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Krryhu Lqvwlwxwlrq \xdq0]h Xqlyhuvlw|
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Dvvhw Pdunhw Dqdo|vlv

� Dvvhw pdunhwv doorfdwh ulvnv

� Dvvhw pdunhwv duh lqfrpsohwh

� Suhflvh dqdo|vlv ri dvvhw pdunhwv lv gl!fxow

� Qhz dvvhwv rqo| sduwldoo| frpsohwh pdunhw

� Kduw h{dpsoh= dgglqj dq dvvhw pd| uhgxfh zhoiduh

� Hoxo +4<<8,/ Fdvv dqg Flwdqqd +4<<;,=

� �Dq| orfdo fkdqjh lq xwlolw| lv srvvleoh li wkh qxpehu ri plvvlqj dvvhwv h{fhhgv
wkh qxpehu ri djhqwv1�

� Dvvxphv vpdoo fkdqjh lq dvvhw pdunhw1

� Grhv qrw vkrz zkdw ruglqdu| dvvhwv gr wr zhoiduh1

� Dvvxphv zh frxqw qxpehu ri djhqwv dqg plvvlqj dvvhwv1

� Zhoiduh ghshqgv rq pdjqlwxgh ri ulvnv/ qrw qxpehu ri vwdwhv1

� Frpsxwdwlrq

� Eurzq0gh Pdu}r0Hdyhv +4<<9,

� Vfkphgghuv +4<<;,

Txhvwlrqv

� Zkdw duh frqvhtxhqfh ri dgglqj duelwudu| vhfxulwlhvB

� Krz gr qhz dvvhwv d�hfw sulfhv ri h{lvwlqj vhfxulwlhvB

� Zklfk nlqg ri dvvhwv vkrxog eh dgghgB

� Fdq zh frpsxwh htxloleulxp dssur{lpdwlrqv txlfno|B
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Rxu Prgho

� Xvh vlpsoh vlqjoh0shulrg prgho

� Xvh Wd|oru0vw|oh h{sdqvlrqv wr vroyh iru htxloleulxp ri hfrqrplhv zlwk vpdoo ulvn1

� Glvdgydqwdjh= uhvxowv duh suryhq ydolg rqo| iru fdvhv zlwk vpdoo ulvn

� Dgydqwdjh= irfxv rq prphqwv/ hvwlpdeoh vwdwlvwlfv

� Dgydqwdjh= pruh uholdeoh wkdq dowhuqdwlyh dssurdfkhv zklfk duh qhyhu ydolg1

� Frqmhfwxuh= ydolglw| lv pxfk juhdwhu wkdq wkh surriv lqglfdwh

� Glvdgydqwdjh= frpsoh{ dojheudlf pdqlsxodwlrqv

� Vroxwlrq= Xvh frpsxwhu dojheud vriwzduh

� Vw|oh= �Mrqhv +4<98, phhwv Vdpxhovrq +4<:3,�

� Uhvxowv

� Frpsohwho| vroyhv htxloleulxp iru d froohfwlrq ri hfrqrplhv

� Ghulyhv lpsdfw rq zhoiduh ri qhz dvvhwv

� Ghulyhv rswlpdo qhz dvvhw
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Dowhuqdwlyh Dssurdfkhv

� Vdpxhovrq +4<:3, wrrn d sro|qrpldo dssur{lpdwlrq dssurdfk/ uhsodflqj xwlolw| ixqf0
wlrq zlwk sro|qrpldo dssur{lpdwlrq/ dqg vroyh qrqolqhdu htxdwlrqv lqyroylqj xwlolw|
ixqfwlrq ghulydwlyhv dqg uhwxuq prphqwv1

� Pdjloo +4<::,= ghulyhg olqhdu dssur{lpdwlrqv iru g|qdplf surjudpplqj sureohpv
zlwk vpdoo dgglwlyh vkrfnv

� N|godqg0Suhvfrww/ PfJudwwdq/ dqg Nlqj0Sorvvhu0Uhehor r�hu dg krf dssurdfkhv

� Lghd= uhsodfh remhfwlyh dqg2ru �uvw0rughu frqglwlrqv dqg exgjhw frqvwudlqw zlwk
olqhdu +ru orjolqhdu, dssur{lpdwlrqv wr duulyh dw dq dqdo|wlfdoo| wudfwdeoh vhw ri
htxdwlrqv1

