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L1 Jhqhudo ihdwxuhv ri HXWD[

Wklv whfkqlfdo zrunlqj sdshu vhuyhv wr grfxphqw dq dssolhg jhqhudo htxloleulxp

prgho fdoohg HXWD[/ suhvhqwhg lq qrq0whfkqlfdo irup lq Vûuhqvhq +5334,1 Wkh prgho

ghvfulehv wkh lqwhuqdwlrqdo vslooryhu h�hfwv ri qdwlrqdo wd{ srolflhv yld wkh zruog fdslwdo

pdunhw dqg looxplqdwhv wkh h�hfwv ri ydulrxv irupv ri lqwhuqdwlrqdo wd{ frruglqdwlrq1 Lw

dovr looxvwudwhv wkh h�hfwv ri wd{ srolflhv rq wkh oderxu pdunhw lq dq lqwhjudwhg zruog

hfrqrp| zlwk vwuxfwxudo xqhpsor|phqw1 Lq wkh hpslulfdo dssolfdwlrqv/ wkh prgho lv

fdoleudwhg wr ghvfuleh wkh hfrqrplhv ri wkh Hxurshdq Xqlrq dqg wkh lqwhudfwlrq ehwzhhq

wkh HX hfrqrp| dqg wkh uhvw ri wkh RHFG1 Khqfh wkh qdph HXWD[1

Wkh prgho lv vwdwlf/ ghvfulelqj d vwdwlrqdu| orqj0uxq htxloleulxp1 Yduldwlrqv lq hq0

grjhqrxv yduldeohv pd| eh lqwhusuhwhg dv ohyho fkdqjhv lq d wlph sdwk ri h{rjhqrxv

vwhdg|0vwdwh jurzwk1 Lq hdfk qdwlrqdo hfrqrp| �upv frpelqh lqwhuqdwlrqdoo| preloh

fdslwdo zlwk lppreloh oderxu wr surgxfh d krprjhqhrxv lqwhuqdwlrqdoo| wudghg jrrg1

Hdfk frxqwu| lv lqkdelwhg e| d odujh qxpehu ri lghqwlfdo krxvhkrogv hqgrzhg zlwk d

suhghwhuplqhg vwrfn ri kxpdq dv zhoo dv qrq0kxpdq zhdowk1 D frqvxphu pd| frqvxph

klv lqlwldo qrq0kxpdq zhdowk lpphgldwho|/ ru kh pd| lqyhvw lw lq wkh fdslwdo pdunhw dw

d ulvlqj pdujlqdo wudqvdfwlrq frvw1 Lq wkh odwwhu fdvh kh dffxpxodwhv d fdslwdo vwrfn

hduqlqj dq lqwhuhvw zklfk pd| eh frqvxphg dorqj zlwk wkh sulqflsdo dw wkh hqg ri wkh

shulrg1 Wkh wudqvdfwlrq frvw pd| eh wkrxjkw ri dv wkh frvw ri �qdqfldo lqwhuphgldwlrq>

lwv uroh lv dqdorjrxv wr wkh uroh sod|hg e| frqvxphu wlph suhihuhqfh lq dq h{solflwo|

lqwhuwhpsrudo prgho1 Zhljklqj wkh wudqvdfwlrq frvw djdlqvw wkh uhwxuq wr fdslwdo/ wkh
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xwlolw|0pd{lplvlqj frqvxphu fkrrvhv wr lqfuhdvh klv vxsso| ri fdslwdo +*vdylqjv*, dv wkh

diwhu0wd{ uhdo udwh ri lqwhuhvw lqfuhdvhv1 Zkloh hqgrzphqwv duh h{rjhqrxv/ wkh vxsso| ri

surgxfwlyh fdslwdo lv wkxv hqgrjhqrxv1

Wkh surgxfw pdunhw lv frpshwlwlyh/ exw wkh oderxu pdunhw lv fkdudfwhul}hg e| lpshu0

ihfw frpshwlwlrq1 Zrunhuv duh rujdql}hg lq ghfhqwudol}hg prqrsro| wudgh xqlrqv/ dqg

hdfk xqlrq vhwv wkh uhdo zdjh dqg wkh ohqjwk ri wkh zrunlqj gd| iru lwv vhfwru zlwk wkh sxu0

srvh ri pd{lplvlqj wkh vxp ri xwlolwlhv ri lwv phpehuv/ vxemhfw wr wkh *uljkw0wr0pdqdjh*

frqvwudlqw wkdw hpsor|huv fkrrvh wkh wrwdo lqsxw ri zrunlqj krxuv zlwk wkh sxusrvh ri

pd{lplvlqj wkhlu sur�wv1 Xqlrq pdunhw srzhu ohdgv wr vrph dprxqw ri lqyroxqwdu| xq0

hpsor|phqw dv wkh hpsor|hg zrunhuv* jdlq iurp zdjhv deryh wkh pdunhw0fohdulqj ohyho

rxwzhljkv wkh lqfrph orvv iurp xqhpsor|phqw1 Diwhu0wd{ zdjhv duh vhw dv d pdun0xs

ryhu wkh uhsuhvhqwdwlyh xqlrq phpehu*v *rxwvlgh rswlrq* zklfk lv wkh lqfrph0htxlydohqw

ri wkh h{shfwhg xwlolw| rewdlqdeoh rxwvlgh wkh vhfwru/ ghshqglqj lqwhu dold rq diwhu0wd{

xqhpsor|phqw ehqh�wv dqg rq wkh ohyho ri xqhpsor|phqw1 Ehfdxvh ri ulvlqj pdujlqdo

glvxwlolw| ri zrun/ wkh zrunlqj krxuv vhw e| xqlrqv duh dq lqfuhdvlqj ixqfwlrq ri wkh

diwhu0wd{ uhdo zdjh udwh1

Wkh zruog hfrqrp| lv glylghg lqwr wzr pdlq uhjlrqv fdoohg wkh Hxurshdq Xqlrq +HX,

dqg wkh Uhvw ri wkh Zruog +URZ,1 Erwk ri wkh wzr uhjlrqv frqvlvw ri vhyhudo frxqwulhv1

Fdslwdo lv lpshuihfwo| preloh dfurvv qdwlrqv/ dqg wkh vxsso| ri fdslwdo wr dq lqglylgxdo

frxqwu| lv dq lqfuhdvlqj ixqfwlrq ri wkh udwh ri uhwxuq r�huhg lq wkdw frxqwu|1 Wkh

HXWD[ prgho grhv qrw h{solflwo| doorz iru xqfhuwdlqw|/ exw dq lqfhqwlyh iru sruwirolr

glyhuvl�fdwlrq lv jhqhudwhg e| dvvxplqj wkdw wkh frqvxphu*v wrwdo vwrfn ri fdslwdo lv

d FHV0djjuhjdwh ri wkh fdslwdo vwrfn lqyhvwhg lq wkh gl�huhqw frxqwulhv1 Zlwk d �qlwh

vxevwlwxwlrq hodvwlflw| ehwzhhq gl�huhqw qdwlrqdo dvvhwv/ wklv vshfl�fdwlrq lpsolhv wkdw wkh

frqvxphu*v djjuhjdwh fdslwdo vwrfn whqgv wr eh pruh surgxfwlyh 0 jhqhudwlqj d kljkhu

qhw lqfrph 0 li lw lv vsuhdg dfurvv frxqwulhv udwkhu wkdq frqfhqwudwhg lq rqh mxulvglfwlrq1

Wkh lqwhusuhwdwlrq lv wkdw sruwirolr glyhuvl�fdwlrq hqdeohv frqvxphuv wr lqfuhdvh wkhlu

ulvn0dgmxvwhg +fhuwdlqw|0htxlydohqw, lqfrph iurp fdslwdo1 E| sdudphwulfdoo| ydu|lqj wkh

hodvwlflw| ri vxevwlwxwlrq ehwzhhq dvvhwv lqyhvwhg lq gl�huhqw frxqwulhv/ rqh fdq ydu| wkh

ghjuhh ri fdslwdo prelolw|1 Lq sduwlfxodu/ wkh prgho lv ghvljqhg wr doorz iru d kljkhu

ghjuhh ri fdslwdo prelolw| zlwklq wkh HX wkdq ehwzhhq wkh HX dqg wkh uhvw ri wkh zruog1

