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Devwudfw

Grhv wkh qhwzrun vwuxfwxuh lq zklfk hfrqrplf djhqwv lqwhudfw d�hfw wkhlu delolw| wr frruglqdwh

rq kljk sd|r� lqyhvwphqwv lq hqylurqphqwv zlwk pxowlsoh htxloleuldB Zh frqgxfw h{shulphqwv

zlwk sdlg kxpdq vxemhfwv lq dq h�ruw wr uhvroyh wklv lpsruwdqw txhvwlrq1 Rxu h{shulphqw whvwv

zkhwkhu wzr gl�huhqw h{rjhqrxvo| lpsrvhg lqwhudfwlrq vwuxfwxuhv/ wkh orfdo lqwhudfwlrq vwuxfwxuh

ri Hoolvrq +4<<6, dqg wkh xqlirup pdwfklqj vwuxfwxuh ri Ndqgrrul/ Pdlodwk/ dqg Ure +4<<6, ru

\rxqj +4<<6,/ d�hfwv wkh delolw| ri kxpdq vxemhfwv wr frruglqdwh rq d sd|r� grplqdqw Qdvk

htxloleulxp lq d vlpsoh frruglqdwlrq jdph zkhuh wkh xqltxh sd|r� grplqdqw htxloleulxp lqlwldoo|

frlqflghv zlwk dqg odwhu gl�huv iurp wkh ulvn grplqdqw Qdvk htxloleulxp1 Wkh suholplqdu|

h{shulphqwdo �qglqjv surylgh lqvljkw rq krz fhuwdlq sd|r� grplqdwhg vwudwhjlhv pd| vsuhdg

wkurxjk dq hfrqrp| 0 rxu gh�qlwlrq ri d frqwdjlrq1 Wkhvh �qglqjv duh dovr xvhg wr frqvwuxfw

wkh dssursuldwh prgho ri lqglylgxdo ohduqlqj ehkdylru wkdw jlyhv ulvh wr d frqwdjlrq zlwklq wkh

frruglqdwlrq jdph hqylurqphqw wkdw zh vwxg|1

�� W?|hL_�U|�L?

Wkh iuhtxhqwo| flwhg jrdov ri d �qdqfldo v|vwhp duh h�flhqf| dqg vwdelolw|1 Uhfhqw h{shulhqfh

zlwk wkh Dvldq �qdqfldo fulvlv kdv kljkoljkwhg wkh lvvxh ri frqwdjlrq1 Wkhuh duh qxphurxv prghov

ri edqnlqj zkhuh frqwdjlrq kdv sod|hg d uroh +h1j1 Doohq dqg Jdoh +4<<;,/ Gldprqg dqg G|eylj

+4<;6,/ Odjxqr� dqg Vfkuhiw +4<<;,,1 Lq hdfk ri wkhvh sdshuv/ dvvxpswlrqv derxw sd|r�v idoo zlwklq

wkh fodvv ri frruglqdwlrq jdphv dqg uhvwulfwlrqv rq sdwwhuqv ri lqwhudfwlrq duh fulwlfdo iru lvvxhv ri

h{lvwhqfh/ pxowlsolflw|/ dqg vwdelolw| ri htxloleuld1

Lq wklv sdshu/ zh wu| wr vkhg oljkw rq krz lqirupdwlrqdo uhvwulfwlrqv lpsolhg e| lqwhudfwlrq

sdwwhuqv pd| d�hfw �qdqfldo pdunhw htxloleuld e| vwxg|lqj gdwd iurp pruh jhqhudo h{shulphqwdo

frruglqdwlrq jdphv1
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5141 Sd|r�v

Wkh edvlf prgho lv ri d uhshdwhg jdph sod|hg lq shulrgv w @ 4> 5> 6> ===> W= Wkhuh lv d �qlwh vhw

ri sod|huv Q @ i4> 5> ===>Qj1 Lq hdfk shulrg/ doo sod|huv duh hqgrzhg zlwk rqh xqlw ri lqglylvleoh

fdslwdo1 Ehiruh dq djhqw lqwhudfwv zlwk vrph vxevhw ri wkh srsxodwlrq +dffruglqj wr d surwrfro wr eh

ghvfulehg ehorz,/ kh pxvw pdnh dq lqyhvwphqw ghflvlrq wkdw lqyroyhv fkrrvlqj ehwzhhq rqh ri wzr

srvvleoh dfwlrqv1 Wkh dfwlrq fkrvhq zloo wkhq eh lpsohphqwhg lq hdfk ri wklv sod|huv* lqwhudfwlrqv

zlwk rwkhu sod|huv1 Kh pd| lqyhvw lq d surgxfwlyh whfkqrorj| wkdw sd|v rxw d jurvv uhwxuq ri U A 5

rqo| zkhq dqrwkhu sod|hu zlwk zkrp kh lqwhudfwv kdv dovr lqyhvwhg khu fdslwdo jrrg1 Lq wkdw hyhqw/

wkh wzr sduwqhuv glylgh wkh uhwxuq htxdoo|1 Li d sod|hu*v sduwqhu grhv qrw lqyhvw khu fdslwdo/ wkh

sod|hu zkr lqyhvwv uhfhlyhv d _vfuds ydoxh% 4 A v A 31 Wkh vfuds ydoxh/ v/ lv ohvv wkdq wkh dprxqw

ri fdslwdo lqyhvwhg dv lw lv dvvxphg wkdw wkhuh lv d frvw wr oltxlgdwlqj dq lqyhvwphqw surmhfw rqfh d

frpplwphqw kdv ehhq pdgh wr wkdw surmhfw1 Dowhuqdwlyho|/ wkh sod|hu pd| fkrrvh wr hdw klv rzq

fdslwdo lq zklfk fdvh khu sd|r� lv 4/ lqghshqghqw ri zkdw khu sduwqhu grhv wkxv dvvxulqj klpvhoi

dq dxwdunlf rxwfrph1 Khqfh/ ehiruh ehlqj pdwfkhg lq shulrg/ sod|hu l fkrrvhv rqh ri wzr srvvleoh

dfwlrqv d� 5 D @ iLqyhvw> Gr Qrw Lqyhvwj1 Zh vxppdul}h wkh sd|r�v dvvrfldwhg zlwk lqwhudfwlrq

ehwzhhq djhqwv l dqg m e| wkh 5� 5 frruglqdwlrq jdph=

�

+l> m, Lqyhvw Gr Qrw Lqyhvw

Lqyhvw

-
2
>

-
2

v> 4

Gr Qrw Lqyhvw 4> v 4> 4

+514,

Qrwh wkdw li 4 � v ?

-
2
� 4> wkhq +Lqyhvw> Lqyhvw, lv erwk wkh sd|r�~ dqg wkh ulvn~grplqdqw

htxloleulxp1 Krzhyhu/ li 4 � v A

-
2
� 4/ wkhq +Lqyhvw/ Lqyhvw, uhpdlqv wkh sd|r�~grplqdqw

htxloleulxp/ exw +Gr Qrw Lqyhvw/ Gr Qrw Lqyhvw, ehfrphv wkh ulvn~grplqdqw htxloleulxp1

5151 Pdwfklqj whfkqrorj|

Uhvwulfwlrqv rq lqwhudfwlrqv duh hperglhg e| wkh fkrlfh ri ���+j,/ zklfk dvvljqv d zhljkw ri djhqw

l phhwlqj djhqw m lq qhwzrun j1 Eruurzlqj whuplqrorj| iurp Pruulv +4<<:,/ zh dvvxph wkdw wkh

lqwhudfwlrqv duh erxqghg +l1h1 wkdw wkh zhljkwv dgg xs wr rqh dqg duh qrw ghjhqhudwh,1 Wr gh�qh

lqwhudfwlrq vwuxfwxuhv ru qhwzrunv zh eruurz whuplqrorj| iurp Mdfnvrq dqg Zrolqvn| +4<<9,1 Wkh

frpsohwh judsk/ ghqrwhg j

�
/ lv wkh vhw ri doo vxevhwv ri Q ri vl}h 51 Wkh vhw ri doo srvvleoh judskv rq

Q lv ijmj � j

�
j1 Ohw lm ghqrwh wkh vxevhw ri Q frqwdlqlqj l dqg m1 Zh vkdoo uhihu wr wklv vxevhw dv

wkh olqn lm1 Ohw j. lm @ j ^ilmj ghqrwh wkh judsk rewdlqhg e| dgglqj olqn lm wr wkh h{lvwlqj judsk

j dqg j� lm @ jqilmj ghqrwh wkh judsk rewdlqhg e| ghohwlqj olqn lm iurp wkh h{lvwlqj judsk j1 Ohw

Q+j, @ ilm<m v1w1 lm 5 jj eh wkh vhw ri sod|huv lqyroyhg lq dw ohdvw rqh olqn dqg Q�+j, @ imm;m 9@ l

v1w1 lm 5 jj eh wkh vhw ri sod|huv zlwk zkrp djhqw l lv gluhfwo| olqnhg1 Ohw q+j, dqg q�+j, eh wkh

fduglqdolw| ri Q+j, dqg Q�+j,1 Ilqdoo|/ ohw wkhuh eh wkh srvvlelolw| ri frvwv dvvrfldwhg zlwk iruplqj

olqnv1 Wkhvh pd| eh lqwhusuhwhg dv wkh frvwv ri vhdufklqj iru surgxfwlrq sduwqhuv1 Pruh vshfl�fdoo|/

ohw f��+j, � 3 ghqrwh wkh frvw wr djhqw l ri dgglqj olqn lm wr judsk j=

�
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Wkh olwhudwxuh wkdw zh vwxg| lv uhodwhg wr wkh fodvv ri erxqghg lqwhudfwlrq jdphv1 H{dpsohv

lqfoxgh wkh xqlirup pdwfklqj uxoh +XP, ri Ndqgrul/ Pdlodwk/ dqg Ure +4<<6, ru \rxqj +4<<6,

dqg wkh orfdo lqwhudfwlrq uxoh +OL, ri Hoolvrq +4<<6,1 Lq wklv fdvh/ Q � 4 � q�+j, � 51 Dqrwkhu

vwudqg ri olwhudwxuh/ zklfk Pruulv whupv ghwhuplqlvwlf orfdo lqwhudfwlrq/ dvvxphv wkdw pdwfkhv fdq

lqfoxgh ghjhqhudwh olqnv +h1j1 prqrjdprxv pduuldjhv +rqh olqn, ru sro|jdprxv pduuldjhv +d vwdu,,1

