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Devwudfw

D frkhuhqw vwuxfwxuh lv ylhzhg dv d ghirupdeoh frqqhfwhg grpdlq ri
yhorflw| vsdfh zlwk fhuwdlq vlplodu wrsrorjlfdo surshuwlhv1 Wkh wrsrorj| ri
lqwhuhvw lv wkh wrsrorj| lqgxfhg e| wkh frqvwudlqw rq wkh ydulhw| ~{/|/}/w�
vxfk wkdw wkh yhfwru �hog ri  rz vdwlv�hv d nlqhpdwlf v|vwhp ri ruglqdu|
gl�huhqwldo htxdwlrqv/ dv zhoo dv d g|qdplfdo sduwldo gl�huhqwldo htxdwlrq
ri hyroxwlrq1 Wkh Sid� glphqvlrq ru fodvv ri d grpdlq lv d wrsrorjlfdo
surshuw| zkrvh hyroxwlrq pd| eh frpsxwhg1 Ri wkh irxu Sid� fodvvhv
ri frkhuhqw vwuxfwxuhv dgplwwhg ryhu vsdfh wlph/ srwhqwldo  rz dqg lqwh0
judeoh yruwlfldo  rzv pdnh xs wkh �uvw wzr Sid� fodvvhv1 Wkh wklug dqg
irxuwk Sid� fodvvhv ohdg wr wkh qrwlrq ri Wrsrorjlfdo Wruvlrq dqg Wrsrorj0
lfdo Sdulw|1 D frqfhsw ri Kholflw| fxuuhqw lv lqwurgxfhg/ d fxuuhqw zkrvh
qrq0}hur glyhujhqfh vljqdov wkh surgxfwlrq ri 60glphqvlrqdo ghihfwv lq0
whuqdo wr wkh  rz �hog1 Lqyduldqw vxuidfhv ri vhsdudwlrq dvvrfldwhg zlwk
wkh Mdfreldq ri wkh xqlw wdqjhqw �hog pd| eh xvhg wr gh�qh wrsrorjlfdo
grpdlqv1 Dq h{dpsoh lv jlyhq ghprqvwudwlqj wkdw wkhvh grpdlqv/ dv gh0
irupdeoh grpdlqv ri vlplodu wrsrorj| lq wkh  rz yhorflw| �hog/ pd| eh
sxw lqwr fruuhvsrqghqfh zlwk frkhuhqw khuprg|qdplf skdvhv1

4 LQWURGXFWLRQ

Wrsrorjlfdo surshuwlhv ri dq hyroxwlrqdu| surfhvv duh surshuwlhv wkdw vwd| wkh
vdph xqghu frqwlqxrxv dqg uhyhuvleoh wudqvirupdwlrqv 1 Iurp

wklv ylhzsrlqw/ d frkhuhqw vwuxfwxuh lv gh�qhg wr eh d frqqhfwhg/ frqyhfwlyho|
ghirupdeoh grpdlq zlwk fhuwdlq wrsrorjlfdo surshuwlhv

wkdw uhpdlq g|qdplfdoo| lqyduldqw1 H{dpsohv ri wrsrorjlfdo surshuwlhv duh=
Frqqhfwlylw|/ Erxqgdu|/ Rulhqwdwlrq/ Sid� Glphqvlrq/ dqg Olplw srlqwv/ zklfk
duh wr eh glvwlqjxlvkhg iurp jhrphwulfdo surshuwlhv ri Vl}h dqg Vkdsh1 Wkh
ixqgdphqwdo sureohp lv krz wr h{wudfw/ erwk wkhruhwlfdoo| dqg h{shulphqwdoo|/
wrsrorjlfdo lqirupdwlrq iurp d k|gurg|qdplf  rz1 Wkh nlqhpdwlf yhorflw| �hog
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lv ylhzhg dv d vhw ri gl�huhqwldo frqvwudlqwv rq U7/ suhvfulelqj d wrsrorj| rq
wkh ydulhw| ~{/|/}/w�1

Khuhlq/ wzr uhodwhg 0 exw glvwlqfw 0 phwkrgv duh vxjjhvwhg iru h{wudfwlqj vxfk
wrsrorjlfdo lqirupdwlrq1 Erwk phwkrgv kdyh wkh vdph srlqw ri ghsduwxuh= erwk
xvh wkh frqfhsw ri d qrupdol}hg/ ru xqlw vshhg/ wdqjhqw yhorflw| �hog=

w @ Y+{> |> }> w,@+Y=Y,4@5 +4,

zklfk wr d gl�huhqwldo jhrphwhu lv d frqirupdo Jdxvv pds ri wkh yhorflw| vsdfh1
Wkh �uvw phwkrg xwlol}hv wkh Fduwdq fdofxoxv edvhg rq wkh 4 irup ri dfwlrq/
ru xqlw dufohqjwk/ D @ gv @ w�g{

� +dq lpshuihfw gl�huhqwldo frqvwuxfwhg iurp
wkh xqlw wdqjhqw �hog, wr gh�qh wkh wrsrorjlfdo surshuw| ri Sid� glphqvlrq dqg
Wrsrorjlfdo Wruvlrq1

