
Fermilab FERMILAB-THESIS-1998-16

WKH UDWLR RI LQFOXVLYH MHW FURVV
VHFWLRQV DW

s
v ' S�f JhY DQGs

v ' �Hff JhY

e|

Mrkq Nudqh

D GLVVHUWDWLRQ

Suhvhqwhg wr wkh Idfxow| ri

wkh Judgxdwh Froohjh dw wkh Xqlyhuvlw| ri Qheudvnd

lq Sduwldo Ixo�oophqw ri wkh Uhtxluhphqwv iru

wkh Ghjuhh ri Grfwru ri Sklorvrsk|

Xqghu wkh Vxshuylvlrq ri Surihvvru Juhjru| U1 Vqrz

Olqfroq/ Qheudvnd

4<<;
Vhfrqg Sulqwlqj



WKH UDWLR RI LQFOXVLYH MHW FURVV VHFWLRQV DWs
r ' S�f JhY DQG

s
r ' �Hff JhY

Mrkq Nudqh/ Sk1G1

D Glvvhuwdwlrq vxeplwwhg lq sduwldo ixo�oophqw ri

wkh uhtxluhphqwv iru wkh ghjuhh ri

Grfwru ri Sklorvrsk|

Dssuryhg=

Juhjru| U1 Vqrz
Surihvvru ri Sk|vlfv
Wkhvlv Frpplwwhh Fkdlu

Hgzdug F1 Mrqhv
Surihvvru ri Sk|vlfv

Wlprwk| M1 Jd|
Surihvvru ri Sk|vlfv

Urqdog M1 Erqvwhwwhu
Surihvvru ri Hgxfdwlrq

Jhudog F1 Eod}h|
Surihvvru ri Sk|vlfv
Qruwkhuq Loolqrlv Xqlyhuvlw|
Krqrudu| Frpplwwhh Phpehu



WKH UDWLR RI LQFOXVLYH MHW FURVV VHFWLRQV DWs
r ' S�f JhY DQG

s
r ' �Hff JhY

Mrkq Nudqh/ Sk1G1

Xqlyhuvlw| ri Qheudvnd/ 4<<;

Dgylvru= Juhjru| U1 Vqrz

Wklv glvvhuwdwlrq suhvhqwv dq dqdo|vlv ri kdgurqlf mhw surgxfwlrq iurp surwrq0

dqwlsurwrq froolvlrqv dw wzr fhqwhu�ri�pdvv hqhujlhv1 Phdvxuhphqwv zhuh shu0

iruphg lq wkh fhqwudo uhjlrq +m�m ? 3=8, ri wkh GÛ ghwhfwru dw Ihupl Qdwlrqdo

Dffhohudwru Oderudwru| +Edwdyld/ LO,1 Uhvxowv duh frpsduhg wr qh{w�wr�ohdglqj�

rughu TFG suhglfwlrqv jhqhudwhg zlwk Mhwudg dqg HNV Prqwh Fduor1 Vhyhudo

whfkqltxhv uhgxfh wkh xqfhuwdlqw| lq wkh udwlr ri furvv vhfwlrqv wr dv orz dv 8(1

Wkh revhuyhg qrupdol}dwlrq gl�huhqfh uhvxowv lq d orz suredelolw| wkdw wkh gdwd

dqg suhglfwlrqv ghvfuleh wkh vdph glvwulexwlrq1





Frqwhqwv

Olvw ri Iljxuhv yll

Olvw ri Wdeohv {lll

Suhidfh {y

4 Wkh Vwuxfwxuh ri Pdwwhu 4

414 Wkh Vwdqgdug Prgho dqg Ih|qpdq Gldjudpv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 6

415 Fkdudfwhulvwlfv ri Vwurqj Lqwhudfwlrqv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 :

416 Mhw Surgxfwlrq 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 44

417 Wkh Lqfoxvlyh Mhw Furvv Vhfwlrq 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 Wkh Udwlr ri Vfdohg Lqyduldqw Furvv Vhfwlrqv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 56

419 Vxppdu| 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 1 57

5 Wkh H{shulphqw 5:

514 Wkh Ihuplode Dffhohudwru Frpsoh{ 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 5;

51414 Wkh Sodvpd Vrxufh 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 63

51415 Wkh Frfnfuriw�Zdowrq Jhqhudwru 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 64

51416 Wkh Olqdf 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 64

51417 Wkh Errvwhu 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 65

51418 Wkh Pdlq Ulqj 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 66

51419 Wkh Whydwurq 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 68

l



ll

5141: Ixwxuh Survshfwv iru Ihuplode 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 69

515 Wkh GÛ Ghwhfwru 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 6:

51514 Wkh Fhqwudo Ghwhfwru 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 6<

51515 Wkh Fdorulphwhu 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 76

51516 Wkh Pxrq Vshfwurphwhu 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 84

51517 Ohyho Û 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 85

51518 Ghwhfwru Vxppdu| 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

6 Gdwd Froohfwlrq 88

614 Wkh Ohyho Û Wuljjhu 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 8:

615 Wkh Ohyho 4 Wuljjhu 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 8:

616 Wkh Ohyho 5 Wuljjhu 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 8;

617 Wkh Mhw Wuljjhuv 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 8<

618 D Vhohfwhg Gdwd Hyhqw 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 94

619 Vxppdu| 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 1 94

7 Wkh Mhw Hqhuj| Vfdoh 98

714 Wkh R�vhw Fruuhfwlrq 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 99

71414 Vxssuhvvlrq Qrlvh 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 9<

71415 Xqghuo|lqj Hyhqw 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 :3

71416 H{wud Lqwhudfwlrqv dqg Slohxs 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 :5

71417 Surri ri Sulqflsoh 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 :8

71418 R�vhw Vxppdu| 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 :;

715 Wkh Uhvsrqvh Fruuhfwlrq 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 :;

71514 Wkh PSI Phwkrg 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 :<

71515 PSI 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 1 1 1 1 1 ;3

716 Wkh Vkrzhulqj Fruuhfwlrq 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 ;3

717 Vxppdu| 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 1 ;8



lll

8 Furvv Vhfwlrq Dqdo|vlv ;<

814 Wkh Oxplqrvlw| Fdofxodwlrq 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 ;<

81414 Fdofxodwlrq ri s�s Furvv Vhfwlrq Ydoxhv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 <4

81415 Jhrphwulf Dffhswdqfh ri Ohyho Û 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 <7

81416 Ohyho Û Kdugzduh H!flhqf| dqg Oxplqrvlw|�Ghshqghqw H�hfwv 1 1 <:

81417 Oxplqrvlw| Prqlwru Frqvwdqw Vxppdu| 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 433

81418 Wkh Wlph�Lqwhjudwhg Oxplqrvlw| 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 433

815 Gdwd Vhohfwlrq H!flhqf| 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 1 434

81514 Hyhqw Vhohfwlrq 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 1 434

81515 Mhw Vhohfwlrq 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 1 439

81516 Gdwd Vhohfwlrq H!flhqf| Vxppdu| 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 444

816 Wkh Udz Furvv Vhfwlrq 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 1 444

817 Vxppdu| 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 1 44;

9 Xqvphdulqj 44<

914 Mhw Hqhuj| Uhvroxwlrq 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 1 454

91414 Glmhw Dv|pphwu| Phdvxuhphqwv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 454

91415 Wkh Vriw Udgldwlrq Fruuhfwlrq 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 456

91416 Sduwlfoh�Mhw Dv|pphwu| 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 458

91417 Uhvroxwlrq Sdudphwhul}dwlrq 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 458

91418 Prgl�fdwlrqv iru 963 JhY 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:

91419 Prqwh Fduor 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 1 467

9141: Mhw Uhvroxwlrq Vxppdu| 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 468

915 Wkh Surfhvv ri Xqvphdulqj 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 46:

91514 Xqvphdulqj Xqfhuwdlqwlhv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 46;

91515 Ilqdo Fruuhfwlrq Idfwru 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 473

916 Vxppdu| dqg Uhvxow 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 1 474



ly

: Xqfhuwdlqwlhv lq wkh Udwlr ri Mhw Furvv Vhfwlrqv 47:

:14 Oxplqrvlw| Xqfhuwdlqwlhv 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 1 484

:15 Mhw dqg Hyhqw Vhohfwlrq Xqfhuwdlqwlhv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 487

:16 Uhvroxwlrq dqg Xqvphdulqj Xqfhuwdlqwlhv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 488

:17 Hqhuj| Vfdoh Xqfhuwdlqwlhv 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

:1714 Frgh Ghvfulswlrq 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 1 489

:1715 Hqhuj| Vfdoh Xqfhuwdlqw| Uhvxowv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 493

:18 Ilqdo Xqfhuwdlqw| lq wkh Udwlr 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 495

; Uhvxowv dqg Frpsdulvrq wr Wkhruhwlfdo Suhglfwlrqv 49:

;14 Wkhruhwlfdo Sdudphwhuv 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 49:

;15 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 1 1 1 1 1 1 1 1 1 1 1 1 1 49;

;1514 Uhvxowv dw
s
v @ 4;33 JhY 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 49<

;1515 Uhvxowv dw
s
v @ 963 JhY 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 4:3

;1516 Uhvxowv iru wkh Udwlr ri Glphqvlrqohvv Furvv Vhfwlrqv 1 1 1 1 1 1 1 1 4:5

;16 Glvfxvvlrq 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 1 4:5

;17 Vxppdu| 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 1 4;6

D Frruglqdwh V|vwhpv/ Xqlwv/ dqg Yduldeohv iru KHS 4;8

D14 Qdwxudo Xqlwv 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 4;8

D15 Yduldeohv iru Froolghu 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 1 1 4;9

D16 Fdofxodwlrq ri Mhw Yduldeohv 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;;

E Sursdjdwlrq ri Huuruv 4<4

E14 Vwdwlvwlfdo Huuruv dqg Elqrpldo Huuruv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 4<4

E15 Txdgudwxuh Dgglwlrq ri Huuruv 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<5

E1514 Dgydqfhg Zrun zlwk Fryduldqfh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 4<6

E16 Xvhixo Irupxodh 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 4<8

E17 Iru Ixuwkhu Uhdglqj 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<:



y

F Wkh Wrwdo Z Ervrq Furvv Vhfwlrq 4<<

F14 Uxq Frqglwlrqv 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 1 533

F15 Gdwd Vhohfwlrq dqg H!flhqflhv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 533

F1514 Hohfwurq Lghqwl�fdwlrq H!flhqf| 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 534

F1515 Wuljjhu H!flhqflhv 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 1 538

F16 Edfnjurxqgv 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 1 539

F17 Ilgxfldo Dffhswdqfh 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 53:

F18 Uhvxow 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 1 1 1 53;



yl



Olvw ri Iljxuhv

414 Wkh wzr sulplwlyh THG yhuwlfhv 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 8

415 Ih|qpdq gldjudpv iru Pùoohu vfdwwhulqj 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 9

416 Sulplwlyh TFG yhuwlfhv 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 ;

417 Wkh vwurqj frxsolqj frqvwdqw 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 43

418 Ih|qpdq gldjudp iru d glmhw hyhqw 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 45

419 Sduwrq glvwulexwlrq ixqfwlrqv 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

41: Sduwrq glvwulexwlrq ixqfwlrqv lq vwdqgdug irupdw 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 47

41; Vhohfwhg Ih|qpdq gldjudpv iru mhw surgxfwlrq 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 4:

41< Gl�huhqfh lq mhw frqh udglxv gh�qlwlrqv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 4;

4143 Vshfwuxp ri wkh lqfoxvlyh mhw furvv vhfwlrq 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 53

4144 Wkhruhwlfdo xqfhuwdlqwlhv lq wkh QOR TFG suhglfwlrq 1 1 1 1 1 1 1 1 1 1 1 1 55

4145 Wkh sulqflsoh ri plqlpxp vhqvlwlylw| 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 56

4146 Gl�huhqw suhvhqwdwlrqv ri wkh lqfoxvlyh mhw furvv vhfwlrq 1 1 1 1 1 1 1 1 1 1 1 1 58

514 Vfkhpdwlf ryhuylhz ri wkh Ihuplode dffhohudwru frpsoh{ 1 1 1 1 1 1 1 1 1 1 1 5<

515 Wkh pdjqhwurq sodvpd vrxufh 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 63

516 D vlpsol�hg ylhz ri dq Doyduh} guliw wxeh olqdf 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 64

517 Errvwhu lqmhfwlrq vfkhpdwlf 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 65

518 Wkh dqwlsurwrq fuhdwlrq 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 67

519 Skdvhg UI zdyhirupv frdohvfh surwrq exqfkhv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 68

51: Lvrphwulf ylhz ri wkh GÛ ghwhfwru 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 6:

yll



ylll

51; Wkh fhqwudo wudfnlqj v|vwhp 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 6<

51< Hqg ylhz ri wkh YW[ fkdpehuv 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 73

5143 Ghwdlo ri wkh Wudqvlwlrq Udgldwlrq Ghwhfwru 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 74

5144 Fhqwudo Guliw Fkdpehu ghwdlo 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 75

5145 Iruzdug Guliw Fkdpehu prgxohv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 76

5146 Wkh GÛ Fdorulphwhu 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 77

5147 Wklfnqhvv ri wkh GÛ ghwhfwru 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

5148 Wzr xqlw fhoov ri wkh GÛ fdorulphwhu 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 7;

5149 Svhxgrsurmhfwlyh wrzhu jhrphwu| ri wkh fdorulphwhu 1 1 1 1 1 1 1 1 1 1 1 1 1 1 7<

514: Pxrq fkdpehu ghwdlo 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 85

514; Wkh GÛ ghwhfwru 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 86

614 Fdorulphwhu vlgh ylhz ri d GÛ hyhqw 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 95

615 Fdorulphwhu hqg ylhz iru wkh vdph GÛ hyhqw 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 95

616 Fhoo0rqo| ylhz ri wkh hyhqw 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 96

617 �Ohjr sorw� ri wkh GÛ hyhqw 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 96

714 H{dpsoh ri d vnhzhg Jdxvvldq 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

715 Gl�huhqfh lq HA ghqvlw| ehwzhhq vxssuhvvhg dqg xqvxssuhvvhg gdwd 1 1 1 1 9<

716 Vxssuhvvlrq qrlvh lq }hureldv gdwd dqg mhw gdwd 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 :4

717 Wkh sk|vlfv xqghuo|lqj hyhqw 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

718 Wkh xqghuo|lqj hyhqw dw erwk fhqwhu�ri�pdvv hqhujlhv 1 1 1 1 1 1 1 1 1 1 1 1 :6

719 Wkh udwlr ri xqghuo|lqj hyhqw hqhuj| ghqvlwlhv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 :6

71: Frpelqhg qrlvh/ h{wud lqwhudfwlrq/ dqg slohxs fruuhfwlrqv 1 1 1 1 1 1 1 1 1 1 :7

71; Xqfhuwdlqwlhv lq wkh r�vhw fruuhfwlrq 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 :9

71< Frqwuro frqhv iru gl�huhqw glmhw wrsrorjlhv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ::

7143 Xqghuo|lqj hyhqw suhglfwlrqv yhuvxv revhuyhg hqhuj| lq mhw gdwd 1 1 1 1 1 1 1 :;

7144 Sdudphwulf vlpxodwlrq ri mhw uhvsrqvh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ;4

7145 Wkh GÛ fdorulphwhu uhvsrqvh 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



l{

7146 Frpsdulvrq ri wkh uhvsrqvh ehwzhhq fhqwhu�ri�pdvv hqhujlhv 1 1 1 1 1 1 1 1 ;6

7147 Mhw UPV zlgwk yhuvxv phdvxuhg mhw hqhuj|/ iru erwk fhqwhu�ri�pdvv hqhujlhv1 ;9

7148 Vkrzhulqj fruuhfwlrq dv d ixqfwlrq ri mhw hqhuj| 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ;:

814 Wkh uhvxowv ri lqwhusrodwlrq iru wkh ss furvv vhfwlrqv 1 1 1 1 1 1 1 1 1 1 1 1 1 <6

815 Wkh lqwhusrodwhg wrwdo ss furvv vhfwlrq/ frpsduhg wr FHUQ*v �w 1 1 1 1 1 1 <8

816 Wkh Ohyho Û kdugzduh h!flhqf| 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 <:

817 Wkh Pxowlsoh Vlqjoh Gl�udfwlrq fruuhfwlrq dqg wkh Kdor fruuhfwlrq 1 1 1 1 1 <;

818 Wkh frpelqhg PGV dqg Kdor fruuhfwlrq idfwru 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 <<

819 Looxvwudwlrq ri d frvplf ud| hyhqw 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 436

81: Wkh PHW Iudfwlrq fxw 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 1 436

81; Wkh hyhqw yhuwh{ srvlwlrq iru doo hyhqwv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 438

81< Wkh HPIU glvwulexwlrq 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 43;

8143 Wkh FKIU glvwulexwlrq 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 43<

8144 Wkh FhoIU glvwulexwlrq 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 43<

8145 Wkh fxwv ri wkh mhw uhvwrudwlrq surfhgxuh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 443

8146 Wkh mhw dqg hyhqw fxw h!flhqf| 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 447

8147 Qxpehu mhwv froohfwhg e| hdfk mhw wuljjhu 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 449

8148 Wkh �udz� lqfoxvlyh mhw furvv vhfwlrq 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 44:

914 Looxvwudwlrq ri wkh vphdulqj h�hfw 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 453

915 Revhuyhg glmhw dv|pphwu| 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 1 455

916 Dv|pphwu| iru gl�huhqw wklug�mhw wkuhvkrogv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 456

917 H{wudsrodwlrq ri dv|pphwu| wr d }hur wklug�mhw wkuhvkrog1 1 1 1 1 1 1 1 1 1 1 457

918 Wkh vriw udgldwlrq fruuhfwlrq 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 1 457

919 Wkh sduwlfoh�mhw fruuhfwlrq 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 1 459

91: Ixoo|�fruuhfwhg uhvroxwlrq gdwd 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;

91; W|slfdo skrwrq�mhw dv|pphwu| glvwulexwlrq 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 45<

91< Iudfwlrqdo frqwulexwlrq ri hdfk �qdo vwdwh wr glmhw hyhqwv 1 1 1 1 1 1 1 1 1 1 1 464
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9143 Uhvxowv ri wkh uhvroxwlrq �w surfhgxuh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 465

9144 Wkh xqfhuwdlqw| ri wkh wzlq �w surfhgxuh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 466

9145 Uhvroxwlrq forvxuh iurp Prqwh Fduor vlpxodwlrq 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 469

9146 Wkh fruuhfwlrq idfwru iru xqvphdulqj 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 475

9147 Wkh �qdo lqfoxvlyh mhw furvv vhfwlrq dw 963 JhY 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 477

9148 Wkh �qdo lqfoxvlyh mhw furvv vhfwlrq dw 4;33 JhY 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 478

:14 H{dpsoh ri d frpsohwho| fruuhodwhg huuru edqg1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 47<

:15 H{dpsoh ri d sduwldoo| fruuhodwhg huuru edqg1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 483

:16 Zruog Dyhudjh s�s furvv vhfwlrqv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 485

:17 Wkh mhw�e|�mhw xqfhuwdlqwlhv lq wkh hqhuj| vfdoh fruuhfwlrq 1 1 1 1 1 1 1 1 1 1 489

:18 Fruuhodwlrqv ehwzhhq wzr udwlr elqv1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 493

:19 Prqwh Fduor uhvxowv yhuvxv gdwd 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 494

:1: Hqhuj| vfdoh xqfhuwdlqwlhv lq wkh udwlr/ glylghg e| fdwhjru| 1 1 1 1 1 1 1 1 1 494

:1; Doo huuruv lq wkh udwlr ri lqfoxvlyh mhw furvv vhfwlrqv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 497

:1< Fruuhodwlrqv lq wkh udwlr ri furvv vhfwlrqv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 498

;14 Iudfwlrqdo ghyldwlrq ri wkh lqfoxvlyh mhw furvv vhfwlrq dw
s
v @ 4;33 JhY 1 1 49<

;15 963 JhY lqfoxvlyh mhw furvv vhfwlrq dqg d QOR TFG suhglfwlrq 1 1 1 1 1 1 1 4:4

;16 Wkh udwlr ri glphqvlrqohvv furvv vhfwlrqv/ ydulrxv SGI*v1 1 1 1 1 1 1 1 1 1 1 1 4:6

;17 Wkh udwlr ri glphqvlrqohvv furvv vhfwlrqv/ ydulrxv uhqrupdol}dwlrq vfdohv1 1 1 4:7

;18 Vhyhudo udwlrv ri glphqvlrqohvv furvv vhfwlrqv/ jhqhudwhg zlwk HNV 1 1 1 1 1 4:8

;19 Wkhruhwlfdo xqfhuwdlqwlhv lq wkh QOR TFG suhglwlrq iru wkh udwlr 1 1 1 1 1 1 4::

;1: Udwlr ri furvv vhfwlrqv/ gl�huhqw � vfdohv iru hdfk FP hqhuj| 1 1 1 1 1 1 1 1 4:;

;1; Looxvwudwlrq ri wkh EINO �joxrq odgghu� 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 4:;

;1< Wkh udwlr ri furvv vhfwlrqv uhodwlyh wr dxjphqwhg TFG suhglfwlrqv 1 1 1 1 1 4:<

;143 Wkh h�hfw ri wkh QOR whup lq wkh TFG mhw furvv vhfwlrq suhglfwlrq 1 1 1 1 1 4;4

;144 Qxpehu ri mhwv shu hyhqw 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;5

F14 Z ervrq surgxfwlrq phfkdqlvpv1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 533



{l

F15 H!flhqf| ri Z hyhqw vhohfwlrq fulwhuld 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 537

F16 Orvw hohfwurqv dv d ixqfwlrq ri svhxgrudslglw|1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 53<

F17 Orvw hohfwurqv dv d ixqfwlrq ri d}lpxwk1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 543

F18 Wkh Z furvv vhfwlrq wlphv eudqfklqj udwlr 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 545
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Olvw ri Wdeohv

414 Sdudphwhuv ri wkh irxu irufhv ri qdwxuh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 6

415 Txdun dqg ohswrq sdudphwhuv 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 7

416 Wkh prvw frpprq kdgurqlf sduwlfohv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 7

417 Fulwhuld ri wkh phujlqj dqg vsolwwlqj dojrulwkp 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 4<

514 Sdudphwhuv iru wkh Fhqwudo Fdorulphwhu 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 7<

515 Sdudphwhuv iru wkh HP dqg Lqqhu Hqg Fdorulphwhu prgxohv 1 1 1 1 1 1 1 1 1 83

516 Sdudphwhuv iru wkh Plggoh dqg Rxwhu Hqg Fdorulphwhu prgxohv 1 1 1 1 1 1 1 83

614 Wuljjhuv xvhg lq wkh lqfoxvlyh mhw furvv vhfwlrq dqdo|vlv 1 1 1 1 1 1 1 1 1 1 1 1 8<

615 Oxplqrvlw| h{srvxuh ri wkh lqfoxvlyh mhw wuljjhuv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 93

814 Ilw sdudphwhuv iru Zruog Dyhudjh furvv vhfwlrqv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 <5

815 H{wudsrodwhg furvv vhfwlrq 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 <5

816 Frpsrqhqwv ri wkh lqhodvwlf furvv vhfwlrq 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 <7

817 Vxppdu| ri jhrphwulf dffhswdqfh vwxglhv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 <9

818 Oxplqrvlw| prqlwru frqvwdqw dw
s
v @ 963 JhY 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 433

819 Mhw fxw h!flhqflhv 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 1 445

81: PHWIU dqg mhw uhvwrudwlrq h!flhqflhv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 446

81; Joredo gdwd vhohfwlrq h!flhqf| 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 448

914 Uhvroxwlrq sdudphwhuv iru
s
v @ 4;33 JhY 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 45:

915 Uhvroxwlrq sdudphwhuv +wzlq �w, 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 464
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916 Huuru pdwulfhv iurp wkh uhvroxwlrq �wv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 467

917 Xqvphdulqj sdudphwhuv dqg huuruv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 46;

918 Lqfoxvlyh mhw furvv vhfwlrq +963 JhY, 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 476

919 Lqfoxvlyh mhw furvv vhfwlrq +4;33 JhY, 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 479

:14 Xqfhuwdlqwlhv lq wkh oxplqrvlw| fdofxodwlrq 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 486

:15 Xqfhuwdlqw| iurp mhw dqg hyhqw vhohfwlrq1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 488

:16 Huuru fruuhodwlrqv lq wkh udwlr 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 1 495

;14 "2 frpsdulvrqv iru wkh 4;33 JhY furvv vhfwlrq 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 4:3

;15 Dgglwlrqdo "2 frpsdulvrqv iru wkh 4;33 JhY furvv vhfwlrq 1 1 1 1 1 1 1 1 1 1 4:3

;16 "2 frpsdulvrqv iru wkh 963 JhY furvv vhfwlrq 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 4:4

;17 Wkh "2 frpsdulvrqv iru wkh udwlr ri furvv vhfwlrqv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 4:8

;18 Dgglwlrqdo "2 frpsdulvrqv iru wkh udwlr ri furvv vhfwlrqv 1 1 1 1 1 1 1 1 1 1 1 4:9

;19 Wkh udwlr ri glphqvlrqohvv furvv vhfwlrqv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 4;7

D14 Sk|vlfdo txdqwlwlhv h{suhvvhg lq whupv ri qdwxudo xqlwv1 1 1 1 1 1 1 1 1 1 1 1 1 4;9

F14 Olvw ri edfnjurxqg vrxufhv wr Z hyhqwv iru wkh 4;33 JhY gdwd vdpsoh1 1 1 1 53:

F15 Suhglfwhg wrwdo furvv vhfwlrqv iru Z ervrq surgxfwlrq dqg mhw surgxfwlrq 1 53:

F16 Wrwdo Z furvv vhfwlrq wlphv eudqfklqj udwlr 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 544



Suhidfh

�Olvwhq/ exgg|/ li L frxog whoo |rx lq d plqxwh zkdw L
glg/ lw zrxogq*w eh zruwk wkh Qreho Sul}h$�

� Ulfkdug Ih|qpdq/ wr d mrxuqdolvw

Kljk Hqhuj| Sk|vlfv +KHS, lv wkh vhdufk iru/ dqg ghvfulswlrq ri/ ixqgdphqwdo sduwlfohv1

Surwrqv dqg qhxwurqv lq wkh qxfohl ri dwrpv duh qrw ixqgdphqwdo ehfdxvh wkh| duh frpsrvhg

ri vpdoohu hohphqwv= txdunv dqg joxrqv1 Wklv glvvhuwdwlrq uhsuhvhqwv rqh ri pdq| srvvleoh

phdvxuhphqwv ri wkhvh surwrq frqvwlwxhqwv1

Dqdo|vhv lq h{shulphqwdo KHS pd| eh vsolw lqwr wzr glvwlqfw hqwhusulvhv= vhdufkhv iru

qhz skhqrphqd dqg whvwv ri wkhrulhv wkdw ghvfuleh suhylrxvo| revhuyhg skhqrphqd1 Wklv

dqdo|vlv vhuyhv erwk sxusrvhv wr d ghjuhh> lw lv d vhdufk iru |hw vpdoohu frpsrqhqwv wkdw pd|

frpsulvh txdunv/ dqg lw surylghv d ehqfkpdun iru wkhrulhv wkdw ghvfuleh wkh lqwhudfwlrqv

ehwzhhq txdunv dqg joxrqv1

Wklv glvvhuwdwlrq lv duudqjhg lq hljkw fkdswhuv/ zklfk frxog eh jurxshg lqwr wkuhh jhqhudo

fdwhjrulhv=

� Edfnjurxqg pdwhuldo= lqwurgxfwlrq wr wkh wkhru|/ wkh h{shulphqw/ dqg gdwd froohfwlrq

� Sulpdu| dqdo|vlv= wkh mhw hqhuj| vfdoh dqg ghwdlov ri wkh furvv vhfwlrq dqdo|vlv/ lqfoxg0
lqj doo fruuhfwlrqv

� Huuru dqdo|vlv= fdofxodwlrq dqg fdqfhoodwlrq ri huuru/ �qdo uhvxowv/ dqg d txdqwlwdwlyh
frpsdulvrq wr wkhruhwlfdo suhglfwlrqv1

Fkdswhu 4 eulh | lqwurgxfhv wkh �hog ri kljk hqhuj| sduwlfoh sk|vlfv dqg wkh qdwxuh ri

wkh phdvxuhphqw ghvfulehg lq odwhu fkdswhuv1 Dowkrxjk pdq| ri wkh ghwdlov ri wkh wkhruhw0

lfdo suhglfwlrqv iru wkh lqfoxvlyh mhw furvv vhfwlrq duh wrr ohqjwk| wr suhvhqw lq wklv zrun/

{y
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vrph ri wkh wrrov xvhg lq wkh fdofxodwlrq duh suhvhqwhg wr foduli| wkh gl�huhqw dvvrfldwhg xq0

fhuwdlqwlhv dqg wr ghvfuleh wkh rshq wkhruhwlfdo txhvwlrqv1 Fkdswhu 5 ghvfulehv wkh uhvhdufk

oderudwru| dqg ghwhfwru zkhuh wkh phdvxuhphqw zdv shuiruphg1 Lw dwwhpswv wr suhvhqw/

zlwk d uhdvrqdeoh ghjuhh ri ghwdlo/ wkh xqghuo|lqj sulqflsohv dqg kdugzduh vshfl�fdwlrqv ri

wkh Ihuplode dffhohudwru frpsoh{ dqg wkh GÛ ghwhfwru1 Wkh dfwxdo gdwd froohfwlrq surfhvv

lv eulh | ghvfulehg lq Fkdswhu 6/ dqg looxvwudwhg zlwk vhyhudo hyhqw glvsod|v1 +Zkloh lp0

sruwdqw wr d vhoi�frqwdlqhg grfxphqw/ wkhvh �uvw wkuhh fkdswhuv duh txlwh vwdqgdug lq KHS

wkhvhv> uhdghuv douhdg| idploldu zlwk KHS dqg wkh GÛ h{shulphqw pd| zlvk wr vnls wkhp

hqwluho|1,

Lq dgglwlrq wr surylglqj wkh odujhvw fruuhfwlrq wr wkh gdwd vhw/ wkh mhw hqhuj| vfdoh

fruuhfwlrq surgxfhv wkh odujhvw vlqjoh vrxufh ri xqfhuwdlqw| lq wkh dqdo|vlv1 Fkdswhu 7

lv ghyrwhg wr d ghwdlohg vxppdu| ri wklv fuxfldo ghwhuplqdwlrq1 Fkdswhu 8 ghvfulehv wkh

fdofxodwlrq ri wkh lqfoxvlyh mhw furvv vhfwlrq/ lqfoxglqj oxplqrvlw| dqg h!flhqflhv1 Fkdswhu

9 ghvfulehv wkh �xqvphdulqj� surfhvv/ e| zklfk wkh furvv vhfwlrq glvwulexwlrq lv fruuhfwhg

iru wkh h�hfw ri vwrfkdvwlf  xfwxdwlrqv lq mhw hqhuj|1

Fkdswhu : fdofxodwhv wkh xqfhuwdlqw| lq wkh mhw furvv vhfwlrq udwlr wkdw uhvxowv iurp doo

ri wkh h�hfwv dqg fruuhfwlrqv ri wkh sulru fkdswhuv1 Ehfdxvh wkh �qdo uhvxow ri wkh dqdo|vlv

lv d udwlr ri furvv vhfwlrqv/ xqfhuwdlqwlhv frpprq wr erwk wkh
s
v @ 963 JhY dqg 4;33 JhY

gdwd vhwv zloo fdqfho wr vrph ghjuhh1 Wkh fdqfhoodwlrq ri huuruv lq wkh udwlr lv wkh wuxh

vwuhqjwk ri wklv dqdo|vlv1 Frpsdulvrq ri gdwd wr qh{w0wr0ohdglqj0rughu TFG suhglfwlrqv lv

uhvhuyhg iru Fkdswhu ;1 Wkh gdwd vdpsoh lq wklv glvvhuwdwlrq lv wkh odujhvw vdpsoh froohfwhg

wr gdwh/ vsdqv d zlghu udqjh ri fhqwhu�ri�pdvv hqhuj| wkdq dq| sulru phdvxuhphqw/ dqg

zdv froohfwhg zlwk d vlqjoh ghwhfwru wr plqlpl}h h{shulphqwdo xqfhuwdlqwlhv1

Wkh dsshqglfhv surylgh vhyhudo sduhqwkhwlfdo glvfxvvlrqv1 Gh�qlwlrqv ri frruglqdwh v|v0

whpv/ xqlwv/ dqg yduldeohv wkdw duh xvhixo lq kljk hqhuj| sk|vlfv duh sodfhg lq Dsshqgl{ D

iru hdv| uhihuhqfh1 Wkh khdy| hpskdvlv rq huuru dqdo|vlv lq wklv glvvhuwdwlrq uhtxluhg vhy0

hudo glvfxvvlrqv ri vwdwlvwlfdo phwkrgv1 Djdlq iru frqyhqlhqfh lq uhihuhqfh/ wkhvh glvfxvvlrqv

kdyh ehhq froohfwhg lq Dsshqgl{ E1 Frpsxwdwlrq ri wkh Z ervrq furvv vhfwlrq surylghv d
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furvv0fkhfn rq wkh wrwdo lqwhjudwhg oxplqrvlw|> d eulhi ghvfulswlrq ri wkh uhvxowv lv dydlodeoh

lq Dsshqgl{ F1

Hdfk fkdswhu lqfoxghv rqh ru pruh vxppdu| vhfwlrqv1 Uhdghuv xqidploldu zlwk wklv

dqdo|vlv pd| zlvk wr uhdg wkurxjk wkh fkdswhu vxppdulhv ehiruh uhdglqj wkh ixoo grfxphqw1

Uhdghuv xqidploldu zlwk KHS zloo gh�qlwho| zdqw wr orrn ryhu Dsshqgl{ D lpphgldwho|/ li

rqo| wr glvfryhu wkh phdqlqj ri �
s
v1�

Lqirupdo Dfnqrzohgjphqwv

Kxqguhgv ri sk|vlflvwv dqg hqjlqhhuv zrunhg lq frqfhuw wr exlog wkh ghwhfwru dqg froohfw

wkh gdwd wkdw pdgh wklv zrun srvvleoh1 Whqv ri shrsoh lq wkh ydulrxv dqdo|vlv jurxsv dw GÛ

jxlghg dqg hgxfdwhg ph/ orrnhg ryhu p| zrun/ dqg/ lq vrph fdvhv/ glg wkh kdug zrun iru

ph1 D kdqgixo ri shrsoh zrunhg kdug mxvw wr nhhs ph vdqh1 L zdqw wr wdnh wkh wlph wr

vlqjoh rxw d ihz shrsoh zkrvh h�ruwv h{fhhghg wkhlu gxw| lq wkhvh uhjdugv1

L ohduqhg d juhdw ghdo lq d vkruw wlph zkloh �{lqj sureohpv1 Lq pdq| fdvhv/ wkh sureohpv

zlwk p| dqdo|vlv zhuhq*w qrwlfhg xqwlo vrphrqh dfwxdoo| srlqwhg wkhp rxw> wkxv/ L rzh d

juhdw ghew wr wkrvh shrsoh zkr nlfnhg krohv lq p| zrun1 Pdun Vwurylqn/ Khlgl Vfkhoopdq/

dqg Kduu| Zhhuwv doo glg d olwwoh nlfnlqj/ exw pruh wkdq wkhlu vkduh ri sdwfklqj xs wkh

uhvxowlqj krohv1 Qlnrv Yduhodv vkduhg p| r!fh iru qhduo| d |hdu> lq wkdw wlph kh wdxjkw ph

wkh doo�lpsruwdqw vnloo ri furvv�fkhfnlqj1 L dovr wkdqn Kruvw Zdko +Fkdlu ri p| Hglwruldo

Erdug, dqg Ere PfFduwk|/ zkr wdxjkw ph derxw fryduldqfh pdwulfhv pruh fohduo| wkdq

dq| wh{werrn ru duwlfoh hyhu frxog1

Wkh shrsoh zrunlqj rq mhw dqdo|vhv uhfhlyhg d odujh grvh ri Nudqh/ dqg wkhlu sdwlhqfh dqg

jxlgdqfh zhuh lqydoxdeoh1 L uhihu vshfl�fdoo| wr Gdqlho Hoylud +Jrgidwkhu ri wklv dqdo|vlv,/

Urehuw Klurvn| +wkh Gxnh ri Mhwv,/ Ldlq Ehuwudp +Pu1 Prqwh Fduor,/ dqg Mhuu| Eod}h|

+zkr wdxjkw ph wkh phdqlqj ri wkh zrug frqflvh,1 Wkhvh shrsoh dovr dlp d phdq nlfn1

Wkh judg vwxghqwv L kdg wkh sohdvxuh jhwwlqj wr nqrz dovr ghvhuyh fuhglw khuh1 Qrw rqo|

glg wkh| whdfk ph d juhdw ghdo derxw wkh frpsxwlqj v|vwhpv zh xvh dqg wkh sk|vlfv zh

vwxg|/ exw wkh| dovr doorzhg ph wr whdfk wkhp zkdw L nqrz lq uhwxuq1 Vxuurxqghg e| vr
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pdq| shrsoh wkdw reylrxvo| nqrz h{dfwo| zkdw wr gr dqg wkhuhiruh kdyh olwwoh xvh iru |rx/

lw lv lpphqvho| judwli|lqj wr eh deoh wr khos vrphrqh dv |rx |rxuvhoi duh ehlqj khoshg1 Iru

wklv pxwxdo uhodwlrqvkls/ L wkdqn Ulfkdug Jhqln/ Nhylq S1 Gdylv/ Urehuw Vqlkxu/ Wkrpdv

Urfnzhoo/ dqg hvshfldoo| Jldq Gl Oruhwr/ zkr +ehfdxvh ri klv sur{lplw|, ryhukhdug pdq| d

fxuvh/ vqduo/ ru sulpdo vfuhdp/ ghshqglqj rq wkh qdwxuh ri p| gd|1

Whuu| Khxulqj zdvwhg pruh ri klv wlph hgxfdwlqj ph wkdq dq|rqh hovh rq wkh h{shulphqw1

L shvwhuhg wklv srru jx| frqvwdqwo|1 Kh/ zloolqjo| ru xqzloolqjo|/ ehfdph p| vxuurjdwh

dgylvru gxulqj p| wlph dw Ihuplode/ dqg L rzh klp d juhdw ghew1

Ilqdoo|/ dqg prvw ri doo/ L zdqw wr wkdqn p| dgylvru Juhj Vqrz iru rshqlqj wklv grru

iru ph1 Dqg iru qrw vpdvklqj p| vhqvh ri zrqghu suhpdwxuho|1

Vshfldo Wkdqnv

Wr p| sduhqwv/ Mrkq dqg Dlohhq/ dqg wr p| iulhqgv iurp Vrxwk Gdnrwd +Ud|/ Mxg|/ Mdvrq/

Fduulh/ N|oh/ Udqgl/ Gh}/ Khdwkhu/ Prww/ Vwhyh/ Prqwh/ Plnh,/ Qheudvnd +Euldq/ Eudg/

Plfkhooh/ Jdu|/ Iurj/ Grqqd/ Sdwulfn,/ Plqqhvrwd +Dp|/ Sdwulfn/ Wlp,/ dqg Loolqrlv +Hulf/

Plnh/ Olqgd/ Dp|,1 Lq wkh wlph zh kdyh nqrzq rqh dqrwkhu/ zh kdyh vsuhdg dfurvv wkh

frqwlqhqw dqg fodlphg doprvw hyhu| �hog ri hqghdyru1 Wkdqn |rx iru khoslqj ph wr eholhyh

wkdw sk|vlfv zdv plqh wr fodlp1

D Qrwh rq wkh Vhfrqg Sulqwlqj

Wkh surorqjhg lqwhuhvw lq wklv zrun kdv uhvxowhg lq wkh qhhg iru dgglwlrqdo erxqg frslhv1

Wklv vhfrqg sulqwlqj surylghv d jrrg rssruwxqlw| wr uhfwli| d gdqjhurxv huuru= wkh vroh

frqwhqw fkdqjh lq wkh vhfrqg sulqwlqj ri wklv glvvhuwdwlrq rffxuv lq Wdeoh 615/ sdjh 931

Klvwrulfdoo|/ wkh �dssduhqw� rqolqh oxplqrvlw| ri wkh
s
v @ 963 JhY wuljjhuv zdv 73( kljkhu

wkdq wkh wuxh/ ru �sk|vlfv/� oxplqrvlw|�dq lpsruwdqw exw yhu| frqixvlqj glvwlqfwlrq1 Wkh

qxpehuv lq wkh wdeoh +dqg wkxv wkh hqwluh grfxphqw, qrz uh hfw wkh sk|vlfv oxplqrvlw|/ dv

lqwhqghg1 Wkh qxpehuv txrwhg lq Fkdswhu 8 dqg Dsshqgl{ F duh qrz/ dqg kdyh dozd|v

ehhq/ wkh fruuhfw rqhv iru sk|vlfv fdofxodwlrqv1
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Derxw wkh Dxwkru

Mrkq Nudqh zdv eruq lq Krqroxox/ Kdzdll/ rq Qryhpehu 4;/ 4<9;1 Diwhu wzhoyh vkruw

prqwkv ri lvodqg olylqj/ klv idplo| pryhg wr Duolqjwrq Khljkwv/ Loolqrlv/ wkhq wr Vlrx{ Idoov/

Vrxwk Gdnrwd lq 4<:81 Nudqh dwwhqghg wkh Xqlyhuvlw| ri Vrxwk Gdnrwd/ hduqlqj d E1V1 lq

Pdqdjhphqw iurp wkh Vfkrro ri Exvlqhvv Dgplqlvwudwlrq lq 4<<4 dqg d E1V1 lq Sk|vlfv iurp

wkh Froohjh ri Duwv dqg Vflhqfhv lq 4<<51 Kh dwwhqghg judgxdwh vfkrro dw wkh Xqlyhuvlw|

ri Qheudvnd�Olqfroq/ zrunlqj �uvw lq Frqghqvhg Pdwwhu sk|vlfv dqg wkhq lq Kljk Hqhuj|

Sk|vlfv xqghu wkh wxwhodjh ri Surihvvru Juhjru| U1 Vqrz1 Nudqh uhfhlyhg klv P1V1 lq sk|vlfv

lq 4<<8 dqg kdv zrunhg lq uhvlghqfh dw Ihuplode vlqfh Mxo| ri wkdw |hdu1 Dw wkh wlph/ kh

kdg qhyhu surjudpphg lq Iruwudq/ kdg qhyhu ehhq h{srvhg wr Sdz +wkh sk|vlfv dqdo|vlv

vriwzduh,/ dqg qhhghg wkluw| plqxwhv wr rshq klv �uvw whuplqdo zlqgrz ehfdxvh kh zdv

zdlwlqj iru lw wr srs rshq e| lwvhoi1

H{whuqdo Sxeolfdwlrqv Dulvlqj iurp wklv Grfxphqw

41 M1Nudqh/ M1Edqwo|/ G1Rzhq/ �Wkh GÛ Oxplqrvlw| Prqlwru Frqvwdqw iru
s
v @ 963 JhY/�

Ihuplode Whfkqlfdo Phprudqgxp 5333/ Dsu1 48/ 4<<:1

51 M1Edqwo|/ M1Nudqh/ G1Rzhq/ U1Sduwulgjh/ O1Sdwhuqr/ �GÛ Oxplqrvlw| Prqlwru Frq0
vwdqw iru wkh 4<<704<<9 Whydwurq Uxq/� Ihuplode Whfkqlfdo Phprudqgxp 4<<8/ Ihe1
4/ 4<<:1

61 E1Deerww hw do1/ �Ghwhuplqdwlrq ri wkh Devroxwh Mhw Hqhuj| Vfdoh lq wkh GÛ Fdorulph0
whuv�/ vxeplwwhg wr Qxfo1 Lqvwuxp1 dqg Phwkrgv D/ 4<<; +963 JhY sruwlrq,1 Dydlo0
deoh dv suhsulqwv IHUPLODE0sxe0<:26630H dqg khs0h{2<;3833<1

71 E1Deerww hw do1/ �Wkh GÛ Frooderudwlrq/� Wkh Udwlr ri Lqfoxvlyh Mhw Furvv Vhfwlrqv
dw

s
v @ 963 dqg 4;33 JhY/ Sk|v1 Uhy1 Ohww1/ wr eh vxeplwwhg1

81 E1Deerww hw do1/ �Wkh GÛ Frooderudwlrq/� D Phdvxuhphqw ri � +s�s $ Z .[, �
E +Z $ h�, @� +s�s $ ] .[, � E +] $ hh,/ Sk|v1 Uhy1 G/ wr eh vxeplwwhg +963
JhY Z ervrq furvv vhfwlrq sruwlrq,1
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Fkdswhu 4

Wkh Vwuxfwxuh ri Pdwwhu

�Zk| vrphwlphv L*yh eholhyhg dv pdq| dv vl{
lpsrvvleoh wklqjv ehiruh euhdnidvw1�

� Wkh Uhg Txhhq lq Wkurxjk wkh
Orrnlqj0Jodvv/ e| Ohzlv Fduuroo

Dv hduo| dv 4533 E1F1/ Lqgldq sklorvrskhuv irupxodwhg wkh frqfhsw ri wkh judqxodu vwuxfwxuh

ri pdwwhu1 Wkh lghd zdv ixuwkhu ghyhorshg lq wkh �iwk fhqwxu| E1F1 e| Ohxflssxv dqg klv

vwxghqw Ghprfulwxv/ zkr sursrvhg wkdw pdwwhu frqvlvwhg ri lqghvwuxfwleoh dwrpv1 Vxfk

vshfxodwlrqv uhpdlqhg sxuho| sklorvrsklfdo lq qdwxuh xqwlo 4;44/ zkhq wkh Lwdoldq sk|vlflvw

Dyrjdgur ghyhorshg d wkhru| ri dwrpv dqg prohfxohv wkdw zrxog odwhu irup wkh edvlv ri

fkhplvwu|1

Sk|vlflvwv eholhyhg dwrpv wr eh lqglylvleoh xqwlo 4;<:/ zkhq M1 M1 Wkrpvrq glvfryhuhg

wkh hohfwurq1 Zkloh phdvxulqj wkh yhorflw| ri fdwkrgh ud|v e| gluhfwlqj wkhp wkurxjk

furvvhg hohfwulf dqg pdjqhwlf �hogv/ kh frqfoxghg wkh �ud|v� zhuh lq idfw frpsrvhg ri

fkdujhg sduwlfohv zlwk yhu| vpdoo pdvv1 Wkrpvrq*v delolw| wr olehudwh oljkw�zhljkw fkdujhg

sduwlfohv iurp lqlwldoo| qhxwudo dwrpv lpsolhg d khdy| dqg srvlwlyho| fkdujhg uhpdlqghu/

odwhu uhyhdohg +e| Uxwkhuirug, wr eh d wlq| pdvvlyh qxfohxv1W

Sk|vlflvwv eholhyhg dwrpv zhuh lqglylvleoh xqwlo 4<34/ zkhq Ehftxhuho glvfryhuhg wkh

vrxufh ri qdwxudo udglrdfwlylw|1 Klv vwxg| ri xudqlxp lqglfdwhg wkdw wkh � ud|v kh kdg
W Glvdssrlqwlqjo|/ wkh prvw zlghvsuhdg ghvfulswlrq ri wkh dwrp frqwlqxhv wr eh wkh �sodqhwdu|� dwrplf
prgho wkdw zdv ghyhorshg lq 4<471

4
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revhuyhg zhuh hohfwurqv/ dqg/ iurp hqhuj| frqvlghudwlrqv/ wkh| pxvw ruljlqdwh iurp ghhs

zlwklq wkh qxfohxv1 E| 4<65/ Ihupl kdg dvvrfldwhg � udgldwlrq zlwk qhxwurq ghfd|/ zklfk

surgxfhv d surwrq/ dq hohfwurq/ dqg d qhz sduwlfoh/ wkh qhxwulqr1 Dovr/ Gludf kdg suhglfwhg

wkh h{lvwhqfh ri dqwlsduwlfohv dqg uhfhlyhg frq�updwlrq iurp frvplf ud| h{shulphqwv1 Rqo|

�yh |hduv sdvvhg ehiruh wkh glvfryhu| ri wkh pxrq> e| 4<89/ wkh sduwlfoh ehdvwldu| zrxog

jurz wr lqfoxgh wkuhh slrqv/ wkh �/ wkh ndrqv/ wkh 	/ dqg wkh ��1 Wkh nqrzq sduwlfohv zhuh

fodvvl�hg lqwr wkuhh jurxsv/ ohswrqv +oljkw�zhljkw,/ phvrqv +plggoh�zhljkw,/ dqg edu|rqv

+khdy|�zhljkw,/ exw d pruh frkhvlyh xqghuvwdqglqj kdg wr zdlw xqwlo 4<94 zlwk Jhoo�Pdqq*v

jhrphwulfdo prgho/ wkh Hljkwirog Zd|/ dqg wkh jurxs wkhru| prgho wkdw iroorzhg1

Lq rqh ri vhyhudo dwwhpswv wr rujdql}h wkh hyhu�h{sdqglqj idplo| ri �hohphqwdu|� sdu0

wlfohv/ lq 4<97/ Jhoo�Pdqq dqg ]zhlj lqghshqghqwo| sursrvhg ^4` wkdw doo kdgurqv +l1h1 wkh

phvrqv dqg edu|rqv, zhuh frpsrvhg ri vhyhudo sduwlfohv1 Wkhvh frqvwlwxhqwv/ txdunv/ srvvhvv

iudfwlrqdo fkdujh dqg vhhphg wr ylrodwh Sdxol*v h{foxvlrq sulqflsoh1 Lqlwldoo|/ wkuhh txdun

ydulhwlhv/ fdoohg  dyruv/ zhuh sursrvhg wr ixoo| h{sodlq wkh ghfd| phfkdqlvpv ri wkh nqrzq

sduwlfohv1 D qhz txdqwxp qxpehu/ zklpvlfdoo| fdoohg froru / zdv fuhdwhg wr dffrpprgdwh

wkh h{foxvlrq sulqflsoh lqfrqvlvwhqf|1

Vlqfh wkh sursrvdo ri txdunv/ pdq| h{shulphqwv kdyh lqyhvwljdwhg wkh vwuxfwxuh ri wkh

surwrq dqg rwkhu kdgurqv1 Wr gdwh/ qrw rqh h{shulphqw kdv glvsuryhq d suhglfwlrq ri wkh

txdun prgho1 Ghvslwh vrph glvfrpiruw zlwk wkh idloxuh wr lvrodwh vlqjoh txdunv/ wklv wkhru|

kdv uhpdlqhg vwurqj hqrxjk wr eh gxeehg wkh Vwdqgdug Prgho1

Wkh uhpdlqghu ri wklv fkdswhu ghvfulehv wkh ixqgdphqwdo sduwlfohv dqg irufhv_ ri wkh

Vwdqgdug Prgho +VP,/ dqg lqwurgxfhv Ih|qpdq gldjudpv dv d ghvfulswlyh wrro1 Wkh wkhru|

ri wkh vwurqj vxedwrplf irufhv zloo eh ghvfulehg dw vrph ohqjwk/ fxoplqdwlqj lq wkh frqfhsw

ri d kdgurqlf �mhw1� Ilqdoo|/ d ghvfulswlrq ri vfdolqj ehkdylru vkdoo eh suhvhqwhg wr prwlydwh

wkh sk|vlfv dqdo|vlv lq odwhu fkdswhuv1

_ Dowkrxjk qxphurxv h{whqvlrqv wr wkh Vwdqgdug Prgho kdyh ehhq sursrvhg/ wkhlu odfn ri frq�updwlrq
sodfhv wkhp eh|rqg wkh vfrsh ri wklv fkdswhu1
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Irufh Fduulhu Uhvw Pdvv Vslq Fkdujh Udqjh Vwuhqjwk

Vwurqj joxrq 3 4 3 433�� fp 4
Hohfwurpdjqhwlf skrwrq 3 4 3 4 4332

Zhdn Z� ;315 JhY 4 	4 433�S fp 433��

] <415 JhY 3
Judylwdwlrqdo judylwrq +B, 3 5 +B, 3 4 433e2

Wdeoh 414= Sdudphwhuv ri wkh irxu irufhv ri qdwxuh1 Vwuhqjwkv duh uhodwlyh1

414 Wkh Vwdqgdug Prgho dqg Ih|qpdq Gldjudpv

Dw wkh prvw ixqgdphqwdo ohyho/ irxu glvwlqfw irufhv h{lvw lq qdwxuh1 Lq ghvfhqglqj rughu

ri vwuhqjwk/ wkhvh irufhv duh= wkh vwurqj +ru qxfohdu, irufh/ wkh hohfwurpdjqhwlf irufh/ wkh

zhdn irufh/ dqg wkh judylwdwlrqdo irufh1 Wdeoh 414 olvwv ^5` wkh uhodwlyh vwuhqjwkv ri wkh irufhv

dqg wkh phgldwruv ri hdfk1 Ghvslwh lwv ryhuzkhoplqj uroh lq wkh pdfurvfrslf zruog/ wkh

judylwdwlrqdo irufh lv qhjoljleoh lq wkh plfurfrvp ri sduwlfoh sk|vlfv1

Wdeoh 415 olvwv wkh vl{ ixqgdphqwdo txdunv dqg ohswrqv ri wkh Vwdqgdug Prgho +VP khuh0

diwhu,1 Zkloh wkh suhylrxvo| ghvfulehg irufh fduulhuv duh ervrqlf +lqwhjhu vslq,/ wkh txdunv

dqg ohswrqv duh doo ihuplrqv +kdoi�lqwhjhu vslq,1 Doo pdwwhu lv frpsrvhg ri d frpelqdwlrq ri

wkhvh ixqgdphqwdo sduwlfohv/ ru wkhlu dqwlpdwwhu wzlqv1 E| gh�qlwlrq/ dq| sduwlfoh frpsrvhg

ri wkuhh txdunv lv d edu|rq/ dqg dq| sduwlfoh frpsrvhg ri d txdun dqg dq dqwltxdun lv d

phvrq1 Iru lqvwdqfh/ d erxqg vwdwh ri wzr xs txdunv dqg d grzq txdun +xxg, irupv d

surwrq1 Vlploduo|/ wkh qhxwurq lv frpsrvhg ri wzr grzq txdunv dqg dq xs +xgg,1 Wdeoh 416

olvwv wkh frpsrvlwlrq dqg pdvvhv iru wkhvh wzr kdgurqv dqg dovr iru wkh oljkwhvw dqg prvw

frpprq phvrqv/ wkh slrqv1 E| frqyhqwlrq/ dq dqwltxdun lv ghqrwhg zlwk d edu ryhu wkh

v|pero1 Lq frqwudvw/ dqwlpdwwhu ohswrqv duh ghqrwhg e| vshfl�fdwlrq ri wkhlu fkdujh> wkh

hohfwurq/ ghqrwhg h3/ frpsohphqwv wkh srvlwurq/ hn1

Wkh fkdujhg ohswrqv lqwhudfw yld hohfwurpdjqhwlf dqg zhdn irufhv1 Qhxwulqrv/ kdylqj qr

fkdujh/ fdq lqwhudfw rqo| wkurxjk wkh zhdn irufh1 Txdunv sulpdulo| lqwhudfw yld wkh vwurqj

irufh/ wkrxjk wkh| dovr xqghujr zhdn dqg hohfwurpdjqhwlf lqwhudfwlrqv1 Wkhvh lqwhudfwlrqv

duh olplwhg wr sduwlfxodu wrsrorjlhv/ hdvlo| ghvfulehg zlwk Ih|qpdq gldjudpv1
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Ixqgdphqwdo Sduwlfoh V|pero Fkdujh Pdvv +PhY,

Ohswrqv

hohfwurq

hohfwurq qhxwulqr

pxrq

pxrq qhxwulqr

wdx

wdx qhxwulqr

h3

�e

�3

�>

�3

��

04

3

04

3

04

3

31844

� 8� 433S

43919

� 3=4:

4:;7

� 63

Txdunv

grzq

xs

vwudqjh

fkdup

erwwrp

wrs

g

x

v

f

e

w

0��
2
�

0��
2
�

0��
2
�

:18

715

483

4633

7633

4:5333

Wdeoh 415= Wkh vl{ ixqgdphqwdo ohswrqv dqg wkh vl{ ixqgdphqwdo txdunv1 Dqwlsduwlfohv h{lvw
iru hdfk wdeoh hqwu|/ gl�hulqj rqo| lq wkh vljq ri wkhlu fkdujh1 Qrwh= wkh g/ x/ dqg v txdun
pdvvhv duh kljko| vshfxodwlyh1

Sduwlfoh Frpsrvlwlrq Pdvv +PhY,

surwrq xxg <6;15;
qhxwurq xgg <5<18:

�n x�g 46<18:
�3 �xg 46<18:
�f +x�x0g�g,@

s
5 4671<9

Wdeoh 416= Wkh prvw frpprq kdgurqlf sduwlfohv1
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Iljxuh 414= +d, Wkh wzr sulplwlyh THG yhuwlfhv/ hohfwurq0skrwrq vfdwwhulqj dqg hnh3 dqql0
klodwlrq1 Dv lqglfdwhg e| wkh wlph duurz/ lqlwldo frqglwlrqv olh dw wkh ohiw hgjh ri wkh gldjudpv
e| frqyhqwlrq1 +e, Jhqhudoo|/ vrolg duurz0olqhv fdq lqglfdwh hlwkhu txdunv ru ohswrqv zkloh
wkh phgldwruv ri wkh wkuhh irufhv hdfk kdyh wkhlu rzq v|perov1

Wr looxvwudwh wkh xvh ri Ih|qpdq gldjudpv/ frqvlghu wkh edvlf txdqwxp hohfwurg|qdplfv

+THG, yhuwh{/ zkhuh wzr ihuplrq olqhv phhw d skrwrq olqh/ dqg dvvxph wkh prvw frpprq

THG vlwxdwlrq= ohw wkh ihuplrq olqhv uhsuhvhqw hohfwurqv ru srvlwurqv1 Wkh urwdwlrqdo rul0

hqwdwlrq ri wkh yhuwh{ lqglfdwhv wkh wzr srvvleoh frqglwlrqv= dq hohfwurq lqwhudfwv zlwk d

yluwxdo skrwrq/ ru dq hohfwurq dqg srvlwurq dqqlklodwh wr irup d skrwrq1

Frqvlghu Iljxuh 414+d,/ looxvwudwlqj wkh wzr sulplwlyh yhuwlfhv1 Wlph  rzv iurp ohiw wr

uljkw e| frqyhqwlrq/ vr wkh lqlwldo frqglwlrq ri wkh �uvw gldjudp lqglfdwhv d vlqjoh hohfwurq1

Wkh wzr olqhv lq wkh gldjudp rq wkh uljkw vkrz wzr ihuplrqv/ exw wkh wrs ihuplrq duurz

srlqwv lq wkh gluhfwlrq rssrvlwh wkh wlph  rz1 Wklv uhyhuvhg duurz lqglfdwhv dq dqwlpdwwhu

sduwlfoh prylqj iruzdug lq wlph/ qrw d pdwwhu sduwlfoh prylqj edfnzdug wkurxjk wlph1 Wkh

vhfrqg gldjudp wkxv ghslfwv dq hohfwurq dqg d srvlwurq dqqlklodwlqj wr irup d skrwrq1 Wkh
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Iljxuh 415= Wkh orzhvw0rughu gldjudp iru Pùoohu vfdwwhulqj/ dqg vhyhudo kljkhu0rughu frq0
wulexwlrqv1

skrwrq fdq rqo| phgldwh lqwhudfwlrqv ehwzhhq ihuplrqv zlwk qrq�}hur fkdujh> wkhuhiruh/

wkh ihuplrq olqhv lq wkh sulplwlyh THG yhuwlfhv frxog dovr uhsuhvhqw txdunv/ pxrqv/ ru wdxv/

exw qrw qhxwulqrv1 Xvh ri wkh dgglwlrqdo v|perov lq Iljxuh 414+e, h{whqgv wkh irupdolvp

iurp hohfwurpdjqhwlvp wr lqfoxgh wkh vwurqj dqg zhdn irufhv1 Dowkrxjk vrph yhuwh{ frp0

elqdwlrqv duh iruelgghq/ wkh vrolg duurz�olqhv fdq lqglfdwh dq| ri wkh ihuplrqv olvwhg lq

