh duh yhu| odujh frpsduhg wr wkhlu phdqv1 Wklv dw ohdvw vxjjhvwv

d odujh ghjuhh ri frqvxphu khwhurjhqhlw| lq uhvsrqvh wr dgyhuwlvlqj1 Xqiruwxqdwho|/ wkhvh odujh

exw lqdffxudwh hvwlpdwhv pd| eh gxh pruh wr phdvxuhphqw huuru lq rxu dgyhuwlvlqj phdvxuh wkdq
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khwhurjhqhlw|�e1 Vxfk d surfhgxuh pljkw eh pruh iuxlwixo zlwk pruh gdwd1

f�S �L?U*�t�L?t

Zh ihho wkdw wkhvh duh vwurqj dqg lqwhuhvwlqj hpslulfdo uhvxowv1 Zh kdyh dujxhg wkdw dgyhuwlvlqj

surylglqj lqirupdwlrq rq lqkhuhqw eudqg fkdudfwhulvwlfv vkrxog sulpdulo| d�hfw lqh{shulhqfhg frq0

vxphuv ri d eudqg/ zkloh dgyhuwlvlqj fuhdwlqj suhvwljh ru dvvrfldwlrq vkrxog d�hfw erwk lqh{shulhqfhg

dqg h{shulhqfhg frqvxphuv1 Rxu gdwd lqglfdwh d vljql�fdqw h�hfw ri dgyhuwlvlqj rq lqh{shulhqfhg

frqvxphuv dqg hlwkhu d ghfolqlqj ru lqvljql�fdqw h�hfw rq h{shulhqfhg frqvxphuv1 Zh frqfoxgh wkdw

wkhvh \rsodlw 483 dgyhuwlvhphqwv zhuh lq�xhqflqj frqvxphu ehkdylru sulpdulo| e| lqiruplqj wkhp

derxw vhdufk dqg h{shulhqfh fkdudfwhulvwlfv/ qrw e| fuhdwlqj suhvwljh ru dvvrfldwlqj wkh surgxfw

zlwk idyrudeoh lpdjhv1

Wklv dssurdfk wr glvwlqjxlvklqj lqirupdwlyh dqg suhvwljh h�hfwv ri dgyhuwlvlqj lv rqh wkdw fdq

idluo| hdvlo| eh dssolhg wr rwkhu surgxfwv ru lqgxvwulhv1 Zh pdnh d frxsoh ri dgglwlrqdo qrwhv1 Iluvw/

wkh h{solflw olqnlqj ri d krxvhkrog*v jurfhu| sxufkdvhv wr wkhlu whohylvlrq dgyhuwlvlqj h{srvxuhv

lv qrw d qhfhvvlw| iru wklv dqdo|vlv1 Dv orqj dv rqh kdv vljql�fdqw +dqg iuhtxhqw/ h1j1 zhhno|,

wlph vhulhv yduldwlrq lq dgyhuwlvlqj h{shqglwxuhv/ rqh frxog glvwlqjxlvk wkhvh h�hfwv e| wuhdwlqj

krxvhkrog ohyho h{srvxuhv dv xqrevhuydeohv glvwulexwhg durxqg zhhno| h{shqglwxuhv1 Shukdsv d

pruh vljql�fdqw sureohp li dqdo|}lqj hvwdeolvkhg surgxfwv duh lqlwldo frqglwlrq sureohpv uhjduglqj

d frqvxphu*v sdvw h{shulhqfhv zlwk d surgxfw1 Rqh vroxwlrq/ jlyhq d orqj hqrxjk sdqho/ zrxog

eh wr wuhdw frqvxphuv zkr kdyhq*w sxufkdvhg d surgxfw lq d orqj shulrg ri wlph dv h{shulhqfhg1

