
WKHRU\ RI FRQQHFWLYLW\ DQG DSSRUWLRQPHQW RI
UHSUHVHQWDWLYH DFWLYLW\ FKDLQV LQ WKH SUREOHP RI

GHFLVLRQ0PDNLQJ FRQFHUQLQJ HDUWKTXDNH SRVVLELOLW\

I1FuldgrW/ W1Jdfkhfklodg}hWW/ Q1MrumldvkylolWW/

]1Nkyhgholg}hWW/ K1Phodg}hWW/ J1Wvhuwvydg}hWW/ J1Vluelodg}hWW

- Pdodjd Xqlyhuvlw|/
Fdvd gho Hvwxgldqwh/ Fdpsxv gh ho Hmlgr/

5<3:4 Pdodjd/ Vsdlq
-- Welolvl Vwdwh Xqlyhuvlw|/

5 Xqlyhuvlw| vwu1/ 6;3376 Welolvl/ Jhrujld

+Uhfhlyhg= 5:139134> uhylvhg= 54144134,

�Mt|h@U|

7KH SUREOHP VROYHG LQ RXU DUWLFOH LV FRQQHFWHG ZLWK WKH LQYHVWLJDWLRQ RI WKH SRVVL�

ELOLW\ RI XVLQJ WKH $WNLQ
V FRQQHFWLYLW\ WKHRU\ IRU FRPLQJ WR D GHFLVLRQ RI WKUHH SULQFLSDO

HOHPHQWV RI DQ HDUWKTXDNH� WKH SODFH� WLPH DQG SRZHU�

Nh| zrugv dqg skudvhv= )X]]\ GLVFULPLQDWLRQ DQG FRQQHFWLYLW\ DQDO\VHV� HDUWK�

TXDNH� GHFLVLRQ PDNLQJ�

DPV vxemhfw fodvvl�fdwlrq= ��$��� ��'���

�� W?|hL_�U|�L?

Wkhuh duh wzr dvshfwv ri wkh sureohp= sk|vlfdo dqg lqirupdwlrqdo1 Wkh
sk|vlfdo dvshfw phdqv d fuhdwlrq ri ghwdlohg dqg vx�flhqwo| dghtxdwh prg0
hov ri sk|vlfdo surfhvv wkdw jhqhudwhv dqg dffrpsdqlhv dq hduwktxdnh1 Wklv
lv d sureohp ri juhdw lpsruwdqfh1 Wrgd| wkh vlwxdwlrq ehfrphv frpsolfdwhg
e| dffxpxodwhg hqruprxv lqirupdwlrq uhjxodwhg kdug dqg odfn ri lwv qdwxuh
dqdo|vhv/ zklfk lv vr qhfhvvdu| iru ghyhorsphqw ri h�hfwlyh dqg idvw phwk0
rgv ri surfhvvlqj wkh lqirupdwlrq1 Wklv lv wkh vhfrqg dvshfw ri wkh sureohp
dqg lwv pdlq frqwhqw1 Rxu dssurdfk lv ghwhuplqhg e| wkh iroorzlqj idfwruv=
4, Rxu ylvlrq ri wkh prghuq vwdwh ri wkh sureohp ri hduwktxdnh surjqrvhv>
5, Wkh w|sh ri suhfxuvruv w|slfdo iru wkh uhjlrq dqg dydlodeoh iru phdvxuh0
phqw lq uhdo frqglwlrqv> 6, Qdwxuh ri lqirupdwlrq dqg lwv dqdo|vlv> 7,
Wkh vxlwdeoh vhohfwlrq ri lqirupdwlrq surfhvvlqj phwkrgv1

