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Wkh Sljrx0Gdowrq Sulqflsoh ri Wudqvihuv +khuhdiwhu SGS, uhtxluhv wkdw dq|
phdq0suhvhuylqj surjuhvvlyh wudqvihu orzhuv wkh ydoxh ri d ixqfwlrq hydox0
dwlqj lqhtxdolw| ri d jlyhq lqfrph glvwulexwlrq1 Lw kdv dq hvvhqwldo uroh lq
wkh wkhru| ri lqhtxdolw| phdvxuhphqw dqg jdyh ulvh wr d orw ri uhvhdufk1 Wkh
SGS zdv douhdg| glvfxvvhg e| Pxlukhdg +4<36,/ zkr suryhg wkdw li |& lv
wkh lqfrph ri lqglylgxdo n/ n @ 4> ===> q/ li |� ? |�/ dqg li dq dprxqw � ri
lqfrph lv wudqvihuuhg iurp lqglylgxdo m wr l/ wkh lqfrph lqhtxdolw| lv glplq0
lvkhg surylghg � � |��|�1 Lw lv d edvlv iru lqhtxdolw| frpsdulvrqv hyhq li lw
grhv qrw doorz wr frpsduh glvwulexwlrqv gh�qhg ryhu srsxodwlrq ri gl�huhqw
vl}hv ru zlwk gl�huhqw phdqv1 Iru wkhvh dqg rwkhu uhdvrqv/ wkh SGS kdyh
ehhq fulwlfl}hg e| pdq| vfkroduv dv h1j1 Vkruurfnv dqg Irvwhu +4<;:,/ Pr|hv
+4<<7, dqg Fkdwhdxqhxi +4<<9,/ zkr srlqw rxw wkhuh lv urrp iru dowhuqdwlyh
lqhtxdolw| fulwhuld1 Pruh uhfhqwo|/ Iohxuedh| dqg Plfkho +IP, +5334, kdyh
vkrzq wkdw wkh Sljrx0Gdowrq Sulqflsoh lv d wrr zhdn fulwhulrq vlqfh lw vhuyhv
pdlqo| wkhruhwlfdo sxusrvhv dqg grhv qrw wdnh lqwr dffrxqw wkdw uhglvwul0
exwlrq srolflhv duh frvwo| dqg hqwdlo vrph orvv lq wkh djjuhjdwh dprxqw ri
ehqh�wv wr eh vkduhg1 Lq ihz zrugv/ wkh SGS lv vlohqw rq wkh vr0fdoohg �sure0
ohp ri wkh slhufhg exfnhw�= qdpho| wd{lqj ulfk shrsoh wr wudqvihu lqfrph wr
srruv hqwdlov d qhw orvv ri prqh|1 Wkhq/ wkh| irfxv rq d vxefodvv ri wudqv0
ihuv ri wkh Sljrx0Gdowrq w|sh dqg frqvlghu wudqvihuv zklfk duh sursruwlrqdo
wr wkh ehqh�wv ri wkh djhqwv lqyroyhg1 Wkh| dujxh lq idyru ri shufhqwdjh
wudqvihuv zklfk frvw �( ri lqfrph wr wkh ulfk dqg lqfuhdvh wkh lqfrph ri wkh
srru e| �(1 Pruhryhu/ Iohdxuedh| dqg Plfkho vkrz wkdw dq dgglwlyh vhs0
dudeoh +xwlolwduldq, vrfldo zhoiduh ixqfwlrq Z +{, @

S
� x +{�, zlwk d vwurqj

frqfdylw| ri x hydoxdwhv d sursruwlrqdo wudqvihu dv d jrrg iru wkh zhoiduh ri
wkh vrflhw|1

Rxu dlp lv wr fulwlfl}h wklv dssurdfk1
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Zh frqvlghu d jlyhq �qlwh srsxodwlrq Q @ i4> = = = > l> = = = > qj ri lqglylgxdov1
D udqnhg lqfrph glvwulexwlrq

{ @ +{�> ===> {�> ===> {?,

lv d �qlwh froohfwlrq ri srvlwlyh uhdo qxpehuv vxfk wkdw 3 ? {� � = = = �
{� � = = = � {?1 Ohw {� eh lqwhusuhwhg dv wkh lqfrph ri lqglylgxdo l lq wkh
srsxodwlrq Q 1 Wkh vhw ri doo udqnhg lqfrph glvwulexwlrqv iru wkh srsxodwlrq
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Dq lqhtxdolw| fulwhulrq � lv dq rughulqj rq C dqg fdq eh lghqwl�hg zlwk
d vxevhw � ri C � C1 Zkhq { � |/ zh vkdoo vd| wkdw | lv +zhdno|, pruh
xqhtxdo wkdq {1