Dqrwkhu zrxog eh wr xvh pruh vrsklvwlfdwhg hfrqrphwulf whfkqltxhv wr ghdo zlwk wkh lqlwldo frqglwlrq
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sureohpv1 Lw vkrxog suryh lqwhuhvwlqj wr frpsduh uhvxowv dfurvv gl�huhqw lqgxvwulhv dqg surgxfwv/

dqg dv qrwhg lq wkh lqwurgxfwlrq/ zh ihho wkdw vxfk dqdo|vhv vkrxog pdnh ydoxdeoh frqwulexwlrqv wr

srolf| zrun1

Uhjduglqj rxu fxuuhqw uhvxowv/ d vljql�fdqw dprxqw ri h{shulphqwdwlrq kdv vkrzq wkh gl�hu0

hqwldo h�hfw ri dgyhuwlvlqj zh �qg wr eh yhu| urexvw ryhu wklv w|sh ri prgho +l1h1 uhgxfhg irup/

glvfuhwh fkrlfh, dv orqj dv zh doorz iru xqrevhuyhg/ shuvlvwhqw/ frqvxphu khwhurjhqhlw|1 Krzhyhu/

wklv grhv qrw phdq wkdw wkhuh duh qrw srvvleoh sureohpv1 D �uvw sureohp lv wkdw li rqh eholhyhv wkdw

frqvxphuv g|qdplfdoo| rswlpl}h/ wkhvh uhgxfhg irup prghov uho| rq dq dssur{lpdwlrqv wr rswlpdo

g|qdplf ghflvlrq uxohv1 Wkh txdolw| ri rxu uhvxowv duh rqo| dv jrrg dv wkh txdolw| ri wklv dssur{0

lpdwlrq1 D vhfrqg sureohp zlwk wkhvh uhgxfhg irup prghov lv wkdw wkh| duh xqdeoh wr h{solflwo|

khos xv lq dqvzhulqj lpsruwdqw zhoiduh txhvwlrqv derxw dgyhuwlvlqj1 Wkh idfw wkdw zh kdyh irxqg

wklv dgyhuwlvlqj wr sulpdulo| eh surylglqj surgxfw lqirupdwlrq eulqjv xs pdq| txhvwlrqv derxw

lwv d�hfwv rq wkh ixqfwlrqlqj ri wklv pdunhw1 Iluvw ri doo/ zh zrxog olnh wr dvvhvv wkh ydoxh ri wkh

lqirupdwlrq frqwdlqhg lq wklv dgyhuwlvlqj dqg frpsduh lw wr wkh uhvrxufhv vshqw e| wkh hfrqrp|

rq dgyhuwlvlqj1 Vhfrqg/ zh zdqw wr dvvhvv wkh lpsdfw ri dgyhuwlvlqj rq yduldeohv vxfk dv sulflqj/

hqwu|/ dqg lqqrydwlrq lq wklv lqgxvwu|1 Li zh dvvxph wkdw wklv uhvxow dssolhv wr doo |rjxuw dgyhu0

wlvlqj/ lw pd| vxjjhvw wkdw dgyhuwlvlqj idflolwdwhv udwkhu wkdq suhyhqwv hqwu| dqg lqqrydwlrq lq wkh

\rjxuw lqgxvwu|1 Shukdsv/ iru h{dpsoh/ lq frpsdulvrq wr dqrwkhu lqgxvwu| zkhuh dgyhuwlvlqj fuh0

dwhv orqj0olyhg suhvwljh h�hfwv zklfk dfw dv hqwu| eduulhuv/ dqwl0wuxvw srolf| vkrxog eh pruh ohqlhqw/

doo hovh htxdo/ wrzdugv wkh |rjxuw lqgxvwu|1 Xqiruwxqdwho|/ zh fdqqrw irupdol}h vxfk dujxphqwv

zlwkrxw pruh uljrurxv vwxg| ri wkh lqirupdwlrq vwuxfwxuh ri wkh pdunhw dqg �up ehkdylru xqghu

wklv vwuxfwxuh1

Zh ihho wkdw wkh deryh sureohpv srlqw wr dq reylrxv qh{w vwhs1 Rxu dujxphqw lv dq lqiru0

