
Wkh H�hfwv ri Oderxu Pdunhw

Lqvwlwxwlrqv rq Wkh Hpsor|phqw

G|qdplfv ryhu Wkh F|foh

Oxfd Qxq}ldwd�

Qx!hog Froohjh/ Xqlyhuvlw| ri R{irug

Vhswhpehu 4<<<

Devwudfw

Wkh remhfw ri wklv sdshu lv wkh dqdo|vlv ri wkh h�hfwv ri oderxu
pdunhw lqvwlwxwlrqv rq wkh hpsor|phqw g|qdplfv ryhu wkh f|foh1
Lq wkh �uvw sduw d wkhruhwlfdo iudphzrun lv surylghg zlwk sduwlf0
xodu hpskdvlv rq zrunlqj wlph uhjxodwlrqv1 Wkh frqfoxvlrqv ri
wkh prgho duh hpslulfdoo| whvwhg lq wkh vhfrqg sduw/ xvlqj d vdp0
soh ri 53 RHFG frxqwulhv1 Wkh hpslulfdo dqdo|vlv/ frqfhqwudwhg
erwk rq wkh h{sdqvlyh dqg wkh uhfhvvlyh skdvh ri wkh f|foh/ dv
zhoo dv ryhu gl�huhqw skdvh vhjphqwv/ frq�upv wkh fodlpv ri wkh
wkhru| dqg |lhogv d phdvxuh ri wkh lq xhqfh ri oderxu pdunhw lq0
vwlwxwlrqv rq wkh uhvsrqvlyhqhvv ri hpsor|phqw wr rxwsxw f|folfdo
g|qdplfv1

Frqwhqwv

4 Lqwurgxfwlrq 7

5 Wkh Wkhruhwlfdo Iudphzrun 8

514 Wkh G|qdplfv ri wkh V|vwhp 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ;
515 Wkh H�hfwv ri Hpsor|phqw Surwhfwlrq rq Hpsor|phqw

G|qdplfv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 44
51514 Hpsor|phqw Ohyhov 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 44
51515 Wkh Wlplqj ri wkh V|vwhp*v G|qdplfv 1 1 1 1 1 1 44

�Hpdlo iru fruuhvsrqghqfh lv oxfd1qxq}ldwdCqx!hog1r{1df1xn1 L zlvk wr wkdqnv
Vwhskhq Qlfnhoo iru klv lqydoxdeoh frpphqwv dqg lqvljkwv/ Vwhidqr ]dpdjql iru klv
frqwlqxrxv hqfrxudjhphqw/ Gdylg Khqgu|/ Mrkq Pxhooedxhu/ Fkulvwrskhu Eolvv dqg
Vwhskhq Erqg iru wkhlu khosixo uhpdunv1 Ilqdqfldo vxssruw iurp wkh Edqn ri Lwdo| lv
dovr dfnqrzohgjhg1
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516 Wkh H�hfwv ri Ryhuwlph Vwdqgdugv Ohjlvodwlrq rq Hp0
sor|phqw G|qdplfv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 45
51614 Hpsor|phqw Ohyhov 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 45
51615 Wkh Wlplqj ri wkh V|vwhp*v G|qdplfv 1 1 1 1 1 1 45

517 Krxuv Ioh{lelolw| Gxulqj wkh Voxps 1 1 1 1 1 1 1 1 1 1 1 1 46
518 Ryhudoo Zrunlqj Wlph Uhjxodwlrq 1 1 1 1 1 1 1 1 1 1 1 1 1 46

6 Hpslulfdo dqdo|vlv 47

614 Wkh Ghshqghqw Yduldeoh= Hpsor|phqw Uhvsrqvlyhqhvv
Wr Rxwsxw G|qdplfv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 47

615 H{sdqvlyh Skdvh Dqdo|vlv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 48
61514 Frpsdudwlyh G|qdplfv iru h{sdqvlrqv 1 1 1 1 1 1 48
61515 Wkh Prgho 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 4:
61516 Hvwlpdwlrqv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 54
61517 Vlpxodwlrqv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 56

616 Uhfhvvlyh Skdvh Dqdo|vlv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 59
61614 Frpsdudwlyh G|qdplfv iru uhfhvvlrqv 1 1 1 1 1 1 1 59
61615 Wkh Prgho 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 5:
61616 Hvwlpdwlrqv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 5;

617 Skdvh Vhjphqwv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 5;
61714 Wkh Prgho 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 5;
61715 Hvwlpdwlrqv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 64

618 Lqvwlwxwlrqv D�hfwlqj Oderxu Vxsso| 1 1 1 1 1 1 1 1 1 1 1 68

7 Frqfoxglqj Uhpdunv 6:

8 Dsshqgl{hv 6<

D Wkh Vroxwlrq ri wkh Wkhruhwlfdo Prgho 6<

D14 Wkh G|qdplf Rswlpl}dwlrq sureohp 1 1 1 1 1 1 1 1 1 1 1 6<
D15 Lghqwl�fdwlrq ri Wkh Skdvhv ri Wkh V|vwhp*v G|qdplfv 1 73
D16 Wkh Ghwhuplqdwlrq ri 7�dqg � 1 1 1 1 1 1 1 1 1 1 1 1 1 1 75
D17 Vhqvlwlylw| Dqdo|vlv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 77

D1714 Hpsor|phqw Ohyhov 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 77
D1715 Wlplqj ri Wkh V|vwhp*v G|qdplfv 1 1 1 1 1 1 1 1 78

E Wkh Gdwd= Gh�qlwlrqv dqg Vrxufhv 7:

Olvw ri Wdeohv

4 Wlplqj dqg gxudwlrq ri wkh h{sdqvlyh skdvhv 1 1 1 1 1 1 1 4;
5 Rxwsxw hodvwlflw| ri hpsor|phqw ryhu wkh h{sdqvlyh skdvh 4<
6 Uhjuhvvlrq h{sodlqlqj rxwsxw hodvwlflw| ri hpsor|phqw ryhu

wkh h{sdqvlrq skdvh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 55
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7 Prgho 4 vlpxodwlrqv iru d vkruw gxudwlrq h{sdqvlyh skdvh
+8 txduwhuv, 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 57

8 Prgho 4 vlpxodwlrqv iru dq dyhudjh gxudwlrq h{sdqvlyh
skdvh +43 txduwhuv, 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 57

9 Prgho 4 vlpxodwlrqv iru d orqj gxudwlrq h{sdqvlyh skdvh
+48 txduwhuv, 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 58

: Uhjuhvvlrq h{sodlqlqj rxwsxw hodvwlflw| ri hpsor|phqw ryhu
wkh uhfhvvlyh skdvh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 5<

; Uhjuhvvlrq h{sodlqlqj rxwsxw hodvwlflw| ri hpsor|phqw ryhu
wkh h{sdqvlrq*v vhjphqwv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 65

Olvw ri Iljxuhv

4 Wkh g|qdplfv ri wkh v|vwhp 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 <
5 Vhohfwhg vlpxodwhg ydoxhv iru Rxwsxw Hodvwlflw| ri Hpsor|0

phqw ryhu wkh h{sdqvlyh skdvh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 59
6 Rxwsxw hodvwlflwlhv ri hpsor|phqw ryhu gl�huhqw vhjphqwv ri

wkh h{sdqvlrq skdvh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 63
7 F|folfdo ehkdylrxu ri Rxwsxw dqg Hpsor|phqw/ dqg ohyho ri

Dfwxdo Krxuv iru Iudqfh +4<9304<<:, 1 1 1 1 1 1 1 1 1 1 1 1 1 68
8 F|folfdo ehkdylrxu ri Rxwsxw dqg ohyho ri Dfwxdo Krxuv iru

Xqlwhg Vwdwhv +4<9304<<:, 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 69
9 F|folfdo ehkdylrxu ri Rxwsxw dqg Hpsor|phqw dqg ohyho ri

Dfwxdo krxuv iru Fdqdgd +4<9304<<:, 1 1 1 1 1 1 1 1 1 1 1 1 69
: Hpsor|phqw Surwhfwlrq dqg Zrunlqj Wlph Ohjlvodwlrq +dg0

mxvwhg lq phdq dqg udqjh, iru 53 RHFG frxqwulhv/ 4<;<04<<7 7<
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4 Lqwurgxfwlrq

Wkh uhfhqw ghedwh lq prvw ri wkh lqgxvwuldol}hg frxqwulhv zlwk uhjdug wr
wkh qhhg ri oderxu pdunhw  h{lelolw|/ kdv pryhg hfrqrplf dqdo|vlv wr jr
ixuwkhu wrzdugv xqghuvwdqglqj wkh lpsdfw ri dowhuqdwlyh oderxu pdunhw
lqvwlwxwlrqdo frq�jxudwlrqv rq wkh zkroh hfrqrplf v|vwhp1

Lq �yh uhfhqw frqwulexwlrqv/ Od|dug/ Qlfnhoo dqg Mdfnpdq +4<<4,/
Qlfnhoo +4<<:/ 4<<:e,/ Qlfnhoo dqg Od|dug +4<<:, dqg Qlfnhoo dqg Qxq0
}ldwd +4<<<, kdyh sursrvhg d pxowlsoh lqyhvwljdwlrq ri wkh lpsdfw ri
gl�huhqw oderxu pdunhw lqvwlwxwlrqv rq xqhpsor|phqw dqg jurzwk xvlqj
RHFG gdwd1 Wkhlu hpslulfdo �qglqjv vkrz wkdw wkh h�hfwv ri oderxu
pdunhw lqvwlwxwlrqv rq wkh hfrqrplf v|vwhp duh idu iurp reylrxv1 Eh0
vlghv wkh jhqhudo qrwlrq ri d uljlg yhuvxv d  h{leoh oderxu pdunhw pxvw
eh dqdo|vhg lq lwv ydulrxv glphqvlrqv/ wdnlqj lqwr dffrxqw wkh gl�huhqw
dvshfwv ri wkh sureohp1 Rqh lpsruwdqw ihdwxuh ri oderxu pdunhw lqvwl0
wxwlrqv uhpdlqv krzhyhu odujho| xqh{soruhg/ qdpho| wkhlu lpsdfw rq wkh
g|qdplfv ri hpsor|phqw ryhu wkh f|foh41 Wklv sdshu sursrvhv wr �oo
wklv jds/ fduu|lqj rxw dq hpslulfdo lqyhvwljdwlrq rq wkh lpsdfw ri oderxu
pdunhw lqvwlwxwlrqv rq wkh f|folfdo g|qdplfv ri hpsor|phqw1

Wkh wkhruhwlfdo olwhudwxuh wkdw ghdov zlwk wkh g|qdplfv ri hpsor|0
phqw ryhu wkh f|foh kdv odujho| irfxvhg rq wkh lq xhqfh ri wkh dgmxvwphqw
frvwv lqgxfhg e| hpsor|phqw surwhfwlrq ohyhov51 Ohvv dwwhqwlrq kdv ehhq
ghyrwhg lqvwhdg wr wkh dqdo|vlv ri wkh lpsdfw ri zrunlqj wlph uhjxodwlrqv1
Lqghhg prvw ri wkh wkhruhwlfdo vwxglhv derxw wkh hpsor|phqw lpsdfw ri
zrunlqj wlph uhjxodwlrqv duh lq idfw frqfhqwudwhg hlwkhu rq wkh orqj uxq
g|qdplf h�hfwv ru rq wkhlu vwdwlf surshuwlhv/ hvshfldoo| irfxvhg rq h{0
rjhqrxv zrunvkdulqj srolflhv61 Wkh dvshfw zh duh lqwhuhvwhg lq lv lqvwhdg
uhodwhg wr wkh  h{lelolw| ri pdqdjlqj zrunlqj krxuv/ irfxvlqj vshfl�fdoo|
rq lwv lpsdfw rq wkh f|foh1

Lq qh{w vhfwlrqv L frqvlghu �uvw wkh wkhruhwlfdo dvshfwv uhodwhg wr wkh
lqwurgxfwlrq ri zrunlqj wlph vwdqgdugv ohjlvodwlrq lq d prgho ri hpsor|0
phqw g|qdplfv ryhu wkh f|foh1 Wkhq/ L suhvhqw dq hpslulfdo dqdo|vlv ri
wkh dfwxdo lpsdfw ri d vhw ri uhohydqw oderxu pdunhw lqvwlwxwlrqv/ lqfoxghg
zrunlqj wlph uhjxodwlrqv/ rq wkh f|folfdo g|qdplfv ri hpsor|phqw ri 53
RHFG frxqwulhv1 Wkh wkhruhwlfdo iudphzrun lv d prgl�hg yhuvlrq ri

4Iru h{dpsoh/ Qlfnhoo +4<<:e, dqg Qlfnhoo dqg Qxq}ldwd +4<<<,/ dowkrxjk irfxvlqj
rq wkh h�hfwv ri oderxu pdunhw lqvwlwxwlrqv rq wkh g|qdplfv ri hpsor|phqw/ gr qrw
dqdo|vh wkhp lq d f|folfdo shuvshfwlyh1

5Vhh/ dprqj wkh rwkhuv/ Qlfnhoo +4<;9,/ Ehqwrolod dqg Ehuwrod +4<<3, dqg Kdphu0
phvk +4<<6,1 Dq h{fhoohqw vxuyh| lv frqwdlqhg lq Ehuwrod +4<<;,1

6Vhh iru h{dpsoh Kduw +4<;:,/ Fdopiruv dqg Krho +4<;<, dqg Krrq +4<<8,1 Dq
h{fhswlrq wr wklv lv Vwd�rodql +4<<5,1
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Qlfnhoo*v vhplqdo prgho ri hpsor|phqw g|qdplfv ryhu wkh f|foh71 Wkh
pdlq fkdudfwhulvwlfv ri wklv prgho duh wkh vlpsoli|lqj dvvxpswlrq ri d
ghwhuplqlvwlf f|foh/ wkh vroxwlrq*v skdvh g|qdplfv dqg wkh wzrirog fkdu0
dfwhulvwlfv ri zrunlqj wlph vwdqgdugv/ lqfoxglqj xszdug dqg grzqzdug
zrunlqj wlph  h{lelolw|81 Zh duh jrlqj wr irfxv rq wkh g|qdplfv ri
hpsor|phqw ryhu gl�huhqw skdvhv ri wkh f|foh/ dv zhoo dv ryhu gl�huhqw
vhjphqwv ri hdfk skdvh91

Wkh vwuxfwxuh dqg frqwhqwv ri hdfk vhfwlrq ri wkh sdshu lv wkh iroorz0
lqj1

Vhfwlrq wzr vhwv xs d wkhruhwlfdo iudphzrun iru wkh dqdo|vlv ri wkh
h�hfwv ri zrunlqj wlph vwdqgdugv uhjxodwlrqv dqg hpsor|phqw surwhfwlrq
rq hpsor|phqw f|folfdo g|qdplfv1 Wkh vhfwlrq surylghv d vroxwlrq ri wkh
prgho/ h{whqvlyho| h{sodlqhg lq wkh Dsshqgl{1

Vhfwlrq wkuhh lv ghyrwhg wr wkh hpslulfdo lqyhvwljdwlrq ri wkh h�hfwv
ri wkh oderxu pdunhw lqvwlwxwlrqv zh frqvlghuhg lq wkh wkhruhwlfdo prgho
rq hpsor|phqw g|qdplfv ryhu wkh f|foh/ vkrzlqj wkh uhvxowv ri gl�huhqw
prghov hvwlpdwhg iru wkh h{sdqvlyh skdvh ri wkh f|foh dv zhoo dv iru wkh
uhfhvvlyh skdvh dqg gl�huhqw skdvh vhjphqwv1

P| frqfoxvlrqv duh suhvhqwhg lq vhfwlrq irxu1

5 Wkh Wkhruhwlfdo Iudphzrun

Wkh prgho dvvxphv wkdw wkh uhsuhvhqwdwlyh �up idfhv d nqrzq ghwhu0
plqlvwlf f|folfdo zhhno| ghpdqg iru lwv surgxfwv % E|� 1 Wkh f|foh/ ri
shulrg vd| 2� / lv vxssrvhg wr eh uhjxodu dqg shuihfwo| iruhvhhq1 Rwkhu
uhohydqw dvvxpswlrqv duh wkh devhqfh ri lqyhqwrulhv/ qr yroxqwdu| txlwv
dqg wkh frqvwdqf| ri wkh ohyho ri fdslwdo ryhu wkh f|foh1 Wklv phdqv
wkdw wkh �up*v ghflvlrqv derxw wkh fdslwdo vwrfn duh qrw d�hfwhg e| wkh
ghyldwlrqv iurp wkh wuhqg ghpdqg jurzwk/ dqg oderxu lv wkh rqo| ydul0
deoh idfwru wkdw fdq dffrpprgdwh f|folfdo yduldwlrqv lq ghpdqg1 Lq wklv
iudphzrun/ oderxu vxsso| lvvxhv duh qrw wdnhq lqwr dffrxqw1

Jlyhq d �{hg vwrfn ri pdfklqhv� / wkh �up vhwv�� E|� ri wkhvh jrlqj
iru � E|� krxuv d zhhn/ xwlol}lqj rqh zrunhu rq hdfk rshudwlyh pdfklqh1
Dvvxplqj d vlqjoh vkliw v|vwhp/ wkh hpsor|phqw ri wkh �up dw dq| srlqw
lq wlph lv �� E|� dqg wkh rxwsxw surgxfhg lv � E|��� E|�1

Wkh sur�w pd{lpl}lqj �up zloo wkhq vroyh wkh iroorzlqj sureohp=

7Vhh Qlfnhoo +4<:;,1
8Vhh vhfwlrq 517/ iru dq h{whqvlyh ghvfulswlrq ri wklv ihdwxuh1
9Qrwh wkdw wkh whuplqrorj| dgrswhg lq wkh olwhudwxuh derxw wkh gl�huhqw skdvhv ri

wkh f|foh lv qrw h{hpsw iurp jhqhudwlqj frqixvlrq1 Wr dyrlg dq| plvxqghuvwdqglqj/
rxu whuplqrorj| zloo eh wkh iroorzlqj= h{sdqvlyh +uhfhvvlyh, skdvh lv wkh skdvh gxulqj
zklfk f|folfdo hpsor|phqw lv jurzlqj +uhgxflqj,/ dqg errp +voxps, lv zkhq f|folfdo
hpsor|phqw lv juhdwhu +orzhu, wkdq dyhudjh1
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e3o| iR��� �` E���� � @�� _(j _| +4,

vxemhfw wr=

��� ' ��(c � � fc( � f +5,

� ��� � f +6,

%� ��� � f +7,

zkhuh R lv wkh rxwsxw sulfh +frqvwdqw,/ ` E�� lv wkh zdjh vfkhgxoh/ � lv
wkh dffhvvlrqv udwh/ ( lv wkh glvplvvdo udwh/ dqg @ dqg _ duh uhvshfwlyho|
wkh klulqj dqg �ulqj frvwv shu hpsor|hh1

Iroorzlqj +5, zh vhh wkdw wkh g|qdplfv ri hpsor|phqw duh ghwhu0
plqhg e| wkh frpelqhg h�hfw ri dffhvvlrqv dqg glvplvvdov/ zkloh +6,
vwdwhv wkdw wkh ohyho ri pdfklqhv lq rshudwlrq fdqqrw h{fhhg wkh vwrfn ri
pdfklqhv � rzqhg e| wkh �up 1 Ilqdoo|/ +7, vwdwhv wkdw dw dq| prphqw
lq wlph wkh rxwsxw surgxfhg e| wkh �up lv ghpdqg frqvwudlqhg/ jlyhq
wkdw lqyhqwrulhv duh uxohg rxw1

Wkh zdjh vfkhgxoh vshfl�fdwlrq lv wkh iroorzlqj=

` E�� '
�7�� n �_�

�
�� 7��

�
li � � 7��

�� li 7�� 	 � 	 7�2
��n ��}

�
�� 7�2

�
li � � 7�2

+8,

zlwk �_/�� 5 dfc �o1 L dp dvvxplqj wkdw vwdqgdug krxuv duh �{hg
e| odz dw d ohyho 7��/ dqg wkdw dfwxdo krxuv fdq eh dgmxvwhg e| �upv
dw d ohyho wkdw fdq eh juhdwhu ru orzhu wkdq 7��1 Wkh krxuv ghflvlrq
ri �upv lv uhjxodwhg e| zrunlqj wlph vwdqgdugv ohjlvodwlrq/ wkdw d�hfwv
erwk xszdug dv zhoo dv grzqzdug  h{lelolw| ri krxuv/ l1h1 wkh vkdsh ri
wkh zdjh vfkhgxoh/ jlyhq wkh ohyho ri vwdqgdug krxuv1 Xvxdoo| ryhuwlph
suhpld duh lqfuhdvlqj lq krxuv1 Wklv frxog ghshqg rq wkh lqfuhdvlqj
gl!fxow| ri frqylqflqj zrunhuv wr shuirup ryhuwlph udwhv deryh d fhuwdlq
wkuhvkrog: ru/ pruh lqwhuhvwlqjo| iurp rxu srlqw ri ylhz/ rq lqvwlwxwlrqdo
frqvwudlqwv1

Jlyhq wkh krxuo| vwdqgdug zdjh �/ ryhuwlph lv wkhq uhjxodwhg lq
vxfk d zd| wkdw wkh �uvw

