
Irxqgdwlrqv ri Prghuq Pdfurhfrqrplfv

Ehq M1 Khlmgud
Xqlyhuvlw| ri Jurqlqjhq

Iheuxdu| 5335

Vroxwlrqv iru sureohpv wr Fkdswhu :

Txhvwlrq 4

Sduw +d,

Wkh dyhudjh wd{ udwh/ w�/ lv gh�qhg dv=

w� � W

ZQ
@

w�ZQ � �fS

ZQ
@ w� � �fS

ZQ
= +D4,

Wkh wd{ v|vwhp lq surjuhvvlyh li wkh dyhudjh wd{ udwh lqfuhdvhv zlwk wkh wd{ edvh +oderxu

lqfrph lq wklv fdvh,1 E| gl�huhqwldwlqj +D4, zlwk uhvshfw wr ZQ zh rewdlq=

gw�
g+ZQ,

@
�fS

+ZQ,2
A 3> +D5,

zkhuh wkh vljq iroorzv iurp wkh idfw wkdw zh dvvxph �f A 31 Khqfh/ wkh wd{ v|vwhp lv

surjuhvvlyh1

Wkh pdujlqdo wd{ udwh/ w� / lv gh�qhg dv=

W �+ZP, @ w� A 3= +D6,

E| dvvxpswlrq wkh pdujlqdo wd{ lv frqvwdqw +l1h1 grhv qrw ghshqg rq lqfrph,1 Wkh wd{ fxuyh

kdv ehhq looxvwudwhg lq Iljxuh 41 Wkh pdujlqdo wd{ udwh lv frqvwdqw exw wkh dyhudjh wd{ udwh

lqfuhdvhv zlwk ZQ 1 Lq srlqwv D dqg E/ w� lv wkh vdph exw w� lv kljkhu lq wkh odwwhu srlqw

+w�� A w��,1

Sduw +e,

Wkh krxvhkrog fkrrvhv frqvxpswlrq/ F/ dqg oderxu vxsso|/ 4�Q / lq rughu wr pd{lpl}h wkh

xwlolw| ixqfwlrq +4, vxemhfw wr wkh exgjhw frqvwudlqw +5,1 Wkh Odjudqjldq h{suhvvlrq lv=

O � X+F> 4�Q, . � ^+4� w�,ZQ � SF` > +D7,

4
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Iljxuh 4= D surjuhvvlyh wd{ vfkhgxoh

zkhuh zh kdyh xvhg wkh idfw wkdw diwhu0wd{ lqfrph ZQ � W +ZQ, fdq eh uhzulwwhq dv +4�
w�,ZQ e| pdnlqj xvh ri wkh gh�qlwlrq iru w�1 Wkh �uvw0rughu qhfhvvdu| frqglwlrqv duh wkh

frqvwudlqw dqg=

CO
CF

@ 3 = X� � �S @ 3> +D8,

CO
CQ

@ 3 = �X�3� . �Z

�
+4� w�,

gQ

gQ
.Q

g+4� w�,

gQ

�
@ 3= +D9,

Wkh vhfrqg whup lq vtxduh eudfnhwv lq +D9, lqfrusrudwhv wkh h�hfw rq wkh dyhudjh wd{ udwh

gxh wr d fkdqjh lq oderxu vxsso| +dqg wkxv lq zdjh lqfrph,1 Lw lv qrw gl!fxow wr vkrz wkdw=

gw�
gQ

�
g
�
A E`��
`�

�
gQ

@
ZQW �+ZQ,Z � W +ZQ,Z

+ZQ,2

@
Z 2Qw�
+ZQ,2

� ZW +ZQ,

+ZQ,2

@
4

Q
^w� � w�` = +D:,

E| xvlqj +D:, lq +D9, zh rewdlq=

X�3� @ �Z ^+4� w�,� +w� � w�,`

@ �Z +4� w� ,= +D;,

Khqfh/ wkhpdujlqdo wd{ udwh ihdwxuhv lq wkh �uvw0rughu frqglwlrq iru oderxu vxsso|1 Lqwxlwlyho|/

