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Wkh jrdori wklv sdshu Iv wr xvh d vhp Isdudp hwulf uhgxfhg irup p rgho wr hvwlp dwh wkh

h hfwv ri ydulrxv wxlwlrq vxeviglhvl Wklv dssurdfk h{sdggv rqg wkh wxlwlrqg vxevig| h{dp s oh

lg Lfklp xud dgqg Wdehu +5333, Iqg d gxp ehuri glp hgvlrqvl

Lw kdv ehfrp h frp p rqgqg sudfwfh Iq wkh hp slulfdo olwhudwx uh wr uhihu w dg| qr gqvwux fwxudo

hp slulfdo dgdo|l viv dv uhgx fhg irup 1 Wkilv Iv gqrw wkh wudglwlrgqdo vhgqvh ri wkh skudvhl D

fodvvlif uhgxfhg irup dgdo| vlv +vhh h1j1 P duvfkdn/ 4<86, uvw vs hfl hv d vwuxfwxudo p rgho

dgg wk hg ghulyhv wk h uhgxfhg irup sdudp hwhuv Iqg whup v ri wkh vwux fwxudosdudp hwhuvl Z k loh

p dg| uhfhgw vwxglhv kdyh dvvhuwhg wr wdnlgj d uhgxfhg irup dssurdfk/ wkh vwux fwxudop rgho

iur p z klfk wkh uhgxfhg irup p rgho vkrxog fruuhvsrqg |Iv uduho vshfl hgl Z h h{solflwo

vs hfli|] d vwuxfwxudo p rgho dgqg wkhg xvh wkh Ip solhg uhgxfhg irup vwux f wx uh wr hvwlip dwh
wk h h hfwri wxlwlrg vxevig| srolflhvl Vshfli|]lgj wkh xqghuo Ilqgj p rgho kdv wkh dgydqgwdj h
ri ehlgj h{solflwderxw wkh dvvxp swirqv wkdw mkvwli|] wkh dgdol vivi WkIlv dyrlgv Urvhq}z hlj

dgg Z roslgq*v +5333, fulwlflvp ri zrun rq gqdwxudo cqdwx udo h{s hulp hgwv* wkdw riwhgq ohdyhv
wk hvh frgglwlrgv Ip solflwl R xu vwux fwxudop rgholv edvhg rq wkh p rghovwxglhg e|] N hdgh dqgg
Z roslqg +4<<<,1 Lwlv klj ko gqrqolghdudgg doorz v irup ruh xqrevhuyhg k hwhurj hghlw wkdqgq wkh
w slfdovlp xowdqghrxv ht xdwlrqv iudp hz run wkdwp rvwsuhylrxv z run kdv xvhg |Iqg uhgxfhg irup
hvwlp dwlrql X vigj wkh vs hfl hg vwuxfwxudop rgho z h h{dp Igh wkh dvvxp swlrqv glvfxvvhg Iq

Lfklp xud dgg Wde hu +5333, wr mkvwli|] uhgxfhg irup hvwlp dwlrgq ri wkh srof| h hfwvil

4 P rgho

Wkh p rghozh srvh Iv vwurqgjo edvhg rqgq N hdgh dgg Z roslq +4<<<,1 K huhdiwhu z h ghqgr wh
wkdw sdshu e|] N Z 1 Wkh ghflvirg sureohp lg wkh p rgho ehjlgv dw djh 47 z khqg vwx ghqgwv
kdyh frp sohwhg hlj kwk judghl Z h ohw hdfk s hulrg uhsuhvhgqw rgh | hdu vr wkdw | ' f z khq
wk h Ilgglylgxdolv 471 G xulgj wkdw | hdu wkh vwxghgw fkrrvhv z khwk hu wr dwwhqg froohjh ruagrw
dgg krz p xfk w zrunl Z h dvvxp h vfkrrolgj wr eh frp sohwhg e| djh 581 Ohwr eh dgq
lgglfdwru ri z khwk hu Igglylgxdo dwwhqgv vikrrolg | hdu |/ wk h gxp ehu ri z hhnv z runhg
lg d | hdu/ dqgg wkh gxp ehu ri krxuv zrunhg shu z hhnl Lgglylgxdov kdyh suhihuhgfh iru
frqgvxp swlrq/ z run/ dgg vfkrrolgj vr wkdw wkh xwow ixqfwrgqg Iv ES c¢r c¢c7 ¢ c c~ /
S

z k huh 7 Ilv fxp xodwlyh | hduv ri vfkrro+l1lhl 7 ' r , dgg ~ Iv dg h{rjhgrxv yhfwrul

Il'ru h{dp soh N Z ohw p duuldj h dgqg sduhgwdo fr Ouhvighgfh vwdwx vhv eh hohp hgwv ri ~ 1



Z h dvvxp h wkdw krxuol z djhv wdnh d vwdggdug P lgfhu irup vr wkdw

*L} E ‘g n ~ g n g u n gq u n k E7 n c +4
z k huh ~ Ivd vhw ri revhuydeoh qrq wlp h ydu|lgqj yduldeohv wkdw Iq xhqfh z dj hv/ lv dgq
xqrevhuydeoh yduldeoh/ dgg u Ilv dffxp xodwhg z hhnv ri h{ s hulhgfh dv ri wkh ehjlgqlgj ri wkh
S
| hdul Wkdw v u ' 1Z h wdnh wklv dv d vwux f wx udo uhodwlr qvkIls 1
D nh| ihdwxuh ri wklv p rgholv wkdw z h doorz wkh vfkrroqgj h hfwixqgfwrq k E wr duelO

wudulol] ydu| dfurvv Igglylgxdov Ig wkh p rghol

Dffxp xodwlrqg ri dvvhwv Eg el vwxghgwv Iv frp sofdwhg e| wzr ihdwxuhv ri wkh p rghol
I luvw vwx g hqwv duh eruurz Iqj frqvwudlghg Ig wzr gl huhgwvhgvhl Wk huh Iv d olp Iwdwlrgq wr wkh
dp rxqgwri ghewwkdwwkh| fdqg dffxp xodwh z klfk p d|] eh lgglylgxdovs hfl f1 OhwwkIv dp rxqgw
e h g_l Wkh| dovr eruurz dwudwh - exwohqg dw udwh - 1 Vhfrgg wkh|] p d| uhfhlyh wudgvihuv
iurp wk hlu sduhgqwvl Wkhvh wudgqvihuv duh Iqgglylgxdo vs hfl f dgqg srwhgqwldoo ghshqgg rq wkhlu

vikrrolqj fkrilfhv/ froohjh frvwv/ wk hlu dvvhwohyhov/ dgg wk hluz dj h udwhl Wkilv | lhogv wkh exgjhw