pdwlrqdo rqh/ dqg zh h{shfw dgydqwdjhv wr h{solflwo| prgholqj vxfk lqirupdwlrq1 Zkdw zh duh

vxjjhvwlqj lv d vwuxfwxudo dssurdfk wr wklv sureohp/ rqh lq zklfk sulplwlyhv vxfk dv xwlolw| ixqf0
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wlrqv dqg lqirupdwlrq vwuxfwxuh duh prghohg dqg hvwlpdwhg1 Dv qrwhg deryh/ zkhq d frqvxphu*v

fxuuhqw ghflvlrq d�hfwv ixwxuh vwdwhv ri nqrzohgjh/ rswlpdo frqvxphu ehkdylru lpsolhv d g|qdplf

rswlpl}dwlrq sureohp1 Dowkrxjk ehwwhu deoh wr ghdo zlwk wkh deryh lvvxhv/ vxfk dq dssurdfk dovr

kdv sureohpv1 Lq sduwlfxodu/ frpsxwdwlrqdo lvvxhv ehfrph pruh vljql�fdqw/ uhtxlulqj vwulfwhu dv0

vxpswlrqv dqg uhgxflqj rxu delolw| wr h{dplqh gl�huhqw ixqfwlrqdo irupv ru vshfl�fdwlrqv1 Zh

wkhuhiruh frqvlghu vxfk dq dssurdfk qrw dv d uhsodfhphqw wr exw dv dq lqwhuhvwlqj frpsohphqw wr

wkh suhvhqw rqh1
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Table 1: Summary Statistics

Variable Market 1 Market 2

Households 950 825

Total Shopping Trips 67051 54308

Average Shopping Trips per Household 70.58 65.82
(33.39) (31.82)

Average Price of Yoplait 150 (Cents) 0.645 0.663
(0.060) (0.079)

Shopping Trips with Yoplait 150 Purchase 302 656

Manufacturers Coupons Redeemed 16 238
for Yoplait 150

Shopping Trips with Other Yogurt Purchase 5432 3863

Households Trying Yoplait 150 123 184

Households Trying Other Yogurts 648 512

Commercial Exposures 12918 12563

Commercial Exposures per Household 13.60 15.22
(10.81) (9.96)

Advertising Share of Yoplait 150 0.35 0.37

Market Share of Yoplait 150 0.05 0.14

Note: Standard Errors in parentheses where applicable

Table 2: Weekly Correlations

Variable Market 1 Market 2

pt; qt -.326** -.499**

pt; at .106 .285*

qt; at .122 .030

qt; at�1 .028 .194

pt; pt�1 .274* .744**

pt; at�1 .141 .249

at; pt�1 .216 .216
at; at�1 .486** .387**

Note: **- .01 Signi�cance , *- .05 Signi�cance



Table 3: OLS Correlations of Time Series

1 2 3 4 5 6 7 8 9 10

Dependent Variable: Initial Purchases

N 918 918 918 459 459 896 306 132 678 918

R2 0.066 0.085 0.066 0.087 0.074 0.084 0.147 0.201 0.107 0.066

Constant 3.559 0.033 3.556 5.707 2.003 5.473 12.036 21.855 19.858 3.530
(0.655) (0.005) (0.655) (1.010) (0.986) (0.841) (2.359) (5.755) (5.353) (0.654)

Market 0.222 0.002 0.224 0.259 0.705 1.479 0.224 0.223
Dummy (0.047) (0.000) (0.047) (0.048) (0.163) (0.429) (0.054) (0.047)

Time 0.424 0.020 0.254 8.592 -8.427 6.056 0.694 -1.295 55.645 0.934
(2.592) (0.023) (2.594) (3.122) (4.161) (3.267) (2.937) (3.135) (18.858) (2.594)

Time1=2 0.131 -0.022 0.157 -6.659 7.387 -4.705 -0.004 4.034 -54.503 -0.029
(1.980) (0.017) (1.980) (2.400) (3.159) (2.602) (3.885) (6.277) (18.627) (1.982)

