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$ PHWKRG RI oQGLQJ WKH FRQoGHQFH LQWHUYDO IRU PDWKHPDWLFDO H[SHFWDWLRQ RI UDQ�

GRP YDULDEOH LV VXJJHVWHG� 7KH JLYHQ UHVXOW LV FRPSDUHG ZLWK FODVVLFDO IRUPXODV� 7KH

LQWURGXFHG DX[LOLDU\ IXQFWLRQV DUH VWXGLHG DQG WDEXODWHG�

Nh| zrugv dqg skudvhv= &RQoGHQFH LQWHUYDOV�UDQGRP YDULDEOH� SUREDELOLW\ GLVWUL�

EXWLRQ� RUGLQDO VWDWLVWLFV� FULWLFDO UHJLRQV�

DPV vxemhfw fodvvl�fdwlrq= ��*��� ��*��

Frq�ghqfh lqwhuydov iru sdudphwhuv ri suredelolw| glvwulexwlrq odzv ri
wkh vwxglhg skhqrphqd duh zlgho| xvhg zkhq vroylqj qxphurxv wkhruhwl0
fdo dqg dssolhg sureohpv1 Wkh txdolw| ri d frq�ghqfh lqwhuydo lv gh�qhg
e| lwv zlgwk iru d jlyhq frq�ghqfh frh�flhqw1 Wkhuh duh wkuhh sulqflsdo
phwkrgv ri �qglqj frq�ghqfh lqwhuydov ^4`> wkh| duh edvhg rq= 4, sured0
elolw| iuhtxhqf| wkhru|> 5, �gxfldo glvwulexwlrqv> 6, Ed|hv* wkhruhp1 Wkh
�uvw phwkrg xvhv wkh dv|pswrwlf qrupdolw| ri wkh �uvw ghulydwlyh ri wkh
olnholkrrg ixqfwlrq orjdulwkp1 Dffruglqj wr Zlonv* wkhruhp iru juhdw0vl}h
vdpsohv/ wklv phwkrg xvhv �gxfldo glvwulexwlrqv fruuhvsrqglqj wr wkh glv0
wulexwlrq/ ehlqj frqvlghuhg1 Lq wkh wklug phwkrg wkh frq�ghqfh lqwhuydo
olplwv duh ghwhuplqhg rq wkh frqvlghuhg sdudphwhu1

Ehorz lv jlyhq rqh ri wkh phwkrgv ri �qglqj wkh frq�ghqfh lqwhuydo
iru pdwkhpdwlfdo h{shfwdwlrq ri d udqgrp yduldeoh> lw lv edvhg rq xvdjh
ri ruglqdo vwdwlvwlfv ^5/6/8`1 Lq frqwudvw wr wkh deryh0ghvfulehg rqhv/ wklv
phwkrg grhvq*w uhtxluh nqrzohgjh ri rwkhu sdudphwhuv ri glvwulexwlrq odzv
+h1j1/ yduldqfh dw qrupdo suredelolw| glvwulexwlrq odz, zkhq frqvwuxfwlqj
wkh frq�ghqfh ri pdwkhpdwlfdo h{shfwdwlrq1

Ohw { eh d udqgrp yduldeoh gh�qhg lq lqwhuydo +�4>.4, zlwk pdwk0
hpdwlfdo h{shfwdwlrq p dqg yduldqfh �2> �+ b{, dqg s+ b{, 0 d ixqfwlrq dqg
d glvwuleexwlrq ghqvlw| ri wkh fruuhvsrqglqj qrupdol}hg udqgrp yduldeoh
b{ @ +{�p,@�> ^{�> {2> ===> {� ` 0 Q 0vl}h vdpsoh>



. Frqvwuxfwlrq ri Frq�ghqfh Lqwhuydo iru111 DPL Yro17/ Qr15/4<<<

{6�? @ plq
�$�$�

i{�j> {6@% @ pd{
�$�$�

i{�j=

Wkhruhp 4 Wkh frq�ghqfh lqwhuydo iru sdudphwhu p zlwk frq�ghqfh
suredelolw| 4� � lv

