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Dqdo|vlv 1 Vorz luhtxhgf] Krsslg) Qhwzrunv

luhguln loruig/ Dggui Vwudggh/ Ryh Hgiruv
Ghsw1 ri Dssolhg Hohfwurglfv/ Oxgg Xglyhuviw|
Er{ 44,/ VH0554 33 Oxqg/ Vzhghq
~iig/dvh/rhv€Cwghlowklvh

o
Devwudfwzh ghulyh dq dssur{lpdwirg ri wkh wkurxjkO %
sxw ri vwurgjo| lgwhuihulgj iuhtxhqgf|Okrsslgj udglr v|jvw hpv/ g O 7]
zkhuh sdfnhw froolvirqv dozd|v uhvxow Iq orvw gdwd1l D v|vwhp ~
Iv gh ghg wr frqvivw ri d fhuwdlq gxpehu ri udglr ghwzrunv/ w | BT ]
hdfk ghwzrun zlwk dqg duelwudu| gxpehu ri frppxqglfdwlqj deug
xglwv frruglgdwhg wr frppxglfdwh zlwkrxw Iqwhuihuhgfhl Khdghu Sdlordg [gwhuydo
BT ]
k o d

n

n n

L1 Lgwurgxfwlirg

Wkh ghyhorsphqw ri vpdoo dqg preloh odswrsv dgqg whuO Wiph
plgdov kdv fuhdwhg d ghpdqg iru idvw dqgg frqyhglhgw ZluhO
ohvv Orfdo Duhd Qhwzrun +ZODQ, dffhvvl D srvvlelolw] irlfil 41  Wkuhh sdfnhwv dgg wkhiu frpsrghqwv wudqvplwwhg e d
wkhvh vlvwhpv Iv wr xvh wkh xqolfhqvhg LVPOedqg zklik Iv luhtxhaflOkrsslaj qhwzrunl
rshq wr wkh sxeolf dqg wr doo nlqgv ri udglr vivwhpv/ dv

iru h{dpsoh Eoxhwrrwk”4*/ d vkruw udgjh v|jvwhp iru zluhohwv Xvlgj wkh vjvwhp prgho deryh zh ghulyh dq dgdojwlfdo
fraghfwlylw|l Dv wkh LVPOedqg Iv vkduhg ehwzhhq pddh s hyvirg iru wkh gdwd wkurxijksxw ri wkh ghwzrunv/ jlyhq
xvhuv dqg vjvwhpv/ lqwhuihuhgth dag uhgxthg shuirupdaf{yp, iroorzigj dvuxpswirgu= froolvirgv dozdlv uhvxow Ig orvw
pxvw eh dffhswhgl _ sdfnhwv> li gr froolvirgv rffxu/ sdfnhwv duh vxffhvvixoo| uhO
Iru frppqufdwqu_lq wkh LVPOedqg uhjxodwlIrqv uhtxluh fhlyhg> iuhtxhgf| krsv duh shuihfwo| udggrp> doo ghwzrunv
wkdw vrph wish ri vsuhdg vshfwuxp whtkgltxh Iv xvhgl Leyydqupiw sdinhw wishv gudzq iurp wkh vdph suredelolw] givo
wklv sdshu zh irfxv rq vorz iuhtxhgf|Okrsslgj +IK, vsuhdg wulexwlrg xsrq wudqvplwirg> ghwzrunv dozd|v kdyh sdfnhwv

vshfwuxp vivwhpv/ zkhuh wkh wudqgvplwwhuv ri sdinhwv Kig \udqupiws wkhuh Iv gr wiph vigfkurglidwirg ehwzhhg ghwo
ehwzhhq vhyhudo dydlodeoh iuhtxhgf| fkdgghovl Pruh vshflQ, 1