Wkh vhfrqg phwkrg ri h{wudfwlqj wrsrorjlfdo lqirupdwlrq frqvlghuv wkh qxoo
vhwv ri wkh vl{ lqyduldqw vfdodu ixqfwlrqv dvvrfldwhg zlwk wkh Mdfreldq ri wkh xqlw
wdqjhqw yhfwru �hog1 Dv ghirupdwlrq lqyduldqwv/ wkhvh vxuidfhv vhsdudwh grpdlqv
ri gl�huhqw wrsrorjlfdo surshuwlhv1 Lw zloo eh ghprqvwudwhg wkdw wkhvh grpdlqv
fdq eh sxw lqwr fruuhvsrqghqfh zlwk wrsrorjlfdo ru wkhuprg|qdplf skdvhv1

5 WRSRORJLFDO WRUVLRQ

Wkh wudglwlrqdo k|gurg|qdplf yhfwruv ri yhorflw| dqg yruwlflw| duh whqvruv ri wkh
�uvw dqg vhfrqg udqn1 Wkh Fduwdq dqdo|vlv irfxvhv dwwhqwlrq rq wkh xwlolw| ri d
wklug udqn whqvru �hog/ fdoohg Wrsrorjlfdo Wruvlrq/ dqg lwv glyhujhqfh/ zklfk lv
d irxuwk udqn whqvru �hog/ fdoohg Wrsrorjlfdo Sdulw|1 Dowkrxjk wkhvh �hogv duh ri
wklug dqg irxuwk udqn/ wkh| duh vhw lqwhuvhfwlrqv ri wkh yhorflw| dqg wkh yruwlflw|/
dqg uhtxluh qr pruh wkdq �uvw ghulydwlyhv ri wkh yhorflw| iru wkhlu frqvwuxfwlrq1
Wkhuhiruh/ wkhvh �hogv duh dv dphqdeoh wr phdvxuhphqw dv duh wkh wudglwlrqdo
�hogv ri yhorflw| dqg yruwlflw|/ exw wkh| fduu| gl�huhqw nlqgv ri lqirupdwlrq1
Wkhlu frpsrqhqwv/ lq sulqflsoh/ fdq eh phdvxuhg gluhfwo| zlwk d <0zluh sureh1

Iroorzlqj wkh phwkrgv ri Fduwdq/ d fhuwdlq dprxqw ri wrsrorjlfdo lqirupd0
wlrq fdq eh rewdlqhg e| wkh frqvwuxfwlrq ri wkh Sid� vhtxhqfh edvhg rq wkh
40irup ri Dfwlrq/ D 1 +Qrwh wkdw wkh forvhg lqwhjudo ri wkh dfwlrq lv uhodwhg wr
wkh k|gurg|qdplf frqfhsw ri flufxodwlrq1,

WRSRORJLFDO DFWLRQ D @ D�g{�

WRSRORJLFDO YRUWLFLW\ I @ gD @ I��g{
�ag{�

WRSRORJLFDO WRUVLRQ K @ DagD @ K���g{
�ag{�ag{�

WRSRORJLFDO SDULW\ N @ gDagD @ N����g{
�ag{�ag{�ag{�

+5,
Wkh Sid� glphqvlrq ri d grpdlq lv wkh udqn ri wkh odujhvw qrq0}hur hohphqw ri wkh
deryh vhtxhqfh1 Wkh wrsrorjlfdo wruvlrq whqvru ri dq duelwudu| 40irup ri Dfwlrq
kdv irxu frpsrqhqwv lq vsdfh0wlph/ wkh �uvw wkuhh ri zklfk irup d Kholflw| ru
Wruvlrq fxuuhqw/ W 1 Wkh irxuwk frpsrqhqw/ 
/ lv uhodwhg wr wkh kholflw| ghqvlw|/
k/ lqwurgxfhg wr k|gurg|qdplfv e| Pr�dww ^4<9<`1 Wkh gl�huhqwldo wrsrorj| ri
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wkh %wruvlrqolqhv% ri wkh Kholflw| fxuuhqw/ g{@W{ @ g|@W| @ g}@W} @ gw@
 / fdq
eh hydoxdwhg dqg vwxglhg lq d pdqqhu vlplodu wr wkh qrq0olqhdu dqdo|vlv dssolhg
wr wkh % rzolqhv%1

D �uvw wrsrorjlfdo uhvxow lv wkdw li wkh irxu frpsrqhqwv ri wklv wklug udqn
whqvru ri Kholflw| fxuuhqw dqg kholflw| ghqvlw| ydqlvk ryhu d grpdlq/ wkhq wkh
k|gurg|qdplf  rz vdwlv�hv wkh Iurehqlxv frpsohwh lqwhjudelolw| wkhruhp ^Iodq0
ghuv 4<96`/ dqg wkh  rz lv qhyhu fkdrwlf/ qru eudlghg/ qru nqrwwhg ryhu wkh
grpdlq1 Lw iroorzv wkdw wkh frqfhsw ri Wrsrorjlfdo Wruvlrq lv qhfhvvdu| iru wkh
xqghuvwdqglqj ri wxuexohqw dqg fkdrwlf  rz1