frgqvwudlgw

g o] - « Eg f n - < Eg f S
n n Er c7 c cg [ E Z r « Ee 7 H +5,
9 o +6,
z k huh Iv wkh p rghwdu|l] frvwri dwwhqglqj froohjh dgg Z Iv wkh ydoxh ri d wxlwlrg vxevlg|
r huhg wr lgglylgxdo li wk h] dwwhgg froohj hl1 Wkh ixqfwrgq Er c7 ¢ Z cg c Iv wk h

wudq vihu iurp sduhgwv wr vwx ghgqwvl Z h dvvxp h wkdwwkh vwx ghgw wdnhv wk Iv wudqgvihu ixqgfwrqgq dv
jlyhgl Q rwh wkdwz h doorz wklv wudgvihu wr ghs hgg gluhfwo rqg wkh ghwfrvwv ri froohjh E z
z klfk N z gr grwl Qrwh wkdw wkh wxlwlrg vxevliglhv z h frgvighu rshudwh e| fkdqgjlgqj wklv
yduldeoh rgo 1 Wkdw Ilv z h gr grwdoorz iru jhghudo ht xloleulxp h hfwv ri wkh w sh ghvfulehg
el Khfnp dgq/ Orfkqghu/ dgg Wde hu +4<<; ,1 Wkilv Iv ydolg li wkh vip xodwlrqgv z h frgvlghu uhodwh
wr vp doo surjudp v wkdw z rxog rqo d hfwd vp dooiudfwlrqg ri wkh oderu p dunhwl Z h dvvxp h
wk dw wk huh duh gr rwkhup rgqhwdu| frvwv ri froohjh dwwhgqgdqgfhl

Wkh vwdwh yduldeohv Iqg wklv p rghoduh dvvhwv/ vfkrrolqgj/ dgqg h{s hulhgfh Eg c7 cu 1 Wk h
frgwuro yduldeohv duh frgvxp swlrq/ vikrro hqurop hgw z hhnv ri oderu/ dgqg krxuv ri oderu

ES c¢cr ¢ c 1 Ohw . E uhs uhvhgw wk h h{ s hfwdwlrg ri dj hgw z Ilwk uhvs hfw wr Igirup dwlrq



kh kdv dwdjh |1 Wkxv rgh fdg z ulwh wklv p rghoxvlgqj E hoop dq*v ht xdwlrq dv

T Eg c7 cu ! 4 @ i ES c¢cr c¢c7 ¢ c n B. ET Eg c7 cu j

vx e nmfww +5,/ dgqg +6,1

Lgglylgxdov ydu| Iqg wkh srsxodwrq ehfdxvh ri khwhurjhghlwl Iqg suhihuhqfhv E /I Iqgirup doO
wlr q E. /'z dj hv E / sduhgwdowudqvihuv E /| dgg eruurz lgj udwhv dgg dvvhwohyho - cg
dgg wxlwlrqg ohyhoE 1

Orrvhol iroorz Iqgj N hdgh dgg Z roslq +4<<<, z h dvvxp h wkdw

S
ES c¢cr ¢c7 ¢ ¢ ! — n b r « E7 e n b r =« Ee 7 H n b r « EH 7
b — b
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Er ¢c7 ¢ z b n b r « Ee 7 H El n b E z

J lyhg wklv vhwxs/ z h fdgq vroyh iru wkh rswip dosur oh ri vikrrolqgj/ frqvxp swirq/ vdylqj v/

dgg ohlvx uhl

Wk huh duh d gxp ehu ri vrxufhv ri khwhurjhghlw 1Ig wkh p rghol Z h p rgho wkhp lg wk h

iroorz Ilqj p dqgqhu/

b ! ~ n w n c iru ! ec2c ¢
b ' ~ n w n c iru ' ec2c ¢
b ' ~ n w n c iru ' c c ! ~ n w n c dgg
k E7 w n w 7 n w 7 « Ee 7 n w 7 « EH 7 c
z khuh z h dvvxp h wk dwwk h huur uwhup v +whup v z lwk w ru duh doolgghs hqghgwz Iwk wk h revhuyO
deoh yduldeohv +whup vz Ilwk ~ 1 Ohw~ frp sulvh doori wkhfrp srqgqhgqwvri E~ c~ ¢~ cC-~ c~ c-~
5 G|l huhgfhv iurp wk h N Z p rgho

Wkh p dig gl huhgfh ehwz hhg rxu p rghodqgqg wk hluv Iv wkdw rxup rghogrhv grwuht xluh vs hfoO

li| lgj wkh glvwulexwlrqg ri xqrevhuyhg yduldeohv +l1h1 wkh dgg w whup v, dgg wkh dj hgwv

sur fhvv ri ohduglgqj derxw wkh ydoxh ri wkhvh xqgrevhuydeohvl N Z hvwlp dwhv wkh p rgho e]|

p d{lp xp oonholkrrg z klfk fdoov iru vs hfli|lgj wkh nmlgw glvwulexwlrgl F rqvivwhgf| ri wkh

hvwlp dwru ghshggv rq wkh fruuhfwvshfl fdwlrq ri wklv glvwule xwlrq1l



Wde hu +5333, frqvlghuv vhp Isdudp hwulf Ighgw fdwrqg ri d vip lodu fodvv ri g| qdp If suro0O

judp p Iqj vfkrroqgj p rghov dgg vkrz v wkdw wkh frgglwlrqv duh yhu| vwurgj dgqg fdg gqrweh

p hwz Iwk wkh gdwd dw kdgg1l

Wkh rwk hu p dlg gl huhgfh Iv wkdw z h z loo h{sorlw wkh yduldwlrgqg Iq wxIlwlrqg xgghu wkh dvO

vx p swirq wkdw +4, wkh yduldeoh Iv Ilgghshgqghqw iurp wkh xqrevhuyhg yduldeoh frqglwlrgdorq

revhuyhg h{rjhgrxv yduldeohv ri wkh p rgho ~ dgg +5, wkh yduldeoh Iv h{foxghg iurp wk h

rxwfrp h yduldeohv wr hvwlp dwh wkh Ip sdfwri wxlwlrqg vxevlg| srolf]|1

Li z h frxog frqvivwhgwo| hvwlp dwh doo wk h vwux fwx udo s dudp hwhuv/ wkhg z h z rxog eh deoh

wr hydoxdwh dq| srof| wkdw fdq eh dgguhvvhg z Iwklg wkh p rghol Z h duh grw deoh wr fduu]

rxw wklv p ruh jhghudo h{ huflvhl K rz hyhu/ xqghu wkh p digwdlghg dvvxp swlrqv +4, dgg +5,

dgg edvhg rq vrp h dvs hfwri wkh ghvfulehg p rgho/ z h z looeh deoh wr frqvlvwhgwol hvwlp dwh

wk h wx lwlr g vxevig| srof| h hfwz Ilwkrxwp dnlgj glvwulexwlrgqdodvvxp swirqv derxw wkh huuru
whup v1
6 Hvwlip dwlr g