Dw wkh lqlwldo shulrg ri jdwkhulqj dqg surfhvvlqj wkh dffhvvleoh lqirupd0
wlrq lw lv hvwlpdwhg wkdw wklv lqirupdwlrq hperglhv frpelqhg suredelolw|0
srvvlelolw| qdwxuh1 Ghwdlohg dqdo|vlv ri wklv lqirupdwlrq zdv fduulhg rxw
dqg lwv suredelolw|0srvvlelolw| qdwxuh zdv prwlydwhg1
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Edvhg rq wkhvh �qglqjv/ wkh vr0fdoohg ix}}| glvfulplqdwlrq dqdo|vlv ^4`/
dorqj zlwk wkh vxssohphqwdu| frqqhfwlylw| dqdo|vlv ^5`/^6`/ zdv fkrvhq dv
wkh prvw h�hfwlyh phwkrg iru surfhvvlqj sulpdu| gdwd1

4f1 Sulpdu| gdwd/ dv lq glvfulplqdwlrq dqdo|vlv/ lv suhvhqwhg lq wkh irup
ri iuhtxhqf| pdwul{ ^4`

P� P2 === P?

eI @

3EEC
i�� i�2 === i�?
i2� i22 === i2?
=== === === ===
i6� i62 === i6?

4FFD
D�

D2

===
D6

> +414,

zkhuh P&

�
n @ 4> q

�
duh wkh ydoxhv ri hduwktxdnh srzhu/ D,

�
o @ 4>p

�
0

dfwlylwlhv +hduwktxdnh suhfxuvruv dqg dovr frqvwdqw fkdudfwhulvwlfv vxfk dv
vhlvplf uhjlrqdo gdwd ru doo h{dfwo| iruhfdvwdeoh //wuljjhulqj% h�hfwv hwf1,/
i��

�
l @ 4>p> m @ 4> q

�
lv d uhodwlyh iuhtxhqf| ri dfwlylw| D� zkhq srzhu

ri hduwktxdnh lv P�= Dqdo|vlv ri lqirupdwlrq zh vshdn derxw lv qhfhvvdu|
dw �uvw iru ghwhuplqdwlrq ri suhfxuvruv lpdjh +wkh krul}rqwdo hqwulhv ri
iuhtxhqf| pdwul{,1 Dv yhuwlfdo hqwulhv zh vxjjhvw wkh iroorzlqj lqwhuydov ri
srzhu=

^? 6` > ^6> 7` > ^7> 8` > ^8> 9` > ^9> :` > ^A :` +415,

Wkhvh lqwhuydov zh frqvlghu dv wkh ydoxhv ri ix}}| yduldeoh wkh olqjxlvwlf
ghvfulswlrq ri zklfk lv

> > hduwktxdnh% @> > hduwktxdnh+^? 6`, dovr

> > hduwktxdnh ri prghudwh srzhu%+^6� 8`,dovr

> > vwurqj hduwktxdnh%+^A 8`,

Vr0fdoohg dqrpdolhv +suhfxuvruv, lq ehkdylrxu ri vrph wzr0glphqvlrqdo
wlph +w�> w2, ixqfwlrqv kdyh ehhq frqvlghuhg dv dfwlylwlhv +iru h{dpsoh/ dqrpd0
olhv lq ehkdylrxu ri wkh hohfwulfdo �hog vwudlq/ yhuwlfdo fxuuhqw/ suhvvxuh jud0
glhqw dqg vr rq,1 Wkh vwuxfwxuh ri wkh �uvw frpsrqhqw w� lv= wkh frpsrqhqw
suhvhqwv lwvhoi dv vhsdudwh prphqwv ri phdvxuhphqw ri wkh ixqfwlrq ydoxhv
gxulqj d whq0gd| shulrg ehiruh dq hduwktxdnh/ zlwk dq lqwhuydo ri dq krxu1
Frpsrqhqw w2 lv |hduv zkhq wkh hduwktxdnh rffxuuhg1 Vxfk vwuxfwxuh fruuh0
vsrqgv wr dydlodeoh gdwd1 Qdwxudoo|/ rwkhu gdwd ghwhuplqhv rwkhu vwuxfwxuh1

Ghwdlov ri ghwhuplqdwlrq ri wkh //dqrpdo| lpdjh% e| ix}}| vhw0wkhruhwlf
phwkrgv duh flwhg lq ^7`1