�
7�2 � 7��

�
krxuv duh sdlg dw d frqvwdqw udwh � 1

Ryhuwlph krxuv wkdw h{fhhg wkh 7�2 ohyho duh sdlg dw dq lqfuhdvlqj udwh/

:Vhh Vdqwdpdnl +4<;6,/ +4<;7,1
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zlwk ��}
�
�� 7�2

�
wkh ryhuwlph suhplxp/ } ehlqj dq lqfuhdvlqj frqyh{

ixqfwlrq lq krxuv/ l1h1 }� : f dqg }�� : f1 Wkh sdudphwhu �� phdvxuhv
zrunlqj wlph vwdqgdugv ohjlvodwlrq uhjxodwlqj xszdug krxuv  h{lelolw|1 Li
ohjlvodwlrq lv vwulfw zlwk uhvshfw wr ryhuwlph/ wkh sdudphwhu zloo dssurdfk
� dqg wkh �up zloo sd| wkh pd{lpxp dprxqw ri ryhuwlph suhplxp1 Li
rwkhuzlvh wklv sdudphwhu dssurdfkhv f/ wkh �up idfhv frpsohwh  h{lelolw|
lq wkh dgrswlrq ri ryhuwlph phdvxuhv/ dqg hdfk ryhuwlph krxu zloo eh
sdlg mxvw wkh vwdqgdug krxuo| zdjh1 Dq| ydoxh ri wklv sdudphwhu lq wkh
ifc �j lqwhuydo/ uhsuhvhqwv d gl�huhqw ghjuhh ri ryhuwlph  h{lelolw|1

Zrunlqj wlph vwdqgdugv ohjlvodwlrq lq idfw dovr uhjxodwhv grzqzdug
krxuv  h{lelolw|/ l1h1 wkh frvw ri uhgxflqj zrunlqj krxuv ehorz wkh vwdq0
gdug ohyho gxulqj wkh voxps/ e| phdqv ri sdudphwhu �_1 Wkh fdvh ri d
frqvwdqw idoo edfn sd| htxdo wr �7��/ lv d vshfldo fdvh ri wkh zdjh vshfl�0
fdwlrq/ zkhq �_ ' f/ dqg uhsuhvhqwv wkh pd{lpxp ghjuhh ri grzqzdug
uljlglw|1 Lq wklv fdvh hdfk uhgxfwlrq lq krxuv ehorz wkh vwdqgdug ohyho
grhvq*w lpso| dq| uhgxfwlrq lq wkh wrwdo zhhno| sd| shu hpsor|hh1 Rq
wkh frqwudu| li �_ ' �/ wkh �up zloo idfh d pd{lpxp ghjuhh ri lqwhu0
qdo grzqzdug  h{lelolw|/ dqg lw zloo sd| rqo| h�hfwlyh krxuv � � 7��1
Dq| ydoxh ri wklv sdudphwhu lq wkh ifc �j lqwhuydo/ uhsuhvhqwv d gl�huhqw
ghjuhh ri grzqzdug  h{lelolw|1

Qrwh wkdw wkhuh*v qr vshfl�f uhdvrq zk| xszdug dqg grzqzdug lq0
whuqdo  h{lelolw| vkrxog eh uhjxodwhg lq wkh vdph zd|/ vr L suhihu wr nhhs
wkh wzr oderxu vwdqgdug sdudphwhuv glvwlqfw;1

Jlyhq wklv iudphzrun/ oderxu lqsxw g|qdplfv duh fkdudfwhul}hg e|
wzr gl�huhqw vrxufhv ri dgmxvwphqw/ qdpho| wkh h{whuqdo dqg wkh lqwhu0
qdo oderxu pdunhw1 Wkh �up fdq ydu| lwv oderxu lqsxw uhtxluhphqwv rq
wkh h{whqvlyh pdujlq/ e| d fkdqjh lq lwv vwrfn ri zrunhuv/ ru rq wkh lq0
whqvlyh pdujlq/ ydu|lqj wkh ohyho ri zrunlqj krxuv shu hdfk hpsor|hh1
Dffhvvlrq dqg glvplvvdo frvwv uhsuhvhqw dgmxvwphqw frvwv uhodwhg wr wkh
yduldwlrq ri oderxu lqsxw rq wkh h{whqvlyh pdujlq1 Urxjko|/ wkh iruphu
lqfoxghv klulqj dqg wudlqlqj frvwv/ zkloh wkh odwwhu duh w|slfdoo| hqirufhg
e| hpsor|phqw surwhfwlrq ohjlvodwlrq1 E| gh�qlwlrq wkh| duh sursru0
wlrqdo wr wkh fkdqjh lq wkh vwrfn ri zrunhuv1 Lqwhqvlyh pdujlq oderxu
frvwv duh lqvwhdg lqfuhdvlqj lq wkh ohyho ri krxuv1 Lqghhg<zkloh zrunhuv
uhsuhvhqw d vwrfn/ krxuv duh dq lqwhqvlw|  rz dw zklfk wkh h{lvwlqj vwrfn
lv hpsor|hg431

;Qrwh dovr wkdw/ jlyhq wkh vshfl�hg zdjh vfkhgxoh zh dovr kdyh wkdw
] +k, @ z�k4 +!g � 4, li k � �k4
] +k, @ 3 li �k4 ? k ? �k5
] +k, @ !xj

3k� !xj li k � �k5=
<Vhh iru h{dpsoh Kdphuphvk +4<<6, dqg Kduw +4<;:,1

43Dfwxdoo| wkh vwrfn ri hpsor|hhv lv dovr vxemhfw wr dq h�ruw lqwhqvlw|1 Dq|zd|
h�ruw lv xvxdoo| qrw frpsohwho| frqwuroohg e| wkh �up/ jhqhudwlqj wkh lqfhqwlyh sure0
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Wr vxppdul}h/ L*p jrlqj wr frqvlghu wzr nlqgv ri oderxu pdunhw
lqvwlwxwlrq/ qdpho| h{whuqdo dqg lqwhuqdo  h{lelolw|441 Wkh iruphu lv
uhodwhg wr wkh frvwv ri dgmxvwlqj wkh vwrfn ri zrunhuv/ zkloh wkh odwwhu
ghshqgv rq wkh frvwv ri ydu|lqj wkh udwh ri xwlol}dwlrq ri wkh h{lvwlqj
zrunirufh1

Wkhvh wzr lqvwlwxwlrqdo ihdwxuhv zloo uh hfw gl�huhqwo| rq wkh frvw
vwuxfwxuh idfhg e| wkh �up1 H{whuqdo  h{lelolw| zloo d�hfw glvplvvdov
dqg dffhvvlrqv frvwv/ qdpho| wkh sdudphwhuv @ dqg _ lq wkh prgho/ zkloh
lqwhuqdo  h{lelolw| zloo d�hfw wkh vkdsh ri wkh zdjh vfkhgxoh wkurxjk wkh
sdudphwhuv �_ dqg ��1

514 Wkh G|qdplfv ri wkh V|vwhp

Wkh vroxwlrq ri wkh prgho/ dv vkrzq lq Dsshqgl{ D/ |lhogv d g|qdplf
sdwk iru hpsor|phqw dqg krxuv wkdw fdq eh vsolw lqwr gl�huhqw skdvhv/
dv vkrzq lq Ilj1 141

Vwduwlqj iurp wkh ehjlqqlqj ri wkh ghvfhqglqj skdvh ri wkh f|foh/
iurp f wr |f/ wkh hpsor|phqw ohyho lv vhw dw � dqg krxuv duh frqvwdqw dw
�W/ zkloh ghpdqg lv qrw ixoo| vdwlv�hg/ ehfdxvh ri wkh frqvwdqf| ri wkh
sulfh ohyho1

Wkh krxuv ohyho lv ghwhuplqhg e| wkh frqglwlrq

` � E�W� ' R +9,

dqg wrwdo rxwsxw lv ��W1
Iurp |f rqzdug/ ghpdqg vwduwv wr eh vdwlv�hg1 Ehlqj wkh hpsor|phqw

ohyho vwloo �{hg dw � / wkh surjuhvvlyh uhgxfwlrq lq ghpdqg gxh wr wkh
f|folfdo frqwudfwlrq lv dffrpprgdwhg e| d uhgxfwlrq lq krxuv wloo |�/
iroorzlqj wkh g|qdplf uhodwlrq

� E|� '
% E|�

�
� +:,

Wkh uhgxfwlrq lq krxuv vwrsv/ zkhq lw lv uhdfkhg d fhuwdlq wkuhvkrog
�_ zklfk vdwlv�hv wkh frqglwlrq

~ E�_� ' �o_ +;,

zkhuh ~ E�� ' �` � E���` E�� zlwk ~ � E�� : f vlqfh ` �� E�� : f1

ohpv zlgho| glvfxvvhg lq wkh olwhudwxuh1 L grq*w wdnh wkhvh lvvxhv lqwr dffrxqw iru vdnh
ri vlpsolflw|1

44Dqrwkhu whuplqrorj| xvhg lq wkh olwhudwxuh lv �qxphulfdo� dqg �whpsrudo�  h{l0
elolw|/ vhh iru h{dpsoh Vwd�rodql +4<<5,1

;



Iljxuh 4= Wkh g|qdplfv ri wkh v|vwhp

<



Gxulqj wklv shulrg/ iurp |�wr |2/ wkh frqwudfwlrq lq ghpdqg lv wkhq
dffrpsdqlhg e| d uhgxfwlrq lq wkh hpsor|phqw ohyho/ iroorzlqj

�� E|� '
% E|�

�_
1 +<,

Gxulqj wkh voxps/ iurp |2 wr |�c wkh glvplvvdov ri hpsor|hhv hqgv
zkhq �� uhdfkhv lwv plqlpxp ydoxh ryhu wkh f|foh 7� / zkhuh wkh odwwhu
lv ghwhuplqhg e| wkh htxdwlrq

�
�
@e3o|� n _e3o|2

�
'

] �|2

|2

�7�� E�_ � �� e3o|_| +43,

wrjhwkhu zlwk wkh frqglwlrqv

7� '
% E|2�
7��

'
% E|��
7�2

c +44,

zkhuh �|2/ zlwk |2 	 �|2 	 |�/ lv wkh wlph lqvwdqw lq zklfk krxuv duh
htxdo wr wkh vwdqgdug ohyho 7��1 Wkh f|folfdo yduldwlrq lq ghpdqg lv wkhq
dffrpsdqlhg e| d yduldwlrq lq krxuv/ iroorzlqj wkh g|qdplf frqvwudlqw

� E|� '
% E|�
7�

� +45,

Krxuv zloo wkhq ghfuhdvh iurp |2 wr � / dqg lqfuhdvh dw wkh ehjlqqlqj ri
wkh h{sdqvlrq skdvh/ iurp � wr |�1

Zkhq lqfuhdvlqj krxuv uhdfk d fhuwdlq ohyho �@ lghqwl�hg e|

~ E�@� ' o@c +46,

wkh �up vwduwv klulqj/ iroorzlqj wkh uxoh

�� E|� '
% E|�

�@
� +47,

wloo |e/ zkhq hpsor|phqw uhdfkhv lwv pd{lpxp ohyho ryhu wkh f|foh/
� 1 Krxuv vwduw wkhq wr lqfuhdvh wr dffrpprgdwh wkh ulvh lq ghpdqg gxh
wr wkh dvfhqglqj skdvh ri wkh f|foh/ iroorzlqj wkh uhodwlrq lq +:,/ xqwlo
wkh| uhdfk wkhlu pd{lpxp ohyho �W lq |D1

Iurp |D rqzdug ghpdqg lv djdlq qrw ixoo| vdwlv�hg dqg wkh f|folfdo
g|qdplfv ri wkh v|vwhp vwduwv djdlq1
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Wkh ohyho ri � lv vhw wr pd{lpl}h wkh glvfrxqwhg ohyho ri sur�wv ryhu
wkh f|foh/ l1h1 lw lv jlyhq e| wkh htxdwlrq]

|f

f

��[E�W� e3o|_|n

] �|f

|f

��[E�� e3o|_|n

]
|D

|e

��[E�� e3o|_|n +48,

n

] 2�

|D

��[E�W� e3o|_| ' ^

] 2�

f

e3o|_|n @e3o|e n _e3o|�

zkhuh �|f/ zlwk |f 	 �|f 	 |�/ lv wkh wlph lqvwdqw zkhq krxuv htxdo wkh 7�2
ohyho/ ^ lv wkh uhwdlo sulfh ri fdslwdo/ dqg[E�� '

�
}�
�
�� 7�2

�
�� }

�
�� 7�2

��
1

Dvvxplqj wkdw klulqj dqg �ulqj frvwv duh vxfk wkdw �_ � 7�� dqg
�@ � 7�2/ wkh �up zloo vwduw wr �uh dv vrrq dv ghfuhdvlqj krxuv uhdfk wkh
vwdqgdug ohyho 7��/ dqg zloo vwduw wr kluh zkhq lqfuhdvlqj krxuv uhdfk wkh
lqfuhdvlqj ryhuwlph suhplxp ohyho 7�21

Qh{w vwhs lv wkh dqdo|vlv ri krz wkh hpsor|phqw g|qdplfv ryhu wkh
f|foh duh d�hfwhg e| oderxu pdunhw lqvwlwxwlrqv/ zkhuh wkh odwwhu duh uhs0
uhvhqwhg lq wkh prgho e| wkh sdudphwhuv _ iru hpsor|phqw surwhfwlrq/��
iru ryhuwlph vwdqgdugv ohjlvodwlrq dqg �_ iru zrunlqj wlph uhgxfwlrq  h{0
lelolw|1

515 Wkh H�hfwv ri Hpsor|phqw Surwhfwlrq rq Hp0

sor|phqw G|qdplfv

51514 Hpsor|phqw Ohyhov

Iroorzlqj wkh uhvxowv lq wkh Dsshqgl{ zh rewdlq wkdw d wrxjkhu hpsor|0
phqw surwhfwlrq ohjlvodwlrq vxffhhgv lq lqfuhdvlqj wkh plqlpxp ohyho ri
hpsor|phqw ryhu wkh f|foh/ l1h1

Y 7�

Y_
: f

Krzhyhu/ iurp gl�huhqwldwlrq ri wkh htxdwlrq +48, zh rewdlq dovr wkdw

Y�

Y_
	 f

l1h1 wkh shuyhuvh h�hfw ri hpsor|phqw surwhfwlrq lv wkdw wkh �up uhgxfhv
wkh ohyho ri hpsor|phqw gxulqj wkh shdn ri wkh f|foh1

Frpelqlqj wkhvh uhvxowv zh vhh wkdw wkh yduldqfh ri hpsor|phqw ryhu
wkh f|foh lv uhgxfhg zkloh zh fdqqrw vd| dq|wklqj derxw lwv dyhudjh
zlwkrxw pdnlqj ixuwkhu dvvxpswlrqv1

51515 Wkh Wlplqj ri wkh V|vwhp*v G|qdplfv

Dq lqfuhdvh lq oderxu surwhfwlrq fdxvhv d prgl�fdwlrq lq wkh whpsrudo
vwuxfwxuh ri wkh skdvhv lq zklfk wkh g|qdplfv ri wkh v|vwhp duh vwuxf0
wxuhg1
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Kljkhu hpsor|phqw surwhfwlrq lqgxfhv dq lqfuhdvh lq wkh ohqjwk ri
shulrg i|Dc |fj/ zkhq wrwdo ghpdqg lv qrw ixoo| vdwlv�hg dqg krxuv duh
htxdo wr wkh pd{lpxp ohyho �W1 Ehvlghv lw fdxvhv dq lqfuhdvh lq wkh
gxudwlrq ri wkh shulrg i|ec |�j lq zklfk wkh �up hpsor|hv wkh pd{lpxp
qxpehu ri zrunhuv � / dqg d uhgxfwlrq ri wkh klulqj shulrg i|�c |ej1

Wklv phdqv wkdw dq lqfuhdvh lq wkh frvwv ri dgmxvwlqj wkh oderxu lqsxw
rq wkh h{whqvlyh pdujlq ohdgv wr d ulvh lq wkh udwh ri xwlol}dwlrq ri wkh
h{lvwlqj zrunirufh rq wkh lqwhuqdo pdujlq/ frq�uphg e| wkh idfw wkdw
wkh �up zloo dgrsw wkh pd{lpxp dprxqw ri krxuv iru d orqjhu iudfwlrq
ri wkh f|foh1

Qrwklqj fdq eh vdlg derxw wkh gxudwlrq ri wkh glvplvvdov shulrg
i|�c |2j dqg wkh plqlpxp hpsor|phqw lqwhuydo i|2c |�j vlqfh wkh h�hfwv
ri kljkhu hpsor|phqw surwhfwlrq rq |2 duh dpeljxrxv1

516 Wkh H�hfwv ri Ryhuwlph Vwdqgdugv Ohjlvodwlrq

rq Hpsor|phqw G|qdplfv

51614 Hpsor|phqw Ohyhov

Ryhuwlph vwdqgdug ohjlvodwlrq kdv qr h�hfwv rq wkh orzhvw ohyho ri hp0
sor|phqw ryhu wkh f|foh 7� / l1h1

Y 7�

Y��
' f

Lqvwhdg/ wkh h�hfwv rq � duh vxfk wkdw

Y�

Y��
: f�

Wklv phdqv wkdw orrvhu ryhuwlph vwdqgdug ohjlvodwlrq ghfuhdvhv wkh pd{0
lpxp ohyho ri hpsor|phqw ryhu wkh f|foh zlwkrxw d�hfwlqj wkh hpsor|0
phqw ohyho gxulqj wkh voxps1

51615 Wkh Wlplqj ri wkh V|vwhp*v G|qdplfv

D ghfuhdvh lq ryhuwlph suhpld fdxvhv dq lqfuhdvh lq wkh gxudwlrq ri
shulrg i|Dc |fj lq zklfk ghpdqg lv qrw frpsohwho| vdwlv�hg dqg krxuv
duh htxdo wr wkh pd{lpxp ohyho �W1 Wkh ohqjwk ri shulrg i|2c |�j c lq
zklfk �� ' 7� / lv xqd�hfwhg/ zkloh shulrg i|ec |�j lq zklfk �� ' � lv
orqjhu1

Lw lv zruwkzkloh qrwlqj wkdw/ jlyhq wkh frqglwlrq ghwhuplqlqj wkh
pd{lpxp dprxqw ri krxuv

� n ��}
�
�
�W � 7�2

�
' R +49,
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iurp vlpsoh gl�huhqwldwlrq zh rewdlq wkh h{shfwhg uhvxow

Y�W

Y��
' �

}� E�W�

��}�� E�W�
	 f� +4:,

Wklv phdqv wkdw orrvhu ryhuwlph vwdqgdug ohjlvodwlrq zloo lqfuhdvh
erwk wkh ohyho ri pd{lpxp krxuv dv zhoo dv wkh ohqjwk ri wkh iudfwlrq ri
wkh f|foh lq zklfk wkh| duh dgrswhg e| wkh uhsuhvhqwdwlyh �up1

Lw lv dovr wuxh wkdw wkh �up zloo uhgxfh wkh wlph lq zklfk h{lvwlqj
hpsor|hhv zrun iru d frqvwdqw ohyho ri 7�� dqg 7�2 krxuv/ zlwk d uhgxfwlrq
lq klulqj dv zhoo dv �ulqj ohyhov1

517 Krxuv Ioh{lelolw| Gxulqj wkh Voxps

Jlyhq wkh zdjh vfkhgxoh vshfl�fdwlrq ri htxdwlrq +8, wkh �up idfhv wkh
srvvlelolw| ri uhgxflqj wkh lqwhuqdo frvw ri oderxu gxulqj wkh voxps/ zkhq
� � 7��1 Vlpsoh frpsdudwlyh vwdwlfv vkrzv wkdw wkh ohyho ri � lv xqdi0
ihfwhg/ zkloh zh kdyh

Y 7�

Y�_
: f

l1h1 dq lqfuhdvh lq lqwhuqdo grzqzdug  h{lelolw| gxulqj wkh voxps lqgxfhv
dq lqfuhdvh lq wkh plqlpxp hpsor|phqw ohyho 7� 1

Lqfuhdvlqj grzqzdug zrunlqj wlph  h{lelolw| lv wkhq uhgxflqj wkh
glvplvvdo udwh gxulqj uhfhvvlrqv/ lqfuhdvlqj wkh qxpehu ri hpsor|hhv zkr
fdq uhwdlq wkhlu mrev lq wkdw skdvh ri wkh f|foh1 Jlyhq wkdw 7� lv kljkhu/
wkh glvplvvdo shulrg zloo eh vkruwhu/ dv zhoo dv wkh klulqj skdvh/ zlwk
dq ryhudoo lqfuhdvh lq wkh ohqjwk ri shulrg i|2c |�j/zkhq �� ' 7� 1 Wklv
lv ehfdxvh wkh �up grhv qrw qhhg wr kluh dv wkh f|foh uhfryhuv vlqfh
wkh qxpehu ri hpsor|hhv lv douhdg| kljkhu wkdq lq wkh dowhuqdwlyh fdvh
ri uljlg zrunlqj wlph uhjxodwlrqv gxulqj wkh voxps1 Wkh oderxu lqsxw
dgmxvwphqwv zloo eh pdgh wkurxjk wkh dgmxvwphqw ri krxuv1

