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4 D Wrsrorjlfdo Shuvshfwlyh <
414 Lqwurgxfwlrq 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 <
415 Wrsrorjlfdo surshuwlhv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 45
416 Hyroxwlrqdu| Surfhvvhv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 47
417 Ixqgdphqwdo D{lrpv dqg Qrwdeoh Uhvxowv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 4:

41714 D{lrpv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 4:
41715 Qrwdeoh uhvxowv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 4:

418 Wrsrorjlfdo Xqlyhuvdolw| 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 4<
419 Forvxuh dqg Frqwlqxlw| 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 53

41914 Forvxuh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 53
41915 Frqwlqxlw| 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 54

41: Sid� Wrsrorjlfdo Glphqvlrq 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 55
41; Ghirupdwlrq Lqyduldqwv dv Wrsrorjlfdo Surshuwlhv 1 1 1 1 1 1 1 1 1 1 1 57

41;14 Devroxwh Lqwhjudo Lqyduldqwv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 58
41;15 Uhodwlyh Lqwhjudo Lqyduldqwv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 59
41;16 Shulrg Lqwhjudov dqg Wrsrorjlfdo Txdqwl}dwlrq 1 1 1 1 1 1 1 1 1 5:

41< Wkh Duurz ri Wlph 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 5<
4143 Dssolhg wrsrorj| yhuvxv dssolhg jhrphwu| 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 63

5 Wrsrorjlfdo Wkhuprg|qdplfv 66
514 Frqwlqxrxv Wrsrorjlfdo Hyroxwlrq dqg wkh Iluvw Odz 1 1 1 1 1 1 1 1 1 66

51414 Fduwdq*v Pdjlf Irupxod 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 66
51415 Dq hohfwurpdjqhwlf h{dpsoh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 67

515 Wkhuprg|qdplf Sk|vlfdo V|vwhpv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 69
51514 Dssolfdwlrqv ri wkh Sid� Wrsrorjlfdo Glphqvlrq 1 1 1 1 1 1 1 1 69
51515 Sk|vlfdo V|vwhpv= Htxloleulxp/ Lvrodwhg/ Forvhg dqg Rshq 1 1 6:
51516 Htxloleulxp yhuvxv Qrq0Htxloleulxp V|vwhpv 1 1 1 1 1 1 1 1 1 1 6;
51517 Fkdqjh ri Sid� Wrsrorjlfdo Glphqvlrq 1 1 1 1 1 1 1 1 1 1 1 1 1 6<
51518 V|vwhpv zlwk Pxowlsoh Frpsrqhqwv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 73

516 Wkhuprg|qdplf Surfhvvhv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 74
51614 frqwlqxrxv Surfhvvhv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 74
51615 Uhyhuvleoh dqg Luuhyhuvleoh Surfhvvhv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 75
51616 Dgldedwlf Surfhvvhv 0 Uhyhuvleoh dqg Luuhyhuvleoh 1 1 1 1 1 1 1 1 76
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51617 Surfhvvhv fodvvl�hg e| wrsrorjlfdo frqvwudlqwv rq wkh Zrun 40
irup1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 78

517 Wkh Olh gl�huhqwldo OEY � dqg wkh Fryduldqw gl�huhqwldo uEY � 1 1 1 1 1 7;
518 Wrsrorjlfdo Wruvlrq 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 83
519 Wrsrorjlfdo Ioxfwxdwlrqv1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 86

51914 H{whqvlrqv ri wkh Fduwdq0Kloehuw Dfwlrq 40irup iru �uvw rughu
htxdwlrqv1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 86

51915 Wkhuprg|qdplfv dqg Wrsrorjlfdo Ioxfwxdwlrqv ri Zrun 1 1 1 1 8:
51: Wrsrorjlfdo Hqwurs| dqg Htxloleulxp Vxepdqlirogv 1 1 1 1 1 1 1 1 1 1 95
51; Dq Luuhyhuvleoh H{dpsoh= Wkh Volglqj Erzolqj Edoo 1 1 1 1 1 1 1 1 1 1 98

51;14 Wkh Revhuydwlrq 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 98
51;15 Wkh Dqdo|vlv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 99

51< Vhfrqg rughu yhuvxv �uvw rughu RGH*v 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 9;
5143 Wkh Xeltxlwrxv ydq ghu Zdoov jdv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 :3

514314 Wkh Mdfreldq Pdwul{ ri wkh Dfwlrq 40irup1 1 1 1 1 1 1 1 1 1 1 1 :3
514315 Vlqjxodulwlhv dv ghihfwv ri Sid� glphqvlrq 6 1 1 1 1 1 1 1 1 1 1 :8
514316 Qrq0Htxloleulxp H{dpsohv1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ::
514317 Wkh Dgmrlqw Fxuuhqw dqg Wrsrorjlfdo Vslq 1 1 1 1 1 1 1 1 1 1 1 :;

5144 Wkh Idodfr Vrolwrq 0 D Wrsrorjlfdo Vwulqj lq d Vzlpplqj Srro 1 1 1 1 ;3
514414 Ylvxdo Wrsrorjlfdo Ghihfwv lq d Ioxlg 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ;3
514415 Idodfr Vrolwrqv dv Odqgdx Jlqvexuj vwuxfwxuhv lq plfur/ pdfur0

vfrslf dqg frvprorjlfdo v|vwhpv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ;5

6 Dssolfdwlrqv ri Wrsrorjlfdo Wkhuprg|qdplfv1 ;8
614 Sk|vlfdo V|vwhpv ri Sid� glphqvlrq 6 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ;8
615 Sk|vlfdo V|vwhpv ri Sid� glphqvlrq 7 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ;:
616 Hohfwurpdjqhwlvp dv d wrsrorjlfdo wkhru| 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 <3

61614 Wkh G K �hog h{flwdwlrqv= gl�huhqwldo Q05 irup ghqvlwlhv1 1 1 1 <5
61615 Wkh H E Ilhog Lqwhqvlwlhv= gl�huhqwldo 50irupv 1 1 1 1 1 1 1 1 1 <6
61616 Qrq0Htxloleulxp Ihdwxuhv ri Hohfwurpdjqhwlvp1 1 1 1 1 1 1 1 1 <7
61617 Wkh Srlqfduh Wrsrorjlfdo Lqyduldqwv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 <:
61618 Wrsrorjlfdo Wruvlrq dqg Vslq txdqwd 1 1 1 1 1 1 1 1 1 1 1 1 1 1 <;

617 K|gurg|qdplfv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 433
61714 Hxohu  rzv dqg Kdplowrqldq  xlgv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 433
61715 Wkh Qdylhu0Vwrnhv  xlg 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 434

618 Phfkdqlfv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 435
61814 Sk|vlfdo V|vwhpv rq 7 glphqvlrqv djdlq 1 1 1 1 1 1 1 1 1 1 1 1 435
61815 Khopkrow} Surfhvvhv zlwk lqyduldqw frqqhfwlylw| 1 1 1 1 1 1 1 1 437
61816 Vlpsoh H{dpsohv ri W|sh D Khoprow} surfhvvhv 1 1 1 1 1 1 1 1 439
61817 Khopkrow} surfhvvhv zlwk yduldeoh frqqhfwlylw|1 1 1 1 1 1 1 1 1 443
61818 Luuhyhuvleoh Surfhvvhv T	gT 9' f 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 445
61819 Lvryhfwruv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 446
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6181: Pdvv lq v|psohfwlf v|vwhpv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 449
619 G|qdplfdo V|vwhpv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 44:

61914 RGH*v jhqhudwhg e| Kdplowrqldq surfhvvhv1 1 1 1 1 1 1 1 1 1 1 44:
61915 Yduldwlrqdo Lqwhjudqgv dqg Sid!dq irupv 1 1 1 1 1 1 1 1 1 1 1 1 44;
61916 G|qdplfdo v|vwhpv rq grpdlqv ri Hyhq Sid� glphqvlrq 1 1 1 1 459
61917 Ydq ghu Srko Olplw f|fohv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 463
61918 Euhdwkhuv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 465

7 Fduwdq*v Wrsrorjlfdo Vwuxfwxuh 466
714 Lqwurgxfwlrq 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 466

71414 D Srlqw Vhw Wrsrorj| H{dpsoh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 468
71415 Dojheudlf dqg Gl�huhqwldo Forvxuh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 46;
71416 Wkh H{whulru Surgxfw dqg Vhw Lqwhuvhfwlrq 1 1 1 1 1 1 1 1 1 1 1 473
71417 Wkh H{whulru Gl�huhqwldo dqg Olplw Srlqwv 1 1 1 1 1 1 1 1 1 1 1 474

715 Wkh Fduwdq �Srlqw Vhw� Wrsrorj|1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 476
716 Wrsrorjlfdo Wruvlrq dqg Frqqhfwhg yhuvxv Qrq0frqqhfwhg Fduwdq wrsror0

jlhv1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 479
717 Dssolfdwlrqv ri Fduwdq*v Wrsrorjlfdo Vwuxfwxuh 1 1 1 1 1 1 1 1 1 1 1 1 1 47;

71714 Frqwlqxrxv surfhvvhv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 47;
71715 Xqlirup Frqwlqxlw|/ Iur}hq 0 lq Ilhogv/ wkh Pdvwhu Htxdwlrq 1 483

8 Frqwlqxrxv Wrsrorjlfdo Hyroxwlrq 486
814 Lqwurgxfwlrq 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 486
815 Frqwlqxlw| 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 488

816 Wkh hyroxwlrqdu| surfhvv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 48:
81614 Fduwdq*v Pdjlf irupxod 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 48:
81615 Wkh Olh gl�huhqwldo dqg F5 frqwlqxlw| 1 1 1 1 1 1 1 1 1 1 1 48;
81616 F4 Frqwlqxlw| 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 48<

817 Wrsrorjlfdo Hyroxwlrq 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 493
81714 Hyroxwlrqdu| Lqyduldqwv1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 493
81715 Ghirupdwlrq Lqyduldqwv1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 494

818 Vlpsoh V|vwhpv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 496
81814 Wkh Dfwlrq 40irup dqg lwv Sid� Vhtxhqfh 1 1 1 1 1 1 1 1 1 1 1 1 496
81815 Wkh Dfwlrq 40irup dqg Wrsrorjlfdo Ioxfwxdwlrqv 1 1 1 1 1 1 1 1 498

819 Frqwlqxrxv Surfhvvhv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 499
81914 Xqlirup dqg Qrq0xqlirup Frqwlqxlw| 1 1 1 1 1 1 1 1 1 1 1 1 1 1 499

81915 Frqwlqxrxv K|gurg|qdplf Surfhvvhv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 49:
81916 GhUkdp fdwhjrulhv ri Frqwlqxrxv Yhfwru Ilhogv 1 1 1 1 1 1 1 1 49;
81917 Wkh Kdplowrqldq H{wuhpdo Vxe0Fdwhjru| 1 1 1 1 1 1 1 1 1 1 1 1 4:4
81918 Wkh Ehuqrxool0Hxohu vxefdwhjru| 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 4:5
81919 Wkh Vwrnhv vxefdwhjru| 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 4:5
8191: Qrq0Xqlirupo| Frqwlqxrxv Surfhvvhv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 4:6
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81: Joredo Frqvhuydwlrq Odzv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 4:6
81:14 Iluvw Yduldwlrq 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 4:6
81:15 Vhfrqg Yduldwlrq 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 4:7
81:16 Frqwlqxlw| dqg wkh Lqwhjhuv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 4:8

81; Sid�*v Sureohp/ Fkdudfwhulvwlfv/ dqg wkh Wruvlrq Fxuuhqw1 1 1 1 1 1 1 4:8
81;14 Wkh Hxohu lqgh{ 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 4:;
81;15 Hyroxwlrq ri Wrsrorjlfdo Wruvlrq 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 4:<
81;16 Wkhuprg|qdplf surfhvvhv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 4;3
81;17 Wkh Nlqhpdwlf Wrsrorjlfdo Edvh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 4;4

9 Krprjhqhrxv s0 irupv/ Iudfwdov dqg Txdqwl}hg Shulrg Lqwhjudov1 4;6

914 Lqwurgxfwlrq 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 4;6

915 Forvhg s0irupv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 4<4
91514 Forvhg 40irupv lq 6G dqg 7G 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 4<6
91515 Forvhg 50irupv lq 6G ru lq 7G 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 4<7
91516 Forvhg 60irupv lq 7G 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 4<8

916 Wkh Jdxvv Lqwhjudov +50irupv, 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 4<;

91614 H{dpsoh 41 Wkh Jdxvv Olqn Lqwhjudo 1 1 1 1 1 1 1 1 1 1 1 1 1 1 534

91615 H{dpsoh 5= Iodw wdqjhqwldo ghyhorsdeohv 1 1 1 1 1 1 1 1 1 1 1 1 535
91616 H{dpsoh 61 Vfuroov 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 536

917 Eudlgv/ Vslq dqg WruvlrqbKholflw| +60irupv, 1 1 1 1 1 1 1 1 1 1 1 1 1 1 537
91714 Fkdrv dqg wkh Xqnqrw 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 537
91715 Wkh Wruvlrq 60irup dqg wkh Eudlg lqwhjudo 1 1 1 1 1 1 1 1 1 1 1 538
91716 Eudlgv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 539

918 Hohfwurg|qdplf Dssolfdwlrqv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 53;
91814 Skdvh0Srodul}dwlrq dqg Rulhqwdelolw| lq 7G 1 1 1 1 1 1 1 1 1 1 1 53;
91815 Wrsrorjlfdo Wruvlrq dqg wkh Srodul}dwlrq txdqwxp 0 d forvhg

60irup 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 545
91816 Wkh Iox{ ru Flufxodwlrq Lqwhjudo 40irup 1 1 1 1 1 1 1 1 1 1 1 1 1 547
91817 Wkh Fkdujh Lqwhjudo 50irup 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 548
91818 Dpshuldq Olqnv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 54:

919 Wkhuprg|qdplf Vlqjxodulwlhv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 54:
91914 Irogv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 54:
91915 F3/F4/ dqg F5 surfhvvhv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 54:

: Dsshqgl{ Wrsrorj| dqg wkh Fduwdq Fdofxoxv 54<

:14 Zk| gl�huhqwldo irupvB 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 54<
:1414 Sdlu dqg Lpsdlu h{whulru gl�huhqwldo irupv1 1 1 1 1 1 1 1 1 1 1 1 54<
:1415 Ixqfwlrqdo Vxevwlwxwlrq dqg wkh sxoobedfn 1 1 1 1 1 1 1 1 1 1 1 554
:1416 Vxppdu|= Sdlu irupv dqg Lpsdlu irupv 1 1 1 1 1 1 1 1 1 1 1 1 1 556

:15 Zk| Wrsrorj|B 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 557



FRQWHQWV :

:1514 Jhrphwu| dqg Sk|vlfv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 55<
:1515 Wrsrorjlfdo Sk|vlfv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 563

:16 Fduwdq*v H{whulru Fdofxoxv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 566
:1614 Lqwurgxfwlrq 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 566
:1615 Wkh h{whulru surgxfw dqg wkh h{whulru gl�huhqwldo 1 1 1 1 1 1 1 566
:1616 Wkh h{whulru dojheud 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 573
:1617 Wkh H{whulru Gl�huhqwldo1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 577
:1618 Wkh Lqwhulru Surgxfw 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 583
:1619 Wkh Olh Gl�huhqwldo 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 584
:161: Wkh Sxoobedfn zlwk h{dpsohv= 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 585
:161; Vrph Wrsrorjlfdo Ihdwxuhv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 588

:17 Srlqw Vhw Wrsrorj| 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 58;
:1714 Forvhg dqg Rshq Vhwv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 58<
:1715 Olplw Srlqwv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 593
:1716 Forvxuh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 595
:1717 Frqwlqxlw| 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 596
:1718 Lqwhulru 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 596
:1719 H{whulru 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 597
:171: Wkh Erxqgdu| 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 597

:18 Glvwulexwlrqv dqg wkh Dgmrlqw Ilhog 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 599
:1814 Wkh lpsolflw dojheudlf Iudph �hog 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 59:
:1815 Wkh sdudphwulf gl�huhqwldo Iudph �hog 1 1 1 1 1 1 1 1 1 1 1 1 1 59;
:1816 Surmhfwlyh Iudphv1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 59<

:19 Wkh Fduwdq 40irup ri Dfwlrq dv d Olqh Exqgoh 1 1 1 1 1 1 1 1 1 1 1 1 1 5:4
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D WRSRORJLFDO SHUVSHFWLYH

414 Lqwurgxfwlrq

D pdmru remhfwlyh ri wklv prqrjudsk lv wr hvwdeolvk d wrsrorjlfdo/ qrq0vwdwlvwlfdo/
olqn ehwzhhq wkhuprg|qdplfv dqg phfkdqlfdo/ hohfwulfdo/ ru k|gurg|qdplf sk|vlfdo
v|vwhpv1 D sduwlfxodu jrdo lv wr ghyhors d phwkrg ri ghvfulelqj wkh gl�huhqfhv/ dqg
krz dqg zkhq vxfk gl�huhqfhv rffxu/ ehwzhhq

Htxloleulxp dqg qrq0htxloleulxp sk|vlfdo v|vwhpv/ dqg

Uhyhuvleoh dqg luuhyhuvleoh hyroxwlrqdu| surfhvvhv dfwlqj rq vxfk v|vwhpv1

Wkh phwkrgv zklfk kdyh ehhq ghyhorshg duh edvhg xsrq Fduwdq*v fdofxoxv ri
h{whulru gl�huhqwldo irupv ^Iodqghuv 4<96`/ ^Fduwdq 4;<<`1 H{whulru gl�huhqwldo irupv
duh remhfwv/ zklfk/ lq frqwudvw wr whqvruv/ duh zhoo ehkdyhg zlwk uhvshfw wr gl�hu0
hqwldeoh +frqwlqxrxv, pdsslqjv wkdw gr qrw kdyh dq lqyhuvh +dqg gr qrw suhvhuyh
wrsrorjlfdo surshuwlhv,/ dv zhoo dv zlwk uhvshfw wr gl�hrprusklvpv/ zklfk duh gl�hu0
hqwldeoh lqyhuwleoh frqwlqxrxv pdsslqjv +dqg zklfk suhvhuyh wrsrorjlfdo surshuwlhv,1
Hyroxwlrqdu| surfhvvhv zloo eh gh�qhg lq whupv ri wkh dfwlrq ri wkh Olh gl�huhqwldo
zlwk uhvshfw wr yhfwru gluhfwlrq �hogv dfwlqj rq gl�huhqwldo irupv ^Pduvghq 4<<7`1
Wkh Olh gl�huhqwldo dfwlqj rq gl�huhqwldo irupv lv qrw frq�qhg e| wkh gl�hrprusklf
frqvwudlqwv ri whqvru dqdo|vlv/ dqg fdq wuhdw sureohpv ri wrsrorjlfdo fkdqjh1 Wkh
phwkrg jrhv eh|rqg wkh pruh vwdqgdug %h{wuhpdo% whfkqltxhv edvhg xsrq wkh fdo0
fxoxv ri yduldwlrqv1 Lq prvw ri wkdw zklfk iroorzv/ wkh ixqfwlrqv xvhg wr gh�qh wkh
sk|vlfdo v|vwhpv zloo eh dvvxphg wr eh F5 gl�huhqwldeoh1 Wkh ixqfwlrqv wkdw ghvfuleh
surfhvvhv prvw riwhq zloo eh dvvxphg wr eh F5 gl�huhqwldeoh dv zhoo/ exw fhuwdlq F4
+wdqjhqwldo glvfrqwlqxlwlhv, dqg F3 +vkrfnv, surfhvvhv duh ri sk|vlfdo lqwhuhvw1

D ixqgdphqwdo uhvxow fdq eh h{suhvvhg e| wkh vwdwhphqw= %Wrsrorjlfdo fkdqjh
lv d qhfhvvdu| frqglwlrq iru d wkhuprg|qdplf surfhvv wr eh luuhyhuvleoh%1 Luuhyhuvleoh
surfhvvhv/ uhodwhg wr wkh duurz ri wlph dqg wkh elrorjlfdo djlqj surfhvv/ uhtxluh wrsr0
orjlfdo hyroxwlrq dqg wrsrorjlfdo fkdqjh1 Fxuuhqw sk|vlfdo wkhrulhv wkdw ghvfuleh
hyroxwlrqdu| surfhvvhv +iru h{dpsoh/ Kdplowrqldq ru Xqlwdu| g|qdplfv, xvxdoo| duh
irupxodwhg lq whupv ri krphrprusklvpv wkdw gr qrw shuplw wrsrorjlfdo fkdqjh1

Wkh suhvhqwdwlrq khuhlq lv qrw phdqw wr eh d wh{werrn rq Fduwdq*v wkhru| ri
h{whulru gl�huhqwldo irupv/ qru d wh{werrn rq devwudfw wrsrorj|1 Lqvwhdg dq h�ruw kdv
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ehhq pdgh phog Fduwdq*v phwkrgv dqg wrsrorjlfdo lghdv lq d pdqqhu wkdw zrxog eh
xvhixo wr wkh dssolhg uhvhdufkhu dqg hqjlqhhu1 Dw wkh wlph ri zulwlqj/ qrw wrr pdq|
sk|vlflvwv/ dqg doprvw qr hqjlqhhuv duh frqyhuvdqw lq wkh h{whulru fdofxoxv ru wrsrorj|1
Ri frxuvh/ vrph idploldulw| zlwk wkh ixqgdphqwdov ri hdfk vdlg glvflsolqh lv uhtxluhg/
dqg wr wkdw hqg vhyhudo whuvh/ wr wkh srlqw/ suhvhqwdwlrqv +zlwk h{dpsohv, duh jlyhq lq
wkh Dsshqgl{1 Prvw ri wkh xvhixo wrsrorjlfdo lghdv fdq eh udslgo| devruehg lq whupv
ri srlqw vhw wrsrorj| zlwk lwv phwulf gh0hpskdvlv1 Lq idfw/ rqh ri wkh ehdxwlhv ri
xvlqj wkh Fduwdq fdofxoxv lv wkdw lw frqvwuxfwv d gl�huhqwldo wrsrorj| wkdw lv iuhh ri wkh
phwulf dqg frqqhfwlrq frqvwudlqwv ri gl�huhqwldo jhrphwu|1 Lw lv h{wudruglqdu| wkdw
wkh Pd{zhoo wkhru| ri Hohfwurpdjqhwlvp +zkhq edvhg rq wkh �hogv/ , dqg �/ glvwlqfw
iurp wkh �hogv/ # dqg O, zdv rqh ri wkh �uvw sk|vlfdo wkhrulhv wr eh uhfrjql}hg dv
ehlqj d wrsrorjlfdo wkhru| ^Ydqgdqw}lj 4<67`/ lqghshqghqw iurp d fkrlfh ri phwulf/
ru frqqhfwlrq1 Jhrphwulf frqvwudlqwv +vxfk dv frqvwlwxwlyh frqvwudlqwv ehwzhhq wkh
wzr glvwlqfw vhwv ri �hogv, phuho| uh�qh wkh wrsrorjlfdo ihdwxuhv ri wkh ixqgdphqwdo
wkhru|1 Lq wklv prqrjudsk/ lw zloo eh ghprqvwudwhg krz wkhuprg|qdplfv pd| eh
frqvlghuhg ixqgdphqwdoo| dv d wrsrorjlfdo wkhru|/ dovr lqghshqghqw iurp phwulf dqg
frqqhfwlrq1

Slfn xs d prghuq wh{w lq fodvvlfdo wkhuprg|qdplfv dqg qrwh wkh dsshdudqfh
ri wkh iroorzlqj zrugv xvhg lq ghvfulelqj ixqgdphqwdo wkhuprg|qdplf frqfhswv=

41 Lvrodwhg

51 Forvhg

61 Rshq

71 Qxpehu ri prohv +glvfrqqhfwhg sduwv,

81 Forvhg F|fohv

91 Lqwhjudelolw|

:1 H{whqvlyh +krprjhqhrxv ghjuhh 4, yduldeohv

;1 Lqwhqvlyh +krprjhqhrxv ghjuhh 3, yduldeohv

Qrz jr wr Vfkdxp*v Rxwolqh/ %Jhqhudo Wrsrorj|% ^Olsvfkxw} 4<98`/ ru vrph
rwkhu wh{werrn rq hohphqwdu| wrsrorj|/ dqg fkhfn wkh lqgh{ iru wkhvh whupv1 Doo ri
wkhvh whupv kdyh suhflvh gh�qlwlrqv lq wrsrorj|/ zlwkrxw wkh lpsrvlwlrq ri jhrphwulf
frqvwudlqwv ri vl}h/ vkdsh ru vfdohv1 Lq vkruw/ lw zrxog dsshdu wkdw Wkhuprg|qdplfv
kdv lwv irxqgdwlrqv lq wrsrorj|/ dqg vkrxog eh wuhdwhg dv d wrsrorjlfdo wkhru| iurp
wkh rxwvhw1 Wklv lv wkh wrsrorjlfdo shuvshfwlyh ri wkhuprg|qdplfv dgrswhg khuhlq1

Lq 4<:7 lw zdv vxjjhvwhg wkdw d fhuwdlq h{whqvlrq wr Kdplowrq*v sulqflsoh
^UPN 4<:7`/ ^UPN 4<:8 g` frxog eh pdgh vxfk wkdw wkh hyroxwlrqdu| surfhvvhv frq0
vlghuhg zrxog ghvfuleh glvvlsdwlyh phfkdqlfdo v|vwhpv1 Fduwdq kdg suryhg wkdw
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h{wuhpdo yhfwru �hogv/ zklfk vdwlvi| wkh Fduwdq0Kdplowrq htxdwlrq/ lEV�gD ' f> duh
jhqhudwruv ri Kdplowrqldq g|qdplfdo surfhvvhv ^Fduwdq 4<8; +4<55,`1 Udwkhu wkdq
vwxg| vxfk %h{wuhpdo% yhfwru �hogv/ lw zdv vxjjhvwhg wr frqvlghu wkrvh surfhvvhv wkdw
vdwlvi| wkh h{whqghg htxdwlrq= lEV�gD ' KDng�= Wkurxjkrxw wklv fxuuhqw suhvhqwd0
wlrq/ dqg lq wkh roghu duwlfohv/ lw lv vxevxphg wkdw d sk|vlfdo v|vwhp pd| eh ghvfulehg
dghtxdwho| e| d 40irup ri Dfwlrq/ D/ dqg d sk|vlfdo surfhvv pd| eh gh�qhg lq whupv
ri d g|qdplfdo v|vwhp jhqhudwhg e| d yhfwru �hog/ V= Lw zdv qrw dssuhfldwhg lq 4<:7
wkdw wkh wrsrorjlfdo grpdlq ri wkh h{wuhpdo frqvhuydwlyh +Kdplowrqldq, v|vwhpv zdv
d frqwdfw pdqlirog ri rgg wrsrorjlfdo glphqvlrq/ zkloh wkh wrsrorjlfdo grpdlq ri wkh
vxjjhvwhg glvvlsdwlyh h{whqvlrq zdv d v|psohfwlf pdqlirog ri hyhq wrsrorjlfdo glphq0
vlrq1 +H{wuhpdo vroxwlrqv gr qrw h{lvw rq hyhq glphqvlrqdo pdqlirogv ri pd{lpdo
udqn,1 Fxuuhqwo|/ wkh frqfhsw ri wrsrorjlfdo glphqvlrq vhhpv wr eh lqwlpdwho| frq0
qhfwhg wr wkh gl�huhqfhv ehwzhhq frqvhuydwlyh yhuvxv glvvlsdwlyh surfhvvhv1 Lq idfw/
dv lv ghyhorshg lq wkdw zklfk iroorzv/ luuhyhuvleoh wxuexohqw wkhuprg|qdplf surfhvvhv
duh duwlidfwv ri Sid� wrsrorjlfdo glphqvlrq 7 +ru pruh,1 Luuhyhuvlelolw| uhtxluhv wkdw
wkh hyroxwlrqdu| wrsrorj| ri wkh lqlwldo vwdwh lv qrw wkh vdph dv wkh wrsrorj| ri wkh
�qdo vwdwh1 Lw vrphwlphv frphv dv d vxusulvh wr uhdol}h wkdw vxfk fkdqjhv fdq rffxu
frqwlqxrxvo|1 Wkhvh ihdwxuhv ri frqwlqxrxv wrsrorjlfdo hyroxwlrq duh glvfxvvhg lq
ghwdlo lq Fkdswhu 8/ ehorz1

D v|psohfwlf pdqlirog lv gh�qhg e| wkh qrq0}hur grpdlq ri dq h{dfw 50irup/
I ' gD= Wkh frqfhsw ri Kdplowrqldq phfkdqlfv fdq eh h{whqghg wr v|psohfwlf
+hyhq glphqvlrqdo, pdqlirogv/ zkhuh wkh Ehuqrxool0Kdplowrqldq frqvwudlqw lv ri wkh
irup lEV�gD ' gX ru wkh pruh jhqhudo Khopkrow} frqvwudlqw/ glEV�gD ' f= Vxfk
surfhvvhv +dowkrxjk uhyhuvleoh, duh ri lqwhuhvw iru wkh| dgplw wrsrorjlfdo ghihfwv ri
wkh Erkp0Dkdudqry w|sh1 Wkhvh wrsrorjlfdo ghihfwv duh uhodwhg wr wkh Zrun 40irup/
Z ' lEV�D> surgxfhg e| wkh surfhvv V dfwlqj rq wkh sk|vlfdo D1 v|vwhp/ duh qrw
gxh wr wkh forvhg exw qrw h{dfw sduwv ri wkh 40irup ri Dfwlrq1

Doprvw v|psohfwlf pdqlirogv duh gh�qhg e| d 50irup J zklfk lv forvhg exw
qrw h{dfw1 Wkhvh hyhq glphqvlrqdo pdqlirogv J fdq kdyh frpsdfw ghihfw grpdlqv
zlwkrxw erxqgdu|1 Vxfk wrsrorjlfdo vwuxfwxuhv kdyh ehhq vwxglhg e| Irphqnr
^Erovlqry 4<<3`1 Iurp hohfwurpdjqhwlf wkhru|/ lw ehfrphv dssduhqw wkdw wkh qrq0
h{dfw 50irup +doprvw v|psohfwlf, J lv wr eh dvvrfldwhg zlwk wkh ghihfw vwuxfwxuhv
fdoohg fkdujh/ dqg h{whqvlyh wkhuprg|qdplf yduldeohv/ # dqg O / zkloh wkh h{dfw
50irup +v|psohfwlf, I lv wr eh dvvrfldwhg zlwk h{whqvlyh wkhuprg|qdplf yduldeohv/ ,
dqg �=

Wkh 40irup ri Dfwlrq +Odjudqjldq, srlqw ri ylhz kdv lwv dgydqwdjhv/ iru wkh
ixqgdphqwdo 50irup ri d v|psohfwlf grpdlq lv ghgxfhg e| frqvwuxfwlrq/ $ , I '
gD1 Wkh glvdgydqwdjh lv wkdw doprvw doo v|psohfwlf grpdlqv vr frqvwuxfwhg duh qrw
frpsdfw zlwkrxw erxqgdu|1 Wklv dssduhqw  dz ehfrphv dq dgydqwdjh zkhq lw lv
dssuhfldwhg wkdw vxfk qrq0frpsdfw grpdlqv duh suhflvho| wkdw zklfk lv qhhghg wr
ghvfuleh forvhg +exw qrw lvrodwhg, ru rshq wkhuprg|qdplf v|vwhpv1
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Prvw fodvvlfdo �odzv ri sk|vlfv� duh edvhg xsrq wkh grjpd wkdw d xvhixo sk|vl0
fdo wkhru| ri hyroxwlrq pxvw jlyh d xqltxh suhglfwlrq vwduwlqj iurp d jlyhq vhw ri lqlwldo
frqglwlrqv1 Frpelqlqj wklv frqvwudlqw zlwk d pdwkhpdwlfdo ghvfulswlrq ri sk|vlfdo
v|vwhpv lq whupv ri jhrphwulfdo whqvru �hogv ohdgv wr hyroxwlrqdu| surfhvvhv zklfk
suhvhuyh wrsrorjlfdo surshuwlhv dqg duh +wkhuhiruh, �uhyhuvleoh�1 Wkh xeltxlwrxv dv0
vxpswlrq ri xqltxhqhvv ri suhglfwhg vroxwlrqv/ dqg2ru krphrprusklf hyroxwlrq/ duh
wrsrorjlfdo frqvwudlqwv rq �fodvvlfdo phfkdqlfv� wkdw holplqdwhv dq| wlph dv|pphwu|1
Wkh srlqw ri ghsduwxuh lq wklv duwlfoh dvvxphv wkdw uhdvrqdeoh sk|vlfdo odzv pxvw eh
fdsdeoh ri ghvfulelqj wrsrorjlfdo fkdqjh/ dqg zkhq wklv ihdwxuh lv hqfrghg lq pdwk0
hpdwlfdo irup/ wkh odzv ri sk|vlfv duh qr orqjhu qhfhvvdulo| uhyhuvleoh1 Khqfh/ lq
wklv duwlfoh/ wkh Erow}pdqq sdudgr{ zloo eh uhvroyhg lq whupv ri d wkhru| edvhg xsrq
Frqwlqxrxv Wrsrorjlfdo Hyroxwlrq ^Fkdswhu 8`1 Lw lv suhvxphg wkdw wkh suhvhqfh ri
d sk|vlfdo v|vwhp hvwdeolvkhv d Wrsrorjlfdo Vwuxfwxuh ^Fkdswhu 7` rq d edvh vsdfh ri
lqghshqghqw +exw rughuhg, yduldeohv1 Zkhq d vshfl�f hyroxwlrqdu| surfhvv lv dssolhg
wr wklv sk|vlfdo v|vwhp/ wkh wrsrorj| ehfrphv uh�qhg1 Wklv wrsrorjlfdo shuvshf0
wlyh lv gl�huhqw iurp/ exw vlplodu wr/ wkh jhrphwulf shuvshfwlyh ri jhqhudo uhodwlylw|/
zkhuhe| wkh suhvhqfh ri d sk|vlfdo v|vwhp lv suhvxphg wr hvwdeolvk d phwulf rq d
edvh vsdfh ri lqghshqghqw yduldeohv1 Qrwh wkdw d jlyhq edvh pd| vxssruw pdq| gli0
ihuhqw wrsrorjlfdo vwuxfwxuhv> khqfh d jlyhq edvh pd| vxssruw pdq| gl�huhqw sk|vlfdo
v|vwhpv1

Lw zloo ehfrph hylghqw wkdw sk|vlfdo v|vwhpv uhtxluh wzr wrsrorjlfdo vwuxfwxuhv/
rqh edvhg xsrq dq h{dfw 50irup/ I ' gD/ dqg lwv dvvrfldwhg v|psohfwlf pdqlirog/
dqg wkh rwkhu edvhg xsrq d qrq0h{dfw 50irup/ J > zklfk pd| ru pd| qrw eh forvhg/
exw zkhq forvhg/ gJ ' f> ohdgv wr dq doprvw v|psohfwlf vwuxfwxuh zlwk frpsdfw
wrsrorjlfdo ghihfwv1

415 Wrsrorjlfdo surshuwlhv

Wkh lghd wkdw wkh suhvhqfh ri d sk|vlfdo v|vwhp hvwdeolvkhv d wrsrorjlfdo vwuxfwxuh
rq d edvh vsdfh ri lqghshqghqw yduldeohv lv gl�huhqw iurp/ exw vlplodu wr/ wkh jhr0
phwulf shuvshfwlyh ri jhqhudo uhodwlylw|/ zkhuhe| wkh suhvhqfh ri d sk|vlfdo v|vwhp
lv suhvxphg wr hvwdeolvk d phwulf rq d edvh vsdfh ri lqghshqghqw yduldeohv1 Wkh
wrsrorjlfdo ihdwxuhv ri wkh sk|vlfdo v|vwhp duh suhvxphg wr eh hqfrghg lq whupv ri
h{whulru gl�huhqwldo irupv/ zklfk 0 xqolnh whqvruv 0 duh ixqfwlrqdoo| zhoo ehkdyhg zlwk
uhvshfw wr gl�huhqwldeoh pdsv wkdw duh qrw lqyhuwleoh1 Qrwh wkdw d jlyhq edvh pd|
vxssruw pdq| gl�huhqw wrsrorjlfdo vwuxfwxuhv> khqfh d jlyhq edvh pd| vxssruw pdq|
gl�huhqw sk|vlfdo v|vwhpv1 Lq sduwlfxodu/ wkh wrsrorj| dvvrfldwhg zlwk d 40irup ri
Dfwlrq qhhg qrw eh wkh vdph dv wkh wrsrorj| dvvrfldwhg zlwk wkh 40irup ri khdw ru
wkh 40irup ri Zrun/ hyhq wkrxjk wkh edvh yduldeohv duh wkh vdph iru hdfk 40irup1
Wkh Sid� wrsrorjlfdo glphqvlrq fdq eh gl�huhqw iru hdfk ri wkh 40irupv1

Iru pdsv/ ehwzhhq edvh vhwv/ wkdw duh F4 gl�huhqwldeoh +khqfh vprrwk,/ exw
duh qrw lqyhuwleoh/ lw lv lpsrvvleoh wr suhglfw xqltxho| wkh ixqfwlrqdo irupv ri fr0
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yduldqw ru frqwudyduldqw yhfwru �hogv/ frqvwuxfwhg ryhu d �qdo edvh vhw/ lq whupv ri
ixqfwlrqdo irupv jlyhq rq dq lqlwldo edvh vhw ^UPN 4<:9 e`1 Srlqw0zlvh ydoxhv ri
wkh whqvru �hogv lq fhuwdlq fdvhv pd| eh suhglfwhg/ exw wkh ixqfwlrqdo irupv duh
qhyhu suhglfwdeoh zlwk uhvshfw wr vxfk qrq0lqyhuwleoh pdsv1 Khqfh/ fodvvlfdo wkhrulhv
edvhg rq whqvru �hogv/ zklfk fdq ghvfuleh jhrphwulfdo hyroxwlrq/ zloo idlo wr ghvfuleh
wrsrorjlfdo hyroxwlrq1 Lw pd| eh vxusulvlqj wr qrwh wkdw +zlwk uhvshfw wr vxfk qrq0
lqyhuwleoh/ qrq0krphrprusklf/ pdsv, lw lv srvvleoh wr uhwurglfw wkh ixqfwlrqdo irupv
ri fryduldqw yhfwruv dqg frqwudyduldqw yhfwru ghqvlwlhv rq wkh lqlwldo edvh vhw lq whupv
ri wkh jlyhq ixqfwlrqdo irupv rq wkh �qdo edvh vhw1 Iru gl�huhqwldeoh hyroxwlrqdu|
surfhvvhv wkdw duh gl�hrprusklvpv/ wrsrorj| grhv qrw fkdqjh dqg erwk suhglfwlrq
dqg uhwurglfwlrq ri whqvru �hogv lv srvvleoh1 Iru gl�huhqwldeoh hyroxwlrqdu| surfhvvhv
zklfk duh qrw krphrprusklvpv/ wrsrorj| fkdqjhv/ dqg ghwhuplqlvwlf suhglfwlrq idlov/
exw ghwhuplqlvwlf uhwurglfwlrq uhpdlqv srvvleoh1 Khqfh wkh ihdwxuh ri wrsrorjlfdo
hyroxwlrq lpsrvhv d vhqvh ri dv|pphwu| zlwk uhvshfw wr dq hyroxwlrqdu| sdudphwhu 0
wkh duurz ri wlph lv dq duwlidfw ri wrsrorjlfdo fkdqjh1

Dowkrxjk F4 qrq0lqyhuwleoh pdsv duh qrw krphrprusklvpv/ dqg wkhuhiruh wkh
wrsrorj| ri wkh lqlwldo vwdwh dqg wkh wrsrorj| ri wkh �qdo vwdwh duh qrw wkh vdph/
vxfk pdsv fdq eh frqwlqxrxv1 Frqwlqxrxv wrsrorjlfdo hyroxwlrq lv qrw dq r{|prurq/
iru wrsrorjlfdo frqwlqxlw| lv gh�qhg vxfk wkdw wkh olplw srlqwv ri hyhu| vxevhw lq wkh
grpdlq +uhodwlyh wr wkh wrsrorj| rq wkh lqlwldo vwdwh, shupxwh lqwr wkh forvxuh ri wkh
vxevhwv lq wkh udqjh +uhodwlyh wr wkh wrsrorj| rq wkh �qdo vwdwh,1 Wkh lqlwldo dqg
�qdo vwdwh wrsrorjlhv qhhg qrw eh wkh vdph$

D sk|vlfdo surshuw| zklfk lv lqghshqghqw ri frqwlqxrxv ghirupdwlrq/ dqg lv
lqghshqghqw iurp jhrphwulf frqfhswv ri vl}h dqg vkdsh/ lv d sulplwlyh h{dpsoh ri
d wrsrorjlfdo surshuw|1 Krzhyhu/ qrw doo wrsrorjlfdo surshuwlhv �w wklv xvhixo/ exw
lpsuhflvh/ ghvfulswlrq1 Dv h{dpsohv/ qrwh wkdw wkh qxpehu ri krohv lq d uxeehu
vkhhw lv d wrsrorjlfdo surshuw|/ dqg lv lqghshqghqw ri wkh frqwlqxrxv ghirupdwlrq ri
wkh uxeehu vkhhw lqwr gl�huhqw vl}hv dqg vkdshv1 Wkh Sodqfn eodfn erg| udgldwlrq
glvwulexwlrq ri d krw erg| lv d wrsrorjlfdo surshuw|/ iru wkh glvwulexwlrq ri udgldwlrq
iuhtxhqflhv ghshqgv rqo| rq whpshudwxuh/ exw qrw rq wkh vl}h dqg vkdsh ri wkh khdwhg
vdpsoh1 Ghirupdwlrq lqyduldqwv riwhq fdq eh hqfrghg lq whupv ri pxowl0glphqvlrqdo
lqwhjudov1 Dv wkh hohphqwv ri wkh lqwhjudqg dqg wkh lqwhjudwlrq fkdlq hyroyh/ wkh
ydoxh ri wkh lqwhjudo pd| eh dq hyroxwlrqdu| lqyduldqw/ hyhq wkrxjk wkh grpdlq dqg
lqwhjudwlrq fkdlq duh ghiruphg e| wkh hyroxwlrqdu| surfhvv1 Ri vshfldo lqwhuhvw duh
wkrvh lqwhjudo ghirupdwlrq lqyduldqwv zkhuh wkh lqwhjudwlrq fkdlq lv d forvhg f|foh1
Vxfk remhfwv ohdg wr wrsrorjlfdo �txdqwxp0olnh� frqfhswv/ iru wkh ydoxhv ri wkh lqwh0
judov ri forvhg exw qrw h{dfw h{whulru gl�huhqwldo irupv ryhu gl�huhqw f|fohv kdyh +e|
ghUkdp*v wkhruhpv, udwlrqdo udwlrv1 Li wkh hyroxwlrqdu| surfhvv fdxvhv wkh wrsrorj0
lfdo txdqwxp qxpehu wr fkdqjh/ wkhq wkh surfhvv ghvfulehv d wrsrorjlfdo txdqwxp
wudqvlwlrq1 Vxusulvlqjo|/ surfhvvhv ri wrsrorjlfdo hyroxwlrq fdq fkdqjh wrsrorj| lq d
frqwlqxrxv pdqqhu1 D vrds �op frqqhfwhg wr d grxeoh orrs ri zluh zloo irup wkh
qrq0rulhqwdeoh vxuidfh ri d Prhelxv edqg1 Ghirupdwlrq ri wkh zluh lqwr d vlqjoh orrs
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zloo fdxvh wkh vrds �op wr irup d glvn vxuidfh zklfk lv rulhqwdeoh1 Wkh wrsrorjlfdo
surshuw| ri rulhqwdelolw| kdv fkdqjhg frqwlqxrxvo|1

Pruh suhflvho|/ d wrsrorjlfdo surshuw| lv gh�qhg dv dq lqyduldqw ri d krphr0
prusklvp1 D krphrprusklvp lv d pds iurp lqlwldo wr �qdo vwdwh/ zklfk lv frqwlqxrxv
dqg kdv d frqwlqxrxv lqyhuvh1 Li wkh krphrprusklvp lv F4 gl�huhqwldeoh erwk zd|v/
wkhq wkh pds lv fdoohg d gl�hrprusklvp1 Gl�hrprusklvpv duh wkh wudqvirupdwlrqv
xvhg wr gh�qh whqvruv dqg prvw jhrphwulf surshuwlhv +dqg lqyduldqfh zlwk uhvshfw wr
gl�hrprusklvpv lv d frqvwudlqw hpsor|hg lq pdq| sk|vlfdo wkhrulhv zklfk duh edvhg
xsrq wkh fdofxoxv ri yduldwlrqv,1 Uhfdoo Nohlq*v frqfhsw ri d +hxfolghdq, jhrphw0
ulf surshuw| dv ehlqj gh�qhg lq whupv ri wkh lqyduldqwv ri urwdwlrqv dqg wudqvodwlrqv
+zklfk duh gl�hrprusklvpv,1 \hw gl�hrprusklvpv duh vshfldol}hg krphrprusklvpv
zklfk suhvhuyh wrsrorj|1 Lw iroorzv wkdw whqvru dqdo|vlv/ vr xvhixo lq vwxg|lqj jhr0
phwulf frqfhswv/ fdqqrw eh xvhg h�hfwlyho| wr ghvfuleh wrsrorjlfdo fkdqjh/ dqg wkhuh0
iru whqvru dqdo|vlv lv lqdghtxdwh wr ghvfuleh luuhyhuvleoh hyroxwlrq/ zkhuh wrsrorjlfdo
fkdqjh lv d qhfhvvdu| frqglwlrq1 Krzhyhu/ frqwlqxrxv F4 surfhvvhv qhhg qrw eh
krphrprusklvpv/ dqg wkhuhiru fdq eh xvhg wr ghvfuleh wrsrorjlfdo fkdqjh1 H{whulru
gl�huhqwldo irupv duh pdwkhpdwlfdo remhfwv wkdw duh zhoo ehkdyhg lq d uhwurglfwlyh
vhqvh zlwk uhvshfw wr ixqfwlrqdo vxevwlwxwlrq ri F4 frqwlqxrxv/ exw qrw lqyhuwleoh/
pdsv> whqvru �hogv duh qrw1 Lw iroorzv wkdw Fduwdq*v h{whulru gl�huhqwldo irupv
ehfrph wkh pdwkhpdwlfdo remhfwv ri fkrlfh iru ghvfulelqj frqwlqxrxv wrsrorjlfdo hyr0
oxwlrq/ dqg wkhuhiru Fduwdq*v pdwkhpdwlfv lv wkh pdwkhpdwlfv ri fkrlfh iru d wkhru|
ri luuhyhuvleoh Wkhuprg|qdplf surfhvvhv1

D nh| wrsrorjlfdo surshuw| lv wkdw ri glphqvlrq1 Krzhyhu/ wkh frqfhsw ri wrsr0
orjlfdo glphqvlrq lv vrphzkdw gl�huhqw iurp wkh frqfhsw ri jhrphwulfdo glphqvlrq1
Iru sxusrvhv ri wkh wkhru| ghyhorshg khuhlq/ wkh wrsrorjlfdo vwuxfwxuh lpsrvhg xsrq
d edvh ydulhw| ri p lqghshqghqw yduldeohv fdq eh xvhg wr ghwhuplqh wkh %Sid� wrsr0
orjlfdo glphqvlrq%/ q/ zklfk lv wr eh glvwlqjxlvkhg iurp wkh �jhrphwulf glphqvlrq�
ri wkh edvh ydulhw|/ q � p1 Wkh sulpdu| ihdwxuh ri d wrsrorjlfdo vwuxfwxuh lv wkdw lw
fdq eh xvhg wr ghwhuplqh zkhq dq hyroxwlrqdu| surfhvv lqyroylqj wrsrorjlfdo fkdqjh
+vxfk dv wkh fkdqjh lq wrsrorjlfdo glphqvlrq, lv frqwlqxrxv1 Wrsrorjlfdo fkdqjh fdq
rffxu erwk frqwlqxrxvo| dqg glvfrqwlqxrxvo|1 Krzhyhu/ lq wklv duwlfoh/ wkh irfxv lv
rq frqwlqxrxv wrsrorjlfdo hyroxwlrq1 Khuhlq lw zloo eh ghprqvwudwhg wkdw wkhuprg|0
qdplf �uhod{dwlrq� iurp vrph lqlwldo frq�jxudwlrq wr d vwdwh ri �htxloleulxp� fdq eh
ghvfulehg e| d vhtxhqfh ri frqwlqxrxv surfhvvhv wkdw fdxvh wkh wrsrorjlfdo glphqvlrq
wr fkdqjh iurp vrph lqlwldo ydoxh q wr d �qdo ydoxh q � 21

416 Hyroxwlrqdu| Surfhvvhv

Hyroxwlrqdu| surfhvvhv fdq suhvhuyh wkh wrsrorjlfdo surshuwlhv ri d sk|vlfdo v|vwhp/
ru wkh| fdq fkdqjh wkhp1 Lq wklv prqrjudsk/ wkrvh surfhvvhv zklfk fdq frqwlqxrxvo|
fkdqjh wkh wrsrorj| ri d sk|vlfdo v|vwhp duh ri pdmru lqwhuhvw/ iru wrsrorjlfdo fkdqjh
lv d qhfhvvdu| uhtxluhphqw ri wkhuprg|qdplf luuhyhuvlelolw|1 Lqwxlwlyho|/ d surfhvv
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dssolhg wr d sk|vlfdo v|vwhp fdq eh duelwudu|/ zklfk lpsolhv wkdw wkh surfhvv Y lv
qrw qhfhvvdulo| glfwdwhg e| wkh wrsrorjlfdo vwuxfwxuh ri wkh sk|vlfdo v|vwhp/ D1 Wklv
lqwxlwlyh lghd lv qrw suhflvh1 Dv qrwhg deryh/ fhuwdlq xqltxh h{wuhpdo surfhvvhv/
YH> duh ghwhuplqhg e| wkh xqltxh qxoo hljhq yhfwru ri wkh dqwl0v|pphwulf pdwul{ ri
pd{lpdo udqn/ gD= Vxfk qxoo hljhq yhfwruv h{lvw rqo| rq wrsrorjlfdo grpdlqv ri rgg
pd{lpdo udqn/ w|slfdoo| lq wklv prqrjudsk/ htxdo wr 61 Wkh H{wuhpdo yhfwru vdwlv�hv
wkh htxdwlrq=

H{wuhpdo Yhfwruv VH

lEVH�gD ' f> +414,

l ' g{�	g{2	===g{q +q rgg, +415,

OEVH�D ' gElEVH�D�= +416,

Rq wkh rwkhu kdqg/ rq wrsrorjlfdo grpdlqv ri hyhq pd{lpdo udqn/ h{wuhpdo
yhfwruv gr qrw h{lvw/ dqg |hw wkhuh lv d xqltxh yhfwru/ wkh Wrsrorjlfdo Wruvlrq yhfwru/
YW / wkdw lv ghwhuplqhg e| wkh wrsrorjlfdo vwuxfwxuh ri wkh sk|vlfdo v|vwhp/ D1 Vxfk
xqltxh yhfwruv h{lvw rqo| rq wrsrorjlfdo grpdlqv ri hyhq glphqvlrqdo pd{lpdo udqn/
w|slfdoo| lq wklv prqrjudsk/ htxdo wr 71 Wkh Wrsrorjlfdo Wruvlrq yhfwru vdwlv�hv wkh
htxdwlrq=

Wrsrorjlfdo Wruvlrq Yhfwru VW

lEVW �l ' D	gD===gD> +417,

l ' g{�	g{2	===g{q +q hyhq, +418,

OEVW �D ' lEVW �gD ' �D +419,

lEVW �D ' f +41:,

Zkhq � ' �> wkh Wrsrorjlfdo Wruvlrq yhfwru kdv ehhq fdoohg wkh %Olrxylooh
yhfwru �hog% +vhh sdjh 98 ^Olhehupdqq 4<;:`,1 Li iru vrph uhdvrq/ wkh wrsrorjlfdo
vwuxfwxuh ri wkh sk|vlfdo v|vwhp/ D> hyroyhv +ru ghfd|v, iurp d grpdlq zkhuh wkh
udqn ri gD lv hyhq wr d grpdlq zkhuh wkh pd{lpdo udqn ri gD lv rgg/ wkhq wkh
frpsrqhqwv ri VW ehfrph sursruwlrqdo wr d fkdudfwhulvwlf gluhfwlrq �hog/ zklfk kdv
h{wuhpdo surshuwlhv1

Wkh h{wuhpdo surfhvvhv/ VH / fdq dozd|v eh sxw lqwr fruuhvsrqghqfh zlwk d
Kdplowrqldq surfhvv/ exw wkrvh surfhvvhv uhsuhvhqwhg e| d gluhfwlrq �hog frpsrqhqw
sursruwlrqdo wr YW gr qrw kdyh d Kdplowrqldq uhsuhvhqwdwlrq/ xqohvv wkh glyhujhqfh
ri YW lv }hur1 Wkhvh ihdwxuhv/ dsso| qrw rqo| wr wrsrorjlfdo glphqvlrq 6 dqg 7/ exw
duh dovr ydolg iru wrsrorjlfdo glphqvlrqv zklfk duh rgg +YH iru q ' 2n n �� ru hyhq
+VW iru q ' 2n n 2�= Wkh wrsrorjlfdo uh�qhphqw lqgxfhg e| wkh surfhvv irupv
wzr fdwhjrulhv uhodwhg wr d Frqwdfw vwuxfwxuh +q ' 2n n �� ru d V|psohfwlf vwuxfwxuh
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+q ' 2n n 2�1 Qrwh wkdw wkh frqfhsw ri �xqltxhqhvv� uhodwhv wr wkh gluhfwlrq �hog Y
wkdw uhsuhvhqwv d surfhvv/ exw vxfk gluhfwlrq �hogv dv d yhfwru �hog duh xqltxh rqo|
wr zlwklq dq duelwudu| idfwru1

Frqwlqxrxv hyroxwlrq lqfoxghv wzr htxlydohqfh fodvvhv ri surfhvvhv= wkrvh
surfhvvhv wkdw suhvhuyh wrsrorjlfdo ihdwxuhv +krphrprusklvpv, dqg wkrvh surfhvvhv
wkdw gr qrw +qrq0krphrprusklvpv,1 Wkh odwwhu fodvv lv wkh fodvv ri surfhvvhv wkdw
ghvfuleh frqwlqxrxv wrsrorjlfdo hyroxwlrq/ dqg lw lv wklv fodvv zklfk lv vwxglhg h{0
whqvlyho| lq wklv duwlfoh1 Dv zloo eh ghprqvwudwhg ehorz/ wkh wrsrorjlfdo vwuxfwxuh
ri d sk|vlfdo v|vwhp ohdgv wr wkh frqvlghudwlrq ri rgg glphqvlrqdo lqwhjudov ri wkh
w|sh

U
2nn�

D	gD=== dqg hyhq glphqvlrqdo lqwhjudov ri wkh w|sh
U
2nn2

gD	gD===1 Li wkhvh
lqwhjudov duh ghirupdwlrq lqyduldqwv wkh| uhsuhvhqw d wrsrorjlfdo surshuw| wkdw lv dq
hyroxwlrqdu| lqyduldqw1 Ri sduwlfxodu lqwhuhvw lv wkh vhw ri hyhq dqg rgg glphq0
vlrqdo lqwhjudov zkhuh wkh lqwhjudwlrq fkdlq lv d forvhg f|foh1 Wkh fodvv ri frqwlqxrxv
surfhvvhv wkdw ghvfuleh wrsrorjlfdo fkdqjh fdq eh glylghg lqwr wzr glvwlqfw fodvvhv/ D
dqg E1

Fodvv D1 Wklv htxlydohqfh fodvv ri qrq0krphrprusklf frqwlqxrxv surfhvvhv suh0
vhuyhv wkh hyhq glphqvlrqdo lqwhjudov dv ghirupdwlrq lqyduldqwv/ exw fdxvhv wkh
ydoxhv ri wkh rgg glphqvlrqdo lqwhjudov wr fkdqjh1 Wkh Khopkrow} frqvhuydwlrq
ri yruwlflw| frqfhsw lv d fodvvlf h{dpsoh ri zkhq dq hyhq glphqvlrqdo wrsrorj0
lfdo surshuw| lv suhvhuyhg1 Vxfk surfhvvhv zloo eh fdoohg Khopkrow} surfhvvhv/
lq jhqhudo1 Wkh Srlqfduh lqwhjudo lqyduldqwv ri fodvvlfdo phfkdqlfv duh ixuwkhu
h{dpsohv ri hyhq glphqvlrqdo lqwhjudo lqyduldqwv1 H{wuhpdo dqg Kdplowrqldq
surfhvvhv duh vshfldo fdvhv ri Khopkrow} surfhvvhv1 Krzhyhu/ doo vxfk Khopkrow}
surfhvvhv/ zklfk fdq surgxfh wrsrorjlfdo fkdqjh ri wkh rgg glphqvlrqdo lqwh0
judov/ duh wkhuprg|qdplfdoo| uhyhuvleoh1 Wrsrorjlfdo fkdqjh lv d qhfhvvdu|/ exw
qrw vx!flhqw/ frqglwlrq iru wkhuprg|qdplf luuhyhuvlelolw|1

Fodvv E1 Wklv htxlydohqfh fodvv ri qrq0krphrprusklf frqwlqxrxv surfhvvhv fdxvhv
wkh ydoxhv ri erwk wkh hyhq dqg wkh rgg glphqvlrqdo lqwhjudov wr fkdqjh1 Erwk
wkh rgg dqg wkh hyhq wrsrorjlfdo ihdwxuhv ri wkh sk|vlfdo v|vwhp duh prgl�hg1
Lw lv wklv htxlydohqfh fodvv wkdw frqwdlqv wkrvh surfhvvhv zklfk duh wkhuprg|0
qdplfdoo| luuhyhuvleoh1 Zlwkrxw ehlqj wrr suhflvh/ erwk hqhuj| dqg dqjxodu
prphqwxp pxvw fkdqjh li d surfhvv lv wr eh wkhuprg|qdplfdoo| luuhyhuvleoh1
Sdvwlqj wrjhwkhu lv d frqwlqxrxv surfhvv iru zklfk wkh wrsrorj| ri wkh �qdo
v|vwhp vwdwh lv qrw qhfhvvdulo| wkh vdph dv wkh wrsrorj| ri wkh lqlwldo v|vwhp
vwdwh1 Vhsdudwlrq ru fxwwlqj lqwr sduwv lv d glvfrqwlqxrxv surfhvv iru zklfk wkh
v|vwhp wrsrorj| ri wkh �qdo vwdwh lv qrw wkh vdph dv wkh v|vwhp wrsrorj| ri
wkh lqlwldo vwdwh1 Wkh reylrxv wrsrorjlfdo surshuw| wkdw fkdqjhv lv wkh qxpehu
ri sduwv1 Surmhfwlrqv iurp kljkhu glphqvlrqv wr orzhu glphqvlrqv duh fodvvlf
h{dpsohv ri pdq| wr rqh gl�huhqwldeoh pdsv wkdw duh qrw lqyhuwleoh1 Wkh reyl0
rxv wrsrorjlfdo surshuw| wkdw fkdqjhv lv wkh surshuw| ri glphqvlrq1 Frqvlghu
d  dw sxww| glvf lq wkh vkdsh ri dq dqqxoxv1 Ghirup wkh sxww| frqwlqxrxvo|
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vxfk wkdw wkh srlqwv wkdw pdnh xs wkh fhqwudo kroh duh sdvwhg wrjhwkhu1 Rq wkh
rwkhu kdqg pdnh dq lqwhulru fxw lq d glvn ri sxww| dqg glvfrqwlqxrxvo| vhsdudwh
wkh srlqwv wr pdnh d kroh1 Wkh reylrxv wrsrorjlfdo surshuw| wkdw fkdqjhv lv
wkh qxpehu ri krohv1 +Glvfrqwlqxrxv surfhvvhv duh pruh ru ohvv ljqruhg lq wklv
suhvhqwdwlrq1,

417 Ixqgdphqwdo D{lrpv dqg Qrwdeoh Uhvxowv

41714 D{lrpv

Wkh wrsrorjlfdo ylhz ri wkhuprg|qdplfv ghvfulehg khuhlq lv edvhg rq wkuhh d{lrpv1

41 Wkhuprg|qdplf sk|vlfdo v|vwhpv fdq eh hqfrghg lq whupv ri d 40irup ri fr0
yduldqw Dfwlrq Srwhqwldov/ DnE{> |> }> w�> rq d 7 glphqvlrqdo devwudfw ydulhw| ri
rughuhg lqghshqghqw yduldeohv/ i{> |> }> wj= Wkh ydulhw| vxssruwv d yroxph hoh0
phqw le ' g{	g|	g}	gw=

51 Wkhuprg|qdplf surfhvvhv duh dvvxphg wr eh hqfrghg/ wr zlwklq d idfwru/ �E{> |> }> w�/
lq whupv ri frqwudyduldqw yhfwru gluhfwlrq �hogv/ VeE{> |> }> w�=

61 Frqwlqxrxv wrsrorjlfdo hyroxwlrq ri wkh wkhuprg|qdplf v|vwhp fdq eh hqfrghg
lq whupv ri Fduwdq*v pdjlf irupxod +vhh s1 455 lq ^Pduvghq 4<<7`,1 Wkh Olh
gl�huhqwldo/ zkhq dssolhg wr d h{whulru gl�huhqwldo 40irup ri Dfwlrq/ D ' Dng{

n/
lv htxlydohqw devwudfwo| wr wkh �uvw odz ri wkhuprg|qdplfv1

Lq h�hfw/ Fduwdq*v phwkrgv fdq eh xvhg wr irupxodwh suhflvh pdwkhpdwlfdo
gh�qlwlrqv iru pdq| wkhuprg|qdplf frqfhswv lq whupv ri wrsrorjlfdo surshuwlhv 0
zlwkrxw wkh xvh ri vwdwlvwlfv ru phwulf frqvwudlqwv1 Pruhryhu/ wkh phwkrg dssolhv wr
qrq0htxloleulxp wkhuprg|qdplfdo v|vwhpv dqg luuhyhuvleoh surfhvvhv/ djdlq zlwkrxw
wkh xvh ri vwdwlvwlfv ru phwulf frqvwudlqwv1

Lq rughu wr pdnh wkh htxdwlrqv pruh vxjjhvwlyh wr wkh uhdghu/ wkh v|perolvp
iru wkh ydulhw| ri lqghshqghqw yduldeohv kdv ehhq fkrvhq wr eh ri wkh irupdw i{> |> }> wj>
exw eh dzduh wkdw qr frqvwudlqwv ri phwulf ru frqqhfwlrq duh lpsrvhg xsrq wklv ydulhw|1
Iru lqvwdqfh/ lw lv QRW dvvxphg wkdw wkh edvh ydulhw| lv hxfolghdq1

41715 Qrwdeoh uhvxowv

Wkh uhvxow ri hpsor|lqj wkhvh d{lrpv zloo eh wr ghprqvwudwh wkdw=

41 Wkhuprg|qdplfv lv d wrsrorjlfdo wkhru|1

51 Wrsrorjlfdo fkdqjh lv d qhfhvvdu| frqglwlrq iru wkhuprg|qdplf luuhyhuvlelolw|1

61 Sid� wrsrorjlfdo glphqvlrq 5/ ru ohvv/ gh�qhv dq htxloleulxp v|vwhp1 Wkh
wrsrorjlfdo vwuxfwxuh rq grpdlqv ri wrsrorjlfdo glphqvlrq q � 2 qhyhu dgplw d
frqwlqxrxv surfhvv zklfk lv wkhuprg|qdplfdoo| luuhyhuvleoh1
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71 Wkh wrsrorjlfdo vwuxfwxuh rq grpdlqv ri rgg wrsrorjlfdo glphqvlrq q ' �> D> .==
fdq eh xvhg wr ghgxfh +wr zlwklq d idfwru, d xqltxh frqwlqxrxv h{wuhpdo surfhvv/
YH/ zklfk pd| eh fkdrwlf/ exw |hw lv wkhuprg|qdplfdoo| uhyhuvleoh/ dqg fdq
kdyh d Kdplowrqldq uhsuhvhqwdwlrq1

81 Wkhuprg|qdplf luuhyhuvlelolw| lv dq duwlidfw ri Sid� wrsrorjlfdo glphqvlrq 7 ru
pruh1 Wkh wrsrorjlfdo vwuxfwxuh rq grpdlqv ri hyhq wrsrorjlfdo glphqvlrq q '
e> S> H===fdq eh xvhg wr ghgxfh +wr zlwklq d idfwru, d xqltxh frqwlqxrxv surfhvv/
YW > zklfk lv wkhuprg|qdplfdoo| luuhyhuvleoh1 Lq wklv vhqvh/ wkhuprg|qdplf
luuhyhuvlelolw| lv dq duwlidfw ri wrsrorjlfdo glphqvlrq q � e1

91 Wkh fkdqjh ri wkh Sid� wrsrorjlfdo glphqvlrq fdq surgxfh wrsrorjlfdo ghihfwv
dqg wkhuprg|qdplf skdvh fkdqjhv1

:1 Wkh dvvxpswlrq ri xqltxhqhvv ri suhglfwhg vroxwlrqv wr d Sid!dq htxdwlrq
+zklfk lpsolhv d Sid� Wrsrorjlfdo glphqvlrq 5 ru ohvv, dqg Krphrprusklf
hyroxwlrq duh gl�huhqw frqvwudlqwv rq fodvvlfdo phfkdqlfv wkdw holplqdwhv dq|
wlph dv|pphwu|1

;1 Doo Kdplowrqldq dqg V|psohfwlf0Ehuqrxool surfhvvhv duh wkhuprg|qdplfdoo| uh0
yhuvleoh1

<1 Wkh ixqfwlrqdo irupv ri whqvru �hogv zlwk dujxphqwv lq whupv ri wkh edvh ydul0
deohv ri wkh �qdo vwdwh duh qrw zhoo gh�qhg lq whupv ri wkh ixqfwlrqdo irupv ri
whqvru �hogv zlwk dujxphqwv lq whupv ri wkh edvh yduldeohv ri wkh lqlwldo vwdwh/
xqohvv wkh pds iurp lqlwldo wr �qdo vwdwh lv d gl�hrprusklvp +zklfk suhvhuyhv
wrsrorj|,1 Rq wkh rwkhu kdqg/ wkh ixqfwlrqdo irupv ri wkrvh dowhuqdwlqj whqvru
�hogv zklfk duh frh!flhqwv ri h{whulru gl�huhqwldo irupv/ dqg zlwk dujxphqwv
lq whupv ri wkh edvh yduldeohv ri wkh lqlwldo vwdwh/ duh zhoo gh�qhg lq whupv ri
wkh ixqfwlrqdo irupv ri whqvru �hogv zlwk dujxphqwv lq whupv ri wkh edvh ydul0
deohv ri wkh �qdo vwdwh/ hyhq zkhq wkh pds iurp lqlwldo wr �qdo vwdwh ghvfulehv
wrsrorjlfdo hyroxwlrq1 Khqfh dq Duurz ri Wlph dv|pphwu| lv d orjlfdo uhvxow
zkhq wrsrorjlfdo hyroxwlrq lv dgplwwhg/ exw grhv qrw dsshdu li wkh hyroxwlrq lv
uhvwulfwhg wr eh krphrprusklf/ dqg wkhuhiru wrsrorjlfdoo| lqyduldqw1

431 Wkh wrsrorjlfdo vwuxfwxuh ri grpdlqv ri Sid� glphqvlrq 5 ru ohvv fuhdwhv d
frqqhfwhg/ exw qrw qhfhvvdulo| vlpso| frqqhfwhg wrsrorj|1 Hyroxwlrq vroxwlrq
xqltxhqhvv lv srvvleoh1

441 Wkh wrsrorjlfdo vwuxfwxuh ri grpdlqv ri Sid� glphqvlrq 6 ru pruh fuhdwhv d
glvfrqqhfwhg wrsrorj| ri pxowlsoh frpsrqhqwv1 Li vroxwlrqv wr d sduwlfxodu hyr0
oxwlrqdu| sureohp h{lvw/ wkhq wkh vroxwlrqv duh qrw xqltxh1 Hqyhorsh vroxwlrqv/
vxfk dv Kx|jhq zdyhohwv dqg sursdjdwlqj glvfrqwlqxlwlhv +fdoohg vljqdov, duh
fodvvlf h{dpsohv ri vroxwlrq qrq0xqltxhqhvv1
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451 Fduwdq*v Pdjlf irupxod/ lq whupv ri wkh Olh gl�huhqwldo dfwlqj rq h{whulru gli0
ihuhqwldo 40irupv hvwdeolvkhv wkh orqj vrxjkw iru frpelqdwlrq ri g|qdplfv dqg
wkhuprg|qdplfv/ hqdeolqj qrq0htxloleulxp v|vwhpv dqg luuhyhuvleoh surfhvvhv
wr eh frpsxwhg lq whupv ri frqwlqxrxv wrsrorjlfdo hyroxwlrq/ dqg zlwkrxw uhvruw
wr suredelolw| wkhru| dqg vwdwlvwlfv1

461 Wkh Olh gl�huhqwldo dfwlqj rq gl�huhqwldo irupv lv qrw qhfhvvdulo| wkh vdph dv
d olqhdu d!qh fryduldqw gl�huhqwldo dfwlqj rq gl�huhqwldo irupv1 Lw lv srvvleoh
wr ghprqvwudwh wkdw li wkh surfhvv lv dgldedwlf +qr khdw  rz lq wkh gluhfwlrq ri
wkh hyroxwlrqdu| surfhvv,/ wkhq wkh Olh gl�huhqwldo dqg wkh fryduldqw gl�huhqwldo
fdq eh pdgh wr frlqflgh/ dv wkh| erwk vdwlvi| wkh Nrv}xo d{lrpv iru dq d!qh
frqqhfwlrq1 Wklv lv d vxusulvlqj uhvxow/ iru zkhq uhyhuvhg wkh wkhruhp lpsolhv
wkdw wkh xeltxlwrxv d!qh fryduldqw gl�huhqwldo ri whqvru dqdo|vlv dfwlqj rq d 40
irup ri Dfwlrq fdq dozd|v eh fdvw lqwr d irup uhsuhvhqwlqj dq dgldedwlf surfhvv1
Krzhyhu/ wklv dgldedwlf surfhvv qhhg qrw eh uhyhuvleoh1

471 Li wkh hyroxwlrqdu| surfhvv ghvfulehg e| wkh Olh gl�huhqwldo/ d!qh htxlydohqw ru
qrw/ ohdyhv wkh 40irup ri Dfwlrq lqyduldqw/ wkhq wkh surfhvv lv wkhuprg|qdp0
lfdoo| uhyhuvleoh1 Li wkh d!qh fryduldqw gl�huhqwldo ri whqvru dqdo|vlv lqgxfhv
sdudooho wudqvsruw +wkh fryduldqw gl�huhqwldo lv }hur,/ wkhq wkh d!qh surfhvv lv
dgldedwlf dqg uhyhuvleoh1

481 Wkh frqfhsw ri wrsrorjlfdo hqwurs| lv ghgxfhg +zlwkrxw vwdwlvwlfv, iurp wkh idfw
wkdw Fduwdq0Kloehuw 40irup ri Dfwlrq lv ri Sid� Wrsrorjlfdo glphqvlrq 5q.51
Wkh shuihfw gl�huhqwldo ri hqwurs|/ gV> lv frpsrvhg ri wkh lqwhulru surgxfw
ri wkh qrq0fdqrqlfdo frpsrqhqwv ri prphqwxp zlwk wkh frpsrqhqwv ri wkh
gl�huhqwldo yhorflwlhv1 Dq htxloleulxp v|vwhp lv d Odjudqjh vxepdqlirog ri wkh
5q.5 wrsrorjlfdo vsdfh/ xsrq zklfk wkh fkdqjh lq hqwurs| lv }hur1 gVhtxlo ' f=

Wkh frpelqhg wkhuprg|qdplf0wrsrorjlfdo shuvshfwlyh suhvhqwhg khuhlq xvhv
wkh pdwkhpdwlfdo wrrov ri h{whulru gl�huhqwldo irupv wr ghvfuleh wkh wrsrorjlfdo ihd0
wxuhv ri sk|vlfdo v|vwhpv/ dqg yhfwru �hogv wr ghvfuleh wkh frqwlqxrxv hyroxwlrqdu|
surfhvvhv wkdw pd| ru pd| qrw fkdqjh wkh wrsrorj| ri wkh sk|vlfdo v|vwhp1 H{dpsohv
zloo ghprqvwudwh wkdw wrsrorjlfdo fkdqjh lv d qhfhvvdu| frqglwlrq iru wkhuprg|qdplf
luuhyhuvlelolw|1

418 Wrsrorjlfdo Xqlyhuvdolw|

Lw lv d uhpdundeoh idfw wkdw wkh sk|vlfdo wkhrulhv ri Wkhuprg|qdplfv/ Hohfwurg|qdp0
lfv dqg K|gurg|qdplfv doo kdyh vlplodu wrsrorjlfdo irxqgdwlrqv1 Wkhvh vlplodulw|
ihdwxuhv ehfrph hylghqw/ dqg xvhixo/ zkhq wkh gl�huhqw glvflsolqhv duh h{suhvvhg lq
wkh xqlyhuvdo odqjxdjh ri Fduwdq*v wkhru| ri h{whulru gl�huhqwldo irupv1

41 Hdfk glvflsolqh xwlol}hv wkh frqfhsw wkdw d sk|vlfdo v|vwhp fdq eh hqfrghg lq
whupv ri dq h{whulru gl�huhqwldo 40irup ri Dfwlrq/ D=
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51 Hdfk glvflsolqh xwlol}hv wkh frqfhsw wkdw d surfhvv/ ru fxuuhqw/ dfwlqj rq wkh
sk|vlfdo v|vwhp/ fdq eh hqfrghg wr zlwklq d idfwru/ �> e| d frqwudyduldqw gluhf0
wlrq �hog/ Y 1

61 Hdfk glvflsolqh kdv d g|qdplfv wkdw fdq eh h{suhvvhg lq whupv ri frqwlqxrxv
wrsrorjlfdo hyroxwlrq edvhg xsrq wkh Olh gl�huhqwldo zlwk uhvshfw wr Y 1 Zduq0
lqj= wklv wrsrorjlfdo g|qdplfv lv qrw dozd|v ixoo| htxlydohqw wr wkdw g|qdplfv
jhqhudwhg e| wkh fryduldqw gl�huhqwldo ri whqvru dqdo|vlv1 Wkh jhrphwulf g|0
qdplfv ri whqvru dqdo|vlv lv d vxevhw ri wkh wrsrorjlfdo g|qdplfv1

Wkh dujxphqwv ri wkh ixqfwlrqv wkdw gh�qh wkh sk|vlfdo v|vwhp/ wkh surfhvv/
dqg wkh lqgxfhg dgglwlrqdo 40irupv/ lq wklv duwlfoh duh olplwhg +zlwk vrph h{fhswlrqv,
wr dq rughuhg ydulhw| ri q ' e lqghshqghqw edvh yduldeohv/ devwudfwo| vshfl�hg dv
i{> |> }> wj> dqg wkhlu gl�huhqwldov/ ig{> g|> g}> gwj1 Lw lv suhvxphg wkdw rwkhu ydulhwlhv
ri edvh yduldeohv i��> �2> ��> �ej fdq eh uhsuhvhqwhg lq whupv ri gl�hrprusklf pdsv
iurp i��> �2> ��> �ej wr i{> |> }> wj= Wr d sk|vlflvw/ wkh edvh yduldeohv sod| wkh uroh
ri dgplvvleoh frruglqdwhv li wkh| duh gl�hrprusklfdoo| uhodwhg1 Krzhyhu qr vshfl�f
jhrphwulf phwulf ru frqqhfwlrq lv +qhfhvvdulo|, lpsrvhg rq wkhvh ydulhwlhv ri suh0
jhrphwulf glphqvlrq q ' e edvh yduldeohv1

Dowkrxjk wkh pdlq wkuxvw ri wklv duwlfoh lv wr vwxg| xvhixo dssolfdwlrqv ri
qrq0htxloleulxp wkhuprg|qdplf v|vwhpv/ vrph nqrzohgjh ri Fduwdqv* wrsrorjlfdo
vwuxfwxuh/ dqg wkh wrsrorjlfdo surshuwlhv ri wkh frqwlqxxp duh uhtxluhg1 Wklv pdwhuldo
kdv ehhq ghyhorshg lq Fduwdq*v odqjxdjh ri h{whulru gl�huhqwldo irupv lq Fkdswhu 7
dqg Fkdswhu 81

419 Forvxuh dqg Frqwlqxlw|

41914 Forvxuh

Dq lpsruwdqw wrsrorjlfdo lghd wr eh xvhg lq wklv prqrjudsk lv wkh lghd ru frqfhsw ri
forvxuh1 Wkh lghd ri forvxuh lv dq lqyduldqw ri d frqwlqxrxv exw luuhyhuvleoh surfhvv1
Iurp vhw wkhruhwlf lghdv/ wkh lghd ri forvxuh phdqv wkdw dq| sdlu ri hohphqwv ri d
vxevhw fdq eh frpelqhg e| d uxoh vxfk wkdw wkh uhvxowdqw lv vwloo dq hohphqw ri wkh
vxevhw1 Forvxuh lv shukdsv wkh prvw ixqgdphqwdo surshuw| ri d jurxs1 Hohphqwv ri
d yhfwru vsdfh fdq eh dgghg wrjhwkhu vxfk wkdw hdfk vxp lv dq hohphqw ri wkh vhw
ri doo edvlv hohphqwv pxowlsolhg e| uhdo qxpehuv1 Wkh surfhvv ri dgglwlrq lv forvhg1
Krzhyhu/ li wzr srodu hohphqwv ri d yhfwru vsdfh duh pxowlsolhg wrjhwkhu e| wkh phwkrg
ri wkh Jleev furvv surgxfw ri hqjlqhhulqj vflhqfh/ wkh uhvxowdqw d{ldo yhfwru lv qrw
dq hohphqw ri wkh ruljlqdo vxevhw ri srodu yhfwruv1 Wkh Jleev surgxfw lv qrw forvhg1
Qr hqjlqhhu zrxog hyhu dgg d wrutxh wr d irufh/ ru d olqhdu prphqwxp yhfwru wr dq
dqjxodu prphqwxp yhfwru/ ehfdxvh wkh| duh qrw yhfwruv ri wkh vdph vshflhv1

Lq wkh Fduwdq irupdolvp/ d qhz frqfhsw ri forvxuh lv gh�qhg lq whupv ri zkdw lv
fdoohg d gl�huhqwldo lghdo1 D gl�huhqwldo lghdo lv wkh xqlrq ri d v|vwhp ri gl�huhqwldo
irupv dqg wkhlu h{whulru gl�huhqwldov1 Iru rqh irupv/ Fkdswhu 7 ghwdlov krz wr
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frqvwuxfw d wrsrorj| lq whupv ri wkh forvxuh ri d 40irup/ D/ wkh h{whulru gl�huhqwldo ri
gD/ wkh forvxuh ri D +htxdo wr wkh xqlrq ri D dqg gD,/ wkh h{whulru surgxfw +vlplodu
wr wkh lqwhuvhfwlrq, ri D dqg gD +htxdo wr DagD,/ dqg wkh forvxuh ri wkh h{whulru
surgxfw DagD1 Uhodwlyh wr wklv %Fduwdq wrsrorj|%/ wkh h{whulru gl�huhqwldo ehfrphv
dq rshudwru wkdw fuhdwhv wkh wrsrorjlfdo olplw vhwv ri hdfk vxevhw ri wkh wrsrorj| +vhh
Fkdswhu 7,1

Dw wklv ehjlqqlqj ohyho/ wkh wklqj wr uhphpehu lv wkdw olplw vhwv duh wrsrorjlfdo
surshuwlhv/ dqg wkh| fdq eh ghwhuplqhg iru d sduwlfxodu h{whulru gl�huhqwldo s0irup
e| frqvwuxfwlqj wkh h{whulru gl�huhqwldo ri wkh sduwlfxodu s0irup1 Wklv gl�huhqwldo
surfhvv lv pxfk hdvlhu wr frpsxwh wkdq lv wkh lqwhjudwlrq surfhvv1 Lq wklv pdq0
qhu/ joredo +lqwhjudo, wrsrorjlfdo lqirupdwlrq dsshduv dw d orfdo +gl�huhqwldo, ohyho1
Fkdswhu 7 ghvfulehv wkhvh dqg pdq| rwkhu ghwdlov ri wkh Fduwdq wrsrorj|1

Nh| revhuydeohv lq wkh xqghuvwdqglqj ri wkh djlqj surfhvv duh uhodwhg wr wkh
frqfhswv ri forvxuh dqg frqqhfwlylw| ri wkh qrq0htxloleulxp vwdwhv1 H{shulphqwdo
phwkrgv wr revhuyh �forvxuh� frqfhswv pxvw eh ghylvhg li wkh qrwlrq ri wrsrorjlfdo
hyroxwlrq lv wr eh pdgh sudfwlfdo1 Wkhvh qrwlrqv pd| vrxqg devwudfw dqg qrw xvhixo/
exw zkhq lw lv uhdol}hg wkdw wkh surgxfwlrq ri ghihfwv lq d sk|vlfdo v|vwhp/ dqg wkh
fkdqjh ri skdvh iurp vrolg wr oltxlg/ duh h{klelwlrqv ri wrsrorjlfdo hyroxwlrq/ wkhq wkh
lghdv ehfrph pruh frqfuhwh1

Wkh wrsrorjlfdo phwkrgv hpsor|hg khuhlq fdq eh xvhg wr ghwhuplqh zkhq
d sk|vlfdo v|vwhp lv lq dq htxloleulxp ru qrq0htxloleulxp vwdwh1 Wkh wrsrorjlfdo
phwkrgv hpsor|hg khuhlq fdq eh xvhg wr glvwlqjxlvk wkhuprg|qdplfdoo| luuhyhuvleoh
iurp uhyhuvleoh hyroxwlrqdu| surfhvvhv1 Wkh wrsrorjlfdo phwkrgv hpsor|hg khuhlq
fdq eh xvhg wr ghvfuleh wkh luuhyhuvleoh glvvlsdwlyh ghfd| surfhvvhv iurp rshq v|vwhpv
lqwr h{flwhg vwdwlrqdu| vwdwhv idu iurp htxloleulxp/ dqg wkh ixuwkhu ghfd| iurp h{flwhg
qrq0htxloleulxp vwdwhv lqwr htxloleulxp jurxqg vwdwhv1

41915 Frqwlqxlw|

Dq lqwxlwlyh lghd ri frqwlqxlw| lv exlow rq wkh qrwlrq ri d vlqjoh ydoxhg ixqfwlrq/ ru
wudqvirupdwlrq/ zlwkrxw euhdnv1 Wkh irupdoW wrsrorjlfdo gh�qlwlrq ^B` ri d frqwlqxrxv
wudqvirupdwlrq ehwzhhq d vhw[ zlwk wrsrorj| W� wr d vhw \ zlwk d wrsrorj| W2 vwdwhv
wkdw wkh wudqvirupdwlrq lv frqwlqxrxv li dqg rqo| li wkh lqyhuvh lpdjh ri rshq vhwv
ri W2 duh rshq vhwv ri W�1 Wkh lpsruwdqw srlqw lv wkdw wkh wrsrorjlhv W� dqg W2
qhhg qrw eh wkh vdph iru d frqwlqxrxv wudqvirupdwlrq1 D vsdfh lv vdlg wr kdyh d
wrsrorjlfdo vwuxfwxuh li lw lv srvvleoh wr ghwhuplqh li d wudqvirupdwlrq rq wkh vsdfh lv
frqwlqxrxv ^Jhoohuw 4<::`1

Wkhuh h{lvwv dqrwkhu pruh xvhixo phwkrg ri gh�qlqj frqwlqxlw| zklfk grhv qrw
ghshqg h{solflwo| rq ehlqj deoh wr gh�qh rshq vhwv dqg wkhlu lqyhuvh lpdjhv1 Wklv
vhfrqg phwkrg ri gh�qlqj frqwlqxlw| lv edvhg rq wkh frqfhsw ri forvxuh/ glvfxvvhg lq
wkh suhfhglqj vxevhfwlrq1 Wkh irupdo wrsrorjlfdo forvxuh ri d vhw fdq eh gh�qhg lq

�Wkhvh irupdo gh�qwlrqv duh prvw udslgo| ohduqhg lq whupv ri srlqw vhw wrsrorj|/ dqg duh suhvhqwhg
lq wkh dsshqgl{ lq pruh ghwdlo1
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+dw ohdvw, wzr zd|v=

41 Wkh forvxuh ri d vhw lv wkh xqlrq ri wkh lqwhulru dqg wkh erxqgdu| ri d vhw1
51 Wkh forvxuh ri d vhw lv wkh xqlrq ri wkh vhw dqg lwv olplw srlqwv1

Wkh �uvw gh�qlwlrq ri forvxuh lv shukdsv wkh prvw frpprq/ dqg lv riwhq h{0
sorlwhg lq jhrphwulf vlwxdwlrqv/ zkhuh d phwulf kdv ehhq gh�qhg dqg d erxqgdu| fdq
eh frpsxwhg hdvlo|1 Wkh vhfrqg gh�qlwlrq ri forvxuh lv lqghshqghqw iurp phwulf dqg
lv wkh phwkrg ri fkrlfh lq wklv duwlfoh/ erwk iru gh�qlqj frqwlqxlw| dqg hvwdeolvklqj
d wrsrorjlfdo vwuxfwxuh1 Lq whupv ri wkh frqfhsw ri forvxuh/ d wudqvirupdwlrq lv frq0
wlqxrxv li dqg rqo| li iru hyhu| vxevhw/ wkh lpdjh ri wkh forvxuh ri wkh lqlwldo vxevhw lv
lqfoxghg lq wkh forvxuh ri wkh lpdjh ri wkdw vxevhw ^Olsvfkxw} 4<98`1 Dqrwkhu zd| ri
vwdwlqj wklv lghd lv

61 D pds lv frqwlqxrxv l� wkh olplw srlqwv ri hyhu| vxevhw lq wkh grpdlq
shupxwh lqwr wkh forvxuh ri wkh vxevhwv lq wkh udqjh1

Lw zloo eh ghprqvwudwhg wkdw uhodwlyh wr wkh Fduwdq Wrsrorj| edvh rq d 40
irup ri Dfwlrq/ wkh h{whulru ghulydwlyh ehfrphv htxlydohqw wr d olplw srlqw jhqhudwru1
Khqfh wkh Fduwdq Fdofxoxv jlyhv dq hdv| phwkrg iru xwlol}lqj wkh frqfhsw ri olplw
srlqwv1

41: Sid� Wrsrorjlfdo Glphqvlrq

Shukdsv rqh ri wkh prvw lpsruwdqw wrsrorjlfdo wrrov wr eh xvhg zlwklq wkh wkhru| ri
frqwlqxrxv wrsrorjlfdo hyroxwlrq lv wkh frqfhsw ri Sid� wrsrorjlfdo glphqvlrq1 Wkh
pd{lpxp Sid� glphqvlrq lv htxdo wr qxpehu ri lqghshqghqw yduldeohv lq wkh edvh
ydulhw|/ zklfk lq wklv duwlfoh kdv ehhq olplwhg wr q ' e= Iru d jlyhq 40irup ri
Dfwlrq/ D ' DnE{> |> }> w�g{

n gh�qhg rq wkh edvh ydulhw| ri i{> |> }> wj/ lw lv srvvleoh
wr dvn zkdw lv wkh luuhgxfleoh plqlpxp qxpehu ri lqghshqghqw ixqfwlrqv �E{> |> }> w�
uhtxluhg wr ghvfuleh wkh wrsrorjlfdo ihdwxuhv wkdw fdq eh jhqhudwhg e| wkh vshfl�hg
40irup/ D1 Wklv luuhgxfleoh qxpehu ri ixqfwlrqv lv gh�qhg khuh lq dv wkh %Sid�
wrsrorjlfdo glphqvlrq% ri wkh 40irup/ D1 Iru h{dpsoh/ li

D ' Dng{
n , g�E{> |> }> w�luuhgxfleoh> +41;,

vxfk wkdw Dn ' C�E{> |> }> w�@C{n> +41<,

wkhq rqo| rqh ixqfwlrq �E{> |> }> w� lv uhtxluhg wr ghvfuleh wkh Dfwlrq/ qrw irxu1 Lq wklv
h{dpsoh wkh luuhgxfleoh Sid� wrsrorjlfdo glphqvlrq ri wkh 40irup/ D/ lv 4/ dowkrxjk
wkh glphqvlrq ri edvh ydulhw| lv 71 Lq d vhqvh/ wkh Sid� wrsrorjlfdo glphqvlrq gh�qhv
wkh h{lvwhqfh ri d grpdlq ri %wrsrorjlfdo% edvh yduldeohv +wrsrorjlfdo frruglqdwhv, dv
vxephuvlrqv iurp wkh ruljlqdo edvh ydulhw| +jhrphwulf frruglqdwhv, wr wkh luuhgxfleoh
edvh ydulhw| +wrsrorjlfdo frruglqdwhv,1 Gl�huhqwldo irupv frqvwuxfwhg rq wkh luuh0
gxfleoh edvh ydulhw| ri ixqfwlrqv/ duh ixqfwlrqdoo| zhoo gh�qhg rq wkh ruljlqdo edvh
ydulhw|1 +Vhh Fkdswhu 7 dqg ,
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Uhodwlyh wr wkh Fduwdq wrsrorj| ^Edogzlq 4<<4`/ wkh %Sid� wrsrorjlfdo glphq0
vlrq% fdq eh jhqhudwhg e| hdfk ri wkh Sid!dq irupv dvvrfldwhg zlwk hdfk glvflsolqh1
Wkh luuhgxfleoh Sid� wrsrorjlfdo glphqvlrq iru dq| jlyhq 40irup D lv uhdglo| frp0
sxwhg e| frqvwuxfwlqj wkh Sid� vhtxhqfh ri irupv=

Sid� vhtxhqfh

iD> gD>D	gD> gD	gDj= +4143,

Wkh Sid� wrsrorjlfdo glphqvlrq lv htxdo wr wkh qxpehu ri qrq0}hur whupv lq wkh
Sid� vhtxhqfh1 Iru h{dpsoh/ li wkh Sid� vhtxhqfh iru d jlyhq 40irupD lv iD> gD> f> fj
lq d uhjlrq X � i{> |> }> wj/ wkhq wkh Sid� wrsrorjlfdo glphqvlrq ri D lv 5 lq wkh uhjlrq/
X= Wkh 40irup D> lq wkh uhjlrq X> wkhq dgplwv ghvfulswlrq lq whupv ri rqo| wzr/ exw
qrw ohvv wkdq 5/ lqghshqghqw yduldeohv/ vd| ix�> x2j= Iru d gl�huhqwldeoh pds * iurp
i{> |> }> wj , ix�> x2j/ wkh h{whulru gl�huhqwldo 40irup gh�qhg rq wkh wdujhw ydulhw| X
ri 5 suh0jhrphwu| glphqvlrqv dv

DEx�> x2� ' D�Ex
�> x2�gx� nD2Ex

�> x2�gx2> +4144,

kdv d ixqfwlrqdoo| zhoo gh�qhg suh0lpdjh DE{> |> }> w� rq wkh edvh ydulhw| i{> |> }> wj
ri 7 suh0jhrphwulf glphqvlrqv1 Wklv ixqfwlrqdoo| zhoo gh�qhg suh0lpdjh lv rewdlqhg
e| ixqfwlrqdo vxevwlwxwlrq ri x�> x2> gx�> gx2 lq whupv ri i{> |> }> wj dv gh�qhg e| wkh
pdsslqj != Wkh surfhvv ri ixqfwlrqdo vxevwlwxwlrq lv fdoohg wkh sxoo0edfn1

DE{> |> }> w� ' Dng{
n ' *WEDEx�> x2�� ' *WED�gx

�� +4145,

Lw pd| eh wuxh wkdw wkh ixqfwlrqdo irup ri D |lhogv d Sid� wrsrorjlfdo gl0
phqvlrq htxdo wr 5 joredoo| ryhu wkh grpdlq i{> |> }> wj> h{fhsw iru vxe uhjlrqv zkhuh
wkh Sid� glphqvlrq ri D lv 6 ru 71 Wkhvh vxe uhjlrqv uhsuhvhqw wrsrorjlfdo ghihfwv
lq wkh doprvw joredo grpdlq ri Sid� glphqvlrq 51 Frqyhuvho|/ wkh Sid� glphqvlrq
ri D frxog eh 7 joredoo| ryhu wkh grpdlq/ h{fhsw iru vxe uhjlrqv zkhuh wkh Sid�
glphqvlrq ri D lv 6/ ru ohvv1 Wkhvh vxe uhjlrqv uhsuhvhqw wrsrorjlfdo ghihfwv lq wkh
doprvw joredo grpdlq ri Sid� glphqvlrq 71 Dssolfdwlrqv ri erwk ylhzsrlqwv zloo eh
ghvfulehg ehorz1 Wkh lpsruwdqw frqfhsw ri Sid� wrsrorjlfdo glphqvlrq dovr fdq eh
xvhg wr gh�qh htxlydohqfh fodvvhv ri sk|vlfdo v|vwhpv dqg surfhvvhv1

Wkh frqfhsw ri %Sid� wrsrorjlfdo glphqvlrq% zdv ghyhorshg pruh wkdq 443
|hduv djr +vhh sdjh 5<3 ri Iruv|wk ^Iruv|wk +4;<3, 4<8<` ,/ dqg kdv ehhq fdoohg wkh
%fodvv%_ ri d gl�huhqwldo 40irup lq wkh pdwkhpdwlfdo olwhudwxuh1 Pruh uhfhqw pdwk0
hpdwlfdo ghyhorsphqwv fdq eh irxqg lq ^Vfkrxwhq 4<7<`1 Wkh phwkrg dqg lwv surs0
huwlhv kdyh ehhq olwwoh xwlol}hg lq wkh dssolhg zruog ri sk|vlfv dqg hqjlqhhulqj1 Ri
nh| lpsruwdqfh lv wkh idfw wkdw wkh qrq0}hur h{lvwhqfh ri wkh 60irup D	gD ' D	I

|Wkh whup %Sid� wrsrorjlfdo glphqvlrq% +lqvwhdg ri fodvv, zdv lqwurgxfhg e| wkh suhvhqw dxwkru
lq rughu wr hpskdvl}h wkh wrsrorjlfdo irxqgdwlrqv ri wkh frqfhsw1
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ri Wrsrorjlfdo Wruvlrq> dqg wkh 70irup ri Wrsrorjlfdo Sdulw|/ gD	gD ' I	I lpsolhv
wkdw wkh Sid� wrsrorjlfdo glphqvlrq ri wkh uhjlrq lv 6 ru 7/ uhvshfwlyho|1 Hlwkhu ydoxh
lv dq lqglfdwru wkdw wkh sk|vlfdo v|vwhp +lq wkh vxe uhjlrq, lv QRW lq wkhuprg|qdplf
htxloleulxp1 Wkh frqfhsw ri wrsrorjlfdo sdulw|/ I	I / kdv lwv irxqgdwlrqv lq wkh wkh0
ru| ri Sid�*v sureohp/ zlwk d uhfrjql}deoh 7 glphqvlrqdo irupxodwlrq dsshdulqj lq
Iruv|wk ^Iruv|wk +4;<3, 4<8<` sdjh 4331 Wkh lghd ri Wrsrorjlfdo Wruvlrq/ D	I / lv
dvvrfldwhg zlwk wkh lghd ri pdjqhwlf kholflw| ghqvlw|/ d frqfhsw wkdw dssduhqwo| kdg
lwv hohfwurpdjqhwlf jhqhvlv zlwk wkh vwxg| ri sodvpdv lq ZZLL1 Krzhyhu/ wkh frqfhsw
ri kholflw| ghqvlw| lv exw rqh frpsrqhqw ri wkh irxu glphqvlrqdo Wrsrorjlfdo Wruvlrq
7 yhfwru1

Uhfdoo wkdw d vsdfh fxuyh zlwk qrq0}hur Iuhqhw 0 Vhuuhw wruvlrq grhv qrw uhvlgh
lq d wzr glphqvlrqdo sodqh1 Qrq0}hur Iuhqhw 0 Vhuuhw wruvlrq ri d vsdfh fxuyh lv dq
lqglfdwru wkdw wkh jhrphwulfdo glphqvlrq ri wkh vsdfh fxuyh lv dw ohdvw 61 Wkh idfw
wkdw wkh Sid� wrsrorjlfdo glphqvlrq ri wkh 40irup/ D> lv dw ohdvw 6/ zkhq D	I lv qrq0
}hur/ lv wkh edvlv ri zk| wkh 60irup/ D	I / zdv fdoohg %Wrsrorjlfdo Wruvlrq%1 Wkh
lghd ri qrq0}hur D	I dovr dsshduv lq wkh wkhru| ri wkh Krsi Lqyduldqw ^Erww 4<<7`1

Wkh frqfhsw ri D	I kdv dovr dsshduhg lq wkh gl�huhqwldo jhrphwu| ri frqqhf0
wlrqv/ zkhuh d pdwul{ ydoxhg 60irup lv nqrzq dv wkh Fkhuq0Vlprqv 60irup1 Krzhyhu/
rq ydulhwlhv zlwkrxw frqqhfwlrq ru phwulf/ wkh Fkhuq0Vlprqv frqfhsw lv qrw zhoo gh0
�qhg/ exw wkh Wrsrorjlfdo Wruvlrq frqfhsw h{lvwv dqg lv dffhswdeoh/ iru lw grhv qrw
ghshqg xsrq wkh jhrphwulf ihdwxuhv ri phwulf dqg2ru frqqhfwlrq1

41; Ghirupdwlrq Lqyduldqwv dv Wrsrorjlfdo Surshuwlhv

Wrsrorjlfdo surshuwlhv duh gh�qhg dv lqyduldqwv zlwk uhvshfw wr krphrprusklvpv1 D
pruh pxqgdqh gh�qlwlrq lv wkdw d wrsrorjlfdo surshuw| lv dq lqyduldqw ri d frqwlqxrxv
ghirupdwlrq1 Fhuwdlq lqwhjudo surshuwlhv ri dq hohfwurpdjqhwlf v|vwhp duh ghirupd0
wlrq lqyduldqwv zlwk uhvshfw wr wkrvh frqwlqxrxv hyroxwlrqdu| surfhvvhv wkdw fdq eh
ghvfulehg e| d vlqjo| sdudphwhul}hg yhfwru �hog1 Wkh devroxwh ghirupdwlrq lqyduldqwv
ohdg wr wkh ixqgdphqwdo wrsrorjlfdo frqvhuydwlrq odzv ghvfulehg lq wkh sk|vlfdo olwhu0
dwxuh ri hohfwurpdjqhwlvp dv wkh frqvhuydwlrq ri fkdujh dqg wkh frqvhuydwlrq ri  x{1
Uhfdoo wkh gh�qlwlrqv xvhg wr ghvfuleh surfhvvhv ri frqwlqxrxv wrsrorjlfdo hyroxwlrq1

D frqwlqxrxv surfhvv lv gh�qhg dv d pds iurp dq lqlwldo vwdwh ri wrsrorj|
Wlqlwldo lqwr d �qdo vwdwh ri shukdsv gl�huhqw wrsrorj| Wilqdo vxfk wkdw wkh
olplw srlqwv ri wkh lqlwldo vwdwh duh shupxwhg dprqj wkh olplw srlqwv ri
wkh �qdo vwdwh +vhh s1 <: hw1vht1 ^Olsvfkxw} 4<98`,1 Li wkh rughulqj ri
wkh olplw srlqwv lv lqyduldqw/ wkh surfhvv lv xqlirupo| frqwlqxrxv1 Li wkh
rughulqj +dv lq d iroglqj ri d erxqgdu|, ru wkh qxpehu ri wkh olplw vhwv lv
fkdqjhg wkh surfhvv lv qrq0xqlirupo| frqwlqxrxv1

D vlpsoh ghvfulswlrq ri d wrsrorjlfdo surshuw| +lqyduldqw ri d krphrprusklvp,
lv dq remhfw wkdw lv d ghirupdwlrq lqyduldqw1 Frqvlghu d uxeehu vkhhw zlwk wkuhh krohv1



Ghirupdwlrq Lqyduldqwv dv Wrsrorjlfdo Surshuwlhv 58

Vwuhwfk wkh uxeehu vkhhw1 Wkh krohv pd| eh ghiruphg exw wkh idfw wkdw wkhuh duh
60krohv vwd|v wkh vdph xqghu vpdoo ghirupdwlrqv1 Wkh frqfhsw ri wkuhh krohv lv d
wrsrorjlfdo surshuw|1 Lw lv uhpdundeoh wkdw wrsrorjlfdoo| frkhuhqw remhfwv fdq eh
frqvwuxfwhg lq whupv ri rshq dqg forvhg lqwhjudov zklfk duh ghirupdwlrq lqyduldqwv1

D wrsrorjlfdo ghirupdwlrq lqyduldqw lv gh�qhg dv dq lqwhjudo ri dq h{whulru
gl�huhqwldo s0irup ryhu d s glphqvlrqdo pdqlirog/ ru f|foh/ }sg> vxfk wkdw
wkh Olh gl�huhqwldo ri wkh lqwhjudo ri wkh s0irup $ zlwk uhvshfw wr d vlqjo|
sdudphwhul}hg yhfwru �hog/ �Y n> ydqlvkhv/ iru dq| fkrlfh ri ghirupdwlrq
sdudphwhu/ �1

Lqwhjudo Ghirupdwlrq Lqyduldqw

OE�Y n�

]
s

$ ' f dq| � +4146,

Wkh uhtxluhphqwv wkdw d jlyhq s0irup ehfrphv d ghirupdwlrq lqyduldqw +dqg
wkhuhiru d wrsrorjlfdo surshuw|/ lqyduldqw zlwk uhvshfw wr krphrprusklvpv, lv h{0
suhvvhg lq whupv ri fhuwdlq wrsrorjlfdo frqvwudlqwv1 Wkrvh remhfwv wkdw uhpdlq wkh
vdph xqghu frqwlqxrxv ghirupdwlrq uhsuhvhqw wrsrorjlfdo/ qrw jhrphwulf/ surshuwlhv1
Krzhyhu/ li wkh wrsrorjlfdo frqvwudlqwv uhtxluhg iru frqwlqxrxv ghirupdwlrq duh qrw
vdwlv�hg/ wkhq wrsrorjlfdo fkdqjh wdnhv sodfh1 Wrsrorjlfdo fkdqjh zrxog uhtxluh wkdw
wkh qxpehu ri krohv lq wkh wklq uxeehu vkhhw h{dpsoh zhuh wr fkdqjh1 Wrsrorjlfdo
fkdqjh fdq rffxu frqwlqxrxvo| ru glvfrqwlqxrxvo|1 Wkh irfxv lq wklv duwlfoh lv rq frq0
wlqxrxv wrsrorjlfdo fkdqjh/ dqg dv zloo eh ghprqvwudwhg ehorz/ wrsrorjlfdo fkdqjh lv
d qhfhvvdu| uhtxluhphqw iru wkhuprg|qdplf luuhyhuvlelolw| ^UPN 4<:9 e`1

41;14 Devroxwh Lqwhjudo Lqyduldqwv

Wkhuh duh wzr w|shv ri lqyduldqw lqwhjudov/ Devroxwh dqg Uhodwlyh lqwhjudo lqyduldqwv1
Li wkh h{whulru s0irup wkdw irupv wkh lqwhjudqg lv h{dfw/ wkh Devroxwh lqwhjudo lqyduldqw
sodfhv frqglwlrqv rqo| rq wkh erxqgdu| ri wkh grpdlq ri lqwhjudwlrq1 Lw lv wkhvh w|shv
ri remhfwv +Devroxwh lqwhjudo lqyduldqwv, wkdw jlyh d irupdolw| wr wkrvh wkhuprg|qdplf
frqfhswv zkhuhe| d sk|vlfdo v|vwhp uhdfkhv htxloleulxp xqlirupo| zlwklq lwv lqwhulru/
dqg |hw pd| frxsoh zlwk lwv h{whulru hqylurqphqw yld  x{hv dfurvv lwv erxqgdu|1 Rqo|
h�hfwv uhodwhg wr wkh erxqgdu| duh ri frqvhtxhqfh1 Iru h{dpsoh/ frqvlghu sk|vlfdo
v|vwhpv wkdw fdq eh gh�qhg e| d 40irup ri Dfwlrq/ D/ vxfk wkdw wkh ghulyhg 50irup
I ' gD> lv h{dfw1 Lw iroorzv iurp Vwrnhv wkhruhp wkdw wkh 50glphqvlrq lqwhjudo ri I
lv dq devroxwh lqwhjudo ghirupdwlrq lqyduldqw zlwk uhvshfw wr doo frqwlqxrxv surfhvvhv
wkdw fdq eh gh�qhg e| d vlqjo| sdudphwhul}hg yhfwru �hog/ vxemhfw wr d erxqgdu|
frqglwlrq wkdw wkh qhw  x{/ lE�Y n�I> ri I> dfurvv wkh 40glphqvlrqdo erxqgdu| ri P
lv }hur=
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OE�Y n�
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gElE�Y n�I � +4147,

' f n

]
erxqgdu| ri P

lE�Y n�I +4148,

Wklv frqfhsw lv dw wkh edvlv ri wkh Khopkrow} wkhruhpv ri yruwlflw| frqvhuyd0
wlrq +ru dqjxodu prphqwxp shu xqlw pdvv, lq k|gurg|qdplfv/ dqg wkh frqvhuydwlrq
ri  x{ lq fodvvlfdo hohfwurpdjqhwlvp1 Khuhlq/ wklv frqfhsw ri ghirupdwlrq lqydul0
dqfh ri d wrsrorjlfdoo| frkhuhqw vwuxfwxuh zloo eh zulwwhq lq wkh irup ri dq h{whulru
gl�huhqwldo v|vwhp ^Eu|dqw 4<<4`/ I � gD ' f= Wkh h{whulru gl�huhqwldo v|vwhp lv
wr eh uhfrjql}hg dv wrsrorjlfdo frqvwudlqw1 Iurp Vwrnhv wkhruhp/ wkh 5 glphqvlrqdo
grpdlq ri �qlwh vxssruw iru I fdq qrw/ lq jhqhudo/ eh frpsdfw zlwkrxw erxqgdu|/
xqohvv wkh Hxohu fkdudfwhulvwlf ydqlvkhv1 Wkhuh duh wzr h{fhswlrqdo fdvhv iru devroxwh
lqyduldqfh ri wkh lqwhjudo/ dqg wkh| rffxu zkhq wkh lqwhjudwlrq grpdlq lv frpsdfw
zlwkrxw erxqgdu|1 Vxfk wzr glphqvlrqdo grpdlqv zklfk kdyh d }hur Hxohu fkdudf0
whulvwlf duh wkh wruxv dqg wkh Nohlq0Erwwoh/ exw wkhvh vlwxdwlrqv uhtxluh wkh dgglwlrqdo
wrsrorjlfdo frqvwudlqw wkdw I	I , f= Wkh �hogv lq wkhvh h{fhswlrqdo fdvhv pxvw uh0
vlgh rq wkhvh h{fhswlrqdo frpsdfw vxuidfhv zlwkrxw erxqgdu|/ zklfk irup wrsrorjlfdo
frkhuhqw vwuxfwxuhv1 Qrwh wkdw dq hyroxwlrqdu| surfhvv frxog vwduw zlwk I	I 9' f>
dqg srvvleo| hyroyh wr d vwdwh zlwk I	I ' f= Li vxfk uhvlgxh vwdwhv duh frpsdfw
zlwkrxw erxqgdu|/ wkhq wkh| pxvw eh hlwkhu wrul ru Nohlq erwwohv1

Wkh vdph whfkqltxh fdq eh dssolhg wr qrq0h{dfw exw forvhg s0irupv1

41;15 Uhodwlyh Lqwhjudo Lqyduldqwv

Li wkh lqwhjudwlrq ri wkh h{dfw 50irup/ I / lv ryhu d forvhg wzr glphqvlrqdo fkdlq/
ghvljqdwhg dv d 5 glphqvlrqdo f|foh/ }5g +zklfk pd| ru pd| qrw eh d 5 glphqvlrqdo
erxqgdu|,/ wkhq wkh Lqwhjudo lv lqyduldqw iru dq| ghirupdwlrq idfwru/ � G
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gElE�Y n�I � ' f n f= +4149,

Wkh wzr lqwhjudov rq wkh uljkw ydqlvk/ wkh �uvw gxh wr wkh idfw wkdw gI ' f/ dqg wkh
vhfrqg gxh wkh idfw wkdw wkh forvhg lqwhjudo ryhu dq h{dfw irup ydqlvkhv1 Forvh lqwh0
judov ri h{dfw s0irupv duh dozd|v uhodwlyh ghirupdwlrq lqwhjudo lqyduldqwv1 Krzhyhu/
wkh vdph whfkqltxh fdq eh dssolhg wr qrq0h{dfw exw forvhg s0irupv1 Iru hohfwurpdj0
qhwlvp/ wkhuh duh vhyhudo h{dfw s0irupv/ hdfk surgxflqj d uhodwlyh ghirupdwlrq lqwh0
judo lqyduldqw1 Iru h{dpsoh/ wkh 60irup ri fkdujh0fxuuhqw ghqvlw| lv h{dfw/ M ' gJ1
Wkh 70irupv wkdw gh�qh wkh Srlqfduh Lqyduldqwv duh h{dfw= I	I ' gED	J� dqg
I	J�D	M ' gED	J�=

Li wkh frqglwlrqv ri uhodwlyh lqwhjudo lqyduldqfh duh dssolhg wr dq duelwudu|
40irup ri Dfwlrq/ wkhq wkh uhodwlyh lqwhjudo lqyduldqfh frqglwlrq ehfrphv
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Lw iroorzv wkh lE�Y n�gD pxvw eh }hur rq wkh f|foh }�g iru dq| ghirupdwlrq sdudphwhu
�= Fduwdq kdv vkrzq wkdw wklv lv wkh frqglwlrq wkdw lpsolhv wkh surfhvv �Y n kdv d
%Kdplowrqldq% uhsuhvhqwdwlrq ^Fduwdq 4<8; +4<55,`1

41;16 Shulrg Lqwhjudov dqg Wrsrorjlfdo Txdqwl}dwlrq

Ehvlghv wkh lqyduldqw vwuxfwxuhv frqvlghuhg deryh/ wkh Fduwdq phwkrgv pd| eh xvhg
wr jhqhudwh rwkhu vhwv ri wrsrorjlfdo lqyduldqwv1 Uhdol}h wkdw ryhu d grpdlq ri Sid�
glphqvlrq q ohvv wkdq ru htxdo wr Q / wkh Fduwdq fulwhuld dgplwv d vxephuvlyh pds
wr eh pdgh iurp Q wr d vsdfh ri plqlpdo glphqvlrq q1 Wkh pds pd| eh ylhzhg dv
d yhfwru �hog ri ixqfwlrqdo frpsrqhqwv/

dY {E{> |> }==�> Y |E{> |> }==�> Y }E{> |> }==�> ===o>

ri glphqvlrq q/ dqg zloo kdyh d uhsuhvhqwdwlrq lq wkh surmhfwlyh jhrphwu| ri q.4
krprjhqhrxv frruglqdwhv1 Wkh q.4 frpsrqhqw zloo eh jhqhudwhg e| d ixqfwlrq
�> uhodwhg wr wkh Kroghu qrup/

� ' �@� ' �@idEY {�s n eEY |�s n fEY }�s n =====jq@s= +414<,

Iru dq| yhfwru �hog/ frqvwuxfw wkh q glphqvlrqdo yroxph hohphqw/

Y ro ' �EY � gY {	gY |	gY }=== +4153,

dqg wkh q04 irup ghqvlw| +fxuuhqw, M dv=

M ' lEY {> Y |> Y }> ===�Y ro '

�iY { gY |	gY }=== � Y | gY {	gY }===n Y } gY {	gY |===� ===j = +4154,

Lw lv uhpdundeoh wkdw wkh fxuuhqw M vr gh�qhg kdv d ydqlvklqj h{whulru gl�huhqwldo/
lqghshqghqw ri wkh ydoxh ri s iru d jlyhq q/ dqg iru doo ydoxhv ri wkh frqvwdqwv/ soxv ru
plqxv d/e/f111,1 Doo vxfk fxuuhqwv wkhuhe| gh�qh d �frqvhuydwlrq odz�1 Dv wkh pds
gh�qlqj wkh frpsrqhqwv ri wkh yhfwru �hog lq whupv ri wkh edvh ~{/|/}11� lv suhvxphg
wr eh gl�huhqwldeoh/ wkhq wkh q04 irup/ M> kdv d zhoo gh�qhg sxoo edfn rq wkh edvh
vsdfh +doprvw hyhu|zkhuh,/ dqg lwv h{whulru gl�huhqwldo rq wkh edvh vsdfh dovr ydqlvkhv
hyhu|zkhuh prg wkh ghihfwv1 Wkdw lv/ wkh irup M lv orfdoo| h{dfw1

Lq wkh h{suhvvlrq iru �> wkh idfwruv id> e> f> g===j duh duelwudu| frqvwdqwv ri hlwkhu
vljq1 Wkh prvw idploldu irupdw lv zkhq s ' 2> dqg wkhq wkh ixqfwlrq � kdv d qxoo vhw
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zklfk lv d frqlf1 Iru srvlwlyh lvrwurslf vljqdwxuh/ wkh rqo| ghihfw lv wkh ruljlq lq wkh
vsdfh gh�qhg e| wkh ixqfwlrqv/ Y= Wkh frqvwuxfwlrq surgxfhv wkh dojheudlf gxdo ru
dgmrlqw yhfwru �hog iurp wkh ixqfwlrqdo frpsrqhqwv ri wkh ruljlqdo yhfwru �hog zlwk
lqwhjudwlqj idfwruv � ' �@� wkdw fuhdwh frqvhuydwlrq odzv iru sk|vlfdo v|vwhpv1

Wkh lqwhjudov ri wkhvh forvhg fxuuhqwv/ zkhq lqwhjudwhg ryhu forvhg Q04 glphq0
vlrqdo fkdlqv/ irup ghirupdwlrq lqyduldqwv/ zlwk uhvshfw wr dq| hyroxwlrqdu| surfhvv
wkdw fdq eh ghvfulehg e| d yhfwru �hog/ iru

OE�V�

]
}Eq3��g
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]
}Eq3��g

lE�V�gM n

]
}Eq3��g

gElE�V��M� ' f n f ' f +4155,

Wkhvh lqwhjudo remhfwv dsshdu dv �wrsrorjlfdo frkhuhqw� vwuxfwxuhv +zklfk pd| kdyh
ghihfwv ru dqrpdorxv vrxufhv/ zkhq wkh lqwhjudwlqj idfwru �@� lv qrw gh�qhg,1

Wkh frpsolphqw wr wkh }hur vhwv ri wkh ixqfwlrq � ghwhuplqh wkh grpdlq ri
vxssruw dvvrfldwhg zlwk wkh vshfl�hg yhfwru �hog1 Wkh forvhg q04 irup/ M / wkdw vdwlv0
�hv wkh frqvhuydwlrq odz/ gM ' f/ kdv lqwhjudov ryhu forvhg grpdlqv wkdw kdyh udwlrqdo
iudfwlrq udwlrv1 Dv wklv q04 fxuuhqw lv forvhg joredoo|/ lw pd| eh ghgxfhg rq d frq0
qhfwhg orfdo grpdlq iurp d q05 irup/ J1 Lq hyhu| fdvh M kdv d zhoo gh�qhg sxoo0edfn wr
wkh edvh ydulhw|/ {/|/}/w1 Qrwh wkdw wkh q ixqfwlrqv dY { E{> |> }==�> Y |E{> |> }==�> Y }E{> |> }==�> ===o
uhsuhvhqw wkh plqlpxp qxpehu ri Fohevfk yduldeohv wkdw duh htxlydohqw wr wkh ruljl0
qdo dfwlrq/ D/ ryhu wkh grpdlq ri vxssruw1 Dv hdfk ri wkhvh lqwhjudov lv lqwulqvlfdoo|
forvhg/ wkh Olh gl�huhqwldo zlwk uhvshfw wr dq| F4 yhfwru �hog/ �V/ lv d shuihfw gli0
ihuhqwldo/ vxfk wkdw +zkhq lqwhjudwhg ryhu forvhg grpdlqv wkdw duh s04 erxqgdulhv,
wkh hyroxwlrqdu| yduldwlrq ri wkhvh forvhg lqwhjudov ydqlvkhv1 Wkhvh q04 lqwhjudov duh
uhodwlyh lqwhjudo lqyduldqwv iru dq| F4 hyroxwlrqdu| surfhvvhv/ ru  rzv1 Wkh ydoxhv ri
wkh lqwhjudov duh }hur li wkh forvhg lqwhjudwlrq grpdlqv duh erxqgdulhv/ ru frpsohwho|
hqforvh d vlpso| frqqhfwhg uhjlrq1 Li wkh forvhg lqwhjudwlrq grpdlqv hqflufoh wkh }hurv
ri wkh ixqfwlrq �/ wkhq wkh ydoxhv ri wkh lqwhjudov duh sursruwlrqdo wr wkh lqwhjhuv>
l1h1/ wkhlu udwlrv duh udwlrqdo1

Lq jhqhudo/ e| ghUkdp*v wkhruhpv/ wkhvh ydoxhv ri wkhvh shulrg lqwhjudov/ iru
gl�huhqw forvhg lqwhjudwlrq fkdlqv lq grpdlqv zkhuh gM ' f/ kdyh udwlrqdo udwlrv
^UPN 4<::`1

Wrsrorjlfdo Txdqwl}dwlrq

OE�V�

]
}Eq3��g

M ' q frqvwdqw= +4156,

Qrwh wkdw hdfk vljqdwxuh ri � pxvw eh lqyhvwljdwhg1 Iru wkh hoolswlf +srvlwlyh
gh�qlwh, vljqdwxuh/ wkh vlqjxodu srlqwv duh wkh vwdjqdwlrq srlqwv/ dqg wkh grpdlq
ri vxssruw h{foxghv wkrvh vlqjxodulwlhv1 Iru wkh k|shuerolf vljqdwxuhv/ wkh grpdlq
ri vxssruw h{foxghv wkh k|shuerolf vlqjxodulwlhv ri orzhu glphqvlrq/ vxfk dv wkh oljkw
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frqh1 Ixuwkhu qrwh wkdw d jlyhq yhfwru �hog pd| qrw jhqhudwh uhdo grpdlqv ri vxssruw
iru doo srvvleoh vljqdwxuhv ri wkh txdgudwlf irup/ �1

Ghwdlov dqg dssolfdwlrqv ri krprjhqhrxv frqvwuxfwlrqv wkdw jlyh ulvh wr shulrg
lqwhjudov duh suhvhqwhg lq Fkdswhu 91

41< Wkh Duurz ri Wlph

Rq d jlyhq grpdlq/ Edogzlq kdv vkrzq wkdw wkh h{lvwhqfh ri d Fduwdq 40irup dqg
lwv Sid� vhtxhqfh +4143, pd| eh xvhg wr gh�qh d �Fduwdq� wrsrorj| ryhu wkh gr0
pdlq +Vhh Fkdswhu 7 iru ghwdlov,1 Li wkh Fduwdq 40irup lv lqwhjudeoh lq wkh vhqvh ri
Iurehqlxv/ wkhq wkh Fduwdq wrsrorj| lv d frqqhfwhg wrsrorj|1 Li wkh Fduwdq 40irup
lv qrw lqwhjudeoh wkhq wkh Fduwdq wrsrorj| lv d glvfrqqhfwhg wrsrorj|1 Hyroxwlrq
iurp d frqqhfwhg wrsrorj| wr d glvfrqqhfwhg wrsrorj| fdq surfhhg rqo| e| phdqv
ri glvfrqwlqxrxv surfhvvhv1 Krzhyhu/ hyroxwlrq iurp d glvfrqqhfwhg wrsrorj| wr d
frqqhfwhg wrsrorj| fdq eh dffrpsolvkhg frqwlqxrxvo|1 Lw lv wklv odwwhu fodvv ri frq0
wlqxrxv surfhvvhv wkdw zloo eh lq irfxv lq wklv duwlfoh1 Dq lpsruwdqw sudfwlfdo uhvxow
ri wklv idfw lv wkdw wkh frqwlqxrxv k|gurg|qdplf hyroxwlrq iurp d vwuhdpolqh +lq0
whjudeoh dqg uhyhuvleoh, vwdwh wr d wxuexohqw +qrq0lqwhjudeoh dqg luuhyhuvleoh, vwdwh
lv lpsrvvleoh/ zkloh wkh frqwlqxrxv hyroxwlrq iurp d wxuexohqw vwdwh wr d vwuhdpolqh
vwdwh lv shuplvvleoh ^UPN 5333`1 Wkh fuhdwlrq ri luuhyhuvleoh wxuexohqfh lv qhfhvvdulo|
glvfrqwlqxrxv/ exw wkh ghfd| ri wxuexohqfh fdq eh frqwlqxrxv1

Lw kdv ehhq ghprqvwudwhg +^UPN 4<:9 e`, wkdw iru frqwlqxrxv exw qrq0krphrprusklf
pdsv +F4 pdsv zlwkrxw frqwlqxrxv lqyhuvh, lw lv lpsrvvleoh wr suhglfw wkh ixqf0
wlrqdo irup ri hlwkhu fryduldqw ru frqwudyduldqw yhfwru �hogv1 Wkdw lv/ wkh ixqfwlrqdo
irup ri whqvru �hogv rq wkh �qdo vwdwh lv qrw zhoo gh�qhg lq whupv ri wkh ixqfwlrqdo
irup ri wkh �hog rq wkh lqlwldo vwdwh/ li wkh pds iurp lqlwldo wr �qdo vwdwh lv frq0
wlqxrxv exw qrw krphrprusklf1 Rq wkh rwkhu kdqg lw fdq eh vkrzq wkdw fryduldqw
dqwlv|pphwulf whqvru �hogv duh ghwhuplqlvwlf lq d uhwurglfwlyh vhqvh/ hyhq wkrxjk wkh
frqwlqxrxv pdsv iurp lqlwldo wr �qdo vwdwh duh qrw lqyhuwleoh1 Wkdw lv/ wkh ixqfwlrqdo
irup ri wkh frpsrqhqwv ri gl�huhqwldo irupv gh�qhg rq wkh �qdo vwdwh duh zhoo gh0
�qhg rq wkh lqlwldo vwdwh hyhq li wkh pds iurp wkh lqlwldo vwdwh wr wkh �qdo vwdwh lv F4
vprrwk/ exw qrw d krphrprusklvp1 Zlwk uhvshfw wr frqwlqxrxv wrsrorjlfdo hyrox0
wlrq wkhuh wkhq h{lvwv d qdwxudo/ orjlfdo/ duurz ri wlph/ zklfk lv qrw revhuydeoh zlwk
uhvshfw wr gl�hrprusklf jhrphwulf hyroxwlrq wkdw suhvhuyhv wrsrorj|1 Wkhuhiruh/ wr
xqghuvwdqg luuhyhuvleoh skhqrphqd/ d uhwurglfwlyh srlqw ri ylhz vhhpv wr eh ri vrph
ydoxh ^Wlv}d 4<99` dqg lw lv wklv qrq0vwdwlvwlfdo uhwurglfwlyh srlqw ri ylhz frqvwuxfwhg
rq Fduwdq*v wkhru| ri h{whulru gl�huhqwldo v|vwhpv wkdw lv wkh srlqw ri ghsduwxuh lq
wklv duwlfoh1

Wkh phwkrgv zloo eh uhvwulfwhg dw �uvw wr wkrvh hyroxwlrqdu| surfhvvhv dqg
v|vwhpv zklfk duh F5 frqwlqxrxv1 Lw lv dssuhfldwhg wkdw wklv uhvwulfwlrq grhv qrw fryhu
doo sk|vlfdo vlwxdwlrqv/ zkhuh lq wkh rslqlrq ri wklv dxwkru �wuxh� glvfrqwlqxlwlhv/ qrw
mxvw pdwkhpdwlfdo duwlidfwv/ duh srvvleoh1 Wkh frqwlqxrxv hyroxwlrqdu| surfhvvhv wr
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eh frqvlghuhg zloo shuplw wrsrorj| wr fkdqjh lq d frqwlqxrxv exw luuhyhuvleoh pdqqhu
+h{dpsoh= wkh sdvwlqj wrjhwkhu ri wzr eorev/ ru wkh froodsvh ri d kroh,1 Glvfrqwlqxrxv
surfhvvhv duh/ dw suhvhqw/ h{foxghg1

4143 Dssolhg wrsrorj| yhuvxv dssolhg jhrphwu|

Lw zdv phqwlrqhg deryh wkdw wkh suhvhqwdwlrq khuhlq lv qrw phdqw wr eh d wh{werrn rq
Fduwdq*v wkhru| ri h{whulru gl�huhqwldo irupv/ qru d wh{werrn rq devwudfw wrsrorj|1 Lq0
vwhdg/ wklv prqrjudsk lv dq dwwhpsw wr xvh wkh vlpsohu ihdwxuhv ri wrsrorj| frqwdlqhg
lq wkh h{whulru fdofxoxv dqg dsso| wkh Fduwdq phwkrgv wr lqwhuhvwlqj qrq0htxloleulxp
sureohpv lq wkh glvflsolqhv ri phfkdqlfv/ hohfwurg|qdplfv/ ru k|gurg|qdplfv/ zlwkrxw
wkh xvh ri suredelolw| wkhru| ru vwdwlvwlfv1 Dowkrxjk wkh frqfhsw ri htxloleulxp kdv
kdg pdq| xvhixo vflhqwl�f vxffhvvhv/ wkh wuxwk ri wkh pdwwhu lv wkdw wkh uhdo zruog lv
uduho| lq htxloleulxp/ dqg wkh phwkrgv ri hyroxwlrq wkdw kdyh ehhq ghyhorshg vr idu
jlyh qr ghwdlov dv krz wkh fkdqjh iurp qrq0htxloleulxp wr htxloleulxp wdnhv sodfh1
Hyhq Txdqwxp Phfkdqlfv idlov wr ghvfuleh wkh ghwdlov ri wkh ghfd| ri dq h{flwhg vwdwh
wr wkh jurxqg vwdwh1 Sdudskudvlqj Erku/ %d pludfoh wdnhv sodfh%1

Wkh wrsrorjlfdo phwkrgv hpsor|hg khuhlq fdq eh xvhg wr ghwhuplqh zkhq
d sk|vlfdo v|vwhp lv lq dq htxloleulxp ru qrq0htxloleulxp vwdwh1 Wkh wrsrorjlfdo
phwkrgv hpsor|hg khuhlq fdq eh xvhg wr glvwlqjxlvk wkhuprg|qdplfdoo| luuhyhuvleoh
iurp uhyhuvleoh hyroxwlrqdu| surfhvvhv1 Wkh wrsrorjlfdo phwkrgv hpsor|hg khuhlq
fdq eh xvhg wr ghvfuleh wkh luuhyhuvleoh glvvlsdwlyh ghfd| surfhvvhv iurp rshq v|vwhpv
lqwr h{flwhg vwdwlrqdu| vwdwhv idu iurp htxloleulxp/ dqg wkh ixuwkhu ghfd| iurp h{flwhg
vwdwhv lqwr htxloleulxp jurxqg vwdwhv1

Vlqfh ehiruh wkh ehjlqqlqj ri wkh 53wk fhqwxu| / dgydqfhv lq sk|vlfdo wkhrulhv
kdyh ehhq suhglfdwhg xsrq d jhrphwulfdo dssurdfk1 +Lw vkrxog eh phqwlrqhg wkdw
dqrwkhu lqwhuhvwlqj srlqw ri ylhz derxw wkhuprg|qdplfv edvhg xsrq dojheud zdv suh0
vhqwhg e| ^]hoh}qln 4<:9`1, Vhyhudo dwwhpswv wr ehwwhu xqghuvwdqg wkhuprg|qdplfv
lq whupv ri jhrphwulfdo lghdv kdyh ehhq dwwhpswhg ^Eodvknh`/ ^Zhlqkrog 4<:8`/ exw
zlwkrxw qrwdeoh vxffhvv1 Lw zdv srlqwhg rxw e| Wlv}d ^Wlv}d 4<99` wkdw phwulfdo
edvhg surshuwlhv fdq qrw eh xvhg wr glvwlqjxlvk ehwzhhq wkh wzr fodvvhv ri lqwhq0
vlyh dqg h{whqvlyh wkhuprg|qdplf yduldeohv/ dqg wkh klqw zdv r�huhg wkdw shukdsv
wrsrorjlfdo phwkrgv/ udwkhu wkdq jhrphwulfdo phwkrgv/ pljkw suryh wr eh vxlwdeoh1
Ilqvohu vsdfhv kdyh ehhq h{dplqhg e| Dqrwhool dqg Lqjhydughq ^Dqwrqhool +4<<6,`1 Dw
wkh Dvshq frqihuhqfh lq 4<::/ wkh suhvhqw dxwkru vxjjhvwhg wkdw wkh phwkrgv edvhg
xsrq wkh �uvw ixqgdphqwdo irup +phwulf, vkrxog eh uhsodfhg e| phwkrgv edvhg rq
wkh vhfrqg ixqgdphqwdo irup +wkh vkdsh pdwul{,1 Lq Fkdswhu 5/ wkhvh lghdv zloo
eh h{sorlwhg lq ghvfulelqj krz lq 7 glphqvlrqdo vsdfh/ wkh ydq ghu Zddov jdv lv d
xqlyhuvdo wrsrorjlfdo duwlidfw1

Pxfk ri wkh prwlydwlrq iru ghyhorsphqw ri d wrsrorjlfdo ylhz ri wkhuprg|0
qdplfv zdv edvhg xsrq wkh frqfhsw ri wrsrorjlfdo ghihfwv ehlqj uhodwhg wr grpdlqv
ru srlqwv zkhuh wrsrorjlfdo fkdqjh wrrn sodfh1 Wkh lghd wkdw d skdvh fkdqjh zdv
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d uhdol}dwlrq ri wrsrorjlfdo hyroxwlrq dqg fkdqjh zdv yhu| lq xhqwldo lq wkh vwuxjjoh
ryhu wkh |hduv wr ghyhors d g|qdplfv ri vxfk d wkhuprg|qdplfv surfhvv1 Wkh zrun
ri ydq ghu Nxon dqg Vfkrxwhq lqvsluhg wkh xvh ri wkh frqfhsw ri Sid� glphqvlrq/ dqg
lwv fkdqjh/ dv ehlqj rqh ri wkh nh| wrrov iru xvh lq wrsrorjlfdo wkhuprg|qdplfv1 Wkh
odwhu zrun Pduwlqhw dqg ]klwrpduvnl ^Pduwlqhw +4<:3,` ^]klwrpluvnl +4<<4,` kdv |hw
wr eh ixoo| h{sorlwhg1 Wkh frqfhsw wkdw vprrwkqhvv frxog lq xhqfh wkhuprg|qdplf
hyroxwlrq kdv rqo| uhfhqwo| ehhq dssuhfldwhg1 Krz F4 vprrwkqhvv lqwhusod|v zlwk
wkh Qdvk dqg Jurpry d{lrpv kdv |hw wr eh h{sorlwhg/ exw lw zdv d vxusulvh wr �qg
rxw wkdw F4 vhtxhqfhv ri surfhvvhv lq 6G frxog eh uhyhuvleoh/ zkhuh F5 surfhvvhv ri
urwdwlrq dqg h{sdqvlrq frxog eh wkhuprg|qdplfdoo| luuhyhuvleoh1

Khuhlq wkh hpskdvlv lv rq wrsrorjlfdo surshuwlhv dqg ihdwxuhv ri sk|vlfdo v|v0
whpv/ dqg krz wkh wrsrorj| fdq fkdqjh lq d frqwlqxrxv hyroxwlrqdu| pdqqhu1 Zkdw
lv phdqw e| wklv vwdwhphqw lv wkdw wkh wrsrorj| ri wkh lqlwldo vwdwh qhhg qrw eh wkh
vdph dv wkh wrsrorj| ri wkh �qdo vwdwh1 Vxfk wrsrorjlfdo fkdqjh fdq wdnh sodfh hlwkhu
frqwlqxrxvo| +sdvwlqj, ru glvfrqwlqxrxvo| +fxwwlqj,1 Wkh uhvxow wr eh ghprqvwudwhg
lv wkh wrsrorjlfdo fkdqjh lv d qhfhvvdu| duwlidfw ri wkhuprg|qdplf luuhyhuvlelolw|1
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Fkdswhu 5

WRSRORJLFDO WKHUPRG\QDPLFV

514 Frqwlqxrxv Wrsrorjlfdo Hyroxwlrq dqg wkh Iluvw Odz

51414 Fduwdq*v Pdjlf Irupxod

Wkh wrsrorjlfdo wkhuprg|qdplf phwkrgv xvhg khuhlq duh edvhg xsrq Fduwdq*v wkhru|
ri h{whulru gl�huhqwldo irupv1 Wkh wkhuprg|qdplf ylhz dvvxphv wkdw wkh sk|vlfdo
v|vwhpv wr eh vwxglhg fdq eh hqfrghg lq whupv ri d 40irup ri Dfwlrq Srwhqwldov/ D> rq
d 7 glphqvlrqdo ydulhw| ri rughuhg lqghshqghqw yduldeohv/ i��> �2> ��> �ej= Wkh ydulhw|
vxssruwv d yroxph hohphqw le ' g��	g�2	g��	g�e= Qr phwulf/ qr frqqhfwlrq/ qr
frqvwudlqw ri jdxjh v|pphwu| lv lpsrvhg xsrq wkh 7 glphqvlrqdo ydulhw|1 Wrsrorjlfdo
frqvwudlqwv zloo eh lpsrvhg lq whupv ri h{whulru gl�huhqwldo v|vwhpv dEu|dqw 4<<4o=Lq
rughu wr pdnh wkh htxdwlrqv pruh vxjjhvwlyh wr wkh uhdghu/ wkh v|perolvp iru wkh
ydulhw| ri lqghshqghqw yduldeohv zloo eh ri wkh irupdw i{> |> }> wj> exw eh dzduh wkdw
qr frqvwudlqwv ri phwulf ru frqqhfwlrq duh lpsrvhg xsrq wklv ydulhw|1 Iru lqvwdqfh/
lw lv QRW dvvxphg wkdw wkh ydulhw| lv hxfolghdq1

Wkh 40irup ri Dfwlrq/ D> zloo kdyh frpsrqhqwv wkdw irup d fryduldqw gluhf0
wlrq �hog +uhodwlyh wr gl�hrprusklvpv,/ DnE{> |> }> w�> wr zlwklq d qrq0}hur idfwru1
Hyroxwlrqdu| surfhvvhv rq vsdfh0wlph zloo eh ghwhuplqhg lq whupv ri 7 glphqvlrqdo
frqwudyduldqw gluhfwlrq �hogv/ VeE{> |> }> w� / wr zlwklq d qrq0}hur idfwru/ �1 Frqwlqx0
rxv wrsrorjlfdo hyroxwlrq +vhh Fkdswhu 8, zloo eh gh�qhg lq whupv ri Fduwdq*v pdjlf
irupxod iru wkh Olh gl�huhqwldo1

Fduwdq0Olh gl�huhqwldo

OE�Ve�D ' lE�Ve�gDn gElE�Ve�D� +514,

Wkh gh�qlwlrq lv wr eh lqwhusuhwhg dojheudlfdoo|/ xvlqj wkh surshuwlhv ri wkh
h{whulru gl�huhqwldo dqg wkh lqqhu surgxfw dvvrfldwhg zlwk h{whulru gl�huhqwldo irupv1
Pdq| ghulydwlrqv ri wkh Fduwdq0Olh gl�huhqwldo irupxod suhvxph d g|qdplf frqvwudlqw/
vxfk wkdw wkh yhfwru �hog VeE{> |> }> w� eh wkh jhqhudwru ri d vlqjoh sdudphwhu jurxs>
wkhq wkh wrsrorjlfdo frqvwudlqw ri nlqhpdwlf shuihfwlrq lv vdwlv�hg=

Nlqhpdwlf shuihfwlrq
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g{n � Y ngw ' f= +515,

Wkh wrsrorjlfdo frqvwudlqw lq h�hfw gh�qhv d olplw surfhvv/ dqg wkh Olh gli0
ihuhqwldo wkhq fdq eh frqvlghuhg wr eh d Olh ghulydwlyh ri wkh irup D uhsuhvhqwlqj
dq lq�qlwhvlpdo sursdjdwlrq ri wkh 40irup/ D/ grzq wkh  rz olqhv jhqhudwhg e| 40
sdudphwhu jurxs1 Krzhyhu/ vxfk d nlqhpdwlf frqvwudlqw lv qrw qhfhvvdulo| lpsrvhg lq
wkh suhvhqwdwlrq khuhlq> wkh yhfwru �hog pd| kdyh pxowlsoh sdudphwhuv/ zklfk ohdgv
wr wkh lpsruwdqw frqfhsw ri wrsrorjlfdo  xfwxdwlrqv/ glvfxvvhg ehorz1

Zkhq dfwlqj rq dq h{whulru gl�huhqwldo 40irup ri Dfwlrq/ D ' Dng{
n/ Fduwdq*v

pdjlf +dojheudlf, irupxodW lv htxlydohqw devwudfwo| wr wkh �uvw odz ri wkhuprg|qdp0
lfv1

Fduwdq*v Pdjlf Irupxod OE�Ve�D ' lE�Ve�gDn gElE�Ve�D� +516,

Iluvw Odz ri Wkhuprg|qdplfv G Z n gX ' T> +517,

Lqh{dfw 40irup ri Khdw OE�Ve�D ' T +518,

Lqh{dfw 40irup ri Zrun Z ' lE�Ve�gD> +519,

Lqwhuqdo Hqhuj| X ' lE�Ve�D= +51:,

Lq h�hfw/ Fduwdq*v pdjlf irupxod ohdgv wr d wrsrorjlfdo edvlv ri wkhuprg|qdplfv1
Zkhq frq�qhg wr surfhvvhv rq htxloleulxp v|vwhpv +vxfk wkdw gT ' f dqg gZ ' f,/
wkh Iluvw Odz lv d vwdwhphqw ri ghUkdp frkrprorj| wkhru|1

Wkh wrsrorjlfdo phwkrgv wr eh ghvfulehg ehorz jr eh|rqg wkh qrwlrq ri surfhvvhv
zklfk duh frq�qhg wr htxloleulxp v|vwhpv1 Qrq0htxloleulxp v|vwhpv dqg surfhvvhv
zklfk duh wkhuprg|qdplfdoo| luuhyhuvleoh/ dv zhoo dv pdq| rwkhu fodvvlfdo wkhuprg|0
qdplf lghdv/ fdq eh irupxodwhg lq suhflvh pdwkhpdwlfdo whupv xvlqj wkh wrsrorjlfdo
ihdwxuhv ri wkh wkuhh 40irupv/ D> Z> dqg T 0 zlwkrxw wkh xvh ri vwdwlvwlfv ru phwulf
frqvwudlqwv1

51415 Dq hohfwurpdjqhwlf h{dpsoh

Wkh wkhuprg|qdplf lghqwl�fdwlrq ri wkh whupv lq Fduwdq*v pdjlf irupxod duh qrw
zklpvlfdo1 Wr hvwdeolvk dq lqlwldo ohyho ri fuhghqfh lq wkh whuplqrorj|/ frqvlghu wkh
40irup ri Dfwlrq zkhuh wkh frpsrqhqw ixqfwlrqv duh wkh v|perov uhsuhvhqwlqj wkh
yhfwru dqg vfdodu srwhqwldov lq hohfwurpdjqhwlf wkhru|1 Wkh frh!flhqw ixqfwlrqv
kdyh dujxphqwv ryhu wkh lqghshqghqw yduldeohv i{> |> }> wj G

D ' DnE{> |> }> w�g{
n ' � � gh� ! gw= +51;,

Frqvwuxfw wkh 50irup ri �hog lqwhqvlwlhv

I ' gD ' ECDn@C{
m � CDn@C{

m�g{m	g{n +51<,

' Imng{
m	g{n ' n�}g{	g|===n,{g{	gw=== +5143,

�Wkh qdph Fduwdq*v Pdjlf Irupxod lv gxh wr Pduvghq ^Pduvghq 4<<7`1
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Frqwudfw wkh 50irup I zlwk d 7 yhfwru gluhfwlrq �hog/ M +vfdolqj sdudphwhu/ �,

M ' da> �o ' �d�> �o ' �Ve> +5144,

wr |lhog wkh h{suhvvlrq/

Zrun 40irup/ Z ' lE�Ve�gD ' lEM�I +5145,

' i�,n a��j � gh� ia � ,jgw +5146,

' iuOruhqw}j � gh� ia � ,Glvvlsdwlyh Srzhujgw= +5147,

Iru wkrvh zlwk h{shulhqfh lq hohfwurpdjqhwlvp/ qrwh wkdw wkh frqvwuxfwlrq |lhogv
dxwrpdwlfdoo| wkh h{suhvvlrq iru wkh %Oruhqw} irufh% zlwkrxw ixuwkhu dvvxpswlrqv1
Wkh grw surgxfw ri d irufh dqg d gl�huhqwldo glvsodfhphqw gh�qhv wkh hohphqwdu|
frqfhsw ri gl�huhqwldo zrun1 Wkh 7 frpsrqhqw Zrun 40irup lqfoxghv wkh vsdwldo
frqwulexwlrq uhodwhg wr irufh wlphv gl�huhqwldo glvwdqfh/ gh/ dqg d gl�huhqwldo wlph
frpsrqhqw/ gw/ zlwk d frh!flhqw zklfk lv uhfrjql}hg wr eh wkh glvvlsdwlyh srzhu/
ia � ,j1 Wkh Zrun 40irup lv qrw qhfhvvdulo| d shuihfw gl�huhqwldo/ dqg wkhuhiruh fdq
eh sdwk ghshqghqw1 Forvhg f|fohv ri Zrun qhhg qrw eh }hur1

Qh{w frpsxwh wkh Lqwhuqdo Hqhuj| whup/

Lqwhuqdo Hqhuj|

X ' lEM�D ' a ��� �! ' �d� ��� !o= +5148,

Wkh uhvxow lv wr uhfrjql}hg dv wkh %lqwhudfwlrq% hqhuj| ghqvlw| lq hohfwurpdj0
qhwlf sodvpd v|vwhpv1 Lw lv dssduhqw wkdw wkh lqwhuqdo hqhuj|/ X / fruuhvsrqgv wr wkh
lqwhudfwlrq hqhuj| ri wkh sk|vlfdo v|vwhp> wkdw lv/ X lv wkh lqwhuqdo vwuhvv hqhuj| ri
v|vwhp ghirupdwlrq1 Wkhuhiru/ wkh hohfwurpdjqhwlf whuplqrorj| xvhg wr ghprqvwudwh
wkdw Fduwdq*v pdjlf irupxod lv dqrwkhu zd| wr vwdwh wkdw wkh �uvw odz ri wkhuprg|0
qdplfv pdnhv sudfwlfdo vhqvh1

Wkh fruuhvsrqghqfh vr hvwdeolvkhg ehwzhhq wkh Fduwdq pdjlf irupxod dfwlqj
rq d 40irup ri Dfwlrq/ dqg wkh �uvw odz ri wkhuprg|qdplfv lv wdnhq erwk olwhudoo|
dqg vhulrxvo| lq wklv prqrjudsk1 Wkh Fduwdq phwkrgv duh qrw olplwhg wr dssolfd0
wlrqv lq hohfwurpdjqhwlf wkhru|1 Wkh wkhuprg|qdplf skhqrphqd dqg wkh dvvrfldwhg
wrsrorjlfdo uhvxowv ghvfuleh khuhlq kdyh xqlyhuvdo txdolwlhv/ dqg dssolfdelolw| wr doo
sk|vlfdo wkhrulhv1 Wkh wrsrorjlfdo phwkrgv shuplw wkh orqj vrxjkw iru lqwhjudwlrq
ri phfkdqlfdo dqg wkhuprg|qdplf frqfhswv/ zlwk rxw wkh frqvwudlqwv ri htxloleulxp
v|vwhpv/ dqg vwdwlvwlfdo dqdo|vlv1 Wkh phwkrgv |lhog h{solflw frqvwuxfwlrqv iru whvwlqj
zkhq d surfhvv dfwlqj rq d sk|vlfdo v|vwhp lv luuhyhuvleoh1 Wkh phwkrgv shuplw lu0
uhyhuvleoh dgldedwlf surfhvvhv wr eh glvwlqjxlvkhg iurp uhyhuvleoh dgldedwlf surfhvvhv
dqdo|wlfdoo|1 Dgldedwlf surfhvvhv qhhg qrw eh %vorz% ru txdvl0vwdwlf1
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Jlyhq dq| 40irup/ D> Z> dqg T> wkh frqfhsw ri Sid� wrsrorjlfdo glphqvlrq
shuplwv vhsdudwlrq ri surfhvvhv dqg v|vwhpv lqwr htxlydohqfh fodvvhv1 Iru h{dpsoh/
g|qdplfdo surfhvv fdq eh fodvvl�hg lq whupv ri wkh wrsrorjlfdo Sid� glphqvlrq ri
wkh Zrun 40irup1 Doo Kdplowrqldq v|vwhpv kdyh d Zrun 40irup ri wrsrorjlfdo Sid�
glphqvlrq ri 4/ +gZ ' f� dqg wkhuhiru fdqqrw ghvfuleh luuhyhuvleoh surfhvvhv iru zklfk
wkh wrsrorjlfdo Sid� glphqvlrq lv 71 D glvfxvvlrq ri wkh frqfhsw ri Sid� wrsrorjlfdo
glphqvlrq dsshduv ehorz1

515 Wkhuprg|qdplf Sk|vlfdo V|vwhpv

51514 Dssolfdwlrqv ri wkh Sid� Wrsrorjlfdo Glphqvlrq

Dv phqwlrqhg lq Fkdswhu 4/ rqh ri wkh prvw xvhixo wrsrorjlfdo wrrov lv wkdw gh�qhg dv
wkh Sid� wrsrorjlfdo glphqvlrq_1 Uhfdoo wkdw lw lv srvvleoh wr gh�qh pdq| wrsrorjlhv
rq wkh vdph vhw ri hohphqwv1 Iru dq| jlyhq h{whulru gl�huhqwldo 40irup ri ixqfwlrqv/
vd| D ' DnE{> |> }> w�g{

n> lw lv srvvleoh wr frqvwuxfw wkh Sid� vhtxhqfh ri whupv/
iD> gD>D	gD> gD	gDj= Wkhvh hohphqwv ri wkh Sid� vhtxhqfh pd| eh xvhg wr frq0
vwuxfw d Fduwdq Wrsrorj| dqg d Fduwdq Wrsrorjlfdo vwuxfwxuh +vhh Fkdswhu 7,1 Lq
wkh Fduwdq wrsrorj|/ wkh h{whulru gl�huhqwldo rshudwru/ g/ dfwv dv olplw srlqw jhqhu0
dwru1 Khqfh wkh xqlrq ri d irup dqg lwv h{whulru gl�huhqwldo fuhdwhv wkh wrsrorjlfdo
+Nxudwrzvnl, forvxuh ri wkh irup1

Iru dq| jlyhq 40irup/ wkh Sid� vhtxhqfh zloo frqwdlq P vxffhvvlyh qrq0}hur
whupv htxdo wr ru ohvv wkdq Q / wkh qxpehu ri jhrphwulf glphqvlrqv ri wkh edvh lqgh0
shqghqw yduldeohv1 Wkh qxpehu P lv gh�qhg dv wkh %Sid� wrsrorjlfdo glphqvlrq%
ru fodvv ri wkh jlyhq 40irup1 Wkh frqfhsw lpsolhv wkdw wkhuh lv vxephuvlyh pds iurp
wkh vsdfh ri jhrphwulf glphqvlrqv/ Q / wr d vsdfh ri wrsrorjlfdo glphqvlrqv/ P= Wkh
wrsrorjlfdo surshuwlhv ri wkh jlyhq 40irup duh h{suhvvleoh lq whupv ri wklv luuhgxfleoh
qxpehu/ P / ri ixqfwlrqv dqg gl�huhqwldov1 Wkh uhvxowv duh lqyduldqw zlwk uhvshfw wr
wkh vxephuvlyh sxooedfn wr wkh jhrphwulf vsdfh ri glphqvlrq/ Q / iurp wkh vsdfh ri
wrsrorjlfdo glphqvlrq/ P 1

Wkh wkuhh lpsruwdqw 40irupv ri wkhuprg|qdplfv/ D> Z> dqg T> fdq kdyh
gl�huhqw Sid� glphqvlrqv/ dqg fdq jhqhudwh gl�huhqw wrsrorjlhv rq wkh hohphqwv ri
wkh vdph jhrphwulf vsdfh1 Vxssrvh wkh 40irup ri zrun lv gh�qhg lq whupv ri wzr
ixqfwlrqv dv Z ' SgY= Wkh Sid� vhtxhqfh frqvlvwv ri wkh whupv iZ>gZ> f> fj dv
Z	gZ ' f( khqfh lq wklv h{dpsoh/ wkh Sid� glphqvlrq ri Z lv 51 Iurp wkh �uvw
odz/ xqghu wkh dvvxpswlrq wkdw Z ' SgY>