Gh�qlwlrq 4 +Pdmrul}dwlrq, D yhfwru | pdmrul}hv d yhfwru {/ ghqrwhg
{ � |/ li { fdq eh ghulyhg iurp | e| d �qlwh qxpehu ri Sljrx0Gdowrq wudqvihuv
+hdfk vdwlvi|lqj wkh uhvwulfwlrq � � |� � |�,1

Ohw xv ghqrwh e| 
�( wkh vhw ri SG wudqvihuv/ l1h1 +|> {, 5 
�( li
dqg rqo| li { fdq eh ghulyhg iurp | wkurxjk wudqvihuv ri Sljrx0Gdowrq w|sh1
Vxssrvh ixqfwlrq * = U? $ U lv wr eh xvhg dv d phdvxuh ri lqhtxdolw|1 Wkhq=

Gh�qlwlrq 5 { � | dqg { lv qrw d shupxwdwlrq ri | lpsolhv * +{, � * +|,1

D wkhruhp +gxh hvvhqwldoo| wr Vfkxu +4<56,/ vhh Pduvkdoo dqg Ronlq
+4<:<, fkdswhu 4 iru ghwdlov,/ hvwdeolvkhv wkdw * vkrxog eh vwulfwo| Vfkxu0
frqfdyh1

Doo wklv hqwdlov wkdw wkh qrwlrq ri wkh Sljrx0Gdowrq Sulqflsoh e| Iohxu0
edh| dqg Plfkho +IP/ 5334 sj17, lv qrw zhoo gh�qhg1

Wkh| dujxh wkdw wkh SGS lv vlohqw derxw wudqvihuv zkhuh wkh uhfhlyhu
jhwv ohvv wkdq wkh grqru jlyhv dzd|1 Lw lv wuxh1 Qhyhuwkhohvv/ wkh fulwltxh lv
qrw urexvw1 Wkh| duh dvnlqj wr wkh fulwhulrq pxfk pruh frqwhqw wkdq lw kdv1

Gdowrq +4<53/ sj1684, ghvfulehv wkh �sulqflsoh ri wudqvihuv� dv iroorzv=

�Li wkhuh duh rqo| wzr lqfrph0uhfhlyhuv dqg d wudqvihu ri lq0
frphv wdnhv sodfh iurp wkh ulfkhu wr wkh srruhu/ lqhtxdolw| lv gl0
plqlvkhg1 ^111` Wkh wudqvihu pxvw qrw eh vr odujh dv wr pruh wkdq
wkh uhyhuvh wkh uhodwlyh srvlwlrqv ri wkh wzr lqfrph uhfhlyhuv1�

Wkhq/ lw qhfhvvdulo| lv pxwh zkhq wkh dwwhpsw wr pdnh glvwulexwlrq {

�pruh qhduo| htxdo� wkdq glvwulexwlrq | hqwdlov d orvv ri prqh|1
D sulqflsoh ri wudqvihuv wkdw vkrxog �w zhoo wkh lghd ri orvv lq wkh wudqvihuv

ri Iohxuedh| dqg Plfkho lv wkh iroorzlqj=

Gh�qlwlrq 6 +Sursruwlrqdo Wudqvihu Sulqflsoh +SWS,, Iru {/ | 5 C/
li

{� @ |� +4 .�, � +4��, |� @ {� +4,

dqg |& @ {& iru doo n 9@ l/ m dqg � 5
k
3>

+�3+�
+�n+�

l
/ wkhq Z +{, A Z +|,1
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Vxfk d fulwhulrq lqwurgxfhv dq xsshu erxqg wr wkh orvv1 Lq wkh ruljlqdo
gh�qlwlrq SWS +IP/ +5334, sj17,/ � lv d +jhqhulf, srvlwlyh qxpehu/ zkloh/
ri frxuvh/ lqhtxdolw| 4 grhv qrw krog iru dq| srvlwlyh qxpehu1
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Vxssrvh wr dsso| wkh SWS wr d glvwulexwlrq { @ +43> ;33> 4333,/ zklfk frvwv
wr wkh ulfkhvw � @ 43( ri wkhlu lqfrph dqg lqfuhdvhv wkh srruhvw*v lqfrph
e| � @ 43(1 Wkh glvwulexwlrq zh rewdlq lv wkh iroorzlqj {� @ +44> ;33> <33,1
Wkh qhw orvv lq wkh djjuhjdwh dprxqw ri lqfrph lv kxjh= iru lqfuhdvlqj
lqfrph ri ohvv idyrulwh shrsoh ri rqh xqlw zh �vshqw� << xqlwv ri lqfrph1
Lw lv vwudljkwiruzdug wr jxhvv wkdw qr hwklfdo +l1h1 frqfhuqhg iru htxlw|,
ghflvlrq0pdnhu frxog lpsrvh d vr0frvwo| uhglvwulexwlrq srolf|1