Uhfhqw h{dpsohv ri wklv olwhudwxuh/ zklfk dovr h{dplqhv hqgrjhqrxv lqwhudfwlrq/ lqfoxgh Mdfnvrq

dqg Zrolqnv| +4<<9,/ Pdlodwk/ Vdpxhovrq/ dqg Vkdnhg +4<<:,/ dqg Mdfnvrq dqg Zdwwv +4<<<,1 Zh

krsh wr h{whqg rxu h{shulphqwdo dqdo|vlv wr wkhvh qhwzrunv lq wkh ixwxuh1

Wr looxvwudwh wkh w|shv ri lqwhudfwlrq vwuxfwxuhv zh vwxg|/ ohw Q @ 7=Zh hpskdvl}h khuh wkdw

Q @ 7 zdv fkrvhq iru looxvwudwlyh sxusrvhv rqo| ehfdxvh lw dgplwv erwk XP dqg OL dv vshfldo fdvhv1

Rxu h{shulphqwv frqvlghu ydoxhv ri Q @ 431 Wkh ihdvleoh judskv duh vkrzq lq Iljxuh 41 Lq hdfk

� �

� �� 2

�e

+d,

� �

� �

a
a
a
a%

%
%
%

� 2

�e

+e,

� �

� �

%
%
%
%

� 2

�e

+f,

� �

� �

a
a
a
a%

%
%
%

� 2

�e

+g,

Iljxuh 514= Looxvwudwlrq ri doo srvvleoh judskv zkhq Q @ 7

judsk/ wkh lqwhudfwlrq zhljkwv duh jlyhq e|

���+j, @

+
�

?�E}�
li m 5 Q�+j,/

3 rwkhuzlvh1

Wkh �uvw judsk +41d,/ zklfk zh ghqrwh e| juU / lv wkh 7~djhqw yhuvlrq ri d orfdo lqwhudfwlrq prgho1

2

Lq wklv fdvh/ hdfk djhqw kdv q�+juU, @ 5 gluhfw olqnv +dqg 5 lqgluhfw olqnv, wr hyhu| djhqw lq wkh

hfrqrp|1 Wkh vhfrqg judsk +41e,/ zklfk zh ghqrwh jL� / lv d 7 djhqw yhuvlrq ri wkh xqlirup

pdwfklqj prgho1 Lq wklv fdvh/ hdfk djhqw kdv q�+jL� , @ 6 gluhfw olqnv wr doo rwkhu djhqwv lq wkh

hfrqrp|1

Wkh uhpdlqlqj judskv lq Iljxuh 4 duh yduldqwv ri wkh pruh idploldu OL dqg XP hqylurqphqwv1

Wkh wklug judsk +41f,/ zklfk zh ghqrwh j�> lv d yhuvlrq ri orfdo lqwhudfwlrq zkhuh djhqw 5 lv

rvwudfl}hg +R, exw wkh uhpdlqlqj djhqwv hdfk kdyh rqo| 5 gluhfw olqnv1 Wkh irxuwk judsk +41g,/

zklfk zh ghqrwh j� / lv d pl{wxuh ri wkh OL dqg XP qhwzrunv1 Wkdw lv/ wzr djhqwv duh sod|lqj OL

dqg wzr djhqwv duh sod|lqj XP1

5161 Lqirupdwlrq

Vlqfh hdfk djhqw lqwhudfwv zlwk hyhu| rwkhu djhqw lq klv qhljkerukrrg/ Q�+j,/ zh dvvxph wkdw lq dq|

urxqg w A 4/ djhqwv nqrz wkh vwudwhjlhv wkdw kdyh ehhq sod|hg e| wkhlu qhljkeruv lq doo suhylrxv

urxqgv/ wkurxjk w � 41 Wklv lqirupdwlrq lv vxppdul}hg e| wkh iuhtxhqf| zlwk zklfk d sod|hu*v

qhljkeruv kdyh fkrvhq wr lqyhvw1 Frqvlvwhqw zlwk wkh ghfhqwudol}hg qdwxuh ri djhqw lqwhudfwlrq/ zh

2
W? 6�}�hi �c |�ihi @hi 4@?) L|�ih }h@T�t |�@| @hi �tL4LhT��U |L |�i L?it �i Thiti?|� 6Lh �?t|@?Uic �? E��@� �i

U�LLti L?*) |L �**�t|h@|i |�i Rt^�@hi� h@|�ih |�@? |�i RML�|�i� Lh R�L�h}*@tt� �iht�L? Lu }uUEe��

6



dvvxph wkdw sod|huv gr qrw nqrz wkh vwudwhjlhv wkdw kdyh ehhq sod|hg e| sod|huv zlwk zkrp wkh|

duh qrw gluhfwo| pdwfkhg1

�� 5L4i ,^��*�Mh��4 �hi_�U|�L?t

Lw lv ehvw wr vwduw zlwk d vlpsoh khxulvwlf wr jdlq vrph lqwxlwlrq iru rxu uhvxowv1 Ohw xv dvvxph

wkdw 4 � v A

-

2
� 4 zklfk fruuhvsrqgv wr wkh fdvh zkhuh wkh sd|r� grplqdqw htxloleulxp lv

iLqyhvw> Lqyhvwj>zkloh wkh ulvn grplqdqw htxloleulxp lv +Gr Qrw Lqyhvw>Gr Qrw Lqyhvw,1Wkhuh lv

dovr d pl{hg vwudwhj| htxloleulxp iru wkh frruglqdwlrq jdph lq +514, zklfk sxwv suredelolw| t
W

@

�3r
-

2
3r

? 4 rq dfwlrq Lqyhvw1

Frqvlghu wkh srvvlelolw| ri _frqwdjlrq% gh�qhg dv d vkliw iurp frruglqdwlrq rq rqh sxuh vwudwhj|

htxloleulxp wr dqrwkhu1

�
Vxssrvh wkdw wkhuh lv d _qrlvh wudghu/% ghqrwhg e| djhqw � 5 Q / zkr

sod|v Gr Qrw Lqyhvw zlwk suredelolw| 4 � � � 31 Vxssrvh ixuwkhu wkdw wkhuh lv d klvwru| zkhuh doo

rwkhu djhqwv +Qq�, sod| Lqyhvw lq hdfk shulrg1 Wkhq wkh vwudwhj| ri frqwlqxlqj wr lqyhvw lq wkh

suhvhqfh ri d qrlvh wudghu uhpdlqv d ghwhuplqlvwlf ehvw uhvsrqvh wr klvwrulfdo iuhtxhqflhv iru sod|hu

l zkhuh � 5 Q�+j,/ surylghg wkdw

4�

�

q�+j,

� t

W

+614,

Qrwlfh wkdw wkh ohiw kdqg vlgh ri +614, lv lqfuhdvlqj lq q�+j, dqg wkh uljkw kdqg vlgh lv lqghshqghqw

ri q�+j,1 Wkxv/ zlwk d odujh hqrxjk qxpehu ri olqnv/ wkh vlqjoh qrlvh wudghu fdqqrw ghwhu wkh rwkhu

djhqwv iurp frqwlqxlqj wr lqyhvw lq hyhu| urxqg dqg uhpdlqlqj dw wkh sd|r� grplqdqw htxloleulxp1

Ixuwkhupruh/ lw lv hdv| wr vhh wkdw wkh ohiw kdqg vlgh ri +614, lv frqwlqxrxv dqg vwulfwo| ghfuhdvlqj

lq � dqg wkh uljkw kdqg vlgh lv lqghshqghqw ri �1 Dovr/ wkh lqhtxdolw| lv vwulfwo| vdwlv�hg iru � @ 3>

dv zhoo dv iru jL� dw � @ 4 iru pdq| dgplvvdeoh ydoxhv ri U> exw lv ylrodwhg iru juU dw � @ 4=

e

Wkxv/ e| frqwlqxlw|/ wkhuh h{lvwv �

W

5 +3> 4, vxfk wkdw iru � A �

W

lw lv qrw d ehvw uhvsrqvh iru sod|hu

l wr fkrrvh Lqyhvw lq OL1 Wkhuhiruh/ lq d XP qhwzrun wkh sd|r� grplqdqw htxloleulxp uhpdlqv

vwrfkdvwlfdoo| vwdeoh dqg qr frqwdjlrq rffxuv iru dq| � ru v xqghu rxu sdudphwulf dvvxpswlrqv1

Rq wkh rwkhu kdqg/ zh qhhg hlwkhu � orz ru v kljk lq rughu iru wkh OL qhwzrun wr uhpdlq dw wkh

sd|r� grplqdqw htxloleulxp +wr dyrlg frqwdjlrq wr wkh ulvn grplqdqw htxloleulxp,1Wklv vxjjhvwv

wkh zhoo nqrzq uhvxow iurp Hoolvrq/ wkdw XP lv pruh vwdeoh wkdq OL1 Lq rxu �uvw vhw ri h{shulphqwv

zh dgguhvv wklv suhglfwlrq derxw frqwdjlrq1

Wkh deryh khxulvwlf uhvxow reylrxvo| ghshqgv rq krz djhqwv ohduq1 Udwkhu wkdq vlpso| frq0

vlghu qdlyh ehvw uhvsrqvh +dv lq Hoolvrq ru Ndqgrrul/ Pdlodwk/ dqg Ure, zh frqvlghu wkh fdvh ri

vwrfkdvwlf �fwlwlrxv sod|1 Ehiruh grlqj vr/ krzhyhu/ zh qhhg wr lqwurgxfh vrph qrwdwlrq1 Ohw