T ' Z n gX ' SgY n gX> +5149,

gT ' gZ ' gS	gY> +514:,

T	gT ' Z	gZ n gX	gZ ' f n gX	gS	gY +514;,

gT	gT ' f= +514<,

|Wkh surshuw| ri Sid� Wrsrorjlfdo glphqvlrq kdv dovr ehhq fdoohg wkh %fodvv% ri d 40irup1
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Khqfh/ wkh Sid� glphqvlrq ri 5 iru wkh zrun 40irup fdq eh uhodwhg wr d Sid� glphqvlrq
ri 6 iru wkh Khdw 40irup/ xqohvv wkh Suhvvxuh lv d ixqfwlrq ri wkh lqwhuqdo hqhuj| dqg
wkh yroxph1 Lq wklv odwwhu fdvh/ wkh Sid� glphqvlrq ri T dqg Z duh erwk 51

Lq wklv duwlfoh/ dwwhqwlrq zloo eh irfxvhg rq glvvlsdwlyh Wxuexohqw v|vwhpv zlwk
wkhuprg|qdplf luuhyhuvleoh surfhvvhv vxfk wkdw wkh Sid� wrsrorjlfdo glphqvlrqv ri
D> Z> dqg T zloo eh pd{lpdo dqg htxdo wr 71 +Wkh whfkqltxhv fdq eh h{whqghg wr
kljkhu glphqvlrqdo jhrphwulf vsdfhv1, Wkhvh Wxuexohqw v|vwhpv ri Sid� glphqvlrq
7 duh qrw wrsrorjlfdoo| htxlydohqw wr Htxloleulxp v|vwhpv +iru zklfk wkh wrsrorjlfdo
glphqvlrq lv 5/ dw prvw,1 Wrsrorjlfdo ghihfwv lq wkh Wxuexohqw vwdwh zloo eh dvvrfldwhg
zlwk vhwv ri vsdfh wlph zkhuh wkh Sid� wrsrorjlfdo glphqvlrqv ri D> Z> dqg T duh
qrw pd{lpdo1 Lw lv uhpdundeoh wkdw vxfk wrsrorjlfdo ghihfw vhwv fdq irup dwwudfwruv
fdxvlqj vhoi rujdql}dwlrq dqg orqj olyhg vwdwhv ri Sid� glphqvlrq 6/ zklfk duh idu
iurp htxloleulxp1 H{dpsohv zloo eh suhvhqwhg ehorz1

51515 Sk|vlfdo V|vwhpv= Htxloleulxp/ Lvrodwhg/ Forvhg dqg Rshq

Sk|vlfdo v|vwhpv dqg surfhvvhv duh hohphqwv ri wrsrorjlfdo fdwhjrulhv ghwhuplqhg e|
wkh Sid� wrsrorjlfdo glphqvlrq +ru fodvv, ri wkh 40irupv ri Dfwlrq/ D> Zrun/ Z / dqg
Khdw/ T= Iru h{dpsoh/ wkh Sid� wrsrorjlfdo glphqvlrq ri wkh h{whulru gl�huhqwldo
40irup ri Dfwlrq/ D> ghwhuplqhv wkh ydulrxv vshflhv ri wkhuprg|qdplf v|vwhpv lq
whupv ri glvwlqfw wrsrorjlfdo fdwhjrulhv1 Wkh duh wzr wrsrorjlfdo wkhuprg|qdplf
fdwhjrulhv wkdw duh ghwhuplqhg e| wkh forvxuh +ru gl�huhqwldo lghdo, ri wkh 40irup ri
Dfwlrq/ D^ gD> dqg wkh forvxuh ri wkh 60irup ri wrsrorjlfdo wruvlrq/ D	gD^ gD	gD=
Wkh �uvw fdwhjru| lv uhsuhvhqwhg e| d frqqhfwhg Fduwdq wrsrorj|/ zkloh wkh vhfrqg
fdwhjru| lv uhsuhvhqwhg e| d glvfrqqhfwhg Fduwdq wrsrorj|1 Wkh Fduwdq wrsrorj| lv
glvfxvvhg lq ghwdlo lq Fkdswhu 71

Frqqhfwhg Wrsrorj| D	I ' f

41 Htxloleulxp sk|vlfdo v|vwhpv duh hohphqwv vxfk wkdw wkh Sid� wrsrorjlfdo gl0
phqvlrq lv 41

51 Lvrodwhg sk|vlfdo v|vwhpv duh hohphqwv vxfk wkdw wkh Sid� wrsrorjlfdo glphqvlrq
lv 5/ ru ohvv1 Lvrodwhg v|vwhpv ri Sid� glphqvlrq 5 qhhg qrw eh lq htxloleulxp/
exw gr qrw h{fkdqjh udgldwlrq ru pdvv zlwk wkh hqylurqphqw1

Glvfrqqhfwhg Wrsrorj| D	I 9' f

41 Forvhg sk|vlfdo v|vwhpv duh hohphqwv vxfk wkdw wkh Sid� wrsrorjlfdo glphqvlrq lv
61 Forvhg v|vwhpv fdq h{fkdqjh udgldwlrq/ exw qrw pdvv/ zlwk wkh hqylurqphqw1

51 Rshq sk|vlfdo v|vwhpv duh vxfk wkdw wkh Sid� wrsrorjlfdo glphqvlrq lv 71 Rshq
sk|vlfdo v|vwhpv fdq h{fkdqjh erwk udgldwlrq dqg pdvv zlwk wkh hqylurqphqw1
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V|vwhpv G gh�qhg e| wkh Sid� glphqvlrq ri D +5153,

gD ' f Htxloleulxp 0 Sid� glphqvlrq 4 +5154,

D	gD ' f Lvrodwhg 0 Sid� glphqvlrq 5 +5155,

gED	gD� ' f Forvhg 0 Sid� glphqvlrq 6 +5156,

gD	gD 9' f= Rshq 0 Sid� glphqvlrq 71 +5157,

Qrwh wkdw wkhvh wrsrorjlfdo vshfl�fdwlrqv dv jlyhq deryh duh ghwhuplqhg hqwluho| iurp
wkh ixqfwlrqdo surshuwlhv ri wkh sk|vlfdo v|vwhp hqfrghg dv d 40irup ri Dfwlrq/ D1
Wkh v|vwhp wrsrorjlfdo fdwhjrulhv gr qrw lqyroyh d surfhvv/ zklfk lv hqfrghg +wr
zlwklq d idfwru, e| vrph yhfwru gluhfwlrq �hog/ Ve= Krzhyhu/ wkh surfhvv Ve grhv
lq xhqfh wkh wrsrorjlfdo surshuwlhv ri wkh zrun 40irup Z dqg wkh Khdw 40irup T1

51516 Htxloleulxp yhuvxv Qrq0Htxloleulxp V|vwhpv

Wkh lqwxlwlyh lghd iru dq htxloleulxp v|vwhp frphv iurp wkh h{shulphqwdo uhfrjqlwlrq
wkdw wkh lqwhqvlyh yduldeohv ri suhvvxuh dqg whpshudwxuh ehfrph grpdlq frqvwdqwv
lq dq htxloleulxp vwdwh= gS , f> gW , f1 D gh�qlwlrq pdgh khuhlq lv wkdw
wkh Sid� wrsrorjlfdo glphqvlrq lq wkh lqwhulru ri d sk|vlfdo v|vwhp zklfk lv lq wkh
htxloleulxp vwdwh lv dw prvw 4 ^Edpehuj 4<<5`1 Wkh Fduwdq wrsrorj| jhqhudwhg e| wkh
hohphqwv ri wkh Sid� vhtxhqfh iru D lv wkhq d frqqhfwhg wrsrorj| ri rqh frpsrqhqw/
iD 9' f> gD ' f> D	gD ' f> gD	gD ' fj= Dowkrxjk wkh Sid� wrsrorjlfdo glphqvlrq
ri D lv dw prvw 5 lq wkh lvrodwhg vwdwh/ surfhvvhv lq wkh htxloleulxp vwdwh duh vxfk wkdw
wkh Zrun 40irup dqg wkh Khdw 40irup pxvw eh ri Sid� glphqvlrq 41 Iru vxssrvh
Z ' SgY> wkhq gZ ' gS	gY , f li wkh suhvvxuh lv d grpdlq frqvwdqw1 Vlploduo|/
vxssrvh T ' WgV> wkhq gT ' gW	gV , f li wkh whpshudwxuh lv d grpdlq frqvwdqw1
Khqfh erwk Z dqg T duh ri Sid� glphqvlrq 4 iru wklv htxloleulxp h{dpsoh1 Li wkh
Sid� glphqvlrq ri wkh 40irup ri Dfwlrq lv 4/ wkhq gD , f= Lw iroorzv lq wklv pruh
vwulqjhqw fdvh wkdw Z , f> khqfh wkh Suhvvxuh pxvw ydqlvk/ dqg Khdw 40irup lv d
shuihfw gl�huhqwldo/ T ' gEX�=

Ri sduwlfxodu lqwhuhvw khuhlq duh wkrvh uhjlrqv ri edvh yduldeohv iru rshq/ qrq0
htxloleulxp/ Wxuexohqw sk|vlfdo v|vwhpv/ iruphg e| wkh forvxuhh ri wkh 60irupv D	gD/
Z	gZ / dqg T	gT1 Iru vxfk uhjlrqv/ wkh Sid� wrsrorjlfdo glphqvlrq ri wkh 40irupv/
D> Z> dqg T> duh doo lqlwldoo| ri Sid� wrsrorjlfdo glphqvlrq 7/ vdyh iru ghihfw uhjlrqv
wkdw duh ri Sid� glphqvlrq 61 Iru h{dpsoh/ hyroxwlrqdu| glvvlsdwlyh luuhyhuvleoh
surfhvvhv lq vxfk rshq v|vwhpv fdq ghvfuleh hyroxwlrq wr uhjlrqv ri edvh yduldeohv
zkhuh wkh Sid� wrsrorjlfdo glphqvlrq ri wkh 40irup ri Dfwlrq/ D/ fkdqjhv iurp 7 wr
61 Vxfk surfhvvhv ghvfuleh wrsrorjlfdo fkdqjh lq wkh sk|vlfdo v|vwhp1 Iru d jlyhq
40irup ri Dfwlrq/ D> wkrvh uhjlrqv ri Sid� wrsrorjlfdo glphqvlrq 6/ rqfh fuhdwhg/
irup wrsrorjlfdo %ghihfw vwuxfwxuhv% lq wkh forvxuh ri wkh 60irup/ D	I= Wkh ghihfw

}Wkh forvxuh ri wkh s0irup 	 lv wkh xqlrq ri 	 dqg g	> zklfk Fduwdq kdv fdoohg d gl�huhqwldo
lghdo1
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vwuxfwxuhv ri wkh 40irup ri Dfwlrq/ D> +ri Sid� glphqvlrq 6, fdq ehkdyh dv orqj olyhg
+h{flwhg, vwdwhv ri wkh lqlwldo sk|vlfdo v|vwhp/ exw wkh| duh idu iurp htxloleulxp dqg
duh qrw lvrodwhg/ iru wkh| duh qrw ri Sid� wrsrorjlfdo glphqvlrq htxdo wr 5 ru ohvv1
Vxfk h{flwhg vwdwhv +ri rgg wrsrorjlfdo glphqvlrq, fdq dgplw h{wuhpdo surfhvvhv
ri nlqhpdwlf shuihfwlrq/ dqg fdq kdyh d Kdplowrqldq jhqhudwru iru wkh nlqhpdwlfv
uhsuhvhqwhg dv �uvw rughu ruglqdu| gl�huhqwldo htxdwlrqv1 Wkh Kdplowrqldq hyroxwlrq
uhpdlqv frqwdlqhg lq wkh ghihfw vwuxfwxuh/ xqohvv wrsrorjlfdo  xfwxdwlrqv ghvwur| wkh
nlqhpdwlf shuihfwlrq1

Vxfk frqfhswv fdq eh dssolhg wr d prgho ri frvprorj| +zkhuh wkh vwduv duh
wkh ghihfw vwuxfwxuhv,/ wr wxuexohqw sodvpdv dqg  xlgv +zkhuh zdnhv duh wkh ghihfw
vwuxfwxuhv,/ dqg wr d ehwwhu xqghuvwdqglqj ri wkh duurz ri wlph1 Dowkrxjk wkh ghihfwv
lq wkh Wxuexohqw qrq0htxloleulxp uhjlph duh qrw qhfhvvdulo| htxloleulxp vwuxfwxuhv/
rqfh iruphg dqg vhoi rujdql}hg dv frkhuhqw wrsrorjlfdo vwuxfwxuhv ri Sid� glphqvlrq
6/ wkh| fdq hyroyh dorqj h{wuhpdo wudmhfwrulhv wkdw duh qrw glvvlsdwlyh/ dqg pd| hyhq
kdyh d Kdplowrqldq uhsuhvhqwdwlrq1 Wkhvh %vwdwlrqdu|%/ li qrw orqj olyhg +h{flwhg,
vwdwhv ri Sid� glphqvlrq 6/ lqghhg duh vwdwhv %idu% iurp wkh htxloleulxp vwdwh/ zklfk
uhtxluhv d Sid� glphqvlrq ri 41 Qrwh wkdw wkh zrug %idu% grhv qrw lpso| d %glvwdqfh%1
Wkh Sid� glphqvlrq 6 dqg 7 vhwv duh qrw hyhq %frqqhfwhg% wr wkh htxloleulxp vwdwhv
lq d wrsrorjlfdo vhqvh1 Wkh qrq0htxloleulxp vwdwhv ri d sk|vlfdo v|vwhp wkdw duh
%qhdu0e|% wr wkh htxloleulxp vwdwh/ duh %frqqhfwhg% wr wkh htxloleulxp vwdwh/ dqg duh
ri Sid� glphqvlrq 51

Wkh ghvfulswlyh zrugv ri vhoi0rujdql}hg vwdwhv idu iurp htxloleulxp duh de0
vwudfwhg iurp wkh lqwxlwlrq dqg frqmhfwxuhv ri L1 Suljrjlqh ^Nrqghsxgl 4<<;`1 Krz0
hyhu/ wkh wrsrorjlfdo wkhru| suhvhqwhg khuhlq suhvhqwv iru wkh �uvw wlph d vrolg/ irupdo/
pdwkhpdwlfdo mxvwl�fdwlrq +zlwk h{dpsohv, iru wkh Suljrjlqh frqmhfwxuhv1 Suhflvh
gh�qlwlrqv ri htxloleulxp dqg qrq0htxloleulxp v|vwhpv/ dv zhoo dv uhyhuvleoh dqg luuh0
yhuvleoh surfhvvhv fdq eh pdgh lq whupv ri wkh wrsrorjlfdo ihdwxuhv ri Fduwdq*v h{whulru
fdofxoxv1 Wkhuprg|qdplf luuhyhuvlelolw| dqg wkh duurz ri wlph duh zhoo gh�qhg lq d
wrsrorjlfdo vhqvh ^UPN 5336`/ d whfkqltxh wkdw jrhv eh|rqg +dqg zlwkrxw, vwdwlvwl0
fdo dqdo|vlv1 Wkhuprg|qdplf luuhyhuvlelolw| dqg wkh duurz ri wlph uhtxluhv wkdw wkh
hyroxwlrqdu| surfhvv surgxfh wrsrorjlfdo fkdqjh1

51517 Fkdqjh ri Sid� Wrsrorjlfdo Glphqvlrq

Lw vkrxog eh qrwhg wkdw wkh forvhg frpsrqhqwv ri wkh 40irup ri Dfwlrq gr qrw h�hfw
wkh frpsrqhqwv ri wkh 40irup ri lqwhqvlwlhv/ I ' gD ' gEDfnDf� ' fn gEDf� ' If=
Krzhyhu/ wkhvh %jdxjh% dgglwlrqv gr lq xhqfh wkh wrsrorjlfdo glphqvlrq ri wkh 40irup
ri Dfwlrq1 Iru h{dpsoh/ ohw Df eh ri Sid� Wrsrorjlfdo glphqvlrq 5/ uhsuhvhqwlqj dq
lvrodwhg v|vwhp zkhuh Df	gDf ' f= Wkhq e| dgglwlrq ri d forvhg frpsrqhqw wr wkh
ruljlqdo dfwlrq/ D ' Df nDf frxog kdyh d wrsrorjlfdo glphqvlrq ri 6/ dv

D	gD ' EDf nDf�	gDf ' Df	gDf 9' f= +5158,
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Vr wkh dgglwlrq ri d forvhg frpsrqhqw wr wkh 40irup ri Dfwlrq frxog fkdqjh wkh v|vwhp
iurp dq lvrodwhg v|vwhp ri Sid� glphqvlrq 5 wr d forvhg v|vwhp ri Sid� glphqvlrq 61
Wkh 70irup gD	gD lv qrw lq xhqfhg e| wkh +jdxjh, dgglwlrq wr wkh ruljlqdo 40irup ri
Dfwlrq1

gD	gD ' gDf	gDf= +5159,

Lq vhfwlrq +61616, d 40irup uhsuhvhqwlqj d Erkp0Dkdudqry0Deulnrvry vlqjxodu
%yruwh{% vwulqj/ � ' eE|g{ � {g|�@E{2 n |2�> lv dgghg wr d 42u srwhqwldo iru d srlqw
vrxufh1 Wkh eduh p2u %Frxorpe% srwhqwldo/ Df ' p@

s
E{2 n |2 n }2�gw h{klelwv

qr Wrsrorjlfdo Wruvlrq exw grhv h{klelw Wrsrorjlfdo Vslq1 Wkh 42u srwhqwldo whup
lpsolhv wkdw Df 9' f= Khqfh wkh 40irup ri Dfwlrq uhsuhvhqwlqj d eduh %frxorpe%
srwhqwldo/ lv qrw lq htxloleulxp/ exw grhv uhsuhvhqw d frqqhfwhg %lvrodwhg% wrsrorj|
ri Sid� glphqvlrq 51 Wkh frpelqhg 40irup ri Dfwlrq/

D ' eE|g{� {g|�@E{2 n |2� np@
s
E{2 n |2 n }2�gw +515:,

hyhq wkrxjk g� ' f> lv ri Sid� glphqvlrq 6/ qrw 51 Wkh Wrsrorjlfdo Wruvlrq 60irup
D	I ghshqgv rq erwk e dqg p/ dqg lv }hur li e ' f/ ru li p ' f/ uhgxflqj wkh Sid�
glphqvlrq ri wkh prgl�hg 40irup edfn wr 51 Li e ' f dqg p 9' f> wkh 60irup D	J lv
qrw }hur1

51518 V|vwhpv zlwk Pxowlsoh Frpsrqhqwv

Rqh ri wkh prvw uhpdundeoh surshuwlhv ri wkh Fduwdq wrsrorj| jhqhudwhg e| d Sid�
vhtxhqfh lv gxh wr wkh idfw wkdw zkhq D	gD ' f> +Sid� glphqvlrq 5 ru ohvv, wkh
sk|vlfdo v|vwhp lv uhgxfleoh wr d vlqjoh frqqhfwhg wrsrorjlfdo frpsrqhqw1 Wklv vlqjoh
frqqhfwhg wrsrorjlfdo frpsrqhqw qhhg qrw eh vlpso| frqqhfwhg1 Wkh Wrsrorjlfdo
Wruvlrq �hog ydqlvkhv rq htxloleulxp grpdlqv1

Rq wkh rwkhu kdqg zkhq D	gD 9' f> +Sid� glphqvlrq 6 ru pruh, wkh sk|vlfdo
v|vwhp dgplwv pruh wkdq rqh wrsrorjlfdo frpsrqhqw1 Wkh erwwrp olqh lv wkdw zkhq
wkh Sid� glphqvlrq lv 6 ru juhdwhu +vxfk wkdw frqglwlrqv ri wkh Iurehqlxv xqltxh lq0
whjudelolw| wkhruhp duh qrw vdwlv�hg,/ vroxwlrq xqltxhqhvv wr wkh Sid!dq gl�huhqwldo
htxdwlrq/ D ' f> lv orvw1 Li wkhuh h{lvw vroxwlrqv/ wkhuh lv pruh wkdq rqh1 Vxfk
frqfhswv ohdg wr sursdjdwlqj glvfrqwlqxlwlhv +vljqdov,/ hqyhorsh vroxwlrqv +Kx|jhq
zdyhohwv,/ dq hgjh ri uhjuhvvlrq +wkh vslqrgdo olqh ri skdvh wudqvlwlrqv, d odfn ri
wlph uhyhuvdo lqyduldqfh/ dqg wkh h{lvwhqfh ri luuhgxfleoh d!qh wruvlrq lq wkh wkhru|
ri frqqhfwlrqv1 Lw lv wkh rslqlrq ri wklv dxwkru wkdw d grjpdwlf lqvlvwhqfh wkdw
d yldeoh wkhru| pxvw jlyh d xqltxh suhglfwlrq iurp d vhw ri jlyhq lqlwldo frqglwlrqv
klvwrulfdoo| kdv klqghuhg wkh xqghuvwdqglqj ri luuhyhuvlelolw| dqg qrq0htxloleulxp v|v0
whpv1 Luuhyhuvlelolw| dqg qrq0htxloleulxp duh frqfhswv wkdw uhtxluh qrq0xqltxhqhvv/
dqg ghpdqg wkdw wkh grjpd phqwlrqhg deryh kdv wr eh uhmhfwhg1
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516 Wkhuprg|qdplf Surfhvvhv

51614 frqwlqxrxv Surfhvvhv

Doo frqwlqxrxv surfhvvhv +vhh Fkdswhu 8, pd| eh sxw lqwr htxlydohqfh fodvvhv dv gh0
whuplqhg e| wkh yhfwru gluhfwlrq �hogv/ Y / wkdw orfdoo| jhqhudwh d  rz1 Iru h{dpsoh/
iru wkh 40irup/ D/ wkrvh yhfwru �hogv wkdw vdwlvi| wkh wudqvyhuvdo htxdwlrq/

Dvvrfldwhg Fodvv

lE�Vdvvrfldwhg�D ' f +515;,

duh vdlg wr eh hohphqwv ri wkh dvvrfldwhg fodvv ri yhfwru �hogv uhodwlyh wr wkh
irup D1 Li wkh gluhfwlrq �hog ri wkh 40irup ri Dfwlrq lv frqvlghuhg wr eh d �ehu/
wkhq wkh dvvrfldwhg yhfwruv duh dovr vdlg wr eh %krul}rqwdo%1 Wkh dvvrfldwhg yhfwruv
zloo irup d glvwulexwlrq ruwkrjrqdo wr wkh 40irup/ D> exw wkh glvwulexwlrq qhhg qrw
eh d vprrwk iroldwlrq1 Wkdw lv/ wkh �ehu gluhfwlrq �hog lv qrw qhfhvvdulo| wkh qrupdo
�hog wr dq lpsolflw k|shuvxuidfh1 Wkh uhtxluhphqw iru d vprrwk iroldwlrq lv wkdw wkh
dvvrfldwhg 40irup eh ri Sid� wrsrorjlfdo glphqvlrq 5 ru ohvv1 Iru vxfk dvvrfldwhg
surfhvvhv dfwlqj rq d 40irup ri Dfwlrq/ D/ wkh %lqwhuqdo lqwhudfwlrq hqhuj|% ydqlvkhv1
Dv vkrzq ehorz/ surfhvvhv jhqhudwhg e| dvvrfldwhg yhfwruv uhodwlyh wr wkh 40irup
ri Dfwlrq/ D> duh dovr lqfoxghg lq wkh vhw ri wkhuprg|qdplfdoo| orfdoo| dgldedwlf
surfhvvhv= Rwkhu orfdoo| dgldedwlf surfhvvhv duh jhqhudwhg e| wkrvh surfhvvhv zklfk
duh dvvrfldwhg yhfwruv ri wkh h{whulru ghulydwlyh ri wkh lqwhuqdo hqhuj|/ X1 Lq erwk
fdvhv/ wkh dgldedwlf surfhvvhv duh qxoo yhfwruv ri wkh Khdw 40irup/ lq wkh vhqvh wkdw
lE�Vdgldedwlf�T ' f=

Wkrvh yhfwruv wkdw vdwlvi| wkh htxdwlrqv/

H{wuhpdo Fodvv

lE�Vh{wuhpdo�gD ' f +515<,

duh vdlg wr eh hohphqwv ri wkh h{wuhpdo fodvv ri yhfwru �hogv1 Lw vkrxog eh qrwhg
wkdw wkh 50irup gD dgplwv d xqltxh h{wuhpdo yhfwru rqo| rq vsdfhv ri luuhgxfleoh rgg
Sid� wrsrorjlfdo glphqvlrqv1 Vxfk grpdlqv irup dq luuhgxfleoh 5q.4 glphqvlrqdo
vwdwh vsdfh/ zklfk lv gh�qhg dv d frqwdfw pdqlirog1 Wkh h{wuhpdo gluhfwlrq �hog lv
frpsohwho| ghwhuplqhg +wr zlwklq d idfwru, e| wkh frpsrqhqw ixqfwlrqv ri wkh 40irup
xwlol}hg lq lwv gh�qlwlrq1

Li wkh Sid� wrsrorjlfdo glphqvlrq ri wkh 40irup D lv hyhq/ wkhq d xqltxh
h{wuhpdo yhfwru grhv qrw h{lvw1 Wkh uhgxfhg wrsrorjlfdo grpdlq +qrw qhfhvvdulo| wkh
jhrphwulf grpdlq, lv d v|psohfwlf pdqlirog ri hyhq glphqvlrqv/ 5q.51 Krzhyhu/
rq wkh v|psohfwlf pdqlirog ri 7 jhrphwulf glphqvlrqv dqg 7 wrsrorjlfdo glphqvlrqv/
lw iroorzv wkdw wkhuh grhv h{lvw d xqltxh yhfwru gluhfwlrq �hog/ wkh Wruvlrq yhfwru/
frpsohwho| ghwhuplqhg lq whupv ri wkh ixqfwlrqv zklfk gh�qh wkh sk|vlfdo v|vwhp1
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Wrsrorjlfdo Wruvlrq Fodvv

lE�VWruvlrq�gD ' �D> +5163,

lE�VWruvlrq�D ' f> +5164,

Hyroxwlrq zlwk d frpsrqhqw lq wkh gluhfwlrq ri wkh %Wrsrorjlfdo Wruvlrq%
yhfwru zloo surgxfh dq luuhyhuvleoh surfhvv rq wkh sk|vlfdo v|vwhp ghvfulehg e| wkh
Dfwlrq 40irup/ li wkh glyhujhqfh ri wkh %Wrsrorjlfdo Wruvlrq% yhfwru lv qrw }hur1 Wklv
%Wrsrorjlfdo Wruvlrq% yhfwru lv dozd|v dq dvvrfldwhg yhfwru/ exw lv qrw dq h{wuhpdo
yhfwru/ uhodwlyh wr wkh Dfwlrq 40irup1 Wkh Wruvlrq yhfwru lv lghqwlfdoo| }hur rq
grpdlqv ri Sid� wrsrorjlfdo glphqvlrq 5/ khqfh qrq0}hur ydoxhv ri wkh Wruvlrq yhfwru
duh dq lqglfdwlrq wkdw wkh sk|vlfdo v|vwhp/ D> lv qrw dq htxloleulxp v|vwhp1 Wkh
Wrsrorjlfdo Wruvlrq yhfwru h{lvwv rqo| rq grpdlqv ri Sid� wrsrorjlfdo glphqvlrq 6
ru juhdwhu/ lq wkh vdph vhqvh wkdw Iuhqhw0Vhuuhw wruvlrq h{lvwv rqo| rq grpdlqv ri
jhrphwulf glphqvlrq 6 ru juhdwhu1 Zlwk uhvshfw wr hyroxwlrq lq wkh gluhfwlrq ri wkh
Wruvlrq Fxuuhqw/ wkh v|psohfwlf yroxph lv frqwudfwlqj ru h{sdqglqj h{srqhqwldoo|
xqohvv � ' f> dqg wkhuhiruh vxfk yhfwru �hogv fdqqrw uhsuhvhqw d v|psohfwlf surfhvv
+zklfk suhvhuyhv wkh yroxph hohphqw,1 Wkh idfwru/ �> lv d Oldsxqry ixqfwlrq dqg
gh�qhv wkh vwdelolw| ri wkh surfhvv +ghshqglqj rq wkh vljq ri ��= Zkhq � ' �/ wkh
Wruvlrq yhfwru kdv ehhq fdoohg wkh �Olrxylooh yhfwru� ^Olhehupdqq 4<;:`1

Yhfwruv zklfk duh erwk h{wuhpdo dqg dvvrfldwhg duh vdlg wr eh hohphqwv ri wkh
fkdudfwhulvwlf fodvv ri yhfwru �hogv ^Nohlq 4<95`1

Fkdudfwhulvwlf Fodvv

lE�Vfkdudfwhulvwlf�D ' f> dqg lE�Vfkdudfwhulvwlf�gD ' f= +5165,

Qrwh wkdw fkdudfwhulvwlf  rz olqhv jhqhudwhg e|Vfkdudfwhulvwlf ri wkh Fkdudfwhu0
lvwlf fodvv suhvhuyh wkh Fduwdq wrsrorj|/ iru hdfk irup ri wkh Fduwdq wrsrorjlfdo edvh
lv lqyduldqw zlwk uhvshfw wr wkh dfwlrq ri wkh Olh gl�huhqwldo wr fkdudfwhulvwlf  rzv
+Vhh Fkdswhu 7,1 Fkdudfwhulvwlfv duh riwhq dvvrfldwhg zlwk zdyh skhqrphqd/ dqg
sursdjdwlqj glvfrqwlqxlwlhv1 Wkh Wrsrorjlfdo Wruvlrq yhfwru phqwlrqhg deryh pd|
kdyh }hur glyhujhqfh rq fhuwdlq jhrphwulf vxevhwv ri vsdfh0wlph/ exw wkhvh grpdlqv
duh ri Sid� wrsrorjlfdo glphqvlrq 6 +dowkrxjk ri jhrphwulf glphqvlrq 7,1 Lq vxfk
fdvhv/ wkh Wrsrorjlfdo Wruvlrq yhfwru zloo eh d fkdudfwhulvwlf yhfwru iru wkh 40irup ri
Dfwlrq/ D= Wkhvh dqg rwkhu surshuwlhv ri wkh %Wrsrorjlfdo Wruvlrq% yhfwru zloo eh
ghvfulehg q ghwdlo ehorz1

51615 Uhyhuvleoh dqg Luuhyhuvleoh Surfhvvhv

Wkh Sid� wrsrorjlfdo glphqvlrq ri wkh h{whulru gl�huhqwldo 40irup ri Khdw/ T> ghwhu0
plqhv lpsruwdqw wrsrorjlfdo fdwhjrulhv ri surfhvvhv1 Iurp fodvvlfdo wkhuprg|qdp0
lfv %Wkh txdqwlw| ri khdw lq d uhyhuvleoh surfhvv dozd|v kdv dq lqwhjudwlqj idfwru%
^Jroghqeodww 4<95` ^Pruvh 4<97` 1 Khqfh/ iurp wkh Iurehqlxv xqltxh lqwhjudelolw|
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wkhruhp/ zklfk uhtxluhv T	gT ' f> doo uhyhuvleoh surfhvvhv duh vxfk wkdw wkh Sid� gl0
phqvlrq ri T lv ohvv wkdq ru htxdo wr 51 Luuhyhuvleoh surfhvvhv duh vxfk wkdw wkh Sid�
glphqvlrq ri T lv juhdwhu wkdq 51 D glvvlsdwlyh luuhyhuvleoh wrsrorjlfdoo| wxuexohqw
surfhvv lv gh�qhg zkhq wkh Sid� glphqvlrq ri T lv 71

Surfhvvhv gh�qhg e| wkh Sid� glphqvlrq ri T

Surfhvvhv G dv gh�qhg e| wkh Sid� glphqvlrq ri T +5166,

T	gT ' f Uhyhuvleoh 0 Sid� glphqvlrq 5 +5167,

gET	gT� 9' f= Wxuexohqw 0 Sid� glphqvlrq 71 +5168,

Qrwh wkdw wkh Sid� glphqvlrq ri T ghshqgv rq erwk wkh fkrlfh ri d surfhvv/
Ve> dqg wkh v|vwhp/ D/ xsrq zklfk lw dfwv1 Dv uhyhuvleoh wkhuprg|qdplf surfhvvhv
duh vxfk wkdw T	gT ' f> dqg luuhyhuvleoh wkhuprg|qdplf surfhvvhv duh vxfk wkdw
T	gT 9' f> Fduwdq*v irupxod ri frqwlqxrxv wrsrorjlfdo hyroxwlrq fdq eh xvhg wr
ghwhuplqh li d jlyhq surfhvv/Ve> dfwlqj rq d sk|vlfdo v|vwhp/ D/ lv wkhuprg|qdplfdoo|
uhyhuvleoh ru qrw=

Surfhvvhv gh�qhg e| wkh Olh gl�huhqwldo ri D�
Uhyhuvleoh Surfhvvhv �Ve G OE�Ve�D	OE�Ve�gD ' f>
Luuhyhuvleoh Surfhvvhv �Ve G OE�Ve�D	OE�Ve�gD 9' f=

�
+5169,

Uhpdundeo|/ Fduwdq*v pdjlf irupxod fdq eh xvhg wr ghvfuleh wkh frqwlqxrxv
g|qdplf srvvlelolwlhv ri erwk uhyhuvleoh dqg luuhyhuvleoh surfhvvhv/ lq htxloleulxp ru
qrq0htxloleulxp v|vwhpv/ hyhq zkhq wkh hyroxwlrq lqgxfhv wrsrorjlfdo fkdqjh/ wudq0
vlwlrqv ehwzhhq h{flwhg vwdwhv/ dqg fkdqjhv ri skdvh/ vxfk dv frqghqvdwlrqv1

Lw lv lpsruwdqw wr qrwh wkdw wkh gluhfwlrq �hog/ Ve/ qhhg qrw eh wrsrorjl0
fdoo| frqvwudlqhg vxfk wkdw lw lv vlqjxoduo| sdudphwhul}hg1 Wkdw lv/ wkh hyroxwlrqdu|
surfhvvhv ghvfulehg e| Fduwdq*v pdjlf irupxod duh qrw qhfhvvdulo| uhvwulfwhg wr yhfwru
�hogv wkdw vdwlvi| wkh wrsrorjlfdo frqvwudlqwv ri nlqhpdwlf shuihfwlrq/ g{n�Y ngw ' f1
D glvfxvvlrq ri wrsrorjlfdo  xfwxdwlrqv/ zkhuh g{n�Y ngw ' {n 9' f> dqg dq h{dpsoh
 xfwxdwlrq surfhvv lv ghvfulehg ehorz1

51616 Dgldedwlf Surfhvvhv 0 Uhyhuvleoh dqg Luuhyhuvleoh

Wkh wrsrorjlfdo irupxodwlrq ri wkhuprg|qdplfv lq whupv ri h{whulru gl�huhqwldo irupv
shuplwv d suhflvh gh�qlwlrq wr eh pdgh iru erwk uhyhuvleoh dqg luuhyhuvleoh dgldedwlf
surfhvvhv lq whupv ri wkh wrsrorjlfdo surshuwlhv ri T= Rq d jhrphwulfdo vsdfh ri
Q glphqvlrqv/ d 40irup/ T/ zloo dgplw Q04 +qxoo, yhfwru �hogv/ YDvvrfldwhg> vxfk wkdw
lEYDvvrfldwhg�T ' f= Vxfk qxoo yhfwru dvvrfldwhg surfhvvhv YDvvrfldwhg uhodwlyh wr T
duh gh�qhg dv +orfdoo|, dgldedwlf surfhvvhv/ Ydgldedwlf ^Edpehuj 4<<5`1 Wkh Q04 qxoo
yhfwruv zloo irup d glvwulexwlrq ri dgldedwlf surfhvvhv ruwkrjrqdo wr wkh 40irup T1
Wkh glvwulexwlrq ri dgldedwlf surfhvvhv zloo qrw irup d vprrwk k|shuvxuidfh/ xqohvv
wkh Sid� glphqvlrq riT lv 5 ru ohvv1 Lq rwkhu zrugv wkh qxoo fxuyhv +dgldedwv, irup dq
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vprrwk k|shuvxuidfh rqo| lq wkh htxloleulxp vwdwh1 Qrwh wkdw doo dgldedwlf surfhvvhv
duh gh�qhg e| yhfwru gluhfwlrq �hogv/ wr zlwklq dq duelwudu| idfwru/ �E{> |> }> w�1 Wkdw
lv/ li lEYD�T ' f> wkhq lw lv dovr wuxh wkdw lE�YD�T ' f= Wkh dgldedwlf gluhfwlrq �hogv
dqg wkh 40irup ri Dfwlrq fdq eh xvhg wr frqvwuxfw dq lqwhuhvwlqj edvlv iudph uhodwhg
wr surmhfwlyh frqqhfwlrqv1 Wklv srvvlelolw| zloo eh glvfxvvhg lq d odwhu vhfwlrq1

Wkh gl�huhqfhv ehwzhhq wkh lqh{dfw 40irupv ri Zrun dqg Khdw ehfrph reylrxv
lq whupv ri wkh wrsrorjlfdo irupdw1 Erwk 40irupv/ Z dqg T> ghshqg rq wkh surfhvv/
Ve> dqg rq wkh sk|vlfdo v|vwhp/ D1 Krzhyhu/ Zrun lv dozd|v wudqvyhuvdo wr wkh
surfhvv/ exw Khdw lv qrw xqohvv wkh surfhvv lv dgldedwlf=

Zrun lv wudqvyhuvdo= lEVe�Z ' lEVe�lEVe�gD ' f> +516:,

Khdw lv QRW wudqvyhuvdo = lEVe�T ' lEVe�gX > f> +516;,

xqohvv wkh surfhvv lv dgldedwlf1 +516<,

Lw lv wklv ixqgdphqwdo gl�huhqfh ehwzhhq Khdw/ T/ dqg Zrun/ Z / wkdw ohdg wr
wkh Fduqrw0olnh vwdwhphqwv wkdw lw lv srvvleoh wr frqyhuw zrun lqwr khdw zlwk 433(
h!flhqf|/ exw lw lv qrw srvvleoh wr frqyhuw khdw lqwr zrun zlwk 433( h!flhqf|1

Dgldedwlf gluhfwlrq �hogv/ vr gh�qhg dv qxoo fxuyhv ri T/ gr qrw lpso| wkdw
wkh Sid� glphqvlrq ri T pxvw eh 51 Wkdw lv/ lw lv qrw reylrxv wkdw T fdq eh zulwwhq
lq wkh irup/ T ' WgV> dv lv srvvleoh rq wkh pdqlirog ri htxloleulxp vwdwhv1 Iurp wkh
Fduwdq irupxodwlrq lw lv dssduhqw wkdw li T lv qrw }hur/ wkhq

OEVD�D ' T 9' f> +5173,

lEVD�OEVD�D ' lEVD�lEVD�gDn lEVD�gElEVD�D� +5174,

' fEwudqvyhuvdolw|� n lEVD�gElEVD�D� ' lEVD�T

Khqfh/ dq Dgldedwlf surfhvv uhtxluhv wkdw li T lv qrw }hur/

Dq dgldedwlf surfhvv uhtxluhv lEVD�T ' lEVD�gElEVD�D�� , f> T 9' f+5175,

zlwk d vx!flhqw frqglwlrq jlyhq e| G X ' lEVD�D , f= +5176,

Wkh vx!flhqw frqglwlrq lpsolhv wkdw wkh surfhvv VD lv dq dvvrfldwhg yhfwru ri wkh
40irup ri Dfwlrq1 Doo dvvrfldwhg yhfwruv wr wkh 40irup/ D> duh dgldedwlf1 Wkh
qhfhvvdu| frqglwlrq iru d surfhvv wr eh dgldedwlf lv wkh vwdwhphqw wkdw wkh surfhvv lv
dq %dvvrfldwhg% yhfwru wr wkh h{dfw h{whulru gl�huhqwldo ri wkh lqwhuqdo hqhuj|1

Dq dgldedwlf surfhvv uhtxluhv lEVD�T ' lEVD�gElEVD�D�� , f> T 9' f+5177,

zlwk d qhfhvvdu| frqglwlrq jlyhq e| G lEVD�gX , f= +5178,

Qrwh wkdw wkh Wrsrorjlfdo Wruvlrq yhfwru lv dq dvvrfldwhg yhfwru uhodwlyh wr
wkh Dfwlrq 40irup/ D/ dqg wkhuhiruh gh�qhv dq dgldedwlf +exw luuhyhuvleoh, surfhvv rq
grpdlqv ri Sid� wrsrorjlfdo glphqvlrq 71
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Li wkh khdw 40irup lv }hur/ wkhq wkh surfhvv lv d uhyhuvleoh dgldedwlf surfhvv ri
d vshfldo w|sh1 D uhyhuvleoh surfhvv lv gh�qhg vxfk wkdw wkh Sid� glphqvlrq ri T lv
ohvv wkdq 6> ru/ T	gT ' f= Khqfh lEVD�ET	gT� ' f iru uhyhuvleoh surfhvvhv1 Exw

lEVD�ET	gT� ' ElEVD�T�	gT�T	lEVD�gT> +5179,

zklfk shuplwv uhyhuvleoh dqg luuhyhuvleoh dgldedwlf surfhvvhv wr eh zhoo glvwlqjxlvkhg
= zkhq T 9' f=

Uhyhuvleoh Dgldedwlf Surfhvv ' �T	lEVD�gT , f> lEVD�T , f> +517:,

Luuhyhuvleoh Dgldedwlf Surfhvv ' �T	lEVD�gT 9' f> lEVD�T , f= +517;,

Lw lv fhuwdlqo| wuxh wkdw li OEV�D ' T ' f> lghqwlfdoo|/ wkhq doo vxfk surfhvvhv
duh dgldedwlf/ dqg uhyhuvleoh1 +Lq wkh qh{w vhfwlrq/ lw zloo eh ghprqvwudwhg krz
wkhvh wkhuprg|qdplf lghdv fdq eh dvvrfldwhg zlwk wkh whqvru surfhvvhv ri fryduldqw
gl�huhqwldwlrq dqg sdudooho wudqvsruw1, Lq vxfk vshfldo dgldedwlf fdvhv/ wkh Fduwdq
irupdolvp lpsolhv wkdw Z ngX ' f= Vxfk v|vwhpv duh hohphqwv ri wkh Kdplowrqldq0
Ehuqrxool fodvv ri surfhvvhv/ zkhuh Z ' gX1

51617 Surfhvvhv fodvvl�hg e| wrsrorjlfdo frqvwudlqwv rq wkh Zrun 40irup1

Fduwdq kdv vkrzq wkdw doo Kdplowrqldq surfhvvhv +v|vwhpv zlwk d jhqhudwru ri ru0
glqdu| gl�huhqwldo htxdwlrqv,/ �VK / vdwlvi| wkh iroorzlqj htxdwlrqv ri wrsrorjlfdo
frqvwudlqw rq wkh zrun 40irup/ Z G

D Kdplowrqldq VK lv hlwkhu VH ru VE +517<,

H{wuhpdo Kdplowrqldq VH +5183,

ZH ' lE�VH�gD ' f Sid� glphqvlrq @ 3 +5184,

Ehuqrxool0Fdvlplu Kdplowrqldq VE +5185,

ZE ' lE�VE�gD ' gX Sid� glphqvlrq @ 4 +5186,

Pruh ghwdlov derxw Fduwdq*v ghyhorsphqw ri Kdplowrqldq v|vwhpv dsshduv lq Fkdswhu
7141

D vshfldo fdvh rffxuv zkhq wkh Ehuqrxool ixqfwlrq lv htxdo wr wkh qhjdwlyh ri
wkh lqwhuqdo hqhuj|/ iru wkhq wkh khdw 40irup surgxfhg e| wklv vshfldo Kdplowrqldq
surfhvv ydqlvkhv1

Iru Khoprow} surfhvvhv +zklfk duh qrw vwulfwo| Kdplowrqldq, wkh vlwxdwlrq lv d
elw pruh lqwulfdwh/ exw lq doo fdvhv wkh Sid� glphqvlrq ri wkh Zrun 40irup lv dw prvw
41 Kdplowrqldq surfhvvhv duh vxevhwv ri Khopkrow} surfhvvhv1

{Lw lv dssduhqw wkdw l+Y,T@ 3 gh�qhv dq dgldedwlf surfhvv/ exw qrw qhfhvvdulo| d uhyhuvleoh
dgldedwlf surfhvv1 Wklv wrsrorjlfdo srlqw fohduv xs fhuwdlq plvfrqfhswlrqv wkdw dsshdu lq wkh
olwhudwxuh1
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Khopkrow} +V|psohfwlf, Surfhvv VV

ZK ' lE�VV�gD ' gXn � Sid� glphqvlrq @ 4 +5187,

gZK ' f dv � lv forvhg exw qrw h{dfw1 +5188,

V|psohfwlf zkhq +5189,

gD 9' f> ZK 9' f +518:,

Khopkrow}0V|psohfwlf surfhvvhv vdwlvi| wkh iroorzlqj htxdwlrqv

Khopkrow} Frqvhuydwlrq ri Yruwlflw|

OE�VV�gD ' gZK n ggX ' f n f ' gT> +518;,

Krzhyhu/ wkh forvhg exw qrw h{dfw frpsrqhqw ri zrun fdq kdyh �qlwh shulrg
lqwhjudov/ vr wkh hyroxwlrqdu| Khopkrow} surfhvv fdq lqyroyh fkdqjlqj wrsrorj|1 Wkh
forvh lqwhjudov ri Dfwlrq duh qrw lqyduldqw zlwk uhvshfw wr �VV xqohvv � ' f=

OE�VV�

]
}�g

D '

]
}�g

� '

]
}�g

T 9' f +518<,

Wkh forvhg exw qrw h{dfw irupv/ �/ lqwurgxfh qrq0xqltxhqhvv lqwr wkh gh�ql0
wlrq ri wkh zrun 40irup1 Dv gT ' gEgXn �n gX� ' f iru doo wkuhh surfhvvhv gh�qhg
deryh/ doo wkuhh surfhvvhv duh wkhuprg|qdplfdoo| uhyhuvleoh +vhh htxdwlrq + BB,,1 Vr
dq h{dpsoh lv suhvhqwhg zklfk ghprqvwudwhv wkdw fkdqjlqj wrsrorj| lv d qhfhvvdu|
exw qrw vx!flhqw frqglwlrq iru d surfhvv wr eh wkhuprg|qdplfdoo| luuhyhuvleoh1 Hdfk
ri wkh wkuhh uhyhuvleoh surfhvvhv pxvw vdwlvi| dq dgglwlrqdo wrsrorjlfdo frqvwudlqw li
wkh surfhvv lv wr eh orfdoo| dgldedwlf=

Dgldedwlf surfhvv lEVD�T ' lEVD�gElEVD�D�� , f> T 9' f +5193,

zlwk d vx!flhqw frqglwlrq ' lEVD�D , f= +5194,

Li gX ' f> wkhq �VH lv d fkdudfwhulvwlf surfhvv uhodwlyh wr wkh 50irup I= Li
wkh zrun 40irup lv ri Sid� wrsrorjlfdo glphqvlrq 3/ wkhq wkh surfhvv lv dq h{wuhpdo
surfhvv uhodwlyh wr D +vhh htxdwlrq BB,1

H{wuhpdo surfhvvhv fdqqrw h{lvw rq d qrq0vlqjxodu v|psohfwlf grpdlq/ ehfdxvh
d qrq0ghjhqhudwh dqwl0v|pphwulf pdwul{ +wkh frh!flhqwv ri wkh 50irup gD� grhv qrw
kdyh qxoo hljhqyhfwruv rq vsdfh ri hyhq glphqvlrqv 1 Dowkrxjk xqltxh h{wuhpdo
vwdwlrqdu| vwdwhv gr qrw h{lvw rq wkh grpdlq ri Sid� glphqvlrq 7/ wkhuh fdq h{lvw
hyroxwlrqdu| lqyduldqw Ehuqrxool0Fdvlplu ixqfwlrqv/ X> wkdw jhqhudwh qrq0h{wuhpdo/



Wkhuprg|qdplf Surfhvvhv 7:

�vwdwlrqdu|�vwdwhv1 Vxfk Ehuqrxool surfhvvhv fdq fruuhvsrqg wr hqhuj| glvvlsdwlyh
Khopkrow} surfhvvhv/ exw wkh|/ dv zhoo dv doo Khopkrow} surfhvvhv/ duh uhyhuvleoh lq wkh
wkhuprg|qdplf vhqvh ghvfulehg ehorz1 Wkh phfkdqlfdo hqhuj| qhhg qrw eh frqvwdqw/
exw wkh Ehuqrxool0Fdvlplu ixqfwlrq+v,/ X>duh hyroxwlrqdu| lqyduldqw+v,/ dqg pd| eh
xvhg wr ghvfuleh qrq0xqltxh vwdwlrqdu| vwdwh+v,1

Wkh htxdwlrqv/ deryh/ wkdw gh�qh vhyhudo idploldu fdwhjrulhv ri surfhvvhv/ duh
lq h�hfw frqvwudlqwv rq wkh wrsrorjlfdo hyroxwlrq ri dq| sk|vlfdo v|vwhp uhsuhvhqwhg e|
dq Zrun 40irup/ D= Wkh Sid� glphqvlrq ri wkh 40irup ri yluwxdo zrun/Z ' lEV�gD lv
4 ru ohvv iru doo wkuhh fdwhjrulhv1 Wkh H{wuhpdo frqvwudlqw ri htxdwlrq +5183, wkdw wkh
Sid� glphqvlrq ri Z fdq eh xvhg wr jhqhudwh wkh Hxohu htxdwlrqv ri k|gurg|qdplfv
iru d lqfrpsuhvvleoh  xlg1 Wkh Ehuqrxool0Fdvlplu frqvwudlqw ri htxdwlrq +5185, fdq
eh xvhg wr jhqhudwh wkh htxdwlrqv iru d edurwurslf frpsuhvvleoh  xlg1 Wkh Khopkrow}
frqvwudlqw ri htxdwlrq +BB, fdq eh xvhg wr jhqhudwh wkh htxdwlrqv iru d Vwrnhv  rz1
Doo vxfk surfhvvhv duh wkhuprg|qdplfdoo| uhyhuvleoh dv gT ' f1 Qrqh ri wkhvh
frqvwudlqwv rq wkh Zrun 40irup/ Z / deryh zloo jhqhudwh wkh Qdylhu0Vwrnhv htxdwlrqv/
zklfk uhtxluh wkdw wkh wrsrorjlfdo glphqvlrq ri wkh 40irup ri yluwxdo zrun pxvw eh
juhdwhu wkdq 51

Qrwh wkdw iru d jlyhq 40irup ri Dfwlrq/ D/ lw lv srvvleoh wr frqvwuxfw d pd0
wul{ ri Q04 qxoo yhfwruv/ dqg wkhq wr frpsxwh wkh dgmrlqw pdwul{ ri fridfwruv wudqv0
srvhg wr fuhdwh wkh xqltxh gluhfwlrq �hog +wr zlwklq d idfwru,/ VQxooDgmrlqw= Hyrox0
wlrq lq wkh gluhfwlrq ri VQxooDgmrlqw grhv qrw uhsuhvhqw dq dgldedwlf surfhvv sdwk/ dv
lEVQxooDgmrlqw�D 9' f1 Iru d jlyhq D/ wkh Q04 qxoo yhfwruv qhhg qrw vsdq d vprrwk k|0
shuvxuidfh zkrvh vxuidfh qrupdo lv sursruwlrqdo wr d judglhqw �hog1 Wkh frpsrqhqwv
ri wkh 40irup pd| eh ylhzhg dv wkh qrupdo yhfwru wr dq lpsolflw k|shuvxuidfh/ exw
wkh lpsolflw k|shuvxuidfh lv qrw qhfhvvdulo| gh�qhg dv wkh }hur vhw ri vrph ixqfwlrq1

D fuxfldo lghd lv wkh uhfrjqlwlrq wkdw luuhyhuvleoh surfhvvhv pxvw rq grpdlqv
ri Sid� glphqvlrq zklfk vxssruw Wrsrorjlfdo Wruvlrq/ D	gD 9' f> zlwk lwv dwwhq0
gdqw surshuwlhv ri qrq0xqltxhqhvv/ hqyhorshv/ uhjuhvvlrqv/ dqg surmhfwlyl}hg wdqjhqw
exqgohv1 Vxfk grpdlqv duh ri Sid� glphqvlrq 6 ru juhdwhu1 Pruhryhu/ dv ghvfulehg
ehorz/ lw zrxog dsshdu wkdw wkhuprg|qdplf luuhyhuvlelolw| pxvw vxssruw d qrq0}hur
Wrsrorjlfdo Sdulw| 70irup/ gD	gD 9' f= Vxfk grpdlqv duh ri Sid� glphqvlrq 7 ru
juhdwhu1

Dowkrxjk wkhuh grhv qrw h{lvw d xqltxh jdxjh lqghshqghqw vwdwlrqdu| vwdwh rq
wkh v|psohfwlf pdqlirog ri Sid� glphqvlrq 7/ uhpdundeo| wkhuh grhv h{lvw d xqltxh
yhfwru �hog rq wkh v|psohfwlf grpdlq/ zlwk frpsrqhqwv wkdw duh jhqhudwhg e| wkh
60irup D	gD1 Wklv xqltxh +wr zlwklq d idfwru, yhfwru �hog lv gh�qhg dv wkh Wruvlrq
Fxuuhqw/ Ae/ dqg vdwlv�hv +rq wkh 5q.5@7 glphqvlrqdo pdqlirog, wkh htxdwlrq/

lEAe�g{	g|	g}	gw ' D	gD +5195,

Wklv +irxu frpsrqhqw, yhfwru �hog/ Ae/ kdv d qrq0}hur glyhujhqfh doprvw hyhu|zkhuh/
iru li wkh glyhujhqfh lv }hur/ wkhq wkh 70irup gD	gD ydqlvkhv/ dqg wkh grpdlq lv qr
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orqjhu d v|psohfwlf pdqlirog$ Wkh Wruvlrq yhfwru/ Ae/ fdq eh xvhg wr jhqhudwh d g|0
qdplfdo v|vwhp wkdw zloo ghfd| wr wkh vwdwlrqdu| vwdwhv EglyeEAe� , f� vwduwlqj iurp
duelwudu| lqlwldo frqglwlrqv1 Wkhvh surfhvvhv duh luuhyhuvleoh lq wkh wkhuprg|qdplf
vhqvh1 Lw lv uhpdundeoh wkdw wklv xqltxh hyroxwlrqdu| yhfwru �hog/ Ae/ lv frpsohwho|
ghwhuplqhg +wr zlwklq d idfwru, e| wkh sk|vlfdo v|vwhp lwvhoi> h1j1/ wkh frpsrqhqwv ri
wkh 40irup/ D/ ghwhuplqh wkh frpsrqhqwv ri wkh Wruvlrq yhfwru1

Wr xqghuvwdqg zkdw lv phdqw e| wkhuprg|qdplf luuhyhuvlelolw|/ uhdol}h wkdw
Fduwdq*v pdjlf irupxod ri wrsrorjlfdo hyroxwlrq lv htxlydohqw wr wkh �uvw odz ri wkhu0
prg|qdplfv1

OE��D ' lEV�gDn gElEV�D� ' Z n gX ' T= +5196,

D lv wkh �Dfwlrq� 40irup wkdw ghvfulehv wkh k|gurg|qdplf v|vwhp1 V lv wkh yhfwru
�hog wkdw gh�qhv wkh hyroxwlrqdu| surfhvv1 Z lv wkh 40irup ri +yluwxdo, zrun1 T lv
wkh 40irup ri khdw1 Iurp fodvvlfdo wkhuprg|qdplfv/ d surfhvv lv luuhyhuvleoh zkhq wkh
khdw 40irup T grhv qrw dgplw dq lqwhjudwlqj idfwru1 Iurp wkh Iurehqlxv wkhruhp/
wkh odfn ri dq lqwhjudwlqj idfwru lpsolhv wkdw T	gT 9' f= Khqfh d vlpsoh whvw pd|
eh pdgh iru dq| surfhvv/ V/ uhodwlyh wr d sk|vlfdo v|vwhp ghvfulehg e| dq Dfwlrq
40irup/ D1

Frqfoxvlrq 4 Li OE��D	OE��gD 9' f wkhq wkh surfhvv V uhodwlyh wr wkh v|vwhp D
lv wkhuprg|qdplfdoo| luuhyhuvleoh1

Wklv wrsrorjlfdo gh�qlwlrq lpsolhv wkdw wkh wkuhh fdwhjrulhv +deryh, ri Khopkrow}/
Kdplowrqldq0Ehuqrxool/ ru Kdplowrqldq0h{wuhpdo surfhvvhv/ � 5> duh uhyhuvleoh Edv
OE5�gD'gT ' f�= Krzhyhu/ iru hyroxwlrq lq wkh gluhfwlrq ri wkh Wruvlrq yhfwru/ Ae/
gluhfw frpsxwdwlrq ghprqvwudwhv wkdw wkh ixqgdphqwdo htxdwlrqv ohdg wr d frqirupdo
hyroxwlrqdu| surfhvv/ d surfhvv zklfk lv wkhuprg|qdplfdoo| luuhyhuvleoh=

OEAe�D ' �D dqg lEAe�D ' f> +5197,

vxfk wkdw

OEAe�D	OEAe�gD ' T	gT ' �2D	gD 9' f= +5198,

517 Wkh Olh gl�huhqwldo OEY � dqg wkh Fryduldqw gl�huhqwldo uEY �

Wkh fryduldqw ghulydwlyh ri whqvru dqdo|vlv/ dqg dv xvhg lq Jhqhudo Uhodwlylw|/ lv riwhq
gh�qhg lq whupv ri lvrphwulf gl�hrprusklf surfhvvhv +wkdw suhvhuyh wkh gl�huhqwldo
olqh hohphqw, dqg fdq eh xvhg wr ghvfuleh uljlg erg| prwlrqv dqg lvrphwulf ehqg0
lqjv/ exw qrw ghirupdwlrqv dqg vkhdu surfhvvhv dvvrfldwhg zlwk frqyhfwlyh  xlg  rz1



Wkh Olh gl�huhqwldo O+Y , dqg wkh Fryduldqw gl�huhqwldo u+Y , 7<

Dqrwkhu gh�qlwlrq ri wkh fryduldqw ghulydwlyh lv edvhg rq wkh frqfhsw ri d frqqhf0
wlrq/ vxfk wkdw wkh gl�huhqwldo surfhvv dfwlqj rq d whqvru surgxfhv d whqvru1 Wkh
gh�qlwlrq ri wkh fryduldqw ghulydwlyh xvxdoo| ghshqgv xsrq wkh dgglwlrqdo vwuxfwxuh
+ru frqvwudlqw, ri d phwulf ru d frqqhfwlrq sodfhg rq d jlyhq ydulhw|/ zkloh wkh Olh
gl�huhqwldo grhv qrw1 Dv wkh Olh gl�huhqwldo lv qrw vr frqvwudlqhg/ lw pd| eh xvhg
wr ghvfuleh qrq0gl�hrprusklf surfhvvhv iru zklfk wkh wrsrorj| fkdqjhv frqwlqxrxvo|1
Wkh fryduldqw ghulydwlyh lv dyrlghg lq wklv duwlfoh1

Nrv}xo kdv jlyh d vhw ri d{lrpv wkdw fdq eh xvhg wr gh�qh d olqhdu frqqhfwlrq
dqg d fryduldqw ghulydwlyh1 Wkh fryduldqw ghulydwlyh d{lrpv uhtxluh wkdw

uEiY �$ ' i uEY �$> +5199,

uEY �i$ ' EuEY �i �$ n i uEY �$= +519:,

Wklv d{lrpdwlf uhsuhvhqwdwlrq ri d fryduldqw ghulydwlyh dqg dq d!qh frqqhfwlrq
vkrxog eh frpsduhg wr wkh Olh gl�huhqwldo/

OEiY �D ' i OEY �Dn gi ElEY �D�> +519;,

OEY �iD ' EOEY �i �Dn i OEY �D= +519<,

Rqo| li wkh odvw whup lq wkh h{sdqvlrq ri wkh Olh gl�huhqwldo/ gi ElEY �D�> lv }hur grhv
wkh irupxod iru wkh Olh gl�huhqwldo kdyh dq htxlydohqw uhsuhvhqwdwlrq dv d fryduldqw
ghulydwlyh lq whupv ri d frqqhfwlrq1 Vxssrvh wkdw lEY �D ' f>vxfk wkdw wkh Olh
gl�huhqwldo dqg wkh fryduldqw gl�huhqwldo duh htxlydohqw1

OEiY �D ' i OEY �D ' i uEY �D= +51:3,

Wkhq lw iroorzv wkdw

OEiY �D ' i OEY �Dn gi ElEY �D� +51:4,

' i OEY �D ' i T= +51:5,

Exw lEY �T ' i lEY �lEY �gD ' f , lEY �T> +51:6,

zkhuh lEY �T ' f gh�qhv dq dgldedwlf surfhvv1 +51:7,

Frqfoxvlrq 5 Khqfh/ doo fryduldqw ghulydwlyhv zlwk uhvshfw wr d frqqhfwlrq kdyh dq
htxlydohqw uhsuhvhqwdwlrq dv dq dgldedwlf surfhvv$$$ Vxfk fryduldqw dgldedwlf surfhvvhv
qhhg qrw eh wkhuprg|qdplfdoo| uhyhuvleoh1

Vxssrvh wkdw wkh dgldedwlf surfhvv lv vxfk wkdw

OEY �D ' T ' f +51:8,
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Wkhq
gOEY �D ' OEY �gD ' gT ' f> +51:9,

dqg lw iroorzv wkdw wkh dgldedwlf surfhvv lv uhyhuvleoh1 Krzhyhu/ wkh frqglwlrq wkdw
T eh }hur lv wkh htxlydohqw wr wkh frqglwlrq ri sdudooho wudqvsruw=

OEY �$ ' uEY �$ ' f= +51::,

Frqfoxvlrq 6 Wkh uhpdundeoh frqfoxvlrq lv wkdw wkh frqfhsw ri sdudooho wudqvsruw lq
whqvru dqdo|vlv lv lq h�hfw dq dgldedwlf/ uhyhuvleoh surfhvv$$$

518 Wrsrorjlfdo Wruvlrq

Iru pd{lpdo/ qrq0htxloleulxp/ wxuexohqw v|vwhpv lq vsdfh0wlph/ wkh pd{lpdo hohphqw
lq wkh Sid� vhtxhqfh jhqhudwhg e| D>Z> ru T> lv d 70irup1 Rq wkh jhrphwulf vsdfh ri
7 lqghshqghqw yduldeohv/ hyhu| 70irup lv joredoo| forvhg/ lq wkh vhqvh wkdw lwv h{whulru
gl�huhqwldo ydqlvkhv hyhu|zkhuh1 Lw iroorzv wkdw hyhu| 70irup lv h{dfw dqg fdq eh
jhqhudwhg e| wkh h{whulru gl�huhqwldo ri d 60irup1 Wkh h{whulru gl�huhqwldo ri wkh
60irup lv uhodwhg wr wkh frqfhsw ri d glyhujhqfh ri d frqwudyduldqw yhfwru �hog1 Prvw
ri wkh ghyhorsphqw lq wklv duwlfoh zloo eh ghyrwhg wr wkh vwxg| ri vxfk 60irupv/ dqg
wkhlu nhuqhov1 Lw lv d uhpdundeoh idfw wkdw doo 60irupv dgplw lqwhjudwlqj ghqrplqdwruv/
vxfk wkdw wkhlu h{whulru gl�huhqwldo ri d uhvfdohg 60irup lv }hur doprvw hyhu|zkhuh1
Vsdfh wlph srlqwv xsrq zklfk wkh lqwhjudwlqj ghqrplqdwru kdv d }hur ydoxh irup
vlqjxodulwlhv gh�qhg dv wrsrorjlfdo ghihfw vwuxfwxuhv1

Zkhq wkh Dfwlrq iru d sk|vlfdo v|vwhp lv ri Sid� glphqvlrq 7/ wkhuh h{lvwv
d xqltxh gluhfwlrq �hog/ Ae> gh�qhg dv wkh Wrsrorjlfdo Wruvlrq 70yhfwru/ wkdw fdq
eh hydoxdwhg hqwluho| lq whupv ri wkrvh frpsrqhqw ixqfwlrqv ri wkh 40irup ri Dfwlrq
zklfk gh�qh wkh sk|vlfdo v|vwhp1 Wr zlwklq d idfwru/ wklv gluhfwlrq �hogg kdv wkh
irxu frpsrqhqwv ri wkh 60irup D	gD> zlwk wkh iroorzlqj surshuwlhv=

Surshuwlhv ri wkh Wrsrorjlfdo Wruvlrq yhfwru We

lEAe�le ' D	gD +51:;,

Z ' lEAe�gD ' � D> +51:<,

X ' lEAe�D ' f> +51;3,

OEAe�D ' � D> +51;4,

T	gT ' OEAe�D	OEAe�gD ' �2D	gD 9' f +51;5,

gD	gD ' 2 � le= +51;6,

~D gluhfwlrq �hog lv gh�qhg e| wkh frpsrqhqwv ri d yhfwru �hog zklfk hvwdeolvk wkh %olqh ri
dfwlrq% ri wkh yhfwru lq d surmhfwlyh vhqvh1 Dq duelwudu| idfwru wlphv wkh gluhfwlrq �hog gh�qhv wkh
vdph surmhfwlyh olqh ri dfwlrq/ mxvw uhsdudphwhul}hg1 Lq phwulf edvhg vlwxdwlrqv/ wkh duelwudu| idfwru
fdq eh lqwhusuhwhg dv d uhqrupdol}dwlrq idfwru1
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Khqfh/ e| htxdwlrq +51;5 , hyroxwlrq lq wkh gluhfwlrq ri Ae lv wkhuprg|qdpl0
fdoo| luuhyhuvleoh/ zkhq � 9' f dqg D lv ri Sid� wrsrorjlfdo glphqvlrq 71 Wkh nhuqho
ri wklv yhfwru �hog lv gh�qhg dv wkh }hur vhw xqghu wkh pdsslqj lqgxfhg e| h{whulru
gl�huhqwldwlrq1 Lq hqjlqhhulqj odqjxdjh/ wkh nhuqho ri wklv yhfwru �hog duh wkrvh srlqw
vhwv xsrq zklfk wkh glyhujhqfh ri wkh yhfwru �hog ydqlvkhv1 Wkh Sid� wrsrorjlfdo
glphqvlrq ri wkh Dfwlrq 40irup lv 6 lq wkh ghihfw uhjlrqv gh�qhg e| wkh nhuqho ri Ae1

Wkh Wrsrorjlfdo Wruvlrq yhfwru ydqlvkhv zkhq wkh Sid� wrsrorjlfdo glphqvlrq
lv 5 ru ohvv1 Qrwh wkdw wkh Iuhqhw0Vhuuhw jhrphwulf wruvlrq ri d vsdfh fxuyh ydqlvkhv
zkhq wkh jhrphwulf glphqvlrq lv 5 ru ohvv1 Lw lv wklv dqdorj ghshqghqfh rq glphqvlrq
6 ru pruh wkdw ohg wr wkh qdph %Wrsrorjlfdo Wruvlrq% iru wkh 60irup D	gD1 Vroxwlrq
xqltxhqhvv lv orvw zkhq wkh Wrsrorjlfdo Wruvlrq yhfwru lv qrw }hur1 Lq 7G/ wkh wkuhh
irupD	EgD�kdv ehhq gh�qhg dv wkh Wrsrorjlfdo Wruvlrq 60irup1 Wkh Wruvlrq fxuuhqw
ghshqgv rqo| rq wkh v|vwhp +wkh Dfwlrq, dqg qrw xsrq d surfhvv1 Wkh glyhujhqfh
ri wklv Wruvlrq fxuuhqw lv sursruwlrqdo wr wkh phdvxuh ri wkh 7G yroxph/ wkdw gh�qhv
wkh v|psohfwlf vsdfh/ dqg fdqqrw eh }hur rq wkh v|psohfwlf grpdlq1 Wkh frpsrqhqwv
ri wkh Wrsrorjlfdo Wruvlrq yhfwru Ae jhqhudwh zkdw lv fdoohg wkh �vxevlgldu| Sid!dq
v|vwhp� e| Iruv|wk ^Iruv|wk +4;<3, 4<8<`1

Iru sxusrvhv ri pruh udslg frpsuhkhqvlrq/ frqvlghu d 40irup ri Dfwlrq/ D/
zlwk dq h{whulru gl�huhqwldo/ gD> dqg d qrwdwlrq wkdw dgplwv dq hohfwurpdjqhwlf lq0
whusuhwdwlrq +, ' �C�@Cw � u!> dqg � ' u � ��8= Wkh h{solflw irupdw ri Ae

ehfrphv=

Wkh Hohfwurpdjqhwlf Wrsrorjlfdo Wruvlrq 7 yhfwru

Ae ' �d,��n�!> � ��o +51;7,

D	gD ' lEAe�le +51;8,

' W {
e g|	g}	gw� W |

e g{	g}	gwn W }
e g{	g|	gw� W w

eg{	g|	g}> +51;9,

gD	gD ' 2E, ��� le +51;:,

' iCW {
e @C{n CW |

e @C| n CW }
e @C} n CW w

e@Cwj le= +51;;,

Zkhq wkh glyhujhqfh ri wkh wrsrorjlfdo wruvlrq yhfwru lv qrw }hur/ � ' E,��� 9'
f> dqg D lv ri Sid� glphqvlrq 7/ Z lv ri Sid� glphqvlrq 7/ dqgT lv ri Sid� glphqvlrq
71 Wkh surfhvv jhqhudwhg e| Ae lv wkhuprg|qdplfdoo| luuhyhuvleoh/ dv

T	gT ' OEAe�D	OEAe�gD ' �2D	gD 9' f= +51;<,

Wkh hyroxwlrq ri wkh yroxph hohphqw uhodwlyh wr wkh luuhyhuvleoh surfhvv Ae lv
jlyhq e| wkh h{suhvvlrq/

nWkh erog ohwwhu D uhsuhvhqwv wkh �uvw 6 frpsrqhqwv ri wkh 7 yhfwru ri srwhqwldov/ zlwk wkh rughu
lq djuhhphqw zlwk wkh rughulqj ri wkh lqghshqghqw yduldeohv1 Wkh ohwwhu D uhsuhvhqwv wkh 40irup ri
Dfwlrq1
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OEAe�le ' lEAe�gle n gElEAe�le� +51<3,

' f n gED	gD� ' 2E, ��� le= +51<4,

Khqfh/ wkh gl�huhqwldo yroxph hohphqw lv h{sdqglqj ru frqwudfwlqj ghshqglqj rq wkh
vljq dqg pdjqlwxgh ri ,��> d xvhixo idfw zkhq wrsrorjlfdo wkhuprg|qdplfv lv dssolhg
wr frvprorj|1

Li D lv +ru ehfrphv, ri Sid� glphqvlrq 6/ wkhq gD	gD , f zklfk lpsolhv wkdw
�2 , f> exw D	gD 9' f= Wkh gl�huhqwldo jhrphwulf yroxph hohphqw le lv vxevh0
txhqwo| dq hyroxwlrqdu| lqyduldqw/ dqg hyroxwlrq lq wkh gluhfwlrq ri wkh wrsrorjlfdo
wruvlrq yhfwru lv wkhuprg|qdplfdoo| uhyhuvleoh1 Wkh sk|vlfdo v|vwhp lv qrw lq htxl0
oleulxp/ exw wkh glyhujhqfh iuhh Ae hyroxwlrqdu| surfhvv irufhv wkh Sid� glphqvlrq ri
Z wr eh }hur/ dqg wkh Sid� glphqvlrq ri T wr eh dw prvw 41 Lqghhg/ d glyhujhqfh iuhh
Ae hyroxwlrqdu| surfhvv kdv d Kdplowrqldq uhsuhvhqwdwlrq1 Lq wkh grpdlq ri Sid�
glphqvlrq 6 iru wkh Dfwlrq/ D/ wkh vxevhtxhqw frqwlqxrxv hyroxwlrq ri wkh v|vwhp/
D/ uhodwlyh wr wkh surfhvv Ae> surfhhgv lq dq hqhuj| frqvhuylqj pdqqhu/ uhsuhvhqwlqj
d %vwdwlrqdu|% ru %h{flwhg% vwdwh idu iurp htxloleulxp1 Wkhvh h{flwhg vwdwhv fdq
eh lqwhusuhwhg dv wkh hyroxwlrqdu| wrsrorjlfdo ghihfwv lq wkh Wxuexohqw glvvlsdwlyh
v|vwhp ri Sid� glphqvlrq 71 Wkh Wrsrorjlfdo Wruvlrq yhfwru ehfrphv dq dgldedwlf/
h{wuhpdo/ fkdudfwhulvwlf gluhfwlrq �hog lq wkh vsdfh ri jhrphwulf glphqvlrq 7/ exw
zkhuh wkh Sid� glphqvlrq ri wkh sk|vlfdo v|vwhp/ D> lv ri Sid� wrsrorjlfdo glphqvlrq
61

Rq d jhrphwulf grpdlq ri 7 glphqvlrqv/ dvvxph wkdw wkh hyroxwlrqdu| surfhvv
jhqhudwhg e| Ae vwduwv iurp dq lqlwldo frqglwlrq +ru vwdwh, zkhuh wkh Sid� wrsrorjlfdo
glphqvlrq ri D lv dovr 71 Ghshqglqj rq wkh vljq ri wkh glyhujhqfh ri Ae> wkh surfhvv
iroorzv dq luuhyhuvleoh sdwk iru zklfk wkh glyhujhqfh uhsuhvhqwv dq h{sdqvlrq ru d
frqwudfwlrq1 Li wkh luuhyhuvleoh hyroxwlrqdu| sdwk lv dwwudfwhg wr d uhjlrq +ru vwdwh,
zkhuh wkh Sid� wrsrorjlfdo glphqvlrq ri wkh 40irup ri Dfwlrq lv 6/ wkhq , �� ehfrphv
+ru kdv ghfd|hg wr, }hur1 Wkh }hur vhw ri wkh ixqfwlrq , �� gh�qhv d k|shuvxuidfh
lq wkh 7 glphqvlrqdo vsdfh1 Li wkh surfhvv uhpdlqv wudsshg rq wklv k|shuvxuidfh
ri Sid� glphqvlrq 6/ , �� uhpdlqv }hur/ dqg wkh Ae surfhvv ehfrphv dq h{wuhpdo/
dgldedwlf/ fkdudfwhulvwlf gluhfwlrq �hog1 Vxfk h{wuhpdo �hogv duh vxfk wkdw wkh yluwxdo
zrun 40irup ydqlvkhv/ Z ' lEAe�gD ' f> dqg wkh qrz uhyhuvleoh Ae surfhvv kdv d
Kdplowrqldq uhsuhvhqwdwlrq1 Wkh v|vwhp lv frqvhuydwlyh lq d Kdplowrqldq vhqvh/ exw
lw lv lq d %h{flwhg% vwdwh rq wkh k|shuvxuidfh wkdw lv idu iurp htxloleulxp/ dv wkh Sid�
glphqvlrq ri wkh 40irup ri Dfwlrq lv 6/ dqg qrw 51 +Li wkh sdwk lv dwwudfwhg wr d
uhjlrq zkhuh wkh ixqfwlrq , �� lv rvfloodwru|/ wkh v|vwhp hyroxwlrqdu| sdwk gh�qhv
d olplw f|foh1,

Wkh ixqgdphqwdo fodlp pdgh lq wklv prqrjudsk lv wkdw lw lv wkhvh wrsrorjlfdo
ghihfwv wkdw vhoi rujdql}h iurp wkh glvvlsdwlyh luuhyhuvleoh hyroxwlrq ri wkh Wxuexohqw
vwdwh lqwr %vwdwlrqdu|% vwdwhv idu iurp htxloleulxp wkdw irup wkh vwduv dqg wkh jdod{lhv
ri wkh frvprv dw d frvprorjlfdo ohyho1 Wkh| uhsuhvhqw wkh orqj olyhg uhpqdqwv ru zdnhv
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jhqhudwhg iurp luuhyhuvleoh surfhvvhv lq wkh glvvlsdwlyh qrq0htxloleulxp pdfurvfrslf
wxuexohqw  xlg1 Wkh| irup wkh h{flwhg txdqwxp vwdwhv dw wkh plfurvfrslf ohyho1

519 Wrsrorjlfdo Ioxfwxdwlrqv1

51914 H{whqvlrqv ri wkh Fduwdq0Kloehuw Dfwlrq 40irup iru �uvw rughu htxdwlrqv1

Wklv vxevhfwlrq frqvlghuv wkrvh sk|vlfdo v|vwhpv wkdw fdq eh ghvfulehg e| d Odjudqjh
ixqfwlrq OE^>�>w� dqg d 40irup ri Dfwlrq jlyhq e|=

D ' OE^n>�n>w�gwn Tn�Eg^
n � �ngw�> +51<5,

Wkh fodvvlf Dfwlrq/ OE^n>�n>w�gw/ lv h{whqghg wr lqfoxghg  xfwxdwlrqv lq wkh nlqh0
pdwlf yduldeohv1 Lw lv qr orqjhu dvvxphg wkdw wkh htxdwlrq ri Nlqhpdwlf shuihfwlrq
lv vdwlv�hg1 Ioxfwxdwlrqv ri wkh wrsrorjlfdo frqvwudlqw ri nlqhpdwlf shuihfwlrq duh
shuplwwhg=

Wrsrorjlfdo Ioxfwxdwlrqv lq gl�huhqwldo srvlwlrq

{^ ' Eg^n � �ngw� 9' f= +51<6,

Zkhq ghdolqj zlwk  xfwxdwlrqv/ wkh jhrphwulf glphqvlrq zloo qrw eh frq0
vwudlqhg wr 7 lqghshqghqw yduldeohv1 Dw �uvw jodqfh lw dsshduv wkdw wkh grpdlq ri
gh�qlwlrq lv d 6q.4 glphqvlrqdo ydulhw| ri lqghshqghqw edvh yduldeohv/ i^n>�n>wj= Gr
qrw dvvxph wkdw T lv frqvwudlqhg wr eh d mhw> h1j1/ Tn 9' CO@C�n= Lqvwhdg/ frqvlghu Tn
wr eh d +vhw ri, Odjudqjh pxowlsolhu+v, wr eh ghwhuplqhg odwhu1 Qrwh wkdw wkh Dfwlrq 40
irup kdv wkh irupdw xvhg lq wkh Fduwdq0Kloehuw lqyduldqw lqwhjudo ^Fkhuq 4<7;`/ h{fhsw
wkdw lw lv qrw dvvxphg wkdw Tn lv fdqrqlfdo> Tn 9' CO@C�n qhfhvvdulo|1 Dovr/ gr qrw dv0
vxph dw wklv vwdjh wkdw � lv d nlqhpdwlf yhorflw| ixqfwlrq/ vxfk wkdw Eg^n��ngw� , f=
Wkh fodvvlfdo lghd lv wr dvvhuw wkdw wrsrorjlfdo  xfwxdwlrqv lq nlqhpdwlf yhorflw| duh
uhodwhg wr suhvvxuh1

Iru wkh jlyhq Dfwlrq/ frqvwuxfw wkh Sid� vhtxhqfh iD> gD>D	gD> gD	gD===j lq
rughu wr ghwhuplqh wkh Sid� glphqvlrq ru fodvv ri wkh 40irup ^Olhehupdqq 4<;:`1 Wkh
wrs Sid!dq lv gh�qhg dv wkh qrq0}hur s0irup ri odujhvw ghjuhh s lq wkh vhtxhqfh,1
Wkh wrs Sid!dq iru wkh Fduwdq0Kloehuw Dfwlrq lv jlyhq e| wkh irupxod/

EgD�qn� ' Eqn ��-iPq
n'�ECO@Cy

n � sn�gy
nj	gs�	===gsq	gt

�	==gtq	gw> +51<7,

Wkh irupxod lv d elw vxusulvlqj lq wkdw lw lqglfdwhv wkdw wkh Sid� wrsrorjlfdo glphqvlrq
ri wkh Fduwdq0Kloehuw 40irup lv 5q.5/ dqg qrw wkh jhrphwulfdo glphqvlrq 6q.41 Iru
q @ 6 ghjuhhv ri iuhhgrp/ wkh wrs Sid!dq lqglfdwhv wkdw wkh wrsrorjlfdo ri Sid�
wrsrorjlfdo glphqvlrq ri wkh 50irup/ gD lv 2q n 2 ' H1 Wkh ydoxh 6q.4 pljkw eh
h{shfwhg dv wkh 40irup zdv gh�qhg lqlwldoo| rq d vsdfh ri 6q.4 �lqghshqghqw� edvh
yduldeohv1 Wkh lpsolfdwlrq lv wkdw wkhuh h{lvwv dq luuhgxfleoh qxpehu ri lqghshqghqw
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yduldeohv htxdo wr 5q.5 zklfk frpsohwho| fkdudfwhul}h wkh gl�huhqwldo wrsrorj| ri wkh
�uvw rughu v|vwhp ghvfulehg e| wkh Fduwdq0Kloehuw Dfwlrq1 Lw iroorzv wkdw wkh h{dfw
wzr irup/ gD> vdwlv�hv wkh htxdwlrqv

EgD�qn� 9' f> exw D	EgD�qn� ' f= +51<8,

Wkh irupdw ri wkh wrs Sid!dq uhtxluhv wkdw wkh eudfnhwhg idfwru iPq
n'�ECO@Cy

n �
sn�gy

nj fdq eh uhsuhvhqwhg e| d shuihfw gl�huhqwldo=

gV ' iPq
n'�ECO@Cy

n � sn�gy
nj +51<9,

Wkh uhvxow lv dovr wuxh iru dq| forvhg dgglwlrq � dgghg wr D> h1j1/ wkh uhvxow lv
�jdxjh lqyduldqw�1 Dgglwlrq ri d forvhg 40irup grhv qrw fkdqjh wkh Sid� glphqvlrq
iurp hyhq wr rgg1 Rq wkh rwkhu kdqg wkh uhvxow lv qrw uhqrupdol}hdeoh/ iru pxowlsol0
fdwlrq ri wkh Dfwlrq 40irup e| d ixqfwlrq fdq fkdqjh wkh dojheudlf Sid� glphqvlrq
iurp hyhq wr rgg1

Rq wkh 5q.5 grpdlq/ wkh frpsrqhqwv ri 5q.4 irup W ' D	EgD�q jhqhudwh
zkdw lv khuhlq gh�qhg dv wkh Wruvlrq Fxuuhqw1 Wkh frh!flhqwv ri wkh 5q.4 irup duh
frpsrqhqwv ri d frqwudyduldqw yhfwru ghqvlw| Ap gh�qhg dv wkh Wrsrorjlfdo Wruvlrq
yhfwru/ wkh vdph frqfhsw dv gh�qhg lq wkh suhylrxv fkdswhu/ exw qrz h{whqghg wr
5q.5 glphqvlrqv1 Wklv yhfwru lv ruwkrjrqdo +wudqvyhuvdo, wr wkh 5q.5 frpsrqhqwv
ri wkh fryhfwru/ �p= Lq rwkhu zrugv/

D	W ' D	ED	EgD�q� ' f , lEA�ED� '
S

Ap�p ' f= +51<:,

Wklv uhvxow ghprqvwudwhv wkdw wkh h{whqghg Wrsrorjlfdo Wruvlrq yhfwru uhsuhvhqwv dq
dgldedwlf surfhvv1 Wklv wrsrorjlfdo uhvxow grhv qrw ghshqg xsrq jhrphwulf lghdv vxfk
dv phwulf1 Wkh Wrsrorjlfdo Wruvlrq yhfwru kdv douhdg| dsshduhg deryh/ zkhuh lw zdv
ghprqvwudwhg rq d vsdfh ri 7 lqghshqghqw yduldeohv/ wkdw hyroxwlrq lq wkh gluhfwlrq
ri wkh Wrsrorjlfdo Wruvlrq yhfwru lv luuhyhuvleoh lq d wkhuprg|qdplf vhqvh/ vxemhfw wr
wkh v|psohfwlf frqglwlrq ri qrq0}hur glyhujhqfh/ ru wkdw gD	gD lv qrw }hur1

Wkh 5q.5 v|psohfwlf grpdlq vr frqvwuxfwhg fdq qrw eh frpsdfw zlwkrxw
erxqgdu| iru lw kdv d yroxph hohphqw zklfk lv h{dfw1 Iru wkh 5q.5 grpdlq wr eh
v|psohfwlf/ wkh wrs Sid!dq fdq qhyhu ydqlvk1 Wkh grpdlq lv wkhuhiruh rulhqwdeoh1
H{dplqdwlrq ri wkh frqvwudlqw wkdw wkh v|psohfwlf vsdfh eh ri glphqvlrq 5q.5 lp0
solhv wkdw wkh Odjudqjh pxowlsolhuv/ Tn/ fdqqrw eh xvhg wr gh�qh prphqwd lq wkh
fodvvlfdo �frqmxjdwh ru fdqrqlfdo� pdqqhu1 Gh�qh wkh qrq0fdqrqlfdo frpsrqhqwv ri
wkh prphqwxp dv

Qrq0fdqrqlfdo prphqwxp 'm

'm ' Esm � CO@Cym� +51<;,
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vxfk wkdw wkh wrs Sid!dq fdq eh zulwwhq dv

EgD�qn� ' Eqn ��-iPq
m'�'mgy

mj	gs�	===gsq	gt
�	==gtq	gw= +51<<,

Iru wkh Fduwdq Kloehuw Dfwlrq wr eh ri Sid� wrsrorjlfdo glphqvlrq 5q.5/ wkh
idfwru iPq

m'�'mgy
mj 9' f= Lw lv lpsruwdqw wr qrwh/ krzhyhu/ wkdw wkh 40irup Pq

m'�'mgy
m

lv h{dfw=

Pq
m'�'mgy

m ' gVy +51433,

Whqwdwlyho|/ wklv ixqfwlrq Vy zloo eh gh�qhg dv wkh Wrsrorjlfdo Hqwurs| uhodwlyh wr
 xfwxdwlrqv ri gl�huhqwldo srvlwlrq1

Krzhyhu/ li e| vrph hyroxwlrqdu| surfhvv/ zklfk lqgxfhv ruwkrjrqdolw|/

Ruwkrjrqdolw|

iPq
m'�'mgy

mj ' gVy , f> +51434,

ru wkh wrsrorjlfdo frqvwudlqw wkdw wkh prphqwd ehfrph fdqrqlfdo

Fdqrqlfdo Prphqwd

sn ' CO@Cyn> +51435,

lw iroorzv wkdw wkh Fduwdq0Kloehuw Dfwlrq ghfuhdvhv lwv wrsrorjlfdo glphqvlrq
wr 5q.41 Wklv 5q.4 Frqwdfw pdqlirog lv wkh vwdwh vsdfh ri fodvvlfdo phfkdqlfv1
Zkhq wkdw Dfwlrq 40irup jhqhudwhv d Frqwdfw pdqlirog/ wkhuh lv dozd|v d xqltxh h{0
wuhpdo yhfwru �hog zklfk jhqhudwhv d v|vwhp ri �uvw rughu RGH*v nqrzq dv Kdplowrq*v
htxdwlrqv ghvfulelqj wkh h{wuhpdo surfhvv1 Li dw vxevhtxhqw vwhsv wkh gl�huhqwldov
gsn ehfrph }hur wkh glphqvlrqdolw| ri wkh 5q.5 pdqlirog ehfrphv wkh frq�jxudwlrq
vsdfh pdqlirog ri glphqvlrq q.41 Li wkh Sid� glphqvlrq ri D lv htxdo wr 4 zkhq D
lv uhvwulfwhg wr wkh vxepdqlirog/ wkh htxloleulxp vwdwh kdv ehhq gh�qhg lq zklfk wkh
hqwurs| ixqfwlrq/ V/ lv d frqvwdqw> h1j1/ gVy ' f=

Wkh lpsruwdqw idfwv duh wkdw wkhuh duh wzr fodvvhv ri surfhvvhv wkdw fdq uhs0
uhvhqw wkh wrsrorjlfdo fkdqjh iurp d Sid� wrsrorjlfdo glphqvlrq 5q.5 wr d Sid�
wrsrorjlfdo glphqvlrq ri 5q.41 Wkh 5q.5 v|vwhp vxssruwv wkhuprg|qdplfdoo| lu0
uhyhuvleoh glvvlsdwlyh surfhvvhv1 Wkh 5q.4 v|vwhp vxssruwv vwdwlrqdu| uhyhuvleoh
Kdplowrqldq surfhvvhv1 Wkh wzr fodvvhv ri surfhvvhv duh glvwlqjxlvkhg e| wkh surs0
huw| wkdw wkh yhorflw| �hog lv ruwkrjrqdo wr wkh qrq0fdqrqlfdo prphqwd/ ru wkh surfhvv
fdxvhv wkh qrq0fdqrqlfdo prphqwd wr ydqlvk1

Li wkh grpdlq ri gh�qlwlrq lv frqvwudlqhg vxfk wkdw wkh prphqwd duh gh�qhg
fdqrqlfdoo|/ CO@Cyn � sn ' f> wkhq wkh 50irup gD grhv qrw gh�qh d v|psohfwlf
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pdqlirog ri Sid� wrsrorjlfdo glphqvlrq 5q.5/ exw wkh 50irup grhv gh�qh Frqwdfw
vwuxfwxuh rq 5q.4 zlwk wkh irupxod iru wkh Wrs Sid!dq jlyhq e| wkh h{suhvvlrq1

D	EgD�q ' q-isny
n � OEw> tn> yn�jgs�	===gsq	gt

�	==gtq	gw= +51436,

Wkh frh!flhqw lq eudfnhwv lv uhfrjql}hg dv wkh Ohjhqguh wudqvirup ri wkh Odjudqjldq
surgxflqj wkh irupdw ri wkh fodvvlf Kdplowrqldq hqhuj|1 Lw lv wklv 5q.4 glphqvlrqdo
frqwdfw pdqlirog wkdw vhuyhv dv wkh duhqd iru prvw ri fodvvlfdo phfkdqlfv sulru wr
4<88/ hvshfldoo| iru wkrvh wkhrulhv zklfk zhuh exlow iurp wkh fdofxoxv ri yduldwlrqv1
Wkh 5q.4 glphqvlrqdo frqwdfw pdqlirog/ ru vwdwh vsdfh/ dgplwv d xqltxh �h{wuhpdo�
hyroxwlrqdu| �hog/ lEV�gD ' f/ wkdw vdwlv�hv �Kdplowrq*v htxdwlrqv�1 Wkh frh!0
flhqw ri wkh vwdwh vsdfh yroxph lv wr eh uhfrjql}hg dv wkh Ohjhqguh wudqvirup ri wkh
sk|vlflvw*v Kdplowrqldq hqhuj| ixqfwlrq1

OEw> tn> yn� ' sny
n �KEw> tn> yn> sn� +51437,

Zkhq wkh frqvwudlqwv ri fdqrqlfdo prphqwd duh ydolg/ lw iroorzv wkdw

CKEw> tn> yn> sn�@Cy
n ' f= +51438,

Wklv uhvxow lv lqwhusuhwhg e| wkh vwdwhphqw wkdw wkh �Kdplowrqldq� lv wr eh h{suhvvhg
lq whupv ri wkh yduldeohv iw> tn> snj rqo|1 Wkh Wrs Sid!dq ehfrphv

D	EgD�q ' q-iKEw> tn> sn�jgs�	===gsq	gt
�	==gtq	gw= +51439,

Wkh 5q.4 vsdfh pdlqwdlqv lwv frqwdfw vwuxfwxuh dv orqj dv wkh �wrwdo Kdplowrqldq
hqhuj|� lv qhyhu }hur/ dqg wkh prphqwd duh fdqrqlfdoo| gh�qhg1

Li ixuwkhu wrsrorjlfdo hyroxwlrq fdxvhv wkh Sid� wrsrorjlfdo glphqvlrq wr fkdqjh
iurp 5q.5 wr 5q/ wkhq lw iroorzv wkdw wkh Kdplowrqldq hqhuj| pxvw ydqlvk1 Wkdw lv
+xvlqj wkh fdqrqlfdo frqvwudlqw,/ uhgxfwlrq ri wkh Sid� glphqvlrq iurp 5q.4 wr 5q
+vwdwh vsdfh wr skdvh vsdfh, uhtxluhv wkdw wkh OdJudqjh ixqfwlrq eh krprjhqhrxv ri
ghjuhh 4 lq wkh yhorflwlhv/ yn=

iynCOEw> tn> yn�@Cyn � OEw> tn> yn�j , f= +5143:,

Wkh uhvxow lv uhpdundeoh lq wkdw wkh frqfhsw ri d Ilqvohu vsdfh lv suhflvho| wkdw zkhuh
wkh frh!flhqw isnyn � OEw> t> yj ri wkh 5q.4 pdqlirog ydqlvkhv1 Wkhvh frqvwudlqwv/
ri fdqrqlfdo prphqwxp dqg wkdw wkh Odjudqjldq eh krprjhqhrxv ri ghjuhh 4 lq wkh
yhorflwlhv/ duh suhflvho| Fkhuq*v frqvwudlqwv xvhg wr gh�qh d Ilqvohu vsdfh ^Fkhuq 4<7;`
zklfk dgplwv qrq0Ulhpdqqldq jhrphwulhv +zkhq wkh Odjudqjh ixqfwlrq frqwdlqv pruh
wkdq txdgudwlf srzhuv ri � � dqg vsdfhv zlwk wruvlrq ^Euloorxlq 4<97`1 Qrwh wkdw wkh
surfhvvhv ri wrsrorjlfdo uhgxfwlrq ghvfulehg deryh duh qrw htxlydohqw wr iruplqj dq
duelwudu| vhfwlrq+v, lq wkh irup ri krorqrplf frqvwudlqwv1
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51915 Wkhuprg|qdplfv dqg Wrsrorjlfdo Ioxfwxdwlrqv ri Zrun

Wrsrorjlfdo  xfwxdwlrqv duh dgplwwhg zkhq wkh hyroxwlrqdu| yhfwru gluhfwlrq �hogv
duh qrw vlqjo| sdudphwul}hg1 Lw lv klvwrulfdo wr frqvlghu wkh lqwhusuhwdwlrqv ri htxlole0
ulxp vwdwlvwlfdo  xfwxdwlrqv lq whupv ri suhvvxuh dqg whpshudwxuh1 Wkhvh frqfhswv
duh dvvxphg wr eh wudqvsruwhg wr wrsrorjlfdo  xfwxdwlrqv=

Ioxfwxdwlrqv lq srvlwlrq +suhvvxuh, = g^� �gw ' {^ 9' f +5143;,

Ioxfwxdwlrqv lq yhorflw| +whpshudwxuh, = g� � @gw ' {� 9' f +5143<,

Wkhvh %idloxuhv% ri nlqhpdwlf shuihfwlrq xqgr wkh wrsrorjlfdo uh�qhphqwv lpsrvhg e|
d %nlqhpdwlf sduwlfoh% srlqw ri ylhz/ dqg sodfh hpskdvlv rq wkh frqwlqxxp phwkrgv
lqkhuhqw lq  xlgv dqg sodvpdv1

Iru wkh pd{lpdo qrq0fdqrqlfdo v|psohfwlf sk|vlfdo v|vwhp ri Sid� glphqvlrq
5q.5/ frqvlghu hyroxwlrqdu| surfhvvhv wr eh uhsuhvhqwdeoh e| yhfwru �hogv ri wkh
irup �Y�qn� ' �i�> @> u > �j> uhodwlyh wr wkh lqghshqghqw yduldeohv i^>�>T> wj= Xvh wkh
Fduwdq pdjlf irupxod gh�qlwlrq ri wkh �yluwxdo zrun� 40irup/ Z / dv Z ' lE`�gD=
Wkh Zrun 40irup pxvw ydqlvk iru wkh h{wuhpdo fdvh/ dqg eh qrq0}hur/ exw forvhg/ iru
wkh v|psohfwlf fdvh1

Iluvw frpsxwh wkh 50irup/ gD iurp wkh Fduwdq0Kloehuw Dfwlrq=

gD ' iCO@Cyn � snjE{yn�	gwn igsn � CO@C{ngwj	E{tn� +51443,

Wkhq frpsxwh wkh Zrun 40irup

Z ' E�Y�qn��gD ' iT� CO@C�j �{� n iu � CO@C^j �{^ +51444,

Qrwh wkdw iT � CO@C�j lv wkh gh�qlwlrq ri wkh qrq0fdqrqlfdo prphqwxp/ '/ dqg
iu � CO@C^j uhsuhvhqwv wkrvh frpsrqhqwv ri wkh irufh wkdw duh qrw frqvhuydwlyh1
Zkhq wkh  xfwxdwlrqv lq yhorflw| duh }hur +whpshudwxuh, dqg wkh  xfwxdwlrqv lq
srvlwlrq duh }hur +suhvvxuh,/ wkhq wkh zrun 40irup zloo ydqlvk/ dqg wkh surfhvv dqg
sk|vlfdo v|vwhp dgplwv dq h{wuhpdo Kdplowrqldq uhsuhvhqwdwlrq1 Rq wkh rwkhu kdqg
li wkh  xfwxdwlrqv lq yhorflw| duh qrw }hur dqg wkh  xfwxdwlrqv lq srvlwlrq duh qrw
}hur/ wkhq wkh Zrun 40irup ydqlvkhv rqo| li wkh prphqwd +wkh Odjudqjh pxowlsolhuv/
T> duh fdqrqlfdoo| gh�qhg +iT�CO@C�j , f, dqg wkh Qhzwrqldq irufh lv d judglhqw/
iu�CO@C j , f= Wkhvh wrsrorjlfdo frqvwudlqwv duh xeltxlwrxvo| dvvxphg lq fodvvlfdo
frqvhuydwlyh Kdplowrqldq phfkdqlfv1

Zkhq doo wrsrorjlfdo  xfwxdwlrqv ydqlvk/ wkhq wkh Sid� glphqvlrq ri wkh zrun
40irup lv dovr }hur1 Wklv lv d vx!flhqw exw qrw qhfhvvdu| frqglwlrq iru htxloleulxp1WW

Lw lv srvvleoh wkdw zkhq wkh prphqwd duh fdqrqlfdo/ dqg wkh irufh lv frqvhuydwlyh/

��Lqdqlpdwh lv shukdsv d ehwwhu ghvfulswlrq ri wkh vwdwh zlwk }hur  xfwxdwlrqv1
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wkh htxloleulxp vwdwh fdq dgplw  xfwxdwlrqv/ dqg |hw wkh Zrun 40irup ydqlvkhv/ dqg
wkh Khdw 40irup lv h{dfw1 Wklv uhvxow irupv wkh edvlv iru d vwdwlvwlfdo dqdo|vlv ri wkh
htxloleulxp vwdwh +zklfk lv pruh ru ohvv ljqruhg lq wklv prqrjudsk,1

Ioxfwxdwlrqv lq Sid� wrsrorjlfdo glphqvlrq 5q.5 dqg 5q.4

Zkhq wkh 50irup gD lv qrq0}hur/ doo surfhvvhv dfwlqj rq wkh Fduwdq Kloehuw Dfwlrq/
jhqhudwh d zrun 40irup ri wkh irup jlyhq lq htxdwlrq +51444,1 Wkh pd{lpxp wrsrorj0
lfdo glphqvlrq iru wkh Fduwdq0Kloehuw Dfwlrq lv 5q.51 Vxssrvh wkdw wkh 50irup gD lv
frqvwuxfwhg lq whupv ri wkhvh %5q.5 wrsrorjlfdo frruglqdwhv%1 Wkh 50irup gD lv vdlg
wr eh qrq0ghjhqhudwh/ ru ri pd{lpdo udqn/ rq wkh 5q.5 glphqvlrqdo vsdfh lq uhjlrqv
zkhuh wkh dqwlv|pphwulf pdwul{ uhsuhvhqwlqj gD kdv qr }hur hljhqydoxhv1 +Uhfdoo
wkdw forvhg qrq0ghjhqhudwh 50irupv gh�qh d v|psohfwlf vwuxfwxuh ^Olhehupdqq 4<;:`,1
Krzhyhu/ wkhuh pd| h{lvw vlqjxodulwlhv lq wkh vsdfh ri wrsrorjlfdo frruglqdwhv 5q.5
zkhuh wkh 50irup gD ehfrphv %vlqjxodu%1 Lq vxfk uhjlrqv wkh 50irup gD ehfrphv gh0
jhqhudwh dqg dgplwv }hur hljhqydoxhv1 Vxfk uhjlrqv/ vd| ri Sid� glphqvlrq 5q.4/ fdq
eh frqvlghuhg wr eh wrsrorjlfdo ghihfwv lq wkh 5q.5 wrsrorjlfdo grpdlq1 Lq vxfk vxe0
vsdfhv/ wkh 50irup gD h{suhvvhg lq whupv ri wkh 5q.5 wrsrorjlfdo frruglqdwhv/ dgplwv
wzr qxoo hljhqyhfwruv1 Dv wkh hljhq ydoxhv ri dq dqwl0v|pphwulf pdwul{ frph lq sdluv/
yhfwruv uhsuhvhqwlqj wrsrorjlfdo ghihfwv ri wkh v|psohfwlf grpdlq duh qrw xqltxh/ d
zhoo nqrzq uhvxow ri wkh fdofxoxv ri yduldwlrqv kdylqj hqyhorsh vroxwlrqv1 Rqh ri
wkhvh qxoo hljhq yhfwruv +ri 5q.5 frpsrqhqwv, lv wkh xqltxh Kdplowrqldq0h{wuhpdo
�hog/ dqg wkh rwkhu lv wkh wrsrorjlfdo wruvlrq yhfwru +ri 5q.5 frpsrqhqwv,/ zklfk lv
uhgxfhg wr d Fkdudfwhulvwlf yhfwru uhodwlyh wr wkh Dfwlrq lq wkh vxevsdfh ri wrsrorjlfdo
ghihfwv1 Wkh Fkdudfwhulvwlf yhfwru lv htxlydohqw wr wkh Wrsrorjlfdo Wruvlrq yhfwru/
li wkh glyhujhqfh ri wkh wrsrorjlfdo wruvlrq yhfwru lv }hur1 Surfhvvhv gh�qhg e| wkh
h{wuhpdo �hog ru wkh fkdudfwhulvwlf �hog +ghjhqhudwh wrsrorjlfdo wruvlrq yhfwru, duh
wkhuprg|qdplfdoo| luuhyhuvleoh1 Wkh surfhvv jhqhudwhg e| wkh wrsrorjlfdo wruvlrq
yhfwru zlwk qrq0}hur glyhujhqfh lv wkhuprg|qdplfdoo| luuhyhuvleoh1

Wkhvh idfwv fdq qrz eh frpelqhg zlwk wkh h{suhvvlrq iru wkh zrun 40irup
jlyhq lq htxdwlrq +51444,1 Lq wkh uhjlrqv zkhuh gD lv qrq ghjhqhudwh/ wkh Zrun
fdqqrw ydqlvk +dv wklv zrxog lpso| d qxoo hljhqyhfwru,1 Lw iroorzv wkdw wkh iroorzlqj
7 vlwxdwlrqv duh QRW doorzhg zkhq gD lv ri pd{lpdo udqn1

41 Fdqrqlfdo prphqwxp dqg judglhqw irufhv

iT� CO@C�j ' f dqg iu � CO@C^j ' f +51445,

51 Fdqrqlfdo prphqwxp dqg }hur nlqhpdwlf  xfwxdwlrqv lq srvlwlrq1

iT� CO@C�j ' f dqg {^ ' f +51446,

61 ]hur nlqhpdwlf  xfwxdwlrqv lq yhorflw| dqg judglhqw irufhv

{� ' f dqg iu � CO@C^j ' f +51447,
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71 ]hur nlqhpdwlf  xfwxdwlrqv lq yhorflw| dqg ]hur nlqhpdwlf
 xfwxdwlrqv lq srvlwlrq

{� ' f dqg {^ ' f +51448,

Frqyhuvho|/ zkhq gD jhqhudwhv d frqwdfw pdqlirog ri Sid� wrsrorjlfdo glphq0
vlrq 5q.4/ rqh ri wkh irxu fdvhv deryh pxvw eh wuxh1 Lq wkh frqwdfw 5q.4 grpdlq/
krzhyhu/ wkhuh h{lvwv d xqltxh yhfwru �hog zlwk d qxoo hljhq ydoxh/ vxfk wkdw wkh ylu0
wxdo zrun 40irup lqghhg ydqlvkhv= Z ' lEj�gD ' f1 Wklv uhvxow vhuyhv dv wkh edvlv ri
wkh g*Dohpehuw sulqflsoh1 Dq hohphqwdu| fdvh lv edvhg xsrq wkh dvvxpswlrq wkdw 7
lv ydolg1 Wkdw lv/ wkhuh h{lvwv d nlqhpdwlf ghvfulswlrq ri wkh surfhvv dw erwk wkh �uvw
dqg wkh vhfrqg rughu +yhorflwlhv dqg dffhohudwlrqv duh vlqjo| sdudphwhul}hg,1 Dqrwkhu
fdvh wkdw lv frpprq lv edvhg rq wkh dvvxpswlrq wkdw wkh prphqwxp lv fdqrqlfdoo|
gh�qhg1 Wkhq/ iru wkh Frqwdfw h{wuhpdo fdvh wr h{lvw/ dqg dv iT � CO@C�j ' f/ lw
lv qhfhvvdu| wkdw wkh zrun 40irup uhgxfhv wr ydqlvklqj h{suhvvlrq

Z ' iu � CO@C^j �{t , f lq wkh h{wuhpdo fdvh1 +51449,

Wkh h{wuhpdo frqvwudlqw lv vdwlv�hg zkhq wkh eudfnhw idfwru ydqlvkhv/ zklfk lv wkhq
wkh htxlydohqw ri wkh Odjudqjh0Hxohu htxdwlrqv ri fodvvlfdo phfkdqlfv1 Krzhyhu/ wkh
Frqwdfw frqvwudlqwv duh dovr vdwlv�hg zkhq wkh irufh lv d judglhqw �hog/ ru wkhuh h{lvw
}hur  xfwxdwlrqv lq srvlwlrq/ ru wkh qrq0}hur frpsrqhqwv ri wkh irufh +wkh rwkhuzlvh
glvvlsdwlyh frpsrqhqwv, duh ruwkrjrqdo wr wkh nlqhpdwlf  xfwxdwlrqv lq srvlwlrq1

Ehuqrxool0Kdplowrqldq Surfhvvhv dqg  xfwxdwlrqv lq Zrun

D Ehuqrxool0Kdplowrqldq surfhvv lv qrw xqltxho| gh�qhg e| wkh 40irup ri Dfwlrq
uhsuhvhqwlqj wkh sk|vlfdo surfhvv1 +Wkh h{wuhpdo gluhfwlrq �hog lq 5q.4 dqg wkh
wrsrorjlfdo wruvlrq gluhfwlrq �hog lq 5q.5 duh xqltxho| gh�qhg e| wkh 40irup ri Dfwlrq
uhsuhvhqwlqj wkh sk|vlfdo v|vwhp1, Uhfdoo wkdw d Ehuqrxool0Kdplowrqldq surfhvv lv
gh�qhg e| wkh Zrun 40irup ehlqj qrq0}hur dqg h{dfw/ Z ' lEj�gD ' gX 9' f> zkhuh
X lv dq duelwudu| ixqfwlrq/ riwhq fdoohg d �Fdvlplu� 0ru vrphzkdw lqdssursuldwho|/
d �Kdplowrqldq�1 Lq qrq0vlqjxodu uhjlrqv zkhuh wkh 40irup D lv ri Sid� glphqvlrq
5q.5/ dqg lv qrq0ghjhqhudwh/ wkh ixqfwlrqv X duh qhyhu frqvwdqw dqg qhyhu zlwkrxw
d judglhqw1 Dowkrxjk qrw frqvwdqwv ryhu wkh grpdlq/ wkhvh �srwhqwldo� ru �hqhuj|�
ixqfwlrqv X duh hyroxwlrqdu| lqyduldqwv ri wkh surfhvv/ j1

Prvw hqjlqhhuv dqg dssolhg vflhqwlvwv kdyh d juhdwhu dssuhfldwlrq iru wkhvh
ixqfwlrqv zkhq lw lv srlqwhg rxw wkdw wkh| duh htxlydohqw wr wkh Ehuqrxool lqyduldqwv lq
k|gurg|qdplfv dqg wkh wkhuprg|qdplf srwhqwldov lq fodvvlfdo wkhuprg|qdplfv1 Wkh
hqjlqhhu zrxog fdoo X d Ehuqrxool �frqvwdqw�/ d ixqfwlrq lqyduldqw dorqj d vwuhdpolqh/
exw zklfk kdv gl�huhqw ydoxhv iru gl�huhqw qhljkerulqj vwuhdpolqhv= X ' ES n �jkn
�y2@2�Y ro=
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Wr suryh wkdw wkh Ehuqrxool0Fdvlpluv duh dozd|v hyroxwlrqdu| lqyduldqwv zlwk
uhvshfw wr wkh yhfwru �hogv/ j/ frqvwuxfw wkh Olh gl�huhqwldo ri X zlwk uhvshfw wr `=

OEj�X ' lEj�gXn gElEj�X� ' lEj�lEj�gDn gElEj�X� ' f n f= +5144:,

Erwk wkh �uvw dqg vhfrqg whupv ydqlvk dojheudlfdoo|1 Krzhyhu/ iru wkh fodvvlf �Kdplo0
wrqldq� gh�qhg deryh lq whupv ri wkh Ohjhqguh wudqvirupdwlrq/KEw> t> y> s� ' isnyn�
OEw> t> yj> d gluhfw frpsxwdwlrq lqglfdwhv wkdw wkh Kdplowrqldq qhhg qrw eh dq lqydul0
dqw ri d v|psohfwlf surfhvv 0 hyhq li wkh Kdplowrqldq lv h{solflwo| wlph lqghshqghqw1
Iru frqvlghu wkh hyroxwlrqdu| htxdwlrq/

OEj�K ' lEj�gK ' iECK@C^� � �n ECK@CT� � u n ECK@C�� � @n ECK@Cw�j +5144;,

ru htxlydohqwo|

OEj�K ' iET� CO@C�� � @n Eu � CO@C^� � � � ECO@Cw�j= +5144<,

Iru wkh grpdlq ri wkh Fduwdq0Kloehuw Dfwlrq zklfk lv ri Sid� wrsrorjlfdo glphqvlrq
5q.5/ wkh �uvw idfwru ri wkh �uvw whup fdqqrw ydqlvk1 Wkh �uvw idfwru ri wkh vhfrqg
whup/ zkhq vhw wr }hur/ lv htxlydohqw wr wkh fodvvlfdo Odjudqjh0Hxohu htxdwlrqv/ dqg
wkh irufhv duh frqvhuydwlyh judglhqw �hogv1 Vxssrvh wkdw ECO@Cw� ' �ECK@Cw� ' f>
dqg wkh qrq0frqvhuydwlyh irufhv duh ruwkrjrqdo wr wkh yhorflwlhv/ wkhq/ hyhq lq wklv
fdvh/ li wkh dffhohudwlrqv @ duh vxfk wkdw ET�CO@C���@ 9' f> wkh �Kdplowrqldq hqhuj|�
K> lv qrw dq hyroxwlrqdu| lqyduldqw uhodwlyh wr j= \hw wkh Ehuqrxool0Fdvlplu hqhujlhv
duh hyroxwlrqdu| lqyduldqwv uhodwlyh wr j1 D vlpsoh h{dpsoh ri wklv vlwxdwlrq lv
zkhuh wkh phfkdqlfdo +Kdplowrqldq, hqhuj| ri d v|vwhp ghfd|v wr shukdsv vrph qrq0
}hur ydoxh dw d vlqjxodu srlqw ri wkh 5q.5 grpdlq/ exw wkh dqjxodu prphqwxp vwd|v
frqvwdqw gxulqj wkh surfhvv1 Qxphulfdo vlpxodwlrqv ri vxfk hyroxwlrqdu| srvvlelolwlhv
lq  xlgv kdyh ehhq vwxglhg e| Fduqhydoh ^Fduqhydoh 4<<3`1

Wkhuprg|qdplf Srwhqwldov dv Ehuqrxool hyroxwlrqdu| lqyduldqwv1

Lqwhuhvwlqj fruuhvsrqghqfhv fdq eh pdgh ehwzhhq Ehuqrxool hyroxwlrqdu| lqyduldqwv
dqg wkh wkhuprg|qdplf srwhqwldov ri fodvvlfdo wkhuprg|qdplfv1 Uhjdug wkh htxdwlrq
iru wkh zrun 40irup jhqhudwhg e| dq duelwudu| surfhvv dfwlqj rq d sk|vlfdo v|vwhp
hqfrghg ex| wkh Fduwdq0Kloehuw 40irup ri Dfwlrq/ zklfk lv frqvwudlqhg e| d Ehuqrxool
surfhvv wr eh d shuihfw gl�huhqwldo=

Z ' iT� CO@C�j �{� n iu � CO@C^j �{^ , gX +51453,

Wkh �uvw whup lq wkh h{suhvvlrq iru Z> zklfk ghshqgv rq gl�huhqwldo  xfwxdwlrqv/
{�> vxjjhvwv d uhodwlrqvkls wr wkh wkhuprg|qdplf Khopkrow} iuhh hqhuj| +ixqfwlrqv
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ri wkh w|sh WV wkdw lqyroyh whpshudwxuh, dqg wkh vhfrqg whup / zklfk ghshqgv rq
gl�huhqwldo  xfwxdwlrqv/ {^> vxjjhvw d uhodwlrqvkls wr wkh wkhuprg|qdplf Hqwkdos|
+ixqfwlrqv ri wkh w|sh SY wkdw lqyroyh suhvvxuh,1 Wkh frpelqdwlrq ri wkh wzr w|shv
vxjjhvwv d uhodwlrqvkls wr wkh Jleev iuhh hqhuj| +ixqfwlrqv ri wkh w|sh WV � SY , ri
forvhg wkhuprg|qdplf v|vwhpv dqg uhyhuvleoh surfhvvhv1

Z ' iT� CO@C�j �{�n iu � CO@C^j �{^ ' gX +51454,

, � gEWV� n gESY � ' gX= +51455,

Qrwh wkdw iru orfdoo| dgldedwlf Ehuqrxool surfhvvhv/

lE[�OEj�D ' lE[�lE[�gDn lE[�gElE[�D ' lE[�T ' f +51456,

' lE[�gEX n X� ' OEj�EX n X� ' f= +51457,

Lq rwkhuzrugv/ ghshqglqj rq wkh fkrlfh ri wkh Ehuqrxool ixqfwlrq/ X/ uhsuhvhqwlqj wkh
Zrun 40irup lq whupv ri frqvwudlqhg wrsrorjlfdo  xfwxdwlrqv/ wkh iroorzlqj hyroxwlrq0
du| lqyduldqwv duh ghwhuplqhg1

OEj�EX � WV n SY � ' OEj�EJ� ' f> Jleev Srwhqwldo +51458,

OEj�EX n SY � ' OEj�EK� ' f> Hqwkdos| Srwhqwldo +51459,

OEj�EX � WV� ' OEj�ED� ' f> Khopkrow} Srwhqwldo +5145:,

OEj�EX� ' OEj�EX� ' f> Lqwhuqdo Srwhqwldo1 +5145;,

Khqfh/ wkh hpslulfdo wkhuprg|qdplf srwhqwldov/ pruh wkdq 433 |hduv rog lq
frqfhsw/ duh wr eh uhfrjql}hg dv wkh Ehuqrxool0Fdvlplu hyroxwlrqdu| lqyduldqwv ri
surfhvvhv wkdw dgplw wrsrorjlfdo  xfwxdwlrqv1 Wkhvh surfhvvhv fdq h{lvw rq v|p0
sohfwlf vsdfhv ri wrsrorjlfdo glphqvlrq 5q.5/ zkhuh wkh Zrun 40irup grh qrw ydqlvk1
Wkh qhhg iru uhfrjql}lqj wkh gl�huhqfhv ehwzhhq phfkdqlfdo hqhuj| dqg wkh wkhu0
prg|qdplf hqhujlhv zdv glvfxvvhg e| Vwxnh ^Vwxnh 4<<6`/ zkhuh/ zlwkrxw phqwlrq
ri v|psohfwlf hyroxwlrq/ kh ghgxfhv wkh qhhg iru �dffhohudwlrq � srwhqwldov lq fhu0
wdlq glvvlsdwlyh v|vwhpv1 Wkhvh dffhohudwlrq srwhqwldov/ zklfk fdq eh vkrzq wr eh
wkh htxlydohqw ri Ehuqrxool0Fdvlplu ixqfwlrqv/ zhuh xvhg e| Vwxnh wr frqvwuxfw wkh
Hqwkdos| dqg Jleev iuhh hqhuj| lq fhuwdlq k|gurg|qdplf h{dpsohv1

Wkh wkhuprg|qdplf frqfhswv ri suhvvxuh dqg whpshudwxuh duh h{solflwo| devhqw
iurp wkdw fodvvlfdo phfkdqlfv zklfk kdv irfxvhg dwwhqwlrq rq wkh h{wuhpdo frqwdfw
pdqlirogv ri glphqvlrq 5q.4/ dqg zklfk kdv ljqruhg wkh frqfhsw ri wrsrorjlfdo gli0
ihuhqwldo  xfwxdwlrqv rq v|psohfwlf vsdfhv ri glphqvlrq 5q.51 Lw lv vxjjhvwhg wkdw
wkh rffxuuhqfh ri d suhvvxuh judglhqw/ ru d whpshudwxuh judglhqw vkrxog eh wdnhq dv
wkh vljqdwxuh ri d v|psohfwlf surfhvv1
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Rq d v|psohfwlf grpdlq ri glphqvlrq 5q.5/ xqltxh xeltxlwrxv h{wuhpdo �hogv
ri fodvvlfdo Kdplowrqldq phfkdqlfv gr qrw h{lvw1 Wkhuh duh qr vroxwlrqv wr wkh h{0
wuhpdo htxdwlrq lEV�gD ' f/ rq wkh v|psohfwlf grpdlq/ exw wkhuh gr h{lvw qrq0xqltxh
yhfwru �hogv V wkdw vdwlvi| wkh Khopkrow} frqvwudlqw htxdwlrq/ gElEV�gD� ' f= Lq wkh
vxevhw ri h{dfw fdvhv/ zkhuh lEV�gD ' gX> wkhvh yhfwru �hogv jhqhudwh �Kdplowrqldq0
olnh� g|qdplfdo v|vwhpv/ ru surfhvvhv/ +rq wkh 5q.4 vxepdqlirog wudqvyhuvdo wr gX,/
vlplodu wr wkh g|qdplfdo v|vwhpv wkdw duh dvvrfldwhg zlwk wkh 5q.4 frqwdfw pdql0
irogv ri fodvvlfdo Vwdwh Vsdfh1 Wkh Dfwlrq lqwhjudo lv d uhodwlyh +vwdwlrqdu|, lqwhjudo
lqyduldqw zlwk uhvshfw wr vxfk Kdplowrqldq g|qdplfdo surfhvvhv1 Wkh ixqfwlrq X lv d
Ehuqrxool0Fdvlplu hyroxwlrqdu| lqyduldqw/ exw wkhvh hyroxwlrqdu| lqyduldqwv +vwdwlrq0
du| vwdwhv, duh qrw xqltxh/ qrw lqghshqghqw ri jdxjh frqglwlrqv/ dqg vwurqjo| ghshq0
ghqw xsrq erxqgdu| frqglwlrqv/ dqg duh qrw frqvwdqwv ryhu wkh grpdlq1 Wkh vrph0
zkdw odujhu fodvv ri yhfwru �hogv wkdw vdwlvi| wkh Khopkrow} frqglwlrq gElEV�gD� ' f
duh gh�qhg dv v|psohfwlf yhfwru �hogv/ dqg dv g|qdplfdo v|vwhpv wkh| gh�qh v|p0
sohfwlf surfhvvhv1 Krzhyhu/ doo vxfk v|psohfwlf surfhvvhv/ h{dfw ru qrw/ rq v|psohfwlf
grpdlqv ri glphqvlrq 5q.5/ vwloo uhsuhvhqw uhyhuvleoh wkhuprg|qdplf surfhvvhv1

Uhpdundeo|/ rq wkh 5q.5 v|psohfwlf grpdlq wkhuh h{lvwv d xqltxh qrq Kdplo0
wrqldq yhfwru �hog zklfk ohdyhv wkh Dfwlrq lqwhjudo d frqirupdo/ qrw vwdwlrqdu|/ lqydul0
dqw ^UPN 4<:8 g`1 Wklv xqltxh yhfwru �hog/ gh�qhg dv wkh Wruvlrq fxuuhqw/ A/ grhv
qrw vdwlvi| wkh v|psohfwlf frqglwlrq/ exw lqvwhdg vdwlv�hv wkh htxdwlrq/ lEA�gD ' KD
dv vxjjhvwhg lq wkh 4<:7 duwlfoh ^UPN 4<:7`1 Pruhryhu/ lw qrz fdq eh ghprqvwudwhg
wkdw wklv xqltxh yhfwru �hog jhqhudwhv g|qdplfdo v|vwhpv wkdw uhsuhvhqw luuhyhuvleoh
surfhvvhv lq d wkhuprg|qdplf vhqvh1 Wklv xqltxh yhfwru �hog +wr zlwklq d idfwru, lv
jhqhudwhg e| wkh irupxodv

D	EgD�q ' lEA�l2qn2 yro +5145<,

Wkh v|psohfwlf vsdfh ri glphqvlrq 5q.5 rq zklfk wkh Wruvlrq fxuuhqw h{lvwv lv gh�qhg
dv Wkhuprg|qdplf Vsdfh/ lq rughu wr glvwlqjxlvk lw iurp wkh fodvvlf Vwdwh Vsdfh
ri glphqvlrq 5q.41 Wkh glyhujhqfh ri wklv Wruvlrq yhfwru �hog gh�qhv d ghqvlw|
ixqfwlrq rq wkh 5q.5 vsdfh1 Wkh }hur vhwv ri wklv ghqvlw| ixqfwlrq gh�qh vprrwk
dwwudfwruv +lqhuwldo pdqlirogv, ri glphqvlrq 5q.4 rq wkh 5q.5 glphqvlrqdo grpdlq1
Wkh luuhyhuvleoh g|qdplfdo v|vwhp jhqhudwhg e| wkh Wruvlrq yhfwru luuhyhuvleo| ghfd|v
wr wkhvh vhwv ri phdvxuh }hur zklfk irup wkh �vwdwlrqdu|� vwdwhv ri d 5q.4 frqwdfw
pdqlirog1 Rqfh lq wkh vwdwlrqdu| vwdwh/ wkh hyroxwlrq fdq wdnh sodfh e| d uhyhuvleoh
Kdplowrqldq surfhvv1

51: Wrsrorjlfdo Hqwurs| dqg Htxloleulxp Vxepdqlirogv

D uhpdundeoh dfklhyhphqw ri wkh wrsrorjlfdo srlqw ylhz ri wkhuprg|qdplfv lv wkh
delolw| wr gh�qh wkh frqfhsw ri hqwurs| lq dq dqdo|wlf/ qrq0skhqrphqrorjlfdo zd|
0 dqg zlwkrxw wkh xvh ri vwdwlvwlfv1 Wkh frqfhsw ri hqwurs| kdv ehhq h{wuhpho|
kdug wr gh�qh/ iru/ olnh srwhqwldo hqhuj|/ fodvvlfdo phfkdqlfv grhv qrw |lhog d fohdu
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ylvxdo slfwxuh ri %mxvw zkdw lv% hqwurs|1 Qxphurxv skhqrphqrorjlfdo frqvwuxfwlrqv
kdyh ehhq vxjjhvwhg +vxfk dv hqwurs| lv d phdvxuh ri glvrughu/ hqwurs| lv wkh lqyhuvh
ri lqirupdwlrq/ hqwurs| lv sursruwlrqdo wr duhd111, exw hqfrglqj vxfk frqfhswv lv
gl!fxow1 Dvvrfldwhg zlwk wkh frqfhsw ri hqwurs| lv wkh lghd ri d v|vwhp lq htxloleulxp/
zklfk dw ohdvw lq dssur{lpdwlrq lv uhfrjql}hg iurp h{shulhqfh1 Frog zdwhu srxuhg
lqwr d krw edwk frphv wr htxloleulxp zlwklq d shufhswleo| vkruw wlph vsdq1 Rq
wkh rwkhukdqg/ lqwhu0fkdqjh0delolw| ri nlqhwlf hqhuj| dqg srwhqwldo hqhuj|/ xowlpdwho|
|lhogv d ylvxdo shufhswlrq ri %hqhuj|%/ exw wkhuh vhhpv wr eh qr ylvxdo htxlydohqw iru
%hqwurs|%1 Pruhryhu/ wkh fxuuhqwo| dffhswhg grjpd lv wkdw hqwurs| dozd|v lqfuhdvhv
rq d joredo vfdoh1 Wkhvh frqfhswv duh kdug wr irupxodwh dqdo|wlfdoo| xvlqj sk|vlfdo
whfkqltxhv wkdw kdyh ehhq edvhg xsrq jhrphwulf frqfhswv1 Lw lv wkh sxusrvh ri wkdw
zklfk iroorzv wr ghprqvwudwh krz d wrsrorjlfdo/ qrw jhrphwulf/ srlqw ri ylhz hqdeohv
dq dqdo|wlf frglqj ri wkh frqfhsw ri Hqwurs| 0 zlwkrxw wkh xvh ri vwdwlvwlfv ru d
skhqrphqrorjlfdo dvvxpswlrq1

Wkh wrsrorjlfdo ylhz dovr jlyhv d pdwkhpdwlfdo gh�qlwlrq ri zkdw lv phdqw
e| dq htxloleulxp sk|vlfdo v|vwhp1 Wkh wrsrorjlfdo gl�huhqfh ehwzhhq d frqqhfwhg
dqg d glvfrqqhfwhg wrsrorj| lv d vx!flhqw wrsrorjlfdo surshuw| zklfk fdq eh xvhg
wr glvwlqjxlvk dq htxloleulxp v|vwhp iurp d qrq0htxloleulxp sk|vlfdo v|vwhp1 Wklv
frqfhsw lv edvhg rq wkh Iurehqlxv xqltxh lqwhjudelolw| wkhruhp/ zklfk lv ydolg iru dq
htxloleulxp v|vwhp/ exw qrw iru +prvw, qrq0htxloleulxp v|vwhpv1 Krzhyhu/ wkh frq0
fhsw ri htxloleulxp lv pruh vxewoh1 Edpehuj dqg Vwhuqehuj ^Edpehuj 4<<5` vxjjhvw
wkdw d wkhuprg|qdplf htxloleulxp vwdwh fruuhvsrqgv wr d vroxwlrq ri d Odjudqjldq
vxepdqlirog vwuxfwxuh wr dq h{whulru gl�huhqwldo v|vwhp +lq 7G,1 Lq 7G/ wkh Od0
judqjldq vxepdqlirog ri d v|psohfwlf pdqlirog jhqhudwhg e| d 50irup/ gD/ lv d 5
glphqvlrqdo vxepdqlirog xsrq zklfk wkh 50irup gD ydqlvkhv1 Ri pruh lqwhuhvw wr
wklv duwlfoh lv krz vxfk d vxepdqlirog vwuxfwxuh pd| eh ylhzhg lq whupv ri wkh olplw
vhw ri wrsrorjlfdo  xfwxdwlrqv lq duelwudu| glphqvlrq1

Wkh vwduwlqj srlqw ri d wrsrorjlfdo dqdo|vlv ehjlqv zlwk wkrvh sk|vlfdo v|vwhpv
wkdw fdq eh hqfrghg lq whupv ri wkh Fduwdq0Kloehuw 40irup ri Dfwlrq/ zklfk dw �uvw
jodqfh lqyroyhv 6q.4 lqghshqghqw yduldeohv/

D ' OE{n> yn> w�gwn snEg{
n � ygw�= +51463,

Wkh Sid� wrsrorjlfdo glphqvlrq ri wkh Fduwdq0Kloehuw dfwlrq lv/ krzhyhu/ 5q.5 irup1
Wkh wrs Sid!dq lq wkh Sid� vhtxhqfh iruphg iurp D> dqg gD dqg wkhlu lqwhulru
surgxfwv + , kdv wkh irup ri d 5q.5 glphqvlrqdo yroxph hohphqw=

EgD�qn� ' Eqn ��-iPq
n'�ECO@Cy

n � sn�gy
nj	gs�	===gsq	gt

�	==gtq	gw= +51464,

Lw iroorzv wkdw wkh h{suhvvlrq lq eudfnhwv fdq eh uhsuhvhqwhg e| d shuihfw gl�huhqwldo/
gV G

Eqn ��-iPq
n'�ECO@Cy

n � sn�gy
nj ' Pq

m'�'mgy
m , gV= +51465,



97 Wrsrorjlfdo Wkhuprg|qdplfv

Wkh h{dfw 40irup/ gV> uhsuhvhqwv wkh gl�huhqwldo ri wkh Hqwurs| ixqfwlrq/ V> vxfk wkdw
wkh Wrs Sid!dq ehfrphv d 5q.5 yroxph hohphqw/

EgD�qn� ' gV	gs�	===gsq	gt
�	==gtq	gw= +51466,

Frqfoxvlrq 7 Dv wkh 5q.4 irup uhsuhvhqwv d yroxph hohphqw/ wkh frh!flhqw ri wkh
wrs Sid!dq kdv d uhsuhvhqwdwlrq dv d shuihfw gl�huhqwldo ri d ixqfwlrq/ V/ zklfk lv
lqghshqghqw iurp wkh isn> tn> wj1 Wkh gl�huhqwldo ri hqwurs| ixqfwlrq V lv h{solflwo|
ghshqghqw xsrq wkh gl�huhqwldov ri yhorflw| gyn dqg wkh qrq0fdqrqlfdo frpsrqhqwv ri
prphqwxp ECO@Cyn � sn�1

Gh�qlwlrq 8 Wkh fkdqjh lq hqwurs| lv jlyhq e| wkh h{suhvvlrq

gV ' Eqn ��-iPq
n'�ECO@Cy

n � sn�gy
nj +51467,

Gh�qlwlrq 9 Wkh ixqfwlrq V zkrvh gl�huhqwldo lv wkh 40irup Eqn��-iPq
n'�ECO@Cy

n�
sn�gy

nj lv gh�qhg dv wkh wrsrorjlfdo hqwurs|1

Wkh hyhq glphqvlrqdo 5q.5 irup uhsuhvhqwv dq rulhqwdeoh yroxph hohphqw/ dqg
rqfh dq rulhqwdwlrq kdv ehhq �{hg +vd| .4,/ dqg hyroxwlrq lv frqvwudlqhg wr pdlqwdlq
wkh yroxph hohphqw dqg lwv vljq/ wkh fkdqjh lq wkh hqwurs|/ gV/ pxvw eh ri rqh vljq1
Vr hqwurs|/ li lw fkdqjhv joredoo|/ fdq eh rqo| ri rqh vljq +fkrvhq wr eh srvlwlyh lq
wkh klvwrulf olwhudwxuh,1 Dovr/ dv gD lv suhvxphg wr eh qrq0ghjhqhudwh/ wkhq wkh
gl�huhqwldo/ gV/ fdq qrw eh }hur rq wkh 5q.5 glphqvlrqdo vsdfh1

Frqfoxvlrq : Khqfh wkh idfw wkdw joredo fkdqjhv lq hqwurs| pxvw eh ri rqh vljq � f
lv dq duwlidfw ri wrsrorjlfdo rulhqwdelolw|1

Qh{w frqvlghu vxevsdfhv ri wkh V|psohfwlf 5q.5 vsdfh1 Lq sduwlfxodu frqvlghu
d Odjudqjldq vxepdqlirog/ zklfk pxvw eh glphqvlrq q.41 E| gh�qlwlrq/ rq wkh
Odjudqjldq vxepdqlirog +ri glphqvlrq q.4, ri wkh V|psohfwlf vsdfh +ri glphqvlrq
5q.5,/ wkh 50irup gD pxvw ydqlvk1 Wkh 50irup fdq eh zulwwhq dv=

gD ' gV	gwn igsn � CO@C{ngwj	E{tn� , f= +51468,

Revhuyh wkdw wkh lpphuvlrq # ri wkh frq�jxudwlrq vsdfh zlwk gl�huhqwldov
igt�	==gtq	gwj lqwr wkh wrs Sid!dq vsdfh igV	gs�	===gsq	gt�	==gtq	gwj> gh�qhv d
Odjudqjldq vxepdqlirog zkhq wkh sxooedfn ri wkh 50irup gD ydqlvkhv1 Wkh 50irup gD
kdv h{suhvvlrq jlyhq e| wkh htxdwlrq deryh1 Frqvlghu wkh fdvh zkhuh wkh lpphuvlrq
lqwr wkh 6q.4 vsdfh lv vxfk wkdw wkh sxooedfn ri E{tn� , f=

# G Et�> ==> tq> w� , EVEt> s> w> y�> s�> ===> sq> t
�> ==> tq> y�> ==> yq> w� +51469,
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Wkhq wkh 50irup kdv d sxooedfn uhdol}dwlrq vxfk wkdw

#WEgD� ' gV	gw , f iru d Odjudqjh vxepdqlirog1 +5146:,

Wkh Sid� wrsrorjlfdo glphqvlrq ri wkh frqvwudlqhg 40irup ri Dfwlrq lv wkhq 5 rq
frq�jxudwlrq vsdfh/ dqg lqgxfhv d frqqhfwhg Fduwdq Wrsrorj|1 Wkh 50irup ydqlvkhv
zkhq wkh hqwurs| lv d frqvwdqw=

Frqfoxvlrq ; gVEt> s> w> y� , f lpsolhv htxloleulxp1

Lw lv dovr uhpdundeoh wr qrwh wkdw gV ' f> zkhq wkh prphqwd duh fdqrqlfdoo|
gh�qhg/ vxfk wkdw

iCO@Cyn � snj , f � gV ' iPq
n'�ECO@Cy

n � sn�gy
nj , f= +5146;,

Wkh wrsrorjlfdo frqfhsw ri hqwurs| lv h{solflwo| ghshqghqw xsrq wkh h{lvwhqfh ri qrq0
fdqrqlfdo prphqwd1

Lw lv uhpdundeoh wkdw wkh v|psohfwlf v|vwhpv ri luuhgxfleoh wrsrorjlfdo glphq0
vlrq 5q.5 vhhp wr vroyh wkh Erow}pdqq 0 Orvfkplgw0]huphor sdudgr{ ri zk| fdqrqlfdo
Kdplowrqldq phfkdqlfv grhv qrw vhhp wr eh deoh wr ghvfuleh wkh ghfd| wr dq htxlole0
ulxp vwdwh/ dqg zk| wkh xvxdo +h{wuhpdo, phwkrgv ri Kdplowrqldq phfkdqlfv gr qrw
jlyh dq| lqvljkw lqwr wkh frqfhsw ri Suhvvxuh/ Whpshudwxuh/ Hqwurs| ru wkh Jleev iuhh
hqhuj|1 Lw lv h{wudruglqdu| wkdw dqvzhuv wr wkhvh 483 |hdu rog sdudgr{hv ri sk|vlfv
vhhp wr iroorz zlwkrxw uhfrxuvh wr vwdwlvwlfv li rqh xwlol}hv d wrsrorjlfdo shuvshfwlyh1
Wkh lqwhusuhwdwlrq ri wkh idfw wkdw wkh wrs Sid!dq +iru d sk|vlfdo v|vwhp wkdw fdq eh
hqfrghg e| d Fduwdq0Kloehuw 40irup ri Dfwlrq, lv ri glphqvlrq 5q.5 dqg qrw 6q.4
lv/ dw suhvhqw/ qrw frpsohwh1 Wkh lpsolfdwlrq lv wkdw wkhuh pxvw h{lvw +6q.4,0+5q.5,
@ q04 wrsrorjlfdo lqyduldqwv lq wkhvh v|vwhpv1

51; Dq Luuhyhuvleoh H{dpsoh= Wkh Volglqj Erzolqj Edoo

51;14 Wkh Revhuydwlrq

Frqvlghu d erzolqj edoo jlyhq dq lqlwldo dprxqw ri wudqvodwlrqdo hqhuj| dqg urwdwlrqdo
hqhuj|1 Dvvxph wkh dqjxodu prphqwxp dqg wkh olqhdu prphqwxp duh ruwkrjrqdo wr
wkhpvhoyhv dqg dovr ruwkrjrqdo wr wkh dpelhqw judylwdwlrqdo �hog1 Wkhq sodfh wkh
erzolqj edoo/ vxemhfw wr wkhvh lqlwldo frqglwlrqv/ lq frqwdfw zlwk wkh erzolqj dooh|1
Lqlwldoo|/ lw lv revhuyhg wkdw wkh edoo volsv ru vnlgv/ glvvlsdwlqj lwv olqhdu dqg dqjxodu
prphqwxp/ xqwlo wkh Qr0Vols frqglwlrq lv dfklhyhg1 Qrwh wkdw lw lv srvvleoh iru wkh
dqjxodu prphqwxp ru wkh olqhdu prphqwxp wr fkdqjh vljq gxulqj wkh luuhyhuvleoh
skdvh ri wkh hyroxwlrq1 Wkh g|qdplfdo v|vwhp uhsuhvhqwlqj wkh hyroxwlrqdu| surfhvv lv
luuhyhuvleoh xqwlo wkh Qr0Vols frqglwlrq lv uhdfkhg1 Wkhuhdiwhu/ wkh g|qdplfdo v|vwhp
lv uhyhuvleoh/ dqg prphqwxp lv frqvhuyhg1
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Iljxuh 4

51;15 Wkh Dqdo|vlv

Dvvxph wkdw wkh sk|vlfdo v|vwhp pd| eh uhsuhvhqwhg e| d 40irup ri Dfwlrq frq0
vwuxfwhg iurp d Odjudqjh ixqfwlrq=

O ' OE{> �> y> $> w� ' i�pE�$�2@2 npy2@2j +5146<,

Wkh frqvwdqwv duh= p@pdvv/ � ' prphqw ri lqhuwldo idfwru +528 iru vskhuh,/ � '
h�hfwlyh �udglxv� ri wkh remhfw/ wkh prphqw ri lqhuwld @ �p�2=

Ohw wkh wrsrorjlfdo frqvwudlqwv eh gh�qhg dqkrorqrplfdoo| e| wkh Sid!dq
v|vwhp=

ig{� ygwj , f> ig� � $gwj , f> ig{� �g�j , f +51473,

Gh�qh wkh frqvwudlqhg 40irup ri Dfwlrq dv

D ' OE{> �> y> $> w�gwn sig{� ygwjn oig� � $gwjnpvi�g� � g{j +51474,

zkhuh is> o> vj duh Odjudqjh pxowlsolhuv1 Uhduudqjh wkh yduldeohv wr jlyh +lq wkh
odqjxdjh ri rswlpdo frqwuro wkhru|, d suh0Kdplowrqldq dfwlrq=

D ' E�s�pv�g{n Eo n �pv�g� � isy n o$ � Ojgw= +51475,

Lw lv dssduhqw wkdw wkh Sid� glphqvlrq ri wklv Dfwlrq 40irup lv 5q.5 @ 91 Wkh Dfwlrq
gh�qhv d v|psohfwlf pdqlirog ri glphqvlrq 91
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Iru vlpsolflw|/ dvvxph lqlwldoo| wkdw wkh Odjudqjh pxowlsolhuv +prphqwd, duh
gh�qhg fdqrqlfdoo|> h1j1/

s ' CO@Cy , py> o ' CO@C$ , �p�2$ +51476,

zklfk lpsolhv wkdw

D ' Epy �pv�g{n E�p�2$ n �v�g� � i�py2@2� �pE�$�2@2jgw= +51477,

Wkh yroxph hohphqw ri wkh v|psohfwlf pdqlirog lv jlyhq e| wkh h{suhvvlrq

SY ro ' Sp���2iy � �$jg{	g�	gy	g$	gv	gw ' gD	gD	gD +51478,

Wkh v|psohfwlf pdqlirog kdv d vlqjxodu vxevhw xsrq zklfk wkh Sid� glphqvlrq ri wkh
Dfwlrq 40irup lv 5q.4 @ 81 Wkh frqvwudlqw iru vxfk d frqwdfw pdqlirog lv suhflvho|
wkh qr0vols frqglwlrq=

iy � �$j , f +51479,

Rq wkh 8 glphqvlrqdo frqwdfw pdqlirog wkhuh h{lvwv d xqltxh h{wuhpdo +Kdplo0
wrqldq, �hog zklfk +wr zlwklq d surmhfwlyh idfwru, gh�qhv wkh frqvhuydwlyh uhyhuvleoh
sduw ri wkh hyroxwlrqdu| surfhvv1 Dv wklv xqltxh h{wuhpdo yhfwru vdwlv�hv wkh htxdwlrq

lEV�gD ' f> +5147:,

lw lv hdv| wr vkrz wkdw g|qdplfdo v|vwhpv gh�qhg e| vxfk yhfwru �hogv pxvw eh
uhyhuvleoh lq wkh wkhuprg|qdplf vhqvh1 +Dv gT ' gElEV�gD� ' f iru doo Kdplowrqldq
ru v|psohfwlf surfhvvhv/ lw iroorzv wkdw T	gT ' f=,

Krzhyhu/ rq wkh 9 glphqvlrqdo v|psohfwlf pdqlirog/ wkhuh grhv qrw h{lvw d
xqltxh h{wuhpdo �hog/ qru d xqltxh vwdwlrqdu| �hog/ wkdw fdq eh xvhg wr gh�qh wkh
g|qdplfdo v|vwhp1 Wkh v|psohfwlf pdqlirog grhv vxssruw yhfwru �hogv/ 5/ wkdw ohdyh
wkh Dfwlrq lqwhjudo lqyduldqw/ exw wkhvh yhfwru �hogv duh qrw xqltxh lq wkh vhqvh wkdw
wkdw wkh| ghshqg rq dq duelwudu| jdxjh dgglwlrq wr wkh 40irup ri Dfwlrq wkdw pd|
eh uhtxluhg wr vdwlvi| lqlwldo frqglwlrqv1

Wkhuh grhv h{lvw d xqltxh wruvlrq �hog +ru fxuuhqw, gh�qhg +wr zlwklq d sur0
mhfwlyh idfwru/ �� e| wkh 9 frpsrqhqwv ri wkh 8 irup/

Wruvlrq ' D	gD	gD +5147;,

Wklv xqltxh yhfwru/ A/ lqghshqghqw ri jdxjh dgglwlrqv/ kdv wkh surshuwlhv wkdw

OEA�D ' K �D dqg lEA�D ' f= +5147<,

Wklv �Wruvlrq� yhfwru �hog vdwlv�hv wkh htxdwlrq
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OEA�D	OEA�gD ' T	gT 9' f= +51483,

Khqfh d g|qdplfdo v|vwhp kdylqj d frpsrqhqw frqvwuxfwhg iurp wklv xqltxh Wruvlrq
yhfwru �hog ehfrphv d fdqglgdwh wr ghvfuleh wkh lqlwldo luuhyhuvleoh ghfd| ri dqjxodu
prphqwxp dqg nlqhwlf hqhuj|1

Vroylqj iru wkh frpsrqhqwv ri wkh Wruvlrq yhfwru iru wkh erzolqj edoo sureohp
ohdgv wr wkh +xqltxh, ghfd|lqj g|qdplfdo v|vwhp=

gy@gw ' p���2i���2$2 � 2�y$ n y2j +51484,

g$@gw ' p��2i���2$2 n 2��y$ n y2j +51485,

gv@gw ' p���2i���2$2 � y2 � 2E�$ � y�vj +51486,

Wklv lv d Yrowhuud v|vwhp jhqhudwhg rq d Ilqvohu vsdfh1 +Vhh Dqwrqhool,
Lw lv wr eh qrwhg wkdw wkh qrq0fdqrqlfdo �v|psohfwlf prphqwxp� yduldeohv/

gh�qhg e| lqvshfwlrq iurp wkh frqvwudlqhg 40irup ri Dfwlrq ohdg wr wkh prphqwxp
pds=

S{
=
' pEy � v�> S�

=
' pE��2$ n v��= +51487,

Vxevwlwxwlrq lq whupv ri wkh prphqwxp yduldeohv ohdgv wr wkh fdqrqlfdo irup
+]klwrpluvnl, iru wkh 40irup ri Dfwlrq=

D ' S{g{n S�g� �Kgw +51488,

zkhuh K lv dq lqghshqghqw yduldeoh rq wkh 90glphqvlrqdo pdqlirog1 Wkh K pds lv
jlyhq e| wkh h{suhvvlrq iru hqhuj| zkhuh y dqg $ duh holplqdwhg lq whupv ri wkh S{
dqg wkh S�=

K ' Epy2@2 n �pE�$�2@2� , �@2pdES{@pn v�2 n ��E
S�@p�� v

��
�2o +51489,

Qrwh wkdw y ' CK@CS{ dqg $ ' CK@CS�= Hdfk frpsrqhqw ri �fdqrqlfdo prphqwd�
ghfd|v zlwk wkh vdph udwh lq wkh fdqrqlfdo grpdlq1

51< Vhfrqg rughu yhuvxv �uvw rughu RGH*v

Lw lv dovr srvvleoh wr frqvlghu wkrvh sk|vlfdo v|vwhpv wkdw fdq eh ghvfulehg e| d
Odjudqjh ixqfwlrq OE^>�> @>w� dqg d 40irup ri Dfwlrq jlyhq e| wkh h{whqghg Fduwdq0
Kloehuw Dfwlrq wr lqfoxgh srvvleoh  xfwxdwlrqv lq gl�huhqwldo yhorflwlhv gluhfwo| lq wkh
40irup ri Dfwlrq1 Frqvlghu wkh Dfwlrq 40irup ri wkh w|sh=

D ' OE^n>�n>w�gwn Tn�Eg^
n � �ngw� n �n�Eg�

n � @ngw�> +5148:,
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Wrsrorjlfdo Ioxfwxdwlrqv lq gl�huhqwldo yhorflw|

{� ' Eg�n � @ngw� 9' f +5148;,

Dw �uvw jodqfh lw dsshduv wkdw wkh grpdlq ri gh�qlwlrq lv d 8q.4 glphqvlrqdo
ydulhw| ri lqghshqghqw yduldeohv/ i^n>�n> @n>Tn>�n> wj= Gr qrw dvvxph wkdw Tn ru �n

duh frqvwudlqhg wr eh mhwv> h1j1/ Tn 9' CO@C�n dqg �n 9' CO@Cdn= Lqvwhdg/ frqvlghu Tn
dqg �n wr eh d +vhw ri, Odjudqjh pxowlsolhu+v, wr eh ghwhuplqhg odwhu1 Gr qrw dvvxph
dw wklv vwdjh wkdw �n ru @n duh nlqhpdwlf yhorflw| ixqfwlrqv/ vxfk wkdw Eg^n��ngw� ,
f ru Eg�n � @ngw� , f= Wkh fodvvlfdo lghd lv wr dvvhuw wkdw wrsrorjlfdo  xfwxdwlrqv
lq nlqhpdwlf yhorflw| Eg^ � �gw� ' {^ duh uhodwhg wr Suhvvxuh/ dqg wkdw wrsrorjlfdo
 xfwxdwlrqv lq nlqhpdwlf dffhohudwlrq Eg�� @gw� ' {� duh uhodwhg wr Whpshudwxuh1

Iru wkh jlyhq Dfwlrq/ frqvwuxfw wkh Sid� vhtxhqfh iD> gD>D	gD> gD	gD===j lq
rughu wr ghwhuplqh wkh Sid� wrsrorjlfdo glphqvlrq ru fodvv ri wkh 40irup ^Vfkrxwhq 4<7<`1
Wkh wrs +qrq0}hur, Sid!dq ri wklv vhtxhqfh lv jlyhq e| wkh irupxod/

EgD�qn� ' E2qn ��-iPq
n'�ECO@Cd

n � �n� � gd
nj	ltsyw +5148<,

ltsyw ' gy�	==gyq 	gs�	===gsq	 gt�	==gtq 	gw> +51493,

zklfk lqglfdwhv wkdw wkh Sid� wrsrorjlfdo glphqvlrq lv eqn2 dqg qrw wkh jhrphwulfdo
glphqvlrq Dq n �/ zklfk pljkw eh h{shfwhg dv wkh 40irup zdv gh�qhg lqlwldoo| rq d
vsdfh ri Dq n � �lqghshqghqw� edvh yduldeohv1 Wkh lpsolfdwlrq lv wkdw wkhuh h{lvwv
dq luuhgxfleoh qxpehu ri lqghshqghqw yduldeohv htxdo wr eq n 2 zklfk frpsohwho|
fkdudfwhul}h wkh gl�huhqwldo wrsrorj| ri wkh vhfrqg rughu v|vwhp1 Lw iroorzv wkdw wkh
h{dfw wzr irup gD vdwlv�hv wkh htxdwlrqv

EgD�2qn� 9' f> exw D	EgD�2qn� ' f= +51494,

Iru q @ 6 ghjuhhv ri iuhhgrp/ wkh wrs Sid!dq lqglfdwhv wkdw wkh wrsrorjlfdo ri Sid�
glphqvlrq ri wkh 50irup/ gD lv eqn 2 ' �e1 Wkh dojheud iru wkhvh v|vwhpv ehfrphv
iruplgdeoh1