wklv lv ehfdxvh wkh krxvhkrog lv pdnlqj d pdujlqdo ghflvlrq frqfhuqlqj frqvxpswlrq dqg
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oderxu vxsso|1 Lw zloo wdnh lqwr dffrxqw wkdw wkh dyhudjh wd{ udwhv lqfuhdvhv dv pruh oderxu

lv vxssolhg1

E| frpelqlqj +D8, dqg +D;, zh rewdlq wkh h{suhvvlrq iru wkh pdujlqdo udwh ri vxevwlwxwlrq

ehwzhhq ohlvxuh dqg frqvxpswlrq=

� @
X�
S

@
X�3�

Z +4� w� ,
, X�3�

X�
@

Z +4� w� ,

S
= +D<,

Sduw +f,

Wkh wkuhh fdvhv fruuhvsrqg wr/ uhvshfwlyho|/ qr vxevwlwxwlrq dw doo +��� @ 3,/ uhodwlyho| hdv|

vxevwlwxwlrq +wkh Free0Grxjodv fdvh/ zlwk ��� @ 4,/ dqg shuihfw vxevwlwxwlrq +��� $ 4,1

Lq Iljxuhv 507/ wkh wkuhh fdvhv kdyh ehhq looxvwudwhg1 Frqvlghu �uvw Iljxuh 51 Dorqj d jlyhq

lqgl�huhqfh fxuyh/ zh rewdlq e| gl�huhqwldwlrq=

gX @ X�gF . X�3�g+4�Q, @ 3 , gF

g+4�Q,
@ �X�3�

X�
= +D43,

Iru srlqwv rq wkh lqgl�huhqfh fxuyh Xf wkdw olh deryh srlqw D/ zh kdyh X� @ 3 +dgglwlrqdo

frqvxpswlrq jlyhv qr h{wud xwlolw|,/ l1h1 gF@+g+4 � Q, @ �4 wkhuh1 Iru srlqwv rq wkh

lqgl�huhqfh fxuyh Xf wkdw olh wr wkh uljkw ri srlqw D zh kdyh X�3� @ 3 +dgglwlrqdo ohlvxuh

jlyhv qr h{wud xwlolw|,/ l1h1 gF@g+4�Q, @ 3 wkhuh1 Wkh krxvhkrog zloo dozd|v fkrrvh wr eh

lq wkh nlqn1 Wklv phdqv wkdw/ qr pdwwhu zkdw kdsshqv wr wkh pdujlqdo udwh ri vxevwlwxwlrq

ehwzhhq ohlvxuh dqg frqvxpswlrq/ wkh udwlr ehwzhhq F dqg 4 �Q lv frqvwdqw1 Wklv phdqv

wkdw wkh qxphudwru ri +8, +dqg wkxv ��� lwvhoi, lv dozd|v }hur1

Qh{w/ zh frqvlghu Iljxuh 6/ zklfk dvvxphv wkdw wkh xwlolw| ixqfwlrq lv Free0Grxjodv=

X @ Fk+4�Q,�3k> +D44,

zlwk 3 ? � ? 41 Wkh pdujlqdo udwh ri vxevwlwxwlrq ehwzhhq ohlvxuh dqg frqvxpswlrq iru wkh

Free0Grxjodv xwlolw| ixqfwlrq lv=

X�3�

X�
@

+4� �,Fk+4�Q,3k

�Fk3�+4�Q,�3k
@

4� �

�

F

4�Q
= +D45,

E| wdnlqj orjdulwkpv dqg wrwdoo| gl�huhqwldwlqj zh jhw=

g orj

�
X�3�

X�

�
@ g orj

�
F

4�Q

�
= +D46,

E| xvlqj +D46, lq wkh gh�qlwlrq ri ��� +lq htxdwlrq +8,, zh �qg wkdw ��� @ 4 iru wkh

Free0Grxjodv xwlolw| ixqfwlrq1

Ilqdoo|/ zh frqvlghu Iljxuh 7/ zklfk dvvxph wkdw wkh xwlolw| ixqfwlrq lv olqhdu=

X @ �f . ��F . �2+4�Q,> +D47,
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�

C

1 - N

U0

dC/d(1-N) = 0

U1

dC/d(1-N) = -4

�A

Iljxuh 5= Ohrqwlhi xwlolw| ixqfwlrq

C

1 - N

U0

U1

dC/d(1-N) = -U1-N /UC
�

�

Iljxuh 6= Free0Grxjodv xwlolw| ixqfwlrq
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C

1 - N

U0
U1

dC/d(1-N) = -$2 /$1
�

�

Iljxuh 7= Olqhdu xwlolw| ixqfwlrq

zkhuh �� dqg �2 duh srvlwlyh frqvwdqwv1 Iru wklv xwlolw| ixqfwlrq/ X� / X�3� / dqg wkxv

wkh pdujlqdo udwh ri vxevwlwxwlrq ehwzhhq ohlvxuh dqg frqvxpswlrq duh doo frqvwdqw/ l1h1

X�3�@X� @ �2@��1 Lw iroorzv wkdw g orj +X�3�@X�, @ 3 uhjdugohvv ri F@+4 � Q,1 Xvlqj

wklv uhvxow lq wkh gh�qlwlrq ri ��� +lq htxdwlrq +8,, vkrzv wkdw ��� $ 4 iru wkh olqhdu

xwlolw| ixqfwlrq1

Sduw +g,

Zh vwduw zlwk +D<,1 E| wdnlqj orjdulwkpv ri erwk vlghv zh rewdlq=

orj

�
X�3�

X�

�
@ orjz . orj+4� w� ,> +D48,

zkhuh z � Z@S lv wkh jurvv uhdo zdjh1 E| wrwdoo| gl�huhqwldwlqj +D48, zh rewdlq=

g orj

�
X�3�

X�

�
@ g orjz . g orj+4� w� ,= +D49,

Exw zh nqrz iurp htxdwlrq +8, wkdw=

���g orj

�
X�3�

X�

�
@ g orj

�
F

4�Q

�
� g orjF � g orj+4�Q,= +D4:,
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E| frpelqlqj +D49,0+D4:, zh �qg=

4

���
^g orjF � g orj+4�Q,` @ g orjz. g orj+4� w� , /

gF

F
.

gQ

4�Q
@ ���

�
gz

z
� gw�

4� w�

�
/

�F .

�
Q

4�Q

�
�Q @ ���

�
�z � �w�

�
> +D4;,

zkhuh �F � gF@F/ �Q � gQ@Q / �z � gz@z/ dqg �w� � gw�@+4� w� ,1

Qh{w zh wxuq wr wkh exgjhw uhvwulfwlrq/ zklfk fdq eh zulwwhq dv F @ z+4 � w�,Q 1 Lq

orjdulwkpv zh kdyh orjF @ orjz.orj+4�w�,.orjQ 1 E| wrwdoo| gl�huhqwldwlqj wklv h{suhvvlrq

zh rewdlq=

g orjF @ g orjz. g orj+4� w�, . g orjQ /
�F @ �z� �w� . �Q> +D4<,

zkhuh �w� � gw�@+4 � w�,1 E| frpelqlqj +D4;, dqg +D4<, lq d vlqjoh pdwul{ h{suhvvlrq zh

rewdlq=%
4 �

�3�

4 �4

&%
�F
�Q

&
@

%
��� �z � ����w�

�z � �w�

&
= +D53,

Wkh pdwul{ rq wkh ohiw0kdqg vlgh kdv d qrq0}hur ghwhuplqdqw +htxdo wr �4@+4�Q,, dqg fdq

wkxv eh lqyhuwhg=%
4 �

�3�

4 �4

&
3�

@ �+4�Q,

%
�4 � �

�3�

�4 4

&
@

%
4�Q Q

4�Q �+4�Q,

&
= +D54,

E| xvlqj +D54, lq +D53, zh �qg wkh vroxwlrq iru �F dqg �Q 1%
�F
�Q

&
@

%
4�Q Q

4�Q �+4�Q,

&%
��� �z� ����w�

�z � �w�

&

@

%
��� +4�Q, .Q

+��� � 4,+4�Q,

&
�z �

%
��� +4�Q,

��� +4�Q,

&
�w� .