Time2 -0.770 -0.007 -0.627 -3.557 2.359 -2.775 -0.309 -0.015 -16.665 -1.076
(1.097) (0.009) (1.102) (1.313) (1.779) (1.309) (0.415) (0.192) (5.472) (1.095)

Price -5.298 -0.038 -5.285 -6.509 -4.811 -6.628 -17.976 -35.511 -7.388 -5.354
(0.812) (0.007) (0.812) (1.515) (1.067) (0.881) (3.003) (7.994) (0.955) (0.816)

Ads 0.044 0.030 0.093 0.068 0.025 0.021 0.088 0.180 0.042 0.044
(0.014) (0.013) (0.031) (0.018) (0.021) (0.005) (0.036) (0.092) (0.014) (0.015)

t-value 3.043 2.299 2.974 3.713 1.152 3.865 2.437 1.950 2.870 2.942

Dependent Variable: Repeat Purchases

N 918 918 918 459 459 896 306 132 678 918

R2 0.162 0.149 0.162 0.093 0.102 0.162 0.333 0.559 0.120 0.162

Constant 2.499 0.018 2.517 0.582 3.518 3.910 9.091 14.414 12.729 2.463
(0.939) (0.007) (0.939) (1.053) (1.597) (1.215) (3.272) (6.728) (8.750) (0.938)

Market 0.700 0.006 0.701 0.736 2.143 4.793 0.832 0.700
Dummy (0.068) (0.000) (0.068) (0.070) (0.226) (0.502) (0.088) (0.068)

Time 7.528 0.027 7.420 10.548 6.890 10.924 7.793 6.181 40.238 7.739
(3.712) (0.028) (3.715) (3.257) (6.741) (4.723) (4.074) (3.665) (30.822) (3.715)

Time1=2 -2.755 -0.007 -2.746 -6.517 -0.773 -5.739 -5.057 -4.602 -35.813 -2.807
(2.836) (0.021) (2.836) (2.504) (5.117) (3.762) (5.389) (7.339) (30.444) (2.839)

Time2 -4.638 -0.018 -4.544 -5.079 -5.293 -5.813 -1.592 -0.580 -13.756 -4.774
(1.571) (0.012) (1.577) (1.369) (2.882) (1.892) (0.575) (0.225) (8.944) (1.569)

Price -3.954 -0.029 -3.972 0.839 -5.657 -5.141 -14.274 -25.102 -5.512 -3.942
(1.164) (0.008) (1.163) (1.580) (1.729) (1.274) (4.167) (9.345) (1.562) (1.169)

Ads 0.020 0.014 0.050 0.020 0.020 0.016 0.059 0.114 0.014 0.016
(0.020) (0.016) (0.044) (0.019) (0.035) (0.008) (0.050) (0.107) (0.024) (0.021)

t-value 1.001 0.882 1.132 1.081 0.573 2.052 1.177 1.056 0.589 0.770

Speci�cations:
2 - Uses market shares rather than quantities as dependent variables.(Note: Ad coef. mult. by 100)
3 - Uses sqrt(advertising) as independent variable.
4 - Only Market 1 data.
5 - Only Market 2 data.
6 - Ads for past 2 weeks rather than past 4 days.
7 - 3 day time series rather than daily.
8 - Weekly time series rather than daily.
9 - Throwing out data when advertisements not observed (�rst 3 months).
10 - Putting in mean advertising level �rst 3 months.



