
PDVVDFKXVHWWV LQVWLWXWH RI WHFKQRORJ\

Ghsduwphqw ri Hfrqrplfv

47145< 0 Frqwudfw Wkhru|/ Idoo 4<<<

Surihvvru Vxvdq Dwkh| Skrqh= 60973:

R!fh= H850585F Hpdlo= dwkh|Cplw1hgx

Olqhdu Vkdulqj Uxohv dqg G|qdplfv lq Prudo Kd}dug
Prghov

� H{dpsoh= Pluohhv Sureohp

� % ' en wc w q �
�
fc j5

�
� Wkhuh lv qr vroxwlrq$

� Wr vhh wklv/ revhuyh=

�

�3 Er E%��
' b n >

sh

s
E%c e� ' b n >

%� e

j5

exw li % ' �4/ zh zrxog uhtxluh 4
x3+v+{,, 	 f�

� Olnholkrrg udwlr xqerxqghg ehorz1 Lqwxlwlrq= qrupdo wdlov duh lq0
�qlwho| lqirupdwlyh1

� Li % ' ��ff/ |rx nqrz |rx kdg u1

� Wklv lv d whfkqlfdo dv zhoo dv d vxevwdqwlyh sureohp1

� Fdq dssur{lpdwh �uvw ehvw zlwk yhu| edg/ xqolnho| sxqlvkphqwv1

� Dv sxqlvkphqwv jhw zruvh/ |rx fdq /pdnh lw kdsshq ohvv riwhq1

� Irupdoo|/ ohw � Er�� ' S Ee�� c � ' f�

4



r E%� '

�
r� li % � %3
�& li % � %3

c � E�&� $ �4

� Lghd wr Irupdol}h=

� Pluohhv vfkhph lv kljko| vhqvlwlyh wr nqrzohgjh ri 8 E% m e�c �c hwf1
�Qrw urexvw1�

� Fkrlfh vhw sulqflsoh lv wrr ulfk uhodwlyh wr djhqw1

� G|qdplf vhwwlqj

� Txrwd sureohp 0 li glg qrw ixo�oo txrwd dw hqg ri wkh prqwk/
zrun lqh!flhqwo| kdug1

� Vroxwlrq= olqhdulw| pd| eh rswlpdo +frqvwdqw lqfhqwlyh suhvvxuh
ryhu wlph,

� Dvvxpswlrq= qr zhdowk h�hfwv FDUD

� E�� ' �e�uzc d?K � fo

� E� n �� ' �e�u+z.z, '
�
�
�
�e�uz

�� �
�e�uz

�
' �� E��� E��

� Zkhuh |rx duh zloo qrw fkdqjh lqwhqvlw| ri lqfhqwlyh suhvvxuh ru LU
frqvwudlqwv1

� Iru LU=

� E%� s E%� _% � � Ef� ,

]
� E� n %� s E%� _% '

�� E��

]
� E%� s E%� _% � �� E�� � Ef� ' � E��

5



� Frqvhtxhqfh= li vrph frqwudfw vdwlv�hv LU dw � ' fc zloo dovr dw
� : f

H{huflvh= Vdph dujxphqw lpsolhv � kdv qr h�hfw rq LF frqvwdqwv1

Vxssrvh % q �
�
>c j5

�
c � ' �e�uz� Ohw �.

�
>c j5

�
eh gh�qhg lpsolflwo| e|

� E�.� ' . d� Ek%�o �

H{huflvh= Vkrz �.
�
>c j5

�
' k>�

�

2
ok5j5

� ~} �
ulvn suhplxp

�

H{huflvh= Vxssrvh=  q � E�cP� c � E�.� ' . d� E� �  �o � ,

�. '
[

kl>l �
�

2
o�W

[
��

6



Djjuhjdwlrq 2 Olqhdulw|

� Vhwxs= G|qdplf Prgho

� A shulrgv

� %4 ' rxwfrph lq shulrg 4 +vdoh 2 qr vdoh,

� %W ' rxwfrph lq shulrg A�

� Dvvxpswlrqv=

� Djhqw fkrrvhv Rw/ suredelolw| ri vxffhvv lq shulrg |� Fdq ghshqg rq
ixoo klvwru|1