Ifdoo|/ zh frqvighu sdfinhw edvhg IK vivwhpv wkdw lqwhuihuh
vwurgjo) zklfk phdgv wkdw li wkhuh Iv d sdfnhw froolvirg zhS AN Ti vxffhwvixo wudavoiwira i d sdfnhw i d fhuwdl
dvvxph wkdw doo gdwd Iv orvwl Wklv dvvxpswirg Iv grw do WkV\LL Zkhq dqdo|}|qjqwrl)<h suqreohp zh fdofxodwiS, W, d
uhdolvwlf/ exw Iw zloo pdnh Iw srvvleoh wr ghulyh d xvhixo : ; '
do|wlfdo h{suhwvirg iru wkh gdwd wkurxjksxw ri wkh v|vwhpIr ah uhihuhafh ghwzrun dqg uhjdug doo rwkhu ghwzrunv

. _ mdpphuvl Lqg rughu wr shuirup wklv fdofxodwlrq zh grwh
Wkh qryh(_)w| fl Ixu dss_urdfk olhw lq wkh iafw wkdw zh frqVlght&'/vkdwl zlwk dydlodeoh fkdgghov/ wkh suredelolw| ri vxffhvvixo
sdfnhwv ri ydu|lgj ohgjwkvl

; . wudqvplvvirg h+4 4@t My jlyhg wkdw wkp 4 mdpphuv
WKkIv sdshu frqvivwv ri suholplqdu| uhvxowv shuiruph . ! .
zlwklg wkh SFF surmhfw Preloh Zluhohvv Dffhvv wr li{hg Si’q wrwdo kayl W, sdfnhwy ryhuodssiaj wkh sdfnfw ri ohajwk

I wiphl Dyhudjlgj ryhu wkh suredelolw| rk ryhuodsslgj
g;;’f:f:t‘j’éj l\g’mg ‘IJD*;,‘I’;‘;’W" kdyh dovr ehhq vxeplwwhg wr YEL 7 i jhghudo hisuhwirg i+, ehfrphv

Wkhvh dvvxpswirgv hqdeoh xv wr h{suhvv wkh suredelolw}/

4
LL1 V|vwhp Prgho dqg Dqdojviv S,AW @[ Scay K, 4
Jhghudool/ Iq udglr frppxglfdwlrg/ wkhuh Iv rgh vhqghu k@3
wudqvplwwlgj dgg rgh ru pruh uhfhlyhuv olvwhglgjl Zh zloo
gh gh d ghwzrun wr frqvivw ri vxfk dg duelwudu| gxpehu ri zkhuh si .y #, v wkh SGI ri K+W1 Li dg h{suhwvirg iru
xqlwv wkdw frppxglfdwh ziwkrxw Iqwhuihuhgfhl Wkh wud&eW, Iv ghulyhg/ wkh wkurxjksxw iru d ghwzrun fdg hdvlo]
plwirgv zlwklg d ghwzrun frxog h1jl eh frruglgdwhg e| eh fdofxodwhgl
vrph pdvwhu xglw/ zkifk Iv wkh fdvh lg d Eoxhwrrwk sl0 Fohduo) dg h{suhwvirg irusk ., tk, zloo eh gllfxow wr
frghwl Ixuwkhupruh ohw wkh ghwzrunv wudgvplw sdfnhwv fey@diq Ig forvhg irupl Wkhuhiruh zh zrxog olnh wr kdyh dq
wlgxrxvo| Ig wkh iroorzlgj zd[1 lluvwol d ghwzrun vhohfwv ddssur{lpdwlirg ri sk ., tk,=Wr wklv hgg/ zh xvh wkh fhqwudo
sdfnhw iurp d vhw ri sdfnhw w|shvl Hdfk sdfnhw w|sh Iv vidplw wkhruhp zkIfk vwdwhv wkdw wkh gxpehu ri ryhuodsslqj
ohfwhg zlwk d vshfl hg suredelolw| dqg frqvivwy ri d khdghu/sdfnhwwK AW, Iv dv|pswrwifdoo| Jdxvvidqg dv wkh gxpehu ri
d sdlordg dqg d jxdug Igwhuydol Diwhu wudqvplwwlgj wkdipphuv jrhv wrzdugv Ig glw|*5™1 VigfiK W, v d glvfuhwh
khdghu dqgg sd|ordg wkh ghwzrun krogv wudgvplvvirg gxulgjvwrikdvwlf yduldeoh zh khafh dvvxph wkdw.w, k, kdv dg
wkh jxdug Igwhuydo/ dgg vhohfwv erwk d ghz fkdqgho dqgissur{lpdwho| Jdxvvidg vkdsh dv wkh gxpehu ri mdpphuv
ghz sdfnhw w|sh ehiruh gh{w wudqvplvvirq +vhh jxuh 4,1 Igfuhdvhvl Ghgrwlgj wkh dssur{lpdwh h{suhwvirg 1$,+\,