^{6�? � k� +�, � +{6@% � {6�?,> {6@% .K� +�, � +{6@% � {6�?,`>

zkhuh ixqfwlrqv k @ k� +�, dqg K @ K� +�, duh gh�qhg e| vroylqj htxd0
wlrqv

#+k, @ �@5 dqg �+K, @ �@5

dw

#+k, @

] "

f
Q � s+x, �

�
�+x,� �+x � k@+4 . k,,

��3�
gx> +4,

�+K, @

] "

f
Q � s+�x, �

�
�+�x �K@+4 .K,,��+�x,

��3�
gx=

Surri1 ohw*v frqvlghu udqgrp yduldeohv

x @ +{6�? �p,@� dqg +{6@% �p,@�=

Dffruglqj wr ^5/7`/ ghqvlw| ri wkhlu mrlqw glvwulexwlrq lv

s�+x> y, @ Q+Q � 4, � s+x, � s+y, � +�+y,� �+x,,�32> dw x � y=

Frq�ghqfh lqwhuydo olplwv duh gh�qhg e| wkh iroorzlqj frqglwlrqv

Si{6�? � k� +�, � +{6@% � {6�?, A pj @ �@5>

Si{6@% .K� +�, � +{6@% � {6�?, ? pj @ �@5

+v|pero S ghqrwhv suredelolw| ri hyhqw,1 Lqhtxdolwlhv

{6�? � k � +{6@% � {6�?, A p dqg {6@% .K � +{6@% � {6�?, ? p

duh htxlydohqw wr lqhtxdolwlhv

y � k@+4 . k, ? x dqg y � +4 .K,@K ? x=

Uhjlrqv G� dqg G2 rq sodqh +xy,/ vkrzq lq �j14/ fruuhvsrqg wr wkhp1
Ohw*v ghqrwh suredelolwlhv ri wkhvh lqhtxdolwlhv #+k, dqg �+K,/ wkhq

;:
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#+k, @

] "

f

#] �

��*E�n��
s�+x> y, gx

$
gy @

@

] "

f
Q � s+y, �

�
�+y,� �+yk@+4 . k,,

��3�
gy

dqg

�+K, @

] f

3"

#] �M*E�nM�

�
s�+x> y, gy

$
gx @

@

] "

f
Q � s+�x, �

�
�+�xK@+4 .K,,� �+�x,

��3�
gx>

zklfk zdv wr eh suryhg1 �

Ilj141 Fulwlfdo uhjlrqv G4/ G5 dqg k|srwkhvlv0dffhswdqfh uhjlrq G3> wdq*4 @

k@+4.k,> wdq*5 @ K@+4.K,1 D{hv ri uhihuhqfh duh ghqrwhg e| x dqg y> uhjlrqG3

lv erxqghg e| vwudljkw olqhv y @ x � +4.k,@k dqg y @ x �K@+4.K,> uhjlrq G4 lv lq

wkh xsshu kdoi0sodqh ehwzhhq vwudljkw olqhv y @ x dqg y @ x � +4.k,@k/ dqg uhjlrq

G5 0 lq wkh orzhu kdoi0sodqh ehwzhhq vwudljkw olqhv y @ x dqg y @ x �K@+4 .K,1

Qrwh/ wkdw htxdwlrqv +4, gr qrw frqwdlq sdudphwhu �1 Wklv wdnhv sodfh
ehfdxvh d fkdqjh lq � fruuhvsrqgv wr wkh fkdqjh lq sorw vfdoh lq �j14/ zkhq
hdfk ri uhjlrqv Gf/ G� dqg G2 grhvq*w fkdqjh lwv srvlwlrq zlwk uhvshfw wr
d{hv ri uhihuhqfh1

Iru srvlwlyh dujxphqwv ydoxhv/ ixqfwlrqv #+k, dqg �+K, dovr pd| eh
gh�qhg e| irupxodv

#+k, @

]
"

f
Q � s+x, �

�
�+x+4 . k,@k,� �+x,

��3�
gx> +5,

;;
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�+K, @

]
"

f
Q � s+�x, �

�
�+�x,� �+�x+4 .K,@K,

��3�
gx=

Wkhvh uhodwlrqv pd| eh rewdlqhg lq wkh iroorzlqj zd|> ohw #�+k, ghqrwh wkh
ixqfwlrq/ zklfk lv htxdo wr wkh uljkw vlgh ri wkh �uvw htxdwlrq ri +5,/ wkhq