Wkxv iru �{hg ydoxh ri w� wkh iuhtxhqf| pdwul{ +414, kdv wkh irup=

99
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Wdeoh4

Lq wklv wdeoh wkh suhfxuvruv +dqrpdolhv, duh qdwxudoo| glylghg lqwr jurxsv=
wkh jurxs ri hohfwulfdo �hog/ suhvvxuh jurxs dqg hwf1 Wkh zkroh dpsolwxgh ri
dqrpdo| fkdqjlqj lv glylghg e| lqwhuydov vr wkdw hdfk ri wkhp lv frqvlghuhg
dv dq dfwlylw|1

Dorqj zlwk wkh diruhphqwlrqhg ydoxhv lqglfdwlqj wkh vwudlq ri hohfwulf
�hog/ yhuwlfdo fxuuhqw/ suhvvxuh/ judglhqw ri suhvvxuh/ pdjqhwlf �hog dqrpd0
olhv/ wkh fkdudfwhulvwlfv ri vorz prwlrq ri wkh Hduwk fuxvw/ fkdqjhv lq wkh glv0
wulexwlrq ri uhvlolhqw zdyh yhorflwlhv/ gdwd uhfhlyhg iurp revhuylqj plqhudo
zdwhuv/ fkdqjhv lq wkh frqfhqwudwlrq ri ydulrxv fkhplfdo hohphqwv frqwdlqhg
lq xqghujurxqg zdwhuv dqg yhu| qrwlfhdeoh suhfxuvruv olnh wkh deqrupdo eh0
kdylrxu ri dqlpdov +hvshfldoo| �vk, duh dovr frqvlghuhg oljkwqlqj/ fkdqjhv
ri wkh ohyho ri zdwhu lq guloo krohv dqg //frqvwdqw% fkdudfwhulvwlfv vxfk dv
vhlvprorjlfdo }rqlqj dqg h{dfwo| iruhfdvwdeoh %wuljjhulqj% h�hfwv1

5f= Lqvwhdg ri d iuhtxhqf| pdwul{ eI ri glvfulplqdwlrq dqdo|vlv frqvlghu d
//vxepdwul{% fruuhvsrqglqj wr vrph lqwhuydo ri srzhu dqg fhuwdlq jhr�hog/
iru h{dpsoh/

9:
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P
E&�
r� P

E&�
r2 P

E&�
r� P

E&�
re P

E&�
rD

eI E&� @

3EEC
ir�|� ir2|� ir�|� ire|� irD|�
ir�|2 ir2|2 ir�|2 ire|2 irD|2
ir�|� ir2|� ir�|� ire|� irD|�
ir�|e ir2|e ir�|e ire|e irD|e

4FFD
D|�

D|2

D|�

D|e

> +n @ 4> 5> 6,+416,

dqg uhsodfh lw e| //olqjxlvwlf% yduldqw/ zkhuh pdwul{ hohphqwv duh ydoxhv
ri olqjxlvwlf yduldeoh1 Khuh zh frqvlghu d fodvvlfdo +qrq0ix}}|, fdvh zkhq
wklv yduldeoh wdnhv rqo| wzr ydoxhv= 4 +wkh jlyhq w|sh ri hduwktxdnh lv
dffrpsdqlhg e| d fhuwdlq dfwlylw|, dqg 3 +hduwktxdnh lv qrw dffrpsdqlhg
e| wklv dfwlylw|,1

Iru h{dpsoh zh uhfhlyh wkh iroorzlqj pdwul{=

P
E&�
r� P

E&�
r2 P

E&�
r� P

E&�
re P

E&�
rD

n eU& @

3EEC
4 3 3 3 3
4 4 4 4 3
4 4 3 4 4
3 4 4 4 4

4FFD
D|�

D|2

D|�

D|e

= +417,

E| Dwflq*v whuplqrorj| wklv pdwul{ lv fdoohg dq lqflghqfh pdwul{> lw
ghwhuplqhv vrph uhodwlrq +fdoohg //frqqhfwlylw|%, rq wkh Ghfduwh surgxfw
iP � iDjj = Wkxv yhuwlfdo hqwulhv ri wklv pdwul{ fruuhvsrqg wr fhuwdlq fdvhv
ri hduwktxdnhv dqg krul}rqwdo rqhv 0 wr uhohydqw dfwlylwlhv1