Dv wkh orvv lqfuhdvhv zlwk wkh jds ehwzhhq grqru dqg uhfhlyhu/ wkh SWS
vhhpv wr vxjjhvw wkdw lqfrph pxvw eh wudqvihuuhg iurp d txlqwloh +lwk, ri
wkh glvwulexwlrq wr wkdw vlwxdwhg qh{w wr lw +wkh l04wk,1 Vxfk d suhvfuls0
wlrq/ iru � @ 43(/ hperglhv {� @ +43> ;;3> <33,/ zkrvh uhglvwulexwlrq rqo|
frvwv 53 xqlwv ri lqfrph1 Shrsoh frxog djuhh +vshfldoo| li wkh| duh uhodwlyho|
ulfkhu,/ rq vxfk d srolf|/ exw dq hwklfdo ghflvlrq pdnhu vwulfwo| surprwhv d
uhglvwulexwlrq vxfk wkdw wkh zruvw0r�v uhfhlyh dq lqfuhdvlqj lq wkhlu ehqh�wv1
Wkhq/ dffruglqj wr wkh frqvwudlqw rq wkh orvv/ zh vkrxog hqirufh d vhtxhqfh
ri SWS iurp d txdqwloh wr wkh qh{w lq rughu wr plqlpl}h wkh frvw ri dq|
vlqjoh wudqvihu1 Qhyhuwkhohvv/ vxfk d vhtxhqfh ri wudqvihuv kljko| lqfuhdvhv
wkh wrwdo h{shqglwxuh iru uhglvwulexwlrq1 Rq wkh frqwudu|/ zkhq wudqvihuv
duh frvwo|/ wr plqlpl}h wkhlu qxpehu vkrxog eh d jrdo ri dq| srolf|0pdnhu1
Exw/ dffruglqj wr SWS/ lw lv vwulfwo| ehwwhu wr vkdulqj rxw wkh shufhqwdjh
� ri prqh| wr eh uhglvwulexwhg/ vxfk wkdw � @

S?
�'� ��1 Dv q dssurdfkhv

wr lq�qlwh dqg � lv forvh wr eh }hur |�� �@ �1 Lq rwkhu zrugv/ li zh zdqw
wr uhgxfh orvvhv ri dq| SWS/ zh kdyh wr glylgh lw dv pxfk dv srvvleoh dqg
dgplw wudqvihu vpdoohu dqg vpdoohu/ vxfk wkdw/ wr wkh olplw/ d Sursruwlrqdo
Wudqvihu lv lqglvwlqjxlvkdeoh iurp d wudqvihu ri SG*v w|sh1

Wkh qrupdwlyh frxqwhusduw ri wkh SWS vhhpv wr vxjjhvw �wr wudqvihu
ohvv wr shrsoh zkr kdyh ohvv�/ ehfdxvh wklv �sudfwlfh� lv frvwo|1 Li zh vxssrvh
wkhuh h{lvw shrsoh zlwk qr0lqfrph ru zkrvh lqfrph dssurdfkhv +l1h1 fdq eh
frqvlghu forvh, wr { @ +3> 3> 433,/ zh fdqqrw dsso| SWS dq|pruh ru zh fdq
rqo| hqirufh wudqvihuv forvh wr eh qxoo1 Wklv phdqv wkdw wkh sulqflsoh ri
sursruwlrqdo wudqvihuv lv qrw d vxlwdeoh lqhtxdolw| fulwhulrq1

Ilqdoo|/ ohw xv ghqrwh wkh fodvv ri doo SWS e| 
�A� 1 Hyhu| sdlu +|> {, 5

�A� li dqg rqo| li Gh�qlwlrq 6 krogv1 Frqvlghu wkh iroorzlqj wzr fodvv ri
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dgglwlyh zhoiduh ixqfwlrqv=
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Lw lv srvvleoh wr vkrz wkdw Z� dqg Z2 gr qrw vdwlvi| wkh SWS dv