Qrwlfh wkdw li �_ ' f zh duh lq wkh fdvh ri d frqvwdqw idoo edfn sd|
htxdo wr �7��/ zlwk wkh �up vlpso| krduglqj oderxu dv krxuv idoo ehorz
wkh vwdqgdug ohyho1

518 Ryhudoo Zrunlqj Wlph Uhjxodwlrq

Wkh h�hfwv ri dq lqfuhdvh lq ryhudoo zrunlqj wlph  h{lelolw|/ wkurxjk d
ghfuhdvh lq ryhuwlph vwdqgdugv sdudphwhu �� dqg dq lqfuhdvh lq grzq0
zdug  h{lelolw| �_/ duh vlplodu wr wkh rqhv fdxvhg e| kljkhu hpsor|phqw
surwhfwlrq1 Krzhyhu/ zkloh lq erwk fdvhv wkh yduldqfh ri hpsor|phqw
ryhu wkh f|foh lv uhgxfhg/ wkh g|qdplfv ri krxuv duh gl�huhqw1 Lq idfw lq
wklv fdvh zh kdyh dq lqfuhdvh ri zrunlqj krxuv lq fruuhvsrqghqfh wr wkh
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shdn ri wkh f|foh dqg d uhgxfwlrq gxulqj wkh voxps/ zkloh lq wkh fdvh ri
kljkhu hpsor|phqw surwhfwlrq wkh ex�hu ixqfwlrq ri krxuv lv dfklhyhg
wkurxjk d fkdqjh lq wkh wlplqj ri wkh v|vwhp1 Lq rwkhu zrugv kljkhu
zrunlqj wlph  h{lelolw| lqfuhdvhv wkh yduldqfh ri krxuv ryhu wkh f|foh/
zkloh kljkhu hpsor|phqw surwhfwlrq prgl�hv wkh wlplqj ri wkh g|qdp0
lfv ri wkh v|vwhp/ srvvleo| uhgxflqj wkh yduldqfh ri krxuv1 Krzhyhu/
li zrunlqj wlph uhjxodwlrqv duh vhw xs lq dq dv|pphwulf zd| ryhu wkh
f|folfdo skdvhv/ wrwdo hpsor|phqw fdq eh lqfuhdvhg wkurxjk d uhgxfwlrq
lq  h{lelolw| gxulqj errpv/ dqg dq lqfuhdvh gxulqj voxpsv1

6 Hpslulfdo dqdo|vlv

614 Wkh Ghshqghqw Yduldeoh= Hpsor|phqw Uhvsrq0

vlyhqhvv Wr Rxwsxw G|qdplfv

Zh qrz zdqw wr nqrz li wkh hpslulfdo hylghqfh lv frqvlvwhqw zlwk wkh
frqfoxvlrqv zh uhdfkhg lq vhfwlrq wzr1 Lq rughu wr dfklhyh wklv remhfwlyh
zh �uvw qhhg dq xqdpeljxrxv qrwlrq ri f|foh/ dqg vhfrqgo| d phdvxuh
ri wkh uhvsrqvlyhqhvv ri hpsor|phqw wr f|folfdo yduldwlrqv lq rxwsxw1

Wkh �uvw srlqw lv dssurdfkhg e| dsso|lqj wkh Krgulfn 0 Suhvfrww45

�owhulqj whfkqltxh wr rxwsxw gdwd1 Dowkrxjk wkh fkrlfh ri wklv �owhulqj
whfkqltxh lv qrw h{hpsw iurp fulwlflvp46 zh suhihu wr iroorz wkh vwdqgdug
sudfwlfh dgrswhg lq wkh exvlqhvv f|fohv olwhudwxuh/ lq rughu wr doorz iru
frpsdulvrqv1 Lq zkdw iroorzv/ dq h{sdqvlyh skdvh lv gh�qhg dv wkh skdvh
ri wkh f|foh gxulqj zklfk dq lqfuhdvh lq rxwsxw lv wudqvodwhg lqwr dq
lqfuhdvh lq hpsor|phqw1 Ylfhyhuvd d uhfhvvlyh skdvh lv gh�qhg dv wkh
lqwhuydo lq zklfk wkh ghfuhdvh lq f|folfdo rxwsxw irufhv d uhgxfwlrq lq
hpsor|phqw1

Uhjduglqj wkh vhfrqg srlqw/ wkh yduldeoh L xvh lv wkh hodvwlflw| ri
hpsor|phqw zlwk uhvshfw wr rxwsxw/ phdvxuhg ryhu hdfk skdvh ri wkh
f|foh1 Lq d ghwuhqghg zruog dv wkh rqh ghslfwhg e| wkh wkhruhwlfdo prgho/
wklv lv vlpso|

0��%
'

���

�%
'

%

��

_��

_%
� +4;,

Ghdolqj zlwk wuhqghg gdwd/ zh qhhg wr dgrsw d gl�huhqw whfkqltxh
iru wkh h{sdqvlyh dqg iru wkh uhfhvvlyh skdvh dqdo|vlv1 Lq idfw/ lq wkh

45Vhh Krgulfn dqg Suhvfrww ^4<<:`1
46Iru h{dpsoh vhh Kduyh| dqg Mdhjhu +4<<6,/ Nlqj dqg Uhehor +4<<6, dqg Frjoh|

dqg Qdvrq +4<<8,1
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iruphu fdvh/ rqfh wkh h{sdqvlyh lqwhuydo lv ghwhuplqhg zh fdofxodwh 0��%

xvlqj dfwxdo lqvwhdg ri ghwuhqghg gdwd iru hpsor|phqw dqg rxwsxw1 Wkh
uhdvrq iru wklv fkrlfh lv wkdw zh suhihu wr xvh ruljlqdo lqvwhdg ri �owhuhg
gdwd/ lq rughu wr dyrlg dq| srvvleoh glvwruwlrq ghwhuplqhg e| wkh �owhu1
Wklv lv srvvleoh lq wkh dqdo|vlv ri h{sdqvlrqv vlqfh wkh f|folfdo dqg wkh
wuhqg frpsrqhqw kdyh wkh vdph vljq1

Wkh vlwxdwlrq lv gl�huhqw iru frqwudfwlrqv/ vlqfh lq wklv fdvh wkh f|fol0
fdo dqg wkh wuhqg frpsrqhqw kdyh rssrvlwh vljqv1 Xvlqj dfwxdo gdwd lv
qrw wkh ehvw vwudwhj| khuh/ vlqfh wkh f|folfdo dqg wkh wuhqg frpsrqhqw
frxog fdqfho rxw/ glvwruwlqj wkh lqirupdwlrq frqwdlqhg lq wkh ghshqghqw
yduldeoh1 Iru h{dpsoh zh frxog hqg xs zlwk d srvlwlyh udwh ri jurzwk
ri rxwsxw gxulqj d frqwudfwlrq/ li wkh surgxfwlylw| jurzwk lqfrusrudwhg
lq wkh wuhqg frpsrqhqw lv juhdwhu wkdq wkh qhjdwlyh f|folfdo frpsrqhqw
dqg wkh lqirupdwlrq frqwdlqhg lq 0��%

fdofxodwhg dv lq wkh suhylrxv fdvh
frxog eh wrwdoo| plvohdglqj1 Wkxv/ lq wkh frqwudfwlyh skdvh fdvh/ zh suh0
ihu wr xvh �owhuhg gdwd iru erwk rxwsxw dqg hpsor|phqw/ vlqfh zh uhsxwh
wkh glvwruwlrq fdxvhg e| wkh �owhu wr eh lqihulru wr wkh glvwruwlrq fdxvhg
e| wkh h�hfw ghvfulehg deryh1 Dq|zd| lq wklv fdvh fduh pxvw eh wdnhq lq
wkh lqwhusuhwdwlrq ri wkh uhvxowv/ vlqfh wkh lqirupdwlrq frqwdlqhg lq wkh
gdwd frxog eh dowhuhg e| wkh �owhu1 Lq erwk fdvhv wkh hodvwlflw| ydoxhv
kdyh wr eh srvlwlyh e| gh�qlwlrq1

Jlyhq wkh frqfoxvlrqv ri wkh wkhruhwlfdo prgho/ zh h{shfw oderxu
pdunhw lqvwlwxwlrqv wr kdyh d qrq qhjoljleoh h�hfw rq wkh wudqvodwlrq ri
rxwsxw lqwr hpsor|phqw g|qdplfv1

615 H{sdqvlyh Skdvh Dqdo|vlv

61514 Frpsdudwlyh G|qdplfv iru h{sdqvlrqv

Ehiruh vkrzlqj wkh uhvxowv ri wkh hvwlpdwhg prgho lq wkh qh{w sdudjudsk/
L suhvhqw khuh wkh frpsdudwlyh g|qdplfv uhvxowv wkdw ghvfuleh wkh h�hfwv
ri oderxu pdunhw lqvwlwxwlrqv rq wkh ghshqghqw yduldeoh/ xvlqj wkh wkh0
ruhwlfdo iudphzrun ri vhfwlrq wzr1

Wkh rxwsxw hodvwlflw| ri hpsor|phqw ryhu wkh h{sdqvlyh skdvh lv htxdo
wr

0��%
'

��
�%

+4<,

zkhuh �% lv wkh udwh ri jurzwk ri rxwsxw gxulqj wkh h{sdqvlrq skdvh/
zlwk �% : f e| gh�qlwlrq/ dqg ���

lv wkh hpsor|phqw udwh ri jurzwk
gxulqj wkh vdph h{sdqvlrq1 Xvlqj wkh qrwdwlrq ri vhfwlrq wzr zh kdyh

���
'

� � 7�
7�

+53,
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zkhuh � lv wkh pd{lpxp ohyho ri hpsor|phqw ryhu wkh f|foh dqg 7� lv
wkh plqlpxp ohyho1

Zh duh lqwhuhvwhg lq wkh h�hfwv ri hpsor|phqw surwhfwlrq _ dqg zrun0
lqj wlph vwdqgdugv ohjlvodwlrq �� dqg �_ rq wkh ghshqghqw yduldeoh1 Dv
vkrzq lq Dsshqgl{ D zh kdyh wkh iroorzlqj uhvxowv=

Y 7�

Y_
: f +54,

Y�

Y_
	 f +55,

Y 7�

Y��
' f +56,

Y�

Y��
: f +57,

Y 7�

Y�_
: f +58,

Y�

Y�_
' f� +59,

Wkh hpslulfdo Hpsor|phqw Surwhfwlrq yduldeoh .� fruuhvsrqgv wr wkh
wkhruhwlfdo ydoxh ri _1 Gl�huhqwo|/ Zrunlqj Wlph Vwdqgdugv lqglfdwhv wkh
frpelqhg h�hfw ri wkh wzr yduldeohv phdvxulqj xszdug dqg grzqzdug
 h{lelolw|/ uhvshfwlyho| �� dqg �_1 Khqfh/ kljkhu zrunlqj wlph uljlglw|
phdvxuhg e| kljkhu ydoxhv ri`A / fruuhvsrqgv wr kljkhu ohyhov ri �� dqg
orzhu ohyhov ri �_/ l1h1 juhdwhu frvwv ri lqfuhdvlqj wkh ohyho ri zrunlqj
krxuv gxulqj errpv dqg uhgxflqj wkhp gxulqj voxpsv

Frpelqlqj wkh deryh htxdwlrqv zh rewdlq wkh wzr iroorzlqj lpsru0
wdqw uhvxowv

Y0��%

Y.�
'

;?
= �

7�

Y�

Y_
�

E3�

�
7�2

Y 7�

Y_
En�
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> �3�

%
	 f +5:,

dqg

Y0��%

Y`A
'

�

�%

;A?
A= �

7�

Y�

Y��
En�

�
�
7�2

5
97��

Y 7�

Y�_
En�

6
:8
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Htxdwlrq +5:, vwdwhv wkdw dq lqfuhdvh lq wkh hpsor|phqw surwhfwlrq ohyho
uhgxfhv wkh rxwsxw hodvwlflw| ri hpsor|phqw gxulqj wkh h{sdqvlyh skdvh/
zkloh htxdwlrq +5;, vwdwhv wkdw dq lqfuhdvh lq wkh vwulfwqhvv ri zrunlqj
wlph uhjxodwlrqv lqfuhdvhv lw1

Lqwxlwlyho| zkdw wkh �uvw htxdwlrq lv vd|lqj lv wkdw kljk ohyhov ri hp0
sor|phqw surwhfwlrq uhgxfh wkh hpsor|phqw jurzwk lqgxfhg gxulqj dq
h{sdqvlyh skdvh1 Wkh �up lv dqwlflsdwlqj wkh kljkhu frvwv ri glvplvvdov
gxulqj wkh uhfhvvlyh skdvh dqg uhgxfhv wkh ohyho ri dffhvvlrqv gxulqj wkh
h{sdqvlrq1 Ehvlghv wkh plqlpxp ohyho ri hpsor|phqw ryhu wkh f|foh
zloo dovr eh kljkhu ehfdxvh ri wkh kljkhu surwhfwlrq ri hpsor|hg zrun0
huv1 Wkh vxppdwlrq ri wkhvh wzr h�hfwv uhgxfhv wkh udwh ri jurzwk ri
hpsor|phqw1

Wkh vhfrqg htxdwlrq vkrzv lqvwhdg wkdw pruh vwulfw uhjxodwlrqv ri
zrunlqj wlph / l1h1 pruh lqwhuqdo uljlglw|/ sxvk wkh �up wr ydu| lwv
oderxu lqsxw uhtxluhphqwv gxulqj wkh h{sdqvlyh skdvh rq wkh h{whqvlyh
pdujlq/ lqfuhdvlqj wkh udwh ri jurzwk ri hpsor|phqw dv wkh rxwsxw ohyhov
udlvh ryhu wkh h{sdqvlrq1

Zh fdq qrz frpsduh wkhvh uhvxowv zlwk wkh rxwfrph ri wkh hpslulfdo
hvwlpdwhv lq qh{w vxevhfwlrq1

61515 Wkh Prgho

Zh irfxv rq wkh f|folfdo ehkdylrxu ri 53 RHFG frxqwulhv ryhu wkh shulrg
4<:8 0 4<<:/ lghqwli|lqj wkh h{sdqvlyh skdvhv vkrzq lq Wdeoh 4 iru hdfk
frxqwu| lq wkh vdpsoh1

Jlyhq wkh wlplqj dqg gxudwlrq lq txduwhuv ri hdfk h{sdqvlyh skdvh/
wkh rxwsxw hodvwlflw| ri hpsor|phqw lv fdofxodwhg dv iroorzv=

0�|
��%

'

q
��E|vwduw �3��E|hqg �

��E|vwduw �

r
q
%E|vwduw �3%E|hqg �

%E|vwduw �

r iru � ' �c � � � c 2f | ' �c � � � c ��

+5<,

zkhuh �� lv dfwxdo hpsor|phqw dqg % lv dfwxdo rxwsxw hdfk revhuyhg
iru wkh �0wk frxqwu|/ dw wkh vwduw ru wkh hqg ri wkh |0wk skdvh1

Wkh uhvxowlqj ydoxhv iru wkh ghshqghqw yduldeoh duh vkrzq lq Wdeoh
51

Wkh hvwlpdwlrq whfkqltxh hpsor|hg lq wkh dqdo|vlv lv Yduldqfh Frp0
srqhqwv UdqgrpH�hfwv/ doorzlqj iru d frpsrvlwh vwuxfwxuh ri wkh vwrfkdv0
wlf whup lq rughu wr wdnh lqwr dffrxqw wkdw vxevhtxhqw revhuydwlrqv iurp
d vlqjoh frxqwu| fdqqrw eh wuhdwhg dv lqghshqghqw udqgrp gudzv1 Lq
sudfwlfh/ wkh dqdo|vlv irfxv rq wkh furvv frxqwu| yduldwlrq lq f|folfdo
hpsor|phqw g|qdplfv1
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H{sdqvlyh Skdvh 4 H{sdqvlyh Skdvh 5 H{sdqvlyh Skdvh 6

Frxqwu| vwduw hqg gx vwduw hqg gx vwduw hqg gx

Dxvwuld 4<:;06 4<;305 : 4<;:06 4<<406 49 4<<605 4<<707 9

Ehojlxp 4<:<04 4<;306 9 4<;:05 4<<306 46

Ghqpdun 4<:;04 4<:<06 9 4<;605 4<;904 44 4<<604 4<<805 <

Ilqodqg 4<:;06 4<;305 : 4<;906 4<;<07 46 4<<604 4<<904 45

Iudqfh 4<::06 4<:<06 ; 4<;:05 4<;<07 43 4<<606 4<<804 9

Jhupdq| 4<::05 4<:<07 43 4<;<05 4<<406 <

Luhodqg 4<:906 4<:;05 : 4<;;05 4<<306 <

Lwdo| 4<:;04 4<;304 ; 4<;906 4<<304 47

Qhwkhuodqgv 4<:;06 4<:<07 8 4<;;05 4<<305 ; 4<<606 4<<707 8

Qruzd| 4<:;06 4<;304 9 4<;506 4<;:04 4; 4<<604 4<<706 9

Sruwxjdo 4<:806 4<::05 : 4<:;06 4<;306 ; 4<;706 4<<406 5;

Vsdlq 4<;905 4<<306 4:

Vzhghq 4<:;04 4<;304 ; 4<;507 4<;804 < 4<;907 4<<305 47

Vzlw}huodqg 4<:;05 4<;404 44 4<;:06 4<<305 44 4<<606 4<<804 9

Xqlwhg Nlqjgrp 4<:807 4<:<06 48 4<;804 4<;<04 49 4<<506 4<<804 43

Dxvwudold 4<::07 4<:<05 9 4<;907 4<;<07 45 4<<407 4<<706 44

Fdqdgd 4<::05 4<:<06 < 4<;907 4<;<06 44 4<<506 4<<804 43

Mdsdq 4<::05 4<:<06 < 4<;606 4<;805 < 4<;:04 4<<406 4;

Qhz ]hdodqg 4<:806 4<:907 8 4<<506 4<<707 <

Xqlwhg Vwdwhv 4<:805 4<:;07 47 4<;:04 4<;<07 44 4<<406 4<<804 47

Wdeoh 4= Wlplqj dqg gxudwlrq ri wkh h{sdqvlyh skdvhv
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Frxqwu| H{sdqvlyh Skdvh 4 H{sdqvlyh Skdvh 5 H{sdqvlyh Skdvh 6

Dxvwuld 31387566 316<7;9 317:786

Ehojlxp 31347849 31689:69

Ghqpdun 315<:4:6 318454:8 313:7;5<

Ilqodqg 317<8:76 3146:467 3137<93;

Iudqfh 31439:7; 315<6<38 314<47:6

Jhupdq| 316:;99: 31733487

Luhodqg 315969<< 315::758

Lwdo| 3149<9:8 3146;9<

Qhwkhuodqgv 316:776; 31859:4< 314584;8

Qruzd| 31498879 316:6;;; 3165;599

Sruwxjdo 314738:9 316;79<4 3169;7:4

Vsdlq 31989894

Vzhghq 316<7458 31398<<: 318655:8

Vzlw}huodqg 31:7:<4 31;;6477 31576764

Xqlwhg Nlqjgrp 31555356 317:;785 31486;9:

Dxvwudold 3149885< 31<7363: 3167;695

Fdqdgd 31;:99<; 31987388 3189<87;

Mdsdq 3156934; 314834<: 31693<<4

Qhz ]hdodqg 31897;34 319:944

Xqlwhg Vwdwhv 31:38999 3194:<44 31944694

Phdq 31668795 31764;37 316674;:

Vwdqgdug Ghyldwlrq 3156:887 3157:999 315356;7

Wdeoh 5= Rxwsxw hodvwlflw| ri hpsor|phqw ryhu wkh h{sdqvlyh skdvh
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Wkh xqedodqfhg prgho zh hqg xs zlwk lv jlyhq e| wkh iroorzlqj
htxdwlrq

0�|
��%

' knj��|qn>� n ��| � ' �c � � � c 2f | ' �c � � � c A� +63,

zkhuh k lv wkh phdq lqwhufhsw ri wkh uhjuhvvlrq/ j��| lv d yhfwru ri &
lqvwlwxwlrqdo dqg frqwuro yduldeohv/ q lv wkh yhfwru ri sdudphwhuv ri lq0
whuhvw/ >� lv wkh wlph lqyduldqw lqglylgxdo vshfl�f udqgrp h�hfw iru wkh
�0wk frxqwu|/ ��| lv wkh glvwxuedqfh whup iru wkh �|0wk revhuydwlrq dqg A�
lv wkh qxpehu ri wlph revhuydwlrqv rq �1

Wkh frpsrvlwlrq ri yhfwru j��| vxjjhvwhg e| wkh wkhru| lqglfdwhv hp0
sor|phqw surwhfwlrq +.� , dqg zrunlqj wlph vwdqgdugv ohjlvodwlrq +`A ,
dv pdlq lqvwlwxwlrqdo lq xhqfhv rq wkh uhvsrqvlyhqhvv ri hpsor|phqw wr
rxwsxw g|qdplfv1