Wkh Sid� vhtxhqfhv/ dqg wkh Wrsrorjlfdo Wruvlrq whqvru/ fdq eh frqvwuxfwhg
iru duelwudu| �hogv/ exw wkh lpsruwdqfh ri wkh Jdxvv pds dqg wkh xqlw wdqjhqw
�hog wr joredo lvvxhv fdqqrw eh ryhuhpskdvl}hg1 Vrphwlphv/ wkh whfkqltxh lv
vxusulvlqj1 Iru h{dpsoh/ uljlg erg| urwdwlrq dqg wkh srwhqwldo yruwh{ kdyh
wkh vdph Jdxvv pds$ Wkh wzr  rzv duh Fuhprqd gxdov ri rqh dqrwkhu/ ehlqj
surmhfwlrqv h{whulru wr dqg lqwhulru wr wkh xqlw vskhuh/ uhvshfwlyho|1 Lq whupv
ri wkh xqlw wdqjhqw �hog/ wkh irxu frpsrqhqwv ri wrsrorjlfdo wruvlrq pd| eh
zulwwhq dv=

W @ �+Cw@Cw,�w> dqg 
 @ w �fxuo w @ y �fxuo y@+y � y @ k@+y � y,= +6,

Dq lpsruwdqw uhvxow lv wkh idfw wkdw wkh glyhujhqfh ri wkh Wrsrorjlfdo Wruvlrq
whqvru lv qrw qhfhvvdulo| }hur/ dqg grhv qrw ghshqg h{solflwo| xsrq ylvfrvlw|=

glyW . C
@Cw @ 5+Cw@Cw,� w � fxuo w @ N= +7,

Wkh lpsolfdwlrq lv wkdw 6 glphqvlrqdo ghihfwv ri Kholflw| fxuuhqw fdq eh fuh0
dwhg ru ghvwur|hg vsrqwdqhrxvo| zlwklq wkh exon phglxp ri d  xlg1 Wkh surgxf0
wlrq ri ghihfwv lv dq hqwurs| lqfuhdvlqj surfhvv/ dqg wkhuhiruh wkhvh surfhvvhv/ li
frqwlqxrxv/ pxvw eh luuhyhuvleoh1 Lw lv frqmhfwxuhg wkdw wkhvh surfhvvhv duh sduw
ri wkh wxuexohqw surfhvv1 D ylvxdo vljqdwxuh ri vxfk k|gurg|qdplf ghihfwv zloo
eh luuhgxfleo| 6 glphqvlrqdo kholfdo frqwudlov dqg vfuroo zdyhv1

Wkh yhfwru/ fxuo w lv uhodwhg wr wkh Gduerx{ yhfwru/ G / ri wkh v|vwhp ri
vwuhdpolqhv dvvrfldwhg zlwk w1 Lw pd| eh vkrzq wkdw wkh qrup ri G lv h{dfwo|
htxdo wr wkh vxp ri wkh vtxduhv ri wkh Iuhqhw wruvlrq dqg wkh Iuhqhw fxuydwxuh ri
wkhvh vwuhdpolqhv1 Zkhq wkh xqlw qrupdo �hog lv lqwhjudeoh/ wkh Iuhqhw wruvlrq/
� / lv suhflvho| wkh 7wk frpsrqhqw/ 
/ ri wkh Wrsrorjlfdo Wruvlrq whqvru ri wkh
xqlw wdqjhqw �hog$ Lq wklv vhqvh/ wkh kholflw| ghqvlw| glylghg e| wkh vtxduh ri
wkh yhorflw|/ y � fxuo y@+y � y/ lv dq lqwulqvlf surshuw| ri wkh  rz/ lqghshqghqw
iurp wkh revhuyhu*v iudph ri uhihuhqfh1 Vlploduo|/ wkh lqwulqvlf surshuw| ri wkh
vtxduh ri wkh Iuhqhw fxuydwxuh pd| eh hydoxdwhg dv

�5 @ +fxuo w� w,5> zlwk �5 @ 
5 @ +w � fxuo w,5= +8,

Lw lv lpsruwdqw wr uhfdoo wkdw wkh wrsrorj| ri lqwhuhvw lv wkh wrsrorj| lqgxfhg rq
wkh xqghuo|lqj 7 glphqvlrqdo ydulhw| e| d v|vwhp ri nlqhpdwlf frqvwudlqwv1 Wkhvh
frqvwudlqwv duh vshfl�hg e| wkh frqglwlrq wkdw wkh yhorflw| �hog/ zklfk lq wklv
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fdvh lv d vroxwlrq ri d sduwldo gl�huhqwldo v|vwhp +wkh Qdylhu0Vwrnhv htxdwlrqv,/
irup d nlqhpdwlfdo v|vwhp ri ruglqdu| gl�huhqwldo htxdwlrqv