Qrwh wkdw Ilg rughu wr hydoxdwh wkh wxlIwlrq vxevig| srolf|/ z h z loogrwghhg wr hvwlp dwh wk h

ix oo vwux f wx udo sdudp hwhuvl Z h z loo hvwlp dwh d vhp Isdudp hwulf uhgxfhg irup yhuvlirg ri wklv

p rghol
Wklv Iv hvvhgqwldool d 9 lggh{ p rghol Wkdw Iv frgqglwlrqdo rq -~ dgg djh E I iru dq|
srwhgwldorxwfrp h't z h fdqg z ulwh
Et m c cz ! 8 ~ Z c~ c-~ c~ c~ c~ q c
Z h z looh{dp Igh wkh iroorz Iqj yh rxwfrp h yduldeohv= froohj h dwwhggdqgfh /| hduv ri vikrrolqgj/

z hhnv z runhg s hu | hdu/ krxuv z runhg s hu z hhn/ dgqg orj 0z dj hl1 Wkh gdwd Iv j hghudwhg Ig wkh

devhgfh ri d wxlwlrqg vxevig| +zZ f,1 Rxujrdolv w vip xodwh wkh h hfwri d wxlwlrg vxevlg)]

z klfk fdg eh vxp p dullthg e]| 2z z klfk p d| ydu| dfurvv Igglylgxdovl R xu jrdo Ilv wkxv wr

hvwlp dwh . Et m c cz 1

Z h gh gh wkh ghw wxIlwlrq Iqggh{ -~ Z wr eh

wx lwlr q n dg| fro z



z k huh wx Iwlr g Iv wk h dyhudj h wxlwlrq sdlg dw5 | hdu froohj hv Ilq wkh vwdwh Iq z klIfk Iqgglylgxdo

ooyhv dwdjh 4: dgqg dq| fro Ivd gxp p | yduldeoh Iqglfdwlqgj z khwk hu wk huh z dv d froohj h Iq

wkh frxqgw 1g z klfk wkh Igglylgxdoolyhg z khg kh2vkh z dv 4:1 Z h irocorz F dp hurq dgg Wde hu

+5334, e| dvvxp Igj wkdw wklv uhsuhvhgwv d gdgfldo frvw ri froohjh dv rqh fdgq olyh dw krp h

dgg dwwhgg d froohjh Ii Iwlv forvhl Wkh vwuxfwxudop rgholp srvhv wzr Ip sruwdgqw uhvwulfwlrgq

ri wkdw duh ehlgj xvhg khuhl Wkh uvw lv wk dw wk hvh wz r yduldeohv Iqg wkh frvwri froohjh Iqgh{

gr gqrwdsshdulg dg|] rwkhulgglfhvli Wkh vhfrqg Iv wkdw wk h wxIwlrqg vxevig| hgwhuv wk h Iqggh{

dv vs hfl hg deryhl

D v irup doo] glvfxvvhg Ig wkh dsshqgqgl{/ z Iwk dg dgglwlrgdo uhj xodulwl frqgqglwlrqgq/ rqh fdgq

lg hgwli| dgg rwk hulgglfhv z khg z h qrup dol}h wkh xgqnqrz q ixqgfwrqv* uvw s duwldo g hulydo

wly hv vxIlwdeol 1 Z h gr qrwaqghhg wr Ip srvh dq|] rwkhu h{foxvlrgq uhvwulfwlrg dv Iwlv qrwqghhghgl

Wkxv doo yduldeohv Iq gl huhgwlgglfhv h{fhswiru wkh wxlwlrqg Iggh{ duh wkh vdp h=

Il ru fodulw z h z loo z ulwh yduldeohv Ig wk h wxlwlrg Iggh{ e|] A 1 Wkxv ~ ' A1l

R gh vwudwhj | z rxog eh wr hvwlp dwh 8 dgg wkh lgglfhv ri wkh p rghoxs wr grup dol}dwlrqgyv

dv glvfxvvhg Iq wkh dsshqgl{1 WkIv Igyroyhv kljk glp hgvlilrqgqdo grqolghdu rswlp I}dwlrqgl Z h

irxqg dgr wk hu vwudwhj | z klIfk uhgxfhv wkh glp hgvirgdolwl ri wkh grqgolgqhdu rswip I}dwlrqg wr

rgh Iqg rxu dssofdwlrgl Z h glvfxvv wkh suhflvh uhodwlrqvkls ehwz hhg wkh wzr dssurdfkhv Iq

wk h dsshggl{1

Qrwfh wkdwirudq| rxwirp ht z h fdgq z ulwh wkh p rghohyhqg p ruh h{leo dv

Et m c cz ! C EA Z cf c

Wk lv uhsuhvhgwdwlrg ri wkh p rgholv d fodvvlif vhp Isdudp hwulf uhgxfhg irup ri wkh ruljlgdo

vwux fwxudop rghol Wkh jrdori wklv sds hu v wr hvwlp dwh wkh h hfwri wxlwlrqg vxevig|1l Z h fdgq

lghgwli|] 2hvwlp dwh wkh h hfwri wkh wxlwlrg vxevig| rqg rxwfrp ht lg wk h iroorz Igj p dggqhu=

41 X vliqj dgq| sduwlfxodu  rxwfrp h Ilghgwli|] 2hvwlp dwh dgg C iru wkdwrxwfrp hil
51 Lghgwli|] 2H vwlp dwh C fruuhvsrqgqglgqj wr doowkh uhvwri rxwfrp hvl
61 VIip x odwh . Et m c cz ' C EA Z cf c 1



Wkh edvlf sur fhgxuh iruwkh uvwvwdj h hvwlp dwlrgq ri wkhlggh{ Ivvlip loduw vhp Isdudp hwulf
ohdvw vt x duhv +Lfklp xud/ 4<<6,1 ohw & uhs uhvhgw wrid w sh ri grgqsdudp hwulf uhj uhvvirgq
rit rqwr EA cf ¢ 1 Qrwh wkdw wkh sdudp hwhu Iv ryhu lghgw! hg dv wk huh duh p x owls oh
rxwfrp hvl VIip soh p rghov vxjjhvw wkdw dg hdv| 2z d| wr hvwlp dwh wkh h hfwv ri wxlwlrqg rgq
rxwfrp hv z Iwkrxw vdful flgqj ht! flhgf|] wr p xfk p d|] eh wr xvh froohjh dwwhggdqfh E( 1

Wkxv z h hvwlp dwh

e ' @h} 4 2 ( &  Ewxlwrg n dq| fro cf

Djh lv gursshg dv ( Iv frgvwux fwhg iru lgglylgxdov ryhu 58 dgqg xqghurxudvvxp swirqg lgglo
ylgxdogr grwdwwhqgqg froohjh diwhu wk vl