L dgg wzr rwkhu lqvwlwxwlrqdo yduldeohv/ Xqlrq Fryhudjh +L�, dqg
Oderxu Glvsxwhv +u(,/ lq rughu wr frqwuro iru wkh h�hfwv ri lqvwlwxwlrqv
jryhuqlqj oderxu vxsso| qrw lqfoxghg lq wkh wkhruhwlfdo prgho L uhihu wr1
Lq idfw lw *v uhdvrqdeoh wr dvvxph hpsor|hhv* dfwlrq wr d�hfw wkh f|folfdo
ehkdylrxu ri hpsor|phqw lq vrph gluhfwlrq1

Ilqdoo| L lqfoxgh wzr rwkhu frqwuro yduldeohv/ ghvfulelqj wkh fkdudf0
whulvwlfv ri hdfk h{sdqvlyh skdvh1 Lq sduwlfxodu L lghqwl�hg wzr pdlq
ihdwxuhv iru hdfk skdvh/ qdpho| wkh ohqjwk lq txduwhuv (L�| dqg wkh
ghswk ri wkh voxps suhfhglqj wkh h{sdqvlrq 7u�|

471 Lw*v zruwkzkloh qrw0
lqj wkdw li wkh uhsuhvhqwdwlyh �up dgrswv d oderxu krduglqj vwudwhj|
gxulqj voxpsv/ dqg li zh dvvxph dq krprjhqhrxv oderxu krduglqj eh0
kdylrxu dfurvv frxqwulhv/ wkh odwwhu zloo ghshqg srvlwlyho| rq wkh ghswk
ri wkh suhylrxv uhfhvvlrq/ l1h1 rq wkh ydoxh ri 7u�|1 Wklv lv wuxh li gl�hu0
hqw frxqwulhv uhdfw lq wkh vdph zd| wr wkh voxps/ krduglqj pruh oderxu
wkh ghhshu lv wkh voxps1 Khqfh/ wklv yduldeoh frxog dovr eh frqvlghuhg
dv d sur{| iru oderxu krduglqj1

Wkh �uvw yhuvlrq ri wkh prgho lv wkhq wkh iroorzlqj

0�|
��%

' knq�.��nq2`A�nq�L��nqeu(�|nqD(L�|nqS7u�|n>�n��|

� ' �c � � � c 2f | ' �c � � � c A� +65,

47Wkh odwwhu lv fdofxodwhg dv wkh udwlr ri wkh devroxwh ydoxh ri wkh Krgulfn0Suhvfrww
f|folfdo frpsrqhqw dw wkh vwduw ri hdfk skdvh w ryhu wkh vwdqgdug ghyldwlrq ri wkh
f|folfdo frpsrqhqw iru wkh l0wk frxqwu|/ l1h1

VOlw @
mflw +skdvh vwduw,m

VG +fw,l
= +64,

Wkh f|folfdo frpsrqhqw dw wkh ehjlqqlqj ri wkh h{sdqvlrq skdvh phdvxuhv wkh ghswk
ri wkh uhfhvvlrq suhfhglqj wkh h{sdqvlrq lq txhvwlrq1 Wkh frpsrqhqw kdv wr eh
dgmxvwhg e| wkh vwdqgdug ghyldwlrq ri wkh vhulhv lq rughu wr doorz iru frpsdulvrqv1
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zkhuh
0�|��%

= rxwsxw hodvwlflw| ri hpsor|phqw>
k = phdq lqwhufhsw>
.�� = hpsor|phqw surwhfwlrq E_�>
`A� = zrunlqj wlph vwdqgdugv E�� dqg �_�>
L�� = xqlrq fryhudjh>
u(�| = oderxu glvsxwhv +zrunhuv lqyroyhg,/ qrupdol}hg>
(L�| = gxudwlrq ri h{sdqvlyh skdvh/ lq txduwhuv>
7u�| = ghswk ri wkh voxps suhfhglqj wkh h{sdqvlrq>
>� = wlph lqyduldqw lqglylgxdo vshfl�f h�hfw>
��| = glvwxuedqfh whup1
Qrwh wkdw hpsor|phqw surwhfwlrq/ zrunlqj wlph vwdqgdugv dqg xqlrq

fryhudjh duh frqvwdqw ryhu wlph1 Lq sudfwlfh/ zh duh dvvxplqj wkdw wkh
uhodwlyh lqvwlwxwlrqdo frq�jxudwlrq ri wkh oderxu pdunhw iru wkh frxqwulhv
lq wkh vdpsoh lv frqvwdqw ryhu wkh dqdo|}hg wlph shulrg481

61516 Hvwlpdwlrqv

Wkh uhvxowv ri wkh Yduldqfh Frpsrqhqw Udqgrp H�hfwv hvwlpdwlrq duh
vkrzq lq Wdeoh 61

Prgho 4 frqwdlqv rqo| yduldeohv zlwk frh!flhqwv vljql�fdqw dw wkh DI
ohyho1 Prgho 5 lv lqvwhdg h{foxglqj Oderxu Glvsxwhv iurp wkh dqdo|vlv/
zlwk uhvshfw wr wkh vshfl�fdwlrq ri htxdwlrq +65, dv hperglhg e| Prgho
61 Dv zh fdq vhh iurp wkh Wdeoh/ Oderxu Glvsxwhv frh!flhqw lv kljko|
lqvljql�fdqw +S0ydoxh@f�.bH,/ wkxv zrunhuv* plolwdqf| grhvq*w vhhp wr
d�hfw �upv* klulqj ehkdylrxu gxulqj h{sdqvlrqv1

Wkh frh!flhqwv ri Hpsor|phqw Surwhfwlrq dqg Zrunlqj Wlph Vwdq0
gdugv duh vljql�fdqw lq doo wkh wkuhh suhvhqwhg prghov1 Wkh vljqv duh
frqvlvwhqw zlwk wkh frqfoxvlrqv ri wkh wkhru|1 Dq lqfuhdvh lq wkh vwulfw0
qhvv ri zrunlqj wlph ohjlvodwlrq lv wkhq iruflqj hpsor|phqw jurzwk wr
eh kljkhu ryhu wkh h{sdqvlrq/ zkloh juhdwhu hpsor|phqw surwhfwlrq kdv
dq h�hfw ri rssrvlwh vljq1

Wkh Gxudwlrq ri H{sdqvlrq srvlwlyho| d�hfwv wkh rxwsxw hodvwlflw| ri
hpsor|phqw1 Wklv phdqv wkdw d orqjhu h{sdqvlyh skdvh fdq sxvk wkh
dffhvvlrqv udwh xs vlqfh wkh xwlol}dwlrq ri oderxu lv vsuhdg ryhu d pruh
h{whqghg shulrg ri wlph1 Lw lv zruwkzkloh qrwlqj wkdw hyhq li wkh gx0
udwlrq yduldeoh lv fdofxodwhg h{0srvw/ lw fdq eh frqvlghu dv d gxudwlrq
h{shfwdwlrq sur{| li zh*uh zloolqj wr dvvxph udwlrqdo ru qhdu0udwlrqdo h{0
shfwdwlrqv lq wkh v|vwhp1 Lq wklv fdvh wkh uhsuhvhqwdwlyh �up lv zloolqj wr
lqfuhdvh wkh klulqj udwh zkhq lwv h{shfwdwlrqv lqglfdwh d orqjhu gxudwlrq

48Dowkrxjk wklv frxog qrw eh wuxh lq dq devroxwh whup ehfdxvh ri wkh srvvleoh
lqvwlwxwlrqdo wudqvirupdwlrqv rffxuuhg lq hdfk frxqwu| lq odvw wzr ghfdghv/ wkhvh
fkdqjhv duh qhjoljleoh li zh frqvlghu wkh furvv vhfwlrqdo yduldwlrqv1
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Ghshqghqw Yduldeoh= Rxwsxw Hodvwlflw| ri Hpsor|phqw Ryhu wkh H{sdqvlrq@

Prgho 4KcS Prgho 5KcS Prgho 6KcS

Phdq Lqwhufhsw f��DDH.DWWW
Ef�fH�HDD�

f�D.DD�2WWW
Ef��.feDe�

f�DSbD�D
Ef��.2e�.�

WWW

Hpsor|phqw Surwhfwlrq �f�f2.fH.WWW
Ef�ffDDHH�

�f�f�bb�DWWW
Ef�ff.SfH�

�f�f2f.ef
Ef�ffH��S�

WW

Zrunlqj Wlph Vwdqgdugv f���f.eHWW
Ef�fDef�b�

f��22S.bWW
Ef�fS�D���

f��2ef��WW
Ef�fS�b2H�

Xqlrq Fryhudjh �f�fbeDeH
Ef�f.�b�b�

�f�fb�2D�
Ef�f.�efe�

Oderxu Glvsxwhv f�fffff�.
Ef�ffff�e�

Gxudwlrq ri H{sdqvlrq f�f�He.DWWW
Ef�ffS2eH�

f�f�HHDSWWW
Ef�ffD�.2�

f�f�Hb�SWWW
Ef�ffD�eb�

Ghswk ri Suhfhhglqj Voxps �f�fe��2D
Ef�f2HfH��

�f�fe2SHH
Ef�f2Hf2e�

-2 f��...S� f�e2Seb� f�e2SSf�

Uhjuhvvlrq Vwdqgdug Huuru f�2eDfH2 f�2e�S.D f�2eH�2�

Kdxvpdq Whvw �E�� ' f�fffS�
S0ydoxh'f�bHf2

�E2� ' f�ffbe
S0ydoxh'f�bbD�

�E�� ' f��f2bf
S0ydoxh'f�bDbD

OP Khwhurvnhgdvwlflw| Whvw 2�f2.2S
S0ydoxh'f��De

f��bbfS.
S0ydoxh'f�SDD

f��.bDee
S0ydoxh'f�S.2

Gxuelq Zdwvrq Whvw ���D.�S
Ef�fffcf�ffe�

��ef�ee
Ef�fffcf�f2.�

���bb�b
Ef�fffcf�fe��

Xqedodqfhg Sdqho= Q@53/ Wplq@4/ Wpd{@6/ qxpehu ri revhuydwlrqv@86
@Phdq= 31697446/ Vwdqgdug ghyldwlrq= 31566:85
KYduldqfh frpsrqhqwv udqgrp h�hfwv hvwlpdwru
SVwdqgdug huuruv lq sduhqwkhvlv
WWWVljql�fdqw dw wkh 4( ohyho/ WWVljql�fdqw dw wkh 8( ohyho

Wdeoh 6= Uhjuhvvlrq h{sodlqlqj rxwsxw hodvwlflw| ri hpsor|phqw ryhu wkh
h{sdqvlrq skdvh
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iru wkh h{sdqvlrq1
Xqlrq Fryhudjh lv qrw vljql�fdqw lq prghov 5 dqg 6 +S0ydoxh@f��Hb

dqg f�2�e uhvshfwlyho|,/ khqfh xqlrqv* vwuhqjkw grhvq*w vhhp wr d�hfw hp0
sor|phqw jurzwk ryhu wkh h{sdqvlrq1 Wkh qhjdwlylw| ri frh!flhqw*v vljq
lv h{shfwhg vlqfh zh frxog suhvxph wkdw xqlrqv* vwuhqjkw lv lqfuhdvlqj
wkh frvwv ri glvplvvdov/ d�hfwlqj wkh udwh ri dffhvvlrqv grzqzdug gxulqj
wkh h{sdqvlrq1 Krzhyhu wkh gdwd vkrz wkdw wklv h�hfw lv qhjoljleoh1

Wkh frh!flhqw ri Suhylrxv Uhfhvvlrq*v Ghswk lv vljql�fdqw dw wkh
��I ohyho lq erwk prghov +S0ydoxh@f��2� dqg f��2H uhvshfwlyho|,1 Wkh
qhjdwlyh vljq lqglfdwhv wkdw dq lqfuhdvh lq wkh ghswk ri wkh suhfhglqj
voxps uhgxfhv wkh udwh ri jurzwk ri hpsor|phqw gxulqj wkh h{sdqvlrq1
Wklv frxog lqglfdwh wkh suhvhqfh ri oderxu krduglqj gxulqj wkh voxps1 Ri
frxuvh oderxu krduglqj lv lwvhoi lq xhqfhg e| oderxu pdunhw lqvwlwxwlrqv
lq wkh zd| zh h{dplqhg deryh1 Krzhyhu/ li zh frqwuro iru wkh gxudwlrq
ri wkh h{sdqvlyh skdvh dqg rwkhu lqvwlwxwlrqdo lq xhqfhv/ lw vhhpv wkdw
ghhshu voxpsv fdq lqgxfh wkh �up wr krdug pruh oderxu1

61517 Vlpxodwlrqv

Wkh prgho 4 yhuvlrq ri wkh hvwlpdwhg htxdwlrq lv

0��% ' f��DDH.D
Ef�fH�HDD�

� f�f2.fH.
Ef�ffDDHH�

� .� n f���f.eH
Ef�fDef�b�

�`A n f�f�He.D
Ef�ffS2eH�

�(.�

+66,

Wdeohv 7/ 8 dqg 9 vkrz vrph vlpxodwlrqv uhvshfwlyho| iru dq h{sdqvlrq
ri vkruw/ dyhudjh dqg orqj gxudwlrq491

Ohw xv frqvlghu wkh fdvh ri dq h{sdqvlrq skdvh ri dyhudjh gxudwlrq1
Wkh rxwsxw hodvwlflw| ri hpsor|phqw phdvxuhv wkh shufhqwdjh ri rxwsxw
jurzwk gxulqj h{sdqvlrq wkdw lv wudqvodwhg lqwr hpsor|phqw jurzwk1
Zh fdq vhh wkdw wkh vlpxodwhg ydoxhv ydu| lq d udqjh ehwzhhq f dqg
f�.�Df�e1 Vrph fkdudfwhulvwlf ydoxhv duh uhsruwhg lq Iljxuh 5 iru d ylvxdo
frpsdulvrq1

Yhu| kljk hpsor|phqw surwhfwlrq wrjhwkhu zlwk orrvh zrunlqj wlph
vwdqgdugv fdq fdxvh hpsor|phqw qrw wr ydu| dw doo gxulqj wkh h{sdqvlrq1
Wkh juhdwhu oderxu lqsxw uhtxluhphqwv duh vdwlv�hg e| phdqv ri kljkhu
dfwxdo zrunlqj krxuv ehfdxvh ri wkh juhdwhu frvwv ri glvfrxqwhg glvplv0
vlrqv1 Rq wkh frqwudu| yhu| orz hpsor|phqw surwhfwlrq dffrpsdqlhg e|

49Wkh ydoxhv fruuhvsrqglqj wr yhu| kljk/ kljk/ dyhudjh/ orz/ yhu| orz hpsor|phqw
surwhfwlrq duh uhvshfwlyho|= 53> 48> 43> 8> 4/ frqvlghulqj wkdw wkh dyhudjh ydoxh ri Hp0

sor|phqw Surwhfwlrq iru wkh 53 RHFG frxqwulhv lq wkh vdpsoh lv 431 Wkh Zrunlqj

Wlph Vwdqgdugv yduldeoh iroorzv lqvwhdg wkh xvxdo ydoxhv 5> 4> 3 dffruglqj wr d vwulfw/

dyhudjh ru orrvh frq�jxudwlrq ri wkh oderxu pdunhw1
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Hpsor|phqw Surwhfwlrq Zrunlqj Wlph Vwdqgdugv Rxwsxw Hodvwlflw| ri Hpsor|phqw

Yhu| Kljk Orrvh 0313<67<

Yhu| Kljk Dyhudjh 3134:58;

Yhu| Kljk Vwulfw 3145;339

Kljk Orrvh 31374<78

Kljk Dyhudjh 314859<6

Kljk Vwulfw 31596774

Dyhudjh Orrvh 314::6;

Dyhudjh Dyhudjh 315;;45;

Dyhudjh Vwulfw 316<;;:9

Orz Orrvh 31645;48

Orz Dyhudjh 31756896

Orz Vwulfw 31867644

Yhu| Orz Orrvh 31754496

Yhu| Orz Dyhudjh 31864<44

Yhu| Orz Vwulfw 3197598<

Wdeoh 7= Prgho 4 vlpxodwlrqv iru d vkruw gxudwlrq h{sdqvlyh skdvh +8
txduwhuv,

Hpsor|phqw Surwhfwlrq Zrunlqj Wlph Vwdqgdugv Rxwsxw Hodvwlflw| ri Hpsor|phqw

Yhu| Kljk Orrvh 031334448

Yhu| Kljk Dyhudjh 3143<966

Yhu| Kljk Vwulfw 315536;4

Kljk Orrvh 3146765

Kljk Dyhudjh 3157839;

Kljk Vwulfw 31688;49

Dyhudjh Orrvh 3159<:88

Dyhudjh Dyhudjh 316;3836

Dyhudjh Vwulfw 317<4584

Orz Orrvh 317384<

Orz Dyhudjh 31848<6;

Orz Vwulfw 319599;9

Yhu| Orz Orrvh 3184686;

Yhu| Orz Dyhudjh 319575;9

Yhu| Orz Vwulfw 31:68367

Wdeoh 8= Prgho 4 vlpxodwlrqv iru dq dyhudjh gxudwlrq h{sdqvlyh skdvh
+43 txduwhuv,
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Hpsor|phqw Surwhfwlrq Zrunlqj Wlph Vwdqgdugv Rxwsxw Hodvwlflw| ri Hpsor|phqw

Yhu| Kljk Orrvh 313<459

Yhu| Kljk Dyhudjh 3153533;

Yhu| Kljk Vwulfw 31645:89

Kljk Orrvh 315599<8

Kljk Dyhudjh 3166:776

Kljk Vwulfw 3177;4<4

Dyhudjh Orrvh 3169546

Dyhudjh Dyhudjh 317:5;:;

Dyhudjh Vwulfw 318;6959

Orz Orrvh 317<:898

Orz Dyhudjh 3193;646

Orz Vwulfw 31:4<394

Yhu| Orz Orrvh 31938<46

Yhu| Orz Dyhudjh 31:49994

Yhu| Orz Vwulfw 31;5:73<

Wdeoh 9= Prgho 4 vlpxodwlrqv iru d orqj gxudwlrq h{sdqvlyh skdvh +48
txduwhuv,

vwulfw zrunlqj wlph vwdqgdugv |lhogv dq hodvwlflw| htxdo wr derxw wkuhh
txduwhuv1 Khqfh/ iru h{dpsoh dq rxwsxw udwh ri jurzwk ri 2 shufhqwdjh
srlqwv ryhu rqh |hdu lv dffrpsdqlhg e| d udwh ri jurzwk ri hpsor|phqw
ri rqh dqg dq kdoi shufhqwdjh srlqwv1

Wkh prvw  h{leoh vlwxdwlrq zlwk yhu| orz hpsor|phqw surwhfwlrq
dqg orrvh ryhuwlph vwdqgdugv lv fkdudfwhul}hg e| dq hodvwlflw| ydoxh ri
durxqg f�D/ vxfk wkdw derxw rqh kdoi ri wkh rxwsxw jurzwk lv wudqvodwhg
lqwr hpsor|phqw jurzwk1 Wklv lv wkh vdph uhvxow |lhoghg e| d oderxu
pdunhw lqvwlwxwlrqdo frq�jxudwlrq fkdudfwhul}hg e| dq dyhudjh hpsor|0
phqw surwhfwlrq dqg vwulfw zrunlqj wlph vwdqgdugv ru d orz hpsor|phqw
surwhfwlrq dqg dyhudjh zrunlqj wlph vwdqgdugv1 Wkh prvw uljlg pdunhw
lv lqvwhdg |lhoglqj d ydoxh ri f�22f�H�1

Wkh dyhudjh oderxu pdunhw frq�jxudwlrq/ zlwk dyhudjh ohyhov iru erwk
lqvwlwxwlrqv/ lv surgxflqj dq hodvwlflw| ohyho ri f��HfDf�1 Wklv ydoxh lv qrw
idu iurp wkh rxwfrph ri wkh  h{leoh dqg wkh uljlg pdunhw/ fkdudfwhul}hg
uhvshfwlyho| e| orz dqg kljk ohyhov ri erwk yduldeohv1 Wklv lv ehfdxvh
wkh h�hfw ri wkh  h{lelolw| rq wkh h{whuqdo pdujlq/ fdxvlqj dq lqfuhdvh
lq wkh hpsor|phqw udwh ri jurzwk ryhu wkh h{sdqvlrq/ lv frpshqvdwhg
e| wkh  h{lelolw| rq wkh lqwhuqdo pdujlq wkdw lqfuhdvhv wkh yduldwlrq lq
krxuv/ uhgxflqj wkh rqh lq hpsor|phqw1

Qrwh wkdw wkh phdq hpslulfdo ydoxh ri f��Se��� lv frpsulvhg ehwzhhq
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Iljxuh 5= Vhohfwhg vlpxodwhg ydoxhv iru Rxwsxw Hodvwlflw| ri Hpsor|phqw

ryhu wkh h{sdqvlyh skdvh

wkh vlpxodwlrqv rxwfrphv ri dq dyhudjh dqg d uljlg oderxu pdunhw1

616 Uhfhvvlyh Skdvh Dqdo|vlv

61614 Frpsdudwlyh G|qdplfv iru uhfhvvlrqv

Jlyhq wkh wkhruhwlfdo iudphzrun deryh/ wkh sxusrvh ri wklv vhfwlrq lv
wr whvw hpslulfdoo| wkh lpsdfw ri uhohydqw oderxu pdunhw lqvwlwxwlrqv rq
wkh ghshqghqw yduldeoh gxulqj wkh uhfhvvlyh skdvh1 Wkh frpsdudwlyh
g|qdplfv ri wkh prgho lv vwudljkwiruzdug dqg iroorzv wkh vdph orjlf zh
dssolhg lq wkh h{sdqvlyh skdvh dqdo|vlv1