Djdlq/ wkhuh duh wzr hyroxwlrqdu| urxwhv wkdw ohdg wr d uhgxfwlrq ri wkh hyhq
Sid� glphqvlrq wr wkh rgg Sid� glphqvlrq/ zklfk dgplwv vwdwlrqdu| Kdplowrqldq
hyroxwlrqdu| surfhvvhv1 Wrsrorjlfdo uhgxfwlrq e| glvvlsdwlyh luuhyhuvleoh surfhvvhv
rq wkh wrsrorjlfdo grpdlq ri Sid� glphqvlrq 7q.5 uhgxfhv wr d wrsrorjlfdo grpdlq
ri Sid� glphqvlrq 7q.4/ li wkh surfhvv

41 lqgxfhv ruwkrjrqdolw| vxfk wkdw

iPq
m'�nmgy

mj ' f> +51495,

51 lqgxfhv wkh wrsrorjlfdo frqvwudlqw vxfk wkdw wkh Odjudqjh pxowlsolhuv duh fdqrq0
lfdo1

�n ' CO@Cdn= +51496,
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Wkh irupdw ri wkh wrs Sid!dq ri glphqvlrq 7q.5 lqglfdwhv wkdw wkh eudfnhwhg
idfwru lqyroylqj wkh qrq0fdqrqlfdo frpsrqhqwv ri wkh Odjudqjh pxowlsolhuv/ �n/ pxvw
eh h{dfw=

gVd ' iPq
n'�ECO@Cd

n � �n� � gd
nj= +51497,

Wkh surfhgxuh shuplwv d gh�qlwlrq ri hqwurs|/ Vd> edvh xsrq dffhohudwlrqv1 Wkh
uhvwulfwlrq wr d Odjudqjldq vxepdqlirog ri wkh 7q.5 glphqvlrqdo vsdfh lpsolhv wkdw
gVd , f= Wkh xeltxlwrxv +lq fodvvlfdo phfkdqlfv, dvvxpswlrq wkdw wkh Odjudqjh
pxowlsolhuv duh fdqrqlfdo holplqdwhv wkhuprg|qdplf luuhyhuvleoh surfhvvhv lq idyru ri
Kdplowrqldq h{wuhpdo surfhvvhv1

5143 Wkh Xeltxlwrxv ydq ghu Zdoov jdv

Xs wr qrz wkh phwkrgv kdyh xwlol}hg dqwlv|pphwulf ihdwxuhv ri wkh 50irup gD jhq0
hudwhg e| wkh 40irup ri Dfwlrq/ D1 Qrz/ wkh fryduldqw frpsrqhqwv ri wkh 40irup
ri Dfwlrq + ru wkh frqwudyduldqw frpsrqhqwv ri d Surfhvv, zloo eh xvhg wr frqvwuxfw
d Mdfreldq pdwul{ rq wkh grpdlq ri 7 suh0jhrphwulf yduldeohv1 Wkh fkdudfwhulvwlf
sro|qrpldo ri wkh Mdfreldq pdwul{ zloo dozd|v |lhog d wkhuprg|qdplf sro|qrpldo
skdvh ixqfwlrq ri 7wk ghjuhh lq whupv ri wkh +srvvleo| frpsoh{, hljhqydoxhv ri wkh
Mdfreldq zlwk frh!flhqwv lq whupv ri wkh pdwul{ vlplodulw| lqyduldqwv1 Wkh uhvxowv
duh wkhuhiru xqlyhuvdo1 Lw zloo eh ghprqvwudwhg krz wklv xqlyhuvdo uhvxow fdq eh sxw
lqwr fruuhvsrqghqfh zlwk wkh wkhuprg|qdplfv ri d ydq ghu Zddov jdv1

514314 Wkh Mdfreldq Pdwul{ ri wkh Dfwlrq 40irup1

Wkh lghd lv wr h{suhvv wkh Mdfreldq pdwul{ ri wkh frh!flhqw ixqfwlrqv wkdw gh�qh wkh
40irup li Dfwlrq/ D/ lq whupv ri %xqlyhuvdo% frruglqdwhv1 Wkhvh xqlyhuvdo frruglqdwhv
zloo eh wkh vlplodulw| lqyduldqwv ri wkh Mdfreldq pdwul{1 Iru d 40irup ri Dfwlrq ri Sid�
wrsrorjlfdo glphqvlrq 7/ wkh Fd|oh|0Kdplowrq wkhruhp surgxfhv d Xqlyhuvdo Skdvh
ixqfwlrq dv d sro|qrpldo ri 7wk ghjuhh1 Zkdw lv uhpdundeoh derxw wklv Xqlyhuvdo
Skdvh ixqfwlrq lv wkdw lw kdv surshuwlhv wkdw duh krphrprusklfdoo| ghirupdeoh lqwr
wkh irupdw ri d fodvvlf ydq ghu Zddov jdv1 Lw lv wklv xqlyhuvdolw| wkdw jlyhv fuhghqfh
wr wkh lghd wkdw wkh xqlyhuvh frxog eh d qrq0htxloleulxp ydq ghu Zddov jdv qhdu lwv
fulwlfdo srlqw1

Wkh Xqlyhuvdo Fkdudfwhulvwlf Skdvh Ixqfwlrq

Wkh 40irup ri Dfwlrq/ xvhg wr hqfrgh d sk|vlfdo v|vwhp/ frqwdlqv rwkhu xvhixo wrsr0
orjlfdo lqirupdwlrq/ dv zhoo dv jhrphwulf lqirupdwlrq1 Frqvlghu wkh Wxuexohqw wkhu0
prg|qdplf vwdwh jhqhudwhg e| d 40irup ri Dfwlrq/ D> ri Sid� wrsrorjlfdo glphqvlrq
71 Wkh frpsrqhqw ixqfwlrqv ri wkh Dfwlrq 40irup fdq eh xvhg wr frqvwuxfw d 7{7
Mdfreldq pdwul{ ri sduwldo ghulydwlyhv/ dMmno ' dCED�m@C{

no1 Lq jhqhudo/ wklv Mdfreldq
pdwul{ zloo eh d 7 { 7 pdwul{ wkdw vdwlv�hv d 7wk rughu Fd|oh|0Kdplowrq fkdudfwhulvwlf
sro|qrpldo XE{> |> }> w( [� zlwk 7 shukdsv frpsoh{ urrwv uhsuhvhqwlqj wkh shukdsv
frpsoh{ hljhqydoxhv/ �n> ri wkh Mdfreldq pdwul{1
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XE{> |> }> w( [� ' [e �[P[� n \J[
2 � ]D[

� n WN , f= +51498,

Wkh ixqfwlrqv[PE{> |> }> w�> \JE{> |> }> w�> ]DE{> |> }> w�> WNE{> |> }> w� duh wkh vlplodulw|
lqyduldqwv ri wkh Mdfreldq pdwul{1 Li wkh hljhqydoxhv duh glvwlqfw/ wkhq wkh vlplodulw|
lqyduldqwv duh jlyhq e| wkh h{suhvvlrqv=

[P ' �� n �2 n �� n �e> +51499,

\J ' ���2 n �2�� n ���� n �e�� n �e�2 n �e��> +5149:,

]D ' ���2�� n �e���2 n �e�2�� n �e����> +5149;,

WN ' ���2���e= +5149<,

Wkh vlplodulw| lqyduldqwv pd| eh frqvlghuhg dv d frruglqdwh pds iurp wkh
ruljlqdo ydulhw| ri lqghshqghqw yduldeohv/ i{> |> }> wj , i[P > \J> ]D> WNj= Zkhq wkh
vlplodulw| lqyduldqwv duh wuhdwhg dv jhqhudol}hg frruglqdwhv/ wkhq wkh fkdudfwhulvwlf
sro|qrpldo ehfrphv d Xqlyhuvdo Skdvh ixqfwlrq/ dqg zloo eh xvhg wr hqfrgh xqlyhuvdo
wkhuprg|qdplf surshuwlhv1

Plqlpdo vxuidfhv

Wkh Xqlyhuvdo Skdvh ixqfwlrq/ X> pd| eh frqvlghuhg dv d idplo| ri k|shuvxuidfhv lq
wkh 7 glphqvlrqdo vsdfh/ i[P > \J> ]D> WNj zlwk d frpsoh{ idplo| +rughu, sdudphwhu/
[= Pruhryhu/ lw vkrxog eh uhdol}hg wkdw wkh Xqlyhuvdo Skdvh Ixqfwlrq lv d krorprusklf
ixqfwlrq/ X ' !n l" lq wkh frpsoh{ yduldeoh [ ' xn ly= Wkdw lv

XE[P > \J> ]D> WN( [� , !n l"> +514:3,

zkhuh

! ' xe � Sx2y2 n ye �[PEx� � �xy2� n \JEx
2 � y2�� ]Dxn WN +514:4,

" ' ex�y � exy� �[PE�x2y � y�� n 2\Jxy � ]Dy= +514:5,

Dv vxfk/ lq wkh 7G vsdfh ri wzr frpsoh{ yduldeohv/ ~!n l"> xn lyj> dffruglqj wr wkh
wkhruhp ri Vrskxv Olh/ dq| vxfk krorprusklf ixqfwlrq surgxfhv d sdlu ri frqmxjdwh
plqlpdo vxuidfhv lq wkh 7 glphqvlrqdo vsdfh i!> "> x> yj= Lw iroorzv wkdw wkhuh h{lvw
d vhtxhqfh ri pdsv/

i{> |> }> wj , i[P > \J> ]D> WNj , i!> "> x> yj +514:6,

vxfk wkdw wkh idplo| ri k|shuvxuidfhv fdq eh ghfrpsrvhg lqwr d sdlu ri frqmxjdwh
plqlpdo vxuidfh frpsrqhqwv1 Wkh fulwhuld iru d plqlpdo vxuidfh lv htxlydohqw wr
wkh lghd wkdw [P ' f= E| vxlwdeoh uhqrupdol}dwlrq/ wkh vlplodulw| lqyduldqw [P lv
htxlydohqw wr wkh Phdq Fxuydwxuh ri wkh k|shuvxuidfh1
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Hqyhorshv

Wkh wkhru| ri lpsolflw k|shuvxuidfhv irfxvhv dwwhqwlrq xsrq wkh srvvlelolw| wkdw wkh
Xqlyhuvdo Skdvh ixqfwlrq kdv dq hqyhorsh1 Wkh h{lvwhqfh ri dq hqyhorsh ghshqgv
xsrq wkh srvvlelolw| ri �qglqj d vlpxowdqhrxv vroxwlrq wr wkh wzr lpsolflw vxuidfh
htxdwlrqv ri wkh idplo|=

XE{> |> }> w( [� ' [e �[P[� n \J[
2 � ]D[n WN , f= +514:7,

CX@C[ ' X[ ' e[� � �[P[2 n 2\J[� ]D , f= +514:8,

Iru wkh hqyhorsh wr eh vprrwk/ lw pxvw eh wuxh wkdw C2X@C[2 ' X[[ 9' f> dqg wkdw
wkh h{whulru 50irup/ gX	gX[ 9' f vxemhfw wr wkh frqvwudlqw wkdw wkh idplo| sdudphwhu
lv d frqvwdqw= g[ ' f= Wkh hqyhorsh dv d vprrwk k|shuvxuidfh grhv qrw h{lvw xqohvv
erwk frqglwlrqv duh vdwlv�hg1 Uhfdoo wkdw wkh hqyhorsh/ li lw h{lvwv/ lv d k|shuvxuidfh
lq wkh vsdfh ri vlplodulw| frruglqdwhv/ i[P > \J> ]D> WNj=

Wkh hqyhorsh lv ghwhuplqhg e| wkh glvfulplqdqw ri wkh Skdvh Ixqfwlrq sro|0
qrpldo/ zklfk dv d }hur vhw lv htxdo wr d xqlyhuvdo k|shuvxuidfh lq wkh 7 glphqvlrqdo
vsdfh ri vlplodulw| yduldeohv i[P > \J> ]D> WNj= Wklv ixqfwlrq fdq eh zulwwhq lq whupv
ri wkh vlplodulw| %frruglqdwhv% +vxssuhvvlqj wkh vxevfulswv, =

Glvfulplqdqw ri wkh Xqlyhuvdo Skdvh Ixqfwlrq +514:9,

' �H[�]\ W � 2.]e n \ 2[2]2 � e\ �[2W n �ee\ [2W 2 +514::,

n�H[]�\ � �b2[]W 2 � S[2]2W n �eeW]2\ � e[�]� +514:;,

�2.[eW 2 � e\ �]2 n �S\ eW � �2H\ 2W 2 n 2DSW � � Hf[]\ 2W= +514:<,

Wkh glvfulplqdqw kdv holplqdwhg wkh idplo| rughu sdudphwhu1 Uhpdundeo|/
fkrrvlqj wkh frqvwudlqw frqglwlrq lq whupv ri wkh gxdo frqglwlrq wkdw wkh Phdq Fxu0
ydwxuh ydqlvkhv/ [P , f> ohdgv wr d uhgxfhg glvfulplqdqw/ zklfk gh�qhv d xqlyhuvdo
vzdoorz wdlo vxuidfh krphrprusklf +ghirupdeoh, wr wkh Jleev vxuidfh ri d ydq ghu
Zddov jdv +vxevfulswv vxssuhvvhg,=

Xqlyhuvdo Jleev Vzdoorzwdlo Hqyhorsh E[ ' f> \> ]> W � +514;3,

' �2.]e n �eeW]2\ � e\ �]2 n �S\ eW � �2H\ 2W 2 n 2DSW � , f=

Lq rwkhu zrugv/ wkh Jleev ixqfwlrq iru d ydq ghu Zddov jdv lv d xqlyhuvdo
lghd dvvrfldwhg zlwk plqlpdo k|shuvxuidfhv/ [N ' f/ ri wkhuprg|qdplf v|vwhpv
ri Sid� wrsrorjlfdo glphqvlrq 71 Wkh vlplodulw| frruglqdwh WN sod|v wkh uroh ri
wkh Jleev iuhh hqhuj|/ lq whupv ri wkh Suhvvxuh E�]D� dqg wkh Whpshudwxuh E�\J�1
Wkh Vslqrgdo olqh dv d olplw ri skdvh vwdelolw|/ dqg wkh fulwlfdo srlqw duh lghdv wkdw
frph iurp wkh vwxg| ri d ydq ghu Zddov jdv/ exw khuhlq lw lv dssduhqw wkdw wkhvh
frqfhswv duh xqlyhuvdo wrsrorjlfdo frqfhswv wkdw uhpdlq lqyduldqw zlwk uhvshfw wr
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Iljxuh 5

ghirupdwlrqv1 Wkh xqlyhuvdo irupxodv iru vxfk frqvwudlqwv duh suhvhqwhg lq wkh qh{w
vhfwlrq1 Wkh uhvxow lv wkdw doo wkhuprg|qdplf v|vwhpv ri Sid� wrsrorjlfdo glphqvlrq
7 duh ghirupdeo| htxlydohqw wr d ydq ghu Zddov jdv1

Lw lv lpsruwdqw wr uhfrjql}h wkdw wkh ghyhorsphqw ri d xqlyhuvdo qrq0htxloleulxp
ydq ghu Zddov jdv kdv qrw xwlol}hg wkh frqfhswv ri phwulf/ frqqhfwlrq/ vwdwlvwlfv/ uho0
dwlylw|/ jdxjh v|pphwulhv/ ru txdqwxp phfkdqlfv1

Wkh Hgjh ri Uhjuhvvlrq dqg Vhoi Lqwhuvhfwlrqv

Wkh hqyhorsh lv vprrwk dv orqj dv C2X@C[2 ' X[[ 9' f> dqg wkdw wkh h{whulru 50
irup/ gX	gX[ 9' f vxemhfw wr wkh frqvwudlqw wkdw wkh idplo| sdudphwhu lv d frqvwdqw=
g[ ' f= Li gX	gX[ 9' f/ exw X[[ ' f> wkhq wkh hqyhorsh kdv d vhoi lqwhuvhfwlrq
vlqjxodulw|1 Li gX	gX[ ' f/ exw X[[ 9' f> wkhuh lv qr vhoi lqwhuvhfwlrq/ dqg qr
hqyhorsh1

Li wkh hqyhorsh h{lvwv/ ixuwkhu vlqjxodulwlhv duh ghwhuplqhg e| wkh kljkhu rughu
sduwldo ghulydwlyhv ri wkh Xqlyhuvdo Skdvh ixqfwlrq zlwk uhvshfw wr [1

C2X@C[2 ' X[[ ' �2[2 � S[P[n 2\J= +514;4,

C�X@C[� ' X[[[ ' 2e[� S[P +514;5,

Zkhq C�X@C[� ' X[[[ 9' f> dqg gX	gX[	gX[[ 9' f/ wkh hqyhorsh whuplqdwhv lq d
hgjh ri uhjuhvvlrq1 Wkh hgjh ri uhjuhvvlrq lv ghwhuplqhg e| wkh vlpxowdqhrxv vroxwlrq
ri X ' f>X[ ' f dqg X[[ ' f= Iru wkh plqlpdo vxuidfh uhsuhvhqwdwlrq ri wkh Jleev
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vxuidfh iru d ydq ghu Zddov jdv/ wkh hgjh ri uhjuhvvlrq gh�qhv wkh Vslqrgdo olqh ri
xowlpdwh skdvh vwdelolw|1 Wkh hgjh ri uhjuhvvlrq lv hylghqw lq wkh Vzdoorzwdlo �jxuh
+Iljxuh 514, ghvfulelqj wkh Jleev ixqfwlrq iru d ydq ghu Zddov jdv1

Li X[[[ ' f> wkhq iru [P ' f> lw iroorzv wkdw \J ' f> ]D ' f> WN ' f>
zklfk gh�qhv wkh fulwlfdo srlqw ri wkh Jleev ixqfwlrq iru wkh ydq ghu Zddov jdv1
Lq rwkhu zrugv/ wkh fulwlfdo srlqw lv wkh }hur ri wkh 70glphqvlrqdo vsdfh ri vlplodulw|
frruglqdwhv1

Li X[[ ' f> wkhq iru [P ' f wkh hqyhorsh kdv d vhoi lqwhuvhfwlrq1 Lw iroorzv
iurp X[[ ' f> wkdw [2 ' �\J@S> zklfk zkhq vxevwlwxwhg lqwr

X[ ' e[� n 2\J[� ]D , f> +514;6,

|lhogv wkh

Xqlyhuvdo Jleev Hgjh ri Uhjuhvvlrq= ]2
D n \ �

JEH@2.� ' f> +514;7,

zklfk gh�qhv wkh Vslqrgdo olqh/ ri wkh plqlpdo vxuidfh uhsuhvhqwdwlrq iru d xqlyhuvdo
qrq0htxloleulxp ydq ghu Zddov jdv/ lq whupv ri %vlplodulw|% frruglqdwhv1

Zlwklq wkh vzdoorz wdlo uhjlrq wkh %Jleev% vxuidfh kdv 6 uhdo urrwv dqg rxwvlgh
wkh vzdoorz wdlo uhjlrq wkhuh lv d xqltxh uhdo urrw1 Wkh hgjh ri uhjuhvvlrq ixuqlvkhg
e| wkh Fdugdqr ixqfwlrq gh�qhv wkh wudqvlwlrq ehwzhhq uhdo dqg lpdjlqdu| urrw vwuxf0
wxuhv1 Wkh ghwdlov ri wkh xqlyhuvdo qrq0htxloleulxp ydq ghu Zddov jdv lq whupv ri
hqyhorshv dqg hgjhv ri uhjuhvvlrq zlwk frpsoh{ prodo ghqvlwlhv ru rughu sdudphwhuv
zloo eh suhvhqwhg hovhzkhuh1 Wkhvh v|vwhpv duh qrw htxloleulxp v|vwhpv iru wkh Sid�
glphqvlrq lv qrw 51 Ri reylrxv lpsruwdqfh lv wkh lghd wkdw wkh d }hur ydoxh iru erwk
]J dqg WN duh uhtxluhg wr uhgxfh wkh Sid� glphqvlrq wr 5/ wkh qhfhvvdu| frqglwlrq
iru dq htxloleulxp v|vwhp1

Jlqvexuj Odqgdx Fxuuhqwv

Wkh Xqlyhuvdo Skdvh ixqfwlrq fdq eh vroyhg iru wkh ghwhuplqdqw ri wkh Mdfreldq
pdwul{/ zklfk lv htxdo wr wkh vlplodulw| lqyduldqw WN>

WN ' �i[e �[P[� n \J[
2 � ]D[j= +514;8,

Doo ghwhuplqdqwv duh lq h�hfw Q 0 irupv rq wkh grpdlq ri lqghshqghqw yduldeohv1 Doo
Q0irupv fdq eh uhodwhg wr wkh h{whulru ghulydwlyh ri vrph Q04 irup ru fxuuhqw/ M=
Khqfh

gM ' Nle ' glyan C�@Cw ' �E[e �[P[� n \J[
2 � ]D[�le= +514;9,

Iru fxuuhqwv ri wkh irup
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a ' judg [> +514;:,

� ' [> +514;;,

wkh Xqlyhuvdo Skdvh ixqfwlrq jhqhudwhv wkh xqlyhuvdo Jlqvexuj Odqgdx htxdwlrqv

u2[n C[@Cw ' �E[e �[P[� n \J[
2 � ]D[�= +514;<,

514315 Vlqjxodulwlhv dv ghihfwv ri Sid� glphqvlrq 6

Wkh idplo| ri k|shuvxuidfhv fdq eh wrsrorjlfdoo| frqvwudlqhg vxfk wkdw wkh wrsrorj0
lfdo glphqvlrq lv uhgxfhg/ dqg2ru frqvwudlqwv fdq eh lpsrvhg xsrq ixqfwlrqv ri wkh
vlplodulw| yduldeohv iruflqj wkhp wr ydqlvk1 Vxfk uhjlrqv lq wkh 7 glphqvlrqdo wrsr0
orjlfdo grpdlq lqglfdwh wrsrorjlfdo ghihfwv ru wkhuprg|qdplf fkdqjhv ri skdvh1 Lw
lv uhpdundeoh wkdw iru d jlyhq 40irup ri Dfwlrq wkhuh duh dq lq�qlwh qxpehu uhvfdolqj
ixqfwlrqv/ �> vxfk wkdw wkh Mdfreldq pdwul{

�
Mvfdohgmn

�
' dCED@��m@C{

no lv vlqjxodu +kdv
d }hur ghwhuplqdqw,1 Iru li wkh frh!flhqwv ri dq| 40irup ri Dfwlrq duh uhvfdohg e|
d glylvru jhqhudwhg e| wkh Kroghu qrup/

Kroghu Qrup= � ' idED��
s n eED2�

s n fED��
s n hEDe�

sjp@s> +514<3,

wkhq wkh uhvfdohg Mdfreldq pdwul{�
M
vfdohg
mn

�
' dCED@��m@C{

no +514<4,

zloo kdyh d }hur ghwhuplqdqw/ iru dq| lqgh{ s/ dq| vhw ri lvrwurs| ru vljqdwxuh frq0
vwdqwv/ d/ e/ f/ h/ li wkh krprjhqhlw| lqgh{ lv htxdo wr xqlw|= p ' �1 Wklv krprjh0
qhrxv frqvwudlqw lpsolhv wkdw wkh vlplodulw| lqyduldqwv ehfrph surmhfwlyh lqyduldqwv/
qrw mxvw htxl0d!qh lqyduldqwv1 Vxfk vshflhv ri wrsrorjlfdo ghihfwv fdq kdyh wkh lpdjh
ri d 60glphqvlrqdo lpsolflw fkdudfwhulvwlf k|shuvxuidfh lq vsdfh0wlph=

Vlqjxodu k|shuvxuidfh lq 7G= _i|dCED@��m@C{
no , f +514<5,

Wkh vlqjxodu irxuwk rughu Fd|oh|0Kdplowrq sro|qrpldo ri dMmno wkhq zloo kdyh d fxelf
sro|qrpldo idfwru zlwk rqh }hur hljhqydoxh1

Iru h{dpsoh/ frqvlghu wkh vlpsoh fdvh zkhuh wkh ghwhuplqdqw ri wkh Mdfreldq
ydqlvkhv= WN , f= Wkhq wkh Skdvh ixqfwlrq ehfrphv

Xqlyhuvdo Htxdwlrq ri Vwdwh = XEi[P > \J> ]D> WN ' fj( [� +514<6,

' [E[� �[P[2 n \J[� ]D� , f= +514<7,

Wkh vsdfh kdv ehhq wrsrorjlfdoo| uhgxfhg wr 6 glphqvlrqv +rqh hljhq ydoxh lv }hur,/
dqg wkh }hur vhw ri wkh uhvxowlqj vlqjxodu Xqlyhuvdo Skdvh ixqfwlrq ehfrphv d xqlyhuvdo
fxelf htxdwlrq wkdw lv krphrprusklf wr wkh fxelf htxdwlrq ri vwdwh iru d ydq ghuZddov
jdv1
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Zkhq wkh uhvfdolqj idfwru � lv fkrvhq vxfk wkdw s ' 2> d ' e ' f ' �>p ' �/
wkhq wkh Mdfreldq pdwul{/ dMmno > lv htxlydohqw wr wkh %Vkdsh% pdwul{ iru dq lpsolflw
k|shuvxuidfh lq wkh wkhru| ri gl�huhqwldo jhrphwu|1 +Vhh dsshqgl{ 41, Uhfdoo wkdw
wkh krprjhqhrxv vlplodulw| lqyduldqwv fdq eh sxw lqwr fruuhvsrqghqfh zlwk wkh olqhdu
Phdq fxuydwxuh/ [P , FP / wkh txdgudwlf Jdxvv fxuydwxuh/ \J , FJ/ dqg wkh
fxelf Dgmrlqw fxuydwxuh/ ]D , FD> ri wkh k|shuvxuidfh1 Wkh fkdudfwhulvwlf fxelf
sro|qrpldo fdq eh sxw lqwr fruuhvsrqghqfh zlwk d qrqolqhdu h{whqvlrq ri dq lghdo jdv
qrw qhfhvvdulo| lq dq htxloleulxp vwdwh1

Wkh Xqlyhuvdo ydq ghu Zddov jdv

Pruh wkdw 433 |hduv djr ydq ghu Zddov lqwurgxfhg lqwr wkh vflhqfh ri wkhuprg|qdplfv
wkh htxdwlrq ri vwdwh qrz fdoohg wkh ydq ghu Zddov jdv=

S ' �UW@E�� e�� n d�2 +514<8,

Wkh ydq ghu Zddov htxdwlrq pd| eh frqvlghuhg dv d fxelf frqvwudlqw rq wkh vsdfh ri
yduldeohv iq(S> Y> Wj zkhuh � ' q@Y lv gh�qhg dv wkh produ ghqvlw|1

�� � E�@e��2 n i�EUW n eS �@dej�n S@de ' f= +514<9,

Wklv fxelf htxdwlrq lv wr eh frpsduhg zlwk wkh fkdudfwhulvwlf sro|qrpldo zulwwhq
lq whupv ri wkh vlplodulw| lqyduldqwv/ P> J> dqg D= Qrwh wkdw wkh urrwv ri wkh
fkdudfwhulvwlf sro|qrpldo duh qrw qhfhvvdulo| uhdo1 Wklv revhuydwlrq ohdgv wr d zhoo
gh�qhg surfhgxuh iru wuhdwlqj qrq0htxloleulxp wkhuprg|qdplfv v|vwhpv dv frpsoh{
ghyldwlrqv iurp wkh uhdo/ ru htxloleulxp/ v|vwhpv1 Wkh uhdolw| frqglwlrq lv ghwhuplqhg
e| wkh Fdugdqr ixqfwlrq wkdw ghvfulehv dq hgjh ri uhjuhvvlrq glvfrqwlqxlw|1

Iru d wudqvirupdwlrq vxfk wkdw

EHW n S �@� ' \J@EP@��2> +514<:,

S ' ]N@EP@���> +514<;,

� ' ��@EP@��> +514<<,

wkh fkdudfwhulvwlf sro|qrpldo ehfrphv dq htxdwlrq lq whupv ri glphqvlrqohvv sdudph0
whuv/

XE�> W> S � ' E��� � �E��2 n dEHW n S �@�oE��� S ' f= +51533,

Wkh odvw irupdw jlyhq deryh lv wr eh uhfrjql}hg dv wkh Htxdwlrq ri Vwdwh ri d ydq
ghu Zddov Jdv +frpsduh wr 514<6,/ lq whupv ri glphqvlrqohvv Suhvvxuh/ Whpshudwxuh
uhodwlyh wr wkhlu ydoxhv dw wkh fulwlfdo srlqw1



Wkh Xeltxlwrxv ydq ghu Zdoov jdv ::

514316 Qrq0Htxloleulxp H{dpsohv1

Lq rughu wr ghprqvwudwh frqwhqw wr wkh wkhuprg|qdplf wrsrorjlfdo wkhru|/ wzr dojh0
eudlfdoo| vlpsoh h{dpsohv duh suhvhqwhg ehorz1 Wkh �uvw fruuhvsrqgv wr d Mdfreldq
fkdudfwhulvwlf htxdwlrq wkdw kdv d fxelf sro|qrpldo idfwru/ dqg khqfh fdq eh lghqwl�hg
zlwk d ydq ghu Zddov jdv1 Wkh vhfrqg h{dpsoh h{klelwv wkh ihdwxuhv dvvrfldwhg zlwk
d Krsi elixufdwlrq/ zkhuh wkh fkdudfwhulvwlf htxdwlrq kdv d txdgudwlf idfwru zlwk wzr
sxuh lpdjlqdu| urrwv/ dqg wzr qxoo urrwv1 Wkh wklug h{dpsoh ghprqvwudwhv krz d
erzolqj edoo/ jlyhq lqlwldo dqjxodu prphqwxp dqg hqhuj|/ vnlgv dqg2ru volsv fkdqjlqj
lwv dqjxodu prphqwxp dqg nlqhwlf hqhuj| luuhyhuvleo| yld iulfwlrq h�hfwv/ xqwlo wkh
g|qdplfv lv vxfk wkdw wkh edoo uroov zlwk rxw volsslqj1 Rqfh wkdw %h{flwhg% vwdwh
lv uhdfkhg/ dqg wrsrorjlfdo  xfwxdwlrqv duh ljqruhg/ wkh prwlrq frqwlqxhv zlwkrxw
glvvlsdwlrq1 Wkh v|vwhp lv lq dq h{flwhg vwdwh idu iurp htxloleulxp1

H{dpsoh 4= ydq ghu Zddov surshuwlhv iurp urwdwlrq dqg frqwudfwlrq

Lq wklv h{dpsoh/wkh Dfwlrq 40irup lv suhvxphg wr eh ri wkh irup

Df ' dE|g{� {g|� n eEwg} n }gw�= +51534,

Wkh 40irup ri Srwhqwldov ghshqgv rq wkh frh!flhqwv d dqg e= Wkh uhvxowv ri wkh
wrsrorjlfdo wkhru| duh +iru u2 ' {2 n |2 n }2 n w2�=

Phdq fxuydwxuh = FP ' �2ew}@Eu2��@2 +51535,

Jdxvv fxuydwxuh = FJ ' �ie2E{2 n |2�� d2E}2 n w2�j@Eu2�2 +51536,

Dgmrlqw fxuydwxuh = FD ' D	Mv ' �2d2ew}@Eu2�D@2 +51537,

WrsbWruvlrq ' 2de � df> f> }>�wo@Eu2� +51538,

Dgmrlqw Fxuuhqw = Mv ' Ed2e2 � d{> |> }> wo� @Eu2�2 +51539,

Sid� Glphqvlrq 7 = gD	gD ' 2edEw2 � }2�@Eu2�2 le +5153:,

Wkh Mdfreldq pdwul{ kdv 4 }hur hljhq ydoxh dqg wkuhh qrq0}hur hljhqydoxhv1 Khqfh/
wkh fxelf sro|qrpldo zloo |lhog dq lqwhusuhwdwlrq dv d ydq ghu Zddov jdv1 Wkh Dgmrlqw
fxuuhqw uhsuhvhqwv d frqwudfwlrq lq vsdfh0wlph/ zkloh wkh  rz dvvrfldwhg zlwk wkh 40
irup kdv d urwdwlrqdo frpsrqhqw derxw wkh } d{lv1

H{dpsoh 5= D Krsi 40irup

Lq wklv h{dpsoh/wkh Krsi 40irup lv suhvxphg wr eh ri wkh irup

Df ' dE|g{� {g|� n eEwg} � }gw�= +5153;,

Wkh 40irup ri Srwhqwldov ghshqgv rq wkh frh!flhqwv d dqg e= Wkhuh duh wzr fdvhv
fruuhvsrqglqj wr ohiw dqg uljkw kdqghg �srodul}dwlrqv�= d ' e ru d ' �e1 Wkh
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uhvxowv ri wkh wrsrorjlfdo wkhru| duh +iru u2 ' {2 n |2 n }2 n w2�=

Phdq fxuydwxuh = FP ' f> +5153<,

Jdxvv fxuydwxuh = FJ ' ie2E{2 n |2� n d2E}2 n w2�j@Eu2�2 +51543,

Dgmrlqw Fxelf fxuydwxuh = FD ' D	Mv ' f +51544,

WrsbWruvlrq ' 2de � d{> |> }> wo@Eu2� +51545,

Dgmrlqw Fxuuhqw = Mv ' Ede@2� � WrsbWruvlrq +51546,

Sid� Glphqvlrq 7 = gD	gD ' ede@Eu2� le +51547,

Zkdw lv uhpdundeoh iru wklv Dfwlrq 40irup lv wkdw erwk wkh phdq fxuydwxuh
dqg wkh Dgmrlqw fxuydwxuh ri wkh lpsolflw k|shuvxuidfh lq 7G ydqlvk/ iru dq| fkrlfh
ri d ru e1 Wkh Jdxvv fxuydwxuh lv qrq0}hur/ srvlwlyh uhdo dqg lv htxdo wr wkh lqyhuvh
vtxduh ri wkh udglxv ri d 7G hxfolghdq vskhuh/ zkhq d2 ' e21 Wkh Dgmrlqw fxelf
lqwhudfwlrq hqhuj| ghqvlw| lv }hur1 Wkh wzr qrq0}hur fxuydwxuhv duh sxuh lpdjlqdu|
frqmxjdwhv htxdo wr

� ' 	
s

�e2E{2 n |2�� d2E}2 n w2�@Eu2�= +51548,

Wkh Krsi vxuidfh lv d 5G lpdjlqdu| plqlpdo wzr glphqvlrqdo k|shu vxuidfh
lq 7G dqg kdv wzr qrq0}hur lpdjlqdu| fxuydwxuhv$ Vwudqjho| hqrxjk wkh fkdujh0
fxuuhqw ghqvlw| lv qrw }hur/ exw lw lv sursruwlrqdo wr wkh Wrsrorjlfdo Wruvlrq yhfwru
wkdw jhqhudwhv wkh 6 irup D	I= Wkh wrsrorjlfdo Sdulw| 7 irup lv qrw }hur/ dqg
ghshqgv rq wkh vljq ri wkh frh!flhqwv d dqg e1 Lq rwkhu zrugv wkh *kdqghgqhvv* ri
wkh gl�huhqw 40irupv ghwhuplqhv wkh rulhqwdwlrq ri wkh qrupdo �hog zlwk uhvshfw wr
wkh lpsolflw vxuidfh1 Lw lv nqrzq wkdw d surfhvv ghvfulehg e| d yhfwru sursruwlrqdo
wr wkh wrsrorjlfdo wruvlrq yhfwru lq d grpdlq zkhuh wkh wrsrorjlfdo sdulw| lv qrq0}hur
eed@E{2 n |2 n }2 n w2� 9' f lv wkhuprg|qdplfdoo| luuhyhuvleoh1

514317 Wkh Dgmrlqw Fxuuhqw dqg Wrsrorjlfdo Vslq

Iurp wkh vlqjxodu Mdfreldq pdwul{/
�
Mvfdohgmn

�
' dCED@��m@C{

no> lw lv dozd|v srvvleoh wr
frqvwuxfw wkh Dgmrlqw pdwul{ dv wkh pdwul{ ri fridfwruv wudqvsrvhg=

Dgmrlqw Pdwul{ =
keMnml ' dgmrlqw

�
M
vfdohg
mn

�
+51549,

Zkhq wklv pdwul{ lv pxowlsolhg wlphv wkh uhvfdohg fryhfwru frpsrqhqwv/ wkh uhvxow lv
wkh surgxfwlrq ri dq dgmrlqw fxuuhqw/

Dgmrlqw fxuuhqw =
���eanH '

keMnml � m�m@�l +5154:,

Lw lv uhpdundeoh wkdw wkh frqvwuxfwlrq lv vxfk wkdw wkh Dgmrlqw fxuuhqw 60irup/ li qrw
}hur/ kdv }hur glyhujhqfh joredoo|=

eM ' lEean�le +5154;,

g eM ' f= +5154<,



Wkh Xeltxlwrxv ydq ghu Zdoov jdv :<

Iurp wkh uhdol}dwlrq wkdw wkh Dgmrlqw pdwul{ pd| dgplw d qrq0}hur joredoo| frqvhuyhg
60irup ghqvlw|/ ru fxuuhqw/ eM> lw iroorzv devwudfwo| wkdw wkhuh h{lvwv d 50irup ghqvlw|
ri %h{flwdwlrqv%/ eJ> vxfk wkdw

Dgmrlqw fxuuhqw = eM ' g eJ= +51553,eJ lv qrw xqltxho| gh�qhg lq whupv ri wkh dgmrlqw fxuuhqw/ iru eJ frxog kdyh forvhg
frpsrqhqwv +jdxjh dgglwlrqv eJf> vxfk wkdw g eJf ' f,/ zklfk gr qrw frqwulexwh wr wkh

fxuuhqw/ eM=
Iurp wkh wrsrorjlfdo wkhru| ri hohfwurpdjqhwlvp ^UPN 5337` ^UPN 4<<< e`

wkhuh h{lvwv d ixqgdphqwdo 60irup/ D	J> gh�qhg dv wkh %wrsrorjlfdo Vslq% 60irup/

Wrsrorjlfdo Vslq 60irup = D	J= +51554,

Wkh h{whulru ghulydwlyh ri wklv 60irup surgxfhv d 70irup/ zlwk d frh!flhqw hqhuj|
ghqvlw| ixqfwlrq wkdw lv frpsrvhg ri wzr sduwv=

gED	J� ' I	J� D	 eM= +51555,

Wkh �uvw whup lv wzlfh wkh gl�huhqfh ehwzhhq wkh %pdjqhwlf% dqg wkh %hohfwulf%
hqhuj| ghqvlw|/ dqg lv d idfwru ri 5 wlphv wkh Odjudqjldq xvxdoo| fkrvhq iru wkh
hohfwurpdjqhwlf �hog lq fodvvlf �hog wkhru|=

Odjudqjldq Ilhog hqhuj| ghqvlw| = I	J ' � � O�# � , +51556,

Wkh vhfrqg whup lv gh�qhg dv wkh %lqwhudfwlrq hqhuj| ghqvlw|%

Lqwhudfwlrq hqhuj| ghqvlw| = D	 eM ' ��ea� �!= +51557,

Iru wkh vshfldo +Jdxvv, fkrlfh ri lqwhjudwlqj ghqrplqdwru/ � zlwk Es ' 2> d ' e ' f '
�>p ' �� lw fdq eh ghprqvwudwhg wkdw wkh Mdfreldq vlplodulw| lqyduldqwv duh htxdo wr
wkh fodvvlf fxuydwxuhv=

i[P > \J> ]D> WNj , iFPEphdqbolqhdu�> FJEjdxvvbtxdgudwlf�> FDEdgmrlqwbfxelf�> fj= +51558,

Lw fdq eh ghprqvwudwhg wkdw wkh lqwhudfwlrq ghqvlw| lv h{dfwo| htxdo wr wkh Dgmrlqw
fxuydwxuh hqhuj| ghqvlw|=

Lqwhudfwlrq hqhuj| D	 eM ' FD le +Wkh Dgmrlqw Fxelf Fxuydwxuh,1 +51559,

Wkh frqfoxvlrq uhdfkhg lv wkdw d qrq0}hur lqwhudfwlrq hqhuj| ghqvlw| lpsolhv wkh
wkhuprg|qdplf v|vwhp lv qrw lq dq htxloleulxp vwdwh1

Krzhyhu/ lw lv dozd|v srvvleoh wr frqvwuxfw wkh 60irup/ eV G

Wrsrorjlfdo Vslq 60irup = eV ' D	 eJ +5155:,
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Wkh h{whulru ghulydwlyh ri wklv 60irup ohdgv wr d fr0krprorjlfdo vwuxfwxudo htxdwlrq
vlplodu wkh �uvw odz ri wkhuprg|qdplfv/ exw xvhixo iru qrq0htxloleulxp v|vwhpv1 Wklv
uhvxow/ qrz uhfrjql}hg dv d vwdwhphqw dssolfdeoh wr qrq0htxloleulxp wkhuprg|qdplf
surfhvvhv/ zdv gh�qhg dv wkh %Lqwulqvlf Wudqvsruw Wkhruhp% lq 4<9< ^UPN 4<9<` =

Lqwulqvlf Wudqvsruw Wkhruhp +Vslq, G geV ' I	 eJ� D	 eM> +5155;,

Iluvw Odz ri Wkhuprg|qdplfv +Hqhuj|, G gX ' T�Z +5155<,

Li rqh frqvlghuv d froodsvlqj v|vwhp/ wkhq wkh jhrphwulf fxuydwxuhv lqfuhdvh zlwk
vpdoohu vfdohv1 Li Jdxvv txdgudwlf fxuydwxuh/ FJ> lv wr eh uhodwhg wr judylwdwlrqdo
froodsvh ri pdwwhu/ wkhq dw vrph ohyho ri vpdoohu vfdohv d whup fxelf lq fxuydwxuhv/
FK > zrxog grplqdwh1 Lw lv frqmhfwxuhg wkdw wkh fxelf fxuydwxuh surgxfhg e| wkh
lqwhudfwlrq hqhuj| h�hfw ghvfulehg deryh frxog suhyhqw wkh froodsvh wr d eodfn kroh1
Frvprorjlvwv dqg uhodwlylvwv dssduhqwo| kdyh ljqruhg vxfk fxelf fxuydwxuh h�hfwv1

5144 Wkh Idodfr Vrolwrq 0 D Wrsrorjlfdo Vwulqj lq d Vzlpplqj Srro

514414 Ylvxdo Wrsrorjlfdo Ghihfwv lq d Ioxlg

Dowkrxjk ri lpsruwdqfh wr wkh frvprorjlfdo frqfhsw ri d xqlyhuvh h{suhvvleoh dv d orz
ghqvlw| +qrq0htxloleulxp, ydq ghu Zddov jdv qhdu lwv fulwlfdo srlqw/ wkh idfwrul}dwlrq
ri wkh Mdfreldq fkdudfwhulvwlf sro|qrpldo lqwr d fxelf lv qrw wkh rqo| frvprorjlfdo
srvvlelolw|1 Ri sduwlfxodu lqwhuhvw lv wkh idfwrul}dwlrq wkdw ohdgv wr d Krsi elixufdwlrq1
Lq wklv fdvh wkh fkdudfwhulvwlf ghwhuplqdqw ydqlvkhv/ wkh Dgmrlqw fxelf fxuydwxuh ydq0
lvkhv/ wkh phdq fxuydwxuh ydqlvkhv +lqglfdwlqj d plqlpdo vxuidfh,/ exw wkh Jdxvv
fxuydwxuh lv srvlwlyh/ dqg wkh wzr uhpdlqlqj hljhqydoxhv ri wkh fkdudfwhulvwlf sro|qr0
pldo duh sxuh lpdjlqdu| frqmxjdwhv1 Vxfk uhvxowv lqglfdwh urwdwlrqv ru rvfloodwlrqv
+dv lq wkh fkhplfdo Euxvvhodwru uhdfwlrqv, dqg wkh srvvlelolw| ri vsludo frqfhqwudwlrq
ru ghqvlw| zdyhv rq vxfk plqlpdo vxuidfhv1 Vxfk vwuxfwxuhv dw d frvprorjlfdo ohyho
zrxog dsshdu wr h{sodlq wkh ruljlq ri vsludo dup jdod{lhv1 Wkh Krsi w|sh plqlpdo
vxuidfhv ri srvlwlyh Jdxvv fxuydwxuh gr qrw uhsuhvhqw wkhuprg|qdplf htxloleulxp v|v0
whpv/ iru wkhlu fxuydwxuhv/ dowkrxjk wzr lq qxpehu/ duh sxuh lpdjlqdu|1 Wkh prodo
ghqvlw| glvwulexwlrqv +ru rughu sdudphwhuv, duh frpsoh{1

Wkh lghd wkdw vwduv frxog eh orqj olyhg wrsrorjlfdo ghihfwv dw d frvprorjl0
fdo ohyho jdlqv fuhghqfh dw wkh pdfurvfrslf ohyho e| wkh fuhdwlrq ri Idodfr Vrolwrqv
+wrsrorjlfdo ghihfwv, lq d vzlpplqj srro1

Vhh wkh skrwr wdnhq e| G1 Udgdedxjk ri wkh 6 sdluv ri Idodfr Vrolwrqv fuhdwhg
lq d vzlpplqj srro lq wkh odwh diwhuqrrq1 Wkh oljkwlqj dqg rswlfv hqdeohv wkh glpsohg
vxuidfh vwuxfwxuhv wr eh vhhq1 Qrwh wkh yhvwljhv ri pxvkurrp vsludov lq wkh vxuidfh
vwuxfwxuhv durxqg hdfk sdlu1 Wkh vxuidfh vsludo dupv fdq eh hqkdqfhg e| vsuhdglqj
fkdon gxvw rq wkh iuhh vxuidfh ri wkh srro1 Wkh skrwr ghprqvwudwhv wkh h{lvwhqfh
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Iljxuh 6

ri Idodfr Vrolwrqv/ d ihz plqxwhv diwhu fuhdwlrq1 Wkh nlqhwlf hqhuj| dqg wkh dqjxodu
prphqwxp lqlwldoo| jlyhq wr d sdlu ri Udqnlqh yruwlfhv +ri srvlwlyh Jdxvv fxuydwxuh,
fuhdwhg lq wkh iuhh vxuidfh ri zdwhu txlfno| ghfd| lqwr glpsohg/ orfdoo| xqvwdeoh/
vlqjxodu vxuidfhv +ri qhjdwlyh Jdxvv fxuydwxuh, wkdw kdyh dq h{wudruglqdu| olihwlph
ri pruh wkdq 48 plqxwhv lq d vwloo srro1 Wkh Idodfr Vrolwrq lv revhuyhg e| phdqv
ri wkh xqltxh rswlfv ri Vqhoo uhiudfwlrq iurp d vxuidfh ri qhjdwlyh Jdxvv fxuydwxuh1
Wkh glpsohg vxuidfh lv doprvw d plqlpdo vxuidfh/ dqg wkh surmhfwlrq wr wkh  rru ri
wkh srro lv doprvw frqirupdo/ suhvhuylqj wkh flufxodu dsshdudqfh ri wkh eodfn glvf/
lqghshqghqw iurp wkh dqjoh ri vrodu lqflghqfh1



;5 Wrsrorjlfdo Wkhuprg|qdplfv

D uhpdundeoh ihdwxuh ri wkh Idodfr Vrolwrq ^UPN 4<;9` lv wkdw lw frqvlvwv ri d
sdlu ri wzr glphqvlrqdo wrsrorjlfdo ghihfwv/ lq d vxuidfh ri glvfrqwlqxlw|/ zklfk dssdu0
hqwo| duh frqqhfwhg e| phdqv ri d wrsrorjlfdo vlqjxodu wkuhdg1 Lw lv frqmhfwxuhg wkdw
wkh whqvlrq lq wkh vlqjxodu wkuhdg surylghv wkh irufh wkdw pdlqwdlqv wkh sdlu ri glp0
sohg vwuxfwxuhv1 Wkh htxloleulxp prgh iru wkh iuhh vxuidfh lv wkdw lw eh  dw/ zlwkrxw
glpsohv1 Wkh vrolwrqv duh uhsuhvhqwdwlyh ri qrq0htxloleulxp orqj olyhg vwuxfwxuhv1 Li
g|h gursv duh lqmhfwhg lqwr wkh zdwhu/ wkh g|h sduwlfohv zloo h{hfxwh d wruvlrqdo zdyh
prwlrq wkdw rvfloodwhv xs dqg grzq xqwlo wkh g|h pdsv rxw wkh wkuhdg vlqjxodulw|
+d flufxodu duf, wkdw frqqhfwv wkh wzr yhuwlfhv ri wkh Idodfr Vrolwrq1 Wkh vlqjxodu
wkuhdg dfwv dv d jxlglqj fhqwhu iru wkh wruvlrq zdyhv1 Li wkh wkuhdg lv vhyhuhg/ wkh
hqgfds vlqjxodulwlhv glvdsshdu doprvw lpphgldwho|/ dqg qrw gl�xvlyho|1 Wkh orqj olih0
wlph ri wkh Idodfr Vrolwrq lv gxh wr wklv joredo vwdelol}dwlrq ri wkh frqqhfwlqj vwulqj
vlqjxodulw|1

514415 Idodfr Vrolwrqv dv Odqgdx Jlqvexuj vwuxfwxuhv lq plfur/ pdfurvfrslf dqg
frvprorjlfdo v|vwhpv

Wkh Idodfr h{shulphqwv ghprqvwudwh wkdw vxfk wrsrorjlfdo ghihfwv duh dydlodeoh dw doo
vfdohv1 Wkh Idodfr Vrolwrqv frqvlvw ri vsludo %yruwh{ ghihfw% vwuxfwxuhv +dqdorjrxv
wr FJO wkhru|, rq d wzr glphqvlrqdo plqlpdo vxuidfh/ rqh dw hdfk hqg ri d 40
glphqvlrqdo %yruwh{ olqh% ru wkuhdg +dqdorjrxv wr JSJ wkhru|,1 Uhpdundeo| wkh
wrsrorjlfdo ghihfw vxuidfh vwuxfwxuh lv orfdoo| xqvwdeoh/ dv wkh vxuidfh lv ri qhjdwlyh
Jdxvv fxuydwxuh1 \hw wkh sdlu ri orfdoo| xqvwdeoh 50G vxuidfhv lv joredoo| vwdelol}hg
e| wkh 40G olqh ghihfw dwwdfkhg wr wkh %yhuwh{% srlqwv ri wkh plqlpdo vxuidfhv1

Iru vrph vshfl�f sk|vlfdo v|vwhpv lw fdq eh ghprqvwudwhg wkdw shulrg +flufx0
odwlrq, lqwhjudov ri wkh 40irup ri Dfwlrq srwhqwldov/ D> ohdg wr wkh frqfhsw ri %yruwh{
ghihfw olqhv%1 Wkh lghd lv h{whqgdeoh wr %wzlvwhg yruwh{ ghihfw olqhv% lq wkuhh gl0
phqvlrqv1 Wkh %wzlvwhg yruwh{ ghihfwv% ehfrph wkh vsludo yruwlfhv ri d Frpsoh{
Jlqvexuj Odqgdx +FJO, wkhru| / zkloh wkh %xqwzlvwhg yruwh{ olqhv% ehfrph wkh
ghihfwv ri Jlq}exuj0Slwdhyvnll0Jurvv +JSJ, wkhru| ^Wruqnylvw 4<<:`1
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Lq wkh pdfurvfrslf grpdlq/ wkh h{shulphqwv ylvxdoo| lqglfdwh %doprvw  dw%
vsludo dup vwuxfwxuhv gxulqj wkh irupdwlyh vwdjhv ri wkh Idodfr vrolwrqv1 Lq wkh
frvprorjlfdo grpdlq/ lw lv vxjjhvwhg wkdw wkhvh xqlyhuvdo wrsrorjlfdo ghihfwv uhsuhvhqw
wkh xeltxlwrxv %doprvw  dw% vsludo dup jdod{lhv1 Edvhg rq wkh h{shulphqwdo fuhdwlrq
ri Idodfr Vrolwrqv lq d vzlpplqj srro/ lw kdv ehhq frqmhfwxuhg wkdw P64 dqg wkh
Plon| Zd| jdod{lhv frxog eh frqqhfwhg e| d wrsrorjlfdo ghihfw wkuhdg ^UPN 4<;9`1
Rqo| uhfhqwo| kdv skrwrjudsklf hylghqfh dsshduhg vxjjhvwlqj wkdw jdod{lhv pd| eh
frqqhfwhg e| vwulqjv1

Dw wkh rwkhu h{wuhph/ wkh urwdwlrqdo plqlpdo vxuidfhv ri qhjdwlyh Jdxvv fxu0
ydwxuh zklfk irup wkh wzr hqgfdsv ri wkh Idodfr vrolwrq/ olnh txdunv/ dssduhqwo| duh
frq�qhg e| wkh vwulqj1 Li wkh vwulqj +zkrvh %whqvlrq% lqgxfhv joredo vwdelolw| ri wkh
xqvwdeoh hqgfdsv, lv vhyhuhg/ wkh hqgfdsv +olnh xqfrq�qhg txdunv lq wkh hohphqwdu|
sduwlfoh grpdlq, glvdsshdu +lq d qrq0gl�xvlyh pdqqhu,1 Lq wkh plfurvfrslf hohfwur0
pdjqhwlf grpdlq/ wkh Idodfr vrolwrq vwuxfwxuh r�huv dq dowhuqdwh/ wrsrorjlfdo/ sdlulqj
phfkdqlvp rq d Ihupl vxuidfh/ wkdw frxog vhuyh dv dq dowhuqdwh wr wkh Frrshu sdlulqj
lq vxshufrqgxfwruv1
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Fkdswhu 6

DSSOLFDWLRQV RI WRSRORJLFDO WKHUPRG\QDPLFV1

Lq wklv fkdswhu/ wkh wrsrorjlfdo irxqgdwlrqv ri wkhuprg|qdplfv ghyhorshg lq wkh suh0
fhglqj fkdswhu zloo eh dssolhg wr vhyhudo gl�huhqw sk|vlfdo v|vwhpv1 Wkh remhfwlyh lv
wr ghprqvwudwh krz wkh frpprq wkuhdg ri wrsrorj| uhvlghv lq wkh gl�huhqw glvflsolqhv1
Wr uhshdw wkh ixqgdphqwdo lghdv=

Fulwhulrq < Sk|vlfdo V|vwhpv fdq eh hqfrghg lq whupv ri h{whulru gl�huhqwldo irupv1

Fulwhulrq 43 Sk|vlfdo surfhvvhv fdq eh hqfrghg lq whupv ri yhfwru gluhfwlrq �hogv1

Fulwhulrq 44 Frqwlqxrxv wrsrorjlfdo hyroxwlrq lv hqfrghg lq Fduwdq*v Pdjlf iru0
pxod1

Fulwhulrq 45 Htxlydohqfh fodvvhv ri v|vwhpv dqg surfhvvhv fdq eh gh�qhg lq whupv
ri wkh Sid� wrsrorjlfdo glphqvlrq1

614 Sk|vlfdo V|vwhpv ri Sid� glphqvlrq 6

Frqvlghu wkrvh sk|vlfdo v|vwhpv wkdw duh uhsuhvhqwhg e| 40irupv/ D/ ri Sid� wrsrorj0
lfdo glphqvlrq 61 Wkh frqfhsw lpsolhv wkdw wkh wrsrorjlfdo ihdwxuhv fdq eh ghvfuleh
lq whupv ri 6 ixqfwlrqv dqg wkhlu gl�huhqwldov1 Iru h{dpsoh/ li rqh suhvxphv wkh
ixqgdphqwdo lqghshqghqw edvh yduldeohv duh wkh vhw iS> t> �j> zlwk dq h{whulru gl�hu0
hqwldo yroxph hohphqw frqvlvwlqj ri d surgxfwW ri h{dfw 40irupv l� ' gS	gt	gw> wkhq
d Gduerx{ uhsuhvhqwdwlrq iru d sk|vlfdo v|vwhp frxog kdyh wkh dsshdudqfh=

D ' Sgt n g�= +614,

Wkh remhfwlyh lv wr xvh wkh ihdwxuhv ri Fduwdq*v pdjlf irupxod wr frpsxwh wkh srvvleoh
hyroxwlrqdu| ihdwxuhv ri vxfk d v|vwhp1 Wkh hyroxwlrqdu| g|qdplfv lv hvvhqwldoo|
wkh �uvw odz ri wkhuprg|qdplfv1

O�VD ' lE�V�gDn glE�V�D� ' Z n gX ' T= +615,

�Pruh devwudfw v|vwhpv frxog eh frqvwuxfwhg irup gl�huhqwldo irupv zklfk duh qrw h{dfw1



;9 Dssolfdwlrqv ri Wrsrorjlfdo Wkhuprg|qdplfv1

Wkh hohphqwv ri wkh Sid� vhtxhqfh iru wklv Dfwlrq ehfrph=

D ' Sgt n g� +616,

gD ' gS	gt> +617,

D	gD ' gS	gt	g�> +618,

gD	gD ' f= +619,

Uhodwlyh wr wkh �rughuhg srvlwlrq� yhfwru + ' dS> t> � o> frqvlghu wkh 6 olqhduo| lqgh0
shqghqw ruwkrjrqdo yhfwru gluhfwlrq �hogv=

V ' df> �> fo +61:,

Vz ' d�> f> fo +61;,

, ' df> f> �o= +61<,

Wkh h{wuhpdo yhfwru , lv wkh xqltxh hljhq yhfwru zlwk hljhqydoxh }hur uhodwlyh wr
wkh dqwl0v|pphwulf pdwul{ jhqhudwhg e| wkh 50irup/ gD= Wkh dvvrfldwhg yhfwru Vz lv
ruwkrjrqdo wr wkh t> � sodqh1

Qh{w ghirup wkh yhfwru gluhfwlrq �hogv e| dq duelwudu| ixqfwlrq/ �= Wkhq
frqvwuxfw wkh frqwudfwlrqv +wkh lqwhuqdo hqhuj|,1

XV ' lE�V�D ' �S +6143,

XVz ' lE�Vz�D ' f +6144,

X, ' lE�,�D ' �= +6145,

Wkh olqhduo| lqghshqghqw Zrun 40irupv iru hyroxwlrq lq wkh gluhfwlrq ri wkh 6 edvlv
yhfwruv/

ZV ' lE�V�gD ' ��gS +6146,

ZVz ' lE�Vz�gD ' n�gt +6147,

Z, ' lE�,�gD ' f= +6148,

Iurp Fduwdq*v Pdjlf Irupxod/ OEV�D ' lE�V�gD n gElE�V�D� � T> lw ehfrphv
dssduhqw wkdw

TV ' Sg�> gTV ' gS	g� +6149,

TVz ' n�gt> gTVz ' g�	gt

T, ' g� gT, ' f +614:,
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Doo surfhvvhv lq wkh h{wuhpdo gluhfwlrq vdwlvi| wkh frqglwlrqv wkdw T,	gT, ' f=
Khqfh/ doo h{wuhpdo surfhvvhv duh uhyhuvleoh1 Lw lv dovr wuxh wkdw hyroxwlrqdu| surfhvvhv
lq wkh gluhfwlrq ri wkh rwkhu edvlv yhfwruv/ vhsdudwho|/ duh uhyhuvleoh/ dv wkh 60irup
T	gT ydqlvkhv1 Khqfh doo vxfk slhfhzlvh frqwlqxrxv surfhvvhv duh wkhuprg|qdpl0
fdoo| uhyhuvleoh1

Krzhyhu/ hyroxwlrq lq wkh gluhfwlrq ri vprrwk frpelqdwlrqv ri wkh edvh yhfwruv
pd| qrw vdwlvi| wkh uhyhuvlelolw| frqglwlrqv/ T	gT ' f= Iru h{dpsoh/ lw lv srvvleoh
wr frqvlghu h{sdqvlrqv ru urwdwlrqv lq wkh S> t sodqh1

Yh{sdqvlrq ' Vz nVY > +614;,

T	gT ' ��g�	gS	gt +614<,

Yurwdwlrq ' Vz �VY > +6153,

T	gT ' n�g�	gS	gt +6154,

Wkh qrq0}hur ydoxh ri T	gT iru wkh frqwlqxrxv h{sdqvlrqv dqg urwdwlrqv duh uhodwhg
wr wkh qrq0}hur Jrgeloorq0Yh| fodvv ^Slwwlh 4<:9`1

Frqfoxvlrq 46 Wkh idfwv wkdw slhfhzlvh +vhtxhqwldo, F4 hyroxwlrq dorqj d vhw ri
gluhfwlrq �hogv lq rgg +6, glphqvlrqv fdq eh wkhuprg|qdplfdoo| uhyhuvleoh/ T	gT ' f/
zkloh F5 hyroxwlrq dv frpsrvhg ri olqhdu frpelqdwlrqv ri wkhvh vdph gluhfwlrq �hogv
lv wkhuprg|qdplfdoo| luuhyhuvleoh/ T	gT ' f/ lv d uhpdundeoh uhvxow/ wkdw dsshduv wr
kdyh d uhodwlrqvkls wr Qdvk*v wkhruhp rq F4 hpehgglqjv1 Sk|vlfdoo| wkh uhvxowv duh
uhodwhg wr wdqjhqwldo glvfrqwlqxlwlhv vxfk dv k|gurg|qdplf zdnhv1

Lw vkrxog eh uhpdunhg wkdw iru Dfwlrq 40irupv ri rgg Sid� wrsrorjlfdo gl0
phqvlrq/ dgglwlrq ri d forvhg irup zkrvh irupdw frqwdlqv qhz lqghshqghqw yduldeohv
grhv qrw fkdqjh wkh Sid� wrsrorjlfdo glphqvlrq ri wkh frpsrvlwh1 Rq wkh rwkhu0
kdqg/ li wkh ruljlqdo 40iurp lv uhqrupdol}hg e| vrph idfwru/ wkhq wkh Sid� wrsrorjlfdo
glphqvlrq grhv fkdqjh1 Lq wkh qh{w vhfwlrq lw zloo eh ghprqvwudwhg wkdw wklv slhfh0
zlvh htxlydohqfh fodvv ri surfhvvhv grhv qrw surgxfh d wkhuprg|qdplfdoo| luuhyhuvleoh
surfhvv1 Lq wklv vhqvh lw pd| eh vdlg wkdw wkhuprg|qdplf luuhyhuvlelolw| lv dq duwlidfw
ri glphqvlrq 71

615 Sk|vlfdo V|vwhpv ri Sid� glphqvlrq 7

Frqvlghu wkrvh sk|vlfdo v|vwhpv wkdw duh uhsuhvhqwhg e| 40irupv/ D/ ri Sid� glphqvlrq
71 Iru h{dpsoh/ li rqh suhvxphv wkh ixqgdphqwdo lqghshqghqw edvh yduldeohv duh wkh
vsdfh wlph vhw i{> |> }> wj> wkhq d uhsuhvhqwdwlrq iru sk|vlfdo v|vwhp zrxog frqvlvw ri
irxu ixqfwlrqv zkrvh dujxphqwv duh wkh edvh yduldeohv/ dqg wkh Dfwlrq 40irup zrxog
kdyh wkh dsshdudqfh=



;; Dssolfdwlrqv ri Wrsrorjlfdo Wkhuprg|qdplfv1

D'P�
n'�DnE{> |> }> w�g{

n � !E{> |> }> w�gw= +6155,

Wklv uhsuhvhqwdwlrq kdv dssolfdelolw| wr wkh vwxg| ri hohfwurpdjqhwlf v|vwhpv/ zkhuh
wkh ixqfwlrqv DnE{> |> }> w� dqg !E{> |> }> w� sod| wkh uroh ri wkh yhfwru dqg vfdodu sr0
whqwldov ri fodvvlf hohfwurpdjqhwlf wkhru| ^UPN 5337` 1

Krzhyhu/ wkh Gduerx{ wkhruhp vd|v wkdw wkhuh h{lvwv d pds iurp wkh vhw
i{> |> }> wj lqwr irxu lqghshqghqw ixqfwlrqv/ it> � > S>Kj vxfk wkdw wkh hohphqwv ri wkh
Sid� vhtxhqfh ehfrph=

D ' Sgt �Kg�> +6156,

gD ' gS	gt � gK	g� > +6157,

D	gD ' ESgK �KgS �gt	g� > +6158,

gD	gD ' 2gS	gK	gt	g�> +6159,

Uhodwlyh wr wkh �srvlwlrq� yhfwru + ' dt> � > S>Ko> frqvlghu wkh 7 olqhduo| lq0
ghshqghqw ruwkrjrqdo yhfwru gluhfwlrq �hogv=

V ' dS>K> f> fo +615:,

Vz ' d�K>S> f> fo +615;,

A ' df> f> S>Ko +615<,

Az ' df> f>�K>S o +6163,

Wkh yhfwruv V dqg Vz uhvlgh lq wkh vxevsdfh ri i{> �> f> fj dqg wkhuh iru zloo eh
fdoohg �wdqjhqw� yhfwruv1 Wkh yhfwruv A dqg Az uhvlgh lq wkh vxevsdfh if> f> S>Kj
dqg zloo eh fdoohg �qrupdo� yhfwruv Wkhvh yhfwruv fdq eh xvhg d edvlv iudph iru dq|
yhfwru lq wkh 7 glphqvlrqdo vsdfh1

Qh{w frqvwuxfw wkh frqwudfwlrqv

lEV�D ' S 2 nK2 +6164,

lEVz�D ' f +6165,

lEA�D ' f +6166,

lEAz�D ' f +6167,

dqg qrwh wkdw wkh yhfwruv irup dq ruwkrjrqdo +exw qrw qhfhvvdulo| qrupdol}hg, vhw1
Wkhq frqvwuxfw wkh olqhduo| lqghshqghqw Zrun 40irupv iru hyroxwlrq lq wkh gluhfwlrq
ri wkhvh 7 edvlv yhfwruv/

ZV ' lEV�gD ' �gES 2 nK2�@2 +6168,

ZVz
' lEVz�gD ' SgK �KgS +6169,

ZA ' lEA�gD ' Sgt �Kg� ' D +616:,

ZAz
' lEAz�gD ' �Kgt n Sg�= +616;,
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IurpFduwdq*v Pdjlf Irupxod/ OEV�D ' lEV�gDngElEV�D� � T> lw ehfrphv dssduhqw
wkdw

TV ' n gES 2 nK2�@2> gTV ' f +616<,

TVz ' SgK �KgS> gTVz ' 2gS	gK +6173,

TA ' Sgt �Kg� ' D gTA ' gS	gt � gK	g� ' gD +6174,

TAz ' �Kgt n Sg� gTAz ' �gK	gt n gS	g�> +6175,

dqg lw iroorzv wkdw wkh wkuhh irupv T	gT ehfrph=

TV	gTV ' f +6176,

TVz	gTVz ' f +6177,

TA	gTA ' EKgS � SgK�	gt	g� ' D	gD +6178,

TAz	gTAz ' EKgS � SgK�	gt	g� ' D	gD +6179,

Wkh yhfwru A lv nqrzq dv wkh Wruvlrq yhfwru/ dqg prwlrq lq wkh gluhfwlrq ri wkh Wru0
vlrq yhfwru +ru lwv ruwkrjrqdo frpsolphqw Az, |lhog d qrq0}hur ydoxh iru wkh 60irupT1
Lw iroorzv wkdw hyroxwlrq lq wkh gluhfwlrq ri wkh Wruvlrq yhfwru lv wkhuprg|qdplfdoo|
luuhyhuvleoh1 Iru dq| yhfwru zlwk frpsrqhqwv frqvwuxfwhg iurpV dqg Vz zlwk duel0
wudu| ixqfwlrqdo frh!flhqwv/ lw iroorzv wkdw wkh Khdw 40irup T vdwlv�hv wkh Iurehqlxv
lqwhjudelolw| wkhruhp1 Rqo| hyroxwlrqdu| surfhvvhv zlwk frpsrqhqwv frqvwuxfwhg
iurp Az dqg A zloo uhsuhvhqw wkhuprg|qdplfdoo| luuhyhuvleoh surfhvvhv1

Wkh gl�huhqfh ehwzhhq wkh 6G fdvh dqg wkh 7G fdvh lv wkdw slhfhzlvh hyroxwlrq
lq wkh gluhfwlrq ri wkh edvlv yhfwruv lv dozd|v uhyhuvleoh lq wkh 60G fdvh/ exw slhfhzlvh
hyroxwlrq lq wkh gluhfwlrq ri wkh 7G edvlv yhfwruv lv qrw dozd|v wkhuprg|qdplfdoo|
luuhyhuvleoh1 Vr wkh zrun ri wkh odvw wzr vxevhfwlrqv hvwdeolvkhv wkh iroorzlqj wkhruhp=

Frqfoxvlrq 47 Wkhuprg|qdplf luuhyhuvlelolw| lv dq duwlidfw ri wrsrorjlfdo Sid� gl0
phqvlrq A e=

Lw lv ri vrph lqwhuhvw wr uhfrjql}h wkdw wkh 40irupKgS �SgK kdv d urwdwlrqdo
srodu frruglqdwh uhsuhvhqwdwlrq

KgS � SgK ' ES 2 nK2��EX� +617:,

xqghu wkh pdsslqj

K '
s
EK2 n S 2� ULtX +617;,

S '
s
EK2 n S 2� t�?X= +617<,
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Wkh 40irup

�EX� ' EKgS � SgK�@ES 2 nK2� gE�EX� ' f +6183,

lv qrw dq h{dfw 40irup/ exw lw lv forvhg prg wkh ruljlq ri K dqg S= Vxfk forvhg
exw qrw h{dfw irupv duh fdoohg kduprqlf irupv dqg kdyh ydoxhv zkhq lqwhjudwhg ryhu
forvhg f|fohv zlwk udwlrqdo udwlrv1

Lw vkrxog eh uhpdunhg wkdw iru Dfwlrq 40irupv ri hyhq Sid� wrsrorjlfdo gl0
phqvlrq/ dgglwlrq ri d forvhg irup zkrvh irupdw frqwdlqv qhz lqghshqghqw yduldeohv
grhv fkdqjh wkh Sid� wrsrorjlfdo glphqvlrq ri wkh frpsrvlwh1 Li wkh forvhg 40irup
lv d ixqfwlrq lv d ixqfwlrq ri wkh ruljlqdo 5q.5 yduldeohv/ lw grhv qrw fkdqjh wkh Sid�
wrsrorjlfdo glphqvlrq ri wkh hyhq glphqvlrqdo irup1 Rq wkh rwkhukdqg/ li wkh ruljl0
qdo 40iurp lv uhqrupdol}hg e| vrph idfwru/ wkhq wkh Sid� wrsrorjlfdo glphqvlrq grhv
qrw fkdqjh1

616 Hohfwurpdjqhwlvp dv d wrsrorjlfdo wkhru|

Pd{zhoo*v SGH*v duh wrsrorjlfdo vwdwhphqwv wkdw fdq eh ghgxfhg iurp dq h{whulru
gl�huhqwldo v|vwhp1 Wkh wzr srvwxodwhv duh=

Wkh Srvwxodwh ri Srwhqwldov

I � gD ' f= +6184,

Wkh Srvwxodwh ri frqvhuyhg Fkdujh Fxuuhqw ghqvlwlhv

M � gJ ' f= +6185,

Qr frqvwudlqwv ri jhrphwulfdo frqqhfwlrq ru phwulf duh uhtxluhg1 Vxfk jhr0
phwulf frqvwudlqwv fdq eh xvhg wr uh�qh wkh Pd{zhoo wrsrorj| iru gl�huhqw vshfl�f
sk|vlfdo v|vwhpv1 Iru h{dpsoh/ frqvwlwxwlyh htxdwlrqv ri frqvwudlqw ehwzhhq wkh wzr
50irupv I dqg J fdq eh xvhg wr glvwlqjxlvk eluhiulqjhqw phgld iurp rswlfdoo| df0
wlyh phgld1 Wkh Pd{zhoo0Idudgd| SGH*v duh qrw uhvwulfwhg wr vsdfhv ri wrsrorjlfdo
glphqvlrq Q @ 71 Iru dq h{whulru gl�huhqwldo v|vwhp I � gD ' f rq d vsdfh ri
dq| glphqvlrq QA6/ wkh forvxuh frqglwlrqv/ ggD ' gI ' f> dozd|v |lhog wkh vdph
lghqwlfdo Pd{zhoo0Idudgd| SGH*v iru wkh �uvw 7 yduldeohv1 Dgglwlrqdo SGH*v duh dovr
jhqhudwhg iru QA7/ exw wkh v|vwhp ri SGH*v irup d qhvwhg vhw/ zlwk wkh Pd{zhoo0
Idudgd| htxdwlrqv dv wrsrorjlfdo nhuqho/ ri lqyduldqw irupdw iru dq| glphqvlrq Q1 D
uhpdundeoh uhvxow lv wkdw Idudgd| lqgxfwlrq lv d wrsrorjlfdo lghd/ dqg grhv qrw gh0
shqg xsrq phwulf ru frqqhfwlrq1 Wkh frqfhsw ri Idudgd| lqgxfwlrq dssolhv wr dq|
v|vwhp wkdw vdwlv�hv wkh Srvwxodwh ri Srwhqwldov/ lqfoxglqj wkh ixqgdphqwdo d{lrp ri
wrsrorjlfdo wkhuprg|qdplfv zklfk hqfrghv d sk|vlfdo v|vwhp lq whupv ri d 40irup ri
Dfwlrq1
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Dv ghprqvwudwhg ehorz/ wkh Srvwxodwh ri Srwhqwldov hvwdeolvkhv wkh �hog lq0
whqvlwlhv/ , dqg �/ +wklqn irufhv,/dqg wkh Srvwxodwh ri Frqvhuyhg Fkdujh fxuuhqw
ghqvlwlhv hvwdeolvkhv wkh �hog h{flwdwlrqv/ # dqg O/ +wklqn vrxufhv,1 Wkh wrsrorjlfdo
shuvshfwlyh vxevxphv wkdw wkh wzr vshflhv duh lqghshqghqw lghdv1 Wkh h{shulphqwdo
mxvwl�fdwlrq ri vxfk lghdv fdq eh ghprqvwudwhg zlwk d vlpsoh sdudooho sodwh fdsdflwru
h{shulphqw1 Iluvw frqqhfw wkh sodwhv wr d edwwhu| ri frqvwdqw srwhqwldo dqg ohw lw
uhpdlq frqqhfwhg1 Lqvhuw d vode ri sodvwlf glhohfwulf kdoizd| ehwzhhq wkh sodwhv1 Uh0
ohdvh wkh sodvwlf vode1 Grhv wkh vode uhpdlq prwlrqohvv/ ru lv wkh prwlrq vxfk wkdw
wkh vode lv h{shoohg ru dwwudfwhgB Iru d vhfrqg h{shulphqw/ dwwdfk wkh sodwhv ri wkh
fdsdflwru wr d edwwhu| dqg wkhq glvfrqqhfw wkh edwwhu| diwhu fkdujlqj wkh fdsdflwru1
Qrz lqvhuw wkh sodvwlf vode kdoizd|/ dqg uhohdvh lw1 Grhv wkh vode uhpdlq prwlrqohvv/
ru lv wkh prwlrq vxfk wkdw wkh vode lv h{shoohg ru dwwudfwhgB Lq wkh �uvw fdvh/ wkh
, �hog uhpdlqv frqvwdqw +wkh srwhqwldo grhv qrw fkdqjh,/ dqg prwlrq ri wkh glhohf0
wulf vode fdxvhv wkh # �hog wr fkdqjh +wkh edwwhu| dgmxvwv wkh fkdujh glvwulexwlrq,1
Lq wkh vhfrqg h{shulphqw/ wkh fkdujh glvwulexwlrq lv frqvwdqw/ vr wkdw wkh # �hog uh0
pdlqv frqvwdqw/ exw wkh , �hog fkdqjhv1 Frqvlghu wkh vlpsoh frqvwlwxwlyh frqvwudlqw/
# ' %,= Lq wkh �uvw h{shulphqw/ lqvhuwlrq zrxog fdxvh wkh dyhudjh % wr lqfuhdvh/
khqfh hyhq wkrxjk , uhpdlqv frqvwdqw/ wkh # �hog zrxog lqfuhdvh1 Krzhyhu/ wkh
wrwdo hqhuj| ghqvlw| # � , zrxog ghfuhdvh li wkh vode zdv h{shoohg/ dqg wkdw lv zkdw
kdsshqv1 Lq wkh vhfrqg h{shulphqw/ prwlrq ri wkh vode zrxog fdxvh wkh , �hog wr
fkdqjh/ dv wkh # �hog uhpdlqv frqvwdqw/ dqg wkh plqlpxp hqhuj| ghqvlw| rffxuv
zkhq wkh vode lv ixoo| lqvhuwhg1

Fxuuhqw hohfwurpdjqhwlf grjpd suhvhqwv wkh lghd wkdw iurp d jlyhq fkdujh
fxuuhqw ghqvlw| glvwulexwlrq/ da> �o> lw lv srvvleoh wr ghgxfh wkh , dqg � �hogv1 Krz0
hyhu/ wkh Srvwxodwh ri frqvhuyhg Fkdujh0Fxuuhqw ghqvlwlhv lqglfdwhv wkdw lw lv # dqg
O wkdw duh wkh uhodwhg txdqwlwlhv/ qrw , dqg�1 Wkh Srvwxodwh ri Srwhqwldov lqglfdwhv
wkdw wkh �hog lqwhqvlwlhv , dqg � duh ghgxfhg iurp wkh srwhqwldov d�> !o= Lw wdnhv
vrph frqvwlwxwlyh frqvwudlqw wr frqyhuw # dqg O lqwr , dqg �> ru da> �o lqwr d�> !o=
Erwk w|shv ri frqvwudlqwv dsshdu lq wkh olwhudwxuh lq juhdw ghwdlo dqg ydulhw|1 Vxfk
dvvxpswlrqv revfxuh wkh wrsrorjlfdo edvlv dqg gl�huhqfhv ehwzhhq h{whulru gl�huhqwldo
irupv dqg h{whulru gl�huhqwldo irup ghqvlwlhv1

Wkh srvwxodwh ri srwhqwldov lqglfdwhv wkdw wkh grpdlq ri vxssruw iru wkh 50
irup I lv qrw frpsdfw zlwkrxw erxqgdu|_1 Wkh srvwxodwh dovr ghprqvwudwhv wkdw
pdjqhwlf prqrsrohv duh qrw frpsdwleoh zlwk wkh dvvxpswlrq ri F5 gl�huhqwldelolw|1
Vxfk d vwdwhphqw grhv qrw dsso| wr wkh ghqvlw| Q05 irup/ J / zklfk fdq kdyh forvhg
dqg qrq0forvhg frpsrqhqwv1 Wkh forvhg exw qrw h{dfw frpsrqhqwv ri J ohdg wr wkh
txdqwl}dwlrq ri fkdujh dv d wrsrorjlfdo uhvxow1 Dv J lv d ghqvlw|/ lw dovr iroorzv wkdw
txdqwl}hg fkdujh lv d svhxgr0vfdodu ^Srvw 4<;6`1 Wkh klvwrulfdo dvvxpswlrqv ri fkdujh
dv d vfdodu duh qrw frpsdwleoh zlwk wkh wrsrorjlfdo irupdw1 H{shulphqwv zlwk slh}r
hohfwulf fu|vwdov lqglfdwh wkdw yroxph ghirupdwlrqv fdq fdxvh hohfwulfdo skhqrphqd1
Li J zdv qrw d ghqvlw|/ wkhuh zrxog eh qr Slh}r hohfwulflw|1

|Wkhuh duh wzr h{fhswlrqv= wkh Nohlq erwwoh dqg wkh wruxv1
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61614 Wkh G K �hog h{flwdwlrqv= gl�huhqwldo Q05 irup ghqvlwlhv1

Iru h{dpsoh frqvlghu wkh h{whulru gl�huhqwldo ri wkh Q04 irup ghqvlw|h/ G/ lq wkuhh
glphqvlrqv/ jlyhq e| wkh h{suhvvlrq/

gG ' gEG{g|	g} �G|g}	g{nG}g{	g|� +6186,

' gly�EG�g{	g|	g} , �E{> |> }�g{	g|	g}

zkhuh � kdv ehhq gh�qhg dv wkh uhvxowdqw ri wkh dfwlrq ri wkh h{whulru gl�huhqwldo/
gly�E#�1 Wkh xvxdo lqwhusuhwdwlrq ri Jdxvv* odz lv wkdw wkh �hog olqhv ri wkh yhfwru
+ghqvlw|, # whuplqdwh +ru kdyh d olplw ru dffxpxodwlrq srlqw, rq wkh fkdujhv/ T1
Jdxvv* odz jhqhudwhv erwk wkh lqwxlwlyh lghd wkdw vrxufhv duh uhodwhg wr olplw srlqwv/
dqg ghprqvwudwhv wkh qryho frqfhsw wkdw wkh h{whulru gl�huhqwldo lv d olplw srlqw
rshudwru1 Wkh h{whulru gl�huhqwldo fuhdwhv olplwv srlqwv zkhq wkh rshudwlrq lv dssolhg
wr d gl�huhqwldo irup1 Krzhyhu/ dv ghprqvwudwhg deryh/ wkh frqfhsw wkdw wkh h{whulru
gl�huhqwldo lv d olplw srlqw rshudwru uhodwlyh wr wkh Fduwdq wrsrorj| lv d jhqhudo lghd/
dqg lv qrw uhvwulfwhg wr Jdxvv* odz1

H{whqglqj wklv lghd wr irxu glphqvlrqv iru wkh Q05 irup ghqvlw|/ J/ ri Pd{zhoo
h{flwdwlrqv +#>O,/

J ' �G{g|	g} nG|g}	g{�G}g{	g| nK{g{	gwnK|g|	gwnK}g}	gw> +6187,

wkh h{whulru gl�huhqwldo gJ ri J |lhogv d wkuhh irup/ M / gh�qhg dv wkh hohfwurpdjqhwlf
fxuuhqw 60irup/

M ' M{g|	g}	gw� M|g{	g}	gwn M}g{	g|	gw� �g{	g|	gw +6188,

zkhuh lq 60yhfwru odqjxdjh/

fxuo O� C#@Cw ' f gly# ' �= +6189,

Wkh fkdujh fxuuhqw ghqvlw| dfw dv wkh �olplw srlqwv� ri wkh Pd{zhoo �hog h{flwdwlrqv1
Qrwh wkdw gM ' f iru F5 ixqfwlrqv e| Srlqfduh*v ohppd +vhh wkh Dsshqgl{,1

Krzhyhu/ frqvlghu wkh Q04 fxuuhqw/ F +qrw qhfhvvdulo| htxdo wr M dv gh�qhg
deryh, lq irxu glphqvlrqv

F ' �iY {g|	g}	gw� Y |g{	g}	gwn Y }g{	g|	gw� �g{	g|	gwj +618:,

}Wkhuh duh wzr vshflhv ri gl�huhqwldo irupv frqvlghuhg lq wklv duwlfoh1 Wkh �uvw vshflh wudqvirupv

dv d vfdodu zlwk uhvshfw wr gl�hrprusklvpv1 Wkh vhfrqg vshflh wudqvirupv dv d vfdodu ghqvlw|/ dqg

lv sursruwlrqdo wr wkh ghwhuplqdqw ri wkh gl�hrprusklvp1 Wkh frh!flhqwv sxoo edfn zlwk uhvshfw

wr wkh wudqvsrvh ri d gl�huhqwldo Mdfreldq pdsslqj/ zkhwkhu lw lv d gl�hrprusklvp ru qrw1 Wkh

vhfrqg vshflhv/ wkh gl�huhqwldo irup ghqvlwlhv/ sxoo edfn zlwk uhvshfw wr wkh dgmrlqw ri d gl�huhqwldo

Mdfreldq pdsslqj1
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dqg lwv h{whulru gl�huhqwldo dv jlyhq e| wkh h{suhvvlrq/

gF ' igly�E�V� n C�@Cwjg{	g|	g}	gw= ' Ug{	g|	g}	gw ' Ulebyro +618;,

Zkhq wkh 70irup U ydqlvkhv/ wkh uhvxowdqw h{suhvvlrq lv sk|vlfdoo| lqwhusuhwhg
dv wkh �htxdwlrq ri frqwlqxlw|� ru dv d �frqvhuydwlrq odz�1 Ryhu d forvhg erxqgdu|/
wkdw zklfk jrhv lq lv htxdo wr wkdw zklfk jrhv rxw +zkhq gF ' f,1 Qrwh wkdw wkh
frqfhsw ri wkh frqvhuydwlrq odz lv d wrsrorjlfdo frqvwudlqw= wkh �olplw srlqwv� ri wkh
�fxuuhqw 60irup� lq irxu glphqvlrqv pxvw ydqlvk li wkh frqvhuydwlrq odz lv wr eh wuxh1
Li wkh UKV ri wkh deryh h{suhvvlrq +618; , lv qrw }hur/ wkhq wkh fxuuhqw 60irup lv vdlg
wr kdyh dq �dqrpdo|�/ ru d vrxufh +ru vlqn, 1 Wkh dqrpdo| dfwv dv wkh vrxufh ri wkh
rwkhuzlvh frqvhuyhg txdqwlw|1 Wkh olplw srlqwv/ U/ ri wkh 60irup/ F/ duh jhqhudwhg
e| lwv h{whulru gl�huhqwldo/ gF ' igly�E�V� n C�@Cwjle= Zkhq wkh UKV lv }hur/ wkh
fxuuhqw �olqhv� gr qrw vwrs ru vwduw zlwklq wkh grpdlq1 +Lw lv srvvleoh iru wkhp wr
eh forvhg rq wkhpvhoyhv lq fhuwdlq wrsrorjlhv,1

61615 Wkh H E Ilhog Lqwhqvlwlhv= gl�huhqwldo 50irupv

Rq d irxu glphqvlrqdo vsdfh0wlph ri lqghshqghqw yduldeohv/ E{> |> }> w� wkh 40irup ri
Dfwlrq +frqvwudlqhg e| wkh srvwxodwh ri srwhqwldov/ I � gD ' f, fdq eh zulwwhq lq
wkh irup

D ' P�
n'�DnE{> |> }> w�g{

n � !E{> |> }> w�gw ' ��gh�!gw= +618<,

Wklv 40irup ri Dfwlrq gh�qhv +sduw ri, wkh sk|vlfdo v|vwhp ri hohfwurpdjqhwlvp1 Vxe0
mhfw wr wkh frqvwudlqw ri wkh h{whulru gl�huhqwldo v|vwhp/ wkh 50irup ri �hog lqwhqvlwlhv/
I> ehfrphv=

I ' gD ' iCDn@C{
m � CDm@C{

njg{m	g{n ' Imng{
m	g{n +6193,

' �}g{	g| n�{g|	g} n�|g}	g{n,{g{	gwn,|g|	gwn,}g}	gw=

zkhuh lq xvxdo hqjlqhhulqj qrwdwlrq/

, ' �C�@Cw� judg!> � 'fxuo � � CDn@C{
m � CDm@C{

n= +6194,

Wkh forvxuh ri wkh h{whulru gl�huhqwldo v|vwhp/ gI ' f> ydqlvkhv iru F5 gl�huhqwldeoh
s0irupv/ wr |lhog

gI ' ggD ' ifxuo ,n C�@Cwj{g|	g}	gw� ==n ==� gly�g{	g|	g}j , f= +6195,

Htxdwlqj wr }hur doo irxu frh!flhqwv ohdgv wr wkh Pd{zhoo0Idudgd| sduwldo ghulydwlyh
htxdwlrqv/
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ifxuo ,n C�@Cw ' f> gly� ' fj= +6196,

Wklv wrsrorjlfdo ghyhorsphqw ri wkh Pd{zhoo0Idudgd| htxdwlrqv kdv pdgh qr xvh ri
d frqqhfwlrq qru ri d phwulf1

Wkh frpsrqhqw ixqfwlrqv +, dqg �� ri wkh 50irup/ I> wudqvirup dv fryduldqw
whqvru ri udqn 51 Wkh wrsrorjlfdo frqvwudlqw wkdw I lv h{dfw/ lpsolhv wkdw wkh gr0
pdlq ri vxssruw iru wkh �hog lqwhqvlwlhv fdqqrw eh frpsdfw zlwkrxw erxqgdu|/ xqohvv
wkh Hxohu fkdudfwhulvwlf ydqlvkhv1 Wkhvh idfwv glvwlqjxlvk fodvvlfdo hohfwurpdjqhwlvp
iurp \dqj0Ploov �hog wkhrulhv1 Pruhryhu/ wkh idfw wkdw I lv vxevxphg wr eh h{0
dfw dqg F4 gl�huhqwldeoh h{foxghv wkh frqfhsw ri pdjqhwlf prqrsrohv iurp fodvvlfdo
hohfwurpdjqhwlf wkhru| rq wrsrorjlfdo jurxqgv1

Wklv qrz doprvw fodvvlf jhqhudwlrq ri wkh Pd{zhoo �hog htxdwlrqv kdv dqrwkhu
ohvv idploldu lqwhusuhwdwlrq= Wkh , dqg � �hog lqwhqvlwlhv duh wkh wrsrorjlfdo olplw
�srlqwv� ri wkh 40irup ri srwhqwldov/ i�> !j/ uhodwlyh wr wkh Fduwdq wrsrorj|$ Wkh
olplw srlqwv ri wkh 50irup ri �hog lqwhqvlwlhv/ I / duh wkh qxoo vhw1 Iru F5 yhfwru
�hogv/ wkh Fduwdq wrsrorj| dgplwv  x{ txdqwd/ fkdujh txdqwd/ dqg vslq txdqwd/ exw
h{foxghv pdjqhwlf prqrsrohv1 Zkhq wkh gl�huhqwldo v|vwhp ri lqwhuhvw lv exlow xsrq
wkh irupv D/ I dqg J/ lw lv srvvleoh wr vkrz wkdw vxshufrqgxfwlylw| lv wr eh dvvrfldwhg
zlwk wkh frqvwudlqwv rq wkh olplw srlqw vhwv ri D> D	I> dqg D	J ^UPN 4<<4 f`1
Wkdw lv/ vxshufrqgxfwlylw| kdv lwv ruljlqv lq wrsrorjlfdo/ qrw jhrphwulfdo/ frqfhswv1
Wklv uhpdundeoh lghd wkdw wkh h{whulru gl�huhqwldo lv d olplw srlqw rshudwru lv edvhg
xsrq Nxudwrzvnl*v forvxuh rshudwru lv htxlydohqw wr wkh xqlrq ri wkh lghqwlw| dqg wkh
h{whulru gl�huhqwldo1

61616 Qrq0Htxloleulxp Ihdwxuhv ri Hohfwurpdjqhwlvp1

Wkh h{whulru gl�huhqwldo irupv wkdw pdnh xs wkh hohfwurpdjqhwlf v|vwhp rq d jhrphw0
ulf grpdlq ri 7 glphqvlrqv frqvlvw ri wkh sulplwlyh 40irup/ D/ dqg wkh sulplwlyh Q05
irup ghqvlw|/ J> wkhlu h{whulru ghulydwlyhv/ dqg wkhlu dojheudlf lqwhuvhfwlrqv gh�qhg e|
doo srvvleoh h{whulru surgxfwv1 Wkh frpsohwh Pd{zhoo v|vwhp ri h{whulru gl�huhqwldo
irupv +wkh Sid� vhtxhqfh iru wkh Pd{zhoo v|vwhp rq 7 jhrphwulf glphqvlrqv, lv jlyhq
e| wkh vhw=

iD(I ' gD>J(M ' gJ>D	I>D	J>D	M (I	I>J	Jj= +6197,

Wkhvh gl�huhqwldo irupv dqg wkhlu xqlrqv pd| eh xvhg wr irup d wrsrorjlfdo edvh
rq wkh grpdlq ri lqghshqghqw yduldeohv1 Wkh Fduwdq wrsrorj| frqvwuxfwhg rq wklv
v|vwhp ri irupv kdv wkh xvhixo ihdwxuh wkdw wkh h{whulru ghulydwlyh pd| eh lqwhusuhwhg
dv d olplw srlqw/ ru forvxuh/ rshudwru lq wkh vhqvh ri Nxudwrzvnl +vhh s1 :5 lq
^Olsvfkxw} 4<98`,1 Wkh h{whulru gl�huhqwldo v|vwhpv wkdw gh�qh wkh Pd{zhoo0Dpshuh
dqg wkh Pd{zhoo0Idudgd| htxdwlrqv deryh duh hvvhqwldoo| wrsrorjlfdo frqvwudlqwv ri
forvxuh1

Wkh frpsohwh Pd{zhoo v|vwhp ri gl�huhqwldo irupv +zklfk dvvxphv wkh h{lv0
whqfh ri D dqgJ dqg F5 gl�huhqwldelolw|, dovr jhqhudwhv wzr rwkhu h{whulru gl�huhqwldo
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v|vwhpv/

EI	J�D	M�� gED	J� ' f> +6198,

I	I � gED	I � ' f> +6199,

zklfk surorqj wkh sulpdu| +h{dfw, h{whulru gl�huhqwldo v|vwhpv/

I � gD ' f> +619:,

M � gJ ' f= +619;,

Wkh whupv D	I dqg D	J duh }hur iru htxloleulxp v|vwhpv1 Wkh h{lvwhqfh ri wkhvh
60irupv duh lqglfdwruv wkdw wkh hohfwurpdjqhwlf v|vwhp lv QRW lq htxloleulxp1

Hdfk ri wkh irupv/ D> J> D	J> D	I / fdq kdyh forvhg exw qrw h{dfw frpsr0
qhqwv1 Wkh wzr 70irupv EI	J�D	M� dqg EI	I � duh h{dfw dqg kdyh forvhg lqwhjudov
zklfk duh hyroxwlrqdu| +uhodwlyh, lqyduldqwv ri frqwlqxrxv ghirupdwlrqv1 Wkh forvhg
lqwhjudov wkhuhiru ghvfuleh wrsrorjlfdo surshuwlhv1

Wkh �uvw 60irup ghqvlw|/ D	J> zlwk sk|vlfdo xqlwv ri |> lv fdoohg wkh %wrsr0
orjlfdo vslq% +ru fkludolw|, ^UPN 4<::` dqg wkh vhfrqg 60irup/ D	I> zlwk sk|vlfdo
xqlwv ri +|@h�2> lv fdoohg wkh %wrsrorjlfdo wruvlrq% +ru kholflw|, ^UPN 4<<3`1 Wkhvh
wzr h{whulru 60irupv/ D	J dqg D	I duh qrw xvxdoo| irxqg lq glvfxvvlrqv ri fodvvlfdo
hohfwurpdjqhwlvp1 Wkh 60irupv duh devwudfwo| gh�qhg +rq d vsdfh ri 7 jhrphwulf
glphqvlrqv zlwk d yroxph hohphqw/ le ' g{	g|	g}	gw, lq whupv ri h{whulru pxowlsol0
fdwlrq/ exw fdq eh jlyhq uhdol}dwlrq lq whupv ri 7 frpsrqhqw hqjlqhhulqj yduldeohv/
5e dqg Ae=

Wrsrorjlfdo Vslq ghqvlw| G D	J ' lE5e�le +619<,

5e ' d5> �o ' d��On#!>� �#o> +61:3,

Wrsrorjlfdo Wruvlrq yhfwru G D	I ' lEAe�le +61:4,

Ae ' dA> ko ' �d,��n�!>� ��o= +61:5,

Wkhvh frqvwuxfwlrqv vkrxog eh frpsduhg zlwk wkh h{dfw fkdujh fxuuhqw 70yhfwru ghq0
vlw|/ M > zlwk d 7 frpsrqhqw hqjlqhhulqj uhsuhvhqwdwlrq/ ae ' da> �o= Wkh frqfhswv
ri wkh wrsrorjlfdo Vslq ghqvlw| +fxuuhqw, dqg wkh wrsrorjlfdo Wruvlrq yhfwru kdyh
kdg doprvw qr xwlol}dwlrq lq dssolfdwlrqv ri fodvvlfdo hohfwurpdjqhwlf wkhru|1 Hdfk
frqvwuxfwlrq ghshqgv h{solflwo| rq wkh h{lvwhqfh ri wkh 40irup ri Dfwlrq0srwhqwldov1

Uhfdoo wkdw wkh forvhg frpsrqhqwv ri wkh 40irup ri Dfwlrq gr qrw h�hfw wkh
frpsrqhqwv ri wkh 50irup ri lqwhqvlwlhv/ I ' gD ' gEDf n Df� ' f n gEDf�= Krz0
hyhu/ wkhvh %jdxjh% dgglwlrqv gr lq xhqfh wkh wrsrorjlfdo glphqvlrq ri wkh 40irup ri
Dfwlrq1 Iru h{dpsoh/ ohw Df eh ri Sid� Wrsrorjlfdo glphqvlrq 5/ uhsuhvhqwlqj dq
htxloleulxp v|vwhp zkhuh Df	gDf ' f= Wkhq e| dgglwlrq ri d forvhg frpsrqhqw wr
wkh ruljlqdo dfwlrq/ D ' Df nDf frxog kdyh d wrsrorjlfdo glphqvlrq ri 6/ dv
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D	gD ' EDf nDf�	gDf ' Df	gDf 9' f= +61:6,

Vr wkh dgglwlrq ri d forvhg frpsrqhqw wr wkh 40irup ri Dfwlrq frxog fkdqjh wkh
v|vwhp iurp dq htxloleulxp v|vwhp wr d qrq0htxloleulxp v|vwhp1 Wkh 70irup gD	gD
lv qrw lq xhqfhg e| wkh +jdxjh, dgglwlrq wr wkh ruljlqdo 40irup ri Dfwlrq1

gD	gD ' gDf	gDf= +61:7,

Lq wkh h{dpsoh ehorz/ d 40irup uhsuhvhqwlqj d Erkp0Dkdudqry0Deulnrvry vlqjxodu
%yruwh{% vwulqj/ � ' eE|g{ � {g|�@E{2 n |2�> lv dgghg wr d 42u srwhqwldo iru d srlqw
vrxufh1 Wkh eduh p2u %Frxorpe% srwhqwldo/ Df ' p@

s
E{2 n |2 n }2�gw h{klelwv

qr Wrsrorjlfdo Wruvlrq/ exw grhv h{klelw Wrsrorjlfdo Vslq1 Wkh 42u srwhqwldo whup
lpsolhv wkdw gDf 9' f= Khqfh wkh 40irup ri Dfwlrq uhsuhvhqwlqj d eduh %frxorpe%
srwhqwldo/ lv qrw lq htxloleulxp/ exw grhv uhsuhvhqw d frqqhfwhg %lvrodwhg% wrsrorj|
ri Sid� glphqvlrq 51 Wkh frpelqhg 40irup ri Dfwlrq/

D ' eE|g{� {g|�@E{2 n |2� np@
s
E{2 n |2 n }2�gw +61:8,

hyhq wkrxjk g� ' f> lv ri Sid� glphqvlrq 6/ qrw 51 Wkh dgglwlrq ri wkh EDD whup
fkdqjhv wkh wrsrorj| ri wkh 40irup iurp d frqqhfwhg wrsrorj| +Sid� glphqvlrq 5, wr
d glvfrqqhfwhg wrsrorj| +Sid� glphqvlrq 6,1 Wkh Wrsrorjlfdo Wruvlrq 60irup D	I
ghshqgv rq erwk e dqg p/ dqg lv }hur li e ' f/ ru li p ' f/ uhgxflqj wkh Sid�
glphqvlrq ri wkh prgl�hg 40irup edfn wr 51 Li e ' f dqg p 9' f> wkh 60irup D	J lv
qrw }hur1

H{dpsoh= Frxorpe Srwhqwldo soxv Yruwh{ vlqjxodulw|1

Frqvlghu wkh Srwhqwldov iru wkh frpelqhg yruwh{ vlqjxodulw| dqg Frxorpe 42u srwhq0
wldo=

D ' de|@E{2 n |2�>�e{@E{2 n |2�> f>�E�@e���p@uo> +61:9,

u '
s

{2 n |2 n }2= +61::,

Wkh lqgxfhg �hogv +dvvxplqj # '%,> � '�O, duh=

, ' E�@e���pd{> |> }o@u� +61:;,

� ' df> f> fo +61:<,

Wrsrorjlfdo Wruvlrq Ae ' E�@e���ped�}{>�}|> E{2 n |2�> fo@Eu�E{2 n |2��= +61;3,

Srlqfduh2 ' f +61;4,

ae ' df> f> f> fo +61;5,
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� ' f +61;6,

Wrsrorjlfdo vslq 5e ' E�@e���2�p2@ued{> |> }> fo = +61;7,

Srlqfduh� ' �E�@e���2�p2@ue +61;8,

,�O ' df> f> fo= +61;9,

Ea � ,� ' f +61;:,

E, ��� ' f> +61;;,

E� ��� ' f> +61;<,

E� �#� ' f +61<3,

61617 Wkh Srlqfduh Wrsrorjlfdo Lqyduldqwv

Wkh h{whulru ghulydwlyhv ri wkh 60irupv ri wrsrorjlfdo Vslq dqg wrsrorjlfdo Wruvlrq
surgxfh wzr h{dfw 70irupv/ I	J�D	M dqg I	I >zkrvh forvhg lqwhjudov duh wrsrorj0
lfdo remhfwv zklfk jhqhudol}h wkh frqirupdo lqyduldqwv ^Zklwwdnhu 4<77` ri d Oruhqw}
v|vwhp/ dv glvfryhuhg e| Srlqfduh dqg Edwhpdq1 Qrwh wkdw wkhvh wrsrorjlfdo surs0
huwlhv ri lqyduldqfh zlwk uhvshfw wr frqwlqxrxv ghirupdwlrqv duh ydolg hyhq lq wkh
qrq0htxloeulxp grpdlq ri glvvlsdwlyh fkdujh0fxuuhqwv dqg udgldwlrq1

Lq wkh irupdw ri lqghshqghqw yduldeohv i{> |> }> wj> zlwk d yroxph hohphqw le/
wkh h{whulru ghulydwlyh/ dfwlqj rq wkh 60irupv dv d wrsrorjlfdo olplw srlqw jhqhudwru/
fdq eh uhodwhg wr wkh fodvvlf 70glyhujhqfh ri wkh 70frpsrqhqw Wrsrorjlfdo Vslq dqg
Wrsrorjlfdo Wruvlrq yhfwruv/ 5e dqg Ae=

Srlqfduh � ' gED	J� ' I	J� D	M

' igly�E��On#!� n CE� �#�@Cwj le

' iE� �O�# � ,�� E� � a� �!�j le> +61<4,

' f iru wkh h{dpsoh lq wkh suhylrxv vhfwlrq1 +61<5,

Srlqfduh 2 ' gED	I � ' I	I

' igly�E,��n�!� n CE� ���@Cwj le

' i2, ��j le +61<6,

9' f iru wkh h{dpsoh lq wkh suhylrxv vhfwlrq1 +61<7,

Wkh Srlqfduh lqyduldqwv duh/ lq h�hfw/ wkh hyroxwlrqdu| vrxufh whupv iru wkh 60irupv
ri wrsrorjlfdo vslq/ D	J> dqg wrsrorjlfdo wruvlrq/ D	I 1 Zkhq wkh Srlqfduh lqydul0
dqwv duh }hur/ wkh forvhg lqwhjudov ri wkh hohfwurpdjqhwlf 60irupv ri D	J dqg D	I
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ehfrph dgglwlrqdo wrsrorjlfdoo| frkhuhqw frq�jxudwlrqv lqyduldqw zlwk uhvshfw wr doo
hyroxwlrqdu| surfhvvhv ri frqwlqxrxv ghirupdwlrq1

Wkh �uvw whup lq wkh �uvw Srlqfduh lqyduldqw kdv d frh!flhqw ixqfwlrq zklfk
uhsuhvhqwv wzlfh wkh gl�huhqfh ehwzhhq wkh pdjqhwlf hqhuj| ghqvlw| dqg wkh hohfwulf
hqhuj| ghqvlw| ri wkh hohfwurpdjqhwlf �hog lq d Odjudqjldq vhqvh=

Wrsrorjlfdo Ilhog Odjudqjldq= I	J ' E� �O�# � ,� le= +61<8,

Wkh vhfrqg whup lq wkh �uvw Srlqfduh lqyduldqw kdv d frh!flhqw ixqfwlrq zklfk lv
gh�qhg dv wkh lqwhudfwlrq hqhuj| ghqvlw|=

Wrsrorjlfdo Lqwhudfwlrq= D	M ' E� � a� �!� le= +61<9,

Lq Odjudqjldq yduldwlrqdo phwkrgv/ wkh 70irup I	I> zklfk gh�qhv wkh vhfrqg
Srlqfduh lqyduldqw/ kdv ehhq uhodwhg wr wkh frqfhsw ri Wrsrorjlfdo Sdulw|=

Wrsrorjlfdo Sdulw|= I	I ' ni2, ��j le= +61<:,

Xvlqj wkh h{dpsoh v|vwhp/ +BB, shuplwv wkh frqvwuxfwlrq ri wkh Wrsrorjlfdo
Vslq fxuuhqw dqg lwv glyhujhqfh uhodwlyh wr wkh Oruhqw}0Oruhq} frqvwlwxwlyh frqvwudlqw1

61618 Wrsrorjlfdo Wruvlrq dqg Vslq txdqwd

Zkhq hlwkhu Srlqfduh ghirupdwlrq lqyduldqw ydqlvkhv/ wkh fruuhvsrqglqj forvhg 60
glphqvlrqdo lqwhjudov ri D	J dqg D	I ehfrph ghUkdp shulrg lqwhjudov1 Wkh
forvhg/ exw qrw h{dfw/ frpsrqhqwv ri hdfk 60irup fdq eh sxw lqwr fruuhvsrqghqfh
zlwk %txdqwl}hg% wrsrorjlfdo ghihfwv1

Wkh wrsrorjlfdo Vslq txdqwxp lv gh�qhg dv wkh forvhg lqwhjudo ri wkrvh forvhg
exw qrw h{dfw frpsrqhqwv ri wkh 60irup D	J +zklfk uhsuhvhqw wkh nhuqho ri wkh �uvw
Srlqfduh 70irup,/

Vslq txdqwxp '
UUU
}�g

D	J zlwk xqlwv q |= +61<;,

Wkh shulrg lqwhjudov
UUU

}�g
D	J duh ghirupdwlrq lqyduldqwv +khqfh gh�qh d wrsrorj0

lfdo surshuw|, zlwk udwlrqdo udwlrv1 Wkh qrwdwlrq }�g ghvljqdwhv d forvhg lqwhjudwlrq
fkdlq gh�qhg lq uhjlrqv zkhuh gED	J� ' f=

Vlploduo|/ zkhq wkh vhfrqg Srlqfduh lqyduldqw ydqlvkhv/ wkh forvhg lqwhjudo ri
wkh 60irup ri Wruvlrq0Kholflw| ehfrphv d ghirupdwlrq lqyduldqw zlwk txdqwl}hg ydoxhv=

Wruvlrq txdqwxp '
UUU
}�g

D	I zlwk xqlwv p +|@h�2= +61<<,

Wkh shulrg lqwhjudov
UUU

}�g
D	I duh ghirupdwlrq lqyduldqwv +khqfh gh�qh d wrsrorjl0

fdo surshuw|, zlwk udwlrqdo udwlrv1 Lq wklv fdvh/ Wkh qrwdwlrq }�g ghvljqdwhv d forvhg
lqwhjudwlrq fkdlq gh�qhg lq uhjlrqv zkhuh gED	I � ' f=

Lw lv lpsruwdqw wr uhdol}h wkdw wkh wrsrorjlfdo frqvhuydwlrq odzv +ghirupdwlrq
lqyduldqwv zlwk uhvshfw wr krphrprusklvpv, duh ydolg lq d sodvpd dv zhoo dv lq wkh
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ydfxxp/ vxemhfw wr wkh frqglwlrqv ri }hur ydoxhv iru wkh Srlqfduh lqyduldqwv1 Rq
wkh rwkhu kdqg/ wrsrorjlfdo hyroxwlrq dqg wudqvlwlrqv ehwzhhq �txdqwl}hg� vwdwhv ri
Vslq0fkludolw| ru Wruvlrq0kholflw| uhtxluh wkdw wkh uhvshfwlyh Srlqfduh lqyduldqwv duh
qrw }hur1

Wkh 60irupv/ D	J> dqg D	I> duh qrw qhfhvvdulo| forvhg/ qru h{dfw1 Wkhlu
h{whulru gl�huhqwldov +glyhujhqfhv, duh qrw qhfhvvdulo| }hur1 Wkh ydoxhv ri wkh 70
irupv fuhdwhg e| h{whulru gl�huhqwldwlrq ri wkhvh 60irupv gh�qh wkh lqwhjudqgv ri wkh
wrsrorjlfdo Srlqfduh lqyduldqwv1 Dv wkhvh 70irupv duh h{dfw e| frqvwuxfwlrq/ wkhlu
forvhg lqwhjudov duh dozd|v uhodwlyh lqwhjudo ghirupdwlrq lqyduldqwv dqg wkhuhe| gh�qh
wrsrorjlfdo surshuwlhv1 Wkh 60irupv duh qrw qhfhvvdulo|/ lq wkhpvhoyhv/ ghirupdwlrq
lqyduldqwv1

Krzhyhu/ zkhq wkh Srlqfduh lqyduldqwv ydqlvk +}hur glyhujhqfh, wkh forvhg
lqwhjudo ri wkh fruuhvsrqglqj 60irup jhqhudwhv d wrsrorjlfdo txdqwlw| +Wrsrorjlfdo
Vslq ru Wrsrorjlfdo Wruvlrq uhvshfwlyho|, zklfk lv dovr d ghirupdwlrq lqyduldqw1 Lq
vxfk vlwxdwlrqv/ wkh 60irupv duh forvhg/ exw qrw qhfhvvdulo| h{dfw1 Khqfh wkhlu forvhg
lqwhjudov jhqhudwh ghUkdp shulrg lqwhjudov ^Iodqghuv 4<96` ^ghUkdp 4<93`/ dqg kdyh
udwlrqdo udwlrv1 Vxfk lv wkh vwx� ri wrsrorjlfdo txdqwl}dwlrq/ zklfk lv lqghshqghqw
iurp vfdohv1

Wkh wkhru| ri 60irupv dqg wkhlu shulrg lqwhjudov zdv lqyhvwljdwhg zlwk uhvshfw
wr hohfwurpdjqhwlvp dqg rwkhu �hog wkhrulhv e| wkh suhvhqw dxwkru/ �uvw zlwk uhvshfw
wr wkh wkuhh irup gh�qhg ehorz dv wrsrorjlfdo vslq/ D	J> dqg wkhq odwhu zlwk uhvshfw
wr wkh 60irup ri wrsrorjlfdo wruvlrq/ gh�qhg dv D	I= Wkh �uvw dssolfdwlrq ri D	I
zdv lq wkh �hog ri wxuexohqfh ^UPN4<:9`/ zkhuh lw zdv frqmhfwxuhg wkdw wkh wudqvl0
wlrq iurp vwuhdpolqh  rz E xqltxho| lqwhjudeoh lq wkh vhqvh ri Iurehqlxv/ vxfk wkdw
D	I ' f� wr d wxuexohqw  rz + qrw xqltxho| lqwhjudeoh lq wkh vhqvh ri Iurehqlxv/
D	I 9' f� pxvw lqyroyh d wrsrorjlfdo fkdqjh1 Dowkrxjk wkh lqwhuhvw zdv irfxvhg rq
k|gurg|qdplfv/ wkh hohfwurpdjqhwlf irupdw zdv dozd|v xvhg wr hvwdeolvk d fuhghqfh
ohyho lq wkh frpsxwdwlrqv wkdw zhuh grqh e| kdqg1 Lq wkh prghuq zruog ri v|p0
erolf fdofxodwruv rq |rxu ghvnwrs/ wklv dojheudlf whglxp kdv ehhq doohyldwhg1 Vhh
kwws=22zzz551sdlu1frp2fvgf2sgi2pd{zhoo1sgi

Rq grpdlqv zkhuh wkh Sid� wrsrorjlfdo glphqvlrq lv 6 +dqg qrw 7, wkhuh h{lvwv
d 6 glphqvlrqdo shulrg lqwhjudo ri wkh wrsrorjlfdo wruvlrq/ zklfk lv uhodwhg wr wkh Krsi
lqyduldqw +vhh s1 55; lq ^Erww 4<<7`,/

UUU
�bf|foh

D	I= Lw zloo eh ghprqvwudwhg ehorz

wkdw li wkh grpdlq lv ri Sid� glphqvlrq 6/ wkhq hyroxwlrqdu| surfhvvhv lq wkh gluhfwlrq
ri wkh hohfwurpdjqhwlf fkdujh fxuuhqw 7 yhfwru/ M / ohdyh wkh lqwhjudo ri wkh Wrsrorjlfdo
Wruvlrq fxuuhqw ryhu d 6 glphqvlrqdo erxqgdu| dv dq hyroxwlrqdu| lqyduldqw1 Hyhq
pruh uhpdundeoh lv wkh idfw wkdw vxfk d vwdwhphqw lv ydolg lq grpdlqv zkhuh wkh Sid�
glphqvlrq lv 7/ qrw 6/ li wkh fxuuhqw  rz lv rq wkh vxuidfh gh�qhg e| E, ��� ' f=
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617 K|gurg|qdplfv

61714 Hxohu  rzv dqg Kdplowrqldq  xlgv

Frqvlghu wkh Dfwlrq 40irup/

D ' � � _h�i�=�@2jgw= +61433,

Frpsxwh wkh h{whulru gl�huqwldo gD dqg gh�qh wkh iroorzlqj ixqfwlrqv=

$ ' fxuo � dqg @ ' �C�@Cw� judgi�=�@2jj +61434,

vxfk wkdw

I ' gD ' iCDn@C{
m � CDm@C{

njg{m	g{n ' Imng{
m	g{n +61435,

' $}g{	g| n${g|	g} n$|g}	g{n @{g{	gwn @|g|	gwn @}g}	gw=

Wkhvh yhfwru �hogv dozd|v vdwlvi| wkh Srlqfduh0Idudgd| lqgxfwlrq htxdwlrqv/
gI ' ggD ' f> ru>

fxuo @n C$@Cw ' f> gly $ ' f= +61436,

Frqvlghu d surfhvv fuhdwhg e| wkh yhfwru �hog/ Ve ' dV{>V|>V}> �o dqg xvh Fduwdq*v
pdjlf irupxod wr frpsxwh wkh zrun 40irup1

OE�Ve�D ' lE�Ve�gDn gElE�Ve�D� ' Z n gX ' T= +61437,

Wkh h{suhvvlrq iru Zrun ehfrphv

Z ' lE�Ve�gD ' �iC�@Cwn judgEV � �@2��V��j � gh +61438,

X ' lEVe�D ' V � �� �=�@2= +61439,

Frqvwudlq wkh Zrun 40irup wr eh ri wkh Ehuqrxool fodvv vxfk wkdw

Z ' �gS> +6143:,

dqg dvvxph wkdw V ' �= Wkh uhvxow lv wkh sduwldo gl�huhqwldo htxdwlrqv wkdw uhsuhvhqw
wkh Odjudqjh 0 Hxohu  xlg1

iC�@Cwn judgE� � �@2�� � ��j ' �judgES �@� +6143;,

Qrwh wkdw wkh suhvvxuh/ S / lv dq hyroxwlrqdu| lqyduldqw lq wkh Ehuqrxool vhqvh1 Wkh
 rz lv Kdplowrqldq +exw qrw h{wuhpdo Kdplowrqldq, dqg uhyhuvleoh dv T	gT ' f1

Lw dovr iroorzv wkdw wkh %Pdvwhu% htxdwlrq lv ydolg/ zlwk wkh rqo| gl�huhqfh
ehlqj wkdw fxuo� lv gh�qhg dv $/ wkh yruwlflw| ri wkh k|gurg|qdplf  rz1 Wkh pdvwhu
htxdwlrq ehfrphv/
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fxuoE� � $� ' C$@Cw> +6143<,

dqg wklv htxdwlrq lv wr eh uhfrjql}hg dv wkh htxlydohqw ri Khoprow}* htxdwlrq iru wkh
frqvhuydwlrq ri yruwlflw|1 Lq wkh k|gurg|qdplf vhqvh/ frqvhuydwlrq ri yruwlflw| lpsolhv
xqlirup frqwlqxlw|1 Lq rwkhu zrugv/ wkh Hxohuldq  rz lv qrw rqo| Kdplowrqldq/ lw lv
dovr xqlirupo| frqwlqxrxv/ dqg vdwlv�hv wkh pdvwhu htxdwlrq dqg wkh frqvhuydwlrq ri
yruwlflw| frqvwudlqwv1 Lq dgglwlrq/ lw pd| eh ghprqvwudwhg wkdw vxfk v|vwhpv duh dw
prvw ri Sid� glphqvlrq 6/ dqg dgplw d uhodwlyh lqwhjudo lqyduldqw zklfk jhqhudol}hv
wkh k|gurg|qdplf frqfhsw ri lqyduldqw kholflw|1 Lq wkh hohfwurpdjqhwlf wrsrorj|/ wkh
Kdplowrqldq frqvwudlqw lv htxlydohqw wr wkh vwdwhphqw wkdw wkh Oruhqw} irufh ydqlvkhv/
d frqglwlrq wkdw kdv ehhq xvhg wr gh�qh wkh �lghdo� sodvpd ru �irufh0iuhh� sodvpd
vwdwh1

61715 Wkh Qdylhu0Vwrnhv  xlg

Iurp wkh wkhru| ri wrsrorjlfdo  xfwxdwlrqv/ lw pxvw eh wuxh wkdw wkh 40irup ri Zrun
pxvw kdyh d irupdw ri wkh w|sh

Z ' lE�Ve�gD ' �gS n'nEg 
n � �ngw� +61443,

Li 'n@� lv gh�qhg dv  fxuo fxuo � wkhq wkh vsdwldo frpsrqhqwv ri wkh zrun 40irup duh
frqvwudlqhg wr |lhog wkh sduwldo gl�huhqwldo htxdwlrqv iru d frqvwdqw ghqvlw| Qdylhu0
Vwrnhv  xlg1

iC�@Cwn judgE� � �@2�� � ��j ' �judgES �@�n  fxuo fxuo �= +61444,

Ghqvlw| yduldwlrqv fdq eh lqfoxghg e| dgglqj d whup �glyEV� wr wkh srwhqwldo i� � �@2j
wr |lhog

C�@Cwn judgi�=�@2j � � � fxuo � ' �judgS@�n �judgEgly �� n yifxuo fxuo �j=
+61445,

Lw lv wkhuhe| ghprqvwudwhg wkdw wkh Qdylhu0Vwrnhv htxdwlrqv fruuhvsrqg wr
d uh�qhphqw ri wkh Fduwdq wrsrorj| ^UPN 4<:8 d`1 Wkh Qdylhu0Vwrnhv frqvwudlqw
lpsolhv wkdw wkh Zrun 40irup qhhg qrw eh forvhg1 Wkhuh duh vroxwlrqv wr wkh Qdylhu0
Vwrnhv htxdwlrqv wkdw duh wkhuprg|qdplfdoo| luuhyhuvleoh1

Wkh 40irup ri Dfwlrq zloo jhqhudwh d 60irup ri Wrsrorjlfdo Wruvlrq/ D	gD '
lEAe�g{	g|	g}	gw> ri wkh irup/

Ae ' d@� �ni�=�@2j fxuo �> E��fxuo �� ' d@� �ni�=�@2j $>E��fxuo ��o +61446,

Xvh wkh Qdylhu0Vwrnhv htxdwlrqv +61445 , wr vroyh iru @>
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@ ' �djudgi�=�@2jnC�@Cwo ' ���fxuo �njudgS@���judgEgly ��nyifxuo fxuo �j>
+61447,

dqg wkhq vxevwlwxwh lq wkh h{suhvvlrq iru Ae> wr |lhog

A ' dk� � i� � �@2jfxuo � � � � EjudgS o�n �judgEgly ���� yi� � Efxuo fxuo ��j> ko+61448,

k ' � � fxuo � +61449,

zklfk shuvlvwv hyhq iru Hxohu  rzv/ zkhuh  ' f> li wkh  rz lv edurfolqlf= Wkh phd0
vxuhphqw ri wkh frpsrqhqwv ri wkh Wruvlrq yhfwru/ Ae> kdyh ehhq frpsohwho| ljqruhg
e| h{shulphqwdolvwv lq k|gurg|qdplfv1

E| d vlplodu vxevwlwxwlrq/ wkh wrsrorjlfdo sdulw| svhxgr0vfdodu ehfrphv h{0
suhvvleoh lq whupv ri hqjlqhhulqj txdqwlwlhv dv/

N ' �i2Ed=$�jle ' i2ijudgS@�� � gly �� � fxuo � n yifxuo �=Efxuo fxuo ��jjle=
+6144:,

Iurp wklv h{suhvvlrq lw lv dssduhqw wkdw hyhq lq wkh olplw ri }hur ylvfrvlw| +kljk
Uh|qrogv qxpehu,/ lw lv vwloo srvvleoh wr surgxfh wruvlrq ghihfwv zkhq wkh suhvvxuh
judglhqw dqg glyhujhqfh whupv duh qrw }hur/ dqg duh qrw ruwkrjrqdo wr wkh wkh yruwlflw|/
$1 Pruhryhu/ li wkh yruwlflw| �hog lv lqwhjudeoh lq wkh vhqvh ri Iurehqlxv/ wkhq ylvfrvlw|
grhv QRW frqwulexwh wr wkh fuhdwlrq ri wruvlrq ghihfwv1 Wkh lqwhjudo ri N ryhu ~{/|/}/w�
jlyhv wkh Hxohu Lqgh{ ri wkh  rz1

618 Phfkdqlfv

61814 Sk|vlfdo V|vwhpv rq 7 glphqvlrqv djdlq

Wkh 7 glphqvlrqdo ydulhw| zloo eh h{suhvvhg lq whupv ri wkh 7 frqmxjdwh sdluv ri lqgh0
shqghqw yduldeohv is>p> t> wj= Wkh 40irup ri Dfwlrq uhsuhvhqwlqj wkh sk|vlfdo v|vwhp
zloo eh zulwwhq lq whupv ri wkh Fduwdq0Kloehuw irupdw +ru Gduerx{ uhsuhvhqwdwlrq, dv

D ' sgt � xEs>p> t> w�gw +6144;,

Wkh Sid� vhtxhqfh kdv wkh whupv=

Wrsrorjlfdo Dfwlrq D ' sgt � xEs>p> t> w�gw> +6144<,

Wrsrorjlfdo Yruwlflw| gD ' gs	gt � gx	gw +61453,

Wrsrorjlfdo Wruvlrq D	gD ' Esgx� xgs�	gt	gw +61454,

Wrsrorjlfdo Sdulw| gD	gD ' 2gs	gx	gt	gw= +61455,

Wkh 60irup ri wrsrorjlfdo wruvlrq kdv wkh h{suhvvlrq

D	gD ' sCx@Cp gp	gt	gwn EsCx@Cs� x�gs	gt	gw +61456,
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vxfk wkdw wkh Wrsrorjlfdo Wruvlrq yhfwru/ uhodwlyh wr wkh yroxph hohphqw le '
gs	gp	gt	gw kdv wkh frpsrqhqwv

Ae ' dsCx@Cp>�EsCx@Cs� x�> f> fo> +61457,

iurp zklfk lw lv reylrxv wkdw lE�Ae�D ' f= Wkh wruvlrq yhfwru lv lpsruwdqw/ iru
hyroxwlrq lq wkh gluhfwlrq ri wkh wruvlrq yhfwru lv wkhuprg|qdplfdoo| luuhyhuvleoh/ li
Cx@Cp 9' f=

Uhodwlyh wr surfhvvhv gh�qhg e| wkh Wrsrorjlfdo Wruvlrq yhfwru/ wkh zrun 40
irup ehfrphv

Z ' lE�Ae�gD ' E�Cx@Cp� Esgt � xgw� ' �D +61458,

Gluhfw hydoxdwlrq ri wkh Wrsrorjlfdo Sdulw| 70irup |lhogv

gD	gD ' 2gs	gx	gt	gw ' 2iCx@Cp jgs	gp	gt	gw> +61459,

dv h{shfwhg1

Wkhuh duh wzr fkrlfhv iru uhgxflqj wkh Sid� wrsrorjlfdo glphqvlrq1 Dvvxplqj
wkdw gs	gt	gw 9' f> hlwkhu

41 Wkh %Kdplowrqldq% ixqfwlrq x ' frqvwdqw/ gx ' f> gh�qlqj d idplo|
ri k|shuvxuidfhv sdudphwhul}hg e| p +rq wklv vxuidfh/ wkh pdvv pxvw eh frqvwdqw/
gp ' f�>

ru

51 Wkh %Kdplowrqldq% ixqfwlrq x lv lqghshqghqw ri p= CxEs>p> t> w�@Cp ,
f> dqg gp 9' f=

Lq wkh fdvh Cx@Cp , f/ wkh Wrsrorjlfdo Wruvlrq yhfwru grhv qrw ydqlvk/ exw
kdv frpsrqhqwv

�eAe ' �df> Ex� sCx@Cs�> f> fo= +6145:,

Wklv h{suhvvlrq ydqlvkhv li wkh %Kdplowrqldq% ixqfwlrq/ x> lv krprjhqhrxv ri ghjuhh
4 lq s= Rwkhu zlvh/ wkh frqvwudlqhg surfhvv/ eAe lq 7G lv dq hljhqyhfwru ri gD zlwk
d }hur hljhqydoxh> h1j1/ d qxoo hljhqyhfwru1 Wkh vwdqgdug +Kdplowrqldq, qxoo hljhq
yhfwru �hog lv jlyhq e| wkh h{suhvvlrq/

�Vebh{wuhpdo ' �d�Cx@Ct> f> Cx@Cs> �o= +6145;,

Wkh wzr qxoo hljhq yhfwruv duh ruwkrjrqdo1 Lw lv wr eh h{shfwhg lq 7G wkdw wkh
50irup/ gD/ li ghjhqhudwh zloo kdyh wzr qxoo hljhq yhfwruv1 Rqh qxoo hljhq yhfwru
+Vebh{wuhpdo� zloo eh frq�qhg wr wkh 60glphqvlrqdo vxevsdfh/is> t> wj ri frqvwdqw p>

zkloh wkh rwkhu qxoo hljhq yhfwru/ eAe/ zloo eh ruwkrjrqdo wr wklv vxevsdfh1 Wkhvh
uhvxowv duh d gl�huhqw zd| ri vwdwlqj wkh suhvhqwdwlrq jlyhq lq vhfwlrq 6151
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61815 Khopkrow} Surfhvvhv zlwk lqyduldqw frqqhfwlylw|

Wkh Khopkrow} fodvv ri surfhvvhv 518< fdq eh vsolw lqwr wzr w|shv=
KD1 Wkrvh surfhvvhv iru zklfk wkh frqqhfwlylw| ri wkh grpdlq ri vxssruw iru

wkh 40irup D lv lqyduldqw1

Khopkrow} w|sh D G OE�V�

]
}�

D , f> dq| � 9' f>

]
}�

Z '

]
}�

T ' f= +6145<,

KE1 Wkrvh surfhvvhv iru zklfk wkh frqqhfwlylw| ri wkh grpdlq ri vxssruw iru
wkh 40irup D fdq fkdqjh +wkh qxpehu ri krohv dqg kdqgohv fdq fkdqjh,/

Khopkrow} w|sh E G OE�V�

]
}�

D 9' f> dq| � 9' f>

]
}�

Z '

]
}�

T 9' f= +61463,

Fduwdq suryhg ^Fduwdq 4<8; +4<55,` wkdw li wkh 40irup ri Dfwlrq lv wdnhq wr eh ri wkh
fodvvlf %Kdplowrqldq% irupdw/

D ' sngt
n �KEsn> t

n> w�gw +61464,

rq d 5q.4 glphqvlrqdo grpdlq ri yduldeohv isn> tn> wj/ wkhuh h{lvwv d xqltxh h{wuhpdo
yhfwru �hog/ �YH> wkdw vdwlv�hv wkh frqglwlrqv ri W|sh D=

Fduwdq*v Frqvwudlqw iru H{wuhpdo Kdplowrqldq surfhvvhv

lE�YH�gD ' f= +61465,

Wkh g|qdplfdo v|vwhp vr jhqhudwhg e| Fduwdq*v frqvwudlqw lv vdlg wr eh Kdplo0
wrqldq/ iru wkh frpsrqhqwv ri �YH duh ghwhuplqhg e| wkh sduwldo ghulydwlyhv ri wkh
Kdplowrqldq ixqfwlrq/ KEsn> t

n> w� G

gtn � CK@Csngw ' f> +61466,

gsn n CK@Ctngw ' f= +61467,

Wkh surri lv txlwh vwudljkwiruzdug/ dqg iroorzv e| hydoxdwlqj wkh Fduwdq frqvwudlqw
iru YH ' din> y

n> �o>

lE�YH�gD ' lE�YH�igsn	gt
n � gK	gw ' lE�YH�igsn	gt

n � ECK@Csngsn n CK@Ctngtn�	gwj+61468,

' �iingt
n � yngsn � ECK@Csngsn n CK@Ctngtn� n ECK@Csnin n CK@Ctnyn�gwj ' f=+61469,

Wkh vroxwlrq wr wkh Fduwdq frqvwudlqw htxdwlrq uhtxluhv wkdw wkh frpsrqhqwv ri
VH ' din> y

n> �o uhodwlyh wr wkh frruglqdwhv is> t> wj duh jlyhq e| wkh htxdwlrqv/
d�CK@Ct> CK@Cs> �o= Wkh g|qdplfdo v|vwhp lv gh�qhg e| wkh htxdwlrqv
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gs

�CK@Ct
'

gt

CK@Cs
'

gw

�
= +6146:,

E| gluhfw frpsxwdwlrq wkh Sid� glphqvlrq ri wkh Fduwdq Kdplowrqldq Dfwlrq 40irup
lv 5q.4 dqg wkh frqwdfw pdqlirog yroxph hohphqw lv jlyhq e| wkh h{suhvvlrq

D	EgD�q ' isCK@Cs�KEs> t> w�jgt�	===gtq	gs�	===gs
q	gw +6146;,

gD	EgD�q ' f= +6146<,

Wkh ixqfwlrq �OEt> s> w� ' isCK@Cs � KEs> t> w�j gh�qhv d Odjudqjh ghqvlw| rq wkh
5q.4 vwdwh vsdfh1 Lwv }hur vhw uhgxfhv wkh Sid� glphqvlrq wr d 5q glphqvlrqdo
pdqlirog ri Skdvh Vsdfh1

Li wkh ixqfwlrq O lv gh�qhg e| d Ohjhqguh wudqvirupdwlrq dv

OEy> t> w� ' sny
n �K ' sCK@Cs�KEs> t> w� � �OEt> sEt> y> w�> w� +61473,

wkhq vxevwlwxwlrq lqwr wkh Dfwlrq 40irup ohdgv wr wkh irupdw ri wkh Fduwdq0Kloehuw
h{suhvvlrq/

D ' Ogwn snEgt
n � iCKEs> t> w�@Csnjgw� ' OEy> t> w�gwn snEgt

n � yngw�= +61474,

Wkh vxevwlwxwlrqv uhtxluh wkdw wkh Kdplowrqldq lv QRW krprjhqhrxv ri ghjuhh 4 lq
wkh sn1

Dw �uvw jodqfh lw zrxog dsshdu wkdw wkh Fduwdq0Kdplowrqldq 40irup ri Dfwlrq
+61464, lv htxlydohqw wr wkh sulplwlyh Odjudqjh ixqfwlrq lqwhjudqg ri wkh Fdofxoxv
ri yduldwlrqv/ OEy> t> w�gw> frqvwudlqhg e| wkh dqkrorqrplf frqvwudlqwv/ Egtn � yngw�>
zlwk Odjudqjh pxowlsolhuv/ sn/ lq wkh irupdw ri wkh Fduwdq0Kloehuw Dfwlrq +51463,1
Krzhyhu/ wkh Fduwdq0Kloehuw Dfwlrq lv ri Sid� wrsrorjlfdo glphqvlrq 5q.5/ zkloh wkh
Fduwdq0Kdplowrqldq Dfwlrq lv ri Sid� wrsrorjlfdo glphqvlrq 5q.41 Khqfh/ wkhuh
pxvw eh dq dgglwlrqdo frqvwudlqw rq wkh Fduwdq0Kloehuw Dfwlrq wr pdnh lw htxlydohqw
wr wkh Fduwdq0Kdplowrqldq Dfwlrq1 Wkdw frqvwudlqw lv suhflvho| htxdo wr

gV ' Eqn ��-iPq
n'�ECO@Cy

n � sn�gy
nj ' f= +61475,

Lw iroorzv wkdw wkh frqglwlrq wkdw d Fduwdq0Kdplowrqldq Dfwlrq eh htxlydohqw wr wkh
Fduwdq0Kloehuw Dfwlrq lv wkh frqvwudlqw wkdw wkh hqwurs| fkdqjh lv }hur> gV ' f1
Khqfh wkh iroorzlqj wkhruhp kdv eh hvwdeolvkhg=

Frqfoxvlrq 48 Kdplowrqldq h{wuhpdo surfhvvhv rq frqwdfw pdqlirogv ri glphqvlrq
5q.4 duh lvhqwurslf1
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61816 Vlpsoh H{dpsohv ri W|sh D Khoprow} surfhvvhv

Wkh Dfwlrq zloo eh zulwwhq lq wkh irupdw

D ' sgt � xEs>p> t> w�gw= +61476,

Wkh Kduprqlf Rvfloodwru +frqvwdqw pdvv,

Gh�qh lq d fodvvlfdo pdqqhu wkh Kduprqlf Rvfloodwru ixqfwlrq dv

xEs>p> t> w� ' s2@2 n $2t2@2�p2f2 +61477,

Qrwh wkdw pf lv d frqvwdqw1 Dv Cx@Cp ' f> wkh H{wuhpdo �hog lv

�Vebh{wuhpdo ' �d�Cx@Ct> f> Cx@Cs> �o +61478,

' �d�$2t> f>ns> �o= +61479,

Wkh zrun 40irup ydqlvkhv iru wkh h{wuhpdo hyroxwlrq/ exw wkh lqwhuqdo hqhuj| ehfrphv

X ' lE�Vebh{wuhpdo�D ' �Es2@2� $2t2@2 np2f2�= +6147:,

dqg wkh Khdw 40irup ehfrphv

T ' gX ' �Esgs� $2tgt n 2pf2gp�= +6147;,

/ exwp lv qrw xqohvv wkh v|vwhp lv forvhg1 Wkh Dfwlrq 40irup lv $ ' sgt�Kgw>
vxfk wkdw g$ ' gs	gt � gK	gw dqg $	g$ ' E�Kgsn sgK�	gt	gw1 Qrwh wkdw wkh 70
irup g$	g$ ' 2gs	gt	gK	gw xqghu wkh dvvxpswlrq wkdwK ' KEs> t> w>p� 'frqvwdqw1=

Wkhq d Kdplowrqldq surfhvv lv jhqhudwhg e| wkh yhfwru �hog

�Z ' �EY> I> �> |� ' �ECK@Cs>�CK@Ct> �> }� ' �Es@pf>�nt> �> }� +6147<,

Wkh lqwhuqdo hqhuj| lv htxdo wr

X ' lE�Z �$ ' �EsY �K� ' �EsCK@Cs�K� ' �Es2@2pf � nt2@2� frqv |@? w�
+61483,

Wkh dvvrfldwhg RGH1v duh gt � Es@pf�gw ' f> dqg gs n ntgw ' f= Wkh lqwhuqdo
hqhuj| lv qrw }hur xqohvv K lv krprjhqhrxv ri ghjuhh 4 lq s= Li wkh v|vwhp lv forvhg
Egp � gK ' f�> dqg dv CK@Cw ' f> wkh surfhvv lv dgldedwlf iru frqv|@?w � iru

OE�Z �$ ' gX ' Esgs@pf�ntgt��'� ' ECK@Cs�gsnECK@Ct�gt ' gK�CK@Cw ' T ' f=
+61484,

Dv wkh forvhg v|vwhp Egp ' gK ' f� lv wlph lqghshqghqw +CK@Cw ' f�> wkh surfhvv lv
dgldedwlf1 T lv lqwhjudeoh dqg pxvw eh ri wkh irup/ T ' WgV zlwk gV ' f ru W ' f=
Wkh forvhg +frqvwdqw pdvv, kduprqlf rvfloodwru lv lvrodwhg/ dv wkh lqwhuqdo hqhuj| lv
d joredo frqvwdqw1
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Wkh frqvwdqw pdvv Gdpshg Kduprqlf Rvfloodwru

Vxssrvh wkh Kdplowrqldq lv wlph ghshqghqw dqg ri wkh irup

K ' Es2@2p� i T3Ee@p�wnEnt2@2� i TnEe@p�w = +61485,

Wkhq d Kdplowrqldq vroxwlrq iru d forvhg v|vwhp Egp ' gK ' f� lv jlyhq e| wkh
htxdwlrqv

Ix ' �CK@Ct ' �nt i TnEe@p�w = +61486,

Y x ' nCK@Cs ' nEs@p� i T3Ee@p�w

vxemhfw wr wkh forvxuh frqglwlrq

gdSY@2 n It@2o ' f +61487,

Wkh htxdwlrqv ri prwlrq duh

gs@gw ' Ix ' �CK@Ct ' �n{ i TnEe@p�w +61488,

gt@gw ' Y x ' nCK@Cs ' nEs@p� i T3Ee@p�w

Xvh wkh vhfrqg htxdwlrq wr vroyh iru s ' pY i TnEe@p�w> dqg wkhq vxevwlwxwh
lqwr wkh �uvw htxdwlrq/

gs@gw ' gEpY i TnEe@p�w�@gw ' ipg2t@gw2 n egt@gwj i TnEe@p�w ' �nt i TEe@p�w

zklfk/ xsrq uh0duudqjhphqw dqg gursslqj wkh h{srqhqwldo idfwru/ ehfrphv wkh fodvvlf
nlqhpdwlf htxdwlrq iru wkh gdpshg kduprqlf rvfloodwru=

pg2t@gw2 n egt@gwn nt ' f +61489,

Lw lv lpsruwdqw wr qrwh wkdw wkh fdqrqlfdo prphqwxp s lv qrw htxdo wr wkh fodvvlf
uhsuhvhqwdwlrq pY> exw lv h{solflwo| ghshqghqw xsrq wlph

s ' EpY i TnEe@p�w� +6148:,

Wkh Lqwhuqdo Hqhuj| ehfrphv +wr zlwklq d frqvwdqw,

X ' sY � Es2@2p i T3Ee@p�wnnt2@2 i TnEe@p�w� +6148;,

' Es2@2p� i TE3e@p�w�Ent2@2� i TnEe@p�w +6148<,

vxfk wkdw wkh hyroxwlrqdu| htxdwlrq ehfrphv
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OE�`�$ ' T ' gX ' dY gsn Igto� gK ' Ee@p�dsgt �Kgwo ' Ee@p�$= +61493,

Lq wklv fdvh/ hyhq xqghu wkh dvvxpswlrq wkdw wkh v|vwhp lv forvhg +frqvwdqw pdvv,/
wkh v|vwhp lv qrw lvrodwhg/ dv wkh lqwhuqdo hqhuj| lv qrw dq hyroxwlrqdu| lqyduldqw1
Qhlwkhu lv wkh v|vwhp dgldedwlf/ iru T ' Ee@p�$ 9' f e| frqvwuxfwlrq1

Krzhyhu/ wkh dfwlrq dqg wkh lqwhuqdo hqhuj| duh frqirupdo lqyduldqwv ri wkh
hyroxwlrqdu| surfhvv=

OE�`�$'Ee@p�$= OE�`�X'Ee@p�X= +61494,

Wr fkhfn iru uhyhuvlelolw|/ frpsxwh

T	gT ' Ee@p�2$	g$ +61495,

Krzhyhu/ T iru d Kdplowrqldq v|vwhp lv d shuihfw gl�huhqwldo/ khqfh T	gT ' f(lw
iroorzv wkdw wkh surfhvv lv uhyhuvleoh1 E| frqvwuxfwlrq/ wkh gdpslqj idfwru lv qrw }hur>
wkhuhiruh wkh 60irup ri wrsrorjlfdo wruvlrq pxvw ydqlvk= $	g$ ' f= Dv wkh v|vwhp
lv uhyhuvleoh/ T ' WgV= Dv wkh surfhvv lv d Khopkrow} surfhvv/ gT ' gW	gV ' f=
Lw iroorzv wkdw wkh surfhvv lv hlwkhu lvrwkhupdo EgW ' f�>ru wkh whpshudwxuh W lv d
ixqfwlrq ri wkh hqwurs|1 Wkh wkhuprg|qdplf dqdorjxh lv dq lghdo jdv dw frqvwdqw
yroxph1

Lw lv uhpdundeoh wkdw li wkh ruljlqdo dfwlrq $ , $ ' i T3ew@p $> wkhq iru wkh
yhfwru �hog �` ' iY> I> �j jlyhq deryh lw iroorzv wkdw OE�`�$ ' T ' f= Wkh
uhvxow lv wkdw wkh surfhvv dfwlqj rq wkh uhvfdohg dfwlrq lv dgldedwlf$ Wkh lghd wkdw
d uhvfdolqj ru d uhqrupdol}dwlrq ri wkh dfwlrq fkdqjhv d frqirupdo surfhvv lqwr dq
dgldedwlf surfhvv lv d jhqhudo uhvxow +Nlhkq/ M1Pdwk Sk|v 4<:7,1 Wkdw lv/ li

OE�`�D ' KD +61496,

wkhq
OE�`�E�D� ' f +61497,

zkhuh � lv d vroxwlrq ri
OE�`�E*?�� ' K= +61498,

Ud|ohljk glvvlsdwlrq

Vxssrvh wkh Kdplowrqldq lv wlph lqghshqghqw dqg ri wkh irup

K ' Es2@2p� i T3�t@pnEnt2@2� i Tn�t@p = +61499,

Wkhq d Kdplowrqldq vroxwlrq lv ri wkh irup

Ix ' �CK@Ct ' dn�s2@2p2o i T3�t@pnd�nt � En�@2p�t2o i Tn�t@p =+6149:,

Y x ' nCK@Cs ' nEs@p� i T3�t@p
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Wkh htxdwlrqv ri prwlrq duh

gs@gw ' Ix ' �CK@Ct ' dn�s2@2p2o i T3�t@pnd�nt � En�@2p�t2o i Tn�t@p =+6149;,

gt@gw ' Y x ' nCK@Cs ' nEs@p� i T3�t@p

Vxevwlwxwlqj wkh vroxwlrq iru wkh prphqwxp/ s/ lq whupv ri Y ohdgv wr wkh
htxdwlrq

gs@gw ' gEpY i Tn�t@p�@gw ' ipg2t@gw2 n Y �gt@gwj i Tn�t@p ' +6149<,

dn�Egt@gw�2@2� nt � En�@2p�t2o i Tn�t@p

zklfk ehfrphv wkh nlqhpdwlf htxdwlrq iru wkh txdgudwlfdoo| gdpshg qrq0olqhdu rv0
floodwru=

pg2t@gw2 n E�@2�Egt@gw�2 n ntE� n E�@2p�t� ' f +614:3,

Dv Z ' lE�`�g$ ' f> dqg dv X ' Es2@2p� i TE3�@p�t�Ent2@2� i TnE�@p�t>
wklv v|vwhp

gX ' s@p i TE3�@p�t gs�E��@p�Es2@2p� i TE3�@p�t gt�EntnEn�@2p�t2� i TnE�@p�t gt

Wkh Hxohuldq Ioxlg

Wkh dssolfdwlrq qhhg qrw eh frqvwudlqhg wr vwdwh vsdfh1 Frqvlghu wkh dfwlrq

D ' xng{
n � EY nxn@2 n S@�E{n��gw +614:4,

rq wkh vsdfh +{n> xn> w� dqg wkh hyroxwlrqdu| yhfwru �hog �` ' �EY n> In>��= Wkh
Kdplowrqldq ixqfwlrq lv wdnhq wr eh K ' �EY nxn@2 n S@�E{n�� dqg wkh prphqwd
duh wkh xn= Wkhq iruflqj wkh 40irup ri zrun wr eh }hur lq rughu wr fuhdwh dq h{wuhpdo
yhfwru �hog ohdgv wr wkh htxdwlrqv

C�@Cwn judgEV � ��@2 nV { fxuoE�� n judgES@�� ' f +614:5,

dqg wkh dx{loldu| frqglwlrq/

EC�@Cwn judgEV � ��@2� �V ' f +614:6,

E| vxevxplqj d hxfolghdq lghqwl�fdwlrq ehwzhhq frqwud dqg fr yhfwruv/VE >w� '
�E > w�> wkh Kdplowrqldq frqglwlrq/ lE�`�g$ ' f> ehfrphv wkh htxdwlrq ri prwlrq
iru d edurwurslf Hxohuldq  xlg=

C�@Cwn judgE� � ��@2 n � { fxuoE�� n judgES@�� ' f= +614:7,

Wkh h{lvwhqfh ri d �Kdplowrqldq� ixqfwlrq/ KEt> s> w�> grhv qrw lpso| wkdw wkh surfhvv
�` kdv d Kdplowrqldq uhsuhvhqwdwlrq/ Y x ' CK@Csx>
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61817 Khopkrow} surfhvvhv zlwk yduldeoh frqqhfwlylw|1

Khopkrow} w|sh D surfhvvhv lpso| wkdw wkh 40glphqvlrqdo shulrg lqwhjudov +�uvw Ehwwl
qxpehuv, duh QRW qhfhvvdulo| hyroxwlrqdu| lqyduldqwv ri wkh Khopkrow} fodvv ri
surfhvvhv1 Vxfk W|sh D surfhvvhv wkhq pxvw uhsuhvhqw wrsrorjlfdo hyroxwlrq dqg
duh QRW krphrprusklvpv ri wkh Fduwdq wrsrorj|1 Lq wkh vhqvh wkdw wkh �uvw Ehwwl
qxpehu lv uhodwhg wr wkh �kroh� frxqw lq vrph vxuidfh/ dqg dv wkh surfhvv lv dvvxphg
wr eh frqwlqxrxv/ wkh lqwhulru �krohv� fdq glvdsshdu e| froodsvh dqg sdvwlqj/ exw qhz
krohv fdq eh fuhdwhg rqo| e| glvwruwlrq dqg hqwudsphqw dw d slhfh ri d erxqgdu|1

Krzhyhu/ dv T	gT ' f> Khopkrow} surfhvvhv ri erwk w|sh D dqg w|sh E duh
wkhuprg|qdplfdoo| uhyhuvleoh/ hyhq wkrxjk wkh w|sh D surfhvvhv lqyroyh wrsrorjlfdo
hyroxwlrq1 Lq rwkhuzrugv/ wrsrorjlfdo fkdqjh lv qhfhvvdu|/ exw qrw vx!flhqw iru
wkhuprg|qdplf luuhyhuvlelolw|1

Iru F5 ixqfwlrqv/ wkh yhfwru �hogv ri wkh Khopkrow} fodvv Sduw D duh frq0
vwudlqhg e| wkh htxdwlrqv ri forvxuh/

gdlE`�gDo ' gZ ' f= +614:8,

Dowkrxjk/ wkh Khoprow} surfhvv lqglfdwhv wkdw wkh Zrun 40irup lv forvhg/ lw qhhg qrw
eh h{dfw1 Forvhg lqwhjudov ri wkh Zrun/ zkhuh wkh lqwhjudwlrq sdwk lv d f|foh/ qhhg
qrw eh }hur=

K
Z 9' f= Dffruglqj wr ghUkdp/ wkh forvxuh frqglwlrq fdq eh vdwlv�hg

e| h{dfw ru kduprqlf frqwulexwlrqv1 Wkdw lv

Z � gS n � ' gS n K dE#Wg# � #g#W�@E#W#�o +614:9,

Wkh �uvw whup gS lv wkh dqdorjxh ri �suhvvxuh judglhqw� lq d k|gurg|qdplf v|v0
whp dqg jlyhv qr frqwulexwlrq wr wkh olqh lqwhjudo durxqg d f|foh/ ru d erxqgdu|1
Wkh vhfrqg whup lv d kduprqlf frpsrqhqw wkdw |lhogv lqwhjhu ydoxhv iru lqwhjudwlrqv
durxqg f|fohv wkdw hqforvh wkh }hurv + wkh krohv, ri wkh ghqrplqdwru1 Wkh fuhdwlrq
ru wkh ghvwuxfwlrq ri wkh kduprqlf frpsrqhqwv uhsuhvhqwv d fkdqjh ri wrsrorj|1 Dv
wkh hyroxwlrq lv suhvxphg wr eh frqwlqxrxv/ wkh surgxfwlrq ri �krohv� fdq rffxu rqo|
rq vhjphqwv ri f|fohv ru erxqgdulhv dqg qrw lq wkh �exon� lqwhulru +Lqwhulru surgxf0
wlrq zrxog eh d fxwwlqj surfhvv zklfk lv glvfrqwlqxrxv,1 Dv gD lv dq hyroxwlrqdu|
lqyduldqw iru Khoprow} surfhvvhv/ wkh �krohv� pxvw eh surgxfhg lq htxdo dqg rssrvlwh
sdluv1

Wkh Pdvwhu Htxdwlrq

Frqvlghu wkh 40irup ri hohfwurpdjqhwlf dfwlrq/ D>jlyhq deryh +618<,1 Lq hohfwurpdj0
qhwlf irupdw/ iru doo surfhvvhv/ lw iroorzv wkdw

fxuo ,n C�@Cw ' f> gly � ' f +614::,

Frqvlghu dq devwudfw surfhvv Ve , �iY n> �j ' �iV> �jrq wkh vsdfh i{n> wj= Wkhq iru
w|sh D Khopkrow} surfhvvhv/
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Z ' lEV�gD ' �E,nV���ng{
n � �EV � ,�gw 9' f +614:;,