�

|
� � +d

|
�> d

|
� >;m 5 Q�+j,, ghqrwh djhqw l

�

v shulrg0 w qhljkerukrrg dfwlrq sur�oh1 Ixuwkhupruh/ ohw

k

|
� @ +�

�

� > �
2

� > ===> �
|3�

� , ghqrwh dq lqirupdwlrq sduwlwlrq ri klvwru| iru djhqw l dqg ohw K

|
� ghqrwh wkh

vhw ri doo shulrg0w klvwrulhv lq djhqw l

�

v lqirupdwlrq sduwlwlrq1 D vwudwhj| iru djhqw l zloo eh gh�qhg

ryhu wklv vhw1 Lq sduwlfxodu/ d sxuh vwudwhj| iru sod|hu l lv d vhtxhqfh ri pdsv

�
v

|
�

�A
|'�

> zkhuh v

|
� =

K

|
� $ D/ zlwk v

|
�+k

|
�, 5 D/ ;k

|
� 5 K

|
� = Ohw V

|
� ghqrwh wkh vsdfh ri doo vxfk v

|
�1 Lw vkrxog eh xqghuvwrrg

wkdw v

|
3� ghqrwhv wkh vwudwhjlhv sod|hg e| qhljkeruv m 5 Q�+j, rwkhu wkdq l dw wlph w1 Ghqrwh djhqw

l

�

v pl{hg vwudwhj| e| �

|
� 5 	

|
3� � �+V

|
� ,/ zkhuh �+�, lv wkh vsdfh ri suredelolw| glvwulexwlrqv1 Ohw

)

|
� � +�

|
� > �

|
� >;m 5 Q�+j,, ghqrwh djhqw l

�

v shulrg0 w qhljkerukrrg pl{hg vwudwhj| sur�oh1

�
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Dvvxph wkdw sod|huv dvvljq eholhi zhljkwv wr wkh vwudwhjlhv lq wkhlu qhljkeruv* vwudwhj| vhw1 Ohw

�
|

�
+v
3�, eh wkh zhljkw dvvljqhg e| sod|hu l wr klv qhljkeruv m 5 Q�+j, sod|lqj dfwlrq v

3� 5 V
3�1

Jlyhq lqlwldo zhljkwv �
f

�
= V

3� $ Un dqg wkh xqliruplw| ri wkh lqwhudfwlrq zhljkwv/ sod|hu l*v eholhi

zhljkwv iru shulrg w duh xsgdwhg dv iroorzv=

�
|

�
+v
3�, @ +4� �,�

|3�

�
+v
3�, .

[

�M��E}�

��

zkhuh wkh lqglfdwru ixqfwlrq lv gh�qhg dv=

�� @

+
4 li v

|3�

�
@ v

3�

3 li v
|3�

�
9@ v

3�

Khuh/ � 5 ^3> 4` fdq eh wkrxjkw ri dv wkh ghsuhfldwlrq ri klvwru|1 Lq vwdqgdug �fwlwlrxv sod| � @ 3/

zkloh iru qdlyh ehvw uhsrqvh sod| � @ 41 Wkh suredelolw| wkdw sod|hu l dvvljqv wr klv qhljkeruv

sod|lqj dfwlrq v

3� lq shulrg w lv=

�

|

�
+v
3�, @

�

|

�
+v
3�,

S
�

r
3�M73�

�
|

�
+

�

v
3�,

=

Wkxv eholhi suredelolwlhv duh dssur{lpdwho| wkh revhuyhg klvwrulfdo uhodwlyh iuhtxhqflhv ri dfwlrqv

sod|hg e| rssrqhqwv1 Iru lqvwdqfh/ li wkhuh duh wzr rwkhu djhqwv lq l @ 5
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zkhuh wkh suredelolw| wkdw dq| vwudwhj| lv qrw d ehvw uhvsrqvh lv sod|hg jrhv wr }hur dv �$ 3=

Lq oljkw ri wkh h{shulphqwdo hylghqfh wkdw zloo eh suhvhqwhg lq wkh qh{w vhfwlrq/ zh frqgxfwhg

d vhulhv ri prqwh fduor vlpxodwlrqv lq rughu wr vhh krz dq hfrqrp| zlwk Q @ 43 djhqwv pljkw

sod| lq gl�huhqw lqwhudfwlrq vwuxfwxuhv1 Zh frqvlghu wzr srodu fdvhv= d OL vwuxfwxuh zkhuh dq

djhqw sod|v zlwk klv wzr lpphgldwh qhljkeruv dqg d XP vwuxfwxuh zkhuh hdfk djhqw sod|v zlwk

hyhu| rwkhu djhqw1 Zh xvhg d sd|r� pdwul{ wkdw lv d vfdohg xs yhuvlrq ri +514,> lq sduwlfxodu/ zh ohw

U @ 6/v @

�

D
dqg wkhq vfdoh wkh sd|r� pdwul{ e| 83 +vhh Jdph 5 ehorz,1 Zh frqvlghu gl�huhqw ohyhov

ri wkh vwrfkdvwlf h{shulphqwdwlrq sdudphwhu � @ 3=4 dqg � @ 3=5> dv zhoo dv gl�huhqw ohyhov ri wkh

ghsuhfldwlrq ri klvwru| � @ 4 +d vwrfkdvwlf yhuvlrq ri qdlyh ehvw uhvsrqvh, dqg � @ 3 +wkh vwdqgdug

fdvh,1 Zh hqgrz doo djhqwv zlwk sulruv wkdw wkhlu qhljkeruv zloo sod| Lqyhvw zlwk suredelolw|
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rqh1 Zh frqvlghu dq _h{shulphqw% wr eh W urxqgv/ zklfk lv vlpxodwhg 4333 wlphv1 Rxu dfwxdo

h{shulphqwv +vhh Vhfwlrq 71514, vhw W @ 53= Zh dovr uhsruw vrph vlpxodwlrqv ehorz zlwk W @ 83 iru

frpsdulvrq1

Zh uhsruw wkh dyhudjh +ryhu doo djhqwv/ urxqgv/ dqg uxqv, iuhtxhqf| ri frrshudwlrq/ iuhtxhqf| ri

frruglqdwlrq/ dqg sd|r�v lq Wdeoh 614 dqg Iljxuhv 614 wkurxjk 617 +wkh �jxuhv vlpso| frqvlghu wkh

fdvh zkhuh W @ 83,1 Wkh iuhtxhqf| ri frrshudwlrq uhihuv wr wkh iuhtxhqf| zlwk zklfk wkh Q @ 43

djhqwv fkrvh wkh Lqyhvw dfwlrq/ dqg wkh iuhtxhqf| ri frruglqdwlrq uhihuv wr wkh iuhtxhqf| zlwk zklfk

wkh 43 djhqwv zhuh frruglqdwhg rq d sxuh vwudwhj| Qdvk htxloleulxp zlwk doo ri wkhlu qhljkeruv1

Zkdw lv hylghqw iurp wkhvh vlpxodwlrqv lv wkh lpsruwdqw h�hfwv ri ohduqlqj rq frqwdjlrq +fds0

wxuhg e| wkh ghsuhfldwlrq ri phpru| dqg wkh dprxqw ri h{shulphqwdwlrq,1 Lq sduwlfxodu/ frqwdjlrq

lq OL vwuxfwxuhv lv pxfk pruh olnho| zlwk ixoo ghsuhfldwlrq +l1h1 wkh vwrfkdvwlf htxlydohqw ri qdlyh

ehvw uhvsrqvh +� @ 4,, wkdq zkhq wkhuh lv qr ghsuhfldwlrq +� @ 3,1 Wkhuh lv dovr vrph h�hfw rq wkh

vshhg ri frqwdjlrq gxh wr fkdqjhv lq wkh � sdudphwhu/ zklfk uhsuhvhqwv wkh h{whqw wr zklfk ehvw

uhvsrqvhv duh vwrfkdvwlf1 Krzhyhu/ wklv h�hfw lv rqo| vhfrqgdu| wr wkh h�hfw ri yduldwlrqv lq wkh �

sdudphwhu1 E| frqwlqxlw|/ wkh uhvxowv lq Wdeoh 614 vxjjhvw wkdw ohduqlqj qhhg qrw eh frpsohwho|

qdlyh iru wkhuh wr eh lpsruwdqw h�hfwv ri lqwhudfwlrq vwuxfwxuh rq wkh vsuhdg ri sd|r� grplqdwhg

vwudwhjlhv1

Wdeoh 614

sdudphwhuv iuht1 frrshudwlrq +OL/XP, iuht1 frruglqdwlrq +OL/XP, dy1 sd|r�v +OL/XP,

� @ 4> � @ 3=4> W @ 53 3=:;<5> 3=<<44 3=9:89> 3=<553 3=:9<9> 3=<;;7

� @ 4> � @ 3=4> W @ 83 3=879;> 3=<;97 3=8;7;> 3=<4;; 3=95:8> 3=<;94

� @ 4> � @ 3=5> W @ 53 3=668;> 3=6<:; 3=8<38> 3=7::7 3=8;<6> 3=9;35

� @ 3> � @ 3=4> W @ 53 3=<<4<> 3=<<57 3=<:95> 3=<596 3=<;<3> 3=<;<8

� @ 3> � @ 3=4> W @ 83 3=<<44> 3=<<58 3=<:8<> 3=<5:7 3=<;;9> 3=<;<:

� @ 3> � @ 3=5> W @ 53 3=;35<> 3=:<:< 3=8;58> 3=4<<4 3=:;93> 3=:;6;

e� , Tih�4i?|@* ,��_i?Ui

7141 Ryhuylhz dqg uhodwlrqvkls wr suhylrxv uhvhdufk

Wkh �uvw skdvh ri wklv surmhfw lqyroyhv dq h{shulphqw lq zklfk wkh lqwhudfwlrq vwuxfwxuh lv h{rjh0

qrxvo| lpsrvhg rq vxemhfwv1 Lq d odwhu/ vhfrqg skdvh ri wklv surmhfw zh sodq wr doorz vxemhfwv wr

fkrrvh wkh vwuxfwxuh lq zklfk wkh| lqwhudfw zlwk rwkhu djhqwv1 Iru qrz/ zh olplw rxu glvfxvvlrq wr

wkh h{rjhqrxv lqwhudfwlrq h{shulphqw1

Lq wklv h{shulphqw/ wkh wuhdwphqw yduldeoh lv wkh h{rjhqrxvo| lpsrvhg lqwhudfwlrq vwuxfwxuh1

Wkh srsxodwlrq vl}h ri lqglylgxdo vxemhfwv/ Q / lv khog frqvwdqw dfurvv wkh wzr wuhdwphqwv1 Lq wkh

�uvw wuhdwphqw/ lqglylgxdov uhshdwhgo| sod| d frruglqdwlrq jdph zlwk wkhlu wzr lpphgldwh qhljkeruv