g{� xgw @ 3> g| � ygw @ 3> g} � zgw @ 3= +9,

6 SIDII GLPHQVLRQ

Wkh Sid� glphqvlrq ri wkh xqlw wdqjhqw �hog lv dq lqyduldqw ri d frqwlqxrxv
ghirupdwlrq ri wkh grpdlq1 Wkh sulplwlyh lghd lv= zkdw lv wkh plqlpxp qxpehu
ri ixqfwlrqv wkdw duh uhtxluhg wr ghvfuleh d yhfwru �hog ryhu d grpdlqB Judglhqw
�hogv duh dghtxdwho| ghvfulehg e| 4 ixqfwlrq/ khqfh d srwhqwldo  rz lv ri Sid�
glphqvlrq 41 Qrq0fkdrwlf/ ru frpsohwho| lqwhjudeoh yruwlfldo  rzv duh ri Sid�
Glphqvlrq 51 Iorzv zlwk grpdlqv ri Kholflw| fxuuhqw dqg2ru kholflw| ghqvlw|
duh ri Sid� glphqvlrq 61 Wkh srlqw ri ghsduwxuh eh|rqg Fohevfk lv wkdw lq vsdfh
wlph wkh  rzv pd| eh ri Sid� glphqvlrq 7$

Frqqhfwhg grpdlqv ri wkh vdph Sid� glphqvlrq fdq vhuyh dv fdqglgdwhv iru
frkhuhqw vwuxfwxuhv1 Lq wklv vhqvh/ d yruwh{ ulqj ru d yruwh{ wxeh lv d frkhuhqw
vwuxfwxuh ri Sid� glphqvlrq 5 hpehgghg lq d odujhu grpdlq ri Sid� glphqvlrq
41 Frqqhfwhg wrurlgdo wxehv vxfk dv wkrvh irxqg lq wkh DEF  rz zrxog eh
fdqglgdwhv iru d frkhuhqw vwuxfwxuh ri Sid� glphqvlrq 61 Wkhvh grpdlqv ru
vwuxfwxuhv ri gl�huhqw Sid� glphqvlrq fdq hyroyh zlwk ghirupdwlrq/ exw wkhlu
frqqhfwlylw| dqg wkh vhqvh ri frkhuhqfh lqvwloohg e| wkhlu wrsrorjlfdo vdphqhvv/
zloo eh suhvhuyhg zlwk uhvshfw wr krphrprusklf  rzv1 Grpdlqv ri Sid� gl0
phqvlrq 7 irup frkhuhqw vwuxfwxuhv wkdw duh luuhgxfleo| vsdfh0wlph ghshqghqw1
Wkh grpdlqv ri Sid� glphqvlrq 6 ru juhdwhu pd| ru pd| qrw eh fkdrwlf1 Iru
h{dpsoh/ wkh wrurlgdo exqgohv ri hujrglf wudmhfwrulhv vxjjhvwhg e| Pr�dww dv
fdqglgdwhv iru frkhuhqw vwuxfwxuhv zrxog idoo lqwr grpdlqv ri Sid� glphqvlrq 61

7 GHWHUPLQLVWLF FKDRV yv1 QRQ GH0

WHUPLQLVWLF YHORFLW\ ILHOGV

Yhfwru �hogv wkdw gh�qh d k|gurg|qdplf  rz pd| eh fodvvl�hg lqwr  rzv wkdw
duh ghwhuplqlvwlf dqg vhsdudeoh/ dqg wkrvh wkdw duh qrw1 Vhsdudelolw| lpsolhv
wkdw wkh wlph ghshqghqw  rz yhfwru �hog idfwruv lqwr d yhfwru ixqfwlrq ri fr0
ruglqdwhv dqg d frpprq idfwru ri wlph dqg vsdfh= Y � @ y+{> |> },W +{> |> }> w,1
Dffruglqj wr Hlvhqkduw ^4<96`/ wkh vhsdudelolw| frqglwlrq lv qhfhvvdu| dqg vxi0
�flhqw iru wkh yhfwru �hog wr eh wkh jhqhudwru ri d vlqjoh sdudphwhu vhpl0jurxs
ri wudqvirupdwlrqv1 Wkh sk|vlfdo lqwhusuhwdwlrq ri wkh vlqjoh sdudphwhu lv wkdw
lw uhsuhvhqwv wlph1 Wkh uhpdundeoh ihdwxuh ri wkh vhsdudeoh  rzv lv wkdw wkh
dvvrfldwhg xqlw wdqjhqw �hog/ w / lv h{solflwo| lqghshqghqw iurp wlph$ Wkh Kh0
olflw| fxuuhqw/ W / ri wkh xqlw wdqjhqw �hog ydqlvkhv/ dqg wkh Sid� vhtxhqfh
whuplqdwhv dw glphqvlrq 61 Wkh vroxwlrq wr wkh v|vwhp ri xqlw wdqjhqw RGH*v
irup d vhw ri vwuhdpolqhv$ Wkh frqfhsw ri Iuhqhw wruvlrq dqg Wrsrorjlfdo Wru0
vlrq duh/ lq wklv fdvh/ wkh vdph1 Wkh Urww vroxwlrq ^Urww /4<8;` lv dq h{dpsoh
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ri d qrq0vhsdudeoh vroxwlrq wr wkh Qdylhu0Vwrnhv htxdwlrqv wkdw kdv d qrq0qxoo
Kholflw| fxuuhqw1 Wkh lqwhjudeoh  rzv +Sid� glphqvlrq 5 ru ohvv, ghprqvwudwh
d 404 fruuhvsrqghqfh ehwzhhq dq lqfuhphqw ri dufohqjwk dqg dq lqfuhphqw ri
wlph> wkh qrq0lqwhjudeoh  rzv gr qrw1