Wkh fryduldqw vsdwldo frpsrqhqwv ri wkh Zrun 40irup duh wr uhfrjql}hg dv wkh Oruhqw}
irufh shu xqlw fkdujh wr zlwklq wkh sdudphwul}dwlrq idfwru/ �,/

uEOruhqw}� ' �E,nV���> +614:<,

dqg wkh wlph0olnh frpsrqhqw ehfrphv wkh �orfdo glvvlsdwlyh� srzhu/ S ' �EV � ,�=
Wkh Oruhqw} irufh kdv ehhq ghulyhg rq wrsrorjlfdo jurxqgv/ dqg kdv qrw ehhq lqmhfwhg
lqwr wkh wkh wkhru|1

Wkh Khopkrow} forvxuh frqglwlrqv gdlE`�g$o ' f uhtxluh wkdw

fxuo uEOruhqw}� ' f +614;3,

dqg
CuEOruhqw}�@Cwn judgS ' f= +614;4,

Iru vlpsolflw|/ ohw � ' �>vxfk wkdw wkh forvxuh frqglwlrqv ri W|sh D Khopkrw}
surfhvvhv ehfrphv wkh vhw ri frqvwudlqwv zklfk gh�qh wkh Pdvwhu Htxdwlrq ri d %shu0
ihfw sodvpd%=

fxuo uEOruhqw}� ' fxuoE,� n fxuoEV��� ' f +614;5,

Pdvwhu Htxdwlrq , �C�@Cwn fxuoEV��� ' f= +614;6,

Wkh vdph uhvxowv dqg frqfoxvlrqv dsso| wr K|gurg|qdplfv dv zhoo dv doo sk|vlfdo
v|vwhpv wkdw fdq eh hqfrghg lq whupv ri 40irup ri Dfwlrq zlwk frh!flhqw ixqfwlrqv
gh�qhg ryhu d 7 glphqvlrqdo ydulhw|1 Wkh vwdwhphqw ghprqvwudwhv wkh frqfhsw ri
wrsrorjlfdo xqlyhuvdolw|1

Hqyhorshv

Lw pd| eh wkdw wkh ixqgdphqwdo frqvwudlqw X ' f/ zkhq frqvlghuhg dv d idplo| ri
k|shu0vxuidfhv sdudphwul}hg e| wkh pdvv/ pd| h{klelw qrq0xqltxhqhvv dqg hqyhorsh
skhqrphqd1 Wkh uhtxluhphqw iru wkh h{lvwhqfh ri dq hqyhorsh lv wkdw wkh wzr vxuidfhv
X ' f dqg CX@Cp ' f kdyh dq lqwhuvhfwlrq1 Wklv vwdwhphqw fdq eh zulwwhq lq whupv
ri wkh lqh{dfw 40irup % ' gX�CEgX�@Cp= Wkhq hqyhorsh h{lvwv zkhq wkh wkuhh irup
jhqhudwhg e| wklv 40irup grhv qrw ydqlvk= %	g% 9' f= Lw iroorzv wkdw wkh 40irup % lv
qrw lqwhjudeoh lq wkh vhqvh ri Iurehqlxv/ dqg fdqqrw eh gh�qhg joredoo| lq whupv ri
dq lqwhjudwlqj idfwru dqg wkh gl�huhqwldo ri d xqltxh ixqfwlrq1 Li wkh 40irup gh�qhg
dv % ' gX � CEgX�@Cp� � C2EgX�@Cp2 jhqhudwhv d qrq0}hur wkuhh irup/ %	g% 9' f>
wkhq wkh hqyhorsh frqglwlrq lqglfdwhv wkdw wkh vxuidfhv duh lq wdqjhqwldo frqwdfw exw
wkh olqh ri lqwhuvhfwlrq lv dq �hgjh ri uhjuhvvlrq�1
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61818 Luuhyhuvleoh Surfhvvhv T	gT 9' f

Wkh Lvryhfwru +Frqirupdo ru Vlplodulw| Surmhfwlyh, Fodvv

OE�`�$ ' K$ ' T +614;7,

iurp zklfk lw iroorzv wkdw

OE�`�g$ ' gK	$ n Kg$ ' gT +614;8,

T	gT ' K2$	g$ 9' f

Wkh Lvryhfwru fodvv ri surfhvvhv fdq eh luuhyhuvleoh/ exw luuhyhuvlelolw| uhtxluhv wkdw
erwk wkh wkuhh irup ri wrsrorjlfdo wruvlrq $	g$ grhv qrw ydqlvk/ dqg wkh Lqwhuqdo
Hqhuj| ixqfwlrq X pxvw ghshqg xsrq wkh �wlph� sdudphwhu/ � > h{solflwo| vxfk wkdw
K ' �ECX@C��@pf2 9' f= Li wkh lqwhuqdo hqhuj| ixqfwlrq lv lqghshqghqw iurp � vxfk
wkdw K ' f>dqg li wkh wkuhh irup ri wrsrorjlfdo wruvlrq $	g$ lv qrq0}hur/ wkh vroxwlrq
wudmhfwrulhv fdq eh fkdrwlf/ exw wkh surfhvv lv uhyhuvleoh1

Khopkrow} Lvryhfwruv

Lvryhfwru surfhvvhv duh frqwlqxrxv/ exw qhhg qrw eh xqlirupo| frqwlqxrxv1 Li dq
lvryhfwru surfhvv lv xqlirupo| frqwlqxrxv dqg K lv qrw }hur/ wkhq gT ' f lpsolhv wkdw
wkh dfwlrq 60irup ri wrsrorjlfdo wruvlrq pxvw ydqlvk/ $	g$ ' f= Wkh lpsolfdwlrq lv
wkdw g$ ' �gE*? K�	$ ru wkdw E*? K� lv wkh lqwhjudwlqj idfwru iru wkh dfwlrq/ $=Wklv
fdvh lv d vshfldo fdvh ri d Khopkrow} lvryhfwru1

Ehuqrxool Lvryhfwruv / fkdudfwhulvwlfv

OE�`�$ ' K$ dqg OE�`�X ' KX ' f +614;9,

Wkhq hlwkhu X lv }hur ru K ' f= Li K ' f wkh hyroxwlrqdu| �hog lv qrw dq lvryhfwru1 Li
wkh lqwhuqdo hqhuj| X ydqlvkhv/ wkhq wkh Ehuqrxool lvryhfwru lv d fkdudfwhulvwlf yhfwru1

Vxssrvh wkdw �{n ' g{n�xng� duh lqghshqghqw vxfk wkdw �{n dqg $ irup d ed0
vlv rq i{n> �j=Wkhq wkh fxuuhqw wkuhh irup M ' �{	�|	�} ' lE�`�g{	g|	g}	g�@E���
EX@�� ��g{	g|	g}= Qrwh wkdw wkh edvlv lv iruphg zkhq

�{	�|	�}	$ ' E�pf2 � xn�n�g{	g|	g}	g� ' E�X@��g{	g|	g}	g� 9' f +614;:,

Wklv irxu irup yroxph hohphqw ydqlvkhv rqo| zkhq wkh lqwhuqdo hqhuj| X ydqlvkhv1
Khqfh/ li wkh lqwhuqdo hqhuj| X lv qrw }hur/ wkh frruglqdwhv Eg{	g|	g}	g�� duh lqgh0
shqghqw1 Li wkh �n ' pxn wkhq wkh lqwhuqdo hqhuj| ehfrphv htxdo X ' �pf2d� �
Exnxn@f

2�o=
Xvlqj wkh uhodwlylvwlf frqfhswv lw zrxog dsshdu wkdw wkh lqwhuqdo hqhuj| lv

wkh qhjdwlyh ri wkh uhvw pdvv hqhuj| lq vwdwh ri uhvw/ dqg ehfrphv ohvv qhjdwlyh
dssurdfklqj }hur dv wkh vshhg y dssurdfkhv wkh fulwlfdo vshhg f1

--------------------



Phfkdqlfv 446

61819 Lvryhfwruv

Frqvlghu wkh htxlydohqfh fodvv ri yhfwruv �` wkdw duh lvryhfwruv uhodwlyh wr $= Lvryhfwruv
vdwlvi| wkh frqvwudlqw=

OE�`�$ ' K$ � T +614;;,

Lvryhfwruv duh ri lqwhuhvw iru wkh| irup d pd{lpdo Olh vxedojheud +Hghohq,
Wkh lvryhfwru frqglwlrq ehfrphv

OE�`�$ ' �Eing{
n � xng�n� n gX ' KE�ng{

n �pf2g�� +614;<,

gX ' ECX@C{n�g{n n ECX@C�n�g�n n ECX@C��g�

zklfk uhtxluhv wkdw wkh 5q.4 frpsrqhqwv ri wkh lvryhfwru vdwlvi| wkh �uvw rughu sduwldo
gl�huhqwldo htxdwlrqv

�in ' K�n � CX@C{n +614<3,

�xn ' CX@C�n +614<4,

dqg
�pf2 ' �nCX@C�n � X +614<5,

zlwk
pf2K ' �CX@C� +614<6,

Wkh dx{loldu| ruglqdu| gl�huhqwldo v|vwhp lv +frpsduh wr Iruv|wk yro14 s4;5,

�g{n

ECX@C�n�
'

�g�n
K�n � CX@C{n

'
pf2�g�

�nCX@C�n � X
�

g�

�

Lw lv dssduhqw wkdw lvryhfwru surfhvvhv duh frpsohwho| ghwhuplqhg iurp d vlqjoh
ixqfwlrq

XE{n> �n> �� +614<7,

lqfoxglqj wkh �wlph0olnh� frpsrqhqw ��> zklfk lv sursruwlrqdo wr wkh Ohjhqguh wudqv0
irupdwlrq ri X uhodwlyh wr wkh �n=

��pf2 ' �nCX@C�n � X +614<8,

Qrwh wkdw �� ydqlvkhv li X lv krprjhqhrxv ri ghjuhh 4 lq wkh �n> wkh sureohp lv
uhgxfhg wr 5q glphqvlrqv iurp 5q.41 +Frpsduh wr Iruv|wk Yro 4 s14;5,

bbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbb
D vshfldo vxefodvv ri surfhvvhv ehorqj wr wkh fkdudfwhulvwlf fodvv1 Lq dgglwlrq

wr vdwlvi|lqj wkh lvryhfwru frqglwlrq/ fkdudfwhulvwlf yhfwruv vdwlvi| wkh �dvvrfldwhg�
htxdwlrq

XE�n> t
n> �� ' lE�`�$ ' �Exn�n �pf2� ' f= +614<9,

Lw zrxog dsshdu wkdw uhodwlylvwlf suhmxglfhv zrxog suhfoxgh wkh h{lvwhqfh ri
X , f=
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bbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbb
Dq h{wuhpdo lvryhfwru lv rqh wkdw vdwlv�hv wkh htxdwlrq Z ' lE�`�g$ ' f>lq

dgglwlrq wr wkh lvryhfwru frqvwudlqw= Lw iroorzv wkdw iru h{wuhpdo lvryhfwruv/

�Eing{
n � xng�n� ' K�ng{

n � ECX@C{n�g{n � ECX@C�n�g�n ' f +614<:,

K�ng{
n n ECX@C��g� ' KE�ng{

n �pf2g�� +614<;,

' K$ ' gX dq h{wuhpdo lvryhfwru

Lq rwkhuzrugv/ iru dq h{wuhpdo lvryhfwru/ wkh glvvlsdwlrq idfwru +surmhfwlyh idfwru,
K lv dq lqwhjudwlqj idfwru iru wkh ruljlqdo 40irup1 Dq h{wuhpdo �hog dozd|v vdwlv�hv
wkh Khopkrow} wkhruhp +exw qrw ylvd yhuvd,1 Wkh Dfwlrq 40irup lv wkhuhiru ri Sid�
glphqvlrq 5 li wkh surfhvv lv dq h{wuhpdo lvryhfwru/ khqfh dowkrxjk vxfk surfhvvhv
kdyh d wlph ghshqghqw Lqwhuqdo Hqhuj| + K ' E�CX@C��@pf2 9' f e| dvvxpswlrq,
wkh| duh qhyhu fkdrwlf +dv $	g$ ' f� dqg qhyhu luuhyhuvleoh +dv T	gT ' f�1

Ixuwkhu qrwh wkdw li X lv qrw dq h{solflw ixqfwlrq ri � wkhq wkh frqirupdo
idfwru pxvw ydqlvk> K ' f> =li �` lv wr eh dq lvryhfwru1

Frqvlghu wkh lvryhfwru hyroxwlrq ri g$ G

OE�`�g$ ' gEK$� ' gK	$ n K	g$ +614<<,

Li wkh �yruwlflw|� g$ lv dq hyroxwlrqdu| lqyduldqw vxfk wkdw OE�`�g$ ' f/ wkhq hlwkhu
K ' f ru wkh wruvlrq ydqlvkhv/ $	g$ ' f= Krzhyhu/ pf2K ghshqgv xsrq �CX@C� =
Khqfh li wkhuh lv glvvlsdwlrq lq wkh vhqvh wkdw K 9' f/ dqg wkh hyroxwlrqdu| surfhvv lv
ghvfulehg e| dq lvryhfwru/ wkhq wkh wruvlrq ydqlvkhv/ dqg wkh v|vwhp lv uhyhuvleoh$$BB

OE�`�$	g$ ' 2K$	g$ +61533,

Li wkh 60irup lv forvhg
-----------------------------------
Frqvlghu d pds iurp P G i�pj , Q G i{n> sn> w> Kj zkhuh � � n � q
Rq wkh vsdfh Q +5q.5, frqvlghu d 40irup lq wkh Gduerx{ uhsuhvhqwdwlrq=

$ ' sng{
n �Kgw +61534,

zlwk

g$ ' gsn	g{
n � gK	gw= +61535,

Frqvlghu hyroxwlrqdu| surfhvvhv wkdw duh ghvfulehg e| wkh frqwudyhfwru �` ' �iY n> In>X> �j
uhodwlyh wr wkh frruglqdwhv i{n> sn> w> Kj= Wkhq gh�qh

X ' lE�`�$ ' �EY nsn �KX� � ghilqlwlrq ri X
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Frqvlghu wkh htxlydohqfh fodvv ri yhfwruv �` wkdw duh lvryhfwruv uhodwlyh wr
$= Lvryhfwruv vdwlvi| wkh frqvwudlqw=

OE�`�$ ' K$ � T +61536,

Lvryhfwruv duh ri lqwhuhvw iru wkh| irup d pd{lpdo Olh vxedojheud +Hghohq,
Wkh lvryhfwru frqglwlrq ehfrphv

OE�`�$ ' �Edng{
n � xng�n� n �E�g� � %gk� n gX ' KE�ng{

n � kg� �+61537,

gX ' ECX@C{n�g{n n ECX@C�n�g�n n ECX@C��g� n ECX@Ck�gk

zklfk uhtxluhv wkdw wkh 5q.4 frpsrqhqwv ri wkh lvryhfwru vdwlvi| wkh �uvw rughu sduwldo
gl�huhqwldo htxdwlrqv

�dn ' K�n � CX@C{n +61538,

�xn ' CX@C�n +61539,

dqg
�%k ' �nCX@C�n � X +6153:,

zlwk
kK ' �CX@C� n �� +6153;,

��% ' ECX@Ck� +6153<,

Wkh dx{loldu| ruglqdu| gl�huhqwldo v|vwhp lv +frpsduh wr Iruv|wk yro14 s4;5,

�g{n

ECX@C�n�
'

�g�n
K�n � CX@C{n

'
�g�

�nCX@C�n � X
+61543,

Lw lv dssduhqw wkdw lvryhfwru surfhvvhv duh frpsohwho| ghwhuplqhg iurp d vlqjoh
ixqfwlrq

XE{n> �n> �� +61544,

lqfoxglqj wkh �wlph0olnh� frpsrqhqw �%> zklfk lv wkh Ohjhqguh wudqvirupdwlrq ri X
uhodwlyh wr wkh �n=

�% ' �nCO@C�n � X +61545,

Qrwh wkdw �% ydqlvkhv li X lv krprjhqhrxv ri ghjuhh 4 lq wkh �n> wkh sureohp lv
uhgxfhg wr 5q glphqvlrqv iurp 5q.41 +Frpsduh wr Iruv|wk Yro 4 s14;5,

D vshfldo vxefodvv ri surfhvvhv ehorqj wr wkh fkdudfwhulvwlf fodvv1 Lq dgglwlrq
wr vdwlvi|lqj wkh lvryhfwru frqglwlrq/ fkdudfwhulvwlf yhfwruv vdwlvi| wkh �dvvrfldwhg�
htxdwlrq

X ' lE�`�$ ' �Exn�n � %� ' f= +61546,

Dq h{wuhpdo lvryhfwru lv rqh wkdw vdwlv�hv wkh htxdwlrqZ ' lE�`�g$ ' f>lq dgglwlrq
wr wkh lvryhfwru frqvwudlqw= Lw iroorzv wkdw iru h{wuhpdo lvryhfwruv/

�Edng{
n � xng�n� ' K�ng{

n � ECX@C{n�g{n � ECX@C�n�g�n ' f +61547,
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K�ng{
n n ECX@C��g� ' KE�ng{

n � g�� +61548,

' K$ ' gX dq h{wuhpdo lvryhfwru

Lq rwkhuzrugv/ iru dq h{wuhpdo lvryhfwru/ wkh glvvlsdwlrq idfwru +surmhfwlyh idfwru, K
lv dq lqwhjudwlqj idfwru iru wkh ruljlqdo 40irup1 Dq h{wuhpdo �hog dozd|v vdwlv�hv wkh
Khopkrow} wkhruhp +exw qrw ylvd yhuvd,1 Wkh Dfwlrq 40irup lv ri Sid� glphqvlrq 5
li wkh surfhvv lv dq h{wuhpdo lvryhfwru1

Ixuwkhu qrwh wkdw li X lv qrw dq h{solflw ixqfwlrq ri � wkhq wkh frqirupdo
idfwru pxvw ydqlvk> K ' f> =li �` lv wr eh dq lvryhfwru1

Frqvlghu wkh lvryhfwru hyroxwlrq ri g$ G

OE�`�g$ ' gEK$� ' gK	$ n K	g$ +61549,

Li wkh �yruwlflw|� g$ lv dq hyroxwlrqdu| lqyduldqw vxfk wkdw OE�`�g$ ' f/ wkhq hlwkhu
K ' f ru wkh wruvlrq ydqlvkhv/ $	g$ ' f= Krzhyhu/ K ghshqgv xsrq�CX@C� = Khqfh li
wkhuh lv glvvlsdwlrq lq wkh vhqvh wkdw K 9' f/ dqg wkh hyroxwlrqdu| surfhvv lv ghvfulehg
e| dq lvryhfwru/ wkhq wkh wruvlrq ydqlvkhv/ dqg wkh v|vwhp lv uhyhuvleoh1

OE�`�$	g$ ' 2K$	g$ +6154:,

--------------

6181: Pdvv lq v|psohfwlf v|vwhpv

Krzhyhu/ d vhfrqg srvvlelolw| h{lvwv iru wkh Iurehqlxv lqwhjudelolw| frqvwudlqw wr eh
ydolg/ exw qrz wkh frqglwlrq lv qrw ydolg joredoo| ryhu wkh 7G grpdlq1 Krzhyhu/ wkh
60irup ri wrsrorjlfdo wruvlrq zloo ydqlvk zkhq

dOgsn sEs� CO@Cy�gyo ' d�Ew> t> y> s�gt n �Ew> t> y> s�gwo , f E, �yOgp=qqq�
+6154;,

Wklv frqvwudlqw fdq eh vdwlv�hg rq grpdlqv hyhq zkhq Es� CO@Cy� 9' f= Khqfh vxfk
v|vwhpv dgplw dq lqwhjudeoh vxepdqlirog lq d v|psohfwlf 7G grpdlq1 Lw lv wkhvh
lqwhjudeoh vxepdqlirogv ri d v|psohfwlf v|vwhp wkdw duh ri lqwhuhvw wr wklv duwlfoh1
Frqvlghu wkh fdvh zkhuh wkh UKV ri wkh deryh htxdwlrq ydqlvkhv1 Wkhq wkh qrq0}hur
ixqfwlrq pEw( t> y> s� gh�qhg lq d v|psohfwlf grpdlq dv

pEw( t> y> s�
=
' sEs� CO@Cy�@O ' gs@gy +6154<,

sod|v wkh uroh ri d �pdvv� +dw ohdvw iru forvhg v|vwhpv,1 +dgghg 3525425335=,
Wkh pdvv fdq eh }hur/ li fdqrqlfdo + zklfk zrxog eh wkh ervrq Skrwrq ru Skrqrq
fdvhB dqg lv frqwdfw , ru pdvv qrq0}hur/ zklfk lv wkh qrq0fdqrqlfdo fdvh +zklfk lv
v|psohfwlf,1
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Iru frqvwdqw pdvv/ wkh uhvxowlqj vlqjxodu k|shuvxuidfh lq wkh 7G grpdlq |lhogv
d frqvwudlqhg vxevsdfh ri Ew( t> y> s� xsrq zklfk wkh 40irup ri Dfwlrq vdwlv�hv wkh
Iurehqlxv frpsohwh lqwhjudelolw| wkhruhp1 H{dpsohv zloo eh jlyhq ehorz zkhuh wkh
v|psohfwlf ruelwv uhvlgh rq wklv frqvwdqw pdvv vxuidfh1 Wkh frqvwdqw pdvv k|shu0
vxuidfh lq v|psohfwlf v|vwhpv lv wkh dqdorjxh ri wkh frqvwdqw hqhuj| k|shuvxuidfh lq
h{wuhpdo v|vwhpv1

619 G|qdplfdo V|vwhpv

61914 RGH*v jhqhudwhg e| Kdplowrqldq surfhvvhv1

D g|qdplfdo v|vwhp pd| eh ylhzhg dv d vshfldo fdvh ri dq h{whulru gl�huhqwldo v|vwhp1
Wkdw lv/ ohw + eh gh�qhg dv wkh vhw ri lqghshqghqw yduldeohv i{> |> }===j dqg V dv dq
rughuhg vhw ri ixqfwlrqv1 Wkh g|qdplfdo v|vwhp lq Sid!dq irup lv wkhq wkh v|vwhp
ri frqvwudlqw htxdwlrqv

g+�Vg� ' f>

zkhuh � lv dq duelwudu| sdudphwhu1 Jhrphwulfdoo|/ + lv d srvlwlrq yhfwru wr d srlqw
lq wkh vsdfh ri lqghshqghqw yduldeohv/ dqg V lv wkh wdqjhqw yhfwru wr d fxuyh wkurxjk
wkh srlqw1 Wklv nlqhpdwlf lghd lv dw wkh edvlv ri prvw phfkdqlfdo wkhrulhv lq sk|vlfv1
Wkh txhvwlrq iru sk|vlfv lv krz wr ghgxfh wkh ixqfwlrqdo irupdw ri V wr vxlw d jlyhq
sk|vlfdo surfhvv rq d vshfl�hg sk|vlfdo v|vwhp/ dqg wkhq wr lqwhjudwh wkh g|qdplfdo
v|vwhp wr �qg wkh hyroxwlrqdu| wudmhfwrulhv ghvfulehg e| +E��

Wkh vrskrprulf ghvfulswlrq vwduwv iurp Qhzwrq*v odz zulwwhq lq wkh irup
ri dqrwkhu h{whulru gl�huhqwldo v|vwhp/

pgV� 6g� ' f=

Jlyhq wkh irufhv/ 6/ dfwlqj rq d sk|vlfdo v|vwhp ri pdvv p/ vroyh iru V> wkhq zlwk
wklv V vroyh iru += Txlwh riwhq wkh wzr h{whulru gl�huhqwldo v|vwhpv duh frpelqhg
lqwr d vhfrqg rughu gl�huhqwldo htxdwlrq1 Wkh vshfl�fdwlrq ri wkh sk|vlfdo v|vwhp
e| wklv surfhgxuh lv uhgxfhg wr d vshfl�fdwlrq ri wkh pdvv+hv, dqg wkh irufhv1 Wkh
frpelqhg v|vwhp lv vdlg wr gh�qh wkh htxdwlrqv ri prwlrq1

Dqrwkhu phwkrg ri ghgxflqj g|qdplfdo v|vwhpv lv edvhg rq wkh fdofxoxv ri
yduldwlrqv/ zkhuh Odjudqjldq whfkqltxhv duh xvhg wr �qg �wkh htxdwlrqv ri prwlrq�1
Wkhvh phwkrgv kdyh wkh dgydqwdjh wkdw wkh| pd| eh zulwwhq lq d frruglqdwh iuhh
pdqqhu/ ydolg lq hyhu| uhihuhqfh v|vwhp/ dqg qrw frqvwudlqhg/ dv duh Qhzwrq*v odzv/ wr
vshfldo �lqhuwldo� v|vwhpv ri uhihuhqfh1 Lq dgglwlrq/ lw lv srvvleoh wr jurxs yduldwlrqdo
sureohpv lqwr htxlydohqfh fodvvhv zkhuh wkh ryhudoo ehkdylru ri d vshfl�f g|qdplfdo
v|vwhp fdq eh ghiruphg lqwr rwkhu h{dpsohv zlwk vlplodu surshuwlhv1 Pruhryhu/ wkh
yduldwlrqdo phwkrg jlyhv d sklorvrsklfdo sulqflsoh iru zk| qdwxuh vhhpv wr ehkdyh
wkh zd| lw grhv= wkh sulqflsoh ri ohdvw Dfwlrq1 Wkh whfkqltxh lv wr �qg d xqltxh sdwk
jhqhudwhg e| d g|qdplfdo v|vwhp wkdw plqlpl}hv d fhuwdlq sdwk lqwhjudo1 Wkh fodvvlf
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uhvxow lv wr rewdlq d g|qdplfdo v|vwhp htxlydohqw wr Qhzwrq*v htxdwlrqv/ zklfk lv
vxevxphg wr eh lpehgghg lq wkh nlqhpdwlf Sid!dq v|vwhp1

Lq wklv duwlfoh/ wzr fodvvhv ri xqltxh +wr zlwklq d idfwru, yhfwru �hogv zloo
eh vwxglhg1 Wkh �uvw xqltxh yhfwru �hog zloo eh dvvrfldwhg zlwk v|vwhpv ri rgg
Sid� glphqvlrq +5q.4, dqg lv gh�qhg dv wkh H{wuhpdo fodvv1 Wkh vhfrqg fodvv ri
xqltxh yhfwru �hogv zloo eh dvvrfldwhg zlwk v|vwhpv ri hyhq Sid� glphqvlrq +5q.5,/
dqg lv gh�qhg dv wkh Wruvlrq fodvv1 H{wuhpdo yhfwru �hogv duh wkhuprg|qdplfdoo|
uhyhuvleoh/ Wruvlrq yhfwru �hogv duh wkhuprg|qdplfdoo| luuhyhuvleoh1

61915 Yduldwlrqdo Lqwhjudqgv dqg Sid!dq irupv

Wkh fodvvlfdo sureohp lq wkh fdofxoxv ri yduldwlrqv dv dssolhg lq sk|vlfv lv wr
hydoxdwh wkh lqwhjudo

U
OE+>V( w�gw dorqj fhuwdlq sdwkv/ dqg wkhq/ vxemhfw wr fhuwdlq

frqglwlrqv ri frqvwudlqw/ �qg wkrvh vshfldo sdwkv dprqj doo srvvlelolwlhv iru zklfk
wkh ydoxh ri wkh lqwhjudo lv h{wuhpdo1 Qrwh wkdw wkh yduldwlrqdo lqwhjudqg lv lwvhoi d
sulplwlyh gl�huhqwldo 40irup/ wkh 40irup ri Dfwlrq=

Df ' OE{n> yn( w�gw=

Lw lv vxevxphg wkdw d vshfl�fdwlrq ri wkh sk|vlfdo v|vwhp lv wkurxjk wkh Odjudqjh
ixqfwlrq/ O ' OE+>V( w�/ dqg fhuwdlq frqglwlrqv ri frqvwudlqw1 Ydulrxv uhflshv +vxfk
dv Kdplowrq*v sulqflsoh zkhuh wkh Odjudqjh ixqfwlrq lv gh�qhg lq whupv ri wkh gli0
ihuhqfh ehwzhhq wkh nlqhwlf dqg srwhqwldo hqhuj|/ O@W0Y, iru zulwlqj wkh ixqfwlrqdo
irup ri O kdyh ehhq irxqg wr eh xvhixo iru frpsdulvrq wr h{shulphqw1 Diwhu wkh
h{wuhpdo sdwk+v, lv irxqg/ lw lv wdflwo| vxevxphg wkdw wkh h{wuhpdo sdwk lv hpehgghg
lq wkh Sid!dq v|vwhp +ri frqvwudlqhg 40irupv,/

g+�Vgw ' f=

Lq sulqflsoh/ wkh nlqhpdwlf k|srwkhvlv vwdwhg deryh vkrxog eh wuhdwhg dv d v|vwhp
ri +srvvleo| dqkrorqrplf frqvwudlqwv, rq wkh yduldwlrqdo lqwhjudqg1 Wklv surfhvv zloo
eh fduulhg rxw e| dgglqj wkh hohphqwv ri wkh Sid!dq v|vwhp wr wkh lqwhjudqg ri wkh
sulplwlyh Dfwlrq/ dorqj zlwk dssursuldwh Odjudqjh pxowlsolhuv/ sn1

Df , D ' Dfgwn snEg{
n � yngw�=

Wkh yduldwlrqdo lqwhjudo qrz ehfrphv d olqh lqwhjudo ryhu d 40irup ri Dfwlrq/ zkhuh wkh
Dfwlrq frqvlvwv ri wzr sduwv/ rqh ri zklfk vshfl�hv frqglwlrqv ri nlqhpdwlf frqvwudlqw11
Rwkhu qrq0krorqrplf frqvwudlqwv/ I �/ pd| eh lqwurgxfhg e| dgglqj whupv ri wkh
irup v�I

�E{n> yn( w> g{n( gw� zlwk wkhlu dssursuldwh Odjudqjh pxowlsolhuv/ v�= Lq fhuwdlq
wuhdwphqwv/ wkh ixqfwlrqdo frqvwudlqwv wkdw lqyroyh ixqfwlrqv ri erwk wkh frruglqdwhv
dqg yhorflwlhv duh vwdwhg wr eh dqkrorqrplf1 Krzhyhu/ wkdw lv qrw wkh gh�qlwlrq xvhg
khuhlq1 D qrq0krorqrplf +dqkrorqrplf, frqvwudlqw lv gl�huhqwldo frqvwudlqw wkdw lv
uhsuhvhqwhg e| d Sid!dq 40irup/ $> wkdw lv qrw lqwhjudeoh lq wkh vhqvh ri Iurehqlxv>
h1j1/ $	g$ 9' f= Khqfhiruwk/ lq wklv duwlfoh lw lv dvvxphg wkdw wkh sulplwlyh yduldwlrqdo
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phwkrg kdv ehhq h{whqghg wr �qglqj plqlpl}lqj sdwkv iru lqwhjudov zkrvh Dfwlrq
lqwhjudqgv duh duelwudu| 40irupv1

Wkh yduldwlrqdo surfhgxuhv frqvlghuhg khuhlq zloo xwlol}h Fduwdq*v pdjlf
irupxod=

OE�V�

] e

d

D '

] e

d

lE�V�gDn

] e

d

gElE�V�D�

Wkh lqwhjudwlrq sdwk lv suhvxphg wr eh gh�qhg e| wkh g|qdplfdo v|vwhp jhqhudwhg
e| �V/ zkhuh � lv dq duelwudu| ixqfwlrq wkdw vfdohv wkh hqyhorsh ri wdqjhqw sdwkv
jhqhudwhg e| wkh yhfwru �hog/ V= D vwdwlrqdu| sdwk lv gh�qhg dv d sdwk jhqhudwhg
e| V vxfk wkdw wkh Olh gl�huhqwldo ri wkh Dfwlrq ydqlvkhv1

OE�V�

] e

d

D , f � V lv d vwdwlrqdu| sdwk

Dv wkh vdph sdwk lv ghwhuplqhg e| wkh g|qdplfdo v|vwhp iru dq| vfdolqj
ixqfwlrq/ �> wkhq prvw vwdwlrqdu| sdwkv pxvw irufh wkh wzr lqwhjudov lq Fduwdq*v
irupxod wr ydqlvk vhsdudwho|1 +Dq h{fhswlrqdo fdvh lv gh�qhg dv zkhuh wkh �uvw lqwhjudo
fdqfhov wkh vhfrqg lqwhjudo1, Lqwhjudwlrq ri wkh vhfrqg lqwhjudo + shuihfw gl�huhqwldo
zklfk ghshqgv rqo| rq wkh hqg srlqwv, |lhogv wkh hqgsrlqw frqglwlrq/

dlE�V�Doed ' f>

dqg ohdgv wr wkh gh�qlwlrq ri dq �h{wuhpdo� �hog dv wkdw vxevhw ri vwdwlrqdu| yhfwru
�hogv wkdw vdwlvi| wkh htxdwlrq +iru dq| ��=

Z ' lE�V�gD ' f=

Yhfwruv iru zklfk

X ' lE�V�D ' f

dorqj wkh hqwluh sdwk +qrw mxvw dw wkh hqgsrlqwv, duh gh�qhg dv �dvvrfldwhg� yhfwruv1
Qrwh wkdw hqgsrlqw frqglwlrq pd| eh vdwlv�hg lq vhyhudo glvwlqfw zd|v=

Hlwkhu
41 lEV�D ' f hyhu|zkhuh +sdwkv duh frqvwudlqhg wr wkh vxuidfh X ' f=�
ru ^lEV�Dod ' f dqg ^lEV�Doe ' f> rq wkh hqgsrlqwv rqo|> ru
51 Xd ' dlE�V�Dod ' Xe ' dlE�V�Doe lqghshqghqw ri wkh fkrlfh ri �=

Wkh vhfrqg fdvh lv vdwlv�hg e| sdwkv zklfk ohdyh wkh vxuidfh X ' f/ exw
uhwxuq wr wkh vxuidfh X ' f= Qrwh wkdw X ' f fdq kdyh pxowlsoh frpsrqhqwv/ ru eh d
idplo| zlwk uhvshfw wr vrph sdudphwhu +zdyhiurqwv,1

Wkh h{fhswlrqdo fdvh iru d vwdwlrqdu| lqwhjudo zrxog eh gh�qhg zkhq

�lEV�gD ' �idg�ElEV�D�j= +VQX,
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Wklv h{fhswlrqdo fulwhuld zrxog lpso| wkdw wkh yluwxdo zrun 40irup/ gh�qhg dv Z '
lEV�gD> pxvw vdwlvi| wkh frqglwlrqv ri Iurehqlxv lqwhjudelolw|/ Z	gZ ' f=Wkhq wkh
ghqvlw| ixqfwlrqv/ �> duh lqwhjudwlqj idfwruv iru wkh yluwxdo zrun lq wkh h{fhswlrqdo
fdvh1 D vxevhw ri wkhvh h{fhswlrqdo fdvhv zrxog eh jlyhq e| wkh htxlydohqfh fodvv ri
�hogv V vxfk wkdw gZ ' f= Vxfk yhfwru �hogv duh gh�qhg dv v|psohfwrprusklvpv/
ri zklfk wkh h{wuhpdo fodvv lv d vshfldo vxevhw1 V|psohfwrprusklvpv duh wkhuprg|0
qdplfdoo| uhyhuvleoh1

Wkh Sid� Vhtxhqfh

Uhfdoo wkdw dq| 40irup ri Dfwlrq/ D> frqvwuxfwhg rq F4 ixqfwlrqv/ dgplwv ri d
Sid� Vhtxhqfh= iD> gD>D	gD> gD	gD> ===j= Wkh Sid� glphqvlrq ru fodvv ri wkh 40irup/
SigED�/ lv wkh lqwhjhu htxdo wr wkh qxpehu ri qrq0}hur whupv lq wkh Sid� vhtxhqfh1
+Vhh ^Olhehupdqq 4<;:` s1 5;8, Wkh s0irup wkdw irupv wkh odujhvw qrq0}hur hohphqw
ri wkh Sid� vhtxhqfh lv gh�qhg dv wkh Wrs Sid!dq1 Lq h�hfw/ wkh Sid� glphqvlrq
gh�qhv wkh plqlpxp qxpehu ri ixqfwlrqv uhtxluhg wr +orfdoo|, gh�qh wkh 40irup
+Gduerx{*v wkhruhp,1 Dv zulwwhq deryh/ wkh Sid� glphqvlrq ri wkh sulplwlyh Dfwlrq/
Df ' Ogw/ lv dw prvw wzr= SigEDf� ' 2= Wkdw lv gDf ' gO	gw 9' f> exw Df	gDf ' f=
Wkh xwlolw| ri wkh Sid� glphqvlrq lv wkdw lw pd| eh xvh wr irup htxlydohqfh fodvvhv ri
sureohpv lqyroylqj g|qdplfdo v|vwhpv1

Lq wkdw zklfk iroorzv/ jlyhq d yduldwlrqdo lqwhjudqg/ lwv Sid� glphqvlrq
zloo eh ghwhuplqhg1 Wkh Wrs Sid!dq zloo gh�qh d v|psohfwlf +hyhq glphqvlrqdo, ru
d frqwdfw +rgg glphqvlrqdo, pdqlirog doprvw hyhu|zkhuh1 Krzhyhu/ wkhuh pd| h{lvw
�vlqjxodu� vhwv ri srlqwv xsrq zklfk wkh Wrs Sid!dq ydqlvkhv/ wkhuhe| surgxflqj d
pdqlirog ri orzhu Sid� glphqvlrq1 Wklv srlqw vhw/ zklfk lv qrw rqo| gl�hrprusklfdoo|
lqyduldqw exw lv dovr lqyduldqw zlwk uhvshfw wr qrq0lqyhuwleoh F4 pdsv/ pd| dovr |lhog
+frqvwudlqhg, sdwkv zklfk duh h{wuhpdo1 Wkh wrs Sid!dq ri wkh �uhgxfhg� v|vwhp
pd| h{klelw vlqjxodu srlqwv/ xsrq zklfk wkh Sid� glphqvlrq lv ixuwkhu uhgxfhg/ dqg
ixuwkhu vshfldo h{wuhpdo sdwkv pd| eh jhqhudwhg1 Wkh surfhvv vrphwlphv fdq eh
frqwlqxhg/ xqwlo wkhuh duh qr pruh h{wuhpdo sdwkv1

Wkh sulplwlyh yduldwlrqdo lqwhjudqgv +ri Sid� glphqvlrq 5 ru ohvv, irup dq
htxlydohqfh fodvv/ exw wkh| duh dssolfdeoh wr rqo| wkh prvw vlpsoh ri sk|vlfdo sure0
ohpv +wkrvh zklfk duh frpsohwho| lqwhjudeoh,1 Prgl�fdwlrqv ri wkh Dfwlrq 40irup duh
uhtxluhg wr fuhdwh htxlydohqfh fodvvhv ri kljkhu Sid� glphqvlrq1 W|slfdo prgl�fdwlrqv
lqfoxgh jdxjh wkhrulhv +zkhuh orfdoo| D , Df n gXE{n> yn( w��/ uhqrupdol}dwlrq wkhr0
ulhv + zkhuh orfdoo| D , �E{n> yn( w�Df�/ dqg wkh lqfoxvlrq ri dqkrorqrplf frqvwudlqwv
e| phdqv ri Odjudqjh pxowlsolhuv/

D , Df n snEg{
n � yngw�=

Iru h{dpsoh/ vxssrvh wkdw rq ~{/|/},/ wkh 40irup ri Dfwlrq lv prgl�hg e| d
jdxjh dgglwlrq/ D , Df n gX= +DfE{> |> }� lv suhvxphg wr eh ri Sid� glphqvlrq 5
vxfk wkdw Df	gDf ' f�= Wkhq/ dowkrxjk gD ' gDf wkh 60irup D	gD ' gX	gDf 9'
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Df	gDf qhhg qrw ydqlvk1 Wkh Sid� glphqvlrq ri wkh surorqjhg 40irup D lv htxdo wr
SigED� ' �1 Rq wkh rwkhukdqg/ li wkh Sid� glphqvlrq ri Df lv 4/ wkhq dq duelwudu|
jdxjh dgglwlrq zloo qrw fkdqjh wkh Sid� glphqvlrq ri wkh ruljlqdo irup1 Duelwudu|
jdxjh dgglwlrqv wr d irup qhyhu fkdqjh wkh hyhq glphqvlrqdo phpehuv ri wkh Sid�
vhtxhqfh/ exw jdxjh dgglwlrqv fdq lq xhqfh wkh rgg glphqvlrqdo phpehuv ri wkh Sid�
vhtxhqfh1

iDf n g�> gDf> Eg� nDf�	gDf> gDf	gDf> ===j=

Wkhvh dujxphqwv hvwdeolvk=

Frqfoxvlrq 49 40irupv ri rgg Sid� glphqvlrq duh �jdxjh� lqyduldqw/ exw 40irupv
ri hyhq Sid� glphqvlrq duh qrw1

Rq rwkhukdqg wkh uhqrupdol}dwlrq +frqwdfw, wudqvirupdwlrqv lpso| wkdw
50irup fdq eh prgl�hg vxfk wkdw

gDf , gD ' gE�Df� ' g�	Df n �gDf

Wkh Sid� vhtxhqfh ri D ehfrphv

�iDf>g *? �	Df n gDf> �Df	gDf> 2g *? �	Df	gDf n �EgDf	gDf�> �Df	gDf	gDf> ===j

Vr li wkh ruljlqdo Sid� glphqvlrq zdv rgg/ wkhq d frqwdfw wudqvirupdwlrq zloo fkdqjh
wkh Sid� glphqvlrq e| xqlw|/ exw li wkh ruljlqdo Sid� glphqvlrq zdv hyhq/ wkh d
frqwdfw frqwulexwlrq zloo qrw fkdqjh wkh Sid� glphqvlrq1 Wkh odwwhu lqyduldqfh lq
fodvv zloo eh gh�qhg dv uhqrupdol}delolw|1

Frqfoxvlrq 4: 40irupv ri hyhq Sid� glphqvlrq duh uhqrupdol}deoh/ exw 40irupv ri
rgg Sid� glphqvlrq duh qrw1

Wkh Sid� glphqvlrq ri wkh 40irup ri Dfwlrq frqvwudlqhg e| wkh nlqhpdwlf
htxdwlrqv ri d g|qdplfdo v|vwhp/

D ' Df n snEg{
n � yngw�

wxuqv rxw wr eh 5Q.5/ hyhq wkrxjk dw �uvw jodqfh wkhuh dsshduv wr eh 6Q.4 lqgh0
shqghqw yduldeohv1 Q lv wkh pd{lpxp udqjh ri wkh lqgh{ n1
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Xqltxh Yhfwru Ilhogv

+H{wuhpdo yhfwruv, D sulqflsoh uhdvrq iru uhyhuwlqj wr d yduldwlrqdo ghulyd0
wlrq ri d g|qdplfdo v|vwhp lv wkdw lq fhuwdlq fdvhv wkh g|qdplfdo v|vwhp lv xqltxho|
ghwhuplqhg1 Lq wkdw zklfk iroorzv lw zloo eh vkrzq wkdw wkhuh duh wzr vlwxdwlrqv iru
zklfk dq Dfwlrq 40irup zloo jhqhudwh d xqltxh g|qdplfdo v|vwhp1 Wkh �uvw vlwxdwlrq
fruuhvsrqgv wr wkh fdofxoxv ri yduldwlrqv h{wuhpdo whfkqltxh/ dqg wkh rwkhu grhv qrw1

Iluvw/ qrwh wkdw dq| jlyhq 40irup ri Dfwlrq/ D> dgplwv vhyhudo fodvvhv ri
yhfwru �hogv1 Wkhuh duh vhyhudo vhwv ri +frqwudyduldqw, yhfwru �hogv ri lqwhuhvw wr wklv
duwlfoh1 Wkh �uvw vhw lv gh�qhg dv wkh dvvrfldwhg vhw ri yhfwru �hogv vxfk wkdw dw dq|
srlqw s/ d yhfwru ri wkh dvvrfldwhg vhw vdwlv�hv wkh htxdwlrqv

Dvvrfldwhg Y hfwruvA G lEA�D ' f=

Wkh vhfrqg vhw ri yhfwru �hogv ri lqwhuhvw lv wkh h{wuhpdo vhw/ vxfk wkdw

H{wuhpdo Y hfwruv , G lE,�gD ' f= EXqltxh rq SigED� ' rgg�

Iru d 40irup ri Dfwlrq zklfk gh�qhv d grpdlq ri rgg Sid� glphqvlrq/ wkh h{wuhpdo
yhfwru �hog lv xqltxh1 Yhfwruv wkdw vdwlvi| erwk htxdwlrqv deryh duh gh�qhg dv �fkdu0
dfwhulvwlf� yhfwruv1 Qrwh wkdw doo ri wkhvh yhfwruv duh gh�qhg wr zlwklq dq duelwudu|
idfwru +d ixqfwlrq,1

Frqvlghu wkh lqwhjhu SigED� ' Q dv wkh plqlpdo qxpehu ri lqghshqghqw
yduldeohv ru ixqfwlrqv uhtxluh wr uhsuhvhqw wkh Dfwlrq D1 Wkhq rq wklv grpdlq ri q
glphqvlrqv/ wkh Q � � dvvrfldwhg yhfwruv irup jhrphwulfdoo| d �glvwulexwlrq� ru d
wdqjhqw vxevsdfh uhodwlyh wr wkh 40irup/ D=Wkh glvwulexwlrq jhqhudoo| grhv qrw gh�qh
d vprrwk vxuidfh joredoo|1

Li wkh lqwhjhu Q lv rgg vxfk wkdw Q ' 2qn �/ wkhq/ dv phqwlrqhg deryh/
wkh h{wuhpdo �hog lv xqltxho| ghwhuplqhg +wr zlwklq d idfwru, dv wkh qxoo hljhq yhfwru
ri wkh dqwl0v|pphwulf pdwul{ ri ixqfwlrqv wkdw irup wkh frh!flhqwv ri wkh 50irup gD=
Khqfh/ xqltxhqhvv irfxvhv dwwhqwlrq rq wkh h{wuhpdo yhfwru �hogv iru Dfwlrq 40irupv
ri rgg Sid� glphqvlrq/ exw vxfk dwwhqwlrq lv qrw zduudqwhg iru Dfwlrq 40irupv ri hyhq
Sid� glphqvlrq1 Lw lv wklv h{wuhpdo �hog wkdw jhqhudwhv wkh vroxwlrq wr wkh fodvvlfdo
fdofxoxv ri yduldwlrq sureohpv zlwk �{hg hqgsrlqwv1

Krzhyhu/ li Q lv hyhq vxfk wkdw Q ' 2qn2/ wkhq h{wuhpdo yhfwruv +dv qxoo
hljhqyhfwruv, gr qrw h{lvw1 Wkh h{wuhpdo xqltxhqhvv dujxphqw +edvhg rq wkh fdofxoxv
ri yduldwlrqv, iru jhqhudwlqj d g|qdplfdo v|vwhp idlov1 Krzhyhu/ lw lv uhpdundeoh
wkdw iru Dfwlrq 40irupv ri Sid� glphqvlrq 5q.5 +zklfk zloo kdyh wkh dvvxphg irup/
D ' sng{

n � kgw� wkhuh h{lvwv WZR gl�huhqw xqltxh yhfwru �hogv1 Wkh �uvw xqltxh
yhfwru �hog vdwlv�hv wkh htxdwlrqv

lEV�gD ' �g ilEV�Djn CilEV�Dj@Cw gw ' �gEY nsn � k� n CEY nsn � k�@Cw gw=
+61553,
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Wkh wzr irup/ gD/ jhqhudwhv d v|psohfwlf grpdlq zlwkrxw qxoo hljhqyhfwruv/ exw wkh
h{lvwhqfh ri wkh lqyhuvh ohdgv wr d v|vwhp ri sduwldo gl�huhqwldo htxdwlrqv ri �uvw rughu
gh�qlqj wkh frpsrqhqwv ri wkh wr eh ghwhuplqhg/ V1 Lw zloo eh vkrzq wkdw wkhvh
yhfwru �hogv duh Kdplowrqldq lq wkh vhqvh wkdw wkhuh h{lvwv BBBBBBBBBB

+Wruvlrq yhfwruv, Wkh vhfrqg xqltxh yhfwru �hog rq d v|psohfwlf grpdlq lv
wkh Wruvlrq yhfwru �hog/ zklfk vdwlv�hv wkh htxdwlrq=

Wruvlrq~ G lE~�gD ' KE{> y> w�D= EXqltxh rq SigED� ' hyhq�

Wkh idfw wkh wkh dqwl0v|pphwulf pdwul{ ri frh!flhqwv ri wkh 50irup gD ri Sid� glphq0
vlrq 5q.5 kdv dq lqyhuvh pdnhv lw lv srvvleoh wr vroyh iru wkh Wruvlrq yhfwru xqltxho|/
li wkh frh!flhqw KE{> y> w� lv jlyhq1 Wkh fkrlfh ri KE{> y> w� fdq eh ghwhuplqhg dojh0
eudlfdoo| zlwkrxw h{solflw frqvwuxfwlrq ri dq lqyhuvh pdwul{1

Iru wkh v|psohfwlf v|vwhp/ wkh 5q.5 glphqvlrqdo Wrs Sid!dq/ gD	gD	gD=== '
�l> lv wkh forvxuh ri 5q.4 glphqvlrqdo fxuuhqw/ D	gD	gD=== Khqfh/ wr zlwklq d idfwru/
wkh sk|vlfdo v|vwhp ghwhuplqhv d xqltxh 5q.4 glphqvlrqdo fxuuhqw/ gh�qhg khuhlq dv
wkh Wruvlrq Fxuuhqw/ ~=

lE~�ilj ' �D	gD	gD===

Khqfh/ wr zlwklq d idfwru/ wkh Wruvlrq fxuuhqw lv gh�qhg dojheudlfdoo| e| wkh 5q.5
frh!flhqwv ri wkh 5q.4 irup D	gD	gD==== +Lq d vsdfh ri 7 glphqvlrq wkh Wruvlrq
Fxuuhqw lv wkh vdph dv wkh Wrsrorjlfdo Wruvlrq 60irup1, Lw lv uhpdundeoh wkdw wkh
Wruvlrq Fxuuhqw/ frqvwuxfwhg iurp wkh odvw rgg s0irup ri wkh Sid� vhtxhqfh/ vdwlv�hv
wkh htxdwlrqv

lE~�gD ' KE{> y> w�D dqg lE~�D ' f=

Vxssrvh wkh 40irup Dfwlrq/ D> kdv wkh irupdw

D ' Sngt
n �Xgw

zkhuh wkh 5q.5 yduldeohv iS>X> t> wj duh lqghshqghqw1 Gh�qh wkh yduldeohv it> wj dv
krul}rqwdo dqg wkh yduldeohv iS>Xj dv yhuwlfdo1 +D wkhupdo g|qdplf glvwlqfwlrq edvhg
xsrq krprjhqhlw| zloo eh ghvfulehg odwhu,1 E| gluhfw frqvwuxfwlrq lw lv dssduhqw
wkdw wkh Wruvlrq yhfwru ~> frqvwuxfwhg irup wkh 5q.40irup/ kdv frpsrqhqwv rqo| lq
wkh yhuwlfdo grpdlq1 Uhodwlyh wr wkh rughuhg vhw iS>X> t> wj> wkh Wruvlrq fxuuhqw lv
sursruwlrq wr wkh yhfwru ~ 'dS===>X> f===> fo= Wkh glodwdwlrq / ru frqirupdo idfwru/ K>
ehfrphv

K ' �gly�] ' gED	gD===	gD� ' gD	gD===	gD ' �l
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Qrwh wkdw e| frqvwuxfwlrq wkh Wruvlrq �hog lv dovr dvvrfldwhg +lw uhvlghv lq wkh
yhuwlfdo vsdfh,1 Wkdw lv

lE~�iKE{> y> w�Dj ' KE{> y> w�lE~�D , lE~�lE~�gD ' f=

Wkh wruvlrq yhfwru/ ~/ xvxdoo| grhv qrw kdyh d }hur glyhujhqfh rq wkh 5q.5
grpdlq ri vxssruw iru gD1 Srlqwv zkhuh wkh glyhujhqfh ydqlvkhv duh vlqjxodu srlqwv
ri wkh 5q.5 grpdlq1 Krzhyhu/ wkh wruvlrq yhfwru grhv dgplw lqwhjudwlqj idfwruv vxfk
wkdw wkh fxuuhqw �~ kdv }hur glyhujhqfh joredoo|1 Iru d jlyhq 40irup ri Dfwlrq rq
wkh 5q.5 ydulhw|/ wkrvh srlqwv zkhuh wkh glyhujhqfh jrhv wr }hur lpso| d uhgxfwlrq
ri wkh Sid� glphqvlrq1 Wkhvh vshfldo srlqw vhwv duh vxevhwv iru zklfk wkh Wruvlrq
yhfwru ehfrphv d Fkdudfwhulvwlf yhfwru iru wkh v|vwhp1 Iru vsdfhv ri glphqvlrq 7 ru
pruh/ wkh g|qdplfdo v|vwhp gh�qhg e| wkh wruvlrq yhfwru zlwk qrq0}hur glyhujhqfh lv
xvxdoo| luuhyhuvleoh lq d wkhuprg|qdplf vhqvh1 Lq d ydulhw| ri Sid� glphqvlrq q ' 2/
zlwk d 40irup uhsuhvhqwhg dv

Df ' �E{> |�diC!E{> |�@C{jg{n iC!E{> |�@C|jg|o>

wkh wruvlrq yhfwru uhgxfhv wr wkh �vwuhdp ixqfwlrq� ri frpsoh{ yduldeoh wkhru|/

~ ' �E{> |�d�C!E{> |�@C|> C!E{> |�@C{o=

Iru Sid� glphqvlrq 7/ wkh Wruvlrq yhfwru lv wkh dgmrlqw jhqhudwru ri wkh Krsi
pds1

G|qdplfdo v|vwhpv rq grpdlqv ri Rgg Sid� glphqvlrq1 D juhdw ghdo ri
sk|vlfdo wkhru| lv edvhg xsrq wkh fdofxoxv ri yduldwlrqv1 Wkh �htxdwlrqv ri prwlrq�
iru pdq| sk|vlfdo v|vwhpv duh vxevxphg wr eh jhqhudwhg e| wkh �h{wuhpdo� yhfwruv/
ru wkhlu surorqjdwlrqv/ dfwlqj rq sk|vlfdo v|vwhpv uhsuhvhqwhg e| dq Dfwlrq 40irup1
Frqvlghu wkh 40irup ri Dfwlrq gh�qhg dv

D ' Df n snEgt
n � yngw� ' OEtn> yn> w�gwn snEgt

n � yngw�= +61554,

Wkh sulplwlyh Odjudqjh dfwlrq kdv ehhq surorqjhg wr lqfoxgh wkh frqvwudlqwv ri d
g|qdplfdo v|vwhp gtn � yngw , f1 Lq wklv qrwdwlrq/ wkh sn duh wr eh wuhdwhg dv
Odjudqjh pxowlsolhuv1 Uhpdundeo|/ Wkh Sid� glphqvlrq ri wklv v|vwhp lv 5q.5 +hyhq,
dqg gD gh�qhv d qrq0frpsdfw v|psohfwlf pdqlirog1

Uh0duudqjh wkh yduldeohv wr uhdg

D ' sngt
n � isny

n � Ojgw� ' sngt
n �KEsn> t

n> yn> w�gw= +61555,

Li wkh v|vwhp lv ixuwkhu frqvwudlqhg wr vdwlvi| wkh fodvvlfdo htxdwlrqv gh�qlqj fdqrqlfdo
prphqwd
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ECO@Cyn � sn� ' f>

wkhq wkh Sid� glphqvlrq ri wkh vsdfh lv uhgxfhg wr 5q.41 Wklv yhfwru frqvwudlqw lv
vx!flhqw/ exw qrw qhfhvvdu| wr surgxfh d frqwdfw pdqlirog1 D qhfhvvdu| dqg vx!flhqw
frqvwudlqw lv jlyhq e| wkh Sid!dq h{suhvvlrq/

q[
n'�

ECO@Cyn � sn�gy
n ' f

Wkh fdqrqlfdo frqvwudlqwv/ ECO@Cyn�sn� ' f> surgxfh wkh v|vwhp ri rgg Sid�
glphqvlrq 5q.4 zklfk lv suhflvho| wkh Fduwdq �Vsdfh ri Vwdwhv�1 Zkhq wkh fdqrqlfdo
frqvwudlqw lv uhjxodu/ wkh yn fdq eh ghwhuplqhg lq whupv ri wkh isn> tn> wj= Wkh Dfwlrq
40irup wkhq uhgxfhv wr wkh fodvvlf Fduwdq 40irup

D ' sngt
n �KEs> t> w�gw=

Ohw V ' iin> yn> �j eh d frqwudyduldqw0yhfwru +wr zlwklq d idfwru �Es> t> w�,
rq wkh vsdfh ri vwdwhv isn> tn> wj1 Fduwdq kdv vkrzq wkdw wkh xqltxh h{wuhpdo frqgl0
wlrq/ lE,�gD ' f> zklfk lv gh�qhg e| wkh htxdwlrq/

ingt
n � yngsn � dlE,�gKEs> t> w�ogwn gEK� ' f

fruuhvsrqgv wr wkh +Kdplowrqldq, yhfwru �hog

H{wuhpdo H' iin> y
n> �j , i�CK@Ctn>nCK@Csn> �j

Wkh ixqgdphqwdo sk|vlfdo lghd rq vsdfhv ri rgg Sid� glphqvlrq lv
wr h{dplqh g|qdplfdo v|vwhpv dv jhqhudwhg e| wklv xqltxh H{wuhpdo Ilhog1

Wkh h{wuhpdo �hog lv wkh hyroxwlrqdu| gluhfwlrq �hog sursruwlrqdo dw hdfk srlqw
wr wkh qxoo hljhq yhfwru ri wkh dqwl0v|pphwulf pdwul{ ri gl�huhqwldo frh!flhqwv wkdw
pdnh xs wkh 50irup gD= Wkh 5q.4 e| 5q.4 pdwul{ lv dqwlv|pphwulf/ dqg ri udqn
5q1 Khqfh wkhuh lv rqh xqltxh qxoo hljhq yhfwru dw hdfk srlqw1 Wklv h{wuhpdo �hog/
iru �{hg ru forvhg erxqgdu| frqglwlrqv/ ohdyhv wkh lqwhjudo ri wkh Dfwlrq 40irup dq
hyroxwlrqdu| lqyduldqw1

Wkh Xqltxh H{wuhpdo �hog |lhogv d vwdwlrqdu| Dfwlrq Qrwh wkdw wkh h{wuhpdo
frqglwlrq dvvhuwv wkdw wkh 40irup

$ ' ingt
n � yngsn � dlE,�gKEs> t> w�ogw � �gK

lv h{dfw1 Khqfh/ wkh frh!flhqwv ri $ fdq eh sxw lqwr fruuhvsrqghqfh zlwk wkh sdu0
wldo ghulydwlyhv ri d ixqfwlrq/ KEs> t> w�= D vshfldo uhtxluhphqw lv wkdw CK@Cw '
dlE,�gKEs> t> w�o
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Li wklv yhfwru �hog , lv suhvxphg wr jhqhudwh d g|qdplfdo v|vwhp/ wkhq lw lv
vxevxphg wkdw

gsn � ingw ' f> dqg gtn � yngw ' f>

zkhuh in ' �CK@Ctn> dqg yn ' nCK@Csn= Wkh gh�qlwlrq ri fdqrqlfdo prphqwd
lpsolhv wkdw wkh g|qdplfdo v|vwhp

gsn � inEt
n> sn> w�gw ' f

lv htxlydohqw wr wkh h{whulru gl�huhqwldo v|vwhp rq itn> yn> wj

iCECO@Cym�@Ctnjgtn n iCECO@Cym�@Cynjgyn n iCECO@Cym�@Cw� InEt
n> yn> w�jgw ' f

Qrwh wkdw In ' inEt
n> snEt

n> yn> w�> w�= Pxowlso|lqj e| yn |lhogv wkh srzhu wkhruhp/

yngsn � yningw ' yngsn � ingt
n ' f

61916 G|qdplfdo v|vwhpv rq grpdlqv ri Hyhq Sid� glphqvlrq

Krzhyhu vxssrvh wkdw frqvwudlqwv ri fdqrqlfdo prphqwd duh qrw lpsrvhg rq wkh
Dfwlrq frqvwudlqhg e| wkh htxdwlrqv ri d g|qdplfdo v|vwhp> h1j1/

ECO@Cyn � sn� 9' f=

Wkhq wkh Kdplowrqldq K fdq eh frqvlghuhg dv wkh odvw frpsrqhqw ri d pds iurp wkh
vsdfh ri 6q.4 yduldeohv/ itn> yn> sn> wj> wr wkh vsdfh ri 5q.5 lqghshqghqw yduldeohv/
itn> sn> w>Xj1 Dv wkh Sid� glphqvlrq lv hyhq wkhuh duh qr �xqltxh h{wuhpdo� �hogv1
Krzhyhu/ wkhuh lv dq xqltxh �hog gh�qhg ehorz dv wkh Wruvlrq �hog1 Lw lv xqltxh exw
qrw vwdwlrqdu|$ Wklv yhfwru �hog lv wkh �uvw fdvh ri lqwhuhvw iru 40irupv ri hyhq Sid�
glphqvlrq1 Zkdw lv lpsruwdqw wr uhdol}h lv wkdw wklv xqltxh yhfwru lv ghwhuplqhg
wr zlwklq d idfwru e| wkh frh!flhqwv ri wkh Dfwlrq 40irup/ dqg wkhlu �uvw sduwldo
ghulydwlyhv1

Wkh vhfrqg fdvh ri lqwhuhvw wr v|vwhpv zklfk duh ri hyhq Sid� glphqvlrq
frqfhuqv wkrvh yhfwru �hogv iru zklfk wkh 40irup ri yluwxdo zrun lv lqwhjudeoh/ exw qrw
}hur1 Wkhvh vshfldo yhfwru �hogv duh vwdwlrqdu| �hogv/ exw wkh| duh qrw xqltxh1 Wkh|
fruuhvsrqg wr wkh h{fhswlrqdo fodvv jlyhq e| htxdwlrqv deryh1

Wkh Xqltxh exw Qrw Vwdwlrqdu| Wruvlrq Yhfwru �hog

Frqvlghu wkh 40irup ri Dfwlrq zulwwhq dv

D ' OEy> t> w�gwn snEgt
n � yngw� ' sngt

n �XEs> y> t> w�gw +61556,

rq dq grpdlq ri 7 lqghshqghqw yduldeohv is> y> t> w 2j dqg vxfk wkdw
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XEs> y> t> w� ' Esny
n � OEy> t> w��=

Wkh Sid� vhtxhqfh lq wklv qrwdwlrq ehfrphv

Wrsrorjlfdo Dfwlrq D ' sgt �XEs> y> t> w�gw> +61557,

Wrsrorjlfdo Yruwlflw| gD ' gs	gt � gX	gw +61558,

Wrsrorjlfdo Wruvlrq D	gD ' EsgX�Xgs�	gt	gw +61559,

Wrsrorjlfdo Sdulw| gD	gD ' 2gs	gX	gt	gw= +6155:,

Wkh 60irup ri wrsrorjlfdo wruvlrq kdv wkh h{suhvvlrq

D	gD ' sCX@Cy gy	gt	gwn EsCX@Cs� x�gs	gt	gw +6155;,

vxfk wkdw wkh Wrsrorjlfdo Wruvlrq yhfwru/ uhodwlyh wr wkh yroxph hohphqw le '
gs	gy	gt	gw kdv wkh frpsrqhqwv

Ae ' dsCX@Cy>�EsCX@Cs� x�> f> fo> +6155<,

iurp zklfk lw lv reylrxv wkdw lE�Ae�D ' f= Wkh wruvlrq yhfwru lv lpsruwdqw/ iru
hyroxwlrq lq wkh gluhfwlrq ri wkh wruvlrq yhfwru lv wkhuprg|qdplfdoo| luuhyhuvleoh/ li
CX@Cp 9' f=

Uhodwlyh wr surfhvvhv gh�qhg e| wkh Wrsrorjlfdo Wruvlrq yhfwru/ wkh zrun 40
irup ehfrphv

Z ' lE�Ae�gD ' E�CX@Cy� Esgt �Xgw� ' �D +61563,

Gluhfw hydoxdwlrq ri wkh Wrsrorjlfdo Sdulw| 70irup |lhogv

gD	gD ' 2gs	gX	gt	gw ' 2iCX@Cy jgs	gy	gt	gw +61564,

' iCOEy> t> w�@Cy � sjgy	gs	gt	gw +61565,

' gV	gs	gt	gw +61566,

dv h{shfwhg1 Wkhvh uhvxowv duh h{dfwo| wkh vdph dv wkh htxdwlrqv lq vhfwlrq 61814
h{fhsw iru qrwdwlrq1

Wkh fkdqjh lq hqwurs| lv

gV ' iCOEy> t> w�@Cy � sjgy +61567,

zklfk lpsolhv wkdw

ggV ' igECOEy> t> w�@Cy�� gsj	gy , f +61568,

' i�gsn EC2OEy> t> w�@CyCt�gt n EC2OEy> t> w�@CyCw�gwj	gy , f=+61569,
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Qrz frqvlghu dq duelwudu| surfhvv ]e ' din> u> y> wo vxfk wkdw

OE]e�D ' KD> +6156:,

lE]e�D ' f= +6156;,

zlwk frh!flhqwv

glphqvlrq li wklv 40irup ri Dfwlrq lv

Rq wklv hyhq glphqvlrqdo vsdfh +SigED� ' 2qn2� wkhuh grhv qrw h{lvw d xqltxh
h{wuhpdo �hog/ exw wkhuh grhv h{lvw d xqltxh wruvlrq �hog/ exw lw lv QRW vwdwlrqdu|1

Wruvlrq Y hfwru~ G lE~�gD ' KE{> y> w�D=

Wkh �uvw ixqgdphqwdo sk|vlfdo lghd rq v|vwhpv ri hyhq Sid� glphqvlrq lv wr
h{dplqh g|qdplfdo v|vwhpv dv jhqhudwhg e| wkh xqltxh exw qrw vwdwlrqdu|
Wruvlrq Ilhog1

+Qrwh= Zkhq KE{> y> w� ' �> wkh wruvlrq yhfwru kdv ehhq fdoohg wkh �Olrxylooh
yhfwru� e| S1 Olehupdqq s6351,

Ohw ~ ' iin> yn> u> �j eh wkh v|perov iru wkh frpsrqhqw ixqfwlrqv ri d
frqwudyduldqw0yhfwru +wr zlwklq d idfwru, rq wkh vsdfh ri �wkhuprg|qdplf yduldeohv�
iSn>X> tn> wj= Frqvlghu wkh40irup D ' iSngtn � Xgwj/ zklfk lv suhvxphg wr eh ri
SigED� ' 2qn 2= Wkhq wkh htxdwlrqv wkdw gh�qh wkh wruvlrq yhfwru duh jlyhq e| wkh
Sid!dq h{suhvvlrq=

ingt
n � yngSn � ugwn gX ' KiSngt

n �Xgwj>

ru/

Ein � KSn�gt
n � yngSn � Eu � KX�gwn gX ' f= +IWI,

Wkh ixqfwlrqv/ yn/ pxvw dovr vdwlvi| wkh dvvrfldwhg +qrq0olqhdu, htxdwlrq/

XES> y> t> w� ' Sny
n

zklfk lghqwl�hv wkh wruvlrq yhfwru pds iurp 6q.4 vsdfh wr 5q.5 vsdfh1 Zrunlqj
edfnzdugv iurp wkh ruljlqdo gh�qlwlrq ri

KESn> t
n> yn> w� � X ' iSny

n � OEtn> yn> w�j

lw lv wr eh revhuyhg wkdw wkh wruvlrq yhfwru pds fruuhvsrqgv wr wkh fdvh zkhuh wkh
ruljlqdo Odjudqjh ixqfwlrq lv qxoo/ �OEtn> yn> w� , f= Gl�huhqwldwlrq |lhogv

gE�X�� yngSn ' Sngy
n=
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Uhsodflqj X dqg gX lq wkh ruljlqdo Sid!dq htxdwlrq/ IWI/ |lhogv wkh dqkrorqrplf
Sid!dq htxdwlrq ri frqvwudlqw +rq wkh 6q.4 vsdfh, dv d qhfhvvdu| frqglwlrq wkdw
pxvw eh vdwlv�hg e| wkh frpsrqhqwv ri wkh Wruvlrq Yhfwru =

Ein � KSn�gt
n n sngy

n � Eu � KSny
n�gw ' f=

Qrwh wkdw wklv h{suhvvlrq fdq eh lqwhusuhwhg dv d vhfrqg rughu htxdwlrq li lw lv dvvxphg
wkdw gtn ' 	yngw= Dvvxph wkh . vljq1 Wkhq

sngy
n � Eu � iny

n�gw ' f=

Qh{w dvvxph wkh 0 vljq1 Wkhq/

sngy
n � Eu n iny

n � 2Ksny
n�gw ' f=

Lw dsshduv wkdw prwlrq ri wkh g|qdplfdo v|vwhp +gh�qhg e| wkh Wruvlrq Fxu0
uhqw, lq wkh iruzdug gluhfwlrq lv qrw wkh vdph dv prwlrq lq wkh edfnzdugv gluhfwlrq/
d uhvxow zklfk ghprqvwudwhv wkh luuhyhuvlelolw| ri prwlrq dorqj wkh wruvlrq yhfwru1

Wkh wzr Sid!dq htxdwlrqv duh wkh vdph rqo| zkhq

Eu � 2KSny
n n iny

n� ' Eu � iny
n�

zklfk uhtxluhv wkdw

Ein � KSn�y
n ' f=

Iru uhyhuvlelolw|/ hlwkhu wkh irufh lv ylvfrxvo| glvvlsdwlyh/ Ein � KSn� ' f> ru wkh yh0
orflwlhv yn duh ruwkrjrqdo wr Ein �KSn� gh�qlqj d vshfldo w|sh ri �qr0vols� frqglwlrq
dvvrfldwhg zlwk �uroolqj�1 Wkh hyroxwlrq surfhhgv iurp wkh lqlwldo vwdwh luuhyhuvleo| wr
wkh �vwhdg| vwdwh� fdvh ri uroolqj zlwkrxw volsslqj lq wkh suhvhqfh ri iulfwlrq1 +Vrph0
krz Ein � Ksn� � �EQrupdo��

Wklv lghd vkrxog eh sxw lqwr fruuhvsrqghqfh zlwk d erzolqj edoo zklfk
lqlwldoo| lv jlyhq urwdwlrqdo hqhuj| 0 dv ryhuvslq ru xqghuvslq 0 dv zhoo dv wudqvodwlrq
hqhuj| ehiruh pdnlqj frqwdfw zlwk wkh erzolqj dooh| vxuidfh1 Wkhuh duh 7 hyroxwlrqdu|
srvvlelolwlhv/ wkdw frph lq 5 sdluv1 Lq rqh flufxpvwdqfh wkh olqhdu prphqwxp uhyhuvhv
vljq> lq wkh vhfrqg flufxpvwdqfh wkh dqjxodu prphqwxp uhyhuvhv vljq1 Wkh fkrlfh
ghshqgv xsrq wkh uhodwlyh dprxqwv ri urwdwlrqdo dqg wudqvodwlrqdo hqhuj| jlyhq lq
wkh lqlwldo vwdwh1 Lq wkh �vwhdg| vwdwh� fdvh ri qr volsslqj/ wkh prwlrq lv vxfk wkdw
y ' �$1 Wkhq wkh urwdwlrqdo hqhuj| @ �p�2$2@2 dqg wkh wudqvodwlrq hqhuj| lv
p�2$2@2 ' py2@2= Dw �uvw jodqfh lw zrxog dsshdu wkdw wkh �iulfwlrqdo� irufhv gr qrw
htxloleudwh wr zkhuh wkh wzr ghjuhhv ri iuhhgrp kdyh �htxdo� hqhuj|1

Lq wkh xqghuvslq fdvh wkh prwlrq pxvw fruuhvsrqg wr wkh gt n ygw ' f
frqvwudlqw/ dqg wkh ryhuvslq fdvh fruuhvsrqgv wr wkh gt � ygw ' f dvvxpswlrq= Wkh
h{wuhpdo sdwk pxvw xowlpdwho| eh zkhuh Ein�Ksn�y

n ' f> dqg lw pxvw eh dssurdfkhg
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iurp wzr gl�huhqw lqlwldo frqglwlrqv1 +Li wkh frruglqdwhv zhuh forvhg wklv lv dqdorjrxv
wr d olplw f|foh1 Wkh olplw f|foh frqvwudlqw pxvw eh wkh dqdorjxh ri Ein�Ksn�y

n ' f=�

Wkh Vwdwlrqdu| exw Qrw Xqltxh Yhfwru Ilhogv +Phfkdqlfdo Htxloleulxp,

Iru d jlyhq Dfwlrq 40irup/ wkhuh pd| h{lvw yhfwru �hogv iru zklfk wkh 40irup ri yluwxdo
zrun lv lqwhjudeoh1 Lq vxfk fdvhv wkh yluwxdo zrun 40irup lv ri Sid� glphqvlrq 5/ dqg
fdq eh jlyhq wkh Gduerx{ uhsuhvhqwdwlrq dv Z ' �gS@�= Wkh ghqvlw| ixqfwlrq � lv
wr eh ylhzhg dv dq lqwhjudwlqj idfwru/ dqg pdq| vxfk lqwhjudwlqj idfwruv fdq h{lvw1 Lw
lv wdqwdol}lqj wr frqmhfwxuh wkdw wkhuh zloo h{lvw d klhudufk| ri qrq0}hur ydoxhv iru wkh
lqwhjudo ri wkh yluwxdo zrun/ fruuhvsrqglqj wr d jurxqg vwdwh dqg d vhw ri �h{flwhg�
vwdwhv/ hdfk zlwk d gl�huhqw ghqvlw| ixqfwlrq ru lqwhjudwlqj idfwru1 Wkh pdqlirogv ri
phfkdqlfdo htxloleulxp/ gh�qhg dv wkrvh vhwv xsrq zklfk wkh yluwxdo zrun 40irup lv
lqwhjudeoh/ irup d vhw ri vwdwhv wkdw duh qrw uhdfkdeoh e| vwdwlrqdu| sdwkv1 +Wkhuh lv/
krzhyhu/ d xqltxh sdwk wkdw fdq frqqhfw wkh pdqlirogv ri vwdwlrqdu| vwdwhv,1

Wkh vhfrqg ixqgdphqwdo sk|vlfdo lghd rq v|vwhpv ri hyhq Sid� gl0
phqvlrq lv wr h{dplqh g|qdplfdo v|vwhpv dv jhqhudwhg e| wkh qrw xqltxh
exw vwdwlrqdu| �hogv wkdw jhqhudwh phfkdqlfdo htxloleulxp1

Fduwdq*v pdjlf irupxod lqglfdwhv wkdw lw lv ri wkh irup ri wkh �uvw odz ri
Wkhuprg|qdplfv1

OE�V�D ' lE�V�gDn gElE�V�D� ' Z n gX ' T=

Iru vwdwlrqdu| Dfwlrq/ T ' f +wkh dqdorjxh ri dq dgldedwlf surfhvv,1 Li wkh Zrun
40irup lv jlyhq wkh vshfldo irupdw ri phfkdqlfdo htxloleulxp/ wkhq 0gS n�gX ' f> dq
h{suhvvlrq wkdw h�hfwlyho| gh�qhv dq htxdwlrq ri vwdwh iru phfkdqlfdo htxloleulxp1 1

Wkh zrun 40irup lv jlyhq e| wkh h{suhvvlrq=

Z ' ingt
n � yngsn � ugwn gX=

61917 Ydq ghu Srko Olplw f|fohv

Wklv h{dpsoh lv uhodwhg wr wkh Zhlqvwhlq wkhruhp wkdw dq �ryhuwzlvwhg exw qrw wljkw�
frqwdfw vxepdqlirog ri d v|psohfwlf pdqlirog kdv d shulrglf ruelw1 D fuxfldo ihdwxuh
ri olplw f|fohv ri wkh Ydq ghu Sro w|sh lv wkdw wkh phfkdqlfdo hqhuj| ri wkh v|vwhp lv
wlph ghshqghqw/ ghfd|lqj iurp dq| vhw ri lqlwldo frqglwlrqv wr d �euhdwklqj� v|vwhp/
zlwk wkh srzhu ehlqj srvlwlyh rq fhuwdlq sduwv ri wkh f|foh dqg qhjdwlyh rq rwkhuv1
Dv vxfk/ wkh olplw f|foh ruelwv duh qrw wudfwdeoh lq whupv ri dq h{wuhpdo Kdplowrqldq
dqdo|vlv1 Wkh remhfwlyh ri wklv vhfwlrq lv wr ghprqvwudwh wkdw wkh Ydq ghu Sro rvfloodwru
fdq eh frqvlghuhg dv dq h{dpsoh ri d v|psohfwlf v|vwhp rq d 70glphqvlrqdo ydulhw|1

Iluvw wkh frqfhsw ri dq �ryhuwzlvwhg exw qrw wljkw� frqwdfw vxepdqlirog vkrxog
eh pdgh fohdu1 Frqvlghu wkh h{dpsoh ri d k|shuerorlg ri uhyroxwlrq1 E| orrnlqj dw
wkh vxuidfh/ qr frqfhsw ri zkhwkhu wkh k|shuerorlg lv �wzlvwhg� lv hylghqw1 Krzhyhu/
wkh k|shuerorlg p| eh frqvwuxfwhg e| wkh hqyhorsh ri dq duud| ri vwudljkw olqhv iurp
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rqh orzhu edvh flufoh wr dqrwkhu xsshu edvh flufoh1 Li wkh wkuhdgv frqqhfwlqj wkh srlqwv
rq rqh erxqgdu| flufoh wr wkh rwkhu duh ruwkrjrqdo wr wkh wzr flufohv/ wkh uhvxowlqj
hqyhorsh ri wkuhdgv lv d f|olqghu1 Li/ zlwk wkh wkuhdgv dwwdfkhg/ wkh xsshu flufoh lv
urwdwhg e| dq dqjoh ri ohvv wkdq sl zlwk uhvshfw wr wkh erwwrp flufoh/ wkh hqyhorsh ri
wkh wkuhdgv irupv d k|shuerorlg ri uhyroxwlrq dv d uxohg vxuidfh zlwk dq glvfhuqleoh
wzlvw1 Li wkh uhodwlyh urwdwlrq ri wkh xsshu flufoh lv sl/ wkh hqyhorsh lv d wzlvwhg frqh1
Li wkh uhodwlyh urwdwlrq lv pruh wkdw sl ghjuhhv/ lw lv dssduhqw wkdw wkh wzlvw lv �wljkw�1
Wkh idfw wkdw wkh k|shuerorlg lv wzlvwhg lv dq duwlidfw wkdw wkh wzlvwhg vxuidfh lv
frqvwudlqhg 50vxuidfh lq d qrq0lqwhjudeoh 60glphqvlrqdo �frqwdfw vxepdqlirog�1 Lw lv
dovr dssduhqw wkdw rq wkh wzlvwhg k|shuerorlg zlwk d uhodwlyh urwdwlrq ri ohvv wkdw
sl/ wkhuh lv d forvhg sdwk durxqg wkh hqyhorslqj k|shuerorlg zklfk lv d plqlpxp
lq ohqjwk1 Lw lv wkh flufoh ri frqvwulfwlrq1 Wkh flufoh ri frqvwulfwlrq lv wkh hslwrph
ri wkh �olplw f|foh�1 D ruelw zlwk lqlwldo frqglwlrqv rq wkh vxuidfh zloo iroorz vrph
�plqlpdo� wudmhfwru| zlqglqj durxqg wkh k|shuerorlg dqg ehlqj judgxdoo| dwwudfwhg
wr wkh olplw f|foh1

Frqvlghu wkh Odjudqjldq

OEw> {> y� ' ��@2n{2 n �@2py2 � �2Ey�@�f2 � y�{npff
2

rq d vsdfh ri yduldeohv ~w> {/ y/ s� Wkh Dfwlrq 40irup +suhvxplqj wkdw ~�> � '
�2> f>pfj duh frqvwdqwv, lv=

D ' OE{> y> w�gwn sEg{� ygw� +6156<,

H{solflw hydoxdwlrq ri wkh ixqfwlrqv dqg 40irupv gh�qhg deryh |lhogv=

K ' �@2n{2 n sy � �@2py2 �pff
2 n �2{Ey�@�� y�

Ek@2��n
=
' s� CO@Cy ' s�py n �2Ey2 � ��{ 9' f

{s ' gs� CO@C{gw ' gsn d�{n �2Ey�@�f2 � y�ogw , f

gX ' ds�py n �2Ey2@f2 � ��{oigy � dgwj 9' f

+Qrwh wkhuh lv d fulwlfdo yhorflw|= y2@f2� � ' f, Wkh fulwhuld wkdw Ek@2��n 9' f
lqvxuhv wkdw wkh 7G vsdfh lv v|psohfwlf lq whupv ri wkh wzr irup/ gD( wkh wzr irup
lv ri pd{lpdo +v|psohfwlf, udqn 71 Wkh qrq0}hur ixqfwlrq n kdv d fryhfwru judglhqw
wkdw lv qhyhu }hur=

gn ' �gs�pgy � ygpn �2Ey2@f2 � ��g{n 2{�2y@f2gy

1Wklv Irphqnr v|psohfwlf v|vwhp uhtxluhv wkdw wkh Odjudqjh0Hxohu frqvwudlqw eh
vdwlv�hg/ khqfh wkh htxdwlrqv ri prwlrq duh jlyhq e| d Sid!dq htxdwlrq zklfk dfwv
dv d gl�huhqwldo frqvwudlqw rq wkh 7G vsdfh=

{s ' gsn d�{n �2Ey�@�f2 � y�ogw ' f=
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Wkh fulwhuld iru d vxevsdfh xsrq zklfk wkh Dfwlrq 40irup lv frpsohwho| lqwh0
judeoh lv jlyhq e| wkh pdvv htxdwlrq/

gs ' disEs� CO@Cy�j@Ojogy , pgy=

Rq wkh vxuidfhv ri frqvwdqw �pdvv� lq wkh 7G grpdlq/

disEs��2Ey2@f2���{�j@i��@2n{2n�@2py2��2Ey�@�f2�y�{npff
2jo ' pE{> y> s� ' frqv |@? w>

wkh Sid!dq htxdwlrq ri prwlrq ehfrphv=

pgy n d�{n �2Ey�@�f2 � y�ogw ' f=

Dgmrlqlqj wr wklv irup wkh k|srwkhvlv ri qxoo gl�huhqwldo  xfwxdwlrqv ri srvlwlrq Eg{�
ygw ' f� ohdgv wr wkh vhfrqg rughu gl�huhqwldo v|vwhp ri wkh Ydq ghu Sro htxdwlrq rq
wkh 5G lqwhjudeoh vxevsdfh ri wkh 7G v|psohfwlf v|vwhp1

pEg2{@gw2� n �2dEg{@gw�2@�f2 � �oEg{@gw� n �{ ' f=

Qrwh wkdw wkh pdvv frqvwudlqw lpsolhv wkdw wkh prphqwd/ s/ lv qrw fdqrqlfdoo|
gh�qhg/ dqg ghshqgv rq erwk yhorflw| dqg frruglqdwh iru frqvwdqw pdvv1 Vwduwlqj
iurp dq| lqlwldo frqglwlrq if> tf> yf> sf � !Ep> tf> yfj> wkh srzhu hlwkhu ghfd|v ru
lqfuhdvhv dozd|v ehlqj dwwudfwhg wr wkh olplw f|foh ru lwv zklvnhuv1 Zkhq wkh olplw
f|foh lv uhdfkhg wkh srzhu Srzhu ' y � gs@gw ehfrphv f|folf1

Wkh frqvwdqw pdvv ixqfwlrq/ p/ gh�qhv d vxuidfh lq wkh 6 glphqvlrqdo vxevsdfh
ri E{> y> s�= Ruelwv ri wkh hyroxwlrqdu| frqvwdqw pdvv surfhvv uhvlgh rq wklv vxuidfh1
Wkh xvxdo yhorflw|0srvlwlrq glvsod| ri wkh Ydq ghu Sro Rvfloodwru lv qrw lq skdvh vsdfh/
exw lv d surmhfwlrq iurp dq ruelw rq wkh frqvwdqw pdvv vxuidfh wr wkh y0{ sodqh1

61918 Euhdwkhuv

Wr eh zulwwhq
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FDUWDQ*V WRSRORJLFDO VWUXFWXUH

714 Lqwurgxfwlrq

Lq wklv suhvhqwdwlrqW/ d wrsrorjlfdo shuvshfwlyh zloo eh xvhg wr h{wudfw wkrvh surshuwlhv
ri sk|vlfdo v|vwhpv dqg wkhlu hyroxwlrq wkdw duh lqghshqghqw iurp wkh jhrphwulfdo
frqvwudlqwv ri frqqhfwlrqv dqg2ru phwulfv1 Lw lv vxevxphg wkdw wkh suhvhqfh ri d
sk|vlfdo v|vwhp hvwdeolvkhv d wrsrorjlfdo vwuxfwxuh rq d +srvvleo| jhrphwulf, edvh
vsdfh ri lqghshqghqw yduldeohv1 Wklv frqfhsw lv gl�huhqw iurp/ exw vlplodu wr/ wkh
jhrphwulf shuvshfwlyh ri jhqhudo uhodwlylw|/ zkhuhe| wkh suhvhqfh ri d sk|vlfdo v|vwhp
lv suhvxphg wr hvwdeolvk d phwulf rq d edvh vsdfh ri lqghshqghqw yduldeohv1 Qrwh
wkdw d jlyhq edvh ri lqghshqghqw yduldeohv pd| vxssruw pdq| gl�huhqw wrsrorjlfdo
vwuxfwxuhv> khqfh d jlyhq edvh pd| vxssruw pdq| gl�huhqw sk|vlfdo v|vwhpv1 D
pdmru vxffhvv ri wkhru| lv wkdw frqwlqxrxv qrq0krphrprusklf surfhvvhv ri wrsrorjlfdo
hyroxwlrq hvwdeolvk d orjlfdo edvlv iru wkhuprg|qdplf luuhyhuvlelolw| dqg wkh duurz ri
wlph ^UPN 5336` zlwkrxw wkh xvh ri vwdwlvwlfv1

Wkh ixqgdphqwdo d{lrpv xwlol}hg lq wklv fkdswhu duh=

D{lrp 4; Wkh wrsrorjlfdo vwuxfwxuh ri Sk|vlfdo V|vwhpv rq d grpdlq ri lqghshqghqw
edvh yduldeohv fdq eh hqfrghg lq whupv ri h{whulru gl�huhqwldo irupv +v|perolfdoo|
uhsuhvhqwhg e| D,1

D{lrp 4< Sk|vlfdo Surfhvvhv fdq eh gh�qhg lq whupv ri frqwudyduldqw yhfwru gl0
uhfwlrq �hogv/ zklfk pd| ru pd| qrw eh jhqhudwruv ri 40sdudphwhu jurxsv/ dqg lq
sduwlfxodu qhhg qrw eh krphrprusklvpv +v|perolfdoo| uhsuhvhqwhg e| Y ,1

D{lrp 53 Htxdwlrqv ri Frqwlqxrxv Hyroxwlrq ghvfulelqj erwk uhyhuvleoh dqg luuh0
yhuvleoh Surfhvvhv dfwlqj rq Sk|vlfdo V|vwhpv duh hqfrghg e| Fduwdq*v pdjlf irupxod
=

OEV�D ' lEV�gDn gElEV�D� +714,

�Wkh edvlv iru wklv duwlfoh zdv suhvhqwhg dv d wdon jlyhq lq Dxjxvw/ 4<<4/ dw wkh Shgdjrjlfdo

Zrunvkrs rq Wrsrorjlfdo Ioxlg Phfkdqlfv khog dw wkh Lqvwlwxwh iru Wkhruhwlfdo Sk|vlfv/ Vdqwd Edu0

edud XFVE1 Sduw ri wkh W7 wuxwk wdeoh zdv gxh wr Sklo Edogzlq1 Wkh uhfrjqlwlrq wkdw wkh Fduwdq

wrsrorj| zdv d glvfrqqhfwhg wrsrorj| lv gxh wr wkh dxwkru1
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Lq wkh shulrg iurp 4;<< wr 4<59/ Hol Fduwdq ghyhorshg klv wkhru| ri h{whulru
gl�huhqwldo v|vwhpv ^Fduwdq 4;<<`/ ^Fduwdq 4<55`/ zklfk lqfoxghg wkh lghdv ri vslqru
v|vwhpv ^Fduwdq 4<99` dqg wkh gl�huhqwldo jhrphwu| ri surmhfwlyh vsdfhv dqg vsdfhv
zlwk wruvlrq ^Fduwdq 4<6:`1 Wkh wkhru| zdv dssuhfldwhg e| rqo| d ihz frqwhpsrudu|
uhvhdufkhuv/ dqg pdgh olwwoh lpsdfw rq wkh pdlq vwuhdp ri wkh sk|vlfdo vflhqfhv xqwlo
derxw wkh 4<93*v1 Hyhq vshfldolvwv lq gl�huhqwldo jhrphwu| +zlwk d ihz qrwdeoh h{fhs0
wlrqv ^Fkhuq 4<77` , pdgh olwwoh xvh ri Fduwdq*v phwkrgv xqwlo wkh 4<83*v1 Hyhq wrgd|/
pdq| sk|vlfdo vflhqwlvwv dqg hqjlqhhuv kdyh wkh lpsuhvvlrq wkdw Fduwdq*v wkhru| ri
h{whulru gl�huhqwldo irupv lv mxvw dqrwkhu irupdolvp ri idqf|1

Krzhyhu/ Fduwdq*v wkhru| ri h{whulru gl�huhqwldo v|vwhpv kdv vhyhudo dgydq0
wdjhv ryhu wkh phwkrgv ri whqvru dqdo|vlv wkdw zhuh ghyhorshg gxulqj wkh vdph shulrg
ri wlph1 Wkh sulqflsoh idfw lv wkdw gl�huhqwldo irupv duh zhoo ehkdyhg zlwk uhvshfw
wr ixqfwlrqdo vxevwlwxwlrq ri F4 gl�huhqwldeoh pdsv1 Vxfk pdsv qhhg qrw eh lq0
yhuwleoh hyhq orfdoo|/ |hw gl�huhqwldo irupv duh dozd|v ghwhuplqlvwlf lq d uhwurglfwlyh
vhqvh ^UPN 4<:9 e`/ e| phdqv ri ixqfwlrqdo vxevwlwxwlrq1 Vxfk ghwhuplqlvp lv qrw
wr eh dvvrfldwhg zlwk frqwudyduldqw whqvru �hogv/ li wkh pds lv qrw d gl�hrprusklvp1
Fduwdq*v wkhru| ri h{whulru gl�huhqwldo v|vwhpv frqwdlqv wrsrorjlfdo lqirupdwlrq/ dqg
dgplwv qrq0gl�hrprusklf pdsv zklfk fdq ghvfuleh wrsrorjlfdo hyroxwlrq1

Dowkrxjk wkh zrug �wrsrorj|� kdg qrw ehfrph srsxodu zkhq Fduwdq ghyho0
rshg klv lghdv +wrsrorjlfdo lghdv zhuh ghvfulehg dv sduw ri wkh wkhru| ri dqdo|vlv
vlwxv,/ wkhuh lv qr grxew wkdw Fduwdq*v lqwxlwlrq zdv gluhfwhg wrzdugv d wrsrorjlfdo
ghyhorsphqw1 Iru h{dpsoh/ Fduwdq glg qrw gh�qh zkdw zhuh wkh rshq vhwv ri klv
wrsrorj|/ qru glg kh xvh/ lq klv hduo| zrunv/ wkh zrugv �olplw srlqwv ru dffxpxod0
wlrq srlqwv� h{solflwo|/ exw kh glg ghvfuleh wkh xqlrq ri d gl�huhqwldo irup dqg lwv
h{whulru gl�huhqwldo dv wkh �forvxuh� ri wkh irup1 Zlwk wklv frqfhsw/ Fduwdq h�hf0
wlyho| xvhg wkh lghd wkdw wkh forvxuh ri d vxevhw lv wkh xqlrq ri wkh vxevhw zlwk lwv
wrsrorjlfdo olplw srlqwv1 Zkdw zdv qhyhu vwdwhg +xqwlo 4<<3, lv wkh lghd wkdw wkh
h{whulru gl�huhqwldo lv lqghhg d olplw srlqw jhqhudwru uhodwlyh wr d Fduwdq wrsrorj|1
Wkh xqlrq ri wkh lghqwlw| rshudwru dqg wkh h{whulru gl�huhqwldo vdwlvi| wkh d{lrpv ri d
Nxudwrzvnl forvxuh rshudwru ^Olsvfkxw} 4<98`/ zklfk fdq eh xvhg wr gh�qh d wrsrorj|1
Wkh rwkhu rshudwru ri wkh Fduwdq fdofxoxv/ wkh h{whulru surgxfw/ dovr kdv wrsrorjlfdo
frqqrwdwlrqv zkhq lw lv lqwhusuhwhg dv dq lqwhuvhfwlrq rshudwru1

Lq d shukdsv ryhu vlpsolvwlf frpsdulvrq/ lw pljkw eh vdlg wkdw xeltxlwrxv whq0
vru phwkrgv duh uhvwulfwhg wr jhrphwulf dssolfdwlrqv/ zkloh Fduwdq*v phwkrgv fdq eh
dssolhg gluhfwo| wr wrsrorjlfdo frqfhswv dv zhoo dv jhrphwulfdo frqfhswv1 Fduwdq*v
wkhru| ri h{whulru gl�huhqwldo v|vwhpv lv d wrsrorjlfdo wkhru| qrw qhfhvvdulo| olplwhg
e| jhrphwulfdo frqvwudlqwv dqg wkh fodvv ri gl�hrprusklf wudqvirupdwlrqv wkdw vhuyh
dv wkh irxqgdwlrqv ri whqvru fdofxoxv1 D pdmru remhfwlyh ri wklv duwlfoh lv wr vkrz
krz olplw srlqwv/ lqwhuvhfwlrqv/ forvhg vhwv/ frqwlqxlw|/ frqqhfwhgqhvv dqg rwkhu ho0
hphqwdu| frqfhswv ri prghuq wrsrorj| duh lqkhuhqw lq Fduwdq*v wkhru| ri h{whulru
gl�huhqwldo v|vwhpv1 Wkhvh lghdv gr qrw ghshqg xsrq wkh jhrphwulfdo lghdv ri vl}h
dqg vkdsh1 Khqfh Fduwdq*v wkhru|/ dv duh doo wrsrorjlfdo wkhrulhv/ lv uhqrupdol}hdeoh
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+shukdsv d ehwwhu fkrlfh ri zrugv lv wkdw wkh wrsrorjlfdo frpsrqhqwv ri wkh wkhru|
duh lqghshqghqw iurp vfdoh,1 Lq idfw wkh prvw xvhixo ri Fduwdq*v lghdv gr qrw ghshqg
h{solflwo| xsrq wkh jhrphwulf lghdv ri d phwulf/ qru xsrq wkh fkrlfh ri d gl�huhqwldo
frqqhfwlrq ehwzhhq edvlv iudphv/ dv lq �ehu exqgoh wkhrulhv1 Wkh wkhph ri wklv
fkdswhu lv wr h{soruh wkh sk|vlfdo xvhixoqhvv ri wkrvh wrsrorjlfdo ihdwxuhv ri Fduwdq*v
phwkrgv zklfk duh lqghshqghqw iurp wkh frqvwudlqwv dqg uh�qhphqwv lpsrvhg e| d
frqqhfwlrq dqg2ru d phwulf1

Lq wklv duwlfoh wkh Fduwdq wrsrorj| zloo eh frqvwuxfwhg h{solflwo| iru dq du0
elwudu| h{whulru gl�huhqwldo v|vwhp/ P= Iru d sduwlfxodu vlpsoh/ exw xvhixo/ v|vwhp
frqvlvwlqj ri d vlqjoh 40irup ri Dfwlrq/ D/ doo hohphqwv ri wkh Fduwdq wrsrorj| zloo
eh hydoxdwhg/ dqg wkh olplw srlqwv/ wkh erxqgdu| vhwv dqg wkh forvxuh ri hyhu| vxevhw
zloo eh frpsxwhg devwudfwo|1 Hduolhu lqwxlwlyh uhvxowv/ zklfk xwlol}hg wkh qrwlrq wkdw
Fduwdq*v frqfhsw ri wkh h{whulru surgxfw pd| eh xvhg dv dq lqwhuvhfwlrq rshudwru/
dqg klv frqfhsw ri wkh h{whulru gl�huhqwldo pd| xvhg dv d olplw srlqw rshudwru dfwlqj
rq gl�huhqwldo irupv/ zloo eh jlyhq irupdo vxevwdqfh lq wklv duwlfoh1 D pdmru uhvxow
ri wklv duwlfoh/ zlwk lpsruwdqw sk|vlfdo frqvhtxhqfhv lq ghvfulelqj wrsrorjlfdo hyrox0
wlrqdu| surfhvvhv/ lv wkh ghprqvwudwlrq wkdw wkh Fduwdq wrsrorj| lv qrw qhfhvvdulo|
d frqqhfwhg wrsrorj|/ xqohvv wkh surshuw| ri wrsrorjlfdo wruvlrq ydqlvkhv/ dqg wkdw
wkhuprg|qdplf luuhyhuvlelolw| lv d frqvhtxhqfh ri 7 glphqvlrqv ru pruh1

71414 D Srlqw Vhw Wrsrorj| H{dpsoh

Dv dq h{dpsoh ri d wrsrorjlfdo lghdv/ frqvlghu wkh vhw ri 7 hohphqwv ru srlqwv/

[ G id> e> f> gj= +715,

dqg doo srvvleoh vxevhwv=

>> +716,

idj> iej> ifj> igj> +717,

id> ej> id> fj> id> gj> ie> fj> ie> gj> if> gj> +718,

id> e> fj> id> f> gj> ie> f> gj> id> e> gj> +719,

id> e> f> gj ' [ +71:,

Vhohfw wkh iroorzlqj vxevhw hohphqwv dv d wrsrorjlfdo edvlv/

edvlv vhohfwlrq idj> id> ej> ifj> if> gj> +71;,

dqg wkhq frpsrvh d wrsrorj| We ri rshq vhwv iurp doo srvvleoh xqlrqv ri wkh vhohfwhg
edvlv hohphqwv=

Weirshqj G >> idj> ifj> id> ej> if> gj> id> fj> id> e> fj> id> f> gj> id> e> f> gj +71<,
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Wkh forvhg vhwv duh wkh frpsolphqwv ri wkh rshq vhwv=

Weiforvhgj G id> e> f> gj> ie> f> gj> id> e> gj> if> gj> id> ej> ie> gj> igj> iej> > +7143,

Lw lv dq hdv| h{huflvh wr ghprqvwudwh wkdw wkh froohfwlrqv deryh lqghhg vdwlvi| wkh
d{lrpv ri d wrsrorj|1 +Wklv lv qrw wkh rqo| wrsrorj| wkdw fdq eh frqvwuxfwhg ryhu 7
hohphqwv,1

Wklv vlpsoh h{dpsoh ri d srlqw vhw wrsrorj| shuplwv h{solflw frqvwuxfwlrq ri doo
wkh wrsrorjlfdo frqfhswv/ zklfk lqfoxgh olplw vhwv/ lqwhulruv/ erxqgdulhv/ dqg forvxuhv/
iru wkh doo ri vxevhwv ri [/ uhodwlyh wr wkh wrsrorj|/ We1 Wkh vwdqgdug gh�qlwlrqv
duh=

41 D olplw srlqw ri d vxevhw D lv d srlqw s vxfk wkdw doo rshq vhwv wkdw frqwdlq s
dovr frqwdlq d srlqw ri D qrw htxdo wr s1

51 Wkh forvxuh ri d vxevhw D lv wkh xqlrq ri wkh vxevhw dqg lwv olplw srlqwv/ dqg lv
wkh vpdoohvw forvhg vhw wkdw frqwdlqv D1

61 Wkh lqwhulru ri d vxevhw lv wkh odujhvw rshq vhw frqwdlqhg e| wkh vxevhw1

71 Wkh h{whulru ri d vxevhw lv wkh lqwhulru ri lwv frpsolphqw1

81 D erxqgdu| ri d vxevhw lv wkh vhw ri srlqwv qrw frqwdlqhg lq wkh lqwhulru ru
h{whulru1

91 Wkh forvxuh ri d vxevhw lv dovr htxdo wr wkh xqlrq ri lwv lqwhulru dqg lwv erxqgdu|1

Wkh uhvxowv ri dsso|lqj wkhvh gh�qlwlrqv wr wkh We wrsrorj| ri 7 srlqwv duh=
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Wdeoh 41 D W7 Wrsrorj| ri 7 srlqwv
[ ' id> e> f> gj

Edvlv vxevhwv idj> id> ej> ifj> if> gj
Weirshqj G >> idj> ifj> id> ej> if> gj> id> fj> id> e> fj> id> f> gj> [
Weiforvhgj G [> ie> f> gj> id> e> gj> if> gj> id> ej> ie> gj> igj> iej> >

Vxevhw Olplw Swv Lqwhulru Erxqgdu| Forvxuh
> > > > >
idj iej idj iej id> ej
iej > > iej iej
ifj igj ifj igj if> gj
igj > > igj igj
id> ej
id> fj
id> gj
ie> fj
ie> gj
if> gj

iej
iej> igj
iej
igj
>

igj

id> ej
id> fj
idj
ifj
>

if> gj

>
ie> gj
ie> gj
ie> gj
ie> gj
>

id> ej
[

id> e> gj
ie> f> gj
ie> gj
if> gj

id> e> fj iej> igj id> e> gj igj [
ie> f> gj igj if> gj iej ie> f> gj
id> f> gj iej> igj id> f> gj iej [
id> e> gj iej id> ej igj ie> f> gj
id> e> f> gj iej> igj [ > [

+7144,

Wklv We wrsrorj| lv txlwh lqwhuhvwlqj iru pdq| ghprqvwudeoh uhdvrqv1 Iluvw
qrwh wkdw wkh doo ri wkh vlqjohwrqv ri wkh wrsrorj| duh qrw forvhg1 Wklv lpsolhv wkdw wkh
wrsrorj| lv QRW d phwulf wrsrorj|/ QRW d Kdxvgrui wrsrorj|/ dqg hyhq grhv QRW
vdwlvi| wkh vhsdudwlrq d{lrpv wr eh d W� wrsrorj|1 Qrwh wkdw doo forvhg vhwv frqwdlq
doo ri wkhlu olplw srlqwv1 Vrph rshq vhwv fdq frqwdlq olplw srlqwv/ exw vrph rshq vhwv
gr qrw frqwdlq wkhlu olplw srlqwv1 Vrph vxevhwv kdyh erxqgdulhv wkdw duh frpsrvhg
ri wkhlu olplw srlqwv1 Vrph vxevhwv kdyh olplw srlqwv zklfk duh qrw erxqgdu| srlqwv1
Fhuwdlq vxevhwv kdyh d erxqgdu|/ exw gr qrw kdyh olplw srlqwv/ dqg lq rwkhu fdvhv
wkhuh duh vxevhwv wkdw kdyh olplw srlqwv/ exw gr qrw kdyh d erxqgdu|1 Wkhuh duh
fhuwdlq vxevhwv zlwk d erxqgdu|/ exw zlwkrxw dq lqwhulru1 Wkhuh duh fhuwdlq vxevhwv
zlwk dq lqwhulru/ exw zlwkrxw d erxqgdu|1 Wkhvh vlwxdwlrqv/ wkrxjk wrsrorjlfdoo|
fruuhfw/ duh qrw dozd|v lqwxlwlyh wr wkrvh dffxvwrphg wr phwulf edvhg wrsrorjlfdo
frqfhswv/ zklfk lpsrvh d qxpehu ri dgglwlrqdo frqvwudlqwv rq wkh vhwv ri lqwhuhvw1
\hw doo ri wkhvh wrsrorjlfdo lghdv/ lqfoxglqj wkh qrq0lqwxlwlyh rqhv/ duh hdv| wr judvs
iurp wkh vlpsoh h{dpsoh ri wkh We srlqw vhw wrsrorj|1

Rqh rwkhu yhu| lpsruwdqw revhuydwlrq lv wkdw wkhuh duh vxevhwv ri wkh We
wrsrorj|/ id> ej dqg if> gj> +rwkhu wkdq > dqg [, zklfk duh erwk rshq dqg forvhg1
Wkh xqlrq ri wkhvh wzr vxevhwv id> ej dqg if> gj lv [1 Wrsrorjlhv zlwk wklv surshuw|
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duh vdlg wr eh glvfrqqhfwhg wrsrorjlhv1 Zkdw lv lpsruwdqw lv wkdw lw lv srvvleoh wr
frqvwuxfw d frqwlqxrxv pds iurp d glvfrqqhfwhg wrsrorj| wr d frqqhfwhg wrsrorj|/
exw lw lv lpsrvvleoh wr frqvwuxfw d frqwlqxrxv pds iurp d frqqhfwhg wrsrorj| wr
d glvfrqqhfwhg wrsrorj|1 Li wkh pdsslqj surfhvv lv lqwhusuhwhg dv dq hyroxwlrqdu|
surfhvv/ wkhvh idfwv hvwdeolvk d orjlfdo ru wrsrorjlfdo edvlv iru wkh duurz ri wlph
^UPN 5336`1 Wklv lghd zloo eh h{sorlwhg wr h{sodlq wkh frqfhsw ri wkhuprg|qdplf
luuhyhuvlelolw| zlwkrxw wkh xvh ri vwdwlvwlfv1

Zkdw lv hyhq pruh uhpdundeoh lv wkdw surshuwlhv ri wkh We wrsrorj| fdq eh
uhsolfdwhg lq whupv ri wkh Sid� vhtxhqfh ri h{whulru gl�huhqwldo vhwv/

Sid� Vhtxhqfh = iD> gD>D	gD> gD	gD===j> +7145,

jhqhudwhg iurp dq| jlyhq 40irup ri Dfwlrq/ D/ rq d Q glphqvlrqdo ydulhw|1 Wkh
Sid� vhtxhqfh lv uhdglo| frpsxwhg/ dqg zloo frqwdlq P � Q hohphqwv/ zkhuh P lv
gh�qhg dv wkh Sid� wrsrorjlfdo glphqvlrq +ru fodvv, ri wkh jlyhq 40irup/ D1 Wkh
uhdol}dwlrq ri d We wrsrorj| lq whupv ri h{whulru gl�huhqwldo irupv lv khuhlq gh�qhg
dv wkh �Fduwdq wrsrorj|�/ dqg lv ghwdlohg lq wkh qh{w vhfwlrq1 Wkh Fduwdq wrsrorj|
kdv idu uhdfklqj frqvhtxhqfhv lq dssolfdwlrqv wr sk|vlfdo sureohpv1

71415 Dojheudlf dqg Gl�huhqwldo Forvxuh

Wkh frqfhsw ri forvxuh lv rqh ri wkh prvw lpsruwdqw lghdv lq Fduwdq*v wkhru|1 Klv
phwkrgv fhqwhu rq wzr surfhgxuhv ri forvxuh/ rqh dojheudlf/ dqg rqh gl�huhqwldo1
Erwk surfhvvhv duh forvhg lq wkh vhqvh wkdw zkhq wkh| rshudwh rq d vxevhw ri d vhw ri
h{whulru gl�huhqwldo irupv/ wkh remhfwv fuhdwhg duh dovr vxevhwv ri wkh vhw ri h{whulru
gl�huhqwldo irupv1 Wkhuh duh qr vxusulvhv1 Fduwdq xwlol}hg wkh h{whulru dojheud
ryhu d ydulhw| ri glphqvlrq Q wr frqvwuxfw d yhfwru vsdfh ri h{whulru gl�huhqwldo
irupv ri glphqvlrq 5Q 1 Wkh Q vxevsdfhv ri wklv +Judvvpdqq, vsdfh duh yhfwru
vsdfhv ri glphqvlrq htxdo wr Q wklqjv wdnhq s dw d wlph1 Wkh hohphqwv ri wkh
vxevsdfhv duh fdoohg s0irupv1 Lq 7 glphqvlrqv/ wkh vxevsdfh vhwv duh 4 glphqvlrqdo/
Q@7 glphqvlrqdo/ Q+Q.4,25@9 glphqvlrqdo/ Q@7 glphqvlrqdo/ dqg 4 glphqvlrqdo1
Wkh hohphqwv ri wkh vxevsdfhv duh riwhq fdoohg vfdoduv +30irupv,/ yhfwruv +40irupv,/
whqvruv +50irupv,/ svhxgryhfwruv +60irupv,/ svhxgr0vfdoduv +70irupv, lq uhodwlylvwlf
sk|vlfdo wkhrulhv1 Wkh H{whulru +Judvvpdqq, dojheud kdv d �qlwh 5Q edvlv +htxdo wr
49 hohphqwv lq d vsdfh ri 7 lqghshqghqw yduldeohv,1 Wkh frqfhsw ri forvxuh phdqv
wkdw wkh rshudwlrqv rq hohphqwv ri wkh 5Q glphqvlrqdo vsdfh |lhog uhvxowv wkdw duh
frqwdlqhg zlwklq wkh 5Q glphqvlrqdo vsdfh1 Zkhq wkh rshudwlrqv duh dssolhg wr
hohphqwv ri d vxevsdfh/ wkh uhvxowv xvxdoo| duh qrw frqwdlqhg lq wkh vdph vxevsdfh/
exw wkh| duh frqwdlqhg zlwklq wkh 5Q glphqvlrqdo yhfwru vsdfh ri s irupv1

Wkh h{whulru surgxfw +zlwk v|pero 	, wdnhv hohphqwv ri wkh 5Q edvh vsdfh dqg
pxowlsolhv wkhp wrjhwkhu lq d pdqqhu vxfk wkdw wkh uhvxow lv frqwdlqhg dv dq hohphqw
ri wkh 5Q edvh vsdfh1 Wklv surfhvv ri h{whulru pxowlsolfdwlrq lv forvhg/ iru wkh dfwlrq
ri wkh surfhvv rq dq| vxevhw ri wkh 5Q edvh vsdfh surgxfhv dqrwkhu vxevhw ri wkh 5Q

edvh vsdfh1 Krzhyhu/ wkh h{whulru surgxfw wdnhv d s0irup wlphv d t0irup lqwr d s.t
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irup1 Wkh hohphqwv ri wkh surgxfw fdq eh iurp gl�huhqw ru iurp wkh vdph yhfwru
vxevsdfhv/ exw wkh uhvxowdqw lv dozd|v d olqhdu frpelqdwlrq ri wkh vxevsdfhv ri wkh
H{whulru dojheud1

Vlploduo| wkh frqfhsw ri h{whulru gl�huhqwldwlrq +zlwk v|pero g, lv gh�qhg
vxfk wkdw wkh rshudwlrq surgxfhv d s.4 irup iurp d s0irup1 Wklv surfhvv ri h{whulru
gl�huhqwldwlrq lv �forvhg�/ iru wkh dfwlrq ri wkh surfhvv rq dq| vxevhw ri wkh 5Q edvh
vsdfh surgxfhv dqrwkhu vxevhw ri wkh 5Q edvh vsdfh1 D gl�huhqwldo lghdo lv gh�qhg
dv wkh xqlrq ri d froohfwlrq ri jlyhq s0irupv dqg wkhlu h{whulru ghulydwlyhv1

Dq �lqwhulru� surgxfw zlwk uhvshfw wr d gluhfwlrq �hog V +zlwk v|pero lEV�
dqg ri glphqvlrq Q, fdq eh gh�qhg rq wkh Judvvpdqq dojheud ri h{whulru gl�huhqwldo
irupv1 Wkh lqwhulru surgxfw wdnhv d s0irup wr d s04 irup/ dqg lq wklv vhqvh lv dqrwkhu
rshudwlrq zklfk lv forvhg zlwklq wkh Judvvpdqq dojheud1 Wkh uhvxowdqw surgxfw lv
vwloo dq hohphqw ri wkh 5Q edvh vsdfh1 Zkhuh wkh h{whulru gl�huhqwldo udlvhv wkh
udqn ri d s0irup wr d s.4 irup/ wkh lqqhu surgxfw orzhuv wkh udqn ri d s0irup wr
d s04irup1 +Wkhuh duh rwkhu xvhixo rshudwruv wkdw orzhu wkh udqn ri wkh h{whulru
gl�huhqwldo s0irup/ dqg lqyroyh lqwhjudwlrq1,

E| frpsrvlwlrq ri wkh h{whulru ghulydwlyh dqg wkh lqqhu surgxfw rshudwruv/ wkh
Olh gl�huhqwldo rshudwru +zlwk v|pero OEV� ' lEV�gnglEV�, fdq eh frqvwuxfwhg/ vxfk
wkdw zkhq wkh Olh gl�huhqwldo rshudwhv rq dq h{whulru s0irup/ wkh uhvxowdqw remhfw lv
dqrwkhu s0irup1 Iru d 40irup ri Dfwlrq/ D/ wkh surfhvv uhdgv=

OEV�D ' lEV�gDn gElEV�D� ' T= +7146,

Wkh uhvxowdqw lv qrw rqo| forvhg uhodwlyh wr wkh Judvvpdqq dojheud/ lw dovr
uhpdlqv zlwklq wkh vdph Judvvpdqq yhfwru vxevsdfh1 Wkh Olh gl�huhqwldo grhv qrw
ghshqg xsrq d phwulf qru xsrq d frqqhfwlrq1 Zkhq wkh Olh gl�huhqwldo dfwlqj rq d
s0irup ydqlvkhv/ wkh s0irup lv vdlg wr eh dq lqyduldqw ri wkh surfhvv/V= Zkhq wkh Olh
gl�huhqwldo ri d s0irup grhv qrw ydqlvk/ wkh wrsrorjlfdo ihdwxuhv ri wkh uhvxowdqw s0irup
shuplw wkh surfhvvhv/V/ wkdw surgxfh vxfk d uhvxow/ wr eh sxw lqwr htxlydohqfh fodvvhv/
ghshqglqj rq wkh Sid� glphqvlrq ri wkh uhvxowdqw irup1 Iru h{dpsoh/ li lq wkh irupxod
jlyhq deryh iru d 40irup/ D/ |lhogv d uhvxow T vxfk wkdw gT ' f/ wkhq wkh surfhvv
V ehorqjv wr wkh fodvv ri surfhvv nqrzq dv Kdplowrqldq surfhvvhv lq phfkdqlfv/ dqg
wr wkh Khopkrow} fodvv ri surfhvvhv wkdw frqvhuyh yruwlflw| lq K|gurg|qdplfv1 Ri
sduwlfxodu lqwhuhvw wr wklv duwlfoh duh surfhvvhv zkhuh T lv ri Sid� glphqvlrq juhdwhu
wkdq 51 Wkh Sid� vhtxhqfh frqvwuxfwhg iurp T frqwdlqv wkuhh ru pruh hohphqwv1
Vxfk surfhvvhv duh wkhuprg|qdplfdoo| luuhyhuvleoh1

Wkh Olh gl�huhqwldo zloo eh xvhg h{whqvlyho| lq sk|vlfdo dssolfdwlrqv ri Fdu0
wdq*v wkhru|/ hvshfldoo| wr wkh vwxg| ri surfhvvhv wkdw lqyroyh wrsrorjlfdo hyroxwlrq1
Wkh shukdsv pruh idploldu fryduldqw ghulydwlyh/ kljko| frqvwudlqhg e| frqqhfwlrq ru
phwulf dvvxpswlrqv/ lv d vshfldo fdvh ri wkh Olh gl�huhqwldo1 Wkh xvh ri wkh fryduldqw
ghulydwlyh ohdgv wr xvhixo/ exw olplwhg/ sk|vlfdo wkhrulhv iru zklfk wkh ghvfulswlrq ri
wrsrorjlfdo hyroxwlrq lv dznzdug/ li qrw lpsrvvleoh1
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71416 Wkh H{whulru Surgxfw dqg Vhw Lqwhuvhfwlrq

Fduwdq*v wkhru| ri h{whulru gl�huhqwldo v|vwhpv kdv lwv irxqgdwlrqv lq wkh Judvvpdqq
dojheud/ zkhuh wkh wzr frpelqdwruldo surfhvvhv duh gh�qhg wr surgxfh dojheudlf dqg
gl�huhqwldo forvxuh1 Wkh dojheud lv edvhg xsrq wkh frqfhswv ri yhfwru vsdfh dggl0
wlrq/ dqg dq dojheudlf forvxuh pxowlsolfdwlrq surfhvv qrz fdoohg wkh h{whulru surgxfw
^Iodqghuv 4<96`1 Wkh Fduwdq fdofxoxv lv gh�qhg lq whupv ri wkh dqrwkhu forvxuh rshu0
dwru qrz fdoohg wkh h{whulru gl�huhqwldo _1 Lq wkdw zklfk iroorzv wkh rshudwruv ri wkh
h{whulru surgxfw dqg h{whulru gl�huhqwldo zloo eh dssolhg wr remhfwv gh�qhg dv h{whulru
gl�huhqwldo s0irupv1

Dq h{whulru gl�huhqwldo s0irup lv d ixqfwlrq ri lqghshqghqw yduldeohv/ { > dqg
wkhlu gl�huhqwldov/ g{�= Dq h{whulru gl�huhqwldo 40irup/ D/ lv jlyhq e| wkh h{suhvvlrq/

D ' D�E{
 �g{�= +7147,

Wkh Fduwdq rshudwlrqv ri h{whulru surgxfw +v|pero 	, dqg h{whulru gl�huhqwldo +v|pero
g,/ zkhq rshudwlqj rq 40irupv/ D dqg E> reh| wkh uxohv

D	D ' f> +7148,

D	E ' �E	D= +7149,

dqg

gD ' gED� g|
�� ' EgD��	g|

� nD� gEg|
�� +714:,

' EgD��	g|
� n f +714;,

gED	E� ' gD	E �D	gE= +714<,

Wkh qrq0}hur surgxfw/ D	E/ gh�qhv dq h{whulru gl�huhqwldo 50irup> wkh surgxfw ri
wkuhh 40irupv gh�qhv d 60irup> hwf11 Iru pruh ghwdlo frqvxow ^Iodqghuv 4<96` ^B`
^Edpehuj 4<<5` ^Olhehupdqq 4<;:`/ ^Olhehupdqq 4<;:`1

Lq vlpsoh fdvhv/ d 40irup fdq eh frqvwuxfwhg iurp wkh gl�huhqwldo ri dq ruglqdu|
ixqfwlrq1 Lq vxfk fdvhv/ wkh frh!flhqwv ri wkh 40irup duh sursruwlrqdo wr wkh judglhqw
ri wkh ixqfwlrq1

D ' D�g{
� ' u! � gh ' EC !@C{��g{� = +7153,

Lq vxuidfh wkhru|/ wkh judglhqw lv fodvvlfdoo| lqwhusuhwhg dv yhfwru gluhfwlrq �hog ru0
wkrjrqdo wr wkh lpsolflw vxuidfh/ !E{�� ' f= Frqvlghu wkh vlpsoh fdvh zkhuh wkh
40irupv D dqg E hdfk kdyh frh!flhqwv zklfk irup wkh frpsrqhqwv ri +gl�huhqw,
judglhqw �hogv/

D ' D�g{
� ' u! � gh E ' E�g{

� ' u# � gh= +7154,

|Fduwdq ruljlqdoo| gh�qhg wkh fdofxoxv rshudwlrq dv wkh h{whulru ghulydwlyh1 Wkhq lq wkh odwhu

|hduv gh�qhg fdofxoxv rshudwlrq dv wkh h{whulru gl�huhqwldo1
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Gr wkh wzr lpsolflw +fxuyhg, vxuidfhv lqwhuvhfwB Wkh dqvzhu lv |hv li wkh wzr vxuidfhv
kdyh srlqwv lq frpprq1 Wkh fodvvlf dqdo|vlv lq 6G vd|v wkhuh lv d fxuyh ri srlqwv lq
frpprq gh�qhg e| d qrq0}hur ydoxh ri wkh Jleev furvv surgxfw ri wkh wzr judglhqw
�hogv=

Lqwhuvhfwlrq ri wzr lpsolflw vxuidfhv= a ' u!�u# 9' f= +7155,

Qrwh wkdw + lq 6 glphqvlrqv , wkh h{whulru surgxfw ri wkh wzr 40irupv kdv frh!flhqwv
h{dfwo| htxdo wr wkh Jleev furvv surgxfw=

D	E ' a}g{	g| n a{g|	g} n a|g}	g{= +7156,

Wklv uhvxow slfwruldoo| fhphqwv wkh qrwlrq wkdw wkh h{whulru surgxfw +dfwlqj rq 40
irupv, lv dq rshudwru uhodwhg wr wkh frqfhsw ri lqwhuvhfwlrq1 Li wkh wzr vxuidfhv gr qrw
lqwhuvhfw/ wkh h{whulru surgxfw ydqlvkhv/ dqg wkhq wkh gluhfwlrq �hogv ri wkh judglhqwv
ri ! dqg " duh sursruwlrqdo wr rqh dqrwkhu1 Wkh wzr ixqfwlrqv/ ! dqg "> duh qrw
ixqfwlrqdoo| lqghshqghqw li wkh h{whulru surgxfw ydqlvkhv1

Wkhvh frqfhswv h{whqg wr 40irupv zklfk duh qrw uhsuhvhqwdeoh e| judglhqw
�hogv/ dqg wr s0irupv ri kljkhu udqn1 Li wkh h{whulru surgxfw ri wzr s0irupv lv qrw
}hur/ wkhq wkh s0irupv kdyh qrq0}hur lqwhuvhfwlrqv1 Wkh frh!flhqw ixqfwlrqv duh
ixqfwlrqdoo| lqghshqghqw1

Dq h{whulru gl�huhqwldo 40irup D lv ghwhuplqlvwlf/ dv d suhglfwlyh + ru uhwurglf0
wlyh , lqyduldqw/ zlwk uhvshfw wr doo whqvru gl�hrprusklvpv1 Wkh frh!flhqw ixqfwlrqv/
D�E{

 �/ duh suhvxphg wr ehkdyh dv d fryduldqw yhfwru/ dqg wkh gl�huhqwldov/ g{�> eh0
kdyh dv d frqwudyduldqw yhfwru/ zlwk uhvshfw wr whqvru gl�hrprusklvpv1 +H{whulru
gl�huhqwldo irup ghqvlwlhv zloo eh glvfxvvhg odwhu1, Krzhyhu/ wkh h{whulru gl�huhqwldo
40 irup/ dqg khqfh doo s0irupv/ duh dovr zhoo ehkdyhg zlwk uhvshfw wr d odujhu fodvv
ri wudqvirupdwlrqv/ zklfk frqwdlq wkh whqvru gl�hrprusklvpv dv vshfldo fdvhv1 Wkh
h{whulru gl�huhqwldo 40 irup lv ghwhuplqlvwlf lq d uhwurglfwlyh vhqvh +exw qrw lq d suh0
glfwlyh vhqvh, zlwk uhvshfw wr F4 pdsslqjv wkdw gr qrw kdyh d orfdo ru d joredo lqyhuvh1
Wkhvh F4 pdsslqjv gr qrw suhvhuyh doo wrsrorjlfdo ihdwxuhv/ zkhuh gl�hrprusklvpv ri
whqvru wkhru|/ duh vshfldo fdvhv ri krphrprusklvpv/ zklfk gr suhvhuyh doo wrsrorjlfdo
surshuwlhv1 Wkhvh h{wudruglqdu| ihdwxuhv ghprqvwudwh wkdw Fduwdq*v wkhru| lv qrw
mxvw dqrwkhu irupdolvp ri idqf|/ dqg jrhv zhoo eh|rqg wkh wkhru| ri whqvru dqdo|vlv1
Lq idfw/ wkhvh ihdwxuhv ri h{whulru gl�huhqwldo irupv fdq eh h{sorlwhg wr ghyhors vrph0
wklqj wkdw kdv volsshg wkurxjk wkh qhw ri whqvru dqdo|vlv= d qrq0vwdwlvwlfdo wkhru| ri
wkhuprg|qdplf luuhyhuvlelolw|1

71417 Wkh H{whulru Gl�huhqwldo dqg Olplw Srlqwv

Wkh vhfrqg forvxuh rshudwru irxqg lq Fduwdq*v wkhru| ri h{whulru gl�huhqwldo v|vwhpv
lv wkh h{whulru gl�huhqwldo1 Wkh h{whulru gl�huhqwldo/ olnh wkh h{whulru surgxfw/ dovr
kdv wrsrorjlfdo frqqrwdwlrqv zkhq dssolhg wr gl�huhqwldo irupv/ exw wkh uhvxowv duh
vrphwlphv vxusulvlqj dqg xqidploldu1 Zkhuh wkh h{whulru surgxfw lv uhodwhg wr
wkh wrsrorjlfdo frqfhsw ri vhw lqwhuvhfwlrq/ wkh h{whulru gl�huhqwldo lv uhodwhg wr wkh
wrsrorjlfdo lghd ri olplw srlqwv1 Lw zloo eh ghprqvwudwhg wkdw=
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Frqmhfwxuh 54 Zlwk uhvshfw wr wkh Fduwdq wrsrorj|/ wkh h{whulru gl�huhqwldo lv d
olplw srlqw jhqhudwru1

Wkh h{whulru gl�huhqwldo lv d gl�huhqwldo rshudwru zklfk wdnhv wkh s0irupv lqwr
s.4 irupv1 Khqfh/ olnh wkh h{whulru surgxfw/ wkh h{whulru gl�huhqwldo jhqhudwhv d

yhfwru lq d gl�huhqw yhfwru vxevsdfh ri wkh h{whulru dojheud1

gE$s� , $sn�= +7157,

Wkh h{whulru gl�huhqwldo ri d ixqfwlrq +30irup, lv htxlydohqw wr wkh wrwdo gl�huhqwldo
ri d vfdodu ixqfwlrq/ dqg |lhogv d 40irup zlwk frh!flhqwv sursruwlrqdo wr wkh judglhqw
�hog1 Wkh h{whulru gl�huhqwldo ri d 40irup lv gh�qhg dv

g$� ' gEDe g|
e� ' EgDe�	g|

e nDe gEg|
e� +7158,

' ECDe@C|
h g|h�	g|e n f

' ECDe@C|
h � CDh@C|

e� g|h 	 g|e

' Idheo g|
dheo ' IdKog|

dKo=

Lw kdv ehhq dvvxphg wkdw wkh frh!flhqwv ri wkh irupv duh F5/ vxfk wkdw ggE$s� '
f= Wkh froohfwlyh lqgh{ qrwdwlrq dKo ' dheo shuplwv wkh irupxod gh�qlqj h{whulru
gl�huhqwldwlrq wr eh jhqhudol}hg=

g$s ' gEDK g|K� ' EgDK�	g|
K +7159,

' EiCDK@C|
hj g|h�	g|K +715:,

Rwkhu surshuwlhv ri wkh h{whulru gl�huhqwldo zloo eh h{hpsol�hg e| wkh uxohv iru glv0
wulexwlqj wkh rshudwru ryhu d surgxfw ri 40irupv/ D dqg E/

gED	E� ' gD	E �D	gE= +715;,

Lw fdq eh vkrzq wkdw wkh rshudwru NFo ' L ^ g> zkhuh L lv wkh lghqwlw|
dqg g lv wkh h{whulru gl�huhqwldo/ dfwlqj rq d v|vwhp ri gl�huhqwldo irupv vdwlv�hv wkh
�Nxudwrzvnl forvxuh� d{lrpv ^Olsvfkxw} 4<98`/ dqg wkhuhiru fdq eh xvhg wr gh�qh d
wrsrorj|1 Vwduwlqj iurp d vlqjoh 40irup/ D/ rq d 7 glphqvlrqdo vsdfh/ lw lv srvvleoh
wr jhqhudwh wkh Sid� Vhtxhqfh

Sidii Vhtxhqfh G iD> gD>D	gD> gD	gDj +715<,

' iD>I>K>Nj= +7163,

Wkh vxevhwv ri wkh Fduwdq wrsrorjlfdo vsdfh frqvlvw ri doo srvvleoh xqlrqv ri wkh vxevhwv
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wkdw pdnh xs wkh Sid� vhtxhqfh1 Wkh Fduwdq wrsrorj| zloo eh frqvwuxfwhg iurp d
wrsrorjlfdo edvlv zklfk frqvlvwv ri wkh rgg hohphqwv ri wkh Sid� vhtxhqfh/ dqg wkhlu
forvxuhv=

wkh Fduwdq wrsrorjlfdo edvh G iD>NFoED�> D	gD>NFoED	gD�j= +7164,

Zkhq dssolhg wr wkh Sid� vhtxhqfh jhqhudwhg e| d vlqjoh 40irup ri Dfwlrq/ D/ rq d
vsdfh ri 7 glphqvlrqv/ wkh edvh hohphqwv fruuhvsrqg wr wkh vhw

wkh Fduwdq wrsrorjlfdo edvh G iD>D ^ I>K>K ^Nj +7165,

frpsduh wr wkh srlqw vhw h{dpsoh deryh � id> e> f> gj 1 +7166,

Zkhq lw lv uhdol}hg wkdw wkh h{whulru gl�huhqwldo dfwv d olplw srlqw jhqhudwru/ lw eh0
frphv dssduhqw zk| Fduwdq uhihuuhg wr wkh xqlrq ri P dqg gP dv wkh forvxuh ri
P>

Forvxuh @ ENFo� � P ' EL ^ g� � P ' Pn gP ' vxevhw . olplw srlqwv1 +7167,

Lq wkh qh{w vhfwlrq/ wkh wrsrorjlfdo ihdwxuhv ri wkh Fduwdq wrsrorj|/ edvhg rq wkh
Fduwdq wrsrorjlfdo edvh/ zloo eh zrunhg rxw lq ghwdlo1 Lw zloo wxuq rxw wkdw wkh Fduwdq
wrsrorj| fdq eh sxw lqwr fruuhvsrqghqfh zlwk wkh W7 wrsrorj| ri 7 srlqwv glvsod|hg
lq d suhylrxv vhfwlrq1 Lw zloo eh hylghqw/ lqghhg/ wkdw wkh h{whulru gl�huhqwldo lv d olplw
srlqw jhqhudwru iru dq| vxevhw uhodwlyh wr wkh Fduwdq wrsrorj|1 Wklv lv d uhpdundeoh
uhvxow/ iru dv zloo eh ghprqvwudwhg ehorz/ doo F5 yhfwru �hogv dfwlqj wkurxjk wkh
frqfhsw ri wkh Olh gl�huhqwldo rq d vhw ri gl�huhqwldo irupv/ zlwk F5 frh!flhqwvh/
jhqhudwh frqwlqxrxv wudqvirupdwlrqv zlwk uhvshfw wr wkh Fduwdq wrsrorj|1 Pruhryhu/
wkh Fduwdq wrsrorj| lv glvfrqqhfwhg li D	gD 9' f1 Dv wkh frqglwlrqv iru xqltxh
lqwhjudelolw| ri wkh 40irup D duh jlyhq e| wkh Iurehqlxv wkhruhp/ zklfk uhtxluhv
D	gD ' f> lw vkrxog eh h{shfwhg wkdw rqh ri wkh ihdwxuhv ri wkh glvfrqqhfwhg Fduwdq
wrsrorj| lv wkdw li vroxwlrqv h{lvw/ wkh| duh qrw xqltxh1

715 Wkh Fduwdq �Srlqw Vhw� Wrsrorj|1

Fduwdq exlow klv wkhru| durxqg dq h{whulru gl�huhqwldo v|vwhp/ P/ zklfk frqvlvwv
ri d froohfwlrq ri 30 irupv/ 40irupv/ 50irupv/ hwf1 ^Fduwdq 4<8; +4<55,`1 Kh gh�qhg
wkh forvxuh ri wklv froohfwlrq dv wkh xqlrq ri wkh ruljlqdo froohfwlrq zlwk wkrvh irupv
zklfk duh rewdlqhg e| iruplqj wkh h{whulru gl�huhqwldov ri hyhu| s0irup lq wkh lqlwldo
froohfwlrq1 Lq jhqhudo/ wkh froohfwlrq ri h{whulru gl�huhqwldov zloo eh ghqrwhg e| gP/
dqg wkh forvxuh ri P e| wkh v|pero/ NFoEP�/ zkhuh

Nxudwrzvnl Forvxuh rshudwru= NFoEP� ' P ^ gP +7168,

Iru qrwdwlrqdo vlpsolflw| lq wklv duwlfoh wkh v|vwhpv ri s0irupv zloo eh dvvxphg
wr frqvlvw ri wkh vlqjoh 40irup/ D1 Wkhq wkh h{whulru gl�huhqwldo ri D lv wkh 50irup

}Dgldedwlf surfhvvhv pd| eh F4
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I ' gD/ dqg wkh forvxuh ri D lv wkh xqlrq ri D dqg I G NFoED� ' D ^ I 1 Wkh rwkhu
orjlfdo rshudwlrq lv wkh frqfhsw ri lqwhuvhfwlrq/ vr wkdw iurp wkh h{whulru gl�huhqwldo
lw lv srvvleoh wr frqvwuxfw wkh vhw D	I gh�qhg froohfwlyho| dv K G K ' D	I= Wkh
h{whulru gl�huhqwldo ri K surgxfhv wkh vhw gh�qhg dv N ' gK/ dqg wkh forvxuh ri K
lv wkh xqlrq ri K dqg N G NFoEK� ' K ^N1

Wklv odgghu surfhvv ri frqvwuxfwlqj h{whulru gl�huhqwldov/ dqg h{whulru
surgxfwv/ pd| eh frqwlqxhg xqwlo d qxoo vhw lv surgxfhg/ ru wkh odujhvw s0irup vr
frqvwuxfwhg lv htxdo wr wkh glphqvlrq ri wkh vsdfh xqghu frqvlghudwlrq1 Wkh vhw vr
jhqhudwhg lv gh�qhg dv d Sid� vhtxhqfh1 Wkh odujhvw udqn ri wkh vhtxhqfh ghwhuplqhv
wkh Sid� glphqvlrq ri wkh grpdlq +ru fodvv ri wkh irup/ ^Vfkrxwhq 4<7<`,/ zklfk lv d
wrsrorjlfdo lqyduldqw1 Wkh lghd lv wkdw wkh 40irup D +lq jhqhudo wkh h{whulru gl�huhq0
wldo v|vwhp/ P, jhqhudwhv rq vsdfh0wlph irxu htxlydohqfh fodvvhv ri srlqwv wkdw dfw dv
grpdlqv ri vxssruw iru wkh hohphqwv ri wkh Sid� vhtxhqfh/ D>I>K>N 1 Wkh xqlrq ri
doo vxfk srlqwv zloo eh ghqrwhg e| [ ' D^I ^K ^N1 Wkh ixqgdphqwdo htxlydohqfh
fodvvhv duh jlyhq vshfl�f qdphv ^UPN 4<<3`=

Wrsrorjlfdo DFWLRQ= D ' D�g{
� +7169,

Wrsrorjlfdo YRUWLFLW\= I ' gD ' I��g{
� 	g{� +716:,

Wrsrorjlfdo WRUVLRQ= K ' D	gD ' K���g{
� 	g{�	g{� +716;,

Wrsrorjlfdo SDULW\= N ' gD	gD ' N����g{
� 	g{�	g{�	g{� = +716<,

Wkh Fduwdq wrsrorj| lv frqvwuxfwhg iurp d edvlv ri rshq vhwv/ zklfk duh gh�qhg
dv iroorzv= �uvw frqvlghu wkh grpdlq ri vxssruw ri D1 Gh�qh wklv �srlqw� e| wkh
v|pero D1 D lv wkh �uvw rshq vhw ri wkh Fduwdq wrsrorj|1 Qh{w frqvwuxfw wkh h{whulru
gl�huhqwldo/ I ' gD/ dqg ghwhuplqh lwv grpdlq ri vxssruw1 Qh{w/ irup wkh forvxuh
ri D e| frqvwuxfwlqj wkh xqlrq ri wkhvh wzr grpdlqv ri vxssruw/ NFoED� ' D ^ I 1
D ^ I irupv wkh vhfrqg rshq vhw ri wkh Fduwdq wrsrorj|1

Qh{w frqvwuxfw wkh lqwhuvhfwlrq K ' D	I / dqg ghwhuplqh lwv grpdlq ri vxs0
sruw1 Gh�qh wklv �srlqw� e| wkh v|pero K/ zklfk irupv wkh wklug rshq vhw ri wkh
Fduwdq wrsrorj|1 Qrz iroorz wkh surfhgxuh hvwdeolvkhg lq wkh suhfhglqj sdudjudsk1
Frqvwuxfw wkh forvxuh ri K dv wkh xqlrq ri wkh grpdlqv ri vxssruw ri K dqg N ' gK1
Wkh frqvwuxfwlrq irupv wkh irxuwk rshq vhw ri wkh Fduwdq wrsrorj|1 Lq irxu glphq0
vlrqv/ wkh surfhvv vwrsv/ exw iru Q A 7/ wkh surfhvv pd| eh frqwlqxhg1

Qrz frqvlghu wkh edvlv froohfwlrq ri rshq vhwv wkdw frqvlvwv ri wkh vxevhwv/

E ' iD> NFoED�> K> NFoEK�j ' iD> D ^ I> K> K ^Nj +7173,

Wkh froohfwlrq ri doo srvvleoh xqlrqv ri wkhvh edvh hohphqwv/ dqg wkh qxoo vhw/ >>
jhqhudwh wkh Fduwdq wrsrorj| ri rshq vhwv=



Wkh Fduwdq �Srlqw Vhw� Wrsrorj|1 478

W Ershq� ' i[> >> D> K>D ^ I> K ^N> D ^K> D ^K ^N> D ^ I ^Kj= +7174,

Wkhvh qlqh vxevhwv irup wkh rshq vhwv ri wkh Fduwdq wrsrorj| frqvwuxfwhg iurp wkh
grpdlqv ri vxssruw ri wkh Sid� vhtxhqfh frqvwuxfwhg iurp d vlqjoh 40irup/ D> lq 7
glphqvlrqv1 Wkh frpsolphqwv ri wkh rshq vhwv duh wkh forvhg vhwv ri wkh Fduwdq
wrsrorj|1

W Eforvhg� ' i>> [> I ^K ^N> D ^ I ^N>D ^ I> K ^N>I ^N>I> Nj= +7175,

Iurp wkh vhw ri 7 �srlqwv� iD>I>K>Nj wkdw pdnh xs wkh Sid� vhtxhqfh lw
lv srvvleoh wr frqvwuxfw 49 vxevhw froohfwlrqv e| wkh surfhvv ri xqlrq1 Lw lv srvvleoh
wr frpsxwh wkh olplw srlqwv iru hyhu| vxevhw uhodwlyh wr wkh Fduwdq wrsrorj|1 Wkh
fodvvlfdo gh�qlwlrq ri d olplw srlqw lv wkdw d srlqw s lv d olplw srlqw ri wkh vxevhw \
uhodwlyh wr wkh wrsrorj| W li dqg rqo| li iru hyhu| rshq vhw zklfk frqwdlqv s wkhuh
h{lvwv dqrwkhu srlqw ri \ rwkhu wkdq s ^Olsvfkxw} 4<98`1 Wkh uhvxowv ri wklv dqg rwkhu
vwdqgdug gh�qlwlrqv duh suhvhqwhg lq Wdeoh 5/ dqg duh wr eh frpsduhg wr Wdeoh 41

Wdeoh 51 Wkh Fduwdq W7 Wrsrorj|
D 40irup lq 7G= D ' DnE{�g{

n

[ ' iD> I ' gD> K ' D	I> N ' I	Ij
Edvlv vxevhwv ~D/ NFoED�/ K/ NFoEK�� ' iD>D ^ I>K>K ^Nj

W Ershq� ' i[> >> D> K>D ^ I> K ^N> D ^K> D ^K ^N> D ^ I ^Kj
W Eforvhg� ' i >> [> I ^K ^N>D ^ I ^N> K ^N> D ^ I> I ^N> I>Nj
Vxevhw

�
Olplw Swv

g�
Lqwhulru

=
Erxqgdu|

C�
Forvxuh
� ^ g�

> > > > >
D I D I D ^ I
I > > I I
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N > > N N

D ^ I
D ^K
D ^N
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I ^N
K ^N

I
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N
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>
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+7176,
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E| h{dplqlqj wkh vhw ri olplw srlqwv vr frqvwuxfwhg iru hyhu| vxevhw ri wkh
Fduwdq v|vwhp/ dqg suhvxplqj wkdw wkh ixqfwlrqv wkdw pdnh xs wkh irupv duh F5
gl�huhqwldeoh +vxfk wkdw wkh Srlqfduh ohppd lv wuxh/ gg$ ' f> dq| $,/ lw lv hdv| wr
vkrz wkdw iru doo vxevhwv ri wkh Fduwdq wrsrorj| hyhu| olplw vhw lv frpsrvhg ri wkh
h{whulru gl�huhqwldo ri wkh vxevhw wkhuhe| surylqj wkh frqmhfwxuh wkdw wkh h{whulru
gl�huhqwldo lv d olplw srlqw rshudwru uhodwlyh wr wkh Fduwdq wrsrorj|1

Frqfoxvlrq 55 Zlwk uhvshfw wr wkh Fduwdq wrsrorj|/ wkh h{whulru gl�huhqwldo lv d
olplw srlqw jhqhudwru1

Iru h{dpsoh/ wkh rshq vxevhw/ D ^K/ kdv wkh olplw srlqwv wkdw frqvlvw ri I
dqg N= Wkh olplw vhw frqvlvwv ri I ^ N zklfk fdq eh ghulyhg gluhfwo| e| wdnlqj
wkh h{whulru gl�huhqwldov ri wkh hohphqwv wkdw pdnh xs D ^ K> wkdw lv/ EI ^ D '
gED ^ K� ' EgD ^ gK�1 Qrwh wkdw wklv rshq vhw/ D ^ K/ grhv qrw frqwdlq lwv olplw
srlqwv1 Vlploduo| iru wkh forvhg vhw/ D ^ I / wkh olplw srlqwv duh jlyhq e| I zklfk
pd| eh ghgxfhg e| gluhfw dssolfdwlrq ri wkh h{whulru gl�huhqwldo wr ED ^ I � G EI � '
gED ^ I � ' EgD ^ gI � ' EI ^ >� ' EI �1

716 Wrsrorjlfdo Wruvlrq dqg Frqqhfwhg yhuvxv Qrq0frqqhfwhg Fduwdq
wrsrorjlhv1

Wrsrorjlfdo wruvlrq ri d 40irup/ D/ lv gh�qhg dv wkh h{whulru surgxfw ri wkh 40irup
dqg lwv h{whulru ghulydwlyh/ D	gD1 Wrsrorjlfdo wruvlrq lv gl�huhqw iurp/ exw fdq eh
uhodwhg wr/ wkh Iuhqhw wruvlrq ri d vsdfh fxuyh dqg wkh d!qh wruvlrq ri d frqqhfwlrq1
Li qrq0}hur/ Wrsrorjlfdo wruvlrq kdv lpsruwdqw wrsrorjlfdo surshuwlhv1 Wkh Fduwdq
wrsrorj| dv jlyhq lq Wdeoh 5 lv frpsrvhg ri wkh xqlrq ri wzr vxe0vhwv zklfk duh erwk
rshq dqg forvhg/

E[ ' NFoED� ^NFoEK� ' iD ^ Ij ^ iK ^Nj�> +7177,

d uhvxow wkdw lpsolhv wkdw wkh Fduwdq wrsrorj| lv qrw qhfhvvdulo| d frqqhfwhg wrsrorj|1
Dq h{fhswlrq h{lvwv li wkh wrsrorjlfdo wruvlrq/ K/ dqg khqfh lwv forvxuh/ ydqlvkhv/ iru
wkhq wkh Fduwdq wrsrorj| lv frqqhfwhg1 Wklv h{wudruglqdu| uhvxow kdv eurdg sk|vl0
fdo frqvhtxhqfhv1 Wkh frqqhfwhg Fduwdq wrsrorj| edvhg rq d ydqlvklqj wrsrorjlfdo
wruvlrq lv dw wkh edvlv ri prvw sk|vlfdo wkhrulhv ri htxloleulxp1 Lq pdwkhpdwlfv/ wkh
frqqhfwhg Fduwdq wrsrorj| fruuhvsrqgv wr wkh Iurehqlxv lqwhjudelolw| frqglwlrq iru
Sid!dq irupv1 Lq wkhuprg|qdplfv/ wkh frqqhfwhg Fduwdq wrsrorj| lv dvvrfldwhg zlwk
wkh Fdudwkhrgru| frqfhsw ri lqdffhvvleoh wkhuprg|qdplf vwdwhv ^Khupdqq 4<9;`/ dqg
wkh h{lvwhqfh ri dq htxloleulxp wkhuprg|qdplf vxuidfh1 Li wkh qrq0h{dfw 40irup/ T/
ri khdw jhqhudwhv d Fduwdq wrsrorj| ri qxoo wrsrorjlfdo wruvlrq/ K ' T	gT ' >>
wkhq wkh Fduwdq wrsrorj| exlow rq T lv frqqhfwhg1 Vxfk v|vwhpv duh �lvrodwhg� lq d
wrsrorjlfdo vhqvh/ dqg wkh khdw 40irup kdv d uhsuhvhqwdwlrq lq whupv ri wzr dqg rqo|
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wzr ixqfwlrqv/ frqyhqwlrqdoo| zulwwhq dv= T ' WgV1 Qrwh djdlq wkdw d ixqgdphqwdo
sk|vlfdo frqfhsw/ lq wklv fdvh wkh lghd ri htxloleulxp/ lv d wrsrorjlfdo frqfhsw lqgh0
shqghqw iurp jhrphwulfdo surshuwlhv ri vl}h dqg vkdsh1 Surfhvvhv wkdw jhqhudwh wkh
40irup T vxfk wkdw T	gT ' > duh wkhuprg|qdplfdoo| uhyhuvleoh1 Li T	gT 9' >> wkh
surfhvv wkdw jhqhudwhv T lv wkhuprg|qdplfdoo| luuhyhuvleoh1

Zkhq wkh Fduwdq wrsrorj| lv frqqhfwhg/ lw pljkw eh vdlg wkdw doo irufhv duh
h{whqgleoh ryhu wkh zkroh ri wkh vhw/ dqg wkdw wkhvh irufhv duh ri �orqj udqjh�1 Frq0
yhuvho| zkhq wkh Fduwdq wrsrorj| lv glvfrqqhfwhg/ wkh �irufhv� fdqqrw eh h{whqghg
lqgh�qlwho| ryhu wkh zkroh grpdlq ri lqghshqghqw yduldeohv/ exw shukdsv rqo| ryhu
d vlqjoh frpsrqhqw1 Wkh frpsrqhqwv duh qrw duf frqqhfwhg1 Lq wklv vhqvh/ vxfk
irufhv duh vdlg wr eh ri vkruw udqjh/ dv wkh| duh frq�qhg wr d vshfl�f frpsrqhqw1
Qrwh wkdw wklv qrwlrq ri vkruw ru orqj udqjh irufhv grhv qrw ghshqg xsrq jhrphwulfdo
vl}h ru vfdoh1 Wkh sk|vlfdo lghd ri vkruw ru orqj udqjh irufhv lv d wrsrorjlfdo lghd ri
frqqhfwlylw|/ dqg qrw d jhrphwulfdo frqfhsw ri krz idu1

Lq dq hduolhu duwlfoh/ wkhvh lghdv zhuh irupxodwhg lqwxlwlyho| lq rughu wr jlyh dq
h{sodqdwlrq ri wkh �irxu irufhv� ri sk|vlfv1 Wkh hduolhu zrun zdv edvhg xsrq h{shul0
hqfh zlwk gl�huhqwldo jhrphwu| ^UPN 4<:8 f`1 Wkh ihdwxuhv ri wkh Sid� vhtxhqfh zhuh
xvhg wr hvwdeolvk htxlydohqfh fodvvhv iru 40irupv frqvwuxfwhg iurp nqrzq h{dpsoh
phwulf �hog vroxwlrqv/ j� > wr wkh Hlqvwhlq �hog htxdwlrqv1 Wkh ruljlqdo lghdv/ edvhg
xsrq h{shulhqfh zlwk v|vwhpv lq gl�huhqwldo jhrphwu|/ fdq qrz eh jlyhq fuhghqfh
edvhg xsrq gl�huhqwldo wrsrorj|1 Wkh frqvwuxfwlrq ri d 40irup/ D ' j�eg{