#+k,� #�+k, @

@

]
"

f
Q �

�
s+x,� k

4 . k
� s+xk@+4 . k,,

�
�
�
�+x,��+xk@+4.k,,

��3�
gx @

@
�
�+x,� �+xk@+4 . k,,

�� ����
"

f

@ 3=

Li ixqfwlrq s+x, lv hyhq/ l1h1 v|pphwulf zlwk uhvshfw wr pdwkhpdwlfdo h{0
shfwdwlrq/ wkhq #+k, @ �+k, dqg/ fruuhvsrqglqjo|/ k� +�, @ K� +�,1

Wkh uhvxowv jlyhq ehorz duh wuxh iru v|pphwulf ghqvlwlhv ri suredelolw|
glvwulexwlrq1

Ohw*v jlyh ydoxhv ri k� +�, iru frq�ghqfh suredelolw| olplwlqj ydoxhv dw
�{hg Q = dw � $ 3 k� +�, $ 4> dqg dw � $ 4 k� +�, $ �4@51

Wkh odwwhu uhodwlrq pd| eh suryhg lq wkh iroorzlqj zd|= dw k @ �4@5

#+�4@5, @

]
"

f
Q � s+x, � +5�+x,� 4,�3� gx @

4

5
� +5�+x,� 4,�

���"
f

@
4

5
=

Wdeoh 4 jlyhv ydoxhv ri frh�flhqwv k� +�, @ K� +�, iru gl�huhqw Q
dqg � iru wkh qrupdo dqg xqlirup suredelolw| glvwulexwlrq zlwk d udqgrp
yduldqfh1 Dv fdq eh vhhq iurp wkh wdeoh/ dw wkh �{hg � wkh ixqfwlrq k� +�,
ghfuhdvhv zkhq vdpsoh vl}h Q jurzv/ dqg ehfrphv qhjdwlyh ehjlqqlqj iurp
d fhuwdlq ydoxh ri Q 1

Wkh ydoxh ri Q / sdvvlqj wkurxjk zklfk k� +�, fkdqjhv lwv vljq/ pd| eh
fdofxodwhg lq wkh iroorzlqj zd|= dw k @ 3

#+3, @

]
"

f
Q � s+x, � +�+x,��+3,,�3� gx @ +�+x,��+3,,�

���"
f

@

�
4

5

��
=

Lw lv reylrxv/ wkdw �+k, lv dq lqfuhdvlqj ixqfwlrq1 Khqfh/ zkhq �@5 ?
53� k� +�, A 3/ dqg zkhq �@5 A 53� k� +�, ? 3> l1h1 wkh ixqfwlrq
k� +�, lv qhjdwlyh dw Q A orj2+5@�,1

Ohw*v frqvlghu wkh olplw ri k� +�, dw Q $ 4 iru wkh �{hg �1

;<
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Wdeoh 314= Ydoxhv ri frh�flhqwv k� +�,