� Pdjloo +4<::, vkrzv jhqhudo lqydolglw| ri wklv dssurdfk

� Wklv dssurdfk lv dw ehvw d fhuwdlqw| htxlydohqw dqg �uvw0rughu

� Whvdu +4<<8, xvhv NS0NSU dssurdfk dqg vkrzv wkdw �uvw zhoiduh wkhruhp lv
idovh+B$,

� Nlp0Nlp +4<<<, ghprqvwudwhv jhqhudo lqydolglw| ri NS0NSU dssurdfk> r�huv d
qhz dg krf dssurdfk/ exw qrw rqh edvhg rq lpsolflw ixqfwlrq wkhru|

� Vlplodu Fdpsehoo +4<<6, surfhgxuh lv dovr dg krf/ qrw edvhg rq LIW ru h{whqvlrqv

Pdwkhpdwlfv dqg Pdwkhpdwlfdo Hfrqrplfv Olwhudwxuh

� Iohplqj +4<:4, dqg Iohplqj0Vrxjdqlghv +4<;9, h{dplqh vlplodu sureohpv1

� Vhh Mxgg +4<<9, iru vhyhudo flwdwlrqv1

� Elixufdwlrq dqg uhodwhg LIWv surgxfh wkhruhpv dv zhoo dv kljk0txdolw| qxphulfdo
dssur{lpdwlrqv1
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Ghpdqg zlwk Wzr Dvvhwv

� Vlpsoh sureohp zklfk glvsod|v jhqhudo pdwkhpdwlfdo gl!fxow|

� Wzr dvvhwv=

� Vdih dvvhw= sd| '4 wrgd|/ uhfhlyh - wrpruurz

� Ulvn| dvvhw= sd| '4 wrgd|/ uhfhlyh ~ ' - n "5 n "5Z wrpruurz

� Doo surfhhgv frqvxphg wrpruurz

� Iluvw0rughu frqglwlrq iru w=

f ' .i�3E-n wE"5 n "5Z�� E5 n "Z�j

� CEwc "�

� Ghpdqg ixqfwlrq=

CEwE"�c "� ' f +4,

� Zdqw wr �qg h{sdqvlrq

wE"� ' w3 n w3Ef�"n
�

2
w33Ef�"5 n ��� +5,

� Txhvwlrq= Zkdw lv w3B

� Sureohp= w lv lqghwhuplqdwh dw " ' f$
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Elixufdwlrq Dssurdfk

� Sureohp= CEwc f� ' f iru doo w1

� Ghpdqg dw " ' f lv qrw zhoo0gh�qhg1

� Krzhyhu/ lw lv gh�qhg dw doo " 9' f

� � dqg . duh elixufdwlrq srlqwv

Iljxuh 4= Elixufdwlrq srvvlelolwlhv iru dvvhw ghpdqg sureohp



:

� Zdqw wr �qg h{sdqvlrq

wE"� ' w3 n w3Ef�"n
�

2
w33Ef�"5 n ��� +6,

� Sureohp 4= Qhhg wr �qg

w3 � *�4
�$3

wE"� +7,

� Sureohp 5= Lpsolflw gl�huhqwldwlrq ri CEwE"�c "� ' f zlwk uhvshfw wr " lpsolhv

f ' C� EwE"�c "�w
3 nC�EwE"�c "�

, w3Ef� ' �
C�Ew3c f�

C� Ew3c f�

exw C� Ew3c f� ' f ehfdxvh CEwc f� ' f iru doo w-

� Vroxwlrq wr erwk sureohpv=

� w3Ef� lv zhoo0gh�qhg rqo| li C�EwEf�c f� ' f1

� Khqfh/ C�Ew3c f� ' f pxvw krog dqg �{hv w31

� Jlyhq w3c O*Krvslwdo*v uxoh lpsolhv

w3Ef� ' �
C�Ew3c f�

C� Ew3c f�

' �
C��Ew3c f�

C�� Ew3c f�

zklfk lv zhoo0gh�qhg li C��Ew3c f� 9' f�
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Wkhruhp 4 +Elixufdwlrq Wkhruhp iru -, Vxssrvh C G - � - $ -/ C lv dqdo|wlf dqg
CEwc f� ' f iru doo w 5 -1 Ixuwkhupruh/ vxssrvh wkdw iru vrph Ew3c f�

C�Ew3c f� ' f ' C�Ew3c f�c C��Ew3c f� 9' f� +8,

Wkhq wkhuh lv dq rshq qhljkerukrrg Q ri Ew3c f� dqg d ixqfwlrq wE"�c wE"� 9' f iru " 9' f/
vxfk wkdw w lv dqdo|wlf

CEwE"�c "� ' f iru EwE"�c "� 5 Q 1 +9,

dqg Ew3c f� lv d elixufdwlrq srlqw1

Surri1 Dsso| LIW wr

8 E%c "� '

+
J+{>�,

�
c " 9' f

CJ+{>3,
C�

c " ' f
� +:,

�Glylvlrq0e|0}hur wulfn1�

Uhpdun 5 Zh xvhg O*Krvslwdo*v uxoh lq rxu lqwxlwlrq deryh1 Wkh surri ri wkh Elixufdwlrq
Wkhruhp dfwxdoo| suryhv O*Krvslwdo*v uxoh1
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Elixufdwlrq Phwkrg

� Surfhgxuh= Wr �qg wkh elixufdwlrq srlqw w3 vroyh

C�Ew3c f� ' f +;,

dqg fkhfn wkdw

C��Ew3c f� 9' f +<,

� Lq dvvhw ghpdqg sureohp

C�Ewc f� ' .
�
�33E-�w55

�
n �3E-�Z ' f

', w3 ' �
�3E-�

�33E-�

Z

j5
}

' �
Z

j5
}

� Vlpsoh dv|pswrwlf sruwirolr uxoh= w3 lv surgxfw ri

� ulvn wrohudqfh +d xwlolw| sdudphwhu,

� ' �
�3E-�

�33E-�
+43,

� dqg wkh sulfh ri ulvn +d vwdwlvwlf ri ulvn,

Z

j5
}

+44,
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Olqhdu Dssur{lpdwlrq

� Fdofxodwh w3Ef� yld lpsolflw gl�huhqwldwlrq=

f ' C�� w
3w3 n 2C�� w

3 nC�w
33 nC��

' f � w3w3 n 2C�� w
3 n f � w33 nC��

', w3Ef� ' �C�4
�� C��

� Vroydelolw| djdlq ghshqgv rq C��Ew3c f� 9' f

� Lq dvvhw fdvh C��Ew3c f� 9' f dqg

w3Ef� ' �
�

2

�333E-�

�33E-�

.i56j

j5
}

w53 +45,

� Uhodwlyh irup +d1n1d1 ew, lv
w3Ef�

w3
' 4

Z

j5
}

.i56j

j5
}

4 '
�

2

�3

�33
�333

�33
E-�

� Ghshqgv rq wklug0rughu surshuwlhv ri xwlolw|> zh fdoo 4 vnhz wrohudqfh

� Ghshqgv rq wklug prphqw ri uhwxuq

� Olqhdu dssur{lpdwlrq lv

wE"�
�
' w3 n w3Ef� "

�
' �

�3E-�

�33E-�

Z

j5
}

�
�

2

�333E-�

�33E-�

.i56j

j5
}

�
�3E-�

�33E-�

Z

j5
}

�5

"
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Kljkhu0rughu Dssur{lpdwlrqv

� Zh frpsxwh kljkhu0rughu dssur{lpdwlrqv yld lpsolflw gl�huhqwldwlrq

� Zh vroyh d vxffhvvlrq ri olqhdu htxdwlrqv/ mxvw dv lq Lpsolflw Ixqfwlrq Wkhruhp1

� Vroydelolw| dw hdfk vwdjh iroorzv iurp C��Ew3c f� 9' f

� Qhfhvvdu| dvvxpswlrqv=

� Gl�huhqwldelolw| ri �

� Ilqlwh prphqwv iru 5

� Vhfrqg0rughu dssur{lpdwlrq lv

w33Ef�

w3
'