�> zkrvh
frh!flhqwv duh wkh vsdfh wlph frpsrqhqwv ri d phwulf whqvru/ zloo glylgh wkh wrsrorj|
lqwr htxlydohqfh fodvvhv ghshqglqj xsrq wkh qxpehu ri qrq0}hur hohphqwv ri lwv Sid�
vhtxhqfh1 Wklv qxpehu kdv ehhq gh�qhg deryh dv wkh Sid� wrsrorjlfdo glphqvlrq1
Orqj udqjh sdulw| suhvhuylqj irufhv gxh wr judylw| +Sid� glphqvlrq 4, dqg hohfwur0
pdjqhwlvp +Sid� glphqvlrq 5, duh wr eh dvvrfldwhg zlwk d Fduwdq Wrsrorj| wkdw lv
frqqhfwhg EK ' D	I ' D	gD ' f�= Erwk wkh vwurqj irufh +Sid� glphqvlrq 6, dqg
wkh zhdn irufh +Sid� glphqvlrq 7, duh �vkruw� udqjh EK 9' f� dqg duh wr eh dvvr0
fldwhg zlwk d glvfrqqhfwhg Fduwdq wrsrorj|1 Wkh vwurqj irufh lv sdulw| suhvhuylqj
EN ' f� dqg wkh zhdn irufh lv qrw EN 9' f�= Wkh idfw wkdw wkh Fduwdq wrsrorj| lv
qrw qhfhvvdulo| frqqhfwhg lv wkh wrsrorjlfdo +qrw phwulfdo, edvlv wkdw pd| eh xvhg wr
glvwlqjxlvk ehwzhhq vkruw dqg orqj udqjh irufhv1

Lq pxfk ri rxu sk|vlfdo h{shulhqfh zlwk qdwxuh/ lw dsshduv wkdw wkh glvfrq0
qhfwhg grpdlqv ri Sid� glphqvlrq 6 ru pruh duh riwhq lvrodwhg dv qxfohl/ zkloh wkh
vxuurxqglqj frqqhfwhg grpdlqv ri Sid� glphqvlrq 5 ru ohvv dsshduv dv �hogv ri
fkdujhg ru qrq0fkdujhg prohfxohv dqg dwrpv1 Krzhyhu/ sduw ri wkh wkuxvw ri wklv du0
wlfoh lv wr ghprqvwudwh wkdw vxfk glvfrqqhfwhg wrsrorjlfdo skhqrphqd duh qrw frq�qhg
wr plfurvfrslf v|vwhpv/ exw dovr dsshdu lq d vxfk pxqgdqh skhqrphqd dv wkh  rz
ri d wxuexohqw  xlg1 Sk|vlfdo h{dpsohv ri wkh h{lvwhqfh ri wrsrorjlfdo wruvlrq +dqg
khqfh d qrq0frqqhfwhg Fduwdq wrsrorj|, duh jlyhq e| wkh h{shulphqwdo dsshdudqfh
ri zkdw dsshdu wr eh frkhuhqw vwuxfwxuhv lq d wxuexohqw  xlg  rz1

Wr suryh wkdw d wxuexohqw  rz pxvw eh d frqvhtxhqfh ri d Fduwdq wrsrorj|
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wkdw lv qrw frqqhfwhg/ frqvlghu wkh iroorzlqj dujxphqw= Iluvw frqvlghu d  xlg dw uhvw
dqg iurp d joredo vhw ri xqltxh/ v|qfkurqrxv/ lqlwldo frqglwlrqv jhqhudwh d yhfwru �hog
ri  rz1 Vxfk  rzv pxvw vdwlvi| wkh Iurehqlxv frpsohwh lqwhjudelolw| wkhruhp/ zklfk
uhtxluhv wkdw D	gD ' f1 Wkh Fduwdq wrsrorj| iru vxfk v|vwhpv lv frqqhfwhg/ dqg wkh
Sid� glphqvlrq ri wkh grpdlq lv 5 ru ohvv1 Vxfk grpdlqv gr qrw vxssruw wrsrorjlfdo
wruvlrq +wkh Kholflw| ydqlvkhv,1 Vxfk joredoo| odplqdu  rzv duh wr eh glvwlqjxlvkhg
iurp  rzv wkdw uhvlgh rq vxuidfhv/ exw gr qrw dgplw d xqltxh vhw ri frqqhfwhg v|fkur0
ql}hdeoh lqlwldo frqglwlrqv1 Qh{w frqvlghu wxuexohqw  rzv zklfk/ dv wkh dqwl0wkhvlv ri
odplqdu  rzv/ fdq qrw eh lqwhjudeoh lq wkh vhqvh ri Iurehqlxv> vxfk wxuexohqw grpdlqv
vxssruw wrsrorjlfdo wruvlrq ED	gD 9' f�/ dqg wkhuhiruh d glvfrqqhfwhg Fduwdq wrsro0
rj| ^UPN4<:9`1 Wkh frqqhfwhg frpsrqhqwv ri wkh glvfrqqhfwhg Fduwdq wrsrorj|
fdq eh gh�qhg dv wkh +wrsrorjlfdoo|, frkhuhqw vwuxfwxuhv ri wkh wxuexohqw  rz1

Qrwh wkdw d grpdlq fdq vxssruw d krprjhqhrxv wrsrorj| ri rqh frpsrqhqw
dqg wkhq xqghujr frqwlqxrxv wrsrorjlfdo hyroxwlrq wr d grpdlq zlwk vrph lqwhulru
krohv1 Wkh grpdlq lv vlpso| frqqhfwhg lq wkh lqlwldo vwdwh/ dqg pxowlso| frqqhfwhg lq
wkh �qdo vwdwh/ exw vwloo frqqhfwhg1 Krzhyhu/ frqvlghu wkh gxdo srlqw ri ylhz zkhuh
wkh ruljlqdoo| frqqhfwhg grpdlq frqvlvwv ri d krprjhqhrxv vsdfh wkdw ehfrphv vhs0
dudwhg lqwr pxowlsoh frpsrqhqwv1 Wkh hyroxwlrq wr d wrsrorjlfdo vsdfh ri pxowlsoh
frpsrqhqwv lv qrw frqwlqxrxv1 Lw iroorzv wkdw wkh fdvh ri d wudqvlwlrq iurp dq lqlwldo
odplqdu vwdwh +K ' f, wr wkh wxuexohqw vwdwh +K 9' f, lv d wudqvlwlrq iurp d frq0
qhfwhg wrsrorj| wr d glvfrqqhfwhg wrsrorj|1 Wkhuhiruh wkh wudqvlwlrq wr wxuexohqfh
lv QRW frqwlqxrxv1 Krzhyhu/ qrwh wkdw wkh ghfd| ri wxuexohqfh fdq eh ghvfulehg e|
d frqwlqxrxv wudqvirupdwlrq iurp d glvfrqqhfwhg wrsrorj| wr d frqqhfwhg wrsrorj|1
Frqghqvdwlrq lv frqwlqxrxv/ jdvl�fdwlrq lv qrw1 Lw lv ghprqvwudwhg ehorz wkdw uhodwlyh
wr wkh Fduwdq wrsrorj| doo F5 gl�huhqwldeoh/ V/ dfwlqj rq F5 s0irupv e| phdqv ri
wkh Olh gl�huhqwldo duh frqwlqxrxv1 Wkh frqfoxvlrq lv uhdfkhg wkdw wkh wudqvlwlrq wr
wxuexohqfh pxvw lqyroyh wudqvirupdwlrqv wkdw duh qrw F5/ khqfh fdq rffxu rqo| lq wkh
suhvhqfh ri vkrfnv ru wdqjhqwldo glvfrqwlqxlwlhv1
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71714 Frqwlqxrxv surfhvvhv

D wrsrorjlfdo vwuxfwxuh lv gh�qhg wr eh hqrxjk lqirupdwlrq wr ghflgh zkhwkhu d wudqv0
irupdwlrq lv frqwlqxrxv ru qrw ^Jhoohuw 4<::`1 Wkh fodvvlfdo gh�qlwlrq ri frqwlqxlw|
ghshqgv xsrq wkh lghd wkdw hyhu| rshq vhw lq wkh udqjh pxvw kdyh dq lqyhuvh lpdjh
lq wkh grpdlq1 Wklv phdqv wkdw wrsrorjlhv pxvw eh gh�qhg rq erwk wkh lqlwldo dqg
�qdo vwdwh/ dqg wkdw vrphkrz dq lqyhuvh lpdjh pxvw eh gh�qhg1 Qrwh wkdw wkh rshq
vhwv ri wkh �qdo vwdwh pd| eh gl�huhqw iurp wkh rshq vhwv ri wkh lqlwldo vwdwh/ ehfdxvh
wkh wrsrorjlhv ri wkh wzr vwdwhv fdq eh gl�huhqw1

Wkhuh lv dqrwkhu gh�qlwlrq ri frqwlqxlw| wkdw lv pruh xvhixo iru lw ghshqgv rqo|
rq wkh wudqvirupdwlrq/ dqg qrw lwv lqyhuvh/ h{solflwo|1 D wudqvirupdwlrq lv frqwlqxrxv
li dqg rqo| li wkh lpdjh ri wkh forvxuh ri hyhu| vxevhw lv lqfoxghg lq wkh forvxuh ri
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wkh lpdjh1 Wklv phdqv wkdw wkh frqfhsw ri forvxuh dqg wkh frqfhsw ri wudqvirupdwlrq
pxvw frppxwh iru frqwlqxrxv surfhvvhv1 Vxssrvh wkh iruzdug lpdjh ri d 40irup D lv
T> dqg wkh iruzdug lpdjh ri wkh vhw I ' gD lv ]1 Wkhq li wkh forvxuh/ NFoED� ' D^I
lv lqfoxghg lq wkh forvxuh ri NFoET� ' T^ gT/ iru doo vxe0vhwv/ wkh wudqvirupdwlrq lv
gh�qhg wr eh frqwlqxrxv1 Wkh lghd ri frqwlqxlw| ehfrphv htxlydohqw wr wkh frqfhsw
wkdw wkh iruzdug lpdjh ] ri wkh olplw srlqwv/ gD/ lv dq hohphqw ri wkh forvxuh ri T
^Krfnlqj 4<94`=

D ixqfwlrq wkdw surgxfhv dq lpdjh i dDo ' T lv frqwlqxrxv l� iru hyhu|
vxevhw D ri wkh Fduwdq wrsrorj|/ ] ' i dgDo � NFoET� ' ET ^ gT�1

Wkh Fduwdq wkhru| ri h{whulru gl�huhqwldo v|vwhpv fdq qrz eh lqwhusuhwhg dv
d wrsrorjlfdo vwuxfwxuh/ iru hyhu| vxevhw ri wkh wrsrorj| fdq eh whvwhg wr vhh li wkh
surfhvv ri forvxuh frppxwhv zlwk wkh surfhvv ri wudqvirupdwlrq1 Iru wkh Fduwdq
wrsrorj|/ wklv hpskdvlv rq olplw srlqwv udwkhu wkdq rq rshq vhwv lv d pruh frqyhqlhqw
phwkrg iru ghwhuplqlqj frqwlqxlw|1 D vlpsoh hyroxwlrqdu| surfhvv/ [ , \ / lv gh�qhg
e| d pds x1 Wkh pds/ x/ pd| eh ylhzhg dv d sursdjdwru wkdw wdnhv wkh lqlwldo vwdwh/
[/ lqwr wkh �qdo vwdwh/ \ 1 Iru pruh jhqhudo sk|vlfdo vlwxdwlrqv wkh hyroxwlrqdu|
surfhvvhv duh jhqhudwhg e| yhfwru �hogv ri  rz/ V1 Wkh wudmhfwrulhv gh�qhg e| wkh
yhfwru �hogv pd| eh ylhzhg dv sursdjdwruv wkdw fduu| grpdlqv lqwr udqjhv lq wkh
pdqqhu ri d frqyhfwlyh  xlg  rz1 Wkh hyroxwlrqdu| sursdjdwru ri lqwhuhvw wr wklv
duwlfoh lv wkh Olh gl�huhqwldo zlwk uhvshfw wr d yhfwru �hog/ V/ dfwlqj rq gl�huhqwldo
irupv/ P ^Elvkrs 4<9;`1

Wkh Olh gl�huhqwldo kdv d qxpehu ri lqwhuhvwlqj dqg xvhixo surshuwlhv1

41 Wkh Olh gl�huhqwldo grhv qrw ghshqg xsrq d phwulf ru d frqqhfwlrq1

51 Wkh Olh gl�huhqwldo kdv d vlpsoh dfwlrq rq gl�huhqwldo irupv surgxflqj d uhvxo0
wdqw irup wkdw lv ghfrpsrvhg lqwr d wudqvyhuvdo dqg dq h{dfw sduw=

OEV�$ ' lEY �g$ n glEY �$= +7178,

Wklv irupxod lv nqrzq dv �Fduwdq*v pdjlf irupxod�1 Iru wkrvh yhfwru �hogv Y
zklfk duh �dvvrfldwhg� zlwk wkh irup $> vxfk wkdw lEY �$ ' f> wkh Olh gl�huhqwldo
ehfrphv htxlydohqw wr wkh fryduldqw gl�huhqwldo ri whqvru dqdo|vlv1 Rwkhuzlvh
wkh wzr gl�huhqwldo frqfhswv duh glvwlqfw1

61 Wkh Olh gl�huhqwldo pd| eh xvhg wr ghvfuleh ghirupdwlrqv dqg wrsrorjlfdo hyr0
oxwlrq1 Qrwh wkdw wkh dfwlrq ri wkh Olh gl�huhqwldo rq d 30irup +vfdodu ixqfwlrq,
lv wkh vdph dv wkh gluhfwlrqdo ru frqyhfwlyh gl�huhqwldo ri ruglqdu| fdofxoxv/
OEV�x ' lEY �gxnglEY �x ' lEY �gxnf ' V � judgx= Lw pd| eh ghprqvwudwhg
wkdw wkh dfwlrq ri wkh Olh gl�huhqwldo rq d 40irup zloo jhqhudwh htxdwlrqv ri
prwlrq ri wkh k|gurg|qdplf w|sh1 Lq idfw Duqrog fdoov wkh Olh gl�huhqwldo wkh
�frqyhfwlyh� ru �Ilvkhupdq*v� gl�huhqwldo1
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71 71 Zlwk uhvshfw wr yhfwru �hogv dqg irupv frqvwuxfwhg ryhu F5 ixqfwlrqv/ wkh
Olh gl�huhqwldo frppxwhv zlwk wkh forvxuh rshudwru1 Khqfh/ wkh Olh gl�huhq0
wldo +uhvwulfwhg wr F5 ixqfwlrqv, jhqhudwhv wudqvirupdwlrqv rq gl�huhqwldo irupv
zklfk duh frqwlqxrxv zlwk uhvshfw wr wkh Fduwdq wrsrorj|1

Wkh odvw vwdwhphqw uhtxluhv d irupdo surri=
Surri1 Iluvw frqvwuxfw wkh forvxuh/ iP ^ gPj 1 Qh{w sursdjdwh P dqg gP e|

phdqv ri wkh Olh gl�huhqwldo wr surgxfh wkh ghfuhphqwdo irupv/ vd| T dqg ]/

OEV�P ' T dqg OEV�gP ' ]= +7179,

Qrz frpsxwh wkh frqwulexwlrqv wr wkh forvxuh ri wkh �qdo vwdwh dv jlyhq e| iT^gTj1
Li ] ' gT/ wkhq wkh forvxuh ri wkh lqlwldo vwdwh lv sursdjdwhg lqwr wkh forvxuh ri wkh
�qdo vwdwh/ dqg wkh hyroxwlrqdu| surfhvv gh�qhg e| V lv frqwlqxrxv1 Krzhyhu/

gT ' gOEV�P ' glEY �gPn ggElEY �P� ' glEY �gP +717:,

dv ggElEY �P� ' f iru F5 ixqfwlrqv1 Exw/

] ' OEV�gP ' gElEY �gP� n lEY �ggP ' glEY �gP +717;,

dv lEY �ggP ' f iru F5 s0irupv1 Lw iroorzv wkdw ] ' gT/ dqg wkhuhiruh V jhqhudwhv
d frqwlqxrxv hyroxwlrqdu| surfhvv uhodwlyh wr wkh Fduwdq wrsrorj|1 THG

Lw lv wr eh qrwlfhg wkdw wklv frqfhsw ri d wrsrorjlfdo vwuxfwxuh lv ghyhorshg lq
whupv ri wkh dfwlrq ri wkh Olh gl�huhqwldo dfwlqj rq d 40irup1 Wkh phwkrg grhv qrw
ghshqg xsrq phwulf ru frqqhfwlrq1

Fhuwdlq vshfldo fdvhv dulvh iru wkrvh vxevhwv ri yhfwru �hogv wkdw vdwlvi| wkh
htxdwlrqv/ gElEV�P� ' f1 Lq wkhvh fdvhv/ rqo| wkh ixqfwlrqv wkdw pdnh xs wkh s0irup/
P/ qhhg eh F5 gl�huhqwldeoh/ dqg wkh yhfwru �hog qhhg rqo| eh F41 Vxfk surfhvvhv
zloo eh ri lqwhuhvw wr v|psohfwlf surfhvvhv/ zlwk Ehuqrxool0Fdvlplu lqyduldqwv/ dqg wr
wkh dqdo|vlv ri wdqjhqwldo glvfrqwlqxlwlhv1

E| vxlwdeoh fkrlfh ri wkh 40irup ri dfwlrq lw lv srvvleoh wr vkrz wkdw wkh dfwlrq
ri wkh Olh gl�huhqwldo rq wkh 40irup ri dfwlrq fdq jhqhudwh wkh Qdylhu Vwrnhv sduwldo
gl�huhqwldo htxdwlrqv1 Vhh vhfwlrq 61715 ru ^UPN 4<:8 d` ^UPN 4<<5 d`1 Wkh dqdo|vlv
deryh lqglfdwhv wkdw F5 gl�huhqwldeoh vroxwlrqv wr wkh Qdylhu0Vwrnhv htxdwlrqv fdq
qrw eh xvhg wr ghvfuleh wkh wudqvlwlrq wr wxuexohqfh1 Wkh F5 vroxwlrqv fdq/ krzhyhu/
ghvfuleh wkh luuhyhuvleoh ghfd| ri wxuexohqfh wr wkh joredoo| odplqdu vwdwh1

71715 Xqlirup Frqwlqxlw|/ Iur}hq 0 lq Ilhogv/ wkh Pdvwhu Htxdwlrq

D vwduwlqj srlqw iru pdq| glvfxvvlrqv ri wkh pdjqhwlf g|qdpr dqg doolhg sure0
ohpv lq k|gurg|qdplfv vwduwv zlwk zkdw kdv ehhq fdoohg wkh �pdvwhu htxdwlrq�
^Nrfklqh 4<97`/

Pdvwhu htxdwlrq FxuoEV��� ' C�@Cw= +717<,
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Xvlqj wkh Fduwdq phwkrgv lw pd| eh vkrzq wkdw wklv htxdwlrq lv htxlydohqw
wr wkh frqvwudlqw ri �xqlirup� frqwlqxlw| uhodwlyh wr wkh Fduwdq wrsrorj|1 Pruh0
ryhu/ lw lv hdv| wr vkrz wkhvh frqvwudlqwv jhqhudwh v|psohfwlf surfhvvhv zklfk lqfoxgh
Kdplowrqldq hyroxwlrqdu| v|vwhpv/ vxfk dv Hxohu  rzv/ dv zhoo dv d qxpehu ri rwkhu
hyroxwlrqdu| surfhvvhv zklfk duh frqwlqxrxv/ exw qrw krphrprusklf1 Lq dgglwlrq d
fulwhuld fdq eh irupxodwhg wr ghyhors dq h{whqvlrq ri wkh �kholflw|� frqvhuydwlrq odz
wr d pruh jhqhudo vhwwlqj1

Wkh surri ri wkhvh uhvxowv surgxfhv d qlfh h{huflvh lq xvh ri wkh Fduwdq wkhru|1
Frqvlghu d 40irup D wkdw vdwlv�hv wkh h{whulru gl�huhqwldo v|vwhp

I � gD ' f> +7183,

zkhuh D lv d 40irup ri Dfwlrq/ zlwk wzlfh gl�huhqwldeoh frh!flhqwv +srwhqwldov sur0
sruwlrqdo wr prphqwd, zklfk lqgxfh d 50irup/ I> ri hohfwurpdjqhwlf lqwhqvlwlhv +,
dqg� > uhodwhg wr irufhv�1 Wkh h{whulru gl�huhqwldo v|vwhp lv d wrsrorjlfdo frqvwudlqw
wkdw lq h�hfw gh�qhv �hog lqwhqvlwlhv lq whupv ri wkh srwhqwldov1

Qrz vhdufk iru doo yhfwru �hogv wkdw ohdyh wkh 50irup I dq devroxwh lqyduldqw
ri wkh  rz> wkdw lv/ vhdufk iru doo yhfwruv wkdw vdwlvi| Fduwdq*v pdjlf irupxod

OEV�I ' lEY �gI n glEY �I ' f n glEY �I ' f= +7184,

Iru F5 ixqfwlrqv/ wkh whup lqyroylqj gI ydqlvkhv/ ohdylqj wkh h{suhvvlrq/

OEV�I ' glEY �I +7185,

' giE,nV��� � gh� E, �V�gwj +7186,

' ifxuoE,nV ���j}g|	g}=== +7187,

n iCE,nV���@Cwn judgE, �V�j � gh	gw +7188,

' f= +7189,

Vhwwlqj wkh �uvw wkuhh idfwruv wr }hur |lhogv

fxuoE,nV ��� ' f +718:,

Iurp wkh Pd{zhoo Idudgd| htxdwlrqv iru F5 ixqfwlrqv/ fxuo, ' �C�@Cw/ dqg
zkhq wklv h{suhvvlrq lv vxevwlwxwhg lqwr wkh deryh htxdwlrq/ wkh �pdvwhu� htxdwlrq
jlyhq deryh lv wkh uhvxow1 Qrz uhfdoo wkdw gI jhqhudwhv wkh olplw srlqwv ri D/ dqg
li I ' gD lv d  rz lqyduldqw/ wkhq doo olplw srlqwv duh  rz lqyduldqwv uhodwlyh wr
wkh Fduwdq wrsrorj|1 Wklv uhvxow lpsolhv wkdw wkh yhfwru �hogv/ V/ wkdw vdwlvi| wkh
frqvwudlqwv ri wkh �pdvwhu htxdwlrq� duh xqlirupo| frqwlqxrxv hyroxwlrqdu| surfhvvhv/
dv wkh olplw srlqwv/ I ' gD> ri wkh 40irup D duh  rz lqyduldqwv/ dqg wkh olqhv ri
yruwlflw| duh �iur}hq0lq� wkh  rz1 Qrq0xqlirup frqwlqxlw| zrxog lpso| wkdw wkh olplw
srlqwv duh qrw lqyduldqwv ri wkh surfhvv/ exw wkdw wkh forvxuh ri wkh olplw srlqwv ri wkh
wdujhw udqjh lqfoxghv wkh olplw srlqwv ri wkh lqlwldo grpdlq1 Vxfk surfhvvhv zrxog
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fruuhvsrqg wr d iroglqj ri wkh �olqhv� ri yruwlflw|/ zklfk suhvhuyh wkh olplw srlqwv/
exw qrw wkhlu vhtxhqwldo rughu1 D vhfrqg fulwhuld iru olplw srlqw lqyduldqfh lv jlyhq
e| wkh htxdwlrq/

iCE,nV���@Cwn judgE, �V�j ' f= +718;,

Wkh irupxod lqglfdwhv wkdw olplw srlqw lqyduldqfh fdq rffxu lq wkh suhvhqfh ri lqsxw0
rxwsxw srzhu/ , �V 9' f=

Wkh fulwhuld iru iur}hq0lq �hogv lv hvwdeolvkhg dv d frqvwudlqw ri xqlirup frqwl0
qxlw| rq wkh dgplvvleoh yhfwru �hogv/

Xqlirup Frqwlqxlw|= glEY �gD ' glEY �I ' f= +718<,

Wkh vroxwlrq yhfwru �hogv/ Y> vxemhfw wr wklv frqvwudlqw fdq eh sxw lqwr wkuhh joredo
fdwhjrulhv=

41 H{wuhpdo +Kdplowrqldq, lEY �I ' f=
51 Ehuqrxool0Fdvlplu +Kdplowrqldq, lEY �I ' gX=
61 Khopkrow}0V|psohfwlf lEY �I ' gxn

�kduprqlf

Wkh �uvw fdwhjru| fdq h{lvw rqo| rq grpdlqv ri vxssruw ri I zklfk duh ri rgg
Sid� glphqvlrq/ exw wkhq wkh vroxwlrq yhfwru lv xqltxh wr zlwklq d idfwru1 Lq wkh
rwkhu fdwhjrulhv/ wkh vroxwlrq yhfwru qhhg qrw eh xqltxh1 Yhfwru �hogv wkdw vdwlvi|
wkh htxdwlrq iru xqlirup frqwlqxlw| duh vdlg wr eh v|psohfwlf uhodwlyh wr wkh 40irup/
D= Yhfwru �hogv wkdw ehorqj wr fdwhjrulhv 4 dqg 5 kdyh d Kdplowrqldq uhsuhvhqwdwlrq1
Yhfwru �hogv wkdw ehorqj wr fdwhjru| 4/ duh vdlg wr eh �h{wuhpdo� uhodwlyh wr wkh
40irup/ D=

Zkhq wkh frqfhswv duh dssolhg wr wkh lqwhjudov ri wkh 50irup I / wkhq wkh ful0
whuld iru lqyduldqfh ri wkh  x{ lqwhjudo ghshqgv rq wkh wrsrorj| ri wkh lqwhjudwlrq
grpdlq1 Li wkh lqwhjudwlrq duhd ri wkh 50irup lv d erxqgdu| ru d f|foh ri d 6 gl0
phqvlrqdo grpdlq/ wkh  x{ lqwhjudo ryhu wkh forvhg erxqgdu| ru f|foh lv dozd|v d
 rz lqyduldqw1 Li wkh lqwhjudwlrq duhd lv erxqghg/ wkhq e| Vwrnhv wkhruhp wkh  x{
lqwhjudo ghshqgv rqo| rq wkh erxqgdu| frqglwlrqv= I ru lEY �I pxvw ydqlvk rq wkh
erxqgdu|/ ru zkhq lqwhjudwhg ryhu wkh erxqgdu|1
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FRQWLQXRXV WRSRORJLFDO HYROXWLRQ

814 Lqwurgxfwlrq

Lq wklv fkdswhu/ wkh wkhru| ri Frqwlqxrxv Wrsrorjlfdo HyroxwlrqW zloo eh ghyhorshg lq
whupv ri Fduwdq*v wkhru| ri h{whulru gl�huhqwldo irupv1 Wkh prwlydwlrq lv edvhg xsrq
wkh frqfhsw wkdw wkhuprg|qdplf luuhyhuvlelolw| lpsolhv wrsrorjlfdo fkdqjh1 Wkh
edvlv iru vxfk d srvwxodwh iroorzv iurp wkh idfw wkdw li dq hyroxwlrqdu| surfhvv lv
ghvfulehg e| d pds/ x/ ehwzhhq lqlwldo dqg �qdo vwdwhv/ dqg li wkh pds lv qrw frq0
wlqxrxvo| uhyhuvleoh/ wkhq wkh revhuydeoh wrsrorj| ri wkh �qdo vwdwh lv gl�huhqw iurp
wkh revhuydeoh wrsrorj| ri wkh lqlwldo vwdwh1 Fduwdq*v phwkrgv fdq eh xvhg wr h{whqg
wkhvh frqfhswv wr wkh g|qdplfv ri sk|vlfdo v|vwhpv wkdw dgplw ghvfulswlrq lq whupv ri
h{whulru gl�huhqwldo irupv1 Lw lv uhpdundeoh wkdw wkh pdwkhpdwlfdo ghyhorsphqw ohdgv
wr uhfrjql}deoh wkhuprg|qdplf ihdwxuhv zklfk shuplw wkh ghwhuplqdwlrq ri fodvvhv ri
surfhvvhv zklfk duh uhyhuvleoh ru luuhyhuvleoh1 Iru h{dpsoh/ doo Kdplowrqldq surfhvvhv
duh wkhuprg|qdplfdoo| uhyhuvleoh1 Lq idfw/ doo Khopkrow} surfhvvhv duh wkhuprg|qdp0
lfdoo| uhyhuvleoh1 Dq hvvhqwldo ihdwxuh ri luuhyhuvleoh surfhvvhv lv wkdw wkh| lqyroyh
wkh hyroxwlrq ri zkdw kdv ehhq gh�qhg dv Wrsrorjlfdo Wruvlrq1 Wkh dsshdudqfh ri
Wrsrorjlfdo Wruvlrq lv d vljqdo wkdw wkh wkhuprg|qdplf v|vwhp lv qrw lq htxloleulxp1

Wkh revhuydwlrq ri wrsrorjlfdo fkdqjh/ zlwk wkh surgxfwlrq dqg ghvwuxfwlrq ri
ghihfwv dqg krohv/ olqhv ri vhoi0lqwhuvhfwlrq dqg rwkhu revwuxfwlrqv/ zloo eh wkh vljqdwxuh
ri wrsrorjlfdo luuhyhuvleoh hyroxwlrq1 Wrsrorjlfdo fkdqjh fdq rffxu glvfrqwlqxrxvo|
dv lq d fxwwlqj surfhvv/ ru frqwlqxrxvo|/ dv lq d sdvwlqj surfhvv1 Vxfk frqwlqxrxv
exw luuhyhuvleoh surfhvvhv fdq eh xvhg wr vwxg| wkh ghfd| ri wxuexohqfh/ exw qrw lwv
fuhdwlrq1 Wkh surgxfwlrq ri glvfrqqhfwhg frpsrqhqwv zloo eh wkh vljqdwxuh ri wkrvh
glvfrqwlqxrxv surfhvvhv zklfk duh qhfhvvdu| wr ghvfuleh wkh fuhdwlrq dqg hyroxwlrq ri
fkdrwlf exw shukdsv uhyhuvleoh hyroxwlrq/ ru wxuexohqw/ luuhyhuvleoh hyroxwlrq1 Lq wklv
duwlfoh/ hpskdvlv zloo eh sodfh xsrq wkrvh surfhvvhv zklfk duh F5 frqwlqxrxv/ exw
qrw uhyhuvleoh1 Wkh pruh gl!fxow sureohp ri F4 frqwlqxlw| lq surgxflqj wdqjhqwldo
glvfrqwlqxlwlhv fdq eh dssolhg wr wkh jhqhudwlrq ri zdnhv ^UPN 4<<8` ^UPN 4<<6 d`1
Uhpdundeo| vxfk F4 surfhvvhv duh orfdoo| dgldedwlf1

Surfhvvhv ru pdsv wkdw suhvhuyh wrsrorj| duh whfkqlfdoo| ghvfulehg dv krph0
rprusklvpv ^Krfnlqj 4<94`1 Krphrprusklvpv duh erwk frqwlqxrxv dqg uhyhuvleoh1

�Wkh ixqgdphqwdo lghdv zhuh lqlwldoo| irupxodwhg derxw 4<;41
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Krphrprusklf uhyhuvlelolw| phdqv wkdw wkh lqyhuvh ixqfwlrq/ x3�/ pxvw h{lvw dqg
pxvw eh frqwlqxrxv1 Wrsrorjlfdo surshuwlhv/ vxfk dv rulhqwdelolw|/ frpsdfwqhvv/ frq0
qhfwlylw|/ kroh frxqw/ olqhv ri vhoi0lqwhuvhfwlrq/ slqfk srlqwv/ dqg Sid� glphqvlrq duh
lqyduldqwv ri krphrprusklvpv/ exw jhrphwulfdo surshuwlhv vxfk dv vl}h dqg vkdsh
duh qrw qhfhvvdulo| lqyduldqwv ri krphrprusklf ghirupdwlrqv1 Lq idfw dq hohphqwdu|
phwkrg ri uhfrjql}lqj wrsrorjlfdo surshuwlhv lv wr revhuyh wkrvh surshuwlhv wkdw vwd|
wkh vdph xqghu frqwlqxrxv ghirupdwlrqv wkdw gr qrw suhvhuyh vl}h dqg vkdsh1

Wkh wkhru| ri Frqwlqxrxv Wrsrorjlfdo Hyroxwlrq lv ghyhorshg khuhlq lq whupv
ri sk|vlfdo v|vwhpv wkdw xqghujr fhuwdlq wkhuprg|qdplf surfhvvhv1 Wkh sk|vlfdo
v|vwhp lv dvvxphg wr eh prghohg lq whupv ri wkh wrsrorjlfdo ihdwxuhv lqkhuhqw lq
Fduwdq*v wkhru| ri h{whulru gl�huhqwldo v|vwhpv1 Wkh wkhuprg|qdplf surfhvv zloo eh
gh�qhg lq whupv ri d yhfwru �hog/ Y / dqg lwv h�hfw rq wkh gl�huhqwldo irupv wkdw pdnh
xs wkh h{whulru gl�huhqwldo v|vwhp1 Wkh dfwlrq ri wkh surfhvv zloo eh gh�qhg lq whupv
ri wkh Olh gl�huhqwldo zlwk uhvshfw wr Y dfwlqj rq wkh gl�huhqwldo irupv wkdw pdnh xs
wkh h{whulru gl�huhqwldo v|vwhp/ dqg zklfk lq wxuq dssur{lpdwh wkh sk|vlfdo v|vwhp1
Wkh phwkrgv ohdg wr frqfhswv wkdw duh frruglqdwh iuhh dqg duh zhoo ehkdyhg lq dq|
uhihuhqfh v|vwhp1 D suhflvh qrq0vwdwlvwlfdo gh�qlwlrq ri wkhuprg|qdplf luuhyhuvlelolw|
zloo eh vwdwhg/ dqg d frkrprorjlfdo htxlydohqw ri wkh �uvw odz ri wkhuprg|qdplfv zloo
eh ghulyhg dqg vwxglhg uhodwlyh wr wkh vlqjoh frqvwudlqw ri frqwlqxrxv exw luuhyhuvleoh
wrsrorjlfdo hyroxwlrq1 Uhpdundeo|/ pdq| lqwxlwlyh wkhuprg|qdplf frqfhswv fdq eh
vwdwhg suhflvho|/ zlwkrxw wkh xvh ri vwdwlvwlfv/ lq whupv ri wkh wkhru| ri frqwlqxrxv
wrsrorjlfdo hyroxwlrq edvhg rq wkh Fduwdq wrsrorj|1

Jlyhq d wrsrorj| rq wkh �qdo vwdwh dqg d pds iurp dq lqlwldo vwdwh wr wkh
�qdo vwdwh lw lv dozd|v srvvleoh wr gh�qh d wrsrorj| rq wkh lqlwldo vwdwh vxfk wkdw wkh
jlyhq wudqvirupdwlrq/ ru hyhq d jlyhq vhw ri wudqvirupdwlrqv/ lv frqwlqxrxv1 Krzhyhu/
wkh wrsrorjlhv ri wkh lqlwldo dqg �qdo vwdwhv qhhg qrw eh wkh vdph> khqfh wkh pds
qhhg qrw eh uhyhuvleoh1 Uhfdoo wkdw zlwk uhvshfw wr d glvfuhwh wrsrorj| doo pdsv iurp
wkh lqlwldo wr �qdo vwdwh duh frqwlqxrxv/ zkloh uhodwlyh wr wkh frqfuhwh wrsrorj|/ rqo|
wkh frqvwdqw ixqfwlrqv duh frqwlqxrxv ^Elvkrs 4<9;`1 D �uvw sureohp ri d wkhru| ri
wrsrorjlfdo hyroxwlrq lv wr ghylvh d uxoh iru frqvwuxfwlqj d wrsrorj| wkdw lv sk|vlfdoo|
xvhixo dqg |hw lv qhlwkhu wrr frduvh qru wrr �qh1 Vxfk d uxoh lv qhfhvvdu| iru wkh
frqfhsw ri frqwlqxlw| ri dq hyroxwlrqdu| wudqvirupdwlrq lv gh�qhg uhodwlyh wr wkh
wrsrorjlhv ri wkh lqlwldo dqg �qdo vwdwhv1 Lq wklv duwlfoh wkh wrsrorjlfdo uxohv zloo
eh pdgh e| wkh vshfl�fdwlrq ri dq h{whulru gl�huhqwldo v|vwhp wkdw zloo prgho wkh
sk|vlfdo v|vwhp ri lqwhuhvw1 Pdq| sk|vlfdo v|vwhpv dsshdu wr eh dghtxdwho| prghohg
e| 40irup ri Dfwlrq1

Sk|vlfdo h{klelwlrqv ri frqwlqxrxv dqg glvfrqwlqxrxv wudqvirupdwlrqv fdq eh
dfklhyhg wkurxjk wkh ghirupdwlrqv ri d vrds �op dwwdfkhg wr d zluh iudph1 Iru h{dp0
soh/ d vrds �op dwwdfkhg wr d vlqjoh forvhg/ exw grxeoh/ orrs ri zluh fdq eh ghiruphg
iurp d qrq0rulhqwdeoh vxuidfh lqwr dq rulhqwdeoh vxuidfh frqwlqxrxvo| +wkh wrsrorjlfdo
surshuw| ri rulhqwdelolw| lv fkdqjhg,1 Wkdw lv/ wkh vrds �op fdq eh wudqviruphg frq0
wlqxrxvo| iurp d Prhelxv edqg lqwr d f|olqgulfdo vwuls1 Dv dqrwkhu h{dpsoh/ frqvlghu
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dq lqlwldo vwdwh zkhuh d vrds �op lv dwwdfkhg wr wzr voljkwo| vhsdudwhg exw frqfhqwulf
flufxodu zluh orrsv1 Wkh uhvxowlqj vxuidfh lv d plqlpdo vxuidfh ri d vlqjoh frpsrqhqw1
Dv wkh vhsdudwlrq glvwdqfh ri wkh frqfhqwulf ulqjv iruplqj wkh erxqgdu| ri wkh vrds
�op lv vorzo| lqfuhdvhg/ wkh plqlpdo vxuidfh lv vwuhwfkhg xqwlo d fulwlfdo vhsdudwlrq
lv uhdfkhg1 Wkhq/ zlwkrxw ixuwkhu glvsodfhphqw/ wkh vxuidfh vsrqwdqhrxvo| frqwlqxhv
wr ghirup wr irup d �wzr vkhhwhg� frqh frqqhfwhg dw d vlqjxodu yhuwh{ srlqw1 Wkh
vxuidfh vhsdudwhv dw wkh frqlfdo vlqjxodulw|/ dqg wkh wzr vhsdudwh vkhhwv ri wkh frqh
frqwlqxh wr froodsvh wr irup d plqlpdo vxuidfh ri wzr frpsrqhqwv1 Wkh �qdo vwdwh
frqvlvwv ri wzr  dw �opv dwwdfkhg/ rqh hdfk/ wr hdfk ulqj1 Wkh ruljlqdoo| frqqhfwhg
plqlpdo vxuidfh xqghujrhv d wrsrorjlfdo +skdvh, fkdqjh wr zkhuh lw ehfrphv wzr glv0
frqqhfwhg +vwloo plqlpdo, vxuidfhv1 Dq h{dpsoh ri wklv wrsrorjlfdo wudqvlwlrq lq wkh
vxuidfh ri qxoo kholflw| ghqvlw| kdv ehhq ghvfulehg lq frqmxqfwlrq zlwk wkh sdudphwulf
vdggoh qrgh Krsi elixufdwlrq ri d Qdylhu0Vwrnhv  rz ^UPN 4<<4 d`1

Lq wklv duwlfoh wkh ixqgdphqwdo vhw/ [/ zloo eh wkh srlqwv i{> |> }> w> ===j wkdw
pdnh xs dq Q0glphqvlrqdo vsdfh1 Xsrq wklv ixqgdphqwdo vhw zloo eh frqvwuxfwhg du0
elwudu| vxevhwv/ vxfk dv ixqfwlrqv/ whqvru �hogv dqg gl�huhqwldo irupv1 Pdq| gl�huhqw
wrsrorjlhv pd| eh frqvwuxfwhg rq wkh ixqgdphqwdo vhw lq whupv ri vshfldo fodvvhv ri
vxevhwv wkdw reh| fhuwdlq uxohv ri orjlfdo forvxuh1 Lq idfw wkh yhu| h{lvwhqfh ri vxevhwv
fdq eh xvhg wr gh�qh d frxuvh wrsrorj| rq [ lq whupv ri d wrsrorjlfdo edvh1 Wkh
wrsrorjlfdo edvh frqvlvwv ri wkrvh vxevhwv zkrvh xqlrqv irup d vshfldo froohfwlrq ri doo
srvvleoh vxevhwv wkdw lv forvhg xqghu orjlfdo xqlrq dqg lqwhuvhfwlrq1 Wklv vshfldo fro0
ohfwlrq ri vxevhwv zloo eh gh�qhg dv wkh rshq vhwv ri d wrsrorj|1 Wkh wrsrorjlfdo edvh
fdq eh xvhg wr gh�qh d wrsrorjlfdo vwuxfwxuh1 D vsdfh lv vdlg wr kdyh d wrsrorjlfdo
vwuxfwxuh li lw lv srvvleoh wr ghwhuplqh li d wudqvirupdwlrq rq wkh vsdfh lv frqwlqxrxv
^Jhoohuw 4<::`1

815 Frqwlqxlw|

Wkh fodvvlf gh�qlwlrq ^Olsvfkxw} 4<98` ri d frqwlqxrxv wudqvirupdwlrq ehwzhhq d vhw
[ zlwk wrsrorj| W� wr d vhw \ zlwk d wrsrorj| W2 vwdwhv wkdw wkh wudqvirupdwlrq lv
frqwlqxrxv li dqg rqo| li wkh lqyhuvh lpdjh ri rshq vhwv ri W2 duh rshq vhwv ri W�1
Wklv gh�qlwlrq fdq eh pdgh wudqvsduhqw e| xvh ri d vlpsoh srlqw vhw h{dpsoh1

Frqvlghu wzr vhwv ri 7 srlqwv/ dq lqlwldo vwdwh/ id> e> f> gj dqg d �qdo vwdwh
i{> |> }> wj1 Gh�qh dq rshq vhw wrsrorj| rq wkh lqlwldo vwdwh W� ' d[> >> d> de> defo dqg
d rshq vhw wrsrorj| rq wkh �qdo vwdwh W2 ' d[> >> {> |> {|> |}wo1 Wkh wudqvirupdwlrq
frqvlghuhg lv h{hpsol�hg e| wkh Iljxuh 41

Wkh rshq vhw E|� kdv d suh0lpdjh Ed� zklfk lv rshq1 Wkh rshq vhw E|}w� kdv
d suh0lpdjh Edef� zklfk lv rshq1 Khqfh wkh Pds lv frqwlqxrxv1 +Wkh rshq vhwv wkdw
lqyroyh { duh qrw lqfoxghg dv wkh pds grhv lqyroyh {1, Krzhyhu/ wkh Lqyhuvh Lpdjh
pdsslqj lv qrw frqwlqxrxv iru wkh rshq vhw Ede� kdv d suhlpdjh dv E|}� exw E|}� lv
qrw dq rshq vhw ri \ 1 Wkh srlqw vhw h{dpsoh ghprqvwudwhv wkh lghd ri d frqwlqxrxv
exw qrw krphrprusklf pdsslqj1 Wkh remhfwlyh khuhlq lv wr h{dplqh vxfk pdsv lq
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Iljxuh 4 Iljxuh 4

whupv ri h{whulru gl�huhqwldo v|vwhpv1
Wkhuh h{lvwv dqrwkhu pruh xvhixo phwkrg ri gh�qlqj frqwlqxlw| zklfk grhv qrw

ghshqg h{solflwo| rq ehlqj deoh wr gh�qh rshq vhwv dqg wkhlu lqyhuvh lpdjhv1 Wklv
vhfrqg phwkrg ri gh�qlqj frqwlqxlw| lv edvhg rq wkh frqfhsw ri forvxuh1 Wkh forvxuh
ri d vhw fdq eh gh�qhg lq +dw ohdvw, wzr zd|v=

41 Wkh forvxuh ri d vhw lv wkh xqlrq ri wkh lqwhulru dqg wkh erxqgdu| ri d vhw1
51 Wkh forvxuh ri d vhw lv wkh xqlrq ri wkh vhw dqg lwv olplw srlqwv1

Wkh �uvw gh�qlwlrq ri forvxuh lv shukdsv wkh prvw frpprq/ dqg lv riwhq h{0
sorlwhg lq jhrphwulf vlwxdwlrqv/ zkhuh d phwulf kdv ehhq gh�qhg dqg d erxqgdu| fdq
eh frpsxwhg hdvlo|1 Wkh vhfrqg gh�qlwlrq ri forvxuh lv lqghshqghqw iurp phwulf dqg
lv wkh phwkrg ri fkrlfh lq wklv duwlfoh/ erwk iru gh�qlqj frqwlqxlw| dqg hvwdeolvklqj
d wrsrorjlfdo vwuxfwxuh1 Lq whupv ri wkh frqfhsw ri forvxuh/ d wudqvirupdwlrq lv frq0
wlqxrxv li dqg rqo| li iru hyhu| vxevhw/ wkh lpdjh ri wkh forvxuh ri wkh lqlwldo vxevhw lv
lqfoxghg lq wkh forvxuh ri wkh lpdjh ri wkdw vxevhw ^Olsvfkxw} 4<98`1 Dqrwkhu zd| ri
vwdwlqj wklv lghd lv

61 D pds lv frqwlqxrxv l� wkh olplw srlqwv ri hyhu| vxevhw lq wkh grpdlq
shupxwh lqwr wkh forvxuh ri wkh vxevhwv lq wkh udqjh1

Li d phwkrg iru frqvwuxfwlqj d forvxuh rshudwru + d Nxudwrzvnl forvxuh rshu0
dwru N ri d vxevhw uhodwlyh wr d wrsrorj|, fdq eh gh�qhg/ wkhq d vwurqj yhuvlrq ri
frqwlqxlw| zrxog lpso| wkdw wkh Nxudwrzvnl forvxuh rshudwru frppxwhv zlwk wkrvh
wudqvirupdwlrqv zklfk duh frqwlqxrxv1 Wkh whvw iru frqwlqxlw| zrxog eh wr frqvwuxfw
wkh forvxuh ri dq duelwudu| vxevhw rq wkh lqlwldo vwdwh/ dqg wkhq wr sursdjdwh wkh
hohphqwv ri wkh forvxuh wr wkh �qdo vwdwh e| phdqv ri d wudqvirupdwlrq1 Li wklv uhvxow
lv wkh vdph dv wkh uhvxow rewdlqhg e| �uvw sursdjdwlqj wkh vxevhw wr wkh �qdo vwdwh
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e| phdqv ri wkh wudqvirupdwlrq/ dqg wkhq frqvwuxfwlqj lwv forvxuh rq wkh �qdo vwdwh/
wkhq wkh pds lv frqwlqxrxv1 Qrwh wkdw vxfk d surfhgxuh kdv gh�qhg d wrsrorjlfdo
vwuxfwxuh zklfk zloo eh h{sorlwhg lq wklv duwlfoh/ iru wkh vxevhwv ri lqwhuhvw zloo eh
gh�qhg dv d Fduwdq v|vwhp ri h{whulru gl�huhqwldo irupv/ P/ rq [1 Wkh wrsrorjlfdo
edvh gh�qhg e| wklv fodvv ri vhwv lv wrr frxuvh wr eh ri lqwhuhvw1 Khqfh wkh Fduwdq
h{whulru ghulydwlyh zloo eh xvhg wr jhqhudwh dgglwlrqdo vhwv ri irupv/ gP/ zklfk zkhq
dgmrlqhg wr wkh lqlwldo v|vwhp ri irupv gh�qhv wkh Nxudwrzvnl forvxuh ri wkh Fduwdq
v|vwhp dv wkh v|vwhp ri irupv/ NEP� ' iP ^ gPj1

Wkh Fduwdq h{whulru surgxfw pd| eh xvhg dv d frqyhqlhqw lqwhuvhfwlrq rshudwru
ehwzhhq vhwv ri gl�huhqwldo irupv1 Vwduwlqj iurp wkh v|vwhp/ iPj/ wkh Fduwdq wrsrorj|
lv wkhq ghwhuplqhg e| wkh frqvwuxfwlrq ri wkh Fduwdq0Sid� vhtxhqfh/ zklfk frqvlvwv
ri doo srvvleoh lqwhuvhfwlrqv wkdw pd| eh frqvwuxfwhg iurp wkh vxevhwv ri wkh forvxuh
ri wkh gl�huhqwldo v|vwhp=

Sidii Vhtxhqfh G iP> gP>P	gP> gP	gP> ===j= +814,

Wkh vxevhwv ri wkh Fduwdq wrsrorjlfdo vsdfh frqvlvw ri doo srvvleoh xqlrqv ri wkh
vxevhwv wkdw pdnh xs wkh Sid� vhtxhqfh1 Wkh Fduwdq wrsrorj| zloo eh frqvwuxfwhg
iurp d wrsrorjlfdo edvlv zklfk frqvlvwv ri wkh rgg hohphqwv ri wkh Sid� vhtxhqfh/ dqg
wkhlu forvxuhv=

wkh Fduwdq wrsrorjlfdo edvh G iP>NEP�>P	gP> NEP	gP�> ===j= +815,

Zlwk uhvshfw wr d wrsrorjlfdo edvh frqvwuxfwhg iurp d vlqjoh 40irup ri Dfwlrq lw
kdv ehhq vkrzq ^67` wkdw wkh Fduwdq h{whulru ghulydwlyh pd| eh ylhzhg dv d forvxuh ru
olplw srlqw rshudwru1 Jlyhq dq| vxevhw ri wkh Fduwdq wrsrorjlfdo vsdfh/ wkh h{whulru
ghulydwlyh ri wkdw vxevhw jhqhudwhv lwv olplw srlqwv/ li dq|1 Wklv lv d uhpdundeoh
uhvxow/ iru dv zloo eh ghprqvwudwhg ehorz/ doo F5 yhfwru �hogv dfwlqj wkurxjk wkh
frqfhsw ri wkh Olh gl�huhqwldo rq d vhw ri gl�huhqwldo irupv/ zlwk F5 frh!flhqwv/
jhqhudwh frqwlqxrxv wudqvirupdwlrqv zlwk uhvshfw wr wkh Fduwdq wrsrorj|1 Pruhryhu/
wkh Fduwdq wrsrorj| lv glvfrqqhfwhg li P	gP 9' f lv qrw }hur1

816 Wkh hyroxwlrqdu| surfhvv

81614 Fduwdq*v Pdjlf irupxod

Dq duelwudu| hyroxwlrqdu| surfhvv/ [ , \ / lv gh�qhg e| d pds x1 Wkh pds/ x/
pd| eh ylhzhg dv d sursdjdwru wkdw wdnhv wkh lqlwldo vwdwh/ [/ lqwr wkh �qdo vwdwh/ \ 1
Lq wklv duwlfoh wkh hyroxwlrqdu| surfhvvhv wr eh vwxglhg duh dvvhuwhg wr eh jhqhudwhg
e| yhfwru �hogv/ V1 Krzhyhu/ hyroxwlrqdu| yhfwru �hogv qhhg qrw eh wrsrorjlfdoo|
frqvwudlqhg vxfk wkdw wkh| duh jhqhudwruv ri d vlqjoh sdudphwhu jurxs1 Lq rwkhu zrugv/
nlqhpdwlfv zlwkrxw  xfwxdwlrqv lv qrw lpsrvhg d sulrul1 Wkh orfdo wudmhfwrulhv gh�qhg
e| wkh yhfwru �hogv pd| eh ylhzhg dv sursdjdwruv wkdw fduu| grpdlqv lqwr udqjhv lq
wkh pdqqhu ri d frqyhfwlyh  xlg  rz1 Wkh hyroxwlrqdu| sursdjdwru ri lqwhuhvw wr wklv
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duwlfoh lv wkh Olh gl�huhqwldo zlwk uhvshfw wr d yhfwru �hog /V/ dfwlqj rq gl�huhqwldo
irupv/ P= Wkh Olh gl�huhqwldo kdv d qxpehu ri lqwhuhvwlqj dqg xvhixo surshuwlhv1

41 Wkh Olh gl�huhqwldo grhv qrw ghshqg xsrq d phwulf ru d frqqhfwlrq1

51 Wkh Olh gl�huhqwldo kdv d vlpsoh dfwlrq rq gl�huhqwldo irupv surgxflqj d uhvxo0
wdqw irup wkdw lv ghfrpsrvhg lqwr d wudqvyhuvdo dqg dq h{dfw sduw=

OEV�P ' lEV�gPn glEV�P= +816,

Pduvghq ^Pduvghq 4<<7` fdoov wklv Fduwdq*v Pdjlf Irupxod +vhh ehorz,1

61 Wkh Olh gl�huhqwldo pd| eh xvhg wr ghvfuleh erwk ghirupdwlrqv dqg wrsrorjlfdo
hyroxwlrq1 Iru yhfwru �hogv V wkdw duh vlqjo| sdudphwhul}hg/ Fduwdq*v pdjlf
irupxod kdv d g|qdplf lqwhusuhwdwlrq dv d sursdjdwru grzq d vhw ri  rz wud0
mhfwrulhv1 Krzhyhu/ wkh irupxod fdq eh xvhg lq dq dojheudlf pdqqhu vxfk wkdw
wkh yhfwru �hog qhhg qrw eh vlqjo| sdudphwhul}hg/ dqg fdq dgplw +wrsrorjlfdo,
 xfwxdwlrqv derxw wkh nlqhpdwlf shuihfwlrq uhtxluhg e| d vlqjo| sdudphwhul}hg
gh�qlwlrq ri d olplw vhw1

71 Li wkh Olh gl�huhqwldo ri P lv }hur/ wkhq P lv d +Ehuqrxool w|sh, lqyduldqw dorqj
wkh  rz wudmhfwrulhv jhqhudwhg e| V=

81 Zlwk uhvshfw wr yhfwru �hogv dqg irupv frqvwuxfwhg ryhu F5 ixqfwlrqv/ wkh Olh
gl�huhqwldo frppxwhv zlwk wkh Nxudwrzvnl forvxuh rshudwru1 Lq idfw gOEV�P '
OEV�gP= Khqfh/ wkh Olh gl�huhqwldo jhqhudwhv wudqvirupdwlrqv rq gl�huhqwldo
irupv zklfk duh frqwlqxrxv zlwk uhvshfw wr wkh Fduwdq wrsrorj|1

Qrwh wkdw wkh dfwlrq ri wkh Olh gl�huhqwldo rq d 30irup +vfdodu ixqfwlrq,
lv wkh vdph dv wkh gluhfwlrqdo ghulydwlyh ri ruglqdu| fdofxoxv/

OEV�* ' lEV�g*n f , V � judg*= +817,

81615 Wkh Olh gl�huhqwldo dqg F5 frqwlqxlw|

Wkh �uvw irxu surshuwlhv ri wkh Olh gl�huhqwldo olvwhg deryh dsshdu lq wkh olwhudwxuh/
exw wkh h{wudruglqdu| surshuw| wkdw doo F5 yhfwru �hogv wkdw sursdjdwh F5 gl�huhqwldo
irupv lq hlwkhu wkh g|qdplf ru dojheudlf pdqqhu duh frqwlqxrxv uhodwlyh wr wkh Fduwdq
wrsrorj| uhtxluhv surri=

Surri1 Jlyhq P/ �uvw frqvwuxfw wkh forvxuh/ P ^ gP1 Qh{w sursdjdwh P dqg
gP e| phdqv ri wkh Olh gl�huhqwldo wr surgxfh wkh ghfuhphqwdo ru uhvlgxh irupv/ vd|
T dqg ]/

OEV�P ' T dqg OEV�gP ' ]= +818,
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Qrz frpsxwh wkh frqwulexwlrqv wr wkh forvxuh ri wkh �qdo vwdwh dv jlyhq e| T ^ gT1
Li ] ' gT/ wkhq wkh forvxuh ri wkh lqlwldo vwdwh lv sursdjdwhg lqwr wkh forvxuh ri wkh
�qdo vwdwh/ dqg wkh hyroxwlrqdu| surfhvv gh�qhg e| V lv frqwlqxrxv1 Krzhyhu/

gT ' gOEV�P ' glEV�gPn ggElEV�P� +819,

dqg
] ' OEV�gP ' ElEV�ggP� n glEV�gP= +81:,

Wkh gl�huhqfh ehfrphv

] � gT ' ElEV�ggP�� ggElEV�P�= +81;,

Wkh frqfhsw ri frqwlqxlw| uhtxluhv wkdw ] � gT , f> iruplqj dq h{whulru gl�huhqwldo
v|vwhp1 Iru yhfwru �hogv dqg gl�huhqwldo irupv zlwk frh!flhqw ixqfwlrqv wkdw duh
wzlfh gl�huhqwldeoh/ wkh frqwlqxlw| frqglwlrq lv dozd|v vdwlv�hg uhodwlyh wr wkh Fduwdq
wrsrorj| +wkh Srlqfduh ohppd vwdwhv wkdw gg$ ' f zkhuh $ lv dq| gl�huhqwldo s0irup
zlwk F5 frh!flhqwv,1 Wkhuhiruh vxemhfw wr wkh frqvwudlqw ri F5 gl�huhqwldelolw|/ hyhu|
yhfwru �hog/ V/ jhqhudwhv d frqwlqxrxv hyroxwlrqdu| surfhvv uhodwlyh wr wkh Fduwdq
wrsrorj|1 Wkh vhw iP> gPj irupv d gl�huhqwldo lghdo +forvxuh, zklfk lv shupxwhg lqwr
wkh gl�huhqwldo lghdo iT> gTj e| wkh dfwlrq ri wkh Olh gl�huhqwldo zlwk uhvshfw wr V1
THG=

Wkh Olh gl�huhqwldo dovr fdq eh xvhg wr pdnh vrph vhqvh rxw ri fhuwdlq fodvvhv
ri glvfrqwlqxrxv hyroxwlrqdu| surfhvvhv +zklfk duh qrw F5,1 Iru h{dpsoh/ frqvlghu
d yhfwru �hog V ' �� zkhuh wkh vxssruw ixqfwlrq/ �/ lv qrw F51 Wkhq/ wkh dfwlrq ri
wkh Olh gl�huhqwldo surgxfhv wkh glvfrqwlqxlw| ru h{fhvv ixqfwlrq/

] � gT ' �gEgElE���P�� ' gig�	ElE��P� n g�	gElE��Pj ' gEX�= +81<,

Li X ' lE���P , f> wkhq wkh vhfrqg gl�huhqwldo lv }hur hyhq wkrxjk wkh yhfwru �hog ��
lv qrw F5 frqwlqxrxv1 Wklv htxdwlrq lv ri xvh lq wkh vwxg| ri wdqjhqwldo glvfrqwlqxlwlhv/
vxfk dv zdnhv lq k|gurg|qdplf v|vwhpv/ dqg vkrfnv/ lq sk|vlfdo v|vwhpv/ zklfk xqolnh
wkh surfhvvhv/ duh F5 vprrwk1

81616 F4 Frqwlqxlw|

Qrwh wkdw wkh vshfldo vlwxdwlrq dulvh zkhq ElE��P� ' f/ iru wkhq ig�	ElE��P� n
g�	gElE��Pj , f zlwkrxw wkh vhfrqg gl�huhqwldwlrq1 Wkh surfhvv lv frqwlqxrxv hyhq
zkhq �� lv F41 Vxfk vshfldo yhfwru �hogv zhuh gh�qhg deryh wr eh dvvrfldwhg yhfwru
�hogv/ dqg kdyh wkh surshuwlhv wkdw wkh Olh gl�huhqwldo kdv wkh vdph devwudfw irup dv
wkh fryduldqw ghulydwlyh1 Lq d wkhuprg|qdplf v|vwhp/ zlwk P , D/ wkh 40irup ri
Dfwlrq wkdw hqfrghv wkh surshuwlhv ri wkh sk|vlfdo v|vwhp/ wkh dvvrfldwhg gluhfwlrq
�hog ghvfulehv d orfdoo| dgldedwlf surfhvv1 Vxfk dgldedwlf surfhvvhv duh frqwlqxrxv
hyhq wkrxjk wkh ghqvlw| ixqfwlrq � kdv glvfrqwlqxlwlhv1 Dovr/ lw fdq eh vkrzq wkdw
iru hyhq glphqvlrqdo v|psohfwlf pdqlirogv/ wkhuh lv d xqltxh yhfwru gluhfwlrq �hog
wkdw vdwlv�hv lEAe�P ' f dqg OEAe�P ' K P= Wklv gluhfwlrq �hog/ Ae/ zloo jhqhudwh
wkhuprg|qdplfdoo| luuhyhuvleoh hyroxwlrq/ dqg lv frqwlqxrxv li F31 Wkh frqwlqxlw| ri
Ae lv qrw xqlirupo| frqwlqxrxv1
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817 Wrsrorjlfdo Hyroxwlrq

81714 Hyroxwlrqdu| Lqyduldqwv1

Li wkh gluhfwlrq �hog jhqhudwhg e| V dfwlqj rq d Fduwdq v|vwhp ri irupv vdwlv�hv
wkh htxdwlrqv

OEV�P ' f dqg +8143,

OEV�gP ' f= +8144,

wkhq/ zlwk uhvshfw wr vxfk hyroxwlrqdu| surfhvvhv/ wkh irupv ri wkh forvxuh duh vdlg
wr eh devroxwh lqyduldqwv1 Lw iroorzv wkdw hdfk hohphqw wkdw pdnhv xs wkh Fduwdq
wrsrorjlfdo edvh ^Vhh Fkdswhu 7` lv dovr lqyduldqw/ vxfk wkdw wkh zkroh Fduwdq wrsrorj|
lv lqyduldqw1 Dv V lv frqwlqxrxv/ dqg wkh wrsrorj| lv suhvhuyhg/ wkrvh yhfwru �hogv/
V/ wkdw vdwlvi| wkh htxdwlrqv deryh pxvw eh krphrprusklvpv/ dqg duh uhyhuvleoh1 Lq
rwkhu zrugv/ T ' f dqg gT ' f duh vx!flhqw frqglwlrqv wkdw V eh uhyhuvleoh1

Krzhyhu/ iru frqwlqxrxv wudqvirupdwlrqv rq wkh hohphqwv ri wkh F5 Fduwdq
wrsrorj| wkh jhqhudo htxdwlrqv ri wrsrorjlfdo hyroxwlrq ehfrph/

OEV�P ' T +8145,

dqg

OEV�gP ' gT> +8146,

iurp zklfk lw iroorzv wkdw

OEV�P	gP ' T	gPn P	gT +8147,

dqg

OEV�gP	gP ' 2gT	gP= +8148,

Dv wkhvh htxdwlrqv ri frqwlqxrxv wrsrorjlfdo hyroxwlrq lpso| wkdw wkh hohphqwv
ri wkh wrsrorjlfdo edvh pd| qrw eh frqvwdqw/ wkhq vshfl�f whvwv pxvw eh pdgh wr gh0
whuplqh zkdw ihdwxuhv ri wkh wrsrorj| duh fkdqjlqj/ li dq|1 Iru li lw fdq eh ghwhuplqhg
wkdw wkh wrsrorj| lv lqghhg prgl�hg e| wkh hyroxwlrqdu| surfhvv/ wkhq wkh surfhvv
jhqhudwhg e| wklv fodvv ri yhfwru �hogv/ V/ lv frqwlqxrxv/ exw qhhg qrw eh uhyhuvleoh1

Zkhq gT 9' f/ wkh olplw srlqwv ri wkh Fduwdq wrsrorjlfdo vwuxfwxuh duh qrw
lqyduldqwv/ dqg lw zrxog eh qdwxudo wr h{shfw wkdw wkh wrsrorj| lv qrw frqvwdqw1 Krz0
hyhu/ hyhq li T lv forvhg/ vxfk wkdw gT ' f/ lw pd| eh wuxh wkdw T frqwdlqv kduprqlf
frpsrqhqwv/ vxfk wkdw ghUkdp frkrprorjlfdo fodvvhv ri P duh qrw hyroxwlrqdu| lq0
yduldqwv1 Hyhq wkrxjk wkh wrsrorj| ri wkh lqlwldo vwdwh lv qrw wkh vdph dv wkh wrsrorj|
ri wkh �qdo vwdwh +iru wkh �kroh� frxqw ri wkh lqlwldo vwdwh lv qrw wkh vdph dv wkh kroh
frxqw ri wkh �qdo vwdwh, lw lv qrw qhfhvvdulo| wuxh wkdw vxfk frqwlqxrxv surfhvvhv duh
wkhuprg|qdplfdoo| luuhyhuvleoh1
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81715 Ghirupdwlrq Lqyduldqwv1

Uhfdoo wkh wrsrorjlfdo uhtxluhphqwv wkdw gh�qh d frqwlqxrxv surfhvv1 Wkh lqwhuhvw lv
wr �qg d phwkrg ri frqvwuxfwlrq ri wrsrorjlfdo surshuwlhv dqg wkhq vhh li wkh| fkdqjh
xqghu wkh dssolfdwlrq ri d frqwlqxrxv surfhvv1

Gh�qlwlrq 56 D frqwlqxrxv surfhvv lv gh�qhg dv d pds iurp dq lqlwldo vwdwh ri
wrsrorj| Wlqlwldo lqwr d �qdo vwdwh ri shukdsv gl�huhqw wrsrorj| Wilqdo vxfk wkdw wkh
olplw srlqwv ri wkh lqlwldo vwdwh duh shupxwhg dprqj wkh olplw srlqwv ri wkh �qdo vwdwh
^Olsvfkxw} 4<98`1 Li wkh rughulqj ri wkh olplw srlqwv lv lqyduldqw/ wkh surfhvv lv xql0
irupo| frqwlqxrxv1 Li wkh rughulqj +dv lq d iroglqj ri d erxqgdu|, ru wkh qxpehu ri
wkh olplw vhwv lv fkdqjhg wkh surfhvv lv qrq0xqlirupo| frqwlqxrv1

D vlpsoh ghvfulswlrq ri d wrsrorjlfdo surshuw| +lqyduldqw ri d krphrprusklvp,
lv dq remhfw wkdw lv d ghirupdwlrq lqyduldqw1 Frqvlghu d uxeehu vkhhw zlwk wkuhh
krohv1 Vwuhwfk wkh uxeehu vkhhw1 Wkh krohv pd| eh ghiruphg exw wkh idfw wkdw wkhuh
duh 60krohv vwd|v wkh vdph xqghu vpdoo ghirupdwlrqv1 Wkh frqfhsw ri wkuhh krohv
lv d wrsrorjlfdo surshuw|1 Li iru vrph uhdvrq d irxuwk krohg vkrxog dsshdu xqghu
frqwlqxrxv ghirupdwlrq/ wkhq wkh wrsrorjlfdo surshuw| kdv fkdqjhg1 Lw lv uhpdundeoh
wkdw wrsrorjlfdoo| frkhuhqw remhfwv fdq eh frqvwuxfwhg lq whupv ri rshq dqg forvhg
lqwhjudov zklfk duh ghirupdwlrq lqyduldqwv1

D wrsrorjlfdo ghirupdwlrq lqyduldqw lv gh�qhg dv dq lqwhjudo ri d s0irup
ryhu d s glphqvlrqdo pdqlirog/ zklfk pd| ru pd| qrw eh d f|foh/ }sg>
vxfk wkdw wkh Olh gl�huhqwldo ri wkh lqwhjudo ri wkh s0irup $ zlwk uhvshfw
wr d vlqjo| sdudphwhul}hg yhfwru �hog/ �Y n> ydqlvkhv/ iru dq| fkrlfh ri
ghirupdwlrq sdudphwhu/ �1

Lqwhjudo Ghirupdwlrq Lqyduldqw = OE�Y n�

]
s

$ ' f dq| � +8149,

Wkrvh remhfwv wkdw duh lqwhjudo ghirupdwlrq lqyduldqwv uhsuhvhqw wrsrorjlfdo/ qrw jhr0
phwulf surshuwlhv1

Devroxwh Lqwhjudo Lqyduldqwv

Wkhuh duh wzr w|shv ri lqyduldqw lqwhjudov/ Devroxwh dqg Uhodwlyh lqwhjudo lqyduldqwv1
Li wkh s0irup lv h{dfw/ wkh Devroxwh lqwhjudo lqyduldqw sodfhv frqglwlrqv rqo| rq wkh
erxqgdu| ri wkh grpdlq ri lqwhjudwlrq1 Iru h{dpsoh/ frqvlghu sk|vlfdo v|vwhpv wkdw
fdq eh gh�qhg e| d 40irup ri Dfwlrq/ D/ wkh ghulyhg 50irup I ' gD> lv h{dfw1 Lw
iroorzv iurp Vwrnhv wkhruhp wkdw wkh 50glphqvlrq lqwhjudo ri I lv dq devroxwh lqwhjudo
ghirupdwlrq lqyduldqw zlwk uhvshfw wr doo frqwlqxrxv surfhvvhv wkdw fdq eh gh�qhg e|
d vlqjo| sdudphwhul}hg yhfwru �hog/ vxemhfw wr d erxqgdu| frqglwlrq wkdw wkh qhw  x{
ri I dfurvv wkh 40glphqvlrqdo erxqgdu| ri P lv }hur=



495 Frqwlqxrxv Wrsrorjlfdo Hyroxwlrq

OE�Y n�

] ]
P

I '

] ]
P

lE�Y n�gI n

] ]
P

gElE�Y n�I � +814:,

' f n

]
erxqgdu| P

lE�Y n�I +814;,

Wklv frqfhsw lv dw wkh edvlv ri wkh Khopkrow} wkhruhpv ri yruwlflw| +ru dqjxodu
prphqwxp shu xqlw pdvv, frqvhuydwlrq lq k|gurg|qdplfv/ dqg wkh frqvhuydwlrq ri
 x{ lq fodvvlfdo hohfwurpdjqhwlvp1 Khuhlq/ wklv frqfhsw ri ghirupdwlrq lqyduldqfh ri
d wrsrorjlfdoo| frkhuhqw vwuxfwxuh zloo eh zulwwhq lq wkh irup ri dq h{whulru gl�huhqwldo
v|vwhp/ I�gD ' f> zklfk lv wr eh uhfrjql}hg dv wrsrorjlfdo frqvwudlqw1 Iurp Vwrnhv
wkhruhp/ wkh +5 glphqvlrqdo, grpdlq ri �qlwh vxssruw iru I fdq qrw/ lq jhqhudo/ eh
frpsdfw zlwkrxw erxqgdu|/ xqohvv wkh Hxohu fkdudfwhulvwlf ydqlvkhv1 Wkhuh duh wzr
h{fhswlrqdo fdvhv iru wzr glphqvlrqdo grpdlqv/ wkh wruxv dqg wkh Nohlq0Erwwoh/ exw
wkhvh vlwxdwlrqv uhtxluh wkh dgglwlrqdo wrsrorjlfdo frqvwudlqw wkdw I	I , f= Wkh
�hogv lq wkhvh h{fhswlrqdo fdvhv pxvw uhvlgh rq wkhvh h{fhswlrqdo frpsdfw vxuidfhv/
zklfk irup wrsrorjlfdo frkhuhqw vwuxfwxuhv1 Qrwh wkdw dq hyroxwlrqdu| surfhvv frxog
vwduw zlwk I	I 9' f> dqg srvvleo| hyroyh wr d vwdwh zlwk I	I ' f= Li vxfk uhvlgxh
vwdwhv duh frpsdfw zlwkrxw erxqgdu|/ wkhq wkh| pxvw eh hlwkhu wrul ru Nohlq erwwohv1

Wkh vdph whfkqltxh fdq eh dssolhg wr qrq0h{dfw exw forvhg s0irupv1

Uhodwlyh Lqwhjudo Lqyduldqwv

Li wkh lqwhjudwlrq ri wkh h{dfw 50irup/ I / lv ryhu d forvhg wzr glphqvlrqdo forvhg fkdlq/
ghvljqdwhg dv d 5 glphqvlrqdo f|foh/ }5g +zklfk pd| ru pd| qrw eh d 5 glphqvlrqdo
erxqgdu|,/ wkhq wkh Lqwhjudo lv lqyduldqw iru dq| ghirupdwlrq idfwru/ � G

OE�Y n�

] ]
}2g

I '

] ]
}2g

lE�Y n�gI n

] ]
}2g

gElE�Y n�I � ' f n f= +814<,

Forvh lqwhjudov ri h{dfw irupv duh dozd|v uhodwlyh ghirupdwlrq lqwhjudo lqyduldqwv1
Krzhyhu/ wkh vdph whfkqltxh fdq eh dssolhg wr qrq0h{dfw exw forvhg s0irupv1

Li wkh frqglwlrqv ri uhodwlyh lqwhjudo lqyduldqfh duh dssolhg wr dq duelwudu|
40irup ri Dfwlrq/ wkhq wkh uhodwlyh lqwhjudo lqyduldqfh frqglwlrq ehfrphv

OE�Y n�

]
}�g

D '

]
}�g

lE�Y n�gDn

]
}�g

gElE�Y n�D� +8153,

'

]
}�g

lE�Y n�I n f= +8154,

Lw iroorzv wkh lE�Y n�gD pxvw eh }hur rq wkh f|foh }�g iru dq| ghirupdwlrq sdudphwhu
�= Fduwdq kdv vkrzq wkdw wklv lv wkh frqglwlrq wkdw lpsolhv wkh surfhvv �Y n vdwlv�hv
wkh frqvwudlqw lE�Y n�I ' f> dqg kdv d %Kdplowrqldq% uhsuhvhqwdwlrq1
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Iljxuh 5

Fduwdq*v Kdplowrqldq h{dpsoh

Frqvlghu wkh  rz olqhv wdqjhqw wr d jlyhq yhfwru gluhfwlrq �hog/ VE{> |> }> w===� wkdw
jhqhudwhv d g|qdplfdo v|vwhp/ gh � Vg� ' f= E| uhsdudphwhul}dwlrq/ V ,
�E{> |> }> w===�V> wkh �vshhg� dw zklfk srlqwv pryh grzq wkh olqhv ri  rz fdq eh
fkdqjhg/ exw wkh srlqwv wkdw vwduw rq d sduwlfxodu  rz olqh/ uhpdlq xsrq wkh vdph
 rz olqh1 Qh{w frqvlghu d forvhg fxuyh/ ]4/ lqwhuvhfwlqj wkh  rz olqhv wudqvyhuvho|
iru vd| � ' f= Wkh  rz olqhv wkdw lqwhuvhfw ]4 irup d �wxeh ri wudmhfwrulhv� Dv �
lqfuhdvhv wr vrph ydoxh/ vd| � ' �/ wkh srlqwv ri wkh forvhg fxuyh dsshdu wr  rz
grzq wkh �wxeh ri wudmhfwrulhv�1 Wkh uhvxow ri wklv frqyhfwlyh hyroxwlrq lv wr surgxfh
d qhz forvhg fxuyh/ ]5 Qrz fkrrvh dqrwkhu sdudphwhul}dwlrq ixqfwlrq ��> zklfk
lv htxdo wr wkh ruljlqdo � dw � ' f= Wkh srlqwv wkdw pdnh xs wkh forvhg fxuyh ]4
qrz  rz grzq wkh vdph wxeh ri wudmhfwrulhv/ exw dw � ' � irup d qhz forvhg fxuyh
ghiruphg ]2 wkdw pd| eh frqvlghuhg dv d ghirupdwlrq ri wkh forvhg fxuyh ]5=

818 Vlpsoh V|vwhpv

81814 Wkh Dfwlrq 40irup dqg lwv Sid� Vhtxhqfh

Frqvlghu dq duelwudu| 40irup/ D> rq dq q glphqvlrqdo ydulhw| ri lqghshqghqw ixqf0
wlrqv1 Wkh h{whulru ghulydwlyh ri D surgxfhv d 50irup ri forvxuh srlqwv/ I ' gD/
zkrvh frpsrqhqwv duh jlyhq e| wkh h{suhvvlrq/ I��g{

� 	g{� 1 Wkh frpelqhg vhw
iD>Ij irupv wkh forvxuh ri wkh vhw iDj1 Doo srvvleoh lqwhuvhfwlrqv ri wkh forvxuh/
iD>I>D	I> I	I===j/ irup zkdw lv gh�qhg khuhlq dv wkh Sid� vhtxhqfh iru wkh grpdlq
~{> |> }> wj1 Lq wklv duwlfoh +iru d 7 glphqvlrqdo ydulhw|, wkhvh hohphqwv duh gh�qhg dv

Wrsrorjlfdo DFWLRQ G D ' D�g{
� +8155,
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Wrsrorjlfdo YRUWLFLW\ G I ' gD ' I��g{
� 	g{� +8156,

Wrsrorjlfdo WRUVLRQ G K ' D	gD ' K���g{
� 	g{�	g{� +8157,

Wrsrorjlfdo SDULW\ G N ' gD	gD ' N����g{
� 	g{�	g{�	g{� = +8158,

Wkh xqlrq ri doo hohphqwv ri wkh Sid� vhtxhqfh dqg wkhlu forvxuhv irupv wkh hohphqwv
ri wkh Fduwdq wrsrorjlfdo edvh=

iD>D ^ I>K>K ^N===j= +8159,

Lq rughu wr wdnh lqwr dffrxqw surmhfwlyh +dqg fhuwdlq glvfrqwlqxrxv, ihdwxuhv/
wkh yhfwru �hogv ri lqwhuhvw riwhq zloo eh vfdohg e| d vxssruw ixqfwlrq/ �/ vxfk wkdw
a ' �V1 Wkh ixqgdphqwdo htxdwlrqv ri frqwlqxrxv hyroxwlrq ehfrph

OE�V�D ' T +815:,

OE�V�I ' gT +815;,

OE�V�K ' T	I nD	T

OE�V�N ' 2EgT	I � ' 2gET	I � +815<,

Qrwh wkdw iru wkh hyhq glphqvlrqdo hohphqwv ri wkh Sid� vhtxhqfh/ +I dqg
N,/ wkh dfwlrq ri wkh Olh gl�huhqwldo lv wr surgxfh dq h{dfw irup= gT> iru wkh Olh
gl�huhqwldo ri I> dqg 2gET	I � iru wkh Olh gl�huhqwldo riN1 Dv lqwhjudov ri h{dfw irupv
ryhu forvhg f|fohv ru erxqgdulhv ri vxssruw ydqlvk/ wkhq lw lv srvvleoh wr irupxodwh
wkh �uvw wkhruhp1

Wkhruhp 57 41 Doo hyhq glphqvlrqdo Sid� fodvvhv ri s0irupv/ gD ' I> gD	gD ' N
111 duh uhodwlyh lqwhjudo ghirupdwlrq lqyduldqwv ri frqwlqxrxv hyroxwlrqdu| surfhvvhv
uhodwlyh wr wkh Fduwdq wrsrorj|1

Wkh forvhg lqwhjudov ri I>N/ 111 duh lqyduldqwv ri d frqwlqxrxv surfhvv dv hdfk
lqwhjudqg lv h{dfw/ dqg wkh lqwhjudo ri dq h{dfw irup ryhu d forvhg grpdlq ydqlvkhv1
Khqfh li wkh ixqfwlrqv duh wzlfh gl�huhqwldeoh/

OE�V�

]
}2

I '

]
}2

ilE�V�gI n glE�V�Ij '

]
}2

gT , f= +8163,

Wkh forvhg lqwhjudov ri I>N> === duh lqyduldqwv ri dq| surfhvv jhqhudwhg e| �V iru
lqwhjudwlrq grpdlqv/ }2> wkdw duh erxqgdulhv ru f|fohv1
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Wklv wkhruhp lv dq h{whqvlrq ri Srlqfduh*v wkhruhp iru hyhq glphqvlrqdo s0
irupv zklfk duh devroxwh lqwhjudo lqyduldqwv +wkh lqwhjudwlrq grpdlq lv qrw qhfhvvdulo|
forvhg, zlwk uhvshfw wr wkh uhvwulfwhg vhw ri Kdplowrqldq surfhvvhv1 Lw lv lpsruwdqw
wr uhdol}h wkdw wkh wkhruhp h{suhvvhv wkh h{lvwhqfh ri +uhodwlyh, lqwhjudo ghirupdwlrq
lqyduldqwv +wrsrorjlfdo surshuwlhv, zlwk uhvshfw wr surfhvvhv wkdw pd| eh wkhuprg|0
qdplfdoo| uhyhuvleoh ru luuhyhuvleoh1 Lw vkrxog eh qrwhg wkdw wkh grpdlqv ri vxssruw
ri wkh hyhq glphqvlrqdo Sid� fodvvhv fdq qrw eh frpsdfw zlwkrxw erxqgdu|1

81815 Wkh Dfwlrq 40irup dqg Wrsrorjlfdo Ioxfwxdwlrqv

Iru sxusrvhv ri h{srvh/ wkh Fduwdq v|vwhp/ P/ zloo eh olplwhg wr d vlqjoh 40irup ri
dfwlrq/ D/ dqg shukdsv d vlqjoh svhxgrvfdodu �hog/ ru Q irup ghqvlw|/ �1 Wkh 40irup
ri Dfwlrq/ D/ fdq eh zulwwhq lq vhyhudo htxlydohqw irupdwv nqrzq dv wkh Fduwdq0Kloehuw
dfwlrq=

D ' D�g{
� ' T � g �KE >�>T> w�gw ' OE >�> w�gwn T � Eg � �gw� +8164,

Wkh odvw uhsuhvhqwdwlrq lqglfdwhv wkdw wkh Dfwlrq pd| eh ylhzhg devwudfwo| lq whupv
d Odjudqjldq ixqfwlrq/ OE >�> w�> dqg wkh nlqhpdwlf  xfwxdwlrqv lq srvlwlrq/

{ ' Eg � �gw�= +8165,

Lw lv wr eh qrwhg wkdw wkh xvxdo dvvxpswlrq iru sk|vlfdo v|vwhpv lv wr dvvxph wkdw
wkhuh duh }hur nlqhpdwlf  xfwxdwlrqv1 Lq wklv vhqvh/ nlqhpdwlf shuihfwlrq suhydlov=

{ ' Eg � �gw� , f= +8166,

Lw lv uduho| dssuhfldwhg wkdw nlqhpdwlf shuihfwlrq lv htxlydohqw wr dq h{whulru gl�huhq0
wldo v|vwhp zklfk lpsrvhv wrsrorjlfdo uhvwulfwlrqv rq wkh ydulhw|1 Iru wklv h{dpsoh/
wkh  xfwxdwlrqv/ { >duh qrw suhvxphg wr eh }hur1

D vlpsoh frxqw ri wkh lqghshqghqw yduldeohv wkdw duh xvhg wr gh�qh wkh Fduwdq0
Kloehuw 40irup ri dfwlrq lqglfdwhv wkdw wkh � xfwxdwlrq� vsdfh lv d ydulhw| ri 6q.4,43
glphqvlrqv Ew> >�>T�1 +Iru vlpsolflw|/ wkh �sduwlfoh� lqgh{ q kdv ehhq fkrvhq wr eh
xqlw|,1 Wkh frh!flhqwv/ T> dfw dv Odjudqjh pxowlsolhuv iru wkh  xfwxdwlrqv/ { 1
Krzhyhu/ lw fdq eh ghwhuplqhg wkdw wkh pd{lpxp Sid� glphqvlrq ri wkh vhtxhqfh
iD> gD>D	gD> gD	gD===� lv ri glphqvlrq 5q.5,; dqg qrw glphqvlrq 431 Khqfh
wkh 43 glphqvlrqdo vsdfh lv uhgxqgdqw/ dqg dq ; glphqvlrqdo vsdfh lv dghtxdwh wr
ghvfuleh wkh sk|vlfdo v|vwhp lq whupv ri d 40irup ri Dfwlrq1 Wkh jlyhq 40irup ri
Dfwlrq wkhuhiruh jhqhudwhv d qrq0frpsdfw v|psohfwlf pdqlirog ri glphqvlrq ;1

Li wkh Odjudqjh pxowlsolhuv T ri wkh nlqhpdwlf  xfwxdwlrqv Eg � �gw� duh uh0
vwulfwhg wr eh wkh fdqrqlfdo prphqwd/ dv gh�qhg e| wkh xeltxlwrxv irupxod/ T 'CO@C�>
wkh pd{lpxp Sid� glphqvlrq lv :/ iruplqj d frqwdfw pdqlirog klvwrulfdoo| gh�qhg dv
vwdwh vsdfh1 Li wkh Odjudqjh ixqfwlrq OE >�> w� lv krprjhqhrxv ri ghjuhh 4 lq �/ wkhq
wkh pd{lpdo Sid� glphqvlrq lv 9/ iruplqj d v|psohfwlf Ilqvohu pdqlirog ri glphqvlrq



499 Frqwlqxrxv Wrsrorjlfdo Hyroxwlrq

9/ wkh skdvh vsdfh ri fodvvlfdo phfkdqlfv1 Wklv pdqlirog fdqqrw eh frpsdfw zlwkrxw
erxqgdu|1

Li wkh frqwdfw pdqlirog ri glphqvlrq : lv frqvwudlqhg e| wkh htxdwlrqv ri
nlqhpdwlf forvxuh/

gE{ � ' gEg � �gw� , f> +8167,

wkhq wkh vsdfh ri lqwhuhvw ehfrphv wkh frq�jxudwlrq vsdfh ri 7 glphqvlrqv/ d vxe0
pdqlirog ri wkh ruljlqdo v|psohfwlf vwuxfwxuh ri ; glphqvlrqv1 Wkh frqvwudlqwv ri
nlqhpdwlf forvxuh lpso| wkdw wkh yhorflw| �hog lv h{suhvvleoh dv ixqfwlrqv ri d vlqjoh
yduldeoh/ w> � , �Ew�= Qrwh wkdw wkh pruh vhyhuh frqvwudlqw ri nlqhpdwlf shuihfwlrq/
{ ' Eg � �gw� , f> lpsolhv wkdw wkh pd{lpdo Sid� glphqvlrq lv 5/ dv lq wklv
fdvh D	gD ' OE >�> w�gw	gOE >�> w�	gw ' f1 Wkh Dfwlrq gh�qhv d frpsohwho| lqwh0
judeoh 5 glphqvlrqdo vxepdqlirog wkdw/ lq wklv flufxpvwdqfh/ lv qrw frpsdfw zlwkrxw
erxqgdu|1 Wkhvh frqfhswv zloo eh h{sorlwhg lq rwkhu h{dpsohv jlyhq ehorz1

819 Frqwlqxrxv Surfhvvhv

81914 Xqlirup dqg Qrq0xqlirup Frqwlqxlw|

Wkh frqwlqxrxv surfhvvhv duh qdwxudoo| glylghg lqwr wzr pdlq fdwhjrulhv= wkrvh
iru zklfk gT ' f>gh�qhg dv xqlirupo| frqwlqxrxv  rzv +lq wkh vhqvh wkdw wkh olplw
srlqwv ri D duh lqyduldqw, dqg wkrvh iru zklfk gT 9' f +qrw xqlirupo| frqwlqxrxv,1
Wkhuhiruh/ uhodwlyh wr wkh Fduwdq Wrsrorj|/

Xqlirup Frqwlqxlw| = OEV�gD ' gT ' f +8168,

gh�qhv d xqlirupo| frqwlqxrxv forvhg surfhvv/ zkloh

Qrq0Xqlirup Frqwlqxlw| = OEV�gD ' gT 9' f +8169,

gh�qhv d qrq0xqlirupo| frqwlqxrxv surfhvv1 Wkh yhfwru �hog rq d 7 glphqvlrqdo
grpdlq wkdw lv lq wkh gluhfwlrq ri wkh fxuuhqw D	I lv d frqwlqxrxv exw d qrw xqlirupo|
frqwlqxrxv surfhvv1

Xqlirup frqwlqxlw| lpsolhv wkdw wkh olplw vhwv duh lqyduldqw1 Frqwlqxlw| rqo|
uhtxluhv wkdw wkh olplw srlqwv shupxwh dprqjvw wkhpvhoyhv1 Iru h{dpsoh d irog lqwr
sohdwv zklfk duh wkhq sdvwhg wrjhwkhu lv d surfhvvhv wkdw uhduudqjhv wkh olplw srlqwv
dqg lv qrw wkhuhiru xqlirupo| frqwlqxrxv1 Khqfh xqlirup frqwlqxlw| lv d pruh frq0
vwudlqhg vlwxdwlrq1 Zkhq gT ' f/ lw lv srvvleoh wr irupxodwh lpphgldwho| wkh iroorzlqj
wkhruhp +Srlqfduh, iru forvhg  rzv=

Wkhruhp 58 LL1 Doo hyhq glphqvlrqdo Sid� fodvvhv ri s0irupv/ gD ' I> gD	gD '
N> ==1 duh lqyduldqwv ri hyroxwlrqdu| surfhvvhv wkdw vdwlvi| OEV�EgD� ' gT ' f uhodwlyh
wr wkh Fduwdq wrsrorj|1 Wkh irupv I>N> === irup d vhw ri devroxwh lqwhjudo lqyduldqwv
zlwk uhvshfw wr xqlirupo| frqwlqxrxv surfhvvhv1
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Wkh gl�huhqfh ehwzhhq Wkhruhp 4 dqg Wkhruhp 5 lv wkdw lq Wkhruhp 5/ wkh
lqwhjudwlrq fkdlqv qhhg qrw eh forvhg1 Pruhryhu/ wkh surfhvv lv xqlirupo| frqwlqxrxv
lq Wkhruhp 5/ zkloh wkh frqwlqxlw| lv qrq0xqlirupo| frqwlqxrxv lq wkhruhp 41 Wkh
surri ri wkh wkhruhp iroorzv lpphgldwho| e| dssolfdwlrq ri wkh Ohleql} uxoh/ xvlqj wkh
frqvwudlqw/ gT ' f =

OEV�EgD	gD	gD==	gD� ' �?|i}ih�iOEV�EgD�j	gD	gD==	gD� ' f= +816:,

Wkh lqwhjudqgv ri wkh vhohfwhg lqwhjudov duh orfdo lqyduldqwv dqg vr duh wkhlu frqyhfwhg
lqwhjudov1

Wkh �uvw dssolfdwlrq ri wkhruhp LL jlyhv/

OEV�EgD� ' OEV�I ' f +816;,

zklfk lv wkh htxlydohqw ri Khopkrow}* wkhruhp ^Odpe 4<78`1 Wkh wkhruhp riwhq
lv lqwhusuhwhg dv wkh orfdo frqvhuydwlrq ri dqjxodu prphqwxp shu xqlw prphqw ri
lqhuwld/ ru wkh frqvhuydwlrq ri Wrsrorjlfdo Yruwlflw|1

Wkh vhfrqg dssolfdwlrq ri wkhruhp LL jlyhv=

OEV�EgD	gD� ' OEV�I	I ' OEV�N ' f +816<,

zklfk ohdgv wr wkh orfdo frqvhuydwlrq ri Wrsrorjlfdo Sdulw|/ zlwk uhvshfw wr xqlirupo|
frqwlqxrxv  rzv1

Lq jhqhudo/

OEV�EgD	gD	===gD� ' f +8173,

zklfk h{suhvvhv wkh lqyduldqfh ri d 5Q glphqvlrqdo duhd zlwk uhvshfw wr xqlirupo|
frqwlqxrxv  rzv1

81915 Frqwlqxrxv K|gurg|qdplf Surfhvvhv

Frqvlghu wkh grpdlq ri irxu lqghshqghqw yduldeohv ri vsdfh wlph/ i{> |> }> wj> dqg wkh
wkuhh irup ri wrsrorjlfdo wruvlrq

K ' D	gD ' D	I ' lEAe�g{	g|	g}	gw= +8174,

Wkh frqwlqxrxv hyroxwlrq ri wklv 60irup lv ghwhuplqhg uhodwlyh wr dq duelwudu| surfhvv/
Ve ' dV> �o> e| wkh htxdwlrq=

OE�Ve�K ' OE�Ve�ED	gD� ' lE�Ve�gK n glE�Ve�K ' T	I nD	gT +8175,

Iru orfdo lqyduldqfh ri wkh 60irup zlwk uhvshfw wr duelwudu| sdudphwhul}dwlrqv/ wkh
hyroxwlrqdu| yhfwru �Ve pxvw eh froolqhdu zlwk wkh wrsrorjlfdo wruvlrq yhfwru EAe�
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vxfk wkdw wkh whup lE�Ve�K , f= Wklv frqvwudlqw lpsolhv wkdw wkh wkuhh irup K
wkhq pxvw eh ri wkh irupdw=

K ' D	I � �E{> |> }> w�Eg{� Y {gw�	Eg|� Y |gw�	Eg}� Y }gw� ' � lEVe�g{	g|	g}	gw
+8176,

Wkh lqyduldqfh ri wkh 60irup K wkhq uhtxluhv wkdw d ixqfwlrq �E{> |> }> w� h{lvw vxfk
wkdw gK , f= Exw wklv frqvwudlqw ehfrphv wkh htxlydohqw ri wkh idprxv k|gurg|qdplf
htxdwlrq ri frqwlqxlw|=

gK ' igly� �V n C�@Cwjg{	g|	g}	gw , f +8177,

zklfk lv lqwhusuhwhg sk|vlfdoo| dv wkh frqvhuydwlrq ri pdvv1 Wkh lpsolfdwlrq lv wkdw
wkrvh yhfwru �hogv/ �Ve> wkdw gh�qh d frqwlqxrxv k|gurg|qdplf fxuuhqw/ qhhg qrw
vdwlvi| qhfhvvdulo| wkh irupxodv ri wrsrorjlfdo nlqhpdwlf frqvwudlqw/ g � Vgw ' f>
exw lqvwhdg pxvw eh froolqhdu zlwk wkh wrsrorjlfdo wruvlrq yhfwru/ ae ' �E{> |> }> w�Ae>
li lw h{lvwv1 Wkh lpsruwdqw lghd lv wkdw orfdo ghirupdeoh frqvhuydwlrq ri pdvv lv wr eh
dvvrfldwhg zlwk wkh frqvhuydwlrq ri wkh 60irup ri Wrsrorjlfdo wruvlrq dv dq devroxwh
hyroxwlrqdu| lqyduldqw1

Wkhvh uhvxowv duh wr eh frpsduhg zlwk wkh hyhq glphqvlrqdo Srlqfduh de0
vroxwh lqwhjudo lqyduldqwv ^Zklwwdnhu 4<77` iru wkh pruh uhvwulfwlyh fdvh ri Kdplowrqldq
+h{wuhpdo, hyroxwlrq ri d Kdplowrqldq dfwlrq/

D ' D�g{
� ' T � g �KE >T> w�gw +8178,

rq d 5Q.4 glphqvlrqdo vwdwh vsdfh1 Lw lv wkh uhvxow 816; zklfk lv lqwhusuhwhg lq
vwdwlvwlfdo phfkdqlfv dv wkh lqyduldqw %duhd% ri skdvh vsdfh zlwk uhvshfw wr h{wuhpdo/
ru Kdplowrqldq/ hyroxwlrq1 Wkh idfw ri wkh pdwwhu lv wkdw xqlirup frqwlqxlw| dorqh
surgxfhv d vhw ri devroxwh lqwhjudo lqyduldqwv iru dq| dfwlrq/ lq Kdplowrqldq irupdw
ru qrw1 Kdplowrqldq h{wuhpdo  rzv vdwlvi| wkh htxdwlrq gT ' f> dqg duh wkhuhiruh
xqlirupo| frqwlqxrxv/ exw wkh| duh qrw wkh rqo|  rzv wkdw vdwlvi| wklv frqvwudlqw1
Wkh lqyduldqfh ri �skdvh vsdfh duhd� lv d frqvhtxhqfh ri xqlirup frqwlqxlw| dorqh/
dqg grhv qrw uhtxluh wkh dgglwlrqdo frqvwudlqwv ri frqvwdqw krprjhqhlw| wkdw olplw wkh
vhw ri frqwlqxrxv  rzv wr wkdw vxevhw ri frqwlqxrxv yhfwru �hogv zklfk duh h{wuhpdo/
dqg Kdplowrqldq1

81916 GhUkdp fdwhjrulhv ri Frqwlqxrxv Yhfwru Ilhogv

GhUkdp*v frkrprorj| wkhru| ^ghUkdp 4<93` pd| eh xvhg wr fodvvli| s0irupv/
dqg vxfk lghdv pd| eh dssolhg wr wkh 40irup Z gh�qhg e| Z ' lE�V�I 1 Fru0
uhvsrqglqjo|/ wkh yhfwru �hogv wkdw duh xvhg wr frqvwuxfw wkh 40irupv Z ri yluwxdo
zrun shuplw surfhvvhv wr eh sxw lqwr wkh iroorzlqj fdwhjrulhv/ ghshqglqj rq zkhwkhu
wkh yluwxdo zrun/ Z> lv qxoo/ h{dfw/ forvhg/ ru qrw forvhg zlwk uhvshfw wr h{whulru
gl�huhqwldwlrq1 Wkhvh fdwhjrulhv duh gh�qhg dv=
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Xqlirupo| frqwlqxrxv
Fdwhjrulhv iru T�Z ' gX

Z ' lE�V�I T gZ gT

Kdplowrqldq� h{wuhpdo f gX f f
Ehuqrxool�Hxohuldq gX gEX nX� f f
Khopkrow} � V|psohfwlf gXn � gEX nX� n � f f
Qrq0Xqlirupo| frqwlqxrxv
Qdylhu � Vwrnhv� Wruvlrq

duelwudu| duelwudu| gZ 9' f gT 9' f

+8179,
Wkh Ehuqrxool0Fdvlplu ixqfwlrqv/ X/ pxvw eh �uvw lqwhjudov dv lq jhqhudo/

lEV�Z ' lEV�gX ' f= +817:,

Iru xqlirupo| frqwlqxrxv surfhvvhv wkh �uvw odz lqvxuhv wkdw wkh 40irup Z lv forvhg/
gZ ' gT ' f/ exw Z qhhg qrw eh h{dfw dqg pd| frqwdlq kduprqlf frpsrqhqwv1
Wkdw lv/ wkh 40irup Z lv qrw qhfhvvdulo| uhsuhvhqwdeoh ryhu wkh ydulhw| {> |> }> w lq
whupv ri wkh judglhqw ri d vlqjoh vfdodu ixqfwlrq1 Wkh fodvvlf h{dpsoh ri d qrq0h{dfw
40irup lv jlyhq e| wkh h{suhvvlrq/

K ' �}E|g{� {g|�@E{2 n |2� +817;,

iru zklfk gK ' f> exw
U
}�
K ' 2��}= Wkh frh!flhqw �} lv dvvxphg wr eh d frqvwdqw1

Vxfk irupv/ K/ jhqhudwh shulrg lqwhjudov dqg wkh ghUkdp frkrprorj| fodvvhv1 Wkh
qxpehu ri lqghshqghqw irupv ri wkh w|sh jlyhq e| 817; ghwhuplqh wkh Ehwwl qxpehuv
ri d ydulhw| iru zklfk wkh vlqjxodu srlqw +dw wkh ruljlq lq wkh h{dpsoh, kdv ehhq
h{flvhg1 Wkh Ehwwl qxpehuv fdq eh lqwhusuhwhg dv d phwkrg iru frxqwlqj wkh qxpehu
ri krohv ru kdqgohv lq wkh ydulhw|1 Lw lv wkhvh frqwulexwlrqv wr wkh jhqhudo gl�huhqwldo
irup wkdw fduu| wrsrorjlfdo lqirupdwlrq derxw wkh grpdlq ri vxssruw1 Wkh gxdov wr
wkhvh irupv duh dovr forvhg/ ohdglqj wr wkh gh�qlwlrq/ kduprqlf irupv1

Iurp wkh �uvw odz wkh kduprqlf frqwulexwlrqv wr Z duh htxdo wr wkh
kduprqlf frqwulexwlrqv wr T1 Li wkh kduprqlf frqwulexwlrqv wr T duh qrw }hur/ wkhq
wkh qxpehu ri �krohv dqg kdqgohv� lq wkh Fduwdq wrsrorj| ri wkh �qdo vwdwh lv gl�huhqw
iurp wkh qxpehu ri krohv dqg kdqgohv lq wkh Fduwdq wrsrorj| ri wkh lqlwldo vwdwh/ dqg
wkh hyroxwlrqdu| surfhvv lv frqwlqxrxv exw qrw uhyhuvleoh1

Lq rughu wr pdnh 817; wudqvyhuvdo/ xvh wkh Fduwdq wulfn ri vxevwlwxwlqj g{l �
Y lgw iru hdfk g{l1 Wkh wudqvyhuvdo kduprqlf irup ehfrphv

K ' �}i|g{� {g| n Eh�V�}gwj@E{
2 n |2� +817<,

zklfk ghprqvwudwhv wkh forvh uhodwlrqvkls wr wudqvyhuvdo kduprqlf irupv dqg dqjxodu
prphqwxp1 Wkh irupdw pd| eh h{whqghg wr d vslq yhfwru ri frpsrqhqwv

� ' d��>�2>��o ' d�{@E|
2 n }2�> �|@E}

2 n {2�> �}@E{
2 n |2�o +8183,
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vxfk wkdw wkh kduprqlf irup ehfrphv

K ' ��E}g| � |g}� n �2E{g} � }g{� n ��E|g{� {g|� n E� � h�V�gw= +8184,

Wkh odvw whup lv uhfrjql}hg dv d �vslq ruelw� frxsolqj whup1 Wkh lghd ri
kduprqlf frqwulexwlrqv wr d 40irup lv forvho| uhodwhg wr wkh frqfhsw ri d frpsoh{
qxpehu ru rughuhg sdlu uhsuhvhqwdwlrq> l1h1/ wkh irup fdqqrw eh uhsuhvhqwhg e| d pds
wr d vsdfh ri 4 glphqvlrq1 Rwkhu irupdwv iru kduprqlf 40irupv duh jlyhq e| wkh
h{suhvvlrqv=

K ' i!g"� "g!j@Ed!s n e"s�2@s> +8185,

zkhuh ! dqg " duh duelwudu| ixqfwlrqv rq wkh edvh vsdfh/ dqg iru wkh frpsoh{ ixqfwlrq/
#>

K ' i#g#W � #Wg#j@E#W#�= +8186,

Wkh odvw uhsuhvhqwdwlrq ri d kduprqlf irup lv lq wkh irupdw ri wkh �suredelolw|
fxuuhqw� ri txdqwxp phfkdqlfv/ dqg jlyhv d foxh dv krz wr dgdsw wkh irupdolvp ri
wklv duwlfoh wr txdqwxp v|vwhpv1 Vxfk d ghyhorsphqw lv ghihuuhg wr d odwhu duwlfoh1

Iru xqlirupo| frqwlqxrxv surfhvvhv rq vsdfh wlph/ wkh ixqgdphqwdo htxdwlrqv
ri hyroxwlrq duh jlyhq e| wkh h{suhvvlrqv iru wkh 50irup gD ' I dqg wkh 70irup
gED	I � ' N ' gI	gI 1 Wkh hyhq irupv duh lqyduldqw1 Wkh wzr ixqgdphqwdo htxd0
wlrqv ri xqlirupo| frqwlqxrxv hyroxwlrq duh=

OE�V�gED� ' OE�V�I ' gT ' f dqg +8187,

OE�V�gED	I � ' OE�V�N ' OE�V�I	I ' gT	gD ' f +8188,

Lw vkrxog eh qrwhg wkdw wkh �uvw htxdwlrq gh�qhv wkh xqlirupo| frqwlqxrxv hyroxwlrq ri
wkh olplw srlqwv ri wkh Dfwlrq 40irup/ zkloh wkh vhfrqg htxdwlrq gh�qhv wkh xqlirupo|
frqwlqxrxv hyroxwlrq ri wkh olplw srlqwv ri wkh wrsrorjlfdo wruvlrq 60irup1 Li gT 9' f /
wkhq wkh rughulqj ri wkh olplw srlqwv ri wkh 40irup ri Dfwlrq lv shuwxuehg/ dv wkh
frqwlqxlw| lv qrw xqlirup1 Li gT	gD 9' f/ wkhq wkh rughulqj ri wkh olplw srlqwv ri
wkh 60irup ri wrsrorjlfdo wruvlrq lv shuwxuehg/ dv wkh frqwlqxlw| lv qrw xqlirup1 Lw
lv frqmhfwxuhg wkdw d fkdqjh ri rughulqj ri wkh olplw vhwv ri wkh 40irup ri Dfwlrq lv
uhodwhg wr dq %hqwurs|% ri wudqvodwlrq +iroglqj surfhvv,/ zkloh wkh fkdqjh ri rughulqj
ri wkh olplw vhwv ri wkh 60irup ri wrsrorjlfdo wruvlrq lv uhodwhg wr dq %hqwurs|% ri
urwdwlrq1

Lw vkrxog eh uhpdunhg wkdw li wkh 40irup ri Dfwlrq/ D/ lv frpsohwho| lqwhjudeoh
lq wkh vhqvh ri Iurehqlxv/ wkhq wkh 60irup D	I lv hydqhvfhqw/ dqg wkh hyroxwlrqdu|
htxdwlrq iru K ' D	I kdv qr dssolfdelolw|1 Vxfk hyroxwlrqdu| surfhvvhv EK ' f�
duh wkh htxlydohqw wr odplqdu  rzv lq  xlg g|qdplfv dqg frpsohwho| lqwhjudeoh/ qrq0
fkdrwlf/ Kdplowrqldq surfhvvhv1 Lw lv nqrzq wkdw li d Odjudqjldq v|vwhp lv qrw fkdrwlf/
wkhq wkh dfwlrq/ D/ lv uhgxfleoh wr wzr yduldeohv +ru ohvv,/ dqg wkh 60irup K lv qhfhv0
vdulo| }hur1 Krzhyhu zkhq wkhuh h{lvwv d vhqvh ri kholflw| lq wkh hyroxwlrqdu| surfhvv/
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ru fkdrv lv suhvhqw/ wkhq wkh irupxod iru K ghvfulehv wkh dssursuldwh wrsrorjlfdo
hyroxwlrq1

Wkh �uvw h{suhvvlrq +8187, pd| eh sxw lqwr fruuhvsrqghqfh zlwk wkh hyroxwlrq
ri hqhuj|/ zkloh wkh vhfrqg ixqgdphqwdo htxdwlrq +8188, pd| eh ghvfulehg dv wkh
hyroxwlrq ri frpsoh{lw|/ ru shukdsv ehwwhu dv wkh hyroxwlrq ri ghihfwv/ olqnv/ nqrwv/ ru
lq devwudfw whupv/ wkh hyroxwlrq ri dq hqwurslf frqfhsw1 Li wkh khdw 40irup T lv }hur/
wkhq wkh hyroxwlrqdu| surfhvv lv dgldedwlf/ dqg wrsrorj| lv suhvhuyhg1 Krzhyhu/ dv wkh
Fduwdq wrsrorj| lv qrw frqqhfwhg zkhq K 9' f/ wkhq frqwlqxrxv hyroxwlrq ri K fdq
eh dffrpsolvkhg rqo| ehwzhhq frqqhfwhg vxevhwv1 Wkh wudqvlwlrq iurp d frqqhfwhg
wrsrorj| zlwk K ' f wr d glvfrqqhfwhg wrsrorj| zlwk K 9' f fdq rqo| wdnh sodfh
yld d glvfrqwlqxrxv wudqvirupdwlrq1 Wkh lghd lv wkdw wkh frqwlqxrxv udwh ri fkdqjh
ri K lv gh�qlwh +dqg duelwudulo| wdnhq wr eh srvlwlyh,1 Wklv ihdwxuh lv rqh ri wkh nh|
surshuwlhv ri hqwurs|1 Hqwurs| fdq qhyhu fkdqjh lwv vljq1 Wkh fuhdwlrq ri wrsrorjlfdo
wruvlrq/ K/ lv d glvfrqwlqxrxv surfhvv iurp d vwdwh ri }hur wrsrorjlfdo wruvlrq/ exw
rqfh fuhdwhg/ wkh jurzwk +ru ghfd|, ri K fdq eh ghvfulehg e| d frqwlqxrxv surfhvv
+uhodwlyh wr wkh Fduwdq wrsrorj|,1 Wkhvh hqwurslf ihdwxuhv ri wkh wrsrorjlfdo wruvlrq
60irup zloo eh xvhixo lq wkh ghvfulswlrq ri wkh wudqvlwlrq wr wxuexohqfh1

81917 Wkh Kdplowrqldq H{wuhpdo Vxe0Fdwhjru|

Lw vkrxog eh uhpdunhg/ wkdw Fduwdq kdv suryhg/ rq d grpdlq ri glphqvlrq 5q.4/ wkdw
li

lEV�I ' Z ' f> T ' gX +8189,

iru dq| uhsdudphwhul}dwlrq/ �> wkhqV jhqhudwhv d Kdplowrqldq v|vwhp/ dqg ylvd yhuvd
^Fduwdq 4<8; +4<55,`1 Wklv uhpdundeoh uhvxow lqglfdwhv wkdw Kdplowrqldq  rzv duh qrw
rqo| frqwlqxrxv/ exw suhvhuyh pdq| wrsrorjlfdo surshuwlhv1 Wkh 40irup T pxvw eh
h{dfw iru Kdplowrqldq  rzv1 Khqfh wkh revhuydeoh krohv dqg kdqgohv duh wrsrorjlfdo
lqyduldqwv ri Kdplowrqldq  rzv/ dv wkh � whupv ydqlvk1 Krzhyhu/ wkh idfw wkdw T lv
h{dfw iru Kdplowrqldq  rzv grhv qrw frpsohwho| hvwdeolvk d surri wkdw Kdplowrqldq
v|vwhpv suhvhuyh doo wrsrorjlfdo surshuwlhv ri wkh Fduwdq wrsrorj|1

Lq wkh fdofxoxv ri yduldwlrqv/ yhfwru �hogv wkdw vdwlvi| ^Nohlq 4<95` duh gh�qhg
dv h{wuhpdo yhfwru �hogv1 Fkdudfwhulvwlf yhfwru �hogv duh d vxefodvv ri h{wuhpdo �hogv
wkdw vdwlvi| wkh htxdwlrqv

OEV�D ' f dqg +818:,

OEV�I ' f= +818;,

Lq rwkhu zrugv/ frqwlqxrxv fkdudfwhulvwlfv suhvhuyh wkh Fduwdq wrsrorj| +T ' f dqg
gT ' f,1 Fkdudfwhulvwlf Kdplowrqldq yhfwru �hogv jhqhudwh zdyhv lq v|vwhpv wkdw fdq
eh hqgrzhg zlwk wkh dgglwlrqdo vwuxfwxuh ri d phwulf1
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81918 Wkh Ehuqrxool0Hxohu vxefdwhjru|

Wkh Ehuqrxool0Hxohu fdwhjru| lv qrw txlwh Kdplowrqldq1 Z lv qrw }hur/ exw pxvw eh
d shuihfw gl�huhqwldo/ Z ' gX1 Krzhyhu/ wklv shuihfw gl�huhqwldo pxvw eh d �uvw
lqwhjudo lq rughu wr vdwlvi| wkh wudqvyhuvdolw| frqglwlrq/ lE�V�Z ' f1 Wkh 4 irup
T lv qrw qhfhvvdulo| vr frqvwudlqhg1 Wkh devwudfw  rzv ri wklv fdwhjru| duh wr eh
frpsduhg zlwk wkh htxdwlrqv ri prwlrq ri d frpsuhvvleoh Hxohuldq  xlg lq zklfk
wkhuh pd| eh vwudwl�fdwlrq1 Li wkh suhvvxuh/ S / lv d ixqfwlrq ri wkh ghqvlw|/ �/ dorqh/
wkhq wkh Hxohuldq  rz fdq eh uhgxfhg wr d Kdplowrqldq v|vwhp ^B`1 Li wkh h{lvwv vrph
dqlvrwurs| gxh wr vwudwl�fdwlrq/ wkhq wkh Kdplowrqldq uhgxfwlrq lv qrw shuihfw1 Qrwh
wkdw wkh �uvw lqwhjudo/ X/ dfwv dv d Ehuqrxool frqvwdqw dorqj d jlyhq vwuhdpolqh/ exw wkh
frqvwdqw fdq ydu| iurp vwuhdpolqh wr vwuhdpolqh ehfdxvh wkh ixqfwlrq lv wudqvyhuvdo1

81919 Wkh Vwrnhv vxefdwhjru|

Wkh Vwrnhv fdwhjru| dgplwv wrsrorjlfdo hyroxwlrq lq wkh vhqvh wkdw wkh kduprqlf
frqwulexwlrqv wr Z duh qrw qxoo/ dqg wkhuhiruh wkh �kroh dqg kdqgoh� frxqw ri wkh
Fduwdq wrsrorj| lv fkdqjlqj lq dq hyroxwlrqdu| pdqqhu1 Vxfk forvhg  rzv duh qrw
uhyhuvleoh1 Qrwh wkdw doo forvhg  rzv suhvhuyh wrsrorjlfdo yruwlflw| dqg wrsrorjlfdo
sdulw|/ dqg vr li wkh  rz lv zlwkrxw yruwlflw| lq wkh lqlwldo vwdwh/ wkhq wkh  rz lv
zlwkrxw yruwlflw| lq wkh �qdo vwdwh1 Wkh Sid� wrsrorjlfdo glphqvlrq uhpdlqv ohvv
wkdq 51 Krzhyhu/ li wkh lqlwldo vwdwh kdv yruwlflw|/ wkdw yruwlflw| zloo eh suhvhuyhg/ exw
wkh Wrsrorjlfdo Wruvlrq 60irup fdq fkdqjh1 Lq idfw wkh Wrsrorjlfdo Wruvlrq 60irup
frxog eh qrq0}hur lq wkh lqlwldo vwdwh/ dqg }hur lq wkh �qdo vwdwh/ iru wkh ghfd| udwh ri
wrsrorjlfdo wruvlrq lv sursruwlrqdo wr T	I 1 Erwk wkh 40irup ri dfwlrq dqg lwv kroh
frxqw/ dqg wkh 60irup ri Wrsrorjlfdo Wruvlrq/ dqg lwv wzlvwhg kdqgoh frxqw/ duh qrw
qhfhvvdulo| lqyduldqwv ri d Vwrnhv  rz1

D phwkrg ri glvwlqjxlvklqj ehwzhhq �krohv dqg wzlvwhg kdqgohv� lv ri vrph
lqwhuhvw1 Qrwh wkdw sk|vlfdoo| d kdqgoh fdq eh frqvwuxfwhg e| ghiruplqj wkh ulpv ri
wzr krohv lq d vxuidfh lqwr wxehv dqg sdvwlqj wkh wxexodu hqgv wrjhwkhu1 Li wkh ulpv duh
wzlvwhg e| kdoi lqwhjhu ru lqwhjhu pxowlsohv ri sl ehiruh wkh hqgv duh joxhg wrjhwkhu/
wkhq wkh kdqgohv kdyh wruvlrq1 Qrwh wkdw d kdqgoh fdqqrw eh frqvwuxfwhg lq wkh sodqh/
vr lw lv dq lqwulqvlfdoo| 60glphqvlrqdo wklqj1 Li wkh 60irupK ydqlvkhv/ wkhq wkhuh duh qr
kdqgohv lq wkh lqlwldo vwdwh/ dqg dv wkh Kdplowrqldq hyroxwlrq surgxfhv qr pruh qhz
krohv/ wkhuh fdq eh qr pruh qhz kdqgohv lq d Kdplowrqldq  rz1 Krzhyhu/ h{lvwlqj
kdqgohv pd| ehfrph wzlvwhg ru nqrwwhg/ ehfdxvh T	I 9' f/ hyhq iru Kdplowrqldq
 rzv1 Wkhvh idfwv fruuhvsrqg wr wkh sk|vlfdo uhvxow wkdw Kdplowrqldq v|vwhpv duh
qrw glvvlsdwlyh dqg suhvhuyh hqhuj|/ exw wkdw grhv qrw phdq wkdw hqwurs| pxvw eh
frqvhuyhg1

Lw vkrxog eh qrwhg wkdw iru doo xqlirupo| frqwlqxrxv  rzv/ gZ ' f= Lw iroorzv
wkdw wkh wudqvyhuvdolw| frqglwlrq lE�V�Z ' f lpsolhv wkdw wkh 40irup ri yluwxdo zrun
Z lv dq devroxwh lqyduldqw ri wkh  rz =

Xqlirupo| frqwlqxrxv I orzv G OE�V�Z ' f= +818<,
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8191: Qrq0Xqlirupo| Frqwlqxrxv Surfhvvhv

Wr eh zulwwhq

81: Joredo Frqvhuydwlrq Odzv

81:14 Iluvw Yduldwlrq

H{wuhpdo +ru Kdplowrqldq,  rzv dqg Hxohuldq  rzv lqgxfh d vhw ri joredo frqvhuydwlrq
odzv lq wkh vhqvh wkdw wkh forvhg lqwhjudov ri doo rgg glphqvlrqdo Sid� fodvvhv ri wkh
ixqgdphqwdo irupv duh uhodwlyh lqwhjudo lqyduldqwv ri xqlirupo| frqwlqxrxv hyroxwlrq1
Wkh uhvxow iroorzv iurp wkh idfw wkdw wkh hyroxwlrqdu| udwhv/ T dqg T	I uhvshfw wr
vxfk  rzv duh }hur1 Lqwhjudov ri h{dfw irupv hydoxdwhg ryhu forvhg f|fohv/ zkhwkhu
wkh f|foh + }�g ru }�g, lv d erxqgdu| ru qrw/ ydqlvk1 Khqfh doo forvhg lqwhjudov ri rgg
glphqvlrqdo vhwv/

U
}�g

D dqg
U
}�g

K/ duh hyroxwlrqdu| lqyduldqwv ri Kdplowrqldq dqg
Hxohuldq  rzv1

Iru wkh forvhg  rzv ri wkh Vwrnhv fdwhjru|/ wkh hyroxwlrqdu| udwhv ri doo rgg
Sid� fodvvhv duh forvhg/ exw qrw qhfhvvdulo| h{dfw1 Wkdw lv/

gT ' f> dqg gET	I � ' f> +8193,

lpso|lqj forvxuh/ exw T dqg T	I duh qrw h{dfw1 Wkh ghUkdp fodvvhv duh qrw hpsw|
dqg duh qrw  rz lqyduldqwv1 Wrsrorj| fkdqjhv gxulqj vxfk hyroxwlrqdu| surfhvvhv1

Khqfh d joredo vhw ri frqvhuydwlrq odzv lq whupv ri forvhg lqwhjudov ri D dqg
K fdq eh ghylvhg rqo| iru wkrvh forvhg fkdlqv wkdw vdwlvi| Vwrnhv wkhruhp/ dqg wkrvh
fkdlqv pxvw eh erxqgdulhv +ri vxssruw,1 Duelwudu| forvhg lqwhjudov duh qrw hyrox0
wlrqdu| lqyduldqwv1 Wklv odfn ri uhodwlyh lqwhjudo lqyduldqfh ^UPN 4<:7` iru

U
}�g

K
fruuhvsrqgv wr wkh surgxfwlrq ru ghvwuxfwlrq ri 6 glphqvlrqdo ghihfwv/ dqg wkhvh qhz
ghihfwv duh lqglfdwlrqv ri fkdqjlqj wrsrorj| dqg fkdqjlqj lqkrprjhqhlw|1 Irupdoo|/
d forvhg lqwhjudo ryhu d forvhg irup lv d shulrg lqwhjudo zkrvh ydoxh/ e| Eurxzhu*v
wkhruhp ^UPN 4<::`/ lv dq lqwhjhu pxowlsoh ri vrph vpdoohvw ydoxh1 D yduldwlrq ri d
shulrg lqwhjudo vljqdov d fkdqjh lq d Ehwwl qxpehu dqg khqfh d fkdqjh lq wrsrorj|1
Vxfk  rzv fdq surgxfh wkuhh glphqvlrqdo ghihfwv1

Wkhvh uhvxowv srlqw rxw wkh olplwdwlrqv ri Pr�dww*v dqg Jd�hw*v fodlpv ^Jd�hw 4<;8`
wkdw wkh yroxph lqwhjudo ri kholflw| ghqvlw|/ ��fxuo�/ lv dq hyroxwlrqdu| lqyduldqw1 Kh0
olflw| lv QRW qhfhvvdulo| dq lqyduldqw ri d frqwlqxrxv  rz1 Pruhryhu/ rshq ru forvhg
lqwhjudov ri Kholflw| duh qrw qhfhvvdulo| lqwhjudo lqyduldqwv ri frqwlqxrxv hyroxwlrq1
Lq sduwlfxodu/ wkh forvhg yroxph lqwhjudo ri kholflw| ghqvlw|/ wkh irxuwk frpsrqhqw ri
wkh Kholflw| irxu fxuuhqw/ lv qrw dq lqyduldqw ri frqwlqxrxv  rzv iru zklfk wkhuh lv d
wruvlrq fxuuhqw 1

D wkhruhp ghshqglqj rq rqo| wkh �uvw yduldwlrq fdq eh vwdwhg iru wkh frqwlq0
xrxv hyroxwlrq ri  rzv uhvwulfwhg wr Kdplowrqldq ru Hxohuldq  rzv=

Wkhruhp 59 LLL= Wkh +xqlirupo|, frqwlqxrxv hyroxwlrq ri doo rgg glphqvlrqdo Sid�
fodvvhv ri wkh Fduwdq edvh zlwk uhvshfw wr Kdplowrqldq ru Hxohuldq  rzv +gT ' f> T
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h{dfw, duh h{dfw1 Khqfh/ wkh forvhg lqwhjudov ri D dqg K ' D	gD ryhu forvhg f|fohv
ru erxqgdulhv duh uhodwlyh lqwhjudo lqyduldqwv zlwk uhvshfw wr Kdplowrqldq ru Hxohuldq
 rzv1

Wkh surri ri wkh wkhruhp lv dv iroorzv=
Surri1 OEV�D ' lEV�gDn gElEV��D� ' gdS n lEV��Do ' T dqg lv h{dfw1
Wkhuhiruh OEV�

U
}�
D '

U
}�
T '

U
}�
gdS n lEV��Do ' f � lqyduldqfh ri

U
}�
D1

Vlploduo|/
OEV�K ' OEV�ED	I � ' EOEV�D�	I ' T	I ' gdS n lEV��Do	I lv h{dfw vxfk

wkdw
OEV�

U
}�
K '

U
}�
gdS n lEV��Do	I � lqyduldqfh ri

U
}�
K1 T1H1G1

Lq wkh k|gurg|qdplf fdvh ri d frpsuhvvleoh Hxohuldq  xlg/ wklv wkhruhp lv wkh
jhqhudol}dwlrq ri wkh �lqyduldqfh ri Kholflw| wkhruhp� riwhq vwdwhg iru d edurwurslf
grpdlq ru lvhqwurslf frqvwudlqwv1 Forvhg  rzv wkhuhiruh h{klelw joredo frqvhuydwlrq
odzv edvhg rq uhodwlyh lqwhjudo lqyduldqwv ri D dqg K/ dv zhoo dv devroxwh lqwhjudo
lqyduldqwv ri I dqg N1 Dv zloo eh ghprqvwudwhg ehorz/ wkh lqwhjudo ri wkh 60irup
ri wrsrorjlfdo wruvlrq/ qrw wkh kholflw| ghqvlw|/ ryhu d erxqgdu| lv dq lqyduldqw ri doo
 rzv wkdw vdwlvi| wkh Qdylhu0Vwrnhv htxdwlrqv dqg iru zklfk wkh yruwlflw| yhfwru �hog
vdwlv�hv wkh Iurehqlxv frpsohwh lqwhjudelolw| frqglwlrqv1 Wklv uhvxow lv lqghshqghqw
iurp wkh pdjqlwxgh ri wkh ylvfrvlw| frh!flhqw1 Rq wkh rwkhu kdqg/ wkh frqwlqxrxv
ghvwuxfwlrq ri 60glphqvlrqdo ghihfwv fdq eh dvvrfldwhg zlwk forvhg  rzv ri wkh Vwrnhv
fdwhjru|1 Kholflw| lv QRW qhfhvvdulo| d uhodwlyh lqwhjudo lqyduldqw ri Vwrnhv  rzv1
Uhpdundeo|/ vxfk  rzv dovr dgplw d vhw ri uhodwlyh lqwhjudo lqyduldqwv/ exw wkhvh duh
ghwhuplqhg rqo| lq whupv ri d vhfrqg yduldwlrqdo surfhvv1

81:15 Vhfrqg Yduldwlrq

Lw vkrxog eh qrwhg wkdw wkh vhfrqg Olh gl�huhqwldo ri wkh rgg glphqvlrqdo Sid� fodvvhv
+uhsuhvhqwhg e| D dqgK, grhv surgxfh d vhw ri joredo frqvhuydwlrq odzv iru xqlirupo|
frqwlqxrxv surfhvvhv1 Wkh uhvxow iroorzv iurp wkh idfw wkdw wkh vhfrqg Olh gl�huhqwldo
ri wkh Dfwlrq zlwk uhvshfw wr forvhg  rzv lv h{dfw/ zkhuh wkh �uvw Olh gl�huhqwldo lv
forvhg$

Wkh ixqgdphqwdo wkhruhp lv wkhq=

Wkhruhp 5: LY= Wkh +xqlirupo|, frqwlqxrxv hyroxwlrq ri doo rgg glphqvlrqdo Sid�
fodvvhv ri wkh Fduwdq edvh zlwk uhvshfw wr forvhg  rzv +gT ' f, duh forvhg / exw
qrw qhfhvvdulo| h{dfw1 Wkh vhfrqg Olh gl�huhqwldo lv dozd|v h{dfw vr wkdw

U
}�
T dqgU

}�
T	I duh uhodwlyh lqwhjudo lqyduldqwv ri +xqlirupo|, frqwlqxrxv +gT ' f, hyroxwlrq1

Wkh surri ri wkh ixqgdphqwdo wkhruhp lv dv iroorzv=
Surri1

OE�V�D ' lE�V�gDn gElE�V��D� ' T= +8194,

OE�V�OE�V�D ' OE�V�T ' U +8195,

' lE�V�gElE�V�gD� n glE�V�glE�V�D +8196,

' lE�V�gET� n glE�V�glE�V�D ' f n gE\� +8197,
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zklfk lv h{dfw1 Vlploduo|/

OE�V�OE�V�D	gD ' OE�V�T	I ' gE{ I � +8198,

zklfk lv h{dfw1 Lw iroorzv wkdw

OE�V�

]
}�

T	I '

]
}�

gE{ I � ' f +8199,

vxfk wkdw
U
}�
T	I lv d uhodwlyh lqwhjudo lqyduldqw1 T1H1G1

Xqlirup frqwlqxlw| uhtxluhv wkdw gEOE�V�D� ' OE�V�gD ' gT ' f/ zklfk
lqvxuhv wkdw T dqg T	I duh forvhg1 Khqfh forvhg lqwhjudov ri wkh rgg glphqvlrqdo
s0irupv ri T dqg T	I +dqg qrw qhfhvvdulo| D dqg K, duh uhodwlyh lqwhjudo lqyduldqwv
ri xqlirupo| frqwlqxrxv hyroxwlrq1 Wkh lqwhjudov

U
}�
T dqg

U
}�
T	I jhqhudwh joredo

frqvhuydwlrq odzv iru xqlirupo| frqwlqxrxv surfhvvhv lq zklfk gT ' f= Lq hohphqwdu|
whupv/ rq d vsdfh wlph ydulhw|/ wkh ixqgdphqwdo wkhruhp ri xqlirupo| frqwlqxrxv
hyroxwlrq vwdwhv wkdw wkh Oruhqw} irufh kdv }hur fxuo/ dqg wkh wruvlrq ghihfw surgxfwlrq
udwh kdv }hur glyhujhqfh +N ' f,/ zkhwkhu wkh v|vwhp lv glvvlsdwlyh ru qrw1

Wkh vxffhvvlyh Olh ghulydwlrqv zlwk uhvshfw wr d xqlirupo| frqwlqxrxv yhfwru
�hog M ' �Y surgxfhv dq h{dfw vhtxhqfh/ vwduwlqj iurp wkh frqfhsw ri dfwlrq0dqjxodu
prphqwxp/ D/ hyroylqj wr d forvhg vhw/ T/ zklfk xqghu frqwlqxhg Olh ghulydwlrq
hyroyhv wr dq h{dfw nhuqho ri udgldwlrq0srzhu/ U ^UPN 4<::`1 D vlplodu h{dfw vh0
txhqfh fdq eh frqvwuxfwhg iru doo rgg glphqvlrqdo Sid� fodvvhv/D>D	gD>D	gD	gD> ====

81:16 Frqwlqxlw| dqg wkh Lqwhjhuv

D prvw uhpdundeoh ihdwxuh ri wkh ixqgdphqwdo wkhruhp ri xqlirupo| frqwlqxrxv hyr0
oxwlrq lv wkdw wkh lqwhjudo ri dq| udgldwlrq 40irup/ U/ wkurxjk d frqwdlqhu zklfk lv
d pd{lpdo f|foh lv lq uhodwlrq wr wkh lqwhjhuv1 Wklv frqfhsw lv dqrwkhu dssolfdwlrq ri
wkh Eurxzhu ghjuhh ri d pds wkhruhp/ wkdw vd|v wkdw doo shulrg lqwhjudov duh lqwhjhu
pxowlsohv ri vrph vpdoohvw ydoxh1 Wkh pd{lpdo f|foh lv d forvhg vhw wkdw lv qrw d
erxqgdu| exw fdq frqwdlq d v|vwhp zlwk lqwhuqdo ghihfwv/ khqfh wkh qdph/ wkh �frq0
wdlqhu�1 Dv d vlpsoh h{dpsoh frqvlghu d glvf zlwk vhyhudo lqwhuqdo krohv> wkh pd{lpdo
f|foh lv wkh f|foh zklfk zrxog eh wkh erxqgdu| li wkh glvf kdg qr krohv1 Wkh joredo
frqvhuydwlrq odzv vwdwhg deryh lpso| wkdw udgldwlrq wkurxjk wkh pd{lpdo f|foh pxvw
eh frpshqvdwhg e| d fkdqjh lq wkh frkrprorj| fodvv/ ru wkh surgxfwlrq ri d ghihfw
ri lqkrprjhqhlw| lq wkh lqwhulru1 Udgldwlrq ghihfwv +�krohv dqg wruvlrq kdqgohv�, duh
txdqwl}hg/ iru lw lv lpsrvvleoh wr fuhdwh kdoi d kroh1

Lw zrxog dsshdu iurp wkh deryh dujxphqw wkdw Sodqfn*v k|srwkhvlv ri txdq0
wl}hg udgldwlrq rvfloodwruv pd| eh frqvlghuhg d frqvhtxhqfh ri wkhruhp LY dqg Xql0
irupo| Frqwlqxrxv hyroxwlrq dv gh�qhg e| htxdwlrq 818<1

81; Sid�*v Sureohp/ Fkdudfwhulvwlfv/ dqg wkh Wruvlrq Fxuuhqw1

Forvho| uhodwhg wr wkh frqfhsw ri wrsrorjlfdo wruvlrq lv wkh Sid� sureohp wkdw dvnv
derxw wkh vroxelolw| ri wkh v|vwhp ri gl�huhqwldo htxdwlrqv gh�qhg e| vhwwlqj hdfk
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hohphqw ri wkh Fduwdq forvxuh wr }hur1 Wkh sureohp lv htxlydohqw wr �qglqj fkdudf0
whulvwlf yhfwru �hogv zklfk/ li frqwlqxrxv/ jhqhudwh dq hyroxwlrqdu|  rz wkdw suhvhuyhv
wkh Fduwdq wrsrorj|1 Wkh nh| lghd ri Sid�*v sureohp lv wr �qg pdsv iurp vsdfhv ri t
glphqvlrqv lqwr wkh ydulhw|/ [/ vxfk wkdw zkhq wkhvh pdsv dqg wkhlu gl�huhqwldov duh
vxevwlwxwhg lqwr wkh v|vwhp ri irupv wkdw pdnh xs wkh Fduwdq forvxuh/ wkhq wkh qhz
irupv duh htxdo wr }hur1 Lq wklv vhqvh/ wkh sxooedfn ri wkh irupv ri wkh Fduwdq forvxuh
wr wkh vsdfhv ri glphqvlrq t duh }hur1 Lq wkh fdvh ri xvxdo lqwhuhvw wr sk|vlfv/ wkh
pdsv duh ri d vlqjoh sdudphwhu zklfk doprvw dozd|v lv dvvrfldwhg zlwk wkh frqfhsw
ri wlph1 Krzhyhu/ wkh| pd| h{lvw kljkhu glphqvlrqdo vroxwlrqv ri vd| wzr sdudphwhuv
ru pruh1

Wkh txhvwlrq dulvhv dv wr wkh odujhvw glphqvlrq ri vxfk d �vroxwlrq� dqg lv gh0
whuplqhg lq whupv ri wkh �fkdudfwhuv� dqg �jhqxv� ri wkh Sid� v|vwhp ^Voherg}lqvn| 4<:3`1
Lw lv wkh remhfwlyh ri wklv vhfwlrq wr ghprqvwudwh wkdw wkh jhqxv ri wkh Sid� v|vwhp
exlow iurp d vlqjoh 40irup ri dfwlrq lv 6 li wkh Wruvlrq fxuuhqw/ A/ ydqlvkhv/ dqg fdq
eh 2 rqo| li A 9' f1 Wkh jhqxv lv dq dulwkphwlf lqyduldqw dqg d wrsrorjlfdo surshuw|1
D fkdqjh ri jhqxv lpsolhv wrsrorjlfdo hyroxwlrq1 Krzhyhu iru wkh vshfldo Sid� v|vwhp
ghvfulehg/ wkh fkdudfwhuv duh vxfk wkdw rqo| 40sdudphwhu vroxwlrqv duh srvvleoh/ zkhq
A ' f/ dqg d xqltxh 5 sdudphwhu vroxwlrq lv dgplvvleoh rqo| zkhq A 9' f1 Lq rwkhu
zrugv wkh Sid� sureohp dgplwv d �vwulqj� vroxwlrq +d wzr sdudphwhu vroxwlrq, rqo|
zkhq wkh Wruvlrq fxuuhqw lv qrw }hur1

Frqvlghu dq hohfwurpdjqhwlf irupdw1 Iru wkh hohfwurpdjqhwlf fdvh/ wkh Fduwdq
40irup pd| eh gh�qhg lq whupv ri wkh yhfwru dqg vfdodu srwhqwldov/

D ' � � gh� *gw= +819:,

Xvlqj wkh fodvvlfdo qrwdwlrq ri Vrpphuihog/ gh�qh wkh , dqg � �hog lqwhqvlwlhv dv

� ' fxuo�> , ' �C�@Cw� judg*= +819;,

Wkhq wkh frpsrqhqwv ri wkh Gduerx{0Fduwdq0Pd{zhoo �hog/ I�� / pd| eh zulw0
whq dv dq dqwl0v|pphwulf pdwul{ + ru dv d Vrpphuihog vl{0yhfwru, ri frpsrqhqwv =

I�2 ' E}> I�� ' �E|> I2� ' E{> I�e ' H{> I2e ' H|> I�e ' H} +819<,

vxfk wkdw wkh frpsrqhqwv ri gD ' I ' I��g{
�	g{�

Wkh Wrsrorjlfdo wruvlrq/ K/ ehfrphv

K ' D	gD ' �li,��n *�>� ��jg{	g|	g}	gw= +81:3,

zlwk wkh wruvlrq fxuuhqw gh�qhg dv/

A ' �d,��n *�o +81:4,

dqg wkh kholflw| ghqvlw|/
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k ' �� ��= +81:5,

Wkh Wrsrorjlfdo Sdulw| 70irup ehfrphv wkh joredo wrs Sid!dq rq wkh 7 glphqvlrqdo
vsdfh0wlph ydulhw|/ dqg lv htxdo wr

N ' gD	gD ' �2, ��g{	g|	g}	gw= +81:6,

Qrwh wkdw

glyAn Ck@Cw ' 2, �� +81:7,

1 Wkh 60irup ri d{ldo fxuuhqw/ K/ lv QRW frqvhuyhg zkhqN 9' f1 Wklv uhvxow kdv ehhq
revhuyhg e| Ehujhu ^Ehujhu 4<;7`1 Iroorzlqj Fkhuq/ wkh Hxohu lqgh{ rq d frpsdfw
pdqlirog zrxog eh wkh lqwhjudo

" '

]
}e

2, ��g{	g|	g}	gw= +81:8,

Qrz wkh Sid� sureohp lv ghwhuplqhg e| wkh htxdwlrqv

D ' f> I ' f= +81:9,

Iroorzlqj Voherg}lqvn|/ dv wkhuh lv rqo| rqh 40irup lq wkh Sid� v|vwhp/ wkh �uvw
fkdudfwhu/ vf/ ri wkh Sid� v|vwhp lv htxdo wr 41 Pxowlso| I e| */ dqg xvh D ' f wr
holplqdwh *gw lq wkh htxdwlrq I ' f1 Wkh uhvxow lv jlyhq e| wkh htxdwlrq/

i,��n *�j��g{
�	g{� ' iAj��g{

�	g{� ' f> +81::,

zklfk lv dq h{suhvvlrq wkdw grhv qrw frqwdlq gw1 Wkh srodu v|vwhp ri wkhvh uhvxowdqw
htxdwlrqv ghwhuplqhv wkh jhqxv ri wkh Sid� v|vwhp1 Lq sduwlfxodu/ li A/ wkh wruvlrq
fxuuhqw ydqlvkhv/ wkhq +81::, ydqlvkhv/ wkh vhfrqg fkdudfwhu/ v� lv }hur dqg wkh jhqxv
ri wkh Sid� v|vwhp lv 61 Doo kljkhu fkdudfwhuv ydqlvk/ vr wkh Sid� v|vwhp lv vshfldo1
Rqo| 40sdudphwhu krphrprusklf hyroxwlrqdu| vroxwlrqv duh srvvleoh iru wkh Sid�
v|vwhp lq 7 glphqvlrqv/ zkhq A ' f1

Rq wkh rwkhu kdqg/ iru dq| duelwudu| yhfwru �hog/ V/ vxfk wkdw wkh wzr 40irupv
~A�V��g{

� dqg D/ duh olqhduo| lqghshqghqw/ wkhq wkh vhfrqg fkdudfwhu/ v�/ htxdov
4/ dqg wkh jhqxv lv 51 Wkhuh wkhq h{lvwv d wzr sdudphwhu fkdudfwhulvwlf hyroxwlrqdu|
v|vwhp +d vwulqj,1 Lq rwkhu zrugv/ wkh suhvhqfh ri wkh wruvlrq fxuuhqw lv qhfhvvdu|
iru wkh h{lvwhqfh ri d wzr sdudphwhu vroxwlrq wr wkh Sid� sureohp1 Wkhuh duh qr
6 sdudphwhu vroxwlrqv wr wklv Sid� sureohp lq 70glphqvlrqv1 Wklv h{wudruglqdu|
frqqhfwlrq ehwzhhq wkh frqfhsw ri wkh Wruvlrq fxuuhqw dqg wkh vroxelolw| ri Sid�*v
sureohp vhuyhv wr ixuwkhu hpskdvl}h wkh frqwhqw ri wkh riwhq qhjohfwhg txdqwlw| ri
wrsrorjlfdo wruvlrq1
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81;14 Wkh Hxohu lqgh{

Wkh frh!flhqwv ri wkh Dfwlrq 40irup joredoo| gh�qh d fryduldqw yhfwru �hog rq wkh
ydulhw|1 Wklv yhfwru �hog qhhg qrw eh d vhfwlrq zlwkrxw vlqjxodulwlhv1 Dv phqwlrqhg
lq vhfwlrq 46 Duqrog kdv vkrzq krz wkh vlqjxodu srlqwv +}hurv, ri wkh Dfwlrq 40irup/
D/ fdq eh xvhg wr gh�qh wkh Hxohu lqgh{ ri wkh wrsrorj| lqgxfhg rq wkh ydulhw|1
Dqrwkhu phwkrg iru hydoxdwlqj wklv nh| wrsrorjlfdo surshuw| kdv ehhq ghylvhg e|
Fkhuq ^Juhxe 4<:6` ^Fkhuq 4<;;`1 Iroorzlqj Fkhuq/ wkh Hxohu lqgh{ ehfrphv wkh
lqwhjudo

" '

]
}e

N '

]
}e

2, ��g{	g|	g}	gw= +81:;,

Lq Odjudqjldq �hog wkhrulhv/ d qrq0}hur ydoxh iru N lpsolhv wkdw wkh vhfrqg
Fkhuq fodvv lv qrw hpsw| dqg vljqdov wkh ghplvh ri wlph uhyhuvdo dqg sdulw| v|pphwu|
^Fdoodq 4<:9` +khqfh/ wkh qdph Wrsrorjlfdo Sdulw| 70irup,1 Lw vkrxog eh uhpdunhg
wkdw N lv wkh h{whulru ghulydwlyh ri wkh 60irup ri wrsrorjlfdo wruvlrq/ K/ dqg wkdw wklv 60
irup/ K/ fdq eh sxw lqwr fruuhvsrqghqfh zlwk Sid�v sureohp dqg wkh Sid� wrsrorjlfdo
glphqvlrq/ ru fodvv/ ri wkh 40irup D1 Wkh fodvv ri d 40irup dqg lwv uhodwlrqvkls zlwk
Odjudqjldq �hog wkhru| gdwhv edfn wr Iruv|wk ^B`/ Ydqghunxon ^Vfkrxwhq 4<7<`/ dqg
Srvw ^Srvw 4<;6` 1 Lq h�hfw wkh hyroxwlrqdu| odz iru wkh 60irup ri Wrsrorjlfdo Wruvlrq
jlyhq e| 81:3 lv d Odjudqjldq �hog wkhru| exlow rq Sid�*v sureohp1 Pxfk odwhu wkdq
wkhvh Sid� sureohp phwkrgv/ Fkhuq dqg Vlprqv ghyhorshg dq dfwlrq sulqflsoh edvhg
xsrq wkh frqqhfwlrq pdwul{ ri 40irupv/ dqg lwv h{whulru gl�huhqwldo ri wklv pdwul{1
Wkh frqfhswv ehfdph nqrz dv Fkhuq Vlprqv wkhru|/ exw lv gl�huhqw iurp wkh Sid�
sureohp dqg wrsrorjlfdo wruvlrq/ zklfk grhv qrw uhtxluh d frqqhfwlrq1

Zkhq wkh hohfwulf �hog lv ruwkrjrqdo wr wkh pdjqhwlf �hog/ wkhq wkh Hxohu
lqgh{ lv }hur1 Wkh lghd wkdw wklv Srlqfduh lqyduldqw pljkw kdyh ghhshu phdqlqj ohg
Hgglqjwrq ^Hgglqjwrq 4<96 +4<56,` wr vwdwh= �Lw lv vrphzkdw fxulrxv wkdw wkh vfdodu0
surgxfw ri wkh hohfwulf dqg pdjqhwlf irufhv lv ri vr olwwoh lpsruwdqfh lq fodvvlfdo wkhru|/
iru 1181:; 11 zrxog vhhp wr eh wkh prvw ixqgdphqwdo lqyduldqw ri wkh �hog1 Dsduw iurp
wkh idfw wkdw lw ydqlvkhv iru hohfwurpdjqhwlf zdyhv sursdjdwhg lq wkh devhqfh ri dq|
erxqg hohfwulf �hog +l1h1/ uhprwh iurp hohfwurqv,/ wklv lqyduldqw vhhpv wr kdyh qr
vljql�fdqw surshuwlhv1 Shukdsv lw pd| wxuq rxw wr kdyh juhdwhu lpsruwdqfh zkhq wkh
vwxg| ri hohfwurq0vwuxfwxuh lv pruh dgydqfhg1�

D qrq0}hur ydoxh ri wkh Wrsrorjlfdo Sdulw| 70irup/ N/ lpsolhv wkdw wkh glyhu0
jhqfh ri A lv qrw }hur1 Wkhuhiruh/ wruvlrq olqhv fdq vwrs ru vwduw zlwklq wkh ydulhw|
hyhq wkrxjk wkh hyroxwlrq lv F5 frqwlqxrxv1 Wkh wruvlrq fxuuhqw lv qrw qhfhvvdulo|
frqvhuyhg dqg 60glphqvlrqdo ghihfwv fdq eh surgxfhg lqwhuqdoo|1 Vwulqj wkhrulvwv gh0
vfuleh wklv h�hfw dv dq dqrpdo| ri wkh d{ldo +Wruvlrq, fxuuhqw1 Lq wkh vdph vhqvh wkdw
wkh forvhg exw qrw h{dfw 40irup ohdgv wr d frpsoh{ uhsuhvhqwdwlrq lqyroylqj rughuhg
sdlu ri yduldeohv/ d forvhg exw qrw h{dfw 60irup ohdgv wr d txdwhuqlrqlf uhsuhvhqwdwlrq1

Wkh frqfhsw ri d grpdlq ri qrq0qxoo Hxohu lqgh{ +N 9' f, qrz dsshduv wr eh
xvhixo wr wkh wkhru| ri pdjqhwlf uhfrqqhfwlrq lq wkh hohfwurpdjqhwlf fdvh ^Rwwr 4<<3`



Sid�*v Sureohp/ Fkdudfwhulvwlfv/ dqg wkh Wruvlrq Fxuuhqw1 4:<

dqg wr yruwh{ uhfrqqhfwlrq ^Phwfdoi 4<<3` lq wkh k|gurg|qdplf fdvh1 Wkh fruuhvsrq0
ghqfh ehwzhhq wkh eulgjlqj dqg ule vwuxfwxuhv surgxfhg lq qxphulfdo vlpxodwlrqv ri
wxuexohqw  xlg  rzv dqg wkh 70vwulqj lqwhudfwlrq ri vxshuvwulqj wkhru| lv uhpdundeoh
^Ndnx 4<;;`1 Wkh frqfhsw +N 9' f, dsshduv wr eh dssolfdeoh wr wkh xqghuvwdqglqj ri
wkh vwuhwfklqj ri olqhv dqg vxuidfhv lq wxuexohqw  rzv zkhuh wlph0uhyhuvdo v|pphwu| lv
ylrodwhg ^Guxpprqg 4<<3`1 Wkh dsshdudqfh ri odujh vfdoh vwuxfwxuhv lq fhuwdlq  rzv
kdv ehhq dvvrfldwhg zlwk wkh odfn ri sdulw| lqyduldqfh ^Vxohp 4<;<`1 Wkh frqfhswv
ri pdfurvfrslf ylrodwlrqv ri S dqg W v|pphwulhv dsshdu wr kdyh dssolfdwlrq wr wkh
wkhru| ri wkh txdqwxp Kdoo h�hfw ^Zhq 4<;<`1

Zlwk uhjdugv wr k|gurg|qdplf v|vwhpv/ wkh hyroxwlrq ri d  rz iurp d odplqdu
 rz wr d wxuexohqw  rz lqyroyhv wrsrorjlfdo hyroxwlrq1 Iru wkh Qdylhu0Vwrnhv v|vwhp/
wkh Hxohu lqgh{ ghshqgv xsrq wkh ylvfrvlw| dqg wkh odfn ri Iurehqlxv lqwhjudelolw| ri
wkh yruwlflw| �hog ^UPN 4<<5 d`1 Vxfk d whup |lhogv d orfdo vrxufh iru wkh fuhdwlrq
ri Wruvlrq fxuuhqwv1 Wkh odfn ri uhyhuvlelolw| ri vxfk  rzv/ dqg wkh luuhgxfleoh wlph
ghshqghqw/ 6 glphqvlrqdo ihdwxuhv ri vxfk  rzv/ lpsolhv wkdw N fdq qrw eh }hur iru
wkh wxuexohqw vwdwh1 Lw lv frqmhfwxuhg wkdw wkh Hxohu lqgh{ ri wkh  rz +wkh lqwhjudo ri
N ryhu wkh grpdlq, lv qrw }hur gxulqj wkh wudqvlwlrq wr wxuexohqfh1 Wkdw lv/ N lv qrw
d odvw pxowlsolhu ri wkh vsdwldo yroxph hohphqw/ g{	g|	g} iru wkh  rz ghvfulelqj wkh
frqwlqxrxv +uhodwlyh wr wkh Fduwdq F5 wrsrorj|, wudqvlwlrq wr wxuexohqfh1 Li gT	I ' f
wkhq wkh ixqfwlrq N gh�qhv dq lqwhjudwlqj dfwru lq wkh vhqvh ri d pdvv ghqvlw| vxfk
wkdw

glyENV� n CN@Cw ' f= +81:<,

Li N zhuh d pdvv ghqvlw|/ wklv htxdwlrq lv riwhq fdoohg wkh �htxdwlrq ri frqwl0
qxlw|�/ exw lw lv pruh dffxudwho| ghvfulehg dv wkh �frqvhuydwlrq ri pdvv�1 Uhodwlyh wr
wkh Fduwdq wrsrorj| doo F5 yhfwru �hogv duh frqwlqxrxv1 Wkh wudqvlwlrq wr wkh wxuex0
ohqw vwdwh/ krzhyhu/ pxvw eh glvfrqwlqxrxv/ iru wkh Fduwdq wrsrorj| lq wkh wxuexohqw
vwdwh lv glvfrqqhfwhg1

81;15 Hyroxwlrq ri Wrsrorjlfdo Wruvlrq

Lq vxppdu|/ d wrsrorj| kdv ehhq frqvwuxfwhg rq d ydulhw| lq whupv ri wkh hohphqwv ri
forvxuh ri d Fduwdq v|vwhp ri F5 gl�huhqwldo irupv dqg wkhlu lqwhuvhfwlrqv1 Wkh dvvrfl0
dwhg wrsrorjlfdo vwuxfwxuh lqglfdwhv wkdw doo surfhvvhv jhqhudwhg e| wkh Olh frqyhfwlyh
ghulydwlyh +uhodwlyh wr d F5 yhfwru �hog/ V, duh frqwlqxrxv uhodwlyh wr wkh Fduwdq
wrsrorj|1 Krzhyhu/ wkh surfhvvhv vr jhqhudwhg duh qrw qhfhvvdulo| krphrprusklvpv
iru wkh| qhhg qrw eh uhyhuvleoh> l1h1/ wkh wrsrorj| ri wkh lqlwldo vwdwh fdq hyroyh frqwlq0
xrxvo| lqwr d gl�huhqw wrsrorj| rq wkh �qdo vwdwh1 Wkh phwkrg iru frqvwuxfwlqj wkh
Fduwdq wrsrorj| lv wkh vdph rq erwk wkh lqlwldo dqg wkh �qdo vwdwh/ exw/ iru h{dpsoh/
wkh �kroh dqg kdqgoh� frxqw rq wkh lqlwldo vwdwh fdq eh gl�huhqw iurp wkh �kroh dqg
kdqgoh� frxqw lq wkh �qdo vwdwh1