Qrupdo glvwulexwlrq Xqlirup glvwulexwlrq

Qq� 3143 3138 3135 3143 3138 3135

5 51989< 81;864 481743 713333 <13333 571333
6 316<9; 31;466 4194:5 318;44 415694 518688
7 31386; 3156;8 31873< 313::5 3168:5 31;753
8 0313:;7 3136;; 315466 031443< 3138:7 3165<9
9 03147;8 0313945 31393< 03153:9 0313;<: 313<67
: 0314<55 0314546 0313598 0315994 0314:95 0313736
; 0315557 0314949 0313;63 0316386 031565< 031458:
< 0315778 0314<39 031455: 0316665 0315:5< 0314;7:
43 0315949 0315459 0314854 0316875 0316358 03155:;
44 0315:85 0315633 0314:7< 0316:38 0316587 0315939
45 0315;96 0315774 0314<65 0316;69 0316768 0315;98
46 0315<89 031588: 03153;5 0316<75 03168;5 03163:6
47 0316368 0315989 031553: 0317364 0316:37 0316577
48 0316437 0315:74 0315647 0317439 0316;3: 03166;;
49 0316497 0315;48 0315739 03174:3 0316;<8 0316843
4: 031654: 0315;;3 03157;: 0317559 0316<:3 0316948
4; 0316597 0315<6: 031588; 03175:8 031736: 0316:39
4< 0316639 0315<;< 0315954 031764; 03173<8 0316:;9
53 0316678 0316368 03159:; 0317689 0317479 0316;8:
54 03166;3 03163:; 0315:63 03176<3 03174<5 0316<53
55 0316745 0316449 0315::: 0317754 0317566 0316<:9
56 0316774 0316485 0315;53 031777; 03175:4 031735:
57 031679; 03164;7 0315;8< 03177:7 0317637 03173:6
58 03167<6 0316547 0315;<8 03177<: 0317668 0317448
59 0316849 0316575 0315<5< 031784; 0317696 0317486
5: 031686; 031659; 0315<93 031786: 03176;< 03174;;
5; 031688< 03165<6 0315<;< 0317888 0317746 0317553
5< 03168:; 0316649 031634: 03178:4 0317768 0317583
63 03168<9 031666: 0316375 03178;: 0317789 03175:;
73 0316:65 03167<< 0316567 03179<9 0317934 03177:5
83 0316;54 0316936 0316689 0317:8< 03179;8 03178;7
93 0316;;7 03169:; 0316777 0317;34 0317:73 031798:
:3 0316<66 0316:68 0316843 0317;63 0317::; 0317:3;
;3 0316<:4 0316:;4 0316896 0317;85 0317;3: 0317:79
<3 0317336 0316;4; 0316939 0317;9< 0317;5< 0317::8
433 0317363 0316;7< 0316976 0317;;5 0317;79 0317:<;
533 03174:9 0317353 0316;6< 0317<75 0317<57 0317<34
633 0317576 03173<: 0316<5< 0317<94 0317<83 0317<67
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Wkhruhp 5 Li glvwulexwlrq ghqvlw| s+x, lv frqwlqxrxv/ dqg wkhuh h{lvwv
d srvlwlyh qxpehu x�/ vxfk wkdw dw x A x� ixqfwlrq s+x,@s+ex, ghfuhdvhv
dqg

olp
�<"

s+x,@s+ex, @ 3 ;e> 3 � e ? 4>

wkhq

olp
�<"

k� +�, @ �4

5
= +6,

Lw lv reylrxv/ wkdw wkh wkhruhp frqglwlrqv duh ydolg iru qrupdo glvwulex0
wlrq1

Surri1 Lq dffrugdqfh zlwk wkh frqglwlrqv ri wkh wkhruhp/ ixqfwlrq s+x, lv
vwulfwo| prqrwrqlf dw x A x�1 Ohw*v ghqrwh

v� @ 4 .
k� +�,

4 . k� +�,
dqg x� @ �3�+4�Q3�*2,>

zkhuh �3�+=, lv wkh uhyhuvh ixqfwlrq ri �+=,1 Dvvxph wkdw Q A +4 �
�+x�,,

3�*2 dqg/ frqvhtxhqwo|/ x� A x�/ dqg dovr dvvxph wkdw k� +�, ? 3
dqg/ frqvhtxhqwo|/ 3 ? v� ? 41 Ohw*v glylgh wkh lqwhjudwlrq lqwhuydo lq wkh
h{suhvvlrq gh�qlqj #+k, lqwr wzr vxelqwhuydov> zh vkdoo kdyh

� @ 5 � #+k� +�,, @
] ��

f
5Q � s+x, � +�+x, . �+x� x � v� ,� 4,�3� gx.

.

]
"

��

5Q � s+x, � +�+x, . �+x � x � v� ,� 4,�3� gx �

�
] ��

f
5Q � s+x, � +5�+x,� 4,�3� gx.

.

]
"

��

5s+x,

s+x, . +4� v� , � s++4� v� , � x, �
g

gx
+�+x,.�+x�x �v� ,�4,� gx �

�
] ��

f

g

gx
+5�+x,� 4,� gx.

.
5s+x� ,

s+x� , . +4� v� , � s++4� v� , � x� , �
]
"

��

g

gx
+�+x,.�+x�x�v� ,�4,� gx @

@ +5�+x� ,� 4,�.

<4
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.
5s+x� ,

s+x� , . +4� v� , � s++4� v� , � x� , �
�
4�+�+x� ,.�+x��x� �v� ,�4,�

�
�

� +5�+x� ,� 4,� .
5

4 . +4� v� , � s++4� v� , � x� ,@s+x� , =

Wkh �uvw vxppdqg lq wkh uljkw vlgh ri wklv htxdwlrq

+5�+x� ,� 4,� @ +4� 5Q3�*2,3� $ 3 dw Q $ 4=

Ohw*v frqvlghu wkh vhfrqg vxppdqg1 Wdnlqj lqwr frqvlghudwlrq wkdw vh0
txhqfh x� lq�qlwho| lqfuhdvhv zkhq Q $ 4/ zh vhh/ wkdw/ li v� kdv d
gl�huhqw iurp }hur olplw/ wkh frqvlghuhg ydoxh whqgv wr }hur zkhq Q $ 41
Krzhyhu/ sdudphwhu � pxvw ixo�o wkh frqglwlrq 3 ? � ? 41 Khqfh/ vhtxhqfh
v� pxvw frqyhujh wr }hur dqg

olp
�<"

k� +�, @ olp
�<"