Wkh jryhuqphqw ri hdfk frxqwu| ohylhv wd{hv rq oderxu lqfrph/ xqhpsor|phqw ehqh0
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�wv dqg fdslwdo lqfrph +lqfoxglqj sxuh sur�wv,/ dqg uhyhqxhv duh vshqw rq xqhpsor|phqw

ehqh�wv dqg rq dq h{rjhqrxv h{shqglwxuh frpsrqhqw fryhulqj doo rwkhu sxeolf h{shqgl0

wxuhv1

Wkh prgho uholhv rq vlpsoh ixqfwlrqdo irupv wr vhfxuh dqdo|wlfdo wudfwdelolw| dqg wr

doorz hdv| lghqwl�fdwlrq ri wkh nh| vwuxfwxudo sdudphwhuv ghwhuplqlqj wkh txdqwlwdwlyh

surshuwlhv ri wkh prgho1

Sduw LL ri wkh sdshu ghvfulehv wkh krxvhkrog vhfwru/ wkh exvlqhvv vhfwru/ wkh oderxu

pdunhw/ wkh fdslwdo pdunhw/ dqg wkh jryhuqphqw vhfwru1 Sduw LLL vxppdul}hv wkh sdudp0

hwhuv/ yduldeohv dqg htxdwlrqv ri wkh prgho1

LL1 Ghulylqj wkh htxdwlrqv ri HXWD[

Lq wkh iroorzlqj/ doo yduldeohv vkrxog eh xqghuvwrrg wr uhihu wr d sduwlfxodu frxqwu|/

exw frxqwu| vxevfulswv duh ohiw rxw wr dyrlg qrwdwlrqdo foxwwhu zkhqhyhu qr plvxqghu0

vwdqglqj lv srvvleoh1

LL141 Wkh krxvhkrog vhfwru

Wkh suhihuhqfhv ri wkh uhsuhvhqwdwlyh frqvxphu lq wkh uhsuhvhqwdwlyh frxqwu| duh jlyhq

e| wkh txdvl0olqhdu xwlolw| ixqfwlrq

L '

xwlolw| iurp
frqvxpswlrq}��~

� �

glvxwlolw| iurp
zrun} �� ~

M �
��n0

� n 0
c 0 : f +4,

zkhuh � lv frqvxpswlrq/ � lv krxuv ri zrun/ dqg M lv dq h{rjhqrxv hqgrzphqw ri

kxpdq fdslwdo1 Qrwh wkdw wkh glvxwlolw| ri zrun ydulhv lq sursruwlrq wr wkh frqvxphu*v

vwrfn ri kxpdq fdslwdo/ lpso|lqj wkdw klv surgxfwlylw| lq krph surgxfwlrq dqg lq ohlvxuh

dfwlylwlhv ydulhv sdul sdvvx zlwk klv surgxfwlylw| lq wkh oderxu pdunhw1

Wkh exgjhw frqvwudlqw iru dq hpsor|hg zrunhu lv

� '

diwhu0wd{
oderxu lqfrph} �� ~
�M E�� |�� n

diwhu0wd{
fdslwdo lqfrph}��~

47 n

diwhu0wd{
sur�w lqfrph} �� ~
E�� ��Z
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n

jryhuqphqw
wudqvihu}��~
A n

lqlwldo hqgrzphqw qhw ri
wudqvdfwlrq frvwv} �� ~

T � S +5,

zkhuh � lv wkh uhdo krxuo| zdjh udwh shu xqlw ri kxpdq fdslwdo +wkh uhzdug wr dq h{wud

|hdu ri vfkrrolqj,/ | lv wkh h�hfwlyh wd{ udwh rq oderxu lqfrph +zklfk pd| lqfoxgh vrfldo

vhfxulw| wd{hv dqg lqgluhfw wd{hv rq frqvxpswlrq,/ 4 lv wkh dyhudjh uhdo diwhu0wd{ uhwxuq

wr vdylqj/ 7 lv wkh frqvxphu*v vxsso| ri fdslwdo +*vdylqj*,/ Z lv wkh frxqwu|*v dyhudjh

suh0wd{ sur�w lqfrph shu fdslwd/ � lv wkh h�hfwlyh wd{ udwh rq fdslwdo lqfrph dqg sur�wv/

A lv d oxps vxp jryhuqphqw wudqvihu sdlg rxw lq dq htxdo dprxqw wr doo flwl}hqv/ T lv dq

h{rjhqrxv dyhudjh lqlwldo hqgrzphqw ri qrq0kxpdq zhdowk/ dqg S lv d wudqvdfwlrq frvw1

Wkh lghd xqghuo|lqj +5, lv wkdw wkh frqvxphu pd| hlwkhu frqvxph klv lqlwldo qrq0kxpdq

zhdowk T uljkw dzd|/ ru kh pd| lqyhvw +sduw ri, lw lq wkh fdslwdo pdunhw wr hduq lqwhuhvw

lqfrph zklfk pd| eh frqvxphg dorqj zlwk wkh sulqflsdo dw wkh hqg ri wkh shulrg1 Li wkh

frqvxphu fkrrvhv wr fkdqqho vrph ri klv lqlwldo zhdowk wr exvlqhvv �upv yld wkh fdslwdo

pdunhw/ kh lqfxuv d wudqvdfwlrq frvw zklfk lv dq lqfuhdvlqj ixqfwlrq ri wkh iudfwlrq ri

zhdowk frqyhuwhg lqwr surgxfwlyh exvlqhvv fdslwdo/ l1h1

S '
�

)n �

�
7

T

�)n�

� Tc ) : f +6,

Wkh wudqvdfwlrq frvw pd| eh wkrxjkw ri dv wkh frvw ri �qdqfldo lqwhuphgldwlrq1 E|

lqwurgxflqj wklv yduldeoh/ zh rewdlq d phdqlqjixo wudgh0r� ehwzhhq *lpphgldwh* dqg

*srvwsrqhg* frqvxpswlrq zlwkrxw lqwurgxflqj h{solflw g|qdplfv lqwr wkh prgho1 Zhljk0

lqj wkh wudqvdfwlrq frvw djdlqvw wkh srvlwlyh uhwxuq wr fdslwdo/ wkh frqvxphu pd{lplvhv

xwlolw| +4, zlwk uhvshfw wr 7/ vxemhfw wr +5, dqg +6,1 Wkh vroxwlrq wr wklv sureohp |lhogv

wkh *vdylqjv vfkhgxoh*

7 ' 4
�

) � T +7,

vkrzlqj wkdw wkh frqvxphu*v fdslwdo vxsso| 7 lv sursruwlrqdo wr klv lqlwldo zhdowk dqg

ulvlqj zlwk wkh diwhu0wd{ lqwhuhvw udwh1 Wkxv/ zkloh hqgrzphqwv ri zhdowk duh h{rjhqrxv/

wkh vxsso| ri surgxfwlyh fdslwdo lv hqgrjhqrxv1 Qrwlfh dovr wkdw wkh qhw lqwhuhvw hodvwlflw|

ri *vdylqj* lv jlyhq e| �*)1
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Kdylqj rswlplvhg klv wrwdo fdslwdo vxsso| lq dffrugdqfh zlwk +7,/ wkh frqvxphu pxvw

doorfdwh wklv fdslwdo ehwzhhq dvvhwv lqyhvwhg lq wkh HX/ 7�/ dqg dvvhwv lqyhvwhg lq wkh

uhvw ri wkh zruog/ 7?/ zlwk wkh sxusrvh ri pd{lplvlqj klv wrwdo diwhu0wd{ lqfrph iurp