Dsso|lqj wr vxfk lqflghqfh pdwul{ wkh frqqhfwlylw| wkhru| rqh fdq slfn
rxw uhsuhvhqwdwlyh fkdlqv ri dfwlylwlhv iru jlyhq hduwktxdnh1 Frqvlghu wkh
surfhgxuh lq ghwdlov iru wkh pdwul{ +417, zkhuh zh vxssrvh n @ 5= Ohw
ehvlghv=

n eU� @

3EEC
4 4 3 4
3 3 4 4
4 4 4 3
4 4 3 4

4FFD n eU� @

3EEC
4 3 4 3 4
4 4 4 3 3
4 3 3 3 4
4 4 4 4 3

4FFD = +418,

Frqvlghudwlrq ri wkhvh lqflghqfh pdwulfhv grhv qrw uhpryh xqfhuwdlqw|
exw dv zh fdq vhh lw hqdeohv wr uhfhlyh wkh glvwulexwlrq ri uhsuhvhqwdwlyh
fkdlqv e| frqqhfwlylw| ohyhov dqg frqvhtxhqwo| wr ghvljq wkh jhqhudol}hg vr0
oxwlrq lq wkh irup ri srvvlelolw| glvwulexwlrq rq wkh vhw ri srvvleoh w|shv ri
hduwktxdnhv1 Dwnlq*v phwkrg shuplwv wr fdofxodwh wkh txdqwlw| ri frqqhf0
wlylw| fruuhvsrqglqj wr dq| sdlu ri froxpqv ru urzv ri wkh lqflghqfh pdwul{1
Wklv qrwlrq ri frqqhfwlylw| lv ghulyhg e| ylhzlqj wkh urzv ru froxpqv ri

9;
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lqflghqfh pdwul{ dv sro|khgud lq pxowl0glphqvlrqdo vsdfh1 Wkh frqqhfwly0
lw| ehwzhhq wzr sro|khgud lv jlyhq e| wkh qxpehu ri vkduhg idfhv1 Wzr
srlqwv duh htxlydohqw wr d vlqjoh idfh/ wkuhh srlqwv wr wzr idfhv dqg vr rq1

Wkxv hduwktxdnhv P
E��
r� dqg P

E��
re vkduh d vlqjoh idfh yld dfwlylwlhv D� dqg

D�= Dfwlylwlhv D� dqg De vkduh wzr idfhv yld hduwktxdnhv P
E2�
r2 >P

E2�
re dqg

P
E2�
rD > rqh idfh yld P

E��
�� dqg P

E��
�2 dqg kdyh qr vkduhg idfhv lq wkh wklug

jurxs ri hduwktxdnhv1

Wkh frqqhfwlylwlhv ehwzhhq hduwktxdnhv � eFE&�
� / dqg dfwlylwlhv � eFE&�

� > duh
jlyhq e|

n eFE&�
� @n eUAn

&
eU& � e� >n eFE&�

� @n eUn
&
eUA
& � e�> +419,

3 eFE&�
� @3 eUA3

&
eU& � e� >3 eFE&�

� @3 eU3& eUA
& � e�> +41:,

zkhuh n eUA
& lv wkh wudqvsrvhg ri pdwul{ eU&> e� dqg e� duh vlpso| pdwulfhv

zlwk doo hohphqwv xqlw| dqg wkhlu glphqvlrqdolw| frlqflghv fruuhvsrqglqjo|
zlwk glphqvlrqv eUA