Lw lv vxjjhvwhg wkdw wxuexohqw  rzv duh qrq0vhsdudeoh  rzv ri luuhgxfleoh
Sid� glphqvlrq 7/ dqg duh wr eh glvwlqjxlvkhg iurp ghwhuplqlvwlf fkdrwlf  rzv
zklfk duh ri Sid� glphqvlrq 61 Wkh uhpdundeoh ihdwxuh ri wkh frqfhsw ri Sid�
glphqvlrq lv wkdw lw vlpxowdqhrxvo| r�huv d suhflvh gh�qlwlrq ri d frkhuhqw vwuxf0
wxuh +d grpdlq ri wkh vdph Sid� glphqvlrq,/ dqg glvwlqjxlvkhv ehwzhhq d fkdrwlf
+Sid� glphqvlrq 6, dqg d wxuexohqw vwdwh +Sid� glphqvlrq 7,1

8 WRSRORJLFDO VXUIDFHV DQG WKHU0

PRG\QDPLF SKDVHV

Dq| yhfwru �hog/ Y +{/|/}/w,/ lqfoxglqj wkrvh zklfk duh vroxwlrqv wr wkh Qdylhu
Vwrnhv htxdwlrqv/ pd| eh qrupdol}hg wr 4 hyhu|zkhuh h{fhsw dw lwv �{hg srlqwv/
e| wkh Jdxvv pds/ jlyhq e| Ht1 41 Wklv xqlw wdqjhqw �hog pd| eh xvhg wr
frqvwuxfw wkh Mdfreldq pdwul{/ ^M`>

^M` @ ^Cw�@C{
� `> +:,

dv zhoo dv wkh rqh irup ri dfwlrq/ D @ gv @ w�g{
� edvhg rq wkh xqlw duf ohqjwk1

Wkhuh duh vl{ sulpdu| lqyduldqw ixqfwlrqv ri ^M`/ zklfk duh wr eh dvvrfldwhg zlwk
lwv frpsoh{ hljhqvshfwud1 Wkh Mdfreldq lv wr eh ylhzhg dv d g|dglf ri ixqfwlrqv
udwkhu wkdq dv d pdwul{ ri ydoxhv1 Qr olqhdul}dwlrq surfhvv lv vxevxphg1

Wkh vl{ lqyduldqw ixqfwlrqv duh gh�qhg dv= +G @ fxuo w,
S +{> |> }, @ wudfh ^M`@ gly w / O+{> |> }, @ kGm � eGl/
T+{> |> }, @ wudfh ^dgmrlqwM` P+{> |> }, @ kGm � ^M` � eGl
U+{> |> }, @ ghw ^M` Q+{> |> }, @ kGm � ^M` � ^M` � eGl1
Wkh qxoo vhwv ri wkhvh ixqfwlrqv/ ru frpelqdwlrqv ri wkhvh ixqfwlrqv/ irup

lqyduldqw vxuidfhv ri vhsdudwlrq/ zklfk joredoo| vhsdudwh grpdlqv ri gl�huhqw
wrsrorj|1 Wkh lghd wr eh ghyhorshg lv wkdw wkhvh vxuidfhv ri vhsdudwlrq +lq
yhorflw| vsdfh, gh�qh grpdlqv ri wkhuprg|qdplf skdvh$ Zkdw ehwwhu zd| wr
wklqn ri d frkhuhqw vwuxfwxuh/ wkdq dv grpdlqv ri sxuh ru pl{hg wkhuprg|qdplf
skdvh1

Wkh lqyduldqw vxuidfhv pd| dovr eh ylhzhg dv vhwv ri sduwldo gl�huhqwldo htxd0
wlrqv zkrvh vroxwlrqv kdyh lqwhuhvwlqj surshuwlhv=

S+{/|/}, @3 gh�qhv d plqlpdo vxuidfh +vrds �op ri }hur phdq fxu0
ydwxuh,

O+{/|/}, @3 gh�qhv dq dv|pswrwlf vxuidfh ri }hur hqvwursk|1

T+{/|/},@3 gh�qhv d vxuidfh ri }hur Jdxvv vhfwlrqdo fxuydwxuh

P+{/|/},@3 gh�qhv d vxuidfh ri qxoo yruwh{ vwuhwfklqj udwh

8



Wkh wkuhh glphqvlrqdolw| ri wkh Mdfreldq lpphgldwho| irfxvhv dwwhqwlrq rq
wkh Fdugdqr ixqfwlrq/ F+{> |> },/ zkrvh qxoo vhw jhqhudwhv d vxuidfh wkdw vhs0
dudwhv grpdlqv ri frpsoh{ yhuvxv uhdo fxelf urrwv1 Lq whupv ri wkh lqyduldqw
vfdoduv/ wkh Fdugdqr ixqfwlrq pd| eh frqvwuxfwhg dv F @ �5:U5 � S +S 5 �
4;T,U� +7T� S 5,T5=

