
Whfkqlfdo Dsshqgl{=

�Qrq0Zdoudvldq Oderu Pdunhw dqg wkh Hxurshdq Exvlqhvv

F|foh�

Iudqfhvfr ]dqhwwl

Dsulo 5335

DEVWUDFW

Doo wkh dqdo|wlfdo frpsxwdwlrqv ri wkh sdshu txrwhg duh surylghg khuh1 Wkhvh whfkqltxhv zhuh
ruljlqdoo| ghyhorshg lq Nlqj/ Sorvvhu/ dqg Uhehor +4<;;d/ e,1

4 Vshfl�fdwlrq ri wkh Htxloleulxp

Lq d v|pphwulf htxloleulxp wkh iroorzlqj frqglwlrqv dsso|= Sw +l, @ Sw/ \w +l, @ \w/ Nw +l, @ Nw/

qw +l, @ qw/ Iw +l, @ Iw/Zw +l, @Zw dqg/ iru wkh jryhuqphqw exgjhw frqvwudlqw/
U 4
3
+4� q +l,, gl @ 4�qw

iru doo l 5 +3> 4, dqg w @ 3> 4>5> ===1 Qrwh wkdw Nvv
w

Nvv
w�4

@ j/ Z vv
w

Z vv
w�4

@ z/ dqg S vvw
S vv
w�4

@ � duh wkh vwhdg| vwdwh

jurzwk udwh ydoxhv iru fdslwdo/ zdjh/ dqg sulfh uhvshfwlyho|1 Wkh vxshuvfulsw �vv� phdqv wkh ydoxh ri
wkh yduldeoh dw wkh vwhdg| vwdwh1

Iurp wkh vwuxfwxuh ri wkh prgho +IRFv/ frqvwudlqwv dqg ehkdylru ri wkh h{rjhqrxv frpsrqhqwv,
zh kdyh wkh iroorzlqj=

Wkh xqnqrzq 4< yduldeohv zklfk qhhg wr eh ghwhuplqhg duh wkh iroorzlqj=

^Fw> qw>Ew> Lw>Pw> Iw> Sw>Nw> \w>Tw> Ww> Vw>Zw>]w>�w>�w> {w>Dw> uw`
31

Wkh 4< htxdwlrqv zklfk ghwhuplqh wkh ehkdylru ri wkhvh yduldeohv duh=

0 Iurp wkh krxvhkrog pd{lpl}dwlrq sureohp=

\w @ Fw . Lw .
!s

5

�
Sw

Sw�4
� �

�5

\w> +4,

Nw.4 @ +4� �,Nw . Lw �
!n
5

�
Nw.4

Nw

� j

�5

Nw> +5,



�w @
F
�
4
�

w

F
��4
�

w . {w

�
Pw

Sw

���4
�

> +6,

3 @ �w

�
!n

�
Nw.4

Nw

� j

�
.4

�
+7,

��Hw�w.4

%
+4� �,� !n

�
Nw.5

Nw.4
� j

�
Nw.5

Nw.4
�
!n
5

�
Nw.5

Nw.4
� j

�5

.
]w.4

Sw.4

&
>

�w
UwSw

@ �Hw
�w.4

Sw.4
> +8,

{w
Sw

�
Pw

Sw

�� 4
�

F
��4
�

w . {w

�
Pw

Sw

���4
�

@
�w
Sw

� �Hw

�w.4
Sw.4

> +9,

oq{w @ +4� �{, oq{. �{ oq{w�4 . %{w= +:,

0Iurp wkh uhsuhvhqwdwlyh �up rswlpl}dwlrq sureohp=

�w
Zw

Sw
qw @ �wDw

�
�N

�
w . *

�
jwqw

��� 4��
� *

�
jwqw

��
> +;,

�w
]w

Sw
Nw @ �wDw

�
�N

�
w . *

�
jwqw

��� 4��
� �Nw

� > +<,

3 @ +4� �, �w � �w!s +�w � �,�w +43,

.�w� . !s�Hw�w.4 +�w.4 � �,�w.4
\w.4

\w
>

\w @ Dw

�
�N

�
w .*

�
jwqw

��� 4
� > +44,

oq+Dw, @ �D oq+Dw�4, . +4� �D, oq+D, . %Dw> +45,

Iw @ Sw\w �Zwqw � ]wNw �
!s

5
+�w � �,5 \wSw= +46,

0 Iurp wkh prqhwdu| dxwkrulw|=



oq+uw, @ +4� �U, oq+u, . �U oq+uw�4, . �� oq+
�w

�
, . �| oq+

\w

|
, . %Uw= +47,

0 Iurp wkh xqlrq pd{lpl}dwlrq sureohp=

3 @ �

597 ��
�wZw

DwSw�w*j�w

� �
4��

�*j�w

6:8
4
�

4�
�wZw

DwSw�w*j�w

� �
4��

� *j�w

4

4� �
� +48,

�

�
�w

DwSw�w*j�w

� �
4��

Zw

5��4
4�� Nw ^Zw � Vw` .