Wdeoh 415 +ru wkhlu dqwlpdwwhu frxqwhusduwv,1 Pruh wkdq fduwrrq vnhwfkhv/ wkhvh gldjudpv

duh uhdo fdofxodwlrqdo wrrov wkdw frpsdfwo| uhsuhvhqw irxu�glphqvlrqdo txdqwxp phfkdqlfv

vfdwwhulqj htxdwlrqv1 E| gldjudpplqj pdq| yduldwlrqv ri d sduwlfxodu surfhvv/ rqh lv uhdoo|

frpsxwlqj d w|sh ri Wd|oru h{sdqvlrq ri wkh vfdwwhulqj dpsolwxgh +wkh �pdwul{ hohphqw�,

dqg wkh fruuhvsrqglqj ghqvlw| ri �qdo vwdwhv +wkh �skdvh vsdfh hohphqw�,1 Wkh vlpsohvw

gldjudpv uhsuhvhqw wkh ohdglqj�rughu whupv dqg pruh frpsolfdwhg gldjudpv ghslfw vhfrqg�

dqg kljkhu�rughu whupv1

Lq wkh Ih|qpdq irupdolvp/ dq| uhdo lqwhudfwlrq pxvw lqfoxgh dw ohdvw wzr sulplwlyh
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yhuwlfhv wr frqvhuyh hqhuj| dqg prphqwxp1 Dv dq h{dpsoh/ Iljxuh 415 glvsod|v vhyhudo

gldjudpv iru Pùoohu +hnh3 $ hnh3, vfdwwhulqj1 Lq wkh vlpsohvw gldjudp +xsshu ohiw,/ wzr

hohfwurqv lqwhudfw hodvwlfdoo| e| h{fkdqjlqj d skrwrq1 Rqo| olqhv wkdw sursdjdwh wr wkh h{0

whulru ri wkh gldjudp duh revhuydeoh> wkh skrwrq ghvfulelqj wkh phfkdqlvp ri wkh h{fkdqjh/

frpsohwho| frqwdlqhg zlwklq wkh gldjudp/ fdqqrw eh revhuyhg1 Qrq�revhuydeoh sduwlfohv lq

dq lqwhudfwlrq duh whuphg yluwxdo 1 Wkh rwkhu gldjudpv lqfoxgh pruh wkdq rqh yluwxdo skrwrq

dqg wkh �qdo fdvh lqfoxghv d yluwxdo ihuplrq sdlu1 Qrw olplwhg wr hohfwurqv dqg srvlwurqv/

wkh ihuplrq olqhv lq wkh �jxuh frxog uhsuhvhqw rwkhu fkdujhg ohswrqv ru txdunv1

Lq d ixoo fdofxodwlrq ri Pùoohu vfdwwhulqj/ doo gldjudpv frqwulexwh/ qrw rqo| wkh rqhv lq

wkh �jxuh/ exw wkh lq�qlw| ri gldjudpv wkdw zhuh qrw lqfoxghg1 Iruwxqdwho|/ hdfk dgglwlrqdo

yhuwh{ fduulhv d idfwru ri � zlwk lw/ zkhuh wkh frxsolqj frqvwdqw � � �
��. 1 Wkxv/ lq THG/ wkh

pruh frpsolfdwhg d gldjudp ehfrphv/ wkh ohvv lw frqwulexwhv wr wkh �qdo uhvxow1 Iru prvw

dssolfdwlrqv/ fdofxodwlrqv dfklhyh vxlwdeoh dffxudf| xvlqj rqo| wkh vlpsohvw ihz gldjudpv1

415 Fkdudfwhulvwlfv ri Vwurqj Lqwhudfwlrqv

Lq gluhfw dqdorj| wr wkh THG irupdolvp/ vwurqj lqwhudfwlrqv ehwzhhq txdunv duh phglwdwhg

e| joxrqv1 Dgglwlrqdo yhuwlfhv duh dydlodeoh lq vwurqj lqwhudfwlrqv ehfdxvh/ xqolnh THG/ wkh

vwurqj irufh phgldwru lv fdsdeoh ri frxsolqj wr lwvhoi +Iljxuh 416, zlwk lpsruwdqw udpl�fd0

wlrqv1

Iru vwurqj lqwhudfwlrqv/ d qhz txdqwxp qxpehu/ vlplodu wr hohfwulf fkdujh/ pxvw eh lq0

wurgxfhg1 Wklv �vwurqj fkdujh/� ruljlqdoo| xvhg rqo| dv d errnnhhslqj ghylfh ^5` wr vdwlvi|

wkh Sdxol h{foxvlrq sulqflsoh/ odwhu ehfdph dq lqwhjudo sduw ri wkh wkhru| zlwk juhdw suhglf0

wlyh srzhu1 Ehfdxvh wkhuh h{lvw wkuhh ruwkrjrqdo vwurqj fkdujhv/ wkh odeho froru zdv dssolhg

wr wkhp> wkh wkuhh froruv iru txdunv duh uhg/ juhhq/ dqg eoxh/ dorqj zlwk wkuhh fruuhvsrqglqj

�dqwlfroruv� wr lqglfdwh d qhjdwlyh vwurqj fkdujh rq dqwltxdunv1

Wkh vwxg| ri vwurqj lqwhudfwlrqv/ fdoohg txdqwxp fkurprg|qdplfv +TFG,/ lqlwldoo| frq0

vlvwhg ri wkh vhdufk iru eduh txdunv hphujlqj iurp sduwlfoh froolvlrqv1 Qr txdunv kdyh hyhu

ehhq revhuyhg/ ohdglqj wkhrulvwv wr srvwxodwh ^6` wkh sulqflsoh ri frq�qhphqw 1 Wklv sulq0
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Iljxuh 416= Wkh sulplwlyh TFG yhuwlfhv1 Iru wkhvh gldjudpv/ wkh ihuplrq olqhv uhsuhvhqw
txdunv rqo|1 Xqolnh wkh skrwrq/ wkh joxrq lv fdsdeoh ri lqwhudfwlqj zlwk rwkhu joxrqv1

flsoh vwdwhv wkdw wkh qhw froru fkdujh ri doo pdfurvfrslfdoo| revhuydeoh sduwlfohv pxvw eh

}hur1 Iroorzlqj wkh +�jxudwlyh, froru irupxodwlrq/ d surwrq pxvw frqwdlq d uhg txdun/ d

eoxh txdun/ dqg d juhhq txdun/ uhvxowlqj lq d qhw froru u. e.j @ zklwh1 Ri wkh wzr txdunv

zlwklq d slrq/ rqh pxvw fduu| wkh dqwlfroru ri wkh rwkhu/ iru lqvwdqfh/ u . �u @ zklwh1 Vrol0

wdu| txdunv fdqqrw eh revhuyhg ehfdxvh wkh| hdfk fduu| d vlqjoh txdqwxp ri froru1 Lq wkh

TFG irupdolvp/ wkh frq�qhphqw sulqflsoh lv h{sodlqhg e| dvvljqlqj froru wr joxrqv1 Zkhq

wkh irufh phgldwruv srvvhvv d �vwurqj fkdujh/� wkh| fdq lqwhudfw zlwk wkhpvhoyhv/ pdnlqj

TFG d qrq�Deholdq irupdolvp1 Wkh vhoi�lqwhudfwlrqv ri wkh joxrqv whqg wr dqwl�vfuhhq wkh

txdun*v froru fkdujh dqg wkh vwurqj irufh ehwzhhq wzr txdunv lqfuhdvhv zlwk glvwdqfh/ dv

rssrvhg wr THG/ zkhuh skrwrqv srvvhv qr hohfwulf fkdujh dqg wkh irufh ehwzhhq hohfwurqv

ghfuhdvhv zlwk glvwdqfh1

Wkh frq�qhphqw sulqflsoh pd| eh h{suhvvhg pdwkhpdwlfdoo| lq wkh ydoxh ri wkh vwurqj

frxsolqj sdudphwhu/ �t/ e| wkh yduldqfh ri lwv vwuhqjwk zlwk glvwdqfh +ru/ htxlydohqwo|/
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hqhuj|,1 Iru klvwrulfdo uhdvrqv/ �t lv fdoohg d uxqqlqj frxsolqj frqvwdqw udwkhu wkdq d

frxsolqj yduldeoh ru frxsolqj sdudphwhu1 Dw yhu| vkruw glvwdqfhv ru yhu| kljk hqhujlhv/

wkh ydoxh ri �t uhpdlqv vpdoo/ doorzlqj txdunv zlwklq kdgurqv wr �udwwoh durxqg� qhduo|

iuhho|1 Dv wkh glvwdqfh ehwzhhq txdunv ehfrphv odujhu/ wkh txlfno|�lqfuhdvlqj frxsolqj

vwuhqjwk fdxvhv wkh srwhqwldo hqhuj| ehwzhhq wkhp wr jurz yhu| udslgo|/ wudsslqj txdunv

+dqg joxrqv, zlwklq wkh frq�qhv ri wkh sduwlfoh udglxv
�
q 433�D p

�
1 Wkh uxqqlqj frxsolqj

frqvwdqw wdnhv wkh irup=

�t

�
T2

�
@

�t

�
�2

�
4 . ktE>2�

�2Z +44f� 5qs , orj
�
"2

>2

� > +414,

zkhuh T lv wkh pdjqlwxgh ri wkh prphqwxp wudqvihuuhg lq wkh lqwhudfwlrq/ qs lqglfdwhv

wkh qxpehu ri txdun ydulhwlhv +9 lq wkh VP,/ dqg f lv wkh qxpehu ri txdun froruv +6 lq

wkh VP,1 Wkh h{suhvvlrq kdv ehhq uhqrupdol}hg lq whupv ri wkh frxsolqj frqvwdqw dw vrph

uhihuhqfh hqhuj| �/ fdoohg wkh uhqrupdol}dwlrq vfdoh1 Zlwkrxw uhqrupdol}dwlrq/ fdofxodwlrq

ri Ih|qpdq gldjudpv wkdw frqwdlq orrsv uhvxow lq glyhujhqw lqwhjudov1 Iru wkh sulfh ri

lqwurgxflqj d qhz duelwudu| sdudphwhu �/ wkhvh glyhujhqw lqwhjudov hlwkhu ehfrph �qlwh ru

ydqlvk hqwluho|1 Dowkrxjk wkh uhqrupdol}dwlrq vfdoh fdq gl�hu iru hdfk glyhujhqw gldjudp/

lq shuwxuedwlyh TFG fdofxodwlrqv/ wkh plqlpdo vxewudfwlrq vfkhphW uhtxluhv d frqvwdqw �

iru doo gldjudpv/ dqg xvxdoo|/ � 2 T1 Dowhuqdwho|/ wkh vwurqj frxsolqj frqvwdqw frxog eh

uh�h{suhvvhg lq whupv ri d vfdoh idfwru �=

�t

�
T2

�
@

45�

+44f� 5qs , orj
�
"2

\2

� > +415,

zkhuh

�2 @ �2 h{s

� �45�
+44f� 5qs ,�t +�2,

�
= +416,

Iljxuh 417 ghslfwv wkh lqyhuvh orj ehkdylru ri wkh vwurqj frxsolqj frqvwdqw1 Wkh prvw

uhfhqw dqdo|vlv ri doo KHS uhvxowv |lhogv dq rswlpxp ydoxh dw � @ 3=6 JhY ^7` +orzhu fxuyh

lq wkh �jxuh,1 Iru T2 ydoxhv deryh 48 JhY2/ �t wdnhv d ydoxh ri q 3=4/ dqg shuwxuedwlyh

W Vshfl�fdoo|/ TFG suhglfwlrqv hpsor| d �prgl�hg plqlpxp vxewudfwlrq vfkhph/� ghqrwhg �5 ^7`1
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Iljxuh 417= Wkh �uxqqlqj� ri �t dv d ixqfwlrq ri T21

h{sdqvlrqv lq whupv ri �t ehfrph ydolg1 Hvvhqwldoo|/ wkh xvhixoqhvv ri shuwxuedwlyh h{sdq0

vlrqv gh�qhv wkh kljk�hqhuj| uhjlph ri sk|vlfv1 Dw wkhvh hqhujlhv/ wkh vwdelolw| dqg orz

ydoxh ri wkh frxsolqj frqvwdqw uhvxowv lq dv|pswrwlf iuhhgrp iru txdunv= wkh frxsolqj wr

wkh vxuurxqglqj txdunv dqg joxrqv pd| eh qhjohfwhg1 Iru vx!flhqwo| orz T2/ shuwxuedwlyh

h{sdqvlrqv qr orqjhu dsso| dqg txdunv qr orqjhu h{klelw iuhh ehkdylru> lqvwhdg/ wkh surwrq

dfwv olnh d vlqjoh vwuxfwxuhohvv sduwlfoh1

Wkh wulxpsk ri TFG olhv lq lwv delolw| wr h{sodlq sduwrq frq�qhphqw dqg dv|pswrwlf

iuhhgrp vlpxowdqhrxvo|/ dv h{solflwo| h{suhvvhg lq wkh uxqqlqj frxsolqj frqvwdqw1 Wkh gl!0

fxowlhv lq TFG fdofxodwlrqv uhvxow iurp wkhlu qrq0Deholdq qdwxuh> wkh wkhruhwlfdo iudphzrun

lv rqo| ydolg zkhuh wkh frxsolqj lv shuwxuedwlyho| vpdoo1 Dv vkrxog eh hylghqw iurp Ilj0

xuh 417/ gl�huhqw fkrlfhv ri vfdoh +hlwkhu � ru �, uhvxow lq gl�huhqw ydoxhv ri wkh frxsolqj

frqvwdqw dqg fkdqjh wkh wkuhvkrog iru iuhh ehkdylru1 Dgglwlrqdoo|/ gl�huhqw fkrlfhv ri uhqru0

pdol}dwlrq vfdoh fkdqjh wkhruhwlfdo suhglfwlrqv ri furvv vhfwlrqv/ dv vkdoo eh looxvwudwhg lq d

odwhu vhfwlrq1
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416 Mhw Surgxfwlrq

Lq d froolvlrq zlwk vx!flhqw prphqwxp wudqvihu/ txdunv fdq eh hmhfwhg iurp wkh surwrq

dqg dqwlsurwrq1 Ehfdxvh joxrqv fduu| froru fkdujh/ wkh| duh dovr �remhfwv� wkdw fdq froolgh

dqg eh hmhfwhg iurp d kdgurq1 Vrphwlphv txdunv dqg joxrqv duh froohfwlyho| fdoohg sduwrqv/

wr jhqhulfdoo| lqglfdwh d frqvwlwxhqw ri d kdgurq1 Dv wkh glvwdqfh ehwzhhq dq hmhfwhg

sduwrq dqg wkh sduhqw kdgurq lqfuhdvhv/ wkh vwurqj frxsolqj srwhqwldo jurzv odujh hqrxjk wr

vsrqwdqhrxvo| jhqhudwh gr}hqv ri qhz joxrqv dqg txdun�dqwltxdun sdluv wkdw vxevhtxhqwo|

uhfrpelqh lqwr vwdeoh/ froruohvv jurxslqjv1 Wklv surfhvv ri kdgurql}dwlrq xowlpdwho| uhvxowv

lq d �mhw� ri uhodwlyho| vwdeoh sduwlfohv zlwk d wrwdo prphqwxp yhfwru qhduo| htxdo wr wkh

lqlwldo sduwrq prphqwxp1 Lq wkh olplw ri frpsohwh iuhhgrp ri txdunv dqg joxrqv zlwklq

wkh surwrq/ sduwlfoh pdvvhv pxfk vpdoohu wkdq wkhlu prphqwd/ dqg shuihfw froolpdwlrq/ wkh

mhw yhfwru lv h{dfwo| htxdo wr wkdw ri wkh �qdo vwdwh sduwrq1 Iljxuh 418 looxvwudwhv d frpprq

ohdglqj�rughu
�R+�2

r,
�
glmhw phfkdqlvp1 Rqh txdun iurp wkh surwrq dqg rqh txdun iurp

wkh dqwlsurwrq dqqlklodwh wr irup d yluwxdo joxrq1 Wkh joxrq vxevhtxhqwo| surgxfhv d

txdun�dqwltxdun sdlu zklfk wkhq kdgurql}hv1

Wkh h{suhvvlrq iru wkh prphqwxp ri hdfk lqlwldo vwdwh txdun ru joxrq lq wkh sulpdu|

lqwhudfwlrq lv vhsdudwhg lqwr wzr idfwruv= wkh sduwrq glvwulexwlrq ixqfwlrq +SGI,/ dqg wkh

kdug�vfdwwhulqj frh!flhqw1 Wkh erxqgdu| ehwzhhq wkh wzr idfwruv glylghv vkruw�glvwdqfh

h�hfwv iurp orqj�glvwdqfh h�hfwv dqg lv vhw zlwk d vfdoh sdudphwhu �s 1 Wkh idfwrul}dwlrq

vfdoh/ �s / lv qrw wr eh frqixvhg zlwk wkh uhqrupdol}dwlrq vfdoh/ �> dowkrxjk wkh| pd| frq0

yhqlhqwo| eh vhw wr wkh vdph ydoxh/ wkh wzr vfdohv gr qrw vhuyh wkh vdph sxusrvh1 Wkh

uhqrupdol}dwlrq vfdoh ghwhuplqhv krz glyhujhqw lqwhjudov duh uhsodfhg zlwk �qlwh h{suhv0

vlrqv/ wkh idfwrul}dwlrq vfdoh lvrodwhv wkh qrq0shuwxuedwlyh furvv vhfwlrq frqwulexwlrqv +wkh

SGI, iurp wkh fdofxodeoh shuwxuedwlyh sruwlrq +wkh kdug�vfdwwhulqj frh!flhqw,1

D SGI ghvfulehv wkh suredelolw| wr revhuyh d vshfl�f sduwrq ri jlyhq prphqwxp1 Hdfk

SGI lv vshfl�f wr dq lqlwldo kdgurq +h1j1/ wkh SGI iru d surwrq gl�huv iurp wkdw ri d slrq,>

wkh SGI frqwdlqv doo lqirupdwlrq wkdw fdqqrw eh fdofxodwhg shuwxuedwlyho| dqg pxvw eh
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Iljxuh 418= Dq dxjphqwhg Ih|qpdq gldjudp iru d ohdglqj0rughu surwrq0dqlwsurwrq lqwhu0
dfwlrq uhvxowlqj lq wzr mhwv1
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hqwluho| ghwhuplqhg e| h{shulphqw1 Wkh SGI lv lqghshqghqw ri wkh vshfl�f lqwhudfwlrq dqg

lwv prphqwxp wudqvihu/ exw grhv ghshqg rq fkrlfh ri uhqrupdol}dwlrq vfdoh �/ frxsolqj

vwuhqjwk �r+�,/ dqg wkh rughu ri wkh wkhruhwlfdo fdofxodwlrq +ohdglqj�rughu/ R+��
r,/ hwf1,1

Wkh SGI*v duh ehvw��wv wr wkh uhvxowv ri suhfhglqj h{shulphqwv> yduldwlrqv uhvxow iurp

wkh h{foxvlrq ri frq lfwlqj uhvxowv dqg iurp gl�huhqw h{wudsrodwlrqv wr prphqwxp uhjlrqv

zkhuh gdwd grhv qrw h{lvw1

Lq frqwudvw/ wkh kdug�vfdwwhulqj frh!flhqwv/ uhsuhvhqwhg e| Ih|qpdq gldjudpv/ duh

shuwxuedwlyho| fdofxodeoh1 Wkh frh!flhqwv gr qrw ydu| zlwk uhvshfw wr wkh lghqwlw| ri wkh

lqlwldo kdgurq/ zkhwkhu lw eh d surwrq/ qhxwurq/ ru slrq1 Lq hvvhqfh/ wkhvh frh!flhqwv duh

wkh hodvwlf vfdwwhulqj furvv vhfwlrq iru d jlyhq vhw ri lqlwldo sduwrqv1 Wkh frh!flhqwv duh

ixqfwlrqv ri prphqwxp wudqvihu T2/ uhqrupdol}dwlrq vfdoh/ dqg frxsolqj vwuhqjwk1

Wkh ghwdlov ri kdgurql}dwlrq duh vrphwlphv prghoohg zlwk d iudjphqwdwlrq ixqfwlrq dqg

dvvrfldwhg frh!flhqwv/ ghqrwhg i lq Iljxuh 4181 Iudjphqwdwlrq ixqfwlrqv kdyh qrw ehhq

vwxglhg lq juhdw ghwdlo/ exw rshudwh frqwudodwhudoo| wr SGI*v= wkh| xvh hpslulfdo gdwd wr

sdudphwhul}h wkh lqfdofxodeoh sruwlrqv ri kdgurql}dwlrq1 Ehfdxvh qr glvwlqfwlrq lv pdgh

ehwzhhq mhwv ri gl�hulqj frpsrvlwlrqv/ iudjphqwdwlrq ixqfwlrqv kdyh qr h�hfw rq wkh TFG

suhglfwlrqv ri wklv glvvhuwdwlrq1

Txdunv dqg joxrqv lqwhudfw qrq0shuwxuedwlyho| zlwk rqh dqrwkhu zlwklq kdgurqv/ vr wkh

lqlwldo prphqwxp ri wkh sduwrqv lq d kdug�vfdwwhulqj lqwhudfwlrq zloo ydu| dffruglqj wr

wkh SGI1 Iljxuh 419 ghslfwv wkh prphqwxp iudfwlrqv fduulhg e| sduwrqv zlwklq wkh surwrq/

zkhuh

{ @
sR@o|J?
sRoJ|J?

+417,

Wklv froohfwlrq ri sduwrq glvwulexwlrq ixqfwlrqv/ rqh ri vhyhudo vhwv suhsduhg e| wkh FWHT

jurxs/W uh hfwv wkh h{shfwhg qxpehu ri txdunv dw d jlyhq { iru hdfk  dyru1 Ehfdxvh wkh

W SGI*v duh sulpdulo| suhsduhg iurp joredo dqdo|vhv e| rqh ri wkuhh frooderudwlrqv= Wkh Frruglqdwhg
Wkhruhwlfdo0H{shulphqwdo Surmhfw rq TFG +FWHT,/ Pduwlq/ Urehuwv/ dqg Vwluolqj +PUV,/ ru Joxfn/ Uh|d/
dqg Yrjw +JUY,1 Pruh lqirupdwlrq pd| eh irxqg lq ^8`/ ^9`/ dqg ^:`1
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Iljxuh 419= Wuxh glvwulexwlrqv iru wkh xs txdun +ydohqfh rqo|,/ grzq txdun +ydohqfh rqo|,/
dqg vwudqjh txdun iru T2 @ 63 JhY21 Gdvkhg olqh lqglfdwhv wkh joxrq glvwulexwlrq1

Iljxuh 41:= Sduwrq glvwulexwlrq ixqfwlrqv lq vwdqgdug irup/ {i+{,1 Zkloh ohvv lqwxlwlyh/ wklv
irupdw kljkoljkwv gl�huhqfhv lq wkh vkdshv ri wkh glvwulexwlrqv1
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surwrq lv frpsrvhg ri wzr xs txdunv dqg d grzq txdun/ e| gh�qlwlrq/
�]

f

x�+{,g{ @ 5 +418,

dqg
�]

f

g�+{, g{ @ 4= +419,

Dgglwlrqdoo|/ wkhuh uhpdlqv d qrq�}hur srvvlelolw| ri yluwxdo txdun sdlu irupdwlrq/ dv suhyl0

rxvo| looxvwudwhg lq wkh orzhu uljkw gldjudp ri Iljxuh 4151 Wkhvh vhd txdunv pd| eh dq| ri

wkh vl{  dyruv/ exw xs/ grzq/ dqg vwudqjh duh prvw frpprq gxh wr wkhlu vpdoo pdvvhv1 +Wkh

uhtxlvlwh wzr xs txdunv dqg grzq txdun duh gl�huhqwldwhg iurp wkh yluwxdo w|shv zlwk wkh

whup ydohqfh txdun/ khqfh wkh vxevfulsw y lq Htxdwlrqv 418 dqg 4191, Wkh oljkw vhd txdunv

dqg dqwltxdunv kdyh qhduo| lghqwlfdo glvwulexwlrqv/ wkxv/

vt+{, r xt+{, r gt+{, r �vt+{, r �xt+{, r �gt+{,1 +41:,

E| gluhfw lqwhjudwlrq ri vt+{,/ wkh h{shfwhg qxpehu ri vhd txdunv lq d surwrq lv dssur{l0

pdwho| 9� 3=;.k/ zkhuh k/ wkh frqwulexwlrq iurp khdy|  dyruv +fkdup/ erwwrp/ dqg wrs,/

lv yhu| vpdoo1 Dovr vkrzq lq Iljxuh 419/ wkh joxrq glvwulexwlrq grplqdwhv wkh txdun glvwul0

exwlrqv dw vpdoo {1 Wklv qhduo| glyhujhqw glvwulexwlrq lqglfdwhv wkdw d yhu| odujh qxpehu

ri joxrqv kdyh ydqlvklqjo| vpdoo prphqwxp1 Wkh glvwulexwlrq ri �vriw joxrqv� lv gl!fxow

wr phdvxuh dqg wkhuhiruh srruo| nqrzq dw wklv wlph1 Wkh udulw| ri kljk�prphqwxp joxrqv

+�kdug joxrqv�, uhvxowv lq d odujh xqfhuwdlqw| lq wkh kljk�{ uhjlrq ri wkh joxrq glvwulexwlrq

dv zhoo1 Iru wkh sdudphwhul}dwlrq lq Iljxuh 419/ dq dyhudjh ri 48 joxrqv h{lvw lq wkh surwrq

dw dq| jlyhq prphqw1 Lq vxppdu|/ wkh surwrq frqvlvwv ri wkuhh ydohqfh txdunv/ d vhd ri

txdun�dqwltxdun sdluv wkdw �zlqn� lqwr dqg rxw ri h{lvwhqfh/ dqg d froohfwlrq ri joxrqv wkdw

krog doo wkh txdunv wrjhwkhu1

Ehfdxvh wkh pdq| glvwulexwlrqv duh vlplodu/ dxwkruv qrupdoo| suhvhqw judskv ri { � i+{,
yhuvxv { +Iljxuh 41:,/ d irupxodwlrq wkdw kljkoljkwv wkh gl�huhqfhv ehwzhhq wkh ixqfwlrqdo

irupv1 Rqo| lq wklv irupdw lv wkh whup sduwrq glvwulexwlrq ixqfwlrq surshuo| dssolhg1 Gh0

vslwh wkh frqixvlrq fdxvhg e| wkh frqyhqwlrq/ wkh irup { � i+{, lv pruh xvhixo lq uhodwlqj
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h{shulphqwdo uhvxowv wr wkhruhwlfdo suhglfwlrqv ehfdxvh wkh duhd xqghu wkh fxuyhv uhsuhvhqwv

wkh wrwdo prphqwxp iudfwlrq fduulhg e| d sduwlfxodu vhw ri sduwrqv1

Jlyhq hpslulfdo ghwhuplqdwlrq ri d SGI dw rqh prphqwxp vfdoh/ TFG ghwhuplqhv wkh

hyroxwlrq ri wkh SGI wr dq| rwkhu prphqwxp vfdoh zlwk wkh Grnvklw}hu�Julery�Olsdwry�

Dowduhool�Sdulvl +GJODS, hyroxwlrq htxdwlrqv1W Lq hvvhqfh/ wkh GJODS htxdwlrqv txdqwli|

wkh suredelolw| wkdw d sduwrq ri jlyhq prphqwxp zloo �vsolw� e| udgldwlqj rqh ru pruh

sduwrqv1 Qdòyho|/ wkh qxpehu ri sduwrqv dw d jlyhq { zrxog eh wkh vdph zlwkrxw uhjdug iru

wkh prphqwxp ri wkh surwrq1 Lq idfw/ dv lwv prphqwxp lqfuhdvhv/ d sduwrq lv pruh olnho|

wr udgldwh d joxrq> wkxv/ wkh kljk0{ uhjlrq ri wkh SGI ehfrphv pruh ghsohwhg dv surwrq

prphqwxp lqfuhdvhv1 D vhfrqg zd| wr vlpsoli| wkh GJODS uhvxow lv wr vwdwh wkdw kljkhu�

hqhuj| froolvlrqv �uhvroyh� pruh vxevwuxfwxuh zlwklq wkh surwrq> d txdun zlwk { @ 3=9

frxog uhvroyh lqwr dq { @ 3=88 txdun dqg dq { @ 3=38 joxrq zkhq wkh devroxwh prphqwxp

lqfuhdvhv1

Diwhu d kdug lqwhudfwlrq/ wkh lqlwldo kdgurqv kdyh orvw wkh froru fkdujh dvvrfldwhg zlwk wkh

lqwhudfwlqj sduwrqv> wkhuhiruh/ wkh sduhqw kdgurqv duh qr orqjhu vwdeoh/ froruohvv remhfwv1 Dv

d uhvxow/ wkh uhpdlqghuv ri wkh lqlwldo surwrq dqg dqwlsurwrq xqghujr kdgurql}dwlrq dovr1 Wkh

dgglwlrqdo kdgurqlf surgxfwv uhvxowlqj iurp wkh �vshfwdwru sduwrqv� duh froohfwlyho| fdoohg

wkh xqghuo|lqj hyhqw 1 Wr vwxg| mhwv/ wkh dgglwlrqdo hqhuj| ghsrvlwv iurp wkh xqghuo|lqj

hyhqw pxvw eh uhpryhg/ dv vkdoo eh ghvfulehg lq Fkdswhu 71

Iljxuh 41; +d, ghslfwv wkh wzr ohdglqj�rughu txdun�txdun glmhw surfhvvhv dqg d joxrq�

txdun glmhw surfhvv1 Sduw +e, vkrzv wzr h{dpsohv ri qh{w�wr�ohdglqj�rughu +QOR, glmhw

surfhvvhv1 Ilqdoo|/ sduw +f, ghvfulehv wzr QOR phfkdqlvpv wkdw uhvxow lq d wkuhh�mhw �qdo

vwdwh +joxrq euhpvvwudkoxqj gldjudpv,1 Pdq| dgglwlrqdo qh{w�wr�ohdglqj�rughu gldjudpv

h{lvw/ dv zhoo dv dqdorjrxv THG glmhw phfkdqlvpv dqg zhdn glmhw phfkdqlvpv zkhuh pdq|

ri wkh yluwxdo joxrqv pd| eh uhsodfhg zlwk skrwrqv ru ] ervrqv1 Dw wkh wlph ri wklv zulwlqj/

TFG suhglfwlrqv iru lqfoxvlyh mhw surgxfwlrq vwrs dw QOR= fdofxodwlrqv dw wkh qh{w ohyho ri

suhflvlrq/ R+�e
r,/ kdyh qrw |hw ehhq frpsohwhg1

W Iruphuo| nqrzq dv wkh Dowduhool�Sdulvl hyroxwlrq htxdwlrqv1
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Iljxuh 41;= Vhohfwhg Ih|qpdq gldjudpv iru= +d, ohdglqj0rughu glmhw hyhqwv/ +e, qh{w0wr0
ohdglqj0rughu glmhw hyhqwv/ +f, wkuhh0mhw hyhqwv1 E| frqyhqwlrq/ xqghuo|lqj hyhqw dqg �qdo0
vwdwh kdgurql}dwlrq duh rplwwhg1
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Iljxuh 41<= Gl�huhqfh ehwzhhq wkh 31: mhw frqh gh�qlwlrq +GÛ/ suhvhqw, dqg wkh 416 gh�qlwlrq
+xvhg e| wkh XD5 Frooderudwlrq/ 4<<4,1

417 Wkh Lqfoxvlyh Mhw Furvv Vhfwlrq

Dowkrxjk dq| kdgurqlf vkrzhu frqvwlwxwhv d mhw/ vhyhudo qrq�htxlydohqw gh�qlwlrqv ri mhw

hqhuj| h{lvw1 Zkhq TFG suhglfwlrqv lqfoxghg rqo| ohdglqj rughu frqwulexwlrqv/ mhwv zhuh

gh�qhg ^45` dv wkh hqhuj| ghsrvlwhg lq dq � � ! frqh ri glphqvlrqohvv udglxv 4161 +Khuh/

! lv dq d}lpxwkdo dqjoh dqg � lv d phdvxuh ri wkh frodwlwxgh> fi Dsshqgl{ D iru ghwdlov

rq GÛ frruglqdwhv dqg gh�qlwlrqv1, Wkh mhw frqh udglxv ri 416 whqgv wr uhgxfh d pdq|�mhw

wrsrorj| wr d glmhw wrsrorj|/ zklfk lv vxemhfw wr d ohdglqj�rughu ghvfulswlrq1 Zlwk QOR

suhglfwlrqv dydlodeoh/ wkh frqh vl}h gh�qlwlrq iru lqfoxvlyh phdvxuhphqwv fdq eh qduurzhg wr

U @ 3=: +ru ohvv, wr doorz ydolg frpsdulvrqv wr erwk wzr� dqg wkuhh�mhw hyhqwv1 Iljxuh 41<

looxvwudwhv wkh gl�huhqfh lq d}lpxwk vxewhqghg e| wkh wzr mhw frqh gh�qlwlrqv1 Wkh 416

udglxv frqh hqfrpsdvvhv qhduo| kdoi wkh duf ri d flufoh zkloh wkh 31: frqh fdq dffrpprgdwh

wkh suhvhqfh ri pdq| dgglwlrqdo mhwv1 Lq dgglwlrq wr fkdqjhv lq mhw pxowlsolflw|/ wkh 31:

udglxv frqh dovr uhvxowv lq lqfuhdvhg suhflvlrq ri phdvxuhphqw +lqfuhdvhg hqhuj| uhvroxwlrq,

dqg voljkwo| orzhu hqhuj| iru hdfk mhw1
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Dw GÛ/ mhw frqh fhqwurlgv duh gh�qhg e| wkh vxpphg irxu�prphqwd ri lwv fhoov1 Zkhq

dq| wzr mhw frqhv ryhuods/ dpeljxlw| lv uhpryhg zlwk d phujlqj dqg vsolwwlqj dojrulwkp

+P2V khuhdiwhu,/ vxppdul}hg lq Wdeoh 4171 Dq| vwxg| lqyroylqj pruh wkdq rqh mhw lq wkh

�qdo vwdwh uhtxluhv wkh xvh ri P2V lq wkh gdwd dqdo|vlv1 Iru wkh wkhruhwlfdo suhglfwlrqv/

wkh hqhuj|�zhljkwhg fhqwhu ri wkh �qdo�vwdwh sduwrqv gh�qhv wkh mhw fhqwhu +Vqrzpdvv

gh�qlwlrq,/ dqg �qdo vwdwh sduwrqv zlwklq wkh vdph ��! frqh irup d vlqjoh mhw1 Wr uhsurgxfh

wkhruhwlfdoo| wkh ehkdylru ri wkh P2V dojrulwkp lq wkh gdwd wkh vl}h ri wkh wkhruhwlfdo frqh

pxvw eh uhgxfhg1 D qhz sdudphwhu/ UreR/ gh�qhv wkh frqh�vl}h uhgxfwlrq qhfhvvdu| iru

jrrg pdwfklqj/ zkhuh wkh pd{lpxp doorzhg sduwrq vhsdudwlrq lv wkhq U|�eJo+ @ UreR �U1
Wkh ehvw hpslulfdoo| ghwhuplqhg ydoxh ^;` iru UreR lv 416/ zklfk lv ydolg iru doo frqh vl}hv1

Wkh lqfoxvlyh mhw furvv vhfwlrq pd| eh h{suhvvhg lq vhyhudo zd|v1 Zkloh wkhruhwlfdo

fdofxodwlrqv duh qrupdoo| h{suhvvhg lq whupv ri wkh lqyduldqw furvv vhfwlrq

H�g
��

gs�
> +41;,

wkh phdvxudeoh yduldeohv lq froolghu sk|vlfv duh wkh wudqvyhuvh hqhuj| dqg wkh svhxgrudslglw|

+fi Dsshqgl{ D iru gh�qlwlrqv,1 Lq whupv ri wkhvh yduldeohv/ wkh furvv vhfwlrq lv h{suhvvhg

dv
g2�

gsA g�
> +41<,

zkhuh Htxdwlrqv 41; dqg 41< duh uhodwhg e|

H�g
��

gs�
@

4

5�sA
� g2�

gsA g�
= +4143,

Iljxuh 4143 ghslfwv wkh vshfwuxp ri wkh mhw furvv vhfwlrq/ dv gh�qhg e| Htxdwlrq 41<1 Iru

prvw phdvxuhphqwv/ wkh furvv vhfwlrq lv lqwhjudwhg ryhu vrph udqjh ri svhxgrudslglw|/ lq

wklv fdvh/ m�m ? 3=8 +l1h1 wkh fhqwudo uhjlrq,1 Wkh furvv vhfwlrq/ nlqhpdwlfdoo| olplwhg wr }hur

dw 648 JhY/ ghfuhdvhv dssur{lpdwho| h{srqhqwldoo| ryhu pdq| rughuv ri pdjqlwxgh1

Li wkh Ryhuods Uhjlrq Frqwdlqv= Wkhq=
A 83( ri wkh vpdoohu mhw*v HA Phujh mhwv lqwr rqh mhw
? 83( ri wkh vpdoohu mhw*v HA Vsolw mhwv lqwr wzr mhwv

Wdeoh 417= Fulwhuld ri wkh phujlqj dqg vsolwwlqj dojrulwkp1
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Iljxuh 4143= TFG suhglfwlrq iru wkh vshfwuxp ri wkh lqfoxvlyh mhw furvv vhfwlrq dv d ixqf0
wlrq ri wudqvyhuvh mhw hqhuj|1 Glvfrqwlqxlwlhv dw kljk HA ydoxhv duh fdxvhg e| vwdwlvwlfdo
 xfwxdwlrqv/ qrw e| d ihdwxuh ri wkh wkhru|1
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Wkh lqfoxvlyh mhw furvv vhfwlrq phdvxuhv wkh suredelolw| ri revhuylqj dw ohdvw rqh kdgurqlf

mhw lq d kdug s�s froolvlrq1 Wkh whup lqfoxvlyh lqglfdwhv wkdw wkh suhvhqfh ru devhqfh ri dggl0

wlrqdo qrq0mhw remhfwv lq dq hyhqw grhv qrw frqfhuq wklv dqdo|vlv1 Pruhryhu/ dq hyhqw zklfk

frqwdlqv wkuhh mhwv zloo dsshdu lq wkh furvv vhfwlrq wkuhh wlphv1 Wkh lqfoxvlyh phdvxuhphqw

lv vrphwlphv ghqrwhg �+s�s $ Mhw . {,1 Ehfdxvh lw lv phdvxuhg pdq| wlphv ryhu gl�huhqw

glvfuhhw lqwhuydov ri sA/ wkh phdvxuhphqw frxog dovr eh ghvfulehg dv d gl�huhqwldo furvv

vhfwlrq lq wkh olplw wkh elq zlgwkv dssurdfk }hur1

Wkh wkhruhwlfdo QOR suhglfwlrq lv jhqhudwhg hyhqw�e|�hyhqw/ pxfk olnh wkh gdwd wkh GÛ

h{shulphqw froohfwv1 Iru hdfk jhqhudwhg hyhqw/ wkh vwuhqjwk ri wkh frxsolqj frqvwdqw �r kdv

ehhq uhqrupdol}hg e| � @ 3=8 wlphv wkh HA ri wkh prvw hqhujhwlf mhw/ ghqrwhg H6@%
A

1 +Qrwh

wkdw H6@%
A

lv qrw wkh rqo| srvvleoh phdvxuh ri wkh prphqwxp wudqvihu T dqg lv wkxv qrw wkh

rqo| srvvleoh fkrlfh iru �1, Wkh vhohfwhg SGI/ FWHT6P/ kdv ghprqvwudwhg lwv delolw| ^<`

wr uhsurgxfh h{shulphqwdo uhvxowv iurp GÛ/ FGI/ dqg wkh pdq| �{hg�wdujhw h{shulphqwv

dw Ihuplode1 Wkh Prqwh Fduor hyhqw jhqhudwru/ d surjudp ^43` fdoohg Mhwudg/ fdq surgxfh

 xfwxdwlrqv lq wkh vshfwuxp gxh wr orz vwdwlvwlfv/ hvshfldoo| dw h{wuhph ydoxhv ri mhw HA/

dv ylvleoh lq Iljxuh 41431 Gxh wr ghwhfwru olplwdwlrqv dqg vwdwlvwlfdo olplwv lq wkh gdwd/ wkh

furvv vhfwlrq phdvxuhphqw shuiruphg dw wkh GÛ H{shulphqw zloo kdyh d orzhu grpdlq olplw

qhdu 58 JhY dqg dq xsshu olplw qhdu 493 JhY> wkxv/ qr lqfuhdvh lq wkh vwdwlvwlfdo srzhu ri

wkh suhglfwlrq zloo eh uhtxluhg1

Dv phqwlrqhg lq wkh suhylrxv vhfwlrq/ gl�huhqw fkrlfhv ri wkhruhwlfdo sdudphwhuv zloo

uhvxow lq gl�huhqw vshfwud iru wkh lqfoxvlyh furvv vhfwlrq1 Gh�qlqj wkh vshfwuxp lq Iljxuh 4143

dv wkh vwdqgdug/ frqvlghu wkh yduldwlrqv lq Iljxuh 4144/ zklfk ghslfwv furvv vhfwlrq gl�huhqfhv

lq wkh udwlr1 Lq sduw +d,/ wzr gl�huhqw SGI*v uhvxow lq d vkdsh fkdqjh lq wkh furvv vhfwlrq1

Ehfdxvh wkh �w ri SGI*v wr h{shulphqwdo gdwd lqfoxghv d vxemhfwlyh frpsrqhqw/ gl�huhqw

�wwlqj jurxsv �qg gl�huhqw �ehvw� �wv1 Dowhuqdwho|/ gl�huhqw idfwrul}dwlrq vfdoh fkrlfhv

+e, frxog vkliw wkh furvv vhfwlrq lq wkh rssrvlwh gluhfwlrq1 Sduwv +f, dqg +g, looxvwudwh wkh

vkliwv wkdw uhvxow iurp qhz vhohfwlrqv ri uhqrupdol}dwlrq vfdoh dqg h�hfwlyh frqh vl}h1 Wkh

xqfhuwdlqw| lq wkh furvv vhfwlrq iurp dq| jlyhq sdudphwhu fdq ehfrph dv odujh dv 63(1
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Iljxuh 4144= Wkhruhwlfdo xqfhuwdlqwlhv lq wkh QOR TFG suhglfwlrq iru wkh lqfoxvlyh mhw
furvv vhfwlrq uhvxow iurp +d, fkdqjhv lq wkh SGI/ +e, fkdqjhv lq uhqrupdol}dwlrq vfdoh/ +f,
fkdqjhv lq idfwrul}dwlrq vfdoh/ dqg +g, fkdqjhv lq wkh h�hfwlyh frqh vl}h iru sduwrqv1
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Iljxuh 4145= Yduldwlrqv lq wkh furvv vhfwlrq zkhq looxvwudwh wkh sulqflsoh ri plqlpxp vhqvl0
wlylw|1 Khuh/ wkh frpsdulvrq olqh dw xqlw| lv iruphg e| � @ �s @ �

2
HA> erwk rwkhu vhohfwlrqv

+flufohv, uhvxow lq d orzhu furvv vhfwlrq1

Iru wkh vshfldo fdvh zkhq wkh uhqrupdol}dwlrq dqg idfwrul}dwlrq vfdohv duh vhw htxdo wr

rqh dqrwkhu/ wkh vwdqgdug fkrlfh ri � @ �s @ 3=8 � H6@%
A dsshduv wr eh d vdggoh srlqw/ doo

rwkhu fkrlfhv ^44` +erwk odujhu dqg vpdoohu, uhvxow lq vpdoohu ydoxhv iru wkh furvv vhfwlrq1

Wklv h�hfw/ uhihuuhg wr dv wkh sulqflsoh ri plqlpxp vhqvlwlylw|/ surylghv wkh rqo| uhdvrq wr

suhihu 3=8 dv d vfdoh ryhu wkh rwkhu srvvlelolwlhv1

Wkh odujh yduldqfh ehwzhhq wkh wkhruhwlfdo suhglfwlrqv lqglfdwhv d srwhqwldo iru fxuuhqw

h{shulphqwv wr frqvwudlq wkh wkhruhwlfdo fkrlfhv phqwlrqhg deryh1 Zkloh gluhfw furvv vhfwlrq

phdvxuhphqwv zloo dffrpsolvk wklv jrdo wr vrph ghjuhh/ d pruh srzhuixo phdvxuhphqw fdq

eh shuiruphg e| frpsdulqj wkh mhw HA vshfwud dw wzr gl�huhqw froolvlrq hqhujlhv1

418 Wkh Udwlr ri Vfdohg Lqyduldqw Furvv Vhfwlrqv

E| h{suhvvlqj wkh furvv vhfwlrq lq whupv ri glphqvlrqohvv yduldeohv/ wkh lqfoxvlyh mhw vshfwuxp

lv/ wr �uvw�rughu/ lqghshqghqw ri fhqwhu�ri�pdvv hqhuj|1 D vlpsoh vnhwfk ri wkh vfdohg

lqyduldqw furvv vhfwlrq +Iljxuh 4146, uhyhdov wkh dgydqwdjhv ri wkh qhz irupxodwlrq1 Zkloh
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lw lv srvvleoh wr frpsduh H�_�j
_R�

yhuvxv HA iru erwk hqhujlhv/ wkh gdwd zloo gl�hu juhdwo| lq erwk

pdjqlwxgh dqg udqjh lq HA1 Lq frqwudvw/ wkh furvv vhfwlrqv dv ixqfwlrqv ri HeA�H�_
�j
_R�

yhuvxv

{A � 2u,AI
r

duh vrphzkdw olqhdul}hg dqg olh yhu| forvh wr rqh dqrwkhu> wkh glphqvlrqohvvW

furvv vhfwlrq lv vdlg wr �vfdoh� zlwk fhqwhu�ri�pdvv hqhuj|1 Wr |lhog dq h{suhvvlrq lq whupv

ri froolghu yduldeohv/ wkh vfdohg lqyduldqw furvv vhfwlrq pxvw eh wudqviruphg dffruglqj wr

Htxdwlrq 41431

Ghyldwlrqv iurp vfdolqj ehkdylru uhvxow iurp kljkhu�rughu TFG h�hfwv/ sduwlfxoduo|

joxrq hplvvlrq surfhvvhv/ dv ghvfulehg e| wkh GJODS hyroxwlrq htxdwlrqv1 Phdvxuhphqw

ri wkh udwlr ri glphqvlrqohvv lqyduldqw furvv vhfwlrqv wkxv surylghv d vhqvlwlyh dqg gluhfw whvw

ri QOR TFG zlwkrxw pdvnlqj wkh kljk�rughu h�hfwv zlwk wkh ohdglqj�rughu frqwulexwlrq1

Dv dq dgglwlrqdo ehqh�w/ pxfk xqfhuwdlqw| lq wkh furvv vhfwlrq suhglfwlrqv fdqfhov lq wkh

udwlr> prvw qrwdeo|/ wkh udwlr lv qhduo| lqvhqvlwlyh wr fkrlfh ri SGI1

419 Vxppdu|

Wklv fkdswhu lqwurgxfhg wkh Vwdqgdug Prgho ri sduwlfoh sk|vlfv dqg looxvwudwhg wkh ixqgd0

phqwdo lqwhudfwlrqv zlwk Ih|qpdq gldjudpv/ d sulpdu| wrro ri kljk hqhuj| sk|vlfv1 Edvlf

whuplqrorj| dqg vshfl�f ihdwxuhv ri wkh wkhru| ri vwurqj lqwhudfwlrqv zhuh ghvfulehg/ lq0

foxglqj wkh frqfhswv ri uhqrupdol}dwlrq dqg idfwrul}dwlrq/ wkh uroh ri sduwrq glvwulexwlrqv/

dqg wkh frqh gh�qlwlrq ri mhwv1

Wkh mhw furvv vhfwlrq fdqqrw eh ghwhuplqhg dqdo|wlfdoo|= wkh wkhruhwlfdo fdofxodwlrqv duh

qh{w�wr�ohdglqj�rughu dssur{lpdwlrqv1 Hyhq shuwxuedwlyh fdofxodwlrqv uhtxluh d uhqrupdo0

l}dwlrq vfdoh +�, wr kdqgoh glyhujhqw lqwhjudov> wkh ehvw ydoxh iru wkh frqvwdqw fdqqrw eh

ghwhuplqhg iurp wkh wkhru| dorqh/ uhvxowlqj lq odujh wkhruhwlfdo xqfhuwdlqwlhv lq wkh shuwxu0

edwlyh TFG furvv vhfwlrq fdofxodwlrq1 Sduwrq glvwulexwlrq ixqfwlrqv/ ghwhuplqhg e| sulru

h{shulphqwv/ ghvfuleh wkh lqfdofxodeoh lqlwldo vwdwhv ri wkh lqwhudfwlqj sduwrqv1 Lqfrpsohwh

ru frqwudglfwru| gdwd lq SGI joredo dqdo|vhv uhvxow lq dgglwlrqdo xqfhuwdlqwlhv lq wkh suh0

glfwlrq1 Iuhhgrp wr vhohfw d idfwrul}dwlrq vfdoh/ zklfk ghwhuplqhv suhflvh prphqwxp zkhuh

W Wkh furvv vhfwlrq lv glphqvlrqohvv lq whupv ri qdwxudo xqlwv +fi Dsshqgl{ D,1
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Iljxuh 4146= Gl�huhqw suhvhqwdwlrqv ri wkh lqfoxvlyh mhw furvv vhfwlrqv dw +wklq olqh,
s
v @

963 JhY dqg +wklfn olqh, 4;33 JhY1 Wkhruhwlfdoo|/ wkh vfdohg glphqvlrqohvv furvv vhfwlrqv
vkrxog eh qhduo| olqhdu dqg olh yhu| forvh wr rqh dqrwkhu1
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wkh SGI hqgv dqg wkh shuwxuedwlyh TFG fdofxodwlrqv ehjlq/ dggv dgglwlrqdo xqfhuwdlqw|

wr wkh fdofxodwlrq1 Frpsdulvrqv ri QOR furvv vhfwlrq suhglfwlrqv/ zlwk gl�huhqw fkrlfhv

ri uhqrupdol}dwlrq vfdoh dqg SGI/ uhyhdo wkh xqfhuwdlqwlhv lqkhuhqw lq wkh fdofxodwlrq +ds0

sur{lpdwho| 63(,1

Wkh kljk hqhuj| sk|vlfv h{suhvvlrq iru wkh furvv vhfwlrq gl�huv voljkwo| iurp wkh qrq�

uhodwlylvwlf txdqwxp phfkdqlfv gh�qlwlrq wr ehwwhu dffrpprgdwh wkh sk|vlfv ri d froolghu

ghwhfwru1 Wkh vfdohg lqyduldqw furvv vhfwlrq ydulhv voljkwo| zlwk fhqwhu�ri�pdvv hqhuj| dv gh0

vfulehg e| wkh GJODS hyroxwlrq htxdwlrqv1 Wkh udwlr ri vfdohg lqyduldqw furvv vhfwlrqv/ wkh

phdvxuhphqw ghvfulehg lq wklv glvvhuwdwlrq/ zdv suhvhqwhg dv d srzhuixo whvw ri shuwxuedwlyh

TFG1

Wkh iroorzlqj wzr fkdswhuv ghvfuleh wkh oderudwru|/ ghwhfwru/ dqg frqwuro v|vwhpv xvhg

wr froohfw wkh mhw gdwd1 Wkh vxevhtxhqw irxu fkdswhuv uhodwh wkh dqdo|vlv ri wkh mhw gdwd/

lqfoxglqj mhw fruuhfwlrqv/ glvwulexwlrq fruuhfwlrqv/ dqg huuru dqdo|vlv1 Wkh �qdo fkdswhu zloo

suhvhqw wkh uhvxowv ri wklv zrun1



Fkdswhu 5

Wkh H{shulphqw

Wr ehvw sureh surwrq vxevwuxfwxuh dqg vhdufk iru qhz sduwlfohv/ froolvlrqv zlwk kljk fhqwhu�

ri�pdvv hqhuj| +
s
v, duh uhtxluhg1 Frqvlghu wkh dqwlsurwrq fuhdwlrq surfhvv s . s$ 6s . �s1

Iru d surwrq lqflghqw rq d �{hg wdujhw/ pxfk ri wkh lqlwldo hqhuj| pxvw uhpdlq lq wkh irup

ri prphqwxp uhodwlyh wr wkh ode iudph1 Wkxv/ wkh wrwdo lqlwldo ehdp hqhuj| uhtxluhg ^5` iru

wkh surfhvv lv

H6A� @ : pTf
2= +514,

Qrz frqvlghu wzr surwrqv froolglqj zlwk htxdo exw rssrvlwh prphqwd1 Wkh wkuhvkrog hqhuj|

frqglwlrq iru wkh dqwlsurwrq fuhdwlrq surfhvv rffxuv zkhq doo surgxfwv duh surgxfhg dw uhvw1

Iru wklv fdvh/ wkh lqlwldo hqhuj| iru hdfk surwrq lv

H�� @ 5 pTf
2> +515,

d vljql�fdqw dgydqwdjh ryhu wkh �{hg wdujhw uhvxow1 Dowkrxjk wkh vshfl�f frh!flhqwv ri

Htxdwlrqv 514 dqg 515 zloo ydu| iru gl�huhqw surfhvvhv/ wkh wkuhvkrog hqhuj| dgydqwdjh ri

wkh froolghu zloo dozd|v uhpdlq1 Vhdufkhv iru qhz khdy| sduwlfohv uhtxluh kljk fhqwhu�ri�pdvv

hqhujlhv wkdw fdq rqo| eh surylghg e| d froolghu1

Wkh �uvw kdgurq dffhohudwru frpsoh{/ wkh Lqwhuvhfwlqj Vwrudjh Ulqjv dw FHUQ/ froolghg

surwrqv dw
s
v @ 96 JhY/ odwhu vzlwfklqj wr s�s froolvlrqv1 Wkh ixoo fhqwhu�ri�pdvv hqhuj|

zdv lqvx!flhqw ^6` wr surgxfh uhdoZ ervrqv +P` � ;3 JhY, dw wkh LVU/ dowkrxjk mhwv zhuh

hyhqwxdoo| ghwhfwhg1 Wkh odwhu FHUQ Vxshu Surwrq V|qfkurwurq lpsuryhg pdwwhuv lq 4<;4/

5:



5;

uxqqlqj �uvw dw
s
v @ 873 JhY/ dqg odwhu lqfuhdvlqj wr 963 JhY1 Wkh XD5 h{shulphqwW

shuiruphg frpsuhkhqvlyh phdvxuhphqwv ri wkh lqfoxvlyh mhw furvv vhfwlrq dw erwk FP hqhu0

jlhv dqg h{dplqhg wkh udwlr ehwzhhq wkhp1 Wklv udwlr/ dq hduo| whvw ri mhw vfdolqj/ prwlydwhg

wkh GÛ dqdo|vlv suhvhqwhg lq wklv wkhvlv1

Wkh GÛ h{shulphqw_ lv orfdwhg dw Ihupl Qdwlrqdo Dffhohudwru Oderudwru| +IQDO/ ru

Ihuplode,/ qhdu Edwdyld/ Loolqrlv1 Dw Ihuplode/ surwrqv dqg dqwlsurwrqv frxqwhu�urwdwh lq

d vxshufrqgxfwlqj froolghu ulqj 4 np lq udglxv1 Dv zloo eh ghwdlohg lq wkh �uvw kdoi ri wklv

fkdswhu/ wkh 4;33 JhY fhqwhu�ri�pdvv froolvlrq hqhuj| ri wkh Ihuplode Whydwurq lv dwwdlqhg

yld d qxpehu ri glvfuhwh vwhsv1 Wkh iroorzlqj vhfwlrqv vxppdul}h wkh phwkrgv xvhg wr

jhqhudwh dqwlsurwrqv dv zhoo dv wkh whfkqltxhv xvhg wr dffhohudwh surwrqv dqg dqwlsurwrqv wr

<33 JhY dqg froolgh wkhp dw wkh fhqwhu ri wkh wzr froolghu ghwhfwruv uhvlghqw dw Ihuplode1

Wkh vhfrqg kdoi ri wklv fkdswhu ghvfulehv wkh frpsrqhqwv ri wkh GÛ ghwhfwru= wkh fhqwudo

wudfnlqj uhjlrq/ wkh fdorulphwhu/ wkh pxrq vshfwurphwhu/ dqg wkh Ohyho Û krgrvfrshv1 Hdfk

ghwhfwru uhjlrq frqvlvwv ri vhyhudo vxev|vwhpv ghvljqhg wr pdnh vshfldol}hg phdvxuhphqwv1

Mhw sk|vlfv dqdo|vhv irfxv rq fdorulphwhu|> rwkhu ghwhfwru vxev|vwhpv sod| plqru urohv1

514 Wkh Ihuplode Dffhohudwru Frpsoh{

�Wkh urdg wr wuxwk kdv pdq| wxuqv1�

Wkh Ihuplode dffhohudwru frpsoh{ frqvlvwv ri vhyhudo glvwlqfw ghylfhv/ hdfk zlwk lwv rzq

h�hfwlyh hqhuj| uhjlph +Iljxuh 514,1 Zkloh wkh Whydwurq lv fdsdeoh ri dffhohudwlqj sduwlfohv

iurp 483 JhY wr <33 JhY/ lw lv qrw ghvljqhg wr pdqdjh sduwlfoh hqhujlhv ehorz 483 JhY1

Vwduwlqj zlwk k|gurjhq jdv/ �yh gl�huhqw ghylfhv duh qhhghg wr suhsduh surwrqv iru lqmhfwlrq

lqwr wkh Whydwurq1 Wkh �uvw wzr ghylfhv/ wkh sodvpd vrxufh dqg wkh Frfnfuriw�Zdowrq

jhqhudwru/ vkduh wkh vdph krxvlqj dqg duh riwhq froohfwlyho| fdoohg wkh suhdffhohudwru v|vwhp1

Wkh uhpdlqlqj v|vwhpv/ wkh Olqdf/ wkh Errvwhu/ dqg wkh Pdlq Ulqj/ zloo vxffhvvlyho| lqfuhdvh

sduwlfoh prphqwd zkloh qduurzlqj prphqwxp yduldqfh1

Vxffhvvixo Whydwurq rshudwlrq uhvxowv lq d froolvlrq ehwzhhq d surwrq dqg dq dqwlsurwrq
W Wkh XD5 h{shulphqw zdv qdphg iru lwv orfdwlrq rq wkh VSV froolghu ulqj/ �Xqghujurxqg Duhd 5�111
_ 111dqg wkh GÛ H{shulphqw zdv qdphg lq wkh vdph wudglwlrq/ iru lwv orfdwlrq rq wkh Whydwurq froolghu ulqj1
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Iljxuh 514= Vfkhpdwlf ryhuylhz ri wkh Ihuplode dffhohudwru frpsoh{1 Wkh Pdlq Ulqj dqg
wkh Whydwurq kdyh wkh vdph udglxv exw kdyh ehhq gudzq frqfhqwulfdoo| wr uhyhdo lqmhfwlrq
v|vwhp ghwdlov1
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Iljxuh 515= Wkh pdjqhwurq sodvpd vrxufh1 Wkh pdjqhwlf �hog lv shushqglfxodu wr wkh sodqh
ri wkh lpdjh1

zlwk d fhqwhu�ri�pdvv hqhuj| ri 4;33 JhY1 Wkh ehdpv frqvlvw ri glvfuhwh exqfkhv udwkhu

wkdq d vprrwk frqwlqxxp/ vr suhflvh wlplqj lv hvvhqwldo1 Ehfdxvh pdq| ri wkh pruh whfkqlfdo

ghwdlov ri wkh dffhohudwru v|vwhp duh eh|rqg wkh vfrsh ri wklv zrun/ wkh lqwhuhvwhg uhdghu

vkrxog frqvxow Uhihuhqfh ^46` iru ixuwkhu glvfxvvlrq ri wkh Ihuplode dffhohudwru frpsoh{1