Zkhq F A 3 wkhuh duh 6 glvwlqfw uhdo vroxwlrqv wr wkh Kdplowrq fkdudfwhulvwlf
htxdwlrq iru ^M`1 Dv vkrzq lq dsshqgl{ D/ wklv frqglwlrq fruuhvsrqgv wr wkh
pl{hg skdvh uhjlrq ri d Ydq ghu Zddov jdv1

Zkhq F @ 3 wkh hljhq ydoxhv ri wkh Mdfreldq duh uhdo/ exw dw ohdvw 5 hljhq0
ydoxhv duh htxdo1 Li/ lq dgglwlrq/ wkh udqn ri wkh Mdfreldq lv ohvv wkdq 6/ wkhq
wkh Fdugdqr frqglwlrq fruuhvsrqgv wr wkh elqrgdo dqg vslqrgdo olqhv rq wkh
htxloleulxp vxuidfh ri d Ydq ghu Zddov jdv1 Wkh fulwhuld ri udqn ohvv wkdq 6 lp0
solhv wkdw U @ 3/ dqg lqglfdwhv wkdw wkh vroxwlrq vhw lv vdwlv�hg e| wkh vslqrgdo
frqvwudlqw T @ 3/ ru wkh elqrgdo frqvwudlqw/ 7T� S 5 @ 3=

Zkhq U @ S 6@5: dqg T @ S5@6/ doo wkuhh hljhq ydoxhv duh uhdo dqg htxdo1
Iru U @ 3/ wkhq S @ 3 dqg T @ 31 Wklv frqglwlrq fruuhvsrqgv wr wkh fulwlfdo
srlqw ri d Ydq ghu Zddov jdv1 Vhh Dsshqgl{ D1 Zkhq F ? 3 wkhuh lv 4 uhdo
hljhq ydoxh dqg wzr frqmxjdwh frpsoh{ vroxwlrqv1 Wklv frqglwlrq fruuhvsrqgv
wr wkh sxuh skdvh grpdlqv ri wkh Ydq ghu Zddov jdv1

Gh�qh wzr ixqfwlrqv/ D dqg E/ vxfk wkdw 6E @ T� S 5@6 dqg 5D @ �U.
TS@6�5S 6@5: 1 Xvh D dqg E dv wkh frruglqdwhv ri wkh elixufdwlrq vsdfh1 Wkhq
wkh ixqfwlrqv S>T/ ru U fdq eh fkrvhq dv wkh elixufdwlrq sdudphwhu/ iru frqvwdqw
ydoxhv ri wkh rwkhu vfdodu ixqfwlrqv1 Wklv wklug rughu v|vwhp �wv d JOREDO
elixufdwlrq vfkhph zklfk lv = K|vwhuhwlf lq wkh yduldeoh U> d Slwfkirun lq wkh
yduldeoh T/ dqg d zlqjhg fxvs lq wkh yduldeoh S ^Jroxelwvn| 4<;8`1

Zkhq U @ 3 wkh v|vwhp fdq eh sxw lqwr fruuhvsrqghqfh zlwk dq htxloleulxp
wkhuprg|qdplf v|vwhp/ zklfk lv qrw k|vwhuhwlf1 Zkhq U 9@ 3/ wkh v|vwhp lv luuh0
gxfleo| 60glphqvlrqdo/ dqg wkh qrq0htxloleulxp wkhuprg|qdplf v|vwhp dgplwv
luuhyhuvleoh k|vwhuhvlv dv U ydulhv1 Lw pd| eh vkrzq wkdw whuwldu| elixufdwlrqv/
vxfk dv wkh K|vwhuhwlf Krsi elixufdwlrq ^Odqjirug 4<;6` fdq ohdg wr lqwhuplw0
whqf|1 Vxfk  rzv kdyh qrq0}hur Wrsrorjlfdo Wruvlrq1 Dq h{dpsoh ri dq h{dfw
vroxwlrq wr wkh Qdylhu0Vwrnhv htxdwlrqv wkdw |lhogv dq lqwhuplwwhqw wudqvyhuvh
wruvlrq zdyh sdfnhw lv jlyhq lq Dsshqgl{ E1

Wkh deryh dqdo|vlv lqglfdwhv wkdw nlqhpdwlf grpdlqv kdyh surshuwlhv wkdw
duh wrsrorjlfdoo| htxlydohqw wr wkhuprg|qdplf skdvhv1 Eruurzlqj iurp wkhu0
prg|qdplf h{shulhqfh/ frrshudwlyh dqg frkhuhqw ehkdylru lv wr eh h{shfwhg lq
frpsoh{ nlqhpdwlf  rzv/ dorqj zlwk nlqhpdwlf skdvh wudqvlwlrqv/ ghshqglqj rq
lqlwldo frqglwlrqv dqg sdudphwhuv1

9 WRSRORJLFDO HYROXWLRQDQGSIDII

GLPHQVLRQ

D ixqgdphqwdo txhvwlrq ri wxuexohqfh lv= Krz gr v|vwhpv ruljlqdoo| ri Sid�
glphqvlrq 6 ru ohvv hyroyh lqwr v|vwhpv ri Sid� glphqvlrq 7B Vxfk hyroxwlrqdu|