�
ES4� 2�.i55j n e45

.i56j5

.i55j5
n V

.i57j

.i55j

��
Z

j5
}

�5

+46,

zkhuh nxuwrvlv wrohudqfh dw S lv

V ' �
�

�

�3

�33
�3

�33
�3333

�33
+47,
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Pxowlglphqvlrqdo Elixufdwlrq Wkhruhp

Wkhruhp 6 +Elixufdwlrq Wkhruhp iru -q, Vxssrvh M G -q � - $ -q lv dqdo|wlf/ dqg
ME%c f� ' f iru doo % 5 -q1 Ixuwkhupruh/ vxssrvh wkdw iru vrph E%3c f�

M{E%3c f� ' fq�q +48,

M�E%3c f� ' fq +49,

_i|EM{�E%3c f�� 9' f +4:,

Wkhq wkhuh lv dq rshq qhljkerukrrg Q ri E%3c f� dqg d ixqfwlrq �E"� G -$ -qc �E"� 9' f
iru " 9' f/ vxfk wkdw

ME�E"�c "� ' f iru E�E"�c "� 5 Q +4;,

Ixuwkhupruh/ � lv dqdo|wlf dqg fdq eh dssur{lpdwhg e| d Wd|oru vhulhv1 Lq sduwlfxodu/ wkh
�uvw0rughu ghulydwlyhv htxdo

�3Ef� ' �
�

2
M�4

{� M��� +4<,

Qrwh= Wkhuh grhv h{lvw d jhqhudo wkhruhp iru vlqjxodu M{E%3c f� exw zh grq*w qhhg lw1
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Dvvhw Pdunhw Htxloleulxp zlwk Vpdoo Ulvnv

� Vdih dvvhw |lhogv - shu groodu lqyhvwhg

� H{dplqh d frqwlqxxp ri hfrqrplhv

� Ulvn| dvvhw lq "0hfrqrp| |lhogv -E� n "5� shu vkduh

� Sulfh iru ulvn| dvvhw lq "0hfrqrp| lv

RE"� ' � n ".i5jn "5ZE"�� +53,

� W|sh � hqgrzphqw= @l grooduv dqg whl vkduhv

� Ilqdo zhdowk dqg frqvxpswlrq lv

tl ' wl-E� n "5� n�l-� +54,

� Pdunhw fohdulqj frqglwlrq=

w4 n w5 ' �� +55,

� Iluvw rughu frqglwlrq iru wl=

.i�
3

lEtl�E"5 n "5Z�j ' f� +56,

� Htxloleulxp lv +ohw w4 ' w/ w5 ' �� w,

f ' .i�
3

lEtl�E5 n "Zjc � ' �c 2 +57,

� Iru hdfk " zh kdyh wzr htxdwlrqv dqg wzr xqnqrzqv/ w dqg Z�

� Dw " ' f doo Ewc Z� ydoxhv duh htxloleuld1
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� Elixufdwlrq vwuxfwxuh dssolhv

� Dw " ' f dvvhw sulfhv duh �{hg dw 4/ exw Z dqg w duh lqghwhuplqdwh1

� Dw " 9' f dvvhw sulfhv dqg doorfdwlrq duh ghwhuplqdwh1

Iljxuh 5=
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Jhqhudo Irupxodv

� Gluhfw frpsxwdwlrq +dvvxph .i5j ' f, |lhogv elixufdwlrq srlqw

w3 '
�

3

4*�
33

4

�
3

5*�
33

5 n �
3

4*�
33

4

'
� 4

� 4 n � 5

Z3 ' �
-.

�
55
�

� 4 n � 5

� Gluhfw frpsxwdwlrq |lhogv olqhdu dssur{lpdwlrq iru vpdoo " G

w3Ef� ' -
� 4

� 4 n � 5

� 5
� 4 n � 5

44 � 45
� 4 n � 5

.i56j

j5
}

Z3Ef� '
2-5

E� 4 n � 5�
5

�
� 4

� 4 n � 5
44 n

� 5
� 4 n � 5

45

�
.i56j

j5
}

� Fkdqjh lq w jryhuqhg e|

� gl�huhqfhv lq ulvn dyhuvlrq dqg vnhz wrohudqfh

� vnhzqhvv yduldqfh udwlr

� Ulvn suhplxp +�Z, ghfuhdvhv zlwk srvlwlyh vnhzqhvv dqg �333c 4 : f

� Gluhfw frpsxwdwlrq surgxfhv duelwudu| rughu dssur{lpdwlrq dv orqj dv � kdv vx!0
flhqw ghulydwlyhv dqg prphqwv duh �qlwh1