Khqfh/ jlyhq wkdw gxulqj wkh uhfhvvlyh skdvh wkh qhjdwlyh udwh ri
jurzwk ri hpsor|phqw lv

���
'

7� ��

�
+67,

zkhuh � lv wkh pd{lpxp ohyho ri hpsor|phqw ryhu wkh f|foh dqg 7� lv
wkh plqlpxp ohyho/ zh rewdlq
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Zkdw htxdwlrq +68, lv vd|lqj lv wkdw kljkhu ohyho ri hpsor|phqw surwhf0
wlrq uhgxfh wkh qhjdwlyh udwh ri jurzwk ri hpsor|phqw gxulqj uhfhvvlrqv1
Wklv lv h{dfwo| zkdw zh zrxog h{shfw iurp dq hpsor|phqw surwhfwlrq
ohjlvodwlrq iudphzrun1

Rq wkh rwkhu vlgh htxdwlrq +69, lv lqglfdwlqj wkdw kljkhu ohyhov ri
zrunlqj wlph  h{lelolw| zloo orzhu wkh uhgxfwlrq lq hpsor|phqw gxulqj
uhfhvvlrqv1 Lq wklv fdvh wkh �up lv dffrpprgdwlqj wkh ghfuhdvlqj ohyhov
ri oderxu lqsxw uhtxluhphqwv lqgxfhg e| wkh uhfhvvlyh skdvh e| phdqv ri
d yduldwlrq lq wkh whpsrudo udwh ri xwlol}dwlrq ri wkh h{lvwlqj zrunirufh
rq wkh lqwhuqdo pdujlq1 Wklv doorzv wkh �up wr uhgxfh wkh wrwdo dprxqw
ri �ulqj frvwv gxulqj wkh uhfhvvlyh skdvh/ dqg wkh wrwdo dprxqw ri klulqj
frvwv gxulqj wkh vxevhtxhqw h{sdqvlyh skdvh1 Zkdw wkh �up lv grlqj
lv wkhq edodqflqj wkh frvwv ri zrunlqj wlph yduldwlrqv zlwk wkh frvwv
ri uhgxflqj wkh h{lvwlqj zrunirufh rq wkh h{whqvlyh pdujlq gxulqj wkh
uhfhvvlyh skdvh1

61615 Wkh Prgho

Dv vwdwhg deryh/ lq wkh fdvh ri wkh uhfhvvlyh skdvh L fdofxodwh wkh gh0
shqghqw yduldeoh ydoxhv xvlqj �owhuhg lqvwhdg ri dfwxdo gdwd1 Wklv lv wr
jhw ulg ri wkh surgxfwlylw| wuhqg h�hfw zklfk lv ri rssrvlwh vljq zlwk
uhvshfw wr wkh qhjdwlyh f|folfdo frpsrqhqw zh duh lqwhuhvwhg lq1 Ehvlghv/
jlyhq wkh kljkhu ghjuhh ri uholdelolw| ri dfwxdo zlwk uhvshfw wr �owhuhg
gdwd/ revhuydwlrqv uhodwhg wr uhfhvvlyh skdvhv wkdw gr qrw pdwfk zlwk
wkh h{sdqvlyh skdvhv ri suhylrxv vhfwlrq duh ghohwhg iurp wkh vdpsoh1
Wkh fdofxodwhg hodvwlflw| ydoxhv duh kljkhu rq dyhudjh wkdq wkh rqhv fdo0
fxodwhg lq wkh h{sdqvlyh skdvh fdvh1 Wklv lv gxh wr wkh idfw wkdw wkh
odwwhu frqwdlq wkh wuhqg udwh ri jurzwk iru rxwsxw/ vlqfh zh xvh dfwxdo
gdwd wr fdofxodwh wkhp1

Wkh xqedodqfhg prgho zh hvwlpdwh lv wkh iroorzlqj=

0�|
��%
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+6:,

� ' �c � � � c 2f | ' �c � � � c A�

zkhuh wkh phdqlqj ri wkh yduldeohv lv wkh vdph ri wkh rqhv lq +65,/
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h{fhsw iru ��/ wkdw lv frqvwuxfwhg xvlqj wkh irupxod lq 64 exw lv qrz
lqglfdwlqj wkh khljkw ri wkh errp suhfhglqj wkh uhfhvvlyh skdvh1

61616 Hvwlpdwlrqv

Wdeoh : vkrzv wkh uhjuhvvlrq uhvxowv xvlqj Yduldqfh Frpsrqhqwv Udqgrp
H�hfwv hvwlpdwru1

Prgho 4 lv vwloo fkdudfwhul}hg e| vljql�fdqfh ri erwk Hpsor|phqw
Surwhfwlrq dqg Zrunlqj Wlph Vwdqgdugv/ zlwk h{shfwhg vljqv/ exw wkh
-2 shuirupdqfh lv txlwh srru1 Wklv frxog eh gxh wr wkh idfw wkdw lq wklv
fdvh wkh lqirupdwlrq zh duh ghdolqj zlwk lv lq vrph vhqvh glvwruwhg e|
wkh �owhu/ vr dgglwlrqdo fduh pxvw eh wdnhq lq ghdolqj zlwk wkh qxphulfdo
ydoxhv ri wkh hvwlpdwhv1

Lq doo wkh shuiruphg hvwlpdwlrqv wkh frh!flhqwv ri Xqlrq Fryhudjh/
Khljkw ri Suhfhglqj Errp/ Skdvh Gxudwlrq dqg Oderxu Glvsxwhv duh
qhyhu vljql�fdqw/ dv zh fdq vhh iurp wkh h{dpsoh ri Prgho 6/ hyhq wkrxjk
wkh vljq ri wkh �uvw wzr lv dv h{shfwhg/ zkloh wkh wklug lv sudfwlfdoo| }hur1

Lq doo prghov wkh zrunlqj wlph vwdqgdugv yduldeoh lv vljql�fdqw dw
wkh DI ohyho dqg lwv frh!flhqw*v vljq lv frqvlvwhqw zlwk wkh frqfoxvlrq
ri wkh wkhru|1 Dovr wkh hpsor|phqw surwhfwlrq yduldeoh lv vljql�fdqw dw
wkh vdph frq�ghqfh ohyho lq Prgho 4/ zkloh lwv vljq lv frqvlvwhqw zlwk
wkh wkhru| lq doo wkuhh hvwlpdwhv1 Lw lv lqwhuhvwlqj wr qrwlfh wkdw wkh
hpsor|phqw surwhfwlrq frh!flhqw lv dqdorjrxv wr wkh rqh hvwlpdwhg iru
h{sdqvlrqv/ zkloh wkh zrunlqj wlph vwdqgdugv frh!flhqw lv pruh wkdq
grxeohg4:1

Ghvslwh d fhuwdlq ghjuhh ri lqdffxudf| lqgxfhg e| wkh �owhuhg qdwxuh
ri wkh gdwd/ wkh hpslulfdo dqdo|vlv vhhpv wr jlyh vrph frq�updwlrqv ri
wkh zd| wkh hpsor|phqw g|qdplfv lv vkdshg e| wkh lqvwlwxwlrqdo frq�j0
xudwlrq ri wkh oderxu pdunhw1 Lq sduwlfxodu/ dq hpsor|phqw surwhfwlyh
iudphzrun lv lq idfw uhgxflqj wkh ohyho ri glvplvvdov lqfuhdvlqj wkh �ulqj
frvwv ohyho1 D vlplodu h�hfw lv shuiruphg e| dq kljkhu ghjuhh ri zrunlqj
wlph  h{lelolw|1

617 Skdvh Vhjphqwv

61714 Wkh Prgho

Lq wklv vxevhfwlrq zh suhvhqw wkh uhvxowv ri wkh dqdo|vlv ri wkh hpsor|0
phqw g|qdplfv ryhu gl�huhqw vhjphqwv ri wkh vdph f|folfdo skdvh1 Lq
sudfwlfh zh zdqw wr nqrz

41 li rxwsxw hodvwlflw| ri hpsor|phqw lv v|vwhpdwlfdoo| gl�huhqw ryhu

4:Dowkrxjk wklv idfw frxog frq�up wkdw zrunlqj wlph uhjxodwlrqv dfw dv|pphwul0

fdoo| dorqj wkh f|foh/ dv k|srwkhvl}hg e| wkh wkhruhwlfdo prgho/ wkh wzr qxpehuv duh

qrw wulyldoo| frpsdudeoh/ ehfdxvh ri wkh �owhuhg qdwxuh ri uhfhvvlyh skdvh gdwd1
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Ghshqghqw Yduldeoh= Rxwsxw Hodvwlflw| ri Hpsor|phqw Ryhu wkh Uhfhvvlyh Skdvh

Prgho 4@cScecs Prgho 6@cScecs

Phdq Lqwhufhsw f�HSbDeeWWW
Ef�2ff.f��

���f..2
Ef�effD�.�

WWW

Hpsor|phqw Surwhfwlrq �f�f�2Se�WWW
Ef�f�2H���

�f�f�b22.
Ef�f�.�e�

Zrunlqj Wlph Vwdqgdugv f�2Hfef�WW
Ef��2�b�S�

f���.�fDWW
Ef��e�Hfe�

Xqlrq Fryhudjh �f�2�.�e2
Ef��SeSfD�

Gxudwlrq ri Frqwudfwlrq f�ffH.b2
Ef�f�S.�2�

�f�ff2S��
Ef�f���.f�

Khljkw ri Suhfhhglqj Errp f�fe��b�
Ef�fS��eD�

-2 f��DDD�� f�2fSSf�

Uhjuhvvlrq Vwdqgdug Huuru f�D.f�bH f�D.DSbf

Kdxvpdq Whvw �E�� ' 2�bb�b
S0ydoxh'f�fH�S

�E2� ' f�2DS��
S0ydoxh'f�H.bH

OP Khwhurvnhgdvwlflw| Whvw f�2�bf�D
S0ydoxh'f�S2D

f�D2�Db
S0ydoxh'f�e�b

Gxuelq Zdwvrq Whvw ��2ffeH
Ef�fffcf�fff�

��2SDbb
Ef�fffcf�ff2�

@Xqedodqfhg Sdqho= Q@53/ Wplq@4/ Wpd{@6/ qxpehu ri revhuydwlrqv@7<

SPhdq ri ghshqghqw yduldeoh= 31;6<6;9/ Vwdqgdug Ghyldwlrq=31789;5:
_Phdq ri ghshqghqw yduldeoh= 31;9<7:3/ Vwdqgdug Ghyldwlrq=3195535;
eYduldqfh frpsrqhqwv udqgrp h�hfwv hvwlpdwru
sVwdqgdug huuruv lq sduhqwkhvlv
WWWVljql�fdqw dw wkh 4( ohyho/ WWVljql�fdqw dw wkh 8( ohyho

Wdeoh := Uhjuhvvlrq h{sodlqlqj rxwsxw hodvwlflw| ri hpsor|phqw ryhu wkh
uhfhvvlyh skdvh
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Iljxuh 6= Rxwsxw hodvwlflwlhv ri hpsor|phqw ryhu gl�huhqw vhjphqwv ri wkh

h{sdqvlrq skdvh

wkh gl�huhqw skdvh vhjphqwv>

51 li oderxu pdunhw lqvwlwxwlrqv kdyh d gl�huhqw lpsdfw rq hpsor|0
phqw g|qdplfv ryhu wkh vhjphqwv1

Wkh lqyhvwljdwlrq lv irfxvhg rq wkh h{sdqvlyh skdvh sdqho dqdo|vhg
lq suhylrxv vhfwlrqv1 L frqvlghu wkh wzr kdoyhv ri hdfk h{sdqvlrq/ dqg
fdofxodwh wkh hodvwlflw| yduldeoh iru hdfk kdoi1

Wkh hylghqfh vhhpv wr vkrz d sduwlfxodu g|qdplf sdwwhuq iru hpsor|0
phqw ryhu wkh wzr skdvh vhjphqwv/ zlwk kljkhu rxwsxw hodvwlflw| ydoxhv
ryhu wkh vhfrqg kdoi/ dv zh fdq vhh lq wkh �jxuh1 Dv zh fdq qrwlfh/ vrph
revhuydwlrqv rq wkh vhfrqg kdoi duh juhdwhu wkdq xqlw|/ phdqlqj wkdw lq
wkdw fdvhv wkh udwh ri jurzwk ri hpsor|phqw lv hyhq juhdwhu wkdq wkh
udwh ri jurzwk ri rxwsxw1

Dv d �uvw udz dqvzhu wr wkh �uvw txhvwlrq/ wkhuh vhhp wr eh d v|v0
whpdwlf juhdwhu lpsxovh iru hpsor|phqw wr jurz ryhu wkh odvw vhjphqw ri
wkh h{sdqvlrq skdvh1 Lq rughu wr ghhshq wkh lqyhvwljdwlrq ri wklv h�hfw/
L hvwlpdwhg wkh iroorzlqj prgho

0�|��%
' kn q�.��| n q2`A�| n q�L��| n

n qe)�| n qD E)�|.��|� n qS E)�|`A�|�n>� n ��| +6;,
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zkhuh )�| lv d gxpp| yduldeoh wdnlqj wkh ydoxh � li wkh hodvwlflw| lv
fdofxodwhg lq wkh �uvw kdoi ri wkh h{sdqvlrq skdvh/ f li lw lv fdofxodwhg lq
wkh vhfrqg kdoi/ l1h1

)�| ' � li � 5 i�uvw vhjphqwj
)�| ' f li � 5 ivhfrqg vhjphqwj �

+6<,

Ohw xv h{sodlq wkh udwlrqdoh ri wkh deryh htxdwlrq1
Wkh frh!flhqwv k/ q�/ q2 dqg q� duh wkh vdph ri htxdwlrqv +65, dqg

+6:,/ phdvxulqj uhvshfwlyho| wkh phdq lqwhufhsw dqg wkh frh!flhqwv ri
hpsor|phqw surwhfwlrq/ zrunlqj wlph uhjxodwlrqv dqg xqlrq fryhudjh1

Frh!flhqw qe phdvxuhv wkh phdq lqwhufhsw h�hfw ri wkh �uvw vhjphqw
gxpp|/ zkloh wkh sdudphwhuv qD dqg qS lqglfdwhv lwv vorsh h�hfwv rq
hpsor|phqw surwhfwlrq dqg zrunlqj wlph uhjxodwlrqv1

61715 Hvwlpdwlrqv

Wkh sdqho gdwd hvwlpdwhv duh suhvhqwhg lq Wdeoh ;1
Wr dyrlg dq| glvwruwlrq/ wkh hvwlpdwlrqv ri Prgho 4 dqg 5 duh edvhg

rq d vdpsoh frqvwlwxwhg e| revhuydwlrqv wkdw vkrz d srvlwlyh rxwsxw
hodvwlflw| ri hpsor|phqw iru erwk vhjphqwv1 Wklv fkrlfh lv qrw jrlqj
wr fkdqjh udglfdoo| wkh uhvxowv ri wkh lqyhvwljdwlrq/ exw lv rqo| |lhoglqj
pruh suhflvlrq wr wkh hvwlpdwhv/ dv zh fdq vhh ehorz/ lq frpsdulvrq zlwk
Prgho 6 zklfk lv hvwlpdwhg xvlqj d vdpsoh exlow rq wkh vdph fulwhuld dv
suhylrxv vhfwlrqv1 Prgho 5 fruuhvsrqgv wr wkh hvwlpdwlrq ri htxdwlrq
+6;,1 Dv zh fdq vhh iurp wkh wdeoh/ L��| dqg prvw lpsruwdqwo| wkh
vorsh gxpplhv E)�|.��|� dqg E)�|`A�|�/ duh doo qrw vljql�fdqw1 Wklv
phdqv wkdw wkh lq xhqfh ri wkh suhylrxvo| h{dplqhg oderxu pdunhw lq0
vwlwxwlrqv rq hpsor|phqw g|qdplfv ryhu wkh f|foh lv qrw dv|pphwulfdoo|
glvwulexwhg ryhu wkh h{sdqvlyh skdvh1 Lq rwkhu zrugv/ wkhvh lqvwlwxwlrqdo
frqvwudlqwv duh xqlirupo| elqglqj ryhu wkh skdvh1

Rqfh zh gurs wkh qrq vljql�fdqw yduldeohv iurp wkh uhjuhvvlrq/ zh
rewdlq wkh hvwlpdwlrq ri Prgho 4/ zkhuh erwk Hpsor|phqw Surwhfwlrq
dqg Zrunlqj Wlph Vwdqgdugv duh vljql�fdqw +S0ydoxh ri wkh vhfrqg lv
f�fS�, dqg wkhlu vljqv duh frqvlvwhqw zlwk wkh wkhruhwlfdo prgho1 Zh fdq
qrwlfh wkdw Prgho 4 |lhogv pruh suhflvh hvwlpdwhv zlwk uhvshfw wr Prgho
61

Ilqdoo|/ wkh qe frh!flhqw lv qhjdwlyh dqg vljql�fdqw lq doo wkuhh prg0
hov1 Wklv phdqv wkdw wkh rxwsxw hodvwlflw| ri hpsor|phqw lv orzhu lq wkh
�uvw kdoi ri wkh h{sdqvlrq zlwk uhvshfw wr wkh vhfrqg kdoi1 Lq sudfwlfh/
wkh rxwsxw hodvwlflw| ri hpsor|phqw ydulhv ryhu wkh f|foh/ zlwk orzhu
ydoxhv lq fruuhvsrqghqfh ri wkh ehjlqqlqj ri hdfk h{sdqvlrq dqg kljkhu
ydoxhv wrzdug wkh hqg1

Krzhyhu/ wkuhh dgglwlrqdo uhpdunv pxvw eh pdgh1
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Ghshqghqw Yduldeoh= Rxwsxw Hodvwlflw| ri Hpsor|phqw Ryhu wkh H{sdqvlrq*v Vhjphqwv

Prgho 4@cScecs Prgho 5@cScecs Prgho 6Kc_cecs

Phdq Lqwhufhsw f�D2fD�SWWW
Ef�fb2b2b�

f�S��2DbWWW
Ef��H2e.f�

f�.�H�2b
Ef�f.2bS��

WWW

Hpsor|phqw Surwhfwlrq �f�f2H�DHWWW
Ef�ffS�H.�

�f�f��Sb.WWW
Ef�ffb.fe�

�f�f2.�2�
Ef�ffSD22�

WWW

Zrunlqj Wlph Vwdqgdugv f���D�e�WW
Ef�fS�bD��

f��2Hf..W
Ef�fHS�SD�

f��f�D�W
Ef�fS�2�e�

Xqlrq Fryhudjh �f�f2eH�.
Ef�fS.�e��

Gxudwlrq ri Vhjphqw f�f�SebHWWW
Ef�f���.b�

f�f�eHSeWWW
Ef��e2D.�

f�f2f.D.
Ef�f�He2f�

Iluvw Vhjphqw Gxpp| �f��SH�.eWWW
Ef�fSfe.S�

�f�2H2H2eWWW
Ef���Sf.H�

�f��f�fefWWW
Ef��2�Se.�

ZW Vorsh Iluvw Vhjphqw Gxpp| �f�f�bbH.
Ef��2fD���

HS Vorsh Iluvw Vhjphqw Gxpp| �f���D2�
Ef�f�22SD�

-2 f�2HHDe� f��f2Sb� f�2SDDH2

Uhjuhvvlrq Vwdqgdug Huuru f��.�.fe f��HfDHS f��.�DeS

Kdxvpdq Whvw �E�� ' f�fe2�2
S0ydoxh'f�H�.e

�E�� ' f�fff2f.
S0ydoxh'f�bHHD

�E�� ' f��.�S2
S0ydoxh'f�S.H.