9



 rzv lqyroyh fkdqjlqj wrsrorj|/ dqg duh hlwkhu luuhyhuvleoh/ glvfrqwlqxrxv/ ru
erwk1

Wkh ghfrpsrvlwlrq wkhruhpv ri ghUkdp ^Jrogehuj 4<;5` pd| eh xvhg wr
irup 7 htxlydohqfh fodvvhv ri  rzv/ Y / uhodwlyh wr wkh 40irup ri Dfwlrq/ D1
Frqvlghu doo  rzv wkdw vdwlvi| hlwkhu=

41 l+ Y , gD @ 3 Kdplowrqldq  rzv

51 l+ Y , gD @ gS Hxohuldq  rzv

61 l+ Y , gD @ gS . J Vwrnhv  rzv

71 l+ Y , gD @ gS . J . -C-] Rshq  rzv

zkhuh J lv kduprqlf +gJ @ 3 / -g-J@3,1 Wkh �uvw wkuhh htxlydohqfh fodvvhv
duh forvhg zlwk uhvshfw wr h{whulru gl�huhqwldwlrq/ g+l+Y ,gD @ 3/ zkloh wkh 7wk
lv qrw1

Wr whvw iru wrsrorjlfdo hyroxwlrq/ irup wkh lqwhjudo ryhu d forvhg grpdlq ri
rqh ri wkh 7 Sid� fodvvhv1 Wkhq/ frqvwuxfw wkh Olh ghulydwlyh zlwk uhvshfw wr Y
ri wkh lqwhjudo1 Li wkh Olh +frqyhfwlyh, ghulydwlyh ydqlvkhv/ wkhq wkh wrsrorjlfdo
surshuw| uhsuhvhqwhg e| wkh lqwhjudo lv dq lqyduldqw ri wkh hyroxwlrq1 Frqyhuvho|/
d qrq0qxoo ydoxh ri wkh Olh ghulydwlyh ri wkh lqwhjudo lqglfdwhv wrsrorjlfdo fkdqjh1

Dq h{wudruglqdu| uhvxow lv wkdw iru doo forvhg  rzv ri wkh ghUkdp fdwhjrulhv
+4/5/6 deryh,/ wkh Olh yduldwlrq ri doo hyhq glphqvlrqdo Sid� vhtxhqfhv ydqlvkhv/
O+ Y , gDagDa111 @ 31 Krzhyhu/ lw pd| eh ghprqvwudwhg wkdw uhodwlyh wr forvhg
 rzv/ wkh rgg glphqvlrqdo vhwv/ wkdw lv/ wkh 4 dqg 6 glphqvlrqdo Sid� vwuxf0
wxuhv ri Flufxodwlrq dqg Kholflw|/ pd| xqghujr wrsrorjlfdo hyroxwlrq zlwk wkh
surgxfwlrq ri ghihfwv/ zkloh wkh hyhq glphqvlrqdo Sid� vwuxfwxuhv ri Yruwlflw|
dqg Sdulw| uhpdlq lqyduldqw1 Wkhvh ghihfwv pd| eh dvvrfldwhg zlwk wkh surgxf0
wlrq ri wrsrorjlfdo %krohv dqg kdqgohv%1 Pruhryhu/ dffruglqj wr wkh Eurxzhu
wkhruhp/ wkh hyroxwlrqdu| fkdqjh ri wrsrorj| lv txdqwl}hg wr wkh lqwhjhuv +|rx
fdqqrw fuhdwh kdoi d kroh,1

Li wkh ylhz lv wdnhq wkdw wkh olplw srlqwv ri wkh Sid� wrsrorj| duh jlyhq
lq whupv ri wkh h{whulru ghulydwlyh rshudwru/ wkhq wkh lqyduldqfh ri wkh hyhq
glphqvlrqdo vhwv uhodwlyh wr forvhg  rzv lpsolhv lqyduldqfh ri wkh olplw srlqwv/
dqg lw iroorzv wkdw vxfk forvhg  rzv duh frqwlqxrxv uhodwlyh wr wkh Sid� wrsrorj|$
Khqfh/ zkhq wrsrorj| fkdqjhv e| yduldwlrq ri wkh rgg glphqvlrqdo vhwv/ wkh
forvhg surfhvv pxvw eh luuhyhuvleoh1

Wkh wrsrorjlfdo hyroxwlrq ri wkh 4 glphqvlrqdo Sid� vwuxfwxuhv pd| eh sxw
lqwr 4 wr 4 fruuhvsrqghqfh zlwk Qhzwrq*v odzv iru wkh hyroxwlrq ri hqhuj|/ +li
wkh lqwhuqdo hqhuj| lv frqvwdqw � qrwh dgghg 625925336,

O+Y ,D @Z � I=gu @Zrun= +;,

Wkh fruuhvsrqglqj hyroxwlrqdu| odz iru wkh wklug udqn �hog ri wrsrorjlfdo wruvlrq
fruuhvrqgv wr wkh hyroxwlrq ri hqwurs|=

O+Y ,K @ V= +<,

:



: DSSHQGL[

:14 D = WRSRORJLFDODQGWKHUPRG\QDPLFSKDVHV

Frqvlghu wkh qrq0olqhdu  rz=

x @ �+6{@;,5@+6| � 4,> y @ .6{@+6| � 4,5 � 6@|5> z @ 4= +43,

Wudqvirup wkh yduldeohv e| phdqv ri wkh htxdwlrqv= { @ h{s6@;v> | @ Y> } @ X>
uhgh�qlqj gv@gw @ ;@6g+oq{,@gw dv �W / g|@gw dv s / dqg � @ 4@Y= Wkh vroxwlrq
wr wkh v|vwhp lv jlyhq e| wkh h{suhvvlrq

� @@ X � � h{s+6v@;,@+6� �, . 6�= +44,

Wkh xqlw wdqjhqw �hog pd| eh frqvwuxfwhg dv=

wv @ W@+4.W 5.s5,4@5> wy @ �s@+4.W 5.s5,4@5> wx @ �4@+4.W 5.s5,4@5 +45,

iurp zklfk lw lv srvvleoh wr frpsxwh wkh Mdfreldq G|dglf1 Dv wkh v|vwhp gh0
shqgv rqo| rq wzr yduldeohv/ lw lv srvvleoh wr vkrz wkdw U @ 3 lghqwlfdoo|1 D
sorw ri wkh ixqfwlrqv s yv �A iru ydulrxv W |lhogv d suhvvxuh ghqvlw| uhodwlrqvkls
w|slfdo ri Ydq ghu Zddov jdv +Vhh Iljxuh 4,1 Wkh lqwhuvhfwlrq ri wklv vxuidfh
dqg wkh vxuidfh T @ 3 gh�qhv wkh Vslqrgdo olqh ri devroxwh skdvh lqvwdelolw|> lw
lv wkh olqh ri }hur Jdxvv fxuydwxuh iru wkh ixqgdphqwdo vxuidfh/ � @ 3

Iljxuh 4 Wkh Nlqhpdwlf Vxuidfh Wrsrorj| lv vlplodu wr d Ydq ghu

Zddov Jdv1

D pruh gudpdwlf uhvxow lv jlyhq iru wkh Jleev vxuidfh j @ x � Wv . sY
zklfk lv sorwwhg lq Iljxuh 51 Wkh lqwhuvhfwlrq ri wkh Jleev vxuidfh/ j+W> �, @ 3
dqg wkh vxuidfh T @ 3 ri }hur Jdxvv vhfwlrqdo fxuydwxuh irupv d olqh lq vsdfh
zklfk lv wkh hqyhorsh/ ru wdf orfxv/ ri wkh fxvsrlgv ri wkh Jleev vxuidfh1 Lw lv
dssduhqw wkdw wkh fxvsrlgdo hgjh fruuhvsrqgv wr wkh Fdugdqr frqglwlrq F @ 3

;



zkhuh wkh wkuhh hljhqixqfwlrqv duh uhdo/ exw wzr duh ghjhqhudwh1 Pruhryhu/ wkh
srlqw U @ 3> T @ 3/ dqg S @ 3 gh�qhv wkh wkhuprg|qdplf fulwlfdo srlqw1

Iljxuh 5 Wkh Nlqhpdwlf Jleev Vxuidfh Wrsrorj| ri d qrq0olqhdu  rz1

:15 E = LQWHUPLWWHQW WRUVLRQ EXUVWV

Frqvlghu wkh qrq0olqhdu  rz=

g{@gw @ �
| . {} +46,

g|@gw @ .
{. |} +47,

g}@gw @ I .D} �G}6 �E+{5 . |5, +48,

zklfk dv d Yhorflw| �hog/ Y / lv qrw rqo| dq h{dfw vroxwlrq ri wkh Qdylhu0Vwrnhv
htxdwlrqv lq d urwdwlqj iudph ri uhihuhqfh/ exw dovr lv d prgho ri wkh whuwldu|
k|vwhuhwlf elixufdwlrq vwxglhg e| Odqjirug1 D sorw ri wkh wudqvyhuvh wruvlrq zdyh
sdfnhw exuvw jhqhudwhg e| vxfk d vroxwlrq lv suhvhqwhg lq Iljxuh 61 Wkh wlph
ehwzhhq exuvwv lv qrw shulrglf1

Iljxuh 61 Dq lqwhuplwwhqw wruvlrq zdyh sdfnhw lq d Qdylhu0Vwrnhv

 xlg1

<



; DFNQRZOHGJPHQWV

Wkh dxwkru zrxog olnh wr dfnqrzohgjh wkh frqwlqxlqj lqwhuhvw ri I1 Kxvvdlq lq
wklv devwudfw wrsrorjlfdo dssurdfk wr wkh sureohpv ri k|gurg|qdplfv1 P1 Jru0
pdq*v hqfrxudjhphqw dqg frpsxwdwlrqdo vxssruw vwlpxodwhg wkh ghyhorsphqw
ri wkh edvlf lghdv1 Wklv zrun zdv vxssruwhg lq sduw e| GRH judqw GH0IJ380
;;HU46;6<1
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