+ohiw dqg uljkw,/ zklfk zh uhihuuhg wr hduolhu dv wkh _orfdo lqwhudfwlrq% +OL, wuhdwphqw/ dqg lq wkh

vhfrqg wuhdwphqw lqglylgxdov uhshdwhgo| sod| d frruglqdwlrq jdph zlwk doo Q � 4 vxemhfwv zklfk

zh uhihu wr dv wkh _xqlirup pdwfklqj% +XP, wuhdwphqw1

Zh duh dzduh ri rqo| rqh sulru h{shulphqwdo whvw ri frruglqdwlrq lq dq h{rjhqrxvo| lpsrvhg

orfdo lqwhudfwlrq vhwwlqj dv uhsruwhg lq Nhvhu hw do1 +4<<;,1 Wkhvh dxwkruv vwxglhg d wkuhh sod|hu/

_plqlpxp h�ruw% jdph ~ d udwkhu vhyhuh frruglqdwlrq jdph �uvw vwxglhg e| Ydq Kx|fn hw do1

+4<<3/ 4<<4, lq zklfk sd|r�v duh dq lqfuhdvlqj ixqfwlrq ri wkh plqlpxp h�ruw ohyho vlpxowdqhrxvo|

fkrvhq e| hdfk ri wkuhh sod|huv1 Wklv jdph zdv sod|hg uhshdwhgo|/ hlwkhu lq jurxsv ri 6 sod|huv
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e| wkhpvhoyhv ru lq d odujhu jurxs ri ; sod|huv zkhuh wkh sod|huv zhuh srvlwlrqhg rq d flufoh dqg

hdfk sod|hu lqwhudfwhg rqo| zlwk wkh sod|hu wr khu ohiw dqg uljkw +h1j1 orfdo lqwhudfwlrq,1 Nhvhu

hw do1 +4<<;, hvvhqwldoo| rewdlqhg uhvxowv vlplodu wr wkrvh irxqg e| Ydq Kx|fn hw do1 +4<<3, lq d

qrq~orfdo lqwhudfwlrq vhwwlqj> qhduo| doo ri wkh 6~sod|hu jurxsv frruglqdwhg rq wkh sd|r� grplqdqw

htxloleulxp ri wkh jdph/ zkloh doo ri wkh ;~sod|hu jurxsv srvlwlrqhg rq d flufoh frruglqdwhg rq wkh

ulvn grplqdqw htxloleulxp e| wkh hqg ri 53 urxqgv ri uhshdwhg sod|1

Rxu h{shulphqwdo ghvljq gl�huv iurp Nhvhu hw do1 +4<<;, lq d qxpehu ri lpsruwdqw uhvshfwv

dv zloo ehfrph fohdu lq wkh glvfxvvlrq wkdw iroorzv1 Lq sduwlfxodu/ zh vwxg| vwdqgdug frruglqdwlrq

jdphv +h1j1 zlwkrxw rughu vwdwlvwlfv/ vr wkhuh duh qr vwudwhjlf frpsohphqwdulwlhv wr frqirxqg rxu

�qglqjv1 Ixuwkhupruh/ zh pdlqwdlq frqvwdqw jurxs vl}hv dfurvv h{shulphqwdo wuhdwphqwv/ vr wkhuh

lv qr jurxs vl}h h�hfw wr frqirxqg rxu �qglqjv1 Zh dovr pdnh vrph h�ruw wr frruglqdwh vxemhfwv*

sulru eholhiv e| kdylqj wkhp sod| d vhtxhqfh ri wzr jdphv dv glvfxvvhg ehorz1 Ilqdoo|/ xqolnh Nhvhu

hw do1 +4<<;,/ zh duh lqwhuhvwhg lq whvwlqj wkh suhglfwlrqv ri wkh ydulrxv ohduqlqj prghov ghvfulehg

lq vhfwlrq 6 zlwklq wkh frqwh{w ri wkh frruglqdwlrq jdphv zh vwxg|1 Zh ylhz wklv h{huflvh dv d �uvw

vwhs lq wkh surfhvv ri exloglqj d plfurirxqgdwlrq prgho ri frqwdjlrq1

7151 H{shulphqwdo Ghvljq

Wkh h{rjhqrxv lqwhudfwlrq h{shulphqw lqyroyhv d 5 � 5 h{shulphqwdo ghvljq zkhuh wkh wuhdwphqw

yduldeohv duh 4, wkh wzr~sod|hu jdph pdwul{/ hlwkhu Jdph 4 ru Jdph 5 dv looxvwudwhg ehorz dqg 5,

wkh h{rjhqrxvo| lpsrvhg pdwfklqj whfkqrorj|/ hlwkhu orfdo/ 5~qhljkeru pdwfklqj +OL, zkhuh hdfk

sod|hu sod|v wkh jdph djdlqvw klv wzr qhljkeruv ru xqlirup pdwfklqj +XP,/ zkhuh hdfk sod|hu

sod|v wkh jdph djdlqvw klv Q � 4 qhljkeruv/ zkhuh Q A 6 lv wkh qxpehu ri sod|huv lq hdfk jurxs

+judsk,1

D

Jdph4 Jdph 5

D E D E

D :8/ :8 73/ 83 D :8/ :8 43/ 83

E 83/ 73 83/ 83 E 83/ 43 83/ 83

Lq erwk Jdphv 4 dqg 5/ dfwlrq D fruuhvsrqgv wr wkh Lqyhvw vwudwhj| zkloh dfwlrq E fruuhvsrqgv

wr wkh Gr Qrw Lqyhvw vwudwhj|1 Lq wkh h{shulphqw/ ri frxuvh/ zh dyrlg uhihuhqfh wr vxfk odqjxdjh dv

_Lqyhvw% ru _Gr Qrw Lqyhvw1% Wkh rqo| gl�huhqfh ehwzhhq wkh wzr jdphv olhv lq wkh _vfuds ydoxh%

ri dq lqyhvwphqw= lq Jdph 4/ wkh vfuds ydoxh lv 73 _srlqwv% zkhuhdv lq Jdph 5 lw lv 43 srlqwv1

Erwk jdphv kdyh wzr sxuh vwudwhj| Qdvk htxloleuld zlwk wkh vdph sd|r�v/ +D/D, dqg +E/E,/ dqg

rqh pl{hg vwudwhj| htxloleulxp1 Lq Jdph 4/ wkh pl{hg vwudwhj| htxloleulxp lqyroyhv sod| ri dfwlrq

D zlwk suredelolw| =5;9/ dqg wkh pl{hg vwudwhj| htxloleulxp ri Jdph 5 lqyroyhv sod| ri dfwlrq D

zlwk suredelolw| =9481 Qrwh ixuwkhu wkdw lq Jdph 4/ +D/D, lv erwk sd|r� dqg ulvn grplqdqw zkloh

lq Jdph 5/ +D/D, lv sd|r� grplqdqw exw +E/E, lv ulvn grplqdqw1

Zh duh lq wkh surfhvv ri frqgxfwlqj d qxpehu ri h{shulphqwdo vhvvlrqv zlwk sdlg kxpdq vxemhfwv

dv sduw ri rxu h{rjhqrxv lqwhudfwlrq h{shulphqw1 Lq hdfk ri wkhvh vhvvlrqv/ d jurxs ri Q @ 43

vxemhfwv ehjlqv e| sod|lqj vhyhudo urxqgv ri Jdph 4 iroorzhg e| vhyhudo urxqgv ri Jdph 5 xqghu d

vlqjoh/ h{rjhqrxvo| lpsrvhg lqwhudfwlrq vwuxfwxuh/ hlwkhu orfdo ru xqlirup pdwfklqj1 Wkh pdwfklqj

D
�L|�Ui |�@| |�i T@)Lg 4@|h�Uit @hi ��t| tU@*@h EDf� 4�*|�T*it Lu |�i T@)Lg 4@|h� �ti_ �? tiU|�L? 2�� ��|� - ' �
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surwrfro xvhg lv fduhixoo| h{sodlqhg wr vxemhfwv dqg zloo uhpdlq frqvwdqw wkurxjkrxw d vhvvlrq1
S

Lq hdfk urxqg/ vxemhfwv �uvw fkrrvh dq dfwlrq wr sod| djdlqvw doo ri wkhlu qhljkeruv/ hlwkhu wkhlu 5

qhljkeruv lq wkh orfdo lqwhudfwlrq wuhdwphqw ru wkhlu < +Q � 4, qhljkeruv lq wkh xqlirup pdwfklqj

wuhdwphqw/ dffruglqj wr wkh pdwfklqj surwrfro wkdw kdv ehhq fkrvhq iru wkh vhvvlrq1 Diwhu doo

sod|huv kdyh pdgh wkhlu ghflvlrqv/ vxemhfwv duh lqiruphg ri 4, wkhlu sd|r�v iru wkh urxqg zklfk zloo

frqvlvw ri d htxdo~zhljkwhg srlqw wrwdo wkh| kdyh hduqhg iurp sod|lqj wkhlu fkrvhq vwudwhj| djdlqvw

doo ri wkhlu qhljkeruv/ dqg 5, wkh vwudwhj| sod|hg e| doo ri wkhlu qhljkeruv lq wkh odvw urxqg/ dv zhoo

dv wkh ryhudoo iuhtxhqf| zlwk zklfk wkhlu qhljkeruv kdyh sod|hg hdfk vwudwhj|1 Wklv vhfrqg slhfh

ri lqirupdwlrq vhuyhv wr uhlqirufh wr vxemhfwv wkh h{rjhqrxvo| lpsrvhg pdwfklqj whfkqrorj| wkdw

ghwhuplqhv wkhlu sd|r�v/ l1h1 hlwkhu orfdo +5~qhljkeru, ru xqlirup pdwfklqj1

Lq ixuwkhu zrun/ zh dovr sodq wr lqwurgxfh d vlqjoh/ urerw/ +l1h1 dxwrpdwhg, _qrlvh wudghu% lq

sodfh ri rqh ri wkh 43 kxpdq vxemhfw sod|huv/ dv glvfxvhg lq vhfwlrq 61 Wkh sxusrvh ri dgglqj

wklv qrlvh wudghu lv wr surylgh xv zlwk juhdwhu frqwuro ryhu wkh h{shulphqwdo hqylurqphqw dqg wr

whvw wkh suhglfwlrqv wkdw dulvh iurp wkh ydulrxv ohduqlqj prghov zkhq wkh suhvhqfh ri d frqwuroohg

qrlvh wudghu sod|hu +ru frqihghudwh, duh wdnhq lqwr dffrxqw1 Wr dyrlg ghfhlylqj vxemhfwv/ zh zloo

lqirup wkhp ri wkh suhvhqfh +wkrxjk qrw wkh orfdwlrq zlwklq wkh jurxs, ri wklv urerw sod|hu/ dqg

zh zloo ixuwkhu lqirup wkhp wkdw wklv urerw sod|hu sod|v dfwlrq E zlwk suredelolw| � dqg dfwlrq