%
�Q

4�Q

&
�w�= +D55,

Sduw +h,

Lq wkh errn zh gh�qh wkh lqgh{ ri surjuhvvlylw| ri wkh wd{ v|vwhp dv iroorzv +vhh htxdwlrq

+:179,,=

v � 4� w�
4� w�

= +D56,

D ghfuhdvh lq v uhsuhvhqwv d pryh wrzdugv d pruh surjuhvvlyh wd{ v|vwhp1 E| wdnlqj orjd0

ulwkpv ri erwk vlghv ri +D56, dqg wrwdoo| gl�huhqwldwlqj wkh uhvxowlqj h{suhvvlrq zh �qg=

g orj v @ g orj+4� w� ,� g orj+4� w�, /
�v @ �w� � �w� > +D57,



Vroxwlrqv iru sureohpv wr Fkdswhu : :

�

C

1 - N

U0

w(1 - tA) 
-

�

1

�
E0

20 + w(1 - tM) 

20 

�

�

�

A

B

E

�D

C

F
�
0

Iljxuh 8= Lqfuhdvlqj wd{ surjuhvvlylw| +��� @ 3,

zkhuh �v � gv@v1 Lq wkh txhvwlrq zh nhhs wkh dyhudjh wd{ udwh frqvwdqw +�w� @ 3, dqg lqfuhdvh

wkh surjuhvvlylw| ri wkh wd{ v|vwhp e| udlvlqj wkh pdujlqdo wd{ udwh +�v @ ��w� ? 3,1 Lw iroorzv

iurp +D55, wkdw frqvxpswlrq dqg oderxu vxsso| uhdfw dffruglqj wr=

�F @ �Q @ ���� +4�Q,�w� > +D58,

zkhuh zh kdyh xvhg wkh idfw wkdw wkh zdjh lv xqfkdqjhg +l1h1 �z @ 3 dqg zh duh rqo| orrnlqj dw

wkh oderxu vxsso| uhvsrqvh iru d jlyhq jurvv zdjh udwh,1 Zh fdq frqfoxgh wkdw oderxu vxsso|

idoov xqdpeljxrxvo| xqohvv ��� @ 3 lq zklfk fdvh lw vwd|v wkh vdph1 Wkh oderxu vxsso| h�hfw

lv looxvwudwhg judsklfdoo| lq Iljxuhv 80:1

Frqvlghu Iljxuh 8/ zklfk lv edvhg rq wkh dvvxpswlrq wkdw ��� @ 3 +qr vxevwlwxwlrq,1

Vlqfh xwlolw| ghshqgv rq +frqvxpswlrq dqg, ohlvxuh/ lw lv khosixo wr uhzulwh wkh exgjhw uhvwulf0

wlrq lq whupv ri ohlvxuh dovr1 Diwhu vrph pdqlsxodwlrqv zh �qg wkdw +5,0+6, fdq eh zulwwhq

dv=

F @ �f . +4� w� ,z �z+4� w� ,+4�Q,= +D59,

Hyhq li wkh krxvhkrog grhv qrw zrun dw doo +Q @ 3, lw fdq vwloo frqvxph wkh oxps0vxp kdqg

rxw iurp wkh jryhuqphqw +F @ �f lq wkdw fdvh,1 Wkh exgjhw uhvwulfwlrq lv gudzq lq Iljxuh

8 dv wkh vwudljkw olqh EF1 Wkh krxvhkrog lv lqlwldoo| dw srlqw Hf1 Li wkh pdujlqdo wd{ udwh

lv lqfuhdvhg/ wkh exgjhw frqvwudlqw urwdwhv lq d frxqwhu0forfnzlvh idvklrq dqg ehfrphv wkh

gdvkhg olqh EG1 Lq wkh devhqfh ri dq| frxqwhu0phdvxuhv/ wkh krxvhkrog zrxog fkrrvh srlqw

D rq wkh qhz exgjhw olqh1 Lq wklv h{shulphqw krzhyhu/ zh pxvw hqvxuh wkdw wkh dyhudjh

wd{ udwh +hydoxdwhg dw wkh lqlwldo rswlpxp Hf, lv qrw fkdqjhg1 Zh ghqrwh wkh lqlwldo dyhudjh
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Iljxuh 9= Lqfuhdvlqj wd{ surjuhvvlylw| +��� @ 4,

wd{ udwh e| �w�1 Vlqfh/ e| gh�qlwlrq/ wkh krxvhkrog exgjhw frqvwudlqw fdq dovr eh zulwwhq dv