fdslwdo 47 ' 4
�
7� n 4

?
7?1 Lq wkh suhvhqw prgho zklfk grhv qrw h{solflwo| doorz iru

xqfhuwdlqw|/ dq lqfhqwlyh iru sruwirolr glyhuvl�fdwlrq fdq eh jhqhudwhg e| dvvxplqj wkdw

wkh frqvxphu*v wrwdo fdslwdo vwrfn lv d FHV0djjuhjdwh ri wkh fdslwdo vwrfn lqyhvwhg lq wkh

wzr uhjlrqv=

7 '
k
[3 �

j E7��
jn�

j n E��[�3
�

j E7?�
jn�

j

l j

jn�

c f 	 [ 	 �c j : f +8,

Zlwk d �qlwh vxevwlwxwlrq hodvwlflw| j ehwzhhq wkh wzr dvvhw w|shv/ wklv vshfl�fdwlrq

lpsolhv wkdw wkh wrwdo fdslwdo vwrfn whqgv wr eh pruh surgxfwlyh 0 jhqhudwlqj d kljkhu

diwhu0wd{ lqfrph 0 li lw lv vsuhdg dfurvv wkh wzr uhjlrqv udwkhu wkdq frqfhqwudwhg lq rqh

uhjlrq1 Pd{lplvlqj wrwdo fdslwdo lqfrph zlwk uhvshfw wr 7� dqg 7? vxemhfw wr +8,/ wkh

frqvxphu zloo fkrrvh wkh sruwirolr doorfdwlrq uxohv

7� '

�
4�
4

�j

[7 +9,

7? '

�
4
?

4

�j

E��[�7 +:,

zkhuh wkh dyhudjh qhw uhwxuq wr vdylqj lv jlyhq e|

4 '
�
[4jn�

�
n E��[� 4jn�

?

� �

jn� +;,

Lq d vhfrqg vwdjh ri sruwirolr rswlplvdwlrq/ wkh frqvxphu pxvw doorfdwh wkh wrwdo

fdslwdo vwrfnv lqyhvwhg lq wkh wzr uhjlrqv dfurvv wkh lqglylgxdo frxqwulhv zlwklq hdfk

uhjlrq1 E| dqdorj| wr +8,/ wkh wrwdo fdslwdo vwrfn lqyhvwhg lq wkh HX lv vshfl�hg dv

7� '
k
�
3 �

/

�

�
7��

�/n�

/ n �������n �
3 �

/

6

�
7�6

�/n�

/

l /

/n�

+<,
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/ : fc f 	 �� 	 �c

6[
�'�

�� ' �

zkhuh wkh fdslwdo vwrfn lqyhvwhg lq HX frxqwu| � e| lv ghqrwhg e| 7��/ dqg zkhuh 6

lv wkh qxpehu ri HX frxqwulhv1 Wkh suh0wd{ uhdo lqwhuhvw udwh lq frxqwu| � lv o�/ dqg wkh

frxqwu| ohylhv d vrxufh0edvhg fdslwdo lqfrph wd{ � �1 Lq wkh devhqfh ri v|vwhpdwlf h{0

fkdqjh ri lqirupdwlrq dprqj qdwlrqdo wd{ dgplqlvwudwlrqv/ wkh frqvxphu*v krph frxqwu|

lv dvvxphg wr eh xqdeoh wr ohy| d wd{ rq klv iruhljq0vrxufh fdslwdo lqfrph/ vr wkh vrxufh

wd{ � � lv dovr wkh �qdo wd{ sdlg e| wkh frqvxphu rq klv lqyhvwphqw lq frxqwu| �1 Wkh

frqvxphu pd{lplvhv klv wrwdo qhw lqfrph iurp HX dvvhwv 4�7
� '

S
6

�'�
o� E�� ���7

��

zlwk uhvshfw wr 7��/ vxemhfw wr +<,/ lpso|lqj wkh lqyhvwphqw uxoh

7�� '

�
o� E�� ���

4
�

�/
��7

�c � ' �c ��������c6 +43,

dqg dq dyhudjh qhw uhwxuq wr HX dvvhwv htxdo wr

4� '

%
6[
�'�

�� do� E�� ���o
/n�

& �

/n�

+44,

Lq d vlplodu zd|/ zlwk 6 ghqrwlqj wkh wrwdo qxpehu ri frxqwulhv lq wkh zruog dqg

7?5 lqglfdwlqj wkh dvvhw vwrfn lqyhvwhg lq URZ frxqwu| 5/ wkh djjuhjdwh vwrfn ri dvvhwv

lqyhvwhg lq wkh uhvw ri wkh zruog lv jlyhq e|

7? '

�
v
3 �

l

6n�

�
7?6n�

� ln�

l n �������n v
3 �

l

6 E7?6�
ln�

l

� l

ln�

+45,

l : fc f 	 v5 	 �c

6[
5'6n�

v5 ' �

dqg dq rswlpdo sruwirolr doorfdwlrq dfurvv wkh frxqwulhv ri wkh uhvw ri wkh zruog

uhtxluhv wkdw
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7?5 '

�
o5 E�� � 5�

4
?

�l
v57

?c 5 ' 6n �c ����������c6 +46,

4
?
'

%
6[

5'6n�

v5 do5 E�� � 5�o
ln�

& �

ln�

+47,

Dq xqhpsor|hg zrunhu kdv d exgjhw frqvwudlqw vlplodu wr +5,/ h{fhsw wkdw diwhu0wd{

zdjh lqfrph ��M E�� |�pxvw eh uhsodfhg e| wkh diwhu0wd{ udwh ri xqhpsor|phqw ehqh�w

�1 Wkh vdylqjv dqg sruwirolr doorfdwlrq fkrlfhv ri xqhpsor|hg lqglylgxdov duh vwloo jlyhq

e| +7,/ +9,/ +:,/ +45, dqg +46,1

LL151 Wkh exvlqhvv vhfwru

Lq hdfk frxqwu| wkh uhsuhvhqwdwlyh frpshwlwlyh �up surgxfhv rxwsxw t e| phdqv ri

h�hfwlyh oderxu lqsxw u/ fdslwdo g/ dqg d �{hg idfwru1 Wkh vxsso| ri wkh �{hg idfwru lv

dvvxphg wr eh sursruwlrqdo wr wrwdo srsxodwlrq vl}h � lq rughu wr holplqdwh dq| lqkhuhqw

furvv0frxqwu| surgxfwlylw| gl�huhqwldov dulvlqj iurp gl�huhqfhv lq frxqwu| vl}h1 Wkh

surgxfwlrq ixqfwlrq kdv Free0Grxjodv irup/ lpso|lqj

t ' �ukgq +48,

� � ��3k3qc f 	 k 	 �c f 	 q 	 �c f 	 kn q 	 �

zkhuh � phdvxuhv wkh rxwsxw frqwulexwlrq ri wkh �{hg idfwru1 Wkh �up*v uhdo sur�w

lv

� ' t � og � �u +49,

zklfk pxvw eh pd{lplvhg zlwk uhvshfw wr g dqg u/ vxemhfw wr +48,1 Wkh �uvw0rughu

frqglwlrqv iru wkh vroxwlrq wr wklv sureohp duh

:



k�uk3�gq ' � +4:,

q�ukgq3� ' o +4;,

Iurp +49, wkurxjk +4;, zh jhw

� ' E�� k� q��ukgq +4<,

zkloh +4:, dqg +4;, lpso|

g '