&
eU& dqg eU&

eUA
& 1 Wkxv

n eFE&�
� @

3EEC
6 6 4 5
6 6 4 5
4 4 5 4
5 5 4 6

4FFD�

3EEC
4 4 4 4
4 4 4 4
4 4 4 4
4 4 4 4

4FFD

P
E��
�� P

E��
�2 P

E��
�� P

E��
�e +41;,

@

3EEC
5 5 3 4
5 5 3 4
3 3 4 3
4 4 3 5

4FFD
P

E��
��

P
E��
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P
E��
��

P
E��
�e

n eFE��
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4 5 4 4
5 4 6 5
6 4 5 6

4FFD�

3EEC
4 4 4 4
4 4 4 4
4 4 4 4
4 4 4 4

4FFD
D� D2 D� De +41<,

@

3EEC
5 3 4 5
3 4 3 3
4 3 5 4
5 3 4 5

4FFD
D�

D2

D�

De

+4143,

9<
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Dqdorjrxvo|/

n eFE2�
� @

3EEEEC
5 4 3 4 3
4 5 4 5 4
3 4 4 4 3
4 5 4 5 4
3 4 3 4 4

4FFFFD >n eFE��
� @

3EEEEC
6 4 5 3 4
4 4 4 �4 �4
5 4 5 3 3
3 3 3 3 �4
4 �4 3 �4 4

4FFFFD +4144,

n eFE2�
� @

3EEC
5 3 4 5
3 4 3 3
4 3 5 4
5 3 4 5

4FFD >n eFE��
� @

3EEC
3 3 3 �4
3 6 5 5
3 5 6 5
�4 5 5 6

4FFD +4145,

�4 deryh lqglfdwhv wkdw hduwktxdnhv P
E��
�2 dqg P

E��
�D >P

E��
�e dqg P

E��
�D duh

wrwdoo| glvfrqqhfwhg1 D nh| ihdwxuh ri rxu fodvvl�fdwlrq ri hduwktxdnhv dqg
dfwlylwlhv lv wkdw wkhuh lv frqvlghuhg hylghqfh iru hdfk k|srwkhvlv dv zhoo dv
djdlqvw lw1 Wklv zdv wkh prwlydwlrq iru wkh srvlwlyh dqg qhjdwlyh dvshfwv ri
frqqhfwlylw|1 Hvvhqwldoo| srvlwlyh frqqhfwlylw| h{dplqhv wkh frqqhfwhgqhvv
ri wkh xqlw hohphqwv lq wkh lqflghqfh pdwul{/ zklovw qhjdwlyh frqqhfwlylw|
h{dplqhv }hurv1 Irupxodv +41;,0+4145, duh iru srvlwlyh frqqhfwlylw|1 Dggxfh
fruuhvsrqglqj h{suhvvlrqv iru qhjdwlyh frqqhfwlylw|=

3 eFE��
� @
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3 3 �4 �4
�4 �4 4 �4
�4 �4 �4 3
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4FFFFD >3 eFE2�
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4FFD
+4147,
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� @

3EEEEC
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�4 4 3 5 3
�4 �4 �4 3 4

4FFFFD >3 eFE��
� @

3EEC
4 3 3 �4
�4 4 �4 3
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Dwnlq*v wkhru| shuplwv wr hvwdeolvk wkh frqqhfwlylw| qrw rqo| ehwzhhq
wzr sro|khgud exw dovr fkdlqv ri sro|khgud frqqhfwhg zlwk dw ohdvw vrph
jlyhq qxpehu ri idfhv/ l1h1 fkdlqv ri fhuwdlq hduwktxdnhv ru dfwlylwlhv1 Wklv

fkdlqv ri frqqhfwlrq fdq eh ghwhuplqhg gluhfwo| iurp pdwulfhv � eFE&�
� dqg

� eFE&�
� = Uhvxowv iru rxu h{dpsoh duh flwhg lq wdeohv=

Wdeoh5

Wdeoh6

:4
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Wdeoh7

Khuh t lqglfdwhv wkh ohyho ri frqqhfwlylw| +qxpehu ri idfhv,1 Eudfnhwv
hqforvh wkh sro|khgud frqqhfwhg dw wkdw ohyho1 Wkxv hduwktxdnh ri �uvw