Lg hvwlp dwirqg z h xvh d vhfrgqg rughusro qrp Ido+lgfoxglqj doolgqwhudfwrgqgv, dvrxu h{ le oh
ixqgfwlrgdoirup iru C 1 Wkhuh duh ri frxuvh rwkhu srvvlielolwlhvl Q rwh wkdw jlyhqg I xvh ri
txdgudwlf ixqfwrqg irucC Ip solhv wkdw wk h uhvwr i wkh sdudp hwhuv fdg eh h{solflwol frp sxwhgl

VwdjhO5riwkhhvwlp dwlrgq Ivdovr s huirup hg xvlgqj vhfrqg rughusro grp Ildodssur{lp dwlrqvl

D frp sofdwlrq dulvhv Iqg Iqgwhus uhwdwlrq ri uhvxowvl Z dj hv dwd jlyhg djh ghshqg rq vfkrr o0
lgj erwk wkurxjk Iw h hfwrq h{shulhgfh dgg Iw gluhfwh hfwl Lwlv vwdgqgdug Ig wkh hp slulfdo
olwhudwx uh wr vxp p dul}h wkh h hfwri vifkrroqgj rq z djhv kroglqj h{s hulhgfh frqvwdqwl Li z h
gr grw frqglwlrqg rq h{shulhgfh/ wkh h hfwri wxlwlrq vxevlg| rq z djhv z loo ghshgqg rq wkh
ohyho ri h{s hulhgfh dgg wkxv wkh djhl Krz hyhu/ jlyhg wkh vwux fwxuh deryh/ wklv Iv grw wkh
fdvh Ii z h frqglwlrqg rgq h{s hulhgqfhl Vigfh h{s hulhgfh Iv hggrjhgrxv +iurp wkh s huvs hfwlyh ri
wkh p rgho, frqglwirqglgj rq Iwlv grw wulyldol K rz hyhu/ jlyhg wkh irup ri wkh zdjh htxdwlrgq
+4, deryh/ wk huh Iv d vip soh vroxwirgl Qrwh wkdw vikrroqj rqo hgwhuv wkh p rgho wkurxjk
k E7 Iz klfk Iv {hg rgfh Ilgglylgxdov kdyh hgwhuhg wkh oderu p dunhwl Wkxv rgqh fdg ghdo
z lwk wkh hggrjhghlw ri 7 xvligj d {hg h hfwv vwudwhj |1 Wk huh Iv dgr wk hu s rwhgwldo s ur eohp
wk dwoderuvxsso dgg wkxv u z looeh fruuhodwhg z Ilwk 1Z h wkxv hvwlp dwh ¢ dgg q xvlqgj
{hg h hfw dgqg Iqvwuxp hgqwdo yduldeohv z Iwk djh dgg dj h vt xduhg dv Igvwuxp hgwv iru dfwxdo
h{ s hulhqfh dgg h{s hulhgfh vt xduhgl Z h fdg wkhqg uhsruw wkh h hfwri wxlwlrqg vxeviglhv rq
z dj hv kroglqj h{s hulhgfh frgvwdqwe| xvlqj *L} E & u & u /" z khuh u Iv wk h ohyhor i
h{ s hulhgqfh z Iwkr xw wk h wxlwlrq vxevig|/ dv rxurxwfrp h yduldeohl Z h wk hg sur fhhg z lwk wklv

rxwfrp h yduldeoh Iq h{dfwo wkh vdp h z d|] wkdwz h gr z Iwk wkh rwkhurxwrp hvl



7 G dwd

Z h xvh z klwh/ eodfn/ dgqg K lvsdqlf p dohv iurp wkh 4<:<04<<7 zdyhv ri wkh Q OV\ +Q dwlrgdo
Orqjlwxglgdo Vxuyh| ri \ rxwk,1 Z h h{foxgh iurp wk h dgdo|] viv wkh p lolwdu| vxevdp soh dqgqg
wk h gqrgqOE odfn gqr qOK Ivsdqlf glvdgydgwdj hg vdp sohl Z h xvh rgo p doh vdp sohv ehfdxvh wk hlu
vikrrolqgj ghflvirgqv dgqg oderu vxsso duh ohvv frp sofdwhg e| ihuwlolw dgqg oderu p dunhw s du0
wlflsdwlrq frqgqvighudwlrqgqvl

Vfkrrogj revhuydwrqgv ehjlg dwdjh 48 dgg h{whgg dwohdvw wk ur xj k djh 5< irudoolqglylgO0
xdov Ilgfoxghg Ig rxu vdp sohl E hfdxvh Iqgirup dwlrqg ehiruh 4<:; Iv uhwurvs hfwlyh dqgg olp lwhg/
zh frgqg gh rxuh{wudfwwr p dohv ehwz hhgq dj hv 46 dgqg 4: Iq Mdgxdu| ri 4<:; Iqg rughu wr kdyh
uholdeoh Igirup dwlrg rqg frxqgw ri uhvighgfh z klfk Iv xvhg wr frqvwuxfw wxlwlrq dgg fr oohj h
sur{lp lw 1

Wkh nh| yduldeoh Iqg rxu dgdo|l vilv Iv wxlwlrgl D sdghori dggxdo uhfrugv rqgq wxlwlrq/ hg?o
ur oop hqgw/ dgqg or fdwlrg ri doo sxeof wz ro0odqgg irxu0Of hdu froohj hv +lgfoxglgj X gqlyhuviwlhhv, Iq
wk h X glwhv Vwdwhv z huh fr gvwux fwhg iurp wkh G hsduwp hgwri Hgxfdwlrg*v dggxdo K HJ LV dqgg
LS HGV Lgvwlwx wir gdo F kdudf whulvwlfv vxuyh| vl E| p dwfklgj orfdwlrq z Iwk d s huvrg*v frxqw|
ri uhvighgfh/ z h z huh deoh wr ghwhup Igh wkh suhvhgqfh ri d wz r 0O hdu froohj h/ irxu0l hdu fr oohj h/
ru hlwk hu Ig wkh frxgw ri uhvighgfhl D qgxp ehu ri vs hfldow froohj hv/ jhghudool 2z Iwk vp doo
hq ur oop hgwv ohvv wkdqgq 433/ z huh h{foxghg1l | hghudo Igvwlwx wir gv/ vxfk dv wkh Q dydo D fdghp |/
z huh dovr h{foxghgl WkIlv yduldeohv fdgq eh p hdvxuhg dwdqg| djhl I rurxudqgdo| viv/ krz hyhu/
wk h| duh p hdvxuhg dw djh 4: wr dyrlg wkh reylrxv sureohp wk dw s hr soh z kr dwwhqgg froohjh
j hghudool] uhvigh Ig wkh vdp h frxqgw wkh froohjh Iv orfdwhgl