Lq whupv ri d vlqjoh 40irup ri Dfwlrq/ D/ d Fduwdq wrsrorjlfdo edvh zdv frq0
vwuxfwhg lq whupv ri d vhw ri glvwlqfw hohphqwv/ gh�qhg dv d Sid� vhtxhqfh/ dqg wkhlu
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forvxuhv1 Wkh ixqgdphqwdo odzv ri hyroxwlrq ri hdfk ri wkh hohphqwv ri wkh wrsrorjl0
fdo edvh zdv irupxodwhg uhodwlyh wr dq duelwudu| yhfwru �hog1 Lw zdv ghwhuplqhg wkdw
wkhuh duh wzr fdwhjrulhv ri frqwlqxrxv  rzv/ wkrvh zklfk duh �xqlirupo| frqwlqxrxv�
dqg wkrvh zklfk duh �qrq0xqlirupo| frqwlqxrxv�1 D vshfldo vxe0fdwhjru| ri forvhg
 rzv ghvfuleh d Kdplowrqldq hyroxwlrq/ dq hyroxwlrqdu| surfhvv zklfk suhvhuyhv wkh
qxpehu ri �krohv dqg kdqgohv�1

Uhodwlyh wr wkh xqlirupo| frqwlqxrxv fdwhjru| ri frqwlqxrxv surfhvvhv/ doo hyhq
glphqvlrq hohphqwv ri wkh Fduwdq wrsrorjlfdo edvh duh hyroxwlrqdu| lqyduldqwv1 Iru
xqlirupo| frqwlqxrxv  rzv/ wrsrorjlfdo hyroxwlrq wdnhv sodfh rqo| lq whupv ri wkh rgg
hohphqwv ri wkh wrsrorjlfdo edvh1 Wkh �uvw rgg hohphqw ri wkh wrsrorjlfdo edvh lv wkh
Dfwlrq/ dqg lwv odz ri hyroxwlrq lv htxlydohqw wr wkh hyroxwlrq ri hqhuj|1 Wkh qh{w rgg
hohphqw +dqg wkh rqo| rwkhu rgg hohphqw rq vsdfh0wlph, ri wkh Fduwdq wrsrorjlfdo
edvh lv irupxodwhg dv wkh qryho 60irup ri Wrsrorjlfdo Wruvlrq1 Wkh hyroxwlrq ri wklv
60irup lv vwxglhg/ iru dowkrxjk lw grhv qrw qhfhvvdulo| vdwlvi| d orfdo frqvhuydwlrq odz/
wkh dqrpdorxv vrxufh whup/ gh�qhg dv wrsrorjlfdo sdulw|/ fdq eh frpsxwhg1 Lw lv d
vrxufh ri v|vwhp hyroxwlrqdu| ghihfwv1 Krzhyhu/ lw lv vwloo srvvleoh wr hvwdeolvk d vhw ri
joredo frqvhuydwlrq odzv iru wkh fdwhjru| ri qrq0xqlirupo| frqwlqxrxv dqg luuhyhuvleoh
hyroxwlrqdu|  rzv1 Dowkrxjk wkh hyroxwlrq ri wrsrorjlfdo wruvlrq pd| eh ghvfulehg
e| d frqwlqxrxv surfhvv/ wkh fuhdwlrq ri wrsrorjlfdo wruvlrq iurp d vwdwh zlwkrxw
wrsrorjlfdo wruvlrq lv qrw ghvfulehg e| d frqwlqxrxv surfhvv1 Dv wkh Fduwdq wrsrorj| lv
qrw frqqhfwhg/ wkh fuhdwlrq ri wrsrorjlfdo wruvlrq pxvw lqyroyh glvfrqwlqxrxv surfhvvhv
ru vkrfnv1 Wkh ghfd| ri wrsrorjlfdo wruvlrq fdq eh ghvfulehg e| d frqwlqxrxv surfhvv1

Wkh ixqgdphqwdo htxdwlrq ri wrsrorjlfdo hyroxwlrq/ OE�V�D ' T/ lv htxlydohqw
wr frkrprorjlfdo irupdw ri wkh �uvw odz ri wkhuprg|qdplfv/ Z n gX ' T1 Wkh khdw
40irup T pd| eh xvhg wr irup d Sid� vhtxhqfh zkrvh Sid� glphqvlrq pd| eh xvhg
wr ixuwkhu fodvvli| hyroxwlrqdu|  rzv1 Iru h{dpsoh/ li wkh Sid� glphqvlrq ri T lv 5
ru ohvv/ wkhq T fdq eh zulwwhq lq wkh htxloleulxp irupdw/ T ' WgV1 Dq h{dpsoh ri d
qrq0xqlirupo| frqwlqxrxv v|vwhp ri  rzv +gh�qhg dv gT 9' f, lv suhvhqwhg lq Fkdswhu
7 lq whupv ri wkh Qdylhu0Vwrnhv htxdwlrqv/ iru zklfk wkh dqrpdorxv vrxufh whup/ fdq
eh frpsxwhg1 Lq h�hfw lw zdv ghprqvwudwhg wkdw F5 luuhyhuvleoh  rzv duh dprqj wkh
vroxwlrq vhw wr wkh Qdylhu0Vwrnhv v|vwhp1 Dq devwudfw h{dpsoh zdv dovr jlyhq iru
dq hohfwurpdjqhwlf Dfwlrq lq Fkdswhu 5/ lq zklfk wkh frqfhsw ri wlph uhyhuvdo dqg
sdulw| v|pphwu| euhdnlqj zdv dvvrfldwhg zlwk d qrq0qxoo Hxohu fkdudfwhulvwlf ri wkh
Fduwdq wrsrorj|1

81;16 Wkhuprg|qdplf surfhvvhv

Lq wkhuprg|qdplfv/ d uhyhuvleoh surfhvv lv gh�qhg dv d surfhvv iru zklfk wkh 40irup
ri khdw/ T/ dgplwv dqg lqwhjudwlqj idfwru/ dqg dq luuhyhuvleoh surfhvv lv d surfhvv
iru zklfk wkh 40irup ri khdw grhv qrw dgplw dq lqwhjudwlqj idfwru +ri uhflsurfdo
whpshudwxuh,1 ^Pruvh 4<97`1 Wklv gh�qlwlrq pd| eh pdgh suhflvh lq whupv ri Fduwdq*v
pdjlf irupxod dqg wkh Iurehqlxv wkhruhp/ iru li wkh 40irup ri khdw/ T/ grhv qrw dgplw
dq lqwhjudwlqj idfwru wkhq wkh wkuhh irup/ T	gT> grhv qrw ydqlvk1 Krzhyhu/ iru d
jlyhq sk|vlfdo v|vwhp gh�qhg lq whupv ri d 40irup ri Dfwlrq/ D> dqg lwv Sid� vhtxhqfh/
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wkrvh surfhvvhv/ �V> wkdw vdwlvi| wkh htxdwlrq OE�V�D 	 OE�V�gD ' f duh uhyhuvleoh1

Gh�qlwlrq ri dq uhyhuvleoh surfhvv> V G OE�V�D	OE�V�gD ' T	gT ' f +81;3,

Wklv suhflvh gh�qlwlrq ri wkhuprg|qdplf uhyhuvlelolw| zloo eh vxevxphg/ dqg
wkh frkrprorjlfdo htxlydohqw ri wkh �uvw odz ri wkhuprg|qdplfv zloo eh vwxglhg uho0
dwlyh wr wkh frqvwudlqw ri frqwlqxrxv uhyhuvleoh ru frqwlqxrxv luuhyhuvleoh wrsrorjlfdo
hyroxwlrq1 Pdq| lqwxlwlyh wkhuprg|qdplf frqfhswv fdq eh vwdwhg suhflvho| lq whupv
ri wkh wkhru| ri frqwlqxrxv wrsrorjlfdo hyroxwlrq edvhg rq wkh Fduwdq wrsrorj|1 Iru
h{dpsoh/ wkrvh surfhvvhv/ �VOD/ iru zklfk lE�Vw��OE�V�D ' lE�Vw��T ' f duh
orfdoo| dgldedwlf1

Orfdo dgldedwlf surfhvv> VODG OE�V�lE�VOD�D ' lE�VOD�T ' f= +81;4,

Dv pxvw eh wkh fdvh lq wkhuprg|qdplfv/ wkhuh lv d ixqgdphqwdo gl�huhqfh
ehwzhhq wkh 40irup Z dqg wkh 40irup T1 Iurp wkh gh�qlwlrq Z ' lE�V�gD/ lw
iroorzv wkdw

lE�V�Z ' lE�V�lE�V�gD , f Ewudqvyhuvdolw|� +81;5,

Wklv idfw lpsolhv wkdw wkh 40irup Z pxvw eh frqvwuxfwhg iurp �uvw lqwhjudov/ !/ ri
wkh  rz Y / ru iurp wudqvyhuvdo  xfwxdwlrqv lq wkh nlqhpdwlfv=

Z ' g!n u � Eg � �gw�= +81;6,

Dowkrxjk Z fdq eh lqfoxghg lq wkh frqfhsw ri T/ wkhuh duh sduwv ri T wkdw
duh qrw wudqvirupdeoh lqwr Z 1 D suhflvh gl�huhqfh ehwzhhq wkh 40irup ri +yluwxdo,
zrun dqg wkh 40irup ri khdw fdq eh hvwdeolvkhg= wkh 40irup ri zrun lv qhfhvvdulo|
wudqvyhuvdo wr wkh surfhvv/ zkloh wkh 4 irup ri khdw lv qrw1 Wklv lvvxh lv dw wkh khduw
ri wkh vhfrqg odz ri wkhuprg|qdplfv1 Wkh dujxphqw lv sohdvlqj iru lw jlyhv irupdo
vxevwdqfh wr wkh lqwxlwlyh gl�huhqfhv ehwzhhq wkh wkhuprg|qdplf frqfhswv ri khdw
dqg zrun1

81;17 Wkh Nlqhpdwlf Wrsrorjlfdo Edvh

Iru frqwlqxrxv hyroxwlrq lq vsdfh0wlph/ wkh nh| lghd lv wkdw wkh h{whulru gl�huhqwldo
v|vwhp frqvlvwv ri d Sid� vhtxhqfh frqvwuxfwhg iurp d vlqjoh 40irup ri Dfwlrq D/ soxv
+shukdsv, vrph dgglwlrqdo frqvwudlqwv gh�qlqj d grpdlq ri vxssruw dqg lwv erxqgdu|1
Wkh zrun ri Duqrog +dqg rwkhuv, ^Duqrog 4<;4` kdv hvwdeolvkhg wkdw wkh vlqjxodu
srlqwv +}hur*v, ri d joredo 40irup fduu| wrsrorjlfdo lqirupdwlrq1 Wklv lghd lv wr eh
h{whqghg wr wkh vlqjxodu srlqwv ri doo hohphqwv ri wkh Sid� vhtxhqfh/ ru wrsrorjlfdo
edvh1 Lq wkh Dsshqgl{/ wkh lghd ri krz d joredo 40irup ri Dfwlrq/ D/ h{lvwlqj rq
d vsdfh ri glphqvlrq Q.4 fdq eh sxw lqwr fruuhvsrqghqfh zlwk d olqh exqgoh rq d
ydulhw| ri glphqvlrq Q lv zrunhg rxw lq ghwdlo1 Wkh nh| ihdwxuhv duh wkdw wkh Mdfreldq



4;5 Frqwlqxrxv Wrsrorjlfdo Hyroxwlrq

pdwul{ ri wkh surmhfwlyl}hg 40irup ri Dfwlrq fduulhv prvw ri wkh lqirupdwlrq derxw wkh
vxevsdfh1 Wkh wudfh dqg ghwhuplqdqw ri wkh Mdfreldq pdwul{ ghwhuplqh wkh phdq dqg
Jdxvvldq fxuydwxuh ri wkh vxevsdfh1 Wkh dqwl0v|pphwulf frpsrqhqwv ri wkh Mdfreldq
duh wkh ixqfwlrqv wkdw pdnh xs wkh 50irup/ I ' gD1 Wkh sro|qrpldo srzhuv ri I
irup wkh Fkhuq fodvvhv iru wkh olqh exqgoh ^Vhh wkh dsshqgl{`1
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KRPRJHQHRXV S0 IRUPV/ IUDFWDOV DQG TXDQWL]HG
SHULRG LQWHJUDOV1

914 Lqwurgxfwlrq

Klvwrulfdo Derxw 58 |hduv djr +4<::,/ wkh suhvhqw dxwkru sxeolvkhg dq duwlfoh zlwk
d wlwoh vlplodu wr wkh khdglqj ri wklv fkdswhu1 Wkh duwlfoh zdv hqwlwohg/ �Shulrgv
rq Pdqlirogv/ Txdqwl}dwlrq dqg Jdxjh� ^UPN 4<::`1 Dw wkdw wlph/ lw kdg ehfrph
dssduhqw wkdw dw ohdvw vrph ri wkh txdqwxp phfkdqlfdo ihdwxuhv ri phdvxudeohv zlwk
udwlrqdo udwlrv +wkh txdqwxp qxpehuv, frxog eh lqwhusuhwhg lq whupv ri wrsrorjlfdo
shulrg lqwhjudov1 Ixuwkhu prwlydwlrq iru wkh ruljlqdo sxeolfdwlrq zdv edvhg rq wkh
lghd wkdw wkh Vrpphuihog lqwhjudov +zklfk frxog eh lqwhusuhwhg dv rqh0glphqvlrqdo
shulrg lqwhjudov, pljkw eh xvhg wr h{sodlq wkh ghwdlov ri wkdw Frshqkdjhq p|vwhu|
zkhuhe| wkh txdqwxp mxps/ ru udgldwlyh wudqvlwlrq iurp rqh txdqwxp vwdwh +lqlwldo
vwdwh shulrg lqwhjudo ydoxh, wr dqrwkhu txdqwxp vwdwh +�qdo vwdwh shulrg lqwhjudo
ydoxh,/ lv ghvfulehg dv d �pludfoh�1 Zkdw zdv/ dqg vwloo lv/ qhhghg zdv d phwkrg ri
ghvfulelqj wkh g|qdplfv ri wrsrorjlfdo hyroxwlrq1 D shulrg lqwhjudo lv d wrsrorjlfdo
lqyduldqw ri d krphrprusklvp/ dqg wr ghvfulehg wkh fkdqjh ri d shulrg lqwhjudo zrxog
uhtxluh d surfhvv wkdw lv qrw d krphrprusklvp1 Lw zdv dssduhqw iurp Fduwdq*v
zrun ^Fduwdq 4<8; +4<55,` wkdw doo Kdplowrqldq surfhvvhv suhvhuyh wkh Vrpphuihog
lqwhjudov +forvhg 40irupv ri phfkdqlfdo dfwlrq,/ dqg frxog qrw ghvfuleh wkh g|qdplfv
ri wrsrorjlfdo hyroxwlrq/ pxfk ohvv wkh g|qdplfv ri d udgldwlyh wudqvlwlrq1 Sulru zrun
kdg lqglfdwhg wkdw d prgl�fdwlrq ri wkh Kdplowrqldq phwkrg xvlqj Fduwdq whfkqltxhv
pljkw eh xvhg wr h{sodlq wrsrorjlfdo hyroxwlrq ^UPN 4<:7`1 Sduw ri wkh suhvhqwdwlrq
lq wklv duwlfoh zloo eh wkh ghprqvwudwlrq ri Fduwdq whfkqltxhv wkdw fdq eh xvhg wr
ghvfuleh frqwlqxrxv wrsrorjlfdo hyroxwlrq dqg wkhuprg|qdplf luuhyhuvlelolw|1

Wkh pdmru sduw ri wklv duwlfoh/ krzhyhu/ lv wr jlyh h{dpsohv dqg phwkrgv ri
frqvwuxfwlrq ri forvhg s0irupv/ zklfk pd| vhuyh dv wkh lqwhjudqg ri shulrg lqwhjudov1
Wkh edvlf lghd vwhpv iurp wkh uhfrjqlwlrq wkdw wkh lqwhjudqgv ri wrsrorjlfdo shulrg
lqwhjudov fdq eh pdsshg wr krprjhqhrxv s0irupv ri ghjuhh }hur1 Krprjhqhrxv s0
irupv ri ghjuhh }hur duh lqghshqghqw iurp vfdoh fkdqjhv/ qrw rqo| dw d srlqw/ exw
joredoo|1 Wkh prvw frpprq ri vxfk remhfwv lv wr eh irxqg lq surmhfwlyh jhrphwu|/
zkhuh wkh iudfwlrqdo olqhdu/ ru Prhelxv wudqvirupdwlrq/ lv xvhg wr ghgxfh wkh lpsru0
wdqw lqyduldqwv zklfk duh ixqfwlrqv ri furvv udwlrv1 Wkh frqfhsw ri �jdxjh lqyduldqfh�
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dv lqwurgxfhg e| Zh|o uhodwhv wr fkdqjhv ri vfdoh ri wkh lqghshqghqw yduldeohv xvhg dv
dujxphqwv ri ixqfwlrqv1 Zh|o dvnhg li wkh xqghu wkh frqvwudlqwv ri sdudooho wudqvsruw
dorqj d forvhg sdwk/ zdv lw srvvleoh wkdw qrw rqo| wkh rulhqwdwlrq/ exw dovr wkh �ohqjwk�
ri d yhfwru frxog fkdqjh1 Rulhqwdwlrq ghihfwv lq wkh wdqjhqw sodqh ri wkh vwduwlqj
srlqw zhuh nqrzq wr eh uhodwhg wr fxuydwxuh/ dqg rulhqwdwlrq ghihfwv ruwkrjrqdo wr
wkh wdqjhqw sodqh kdg ehhq uhodwhg wr wkh frqfhswv ri wruvlrq1 Jdxjh lqyduldqfh
lpsolhv wkdw wkh vfdoh ri wkh yhfwru vwd|v wkh vdph1 Khuhlq/ wkh frqfhsw ri uhodwlyh
jdxjh lqyduldqfh ri ixqfwlrqdo irup lv uhodwhg wr krprjhqhrxv ixqfwlrqv ri ghjuhh G/
dqg devroxwh lqyduldqfh wr krprjhqhrxv ixqfwlrqv ri ghjuhh G htxdo wr }hur1 Wkhvh
frqfhswv duh wkhq h{whqghg wr vfdoh ru jdxjh lqyduldqfh ri krprjhqhrxv gl�huhqwldo
irupv1

Rqh ri wkh sulqflsoh uhvxowv ri wkh �uvw flwhg duwlfoh zdv wkh suhvhqwdwlrq dqg
xwlol}dwlrq ri wkuhh shulrg lqwhjudov/ ri glphqvlrq 4/ 5/ dqg 6/ zklfk kdyh grplqdqw
sk|vlfdo vljql�fdqfh1 D shulrg lqwhjudo lv gh�qhg dv d forvhg s0irup/ $> zlwk g$ '
f> lqwhjudwhg ryhu d +forvhg, f|foh ri glphqvlrq s/ }s= Lq wklv duwlfoh dqrwkhu 60
glphqvlrqdo shulrg lqwhjudo lv dgghg wr wkh olvw ruljlqdoo| suhvhqwhg1 Wkh irupdw
fkrvhq zloo hpskdvl}h/ iru sxusrvhv ri pruh udslg frpsuhkhqvlrq/ dq hohfwurpdjqhwlf
dssolfdwlrq/ exw wkh edvlf lghdv dsso| wr pdq| rwkhu duhdv ri sk|vlfdo vshfldolw|/ vxfk
dv k|gurg|qdplfv dqg wkhuprg|qdplfv1

Wkh irxu wrsrorjlfdo shulrg lqwhjudov suhvhqwhg lq hohfwurpdjqhwlf irupdw duh=

41 Wkh Iox{ txdqwxp @
U
}�
D= Wkh lqwhjudqg D lv d sdlu 40irup/ dqg wkh f|foh

lv d 40glphqvlrqdo forvhg lqwhjudwlrq fkdlq/ }�1 Lq hohfwurpdjqhwlf irupdw wkh
sk|vlfdo xqlw ri wkh  x{ txdqwxp shulrg lqwhjudo lv k@h1

51 Wkh Wrsrorjlfdo Wruvlrq ru Srodul}dwlrq txdqwxp@
U U U

}�
D	I= Wkh lqwhjudqg

D	I lv d sdlu 60irup/ dqg wkh forvhg f|foh lv 60glphqvlrqdo/ }�1 Lq hohfwurpdj0
qhwlf irupdw wkh sk|vlfdo xqlw ri wkh Wrsrorjlfdo Vslq txdqwxp shulrg lqwhjudo
lv Ek@h�2=

61 Wkh Fkdujh txdqwxp @
U U

}2
J= Wkh lqwhjudqg J lv dq lpsdlu 50irup/ dqg wkh

forvhg f|foh lv 50glphqvlrqdo/ }21 Lq hohfwurpdjqhwlf irupdw wkh sk|vlfdo xqlw
ri wkh fkdujh txdqwxp shulrg lqwhjudo lv h1

71 Wkh Wrsrorjlfdo Vslq txdqwxp @
U U U

}�
D	J1 Wkh lqwhjudqg D	J lv dq lpsdlu

60irup/ dqg wkh f|foh lv 60glphqvlrqdo/ }�1 Lq hohfwurpdjqhwlf irupdw wkh
sk|vlfdo xqlw ri wkh Wrsrorjlfdo Vslq txdqwxp shulrg lqwhjudo lv k1

Dv wkh lqwhjudwlrq f|fohv duh lq grpdlqv zkhuh wkh h{whulru ghulydwlyhv ri wkh
lqwhjudqgv ydqlvk/ wkhq wkh ydoxhv ri wkh lqwhjudov kdyh udwlrqdo udwlrv/ d idfw zklfk
ohdgv wr wkh lghd ri wrsrorjlfdo �txdqwl}dwlrq� dqg wkh whup �shulrg lqwhjudo�1 Wkh
lqwhjudqgv iru wkh Iox{ txdqwxp dqg Wrsrorjlfdo Wruvlrq txdqwxp ehkdyh dv vfdoduv
zlwk uhvshfw wr wudqvirupdwlrqv ri wkh lqghshqghqw yduldeohv lq wkhlu dujxphqwv1 Vxfk
vfdoduv duh/ lq wkh odqjxdjh ri lqyduldqw wkhru|/ fdoohg �devroxwh� lqyduldqwv1 Wkh
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Fkdujh txdqwxp dqg wkh Wrsrorjlfdo Vslq txdqwxp/ duh ghqvlwlhv/ dqg wkhuhiru gh0
shqg xsrq wkh ghwhuplqdqw ri wkh wudqvirupdwlrq1 Vxfk remhfwv duh/ lq wkh odqjxdjh
ri lqyduldqw wkhru|/ fdoohg �uhodwlyh� lqyduldqwv ^Wxuqexoo 4<93`1

Wkh Iox{ txdqwxp dqg wkh Fkdujh txdqwxp zhuh pruh ru ohvv zhoo nqrzq lq
4<::/ exw wkh frqfhsw wkdw wkhvh shulrg lqwhjudov zhuh lqghshqghqw iurp dq| phwulfdo
frqvwudlqwv zdv qrw vr zhoo nqrzq1 Hyhq qrz +5335, wkh idfw ri phwulfdo lqghshqghqfh
lv qrw ixoo| dssuhfldwhg1 Wkh idfw wkdw wkhvh remhfwv ghshqg xsrq wkh ghwhuplqdqw ri
gl�huhqwldeoh wudqvirupdwlrqv lv doprvw frpsohwho| ljqruhg1 Lq 4<:: wkh wklug shulrg
lqwhjudo/ wkh Wrsrorjlfdo Vslq txdqwxp zdv vrphzkdw qryho/ kdylqj ehhq glvfryhuhg
mxvw d ihz |hduv ehiruh lq d vrphzkdw gl�huhqw frqwh{w ^UPN 4<9<`1 Derxw wkh vdph
wlph ^UPN4<:9`/ wkh vhfrqg 6 glphqvlrqdo shulrg lqwhjudo ri Wrsrorjlfdo Wruvlrq zdv
fuhdwhg wr vwxg| wkh wrsrorjlfdo wudqvlwlrq iurp wxuexohqfh wr wkh vwuhdpolqh vwdwh lq d
 xlg1 Lw wrrn vrph 43 wr 53 |hduv ehiruh lw zdv dssuhfldwhg wkdw wkh qrq0}hur forvxuh
ri wkh sdlu 60irup/ D	I> gh�qhg grpdlqv wkdw frxog eh sxw lqwr fruuhvsrqghqfh zlwk
wkhuprg|qdplf luuhyhuvlelolw|1 Khqfh lq d k|gurg|qdplf frqwh{w/ d wxuexohqw  rz
pxvw eh luuhgxfleo| 7 glphqvlrqdo= gED	I � 9' f=

Dowkrxjk hdfk ri wkhvh shulrg lqwhjudov dsshdu wr kdyh dssolfdwlrq wr wkh
plfursk|vlfdo zruog/ wkh| dovr vkrxog kdyh dssolfdelolw| wr wkh pdfursk|vlfdo zruog1
Diwhu doo/ shulrg lqwhjudov duh wrsrorjlfdo remhfwv lqghshqghqw iurp phwulf frqvwudlqwv
ri vl}h dqg vkdsh1 Zkhq zulwwhq lq whupv ri d krprjhqhrxv ghjuhh }hur irupdw/ doo
frpsrqhqwv ri d krprjhqhrxv s0irup fdq eh pxowlsolhg e| d idfwru/ �/ dqg wkh s0
irup/ olnh d furvv0udwlr lq surmhfwlyh jhrphwu| grhv qrw fkdqjh1 Vl}h dqg vkdsh duh
qrw lpsruwdqw wr wkhvh frqwlqxrxv ghirupdwlrq lqyduldqwv1 Wklv idfw lqlwldoo| srvhg
dq rqwrorjlfdo frq lfw/ iru h{shulhqfh +ru suhmxglfh, vhhpv wr lqglfdwh wkdw txdqwxp
ihdwxuhv duh duwlidfwv ri wkh plfursk|vlfdo zruog/ dorqh1

H1 M1 Srvw ehfdph lqwhuhvwhg lq wklv suhglfdphqw/ dqg qrz fkdpslrqv wkh lghd
wkdw Txdqwxp Phfkdqlfv ri wkh plfurzruog vkrxog eh ghyhorshg lq whupv ri phwulf
iuhh lghdv ^Srvw +4<95,`1 Rq wkh rwkhu kdqg/ wkh sk|vlfv ri judylw|/ frqvwlwxwlyh
uhodwlrqv/ dqg wkh v|qhujhwlf djjuhjdwhv ri wkh pdfursk|vlfdo zruog vkrxog kdyh phwulf
ghshqghqw wrsrorjlfdo ihdwxuhv/ dv zhoo dv jhrphwulf ghshqghqw ihdwxuhv1 Lq rughu
wr h{dplqh phwulf0edvhg wrsrorjlfdo ihdwxuhv/ Srvw uhfrpphqgv wkh xvh ri jhqhudo
gl�hrprusklf lqyduldqfh sulqflsoh eh xvhg wr ghwhuplqh phwulfdo edvhg wrsrorjlfdo
ihdwxuhv1 Wkdw lv/ wkh gl�hrprusklf pdsv vkrxog qrw eh uhvwulfwhg wr vrph sduwlfxodu
jhrphwulfdo jurxs/ vxfk dv lv suhvxphg lq jdxjh wkhrulhv1 Wkh sureohp zlwk wkh xvh
ri gl�hrprusklf pdsv lv wkdw wkh| plvv wkh glvfuhwh v|pphwu| euhdnlqj ihdwxuhv
ri kdqghgqhvv dqg wr0iur hyroxwlrq1 Shukdsv d ehwwhu phwkrg wr glvfryhu phwulf
lqghshqghqw ihdwxuhv lv wr fkrrvh d phwulf duelwudulo|/ dqg wkhq vkrz +dv glg Krgjh,
wkdw fhuwdlq wrsrorjlfdo lqyduldqwv dulvh zklfk gr qrw ghshqg xsrq wkh fkrlfh ri
phwulf1 Vxfk lqyduldqwv lqfoxgh wkrvh lqyduldqwv zklfk duh �jdxjh� lqyduldqw/ lq wkh
vhqvh wkdw wkh| duh lqghshqghqw iurp phwulf edvhg vfdohv1 Dw zkdw sk|vlfdo ohyho d
phwulf0edvhg wrsrorj| hydsrudwhv lqwr d qrq0phwulf edvhg wrsrorj| lv vwloo xqnqrzq1
Dw zkdw ohyho d qrq0phwulf edvhg wrsrorj| frqghqvhv lqwr d phwulf edvhg wrsrorj|
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lv lqwxlwlyho| dw wkh ohyho ri iruplqj frkhuhqw txdqwxp pdfur vwdwhv/ vxfk dv wkrvh
wkdw dsshdu lq vxshufrqgxfwlylw|1 Lw lv frqmhfwxuhg wkdw vxfk d surfhvv rffxuv zkhq
wkh forvhg/ exw qrw h{dfw/ krprjhqhrxv gl�huhqwldo irupv xvhg wr frqvwuxfw shulrg
lqwhjudov ehfrph kduprqlf1

Forvhg gl�huhqwldo irupv Shulrg lqwhjudov duh frqvwuxfwhg e| lqwhjudwlqj h{whulru
gl�huhqwldo s0irupv ryhu lqwhjudwlrq fkdlqv lq uhjlrqv zkhuh wkh h{whulru gl�huhqwldo
ri wkh s0irup ydqlvkhv/ exw wkh irup lwvhoi lv qrw }hur1 Zkhq wkh h{whulru gl�huhqwldo
ri d s0irup lv }hur/ wkh s0irup lv vdlg wr eh forvhg1 Forvhg s0irupv fdq eh ri wzr
w|shv= h{dfw s0irupv/ gX/ zklfk duh wkh h{whulru gl�huhqwldo ri d vlqjoh s04 irup/ dqg
forvhg s0irupv/ �> wkdw fdq eh pdsshg wr s0irupv wkdw duh krprjhqhrxv ri ghjuhh
}hur/ exw fdqqrw eh uhsuhvhqwhg +joredoo|, e| wkh h{whulru gl�huhqwldo ri d xqltxh s04
irup1 D xvhixo wkhruhp lv wkdw forvhg s0irupv wkdw duh krprjhqhrxv ri ghjuhh n 9'
3 duh h{dfw ^Olhehupdqq 4<;:`1

Zkhq zulwwhq lq whupv ri qrq0krprjhqhrxv yduldeohv/ forvhg s0irupv/ �> fdq
qrw eh frqvwuxfwhg/ xvxdoo|/ lq whupv ri wkh h{whulru gl�huhqwldo ri d vlqjoh xqltxh s04
irup1 Lq wkh odqjxdjh ri 6G yhfwruv/ d yhfwru �hog fdq eh ghfrpsrvhg lqwr wkuhh
sduwv/ d judglhqw �hog/ g� / d forvhg exw qrw h{dfw sduw/ �> dqg d sduw ] wkdw lv qrw
forvhg1 Wkh fryduldqw yruwlflw| ri d k|gurg|qdplf yhfwru  rz �hogW lv gxh wr wkh
h{whulru ghulydwlyh ri wkh sduw/ ]= Wkh flufxodwlrq ri wkh  rz �hog lv gxh wr wkh forvhg
lqwhjudo ri wkh forvhg +exw qrw d judglhqw, sduw/ �= Wkh sduw � idlov wr h{lvw rq d vlpso|
frqqhfwhg hxfolghdq frpsrqhqw wkdw frqwdlqv wkh lghqwlw|1 Lq wkh 40glphqvlrqdo fdvh/
hdfk kroh lq d vxuidfh ehkdyhv dv d wrsrorjlfdo ghihfw/ dqg wkhuh lv d gl�huhqw forvhg
exw qrw h{dfw s0irup iru hdfk kroh1 D vxuidfh zlwk wzr rssrvlwho| rulhqwhg/ forvhg
exw qrw h{dfw/ 40irupv fdq eh ghiruphg frqwlqxrxvo| wr irup d vxuidfh zlwk d kdqgoh1

Shulrg lqwhjudov kdyh wkh uhpdundeoh surshuw| wkdw wkh udwlrv ri lqwhjudov ri
jlyhq forvhg/ exw qrw h{dfw/ s0irupv uhodwlyh wr gl�huhqw f|folf +forvhg, lqwhjudwlrq
fkdlqv kdyh udwlrqdo ydoxhv ^ghUkdp 4<93`1 Wkh lqwhjudo ri dq h{dfw s0irup ryhu
dq| forvhg f|foh ru ryhu d erxqgdu| ydqlvkhv1 Wkh lqwhjudo ri d forvhg s0irup ryhu
d erxqglqj f|foh lv dovr }hur1 Krzhyhu/ wkh f|folf lqwhjudo ryhu d forvhg f|foh zklfk
lv qrw d erxqgdu|/ ri d forvhg exw qrw h{dfw s0irup/ �> lv qrw qhfhvvdulo| }hur1 Wkh
grpdlq pd| frqwdlq wrsrorjlfdo revwuxfwlrqv lq wkh vhqvh wkdw wkh s0irup kdv uhjlrqv
ri vlqjxodulw|1

Wkh fodvvlf h{dpsoh lv jlyhq e| wkh forvhg/ exw qrw h{dfw/ 40irup/ � G

� ' KE|g{� {g|�@E{2 n |2� +914,

g� ' f= +915,

Wkh 40irup � lv zhoo gh�qhg hyhu|zkhuh h{fhsw dw wkh ruljlq/ zklfk lv d �wrsrorjlfdo
revwuxfwlrq�1 D forvhg lqwhjudwlrq fkdlq wkdw hqflufohv wkh ruljlq fdq qrw eh �vkuxqn

�Wkh fryduldqw k|gurg|qdplf  rz �hog/ y/ lv qrw wkh vdph dv wkh frqwudyduldqw nlqhpdwlf yhorflw|

�hog/ Y/ xqohvv d Hxfolghdq phwulf vwuxfwxuh lv lpsrvhg rq wkh v|vwhp1
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wr }hur�1 Lqwhjudwlrq ryhu dq| forvhg fkdlq wkdw grhv qrw hqflufoh wkh ruljlq |lhogv
}hur/ exw lqwhjudwlrq ri � ryhu d forvhg 4 glphqvlrqdo f|foh/ }�/ wkdw hqflufohv wkh
ruljlq ~{@3/|@3, rqfh zloo |lhog wkh ydoxh K � E2��= Li wkh lqwhjudwlrq fkdlq hqflufohv
wkh ruljlq q wlphv/ wkhq wkh ydoxh ri wkh lqwhjudo lv q � K � 2�= Wkhvh vwdwhphqwv fdq
eh ghprqvwudwhg e| frqvlghulqj wkh pds iurp iu> �j wr i{> |j G

iu> �j , i{> |j ' iu ULt �> u t�? �j +916,

igu> g�j , ig{> g|j ' igu ULt � � u t�? �g�> gu t�? � n u ULt � g�j= +917,

Vxevwlwxwlrq iru i{> |> g{> g|j lq whupv ri iu> �> gu> g�j |lhogv

]
}�

� ' KE|g{� {g|�@E{2 n |2� +918,

'

]
}�

Kg� ' K � E2��> +919,

zkhuh wkh f|foh }� � {2n|2 ' u2 ' � +d frqvwdqw, hqforvhv wkh wrsrorjlfdo revwuxfwlrq
u,31 Wklv phwulf iuhh wrsrorjlfdo frxqwlqj phfkdqlvp lv ydolg iru grpdlqv zkhuh d
phwulf fdq eh gh�qhg/ dqg iru grpdlqv zkhuh d phwulf lv qrw gh�qhg1 Lw vkrxog eh
qrwhg wkdw wkh forvhg exw qrw h{dfw lqwhjudqg lq whupv ri qrq0krprjhqhrxv yduldeohv/
E{> |�/ lv krprjhqhrxv ri ghjuhh }hur/ dqg wkhuhiru lqghshqghqw ri vfdohv=

� ' KE|g{� {g|�@E{2 n |2� +91:,

' KEE�|�gE�{�� E�{�gE�|��@EE�{�2 n E�|�2� +91;,

� ' frqvwdqw1 +91<,

Wkh 40irup/ g�/ dsshduv wr eh dq h{dfw gl�huhqwldo/ exw wkh vwdwhphqw lv qrw ydolg
joredoo|1 Qrwh wkdw g� lv pdsshg wr d forvhg 40irup wkdw lv krprjhqhrxv ri ghjuhh
}hur1

Wkh lqwhjudwlrq fkdlqv zklfk duh xvhg wr hydoxdwh wkh shulrg lqwhjudov duh
olplwhg wr forvhg f|fohv1 Forvhg f|fohv fdq eh ri wzr w|shv= f|fohv zklfk duh
erxqgdulhv dqg f|fohv zklfk duh qrw1 Erxqgdulhv duh frpsrvhg ri f|fohv1 Dv dq
h{dpsoh/ frqvlghu wkh sxqfwxuhg glvf1 Lw kdv dq lqqhu f|foh/ dqg dq rxwhu f|foh1
Wkh erxqgdu| ri wkh lqwhulru ri wkh sxqfwxuhg glvf lv frpsrvhg ri wkh wzr f|fohv/ wkh
lqqhu rqh +vd| forfnzlvh, dqg wkh rxwhu rqh +vd| dqwl0forfnzlvh,1 Wkh lqwhjudwlrq ri
forvhg irup/ �/ zkrvh h{whulru ghulydwlyh ydqlvkhv rq wkh lqwhulru ri wkh glvf/ ryhu wkh
lqqhu f|foh lv d �qlwh qxpehu1 Wkh ydoxh ri wkh lqwhjudo ryhu wkh rxwhu f|foh lv dovr
d �qlwh qxpehu/ dqg lv htxdo dqg rssrvlwh lq vljq wr wkh �uvw shulrg lqwhjudo1 Wkh
lqwhjudo ryhu wkh erxqgdu|/ ehlqj wkh vxp ri wkh wzr f|fohv/ ydqlvkhv1 Qrwh wkdw wkh
Vwrnhv wkhruhp fdqqrw eh dssolhg gluhfwo| wr wkh hydoxdwlrq ri d shulrg lqwhjudo zkhq
wkh forvhg lqwhjudwlrq fkdlq lv qrw d erxqgdu|1
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Lw lv riwhq qrw dssuhfldwhg wkdw wkh fodvvlf h{dpsoh jlyhq deryh lv lq h�hfw d
fdqrqlfdo uhsuhvhqwdwlrq iru pdq| 40G shulrg lqwhjudov1 Wkh frqfhsw ri gl�huhqwldo
forvxuh fdq eh vdwlv�hg e| dq| sdlu ri ixqfwlrqv/ �E{p� dqg �E{p� rq d vsdfh ri Q
lqghshqghqw yduldeohv= Iru h{dpsoh wkh 40irup gh�qhg ehorz lq whupv ri 5 vfdodu
ixqfwlrqv/ �E{p� dqg �E{p�> lv forvhg=

Dvvxph D ' K � E�E{p�g�E{p�� �E{p�g�E{p��@E�E{p�2 n �E{p�2�> +9143,

wkhq gD ' f +wkh yhfwru ri frh!flhqwv kdv }hur �fxuo� lq 6G, +9144,

Zkdw lv hyhq pruh uhpdundeoh lv wkdw wkh 40irup ghqrplqdwru fdq eh dq| irup ri
wkh Kroghu qrup ^9`1

Li D ' K � E�E{p�g�E{p�� �E{p�g�E{p��@�> +9145,

dqg � ' id � �E{p�s n e � �E{p�sjq@s d Kroghu qrup/ +9146,

wkhq gD ' f Dq| frqvwdqw d/ dq| frqvwdqw e/ dq| s/ q ' 2= +9147,

Wkh Kroghu qrup kdv wkh h{srqhqw q ' 2/ zklfk pdnhv wkh 40irup/ D/ krprjhqhrxv
ri ghjuhh }hur lq whupv ri wkh wzr ixqfwlrqv/ �E{p� dqg �E{p�=

Dv dqrwkhu xeltxlwrxv h{dpsoh/ qrwh wkdw li �E{p� lv d frpsoh{ ixqfwlrq/
[ ' xE{p� n lyE{p� dqg �E{p� lv lwv frpsoh{ frqmxjdwh/ [W ' xE{p� � lyE{p�>
wkhq wkh shulrg lqwhjudo ehfrphv uhodwhg wr wkh �suredelolw| fxuuhqw� ri Frshqkdjhq
txdqwxp phfkdqlfv=

Suredelolw| fxuuhqw Shulrg Lqwhjudo S '

]
}�

M '

]
}�

i[Wg[�[g[Wj@E[W[�>+9148,

gM ' f= +9149,

Lq wklv duwlfoh/ wkhvh uhvxowv zloo eh jhqhudol}hg wr surgxfh h{dpsohv ri forvhg s0irupv
iru dq| s1

Lq sk|vlfv/ d forvhg 40irup kdv }hur �fxuo�1 D forvhg Q04 irup kdv }hur �gl0
yhujhqfh� dqg lv fdoohg d �fxuuhqw�1 Sk|vlfdo wkhrulhv uhfrjql}h wkdw yhfwru gluhfwlrq
�hogv zlwk }hur glyhujhqfh duh wkh edvlv ri pdq| frqvhuydwlrq odzv1 Khqfh/ wkh irupx0
odwlrq ri shulrg lqwhjudov edvhg xsrq s0irupv zkhuh s@Q04 duh ri sduwlfxodu lqwhuhvw1
Iru wkh sk|vlfdo duhqd ri vsdfh wlph/ zkhuh Q@7/ lqwhjudov ri forvhg 60irupv zloo
uhsuhvhqw wrsrorjlfdo surshuwlhv lqyduldqw zlwk uhvshfw wr frqwlqxrxv gl�huhqwldeoh
surfhvvhv1 Vlpso| vdlg/ zkhq wkh glyhujhqfh ri d yhfwru lv }hur/ wkdw zklfk jrhv lq
htxdov wkdw zklfk frphv rxw1 Wkhuh lv qr dffxpxodwlrq lq wkh lqwhulru1

Lq erwk k|gurg|qdplfv dqg hohfwurpdjqhwlvp wkhuh lv lqwhuhvw lq wkh srvvlelo0
lw| wkdw vxfk glyhujhqfh0iuhh gluhfwlrq �hog olqhv +riwhq lqwhusuhwhg dv iur}hq lq olqhv
ri yruwlflw| ru pdjqhwlf �hog, duh olqnhg ru nqrwwhg1 Wkh hyroxwlrq/ ru wkh fuhdwlrq/
ri vxfk d wrsrorjlfdo vwdwh lv dq xqvroyhg sureohp1 Lq jhqhudo/ wkh frqfhsw ri d
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frqwudyduldqw gluhfwlrq �hog lq wkh Fduwdq fdofxoxv lv uhsuhvhqwhg e| d Q04 irup rq
d vsdfh ri Q glphqvlrqv1 Li wkh Q04 irup lv forvhg +zklfk lv uhodwhg wr wkh lghd
wkdw wkh gluhfwlrq �hog lv glyhujhqfh iuhh, wkhq wkh forvhg lqwhjudov ri vxfk Q04 irupv
duh ghirupdwlrq lqyduldqwv +khqfh uhsuhvhqw wrsrorjlfdo surshuwlhv, ri doo hyroxwlrqdu|
surfhvvhv wkdw fdq eh uhsuhvhqwhg e| d vlqjoh sdudphwhu vhpl0jurxs1 Li wkh Q04 irup
lv forvhg/ wkhq hlwkhu wkh olqhv wkdw uhsuhvhqw wkh gluhfwlrq �hog ehjlq dqg whuplqdwh
rq erxqgdu| srlqwv ri wkh grpdlq / ru duh f|folf dqg forvh xsrq wkhpvhoyhv1 D forvhg
+glyhujhqfh iuhh, gluhfwlrq �hog qhyhu vwrsv ru vwduwv lq wkh wrsrorjlfdo lqwhulru1 Wkh
olqhv zklfk vwrs dqg vwduw rq d erxqgdu| duh ri wzr w|shv= wkrvh wkdw vwrs dqg
vwduw rq wkh vdph erxqgdu| frpsrqhqw/ dqg wkrvh wkh vwrs dqg vwduw rq d gl�huhqw
erxqgdu| frpsrqhqwv1 Wkh ixqgdphqwdo lghd vwduwv zlwk wkh frqfhsw ri glyhujhqfh
iuhh yhfwru �hogv1 Krzhyhu/ wkh dujxphqwv ri ghirupdwlrq ri forvhg lqwhjudov h{whqgv
wr s0irupv zklfk duh forvhg1

Khuhlq/ wkh glvfxvvlrq zloo eh dw �uvw gluhfwhg wr surgxflqj dq dojrulwkp iru
jhqhudwlqj forvhg s0irupv rq dq| vsdfh ri Q lqghshqghqw edvh yduldeohv1 Wkh phwkrg
hpsor|v surmhfwlyh pdsv iurp wkh edvh vsdfh wr yhfwru vsdfhv ri glphqvlrq P � Q 1
Wkh forvhg s0irupv jhqhudwhg e| wkh dojrulwkp zloo eh ri ghjuhh s @ P041 Vshfldo
dwwhqwlrq zloo eh sdlg wr forvhg 40 irupv/ dqg forvhg Q04 irupv/ dqg wr doo forvhg irupv
rq edvh vsdfhv ri glphqvlrq 71 Forvhg 50irupv lq 6G dqg forvhg 60irupv lq 7G zloo
eh uhodwhg wr Olqnlqj dqg Eudlg lqwhjudov1

Krprjhqhrxv gl�huhqwldo irupv D krprjhqhrxv ixqfwlrq lv hqfrghg e| Jdxvv*v
irupxod=

iE��n� ' �GiE�n�= +914:,

Vxfk ixqfwlrqv ri f ? n � P yduldeohv �n duh vdlg wr eh krprjhqhrxv ri ghjuhh G1
Fkdqjlqj wkh vfdoh ri hdfk ri wkh lqghshqghqw yduldeohv e| wkh vdph idfwru � uhsolfdwhv
wkh vdph krprjhqhrxv ixqfwlrq/ wlphv d idfwru1 Wkh krprjhqhrxv ixqfwlrq lv vhoi
vlplodu xsrq fkdqjh ri vfdoh/ �1

D krprjhqhrxv ixqfwlrq/ iE�n�/ vdwlv�hv Hxohu*v htxdwlrq

�nCiE�n�@C�n ' G � iE�n�= +914;,

Xvxdoo| wkh krprjhqhlw| ghjuhh G kdv ehhq lqwhusuhwhg dv dq lqwhjhu1 Krzhyhu/
vlqfh wkh srsxodul}dwlrq ri iudfwdov lw lv wr eh uhfrjql}hg wkdw G grhv qrw qhhg wr eh
dq lqwhjhu1

41 Wkh idfwru � fdq eh lqwhusuhwhg dv d vfdolqj sdudphwhu1 Lw qhhg qrw eh d
frqvwdqw$1

51 Wkh idfwru G fdq eh lqwhusuhwhg dv wkh krprjhqhlw| ghjuhh/ ru wkh iudfwdo
glphqvlrq1



4<3 Krprjhqhrxv s0 irupv/ Iudfwdov dqg Txdqwl}hg Shulrg Lqwhjudov1

61 Wkh idfwru �G frxog eh lqwhusuhwhg dv wkh qxpehu ri frslhv/ Q +ri iE�n��1

Wkhvh lqwhusuhwdwlrqv ohdg wr wkh irupxod

Q ' �G> +914<,

dqg wkh �Kdxvgru�� glphqvlrq/

G ' *?Q@ *?�> +9153,

Frqvlghu d ixqfwlrq � EY p� wkdw ghshqgv xsrq wkh yduldeohv Y p ri d yhfwru
gluhfwlrq �hog ri glphqvlrq P1 Wkhq Hxohu*v htxdwlrq fdq eh hqfrghg e| Fduwdq*v
Pdjlf irupxod= Iluvw iru ixqfwlrqv +}hur irupv,/

OEYp�� EY
p� ' l EY p� g�n gEl EY p� �� ' l EY p� g�n f ' G � � , +9154,

l EY p� g� ' Y pC� EY p� @CY p ' G � �> +9155,

dqg wkhq iru s@P irupv ri wkh w|sh lP EY p� ' gY �	gY 2	===	gY P >

OEYp�lP EY p� ' l EY p� glP EY p� n gEl EY p�lP EY p�� ' f n gEl EY p� lP EY p��+9156,

' P � lP EY p� = +9157,

Qrwh wkdw hyhu| prqrpldo s0irup ri wkh w|sh lP EY p� lv krprjhqhrxv ri ghjuhh P/
dqg lv forvhg dqg h{dfw +dv P lv dq lqwhjhu qrw htxdo wr }hur1,

Qh{w/ frpelqh wkh ghqvlw| dqg wkh P0irup wr irup wkh frpsrvlwh �pdvv0
ghqvlw|� P irup/ p>

p ' � EY p� lP EY p� > +9158,

zlwk wkh forvxuh dqg krprjhqhrxv surshuwlhv=

gp ' f> +9159,

OEYp�p ' OEYp�i� EY
p�lP EY p�j ' EG nP�� EY p�lP EY p� ' EG nP�p>+915:,

p ' gm +p lv h{dfw zkhq G.P 9' f�/ +915;,

zkhuh m ' lEY p�i� EY p� lP EY p�j ' lE�Y p�lP EY p� +915<,

gm ' f= +9163,

Iluvw qrwh wkdw wkh pdvv0ghqvlw| P irup qhhg qrw eh krprjhqhrxv ri lqwhjhu ghjuhh>
lw fdq eh d iudfwdo1 Vhfrqg/ qrwh wkdw wkh krprjhqhlw| frh!flhqw ri wkh ghqvlw| lv
fdq ydqlvk zkhq G ' �P= Zkhq wkh krprjhqhlw| ghjuhh ri wkh frh!flhqw ghqvlw|
lv fkrvhq wr eh �P wkhq wkh p� irup lv lqyduldqw zlwk uhvshfw wr Y p=



Forvhg s0irupv 4<4

D xvhixo krprjhqhrxv ixqfwlrq lv jlyhq e| wkh Kroghu qrup � zklfk lv kr0
prjhqhrxv ri ghjuhh G iru dq| sro|qrpldo h{srqhqw/ �> dqg dq| vhw ri frqvwdqwv
dn=

Kroghu Qrup G �E�n� ' id�E�
��� n d2E�

2�� n ===n dqE�
q��jG@� +9164,

�E��n� ' �G�E�n�= +9165,

Wkh dn duh xvxdoo| wuhdwhg dv frqvwdqwv wkdw ghwhuplqh wkh lvrwurs| dqg vlj0
qdwxuh ri wkh Qrup1 Qrwh wkdw wkh ohqjwk ri d yhfwru gh�qhg dv wkh vtxduh urrw ri
d txdgudwlf +Hxfolghdq, lqqhu surgxfw lv d krprjhqhrxv ixqfwlrq ri ghjuhh G ' �>
lvrwurslf lq lwv frpsrqhqwv/ dqg ri vljqdwxuh }hur +qr plqxv vljqv,1 Lq whupv ri wkh
yhfwru frpsrqhqwv/ Yn/

�EY n� ' kVm � mVl ' iEY ��2 n EY 2�2 n EY ��2j�@2> +9166,

� ' 2> G ' �> d� ' d2 ' === ' dn ' �= +9167,

915 Forvhg s0irupv

Wkh ixqgdphqwdo wkhruhp xwlol}hv gl�huhqwldeoh surmhfwlrqv/ �/ iurp d edvh vsdfh
i{nj ri glphqvlrq Q wr yhfwru vxevsdfhv iY pE{n�j ri glphqvlrq P>zlwk P � Q 1

� G i{nj , iY pE{n�j> +9168,

g� G
��g{n�, ��gY pE{n�

�
' dCY pE{n�@C{mo �

��g{m� = +9169,

Wkhvh pdsv duh QRW gl�hrprusklvpv zkhq P ? Q / iru wkh Mdfreldq pdwul{ grhv
qrw kdyh dq lqyhuvh1 D gl�huhqwldo �yroxph� hohphqw lEY p� ri glphqvlrq P lv
frqvwuxfwhg rq wkh P glphqvlrqdo vxevsdfh lq whupv ri wkh gl�huhqwldov ri wkh frp0
srqhqwv ri yhfwru gluhfwlrq �hog/ V ' dY pE{n�o ' dX> Y>Z==o=

lEY p� ' gY �	gY 2	===	gY P ' gX	gY 	gZ=== +916:,

Wkh frpsrqhqwv ri wkh gluhfwlrq �hog dY dE{n�o fdq eh xvhg wr frqvwuxfw d Kroghu
Qrup/ �/ ri wkh irup/

� ' EdEX�s n eEY �s n fEZ �s===�P@s '

#
p'P[
p'�

dp � EY p�s

$q@s

=

Wkh Kroghu qrup kdv zkdw fdq eh fdoohg dv �vljqdwxuh� dqg2ru �dqlvrwurs|� frq0
vwdqwv/ id> e> f> ===j/ dq duelwudu| sro|qrpldo lqgh{/ s> dqg d �krprjhqhlw|� lqgh{/ q1



4<5 Krprjhqhrxv s0 irupv/ Iudfwdov dqg Txdqwl}hg Shulrg Lqwhjudov1

Dowkrxjk wkh h{srqhqw s fdq eh dq| lqwhjhu/ vshfldo irfxv lv jlyhq wr wkh txdgudwlf
irup_ wkdw lv jhqhudwhg zkhq s ' 2=

Iluvw qrwh wkdw wkh yroxph hohphqw lEY p� lv krprjhqhrxv ri ghjuhh P1 Vxe0
vwlwxwh �EY q�Y p iru Y p wr vkrz wkdw

lE�Y p� ' g�Y �	g�Y 2	===	g�Y P ' �PgY �	gY 2	===	gY P ' �PlEY p�= +916;,

Wkh yhfwru gluhfwlrq �hog V fdq eh uhqrupdol}hg e| glylvlrq zlwk uhvshfw wr wkh
Kroghu qrup/ dqg wkh uhvxow fdq eh xvhg wr frqvwuxfw dq P � � irup fxuuhqw/ M G

M ' lEV@��lEY p� ' iXgY 	gZ===� Y gX	gZ===nZgX	gY===j@�EX> Y>Z �= +916<,

Li wkh krprjhqhlw| lqgh{ lv vhohfwhg vxfk wkdw q ' P> wkhq wkh P � � irup M lv
krprjhqhrxv ri ghjuhh }hur1 Wkh uhflsurfdo ri wkh Kroghu Qrup sod|v wkh uroh ri d
�pdvv� ghqvlw| ixqfwlrq/ �/ rq wkh P glphqvlrqdo surmhfwlrq/ fuhdwlqj wkh �fxuuuhqw�
P04 irup/ M ' lE�V�lEY p�1 Wkhvh frqvwuxfwlrqv ohdg wr wkh ixqgdphqwdo wkhruhp=

Wkhruhp 5; Li iru f ? p � P ixqfwlrqv> VE{n�> ri Q yduldeohv> i{nj vxfk wkdw

M ' lEV@��lEY p� ' lE�V�lEY p�

dqg � ' idXs n eY s n fZ s===jq@s

wkhq iru dq| s dqg dq| id> e> f===j dqg

q ' P>

gM ' f1

Surri = Zlwk q qrw �{hg/ e| gluhfw frpsxwdwlrq/ wkh forvxuh +glyhujhqfh,
ri wkh fxuuhqw M zlwk uhvshfw wr wkh frruglqdwhv iX> Y>Z==j rq P lv

gM ' iEP � q�@�jlQ +9173,

Khqfh/ gM ' f iru q ' P> dq| s> dqg dq| vljqdwxuh iru wkh dqlvrwurslf frqvwdqwv
id> e> f===j= Lq rwkhu zrugv/ wkh Kroghu w|sh glylvru/ �> qrw rqo| dfwv dv d uhflsurfdo
ghqvlw| ixqfwlrq/ exw dovr dfwv dv dq lqwhjudwlqj idfwru iru wkh yhfwru gluhfwlrq �hog/
zkhq q ' P / dq| s/ dq| d> e> f==1 Wkh �h{foxghg� srlqwv duh wkh }hur vhwv ri �= Uhfdoo
wkdw wkh Olh gl�huhqwldo ri wkh pdvv ghqvlw| vdwlv�hv wkh krprjhqhlw| htxdwlrq/

OEYp�p ' E�G nP�p , f> +9174,

zklfk ydqlvkhv lqglfdwlqj wkdw p lv dq lqyduldqw zlwk uhvshfw wr wkh gluhfwlrq �hog
V1 Wkh Olh gl�huhqwldo ri wkh fxuuhqw/ M dovr ydqlvkhv/

|Zkhq wkh vljqdwxuh frqvwdqwv duh xqlw|/ wkh sro|qrpldo lqgh{ s@4/ dqg wkh krpjhqhlw| lqgh{

q@4/ wkh Kroghu uhqrupdol}dwlrq |lhogv wkh Jdxvv pds/ vxfk wkdw kY@�m � mY@�l @ 4=



Forvhg s0irupv 4<6

OEYp�M ' l EY p� gil� EY p�lP EY p�j ' l EY p� giMj ' f> +9175,

lqglfdwlqj wkdw lw wrr lv dq lqyduldqw zlwk uhvshfw wr wkh gluhfwlrq �hog V= Wkh
surmhfwlyh pdsslqj fdq eh xvhg e| ixqfwlrqdo vxevwlwxwlrq wr sxoo edfn wkh forvhg
P � � irup MEY p> gY p� rq P wr d forvhg P � � irup ME{n> g{n� rq Q=

91514 Forvhg 40irupv lq 6G dqg 7G

Lq wklv vhfwlrq/ wkh phwkrg zloo eh dssolhg wr frqvwuxfw d forvhg 4�irup rq d edvh
vsdfh ri 61 Iluvw/ frqvlghu d surmhfwlyh pds iurp i{> |> }j ru i{> |> }> vj wr dq rughuhg
duud| ri wzr lqghshqghqw ixqfwlrqv/ XE{> |> }> v� dqg Y E{> |> }> v�> vxfk wkdw

V ' dY pE{n�o ' dX> Y o= +9176,

Wkh P ' 2 glphqvlrqdo yroxph hohphqw lv

lEY p� ' gX	gY= +9177,

Wkh P � � ' 2� � ' 40irup x ehfrphv

x ' EXgY � Y gX�@�> +9178,

zkhuh � ' idXs n eY sj2@s= +9179,

Wkhq iru dq| fkrlfh ri wkh frqvwdqwv d/e/s/

gJ ' f= +917:,

Dv wkh 40irup lv forvhg/ x lv d fdqglgdwh iru wkh lqwhjudqg ri d 40glphqvlrqdo shulrg
lqwhjudo1 Wkh }hur vhwv ri � irup wrsrorjlfdo revwuxfwlrqv1 Zkhq wkh forvhg 40
irup x lv sxoohg edfn wr d 6G edvh vsdfh +zkhuh v lv frqvlghuhg wr eh d sdudphwulf
frqvwdqw, zlwk wkh v|pero �/ lw fdq eh xvhg wr uhsuhvhqw d k|gurg|qdplf  rz rq wkh
6G edvh vsdfh zklfk lv zlwkrxw yruwlflw|/ exw iru zklfk wkh flufxodwlrq shulrg lqwhjudo
lv qrw }hur dqg lv htxdo wr=]
}�

� '

]
}�

iEXCY@C{� Y CX@C{�g{n iEXCY@C| � Y CX@C|�g| n iEXCY@C} � Y CX@C}�g}j+917;,

'

]
}�

�@�E{> |> }�ixE{> |> }> v�g{n yE{> |> }> v�g| n zE{> |> }> v�g}j= +917<,

Qrwh wkdw wkh lqwhjudwlrq f|foh lv rq Q/ qrw P1 Wkh ydoxh ri wkh flufxodwlrq
lqwhjudo lv d ghirupdwlrq lqyduldqw/ d idfw wkdw shuplwv wkh ghirupdwlrq +dqg vrox0
wlrq, ri d flufoh lqwr wkh vkdsh ri dq dluirlo1 Iurp wkh Mrxnrzvnl dqdo|vlv lw lv wklv
flufxodwlrq zlwkrxw yruwlflw| wkdw jhqhudwhv oliw rq d zlqj1 Wkh sxoo edfn wr d 7G
vsdfh zrxog oliw wkh uhvwulfwlrq wkdw v lv d frqvwdqw/ dqg phuho| dgg d whup lqyroylqj
gv lq wkh h{suhvvlrq iru wkh flufxodwlrq lqwhjudo1



4<7 Krprjhqhrxv s0 irupv/ Iudfwdov dqg Txdqwl}hg Shulrg Lqwhjudov1

Wkh idfwru �@�E{> |> }� dfwv dv d �forvxuh� idfwru1 Lw lv qrw wkh vdph dv dq
lqwhjudwlqj idfwru/ zklfk uhgxfhv wkh 40irup wr dq h{dfw gl�huhqwldo1 Lq dq hohfwur0
pdjqhwlf frqwh{w/ � grhv qrw surgxfh d � �hog/ exw wkhuh h{lvwv d �qlwh qrq0}hur
ydoxh iru wkh  x{ txdqwxp jhqhudwhg e| wkh shulrg lqwhjudo/

U
}�
�=

H{dpsoh = Frqvlghu wkh surmhfwlyh pds ! iurp E{> |> }> v� wr dX> Y o G

XE{> |> }� '
s
{2 n |2 � v2> +9183,

Y E{> |> }� ' } +9184,

zlwk gl�huhqwldov g! G

gXE{> |> }� ' i{g{n |g| n vgv�@
s
{2 n |2 � v2> +9185,

gY E{> |> }� ' g} +9186,

dqg +rqh ri pdq|, forvxuh idfwru+v,=

� ' EX2 n Y 2�2@2 +9187,

' {2 n |2 n }2 � v2 +9188,

wr |lhog wkh sxooedfn 40irup rq {/|/}=

!Wx ' � ' EE{2n|2�v2�g}�}{g{�}|g|�}vgv�@i
s
{2 n |2 � v2E{2n|2n}2�v2�j=

+9189,
Wklv 40irup x lv forvhg/ lpso|lqj wkdw wkh fr0yhfwru �hog rq i{> |> }> vj zlwk frpsr0
qhqwv

� ' d�}{>�}|> E{2 n |2 � v2�>�}vo@i
s
{2 n |2 � v2E{2 n |2 n }2 � v2�j> +918:,

kdv }hur h{whulru ghulydwlyh1 Iurp hohfwurpdjqhwlf wkhru|/ lq 7G/ wkh h{whulru ghulyd0
wlyh ri d 40irup ri hohfwurpdjqhwlf srwhqwldov kdv 9 frpsrqhqwv/ wkuhh ri zklfk duh �
olnh dqg wkuhh ri zklfk duh , olnh1 Dv wkh 4 irup jhqhudwhg deryh lv forvhg/ wkh 40irup
ri srwhqwldov gh�qhv d uhjlrq zkhuh erwk wkh � �hog dqg wkh , �hog duh h{foxghg1
\hw wkhuh lv d �qlwh shulrg lqwhjudo/ zklfk fdq eh lqwhusuhwhg dv wkh  x{ txdqwxp1
Lq 6G/ wkh yduldeoh v frxog eh frqvlghuhg wr eh d frqvwdqw1 Wkh uhvxowlqj 40irup kdv
frh!flhqwv wkdw frxog uhsuhvhqw d vwdwlrqdu|  xlg  rz/ zlwkrxw yruwlflw|/ exw zlwk
�qlwh Nhoylq flufxodwlrq1

91515 Forvhg 50irupv lq 6G ru lq 7G

Qh{w frqvlghu wkuhh rughuhg ixqfwlrqv +zklfk frxog eh frqvlghuhg dv wkh frpsrqhqwv
ri d yhfwru �hog rq wkh edvh vsdfh,/ XE{> |> }�> Y E{> |> }� dqg Z E{> |> }�= Wkhq frq0
vwuxfw wkh 50irup



Forvhg s0irupv 4<8

J ' EXgY 	gZ � Y gX	gZ nZgX	gY �@� +918;,

zkhuh � ' idXs n eY s n fZ sjq@s +918<,

Wkhq iru dq| fkrlfh ri wkh frqvwdqwv d> e> f> s>

gG ' f +9193,

zkhq q ' �= +9194,

Wkh forvxuh idfwru �@� lv djdlq lq wkh irupdw ri d Kroghu qrup/ irufhv wkh yhfwru �hog
dX@�> Y@�>Z@�o wr kdyh }hur glyhujhqfh1 Wkhuh duh pdq| fkrlfhv ri d> e> f> s wkdw
zloo wudqvirup wkh ruljlqdo yhfwru �hog lqwr d yhfwru �hog zlwk }hur glyhujhqfh1 Iru
sk|vlfv/ wklv phdqv wkdw lw lv srvvleoh wr frqvwuxfw pdq| gl�huhqw frqvhuydwlrq odzv1

H{dpsoh= Frqvlghu wkh surmhfwlyh pds ! iurp E{> |> }> w� wr dX> Y>Z o G

XE{> |> }� '
s
{2 n |2> +9195,

Y E{> |> }� ' }> +9196,

Z E{> |> }� ' w> +9197,

zlwk

gXE{> |> }� ' i{g{n |g|�@
s
{2 n |2 +9198,

gY E{> |> }� ' g} +9199,

gZ ' gw= +919:,

Frqvwuxfw wkh Kroghu qrup/ � ' EdXs n eY s n hZ s�q@s> vshfldol}lqj wr

� ' E{2 n |2 n }2 n hw2��@2= +919;,

Wkh sxoo edfn ri wkh irup J ehfrphv wkh forvhg 50irup rq i{> |> }> wj G

!WJ '
iE{2 n |2�g}	gw� } {g{	gwn w{g{	g} n w|g|	g} � }|g|	gwjs

{2 n |2E{2 n |2 n }2 n hw2��@2
+919<,

g!WJ ' f +91:3,

91516 Forvhg 60irupv lq 7G

Wkh h{whqvlrq wr 7 glphqvlrqv iroorzv iurp wkh dvvxpswlrq wkdw wkh irxu frpsrqhqwv
ri wkh yhfwru �hog duh ixqfwlrqv ri i{> |> }> wj= Iurp d jlyhq duud| ri Q @ irxu ixqf0
wlrqv/ XE{> |> }> w�> Y E{> |> }> w�/ Z E{> |> }> w�> VE{> |> }> w� frqvwuxfw wkh Q04@60irup



4<9 Krprjhqhrxv s0 irupv/ Iudfwdov dqg Txdqwl}hg Shulrg Lqwhjudov1

W ' EXgY 	gZ	gV � Y gX	gZ	gV nZgX	gY 	gV � VgX	gY 	gZ �@�+91:4,

zkhuh � ' idXs n eY s n fZ s n hVsjq@s= +91:5,

Wkhq iru dq| fkrlfh ri wkh frqvwdqwv d/e/f/h/s/

gW ' f +91:6,

zkhq q ' e= +91:7,

E| fkrrvlqj wkh forvxuh idfwru lq wkh irup ri d Kroghu qrup dqg zlwk surshu vhohfwlrq
ri wkh krprjhqhlw| lqgh{/ wkh phwkrgv deryh shuplw wkh frqvwuxfwlrq ri joredoo|
forvhg 60irupv jlyhq dq duelwudu| gluhfwlrq �hog lq 7G1 Wkh frqvwuxfwlrq dovr irfxvhv
dwwhqwlrq rq wkh lghd wkdw wkhuh fdq eh vxevsdfhv ri 7G xsrq zklfk wkh 60irup lq 7G
lv forvhg1 Lq sduwlfxodu/ frqvlghu wkh gluhfwlrq �hog jlyhq e| wkh pds

i{> |> }> wj , dX> Y>Z> Vo +91:8,

' dX> Y> ]> E{2 n |2 n }2 � f2w2�2o= +91:9,

Iru dq| Kroghu qrup ri wkh irup/ Eh 9' f�

� ' idXs n eY s n fZ s n hE{2 n |2 n }2 � f2w2�2sjq@s= +91::,

lw pd| eh ghprqvwudwhg e| gluhfw vxevwlwxwlrq wkdw wkh 60irup

W ' EXgY 	gZ	gV � Y gX	gZ	gV nZgX	gY 	gV � VgX	gY 	gZ �@� +91:;,

kdv dq h{whulru ghulydwlyh vxfk wkdw

gW ' pE{> |> }> w�E{2 n |2 n }2 � f2w2�Eq� e�g{	g|	g}	gw= +91:<,

Wkh idfwru pE{> |> }> w� ghshqgv xsrq wkh ixqfwlrqv wkdw frpsrvh wkh gluhfwlrq �hog1
Wkh fxulrxv uhvxow lv wkdw wkh 60irup W lv forvhg joredoo| zkhq q@7/ exw lv dovr
forvhg rq wkh vxepdqlirog E{2 n |2 n }2 � f2w2� ' f +wkh oljkwfrqh, iru dq| q1 Wklv
uhvxow kdv dssolfdelolw| wr hohfwurpdjqhwlvp1 Iru h{dpsoh/ zkhq wkh frqvwdqwv duh
d ' e ' f ' �> h ' 	u32f dqg s ' 2/ wkh forvxuh uhqrupdol}dwlrq ghqrplqdwru lv

� ' iX2 n Y 2 nZ 2 	 u32
f E{2 n |2 n }2 � f2w2�ejq@2= +91;3,

Wkh forvxuh idfwru orrnv olnh d hxfolghdq qrup rq wkh oljkwfrqh1 Qrwh wkdw wkh vfdoh
idfwru uf lv duelwudu|1 +Frxog lw eh htxdo wr wkh Kxeeoh udglxvB,
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Wkh dojrulwkpv suhvhqwhg deryh iru frqvwuxfwlrq ri forvhg s0irupv fdq dovr eh ylhzhg
dv wkh surmhfwlyh frqvwuxfwlrq ri dq P04 fxuuhqw rq dq P glphqvlrqdo yhfwru vsdfh
+udqjh, sxoohg edfn wr wkh Q glphqvlrqdo grpdlq ri edvh yduldeohv i{nj1 Zkhq
P lv ohvv wkdq Q/ wkh Mdfreldq pdwul{ ri wkh surmhfwlyh pdsslqj lv qrw vtxduh/ dqg
zloo kdyh dq reylrxv }hur ghwhuplqdqw1 Zkhq wkh udqjh kdv wkh vdph glphqvlrq dv
wkh grpdlq/ wkhq wkh }hur ghwhuplqdqw surshuw| iru wkh surmhfwlyh pdsslqj lv qrw vr
reylrxv1 Krzhyhu/ jlyhq d Q glphqvlrqdo yhfwru �hog/ j/ li wkh frpsrqhqwv ri wkh
yhfwru �hog duh glylghg e| d Kroghu qrup zlwk krprjhqhlw| lqgh{ q ' �/

Uhqrupdol}hg | ' j@�Eq ' ��> +91;4,

wkhq wkh Mdfreldq pdwul{/ dMdfE|�o> ri wkh uhvfdohg +ru lq sk|vlfv 0 uhqrupdol}hg,
yhfwru �hog/ |/ zloo kdyh d }hur ghwhuplqdqw joredoo|=

_i|dMdfE|�o ' f= +91;5,

Li wkh uhvfdohg yhfwru �hog lv pxowlsolhg e| wkh dgmrlqw ri wkh vdlg Mdfreldq pdwul{/
wkhq wkh uhvxowlqj yhfwru �hog/ �/ kdv }hur glyhujhqfh=

li � ' dME|�odgmrlqw � m|l > +91;6,

gly � ' f +91;7,

E| frqwudfwlrq zlwk wkh Q glphqvlrqdo yroxph hohphqw/ wkh frqvwuxfwlrq surgxfhv d
forvhg Q04 irup/ ru fxuuhqw=

m ' lE��g{�	g{2==g{Q ' lE��lQ +91;8,

gEm� ' f= +91;9,

Wkh forvhg Q04 irup frpsxwhg e| wklv phwkrg djuhhv wr zlwklq d idfwru Q zlwk wkh
forvhg Q04 irup frpsxwhg iurp dojrulwkplf htxdwlrq +91:4,1

Wkhvh uhvxowv kdyh reylrxv frqvhtxhqfh wr wkh Fduwdq 0 Iuhqhw wkhru| ri wkh
prylqj Iudph1 Iru wkhq/ wkh Kroghu qrup lv h{solflwo| jlyhq dv hxfolghdq qrup/ dqg
lpsolhv wkdw wkh lghqwlw| pdwul{ lv d phwulf iru wkh vsdfh=

� ' idXs n eY s n fZ s n hVsjq@s +91;:,

zlwk d ' e ' === ' �> s ' 2> q ' �> +91;;,

� �Iuhqhw ' E
[

E[n�2��@2 '
s
kj �jl> +91;<,

| ' j@�Iuhqhw ' j@
s
kj �jl ' �xqlw wdqjhqw yhfwru�/ +91<3,

| � | ' � +91<4,

Wkh gl�huhqwldo ri | zlwk uhvshfw wr wkh dufohqjwk v/ lv htxlydohqw wr
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g|@gv ' dME|�o � md|l ' � m?l +91<5,

Dv _i|dME|�o ' f> lw iroorzv wkdw | lv ruwkrjrqdo wr ? zlwk uhvshfw wr wkh Hxfolghdq
yhuvlrq ri wkh Kroghu qrup/

k|m � mg|@gvl ' k|m � dME|�o � md|l ' � k|m � m?l ' f= +91<6,

Wkh frqfhsw fdq eh h{whqghg wr d frqvwdqw dqlvrwurslf phwulf
�
�mn
�
zlwk duelwudu|

vljqdwxuh =

�Iuhqhw '
t


jn �
�
�mn
�
�jn

�
s ' 2> q ' � +91<7,

phwulf �mn ' f> m 9' n> �nn ' dn> +91<8,

| ' j@�Iuhqhw +91<9,

| � | '


jn �

�
�mn
�
�jn

�
@�2Iuhqhw ' � +91<:,

Li wkh uhqrupdol}hg yhfwru lv xvh dv wkh frh!flhqwv ri d 40irup/ wkhq

BBBBBBBBBBBBBBBBBBBBB
qrwh wkdw wkhuh lv d gl�huhqfh ehwzhhq yhfwru �hogv wkdw duh h{solflwo| wlph

ghshqghqw dqg wkrvh wkdw duh qrw1

916 Wkh Jdxvv Lqwhjudov +50irupv,

Wkh edvlf lvvxh lv wkdw qrw doo glyhujhqfh iuhh �hogv +gl�huhqwldo irupv, duh h{dfw1 Lw lv
wuxh wkdw doo glyhujhqfh iuhh �hogv lq d 6 glphqvlrqdo hxfolghdq wrsrorj| duh h{dfw/ exw
wkdw lv suhflvho| zkhuh wkh wrsrorjlfdo ihdwxuhv hqwhu lqwr wkh slfwxuh1 D hxfolghdq
wrsrorj| lv vlpso| frqqhfwhg dqg zlwkrxw revwuxfwlrqv1

Hyhq lq 60glphqvlrqv +dqg zlwk hxfolghdq grjpd, wkhuh duh vwloo wzr vshflhv
ri 6 frpsrqhqw �hogv1 Hyhu| rqh ohduqv iurp Jleev yhfwru dqdo|vlv wkdw wkh 6 yhfwru
ri dqjxodu prphqwxp w ' h� T lv qhyhu wr eh dgghg wr wkh 6 yhfwru ri prphqwxp/
T1 Wkh dqjxodu prphqwxp dqg wkh olqhdu prphqwxp duh �wzr gl�huhqw vshflhv� ri
yhfwruv +gluhfwlrq �hogv,1 Krzhyhu/ zlwk uhjdug wr qrq0hxfolghdq wrsrorjlfdo grpdlqv
wkhuh lv dovr dqrwkhu frqfhsw/ gh�qhg dv d yhfwru ghqvlw|1 Wkhuh lv d wrsrorjlfdo
gl�huhqfh/ hyhq lq 6G/ ehwzhhq dqg d fryduldqw whqvru dqg d frqwudyduldqw whqvru
ghqvlw|/ exw qrw ghwhfwdeoh li yroxph ghiruplqj surfhvvhv duh h{foxghg +wkh w|slfdo
qrq0glvvlsdwlyh fdvh,1

Wr ghprqvwudwh wkhvh lghdv/ �uvw frqvlghu ruglqdu| 6 glphqvlrqdo yhfwru �hogv
dqg d F4 pds ri d 60vsdfh rqwr d hxfolghdq grpdlq ri 6 glphqvlrqv=

! G i{> |> }j , iX> Y>Zj ' !mE{n�= +91<;,

Wklv pds gh�qhv d yhfwru �hog
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~ ' dXE{> |> }�> Y E{> |> }�>Z E{> |> }�o= +91<<,

Wkh +vtxduh, Mdfreldq pdwul{ lv gh�qhg e| wkh htxdwlrqv/

g! G ig{> g|> g}j , igX> gY> gZj ' dao � mghl '
�
C!m@C{n

� ��g{n� +91433,

Qh{w frqvwuxfw wkh yroxph hohphqw jhqhudwhg e| wkhvh wkuhh ixqfwlrqv1

l} ' gX	gY 	gZ ' _i|daog{	g|	g}> +91434,

dqg wkh Q � � ' 2 irup

J ' lE~�gX	gY 	gZ ' XgY 	gZ � Y gX	gZ nZgX	gY +91435,

' G{g|	g} �G|g{	g} nG}g{	g|= +91436,

Wkh Yhfwru ~ lqgxfhv d suhlpdjh/#> rq i{> |> }j= Irupdoo|/ wkh yhfwru /#> lv gh�qhg
lq whupv ri wkh dgmrlqw pdsslqj/ e| wkh pdwul{ htxdwlrq=

Frqwud�yduldqw whqvru ghqvlw|
��#nE{p�

�
se
'
�
C!m@C{n

�dgmrlqw
�
��~E{m�� > +91437,

Wkh ixqfwlrqdo vxevwlwxwlrq dqg sxooedfn Ese� frqvwuxfwlrq zrunv hyhq wkrxjk wkh
Mdfreldq pds grhv qrw kdyh dq lqyhuvh1 Lq wklv uhvshfw wkh uhwurglfwlyh surfhvv
uhvhpeohv wkh sxoo edfn ri d 40irup/ zkhuh wkh fryduldqw whqvru �hog lv ixqfwlrqdoo|
zhoo ehkdyhg zlwk uhvshfw wr wkh wudqvsrvh pdsslqj=

Fr� yduldqw whqvru m�nE{
p�lse '

�
C!m@C{n

�wudqvsrvh
�
��~E{m�� > +91438,

Qrz/ wkh h{wudruglqdu| uhvxow lv wkdw li ~ lv uhvfdohg e| wkh glylvru

�EX> Y>Z � ' idXs n eY s n fZ sj�@s +91439,

wkhq wkh 50irup

eJ ' lE~@��gX	gY 	gZ +9143:,

' lE#@��g{	g|	g}> g eJ ' f +9143;,

lv forvhg1 Wklv uhvxow lpsolhv wkdw wkh uhvfdohg yhfwru �hog/ e#' #@�> kdv }hur
glyhujhqfh1

Wkh qrwdwlrq deryh lv gholehudwh/ iru lq 7 glphqvlrqv lw glvwlqjxlvkhv wkh hohf0
wurpdjqhwlf Lqwhqvlwlhv/ ,>�/ +dv frpsrqhqwv ri d fryduldqw whqvru ghgxfhg iurp
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�n, iurp wkh hohfwurpdjqhwlf Txdqwlwlhv +ru h{flwdwlrqv, #>O +dv frpsrqhqwv ri d
frqwudyduldqw whqvru ghqvlw|,1

Wkh dvvxpswlrq ri d hxfolghdq grpdlq pdvnv wkhvh wrsrorjlfdo ihdwxuhv1 Wkh
wrsrorjlfdo forvxuh ri m#l lv wkh frqfhsw ri }hur glyhujhqfh> wkh wrsrorjlfdo forvxuh ri
m�l lv d }hur fxuo frqfhsw1 Lq 6G/ iru f5 gl�huhqwldeoh �hogv zkhuh m�l ' fxuo m�l > lw
iroorzv wkdw wkh forvxuh ri wkh 50irup jhqhudwhg iurp wkh frpsrqhqwv ri m�l lv dozd|v
hpsw|/ lq d joredo pdqqhu$ Krzhyhu/ wkh forvxuh ri m#l qhhg qrw eh joredoo| hpsw|$

Rq d vsdfh ri wkuhh glphqvlrqv wkhuh duh 50irupv ri wkuhh frpsrqhqwv wkdw
duh h{dfw/ dqg wkhuh duh 50irupv ri wkuhh frpsrqhqwv wkdw duh qrw h{dfw1 Dowkrxjk
wkh 50irup zlwk fryduldqw frpsrqhqwv m�l frqvwuxfwhg iurp wkh fxuo ri d yhfwru
srwhqwldo � lv forvhg dqg h{dfw/ wkh 50irup zlwk whqvru ghqvlw| frpsrqhqwv m#@�l
lv forvhg/ EXW QRW QHFHVVDULO\ H[DFW1 Wkh ixqgdphqwdo lghd lv wkdw iru d
qrq0erxqglqj forvhg f|foh Eqeff� +vxfk dv iruphg e| d forvhg wzlvwhg uleerq,/]]

qeff

��gEDuhd� ' f> exw

]]
qeff

#�gEDuhd� 9' f +9143<,

zkhuh iru d erxqgdu| +vxfk dv wrurlgdo vxuidfh,

]]
erxqgdu|

��gEDuhd� ' f> dqg

]]
erxqgdu|

#�gEDuhd� ' f= +91443,

Li wkh lqwhjudwlrq fkdlq lv d forvhg lq wkh vhqvh ri f|foh/ dqg lv qrw d erxqgdu|/
wkhq wkhuh pxvw h{lvw srlqwv ri wkh lqwhjudwlrq grpdlq zklfk pxvw eh h{foxghg1 Wkhvh
srlqwv irup wkh wrsrorjlfdo ghihfwv +wkh srlqw fkdujhv lq HP wkhru| ru �wrsrorjlfdo
krohv�, ru wkh wrsrorjlfdo revwuxfwlrqv wkdw duh ri lqwhuhvw wr wkh wkhru| ri Olqnv dqg
Eudlgv1 Lq sduwlfxodu/ wkh wkhru| ri olqnv ghshqgv xsrq vxfk revwuxfwlrqv dqg lv
uhsuhvhqwhg e| lqwhjudov ri wkh irup=

On '
UU
qeff

EG}g|	g} �G|g{	g} nG}g{	g|�@� '
UU
qeff

J 9' f> gJ ' f= +91444,

dqg vkrxog kdyh qrwklqj wr gr zlwk pdjqhwlf  x{/

xp '
UU
qeff

EE{g|	g} �E|g{	g} nE}g{	g|� '
UU
qeff

I ' f> gI ' f> +91445,

zklfk kdv qr revwuxfwlrqv/ dv wkh lqwhjudqg lv joredoo| h{dfw1 Li I zdv wr kdyh
revwuxfwlrqv/ wkh suh0lpdjhv joredo srvwxodwh ri srwhqwldov I � gD ' f pxvw idlo/
dqg wkh frqvhuydwlrq ri  x{ zrxog qrw eh wuxh1 Vxfk d idloxuh lpsolhv wkh h{lvwhqfh
ri pdjqhwlf prqrsrohv +wkh revwuxfwlrqv wr I ehlqj joredoo| h{dfw,1 Wkh dxwkruv
shuvrqdo ylhz +dorqj zlwk H1M1Srvw dqg pdq| rwkhuv, vxevxphv wkdw wkh idloxuh wr
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ghwhfw pdjqhwlf prqrsrohv lv surri wkdw fodvvlfdo hohfwurpdjqhwlvp lv gh�qhg e| wkh
srvwxodwh ri srwhqwldov> l1h1/ I � gD ' f> joredoo|1 Rq wkh rwkhu kdqg/ wkh 50irup ri
�hog h{flwdwlrqv/ J> lv qrw h{dfw1

91614 H{dpsoh 41 Wkh Jdxvv Olqn Lqwhjudo

Wkh �uvw dssolfdwlrq lv wr wkh glyhujhqfh iuhh yhfwru �hog rq 6 glphqvlrqv zklfk lv
qrw h{dfw/ exw lv forvhg/ dqg uhtxluhv wkuhh ixqfwlrqv iru lwv ghvfulswlrq1 Wkh jhqhulf
irup iru wkh lqwhjudo ri lqwhuhvw lv jlyhq e| wkh h{suhvvlrq

On '

]]
lE]�l} '

]]
forvhg

EXgY 	gZ � Y gX	gZ nZgX	gY �@� +91446,

Dv dq h{dpsoh ri wkh Jdxvv lqwhjudo/ On/ frqvlghu wkh fdvh zkhuh wkh glvsodfh0
phqw yhfwru lv wkh gl�huhqfh ri wzr srvlwlrq yhfwruv wr wzr vhsdudwh vsdfh fxuyhv1
Gh�qh

~ ' E+2 �+�� +2 ' d{2> |2> }2o +� ' d{�> |�> }�o +91447,

� ' EdE{2 � {��
s n eE|2 � |��

s �nfE}2 � }��
s��@s +91448,

zkhuh +� gh�qhv wkh srvlwlrq yhfwru wr rqh �hog ri vsdfh fxuyhv/ dqg +2 gh�qhv
wkh srvlwlrq yhfwru wr d vhfrqg �hog ri vsdfh fxuyhv1 Vsdfh fxuyhv iurp gl�huhqw
idplolhv fdq kdyh gl�huhqw sdudphwhul}dwlrqv1 Khqfh/ wkh yhfwru ~ uhsuhvhqwv wkh
yhfwru gl�huhqfh ri srlqwv rq wzr gl�huhqw vsdfh fxuyhv zklfk fdqqrw eh v|qfkurql}hg
sdudphwulfdoo|1 Qh{w dvvxph wkdw wkh glvsodfhphqwv ri lqwhuhvw duh frqvwudlqhg e|
wzr sdudphwulf fxuyhv jlyhq e| wkh h{whulru gl�huhqwldo v|vwhp

g+� �V�gw ' f dqg g+2 �V2gw
� ' f> +91449,

zkhuh wkh sdudphwhuv gw dqg gw3 duh qrw ixqfwlrqdoo| uhodwhg/ vxfk wkdw

gw	gw3 9' f> exw gw	gw ' f dqg gw�	gw� ' f= +9144:,

Wkh yhfwru # fdq eh lqwhusuhwhg dv wkh glvsodfhphqw yhfwru ehwzhhq srlqwv
rq wkh vsdfh fxuyh F4 sdudphwul}hg e| w/ dqg wkh srlqwv rq dqrwkhu vsdfh fxuyh F5
sdudphwul}hg e| w31 Wkh lqwhjudo wr eh hydoxdwhg lv

On '

]]
forvhg

K '

]]
forvhg

lE~@��gE{2 � {��	gE|2 � |��	gE}2 � }��

'

]]
forvhg

E�@��EY2� � Y���	EY22gw
� � Y�2gw�	EY2�gw

� � Y��gw� n ===

'

]]
forvhg

E�@��EY2� � Y���	EY22Y�� � Y�2Y2��gw	gw
� n === +9144;,
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xvlqj gw	gw� 9' f> exw gw	gw ' f dqg gw3	gw3 ' f= Uhzulwlqj wkh irupxod xvlqj wkh
lvrwurslf Jdxvv irupdw/ d@e@f@4/s@5 ohdgv wr wkh fodvvlf Jdxvv Olqndjh irupxod/

On '
UU
forvhg

J '
K
w

K
w�
iE+2 �+���V� �V2jgw	gw

�@� +9144<,

� ' E+� �+� � 2+� �+2 n+2 �+2�
�@2= +91453,

Krzhyhu/ wkh }hur glyhujhqfh irupxod zrunv iru wkh dqlvrwurslf fdvh/ iru dq| d/e/f
dqg iru dq| h{srqhqw s1

Iurp Vwrnhv wkhruhp/ li wkh forvhg 5 glphqvlrqdo lqwhjudwlrq grpdlq lv d
erxqgdu| ri d 6 glphqvlrqdo grpdlq/ wkhq wkh Olqn lqwhjudo ydqlvkhv1 Krzhyhu/ li
d sduwlfxodu lqwhjudwlrq fkdlq lv d forvhg f|foh +qrw d erxqgdu| ri d 6 glphqvlrqdo
grpdlq, wkhq wkh olqnlqj lqwhjudo kdv ydoxhv zlwk udwlrqdo udwlrv1 Wkhvh forvhg lqwh0
judov duh ghUkdp shulrg lqwhjudov lq wzr glphqvlrqv1 Srlqwv zkhuh # ydqlvkhv duh
h{foxghg1

Zkhq wkh wzr fxuyhv duh glvwlqfw/ wkh lqwhjudwlrq lv ryhu wkh wzr erxqglqj
f|fohv ri d forvhg uleerq1 Wkh uleerq vxuidfh lv forvhg exw lw lv qrw d erxqgdu| ri dq|
yroxph1 Wkhq wkh wzr qrq0lqwhuvhfwlqj f|fohv +wkdw irup wkh erxqgdu| ri wkh uleerq
duhd, duh gh�qhg e| wkh wzr glvwlqfw sdudphwhuv/ gw/ dqg gw�= Zkhq lqwhjudwlrqv duh
frpsxwhg dorqj wkhvh forvhg fxuyhv zkrvh wdqjhqw yhfwruv duh V� dqg V2/ wkhq wkh
lqwhjhu ydoxhv ri wkh forvhg lqwhjudo pd| eh lqwhusuhwhg dv krz pdq| wlphv wkh wzr
fxuyhv duh olqnhg1 Wkh lqwhusuhwdwlrq ri wkh forvhg vxuidfh lqwhjudo dv d rulhqwdeoh
uleerq zrunv li wkh wulsoh surgxfw glylghg e| odpegd grhv qrw fkdqjh vljq dv w dqg
w� duh ydulhg1 Li wkh lqwhjudqg fkdqjhv vljq/ wkhq wkh uleerq lq qrq0rulhqwdeoh1

Wkh frqvwudlqw wkdw gw	gw� 9' f lpsolhv wkdw wkh �prwlrq� dorqj wkh fxuyh
jhqhudwhg e| +� lv lqghshqghqw ri wkh �prwlrq� dorqj wkh fxuyh jhqhudwhg e| +2=
Li wkh fxuyh jhqhudwhg e| +� lv d frqlf lq wkh {| sodqh dqg wkh fxuyh jhqhudwhg
e| +2 lv d frqlf lq wkh {} sodqh/ wkhq wkh vxuidfh vzhsw rxw e| wkh yhfwru # lv
d Gxslq f|folgh1 Vxfk vxuidfhv kdyh dssolfdwlrq wr wkh sursdjdwlrq ri zdyhv lq
hohfwurpdjqhwlf v|vwhpv1

91615 H{dpsoh 5= Iodw wdqjhqwldo ghyhorsdeohv

Iurp dqrwkhu srlqw ri ylhz/ frqvlghu wkh uxohg vxuidfh gh�qhg e| wkh yhfwru �hog
ri wzr sdudphwhuv/ iw> �j +lvrwurslf/ d@e@f@4 / s@5,1 Wkh uxohg vxuidfh zloo eh
gh�qhg e| wkh srvlwlrq yhfwru +Ew� wr d vsdfh fxuyh dqg d uxolqj sdudphwhu � wlphv
wkh wdqjhqw Yhorflw| yhfwru wr wkh vsdfh fxuyh/ VEw�=

Xvh wkh jhqhudo phwkrgv deryh wr fuhdwh wkh grxeo| sdudphwul}hg glyhu0
jhqfh iuhh yhfwru �hog=

~E�> w� ' i+Ew�	 �VEw� j +91454,

�E�> w� ' E+Ew� �+Ew�	 2�+Ew� �VEw� n �VEw� � �VEw���@2= +91455,
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Yhfwru �hogv ri wklv w|sh duh sulplwlyh h{dpsohv ri �vwulqjv� iru �{hg ydoxhv ri wkh
sdudphwhu/ w/ dqg vwulqj sdudphwhu/ �= Gluhfw vxevwlwxwlrq ri wkh sk|vlfdo frqvwudlqwv/
g+�Vgw ' f/ dqg gV��gw ' f> vxfk wkdw g~ ' gi+Ew�	�VEw� j lqwr wkh gh�qlwlrq
ri wkh olqnlqj lqwhjudo ]]

forvhg rqQ

lE~@��g]�	g]2	g]� +91456,

ohdgv wr |hw dqrwkhu uhdol}dwlrq dqg lqwhusuhwdwlrq ri wkh Jdxvv irupxod=

T '
UU
forvhg

J '
UU

forvhg rq�w

i+��V��jgw	g�@�

'
UU
forvhg

i� �+��Vjgw	g�@E+ �+	 2�+ �V n �V � �V��@2= +91457,

Lw lv dssduhqw wkdw wkh lqwhudfwlrq ri wkh �dqjxodu� prphqwxp/ w ' +� �V/
dqg wkh dffhohudwlrq/ �/ surgxfhv d wrsrorjlfdo lqyduldqw zkrvh ydoxhv duh �txdq0
wl}hg� + lq wkh vhqvh wkdw wkh udwlrv ri wkh forvhg lqwhjudov duh udwlrqdo,1 Qrwh wkdw
wkh wulsoh yhfwru surgxfw ri wkh lqwhjudqg qxphudwru lv sursruwlrqdo wr wkh Iuhqhw
wruvlrq ri wkh ruelw1 Iru dq ruelw wkdw lv sodqdu wkh Iuhqhw wruvlrq lv }hur hyhu|zkhuh/
dqg wkh Jdxvv lqwhjudo ydqlvkhv1

Uhfdoo wkdw li d wkh vsdfh fxuyh lv dq hgjh ri uhjuhvvlrq/ wkhq wkh uxohg
vxuidfhv dvvrfldwhg zlwk wr wkh iruzdug dqg edfnzdug prwlrqv +wkh 	 vljqv lq wkh
irupxod, duh qrw vdph wr vhfrqg rughu1 Vxfk d uhvxow ghprqvwudwhv dq reylrxv glv0
wlqfwlrq ehwzhhq iruzdug dqg edfnzdug prwlrq wkdw euhdnv wlph uhyhuvdo v|pphwu|1
Olqhdu uxolqjv lq rqh gluhfwlrq duh rq 4 vkhhw ri wkh uxohg vxuidfh/ dqg uxolqjv lq
wkh rssrvlwh gluhfwlrq duh rq wkh rwkhu vxuidfh1 Wkh wzr vxuidfhv phhw dw dq hgjh
ri uhjuhvvlrq1 Vlplodu wlph uhyhuvdo v|pphwu| euhdnlqj h�hfwv kdyh ehhq revhuyhg
pdfurvfrslfdoo| lq gxdo srodul}hg ulqj odvhuv1

91616 H{dpsoh 61 Vfuroov

Wkh wzr sdudphwhu vxuidfh ghvfulehg deryh lv forvho| uhodwhg wr wkh uxohg vxuidfh
nqrzq dv wkh wdqjhqwldo ghyhorsdeoh1 Vxfk uxohg vxuidfhv +sdudphwul}hg e| duf ohqjwk
v udwkhu wkdq wlph/ w/ dqg zlwk wkh gluhfwul{ ri wkh uxolqj lq wkh gluhfwlrq ri wkh xqlw
wdqjhqw yhfwru/ dqg pxowlsolhg e| �, kdyh }hur Jdxvv fxuydwxuh1 Wkrxjk ehqw/ vxfk
vxuidfhv fdq eh uroohg rxw  dw1 E| frqvwuxfwlqj wkh uxohg vxuidfhv lq whupv ri wkh
qrupdo dqg2ru elqrupdo wr d vsdfh fxuyh/ rwkhu irupv ri uxohg vxuidfhv |lhog qhjdwlyh
ydoxhv iru wkh Jdxvv fxuydwxuh ri wkh vxuidfh/ dqg duh qrw � dw�1 Wkh| duh gh�qhg
dv Vfuroov1

Ri sduwlfxodu lqwhuhvw wr sk|vlfv duh wkrvh uxohg vxuidfhv ri qhjdwlyh Jdxvv
fxuydwxuh/ zklfk duh dovr plqlpdo vxuidfhv1 Wkh| kdyh dssolfdwlrq lq ghvfulelqj
k|gurg|qdplf zdnhv1 Wkhvh vxuidfhv fdq eh ylhzhg dv grxeoh hgjhg uleerqv iru
jlyhq ydoxhv ri �= Wkh htxdwlrqv iru wkh uxohg vxuidfh ri d vfuroo/ zlwk d gluhfwul{ lq
wkh gluhfwlrq ri wkh elqrupdo/ MEv�> duh =
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#E�> v� ' i+Ev�	 �MEv�j@� +91458,

� ' E+Ev� �+Ev�	 2�+Ev� � MEv� n �MEv� � �MEv���@2= +91459,

Zkhq wkh sdudphwhu � wdnhv rq wkh frqvwdqw ydoxhv � ' �@��> +zlwk � ' wkh
Iuhqhw fxuydwxuh/ dqg � ' wkh wruvlrq ri wkh vsdfh fxuyh, wkhq wkh uxohg vxuidfh lv
d plqlpdo vxuidfh/ dqg wkh elqrupdo �hog wzlvwv derxw wkh vsdfh fxuyh jhqhudwhg e|
+Ev�=

Dqrwkhu lqwhuhvwlqj vfuroo lv wkdw jhqhudwhg e| wkh Gduerx{ yhfwru1

#E�> v� ' i+Ev�	 E?Ev� ULtE�� n MEv� t�?E��j@� +9145:,

� ' E# �#��@2= +9145;,

zklfk vhhpv wr eh ri lqwhuhvw wr Orqjfrsh1

917 Eudlgv/ Vslq dqg WruvlrqbKholflw| +60irupv,

91714 Fkdrv dqg wkh Xqnqrw

Pxfk lqwhuhvw ri odwh kdv ehhq vkrzq lq nqrw wkhru| dqg lwv dssolfdwlrq wr dq xqghu0
vwdqglqj ri wkh wudmhfwrulhv ri g|qdplfdo v|vwhpv1 Wkh frqmhfwxuh lv wkdw vrphkrz
dq xqghuvwdqglqj ri nqrw wkhru| zloo jlyh d ehwwhu xqghuvwdqglqj ri fkdrv1 Frxqwhu
lqwxlwlyho| lv wkh lghd wkdw fkdrv lv wr eh uhodwhg wr wkh xqnqrw1 Ri sduwlfxodu lqwhuhvw
zloo eh wkrvh fdvhv zkhuh olqhv ri yruwlflw| kdyh dq rvfloodwru| Iuhqhw wruvlrq zlwk
d shulrg htxdo wr 526 ri wkh ixqgdphqwdo shulrg ri forvxuh1 Wkh wrsrorjlfdo Jdxvv
lqwhjudo zloo dyhudjh wr }hur iru vxfk v|vwhpv> exw wkhvh v|vwhpv fdq eh fuhdwhg e|
frqwlqxrxv ghirupdwlrqv ri iroglqj dqg wzlvwlqj d forvhg orrs ri yruwlflw|/ surgxf0
lqj d shulrg 6 v|vwhp zklfk lv nqrzq wr eh uhodwhg wr fkdrv ^\runh 4<:8`1 Lq wkh
qrq0ghiruphg flufxodu vwdwh/ wxexodu qhljkerukrrgv jxlghg e| wkh yruwh{ olqhv fdq
frqwlqxrxvo| hyroyh lqwr grpdlqv zlwkrxw vwdjqdwlrq srlqwv ru wdqjhqwldo vlqjxodu0
lwlhv/ ru nqrwv/ ru wzlvwv1 Krzhyhu/ zkhq wkh forvhg yruwh{ olqh lv lq wkh ghiruphg
shulrg 6 frq�jxudwlrq/ wdqjhqwldo +k|shuerolf, vlqjxodulwlhv duh fuhdwhg e| wkh  rz
olqhv ri wkh yhorflw| �hog/ dqg wkh hyroxwlrq ehfrphv kljko| frqyroxwhg dqg fkdrwlf1
Vhh Iljxuh 41

Wkhvh wrsrorjlfdo ihdwxuhv pd| eh ghprqvwudwhg ylvxdoo| e| wdnlqj d orqj vwuls
ri sdshu dqg zudsslqj wkh vwuls wkuhh wlphv durxqg |rxu �qjhuv1 Forvh wkh vwuls e|
jrlqj xqghu rqh vwudqg dqg ryhu wkh qh{w ehiruh sdvwlqj wrjhwkhu1 Wkh vwuls lv ri
reylrxv shulrg wkuhh1 Qrz volgh wkh forvhg vwuls iurp wkh �qjhuv dqg qrwh wkdw lw fdq
eh ghiruphg <frqwlqxrxvo| lqwr d f|olqgulfdo vwuls zlwkrxw wzlvwv ru nqrwv +Vslq 3,1
Li wkh vdph surfhgxuh lv xvhg/ h{fhsw wkdw d grxeoh ryhu ru d grxeoh xqghu furvvlqj
lv xvhg ehiruh sdvwlqj wkh vwuls hqgv wrjhwkhu/ wkh uhvxowlqj forvhg orrs zloo kdyh d
frqwlqxrxvo| luuhgxfleoh e� wzlvw +Vslq 5,1 Erwk wkh Vslq 5 dqg wkh Vslq 3 vwulsv kdyh
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d }hur Hxohu fkdudfwhulvwlf1 Krzhyhu/ wkh Vslq 5 vwuls fdq eh frqwlqxrxvo| ghiruphg
lqwr d Nohlq erwwoh/ ru d grxeoh odsshg Prelxv edqg/ dqg lv qrw krphrprusklf wr
wkh vslq }hur vwuls ^57`1

Li d prgho ri wkh Vslq3 dqg Vslq 5 v|vwhpv +ghiruphg wr wkhlu shulrg 6 frq0
�jxudwlrqv, lv pdgh iurp d frsshu wxeh/ dqg li  h{leoh edqgv duh fuhdwhg wr olqn
dq| sdlu ri qhljkerulqj wxexodu vwudqgv/ wkhq lw lv uhdglo| revhuyhg wkdw wkh sdluhg
grpdlq wzlvwv dqg irogv dv lw lv sursdjdwhg xqlgluhfwlrqdoo| dorqj wkh yruwh{ olqhv1
Iru wkh vslq 5 v|vwhp wkh  h{leoh edqgv zloo uhwxuq wr wkhlu ruljlqdo vwdwh lq 6 uhy0
roxwlrqv1 Krzhyhu/ wkh sdluhg grpdlq frqwlqxhv wr wzlvw dqg irog/ ehfrplqj hyhu
pruh frpsolfdwhg dv lw iroorzv wkh hyroxwlrq durxqg wkh Vslq 3 frq�jxudwlrq1 Wkh
iroghg vslq 3 v|vwhp kdv fkdrwlf qhljkerukrrgv1 Wklv uhvxow lqglfdwhv wkdw wkh vrxufh
ri fkdrv lq g|qdplfdo v|vwhpv pd| eh gxh wr wkh xqnqrw/ dqg qrw wkh nqrw$ Wkh
Fduwdq wkhru| wkhuhe| suhglfwv wkdw wkh vrxufh ri fkdrv lq wxuexohqw v|vwhpv grhv
qrw uhtxluh d glvfrqwlqxrxv fxw dqg frqqhfw surfhvv/ exw pd| eh lqgxfhg e| yruwh{
olqhv wkdw frqwlqxrxvo| hyroyh e| wzlvwlqj dqg iroglqj lqwr d forvhg/ vslq 3/ shulrg
wkuhh frq�jxudwlrq1

91715 Wkh Wruvlrq 60irup dqg wkh Eudlg lqwhjudo

Iru q @ 7 wkh vdph surfhgxuhv xvhg deryh fdq eh xvhg wr surgxfh d shulrg lqwhjudo
ryhu d forvhg 60glphqvlrqdo grpdlq1 Lq idfw/ wkh vdph yhfwru �hog wkdw lv xvhg wr
gh�qh wkh Fduwdq 40irup ri Dfwlrq pd| eh xvhg wr frqvwuxfw d gxdo Q04 irup wkdw
lv forvhg1 Wkh dojrulwkp lv wr vxevwlwxwh iru wkh ixqfwlrqv ri wkh yhfwru �hog/ Y>
wkh ixqfwlrqv wkdw pdnh xs wkh fryduldqw 40irup ri Dfwlrq/ D1 Wklv frqvwuxfwlrq
lv htxlydohqw wr frqvwuxfwlqj wkh Mdfreldq pdwul{ ri wkh ruljlqdo yhfwru �hog rq wkh
Q0glphqvlrqdo yhorflw| vsdfh/ frpsxwlqj lwv fridfwru pdwul{/ pxowlso|lqj wkh ruljlqdo
yhfwru e| wkh fridfwru pdwul{/ dqg wkhq glylglqj e| wkh txdgudwlf irup/ �1 Zkhq
wkhvh rshudwlrqv duh frpsohwhg/ ixqfwlrqdo vxevwlwxwlrq zloo ohdg wr dq frqvhuyhg
d{ldo yhfwru fxuuhqw ghqvlw| rq +{/|/}/w,1 Dqrwkhu irup ri wkh wrsrorjlfdo lqwhjudo
lqyduldqw lv frqvwuxfwhg lq wkh iroorzlqj zd|1 Iluvw/ iru wkh fodvvlf Fduwdq dfwlrq/ D '
Sng{

n � Hgw@f/ frqvwuxfw wkh Q0yroxph/ l ' �gS{	gS|	gS}	gH@f= Qh{w frqwudfw
l zlwk wkh yhfwru/ ES{> S|> S}>�H@f�/ dqg wkhq glylgh e| � ' i	S �S 	 EH@f�2j2=
Iru vdnh ri vlpsolflw|/ dvvxph wkdw H@f lv d frqvwdqw vxfk wkh gH ' f1 Wkhq wkh
forvhg 60irup ru fxuuhqw ehfrphv htxlydohqw wr

M ' EH@f�gS{	gS|	gS}@� zlwk gM ' f +9145<,

Qrz lqyrnh wkh vdph Fduwdq wulfn ri lqglylgxdo sdudphwul}dwlrq dv xvhv deryh1
Frqvlghu d wrwdo prphqwxp yhfwru frpsrvhg ri wkuhh lqglylgxdo yhfwru frpsrqhqwv/
� ' T

�
nT

2
nT

�
= Dvvxph wkdw wkh Fduwdq wrsrorj| lv frqvwudlqhg lq vxfk d zd| wkdw

iru hdfk yhfwru frpsrqhqw d Qhzwrqldq nlqhpdwlf odz ri sdudphwul}dwlrq lv pdlq0
wdlqhg vxfk wkdw

gT��u�gw ' f> gT2�u2gw
� ' f> gT��u�gw

�� ' f= +91463,
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Dovr qrwh wkdw gw	gw�	gw�� 9' f( wkdw lv/ wkh sdudphwhuv xvhg lq wkh Qhzwrqldq
nlqhpdwlf ghvfulswlrqv duh qrw v|fkurql}hdeoh1 Li wkh| zhuh ixqfwlrqdoo| uhodwhg wkh
ydoxh ri M pxvw eh }hur1 Vxevwlwxwh wkhvh h{suhvvlrqv lqwr wkh htxdwlrq iru wkh forvhg
fxuuhqw M dqg lqwhjudwh ryhu d forvhg 6 glphqvlrqdo fkdlq wr |lhog d wulsoh Eudlg
lqwhjudo/

Eudlg '
K
�

M '
K
�

EH@f�gS{	gS|	gS}@�

'
K
�

EH@f�i u� � Eu2 � u��j gw	gw
�	gw��@ i	� ��	 EH@f�2j2 +91464,

Wkh lqwhjudwlrqv duh qrz ryhu wkuhh forvhg fxuyhv zkrvh wdqjhqwv duh wkh
Qhzwrqldq irufhv/ u / rq wkuhh �sduwlfohv�1 Zkhuh lq wkh wzr glphqvlrqdo Jdxvv
lqwhjudo/ ri wkh suhylrxv vhfwlrq/ wkh hydoxdwlrq zdv dorqj wkh forvhg fxuyhv ri wzr
sduwlfohv wkdw iruphg wkh hqgv ri d vwulqj/ lq wklv fdvh wkh lqwhjudwlrqv duh dorqj wkh
forvhg wudmhfwrulhv ri wkuhh �sduwlfohv� zklfk irup wkh yhuwlfhv ri d wuldqjoh1 Lq hyhu|
fdvh/ wkh wudmhfwrulhv duh wkh wudmhfwrulhv ri d v|vwhp ri olplw srlqwv1

Wkh lghd wkdw wkuhh �olqhv� duh xvhg wr irup wkh lqwhjudo +zkrvh ydoxhv irup
udwlrqdo udwlrv, lv wkh uhdvrq wkdw wklv wrsrorjlfdo lqwhjudo lq wkh irupdw jlyhq deryh
lv gh�qhg dv wkh eudlg lqwhjudo1 Ri frxuvh wkh wkuhh irup ri wrsrorjlfdo wruvlrq lv
d yduldqw ri wkh eudlg lqwhjudo/ exw dssolhv wr wkrvh wrsrorjlhv zkhuh wkh v|vwhp lv
qrw uhgxfleoh wr wkuhh idfwruv gw> gw3 dqg gw� +vxfk v|vwhpv duh vdlg wr kdyh wruvlrq
f|fohv,1 Dq h{dpsoh ri d shulrg 6 eudlg zlwk Eudlg lqwhjudo }hur +fkdrwlf, dqg Eudlg
lqwhjudo 5 +qrq0fkdrwlf, lv jlyhq lq Iljxuh 4

Wkh htxlydohqw wr wklv Iljxuh/ dqg wkh idfw wkdw wkhuh duh wzr glvwlqfw shulrg
6 frq�jxudwlrqv/ rqh fkdrwlf dqg rqh qrq0fkdrwlf/ zdv eurxjkw wr wkh dwwhqwlrq ri
wkh suhvhqw dxwkruv gxulqj d vwlpxodwlqj ohfwxuh jlyhq e| M1 Orv dw wkh Dxjxvw/
4<<4/ Shgdjrjlfdo Zrunvkrs rq Wrsrorjlfdo Ioxlg Phfkdqlfv khog dw wkh Lqvwlwxwh iru
Wkhruhwlfdo Sk|vlfv/ Vdqwd Eduedud XFVE1

Lw lv wr eh qrwhg wkdw wkh 60irup ri wrsrorjlfdo wruvlrq lv uhodwhg wr wkh eudlg
lqwhjudo/ d wkuhh glphqvlrqdo wklqj lq irxu glphqvlrqv/ dqg qrw wkh Jdxvv olqndjh
lqwhjudo/ zklfk lv d wzr glphqvlrqdo wklqj lq wkuhh glphqvlrqv1 Wkh olwhudwxuh ri
kholflw| lv vrphwlphv frqixvhg rq wklv srlqw/ dqg riwhq dwwhpswv wr uhodwh wkh kholflw|
lqwhjudo wr wkh olqndjh lqwhjudo1

91716 Eudlgv

Iru q @ 7 wkh vdph surfhgxuhv ghvfulehg deryh pd| eh xvhg wr surgxfh d shulrg
lqwhjudo ryhu d forvhg 60glphqvlrqdo grpdlq1 Wkh whfkqltxh lv wr gh�qh d 7 glphq0
vlrqdo yhfwru �hog/ ~ 'd]�> ]2> ]�> ]eo= Xvh wkh jhqhudo uhqrupdol}dwlrq ixqfwlrq/

� ' i�]s
� n �]s

2 n �]s
� n �]s

ej
q@s +91465,

dqg vhw q@7/ iru }hur irxu glyhujhqfh1 Frqvwuxfw wkh forvhg 6 0irup/
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K ' lE~@��g]�	g]2	g]�	g]e +91466,

Dvvxph wkh 7 frpsrqhqw yhfwru kdv d uhdol}dwlrq dv ~ ' ��n�2n��>zkhuh
wkh wkuhh lqghshqghqw �hogv � uhsuhvhqw wkuhh vsdfh0wlph fxuyhv wkdw reh| wkh nlqh0
pdwlf frqvwudlqwv=

g���u�gv ' f> g�2�u2gv
� ' f> g���u�gv

�� ' f= +91467,

Vxevwlwxwh iru hdfk ri wkh gl�huhqwldov lq K +dqg ixuwkhu dvvxph wkdw wkh grpdlq
~{/|/}/w� ri lqwhuhvw lv ixuwkhu frqvwudlqhg vxfk wkdw gw ' f, wr |lhog wkh wkuhh irup

J ' i u� � Eu2 � u��jgv	gv
�	gv��@� +91468,

� ' i�]s
� n �]s

2 n �]s
� n �]s

ej
e@s +91469,

Wkh vsdwldo eudlg lqwhjudo ehfrphv htxdo wr

Eu G'
K
w

K
w�

K
w��
u� � Eu2 � u��jgv	gv

�	gv��@� +9146:,

Wkh lqwhjudwlrqv duh qrz ryhu wkuhh forvhg fxuyhv zkrvh wdqjhqwv duh wkh
�Qhzwrqldq irufhv�/ u / rq wkuhh �sduwlfohv�1 Zkhuh lq wkh wzr glphqvlrqdo Jdxvv
lqwhjudo/ ri wkh suhylrxv vhfwlrq/ wkh hydoxdwlrq zdv dorqj wkh forvhg fxuyhv ri d uleerq/
lq wklv fdvh wkh lqwhjudwlrqv duh dorqj wkh forvhg wudmhfwrulhv ri wkuhh �sduwlfohv� zklfk
irup wkh yhuwlfhv ri d wuldqjoh1

Wkh lghd wkdw wkuhh �olqhv� duh xvhg wr irup wkh lqwhjudo +zkrvh ydoxhv irup
udwlrqdo udwlrv, lv wkh uhdvrq wkdw wklv wrsrorjlfdo lqwhjudo lq wkh irupdw jlyhq deryh
lv gh�qhg dv wkh eudlg lqwhjudo1 Ri frxuvh wkh wkuhh irup ri wrsrorjlfdo wruvlrq lv
d yduldqw ri wkh eudlg lqwhjudo/ exw dssolhv wr wkrvh wrsrorjlhv zkhuh wkh v|vwhp lv
qrw uhgxfleoh wr wkuhh idfwruv gw> gw3 dqg gw�1 Dq h{dpsoh ri d shulrg 6 eudlg zlwk
Eudlg lqwhjudo }hur +fkdrwlf, dqg Eudlg lqwhjudo 5 +qrq0fkdrwlf, lv jlyhq lq Iljxuh
81 Lw lv looxplqdwlqj wr frqvwuxfw wkh wzr eudlgv e| zudsslqj d orqj  dw uleerq ri
sdshu vprrwko| durxqg wkh sdop ri |rxu kdqg1 Forvh wkh uleerq vxuidfh e| sdvwlqj
wkh hqgv wrjhwkhu1 Wkhq pdnh dqrwkhu h{dpsoh/ zkhuh wklv wlph wkuhdg wkh orrvh
hqg xqghuqhdwk wkh plggoh zuds/ udwkhu wkdq ryhu wkh plggoh zuds/ ehiruh joxlqj
wkh hqgv wrjhwkhu1 Wdnh wkh wzr h{dpsohv iurp |rxu kdqg dqg qrwh wkdw rqh lv
frqwlqxrxvo| ghirupdeoh lqwr d forvhg f|olqghu +Wz @ }hur, zkloh wkh rwkhu kdv d 7
sl wzlvw +Wz @5,1 Zkdw lv vxusulvlqj lv wkdw lw lv wkh Wz @3 frq�jxudwlrq wkdw
kdv d fkdrwlf qhljkerukrrg/ zkloh wkh Wz @ 5 vwuxfwxuh lv qrw fkdrwlf1 Wr whvw iru
fkdrv frqvwuxfw wkh htxlydohqw ri wkh forvhg eudlg iurp frsshu wxehv1 Wkhq olqn dq|
sdlu ri wxehv zlwk d odujh orrs ri hodvwlf ru wkuhdg1 Sxvk wkh orrslqj wkuhdg durxqg
wkh shulrg wkuhh frsshu wxeh/ dqg qrwh wkdw iru d Wz@5 frq�jxudwlrq/ wkh orrslqj
wkuhdg ehfrphv xqwdqjohg diwhu 9 sl uhyroxwlrqv derxw wkh fhqwudo d{lv1 Iru wkh Wz
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@ 3 frq�jxudwlrq/ wkh orrslqj wkuhdg qhyhu xqzlqgv/ exw ehfrphv pruh dqg pruh
wzlvwhg dqg frpsoh{1

Wkh htxlydohqw wr Iljxuh 8/ dqg wkh idfw wkdw wkhuh duh wzr glvwlqfw shulrg 6
frq�jxudwlrqv/ rqh fkdrwlf dqg rqh qrq0fkdrwlf/ zdv eurxjkw wr wkh dxwkru*v dwwhqwlrq
gxulqj d vwlpxodwlqj ohfwxuh jlyhq e| M1 Orv dw wkh Dxjxvw/ 4<<4/ Shgdjrjlfdo Zrun0
vkrs rq Wrsrorjlfdo Ioxlg Phfkdqlfv khog dw wkh Lqvwlwxwh iru Wkhruhwlfdo Sk|vlfv/
Vdqwd Eduedud XFVE1

Lw lv wr eh qrwhg wkdw wkh 60irup ri wrsrorjlfdo wruvlrq lv uhodwhg wr wkh eudlg
lqwhjudo/ d wkuhh glphqvlrqdo wklqj lq irxu glphqvlrqv/ dqg qrw wkh Jdxvv olqndjh
lqwhjudo/ zklfk lv d wzr glphqvlrqdo wklqj lq wkuhh glphqvlrqv1

918 Hohfwurg|qdplf Dssolfdwlrqv

91814 Skdvh0Srodul}dwlrq dqg Rulhqwdelolw| lq 7G

Wkh sk|vlfdo h{shulphqwv |lhoglqj vwdwhv ri pdwwhu zklfk duh vxshufrqgxfwlqj/ dqg
vwdwhv ri pdwwhu wkdw hplw odvhu frkhuhqw udgldwlrq lqglfdwh wkdw wkhvh surshuwlhv
duh ghirupdwlrq lqyduldqwv dqg wkhuhiru vkrxog kdyh d wrsrorjlfdo edvlv1 Lq wkh
vxshufrqgxfwru/ lw kdv ehhq vxjjhvwhg wkdw wkh hohfwurqv irup d ervrq sdlu zlwk vslq
}hur/ vxfk wkdw rulhqwdelolw| ihdwxuh ri Ihuplrq vslq xs ru vslq grzq kdv ehhq orvw
+ru dyhudjhg wr }hur,1 Lq wkh odvhu/ wkh udgldwlqj hohfwurqv irup d skdvh0srodul}dwlrq
frkhuhqw vwdwh/ vxfk wkdw frqfhsw ri skdvh0srodul}dwlrq gl�huhqfhv +ehwzhhq hohfwurqv,
lv �dyhudjhg wr }hur�1 Zkdw +gl�huhqwB, wrsrorjlfdo ihdwxuhv duh wr eh dvvrfldwhg
zlwk rulhqwdelolw| dqg skdvhB

Wrsrorjlfdo Vslq dqg wkh Vslq txdqwxp 0 d forvhg 60irup ghqvlw|

D wrsrorjlfdo edvlv iru Hohfwurpdjqhwlvp ^UPN 4<<< e` lv edvhg xsrq wkh gl�huhqwldo
v|vwhp

I � gD ' f M � gJ ' f= +9146;,

Wkh v|vwhp dgplwv 6 ixqgdphqwdo 60irupv=

Wkh fkdujh0fxuuhqw ghqvlw| 60irup/ M ' gJ +9146<,

Wkh Wrsrorjlfdo Wruvlrq Kholflw| 60irup/ K ' D	I +91473,

Wkh Wrsrorjlfdo Vslq 60irup/ V ' D	J +91474,

Wkh �uvw 60irup lv forvhg joredoo|/ exw wkh vhfrqg dqg wklug 60irupv gr qrw forvhg
qhfhvvdulo|1 Krzhyhu/ lq d vsdfh ri 7 glphqvlrqv/ wkh odwwhu wzr 60irupv dgplw
lqwhjudwlqj idfwruv wkdw zloo fdxvh wkh 60irupv wr eh forvhg dqg krprjhqhrxv ri ghjuhh
}hur1

Rq vsdfh wlph ri 7 glphqvlrqv/ vwduwlqj iurp dq hohfwurpdjqhwlf Dfwlrq 40
irup/ wkhuh duh wzr lpsruwdqw 60irupv= wkh 60irup ri Wrsrorjlfdo Wruvlrq dqg wkh
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60irup ghqvlw| ri Wrsrorjlfdo Vslq 1 Hdfk ri wkhvh 60irupv duh uhsuhvhqwhg e| d
7G gluhfwlrq �hog/ dqg lqyroyh wkh 40irup ri Dfwlrq dv d idfwru lq wkh vhqvh ri dq
h{whulru surgxfw1 Wr uhodwh wkh deryh gh�qlwlrq ri d 60irup ri Kholflw| zlwk wkh
vl{ glphqvlrqdo irupxodwlrq lqyroylqj wkh Elrw0Vdyduw vxevwlwxwlrq + wr ph, lv dq
h{wudruglqdu| frqvwudlqw rq wkh wrsrorj| ri wkh grpdlq1 Wkh vxevwlwxwlrq h�hfwlyho|
pl{hv d whqvru dqg d whqvru ghqvlw|/ zkhuh gh�qlwlrq 4 deryh pl{hv d whqvru zlwk
d whqvru/ D	I 1 Wkhuh lv krzhyhu/ dqrwkhu zhoo gh�qhg hohfwurpdjqhwlf 60irup/
D	J > zklfk pl{hv d whqvru ED� dqg d whqvru ghqvlw| EJ� = L fdoo D	J �zlwk sk|vlfdo
glphqvlrqv ri dqjxodu0prphqwxp� wkh Vslq 60irup1 +Wkh 60irup D	I kdv sk|vlfdo
glphqvlrqv ri Dqjxodu prphqwxp glylghg e| Rkpv1,

Lq hohfwulfdo hqjlqhhulqj qrwdwlrq/

Vslq G 5e ' d��On !#>� �#o

WruvlrqbKholflw| G Ae ' d,��n !�>� ��o

Wkh forvxuh ri D	J gh�qhv d phdvxuh nqrzq dv wkh �uvw Srlqfduh lqydul0
dqw/

S� G' E� �O�# � ,�� E� � a� �!� � gED	J�

zkloh wkh forvxuh ri D	I |lhogv wkh vhfrqg Srlqfduh lqyduldqw1

S2 G' 2E, ��� � gED	I �=

Zkhq wkhvh phdvxuhv ydqlvk +wkh glyhujhqfhv ri wkh 70yhfwruv ydqlvk,/ wkhq wkhuh
h{lvw vhsdudwh wrsrorjlfdo frqvhuydwlrq odzv + ri Vslq dqg Kholflw|,1

Wkh txhvwlrq dulvhv/ fdq wkh 40irup ri Dfwlrq eh pxowlsolhg e| d forvxuh idfwru/
qrw iru wkh 40irup D/ exw iru wkh 60irup D	I ru wkh 60irup ghqvlw| D	J1 Wkh dqvzhu
lv reylrxvo| |hv/ dqg wkh dssursuldwh forvxuh idfwru zloo kdyh wkh ixqfwlrqdo irup ri
wkh dssursuldwh Kroghu qrup1 Iru h{dpsoh/ wkh Wrsrorjlfdo Wruvlrq gluhfwlrq �hog
lv jhqhudwhg e| wkh h{whulru surgxfw DfaIf@ DfagDf1 Li wkh 40irup Df lv glylghg
e| wkh uhqrupdol}dwlrq idfwru/ �> wkhq wkh Wrsrorjlfdo Wruvlrq gluhfwlrq �hog DagD
lv sursruwlrqdo wr wkh gluhfwlrq �hog DfagDf1

D	gD ' EDf@��	gEDf@�� ' E�@�2�Df	gDf= +91475,

Dv

Df	gDf ' W {g|	g}	gw� W |g{	g}	gwn W |g{	g|	gw� W wg{	g|	g}> +91476,

fdq eh uhzulwwhq dv
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Df	gDf ' ]{g]|	g]}	g]w � ]|g]{	g]}	g]w n ]}g]{	g]|	g]w � ]wg]{g]|	g]}>
+91477,

zkhuh wkh frpsrqhqwv ]n pd| eh frpsxwhg dv

m]qE{> |> }> w�l ' dC]p@C{qo3� � mWpE{> |> }> w�l = +91478,

Wkh uhqrupdol}dwlrq idfwru wkhq fdq eh frpsxwhg iurp wkh dojrulwkpv jlyhq deryh/
vxfk wkdw

� ' �2 ' idE]{�s n eE]|�s n fE]}�s n hE]w�sje@s= +91479,

Khqfh/

� ' 	idE]{�s n eE]|�s n fE]}�s n hE]w�sj2@s +9147:,

lv d forvxuh idfwru iru wkh 60irup Df	gDf/ vxfk wkdw gE�@�2�Df	gDf ' f= Lw lv lp0
sruwdqw wr qrwh wkdw � qhhg qrw eh d forvxuh idfwru iru wkh 40irup/ Df( wkdw lv/
gEDf@�� 9' f=

H{dpsoh=
Frqvlghu wkh +Krsi, 40irup

Df ' |g{� {g| n }gw� wg}> +9147;,

gDf ' 2g|	g{n 2g}	gw> +9147<,

Df	gDf ' �in{g|	g}	gw� |g{	g}	gwn }g{	g|	gw� wg{	g|	g}j>+91483,

gDf	gDf ' �eg{	g|	g}	gw= +91484,

Wkh Wrsrorjlfdo Wruvlrq yhfwru lv

W ' �d{> |> }> wo> +91485,

zklfk ohdgv wr

] ' �d{> |> }> wo> +91486,

vxfk wkdw wkh forvxuh idfwru/ �> ehfrphv

� ' 	idE{�s n eE|�s n fE}�s n hEw�sj2@s= +91487,

Wkh uhqrupdol}hg Dfwlrq zklfk surgxfhv d forvhg wrsrorjlfdo Wruvlrq 60irup lv ri wkh
irupdw

Df ' i|g{� {g| n }gw� wg}j@	 idE{�s n eE|�s n fE}�s n hEw�sj2@s= +91488,
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Dowkrxjk gEDf@��	gEDf@�� ' f> gEDf@�� 9' f/ khqfh wkh 60irup ri wrsrorjlfdo
wruvlrq lv forvhg joredoo|/ exw wkh 50irup I ' gEDf@�� 9' f= Wkh lpsolfdwlrq lv wkdw
wkhuh duh grpdlqv iru zklfk wkh 60irup fdq eh xvhg dv d shulrg lqwhjudo/ exw wkh
grpdlq vxssruwv �qlwh , dqg � �hogv1 Wkh frpsrqhqwv ri wkh Wrsrorjlfdo Wruvlrq
yhfwru duh sursruwlrqdo wr wkh srvlwlrq yhfwru iurp wkh ruljlq1

Wkh forvxuh ri wkhvh wzr 60irupv lv qrw qhfhvvdulo| }hur/ iru

gED	I � ' I	I ' 2E, ���g{	g|	g}	gw> +91489,

dqg

gED	J� ' I	J� D	M ' iE� �O�# � ,�� E� � a� �!�jg{	g|	g}	gw= +9148:,

Hdfk ri wkhvh htxdwlrqv fdq eh lqwhusuhwhg lq whupv ri d 70frpsrqhqw yhfwru �hog/
~e/ dqg hdfk 60irup dgplwv dq lqwhjudwlqj idfwru vxfk wkdw wkh forvxuh +�glyhujhqfh�,
lv }hur1 Lq vxfk vlwxdwlrqv/ wkh 60irup lv krprjhqrxv ri ghjuhh }hur lq whupv ri wkh
frpsrqhqw ixqfwlrqv ri

91815 Wrsrorjlfdo Wruvlrq dqg wkh Srodul}dwlrq txdqwxp 0 d forvhg 60irup

Shukdsv lw lv pruh lpsruwdqw wkdw wkh wkhruhp ri Wrsrorjlfdo ghirupdwlrq lqyduldqfh
ri wkh forvhg lqwhjudov ri wkh 60irup lv dovr ydolg lq dq| glphqvlrq iru zklfk I	I
lv }hur1 Lq kljkhu glphqvlrqv wkh lqwhjudo pxvw eh hydoxdwhg ryhu 60vxebpdqlirogv
wkdw qhhg qrw eh vsdfh0olnh1 Iru 7 glphqvlrqv wkh 60irup D	I kdv 7 frpsrqhqwv
dqg fdq eh frqvwuxfwhg dv

Wrsrorjlfdo Wruvlrq0Kholflw|= D	I ' lEAe�g{	g|	g}	gw +9148;,

zkhuh

Ae ' �d,��n !�>� ��o

Iurp wklv irupxodwlrq lw pxvw eh uhphpehuhg wkdw wkh frpsrqhqwv ri wklv �yhfwru�
wudqvirup dv d wklug udqn fryduldqw whqvru �hog> � �� lv phuho| wkh irxuwk frp0
srqhqw1 Lq wkh 70glphqvlrqdo olwhudwxuh vxfk remhfwv duh riwhq ghvfulehg dv svhxgr
yhfwruv1 Wkh| duh qrw svhxgr yhfwru ghqvlwlhv1 Li wkh 60irup D	I lv wr eh dq
hyroxwlrqdu| lqyduldqw/ wkhq

OE�V�

UUU
forvhg

D	I '
UUU
forvhg

glE�V�D	I n lE�V�gED	I � +9148<,

'
UUU
forvhg

lE�V�I	I +91493,

'
UUU
forvhg

2 � E, ���lE�V�g{	g|	g}	gw= +91494,
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Li wkh forvhg lqwhjudo ri wkh Wrsrorjlfdo Wruvlrq/
UUU

forvhg
D	I / lv wr eh dq

hyroxwlrqdu| ghirupdwlrq +khqfh wrsrorjlfdo, lqyduldqw iru DQ\ surfhvv/ V/ wkhq
, �� ' f= Wklv uhtxluhphqw/ zklfk lv htxlydohqw wr I	I ' f> lpsolhv wkdw wkh
Wrsrorjlfdo Sdulw| pxvw ydqlvk1 Wkh frqglwlrq lv vx!flhqw/ exw qrw qhfhvvdu|/ iru
wrsrorjlfdo lqyduldqfh ri wkh Wruvlrq0 Kholflw| lqwhjudo/ hyhq zkhq wkh �hogv duh h{0
solflwo| wlph ghshqghqw1 Wkh uhodwlyh lqwhjudo lqyduldqw lq 7G lv=

K '
UUU
forvhg

D	I '
UUU
forvhg

A{g|	g}	gw�A|g{	g}	gwnA}g{	g|	gw�� ��g{	g|	g}

+91495,
Lq doo fdvhv wkh 6 glyhujhqfh ri � ydqlvkhv/ dqg wkh 50irup I lv forvhg/ iru lw lv h{dfw/
gI ' f= Iru lvrfkurqrxv grpdlqv/ gw ' f> dqg wkh lqwhjudo uhgxfhv wr wkh vwdqgdug
vsdwldo irupdw ri sodvpd sk|vlfv1 Krzhyhu/ wkhuh duh h{dpsoh hohfwurpdjqhwlf �hogv
iru zklfk � �� ' f/ dqg |hw Ae lv qrw }hur1

H{dpsoh= Gh�qh

� ' df> f> E{2 n |2�@2o> ! ' }= +91496,

Wkhq

� ' d�|> {> fo +91497,

, ' df> f>��o +91498,

� �� ' f> , �� ' f> +91499,

Ae ' �d}�> fo +9149:,

Qrwh wkdw lq 7 glphqvlrqv +wkdw dgplw wlph ghshqghqw �hogv,/ wkh iur}hq lq
olqhv duh wkh olqh ri wkh Wruvlrq yhfwru/ zklfk fdq eh grplqdwhg e| wkh � �hog/ fdq dovr
kdyh d frpsrqhqw gxh wr ,��= Wkh olqhv ri Ae fdq frqwlqxrxvo| hyroyh/ zlwk prvw
uhjlrqv lq d sodvpd grplqdwhg e| !� 9' f> ,�� $ f= Wkhq dv � olqhv dssurdfk
rqh dqrwkhu/ lqgxfwlrq fdxvhv ,�� 9' f> !� $ f= Wkh �� olqhv� whuplqdwh rq d
qxoo +d erxqgdu| srlqw,/ euhdn dsduw/ dqg wkhq srvvleo| uhfrqqhfw gl�huhqw vhjphqwv/
diwhu zklfk !� 9' f> ,�� $ f= +Wklv phfkdqlvp dsshduv wr eh dw wkh irxqgdwlrq
ri wkh qxphulf whfkqltxh lqyhvwljdwhg e| Kruqlqj1

Vshfldo vlwxdwlrqv ehfrph hylghqw zkhq wkh lqwhjudwlrq grpdlq lv frpsdfw
zlwk d erxqgdu|/ iru wkhq Vwrnhv odz pd| eh dssolhg/ dqg ghirupdwlrq lqyduldqfh
uhtxluhv wkdw lE�V�D	I'f rq wkh erxqgdu|1 Wkhvh duh lqwhuhvwlqj exw vshfldo fdvhv
zklfk duh lqyduldqwv ri rqo| d vshfldo fkrlfh ri erxqgdu| frqglwlrqv1 Iru h{dpsoh/
li �E{> |> }� ' f gh�qhv wkh erxqgdu|/ wkhq iru ghirupdwlrq lqyduldqfh ri wkh lqwhjudo
lw pxvw eh wuxh wkdw wkh ixqfwlrq � dovr pxvw eh dq hyroxwlrqdu| lqyduldqw/ vxfk
wkdw OEV�g� ' lEV�g� ' f= Fodvvlfdoo| wkh ixqfwlrq � zklfk lv xvhg wr gh�qh wkh
erxqgdu|/ lv qrw duelwudu|/ exw pxvw eh d �uvw lqwhjudo ri wkh hyroxwlrqdu| yhfwru �hog1
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Iru vxfk vshfldo fdvhv/ wkh �hog rq wkh erxqgdu| qhhg qrw eh wdqjhqwldo$ Wkhuh duh
rwkhu vshfldo vlwxdwlrqv dv zhoo1

Iru lqwhjudwlrq grpdlqv zklfk duh rshq/ wkh fulwhuld iru devroxwh lqwhjudo
lqyduldqfh lv pxfk pruh vhyhuh/ dqg uhtxluhv wkdw gElE�V�D	I � ' f= Wklv frqvwudlqw
lv wr eh uhfrjql}hg dv wkh fulwhuld wkdw wkh hyroxwlrqdu| yhfwru �hog �V eh dq hohphqw
ri wkh v|psohfwlf jurxs1 L kdyh ghprqvwudwhg wkdw doo vxfk hyroxwlrqdu| surfhvvhv
duh wkhuprg|qdplfdoo| uhyhuvleoh1

91816 Wkh Iox{ ru Flufxodwlrq Lqwhjudo 40irup

Iru wkh Fduwdq wrsrorj| frqvwuxfwhg iurp d ixqgdphqwdo 40irup ri Dfwlrq dqg d
ixqgdphqwdo Q04 irup ri Fxuuhqw/ vhyhudo shulrg lqwhjudov ri forvhg irupv lqwhjudwhg
ryhu forvhg fkdlqv dsshdu lq d qdwxudo pdqqhu1 Lq sduwlfxodu rq dq Q@7 glphqvlrqdo
grpdlq/ wkh irxu shulrg lqwhjudov ri prvw lqwhuhvw duh wkh shulrg lqwhjudov ri  x{
+flufxodwlrq,/ fkdujh/ vslq dqg wruvlrq1 Wkh ixqgdphqwdo shulrg lqwhjudo ryhu d
forvhg 40irup zloo eh gh�qhg dv wkh �Flufxodwlrq� ru � x{� lqwhjudo1

Zkhq wkh Sid� Wrsrorjlfdo glphqvlrq lv 5/ wkhuh h{lvwv d vxephuvlyh pds
wr wzr glphqvlrqv/ dqg wkh yhfwru �hogv rq wklv grpdlq zloo kdyh wzr luuhgxfleoh
frpsrqhqwv/ vd| ^xE{> |> }> w�>[E{> |> }> w�o= Iroorzlqj wkh surfhgxuh ri wkh suhfhglqj
vhfwlrq/ frqvwuxfw wkh 50glphqvlrqdo yroxph hohphqw gh�qhg dv l ' �gx	g[> dqg
wkh q � � ' 2 � � ' 4 irup D ' Exg[ � [gx�@i	dxs 	 e[sj2@s= Wkh h{whulru
gl�huhqwldo ri vxfk d 40irup lv h{dfwo| }hur iru doo srlqw vhwv wkdw h{foxgh wkh qxoo
vhw ri wkh ghqrplqdwru1 Wkh fodvvlf fkrlfh lv iru s ' 2>dqg d ' �> e ' �> +./.,
vljqdwxuh1 Wkh forvhg lqwhjudov ri wkhvh forvhg 40irupv wkhq fdq eh h{suhvvhg dv

Flufxodwlrq K '
K
�

D '
K
�

Exg[�[gx�@ix2 n[2j +9149;,

E| vxevwlwxwlqj wkh ixqfwlrqdo irupv lq whupv ri +{/|/}/w, wkh flufxodwlrq lqwhjudo fdq
eh zulwwhq lq whupv ri ixqfwlrqv rq +{/|/}/w, dqg wkhlu gl�huhqwldov/ ig{> g|> g}> gw===j

Dv dq h{dpsoh/ vxssrvh wkdw wkh grpdlq lv wkuhh glphqvlrqdo/ Q@61 Wkhq
wkh }hur vhwv ri xE{> |> }� ' f dqg [E{> |> }� ' f> uhsuhvhqw wzr 5 glphqvlrqdo vxuidfhv
zklfk pd| ru pd| qrw kdyh rqh ru pruh olqhv ri lqwhuvhfwlrq1 Li wkh vxuidfhv lqwhuvhfw/
wkhq

Lqwhuvhfwlrq ' gx	g[ 9' f= +9149<,

Li wkh forvhg lqwhjudwlrq sdwkv fdqqrw eh frqwudfwhg wr d srlqw/ ehfdxvh wkh| hqflufoh
wkhvh olqhv ri lqwhuvhfwlrq/ wkh ydoxhv ri wkh lqwhjudov kdyh udwlrqdo udwlrv ghshqglqj
rq krz pdq| olqhv duh hqflufohg dqg krz pdq| wlphv wkh lqwhjudwlrq sdwk hqflufohv d
olqh1 Wkh olqhv ri lqwhuvhfwlrq pxvw kdyh }hur glyhujhqfh +dqg wkhuhiruh pxvw vwrs ru
vwduw rq erxqgdu| srlqwv/ ru duh forvhg rq wkhpvhoyhv,1 Rwkhuzlvh wkh lqwhjudwlrq
fkdlqv fdq eh ghiruphg dqg wkhq frqwudfwhg wr d srlqw1 Wkh fodvvlf h{dpsoh lv jlyhq
e| wkh 40irup/ D ' E|g{ � {g|�@En{2 n |2� lq wkuhh glphqvlrqv1 Iru lqwhjudwlrq
frqwrxuv wkdw hqflufoh wkh } d{lv/ wkh ydoxh ri K '

K
�
D ' 2�= Lq k|gurg|qdplfv/ wklv
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yhfwru �hog lv fdoohg d srwhqwldo + ru Deulnrvry, �yruwh{�/ hyhq wkrxjk wkh yruwlflw|
$ 'fxuo� ' f= Vwrnhv wkhruhp grhv qrw dsso| dv wkh forvhg lqwhjudwlrq fkdlq lv d
f|foh wkdw lv qrw d erxqgdu|1

91817 Wkh Fkdujh Lqwhjudo 50irup

Pdq| gl�huhqw rswlrqv h{lvw iru frqvwuxfwlrq ri wkhvh lqyduldqw wrsrorjlfdo vwuxfwxuhv
iurp forvhg s0irupv1 Wkh lghd lv wr �qg d irupxodwlrq iru d forvhg irup rq d grpdlq/
dqg wkhq wr vshfli| d forvhg dqg frpsdwleoh lqwhjudwlrq fkdlq1 Wkh lqwhjudwlrq fkdlq
qhhg qrw eh d erxqgdu|/ exw rqo| d forvhg f|foh1 Iru h{dpsoh/ iurp wkh frpsrqhqwv
ri wkh vshfl�hg yhfwru/ D� / wkh Mdfreldq pdwul{/ dCD�@C{

�o fdq eh frqvwuxfwhg1 Wkh
urzv ru froxpqv ri wkh pdwul{ ri fridfwruv ri wkh Mdfreldq +wkh dgmrlqw pdwul{, irupv
d vhw ri yhfwru �hogv wkdw kdyh }hur glyhujhqfh ^Wxuqexoo 4<93`/ dqg wkhuhiruh wkhvh
yhfwruv frxog eh xvhg wr frqvwuxfw uhodwlyh lqwhjudo lqyduldqwv1 Lq hyhu| fdvh wkhuh
h{lvwv dq dojheudlf frqvwuxfwlrq zklfk surgxfhv d yhfwru wkdw lv glyhujhqfh iuhh dqg
zkrvh olqh ri dfwlrq lv xqltxho| uhodwhg wr ruljlqdo yhfwru wkdw zdv xvhg wr frqvwuxfw
wkh Fduwdq wrsrorj|1 Wkdw yhfwru pd| eh frqvwuxfwhg e| pxowlso|lqj wkh ruljlqdo
yhfwru D� e| wkh pdwul{ ri fridfwruv dqg wkhq glylglqj e| wkh ixqfwlrq � gh�qhg
deryh1 Wkh frqvwuxfwlrq uhsolfdwhv wkh suhylrxv surfhgxuh1 Dv dq dssolfdwlrq iru
q @ 6/ s@5/ frqvlghu wkh yhfwru wkdw uhsuhvhqwv wkh gl�huhqfh ehwzhhq wzr vsdfh
fxuyhv/ 3 ' +2�+�1 Wkhq frpsxwh wkh wzr irup JE}� iurp wkh �yroxph� hohphqw
l ' g}�	g}2	g}�@�> wr jlyh

Jq'� ' i}�g}2	g}� � }2g}�	g}� n }�g}�	g}2j@� +914:3,

zkhuh

� ' E	E}��2 	 E}2�2 	 E}��2��@2= +914:4,

Qh{w dvvhuw wkdw wkh glvsodfhphqwv ri lqwhuhvw duh frqvwudlqhg e| wzr sdud0
phwulf fxuyhv jlyhq e|

g+� ' V�gw dqg g+2 ' V2gw
�> +914:5,

zkhuh wkh sdudphwhuv gw dqg gw3 duh qrw ixqfwlrqdoo| uhodwhg +zklfk zrxog lpso| wkdw
gw	gw3 ' f,1

Lw lv lpsruwdqw wr uhdol}h wkdw nlqhpdwlf frqvwudlqwv duh wrsrorjlfdo frq0
vwudlqwv wkdw uh�qh wkh Fduwdq wrsrorj|/ d wrsrorj| edvhg vroho| xsrq wkh vshfl�hg
40irup ri dfwlrq/ D1 Iurp d sk|vlfdo srlqw ri ylhz/ wkhvh frqvwudlqwv fdq eh lqwhu0
suhwhg dv frqvwudlqwv ri qxoo  xfwxdwlrqv dqg lq fhuwdlq flufxpvwdqfhv fdq eh dvvr0
fldwhg sk|vlfdoo| zlwk wkh olplw ri }hur whpshudwxuh1 Wr ghprqvwudwh wkh xwlolw| ri
vxfk frqvwudlqwv/ vxevwlwxwh wkhvh gl�huhqwldo h{suhvvlrqv lqwr wkh h{suhvvlrq iru wkh
50irup J ri �fxuuhqw� lq Q@6 glphqvlrqv/ dqg fduu| rxw wkh h{whulru surgxfwv/ xvlqj
gw	gw� 9' f> exw gw	gw ' f dqg gw3	gw3 ' f= Wkh uhvxow lv wkh yhfwru wulsoh surgxfw
uhsuhvhqwdwlrq iru wkh Jdxvv lqwhjudo/
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T '
K
2

J '
K
2

i3 �V� �V2jgw	gw
�@E+� �+� � 2+� �+2� n+2 �+2�

�@2= +914:6,

Wkh lqwhjudwlrq grpdlq lv wkh forvhg �50glphqvlrqdo duhd� iruphg e| wkh glv0
sodfhphqwv dorqj wkh qrq0lqwhuvhfwlqj fxuyhv gh�qhg e| wkh wzr glvwlqfw sdudphwhuv/
gw/ dqg gw�= Wklv grxeoh lqwhjudo lv wr eh uhfrjql}hg dv wkh Jdxvv olqnlqj lqwhjudo ri
Nqrw Wkhru| ^:`1 +Zlwkrxw wkh nlqhpdwlf vxevwlwxwlrqv/ lw pd| dovr eh lqwhusuhwhg
dv wkh fkdujh lqwhjudo ri hohfwurpdjqhwlf wkhru|1, Zkhq lqwhjudwlrqv duh frpsxwhg
dorqj forvhg fxuyhv zkrvh wdqjhqw yhfwruv duh V� dqg V2/ wkhq wkh lqwhjhu ydoxhv ri
wkh forvhg lqwhjudo pd| eh lqwhusuhwhg dv krz pdq| wlphv wkh wzr fxuyhv duh olqnhg1
Qrwh wkdw wkh vdph lqwhjhu uhvxow lv rewdlqhg zkhq wkh yhfwru 3 lv lqwhusuhwhg dv
wkh vxp ri wkh wzr yhfwruv/ 3 ' +2 n+�/ dowkrxjk wkh ydoxhv ri wkh lqwhjudov kdyh
gl�huhqw vfdohv1

Wkh frqvwudlqw wkdw gw	gw� 9' f lpsolhv wkdw wkh �prwlrq� dorqj wkh fxuyh
jhqhudwhg e| +� lv lqghshqghqw ri wkh �prwlrq� dorqj wkh fxuyh jhqhudwhg e| +2=
Li wkh fxuyh jhqhudwhg e| +� lv d frqlf lq wkh {| sodqh dqg wkh fxuyh jhqhudwhg
e| +2 lv d frqlf lq wkh {} sodqh/ wkhq wkh vxuidfh vzhsw rxw e| wkh yhfwru 3 lv
d Gxslq f|folgh1 Vxfk vxuidfhv kdyh dssolfdwlrq wr wkh sursdjdwlrq ri zdyhv lq
hohfwurpdjqhwlf v|vwhpv1

Iurp dqrwkhu srlqw ri ylhz/ frqvlghu wkh uxohg vxuidfh ^Vwuxln4<94` gh�qhg e|
wkh yhfwru �hog ri wzr sdudphwhuv/

3E�> w� ' +Ew�	 �VEw�= +914:7,

Yhfwru �hogv ri wklv w|sh duh sulplwlyh w|shv ri �vwulqjv� iru �{hg ydoxhv ri wkh sd0
udphwhu/ w/ dqg vwulqj sdudphwhu/ �= Gluhfw vxevwlwxwlrq ri wkh sk|vlfdo frqvwudlqwv/
g+�Vgw ' f/ dqg gEV���gw ' f ohdgv wr wkh wrsrorjlfdo Jdxvv lqwhjudo/

T '
K
2

J '
K
2

i+��V ��j@�'K
2

i� �+��Vjgw	g�@E+ �+	 2�+ �V n �V � �V��@2= +914:8,

Lw lv dssduhqw wkdw wkh lqwhudfwlrq ri wkh �dqjxodu� prphqwxp/ w '
+� �V/ dqg wkh dffhohudwlrq/ �/ surgxfhv d wrsrorjlfdo lqyduldqw zkrvh ydoxhv duh
�txdqwl}hg� + lq wkh vhqvh wkdw wkh udwlrv ri wkh lqwhjudov duh udwlrqdo,1 Qrwh wkdw
iru wkh fodvvlfdo fhqwudo �hog sureohp zkhuh wkh irufh +dffhohudwlrq, dqg wkh dqjxodu
prphqwxp duh ruwkrjrqdo/ wkh ruelwv duh lq d sodqh dqg wkh Jdxvv�olqnlqj qxpehu
lv }hur1 Ixuwkhu qrwh wkdw wkh wulsoh yhfwru surgxfw ri wkh lqwhjudqg lv sursruwlrqdo
wr wkh Iuhqhw wruvlrq ri wkh ruelw1 Dq ruelw wkdw lv sodqdu kdv Iuhqhw wruvlrq }hur
hyhu|zkhuh1 Wkh Jdxvv olqnlqj lqwhjudo lv d vshfldo fdvh ri wkh Jdxvv wzr glphq0
vlrqdo shulrg lqwhjudo ri hohfwurpdjqhwlf wkhru| zkhq wkh lqwhjudwlrq grpdlqv fdq eh
idfwruhg lqwr lqghshqghqw surgxfwv/ gw	gw3 9' f=
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91818 Dpshuldq Olqnv