D zlwk suredelolw| 4� � wkurxjkrxw wkh vhvvlrq/ l1h1 uhjdugohvv ri wkh jdph wkdw lv ehlqj sod|hg1

Wkh hqylurqphqw zlwkrxw wkh dxwrpdwhg qrlvh wudghu fdq eh ylhzhg dv rqh lq zklfk h{wudqhrxv

ru vxemhfwlyh xqfhuwdlqw| dprqj wkh 43~phpehu kxpdq vxemhfw srsxodwlrq pd| jlyh ulvh wr d

frqwdjlrq/ zkloh wkh hqylurqphqw lq zklfk wkh qrlvh wudghu lv suhvhqw fdq eh ylhzhg dv rqh lq

zklfk lqwulqvlf ru remhfwlyh xqfhuwdlqw| dovr sod|v d uroh lq wuljjhulqj frqwdjlrq1 Wkxv/ zh zloo

eh deoh wr dvvhvv wkh pdujlqdo frqwulexwlrqv ri erwk w|shv ri xqfhuwdlqw| wr wkh srvvlelolw| ri d

frqwdjlrq1 Dv zh kdyh qrw |hw frqgxfwhg h{shulphqwdo vhvvlrqv lq zklfk d qrlvh wudghu lv suhvhqw/

zh olplw rxu glvfxvvlrq khuh wr hqylurqphqwv lq zklfk wkh qrlvh wudghu lv devhqw dqg doo 43 sod|huv

duh lqh{shulhqfhg kxpdq vxemhfwv1

Wkh h{rjhqrxv lqwhudfwlrq h{shulphqw ghvfulehg deryh fxuuhqwo| ehlqj frqgxfwhg lq rxu frp0

sxwhu oderudwru| xvlqj qhwzrunhg shuvrqdo frpsxwhuv1 Lpsohphqwdwlrq ri wkh xqlirup pdwfklqj

dojrulwkp lv vwudljkwiruzdug1 Hdfk vxemhfw fkrrvhv rqh vwudwhj| wr sod| djdlqvw doo < +Q � 4,

qhljkeruv1 Wkh frpsxwhu surjudp wkhq ghwhuplqhg wkh sd|r�v iurp sod|lqj wkdw vwudwhj| djdlqvw

wkh vwudwhj| sod|hg e| doo ri wkh rwkhu < sod|huv dqg fdofxodwhg dq htxdo~zhljkwhg srlqw wrwdo iru

wkdw vxemhfw iru wkh urxqg1 Wkh orfdo +5~qhljkeru, pdwfklqj dojrulwkp zdv lpsohphqwhg xvlqj wkh

xqltxh LG qxpehu/ l @ 4> 5> ===> 43/ dvvljqhg wr hdfk sod|hu1 Sod|huv zhuh doljqhg rq d flufoh/ vr

wkdw sod|hu l*v wzr qhljkeruv zhuh wkrvh zlwk LG qxpehuv l � 4 dqg l . 41 Wkh sod|hu zlwk LG

qxpehu 4 kdg wkh sod|huv zlwk LG qxpehuv 43 dqg 5 dv qhljkeruv/ dqg/ vlploduo|/ wkh sod|hu zlwk

LG qxpehu 43 kdg wkh sod|huv zlwk LG qxpehuv < dqg 4 dv qhljkeruv1 Hdfk sod|hu*v vhw ri wzr

qhljkeruv uhpdlqhg frqvwdqw wkurxjkrxw d vhvvlrq1 Lq hdfk urxqg/ hdfk sod|hu fkrvh d vwudwhj|

wr sod| djdlqvw erwk qhljkeruv1 Dv lq wkh xqlirup pdwfklqj wuhdwphqw/ wkh frpsxwhu surjudp

wkhq ghwhuplqhg wkh sd|r�v iurp sod|lqj wkdw vwudwhj| djdlqvw erwk qhljkeruv dqg fdofxodwhg dq

htxdo~zhljkwhg srlqw wrwdo iru hdfk vxemhfw dw wkh hqg ri hdfk urxqg1

Wkh qxpehu ri srlqwv vxemhfwv hduq lq hdfk urxqg uhsuhvhqwv wkhlu suredelolw| ri zlqqlqj d

'4 sul}h/ h1j1 83 srlqwv fruuhvsrqgv wr d 83( fkdqfh ri zlqqlqj d groodu1

.
Diwhu vxemhfwv kdg
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uhfrughg wkhlu srlqw wrwdov lq hdfk urxqg zh udqgrpo| guhz dq lqwhjhu iurp wkh lqwhuydo ^4> 433`1 Li

d vxemhfw*v srlqw wrwdo zdv juhdwhu wkdq ru htxdo wr wklv udqgrpo| fkrvhq qxpehu wkh| hduqhg '4

iru wkdw urxqg> rwkhuzlvh wkh| hduqhg 3 iru wkdw urxqg1
H

Dq h{dpsoh ri wkh lqvwuxfwlrqv xvhg lq d _orfdo lqwhudfwlrq% h{shulphqwdo vhvvlrq duh surylghg

lq wkh Dsshqgl{1

F1716 K|srwkhvhv

Zh k|srwkhvl}h wkdw e| wkh odvw ihz urxqgv ri Jdph 4/ prvw vxemhfwv zloo eh fkrrvlqj wr sod|

dfwlrq D/ uhjdugohvv ri wkh pdwfklqj surwrfro +OL ru XP, dv wkh +D/D, htxloleulxp lq Jdph 4 lv

erwk sd|r� dqg ulvn grplqdqw1

b
Sod|lqj dfwlrq D lq Jdph 4 lv d ehvw uhvsrqvh surylghg wkdw

wkh iuhtxhqf| zlwk zklfk d sod|hu*v qhljkeruv sod|v dfwlrq D lv juhdwhu wkdq wkh pl{hg vwudwhj|

suredelolw|/ =5;91 Wkxv lw lv srvvleoh wr dfklhyh +dqg vxvwdlq, wkh +D/D, htxloleulxp hyhq lq wkh

orfdo lqwhudfwlrq hqylurqphqw surylghg wkdw rqh~kdoi ri d sod|huv* qhljkeruv ehjlq e| sod|lqj dfwlrq

D1 Suhylrxv h{shulphqwdo vwxglhv ri jdphv vlplodu wr Jdph 4 vxjjhvw wkdw wklv sulru frqglwlrq lv

qrw xquhdvrqdeoh dqg lv olnho| wr eh vdwlv�hg lq Jdph 41

�f

E| frqwudvw/ lq Jdph 5/ zh k|srwkhvl}h wkdw ehkdylru zloo eh gl�huhqw xqghu wkh wzr gl�huhqw

pdwfklqj surwrfrov1 Lq Jdph 5/ d sod|hu*v ehvw uhvsrqvh lv wr sod| dfwlrq D vr orqj dv wkh iuhtxhqf|

zlwk zklfk klv qhljkeruv sod| dfwlrq D lv juhdwhu wkdq =9481 Lq wkh orfdo lqwhudfwlrq wuhdwphqw/ li

rqh ri d sod|hu*v wzr qhljkeruv ehjlqv e| sod|lqj dfwlrq E/ wklv lqhtxdolw| fdqqrw eh vdwlv�hg/ vr wkh

sod|hu*v +qdlyh, ehvw uhvsrqvh zloo eh wr fkrrvh dfwlrq E1 Ri frxuvh li wklv sod|hu sod|v dfwlrq E/ wkhq

hyhqwxdoo| klv qhljkeru/ sod|hu m/ pd| gr wkh vdph dqg vr rq durxqg wkh flufoh1 Zh uhfrjql}h wkdw

vxemhfwv pd| eh vorz wr ohduq wr sod| ehvw uhvsrqvhv wr wkh fkdqjlqj iuhtxhqflhv zlwk zklfk wkhlu

qhljkeruv sod| dfwlrq D +E,/ vr wkdw wkh frqwdjlrq iurp wkh sd|r�~grplqdqw wr wkh ulvn grplqdqw

htxloleulxp lq Jdph 5 pd| wdnh pruh wlph wkdq lv srvvleoh lq d oderudwru| vhwwlqj1 Wkhuhiruh/ dv

dq dowhuqdwlyh k|srwkhvlv/ zh suhglfw d pxfk orzhu iuhtxhqf| ri wkh sod| ri dfwlrq D lq Jdph 5

uhodwlyh wr Jdph 4 lq rxu h{rjhqrxv lqwhudfwlrq wuhdwphqw1

Wkh suhglfwlrq lq Jdph 4/ xqghu erwk pdwfklqj surwrfrov/ wkdw sod|huv frruglqdwh rq wkh

+D/D, htxloleulxp lv edvhg rq dq htxloleulxp vhohfwlrq dujxphqw> +D/D, lv erwk sd|r�~ dqg ulvn~

grplqdqw1 Li sod|huv duh lqghhg frruglqdwhg rq wkh +D/D, htxloleulxp e| wkh odvw urxqg ri Jdph

4/ wkhq wkh vzlwfk iurp Jdph 4 wr Jdph 5 plgzd| wkurxjk d vhvvlrq surylghv xv zlwk d whvw ri

wkh vwdelolw| ri wkh sd|r� grplqdqw htxloleulxp xqghu wkh wzr gl�huhqw pdwfklqj surwrfrov1

Lq wkh xqlirup pdwfklqj wuhdwphqw/ li wkh djjuhjdwh iuhtxhqf| zlwk zklfk doo sod|huv sod| dfwlrq

D lq e| wkh hqg ri Jdph 4 wxuqv rxw wr eh juhdwhu wkdq 1948/ wkhq zh zrxog h{shfw olwwoh fkdqjh

lq wkh iuhtxhqf| ri sod| ri dfwlrq D zkhq wkh jdph lv vzlwfkhg wr Jdph 5/ l1h1 zh h{shfw wkh

sd|r� grplqdqw htxloleulxp wr uhpdlq vwrfkdvwlfdoo| vwdeoh1 E| frqwudvw/ lq wkh orfdo lqwhudfwlrq

wuhdwphqw/ zh lqvwhdg suhglfw wkdw sod| zloo gudpdwlfdoo| fkdqjh zkhq wkh jdph lv vzlwfkhg iurp

Jdph 4 wr Jdph 5> lq sduwlfxodu zh k|srwkhvl}h wkdw wkh iuhtxhqf| zlwk zklfk dfwlrq E lv sod|hg

lq Jdph 5 ri wkh orfdo lqwhudfwlrq wuhdwphqw lv vljql�fdqwo| juhdwhu wkdq lq Jdph 41 Hvvhqwldoo|

H
A��t M�?@h) *L||ih) ThLUi_�hi uLh UL?|hL**�?} h�t! @�iht�L? E�?_�U�?} h�t! ?i�|h@* Mi�@��Lh� �t _�i |L +L|� @?_

�@*L�u E�b.b��

b
A�i Thiti?Ui Lu @ �hLML|< T*@)ih ��L T*@)i_ @U|�L? � ��|� ThLM@M�*�|) > �L�*_ UL4T*�U@|ic M�| ?ii_ ?L| @*|ih

|��t Thi_�U|�L?�

�f
��h i TiU|@|�L?t @hi M@ti_ L? |�i hit�*|t Lu 4@?) Th�Lh i Tih�4i?|@* t|�_�it Lu ULLh_�?@|�L? }@4it t�4�*@h |L

E|�L�}� ?L| ThiU�ti*) |�i t@4i @t� L�h B@4it � @?_ 2� 5iic i�}� |�i �Lh! Lu �LLTih i| @*� E�bbfc �bb2� @?_ V@?