OP Khwhurvnhgdvwlflw| Whvw ��.2DHe
S0ydoxh'f��Hb

��D��2D
S0ydoxh'f�2�S

e���beD
S0ydoxh'f�f�H

Gxuelq Zdwvrq Whvw ��2eDDS
Ef�fffcf�fff�

��2.��S
Ef�fffcf�fff�

���b�f�
Ef�fffcf�fff�

@Xqedodqfhg Sdqho= Q@73/ Wplq@4/ Wpd{@6/ qxpehu ri revhuydwlrqv@<3
KXqedodqfhg Sdqho= Q@73/ Wplq@4/ Wpd{@6/ qxpehu ri revhuydwlrqv@433
SPhdq ri ghshqghqw yduldeoh= 3176;78/ Vwdqgdug ghyldwlrq=31649:<
_Phdq ri ghshqghqw yduldeoh= 3178436/ Vwdqgdug ghyldwlrq=3165::8
eYduldqfh frpsrqhqwv udqgrp h�hfwv hvwlpdwru
sVwdqgdug huuruv lq sduhqwkhvlv
WWWVljql�fdqw dw wkh 4( ohyho/ WWVljql�fdqw dw wkh 8( ohyho /WVljql�fdqw dw wkh 43( ohyho

Wdeoh ;= Uhjuhvvlrq h{sodlqlqj rxwsxw hodvwlflw| ri hpsor|phqw ryhu wkh
h{sdqvlrq*v vhjphqwv 65



Wkh �uvw rqh lv uhodwhg wr wkh vkdsh ri zrunlqj wlph  h{lelolw| ryhu
wkh f|foh1 Lq idfw zh vdz wkdw wkh hpslulfdo phdvxuh `A fruuhvsrqgv wr
wkh wzr wkhruhwlfdo yduldeohv �� dqg �_1 Iru wklv uhdvrq zh fdqqrw glv0
hqwdqjoh wkh vshfl�f h�hfw ri hdfk ri wkh wzr lqvwlwxwlrqv rq wkh f|folfdo
g|qdplfv ri hpsor|phqw1 Krzhyhu lw vhhpv wkdw rq dyhudjh4; zrunlqj
wlph uhjxodwlrqv ryhu wkh pdlq lqgxvwuldol}hg frxqwulhv duh sduwlfxoduo|
ghyrwhg wr wkh pdqdjhphqw ri xszdug  h{lelolw| zkloh zrunlqj wlph  h{0
lelolw| gxulqj voxpsv grhvq*w vhhp wr eh d frpprq sudfwlfh1 Iru wklv
uhdvrq wkh dyhudjh krxuv ohyho gxulqj wkh voxps vkrxog eh kljkhu wkdq
zkdw suhglfwhg e| wkh prgho1 Iroorzlqj wklv iudphzrun/ wkh rqo| srvvl0
eoh vwudwhj| iru wkh �up wr ghfuhdvh lwv oderxu lqsxw gxulqj wkh voxps
lv hlwkhu whpsrudu| od|r�v ru oderxu krduglqj/ zlwkrxw wkh srvvlelolw| ri
vxevwlwxwlqj wkh odwwhu phdvxuh e| phdqv ri d whpsrudu| uhgxfwlrq ri
sd|hg krxuv xqghu wkh vwdqgdug ohyho4<1 Wkh fkrlfh ehwzhhq wkhvh wzr
phdvxuhv vkrxog eh lq xhqfhg e| wkh hpsor|phqw surwhfwlrq ohyho/ zlwk
frxqwulhv idflqj d orzhu ohyho ri hpsor|phqw surwhfwlrq uhfxuulqj wr whp0
srudu| od|r�v dqg ylfhyhuvd1 Lqghhg/ zkloh zh duh lqfoxglqj wkh h�hfwv
ri hpsor|phqw surwhfwlrq lq wkh uhjuhvvlrq/ lw lv qrw fohdu zkhwkhu wkh
zrunlqj wlph vwdqgdugv yduldeoh lv deoh wr fdswxuh wkh lq xhqfh ri wkh
grzqzdug  h{lelolw| sdudphwhu �_/ li lwv h�hfw h{lvwv lq sudfwlfh1 Khqfh/
lw frxog eh wkh fdvh wkdw wkh qe sdudphwhu hvwlpdwh lv phdvxulqj wkh hi0
ihfw ri oderxu krduglqj gxulqj wkh voxps1 Lq sudfwlfh/ dv rxwsxw ehjlqv
wr udlvh ryhu wkh h{sdqvlyh skdvh/ wkh �up lv dgmxvwlqj lwv oderxu lqsxw
orzhulqj wkh oderxu krduglqj ohyho/ zlwk wkh uhvxow wkdw wkh rxwsxw hodv0
wlflw| ri hpsor|phqw lv orzhu lq wkh �uvw kdoi ri wkh skdvh/ zlwk uhvshfw
wr wkh vhfrqg531

Vhfrqgo|/ wkh pdlq dvvxpswlrq ri fkdswhu wzr lv wkdw wkh �up kdv
shuihfw nqrzohgjh ri wkh f|folfdo g|qdplfv ri wkh hfrqrp|1 Dowkrxjk
wklv lv d xvhixo vlpsoli|lqj ghylfh lq rughu wr dqdo|vh wkh pdlq ihdwxuhv
ri hpsor|phqw g|qdplfv ryhu wkh f|foh/ wklv lv fohduo| xquhdolvwlf1 Lq
idfw �up*v klulqj srolf| lv odujho| d�hfwhg e| wkh ghjuhh ri xqfhuwdlqw|
derxw wkh ixwxuh1 Dv vkrzq e| Ehqwrolod dqg Ehuwrod +4<<3,/ rqh ri wkh
pdlq h�hfwv ri xqfhuwdlqw| lv wr ghod| �up*v klulqj dqg �ulqj ehkdylrxu
ryhu wkh f|foh1 Lq rwkhu zrugv/ li wkh f|foh lv vxemhfw wr d udqgrp

4;Vhh Exwwhu/ Iudq}/ Vfkhwwndw dqg Vrvnlfh +4<<8, dqg Ehwwlr/ Gho Erqr dqg Vplwk
+4<<:,1

4<Qrwh wkdw wkh !g sdudphwhu lv lq idfw jryhuqlqj wkh ohyho ri krxuv gxulqj wkh
shulrg

�
w5> �w5

�
/ l1h1zkhq k � �k41

53Wklv frxog eh frq�uphg e| wkh idfw wkdw li zh lqfoxgh wkh voxps ghswk yduldeoh
VO lq hdfk ri wkh hvwlpdwlrqv/ wkh �7 frh!flhqw ehfrphv lqvljql�fdqw1 Wklv lv wuxh
lq erwk fdvhv ri VO fdofxodwhg dw wkh ehjlqqlqj ri wkh h{sdqvlrq iru hdfk vhjphqw
+l1h1 iru erwk wkh �uvw dqg wkh vhfrqg vhjphqw, dqg VO fdofxodwhg dw wkh ehjlqqlqj
ri hdfk vhjphqw1
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surfhvv wkh �up ghyhorsv d }rqh ri lqdfwlylw| ehfdxvh ri wkh lqdelolw|
ri iruhfdvwlqj fruuhfwo| wkh f|folfdo g|qdplfv ri rxwsxw1 Krzhyhu/ li
zh iroorz wklv iudphzrun lq wkh h{sodqdwlrq ri wkh vljq ri frh!flhqw
qe / zh pljkw kdyh wr k|srwkhvl}h wkdw wkh h�hfwv ri xqfhuwdlqw| lv
dv|pphwulfdoo| glvwulexwhg ryhu wkh f|foh/ l1h1 wkh shulrg ri lqdfwlylw|
frxog eh orqjhu gxulqj wkh voxps wkdq gxulqj errpv1 Iroorzlqj wklv
vfhqdulr/ dw wkh ehjlqqlqj ri hdfk h{sdqvlyh skdvh/ dv ghpdqg ehjlqv wr
udlvh/ wkh lqfuhdvh lq oderxu lqsxw uhtxluhphqwv lv �uvw vdwlv�hg rq wkh
lqwhuqdo pdujlq/ l1h1 ydu|lqj wkh lqwhqvlw| ri xwlol}dwlrq ri wkh h{lvwlqj
hpsor|hhv/ wkurxjk dq lqfuhdvh lq h�ruw dqg2ru dfwxdo zrunlqj krxuv/
dqg rqo| vhfrqgdulo| wkurxjk d udlvh lq wkh hpsor|phqw ohyho1

D wklug srvvleoh h{sodqdwlrq iru wkh h�hfw zh irxqg lq wkh gdwd lv
uhodwhg wr zkdw lv nqrz lq wkh olwhudwxuh dv wkh fohdqvlqj h�hfw ri uhfhv0
vlrqv1 Iroorzlqj Fdedoohur dqg Kdpprxu +4<<7, dqg Qlfnhoo/ Qlfrolwvdv
dqg Sdwwhuvrq +4<<:,/ wkh wkuhdw ri edqnuxswf| frxog lqgxfh wkh �up
wr d uhrujdql}dwlrq ri surgxfwlrq gxulqj uhfhvvlrqv/ zlwk d vxevhtxhqw
lqfuhdvh lq wkh surgxfwlylw| ohyho1 Dv wkh h{sdqvlyh skdvh ehjlqv/ wklv
frxog eh uh hfwhg lq d vorzhu lqfuhdvh lq dffhvvlrqv/ hvshfldoo| gxulqj
wkh �uvw kdoi/ uhgxflqj wkh rxwsxw hodvwlflw| ri hpsor|phqw zlwk uhvshfw
wr wkh vhfrqg kdoi1

Wkhvh wkuhh uhpdunv duh lqghhg uhodwhg/ lq wkh vhqvh wkdw wkh| doo
k|srwkhvl}h wkdw wkh �up lqwhuyhqhv rq wkh lqwhqvlyh pdujlq dv|pphw0
ulfdoo| gxulqj wkh f|foh1 Rqh srvvleoh zd| wr glvfulplqdwh dprqj wkhp
lv wkh dqdo|vlv ri wkh f|folfdo ehkdylrxu ri krxuv dqg h�ruw1 Krzhyhu
wklv lv qrw hdv|/ jlyhq wkh gdwd zh glvsrvh ri1 Dsduw iurp wkh reylrxv
gl!fxowlhv ri ghdolqj zlwk wkh phdvxuhphqw ri h�ruw/ wkh txduwhuo| vhulhv
ri krxuv duh dovr qrw yhu| lqirupdwlyh1

Wkh dfwxdo krxuv iru hpsor|hhv vhulhv iurp EVGE/ iru h{dpsoh/ do0
wkrxjk phdvxulqj wkh dfwxdo ohyho ri krxuv dqg qrw wkh vwdqgdug ohyho/
lq vrph fdvhv grq*w vkrz dq| f|folfdo sdwwhuq iru vrph frxqwulhv1

Lw lv wkh fdvh ri Iudqfh/ dv zh fdq vhh lq Ilj1 7/ zkhuh wkh dfwxdo krxuv
vhulhv vhhp wr uh hfw wkh ghfhqqldo grzqzdug wuhqg lq vwdqgdug krxuv/
pruh wkdq dq| f|folfdo yduldwlrq1 Wklv rxwfrph vhhpv wr eh uhodwhg ri
frxuvh wr wkh vrxufhv dqg wkh nlqg ri djjuhjdwlrq xvhg wr frqvwuxfw wkh
dfwxdo krxuv lqglfdwru1 Ehvlghv/ wkh vhulhv lq txhvwlrq ixuqlvkhv gdwd
derxw rqo| d ihz ri wkh 53 RHFG frxqwulhv lq wkh vdpsoh/ dqg lw zdv
qrw srvvleoh wr fduu| dq| hpslulfdo dqdo|vlv xvlqj krprjhqhrxv txduwhuo|
gdwd derxw dfwxdo krxuv541

54Wkh rqo| srvvlelolw| lq wklv vhqvh/zdv wr exlog dq krxuv gdwdvhw/ xvlqj txduwhuo|
EVGE dv zhoo dv |hduo| RHFG Pdlq Hfrqrplf Lqglfdwruv Vhulhv gdwd ryhu rqh h{0
sdqvlyh skdvh ri 4; RHFG frxqwulhv/ frqvlvwlqj ri doo frxqwulhv lq wkh vdpsoh h{fhsw
Ehojlxp dqg Qhz ]hdodqg1 Wkh uhvxowlqj ROV hvwlpdwlrq +vwdqgdug huuruv lq sduhq0
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Iljxuh 7= F|folfdo ehkdylrxu ri Rxwsxw dqg Hpsor|phqw/ dqg ohyho ri Dfwxdo

Krxuv iru Iudqfh +4<9304<<:,

Krzhyhu/ orrnlqj dw Ilj1 8 dqg 9 zh fdq vhh wkdw lq wkh fdvhv ri
Xqlwhg Vwdwhv dqg Fdqdgd/ wkh g|qdplfv ri krxuv ryhu wkh h{sdqvlyh
skdvh ri wkh f|foh lv dv h{shfwhg/ zlwk dq lqfuhdvh frqfhqwudwhg hvshfldoo|
gxulqj wkh �uvw kdoi ri wkh skdvh1

618 Lqvwlwxwlrqv D�hfwlqj Oderxu Vxsso|

Ilqdoo|/ lw lv zruwkzkloh wr vshqg vrph zrugv rq wkh h�hfwv ri oderxu
vxsso| uhodwhg lqvwlwxwlrqdo yduldeohv1 Rqh ri wkh srvvleoh uhdvrqv h{0
sodlqlqj wkh vwduw ri d f|folfdo grzqwxuq/ lv wkdw �upv duh xqdeoh wr h{0
huw wkh qhhghg surgxfwlyh h�ruw lq rughu wr idfh wkh lqfuhdvh lq ghpdqg
gxulqj errpv1 Wklv frxog eh uhodwhg wr wkh gl!fxow| ri klulqj gxulqj
wkh shdn ri wkh f|foh/ ehfdxvh ri wkh lqfuhdvlqj frpshwlwlrq dprqj �upv
lq wkh dwwudfwlrq ri zrunhuv lq suhvhqfh ri d orzhu xqhpsor|phqw udwh1

wkhvlv, lv wkh iroorzlqj

%k{ @ �3=6<73;
+3=86<99,

�3=6;:98ZW
+3=53:76,

.3=6<477
+3=558;5,

XF= +73,

Wklv vlpsoh uhjuhvvlrq grhv qrw vkrz pruh wkdq d qhjdwlyh fruuhodwlrq ehwzhhq
rxwsxw hodvwlflw| ri krxuv %k{ dqg Zrunlqj Wlph Vwdqgdugv dqg d srvlwlyh fruuhod0
wlrq zlwk Xqlrq Fryhudjh1 Lqghhg/ wkh zd| wkh gdwd duh frqvwuxfwhg grhvq*w pdnh
wklv uhvxow wrr uholdeoh/ dv frq�uphg e| wkh odfn ri vljql�fdqfh ri wkh Hpsor|phqw
Surwhfwlrq frh!flhqw1
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Iljxuh 8= F|folfdo ehkdylrxu ri Rxwsxw dqg ohyho ri Dfwxdo Krxuv iru Xqlwhg

Vwdwhv +4<9304<<:,
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HOURS

Iljxuh 9= F|folfdo ehkdylrxu ri Rxwsxw dqg Hpsor|phqw dqg ohyho ri Dfwxdo

krxuv iru Fdqdgd +4<9304<<:,
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Lq wklv vhqvh/ kljkhu xqhpsor|phqw ehqh�wv frxog uhgxfh wkh zloolqj0
qhvv wr zrun ri lqdfwlyh lqglylgxdov/ frqwulexwlqj wr uhgxfh �upv* klulqj
pdujlqv1 Krzhyhu wklv phfkdqlvp lv qrw frq�uphg e| p| dqdo|vlv/ dv
wkh dprxqw dqg gxudwlrq ri ehqh�wv duh qhyhu vljql�fdqw lq wkh prghov
hvwlpdwhg ryhu wkh zkroh h{sdqvlyh dqg uhfhvvlyh skdvhv dv zhoo dv ryhu
hdfk skdvh vhjphqw1

Wkhvh uhvxowv frxog lqglfdwh wkh srvvlelolw| wkdw gxulqj errpv hlwkhu
�upv rq dyhudjh duh qrw oderxu vxsso| frqvwudlqhg/ ru wkdw wkh gl!0
fxowlhv lq surgxflqj wkh dprxqw ri rxwsxw ghpdqghg duh uhodwhg wr wkh
ryhudoo rujdql}dwlrq ri wkh surgxfwlrq surfhvv/ frqfhuqlqj lq sduwlfxodu
pdfklqhv lqyhvwphqw ohyhov1 Wklv olqh ri uhvhdufk qhhgv ixuwkhu lqyhvwl0
jdwlrq wkrxjk1

7 Frqfoxglqj Uhpdunv

L suhvhqwhg d wkhruhwlfdo prgho edvhg rq Qlfnhoo +4<:;, lq rughu wr hydo0
xdwh wkh h�hfwv ri oderxu pdunhw lqvwlwxwlrqv rq wkh g|qdplfv ri hp0
sor|phqw dqg krxuv ryhu wkh f|foh/ irfxvlqj rq zrunlqj wlph vwdqgdugv
lq dgglwlrq wr hpsor|phqw surwhfwlrq1 Lq sduwlfxodu/ L frqvlghuhg wkh
uroh ri ryhuwlph uhjxodwlrqv dv zhoo dv grzqzdug zrunlqj wlph  h{lelolw|
gxulqj wkh voxps1

Lq vhfwlrq wkuhh L frqvlghuhg d vdpsoh ri 53 RHFG frxqwulhv dqg
gh�qhg wkh f|folfdo ehkdylrxu ri rxwsxw dqg hpsor|phqw e| phdqv ri
Krgulfn0Suhvfrww �owhu/ xvlqj txduwhuo| gdwd1 L wkhq hvwlpdwhg wkh h�hfwv
ri oderxu pdunhw lqvwlwxwlrqv rq hpsor|phqw g|qdplfv ryhu wkh f|foh/
dqg irxqg wkdw wkh uhjuhvvlrqv* uhvxowv duh frqvlvwhqw zlwk wkh wkhruhwlfdo
prgho1 Lq sduwlfxodu/ hpsor|phqw surwhfwlrq frh!flhqw kdv d qhjdwlyh
h�hfw rq wkh uhvsrqvlyhqhvv ri hpsor|phqw wr rxwsxw/ zkloh zrunlqj wlph
vwdqgdugv kdv d srvlwlyh lq xhqfh1 Xqlrqv* h�hfwv duh lqvwhdg qhjoljleoh1
Wkhvh uhvxowv kdyh ehhq frq�uphg lq wkh dqdo|vlv ri h{sdqvlyh dv zhoo
dv uhfhvvlyh skdvhv1 Ehvlghv dq dqdo|vlv ri gl�huhqw vhjphqwv ri wkh
h{sdqvlyh skdvh zdv surylghg/ lghqwli|lqj d sduwlfxodu g|qdplf sdwwhuq
iru hpsor|phqw gxulqj wkh skdvh/ zlwk dq kljkhu udwh ri jurzwk gxulqj
wkh vhfrqg kdoi ri wkh h{sdqvlrq1 Wklv sdwwhuq fdq dovr eh h{sodlqhg e|
wkh wkhruhwlfdo prgho1

Oderxu pdunhw lqvwlwxwlrqv vhhp wr kdyh d vljql�fdqw h�hfw rq wkh
f|folfdo g|qdplfv ri hpsor|phqw1 Wkhvh h�hfwv vhhp wr edodqfh ryhu
wkh zkroh f|folfdo shulrg lq wkh fdvh ri hpsor|phqw surwhfwlrq1 Lq rwkhu
zrugv li d orzhu hpsor|phqw surwhfwlrq ohyho lv vkrzq wr lqfuhdvh wkh
rxwsxw hodvwlflw| ri hpsor|phqw gxulqj h{sdqvlrqv/ lw lv dovr wuxh wkdw
gxulqj wkh uhfhvvlyh skdvh wkh h�hfw rq hpsor|phqw zloo eh qhjdwlyh/
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fdxvlqj dq kljkhu ghfuhdvh gxulqj wkh skdvh551
Li zh frqvlghu ryhudoo zrunlqj wlph  h{lelolw| zh kdyh d vlplodu sdw0

whuq1 Krzhyhu/ lq wklv fdvh wkhuh vhhpv wr eh qr uhdvrq iru zrunlqj wlph
wr eh uhjxodwhg lq wkh vdph idvklrq gxulqj voxpsv dqg gxulqj errpv1
Voxpsv duh fkdudfwhul}hg e| dyhudjh ohyhov ri dfwxdo krxuv wkdw duh orzhu
wkdq wkh vwdqgdug dprxqw1 Errpv duh lqvwhdg fkdudfwhul}hg e| srvlwlyh
ohyhov ri ryhuwlph1 Wkh pruh  h{leoh duh krxuv gxulqj voxpsv/ wkh orzhu
zloo eh wkhlu dyhudjh ohyho gxulqj wkdw sduwlfxodu skdvh ri wkh f|foh1 Wkh
pruh  h{leoh duh krxuv gxulqj errpv/ wkh kljkhu zloo eh wkh dyhudjh
dprxqw ri f|folfdo ryhuwlph1 Wkhvh wzr nlqg ri zrunlqj wlph  h{lelo0
lw| duh glvwlqfw/ dqg kdyh glvwlqfw h�hfwv rq hpsor|phqw g|qdplfv ryhu
wkh f|foh1 Gl�huhqwo| iurp zkdw kdsshqv iru hpsor|phqw surwhfwlrq/
kljkhu grzqzdug zrunlqj wlph  h{lelolw| lv jrlqj wr lqfuhdvh wkh plql0
pxp ohyho ri hpsor|phqw ryhu wkh f|foh gxulqj voxpsv/ zlwkrxw d�hfwlqj
wkh pd{lpxp ohyho gxulqj errpv1 Ylfhyhuvd iru xszdug zrunlqj wlph
 h{lelolw| +ryhuwlph vwdqgdugv,1 Krzhyhu grzqzdug zrunlqj wlph  h{l0
elolw| lv qrw d frpprq sudfwlfh dprqj RHFG frxqwulhv/ zkloh ryhuwlph
uhjxodwlrqv duh1 Wklv frxog d�hfw dyhudjh hpsor|phqw ohyhov dqg �up*v
frvwv vwuxfwxuh gxulqj voxpsv1 Lq idfw/ lw frxog eh wkh fdvh wkdw wkh �up
lv xqdeoh wr lqwhuyhqh rq wkh lqwhqvlyh pdujlq gxulqj voxpsv wkurxjk d
uhgxfwlrq ri dfwxdo zrunlqj krxuv/ ohwwlqj oderxu krduglqj eh wkh rqo|
srvvleoh phdvxuh wr uhgxfh wkh dprxqw ri dfwxdo zrunhg krxuv xqghu wkh
vwdqgdug ohyho1 Dq lqfuhdvh ri grzqzdug zrunlqj wlph  h{lelolw| lv wkhq
jrlqj wr uhgxfh �upv* oderxu frvwv dqg wr lqfuhdvh wkh dyhudjh ohyho ri
hpsor|phqw gxulqj voxpsv561 Lw*v zruwkzloh qrwlqj wkdw wkh exughq ri
wklv phdvxuh lv doorfdwhg rq wkh hpsor|hg zrunhuv/ wkdw vkrxog dffhsw d
orzhu zhhno| zdjh lq h{fkdqjh ri kljkhu mre vhfxulw| gxulqj voxpsv571