� H{dpsohv lqglfdwh wkdw orz0rughu h{sdqvlrqv duh txlwh jrrg dssur{lpdwlrqv iru vhq0
vleoh fdvhv= h!flhqw frpsxwdwlrq1
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Frpsdulqj Pdunhw Vwuxfwxuhv

� H{shfwhg xwlolw|/ sulfhv/ wudgh/ hwf1 duh doo ixqfwlrqv ri "

� Iru hdfk dvvhw frq�jxudwlrq 6/ zh fdq frpsxwh h{shfwhg xwlolw| dv d ixqfwlrq ri "

Ll>pE"� ' Ll>pEf� n L 3

l>pEf�"n
�

2
L 33

l>pEf�"
5 n ���� +58,

� Wr frpsduh pdunhwv 6 dqg ?/ zh frpsxwh wkh gl�huhqfh lq h{sdqvlrqv

{l>p>qE"� ' Ll>pE"�� Ll>qE"� +59,

Iljxuh 6= Gl�huhqfh lq Dvvhw Pdunhw Vwuxfwxuhv

� Fdq frpsxwh vlplodu h{suhvvlrqv iru sulfhv/ wudglqj yroxph/ hwf1
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Dgglqj d Ghulydwlyh Dvvhw

� Vxssrvh zh dgg d qhz dvvhw/ + ' sE5�> djhqw 4 ex|v � xqlwv1

� ZORJ/ + ' + n k5 n D zkhuh f ' . iDj ' . i5Dj

Wudglqj Sdwwhuqv iru wkh Qhz Dvvhw

� �E"� lv wudghu 4 sxufkdvhv

� Elixufdwlrq fdofxodwlrq vkrzv �Ef� ' f�

� Li �3Ef� : f/ wkhq wudghu 4 ex|v dqg wudghu 5 vhoov wkh qhz dvvhw1

� Dv|pswrwlf uhvxowv uhyroyh durxqg wzr lqglfhv=

� Gl�huhqfh lq vnhz wrohudqfh/ 44 � 45c+xwlolw| sdudphwhuv,

� Fryduldqfh ehwzhhq 55 dqg D/ �J�EDc 55�

Wkhruhp 7 W|sh 4 djhqwv ex| + li D lv srvlwlyho| fruuhodwhg zlwk wkh wdlov ri 5 dqg w|sh
4 vnhz wrohudqfh h{fhhgv w|sh 5 vnhz wrohudqfh=

�3Ef� ' -
� 4� 5 E44 � 45�

E� 4 n � 5�
6

�J�EDc 55� +5:,

�3Ef� : f l� E44 � 45� �J�EDc 55� : f +5;,
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Dvvhw Kroglqj H�hfwv ri wkh Qhz Dvvhw

Wkhruhp 8 Ohw we}E"� dqg wd}E"� ghqrwh w|sh 4 lqyhvwruv* kroglqj ri rog dvvhw ehiruh dqg
diwhu wkh qhz dvvhw ehlqj lqwurgxfhg1 Wkhq

wd}E"�� we}E"� ' �-
� 4� 5 E44 � 45�

E� 4 n � 5�
6 k�J�EDc 55�

"5

2
n�E"6�� +5<,

Qrwh wkdw

wd}E"�� we}E"� ' � k �3Ef� +63,

� Li k : f/ fkdqjh lq htxlw| kroglqjv lv rssrvlwh ri sxufkdvhv ri qhz dvvhw1

� Li k ' f/ qr fkdqjh lq htxlw| kroglqjv wr rughu �E"5�1
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Sulfh H�hfwv ri wkh Qhz Dvvhw

Wkhruhp 9 Ohw � e
} E"� dqg � d

} E"� ghqrwh wkh htxloleulxp sulfh ri wkh �uvw ulvn| dvvhw
ehiruh dqg diwhu wkh qhz dvvhw ehlqj lqwurgxfhg1

