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Iurp d wrsrorjlfdo srlqw ri ylhz/ wkh �uvw odz ri wkhuprg|qdplfv lv
d frkrprorjlfdo vwdwhphqw wkdw wkh gl�huhqfh ehwzhhq wzr qrq0h{dfw 40
irupv ri khdw T dqg zrun Z lv d shuihfw gl�huhqwldo/ gX1 Wkh wklug odz lv
d frkrprorjlfdo vwdwhphqw wkdw wkh gl�huhqfh ehwzhhq wzr 60irupv TagT
dqg ZagZ lv d shuihfw gl�huhqwldo/ g+ XagZ,1 Vxfk frqfhswv dsso| wr
luuhyhuvleoh wkhuprg|qdplf surfhvvhv1

4 Lqwurgxfwlrq

Iru sk|vlfdo v|vwhpv wkdw dgplw ghvfulswlrq lq whupv ri d 40irup ri Dfwlrq/ D/ rq
d ydulhw|/ lw kdv ehhq ghwhuplqhg wkdw wkh wudqvsruw ri wkh sk|vlfdo v|vwhp dorqj
wkh  rz olqhv jhqhudwhg e| d yhfwru �hog Y fdq eh ghvfulehg e| wkh dfwlrq ri
wkh Olh gl�huhqwldo zlwk uhvshfw wr Y dfwlqj rq wkh 40irup/ D= Doo Kdplowrqldq
v|vwhpv/ iru h{dpsoh/ duh vxevhwv ri vxfk d ghvfulswlrq1 Hyroxwlrqdu| surfhvv
ghvfulehg e| wkhvh phwkrgv duh lqghshqghqw iurp wkh wrsrorjlfdo frqvwudlqwv ri
phwulf dqg frqqhfwlrq wkdw pljkw eh lpsrvhg xsrq wkh ydulhw|1 Wkh phwkrgv
duh ri d wrsrorjlfdo qdwxuh/ wkdw fdoov wr wkh iruhiurqw wkh wrsrorjlfdo irqgdwlrqv
lqkhuhqw lq wkhuprg|qdplfv1

Wkh irupdw ri wkh Olh gl�huhqwldo dfwlqj rq d 40irup/ D/

O+Y ,D @ l+Y ,gD. g+l+Y ,D,> +4,

fdq eh lghqwl�hg irupdoo| zlwk wkh �uvw odz ri wkhuprg|qdplfv=

O+Y ,D @ Z . gX @ T> +5,

zkhuh Z @ l+Y ,gD> +6,

dqg X @ l+Y ,D> +7,

Wkh vwdwhphqw hpskdvl}hv wkdw wkh �uvw odz lv d vwdwhphqw ri wrsrorjlfdo frkr0
prorj|> l1h1/ wkh gl�huhqfh ehwzhhq wkh qrq0h{dfw 40irup ri khdw/ T/ dqg wkh
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40irup ri zrun/ Z / lv d shuihfw gl�huhqwldo ri wkh lqwhuqdo hqhuj|/ X 1

Frkrprorjlfdo irup ri wkh Iluvw Odz= T�Z @ gX +8,

Wklv wrsrorjlfdo vwdwhphqw grhv qrw ghshqg xsrq phwulf ru frqqhfwlrq1
Lw iroorzv +e| h{whulru gl�huhqwldwlrq ri wkh �uvw odz, wkdw

gT� gZ @ 3= +9,

Lw wkhq lv srvvleoh e| h{whulru pxowlsolfdwlrq wr frpsrvh d frkrprorjlfdo vwdwh0
phqw vxfk wkdw wkh gl�huhqfh ehwzhhq wzr ixqgdphqwdo 60irupv lv dovr d shuihfw
gl�huhqwldo1 Wklv frkrprorjlfdo vwdwhphqw gh�qhv wkh wklug odz ri wkhuprg|0
qdplfv=

Wkh wklug odz ri wkhuprg|qdplfv= TagT�ZagZ @ g+XagZ , +:,

Iru Kdplowrqldq h{wuhpdo ru v|psohfwlf surfhvvhv/ lw kdv ehhq vkrzq e| Fdu0
wdq wkdw gZ @ 3= Wkh vwdwhphqw lv htxlydohqw wr wkh frqfhsw wkdw wkh Sid�
glphqvlrq ri Z lv 41 Iurp wkh wklug odz/ lw iroorzv wkdw iru vxfk surfhvvhv/
TagT, 3> exw li wkh 40irup T lv ri Sid� glphqvlrq 5/ ru ohvv/ wkhq wkh surfhvv
Y> wudqvsruwlqj wkh 40irup D/ lv wkhuprg|qdplfdoo| uhyhuvleoh1 Doo Kdplowrqldq
dqg v|psohfwlf surfhvvhv +vxfk wkdw gZ @ 3, duh wkhuprg|qdplfdoo| uhyhuvleoh1

Wkh lpsolfdwlrq iru uhyhuvleoh surfhvvhv lv wkdwT dgplwv dq lqwhjudwlqj idfwru
vxfk wkdw T @ WgV > wkhuhe| gh�qlqj wkh frqfhsw ri Whpshudwxuh dqg Hqwurs|1
Iru uhyhuvleoh surfhvvhv/ wkh uhtxluhphqw wkdw TagT, 3 / grhv qrw lpso| wkdw
Z eh ri Sid� glphqvlrq 41 Lq rwkhu zrugv/ uhyhuvleoh surfhvvhv qhhg qrw eh
Kdplowrqldq1 Wkh wklug odz ghprqvwudwhv wkdw iru doo uhyhuvleoh surfhvvhv=

iZ . gXjagWagV , 3= +;,

Wkhq hlwkhu wkh Zrun lv wkh qhjdwlyh gl�huhqwldo ri wkh lqwhuqdo hqhuj| +zklfk
lpsolhv wkh surfhvv Y lv Kdplowrqldq uhodwlyh wr wkh Dfwlrq 40irup D,/ ru wkh
vxp ri wkh Zrun dqg wkh gl�huhqwldo ri wkh Lqwhuqdo hqhuj| frqvlvwv ri whupv
wkdw ghshqg rqo| xsrq wkh gl�huhqwldov ri hqwurs| dqg whpshudwxuh=

Z @ WgV .E+W ,gW � gX= +<,

Lw iroorzv wkdw wkh Sid� glphqvlrq ri wkh Zrun 40irup fdq eh 6/ ru ohvv/ dqg wkh
surfhvv Y vwloo uhsuhvhqwv d wkhuprg|qdplfdoo| uhyhuvleoh surfhvv1

Li wkh Zrun 40irup lv ri Sid� glphqvlrq 7/ wkhq lw lv lpsrvvleoh iru wkh
Khdw 40irup wr eh ri Sid� glphqvlrq 5/ ru ohvv1 Khqfh surfhvvhv wkdw fuhdwh d
Zrun 40irup wkdw lv ri Sid� glphqvlrq 7 pxvw eh wkhuprg|qdplfdoo| luuhyhuvleoh
surfhvvhv1 Wkh ydulhw| ri ixqfwlrqv wkdw vhuyhv dv d edvh iru wkh h{whulru gl�hu0
hqwldo irupv dqg wkh surfhvv pxvw eh ri wrsrorjlfdo glphqvlrq ri 7 ru pruh/ li
wkh surfhvv dfwlqj rq wkh sk|vlfdo v|vwhp lv wkhuprg|qdplfdoo| luuhyhuvleoh1

Wkh uhvxow lv d wkhruhp=

Wkhruhp 4 Luuhyhuvleoh hyroxwlrq lv dq duwlidfw ri Sid� glphqvlrq 71
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