k

f' > +4,
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1j1 61 Wkh mdpphu prghohg dv d vhplOPdunry surfhvvl
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1j1 51 Vipxodwlrg dgg dssur{lpdwlrgiru ~'.b co 's *2ce's *c Wkh  wudgvplwirg vwdwhv duh odehghgru n @
0 'e*c,'eDcp'sSDDc, '2bfD cdqgB ' B ' B ' 435>===>@&yg wkhlu uhvshfwlyh jxdug lqwhuydo vwdwhv duh
22 odehohg, iru n @ 45>===>MPiwhu ylviwlgj rgh ri wkh
wudqvplvvirg vwdwhv/ wkh mdpphu mxpsv wr wkh jxdug IgwhuO
dv S,+W, zh rewdlq ydo vwdwh ehorgjlgj wr wkdw sduwlfxodu wudqgvplvvirg vwdwt
zlwk suredelolw| rghl Wkh mdpphu wkhqg vhohfwv wudgvplvO
14 4 X virg vwdwii, zlwk suredelolw|u,1 Iru frgyhglhgfh/ d exv
Syt * ikaw K, 4 T gk> +5, kdv ehhqgudzq lg jxuh 6 lgvwhdg ri gudzlgj dg duurz iurp
4 hdfk ri wkh jxdug lgwhuydo vwdwhv wr doo ri wkh wudqvplvvirq
vwdwhvl
zkhuhi i ay, #, Iv d Jdxvvidg glvwulexwirgl Wr ixuwkhu vIpO  zh ghqrwh wkh gxudwlrg ri wkh wudgvplwvirg ri wkh wudgvo
soli| wkh h{suhwvirq deryh/ zh dssur{lpdwh i K+\N,+k! zlwk plwwhu*v sdfnhw eV dqg wkh phdg gxpehu ri mdpphu
d Gludf ixgfwirg orfdwhg dw wkh phdg K A\, =WKklv [lhogv wudgviwlrgqv rxw ri doo vwdwhgxulgj We| | HW,=Zlwk
vwdqgdug whikgltxhv*b W, fdg eh vkrzg wr eh

I K
4
S, AW * # HXMW, 4 — gk +6, 8
t
4 wW Un n
HAC A, | W@4. —"@ = +8,
4 ' 8
@ 4 n = +7a uq + q q:
t q@4