� Doo shulrgv duh wkh vdph whfkqrorjlfdoo| +huuru vwuxfwxuh/ frvw ri
h�ruw/ hwf1,

� Frvw lv shu0shulrg frvw/ SE��c dqg lv lqfuhdvlqj dqg frqyh{1

� Sulqflsdo= frpplw wr r
�
%W

�
� ~} �
ixoo klvwru|

�

� Qrwh= zh gr qrw qhfhvvdulo| kdyh r EE�c f�� ' r EEfc ��� �

� Xwlolw| lv hydoxdwhg dw wkh hqg ri shulrg xvlqj FDUD suhihuhqfhv
+fdq*w txlw lq wkh plggoh,

� E�� ' �e�uz

� Wr lqwhusuhw wkh FDUD dvvxpswlrq/ lw dssolhv li wkh vkduhv duh
vpdoo uhodwlyh wr wkh wrwdo zhdowk1

� Wdnh wkh fdvh zkhuh A ' 2�

7



� Wlpholqh

� Shulrg 4= Djhqw fkrrvhv R44/ frvw S
�
R4
�

+fhuwdlqw| htxlydohqw xqlw,

Djhqw lv fkrrvlqj wkh suredelolw| ri vxffhvv1

� Shulrg 5= Djhqw fkrrvhv R5l /

�
� ' � li %3 ' �
� ' f li %3 ' f

+fkrlfh frqwlqjhqw rq

vwdwh ri wkh zruog,

� Ghiq= �Frqvwdqw lqfhqwlyh suhvvxuh� phdqv wkdw wkh djhqw lv uh0
zdughg iru vxffhvv qr pdwwhu zkhq lw rffxuv1

� Dqdo|vlv

� Gh�qh ixqfwlrq=

/l

�
R5l c rl3c rl4

�
c � ' fc �

Dv wkh vroxwlrq wr=

� E/l� ' R5l�
�
rl4 � S

�
R5l
��

n
�
�� R5l

�
�
�
rl3 � S

�
R5l
��

Wklv lv fhuwdlqw| htxlydohqw iurp eudqfk dvvrfldwhg zlwk rxwfrph �

lq �uvw shulrg1

� Wkh lqfhqwlyh frqvwudlqwv=

R4 ' @h}4@ 
�s4

�R4 �
�
�4 � S

�
�R4
��

n
�
�� �R4

�
�
�
�3 � S

�
�R4
��
+LF4,

R5l ' @h}4@ 
�s5
l

�R5l �
�
rl4 � S

�
�R4
�
� S

�
�R5l
��

n
�
�� �R5l

�
�
�
rl3 � S

�
�R4
�
� S

�
�R5l
��

+LF5�,

8



� H{0dqwh LU

R4R54 �
�
r44 � S

�
R4
�
� S

�
R54
��

n R4
�
�� R54

�
�
�
rl3 � S

�
R54
��

+LU,

n E�� R4� R
5
3 �

�
r34 � S

�
R4
�
� S

�
R53
��

n E�� R4�
�
�� R53

�
�
�
r33 � S

�
R4
�
� S

�
R53
��

� � Ef�

� Sulqflsdo*v sureohp= Pd{lpl}h +zuw vkduhv dqg h�ruwv,=

R4
�
R54 E2%4 � r44� n

�
�� R54

�
E%4 n %3 � r43�

�

n
�
�� R4

� �
R53 E%3 n %4 � r34� n

�
�� R53

�
E2%3 � r33�

�

vxemhfw wr= U-c U��c U�2�c U�2fc /l

�
R5l c rl3c rl4

�
' �l�

� Vroylqj=

� �4 � �3 ghwhuplqhv R4�

� LU zloo elqg/ ghwhuplqhv wkh lqwhufhsw ri vkdulqj uxoh> h�hfw ri
lqfhqwlyhv lv lqghshqghqw ri ohyhov +frqvhtxhqfh ri FDUD,

� Wdnh ghvluhg fhuwdlqw| htxlydohqw ohyhov �4 ' 	�4c �3 ' 	�3 dv
h{rjhqrxv +qrwh= olnh vhwwlqj LU frqvwudlqw,/ �qg ehvw lqfhqwlyhv/
R5l *v lq shulrg 51