jurxs P
E��
�e lv vhoifrqqhfwhg dw ohyho 5> dw wkdw ohyho P

E��
�� dqg P

E��
�2 duh

frqqhfwhg1 Dw ohyho 5 P
E��
�e dqg

q
P

E��
�� >P

E��
�2

r
duh lvrodwhg dqg wkh| duh

mrlqhg dw ohyho 41eF� 0fkdlqv ghvfuleh krz zhoo wkh vhw ri hduwktxdnh lv uhsuhvhqwdwlyh ri
d vlqjoh jurxs lq whupv ri wkhlu h{klelwhg dfwlylwlhv1 Wklv dqdo|vlv pd| eh
xvhixo wr glvfryhu zkhwkhu gl�huhqw hduwktxdnhv whqghg wr lqglfdwh %v|q0
gurphv% ri vrph hduwktxdnh jurxs1 Wkh fruuhvsrqglqj eF�� fkdlqv gh0
vfuleh krz zhoo sduwlfxodu vxevhwv ri dfwlylwlhv duh uhsuhvhqwdwlyh ri hduwk0
txdnhv dv zkroh dqg khqfh frxog eh xvhg wr lghqwli| sdwwhuqv ri dfwlylwlhv
zklfk duh vwurqjo| lqglfdwlyh ri wkh hduwktxdnh1 Vshdnlqj derxw frqqhf0
wlylw| zh lpso| lqirupdwlrqdo frqqhfwlrq/ zklfk dovr pd| eh sk|vlfdo1

6f= Qrz frqvlghu phdvxuh ri frqqhfwlylw|1 Suholplqdulo| dggxfh qhfhv0
vdu| gh�qlwlrqv=

Gh�qlwlrq 41 Frqvlghu d sdlu ri q0glphqvlrqdo yhfwruv �$d dqg
�$
e = Wkh

vhw ri rughuhg sdlu

i+d�> e�, = dw ohdvw d� ru e� A 3j

lv fdoohg wkh vxssruw ri
�
+d�> e�, = l @ 4> q

�
=

Gh�qlwlrq 51 Wzr yhfwruv �$d dqg
�$
e duh vdlg wr eh %htxlydohqw% li doo

sdluv +d�> e�, ri vxssruw duh vxfk wkdw d� @ e�= Wzr htxlydohqw yhfwruv kdyh
d xqlw frqqhfwlylw|1

:5
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Gh�qlwlrq 61 Wzr yhfwruv �$d dqg
�$
e duh vdlg wr kdyh %devroxwh glv0

sdulw|% li lq doo sdluv lq wkh vxssruw ri
�
+d�> e�, = l @ 4> q

�
h{dfwo| rqh ri

frpsrqhqw d� ru e� lv }hur1 Lq dgglwlrq wzr yhfwruv duh devroxwho| glvsdudwh
li wkh| kdyh qxoo vxssruw1 Wzr devroxwho| glvsdudwh yhfwruv kdyh d }hur
frqqhfwlylw|1

Gh�qlwlrq 71 Iru wzr yhfwruv kdylqj hohphqwv d�> e� 5 ^3> 4` iru doo l
zklfk duh qhlwkhu htxlydohqw qru devroxwho| glvsdudwh wkh frqqhfwlylw| lv
jlyhq e| sursruwlrq ri sdluv +d�> e�, lq wkh vxssruw vxfk wkdw d� @ e� @ 4=

Ohw lghqwli| wkh phdvxuh ri frqqhfwlylw| zlwk wkh vfdodu surgxfw ri yhf0
wruv �$d dqg

�$
e / d� � e�> zklfk fdq eh lqwurgxfhg surfhhglqj iurp deryh

gh�qlwlrqv dqg frppxwdwlylw| ri surgxfw1 Qrwlfh wkdw/ doo vd|lqj lv uh0
odwhg zlwk erwk ix}}| dqg qrq0ix}}| yhfwruv/ exw iru qrq0ix}}| yhfwruv rqh
uhfhlyh wkh xqltxh h{suhvvlrq=