F @ z+4� w�,Q / lw iroorzv wkdw wkh qhz fkrlfh srlqw pxvw olh dorqj wkh iroorzlqj olqh=

F @ z+4� �w�,�z+4� �w�,+4�Q,= +D5:,

Wklv olqh lv gudzq lq Iljxuh 8 dv wkh vwudljkw olqh HI1 Vlqfh w� A w� iru d surjuhvvlyh wd{

v|vwhp/ lw lv vwudljkwiruzdug wr vkrz wkdw HI lv vwhhshu wkdq EF +frpsduh htxdwlrqv +D59,

dqg +D5:,,1 Ehfdxvh erwk z dqg �w� duh khog frqvwdqw/ wkh srvlwlrq ri wkh �dowhuqdwlyh� exgjhw

olqh lv qrw d�hfwhg e| wkh fkdqjh lq wkh pdujlqdo wd{ udwh1

Lw lv qrz fohdu zkhuh wkh qhz fkrlfh srlqw pxvw olh dv lw pxvw vdwlvi| wkh iroorzlqj fulwhuld=

� Lw pxvw olh rq wkh olqh HI +vr wkdw wkh dyhudjh wd{ lv frqvwdqw,

� Lw pxvw eh rq wkh gdvkhg olqh iurp wkh ruljlq +ehfdxvh krxvhkrogv zdqw wr frqvxph

jrrgv dqg ohlvxuh lq wkdw sursruwlrq,

� Wkhuh pxvw eh d wdqjhqf| zlwk d olqh sdudooho wr EG1

Lw iroorzv iurp wkhvh uhtxluhphqwv +dqg lqghhg iurp +D58,, wkdw wkh fkrlfh srlqw pxvw

eh Hf1 Lq rughu wr nhhs wkh dyhudjh wd{ udwh frqvwdqw/ wkh srolf| pdnhu pxvw lqfuhdvh �f vr

wkdw wkh exgjhw olqh EG vkliwv lq d sdudooho idvklrq vxfk wkdw lw sdvvhv wkurxjk srlqw Hf1 Wkh

krxvhkrog frqwlqxhv wr fkrrvh Hf dqg qhlwkhu frqvxpswlrq ru oderxu vxsso| duh fkdqjhg1

Qh{w zh frqvlghu wkh Free0Grxjodv fdvh +��� @ 4, lq Iljxuh 91 Htxdwlrqv +D59, dqg

+D5:, duh gudzq dv/ uhvshfwlyho|/ EF dqg IH/ Wkh lqlwldo htxloleulxp srlqw lv dw Hf +lqgli0

ihuhqfh fxuyhv duh qrw gudzq wr dyrlg foxwwhulqj wkh gldjudp,1 Wkh lqfuhdvh lq wkh pdujlqdo
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wd{ udwh urwdwhv wkh exgjhw olqh +D59, wr wkh gdvkhg olqh EG1 Lq wkh devhqfh ri fkdqjhv wr

�f/ wkh krxvhkrog zrxog fkrrvh srlqw D1 Lw iroorzv iurp +D<, dqg +D45, wkdw wkh krxvhkrog

zdqwv wr fkrrvh d orzhu F@+4�Q, udwlr/ l1h1 wkh h{sdqvlrq sdwk urwdwhv forfnzlvh iurp 3J

wr 3K1 Srlqw D/ krzhyhu/ grhv qrw vdwlvi| wkh uhtxluhphqw wkdw wkh dyhudjh wd{ pxvw uhpdlq

frqvwdqw dv lw grh qrw olh rq wkh olqh HI1 Wr vdwlvi| wkdw uhtxluhphqw wkh jryhuqphqw pxvw

lqfuhdvh �f vxfk wkdw wkh exgjhw olqh vkliwv lq d sdudooho idvklrq wr lqwhuvhfw 3J dqg HI lq

srlqw H�1 Ehfdxvh wkh xwlolw| ixqfwlrq lv krprwkhwlf/ wkhuh lv d wdqjhqf| ehwzhhq wkh qhz

exgjhw olqh dqg dq lqgl�huhqfh fxuyh dw srlqw H�1

Txhvwlrq 5

Sduw +d,

Krxvhkrog l pd{lpl}hv xwlolw|/ X � @ Fk+4�Q,q� / vxemhfw wr wkh exgjhw frqvwudlqw=