51414 Wkh Sodvpd Vrxufh

Vwduwlqj zlwk k|gurjhq jdv/ wkh pdjqhwurq vxuidfh�sodvpd vrxufh jhqhudwhv qhjdwlyh k|0

gurjhq lrqv1 Wkh pdjqhwurq frqvlvwv ri dq ryrlg fdwkrgh/ d vxuurxqglqj dqrgh/ dqg dq

h{whuqdo pdjqhwlf �hog +Iljxuh 515,1 Sxovhv ri k|gurjhq jdv hqwhu wkh 4 pp jds ehwzhhq

wkh dqrgh dqg fdwkrgh zlwk d w|slfdo suhvvxuh ri q 433 pWruu1 Pdq| K2 prohfxohv ehfrph

dgvruehg wr wkh fdwkrgh/ zkloh iuhh hohfwurqv dqg srvlwlyh lrqv wudyho lq d kholfdo sdwk lq

wkh dqrgh�fdwkrgh jds1 Wkh furvvhg hohfwulf dqg pdjqhwlf �hogv hqvxuh kljk�ghqvlw| iru

wklv vsludolqj sodvpd1 Zkhq srvlwlyh lrqv dqg hqhujhwlf sduwlfohv froolgh zlwk wkh dgvruehg

k|gurjhq/ wkh| hmhfw/ ru �vsxwwhu/� k|gurjhq dwrpv dqg d vpdoo qxpehu ri K3 lrqv1 D

fkdujhg sodwh h{wudfwv wkh surgxfhg K3 lrqv wkurxjk dq dqrgh dshuwxuh zlwk d w|slfdo hq0

huj| ri 4; nhY1 D vpdoo dgpl{wxuh ri fhvlxp ydsru errvwv rshudwlqj h!flhqf| e| orzhulqj
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Iljxuh 516= D vlpsol�hg ylhz ri dq Doyduh} guliw wxeh olqdf1

wkh zrun ixqfwlrq ri wkh fdwkrgh= wkh olnholkrrg ri d vsxwwhuhg k|gurjhq dwrp wr dvvrfldwh

zlwk dq h{wud hohfwurq lqfuhdvhv iurp 3=5( wr 43(1 D vwhhulqj pdjqhw gluhfwv wkh h{wudfwhg

lrqv lqwr d uljkw�dqjoh wxuq/ �owhulqj wkh ehdp ri hohfwurqv1

Vlplodu ghylfhv fdq fuhdwh Kn lrqv dqg holplqdwh wkh qhhg wr vwuls hohfwurqv iurp wkh lrqv

odwhu/ exw srvlwlyh lrq vrxufhv uhtxluh kljkhu fxuuhqw dqg wkhuhiruh orqjhu sxovh wlphv1 Wkh

idvw�sxovlqj qhjdwlyh lrq vrxufh lpsuryhv ehdp txdolw| gudpdwlfdoo| iru wkh grzqvwuhdp

dffhohudwruv ehfdxvh d vpdoo vsuhdg lq fuhdwlrq wlph zloo wudqvodwh wr suhflvlrq lq sduwlfoh

srvlwlrq grzqvwuhdp1

51415 Wkh Frfnfuriw�Zdowrq Jhqhudwru

Wkh Frfnfuriw�Zdowrq kljk�yrowdjh jhqhudwru/ d vrolg vwdwh ghylfh/ jhqhudwhv kljk yrowdjh

e| fkdujlqj fdsdflwruv lq sdudooho dqg glvfkdujlqj wkhp lq vhulhv1 Zlwk �yh vwdjhv ri yrowdjh

pxowlsolfdwlrq/ wkh jhqhudwru errvwv wkh lqsxw yrowdjh ri :8 nY e| d idfwru ri whq zlwk yhu|

olwwoh  xfwxdwlrq1 Rqfh K3 lrqv kdyh ehhq fuhdwhg e| wkh pdjqhwurq/ d srvlwlyho| fkdujhg

sodwh dffhohudwhv wkhp wr dq hqhuj| ri :83 nhY1

51416 Wkh Olqdf

Hphujlqj iurp wkh Frfnfuriw�Zdowrq jhqhudwru/ wkh k|gurjhq lrqv hqwhu d olqhdu dffhohudwru1

Wkh �uvw vwdjh/ d :3 p orqj Doyduh} guliw�wxeh olqdf/ hpsor|v �yh hohfwulfdoo| uhvrqdqw

frsshu�fodg vwhho wdqnv1 Hdfk wdqn frqwdlqv 56 wr 8< guliw wxehv frq�jxuhg dv vkrzq lq

Iljxuh 5161 Sduwlfohv lq wkh qduurz vhfwlrqv ehwzhhq guliw wxehv h{shulhqfh dq dffhohudwlqj
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Iljxuh 517= Errvwhu lqmhfwlrq vfkhpdwlf1 D fduerq irlo uhpryhv erwk hohfwurqv iurp wkh K3

lrqv1 Ehdp phujlqj lv dffrpsolvkhg zlwk wzr �ruelwdo exps pdjqhwv1�

�hog zkhuhdv sduwlfohv lqvlgh wkh wxehv duh vklhoghg1 Wkh guliw wxehv zlwklq wkh wdqnv duh

wkxv ghvljqhg zlwk vxffhvvlyho| lqfuhdvlqj ohqjwkv wr hqvxuh wkdw wkh dssolhg hohfwulf �hog

+f|folqj dw 534157 PK}, pdlqwdlqv d frqvwdqw skdvh dqjoh zlwk uhvshfw wr wkh sduwlfoh*v

srvlwlrq lq wkh wxehv1 Ehfdxvh wkh rvfloodwlrq iuhtxhqf| ri wkh dssolhg �hog olhv lq wkh udglr

iuhtxhqf| udqjh/ wkh guliw�wxeh dvvhpeo| lv riwhq fdoohg dq UI wdqn1

Wkh vhfrqg vwdjh ri wkh olqdf kdv d voljkwo| gl�huhqw wxeh ghvljq exw rshudwhv vlploduo|1

Wkh jdsv ehwzhhq guliw wxehv duh vpdoohu dqg pruh h!flhqw/ dqg wkh wdqnv uhvrqdwh dw ;38

PK}/ zlwk sduwlfohv hyhu| irxuwk f|foh1 Wkh hqwluh ohqjwk ri wkh olqdf v|vwhp lv 479 p/ wkh

K3 lrqv hphujh zlwk dq hqhuj| ri 733 PhY dqg guliw dq dgglwlrqdo 79 p ehiruh lqmhfwlrq

lqwr wkh errvwhu1

51417 Wkh Errvwhu

K3 lrqv hqwhu wkh Errvwhu/ d udslgo| f|folqj v|qfkurwurq zlwk d udglxv ri 583 ihhw1 Sdluhg

exps pdjqhwv gluhfw wkh lrqv wkurxjk d fduerq irlo wkdw vwulsv wkh hohfwurqv/ ohdylqj eduh

surwrqv1 Vlpxowdqhrxvo|/ wkh pdjqhwv phujh wkh qhz surwrqv zlwk dq| h{lvwlqj surwrqv lq
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wkh errvwhu +Iljxuh 517,1

Dw pd{lpxp fdsdflw|/ wkh Errvwhu krogv ;7 surwrq exqfkhv/ hdfk frqvlvwlqj ri 9 phujhg

olqdf exqfkhv1 Rqfh wkh Errvwhu lv ixoo/ lw dffhohudwhv wkh surwrqv iurp 733 PhY wr ; JhY1

Dv wkh surwrqv ehfrph pruh uhodwlylvwlf/ wkh hohfwulf dqg pdjqhwlf �hogv ydu| v|qfkurqrxvo|

zlwk wkh fkdqjlqj sduwlfoh prphqwxp wr pdlqwdlq d forvhg ruelw1

Wkh surwrq*v ghvwlqdwlrq pxvw eh ghvljqdwhg dv hlwkhu wkh dqwlsurwrq wdujhw ru wkh

Whydwurq1 Li dqwlsurwrqv duh uhtxluhg/ doo ;7 exqfkhv lq wkh Errvwhu duh gluhfwhg lqwr wkh

Pdlq Ulqj zlwk d �nlfnhu pdjqhw1� Ehfdxvh ri wkh �qlwh ulvh wlph lq wkh nlfnhu/ rqh exqfk

lv orvw gxulqj wklv surfhgxuh1 Li wkh surwrqv duh ghvwlqhg iru wkh Whydwurq/ rqo| 44/ 46/ ru

48 exqfkhv zloo eh lqmhfwhg lqwr wkh Pdlq Ulqj> wkh uhvw duh gluhfwhg lqwr d ehdp gxps1

51418 Wkh Pdlq Ulqj

Sulru wr wkh frqvwuxfwlrq ri wkh Whydwurq/ wkh Pdlq Ulqj zdv wkh kljkhvw hqhuj| v|qfkurwurq

lq wkh zruog/ dffhohudwlqj sduwlfohv wr 733 JhY1 Wkh Pdlq Ulqj kdv d 4333 p udglxv/ xvhv

::7 glsroh pdjqhwv wr ehqg wkh ehdp dqg pdlqwdlq forvhg ruelwv/ dqg uhirfxvhv wkh ehdp

zlwk 573 txdguxsroh pdjqhwv1 Zlwklq wkh Whydwurq frpsoh{/ wkh Pdlq Ulqj vhuyhv wzr

sxusrvhv= lw gluhfwv d surwrq ehdp wr d wdujhw wr fuhdwh dqwlsurwrqv/ dqg lw lqmhfwv sduwlfohv

lqwr wkh Whydwurq1

Dqwlsurwrq Fuhdwlrq

Ehiruh wkh Whydwurq fdq rshudwh lq froolghu prgh/ dqwlsurwrqv pxvw eh fuhdwhg1 Ehfdxvh

dqwlsurwrqv dffxpxodwh vorzo|/ wkh Pdlq Ulqj frqwlqxhv wkh dqwlsurwrq jhqhudwlrq surfhvv

hyhq zkloh wkh Whydwurq froolghv surwrq dqg dqwlsurwrq ehdpv1 Wr jhqhudwh dqwlsurwrqv/

wkh Pdlq Ulqj dffhohudwhv ;6 surwrq exqfkhv wr dq hqhuj| ri 453 JhY dqg gluhfwv wkhp

dw d qlfnho wdujhw glvn1 Wklv lqflghqw surwrq hqhuj| rswlpl}hv wkh qxpehu ri dqwlsurwrqv

jhqhudwhg zlwk ; JhY ri hqhuj| +pdwfklqj wkh Errvwhu lqmhfwlrq hqhuj|,1 Wkh surwrq ehdp

vwulnhv wkh wdujhw dorqj wkh sodqh ri wkh glvn vr wkh wdujhw ghswk dorqj d fkrug pd| eh hdvlo|

vhohfwhg zlwk vpdoo odwhudo pryhphqwv +Iljxuh 518,1 Wkh |lhog lv 43. dqwlsurwrqv iru hyhu|

43�2 surwrqv1
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Iljxuh 518= Wkh dqwlsurwrq fuhdwlrq surfhvv1

Doo uhvxowlqj sduwlfohv sdvv wkurxjk d olwklxp f|olqghu wkdw fduulhv d orqjlwxglqdo sxovhg

fxuuhqw ri 318 PD1 Wkh lqgxfhg d}lpxwkdo pdjqhwlf �hog irfxvhv wkh fkdujhg sduwlfohv

dorqj wkh d{lv ri wkh f|olqghu1 Dq rswlpdo pdwhuldo fkrlfh gxh wr lwv orz ghqvlw| dqg kljk

frqgxfwlylw|/ Olwklxp surylghv olwwoh hqhuj| devruswlrq ru pxowlsoh vfdwwhulqj zkloh vwloo

dffrpprgdwlqj d kljk pdjqhwlf �hog1

D sxovhg glsroh pdjqhw vhohfwv ; JhY dqwlsurwrqv/ gluhfwlqj wkhp lqwr d ghexqfkhu ulqj

wkdw uhgxfhv wkh orqjlwxglqdo dqg wudqvyhuvh vsuhdg ri wkh ehdp1 Wkh �frrohg� dqwlsurwrqv

duh wkhq dgghg wr dq| dqwlsurwrqv douhdg| vwruhg lq wkh Dffxpxodwru ulqj iru odwhu lqmhfwlrq

lqwr wkh Whydwurq yld wkh Pdlq Ulqj1

Whydwurq Lqmhfwlrq

Rqfh lq wkh Pdlq Ulqj/ 44 wr 48 surwrq ru dqwlsurwrq exqfkhv ghvwlqhg iru wkh Whydwurq

duh frdohvfhg lqwr d vlqjoh exqfk e| vxshulpsrvlqj skdvhg UI zdyhirupv1 Wkh uhvxowlqj

zdyhirup ghfhohudwhv iruzdug sduwlfohv uhodwlyh wr wkh fhqwurlg ri wkh exqfkhv zkloh dffho0

hudwlqj wkh odjjlqj exqfkhv +Iljxuh 519,1 Rqfh wkh sduwlfohv kdyh ehhq froohfwhg dw wkh

fhqwurlg/ qhz UI zdyhirupv duh dssolhg wr uhsrvlwlrq wkh exqfk lq wkh ulqj iru lqmhfwlrq1

Wklv �frjjlqj� surfhvv hqvxuhv jrrg wlph vhsdudwlrq ehwzhhq wkh rwkhu exqfkhv dqg doorzv

froolvlrqv wr rffxu dw wkh ghvljqdwhg Whydwurq ulqj srvlwlrqv1

Wkh Whydwurq/ frqvwudlqhg e| d qhhg wr �w zlwklq wkh h{lvwlqj ehdp wxqqho/ lv vxvshqghg

wzr ihhw ehorz wkh Pdlq Ulqj1 Ehfdxvh Pdlq Ulqj rshudwlrq zrxog glvwxue ghwhfwruv

vwxg|lqj froolvlrqv lq wkh Whydwurq/ wkh Pdlq Ulqj ehdp slsh zdv ehqw yhuwlfdoo| xszdug
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Iljxuh 519= Skdvhg UI zdyhirupv frdohvfh surwrq exqfkhv1 Exqfkhv dkhdg ri wkh fhqwurlg
uhfhlyh d qhw ghfhohudwlqj irufh dqg ylfh yhuvd1

wr dufk ryhu ulqj orfdwlrq EÛ +krph ri wkh FGI ghwhfwru,1 D surwrw|sh �ryhusdvv� zdv

�uvw exlow dw orfdwlrq GÛ zlwk wkh lqwhqw wkdw d vhfrqg froolghu ghwhfwru zrxog hyhqwxdoo|

wdnh dgydqwdjh ri wkh vhsdudwlrq1 Ehfdxvh wkhuh zdv qr vhfrqg ghwhfwru dw wkh wlph ri

wkh ryhusdvv frqvwuxfwlrq/ wkh surwrw|sh kdg d vhsdudwlrq ri ;<15 lqfkhv dqg �w zlwklq wkh

h{lvwlqj ehdp wxqqho1 Lq frqwudvw/ wkh EÛ ryhusdvv uhtxluhg pdmru wxqqho uhfrqvwuxfwlrq/

dfklhylqj d vhsdudwlrq ri 4< ihhw1 Dv d uhvxow ri wkh ghvljq ri wkh GÛ ryhusdvv/ wkh fxuuhqw

GÛ fdorulphwhu lv shuirudwhg e| wkh Pdlq Ulqj ehdpslsh/ frpsolfdwlqj sk|vlfv dqdo|vhv1

51419 Wkh Whydwurq

Vlplodu lq ghvljq wr wkh Pdlq Ulqj/ wkh Whydwurq dffhohudwhv sduwlfohv iurp 483 wr <33 JhY/

vwhhulqj dqg irfxvlqj wkh ehdpv zlwk glsroh dqg txdguxsroh pdjqhwv1 Lq frqwudvw wr wkh

zdwhu�frrohg Pdlq Ulqj/ wkh vxshufrqgxfwlqj Whydwurq pdjqhwv uhtxluh oltxlg kholxp wr

dfklhyh dq rshudwlqj whpshudwxuh ri 719 N1 Gxh wr wkhlu htxdo pdvvhv dqg rssrvlwh fkdujhv/

surwrqv dqg dqwlsurwrqv fdq vkduh wkh vdph dffhohudwlqj �hogv dqg wkxv wkh vdph ehdpslsh/

shuplwwlqj dq hohjdqw dqg hfrqrplfdo ghvljq1

Zlwk wkh h{fhswlrq ri vhyhudo whvw uxqv lq Ghfhpehu ri 4<<8/ Ihuplode kdv rshudwhg wkh

Whydwurq zlwk vl{ surwrq exqfkhv frxqwhu�urwdwlqj zlwk vl{ dqwlsurwrq exqfkhv1 D vpdoo

yhuwlfdo glvsodfhphqw ehwzhhq wkh ehdpv plqlpl}hv wkh qxpehu ri froolvlrqv dw wkh 43 ri 45

srvvleoh froolvlrq duhdv wkdw duh qrw rffxslhg e| d ghwhfwru1 Dw wkh rffxslhg vlwhv/ vshfldoo|
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ghvljqhg txdguxsroh pdjqhwv sodfhg rq hlwkhu vlgh ri wkh froolvlrq duhd irfxv wkh ehdpv

wrjhwkhu dqg uhgxfh wkh ehdp vsrw vl}h wr �%c+ � 73 �p1 Wkhvh pdjqhwv/ wkh �orz�ehwd

txdgv/� pd{lpl}h oxplqrvlw|
�
^O` @ R@o|�S,e SoJrr�?}r

S62
ureS

�
dw wkh fhqwhu ri wkh ghwhfwruv dqg

vxevhtxhqwo| ghirfxv wkh ehdpv diwhu froolvlrqv wr pd{lpl}h ehdp olihwlph1

Lq wkh Whydwurq/ vpdoo shuwxuedwlrqv derxw wkh flufxodu forvhg sdwk whqg wr lqfuhdvh

lq dpsolwxgh zlwk wlph1 Wkh uhvxowlqj sduwlfoh glvsodfhphqwv ohdg wr froolvlrqv zlwk wkh

ehdpslsh/ fdxvlqj oxplqrvlw| dwwhqxdwlrq dqg �ehdp kdor� +vhh Fkdswhu 8,1 Wr pdlqwdlq

ehdp txdolw|/ erwk ehdpv duh shulrglfdoo| gluhfwhg lqwr wkhlu uhvshfwlyh gxps vlwhv dqg

iuhvk exqfkhv duh lqmhfwhg1 D shulrg ri xqlqwhuuxswhg uxqqlqj/ xvxdoo| 45 wr 4; krxuv/ lv

fdoohg d �vwruh1�

Ioh{lelolw| lq wkh Whydwurq ghvljq doorzhg wkh ehdp hqhuj| wr eh ghfuhdvhg gxulqj

Ghfhpehu ri 4<<81 Wkh uhgxfhg fhqwhu�ri�pdvv hqhuj|/
s
v @ 963 JhY/ pdwfkhv wkh

hqhuj| ri wkh VSV dffhohudwru xvhg e| wkh XD5 h{shulphqw1 Dv glvfxvvhg lq odwhu fkdswhuv/

d frpsdulvrq ri wkh �orz�hqhuj|� gdwd wr wkh ixoo hqhuj| gdwd doorzv d srzhuixo TFG

phdvxuhphqw wkdw zrxog qrw eh srvvleoh zlwk gdwd iurp d vlqjoh fhqwhu�ri�pdvv hqhuj|1

5141: Ixwxuh Survshfwv iru Ihuplode

Fxuuhqwo|/ pdjqhw whfkqrorj| olplwv wkh fhqwhu�ri�pdvv hqhuj| ri wkh ehdpv1 Wkh vxshu0

frqgxfwlqj ehqg pdjqhwv �txhqfk� deryh d fulwlfdo fxuuhqw ordg dqg wkhuhiruh surgxfh d

olplwhg pd{lpxp dqjoh ri gh hfwlrq shu pdjqhw1 Ehfdxvh wkh pd{lpxp fhqwhu�ri�pdvv

hqhuj| lv frqvwudlqhg e| wkh qhhg wr nhhs wkh ehdp lq d forvhg ruelw/ dq lqfuhdvh zrxog

uhtxluh hlwkhu d odujhu ulqj +dv lv ehlqj exlow lq Hxursh, ru pruh srzhuixo pdjqhwv1

Lq wkh qh{w vhyhudo |hduv/ Ihuplode zloo lqfrusrudwh d qhz lqmhfwlrq v|vwhp lqwr wkh

Whydwurq dffhohudwru frpsoh{/ lqfuhdvlqj erwk wkh qxpehu ri sduwlfohv shu exqfk dqg dovr

wkh qxpehu ri exqfkhv lq hdfk ehdp +iurp wkh fxuuhqw vl{ wr dv pdq| dv 45;,1 Dgglwlrqdoo|/

wkh fhqwhu�ri�pdvv hqhuj| olplw zloo eh �qhvvhg voljkwo|= e| vtxhh}lqj pruh pdjqhwv lqwr

wkh Whydwurq ulqj wkh froolvlrq hqhuj| zloo eh udlvhg iurp 4;33 JhY wr 5333 JhY1
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Iljxuh 51:= Lvrphwulf ylhz ri wkh GÛ ghwhfwru1

515 Wkh GÛ Ghwhfwru

�Wkh dqvzhu wr dq| txhvwlrq vwduwlqj cZk| grq*w
wkh|111B* lv doprvw dozd|v/ cPrqh|1*�

�Iurp �VkrrwlqjGhvwlqdwlrq Prrq/� e| Urehuw
D1 Khlqohlq

Gxulqj d vwruh/ surwrqv dqg dqwlsurwrqv froolgh qhdu wkh fhqwhu ri wkh GÛ ghwhfwru1 Wkh

fhqwudo ghwhfwru dqg fdorulphwhu duh f|olqgulfdoo| v|pphwulf lq ghvljq> wkh vxuurxqglqj

pxrq v|vwhp zdv ghvljqhg zlwk d vlpsohu er{�olnh vwuxfwxuh +Iljxuh 51:,1 Glvfxvvlrq ri

ghwhfwru frpsrqhqwv uhtxluhv gh�qlwlrq ri frruglqdwh v|vwhpv1 Iru frqyhqlhqfh ri uhihuhqfh/

d ixoo glvfxvvlrq ri doo GÛ frruglqdwh v|vwhpv lv surylghg lq Dsshqgl{ D1
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Wkh ghwhfwru yroxph forvhvw wr wkh ehdpslsh phdvxuhv wkh srvlwlrq ri froolvlrq surg0

xfwv qrq�ghvwuxfwlyho|1 Wklv fhqwudo wudfnlqj uhjlrq h{sorlwv wzr h�hfwv= lrql}dwlrq dqg

wudqvlwlrq udgldwlrq1 Wkh guliw fkdpehuv froohfw lrql}dwlrq hohfwurqv olehudwhg zkhq fkdujhg

sduwlfohv sdvv wkurxjk wkh dfwlyh phglxp1 Wkh hqhuj| orvw wkurxjk lrql}dwlrq uhsuhvhqwv

d yhu| vpdoo iudfwlrq ri wkh wrwdo hqhuj| ri d uhodwlylvwlf sduwlfoh1 Wkh wudqvlwlrq udgld0

wlrq ghwhfwruv phdvxuh [�ud|v surgxfhg zkhq yhu| uhodwlylvwlf fkdujhg sduwlfohv furvv wkh

erxqgdu| ehwzhhq pdwhuldov zlwk gl�huhqw glhohfwulf frqvwdqwv1 Wkh wudfnlqj ghwhfwruv duh

froohfwlyho| fdoohg wkh Fhqwudo Ghwhfwru +FG,1

Vxuurxqglqj wkh FG/ wkh fdorulphwhu lv ghvljqhg wr phdvxuh sduwlfohv ghvwuxfwlyho|1

Sduwlfoh hqhujlhv duh vxffhvvlyho| devruehg dqg uhphdvxuhg e| dowhuqdwlqj od|huv ri lqhuw

dqg dfwlyh pdwhuldo1 Ehfdxvh ri vl}h frqvwudlqwv/ rswlpl}dwlrq ri wklv vdpsolqj whfkqltxh

uhtxluhv yhu| ghqvh devruelqj pdwhuldov/ vshfl�fdoo| udgldwlrq�ghsohwhg xudqlxp/ frsshu/

dqg vwdlqohvv vwhho1 Wkh dfwlyh lrql}dwlrq phglxp/ oltxlg dujrq/ uhtxluhv zhoo�lqvxodwhg

fu|rvwdwv1 Euhpvvwudkoxqj dqg vxevhtxhqw sdlu surgxfwlrq/ zklfk rffxu zkhq d sduwlfoh

wudyhuvhv wkh devruehu sodwhv/ fuhdwh vkrzhuv ri sduwlfohv lq wkh fdorulphwhu1 Wkhvh surfhvvhv

pd| surfhhg hohfwurpdjqhwlfdoo|/ yld wkh xvxdo Frxorpe phfkdqlvp zlwk skrwrqv dqg hnh3

sdluv/ ru kdgurqlfdoo|/ yld wkh vwurqj irufh zlwk joxrqv wkdw vxevhtxhqwo| kdgurql}h1

Wkh rxwhuprvw vhfwlrqv ri wkh ghwhfwru lghqwli| dqg phdvxuh pxrqv1 Ehfdxvh pxrqv

gr qrw lqwhudfw yld wkh vwurqj irufh/ kdyh orz skrwrq euhpvvwudkoxqj suredelolw|/ dqg +dw

uhodwlylvwlf vshhgv, gr qrw ghfd| zlwklq wkh glvwdqfh vfdoh ri wkh ghwhfwru +f� @ 983p,/ wkhvh

sduwlfohv gr qrw vx�hu vljql�fdqw hqhuj| orvv lq wkh fdorulphwhu1 Wkuhh od|huv ri sursruwlrqdo

guliw wxeh fkdpehuv phdvxuh pxrq srvlwlrq1 Wrurlgdo pdjqhwv ehwzhhq wkh �uvw dqg vhfrqg

od|hu lqgxfh d ehqg lq pxrq wudmhfwru|/ surylglqj d phwkrg ri phdvxulqj pxrq prphqwxp1

D od|hu ri vflqwloodwlqj pdwhuldo sodfhg deryh wkh ghwhfwru gl�huhqwldwhv s�s froolvlrqv

iurp frvplf ud| dfwlylw|1 Dgglwlrqdo vflqwloodwruv sodfhg ehwzhhq wkh fdorulphwhu fu|rvwdwv

lqfuhdvh lqvwuxphqwdwlrq lq wkh vhdpv1

Wkh iroorzlqj vhfwlrqv ghvfuleh wkh ghwhfwru vxev|vwhpv lq pruh ghwdlo/ surylglqj d

�uvw�sulqflsohv ghvfulswlrq ri wkh zd| lq zklfk wkh| zrun1 Uhihuhqfh ^47` lv dq h{fhoohqw



6<

ΘΦ Central Drift
Chamber

Vertex Drift Forward DriftTransition Radiation
Chamber ChamberDetector

Iljxuh 51;= Vlgh ylhz ri wkh fhqwudo wudfnlqj v|vwhp1 Wkh FG lv frpsrvhg ri d wudqvlwlrq
udgldwlrq ghwhfwru dqg vhyhudo guliw fkdpehuv1

vxssohphqwdo uhvrxufh iru wkh lqwhuhvwhg uhdghu1

51514 Wkh Fhqwudo Ghwhfwru +FG,

Frpsohwho| hqforvhg e| wkh Fdorulphwhu/ wkh FG rffxslhv d yroxph erxqghg e| 6=: fp ?

u ? :; fp dqg m}m ? 468 fp +Iljxuh 51;,1 Wkh Yhuwh{ Ghwhfwru/ wkh lqqhuprvw vxev|vwhp/

zdv ghvljqhg wr uhvroyh wudfnv wr 83 �p1 Wkh Fhqwudo dqg Iruzdug Guliw Fkdpehuv kdyh

d uhvroylqj srzhu ri 483 � 533 �p1 Wkh vxev|vwhpv lq wkh FG zhuh ghvljqhg wr qrq�

ghvwuxfwlyho| phdvxuh sduwlfoh srvlwlrqv1

Wkh Yhuwh{ Ghwhfwru +YW[,

Wkh Yhuwh{ Ghwhfwru surylghv �qh yhuwh{ srvlwlrq uhvroxwlrq1 Wkh YW[ frqvlvwv ri wkuhh

frqfhqwulf f|olqgulfdo guliw fkdpehuv/ kroglqj duud|v ri vhqvh zluhv sdudooho wr wkh ehdpslsh1

Wkh vhqvh zluhv rshudwh dw dq hohfwulfdo srwhqwldo ri .518 nY1 FR2 grshg ^48` zlwk 8(

hwkdqh dqg 318( K2R ixqfwlrqv dv wkh dfwlyh phglxp1 Gudzq wr wkh vhqvh zluhv/ lrql}dwlrq
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Iljxuh 51<= Dq u�! ylhz ri wkh YW[ fkdpehuv/ uhyhdolqj vhqvh zluh frq�jxudwlrq1

hohfwurqv surylgh u � ! lqirupdwlrq zlwk wkhlu qrq�}hur guliw wlphv/ zkloh wkhlu } srvlwlrqv

duh ghwhuplqhg xvlqj d fkdujh glylvlrq whfkqltxh xvlqj sxovh phdvxuhphqwv iurp hdfk hqg

ri wkh vhqvh zluh1 Ehfdxvh wkh hohfwulf �hog lq wkh fhoov lv vwurqj hqrxjk wr fdxvh hohfwurq

fdvfdghv/ qr lqirupdwlrq fdq eh jdlqhg iurp wkh pdjqlwxgh ri wkh froohfwhg fkdujh1

Wkh lqqhuprvw od|hu ri wkh YW[ hpsor|v 49 fhoov lq d}lpxwk dqg wkh rwkhu wzr od|huv

kdyh 65 fhoov1 Wkh lqirupdwlrq iurp hdfk fhoo lqkhuhqwo| frqwdlqv d ohiw�uljkw dpeljxlw|>

wkxv/ iurp rqh od|hu wr wkh qh{w/ wkh fhoo srvlwlrqv duh vwdjjhuhg lq ! wr lpsuryh uhvroxwlrq

dqg dyrlg xqlqvwuxphqwhg uhjlrqv +Iljxuh 51<,1

Wkh Wudqvlwlrq Udgldwlrq Ghwhfwru +WUG,

Dowkrxjk lrql}dwlrq hohfwurqv duh olehudwhg lq wkh dfwlyh phglxp/ wkh WUG zdv ghvljqhg

wr froohfw hohfwurq sdluv surgxfhg e| wudqvlwlrq [�ud|v1 Dv d khxulvwlf looxvwudwlrq/ frqvlghu

d fkdujhg sduwlfoh dssurdfklqj d glhohfwulf erxqgdu|1 Wkh lpdjh fkdujh dssurdfkhv wkh

lqwhuidfh iurp wkh rssrvlwh vlgh/ iruplqj dq hohfwulf glsroh1 Zkhq wkh sduwlfoh furvvhv wkh

glhohfwulf erxqgdu|/ wkh lpdjh fkdujh furvvhv lq wkh rwkhu gluhfwlrq dqg wkh glsroh kdv

rvfloodwhg1 Iru xowud�uhodwlylvwlf sduwlfohv/ wklv vwurqj glsroh rvfloodwlrq uhvxowv lq d udgldwhg
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Iljxuh 5143= Ghwdlo ri wkh Wudqvlwlrq Udgldwlrq Ghwhfwru1 Wudqvlwlrq [0ud|v w|slfdoo| sur0
gxfh hohfwurq sdluv lq wkh �uvw ihz ploolphwhuv ri wkh frqyhuvlrq jds1

[�ud| zlwk hqhuj| sursruwlrqdo ^49` wr wkh uhodwlylvwlf � ri wkh sduwlfoh/ doorzlqj wkh WUG wr

gl�huhqwldwh sduwlfohv e| wkhlu pdvvhv1 Wkh WUG lv sulpdulo| xvhg wr glvwlqjxlvk hohfwurqv

iurp slrqv1

Wkh hqhuj| vshfwuxp ri wkh [�ud|v lv dovr ghshqghqw rq wkh qxpehu dqg wklfnqhvv ri

wkh udgldwlqj irlov1 Dw GÛ/ wkh udgldwru vhfwlrq ri hdfk WUG xqlw frqvlvwv ri 6<6 irlov ri

4; �p wklfn sro|surs|ohqh vxvshqghg lq qlwurjhq jdv1 483 �p jdsv zhuh fuhdwhg ehwzhhq

wkh irlov e| hpervvlqj d phvk sdwwhuq rqwr hdfk ehiruh zudsslqj wkhp doo lqwr d f|olqghu1

Wkh udgldwruv dqg qlwurjhq jdv duh vhdohg zlwklq d p|odu �zlqgrz� dqg vxuurxqghg e| dq

duud| ri vhqvh zluhv vxvshqghg lq dq dfwlyh phglxp ri ^4:` [hqrq grshg zlwk :( FKe dqg

5( F2KS1 Wklv sdwwhuq +Iljxuh 5143, lv uhshdwhg iru hdfk ri wkh wkuhh frqfhqwulf od|huv ri

wkh WUG1

Fhqwudo Guliw Fkdpehu +FGF, dqg Iruzdug Guliw Fkdpehuv +IGF,

Irxu od|huv ri vwuxfwxudoo| lqghshqghqw guliw fkdpehuv frpsulvh wkh FGF1 Hdfk od|hu frq0

vlvwv ri 65 ! vhjphqwv dqg lv r�vhw e| rqh kdoi fhoo iurp wkh suhylrxv od|hu +Iljxuh 5144,1
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Iljxuh 5144= Fhqwudo Guliw Fkdpehu ghwdlo1 Vhqvh zluhv/ jurxqg zluhv/ dqg ghod| olqhv duh
vwuxqj lqwr dqg rxw ri wkh sodqh ri wkh lpdjh1

Hdfk vhjphqw frqwdlqv vhyhq vhqvh zluhv +wkh vpdoo zluhv lq wkh �jxuh, zlwk wzr jurxqghg

srwhqwldo zluhv ehwzhhq wkhp1 Wzr ghod| olqhv olh lqvlgh wkh lqqhu dqg rxwhu fhoo zdoov1

Fkdujh dffxpxodwhg rq wkh lqqhu� dqg rxwhu�prvw vhqvh zluhv lqgxfhv d fkdujh rq wkh

ghod| olqhv dv zhoo1 Wlph phdvxuhphqw ri wkh ghod| olqhv dw erwk hqgv ghwhuplqhv wkh }

srvlwlrq ri wkh lrql}hg wudfn1 Dq h{wud jurxqg zluh dw wkh lqqhu dqg rxwhu srvlwlrqv hqvxuhv

lqgxfhg fkdujhv ruljlqdwh rqo| iurp wkh h{wuhph vhqvh zluhv1 Wkh FGF xvhv ^4:` dujrq

grshg zlwk FKe+7(,/ FR2+6(,/ dqg K2R+318(, dv wkh dfwlyh phglxp1

Wkh Iruzdug Guliw Fkdpehuv phdvxuh � dqg ! srvlwlrq ri fkdujhg wudfnv yld ghod| olqhv

+Iljxuh 5145, pxfk olnh wkh FGF1 Wkh fhoov ri hdfk prgxoh frqwdlq 49 vhqvh zluhv dqg xvhv

wkh vdph dfwlyh phglxp dv wkh FGF1 Wkh �uvw dqg wklug od|huv ri wkh IGF phdvxuh wkh

� srvlwlrq ri sduwlfoh wudmhfwrulhv/ zkloh wkh vhfrqg od|hu phdvxuh wkh ! srvlwlrq1 Ehfdxvh

wkh ��od|huv duh irxu�irog v|pphwulf/ d 78� dqjoh ehwzhhq wkhp pd{lpl}hv wkh srvlwlrq

uhvroxwlrq ri wkh IGF1
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Iljxuh 5145= H{sorghg ylhz ri wkh Iruzdug Guliw Fkdpehu prgxohv1 Lqwhulru frqvwuxfwlrq
lv vlplodu wr wkh FGF1

51515 Wkh Fdorulphwhu

Lq wkh sduodqfh ri fkhplvwu|/ d fdorulphwhu lv d zhoo�lqvxodwhg ghylfh wkdw phdvxuhv wkh hq0

huj| vwruhg zlwklq irrgv1 E| frpsohwho| fdswxulqj doo wkh khdw hqhuj| uhohdvhg iurp exuqlqj

frpsrxqgv/ wkh fdorulphwhu suhflvho| phdvxuhv wkh vwruhg fkhplfdo hqhuj|1 Dqdorjrxvo| lq

kljk hqhuj| sk|vlfv/ d fdorulphwhu suhflvho| phdvxuhv wkh hqhuj| uhohdvhg lq sduwlfoh lq0

whudfwlrqv e| frpsohwho| frqwdlqlqj doo surgxfw sduwlfohv +h{fhsw pxrqv/ qhxwulqrv/ dqg

sduwlfohv wkdw hvfdsh grzq wkh ehdpslsh,1Wkh GÛ fdorulphwhu +Iljxuh 5146, frqvlvwv ri

pdq| ghqvh od|huv ri pdwhuldo/ lqwhuvsdfhg zlwk od|huv ri lrql}dwlrq phglxp1 Wkh sk|vlfv ri

wkh fdorulphwhu lv prvw hdvlo| ghvfulehg lq whupv ri udgldwlrq ohqjwkv dqg qxfohdu lqwhudfwlrq

ohqjwkv iru hohfwurpdjqhwlf dqg kdgurqlf sduwlfohv/ uhvshfwlyho|1 Wkhvh txdqwlwlhv/ [f dqg

�/ ghvfuleh wkh hqhuj| orvv ri d sduwlfoh yhuvxv glvwdqfh dffruglqj wr

H+g, @ Hfh
3

_

ff dqg +516d,

H+g, @ Hfh
3
_

b = +516e,
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1m

DO LIQUID ARGON CALORIMETER

CENTRAL    
 CALORIMETER

END CALORIMETER

Outer Hadronic   
 ( Coarse ) 

Middle Hadronic   
 (Fine & Coarse)

Inner Hadronic   
(Fine & Coarse)

Electromagnetic

Coarse Hadronic 

Fine Hadronic 

Electromagnetic

Iljxuh 5146= Wkh GÛ fdorulphwhu/ frqvlvwlqj ri wkuhh prgxohv +wzr hqgfdorulphwhuv dqg d
fhqwudo fdorulphwhu,1 Hdfk prgxoh lv glylghg lqwr hohfwurpdjqhwlf dqg kdgurqlf vhfwlrqv1
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Iljxuh 5147= Wklfnqhvv ri wkh GÛ ghwhfwru dv d ixqfwlrq ri frodwlwxgh/ h{suhvvhg lq qxpehu
ri qxfohdu lqwhudfwlrq ohqjwkv ri pdwhuldo1

Udgldwlrq ohqjwk/ gh�qhg dv wkh iuhh sdwk iru hplwwlqj euhpvvwudkoxqj udgldwlrq/ gh0

shqgv rq wkh Frpswrq zdyhohqjwk ri wkh sduwlfoh dqg wkhuhiruh rq wkh lqyhuvh vtxduh ri

wkh sduwlfoh pdvv1 Ehfdxvh wkh| duh 533 wlphv khdylhu wkdq hohfwurqv/ pxrqv gr qrw vx�hu

vljql�fdqw Frpswrq orvvhv zkloh sdvvlqj wkurxjk wkh fdorulphwhu> lqvwhdg/ wkh| hvfdsh hdv0

lo|/ ohdylqj rqo| d plqlpxp lrql}dwlrq wudlo1 Qhxwulqrv/ lqwhudfwlqj rqo| wkurxjk wkh zhdn

irufh/ dovr hvfdsh1 Lq frqwudvw/ doo hohfwurqv sdvvlqj wkurxjk wkh fdorulphwhu zloo surgxfh

frslrxv hohfwurpdjqhwlf vkrzhuv1 Iru hohfwurqv/ udgldwlrq ohqjwk pd| eh sdudphwhul}hg ^49`

lq whupv ri dwrplf pdvv +D, dqg dwrplf qxpehu +],/ |lhoglqj

[f � 4;3
D

]2
= +517,

Wklv urxjk 42] ghshqghqfh mxvwl�hv wkh xvh ri ghsohwhg xudqlxp +[f � 6=5 pp, dv dq

devruelqj pdwhuldo lq wkh HP vhfwlrq ri wkh fdorulphwhu1

Wkh qxfohdu lqwhudfwlrq ohqjwk vfdohv dv D
�

� / uhgxflqj wkh dgydqwdjh ri h{rwlf kljk�

ghqvlw| pdwhuldov iru kdgurqlf phdvxuhphqwv1 Lq joxrq euhpvvwudkoxqj/ slrqv duh wkh prvw

frslrxvo| surgxfhg vhfrqgdulhv ehfdxvh wkh| duh wkh oljkwhvw kdgurqlf sduwlfohv1 Jlyhq

htxdo suredelolw| wr surgxfh �f/ �n/ �3/ wkh surgxfwv vkrxog eh �
�
qhxwudo dqg 2

�
fkdujhg1

Wkh qhxwudo slrqv txlfno| frqyhuw wr wzr skrwrqv/ zklfk fdvfdgh hohfwurpdjqhwlfdoo|1 Wkh
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fkdujhg slrqv frqwlqxh wkurxjk wkh fdorulphwhu/ surgxflqj pruh kdgurqlf surgxfwv/ urxjko|

rqh wklug ri zklfk ^49` duh qhxwudo slrqv1 Wklv surfhvv frqwlqxhv xqwlo wkh hqhuj| ri wkh

fkdujhg surgxfwv ehfrphv lqvx!flhqw wr sdvv wkurxjk wkh devruelqj pdwhuldo lqwr wkh qh{w

dfwlyh uhjlrq1 H{fhsw iru wkh lrql}dwlrq hqhuj| ghsrvlwhg e| wkh fkdujhg kdgurqv/ rqo| wkh

qhxwudo sruwlrqv ri wkh kdgurqlf vkrzhu duh phdvxuhg +ehfdxvh wkh| uhvxow lq dq hohfwur0

pdjqhwlf vkrzhu,1 Dv d uhvxow ri  xfwxdwlrqv lq �f surgxfwlrq uhodwlyh wr fkdujhg slrqv

+sduwlfxoduo| lq wkh �uvw lqhodvwlf lqwhudfwlrq,/ wkh hqhuj| phdvxuhphqw ri kdgurqlf sduwlfohv

kdv d pxfk odujhu lqkhuhqw xqfhuwdlqw| wkdq wkdw ri sxuho| hohfwurpdjqhwlf sduwlfohv1

Dgglwlrqdoo|/ d vl}hdeoh dprxqw ri wkh dydlodeoh hqhuj| lq d kdgurqlf vkrzhu lv orvw wr

elqglqj hqhuj| h�hfwv lq wkh devruehu sodwhv1 Hqhuj| h{shqghg wr h{flwh ru euhdn qxfohl

dsduw lq wkh devruelqj pdwhuldo qrupdoo| zloo qrw uhvxow lq ghwhfwdeoh hqhuj|1 Lq prvw

pdwhuldov/ d vpdoo iudfwlrq ri wkh hqhuj| lv uhfryhuhg zkhq qxfohl gh�h{flwh/ exw wkh uhvxowlqj

vorz qhxwurq ru skrwrq pd| qrw eh phdvxuhg ^49` xqwlo d odwhu ehdp furvvlqj1 Zlwk xudqlxp

56; dv wkh devruehu/ lw zdv wkrxjkw wkdw hqhuj| qrupdoo| orvw wr qxfohdu h�hfwv zrxog lqvwhdg

|lhog qhxwurq�lqgxfhg �vvlrq surgxfwv zlwk wkhlu rzq vljqdo lq wkh fdorulphwhu> wkhq/ wkh

uhvxowlqj phdvxuhg hqhuj| iurp wkh kdgurqlf iudfwlrq ri d vkrzhu zrxog pruh forvho| pdwfk

wkh hqhuj| iurp wkh hohfwurpdjqhwlf sruwlrq1 Xqiruwxqdwho|/ wkh h{shfwhg �vvlrq surgxfwv

pdwhuldol}hg rqo| lq vpdoo qxpehuv1 Wkh uhvsrqvh zdv lqvwhdg edodqfhg e| ydu|lqj wkh

wklfnqhvvhv ri wkh devruelqj sodwhv dqg wkh dfwlyh uhjlrqv ehwzhhq wkhp1 Xvxdoo| h{suhvvhg

dv wkh uhvsrqvh udwlr/ wkh GÛ fdorulphwhu ydoxh ri

Ue,eS|oJ?r

U�@_oJ?r

� 4=4 +518,

frpsduhv idyrudeo| ^4;` wr wkh udwlr ri 417 iru prvw rwkhu fdorulphwhuv1 Wkh vpdoo frpshq0

vdwlrq h�hfw gxh wr qxfohdu �vvlrq dqg wkh judgxdwhg wklfnqhvv ri wkh sodwh dqg jds od|huv

sduwldoo| r�vhwv wkh gdpdjh fdxvhg e| qhxwudo slrq  xfwxdwlrqv1 Wkh vwrfkdvwlf qdwxuh ri

slrq surgxfwlrq dqg wkh uhvlgxdo elqglqj hqhuj| h�hfwv uhvxow lq d orvv ri hqhuj| uhvroxwlrq/

wr eh glvfxvvhg ixuwkhu lq Fkdswhu 8 lq wkh frqwh{w ri lwv h�hfw rq wkh mhw furvv vhfwlrq1

Froolvlrq surgxfwv iurp d s�s lqwhudfwlrq duh frqwdlqhg zlwklq 53 udgldwlrq ohqjwkv +[f,
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ri pdwhuldo iroorzhg e| :15 qxfohdu lqwhudfwlrq ohqjwkv +�, ri pdwhuldo +Iljxuh 5147,> lq wklv

vhqvh/ wkh fdorulphwhu lv yhu| �zhoo�lqvxodwhg/� doorzlqj ohvv wkdq 5( ri doo froolvlrq hqhuj|

wr hvfdsh1 Wkh vfdohv ri wkh hohfwurpdjqhwlf +[f, dqg kdgurqlf +�, lqwhudfwlrqv duh txlwh

gl�huhqw> wkh 53 udgldwlrq ohqjwk wklfnqhvv ri wkh HP fdorulphwhu frqvwlwxwhv urxjko| kdoi

ri d qxfohdu lqwhudfwlrq ohqjwk1

Wkh GÛ fdorulphwhu zdv dvvhpeohg lq wkuhh slhfhv= d f|olqgulfdo fhqwudo slhfh +wkh FF,

dqg wzr hqg fdsv +qruwk HF dqg vrxwk HF,/ dv vkrzq lq Iljxuh 51461 Hdfk vhfwlrq lv glylghg

lqwr d odujh qxpehu ri fhoov wkdw duh lghqwl�hg e| orfdwlrq lq d}lpxwk/ svhxgrudslglw|/ dqg

od|hu +urxjko|/ wkh glvwdqfh iurp wkh yhuwh{,1 Wkhuh duh 97 glylvlrqv lq ! dqg ;3 glylvlrqv

lq wkh svhxgrudslglw| uhjlrq �7=3 ? � ? 7=3> wkxv/ hdfk fhoo fryhuv dq duhd lq � � ! ri

dssur{lpdwho| 3=4 � 3=4/ zlwk h{fhswlrqv ghvfulehg lq wkh iroorzlqj vhfwlrqv1 Vhyhqwhhq

xqltxh od|huv lq wkh fdorulphwhu ydu| lq wklfnqhvv ghshqglqj rq wkh vshfl�f sxusrvh ri

wkh od|hu +hohfwurpdjqhwlf sduwlfoh ghwhfwlrq ru kdgurqlf sduwlfoh ghwhfwlrq,1 D vdpsolqj

fdorulphwhu e| ghvljq/ hdfk od|hu frqvlvwv ri d ghqvh devruswlrq sodwh iroorzhg e| d oltxlg

dujrq jds +Iljxuh 5148,1 Gxulqj rshudwlrq/ frsshu uhdgrxw sdgv/ lq wkh fhqwhu ri hdfk jds

dqg 516 pp iurp wkh devruehu sodwhv rq hdfk vlgh/ duh khog dw d srwhqwldo ri 5 nY zkloh wkh

devruehu sodwhv duh jurxqghg1 Guliw wlph iru lrql}dwlrq hohfwurqv dfurvv wkh jds lv 783 qv1

Wkh fdorulphwhu zdv ghvljqhg zlwk d svhxgr�surmhfwlyh jhrphwu|> fhoov duh doljqhg vr

wkhlu fhqwhuv duh duudqjhg udgldoo| zlwk uhvshfw wr wkh lqwhudfwlrq yhuwh{/ iruplqj wrzhuv ri

fhoov zlwk lghqwlfdo srvlwlrqv lq � dqg ! +Iljxuh 5149,1 E| ghvljq/ wkh vhdpv ehwzhhq wkh FF

dqg HF*v fxw dfurvv wkhvh wrzhuv udwkhu wkdq sdudooho zlwk wkhp wr suhyhqw xqlqvwuxphqwhg

uhjlrqv1 Wkh ixoo lqvwuxphqwdwlrq ri wkh GÛ ghwhfwru ehwzhhq �7=3 ? � ? 7=3 lv vrphwlphv

uhihuuhg wr dv khuphwlf fryhudjh1 Dowkrxjk wkh pdwhuldo frpsrvlwlrq ri wkh Fhqwudo dqg

Hqg Fdorulphwhuv gl�huv voljkwo|/ wkh shuirupdqfh ri wkh fdorulphwhuv lv htxlydohqw1

Wr dffrpprgdwh wkh GÛ ghwhfwru/ wkh Pdlq Ulqj/ qrupdoo| zlwklq wzr ihhw ri wkh Whyd0

wurq/ dufv xszdug vhyhudo phwhuv1 Zkloh wkh Pdlq Ulqj ryhusdvv fohduv wkh fhqwudo wudfnlqj

uhjlrq/ wkh slsh dfwxdoo| wudyhov wkurxjk wkh fdorulphwhu/ qhdu wkh wrs +ylvleoh lq Iljxuh 5149,1

Dfwlylw| lq wkh Pdlq Ulqj riwhq lqwhuihuhv zlwk qrupdo rshudwlrq ri wkh rxwhuprvw kdgurqlf
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Iljxuh 5148= Wzr xqlw fhoov ri wkh GÛ fdorulphwhu1

od|hu ri wkh fdorulphwhu/ uhtxlulqj vshfldo wuhdwphqw gxulqj gdwd dqdo|vlv1

Wkh iroorzlqj vxevhfwlrqv ghwdlo wkh lqglylgxdo vxev|vwhpv ri wkh fdorulphwhu/ zlwk frq0

flvh vxppdulhv lq wdexodu irup1 Wkh lqirupdwlrq lq wkh wdeohv +zklfk ruljlqdwhv sulpdulo|

iurp ^4<`, lqfoxghv glphqvlrqv/ vhjphqwdwlrq/ vdpsolqj zhljkwv/ dqg wkh qxpehu ri uhdgrxw

fkdqqhov iru hdfk vxev|vwhp1

Fhqwudo Fdorulphwhu +FF,

Wkh Fhqwudo Fdorulphwhu lv frd{ldoo| vxeglylghg lqwr wkh hohfwurpdjqhwlf +HP, od|huv/ vhy0

hudo �qh kdgurqlf +IK, od|huv/ dqg d frduvh kdgurqlf +FK, od|hu +fi Iljxuh 5149,1 Ehfdxvh

pd{lpxp HP vkrzhu ghyhorsphqw rffxuv diwhu 43 udgldwlrq ohqjwkv ri pdwhuldo/ wkh wklug

hohfwurpdjqhwlf od|hu lv pruh �qho| vhjphqwhg wkdq doo rwkhuv/ lqfuhdvlqj dffxudf| lq wkh

phdvxuhphqw ri vkrzhu orfdwlrq dqg vkdsh1

Hqg Fdorulphwhu +HF,

Wkh vwuxfwxuh ri wkh Hqg Fdorulphwhu gl�huv voljkwo| iurp wkh FF1 Wkh HP sruwlrq h{whqgv

udgldoo| ^53` iurp 81: fp wr 437 fp1 Wkh Lqqhu Kdgurqlf prgxoh/ sodfhg ehklqg +odujhu
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Iljxuh 5149= Rqh�txduwhu ��ylhz ri wkh fdorulphwhu dqg Fhqwudo Ghwhfwru/ looxvwudwlqj wkh
svhxgrsurmhfwlyh wrzhu jhrphwu|1 Udgldo olqhv lqglfdwh ghwhfwru svhxgrudslglw|1 Wkh Lqwhu�
Fu|rvwdw Ghwhfwruv duh ylvleoh dv wklq wlohv ehwzhhq 3=; ? � ? 4=51 Wkh Pdlq Ulqj ehdpslsh
slhufhv wkh fdorulphwhu qhdu wkh wrs1

FF Prgxoh HP IK FK

Udslglw| Udqjh +m�m � , 415 413 319
Devruelqj Pdwhuldo Xudqlxp Xudqlxp +41:( Qe, Frsshu

Devruehu Sodwh Wklfnqhvv 516 pp 516 pp 7918 pp
Wrwdo Ghswk +[f, 5318 <9 651<
Wrwdo Ghswk +�, 31:9 615 615
Qxpehu ri Od|huv 7 6 4
Ghswk shu Od|hu 5/ 5/ :/ 43 [f 416/ 413/ 31< � 615 �

Vhjphqwdwlrq 314�314 +Od|huv 4/ 5/ 7, 314�314 314�314
318�318 +Od|hu 6,

Vdpsolqj Iudfwlrq 44=:<( 9=:<( 4=78(

Fkdqqhov 43> 69; 6> 333 4> 557

Wdeoh 514= Sdudphwhuv iru wkh Fhqwudo Fdorulphwhu1
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HF Prgxoh HP Lqqhu IK Lqqhu FK

Udslglw| Udqjh 	m4=6� 6=:m 	 m4=9� 7=8m 	 m5=3� 7=8m
Devruelqj Pdwhuldo Xudqlxp Xudqlxp +41:( Qe, Vwhho
Devruehu Wklfnqhvv 713 pp 913 pp 913 pp
Wrwdo Ghswk +[f, 5318 4541; 651;
Wrwdo Ghswk +�, 31<8 71< 619
Qxpehu ri Od|huv 7 7 4
Vhjphqwdwlrq 314�314 +Od|huv 4/ 5/ 7, 314�314 314�314
iru m�m ? 5=9 318�318 +Od|hu 6,

iru 5=9 ? m�m ? 6=5 314�314 +doo Od|huv, 314�314 314�314
iru m�m A 6=5 315�315 ru pruh 315�315 ru pruh 315�315 ru pruh

Vdpsolqj Iudfwlrq 44=<( 8=:( 4=8(

Fkdqqhov :> 7;; 8> 549

Wdeoh 515= Sdudphwhuv iru wkh HP dqg Lqqhu Hqg Fdorulphwhu prgxohv1

HF Prgxoh Plggoh IK Plggoh FK Rxwhu FK

Udslglw| Udqjh 	m4=3� 4=:m 	 m4=6� 4=<m 	 m3=:� 4=7m
Devruelqj Pdwhuldo Xudqlxp +41:( Qe, Vwhho Vwhho

Devruehu Sodwh Wklfnqhvv 913 pp 7918 pp 7918 pp
Wrwdo Ghswk +[f, 44818 6:1< 9814
Wrwdo Ghswk +�, 713 714 :13
Qxpehu ri Od|huv 7 4 6
Vhjphqwdwlrq 314�314 314�314 314�314

Vdpsolqj Iudfwlrq 9=:( 4=9( 4=9(

Fkdqqhov 4/;89 <93

Wdeoh 516= Sdudphwhuv iru wkh Plggoh dqg Rxwhu Hqg Fdorulphwhu prgxohv1

}, wkh HP prgxoh/ frqvlvwv ri irxu IK od|huv dqg rqh FK od|hu1 Vxuurxqglqj wkh Lqqhu

Kdgurqlf prgxoh frd{ldoo|/ wkh Plggoh Kdgurqlf prgxoh dovr frqvlvwv ri irxu IK od|huv dqg

d FK od|hu1 Wkh Rxwhu Kdgurqlf prgxoh lq wxuq vxuurxqgv wkh Plggoh vhfwlrq> lw srvvhvvhv

rqo| frduvh kdgurqlf od|huv dqg zdv ghvljqhg zlwk dqjohg fhoov zlwk uhvshfw wr wkh ehdp

d{lv wr lpsuryh � fryhudjh +fi Iljxuh 5149,1

Ehfdxvh wkh sk|vlfdo vl}h ri d 3=4 � 3=4 fhoo jrhv wr }hur dv wkh fhoo*v svhxgrudslglw|

orfdwlrq dssurdfkhv lq�qlw|/ wkh vhjphqwdwlrq ri doo Hqg Fdorulphwhu fhoov fkdqjhv qhdu wkh

ehdpslsh1 Wkh sdudphwhuv ri wkh Hqg Fdorulphwhuv duh vxppdul}hg lq Wdeohv 515 dqg 5161
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Lqwhu�Fu|rvwdw Uhjlrq +LFU,

Wkh svhxgrudslglw| uhjlrq ehwzhhq 31; dqg 417 vx�huv iurp ghsohwhg lqvwuxphqwdwlrq eh0

fdxvh wklv yroxph lv rffxslhg e| wkh lqvxodwlqj exonkhdgv ri wkh fdorulphwhuv/ wkh prgxoh

hqgsodwhv/ dqg qhfhvvdu| vxssruw vwuxfwxuhv1 Wr lpsuryh vhqvlwlylw| lq wklv uhjlrq/ wzr lq0

ghshqghqw v|vwhpv zhuh lqvwdoohg= wkh Lqwhu�Fu|rvwdw Ghwhfwru +LFG, dqg wkh Pdvvohvv Jds

ghwhfwruv +PJ,1 Dowkrxjk wkhvh v|vwhpv fdqqrw uhsodfh wkh ixoo vdpsolqj prgxohv suhvhqw

lq rwkhu duhdv/ wkh| suhyhqw wkh LFU iurp ehfrplqj �ghdg vsdfh1�

Wkh LFG/ ylvleoh ehwzhhq wkh wzr exonkhdgv lq Iljxuh 5149/ frqvlvwv ri wzr dqqxodu

vflqwloodwlqj wloh duud|v prxqwhg rq wkh rxwhu HF zdoov1 Jurryhv fxw lqwr hdfk vflqwloodwlqj

wloh +ri glphqvlrq 3=4 � 3=4 lq � � !, jxlgh zdyhohqjwk�vkliwlqj rswlf �ehuv wkdw fkdqqho

wkh vflqwloodwlrq skrwrqv wr skrwrpxowlsolhu wxehv +SPW*v, iru uhdgrxw1 Wkh wloh duud|v/

v|pphwulf lq !/ fryhu wkh hqwluh udslglw| udqjh iurp 31; wr 4171

Wkh PJ ghwhfwruv/ prxqwhg rq wkh lqvlgh exonkhdg vxuidfh ri erwk wkh FF dqg HF

fu|rvwdwv/ vxssohphqw wkh LFG fryhudjh +djdlq/ Iljxuh 5149,1 Lghqwlfdo wr wkh uhdgrxw

sdgv lq wkh vwdqgdug fdorulphwhu prgxohv/ wkh frsshu PJ uhdgrxw erdugv froohfw hohfwurqv

olehudwhg iurp wkh oltxlg dujrq phglxp1 Xqolnh wkh fdorulphwhu fhoov/ wkh devruehu sodwhv

duh devhqw1

51516 Wkh Pxrq Vshfwurphwhu

Wkuhh od|huv ri sursruwlrqdo guliw wxeh fkdpehuv +SGW*v, vxuurxqg wkh fdorulphwhu/ frp0

sulvlqj wkh Pxrq Vshfwurphwhu1 Wkh lqqhuprvw udfn/ wkh D od|hu/ frqvlvwv ri irxu ghfnv ri