Table 4: Explanatory Variable Descriptive Statistics

Variable N Mean S.D. Min Max

Advertising 121359 0.0544 0.0605 0.0000 0.8333

Recent Advertisements 121359 0.0206 0.0390 0.0000 0.56000

Price 121359 0.6528 0.0702 0.2000 0.7900

Store Coupon 121359 0.0014 0.0284 0.0000 0.6700

Competitor's Price 121359 -0.1695 0.1623 -0.6859 0.0838

Number of Previous Purchases 121359 0.3144 1.6251 0.0000 42.0000

Dummy - Never Purchased 121359 0.8830 0.3215 0.0000 1.0000

Dummy - Once Purchased 121359 0.0679 0.2516 0.0000 1.0000

Days Since Last Purchase (0 if never) 121359 13.1016 49.0667 0.0000 472.0000

Time Trend 121359 0.5550 0.2592 0.0143 1.0000

Dummy - Purchased Last Shopping Trip 121359 0.0078 0.0879 0.0000 1.0000

Dummy - On Display 121359 0.0032 0.0573 0.0000 1.0000

Dummy - In Circular 121359 0.0151 0.1218 0.0000 1.0000

Dummy - Market 1775 0.4648 0.4989 0.0000 1.0000

Income Classi�cation 1775 6.3673 2.8564 1.0000 14.0000
Family Size 1775 2.8310 1.3433 1.0000 8.0000

Presample Yogurt Purchases 1775 14.1132 26.6221 0.0000 355.0000

Presample Regular Yoplait Purchases 1775 3.4980 10.8332 0.0000 170.0000

Presample Lowfat Yogurt Purchases 1775 7.8214 16.0411 0.0000 212.0000



Table 5: Primary Estimates

Parameter Simple Normal Normal w/ Simple Normal Normal w/ Normal w/
Logit R.C. presample Logit R.C. presample presample

Info Info Info
Advertising* 2.04073 2.17918 2.30566 - - - 2.32360
Inexperienced (0.72313) (0.76249) (0.77561) (0.78683)
Advertising* 0.90371 0.55710 0.43304 - - - 1.33200
Experienced (0.63504) (1.22320) (1.21180) (1.39850)
T-Stat on Dif 1.47662 1.38641 1.58703 - - - -
Advertising - - - 1.71550 1.85380 2.01370 -

(0.76392) (0.78109) (0.79037)
Advertising* - - - -0.14812 -0.24085 -0.35627 -0.29487
Num Prev Pur (0.06282) (0.11199) (0.10803) (0.12079)

Own Price -4.89980 -5.56750 -5.58440 -4.89500 -5.57540 -5.61630 -5.61890
(0.33114) (0.34183) (0.34993) (0.33501) (0.34233) (0.35604) (0.35541)

Store 2.72990 2.91050 2.88690 2.73590 2.91290 2.87050 2.88770
Coupon (0.74368) (0.81432) (0.85073) (0.74214) (0.81708) (0.85707) (0.85558)
Competitor 0.76070 0.73598 0.76116 0.76215 0.74430 0.76848 0.76809
Price (0.19214) (0.21746) (0.21745) (0.19180) (0.21822) (0.21904) (0.21889)
Number Prev 0.10810 -0.21309 -0.26717 0.10314 -0.21512 -0.27046 -0.27303
Purchases (0.06370) (0.08616) (0.09312) (0.06227) (0.08423) (0.09152) (0.09235)
Number Prev -0.00360 0.00037 0.00085 -0.00340 0.00065 0.00110 0.00117
Purchases2 (0.00053) (0.00094) (0.00096) (0.00057) (0.00094) (0.00099) (0.00099)
Never -2.78400 -1.36590 -0.81135 -2.72150 -1.23120 -0.58661 -0.70453
Purchased (0.11685) (0.26303) (0.22343) (0.11042) (0.24307) (0.21866) (0.22804)
Once -0.59088 -0.23091 -0.08104 -0.59857 -0.22264 0.00169 -0.06915
Purchased (0.11515) (0.15891) (0.15986) (0.11430) (0.15454) (0.16046) (0.16103)
Prev. Purch/ 0.84429 0.45504 0.46907 0.84135 0.45508 0.46784 0.46557
Time (0.08562) (0.10346) (0.10757) (0.08571) (0.10482) (0.10882) (0.10903)
Purchased 0.17144 0.42182 0.47774 0.19047 0.43981 0.51778 0.51009
Last S. Trip (0.10042) (0.14933) (0.15667) (0.09691) (0.14197) (0.15421) (0.15550)
Days Since -0.00577 -0.00405 -0.00487 -0.00582 -0.00416 -0.00511 -0.00499
Last Purch (0.00072) (0.00088) (0.00091) (0.00073) (0.00088) (0.00092) (0.00092)
Time Trend -1.65580 -0.90517 -0.36393 -1.64200 -0.85494 -0.26339 -0.30594