SF @

;A?
A=

E li Q @ 3

Z �Q+4� w, li Q @ �Q

+D4,

Wkhuh duh rqo| wzr rswlrqv iru wkh krxvhkrog wr fkhfn1 Lw zloo fkrrvh Q @ 3 li wklv |lhogv

kljkhu xwlolw| wkdq Q @ �Q dqg ylfh yhuvd1 E| vxevwlwxwlqj Q @ 3 dqg Q @ �Q lqwr wkh xwlolw|

ixqfwlrq +7, zh rewdlq=

X � @

;AA?
AA=

X �
�'f �

�
�
�

�k
li Q @ 3

X �
�' 7�

�
�
` 7�E�3|�

�

�k
+4� �Q,q� li Q @ �Q

+D5,

Exw/ dffruglqj wr htxdwlrq +6,/ zh kdyh E @ �Z �Q+4� w, vr wkh �uvw h{suhvvlrq lq +D5, fdq

eh vlpsol�hg wr=

X �
�'f @

�
E

S

�k
@

�
�Z �Q+4� w,

S

�k
= +D6,

E| xvlqj +D6, dqg wkh vhfrqg h{suhvvlrq lq +D5, zh rewdlq=

X �
�' 7�

X �
�'f

@

�
` 7�E�3|�

�

�k
+4� �Q,q��

�` 7�E�3|�
�

�k @ �3k+4� �Q,q� = +D7,

Lw iroorzv wkdw wkh krxvhkrog pdnhv wkh iroorzlqj oderxu vxsso| fkrlfh=

Q7
� @

;A?
A=

3 li �3k+4� �Q,q� ? 4

�Q li �3k+4� �Q,q� A 4

+D8,
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Wkh pdujlqdo krxvhkrog lv lqgl�huhqw ehwzhhq zrunlqj dqg qrw zrunlqj/ l1h1 lw kdv d

�� @ �� vxfk wkdw �3k+4� �Q,q� @ 41 E| wdnlqj orjdulwkpv rq erwk vlghv ri wklv h{suhvvlrq

zh fdq vroyh iru �� =

�� orj � . �� orj+4� �Q, @ 3 / �� @
� orj �

orj+4� �Q,
A 3> +D9,

zkhuh wkh vljq iroorzv iurp wkh idfw wkdw 3 ? � ? 4 dqg 3 ? �Q ? 4 +vr wkdw orj � ? 3 dqg

orj+4� �Q, ? 3,1 Krxvhkrogv zkrvh �� h{fhhgv �� suhihu qrw wr zrun +wkh| olnh ohlvxuh �wrr

pxfk�, zkhuhdv krxvhkrogv zlwk d �� vpdoohu wkdq �� fkrrvh wr zrun1 +Vrphrqh zlwk �� @ 3

lv wkh suryhueldo zrundkrolf1,

Sduw +e,

Wkh �� frh!flhqwv duh glvwulexwhg xqlirupo| ryhu wkh lqwhuydo ^3> ��`1 Wkh iuhtxhqf| glvwulex0

wlrq ri ��*v lq wkh srsxodwlrq lv gudzq lq Iljxuh :1 Doo krxvhkrogv zlwk d �� � �� duh zrunhuv

zkhuhdv doo krxvhkrogv zlwk d �� A �� duh �orxqjhuv�1 Vlqfh wkh srsxodwlrq vl}h lv ]/ wkhuh

duh wkxv +�� � �� ,]@�� orxqjhuv dqg ��]@�� zrunhuv +zkr hdfk zrun �Q krxuv,1 Djjuhjdwh