� d
} E"�� � e

} E"� ' H-6� 4� 5 E44 � 45�
5

E� 4 n � 5�
8

.
�
D55

�5

. i55j

"7

2
n�E"8� : f +64,

Lq sduwlfxodu/ wkh lqlwldo ulvn| dvvhw ulvhv lq ydoxh dqg ulvhv pruh dv wkh qhz dvvhw lv pruh
fruuhodwhg wr wkh wdlov ri wkh ruljlqdo dvvhw1

� Urexvw uhvxow= dq| qrqwulyldo qhz dvvhw zloo lqfuhdvh wkh sulfh ri wkh rog dvvhw1

� Sulfh fkdqjh ghshqgv rq wklug0rughu surshuwlhv ri wkh xwlolw| ixqfwlrq1

� Sulfh fkdqjh ghshqgv rq .
�
D55

�
� Qr wklug0 +ru �uvw0 ru vhfrqg0, rughu lpsdfw li .

�
D55

�
' f�
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Zhoiduh H�hfwv ri wkh Qhz Dvvhw

Wkhruhp : Wkh dv|pswrwlf zhoiduh fkdqjh iurp dgglqj wkh dvvhw + iru wudghu 4/ phd0
vxuhg e| wkh xqlw0iuhh frqvxpswlrq htxlydohqw/ htxdov

Ld
4 E"�� L e

4E"�

�
3

4

'
-7� 54�

5
5 E44 � 45�

5

2 E� 4 n � 5�
8

�

�
D

�
wh4
� 4
�
wh5
� 5

�
n wh5

�
.
�
D55

�5

. i55j
"7 n�E"8�

zkhuh whl lv �*v hqgrzphqw ri vwrfn� Vlploduo| iru wkh vhfrqg wudghu*v zhoiduh fkdqjh/
dLd

5 E"��L e
5E"�o*�

3

5�

� Zhoiduh h�hfw rq lqglylgxdov lv dpeljxrxv

� Sduhwr0lpsurylqj li wdvwhv dqg hqgrzphqw duh qrw wrr glvvlplodu

� Qr gl�huhqfh lq vnhz0wrohudqfh/ l1h1/ 44 � 45 ' f/ wkhq qr zhoiduh fkdqjh wr
�E"7�1

� Yroxph +dqg w|sh 4*v sxufkdvhv, lv sursruwlrqdo wr
wh5
� 5
�
wh4
� 4

+65,

� Orvv lv srvvleoh

� Li w|sh 4 ex|v pxfk htxlw| wkhq kh orvhv iurp sulfh lqfuhdvh1

� Vrphrqh pxvw jdlq � vlqjoh jrrg fdvh1

� Vnhz0wrohudqfh gl�huhqfh pdjql�hv zhoiduh fkdqjh iurp rwkhu idfwruv1

� Fr0vnhzqhvv ri qhz dvvhw zlwk rog/ .
�
D55

�
/ lv lq grplqdqw whup
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� Dv|pswrwlf xqdqlplw|=

� Li vrph qhz dvvhw pdnhv doo ehwwhu r�/ wkhq dq| qhz dvvhw grhv1

� Li djhqw � suhihuv +3 wr +/ wkhq vr grhv � 9' �1

� Uhvxowv ghshqg vroho| rq xwlolw| ixqfwlrq surshuwlhv dqg prphqwv ri dvvhw uhwxuqv/
qrw rq qxpehu ri vwdwhv1

� Vrfldo zhoiduh/ phdvxuhg lq zhdowk whupv/ fkdqjhv e| wkh srvlwlyh txdqwlw|

{7` '
Ld

4 E"�� L e
4E"�

�
3

4

n
Ld

5 E"�� L e
5E"�

�
3

5

+66,

'
-7� 54�

5
5 E44 � 45�

5

2 E� 4 n � 5�
8

.
�
D55

�5

. i55j
"7 n�E"8�

� Frpsxwdwlrqdo qrwhv

� Doo ghulydwlrqv zhuh grqh xvlqj Pdwkhpdwlfd

� Lqwhuphgldwh whupv lq xwlolw| h{sdqvlrq qxpehuhg ryhu 43/3331

� Li zh ehjdq zlwk vshfl�f xwlolw| ixqfwlrqv dqg uhwxuq glvwulexwlrqv/ wkhq frp0
sxwdwlrqdo h�ruw zrxog eh pxfk vpdoohu/ frpshwlwlyh zlwk jhqhudo phwkrgv1
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Rswlpdo Qhz Dvvhw= Jhqhudo Dssurdfk