Zkhuh ryhuwlph vwdqgdugv uhjxodwlrq lv frqfhuqhg/ wkh dqdo|vlv lv
uhyhuvhg1 Lq idfw/ lq wklv fdvh/ vwulfwhu ryhuwlph uhjxodwlrqv surgxfh
kljkhu dyhudjh ohyhov ri hpsor|phqw gxulqj errpv581 Krzhyhu wkh| dovr
d�hfw �up*v frvwv vwuxfwxuh gxulqj errpv/ ehfdxvh dq dgglwlrqdo zrunhg

55Wklv grhvq*w phdq wkdw wkh h�hfw rq wkh dyhudjh ohyho ri hpsor|phqw ryhu wkh
f|foh lv qhjoljleoh1 Krzhyhu/ zlwk uhvshfw wr wklv srlqw/ wkh hpslulfdo uhvxowv ri Qlfnhoo
+4<<:, dqg Qlfnhoo dqg Od|dug +4<<:, vkrz wkdw hpsor|phqw surwhfwlrq �grhv qrw
dsshdu wr kdyh vhulrxv lpsolfdwlrqv iru dyhudjh ohyhov ri xqhpsor|phqw�1

56Qrwh wkdw/dv zh qrwhg lq vhfwlrq wzr/ jlyhq wkh dqdo|wlfdo vwuxfwxuh ri wkh prgho/
qrwklqj fdq eh vdlg derxw wkh dyhudjh ohyho ri hpsor|phqw ryhu wkh f|foh zlwkrxw
pdnlqj ixuwkhu dvvxpswlrqv1

57Wkhuh lv qr zd| ri phdvxulqj wkh qhw lpsdfw ri wklv phdvxuh rq zrunhuv* xwlolw|
xqohvv zh irupdoo| vshfli| wkhlu suhihuhqfhv1 Zh vkrxog wkhq wdnh lqwr dffrxqw wkh
lqgxfhg uhgxfwlrq lq wkh dyhudjh suredelolw| ri ehlqj odlg r� gxulqj wkh voxps/ wkh
uhgxfwlrq lq wkh vdodu| dqg wkh lqfuhdvh lq ohlvxuh wlph1

58Djdlq/ qrwklqj fdq eh vdlg derxw dyhudjh hpsor|phqw ohyhov ryhu wkh zkroh f|foh1
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krxu deryh wkh vwdqgdug ohyho lv jrlqj wr eh pruh h{shqvlyh591 Lq wklv
fdvh/ wkh exughq ri wkh phdvxuh lv wkhq fduulhg e| wkh �up5:/ hyhq li wklv
vkrxog eh sduwo| r�vhw e| wkh uhgxfwlrq lq wkh h{fhvv ghpdqg shulrg1

Ilqdoo|/ wkh vlpxodwlrqv ri vhfwlrq 6 vkrz wkdw vlplodu ohyhov ri rxwsxw
hodvwlflw| ri hpsor|phqw ryhu wkh h{sdqvlyh skdvh fdq eh rewdlqhg zlwk
gl�huhqw frpelqdwlrqv ri oderxu pdunhw lqvwlwxwlrqv1 Lq sduwlfxodu/ zh
vkrzhg wkdw/ lq wkh fdvh ri dq h{sdqvlyh skdvh ri dyhudjh gxudwlrq/
wkh rxwfrph ri wkh prvw  h{leoh oderxu pdunhw frq�jxudwlrq lv doprvw
lghqwlfdo wr wkh rxwfrph ri d pdunhw fkdudfwhul}hg e| dyhudjh ohyhov ri
hpsor|phqw surwhfwlrq dqg vwulfw zrunlqj wlph vwdqgdugv Ehvlghv zkdw
zh gh�qhg dv d  h{leoh oderxu pdunhw lv |lhoglqj hodvwlflw| ydoxhv wkdw
duh frpsdudeoh wr wkh rqhv ri d uljlg rqh1

Wkhvh uhvxowv ghulyh iurp wkh idfw wkdw wkh lpsdfw ri oderxu pdunhw
lqvwlwxwlrqv rq wkh f|folfdo g|qdplfv ri hpsor|phqw kdv wzr glphq0
vlrqv1 Wkh �uvw lv uhodwhg wr wkh gl�huhqw vrxufhv ri oderxu lqsxw ydul0
dwlrq/ qdpho| wkh lqwhqvlyh pdujlq wkurxjk zrunlqj wlph uhjxodwlrqv/
dqg wkh h{whqvlyh pdujlq wkurxjk hpsor|phqw surwhfwlrq1 Wkh vhfrqg
lv lqvwhdg frqqhfwhg zlwk wkh wlplqj ri wkh f|folfdo skdvhv lq zklfk wkh
lqvwlwxwlrqdo frqvwudlqwv duh hqirufhg1 Zkdw pdwwhuv lv wkhq wkh vshfl�f
frpelqdwlrq ri uljlglwlhv dqg  h{lelolwlhv ryhu wkh lqwhqvlyh dqg h{whq0
vlyh oderxu xwlol}dwlrq pdujlqv dv zhoo dv ryhu wkh gl�huhqw skdvhv ri wkh
f|foh1

8 Dsshqgl{hv

D Wkh Vroxwlrq ri wkh Wkhruhwlfdo Prgho

D14 Wkh G|qdplf Rswlpl}dwlrq sureohp

Wkh g|qdplf rswlpl}dwlrq sureohp ri htxdwlrq +4, vxemhfw wr wkh frq0
vwudlqwv +5,/ +6,/ +7, dqg +8,/ lv vlpso| vroyhg dxjphqwlqj wkh Kdplowr0
qldq lqwr d Odjudqjldq ixqfwlrq/ rewdlqlqj=

u ' e3o| iR��� �` E���� � @�� _(jnb� E��(�n>
�
E� ����n>2 E� ����

+74,

zkhuh �/ (/ �duh wkh frqwuro yduldeohv/ dqg ��lv wkh vwdwh yduldeoh1

59Ehvlghv/ li hpsor|phqw lv kljkhu gxulqj errpv/ wkh �up lv jrlqj wr vshqg pruh

lq klulqj dqg �ulqj frvwv ryhu wkh zkroh f|folfdo shulrg1
5:Lw lv dovr wuxh wkdw wkh uhqw shuflhyhg e| hpsor|hg zrunhuv gxulqj errpv/ e|

phdqv ri kljkhu ryhuwlph vdodu|/ lv d�hfwhg1 Zh kdyh wzr rssrvlwh h�hfwv= wkh �uvw/

srvlwlyh/ phdvxuhg e| wkh lqfuhdvh lq ryhuwlph suhpld/ wkh vhfrqg/ qhjdwlyh/ phdvxuhg

e| wkh orzhu ohyhov ri zrunhg ryhuwlph krxuv/ zlwk dq dpeljxrxv qhw h�hfw rq wkh

wrwdo vdodu| shuflhyhg e| hdfk zrunhu1
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Wkh �uvw rughu frqglwlrqv duh wkh iroorzlqj=

Yu

Y�
� �@e3o| n b� � fc � � fc �

Yu

Y�
' fc +75,

Yu

Y(
� �_e3o| � b� � fc ( � fc (

Yu

Y(
' fc +76,

Yu

Y�
� e3o| iR�` � E��j � >2 � f/ li �� : fc � � fc �

Yu

Y�
' fc

+77,

��� '
Yu

Yb�
� ��(> +78,

�b� ' �
Yu

Y��

� �
�
e3o| dR��` E��o� >� � �>2

�
> +79,

Yu

Y>�
� � ��� � f/ >� � f/ >�

Yu

Y>�
' f/ +7:,

Yu

Y>2
� %� ��� � f/ >2 � f/ >2

Yu

Y>2
' f/ +7;,

Vxevwlwxwlqj >2iurp frqglwlrq +77, lqwr +79, zh hqg xs zlwk

�b� ' >� � ~ E�� e3o| +7<,

zkhuh ~ E�� ' �` � E���` E��1

D15 Lghqwl�fdwlrq ri Wkh Skdvhv ri Wkh V|vwhp*v

G|qdplfv

Iurp wkh frqglwlrqv deryh lw lv srvvleoh wr vsolw wkh g|qdplfv ri wkh
v|vwhp lq �yh pdlq skdvhv=

Skdvh L= ifc |fj ^ i|Dc 2�j

( : 7 ', %� ��� : f
Gxulqj wklv skdvh wkh �up lv qrw deoh wr vdwlvi| doo ghpdqg1 Iurp

+7;, lw lv >2 ' f/ dqg +77, jlyhv R ' ` � E��1 Khqfh �lv frqvwdqw dw/ vd|/
�W1 Dvvxplqj wkdw wkh �up fkrrvhv �vxfk wkdw wkh pdfklqhv xqxvhg
gxulqj wklv skdvh duh }hur/ zh kdyh dovr= � � �� : f/ dqg wkhq � '
( ' f1
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Skdvh LL= i|fc |�j ^ i|ec |Dj

( ' 7 ', %� ��� ' f/ � ��� ' f
Ghpdqg lv doo vdwlv�hg/ dqg vxsso| lv dgmxvwhg wr wkh f|foh yld ydul0

dwlrq lq krxuv/ ehlqj ���{hg dw � 1

Skdvh LLL= i|�c |2j

( ' 7 ', %� ��� ' f/ � ��� : f/ ( : f
Iurp +7:, zh kdyh >� ' f/ wkdw vxevwlwxwhg lq +76, jlyhv b� '

�_e3o|1 Gl�huhqwldwlqj lw zlwk uhvshfw wr wlph dqg vxevwlwxwlqj lw lqwr
+7<, zh rewdlq ~ E�� ' �o_1 Khqfh �lv frqvwdqw dw �_/ vd|1

Wkh uhvxow lv wkdw/ ehlqj �frqvwdqw/ wkh f|folfdo ghpdqg lv dffrppr0
gdwhg e| wkh uhgxfwlrq lq hpsor|phqw/ yld d srvlwlyh udwh ri glvplvvlrqv/
iroorzlqj wkh g|qdplf frqvwudlqw % E|� ' �_�� E|�1

Skdvh LY= i|2c |�j

( ' 7 ', %� ��� ' f/ � ��� : f/ ( ' � ' f
Wkh uhgxfwlrq lq ��ri skdvh LLL hqgv dw d ohyho 7� / vd|1 Ehlqj

��frqvwdqw dw wkdw ohyho/ wkh f|foh lv dffrpprgdwhg e| d yduldwlrq ri
krxuv/ iroorzlqj wkh g|qdplf frqvwudlqw % E|� ' � E|� 7� 1 Krxuv zloo wkhq
idoo lq wkh lqwhuydo i|2c �jdqg ulvh lq wkh lqwhuydo i�c |�j1

Skdvh Y= i|�c |ej

( ' 7 ', %� ��� ' f/ � ��� : f/ � : f
Iurp +7:, zh kdyh >� ' f/ wkdw vxevwlwxwhg lq +75, |lhogv R� ' @e3o|1

Gl�huhqwldwlqj lw zlwk uhvshfw wr wlph dqg vxevwlwxwlqj lw lqwr +7<, zh
rewdlq ~ E��' o@wkdw vd|v wkdw �lv frqvwdqw dw �@/ vd|1 Dv lq skdvh LLL/
jlyhq wkh frqvwdqf| ri wkh ohyho ri krxuv/ wkh �up dgdswv lwv vxsso| wr wkh
lqfuhdvlqj ghpdqg e| dq lqfuhdvh lq wkh hpsor|phqw ohyho/ yld d srvlwlyh
udwh ri dffhvvlrqv/ iroorzlqj wkh g|qdplf frqvwudlqw % E|� ' �@�� E|�1

Wkh wlplqj ri wkh v|vwhp g|qdplfv lv wkhq fkdudfwhul}hg e| wkh iro0
orzlqj uhodwlrqv=

% E|f� ' �W�c % E|�� ' �_�c % E|2� ' �_ 7�c
% E|�� ' �@ 7�c % E|e� ' �@�c % E|D� ' �W� 1
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D16 Wkh Ghwhuplqdwlrq ri 7�dqg �

Wkh skdvh vwuxfwxuh ri wkh v|vwhp*v g|qdplfv lv rqo| jhqhudwhg li 7� 9'
� 1

Rswlpdo 7�

Li zh frqvlghu skdvh LY/ zkhuh >� ' f/ lqwhjudwlqj erwk vlghv ri
+7<, zh rewdlq

U
|�

|2

�b�_| ' �
U
|�

|2
~ i� E|�j e3o|_|/ zkhuh � E|� ' % E|� * 7� 1

Gh�qlqj �|2/ zlwk |2 	�|2 	 |�/ wkh wlph lqvwdqw lq zklfk krxuv duh htxdo
wr wkh vwdqgdug ohyho 7��/ zh kdyh wkdw dfwxdo krxuv duh vxfk wkdw=

� � 7�� lq wlph lqwhuydo
�
|2c �|2

�
/ dqg

7�� 	 � 	 7�2 lq wlph lqwhuydo
�
�|2c |�

�
1

Wkhq/ xvlqj +75, dqg +76,/ zh hqg xs zlwk +43,=

�
�
@e3o|� n _e3o|2

�
'

] �|2

|2

�7�� E�_ � �� e3o|_|

vlqfh ~ E�� ' firu 7�� 	 � 	 7�2/ dqg ~ E�� ' �7�� E�_ � ��iru � � 7��1
Htxdwlrq +43, wrjhwkhu zlwk wkh frqglwlrqv

7� '
% E|2�
7��

'
% E|��
7�2

c +83,

ghwhuplqhv wkh rswlpdo ydoxhv ri 7�dqg ri wlph lqvwdqwv |2dqg |�1

Rswlpdo �

Iru zkdw frqfhuqv � / �uvw ri doo zh kdyh wr frqvlghu doo wkh frpsr0
qhqwv ri wkh �up*v glvfrxqwhg sur�wv ryhu wkh f|foh1

Uhyhqxh=

- E�� '

]
|f

f

R��We3o|_|n

]
|D

|f

R%e3o|_|n

] 2�

|D

R��We3o|_| +84,

zlwk= % E|f� ' % E|D� ' ��W1
Fdslwdo Frvwv=

�� E�� '

] 2�

f

^�e3o|_| +85,

zkhuh ^lv wkh fdslwdo uhqwdo sulfh1
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Zdjh Frvwv=
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�c 7�
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'
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|f
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` E�W��e3o|_|n
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|f

` E���e3o|_|n
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` E�_���e
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+86,

n

]
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|2

` E�� 7�e3o|_|n

]
|e
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` E�@���e
3o|_|n

]
|D

|e

` E���e3o|_|n

n

] 2�
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` E�W��e3o|_|

Dgmxvwphqw Frvwv=

��
�
�c 7�

�
' �_

]
|2

|�

�%

�_
e3o|_|n @

]
|e
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e3o|_| +87,

Wkh suhvhqw ydoxh ri sur�wv lv wkhq= � ' - E����� E���`�
�
�c 7�

�
�

��
�
�c 7�

�
/ dqg � lv vhw wr pd{lpl}h wklv h{suhvvlrq1

Frqvlghulqj wkdw % E|�� ' ��_dqg % E|e� ' ��@/ wkh sduwldo ghulyd0
wlyhv ri doo wkh sur�wv* frpsrqhqwv duh wkh iroorzlqj=

Y-

Y�
'

]
|f

f

` � E�W��We3o|_|n

] 2�

|D

` � E�W��We3o|_| +88,

Y��

Y�
'

] 2�

f

^e3o|_| +89,

Y`�

Y�
'

]
|f

f

` E�W� e3o|_|�

]
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|f

~ E�� e3o|_|n +8:,

�

]
|D

|e

~ E�� e3o|_|n

] 2�

|D

` E�W� e3o|_|

Y��

Y�
' _e3o| n @e3o| +8;,

Zh dvvxph wkdw wkh wlph lqvwdqw �|f/ zlwk |f 	�|f 	 |�/ lv wkh rqh lq
zklfk krxuv duh htxdo wr wkh 7�2ohyho1

Zrunlqj krxuv zloo wkhq eh=
� � 7�2 lq wlph lqwhuydo

�
|fc �|f

�
/ dqg

7�� 	 � 	 7�2 lq wlph lqwhuydo
�
�|fc |�

�
1
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Frpelqlqj wkh h{suhvvlrqv deryh lq wkh �uvw rughu frqglwlrq �� ' f
zh �qdoo| rewdlq wkdw rswlpdo � pxvw vdwlvi| +48,=]

|f

f

��[E�W� e3o|_|n

] �|f

|f

��[E�� e3o|_|n
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|D
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��[E�� e3o|_|n
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e3o|_|n @e3o|e n _e3o|�

vlqfh ~ E�� ' firu 7�� 	 � 	 7�2/ dqg ~ E�� ' ��[E��iru � � 7�2/ zlwk
[E�� '
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�� 7�2
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�
�� 7�2

��
1

D17 Vhqvlwlylw| Dqdo|vlv

D1714 Hpsor|phqw Ohyhov

Hpsor|phqw Surwhfwlrq Sdudphwhu _

Iurp +43, zh kdyh

Y|�
Y_

'
e3o|2

@oe3o|�
: fc +8<,

dqg khqfh/ iurp +83, zh rewdlq

Y 7�

Y_
'

�% E|��
7�2� ~} �
En�

Y|�
Y_�~}�
En�

: f� +93,

Ehvlghv/ iurp htxdwlrq +48, lw lv dovr fohdu wkdw

Y�

Y_
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�

��
e3o|�

+] �|f

|f

}���2e3o|_|n

]
|D

|e

}���2e3o|_|

,
3�

	 f +94,

Ryhuwlph Vwdqgdugv Ohjlvodwlrq Sdudphwhu ��

Frqvlghulqj htxdwlrqv +43, dqg +83, zh vhh wkdw wkh ohyho ri 7� lv
xqd�hfwhg e| ��1

Rwkhuzlvh iurp htxdwlrq +48, zh kdyh

Y�

Y��
'

�

��

qU
|f

f
[E�W� e3o|_|n

U �|f
|f
[E�� e3o|_|n

U
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|D
[E�W� e3o|_|

r
qU �|f

|f
}���2e3o|_|n

U
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|e
}���2e3o|_|

r : f

+95,

zkhuh [E�� '
�
}�
�
�� 7�2

�
�� }

�
�� 7�2

��
: f/ vlqfh }� : }*� ;�/ ehlqj

}frqyh{1
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Zrunlqj Wlph Uhgxfwlrq Ioh{lelolw| Sdudphwhu �_

Iurp htxdwlrq +48, zh vhh wkdw � lv xqd�hfwhg e| wkh sdudphwhu �_1
Frqfhuqlqj 7� / li zh gl�huhqwldwh htxdwlrq +43, zh rewdlq

Y|�
Y�_

'

+] �|2

|2

�7��e
3o|_|

,�
@oe3o|�

�
3�

: f� +96,

Wkhq/ gl�huhqwldwlrq ri +83, |lhogv

Y 7�

Y�_
'

�% E|��
7�2� ~} �
En�

Y|�
Y�_�~}�
En�

: f� +97,

D1715 Wlplqj ri Wkh V|vwhp*v G|qdplfv

Hpsor|phqw Surwhfwlrq Sdudphwhu _

Ehlqj % E|f� ' �W� / % E|�� ' 7�2� / % E|e� ' 7�2� dqg % E|D� '
�W� / dqg frqvlghulqj wkh uhvxow ri +94, zh kdyh

Y|f
Y_

'
�W

�% E|f�� ~} �
E3�

Y�

Y_�~}�
E3�

: f +98,

Y|�
Y_

'
7�2
�% E|��� ~} �
E3�

Y�

Y_�~}�
E3�

: f +99,

Y|e
Y_

'
7�2
�% E|e�� ~} �
En�

Y�

Y_�~}�
E3�

	 f +9:,

Y|D
Y_

'
�W

�% E|D�� ~} �
En�

Y�

Y_�~}�
E3�

	 f� +9;,

Ehvlghv iurp htxdwlrq +8<,5; zh kdyh

Y|�
Y_

: f

5;Qrwh wkdw lq wkh fdvh ri xqvshfl�hg frqyh{ zdjh vfkhgxoh lw*v mxvw Y|�
Y_

@
�k2

b{ +w�,
� ~} �

En�

C �P

Cg
�~}�

En�

A 31
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zkloh qrwklqj fdq eh vdlg derxw wkh h�hfwv ri _rq |2zlwkrxw pdnlqj
ixuwkhu dvvxpswlrqv1