Wkh rwk hu yduldeohv z h frgwuro iru Iqg wkh p rghov duh p Ilgrulw vwdwxv +l1lhl eodfn dqg
Klvsdqlf z klfk duh frp elghg,/ idp lo| lgfrp h/ orfdo Ilgfrp h Ig wkh frxqgw| lg z klfk wkh
lgglylgxdooyhg dwdjh 4:/ DI T W vfruh/ idwk huv hgxfdwlrq/ p rwk huv hgxfdwlrq/ dgqg gxp e hu
ri vieolgjvl Z h xvh wkh vdp h gdwd dv Ig Fdp hurg dgg Wdehu +5334,1 Lw lv glvfxvvhg p ruh

h{ whgvly hol wk huh1l

8 Hp slulfdo U hvx owv

Z h suhvhgw wk h uhvx owv x vigj wkh p hwkrgrorj| dgg gdwd ghvfulehg deryh1l Z h frqvlghu wk uhh

gl huhgw w shv ri wxlwlrgq vxevliglhvl Wkh uvw v d vwudlj kw ' 4333 wxlwlrqg vxevig|1l Wkdw Iv/



hyhu| Ilgglylgxdo z rxog uhfhlyh d vxevlig| ri 4333 I|li kh dwwhggv froohjhl Wkhvh uhvx owv duh

suhvhgwhg Ig wkh uvw froxp q ri Wdeohv 4 dgg 51 Wkh vhfrgqg Iv p hdgqv whvwhg dgg wduj hwhg

wrz dugv orz Ilgfrp h idp lothvl Vwxghqwv z krvh sduhgqwv Iqgfrp h duh ohvv wkdg ' 53333 rqgo| duh

holjleoh iru wkh 4333 vxevlig|1l Wkhvh uhvx ow duh suhvhgqwhg Iqg froxp q 5 +ri erwk wdeohv, dqg

rqgol dyhudjhv iru wkh holjleoh srsxodwrqg +lI1lhl vwxghgwv iurp idp lolthv z kr hdugq ohvv wkdgq

'53333, duh suhvhgwhgl Wkh wklug vxevlg]| Iv p ruh frp solfdwhgl Vwx ghgwv iurp idp lolhv z kr

hdugq ohvv wkdq '53333 duh holjleoh irud 5333 vxevlig|1 Wkh vxevlg| wkhg skdvhv rxwdwd udwh

ri "433 shu '4333 ri idp lo] Ilgfrp h xqwlo Iw glvdss hduv dw idp lo] Igfrp h ohyho ' 733331 Z h

suhvhgw wk hvh uhvxowv Iqg froxp g 6 +ri erwk wdeohv, iru vwx ghgwv iurp idp loohv wkdw hdug ohvv

wkdg '73333 rqgqol1l

Z h frgvlghu wz r gl huhgw vshfl fdwlrqgqvl Lg wkh uvw/ wk h rqol yduldeoh Igfoxghg Ig wkh

frvwri vikrrolgj lggh{ Iv wxlwlrg Iwvhoil Wkh uhvx oww duh suhvhqwhg Iqg Wdeoh 41 Z h h{dp Igqh

vhy hudo gl huhgw rxwfrp hvli Wkh h hfwri wkh wxlwlrq vxevig| rq froohjh dwwhggdqgfh Iv z hoo

z lwk lg wkh udgjh Ilg wk h owhudwx uh +vhh Ohvolh dgg E ulgnp dq/ 4<;;,1 Wkh h hfwlv vip hz kdw

oduj hu z khg wduj hwhg dw wkh orz hu Igfrp h srsxodwlrq/ exwrqh fdqg vhh iurp wkh frq ghqgfh

lgwhuydov wkdw wk h uhvx ow duh gqgrw yhu| suhflvhl X giruwxqgqdwho|/ wkh frq ghqfh Igwhuydov duh

oduj h rq wkh rwkhu rxwrp hv +sduwlfxoduol | hduv ri vikrrolqj dgqg z djhv, p dnlqj Iw kdug wr

gudz vwurqj frgfoxvlirgv Wr jlyh vrp h p dggqhu ri mkgjlgj wkh p djglwxgh ri wkh z djh h hfw

z h suhvhgw wk h Ip solflwuhwxug wr vikrroqj h hfw 1Iqg wkh odvwurz 1 Wkilv Iv vip so wkh z djh

h hfw+frqwuroolqj iru h{shulhgfh, glylghg e| wkh Iqgfuhdvh Iq | hduv ri vfkrrolgj1l WkIlv kdv wkh

lgwhus uhwdwlr g dv wk h dyhudj h uhwxugq wr d | hduri vifkrroqgj dyhudj hg ryhuwkh dgglwlrgdo| hduv

ri vikrroqj wkdw uhvxow iurp wkh vxevlg|1 J Ilyhg wkh Ip suhvvirg ri erwk wkh gxp hudwru dqg

ghgrp lgdwru lg wklv fdvh wkh h hfwv duh grwz hooslgghg grz gql

Wr khos wkh suhflvirg z h h{sdgghg wkh Iggh{ ri frvwri froohjh w Igfoxgh wkh suhvhqgfh

ri d froohjh Ilg rqh*v frxqw iroorz Iqj F dp hurg dgqg Wdehu +5334,1 Wklv yduldeoh whgqgv wr eh

d p xfk vwurqgj hu suhglfwu wkdg wxlwlrqg Ilwvhoi/ vr z h h{s hfwhg wklv w khos wkh suhflvlirqg ri

wk h hvwlp dwhv vx evwdqwldool 1 Wklv kdg wkh h hfwri vxevwdqwldoo| orz hulgj wkh p dlg h hfwri

wx lwlr g rq froohjh dwwhgqgdgfhl Wkh frq ghgfh Igwhuydov whqg wr eh vrp hz kdw vp doohu Ig wklv

wde oh/ ex w vwlooyhu| z Ighl Z h vxvs hfwwkdwrqgh uhdvrq z k| Igfoxvirg ri froohjh Iq frxqgw glg

qgrwkhos wkdwp xfk Iv wkdw Ilwlv d gxp p | yduldeoh dgg z runv r t xlwh gl huhgw yduldwlr g Iq

wk h gdwd wkdg wxIwlrq lwwhoi +tdgg wk h wxIlwlrq vxevlg| ,1 Wk huh duh d gxp ehuri z d| v wr wu| wr