SGW vxuurxqghg e| wrurlgdo pdjqhwv1 Wkh lurq wrurlgv/ fduu|lqj d pdjqhwlf �hog vwuhqjwk

ri 5 Whvod/ lqgxfh d ehqg lq pxrq wudmhfwru|1 Wzr dgglwlrqdo SGW od|huv/ E dqg F/ phdvxuh

wkh pxrq gluhfwlrq diwhu wkh ehqg1 Wkh lqlwldo yhfwru/ iruphg zlwk wkh yhuwh{ dqg D od|hu

klwv/ frpelqhg zlwk wkh �qdo yhfwru/ iruphg zlwk wkh E dqg F od|hu klwv/ ghwhuplqhv wkh

pxrq prphqwxp1 Ghwhfwlrq ri d plqlpxp lrql}dwlrq wudfh lq wkh fdorulphwhu fdq frq�up

wkh suhvhqfh ri d pxrq1 Wlplqj lqirupdwlrq iurp wkh od|hu ri vflqwloodwru deryh wkh ghwhfwru

fdq uhmhfw vsxulrxv klwv fdxvhg e| frvplf ud| vkrzhuv1
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Iljxuh 514:= Pxrq fkdpehu ghwdlo ri wkh E od|hu1 Wkh F od|hu lv lghqwlfdo exw wkh D od|hu
kdv irxu ghfnv lqvwhdg ri wkuhh1

51517 Ohyho Û

D vflqwloodwlqj krgrvfrsh duud| zdv sodfhg ehwzhhq hdfk hqg fdorulphwhu dqg wkh fhqwudo

fdorulphwhu/ dssur{lpdwho| ^57` 473 fp iurp wkh fhqwhu ri wkh ghwhfwru dqg shushqglfxodu wr

wkh ehdp d{lv1 Lq wklv iruzdug srvlwlrq/ wkh duud|v lqwhufhsw prvw froolvlrq surgxfwv1 Wkh

wlohg frqvwuxfwlrq surylghv qhduo| ixoo fryhudjh lq wkh svhxgrudslglw| udqjh 5=5 ? m�m ? 6=<

dqg sduwldo ��fryhudjh dv orz dv 4=< dqg dv kljk dv 7=61 Zlwk yhu| kljk h!flhqf|/ wkhvh

krgrvfrshv lghqwli| lqhodvwlf ss froolvlrqv zkhq erwk duud|v ghwhfw fkdujhg sduwlfohv zlwklq

d vpdoo wlph lqwhuydo1 Ehfdxvh lqhodvwlf froolvlrqv frpsulvh wkh pdmrulw| ri wkh hyhqwv GÛ

vwxglhv/ wkh klwv lq frlqflghqfh zlwklq wkh krgrvfrshv duh d suhuhtxlvlwh iru sk|vlfv wuljjhuv

+dv ghvfulehg lq Fkdswhu 6,1 Wkh kdugzduh dqg vriwzduh wuljjhuv duh uhvshfwlyho| qdphg

Ohyho 4 dqg Ohyho 5/ vr wkh wzlq krgrvfrshv duh fdoohg Ohyho Û1

E| prqlwrulqj wkh lqwhudfwlrq udwh/ wkh Ohyho Û v|vwhp dovr surylghv d phdvxuh ri wkh

lqvwdqwdqhrxv sduwlfoh oxplqrvlw| +O, zlwklq wkh Whydwurq1 Dgglwlrqdoo|/ wkh krgrvfrshv

phdvxuh wkh udwh dw zklfk vsxulrxv sduwlfohv hvfdsh iurp wkh ehdp +vxfk sduwlfohv duh

fdoohg �ehdp kdor�,1 Ghwdlov ri wkh oxplqrvlw| fdofxodwlrq duh surylghg lq Fkdswhu 8/ dorqj
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Iljxuh 514;= Wkh GÛ ghwhfwru/ vkrzlqj wkh sodfhphqw ri wkh Fhqwudo Ghwhfwru/ wkh Fdorulph0
whu/ wkh Pxrq Ghwhfwru od|huv +D/ E/ dqg F,/ dqg wkh lurq wrurlgv +FI dqg HI,1

zlwk glvfxvvlrq ri ehdp txdolw| lvvxhv1

51518 Ghwhfwru Vxppdu|

Wkh ghwhfwru v|vwhpv phdvxuh sduwlfoh hqhujlhv lq gl�huhqw zd|v1 Lrql}dwlrq surgxfwv/

olehudwhg sulpdulo| wkurxjk hodvwlf vfdwwhulqj zlwk dwrplf hohfwurqv/ duh froohfwhg rqwr vhqvh

zluhv1 Wudqvlwlrq skrwrqv frqyhuw wr hnh3 sdluv dqg duh froohfwhg zlwk d sursruwlrqdo zluh

fkdpehu1 Devruelqj sodwhv lq wkh fdorulphwhu lqlwldwh vkrzhuv ri hohfwurqv1 Vflqwloodwlqj

pdwhuldov ehfrph h{flwhg e| fkdujhg sduwlfohv dqg hplw skrwrqv zklfk duh vxevhtxhqwo|

phdvxuhg lq skrwrpxowlsolhu wxehv1 Zrunlqj lq frqfhuw/ wkh glvsdudwh v|vwhpv frpsulvh d

yhu| yhuvdwloh jhqhudo sxusrvh ghwhfwru/ fdsdeoh ri=

� H{fhoohqw lghqwl�fdwlrq dqg phdvxuhphqw ri hohfwurqv dqg pxrqv/

� Jrrg phdvxuhphqw ri mhwv zlwk odujh HA xvlqj kljko| vhjphqwhg fdorulphwu| dqg jrrg
hqhuj| uhvroxwlrq/
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� Ghwhfwlrq ri qhxwulqrv +dqg rwkhu qrq�lqwhudfwlqj sduwlfohv, yld ^47` plvvlqj HA phd0
vxuhphqw1

Wkh ixoo| dvvhpeohg ghwhfwru +Iljxuh 514;, vwdqgv dssur{lpdwho| 46 p lq khljkw dqg 53

p lq ohqjwk1 Wkh wrwdo zhljkw ri wkh v|vwhp lv dssur{lpdwho| 8833 wrqv1 Wzr k|gudxolf

udpv sxvk wkh hqwluh vwuxfwxuh ehwzhhq dvvhpeo| duhd dqg froolvlrq kdoo dorqj kdughqhg vwhho

wudfnv> wkh ghwhfwru uhdfkhv d wrs vshhg ri wzr lqfkhv shu krxu1 Frrolqj wkh fdorulphwhu

fu|rvwdwv wr rshudwlqj whpshudwxuh +:; N, uhtxluhv dssur{lpdwho| 43 gd|v1



Fkdswhu 6

Gdwd Froohfwlrq

�Glylgh hdfk gl!fxow| lqwr dv pdq| sduwv dv lv
ihdvleoh dqg qhfhvvdu| wr uhvroyh lw1�

� Uhqh Ghvfduwhv

Zlwk hyhu| Whydwurq exqfk furvvlqj lqvlgh wkh GÛ ghwhfwru/ vljqdov duh vhqw wr dq duud|

ri gljlwdo orjlf flufxlwv1 Frqvlvwlqj ri orjlfdo DQG2RU jdwhv/ wkhvh orjlf erdugv txlfno|

dqdo|}h wkh lqirupdwlrq ri hdfk ehdp furvvlqj/ vhdufklqj iru hyhqwv wkdw vdwlvi| suhvhw

fulwhuld1 Wkh sdudphwhuv ri wkh hyhqwv wkdw sdvv wkh uhtxluhphqwv duh vhqw wr rqh ri pdq|

YD[ zrunvwdwlrqv/ zkhuh d vriwzduh vhdufk dojrulwkp dssolhv dgglwlrqdo frqvwudlqwv wr hdfk

hyhqw1 Dq| hyhqw wkdw phhwv ru h{fhhgv wkh �qdo uhtxluhphqwv lv zulwwhq wr wdsh1 Wkh vhw

ri kdugzduh dqg vriwzduh hyhqw fulwhuld lv nqrzq dv d wuljjhu olvw1

Gxulqj d froolghu uxq/ wkh GÛ ghwhfwru froohfwv gdwd doprvw frqwlqxrxvo|1 D fuhz ri

�yh sk|vlflvwv pdqv wkh frqwuro urrp 57 krxuv shu gd|/ vhyhq gd|v shu zhhn1 Zkloh wkh

Whydwurq froolghv surwrqv dqg dqwlsurwrqv/ wkh sk|vlflvw lq fkdujh ri gdwd dftxlvlwlrq +wkh

GDT vkliwhu, ordgv suhghwhuplqhg wuljjhu olvwv/ prqlwruv wkh kdugzduh dqg vriwzduh ri wkh

GDT v|vwhp/ dqg iroorzv wkh  rz ri gdwd iurp wkh ghwhfwru wr glvn wr wdsh1 D ghwhfwru

vkliwhu hqvxuhv wkdw doo wkh lqglylgxdo v|vwhpv ri wkh ghwhfwru ehkdyh dv h{shfwhg/ uhvhwwlqj

kljk0yrowdjh zkhq qhfhvvdu| dqg orrnlqj iru idlolqj frpsrqhqwv1 D Ihuplode rshudwru iurp

wkh Uhvhdufk Glylvlrq prqlwruv wkh fu|rjhqlf  xlgv dqg guliw jdvvhv ri wkh ghwhfwru/ hdvlqj

wkh ordg ri wkh ghwhfwru vkliwhu1 Wkh joredo prqlwru/ vrphwlphv fdoohg wkh �odvw olqh ri

ghihqvh/� vwxglhv vhohfwhg hyhqwv lq ghwdlo/ orrnlqj iru dq| klqw ri ghwhfwru pdoixqfwlrq1

88
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Ilqdoo|/ d vkliw fdswdlq ghwhuplqhv zkhq wuljjhu olvwv pxvw fkdqjh/ zkhq vshfldo uxqv vkrxog

rffxu/ dqg dfwv dv oldlvrq ehwzhhq wkh h{shulphqw dqg Ihuplode shuvrqqho1 Hyhq zkhq wkh

Whydwurq lv lgoh/ wkh fuhz froohfwv gdwd iurp frvplf ud|v wr uhfdoleudwh wkh ghwhfwru ru whvw

qhz wuljjhu olvwv1 Rwkhu wlphv/ vpdoo pdlqwhqdqfh wdvnv duh shuiruphg1 Lq wkh devhqfh ri

xqxvxdo idloxuhv/ dq hljkw0krxu vkliw fdq eh txlwh xqhyhqwixo> zkhq wklqjv jr zurqj/ wkh

fuhz pd| qrw eh hqrxjk1 Iru wklv uhdvrq/ rqh ghvljqdwhg h{shuw iru hdfk ghwhfwru v|vwhp

dozd|v uhpdlqv rq fdoo1

Wkh gdwd froohfwlrq surfhvv lv hqwluho| ghshqghqw rq wkh wuljjhu olvw lq xvh1 Ehfdxvh wkh

edqgzlgwk +wkh udwh dw zklfk hyhqwv pd| eh zulwwhq wr wdsh, lv olplwhg/ wkh GÛ frooderudwlrq

pxvw ghflgh wkh frpsrvlwlrq ri wkh wuljjhu olvw zhoo lq dgydqfh ri wkh dfwxdo uxq1 D w|slfdo

olvw vhohfwv d pl{wxuh ri vhyhudo fodvvhv ri hyhqw> lqfoxglqj hyhqwv zlwk kljk HA mhwv/ skrwrqv/

hohfwurqv/ ru pxrqv/ hyhqwv zlwk odujh plvvlqj HA/ ru hyhqwv zlwk kljk pxowlsolflw| ri mhwv1

Vhohfwlrq lv shuiruphg lq vhyhudo vwdjhv/ ghvljqdwhg Ohyho Û/ Ohyho 4/ dqg Ohyho 51 Wkh

udz hyhqw udwh ri qhduo| 633 nK} pxvw eh vxffhvvlyho| ghfuhdvhg diwhu hdfk vwdjh/ �qdoo|

phhwlqj wkh edqgzlgwk olplw diwhu Ohyho 5 +dssur{lpdwho| 5043 hyhqwv shu vhfrqg,1 D jrrg

wuljjhu pxvw wkhuhiruh lghqwli| dqg dffhsw d sduwlfxodu fodvv ri hyhqw dqg |hw uhmhfw hqrxjk

edfnjurxqg hyhqwv wr |lhog dq dffhswdeoh hyhqw udwh1 Wuljjhu h{shuwv ghvljq wkh olvwv zlwk

dq h|h iru edodqfh ehwzhhq wkh pdq| sk|vlfv surfhvvhv zruwk| ri vwxg|1

Ghvslwh gdwd ex�huv ehwzhhq wkh wuljjhu ohyhov/ rffdvlrqdoo| d frpelqdwlrq ri kljk oxpl0

qrvlw| dqg orrvh wuljjhu fulwhuld uhvxowv lq pruh dffhswhg hyhqwv shu vhfrqg wkdq wkh v|vwhp*v

edqgzlgwk fdq kdqgoh1 Zkhq wkh erwwohqhfn lq wkh v|vwhp rffxuv lq wkh Ohyho 4 vwdjh wkh

frqglwlrq lv whuphg iurqw0hqg exv| 1 Li wkh erwwohqhfn rffxuv lq Ohyho 5/ wkh frqglwlrq lv

fdoohg Ohyho 5 glvdeoh1 Erwk fdvhv uhvxow lq glvfdughg hyhqwv1 Dfwlylw| lq wkh Pdlq Ulqj zloo

yhwr pdq| ehdp furvvlqjv dv zhoo/ uhvxowlqj lq pruh glvfdughg hyhqwv1 Wkh �qdo oxplqrvlw|

fdofxodwlrqv pxvw uh hfw doo ri wkhvh frqglwlrqv +froohfwlyho| nqrzq dv �ghdg wlph�,1

Wkh qh{w vhfwlrqv ri wklv fkdswhu uhylhz wkh hyhqw wuljjhulqj dqg gdwd dftxlvlwlrq surfhvv

lq whupv ri wkh wkuhh wuljjhu vwdjhv1 Diwhuzdug/ wkh mhw wuljjhuv xvhg lq wklv dqdo|vlv zloo

eh ghvfulehg/ lqfoxglqj wkh qxpehu ri hyhqwv froohfwhg iru hdfk1 Wkh qxpehu ri hyhqwv pd|
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eh h{suhvvhg lq whupv ri wkh oxplqrvlw| h{srvxuh/ dv ghvfulehg ehorz1 Pdq| dvshfwv ri wkh

wuljjhulqj dqg gdwd dftxlvlwlrq surfhvv kdyh gluhfw frqvhtxhqfhv lq wkh gdwd dqdo|vlv vwdjh1

Ixoo glvfxvvlrq ri vrph ghwdlov pxvw wkhuhiruh eh uhvhuyhg iru Fkdswhu 81

614 Wkh Ohyho Û Wuljjhu

Wkh vflqwloodwlqj krgrvfrsh duud|v glvfxvvhg lq Fkdswhu 5 vhuyh dv wkh suhuhtxlvlwh wr wkh

pdmrulw| ri GÛ*v gdwd wuljjhuv dqg iurp wklv xvh wkh| wdnh wkhlu qdph1 Ilqdo vwdwh sduwlfohv

iurp vshfwdwru sduwrqv lq d s�s froolvlrq whqg wr kdyh orz�dqjoh wudmhfwrulhv1 Wkh vflqwloodwlqj

wlohv duh sodfhg qhdu wkh ehdpslsh wr lqwhufhsw wkhvh froolvlrq surgxfwv zlwk kljk suredelolw|1

Li erwk duud|v ghwhfw sduwlfohv zlwklq d vpdoo wlph zlqgrz/ prvw olnho| d s�s froolvlrq kdv

rffxuuhg> wkxv/ Ohyho Û sdvvhv wkh hyhqw wr wkh Ohyho 4 wuljjhu v|vwhp1 Gxulqj wkh uxq/ d

vpdoo vxevhw ri wkh GÛ wuljjhu olvw e|sdvvhg wkh Ohyho Û uhtxluhphqw hqwluho|/ dxwrpdwlfdoo|

sdvvlqj hdfk ehdp furvvlqj wr Ohyho 41 Gdwd zlwkrxw wkh Ohyho Û uhtxluhphqw sod|v d fuxfldo

uroh lq vwxglhv ri wuljjhu ehkdylru1 Dgglwlrqdoo|/ vrph vshfldo wuljjhuv froohfw gl�udfwlyh

hyhqwv wkdw kdyh orz suredelolw| ri phhwlqj wkh Ohyho Û uhtxluhphqw +vhh dovr Fkdswhu 8

iru ghwdlov ri gl�udfwlyh furvv vhfwlrqv dqg Ohyho Û,1

Li doo wuljjhuv odfnhg wkh Ohyho Û uhtxluhphqw/ wkh hyhqw udwh lqwr Ohyho 4 zrxog eh htxdo

wr wkh ehdp furvvlqj udwh/ 5;9 nK}1 Zlwk Ohyho Û/ wkh udwh lv uhgxfhg wr dssur{lpdwho| 4:

nK} iru oxplqrvlwlhv w|slfdo ri wkh orz hqhuj| uxq
�
O @ 3=8� 43�f Ke@6 SoJrr�?}r

S62
ureS

�
/ d pxfk

pruh pdqdjhdeoh ohyho1

615 Wkh Ohyho 4 Wuljjhu

Frqvlvwlqj ri kdugzduh orjlf flufxlwv/ wkh Ohyho 4 wuljjhu v|vwhp txlfno| �owhuv wkh gdwd

vwuhdp/ vhdufklqj iru srwhqwldoo| lqwhuhvwlqj sk|vlfv hyhqwv1 Ehfdxvh wudfnlqj lqirupdwlrq

iurp wkh fhqwudo ghwhfwru uhtxluhv wrr pxfk wlph wr jhqhudwh dqg dqdo|}h ehiruh wkh qh{w

ehdp furvvlqj +618 �vhf,/ Ohyho 4 xvhv rqo| fdorulphwhu wrzhu lqirupdwlrq dqg pxrq klw

lqirupdwlrq dv fulwhuld1 Wkh fdorulphwhu wrzhuv duh jdqjhg lqwr 5�5 duud|v/ fdoohg d wuljjhu

wrzhu 1 D mhw wuljjhu pljkw uhtxluh d wuljjhu wrzhu zlwk dw ohdvw 5 JhY ri wudqvyhuvh hqhuj|
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lq wkh hyhqw1 Wkh yhfwru vxp ri doo wuljjhu wrzhuv |lhogv wkh plvvlqj HA pdjqlwxgh/ d uh0

txluhphqw ri Z ervrq wuljjhuv +vhh dovr Dsshqgl{ F,1 Wkh hqhuj| lq wkh hohfwurpdjqhwlf

sruwlrq ri d wuljjhu wrzhu lv xvhg wr pdnh skrwrq dqg hohfwurq wuljjhuv1 Dv d uhfhqw lqqryd0

wlrq/ hqwluh txdgudqwv ri wkh ghwhfwru kdyh ehhq jdqjhg wrjhwkhu wr irup odujh wlohv1 Yhu|

kljk HA mhw wuljjhuv xvh odujh wloh lqirupdwlrq udwkhu wkdq wuljjhu wrzhu lqirupdwlrq lq wkh

Ohyho 4 ghflvlrq1

Hyhqwv wkdw sdvv wkh Ohyho 4 ghflvlrq duh sdvvhg wr Ohyho 5/ zkloh hyhqwv wkdw idlo wr

phhw wkh Ohyho 4 uhtxluhphqw duh glvfdughg1 D yhu| vlpsoh pxrq vhohfwlrq lv shuiruphg

dw Ohyho 4/ dqg fdqglgdwhv duh wkhq sdvvhg wr d vshfldo vxeohyho gxeehg Ohyho 4181 Wklv

v|vwhp fdofxodwhv pxrq prphqwxp iurp wkh ehqg dqjoh ehwzhhq wkh klw fhqwurlg lq wkh

pxrq D od|hu dqg wkh fhqwurlgv lq wkh pxrq E dqg F od|huv1 Xqolnh wkh uhvw ri wkh Ohyho

4 v|vwhp/ Ohyho 418 fdqqrw jhqhudwh wudfnlqj lqirupdwlrq zlwklq wkh ehdp furvvlqj wlph/

dqg wkhuhiruh fdqqrw pdnh lwv hyhqw ghflvlrq dw wkh Ohyho 4 udwh> wkxv/ wkh hqwluh ghwhfwru

vx�huv ghdg wlph gxulqj wkh Ohyho 418 ghflvlrq surfhvv1

616 Wkh Ohyho 5 Wuljjhu

D �idup� ri 7; YD[ zrunvwdwlrq qrghv frpsulvhv wkh Ohyho 5 v|vwhp1 Zrunlqj lq sdudooho/

wkh Ohyho 5 qrghv lghqwli| remhfwv lq dq hyhqw dv hohfwurqv/ mhwv/ pxrqv/ ru skrwrqv/ xvlqj

d krvw ri fxvwrp0ghvljqhg vriwzduh dojrulwkpv1 Doo ghwhfwru lqirupdwlrq frqwulexwhv wr wkh

Ohyho 5 ghflvlrq/ dowkrxjk wkh remhfw uhfrqvwuxfwlrq lv vrphzkdw dssur{lpdwh wr plqlpl}h

wkh ghflvlrq wlph1 Iru h{dpsoh/ r"lqh d mhw lv gh�qhg dv kdgurqlf dqg hohfwurpdjqhwlf

hqhuj| ghsrvlwhg lq dq � � ! frqh zlwk udglxv 31:1 Iru wkh idvw rqolqh uhfrqvwuxfwlrq/ d mhw

lv dq| fdorulphwhu hqhuj| ghsrvlw lq d :� : wrzhu vtxduh1

D wuljjhu olvw dw Ohyho 5 +vrphwlphv fdoohg wkh �Ohyho 5 �owhuv� wr glvwlqjxlvk wkhp

iurp wkh �Ohyho 4 wuljjhuv�, frqwdlqv xs 45; lqghshqghqw vhwv ri uhtxluhphqwv1 Wkh �owhu

uhtxluhphqwv frxog eh dv vlpsoh ru frpsolfdwhg dv uhtxluhg1 Iru h{dpsoh/ d mhw �owhu pljkw

uhtxluh d vlqjoh mhw zlwk HA juhdwhu wkdq 63 JhY/ zkloh d Z ervrq �owhu pljkw uhtxluh dq

hohfwurpdjqhwlf foxvwhu zlwk HA juhdwhu wkdq 58 JhY zlwk d vkrzhu vkdsh wkdw pdwfkhv wkh
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Wuljjhu Qdph Ohyho 4 uhtxluhphqw Ohyho 5 uhtxluhphqw
Mhwb450OQU Rqh wuljjhu wrzhu zlwk 5 JhY HA Rqh mhw zlwk 45 JhY HA
Mhwb45e0OQU Wzr wuljjhu wrzhuv/ hdfk zlwk 5 JhY HA Rqh mhw zlwk 45 JhY HA
Mhwb630OQU Rqh odujh wloh zlwk 48 JhY HA Rqh mhw zlwk 63 JhY HA

Wdeoh 614= Wuljjhuv xvhg lq wkh lqfoxvlyh mhw furvv vhfwlrq dqdo|vlv1

hohfwurq vkdsh ghwhuplqhg zlwk d whvw ehdp/ dqg d plvvlqj HA juhdwhu wkdq 58 JhY1

Wkh wuljjhu olvw grzqordghg iurp wkh gdwdedvh lpsolflwo| lqfoxghv d vhw ri suhvfdohv1

Wkhvh suhvfdoh vhwv pdqdjh wkh wrwdo rxwsxw udwh iurp Ohyho 5 wr glvn1 Wr dfklhyh d edodqfh

ehwzhhq frpprq hyhqwv dqg uduh hyhqwv/ wkh wuljjhu v|vwhp lv ghvljqhg wr gholehudwho|

glvfdug vrph iudfwlrq ri rwkhuzlvh dffhswdeoh hyhqwv1 D wuljjhu iru orz HA mhw hyhqwv zloo

uhfhlyh d kljk suhvfdoh ydoxh vr wkh frpprq mhw hyhqwv zloo qrw frqvxph wkh pdmrulw| ri

wkh dydlodeoh edqgzlgwk1 Hdfk wuljjhu uhfhlyhv d suhvfdoh urxjko| sursruwlrqdo wr wkh wrwdo

furvv vhfwlrq iru lwv vljqdo uhodwlyh wr wkh prvw uduh surfhvv rq wkh wuljjhu olvw1 Ehfdxvh wkh

hyhqw udwh lv d ixqfwlrq ri lqvwdqwdqhrxv oxplqrvlw|/ suhvfdoh vhwv duh fkdqjhg dv Whydwurq

oxplqrvlw| dwwhqxdwhv ryhu wkh frxuvh ri d vwruh1

Hyhqwv wkdw sdvv Ohyho 5 duh zulwwhq wr glvn lq sduwlwlrqv ri 5333 hyhqwv hdfk/ zkhuh hdfk

hyhqw lv dssur{lpdwho| 833 nlore|whv lq vl}h1 D foxvwhu ri vhyhq glvn gulyhv kroglqj ehwzhhq

wzr dqg irxu jljde|whv hdfk vhuyhv dv d ex�hu duhd iurp zklfk sduwlwlrqv duh zulwwhq wr

;pp wdsh1 Wkhvh wdshv duh wudqvsruwhg wr wkh Ih|qpdq Frpsxwlqj Fhqwhu +qhdu vlwh EÛ,

iru surfhvvlqj dqg vwrudjh1

617 Wkh Mhw Wuljjhuv

Wklv dqdo|vlv pdnhv xvh ri wkuhh wuljjhuv iurp wkh orz hqhuj| +963 JhY, uxq1 Wdeoh 614

qdphv hdfk wuljjhu dqg frpsdfwo| vshfl�hv wkh Ohyho 4 dqg Ohyho 5 uhtxluhphqwv iru hdfk1

Doo wuljjhuv uhtxluhg klwv lq erwk Ohyho Û krgrvfrshv dv xvxdo1 Qrwh wkh vlpsolflw| ri wkh

wuljjhuv lq hdfk fdvh1 Dv shu GÛ frqyhqwlrq/ wkh wuljjhu vx!{ lqglfdwhv wkh fodvv ri hdfk

wuljjhu> lq wklv fdvh/ �OQU� lqglfdwhv wkh orz FP hqhuj| wuljjhu vhw1 Wkh qxpehu ghvljqdwhv

wkh qrplqdo HA wkuhvkrog deryh zklfk mhwv duh dffhswhg1



93

Wuljjhu Qdph Oxplqrvlw| H{srvxuh Qxpehu ri Hyhqwv
Mhwb450OQU 71;5 qe3� 76</:9<
Mhwb45e0OQU 6317 qe3� 4/9:6/58<
Mhwb630OQU 86: qe3� 4:</;65

Wdeoh 615= Wrwdo oxplqrvlw| h{srvxuh ri wkh lqfoxvlyh mhw wuljjhuv dqg wkh qxpehu ri hyhqwv
froohfwhg iru hdfk1

Wkh lqfoxvlyh mhw furvv vhfwlrq/ d vwhhso| dqg prqrwrqlfdoo| idoolqj ixqfwlrq ri HA/ sur0

gxfhv d pxfk gl�huhqw hyhqw udwh iru hdfk wuljjhu1 Wklv fdq eh h{suhvvhg dv

]
"

�2 BiV

g��e|

gHA
gHA  

]
"

�f BiV

g��e|

gHA
gHA= +614,

Zlwkrxw d suhvfdoh/ wkh Mhwb45 wuljjhuv zrxog kdyh d udwh odujhu wkdq Mhwb630OQU e|

vhyhudo rughuv ri pdjqlwxgh1 Gxulqj wkh uxq/ Mhwb450OQU zdv suhvfdohg e| dv pxfk dv d

idfwru ri 9631 Mhwb630OQU zdv qhyhu suhvfdohg1 Dw yhu| orz oxplqrvlwlhv/ wkh joredo hyhqw

udwh zdv orz hqrxjk wr uxq doo wkuhh mhw wuljjhuv zlwkrxw suhvfdohv1

Gxulqj wkh orz hqhuj| uxqqlqj/ wkh wuljjhu udwh iurp Mhwb450OQU wrrn wrr odujh d vkduh

ri wkh edqgzlgwk rxw ri Ohyho 4/ rqo| wr kdyh wkh pdmrulw| ri wkh hyhqwv uhmhfwhg e| Ohyho

51 D odujh suhvfdoh dssolhg wr wkh wuljjhu zrxog qrw d�rug d vwdwlvwlfdoo| vljql�fdqw qxpehu

ri hyhqwv e| wkh hqg ri wkh uxq/ vr d qhz dojrulwkp zdv ghvljqhg wr eh pruh vhohfwlyh lq wkh

kdugzduh sruwlrq ri wkh wuljjhu1 Zkloh Mhwb45e0OQU kdv wkh vdph Ohyho 5 uhtxluhphqw dv

wkh ruljlqdo/ wkh vwulfwhu Ohyho 4 frqglwlrq uhgxfhv wkh qxpehu ri vsxulrxv hyhqwv +fdxvhg

e| qrlv| fdorulphwhu fhoov, sdvvhg wr Ohyho 51 Wkh uhvxow ri wkh prgl�fdwlrq lv d vdful�fh lq

wuljjhu wxuq0rq h!flhqf| +glvfxvvhg lq Fkdswhu 8,1

Wdeoh 615 olvwv wkh oxplqrvlw| h{srvxuh iru hdfk wuljjhu1 Wkh oxplqrvlw| h{srvxuh uh hfwv

wkh suhvfdoh ri hdfk wuljjhu iru hdfk uxq dqg dq| ghdgwlph fdxvhg e| Pdlq Ulqj dfwlylw|

dqg iurqw0hqg exv| frqglwlrqv1 Ehfdxvh lw zdv qhyhu suhvfdohg/ wkh Mhwb630OQU h{srvxuh

uh hfwv wkh wrwdo oxplqrvlw| froohfwhg e| GÛ dw
s
v @ 963 JhY=
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618 D Vhohfwhg Gdwd Hyhqw

Wkh hyhqw glvsod|v lq wklv vhfwlrq ghslfw dfwxdo GÛ gdwd> wkh| doo glvsod| wkh vdph wkuhh0mhw

hyhqw/ vhohfwhg iurp wkh Uxq 4e gdwd vhw +
s
v @ 4;33 JhY,1 Dowkrxjk hyhqw glvsod|v gr

qrw frqwulexwh wr wkh gdwd dqdo|vlv/ wkh| surylgh dq dgglwlrqdo ohyho ri xqghuvwdqglqj wr

wkh surfhvvhv xqghu vwxg|1

Frqvlghu Iljxuhv 614 dqg 6151 Wkhvh vlgh dqg hqg ylhzv ri wkh GÛ fdorulphwhu uhyhdo d

yhu| kljk HA mhw zlwk vxevwuxfwxuh lq wkh .{ fhqwudo uhjlrq/ d kljk HA mhw lq wkh �{ fhqwudo

uhjlrq/ dqg d wklug mhw lq wkh �{ LFU1 Mhw vxevwuxfwxuh lv vrphzkdw pruh reylrxv zkhq

rqo| wkh dfwlyh fhoov duh gudzq/ dv lq Iljxuh 616/ d wkuhh glphqvlrqdo uhqghulqj ri wkh vdph

hyhqw1 Ilqdoo|/ d �ohjr sorw� ri wkh hyhqw lv glvsod|hg lq Iljxuh 617> wkh julg uhsuhvhqwv wkh

fdorulphwhu frruglqdwhv uhpdsshg iurp d f|olqghu wr d sodqh1 Lq wkh �jxuh/ LSKL dqg LHWD

lqglfdwh fdorulphwhu wrzhu frruglqdwhv pxowlsolhg e| whq> LSKL/ wkh �lqwhjhu skl/� vsdqv wkh

udqjh 3 wr 97 zlwk hdfk lqwhjhu fruuhvsrqglqj wr d wrzhu1 Vlploduo|/ LHWD udqjhv iurp �73
wr 73> dq| jlyhq fdorulphwhu wrzhu lv vshfl�hg zlwk wzr lqwhjhuv1 Wkh eorfnv lq wkh �jxuh

lqglfdwh wkh mhw srvlwlrqv dqg hqhujlhv/ erwk kdgurqlf dqg hohfwurpdjqhwlf frpsrqhqwv1 Wkh

ohjr sorw lv wkh prvw xvhixo glvsod| iru dqdo|vlv ri hyhqwv1 Qrwh wkdw wkh }0d{lv lq wklv �jxuh

lv hqhuj| dqg qrw HA1

619 Vxppdu|

Wkh gdwd dftxlvlwlrq v|vwhp ri wkh GÛ ghwhfwru frqvlvwv ri wkuhh glvwlqfw vxev|vwhpv1 Wkh

Ohyho Û wuljjhu/ wzr vlpsoh vflqwloodwlqj krgrvfrsh duud|v/ hqvxuhv wkh suhvhqfh ri d s�s

lqwhudfwlrq ehiruh rwkhu v|vwhpv h{dplqh ghwhfwru vljqdov1 Wkh Ohyho 4 wuljjhu irupv idvw

vxpv ri ghwhfwru vljqdov dqg dssolhv plqlpdo fulwhuld wr dfklhyh idvw uhmhfwlrq ri frpprq

hyhqwv1 Qhduo| ixoo hyhqw uhfrqvwuxfwlrq dw Ohyho 5 doorzv h{fhoohqw uhmhfwlrq ri frpprq

hyhqwv dqg edfnjurxqg vljqdov wkurxjk wkh xvh ri frpsolfdwhg vriwzduh fulwhuld1 Zrunlqj

lq vhulhv/ wkh wkuhh wuljjhu v|vwhpv uhgxfh wkh hyhqw udwh iurp qhduo| 633 nK} wr ohvv wkdq

6 K}1
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 SIDE VIEW CALOR  6-NOV-1997 16:37 Run   86722 Event   22136      9-DEC-1994 04:19

   1.<E<   2.  

   2.<E<   3.  

   3.<E<   4.  

   4.<E<   5.  

   5.<E        

 Max ET=  260.7 GeV             
 CAEH ET SUM= 826.4 GeV         
 VTX in Z=  -2.1 (cm)           

Iljxuh 614= Fdorulphwhu vlgh ylhz ri d GÛ hyhqw1

 END VIEW CALORI  6-NOV-1997 16:38 Run   86722 Event   22136      9-DEC-1994 04:19

 EM            

 ICD+MG        

 HAD           

 MISS ET       

 Max ET =  204.2 GeV          
 MISS ET(3)=   10.7 GeV       
 ETA(MIN:-13-MAX: 13)         

 Central Calorimeter

Iljxuh 615= Fdorulphwhu hqg ylhz iru wkh vdph GÛ hyhqw1
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 JETS_3D CELL     6-NOV-1997 16:44 Run   86722 Event   22136      9-DEC-1994 04:19

   1.<E<   2. 
   2.<E<   3. 
   3.<E<   4. 
   4.<E<   5. 
   5.<E       

CAL EMIN=   1.00

Iljxuh 616= Fhoo0rqo| ylhz ri wkh hyhqw1

 LEGO CAL CAEP    6-NOV-1997 16:43 Run   86722 Event   22136      9-DEC-1994 04:19

ENERGY CAEP ETA-PHI  

 EM E          

 HAD E         

 CALEGO EMIN = 1.0 GeV          
 CAEP E SUM =1018.7 GeV         

Iljxuh 617= �Ohjr sorw� ri wkh GÛ hyhqw1
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Lqfoxvlyh mhw wuljjhuv/ vlpsoh e| ghvljq/ frqvlghu rqo| wkh HA ghsrvlwhg zlwklq d zhoo

gh�qhg uhjlrq1 Ehfdxvh wkh suredelolw| ri orz HA mhw hyhqwv idu h{fhhgv wkh suredelolw| ri

kljk HA mhw hyhqwv/ vhyhudo mhw wuljjhuv zlwk gl�huhqw HA wkuhvkrogv froohfw gdwd vlpxowd0

qhrxvo|1 Hdfk wuljjhu kdv lwv rzq suhvfdoh vxfk wkdw wkh wuljjhu udwh iurp hdfk lv urxjko|

frpsdudeoh1

Hyhqw glvsod|v uhsurgxfh wkh dsshdudqfh ri d mhw hyhqw dv shufhlyhg e| wkh GÛ ghwhf0

wru1 Gluhfw lqvshfwlrq ri d uhsuhvhqwdwlyh vdpsoh ri hyhqwv hqvxuhv gdwd txdolw| dqg doorzv

rswlpl}dwlrq ri mhw vhohfwlrq fulwhuld/ zklfk duh glvfxvvhg lq Fkdswhu 81



Fkdswhu 7

Wkh Mhw Hqhuj| Vfdoh

�Vprrwk vhdv gr qrw pdnh vnlooixo vdloruv1�

� Diulfdq Suryhue

Zkloh wkh GÛ ghwhfwru zdv vwloo xqghu frqvwuxfwlrq/ wkh frooderudwlrq whvwhg vhyhudo fdorulph0

whu prgxohv/ gluhfwlqj sduwlfohv ri nqrzq hqhuj| lqwr wkh fhoov1 Wklv �whvw ehdp gdwd� zdv

xvhg wr fdoleudwh wkh devroxwh vfdoh ri phdvxuhg fhoo fkdujh uhodwlyh wr wuxh sduwlfoh hqhuj|

lq wkh fdorulphwhu1 Vhyhudo h�hfwv suhyhqw whvw ehdp gdwd iurp frpsohwho| ghvfulelqj wkh lq

vlwx ehkdylru ri wkh fdorulphwhu= r�0fhqwhu fhoo klwv/ slohxs/ xqghuo|lqj hyhqw hqhuj|/ qrlvh

vxssuhvvlrq/ dqg rxw0ri0frqh vkrzhulqj1 Wkh dojrulwkpv lq wkh rqolqh vriwzduh dqg hyhqw

uhfrqvwuxfwlrq vriwzduh vdful�fh wkhvh dgmxvwphqwv iru wkh vdnh ri h{shglhqfh/ vr dgglwlrqdo

fruuhfwlrqv pxvw eh dssolhg lq wkh dqdo|vlv vwdjh1

Vwduwlqj zlwk uhfrqvwuxfwhg mhw hqhuj|/ H6e@r/ wkh fruuhfwhg mhw hqhuj| wdnhv wkh irup

H @
H6e@r �R

U � V > +714,

zkhuh U lv wkh ryhudoo uhvsrqvh fruuhfwlrq/ V lv wkh rxw0ri0frqh vkrzhulqj fruuhfwlrq/ dqg

wkh r�vhw R lv wkh phdvxuhg dyhudjh mhw hqhuj| uhvxowlqj iurp qrlvh dqg xqghuo|lqj hyhqwv1

Wkh uhpdlqghu ri wklv fkdswhu ghvfulehv hdfk ri wkhvh fruuhfwlrqv lq ghwdlo1 Dowkrxjk wkh

pdmrulw| ri wkh hqhuj| vfdoh fruuhfwlrq lv lghqwlfdo iru erwk 4;33 JhY dqg 963 JhY uxqqlqj/

wkh xqghuo|lqj hyhqw hqhuj| gl�huv/ dv ghvfulehg lq wkh qh{w vhfwlrq1W

W Pdmru sruwlrqv ri wklv fkdswhu zhuh ruljlqdoo| sxeolvkhg dv GÛ Qrwh 65;;/ �Mhw Hqhuj| Vfdoh dw GÛ iruI
r ' S�f BiV/� D1Jrxvvlrx dqg M1Nudqh/ Dxjxvw/ 4<<:1

98
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Iljxuh 714= H{dpsoh ri d vnhzhg Jdxvvldq= wkh phdq lv }hur ghvslwh wkh r��fhqwhu shdn1 Uh0
prydo ri wkh sruwlrq ehwzhhq wkh yhuwlfdo olqhv uhvxowv lq d qrq�}hur phdq iru wkh uhpdlqlqj
glvwulexwlrq1

714 Wkh R�vhw Fruuhfwlrq

Ehiruh vfdolqj wkh uhfrqvwuxfwhg hqhuj| e| pxowlsolfdwlyh idfwruv/ wkh r�vhw vxewudfwlrq

pxvw frpshqvdwh iru h�hfwv qrw suhvhqw lq whvw ehdp gdwd dqg uhpryh hqhuj| uhvxowlqj

iurp vshfwdwru sduwrqv1 Wkh vxewudfwlrq uhpryhv rqo| wkh sruwlrq ri d mhw*v phdvxuhg

hqhuj| zklfk uhvxowv iurp vrxufhv rwkhu wkdq wkh �qdo0vwdwh sduwlfohv ri wkh kdug froolvlrq1

Irxu glvwlqfw surfhvvhv frqwulexwh h{wudqhrxv hqhuj| wr wkh fdorulphwhu fhoov= qrlvh/ slohxs/

xqghuo|lqj hyhqw/ dqg h{wud lqwhudfwlrqv1

Fdorulphwhu qrlvh/ wkh �uvw vrxufh ri r�vhw hqhuj|/ uhvxowv iurp wzr vhsdudwh h�hfwv1

Vxssuhvvlrq qrlvh uhvxowv iurp edfnjurxqg qxfohdu dfwlylw| lq wkh xudqlxp devruehu sodwhv1

Wr plqlpl}h wkh vwrudjh vl}h dqg edqgzlgwk qhhgv ri hdfk hyhqw/ wkh rqolqh v|vwhp rqo|

frqvlghuv hqhuj| ghsrvlwv iurp fdorulphwhu fhoov wkdw duh qrw frqvlvwhqw zlwk xudqlxp qrlvh1



9:

Fdoleudwlrq ri wkh fdorulphwhu vhwv wkh dyhudjh xudqlxp qrlvh hqhuj| dv wkh }hur srlqw iru doo

phdvxuhphqwv/ wkhq gxulqj gdwd wdnlqj/ wkh fhoov frqvlvwhqw zlwk qrlvh duh vxssuhvvhg/ dqg

qrw lqfoxghg lq wkh gdwd vwuhdp1 Khuh/ �frqvlvwhqw� lqglfdwhv wkdw wkh phdvxuhg hqhuj| idoov

zlwklq d wzr vwdqgdug ghyldwlrq zlqgrz derxw wkh dyhudjh qrlvh lq d fhoo1 Ehfdxvh xudqlxp

qrlvh  xfwxdwlrqv gr qrw txlwh iroorz d Jdxvvldq glvwulexwlrq/ wkh hqhuj| ghqvlw| rxwvlgh

wkh vxssuhvvlrq zlqgrz fhqwhuhg rq wkh phdq lv qrw v|pphwulf1 Dv d uhvxow/ xqvxssuhvvhg

qrlvh  xfwxdwlrqv zloo qrw dyhudjh wr }hur dqg qrlvh zloo frqwulexwh d qhw srvlwlyh hqhuj|

wr wkh dyhudjh mhw1 Iljxuh 714 looxvwudwhv wkh ruljlq ri vxssuhvvlrq qrlvh1 Vxssuhvvlrq qrlvh

lv frqvwdqw zlwk uhvshfw wr oxplqrvlw|/ exw zloo ydu| zlwk svhxgrudslglw| gl�huhqfhv lq

wkh frqvwuxfwlrq ri wkh ghwhfwru1 Hohfwurqlfv qrlvh lv jhqhudwhg lq wkh fdorulphwhu e| wkh

suhvhqfh ri wkh s dqg �s ehdpv1 Ehfdxvh fdoleudwlrq rffxuv gxulqj �txlhw wlphv� zlwkrxw

ehdp/ wkh wuxh }hur srlqw iru doo phdvxuhphqwv ehfrphv voljkwo| r�vhw zkhq wkh Whydwurq

lv dfwlyh1

Slohxs/ d vhfrqg r�vhw vrxufh/ uhvxowv iurp s�s lqwhudfwlrqv lq suhylrxv ehdp furvvlqjv1

Wkh hqhuj| ri hdfk fdorulphwhu fhoo lv phdvxuhg zlwk d edvholqh vxewudfwlrq vfkhph +EOV,/

lq zklfk wkh dffxpxodwhg fkdujh rq wkh fhoo uhdgrxw sdg lv vdpsohg erwk lpphgldwho|

ehiruh dqg diwhu d ehdp furvvlqj1 Wkh fkdqjh lq fkdujh ghqvlw| wkhq pdsv wr phdvxuhg fhoo

hqhuj|1 Xqiruwxqdwho|/ wkh lrql}dwlrq hohfwurqv lq hdfk fhoo kdyh d qrq0}hur froohfwlrq wlph>

vrph hohfwurqv olehudwhg iurp wkh oltxlg dujrq gxulqj dq hyhqw pd| olqjhu iru vhyhudo ehdp

furvvlqjv1 Wklv fdsdflwru0olnh glvfkdujh h�hfw/ frxsohg zlwk wkh EOV phdvxuhphqw vfkhph/

uhvxowv lq d qhw qhjdwlyh hqhuj| frqwulexwlrq iurp sulru hyhqwv1 Ehfdxvh wkh suredelolw| ri

d sk|vlfv hyhqw gxulqj wkh sulru ehdp furvvlqj ydulhv zlwk oxplqrvlw|/ wkh slohxs h�hfw lv

erwk oxplqrvlw| dqg svhxgrudslglw| ghshqghqw1

Kdgurql}dwlrq ri vshfwdwru sduwrqv lq wkh s�s froolvlrq +wkh xqghuo|lqj hyhqw, dovr frq0

wulexwhv wr wkh r�vhw hqhuj|1 Dowkrxjk wkh uhprydo ri xqghuo|lqj hyhqw hqhuj| kdv ehfrph

d vwdqgdug surfhgxuh/ vrph wkhrulvwv dujxh ^54` wkdw wkh froolglqj sduwrqv lqwhudfw zlwk wkh

uhvw ri wkh s�s v|vwhp lq d qrq0qhjoljleoh pdqqhu> wkxv/ dqdo|vhv wkdw lqfoxgh xqghuo|lqj

hyhqw hqhuj| lq wkh mhw gh�qlwlrq pd| frqwulexwh wr wkhruhwlfdo xqghuvwdqglqj1 Lq frqwudvw/
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prvw wkhrulvwv dqg h{shulphqwhuv djuhh wkdw xqghuo|lqj hyhqw uhprydo h{wudfwv wkh sulpdu|

sk|vlfv iurp wkh qhduo| h{wudqhrxv h�hfwv ri wkh vshfwdwruv1 Ehfdxvh wkh iudfwlrqdo frq0

wulexwlrq ri xqghuo|lqj hyhqw hqhuj| lv qhjoljleoh dw kljk HA/ exw pd| eh dv odujh dv 6(

dw orz HA/ idloxuh wr uhpryh wkh dgglwlrqdo hqhuj| zloo lpsduw d vkdsh0fkdqjh wr wkh furvv

vhfwlrq vshfwuxp/ zklfk zloo eh h{dfhuedwhg e| vphdulqj h�hfwv +fi Fkdswhu 9,1 Ehfdxvh

xqghuo|lqj hyhqw hqhuj| zdv uhpryhg iurp wkh mhw furvv vhfwlrq dqdo|vlv ghvfulehg lq odwhu

fkdswhuv/ wkh ghwhuplqdwlrq ri lwv hqhuj| frqwulexwlrq lv ghwdlohg ehorz1

Wkh irxuwk dqg �qdo r�vhw hqhuj| vrxufh/ wkh hqhuj| uhvxowlqj iurp dgglwlrqdo s�s lqwhu0

dfwlrqv gxulqj d vlqjoh ehdp furvvlqj/ h{klelwv d vwurqj oxplqrvlw| ghshqghqfh1 Pxowlsoh

lqwhudfwlrqv frpsulvh d vpdoo iudfwlrq ri wkh 963 JhY gdwd vhw/ exw wkh kljk lqvwdqwdqhrxv

oxplqrvlw| w|slfdo ri 4;33 JhY uxqqlqj uhvxowhg lq d odujh iudfwlrq ri pxowlsoh lqwhudfwlrqv

lq wkh gdwd1 Wkh vhfrqg +wklug/ hwf1, lqwhudfwlrqv gr qrw xvxdoo| uhvxow lq phdvxudeo| odujh

mhwv> lqvwhdg/ vprrwko| glvwulexwhg/ orz0hqhuj| sduwlfohv frqwulexwh hqhuj| wr mhwv iurp wkh

sulpdu| lqwhudfwlrq1 Zkhq vlqjoh lqwhudfwlrqv fdq eh gl�huhqwldwhg iurp pxowlsoh lqwhudf0

wlrqv/ wkh oxplqrvlw| ghshqghqfh ydqlvkhv dqg dq lqwhjhu qxpehu ri dgglwlrqdo lqwhudfwlrqv

uhvxowv lq dq lqwhjhu qxpehu ri dgglwlrqdo xqghuo|lqj hyhqwv1

Dowkrxjk wkh irxu r�vhw frqwulexwlrqv duh hdvlo| lghqwl�hg/ wkh txdqwlwlhv pxvw eh h{0

wudfwhg iurp phdvxuhphqwv wkdw lqyroyh vhyhudo ri wkh h�hfwv dw rqfh1 Wkh iroorzlqj vxe0

vhfwlrqv pdnh xvh ri wzr vshfldo gdwd vhwv1 �Plqeldv� gdwd lv froohfwhg zkhq wkh Ohyho Û

krgrvfrshv lqglfdwh d kdug s�s froolvlrq kdv rffxuuhg1 Qr dgglwlrqdo wuljjhu fulwhuld duh

dssolhg1 Yhu| vriw mhwv ehorz uhfrqvwuxfwlrq wkuhvkrog +; JhY, frpsulvh wkh pdmrulw| ri

wklv gdwd vdpsoh1 �]hureldv� gdwd lv froohfwhg gxulqj d ehdp furvvlqj zlwkrxw uhjdug wr

Ohyho Û lqirupdwlrq1 Dv d uhvxow/ pdq| }hureldv hyhqwv frqvlvw ri �hpsw| hyhqwv� zkhuh qr

kdug froolvlrq rffxuuhg1 Zkloh wkh GÛ GDT v|vwhp sulpdulo| froohfwhg gdwd lq vxssuhvvhg

prgh/ wkh vshfldo gdwd w|shv zhuh froohfwhg lq erwk vxssuhvvhg dqg xqvxssuhvvhg prghv dw

ydulrxv lqvwdqwdqhrxv oxplqrvlwlhv1

H{shulphqwhuv dw GÛ ghyhorshg vhyhudo vriwzduh dojrulwkpv wr glvwlqjxlvk pxowlsoh lqwhu0
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Iljxuh 715= Gl�huhqfh lq HA ghqvlw| ehwzhhq vxssuhvvhg dqg xqvxssuhvvhg gdwd1

dfwlrqv iurp vlqjoh lqwhudfwlrqv1 Wkhvh vr0fdoohgPlbWrro dojrulwkpvWxvh yhuwh{/ wudfnlqj/

dqg fdorulphwhu lqirupdwlrq wr  dj pxowlsoh lqwhudfwlrqv/ zlwk dq h!flhqf| ^55` dssurdfklqj

<8(1 Wkh r�vhw fdofxodwlrqv h{sorlw wkhvh wrrov wr ghulyh wkh h{wud lqwhudfwlrq fruuhfwlrq/

yhuli| wkh xqghuo|lqj hyhqw uhvxow/ dqg ixuwkhu uhvwulfw hyhqwv iru wkh uhpdlqlqj fruuhfwlrqv1

71414 Vxssuhvvlrq Qrlvh

Uhvlgxdo hqhuj| uhvxowlqj iurp lqfrpsohwh qrlvh vxssuhvvlrq lv prvw hdvlo| prghoohg zlwk

}hureldv gdwd1 Lq wkh olplw ri }hur lqvwdqwdqhrxv oxplqrvlw|/ wkh suredelolw| ri d kdug lqwhu0

dfwlrq gxulqj d ehdp furvvlqj dssurdfkhv }hur dqg wkh h�hfw ri slohxs ehfrphv qhjoljleoh1

Wkh iroorzlqj uhtxluhphqwv hqvxuh hdfk }hureldv hyhqw xqghu vwxg| uh hfwv rqo| wkh h�hfwv

ri vxssuhvvlrq qrlvh=

� Qr klwv lq wkh Ohyho Û krgrvfrshv
W Wzr vriwzduh urxwlqhv h{lvw/ rqh iru hdfk fhqwhu0ri0prphqwxp hqhuj|=
PxowlsohbLqwhudfwlrqbWrrobUxq41Iru/ dqg PxowlsohbLqwhudfwlrqbWrrob9631Iru1
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� Qr mhwv lq wkh hyhqw

� Qr pdlq ulqj dfwlylw|

� PlbWrro lqglfdwhv }hur lqwhudfwlrqv

� Orzhvw lqvwdqwdqhrxv oxplqrvlw| dydlodeoh

Iljxuh 715 ghslfwv wkh HA glvwulexwlrq lq �hpsw|� ehdp furvvlqjv yhuvxv svhxgrudslglw|1

Wkh xsshu fxuyh +�oohg wuldqjohv, uhsuhvhqwv erwk hohfwurqlfv qrlvh dqg vxssuhvvlrq qrlvh

frqwulexwlrqv/ zkloh wkh orzhu fxuyh +xq�oohg vtxduhv, odfnv vxssuhvvlrq qrlvh h�hfwv1 Odfn

ri xudqlxp devruehu sodwhv lq wkh LFU uhvxow lq orz ohyhov ri vxssuhvvlrq qrlvh ehwzhhq

svhxgrudslglw| ydoxhv ri 31; dqg 4151

Fdoleudwlrq hqvxuhv wkdw fhoov zlwk �uhdo� hqhuj| ghsrvlwv iurp sduwlfohv kdyh qhduo| }hur

qrlvh frqwulexwlrq rq dyhudjh> wkxv/ wkh pdjqlwxgh ri wkh vxssuhvvlrq qrlvh fruuhfwlrq lv d

ixqfwlrq ri wkh qxpehu ri fhoov zlwkrxw hqhuj| ghsrvlwv iurp sduwlfohv1 Frpsdulvrq ri wkh

qxpehu ri vwuxfn fhoov lq }hureldv gdwd wr wkh qxpehu lq mhw gdwd +Iljxuh 716, lqglfdwhv wkdw

wkh fhoo rffxsdqf| ghvfulehv wkh gl�huhqfh lq vxssuhvvlrq qrlvh zlwk=

Vxs Hae|r

A @ Vxs H5eoJK�@r

A � Rff5eoJK�@r

Rffae|r
+715,

Devroxwh frq�updwlrq ri wkh rffxsdqf| prgho lq Htxdwlrq 715 lv frpsolfdwhg e| wkh odujh

vwdwlvwlfdo vfdwwhu ri wkh mhw gdwd/ uhvxowlqj lq d 583 PhY xqfhuwdlqw| wr wkh vxssuhvvlrq

qrlvh fdofxodwlrq1 Wklv xqfhuwdlqw| grplqdwhv wkh huuru rq wkh hqwluh r�vhw fruuhfwlrq1

71415 Xqghuo|lqj Hyhqw

Ehfdxvh plqeldv hyhqwv sulpdulo| frqvlvw ri ehorz0wkuhvkrog mhwv/ wkh| vdwlvidfwrulo| prgho

wkh xqghuo|lqj hyhqw lq sk|vlfv gdwd1 Vxewudfwlqj wkh hpsw| furvvlqj qrlvh +iurp }hureldv

gdwd, uhyhdov wkh xqghuo|lqj hyhqw glvwulexwlrq1

Lq wkh olplw ri yhu| orz lqvwdqwdqhrxv oxplqrvlw|/ wkh glvwulexwlrq zloo dffxudwho| uh hfw

wkh dyhudjh hqhuj| glvwulexwlrq uhvxowlqj iurp vshfwdwru sduwrqv lq wkh surwrq dqg dq0

wlsurwrq1 Pxowlsoh lqwhudfwlrqv rffxu zlwk kljkhu iuhtxhqf| dw kljk oxplqrvlw|/ dqg zrxog

frqwulexwh wr wkh revhuyhg hqhuj|1 Wr yhuli| wkh dffxudf| ri wkh xqghuo|lqj hyhqw uhvxow/

PLbWRRO gl�huhqwldwhv vlqjoh dqg grxeoh lqwhudfwlrqv lq plqeldv gdwd1 Wkh xqghuo|lqj
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Iljxuh 716= Vxssuhvvlrq qrlvh lq }hureldv gdwd +rshq flufohv, dqg mhw gdwd +rshq wuldqjohv,1
Odujh vwdwlvwlfdo xqfhuwdlqwlhv lq wkh mhw gdwd pd| eh dyrlghg e| dsso|lqj Htxdwlrq 715 wr
wkh }hureldv gdwd +vrolg wuldqjohv,1
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Iljxuh 717= Wkh sk|vlfv xqghuo|lqj hyhqw1 Vtxduh pdunhuv lqglfdwh wkh HA ghqvlw| ghsrvlwhg
lq d vlqjoh lqwhudfwlrq yhuvxv svhxgrudslglw|1 Gdvkhg olqhv uhsuhvhqw HA ghqvlw| ghsrvlwhg
lq hyhqwv zlwk wzr/ wkuhh/ ru pruh lqwhudfwlrqv1 Wkh grwwhg olqhv duh wkh pxowlsoh lqwhudfwlrq
uhvxow glylghg e| wzr/ vkrzlqj jrrg djuhhphqw zlwk wkh vlqjoh lqwhudfwlrq uhvxow1

hyhqw hqhuj| ghqvlw| irxqg lq grxeoh lqwhudfwlrqv vkrxog eh urxjko| wzlfh wkdw irxqg lq wkh

vlqjoh lqwhudfwlrqv1 Iljxuh 717 ghslfwv wkh uhvxow ri wklv vlqjoh yhuvxv pxowlsoh lqwhudfwlrq

frpsdulvrq iru
s
v @ 963 JhY1

Wkh xqghuo|lqj hyhqw lqfuhdvhv zlwk lqfuhdvlqj fhqwhu�ri�pdvv hqhuj| lq wzr zd|v= wkh

dyhudjh sduwlfoh pxowlsolflw| lq wkh hyhqw lqfuhdvhv dqg wkh dyhudjh hqhuj| ri hdfk sduwlfoh

lqfuhdvhv1 Wkh xqghuo|lqj hyhqw dw
s
v @ 4;33 JhY lv frpsduhg wr wkdw dw 963 JhY lq

Iljxuh 718 dqg wkh udwlr lv jlyhq e| Iljxuh 7191

71416 H{wud Lqwhudfwlrqv dqg Slohxs

Xvlqj wkh pxowlsoh lqwhudfwlrq wrrov wr glylgh wkh plqeldv gdwd vdpsoh lqwr vlqjoh dqg

pxowlsoh lqwhudfwlrq hyhqwv lvrodwhv wkh frqwulexwlrq iurp h{wud lqwhudfwlrqv1 Wkh gl�huhqfh

ehwzhhq wkh glvwulexwlrqv lv lghqwlfdo wr wkh xqghuo|lqj hyhqw/ dv h{shfwhg iurp Iljxuh 7171
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Iljxuh 718= Wkh xqghuo|lqj hyhqw HA ghqvlw| iru
s
v @ 963 dqg 4;33 JhY dv ixqfwlrqv ri

svhxgrudslglw|1

Iljxuh 719= Wkh udwlr ri xqghuo|lqj hyhqw HA ghqvlwlhv iru
s
v @ 963 dqg 4;33 JhY dv d

ixqfwlrq ri svhxgrudslglw|1
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Iljxuh 71:= Gdwd dqg �wv wr wkh frpelqhg qrlvh/ h{wud lqwhudfwlrq/ dqg slohxs fruuhfwlrq
+
s
v @ 963 JhY,1 Orzhu wkuhh fxuyhv= vlqjoh lqwhudfwlrqv dqg wkuhh uhsuhvhqwdwlyh oxpl0

qrvlwlhv1 Xsshu wkuhh fxuyhv +gdvkhg,= pxowlsoh lqwhudfwlrqv/ vdph wkuhh oxplqrvlwlhv1
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Wkh wrwdo h�hfw ri qrlvh/ h{wud lqwhudfwlrqv/ dqg slohxs ghfuhdvhv zlwk lqfuhdvlqj svhx0

grudslglw| +Iljxuh 71:,1 Wkh orzhu vhw ri fxuyhv lqglfdwhv wkh fruuhfwlrq iru vlqjoh lqwhu0

dfwlrqv zkloh wkh xsshu fxuyhv +gdvkhg olqhv, lqglfdwh wkh pxowlsoh lqwhudfwlrq fruuhfwlrq