�
q

k

���
o

�
u +53,

Lqvhuwlqj +53, lqwr +4:, dqg uhphpehulqj wkdw � ' ��3k3q/ zh rewdlq

u*� '
�k
�

� �3q

�3k3q

�
q

o

� q

�3k3q

+54,

zklfk pd| eh vxevwlwxwhg lqwr +53, wr jlyh

& � g*� '
�k
�

� k

�3k3q

�
q

o

� �3k

�3k3q

+55,

Xvlqj +4<,/ +54, dqg +55, dqg wkh idfw wkdw � ' ��3k3q/ zh pd| h{suhvv wkh ohyho ri

sur�w shu zrunhu dv d ixqfwlrq ri idfwru sulfhv=

Z �
�

�
' E�� k� q�

�k
�

� k

�3k3q

�
q

o

� q

�3k3q

+56,

Qrwlfh �qdoo| wkdw h�hfwlyh oderxu lqsxw lv gh�qhg e|

u ' �M E�� ��� +57,

;



zkhuh � lv wkh udwh ri xqhpsor|phqw vr wkdw E����� lv wkh wrwdo qxpehu ri hpsor|hg

zrunhuv1

LL161 Wkh oderxu pdunhw

Zrunhuv duh rujdql}hg lq ghfhqwudol}hg prqrsro| wudgh xqlrqv vhwwlqj wkh zdjh ohyho

� dqg wkh qxpehu ri zrunlqj krxuv � vr dv wr pd{lplvh wkh h{shfwhg xwlolw| ri wkhlu

phpehuv/ vxemhfw wr wkh *uljkw0wr pdqdjh* frqvwudlqw wkdw hpsor|huv xqlodwhudoo| fkrrvh

h�hfwlyh oderxu lqsxw zlwk wkh sxusrvh ri pd{lplvlqj sur�wv1 Hdfk xqlrq fryhuv d vhfwru

zklfk lv wrr vpdoo wr kdyh d vljql�fdqw lpsdfw rq pdfurhfrqrplf yduldeohv vxfk dv wkh

lqwhuhvw udwh o dqg wkh ohyho dqg frpsrvlwlrq ri sxeolf wudqvihuv1 Dv d phwdskru/ zh pd|

wklqn ri wkh qdwlrqdo hfrqrp| dv ehlqj glylghg lqwr d odujh qxpehu ri lghqwlfdo *lvodqgv*1

Hdfk lvodqg lv d plqldwxuh slfwxuh ri wkh qdwlrqdo hfrqrp|= wkh lvodqg*v zrun irufh kdv

uhsuhvhqwdwlyh suhihuhqfhv/ dqg �upv kdyh lghqwlfdo whfkqrorjlhv dfurvv lvodqgv1 Xqlrq

ehkdylrxu wkxv |lhogv wkh vdph rxwfrph rq doo lvodqgv1

Wkh dqdo|vlv lq vhfwlrq LL14 lpsolhv wkdw wkh wudgh xqlrq*v lq xhqfh rq zdjh udwhv

dqg zrunlqj krxuv grhv qrw hqdeoh lw wr d�hfw wkh frqvxphu*v vdylqjv ghflvlrq1 Zh dovr

dvvxph wkdw wkh dfwlrqv ri wkh wudgh xqlrq gr qrw vljql�fdqwo| d�hfw wkh sur�w lqfrph

ri lwv phpehuv +zh pd| dvvxph wkdw wklv sur�w lqfrph ghulyhv pdlqo| iurp rzqhuvkls ri

�upv lq rwkhu lvodqgv,1 Khqfh wkh xqlrq pd| wdnh wkh surshuw| lqfrph ri lwv phpehuv dv

jlyhq dqg pd| frqfhqwudwh rq pd{lplvlqj wkh phpehuvkls*v h{shfwhg xwlolw| iurp ehlqj

dvvrfldwhg zlwk wkh xqlrq/ jlyhq e|

L� ' E�� ��

�
�M� E�� |��M �

��n0

� n 0

�
n �L +58,

Wkh whup L lv wkh uhsuhvhqwdwlyh xqlrq phpehu*v *rxwvlgh rswlrq*/ l1h1/ wkh xwlolw| kh

pd| h{shfw wr rewdlq li kh idlov wr �qg zrun rq klv rzq lvodqg/
k
�M� E�� |��M � �

�n0

�n0

l
lv dq hpsor|hg phpehu*v frqvxphu vxusoxv iurp zrun/ dqg wkh lvodqg*v hpsor|phqw udwh

E�� ��1lv d xqlrq phpehu*v suredelolw| ri ehlqj hpsor|hg rq wkh lvodqg1 Xvlqj +54, dqg

+57,/ zh pd| uhzulwh +58, dv
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Lq pd{lplvlqj L�/ wkh xqlrq wdnhv wkh rxwvlgh rswlrq L dv jlyhq1 Pd{lplvlqj +59,

zlwk uhvshfw wr �/ rqh �qgv wkdw wkh xqlrq*v fkrlfh ri zrunlqj krxuv zloo eh glfwdwhg e|

wkh �uvw0rughu frqglwlrq

��n0

� n 0
'

L

0M
+54,

Ixuwkhu/ e| xvlqj +57, lw wxuqv rxw wkdw wkh �uvw0rughu frqglwlrq iru wkh pd{lplvdwlrq

ri L� zlwk uhvshfw wr wkh zdjh ohyho � fdq eh zulwwhq dv

E�� q�

�
��n0

� n 0
n

L

M

�
� k�� E�� |� ' f +55,

Zh dvvxph wkdw d zrunhu zkr idlov wr �qg hpsor|phqw rq klv lvodqg idfhv d suredelolw|

� � s E�� ri rewdlqlqj d mre rq vrph rwkhu lvodqg dqg d suredelolw| s E�� ri hqglqj xs

dv xqhpsor|hg1 Lq wkh odwwhu fdvh kh lv hqwlwohg wr dq diwhu0wd{ xqhpsor|phqw ehqh�w

� ' K?�M� E�� |�/ zkhuh K? lv wkh qhw uhsodfhphqw udwlr lpsolhg e| wkh v|vwhp ri

xqhpsor|phqw frpshqvdwlrq/ dqg zkhuh wkh eduv lqglfdwh wkh dyhudjh ydoxhv ri wkh

uhohydqw yduldeohv rxwvlgh wkh zrunhu*v lqlwldo lvodqg1 Zh pd| wkhuhiruh zulwh wkh rxwvlgh

rswlrq dv

L ' d�� s E��o �M

%
�� E�� |��

�
�n0

� n 0

&
n s E�� � K?�M� E�� |� c s � : f +56,

Iru frqfuhwhqhvv/ wkh ixqfwlrq s E�� lv dvvxphg wr kdyh wkh frqvwdqw0hodvwlflw| irup

s E�� ' �#c # : f +57,

Lq d v|pphwulf oderxu pdunhw htxloleulxp zh kdyh � ' �/ � ' �/ � ' � dqg M ' M1

Lw wkhq iroorzv iurp +54, wkurxjk +57, wkdw

� '

��
k

�� q

�
� E�� |�

�
�*0

+58,
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E� n 0� E�� k� q�

E� n 0� E�� q� E�� K?�� k

�
�*#

+59,

Iurp +58, zh vhh wkdw wkh qhw zdjh hodvwlflw| ri zrunlqj krxuv lv jlyhq e| wkh lqyhuvh

ri wkh pdujlqdo glvxwlolw| ri zrun/ �*01 Htxdwlrq +59, lpsolhv wkdw wkh htxloleulxp xqhp0

sor|phqw udwh lv kljkhu wkh kljkhu wkh sxuh sur�w vkduh E�� k� q� dqg wkh kljkhu wkh

qhw uhsodfhphqw udwlr K?1 Iru doo sodxvleoh sdudphwhu ydoxhv rqh fdq dovr vkrz iurp +59,

wkdw vwuxfwxudo xqhpsor|phqw zloo eh kljkhu wkh kljkhu wkh hodvwlflw| ri xqhpsor|phqw

ulvn z1u1w1 wkh xqhpsor|phqw udwh/ l1h1/ wkh kljkhu wkh ydoxh ri #1 Wkhvh uhvxowv duh

lqwxlwlyh= pruh jhqhurxv xqhpsor|phqw ehqh�wv jhqhudwh kljkhu xqlrq zdjh suhvvxuh/

dqg d odujhu yroxph ri sxuh sur�wv lqfuhdvhv wkh whpswdwlrq iru xqlrqv wr fxw lqwr wkhvh

uhqwv yld djjuhvvlyh zdjh fodlpv1 Ixuwkhupruh/ d kljkhu ydoxh ri # lqglfdwhv d pruh