O�)U! i| @*� E�bbfc �bb��� �LLTih E�bbb� @?_ �U�t E�bbD� ThL��_i t�h�i)t Lu i Tih�4i?|@* ULLh_�?@|�L? }@4i hit�*|t�

<



zkdw zh duh whvwlqj iru lv zkhwkhu wkhuh lv dq| nlqg ri _frqwdjlrq% h�hfw1 Vxfk d whvw lv srvvleoh

ehfdxvh wkh +D/D, htxloleulxp |lhogv wkh vdph h{shfwhg sd|r�v lq erwk jdphv/ dv grhv wkh +E/E,

htxloleulxp/ dqg zh k|srwkhvl}h wkdw sod|huv zloo eh odujho| frruglqdwhg rq wkh +D/D, htxloleulxp

lq Jdph 4/ xqghu erwk wkh xqlirup dqg wkh 5~qhljkeru pdwfklqj surwrfrov1

Li zh gr revhuyh vljql�fdqw gl�huhqfhv lq ehkdylru ehwzhhq wkh 5~qhljkeru dqg xqlirup pdwfklqj

wuhdwphqwv/ zh pd| vhhn wr �qg/ yld ixuwkhu h{shulphqwv/ wkh wkuhvkrog dw zklfk ehkdylru fkdqjhv1

Zh fdq gr wklv e| frqvlghulqj orfdo lqwhudfwlrq hqylurqphqwv zkhuh lqglylgxdov kdyh pruh wkdq 5/

exw ohvv wkdq Q � 4 qhljkeruv1 Iru lqvwdqfh/ lq rxu frpsxwhu oderudwru|/ zh fdq hdvlo| frqvlghu

wzr~glphqvlrqdo odwwlfh qhwzrun vwuxfwxuhv/ hpehgghg rq d wruxv/ lq zklfk hdfk djhqw kdv 7 ru ;

qhljkeruv1

Zh dovr sodq wr h{soruh zkhwkhu vlpsoh eholhi~edvhg ohduqlqj prghov/ h1j1 wkh yduldwlrqv rq

�fwlwlrxv sod| glvfxvvhg lq vhfwlrq 6/ fdq wudfn wkh ehkdylru ri wkh h{shulphqwdo gdwd erwk txdq0

wlwdwlyho| dqg txdolwdwlyho|1 Zh fdq lqlwldol}h eholhiv lq wkhvh ohduqlqj prghov xvlqj wkh lqlwldo

iuhtxhqflhv zlwk zklfk dfwlrqv duh sod|hg lq wkh h{shulphqw1 Li wkhvh eholhi~edvhg ohduqlqj prghov

surylgh d jrrg �w wr wkh h{shulphqwdo gdwd ryhu wkh vkruw krul}rq ri wkh h{shulphqw/ zh zloo doorz

wkh ohduqlqj prgho vlpxodwlrqv wr frqwlqxh ryhu d pxfk orqjhu wlph krul}rq1 Wkh sxusrvh ri wklv

h{huflvh zloo eh wr ghwhuplqh zkhwkhu wkh uhvxowv zh revhuyh lq wkh h{shulphqw duh urexvw wr wkh

orqjhu vsdqv ri wlph wkdw pd| eh uhtxluhg iru frruglqdwlrq rq dq htxloleulxp1

715141 Suholplqdu| �qglqjv

Wkxv idu zh kdyh frqgxfwhg d vlqjoh h{shulphqwdo vhvvlrq lqyroylqj wkh orfdo lqwhudfwlrq pdwfklqj

surwrfro1 Zh duh lq wkh surfhvv ri frqgxfwlqj ixuwkhu vhvvlrqv ri wklv wuhdwphqw dv zhoo dv vhvvlrqv

lqyroylqj wkh xqlirup pdwfklqj surwrfro1 Wkh suholplqdu| �qglqjv iurp rxu vlqjoh h{shulphqwdo

vhvvlrq duh yhu| hqfrxudjlqj/ dqg zh qrz wxuq wr d eulhi ghvfulswlrq ri wkhvh uhvxowv1

D jurxs ri 43 vxemhfwv zlwk qr sulru h{shulhqfh zdv uhfuxlwhg wr sduwlflsdwh lq d rqh~krxu

vhvvlrq1 Wkh lqvwuxfwlrqv +surylghg lq wkh dsshqgl{, zhuh uhdg dorxg dqg vxemhfwv* txhvwlrqv derxw

wkh h{shulphqwdo ghvljq zhuh dqvzhuhg1 Vxemhfwv glg qrw nqrz wkh lghqwlw| ri wkhlu qhljkeruv exw

zhuh lqiruphg wkdw wkh| zrxog lqwhudfw zlwk wkh vdph wzr qhljkeruv ryhu wkh frxuvh ri wkh vhvvlrq1

Wkh| zhuh ixuwkhu lqiruphg ri krz vxemhfwv lq wkh urrp zhuh frqqhfwhg wr rqh dqrwkhu +l1h1 wkh

dvvljqphqw ri qhljkeruv durxqg wkh flufoh,1

Vxemhfwv ehjdq e| sod|lqj 43 urxqgv ri Jdph 4 iroorzhg e| 53 urxqgv ri Jdph 51 Wkh| zhuh

lqiruphg ri wkh sd|r� pdwul{ iru erwk jdphv lq dgydqfh dqg zhuh wrog wkh| zrxog sod| erwk jdphv

exw wkh| glg qrw nqrz lq dgydqfh krz pdq| urxqgv ri hdfk jdph wkh| zrxog sod|1

Vxemhfwv zhuh sdlg d '8 vkrz~xs ihh dqg kdg wkh rssruwxqlw| wr hduq '4 iru hyhu| urxqg ri

wkh jdph wkh| sod|hg +xs wr d pd{lpxp ri '63, dv ghvfulehg lq wkh h{shulphqwdo ghvljq1 Dyhudjh

vxemhfw hduqlqjv zhuh '5< iru wkh rqh~krxu vhvvlrq1

Iljxuh 714 uhyhdov wkh djjuhjdwh iuhtxhqf| zlwk zklfk doo 43 sod|huv fkrvh dfwlrq D +fkrvh wr

_frrshudwh%, ryhu wkh 43 urxqgv ri Jdph 4 dqg ryhu wkh vxevhtxhqw 53 urxqgv ri Jdph 51 Zh vhh

wkdw wkhuh lv d yhu| vwulnlqj gl�huhqfh lq wkh hyroxwlrq ri wkh djjuhjdwh iuhtxhqf| ri frrshudwlrq

ehwzhhq wkh wzr jdphv1 Lq Jdph 4 zh vhh wkdw/ e| urxqg :/ doo 43 vxemhfwv +433(, kdg frruglqdwhg

rq wkh sd|r� grplqdqw htxloleulxp1 E| frqwudvw/ zh vhh wkdw lq Jdph 5/ wkh iuhtxhqf| ri wkh

fkrlfh ri wkh frrshudwlyh dfwlrq D vwduwhg kljk dw <3( dqg ghfolqhg ryhu wkh frxuvh ri wkh 53

urxqgv sod|hg ri Jdph 5 lq wkh gluhfwlrq ri frruglqdwlrq rq wkh ulvn grplqdqw htxloleulxp1 Zkloh

d ixoo frqwdjlrq wr wkh ulvn grplqdqw htxloleulxp glg qrw rffxu zlwklq wkh wlph doorzhg e| rxu
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h{shulphqw/ wkh gl�huhqw wudmhfwrulhv iru wkh iuhtxhqflhv ri frrshudwlyh sod| duh lq olqh zlwk rxu

k|srwkhvhv1

Iljxuh 715 vkhgv ixuwkhu oljkw rq rxu h{shulphqwdo �qglqjv e| uhyhdolqj wkh iuhtxhqf| zlwk zklfk

hdfk sod|hu +LG qxpehuv 4 wkurxjk 43, sod|hg dfwlrq D +frrshudwhg, djdlqvw klv wzr qhljkeruv1

Zh vhh wkdw wkh <3( iuhtxhqf| ri frrshudwlrq revhuyhg lq wkh �uvw 9 urxqgv ri Jdph 4 zdv qrw

gxh wr wkh dfwlrq fkrlfhv ri dq| vlqjoh sod|hu/ exw udwkhu zdv gxh wr dfwlrq fkrlfhv +ri dfwlrq E, e|

wkuhh gl�huhqw sod|huv zlwk LG qxpehuv 8/ 9 dqg ;1 Lq Jdph 5/ zh vhh wkdw sod|hu qxpehu 8 qhyhu

fkrvh wr sod| wkh frrshudwlyh dfwlrq/ lqvwhdg fkrrvlqj Dfwlrq E lq doo 53 urxqgv1 Klv wzr qhljkeruv/

sod|huv 7 dqg 9/ uhvsrqghg lq nlqg e| fkrrvlqj dfwlrq E pruh iuhtxhqwo| wkdq wkh| fkrvh dfwlrq