Pd{s5
l
>vl4>vl3

R5l E%l n %4 � rl4� n
�
�� R5l

�
E%l n %3 � rl3� +DX[,

vxemhfw wr= LF5�c /l

�
R5l c rl3c rl4

�
' 	�l� +--,

9



Ohppd 4 Li
�
R5l c rl4c rl3

�
lv wkh vroxwlrq wr wkh dx{loldu| surjudp +DX[,/ R5l

dqg rl4 � rl3 duh lqghshqghqw ri 	�l1

� � IROORZV IURP QR ZHDOWK HIIHFWV DVVXPSWLRQ$

� Lpsolfdwlrq ri wkh Ohppd= Wkh djhqw zdnhv xs/ kh vhhv d qhz
gd|/ vroxwlrq grhv qrw ghshqg rq ohyho ri fhuwdlqw| htxlydohqw
zhdowk1 , r44 � r43 ' r34 � r33 lq d vroxwlrq wr Sulqflsdo*v
sureohp +vdph sureohp lq erwk eudqfkhv/ qr pdwwhu zkdw �4

dqg �3 duh,1

� Zk| zrxog wkh| hyhu eh gl�huhqwB Iru h{dpsoh/ li zdqw wr
lpsohphqw R ' f�S dqg zhdowk h�hfwv/ pd| qhhg gl�huhqw lqfhq0
wlyhv lq gl�huhqw eudqfkhv1

� Nh| frqfoxvlrq= Vlqfh lqfhqwlyh lqwhqvlwlhv dqg ghvluhg h�ruwv doo
vroyh wkh vdph rswlpl}dwlrq sureohp/ zh kdyh=

Ohppd 5 Wkh sulqflsdo*v 4vw shulrg sureohp lv whfkqrorjlfdoo| wkh vdph dv
hdfk vhfrqg shulrg eudqfk1

SURRI= Wkh h{shfwhg vrfldo vxusoxv iroorzlqj d �uvw0shulrg vxffhvv fdq eh
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zhdowk wr wkh djhqw> exw/ e| Ohppd 4/ wkh vl}h ri wkh slh grhv qrw ghshqg rq
wklv zhdowk/ lw mxvw ghwhuplqhv wkh glvwulexwlrq ri wkh slh ehwzhhq sulqflsdo
dqg djhqw1 Wkxv/ ZE���ZEf� ' �4��3� Wkh sulqflsdo*v �uvw0shulrg sureohp
lv=

Pd{s4>z4>z3
Rl E%4 n ZEf� n �4 � �3� n E�� Rl� E%3 n ZEf��

vxemhfw wr G U���

Yhuli| wkdw wklv kdv wkh vdph vroxwlrq dv DX[/ xs wr wkh fkrlfh ri �3�

:



� � Qrz/ vroyh wkh prgho=

� LU zloo slq grzq �3�

� Iru wkh vhfrqg0shulrg vkdulqj uxohv wr surylgh wkh lqfhqwlyhv�4�
�3 lq wkh �uvw shulrg/ qhhg=

�4 � �3 ' /4

�
R54c r44c r43

�
� /3

�
R53c r34c r33

�

� Wkh vdph R lv rswlpdo lq shulrg 4=

R54 ' R53c

dqg ehvw �4 � �3 vdwlv�hv

�4 � �3 ' r44 � r43 ' r34 � r33�

� Ohw @ eh uhzdug iru vxffhvv1 Wkhq=

@ ' r44 � r43 ' r34 � r33 ' �4 � �3

+frqvwdqw lqfhqwlyh lqwhqvlw|,1 Ixuwkhu/

�4 � �3 ' r44 � r34

+frqvlvwhqf|/ jlyhq frqvwdqw lqfhqwlyhv1, Wkhq/

r44 ' r43 n r34 � r33 ' 2r34 � r33

, r43 ' r34 ' r33 n @

' r43 n @ ' r33 n 2@

, �{hg uhzdug iru vxffhvv1

;



� Ohw 5 ' r vxffhvvhv1 Ohw %W eh klvwru| ri vxffhvvhv/ vxffhvv @
41

� �Olqhdulw|� lq rxwfrphv=

r
�
%W

�
�~}�

zkroh klvwru|

' r
�
5
�
%W

��
� ~} �

& vxffhvvhv lq {W

' @5 n K�~}�
v33

� Qrwh= li 6 srvvleoh rxwfrphv/ vfkhph zloo eh olqhdu lq rxw0
frphv/ qrw sur�wv2rxwsxw1