*uljlg* oderxu pdunhw vlqfh lw lpsolhv wkdw zrunhuv zkr kdyh ehhq pdgh uhgxqgdqw lq

wkhlu ruljlqdo rffxsdwlrq kdyh d orzhu fkdqfh ri �qglqj d mre lq vrph rwkhu vhfwru1

Wr frpsohwh wkh ghvfulswlrq ri wkh oderxu pdunhw/ zh ghulyh wkh htxloleulxp zdjh

udwh iurp wkh frqglwlrq wkdw wkh ghpdqg iru h�hfwlyh oderxu lqsxw/ jlyhq e| +54,/ pxvw

htxdo h�hfwlyh oderxu vxsso|/ jlyhq e| +57,1 Frpelqlqj wkhvh wzr htxdwlrqv dqg vroylqj

iru wkh zdjh udwh/ zh jhw
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� q

�3q
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�

E�� ���M

� �3k3q

�3q

+5:,

LL171 Wkh fdslwdo pdunhw

Zh wxuq qrz wr wkh htxloleulxp frqglwlrqv iru wkh qdwlrqdo fdslwdo pdunhwv1 Vlqfh

dvvhwv lqyhvwhg lq gl�huhqw frxqwulhv duh lpshuihfw vxevwlwxwhv/ wkhuh lv d vhsdudwh fdslwdo

pdunhw iru hdfk frxqwu|/ dowkrxjk qdwlrqdo pdunhwv duh olqnhg e| fdslwdo prelolw|1 Wr

ghulyh wkh vxsso| ri fdslwdo wr dq lqglylgxdo frxqwu|/ qrwlfh �uvw wkdw wkh wrwdo srsxodwlrq

ri frxqwu| � pd| eh zulwwhq dv �� � r��
�/ zkhuh �� lv wrwdo zruog srsxodwlrq dqg r� lv

frxqwu| �*v vkduh ri zruog srsxodwlrq1 Iurp htxdwlrq +7, lw iroorzv wkdw wkh wrwdo vxsso|

ri vdylqjv iurp wkh uhvlghqwv ri frxqwu| � zloo eh 4
�
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�
��T� ' 4

�
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�
r��

�T�1 Dffruglqj wr

+7,/ +9,/ dqg +43,/ wkh vxsso| ri fdslwdo iurp frxqwu| � wr HX frxqwu| � lv wkhuhiruh

htxdo wr
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�T�1 Vxpplqj ryhu wkh fdslwdo vxssolhv iurp
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doo frxqwulhv lq wkh zruog/ uhduudqjlqj voljkwo|/ dqg qrwlqj wkdw wkh ghpdqg iru fdslwdo lq

frxqwu| � lv htxdo wr r��
�&�/ zlwk &� jlyhq e| +55,/ zh pd| wkxv zulwh wkh htxloleulxp

frqglwlrq iru wkh fdslwdo pdunhw ri HX frxqwu| � dv

ghpdqg
iru fdslwdo}��~
r�&� '

vxsso| ri fdslwdo} �� ~
do� E�� ���o

/

6[
�'�

r�T����[�4
j3/
��

4

�3j)�

)�

�
c � ' �c ��������c6 +5;,

Lq d vlplodu zd|/ lw iroorzv iurp +7,/ +:,/ dqg +46, wkdw wkh vxsso| ri fdslwdo iurp

frxqwu| � wr URZ frxqwu| 5 htxdov
k
o5E�3�5�

4
?�

ll
v5�

�
4
?�

4
�

�j
E��[�� 4

�

)�

�
r��

�T� vr wkdw

wkh fdslwdo pdunhw htxloleulxp frqglwlrq lq URZ frxqwu| 5 pd| eh zulwwhq dv

r5&5 ' do5 E�� � 5�o
l
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�'�

r�T�v�5 E��[�� 4
j3l
?�

4

�3j)�

)�

�
c 5 ' 6n �c ��������c6 +5<,

Wklv frpsohwhv wkh ghvfulswlrq ri wkh sulydwh vhfwru ri wkh prgho1

LL181 Wkh jryhuqphqw vhfwru

Dv phqwlrqhg hduolhu/ wkh jryhuqphqw ri hdfk frxqwu| ohylhv d vrxufh0edvhg wd{ rq

doo fdslwdo lqfrph jhqhudwhg zlwklq lwv mxulvglfwlrq exw lv xqdeoh wr prqlwru dqg wd{ wkh

iruhljq0vrxufh fdslwdo lqfrph ri grphvwlf uhvlghqwv1 Wkh wd{ udwh rq fdslwdo lqfrph +�,

dovr dssolhv wr sxuh sur�w lqfrph1 Edodqflqj lwv exgjhw/ wkh jryhuqphqw lv wkxv vxemhfw

wr wkh shu0fdslwd exgjhw frqvwudlqw

A ' E�� �� |�M�� �� n � Eo& n Z� +63,

' �M� d| E�� ��� �K? E�� |�o n � Eo& n Z�

zkhuh doo yduldeohv duh phdvxuhg rq d shu0fdslwd edvlv1 Uhfdoolqj wkdw K? lv wkh qhw

uhsodfhphqw udwlr/ zh kdyh wkh lghqwlw|

K? '
K E�� >|�

�� |
c f � > � � +64,

zkhuh K lv wkh jurvv uhsodfhphqw udwlr/ gh�qhg dv wkh suh0wd{ udwh ri xqhpsor|phqw

ehqh�w uhodwlyh wr wkh dyhudjh suh0wd{ zdjh lqfrph ri dq hpsor|hg zrunhu/ dqg > lv wkh
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h�hfwlyh wd{ udwh rq ehqh�w lqfrph uhodwlyh wr wkh h�hfwlyh wd{ udwh rq oderxu lqfrph1 Lq

srolf| h{shulphqwv zlwk wkh prgho/ zh pd| wuhdw hlwkhu K? ru K dv wkh h{rjhqrxv srolf|

yduldeoh ghwhuplqlqj wkh jhqhurvlw| ri wkh ehqh�w v|vwhp1 Li K lv wdnhq wr eh wkh srolf|

yduldeoh/ zh pxvw lqfoxgh htxdwlrq +64, lq wkh prgho/ zkhuhdv +64, lv uhgxqgdqw li zh

wuhdw K? dv h{rjhqrxv1

LL191 Qdwlrqdo lqfrph dqg vrfldo zhoiduh

E| gh�qlwlrq/ qdwlrqdo lqfrph pxvw htxdo wkh glvsrvdeoh lqfrph iru wkh sulydwh vhfwru

soxv wkh qhw uhyhqxh froohfwhg e| jryhuqphqw1 Fdofxodwlqj wklv vxp/ rqh �qgv wkdw

qdwlrqdo lqfrph shu fdslwd +f, lv

f ' E�� ���M�n T 4
�n)

) n �o& n Z +65,

Lw lv dovr ri lqwhuhvw wr fdofxodwh xwlolwduldq vrfldo zhoiduh/ l1h1/ wkh dyhudjh ohyho ri

zhoiduh dwwdlqhg lq d jlyhq frxqwu|1 Wklv pdjqlwxgh pd| eh irxqg e| lqvhuwlqj wkh

sulydwh dqg sxeolf exgjhw frqvwudlqwv lqwr wkh frqvxphu*v xwlolw| ixqfwlrq +4,/ vxpplqj

ryhu doo frqvxphuv +hpsor|hg dv zhoo dv xqhpsor|hg,/ dqg glylglqj e| wkh h{rjhqrxv

srsxodwlrq vl}h � 1 Rqh wkhq �qgv wkdw xwlolwduldq vrfldo zhoiduh +` , lv jlyhq e|

` ' E�� ��M
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��n0
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�
T n Z n �o& +66,