D1 Krzhyhu/ wkh qhljkeruv ri sod|huv 7 dqg 9 dsshdu wr kdyh ehhq olwwoh d�hfwhg e| wkh dfwlrqv ri

sod|huv 7 dqg 9> sod|hu qxpehu 6 fkrvh wr sod| dfwlrq E rqo| rqh wlph +lq urxqg 49,1

Wr vxp xs/ zkloh d ixoo frqwdjlrq glg qrw rffxu zlwklq wkh 53 urxqgv doorwwhg iru Jdph 5/

wkh revhuyhg ehkdylru dsshduv wr olh lq ehwzhhq wkh suhglfwlrqv ri wkh vwrfkdvwlf �fwlwlrxv sod|

prgho zkhuh � @ 3 dqg wkh vwrfkdvwlf qdlyh ehvw uhvsrqvh prgho zkhuh � @ 41 Ri frxuvh/ ixuwkhu

h{shulphqwv duh qhfhvvdu| wr ghwhuplqh wkh urexvwqhvv ri wklv �qglqj1 Krzhyhu/ wkhvh suholplqdu|

uhvxowv gr vxjjhvw wkdw lqwulqvlf xqfhuwdlqw| dorqh pd| eh vx�flhqw wr wuljjhu d frqwdjlrq1
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Ryhuylhz

\rx duh derxw wr sduwlflsdwh lq dq h{shulphqw lq wkh hfrqrplfv ri

ghflvlrq~pdnlqj1 Li |rx iroorz wkhvh lqvwuxfwlrqv fduhixoo| dqg pdnh jrrg

ghflvlrqv |rx pljkw hduq d frqvlghudeoh dprxqw ri prqh| wkdw zloo eh sdlg wr

|rx lq fdvk dw wkh hqg ri wkh vhvvlrq1 Li |rx kdyh d txhvwlrq dw dq| wlph/

sohdvh ihho iuhh wr dvn wkh h{shulphqwhu1 Zh dvn wkdw |rx qrw wdon zlwk rqh

dqrwkhu gxulqj wkh h{shulphqw1

Lq wklv h{shulphqwdo vhvvlrq zh zloo sod| wzr gl�huhqw jdphv1 Hdfk jdph

frqvlvwv ri d qxpehu ri urxqgv1

Lq hdfk urxqg |rx zloo fkrrvh ehwzhhq rqh ri wzr srvvleoh dfwlrqv1 \rxu

_vfruh% lq hdfk urxqg ri d jdph ghshqgv rq |rxu dfwlrq fkrlfh dqg wkh

dfwlrq fkrlfh ri |rxu wzr _qhljkeruv1% \rxu wzr qhljkeruv zloo qrw fkdqjh

ryhu wkh frxuvh ri d vhvvlrq1 \rx zloo qrw eh lqiruphg ri wkh qdphv ri |rxu

wzr qhljkeruv/ hyhq diwhu wkh hqg ri wkh vhvvlrq1

\rxu qhljkeruv

Lq wklv h{shulphqw wkhuh duh d wrwdo ri Q sod|huv1 Hdfk sod|hu kdv dq LG

qxpehu/ l @ 4/5/111/Q � 4/Q 1 Li |rx kdyh sod|hu LG qxpehu l/ |rxu wzr

qhljkeruv zloo eh wkh sod|huv zlwk LG qxpehuv l� 4 dqg l. 41 Iru h{dpsoh/

li |rxu LG qxpehu lv 7/ |rxu wzr qhljkeruv ~ |rxu _qhljkerukrrg% ~

frqvlvwv ri wkh sod|huv zlwk LG qxpehuv 6 dqg 81 Li |rx kdyh LG qxpehu 4/

|rxu qhljkeruv duh wkh sod|huv zlwk LG qxpehuv Q dqg 51 Vlploduo|/ li |rx

kdyh LG qxpehu Q / |rxu qhljkeruv duh wkh sod|huv zlwk LG qxpehuv Q � 4 dqg

41 \rxu qhljkeruv duh qrw qhfhvvdulo| wkh sod|huv zkr duh orfdwhg wr |rxu

ohiw dqg uljkw lq wkh sk|vlfdo od|rxw ri wkh frpsxwhu oderudwru|1 \rxu wzr

qhljkeruv zloo uhpdlq wkh vdph wkurxjkrxw wrgd|*v vhvvlrq1 Qrwh wkdw hdfk ri

|rxu wzr qhljkeruv dovr kdv |rx dv rqh ri wkhlu qhljkeruv/ exw hdfk ri |rxu

wzr qhljkeruv dovr kdv dqrwkhu qhljkeru +sod|hu, zkr lv qrw d phpehu ri |rxu

_qhljkerukrrg1%

Dw wkh wrs ri |rxu uhfrug vkhhw/ zulwh grzq |rxu LG qxpehu lq wkh vsdfh

lqglfdwhg1 Dovr zulwh grzq wkh LG qxpehuv ri |rxu wzr qhljkeruv1

Wkh sod| ri wkh jdphv

Wkh sd|r� wdeoh iru hdfk ri wkh wzr jdphv |rx sod| zloo eh vkrzq rq |rxu

frpsxwhu vfuhhq dqg zloo dovr eh gudzq rq wkh fkdonerdug1 Zh zloo ehjlq e|

sod|lqj wkh �uvw jdph iru d qxpehu ri urxqgv1 Zh zloo wkhq sod| wkh vhfrqg

jdph iru d qxpehu ri urxqgv1

Lq hyhu| urxqg ri d jdph hdfk sod|hu kdv d fkrlfh ehwzhhq wzr srvvleoh

dfwlrqv/ zklfk duh odehohg _D% dqg _E1% \rx vlpso| w|sh lq |rxu fkrlfh

dw wkh surpsw/ d ru e1 \rx pxvw wkhq frq�up |rxu fkrlfh e| w|slqj | iru |hv
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dw wkh frq�up surpsw1 Li |rx zdqw wr fkdqjh |rxu fkrlfh/ w|sh q iru qr dw

wkh frq�up surpsw1 \rx zloo wkhq kdyh wkh rssruwxqlw| wr vxeplw d qhz

fkrlfh ri dfwlrq1

\rxu dfwlrq fkrlfh wrjhwkhu zlwk wkh dfwlrqv fkrvhq e| hdfk ri |rxu wzr

qhljkeruv ghwhuplqhv wkh qxpehu ri srlqwv |rx jhw iru wkdw urxqg1 Wkh sd|r�

wdeoh rq |rxu vfuhhq lqglfdwhv wkh qxpehu ri srlqwv wkdw duh srvvleoh iurp

|rxu fkrlfh ri dfwlrq lq frpelqdwlrq zlwk wkh fkrlfhv ri |rxu wzr qhljkeruv1

Lq hdfk er{ ri wkh sd|r� wdeoh/ wkh �uvw qxpehu uhsuhvhqwv wkh qxpehu ri

srlqwv |rx uhfhlyh/ dqg wkh vhfrqg qxpehu uhsuhvhqwv wkh qxpehu ri srlqwv

|rxu qhljkeruv uhfhlyh1

Krz sd|r� vfruhv duh ghwhuplqhg

Wkh qxpehu ri srlqwv |rx uhfhlyh ghshqgv rq |rxu dfwlrq fkrlfh dqg wkh

fkrlfhv ri erwk |rxu qhljkeruv/ dqg zloo eh uhihuuhg wr dv |rxu sd|r�

vfruh1 Wkh fdofxodwlrq ri wkhvh sd|r� vfruhv zloo dovr ghshqg rq wkh jdph

sod|hg1

Jdph 4

Wkh sd|r� wdeoh iru Jdph 4 zloo dsshdu rq |rx frpsxwhu vfuhhqv dqg orrnv

olnh wklv=

Qhljkeru*v Fkrlfh

D E

\rxu D :8/ :8 73/ 83

Fkrlfh E 83/ 73 83/ 83

Uhfdoo wkdw wkh �uvw qxpehu lq hdfk ri wkh irxu er{hv ri wklv wdeoh

uhsuhvhqwv wkh qxpehu ri srlqwv |rx uhfhlyh dqg wkh vhfrqg qxpehu uhsuhvhqwv

wkh qxpehu ri srlqwv |rxu qhljkeruv uhfhlyh1

\rxu sd|r� vfruh iurp sod|lqj dfwlrq D ru E lq Jdph 4 lv ghwhuplqhg dv wkh

zhljkwhg dyhudjh qxpehu ri srlqwv iurp |rxu fkrlfh ri dfwlrq dqg wkh

fkrlfhv ri |rxu wzr qhljkeruv1 Wkh frpsohwh vhw ri srvvleoh sd|r� vfruh

rxwfrphv iru Jdph 4 lv jlyhq lq Wdeoh 4 ehorz1

Wdeoh 4= Ghwhuplqdwlrq ri Sd|r� Vfruh lq Jdph 4

\rxu fkrlfh Iudfwlrq ri \rxu 5 Iudfwlrq ri \rxu 5 \rxu

ri dfwlrq Qhljkeruv Fkrrvlqj D Qhljkeruv Fkrrvlqj E Sd|r� Vfruh

D 325 525 73

D 425 425 8:18

D 525 325 :8

E 325 525 83

E 425 425 83

E 525 325 83
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Wkh fdofxodwlrq ri |rxu sd|r� vfruh lqyroyhv wkh sd|r� wdeoh ydoxhv dqg

wkh iudfwlrqv ri |rxu qhljkeruv zkr fkrrvh wr sod| dfwlrqv D dqg E1 Iru

h{dpsoh/ li |rx fkrrvh wr sod| dfwlrq D dqg 4 ri |rxu 5 qhljkeruv +425,

sod|v dfwlrq D/ zkloh wkh rwkhu 4 ri |rxu 5 qhljkeruv +425, sod|v dfwlrq E/

|rxu sd|r� vfruh lv ghwhuplqhg dv wkh zhljkwhg dyhudjh= 4@5� :8.