(0.17406) (0.25331) (0.26303) (0.17325) (0.25941) (0.27417) (0.27314)

Constant 0.27671 -2.23170 -3.83780 0.22409 -2.43140 -4.18620 -4.03510
(0.29693) (0.58714) (0.60556) (0.29907) (0.59175) (0.62472) (0.62341)

Market 0.60162 1.09810 1.44070 0.60805 1.13500 1.48240 1.47340
Dummy (0.06177) (0.15316) (0.17311) (0.06305) (0.15578) (0.17744) (0.17654)
Income 0.05070 0.08196 0.06871 0.05235 0.08514 0.06952 0.06907

(0.01344) (0.02890) (0.03118) (0.01334) (0.02930) (0.03210) (0.03209)
Family -0.00719 -0.02093 -0.06382 -0.01268 -0.02150 -0.06363 -0.06352
Size (0.02568) (0.06293) (0.06886) (0.02715) (0.06415) (0.07127) (0.07086)
Presample - - -0.01817 - - -0.01823 -0.01883
Yogurt (0.01741) (0.01787) (0.01783)
Presample - - 0.00003 - - 0.00003 0.00003
Yogurt2 (0.00006) (0.00006) (0.00006)
Presample - - 0.11815 - - 0.12161 0.12131
Yoplait (0.02472) (0.02531) (0.02520)
Presample - - -0.00090 - - -0.00093 -0.00093
Yoplait2 (0.00027) (0.00028) (0.00028)
Presample - - 0.06506 - - 0.06661 0.06704
Lowfat (0.02219) (0.02276) (0.02270)
Presample - - -0.00026 - - -0.00026 -0.00026
Lowfat2 (0.00014) (0.00015) (0.00014)
Rand E�ect - 1.53920 1.72610 - 1.57260 1.80080 1.78410
S.D. (0.14655) (0.14227) (0.14289) (0.14951) (0.14754)

Log likelihood -4090.4248 -4000.7550 -3919.6631 -4090.2372 -4000.5729 -3918.8530 -3918.4795

Note: Standard Errors in parentheses



Table 6: Additional Estimates

Parameter Probit .5 w/Recent w/Mean Ads/ Cal Extra Random Random
Logit Ads Ads Time Variables Coe� 1 Coe� 2

Advertising* - - - - - - 1.92920 1.88474
Inexperienced (1.33991) (1.00010)
Advertising* - - - - - - 0.46744 0.09722
Experienced (1.23330) (1.27440)
T-Stat on Di� - - - - - - 0.96904 1.43886
Advertising 1.54353 2.10570 1.99990 1.73080 1.51730 2.40619 - -

(0.60766) (0.85627) (0.84989) (0.82047) (1.27780) (0.89738)
Advertising* -0.21590 -0.27106 -0.35610 -0.35253 -0.23703 -0.39207 - -
Num Prev Pur (0.09934) (0.14411) (0.10873) (0.10904) (0.07343) (0.11248)
Recent - - 0.04290 - - - - -
Ads (1.08531)
Mean - - - 2.48400 - - - -
Ads (2.40050)
Random Coef - - - - - - 1.59770 1.93240
S.D. (2.03510) (1.45230)

On Display - - - - - 1.59054 - -
(0.48198)

On Display* - - - - - 0.02305 - -
Num Prev Pur (0.19642)
In Circular - - - - - 1.48767 - -