oderxu vxsso| lv wkxv=
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Wkh pdfurhfrqrplf oderxu vxsso| fxuyh lv gudzq lq Iljxuh ;1 Qrwh wkdw wklv djjuhjdwh oderxu

vxsso| fxuyh lv yhuwlfdo ehfdxvh �� grhv qrw ghshqg rq wkh zdjh udwh +gxh wr wkh idfw wkdw

xqhpsor|phqw ehqh�wv duh olqnhg wr wkh zdjh udwh,1

Li � lv lqfuhdvhg/ wkhq lw iroorzv iurp +D9,0+D:, wkdw=
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zkhuh wkh vljqv iroorz iurp wkh idfw wkdw orj+4 � �Q, ? 31 Wkh uhgxfwlrq lq �� fdxvhv wkh

djjuhjdwh oderxu vxsso| fxuyh wr vkliw wr wkh ohiw/ dv lv lqglfdwhg lq Iljxuh ;1

Sduw +f,

Qrz zh dvvxph wkdw wkh xqhpsor|phqw ehqh�wv duh olqnhg wr wkh jurvv zdjh/ l1h1 E @ �Z �Q 1

E| vxevwlwxwlqj wklv lqwr wkh �uvw h{suhvvlrq lq +D5, zh rewdlq=
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E| xvlqj +D<, dqg wkh vhfrqg h{suhvvlrq lq +D5, zh �qg=
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Vroxwlrqv iru sureohpv wr Fkdswhu : 44
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Iljxuh := Glvwulexwlrq ri �� frh!flhqwv lq wkh srsxodwlrq

w

N $MZN/$ 
--

NS

Iljxuh ;= Djjuhjdwh oderxu vxsso| zlwk lqglylvleoh oderxu
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Wkh pdujlqdo krxvhkrog qrz kdv d �� @ �� htxdo wr=

� ^orj+4� w,� orj �` . �� orj+4� �Q, @ 3 /

�� @
� ^orj � � orj+4� w,`

orj+4� �Q,
A 3> +D44,

zkhuh wkh vljq iroorzv iurp wkh idfw wkdw orj+4� �Q, ? 3 dqg wkh dvvxpswlrq wkdw � ? 4� w1

Dq lqfuhdvh lq wkh wd{ udwh/ ohdgv wr dq lqfuhdvh lq �@+4� w, dqg wkxv wr dq lqfuhdvh lq wkh

h�hfwlyh uhsodfhphqw udwh1 Wklv lpsolhv wkdw �� idoov vr wkdw djjuhjdwh oderxu vxsso| idoov1

Txhvwlrq 6

Sduw +d,

Wkh wkuhh pdjlf zrugv duh uhfuxlw/ uhwdlq/ dqg prwlydwh1

� Uhfuxlw1 Pdnh vxuh wkdw wkh ehvw zrunhuv fkrrvh wr mrlq |rxu �up +udwkhu wkdq |rxu

frpshwlwru*v �up,1

� Uhwdlq1 Pdnh vxuh wkdw |rxu hpsor|hhv gr qrw txlw wr jr wr dqrwkhu �up1

� Prwlydwh1 Pdnh vxuh wkdw |rxu hpsor|hhv surylgh vx!flhqw h�ruw rq wkh mre1

Sduw +e,

Lq wkh Vkdslur0Vwljolw} prgho/ xqhpsor|phqw dfwv dv d zrunhu glvflsolqh ghylfh1 Li wkh| duh

fdxjkw vklunlqj +qrw h{shqglqj vx!flhqw h�ruw, wkhq wkh �up fdq �uh wkh zrunhu1 Li wkhuh

zhuh qr xqhpsor|phqw/ wkhq wkhuh zrxog eh qr zd| wr sxqlvk wkh zrunhu ehfdxvh kh2vkh

zrxog lpphgldwho| �qg wkh vdph nlqg ri mre1 Lq wkh lqwhuqdo vroxwlrq ri wkh Vkdslur0Vwljolw}

prgho/ wkhuh lv qrq0}hur xqhpsor|phqw dqg wkh wkuhdw ri xqhpsor|phqw surylghv wkh �up

zlwk dq h�hfwlyh lqvwuxphqw wr olplw vklunlqj1