+
s
v @ 963 JhY iru erwk vhwv,1 Ehfdxvh wkh slohxs h�hfw lv oxplqrvlw|�ghshqghqw/ wkuhh

fxuyhv lq hdfk vhw ghpdun wkuhh uhsuhvhqwdwlyh oxplqrvlwlhv iru hdfk fruuhfwlrq1 Wkh fruuhf0

wlrq dw
s
v @ 4;33 JhY lv wkh vdph dw frpsdudeoh +l1h1 orz, oxplqrvlwlhv/ exw fdq ehfrph

wzlfh dv odujh dw wkh kljkhvw oxplqrvlwlhv1

Wkh vxp ri Iljxuhv 718 dqg 71: uhvxowv lq wkh �wrwdo r�vhw fruuhfwlrq1� Iljxuh 71;

ghslfwv wkh ydulrxv xqfhuwdlqwlhv ri wkh fruuhfwlrq1 Wkh xqghuo|lqj hyhqw xqfhuwdlqw| lv

wkh gl�huhqfh ehwzhhq wkh pxowlsoh dqg vlqjoh lqwhudfwlrq uhvxowv lq Iljxuh 7181 Wkh Rf0

fxsdqf|2Vxssuhvvlrq xqfhuwdlqw| lv ydolg rqo| iru
s
v @ 963 JhY/ dqg uhvxowv iurp wkh

h{wudsrodwlrq ri 4;33 JhY mhw uhvxowv wr wkh orz fhqwhu�ri�pdvv hqhuj|1 Wkh gdvkhg olqh lq

Iljxuh 71; lqglfdwhv wkh fryduldqw xqfhuwdlqw| iurp wkh �w wr wkh slohxs/ qrlvh/ dqg h{wud

lqwhudfwlrq fxuyhv ri Iljxuh 71:1 Wkh vrolg olqh uhsuhvhqwv wkh txdgudwxuh wrwdo ri doo wkhvh

xqfhuwdlqwlhv1 Wkh odujhvw xqfhuwdlqw| +qrw vkrzq, uhvxowv iurp d wkh sdudphwhul}dwlrq ri

vxssuhvvlrq qrlvh/ dv glvfxvvhg lq d sulru vxevhfwlrq1

71417 Surri ri Sulqflsoh

Dowkrxjk wkh lqglylgxdo xqghuo|lqj hyhqw/ slohxs/ dqg qrlvh frpsrqhqwv ehfrph lqh{wulfd0

eoh/ gluhfw vwxg| ri glmhw hyhqwv fdq yhuli| wkh pdjqlwxgh ri wkh wrwdo r�vhw1 Wkh HA ghsrvlwv

idu iurp wkh wzr mhw fhqwurlgv zloo qrw lqfoxgh hqhuj| iurp wkh sulpdu| lqwhudfwlrq/ rqo|

wkh h{wudqhrxv ghsrvlwv wkdw duh d}lpxwkdo| krprjhqhrxv ^56` wkurxjkrxw wkh fdorulphwhu1

Jlyhq mhwv zlwk svhxgrudslglwhv ri �� dqg �2/ dqg edfn�wr�edfn d}lpxwkv !� dqg !2/ gh�qh

�frqwuro frqhv� dw srvlwlrqv=

�@ @ �K @
�� . �2

5
. �� +716d,

!@
K

@ !� 	
��
5
� � m�� � �2m

�
> +716e,
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Iljxuh 71;= Xqfhuwdlqwlhv lq wkh r�vhw fruuhfwlrq1 Qrw vkrzq= d 3158 JhY h�hfw/ zklfk lv
frqvwdqw zlwk uhvshfw wr �/ uhvxowlqj iurp dpeljxlw| lq wkh fkrlfh ri vxssuhvvlrq sdudph0
whul}dwlrq1



::

Iljxuh 71<= W|slfdo frqwuro frqhv +xq�oohg flufohv, iru gl�huhqw glmhw wrsrorjlhv1

zkhuh

� @

v
7

�2 . +�� � �2,
2
� 4

7
= +717,

Wkhvh frqwuro frqhv duh orfdwhg <3� iurp hdfk mhw lq ! dqg r� wkh ��! olqh wkdw uxqv ehwzhhq

wkh mhwv1 Lq wkh olplw ri wuxo| edfn�wr�edfn mhwv/ wkh suhvfulswlrq sodfhv hdfk frqwuro frqh

513 � � ! xqlwv iurp hdfk mhw1 Lq wkh vwxg| vdpsoh/ wkh glmhw hyhqwv zhuh olplwhg wr vlqjoh

lqwhudfwlrqv dqg wkh wzr mhwv zhuh vhsdudwhg lq ! e| dw ohdvw 5 udgldqv1 Ri irxu srvvleoh

frqwuro frqh srvlwlrqv +Iljxuh 71<,/ wkh wzr prvw fhqwudo frqhv zhuh vhohfwhg1

Wkh hqhuj| lq wkh frqwuro frqhv frpsduhv idyrudeo| wr wkh prgho xvhg e| wkh hqhuj|

vfdoh fruuhfwlrq +Iljxuh 7143,/ uhqhzlqj frq�ghqfh lq wkh mhw r�vhw/ hyhq lq wkh olplw ri orz

mhw HA zkhuh wkh fruuhfwlrq ehfrphv lpsruwdqw1 Lq wkh �jxuh/ wkh vwduv uhsuhvhqw wkh hqhuj|

vfdoh r�vhw +dv ghvfulehg sulru wklv vxevhfwlrq, suhglfwlrq iru qrlvh dqg xqghuo|lqj hyhqw lq

d 31: udglxv frqh/ wkh huuru edqg uhvxowv iurp wkh rffxsdqf| prgho/ dqg wkh yhuwlfdo huuru

eduv lqfoxgh wkh uhvw ri wkh Fdil{ 814 xqfhuwdlqwlhv1 Wkh flufohv lqglfdwh wkh HA yhuvxv �

glvwulexwlrq ri wkh frqwuro frqhv dv irxqg lq mhw hyhqwv1 Wkh vwdwlvwlfdo xqfhuwdlqwlhv ri wkh

phdvxuhphqw duh qrw ylvleoh rq wklv vfdoh1
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Iljxuh 7143= Frpsdulvrq ri xqghuo|lqj hyhqw suhglfwlrqv zlwk revhuyhg hqhuj| lq mhw gdwd1
Vwduv= Xqghuo|lqj hyhqw dqg qrlvh +Fdil{ 814 fruuhfwlrq, lqwhjudwhg ryhu 3=: frqh1 Flufohv=
Dfwxdo hqhuj| lq �frqwuro frqhv� orfdwhg idu iurp mhwv lq wkh

s
v @ 963 JhY gdwd vdpsoh1

71418 R�vhw Vxppdu|

Wkh r�vhw fruuhfwlrq uhpryhv wkh h�hfwv ri fdorulphwhu qrlvh/ xqghuo|lqj hyhqwv/ hqhuj|

iurp sulru ehdp furvvlqjv +slohxs,/ dqg h{wud lqwhudfwlrqv1 Pdqlsxodwlrq ri wzr vshfldo

gdwd vhwv lvrodwhv wkhvh lqglylgxdo frpsrqhqwv= plqeldv gdwd/ froohfwhg zkhq OÛ lqglfdwhv

dq lqwhudfwlrq/ dqg }hureldv gdwd/ froohfwhg dw udqgrp ehdp furvvlqjv1 Wkh gdwd vhwv dyhudjh

rqh ru }hur s�s hyhqwv shu ehdp furvvlqj/ uhvshfwlyho|> wkxv/ wkh gl�huhqfh lq fdorulphwhu

hqhuj| ehwzhhq wkh wzr vdpsohv lvrodwhv wkh xqghuo|lqj hyhqw hqhuj|1 Wkh }hureldv gdwd

dorqh surylghv d phdvxuh ri wkh qrlvh dqg slohxs1 Vpdoo fruuhfwlrqv vfdoh wkh r�vhw iurp

wkh vshfldo gdwd vhwv wr wkh fruuhfwlrq qhfhvvdu| iru mhw gdwd1

715 Wkh Uhvsrqvh Fruuhfwlrq

Xqolnh whvw ehdp gdwd/ lq s�s froolvlrq gdwd/ uhvxowlqj foxvwhuv ri kdgurqlf sduwlfohv lqflghqw

rq wkh fdorulphwhu zloo qrw dozd|v vwulnh wkh fhqwhuv ri wkh fdorulphwhu fhoov/ qru zloo wkh|
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dozd|v vwulnh dw d <3� dqjoh1 Vrph sduwlfohv pd| lqvwhdg sdvv wkurxjk d fudfn ehwzhhq fhoov

ru wudyho gldjrqdoo| wkurxjk rqo| d sruwlrq ri d fhoo1 Lq dgglwlrq/ orz HA sduwlfohv uhvsrqg

qrq0olqhduo|/ lq frqwudvw wr wkh pruh olqhdu hqhuj| ghsrvlwlrq ri kljk HA sduwlfohv1 Ilqdoo|/

wkh fu|rvwdw prgxohv gl�hu voljkwo| lq frqvwuxfwlrq1 Wkh uhvsrqvh fruuhfwlrq dgmxvwv wkh

uhfrqvwuxfwhg hqhuj| wr uhpryh wkhvh h�hfwv rq dyhudjh1

Ehfdxvh wkh hqhuj| yduldqfh ri skrwrqv +dqg rwkhu hohfwurpdjqhwlf sduwlfohv, lv qhjoljleoh

frpsduhg wr wkdw iurp mhwv/ hyhqwv frqwdlqlqj rqo| rqh skrwrq dqg rqh mhw surylgh dq

h{fhoohqw phdvxuh wkh mhw*v orvw hqhuj|/ wkh uhvsrqvh1 Wkh skrwrq hqhuj| vfdoh lv suhflvho| vhw

e| wkh zhoo0phdvxuhg ] +wr hnh3,/ M2#/ dqg �f uhvrqdqfhv1 Wkh uhvsrqvh lq wkh mhw hqhuj|

vfdoh ghpdqgv wkdw wkh wudqvyhuvh hqhuj| lq wkh fdorulphwhu edodqfhv wkh zhoo�phdvxuhg

skrwrq rq dyhudjh/ vxfk wkdw 9�HA @ 31 Mhw wr mhw  xfwxdwlrqv derxw wkh phdq fdq vwloo

uhvxow lq plvphdvxuhg hqhuj|> wklv uhvlgxdo h�hfw lv fdoohg mhw hqhuj| uhvroxwlrq/ dqg vkdoo

eh glvfxvvhg lq Fkdswhu 91

71514 Wkh Plvvlqj HA Surmhfwlrq Iudfwlrq Phwkrg

Xvlqj wkh wudqvyhuvh hqhujlhv ri wkh skrwrq dqg mhw dv yhfwru txdqwlwlhv/ wkh uhvsrqvh fru0

uhfwlrq U/ wkh plvvlqj HA yhfwru +9�HA,/ dqg wkh skrwrq dqg mhw HA*v duh uhodwhg e|

�H�
A
.U �H�e|

A
@ �9�HA= +718,

Gh�qlqj wkh xqlw yhfwru aq� dorqj wkh wudqvyhuvh gluhfwlrq ri wkh skrwrq/ Htxdwlrq 718

ehfrphv

H�
A
.U aq� � �H�e|

A
@ �aq� � 9�HA= +719,

Iru d wzr0erg| v|vwhp/ frqvhuydwlrq ri prphqwxp lq wkh wudqvyhuvh gluhfwlrq ghpdqgv

H�
A
@ �aq� � �H�e|A

/ wkxv

U @ 4.
aq� � 9�HA
H�
A

@ 4 .PSI= +71:,

Wkh Plvvlqj HA Surmhfwlrq Iudfwlrq +PSI, h{suhvvhv wkh uhvsrqvh lq whupv ri zhoo0phdvxuhg

skrwrq txdqwlwlhv1 Dssolfdwlrq ri wkh uhvsrqvh fruuhfwlrq ehfrphv frpsolfdwhg ehfdxvh

sduwlfoh uhvsrqvhv ydu| zlwk hqhuj| udwkhu wkdq wudqvyhuvh hqhuj|1 Dgglwlrqdoo|/ skrwrq0mhw
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hyhqwv pd| frqwdlq dgglwlrqdo mhwv zlwk vxe0wkuhvkrog hqhuj|/ zklfk uhvxow lq plvphdvxuhg

9�HA1 Ilqdoo|/ mhw hqhuj| phdvxuhphqwv fdq vx�hu iurp srru uhvroxwlrq/ uhvxowlqj lq odujh

vphdulqj h�hfwv +dv glvfxvvhg lq Fkdswhu 9,1 Vlpsoh wrsrorj| fxwv fdq uhpryh wkh h�hfw ri

dgglwlrqdo mhwv lq wkh gdwd vdpsoh/ exw wkh rwkhu eldvhv pxvw eh uhpryhg lq d ohvv gluhfw

pdqqhu1

Wr holplqdwh wkh vphdulqj h�hfwv ri mhw uhvroxwlrq/ wkh uhvsrqvh fruuhfwlrq pxvw eh

h{suhvvhg lq whupv ri d yduldeoh wkdw lv vwurqjo| fruuhodwhg wr mhw H6e@r/ |hw lv phdvxuhg

zlwk pxfk kljkhu dffxudf|1 Wkh mhw hqhuj| hvwlpdwru

H� @ H�
A
� frvk ���e|� +71;,

vdwlv�hv erwk fulwhuld1 Iuhhg ri uhvroxwlrq eldvhv/ wkh uhvsrqvh dv d ixqfwlrq ri H� wkhq

pdsv wr H6e@r elq e| elq1 Pruh vshfl�fdoo|/ wkh uhvsrqvh rq dq lqwhuydo ^H�

�>H
�

2` htxdov wkh

uhvsrqvh dw wkh dyhudjh ydoxh ri H6e@r rq wkdw vdph H� lqwhuydo/ dv looxvwudwhg lq Iljxuh 71441

71515 PSI Uhvxowv

Fdofxodwhg lq hdfk uhjlrq ri wkh fdorulphwhu/ wkh PSI uhvsrqvh h{klelwv juhdw vwdelolw|

wkurxjkrxw wkh hqwluh svhxgrudslglw| udqjh1 Glvsod|hg dv d ixqfwlrq ri mhw hqhuj|/ wkh

uhvsrqvh fxuyh +Iljxuh 7145, ehkdyhv lq d kljko| olqhdu pdqqhu deryh 433 JhY exw ghfuhdvhv

vkduso| dw orzhu hqhujlhv1 Wkh xqfhuwdlqw| rq wkh uhvsrqvh sdudphwhul}dwlrq +vrolg olqhv,

grplqdwhv wkh hqhuj| vfdoh huuru dw kljk hqhuj|1

Iljxuh 7145 ghulyhv iurp wkh
s
v @ 4;33 JhY gdwd vhw1 D frpsdulvrq ri 963 JhY gdwd wr

wklv odujhu vdpsoh +Iljxuh 7146, uhyhdov qr vljql�fdqw fkdqjh zlwk gl�huhqw fhqwhu�ri�pdvv

hqhuj|1

716 Wkh Vkrzhulqj Fruuhfwlrq

Diwhu wkh �qdo0vwdwh sduwrqv ri dq lqwhudfwlrq kdgurql}h/ wkh uhvxowlqj sduwlfohv vwulnh wkh

GÛ ghwhfwru dqg lqlwldwh d fdvfdgh ri vhfrqgdu| sduwlfohv wkdw sursdjdwhv wkurxjk wkh

fdorulphwhu1 D frqh vxuurxqglqj wkh lqlwldo sduwlfohv pd| qrw eh odujh hqrxjk wr frqwdlq

doo wkh vhfrqgdulhv1 Frqyhuvho|/ sduwlfohv zlwk yhfwruv rxwvlgh wkh frqh pd| lqlwldwh d
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Iljxuh 7144= +Wrs, Pdsslqjv ri uhvsrqvh wr wkh hqhuj| hvwlpdwru/ dqg ri wkh phdvxuhg mhw
hqhuj| wr wkh hqhuj| hvwlpdwru1 +Erwwrp, Sdudphwulf vlpxodwlrq ri mhw uhvsrqvh1 Udqgrp
plvuhsuhvhqwdwlrqv ri wkh mhw hqhuj| +rshq flufohv, vlpxodwh wkh h�hfwv ri �qlwh mhw uhvroxwlrq
rq wkh uhvsrqvh ghwhuplqdwlrq1 Xvh ri wkh hqhuj| hvwlpdwru H� +�oohg flufohv, holplqdwhv wkh
uhvroxwlrq h�hfw uhodwlyh wr wkh lqsxw glvwulexwlrq +vrolg olqh,1
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Iljxuh 7145= Wkh GÛ fdorulphwhu uhvsrqvh +U, iru wkh fhqwudo +rshq flufohv, dqg hqg uhjlrqv
+�oohg flufohv,1 Gdwd iru wkh wrs dqg erwwrp sorwv duh lghqwlfdo/ rqo| wkh vfdoh ri wkh {0d{lv
kdv fkdqjhg1 D vlqjoh Prqwh Fduor srlqw +vwdu, frqvwudlqv wkh kljk0HA ehkdylru ri wkh
uhvsrqvh sdudphwhul}dwlrq1
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EÂ (GeV)

R
je

t

CC

EÂ (GeV)

R
je

t

EC

Iljxuh 7146= Frpsdulvrq ri wkh uhvsrqvh ehwzhhq fhqwhu�ri�pdvv hqhujlhv1 Lq wkh uhjlrq
deryh 53 JhY +zklfk lqfoxghv doo ri wkh lqfoxvlyh mhw furvv vhfwlrq gdwd, wkh wzr gdwd vhwv
pdwfk1
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fdvfdgh wkdw xowlpdwho| ghsrvlwv hqhuj| lqvlgh wkh frqh1 Ehfdxvh wkhruhwlfdo mhw furvv vhfwlrq

suhglfwlrqv frqvlghu mhwv zlwkrxw vkrzhulqj h�hfwv/ wkh gdwd pxvw eh fruuhfwhg edfn wr wklv

vdph ohyho +wkh vr�fdoohg �sduwlfoh ohyho�,1 Wkh vkrzhulqj fruuhfwlrq frpshqvdwhv iru wkh

 rz ri hqhuj| lqwr dqg rxw ri wkh mhw frqh gxulqj wkh fdvfdgh wkurxjk wkh fdorulphwhu/

|lhoglqj rqo| wkh hqhuj| ri wkh sduwlfohv wkdw ehjdq zlwklq wkh frqh1

Wkh udwlr ri hqhuj| zlwklq d 31: frqh wr wkh hqhuj| lq d odujhu frqh ghwhuplqhv wkh

iudfwlrq ri hqhuj| hvfdslqj wkh mhw frqh gh�qlwlrq/ surylghg wkh vhfrqg udglxv lv vx!flhqwo|

odujh wr hqfrpsdvv doo vkrzhu hqhuj|1 Whvw ehdp gdwd ghprqvwudwhv wkdw rq dyhudjh d vlqjoh

kdgurq zloo ghsrvlw pruh wkdq <<18( ri lwv hqhuj| zlwklq d 317 udglxv frqh +fruuhvsrqglqj

wr dssur{lpdwho| 53� lq d}lpxwkdo dqjoh,1 Wklv phdvxuhphqw dqg wkh UPV zlgwkv ri mhwv

lq sk|vlfv gdwd +Iljxuh 7147, lqglfdwh d vhfrqg frqh ri udglxv 413 zloo frqwdlq doo vhfrqgdu|

sduwlfohv1

Sk|vlfv gdwd dorqh fdqqrw uhyhdo wkh dprxqw ri rxwulglqj hqhuj| gxh wr sduwlfohv rxwvlgh

wkh frqh ehiruh vkrzhulqj> lqvwhdg/ d Prqwh Fduor hyhqw jhqhudwru +KHUZLJ, uhvroyhv wkh

dpeljxlw|1 Vwxg|lqj wkh gdwd lq wzr mhw frqh vl}hv/ gh�qh

I(@|@ @
H-'��f

H-'f�.
> +71<,

vxfk wkdw wkh h{suhvvlrq uhsuhvhqwv

I(@|@ @
M. . wuxh rxw�ri�frqh . qhw vkrzhulqj Orvv

M.
+7143,

@
M. .Rxw. O

M.
= +7144,

Khuh/ M. lv/ e| gh�qlwlrq/ wkh hqhuj| zlwklq wkh U @ 3=: frqh1 Wkh whup �wuxh rxw�ri�frqh�

lqglfdwhv wkh hqhuj| iurp sduwlfohv zkrvh yhfwruv zhuh qrw lqvlgh wkh frqh erxqgdu|/ dqg

wkxv vkrxog qrw eh uhfryhuhg1 Gluhfw phdvxuhphqwv ri I(@|@ lqglfdwh wkdw <9=:( ri doo

hqhuj| lq U @ 4=3 olhv zlwklq wkh 3=: frqh erxqgdu|1

Wr ghwhuplqh wkh vkrzhulqj fruuhfwlrq zlwk wkh irup

4

V
@

M. . O

M.
> +7145,
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wkh Prqwh Fduor hyhqwv pxvw surylgh

I�� @
M. .Rxw

M.
= +7146,

E| dgglqj dqg vxewudfwlqj M dqg Rxw iurp Htxdwlrq 7145/ lw pd| eh wudqviruphg wr

4

V
@ I(@|@ � I�� . 4= +7147,

Iljxuh 7148 ghslfwv wkh vkrzhulqj fruuhfwlrq idfwru +V, iru U @ 3=: frqhv dw vhyhudo svhx0

grudslglwlhv +dv ghwhuplqhg dw
s
v @ 4;33 JhY,1 Dw

s
v @ 963 JhY/ wkh revhuyhg dyhudjh

zlgwk ri mhwv ghfuhdvhv> wkxv/ wkh h{shfwhg vkrzhulqj fruuhfwlrq lv vpdoohu wkdq wkdw dw 4;33

JhY1 Wkh vpdoo vl}h ri wkh fruuhfwlrq idfwru lq wkh fhqwudo uhjlrq lqglfdwhv wkdw olwwoh +li

dq|, fkdqjh frxog rffxu zlwk d fkdqjh lq
s
v hqhuj|1

717 Vxppdu|

Wkh mhw hqhuj| vfdoh fruuhfwlrq wdnhv wkh irup

H @
H6e@r �R

U � V > +7148,

zkhuh wkh ghwhfwru hqhuj| lv prgl�hg e| wkh R�vhw/ Uhvsrqvh/ dqg Vkrzhulqj whupv1 Wkh

r�vhw fruuhfwv iru fdorulphwhu h�hfwv/ h{wud lqwhudfwlrqv/ dqg xqghuo|lqj hyhqw hqhuj|1 Dv

wkh sulpdu| fruuhfwlrq/ wkh uhvsrqvh uhvfdohv phdvxuhg mhw hqhuj| wr dffrxqw iru voljkwo|

qrq�olqhdu fkdujh ghsrvlwlrq lq oltxlg dujrq dqg wkh h�hfw ri xqlqvwuxphqwhg pdwhuldo lq

wkh fdorulphwhu1 Ilqdoo|/ wkh vkrzhulqj fruuhfwlrq uhwxuqv wr wkh mhw dq| hqhuj| wkdw pd|

kdyh fdvfdghg rxwvlgh wkh qrplqdo frqh erxqgdu|1

Wkh hqhuj| vfdoh fruuhfwlrq grplqdwhv wkh xqfhuwdlqw| ri wkh �qdo mhw furvv vhfwlrq1 Dw

orz HA/ wkh q 583 PhY xqfhuwdlqw| rq wkh r�vhw fruuhfwlrq gulyhv wkh wrwdo huuru/ zkloh

dw wkh rwkhu hqg ri wkh vshfwuxp/ wkh xqfhuwdlqw| lv gulyhq e| wkh uhvsrqvh xqfhuwdlqw|1

+H{whqghg glvfxvvlrqv ri wkh xqfhuwdlqwlhv lq wkh furvv vhfwlrq ghwhuplqdwlrq duh uhvhuyhg

iru Fkdswhu :1,
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Iljxuh 7147= Mhw UPV zlgwk yhuvxv phdvxuhg mhw hqhuj|/ iru erwk fhqwhu�ri�pdvv hqhujlhv1
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Iljxuh 7148= Vkrzhulqj fruuhfwlrq dv d ixqfwlrq ri mhw hqhuj| iru erwk fhqwhu�ri�pdvv hqhu0
jlhv1 Wkh fruuhfwlrq lqfuhdvhv voljkwo| dv d ixqfwlrq ri mhw svhxgrudslglw|1



;;



Fkdswhu 8

Furvv Vhfwlrq Dqdo|vlv

�Frzdugv fdq jr qr ixuwkhu1�
� Qduxndjdpl

Wklv fkdswhu irfxvhv rq wkh ixoo dqdo|vlv ri mhw gdwd1 Iru erwk
s
v @ 963 dqg 4;33 JhY/

hyhqwv sdvv wkurxjk wkh uhfrqvwuxfwlrq/ hqhuj| vfdoh fruuhfwlrq/ dqg srvw�surfhvvlqj dojr0

ulwkpv1 Wr plqlpl}h uhgxqgdqf|/ wkh lqglylgxdo glvfxvvlrqv lq wklv fkdswhu zloo irfxv rq

gdwd iurp hlwkhu rqh
s
v hqhuj| ru wkh rwkhu/ ghvfulelqj wkh pruh frpsolfdwhg ri wkh wzr1

Wkh lqfoxvlyh gl�huhqwldo mhw furvv vhfwlrq ghvfulehv wkh suredelolw| ri surgxflqj d

kdgurqlf mhw zlwk d jlyhq HA1 Ehfdxvh gdwd duh froohfwhg dv glvfuhwh hyhqwv/ wkh dqdo|0

vlv lv shuiruphg lq whupv ri klvwrjudp elqv1 Wkh h{shulphqwdo irupxod iru wkh furvv vhfwlrq

lv wkxv jlyhq e| ���� g2��e|g� gHA

����
3f�D	#	f�D

@
QU O gw � � ��HA ���

> +814,

zkhuh wkh qxpehu ri mhwv lq d elq +Q,/ lv vfdohg e| wkh wlph�lqwhjudwhg oxplqrvlw| +
U O gw,/

wkh gdwd vhohfwlrq h!flhqf| +�,/ dqg wkh elq vl}h lq HA dqg �1 Wklv uhvxow |lhogv wkh �udz�

furvv vhfwlrq/ zklfk pxvw vxevhtxhqwo| eh fruuhfwhg iru vphdulqj h�hfwv +Fkdswhu 9,1

814 Wkh Oxplqrvlw| Fdofxodwlrq

Wklv vhfwlrqW glvfxvvhv wkh phwkrgrorj| xvhg wr fdofxodwh wkh lqvwdqwdqhrxv oxplqrvlw| dqg

wkh wlph0lqwhjudwhg oxplqrvlw|1 Wkh �uvw txdqwlw| ghvfulehv wkh qxpehu ri s�s furvvlqjv wkdw
W Pdmru sruwlrqv ri wklv vhfwlrq zhuh ruljlqdoo| sxeolvkhg dv Ihuplode Whfkqlfdo Phprudqgxp 5333/ �Wkh
GÛ Oxplqrvlw| Prqlwru Frqvwdqw iru

I
r ' S�f BiVc� M1Nudqh/ M1Edqwo|/ G1Rzhq/ Dsu1 48/ 4<<: dqg dv

GÛ Qrwh 6555 zlwk vdph gdwh dqg wlwoh1

;<
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rffxu lq wkh ehdp shu vhfrqg1 Wkh vhfrqg txdqwlw| lv d phdvxuh ri wkh wrwdo qxpehu ri

furvvlqjv wkdw zhuh srwhqwldoo| revhuydeoh e| wkh ghwhfwru gxulqj wkh ixoo gdwd froohfwlrq

shulrg1

Ehfdxvh ri wkh �qlwh dffhswdqfh ri wkh GÛ ghwhfwru dqg wkh �qlwh wrwdo s�s furvv vhf0

wlrq/ qrw hyhu| s�s furvvlqj uhvxowv lq dq revhuyhg hyhqw1 Wkh Oxplqrvlw| Prqlwru Frq0

vwdqw/ �OÛ/ vfdohv wkh phdvxuhg lqwhudfwlrqv shu vhfrqg lqwr wkh oxplqrvlw| +jlyhq lq furvv0

lqjv�fp32�vhf3�,1 Dv ghvfulehg lq odwhu fkdswhuv/ wkh qrupdol}dwlrq xqfhuwdlqw| ri wkh

lqfoxvlyh mhw furvv vhfwlrq lv sulpdulo| gulyhq e| �OÛ= Wklv frqvwdqw uhsuhvhqwv erwk wkh

suredelolw| ri dq lqwhudfwlrq dqg wkh olnholkrrg ri wkh ghwhfwru wr revhuyh wkh lqwhudfwlrq1

Wkh Ohyho Û ghwhfwru frqvlvwv ri wzr duud|v ri vflqwloodwlqj wlohv vxuurxqglqj wkh Whyd0

wurq ehdpslsh dqg sodfhg 473 fp iurp wkh fhqwhu ri wkh ghwhfwru dorqj wkh ehdp d{lv1

Wkhvh krgrvfrshv lqwhufhsw orz�dqjoh sduwlfohv jhqhudwhg e| lqhodvwlf ss froolvlrqv1 Qhduo|

vlpxowdqhrxv klwv lq wkh lqqhuprvw wlohv ri Ohyho Û +fdoohg �jrrg IDVW ] klwv�, ghwhuplqh

wkh suhvhqfh ri d kdug vfdwwhulqj lqwhudfwlrq qhdu wkh fhqwhu ri wkh GÛ ghwhfwru1 Wkh rxw0

huprvw wlohv lqfuhdvh wkh jhrphwulf dffhswdqfh ri wkh krgrvfrshv voljkwo| dqg �jrrg VORZ

] klwv� duh xvhg lq r"lqh dqdo|vhv1

Wkh lqvwdqwdqhrxv oxplqrvlw| lv jlyhq e|

O @
U

�OÛ
> +815,

zkhuh U lv wkh dyhudjh qxpehu ri +IDVW ], lqwhudfwlrqv shu vhfrqg dqg

�OÛ @ �OÛikdoriPVG+�VG�VG . �GG�GG . �KF�KF,1 +816,

Khuh/ wkh lqhodvwlf ss furvv vhfwlrq kdv ehhq vsolw lqwr wkuhh frpsrqhqwv +vlqjoh gl�udfwlyh/

grxeoh gl�udfwlyh/ dqg kdug0fruh, ehfdxvh wkh jhrphwulf dffhswdqfh +��, iru hdfk surfhvv

gl�huv juhdwo|1 Wkh kdor dqg pxowlsoh vlqjoh gl�udfwlyh fruuhfwlrq idfwruv +ikdor dqg iPVG,

duh doprvw qhjoljleoh lq wkh udqjh ri orz oxplqrvlwlhv h{shulhqfhg gxulqj wkh orz0hqhuj|

uxq/ exw wkh| duh lqfoxghg iru frpsohwhqhvv1 Ilqdoo|/ wkh kdugzduh h!flhqf| +�OÛ, zdv

fdofxodwhg dv d frqvwdqw zlwk uhvshfw wr oxplqrvlw| gxh wr wkh olplwhg oxplqrvlw| udqjh1
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Wkh oxplqrvlw| prqlwru frqvwdqw pd| eh lqwhusuhwhg dv wkh sruwlrq ri wkh lqhodvwlf furvv

vhfwlrq revhuydeoh e| wkh GÛ ghwhfwru/ wkxv �OÛ lv vrphwlphv fdoohg wkh Ohyho Û ylvleoh

furvv vhfwlrq1

Gxulqj hdfk exqfk furvvlqj/ }hur lqwhudfwlrqv/ rqh lqwhudfwlrq/ ru pruh wkdq rqh lqwhudf0

wlrq pd| rffxu1 Ehfdxvh wkh Ohyho Û krgrvfrshv fdqqrw glvwlqjxlvk ehwzhhq rqh lqwhudfwlrq

dqg vhyhudo lqwhudfwlrqv/ wkh dfwxdo hyhqw udwh U pxvw eh lqihuuhg iurp wkh Ohyho Û frxqw0

lqj udwh UOÛ1 Iurp Srlvvrq vwdwlvwlfv/ jlyhq wkh dyhudjh qxpehu ri lqwhudfwlrqvW shu ehdp

furvvlqj �/ wkh suredelolw| ri }hur lqwhudfwlrqv lq rqh furvvlqj lv

Sf @ h3>> +817,

dqg Ohyho Û frxqwlqj udwh lv wkhq

UOÛ @
4� Sf

�
> +818,

zkhuh � lv wkh wlph ehwzhhq exqfk furvvlqjv/ 683 �vhf1 Frpelqlqj Htxdwlrqv 817 dqg 818/

wkh wuxh udwh pd| eh h{suhvvhg dv

U @
�

�
@
� oq +4�UOÛ�,

�
> +819,

dqg wkh lqvwdqwdqhrxv oxplqrvlw|/ lq whupv ri phdvxudeoh ydoxhv/ ehfrphv

O @
� oq+4�UOÛ�,

�OÛ�
= +81:,

81414 Fdofxodwlrq ri s�s Furvv Vhfwlrq Ydoxhv

Fdofxodwlrq ri wkh Ohyho Û furvv vhfwlrq uhtxluhv d phdvxuhphqw ri wkh vlqjoh gl�udfwlyh/

hodvwlf/ dqg wrwdo furvv vhfwlrqv +�VG/ �HO/ dqg �WRW, dw wkh lqwhqghg fhqwhu ri pdvv hqhuj|1

Iru
s
v @ 4;33 JhY/ wkh zruog dyhudjh furvv vhfwlrq ydoxhv zhuh frpsxwhg xvlqj sxeolvkhg

gdwd ^58`^59` iurp FGI dqg H:431 Ehfdxvh wkh uhvxowv ri wkh wzr h{shulphqwv gr qrw

djuhh zhoo/ wkh xqfhuwdlqw| rq wkh dyhudjh ydoxh zdv lqfuhdvhg ^5:` e| d idfwru ri "1 Wkh

fdofxodwlrq ri wkh oxplqrvlw| prqlwru frqvwdqw iru wkh orz hqhuj| uxq/ zkloh vlplodu ^5:`^5;`
W Wkh dfwxdo qxpehu ri lqwhudfwlrqv shu ehdp furvvlqj uhpdlqv lqghwhuplqdwh iru wklv fdofxodwlrq1 Jlyhq dq
lqvwdqwdqhrxv oxplqrvlw|/ wkh dyhudjh qxpehu ri h{shfwhg ylvleoh lqwhudfwlrqv lv > ' n�jOÛ 1
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d e Fry+d> e,

�WRW 3=577:	 3=3868 55=887	 ;=:44 �3=797
�HO 5=874	 3=878 �4<=3:3	 9=<<5 �6=;7
�VG 3=86;	 3=746 4=7:4	 9=343 �5=7;

Wdeoh 814= Ilw sdudphwhuv/ huuruv/ dqg fryduldqfh iru wkh Zruog Dyhudjh furvv vhfwlrqv1

�WRW 96=556	 3=;5< pe
�HO 46=9;6	 3=5<3 pe
�VG ;=765	 3=974 pe

Wdeoh 815= Fdofxodwhg furvv vhfwlrqv dqg xqfhuwdlqwlhv dw
s
v @ 963 JhY1

wr wkh 4;33 JhY fdofxodwlrqv/ vx�huhg iurp d voljkwo| gl�huhqw frpsolfdwlrq= d frpsohwh

vhw ri wkuhh furvv vhfwlrqv grhv qrw h{lvw dw
s
v @ 963 JhY1

Wkh qhduhvw frpsohwh vhw ri phdvxuhphqwv ^58`^5<`^63` zdv rewdlqhg dw d fhqwhu0ri0pdvv

hqhuj| ri 879 JhY1 Wklv vhfwlrq ghwdlov wkh phwkrgrorj| xvhg wr lqwhusrodwh wkh furvv

vhfwlrq ydoxhv ehwzhhq 879 dqg 4;33 iru xvh dw 963 JhY1

Lq wkh olwhudwxuh/ wkh wrwdo ss furvv vhfwlrq lv h{shfwhg ^63`^64` wr iroorz d oq 2v ghshq0

ghqfh1 Lq frqwudvw/ wkh hodvwlf dqg vlqjoh gl�udfwlyh furvv vhfwlrqv reh| dq revhuyhg ^65` oq v

ghshqghqfh1 D wzr sdudphwhu irup +d oq? v. e, zdv xvhg wr lqwhusrodwh hdfk furvv vhfwlrq/

zkhuh q kdg d ydoxh ri 5 wr �w wkh wrwdo furvv vhfwlrq dqg 4 rwkhuzlvh1 Ehfdxvh wkh wdujhw

srlqw ri wkh lqwhusrodwlrq lv yhu| forvh wr rqh hqg0srlqw ri wkh �w/ wkh huuru dw 963 JhY lv

odujho| gulyhq e| wkh huuru dw 879 JhY1 Iljxuh 814 glvsod|v wkh uhvxowv ri wkh �wv1 Wdeoh 814

olvwv wkh �w sdudphwhuv/ wkh xqfhuwdlqw| rq wkh sdudphwhuv/ dqg wkh fryduldqfh ehwzhhq d

dqg e iru wkh wkuhh furvv vhfwlrqv1 Wdeoh 815 vxppdul}hv wkh ydoxhv dqg xqfhuwdlqwlhv irxqg

iru �VG/ �HO/ dqg �WRW dw
s
v @ 963 JhY=

Wkh �w wr wkh wrwdo furvv vhfwlrq zdv frpsduhg wr wkh uhvxow rewdlqhg e| wkh XD725

Frooderudwlrq ^64` xvlqj d pruh frpsolfdwhg ; sdudphwhu �w1 XD725 prghohg wkh
s
v

hyroxwlrq ri wkh wrwdo ss furvv vhfwlrq iurp 8 wr 879 JhY zlwk glvshuvlrq uhodwlrqv dqg 436

gdwd srlqwv1 Wkh| h{wudsrodwhg wkhlu ehvw �w wr doo gdwd wr OKF dqg VVF hqhujlhv> wkhlu

lqwhuphgldwh srlqwv duh vkrzq lq Iljxuh 8151 Wkh XD725 ehvw �w srlqwv dw 879/ <33/ dqg

4;33 JhY duh lq h{fhoohqw djuhhphqw zlwk wkh vlpsohu �w wr wkh wrwdo furvv vhfwlrq xvhg
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Iljxuh 814= Wkh uhvxowv ri lqwhusrodwlrq iru wkh +d, wrwdo/ +e, hodvwlf/ dqg +f, vlqjoh gl�udfwlyh
ss furvv vhfwlrqv1 Wkh vwduv ghqrwh wkh zruog dyhudjh furvv vhfwlrqv dw 879 dqg 4;33 JhY/
zkloh wkh vtxduhv lqglfdwh wkh lqwhusrodwhg srlqwv dw

s
v @ 963 JhY1 Wkh gdvkhg olqh

uhsuhvhqwv wkh wzr sdudphwhu �w1
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�VG ;1765 	 31974 pe
�GG 415<< 	 3156; pe
�KF 6<1;43 	 41446 pe

Wdeoh 816= Wkh fdofxodwhg frpsrqhqwv ri wkh lqhodvwlf s�s furvv vhfwlrq1

iru wkh �OÛ fdofxodwlrq1 Wr hvwlpdwh wkh xqfhuwdlqw| ri lqwhusrodwlrq gxh wr wkh vlpsoh

ixqfwlrqdo irup ri wkh prgho xvhg lq wkh �OÛ fdofxodwlrq/ wkh yduldqfh ehwzhhq wkh XD725

h{wudsrodwlrq dqg wkh vlpsoh lqwhusrodwlrq +3=56(, lv lqfoxghg dv dq huuru lq txdgudwxuh

zlwk wkh rwkhu �wwlqj xqfhuwdlqwlhv11

Dv ghwdlohg lq uhihuhqfh ^5:`/ wkh grxeoh�gl�udfwlyh dqg kdug�fruh frpsrqhqwv ri wkh ss

furvv vhfwlrq duh fdofxodwhg iurp wkh zruog dyhudjh furvv vhfwlrqv1 Wkh uhvxowlqj ydoxhv duh

suhvhqwhg lq Wdeoh 8161

81415 Jhrphwulf Dffhswdqfh ri Ohyho Û

Prqwh Fduor vwxglhv ghwhuplqh wkh dffhswdqfh ri wkh Ohyho Û krgrvfrshv e| fdofxodwlqj wkh

suredelolw| wkdw rqh ru pruh fkdujhg sduwlfohv zloo sdvv wkurxjk wkh vflqwloodwlqj wlohv1 Wkh

suredelolwlhv zhuh fdofxodwhg ^58`^66` zlwkPeu dqg GwxMhw/ wzr plqeldv hyhqw jhqhudwruv1

Vdpsohv ri 9333 hyhqwv hdfk zhuh jhqhudwhg iru hdfk ri wkh wkuhh lqhodvwlf surfhvvhv dqg

sdvvhg wkurxjk GÛJhdqw ^67` dqg GÛUhfr ^68` +wkh GÛ ghwhfwru vlpxodwru dqg uhfrq0

vwuxfwlrq dojrulwkpv/ uhvshfwlyho|,1 Wkh uhvxowv duh vxppdul}hg lq Iljxuh 8171 Wkh Peu

Prqwh Fduor surjudp udqgrpo| vhohfwv d gl�udfwhg sduwlfoh lq VG lqwhudfwlrqv/ zkloh Gwx0

Mhw jhqhudwhv hyhqwv zlwk hlwkhu wkh surwrq ru wkh dqwlsurwrq gl�udfwhg hdfk wlph1 Vrph

hyhqwv duh �orvw� gxulqj wkh Jhdqw ru Uhfr vwdjh/ exw wkh �qdo vdpsoh vl}h lq hdfk fdvh

lv qrplqdoo| 9333 hyhqwv1

Wkh uhvxowv lqglfdwh d vpdoo ghfuhdvh lq dffhswdqfh zkhq frpsduhg wr wkh uhvxowv ri

wkh
s
v @ 4;33 JhY vwxg|1 Iru hdfk vxesurfhvv/ wkh jhrphwulf dffhswdqfh ghfuhdvhg e|

4�6 shufhqw1 Wkh ghfuhdvh uhvxowv iurp orzhu sduwlfoh pxowlsolflw| ri froolvlrq surgxfwv dw
s
v @ 963 JhY1
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Iljxuh 815= Wkh zruog dyhudjh wrwdo ss furvv vhfwlrq dw 879 dqg 4;33 JhY +vwduv,/ lqwhusr0
odwhg wr 963 JhY +vtxduh,1 Wkh gdvkhg olqh lv wkh wzr sdudphwhu �w1 Wkh srlqwv iurp d
ehvw �w e| FHUQ*v XD725 Frooderudwlrq +flufohv, duh lqfoxghg iru frpsdulvrq1
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Final numbers from MBR and DTUJet
    for Level 0 Acceptance at 630 GeV CM Energy

TOTAL EVENTS good FAST Z
IN SAMPLE number percent stat error

DTUJet
Single Diffractive, proton diffracted 5997 444 7.40% 0.34%
Single Diffractive, antiproton diffracted 6000 454 7.57% 0.34%
Double Diffractive 5999 4217 70.30% 0.59%
Hard Core 6000 5778 96.30% 0.24%

MBR
Single Diffractive 5957 1102 18.50% 0.50%
Double Diffractive 5979 3946 66.00% 0.61%
Hard Core 5997 5704 95.11% 0.28%

good SLOW Z
number percent stat error

DTUJet
Single Diffractive, proton diffracted 5997 514 8.57% 0.36%
Single Diffractive, antiproton diffracted 6000 527 8.78% 0.37%
Double Diffractive 5999 4324 72.08% 0.58%
Hard Core 6000 5829 97.15% 0.22%

MBR
Single Diffractive 5957 1186 19.91% 0.52%
Double Diffractive 5979 4005 66.98% 0.61%
Hard Core 5997 5743 95.77% 0.26%

 AVERAGES FAST Z ACCEPTANCE SLOW Z ACCEPTANCE

SINGLE DIFFRACTIVE 12.99% ± 6.95% 14.35% ± 0.73%
DOUBLE DIFFRACTIVE 68.15% ± 0.85% 69.53% ± 0.84%
HARD CORE 95.71% ± 0.37% 96.46% ± 0.34%

Wdeoh 817= Vxppdu| ri jhrphwulf dffhswdqfh vwxglhv1 IDVW ] lqglfdwhv wkh qxpehu dqg
shufhqwdjh ri hyhqwv zlwk dw ohdvw rqh sduwlfoh sdvvlqj wkurxjk hdfk Ohyho Û krgrvfrsh1 +Wkh
VORZ ] qxpehuv/ lqfoxghg iru frpsohwhqhvv/ duh jhupdqh wr gdwd wuljjhuv dqg oxplqrvlw|
vwxglhv/ exw qrw wr wkh lqvwdqwdqhrxv oxplqrvlw| phdvxuhphqw1,
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Iljxuh 816= Wkh Ohyho Û kdugzduh h!flhqf| dw
s
v @ 4;33 dqg 963 JhY1 Wkh uhvlgxdo

oxplqrvlw| ghshqghqfh lv qhjoljleoh ryhu wkh oxplqrvlw| udqjh ri wkh orz�hqhuj| uxq +4 �
432H wr 6 � 43�f fp32 � vhf3�,1

81416 Ohyho Û Kdugzduh H!flhqf| dqg Oxplqrvlw|�Ghshqghqw H�hfwv

Kdugzduh H!flhqf|

Wkh phwkrg xvhg wr hydoxdwh wkh Ohyho Û kdugzduh h!flhqf| +�OÛ, lv glvfxvvhg dw ohqjwk

lq uhihuhqfh ^5;`1 Wkh vflqwloodwlqj wlohv duh ohdvw olnho| wr ghwhfw hyhqwv zlwk yhu| orz

sduwlfoh pxowlsolflw|/ uhvxowlqj lq d vpdoo oxplqrvlw| ghshqghqfh lq �OÛ1 Ehfdxvh wkh sduwlfoh

pxowlsolflw| ri lqhodvwlf froolvlrqv dw
s
v @ 963 JhY lv vpdoohu wkdq frpsdudeoh hyhqwv dw

4;33 JhY/ wkh revhuyhg ghfuhdvh lq kdugzduh h!flhqf| lv wr eh h{shfwhg1

Lq Iljxuh 816/ wkh kdugzduh h!flhqf| irxqg dw 963 JhY olhv dssur{lpdwho| vhyhq shufhqw

orzhu wkdq wkh 4;33 JhY srlqwv dw vlplodu oxplqrvlw|1 Qr dwwhpsw zdv pdgh wr lqfoxgh d

oxplqrvlw| ghshqghqfh lq wkh 963 qxpehu> wkh vlqjoh srlqw lv xvhg wkurxjkrxw wkh oxplqrvlw|

udqjh +4 � 432H wr 5=9 � 43�f fp32 � vhf3�,1
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Iljxuh 817= Wkh +d, PVG fruuhfwlrq dqg wkh +e, Kdor fruuhfwlrq dv ixqfwlrqv ri lqvwdqwd0
qhrxv oxplqrvwl|1 Wkh fruuhfwlrqv duh hdfk ohvv wkdq 3=5( dqg sduwldoo| r�vhw rqh dqrwkhu1
Glvfrqwlqxlwlhv lq wkh kdor fruuhfwlrq duh fdxvhg e| xqxvxdoo| kljk kdor udwhv lq vhyhudo
lvrodwhg uxqv1

Pxowlsoh Vlqjoh Gl�udfwlyh Hyhqwv

Lq Vhfwlrq 6/ wkh fdofxodwlrq ri wkh jhrphwulf dffhswdqfh dvvxphg doo hyhqwv zhuh vlqjoh lq0

whudfwlrqv1 D vlqjoh gl�udfwlyh hyhqw kdv d orz suredelolw| ri �ulqj erwk Ohyho Û krgrvfrshv

ehfdxvh wkh wudmhfwru| ri wkh qrq�iudjphqwhg sduwlfoh xvxdoo| uhpdlqv zlwklq wkh ehdpslsh1

Dw kljk oxplqrvlwlhv/ wzr +ru pruh, vlqjoh gl�udfwlyh hyhqwv zloo rffxu vlpxowdqhrxvo| exw

lq rssrvlwh gluhfwlrqv zlwk d fdofxodeoh suredelolw|1 Vxfk dq rffxuuhqfh plplfv d grxeoh

gl�udfwlyh hyhqw dqg vkduhv wkh pxfk kljkhu dffhswdqfh1 Dowkrxjk wkh h{suhvvlrq iru wkh

oxplqrvlw| jlyhq suhylrxvo| dffrxqwv iru pxowlsoh lqwhudfwlrqv/ lw grhv vr lq d vlpsoh zd|

wkdw qhjohfwv wkh h�hfw ri pxowlsoh vlqjoh gl�udfwlyh hyhqwv +PVG,1

Lq kljk�oxplqrvlw| hqylurqphqwv/ PVG h�hfwv fdq eh vljql�fdqw1 Gxulqj wkh 963 JhY

uxqqlqj shulrg/ wkh h�hfw ri PVG zdv pxfk ohvv surqrxqfhg +vhh Iljxuh 817 +d,,1
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Iljxuh 818= Wkh frpelqhg PGV dqg Kdor fruuhfwlrq idfwru1

Ehdp Kdor Fruuhfwlrq

Sduwlfohv ruelwlqj zlwklq wkh Whydwurq zlwk d wudmhfwru| idu iurp wkh qrplqdo exqfk fhqwhu

frpsulvh ehdp kdor1 Zkhq wkh surwrq dqg dqwlsurwrq ehdpv duh irfxvhg dw wkh fhqwhu ri

wkh ghwhfwru/ wkhvh kdor sduwlfohv fdq eh gh hfwhg rxwvlgh wkh ehdpslsh dqg wkurxjk wkh

ghwhfwru/ glvwruwlqj sk|vlfv phdvxuhphqwv1 Iru wklv uhdvrq/ �kdor hyhqwv� duh uhmhfwhg dw wkh

wuljjhu ohyho/ zlwk wkh xqiruwxqdwh frqvhtxhqfh ri glvwruwlqj oxplqrvlw| phdvxuhphqwv1 Wkh

fruuhfwlrq ghulyhg iurp phdvxuhg kdor udwhv lv vkrzq dv d ixqfwlrq ri lqvwdqwdqhrxv oxpl0

qrvlw| lq Iljxuh 817 +e,1 +Wkh h�hfw ri ehdp kdor ghshqgv rq erwk ehdp fkdudfwhulvwlfv dqg

oxplqrvlw|/ wkxv ydu|lqj iurp uxq wr uxq dv kljkoljkwhg e| wkh glvfrqwlqxlwlhv lq Iljxuh 817

+e,1 Wkh fruuhfwlrq lv dssolhg rq d uxq�wr�uxq edvlv/ exw wkh ehkdylru ri wkh fruuhfwlrq lv

ehvw ylhzhg dv d ixqfwlrq ri wkh vwurqjhu oxplqrvlw| ghshqghqfh1, Wkh frpelqhg PVG dqg

kdor fruuhfwlrqv duh olvwhg lq Iljxuh 8181 Wkh h�hfw dw doo lqvwdqwdqhrxv oxplqrvlwlhv lv ohvv

wkdq 3148(1
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Wdeoh 818= Uhvxowv iru wkh fdofxodwlrq ri wkh oxplqrvlw| prqlwru frqvwdqw dw
s
v @ 963 JhY1

81417 Oxplqrvlw| Prqlwru Frqvwdqw Vxppdu|

Wkh oxplqrvlw| prqlwru frqvwdqw zdv fdofxodwhg iru
s
v @ 963 JhY/ frqvlghulqj fkdqjhv

lq h!flhqf| gxh wr orzhu ss lqhodvwlf furvv vhfwlrqv/ gl�hulqj sduwlfoh nlqhpdwlfv/ dqg

oxplqrvlw|�ghshqghqw frqvlghudwlrqv1 Wkh vpdoo uxq�ghshqghqw kdor h�hfw zdv lqfoxghg

dqg wkh kdugzduh h!flhqf| ri wkh vflqwloodwlqj krgrvfrshv zdv uhphdvxuhg1 D qxphulf

lqwhusrodwlrq ri ss furvv vhfwlrqv ehwzhhq
s
v @ 879 dqg 4;33 JhY zdv shuiruphg eh0

fdxvh qr gluhfw phdvxuhphqwv duh dydlodeoh1 Zh �qg d �qdo oxplqrvlw|�zhljkwhg dyhudjh

�OÛ @ 67=37	 4=38 pe/ d iudfwlrqdo xqfhuwdlqw| ri 	 3=363;1

Wkh uhvxowv ri wkh lqglylgxdo frpsrqhqwv ri wkh fdofxodwlrq duh olvwhg lq Wdeoh 818 zlwk

wkh �qdo uhvxow1 Qrwh wkdw rqo| wkh fhqwudo ydoxhv duh olvwhg/ wkh PVG dqg ehdp kdor

fruuhfwlrqv gr ydu| voljkwo| zlwk lqvwdqwdqhrxv oxplqrvlw|1

81418 Wkh Wlph�Lqwhjudwhg Oxplqrvlw|

Iru furvv vhfwlrq dqdo|vhv/ wkh lqwhjudwhg oxplqrvlw| wdnhv sulph lpsruwdqfh/ vhwwlqj wkh

vfdoh ri wkh phdvxuhphqw1 Vwulfwo| vshdnlqj/ �lqwhjudwhg oxplqrvlw|� lv vrphwklqj ri d

plvqrphu/ wuxh rqo| lq wkh olplw wkh wlph ehwzhhq ehdp furvvlqjv dssurdfkhv }hur1 Wkh ox0

plqrvlw| vxp lv fdofxodwhg iru hdfk wuljjhu wr dffrxqw iru lqglylgxdo suhvfdohv dqg ghdgwlphv

+fi Fkdswhu 6,1

Wkh wrwdo wlph�lqwhjudwhg oxplqrvlw| iru wkh orz�hqhuj| uxq/ 86: qe3�/ zdv dffxpxodwhg

ryhu wkuhh zhhnv1 Wkh lqglylgxdo oxplqrvlw| h{srvxuh iru wkh mhw wuljjhuv ri wklv dqdo|vlv

zhuh olvwhg suhylrxvo| lq Wdeoh 6151
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815 Gdwd Vhohfwlrq H!flhqf|

Qrw doo froohfwhg hyhqwv frqwdlq ydolg mhw gdwd1 Vhyhudo gl�huhqw skhqrphqd ghsrvlw hqhuj|

lq wkh fdorulphwhu dqg pd| lplwdwh d mhw hyhqw=

� frvplf ud|v sdvvlqj wkurxjk wkh fdorulphwhu gxulqj d ehdp furvvlqj

� dfwlylw| lq wkh Pdlq Ulqj

� ehdp kdor +Whydwurq qrlvh,

� vsdunv ru fdvfdglqj qrlvh lq wkh fdorulphwhu ru uhdg�rxw hohfwurqlfv

� hohfwurqv ru skrwrqv plvlghqwl�hg dv mhwv1

D vhw ri fulwhuld uhpryh wkhvh edfnjurxqg �idnhv� iurp wkh vdpsoh1 Fdoohg hyhqw dqg

mhw vhohfwlrq fxwv/ txdolw| fxwv/ ru vlpso| �fxwv/� wkhvh fulwhuld dovr uhpryh vrph sruwlrq ri

wkh vljqdo vdpsoh/ uhvxowlqj lq d gh�flw lq wkh phdvxuhg furvv vhfwlrq1 Zlwk nqrzohgjh ri

wkh mhw fxw h!flhqf| +ghqrwhg �,/ d fruuhfwlrq wr wkh uhpdlqlqj mhw vdpsoh holplqdwhv wkh

gh�flw/ dv lq Htxdwlrq 8141 Wkh vhohfwlrq fxwv pd| lqydolgdwh dq hqwluh hyhqw/ ru rqo| rqh

ri wkh mhwv zlwklq dq hyhqw1

Hdfk vhohfwlrq fxw lpsrvhv d uhvwulfwlrq rq vrph mhw ru hyhqw yduldeoh1 Wkh h!flhqf|

ri hdfk fxw lv ghwhuplqhg e| wkh glvwulexwlrq ri hdfk yduldeoh ehiruh dqg diwhu wkh fxw>

wkh elqrpldo huuru irupxod +fi Dsshqgl{ E, ghvfulehv wkh vwdwlvwlfdo xqfhuwdlqwlhv ri wkh

h!flhqflhv1 Wkh fxw h!flhqflhv duh ghwhuplqhg zlwk d uhodwlyho| sxuh mhw vdpsoh wr dyrlg

edfnjurxqg frqwdplqdwlrq lq hdfk glvwulexwlrq1 Wkh iroorzlqj vxevhfwlrqv ghvfuleh wkh

vhohfwlrq fulwhuld> d olvwlqj ri wkh h!flhqflhv lv uhvhuyhg iru wkh vxppdu| dw wkh hqg ri wklv

vhfwlrq1

81514 Hyhqw Vhohfwlrq

Wzr hyhqw fulwhuld ydolgdwh mhw hyhqwv= wkh plvvlqj HA fxw dqg wkh yhuwh{ fxw1 Wkh prvw

srzhuixo fulwhulxp lq TFG sk|vlfv dw GÛ/ wkh plvvlqj HA +9HA, fxw uhpryhv prvw ri wkh
edfnjurxqg gxh wr frvplf ud|v dqg qrlvh1 Wkh yhuwh{ fxw grhv qrw uhpryh edfnjurxqg>

lqvwhdg/ lw hqvxuhv jrrg HA uhvroxwlrq iru vxevhtxhqw dqdo|vlv1
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Wkh Plvvlqj HA Fxw

Frvplf ud|v vwulnlqj wkh GÛ fdorulphwhu ghsrvlw odujh dprxqwv ri hqhuj| lq wkh fhoov/ vlp0

lodu wr wkh hqhuj| ghsrvlwv ri kdgurqlf mhwv1 Xqolnh mhwv/ wkh frvplf ud| HA lv qrupdoo|

xqedodqfhg1 Li/ iru lqvwdqfh/ wkh frvplf ud| vwulnhv wkh fdorulphwhu dv lq Iljxuh 819/ wkh

odfn ri dfwlylw| rq wkh ohiw�kdqg�vlgh ri wkh fdorulphwhu uhvxowv lq 9HA ri htxdo pdjqlwxgh wr

wkh frvplf ud| HA1 Hyhq li wkh frvplf ud| wudmhfwru| kdg sdvvhg wkurxjk wkh h{dfw fhqwhu

ri wkh fdorulphwhu +dqg wkh ehdpslsh,/ wkh hqhuj| ghsrvlwlrq sdwwhuq
�
_.