\rx pljkw dovr eh lqwhuhvwhg lq vrphwklqj wkdw L glg diwhu wkh Fkdspdq frqihuhqfh
vwlpxodwhg ph1 L wklqn L kdyh irxqg d udlvrq g*hwuh iru wkh irupdwlrq ri dq dffuhwlrq
glvn lq d rwkhuzlvh fhqwudo �hog sureohp1 Xvlqj Pdsoh/ L kdyh irxqg d wlph ghshqghqw
vroxwlrq wr Pd{zhoo*v htxdwlrqv wkdw pdnhv wkh }@3 sodqh ri d urwdwlqj sodvpd d fkludo
dwwudfwru1 Wkh irufh ri dwwudfwlrq iurp wkh wrs dqg wkh erwwrp lv gxh wr d Oruhqw}
a�� whup1 Wklv wkh �uvw wlph L kdyh hyhu vhhq d vlpsoh phfkdqlvp wkdw pljkw
h{sodlq wkh irupdwlrq ri dffuhwlrq glvnv durxqg vwduv dqg sodqhwv1 Wkh Vroxwlrq lv
mxvw d prgho �hog/ exw h{klelwv erwk Kholflw| dqg Vslq h�hfwv1

919 Wkhuprg|qdplf Vlqjxodulwlhv

91914 Irogv

91915 F3/F4/ dqg F5 surfhvvhv
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Fkdswhu :

DSSHQGL[ WRSRORJ\ DQG WKH FDUWDQ FDOFXOXV

:14 Zk| gl�huhqwldo irupvB

:1414 Sdlu dqg Lpsdlu h{whulru gl�huhqwldo irupv1

H{whulru gl�huhqwldo s0irupv vkrxog qrw eh frqixvhg zlwk s0whqvruv1 Doo h{whulru gli0
ihuhqwldo irupv +zlwk uhvshfw wr gl�hrprusklf wudqvirupdwlrqv, duh lqyduldqw vfdoduv
wr zlwklq d idfwru1 Zkhq wkh idfwru lv qrw xqlw|/ vxfk vfdoduv kdyh ehhq gh�qhg
fodvvlfdoo| dv �svhxgr0vfdoduv�1 D sduwlfxoduo| xvhixo fkrlfh ri wkh svhxgr0vfdodu idf0
wru lv uhodwhg wr wkh ghwhuplqdqw ri wkh Mdfreldq ri wkh gl�hrprusklf wudqvirupdwlrq/
{ ' ghw+dMo�= H{solflwo|/ li wkh idfwru lv uhodwhg wr {3n> wkhq vxfk d svhxgr0vfdodu kdv
ehhq gh�qhg dv d ghqvlw| ri zhljkw/ n=

H{whulru gl�huhqwldo irupv duh zhoo ehkdyhg zlwk uhvshfw wr gl�hrprusklf pds0
slqjv ri wkh lqghshqghqw yduldeohv1 Wklv phdqv wkdw wkh ixqfwlrqdo irup ri wkh frh!0
flhqwv fdq eh sxvkhg iruzdug iurp jlyhq lqlwldo gdwd wr suhglfwhg �qdo gdwd/ ru sxoohg
edfn iurp jlyhq �qdo gdwd wr uhwurglfwhg lqlwldo gdwd1 Krzhyhu/ h{whulru gl�huhqwldo
irupv duh dovr zhoo ehkdyhg zlwk uhvshfw wr d zlghu fodvv ri gl�huhqwldeoh pdsslqjv1
Wkh odujhu fodvv ri gl�huhqwldeoh pdsslqjv lqfoxghv wkrvh pdsslqjv wkdw duh qrw uh0
yhuvleoh/ dv zhoo dv gl�hrprusklvpv zklfk duh uhyhuvleoh1 Wkh pdsslqj ixqfwlrqv iru
vxfk wudqvirupdwlrqv duh F40gl�huhqwldeoh/ dqg surgxfh d Mdfreldq pdwul{ ri sduwldo
ghulydwlyhv/ dMo > exw wkh Mdfreldq qhhg qrw eh lqyhuwleoh1 Vxfk qrq0lqyhuwleoh gl�huhq0
wldeoh wudqvirupdwlrqv zloo eh fdoohg �F42g� + F4 gl�huhqwldeoh prg gl�hrprusklvpv,
wudqvirupdwlrqv lq rughu wr glvwlqjxlvk wkhp iurp lqyhuwleoh F4 �gl�hrprusklvpv�1
Wkh �F42g� wudqvirupdwlrqv fdq eh xvhg wr ghvfuleh wrsrorjlfdo hyroxwlrq/ zkloh wkh
vxevhw ri gl�hrprusklvpv fdqqrw1

Uhodwlyh wr pdsv ri wkh lqghshqghqw yduldeohv/ lw lv xvhixo iru dssolfdwlrqv wr
vshfldol}h wkh wkhru| ri h{whulru gl�huhqwldo irupv wr wzr vshflhv= Sdlu dqg Lpsdlu
gl�huhqwldo irupv1

� Sdlu h{whulru gl�huhqwldo irupv duh vfdodu lqyduldqwv zlwk uhvshfw wr gl�hrpru0
sklf wudqvirupdwlrqv ri wkh lqghshqghqw yduldeohv1 Sdlu h{whulru gl�huhqwldo
irupv duh zhoo gh�qhg sxoobedfn vfdoduv zlwk uhvshfw wr F42g wudqvirupdwlrqv/
zkhuh wkh sxoobedfn olqhdu pdsslqjv ri wkh frh!flhqwv duh ghwhuplqhg e| wkh
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wudqvsrvh ri wkh Mdfreldq pdwul{1 Zkhq dssolhg wr wkh wkhru| ri hohfwurpdj0
qhwlvp/ lw zloo ehfrph hylghqw wkdw wkh Sdlu irupv duh uhodwhg wr frqfhswv ri
Irufhv dqg �hog lqwhqvlwlhv/ H dqg E1

� Lpsdlu h{whulru gl�huhqwldo irupv duh svhxgr0vfdodu lqyduldqwv> wkdw lv/ Lpsdlu
irupv duh vfdoduv wr zlwklq d idfwru {3�= Lpsdlu h{whulru gl�huhqwldo irupv duh
zhoo gh�qhg sxoobedfn svhxgr vfdoduv zlwk uhvshfw wr F42g wudqvirupdwlrqv/
zkhuh wkh sxoobedfn olqhdu pdsslqjv duh ghwhuplqhg e| wkh dgmrlqw ri wkh
Mdfreldq pdwul{1 Zkhq dssolhg wr wkh wkhru| ri hohfwurpdjqhwlvp/ lw zloo
ehfrph hylghqw wkdw wkh Lpsdlu irupv duh uhodwhg wr frqfhswv ri Vrxufhv/ dqg
�hog txdqwlwlhv/ G dqg K1

� Qrwh wkdw uhodwlyh wr wkh frqvwudlqw ri vshfldo ru surshu xqlprgxodu jurxsv ri
wudqvirupdwlrqv/ zkhuh {3� ' n�/ wkh wzr vshflhv ri gl�huhqwldo irupv duh qrw
glvwlqjxlvkdeoh1 Lw lv dovr uhpdundeoh wkdw/ uhodwlyh wr F42g wudqvirupdwlrqv/
wkh sxoobedfn lv zhoo gh�qhg/ exw wkh sxvkbiruzdug lv qrw1 Xqltxh suhglfwlrq
idlov/ exw uhwurglfwlrq lv ghwhuplqlvwlf1 Dq �duurz ri wlph� lv exlow lqwr wkh
orjlf ri gl�huhqwldo irupv1

Wkh Frqvwudlqwv ri Whqvru Dqdo|vlv

Lq whqvru dqdo|vlv/ wkhuh h{lvw wzr lpsruwdqw fdwhjrulhv ri whqvruv/ nqrzq dv fr0
yduldqw whqvruv dqg frqwudyduldqw whqvruv1 Wkhvh vhwv duh glvwlqjxlvkhg e| wkhlu
wudqvirupdwlrq surshuwlhv zlwk uhvshfw wr lqyhuwleoh gl�hrprusklvpv1 E| fodvvlfdo
frqyhqwlrq=

� Wkh ixqfwlrqdo frpsrqhqwv ri Fryduldqw yhfwruv duh sxvkhg iruzdug iurp wkh
lqlwldo vwdwh wr wkh �qdo vwdwh e| phdqv ri wkh olqhdu wudqvirupdwlrqv lqgxfhg e|
wkh Lqyhuvh ri wkh Mdfreldq pdwul{ ri wkh gl�hrprusklvp ehwzhhq lqghshqghqw
yduldeohv1 Lw lv xvxdoo| qrw hpskdvl}hg wkdw Fryduldqw yhfwruv sxoohg edfn e|
phdqv ri pdsv lqgxfhg e| wkh wudqvsrvh ri wkh Mdfreldq pdwul{1

� Wkh ixqfwlrqdo frpsrqhqwv ri Frqwudyduldqw yhfwruv duh sxvkhg iruzdug iurp
wkh lqlwldo vwdwh wr wkh �qdo vwdwh e| phdqv ri wkh olqhdu wudqvirupdwlrqv lqgxfhg
e| wkh Mdfreldq pdwul{ ri wkh gl�hrprusklvp ehwzhhq lqghshqghqw yduldeohv1
Lw lv xvxdoo| qrw hpskdvl}hg wkdw Frqwudydudlqw duh sxoohg edfn e| phdqv ri
pdsv lqgxfhg e| wkh Lqyhuvh ri wkh Mdfreldq pdwul{1

D suhihuuhg qrwdwlrq iru wkh wzr vshflhv ri gl�huhqwldo irupv +xvlqj rughuhg ru
froohfwlyh lqglfhv, lv ghprqvwudwhg e| d Sdlu 40irup/ D/ dqg dq Lpsdlu Q04 irup/ M 1

D ' d �sdlu� h{whulru gliihuhqwldo �� irup +:14,

D ' DnE{�g{
n +:15,
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I ' d �sdlu� h{whulru gliihuhqwldo 2� irup G I ' ImnE{�g{
m	g{n +:16,

M ' dq � W4 sdlu� h{whulru gliihuhqwldo Q � � irup ghqvlw| +:17,

M ' MnE{�ig{�	g{2===fg{n===g{Qj +:18,

J ' dq � W4 sdlu� h{whulru gliihuhqwldo Q � 2 irup ghqvlw| +:19,

J ' JmnE{�ig{�	g{2===fg{m===fg{n===g{Qj +:1:,

Wkh kdwwhg v|pero fg{n phdqv wkdw wkdw whup g{n lv ohiw rxw ri wkh idfwruv
wkdw irup wkh yroxph hohphqw1 Qrwh wkdw wkh frh!flhqwv ri wkh Lpsdlu irupv lv
gh�qhg zlwk dq xsshu lqgh{ zklfk lv d froohfwlyh frpsolphqw ri �ohiw rxw� idfwruv lq
wkh yroxph hohphqw1

:1415 Ixqfwlrqdo Vxevwlwxwlrq dqg wkh sxoobedfn

Fduwdq*v wkhru| ri h{whulru gl�huhqwldo irupv lv QRW mxvw dqrwkhu qrwdwlrqdo v|vwhp ri
idqf|1 Wkh lpsruwdqw idfw/ riwhq ljqruhg/ lv wkdw d gl�huhqwldo irup lv qrw qhfhvvdulo|
d whqvru1 Lq vkruw/ d gl�huhqwldo irup lv d pdwkhpdwlfdo remhfw wkdw lv zhoo ehkdyhg
zlwk uhvshfw wr gl�huhqwldeoh pdsv/ |n , {� ' !�E|n�> iurp dq lqlwldo vwdwh i|nj
ri lqghshqghqw yduldeohv wr d �qdo vwdwh i{�j ri lqghshqghqw yduldeohv1 Vxfk pdsv
qhhg qrw eh krphrprusklvpv1 Khqfh wkh wrsrorj| ri wkh �qdo vwdwh qhhg qrw eh wkh
vdph dv wkh wrsrorj| ri wkh lqlwldo vwdwh1

D whqvru lv dq remhfw zklfk lv zhoo ehkdyhg li dqg rqo| li wkh gl�huhqwldeoh
pds !� iurp lqlwldo wr �qdo vwdwh kdv d gl�huhqwldeoh lqyhuvh1 Vxfk pdsv duh gh�qhg
wr eh gl�hrprusklvpv/ d vxevhw ri krphrprusklvpv/ dqg dv vxfk wkh wrsrorj| ri wkh
�qdo vwdwh dqg wkh lqlwldo vwdwh pxvw eh wkh vdph1

Gl�huhqwldo irupv fdq eh xvhg wr xqghuvwdqg dqg vwxg| wrsrorjlfdo hyroxwlrq/
zkloh whqvruv fdqqrw1

Frqwudyduldqw dqg fryduldqw whqvruv

D whqvru lv d uhvwulfwhg fodvv ri pdwkhpdwlfdo remhfwv wkdw wudqvirup lq d pxowlolqhdu
pdqqhu uhodwlyh wr wkh Mdfreldq pdwul{ dM�n o '

�
C!�E|�@C|n

�
ri wkh gl�huhqwldeoh

pds/ dqg lwv lqyhuvh1 Wkh prwlydwlrq iru wkh gh�qlwlrqv lv prvw wudqvsduhqw zkhq
rqh frqvlghuv wkh pdwul{ lqqhu surgxfw ri wzr yhfwruv/ kDnE|�m �

��Y nE|�
�
/ rq wkh

lqlwldo vwdwh= Vxssrvh wkdw wkh Lghqwlw| pdwul{ fdq eh zulwwhq lq whupv ri wzr idfwruv/
dLo ' dMo3� � dMo = Wkhq wkh htxdwlrq/

kDnm �
��Y n

�
, kDnm � dM

�
n o

3� � dM�n o �
��Y n

�
'


D�E|�

�� � mY �
E|�l> +:1;,
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fdq eh lqwhusuhwhg lq whupv ri d pdwul{ wudqvirupdwlrq/ zkhuh

mY
�
E|�l ' dM�nE|�o �

��Y nE|�
�

+:1<,

dqg

kDnE|�m ,


D�E|�

�� ' kDnm � dM
�
nE|�o

3�
+:143,

lq vxfk d zd| wkdw wkh ydoxh ri wkh pdwul{ urz0froxpq yhfwru surgxfw ehiruh wkh
wudqvirupdwlrq dqg diwhu wkh wudqvirupdwlrq kdv wkh vdph ydoxh1 Qrwh wkdw wkh
yhfwru zlwk frpsrqhqwv lqgh{hg e| � rq wkh �qdo vwdwh kdv dujxphqwv lq whupv ri
wkh lqghshqghqw yduldeohv rq wkh lqlwldo vwdwh1 LQ rughu wr surgxfh d yhfwru duud| ri
ixqfwlrqv rq wkh �qdo vwdwh zlwk dujxphqwv lq whupv ri wkh yduldeohv { rq wkh �qdo
vwdwh uhtxluhv nqrzohgjh ri wkh lqyhuvh pdsslqj wkdw h{suhvvhv | lq whupv ri {1 Wkh
froxpq yhfwru mY �E|�l lv wkh hslwrph ri d frqwud0yduldqw yhfwru1 Wkh urz yhfwru kD�m
lv wkh hslwrph ri d fryduldqw yhfwru1 Wkh pdwul{ dM�nE|�o lv wkh Mdfreldq pdwul{ ri
wkh wudqvirupdwlrq iurp lqlwldo wr �qdo vwdwh1 Wkh pdwul{ wudqvirupdwlrq uxohv deryh
jlyh sulplwlyh phdqlqj wr wkh frqfhswv ri fryduldqfh dqg frqwud0yduldqfh1 Wkhvh
uxohv lq whqvru dqdo|vlv duh h{whqghg wr pxowl0olqhdu remhfwv1

Wkh fodvvlfdo gh�qlwlrqv frqvlghu d whqvru wr eh d pdwkhpdwlfdo remhfw zkrvh
ixqfwlrqdo irup jlyhq rq wkh lqlwldo vwdwh lv zhoo gh�qhg rq wkh �qdo vwdwh1 Qrwh wkdw
wkh whqvru rshudwlrqv duh d �sxvkbiruzdug� iurp wkh lqlwldo wr wkh �qdo vwdwh1 Wkh
wudqvirupdwlrq uxohv duh ri wzr w|shv duh gh�qhg dv=

Wkh Frqwudyduldqw Uxoh G Esxvkiruzdug� +:144,��Y nE|�
�

, mY �E|�l '
�
C{�E|�@C|n

� ��Y nE|�
�

+:145,

,
��Y �

E{�
�
' mY �E|E{��l +:146,

Wkh Fryduldqw Uxoh G Esxvk iruzdug� +:147,

DnE|� , D�E|� ' DnE|�
�
C|nE{�@C{�

�
+:148,

Lq erwk fdvhv dq lqyhuvh pdsslqj E{ ' !3�E|� � lv uhtxluhg li wkh dujxphqwv ri wkh
ixqfwlrqv fuhdwhg rq wkh �qdo vwdwh duh wr eh h{suhvvhg lq whupv ri wkh lqghshqghqw
yduldeohv/ {/ ri wkh �qdo vwdwh1

Zkhq wkh whqvru uxoh iru fryduldqw wudqvirupdwlrqv lv pxowlsolhg rq erwk vlghv
e| wkh Mdfreldq pdwul{/ dqg xvlqj wkh frqvwudlqw lqkhuhqw lq wkh whqvru gh�qlwlrqv
wkdw dq lqyhuvh Mdfreldq h{lvwv/ d pruh jhqhudo irupxod iru fryduldqw wudqvirupdwlrqv
fdq eh rewdlqhg1 Li wkh ixqfwlrqv wkdw pdnh xs wkh fryduldqw remhfw duh jlyhq rq
wkh �qdo vwdwh/ wkhq wkh ixqfwlrqv rq wkh lqlwldo vwdwh duh zhoo gh�qhg lq whupv ri wkh
lqghshqghqw yduldeohv rq wkh lqlwldo vwdwh1 Wklv pruh jhqhudo vlwxdwlrq zrunv zkhq
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wkh pds lv gl�huhqwldeoh/ exw qr lqyhuvh pds h{lvwv1 Wkh surfhvv lv gh�qhg dv wkh
fryduldqw sxoobedfn1 Iru pruh ghwdlo/ vhh wkh vxevhfwlrq rq wkh Sxoobedfn h{dpsohv/
ehorz1

Wkh Fryduldqw Uxoh Esxoobedfn� G mDnE|�l ' D�E{E|��
�
C{�E|�@C|n

�
+ D�E{�

+:149,

Uhwurglfwlrq yhuvxv Suhglfwlrq

Lw kdv ehhq vkrzq ^UPN 4<:9 e` wkdw zlwk uhvshfw wr pdsv zlwkrxw gl�huhqwldeoh lq0
yhuvhv/ wkh fodvvlf uxohv ri whqvru wudqvirupdwlrqv gr qrw shuplw wkh xqltxh suhglfwlrq
ri wkh ixqfwlrqdo irup rq wkh �qdo vwdwh ri hlwkhu frqwudyduldqw ru fryduldqw whqvruv/
jlyhq wkh ixqfwlrqdo irup ri wkhvh whqvruv rq wkh lqlwldo vwdwh1 Qxphulf ydoxhv rq
wkh �qdo vwdwh vrphwlphv fdq eh suhglfwhg/ exw wkh ixqfwlrqdo irup +gh�qlqj qhljk0
erukrrgv, rq wkh �qdo vwdwh fdqqrw eh xqltxho| suhglfwhg1 Lw dovr kdv ehhq vkrzq
uhodwlyh wr pdsv zlwkrxw gl�huhqwldeoh lqyhuvhv wkdw d jlyhq wkh ixqfwlrqdo irup ri d
frqwud0whqvru rq wkh �qdo vwdwh grhv qrw shuplw d xqltxh uhwurglfwlrq ri wkh ixqfwlrqdo
irup rq wkh lqlwldo vwdwh1

Krzhyhu/ wkhuh duh wzr vlwxdwlrqv zkhuh xqltxh zhoo gh�qhg uhwurglfwlrq lv
srvvleoh lq d ixqfwlrqdo vhqvh1 Wklv uhwurglfwlrq surfhvv lv gh�qhg dv wkh �Sxoo0Edfn�
Wkh �uvw vlwxdwlrq lqyroyhv fryduldqw whqvruv rq wkh �qdo vwdwh1 Wkh vhfrqg vlwxdwlrq
lqyroyhv frqwudyduldqw dqwlv|pphwulf whqvru ghqvlwlhv rq wkh �qdo vwdwh1 Jlyhq d
pdsslqj dqg lwv Mdfreldq/ dM�

n E|�o > wkh wzr irupv ri sxoobedfn pd| eh zulwwhq dv=

sxoobedfn Fryduldqw Uxoh G DnE|� + D�E{E|�� dM
�
n E|�o +:14:,

sxoobedfn Frqwudyduldqw ghqvlw| Uxoh G F
n
E|� +

�
DgMn

�E|�
�
F�E{E|��= +:14;,

Lq wkh qrwdwlrq deryh/
�
DgMn

�E|�
�
/ lv wkh dgmrlqw ri wkh Mdfreldq pdwul{ +pdwul{ ri fr0

idfwruv wudqvsrvhg, dqg grhv qrw ghshqg xsrq wkh ghwhuplqdqw ri wkh wudqvirupdwlrq1
Wkh dgmrlqw pdwul{ pd| eh dojheudlfdoo| ghwhuplqhg hyhq zkhq wkh ghwhuplqdqw ri
wkh pdwul{ lv }hur1 Khqfh wkh sxoobedfn lv zhoo gh�qhg/ hyhq li dq lqyhuvh grhv qrw
h{lvw1 Wkh frqwudyduldqw ghqvlw|/ ru fxuuhqw/ F�E{�/ lv olnh wkh fkdujh fxuuhqw ghqvlw|
ri hohfwurpdjqhwlvp1 Lw lv vxjjhvwhg khuhlq wkdw wkhvh wzr uxohv vkrxog eh xvhg dv
irxqgdwlrqv iru wudqvirupdwlrqv ri remhfwv zklfk zrxog eh frqvlghuhg wr eh whqvruv/
li wkh pdsslqjv duh frqvwudlqhg wr eh gl�hrprusklvpv1

:1416 Vxppdu|= Sdlu irupv dqg Lpsdlu irupv

Wkh erwwrp olqh lv wkdw uhwurglfwlrq dqg ixqfwlrqdo vxevwlwxwlrq ohdgv wr wzr zhoo
gh�qhg vshflhv ri gl�huhqwldo irup remhfwv= Sdlu +hyhq, irupv zlwk dqwlv|pphwulf
frh!flhqwv/ zklfk sxoobedfn uhodwlyh wr wkh Wudqvsrvh ri wkh Mdfreldq ri wkh pds0
slqj/ dqg Lpsdlu +rgg, irupv zlwk dqwlv|pphwulf frh!flhqwv remhfwv wkdw sxoobedfn
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yld Dgmrlqw ri wkh Mdfreldq pdwul{1 Wkhvh odwwhu remhfwv duh vhqvlwlyh wr rulhqwd0
wlrqv/ zkhuh wkh iruphu duh qrw1 Erwk remhfwv duh qrw ghshqghqw xsrq dq lqyhuwleoh
gl�huhqwldo pdsslqj/ khqfh fdq eh xvhg wr vwxg| frqwlqxrxv wrsrorjlfdo hyroxwlrq1
Krzhyhu/ zkhq wkh pdsv iurp dq lqlwldo vwdwh ri lqghshqghqw yduldeohv wr d �qdo
vwdwh ri lqghshqghqw yduldeohv duh xqlprgxodu ghw @4 gl�hrprusklvpv/ wkhq wkh fr0
h!flhqwv ri wkh sdlu irupv ehkdyh dv fryduldqw whqvruv/ dqg wkh frh!flhqwv ri wkh
lpsdlu irupv ehkdyh dv frqwudyduldqw whqvruv1 Lw wkh gl�hrprusklvpv duh qrw vxfk
wkdw ghw ri wkh Mdfreldq pdwul{ lv 4/ wkhq wkh frh!flhqwv wudqvirup dv frqwudyduldqw
whqvru ghqvlwlhv1

� Wkh 50irup I ri hohfwurpdjqhwlf �hog lqwhqvlwlhv lv d sdlu gl�huhqwldo irup1 Wkh
lqwhjudov ri h{whulru gl�huhqwldo irupv duh lqyduldqwv ri gl�hrprusklvpv zklfk
pd| fkdqjh wkh vljq ri wkh Q0yroxph +d fkdqjh ri rulhqwdwlrq,1 Vxfk lqwhjudov
duh vfdoduv1

� Wkh Q05 irupJ lv dq lpsdlu 5 irup ghqvlw| lq d vsdfh ri 7 glphqvlrqv1 Wkh lqwh0
judov ri lpsdlu gl�huhqwldo irup ghqvlwlhv fkdqjh vljq zlwk uhvshfw wr gl�hrpru0
sklvpv wkdw fkdqjh wkh Q0yroxph rulhqwdwlrq1 Vxfk lqwhjudov duh svhxgrvfdoduv
dqg fdq ohdg wr hqdqwlrprusklf sdluv1

:15 Zk| Wrsrorj|B

Wkh sxusrvh ri wklv prqrjudsk lv wr vhqvlwl}h wkh uhdghu wr wkh wrsrorjlfdo dvshfwv
ri sk|vlfdo v|vwhpv1 Wkh prwlydwlrq lv wr ghyhors d ehwwhu xqghuvwdqglqj ri wkh uhdo
zruog ri luuhyhuvleoh surfhvvhv/ zklfk li wkh| wdnh sodfh frqwlqxrxvo|/ pxvw lqyroyh
fkdqjlqj wrsrorj|1 Krzhyhu/ ehiruh lw lv srvvleoh wr pdnh sudfwlfdo xvh ri wkh frqfhswv
ri fkdqjlqj wrsrorj|/ lw �uvw lv qhfhvvdu| wr xqghuvwdqg zkdw wrsrorj| lwvhoi lv doo
derxw1 Lw lv lpsruwdqw wr eh deoh wr lghqwli| wrsrorjlfdo surshuwlhv/ vxfk wkdw zkhq
wkhvh wrsrorjlfdo surshuwlhv fkdqjh/ xqghu wkh dfwlrq ri frqwlqxrxv exw luuhyhuvleoh
surfhvvhv/ wkh fkdqjhv zloo eh uhfrjql}hg1

Uljkw xs iurqw/ phprul}h wkh iroorzlqj gh�qlwlrqv1 Wkh lpsolfdwlrqv ri wkhvh
gh�qlwlrqv zloo eh fodul�hg lq wkdw zklfk iroorzv1

41 D wrsrorjlfdo surshuw| lv dq lqyduldqw ri d krphrprusklvp1

51 D krphrprusklvp lv d pds ghvfulelqj d surfhvv iurp dq lqlwldo wr d �qdo vwdwh
zklfk lv erwk frqwlqxrxv dqg uhyhuvleoh1 Uhyhuvleoh phdqv wkdw wkh lqyhuvh pds
h{lvwv dqg lv dovr frqwlqxrxv1 D krphrprusklvp qhhg qrw eh gl�huhqwldeoh1

61 D wrsrorjlfdo vwuxfwxuh lv wkh vshfl�fdwlrq ri hqrxjk wrsrorjlfdo surshuwlhv rq
erwk wkh lqlwldo dqg �qdo vwdwh wr shuplw d ghwhuplqdwlrq wr eh pdgh li d pds/
ru d surfhvv/ lv frqwlqxrxv iurp wkh lqlwldo wr �qdo vwdwh/ hyhq wkrxjk lw pd| qrw
eh uhyhuvleoh/ dqg wkh wrsrorj| ri wkh lqlwldo dqg �qdo vwdwh duh qrw wkh vdph$
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71 D surfhvv ru d pds lv frqwlqxrxv li wkh olplw srlqwv ri wkh lqlwldo vwdwh/ uhodwlyh
wr wkh wrsrorj| ri wkh lqlwldo vwdwh shupxwh lqwr wkh olplw srlqwv ri wkh �qdo
vwdwh/ uhodwlyh wr wkh wrsrorj| ri wkh �qdo vwdwh1

81 D olplw srlqw s ri d vxevhw/ D/ lv d srlqw vxfk wkdw hyhu| rshq vhw ri wkh jlyhq
wrsrorj| wkdw frqwdlqv s frqwdlqv dqrwkhu srlqw e/ ri wkh vxevhw D/ exw qrw
htxdo wr s1 Qrwh wkdw s lv qrw qhfhvvdulo| d srlqw lq D1

91 Li d krphrprusklvp dqg lwv lqyhuvh duh erwk frqwlqxrxv dqg gl�huhqwldeoh/
wkhq wkh pds lv gh�qhg wr eh d gl�hrprusklvp1 Whqvru dqdo|vlv lv xvxdoo|
uhvwulfwhg wr wkh vwxg| ri gl�hrprusklvpv1 Vlpsoh jhrphwulf surshuwlhv duh
surshuwlhv zklfk duh lqyduldqw zlwk uhvshfw wr wkh wzr vshfldo gl�hrprusklvpv
ri wudqvodwlrq dqg urwdwlrq1 Lq wklv Nohlq vhqvh/ vl}h dqg vkdsh duh jhrphwulf
surshuwlhv1

:1 Rshq vhwv/ ru wkhlu frpsolphqwv zklfk duh forvhg vhwv/ pd| eh xvhg wr gh�qh
d wrsrorj|1 D jlyhq froohfwlrq ri vxevhwv gh�qhv dq d rshq vhw wrsrorj| li
wkh lqwhuvhfwlrq ri dq| sdlu ri hohphqwv lq wkh vxevhw froohfwlrq lv dovr phpehu
ri wkh vxevhw froohfwlrq/ dqg li hyhu| xqlrq/ lq�qlwh ru qrw/ ri hohphqwv lq wkh
vxevhw froohfwlrq lv dovr dq hohphqw ri wkh jlyhq vxevhw froohfwlrq1 Lq hvvhqfh/
wrsrorj| lv edvhg xsrq wkh lghd ri forvxuh xqghu orjlfdo xqlrq dqg lqwhuvhfwlrq1

;1 D jlyhq froohfwlrq ri vhwv fdq vxssruw pdq| gl�huhqw wrsrorjlhv/ mxvw e| fkrrv0
lqj vxevhw froohfwlrqv wkdw reh| wkh forvxuh uxohv ghvfulehg deryh1 Wkhvh frq0
fhswv duh ehvw h{sodlqhg e| h{dpsohv wr eh irxqg lq wkh vhfwlrq ehorz hqwlwohg
Srlqw Vhw Wrsrorj|1

<1 Wkh exon ri wkh zrun khuhlq lv gluhfwhg wr wkh vwxg| ri wzlfh gl�huhqwldeoh pdsv
zklfk duh frqwlqxrxv exw qrw krphrprusklf1

Wkhuh duh vhyhudo zd|v wr dssurdfk wkh frqfhswv ri wrsrorj|1 Wkh pdwkh0
pdwlfldqv ri 4;33 wr 4<33 glvfryhuhg d qxpehu ri �joredo� uhvxowv dqg ihdwxuhv ri
pdwkhpdwlfdo v|vwhpv wkdw zhuh ghirupdwlrq lqyduldqwv/ exw wkh exon ri wkh zrun
lq wrsrorj| dv zh nqrz lw qrz ehjdq diwhu 4<331 Lw zrxog dsshdu wkdw wkh qdph
%wrsrorj|% ehfdph dffhswhg e| pdwkhpdwlfldqv derxw 4<58/ dowkrxjk wkhuh zhuh
wkhq wzr glvmrlqw vfkrrov ri wrsrorj| +srlqw vhw wrsrorj| dqg frpelqdwruldo dojheudlf
wrsrorj|,1 Lq wkh hduo| gd|v wkhvh glvmrlqw vfkrrov zhuh dvvxphg wr eh vwxglhv ri
gl�huhqw pdwkhpdwlfdo wrslfv1 Lw lv qrz nqrzq wkdw wkhvh gl�huhqw �zd|v� ri jhwwlqj
dw wrsrorjlfdo lqirupdwlrq duh htxlydohqw1 Prvw ri wkh fodvvlfdo dssurdfkhv ri whdfklqj
wrsrorj|/ krzhyhu/ duh pxfk wrr vwlowhg wr kdyh dffhswdqfh e| dssolhg vflhqwlvwv dqg
hqjlqhhuv1
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Krzhyhu/ H1 Fduwdq lq wkh hduo| 4<33*v ghyhorshg dq h{wudruglqdu| vhw ri lghdv
edvhg rq wzr vlpsoh h{whqvlrqv ri wkh ruglqdu| fdofxoxv1 Kh h{sorlwhg wkh qrwlrq ri
wkh Judvvpdqq h{whulru surgxfw/ dqg ghyhorshg wkh irupdolvp ri h{whulru dojheud1
Wr wklv +forvhg, dojheudlf v|vwhp kh dgghg wkh frqfhsw ri wkh h{whulru ghulydwlyh1
Iurp wkh qrwlrq ri wkh h{whulru surgxfw dqg wkh h{whulru ghulydwlyh doprvw doo ri wkh
xvhixo ihdwxuhv ri gl�huhqwldo wrsrorj| fdq eh frqvwuxfwhg= wkh pdwkhpdwlfdo vflhqfh
lv fdoohg wkh wkhru| ri h{whulru gl�huhqwldo irupv1

Wrsrorj| lv lqwxlwlyho| d qrq0orfdo/ ru �joredo�/ lghd ri krz lqwhulru wklqjv/
shukdsv frqvlvwlqj ri pdq| sduwv/ ehkdyh v|qhujlvwlfdoo| zlwk wkhlu hqylurqphqw ru
h{whulru/ dqg zlwk wkhlu erxqgdu|1 D wrsrorjlfdo surshuw| pd| eh ylhzhg lqwxlwlyho|
dv dq lqyduldqw ri d frqwlqxrxv ghirupdwlrq1 Wkh frqfhsw ri sk|vlfdo frkhuhqfh lv
lqwxlwlyho| d wrsrorjlfdo lghd lq wkdw lw fruuhvsrqgv wr wkh qrwlrq ri d v|qhujhwlf
lqwhudfwlrq ehwzhhq sduwv qrw dw wkh vdph srlqw1 Wkh fodvvlf xqghuvwdqglqj ri wkh
frkhuhqfh ri d fu|vwdo lv gxh wr d yhu| vshfldol}hg dqg uh�qhg wrsrorj| lqgxfhg rq
vsdfh wlph e| wkh suhvhqfh ri pdwwhu1 Wkh idfw wkdw d f|olqgulfdo zdyh jxlgh kdv d
orz iuhtxhqf| fxw0r�/ zkloh wkh frd{ldo fdeoh fdq wudqvplw GF fxuuhqw lv d wrsrorjlfdo
lghd ghprqvwudwlqj wkh lqwhudfwlrq ri d v|vwhp dqg lwv erxqgdu|1

Qrwh wkdw gxulqj wkh glvfxvvlrqv deryh qr phqwlrq lv pdgh ri krz elj ru krz
vpdoo wkh v|vwhp wr eh vwxglhg lv> wkhuh kdv ehhq qr jhrphwulf gh�qlwlrq ri vfdohv1
Wklv qrwlrq wkdw wrsrorjlfdo surshuwlhv duh lqghshqghqw iurp vfdohv lv wkh kdughvw
frqfhsw wr devrue iru d vflhqwlvw qrq0vhqvlwl}hg wr wrsrorjlfdo wklqnlqj1 Diwhu doo/
vflhqwlvwv duh wudlqhg wr �phdvxuh� vrphwklqj> wkh| zdqw wr phdvxuh d vl}h ru vkdsh1
Wkhvh jhrphwulfdo kdqjxsv pxvw eh uhpryhg iurp wkh wrsrorjlfdo shuvshfwlyh/ iru li
wkh v|vwhp lv wrr vpdoo/ mxvw vwuhwfk lw rxw> li wkh v|vwhp lv wr elj/ mxvw frpsuhvv lw1
Sk|vlfdo wrsrorj| lv wkh vwxg| ri wkrvh surshuwlhv wkdw duh lqghshqghqw iurp vrph
ohjlvodwhg vfdoh pdunv rq d uxohu/ ru rq wkh qxpehu ri wlph wlfnv ri d forfn1 Sk|vlfdo
wrsrorj| ghdov zlwk lghdv wkdw duh lq d vhqvh wkh vdph rq erwk wkh vfdoh ri wkh jdod{|
dqg rq wkh vfdoh ri wkh dwrp1 Wklv lv qrw wr vd| wkdw wkh zruog ri plfursk|vlfv lv
lghqwlfdo wr wkh zruog ri pdfursk|vlfv/ iru zkhq d sk|vlfdo v|vwhp lv frqvwudlqhg
wr |lhog jhrphwulf lqyduldqwv/ fhuwdlq wrsrorjlfdo ihdwxuhv zloo grplqdwh ryhu rwkhu
wrsrorjlfdo ihdwxuhv/ ghshqglqj rq wkh vfdohv fkrvhq1 Wkh frd{ldo zdyhjxlgh dozd|v
kdv d orz0iuhtxhqf| fxw0r� +d wrsrorjlfdo lghd,/ exw wkh dfwxdo zdyhohqjwk ghshqgv
xsrq wkh jhrphwulf lghd ri vfdohv1

Lq wklv errn wkh hpskdvlv zloo eh rq wkh xvh ri Fduwdq*v wkhru| ri gl�huhqwldo
irupv wr ghvfuleh wrsrorjlfdo ihdwxuhv wkdw duh lqghshqghqw ri vfdohv1 Qrwh iru wkrvh
uhdghuv zlwk vrph h{srvxuh wr wkh h{whulru fdofxoxv/ wklv phdqv wkdw wkh frqfhswv
ri frruglqdwh uhsuhvhqwdwlrqv/ ru phwulf/ ru frqqhfwlrq/ ru �ehu exqgohv +zlwk wkhlu
pruh jhrphwulfdo frqwhqw, duh jrlqj wr eh vxssuhvvhg lq idyru ri wkh Fduwdq wkhru|/
zklfk grhv qrw uhtxluh vxfk frqvwudlqwv rq wkh edvh ydulhw| ri vsdfh dqg wlph1 D
qdwxudo txhvwlrq dulvhv dv wr krz d �gl�huhqwldo irup� fdq eh xvhg wr ghvfuleh joredo
lqirupdwlrq qrw uhwulhydeoh iurp ghvfulswlrqv dw d srlqw1

Wkh sdudgr{ lv uhvroyhg zkhq lw lv uhdol}hg wkdw wkh gl�huhqwldo irup lv wr
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eh frqvlghuhg dv dq hqwlw| �ehiruh� d olplwlqj surfhvv kdv wdnhq sodfh1 Uhfdoo wkdw
wkh olplwlqj surfhvv ri gl�huhqwldo fdofxoxv uhtxluhv vrph qhljkerukrrg frqvwudlqw wr
eh vshfl�hg ehiruh wkh ghulydwlyh lv frpsxwhg1 Lq idfw wkh olplwlqj surfhvv ghshqgv
xsrq wkh vshfl�fdwlrq ri d wrsrorj|1 Wkh xvxdo wrsrorj| dvvxphg lv wkh krprjhqhrxv
frqqhfwhg hxfolghdq wrsrorj| ri UQ zklfk frqvlvwv ri rshq vhwv gh�qhg lq whupv ri
rshq edoov ri grpdlq ohvv wkdq u1 Sk|vlfdo v|vwhpv zloo uhtxluh iru wkhlu ghvfulswlrq
wrsrorjlhv wkdw duh qrw htxlydohqw wr UQ / dowkrxjk lq d vpdoo qhljkerukrrg lq zklfk
fhuwdlq �vlqjxodulwlhv� kdyh ehhq uhpryhg/ lw lv jhqhudoo| dvvxphg wkdw wkh sk|vlfdo
v|vwhpv fdq eh dssur{lpdwhg e| UQ 1

Fduwdq*v gl�huhqwldo irupv kdyh dpd}lqj surshuwlhv qrw frqwdlqhg lq rwkhu
pdwkhpdwlfdo hqwlwlhv=

41 Gl�huhqwldo irupv rq wkh �qdo vwdwh duh zhoo ehkdyhg zlwk uhvshfw wr ixqfwlrqdo
vxevwlwxwlrq ri gl�huhqwldeoh pdsv iurp wkh lqlwldo wr wkh �qdo vwdwh/ hyhq wkrxjk
wkhvh pdsv duh luuhyhuvleoh$ Wklv idfw lv nqrzq dv wkh �sxoo0edfn� dqg lv wkh
fruqhuvwrqh ri wkh lqyhvwljdwlrqv derxw luuhyhuvleoh surfhvvhv1 E| ixqfwlrqdo
vxevwlwxwlrq/ qrw rqo| lv lw srvvleoh wr frpsxwh ydoxhv ri d gl�huhqwldo irup rq
wkh lqlwldo vwdwh iurp ydoxhv jlyhq rq wkh �qdo vwdwh/ exw dovr lw lv srvvleoh wr
frpsxwh wkh ixqfwlrqdo irup ri wkh fr0whqvru �hogv rq wkh lqlwldo vwdwh lq whupv
ri wkh ixqfwlrqdo irupv ri wkh fr0whqvru �hogv xvhg wr gh�qh wkh gl�huhqwldo
irupv rq wkh �qdo vwdwh1 Gl�huhqwldo irupv duh gh�qhg rq wkh fr0wdqjhqw vsdfh
ri whqvruv ryhu wkh edvh ri vsdfh wlph/ dqg sxooedfn yld wkh wudqvsrvh ri wkh
Mdfreldq ri wkh pds iurp wkh lqlwldo wr �qdo vwdwh1 Frqwud0yduldqw whqvru �hogv
gr qrw hqmr| wklv xqltxh ixqfwlrqdo ehkdylru xqghu wkh �sxooedfn�/ xqohvv wkh
lqyhuvh pds lv zhoo gh�qhg1 Krzhyhu frqwudyduldqw whqvru ghqvlwlhv gr hqmr|
wkh sxooedfn surshuw| hyhq wkrxjk wkh lqyhuvh pds grhv qrw h{lvw1 Wkh| duh
uhwurglfwlyh uhodwlyh wr wkh dgmrlqw ri wkh Mdfreldq ri wkh pds iurp lqlwldo wr
�qdo vwdwh1 Erwk wkh wudqvsrvh dqg wkh dgmrlqw ri wkh Mdfreldq h{lvw hyhq
wkrxjkw wkh lqyhuvh grhv qrw1

51 Gl�huhqwldo irupv fdq fduu| lqirupdwlrq derxw vlqjxodulwlhv/ dqg wkhvh vlqjx0
odulwlhv glfwdwh pxfk ri wkh wrsrorjlfdo frqwhqw ri wkh gl�huhqwldo irup1 Wkh
vlqjxodulw| wr eh vwxglhg lv qrw ri wkh w|sh wkdw eorzv xs wr lq�qlw|/ qhfhvvdulo|/
exw lqvwhdg lv wkh pruh lqqrfxrxv }hur vhw1 Lw lv wkh }hur srlqwv ri ixqfwlrqv
dqg yhfwru �hogv xqghu wkh dfwlrq ri frqwlqxrxv pdsv wkdw lv ri suhgrplqdqw
lqwhuhvw khuhlq1 Wkh }hurv ri d pds ehfrph wkh lq�qlwlhv ri wkh lqyhuvh pds/
exw lq wklv prqrjudsk wkh hpskdvlv lv rq krz pxfk fdq eh ghwhuplqhg derxw
surfhvvhv wkdw qhhg qrw kdyh dq lqyhuvh1 Wkh vlqjxodu lq�qlwlhv ri wkh Gludf
ghowd ixqfwlrq duh dyrlghg lq wklv errn/ li dw doo srvvleoh/ exw wkh �vlqjxodulwlhv�
ri wkh }hurv duh fuxfldo1

61 Gl�huhqwldo irupv pd| kdyh suhlpdjhv zklfk duh qrw xqltxh1 Lw lv suhflvho| wklv
pxowl0ydoxhgqhvv ri dq lqwhjudo suhlpdjh wkdw doorzv gl�huhqwldo irupv wr vlqjoh
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rxw wkh sk|vlfdoo| lqwhuhvwlqj fkdudfwhulvwlfv/ ru zdyh0iurqwv/ ru vkrfn0iurqwv/ ru
ghihfwv ri g|qdplfdo v|vwhpv1 Wkhvh wrsrorjlfdo vlqjxodulwlhv ru ghihfwv duh srlqw
vhwv +zklfk pd| ru pd| qrw eh vwdwlrqdu|, xsrq zklfk d xqltxh vroxwlrq wr vrph
v|vwhp ri sduwldo gl�huhqwldo htxdwlrqv ghvfulelqj wkh sk|vlfdo v|vwhp fdqqrw
eh dqdo|wlfdoo| frqwlqxhg iurp d qhdue| qhljkerukrrg1 Dv zloo eh ghwhuplqhg
odwhu/ glphqvlrq dqg wkh qxpehu ri frpsrqhqwv duh wrsrorjlfdo surshuwlhv/ dqg
wkh jhqhudwlrq ri d ghihfw zloo fruuhvsrqg wr d wrsrorjlfdo fkdqjh ri glphqvlrq/
ru wkh fuhdwlrq ri pxowlsoh frpsrqhqwv/ ryhu vrph grpdlq1

D olvw lv glvsod|hg ehorz ri d qxpehu ri sk|vlfdo h�hfwv zklfk 0 wr �uvw rughu
0 gr qrw ghshqg h{solflwo| rq vl}h ru vkdsh1 Wkhuhiruh/ wkhvh skhqrphqd pxvw kdyh
d wrsrorjlfdo edvlv iru wkhlu h{sodqdwlrq1 Nh| wrsrorjlfdo surshuwlhv duh wkh qxpehu
ri sduwv +frqqhfwlylw|,/ wkh glphqvlrq/ dqg rulhqwdelolw|1 Frqfhswv ri vl}h dqg vkdsh/
phwulf/ ru frqqhfwlrq fdq qrw hqwhu lqwr wkh h{sodqdwlrq ri vxfk skhqrphqd/ h{fhsw
lq dq dx{loldu| zd|1 Dv wkh prqrjudsk surjuhvvhv/ wkh ghwdlov ri wkhvh wrsrorjlfdo
ihdwxuhv zloo eh h{sodlqhg

Sodqfn*v Udgldwlrq Irupxod1
Wkh glvwulexwlrq odz lv lqghshqghqw iurp wkh vl}h dqg vkdsh ri wkh krw erg|1

Frd{ldo Zdyh0Jxlgh Sursdjdwlrq
D kroorz zdyh jxlgh lv d kljk0sdvv �owhu/ exw d qrq0vlpso| frqqhfwhg fr0d{ldo

fdeoh fdq sdvv GF1

Fkdrv grhv qrw rffxu lq Glphqvlrq 5
D v|vwhp ri RGH*v kdv d SGH htxlydohqw1 Li wkh SGH vdwlv�hv wkh Iurehqlxv

lqwhjudelolw| wkhruhp/ dffruglqj wr Gduerx{ wkhuh lv dozd|v d uhsuhvhqwdwlrq lq whupv
ri 5 ixqfwlrqv1

Erkp0Dkdudqry h�hfw dqg wkh Iox{ txdqwxp +edvhg rq 40irupv,
Iox{ txdqwd lq vxshufrqgxfwruv frph lq lqwhjhu pxowlsohv ri k25h1
Jdxvv Odz dqg wkh fkdujh txdqwxp +edvhg rq 50irupv,
Wkh lqwhjudo ri wkh

UU
forvhg

# � _5 ryhu d erxqglqj vxuidfh rqo| ghshqgv xsrq
wkh qxpehu/ q/ ri hohfwurqv ri fkdujh h@ 419 { 433�bF lq wkh lqwhulru ri wkh forvhg
vxuidfh/ qr pdwwhu zkdw wkh vl}h ru vkdsh ri wkh forvhg vxuidfh pd| eh1

Wrsrorjlfdo Wruvlrq dqg Wrsrorjlfdo Vslq +Wkh Srlqfduh txdqwd edvhg
rq 60irupv,

Wkh Erkp0Dkdurqry h�hfw lv d 40Glphqvlrqdo shulrg lqwhjudo1 Jdxvv*v Odz lv
d 50Glphqvlrqdo shulrg lqwhjudo1 Wkhuh duh wzr 60Glphqvlrqdo shulrg lqwhjudov wkdw
kdyh ehhq olwwoh vwxglhg lq vflhqfh/ exw dsshdu wr kdyh vljql�fdqfh lq qrq0htxloleulxp
k|gurg|qdplfv dqg sodvpdv dv urexvw frkhuhqw yruwh{0olnh kholfdo vwuxfwxuhv 0 lqvhq0
vlwlyh wr ghirupdwlrqv lq vsdfh wlph1
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Txdqwxp Wudqvlwlrq Suredelolw|1 +Furvv udwlrv duh lqghshqghqw
iurp vfdoh,

Ihupl*v Jroghq Uxoh ghprqvwudwhv wkdw wkh wudqvlwlrq suredelolw| lv d furvv0
udwlr surmhfwlyh lqyduldqw/ lqghshqghqw iurp vfdoh1

Wkhuprg|qdplf Luuhyhuvlelolw|1 +Wkh Khdw 40irup/ T/ grhv qrw dg0
plw dq lqwhjudwlqj idfwru1,

Wkh lghd wkdw wkhuprg|qdplf luuhyhuvlelolw| lv gh�qhg e| wkh idloxuh ri wkh
Iurehqlxv Wkhruhp iru wkh 4 irup ri zrun lpsolhv wkdw wkh wrsrorjlfdo glphqvlrq ri
wkh Dfwlrq 40irup pxvw eh 71 Lq rwkhu zrugv/ wkhuprg|qdplf luuhyhuvlelolw| lv dq
duwlidfw ri irxu glphqvlrqv1

Wkhuprg|qdplf Skdvhv
Wkh gl�huhqfh ehwzhhq d ydsru dqg d oltxlg lv wkdw wkh oltxlg lv dssduhqwo|

frqqhfwhg dqg wkh ydsru frqvlvwv ri pdq| glvfrqqhfwhg sduwv1 Wkhq qxpehu ri
frpsrqhqwv lv d wrsrorjlfdo surshuw|1 Frqghqvdwlrq lpsolhv d fkdqjh lq wrsrorj|
wdnhv sodfh1 Frqghqvdwlrq lv d joxlqj ru sdvwlqj surfhvv zklfk riwhq fdq eh ghvfulehg
frqwlqxrxvo|1 Ydsrul}dwlrq/ ri wkh rwkhu kdqg lv d glvfrqwlqxrxv ru fxwwlqj surfhvv/
dqg grhv qrw xvxdoo| shuplw d frqwlqxrxv ghvfulswlrq1

Wkh Odz ri Fruuhvsrqglqj Vwdwhv
Lq fkhplvwu| wkhuh lv wkh odz ri fruuhvsrqglqj vwdwhv/ zklfk ghprqvwudwhv wkh

xqlyhuvdolw| ri wkhuprg|qdplfv/ lqghshqghqw irup wkh vl}h dqg frq�jxudwlrq ri wkh
prohfxohv xqghu frqvlghudwlrq1

:1514 Jhrphwu| dqg Sk|vlfv

Hxfolghdq Jhrphwu| 0 Lqyduldqw Vl}h dqg Vkdsh 0 Uljlg Erg| prwlrq

Klvwrulfdoo|/ ixqgdphqwdo sk|vlfdo wkhrulhv kdyh ehhq edvhg rq jhrphwulfdo prghov/
jhrphwulfdo uhodwlrqvklsv dqg jhrphwulfdo surshuwlhv ri sk|vlfdo remhfwv1 Lq idfw wkh
yhu| lghd ri d sk|vlfdo phdvxuhphqw lv dvvrfldwhg zlwk wkh frqfhswv ri krz elj/ krz
idu/ ru krz orqj1 Wkhvh lghdv ri phdvxuhphqw duh lqwxlwlyho| jhrphwulfdo lghdv/ dqg doo
lqyroyh d frpsdulvrq ri vrphwklqj ri lpphgldwh lqwhuhvw wr vrph ohjlvodwhg vwdqgdug1
Krzhyhu wkh lghd ri d frpsdulvrq lv qrw uhvwulfwhg wr sxuh jhrphwulfdo frqfhswv ri
vl}h dqg vkdsh1 Dq devwudfw frpsdulvrq pd| eh ylhzhg dv d pdsslqj iurp d udqjh
wr d grpdlq/ ru d wudqvirupdwlrq iurp dq lqlwldo vwdwh wr d �qdo vwdwh1 Wkh pdsslqj
ru wudqvirupdwlrq pd| eh dq hohphqw ri dq htxlydohqfh fodvv ri pdsslqjv/ dqg wkdw
fodvv lv ghwhuplqhg e| lwv lqyduldqw surshuwlhv1 Uhfdoo wkdw/ dffruglqj wr Ihol{ Nohlq/
d +hxfolghdq, jhrphwulfdo surshuw| lv gh�qhg wr eh dq lqyduldqw ri d wudqvodwlrq ru
urwdwlrq1 D vlpsoh revhuydwlrq ghprqvwudwhv wkdw vl}h dqg vkdsh duh vxfk jhrphwulfdo
surshuwlhv/ dqg wkhvh surshuwlhv duh wkh ixqgdphqwdo lqyduldqwv ri wkdw eudqfk ri
sk|vlfv wkdw ghdov zlwk uljlg erg| prwlrq1
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Lvrphwulf Jhrphwu| 0 Lqyduldqw glvwdqfh 0 Ehqglqj

Zlwk wkh dgyhqw ri whqvru fdofxoxv/ pdwkhpdwlfldqv uhod{hg wkh frqvwudlqwv ri sxuh
+hxfolghdq, jhrphwu| d elw lq rughu wr lqfoxgh wkh frqfhsw ri ehqglqj zlwkrxw frp0
suhvvlrq ru vkhdu1 Wkh ixqgdphqwdo sk|vlfdo lqyduldqw ri lqwhuhvw ehfdph wkh glvwdqfh
ehwzhhq d sdlu ri srlqwv= vl}h lv frqvlghuhg lv dq lqyduldqw lq vxfk jhrphwulhv/ exw
vkdsh lv qrw +qhfhvvdulo|, dq lqyduldqw ri wkh htxlydohqfh fodvv ri wudqvirupdwlrqv wkdw
ghvfuleh ehqglqj surfhvvhv1 Wkh htxlydohqfh fodvv ri wudqvirupdwlrqv edvhg rq wkh
surshuw| ri lqyduldqw glvwdqfh duh fdoohg lvrphwulhv1 Wkh sxuh jhrphwulfdo frqvwudlqw
ri lqyduldqw vkdsh lv uhod{hg wr lqfoxgh wkh srvvlelolw| ri ehqglqj1 Wkh lghd ri lqydul0
dqw glvwdqfh kdv grplqdwhg sk|vlfdo wkhrulhv vlqfh wkh wxuq ri wkh fhqwxu|1 Lq idfw d
qhz ghulydwlyh frqfhsw/ wkh fryduldqw ghulydwlyh/ zdv gh�qhg lq d vxfk d pdqqhu wkdw
lw suhvhuyhv wkh frqfhsw ri glvwdqfh dv dq lqyduldqw1 Glvsodfhphqwv yld d �fryduldqw
ghulydwlyh� duh frqvwudlqhg vxfk wkh glvwdqfh ehwzhhq d sdlu ri srlqwv lv suhvhuyhg dv
dq lqyduldqw$ Krzhyhu/ eh zduqhg wkdw wkh suhvfulswlrq ri d fryduldqw ghulydwlyh kdv
lq lwv irxqgdwlrqv wkh lpsrvvlelolw| ri lqwulqvlfdoo| ghvfulelqj frpsuhvvlrqv ru vkhduv$

Frqirupdo Jhrphwu| 0 Lqyduldqw Skdvh 0 Wzlvwlqj

urwdwlrqdo sdudooholvp 0 urwdwlrqdo vkhdu 0 d vhfrqg wruvlrq frqfhsw1

D!qh Jhrphwu| 0 Lqyduldqw sdudooho sodqhv 0 Vkhdu

Olqhdu sdudooholvp d!qh wruvlrq

Krprwkhwlf Jhrphwu| 0 Suhvvxuh

Li wkh ghirupdwlrq lv frq�qhg wr frpsuhvvlrqv ru h{sdqvlrqv/ wkhq wkh glvwdqfh eh0
wzhhq d sdlu ri srlqwv lv qr orqjhu lqyduldqw/ dqg dv erwk vl}h dqg vkdsh duh qrw
qhfhvvdulo| lqyduldqwv/ wkh fryduldqw ghulydwlyh frqfhsw ehfrphv revrohwh1 Wkh txhv0
wlrq dulvhv dv wr zkdw lqyduldqwv pljkw eh xvhg wr fodvvli| vxfk wudqvirupdwlrqv1 Vxfk
wudqvirupdwlrqv duh gh�qhg dv frqirupdo wudqvirupdwlrqv wkdw ohdyh lqyduldqw wkh
dqjoh ehwzhhq d sdlu ri olqhv1

Wkh qh{w fodvv ri wudqvirupdwlrqv duh wkrvh wkdw duh frqwlqxrxv uhyhuvleoh gh0
irupdwlrqv wkdw dgplw wudqvodwlrqv/ urwdwlrqv/ ehqglqj/ h{sdqvlrq/ dqg �qdoo| vkhduv1
Wkh lqyduldqwv ri vxfk wudqvirupdwlrqv duh gh�qhg dv wrsrorjlfdo surshuwlhv1

:1515 Wrsrorjlfdo Sk|vlfv

Lqghhg wkh jhrphwulf phwkrg kdv vhuyhg sk|vlfv zhoo/ exw wkhuh duh pdq| wklqjv lq
qdwxuh wkdw reh| uxohv wkdw duh lqghshqghqw iurp vl}h dqg vkdsh1 Iru h{dpsoh/ wkh
Sodqfn eodfnerg| udgldwlrq glvwulexwlrq lq iuhtxhqf| lv lqghshqghqw iurp wkh vl}h/
vkdsh/ dqg hyhq fkhplfdo pdnhxs ri wkh krw erg| wkdw lv udgldwlqj1 Wkh vlpso| frq0
qhfwhg vsdfh ri d kroorz zdyh jxlgh ri dq| �qlwh vl}h ru vkdsh zloo dozd|v kdyh d orz
iuhtxhqf| fxw0r�/ exw wkh fr0d{ldo fdeoh/ zklfk lv wrsrorjlfdoo| qrw vlpso| frqqhfwhg/
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fdq vxssruw GF fxuuhqwv1 D sk|vlfdo v|vwhp lv frqvhuydwlyh lq d wkhuprg|qdplf
vhqvh li wkh f|folf zrun ydqlvkhv/ lqghshqghqw iurp wkh ohqjwk +vl}h dqg vkdsh, ri
wkh surfhvv sdwk1 Wkh forvhg vxuidfh lqwhjudo ri Jdxvv* odz grhv qrw ghshqg xsrq
wkh vkdsh ru vl}h ri wkh vxuidfh exw rqo| rq wkh qxpehu ri fkdujhv frqwdlqhg lq lwv
lqwhulru1 D  rzlqj  xlg fdq eh lq d odplqdu vwuhdpolqh vwdwh zklfk fdq hyroyh lqwr d
fkdrwlf wxuexohqw vwdwh1 D phdvxuhphqw zlwk d �qlwh frpsdfw dssdudwxv ri d lq�qlwh
ru qrq0frpsdfw surshuw| zloo dozd|v kdyh dq xqfhuwdlqw| dvvrfldwhg zlwk wkh phd0
vxuhphqw1 Wkhvh txdolwlhv ri qdwxuh wkdw gr qrw vhhp wr ghshqg xsrq vl}h dqg vkdsh/
dqg vhhp wr eh lqghshqghqw ri frqwlqxrxv uhyhuvleoh ghirupdwlrqv/ fdq eh gh�qhg
dqg vwxglhg dv wrsrorjlfdo surshuwlhv1

Wkh lghd lv wkdw edvlf sk|vlfdo surshuwlhv h{lvw wkdw gr qrw ghshqg xsrq ohj0
lvodwhg vwdqgdugv/ exw duh devroxwh lq wkh vhqvh wkdw wkh| duh dqvzhuv wr txhvwlrqv
vxfk dv=

Krz pdq|B/ ru

Lv lw srvvleohB/ ru pruh whfkqlfdoo|/

Li d vroxwlrq h{lvwv/ lv wkh vroxwlrq xqltxhB

Li wkh vroxwlrq lv qrw xqltxh/ krz pdq| vroxwlrqv duh wkhuhB

D juhdw ghdo ri hqjlqhhulqj dqg sk|vlfdo wkhrulhv duh exlow durxqg wkh ghwhu0
plqlvwlf jhrphwulfdo grjpd zklfk vxssrvhv wkdw/ jlyhq lqlwldo gdwd/ wkh qdph ri wkh
jdph lv wr eh deoh wr suhglfw wkh rxwfrph/ dqg suhglfw lw xqltxho|1 Iurp d pruh
wrsrorjlfdo shuvshfwlyh/ lw zloo ehfrph dssduhqw wkdw xqltxh suhglfwlrq pd| ehfrph
lpsrvvleoh/ exw ghwhuplqlvwlf uhwurglfwlrq fdq eh dfklhyhg1

Revhuydeohv dv lqyduldqwv ri wudqvirupdwlrqv

Frqfhswv wkdw gr qrw ghshqg xsrq vl}h dqg vkdsh fdq vwloo eh lqyduldqwv ri dq htxlyd0
ohqfh fodvv ri wudqvirupdwlrqv1 Djdlq/ wkhvh lqyduldqwv/ zklfk duh qrw sxuh jhrphwulf
lqyduldqwv/ pd| eh xvhg wr gh�qh dq htxlydohqfh fodvv ri wudqvirupdwlrqv1 Wkh lvvxh
lv krz wr gh�qh dqg revhuyh wkhvh txdolwlhv ri qdwxuh wkdw gr qrw ghshqg xsrq vl}h
dqg vkdsh1 Frqvlghu d slhfh ri qrwherrn sdshu pdgh rxw ri  h{leoh uxeehu pdwhuldo1
Wkh vkhhw kdv 6 krohv dorqj rqh vlgh/ dqg fdq eh pdunhg dv 4/5/6/7 dw lwv fruqhuv/ lq d
suhvfulehg vhtxhqfh ru rulhqwdwlrq1 Wudqvodwh wkh vkhhw/ dqg dvn zkdw duh wkh lqydul0
dqwv ri wkh wudqvirupdwlrq1 Wkh dqvzhu lv= wkh vl}h/ wkh vkdsh/ wkh qxpehu ri krohv
dqg wkh rulhqwdwlrq vhtxhqfh/ 4/5/6/71 duh doo lqyduldqw surshuwlhv ri wkh wudqvodwlrq1

Qrz urwdwh wkh vkhhw> zkdw vwd|v wkh vdphB Djdlq/ vl}h/ vkdsh/ kroh frxqw/
dqg rulhqwdwlrq vwd| wkh vdph1 Krzhyhu/ lq wkh fdvh ri urwdwlrq wkhuh h{lvwv rqh
rwkhu lqyduldqw wkdw lv qrw lq wkh fodvv ri wudqvodwlrqv1 Wklv dgglwlrqdo urwdwlrqdo
lqyduldqw lv wkh �{hg srlqw wkdw gh�qhv zkhuh wkh d{lv ri urwdwlrq lqwhuvhfwv wkh
vkhhw1 Wudqvodwlrqv duh vdlg wr eh wudqvlwlyh ehfdxvh wkhuh lv qr �{hg srlqw/ zkloh
urwdwlrqv duh lqwudqvlwlyh ehfdxvh wkhuh pxvw eh rqh �{hg srlqw1 Uhfdoo wkdw e| Nohlq*v
gh�qlwlrq/ wkh irxu surshuwlhv ri vl}h/vkdsh/ kroh frxqw dqg rulhqwdwlrq duh jhrphwulf
surshuwlhv1
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Qrz wdnh wkh wklv uxeehu vkhhw dqg ghirup lw e| sxoolqj dqg vwuhwfklqj wkh
vkhhw1 Zkdw vwd|v wkh vdphB Wkh dqvzhu lv qrw wkh vl}h dqg qrw wkh vkdsh/ exw
wkh kroh frxqw +glvwruwhg krohv/ ri frxuvh/ lq wkh ghiruphg fdvh, dqg wkh rulhqwdwlrq
vhtxhqfh 4/5/6/7 gr vwd| wkh vdph xqghu wkh ghirupdwlrq1 Wkrvh surshuwlhv wkdw vwd|
wkh vdph xqghu frqwlqxrxv dqg uhyhuvleoh ghirupdwlrq duh gh�qhg wr eh wrsrorjlfdo
surshuwlhv1 Qrwh wkdw wrsrorjlfdo surshuwlhv duh lqfoxghg lq wkh fodvv ri jhrphwulfdo
surshuwlhv/ exw wkh fodvv ri jhrphwulfdo wudqvirupdwlrqv duh lqfoxghg lq wkh fodvv
ri wrsrorjlfdo wudqvirupdwlrqv1 Sxuh jhrphwulf surshuwlhv zloo eh gh�qhg dv wkrvh
surshuwlhv zklfk duh lqyduldqw xqghu wudqvodwlrqv dqg urwdwlrqv rqo|1

D wrsrorjlfdo surshuw| lv gh�qhg dv dq lqyduldqw ri d krphrprusklvp/ ru
lq pruh vlpsoh whupv/ d wrsrorjlfdo surshuw| lv dq lqyduldqw ri d frqwlqxrxv dqg
uhyhuvleoh ghirupdwlrq/ zkloh sxuh jhrphwulfdo surshuwlhv duh qrw1 Sxuh jhrphwulfdo
surshuwlhv vxfk dv vl}h dqg vkdsh fdq hyroyh zlwk uhvshfw wr krphrprusklvpv1 Lq
wklv prqrjudsk/ wkh surfhvv ri vwxg|lqj lqyduldqwv ri wudqvirupdwlrqv zloo eh wdnhq
rqh vwhs ixuwkhu/ iru ri sk|vlfdo lqwhuhvw wr glvvlsdwlyh v|vwhpv duh wkrvh surfhvvhv
wkdw duh frqwlqxrxv exw qrw uhyhuvleoh1 Sxuh wrsrorjlfdo surshuwlhv duh qrw lqyduldqwv
ri frqwlqxrxv exw luuhyhuvleoh wudqvirupdwlrqv1 Dv sxuh jhrphwulfdo surshuwlhv hyroyh
zlwk uhvshfw wr frqwlqxrxv dqg uhyhuvleoh wudqvirupdwlrqv/ sxuh wrsrorjlfdo surshuwlhv
hyroyh zlwk uhvshfw wr frqwlqxrxv exw luuhyhuvleoh surfhvvhv1 Iru h{dpsoh/ li wkh ulp
ri rqh ri wkh krohv lq wkh uxeehu vkhhw zdv judvshg dqg sxoohg rxw ri wkh vkhhw
lqwr wkh vkdsh ri d orqj wuxpshw zlwk wkh ulp ehfrplqj vpdoohu dqg vpdoohu xqwlo lw
froodsvhg wr d srlqw wkdw frxog eh joxhg wrjhwkhu/ wkhq wkh wrsrorjlfdo surshuw| ri
kroh frxqw lq wkh uxeehu vkhhw zrxog kdyh ehhq fkdqjhg iurp wkuhh wr wzr gxulqj
wkh ghirupdwlrq dqg joxlqj surfhvv1 Qrwh wkdw lw zdv wkh devroxwh qxpehu ri krohv
wkdw fkdqjhg gxulqj wklv surfhvv ri wrsrorjlfdo hyroxwlrq zklfk h�hfwlyho| froodsvhg
rqh ri wkh krohv1 Lw lv lpsruwdqw wr qrwh wkh wrsrorjlfdo fkdqjh lv txdqwl}hg/ iru |rx
fdq qhyhu kdyh kdoi d kroh1 Wkh txhvwlrq ri krz pdq| krohv lv devroxwh/ iru lw lv lq
uhodwlrq wr wkh lqwhjhuv1

Zkdw duh wkh lqyduldqwv ri wkh htxlydohqfh fodvv ri frqwlqxrxv/ exw luuhyhuvleoh
wudqvirupdwlrqvB H{dpsohv ri vxfk lqyduldqw surshuwlhv duh frqqhfwlylw|/ frpsdfw0
qhvv/ dqg prvw lpsruwdqw wr wklv prqrjudsk/ wkh frqfhsw ri forvxuh1 Udwkhu wkdq
fduu|lqj wkh zrugv �frqwlqxrxv exw luuhyhuvleoh� wkurxjkrxw wkh prqrjudsk/ d elr0
orjlfdo frqfhsw zloo eh xvhg wr gh�qh vxfk surfhvvhv= D frqwlqxrxv exw luuhyhuvleoh
surfhvv zloo eh gh�qhg dv dq hohphqw ri dq htxlydohqfh fodvv ri wudqvirupdwlrqv/ dqg
zloo eh gh�qhg dv dq djlqj surfhvv1 Olnh doo wudqvirupdwlrqv/ wkh htxlydohqfh fodvv
ri djlqj surfhvvhv zloo eh gh�qhg lq whupv ri lwv lqyduldqwv1 Wkh delolw| wr ghyhors d
sk|vlfdo xqghuvwdqglqj ri wkh djlqj surfhvv pxvw eh exlow xsrq wkh revhuydeoh lqydul0
dqwv ri vxfk surfhvvhv/ dqg wkh g|qdplfdo wkhru| ri wkrvh wrsrorjlfdo lqyduldqwv wkdw
fdq fkdqjh gxulqj vxfk surfhvvhv1 Wklv g|qdplfdo wkhru| zloo eh fdoohg wkh wkhru| ri
wrsrorjlfdo hyroxwlrq1
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Sk|vlfdo odzv dv wrsrorjlfdo vwdwhphqwv

Wkh xowlpdwh jrdo ri wklv prqrjudsk lv wr hvwdeolvk phwkrgv ri glvwlqjxlvklqj wrsrorj0
lfdo h�hfwv lq sk|vlfv iurp jhrphwulfdo rqhv/ wr hvwdeolvk odzv ghvfulelqj wrsrorjlfdo
surshuwlhv ri pdwwhu/ dqg lq sduwlfxodu wr hvwdeolvk wkh odzv ri sk|vlfdo wrsrorjlfdo
hyroxwlrq1 Qrwh wkdw wkh �uvw vwhs lv wr jr eh|rqg wkh frqvwudlqwv ri jhrphwu| dqg
vwxg| vwulfwo| wrsrorjlfdo surshuwlhv dqg wkh hyroxwlrq ri jhrphwulfdo surshuwlhv1 Wkh
vhfrqg vwhs lv wr jr eh|rqg wkh frqvwudlqwv ri wrsrorj| wr vwxg| wkh hyroxwlrq ri wrsr0
orjlfdo surshuwlhv1 Wkh uhdghu pd| qrw uhdol}h wkdw kh ru vkh kdv riwhq zrunhg zlwk
wrsrorjlfdo frqfhswv zlwkrxw nqrzlqj dq|wklqj derxw wrsrorj|/ shu vh1 Iru h{dpsoh/
lw zloo eh ghprqvwudwhg khuhlq wkdw wkh Pd{zhoo wkhru| ri hohfwurpdjqhwlvp/ zlwk0
rxw wkh jhrphwulfdo frqvwudlqw ri d Oruhqw} v|pphwu| jurxs/ lv d vwdwhphqw derxw
wrsrorjlfdo surshuwlhv ri vsdfh0wlph1 Lw dovr zloo eh ghprqvwudwhg wkdw wkh �uvw odz
ri wkhuprg|qdplfv lv d wrsrorjlfdo vwdwhphqw ri frkrprorj|1 Wkh  rz ri d Qdylhu0
Vwrnhv  xlg fdq dgplw vroxwlrqv zklfk duh h{dpsohv ri dq luuhyhuvleoh exw frqwlqxrxv
wrsrorjlfdo hyroxwlrq1

:16 Fduwdq*v H{whulru Fdofxoxv

:1614 Lqwurgxfwlrq

Diwhu wkh edvlf frqfhswv ri wrsrorj| duh suhvhqwhg/ wkh qh{w vwhs lv wr ghyhors d
wkrurxjk xqghuvwdqglqj ri Fduwdq*v wkhru| ri H{whulru Fdofxoxv1 Fduwdq ghyhorshg
klv h{whulru fdofxoxv orqj ehiruh wkh zrug Wrsrorj| ehfdph idvklrqdeoh/ exw wkh
nh| ihdwxuh ri Fduwdq*v wkhru| lv wkdw lw wudqvfhqgv wkh jhrphwulfdo frqvwudlqwv ri
whqvru fdofxoxv dqg lv wuxo| d wkhru| ri wrsrorj| dqg wrsrorjlfdo hyroxwlrq1 Lw zdv
phqwlrqhg deryh wkdw d wrsrorjlfdo surshuw| zdv dq lqyduldqw ri d krphrprusklvp1
Whfkqlfdoo|/ d krphrprusklvp lv d pds iurp dq lqlwldo wr d �qdo vwdwh wkdw kdv wzr
txdolwlhv= 4, lw pxvw eh frqwlqxrxv/ dqg 5, lw pxvw eh uhyhuvleoh lq wkh vhqvh wkdw wkh
lqyhuvh h{lvwv dqg lv frqwlqxrxv1 Li wrsrorjlfdo hyroxwlrq lv wr wdnh sodfh/ wkhq rqh ru
erwk ri wkhvh txdolwlhv pxvw qrw eh wuxh1 Ri sduwlfxodu lqwhuhvw wr wkh ghyhorsphqwv
lq wklv prqrjudsk duh wkrvh hyroxwlrqdu| surfhvvhv zklfk duh frqwlqxrxv exw qrw
uhyhuvleoh1 Krzhyhu frqwlqxlw| lv qrw d jhrphwulfdo lghd> lw lv d frqfhsw wkdw grhv
qrw ghshqg xsrq vl}h dqg vkdsh1 D pdmru jrdo zloo eh wkh ghyhorsphqw ri d xvhixo
wrsrorjlfdo vwuxfwxuh/ vxfk wkdw lw fdq eh ghflghg zkhwkhu ru qrw d sduwlfxodu surfhvv
lv frqwlqxrxv/ ru qrw1 Iruwxqdwho|/ wkh frqfhsw ri d wrsrorjlfdo vwuxfwxuh fdq eh
ghyhorshg lq whupv ri wkh Fduwdq fdofxoxv/ vxfk wkdw d ghflvlrq fdq eh pdgh li d
surfhvv lv frqwlqxrxv ru qrw1 Li wkh surfhvv lv ghwhuplqhg wr eh frqwlqxrxv/ dqg li
lw fdq eh vkrzq wkdw wkh wrsrorjlfdo surshuwlhv fkdqjh gxulqj wkh surfhvv/ wkhq wkh
surfhvv lv dq djlqj surfhvv1 Wkdw lv/ wkh surfhvv lv frqwlqxrxv exw luuhyhuvleoh1

:1615 Wkh h{whulru surgxfw dqg wkh h{whulru gl�huhqwldo

Fduwdq*v phwkrgv xwlol}h +zkdw pljkw eh xqidploldu, whfkqltxhv wkdw duh ghvfulehg
dv wkh �h{whulru surgxfw� zlwk dq dojheudlf v|pero/ 	/ dqg wkh �h{whulru gl�huhqwldo�
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zlwk d gl�huhqwldo v|pero/ g> dfwlqj rq remhfwv/ $s> gh�qhg dv h{whulru gl�huhqwldo
irupv ri ghjuhh +qrw srzhu, s= Wkhvh edvlf frqfhswv zloo eh glvfxvvhg ehorz/ eulh |/
exw duh ehvw vwxglhg lq ghwdlo iurp wh{wv vxfk dv wkdw e| Kduoh| Iodqghuv +�H{whulru
Gl�huhqwldo Irupv�,/ Edpehuj dqg Vwhuqehuj +�D frxuvh lq Dgydqfhg Fdofxoxv �/ Yrov
4 dqg 5 , dqg e| Jrfnhohu dqg Vfkxfnhu +�Gl�huhqwldo Jhrphwu|/ Jdxjh wkhrulhv/ dqg
Judylw|�,1 L eholhyh wkh ehvw zd| wr ohduq derxw wkhvh �qhz� rshudwlrqv dqg wkh
remhfwv xsrq wkh| dfw lv wr wu| d ihz h{dpsohv1 Iodqghuv lv wkh ehvw wh{w zlwk zklfk
wr vwduw1 Derxw wkh rqo| wklqj plvvlqj lq wkh Iodqghu*v suhvhqwdwlrq lv d glvfxvvlrq
ri wkh Olh gl�huhqwldo dfwlqj rq s0irupv1

Wkhuh duh d qxpehu ri rwkhu wh{wv dydlodeoh wkdw glvfxvv h{whulru gl�huhqwldo
irupv/ exw pdq| duh d elw shgdqwlf ru wrr srpsrxv wr eh xvhixo dw wkh dssolhg
hqjlqhhulqj ohyho1 Prvw dssolfdwlrqv wkdw kdyh dsshduhg lq wkh olwhudwxuh duh lq
wkh �hog ri jhqhudo uhodwlylw| ru vxshu0v|pphwu| ru vxshu0judylw| ru vwulqj w|shv ri
wkhrulhv1 Yhu| ihz wh{wv duh wr eh irxqg zklfk suhvhqw wkh Fduwdq phwkrgv dv
dssolhg wr k|gurg|qdplfv/ hohfwurg|qdplfv/ wkhuprg|qdplfv/ dqg rwkhu hqjlqhhulqj
vflhqfhv1 +grpdjh$, Wr uhlwhudwh suhylrxv vwdwhphqwv/ uhfdoo wkdw wkh phwkrgv ri
h{whulru gl�huhqwldo irupv duh lpsruwdqw ehfdxvh wkh| fduu| wrsrorjlfdo lqirupdwlrq/
dqg fdq eh xvhg wr vwxg| wrsrorjlfdo hyroxwlrq1 P| lqwhuhvw lq wkh Fduwdq phwkrgv
zdv fhphqwhg zkhq L uhdol}hg krz qdwxudo lw zdv wr zulwh Pd{zhoo*v htxdwlrqv lq
whupv ri gl�huhqwldo irupv1 Pruhryhu lw ehfdph dssduhqw wkh Pd{zhoo wkhru| zdv
lqghshqghqw iurp phwulf ru frqqhfwlrq frqvwudlqwv1 Iurp wklv srlqw ri ylhz +shukdsv
lqlwldwhg e| YdqGdqw}lj, hohfwurpdjqhwlvp lv qrw d jhrphwulfdo wkhru|/ exw lqvwhdg lv
d wrsrorjlfdo wkhru|1 Wkh SGH*v ri wkh Pd{zhoo 0 Idudgd| lqgxfwlrq htxdwlrqv/ irup
d qhvwhg vhw lq hyhu| glphqvlrq juhdwhu wkdq 61 H{shulhqfh zlwk hohfwurpdjqhwlf
wkhru| lv yhu| xvhixo/ iru |rx fdq xvh HP wkhru| wr fkhfn |rxu ghyhorslqj vnloov zlwk
wkh Fduwdq phwkrgv1 Li |rxu dssolfdwlrq ri wkh Fduwdq whfkqltxhv grhv qrw uhsolfdwh
zhoo nqrzq uhvxowv lq hohfwurpdjqhwlvp/ |rx kdyh pdgh d plvwdnh1 Wkhvh frqfhswv
zloo eh ghwdlohg lq wkdw zklfk iroorzv1

Wkhuh duh wzr rwkhu lpsruwdqw rshudwlrqv/ ehvlghv wkh h{whulru surgxfw dqg wkh
h{whulru gl�huhqwldo/ zklfk dfw rq gl�huhqwldo irupv/ exw wkhvh rwkhu rshudwlrqv uhtxluh
wkh vshfl�fdwlrq ri d yhfwru �hog/ Y / lq dgglwlrq wr wkh gl�huhqwldo irup/ $1 Iurp d
sk|vlfdo srlqw ri ylhz/ gl�huhqwldo irup+v, pd| eh xvhg wr gh�qh d sk|vlfdo v|vwhp/
dqg wkh yhfwru �hog pd| eh xvhg wr gh�qh d wkhuprg|qdplf hyroxwlrqdu| surfhvv1
Zkdw lv uhpdundeoh lv wkdw wklv srlqw ri ylhz fdq eh xvhg wr mxvwli| wkh wrsrorjl0
fdo edvlv ri wkhuprg|qdplfv/ dqg wr jlyh d qrq0vwdwlvwlfdo ghvfulswlrq ri luuhyhuvleoh
surfhvvhv1 Wkh wzr dgglwlrqdo rshudwlrqv +zlwk uhvshfw wr Y , duh fdoohg wkh �lqwhulru
surgxfw� zlwk wkh v|pero lEY �/ dqg wkh Olh gl�huhqwldo/ OEY � ' lEY �gn glEY �>zklfk
frpelqhv wzr rshudwlrqv/ wkh lqwhulru surgxfw dqg wkh h{whulru ghulydwlyh1 Wkh Olh
gl�huhqwldo lv dq dowhuqdwlyh wr wkh �fryduldqw� gl�huhqwldo ri whqvru dqdo|vlv/ dqg/ olnh
wkh fryduldqw ghulydwlyh/ zloo surgxfh whqvruv iurp rwkhu whqvruv e| phdqv ri d gli0
ihuhqwldo surfhvv1 H{dpsohv dqg gh�qlwlrqv zloo eh jlyhq ehorz1 Wkh Olh gl�huhqwldo
zloo ehfrph wkh prvw lpsruwdqw wrro iurp d wrsrorjlfdo shuvshfwlyh/ iru lw shuplwv
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frpsxwdwlrqv wr eh pdgh zklfk zloo glvwlqjxlvk wkrvh remhfwv zklfk duh wrsrorjlfdo
lqyduldqwv ri d surfhvv dqg wkrvh remhfwv zklfk duh qrw1 Lw lv uhpdundeoh wkdw wkh
Olh gl�huhqwldo rshudwlqj rq d 40irup ri Dfwlrq lv htxlydohqw wr wkh frkrprorjlfdo
vwdwhphqw wkdw gh�qhv wkh �uvw odz ri wkhuprg|qdplfv1

Wkh h{whulru gl�huhqwldo irupv +gl�huhqwldo irupv iru vkruw, duh remhfwv wkdw
duh exlow iurp ixqfwlrqv gh�qhg rq d yhfwru exqgoh1 Zkdw wklv phdqv lv wkdw vwduw0
lqj iurp wkh dvvxpswlrq wkdw wkhuh h{lvwv dq q glphqvlrqdo ydulhw| ri lqghshqghqw
yduldeohv/ i|dj> riwhq fdoohg frruglqdwhv/ lw lv srvvleoh wr frqvwuxfw wzr rwkhu yhfwru
vsdfhv1 Wkhvh wzr yhfwru vsdfhv frqvlvw ri d 4 glphqvlrqdo yhfwru vsdfh \fi�j dqg
dq p glphqvlrqdo yhfwru vsdfh \�i�nj= Wkh rqh glphqvlrqdo yhfwru vsdfh \fi�j
frqvlvwv ri doo ixqfwlrqv wkdw fdq eh frqvwuxfwhg iurp i|dj> dqg kdv wkh xqlw � dv d
edvlv hohphqw1 Wkh p glphqvlrqdo yhfwru vsdfh \�i�nj lv hqgrzhg zlwk d �gl�huhq0
wldo� edvlv hohphqwv/ �n> n ' i�> 2> ===pj Wkh edvlv vhw �n lv suhvxphg wr eh olqhduo|
uhodwhg wr wkh gl�huhqwldov g|d ri wkh lqghshqghqw yduldeohv yld wkh irupxod

mg|dl ,
���n� ' �I n

d

�
� mg|dl = +:14<,

+Wkh glphqvlrq ri wkh vhw �n pd| eh gl�huhqw iurp wkh glphqvlrq ri i|dj=� Dq
dowhuqdwlyh srlqw ri ylhz lv wkdw d olqhdu frpelqdwlrq ri wkh gl�huhqwldov rq wkh lqlwldo
vwdwh m�dl vxfk wkdw wkh olqhdu pdsslqj

�
I n
d

�
dfwlqj rq wkh m�dl surgxfhv shuihfw

gl�huhqwldov
��g{n� rq wkh �qdo vwdwh +Wklv srlqw ri ylhz lv dvvxphg lq wkh Iodqghu*v

errn,1

m'dl ,
��g{n� ' �I n

d

�
� m'dl = +:153,

Wkh wzr yhfwru vhwv ri olqhdu frpelqdwlrqv ri gl�huhqwldov/ m'dl dqg
���n� rq wkh lqlwldo

vwdwh duh qrw wkh vdph/ hyhq zkhq wkh glphqvlrq ri wkh lqlwldo dqg �qdo vwdwhv duh
wkh vdph1 Jlyhq wkh lqlwldo vwdwh mg|dl > wkh

���n� duh ghwhuplqhg e| wkh olqhdu pds�
I n
d

�
1 Jlyhq wkh �qdo vwdwh

��g{n� > wkh m'dl duh ghwhuplqhg e| wkh lqyhuvh ri wkh

olqhdu pds/
�
I n
d

�
3�

' dJd
no 1 Li wkh wzr vsdfhv duh qrw ri wkh vdph glphqvlrq wkhq

wkh lqyhuvh ri wkh olqhdu pds qhhg qrw h{lvw1 Lw lv lpsruwdqw iru jhqhudol}dwlrqv wkdw
wkh frqfhsw ri wkh lqlwldo vwdwh ru grpdlq +dqg lwv frruglqdwh ixqfwlrqv/ |d, eh nhsw
glvwlqfw iurp wkh �qdo vwdwh ru udqjh + dqg lwv frruglqdwh ixqfwlrqv/ {n,1 Wkh irupdw���n� ' �I n

d E|�
�
mg|dl zloo eh hpskdvl}hg khuhlq1

Doo ri wklv kdg lwv ruljlqv lq wkh wkhru| ri gl�huhqwldeoh frruglqdwh pdsslqjv
iurp dq lqlwldo wr d �qdo vwdwh/ zkhuh/ jlyhq d +pruh wkdq olnho|, qrq0olqhdu pds !
iurp d grpdlq i|dj wr d udqjh i{nj> d olqhdu pds g! ehwzhhq gl�huhqwldov frxog eh
jhqhudwhg wr hvwdeolvk wkh +olqhdu, gl�huhqwldo yhfwru vsdfh lghdv1 Lq v|perov

Qrqolqhdu ! G i|dj , i{nj ' !nE|� +:154,

Olqhdu g! G mg|dl ,
��g{n� ' �C!nE|�@C|d� mg|dl ' �I n

d E|�
�
mg|dl = +:155,

Wkh Olqhdu pdsslqj
�
I n
d E|�

�
vr jhqhudwhg lv wkh Mdfreldq pdwul{ ri sduwldo gl�hu0

hqwldov ri wkh frruglqdwh +ru yhfwru vsdfh, pdsslqjv1 Dv dq h{dpsoh/ uhylhz wkh
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frqfhsw ri vskhulfdo ru f|olqgulfdo frruglqdwhv pdsshg lqwr Fduwhvldq vsdfh1 +Pdsoh
surjudpv kdyh ehhq ghyhorshg jlylqj prvw ri wkh ghwdlov lq whupv ri v|perolf pdwk0
hpdwlfv1 Vhh kwws=22zzz551sdlu1frp2fvgf2sgi2pwshuwx81sgi,

Dw �uvw/ lq wklv suhvhqwdwlrq/ wkh glphqvlrq ri wkh yhfwru vsdfh
���n� ' ��g{n�

zloo eh dvvxphg wr eh q/ wkh vdph glphqvlrq dv wkh vsdfh ri lqghshqghqw yduldeohv1
Wkhq wkh udqjhv ri wkh lqgh{ d lv= d ' i�===qj> dqg wkh udqjh ri wkh lqgh{ n lv =
n ' i�===qj1 Wklv uhvwulfwlrq zloo eh uhod{hg odwhu gxulqj wkh ghyhorsphqw ri d pruh
jhqhudo wkhru|1 Wkh q{q Mdfreldq pdwul{ ri wkh q pdsslqj ixqfwlrqv hvwdeolvkhv wkh
yhfwru vsdfh lghdv dv d olqhdu pdsslqj/ dqg jlyhv wkh sulplwlyh uhdol}dwlrq ri zkdw lv
wr eh nqrzq dv d Iudph pdwul{ +ri ixqfwlrqv rq wkh lqlwldo vwdwh,1

Vxssrvh wkdw dqrwkhu ixqfwlrq/ vd| xE|d�> lv jlyhq lq whupv ri wkh lqlwldo ydul0
hw|/ i|dj1 Wkhq lwv wrwdo gl�huhqwldo lv jlyhq e| wkh h{suhvvlrq/

gxE|d� ' iCxE|d�@C|ej g|e '
[
e

DeE|
d�g|e ' kDeE|

d�m �
��g|e� = +:156,

Wkh remhfw rq wkh uljkw lv dq h{dpsoh ri dq h{whulru gl�huhqwldo 40irup/ $�> zlwk fr0
h!flhqw ixqfwlrqv DeE|

d� dqg edvlv hohphqwv/ g|e1 +Iurp khuh rq wkh vxp frqyhqwlrq
rq xs0grzq v|perov 0 wkh lqgh{ e lq wkh irupxod deryh 0 zloo eh suhvxphg/ zlwkrxw
wkh xvh ri wkh

S
v|pero,1 Wkh frh!flhqwv/ e| frqvwuxfwlrq lq wklv h{dpsoh/

DeE|
d� ' iCxE|d�@C|ej> +:157,

irup wkh frpsrqhqwv ri d fryduldqw judglhqw yhfwru �hog1
Lq wkh Fduwdq wkhru| ri gl�huhqwldo irupv wkhvh frqfhswv duh h{whqghg wr vlw0

xdwlrqv zkhuh wkh gl�huhqwldo edvlv hohphqwv �n/ ri wkh yhfwru vsdfh \�i�nj fdq eh
zulwwhq lq whupv ri vrph duelwudu| pdwul{ +ri ixqfwlrqv rq wkh lqlwldo vwdwh, dfwlqj rq
wkh gl�huhqwldov ri wkh lqghshqghqw yduldeohv lq d olqhdu zd|=���n� ' �I n

d E|�
�
mg|dl = +:158,

Lq rwkhu zrugv/ lq wkh Fduwdq h{whqvlrq/ lw lv qrw dvvxphg wkdw wkh olqhdu pds
�
I n
d E|�

�
lv qhfhvvdulo| d Mdfreldq pdwul{ ri vrph qrq0olqhdu frruglqdwh pdsslqj/ qru lv lw dv0
vxphg wkdw wkh pdwul{ lv hyhq vlplodu wr wkh Mdfreldq pdwul{ ri d frruglqdwh pdsslqj1
Wklv pruh jhqhudo pdwul{ ri ixqfwlrqv/

�
I n
d E|�

�
> zloo eh gh�qhg dv d edvlv Iudph dqg

lv wkh fruqhuvwrqh ri Fduwdq*v ghyhorsphqw ri wkh Uhshuh Preloh1 Jlyhq vxfk d pd0
wul{ ri ixqfwlrqv d nh| txhvwlrq uhyroyhv derxw wkh ghwhuplqdwlrq ri wkh vroxelolw| ri
wkh Iudph1 Jlyhq d Iudph/ grhv wkhuh h{lvw d xqltxh vhw ri pdsslqj ixqfwlrqv ! iurp
zklfk wkh Iudph lv ghwhuplqhg wr eh wkh Mdfreldq pdwul{ g! ri wkh pdsslqjB Li qrw/
lv lw srvvleoh wkdw wkhuh h{lvwv d qrq0xqltxh vroxwlrq vhw wr wkh sureohpB Wkh txhvwlrq
ri qrq0xqltxh lqwhjudelolw| ri wkh Iudph pdwul{ lv wkh edvlv ri zkdw lv fdoohg D!qh
dqg Wrsrorjlfdo Wruvlrq1 Wruvlrq dsshduv zkhq wkh edvlv Iudph +ru lwv htxlydohqfh
fodvv, lv QRW lqwhjudeoh1
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Iru dssolfdwlrqv/ krz wkh Iudph pd| eh uhodwhg wr vshfl�f sk|vlfdo sureohpv
lv ri nh| lpsruwdqfh1 Wkh hduo| ghyhorsphqw ri wkh Iuhqhw0Vhuuhw0Fduwdq Iudph
iru d srlqw prylqj dorqj d vsdfh fxuyh lqglfdwhv wkdw lw lv srvvleoh wr frqvwuxfw wkh
Iudph iurp gl�huhqwldov ri wkh pdsslqj ixqfwlrq zlwk uhvshfw wr d sdudphwhu dorqj d
vsdfh fxuyh1 Wkdw lv/ wkh yhorflw|/ dffhohudwlrq dqg wkh udwh ri fkdqjh ri dffhohudwlrq
fdq eh xvhg wr exlog d Iudph pdwul{ ri d srlqw prylqj dorqj d vsdfh fxuyh lq wkuhh
glphqvlrqv1 Wkhvh wklqjv duh sk|vlfdo/ phdvxudeoh/ dqg dssolfdeoh txdqwlwlhv1 Wkh
vdph lghd fdq eh jhqhudwhg iru frqwlqxrxv phgld vxfk dv d  xlg1 Wkh yhorflw| �hog/
wkh yruwlflw| �hog/ dqg wkh kholflw| �hog ri wkh  xlg ehfrph wkh dqdorjv ri wkh Iuhqhw
0 Vhuuhw gl�huhqwldwlrqv1

Iru wkrvh xeltxlwrxv fdvhv +ru ehwwhu vdlg/ rq wkrvh uhvwulfwhg grpdlqv, zkhuh
wkh Iudph kdv dq lqyhuvh/ wkhq wkh Iudph pdwul{ lv dq hohphqw ri wkh Jhqhudo Olqhdu
jurxs1 Riwhq lq sduwlfxodu dssolfdwlrqv wkh Iudph pdwul{ lv frqvwudlqhg wr eh dq
hohphqw ri dq htxlydohqfh fodvv ri �dgplvvleoh� Iudphv e| dvvxplqj wkh Iudph ehorqjv
wr vrph vxe0jurxs ri wkh JO jurxs1 Lq wkh Iuhqhw0Vhuuhw fdvh/ d xvxdo uhvwulfwlrq
frqvwudlqv wkh 6G Iudph pdwul{ hohphqwv vxfk wkdw wkh Iudph lv d phpehu ri wkh
vshfldo ruwkrjrqdo +ruwkrqrupdo, jurxs1 Wkh froxpqv ri wkh edvlv Iudph pdwul{ duh
ruwkrjrqdo xqlw yhfwruv1 Wklv frqvwudlqw lv xvhg wr fuhdwh wkh frqfhswv ri duf ohqjwk/
fxuydwxuh/ dqg wruvlrq ri wkh 6G vsdfh fxuyh1 Wkhvh �lqwulqvlf� surshuwlhv ri wkh
vsdfh fxuyh duh wkh vlplodulw| lqyduldqwv ri doo htxlydohqw Iudphv +wkdw lv/ doo Iudphv
wkdw duh phpehuv ri wkh ruwkrqrupdo jurxs,1 Wkhvh lqwulqvlf +riwhq fdoohg lqyduldqw,
surshuwlhv ri wkh htxlydohqfh fodvv duh frpsxwhg e| phdqv ri wkh frh!flhqwv ri wkh
Fd|oh|0Kdplowrq wkhruhp1

Iurp d sk|vlfv srlqw ri ylhz/ doo revhuyhuv zkr pd| xvh gl�huhqw hohphqwv
ru uhsuhvhqwdwlrqv ri wkh ruwkrqrupdo jurxs iru uhihuhqfh v|vwhpv zloo eh deoh wr
h{suhvv wkhlu ylhzv lq whupv ri d frpprq vhw ri txdolwlhv/ wkh vlplodulw| lqyduldqwv1
Doo htxlydohqw revhuyhuv zloo djuhh wkdw wkh ydoxhv ri wkh vlplodulw| lqyduldqwv duh
wkh vdph1 Uhvwulfwlrqv wr sduwlfxodu vxejurxsv duh riwhq fdoohg �jdxjh wkhrulhv�1
Lw lv lpsruwdqw wr qrwh wkdw fhuwdlq +qrupdo, vxejurxsv +vxfk dv wkh ruwkrqrupdo
vxejurxs, fdqqrw glvwlqjxlvk ehwzhhq ohiw dqg uljkw kdqghgqhvv +fkludolw|, / exw rwkhu
htxlydohqfh fodvvhv ri vxejurxsv fdq1 Lw zrxog vhhp wkdw wklv delolw| wr glvwlqjxlvk
d fkludo surshuw| lv ri ydoxh wr wkh vwxg| ri elrorjlfdo v|vwhpv/ zkhuh prvw elrorjlfdo
prohfxohv dsshdu wr eh ohiw ru uljkw kdqghg1 Wkh prudo +ru zduqlqj, ri wklv sdudjudsk
lv wkdw wkh frpprq ruwkrqrupdo v|vwhp ri edvlv yhfwruv E�> �>!� ri hqjlqhhulqj sudfwlfh
pxvw eh prgl�hg wr kdqgoh fkludo glvwlqfwlrqv1

Lw lv lpsruwdqw wr eh uhplqghg ri wkh lghd ri d vlplodulw| wudqvirupdwlrq1
Jlyhq d pdwul{ dP o dqg d wudqvirupdwlrq pdwul{ dI o/ wkh pdwul{ dQ o lv vdlg wr eh
vlplodu wr dP o li

dP o , dQ o ' dI o3� � dP o � dI o = +:159,

Zkhq wkh Fd|oh|0Kdplowrq sro|qrpldo lv frqvwuxfwhg iru dP o dqg dQ o wkh frh!flhqwv
ri wkh sro|qrpldov duh wkh vdph +li wkh pdwulfhv duh �vlplodu�,1 Wzr ri wkh lpsruwdqw
vlplodulw| lqyduldqwv duh wkh wudfh ri dP o dqg lwv ghwhuplqdqw1 Lq gl�huhqwldo jhrphwu|/
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wkhvh lghdv zloo eh xvhg wr gh�qh fxuydwxuh surshuwlhv ri pdqlirogv1 Lq wkh Iuhqhw0
Vhuuhw0Fduwdq wkhru| ri wkh ruwkrqrupdo vxejurxs/ wkh vlplodulw| lqyduldqwv ohdg wr
wkh frqfhswv ri duf ohqjwk/ fxuydwxuh dqg wruvlrq1 Wkh }hur vhwv ri wkh vlplodulw|
lqyduldqwv kdyh sduwlfxodu sk|vlfdo lpsruwdqfh1 Lq wkh wkhuprg|qdplfv ri d ydq ghu
Zddov jdv/ wkh Fd|oh|0Kdplowrq sro|qrpldo edvhg xsrq wkh Jleev ixqfwlrq lv d fxelf
sro|qrpldo zlwk wkh vxuidfh vkdsh ri d vzdoorz0wdlo1 Wkh fulwlfdo srlqw lv zkhuh doo
wkuhh vlplodulw| lqyduldqwv ydqlvk1 Wkh vslqrgdo olqh ri skdvh lqvwdelolw| lv zkhuh
wkh txdgudwlf vlplodulw| frh!flhqw +wkh Jdxvv fxuydwxuh ri wkh vzdoorz0wdlo vxuidfh,
ydqlvkhv1

Wkh vlplodulw| htxdwlrq fdq eh uhzulwwhq lq d pdqqhu wkdw grhv qrw uhtxluh
wkh lpphgldwh frpsxwdwlrq ri dq lqyhuvh=

dI o � dQ o ' dP o � dI o = +:15:,

Wklv htxdwlrq fdq eh xvhg wr whvw li dQ o lv vlplodu wr dP o = D vshfldo vlwxdwlrq rffxuv
li wkh pdwul{ dQ o lv wkh vdph dv dP o = Wklv vlwxdwlrq sodfhv d frqvwudlqw rq wkh
htxlydohqfh fodvv ri pdwulfhv wkdw fdq eh xvhg iru wkh wudqvirupdwlrqv dI o = Vxssrvh
wkdw dQ o ' dP o
 gdP o> wkhq wkh gl�huhqwldo vlplodulw| htxdwlrq ehfrphv

gdP o ' dP o � dI o	 dI o � dP o > +:15;,

dqg lv vxjjhvwlyh ri wkh Khlvhqehuj pdwul{ rshudwru irupdw +wkh wudqvirupdwlrq pdwul{
dI o sod|v wkh uroh ri wkh �Kdplowrqldq� rshudwru,1 Wkhvh vlplodulw| irupdwv zloo
uhdsshdu ehorz zkhq wkh pdwul{ ri frqqhfwlrq 40irupv lv glvfxvvhg1

Qrwh wkdw wkh froxpq yhfwru duud| ri gl�huhqwldo edvlv hohphqwv/ mg|dl/ wudqv0
irupv dv d frqwudyduldqw whqvru lq wkh Mdfreldq fdvh/ zkhuh d frruglqdwh pdsslqj
lv dydlodeoh1 Wklv surshuw| fdq eh h{whqghg li wkh Iudph pdwul{ ri ixqfwlrqv kdv
d qrq0}hur ghwhuplqdqw/ iru wkhq wkh froxpqv ri wkh Iudph pdwul{ fdq eh xvhg dv
d edvlv vhw iru frqwudyduldqw yhfwruv lq wkh lqlwldo vsdfh +grpdlq ru vwdwh,1 Wklv
edvlv dujxphqw grhv qrw ghshqg xsrq wkh idfw wkdw pdwul{ hohphqwv

�
I n
d E|�

�
irup

d Mdfreldq +l1h1/ lqwhjudeoh, v|vwhp1 Lw zloo eh ghprqvwudwhg wkdw lw lv wklv odfn ri
xqltxh lqwhjudelolw| iru wkh

���n� ' �
I n
d E|�

�
mg|dl wkdw ohdgv wr wkh frqfhswv ri d!qh

Wruvlrq dqg Wrsrorjlfdo Wruvlrq / wzr wrslfv wkdw zloo eh glvfxvvhg lq juhdw ghwdlo lq
vxevhtxhqw vhfwlrqv1

Dw suhvhqw/ jlyhq d edvlv ri 40irupv/ frqvwuxfw duelwudu| h{whulru gl�huhqwldo
40 irupv iurp wkh pdwul{ surgxfw ri duelwudu| frh!flhqw ixqfwlrqv duudqjhg dv d urz

yhfwru/
G eDnE|

d�
��� dqg wkh edvlv vhw duudqjhg dv d froxpq yhfwru/

���n�
$� '

G eDnE|
d�
��� � ���n� ' eDnE|� �

n= +:15<,

Qrwh wkdw li wkh frh!flhqw ixqfwlrqv duh fkrvhq wr eh d fryduldqw yhfwru duud| +dqg
wkdw lv zk| wkh lqgh{ lv d orzhu lqgh{ rq wkh DnE|�,/ wkhq wkh gl�huhqwldo 40irup
$ lv d vfdodu lqyduldqw ri �frruglqdwh wudqvirupdwlrqv�1 Wkh frh!flhqw ixqfwlrqv/
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krzhyhu/ gr qrw kdyh wr eh d judglhqw duud|1 Wkh fryduldqw frqvwudlqw lpsolhv wkdw
li +dv dvvxphg, ���n� ' �I n

d E|�
�
mg|dl +:163,

wkhq G eDnE|
d�
��� ' kDem �

�
Je
n

�
+:164,

zkhuh
�
Je
nE|�

�
lv wkh lqyhuvh pdwul{ ri ixqfwlrqv wr wkh iudph pdwul{/

�
I n
d E|�

�
= Wkhvh

duh wkh uxohv ri fodvvlfdo whqvru dqdo|vlv gh�qlqj zkdw lv phdqw e| frqwudyduldqw dqg
fryduldqw yhfwruv ri rughuhg vhwv ri frpsrqhqwv zlwk uhvshfw wr vshfldo wudqvirupd0
wlrqv +gh�qhg dv gl�hrprusklvpv,1

Wkh gl�huhqwldo irup vr frqvwuxfwhg lq whupv ri whqvru frh!flhqwv lv wkhq
lqghshqghqw iurp d �fkrlfh ri frruglqdwh v|vwhp�1

$� '
G eDnE|

d�
��� � ���n� ' kDem �

�
Je
n

�
�
�
I n
d

�
� mg|dl = +:165,

Iru sk|vlflvwv dqg hqjlqhhuv zkdw wklv lpsolhv lv wkdw odzv ri sk|vlfv zulwwhq lq whupv
ri gl�huhqwldo irupv duh lqghshqghqw ri wkh revhuyhu*v fkrlfh ri d �uhihuhqfh v|vwhp�1
D �uhihuhqfh v|vwhp� lv gh�qhg dv dq hohphqw ri dq htxlydohqfh fodvv ri gl�huhqwldeoh
pdsslqjv1 Wkh prvw frpprq htxlydohqfh fodvv xvxdoo| dffhswhg lv wkh fodvv ri gli0
ihrprusklvpv/ zklfk lpsolhv wkdw wkh pdsslqj/ !> dqg wkh olqhdu pdsslqj/ g!>kdyh
lqyhuvhv/ dqg wkh lqyhuvh pdsslqj lv gl�huhqwldeoh1 Vxfk gl�hrprusklf pdsslqjv
duh frqvwudlqhg vxevhwv ri rwkhu pdsslqjv nqrzq dv krphrprusklvpv1 Krphrpru0
sklvpv +dqg wkhuhiru gl�hrprusklvpv, suhvhuyh wrsrorj| iurp lqlwldo wr �qdo vwdwh/
dqg wkhuhiru fdqqrw eh xvhg wr ghvfuleh wrsrorjlfdo hyroxwlrq1 +Expphu1, Vrph0
wlphv wkh htxlydohqfh fodvv ri uhihuhqfh v|vwhpv lv hyhq ixuwkhu frqvwudlqhg1 Iru
h{dpsoh/ wkh dffhswdeoh fodvv ri uhihuhqfh v|vwhpv nqrzq dv lqhuwldo iudphv ri uhihu0
hqfh lq wkh sk|vlfv ri vshfldo uhodwlylw| lv frqvwudlqhg wr eh wkh Oruhqw} htxlydohqfh
fodvv1 Vrphwlphv vxfk frqvwudlqwv wkurz wkh ede| rxw zlwk wkh zdvk1 Iru h{dp0
soh/ Jhqhudo Uhodwlylw| lv ghvljqhg wr dgplw doo gl�hrprusklvpv dv wkh htxlydohqfh
fodvv ri iudphv ri uhihuhqfh> Vshfldo Uhodwlylw| dgplwv rqo| hohphqwv ri wkh Oruhqw}
htxlydohqfh fodvv/ zklfk lv d vxevhw ri doo gl�hrprusklvpv1

Wkh Oruhqw} htxlydohqfh fodvv frqvlvwv ri wkrvh pdwulfhv/ dOo/ iru zklfk wkh
Plqnrzvnl olqh phwulf lv suhvhuyhg1 Wkdw lv5997

��
��

��
�

6::8 ' d�o '
�
O3�

�
� d�o � dOo +:166,

Wkhuh lv d ixuwkhu vxefodvv ri Oruhqw} pdwulfhv/ zlwk pdwul{ hohphqwv zklfk duh
frqvwdqwv/ dqg zklfk duh xvh lq vshfldo uhodwlylvwlf +qrq0dffhohudwhg, dssolfdwlrqv1
+Wklv vshfldo vxefodvv wxuqv rxw wr eh �d!qh� wruvlrq iuhh/ vr wkdw ohiw kdqghg dqg
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uljkw kdqghg fkludolw| vshflhv hyroyh lq wkh vdph zd|,1 Krzhyhu/ wkhuh duh Oruhqw}
pdwulfhv wkdw suhvhuyh wkh Plqnrzvnl phwulf wkdw duh qrw frpsrvhg ri frqvwdqw hoh0
phqwv1 Vxfk pdwulfhv dgplw dffhohudwlrqv/ dqg dovr dgplw D!qh Wruvlrq frh!flhqwv1
+Vhh kwws=22zzz551sdlu1frp2fvgf2sgi2oruhqw}1sgi,1 Wkdw lv/ wkh v|vwhp ri 40irupv
jhqhudwhg e| d Oruhqw} wudqvirupdwlrq ri qrq0frqvwdqw hohphqwv lv qrw qhfhvvdulo|
xqltxho| lqwhjudeoh/ dqg wkhuhiru dgplw gl�huhqw ehkdylru iru fkludo v|vwhpv1 +Wklv
gl�huhqfh lq ehkdylru glvwlqjxlvkhv Rswlfdo Dfwlylw| iurp Idudgd| Urwdwlrq lq hohf0
wurpdjqhwlf v|vwhpv1,

1 D pdmru wkuxvw ri wkh zrun wkdw dsshduv rq Fduwdq*v Fruqhu lv wkdw wkh uhi0
huhqfh v|vwhpv duh h{whqghg wr lqfoxgh wrsrorjlfdo fkdqjh/ vr wkdw qrq0gl�hrprusklf
wudqvirupdwlrqv zloo eh lqyhvwljdwhg1 D forvhu orrn d Fduwdq*v frqfhswv |lhogv wkh
uhvxow wkdw/ xqolnh whqvruv zklfk duh zhoo ehkdyhg zlwk uhvshfw wr gl�hrprusklvpv/
h{whulru gl�huhqwldo irupv duh zhoo ehkdyhg lq d ixqfwlrqdo vhqvh zlwk uhvshfw wr d
fodvv ri wudqvirupdwlrqv hyhq zlghu wkdq wkh fodvv ri gl�hrprusklvpv � lq idfw/ zlghu
wkdq wkh fodvv ri krphrprusklvpv$ Khqfh gl�huhqwldo irupv duh xvhixo wr wkh vwxg| ri
wrsrorjlfdo hyroxwlrq/ zklfk lv wkh pdlq wkhph ri Fduwdq*v Fruqhu dqg wkhvh ohfwxuhv1
+Vhh �Uhwurglfwlyh Ghwhuplqlvp� kwws=22zzz551sdlu1frp2fvgf2sgi2uhwurglf1sgi,1

Lw vkrxog eh uhdol}hg wkdw gl�huhqwldo irupv kdyh wkh whqvru olnh surshuw| wkdw
li wkh gl�huhqwldo irup lv }hur lq rqh frruglqdwh v|vwhp ri uhihuhqfh/ wkhq lw lv }hur lq
doo rwkhu gl�hrprusklfdoo| htxlydohqw v|vwhpv/ qr pdwwhu zkdw frqvwudlqwv duh dssolhg
wr olplw wkh hohphqwv ri wkh htxlydohqfh fodvv ri gl�hrprusklvpv1 Lq dgglwlrq/ li d
gl�huhqwldo irup lv }hur rq wkh �qdo vwdwh/ wkhq lwv sxooedfn wr wkh lqlwldo vwdwh lv dovr
}hur zlwk uhvshfw wr frqwlqxrxv exw qrw krphrprusklf/ dqg wkhuhiru qrw gl�hrprusklf
pdsv1 +Vhh kwws=22zzz551sdlu1frp2fvgf2hg62hg6iuh41kwp,

:1616 Wkh h{whulru dojheud

Wkh h{whulru dojheud ri Fduwdq lv edvhg xsrq dq dvvrfldwlyh/ exw qrw frppxwdwlyh/
pxowlsolfdwlrq uxoh gh�qhg dv wkh h{whulru +zhgjh ru krrn, surgxfw ri remhfwv gh�qhg
dv h{whulru gl�huhqwldo irupv1 Wkh v|pero iru wkh surgxfw lv 	1 Wkh vwuxfwxuh ri
wkh dojheud fdq eh exlow vwduwlqj iurp 40irupv rq wkh q0glphqvlrqdo yhfwru vsdfh
\�i�dj> lq whupv ri d edvlv ri 40irupv ghqrwhg e| i�dj= Wkh duelwudu| 40irup lv
frqvwuxfwhg iurp wkh edvlv hohphqwv dffruglqj wr wkh irupxod jlyhq deryh/ $� '
DnE|� �

n= Wkh dgglwlrq uxoh ri wkh dojheud lv wkdw ri yhfwru vsdfh dgglwlrq= dgg wkh
frh!flhqwv ri wkh vdph edvlv hohphqwv1

$� ' DnE|� �
n +:167,

$2 ' EnE|� �
n

$� n $2 ' iDnE|� nEnE|�j �
n=

H{dpsoh 5< Dgg E�{ g{n e{} g|� dqg E2| g| n �.| g}� G

edvlv ' Eg{> g|> g}�



Fduwdq*v H{whulru Fdofxoxv 574

E�{ g{n e{} g|� n E2| g| n �.| g}� ' �{ g{n Ee{| n 2|� g| n �.| g}

Lw lv wkh pxowlsolfdwlrq uxoh wkdw lv shukdsv xqidploldu1 Wkh pxowlsolfdwlrq
uxohv duh gh�qhg lq whupv ri hohphqwv ri wkh edvlv vhw1

�d	�e ' ��e	�d +:168,

�e	�e ' f

g|d	g|e ' �g|e	g|d +:169,

g|e	g|e ' f

Wkhvh uxohv duh vlplodu wr wkh furvv surgxfw ri Jleev 6G yhfwru dqdo|vlv/
exw wkh gl�huhqfh lv wkdw wkh h{whulru surgxfw uxoh h{whqgv wr q glphqvlrqv +wkh
Jleev furvv surgxfw grhv qrw, dqg lv dvvrfldwlyh +Jleev surgxfw lv qrw,1 Dv0
vrfldwlyh phdqv E�d	�e�	�f ' �d	E�e	�f�= Lq 6G/ wkh Jleev furvv surgxfw |lhogv
�� E���� 9' E������

H{dpsoh 63 Pxowlso| D '
S

Dn�
n wlphv E '

S
Ep�

p D	E ' F

D	E ' iDn�
n j	 iEp�

pj +:16:,

' ===DnEn�
n	�n n ===DnEp�

n	�p n ===DpEn�
p	�n

' === f n ===DnEp�
n	�p � ===DpEn�

n	�p

' === ~DnEp � DpEnj�
n	�p===

' ===Fdnpo�
n	�p==

' ===Fdnpo�
dnpo===

' ===FK�
K

Qrwh wkdw D	E 9' E	D dqg wkdw wkh h{whulru surgxfw ri wzr hohphqwv ri wkh yhf0
wru vsdfh \�E�n� surgxfh d olqhdu frpelqdwlrq ri sdluhg edvlv hohphqwv ri wkh irup
E�n	�p�= Pruhryhu wkh frh!flhqwv ri wkhvh hohphqwv duh dozd|v dqwl0v|pphwulf
xqghu lqwhufkdqjh ri wkh sdluhg lqglfhv1 Wkh dqwl0v|pphwu| dqg wkh uxohv ri 40
irup pxowlsolfdwlrq shuplw wkh zulwlqj ri wkh surgxfw ri wzr 40irupv lq whupv ri
dqrwkhu yhfwru vsdfh/ zkrvh edvlv hohphqwv duh wkh dqwl0v|pphwulf sdluv E�n	�p�=
Wklv remhfw lv gh�qhg dv d 50irup1 Lw lv frqyhqwlrqdo wr uhzulwh wkh 50irup vr frq0
vwuxfwhg zlwkrxw uhshdwlqj edvlv hohphqw sdluv wkdw duh ri gl�huhqw vljq1 Wkdw lv/
\2E�n	�p� , \2E�dnpo� ' \2E�dKo�=
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Wkh v|peroK ' dnpo vwdqgv iru doo rughu sdluv zkhuh n ? p> dqg lv htxlydohqw
wr wkh vhw E�2> ��> �e=====2�> 2e=====�e===�= Lw lv dssduhqw wkdw wkh qxpehu ri rughuhg
vlqjohw edvlv hohphqwv lq 6 glphqvlrqv lv wkh vdph dv wkh qxpehu ri rughuhg dqwl0
v|pphwulf sdluv> exw wklv lv rqo| wuxh lq 6G1 Iru 7G/ wkh qxpehu ri vlqjohw edvlv
hohphqwv lv 7 dqg wkh qxpehu ri rughuhg dqwl0v|pphwulf sdluv lv 91 Wkh uhvxow ri
wkh h{whulru surgxfw lv wr surgxfh iurp hohphqwv ri rqh yhfwru vsdfh ri glphqvlrq q/
dqrwkhu hohphqw ri d gl�huhqw yhfwru vsdfh ri glphqvlrq qEq� ��@21 Lq wklv olplwhg
vhqvh wkh h{whulru surgxfw lv qrw forvhg1 Wkh h{whulru pxowlsolfdwlyh frpelqdwlrq
ri wzr remhfwv ri wkh vdph w|sh +40irupv, grhv qrw surgxfh dq remhfw ri wkh vdph
w|sh/ exw lqvwhdg surgxfhv d 50irup1 Wkh surfhvv ri h{whulru pxowlsolfdwlrq fdq eh
uhshdwhg zkhuh 5 0irupv duh pxowlsolhg e| 40irupv wr surgxfh 60irupv/ dqg 60irupv
duh pxowlsolhg e| 40irupv wr surgxfh 70irupv/ xowlpdwho| exloglqj d �forvhg� dojheud1
Wkh hohphqwv ri wkh forvhg dojheud zloo frqvlvw ri fodvvhv/ ru yhfwru vsdfhv zlwk edvlv
hohphqw grxeohwv/ �d	�e/ fodvvhv ri wulsohwv/ �d	�e	�f/ 111 dqg hyhq q0wxsohwv ri edvlv
yhfwruv/ l ' �d	�e	�f	===	�q= Krzhyhu/ wkh uxohv ri pxowlsolfdwlrq duh vxfk wkdw wkh
h{whulru pxowlsolfdwlyh frpelqdwlrq ri pruh wkdw q edvlv yhfwruv pxvw ydqlvk1 Khqfh
dq| hohphqw ri wkh dojheud wlphv dqrwkhu hohphqw ri wkh dojheud lv dq hohphqw ri wkh
dojheud/ ru }hur1 Lq wklv vhqvh/ wkh h{whulru dojheud lv forvhg1

Wkh grxeohwv duh fdoohg 50irupv/ wkh wulsohwv duh fdoohg 60irupv/ dqg wkh q0
wxsohwv duh fdoohg q0irupv1 Wkh pxowlsolfdwlrq uxohv ghprqvwudwh wkdw hdfk ri wkh
s0wxsohwv kdv d qxpehu ri olqhduo| lqghshqghqw hohphqwv htxdo wr wkh srvvleoh frpel0
qdwlrqv ri q wklqjv wdnh s dw d wlph1 Hdfk ri wkh s0wxsohwv irupv d yhfwru vsdfh edvlv
ri glphqvlrq htxdo wr wkh dssursuldwh frpelqdwruldo qxpehu ri Sdvfdo*v wuldqjoh1

Sdvfdo*v Wuldqjoh=

q ' � G �
q ' 2 G � 2 �
q ' � G � � � �
q ' e G � e S e �

Wkh yhfwru vxevsdfh glphqvlrq ri wkh 30irupv/ $f> lv 4> wkh glphqvlrq ri
wkh 40irupv/ $�> lv q/ wkh glphqvlrq ri wkh 50irupv/ $2> lv htxdo wr wkh qxpehu ri
frpelqdwlrqv ri q wklqjv wdnhq 5 dw d wlph +q+q04,25 lv htxdo wr 6 iru q @6/ htxdo wr
9 iru q @ 7/ hwf1,> wkh glphqvlrq ri wkh q 04 irupv/ $q3�> lv q/ wkh glphqvlrq ri wkh
q0irupv/ $q> lv 41 Wkh glphqvlrq ri wkh h{whulru dojheud lv wkh vxp ri wkh glphqvlrqv
ri doo yhfwru vsdfhv surgxfhg e| wkh h{whulru surgxfw> wklv glphqvlrq lv htxdo wr 2q1

Dv dq h{dpsoh frqvlghu wkh h{whulru dojheudv xs wr q@ 71 Wkh hohphqwv ri
Sdvfdo*v wuldqjoh |lhog d 40glphqvlrqdo +vfdodu, yhfwru vsdfh \f iru wkh 30irupv/ d 7
glphqvlrqdo yhfwru vsdfh \� iru wkh 40irupv/ d 9 glphqvlrqdo vsdfh \2 iru wkh 50irupv/
d 7 glphqvlrqdo yhfwru vsdfh \� iru wkh 60irupv/ dqg d 4 glphqvlrqdo yhfwru vsdfh \e

iru wkh q@7 irupv1

Iurp jhrphwulfdo vwxglhv lq 6 glphqvlrqv/ q@6/ wkh hohphqwv ri wkh 7 gl�huhqw
yhfwru vsdfhv duh fdoohg srlqwv/ olqhv/ vxuidfhv dqg yroxphv1 Iurp dssolfdwlrqv wr
6G phfkdqlfv/ wkh srvlwlrq yhfwru dqg wkh prphqwxp yhfwru duh iurp wkh yhfwru
vxevsdfh/ \�> dqg wkhlu h{whulru +furvv, surgxfw lv dq hohphqw ri wkh yhfwru vxevsdfh/



Fduwdq*v H{whulru Fdofxoxv 576

\21 Wkh idfw wkdw dqjxodu prphqwxp lv dq hohphqw ri d yhfwru vsdfh \2 lv zk| rqh
qhyhu vhhv dqjxodu prphqwxp dgghg wr olqhdu prphqwxp +zklfk lv dq hohphqw ri d
gl�huhqw yhfwru vsdfh \�� lq wkh hohphqwdu| phfkdqlfv wh{w errnv1 Iurp dssolfdwlrqv
wr vshfldo uhodwlylvwlf sk|vlfv lq 7 glphqvlrqv/ q@7/ wkh frh!flhqwv ri wkh hohphqwv
ri wkhvh �yh gl�huhqw yhfwru vxevsdfhv ri wkh h{whulru dojheud duh nqrzq dv vfdoduv/
yhfwruv/ whqvruv/ svhxgr0yhfwruv/ dqg svhxgr vfdoduv1

s� irupv lq eG f � 2 � e
r ri edvlv hohphqwv � e S e �
qdph Vfdoduv Yhfwruv Whqvruv Svhxgr0Yhfwruv Svhxgr0Vfdoduv

+:16;,
Wkh Fduwdq0Judvvpdqq h{whulru dojheud lq frqvlvwv ri d yhfwru vsdfh ri 5q +@

49 lq 7G, frpsrqhqwv zlwk q.4 +@ 8 lq 7G, gl�huhqw yhfwru vxevsdfhv1 Wkh dojheud
lv whfkqlfdoo| fdoohg d judghg dojheud1 Wkh h{whulru dojheud lv forvhg zlwk uhvshfw
wr pxowlsolfdwlrq/ iru doo srvvleoh surgxfwv ri wkh dojheud uhvlgh zlwklq wkh dojheud ri
5q glphqvlrqv +ru duh }hur,1 Wkh h{whulru surgxfw ri d s irup dqg d t0irup surgxfhv
d s.t irup/ ru }hur li s.t A q1 Lq hyhu| fdvh/ wkh kljkhu s0irupv fdq eh frqvwuxfwhg
iurp vxpv ri surgxfwv ri wkh vlqjohwv1 Doo hohphqwv ri wkh dojheud fdq eh frqvwuxfwhg
iurp olqhdu frpelqdwlrqv ri wkh sulplwlyh q edvlv hohphqwv/ �n dqg wkhlu surgxfwv1

D qlfh ihdwxuh ri wkh h{whulru dojheud +ehvlghv ehlqj forvhg, lv wkdw wkh gh�ql0
wlrqv ri v|perolf rshudwlrqv fdq eh ghvfulehg hqwluho| lq whupv ri 30irupv dqg 40irupv/
zkhq wkh froohfwlyh lqgh{ lv xvhg1 Hyhu| s0irup fdq eh uhzulwwhq lq whupv ri v|p0
erolf frh!flhqwv +30irupv, dqg edvlv hohphqwv +s0irupv iurp yhfwru vsdfhv ri gl�huhqw
glphqvlrqdolw| ri frxuvh, zlwk d irupdw vlplodu wr wkdw ri d 40irup1 Iru h{dpsoh/ iru
q @ 7/ wkhuh duh 9 hohphqwv ri wkh yhfwru vxevsdfh ri wzr irupv1 Wkdw lv/ wkhuh duh
9 lqghshqghqw qrq0}hur sdluv ri wkh 7 edvlv 40irupv �n iurp \� wkdw fdq eh xvhg dv
wkh edvlv hohphqwv ri \2 G qdpho| wkh vhw i��	�2> ��	��> ��	�e> �2	��> �2	�e> ��	�ej=
Li wkhvh edvlv sdluv duh jlyhq d qhz v|perolvp dv i��2> ���> ��e> �2�> �2e> ��ej>wkhq wkh
jhqhudo 50irup +iru q@7, fdq kdyh wkh h{sdqvlrq frh!flhqw 0 edvlv uhsuhvhqwdwlrq
jlyhq e| wkh irupxod=

I ' D�2�
�2 nD���

�� n ===nD�e�
�e ' DK�

K > +:16<,

zkhuh K lv wkh froohfwlyh lqgh{ ghvfulehg deryh iru rughuhg sdluv1 Wklv irupxod
iru wkh 50irup I lq 7 glphqvlrqv orrnv olnh d yhfwru irupxod iru d 40irup/ exw lq
vsdfh ri 9/ qrw 7/ glphqvlrqv> lw lv mxvw wkdw wkh lqgh{ odehov duh gl�huhqw1 Doo
ri wkh glvwlqfw edvlv frpelqdwlrqv zloo eh frpsohwho| dqwlv|pphwulf lq wkhlu lqglfhv
Es A �,1 Iru h{dpsoh/ K frxog eh wkh vhw ri wulsohv dl�> l2> l�o zlwk l� ? l2 ? l�> iru
wkh yhfwru vsdfh ri 6 irupv/ K frxog eh wkh vhw ri txdguxsohv dl�> l2> l�> leo zlwk
l� ? l2 ? l� ? le> iru wkh yhfwru vsdfh ri 7 irupv> hwf1 Zlwk wklv froohfwlyh lqgh{
qrwdwlrq/ frpelqdwruldo uxohv ri pxowlsolfdwlrq dqg gl�huhqwldwlrq ghyhorshg iru 4
irupv fdq eh dssolhg gluhfwo| wr kljkhu rughu s0irupv1

Wklv whfkqltxh/ zkhuh d 50irup h{sdqvlrq lq 7G zdv xvhg dv d 9 0 yhfwru/ zdv
dssolhg +lqwxlwlyho|B, pruh wkdq 93 |hduv djr e| Duqrog Vrpphuihog lq klv vwxglhv
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ri hohfwurpdjqhwlf v|vwhpv1 Wkh 6 frpsrqhqwv ri , dqg wkh 6 frpsrqhqwv ri �
iruphg wkh frpsrqhqwv ri wkh 90yhfwru1 +Vhh klv yroxphv rq Ohfwxuhv rq Wkhruhwlfdo
Sk|vlfv1, D vlplodu exw olwwoh xvhg 9 yhfwru frpsrvhg ri wkh dffhohudwlrq dqg yruwlflw|
fdq eh ghyhorshg iru d  xlg1 Lw lv qrw fohdu zkhwkhu Vrpphuihog nqhz wkh wkhru| ri
h{whulru gl�huhqwldo v|vwhpv dw wkh wlph ri klv 9 0 yhfwru ghyhorsphqw1

H{dpsoh 64 Lq 6G/ h{whulru pxowlso| wkh 40irup/ D> wlphv 50irup/ E wr surgxfh
wkh 60irup F ' D	E=

ED{g{nD|g| nD}g}�	EE{g|	g} nE|g}	g{nE}g{	g|�

' ED{E{ nD|E| nD}E}�g{	g|	g} ' F

Qrwh wkdw wklv surgxfw ri d 40irup dqg q04@604@5 0 irup surgxfhv d q 0 irup
zlwk d frh!flhqw wkdw orrnv wkh vdph dv wkh hxfolghdq lqqhu surgxfw ri wzr ruglqdu|
yhfwruv � ��1 Uhfdoo wkdw wkh 40irup kdv q frpsrqhqwv dqg wkh q04 irup kdv q
frpsrqhqwv1 Wkh hxfolghdq lqqhu surgxfw uhvxow lv ydolg lq doo glphqvlrqv/ q1

H{dpsoh 65 Lq 6G/ h{whulru pxowlso| wkh 40irup/ D> wlphv 40irup/ E wr surgxfh
wkh 50irup G ' D	E=

G ' ED{g{nD|g| nD}g}�	EE{g{nE|g| nE}g}�

' ED{E| � D|E{�g{	g|

nED|E} � D}E|�g|	g}

nED}E{ � D{E}�g}	g{

Qrwh wkdw wkh uhvxow kdv frh!flhqwv htxlydohqw wr wkh Jleev furvv surgxfw ri wzr
yhfwruv/ ���1

:1617 Wkh H{whulru Gl�huhqwldo1

Wkh h{whulru gl�huhqwldo lv d gh�qlwlrq ri d gl�huhqwldo surfhvv dfwlqj rq s0irupv/ $s1
Wkh rshudwlrq wdnhv wkh s0irup lqwr d s.4 irup1 Khqfh/ olnh wkh h{whulru surgxfw/

wkh h{whulru gl�huhqwldo jhqhudwhv d yhfwru lq d gl�huhqw yhfwru vxevsdfh ri wkh h{whulru
dojheud1

gE$s� , $sn�= +:173,

Rwkhu surshuwlhv ri wkh h{whulru gl�huhqwldo zloo eh ghvfulehg e| wkh uxohv iru glvwule0
xwlqj wkh rshudwru ryhu d surgxfw ri 40irupv +qrwh wkh rughu ri idfwruv dqg wkh plqxv
vljq prgl�fdwlrq ri wkh Olheql} uxoh iru wkh gl�huhqwldo ri d surgxfw ri vfdoduv ,

gED	E� ' gD	E �D	gE> +:174,
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dqg

gEgE$s�� , f= +:175,

Iru d surgxfw ri d s0irup dqg d t0irup/ lw iroorzv wkdw

gE$s	$t� ' g$s	$t � E���s$s	g$t> +:176,

Wkh hslwrph ri wkh h{whulru gl�huhqwldo lv wkh frqfhsw ri wkh wrwdo gl�huhqwldo
ri d vfdodu ixqfwlrq/ zklfk lv d idploldu rshudwlrq wkdw wdnhv wkh 30irup/ ru ixqfwlrq
$f ' �E|d�> lqwr wkh 40irup/ $� ' De g|

e=

gE$f� ' gi�E|d�j , iC�E|d�@C|ejg|e ' De g|
e ' $�> +:177,

Wkh ixqfwlrq frxog eh frqvwudlqhg vxfk wkdw wkh vhw �E|d� ' frqvwdqw gh�qhv dq
lpsolflw vxuidfh1 Lw iroorzv wkdw lq wkh frqvwudlqhg fdvh/ wkh wrwdo gl�huhqwldo lv dovr
}hur= gi�E|d�j ' f= Dq remhfw wkdw kdv }hur iru wkh ydoxh ri lwv h{whulru gl�huhqwldo
lv vdlg wr eh forvhg +lq dq h{whulru gl�huhqwldo 0 qrw dojheudlf 0 vhqvh,1 Iru frqvlvwhqf|
uhdvrqv qrwh wkdw wkh gl�huhqwldo edvlv hohphqwv v|perol}hg e| g|e duh gh�qhg wr eh
forvhg1 Wkdw lv/ gEg|e� ' f= Wkh h{whulru ghulydwlyhv ri dq duelwudu| edvlv/ �n> duh
QRW qhfhvvdulo| }hur/ exw gE�n� lv forvhg iru ggE�n� ' f=

Wkh h{whulru gl�huhqwldo ri d 40irup lv gh�qhg dv

g$� ' gEDe g|
e� ' EgDe�	g|

e nDe gEg|
e� +:178,

' ECDe@C|
h g|h�	g|e n f

' ECDe@C|
h � CDh@C|

e� g|h 	 g|e

' Idheo g|
dheo ' IdKog|

dKo=

Wkh froohfwlyh lqgh{ qrwdwlrq shuplwv wkh irupxod gh�qlqj h{whulru gl�huhqwldwlrq wr
eh jhqhudol}hg=

g$s ' gEDK g|K� ' EgDK�	g|
K +:179,

Vr wr frpsxwh wkh h{whulru ghulydwlyh ri dq| s 0irup/ �uvw frpsxwh wkh h{whulru + @
wrwdo gl�huhqwldo, ri wkh vfdodu frh!flhqwv gDK dqg wkhq h{whulru pxowlso| wkh uhvxow
lqwr wkh uhpdlqlqj edvh hohphqwv ri wkh irup g|K / frpsrqhqw e| frpsrqhqw1

Dovr qrwh wkdw wkh vshfldo 40irup zlwk judglhqw frh!flhqwv/ $� ' gi�E|d�j>
kdv dq h{whulru gl�huhqwldo htxdo wr

g$ ' gEgi�E|d�j� +:17:,

' ===iC2�E|d�@C|eC|fjg|f 	 g|e n ===n iC2�E|d�@C|fC|ejg|e 	 g|f

' ===iC2�E|d�@C|eC|f � C2�E|d�@C|fC|ejg|f 	 g|e

' f>
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iru F5 ixqfwlrqv1 Khqfh wklv vshfldo 40irup $� lv d forvhg 40irup/ dvvxplqj wkh
frh!flhqw ixqfwlrqv duh wzlfh gl�huhqwldeoh1 Krzhyhu/ dv wkh h{dpsoh 40irup $�

kdv d xqltxh sulplwlyh ixqfwlrq/ �E|d�> zkrvh h{whulru ghulydwlyh fuhdwhv $� ' g�> wkh
40irup $ lv vdlg wr eh qrw rqo| forvhg/ exw dovr h{dfw1 Wkh vdph frqfhswv krog iru
doo s irupv1 D s0irup lv forvhg li lwv h{whulru gl�huhqwldo ydqlvkhv/ dqg wkh s0irup
lv h{dfw li lw lv frqvwuxfwhg e| phdqv ri wkh h{whulru gl�huhqwldo rshudwlrq dfwlqj rq
vrph s04 irup1 Wkhuh duh gl�huhqwldo irupv wkdw duh forvhg exw qrw h{dfw/ dqg wkrvh
wkdw duh qhlwkhu h{dfw qru forvhg1 Wkh lpsruwdqfh ri forvhg dqg h{dfw/ ru forvhg exw
qrw h{dfw/ s0irupv lv wkdw wkh| fduu| wrsrorjlfdo lqirupdwlrq derxw wkh grpdlq ri
gh�qlwlrq1 Iru h{dpsoh/ lq d wzr glphqvlrqdo vxuidfh hyhu| kroh lv dvvrfldwhg zlwk
d xqltxh 40irup wkdw lv forvhg/ exw qrw h{dfw1 Wkh qxpehu forvhg exw qrw h{dfw
40irupv rq d grpdlq frxqwv wkh wrsrorjlfdo qxpehu ri krohv1 Wklv idfw lv wkh edvlv
ri wkh Erkp0Dkdudqry lghd lq HP wkhru|/ dqg lv dw wkh irxqgdwlrq ri wkh wkhru| ri
 ljkw lq whupv ri wkh Mrxnrzvnl wudqvirupdwlrq1

Vxssrvh wkdw wkh jlyhq h{whulru gl�huhqwldo s0irup lv h{suhvvhg lq whupv ri d
qrq0lqwhjudeoh edvlv vhw �K = Wkhq wkh h{whulru gl�huhqwldo irupxod ehfrphv

g$s ' gEDK �K� ' EgDK�	�
K nDKEg�

K� +:17;,

Qrz lw pxvw eh uhfrjql}hg wkdw wkh vhfrqg whup Eg�K� lv qrw qhfhvvdulo| }hur1 Vxfk
frpsolfdwlrqv dulvh zkhq wkh Iudph pdwul{ jhqhudwhv 40irupv E�n�zklfk duh qrw
forvhg1 Wkh edvlv Iudph lq wkdw fdvh lv qrw xqltxho| lqwhjudeoh1

Uhphpehu wkdw wkh h{whulru ghulydwlyh kdv wr eh dssolhg wr surgxfwv ri 40irupv
lq whupv ri d prgl�hg Ohleql} uxoh/ wkdw dowhuqdwhv lq vljq iru hyhu| rwkhu rgg idfwru1
Iru h{dpsoh/ wkh h{whulru ghulydwlyh ri wkh surgxfw ri wzr 40irupv lv

gE��	�2� ' g��	�2 � ��	g�2= +:17<,

H{dpsoh 66 Frpsxwh wkh h{whulru gl�huhqwldo ri wkh ixqfwlrq �E|d� ' E|��2 n
E|2�2 n E|��2 � �=

$ ' g�E|d� ' 2E|�g|� n |2 g|2 n |� g|��

Qrwh wkdw wkh }hur vhw ri wkh ixqfwlrq ghvfulehv d vskhulfdo 50vxuidfh/ dqg wkh frhi0
�flhqwv ri wkh ghgxfhg 40irup ghvfuleh wkh qrupdo �hog ruwkrjrqdo wr wkh wdqjhqw
yhfwruv rq wkh vxuidfh1 Gluhfw frpsxwdwlrq ghprqvwudwhv wkdw $ lv forvhg/ dv

g$ ' 2Eg|�	g|� n g|2	 g|2 n g|�	 g|�� ' f=

H{dpsoh 67 Frpsxwh wkh h{whulru gl�huhqwldo ri ED{g{n D|g| n D}g}�	EE{g{n
E|g| nE}g}�
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gED	E� ' gD	E � D	gE ' gEFdpqog|
dpqo� ' gEEFdpqo�	g|

dpqo

Wkh remhfw zklfk lv wkh uhvxow ri wkh h{whulru gl�huhqwldwlrq ri wkh 50irup frqvwuxfwhg
e| wkh surgxfw lv d 60irup zlwk frpsohwho| dqwlv|pphwulf lqglfhv1 Wkh prgl�hg
Ohleql} uxoh iru surgxfwv lv uhtxluhg wr pdnh wkh wzr zd|v ri frpsxwlqj wkh uhvxowdqw
60irup frpsdwleoh1

Wkh rshudwlrq ri wkh h{whulru gl�huhqwldo dfwlqj rq dq duelwudu| 40irup lv
gh�qhg dv

gEDnE|
d� �n� ' igEDnE|

d�j 	 �n nDnE|
d�	ig�nj +:183,

' iCDnE|
d�@C|ejg|ej 	�n nDnE|

d�	ig�nj=

Frqvlghu wkh fdvh zkhuh wkh duelwudu| 40irupv duh nqrzq wr eh olqhduo| uhodwhg wr wkh
gl�huhqwldov e| phdqv ri wkh olqhdu +Iudph, irupxodv/

���n� ' �I n
d E|�

�
mg|dl = Wkhq

gEDnE|
d� �n� ' iCEDnI

n
d �@C|

ejg|e 	 g|n

' iC eDd@C|
e � C eDe@C|

djg|e 	 g|n

' eIddeoE|�g|
e 	 g|n> +:184,

zkhuh

eDdE|� ' EDnE|�I
n
d E|�� +:185,

Wklv irupxod iru gE$�� ' gE eDdg|
d� ' eIddeoE|�g|

e 	 g|n ' eIddeoE|�g|
ddeo 'eIdKoE|�g|

dKo lv ydolg rq wkh lqlwldo vwdwh/ ru ydulhw| i|d> g|d�> zkhwkhu wkh Iudph
pdwul{ kdv dq lqyhuvh ru qrw1 Wkh frh!flhqwv ri wkh 50irup fruuhvsrqg wr wkh dqwl0
v|pphwulf frpsrqhqwv ri d �fxuo� +zkhq q @ 6,1 Krzhyhu/ wkh h{whulru gl�huhqwldo

surfhgxuh jhqhudol}hv wr vsdfhv ri kljkhu glphqvlrq1
Iru gl�huhqwldo irupv h{sdqghg lq whupv ri qrq0forvhg edvlv 40irupv/ wkh h{0

whulru gl�huhqwldo kdv wzr whupv1 Wkh �uvw whup lv mxvw wkh h{whulru surgxfw ri wkh
wrwdo gl�huhqwldo ri wkh frh!flhqw ixqfwlrq+v, dqg wkh uhpdlqlqj idfwru ri qrq0forvhg
edvlv irupv/ zkloh wkh vhfrqg whup lv wkh h{whulru surgxfw ri wkh ixqfwlrqv dqg wkh
h{whulru gl�huhqwldov ri wkh qrq0forvhg edvlv irupv1

Wkh rshudwlrq ri wkh h{whulru gl�huhqwldo dfwlqj rq d s0irup iroorzv wkdw vdph
irupxodv/ xvlqj wkh froohfwlyh rughuhg lqgh{/ K=

gEDKE|
d��K� ' igEDKE|

d�j 	�K nDKE|
d�	ig�Kj= +:186,

Ohwv h{dplqh pruh fduhixoo| wkh vlwxdwlrq iru wkh h{whulru gl�huhqwldo ri d 40irup
h{sdqghg lq whupv rq qrq0forvhg edvlv 40irupv1 Wkh rxwfrph ri wkh h{whulru gl�hu0
hqwldo surfhvv lv wr surgxfh d 50irup/ zklfk fdq eh h{sdqghg lq whupv ri surgxfwv ri
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40irupv1 Iru dq| sduwlfxodu edvlv 40irup/ �n/ wkh gl�huhqwldo lv d 50irup/ dqg dv vxfk
lw fdq eh h{sdqghg lq whupv ri wkh sdluhg edvlv hohphqwv/ �dpqo1 Wkdw lv

g�n ' \n
dpqoE|

h��dpqo +:187,

' \n
d�2o�

d�2o n ===n\n
d�eo�

d�eo

' \n
d�2o�

�	�2 n ===n\n
d�eo�

�	�e

Khqfh wkh h{whulru gl�huhqwldo ri d 40irup zkhuh wkh edvlv �n lv qrw lqwhjudeoh lv jlyhq
e| wkh irupxod

gEDn�
n� ' gDn 	 �n nDn\

n
dpqo �

dpqo +:188,

Zkhq wkh edvlv irupv �n duh forvhg lq d gl�huhqwldo vhqvh/ wkhq wkh frh!flhqwv \n
dpqo

ydqlvk1 Krz wklv uhodwhv wr D!qh dqg Wrsrorjlfdo wruvlrq zloo eh glvfxvvhg ehorz/
dorqj zlwk wkh wrslf ri dqkrorqrplf frruglqdwhv1

Wkh q edvlv 40irupv pxvw eh olqhduo| lqghshqghqw rwkhuzlvh wkh glphqvlrq ri
wkh yhfwru vsdfh \�i�nj lv qrw q= Wkh lpsolhv wkdw wkh h{whulru surgxfw ri wkh q
40irupv �n duh vxfk wkdw wkh q0irup vr frqvwuxfwhg lv qrw }hur1 Iru edvlv 40irupv
�n frqvwuxfwhg iurp d Iudph pdwul{ dffruglqj wr wkh irupxod

���n� ' �I n
d E|�

�
mg|dl/

wkh qrq0}hur surshuw| iru wkh q0irog surgxfw lpsolhv wkdw wkh Iudph pdwul{ kdv d
qrq0}hur ghwhuplqdqw1

$q ' ��	�2	===	�q ' _i|dI og|�	g|2====	g|q 9' f= +:189,

Vxfk grpdlqv duh hlwkhu srvlwlyh ru qhjdwlyh dqg duh wkhuhiru vdlg wr eh rulhqwdeoh1
Frpsxwh wkh h{whulru gl�huhqwldo ri wkh 40irup D ' g} n |g{� {g|

gD ' gg} n g|	g{� g{	g| ' f� 2Eg{	g|�

H{dpsoh 68 Wkh Judglhqw= Frpsxwh wkh h{whulru gl�huhqwldo ri wkh jhqhudo 30
irup �E{> |> }�

g�E{> |> }� ' C�@g{ g{n C�@g| g| n C�@g} g} '

Wkh frh!flhqwv irup wkh judglhqw ri wkh vfdodu ixqfwlrq +6G,

H{dpsoh 69 Wkh Fxuo= Frpsxwh wkh h{whulru gl�huhqwldo ri d jhqhudo 40irup
D ' ED{g{nD|g| nD}g}�

gD ' iCD|@C{�CD{@C|jg{	g|niCD}@C|�CD|@C}jg|	g}niCD{@C}�CD}@C{jg}	g{

Wkh frh!flhqwv irup wkh frpsrqhqwv ri wkh �fxuo D� lq 6G1



Fduwdq*v H{whulru Fdofxoxv 57<

H{dpsoh 6: Wkh Glyhujhqfh= Frpsxwh wkh h{whulru gl�huhqwldo ri wkh 50irup
Y ' Xg|	g} � Y g}	g{nZg{	g|

gY ' gX	g|	g} � gY 	g}	g{n gZ	g{	g|

Li V ' dXE{> |> }�> Y E{> |> }�>Z E{> |> }�> wkhq

gY ' CX@C{ g{	g|	g} n CX@C| g|	g|	g} n CX@C} g}	g|	g}

�CY@C{ g{	g}	g{� CY@C| g|	g}	g{� CY@C} g}	g}	g{

nCZ@C{ g{	g{	g| n CZ@C| g|	g{	g| n CZ@C} g}	g{	g|

' CX@C{ g{	g|	g} n f n f

�f� CY@C| g|	g}	g{� f

nf n f n CZ@C} g}	g{	g|

' iCX@C{n CY@C| n CZ@C}jg{	g|	g} ' glyEV�g{	g|	g}

Qrwh wkdw wkhvh dojheudlf lghdv gr qrw ghshqg xsrq wkh h{lvwhqfh ri d qrup
ru d phwulf1

H{dpsoh 6; Ghulydwlrq ri wkh Pd{zhoo Idudgd| lqgxfwlrq htxdwlrqv

Wkh Pd{zhoo0Idudgd| lqgxfwlrq htxdwlrqv duh d vhw ri sduwldo gl�huhqwldo htxd0
wlrqv wkdw duh orjlfdoo| ghgxfleoh vwduwlqj zlwk wkh rughuhg vhtxhqfh d�> 2> �> eo1 Qh{w
dvvxph wkh h{lvwhqfh ri �rughuhg frruglqdwh� yduldeohv jlyhq wkh v|perov d{> |> }> wo1
Qh{w dvvxph wkh h{lvwhqfh ri dq rughuhg vhw ri ixqfwlrqv ri wkh frruglqdwh yduldeohv/
zlwk v|perov dD{> D|> D}> !o1 Iurp wkhvh ehjlqqlqjv wkh Pd{zhoo 0 Idudgd| htxdwlrqv
iroorz dv d frqvhtxhqfh ri wkh H{whulru Fdofxoxv ri Fduwdq1

Frqvwuxfw wkh 40irup iurp wkh rughuhg vhw ri ixqfwlrqv dqg yduldeohv=

D ' D{g{nD|g| nD}g} � !gw= +:18:,

Qh{w frqvwuxfw wkh 50irup I ' gD= Wkhq frqvwuxfw wkh 60irup ggD zklfk pxvw
ydqlvk= ggD ' gI , f= Lq 7G wkh 60irup kdv 7 frh!flhqw ixqfwlrqv ri sduwldo
ghulydwlyhv wkdw pxvw ydqlvk1 Wkhvh SGH*v fruuhvsrqg lq irupdw wr wkh 7 Pd{zhoo 0
Idudgd| htxdwlrqv/ zlwk 6G v|perov

fxuo,n C�@Cw ' f gly� ' f> +:18;,

zkhuh wkh v|perov duh gh�qhg lq whupv ri wkh frh!flhqw ixqfwlrqv ri wkh 40irup +ri
srwhqwldov, dv/

, ' �judg!� C�@w � ' fxuo�= +:18<,
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Qrz wkh fkrlfh ri v|pero ixqfwlrqv dqg frruglqdwh ixqfwlrqv zdv frpsohwho| duelwudu|/
exw wkh irupdw ri wkh SGH*v wkdw vdwlvi| ggD ' gI , f duh dozd|v wkh vdph uhodwlyh
wr wkh rughulqj surfhvv1 H{shulphqwdoo|/ wkh orjlfdo htxdwlrqv ri Pd{zhoo 0 Idudgd|
kdyh ehhq h{sorlwhg lq hohfwurpdjqhwlf dssolfdwlrqv1 Krzhyhu/ wkh VDPH irupxodv
+gl�huhqw v|perov, duh dssolfdeoh wr k|gurg|qdplfv +dv zhoo dv rwkhu sk|vlfdo v|v0
whpv ri lqwhuhvw,1 Vxusulvlqjo|/ olwwoh kdv ehhq grqh zlwk wkh lqgxfwlrq htxdwlrqv lq
k|gurg|qdplfv1 Wkhvh duh qrw dqdorjlhv1 Wkhvh duh frqvhtxhqfhv ri wkh orjlf ri wkh
H{whulru Fdofxoxv dqg kdyh xqlyhuvdo dssolfdelolw|1

:1618 Wkh Lqwhulru Surgxfw

Wkh lqwhulru surgxfw lv dq rshudwlrq rq s irupv wkdw uhtxluhv d gluhfwlrq Yhfwru �hog/
Y= Wkh lqwhulru surgxfw orzhuv wkh ghjuhh ri d s0irup/ fkdqjlqj d s0irup lqwr d s04
irup1 Wkh lqwhulru surgxfw ri d Yhfwru gluhfwlrq �hog dqg d }hur irup +ixqfwlrq, lv
gh�qhg wr eh }hur1 Wkh v|pero iru wkh lqwhulru surgxfw khuhlq lv wdnhq wr eh lEY �= Wkh
lqwhulru surgxfw ri d Yhfwru �hog dqg dq h{dfw edvlv hohphqw htxdo wr wkh gl�huhqwldo
ri d frruglqdwh g|d lv qrw }hur/ exw lv gh�qhg wr htxdo wr wkh dwk frpsrqhqw ri Y=
Khqfh wkh ixqgdphqwdo gh�qlwlrqv fdq eh zulwwhq dv

lEY ��E|d� ' f > lEY �g|d ' Y d= +:193,

Lw iroorzv wkdw wkh lqqhu surgxfw zlwk uhvshfw wr wkh yhfwru �hog Y dfwlqj rq d 40irup/
D ' ED{g{nD|g| nD}g}� lv jlyhq e| wkh h{suhvvlrq=

lEY �D ' lEY �ED{g{nD|g| nD}g}� ' ED{Y
{ nD|Y

| nD}Y
}� +:194,

Dq dgglwlrqdo uxoh lv uhtxluhg wr wdnh fduh ri wkh dqwl v|pphwulhv ri gl�huhqwldo irupv1
Wkdw lv iru wkh surgxfw D	E ri wzr 40irupv/ wkh lqwhulru surgxfw zlwk uhvshfw wr Y
ehfrphv

lEY �iD	Ej ' ElEY �D�	Ej �D	ElEY �E�

dqg

lEY �lEY �D ' f +:195,

vlplodu wr wkh prgl�hg Ohleql} uxoh iru wkh h{whulru gl�huhqwldo11 Rwkhu h{suhvvlrqv
fdq eh zrunhg rxw iru kljkhu s0irupv fdq eh zrunhg rxw xvlqj wkhvh uxohv/

lEY �lEY �$s ' f lEY �lEZ �$s 9' lEZ �lEY �$s

H{dpsoh 6< Frpsxwh wkh lqwhulru surgxfw ri M ' dM{> M|> M}o lq 6G
zlwk wkh 60irup yro hohphqw Y ro ' g{	g|	g}

lEM�Y ro ' M{g|	g} � M|g{	g} n M}g{	g|=
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H{dpsoh 73 Frpsxwh wkh lqwhulru surgxfw ri Y ' dY {> Y |> Y }ozlwk wkh 50irup
lEM�Y ro

lEY �ilEM�Y roj ' lEY �iM{g|	g} � M|g{	g} n M}g{	g|j

' EM|Y } � M}Y |�g{n EM}Y { � M{Y }�g| n EM{Y | � M|Y {�g}=

Qrwh wkdw wkh frqvwuxfwlrq +lq 6G, ri wkh grxeoh lqwhulru surgxfw jhqhudwhv frh!flhqwv
htxdo wr wkh furvv surgxfw ri wkh wzr gl�huhqw yhfwru �hogv/ M dqg Y / dqg wkh grxeoh
lqwhulru surgxfw zlwk wkh vdph yhfwru lv }hur1

:1619 Wkh Olh Gl�huhqwldo

Wkh Olh gl�huhqwldo zlwk uhvshfw wr d yhfwru �hog jhqhudwhv d s0irup &s iurp d s0irup
$s 1 Lw lv frqvwuxfwhg iurp wkh udlvlqj rshudwru g dqg wkh orzhulqj rshudwru lEY �=
Wkh jhqhudo irupxod lv

$s , &s G OEY �$
s ' lEY �g$s n gElEY �$s ' &s= +:196,

Pduvghq kdv fdoohg wklv Fduwdq*v Pdjlf irupxod1 Wkh uhdvrq lv wkdw prvw ri wkh
htxdwlrqv ri phfkdqlfv fdq eh sxw lqwr wklv irup ru ghulyhg iurp lwv frqvwuxfwlrq1
Iru h{dpsoh/ wkrvh surfhvvhv Y zklfk duh �Kdplowrqldq� surfhvvhv duh wkrvh Y vxfk
wkdw lEY �g$s lv h{dfw1 Lw lv dovr uhpdundeoh wkdw wklv irupxod lv htxlydohqw wr wkh �uvw
odz ri wkhuprg|qdplfv1 Frqvlghu d 40irup ri Dfwlrq/ D> wkdw suhvhqwv d sk|vlfdo
v|vwhp +wklv zloo eh grqh lq ghwdlo lq odwhu vhfwlrqv,1 Wkhq frqvlghu d yhfwru �hog
Y wkdw uhsuhvhqwv dq hyroxwlrqdu| surfhvv1 Gh�qh wkh 30irup +vfdodu ixqfwlrq, ri
lqwhuqdo hqhuj| dv X ' lEY �D> wkh 40irup ri Zrun dv Z ' lEY �gD> dqg wkh rxwsxw
40irup &s dv T= Wkhq Fduwdq*v Pdjlf irupxod ehfrphv

OEY �D ' lEY �gDn gElEY �D ' Z n gX ' T +:197,

zklfk lv wr eh uhfrjql}hg dv wkh �uvw odz ri wkhuprg|qdplfv iru d sk|vlfdo v|vwhp D
xqghujrlqj dq hyroxwlrqdu| surfhvv Y 1 Wklv uhvxow zloo eh h{sorlwhg lq odwhu vhfwlrqv1

H{dpsoh 74 Frpsxwh wkh Olh gl�huhqwldo zlwk uhvshfw wr Y ' dI> Y> �o dfwlqj rq wkh
4�irup

D ' sgt �KEs> t> w�gw lq 6 glphqvlrqv1 Wkh edvlv hohphqwv duh dgs> gt> gwo=

OEY �D ' lEY �gDn gElEY �D�

' lEY �igs	gt � gK	gwjn gEsY �K�

' lEY �igs	gt � CK@Cs gs	gw� CK@Ct gt	gwjn gEsY �K�

' Igt � Y gs� I ECK@Cs�gw� Y ECK@Ct�gwn gK n gEsY �K�

' I Egt � CK@Csgw�� Y Egsn CK@Ctgw� n gEsY �
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Qrwh wkdw wkh UKV ri wkh htxdwlrq deryh lv d shuihfw gl�huhqwldo iru doo hyroxwlrqdu|
yhfwru �hogv zlwk frpsrqhqwv Y ' dI> Y> �o> li wkh wzr eudfnhw idfwruv ydqlvk1 Wkhuh0
iru/ yhfwru �hogv wkdw duh jhqhudwhg iurp wkh sduwldo ghulydwlyhv ri KEs> t> w� dffruglqj
wr wkh irupxodv/

Egt � CK@Csgw� , f � Y ' CK@Cs +:198,

Egs� CK@Ctgw� , f � I ' �CK@Cs>

zklfk surgxfh d 40irup ri khdw T zklfk lv forvhg/ gT , f= Vxfk surfhvvhv +yhfwru
�hogv, duh gh�qhg wr eh Kdplowrqldq yhfwru �hogv +surfhvvhv,1 Kdplowrqldq g|qdp0
lfv lv wkh +frqvwudlqhg, grpdlq ri pxfk ri wkhruhwlfdo phfkdqlfv1 Wkh grpdlq lv
frqvwudlqhg/ dv wkh 60irup T	gT , f= Vxfk surfhvvhv duh wkhq dozd|v wkhuprg|0
qdplfdoo| uhyhuvleoh1 Odwhu rq/ luuhyhuvleoh surfhvvhv iru zklfk T	gT 9' f zloo eh
vwxglhg1

Rqh qrwhv iru Kdplowrqldq surfhvvhv/

OEY �K ' lEY �gK +:199,

' ICK@Csn Y CK@Ct n CK@Cw

' IY � Y I n CK@Cw

' CK@Cw>

vr wkdw li K lv lqghshqghqw iurp wlph/ wkhq K lv dq hyroxwlrqdu| lqyduldqw1 Lq
phfkdqlfv/ wkh ixqfwlrqK lv w|slfdoo| gh�qhg wr eh htxdo wr eh wkh vxp ri nlqhwlf dqg
srwhqwldo hqhuj|/ K ' s2@2pn*E{�> vr wkdw wlph lqghshqghqw Kdplowrqldq surfhvvhv
�frqvhuyh hqhuj|�1 Hyhq li wkh Kdplowrqldq lv d ixqfwlrq ri wlph/ Kdplowrqldq
surfhvvhv duh wkhuprg|qdplfdoo| uhyhuvleoh/ dv T	gT ' f=

:161: Wkh Sxoobedfn zlwk h{dpsohv=

Iluvw frqvlghu gl�huhqwldo irupv zkrvh frh!flhqwv zrxog eh fryduldqw whqvru �hogv/ li
wkh Mdfreldq pdwul{ kdv dq lqyhuvh1 D w|slfdo uhsuhvhqwdwlrq lv d 40irup zulwwhq lq
whupv ri wkh yduldeohv rq wkh �qdo vwdwh dv=

D ' D�E{
�� g{� ' kD�E{

��m � mg{�l = +:19:,

Frqvlghu wkh gl�huhqwldeoh qrq0olqhdu pds

! G |n , {� ' !�E|m�> +:19;,

g! G g|n , g{� '
�
C!�E|m�@C|n

�
g|n '

�
M�
n E|

m�
�
�
�� g|n� = +:19<,

Vxevwlwxwh wkhvh irupxodv lqwr wkh h{suhvvlrq iru wkh gl�huhqwldo 40irup h{suhvvhg lq
whupv ri wkh lqghshqghqw yduldeohv rq wkh �qdo vwdwh=

D ' kD�E{
��m � mg{�l '



D�E!