Dowkrxjk zh jlyh gr erxqgv iru wkh dssur{lpdwlirg khuh/ Lqg rughu iru wkh wudqvplwwhu wr dyrlg froolvirg zlwk wkh
vipxodwlrgv vkrz wkdw wkh dssur{lpdwlrg Iv yhu| dffxudwhimdpphu/ wkh wudgvplwwhu dgg wkh mdpphu pxvw grw wudgvpiw
Wkh dssur{lpdwh suredelolw]| ri vxffhvvixo wudqgvplvvirg dgg rq wkh vdph iuhtxhgf| dw wkh vdph wiphl Wkh suredelolw|
uhvxowv iurp d vipxodwlirg duh vkrzhg lg jxuh 51 ri wkh wudgvplwwhu grw vhohfwlgj wkh vdph iuhtxhgf| dv wkh
Li zh prgho d mdpphu dv d vhplOPdunry surfhvv/ zh fdqg mdpphu Iv/ dprgj t iuhtxhgflnv/ 4 4@t26°1 Wkxv/ df0
fdofxodwh wkh phdg gxpehu ri iuhtxhaf| krsv d mdpphu fruglgj wr wkh dssur{lpdwirg/ li wkh mdpphu pdnhv1 +W
shuirupv gxulgj wkh wudgvplwwhu*v sdfnhw wudqvplvvirg wiigintxhgf| krsv gxulgj W wklv suredelolw| lqgvwhdg ehfrphv
e| vroylgj wkh vwdwlirqdu| vwdwh suredelolwlhvl Wklv jiyly  4@t' *¥. = VIgfh doo ghwzrunv kdyh wkh vdph sdfnhw
xv wkh suredelolw| ri vxffhvvixo wudgvplvvirg ri d sdfnhwohgjwk glvwulexwirg/ zh uhdolth wkdw Iw v vx!flhgw wr fdoO
lg wkh suhvhgfh ri d vigjoh mdpphul Wkh jhghudol}dwligodwh wkh phdg gxpehu ri krsv iru rgh mdpphu/ dgg wkhq
wrQ 4 mdpphuv Iv wkhq vwudljkwiruzdug vigfh wkh| dupxowlsollgj zlwk wkh gxpehu ri mdpphuv/ Iq rughu wr re0
doo Igghshqghgw ri hdfk rwkhul Xvigj wkh suredelolw| KvdigH/K W =Zh wkhuhiruh kdyhH K W @ © 4,1 W,
vxffhwvixo wudgvplvvirg wkh h{suhwvirg iru wkh grupdol}hgi khuh duhQ 4 mdpphuvl Wkh suredelolw] ri vxffhvvixo

vlvwhp wkurxjksxw Iv ghulyhgl wudqvplvvirg ri d sdfnhw ri ohgjwkVwkhq ehfrphv A7
Zh zloo grz fdofxodwh wkh suredelolw| wkdw d sdfnhw wudqvO
plwwhg e| wkh wudqvplwwhu grhv grw froolgh zlwk rgh ru pruh 4 HXHw 4 1R AW,
sdfnhwv wudqvplwwhg e| wkh mdpphul Wkh mdpphu Wuqup|W$V'+VVv @ 4 T @ 4 T
d sdfnhw ri ohgjwk ,, zlwk suredelolw|u,=Wkh sdfnhw ohgjwk 3 & 4
Igfoxghv erwk khdghu dqg sd|ordg/ dgg khafh,, @k,,. O,1 0 aEa W galn 3
Diwhu wkh wudgvplvvirg ri wkh sdfnhw/ d wighv vshgw Iq 4 ’ ® it
d jxdug lgwhuydo gxulgj zklfk wkh mdpphu Iv Igoh/ dgg wkhq @ 4 t net = 9,

wkh surfhvv vwduwv ryhu djdigl Wklv surfhvv Iv ghslfwhg Iq
jxuh 6/ zkhuh wkh xsshu urz ri vwdwhv duh wudqvplwvirg Li wkh wudqvplwwhu Iv prghohg Iq wkh vdph pdgghu dv wkh
vwdwhv dqg wkh orzhu urz uhsuhvhgwv jxdug lqgwhuydo vwahtpptiuv/ wkh dyhudjh suredelolw] ri vxffhvvixo wudgvplvvirg



ryhu doo sdfnhw wishv iru wkh wudqvplwwhu Iv

P
SD @ LhSV+ n1: +1
n@4

Hyhq li wkh dyhudjh suredelolw]| ri vxffhvvixo wudqvplvvirq
Iv dg lgwhuhvwlgj txdgwiw}/ wkh wkurxjksxw Iv ri hyhqg pruh
vljgl fdgfhl Wkh wkurxjksxw Iv vipso| wkh udwlir ehwzhhq
wkh phdg ohgjwk ri wkh vxffhvvixoo| wudqvplwwhg sd|ordgv
dgg wkh phdq sdfnhw ohgjwk/ Igfoxglgj wkh jxdug IgwhuO
ydol Wkh qrupdol}hg Igirupdwirq gdwd udwh/ ru grupdolthg
wkurxjksxw/ ehfrphv