_%

�
lv lqfrqvwdqw/

dqg xvxdoo| uhvxowv lq odujh 9HA1 Vrph sk|vlfv hyhqwv uhvxow lq +ydolg, qrq�}hur 9HA/ exw wkh
grplqdqw surfhvv lq wkh lqfoxvlyh mhw furvv vhfwlrq lv wkh glmhw fkdqqho +9HAr 3,> ghfd| fkdq0

qhov zlwk d vlqjoh mhw soxv rqh rwkhu remhfw +d skrwrq/ iru lqvwdqfh, h{klelw furvv vhfwlrqv

wkdw duh vhyhudo rughuv ri pdjqlwxgh vpdoohu +dovr 9HAr 3,1 H{rwlf surfhvvhv zlwk h{shfwhg

qrq�}hur 9HA rffxu hyhq ohvv iuhtxhqwo|1 Ehfdxvh TFG hyhqwv zlwk 9HAr 3 grplqdwh wkh

lqfoxvlyh mhw furvv vhfwlrq/ d fxw wkdw olplwv wkh 9HA zloo qrw dssuhfldeo| eldv wkh gdwd vdpsoh

exw zloo h�hfwlyho| uhpryh frvplf ud| edfnjurxqgv dqg qrlvh1

Iljxuh 81:/ wkh ,6@%
A

�,A
glvwulexwlrq/ uhyhdov dq h{fhvv dw xqlw| ryhu wkh vprrwk xqghu0

o|lqj vkdsh1 Khuh/ H6@%
A

uhihuv vshfl�fdoo| wr wkh mhw lq wkh hyhqw zlwk juhdwhvw HA +wkh

�ohdglqj mhw HA�,1 Prvw hyhqwv lq wkh glvwulexwlrq olh wr wkh uljkw ri wkh glvsod|hg uhjlrq

ri wkh �jxuh1 Wkh duurz lqglfdwhv wkh srvlwlrq ri wkh Plvvlqj HA Iudfwlrq fxw +vrphwlphv

ghqrwhg PHWIU, dw 41761 Wkh h!flhqf| lv ghwhuplqhg zlwk wkh duhd xqghu d ehvw��w Jdxv0

vldq +zklfk fruuhvsrqgv wr wkh qxpehu ri uhwdlqhg hyhqwv/ q,/ �w wr wkh �vljqdo lqwhuydo�

^4=76> 7=3`=

��.A8- @
q. q�

q. q� . o
= +81;,

Khuh/ q� lv wkh qxpehu ri hyhqwv zlwk PHWIU juhdwhu wkdq 713/ dqg o lv wkh duhd xqghu wkh

Jdxvvldq ehwzhhq 3 dqg 4176 +wkh hvwlpdwhg qxpehu ri orvw hyhqwv,1 Wkh elqrpldo huuru

irupxod ghwhuplqhv wkh vwdwlvwlfdo xqfhuwdlqw|1

Wr hvwlpdwh wkh pdjqlwxgh ri dq| v|vwhpdwlf eldvhv/ d vhfrqg �w lv shuiruphg rq wkh lq0

whuydo ^3=3> 7=3` zlwk d grxeoh�Jdxvvldq irup/ zkhuh wkh dgglwlrqdo Jdxvvldq lv frqvwudlqhg
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Iljxuh 819= Looxvwudwlrq ri d frvplf ud| hyhqw +fdorulphwhu ylhzhg dorqj lwv d{lv/ ehdpslsh
lq fhqwhu,1 Vrph sruwlrq ri wkh frvplf ud| hqhuj| zloo eh lqwhusuhwhg dv d mhw +ru vhyhudo
mhwv,1
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wr kdyh d phdq ri rqh1 Wkh grxeoh�Jdxvvldq |lhogv d srru "2/ exw kdv wkh dgydqwdjh

ri prghoolqj wkh revhuyhg glvwulexwlrq wkurxjkrxw wkh hqwluh udqjh1 Wkh h!flhqf| lv uh0

fdofxodwhg iurp wkh qhz fxuyh/ dqg wkh gl�huhqfh iurp wkh qrplqdo uhvxow +Htxdwlrq 81;,

ehfrphv wkh v|vwhpdwlf huuru1

Lq hyhqwv zlwk yhu| kljk�HA mhwv/ wkh 9HA fxw orvhv vrph ri lwv h�hfwlyhqhvv1 Rffdvlrqdoo|/
dq dqdo|vlv uhtxluhv d �wljkwhu� fxw wkdq xvxdo/ exw qhyhu kljkhu wkdq 6=661 Rwkhu dqdo|vhv

uhtxluh vshfl�f hyhqw wrsrorjlhv/ uhqghulqj wkh 9HA fxw xvhohvv1

Uhyhuwh{lqj dqg wkh Yhuwh{ Fxw

Ehfdxvh wkh ohqjwk ri wkh surwrq dqg dqwlsurwrq exqfkhv lv qrq0}hur/ wkh lqwhudfwlrq yhuwh{

iuhtxhqwo| rffxuv r�0fhqwhu uhodwlyh wr wkh ghwhfwru*v qrplqdo } @ 3 srlqw1 Gxulqj wkh orz

hqhuj| uxq/ wkh Whydwurq exqfkhv pdlqwdlqhg d w|slfdo ohqjwk ri 63 fp1 Wkh lqwhudfwlrq

yhuwh{ srvlwlrq/ zhoo0prghohg e| d Jdxvvldq glvwulexwlrq/ dsshduv lq Iljxuh 81; iru hdfk ri

wkh wkuhh wuljjhuv xvhg lq wkh
s
v @ 963 JhY dqdo|vlv1

Wkh kljk�oxplqrvlw| hqylurqphqw dw
s
v @ 4;33 JhY uhvxowhg lq pdq| pxowlsoh lqwhudf0

wlrq hyhqwv lq wkh gdwd vhw1 Lqkhuhqw lq wkh suhvhqfh ri dgglwlrqdo yhuwlfhv lv wkh srvvlelolw|

ri vhohfwlqj wkh zurqj yhuwh{ dv wkh sulpdu| iru wkh hyhqw/ uhvxowlqj lq dq huurqhrxv HA

fdofxodwlrq1 Wkh GÛ uhfrqvwuxfwlrq dojrulwkp dwwhpswv wr vhohfw wkh prvw olnho| sulpdu|

yhuwh{ +ru yhuwlfhv, edvhg rq wkh kljkhvw pxowlsolflw| ri wudfnv lq wkh Fhqwudo Guliw Fkdpehu/

exw wkh sulpdu| yhuwh{ grhv qrw dozd|v srvvhvv wkh kljkhvw pxowlsolflw| ri wudfnv1 Wr dyrlg

plvwdnhv lq wkh fdvh ri pxowlsoh sulpdu| yhuwlfhv/ dq r"lqh uhyhuwh{lqj dojrulwkp uhvroyhv

dpeljxlw| e| �qglqj wkh yhuwh{ wkdw plqlpl}hv wkh 9HA1 Ehfdxvh wkh 9HA lv uhfdofxodwhg rqo|

dssur{lpdwho| zlwk mhw edodqflqj/ wkh surfhgxuh lv riwhq fdoohg �+yhfwru, KA plqlpl}dwlrq/�

zkhuh wkh txdqwlw| �KA lv wkh yhfwru vxpW ri doo mhw �HA*v1 Pdlq Ulqj qrlvh lv xvxdoo| qrw

lghqwl�hg dv d mhw +vhh Mhw Vhohfwlrq ehorz,> wkxv/ �KW lv ohvv vhqvlwlyh wr qrlvh wkdq wkh

ixoo 9HA fdofxodwlrq1 Lq wkh olplw wkdw qr hohfwurqv/ skrwrqv/ pxrqv/ ru qrlv| fhoov dsshdu

lq wkh hyhqw/ �KW @ 9HA1 Dv glvfxvvhg lq wkh suhylrxv vxevhfwlrq/ wkh 9HA lq TFG hyhqwv lv

W Vrph GÛ dqdo|vhv uhtxluh d vfdodu vxp ri doo mhw HA*v/ ghqrwhg GA1 Wr dyrlg qrwdwlrqdo vlplodulw|/ OGA lv
vrphwlphv ghqrwhg 4A1
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Iljxuh 81;= Wkh hyhqw yhuwh{ srvlwlrq glvwulexwlrq iru doo hyhqwv lq wkh
s
v @ 963 JhY furvv

vhfwlrq/ vxeglylghg e| wuljjhu1
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dssur{lpdwho| }hur> wkxv/ wkh fruuhfw yhuwh{ zloo kdyh wkh ohdvw 9HA dqg dq lqfruuhfw yhuwh{

zloo olnho| kdyh vljql�fdqw 9HA1 Wkh wkhruhwlfdo h!flhqf| ri uhyhuwh{lqj lv xqlw|/ dqg dqdo|vlv
ri mhw gdwd kdv ehhq xqdeoh wr glvwlqjxlvk wkh uhdo h!flhqf| iurp wkdw ydoxh> wkxv/ qr huuru

lv dssruwlrqhg wr wklv surfhgxuh1 Uhyhuwh{lqj ghfuhdvhv wkh
s
v @ 4;33 JhY furvv vhfwlrq

e| dssur{lpdwho| 8( wkurxjk prvw ri wkh vshfwuxp/ exw dw kljk ydoxhv ri HW wkh ghfuhdvh

fdq dssurdfk q 43 � 48(1 Gxh wr wkh sdxflw| ri pxowlsoh lqwhudfwlrqv dw orz oxplqrvlw|/

wkh h�hfw ri uhyhuwh{lqj dw
s
v @ 963 JhY lv qhjoljleoh1

GÛ*v hyhqw uhfrqvwuxfwlrq dojrulwkpv fdofxodwh mhw HA edvhg rq wkh hyhqw yhuwh{> jlyhq

wkh fruuhfw yhuwh{/ wkh dffxudf| ri HA phdvxuhphqwv vkrxog qrw/ lq sulqflsoh/ eh d�hfwhg e|

} srvlwlrq ri wkh yhuwh{1 Wkh wkuhh0slhfh frqvwuxfwlrq ri wkh ghwhfwru/ krzhyhu/ uhvxowv lq d

odujh fkdqjh lq pdwhuldo ghqvlw| qhdu wkh LFU> dq lqwhudfwlrq idu iurp } @ 3 fdq uhvxow lq d

orz�svhxgrudslglw| mhw vkrzhulqj wkurxjk wkdw uhjlrq1 D uhvwulfwlrq ri m}m ? 83 fp dssolhg

wr wkh gdwd dyrlgv ghjudgdwlrq lq mhw HA uhvroxwlrq +dv glvfxvvhg lq wkh qh{w fkdswhu,1

Dowkrxjk uhprydo ri hyhqwv zlwk r�0fhqwhu yhuwlfhv lpsuryhv wkh suhflvlrq ri wkh uhpdlqlqj

mhw vdpsoh/ wkh �qdo furvv vhfwlrq pxvw dffrxqw iru doo glvfdughg hyhqwv zlwk dq h!flhqf|/

��eo|1

Xqolnh wkh uhvw ri wkh txdolw| fulwhuld/ wkh yhuwh{ fxw grhv qrw uhpryh edfnjurxqg>

wkhuhiruh/ wkh h!flhqf| grhv qrw uhtxluh d �w wr wkh �vljqdo� sruwlrq ri wkh glvwulexwlrq1

Lqvwhdg/ wkh qxpehu ri dffhswhg hyhqwv ryhu wkh wrwdo ghwhuplqhv wkh h!flhqf|/ dqg wkh

huuru lv jlyhq e| wkh elqrpldo huuru irupxod zlwkrxw d v|vwhpdwlf huuru hvwlpdwh1

81515 Mhw Vhohfwlrq

Wkh iroorzlqj fulwhuld lqydolgdwh ru dffhsw vlqjoh mhwv zlwklq dq hyhqw1 Uhmhfwlrq ri rqh mhw

lq dq hyhqw grhv qrw qhfhvvdulo| lqydolgdwh dq| rwkhu mhwv lq wkh vdph hyhqw1 E| ghvljq/

wkhvh fxwv uhpryh erwk qrlvh dqg sk|vlfv remhfwv zklfk fdq lplwdwh mhwv zkloh uhwdlqlqj wkh

pd{lpxp qxpehu ri wuxh kdgurqlf vkrzhuv1

Wkh h!flhqflhv +��, iru wkh iroorzlqj mhw fxwv duh ghwhuplqhg zlwk d �w wr wkh �vljqdo�

sruwlrq ri hdfk glvwulexwlrq1 Zkhq h{wudsrodwhg lqwr wkh �edfnjurxqg� uhjlrq/ wkh �w
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surylghv dq hvwlpdwh ri wkh qxpehu ri jrrg mhwv wkdw duh orvw lq wkh uhmhfwlrq uhjlrq1 Wkh

h!flhqf| lv wkhq

� @
q

q. o
> +81<,

zkhuh o lv wkh hvwlpdwhg qxpehu ri mhwv lq wkh edfnjurxqg uhjlrq dqg q lv wkh dfwxdo qxpehu

ri mhwv wkdw sdvv wkh fxw1 Vwdwlvwlfdo xqfhuwdlqw| ri wkh h!flhqf| lv ghwhuplqhg zlwk wkh

elqrpldo huuru irupxod

��� @

v
� � +4� �,

+q. o,� 4
= +8143,

Wr hvwlpdwh wkh v|vwhpdwlf xqfhuwdlqw|/ wkh ghyldwlrq ri wkh ruljlqdo uhvxow iurp wkdw ri d

vhfrqg ixqfwlrqdo irup lq wkh vljqdo uhjlrq lv dgghg lq txdgudwxuh wr wkh elqrpldo huuru1

Wkh Hohfwurpdjqhwlf Iudfwlrq Fxw

Ehfdxvh hohfwurqv dqg skrwrqv lqwhudfw zlwk pdwwhu rq uhodwlyho| vkruw glvwdqfh vfdohv/ wkh|

whqg wr ghsrvlw doo ri wkhlu hqhuj| lq wkh �uvw ihz od|huv ri wkh fdorulphwhu +fi udgldwlrq

ohqjwkv yhuvxv qxfohdu lqwhudfwlrq ohqjwkv/ Fkdswhu 5,1 Wkh iudfwlrq ri doo hqhuj| lq wkh �uvw

ihz od|huv ri wkh fdorulphwhu h�hfwlyho| glvfulplqdwhv ehwzhhq hohfwurpdjqhwlf dqg kdgurqlf

vkrzhuv1 Wkh hohfwurpdjqhwlf iudfwlrq +HPIU, ri d mhw fdqglgdwh lv gh�qhg dv wkh iudfwlrq

ri wkh wrwdo HA zklfk olhv lq fdorulphwhu od|huv HP40HP71

Mhwv hphujh iurp wkh ehdpslsh dv foxvwhuv ri kdgurqlf sduwlfohv/ sulpdulo| frpsrvhg

ri �� dqg �f phvrqv1 Xqolnh wkh fkdujhg slrqv/ wkh xqfkdujhg slrqv lqwhudfw hohfwurpdj0

qhwlfdoo| e| udslgo| ghfd|lqj wr wzr skrwrqv1 Ioxfwxdwlrqv pd| uhvxow lq mhwv frpsrvhg

sulpdulo| ri �f*v/ wkxv uhvxowlqj lq orvvhv ri uhdo mhwv zlwk dq HPIU fxw1

Iljxuh 81< glvsod|v wkh HPIU glvwulexwlrq iru mhw HA ehwzhhq 473 dqg 493 JhY1 Mhwv

pxvw srvvhvv dq HPIU ehwzhhq 3138 dqg 31<8 wr vdwlvi| wkh fulwhuld1 Yhu| ihz mhwv olh lq

wkh h{foxghg uhjlrq> wkh Jdxvvldq �w lqglfdwhv dq h!flhqf| ri <<=::(1

Wkh Frduvh Kdgurqlf Iudfwlrq Fxw

Wkh Pdlq Ulqj ehdpslsh slhufhv wkh GÛ fdorulphwhu qhdu wkh wrs> zkloh Ihuplode vwdfnv

surwrqv dqg dqwlsurwrqv/ Pdlq Ulqj ehdp orvvhv dsshdu dv hqhuj| lq wkh rxwhuprvw od|hu ri
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Iljxuh 81<= Wkh HPIU glvwulexwlrq iru d vhohfwhg mhw HA udqjh1

wkh GÛ fdorulphwhu +wkh frduvh kdgurqlf od|hu,1 Wkh frduvh kdgurqlf HA iudfwlrq +FKIU,

lv wkh udwlr ri wkh wudqvyhuvh hqhuj| lq wklv rxwhuprvw od|hu wr wkdw ri wkh hqwluh mhw1 Wkh mhw

FKIU glvwulexwlrq +Iljxuh 8143,/ zkloh sulpdulo| h{srqhqwldo lq vkdsh/ glvsod|v dfwlylw| dw

odujhu ydoxhv1 Wr holplqdwh mhwv frqwdplqdwhg zlwk Pdlq Ulqj hqhuj|/ GÛ dqdo|vhv uhtxluh

d mhw wr kdyh ohvv wkdq 73( ri lwv hqwluh HA lq wkh odvw od|hu1

Wkh Krw�Fhoo Iudfwlrq Fxw

Rffdvlrqdoo|/ hohfwulfdo glvfkdujhv lq fdorulphwhu fhoov frqwulexwh wr mhw HA1 Wkhvh duwl�fldoo|

krw fhoov fdq vhyhuho| glvwruw wkh furvv vhfwlrq vshfwuxp1 Xqiruwxqdwho|/ d mhw fdq rffdvlrq0

doo| ghsrvlw d odujh iudfwlrq ri lwv hqhuj| lq d vlqjoh fhoo1 Krw�Fhoo Iudfwlrq +FhoIU, lv

wkh HA udwlr ri wkh �uvw dqg vhfrqg �krwwhvw� fhoov lq d mhw1 Iljxuh 8144 uhyhdov wkh FhoIU

glvwulexwlrq dv h{srqhqwldoo| idoolqj/ zlwk wkh fxw fulwhulxp vhw dw d ydoxh ri whq1 Wkh wzr

fxuyhv lqglfdwh wkh uhvxowv ri �wv zlwk voljkwo| gl�huhqw sdudphwhul}dwlrqv +wr ghwhuplqh wkh

v|vwhpdwlf xqfhuwdlqw|,1 Lq orz�vwdwlvwlfv dqdo|vhv/ wkh fxw fulwhulxp vkliwv iurp 43 wr 53

wr pd{lpl}h mhw vwdwlvwlfv lq wkh uhpdlqlqj vdpsoh/ uhvxowlqj lq dq lqfuhdvhg h!flhqf|1
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Iljxuh 8143= Wkh FKIU glvwulexwlrq1
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Iljxuh 8144= Wkh FhoIU glvwulexwlrq1
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Iljxuh 8145= Wkh fxwv ri wkh mhw uhvwrudwlrq surfhgxuh1 +Wrs, Prvw Dlgd fhoov olh zlwklq
wkh U @ 3=: mhw frqh gh�qlwlrq1 +Erwwrp, Uhvwrudwlrq ri Dlgd fhoov w|slfdoo| lqfuhdvhv mhw
hqhuj| exw qhyhu e| pruh wkdq d idfwru ri wzr1

Fhoo Uhvwrudwlrq

Lq dq dwwhpsw wr uhgxfh wkh h�hfw ri krw fhoov gxulqj gdwd�wdnlqj/ wkh GÛ frooderudwlrq

lpsohphqwhg dq dojrulwkp wkdw  djjhg wkh prvw hqhujhwlf fhoov zlwklq mhwv> gxulqj gdwd

uhfrqvwuxfwlrq/ wkhvh �nloohg� fhoov zhuh vlpso| ryhuorrnhg e| wkh mhw dojrulwkp1 Wkh Dlgd

urxwlqhW vxffhvvixoo| uhgxfhg wkh edfnjurxqg udwh iru wrs txdun dqg vxshuv|pphwu| dqdo|0

vhv/ exw lqdssursuldwho| glvwruwhg wkh lqfoxvlyh mhw furvv vhfwlrq e| uhprylqj ydolg fhoov iurp

kljk HA mhwv1 Wr fruuhfw wkh ryhu}hdorxv qdwxuh ri wkh dojrulwkp/ wkh nloohg fhoov pxvw eh

uhvwruhg r"lqh1

Mhw uhvwrudwlrq lv dffrpsolvkhg lq wkuhh vwhsv1 Iluvw/ Dlgd fhoov rxwvlgh hdfk mhw*v frqh

udglxv duh uhpryhg iurp frqvlghudwlrq +l1h1/ wkh| zloo frqwlqxh wr eh ljqruhg,1 Wklv udglxv

fulwhulxp lv deeuhyldwhg �GhobU? 3=:1� Vhfrqg/ d wdeoh ri w|slfdoo| qrlv| fhoov lv frqvxowhg>

Dlgd fhoov fruuhvsrqglqj wr nqrzq krw fhoov duh uhpryhg iurp frqvlghudwlrq1 Wklug/ hdfk

W Dlgd lv erwk dq dfurq|p iru Dqrpdorxv Lvrodwhg Ghsrvlw Dojrulwkp dqg wkh qdph ri dq rshud1
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Dlgd fhoo lv dgghg wr wkh h{lvwlqj mhw li wkh uhvxow zloo qrw h{fhhg wzlfh wkh ruljlqdo mhw*v

HA1 Wklv fulwhulxp lv h{suhvvhg �UbIUDF? 5=31� Iljxuh 8145 looxvwudwhv wkh phdvxuhg

h!flhqf| ri wkh surfhgxuh1 Diwhu uhvwrudwlrq/ wkh mhwv pxvw vwloo vdwlvi| wkh HPIU dqg

FKIU fxwv> wkh FhoIU ri d uhvwruhg mhw fdqqrw eh fdofxodwhg zlwkrxw d qhz uhfrqvwuxfwlrq/

vr wkh FhoIU fulwhulxp lv uhohdvhg lq wkh fdvh ri d uhvwruhg mhw1

81516 Gdwd Vhohfwlrq H!flhqf| Vxppdu|

Dv d suhuhtxlvlwh wr dsshdudqfh lq wkh lqfoxvlyh mhw furvv vhfwlrq/ doo mhw hyhqwv pxvw vdwlvi|

wzr fulwhuld= wkh hyhqw pxvw srvvhvv orz 9HA uhodwlyh wr wkh ohdglqj mhw HA/ dqg wkh yhuwh{

srvlwlrq pxvw olh zlwklq 83 fp ri wkh jhrphwulf fhqwhu ri wkh ghwhfwru1 Hdfk mhw lq wkh furvv

vhfwlrq pxvw vdwlvi| wkuhh txdolw| fulwhuld= wkh mhw pxvw qrw kdyh h{fhvvlyh HP dfwlylw|/ pxvw

qrw kdyh h{fhvvlyh Pdlq Ulqj dfwlylw|/ dqg pxvw qrw kdyh wrr pxfk hqhuj| frqfhqwudwhg lq d

vlqjoh fdorulphwhu fhoo1 Vrph mhwv/ �gdpdjhg� gxulqj uhfrqvwuxfwlrq/ duh uhvwruhg dffruglqj

wr dqrwkhu uhflsh1

Wdeohv 819 dqg 81: olvw wkh h!flhqf| ri hdfk mhw fulwhulxp dv phdvxuhg iru vshfl�f hqhuj|

elqv lq wkh
s
v @ 4;33 JhY gdwd vhw1 Wkh joredo mhw h!flhqf| lv jlyhq e| wkh surgxfw

ri mhw vhohfwlrq h!flhqflhv +HPIU/ FKIU/ FhoIU/ GhobU/ UbIUDF, dqg hyhqw vhohfwlrq

h!flhqflhv +PHWIU,/ dv olvwhg lq Wdeoh 81;1 E| sdudphwhul}lqj wkh h!flhqf| gdwd/ vwdwlv0

wlfdo xqfhuwdlqwlhv duh plqlpl}hg dqg hdfk mhw lv fruuhfwhg dv lw lv dgghg wr wkh klvwrjudp1

Iljxuh 8146 glvsod|v wkh sdudphwhul}dwlrqv ri wkh mhw dqg hyhqw vhohfwlrq h!flhqflhv1

816 Wkh Udz Furvv Vhfwlrq

Wkh lqfoxvlyh mhw furvv vhfwlrq dw
s
v @ 963 JhY frqvlvwv ri gdwd froohfwhg zlwk wkuhh wuljjhuv1

Wkh mhw vshfwud iru hdfk wuljjhu duh glvsod|hg lq Iljxuh 81471 Hdfk ri wkh wkuhh glvwulexwlrqv

h{klelw wzr shdnv1 Wkh wuljjhu ghvljq fdxvhv wkh orfdo pd{lpd dw kljk HA= hdfk wuljjhu

vdpsoh lqfoxghv rqo| hyhqwv zlwk dw ohdvw rqh mhw deryh wkh wuljjhu wkuhvkrog1 Dowkrxjk wkh

wuxh mhw glvwulexwlrq ghfuhdvhv prqrwrqlfdoo| lq HA/ lqh!flhqflhv lq wuljjhu �wxuq�rq� uhvxow

lq orvvhv ri mhwv zlwk HA qhdu ru vrphzkdw kljkhu wkdq wkh wuljjhu wkuhvkrog/ fdxvlqj wkh
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EMFR
Et bin r r’ı n effic stat error sys error total error
60-80 21 75 38397 0.99875 0.00018 0.000703 0.000726
80-100 6.7 44 8097 0.996869 0.000621 0.002303 0.002386
100-120 12.3 27 31492 0.999376 0.000141 0.000233 0.000273
120-140 7.2 17 10451 0.998842 0.000333 0.000469 0.000575
140-160 3.65 10 4054 0.998316 0.000644 0.000783 0.001014
160-180 17.7 26 19063 0.998854 0.000245 0.000218 0.000328
180-210 12.1 23 10783 0.998372 0.000388 0.000505 0.000637
210-250 9.3 17 6576 0.998 0.000551 0.000585 0.000804
250-300 2.7 10 1862 0.99659 0.001351 0.00196 0.002381
300+ 2.8 9 615 0.990407 0.003931 0.005041 0.006392

CHFR
Et bin r r’ı n effic stat error sys error total error
60-80 162.4 300 31852 0.992741 0.000476 0.00216 0.002212
80-100 26.1 58 7580 0.994453 0.000853 0.002104 0.002271
100-120 83.3 103 28844 0.996771 0.000334 0.000341 0.000478
120-140 26.5 31 10122 0.99716 0.000529 0.000222 0.000574
140-160 3.6 10 4049 0.998321 0.000643 0.00079 0.001019
160-180 40 54 21640 0.997828 0.000316 0.000323 0.000453
180-210 34.1 45 12800 0.99691 0.000491 0.000426 0.00065
210-250 26.8 32 8344 0.996477 0.000649 0.000312 0.00072
250-300 8.6 14 2552 0.995572 0.001314 0.001058 0.001687
300+ 3 7 779 0.993582 0.002861 0.002567 0.003844

CELFR
Et bin r r’ı n effic stat error sys error total error

60-80 615 633 34278 0.981796 0.000722 0.000263 0.000768
80-100 126 146 7310 0.981395 0.00158 0.001368 0.00209
100-120 554 645 28077 0.978648 0.000863 0.001621 0.001836
120-140 201 206 9640 0.97889 0.001464 0.000259 0.001487
140-160 82 99 3751 0.975873 0.002505 0.002266 0.003378
160-180 454 464 19277 0.976189 0.001098 0.000259 0.001128
180-210 251 271 11084 0.976453 0.00144 0.000902 0.0017
210-250 172 186 6992 0.974399 0.001889 0.001001 0.002138
250-300 59 65 1844 0.966377 0.004198 0.001627 0.004502
300+ 13 17 581 0.974182 0.006579 0.003442 0.007426

Wdeoh 819= Mhw fxw h!flhqflhv dw
s
v @ 4;33 JhY1
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METFR
Et bin r r’ı n effic stat error sys error total error
60-80 1126 940 766850 0.998653 4.19E-05 0.000121 0.000128
80-100 669 420 413975 0.998685 5.63E-05 0.000301 0.000306
100-120 748 410 508739 0.998862 4.73E-05 0.000332 0.000336
120-140 802 270 225779 0.997626 0.000102 0.001178 0.001183
140-160 545 225 107189 0.996408 0.000183 0.001493 0.001504
160-180 225 78 44011 0.996558 0.000279 0.00167 0.001693
180-210 125 62 23995 0.996103 0.000402 0.001313 0.001373
210-250 40 25 8698 0.996264 0.000654 0.000862 0.001082
250-300 22 9 2333 0.993356 0.001682 0.002786 0.003254
300+ 5 12 733 0.988404 0.003954 0.004775 0.0062

RFRAC
Et bin r r’ı n effic stat error sys error total error
60-80 22.7 28 1134 0.977646 0.00439 0.002337 0.004973
80-100 4 9 347 0.981268 0.007278 0.007205 0.010241
100-120 33.12 40 1789 0.979564 0.003345 0.001923 0.003858
120-140 3.6 13 705 0.988227 0.004062 0.006667 0.007807
140-160 0.89 5 292 0.989914 0.005847 0.007038 0.00915
160-180 10.7 22 1874 0.991275 0.002148 0.003015 0.003702
180-210 10.4 13 1224 0.990441 0.002781 0.001062 0.002977
210-250 8 21 835 0.982635 0.004521 0.007784 0.009002
250-300 3.1 8 307 0.981922 0.007604 0.00798 0.011023
300+ 1.3 3 124 0.982661 0.011722 0.006855 0.013579

 
 

DEL_R
Et bin r r’ı n effic stat error sys error total error
60-80 0.54 8 1756 0.997568 0.001175 0.002124 0.002428
80-100 0.21 1 380 0.998408 0.002045 0.001039 0.002294
100-120 1.34 5 1757 0.998196 0.001012 0.001042 0.001453
120-140 0.41 4 703 0.996863 0.002109 0.002553 0.003312
140-160 0.31 2 292 0.996045 0.003673 0.002894 0.004676
160-180 2.21 10 1856 0.996711 0.001329 0.002099 0.002484
180-210 1.4 4 1214 0.997776 0.001352 0.001071 0.001725
210-250 1.8 4 828 0.996498 0.002053 0.001329 0.002445
250-300 0.25 1 304 0.997944 0.002598 0.001234 0.002876
300+ 0.68 1 123 0.993171 0.007426 0.001301 0.007539

Wdeoh 81:= PHWIU h!flhqf| dqg mhw uhvwrudwlrq h!flhqflhv dw
s
v @ 4;33 JhY1
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Iljxuh 8146= Wkh mhw dqg hyhqw fxw h!flhqf| iru
s
v @ 4;33 JhY1 Yhuwh{ fxw h!flhqf| lv

qrw lqfoxghg1
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GLOBAL (all Jets) GLOBAL (all Jets) with MET
Et bin effic error  +/- Et bin effic error  +/-
60-80 97.3236 0.2569 60-80 97.1925 0.2572
80-100 97.2824 0.4205 80-100 97.1544 0.4216
100-120 97.4834 0.2035 100-120 97.3725 0.2062
120-140 97.5333 0.2083 120-140 97.3018 0.2395
140-160 97.3219 0.4086 140-160 96.9723 0.4354
160-180 97.3802 0.1492 160-180 97.0450 0.2257
180-210 97.2747 0.2052 180-210 96.8956 0.2469
210-250 96.9398 0.2943 210-250 96.5776 0.3136
250-300 95.9903 0.5882 250-300 95.3525 0.6722
300+ 95.8802 1.1135 300+ 94.7684 1.2745

Wdeoh 81;= Wkh joredo gdwd vhohfwlrq h!flhqflhv/ ehiruh dqg diwhu wkh plvvlqj HA fxw1

urxqghg dsshdudqfh ri wkh kljk HA shdn1 Wkh pd{lpd dw orz HA +q ; JhY, uhvxow iurp

hyhqwv wkdw frqwdlq orz HA dgglwlrqdo mhwv1

Wr irup wkh lqfoxvlyh mhw furvv vhfwlrq/ d uhjlrq ri hdfk wuljjhu lv vhohfwhg wr pd{lpl}h

vwdwlvwlfdo srzhu zkloh pdlqwdlqlqj ixoo wuljjhu h!flhqf|1 Dq| jlyhq furvv vhfwlrq elq uh0

fhlyhv frqwulexwlrqv iurp rqh dqg rqo| rqh wuljjhu1 Wkh oxplqrvlw| lq dq| jlyhq elq lv

wkh oxplqrvlw| h{srvxuh iru wkdw wuljjhu/ jlyhq lq Wdeoh 615/ sdjh 931 Wkh qrq�ryhuods ri

wuljjhuv hqvxuhv dq xqdpeljxrxv oxplqrvlw| ghwhuplqdwlrq1

Wkh lqfoxvlyh mhw furvv vhfwlrq dw
s
v @ 4;33 JhY zdv ghwhuplqhg sulru wr wkh 963

JhY dqdo|vlv1 Wr idflolwdwh wkh udwlr fdofxodwlrq lq {A/ wkh elq erxqgdulhv iru wkh 963 JhY

dqdo|vlv zhuh vhohfwhg vxfk wkdw

HS�f

A @
648

<33
� H�Hff

A > +8144,

l1h1/ vxfk wkdw wkh elq hgjhv pdwfk lq {A�vsdfh1 Prvw ri wkh uhvxowlqj elqv duh 618 JhY

zlgh/ exw vrph elqv kdyh d JhY zlgwk ri :13/ 4318/ ru pruh1

Iljxuh 8148 glvsod|v wkh udz furvv vhfwlrq dw
s
v @ 963 JhY1 Wkh wkuhh gl�huhqw pdunhuv

lqglfdwh wkh HA uhjlrq iru hdfk mhw wuljjhu1 Krul}rqwdo olqhv lqglfdwh wkh elq zlgwkv/ dqg

yhuwlfdo olqhv +prvwo| klgghq e| wkh pdunhuv, lqglfdwh wkh vwdwlvwlfdo xqfhuwdlqw| rq hdfk

srlqw1 Pdunhuv duh orfdwhg lq wkh fhqwhu ri hdfk elq1
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Iljxuh 8147= Qxpehu mhwv froohfwhg e| hdfk mhw wuljjhu/ dv ixqfwlrqv ri HA1 Hdfk klvwrjudp
elq lv rqh JhY zlgh1
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Iljxuh 8148= Wkh �udz� lqfoxvlyh mhw furvv vhfwlrq iru
s
v @ 963 JhY1 Pdunhuv lqglfdwh wkh

wkuhh mhw wuljjhuv +vkdghg wuldqjohv= Mhw 45/ kroorz gldprqgv= Mhw 45e/ eodfn flufohv= Mhw 63,1
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817 Vxppdu|

Dw wkh prvw edvlf ohyho/ wkh lqfoxvlyh mhw furvv vhfwlrq dqdo|vlv lv d frxqwlqj h{shulphqw/

zkhuh wkh qxpehu ri mhwv rq dq lqwhuydo ri HA lv vfdohg e| wkh lqwhjudwhg oxplqrvlw|/ wkh

vhohfwlrq h!flhqf|/ dqg wkh zlgwk ri wkh elq lq HA dqg svhxgrudslglw|1 Wkh hqg uhvxow

ghvfulehv wkh suredelolw| ri revhuylqj d mhw zlwk sduwlfxodu wudqvyhuvh hqhuj|> lq wkh xqlwv

ri kljk hqhuj| sk|vlfv/ wklv �gl�huhqwldo furvv vhfwlrq� kdv xqlwv ri duhd2hqhuj|21

Wkh oxplqrvlw| lv ghwhuplqhg e| wkh Ohyho Û frxqwlqj udwh/ vfdohg e| wkh s�s lqhodvwlf

furvv vhfwlrq wlphv wkh suredelolw| ri ghwhfwlqj d s�s lqwhudfwlrq1 Wkh lqwhjudwhg oxplqrvlw|

lv wkxv d phdvxuh ri wkh qxpehu ri fkdqfhv wkdw GÛ pljkw revhuyh d mhw hyhqw1

Wkh vhohfwlrq h!flhqf| ghvfulehv krz riwhq d vlqjoh mhw ru hqwluh mhw hyhqw lv uhmhfwhg

rq wkh edvlv wkdw lw dsshduv wr ruljlqdwh iurp qrlvh ru edfnjurxqg h�hfwv1 Vhyhudo gl�huhqw

fulwhuld gl�huhqwldwh �jrrg� mhwv iurp frqwdplqdwlrq dqg wkh h!flhqf| ri hdfk pxvw eh

fdofxodwhg vhsdudwho|1 Wkh surgxfw ri wkhvh h!flhqflhv |lhog wkh wrwdo idfwru wkdw fruuhfwv

wkh mhw furvv vhfwlrq1

Wr phdvxuh wkh udwlr ri furvv vhfwlrqv rq d elq�e|�elq edvlv/ wkh zlgwk ri wkh HA �volfhv�

pxvw pdwfk ehwzhhq fhqwhu�ri�pdvv hqhujlhv1 Ehfdxvh wkh elq vl}hv pxvw pdwfk lq {A xqlwv/

wkh elqv dw
s
v @ 963 JhY duh urxjko| rqh�wklug wkh vl}h ri wkrvh dw 4;33 JhY1



Fkdswhu 9

Xqvphdulqj
ru/ Fruuhfwlqj iru wkh H�hfw ri Ilqlwh Hqhuj| Uhvroxwlrq

lq wkh Lqfoxvlyh Mhw Furvv Vhfwlrq

Vwrfkdvwlf yduldwlrqv lq mhw hqhuj| uhvxow lq d glvwruwlrq ri wkh furvv vhfwlrq HA vshfwuxp1

Dowkrxjk mhwv pd| eh plvphdvxuhg deryh ru ehorz wkh wuxh HA zlwk htxdo iuhtxhqf|/ d

v|vwhpdwlf vkliw lq wkh furvv vhfwlrq uhvxowv1 Wklv h�hfw/ �vphdulqj/� uhvxowv iurp wkh vwhhso|

idoolqj qdwxuh ri wkh HA vshfwuxp1

Frqvlghu d vwhhso| idoolqj glvwulexwlrq phdvxuhg lq �yh elqv +Iljxuh 914/ wrs,/ dvvxplqj

wkdw �qdwxuh� ghwhuplqhv wkh qxpehuv ri hyhqwv lq hdfk elq/ dqg dovr lq elqv wr wkh ohiw dqg

uljkw ri wkh phdvxuhg uhjlrq1 Dvvljqlqj { dv wkh phdvxuhg txdqwlw| ri hdfk hyhqw/ srvwxodwh

wkdw { lv dozd|v plvphdvxuhg e| 	3=4/ zlwk d 83( suredelolw| ri ehlqj plvphdvxuhg dv

odujhu wkdq wkh wuxh ydoxh dqg 83( suredelolw| ri ehlqj plvphdvxuhg dv vpdoohu wkdq wkh

wuxh ydoxh1 Dv d uhvxow/ vrph iudfwlrq ri wkh hyhqwv lq hdfk elq pljudwh wr qhljkerulqj

elqv> erwk wr wkh ohiw dqg wr wkh uljkw +Iljxuh 914/ fhqwhu,1 Ehfdxvh wkh elqv ghfuhdvh

vkduso| lq srsxodwlrq dv { ehfrphv odujhu/ pruh hyhqwv pljudwh wr wkh uljkw wkdq wr wkh ohiw

dfurvv hdfk elq erughu1 Wkh phdvxuhg glvwulexwlrq pd| wkxv eh vljql�fdqwo| odujhu wkdq

wkh glvwulexwlrq ghwhuplqhg e| qdwxuh +Iljxuh 914/ erwwrp,1 Lq wklv h{dpsoh/ wkh phdvxuhg

glvwulexwlrq gl�huv iurp wkh wuxh glvwulexwlrq e| qhduo| d idfwru ri wzr1

Pruh uhdolvwlfdoo|/ d yduldeoh zloo eh plvphdvxuhg wr d udqgrpl}hg ghjuhh1 Wkh phdvxuhg

ydoxh lv wkhq glvsodfhg derxw wkh wuxh ydoxh lq d Jdxvvldq glvwulexwlrq/ udwkhu wkdq vkliwhg

44<



453

Iljxuh 914= Looxvwudwlrq ri wkh vphdulqj h�hfw1 Li wkh glvwulexwlrq ri vrph yduldeoh { +Wrs,
lv plvphdvxuhg e| 43(/ d iudfwlrq ri doo hyhqwv pljudwh dfurvv elq erxqgdulhv +Fhqwhu,1 Lq
wkh fdvh ri d vwhhso| idoolqj glvwulexwlrq/ wkh uhvxowlqj phdvxuhg glvwulexwlrq +Erwwrp/ vrolg
olqh, lv vljql�fdqwo| odujhu wkdq wkh wuxh glvwulexwlrq +Erwwrp/ gdvkhg olqh,1
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e| 43( dv lq wkh h{dpsoh1 Dv dq dgglwlrqdo frpsolfdwlrq/ wkh dyhudjh glvsodfhphqw +wkh

zlgwk ri wkh Jdxvvldq, qhhg qrw uhpdlq frqvwdqw dv d ixqfwlrq ri wkh yduldeoh {1 Vxfk lv wkh

fdvh zlwk wkh plvphdvxuhphqw ri mhw HA lq wkh lqfoxvlyh mhw furvv vhfwlrq1 Wkh iudfwlrqdo

plvphdvxuhphqw/ fdoohg wkh mhw HA uhvroxwlrq/ lv h{suhvvhg dv
jHA

HA
/ zkhuh �HA lv wkh zlgwk

ri wkh Jdxvvldq wkdw ghvfulehv wkh revhuyhg udqgrpl}hg glvsodfhphqwv dw d sduwlfxodu HA1

Wkh iroorzlqj vhfwlrqv ghvfuleh wkh phwkrgv xvhg wr phdvxuh mhw uhvroxwlrq dqg lqwurgxfh

wkh xqvphdulqj whfkqltxh1 Wkh huuru dqdo|vlv iroorzv wkh fryduldqfh whfkqltxhv rxwolqhg lq

Dsshqgl{ E1 Wkh uhvroxwlrq dqdo|vlv lv edvhg rq Uhihuhqfh ^69`/ zklfk grfxphqwv wkh uhvr0

oxwlrq fdofxodwlrqv iru wkh
s
v @ 4;33 JhY gdwd1 Wkh uhihuhqfh dovr frqwdlqv d suholplqdu|

uhvxow iru
s
v @ 963 JhY edvhg rq 4;( ri wkh ixoo gdwd vdpsoh> wklv fkdswhu exlogv rq wkh

sulru zrun1

914 Mhw Hqhuj| Uhvroxwlrq

�Wkh rqo| olplwv duh/ dv dozd|v/ wkrvh ri ylvlrq1�
� Mdphv Eurxjkwrq

Wkh
s
v @ 4;33 JhY gdwd vhw surylghv dpsoh vwdwlvwlfv iru mhw uhvroxwlrq phdvxuhphqwv1

Xvlqj wkh lqfoxvlyh mhw vdpsoh/ wkh glmhw dv|pphwu| whfkqltxh pdwfkhv wkh wzr kljkhvw HA

mhwv lq dq hyhqw1 Xqiruwxqdwho|/ wklv gdwd vdpsoh grhv qrw h{whqg ehorz 73 JhY/ zkhuh

uhvroxwlrqv fkdqjh udslgo|1 Wklv olplwdwlrq frpsolfdwhv frpsdulvrqv wr wkh
s
v @ 963 JhY

vdpsoh1

Lq dgglwlrq wr vwrfkdvwlf fdorulphwhu h�hfwv/ wkh dv|pphwu| phdvxuhphqw lqfoxghv wzr

h{wudqhrxv frqwulexwlrqv= eldvhv iurp dgglwlrqdo mhwv lq dq hyhqw/ dqg wkh sduwlfoh�ohyho

dv|pphwu| lqkhuhqw lq wkh mhw gh�qlwlrq1 Wkh eldv lq wkh phdvxuhphqw lv uhpryhg zlwk dq

HA�ghshqghqw fruuhfwlrq dv ghwhuplqhg zlwk gdwd/ zkloh wkh sduwlfoh�ohyho dv|pphwu| lv

uhpryhg zlwk d Prqwh Fduor vlpxodwlrq1

91414 Glmhw Dv|pphwu| Phdvxuhphqwv

Dovr fdoohg wkh glmhw edodqfh/ wkh glmhw dv|pphwu| lv d phdvxuh ri wkh ghjuhh wr zklfk wkh

HA*v ri wkh ohdglqj mhwv pdwfk1 Ehfdxvh d s�s froolvlrq lqlwldoo| kdv qhduo| }hur wudqvyhuvh
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Iljxuh 915= Wkh revhuyhg glmhw dv|pphwu| iru wkh fhqwudo +m�m ? 3=8, uhjlrq/ zlwk
s
v @

4;33 JhY1 Vfdoh lv orjdulwkplf1 Vlpsoh Jdxvvldq �wv ghvfuleh wkh gdwd dffxudwho|1

prphqwxp/ d wuxh glmhw hyhqw pxvw h{klelw shuihfw HA edodqfh ehwzhhq mhwv1 Wkh glmhw

dv|pphwu| surylghv d qhduo| gluhfw phdvxuh ri wkh HA vsuhdg h{shfwhg iurp d w|slfdo mhw1

Iru qrwdwlrqdo frqyhqlhqfh/ gh�qh { dqg | dv wkh HA ri wkh wzr mhwv lq wkh hyhqw1 Wkh

glmhw dv|pphwu| lv wkhq jlyhq e|

D @
{� |

{. |
= +914,

Lq wkh olplw wkdw { � | � HA dqg �{ � �| � �,A / wkh yduldqfh ri wkh dv|pphwu| lq

Htxdwlrq 914 lv vlpso| uhodwhg wr wkh iudfwlrqdo wudqvyhuvh hqhuj| uhvroxwlrq=

glmhw
�,A
HA

@
s
5��> +915,

zkhuh �� lv wkh zlgwk ri wkh D glvwulexwlrq/ d vprrwk Jdxvvldq +Iljxuh 915,1
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Iljxuh 916= Dv|pphwu| iru gl�huhqw wklug�mhw wkuhvkrogv +
s
v @ 4;33 JhY,1

91415 Wkh Vriw Udgldwlrq Fruuhfwlrq

Kljkhu0rughu frqwulexwlrqv fdq uhvxow lq wkh surgxfwlrq ri wkuhh ru pruh mhwv/ ghvwur|lqj wkh

edodqfh ri wkh wzr ohdglqj mhwv1 Ehfdxvh wkh GÛ uhfrqvwuxfwlrq dojrulwkp ljqruhv mhwv zlwk

HA ohvv wkdq ; JhY/ dgglwlrqdo mhwv lq dq hyhqw pd| qrw eh ylvleoh1 Wkxv/ wkh lpedodqfh lq

wkh wzr revhuyhg mhwv fdqqrw eh hqwluho| dwwulexwhg wr mhw uhvroxwlrq h�hfwv�wkh vshfwuxp

ri
j,A
,A

pxvw eh fruuhfwhg iru wkh h�hfw ri xqghwhfwhg mhwv1 TFG wkuhh�mhw hyhqwv grplqdwh

TFG hyhqwv zlwk irxu ru pruh mhwv e| idfwruv ri �r/ vr wklv uhvroxwlrq dqdo|vlv qhjohfwv

wkh h�hfw ri pruh wkdq rqh dgglwlrqdo mhw1 Zlwk wklv dssur{lpdwlrq/ wkh vriw udgldwlrq

fruuhfwlrq lv riwhq whuphg wkh �wklug�mhw eldv� fruuhfwlrq1

Wkh fruuhfwlrq lv ghulyhg iurp dq h{wudsrodwlrq ^69` edvhg rq hyhqwv zlwk wklug mhwv ri

nqrzq HA1 Wkh dv|pphwu| ri wkh ohdglqj wzr mhwv lv phdvxuhg dv d ixqfwlrq ri wkh HA ri wkh

wklug mhw1 Wkh dv|pphwu| gdwd duh wkhq h{wudsrodwhg wr H�o_
A

@ 3> wkh udwlr ri wkh dv|pphwu|

lq glmhw hyhqwv +zlwk dq xqnqrzq qxpehu ri wklug mhwv ehorz wkh ; JhY uhfrqvwuxfwlrq

wkuhvkrog, dqg wkh h{wudsrodwhg uhvxow surylghv d fruuhfwlrq idfwru N1 Iljxuhv 916/ 917/ dqg
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Iljxuh 917= H{wudsrodwlrq ri dv|pphwu| wr d }hur wklug�mhw wkuhvkrog1 +
s
v @ 4;33 JhY=,
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Iljxuh 918= Wkh vriw udgldwlrq fruuhfwlrq dv d ixqfwlrq ri Mhw HA dw
s
v @ 4;33 JhY=
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918 vkrz wkh uhvxowv ri wklv surfhgxuh iru
s
v @ 4;33 JhY1 Ehfdxvh wklug mhwv duh uhodwlyho|

xqfrpprq dw
s
v @ 963 JhY/ wkh fruuhfwlrq idfwru lv dssur{lpdwho| xqlw| iru wkdw gdwd

vhw1

91416 Sduwlfoh�Mhw Dv|pphwu|

Dv phqwlrqhg eulh | lq Fkdswhu 7/ mhwv vkrxog eh fruuhfwhg edfn wr wkh �sduwlfoh ohyho/� d

frqfhsw forvho| wlhg wr wkh frqh gh�qlwlrq ri mhwv1 D foxvwhu ri sduwlfohv hphujlqj iurp wkh

ehdpslsh zloo kdyh vrph vsdwldo glvwulexwlrq dqg d frqh gudzq durxqg wkhlu fhqwurlg pd|

qrw lqfoxgh doo sduwlfohv lq wkdw foxvwhu1 Dowkrxjk sduwlfohv rxwvlgh wkh frqh erxqgdu| duh

qrw e| gh�qlwlrq sduw ri wkh mhw/ wkh| qrqhwkhohvv srvvhvv vrph iudfwlrq ri wkh HA uhtxluhg wr

edodqfh rwkhu remhfwv lq wkh hyhqw1 Rffdvlrqdo orvvhv ri sduwlfohv rxwvlgh wkh frqh gh�qlwlrq

uhvxow lq d �qdwxudo� glmhw lpedodqfh/ wkh h�hfwv ri zklfk vkrxog qrw eh uhpryhg iurp wkh

furvv vhfwlrq1

Dv zlwk wkh vkrzhulqj fruuhfwlrq lq wkh hqhuj| vfdoh fkdswhu/ wkh Khuzlj Prqwh Fduor

hyhqw jhqhudwru surylghv d phdvxuh ri wkh rxw�ri�frqh orvvhv/ dqg wkxv d phdvxuh ri wkh

sduwlfoh�ohyho dv|pphwu|1 Phdvxulqj wkh sduwlfoh�mhw lpedodqfh dqg vxewudfwlqj wkh uhvxow

+lq txdgudwxuh, iurp wkh gdwd dv|pphwu| +diwhu wkh vriw fruuhfwlrq, lvrodwhv wkh wuxh ghwhfwru

uhvroxwlrq1 Iljxuh 919 frpsduhv wkh vriw udgldwlrq�fruuhfwhg uhvroxwlrq wr wkh sduwlfoh�mhw

lpedodqfh1

91417 Uhvroxwlrq Sdudphwhul}dwlrq

D wkuhh0sdudphwhu �w ghvfulehv wkh �qdo uhvroxwlrq gdwd iru
s
v @ 4;33 JhY/

�,A
HA

@

v
q2

+HA,
2
.

v2

HA
. f2> +916,

dv ghslfwhg lq Iljxuh 91:1 Wdeoh 914 olvwv wkh ydoxhv ri wkh �w sdudphwhuv dqg wkh hohphqwv

ri wkhlu fryduldqw xqfhuwdlqw| pdwul{1 Lq wklv wudglwlrqdo �w/ wkh �uvw sdudphwhu vlpxodwhv

 xfwxdwlrqv zlwk d frqvwdqw pdjqlwxgh iru doo mhw HA ydoxhv> wklv �qrlvh� whup sulpdulo|

ghvfulehv wkh orz HA uhvroxwlrq1 Wkh vhfrqg whup/ �vdpsolqj/� ghvfulehv wkh lqwhuphgldwh

HA udqjh1 Wkh wklug sdudphwhu gh�qhv wkh dv|pswrwlf plqlpxp ri wkh dv|pphwu| dw
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Iljxuh 919= Wkh mhw HA uhvroxwlrq fxuyh diwhu wkh vriw udgldwlrq fruuhfwlrq +xsshu vhw ri
srlqwv, zlwk �w huuruv +vkdghg edqg, dqg v|vwhpdwlf xqfhuwdlqw| +gdvk�grw olqh,1 Wkh
sduwlfoh�mhw fruuhfwlrq +erwwrp vhw ri srlqwv, zloo eh vxewudfwhg lq txdgudwxuh1
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Sdudphwhu Ydoxh Huuru Pdwul{

f 3=366 6=9� 433D �6=95� 433e 3=336:

v 3=9;9 �6=95� 433e 3=337558 �3=37;9
q 5=954 3=336: �3=37;9 3=9894

Wdeoh 914= Wkh sdudphwhuv dqg fryduldqw xqfhuwdlqwlhv ri wkh 4;33 JhY uhvroxwlrq �w1 Wkh
�w |lhogv "2 @ 49=;: iru < ghjuhhv ri iuhhgrp/ ru d 3=384( suredelolw|1

kljk HA1 Prwlydwhg e| whvw ehdp uhvxowv/ wkh wudglwlrqdo sdudphwhul}dwlrq frqwdlqv wkh

xqghuo|lqj dvvxpswlrq wkdw mhw HA uhvroxwlrqv pd| eh sdudphwhul}hg dv wkrxjk wkh| zhuh

slrq hqhuj| uhvroxwlrqv1

91418 Prgl�fdwlrqv iru 963 JhY

Dowkrxjk wkh 4;33 JhY uhvroxwlrq gdwd vsdqv d zlgh udqjh lq HA dqg uhvxowv lq d zhoo�

frqvwudlqhg �w/ d �w wr wkh vsduvh gdwd dw
s
v @ 963 JhY fdqqrw |lhog d vlploduo| suhflvh

uhvxow1 Wzr prgl�fdwlrqv wr wkh edvlf dv|pphwu| phwkrg vxssodqw wkh rwkhuzlvh lqvx!0

flhqw gdwd dw 963 JhY= wkh lqfoxvlrq ri dv|pphwu| gdwd iurp skrwrq�mhw hyhqwv dqg wkh

�wzlq �w� whfkqltxh1 Wkh iruphu lqfrusrudwhv gdwd iurp orzhu HA wkdq zrxog eh srvvleoh

zlwk glmhw gdwd dorqh/ dqg wkh odwwhu olqnv wkh ehkdylru ri wkh uhvroxwlrq fxuyhv ehwzhhq

fhqwhu�ri�pdvv hqhujlhv1 Wkh iroorzlqj vxevhfwlrqv ghwdlo wkhvh wzr prgl�fdwlrqv wr wkh

vwdqgdug phwkrg1

Lqfoxvlrq ri Skrwrq�Mhw Dv|pphwu| Phdvxuhphqwv

Wkh uhodwlyh udulw| ri skrwrq0mhw hyhqwv frpsduhg wr glmhw hyhqwv dqg wkh olplwhg uxqqlqj

wlph dw
s
v @ 963 JhY surylgh orz vwdwlvwlfv iru skrwrq0mhw dv|pphwu| phdvxuhphqwv deryh

63 JhY lq HA1 Wkh dgydqwdjh ri skrwrq0mhw phdvxuhphqwv dulvhv iurp wuljjhu frqvlghud0

wlrqv1 Ehfdxvh skrwrq wuljjhuv duh pruh vhqvlwlyh wr orz0HA hyhqwv wkdq mhw wuljjhuv/ wkh

gdwd vdpsoh fdq frpsohphqw glmhw phdvxuhphqwv dqg h{whqg nqrzohgjh ri wkh mhw uhvroxwlrq

wr pxfk orzhu HA wkdq rwkhuzlvh srvvleoh1

Dv ghvfulehg lq wkh fdorulphwhu vhfwlrq ri Fkdswhu 5/ wkh GÛ ghwhfwru phdvxuhv sxuho|

hohfwurpdjqhwlf vkrzhuv zlwk pxfk kljkhu suhflvlrq wkdq kdgurqlf vkrzhuv1 Wkh hqhuj| uhv0
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Iljxuh 91:= Ixoo|�fruuhfwhg uhvroxwlrq gdwd iru
s
v @ 4;33 JhY1 Wkh wkuhh�sdudphwhu

�w +vrolg olqh, lv zhoo�frqvwudlqhg1 Kdwfkhg olqhv lqglfdwh wkh v|vwhpdwlf xqfhuwdlqw|/ dv
ghvfulehg lq d odwhu vhfwlrq1
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Iljxuh 91;= Glvwulexwlrq ri skrwrq0mhw dv|pphwu| iru mhw HA ehwzhhq 48 dqg 53 JhY lq wkh
fhqwudo uhjlrq1 Lqvhw duh wkh qxpehu ri hyhqwv/ wkh "@q/ dqg wkh ydoxhv ri wkh �w sdudphwhuv1

roxwlrq iru skrwrqv lv dssur{lpdwho| 43 wlphv ehwwhu wkdq wkdw ri d mhw/ doorzlqj d frqyhqlhqw

uhgh�qlwlrq ri Htxdwlrq 9141 Wkh skrwrq0mhw dv|pphwu| lv gh�qhg dv

skrwrq�mhw D @
{� |

|
> +917,

zkhuh { dqg | duh wkh skrwrq dqg mhw wudqvyhuvh hqhujlhv/ uhvshfwlyho|1 Li rqh dssur{lpdwhv

{ � | � HA dv ehiruh/ dqg ohwv �{ � 3/ wkh vwdqgdug ghyldwlrq ri wkh skrwrq0mhw dv|pphwu|

lghqwlfdoo| ehfrphv wkh iudfwlrqdo mhw uhvroxwlrq=

skrwrq�mhw
�,A
HA

@ ��= +918,

Iljxuh 91; glvsod|v d w|slfdo glvwulexwlrq ri skrwrq0mhw dv|pphwu|1

Dv ghvfulehg lq suhylrxv vhfwlrqv/ wkh phdvxuhg uhvroxwlrq lv dgmxvwhg wr uh hfw wklug0mhw

eldvhv dqg wkh sduwlfoh�mhw dv|pphwu|1 Wkh uhvxowv erovwhu wkh orz�vwdwlvwlfv glmhw uhvxowv

dw
s
v @ 963 JhY1
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Wkh Wzlq Ilw Whfkqltxh

Dowkrxjk wkh uhvroxwlrq gdwd dw 4;33 JhY surylgh d zhoo�frqvwudlqhg �w/ wkh odujhu xqfhu0

wdlqwlhv ri wkh 963 JhY gdwd doorz d odujh udqjh ri yduldwlrq> lqghshqghqw sdudphwhul}dwlrqv

iru wkh wzr gdwd vhwv fdq dfwxdoo| furvv rqh dqrwkhu dw kljk ydoxhv ri HA1 Wkh wkuhh sdudph0

whuv/ f> v> dqg q/ duh kljko| fruuhodwhg dqg fdq vhwwoh lqwr wklv qrq�sk|vlfdo furvvlqj ehkdylru

ghvslwh wkhlu frpprq lqwhusuhwdwlrq dv �qrlvh/� �vkrzhulqj/� dqg �frqvwdqw� whupv1 Wkh

iroorzlqj phwkrg uhpryhv qrq0sk|vlfdo dv|pswrwlf ehkdylru dqg pxfk ri wkh fruuhodwlrq

ehwzhhq sdudphwhuv e| �wwlqj erwk gdwd vhwv vlpxowdqhrxvo| zlwk vkduhg sdudphwhuv1

Glmhw hyhqwv idoo lqwr rqh ri wkuhh fdwhjrulhv= txdun�txdun/ txdun�joxrq/ ru joxrq�joxrq

�qdo vwdwhv1 Joxrqv kdgurql}h gl�huhqwo| iurp txdunv/ kdylqj kljkhu sduwlfoh pxowlsolflw|

+dqg vrphzkdw orzhu lqglylgxdo sduwlfoh HA*v,1 Yduldwlrqv lq phdvxuhg mhw HA ghshqg rq wkh

txdgudwxuh vxp ri wkh lqglylgxdo sduwlfoh  xfwxdwlrqv> wkxv/ wkh GÛ fdorulphwhu phdvxuhv

mhwv zlwk d gl�huhqw ghjuhh ri suhflvlrq/ ghshqglqj rq zkhwkhu wkh mhw*v sduhqw zdv d joxrq

ru d txdun1 Ehfdxvh wkh gl�huhqfh lq uhvroxwlrq dsshduv sulpdulo| dw lqwhuphgldwh HA dqg

qrw dw wkh dv|pswrwhv/ wkh v sdudphwhu lv uh�h{suhvvhg lq whupv ri wkuhh frpsrqhqwv/

v$ v +{A, @ I^^ +{A, � v^^ . I^} +{A, � v^} . I}} +{A, � v}}> +919,

zkhuh hdfk �qdo vwdwh fdwhjru| kdv lwv rzq �vdpsolqj� whup/ zhljkwhg e| wkh iudfwlrq ri

doo hyhqwv uhsuhvhqwhg e| wkdw �qdo vwdwh1 Wkh �qdo vwdwh iudfwlrqv duh ixqfwlrqv ri mhw HA1