Zr +{, �Zr +|, zkhqhyhu +|> {, 5 
�A� zlwk v @ 4> 51

Dv Z� dqg Z2 uhsuhvhqw wkh fodvv ri vrfldo hydoxdwlrq ixqfwlrqv fruuh0
vsrqglqj wr wkh fodvv ri Dwnlqvrq0Nrop0Vhq dqg Jlql lqhtxdolw| lqglfhv dqg
wkhvh wzr idplolhv ri lqglfhv duh wkh prvw dssolhg lq hpslulfdo zrunv/ wkh
dlp ri pdnlqj �glvfxvvlrq derxw lqhtxdolw| dyhuvlrq pruh frqfuhwh� +IP/
5334 sj15, lv ydlq1

� ���	���
��

Zh kdyh vkrzq dv wkh sulqflsoh ri sursruwlrqdo wudqvihuv lv idu wr eh d
vxlwdeoh lqhtxdolw| fulwhulrq xqghu d srvlwlyh dqg qrupdwlyh srlqw ri ylhz1
Lw lv qrw d qlfh �uhvwulfwlrq� ri wkh SGS ri wudqvihuv/ zklfk fdqqrw/ lq rxu
rslqlrq/ eh fulwlfl}hg rq wkh �hog ri h!flhqf|1

Zh duh qrw frqfhuqhg zlwk wkh jurzwk sureohp zklfk IP frqvlghu lq
wkhlu zrun1

Ilqdoo|/ zh gr qrw uhylhz wkh sdshu ri Derxgl dqg Wkrq +5334, dv lw
fkdudfwhul}hv wkh wzr suhrughuv fryhuhg lq IP*v sdshu e| vlpso| frqvlghu0
lqj d fkdqjh ri yduldeohv lq wkh glvwulexwlrqv dqg uhsurgxflqj wkh Kdug|0
Olwwohzrrg0Sro|d +4<67, zhoo0nqrzq ohppd +vhh Pduvkdoo dqg Ronlq +4<:<,
fkdswhu 4/ iru pruh ghwdlov,1

�������	��

^4` Derxgl/ U1 dqg G1 Wkrq +5334, 0 Wudqvihu Sulqflsohv dqg Lqhtxdolw|
dyhuvlrq 0 plphr1

^5` Fkdwhdxqhxi/ D1 +4<<9, 0 �Ghfuhdvlqj lqhtxdolw|= dq dssurdfk wkurxjk
qrq0dgglwlyh prghov� 0 z1s1<918; FHUPVHP/ Xqlyhuvlwì gh Sdulv L1

7



^6` Gdowrq/ K1 +4<53, 0 �Wkh phdvxuhphqw ri lqhtxdolw|� 0 Hfrqrplf Mrxu0
qdo/ 67;06941

^7` Iohxuedh|/ P1 dqg S1 Plfkho/ +5334, 0 �Wudqvihu sulqflsohv dqg lqhtxdolw|
dyhuvlrq/ zlwk dq dssolfdwlrq wr rswlpdo jurzwk� 0 Pdwkhpdwlfdo Vrfldo
Vflhqfh 75/ 40441

^8` Kdug|/ J1K1/ M1H1 Olwwohzrrg/ dqg J1 Sro|d/ +4<67/ 4<85, 0 Lqhtxdolwlhv
0 Fdpeulgjh Xqlyhuvlw| Suhvv/ Orqgrq1

^9` Pduvkdoo/ D1Z1/ dqg L1 Ronlq/ +4<:<, 0 Lqhtxdolwlhv= Wkhru| ri Pdmrul}d0
wlrq dqg lwv Dssolfdwlrqv 0 Dfdghplf Suhvv= Qhz \run1

^:` Pr|hv/ S1/ +4<<7, 0 �Lqhtxdolw| uhgxflqj dqg lqhtxdolw| suhvhuylqj wudqv0
irupdwlrqv ri lqfrphv= v|pphwulf dqg lqglylgxdolvwlf wudqvirupdwlrqv�
0 Mrxuqdo ri Hfrqrplf Wkhru|/ 96/ 5:405<61

^;` Pxlkhdg/ U1 I1 +4<36, 0 �Vrph phwkrgv dssolfdeoh wr lghqwlwlhv dqg
lqhtxdolwlhv ri v|pphwulf dojheudlf ixqfwlrqv ri q ohwwhuv� 0 Surfhhglqj
ri Hglqexujk Pdwkhpdwlfdo Vrflhw| 54/ 477048:1

^<` Vkruurfnv/ D1I1 dqg M1 Irvwhu +4<;:, 0 �Wudqvihu vhqvlwlyh lqhtxdolw|
phdvxuhv� 0 Uhylhz ri Hfrqrplf Vwxglhv/ 87/ 7;807<:1
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