(0.17613)
In Circular* - - - - - -0.04596 - -
Num Prev Pur (0.04516)
Advertising* - - - - - -14.23809 - -
No Presample (2.69371)
Yog.Purchases

Own Price -4.79234 -7.21680 -5.61760 -5.60710 -5.55890 -5.02189 -5.57670 -5.59660
(0.29839) (0.43486) (0.35613) (0.35583) (0.35663) (0.38633) (0.35143) (0.35210)

Store 2.20386 3.23160 2.88160 2.88460 2.88430 2.91887 2.89020 2.89470
Coupon (0.70558) (0.95421) (0.85606) (0.86097) (0.85491) (0.86565) (0.85229) (0.85027)
Competitor 0.65377 1.00150 0.76818 0.76963 0.77910 0.63461 0.76262 0.75828
Price (0.17218) (0.24940) (0.22139) (0.21953) (0.22006) (0.23211) (0.21782) (0.22031)
Number Prev -0.33224 -0.55373 -0.27348 -0.27129 -0.22153 -0.27843 -0.27099 -0.26959
Purchases (0.08887) (0.15038) (0.09159) (0.09161) (0.08142) (0.09715) (0.09444) (0.09677)
Number Prev 0.00106 0.00019 0.00124 0.00119 0.00082 0.00130 0.00087 0.00082
Purchases2 (0.00093) (0.00124) (0.00099) (0.00099) (0.00095) (0.00106) (0.00096) (0.00103)
Never -0.26518 -0.22113 -0.64520 -0.65561 -0.67253 -0.59998 -0.79770 -0.81772
Purchased (0.18168) (0.29160) (0.21867) (0.21907) (0.22325) (0.22796) (0.22655) (0.23021)
Once -0.00201 0.11842 -0.06829 -0.07050 -0.04665 -0.03513 -0.07651 -0.07366
Purchased (0.13509) (0.18864) (0.16101) (0.16181) (0.16090) (0.16683) (0.16044) (0.16429)
Prev. Purch/ 0.57580 0.85689 0.46704 0.46457 0.46513 0.46080 0.46938 0.45658
Time (0.10500) (0.16457) (0.11179) (0.10940) (0.11200) (0.11785) (0.10769) (0.10923)
Purchased 0.63670 1.12970 0.51482 0.51200 0.43262 0.51312 0.48306 0.48429
Last S. Trip (0.15688) (0.28121) (0.15495) (0.15559) (0.13705) (0.16910) (0.15879) (0.16200)
Days Since -0.00372 -0.00470 -0.00504 -0.00504 -0.00507 -0.00552 -0.00489 -0.00477
Last Purch (0.00069) (0.00103) (0.00092) (0.00092) (0.00091) (0.00096) (0.00091) (0.00091)
Time Trend -0.10565 -0.19387 -0.29450 -0.28784 -0.38408 -0.01729 -0.34474 -0.35480

(0.20370) (0.30920) (0.27363) (0.27332) (0.28996) (0.29203) (0.26948) (0.26090)

Constant -3.62905 -3.05580 -4.08540 -4.26380 -3.94160 -4.50768 -3.84760 -3.74320
(0.46957) (0.72518) (0.62216) (0.64286) (0.61485) (0.65991) (0.60839) (0.62710)

Rand E�ect 1.37419 1.88010 1.78680 1.77310 1.74520 1.81363 1.72300 1.67460
S.D. (0.11292) (0.18230) (0.14829) (0.15277) (0.14943) (0.15305) (0.14234) (0.16554)

Log likelihood -3908.8654 -3906.0805 -3918.7525 -3918.0326 -3920.9160 -3865.1329 -3919.4955 -3919.3047

Note: Standard Errors in parentheses. Probit estimates multiplied by 1.81
to equalize variances. Mean and variance of advertising variable in column
normalized to that of the other columns. Estimates of consumer variables

(e.g. income, family size, presample information) are not shown.



Chart 1 -  Density of Purchase Frequencies
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Chart 2

Quantity Series
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Chart 3

Initial Purchases
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