Dowhuqdwlyho|/ wudqvirupdwlrq wr mhw {A uhyhdov wkh frpprqdolw| ehwzhhq fhqwhu�ri�pdvv

hqhujlhv +Iljxuh 91<,/ vxfk wkdw d vlqjoh vprrwk fxuyh ghvfulehv wkh �qdo vwdwh iudfwlrqv ri

erwk gdwd vhwv1 Diwhu lqfrusrudwlrq ri Htxdwlrq 919/ wkh qhz uhvroxwlrq ixqfwlrq wdnhv wkh

vdph irup dv suhylrxvo|/ exw zlwk �yh sdudphwhuv lqvwhdg ri wkuhh/ dqg zlwk wkuhh lqsxw

glvwulexwlrqv wkdw duh ghwhuplqhg iurp Prqwh Fduor1 Wkhvh prgl�fdwlrqv doorz d vlqjoh

sdudphwhul}dwlrq wr ghvfuleh erwk
s
v gdwd vhwv vlpxowdqhrxvo|1

Wkh uhvxowv ri wklv �wzlq �w� dqg wkh lqglylgxdo +wudglwlrqdo, �wv duh olvwhg lq Wdeoh 915>

huuru pdwulfhv iru wkhvh �wv frpsulvh Wdeoh 9161 Iurp wkh "2 suredelolwlhv/ qrqh ri wkh

�wv h{klelw ryhuzkhoplqj djuhhphqw/ prvw olnho| ehfdxvh wkh srlqw�wr�srlqw  xfwxdwlrqv
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Iljxuh 91<= Wkh iudfwlrqdo frqwulexwlrq ri hdfk �qdo vwdwh wr glmhw hyhqwv +Khuzlj Prqwh
Fduor dqg ehvw �w sdudphwhul}dwlrqv,1

"2@q Sdudphwhu Ydoxh Vlpsoh Huuru
48=4;@< f 3=364 3=33786

4;33 JhY @ 4=9< v 3=:37 3=3785

$ 3=3;9( q 5=868 3=995

f 3=37<7 3=33658

Wzlq Ilw 6<=55@4; v^^ 5=<6� 433. =3647

@ 5=4; v^} 3=877; =439

$ 3=335( v}} 4=44: =436

q 3=3336;6 4=965

49=<6@; f 3=37; 3=35<6

963 JhY @ 5=45 v 3=6;3 3=5::9

$ 3=364( q 5=;69 3=968

Wdeoh 915= Wkh sdudphwhuv ri wkh wzlq �w frpsduhg wr lqglylgxdo �wv1
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Iljxuh 9143= Uhvxowv ri wkh uhvroxwlrq �w surfhgxuh iru erwk fhqwhu�ri�pdvv hqhujlhv1 Gdvkhg
olqhv lqglfdwh wkh ehvw wkuhh�sdudphwhu �w iru hdfk gdwd vhw1 Wkh �yh�sdudphwhu wzlq �w
uhvxowv lq wkh vrolg olqhv1
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Iljxuh 9144= Wkh xqfhuwdlqw| ri wkh wzlq �w surfhgxuh1 Vrolg olqhv ghpdun wkh 4� fryduldqw
�w xqfhuwdlqw|> gdvkhg olqhv lqglfdwh wkh v|vwhpdwlf vkliwv wkdw uhvxow iurp d 	8( fkdqjh
lq wkh glmhw sduwrq iudfwlrqv1
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Huuru Pdwul{
5=38� 433D �4=<6� 433e 3=3357

4;33 JhY �4=<6� 433e 3=33537 �3=35;5
3=3357 �3=35;5 3=76;

8=35� 433S �5=47� 433e 4=;9� 433e �4=89� 433S 7=;8� 433S

�5=47� 433e 4=46� 4332 �4=39� 4332 �8=<7� 433e �4=;5� 433e

Wzlq 4=;9� 433e �4=39� 4332 4=39� 4332 6=59� 433e �4=33� 433D

Ilw �4=89� 433S �8=<7� 433e 6=59� 433e 4=33� 433� �5=99� 433S

7=;8� 433S �4=;5� 433e �4=33� 433D �5=99� 433S 5=99

;=9� 433� �3=33:;; 3=3497

963 JhY �3=33:;; 3=3::4 �3=4:3
3=3497 �3=4:3 3=737

Wdeoh 916= Huuru pdwulfhv iurp wkh uhvroxwlrq �wv1

duh vrphzkdw odujhu wkdq wkh vl}h ri wkh vwdwlvwlfdo huuru eduv1 Wkh sdudphwhul}dwlrqv duh

looxvwudwhg lq Iljxuh 91431 Wkh wzlq �w uhvxowv lq d eduho| shufhswleoh vkliw lq wkh 4;33

JhY uhvroxwlrq dw ru qhdu 68 JhY +pxfk orzhu lq HA wkdq wkh 4;33 uhvroxwlrqv kdyh ehhq

xvhg,/ exw wkh 963 JhY sdudphwhul}dwlrq vkliwv pruh shufhswleo|1 Iljxuh 9144 ghslfwv wkh

xqfhuwdlqwlhv lq wkh �qdo sdudphwhul}dwlrq1 Vrolg olqhv lqglfdwh wkh �w huuruv/ gdvkhg olqhv

lqglfdwh wkh pd{lpxp h�hfw ri vkliwlqj wkh txdun�joxrq iudfwlrqv e| 	8(1 Wkh vhpl�orj

vfdoh glvwruwv wkh orz�HA sruwlrq/ exw hqkdqfhv ghwdlo dw kljk ydoxhv1

91419 Prqwh Fduor Forvxuh

Wr yhuli| wkh uhvroxwlrq h{wudfwlrq phwkrgv/ d Prqwh Fduor vwxg| frpsduhv hyhqwv ehiruh

dqg diwhu wkh ghwhfwru vlpxodwlrq1 Dw wkh fdorulphwhu ohyho/ mhwv h{shulhqfh vlpxodwhg hqhuj|

 xfwxdwlrqv1 Wkh hqhuj| ri wkhvh vr�fdoohg �fdmhwv� fdq eh frpsduhg wr wkh ruljlqdo Prqwh

Fduor mhw dw wkh sduwlfoh ohyho +d �smhw�,1 Wkh gl�huhqfh ehwzhhq wkh smhw dqg wkh fruuhfwhg

fdmhw gluhfwo| phdvxuhv wkh fdorulphwhu hqhuj| uhvroxwlrq1 Dowhuqdwho|/ wkh ixoo dv|pphwu|

phwkrg ghwhuplqhv wkh uhvroxwlrq lqgluhfwo|/ dv ghvfulehg lq wkh sulru vhfwlrqv iru gdwd1 Wkh

gl�huhqfh ehwzhhq wkh gluhfw dqg lqgluhfw uhvroxwlrqv ghwhuplqhv wkh ydolglw| dqg vwdelolw|

ri wkh phwkrg1

Iljxuh 9145 looxvwudwhv wkh �forvxuh� ri wkh dv|pphwu| phwkrg1 Khuh/ �smhw gdwd� lv d
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gluhfw uhvroxwlrq fdofxodwlrq/

�,A
HA R�e|

@
HR�e|
A
� HS@�e|

A

HR�e|
A

1 +91:,

Wkh �fdmhw gdwd� lv wkh ixoo dv|pphwu| phwkrg1 Wkh gl�huhqfh ehwzhhq wkh wzr fdofx0

odwlrqv grhv qrw olh suhihuhqwldoo| deryh ru ehorz }hur/ lqglfdwlqj odfn ri vljql�fdqw eldv

lq wkh phwkrg1 Sulpdulo| ohvv wkdq 4(/ wkh lqfrpsohwh forvxuh ri wkh dv|pphwu| phwkrg

ghwhuplqhv wkh pdjqlwxgh ri wkh v|vwhpdwlf xqfhuwdlqw|/ zklfk lv sdudphwhul}hg dv

�

�
�,A
HA

�
S�f BiV

@
5=56

H2
A

. 3=3354> +91;d,

�

�
�,A
HA

�
�Hff BiV

@
47=4

H2
A

. 3=3357= +91;e,

Wkh 9;( suredelolw| fxuyhv gr qrw hqforvh wkh srlqwv> udwkhu/ wkh| hqforvh wkh uhvlgxdo

gl�huhqfh ri wkh phdq ri wkh srlqwv iurp }hur1

9141: Mhw Uhvroxwlrq Vxppdu|

Wkh vlqjoh mhw uhvroxwlrq ghvfulehv wkh suhflvlrq
�
j,A
,A

�
zlwk zklfk wkh HA ri d mhw pd|

eh ghwhuplqhg diwhu wkh hqhuj| vfdoh fruuhfwlrq1 D wkuhh sdudphwhu �w ghvfulehv wkh �qdo

uhvroxwlrq gdwd iru erwk
s
v @ 963 dqg 4;33 JhY/

�,A
HA

@

v
q2

+HA,
2
.

v2ess
HA

. f2= +91<,

Wkh �uvw sdudphwhu vlpxodwhv  xfwxdwlrqv zlwk d frqvwdqw devroxwh pdjqlwxgh iru doo mhw

HA ydoxhv> wklv �qrlvh� whup sulpdulo| ghvfulehv wkh orz HA uhvroxwlrq1 Wkh vhfrqg whup/

�vdpsolqj/� ghvfulehv wkh lqwhuphgldwh HA udqjh> ehfdxvh wkh uhvroxwlrq ydulhv zlwk wkh

lghqwlwlhv ri wkh �qdo vwdwh sduwrqv +txdunv yhuvxv joxrqv, dq h�hfwlyh vdpsolqj whup pxvw

dffrpprgdwh wkh zhljkwhg vxp ri wkhvh hyhqwv1 Wkh wklug sdudphwhu gh�qhv wkh dv|pswrwlf

plqlpxp ri wkh iudfwlrqdo uhvroxwlrq dw kljk HA1

Ehfdxvh wkh gdwd dw
s
v @ 963 JhY fdqqrw vdwlvidfwrulo| frqvwudlq wkh wkuhh�sdudphwhu

�w dorqh/ d �wzlq �w� whfkqltxh olqnv wkh uhvroxwlrqv ehwzhhq 963 dqg 4;33 JhY1 Lq wklv

�w/ wkh sdudphwhuv fdqqrw ydu| ehwzhhq gdwd vhwv/ doorzlqj rqo| wkh �qdo vwdwh txdun dqg
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Iljxuh 9145= Uhvroxwlrq forvxuh iurp Khuzlj Prqwh Fduor vlpxodwlrq/ erwk fhqwhu�ri�
pdvv hqhujlhv1 Fdmhwv= wkh ixoo ghwhfwru vlpxodwlrq dqg dv|pphwu| phwkrg1 Smhwv= gluhfw
vlpxodwlrq ri wkh sduwlfoh ohyho dv|pphwu|1 Iru prvw ri wkh nlqhpdwlf udqjh/ wkh ghjuhh ri
forvxuh olhv zlwklq d iudfwlrq ri d shufhqw1
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joxrq iudfwlrqv wr ghvfuleh dq| revhuyhg gl�huhqfhv1 Xqfhuwdlqwlhv lq wkh uhvroxwlrq ghwhu0

plqdwlrq lqfoxgh wkh fryduldqfh pdwul{ iurp wkh �w dqg v|vwhpdwlf xqfhuwdlqw| hvwlpdwhv wr

dffrpprgdwh lqdffxudflhv lq wkh iudfwlrqv ri �qdo vwdwh sduwrqv dqg lqdffxudflhv lqkhuhqw

lq wkh phwkrg1

915 Wkh Surfhvv ri Xqvphdulqj

Wr fruuhfw wkh mhw furvv vhfwlrq iru uhvroxwlrq h�hfwv/ d vphdulqj prgho pxvw eh fuhdwhg1

Wr ehjlq/ srvwxodwh wkdw wkh phdvxuhg mhw furvv vhfwlrq uhvxowv iurp wkh frqyroxwlrq ri

wkh phdvxuhg mhw HA uhvroxwlrq dqg vrph �wuxh� mhw HA vshfwuxp1 Li wkh wuxh vshfwuxp lv

sdudphwhul}hg dv

i +HA, @ h� � +HA,� �
�
4� HAs

v

�(

> +9143,

wkhq wklv frqmhfwxuh lv h{suhvvhg dv

I +HA, @

]
j+HA � H�

A
, � i �H�

A

�
gH�

A
= +9144,

Khuh/ j lv d Jdxvvldq ri zlgwk �,A/ dv ghwhuplqhg lq wkh suhylrxv vhfwlrq1 Wkh lqwhjudwlrq

pxvw fryhu d vx!flhqwo| odujh udqjh ri HA wr doorz dpsoh rssruwxqlw| iru mhwv wr vphdu lqwr

+ru dzd| iurp, wkh HA srlqw xqghu vwxg|> wkuhh � ri wkh Jdxvvldq vkrxog vx!fh1 Iru 963

JhY/ wkh lqwhjudwlrq udqjhv iurp 43 wr 533 JhY> dw 4;33 JhY/ wkh lqwhjudwlrq udqjhv iurp

43 wr 933 JhY1 Wr xqvphdu/ wkh sdudphwhuv ri wkh dqvdw} i duh ydulhg wr dfklhyh wkh ehvw

�w ehwzhhq mhw gdwd dqg wkh vphduhg ixqfwlrq I 1 Wkh xqvphdulqj fruuhfwlrq idfwru/ Fr6e@o

lv wkhq jlyhq e|

Fr6e@o @
i +HA,

I +HA,
= +9145,

Elqzlvh pxowlsolfdwlrq ri wkh udz furvv vhfwlrq e| wkh fruuhfwlrq idfwru |lhogv wkh �qdo

glvwulexwlrq1
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s
v Sdudphwhu Ydoxh Huuru Pdwul{

D 6:=97 9=69� 433� �4=97� 433� �<=8;� 433�

4;33 +ie, E �8=455 �4=97� 433� 7=57� 433e 5=86� 433�

G 5=954 �<=8;� 433� 5=86� 433� 4=95� 4332

D 56=3: 5=65� 4332 �;=::� 433� �8=;7� 4332

963 +qe, E �8=794 �;=::� 433� 6=68� 433� 5=5;� 4332

G 9=4:8 �8=;7� 4332 5=5;� 4332 3=498

Wdeoh 917= Xqvphdulqj sdudphwhuv dqg huuruv1 Wkh furvv vhfwlrq xqlwv duh lqglfdwhg1

Wkh grxeoh�suhflvlrq Plqxlw sdfndjh ^7:` shuirupv wkh �wwlqj dqg gl�huhqwldwlrq sur0

fhgxuh1 Gdwd iru hdfk
s
v hqhuj| duh �w vhsdudwho|1 Wdeoh 917 lqfoxghv wkh �qdo dqvdw}

sdudphwhu ydoxhv dqg wkh huuru pdwul{ iru erwk �wv1

91514 Xqvphdulqj Xqfhuwdlqwlhv

Wkuhh vrxufhv frqwulexwh xqfhuwdlqw| wr wkh xqvphdulqj whfkqltxh= wkh dqvdw} �w/ wkh uhv0

roxwlrq sdudphwhu �w/ dqg wkh uhvroxwlrq forvxuh xqfhuwdlqw|1 Dv ghvfulehg ehorz/ fdofx0

odwlrq ri wkh xqfhuwdlqw| gxh wr wkh dqvdw} �w iroorzv wkh huuru pdwul{ whfkqltxh rxwolqhg

lq Dsshqgl{ E/ Vhfwlrq 51 Wkh uhvroxwlrq �w xqfhuwdlqw| sursdjdwhv lqwr wkh xqvphdulqj

fruuhfwlrq vlploduo|/ exw ohvv gluhfwo|1 Ehfdxvh/ xqolnh wkh �uvw wzr vrxufhv/ wkh uhvroxwlrq

forvxuh xqfhuwdlqwlhv gr qrw ruljlqdwh iurp d �w/ wkh vwdqgdug huuru sursdjdwlrq whfkqltxhv

zloo qrw dffrpprgdwh wkhp> wkxv d prgl�fdwlrq wr wkh fryduldqw huuru dssurdfk kdg wr eh

lqyhqwhg iru wklv dqdo|vlv1

Ehfdxvh wkh dqvdw} dsshduv lq erwk wkh qxphudwru dqg ghqrplqdwru ri Htxdwlrq 9145/

wkh �w xqfhuwdlqw| ri wkh vphduhg dqvdw} dorqh lv qrw uhohydqw wr wkh xqfhuwdlqw| lq wkh

furvv vhfwlrq1 Lqvwhdg/ frpsxwdwlrq ri wkh fryduldqw xqfhuwdlqw| lq wkh furvv vhfwlrq gxh

wr wkh dqvdw} �w uhtxluhv nqrzohgjh ri wkh sduwldo ghulydwlyhv ri wkh fruuhfwlrq idfwru1 Wkh

lqwhjudwlrq ri Htxdwlrq 9144 pxvw eh shuiruphg qxphulfdoo|/ vr sduwldo ghulydwlyhv ri Fr6e@o

duh qrw dydlodeoh lq dqdo|wlf irup1 Wr ghwhuplqh wkh �w huuruv/ wkh sduwldo ghulydwlyhv zlwk

uhvshfw wr hdfk sdudphwhu duh fdofxodwhg qxphulfdoo| dw hdfk gdwd srlqw1 Wkh xqvphdulqj



46<

xqfhuwdlqw| dw hdfk srlqw lv wkhq ghwhuplqhg zlwk

� @

v[
�

[
�	�

C2� ��2
� . 5Fry�� � C� � C� +9146,

zkhuh wkh C� duh wkh sduwldo ghulydwlyhv zlwk uhvshfw wr sdudphwhu l/ wkh �� duh wkh vwdqgdug

ghyldwlrqv ri hdfk sdudphwhu lq wkh �w/ Fry�� lv wkh fryduldqfh ehwzhhq sdudphwhuv l dqg

m/ dqg wkh lqglfhv uxq ryhu wkh dqvdw} sdudphwhuv D> E> dqg G1 Lq Wdeoh 917/ wkh gldjrqdo

hohphqwv duh wkh �2
� dqg wkh r��gldjrqdo hohphqwv duh wkh fryduldqfhv1

Qh{w/ wkh sduwldo ghulydwlyhv lq wkh fruuhfwlrq idfwru zlwk uhvshfw wr wkh uhvroxwlrq sd0

udphwhuv duh fdofxodwhg dw hdfk srlqw1 Xvlqj Htxdwlrq 9146 djdlq/ wkhvh ghulydwlyhv dqg

wkh huuru pdwul{ lq Wdeoh 916 ghwhuplqh wkh xqfhuwdlqw| lq wkh fruuhfwlrq idfwru gxh wr wkh

uhvroxwlrq �w1 Iru wkh uhvroxwlrq xqfhuwdlqw| sursdjdwlrq/ wkh lqglfhv uxq ryhu f> q> dqg

wkh wkuhh v whupv1 Qrwh wkdw wkh uhvroxwlrq huuru pdwul{ dqg wkh sduwldo ghulydwlyhv ri wkh

uhvroxwlrq sdudphwhuv qhhg qrw dqg gr qrw ruljlqdwh iurp wkh vdph �w sdudphwhul}dwlrq1

Ilqdoo|/ gxpp| frqvwdqw whupv ri irup _�
E,A�

2 . g2 lq wkh iudfwlrqdo uhvroxwlrq +�{hg dw

}hur gxulqj wkh �w, duh ydulhg wr �qg wkhlu sduwldo ghulydwlyhv1 Vshfl�fdoo|/ wkh zlgwk ri wkh

Jdxvvldq lq Htxdwlrq 9144 wdnhv wkh irup

�2 @

�t
f2{2 . v2ess{. q2 .

g�
{

. g2{

�2

+9147,

iru sxusrvhv ri huuru sursdjdwlrq1 Wkh yduldqfhv iru wkhvh wzr gxpp| sdudphwhuv duh

suhflvho| wkhlu pdjqlwxgh lq wkh Prqwh Fduor forvxuh sdudphwhul}dwlrq> wkxv/ g� @ 3=3	5=3

dqg g2 @ 3=3	 3=341 D wklug gxpp| sdudphwhu lv lqfoxghg lq wkh txdun�joxrq �qdo vwdwh

sdudphwhul}dwlrqv/ vxfk wkdw

vess @ +I^^ +{A,� g�, � v^^ . I^} +{A, � v^} . +I}} +{A, . g�, � v}}= +9148,

Wkh wklug gxpp| sdudphwhu/ g�/ fkdqjhv wkh uhodwlyh pdjqlwxghv ri wkh �qdo vwdwh glvwul0

exwlrqv1 Qr yduldwlrq lv dssolhg wr wkh I^} ixqfwlrq ehfdxvh lw grhv qrw ydu| dv vwurqjo| dv

d ixqfwlrq ri HA/ qru grhv lw ydu| zlwk svhxgrudslglw| udqjh1 Wkh wklug sdudphwhu lv vhw

wr g� @ 3=3	 3=38/ wr dffrpprgdwh  xfwxdwlrqv ri wkh srlqwv lq Iljxuh 91</ dqg wr dffrxqw

iru srvvleoh 1 Hdfk gxpp| sdudphwhu lv lqghshqghqw ri doo rwkhu sdudphwhuv1
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Lq hvvhqfh/ wkh huuru pdwul{ dssurdfk lv dssolhg wr doo wkuhh vrxufhv ri xqfhuwdlqw|1 Wkh

whfkqltxh rxwolqhg lq wklv vhfwlrq lv htxlydohqw wr gh�qlqj dq 44� 44 huuru pdwul{

Y @

3
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4
FFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFD

>

+9149,

zkhuh wkh gldjrqdo frqwdlqv wkh yduldqfh ri doo sdudphwhuv/ wkh r�0gldjrqdov krog wkh fr0

yduldqfh ehwzhhq sdudphwhuv +ghqrwhg F,/ dqg doo xq�oohg fhoov duh }hur1 Wkh hohphqwv ri

Y/ wkh sduwldo ghulydwlyhv ri 9145/ dqg Htxdwlrq 9146 ghwhuplqh wkh xqvphdulqj xqfhuwdlqw|

dv d ixqfwlrq ri HA1

91515 Ilqdo Fruuhfwlrq Idfwru

Iljxuh 9146 ghslfwv wkh xqvphdulqj fruuhfwlrq iru erwk fhqwhu�ri�pdvv hqhujlhv zlwk wkh

fryduldqw xqfhuwdlqwlhv iurp doo �wv1 Wkh vrolg edqgv lqglfdwh uhvroxwlrq �w xqfhuwdlqw|

dorqh> wkh kroorz edqgv lqfoxgh wkh uhvroxwlrq �w dqg erwk v|vwhpdwlf xqfhuwdlqwlhv1 Wkh

huuru frqwulexwlrq iurp wkh xqvphdulqj surfhvv wrwdov ohvv wkdq 6( ryhu wkh hqwluh 4;33

JhY HA udqjh/ exw iru 963 JhY wkh huuruv ehfrph dv odujh dv 45(/ wkh vhfrqg�odujhvw huuru

+diwhu wkh hqhuj| vfdoh,1 Iru erwk
s
v hqhujlhv/ wkh xqfhuwdlqw| lq wkh dqvdw} �w dorqh |lhogv

d qhjoljleoh huuru1
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Wkh uhvxowv iru 963 JhY dqg 4;33 JhY gl�hu gudpdwlfdoo| iru wzr uhdvrqv1 Iluvw/ wkh

963 JhY gdwd vhw h{whqgv wr orzhu HA wkdq grhv wkh 4;33 JhY gdwd vhw> dw orz HA/ wkh

mhw uhvroxwlrq zruvhqv udslgo|/ uhvxowlqj lq d odujh vphdulqj h�hfw1 Vhfrqg/ wkh 963 JhY

furvv vhfwlrq vshfwuxp idoov pruh vwhhso| wkdq grhv wkh 4;33 JhY furvv vhfwlrq/ vr dq htxdo

plvphdvxuhphqw uhvxowv lq d odujhu glvwruwlrq dw 963 JhY1

916 Vxppdu| dqg Uhvxow

Zkhuhdv wkh hqhuj| vfdoh fruuhfwv iru wkh dyhudjh mhw plvphdvxuhphqw/ uhvlgxdo  xfwxdwlrqv

derxw wkh dyhudjh frqwlqxh wr glvwruw wkh phdvxuhg mhw furvv vhfwlrq glvwulexwlrq1 Wkh

fruuhfwlrq/ fdoohg �xqvphdulqj/� uhtxluhv nqrzohgjh ri wkh ghjuhh ri h{shfwhg  xfwxdwlrq

iru d jlyhq mhw HA1 Wkh mhw HA uhvroxwlrq/ ghulyhg iurp HA edodqfh lq glmhw hyhqwv/ surylghv

wklv nqrzohgjh1

Wkh frqyroxwlrq ri dq dqvdw} ixqfwlrq dqg wkh phdvxuhg uhvroxwlrq ghvfulehv wkh �udz�

furvv vhfwlrq1 D ehvw �w ri wkh frqyroxwlrq wr wkh revhuyhg mhw furvv vhfwlrq gdwd hvwlpdwhv

wkh mhw uhvroxwlrq h�hfw> wkh udwlr ri wkh frqyroxwhg dqvdw} dqg wkh eduh dqvdw} |lhogv wkh

xqvphdulqj fruuhfwlrq idfwru1 Dw
s
v @ 4;33 JhY/ wklv fruuhfwlrq lv dssur{lpdwho| :(

wkurxjkrxw wkh mhw vshfwuxp> iru 963 JhY/ wkh fruuhfwlrq idfwru lv juhdwhu wkdq 48( dqg

glvsod|v d vwurqj HA ghshqghqfh1 Wkh fkdqjh lq wkh pdjqlwxgh ri wkh fruuhfwlrq ehwzhhq

fhqwhu�ri�pdvv hqhujlhv uhvxowv iurp erwk wkh gl�huhqw HA udqjhv dqg wkh gl�huhqw vorshv ri

wkh furvv vhfwlrqv1 Wkh xqfhuwdlqw| rq wkh surfhgxuh frqvlvwv sulpdulo| ri wkh xqfhuwdlqwlhv

lq wkh mhw uhvroxwlrq phdvxuhphqwv/ qrw wkh frqyroxwlrq �wv1 Wkh huuru pdwulfhv ri wkh �wv

dqg d �frqvwuxfwhg� huuru pdwul{ iru wkh uhvroxwlrq v|vwhpdwlf frpelqh wr irup d joredo

huuru pdwul{ wkdw ghvfulehv wkh fryduldqw xqfhuwdlqw| lq wkh fruuhfwlrq idfwru1

Dssolfdwlrq ri wkh fruuhfwlrq idfwru wr wkh lqfoxvlyh mhw furvv vhfwlrq |lhogv wkh glvwulex0

wlrq vkrzq lq Iljxuh 9147 +
s
v @ 963 JhY gdwd vhw,1 Wkh vrolg olqh wudfhv wkh QOR TFG

suhglfwlrq iurp Mhwudg +zlwk PUVD� dv wkh lqsxw SGI ,1 Vlploduo|/ Iljxuh 9148 ghslfwv

wkh fruuhfwhg glvwulexwlrq dw
s
v @ 4;33 JhY1 Wdeohv 918 dqg 919 olvw wkh elq hgjhv lq HA dqg

wkh fruuhvsrqglqj furvv vhfwlrqv dqg vwdwlvwlfdo xqfhuwdlqwlhv iru hdfk gdwd vhw1 Wkh iroorz0
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Iljxuh 9146= Wkh fruuhfwlrq idfwru iru xqvphdulqj1 Vrolg edqgv= uhvroxwlrq �w xqfhuwldqw|1
Ixoo edqg= �w dqg v|vwhpdwlf xqfhuwdlqwlhv lq txdgudwxuh1
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s
v Elq Hgjhv +JhY, Furvv Vhfwlrq Vwdwlvwlfdo

+qe2JhY, Huuru

5413 5718 5<319 61:
5718 5;13 45318 517
5;13 6418 8815 41:
6418 6813 5:193 317<
6813 6;18 4714< 3168
6;18 7513 ;148 315:
7513 7818 715; 3153
7818 7<13 51<3 3149

963 7<13 8518 41;5 3146
8518 8913 413<; 31357
8913 8<18 31:35 3134<
8<18 9613 317;8 31349
9613 9918 3164: 31346
9918 :313 31563 31344
:313 :618 3148:5 3133<5
:618 ::13 31445; 3133:;
::13 ;318 313;66 31339:
;318 ;:18 313767 313367
;:18 <718 3135:5 31335:
<718 43418 313467 31334<
43418 44513 3133:9 313345
44513 4<913 3133388 3133344

Wdeoh 918= Lqfoxvlyh mhw furvv vhfwlrq dqg vwdwlvwlfdo huuruv iru 963 JhY1

lqj fkdswhu glvfxvvhv wkh v|vwhpdwlf xqfhuwdlqwlhv ri wkh furvv vhfwlrq fdofxodwlrqv> Fkdswhu

; surylghv d ixoo gdwd�wr�wkhru| frpsdulvrq iru hdfk furvv vhfwlrq dqg wkh glphqvlrqohvv

udwlr ri furvv vhfwlrqv1
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Iljxuh 9147= Wkh �qdo lqfoxvlyh mhw furvv vhfwlrq dw 963 JhY +vwduv,1 Wkh vrolg olqh lqglfdwhv
wkh QOR TFG suhglfwlrq +SGI dqg � vfdoh lqglfdwhg,1
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Iljxuh 9148= Wkh �qdo lqfoxvlyh mhw furvv vhfwlrq dw 4;33 JhY +flufohv,1 Wkh vrolg olqhv
lqglfdwh v|vwhpdwlf xqfhuwdlqwlhv1
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s
v Elq Hgjhv +JhY, Furvv Vhfwlrq Vwdwlvwlfdo

+ie2JhY, Huuru

93 :3 918<�43S 3137�43S
:3 ;3 51<3�43S 3136�43S
;3 <3 4174�43S 3135�43S
<3 43 :13:�43D 3137�43D
433 443 61;;�43D 3136�43D
443 453 5154�43D 3135�43D
453 463 415:�43D 3135�43D
463 473 :1:3�43e 3137�43e

4;33 473 483 71;9�43e 3136�43e
483 493 613:�43e 3135�43e
493 4:3 5133�43e 3135�43e
4:3 4;3 4167�43e 3134�43e
4;3 4<3 <145�43� 3143�43�
4<3 533 9148�43� 313<�43�
533 543 715<�43� 313:�43�
543 553 51<6�43� 3139�43�
553 563 5147�43� 3138�43�
563 583 4163�43� 3136�43�
583 5:3 9187�432 3153�432
5:3 5<3 61::�432 3148�432
5<3 653 41:<�432 313;�432
653 683 91;5�43� 3185�43�
683 743 41;<�43� 314<�43�
743 893 4157�43f 3164�43f

Wdeoh 919= Lqfoxvlyh mhw furvv vhfwlrq dqg vwdwlvwlfdo huuruv iru 4;33 JhY1



Fkdswhu :

Xqfhuwdlqwlhv lq wkh Udwlr ri
Mhw Furvv Vhfwlrqv

�Nqrzohgjh uhvwv qrw xsrq wuxwk dorqh/
exw xsrq huuru dovr1�

� Fduo Mxqj

Ehfdxvh mhw furvv vhfwlrq vshfwud ghfuhdvh vkduso| dv ixqfwlrqv ri HA/ dssduhqwo| vpdoo

xqfhuwdlqwlhv iru d vlqjoh mhw ehfrph odujh lq wkh phdvxuhphqw ri wkh mhw furvv vhfwlrqv1

Wkh dgydqwdjh ri d udwlr fdofxodwlrq ehwzhhq wkh wzr fhqwhu�ri�pdvv +FP, hqhujlhv lv wkh

fdqfhoodwlrq ri odujh sruwlrqv ri wkh huuruv1 Lq wklv fdvh/ �udwlr� uhihuv wr wkh furvv vhfwlrq

dw 963 JhY ryhu wkh furvv vhfwlrq dw 4;33 JhY1 Dowkrxjk huuru fdqfhoodwlrq ehwzhhq mhwv

ri olnh HA dw gl�huhqw
s
v lv frqfhswxdoo| vlpsoh/ wzr frqvlghudwlrqv suhyhqw d gluhfw udwlr

fdofxodwlrq1 Iluvw/ wkh olplwhg uxq wlph dw 963 JhY |lhoghg d vpdoo qxpehu ri mhwv deryh

93 JhY lq HA +zkhuh wkh 4;33 JhY mhw furvv vhfwlrq ehjlqv,> dq| udwlr zlwk 4;33 JhY

zrxog eh vwdwlvwlfdoo| olplwhg deryh 433 JhY/ dqg +vkruw ri uhelqqlqj wkh 4;33 gdwd, zrxog

frqvlvw ri rqo| vl{ gdwd srlqwv1 Vhfrqg/ wkh udwlr ri glphqvlrqohvv furvv vhfwlrqv lv hdvlhu wr

h{sodlq wkhruhwlfdoo|/ ehfdxvh wkh gl�huhqfhv ehwzhhq sduwrq glvwulexwlrq ixqfwlrqv ehfrph

qhjoljleoh lq wkdw iudphzrun1 Wkh glphqvlrqohvv mhw furvv vhfwlrq lv wkh vshfwuxp ri He
A
�H _�j

_�R

yhuvxv {A1 Lq whupv ri froolghu yduldeohv/ wklv vshfwuxp lv ,�
A

2Z
� _2j
_,A_#

yhuvxv 2I
r
HA1 Furvv

vhfwlrq frpsdulvrq lq wklv irup dovr dgguhvvhv wkh vwdwlvwlfdo olplwdwlrqv> lq {A/ wkh vwdwlvwlfv

lq wkh elqv dw 963 JhY pdwfk wkrvh dw 4;33 zlwk wkh h{fhswlrq ri rqo| wkh odvw ihz elqv/

pd{lpl}lqj wkh phdvxuhdeoh uhjlrq ri wkh glvwulexwlrq1 Lq wkh {A phdvxuhphqw/ krzhyhu/

47:
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xqfhuwdlqwlhv zklfk pljkw fdqfho lghqwlfdoo| iru olnh HA*v fdqfho ohvv frpsohwho|1

Wkh fdqfhoodwlrq ri xqfhuwldqwlhv lq wkh udwlr uhsuhvhqwv wkh wuxh vwhqjwk ri wklv dqdo|vlv>

doo huuru frqvlghudwlrqv kdyh ehhq frqfhqwudwhg lqwr wklv fkdswhu1W Wkh ruljlqv ri wkh

iroorzlqj xqfhuwdlqwlhv pd| eh irxqg lq sulru fkdswhuv/ vr eulhi ghvfulswlrqv zloo dsshdu

khuh lq fdvhv zkhuh huuruv duh wuhdwhg vlpso|1 Hqhuj| vfdoh dqg oxplqrvlw| huuruv/ ehlqj

pruh frpsolfdwhg/ uhfhlyh ixoohu wuhdwphqw1 Iru uhihuhqfh/ Dsshqgl{ E surylghv d vkruw

sulphu rq huuru dqdo|vlv1

Iru wkh xqfhuwdlqw| lq wkh udwlr/ doo huuruv duh vhsdudwhg lqwr rqh ri wkuhh fdwhjrulhv/

ghshqglqj rq wkh fruuhodwlrq +�, dv d ixqfwlrq ri HA ru/ dv lpsruwdqwo|/ wkh fruuhodwlrq

ehwzhhq
s
v hqhujlhv=

� � @ 4 = �Frpsohwho| fruuhodwhg/� lqglfdwlqj wkdw d 4�  xfwxdwlrq lq dq huuru dw d
sduwlfxodu HA lpsolhv d 4�  xfwxdwlrq dw doo rwkhu HA +Iljxuh :14,1 Lq wkh udwlr/ d
iudfwlrqdo huuru dw 963 JhY/ 	��/ dqg lwv frpsohwho| fruuhodwhg dqdorj dw 4;33 JhY/
	�2/ |lhog d iudfwlrqdo udwlr xqfhuwdlqw| ri pdjqlwxgh

�4'�
o@|�J @

4	��

4	�2

� 4> +:14,

zkhuh wkh vljqv ri wkh wzr furvv vhfwlrq huuruv duh dozd|v wkh vdph1 Qrwh wkdw li �2 lv
juhdwhu wkdq ��/ wkh vljq ri wkh udwlr xqfhuwdlqw| zloo eh wkh rssrvlwh ri wkh vljqv ri
wkh furvv vhfwlrq huuruv1

� � @ � +HA� >HA2, @ ^�4> 4` = �Sduwldoo| fruuhodwhg/� srvvhvvlqj d ydu|lqj ghjuhh ri
fruuhodwlrq lq HA/ uhvxowlqj iurp wkh fryduldqfh pdwul{ ri d �w1 D 4�  xfwxdwlrq wkxv
lpsolhv d ohvv wkdq xqlw  xfwxdwlrq hovhzkhuh +Ilujxuh :15,> qhjdwlyh � lqglfdwhv wkh
vkliwv zloo kdyh rssrvlwh gluhfwlrqv dw wkh wzr srlqwv1 Wklv w|sh ri huuru lv wkh prvw
frpsolfdwhg wr fdofxodwh dqg sursdjdwh wkurxjk wkh udwlr1

� � @ 3 = �Xqfruuhodwhg/� vwdwlvwlfdo lq qdwxuh ru rwkhuzlvh lqghshqghqw ri rqh dqrwkhu1
Vrph vpdoo huuruv zlwk xqnqrzq +exw suredeo| srvlwlyh, HA fruuhodwlrq duh wuhdwhg
dv xqfruuhodwhg iru vlpsolflw| dqg ehfdxvh vxfk wuhdwphqw lv frqvhuydwlyh1 Wkh vlpsoh
txdgudwxuh dgglwlrq irupxod iru wkh wzr iudfwlrqdo huuruv �� dqg �2 lv

	�4'f
o@|�J @

t
+��,

2 . +�2,
2= +:15,

Lq prvw fdvhv/ frpsohwh fruuhodwlrq lq HA iru rqh FP hqhuj| lpsolhv frpsohwh fruuhodwlrq

ehwzhhq
s
v hqhujlhv/ exw h{fhswlrqv h{lvw dqg zloo eh kljkoljkwhg lq wkh iroorzlqj vhf0

W Pdmru sruwlrqv ri wklv fkdswhu zhuh ruljlqdoo| sxeolvkhg dv GÛ Qrwh 6756/ �Fdofxodwlrq ri Xqfhuwdlqwlhv
lq wkh Udwlr ri Mhw Furvv Vhfwlrqv dw 963 dqg 4;33 JhY/� M1Nudqh/ Dsulo </ 4<<;1
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Iljxuh :14= H{dpsoh ri dq huuru edqg uhodwlyh wr vrph qrplqdo glvwulexwlrq +looxvwudwhg
khuh zlwk d  dw olqh,1 Li wkh huuruv dw srlqwv d dqg e duh frpsohwho| fruuhodwhg/ wkhq d rqh
vwdqgdug ghyldwlrq +4�, plvwdnh �@ dw wkh �uvw srvlwlrq qhfhvvdulo| uhvxowv lq d 4� plvwdnh
�M dw wkh vhfrqg srvlwlrq1

wlrqv1 Wkh �qdo vhfwlrq lqfoxghv d judsklfdo ghslfwlrq ri wkh {A glvwulexwlrqv ri doo udwlr

xqfhuwdlqwlhv1

Wkh hqg uhvxow ri wklv fkdswhu/ dq �xqfhuwdlqw| edqg� durxqg wkh furvv vhfwlrq gdwd

srlqwv/ uhsuhvhqwv rqh vwdqgdug ghyldwlrq ri doorzhg vkliwv lq wkh gdwd srlqwv1 Xqolnh wkh

vwdwlvwlfdo �huuru eduv/� zkhuh dq| jlyhq srlqw fdq  xfwxdwh zlwkrxw d�hfwlqj wkh olnho|

srvlwlrq ri wkh rwkhu srlqwv/ d v|vwhpdwlf vkliw ri rqh srlqw lpsolhv d olnho| qhz srvlwlrq iru

doo rwkhu srlqwv1 Dowkrxjk wklv fryduldqfh ehwzhhq srlqwv lv gl!fxow wr suhvhqw ylvxdoo|/ lw

fdq eh ghvfulehg zlwk d pdwul{/ dv lq wkh �qdo vhfwlrq1

Wklv fkdswhu lv duudqjhg lq �yh sduwv1 Wkh �uvw vhfwlrq glvfxvvhv oxplqrvlw| xqfhu0

wdlqwlhv/ lqfoxglqj vshfxodwlyh uhvxowv iurp Ihuplode h{shulphqw H;441 Vhfwlrqv wzr dqg

wkuhh lqfrusrudwh wkh xqfhuwdlqw| iurp gdwd vhohfwlrq fulwhuld dqg wkh xqvphdulqj surfh0

gxuh1 Wkh prvw frpsolfdwhg sruwlrq ri wkh huuru dqdo|vlv uhvroyhv wkh lqwhusod| ri wkh hqhuj|
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Iljxuh :15= Li wkh huuruv dw srlqwv d dqg e duh sduwldoo| fruuhodwhg/ wkhq d ixoo 4� plvwdnh
�@ dw wkh �uvw srvlwlrq uhvxowv lq d vpdoohu wkdq 4� plvwdnh �M� dw wkh vhfrqg srvlwlrq1 Dv
looxvwudwhg khuh/ wkh fruuhodwlrq idfwru lv 31881
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vfdoh fruuhfwlrq ehwzhhq wkh wzr
s
v gdwd vhwv1 Dowkrxjk wkh glvfxvvlrq ehfrphv ohqjwk|/

vrsklvwlfdwhg wuhdwphqw ri wkh hqhuj| vfdoh xqfhuwdlqw| lq vhfwlrq irxu |lhogv pruh huuru

uhgxfwlrq wkdq wkh frpelqhg wrwdo ri doo rwkhu xqfhuwdlqwlhv1 Vhfwlrq �yh suhvhqwv wkh �qdo

fryduldqfh pdwul{1

:14 Oxplqrvlw| Xqfhuwdlqwlhv

Wkh oxplqrvlw| fdofxodwlrq dw
s
v @ 963 JhY vkduhv pdq| frpprq xqfhuwdlqwlhv zlwk

wkh fdofxodwlrq dw 4;33 JhY1 Erwk fdofxodwlrqv frqvlvw ri wkuhh glvwlqfw lqjuhglhqwv= wkh

jhrphwulf dffhswdqfh ri wkh Ohyho Û krgrvfrshv/ wkh Ohyho Û kdugzduh h!flhqf|/ dqg wkh

s�s lqhodvwlf furvv vhfwlrq1 Wkh pdjqlwxghv ri wkhvh xqfhuwdlqwlhv duh olvwhg lq Wdeoh :141

Wkh odujhvw frqwulexwlrq wr wkh oxplqrvlw| xqfhuwdlqw| dw 4;33 JhY ruljlqdwhv lq wkh

Zruog Dyhudjh +ZD, s�s wrwdo furvv vhfwlrq1 Wkh s�s furvv vhfwlrq dw 963 JhY zdv ghwhuplqhg

zlwk d �w wr wkh ydoxhv dw 4;33 dqg 879 JhY> wkh fryduldqw xqfhuwdlqw| iurp wkh �w +d

�sduwldoo| fruuhodwhg huuru�, ghwhuplqhv wkh huuru rq wkh 963 furvv vhfwlrq +Iljxuh :16,1

D 4� vkliw lq wkh phdq ydoxh ri wkh 4;33 furvv vhfwlrq gluhfwo| lpsdfwv wkh fhqwudo ydoxh

ri wkh 963 furvv vhfwlrq/ uhvxowlqj lq d v|psdwkhwlf vkliw ri xqhtxdo pdjqlwxgh exw olnh

gluhfwlrq1 Wkh pdjqlwxgh ri wkh vkliw dw 963 JhY/ vxewudfwhg lq txdgudwxuh iurp wkh

fryduldqw lqwhusrodwlrq huuru/ gh�qhv wzr huuru frpsrqhqwv= wkh vkliw/ zklfk lv frpsohwho|

fruuhodwhg zlwk wkh 4;33 furvv vhfwlrq huuru/ dqg wkh uhpdlqghu/ zklfk zloo eh dgghg lq

txdgudwxuh zlwk wkh rwkhu lqghshqghqw oxplqrvlw| huuruv1 Wkh xqfhuwdlqw| frpsrqhqwv lq

wkh ZD hodvwlf dqg vlqjoh�gl�udfwlyh s�s furvv vhfwlrqv vhshudwh zlwk wkh vdph surfhgxuh1

Ehfdxvh wkh xqfhuwdlqwlhv ri wkhvh wkuhh furvv vhfwlrqv frqwulexwh wr wkh wrwdo oxplqrvlw|

xqfhuwdlqw| qrq�olqhduo|/ Wdeoh :14 uhsruwv rqo| wkh �qdo uhvxowv> wkh vshfldo wuhdwphqw ri

wkh sduwldoo| fruuhodwhg oxplqrvlw| xqfhuwdlqw| pdnhv wkh uhvxow gl!fxow wr fdofxodwh iurp

wkh lqirupdwlrq lq wkh wdeoh dorqh1

Wzr Prqwh Fduor plqeldv hyhqw jhqhudwruv +Peu dqg GwxMhw, ghwhuplqhg wkh jhr0

phwulf dffhswdqfh ri wkh Ohyho Û krgrvfrshv1 Wkh gl�huhqfh lq dffhswdqfh ehwzhhq wkh

wzr PF uhvxowv zdv flwhg dv d vrxufh ri v|vwhpdwlf xqfhuwdlqw| iru hdfk
s
v1 Wkh frqvlvwhqw
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Iljxuh :16= Wkh wkuhh �wv wr wkh Zruog Dyhudjh s�s furvv vhfwlrqv1 D  xfwxdwlrq ri wkh 4;33
JhY srlqw gluhfwo| lq xhqfhv wkh lqwhusrodwhg ydoxh dw 963 JhY/ sduwlfxoduo| lq wkh fdvh ri
wkh wrwdo furvv vhfwlrq +d,1
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Vrxufh ri Xqfhuwdlqw| +Shufhqw,
Xqfhuwdlqw|

s
v @ 4;33 JhY

s
v @ 963 JhY Udwlr

Ruljlqdo Xqfhuwdlqw| 8=65 6=4:

Zruog Dyhudjh s�s 7=74 4=7; .4=99

furvv vhfwlrqv rqo| �4=7:
Uhpdlqlqj Xqfhuwdlqw| 5=<: 5=;3

Kdugzduh h!flhqf| 5=43 5=7: .3=695

+v|vwhpdwlf, �3=6:;
Jhrphwulf Dffhswdqfh 4=<9 4=4< .3=:;8

+�kdug�fruh� v|vwhpdwlf, �3=:88
Xqfruuhodwhg UhpdlqghuW 3=:87 . 3=:3 3=:89 	4=97

Doo vrxufhvW 9=4 6=4: .5=7<

�5=64
Wdeoh :14= Xqfhuwdlqwlhv lq wkh oxplqrvlw| fdofxodwlrq1 -Lqfoxghv �owhu pdwfklqj huuru1

ehkdylru ri hdfk jhqhudwru uhodwlyh wr wkh rwkhu ehwzhhq FP hqhujlhv lqglfdwhv wkdw wkh

v|vwhpdwlf xqfhuwdlqw| pd| eh frqvlghuhg frpsohwho| fruuhodwhg1 Wkh v|vwhpdwlf huuru dw

hdfk FP hqhuj| |lhogv wkh udwlr huuru olvwhg lq Wdeoh :14 zlwk wkh xvh ri Htxdwlrq :141 Wkh

vwdwlvwlfdo sruwlrqv ri dffhswdqfh xqfhuwdlqw| pxvw eh dgghg lq txdgudwxuh iru wkh udwlr1 Do0

wkrxjk wkh jhrphwulf dffhswdqfh ri wkh Ohyho Û krgrvfrshv wr gl�udfwlyh surfhvvhv pxvw eh

frqvlghuhg lq oxplqrvlw| fdofxodwlrqv/ wkh xqfhuwdlqw| ri wkh qrq0gl�udfwlyh dffhswdqfh +wkh

vr0fdoohg �kdug�fruh� dffhswdqfh, grplqdwhv1 Wkh vpdoo xqfhuwdlqw| frqwulexwlrqv iurp wkh

gl�udfwlyh dffhswdqfhv/ ghvslwh wkhlu +srvlwlyh, sduwldo fruuhodwlrqv/ zloo eh frqvlghuhg wr eh

lqghshqghqw ri rqh dqrwkhu dqg dgghg lq txdgudwxuh iru wkh udwlr1

D }hureldv vwxg| ghwhuplqhg wkh kdugzduh h!flhqf| ri Ohyho Û1 H{dplqdwlrq ri wkh

dqdorj fkdujh vxpv iurp rqh Ohyho Û krgrvfrsh zkhq wkh rwkhu krgrvfrsh uhfhlyhg d klw

lq frlqflghqfh zlwk d ehdp furvvlqj uhyhdov d odujh shghvwdo shdn dqg d vprrwk xqghuo|lqj

glvwulexwlrq1 Wkh dqdorj vxp iurp rqh krgrvfrsh zlwkrxw klwv lq wlph rq wkh rwkhu h{klelwv

rqo| wkh shghvwdo shdn1 Wr hvwlpdwh wkh h!flhqf|/ wkh +qrupdol}hg, shghvwdo shdn iurp wkh

vhfrqg glvwulexwlrq lv vxewudfwhg iurp wkh �uvw1 Wkh xqfhuwdlqw| lq wkh phwkrg olhv lq wkh

ghwhuplqdwlrq ri wkh qxpehu ri hyhqwv wkdw klw wkh krgrvfrsh exw surgxfh d vpdoo vljqdo/

vxfk wkdw wkh fkdujh vxp uhpdlqv lq wkh shghvwdo uhjlrq1 Ehfdxvh wkh vdph hvwlpdwlrq ri
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wklv qxpehu dsshduv lq wkh fdofxodwlrq ri wkh oxplqrvlw| dw erwk
s
v hqhujlhv/ wkh huuruv duh

frpsohwho| fruuhodwhg1 Wdeoh :14 olvwv wkh v|vwhpdwlf xqfhuwdlqw| lq wkh kdugzduh h!flhqf|

iru erwk FP hqhujlhv dqg wkh udwlr xqfhuwdlqw| dv fdofxodwhg zlwk Htxdwlrq :141

Ehfdxvh ri dqrpdolhv lq wkh oxplqrvlw| ehwzhhq vhwv ri gdwd froohfwhg e| gl�huhqw wulj0

jhuv/ wkh 4;33 JhY mhw furvv vhfwlrq gl�huv voljkwo| lq qrupdol}dwlrq iurp wuljjhu wr wuljjhu1

Wkh furvv vhfwlrq iru hdfk wuljjhu zdv qrupdol}hg ^6;` wr MHWbPD[ +wuljjhu yhuvlrqv Y<

dqg Y43,1 Wklv �wuljjhu pdwfklqj� surfhgxuh dggv d olqhdu 3=:( xqfhuwdlqw| wr wkh oxpl0

qrvlw| fdofxodwlrq/ dv lqglfdwhg lq wkh erwwrp urz ri Wdeoh :141

Vxppdu| ri Oxplqrvlw| Xqfhuwdlqw|

Wkh sduwldo fruuhodwlrq lq wkh xqfhuwdlqwlhv ri wkh wkuhh Zruog Dyhudjh furvv vhfwlrqv +dw

hdfk FP hqhuj|, uhvxowv iurp wkh lqwhusrodwlrq surfhgxuh1 Wkh ghjuhh ri fruuhodwlrq zdv

lvrodwhg e| vkliwlqj wkh 4;33 JhY srlqwv e| 4� dqg �qglqj wkh fruuhvsrqglqj vkliw dw 963

JhY1 Wkh kdugzduh h!flhqf| dqg jhrphwulf dffhswdqfhv hdfk kdg v|vwhpdwlf xqfhuwdlqwlhv

wkdw zhuh frqvlghuhg wr eh frpsohwho| fruuhodwhg1 Wkh uhpdlqlqj xqfhuwdlqwlhv zhuh dgghg

lq txdgudwxuh1

Suhvhqwo|/ h{shulphqw H;44 dw Ihuplode lv surfhvvlqj wkhlu gdwd iru qhz ghwhuplqdwlrqv

ri wkh wrwdo dqg hodvwlf s�s furvv vhfwlrqv1 Vrph vrxufhv lqglfdwh wkh uhvxowv zloo djuhh zlwk

H:43 gdwd dqg qrw zlwk wkh FGI phdvxuhphqw/ uhvxowlqj lq d vpdoo vkliw wr wkh Zruog

Dyhudjh dw
s
v @ 4;33 JhY dqg wkh �wwhg uhvxow dw 963 JhY1 Dowkrxjk wkh xqsxeolvkhg

H;44 qxpehuv vkrxog qrw eh lqfrusrudwhg lqwr wkh �qdo uhvxow/ dq hvwlpdwh ri wkh h�hfw

lv zduudqwhg1 Ehfdxvh wkh qhz uhvxowv d�hfw erwk wkh wrwdo dqg hodvwlf furvv vhfwlrqv/

frpshwlqj h�hfwv uhvxow lq d oxplqrvlw| fkdqjh dw 4;33 JhY ri rqo| �6(1 Wkh fkdqjh lq

963 JhY phdvxuhphqw lv vpdoohu |hw> wkh �qdo vkliw lq wkh udwlr lv qhjoljleoh1

:15 Mhw dqg Hyhqw Vhohfwlrq Xqfhuwdlqwlhv

Iru 4;33 JhY/ wkh wrwdo xqfhuwdlqw| iru mhw fxw h!flhqflhv/ wkh 9HA fxw h!flhqf|/ dqg wkh

yhuwh{ fxw h!flhqf| wrwdov 4(1 Dq lqghshqghqw vwxg| dw 963 JhY ghwhuplqhg fxw xqfhu0
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Xqfhuwdlqw| Ydoxh
4;33 JhY doo vhohfwlrq 4( ehorz 683 JhY

h!flhqflhv 5( deryh 683 JhY
963 JhY Mhw fxwv 3=45 wr 3=74(

9HA fxw 3=36(

yhuwh{ fxw 3=339(

Wdeoh :15= Xqfhuwdlqw| iurp mhw dqg hyhqw vhohfwlrq1

wdlqwlhv wkdw zhuh vpdoohu |hw +Wdeoh :15,1 Ghvslwh vrph vlplodulwlhv lq phwkrgrorj|/ wkhvh

huuruv duh doo frqvlghuhg lqghshqghqw ri rqh dqrwkhu lq wkh udwlr dqg duh wkxv dgghg lq

vlpsoh txdgudwxuh +Htxdwlrq :15,1 Wkh vhohfwlrq fulwhuld duh ghvfulehg lq Fkdswhu 8/ lq ^6<`/

dqg lq ^73`1

:16 Uhvroxwlrq dqg Xqvphdulqj Xqfhuwdlqwlhv

Xqfhuwdlqw| lq wkh xqvphdulqj fruuhfwlrq lv grplqdwhg e| wkh xqfhuwdlqw| lq wkh mhw uhvrox0

wlrq phdvxuhphqw/ zklfk lv lwvhoi grplqdwhg e| wkh v|vwhpdwlf xqfhuwdlqwlhv1 Wkh v|vwhpdwlf

xqfhuwdlqwlhv duh dvvxphg xqfruuhodwhg ehwzhhq wkh fhqwhu�ri�pdvv hqhujlhv/ dv duh wkh �w0

wlqj huuruv1 Wkh pdjqlwxghv ri wkh uhvroxwlrq dqg xqvphdulqj xqfhuwdlqwlhv duh looxvwudwhg

lq Iljxuh :1; dw wkh hqg ri wklv fkdswhu1

:17 Hqhuj| Vfdoh Xqfhuwdlqwlhv

Zkhq txhulhg/ wkh mhw hqhuj| vfdoh dojrulwkp +Fdil{ yhuvlrq 814, uhsruwv wkh xqfhuwdlqw| ri

lwv fruuhfwlrq/ zklfk lv dozd|v ohvv wkdq q 6( iru wkh HA udqjh ri wklv dqdo|vlv1 Iljxuh :17

looxvwudwhv wkh lqglylgxdo frpsrqhqwv ri wkh shu mhw xqfhuwdlqwlhv iurp wkh hqhuj| vfdoh iru

erwk fhqwhu�ri�pdvv hqhujlhv1 Wkh vwhhso| idoolqj qdwxuh ri wkh lqfoxvlyh mhw furvv vhfwlrq

pdjql�hv wkh h�hfw ri hqhuj| vfdoh xqfhuwdlqwlhv wr dw ohdvw ;(/ dqg vrphwlphv dv odujh dv

58(1 Dowkrxjk wkh hqhuj| vfdoh huuru hvwlpdwhv/ dv ghwhuplqhg zlwk wkh gdwd/ duh vwdwlvwl0

fdoo| vljql�fdqw lq pdq| uhjlrqv ri wkh lqfoxvlyh mhw furvv vhfwlrq/ olplwhg vwdwlvwlfv lq vrph

HA elqv ghfuhdvh wkh dffxudf| ri wkh huuru hvwlpdwh pdunhgo|1 Dgglwlrqdoo|/ fdqfhoodwlrq ri

huuruv lq wkh udwlr ri mhw furvv vhfwlrqv uhtxluhv pruh lqwlpdwh nqrzohgjh ri wkh lqlwldo vwdwhv
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Iljxuh :17= Wkh mhw�e|�mhw xqfhuwdlqwlhv lq wkh hqhuj| vfdoh fruuhfwlrq1 Iloohg pdunhuv
lqglfdwh wkh xqfhuwdlqwlhv lq wkh 963 JhY gdwd vhw> xq�oohg pdunhuv lqglfdwh 4;33 JhY1

ri wkh mhwv wkdq surylghg e| wkh gdwd1

Wkh Prqwh Fduor vwxg| ghvfulehg lq wklv vhfwlrq dgguhvvhv erwk frqfhuqv1 Wkh iroorzlqj

vxevhfwlrqv ghvfuleh wkh dojrulwkp wkdw jhqhudwhv wkh Prqwh Fduor vdpsoh/ wkh dqdo|vlv ri

wkh Prqwh Fduor rxwsxw/ dqg wkh uhvxowv ri wkh dqdo|vlv1 Wklv Prqwh Fduor whfkqltxh

ghwhuplqhv wkh wrwdo hqhuj| vfdoh xqfhuwdlqw| ri erwk wkh lqfoxvlyh mhw furvv vhfwlrq dqg wkh

udwlr ri furvv vhfwlrqv> l1h1/ wkh iroorzlqj dojrulwkp kdqgohv doo dvshfwv ri hqhuj| vfdoh huuru1