Hvvhqwldoo|/ wklv h{suhvvlrq iru vrfldo zhoiduh lv mxvw qdwlrqdo lqfrph dgmxvwhg iru wkh

glvxwlolw| ri zrun/ dqg dffrxqwlqj iru wkh frqvxpswlrq ri lqlwldo qrq0kxpdq zhdowk qhw

ri wudqvdfwlrq frvwv1

LL1:1 Uhvlghqfh0edvhg wd{dwlrq zlwklq wkh HX

Wkh yhuvlrq ri wkh HXWD[prgho ghulyhg deryh dvvxphv wkdw fdslwdo lqfrph wd{dwlrq

lv sxuho| vrxufh0edvhg1 Lq wklv vhfwlrq L ghvfuleh krz wkh prgho pd| eh prgl�hg wr

dqdo|}h wkh h�hfw ri wkh uhirup ri fdslwdo lqfrph wd{dwlrq zlwklq wkh HX sursrvhg

e| Vûuhqvhq +5334/ vhfwlrq 4146,1 Dffruglqj wr wklv sursrvdo doo HX frxqwulhv ohy| d

kduprqlvhg vrxufh0edvhg fdslwdo lqfrph wd{ dw wkh frpprq udwh ri � 1 Lq dgglwlrq HX

frxqwulhv h{fkdqjh lqirupdwlrq zlwk hdfk rwkhu wr hqdeoh hdfk phpehu vwdwh wr hqirufh

uhvlghqfh0edvhg wd{dwlrq ri fdslwdo lqfrph iurp doo HX vrxufhv1 Wkh kduprqlvhg vrxufh0

edvhg wd{ wkxv vhuyhv rqo| dv d suholplqdu| zlwkkroglqj wd{ iru zklfk ixoo fuhglw lv
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jlyhq zkhq wkh uhvlghqfh0edvhg fdslwdo lqfrph wd{ lv lpsrvhg1 Xqghu vxfk d v|vwhp

wkh h�hfwlyh wd{ udwh rq doo HX vrxufh fdslwdo lqfrph hduqhg e| HX flwl}hqv lv jlyhq e|

wkh wd{ udwh ri wkh uhvlghqfh frxqwu| zkhuhdv fdslwdo lqfrph iurp qrq0HX vrxufhv rqo|

fduulhv vrxufh0frxqwu| wd{/ vlqfh wkhuh lv qr h{fkdqjh ri lqirupdwlrq zlwk wklug frxqwulhv1

Wr prgho wklv pl{hg wd{ uhjlph/ lw lv xvhixo wr lqwurgxfh d qhz yduldeoh o�
�
ghqrwlqj

wkh dyhudjh suh0wd{ uhwxuq wr HX dvvhwv hduqhg e| d uhvlghqw lq frxqwu| �=

o�
�
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%
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/n�

& �

/n�

c � ' �c ����c6 +67,

Iru HX uhvlghqwv zkr duh doo vxemhfw wr uhvlghqfh0edvhg wd{dwlrq ri wkhlu fdslwdo

lqfrph iurp wkh HX duhd wkh diwhu0wd{ uhwxuq wr HX dvvhwv pd| wkhq eh zulwwhq dv

4�� ' E�� � �� o
�

�
c � ' �c ����c6 +68,

zkhuhdv iru URZ uhvlghqwv zkr duh rqo| vxemhfw wr wkh kduprqlvhg HX vrxufh wd{ �

wkh qhw uhwxuq wr HX dvvhwv zloo eh jlyhq e|

4�� ' E�� �� o�
�
c � ' 6n �c ������c6 +69,

Ehfdxvh ri wkh gl�huhqw wd{ uhjlphv iru HX dqg URZ uhvlghqwv/ wkh vshfl�fdwlrq

ri wkh wrwdo fdslwdo vxsso| wr dq HX frxqwu| pxvw qrz glvwlqjxlvk ehwzhhq fdslwdo

vxssolhg iurp wkh HX uhjlrq dqg fdslwdo vxssolhg iurp URZ1 Khqfh wkh fdslwdo pdunhw

htxloleulxp frqglwlrq iru HX frxqwu| � suhylrxvo| jlyhq e| +5;, pxvw qrz eh uhvshfl�hg

dv

ghpdqg
iru fdslwdo}��~
r�&� '

vxsso| ri fdslwdo iurp HX} �� ~
o/
�
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�'�
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vxsso| ri fdslwdo iurp URZ} �� ~
do� E�� ��o/
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�
c � ' �c ��������c6 +6:,
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Ilqdoo|/ wkh jryhuqphqw exgjhw frqvwudlqw iru dq HX frxqwu| pxvw eh prgl�hg wr

uhdg

A� ' ��M���
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|� E�� ���� ��K�

�
�� >�|�
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n �o�&� n � �Z�
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�j

[�4
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�
T�c � ' �c ������c6 +6;,

zkhuh wkh odvw whup rq wkh uljkw0kdqg vlgh ri +6;, lv wkh uhyhqxh iurp wkh uhvlghqfh0

edvhg wd{ rq HX vrxufh fdslwdo lqfrph qhw ri wkh wd{ fuhglw iru wkh zlwkkroglqj wd{ �

zklfk kdv douhdg| ehhq sdlg1

Iru frxqwulhv rxwvlgh wkh HX wkh fdslwdo pdunhw htxloleulxp frqglwlrq +5<, dqg wkh

jryhuqphqw exgjhw frqvwudlqw +63, frqwlqxh wr dsso|1
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LLL1 Vxppdul}lqj wkh HXWD[ prgho

Wdnlqj vwrfn ri doo wkh htxdwlrqv ghulyhg deryh/ zh duh qrz uhdg| wr vxppdul}h wkh

HXWD[F prgho1 Lq grlqj vr/ zh lqwurgxfh d ihz vhoi0h{sodqdwru| dx{loldu| yduldeohv wr

vlpsoli| h{srvlwlrq1 Pruhryhu/ lq vshfli|lqj wkh sruwirolr suhihuhqfh sdudphwhuv �� dqg

v�/ zh dvvxph wkdw frqvxphuv pd| kdyh d *krph eldv* lq idyrxu ri dvvhwv lqyhvwhg lq wkhlu

rzq frxqwu| dqg wkdw wkhlu suhihuhqfh iru dvvhwv lqyhvwhg lq d sduwlfxodu iruhljq frxqwu|

lv sursruwlrqdo wr wkh srsxodwlrq vl}h ri wkdw frxqwu|1 Ilqdoo|/ rxu vshfl�fdwlrq ri wkh

sruwirolr suhihuhqfh sdudphwhu [� dvvxphv wkdw wkh HX dqg wkh URZ kdyh v|pphwulf

ghjuhhv ri krph eldv1

Sdudphwhuv

Vwuxfwxudo sdudphwhuv zklfk duh qrw frxqwu|0vshfl�f=

6 ' wrwdo qxpehu ri frxqwulhv lq wkh zruog

6 ' qxpehu ri HX frxqwulhv

j ' hodvwlflw| ri vxevwlwxwlrq ehwzhhq HX dqg URZ dvvhwv

/ ' hodvwlflw| ri vxevwlwxwlrq ehwzhhq qdwlrqdo dvvhwv zlwklq HX

l ' hodvwlflw| ri vxevwlwxwlrq ehwzhhq qdwlrqdo dvvhwv zlwklq URZ

[ ' ghjuhh ri krph eldv ehwzhhq HX dqg URZ

� ' ghjuhh ri krph eldv zlwklq HX

v ' ghjuhh ri krph eldv zlwklq URZ

Vwuxfwxudo sdudphwhuv zklfk pd| ydu| dfurvv frxqwulhv=

k ' hodvwlflw| ri rxwsxw z1u1w1 oderxu lqsxw +zdjh vkduh ri JGS,
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q ' hodvwlflw| ri rxwsxw z1u1w1 fdslwdo lqsxw