�E|m��
�� � �M�

n E|
m�
�
�
�� g|n� +:1:3,

'


DnE|

m�
�� � �� g|n� = +:1:4,
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Wkh frh!flhqwv


DnE|

m�
�� duh zhoo gh�qhg ixqfwlrqv rq wkh lqlwldo vwdwh/ zlwk dujxphqwv

lq whupv ri wkh lqlwldo vwdwh yduldeohv1 Qrz li wkh pds iurp lqlwldo wr �qdo vwdwh lv
vxfk wkdw wkh Mdfreldq lv dq lqyhuwleoh pdwul{/ wkhq wkh frh!flhqw yduldeohv

kD�E{
��m �

�
M�
n E|

m�
�
'


D�E!

�E|m��
�� � �M�

n E|
m�
�
'


DnE|

m�
�� +:1:5,

lv htxlydohqw wr wkh wudqvirupdwlrq uxohv ri d fryduldqw whqvru �hog lq fodvvlf whqvru
dqdo|vlv=

sxoobedfn Uxoh G D�C{
�@C|n ' Dn +:1:6,

Qrwh= Wkh sxoobedfn frh!flhqwv duh qrw whqvru htxlydohqwv zkhq wkh Mdfreldq pdwul{
lv qrw lqyhuwleoh1 Krzhyhu/ wkh sxoobedfn lv dozd|v zhoo gh�qhg lq whupv ri wkh
odqjxdjh zklfk xvhv wkh Mdfreldq pdwul{ wudqvsrvh1 Wkh wudqvsrvh dozd|v h{lvwv
hyhq wkrxjk wkh lqyhuvh grhv qrw1

H{dpsoh 4= sxoobedfn ri d 40irup

Frqvlghu wkh h{dpsoh pds iurp 6 wr 6 glphqvlrqv/ iru zklfk dq lqyhuvh Mdfreldq
grhv qrw h{lvw1

! G i[>\> ]j , i{> |> }j ' i[\> \ �> [j +:1:7,

g! G ig[> g\> g]j , ig{> g|> g}j ' i\ g[ n[g\> �\ 2g\> g[j +:1:8,

Mdfreldq dM�
n E[�o '

�
C!�E{m�@C[n

�
'

57 \ [ f
f �\ 2 f
� f f

68 +:1:9,

_i| dM�
n E[�o ' f +:1::,

Jlyhq rq ilqdo vwdwh D ' | g{� {g| n g} +:1:;,

Vxevwlwxwh ! dqg g! ' \ �E\ g[ n[g\ ��[\ �\ 2g\ n g[

sxoobedfn wr lqlwldo vwdwh ' E\ e n ��g[ � E2\ �[�g\ n fg] +:1:<,
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Frhiilflhqwv rq ilqdo vwdwh kD�m ' d|> �{ >n�o +:1;3,

sxoobedfn wr lqlwldo vwdwh


Dn

�� ' dE\ e n ��> �E2\ �[�> fo +:1;4,

' kD�m � dM
�
n o +:1;5,

' k|> �{ >n�m �

57 \ [ f
f �\ 2 f
� f f

68 +:1;6,

'


|\ n � > |[ � {�\ 2> f

�� +:1;7,

'


E\ e n ��> �E2\ �[�> f

�� +:1;8,

Wkh h{dpsoh ghprqvwudwhv wkh idfw wkdw wkh frh!flhqwv ri wkh gl�huhqwldo irupv gr
qrw ehkdyh dv whqvruv zlwk uhvshfw wr wkh qrq0lqyhuwleoh/ exw gl�huhqwldeoh pds1 \hw/
hyhu|wklqj lv zhoo gh�qhg/ ixqfwlrqdoo|/ zlwk uhvshfw wr wkh sxoobedfn rshudwlrq1

H{dpsoh 5= sxoobedfn ri d 50irup

Iru wkh vdph pds jlyhq lq wkh �uvw h{dpsoh/ frqvlghu wkh 50irup ehorz

Jlyhq rq ilqdo vwdwh

I ' I{|g{	g| n I|}g|	g} n I}{g}	g{ +:1;9,

Vxevwlwxwh

' I{|E�\
�g[	g\ �� I|}E�\

2�g[	g\ n I}{E[g[	g\ � +:1;:,

sxoobedfn wr lqlwldo vwdwh

' iI{|E�\
��� I|}E�\

2� n I}{E[�jg[	g\ +:1;;,

Frhiilflhqwv rq ilqdo vwdwh

kI��m ' kI{|> I|} > I}{m +:1;<,

sxoobedfn wr lqlwldo vwdwh

I[\

�� '


i�I|}E�\

2� n I}{E[� n I{|E�\
��j> f> f

�� +:1<3,

H{dpsoh 61 sxoobedfn ri d frqwudyduldqw whqvru ghowd ghqvlw| dqg wkh
dgmrlqw Mdfreldq

Qrz frqvlghu wkh yroxph hohphqw 60irup

Y ro� G' g{	g|	g} ' E_i|dM o�g[	g\ 	g] +:1<4,

dqg wkh Fxuuhqw Q04 irup ghowd0ghqvlw|/

F ' lEF��Y ro� ' F{g|	g} � F|g}	g{n F}g{	g|= +:1<5,
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Wkh dgmrlqw pdwul{ wr wkh Mdfreldq +iru zklfk qr lqyhuvh h{lvwv, lv

dDgM o '

57 f f f
f f f

��\ 2 [ �\ �

68 = +:1<6,

Vxevwlwxwlrq |lhogv

F ' �F{E�\ 2�g[	g\ n F|E[g[	g\ � n F}�\ �g[	g\ +:1<7,

' i�E�\ 2�F{ n E[�F| n �\ �F}jg[	g\ +:1<8,

' F
]
g[	g\> +:1<9,

iurp zklfk lw lv dssduhqw wkdw�������
F
[

F
\

F
]

.
+ dDgM o �

������
F{

F|

F}

.
= +:1<:,

Qrwh wkdw wkhvh uhvxowv duh ydolg iru wkh fdvh zkhuh wkh lqyhuvh Mdfreldq grhv qrw
h{lvw1

Iru wkrvh fdvhv zkhuh wkh lqyhuvh pdwul{ grhv h{lvw/ lw lv dssduhqw wkdw wkh
Fxuuhqw frh!flhqwv gr qrw wudqvirup dv d frqwudyduldqw whqvru/ exw lqvwhdg wudqvirup
dv d frqwudyduldqw whqvru ghowd ghqvlw|= Pxowlsolfdwlrq ri erwk vlghv ri wkh suhfhglqj
htxdwlrq e| wkh Mdfreldq pdwul{ |lhogv=

dM�
n o � mF

n
E\ m�l ' M�

nF
n
, { � F�E{� ' E_i| dM�

n o� � F
�E{�= +:1<;,

Li wkh frh!flhqwv wudqviruphg dv d frqwudyduldqw whqvru/ wkhq wkh suhfhglqj irupxod
zrxog kdyh ehhq zulwwhq dv

M�
nF

n
, F�E{�= +:1<<,

Whqvru ghowd ghqvlwlhv duh vhqvlwlyh wr wkh vljq dqg pdjqlwxgh ri wkh ghwhuplqdqw ri
wkh pdsslqj1

:161; Vrph Wrsrorjlfdo Ihdwxuhv

Wkh frqfhswv ri lqwhuvhfwlrqv/ forvxuh/ dqg olplw srlqwv duh ixqgdphqwdo wrsrorjlfdo
frqfhswv wkdw kdyh d uhodwlrqvklsv wr wkh Fduwdq Fdofxoxv1 Lq fhuwdlq vlwxdwlrqv
wkh h{whulru surgxfw h{klelwv surshuwlhv ri lqwhuvhfwlrq rshudwru/ dqg wkh h{whulru
ghulydwlyh h{klelwv surshuwlhv ri d olplw srlqw rshudwru1 Pruh irupdoo|/ jlyhq d
grpdlq zlwk wzr h{dfw 40irupv lq 6G/ wkh h{whulru surgxfw ri wkh wzr h{dfw 40irupv
+li qrw }hur, uhsuhvhqwv wkh srlqwv ri lqwhuvhfwlrq ri wkh wzr lpsolflw vxuidfhv jhqhudwhg
e| wkh wzr ixqfwlrqv zkrvh judglhqw frh!flhqwv pdnh xs wkh frpsrqhqwv ri wkh wzr
h{dfw 40irupv1

H{dpsoh 75 Wkh h{whulru surgxfw dqg wkh frqfhsw ri lqwhuvhfwlrq1
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Frqvlghu wzr 40irupv fuhdwhg e| dsso|lqj wkh h{whulru gl�huhqwldo wr wzr glv0
wlqfw ixqfwlrqv �E{> |> }� dqg �E{> |> }�= Wkh frh!flhqwv ri g� ' judgE���gh irup wkh
judglhqw �hog judgE�� zklfk lv shushqglfxodu wr wkh lpsolflw vxuidfh �E{> |> }� ' f=
Vlploduo|/ g� ' judgE�� � gh lpsolhv wkdw wkh judglhqw frh!flhqwv judgE�� duh shu0
shqglfxodu wr wkh lpsolflw vxuidfh �E{> |> }� ' f= Li wkh wzr lpsolflw vxuidfhv lqwhuvhfw/
wkhq h{whulru surgxfw ri wkh wzr 40irupv fuhdwh d 50irup/ M ' g�	g�> zklfk lv qrw
}hur1 Wkh frpsrqhqwv ri wkh 5 irup/ M> fdq eh lqwhusuhwhg dv d frqwudyduldqw yhfwru
lq 6G/ zklfk lv wdqjhqw wr wkh srlqwv lq frpprq +lqwhuvhfwlrqv, wkdw pdnh xs wkh
lqwhuvhfwlrq ri wkh wzr vxuidfhv1 Iru q ' � / wkh qxpehu ri frpsrqhqwv ri d 50irup
duh 6/ dqg duh lq djuhhphqw zlwk wkh 6G furvv0surgxfw irupxodv ri Jleev1

H{dpsoh 76 Wkh h{whulru ghulydwlyh lv d olplw srlqw jhqhudwru1

Iurp dqrwkhu srlqw ri ylhz/ lw lv srvvleoh wr ghgxfh d wrsrorjlfdo vwuxfwxuh
iurp d jlyhq 40irup D rq wkh grpdlq1 Wkh lw lv srvvleoh wr vkrz wkdw wkh h{whulru
ghulydwlyh/ uhodwlyh wr wklv Fduwdq wrsrorj|/ dfwv dv d jhqhudwru ri wkh olplw srlqwv ri
wkh jlyhq wrsrorj|1 Wklv lv jlyhq ixuwkhu fuhghqfh iurp wkh sk|vlfdo lghd wkdw wkh gl0
yhujhqfh +dq dssolfdwlrq ri wkh h{whulru ghulydwlyh, ri wkh # �hog lq hohfwurpdjqhwlvp
kdv �qlwh ydoxhv wkdw whuplqdwh rq fkdujhv1 Wkdw lv/ wkh Idudgd| olqhv ri # frph
iurp olplw srlqwv ri srvlwlyh fkdujh dqg zlqg xs rq olplw srlqwv ri qhjdwlyh fkdujh1
Krzhyhu/ wkh frqfhsw wkdw wkh h{whulru gl�huhqwldo g lv d olplw srlqw rshudwru lv pruh
irupdo/ dqg kdv d edvlv lq Nxudwrzvnl*v forvxuh rshudwru1

H{dpsoh 77 Wkh Olh gl�huqwldo fdq eh xvhg wr vhohfw wrsrorjlfdo lqyduldqwv ri d
surfhvv1

Wkh Olh gl�huqwldo zlwk uhvshfw wr d yhfwru �hog Y pd| eh frqvwuxhg dv d
frqyhfwlyh sursdjdwru ghvfulelqj wkh  rz ri wkh srlqwv ri d s0irup grzq wkh  rz
olqhv jhqhudwhg e| Y1 Li wkh s0irup lv lqwhjudwhg ryhu d grpdlq ri vxfk  rzlqj
srlqwv/ wkhq lw lv srvvleoh wr dvn li wkh lqwhjudo lv dq lqyduldqw ri wkh  rz1 Pruhryhu
lw lv srvvleoh wr dvn li wkh  rzlqj srlqwv duh glvwruwhg dqg ghiruphg/ grhv wkh lqwhjudo
ryhu wkh ghiruphg srlqwv htxdo wkh lqwhjudo ryhu wkh qrq0ghiruphg srlqwv1 Li lv
wuxh wkdw wkh ydoxh ri wkh lqwhjudo lv xqfkdqjhg e| frqwlqxrxv ghirupdwlrq/ wkhq wkh
lqwhjudo pxvw uhsuhvhqw d wrsrorjlfdo surshuw|1

Wr ghirup wkh  rzlqj srlqwv lv hdv| hqrxjk> mxvw pxowlso| wkh ruljlqdo yhfwru
�hog Y e| d ixqfwlrq ri +vd|, �E{> |> }> w�1 Wkh ixqfwlrq � grhv qrw fkdqjh wkh  rz
olqhv jhqhudwhg e| Y> exw lw grhv ghirup wkh srlqwv wkdw pdnh xs wkh  rzolqhv e|
vwuhwfklqj ru frpsuhvvlrq dorqj wkh  rz olqhv1 Wkhq Y , �Y dqg OEY � , OE�Y �>
dqg wkh Olh gl�huhqwldo ehfrphv d ghirupdwlrq rshudwru1 Li lw fdq eh vkrzq wkdw li

OE�Y �

L
D '

L
lE�Y �gDn

L
gElE�Y �D� ' f +:1433,

iru dq| ixqfwlrq � wkhq wkh forvhg lqwhjudo
K
D lv d ghirupdwlrq lqyduldqw ri wkh

surfhvv1 Qrwh wkdw wkh vhfrqg lqwhjudo dozd|v ydqlvkhv/
K
gElE�Y �D� ' f> dv wkh
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lqwhjudqg lv dq h{dfw shuihfw gl�huhqwldo1 Iru wkh �uvw lqwhjudo wr ydqlvk iru duelwudu|
ghirupdwlrq sdudphwhu/ �/ wkh lqwhjudqg pxvw eh }hur1 Wklv ohdgv wr wkh frqfoxvlrq
wkdw

li lE�Y �gD ' �lEY �gD ' f dq| �> +:1434,

wkhq

L
D ' ghirupdwlrq lqyduldqw

Khqfh li wkh Zrun 40irup lv }hur/ Z ' lEY �gD , f wkhq wkh forvhg lqwhjudo ri wkh
Dfwlrq

K
D lv d wrsrorjlfdo surshuw| +ri wkdw surfhvv,1 Fduwdq kdv vkrzq wkdw d

qhfhvvdu| dqg vx!flhqw frqglwlrq iru d surfhvv wr eh d Kdplowrqldq surfhvv/ lv wkdw
wkh forvhg lqwhjudo ri wkh Dfwlrq vkrxog eh d wrsrorjlfdo lqyduldqw ri wkh surfhvv1

H{dpsoh 78 Wkh �uvw odz ri wkhuprg|qdplfv lv uhodwhg wr d wrsrorjlfdo vwdwhphqw
ri Frkrprorj|1

D qrq0h{dfw forvhg s irup T lv gh�qhg wr eh Frkrprorjrxv wr dqrwkhu qrq0

h{dfw forvhg s0irup/ Z/ li wkh gl�huhqfh ehwzhhq wkh wzr s0irupv lv h{dfw1 Wklv
phdqv wkdw wkh lqwhjudov ri wkh wzr gl�huhqw s0irupv ryhu dq| forvhg lqwhjudwlrq sdwk
+f|foh ru erxqgdu|, duh wkh vdph1 Iru qrq0h{dfw/ forvhg/ 40irupv ri Khdw/ T/ dqg
Zrun/ Z/ wkh frkrprorjlfdo vwdwhphqw lv wkh jhup ri wkh Iluvw Odz=

T�Z ' gX=

Lw zdv qrwhg deryh wkdw wkh Olh gl�huhqwldo zlwk uhvshfw wr d yhfwru �hog +surfhvv,
dfwlqj rq d sk|vlfdo v|vwhp ghvfulehg e| d 40irup ri Dfwlrq/ lv hvvhqwldoo| d Frkrpr0
orjlfdo vwdwhphqw ri wkh �uvw odz1 Wkh Olh gl�huhqwldo lv d Frkrprorjlfdo jhqhudwru1

H{dpsoh 79 Wkhuprg|qdplf Lvrodwlrq dqg Iurehqlxv lqwhjudelolw|1

Lq wkhuprg|qdplfv/ lw lv uhfrjql}hg wkdw wkhuh duh lvrodwhg/ forvhg/ dqg rshq
v|vwhpv1 Wkhvh zrugv duh dovr xvhg wr ghvfuleh wrsrorjlfdo surshuwlhv1 D vhw lv
wrsrorjlfdoo| lvrodwhg li lw kdv qr lqwhuvhfwlrq zlwk lwv olplw srlqwv1 Wklv uhvxow
wudqvodwhv wr D	gD ' f iru d jlyhq 40irup dqg lwv lqgxfhg Fduwdq wrsrorj|1 Wkh
frqvwudlqw ri lvrodwlrq lv dovr htxlydohqw wr wkh Iurehqlxv lghd ri xqltxh lqwhjudelolw|1
Wkdw lv zkhq D	gD ' f> wkhuh h{lvwv d xqltxh ixqfwlrq zkrvh judglhqw +ru vxuidfh
qrupdo, lv sursruwlrqdo wr wkh jlyhq frh!flhqwv ri wkh jlyhq 40irup1 Fdudwkhrgru|*v
vwdwhphqwv derxw lqdffhvvleoh vwdwhv lv d vwdwhphqw uhodwhg wr wkh frqfhsw ri lvrodwlrq
dqg frqqhfwlylw| wr dq htxloleulxp v|vwhp1 Zkhq D	gD ' f +qr pdwwhu zkdw wkh
glphqvlrq ri wkh frruglqdwh vsdfh kdsshqv wr eh, wkhuh h{lvwv d wudqvirupdwlrq wr
d grpdlq ri wzr lqghshqghqw ixqfwlrqv wkdw zloo ghvfuleh wkh surshuwlhv ri wkh 40
irup1 Wkdw lv/ wkh 40irup fdq eh zulwwhq dv !g"> dqg lwv frh!flhqw ixqfwlrqv duh
sursruwlrqdo wr d judglhqw/ g"= Wkh sureohp ehfrphv hvvhqwldoo| d wzr glphqvlrqdo
sureohp1
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Wkh surshuw| ri lvrodwlrq lv d wrsrorjlfdo surshuw|/ khqfh li d surfhvv fdxvhv
D	gD 9' f wr fkdqjh wr D	gD ' f> ru iurp d vwdwh zkhuh D	gD ' f wr d vwdwh zkhuh
D	gD 9' f/ d wrsrorjlfdo fkdqjh kdv wdnh sodfh1 Lq k|gurg|qdplfv/ doo vwuhdpolqh
 rzv vdwlvi| D	gD ' f= Khqfh wxuexohqw  rzv pxvw lqyroyh grpdlqv zkhuh D	gD 9'
f= Wkh wudqvlwlrq wr +iurp, wxuexohqfh iurp +wr, d vwdwh ri qrq0wxuexohqfh pxvw
lqyroyh wrsrorjlfdo fkdqjh1

Lw vkrxog eh phqwlrqhg wkdw zlwk uhvshfw wr gl�hrprusklf wudqvirupdwlrqv/
ru pruh vlpso| wkrvh wudqvirupdwlrqv wkdw suhvhuyh sxuh jhrphwulfdo surshuwlhv/ wkh
gl�huhqfhv ehwzhhq frqwudyduldqw dqg fryduldqw frqfhswv fdqqrw eh glvwlqjxlvkhg1
Zlwk uhvshfw wr dq djlqj surfhvv lqyroylqj wrsrorjlfdo fkdqjh/ wkh ehkdylru ri wkh
wzr frqfhswv lv revhuydeo| gl�huhqw1

:17 Srlqw Vhw Wrsrorj|

Lq rughu wr hvwdeolvk d irxqgdwlrq iru wrsrorjlfdo hyroxwlrq/ dq lqwurgxfwlrq wr wrsr0
orjlfdo lghdv dqg gh�qlwlrqv lv suhvhqwhg lq whupv ri srlqw vhw phwkrgv iru zklfk
wkh wrsrorjlfdo frqfhswv fdq eh h{klelwhg lq whupv ri vlpsoh h{dpsohv1 Wklv h{srvh
ri wrsrorj| jlyhq lq wklv prqrjudsk zloo qrw eh frpsohwh/ dqg zloo qrw fryhu doo ri
wrsrorjlfdo wkhru|1 Rqo| wkrvh sduwv ri wrsrorj| wkdw wkh dxwkru ihhov duh qhfhvvdu|
dqg xvhixo iru wkh ghyhorsphqw ri sk|vlfdo dqg hqjlqhhulqj dssolfdwlrqv zloo eh suh0
vhqwhg1 D frqyhqwlrqdo lqwurgxfwlrq wr wrsrorj| riwhq vwduwv zlwk d phwulf wrsrorj|/
exw khuhlq wkh frqfhsw ri d phwulf lv sxusrvho| dyrlghg/ dv wkh lghd ri d phwulf lv
wkh hvvhqfh ri wkrvh jhrphwulfdo txdolwlhv ri vl}h dqg vkdsh1 Wkh frqyhqwlrqdo surfh0
gxuh lv wr ghyhors wkh wrsrorjlfdo lghdv lq whupv ri d vsdfh zlwk d hxfolghdq ru vrph
Ulhpdqqldq phwulf1 Wkhq wkh wrsrorjlfdo frqfhswv duh vkrzq wr eh lqghshqghqw ri
wkh fkrlfh ri phwulf1 Krzhyhu/ wkh qrwlrq ri d phwulf lv qrw qhhghg/ dqg wkh srlqw
vhw dssurdfk wdnhv wkdw srlqw ri ylhz wkdw wkh phwulf lv mxvw h{wud edjjdjh wkdw fdq
riwhq frqixvh wkh lvvxhv1

Shukdsv wkh ehvw zd| wr ohduq edvlf lghdv derxw wrsrorj| lv wkurxjk wkh vwxg|
ri srlqw vhw wrsrorj|1 Wkh frqfhswv dqg gh�qlwlrqv fdq eh looxplqdwhg e| phdqv ri
h{dpsohv ryhu d glvfuhwh dqg vpdoo vhw ri hohphqwv1 Wkh hduo| fkdpslrqv ri srlqw vhw
wrsrorj| zhuh Nxudwrzvnl lq Srodqg dqg Prruh dw XW0Dxvwlq1 Iru d orqj wlph Srlqw
Vhw wrsrorjlvwv zhuh lvrodwhg iurp wkh Frpelqdwruldo Wrsrorjlvwv1 Lq idfw wkh qdph
wrsrorj|/ hylghqwo|/ zdv lqwurgxfhg derxw 4<58/ derxw wkh wlph wkdw lw zdv uhfrjql}hg
wkdw wrsrorj| kdg pdq| htxlydohqw h{srvlwlrqv1

Rqh ri wkh ehvw errnv iru udslg dvvlplodwlrq ri srlqw vhw wrsrorj| lv wkh
Vfkdxp*v Rxwolqh Vhulhv/ �Jhqhudo Wrsrorj|� e| V Olsvfkxw} ^Olsvfkxw} 4<98`1 Uh0
ylhz fkdswhu 4/ wkhq vnls wr fkdswhuv 8/ 9/ dqg :1

Lq wkdw zklfk iroorzv/ irxu gl�huhqw wrsrorjlhv zloo eh gh�qhg ryhu d vhw ri
�yh hohphqwv/ ~d/e/f/g/h�1 Wkhq wkh wrsrorjlfdo gh�qlwlrqv ri Rshq vhwv/ Forvhg Vhwv/
Olplw Srlqwv/ Forvxuh/ Erxqgdu|/ Lqwhulru/ H{whulru / dqg wkh frqfhsw ri Frqwlqxlw|
zloo eh gh�qhg dqg h{hpsol�hg iru hdfk ri wkh irxu srlqw vhw wrsrorjlhv1 Lw vkrxog
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ehfrph dssduhqw wkdw wkh vdph vhwv ri srlqwv fdq kdyh gl�huhqw wrsrorjlhv lpsrvhg
dv d vhw ri frqvwudlqwv rq wkh vdph hohphqwv1 Lw lv wkh wrsrorj| wkdw doorzv wkh
frqfhswv ri erxqgdu|/ forvxuh dqg olplw srlqwv wr eh gh�qh1 Lq wkdw zklfk iroorzv/
wkh dssolfdwlrqv ri wkhvh lghdv zloo grqh iru v|vwhpv ri gl�huhqwldo irupv/ udwkhu wkdq
v|vwhpv ri srlqwv1

:1714 Forvhg dqg Rshq Vhwv

Frqvlghu d vhw ri hohphqwv id> e> f> g> hj dqg d frpelqdwruldo surfhvv zklfk lv v|pero0
l}hg/ iru h{dpsoh/ e| wkh eudfnhwv Ede� ru Edgh�1 Frqvwuxfw doo srvvleoh frpelqdwlrqv/
dqg lqfoxgh wkh qxoo vhw/ 31 Gh�qh [ ' Edefgh�1

Qrz iurp wkh vhw ri doo srvvleoh frpelqdwlrqv/ lw lv srvvleoh wr vhohfw pdq|
vxevhw froohfwlrqv1 Fhuwdlq ri wkhvh vxevhw froohfwlrqv kdyh wkh uhpdundeoh surshuw|
ri orjlfdo forvxuh1 Dv dq h{dpsoh/ frqvlghu wkh vxevhw froohfwlrq/ ru fodvv ri vxevhwv/
jlyhq e|=

W�Eforvhg� ' i[> f> d> e> Ede�> Eefg�> Edefg�j +:1435,

Qrwh wkdw wkh lqwhuvhfwlrq ri Ed� zlwk Ede� lv d/ Ed _ de ' d�/ zklfk lv dq
hohphqw ri wkh froohfwlrq/ dqg wkh lqwhuvhfwlrq ri Ede� zlwk Eefg� lv e zklfk lv dovr
dq hohphqw ri wkh froohfwlrq1 Lq idfw/ wkh lqwhuvhfwlrq ri hyhu| hohphqw ri W�Eforvhg�
zlwk hyhu| rwkhu hohphqw ri W�Eforvhg� surgxfhv rqh ri wkh ruljlqdo vhyhq hohphqwv
ri wkh froohfwlrq/ W�forvhg1 Lq rwkhu zrugv/ wkh surfhvv ri vhw lqwhuvhfwlrq dfwlqj rq
dq| qxpehu ri hohphqwv lv forvhg zlwk uhvshfw wr W�Eforvhg�1

Qrz dovr qrwh wkdw wkh xqlrq ri dq| wzr hohphqwv ri wkh vhw lv dovr frqwdlqhg
zlwklq wkh vhw1 Wkh lghd wkdw d forvhg dojheud fdq eh exlow xsrq wkh qrwlrqv ri xqlrq
dqg lqwhuvhfwlrq/ dqg wkdw wklv dojheud eh d glylvlrq dojheud/ lv dw wkh khduw ri wkh
wkhru| ri orjlf1 Wklv lghd ri orjlfdo forvxuh zlwk uhvshfw wr duelwudu| lqwhuvhfwlrq dqg
�qlwh xqlrq lv vdlg wr gh�qh d wrsrorj|/ W�Eforvhg�/ ri forvhg vhwv1

Gh�qlwlrq= D wrsrorj| W�Eforvhg� rq d vhw [ lv d froohfwlrq ru fodvv ri vxevhwv
wkdw reh|v wkh iroorzlqj d{lrpv=

41 D4+forvhg,= [ dqg wkh qxoo vhw f duh hohphqwv ri wkh froohfwlrq1

51 D5+forvhg,= Wkh duelwudu| lqwhuvhfwlrq ri dq| qxpehu ri hohphqwv ri wkh fro0
ohfwlrq ehorqjv wr wkh froohfwlrq1

61 D6+forvhg,= Wkh duelwudu| xqlrq ri dq| sdlu ri hohphqwv ri wkh froohfwlrq
ehorqjv wr wkh froohfwlrq1

Wkh hohphqwv ri wkh froohfwlrq/ W�Eforvhg�/ duh gh�qhg wr eh �forvhg� vhwv1
Wkh frpsolphqwv ri wkh forvhg vhwv duh gh�qhg dv �rshq� vhwv1 Wkh rshq vhwv ri wkh
wrsrorj| duh wkh froohfwlrq ri vxevhwv jlyhq e|

W�Ershq� ' if> [> Eefgh�> Edfgh�> Efgh�> Edh�> hj= +:1436,
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Lw lv lpsruwdqw wr qrwh wkdw wkh vdph vhw ri doo frpelqdwlrqv ri vxevhwv fdq vxssruw
pdq| wrsrorjlhv1 Iru h{dpsoh/ wkh vxevhwv ri wkh froohfwlrq/

W2Eforvhg� ' i[> f> Eefgh�> Efgh�> Egh�j> +:1437,

duh forvhg zlwk uhvshfw wr erwk orjlfdo lqwhuvhfwlrq dqg xqlrq1 Khqfh W2Eforvhg� lv d
gl�huhqw wrsrorj| exlow rq wkh vdph vhw ri srlqwv/ [1 Wkh rshq vhwv ri wklv wrsrorj|
duh

W2Ershq� ' if>[> d> Ede�> Edef�j +:1438,

Wkh frpsolphqwv ri forvhg vhwv duh gh�qhg wr eh �rshq� vhwv dqg wkh| wrr fdq
eh xvhg wr gh�qh d wrsrorj|1

D vxevhw fdq eh erwk rshq/ ru forvhg/ ru erwk/ ru qhlwkhu/ uhodwlyh wr d vshfl�hg
wrsrorj|1 Iru h{dpsoh/ zlwk uhvshfw wr wkh wrsrorj| jlyhq e| wkh forvhg vhwv/

W� ' i[> f> d> Eefgh�j> +:1439,

Eefgh� lv erwk rshq dqg forvhg/ dqg wkh vhw Eef� lv qhlwkhu rshq qru forvhg1
Wkh wrsrorj| ri forvhg vhwv jlyhq e| wkh froohfwlrq/

WeEforvhg� ' i[> f> Eefgh�> Edeh�> Eeh�> Ed�j> +:143:,

kdv lwv gxdo dv wkh wrsrorj| ri rshq vhwv

WeErshq� ' if> [> d> Efg�> Edfg�> Eefgh�j= +:143;,

Qrwh wkdw wklv wrsrorj|/ We/ lv d uh�qhphqw ri wkh wrsrorj|/ W�/ lq wkdw lw frqwdlqv
dgglwlrqdo forvhg +ru rshq, vhwv1

Uhpdunv= Lq wkh gh�qlwlrq ri d wrsrorj| zkhq wkh qxpehu ri hohphqwv ri wkh
vhw lv qrw �qlwh/ wkh orjlfdo lqwhuvhfwlrq ri rshq vhwv lv uhvwulfwhg wr dq| sdlu/ dqg wkh
orjlfdo xqlrq ri forvhg vhwv wr uhvwulfwhg wr dq| sdlu1 Wkhuh duh pdq| rwkhu zd|v wr
gh�qh d wrsrorj|/ exw wkh frqfhswv dozd|v frph edfn wr wkh lghd ri orjlfdo forvxuh1

:1715 Olplw Srlqwv

Wkh qh{w lghd wr eh suhvhqwhg lv wkh frqfhsw ri d olplw srlqw1 D vwdqgdug gh�qlwlrq
vwdwhv wkdw d srlqw s lv d olplw srlqw ri d vxevhw/ D/ l� hyhu| rshq vhw wkdw frqwdlqv
s frqwdlqv dqrwkhu srlqw ri D1 Qrwh wkdw s lv dq hohphqw ri [ dqg qhhg qrw eh dq
hohphqw ri D= Jlyhq d vxevhw/ D/ hdfk srlqw ri [ pxvw eh whvwhg wr vhh li lw lv d
olplw srlqw ri D uhodwlyh wr wkh wrsrorj| vshfl�hg rq wkh srlqwv1 Li D lv d vlqjohwrq/ lw
fdq kdyh qr olplw srlqwv/ iru wkhuh duh qr rwkhu srlqwv ri D1 Lw iroorzv wkdw wkh olplw
srlqwv ri d olplw srlqw +d vlqjohwrq, lv wkh qxoo vhw1 Li wkh olplw srlqw ri D frqvlvwv ri
wkh vlqjohwrqv ru srlqwv v|perol}hg e| gD/ wkhq gEgD� ' f1 Wkh vhw ri olplw srlqwv dv
d froohfwlrq ri vlqjohwrqv/ id> e> f==j zloo eh ghqrwhg e| gD/ zkhuh wkh xqlrq ri doo olplw
srlqwv zloo eh ghqrwhg e| D�1 Wkh v|pero g pd| eh ylhzhg dv d olplw srlqw rshudwru>
wkh v|pero g zkhq dssolhg wr d vhw/ D/ phdqv wkdw hdfk srlqw s ri wkh grpdlq lv
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whvwhg djdlqvw wkh vshfl�hg wrsrorj| wr vhh li dqrwkhu srlqw ri D lv lqfoxghg lq hdfk
rshq vhw ri wkh wrsrorj|1

Frqvlghu wkh vxevhw D ' Ede� dqg wkh wrsrorj| jlyhq e| W�Ershq�1 Qrz whvw
hdfk srlqw uhodwlyh wr wkh froohfwlrq W�Ershq� G

W�Ershq� ' if> [> Eefgh�> Edfgh�> Efgh�> Edh�> hj +:143<,

Wkh srlqw d lv qrw d olplw srlqw ri Ede� ehfdxvh wkh rshq vhw Edfgh� zklfk
frqwdlqv d grhv

qrw frqwdlq e> gD ' f dw d1
Wkh srlqw e lv qrw d olplw srlqw ri Ede� ehfdxvh wkh rshq vhw Eefgh� grhv qrw

frqwdlq d>
gD ' f dw e1
Wkh srlqw f lv qrw d olplw srlqw ri Ede� ehfdxvh wkh rshq vhw Efgh� grhv qrw

frqwdlq hlwkhu d
ru e> gD ' f dw f=
Wkh srlqw g lv qrw d olplw srlqw ri Ede� ehfdxvh wkh rshq vhw Efgh� grhv qrw

frqwdlq hlwkhu d
ru e> gD ' f dw g=
Wkh srlqw h lv qrw d olplw srlqw ri Ede� ehfdxvh wkh rshq vhw Efgh� grhv qrw

frqwdlq hlwkhu d
ru e> gD ' f dw h1
Lq rwkhu zrugv/ wkh vxevhw Ede� kdv qr olplw srlqwv lq wkh wrsrorj| jlyhq e|

W�1 Wkh olplw srlqw vhw ri de/ ghvljqdwhg lq wklv prqrjudsk dv D�Ede�/ lv jlyhq e|

D�Ede� ' ifj> +:1443,

wkh hpsw| vhw/ dv gD ' f dw doo srlqwv ri [1
Qrz pdnh wkh vdph whvwv zlwk uhjdug wr wkh vdph vxevhw D ' Ede�/ exw wklv

wlph uhodwlyh wr wkh wrsrorj| jlyhq e| W2Ershq�1

W2Ershq� ' if>[> d> Ede�> Edef�j +:1444,

Wkh srlqw d lv qrw d olplw srlqw ri Ede� ehfdxvh wkh rshq vhw Ed� lv d vlqjohwrq>
gD ' f dw d1
Wkh srlqw e lv d olplw srlqw ri Ede� ehfdxvh erwk wkh rshq vhwv wkdw frqwdlq e

dovr frqwdlq d>
gD 9' f dw e1
Wkh srlqw f lv d olplw srlqw ri Ede� ehfdxvh wkh rshq vhw [/ wkh rqo| rshq vhw

wkdw frqwdlqv
f/ frqwdlqv d dqg e zklfk duh srlqwv ri D> gD 9' f dw f1
Wkh srlqw g lv d olplw srlqw ri Ede� ehfdxvh wkh rshq vhw [ / wkh rqo| rshq vhw

wkdw frqwdlqv
g/ frqwdlqv dqrwkhu srlqw ri D> gD 9' f dw g1
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Wkh srlqw h lv d olplw srlqw ri Ede� ehfdxvh wkh rshq vhw [/ wkh rqo| rshq vhw
wkdw frqwdlqv

h/ dqrwkhu srlqw ri D> gD 9' f dw h1
Khqfh/ wkh srlqwv e> f> g dqg h duh olplw srlqwv ri D ' Ede� uhodwlyh wr wkh

wrsrorj| W2Ershq�=

Wkh olplw vhw ri D�Ede� ' Eefgh� +:1445,

Zlwk uhvshfw wr wkh wrsrorj| ri WeErshq�/

WeErshq� ' if>[> d> Efg�> Edfg�> Eefgh�j +:1446,

whvw iru olplw srlqwv ri wkh vhw Ede�=
Wkh srlqw d lv qrw d olplw srlqw ri Ede� ehfdxvh wkh rshq vhw d lv d vlqjohwrq>

gD ' f dw d1
Wkh srlqw e lv qrw d olplw srlqw ri Ede� ehfdxvh wkh rshq vhw Eefgh� grhv qrw

frqwdlq d>
gD ' f dw e1
Wkh srlqw f lv qrw d olplw srlqw ri Ede� ehfdxvh wkh rshq vhw Efg� zklfk frqwdlqv

f grhv qrw frqwdlq d ru e> gD ' f dw f1
Wkh srlqw g lv qrw d olplw srlqw ri Ede� ehfdxvh wkh rshq vhw Efg� zklfk frqwdlqv

g grhv qrw frqwdlq d ru e> gD ' f dw g1
Wkh srlqw h lv d olplw srlqw ri Ede� ehfdxvh wkh rshq vhw Eefgh� zklfk frqwdlqv

h frqwdlqv dqrwkhu srlqw e ri D> gD 9' f dw h1
Wkh olplw vhw ri Ede� uhodwlyh wr WeErshq, ehfrphv D� ' ihj1
Qrwh wkdw wkh vhw ri olplw srlqwv dv d froohfwlrq/ ru d fodvv ri vhwv/ pd| ru pd|

qrw kdyh olplw srlqwv1 Li wkh olplw vhw lv d vlqjohwrq/ wkhq wkh olplw srlqwv ri wkh vhw
ri olplw srlqwv lv wkh qxoo vhw1 Krzhyhu/ frqvlghu wkh olplw vhw D� ' iefgh� ri wkh vhw
Ede� uhodwlyh wr wkh wrsrorj| W21 Wkhq wkh olplw srlqwv ri D� duh wkh srlqwv Ee> f> g> h�1
Lq rwkhu zrugv gD� 9' f qhfhvvdulo|/ exw ggD� ' f=

:1716 Forvxuh

Wkh forvxuh ri d vhw lv gh�qhg wr eh wkh xqlrq ri wkh vhw dqg lwv olplw srlqwv1 Qrwh
wkdw d forvhg vhw frqwdlqv lwv olplw srlqwv/ li dq| h{lvw1 Lq wkh h{dpsohv jlyhq deryh
wkh forvxuh ri wkh vhw D ' Ede� uhodwlyh wr wkh wrsrorj| W� lv htxdo wr wkh xqlrq ri
D ' Ede� dqg lwv olplw srlqwv/ zklfk lv wkh qxoo vhw1

hD ' D ^ D� ' Ede� +:1447,

Qrwh wkdw D ' Ede� lv d forvhg vhw/ dqg kdv qr olplw srlqwv uhodwlyh wr wkh
wrsrorj| W�Ershq�1 Krzhyhu/ wkh forvxuh ri D uhodwlyh wr wkh wrsrorj| W2Ershq� lv

hD ' D ^D� ' Ede� ^ Eefgh� ' Edefgh�= +:1448,
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zklfk lv wkh zkroh vhw1 Zkhq wkh forvxuh ri d vxevhw lv wkh zkroh vhw [/ wkh vxevhw
lv vdlg wr eh ghqvh lq [ uhodwlyh wr wkh vshfl�hg wrsrorj|1

Wkh forvxuh ri Ede� uhodwlyh wr wkh wrsrorj| WeErshq� lv

hD ' D ^ D� ' Ede� ^ Eh� ' Edeh�= +:1449,

Qrwh wkdw wkh forvxuh ri d vxevhw lv htxdo wr wkh vpdoohvw forvhg vhw wkdw frqwdlqv
wkh vxevhw1 Hyhu| forvhg vhw lv lwv rzq forvxuh1 D forvhg vhw pd| ru pd| qrw kdyh
olplw srlqwv/ exw li lw grhv kdyh olplw srlqwv wkh| duh frqwdlqhg zlwklq wkh +forvhg,
vhw1

:1717 Frqwlqxlw|

Qrz frphv d pdmru lvvxh ri wklv dsshqgl{1 Frqwlqxlw| ri d wudqvirupdwlrq lv gh�qhg
uhodwlyh wr wkh wrsrorjlhv wkdw pd| h{lvw rq wkh lqlwldo dqg �qdo vwdwhv1 Ohw wkh vhw
ri srlqwv [ zlwk wrsrorj| W�Ershq� eh pdsshg lqwr wkh vhw ri srlqwv \ zlwk wkh
wrsrorj| W2Ershq�= Wkhq wkh pds lv frqwlqxrxv l� wkh forvxuh ri hyhu| vxevhw ri wkh
lqlwldo vwdwh uhodwlyh wr W� lv lqfoxghg lq wkh forvxuh ri wkh lpdjh ri wkh �qdo vwdwh
uhodwlyh wr wkh wrsrorj| W21

Dqrwkhu whvw iru frqwlqxlw| lv jlyhq e| wkh vwdwhphqw wkdw wkh lqyhuvh lpdjh
ri hyhu| rshq vhw ri \ uhodwlyh wr W2 lv dq rshq vhw ri [ uhodwlyh wr wkh wrsrorj| W�1

Odwhu rq/ wkh �uvw gh�qlwlrq zloo eh xvhg wr suryh wkdw dq| wrsrorj| exlow rq
vxevhwv ri h{whulru irupv zlwk F5 +wzlfh gl�huhqwldeoh, frh!flhqwv zloo eh frqwlqx0
rxvo| wudqviruphg e| hyroxwlrqdu| surfhvvhv wkdw duh jhqhudwhg e| wkh Olh frqyhfwlyh
ghulydwlyh zlwk uhvshfw wr F5 yhfwru �hogv1 Iru wkh suhvhqw/ wkh vhfrqg gh�qlwlrq zloo
eh xvhg lq whupv ri vlpsoh srlqw vhw wrsrorjlfdo v|vwhpv1

Dv d �uvw h{dpsoh frqvlghu wkh wudqvirupdwlrqv jlyhq rq [ wr \ e| wkh iro0
orzlqj gldjudp=

Frqwlqxrxv h{dpsoh
Glvfrqwlqxrxv h{dpsoh
Krphrprusklf h{dpsoh
+htxlydohqw wrsrorjlhv,

:1718 Lqwhulru

Zkhq hpskdvlv lv sodfhg rq rshq vhwv udwkhu wkdw forvhg vhwv/ rwkhu lghdv frph wr
wkh iruhiurqw1 Lq sduwlfxodu/ wkh frqfhsw gxdo wr wkh qrwlrq ri forvxuh lv wkh frqfhsw
ri lqwhulru1 Zkloh forvxuh dvnv iru wkh vpdoohvw forvhg vhw wkdw fryhuv dq| vshfl�hg
vxevhw/ wkh lghd ri lqwhulru dvnv iru wkh odujhvw rshq vhw lqfoxghg lq wkh vshfl�hg
vxevhw1 Wkh lqwhulru ri d vhw fdq eh hpsw| +iru wkhuh pd| eh qr rshq vhwv rwkhu wkdq
wkh qxoo vhw frqwdlqhg zlwklq wkh vshfl�hg vhw,$

Iru h{dpsoh/ wkh vxevhw Ede� kdv qr lqwhulru uhodwlyh wr wkh wrsrorj| W�Ershq�1
Krzhyhu/ wkh lqwhulru ri Ede� lv lwvhoi/ Ede�/ uhodwlyh wr wkh wrsrorj| W2Ershq�/ ehfdxvh
Ede� lv dq rshq vhw lq wklv wrsrorj|$ Uhodwlyh wr wkh wrsrorj| WeErshq�/ wkh lqwhulru
ri Ede� lv wkh vlqjohwrq/ Ed�=

LqwD ' ifj uhodwlyh wr W�
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LqwD ' Ede� uhodwlyh wr W2
LqwD ' Ed� uhodwlyh wr We1
Wkh vhw Edeh� kdv dq lqwhulru Edh� uhodwlyh wr W�Ershq� dqg dq lqwhulru Ede�

uhodwlyh wr wkh wrsrorj| W2Ershq�1

:1719 H{whulru

Wkh h{whulru ri d vshfl�hg vhw lv wkh lqwhulru ri wkh frpsolphqw ri wkh vshfl�hg vhw1 Wkh
frpsolphqw ri Ede� lv wkh vhw Efgh� zklfk kdv wkh lqwhulru Efgh� uhodwlyh wr W�Ershq�
dqg kdv qr lqwhulru uhodwlyh wr wkh wrsrorj| W2Ershq�1 Uhodwlyh wr wkh wrsrorj|
WeErshq�/ wkh h{whulru ri Ede� lv wkh vhw Efg�1

H{wD ' ifghj uhodwlyh wr W�
H{wD ' Ef� uhodwlyh wr W2
H{wD ' Efg� uhodwlyh wr We1

:171: Wkh Erxqgdu|

Wkh srlqwv wkdw pdnh xs wkh erxqgdu| ri d vxevhw duh xqlrq ri wkrvh srlqwv wkdw duh
qrw lqfoxghg lq wkh lqwhulru ru wkh h{whulru1 Krzhyhu/ wkh xqlrq ri wkh srlqwv wkdw
pdnh xs wkh erxqgdu| pd| kdyh vxevhwv wkdw duh qrw frqqhfwhg1 Frqvlghu d vrolg
glvn1 Wkh srlqwv wkdw pdnh xs wkh ulp ri wkh glvn irupv lwv erxqgdu|1 Qrz sxqfk d
kroh lq wkh glvn1 Wkh froohfwlrq ri srlqwv wkdw pdnh xs wkh rxwhu ulp dqg wkh lqqhu
kroh qrz irup wkh erxqgdu| ri wkh glvn1 Wkh wzr vhwv ri erxqgdu| srlqwv duh qrw
frqqhfwhg1

Vlplodu wr wkh olplw srlqw rshudwru/ g/ d erxqgdu| rshudwru/ C +vrph errnv
xvh �, / pd| eh gh�qhg lq whupv ri d surfhgxuh/ vxfk wkdw zkhq C lv dssolhg wr wkh
vhw D/ lw lpsolhv wkdw d whvw lv pdgh dw hdfk srlqw s wr vhh li s lv dq hohphqw ri wkh
lqwhulru ru ri wkh h{whulru ri wkh vhohfwhg vxevhw D1 Li wkh whvw idlov wkhq CD 9' f dqg
wkh srlqw lv d erxqgdu| srlqw1 Lw wkh srlqw s lv dq hohphqw ri wkh h{whulru ru lqwhulru
ri D/ wkhq CD ' f dw wkh srlqw s1 Wkh erxqgdu| ri D> ru eD/ ri wkh vhw D> lv gh�qhg
dv wkh xqlrq ri doo erxqgdu| srlqwv1

Dv d �uvw h{dpsoh/ frqvlghu djdlq wkh vhw D ' Ede� dqg wkh W� wrsrorj|1 Wkh
vhw D ' Ede� kdv qr lqwhulru/ exw wkh h{whulru ri Ede� lv wkh vhw Efgh�/ dqg wkhuhiruh
wkh erxqgdu| vhw/ eD/ frqvlvwv ri wkh xqlrq ri wkh srlqwv Ed> e�1 Lq wklv �uvw h{dpsoh/
wkhq

D� ' ifj/ exw eD ' Ede� � hD
Lw iroorzv wkdw
D _ D� ' f>
D _ eD 9' f=
Wkh erxqgdu| vhw h{lvwv hyhq wkrxjk wkh olplw vhw grhv qrw$
Uhodwlyh wr W2Ershq�/ wkh vhw Ede� kdv dq lqwhulru vhw Ede�/ qr h{whulru vhw/ exw

d erxqgdu| vhw lv eD ' Efgh�1 Lq wklv fdvh wkh erxqgdu| lv lqfoxghg lq wkh forvxuh/

D� ' Eefgh�> eD ' Efgh� � hD ' Edefgh�> +:144:,

dqg
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D _ D� 9' f>
D _ eD ' f=
Dowkrxjk doo erxqgdu| srlqwv duh olplw srlqwv/ wkhuh h{lvw olplw srlqwv wkdw duh

qrw hohphqwv ri wkh erxqgdu|1
Uhodwlyh wr WeErshq�/ wkh vhw Ede� kdv dq lqwhulru vhw Ed�/ dqg h{whulru vhw Efg�

dqg d erxqgdu| vhw Eeh�/
D� ' Eh�> eD ' Eeh�>
D _ D� ' f>
D _ eD 9' f=
Lw lv dssduhqw wkdw wkh erxqgdu| srlqwv frqwdlq olplw srlqwv/ exw wkhuh duh

erxqgdu| srlqwv zklfk duh qrw olplw srlqwv$1
Lq doo fdvhv/ qrwh wkdw wkh xqlrq ri wkh lqwhulru dqg wkh erxqgdu| lv htxdo wr

wkh xqlrq ri wkh vhw dqg lwv olplw srlqwv1 Wkh erxqgdu| lv dozd|v lqfoxghg lq wkh
forvxuh/ exw wkh erxqgdu| pd| frqwdlq srlqwv zklfk duh qrw olplw srlqwv1

hD ' LqwD ^ eD ' D ^ D�= +:144;,

Wkhvh h{dpsohv srlqw rxw wkdw wkhuh h{lvw fhuwdlq fruuhvsrqghqfhv ehwzhhq
olplw srlqwv dqg erxqgdulhv/ exw wkh| duh qrw qhfhvvdulo| wkh vdph frqfhsw1 Pxfk
ri fxuuhqw sk|vlfdo wkhru| kdv hpskdvl}hg wkh erxqgdu| dqg rshq vhw srlqw ri ylhz/
zkloh lq wklv prqrjudsk wkh hpskdvlv lv rq wkh olplw srlqwv dqg forvxuh srlqw ri ylhz1
Lw zloo ehfrph hylghqw wkdw wkhvh frqfhswv duh dw wkh khduw ri wkh gl�huhqfhv ehwzhhq
frqwudyduldqw dqg fryduldqw frqfhswv lq sk|vlfdo wkhrulhv/ dq lghd wkdw xowlpdwho|
h{suhvvhv lwvhoi lq wkh gl�huhqfhv ehwzhhq wkh sduwlfoh ru zdyh shuvshfwlyh ri sk|vlfv1
Lq wrsrorj|/ wkhvh qrwlrqv duh dw wkh khduw ri wkh gl�huhqfhv ehwzhhq Krprorj|
dqg Frkrprorj| +zklfk zloo eh glvfxvvhg lq ghwdlo odwhu,1 Lq wklv prqrjudsk/ wkh
frkrprorjlfdo srlqw ri ylhz lv hpskdvl}hg1

Li d vhw kdv wkh surshuw| wkdw lwv lqwhuvhfwlrq zlwk lwv olplw vhw lv hpsw|/ wkhq
wkh vhw lv vdlg wr eh lvrodwhg1 Wklv lghd ri lvrodwlrq/ zkhuhe| D _ D� ' f/ fdq eh
wudqvodwhg lqwr wkh Fduwdq vwdwhphqw/ D	gD ' f1 Wkh sk|vlfdo vljql�fdqfh ri wkh
wrsrorjlfdo frqfhsw ri lvrodwlrq zloo eh fruuhodwhg zlwk wkh Fdudwkhrgru| vwdwhphqw
ri wkh h{lvwhqfh ri lqdffhvvleoh vwdwhv lq d wkhuprg|qdplf v|vwhp/ dqg wr wkh qrwlrq
ri Iurehqlxv frpsohwh lqwhjudelolw| iru d odplqdu/ qrq0fkdrwlf  rz1 Wkh frqfhsw ri
lvrodwlrq lv d wrsrorjlfdo surshuw|1 dqg lwv frpsolphqw lv d qhfhvvdu| frqglwlrq iru
fkdrv1 Wkh revhuydwlrq ri d  rz wudqviruplqj iurp d odplqdu vwdwh +lvrodwhg, wr d
wxuexohqw vwdwh +qrq0lvrodwhg, lv dq revhuydwlrq ri wrsrorjlfdo hyroxwlrq1

Lw vkrxog eh phqwlrqhg wkdw zlwk uhvshfw wr gl�hrprusklf wudqvirupdwlrqv/
ru pruh vlpso| wkrvh wudqvirupdwlrqv wkdw suhvhuyh sxuh jhrphwulfdo surshuwlhv/ wkh
gl�huhqfhv ehwzhhq frqwudyduldqw dqg fryduldqw frqfhswv fdqqrw eh glvwlqjxlvkhg1
Ixuwkhu qrwh wkdw wkh h{lvwhqfh ri d phwulf lpsolhv wkdw wkh frqwudyduldqw frqfhswv
fdq eh frqyhuwhg lqwr fryduldqw frqfhswv/ dqg wkhlu srvvleoh gl�huhqfhv duh pdvnhg
lqwr dq doldv0dolel irupdw> wkdw lv/ wkhuh duh qr phdvxudeoh gl�huhqfhv ehwzhhq wkh
wzr frqfhswv1 Krzhyhu/ zlwk uhvshfw wr dq djlqj surfhvv/ wkh ehkdylru ri wkh wzr
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frqfhswv lv revhuydeo| gl�huhqw1 Wkh gl�huhqfhv ehwzhhq wkh ehkdylru ri frqwudyduldqw
dqg fryduldqw frqfhswv pd| eh lqwhusuhwhg dv wkh h{lvwhqfh ri wrsrorjlfdo hyroxwlrq1

Qrwh wkdw dowkrxjk doo ri wkh v|perov xvhg deryh duh idploldu lq wkh uhdop ri
hohfwurpdjqhwlvp/ wkh wrsrorjlfdo uhvxowv dqg irupxodv rewdlqhg dsso| wr dq| vhw ri
v|perov/ uhsuhvhqwlqj dq duelwudu| sk|vlfdo v|vwhp/ iru h{dpsoh d  xlg1 Wkh Idudgd|
Pd{zhoo htxdwlrqv duh xqlyhuvdo lghdv rq frqwlqxrxv sk|vlfdo v|vwhpv ri F5 ixqfwlrqv1

Iru d frpsxwdwlrqdo h{dpsohv lq Pdsoh/ vhh kwws=22zzz551sdlu1frp2fvgf2sgi2pd{zhoo1sg

:18 Glvwulexwlrqv dqg wkh Dgmrlqw Ilhog

Dowkrxjk wkh hpskdvlv lq wklv duwlfoh lv rq frqfhswv wkdw duh lqghshqghqw iurp wkh
fkrlfh ri phwulf ru frqqhfwlrqW/ lw lv xvhixo wr ghprqvwudwh krz d 40irup ri Dfwlrq/
D/ pd| eh xvhg wr jhqhudwh d frpsdwleoh iudph �hog dIo dqg d Fduwdq frqqhfwlrq
dFo rq wkh ydulhw|1 Wkh v|pphwu| ihdwxuhv ri dIo ohdg wr phwulf lghdv/ dqg fhuwdlq
dqwl0v|pphwu| ihdwxuhv ri dFo ohdg wr wkh frqfhsw ri D!qh wruvlrq +zklfk lv qrw wkh
vdph dv Wrsrorjlfdo wruvlrq/ ru Iuhqhw wruvlrq,1 Wkh frqfhsw ri d gl�huhqwldo frqqhf0
wlrq dovr ohdgv wr wkh idprxv jhrphwulfdo vwuxfwxudo htxdwlrqv ri Fduwdq/ zklfk duh
gl�huhqw iurp wkh wrsrorjlfdo vwuxfwxuh frqfhsw xwlol}hg lq wklv duwlfoh1 Wkh wrsr0
orjlfdo vwuxfwxuh frqfhswv xvhv khuhlq duh lqghshqghqw iurp wkh fkrlfh ri frqqhfwlrq
ru phwulf1 Wkh ghwdlov ri wkh uh�qhg wrsrorjlfdo ihdwxuhv ri vxevsdfhv edvhg xsrq
wkh frqvwudlqwv ri d joredo Fduwdq frqqhfwlrq ru phwulf zloo eh wkh wrslf ri dqrwkhu
duwlfoh1

Wkh frqvwuxfwlrq ri wkh Iudph �hog dIo fdq eh grqh lq vxfk d pdqqhu wkdw lw
dgplwv gl�huhqwldo forvxuh ri d yhfwru edvlv ryhu wkh grpdlq ri vxssruw +ghwdIo 9' f�1
Wkdw lv/ wkh gl�huhqwldo ri dq| edvlv yhfwru +frqwud0yduldqw froxpqv ri ixqfwlrqv, ri
wkh pdwul{ Iudph �hog fuhdwhv d glvsodfhg yhfwru zklfk fdq eh olqhduo| frpsrvhg
ri wkh yhfwruv ri wkh edvlv iudph/ hdfk pxowlsolhg e| gl�huhqwldo 40irupv1 Wkh Q2

gl�huhqwldo 40irupv wkdw pdnh xs wkh frh!flhqwv ri wkh yhfwru gl�huhqwldov fdq eh
xvhg wr gh�qh wkh Fduwdq uljkw frqqhfwlrq pdwul{/ dFo 1 Wkh gl�huhqwldo forvxuh
frqglwlrq fdq eh h{suhvvhg e| wkh htxdwlrq/

g dIo ' dIo � dFo= +:144<,

Wkh gl�huhqwldo forvxuh surfhvv rq d Iudph ri lqghshqghqw yhfwruv zklfk lv edvhg rq
d frqqhfwlrq lv qrw wkh vdph dv wkh rshudwlrq ri iruplqj wkh h{whulru gl�huhqwldo ri d
s0irup1 Wkh h{whulru gl�huhqwldo ri d s irup wdnhv d s irup lqwr d s.4 irup/ zkhuh
wkh s0irup lv dq hohphqw ri rqh yhfwru vxevsdfh/ dqg wkh s.4 irup lv dq hohphqw
ri d gl�huhqw yhfwru vxevsdfh ri wkh 1 Judvvpdqq dojheud ri glphqvlrq 5Q 1 Wkh
gl�huhqwldo surfhvv frqvwudlqhg e| d frqqhfwlrq wdnhv d yhfwru ri glphqvlrq Q lqwr
d yhfwru ri glphqvlrq Q1 Lq rwkhu zrugv wkh frqqhfwlrq edvhg forvxuh surfhvv lv d
surfhvv zkhuh wkh lqlwldo dqg �qdo vwdwh duh zlwklq wkh vdph yhfwru vxevsdfh1

�Wkh hyroxwlrqdu| surfhvvhv ri sulpdu| lqwhuhvw khuhlq duh wkrvh ghvfulehg e| rshudwlqj rq gli0

ihuhqwldo irupv zlwk wkh Olh gl�huhqwldo zlwk uhvshfw wr d gluhfwlrq �hog1
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Lw vkrxog eh uhdol}hg iurp wkh rxwvhw wkdw Iudph �hogv duh qrw xqltxho| gh0
whuplqhg e| d jlyhq 40irup ri Dfwlrq1 Zkhq d Iudph �hog h{lvwv/ wkh gl�huhqwldo
frqqhfwlrqv dFo zklfk jhqhudwh gl�huhqwldo forvxuh fdq eh sodfhg lqwr htxlydohqfh
fodvvhv/ ghwhuplqhg e| wkh jurxs surshuwlhv ri wkh pdwulfhv lqyroyhg1 Wkh lqyhvwljd0
wlrq ri wkh surshuwlhv ri wkhvh ydulrxv jurxs htxlydohqfh fodvvhv kdv ehfrph nqrzq
dv wkh vwxg| ri �jdxjh wkhrulhv�/ dqg wkh phwkrg hqmr|v juhdw srsxodulw| dw suhvhqw1
Krzhyhu/ wkh fkrlfh ri d jdxjh jurxs lq sk|vlfv lv riwhq mxvw wkdw/ d fkrlfh pdgh
e| jxhvvlqj/ iroorzhg e| dwwhpswv wr sxw wkh frqvwudlqhg uhvxowv lqwr fruuhvsrqghqfh
zlwk sk|vlfdo surshuwlhv dqg phdvxuhphqwv1 Lq wklv duwlfoh/ wkh irfxv lv rq wkrvh
wrsrorjlfdo ihdwxuhv wkdw fdq eh sxw lqwr fruuhvsrqghqfh zlwk h{shulphqw/ dqg |hw
duh lqghshqghqw iurp d vshfl�f fkrlfh ri frqqhfwlrq dqg2ru phwulf1

Hyhq wkrxjk d Iudph �hog lv qrw qhfhvvdulo| xqltxh/ dqg jrhv eh|rqg wkh
sulplwlyh wrsrorjlfdo frqfhswv wkdw gr qrw ghshqg xsrq phwulf ru frqqhfwlrq/ dq
dojrulwkp iru surgxflqj d Iudph �hog zloo eh glvfxvvhg lq wkh qh{w vhfwlrq1 Iurp
d jlyhq 40irup/ D> wkhuh duh wzr lpsruwdqw w|shv ri surfhgxuhv wkdw fdq eh xvhg
wr frqvwuxfw d xvhixo Iudph �hog1 Rqh surfhgxuh lv gl�huhqwldo/ dqg lv uhodwhg wr
sdudphwulf vxuidfh wkhru|1 Wkh vhfrqg surfhgxuh lv dojheudlf/ dqg lv pruh forvho|
uhodwhg wr lpsolflw vxuidfh wkhru|1 Wkh dojheudlf surfhgxuh zloo eh glvfxvvhg �uvw1

:1814 Wkh lpsolflw dojheudlf Iudph �hog

Wr frqvwuxfw wkh Iudph �hog iurp d jlyhq 40irup/ qrwh wkdw dw d uhjxodu srlqw/ i{j/
ri dq Q glphqvlrqdo vsdfh/ dq| jlyhq 40irup/ D> zloo dgplw Q04 olqhduo| lqghshqghqw
yhfwru gluhfwlrq �hogv/ VE{�1 Hdfk yhfwru gluhfwlrq �hog kdv Q frpsrqhqw ixqfwlrqv/
Y �> wr eh ghwhuplqhg dojheudlfdoo| iurp wkh iroorzlqj irupxod=

dojheudlf ruwkrjrqdolw| D�Y
� ' f= +:1453,

Wkh froohfwlrq ri Q04 yhfwruv ruwkrjrqdo wr wkh 40irup duh fdoohg hohphqwv ri d glv0
wulexwlrq gluhfwlrq �hog/ iru pxowlsolfdwlrq ri hdfk yhfwru �hog V e| dq| qrq0}hur
ixqfwlrq �@�E{�� lv dovr d vroxwlrq wr wkh dojheudlf ruwkrjrqdolw| htxdwlrq=

D�EY
�@�E{��� ' f li D�Y

� ' f= +:1454,

Wklv lqghshqghqfh iurp vfdoh lv w|slfdo ri surmhfwlyh jhrphwulhv1
Rqh srvvleoh +dojheudlf, frqvwuxfwlrq/ xvlqj wkh jlyhq ixqfwlrqdo frh!flhqwv/

D�/ ri wkh 40irup/ D/ |lhogv d Iudph pdwul{ ri wkh irup=

dI o '

5997
Dq f === D�@�
f Dq === D2@�
=== === === ===
�D� �D2 === Dq@�

6::8 = +:1455,

Wkh �uvw Q04 froxpqv vdwlvi| wkh dojheudlf ruwkrjrqdolw| frqvwudlqw/ zklfk lpsolhv
wkdw wkh odvw froxpq yhfwru lv sursruwlrqdo wr wkh dgmrlqw ri wkh pdwul{ dI o= Wkh
ghwhuplqdqw ri wkh Iudph �hog lv jlyhq e| wkh h{suhvvlrq=
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ghw dI o ' EDq�
Eq32�iED��

2 n ED2�
2 n ===n EDq�

2j@�2 +:1456,

Li wkh uhvfdolqj idfwru/ �@�/ lv fkrvhq vxfk wkdw wkh ghwhuplqdqw lv xqlw| ryhu wkh
grpdlq ri vxssruw ri D/ wkhq rq wkdw grpdlq wkh Iudph �hog lv joredoo| gh�qhg dqg
dozd|v kdv dq lqyhuvh1 Wkh Q04 yhfwru +gluhfwlrq �hogv, zklfk vdwlvi| wkh ruwkrjr0
qdolw| uhodwlrqv/ hdfk ri Q frpsrqhqwv/ duh gh�qhg wr eh d edvlv ri wkh �dvvrfldwhg
ru krul}rqwdo� yhfwruv uhodwlyh wr wkh jlyhq 40irup/ D1 Qrwh wkdw lq wkh frqvwuxfwlrq
deryh/ wkh frh!flhqw Dq dsshduv wr kdyh d sulylohjhg srvlwlrq1 Krzhyhu/ lq vsdfhv
ri rgg wrsrorjlfdo +Sid�, glphqvlrq/ d fdqrqlfdo +Gduerx{ ^Rqhloo 4<99`, irupdw lq0
glfdwhv wkdw wkhuh lv rqh frh!flhqw +suhvxphg wr eh Dq, wkdw lv htxdo wr xqlw|1 Wkh
gl�huhqwldo 40irup wkhq kdv wkh fdqrqlfdo irupdw/ D ' s�gt

� n �gv= Iru hyhq wrsr0
orjlfdo glphqvlrqv/ wkh fdqrqlfdo irupdw lv D ' s�gt

�nKgw ' Ogwns�Egt
��Y �gw�>

zkhuh K lv dq lqghshqghqw ixqfwlrq1 Qrwh wkdw wkh fodvvlfdo Kdplowrqldq frqvwudlqw
wkdw K , KEs> t> w� uhgxfhv wkh wrsrorjlfdo glphqvlrq 5q.5 wr 5q.41

Wkh Fduwdq frqqhfwlrq pdwul{ iru d Iudph �hog frqvwuxfwhg lq dq lpsolflw
dojheudlf pdqqhu fdq dgplw fhuwdlq dqwl0v|pphwulhv ri vxevsdfh wkdw kdyh ehhq gh0
�qhg dv D!qh wudqvodwlrqdo wruvlrq1 Wkh sdudphwulf phwkrg ghvfulehg ehorz/ zloo
qrw surgxfh d frqqhfwlrq zlwk d!qh wudqvodwlrqdo wruvlrq ri vxevsdfhv1

:1815 Wkh sdudphwulf gl�huhqwldo Iudph �hog

Li d sdudphwulf pdsslqj ri Q ixqfwlrqv lq whupv ri Q04 sdudphwhuv lv jlyhq/

�� , {n ' [nE��� E� � n � Q� E� � � � Q � �� +:1457,

lv jlyhq/ wkhq wkh Q04 dvvrfldwhg yhfwruv fdq eh gh�qhg gl�huhqwldoo|1 Wkdw lv/ wkh
sduwldo ghulydwlyhv ri wkh Q pdsslqj ixqfwlrqv zlwk uhvshfw wr wkh Q04 sdudphwhuv
fdq eh xvhg wr irup wkh �uvw Q04 froxpqv +dvvrfldwhg yhfwruv, ri wkh pdwul{/ dP o1

dP o '
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6::8 +:1458,

in� ' C[nE���@C�� +:1459,

Wkh dgmrlqw yhfwru gluhfwlrq �hog wr wklv Q04 v|vwhp ri dvvrfldwhg yhfwruv fdq eh
lqwhusuhwhg dv d �qrupdo ru yhuwlfdo� gluhfwlrq �hog yld wkh dojheudlf ruwkrjrqdolw|
uhodwlrqv1 Jlyhq wkh Q04 dvvrfldwhg yhfwruv/ wkh dgmrlqw yhfwru/ ?> fdq eh frqvwuxfwhg
dojheudlfdoo| e| dgglqj d froxpq ri }hurv wr wkh Q e| Q04 pdwul{ dP o ri frqwudyduldqw
dvvrfldwhg yhfwruv/ in�= +Wkh frpsrqhqw lqgh{ n udqjhv iurp 4 wr Q dqg wkh lqgh{ �
udqjhv iurp 4 wr Q04, 1

dP o '
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6::8 +:145:,
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Wkh ghwhuplqdqw ri dP o lv }hur/ exw wkhuh dozd|v h{lvwv dq dgmrlqw pdwul{ frqvlvwlqj
ri d froxpq ri Q04 e| Q04 vxe ghwhuplqdqwv1

wudqvsrvh ri wkh Dgmrlqw ri dP o '

5997
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6::8 +:145;,

Wkh sdudphwulf phwkrg shuplwv wkh fuhdwlrq ri wkh +ruwkrjrqdo, Dgmrlqw 40irup jlyhq
wkh Q04 glvwulexwlrq yhfwruv/ zkloh wkh lpsolflw phwkrg shuplwv wkh fuhdwlrq ri wkh
Q04 ruwkrjrqdo glvwulexwlrq yhfwruv iurp d jlyhq 40irup/ wkdw lv dgmrlqw wr wkh yhfwruv
ri wkh glvwulexwlrq1

Wkh dgmrlqw gluhfwlrq �hog/ ?> h{lvwv dojheudlfdoo| zkhwkhu ru qrw wkh glvwul0
exwlrq ri Q04 yhfwruv/ in�> vsdq d vlpsoh k|shuvxuidfh1 E| frqvwuxfwlrq yld wkh
ruwkrjrqdolw| frqvwudlqw/ wkh frh!flhqwv ri wkh jlyhq 40irup D� duh lq h�hfw sursru0
wlrqdo wr wkh dgmrlqw gluhfwlrq �hog1 Dv glvfxvvhg lq wkh suhylrxv vxevhfwlrq/ lq wkh
pruh vlpsoh vlwxdwlrqv wkh frh!flhqwv ri d gl�huhqwldo 40irup/ D/ fdq eh ylhzhg dv d
uhsuhvhqwdwlrq ri wkh qrupdo �hog wr d k|shuvxuidfh1 Lq doo fdvhv wkh frh!flhqwv ri d
gl�huhqwldo 40irup fdq eh ylhzhg dv ehlqj dq dgmrlqw gluhfwlrq �hog1

Shukdsv hyhq pruh uhpdundeo|/ lw lv srvvleoh wr vfdoh wkh dgmrlqw gluhfwlrq �hog
+khqfh wkh gl�huhqwldo 40 irup, e| d ixqfwlrq � vxfk wkdw wkh ghwhuplqdqw ri wkh Q {
Q pdwul{/

dI o '
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lv joredoo| htxdo wr d frqvwdqw1 Wkh surfhgxuh wkhuhe| gh�qhv d Iudph ri Q edvlv
yhfwruv hyhu|zkhuh ryhu wkh Q glphqvlrqdo grpdlq ri vxssruw ri wkh 40irup/ D= Lw
iroorzv wkdw h{whulru gl�huhqwldov ri hdfk ri wkh edvlv yhfwruv ri wkh Iudph duh olq0
hdu frpelqdwlrqv ri wkh vhw ri wkh edvlv yhfwruv1 Wkdw lv/ wkh h{whulru gl�huhqwldo
surfhvv dfwlqj rq wkh edvlv yhfwruv ri wkh Iudph lv forvhg1 Wkh surfhvv ri h{whulru
gl�huhqwldwlrq dfwlqj rq hohphqwv ri wkh vhw fuhdwhv remhfwv wkdw uhpdlq zlwklq wkh
vhw1 Dowkrxjk wklv sdudphwulf surfhgxuh lv vlplodu wr wkh lpsolflw phwkrg ghvfulehg
suhylrxvo|/ wkh sdudphwulf phwkrg qhyhu jhqhudwhv d Iudph zlwk d frqqhfwlrq wkdw
vxssruwv wudqvodwlrqdo D!qh wruvlrq ri vxevsdfhv1

Zkhq dfwlqj rq s0irupv/ wkh h{whulru ghulydwlyh fduulhv d s0irup iurp rqh
yhfwru vsdfh lqwr d s.4 irup lq d gl�huhqw yhfwru vsdfh1 Wkh frqfhsw ri d frqqhfwlrq
frqvwudlqv wkh gl�huhqwldo surfhvv wr wudqvsruw d lqlwldo yhfwru ri rqh yhfwru vsdfh lqwr
d �qdo yhfwru lq wkh vdph yhfwru vsdfh1 Erwk yhfwruv kdyh wkh vdph edvlv1

:1816 Surmhfwlyh Iudphv1

Lq hdfk ri wkh �dgmrlqw� phwkrgv jlyhq deryh/ wkh ruwkrjrqdolw| frqglwlrqv duh lq
h�hfw 5+Q04, frqvwudlqwv rq wkh jhqhudo Q2 yduldeohv ri d Iudph pdwul{1 D ghwhu0
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plqdqwdo frqvwudlqw ri wkh w|sh ghw dIo ' � dggv rqh pruh frqvwudlqw frqglwlrq1
Txdgudwlf +phwulf, v|pphwu| ihdwxuhv lpsolhv wkdw v|pphwulf surgxfw ri wkh Iudph
�hogv frqvwuxfwhg e| wkh dgmrlqw surfhgxuh deryh |lhogv d pdwul{ zlwk d �{hg srlqw1
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Wkh frh!flhqwv ri d surmhfwlyh iudph zrxog kdyh rqo| rqh frqvwudlqw1
Wkh xwlolw| ri wkh �dgmrlqw� surfhgxuh lv wkdw txdgudwlf jhrphwulf phwulf surs0

huwlhv ri wkh wdqjhqw vsdfh fdq eh ghfrxsohg iurp wkh jhrphwulf surshuwlhv ri wkh
�dgmrlqw� ru �qrupdo� vsdfh zlwk dq dssursuldwh fkrlfh ri �@�=

Uhpdunv

Lq wkuhh glphqvlrqv/ wkh Jleev furvv surgxfw ri hqjlqhhulqj yhfwru fdofxoxv lv frq0
vlghuhg wr eh d �yhfwru� iru lw kdv wkh vdph qxpehu ri frpsrqhqwv dv wkh judglhqw1
\hw lw kdv gl�huhqw ehkdylru xqghu wudqvirupdwlrqv ri wkh edvlv/ dqg lv wkhuhiru fdoohg
d �svhxgryhfwru� ru dq d{ldo yhfwru1 Lq wkh h{whulru fdofxoxv/ wkh h{whulru surgxfw ri
wkh wzr 40irupv/ zlwk frpsrqhqwv sursruwlrqdo wr fryduldqw whqvru ri udqn 4/ fuhdwhv
d 50irup zlwk fryduldqw frpsrqhqwv ri udqn 51 Rqo| lq frqvwudlqhg jhrphwulhv/ vxfk
dv hxfolghdq wkuhh vsdfh/ gr 50irupv kdyh dq| uhvhpeodqfh wr wkh Jleev furvv surgxfw
+d uxoh zklfk idlov lq glphqvlrq q A 6,1 Wkh svhxgr0yhfwru lv dq remhfw wkdw ehkdyhv
olnh d frqwudyduldqw whqvru ghqvlw| ri udqn 41 Vxfk remhfwv duh xvxdoo| gh�qhg dv
�fxuuhqwv�1 Lq jhqhudo/ wkhuh duh wzr vshflhv ri gl�huhqwldo irupv +wkdw duh riwhq
gxdo wr rqh dqrwkhu dqg duh zhoo ehkdyhg zlwk uhvshfw wr ixqfwlrqdo vxevwlwxwlrq dqg
wkh sxooedfn +s1448 ^Pduvghq 4<<7`,rshudwlrq= s0irupv dqg Q0s irup ghqvlwlhv ru
fxuuhqwv1 Rqh vshflhv sxoov edfn +phdqlqj wkdw wkh irup lv zhoo gh�qhg zlwk uhvshfw
wr ixqfwlrqdo vxevwlwxwlrq, zlwk uhvshfw wr wkh Mdfreldq wudqvsrvh/ zkloh wkh rwkhu
sxoov edfn zlwk uhvshfw wr wkh Mdfreldq dgmrlqw1 Ri frxuvh iru ruwkrjrqdo v|vwhpv/
wkhvh frqfhswv duh ghjhqhudwh/ iru wkh lqyhuvh dqg wkh dgmrlqw dqg wkh wudqvsrvh ri wkh
Mdfreldq pdwul{ duh wkh vdph1 Uhfdoo wkdw dw d srlqw lw lv dozd|v srvvleoh wr gh�qh
d yhfwru edvlv lq whupv ri dq ruwkrjrqdo v|vwhp +xvh wkh Judp0Vfkplgw surfhvv,/ exw
wkh srvvlelolw| ri h{whqglqj/ ru pdsslqj/ wkh surshuw| ri ruwkrjrqdolw| vprrwko| dqg
xqltxho| +zlwkrxw vlqjxodulwlhv, iurp rqh qhljkerukrrg wr dqrwkhu qhljkerukrrg lq
d joredo vhqvh uhtxluhv wkdw wkh pdsslqj surfhvv eh frqvwudlqhg wr wkh eh dq hohphqw
ri wkh ruwkrjrqdo jurxs1 Vxfk frqvwudlqwv dsso| qlfho| wr uljlg erg| prwlrq/ exw
idlo wr ghvfuleh wkh ghirupdwlrq ri d vrolg1 Khqfh wkh uhdghu lv dgylvhg wkdw wkh
dxwrpdwlf ru lqglvfulplqdwh xvh ri ruwkrqrupdo edvlv iudphv zloo qrw |lhog d frpsohwh
xqghuvwdqglqj ri qdwxuh1

Li wkh qhljkerukrrgv fdq eh frqqhfwhg e| d vlqjo| sdudphwhul}hg yhfwru �hog/
wkhq wkhvh frqfhswv duh dw wkh edvlv ri wkh Iuhqhw0Vhuuhw prylqj iudph dqdo|vlv1 Fdu0
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wdq h{whqghg wkhvh lghdv wr grpdlqv wkdw duh qrw vr vlpso| frqqhfwhg/ dqg ghyhorshg
wkh qrwlrq ri wkh prylqj edvlv Iudph/ zklfk kh fdoohg wkh Uhshuh Preloh1 Lq wkdw
zklfk iroorzv/ lw zloo eh ghprqvwudwhg krz wr frqvwuxfw wkhvh prylqj edvlv iudphv1
Wkhuh zloo eh wzr glvwlqfw sureohpv1 Wkh �uvw sureohp zloo eh krz wr frqvwuxfw d pd0
wul{ iudph ri edvlv yhfwruv dw vrph srlqw s ri d vsdfh1 Ghshqglqj rq wkh frqvwudlqwv
lqkhuhqw lq wkhlu frqvwuxfwlrq/ wkh edvlv iudphv fdq eh hohphqwv ri dq htxlydohqfh
fodvv1 Wkh htxlydohqfh fodvv fdq eh uh�qhg e| lpsrvlwlrq ri rwkhu frqvwudlqwv1 Wkh
vhfrqg sureohp zloo eh krz wr ghwhuplqh wkh ruljlq/ R/ vxfk wkdw wkh srlqw s fdq
eh gh�qhg1 Wkh lqwxlwlyh lghd lv wkdw wkh ruljlq fdq eh xqltxho| gh�qhg1 Krz0
hyhu/ lw zloo vrrq eh glvfryhuhg wkdw wkh ruljlq qhhg qrw eh xqltxh/ dqg pljkw hyhq
lqfrusrudwh  xfwxdwlrqv1

:19 Wkh Fduwdq 40irup ri Dfwlrq dv d Olqh Exqgoh

Wklv dsshqgl{ lv xvhg wr ghvfuleh wkh ghwdlov ri krz wr frpsxwh wrsrorjlfdo dqg jhr0
phwulfdo surshuwlhv ri jhqhudol}hg vsdfhv xvlqj wkh Fduwdq h{whulru phwkrgv1 Wkh
remhfwlyh lv wr frqvwuxfw Fduwdq*v frqqhfwlrq 40irupv/ +Uhshuh Preloh,/ dqg fdoo dwwhq0
wlrq wr wkh idfw wkdw wzr w|shv ri wruvlrq ghihfwv +erwk urwdwlrqdo dqg wudqvodwlrqdo,
fdq eh jhqhudwhg rq d surmhfwlyh pdqlirog ri glphqvlrq q.41 Dowkrxjk wkh d!qh
wudqvodwlrqdo wruvlrq kdv d jurzlqj olwhudwxuh/ wkh surmhfwlyh urwdwlrqdo wruvlrq kdv
ehhq ljqruhg1 \hw/ urwdwlrqdo wruvlrq/ lqwxlwlyho|/ vhhpv wr eh ri pruh lpsruwdqfh iru
k|gurg|qdplf vlwxdwlrqv1 Wkh lghd lv wr glvsod| wkh uxglphqwv ri Iudphv/ Fduwdq
frqqhfwlrqv/ dqg pdwulfhv ri orfdo fxuydwxuh 50irupv/ zklfk fdq eh xvhg lq wkh irup
ri Fkhuq fodvvhv ^B` zklfk lq wxuq duh xvhg wr hydoxdwh wkh Hxohu fkdudfwhulvwlf rq d
ydulhw|1 Wkh phwkrgv fdq eh xvhg wr glvsod| wkh fruuhvsrqghqfh ehwzhhq wkh Hxohu
fkdudfwhulvwlf dqg wkh frqfhsw ri Wrsrorjlfdo Sdulw|1

Frqvlghu d 40irup ri Dfwlrq rq d 5q.5@ 7G grpdlq ri gh�qlwlrq jlyhq e| wkh
h{suhvvlrq/

D ' �E{> |> }> w�iynE{> |> }> w�g{
n � fgwj= +:1464,

Dw dq| srlqw s ri wkh grpdlq/ wkhuh h{lvwv 5q.4@6 yhfwruv ip ri irxu frpsrqhqwv
wkdw duh ruwkrjrqdoo| wudqvyhuvdo wr wkh irup lq wkh vhqvh wkdw lEip�D ' f= Wkhvh
yhfwruv +wr zlwklq dq duelwudu| idfwru, pd| eh xvhg dv froxpq yhfwruv ri d edvlv iudph
dw wkh srlqw s1 Wkh frh!flhqw ixqfwlrqv ri wkh rqh irup lwvhoi +wr zlwklq dq duelwudu|
idfwru� irup wkh 5q.5 hohphqwv ri d edvlv iudph dw wkh srlqw s1 D xvhixo exw qrw
xqltxh fkrlfh iru d edvlv vhw dw wkh srlqw s lv jlyhq e| wkh h{suhvvlrq/

I ' din>?o ' I '
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6::8 = +:1465,

Wkh ghwhuplqdqw ri wklv pdwul{ lv htxdo _i|I ' f�Ef2nD2
{nD2

|nD2
}�> zklfk lv qhyhu
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}hur iru � A f1 Khqfh wklv edvlv iudph kdv dq lqyhuvh doprvw hyhu|zkhuh1 Qrwh wkdw
wkh frpsrqhqwv ri d 40irup/ D> wr zlwklq d idfwru/ kdyh ehhq xvhg frqvwuxfw d edvlv
iudph dw doprvw doo srlqwv ri wkh pdqlirog1 Dowkrxjk wkh dgmrlqw qrupdo gluhfwlrq
�hog/ ?> hvwdeolvkhg e| wkh frh!flhqwv ri wkh jlyhq 40irup/ duh ruwkrjrqdo wr wkh rwkhu
froxpq yhfwruv/ in/ lq wkh iudph/ lw lv dssduhqw wkdw wkh in duh qrw ruwkrjrqdo wr rqh
dqrwkhu1 Wkh gluhfwlrq �hog/ ?> frxog eh uhvfdohg e| dssursuldwh fkrlfh ri wkh idfwru
lq rughu wr irufh wkh Iudph pdwul{ wr eh xqlprgxodu1 Krzhyhu/ wklv fkrlfh/ dv vkrzq
ehorz/ lv d vhyhuh frqvwudlqw rq wkh jhrphwu|1

Wkh h{lvwhqfh ri wkh lqyhuvh pdwul{/ ri frxuvh/ jxdudqwhhv wkdw wkh gl�huhqwldo
ri hyhu| edvlv yhfwru lv ghfrpsrvdeoh lqwr d olqhdu frpelqdwlrq ri wkh ruljlqdo hohphqwv
ri wkh edvlv vhw/ lqghshqghqw ri wkh sduwlwlrq1 Wkh pdwul{ ri frh!flhqwv ri wklv olqhdu
h{sdqvlrq gh�qhv wkh +uljkw, Fduwdq pdwul{ ri frqqhfwlrq 40irupv/ Fu/

gI ' I � igI � I3�j ' I � i�gI3��Ij ' I � Fu +:1466,

ryhu wkh grpdlq ri vxssruw iru wkh edvlv iudph +zkhuh I3� h{lvwv,1 +Dq dowhuqdwh
ghyhorsphqw zrxog xvh wkh ohiw Fduwdq pdwul{ uhsuhvhqwdwlrq/ gI ' Fo � I�=

Lw lv frqyhqlhqw wr sduwlwlrq wkh +duelwudu|, edvlv iudph I lq whupv ri wkh
dvvrfldwhg +krul}rqwdo/ lqwhulru/ frruglqdwh ru wudqvyhuvdo, yhfwruv/ in/ dqg wkh dgmrlqw
+qrupdo/ h{whulru/ sdudphwulf ru yhuwlfdo, �hog/ ?s/

I ' din>?o ' di�> i2> i�>?o= +:1467,

Wkh fruuhvsrqglqj Fduwdq pdwul{ kdv wkh sduwlwlrq/

gI ' g
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6::8 +:1468,

Wkh yhfwru htxdwlrqv iru wkh gl�huhqwldov ri wkh froxpqv ri wkh iudph pdwul{ fdq eh
zulwwhq dv

gin ' ipK
p
n n ?kn +:1469,

g? ' ip�
p n ?l> +:146:,

zklfk lqglfdwhv d forvxuh frqfhsw lq wkh vhqvh wkdw wkh gl�huhqwldov ri edvlv yhfwruv
duh frpsrvhg ri olqhdu frpelqdwlrqv ri wkhpvhoyhv1 Krzhyhu/ lw lv lpsruwdqw wr qrwh
wkdw lq jhqhudo wkh gl�huhqwldov ri wkh lqwhulru yhfwruv duh qrw olqhdu frpelqdwlrqv
ri lqwhulru yhfwruv dqg wkh gl�huhqwldov ri h{whulru yhfwruv duh dovr qrw forvhg dprqj
wkhpvhoyhv1

Wkh Fduwdq pdwul{/ F/ lv d pdwul{ ri gl�huhqwldo 40irupv zklfk fdq eh hydox0
dwhg h{solflwo| iurp wkh F4 ixqfwlrqv wkdw pdnh xs wkh edvlv iudph1 Pruhryhu/ wkh
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gl�huhqwldo ri wkh srvlwlrq yhfwru fdq eh h{sdqghg lq whupv ri wkh vdph edvlv iudph
dqg d vhw ri Sid!dq 40irupv=

g+ ' L �

������
g 
===
g|

.
' I � I3� �

������
g 
===
g|

.
' I �

������
�

===
$

.
> +:146;,

zkhuh wkh yhfwru

������
�

===
$

.
lv d +7 frpsrqhqw, yhfwru ri 40irupv wkdw fdq eh frpsxwhg

h{solflwo|1 Wkh 40irup $ qhhg qrw eh forvhg/ dqg lq pdq| lqwhuhvwlqj fdvhv lv qrw
lqwhjudeoh/ $	g$ 9' f=

E| wkh Srlqfduh ohppd/ lw iroorzv wkdw

ggI ' gI	Fn I	gF ' I � iF	FngFj ' f> +:146<,

dqg

gg+ ' gI	

���� �$
 
n I �

���� g�g$
 
' I � iF	

���� �$
 
n

���� g�g$
 
j ' f= +:1473,

Wkh eudfnhw idfwru

dFduwdq Fxuydwxuh 50irupvo ' iF	FngFj> +:1474,

gh�qhv zkdw lv fdoohg wkh +joredo, pdwul{ ri Fduwdq Fxuydwxuh 50irupv/ dqg wkh
eudfnhw idfwru

mFduwdq Wruvlrq 50irupvl ' iF	

���� �$
 
n

���� g�g$
 
j +:1475,

gh�qhv zkdw lv fdoohg wkh +joredo, yhfwru Fduwdq Wruvlrq 50irupv1 Iru dq| Iudph pd0
wul{ zlwk lqyhuvh/ wkh joredo Fduwdq Wruvlrq 50irupv/ dqg wkh joredo Fduwdq Fxuydwxuh
50irupv pxvw ydqlvk1 Krzhyhu/ dv vkrzq ehorz wkh yhfwruv ri Fduwdq wruvlrq 50irupv
dqg wkh Fduwdq fxuydwxuh 50irupv dvvrfldwhg wkh lqwhulru vxevsdfh duh qrw qhfhvvdulo|
}hur1 Wkh Wruvlrq 50irupv / dqg fdq eh ghfrpsrvhg lqwr lqwhulru glvorfdwlrqv dqg
h{whulru glvfolqdwlrqv1

Dv wkh Iudph pdwul{ dqg wkh Fduwdq pdwul{ duh sduwlwlrqhg uhodwlyh wr wkh
wdqjhqw +ru lqwhulru, yhfwruv i dqg wkh qrupdo +ru h{whulru, yhfwruv/ ?/ wkh Srlqfduh
ohppd euhdnv xs lqwr olqhduo| lqghshqghqw idfwruv/ hdfk ri zklfk pxvw ydqlvk1 Wkh
uhvxowv duh=

gg+ ' iig m�ln dKo	 m�l � $	 m�ljn ?ig$ nl	$ n k�m 	 m�lj ' f +:1476,
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ggi ' iigdKo n dKo	dKo n m�l 	 k�mjn ?ig k�mnl	 k�mn k�m 	dKoj ' f +:1477,

gg? ' iig m�ln dKo	 m�l � l	 m�ljn ?igln l	ln k�m 	 m�lj ' f +:1478,

E| uhdvrqv ri olqhdu lqghshqghqfh/ hdfk ri wkh fxuo| eudfnhw idfwruv pxvw ydqlvk/
ohdglqj wr wkh uhvxowv rq wkh lqwhulru grpdlq +frh!flhqwv ri in�=

g m�ln dKo	 m�l ' $	 m�l � mPl '

������
$	��

$	�2

$	��

.
+:1479,

zlwk mPl ' wkh lqwhulru wruvlrq yhfwru ri glvorfdwlrq 50irupv1

gdKo n dKo	dKo ' � m�l 	 k�m � dXo @

57 ��	k� ��	k2 ��	k�
�2	k� �2	k2 �2	k�
��	k� ��	k2 ��	k�

68 +:147:,

zlwk dXo ' wkh pdwul{ ri lqwhulru fxuydwxuh 50irupv1

g m�ln dKo	 m�l ' l	 m�l � m[l '

������
l	��

l	�2

l	��

.
+:147;,

zlwk m[l ' wkh h{whulru wruvlrq yhfwru ri glvfolqdwlrq 50irupv1

m[l sk|vlfdoo| vhhpv wr uhsuhvhqw d gl�huhqw nlqg ri �wruvlrq� zkhq frpsduhg wr wkh
wruvlrq 50irupv uhsuhvhqwhg e| mPl = Wkh m[l frpsrqhqwv ghshqg xsrq m�l dqg l>
zkloh wkh mPl frpsrqhqwv ghshqg xsrq xsrq m�l dqg $= Nrqgr ^B` ghyhorshg wkh
wkhru| ri glvorfdwlrq ghihfwv edvhg rq mPl/ zkloh lw dsshduv wkdw m[l fdq uhsuhvhqw
glvfolqdwlrq ghihfwv1

Wkh �uvw wzr htxdwlrqv :1479/ :147: duh suhflvho| Fduwdq*v htxdwlrqv ri vwuxf0
wxuh +rq dq d!qh grpdlq,1 Lw lv wkh odvw htxdwlrq :147; ri h{whulru glvfolqdwlrq 50
irupv/ g m�lndKo	 m�l ' l	 m�l ' m[l/ wkdw dsshduv wr eh d qhz htxdwlrq ri vwuxfwxuh
ydolg rq d surmhfwlyh grpdlq/ zkhq l 9' f= Wkh 40irup l/ gh�qhg dv wkh deqrupdolw|
40irup/ fdq eh lqwhusuhwhg lq whupv ri d frpelqhg h{sdqvlrq dqg urwdwlrq1 Wkh
frpsrqhqwv m�l fdq eh lqwhusuhwhg lq whupv ri urwdwlrqv/ zkloh wkh frpsrqhqwv k�m
fdq eh lqwhusuhwhg lq whupv ri wudqvodwlrqv1

Dgglwlrqdo frqvwudlqwv fdq eh lpsrvhg xsrq wkh Iudph pdwul{/ olplwlqj wkh
jhqhudolw| dqg dssolfdwlrq1 Zkhq wkh qrupdol}dwlrq idfwru/ �/ lv fkrvhq lq vxfk d
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zd| dv wr irufh wkh ghwhuplqdqw ri wkh wudqvirupdwlrq wr eh xqlw| +ru d frqvwdqw,/ wkh
deqrupdolw| 40irup l ehfrphv }hur1 Wklv vlqjoh frqvwudlqw rq wkh ghwhuplqdqw fdq eh
lqwhusuhwhg dv uhgxflqj wkh jhqhudo Fduwdq frqqhfwlrq pdwul{ wr d surmhfwlyh Fduwdq
pdwul{1 Lq vxfk fdvhv/ wkh glvfolqdwlrq 50irupv/ m[l/ ydqlvk1 Li wkh duelwudu| Iudph
pdwul{ lv orfdoo| frqvwudlqhg vxfk wkdw wkh Fduwdq frqqhfwlrq pdwul{ lv dq hohphqw
ri wkh ruwkrjrqdo vwuxfwxuh jurxs/ wkhq l ydqlvkhv/ dqg wkh Fduwdq pdwul{/ ehfrphv
dqwlv|pphwulf/ zlwk k�m ' � m�l = Wkhuh duh wzr w|shv ri D!qh Fduwdq pdwulfhv1
Wkh �uvw w|sh lv dq hohphqw ri wkh pdwul{ jurxs zkhuh m�l ' f= Wkh vhfrqg w|sh
ri d!qh wudqvirupdwlrq lv dq hohphqw ri wkh pdwul{ jurxs zkhuh k�m ' f= Riwhq wkh
vwuxfwxudo jurxs lv fkrvhq dv d Olh jurxs1

D sxusrvh ri wklv vhfwlrq zdv wr suryh frqvwuxfwlyho| wkh h{lvwhqfh ri m[l / d
yhfwru ri �h{whulru� wruvlrq 50irupv zklfk/ lw lv vxjjhvwhg khuhlq/ vkrxog eh sxw lqwr
fruuhvsrqghqfh zlwk glvfolqdwlrq ghihfwv/ urwdwlrqdo vkhduv dqg frkhuhqw vwuxfwxuhv
lq k|gurg|qdplfv1 Wklv yhfwru lv }hur rq hxfolghdq ruwkrqrupdo ru d!qh pdqlirogv1
Dqrwkhu sxusrvh zdv wr irfxv dwwhqwlrq rq wkh Fduwdq pdwul{ ri fxuydwxuh 50irupv1

Wkh pdwul{ ri lqwhulru fxuydwxuh wzr irupv/ dXo> fdq eh frqvwuxfwhg iurp
wkh nqrzohgjh ri frqqhfwlrq frh!flhqwv/ gdKo n dKo	dKo/ +zklfk uhtxluhv wkh xvh ri
d vhfrqg gl�huhqwldo surfhvv,/ ru dojheudlfdoo| iurp wkh �rxwhu0h{whulru� surgxfw ri
� m�l 	 k�m =

m[l sk|vlfdoo| vhhpv wr uhsuhvhqw d gl�huhqw nlqg ri �wruvlrq� zklfk L dp
wu|lqj wr sxw lqwr fruuhvsrqghqfh zlwk glvfolqdwlrq ghihfwv1 Uhfdoo wkdw Nrqgr kdv
ghyhorshg wkh wkhru| ri glvorfdwlrq ghihfwv edvhg rq mPl =

Wkhuh duh dovr wkuhh htxdwlrqv ri vwuxfwxuh rq wkh h{whulru grpdlq +frh!flhqwv
ri ?, zklfk duh jlyhq e| wkh frqvwuxfwlrqv=

g$ nl	$ ' �k�m 	 m�l > +:147<,

g k�mnl	 k�m ' �k�m 	dKo> +:1483,

glnl	l ' � ' �k�m 	 m�l > +:1484,

zkhuh � uhsuhvhqwv wkh h{whulru fxuydwxuh 50irupv
D uhpdundeoh uhvxow ri wklv frqvwuxfwlrq lv wkh idfw wkdw wkh pdwul{ ri lqwhulru

fxuydwxuh 50irupv/ dXo / fdq eh frqvwuxfwhg lq wzr zd|v1 Wkh fodvvlfdo phwkrg xwlol}hv
gl�huhqwldo surfhvvhv igdKo n dKo	dKoj / zkloh wkh vhfrqg phwkrg lv sxuho| dojheudlf
i� m�l 	 k�mj= Wkh rughu ri sduwldo ghulydwlyhv frqwdlqhg lq wkh dojheudlf +h{whulru, h{0
suhvvlrq iru wkh lqwhulru fxuydwxuh i� m�l 	 k�mj lv rqh ohvv wkdq wkh fodvvlf h{suhvvlrq
exlow rq wkh frqqhfwlrq frh!flhqwv/ igdKo n dKo	dKoj=

H{whulru gl�huhqwldwlrq ri wkh pdwul{ ri lqwhulru fxuydwxuh 50irupv |lhogv=

gdXo ' �g m�l 	 k�m ' E� mg�l 	 k�m� n Em�l 	 kg�m� '

EdKo	 m�l 	 k�m�� El	 m�l 	 k�m�� Em�l 	l	 k�m�� Em�l 	 k�m 	dKo� ' f
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Wkh ixqgdphqwdo uhvxow lv wkdw wkh pdwul{ ri 50irupv wkdw irupv wkh lqwhulru fxuydwxuh
pdwul{ lv forvhg$ Lw lv wklv idfw wkdw ohdgv xowlpdwho| wr wkh lghd uhodwlqj wkh Hxohu
fkdudfwhulvwlf dqg wkh frpsrqhqwv ri wkh fxuydwxuh 50irupv1

Lw lv lpsruwdqw wr qrwh wkdw gxh wr wkh sduwlwlrq/ wkh h{whulru fxuydwxuh lv d
forvhg +lq wklv h{dpsoh d vfdodu ydoxhg, 50irup � ' �k�m 	 m�l zlwk

g� ' �kg�m 	 m�lnk�m 	 mg�l ' nl	 k�m 	 m�lnk�m 	dKo	 m�l�k�m 	dKo	 m�lnk�m 	l	 m�l ' f>

lv forvhg1 Dv l lv d 40irup iru d vlqjoh h{whulru yhfwru/ / wkhq wkh 50irup � lv h{dfw1
Wkh h{whulru h{whulru fxuydwxuh 50irupv fdq jhqhudwh d Pd{zhoo0Idudgd| v|vwhp ri
SGH*v Vhh Dsshqgl{ E,1

Erwk wkh h{whulru dqg wkh lqwhulru fxuydwxuh 50irupv fdq eh pdwul{ ydoxhg
ghshqglqj xsrq wkh sduwlwlrq ri wkh Iudph1 Hdfk fxuydwxuh pdwul{ h{klelwv d vhw
ri vlplodulw| lqyduldqwv ghgxfhg iurp wkh frh!flhqwv ri wkh Fd|oh|0Kdplowrq fkdu0
dfwhulvwlf sro|qrpldo1 Lw zrxog dsshdu wkhuhiruh wkdw wkhlu duh wzr vshflhv ri Fkhuq
fkdudfwhulvwlf fodvvhv wkdw fdq eh frqvwuxfwhg iurp wkh Fd|oh|0Kdplowrq sro|qrpldo
vlplodulw| lqyduldqwv1

Li +lq wkh h{dpsoh, wkh surmhfwlyh Fduwdq pdwul{ lv frqvwudlqhg wr eh hxfolghdq/
wkhq l ' �> dqg erwk � ' f>dqg � ' f= Khqfh erwk wkh lqwhulru dqg wkh h{whulru
fxuydwxuh ydqlvk1 Lqghhg/ wkhq erwk w|shv ri wruvlrq 50irupv ydqlvk1

Rq wkh rwkhukdqg/ li wkh Fduwdq pdwul{ lv dqwl0v|pphwulf +dv lw pxvw eh iru dq
ruwkrqrupdo iudph pdwul{, wkhq l ' f> dqg � ' ��= Khqfh/ wkh h{whulru fxuydwxuh
ydqlvkhv/ dqg m[l ' f/ exw wkh grpdlq frxog vxssruw lqwhulru fxuydwxuh dqg glvorfd0
wlrq wruvlrq 50irupv/ mPl 9' f1 Li wkh Fduwdq pdwul{ lv ohiw d!qh/ wkhq � ' f>l ' �=
Wkh lqwhulru dqg h{whulru grpdlqv duh  dw/ exw wkh vwuxfwxuh frxog dgplw erwk irupv
ri wruvlrq 50irupv1

Wkh prudo ri wklv dsshqgl{ lv wkdw wkhuh xvxdoo| lv pruh wkdq rqh zd| wr gr
wklqjv1 Lq wkh fdvh ri d surmhfwlyl}hg olqh exqgoh ryhu d ydulhw|/ wkh Fduwdq phwkrg
ri frpsxwlqj wkh vljql�fdqw txdqwlwlhv lv htxlydohqw wr wkh phwkrgv ri �ehu exqgoh
wkhru|/ exw lw lv pxfk vlpsohu wr xvh dqg hdvlhu wr lqwhusuhw lq sk|vlfdoo| xvhixo zd|v
iru hqjlqhhulqj dssolfdwlrqv

rqhool +4<<6,` Dqwrqhool/ S1 O1/ Lqjdughuq/ U1V1/ dqg Pdwvxprwr/1 P1 / +4<;<, %Wkh Wkhru| ri Vsud|v
dqg Ilqvohu Vsdfhv zlwk dssolfdwlrqv wr Elrorj| dqg Sk|vlfv%/ Noxzhu/ Gruguhfkw/ Qg

41 Duqrog/ Y1L1/ +4<;<, %Pdwkhpdwlfdo Phwkrgv ri Fodvvlfdo Phfkdqlfv%/ s14<;/ Vsulqjhu
Yhuodj/ Q\

rog 4<;4` Duqrog/ Y1L1/ +4<;4 , %Orqgrq Pdwk1 Vrf1 Ohfw1 Qrwh Vhulhv 86%/ Fdpeulgjh
Xqlyhuvlw| Suhvv s1 5581

gzlq 4<<4` Edogzlq/ S1 dqg Nlhkq/ U1 P1 +4<<4, �Fduwdq*v Wrsrorjlfdo Vwuxfwxuh�/
Srvwhu suhvhqwhg dw wkh vxpphu zrunvkrs/ �Wrsrorj| lq Ioxlg G|qdplfv�/
Lqvw1 iru Wk1 Sk|1 XFVE/ Dxjxvw 4<<41 du[ly pdwk0sk23434366/
kwws=22zzz551sdlu1frp2fvgf2sgi2wrsvwux71sgi
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pehuj 4<<5` Edpehuj/ S1 dqg Vwhuqehuj/ S1 +4<<5, %D frxuvh lq pdwkhpdwlfv iru vwxghqwv ri
sk|vlfv/ 5%/ Fdpeulgjh Xqlyhuvlw| suhvv/ Fdpeulgj/ s1 ::80 :;3

hpdq 4<47` Edwhpdq/ K1 +4<4704<88, %Hohfwulfdo dqg Rswlfdo Zdyh Prwlrq%/ Gryhu/

jhu 4<;7` P1 D1 Ehujhu/ P1 D1 dqg Ilhog/ +J1 E 4<;7,1 M Ioxlg Phfk1 47:/ 466047; Q1\1/ s145

krs 4<9;` Elvkrs/ U1 O1 dqg Jrogehuj/ V1 L1 +4<9;, �Whqvru Dqdo|vlv rq Pdqlirogv� Gryhu/ Q1
\1 s1 4<<1

knh`

lqry 4<<3` D1 Y1 Erovlqry/ V1 Y1 Pdwhyhhy dqg D1 W1 Irphqnr/ Uxvvldq Pdwk Vxuyh|v 78=5
+4<<3, s8<0<7

qry 4<<8` D1Y1 Erovlqry/ D1W1Irphqnr/ dqg N1 Fkdqj/ Surfhhglqjv ri wkh Vwhnory Lqvwlwxwh ri
Pdwkhpdwlfv/ 4<<8/ Lvvxh 7/ s/1 5<

w 4<<7` Erww1 U1 dqg Wx/ O1 Z1 +4<<7, %Gl�huhqwldo Irupv lq Dojheudlf Wrsrorj|%/ Vsulqjhu
Yhuodj/ Q1\1

orxlq 4<97` Euloorxlq/ O1 +4<97, �Whqvruv lq Phfkdqlfv dqg Hodvwlflw|�/ Dfdghplf Suhvv/ Q\ s
<61

dqw 4<<4` Eu|dqw/ U1O1/Fkhuq/ V1V1/ Jdugqhu/ U1E1/Jrogvfkplgw/ K1O1/ dqg Jul!wkv/ S1 D1
+4<<4, %H{whulru Gl�huhqwldo V|vwhpv%/ Vsulqjhu/ Yhuodj1

dq 4<:9` Fdoodq/ Mu/ F1 J1/ 1/ Jlonh|/ S1 E1 dqg Kdqvrq/ D1 M1 +4<:9, Sk|v1 Ohww 96E 6671 Qrwh
wkh skudvh �Wklv H �E 9@ 3 lq wkh Odjudqjldq, fohduo| euhdnv S dqg W lqyduldqfh11 �

qhydoh 4<<3` Fduqhydoh/ J1 I1 dqg Ydoolv/ J1 N1 +4<<3, Lvryruwlfdo Uhod{dwlrq wr Vwdeoh Wzr0
Glphqvlrqdo Iorzv lq= %Wrsrorjlfdo Ioxlg Phfkdqlfv%/ K1 N1 Pr�dww dqg W1 V1 Wvl0
qrehu hgv/ Fdpeulgjh Xqlyhuvlw| Suhvv/ Fdpeulgjhs 77<078;1 Dovr vhh Fduqhydoh/ J1
I1 dqg Ydoolv/ J1 N1 +4<;<, M1 Ioxlg Phfk1/ 53: s14660485

wdq 4;<<` H1 Fduwdq �Vxu fhuwdlqhv h{suhvvlrqv gl�huhqwlhoohv hw oh v|vwhph gh Sid�� Dqq Hf1
Qrup1 49 65< +4;<<,

wdq 4<55` H1 Fduwdq/ �V|vwhpv Gl�huhqwldov H{whulhxuv hw ohxuv Dssolfdwlrqv Jhrphwultxhv�
+Khupdqq/ Sdulv/ 4<55,1

wdq 4<6:` H1 Fduwdq/ �Od Wkhrulh ghv Vsdfhv d Frqqh{lrq Surmhfwlyh�/ +Khupdqq/ Sdulv/ 4<6:,

wdq 4<8; +4<55,` Fduwdq/ H1/ +4<8;, %Ohfrqv vxu ohv lqyduldqwv lqwhjudx{v%/ Khupdqq/ Sdulv 1

wdq 4<99` Fduwdq/ H1 +4<99, %Wkh Wkhru| ri Vslqruv%/ Gryhu/ Qhz \run/ s1 6<1

plu 4<7;` K1 E1 J1 Fdvlplu/ Surf1 Nrq1 Qhg1 Dndg1 Zhwhqvfk1 E84/ :<6 +4<7;,

uq 4<77` Fkhuq/ V 1V1 +4<77,/ Dqqdov ri Pdwk1 78/ :7:0 :85 1

uq 4<7;` Fkhuq/ V1V1 +4<7;, Vflhqfh Uhsruwv Qdw1 Wvlqj Kxd Xqly1 8/ <804541

uq 4<;;` Fkhuq/ V1V1 +4<;;, %Klvwrulfdo Uhpdunv rq Jdxvv0Erqqhw%/ PVUL 37;3;0;; Ehunhoh|/
FD1 Dovr vhh 111 +4<77, �D Vlpsoh lqwulqvlf surri ri wkh Jdxvv0Erqqhw irupxod iru
Forvhg Ulhpdqqldq Pdqlirogv�/ Dqqdov ri Pdwk1 78/ :7:0 :851

pprqg 4<<3` L1 W1 Guxpprqg/ dqg Z1 K1 S1 Pxqfk/ �Wxuexohqw Vwuhwfklqj ri Olqhv dqg Vxuidfhv�/
lq �Wrsrorjlfdo Ioxlg Phfkdqlfv� K1 N1 Pr�dww dqg D1 Wvlqrehu/ hglwruv/ +Fdpeulgjh
Xqlyhuvlw| Suhvv/ 4<<3,/ s1 95;09691

lqjwrq 4<96 +4<56,` ^59` D1 V1 Hgglqjwrq/1 �Wkh Pdwkhpdwlfdo Wkhru| ri Uhodwlylw|� +Fdpeulgjh Xql0



5:; Dsshqgl{ Wrsrorj| dqg wkh Fduwdq Fdofxoxv

yhuvlw| Suhvv 4<96,/ s1 4<71

4<<9` Hx/ E1F1 dqg O1V1Jdufld0Frolq/ Sk|v Uhy H 87/6 +4<<9,

qghuv 4<96` Iodqghuv/ K1 +4<96, %Gl�huhqwldo Irupv%/ Dfdghplf Suhvv/ Qhz \run/ s14591

hurswlfv`

n 4<97` Irfn/ Y1 +4<97,/ %Vsdfh/ wlph dqg judylwdwlrq%/ Shujdprq0PdfPloodq/ Qhz \run1

|wk +4;<3, 4<8<` Iruv|wk/ D1U1 +4;<304<8<,/ %Wkhru| ri gl�huhqwldo htxdwlrqv Y4 dqg Y5%/ Gryhu/ Q1\1

�hw 4<;8` E1 Jd�hw/ M1 Ioxlg Phfk1 489/ 474 +4<;8,1

huw 4<::` Z1 Jhoohuw/ hw1do1 Hglwruv �Wkh YQU Frqflvh Hqf|forshgld ri Pdwkhpdwlfv� / +Ydq
Qrvwudqg/ Qhz \run 4<::,/ s19;91�

xe 4<:6` Z1 Juhxe/ V1Kdoshulq dqg U1 Ydqvwrqh +Dfdghplf Suhvv/ Qhz \run / 4<:6,1

pry`

gehuj 4<;5` Jrogehuj/ V1 L1/ +4<;5, �Fxuydwxuh dqg Krprorj|� Gryhu/ Q1 \1

ghqeodww 4<95` Jroghqeodw/ L1L1 +4<95,/ %Vrph sureohpv ri wkh phfkdqlfv ri frqwlqxrxv phgld%/ Qr0
rugkr�/ Kroodqg/ s14<61 %Wkh txdqwlw| ri khdw lq d uhyhuvleoh surfhvv dozd|v kdv dq
lqwhjudwlqj idfwru%

pdqq 4<9;` Khupdqq/ U1 +4<9;,/ �Gl�huhqwldo Jhrphwu| dqg wkh Fdofxoxv ri Yduldwlrqv�/ Dfd0
ghplf Suhvv/ Qhz \run1

nlqj 4<94` Krfnlqj/ M1 J1 +4<94, �Wrsrorj|� Dgglvrq Zhvoh|/ Q1 \1 s151

�qjhu`

qlj 4<<9` Kruqlj/ J1 dqg Vfklqgohu/ N1 +4<<9,/ Pdjqhwlf wrsrorj| dqg wkh sureohp ri lwv lq0
ydudlqw gh�qlwlrq/ Sk|vlfv ri Sodvpdv/ 6/ s1979

qlj 4<<;` Kruqlj/ J dqg Udvwdwwhu/ O1 +4<<;,/ Wkh Pdjqhwlf Vwuxfwxuh ri E 9@ 3 Uhfrqqhfwlrq/
Sk|vlfd Vfulswd/ Yro W:7/ s16706<

olqru1sgi` kwws=22zzz551sdlu1frp2fvgf2sgi2lpsolqru1sgi dqg kwws=22zzz551sdlu1frp2fvgf2sgi2sdudphwulf

x 4<;;` Ndnx/ P1 +4<;;, �Lqwurgxfwlrq wr Vxshuvwulqjv� Vsulqjhu0Yhuodj/ Qhz \run s16;91

wlq 4<99` Nhvwlq/ M1 +4<99, �D Frxuvh lq Wkhuprg|qdplfv� Eodlvgho/ Zdowkdp/ Pdvv1

q 4<95` Nohlq/ M1 +4<95,/ Dqq1 Lqvw1 DLIXE Irxulhu/ Juhqreoh 45/ 41

h 4<98` Nolqh/ P1 dqg Nd|/ L1Z1 +4<98,/ %Hohfwurpdjqhwlf Wkhru| dqg Jhrphwulfdo Rswlfv%/
Lqwhuvflhqfh/ Q1\1

klqh 4<97` Nrfklq/ Q1H1/ Nleho/ L1D1/ Ur}h/ Q1 Q1/ +4<97, %Wkhruhwlfdo K|gurg|qdplfv% Lqwhu0
vflhqfh Q\ s148:

ory 4<<8` Nr}ory/ Y1 +4<<8, K|gurg|qdplfv ri Qrqfrppxwdwlyh Lqwhjudwlrq ri Kdplowrqldq
V|vwhpv1 Dphu Pdwk Vrf Wudqvo1 +5, 49; s1 55:056;

dwrzvnl 4<7;` Nxudwrzvnl/ N1 +4<7;, %Wrsrorj|% +Zduvdz/ / Yro1 L1

pe 4<78` Odpe/ K1+4<78, �K|gurg|qdplfv� Gryhu/ Qhz \run/ s15781

gdx 4<8;` Odqgdx/ O1 G1 dqg Olivklw}/ H1 P1/ +4<8;,/ %Vwdwlvwlfdo Sk|vlfv% Shujdprq Suhvv/
Orqgrq s1 69<1

gdx 4<93` Odqgdx/ O1 G1 dqg Olivklw}/ H1 P1 +4<93,/ %Hohfwurg|qdplfv ri Frqwlqxrxv Phgld%/
Shujdprq Suhvv/ Orqgrq/ s1 <:1
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gvehuj 4<94` Odqgvehuj/ S1 W1 +4<94,/ �Wkhuprg|qdplfv� Lqwhuvflhqfh Q\

hupdqq 4<;:` Olehupdqq S1 dqg Pduoh/ F0P1 +4<;:,/ %V|psohfwlf Jhrphwu| dqg Dqdo|wlfdo Ph0
fkdqlfv% Ulhgho/ Gruguhfkw2Ervwrq s198

hupdqq 4<;:` Olehupdqq S1 dqg Pduoh/ F0P1 +4<;:,/ %V|psohfwlf Jhrphwu| dqg Dqdo|wlfdo Ph0
fkdqlfv% Ulhgho/ Gruguhfkw2Ervwrq s163:

fkxw} 4<98` Olsvfkxw}/ V1 +4<98, %Jhqhudo Wrsrorj|%/ Vfkdxp/ Qhz \run/ s1 ;;1

soh HP 5336` kwws=22zzz551sdlu1frp2fvgf2pdsoh2PdsohHP1sgi

soh Iuhvqho 5336` kwws=22zzz551sdlu1frp2fvgf2pdsoh2PdsohIU1sgi

wlqhw +4<:3,` Pduwlqhw/ M1 +4<:3,/ Rq wkh Vlqjxodulwlhv ri Gl�huhqwldo Irupv/ Dqq1 Lqvw1 Irxulhu/
Juhqreoh/ 53/ 4 / <804:;

vghq 4<<7` Pduvghq/ M1H1 dqg Uldwx/ W1 V1 +4<<7, %Lqwurgxfwlrq wr Phfkdqlfv dqg V|pphwu|%/
Vsulqjhu0Yhuodj/ s1455

Gx� 4<<8` PfGx� dqg Vdodprq �Lqwurgxfwlrq wr V|psohfwlf Wrsrorj|�

huyh 4;<6` Phvhuyh/ E1 H1 +4<;6, %Surmhfwlyh Jhrphwu|%/ Gryhu/ Qhz \run R{irug Xqlyhuvlw|
Suhvv +4<<8,

fdoi 4<<3` U1 Z1 Phwfdoih dqg I1 Kxvvdlq/ +4<<3,/ Wrsrorj| ri Frkhuhqw vwuxfwxuhv dqg Iodph
Vkhhwv lq Uhdfwlqj Pl{lqj Od|huv/ lq �Wrsrorjlfdo Ioxlg Phfkdqlfv� K1 N1 Pr�dww
dqg D1 Wvlqrehu/ hglwruv/ Fdpeulgjh Xqlyhuvlw| Suhvv/ 98<09:;1 Dovr vhh= P1 Y1
Phodqghu/ dqg I1 Kxvvdlq/ Wrsrorjlfdo Dvshfwv ri Yruwh{ Uhfrqqhfwlrq / lq= orf1 flw1
7;807<<1

�dw 4<9<` K1 N1 Pr�dww/ M1 Ioxlg Phfk1 68/44: +4<9<,1

qwjrphu| 4<;<` G1 Prqwjrphu| dqg O1 Skloolsv/ +4<;<, PKG Wxuexohqfh= uhod{dwlrq surfhvvhv dqg
yduldwlrqdo sulqflsohv/ lq �Dgydqfhv lq Ioxlg Wxuexohqfh� J1 Grrohq/ hw1 do1 hglwruv
Qruwk Kroodqg Dpvwhugdp/ s1548

vh 4<97` Pruvh/ S1 P1 +4<97, %Wkhupdo Sk|vlfv%/ Ehqmdplq/ Q\/ s1 93

k 4<;<` F1 Qdvk dqg V1 Vhq/ �Wrsrorj| dqg Jhrphwu| iru Sk|vlflvwv� / +Dfdghplf Suhvv/ Vdq
Glhjr 4<;<,1

loo 4<99` R*Qhloo/ E1 +4<99, %Hohphqwdu| Gl�huhqwldo Jhrphwu|%/ Dfdghplf Suhvv/ Qhz \run/
s14;<111

hupdq 4<;9` Rvvhupdq/ U1 +4<;9, %D Vxuyh| ri Plqlpdo Vxuidfhv%/ Gryhu/ Q1\1 4<;9,

r 4<<3` D1 Rwwr/ P1 Khvvh/ dqg N1 Vfklqgohu +4<<3, Jhqhudo Pdjqhwlf Uhfrqqhfwlrq lq 6G
V|vwhpv/ lq �Wrsrorjlfdo Ioxlg Phfkdqlfv�/ K1 N1 Pr�dww dqg D1 Wvlqrehu/ hglwruv/
Fdpeulgjh Xqlyhuvlw| Suhvv/ s1 55805671

urvh 4<<<` Shqurvh/ U1 +4<<<, Wkh fhqwudo surjudpph ri Wzlvwru Wkhru|/ Fkdrv/ Vrolwrqv/ dqg
Iudfwdov/ 43/ 506/ s18;409441

vlfv Wrgd| Pd| 5333` Sk|vlfv Wrgd|/ Pd| 5333/ s14:

lh 4<:9` Slwwlh/ K1Y1 +4<:9, %Fkdudfwhulvwlf fodvvhv ri Iroldwlrqv%/ Uhv Qrwhv lq Pdwk1/ Glwpdq/
Orqgrq

+4<95,` H1M1 Srvw +4<<:, %Irupdo Vwuxfwxuh ri Hohfwurpdjqhwlfv%/ Gryhu/ Q1\1

4<;6` H1M1 Srvw +4<;6, Sk|v Ohww1 D/ <7 s1 676
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ghsxgl 4<<;` Nrqghsxgl/ G1 dqg Suljrjlqh/ L1/ %Prghuq Wkhuprg|qdplfv%/ Zloh|/ Qhz \run1

kdp 4<93` ghUkdp/ J1 +4<93, �Ydulhwhv Gl�huhqwdeohv�/ Khupdqq/ Sdulv1

N 4<9<` Nlhkq/ U1P1 dqg Slhufh/ M1 I1/ +4<9<,/ Dq Lqwulqvlf Wudqvsruw Wkhruhp/ Sk|v1 Ioxlgv/
45/ s14<:41 +kwws=22zzz551sdlu1frp2fvgf2sgi2lqwwudqv1sgi,

N 4<:7` Nlhkq/ U1P1 +4<:7,/ H{whqvlrqv ri Kdplowrq*v Sulqflsoh wr Lqfoxgh Glvvlsdwlyh V|v0
whpv/ M1 Pdwk Sk|v1 8/ s1 <

N 4<:8 d` Nlhkq/ U1P1 +4<:8,/ Lqwulqvlf k|gurg|qdplfv zlwk dssolfdwlrqv wr vsdfh0wlph  xlgv/
Lqw1 M1 ri Hqj1 Vfl1 46/ <741 +kwws=22zzz551sdlu1frp2fvgf2sgi2lqwk|gur1sgi,
du[ly2pdwk0sk23434365

N 4<:8 e` Nlhkq/ U1 P1/ +4<:8,/ Jhrphwurg|qdplfv dqg Vslq%/ Ohww1 do Qxryr Flphqwr 45/ s1
633

N 4<:8 f` Nlhkq/ U1 P1 +4<:8,/ Vxephuvlyh htxlydohqfh fodvvhv iru phwulf �hogv/ Ohww1 do Qxryr
Flphqwr 47/ s1 63;

N 4<:8 g` Nlhkq/ U1P1 +4<:8,/ Frqirupdo Lqyduldqfh dqg Kdplowrq Mdfrel wkhru| iru glvvlsdwlyh
v|vwhpv/ M1 Pdwk Sk|v1 49/ 4365

N4<:9` Nlhkq/ U1P1 +4<:9,/ QDVD DPHV QFD050RU05<80835
+kwws=22zzz551sdlu1frp2fvgf2sgi2upndphv1sgi,

N 4<:9 e` Nlhkq/ U1P1 +4<:9,/ Uhwurglfwlyh Ghwhuplqlvp/ Lqw1 M1 ri Hqj1 Vfl1 47/ :7< 1
+kwws=22zzz551sdlu1frp2fvgf2sgi2uhwurglf1sgi,

N 4<::` Nlhkq/ U1P1 +4<::,/ Shulrgv rq pdqlirogv/ txdqwl}dwlrq dqg jdxjh/ M1 Pdwk Sk|1
4;/ 9471 +kwws=22zzz551sdlu1frp2fvgf2sgi2shulrgv1sgi,

N 4<:: e` Vdqghuv/ Y1 H1 dqg Nlhkq/ U1P1 +4<::,/ Gxdo Srodul}hg Ulqj Odvhuv/ LHHH M Txdqw
Hohf TH046/ s1 :6<

N 4<:<` Vfkxow}/ D1/ Nlhkq/ U1 P1/ hw do1 +4<:<,/ Oliwlqj ri wkh Irxu0irog HP Ghjhqhudf| dqg
SW V|pphwu|/ Sk|v Ohww :7D/ 6;71

N 4<;9` Nlhkq/ U1 P1/ +4<;:, Wkh Idodfr H�hfw dv d wrsrorjlfdo ghihfw zdv �uvw qrwlfhg e|
wkh suhvhqw dxwkru lq wkh vzlpplqj srro ri dq rog PLW iulhqg/ gxulqj d ylvlw lq Ulr
gh Mdqhlur/ dw wkh wlph ri Kdooh|*v frphw/ Pdufk 4<;91 Wkh frqfhsw zdv suhvhqwhg
dw wkh Dxvwlq Phhwlqj ri G|qdplf Gd|v lq Dxvwlq/ Mdqxdu| 4<;:/ dqg fdxvhg vrph
lqwhuhvw dprqj wkh uhvlghqw wrsrorjlvwv1 Wkh hdvlo| uhsurgxfhg h{shulphqw dgghg wr
wkh fuhghqfh ri wrsrorjlfdo ghihfwv lq  xlgv1 Lw lv qrz shufhlyhg wkdw wklv wrsrorjlfdo
skhqrphqd lv xqlyhuvdo/ dqg zloo dsshdu dw doo ohyhov iurp wkh plfurvfrslf wr wkh jdodf0
wlf1 ODQO du[ly2ju0tf234343<; +kwws=22zzz551sdlu1frp2fvgf2sgi2idodfr<:1sgi,1/
vhh kwws=22zzz551sdlu1frp2fvgf2sgi2wrswxue1sgi

N 4<;: e` Vwhuolqj 1 hw1do1 +4<;:,/ Zk| duh wkhvh glvnv gdunB Sk|v Ioxlgv 63 s144

N 4<;:` Nlhkq/ U1 P1 +4<;:,/ Idodfr Vrolwrqv/ kwws=22zzz551sdlu1frp2fvgf2sgi2idodfr341sgi

N 4<;<` Nlhkq/ U1 P1/ +4<;<,/ Luuhyhuvleoh Wrsrorjlfdo Hyroxwlrq lq Ioxlg Phfkdqlfv/ DVPH
;<0ZD2IH081 Lqylwhg sdqholvw %Xqdqvzhuhg txhvwlrqv lq Ioxlg Phfkdqlfv% dw wkh
VDI phhwlqj ri wkh DVPH rq

N 4<<3` Nlhkq/ U1P1 +4<<3,/ Wrsrorjlfdo Wruvlrq/ Sid� Glphqvlrq dqg Frkhuhqw Vwuxfwxuhv/
lq= %Wrsrorjlfdo Ioxlg Phfkdqlfv%/ K1 N1 Pr�dww dqg W1 V1 Wvlqrehu hgv/ Fdpeulgjh



Wkh Fduwdq 40irup ri Dfwlrq dv d Olqh Exqgoh 5;4

Xqlyhuvlw| Suhvv s1 77<078;1 +kwws=22zzz551sdlu1frp2fvgf2sgi2fdpe;<1sgi,

N 4<<4 d` Nlhkq/ U1 P1 +4<<4,/ Frpsdfw Glvvlsdwlyh Iorz Vwuxfwxuhv zlwk Wrsrorjlfdo Frkhu0
hqfh Hpehgghg lq Hxohuldq Hqylurqphqwv/ lq= %Qrq0olqhdu G|qdplfv ri Vwuxfwxuhv%/
hglwhg e| U1]1 Vdjghhy/ X1 Iulvfk/ I1 Kxvvdlq/ V1 V1 Prlvhhy dqg Q1 V1 Hurnklq/
s146<0497/ Zruog Vflhqwl�f Suhvv/ Vlqjdsruh

N4<<4 e` Nlhkq/ U1P1 +4<<4, �Frqwlqxrxv Wrsrorjlfdo Hyroxwlrq�/ ODQO du[ly2pdwk0
sk23434365 +kwws=22zzz551sdlu1frp2fvgf2sgi2frqwhyro61sgi,

N 4<<4 f` Nlhkq/ U1 P1 +4<<4,/ Duh wkhuh wkuhh nlqgv ri vxshufrqgxfwlylw|/ Lqw1 Mrxuq1 ri
Prghuq Sk|vlfv/ yro8 &43 s1 4::<

N 4<<4 g` Nlhkq/ U1 P1 / Nlhkq/ J1 S1/ dqg Urehugv/ +4<<4,/ Sdulw| dqg wlph0uhyhuvdo v|pphwu|
euhdnlqj/ vlqjxodu vroxwlrqv dqg Iuhvqho vxuidfhv/ Sk|v1 Uhy D 76/ ss1 8498089:41
+kwws=22zzz551sdlu1frp2fvgf2sgi2wlphuhy1sgi,

N 4<<4 h` Nlhkq/ U1P1 +4<<4, Vrph Forvhg Irup Vroxwlrqv wr wkh Qdylhu Vwrnhv Htxdwlrqv/
ODQO du[ly2sk|vlfv23435335 +kwws=22zzz551sdlu1frp2fvgf2sgi2qyvro1sgi,

N 4<<4 i` Nlhkq/ U1P1 +4<<4,/ �Glvvlsdwlrq/ Luuhyhuvlelolw| dqg V|psohfwlf Od0
judqjldq v|vwhpv rq Wkhuprg|qdplf vsdfh ri glphqvlrq 5q.5�/
kwws=22zzz551sdlu1frp2fvgf2sgi2luuhy41sgi

N 4<<5 d` Nlhkq/ U1 P1/ Wrsrorjlfdo Sdulw| dqg wkh Wxuexohqw Vwdwh/ xqsxeolvkhg1

N 4<<5 g` Nlhkq/ U1 P1 +4<<5,/ Wrsrorjlfdo Ghihfwv/ Frkhuhqw Vwuxfwxuhv dqg Wxuexohqfh lq
Whupv ri Fduwdq*v Wkhru| ri Gl�huhqwldo Wrsrorj|/ lq %Ghyhorsphqwv lq Wkhruhwlfdo
dqg Dssolhg Pdwkhpdwlfv/ Surfhhglqjv ri wkh VHFWDP [YL frqihuhqfh%/ E1 Q1
Dqwdu/ U1 Hqjhov/ D1D1 Sulqdulv dqg W1 K1 Prxoghq/ Hglwruv/ Wkh Xqlyhuvlw| ri
Whqqhvvhh Vsdfh Lqvwlwxwh/ Wxoodkrpd/ WQ 6:6;; XVD1

N 4<<6 d` Nlhkq/ U1 P1 +4<<6,/ Lqvwdelolw| Sdwwhuqv/ Zdnhv dqg Wrsrorjlfdo Olplw Vhwv/ lq
�Hgg| Vwuxfwxuh Lghqwl�fdwlrq lq Iuhh Wxuexohqw Vkhdu Iorzv�/ M1S1Erqqhw dqg P1Q1
Jodxvhu/ +hgv,/ Noxzhu Dfdghplf Sxeolvkhuv s1 6961

N 4<<6 e` Nlhkq/ U1 P1 +4<<6, Wdon suhvhqwhg dw wkh HXURPHFK 63; phhwlqj dw Fruwrqd/
Lwdo|1 Xqsxeolvkhg1 +kwws=22zzz551sdlu1frp2fvgf2sgi2lwdo|1sgi,

N 4<<8` Nlhkq/ U1 P1 +4<<8,/ K|gurg|qdplf Zdnhv dqg Plqlpdo Vxuidfhv zlwk Iudfwdo
Erxqgdulhv/ lq %Pl{lqj lq Jhrsk|vlfdo Iorzv%/ M1 P1 Uhgrqgr dqg R1 Phwdlv/ Hglwruv
FLPQH / Edufhorqd HUFRIWDF +phhwlqj lq 4<<5, s1 850961

N 4<<< d` Nlhkq/ U1 P1/ +4<<<,/ Frkhuhqw Vwuxfwxuhv lq Ioxlgv duh Wrsrorjlfdo Wruvlrq Ghihfwv/
lq M/ �LXWDP V|psrvlxp rq Vlpxodwlrq dqg Lghqwl�fdwlrq ri Rujdql}hg Vwuxfwxuhv
lq Iorzv�/ 1Q1 Vûuhqvhq/ hw do1/ hgv1/ Noxzhu Dfdghplf Sxeolvkhuv/ Gruguhfkw/ 1 Vhh
+kwws=22zzz551sdlu1frp2fvgf2sgi2frshq81sgi,1 Suhvhqwhg dw wkh LXWDP0VLPIOR
Frqihuhqfh dw GWX/ Ghqpdun/ Pd| 5805</ +4<<:,1

N 4<<< e` Nlhkq/ U1P1 +4<<<,/ Wrsrorjlfdo hyroxwlrq ri fodvvlfdo hohfwurpdjqhwlf �hogv dqg
wkh skrwrq/ lq/ %Skrwrq dqg Srlqfduì Jurxs%/ Y1 Gyrhjod}ry +hg1,/ Qryd Vflhqfh
Sxeolvkhuv/ Lqf1/ Frppdfn/ Qhz \run/ s157905951 LVEQ 40893:50:4;0:1 Dovr vhh
+kwws=22zzz551sdlu1frp2fvgf2sgi2skrwrq81sgi,

N 5333` Nlhkq/ U1 P1 +5333,/ 5G wxuexohqfh lv d P|wk/ +lqylwhg vshdnhu LXWDP frqi,
kwws=22zzz551sdlu1frp2fvgf2sgi2kdjxh91sgi



5;5 Dsshqgl{ Wrsrorj| dqg wkh Fduwdq Fdofxoxv

N 5334` Nlhkq/ U1P1 / +5334, Wrsrorjlfdo0Wruvlrq dqg Wrsrorjlfdo0Vslq dv fr0
khuhqw vwuxfwxuhv lq sodvpdv%/ du[ly sk|vlfv 234353341 Dovr vhh
kwws=22zzz551sdlu1frp2fvgf2sgi2sodvpdv1sgi/ dqg 11kroghu6g1sgi,

N 5335 d` Nlhkq/ U1 P1 +5335,/ Fxuydwxuh dqg wruvlrq ri lpsolflw k|shuvxuidfhv dqg wkh ruljlq
ri fkdujh/ Dqqdohv gh od Irxqgdwlrq Orxlv gh Eurjolh/ yro 5:/ s17441 ODQO du[ly
2ju0tf 2343443< +kwws=22zzz551sdlu1frp2fvgf2sgi2frqwhyro61sgi,

N 5335 e` Nlhkq/ U1P1 +5335,/ Wkh Skrwrq Vslq dqg rwkhu Wrsrorjlfdo Ihdwxuhv ri Fodvvlfdo
Hohfwurpdjqhwlvp/ lq %Judylwdwlrq dqg Frvprorj|/ Iurp wkh Kxeeoh Udglxv wr wkh
Sodqfn Vfdoh%/ Dprurvr/ U1/ hw do1/ hgv1/ Noxzhu/ Gruguhfkw/ Qhwkhuodqgv/ s14<:05391
Yljlhu 6 frqihuhqfh lq 53331 +kwws=22zzz551sdlu1frp2fvgf2sgi2ylj53331sgi,

N 5336` Nlhkq/ U1 P1 +5336,/ Wkhuprg|qdplf Luuhyhuvlelolw| dqg wkh Duurz ri
Wlph/ lq %Wkh Qdwxuh ri Wlph= Jhrphwu|/ Sk|vlfv dqg Shufhswlrq%/
U1 Exfkhu hw do1 +hgv1,/ Noxzhu/ Gruguhfkw/ Qhwkhuodqgv/ s157605831
+kwws=22zzz551sdlu1frp2fvgf2sgi2duz�qdo1sgi,

N 5337` Nlhkq/ U1 P1 +5337B,/ D wrsrorjlfdo shuvshfwlyh ri Hohfwurpdjqhwlvp/ wr eh
sxeolvkhg lq %Fodvvlfdo hohfwurg|qdplfv= qhz krul}rqv%/ Hglwruv Dqguhz H1
Fkxe|ndor dqg Urpdq Vpluqry0Uxhgd/ Ulqwrq Suhvv/ Lqf1 XVD1 Dovr vhh
kwws=22zzz551sdlu1frp2fvgf2sgi2upnwrs1sgi

lqvrq 4<<9` Urelqvrq/ G1F dqg Vkdggxfn/ Z1 I1/ +4<<9, Ilhogv Lqvwlwxwh Frppxqlfdwlrqv/ Yro
:/ 4<<9 s4;<1

rxwhq 4<7<` Vfkrxwhq/ M1 D1 dqg Ydq ghu Nxon/ Z1 +4<7<, %Sid�*v Sureohp dqg lwv Jhqhudol}d0
wlrqv%/ R{irug Foduhqgrq Suhvv1

rg}lqvn| 4<:3` Z1 Voherg}lqvn|/ +4<:3, �H{whulru Irupv dqg wkhlu Dssolfdwlrqv�/ SZQ/ Zduvdz1

vwhu 4<;7` Vfkxvwhu/ K/ J1 +4<;7,/ %Ghwhuplqlvwlf Fkdrv%/ Sk|vlfv Yhuodj

phuihog 4<85` Vrpphuihog/ D1 +4<85,/ %Hohfwurg|qdplfv%/ Dfdghplf Suhvv/ Qhz \run1 Vrp0
phuihog fduhixoo| glvwlqjxvkhv ehwzhhq lqwhqvlwlhv dqg h{flwdwlrqv rq wkhuprg|qdplf
jurxqgv1

wwrq 4<74` Vwudwwrq/ M1D1/ +4<74, Hohfwurpdjqhwlf Wkhru| PfJudz Kloo Q1\1

ln4<94` Vwuxln/ G1 +4<94, �Gl�huhqwldo Jhrphwu|�/ Dgglvrq Zhvoh|/ Uhdglqj/ Pdvv

nh 4<<6` Vwxnh/ E1 +4<<6,/ %Wrzdugv d Ixqgdphqwdo Vwuxfwxuh ri Frqwlqxxp phfkdqlfv%/ ]1
Qdwxuiruvfk1 7; d ;;60;<7

<<3` Vx/ Z1/ Olx Z1/ dqg Olx ]1 +4<<3,/ Wrsrorjlfdo Vwuxfwxuhv ri Vhsdudwhg Iorzv/ lq=
%Wrsrorjlfdo Ioxlg Phfkdqlfv%/ K1 N1 Pr�dww dqg W1 V11 Wvlqrehu hgv/ Fdpeulgjh
Xqlyhuvlw| Suhvv/ 6<8073:1

p 4<;<` S1 O1 Vxohp/ ]1 V1 Vkh/ K1 Vfkroo/ dqg X1 Iulvfk/ M1 Ioxlg Phfk 538 674 +4<;<,1

d 4<99` O1 Wlv}d/ O1 +4<99, �Jhqhudol}hg Wkhuprg|qdplfv�/ PLW suhvv/ Fdpeulgjh/ s 14581

qnylvw 4<<:` Wruqnylvw/ R1 dqg Vfkurhghu/ H1/ +4<<:, Yruwh{ g|qdplfv lq Glvvlsdwlyh V|vwhpv/
Sk|v Uhy1 Ohww1 :;/ 43 / s1 4<3;04<441

qexoo 4<93` K1 Z1 Wxuqexoo/ K1 Z1 +4<93, �Wkh Wkhru| ri ghwhuplqdqwv/ pdwulfhv dqg lqyduldqwv�
Gryhu/ Qhz \run +4<67,

4<<4` Wxu/ D1 Y1 dqg \dqryvn|/ Y1 Y1 +4<<4, �Lqyduldqwv lq glvvlsdwlrqohvv k|gurg|qdplf



Wkh Fduwdq 40irup ri Dfwlrq dv d Olqh Exqgoh 5;6

phgld�/ Dffhswhg iru sxeolfdwlrq lq M1 Ioxlg Phfk1

gdqw}lj 4<67` Ydq Gdqw}lj1 G1 +4<67,/ Surf1 Fdpeulgjh Sklorv1 Vrf1 63/ 7541 Dovr vhh= yrq
Gdqw}lj/ G1/ +4<67,/ Hohfwurpdjqhwlvp Lqghshqghqw ri phwulfdo jhrphwu|/ Surf1 Nrq1
Qhg1 Dndg1 y1 Zhw1 6:

ryln 5336` Yroryln/ J1 H1/ +5336, %Wkh Xqlyhuvh lq d Kholxp gursohw%/ Foduhgrq Suhvv/ R{irug/
5336

qkrog 4<:8` Zhlqkrog/+4<:8,/ Phwulf jhrphwu| ri Wkhuprg|qdplfv L0LY/ M1 Fkhp1 Sk|v1 96
57:</57;7/57;;/57<91

q 4<;<` Zhq/ [1J1/ Zlof}hn/ I1/ dqg ]hh/ D1/ Sk|v Uhy E 6< 44746 +4<;<,1

wwdnhu 4<77` Zklwwdnhu/ H1W1 +4<77, �Dqdo|wlfdo G|qdplfv�/ Gryhu/ Qhz \run 1

nh 4<:8` \runh/ M1 +4<:8,/ Dphulfdq Pdwkhpdwlfdo Prqwko|/ ;5/ <;8

}qln 4<:9` ]hoh}qln/ I1 M1 +4<:9, Wkhuprg|qdplfv/ M1 Pdwk Sk|v1 4:/ ;1 s148:<04943

rpluvnl +4<<4,` ]klwrpluvnl/ P1 %W|slfdo Vlqjxodulwlhv dqg Gl�huhqwldo 40irupv dqg Sid!dq Htxd0
wlrqv%/ Wudqvodwlrqv ri Pdwkhpdwlfdo Prqrjudskv/ 446/ DPV Ukrgh Lvodqg 4<<4