Ip suryh wklv sur fhgxuh z klfk z h ohdyh iru ixwx uh uhvhdufk1

9 F rqfoxvlrqyv

Lg wklv sds hu z h s huirup vhp Isdudp hwulf uhgxfhg irup dgdo| viv wr vip xodwh wkh h hfwv ri
vhyhudo wx Iwlrq vxevlg| swurjudp v rg d ydulhwl ri rxwfrp hvl WkIlv Iv fodvvlf uhgxfhg irup
hvwlp dwlrq Ig wkdw z h suhvhgw d ixoo vwux fwxudo p rghoexwr rqol hvwlp dwh d uhgxfhg irup ri
wk h p rghol S uhvhgwdwlrg ri wkh ixoo p rgho lv ghfhvvdu|] wr mvwli|] wkh xvh ri wkh uhgxfhg
irup iru srof| vlip xodwlrqgl WkIv Iv dgq h{dp soh ri wkh w sh ri gluhfw hvwlp dwlrq ri srolf]
h hfwv ghvfulehg p ruh jhghudool Iq Lfklp xud dgg Wde hu +5333,1 Wkh edvlf Ighd Iv wr vs hfli]
wk h p Iglp doohyhori frqgglwlrqv ghfhvvdu| irulghgw fdwlrq ri wkh srof| h hfwdgg wkhg xvh
wk rvh frgglwlrgv wr vip xodwh wkh h hfwl Z khg rgh kdv wkh olp Ilwhg remfwlyh ri vip xodwlqg]j
d sduwlfxodu srof| wklv z looriwhg kdyh wkh dgydgwdj h ryhu hvwlp dwlrg ri wkh ix o0 vwux f wx udo
p rghowkdw Iw uht xluhv z hdnhu ixgfwlrgdoirup wuht xluhp hgwvl Lwp d| dovr eh frp s xwdwlrqdoo|
hdvlihu wr hvwlp dwh wk h uhgxfhg irup p rghowkdg wkh ixoo vwux fwxudop rghol Wkdw Iv fhuwdlIqg o|
wk h fdvh Iqg wklv h{dp sohl R q wkh rwkhu kdgg/ z h gr uht xluh wxIwlrgqg yduldwlrq z klfk/ xqghu
wk h p digwdlghg p rgho/ fdgq eh uhjdughg dv ht xlydohgw wr wk h wxIwlrg vxevig| yduldwlrqgl
X vlgj wklv dssurdfk z h vip xodwh vhyhudo gl huhgw wx Iwlrg vxeviglhvl D v Iqg rwkhu vwxglhv
z h gg wkdw wx Iwlrqg vxeviglhv kdyh d vxevwdgwldoh hfwrq froohjh dwwhgqgdqgfhl Wkhuh Iv vrp h
z hdn hylghgfh wkdwwklv h hfwlvonho wr eh oduj huz khq wkh vxevig| Ivjhduhg wrz dug vwx g hg wv
iurp orz Iqgfrp h idp loohvl Wkh frq ghqgfh Igqwhuydov duh z Igh p dnlgj Iw kdug wr p dnh vwur qj
vwdwhp hgwv der xw wk h uhvx owvl
Lfklp xud Ivdwwkh Ghsduwp hgwri Hfrqgqrp Ifv/I X qlyhuvliwl F roohjh Orgqgrq dgqg wkh F hqgwuh
iruP Ifurgdwd P hwkrgv dgg Sudfwfhl Wde hu Iv d! oldwhg z Iwk wkh G hsduwp hgwri Hfrqgrp Ifv
dgg wkh Lgvwlwx wh iru Srolf| Uhvhdufk dw Q ruwkz hvwhug X gqlyhuviwl 1 Z h wkdgn P dun UrvhqoO

Yz hlj iru frp p hgqwvl
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Fdp hurq/ V1l dqgqg Wde hu/ F 1/ +5334, Hvwlp dwlqj E ruurz Ilqgj Frqgqvwudligwv xvligj wk h U hwxuqv

wr Vfifkrrolqj/ xgsxeovkhg p dgxvfuls wl

K hfnp dg/ M1 Or fkqghu/ O1 dgg Wdehu/ F 1 +4<<; , J hghudo Ht xloleulxp Wuhdwp hgqw HiO

ihf wv/ Dp hulfdg Hfrgrp If Uhylhz Sdshuv dgg S urfhhglqjv/ ;;/ 6; 406; 91

Lfklp xud/ K 1+4<<6,/ Vhp Isdudp hwulf OhdvwVt xduhv +VOV, dgg Z hlj kwhg VOV Hvwlp dwlr q

ri VIigjohOLgqgh{ P rghov/ Mr xugdori Hfrgqrp hwlfv/ 8;/ :404531

Lfklp xud/ K1 dgg O1 Ohh + 4<<4,6= Vhp Isdudp hwulf Ohdvw Vt xduhv Hvwlp dwlrgq ri P x owl0
soh Lggh{ P rghov= VIigjoh Ht xdwlrqg Hvwlp dwlr q/ lg Qrgsdudp hwlilf dgqg Vhp Isdudp hwlf
P hwkrgv Iqg Hfrqrp Ifv dgg Vwdwlvwifv/ hgle| Z 1D 1 E dugqhww/ M1 Srz hoo dgg J 1 Wdx fkhgq

+F dp eulgjh/ Hqjodgg=F dp eulgjh X glyhuviwl S uhvv, 607<1

Lfklp xud/ K1dgg F 1Wdehu +5333, G luhfw Hvwlp dwlrg ri Srolf| Lp sdfwv QEHU WhfkoO

qlfdoZ runlgj Sdshu 5871

N hdgh/ P 1/ dgg Z roslq/ N 1 +4<<<,/ Wkh H hfw ri Sduhgwdo Wudqvihuv dgg E ruurz Iqj

Frgvwudlgwvy rq Hgxfdwlrqgdo D wwdlgp hqgw/ iruwk frp Ilqgj LgwhugdwirgdoHTfrqrp If Uhylhz 1

Ohvolh/ O1dqg S1E ulgnp dq +4<;;,/ Wkh Hfrqrp If Ydoxh ri KIjkhu Hgxfdwlrg/ Q hz \ run=

P dfp loodg1l

P duvfkdn/ M1 +4<86, Hfrqrp If P hdvxuhp hgqwv | ru Srolf| dgg S uhglfwraql/ lg Vwglhv Iq

Hfrgrp hwlf P hwkrg hglwhg e|] Z 1Krrg dgg W1INTrrsp dgv/ Mrkq Z Ioh|] 4 591

Urvhg}z hlj/ P 1dgg N1Z rolgqg +5333, Q dwxudo cQ dwx udo H{ s hulp hgwv* Ig Hfrqgqrp Ifv /

Mr xugqgdori Hfrqrp If Olwhudwkuh 6; +7,=;5:0;,:7/ Vhfwrqg 7 +s ;860; 95,1
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D ss hqgagl{

Qrwfh wkdw wk h vifdoh ri fr h! flhgwv duh grwlghgw hg dgg ixuwk hup ruh xqgohvv vrp h h{foxvlrgq
uhvwulfwlrqv duh vdwlv hg dp rqj lgqglfhv wk huh duh ix uwk hu Ilghgw! fdwlrqg sureohp v dv glvfxvvhg
e| Lfklp xud dgqg Ohh +4<<4,1 1 ru rxu sxusrvh/ wkh fuxfldo Igqgh{ Iv ~ dgg z h dvvxp h
wk dw wx Ilwlr g yduldeohv d hfw ghflvirg rqgo wkurxjk wklv lggh{ 1 X gghu wklv dvvxp swlrq/ wkh
frht flhgwv ri wklv lggh{ Iv Ilghgwl hg dgqg wkxv wkh wxlIlwlrgq srolf| h hfwlv Ighgw hgl