F @

#
?[
�'�

+d� a e�,

$
@

#
?[
�'�

+d� b e�,

$
> +4149,

zklovw iru ix}}| yhfwruv wkh h{suhvvlrq ri vfdodu surgxfw lv qr orqjhu xqltxh1
Ohw jlyh d vlpsoh uxoh ri dssruwlrqphqw ri uhsuhvhqwdwlyh fkdlqv= lq

wdeohv+509, vxfk fkdlqv duh idluo| odujh dqg kljko| frqqhfwhg +h{foxglqj
fkdlqv zlwk rqh frpsrqhqw,1 Wr hdfk vhohfwhg fkdlq lv dwwdfkhg wkh ohyho
ri frqqhfwlylw| e| gh�qlwlrq 7 �1 Zh uhfhlyh wkh iroorzlqj wdeoh=
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Wdeoh:

Wdeohv 70: hvwdeolvk wkh glvwulexwlrq ri frqqhfwlylwlhv e| uhsuhvhqwdwlyh
fkdlqv1 Zh hvshfldoo| zhuh lqwhuhvwhg lq xqfhuwdlqw| glvwulexwlrq e| uhsuh0
vhqwdwlyh fkdlqv ri dfwlylwlhv1 Iru dq| fhuwdlq lpdjh ri dfwlylwlhv srvvlelolw|
glvwulexwlrq e| hduwktxdnh srzhuv lv uhvxowlqj=
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zkhuh P E�� lqglfdwhv wkh jurxs ri hduwktxdnh/ F� lv wkh phdvxuh ri frqqhf0
wlylw| fruuhvsrqglqj wr wkh fkdlq Tl> S
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ghqrwhv wkh sursru0
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fruuhvsrqglqj sursruwlrq lq wkh fdvh ri qhjdwlyh frqqhfwlylw|/ //Odujh% dqg
//Vpdoo% duh ix}}| vxevhwv ri wkh lqwhuydo ^3> 4` =

Ohw iru h{dpsoh
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Lqghshqghqwo| ri frqfuhwh irup ri "u@o}e lw lv hylghqw wkdw wkh ghflvlrq

lv P E2�= Exw lq pruh jhqhudo fdvh wkh irup ri "u@o}edqg "76@,, lv yhu|
lpsruwdqw1

WWklv zrun zdv vxssruwhg e| LQWDV judqw Q5459 +<;,
�Pdodjd Xqlyhuvlw|/ Vsdlq1
�Welolvl Vwdwh Xqlyhuvlw|/ Jhrujld1

Uhihuhqfhv

41 Dwnlq U1K1 Pdwkhpdwlfdo vwuxfwxuhv lq Kxpdq d�dluv1 Fudqh/ Uxvvdn )

Fr/ Q1\1 +4<:7,1

51 Fuldgr I1/ Jdfkhfklodg}h W1/ Phodg}h K1/ Wvhuwvydg}h J1 Ghflvlrq 0 Pdnlqj

dqg surjqrvlv ri hduwktxdnh1 Surf1 Welolvl Vwdwh Xqlyhuvlw| +Dsso1 Pdwkh0

pdw1 dqg Lqirupdwlfv,/ +4<<;,1

61 Fuldgr I1/ Jdfkhfklodg}h W1/ Phodg}h K1/ Wvhuwvydg}h J1/ Vluelodg}h J1

H{shuwv lqvx�flhqw ix}}| gdwd dqdo|vlv rq wkh �qlwh vhw1 Welolvl Vwdwh Xql0

yhuvlw| +Dsso1 Pdwkhpdw1 dqg Lqirupdwlfv, 0 wr eh sxeolvkhg1

71 Qruulv G1/ Slovzruwk E1Z1/ Edogzlq M1I1 Phglfdo gldjqrvlv iurp sdwlhqw

uhfrugv 0 D phwkrg xvlqj ix}}| glvfulplqdwlrq dqg frqqhfwlylw| dqdo|vhv1
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