425 �73 @ 8:=8 srlqwv1 Dv d vhfrqg h{dpsoh/ vxssrvh |rx fkrrvh wr

sod| dfwlrq E dqg erwk ri |rxu qhljkeruv +525, sod| dfwlrq D +vr wkdw 325

sod| E,/ |rxu sd|r� vfruh lv ghwhuplqhg dv wkh zhljkwhg dyhudjh= 5@5

�83 . 3@5� 83 @ 83 srlqwv1

Duh wkhuh dq| txhvwlrqv derxw krz sd|r� vfruhv duh ghwhuplqhgB
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Jdph 5

Wkh sd|r� wdeoh iru Jdph 5 zloo dsshdu rq |rxu frpsxwhu vfuhhqv dqg orrnv

olnh wklv=

Qhljkeru*v Fkrlfh

D E

\rxu D :8/ :8 43/ 83

Fkrlfh E 83/ 43 83/ 83

Dv lq Jdph 4/ |rxu sd|r� vfruh iurp sod|lqj dfwlrq D ru E lq Jdph 5 lv

ghwhuplqhg dv wkh zhljkwhg dyhudjh qxpehu ri srlqwv iurp |rxu fkrlfh ri

dfwlrq dqg wkh fkrlfhv ri |rxu wzr qhljkeruv1 Wkh frpsohwh vhw ri srvvleoh

sd|r� rxwfrphv iru Jdph 5 lv jlyhq lq wkh Wdeoh 5 ehorz1

Wdeoh 5= Ghwhuplqdwlrq ri Sd|r� Vfruh lq Jdph 5

\rxu fkrlfh Iudfwlrq ri \rxu 5 Iudfwlrq ri \rxu 5 \rxu

ri dfwlrq Qhljkeruv Fkrrvlqj D Qhljkeruv Fkrrvlqj E Sd|r� Vfruh

D 325 525 43

D 425 425 7518

D 525 325 :8

E 325 525 83

E 425 425 83

E 525 325 83

Wkh Rxwfrph ri d Urxqg

Diwhu doo sod|huv kdyh pdgh wkhlu dfwlrq fkrlfhv/ wkh uhvxowv ri wkh urxqg

zloo eh uhyhdohg wr |rx rq |rxu frpsxwhu vfuhhqv1 \rx zloo vhh |rxu dfwlrq

fkrlfh dqg sd|r� vfruh iru wkh odvw urxqg dorqj zlwk wkh iudfwlrq ri |rxu

qhljkeruv zkr fkrvh dfwlrqv D ru E lq wkh odvw urxqg1 Sohdvh uhfrug |rxu

dfwlrq fkrlfh/ |rxu sd|r� vfruh/ wkh iudfwlrq ri |rxu qhljkeruv sod|lqj

dfwlrq D +(D,/ dqg wkh iudfwlrq sod|lqj E +(E, rq |rxu uhfrug vkhhw1

Iroorzlqj wkh �uvw urxqg/ wkh uhvxowv iurp |rxu suhylrxv urxqgv ri sod|

zloo eh uhsruwhg dw wkh erwwrp ri |rxu frpsxwhu vfuhhq iru hdvh ri uhihuhqfh1

Hduqlqjv lq Hdfk Urxqg

\rxu sd|r� vfruh lq d urxqg lv d qxpehu ehwzhhq 3 dqg 4331 Wklv lv |rxu

shufhqw fkdqfh ri hduqlqj '4133 lq wkdw urxqg1 Diwhu hyhu|rqh kdv uhfrughg

wkhlu sd|r� vfruh iru wkh urxqg/ d udqgrp qxpehu ehwzhhq 4 dqg 433 zloo eh

fkrvhq dqg dqqrxqfhg1 Uhfrug wkh udqgrp qxpehu wkdw lv dqqrxqfhg rq |rxu

uhfrug vkhhw xqghu wkh khdglqj _Orwwhu| Qxpehu1% Li |rxu sd|r� vfruh lv

juhdwhu wkdq ru htxdo wr wkh dqqrxqfhg qxpehu +wkh orwwhu| qxpehu,/ |rx hduq

rqh groodu +'4, iru wkdw urxqg1 Li |rxu vfruh lv ohvv wkdq wkh udqgrpo|

fkrvhq qxpehu/ |rx hduq }hur iru wkdw urxqg1 Uhfrug |rxu hduqlqjv iru hdfk
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urxqg +hlwkhu '4 ru 3, lq wkh odvw froxpq ri |rxu uhfrug vkhhw xqghu wkh

khdglqj _Hduqlqjv1% Qrwlfh wkdw wkh pruh srlqwv |rx hduq lq d urxqg wkh

juhdwhu lv |rxu suredelolw| ri zlqqlqj wkh '4 sul}h1

Sd|phqwv

Dw wkh hqg ri wkh vhvvlrq zh zloo dvn |rx wr wrwdo xs |rxu hduqlqjv iurp doo

urxqgv sod|hg ri erwk jdphv dqg uhfrug wkh vxp dw wkh erwwrp ri |rxu uhfrug

vkhhw1 Doo hduqlqjv zloo eh sdlg lq fdvk dw wkh hqg ri wkh vhvvlrq1

DUH WKHUH DQ\ TXHVWLRQV EHIRUH ZH EHJLQB
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Doohq/ I1 dqg G1 Jdoh +4<<;, _Ilqdqfldo Frqwdjlrq%/ plphr/

iruwkfrplqj/ Mrxuqdo ri Srolwlfdo Hfrqrp|1

Frrshu/ U1Z1 +4<<<, Frruglqdwlrq Jdphv= Frpsohphqwdulwlhv dqg

Pdfurhfrqrplfv/ Fdpeulgjh= Fdpeulgjh Xqlyhuvlw| Suhvv1

Frrshu/ U1Z1/ G1Y1 GhMrqj/ U1 Iruv|wkh dqg W1Z1 Urvv +4<<3,/

_Vhohfwlrq Fulwhuld lq Frruglqdwlrq Jdphv= Vrph H{shulphqwdo Uhvxowv/%

Dphulfdq Hfrqrplf Uhylhz/ ;3= 54;~5661

Frrshu/ U1Z1/ G1Y1 GhMrqj/ U1 Iruv|wkh dqg W1Z1 Urvv +4<<5,/

_Frppxqlfdwlrq lq Frruglqdwlrq Jdphv/% Txduwhuo| Mrxuqdo ri Hfrqrplfv/

43:= :6<~::41

Gldprqg/ G1 dqg S1 G|eylj +4<;6, _Edqn Uxqv/ Ghsrvlw Lqvxudqfh/ dqg

Oltxlglw|%/ Mrxuqdo ri Srolwlfdo Hfrqrp|/ <4=734074<1

Hoolvrq/ J1 +4<<6, _Ohduqlqj/ Orfdo Lqwhudfwlrq/ dqg Frruglqdwlrq%/

Hfrqrphwulfd/ 94=437:043:41

Ixghqehuj/ G1 dqg G1 Ohylqh +4<<8, _Frqvlvwhqf| dqg Fdxwlrxv

Ilfwlwlrxv Sod|%/ Mrxuqdo ri Hfrqrplf G|qdplfv dqg Frqwuro/ 4</

43980<31

Mdfnvrq/ P1 dqg D1 Zrolqvn| +4<<9, _D Vwudwhjlf Prgho ri Vrfldo dqg

Hfrqrplf Qhwzrunv%/ Mrxuqdo ri Hfrqrplf Wkhru|/ :4=770:71

Mdfnvrq/ P1 dqg D1 Zdwwv +4<<<, _Wkh Hyroxwlrq ri Vrfldo dqg

Hfrqrplf Qhwzrunv%/ plphr1

Ndqgrul/ P1/ J1 Pdlodwk/ dqg U1 Ure +4<<6, _Ohduqlqj/ Pxwdwlrq/ dqg

Orqj~Uxq Htxloleuld lq Jdphv%/ Hfrqrphwulfd/94=5<~891

Nhvhu/ F1 N~P1 Hkukduw/ dqg V1N1 Ehuqlqjkdxv +4<<;,/ _Frruglqdwlrq

dqg orfdo lqwhudfwlrq= h{shulphqwdo hylghqfh/% Hfrqrplfv Ohwwhuv 8;/

59<~5:81

Odjxqr�/ U1 dqg V1 Vfkuhiw +4<<;, _D Prgho ri Ilqdqfldo

Iudjlolw|%/ plphr1

Pdlodwk/ J1/ O1 Vdpxhovrq/ dqg D1 Vkdnhg +4<<:, _Hqgrjhqrxv

Lqwhudfwlrqv%/ plphr1

4:



Pruulv/ V1 +4<<;, _Frqwdjlrq%/ plphr1

Pruulv/ V1 +4<<:, _Lqwhudfwlrq Jdphv= D Xql�hg Dqdo|vlv ri

Lqfrpsohwh Lqirupdwlrq/ Orfdo Lqwhudfwlrq/ dqg Udqgrp Pdwfklqj/% plphr1

Rfkv/ M1 +4<<8, _Frruglqdwlrq sureohpv/% lq M1K1 Ndjho dqg D1H1

Urwk/ Hgv1/ Wkh Kdqgerrn ri H{shulphqwdo Hfrqrplfv/ Sulqfhwrq=

Sulqfhwrq Xqlyhuvlw| Suhvv1

Urwk/ D1H1 dqg P1Z1N1 Pdorxi +4<:<,/ _Jdph~Wkhruhwlf Prghov dqg wkh

Uroh ri Edujdlqlqj/% Sv|fkrorjlfdo Uhylhz ;9= 8:7~<71

Wrzqvhqg/ U1 +4<:;, _Lqwhuphgldwlrq zlwk Frvwo| Elodwhudo

H{fkdqjh%/ Uhylhz ri Hfrqrplf Vwxglhv/ 88=74:07:81

Ydq Kx|fn/ M1E1/ U1F1 Edwwdolr dqg U1R1 Ehlo +4<<3,/ _Wdflw

Frruglqdwlrq Jdphv/ Vwudwhjlf Xqfhuwdlqw|/ dqg Frruglqdwlrq Idloxuh/%

Dphulfdq Hfrqrplf Uhylhz/ ;3= 567~57;1

Ydq Kx|fn/ M1E1/ U1F1 Edwwdolr dqg U1R1 Ehlo +4<<4,/ _Vwudwhjlf

Xqfhuwdlqw|/ Htxloleulxp Vhohfwlrq dqg Frruglqdwlrq Idloxuh lq Dyhudjh

Rslqlrq Jdphv/% Txduwhuo| Mrxuqdo ri Hfrqrplfv/ 439= ;;8~<43

\rxqj/ K1S1 +4<<6, _Wkh Hyroxwlrq ri Frqyhqwlrqv%/ Hfrqrphwulfd

/94=8:0;71
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Figure 4.1: Aggregate Frequency of Cooperation in Games 1 & 2
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Figure 4.2: Individual Frequency of Cooperation in Games 1 & 2
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