Ohw wkh p rghoeh

Et nf cA ' s Ef CA w
z k huh t lv d o « yhfwru/ f lv d = & uhj uhvvr u yhf wru/ lv d & o p dwul{ +& : o,/
A lv d - & uhj uhvvru yhfwru/ dgg w Iv d & e yhfwru +& : e,/ s Es ¢ cs dgg s
E e C co Ilv d frgqwlgxrxvo gl huhgwldeoh ixqfwrq iurp - lgwr - 1 Z h dvvxp h wkdw

wk huh Iv gqr frp p rqgq uhjuhvvrudp rqj f dgg A dgg wkhuh Iv gqr d sulrul }hur uhvwulfwrq Iq
p dwul{1 Z h ghgrwh wkh sduwldo ghulydwlyh ri s z Ilwk uhvs hfw wr wkh Rwk duj xp hgwe| s 1

Lg rxu dssofdwrq/ A Iv A w/ wkh uhp dlglgj 8 Iqglfhv fruuhvsrqgqg wr f / dgg o ' D1
I lyh rxwfrp hv duh/ z khwk hurqgqh jrhv w froohjhruqrw dgg | hduv ri hgxfdwlrq/ z hhnv z runhg/

krxuv z runhg dgg orj 0z dj hl

Z h vkrz wkh iroorz Igj= OhwB ' o i ' R dgqg B ' f rwk huz Ivh dgqg ghgr wh wk h p dwul{
z lwk wk h ORwk hohp hgwehlqgj s Ef e| 1
Wk hruhp 4 Ohw Ef cA eh frgqwlgxrxvo glvwlexwhg z Iwk Iw vxssruwehlqj - 1 1 ru dq|
/ w/ dgg s/ z lwk w +wk h uvw hohp hgw ri w, grw }Yhur/ wkhuh h{lvw d xqgltxh I w z | wk
wo e/ dgqg s vxfk wkdwiru ' e C co dgg R’ e C co
s Ef B
dgg s Ef CA w ' s Ef cCA w dop rvw hyhu| z khuh 1i p dwil{ Iv gqrqvigjxodu dqg kdv

ixoo froxp q udgnl

Wkilv gqrup dol}dwlrgq Iv fkrvhgqg vr wkdw Iw fdg eh Ip srvhg hdvlo z khg z h xvh sro gqrp Ido

h{sdgvlrq wr dssur{Ilp dwh wkh xqngrz q ixgqgfwrgqgq s1
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Lg hvwlp dwlrq z h xvh vhfrqgqg rughu sro qrp Idoiru wkh xqngrz q ixqfwlrgqvl WkIlv z r x og

vx jj hvw x viqgj

( ! B n B EA n f n vt xduhg dgqg furvv whup v ri 9 Igglfhv n e
7 ' j n j EA n f n vt xduhg dgg furvv whup v ri 9 Igglfhv n e
! b n b EA n b
n f n vt xduhg dgg furvv whup v ri 9 Igglfhv dgg n e
! # n # EA n #
n f n vt xduhg dgg furvv whup v ri 9 Igglfhv dgg n e
*L} ! / n / EA n |/
n f n vt xduhg dgg furvv whup v ri 9 Igglfhv dqg n e

Wkdw wk huh Iv rgqol] rgqh olghdu whup wuhodwhg z lwk f dgg wkdw wkh frh! flhgwlv vhw wr « Iv wkh
qrup dol}ydwlrg wkh Ighgw fdwlrgq wk hruhp vxjjhvwvl

Qrwh wkdwwkh vt xduhg dgqg furvv whup vri 9 lgglfhv z klfk dss hdulg hdfk ht xdwlrqg frqvlivwy
ri furvv whup vdgg vt xduhg whup v ri wkh dujxp hgwv Iq f dgg wk h furvv whup v ri wkh dujxp hgwv
lg f z lwk EA iru ( dgqg 7 ht xdwlrqv dgg dgdorjrxv whup v Igqfoxglgj djh yduldeoh iru
wk h uhvw ri wkh ht xdwlrqvl

Lg sulgflsoh/ wklv p rghofdgqg eh hvwlp dwhg e| qrqgolghdu ohdvw vt xduhv dv z h glvfxvvhg Iq
wh{wl E xw Ip sohp hgwlgj Iw z loo lIgyroyh kljk glp hgvirgqdo gqrqolghdu rswlp I}dwlrq sureohp 1
K hgfh z h winh dg dowhugdwlyh dssurdfk1

Qrwh wkdw wkh grqolghdulw p dlgol dulvhv ehfdxvh z h Ip srvh wkh p rgho uhvwulfwlrqgq wkdw
wk h frh! flhgwv Iqg wk h cvt xduhg dgqg furvv whup v* duh uhodwhg wr wkh olghdu whup v1 Li z h uhod({
wk Iv uhvwulfwlrqg/ wkh glp hgvirg ri grqgqolghdulw uhgxfhv w rqgqhl

Wkh Ip solfdwlrg ri wklv Ighgw! fdwlrgq uhvxowIv wkdw wkh frh! flhgwv rq wkh olghdu whup v ri
f fdg eh Igwhus uhwhg dv wk h uhohydgw Iqgh{ frh! flhgqwv xgqghu wkh qrup dol}dwlrq vs hfl hg Iq
wk h wk hr uhp 1

Wklv revhuydwrq fdg eh xvhg wr +4, frqvwuxfwvshfl fdwlrq ri wkh Iggh{ uhvwulfwlrq dqg

dovr +5, wk h hvwlp dwlrq uhvxow fdg eh xvhg dv wkh uvw vwhs wr Ip srvh wk h uhvwulfwlrqg Ip solhg
el wkh lggh{ p rghol

Swurri=
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Ohwr eh dq - oyhfwu]|] ehd vifdodudgg 8 eh d grqvlgj xodu o op dwul{1 Gh qghixqgfwlrgq

s rq - lgwr - e|
s Erc]| ' s rs8 c| w
O hw
8 ! 8 c c8
Wk hq
s Erc| ' s rg c¢ cr8 cf w
dgg Iwlv hdv] wr vhh wkdw/ ghgrwlqgj wkh Rwk ER ' e cC co hohp hgw ri 8 yhfwru w eh 8 iru
hdf k ' e cC co/
[
s Ef s Ef 8
z h kdyh
8 ' V]
Vr 8 ' xqlt xho vroyhv wkh htxdwrgl WkIv vkrz v wkdw wk h uhvwulfwlrgv rqg wkh sduwldo

ghulydwlyhv fdq eh Ip srvhg z Ilwkrxwd orvv ri jhghudolw dgg wkdwz Iwklg wkh fodvv ri ixqgfwlrg

s ri wkh irup ghgrwhg e| s Ers8 c| w /s Iv xqgltxho ghwhup Ighgl
Vxssrvh s Ef cAw ' } Ef cCA w krogv dop rvwvxuho dgg z khuh } vdwlv hv wk h s duwldo
g hulydwlyh uhvwulfwlr gvl F ohduo| p xvw eh ixooudgn vigfh Iv vr iurp grz rqgq/ z h dvvxp h

kdv ixoofroxp g udgn z Ilwkrxwd orvv Ig j hghudolw| 1

E| dsso lqgj wkh vigjoh Ilggh{ Ilghgw fdwlrg dujxp hgwfrqgqglwlrgdorg f / w p xvweh suro0

sruwlrgdowr w vr wkdw wk huh Iv d grg}hur S vxfk wkdww ' S wl Vigfh w «/ S e *w 1