Wkhq dq lqfuhdvh lq _fdxvhv uhvshfwlyho|=
dq lqfuhdvh lq wkh ohqjwk ri shulrg i|Dc |fj+zkhq ( : 7dqg � ' �W,/
dq lqfuhdvh lq wkh ohqjwk ri shulrg i|ec |�j+zkhq �� ' �,/
dq dpeljxrxv h�hfw lq wkh ohqjwk ri shulrg i|2c |�j+zkhq �� ' 7�,/
d ghfuhdvh lq wkh ohqjwk ri shulrg i|�c |ej+zkhq ��� : f,/
dq dpeljxrxv h�hfw lq wkh ohqjwk ri shulrg i|�c |2j+zkhq ��� 	 f,1

Ryhuwlph Vwdqgdugv Ohjlvodwlrq Sdudphwhu ��

Iroorzlqj wkh vdph vlpsoh whfkqltxh zh rewdlq

Y|f
Y��

'
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�% E|f�� ~} �
E3�

Y�

Y���~}�
En�

	 f +9<,

Y|�
Y��

'
7�2
�% E|��� ~} �
E3�

Y�

Y���~}�
En�

	 f +:3,

Y|e
Y��

'
7�2
�% E|e�� ~} �
En�

Y�

Y���~}�
En�

: f� +:4,

Y|D
Y��

'
�W

�% E|D�� ~} �
En�

Y�

Y���~}�
En�

: f� +:5,

Y|2
Y��

'
Y|�
Y��

' f� +:6,

Wkhq dq lqfuhdvh lq ��fdxvhv uhvshfwlyho|=
d uhgxfwlrq lq wkh ohqjwk ri shulrg i|Dc |fj+zkhq ( : 7dqg � ' �W,/
d uhgxfwlrq lq wkh ohqjwk ri shulrg i|ec |�j+zkhq �� ' �,/
qr h�hfw lq wkh ohqjwk ri shulrg i|2c |�j+zkhq �� ' 7�,/
dq lqfuhdvh lq wkh ohqjwk ri shulrg i|�c |ej+zkhq ��� : f,/
dq lqfuhdvh lq wkh ohqjwk ri shulrg i|�c |2j+zkhq ��� 	 f,1

Zrunlqj Wlph Uhgxfwlrq Ioh{lelolw| Sdudphwhu �_
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Iurp wkh deryh uhvxowv5< zh rewdlq=

Y|�
Y�_

: f

Y|2
Y�_

'
7��
�% E|2�� ~} �
E3�

Y 7�

Y�_�~}�
En�

	 f� +:7,

Y|f
Y�_

'
Y|�
Y�_

'
Y|e
Y�_

'
Y|D
Y�_

' f +:8,

Wkhq dq lqfuhdvh lq ��fdxvhv uhvshfwlyho|=
qr h�hfw lq wkh ohqjwk ri shulrg i|Dc |fj+zkhq ( : 7dqg � ' �W,/
qr h�hfw lq wkh ohqjwk ri shulrg i|ec |�j+zkhq �� ' �,/
dq lqfuhdvh lq wkh ohqjwk ri shulrg i|2c |�j+zkhq �� ' 7�,/
d uhgxfwlrq lq wkh ohqjwk ri shulrg i|�c |ej+zkhq ��� : f,/
d uhgxfwlrq lq wkh ohqjwk ri shulrg i|�c |2j+zkhq ��� 	 f,1

E Wkh Gdwd= Gh�qlwlrqv dqg Vrxufhv

Wkh rxwsxw dqg hpsor|phqw gdwd duh wdnhq iurpRHFG Exvlqhvv Vhfwru
Gdwdedvh +EVGE,/ wkdw frqwdlqv txduwhuo| gdwd iru 58 RHFG phpehu
frxqwulhv gh�qhg iru wkh exvlqhvv vhfwru dqg wkh wrwdo hfrqrp|1 Wkh
vhulhv duh vhdvrqdoo| dgmxvwhg1 Wkh frxqwulhv lq wkh vdpsoh duh wkh vdph
dv wkh rqhv frqvlghuhg lq wkh suhylrxv flwhg dqdo|vlv63=

4@Dxvwuld/ 5@ Ehojlxp/ 6@Ghqpdun/ 7@Ilqodqg/ 8@Iudqfh/ 9@Jhu0
pdq|/ :@Luhodqg/ ;@Lwdo|/ <@Qhwkhuodqgv/ 43@Qruzd|/ 44@Sruwxjdo/
45@Vsdlq/ 46@Vzhghq/ 47@Vzlw}huodqg/ 48@Xqlwhg Nlqjgrp/ 49@Dxv0
wudold/ 4:@Fdqdgd/ 4;@Mdsdq/ 4<@Qhz ]hdodqg/ 53@Xqlwhg Vwdwhv1

Wkh vhulhv duh Jurvv Grphvwlf Surgxfw +pdunhw sulfhv,/ Yroxph iru
rxwsxw dqg Wrwdo Hpsor|phqw iru hpsor|phqw1 Vlqfh wkh EVGE sur0
ylghv djjuhjdwh gdwd iru Zhvw dqg Hdvw Jhupdq| diwhu 4<<404/ L xvhg
gdwd iru Zhvw Jhupdq| iurp 4<<404 rqzdug wdnhq iurp Txduwhuo| Qd0
wlrqdo Dffrxqwv/ JGS Yroxph/ vhdvrqdoo| dgmxvwhg dqg RHFG Pdlq
Hfrqrplf Lqglfdwruv Vhulhv/ Wrwdo Hpsor|phqw/ vhdvrqdoo| dgmxvwhg e|
wkh dxwkru641

5<Vhh htxdwlrq +96,1
63Vhh Od|dug/ Qlfnhoo dqg Mdfnpdq +4<<4,/ Qlfnhoo +4<<:,/ Qlfnhoo dqg Od|dug

+4<<:, dqg Qlfnhoo dqg Qxq}ldwd +4<<<,1
64D �yh shulrg fhqwhuhg prylqj dyhudjh surfhgxuh zdv xvhg1 Wkh odwwhu vhulhv

iru hpsor|phqw lv v|vwhpdwlfdoo| juhdwhu wkdq wkh rqh ixuqlvkhg e| EVGE iru wkh

7:



Wkh fkdudfwhulvwlfv dqg vrxufhv ri wkh yduldeohv frqwdlqlqj lqirupd0
wlrq derxw wkh lqvwlwxwlrqdo frq�jxudwlrq ri wkh oderxu pdunhw duh wkh
iroorzlqj1

Hpsor|phqw Surwhfwlrq

Lw fruuhvsrqgv wr wkh sdudphwhu _ ri wkh wkhruhwlfdo prgho ri vhfwlrq
wzr1 Wkh vrxufh lv RHFG Mrev Vwxg| +4<<7,/ Sduw LL/ Wdeoh 91:/ froxpq
81 Lw lv d udqnlqj lqgh{/ udqjlqj iurp 4 wr 53/ edvhg rq wkh vwuhqjwk
ri wkh ohjdo iudphzrun jryhuqlqj klulqj dqg �ulqj/ zlwk 4 lqglfdwlqj wkh
ohvv vwulfwo| uhjxodwhg frxqwu|1

Zrunlqj Wlph Vwdqgdugv

Lw fruuhvsrqgv wr wkh ghjuhh ri lqvwlwxwlrqdo uhjxodwlrq ri zrunlqj
wlph1 Wkh vrxufh lv RHFG Hpsor|phqw Rxworrn +4<<7,/ Wdeoh 71;/
froxpq 4/ h{whqghg e| Qlfnhoo +4<<:, iru Dxvwudold/ Mdsdq dqg Qhz
]hdodqg1

Wkh lqgh{ udqjhv iurp 3 +od{ ru qr ohjlvodwlrq, wr 5 +vwulfw ohjlvodwlrq,
dqg lv rqh ri wkh �yh glphqvlrqv ri zklfk lv frqvwlwxwhg wkh oderxu
vwdqgdugv frpsuhkhqvlyh yduldeoh/ froxpq 9 ri wkh vdph Wdeoh1

Lw sod|v wkh uroh ri ryhudoo zrunlqj wlph vwdqgdugv/ wkhuhiruh frp0
sulvlqj erwk sdudphwhuv �� dqg �_ ri wkh wkhruhwlfdo prgho1 Zh fdqqrw
glvhqwdqjoh wkhlu lqglylgxdo zhljkw lq wkh frqvwuxfwlrq ri wkh lqgh{1

Ilj1 : vkrzv wkh furvv vhfwlrqdo yduldelolw| iru wkh hpsor|phqw sur0
whfwlrq dqg zrunlqj wlph ohjlvodwlrq +dgmxvwhg lq phdq dqg udqjh, lq0
gh{hv1

Rwkhu lqvwlwxwlrqdo yduldeohv lqfoxghg lq wkh dqdo|vlv dv frqwurov duh
wkh iroorzlqj=

Xqlrq Fryhudjh

Wkh lqgh{ lqglfdwhv wkh shufhqwdjh ri zrunhuv fryhuhg e| froohfwlyh
edujdlqlqj/ zlwk 6 phdqlqj ryhu :3 shufhqw/ 5 phdqlqj iurp 58 wr :3
shufhqw dqg 4 xqghu 58 shufhqw1 Wkh vrxufh lv Od|dug/ Qlfnhoo/ Mdfnpdq
+4<<4,1

Oderxu Glvsxwhv

Lw fruuhvsrqgv wr wkh |hduo| qxpehu ri zrunhuv lqyroyhg lq vwulnhv
dqg orfnrxwv lq wkrxvdqgv1 Wkh vrxufh lv wkh LOR \hduerrn ri Oderxu
Vwdwlvwlfv1

wlph shulrg lq zklfk wkh| ryhuods1 Iru wklv uhdvrq lw zdv qhfhvvdu| wr dgmxvw lw e| d
fruuhfwlrq idfwru fdofxodwhg iru wkh shulrg 4<;40424<<404

FI @ dyhudjh iWrwdo Hpsor|phqw +PHLV,�Wrwdo Hpsor|phqw +EVGE,j +:9,

zlwk wkh uhvxow wkdw

Wrwdo Hpsor|phqw diwhu 4<<404 @ Wrwdo Hpsor|phqw +PHLV,� FI +::,

Wkh vdph fkdlqlqj surfhgxuh zdv shuiruphg iru JGS1

7;
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Empl._Prot. W.Time_Reg.

Iljxuh := Hpsor|phqw Surwhfwlrq dqg Zrunlqj Wlph Ohjlvodwlrq +dgmxvwhg

lq phdq dqg udqjh, iru 53 RHFG frxqwulhv/ 4<;<04<<7

Uhihuhqfhv

^4` Edowdjl E1 +4<<8,/ Hfrqrphwulf Dqdo|vlv ri Sdqho Gdwd/ Mrkq Zloh|
) Vrqv>

^5` Ehqwrolod V1/ Ehuwrod J1 +4<<3,/�Ilulqj frvwv dqg oderxu ghpdqg=
krz edg lv hxurvfohurvlvB�/ Uhylhz ri Hfrqrplf Vwxglhv/ 8:>

^6` Ehuwrod J1 +4<<;, �Plfurhfrqrplf Shuvshfwlyhv rq Djjuhjdwh Oderu
Pdunhwv�/ HXL Zrunlqj Sdshuv/ <;256>

^7` Ehwwlr I1/ Gho Erqr H1/ Vplwk P1 +4<<:,/ Hpsor|phqw dqg Zrun0
lqj Wlph Srolflhv= d Jhqghu Shuvshfwlyh/ Xqlyhuvlwã ghjol Vwxgl gl
Vlhqd/ Glsduwlphqwr gl Hfrqrpld Srolwlfd/ plphr>

^8` Exwwohu I1/ Iudq} Z1/ Vfkhwwndw U1/ Vrvnlfh G1 +4<<8,/ Lqvwlwxwlrqdo
Iudphzrunv dqg Oderu Pdunhw Shuirupdqfh/ Urxwohgjh>

^9` Fdedoohur U1/ Kdpprxu P1 +4<<9,/ �Wkh fohdqvlqj h�hfw ri uhfhv0
vlrqv�/ Dphulfdq Hfrqrplf Uhylhz/ ;7+8,>

^:` Fdopiruv O1/ Krho P1 +4<;<,/ �Zrunvkdulqj/ hpsor|phqw dqg vkliw0
zrun�/ R{irug Hfrqrplf Sdshuv/ 74>

^;` Frjoh| W1/ Qdvrq M1+4<<8,/ �H�hfwv ri wkh Krgulfn0Suhvfrww �owhu rq
wuhqg dqg gl�huhqfh vwdwlrqdu| wlph vhulhv= Lpsolfdwlrqv iru exvlqhvv
f|foh uhvhdufk�/ Mrxuqdo ri Hfrqrplfv G|qdplfv dqg Frqwuro/ 4<>

^<` Ixoohu Z1/ Edwwhvh J1+4<:6,/ Wudqvirupdwlrq iru hvwlpdwlrq ri olq0
hdu prghov zlwk qhvwhg huuru vwuxfwxuh/ Mrxuqdo ri wkh Dphulfdq

7<



Vwdwlvwlfdo Dvvrfldwlrq/ 9;>
^43` Ixoohu Z1/ Edwwhvh J +4<:7,/ Hvwlpdwlrq ri olqhdu prghov zlwk furvv0

huuru vwuxfwxuh/ Mrxuqdo ri Hfrqrphwulfv/ 5>
^44` Kdphuphvk G1 +4<<6,/ Oderu Ghpdqg/ Sulqfhwrq Xqlyhuvlw| Suhvv>
^45` Kduw U1 +4<;:,/ Zrunlqj Wlph dqg Hpsor|phqw/ Doohq ) Xqzlq>
^46` Kduyh| D1/ Mdhjhu D1 +4<<6,/ �Ghwuhqglqj / vwlol}hg idfwv dqg wkh

exvlqhvv f|foh�/ Mrxuqdo ri Prqhwdu| Hfrqrplfv/ 54>
^47` Kdxvpdq M1 +4<:;,/ �Vshfl�fdwlrq whvwv lq hfrqrphwulfv�/ Hfrqr0

phwulfd/ 79>
^48` Krgulfn U1/ Suhvfrww H1 +4<<:,/ �Srvwzdu X1V1 exvlqhvv f|fohv= dq

hpslulfdo lqyhvwljdwlrq�/ Mrxuqdo ri Prqh|/ Fuhglw dqg Edqnlqj�>
^49` Krrq K1 +4<<8,/ �Hfrqrplf h�hfwv ri zrunvkdulqj lq d g|qdplf

oderu wxuqryhu prgho�/ Srolwlfd Hfrqrplfd>
^4:` Kvldr F1 +4<;9,/ Dqdo|vlv ri Sdqho Gdwd/ Fdpeulgjh Xqlyhuvlw|

Suhvv>
^4;` Nlqj U1/ Uhehor V1 +4<<6,/ �Orz iuhtxhqf| �owhulqj dqg uhdo exvl0

qhvv f|fohv�/ Mrxuqdo ri Hfrqrplfv G|qdplfv dqg Frqwuro/ 4:>
^4<` LOR/ \hdu Errn ri Oderxu Vwdwlvwlfv/ LOR/ Jhqhyd>
^53` Od|dug U1/ Qlfnhoo V1/ Mdfnpdq U1 +4<<4,/ Xqhpsor|phqw/ Pdfurh0

frqrplf Shuirupdqfh dqg wkh Oderxu Pdunhw/ R{irug Xqlyhuvlw|
Suhvv>

^54` Pãw|ãv O1/ Vhyhvwuh S1/ hgv1 +4<<5,Wkh Hfrqrphwulfv ri Sdqho Gdwd=
kdqgerrn ri wkhru| dqg dssolfdwlrqv/ Noxzhu Dfdghplf Sxeolvkhuv>

^55` Ploodug V1/ Vfrww D1/ Vhqvlhu P1 +4<<:,/ Wkh Oderxu Pdunhw Ryhu
Wkh Exvlqhvv F|foh= Fdq Wkhru| Ilw Wkh IdfwvB/ FHSU>

^56` Qhuoryh P1/ Edohvwud S1 +4<<5,/ �Irupxodwlrq dqg hvwlpdwlrq ri
hfrqrphwulf prghov iru sdqho gdwd� lq Pãw|ãv dqg Vhyhvwuh/ hgv1/
Wkh Hfrqrphwulfv ri Sdqho Gdwd= kdqgerrn ri wkhru| dqg dssolfd0
wlrqv/ Noxzhu Dfdghplf Sxeolvkhuv>

^57` Qlfnhoo V1/ Od|dug U1 +4<<:,/ Oderxu Pdunhw Lqvwlwxwlrqv dqg Hfr0
qrplf Shuirupdqfh/ Ohyhukxoph Wuxvw Glvfxvvlrq Sdshu Vhulhv
rq Wkh Oderxu Pdunhw Frqvhtxhqfhv ri Whfkqlfdo dqg Vwuxfwxudo
Fkdqjh>

^58` Qlfnhoo V1/ Qlfrolwvdv G1/ Sdwwhuvrq P1 +4<<:,/ Grhv Grlqj Edgo|
Hqfrxudjh Pdqdjhphqw LqqrydwlrqB/ LHV/ Xqlyhuvlw| ri R{irug/
plphr>

^59` Qlfnhoo V1 +4<:;,/ �Il{hg frvwv/ hpsor|phqw dqg oderxu ghpdqg
ryhu wkh f|foh�/ Hfrqrplfd/ Qryhpehu>

^5:` Qlfnhoo V1 +4<;9,/ �G|qdplf prghov ri oderxu ghpdqg� lq Dvkhqiho0
whu dqg Od|dug/ hgv/ Kdqgerrn ri Oerxu Hfrqrplfv/ Qruwk0Kroodqg
Suhvv>

^5;` Qlfnhoo V1 +4<<:,/ �Xqhpsor|phqw dqg oderu pdunhw uljlglwlhv= Hx0
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ursh yhuvxv Qruwk Dphulfd�/ Mrxuqdo ri Hfrqrplf Shuvshfwlyhv/
Vxpphu>

^5<` Qlfnhoo V1 +4<<:e,/ Hpsor|phqw G|qdplfv dqg Oderxu Pdunhw Lq0
vwlwxwlrqv/ LHV/ Xqlyhuvlw| ri R{irug/ plphr>

^63` Qlfnhoo V1/ Qxq}ldwd O1 +4<<<,/ Hpsor|phqw Sdwwhuqv lq RHFG
Frxqwulhv/ sdshu suhsduhg iru wkh frqihuhqfh rq �Whfkqrorj|/ Uhj0
xodwlrq dqg Hpsor|phqw� lq Pdgulg/ Mxqh 4<054 4<<<>

^64` RHFG +4<<7,/ Hpsor|phqw Rxworrn/ Sdulv/ RHFG>
^65` RHFG +4<<7,/ Mrev Vwxg|= Hylghqfh dqg H{sodqdwlrqv/ Sdulv/

RHFG>
^66` RHFG +4<<:,/ Exvlqhvv Vhfwru Gdwdedvh/ RHFG/ Sdulv>
^67` RHFG dqg LHD +4<<:,/ RHFG Vwdwlvwlfdo Frpshqglxp/ FG URP

yhuvlrq/ Sdulv/ RHFG>
^68` Slql S1 +4<<4,/ Fdpeldphqwr Whfqrorjlfr h Rffxsd}lrqh/ Lo Pxolqr/

Erorjqd>
^69` Vdqwdpdnl W1 +4<;6,/ Wkh Ryhuwlph Sd| Suhplxp/ Krxuv ri Zrun

dqg Hpsor|phqw/ Khovlqnl Vfkrro ri Hfrqrplfv Zrunlqj Sdshu/ I0
:8>

^6:` Vdqwdpdnl W1 +4<;7,/ Hpsor|phqw dqg Krxuv Ghflvlrq/ dqg wkh
Zloolqjqhvv wr Zrun Ryhuwlph Krxuv/ Khovlqnl Vfkrro ri Hfrqrplfv
Zrunlqj Sdshu/ I0;9>

^6;` Vwd�rodql +4<<5,/ �Od  hvvlelolwã txdqwlwdwlyd qho udssruwr gl odyrur=
xq*dqdolvl whrulfd�/ Hfrqrpld h Odyrur/ 7>

^6<` Zdqvehhn W1/ Ndswh|q D1 +4<;5,/ �D vlpsoh zd| wr rewdlq wkh
vshfwudo ghfrpsrvlwlrq ri yduldqfh frpsrqhqwv prghov iru edodqfhg
gdwd�/ Frppxqlfdwlrqv lq Vwdwlvwlfv/ D44>

^73` Zdqvehhn W1/ Ndswh|q D1 +4<;6,/ �D qrwh rq vshfwudo ghfrpsrvl0
wlrq dqg pd{lpxp olnholkrrg hvwlpdwlrq ri DQRYD prghov zlwk
edodqfhg gdwd�/ Vwdwlvwlfv dqg Suredelolw| Ohwwhuv/ 41
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