597 ��
�wZw

DwSw�w*j�w

� �
4��

� *j�w

6:8
4
�

Nw .

�!z

�
Zw

Zw�4
�z

�
Zw

Zw�4
�
!z
5

�
Zw

Zw�4
�z

�5

. �!zHw

�
Zw.4

Zw

�z

��
Zw.4

Zw

�5

0 Iurp wkh jryhuqphqw frqvwudlqw=

Tw .
Ew

Uw

�Ew�4 .Pw �Pw�4 @ +4� qw,Vw . Ww1 +49,

0 Wkh pdunhw fohdulqj frqglwlrqv=

Ew @ 3/4 +4:,

4

Vw @ V/ +4;,

Tw @ T1 +4<,

5 Wudqviruphg V|vwhp

Wr uhpryh wkh wuhqg iurp wkh yduldeohv zklfk jurz ryhu wlph zh gh�qh=

|w @
\w
jw
/ fw @

Fw
jw
/ lw @

Lw
jw
/ nw @

Nw

jw
/ �w @ �wjw/ �w @ �wjw/ zw @

Zw

Swjw
/ iw @

Iw
Swjw

/ pw @
Pw

Swjw
/ }w @

]w
Sw
/

ew @
Ew
Pw

/ vw @
Vw
Pw

/ tw @
Tw
Pw

/ ww @
Ww
Pw

/ dqg �w.4 @ Pw

Pw.4
1 Dv d uhvxow/ qrwh wkdw= nw

nw�4
@ 4/ zw

zw�4
@ z

j�
1

Dovr/ gh�qh wkh jurvv lq dwlrq udwh dv �w @
Sw
Sw�4

1

4Wklv htxdolw| lv lpsrvhg ehfdxvh wkh qr Srq}l jdph frqglwlrq vd|v wkdw wkh suhvhqw ydoxh ri dvvhwv lv dv|pswrwlfdoo|

qrq qhjdwlyh dqg ghew/ �|/ fdqqrw jurz dv idvw dv -|1



Xvlqj wkhvh gh�qlwlrqv zh fdq zulwh rxu ruljlqdo qrq olqhdu v|vwhp ri htxloleulxp htxdwlrqv lq whupv
ri vwdwlrqdu| yduldeohv1

|w @ fw . lw .
!s

5
+�w � �,5 |w +4,

jnw.4 @ +4� �,nw . lw �
!n
5

�
nw.4

nw
j � j

�5

nw +5,

�w @
f
�
4
�

w

f
��4
�

w . {wp
��4
�

w

+6,

3 @ j�w

�
!n

�
nw.4

nw
j � j

�
.4

�
. +7,

��Hw�w.4

%
+4� �, � !n

�
nw.5

nw.4
j � j

�
nw.5

nw.4
j �

!n
5

�
nw.5

nw.4
j � j

�5

. }w.4

&

�wj

Uw

@
�Hw�w.4

�w.4
+8,

{wp
�
4
�

w

f
��4
�

w . {wp
��4
�

w

@ �w � �Hw
�w.4

�w.4j
+9,

oq{w @ +4� �{, oq{. �{ oq{w�4 . %{w +:,

�wzwqw @ �wDw ^�n
�
w .*q

�
w `

4��
� *q

�
w +;,

�w}wnw @ �wDw ^�n
�
w . *q

�
w `

4��
� �n

�
w +<,

�w+4� &,� !s +�w � �,�w�w . �Hw�w.4!s +�w.4 � �,�w.4
|w.4

|w
. &�w @ 3 +43,

|w @ Dw ^�n
�
w .*q

�
w `

4
� +44,

oq+Dw, @ �D oq+Dw�4, . +4� �D, oq+D, . %Dw +45,



iw @ |w �zwqw � }wnw �
!s

5
+�w � �,5 |w +46,

oq+uw, @ +4� �U, oq+u, . �U oq+uw�4, . �� oq+
�w

�
, . �| oq+

|w

|
, . %Uw +47,

3 @ �

597 ��
�wzw
*�wDw

� �
4��

�*

6:8
4
�

4��
�wzw
*�wDw

� �
4��

� *

� 4

4� �

�
�w

*�wDw

� �
4��

z
5��4
4��

w nw+zw � vwpw, . +48,

.

597 ��
�wzw
*�wDw

� �
4��

�*

6:8
4
�

nw �
!z
5

�
zw

zw�4
�j �z

�5

� !z

�
zw

zw�4
�j �z

�
zw

zw�4
�j .

.�!z

�
zw.4

zw
�j � z

��
zw.4

zw

�5

�j

tw .
ew

Uw

� ew�4 . 4�
4

�w
@ +4� qw,vw . ww +49,

ew @ 3 +4:,

vw @ v +4;,

tw @ t +4<,

Zlwk wkhvh qhz qrwdwlrqv/ wkh yhfwru ri xqnqrzq 4< yduldeohv ehfrphv=

^fw> qw> ew> lw>pw> iw> �w> nw> |w> tw> ww> vw>zw> }w> �w> �w> {w> Dw> uw`
31
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9 Vroylqj wkh Prgho
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