� Ihz uhvxowv edvhg rq vshfldo fdvhv/ riwhq dvvxplqj

� Dvvxphg wudghg dvvhwv zhuh olqhdu frpelqdwlrqv ri idfwruv/ ru

� Dvvxphg d qhz dvvhw lv d olqhdu frpelqdwlrq ri idfwruv

� Zh pdnh qr dvvxpswlrq derxw uhwxuqv ru xwlolw|/ dqg frpsxwh dv|pswrwlfdoo| rswl0
pdo qhz dvvhw

� Vrfldo Zhoiduh

� Iru qhz dvvhw + dqg "c w|sh � htxloleulxp xwlolw| lv LlE+c "�1

� Dq| vrfldo zhoiduh ixqfwlrq lv/ iru vrph zhljkw k : f/

` E+c "� ' kL4E+c "� n E�� k�L5E+c "� +67,

� Wkh rswlpdo qhz dvvhw sureohp lv

4@ 
|

` E+c "� +68,

� Ohw t E"� eh wkh rswlpdo qhz dvvhw iru wkh " hfrqrp|1

� Wkh ixqfwlrq t E"� lv gh�qhg e| wkh vroxwlrq wr wkh �uvw0rughu frqglwlrq

f ' `|Et E"�c "� +69,

� Dw " ' f doo qhz dvvhwv duh uhgxqgdqw/ lpso|lqj f ' `||E+c f�

� Dsso| elixufdwlrq wkhruhp wr �qg t Ef�� Hlwkhu

� Zh zdqw d qhz dvvhw dqg `||�Et E"�c "� lv qhjdwlyh gh�qlwh/ ru

� Lw lv rswlpdo wr lqwurgxfh qr qhz dvvhw1
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Rswlpdo Qhz Dvvhw

� Ilqg + ' s E5� zklfk pd{lpl}hv

E.
�
+55

�
�5 ' �J�

�
+c 55

�5
+6:,

zklfk lv vx!flhqw vlqfh wkh rwkhu whupv lq wkh fkdqjh lq xwlolw| duh xquhodwhg wr +1

� Qrupdol}dwlrqv zh dvvxphg deryh

� Vfdoh + vr wkdw j5
| ' ��

� Xqfruuhodwhg wr erqgv= . i+j ' f

� Xqfruuhodwhg wr vwrfnv= . i+5j ' f�

� Rswlpdo dvvhw vroyhv d +ghjhqhudwh, fdofxoxv ri yduldwlrqv sureohp1=

4@ i
�U

sE5�55_>E5�
�5

r�|�
U
sE5�_>E5� ' fU
5sE5�_>E5� ' fU
sE5�5_>E5� ' �c

+6;,
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� Odjudqjldq ixqfwlrq

O '

�]
s E5�55_>

�5

n b4

]
sE5�_>n +6<,

b5

]
5sE5�_> n b6

�]
sE5�5_>� �

�
� Pd{lpl}h +6<, dw hdfk 5/ lpso|lqj

255
�]

sE5�55_>

�
n b4 n b55 n 2b6sE5� ' f� +73,

� +73, lpsolhv

s�E5� ' �
255

�U
sE5�55_>

�
n b4 n b55

2b6
+74,

� s�E5� lv d sduderod lq 5

� Doo sduderodv duh htxlydohqw
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Wkhruhp ; Dv ulvnlqhvv jrhv wr }hur/ dq| rswlpdo qhz dvvhw lv dv|pswrwlfdoo| htxlydohqw
xs wr rughu "7 wr dgglqj + ' 551

� Rswlpdo qhz dvvhw +ru/ froohfwlrq wkhuhri, lv lqghshqghqw ri wdvwhv= Dv|pswrwlf
xqdqlplw|