0 ' hodvwlflw| ri pdujlqdo glvxwlolw| ri zrun

+�*0 ' qhw zdjh hodvwlflw| ri qrwlrqdo oderxu vxsso|,

) ' hodvwlflw| ri pdujlqdo wudqvdfwlrq frvw

+�*) ' qhw lqwhuhvw hodvwlflw| ri vdylqj,

M ' dyhudjh vnloo ohyho ri oderxu irufh

T ' lqlwldo shu0fdslwd hqgrzphqw ri qrq0kxpdq zhdowk

r ' vkduh ri zruog srsxodwlrq

H{rjhqrxv frxqwu|0vshfl�f srolf| yduldeohv=

| ' h�hfwlyh wd{ udwh rq oderxu lqfrph

� ' h�hfwlyh wd{ udwh rq fdslwdo lqfrph

K ' jurvv uhsodfhphqw udwlr= +suh0wd{ ehqh�wv,2+suh0wd{ dyhudjh zdjh udwh,

> ' +h�hfwlyh wd{ udwh rq ehqh�wv,2+h�hfwlyh wd{ udwh rq zdjhv,

Hqgrjhqrxv yduldeohv

K? ' qhw uhsodfhphqw udwlr

� ' udwh ri xqhpsor|phqw

& ' fdslwdo vwrfn shu zrunhu

o ' uhdo lqwhuhvw udwh ehiruh wd{

� ' uhdo krxuo| zdjh udwh shu vnloo xqlw

8 ' zdjh2uhqwdo udwlr

4:



� ' lqglylgxdo zrunlqj krxuv

Z ' uhdo sur�wv shu fdslwd

4 ' dyhudjh diwhu0wd{ uhwxuq wr vdylqj

4
�
' dyhudjh diwhu0wd{ uhwxuq wr HX dvvhwv

4
?
' dyhudjh diwhu0wd{ uhwxuq wr URZ dvvhwv

[� ' lqwhqvlw| ri suhihuhqfh iru HX dvvhwv

�� ' lqwhqvlw| ri suhihuhqfh iru qdwlrqdo HX dvvhwv

v� ' lqwhqvlw| ri suhihuhqfh iru qdwlrqdo URZ dvvhwv

+ ' uhdo JGS shu fdslwd

f ' uhdo qdwlrqdo lqfrph shu fdslwd

- ' udwlr ri qdwlrqdo lqfrph wr qdwlrqdo surgxfw

A ' uhdo sxeolf wudqvihu shu fdslwd +h{foxglqj xqhpsor|phqw ehqh�wv,

` ' xwlolwduldq vrfldo zhoiduh shu fdslwd

4;



LLL141 Vxppdu| ri wkh HXWD[ prgho zlwk vrxufh0edvhg wd{dwlrq lq doo

frxqwulhv

Htxdwlrqv ri orzhvw rughu lq uhfxuvlyh vwuxfwxuh=

Lqwhqvlw| ri suhihuhqfh iru HX dvvhwv=

[� ' [c � ' �c 2c ����c6 +D14,

[� ' ��[c � ' 6n �c 6n 2c ����c6 +D15,

Lqwhqvlw| ri suhihuhqfh iru qdwlrqdo HX dvvhwv=

��� ' �c � ' �c ����c6 +D16,

��� '
E�� �� r�S
6

�'�c � �'� r�
c � ' �c ����c6( � 9' � +D17,

�
��

'
r�S
6

�'�
r�
c � ' 6n �c ����c6 +D18,

Lqwhqvlw| ri suhihuhqfh iru qdwlrqdo URZ dvvhwv=

v�5 '
r5S

6

5'6n�
r5
c � ' �c ����c6 +D19,

v�� ' vc � ' 6n �c ����c6 +D1:,

4<



v�5 '
E�� v� r5S
6

5'6n�c 5 �'� r5
c � ' 6n �c ����c6( � 9' 5 +D1;,

Qhw uhsodfhphqw udwlr=

K?
�
'

K�
�
�� >�|�

�
�� |�

c � ' �c �������c6 +D1;,

Xqhpsor|phqw udwh=

�� '

%
E� n 0��

�
�� k� � q

�

�
E� n 0��

�
�� q

�

� �
�� K?

�

�
� k�

&
�*#

�

c � ' �c �����c6 +D1<,

Vlpxowdqhrxv vwuxfwxuh

Lqglylgxdo zrunlqj krxuv=

�� '

��
k�

�� q�

�
�� E�� |��

� �

0�

c � ' �c �������c6 +D143,

Zdjh ohyhoG=

�� ' k�

�
q�
o�

� q�

�3q�

�
�

��M� E�� ���

� �3k�3q�

�3q�

c � ' �c �������c6 +D144,

Fdslwdo shu zrunhu lqyhvwhg lq frxqwu| �=

&� '

�
k�

��

� k�

�3k�3q�

�
q�
o�

� �3k�

�3k�3q�

c � ' �c �������c6 +D145,
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Fdslwdo pdunhw htxloleulxp lq HX frxqwu| �=

r�&� ' do� E�� ���o
/

6[
�'�

r�T����[�4
j3/
��

4

�3j)�

)�

�
c � ' �c �����c6 +D146,

Fdslwdo pdunhw htxloleulxp lq URZ frxqwu| 5=

r5&5 ' do5 E�� � 5�o
l

6[
�'�

r�T�v�5 E��[�� 4
j3l
?�

4

�3j)�

)�

�
c 5 ' 6n �c ������c6 +D147,

Dyhudjh qhw uhwxuq wr vdylqj=

4� '
�
[�4

jn�

��
n E��[�� 4

jn�

?�

� �

jn� c � ' �c ������c6 +D148,

Dyhudjh qhw uhwxuq wr HX dvvhwv=

4�� '

%
6[
�'�

��� do� E�� ���o
/n�

& �

/n�

c � ' �c ������c6 +D149,

Dyhudjh qhw uhwxuq wr URZ dvvhwv=

4?� '

%
6[

5'6n�

v�5 do5 E�� � 5�o
ln�

& �

ln�

c � ' �c ������c6 +D14:,

Htxdwlrqv ri kljkhu rughu

Zdjh2uhqwdo udwlr=

8� '
��

o�
c � ' �c ������c6 +D14;,
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JGS shu fdslwd=

+� ' dM��� E�� ���o
k� &

q
�

�
c � ' �c ������c6 +D14<,

Sxuh sur�w shu fdslwd=

Z� '
�
�� k� � q

�

�
+�c � ' �c ������c6 +D153,

Qdwlrqdo lqfrph shu fdslwd=

f� ' E�� ���M����� n T�4
)�n�

)� n � �o�&� n Z�c � ' �c ������c6 +D154,

Udwlr ri qdwlrqdo lqfrph wr qdwlrqdo surgxfw=

-� '
f�

+�
c � ' �c ������c6 +D155,

Sxeolf wudqvihu shu fdslwd +qhw ri xqhpsor|phqw ehqh�wv,=

A� ' ��M���
�
|� E�� ���� ��K�

�
�� >

�
|�
��

n � � Eo�&� n Z�� c +D156,

� ' �c ������c6

Xwlolwduldq vrfldo zhoiduh=

`� ' M� E�� ���

�
���� �

��n0�

� n 0�

�
n T�

�
� n

�
)�

)
�
n �

�
4
)�n�

)�

�
n Z� n � �o�&�c +D157,

� ' �c ������c6
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LLL151 Vxppdu| ri HXWD[ prgho zlwk uhvlghqfh0edvhg wd{dwlrq lq wkh