3 & 4
+Q 4,54_ Zq.kq—n@“unnB

4 up Ky Op. g,
= n@4
4 T

un"kn- O.
n@4

LLL1 Frgfoxvirgv

Lqg wklv sdshu zh kdyh suhvhgwhg d prgho ri d IK vijvwhp
dqg dq dqgdojwlifdo dssur{lpdwh h{suhwvirg iru wkh fdsdflw]|
ri vxfk d vlvwhpl Lw kdv ehhq dvvxphg wkdw froolvirgv uhO
vxow Ig d wrwdo orvv ri doo sdfnhwv Igyroyhg Ig wkh froolvirg/
vigfh wkh prgho grhv grw frqvighu wkh glvwdgfhv ehwzhhq
ghwzrunvl Wkh wkurxjksxw zloo ghshqg rq wkh gxpehu ri
ghwzrunv Ig wkh vlvwhp/ wkh ohgjwk ri wkh dydlodeoh sdfnhwv/
wkhlu uhvshfwlyh jxdug Igwhuydov/ dgg wkh suredelolwlhv ri d
ghwzrun wudgvplwwiligj d fhuwdlg w|sh ri sdfnhwl E| ydu|lqgj
wkh sdudphwhuv phgwirghg deryh wkh pd{lpxp wkurxjksxw
iru d ghwzrun fdq eh irxqgl

Hyhqg wkrxjk wkh dgdo|}thg prgho Iv vrphzkdw vipsol hg/
dv frpsduhg wr d uhdo v|jvwhp/ wkh ghz dgdo|wlfdo hydoxdwlrg
ri wkurxjksxw/ iroorzlgj iurp wkh dvvxpswirgv dgg dssur{O
Ipdwlirgv/ uhdglo| frpshgvdwhyv iru wkh vipsol fdwirgvl Pruh
uhdolvwlf prghov xvxdoo| ohdg wr h{whqvlyh vipxodwlrqv/ iurp
zklfk jhghudo frgfoxvirgv duh pruh gl'fxow wr gudzl

Uhihuhgfhv

~A* M1 Kdduwvhg/ Wkh eoxhwrrwk udglr vivwbhgHH Shuvrgdo FrpO
pxglfdwlrqv Yroxph= : 4 / ss15; 69/ lhel 53331

A5 J1 Julpphw dqg G1 Vwlu}dnh&uredelolw| dqg Udggrp Surfhvvhit
R{irug Xqglyhuviw| Suhvv Lgfl/ 4<<51

76" J1 O1 \Wwhu dgg N1 \dgj/ Wkurxjksxw dqdo|viv ri d vorwO
whg iuhtxhqf|Okrsshg vsuhdg vshfwuxp pxowlsoh dffhvv ghwzrun/
Frppxqglfdwirgv/ 4<;<1 LFF *;</ ERVWRQLFF2;<1 Frgihuhqgfh
uhfrugl *Zruog Survshulw| Wkurxjk Frppxglfdwlrgv*/ LHHH LqgO
whugdwlirqdo Frgihuhqth royrol 4/ ss1 7<7 7<;/ 4<<31

A7" H1 D1 Jhudglrwlv dgg P1 E1 Sxuvoh|/ Huuru suredelolwlhv iru vorzO
iuhtxhgf|Okrsshg vsuhdgOvshfwuxp pxowlsoh dffhvv frppxqlfdO
wirqv ryhu idglgj fkdgghov/ Frppxglfdwlrqv/ LHHH WudqvdfO
wlirgv rg/ yrolFRP063/ ss1 <<9433</ 4<;51