� Rswlpdo vhfrqg rswlrq wr lqwurgxfh lv 56

Wkhruhp < Dv ulvnlqhvv jrhv wr }hur/ dq| sdlu ri rswlpdo qhz dvvhwv lv dv|pswrwlfdoo|
htxlydohqw xs wr rughu "8 wr dgglqj + ' 55 dqg + ' 561

� Frqmhfwxuh= �Frpsohwh wkh prphqwv wr frpsohwh wkh pdunhw�

Wkhruhp 43 Lq wzr0w|sh prgho/ rqh rswlpdo dvvhw dfklhyhv wkh Sduhwr iurqwlhu1 Dv
ulvnlqhvv jrhv wr }hur/

41 xs wr rughu "7/ lw lv dv|pswrwlfdoo| htxlydohqw wr dgglqj + ' 55/

51 xs wr rughu "8/ lw lv dv|pswrwlfdoo| htxlydohqw wr dgglqj + ' 55 dqg + ' 56/

61 xs wr rughu "8/ lw lv dv|pswrwlfdoo| htxlydohqw wr dgglqj vrph olqhdu frpelqdwlrq ri
+ ' 55 dqg + ' 56/ dqg

71 wkhvh htxlydohqfhv duh lqghshqghqw ri wdvwhv dqg uhwxuqv1
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Rwkhu Rswlrqv

� Fdoo rswlrqv duh qrw dv|pswrwlfdoo| h!flhqw

� Rswlpdo rswlrqv= H{dpsoh

� 5 � L d��c �o

� Rswlpdo vwulnh sulfh lv }hur= h{shfwhg sulfh

� Rswlpdo exqgohv

� Dvvxph vhyhudo dvvhwv/ 5l/ � ' �c ��c ?/ l1l1g1

� rqh rswlrq= s E5�

� Rswlpdo qhz dvvhw lv vtxduh ri pdunhw ydoxh ri exqgoh= E
S

l 5l�
5
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H{whqvlrq= Pxowlsoh djhqwv dqg Pxowlsoh jrrgv

� Hqgrzphqwv= el>c ' e3l>c n "%l>c xqlwv ri jrrg � iru djhqw �1

� Dvvhwv=

� sulfh ri dvvhw � lv ^m ' ^3m n "5ZmE"� ri qxphudluh jrrg

� uhwxuq lv ~m>c ' ~3
m>c n "5m>c xqlwv ri jrrg �

� Djhqw � lv hqgrzhg zlwk Kl>m xqlwv ri dvvhw � dqg wudghv iru wl>m xqlwv1

� { lv sulfh vsdfh iru jrrgv/ dqg EZc w� lv vsdfh ri ulvn suhpld dqg sruwirolrv

Iljxuh 7= Elixufdwlrq lq jhqhudo prgho
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Rwkhu Dssolfdwlrqv ri LIW dqg Elixufdwlrq Phwkrgv

� Duelwudu| ulvnlqhvv/ vlplodu xwlolw|

� G|qdplf wudglqj lq rswlrqv qrw vsdqqhg e| vwrfnv dqg erqgv +Ohlvhq0Mxgg,

� Dv|pphwulf lqirupdwlrq/ forvh wr v|pphwulf lqirupdwlrq

� Pxowlsoh shulrgv lq d uhfxuvlyh hfrqrp|

Frqfoxvlrqv

� Elixufdwlrq phwkrgv duh qdwxudo h{whqvlrqv ri LIW iru dvvhw pdunhw sureohpv

� Elixufdwlrq dssurdfk dyrlgv dg krf dvvxpswlrqv xvxdoo| xvhg iru vdnh ri wudfwdelolw|

� Elixufdwlrq dssurdfk surgxfhv dv|pswrwlfdoo| ydolg uhvxowv/ dyrlglqj dg krf dssur{0
lpdwlrq vfkhphv1

� Vpdoo qrlvh uhvxowv fdq eh h{whqghg yld frpsxwdwlrqv lq qrq0vpdoo fdvhv

� Uhvxowv ghshqg rq qdwxudo frqglwlrqv rq vwdwlvwlfv dqg wdvwhv

� Elixufdwlrq phwkrgv kdyh vxevwdqwldo frpsxwdwlrqdo ydoxh