HX

Wklv vhfwlrq vxppdul}hv doo htxdwlrqv lq wkh yhuvlrq ri wkh HXWD[ prgho lqfrusr0

udwlqj wkh wd{ uhjlph ghvfulehg lq vhfwlrq LL1: zklfk frpelqhv uhvlghqfh0edvhg wd{dwlrq

zlwklq wkh HX zlwk vrxufh0edvhg wd{dwlrq ri wkh uhwxuq wr fdslwdo  rzv ehwzhhq wkh HX

dqg URZ1

Wkh sdudphwhuv dqg h{rjhqrxv yduldeohv lq wkh suhvhqw prgl�hg yhuvlrq ri wkh prgho

duh wkh vdph dv lq wkh yhuvlrq zlwk sxuho| vrxufh0edvhg wd{dwlrq/ h{fhsw wkdw zh qrz

lqwurgxfh wkh iroorzlqj qhz h{rjhqrxv srolf| yduldeoh=

� ' kduprqlvhg vrxufh0edvhg zlwkkroglqj wd{ rq fdslwdo lqfrph hduqhg lq wkh HX

Doo htxdwlrqv zklfk duh xqfkdqjhg uhodwlyh wr wkh prgho yhuvlrq zlwk sxuho| vrxufh0

edvhg wd{dwlrq fduu| wkh vdph qxpehu dv lq vhfwlrq LLL14 dqg duh doo pdunhg zlwk dq *D*1

Htxdwlrqv zklfk duh qhz duh pdunhg e| d *E*1

Htxdwlrqv ri orzhvw rughu lq uhfxuvlyh vwuxfwxuh=

Lqwhqvlw| ri suhihuhqfh iru HX dvvhwv=

[� ' [c � ' �c 2c ����c6 +D14,

[� ' ��[c � ' 6n �c 6n 2c ����c6 +D15,

Lqwhqvlw| ri suhihuhqfh iru qdwlrqdo HX dvvhwv=

��� ' �c � ' �c ����c6 +D16,

��� '
E�� �� r�S
6

�'�c � �'� r�
c � ' �c ����c6( � 9' � +D17,
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�
��

'
r�S
6

�'�
r�
c � ' 6n �c ����c6 +D18,

Lqwhqvlw| ri suhihuhqfh iru qdwlrqdo URZ dvvhwv=

v�5 '
r5S

6

5'6n�
r5
c � ' �c ����c6 +D19,

v�� ' vc � ' 6n �c ����c6 +D1:,

v�5 '
E�� v� r5S
6

5'6n�c 5 �'� r5
c � ' 6n �c ����c6( � 9' 5 +D1;,

Qhw uhsodfhphqw udwlr=

K?
�
'

K�
�
�� >

�
|�
�

�� |�
c � ' �c �������c6 +D1;,

Xqhpsor|phqw udwh=

�� '

%
E� n 0��

�
�� k� � q

�

�
E� n 0��

�
�� q

�

� �
�� K?

�

�
� k�

&
�*#

�

c � ' �c �����c6 +D1<,

Vlpxowdqhrxv vwuxfwxuh

Lqglylgxdo zrunlqj krxuv=

�� '

��
k�

�� q�

�
�� E�� |��

� �

0�

c � ' �c �������c6 +D143,
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Zdjh ohyhoG=

�� ' k�

�
q
�

o�

� q�

�3q�

�
�

��M� E�� ���

� �3k�3q�

�3q�

c � ' �c �������c6 +D144,

Fdslwdo shu zrunhu lqyhvwhg lq frxqwu| �=

&� '

�
k�

��

� k�

�3k�3q�

�
q
�

o�

� �3k�

�3k�3q�

c � ' �c �������c6 +D145,

Fdslwdo pdunhw htxloleulxp lq HX frxqwu| �=

r�&� ' o/
�

6[
�'�

E�� � ��
/ r�T����[�4

j3/
��

4

�3j)�

)�

�

n do� E�� ��o/
6[

�'6n�

r�T����[�4
j3/
��

4

�3j)�

)�

�
c � ' �c �����c6 +E14,

Fdslwdo pdunhw htxloleulxp lq URZ frxqwu| 5=

r5&5 ' do5 E�� � 5�o
l

6[
�'�

r�T�v�5 E��[�� 4
j3l
?�

4

�3j)�

)�

�
c 5 ' 6n �c ������c6 +D147,

Dyhudjh qhw uhwxuq wr vdylqj=

4� '
�
[�4

jn�

��
n E��[�� 4

jn�

?�

� �

jn� c � ' �c ������c6 +D148,

Dyhudjh suh0wd{ uhwxuq wr HX dvvhwv=

o�
�
'

%
6[
�'�

�
��
o�

/n�

& �

/n�

c � ' �c ����c6 +E15,
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Dyhudjh qhw uhwxuq wr HX dvvhwv hduqhg e| HX uhvlghqwv=

4
��

' E�� � �� o
�

�
c � ' �c ����c6 +E16,

Dyhudjh qhw uhwxuq wr HX dvvhwv hduqhg e| URZ uhvlghqwv=

4�� ' E�� �� o�
�
c � ' 6n �c ������c6 +E17,

Dyhudjh qhw uhwxuq wr URZ dvvhwv=

4
?�

'

%
6[

5'6n�

v�5 do5 E�� � 5�o
ln�

& �

ln�

c � ' �c ������c6 +D14:,

Htxdwlrqv ri kljkhu rughu

Zdjh2uhqwdo udwlr=

8� '
��

o�
c � ' �c ������c6 +D14;,

JGS shu fdslwd=

+� ' dM��� E�� ���o
k� &

q
�

�
c � ' �c ������c6 +D14<,

Sxuh sur�w shu fdslwd=

Z� '
�
�� k� � q�

�
+�c � ' �c ������c6 +D153,
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Qdwlrqdo lqfrph shu fdslwd iru dq HX frxqwu|=

f� ' E�� �����M��� n T�4

�n)�

)�

�
n Z� n �o�&�

nE� � � �� o�
�

�
4
��

4
�

�j

[�4
�

)�

�
T�c � ' �c ������c6 +E18,

Qdwlrqdo lqfrph shu fdslwd iru dq URZ frxqwu|=

f� ' E�� ���M����� n T�4
)�n�

)� n � �o�&� n Z�c � ' 6n �c ������c6 +D154,

Udwlr ri qdwlrqdo lqfrph wr qdwlrqdo surgxfw=

-� '
f�

+�
c � ' �c ������c6 +D155,

Sxeolf wudqvihu shu fdslwd +qhw ri xqhpsor|phqw ehqh�wv, lq dq HX frxqwu|=

A� ' ��M���
�
|� E�� ���� ��K�

�
�� >

�
|�
��

n �o�&� n � �Z�

nE� � � �� o�
�

�
4
��

4�

�j

[�4
�

)�

�
T�c � ' �c ������c6 +E19,

Sxeolf wudqvihu shu fdslwd +qhw ri xqhpsor|phqw ehqh�wv, lq dq URZ frxqwu|=

A� ' ��M���
�
|� E�� ���� ��K�

�
�� >�|�

��
n � � Eo�&� n Z�� c +D156,

� ' 6n �c ������c6
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Xwlolwduldq vrfldo zhoiduh lq dq HX frxqwu|=

`� ' M� E�� ���

�
���� �

��n0�

� n 0�

�
n T�

�
� n

�
)
�

)� n �

�
4
)�n�

)�

�
n Z� n �o�&�c

nE� � � �� o�
�

�
4
��

4
�

�j

[�4
�

)�

�
T�c � ' �c ������c6 +E1:,

Xwlolwduldq vrfldo zhoiduh lq dq URZ frxqwu|=

`� ' M� E�� ���

�
���� �

��n0�

� n 0�

�
n T�

�
� n

�
)�

)� n �

�
4
)�n�

)�

�
n Z� n � �o�&�c +D157,

� ' 6n �c ������c6

Uhihuhqfh

Vûuhqvhq/ Shwhu Elufk +5334,1 �Wd{ Fr0ruglqdwlrq lq wkh Hxurshdq Xqlrq= Zkdw Duh

wkh LvvxhvB� Lqylwhg sdshu iru wkh frqihuhqfh rq Pdfurhfrqrplf Srolf| Fr0ruglqdwlrq

lq wkh HX= Krz Idu Vkrxog Lw JrB/ rujdql}hg e| wkh Hfrqrplf Frxqflo ri Vzhghq/

Vwrfnkrop/ 5; Pd| 53341

5;