�4� v�
5� v�

@ �4

5
>

zklfk zdv wr eh suryhg1 �

Qrwh/ wkdw wkh wkhruhp frqglwlrq lv vx�flhqw exw qrw qhfhvvdu|/ ehfdxvh
iru vrph zlgho| vsuhdg glvwulexwlrqv/ vxfk dv/ iru h{dpsoh/ wkh xqlirup
glvwulexwlrq/ wkh wkhruhp frqglwlrq lv qrw �o�oohg/ exw +6, vwloo krogv1

Iru wkh xqlirup glvwulexwlrq/ vlpsoh h{solflw h{suhvvlrqv iru ixqfwlrqv
#� +k, dqg k� +�, pd| eh rewdlqhg=

#� +k, @
4

5
� +5 � +4 . k,,3�n�> k� +�, @

4

5
� �3�*E�3�� � 4=

Li ydoxh { lv glvwulexwhg qrupdoo|/ lw lv uhdvrqdeoh wr xvh Odjxhuuh
txdgudwxuh irupxod iru fdofxodwlrq ri ixqfwlrq #+k, @ �+k,

#+k, @

]
"

f
h3%

2*2 � i+{, g{ @

]
"

f
h3+ � +5|,3�*2i+

s
5|, g| �

�
?[

&'�

z& � i+
s
5�&,s
5�&

>

zkhuh

i+{, @ Q � 4s
5�

�
�
�?Jo6+{,� �?Jo6+{k@+4 . k,,

��3�
>

<5
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�?Jo6+{, ~ d ixqfwlrq ri vwdqgdugl}hg qrupdo glvwulexwlrq> �&> n @ 4> ===> q

~ }hurhv ri Odjxhuuh sro|qrpldo O
Ef�
? +{, ri ghjuhh q> z& @ �

1&u+ �u
Ef�
? E1&�,

2 ~

zhljkw frh�flhqwv ri wkh txdgudwxuh irupxod1

Li wkh qxpehu ri qrgdo srlqwv q lv wdnhq wr eh htxdo wr 49/ lw zloo jlyh
wkh dffxudf| ri fdofxodwlrq ri ixqfwlrq k� +�, qhjdwlyh ydoxhv/ zlwk zklfk
wkh| duh suhvhqwhg lq wdeoh 41

Iljxuhv 5 dqg 6 vkrz wkh ohqjwk ri frq�ghqfh lqwhuydo/ fdofxodwhg df0
fruglqj wr wkh fodvvlfdo phwkrg dqg wkh phwkrg jlyhq deryh/ sorwwhg yhuvxv/
fruuhvsrqglqjo|/ wkh vdpsoh vl}h dw �{hg yduldqfh ri wkh revhuyhg uhvxowv
dqg wkh vwdqgdug ghyldwlrq dw �{hg vdpsoh vl}h iru wkh qrupdo glvwulex0
wlrq1 Iljxuhv 7 dqg 8 vkrz wkh dqdorjrxv sorwv iru wkh xqlirup suredelolw|
glvwulexwlrq odz1

Ilj151 Ohqjwk ri frq�ghqfh lqwhuydo yhuvxv vdpsoh vl}h iru wkh qrupdo sure0

delolw| glvwulexwlrq odz/ dw p @ 3/ � @ 4> 4 ~ wkh fodvvlfdo phwkrg> 5 ~ wkh qhz

phwkrg1

Ilj161 Ohqjwk ri frq�ghqfh lqwhuydo yhuvxv vwdqgdug ghyldwlrq iru wkh qrupdo

<6
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suredelolw| glvwulexwlrq odz/ dw vdpsoh vl}h Q @ 83> 4 ~ wkh fodvvlfdo phwkrg> 5 ~