<



Djjuhjdwlrq dqg Vwdwlrqdulw| +qrw uhdoo| olqhdulw|,

� Vhwxs= Eurzqldq Prwlrq

_5 E|� ' >_|n j�~}�
h{rjhqrxv

_� E|�

� Qrwh= wklv lv olplw ri Ehuqrxool surfhvv dv A $ 4�

� Lqwhusuhwdwlrq= | 5 dfc �o c 5 E�� lv �qdo wdoo| ri vxffhvvhv1

Wkh Olqhdu Frqwudfwlqj Prgho

� Prwlydwh Uhgxfhg Irup Prgho

� Djhqw= � E�� ' �e�uz

� Fkrrvh= e

� Rxwsxw= en wc w q �
�
fc j5

�
� Frqwudfwv duh qrz uhvwulfwhg= r E%� ' @%n K

� Sulqflsdo*v remhfwlyh=

]
d%� r E%�o _8 E% m e�

zkhuh r E%� ' @%n K / 4@ d>e>h E�� @�> E% m e�� K /

4@ 
d>e>h

E�� @�%� K

v1w1

]
� E@%n K� S Ee�� _8 E% m e� � � E�� +LU,

43



e 5 @h}4@ 
h3

]
� E@%n K� S Ee3�� _8 E% m e3� +LF,

� Dvvxph � E�� ' � i TE�o�� dqg % ' en wc w q �
�
fc j5

�
Uhfdoo .� E5� ' �

�
>5 �

4
5oj

5
}

�
/ zkhuh 5 lv qrupdo/ � lv h{srqhqwldo

U- n U� , @en K�
�

2
o@5j5 � S Ee� � �

U� , e ' @h}4@ 
h3

�
@e3 n K�

�

2
o@5j5 � S Ee3�

�

� Li frvw lv frqyh{ , rem ixqfwlrq lv frqfdyh , IRF lv �qh

/ @ ' S3 Ee� LF

�� ' �� +zrunhu,

� Pd{lpl}h sulqflsdo*v xwlolw| vxemhfw wr frqvwudlqw rq djhqw*v xwlolw|

� Udlvh e , jrhv iurp sulqflsdo*v wr djhqw*v xwlolw| , olqhdu iurqwlhu

� Ghfrpsrvh Sureohp=

� �qg ehvw e wr lpsohphqw dqg fruuhvsrqglqj @

+krz kdug |rx zrun ghshqgv rqo| rq @/ qrw K,

� vhw K wr vdwlvi| LU frqvwudlqwv

� vlqfh olqhdu +wudqvihudeoh xwlolw|, , pd{ vxp ri xwlolwlhv lv vdph dv
pd{lpl}lqj rqh vxemhfw wr dqrwkhu

+pdnh slh dv elj dv srvvleoh vxemhfw wr frqvwudlqwv,

44



� Sulqflsdo*v Remhfwlyh= pd{lpl}h wrwdo slh

� Wrwdo Fhuwdlqw| Htxlydohqw +WFH,

e�~}�
wrwdo rxwsxw

� S Ee��~}�
frvw ri surgxflqj

�
�

2
o@5j5

� ~} �
ulvn suhplxp

� Sulqflsdo= pd{lpl}h WFH vxemhfw wr @ ' S3 Ee� , vxevwlwxwh IRF

�

4@ 
h

e� S Ee��
�

2
oj5 dS3 Ee�o

5

Iluvw0rughu frqglwlrq=

�� S3 Ee�� o5j5 dS33 Ee�o S3 Ee� ' fc

ru/

S3 Ee�
�
� n oj5S33 Ee�

�
' ��

Uhduudqjlqj=

@ ' S3 Ee� $ @� '
�

� n oj5S33 Ee�
+Lqfhqwlyh 2 Lqvxudqfh wudghr�,

� QRWHV=

� Li o ' f ru j5 ' f , vhoo wkh �up wr wkh djhqw +e lv IE,/ vr wkdw
S3 Ee� ' �c @� ' �

� Kljkhu oc j5 G orzhu lqfhqwlyh0lqwhqvlw|1

45