Z h z loovkrz wkdw} Erc| ' s Er 8 c| w ! s Erc]| dop rvw vx uhol iru vrp h grgvlgj xodu

8 1 Wk lv/ wrjhwk hu z Iwk wk h hduolhu uhvxow vkrz v wkh xqltxhghvvl

O hw

r+f dgg | ' A w
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Vigfh kdv ixoo froxp q udgn/ wk huh Iv vip h p dwul{ wkdw dxjp hgwv p dwul{ lg vxfk d z d]

wkdw wk h dxjp hgwhg p dwul{ Iv grgvigj xodul Ohw c eh vxfk dgq dxjp hgwhg gqrqvigj xodu
p dwul{1 Wk hg f c ! rcf vr wk dw
f ! rcf c
Wkhg z h kdyh/ ghgrwlqgj ! f /
s Erc]| ' } Er c c cl*w

dop rvw vxuho 1 Wdnlqgj ghulydwlyh z Iwk uhvs hfw wr dgqg hydoxdwlqgj dw wkh ruljlg z h kdyh/

f
ru ' f z khuh Iv wk h erwwrp & o urz vri c 1 Wkilv Ip sohv wk dw Iv d olghdu
frp elgdwlrgv ri froxp gqv ri vr wk dw wk huh Iv d p dwul{ 8 wvxfk wkdw ' 8 1 Z khg lv

grqvligjxodu/ 8 p xvweh grqgqvlgjxodu vr wkdw z h fdg z ulwh

ru} Erc| ' s Er 8 c| w krogv dop rvw vx uho| 1
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Wdeoh 4

Vip x odwhg H hfwv ri Wxlwlrqg Vxevlg]|

R g Ydulrxv Rxwfrp hv
H vwlp dwhg

iurp Q OV\

Frvwri Vfkrrogj Lggh{= Wxlwlrqg R qo

P hg R qo

+E rrwvwuds s hg <8¢ Frgq ghgfh Lgwhuydov Iq Sduhgwk hvhv,
'4333 P hdgv Whvwyv S kdvhg R xw
R xwfrp h Vxevlg]| Vxevlig]| Wx lwlrqg Vxevlg|
F roohj h Dwwhqgdqgfh 313786 313937 313; 87

+313439/313; ; ,

\ hduv ri Vfkrrolq]j 31377:
+031485/3147; ,
Z hhnv Z runhg s hu \ hdu 315467
+031838/31<93,
K rxuv s hu Z hhn 31, 593

+31399/41489,

Orj Z djhv +xgfrqgglwlrqdo, 3134: 9
+031349/31388,
Orj Z djhv +frggl H{s1 313466

+03134</31383,

+31337/3143<,
314; ; 3
+031435/31676,
03139: 9
+04 15<</41696,
417679
+3183; /51847,
313388
+031373/3139: ,
313357

+031365/31389,

+3133</3147<,
3155; 9
+031495/3178: ,
3135; ;
+04188; /41<39,
41<3<6
+31: :4/61645,
31346<
+031383/323<5,

3133<4

+03136</313; 6,

Lp solflw U hwl wr Vfkrrolqj 315<; 7 313459 3136¢<;
Il udfwlrqg Holjleoh 433( 64 ( 9 < (
D " 4333 wxlwlrqg vxevlg|] Iv jlyhg w dq|rqgh dwwhgglqgj froohj hil

D " 4333 wxlwlrqg vxevlg]| Iv jlyhg wr

idp lo] lgfrp h Iv ohvv wkdgq '533331 Wkh gxp ehu uhsruwhg
srsxodwrgq +idp lo] Iqfrp h ? '53333,1
Wkh wxIlwlrqg Iv '5333 iruvwxghgwv z krvh idp |0

Wkh vxevlig| idghv olghduo|] wr }hur dw'
duh iru wkh holjleoh srsxodwlrq +idp lol Igfrp h ?
Wklv gxp ehu uhsruwv wkh h hfwri wkh srof]| rgq

frqvwdqwl

Wkh Ip solflwuhwxug wr vfkrrolgj Iv vip so wkh h

rq h{shulhgfh glylghg e|] wkh h hfwrgqg | hduv ri
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lgglylgxdov dwwhqglqj

hdugv ohvv wk dq

z djhv kroglqj

hfwrqg orj

733331 Wkh gxp ehuv uhsruwhg

'53333,1

vikrrolgij1

froohjh z krvh

'533331

Iv iru wk h holj le oh

h{ s hulhgfh

z dj hv +frgglwlr gdo



Wdeoh 5
Vip x odwhg H hfwv ri Wxlwlrg Vxevlg)]|
R g Ydulrxv Rxwfrp hv
Hvwlp dwhg iurp Q OV\
Frvwri Vfkrroqgj Lggh{= WxIlwlrgqg . F roohjh Lg Frxaqw|
P hg R qo

+E rrwvwuds s hg <8¢ Frq ghgfh Lgwhuydov Iq S duhgwk hvhv,

''4333 P hdgv Whvwyv S kdvhg R xw
R xwfrp h Vxevlig]| Vxevlig]| Wx lwlr g Vxevlg|
F roohj h Dwwhqgdqgfh 3133<4 31335«< 31339«<
+031355/31389, +031345/313: 9, +031354/31443,
\ hduv ri Vfkrrolq]j 313587 3133; 3 3134<7
+0313; 7/31476, +0313: </315; ; , +031434/31697,
Z hhnv Z runhg s hu \ hdu 3134: 8 313664 313757
+031475/3194<, +031594/31: 98, +031669/41447,
K rxuv s hu Z hhn 0313; 69 0314576 0314: 45
+031574/31766, +03163</319: 5, +03173; /31<55,
Orj Z djhv +xgfrqgglwlrqdo, 313354 313344 31334<
+031337/31367, +03133: /31367, +031339/31383,
Orj z djhv +frqgl H{s1, 313358 0313335 31333;
+031336/31366, +031343/31356, +031343/31374,
Lp solflw U hwl wr Vfkrrolqj 313<<6 0313576 3136<<
Il udfwlrqg Holjleoh 433 ( 64 ( 9<(
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