wkh qhz phwkrg1

Ilj171 Ohqjwk ri frq�ghqfh lqwhuydo yhuvxv vdpsoh vl}h iru wkh xqlirup sure0

delolw| glvwulexwlrq odz/ dw d @ 3/ e @ 8> 4 ~ wkh fodvvlfdo phwkrg> 5 ~ wkh qhz

phwkrg1

Ilj181 Ohqjwk ri frq�ghqfh lqwhuydo yhuvxv ohqjwk ri wkh lqwhuydo/ rq zklfk d

udqgrp yduldeoh lv gh�qhg/ iru wkh xqlirup suredelolw| glvwulexwlrq odz/ dw vdpsoh

vl}h Q @ 83> 4 ~ wkh fodvvlfdo phwkrg> 5 ~ wkh qhz phwkrg1

Fdofxodwlrq ri ohqjwk ri rqh frq�ghqfh lqwhuydo ydoxh zdv shuiruphg e|
dyhudjlqj ri wkuhh0irog fdofxodwlrq ri lwv ydoxh rq wkh edvh ri wkuhh lqghshq0
ghqw vdpsohv ri qhfhvvdu| vl}h iru wkh jlyhq sdudphwhuv1

Lw pd| eh vhhq iurp wkhvh sorwv/ wkdw wkh fodvvlfdo phwkrg jlyhv d ehwwhu
uhvxow iru wkh qrupdo glvwulexwlrq1 Wklv zdv erxqg wr eh vr dffruglqj wr
Zlonv wkhruhp ^4`/ dv wkh olnholkrrg ixqfwlrq lq wklv fdvh lv glvwulexwhg
qrupdoo|1 Rq wkh rwkhu kdqg/ wklv dvvxpswlrq grhv qrw fruuhvsrqg wr
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. Frqvwuxfwlrq ri Frq�ghqfh Lqwhuydo iru111 DPL Yro17/ Qr15/4<<<

uhdolw| lq fdvh ri wkh xqlirup suredelolw| glvwulexwlrq odz1 Rq dffrxqw ri
wklv/ wkh sursrvhg phwkrg/ lq zklfk frh�flhqwv k� +�, duh fdofxodwhg iurp
suredelolw| glvwulexwlrq odzv ri udqgrp yduldeohv/ jlyhv pxfk ehwwhu uhvxow
wkdw wkh fodvvlfdo rqh1

Wkxv/ wkh sursrvhg phwkrg/ ehvlghv vlpsolflw| ri fdofxodwlrqv/ jlyhv d
ehwwhu uhvxow wkdq wkh fodvvlfdo rqh iru frqvwuxfwlrq ri frq�ghqfh lqwhuydo ri
pdwkhpdwlfdo h{shfwdwlrq ri d udqgrp yduldeoh/ li wkh odwwhu kdv wkh sure0
delolw| glvwulexwlrq odz rwkhu wkdq wkh qrupdo rqh1

Dfnqrzohgjhphqw

Wkh zrun lv ixo�oohg zlwklq surmhfw J037: ri wkh Lqwhuqdwlrqdo Vflhqfh dqg Whfk0
qrorj| Fhqwhu1

Uhihuhqfhv

41 Nhqgdoo P1/ Vwxduw D1 Wkh Dgydqfhg Wkhru| ri Vwdwlvwlfv1 Qdxnd/ 4<:61

51 Gdylg J1 Ruglqdo Vwdwlvwlfv1 Prvfrz/ Qdxnd 4<:<1

61 Ndfkldvkylol N1M1/ Vwhsdqlvkylol Y1D1 Hvwlpdwlqj ri Xqnqrzq Sdudphwhuv ri
Vrph Suredelolw| Glvwulexwlrq Luuhjxodu Sdudphwhuv1 Dxwrphwuld/ 75 +4<;;,/
43<04441

71 Nrurolxn Y1V1/ Shwuhqnr Q1H1/ Vnrurnkrg D1Y1/ Wxuelq D1I1 Uhihuhqfh Errn
rq Suredelolw| Wkhru| dqg Pdwkhpdwlfdo Vwdwlvwlfv1 Prvfrz/ Qdxnd/ 4<;81

81 Sulpdn D1Y1/ Ndidury Y1Y1/ Ndfkldvkylol N1M1 V|vwhpv dqdo|vlv ri Frqwuro
dqg Pdqdjhphqw ri Dlu dqg Zdwhu Txdolw|1 Nlhy/ Qdxnryd Gxpnd/ 4<<41
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