:1714 Frgh Ghvfulswlrq

Wkh hyhqw jhqhudwru shuirupv vhyhudo vwhsv iru hdfk
s
v dqg hdfk furvv vhfwlrq elq lq {A/

ixoo| ghvfulehg lq olvw irupdw ehorz1 Iluvw/ lw jhqhudwhv d vdpsoh ri mhwv zlwk d vshfwuxp

wkdw pdwfkhv wkdw revhuyhg lq gdwd1 Vhfrqg/ lw forvho| lplwdwhv wuxh uxqqlqj frqglwlrqv e|

vlpxodwlqj oxplqrvlw|/ yhuwh{lqj/ dqg vphdulqj h�hfwv> wkxv/ wkh hqhuj| vfdoh fruuhfwlrqv ri
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hdfk Prqwh Fduor mhw zloo forvho| pdwfk wkh fruuhfwlrqv lq uhdo gdwd1 Wklug/ wkh xqfhuwdlqwlhv

iurp wkh hqhuj| vfdoh fruuhfwlrqv duh dftxluhg1 Ilqdoo|/ wkh zhljkwhg dyhudjh huuruv dqg

fruuhodwlrqv lq hdfk elq frpelqh wr irup dq huuru pdwul{1

Prqwh Fduor Mhw Jhqhudwlrq

Wkh mhw HA glvwulexwlrq pxvw eh lghqwlfdo wr wkh revhuyhg +vphduhg, mhw furvv vhfwlrq lq

gdwd1 Wkh urxwlqh=

41 Udqgrpo| jhqhudwhv wkh lqlwldo sduwrq prphqwd {� dqg {2 wr �qg wkh vfdoh ri wkh
froolvlrq +glmhw pdvv @

s
{� � {2 � v/ iru h{dpsoh,1

51 Ilqgv wkh fruuhvsrqglqj sA dqg rwkhu nlqhpdwlf txdqwlwlhv iru erwk ri wkh �qdo vwdwh
sduwrqv +zklfk uhvxow lq mhwv,1

61 Vphduv wkh mhwv dffruglqj wr wkh nqrzq uhvroxwlrq ixqfwlrqv dqg wkhq vhohfwv rqh mhw
dw udqgrp1

71 Hqvxuhv wkdw wkh vhohfwhg mhw idoov zlwklq wkh ghvluhg {A elq dqg �3=8 ? ��e| ? 3=8 +ru
vwduwv ryhu,

81 Jhqhudwhv d zhljkw iru wkh mhw/ wr uhsurgxfh wkh mhw furvv vhfwlrq*v vwhhso| idoolqj
vshfwuxp/ xvlqj hlwkhu ri

� d wkhruhwlfdo zhljkwW edvhg rq FWHT7P dqg wkh vfdoh ri wkh froolvlrq/ ru

� dq h{shulphqwdo zhljkw edvhg rq wkh dqvdw} iurp xqvphdulqj

Vlpxodwlrq ri Yhuwh{ Srvlwlrq/ Oxplqrvlw|/ dqg PlbWrro Ydoxhv

Wkhvh txdqwlwlhv duh doo uhtxluhg e| wkh hqhuj| vfdoh fruuhfwlrq dojrulwkp/ fdoohg Fdil{

+y814,/ ru QwbFdil{1

41 D Ohyho 5 wuljjhu lv dvvljqhg wr wkh mhw edvhg rq lwv HA +fruuhvsrqglqj wr wkh dfwxdo
HA uhjlrq ri hdfk wuljjhu lq wkh gdwd,

51 Wkh yhuwh{ glvwulexwlrq iurp wkdw wuljjhu lv vdpsohg wr �qg d yhuwh{ srvlwlrq

61 Wkh lqvwdqwdqhrxv oxplqrvlw| glvwulexwlrq iru wkdw wuljjhu lv vdpsohg wr dvvljq d oxpl0
qrvlw|

71 Wkh PlbUxq4 ru Plb963 glvwulexwlrq iru wkdw wuljjhu dqg wkdw oxplqrvlw| lv vdpsohg
wr �qg d udqgrp PlbWrro ydoxh1

W Wkh wkhruhwlfdo zhljkw lv h{wudfwhg iurp FHUQ*v SGI oleudu|1
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Wkh Hqhuj| Vfdoh Xqfhuwdlqw|

Ehfdxvh wkh jhqhudwhg mhw glvwulexwlrq douhdg| uhsuhvhqwv wkh hqhuj| vfdoh fruuhfwhg mhw HA/

dqg ehfdxvh wkh uhvsrqvh fruuhodwlrq lv jlyhq lq whupv ri wkh hqhuj| ehiruh wkh uhvsrqvh

fruuhfwlrq/ wkh hqhuj| vfdoh dojrulwkp pxvw eh uxq �lq uhyhuvh� wr �qg wkh xqfhuwdlqw|1

41 Wkh mhw lv �xqfruuhfwhg� wr d ehvw jxhvv phdvxuhg HA

51 QwbFdil{ fruuhfwv wkh mhw

61 Li wkh qhz fruuhfwhg HA lv qrw wkh ruljlqdo Prqwh Fduor HA/ wkh surfhvv lv uhshdwhg
zlwk d ehwwhu jxhvv iru wkh phdvxuhg HA xqwlo frqyhujhqfh

71 QwbFdil{ lv dvnhg iru wkh huuruv rq wkh mhw fruuhfwlrq1 Wkh huuruv duh fdwhjrul}hg e|
wkhlu ghjuhh ri fruuhodwlrq lq hqhuj| ru HA1 Djdlq/ wkh fdwhjrulhv duh=

� Xqfruuhodwhg huuruv +huuruv wkdw duh vwdwlvwlfdo lq qdwxuh/ ru huuruv zkrvh fruuhod0
wlrqv duh qrw nqrzq,

� +Frpsohwho|, fruuhodwhg huuruv +w|slfdoo| �phwkrg� huuruv,

� sduwldoo| fruuhodwhg huuruv +iurp wkh �w ri wkh uhvsrqvh fxuyh,

Wkh Fryduldqfh ri wkh Huuru

Wkh sxeolvkhg hqhuj| vfdoh qrwh ^76` frqwdlqv d fruuhodwlrq pdwul{ iru wkh uhvsrqvh �w/

sdudphwhul}hg dv d ixqfwlrq ri mhw hqhuj|1 Ehfdxvh wkh hqhuj| vfdoh fruuhfwlrqv iru erwk FP

hqhujlhv xvh wkh vdph uhvsrqvh fruuhfwlrq/ wkh fruuhodwlrq pdwul{ lv ydolg dw erwk hqhujlhv1

Wkh fryduldqfh ehwzhhq +iru lqvwdqfh, d mhw dw 963 JhY dqg d mhw dw 4;33 JhY lv h{wudfwhg

zlwk d wzr0glphqvlrqdo lqwhusrodwlrq ri wklv glvfuhwh pdwul{1 Wkh zhljkwhg dyhudjh ri wkh

mhw fruuhodwlrqv/ wkh pdjqlwxgh ri wkh uhvsrqvh xqfhuwdlqw|/ dqg wkh pdjqlwxgh ri wkh mhw

furvv vhfwlrqv ghwhuplqh wkh fryduldqfh ri wkh xqfhuwdlqw| lq wkh udwlr1 D vlplodu surfhvv

ghwhuplqhv wkh frpsohwho| fruuhodwhg dqg xqfruuhodwhg huuru frpsrqhqwv lq wkh hqhuj| vfdoh1

Wkh udwlr ri lqfoxvlyh mhw furvv vhfwlrqv lv jlyhq e|

U @
�S�f

��Hff
> +:16,

zkhuh wkh � lqglfhv lqglfdwh wkh glphqvlrqohvv furvv vhfwlrqv lq {A iru 963 dqg 4;33 JhY1
Wkh hohphqwv ri wkh fryduldqfh pdwul{ duh

F�� @

a��� �U� �U�

�
> +:17,
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zkhuh a� h{suhvvhv wkh fruuhodwlrq ehwzhhq wkh {A elqv l dqg m/ dqg wkh huuruv lq wkh udwlr

�U pd| eh h{suhvvhg dv

�U� @
CU�

C�S�f�

��S�f� .
CU�

C��Hff�

���Hff� > +:18,

dq h{suhvvlrq vlplodu wr wkh wrwdo ghulydwlyh ri fdofxoxv1 Khuh/ wkh wzr sduwldo ghulydwlyhv

srvvhvv rssrvlwh vljqv=

CU�

C�S�f�

@
4

��Hff�

@
U�

�S�f�

dqg
CU�

C��Hff�

@
��S�f��
��Hff�

�2 @ � U�

��Hff�

= +:19,

Gh�qlqj { � {A iru frqflvhqhvv ri qrwdwlrq/ hdfk �� lq Htxdwlrq :18 pd| eh h{sdqghg lq

whupv ri mhw hqhuj|=

��@
� @

C�@
�

C{�

�{@
� @

5

d
vlq �� � C�

@
�

C{�

�H@
� +:1:,

Wkh fryduldqw furvv vhfwlrq huuru lv qrz h{suhvvhg lq whupv ri mhw hqhuj|/ wkh mhw frodwlwxgh/

wkh fhqwhu�ri�pdvv hqhuj| +d,/ dqg wkh vorsh ri wkh glphqvlrqohvv furvv vhfwlrq1 Wkh �qdo

h{suhvvlrq iru wkh fryduldqfh pdwul{ hohphqwv ehfrphv

F�� @
[
@cK

[
&,

t � 5
d
vlq �& � 5

e
vlq �, � U&

�@
&

C�@
&

C{&

� U,

�K
,

C�K
,

C{,

�
G
�@K&, �H

@
& �HK

,

H
> +:1;,

zkhuh d dqg e lqglfdwh fhqwhu�ri�pdvv hqhujlhv/ dqg �@K&, lv wkh fruuhodwlrq ehwzhhq wkh wzr

mhwv zkrvh hqhujlhv idoo lq elqv n dqg o/ ruljlqdwlqj iurp wkh gdwd vhwv dw
s
v @ d dqg

e1 D idfwru wkdw dffrxqwv iru wkh qhjdwlyh vljq lq Htxdwlrq :19/ t @ 4 zkhq d @ e/ dqg

t @ �4 rwkhuzlvh1 Wkh eudfnhw qrwdwlrq lqglfdwhv wkh h{shfwdwlrq ryhu wkh hqwluh elq> lq

sudfwlfdo whupv/ wkh zhljkwhg dyhudjh txdqwlwlhv ri d odujh mhw vdpsoh lq hdfk elq ghwhuplqh

wkh eudfnhwhg txdqwlw|1 Wkh vxppdwlrqv lqglfdwh wkh irxu uhohydqw fruuhodwlrqv/ ylvxdoo|

ghvfulehg lq Iljxuh :181

Dv phqwlrqhg suhylrxvo|/ lqwhusrodwlrq ri d fruuhodwlrq pdwul{ ghwhuplqhv wkh ydoxhv ri

�@K&, iru wkh uhvsrqvh huuru1 Iru wkh frpsohwho| fruuhodwhg huuruv/ doo �*v wdnh wkh ydoxh ri

xqlw|> iru wkh xqfruuhodwhg huuruv/ doo �*v duh }hur h{fhsw iru wkh vshfldo fdvh d @ e dqg n @ o/

zkhuh wkh ydoxh lv xqlw|1
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Iljxuh :18= Fruuhodwlrqv ehwzhhq wzr udwlr elqv l dqg m1 Duurzv lqglfdwh wkh irxu srvvleoh
fruuhodwlrq +�, whupv1 Wkh xsshuprvw duurz zrxog eh �S�f3S�f�� / zkloh wkh �)� duurz lv
�S�f3�Hff�� 1

Wkh dqdo|vlv frgh frpsxwhv wkh fryduldqfh pdwul{ iru hdfk ri wkh wkuhh fdvhv hohphqw

e| hohphqw1 Wkh vlpxodwlrq uhvxowv duh uhsruwhg lq wkuhh 55� 55 pdwulfhv zkrvh gldjrqdo

hohphqwv duh wkh vtxduhg xqfhuwdlqwlhv dw hdfk {A srlqw/ dqg zkrvh r��gldjrqdo hohphqwv

ghwhuplqh wkh fryduldqfh ehwzhhq {A srlqwv1 Htxdwlrq :1; uhsuhvhqwv wkh prvw frpsolfdwhg

dvshfw ri wkh xqfhuwdlqw| fdofxodwlrq= fdqfhoodwlrq lq wkh udwlr ri wkh hqhuj| vfdoh huuruv1

:1715 Hqhuj| Vfdoh Xqfhuwdlqw| Uhvxowv

Wkh iroorzlqj uhvxowv zhuh jhqhudwhg zlwk 5;3/333 hyhqwv lq hdfk {A elq1 Iljxuh :19 frpsduhv

wkh wrwdo Prqwh Fduor uhvxow zlwk wkh xqfhuwdlqw| uhsruwhg lq wkh 963 JhY gdwd vhw1 Wkh

uhvxowv djuhh zhoo/ exw wkh Prqwh Fduor srlqwv fohduo| h{klelw d vwdwlvwlfdo dgydqwdjh1

Wkh hqhuj| vfdoh xqfhuwdlqwlhv/ glylghg e| ghjuhh ri fruuhodwlrq/ duh glvsod|hg lq Ilj0

xuh :1:> wkh fxuyhv lqfoxgh doo fdqfhoodwlrq h�hfwv revhuyhg lq wkh udwlr1 Wkh pdmru frq0

wulexwlrq ruljlqdwhv iurp wkh sduwldoo| fruuhodwhg uhvsrqvh huuru exw uhfhlyhv d qhduo| htxdo

frqwulexwlrq iurp wkh frpsohwho| fruuhodwhg frpsrqhqwv dw orz ydoxhv ri {A1 Wkh ixoo
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Iljxuh :19= Frpsdulvrq ri Prqwh Fduor uhvxowv +wrwdo xqfhuwdlqw| dw 963 JhY, zlwk wkh
xqfhuwdlqw| uhsruwhg lq gdwd1

Jet x T
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na
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rr

or

Iljxuh :1:= Hqhuj| vfdoh xqfhuwdlqwlhv lq wkh udwlr ri furvv vhfwlrqv/ glylghg e| fdwhjru|1
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Error Source Comments
√s energy Jet E

Luminosity partial 1
filter match 0 1 1800 GeV only
Event cuts 0 0
Jet cuts 0 0
Resolution
   fits partial 1 Twin Fit
   closure 0 0
   quark/gluon fractions 1 1
Unsmearing fits 0 1
Energy Scale
   Zsp model 1 1
   response fit 1 partial
   response at 630 GeV 0 1 Limit of verification
   out-of-cone 1 1
   response background 1 1
   topology bias 1 1
   MPF acceptance 1 1
   underlying event 0 1
   cryostat matching 1 1
Change of units 0 0

Correlation in

Wdeoh :16= Huuru fruuhodwlrqv lq wkh udwlr ri furvv vhfwlrqv1 �3� lqglfdwhv qr fruuhodwlrq/ �4�
lqglfdwhv frpsohwh fruuhodwlrq1

fryduldqfh pdwul{/ suhvhqwhg lq wkh qh{w vhfwlrq/ lqfoxghv wkh hqhuj| vfdoh/ xqvphdulqj/

oxplqrvlw|/ dqg doo rwkhu xqfhuwdlqwlhv1

:18 Ilqdo Xqfhuwdlqw| lq wkh Udwlr

Wkh lqglylgxdo xqfhuwdlqwlhv ri wkh hduolhu vhfwlrqv idoo lqwr vhyhudo fodvvl�fdwlrqv/ vxp0

pdul}hg lq Wdeoh :161 Fdqfhodwlrq ri xqfhuwdlqwlhv rqo| pdwhuldol}hv zkhq wkh huuruv duh

frpsohwho| fruuhodwhg ehwzhhq fhqwhu�ri�pdvv hqhujlhv1

Wr khos lqwhusuhw wkh wrwdo fryduldqfh pdwul{ iru wkh udwlr ri furvv vhfwlrqv/ Iljxuh :1;

ghslfwv wkh vtxduh urrw ri wkh gldjrqdo hohphqwv/ e| lqglylgxdo frpsrqhqw1 Wkh xqfhu0

wdlqw| lq wkh hqhuj| vfdoh fruuhfwlrq grplqdwhv dw hdfk hqg ri wkh vshfwuxp> uhvroxwlrq dqg

frqwulexwlrqv iurp rwkhu vrxufhv +sulpdulo| oxplqrvlw| xqfhuwdlqw|, ehfrph lpsruwdqw dw
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lqwhuphgldwh ydoxhv ri {A1 Wkh 55� 55 fryduldqfh pdwul{ lwvhoi wdnhv wkh irup
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Glylglqj hdfk urz dqg froxpq ri wkh fryduldqfh pdwul{ e| wkh vtxduh urrw ri lwv gldjrqdo

hohphqw uhyhdov wkh fruuhodwlrq pdwul{> wkh gldjrqdo hohphqwv duh e| gh�qlwlrq xqlw|/ dqg

wkh r��gldjrqdov udqjh iurp �4 wr 41 Iljxuh :1< uhsuhvhqwv wkh hohphqwv ri wkh fruuhodwlrq

pdwul{ zlwk wkh khljkw ri lwv ohjr eorfnv1

Wkh fryduldqfh pdwul{ doorzv yhu| glvfulplqdwlqj frpsdulvrqv wr wkh QOR TFG suh0

glfwlrqv ghvfulehg lq Fkdswhu 41 Jlyhq d suhglfwlrq iru wkh udwlr ri furvv vhfwlrqv ru dq

lqglylgxdo furvv vhfwlrq/ wkh ohyho ri djuhhphqw lv ghwhuplqhg zlwk

"2 @ +G � W ,A �Y3� +G � W , = +:143,

Duphg zlwk wkh fryduldqfh pdwul{ iru wkh udwlr dqg erwk furvv vhfwlrqv lqglylgxdoo|/ wkh

qh{w fkdswhu suhvhqwv wkh �qglqjv ri wklv dqdo|vlv1
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Iljxuh :1;= Doo huuruv lq wkh udwlr ri lqfoxvlyh mhw furvv vhfwlrqv/ dv d ixqfwlrq ri {A1 Xqfhu0
wdlqw| iurp wkh hqhuj| vfdoh grplqdwhv wkh vshfwuxp1
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Iljxuh :1<= Uhqglwlrq ri wkh fruuhodwlrq pdwul{ iru wkh udwlr ri furvv vhfwlrqv1 D{hv lqglfdwh
wkh elq qxpehuv1 Wkh �ulgjholqh� lv iruphg e| wkh xqfruuhodwhg xqfhuwdlqwlhv/ zklfk dsshdu
rqo| rq wkh gldjrqdo ri wkh pdwul{1
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Fkdswhu ;

Uhvxowv dqg Frpsdulvrq wr
Wkhruhwlfdo Suhglfwlrqv

�Pdq| d ehdxwlixo wkhru| lv vsrlohg e| dq xjo| idfw1�
� Dogrxv Kx{oh|

Wklv �qdo fkdswhu uhsruwv wkh uhvxowv ri wkh lqfoxvlyh mhw furvv vhfwlrq dw
s
v @ 963 JhY dqg

wkh udwlr ri glphqvlrqohvv furvv vhfwlrqv ehwzhhq
s
v @ 963 dqg 4;33 JhY1 Wkh �uvw vhfwlrq

uhlqwurgxfhv wkh irxu sdudphwhuv lq wkh wkhruhwlfdo suhglfwlrqv> wkh vhfrqg vhfwlrq frpsduhv

wkh revhuyhg mhw furvv vhfwlrq wr QOR TFG suhglfwlrqv zlwk vhyhudo uhsuhvhqwdwlyh fkrlfhv

ri uhqrupdol}dwlrq vfdohv/ iudjphqwdwlrq vfdohv/ SGI*v/ dqg ydoxhv ri UreR1 Gl�huhqfhv

ehwzhhq gdwd dqg wkhru| duh txdolwdwlyho| glvfxvvhg dqg d ixoo "2 dqdo|vlv lv suhvhqwhg1 Wkh

�qdo vhfwlrq surylghv vrph glvfxvvlrq ri wkh uhvxowv dqg vxppdul}hv wklv glvvhuwdwlrq1

;14 Wkhruhwlfdo Sdudphwhuv

Uhfdoo wkdw wkh TFG suhglfwlrqv ri wklv glvvhuwdwlrq h{whqg wr qh{w�wr�ohdglqj�rughu +R+��r,,1
Dowkrxjk vxfk fdofxodwlrqv lqkhuhqwo| frqwdlq pdq| xqfhuwdlqwlhv/ wkh xvxdo sudfwlfh lq KHS

lv wr frqvlghu wkh wkhru| wr eh huuruohvv iru dq| jlyhq vhw ri lqsxw sdudphwhuv> wkh yduldwlrq

ri wkh wkhru| lv h{soruhg e| pdnlqj vhyhudo frpsdulvrqv zlwk gl�huhqw sdudphwhu ydoxhv1

Irxu gl�huhqw sdudphwhuv ghvfuleh wkh fkrlfhv dydlodeoh wr wkh TFG suhglfwlrq1

Iluvw/ wkh suhglfwlrq ydulhv zlwk gl�huhqw ydoxhv ri wkh uhqrupdol}dwlrq vfdoh/ uhtxluhg

wr uhsodfh glyhujhqw lqwhjudov zlwk �qlwh lqwhjudov lq wkh fdofxodwlrq1 Qrupdoo|/ wkh vfdoh

� lv vhw wr vrph idfwru wlphv wkh pd{lpxp mhw HA lq wkh hyhqw> l1h1/ � @ f � H6@%
A

1 Wkh

49:
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lqfoxvlyh mhw furvv vhfwlrq lqfuhdvhv dv wkh frqvwdqw f ydulhv iurp yhu| orz ydoxhv wr f @ 3=8/

wkhq ghfuhdvhv djdlq iru odujhu ydoxhv1 Dowkrxjk wkhuh lv qr wkhruhwlfdo suhihuhqfh ^77` iru

f @ 3=8/ wklv vdggoh�srlqw ehkdylru lq wkh furvv vhfwlrq pdnhv lw dwwudfwlyh dhvwkhwlfdoo|1

Wkh idfwrul}dwlrq vfdoh/ d vhfrqg lqghwhuplqdwh sdudphwhu/ ghwhuplqhv zkdw shufhqwdjh

ri wkh suhglfwlrq lv fdofxodwhg shuwxuedwlyho|/ yhuvxv wkh iudfwlrq wkdw lv ghwhuplqhg hpslul0

fdoo| lq wkh SGI1 Iru vlpsolflw|/ dqg ehfdxvh lwv yduldwlrqv uhvxow lq ohvvhu h�hfwv/ wklv vfdoh/

�s / lv w|slfdoo| vhw htxdo wr wkh uhqrupdol}dwlrq vfdoh1

Wkh wklug vrxufh ri wkhruhwlfdo xqfhuwdlqw|/ wkh SGI ghshqgv rq erwk uhqrupdol}dwlrq

dqg iudjphqwdwlrq vfdohv/ rq wkh lqsxw gdwd iurp sulru h{shulphqwv +vrph ri zklfk frq0

 lfwv,/ dqg rq wkh frooderudwlrqv uhvsrqvleoh iru suhsdulqj �frpphufldo� SGI*v1 Rqo| wzr

ri wkh sxuyh|ruv ri SGI*v/ FWHT dqg PUV/ uhfhlyh wuhdwphqw lq wklv fkdswhu1

Ilqdoo|/ dq hpslulfdo sdudphwhu/ UreR/ ghwhuplqhv wkh pd{lpxp vhsdudwlrq shuplwwhg

ehwzhhq d sduwrq dqg lwv udgldwhg gdxjkwhu sduwrq ehiruh wkh| uhvxow lq vhsdudwh mhwv1 Lq

hvvhqfh/ wklv idfwru ghvfulehv dq h�hfwlyh frqh gldphwhu +g @ UreR � U, iru sduwrq �mhwv/�

zklfk lv vpdoohu wkdq wkh fdorulphwhu gh�qlwlrq ri 5U1 Wklv sdudphwhu zdv ghwhuplqhg e|

wkh GÛ Frooderudwlrq wr kdyh d ehvw ydoxh ri UreR @ 4=6 ehfdxvh lw ehvw uhsurgxfhv ^;` wkh

hyhqw�e|�hyhqw ehkdylru ri wkh fdorulphwhu1

;15 Uhvxowv

Wkh vwhhso| idoolqj furvv vhfwlrq glvwulexwlrqv iru erwk
s
v hqhujlhv vsdq pruh wkdq �yh

rughuv ri pdjqlwxgh1 Ehfdxvh devroxwh frpsdulvrqv ehfrph gl!fxow ryhu vxfk odujh vfdohv/

wkh frpsdulvrqv ri wklv vhfwlrq frqfhqwudwh rq wkh iudfwlrqdo ghyldwlrq/ gh�qhg

G+{�, @
i+{�,� w+{�,

w+{�,
> +;14,

zkhuh wkh i+{�, duh wkh furvv vhfwlrq ydoxhv lq wkh gdwd dw elq srlqwv {�/ dqg w+{�, duh wkh

wkhruhwlfdo suhglfwlrqv dw wkrvh vdph srlqwv1
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Iljxuh ;14= Iudfwlrqdo ghyldwlrq ri wkh lqfoxvlyh mhw furvv vhfwlrq dw
s
v @ 4;33 JhY dqg

vhohfwhg QOR TFG suhglfwlrqv1

;1514 Uhvxowv dw
s
r ' �Hff JhY

Wkh 4;33 JhY furvv vhfwlrq/ ghslfwhg lq Iljxuh ;14/ djuhhv zhoo zlwk wkh wkhruhwlfdo suhglf0

wlrqv1 Ylvxdoo|/ wkh furvv vhfwlrq lv uhdvrqdeo| sur{lpdwh wr doo suhglfwlrqv zlwkrxw uhjdug

wr yduldwlrq lq wkh wkhruhwlfdo ghwdlov1W Wkh fryduldqfh pdwul{ iru 4;33 JhY txdqwl�hv wkh

ohyho ri djuhhphqw/ dv lqglfdwhg lq Wdeohv ;14 dqg ;151 Lq prvw fdvhv/ wkh furvv vhfwlrq dqg

QOR TFG suhglfwlrq duh dw ohdvw 83( olnho| wr eh wkh vdph glvwulexwlrq1 Wkh vhfrqg wdeoh

uhsruwv wkh uhvxowv iru d voljkwo| gl�huhqw svhxgrudslglw| udqjh/ wr idflolwdwh frpsdulvrqv wr

rwkhu sxeolfdwlrqv1

Wkh glfkrwrp| ehwzhhq wkh qrupdol}dwlrq gl�huhqfh lq wkh ylvxdo frpsdulvrq wr PUVW

W Ehfdxvh wkh HNV suhglfwlrqv gr qrw gl�hu vxevwdqwldoo|/ wklv vxevhfwlrq wuhdwv Mhwudg suhglfwlrqv
h{foxvlyho|1
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Uhqrupdol}dwlrq H6@%
A

H�e|
A

Vfdoh "2 sure1 "2 sure1
3158 471; <519( 4<1; :31;(
318 4<17 :613( 5515 891:(
4133 491; ;81:( 4;14 :<1;(

Wdeoh ;14= "2 frpsdulvrqv iru wkh 4;33 JhY furvv vhfwlrq/ ydu|lqj wkh uhqrupdol}dwlrq vfdoh1

SGI m�m ? 3=8 3=4 ? m�m ? 3=:

"2 sure1 "2 sure1
FWHT6P 561< 791:( 5;17 5717(
FWHT7P 4:19 ;515( 5616 8315(
FWHT7KM 481: ;<1<( 5318 991;(
PUVD� 5313 9<1:( 5:1; 591<(
PUVW 4:13 ;71<( 4<18 :518(

Wdeoh ;15= Dgglwlrqdo "2 frpsdulvrqv iru wkh 4;33 JhY furvv vhfwlrq/ ydu|lqj SGI1

dqg wkh dffhswdeoh "2 uhvxow kljkoljkwv wkh gdqjhu ri ylvxdo phwkrgv lq wkh fdvh ri kljko|

fruuhodwhg xqfhuwdlqwlhv1 Lq wkh fdvh ri wkh 4;33 JhY furvv vhfwlrq/ wkh qrupdol}dwlrq ri wkh

glvwulexwlrq fkdqjhv zlwk yhu| olwwoh "2 shqdow|/ exw wkh vkdsh uhpdlqv odujho| lqyduldqw1

Dv d uhvxow/ wkh uhodwlyh qrupdol}dwlrq ri gdwd dqg wkhru| duh ohvv lpsruwdqw wkdq wkh �qdo

vkdsh ri wkh vshfwuxp rqfh qrupdol}dwlrq kdv ehhq hvwdeolvkhg/ doorzlqj PUVW wr djuhh

pruh vwurqjo| zlwk wkh gdwd wkdq FWHT6P/ zklfk dssduhqwo| uhtxluhv qr qrupdol}dwlrq

fkdqjh1

;1515 Uhvxowv dw
s
r ' S�f JhY

Qrz frqvlghu wkh iudfwlrqdo ghyldwlrq ehwzhhq wkhru|W dqg wkh 963 JhY lqfoxvlyh mhw furvv

vhfwlrq1 Dowkrxjk Iljxuh ;15 h{klelwv d voljkw qrupdol}dwlrq gl�huhqfh/ wkh odujh v|vwhp0

dwlf xqfhuwdlqwlhv hqvxuh vdwlvidfwru| djuhhphqw zlwk wkh QOR TFG suhglfwlrq1 Wdeoh ;16

olvwv wkh uhvxowlqj "2 ydoxhv iru vhyhudo SGI*v dqg uhqrupdol}dwlrq vfdohv1 Khuh djdlq/ wkh

idfwrul}dwlrq vfdoh kdv ehhq vhw htxdo wr wkh uhqrupdol}dwlrq vfdoh iru frqyhqlhqfh1 Dv zlwk

wkh furvv vhfwlrq dw
s
v @ 4;33 JhY/ wkh suhglfwlrq iru � @ �

2
HA dsshduv wr eh voljkwo|

glvidyruhg e| wkh gdwd/ dqg FWHT7KM |lhogv wkh ehvw djuhhphqw1

W Djdlq/ doo suhglfwlrqv lq wklv vxevhfwlrq zhuh jhqhudwhg zlwk Mhwudg1
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SGI Uhqrupdol}dwlrq
Vfdoh "2 sure1
5�HA 4;18 8817(

FWHT6P HA 5;14 431;(
HA@5 6<15 3196(
HA@7 481; :51<(

FWHT7KM HA@5 5717 5518(
PUVD� HA@5 7714 3147(

FWHT7P HA@5 6316 919;(

Wdeoh ;16= "2 frpsdulvrqv iru wkh 963 JhY furvv vhfwlrq/ frpsduhg wr vhyhudo suhglfwlrqv1

Iljxuh ;15= Frpsdulvrq ri wkh 963 JhY lqfoxvlyh mhw furvv vhfwlrq dqg d QOR TFG suhglf0
wlrq1 Vkdghg uhjlrqv hqfrpsdvv wkh v|vwhpdwlf huuruv/ yhuwlfdo eduv lqglfdwh wkh vwdwlvwlfdo
xqfhuwdlqw|1
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;1516 Uhvxowv iru wkh Udwlr ri Glphqvlrqohvv Furvv Vhfwlrqv

Wkh udwlr ri glphqvlrqohvv furvv vhfwlrqv hqmr|v vhyhudo dgydqwdjhv ryhu wkh lqglylgxdo phd0

vxuhphqwv1 Iluvw/ wkh huuru fdqfhodwlrq lv vljql�fdqw/ dv vhhq lq wkh suhylrxv fkdswhu1 Vhf0

rqg/ wkh fkdqjh lq wkh udwlr zlwk ydu|lqj SGI*v ehfrphv vpdoohu iru HNV suhglfwlrqv dqg

ehfrphv qhjoljleoh +Iljxuh ;16, iru wkh Mhwudg suhglfwlrqv1 Dv h{shulphqwdo gdwd dffxpx0

odwhv/ wkh ehvw��w SGI*v fkdqjh> wkxv/ wklv dqdo|vlv lv lqvhqvlwlyh wr wkh sduw ri wkh QOR

suhglfwlrq wkdw olhv lq frqwlqxrxv  x{1 Dv dq dgglwlrqdo ehqh�w/ uhqrupdol}dwlrq vfdoh gli0

ihuhqfhv duh pxwhg vrphzkdw +Iljxuh ;17,1 Wkh �qdo uhvxow lv yhu| vhqvlwlyh wr vkruwidoov

lqkhuhqw lq wkh wkhru|/ zkhwkhu wkh| uhvxow iurp h�hfwv wkdw duh qhjohfwhg lq wkh fdofxodwlrqv

ru iurp qhz sk|vlfv1

Wdeoh ;17 olvwv wkh "2 glvwulexwlrqv iru wkh udwlr ri furvv vhfwlrqv dqg vhohfwhg wkhruhwlfdo

suhglfwlrqv1 Lq doo fdvhv/ wkh idfwrul}dwlrq vfdohv duh htxdo wr wkh olvwhg uhqrupdol}dwlrq

vfdoh/ zklfk xvh wkh H6@%
A

frqyhqwlrq1 Xqolnh wkh lqglylgxdo furvv vhfwlrqv/ wkh udwlr ri

furvv vhfwlrqv grhv qrw djuhh zlwk dq| jlyhq QOR TFG suhglfwlrq> wkh "2 suredelolw|

lv ohvv wkdq ;( lq hyhu| fdvh> iru wkh fkrlfh ,A

2
/ wkh suredelolw| fruuhvsrqgv wr pruh wkdq

wkuhh vwdqgdug ghyldwlrqv1 Dv zdv hylghqw lq Iljxuh ;16/ wkh wkuhh olvwhg SGI*v |lhog vlplodu

uhvxowv1 Wkh vroh h{fhswlrq/ HNV/ zlwk FWHT6P/ � @ �s @ �

e
H6@%
A

/ |lhogv d suredelolw| ri

44(> wklv lv wkh rqo| frpelqdwlrq ri wkhruhwlfdo sdudphwhuv wkdw olhv zlwklq rqh vwdqgdug

ghyldwlrq ri wkh gdwd1 Doo rwkhu sdudphwhu vhwv iru HNV uhvxow lq suhglfwlrqv wkdw |lhog srru

"2 ydoxhv +Iljxuh ;18,1 Wklv vlqjoh gl�hulqj uhvxow pd| lqglfdwh wkdw vpdoo uhqrupdol}dwlrq

vfdohv fdq sxoo wkh HNV fdofxodwlrq rxw ri d shuwxuedwlyh uhjlrq/ dqg wkdw wkh djuhhphqw

ehwzhhq gdwd dqg suhglfwlrq uhvxowv pruh iurp fkdqfh wkdq iurp dffxudf|1

;16 Glvfxvvlrq

Dv hylqfhg e| wkh orz suredelolwlhv lq wkh suhylrxv vhfwlrq/ wkh ohyho ri djuhhphqw ehwzhhq

gdwd dqg QOR TFG suhglfwlrqv lv ohvv wkdq vdwlvidfwru|1 Ehfdxvh wkhuh h{lvw irxu iuhh

sdudphwhuv lq wkh QOR TFG suhglfwlrq/ wkh suhglfwhg udwlr ri furvv vhfwlrqv srvvhvvhv vrph

 h{lelolw| wkdw kdv qrw |hw ehhq h{soruhg1 Iljxuh 4144/ Sdjh 55/ ghslfwv wkh iudfwlrqdo fkdqjh
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Iljxuh ;16= Wkh udwlr ri glphqvlrqohvv furvv vhfwlrqv dqg QOR TFG suhglfwlrqv zlwk ydulrxv
sduwrq glvwulexwlrq ixqfwlrqv1
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Iljxuh ;17= Wkh udwlr ri glphqvlrqohvv furvv vhfwlrqv/ yhuvxv suhglfwlrqv zlwk ydulrxv uhqru0
pdol}dwlrq vfdohv1
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SGI Uhqrupdol}dwlrq
Vfdoh "2 sure1
5�HA 5<1< :14<(
HA 741; 51<4(

FWHT6P �

e
HA 8414 3135(

HA@5 831; 3135(
HA@7 631< 8199(

FWHT7KM HA@5 841: 3134(
PUVD� HA@5 8919 31335(

FWHT6P/ HNV HA@7 5:1< 4413(

Wdeoh ;17= Wkh "2 frpsdulvrqv iru wkh udwlr ri furvv vhfwlrqv1

Iljxuh ;18= Udwlr ri glphqvlrqohvv furvv vhfwlrqv jhqhudwhg zlwk HNV dqg pdq| frpelqd0
wlrqv ri wkh irxu sdudphwhuv1 Rqo| rqh frpelqdwlrq |lhogv dq dffhswdeoh "2 ydoxh +kljk0
oljkwhg zlwk pdunhuv,1
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SGI Uhqrupdol}dwlrq
963 4;33 "2 sure1
5�HA HA@5 431< <71:(

FWHT6P HA HA@5 5;18 <1;7(
HA@7 HA@5 4514 <416(

Wdeoh ;18= Dgglwlrqdo "2 frpsdulvrqv iru wkh udwlr ri furvv vhfwlrqv1 Khuh/ wkh uhqrupdol}d0
wlrq vfdoh lv plvpdwfkhg ehwzhhq FP hqhujlhv1

lq wkh furvv vhfwlrq +
s
v @ 963 JhY, zlwk uhvshfw wr yduldwlrqv ri dq| rqh ri wkh sdudphwhuv>

Iljxuh ;19 suhvhqwv wkh dqdorjrxv fkdqjhv lq wkh udwlr1 Lq hdfk fdvh/ wkh iudfwlrqdo yduldwlrq

lv uhgxfhg lq wkh udwlr1 +Qrwh wkdw qrqh ri wkh vkliwv lq wkh �jxuh uhsurgxfh wkh 48(

fkdqjh revhuyhg zlwk wkh vshfl�f fkrlfh � @ �s @ �

e
H6@%
A

1, Dowkrxjk odujh vkliwv pd| vwloo

eh lqgxfhg zlwk sdudphwhu fkdqjhv/ qrqh ri wkh lqglylgxdo vkliwv uhsurgxfh wkh gl�huhqfh

revhuyhg ehwzhhq wkh suhglfwlrqv dqg wkh gdwd1 Wklv vhfwlrq h{soruhv gl�huhqw srvvlelolwlhv

wkdw pd| ghvfuleh wkh gdwd1

Gl�huhqw uhqrupdol}dwlrq vfdohv frxog eh vhohfwhg iru wkh gl�huhqw fhqwhu�ri�pdvv hqhu0

jlhv= dq xqfrqyhqwlrqdo vroxwlrq wkdw uhpdlqv zlwklq wkh erxqgv ri QOR TFG +Iljxuh ;1:,1

Wkhruhwlfdoo|/ wkhuh lv qr lpsolflw qhhg iru lghqwlfdo vfdohv dw
s
v @ 963 JhY dqg 4;33 JhY/

exw d yduldeoh uhqrupdol}dwlrq vfdoh pd| eh wrr lqhohjdqw iru wkh vflhqwl�f frppxqlw| wr

dffhsw1 Qrqhwkhohvv/ wkh uhvxowlqj "2 suredelolwlhv lqglfdwh uhpdundeo| jrrg djuhhphqw

+Wdeoh ;18,1

Dowhuqdwho|/ qhz fdofxodwlrqdo whfkqltxhv frxog uhpryh srvvleoh gh�flhqflhv lq wkh suh0

glfwlrq1 Wkh �uvw ri wkhvh phwkrgv kdv ehhq sursrvhg ^78` e| Edolwvnl��/ Idglq/ Nxudhy/

dqg Olsdwry1 Wkh EINO irupdolvp wuhdwv wkh qrqshuwxuedwlyh sk|vlfv ri vriw kdgurqlf

udgldwlrq e| lqwurgxflqj d srphurq h{fkdqjh gldjudp1 Wkh srphurq/ d frpsrvlwh remhfw/

frqvlvwv ri d joxrq wkdw udgldwhv vhyhudo �qdo vwdwh joxrqv +Iljxuh ;1;,1 Wklv �joxrq odgghu�

uhsuhvhqwv d uhvxppdwlrq ri ohdglqj hqhuj| orjdulwkpv wr doo rughuv ri TFG1 Xqiruwxqdwho|/

wkh uhvxppdwlrq surfhgxuh lqwurgxfhv |hw dqrwkhu iuhh sdudphwhu wr wkh suhglfwlrq= wkh

Uhjjh vfdoh/ �-1

D uhfhqw EINO fdofxodwlrq/ dssolhg wr wkh ohdglqj�rughu TFG surfhvvhv/ ^79` vsdqv wkh
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Iljxuh ;19= Wkhruhwlfdo xqfhuwdlqwlhv lq wkh QOR TFG suhglwlrq iru wkh udwlr/ uhvxowlqj
iurp +d, fkdqjhv lq SGI/ +e, fkdqjhv lq uhqrupdol}dwlrq vfdoh/ +f, fkdqjhv lq idfwrul}dwlrq
vfdoh/ dqg +g, fkdqjhv lq wkh UreR sdudphwhu1



4:;

Iljxuh ;1:= Udwlr ri furvv vhfwlrqv/ gl�huhqw uhqrupdol}dwlrq dqg idfwrul}dwlrq vfdohv iru
hdfk FP hqhuj|1

Iljxuh ;1;= Looxvwudwlrq ri wkh EINO �joxrq odgghu�1 Dowkrxjk rqo| wkuhh udgldwhg joxrqv
dsshdu lq wklv gldjudp/ wkh EINO irupdolvp vxpv ryhu lq�qlwho| pdq| udgldwhg joxrqv1



4:<

Iljxuh ;1<= Wkh udwlr ri furvv vhfwlrqv uhodwlyh wr dxjphqwhg TFG suhglfwlrqv1
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orz {A uhjlrq1 Frpsxwlqj�srzhu olplwdwlrqv suhyhqw dqdo|wlf h{whqvlrq eh|rqg {A ) 3=46/

exw wkh EINO suhglfwlrq udslgo| frqyhujhv wr wkh vwdqgdug QOR suhglfwlrq dv {A lqfuhdvhv1

Iljxuh ;1< frpsduhv wkh EINO suhglfwlrq wr wkh phdvxuhg udwlr ri furvv vhfwlrqv> wkh gdvkhg

olqh uhsuhvhqwv dq h{wudsrodwlrq ri wkh EINO suhglfwlrq wkurxjkrxw wkh uhjlrq ri gdwd1

Iru wklv suhglfwlrq/ � @ �s @ HA/ �- @ �

2
HA/ wkh SGI lv FWHT7O/ dqg UreR @ 5=31

Wklv sduwlfxodu frpelqdwlrq ri sdudphwhuv zdv qrw dydlodeoh iru wkh QOR suhglfwlrq/ exw

d vlplodu SGI zlwk wkh vdph � dqg �s lv lqfoxghg lq wkh �jxuh iru frpsdulvrq1 Wkh

h{wudsrodwhg suhglfwlrq lqglfdwhv wkdw d ixoohu EINO wuhdwphqw frxog uhsurgxfh vrph ri

wkh qrupdol}dwlrq gl�huhqfhv ehwzhhq wkh gdwd dqg QOR TFG/ exw pd| qrw prgho wkh orz

{A ehkdylru1

D vhfrqg dxjphqwdwlrq wr QOR TFG/ �nA vphdulqj/� lv fxuuhqwo| d k|srwkhvlv dqg

qrw dq dqdo|wlf suhglfwlrq1 Wkh orz {A ehkdylru ri wkh udwlr pd| dulvh iurp vriw joxrq

udgldwlrq1 Fxuuhqw QOR TFG fdofxodwlrqv gr qrw lqfoxgh vriw udgldwlyh fruuhfwlrqv/ zkhuh

wkh sduwrqv fdq hplw orz�hqhuj| joxrqv qhduo| frolqhduo|1 Wklv vriw udgldwlrq fdq eh lq0

foxghg zlwk dq dg krf fruuhfwlrq wr wkh vwdqgdug shuwxuedwlyh suhglfwlrq e| dgglqj d vpdoo

txdqwlw| ri wudqvyhuvh hqhuj|/ fdoohg nA/ wr wkh rxwjrlqj sduwrqv gxulqj wkh fdofxodwlrq1

Wklv udqgrpl}hg �nlfn� wr wkh rxwjrlqj sduwrqv lq dwhv wkh orzhvw sruwlrqv ri wkh lqfoxvlyh

mhw furvv vhfwlrq lq pxfk wkh vdph zd| dv wkh vphdulqj iurp mhw hqhuj| uhvroxwlrq1 Lq Ilj0

xuh ;1</ wkh kdwfkhg olqh lqglfdwhv wkh h�hfw ri d Jdxvvldq�glvwulexwhg nlfn zlwk zlgwk 6

JhY1 Wkh qrupdol}dwlrq gl�huhqfhv uhpdlq wkurxjkrxw prvw ri wkh {A udqjh/ exw wkh ulvh lq

wkh suhglfwlrq dw wkh orz hqg lv vlplodu wr wkh ulvh revhuyhg lq wkh gdwd1 Ehfdxvh nA h�hfwv

zrxog uhvxow lq dq revhuyhg glmhw dv|pphwu|/ lw lv qrw fohdu krz pxfk nA zrxog vxuylyh wkh

xqvphdulqj surfhvv/ vr wkh suhglfwhg fkdqjh lq Iljxuh ;1< pd| eh dq ryhuhvwlpdwh1

Ehfdxvh wkh udwlr ri furvv vhfwlrqv lvrodwhv wkh kljk�rughu h�hfwv ri TFG zlwkrxw pdvn0

lqj wkhp zlwk wkh ohdglqj�rughu ehkdylru/ wkh �qdo dqg srvvleo| ehvw h{sodqdwlrq iru wkh

ghyldwlrq ri wkh udwlr iurp wkh TFG suhglfwlrq vwhpv iurp wkh wuxqfdwlrq ri wkh fdofxod0

wlrq dw QOR1 Dowkrxjk wkh dxjphqwlyh whfkqltxhv glvfxvvhg lq wklv vhfwlrq frxog h{sodlq

wkh revhuyhg gl�huhqfh wr vrph ghjuhh/ wkhvh dgglwlrqv dw ehvw dssur{lpdwh d ixoo R+�er,
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Iljxuh ;143= Wkh h�hfw ri wkh R+��r, whup lq wkh TFG mhw furvv vhfwlrq suhglfwlrq/ iru erwk
fhqwhu�ri�pdvv hqhujlhv1 Glvwulexwlrqv zhuh jhqhudwhg zlwk Mhwudg1

fdofxodwlrq1 Vljql�fdqw frpsxwdwlrqdo srzhu uhtxluhphqwv surklelw d QQOR fdofxodwlrq dw

wklv wlph/ exw wkh udwlr ri QOR wr ohdglqj�rughu frxog surylgh dq lqvljkw wr wkh pdjqlwxgh

ri wkh h�hfw +Iljxuh ;143,1 Iru mhw {A juhdwhu wkdq 3148/ wkh R+��r, whup jhqhudwhv wkh vdph

h�hfw zlwkrxw uhjdug wr fhqwhu�ri�pdvv hqhuj|1 Wkh gl�huhqfh iurp OR lv vpdoo/ vr dq dg0

glwlrqdo shuwxuedwlyh whup fdqqrw lqgxfh pxfk dgglwlrqdo fkdqjh1 Wkh ehkdylru dw orz {A

gl�huv pdunhgo|/ exw rqo| iru
s
v @ 963 JhY> ehfdxvh wkh mhw hqhujlhv ehfrph yhu| vpdoo/

juhdwhu vhqvlwlylw| wr �r whupv vkrxog eh h{shfwhg1 Qrwh wkdw wkh {A udqjh vsdqqhg e| wkh

Prqwh Fduor vlpxodwlrq lq Iljxuh ;143 grhv qrw h{whqg dv orz dv wkh gdwd/ wkh gl�huhqfh

ehwzhhq OR dqg QOR lq wkh �uvw gdwd elq frxog eh dv odujh dv :3(1 Dowkrxjk wkh vkdsh

ri wkh glvwulexwlrqv lq Iljxuh ;143 duh vxjjhvwlyh/ gh�qlwlyh frqfoxvlrqv pxvw dzdlw d ixoo

fdofxodwlrq1

D vwxg| ri hyhqw wrsrorj| surylghv dgglwlrqdo hylghqfh ri wkh qhhg iru dgglwlrqdo whupv

lq wkh TFG suhglfwlrq1 Frqvlghu Iljxuh ;144/ zklfk sorwv wkh iudfwlrq ri hyhqwv zlwk wzr

mhwv +wkuhh mhwv/ hwf1, dv d ixqfwlrq ri mhw HA +
s
v @ 963 JhY,1 Dssur{lpdwho| 43( ri



4;5

Iljxuh ;144= Qxpehu ri mhwv shu hyhqw dv d ixqfwlrq ri Mhw HA1 Olqhv lqglfdwh wkh Khuzlj
Prqwh Fduor suhglfwlrq1
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doo hyhqwv frqwdlq irxu mhwv1 Ehfdxvh dq dgglwlrqdo +udgldwhg, mhw jhqhudoo| �vwhdov� lwv HA

iurp lwv sduhqw mhw/ wkh suhglfwhg furvv vhfwlrq zrxog ghfuhdvh li lw frxog dffrpprgdwh wkh

srvvlelolw| ri irxuwk mhwv1 Qrwh wkdw QOR fdofxodwlrqv fdqqrw frqwdlq pruh wkdq wkuhh mhwv>

wkxv/ QOR TFG fdq qhlwkhu ghvfuleh wkh revhuyhg mhw wrsrorj| qru wkh qrupdol}dwlrq ri wkh

furvv vhfwlrq wr ehwwhu wkdq <3(1 Lq frqwudvw/ Khuzlj prghov �qdo�vwdwh udgldwlrq zlwk

d iudjphqwdwlrq ixqfwlrq/ dqg lqlwldo�vwdwh udgldwlrq zlwk d �uhyhuvh hyroxwlrq� whfkqltxh1

Wkh lqwhuqdo zrunlqjv ri Khuzlj duh hpslulfdo dqg qrw dqdo|wlf/ vr wkh rxwsxw hyhqw

wrsrorj| plplfv gdwd yhu| forvho| +vrolg olqhv lq wkh �jxuh,1 Dowkrxjk Khuzlj lv xvhixo

iru ghwhfwru vwxglhv/ lw fdqqrw surylgh d phdqlqjixo frpsdulvrq ri edvlf wkhru| wr sk|vlfv

uhvxowv1

Lq Iljxuh ;144/ wkh qxpehu ri glmhwv lqfuhdvhv dw orz ydoxhv ri mhw HA zkloh wkh qxpehu

ri wkuhh�mhw dqg irxu�mhw hyhqwv ghfuhdvhv ryhu wkh vdph udqjh1 Wklv h�hfw uhvxowv iurp

lqfuhdvhg iuhtxhqf| ri mhw phujlqj> orz�HA mhwv whqg wr olh forvhu wr wkhlu udgldwhg mhwv1

Dowkrxjk wklv h�hfw vkrxog/ lq sulqflsoh/ eh prghoohg e| wkh UreR sdudphwhu/ qr vlplodu

ehkdylru dsshduv lq Iljxuh ;19+g,1 Wkh orz�HA ihdwxuh ri wkh udwlr pd| lpso| hlwkhu d

idloxuh ri UreR ru d vhyhuh xqghuhvwlpdwlrq ri wkh qxpehu ri udgldwhg mhwv lq QOR TFG1

;17 Vxppdu|

Wklv glvvhuwdwlrq surylghv wkh prvw suhflvh phdvxuhphqw ri lqfoxvlyh mhw furvv vhfwlrqv wr

gdwh1 Iru wkh �uvw wlph/ d ixoo huuru dqdo|vlv ghvfulehv wkh uhodwlrqvkls ri wkh elqzlvh

xqfhuwdlqwlhv zlwk rqh dqrwkhu1 Xvh ri wkh "2 frpsdulvrq whvw txdqwlwdwlyho| ghvfulehv wkh

ohyho ri djuhhphqw ehwzhhq wkh phdvxuhg glvwulexwlrq dqg wkh QOR TFG suhglfwlrqv1 Iru

erwk
s
v @ 963 dqg 4;33 JhY/ wkh furvv vhfwlrqv glvsod| qr vljql�fdqw ghyldwlrqv iurp wkh

QOR TFG suhglfwlrqv1

Wkh udwlr ri glphqvlrqohvv furvv vhfwlrqv hqmr|v vljql�fdqw huuru uhgxfwlrq uhodwlyh wr wkh

furvv vhfwlrq phdvxuhphqw dorqh1 Zkloh wkh furvv vhfwlrq huuruv udqjh iurp 43 wr 58(/ wkh

udwlr xqfhuwdlqwlhv ehfrph dv vpdoo dv 8(= Wkh xqfhuwdlqwlhv lq wkh udwlr ri furvv vhfwlrqv

duh ohvv fruuhodwhg wkdq wkh furvv vhfwlrq xqfhuwdlqwlhv> wkhuhiruh/ wkh udwlr phdvxuhphqw
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Elq Hgjhv lq {A Srlqw Udwlr Vwdwlvwlfdo V|vwhpdwlf
Srvlwlrq Huuru Huuru

3139: 313:: 313:5 41;: 3135< 3166<
313:: 313;< 313;6 41:8 31374 3156<
313;< 31433 313<7 4197 3138: 314;;
31433 31444 31438 4197 31365 3147;
31444 31455 31449 4187 31375 31459
31455 31466 3145: 4189 31388 31448
31466 31477 3146< 4176 313:3 31437
31477 31489 31483 4193 313<4 313<6
31489 3149: 31494 4193 31448 313;:
3149: 314:; 314:5 4186 3136; 313;6
314:; 314;< 314;6 4184 31379 313;4
314;< 31533 314<7 4188 31389 313;4
31533 31544 31538 4183 31399 313;4
31544 31555 31549 4195 313;6 313;7
31555 31566 3155; 418< 313<< 313;8
31566 31577 3156< 419: 31455 313;<
31577 31589 31583 419< 31477 313<5
31589 31633 315:4 4197 3143: 31434
31633 31689 3164< 41:6 314;< 31469
31689 31955 31767 41:8 31687 3153<

Wdeoh ;19= Wkh udwlr ri glphqvlrqohvv mhw furvv vhfwlrqv1

lv pruh vhqvlwlyh wr qrupdol}dwlrq gl�huhqfhv ehwzhhq gdwd dqg wkh suhglfwhg uhvxow1 Wkh

revhuyhg qrupdol}dwlrq gl�huhqfh uhvxowv lq d ohvv wkdq ;( suredelolw| wkdw wkh gdwd dqg

QOR fdofxodwlrqv ghvfuleh wkh vdph glvwulexwlrq1 Wkh gl�huhqfh fdq eh dffrpprgdwhg e|

ydu|lqj wkh uhqrupdol}dwlrq vfdoh ehwzhhq fhqwhu�ri�pdvv hqhujlhv1 Vhyhudo dxjphqwdwlrqv

wr wkh QOR suhglfwlrq vkrz vrph surplvh/ exw wkh shuwxuedwlyh ehkdylru ri TFG lqglfdwhv

wkdw dq R+�er, suhglfwlrq frxog surylgh vdwlvidfwru| djuhhphqw zlwkrxw dq| dgglwlrqv wr wkh
vwdqgdug TFG irupdolvp1

Wkh vl}h ri wkh fryduldqfh pdwul{ suhyhqwv sxeolfdwlrq/ exw dq DVFLL�irupdw wh{w �oh

zloo dsshdu rq wkh GÛ Frooderudwlrq zhe sdjh1 Wkh �qdo udwlr elqv/ udwlr ydoxhv/ dqg

elqzlvh xqfhuwdlqwlhv dsshdu lq Wdeoh ;191



Dsshqgl{ D

Frruglqdwh V|vwhpv/ Xqlwv/ dqg
Yduldeohv iru KHS

�Gl�hulqj zhljkwv dqg gl�hulqj phdvxuhv�wkh Orug
ghwhvwv wkhp erwk1�

� Suryhuev 53=43

D froolghu ghwhfwru uhtxluhv vhyhudo gl�huhqw frruglqdwh v|vwhpv wr frqyhqlhqwo| vshf0

li| kdugzduh orfdwlrqv/ sk|vlfv uhvxowv/ dqg ehdp phfkdqlfv1 Wkh GÛ frooderudwlrq xvhv

irxu sulpdu| v|vwhpv= Fduwhvldq +{/ |/ },/ f|olqgulfdo +u/ !/ },/ vskhulfdo +u/ !/ �,/ dqg d

prgl�hg vskhulfdo v|vwhp xvlqj wudqvyhuvh hqhuj|/ svhxgrudslglw|/ dqg d}lpxwk +HA/ �/ !,1

Wkh irxuwk frruglqdwh v|vwhp gh�qhv gluhfwlrq dqg hqhuj| pdjqlwxgh udwkhu wkdq wkuhh

glphqvlrqdo srvlwlrq1 Lq doo fdvhv/ wkh v|vwhpv duh uljkw0kdqghg zlwk srvlwlyh } dvvljqhg wr

wkh gluhfwlrq ri wkh surwrq ehdp +vrxwk dw wkh GÛ froolvlrq srlqw,1 Wkxv/ wkh {0d{lv srlqwv

lqzdug wrzdug wkh fhqwhu ri wkh Whydwurq dqg srvlwlyh |0d{lv srlqwv yhuwlfdoo| xszdug1 Wkh

frodwlwxgh � ehfrphv }hur dorqj wkh }0d{lv/ dqg ! ehfrphv }hur dorqj wkh {0d{lv1

D14 Qdwxudo Xqlwv

Dv d vwdqgdug ri kljk hqhuj| sk|vlfv/ doo txdqwlwlhv duh vfdohg e| wkh wzr ixqgdphqwdo

frqvwdqwv ri uhodwlylvwlf txdqwxp phfkdqlfv= Sodqfn*v frqvwdqw

k @
k

5�
@ 4=388� 433�e M � vhf +D14,

4;8
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Txdqwlw| Xqlwv

pdvv +p,/ prphqwxp +pf,/ hqhuj| +pf2, JhY
ohqjwk +k@pf,/ wlph +k@pf2, JhY3�

fkdujh +
s
kf, +glphqvlrqohvv,

Wdeoh D14= Sk|vlfdo txdqwlwlhv h{suhvvhg lq whupv ri qdwxudo xqlwv1

dqg wkh vshhg ri oljkw lq ydfxxp

f @ 5=<<;� 43H
p

vhf
= +D15,

Zlwk wkh vhohfwlrq ri xqlwv vxfk wkdw wkhvh txdqwlwlhv ehfrph glphqvlrqohvv +l1h1 k> f � 4,/

doo txdqwlwlhv pd| eh hdvlo| h{suhvvhg lq whupv ri hqhuj| +Wdeoh D14,/ w|slfdoo| hohfwurq0Yrowv

ehfdxvh wkh pdvv ri wkh surwrq lv dssur{lpdwho| 4 JhY1

Dv dq h{fhswlrq wr wkh frqyhqwlrq/ furvv vhfwlrqv duh h{suhvvhg lq whupv ri eduqv/ zkhuh

4 e @ 4� 4332H p2= +D16,

Wklv duhd0olnh txdqwlw| lv uhodwhg wr qdwxudo xqlwv e| wkh uhodwlrq

4 JhY32 @ 3=6;< pe= +D17,

D15 Yduldeohv iru Froolghu Sk|vlfv

Iru dq| wzr�erg| lqwhudfwlrq/ wkh lqlwldo 7�prphqwdW irup wkh Pdqghovwdp yduldeoh

v @ +s� . s�,
2 > +D18,

zklfk lv Oruhqw} lqyduldqw +l1h1/ wkh qxphulfdo ydoxh lv lqghshqghqw ri wkh iudph ri uhihuhqfh,1

Wkh wrwdo fhqwhu�ri�pdvv hqhuj| ri wkh froolglqj v|vwhp lv jlyhq e|
s
v/ dqg hdfk sduwlfoh

kdv fhqwhu�ri�pdvv hqhuj|

H� @
v.p2

� �p2

�

5
s
v

= +D19,

Dw Ihuplode/ erwk froolglqj sduwlfohv kdyh wkh vdph pdvv/ vr hdfk kdv hqhuj|
I
r
2
/ zklfk lv

vrphwlphv fdoohg wkh �ehdp prphqwxp1�
W Wkh irxu�glphqvlrqdo prphqwxp yhfwru wdnhv wkh irup R ' E.c R%c R+c R5� �
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Dowkrxjk wkh wudqvyhuvh frpsrqhqw ri d vfdodu txdqwlw| pd| dw �uvw vhhp olnh d vwudqjh

frqfhsw/ HA lv vlpso| gh�qhg dv wkh wrwdo hqhuj| ri d sduwlfoh ru jurxs ri sduwlfohv pxo0

wlsolhg e| wkh vlqh ri wkh dqjoh ehwzhhq wkh hqhuj| ghsrvlw dqg wkh ehdpslsh> orrvho|/

wkh �wudqvyhuvh hqhuj|� lv wkh frpsrqhqw ri wkh hqhuj| zklfk lv ruwkrjrqdo wr wkh ehdp

gluhfwlrq=

HA @ Hvlq �1 +D1:,

Wklv txdqwlw| lv xvhg lqwhufkdqjhdeo| zlwk wkh pruh surshuo| irupxodwhg wudqvyhuvh pr0

phqwxp/ sA1 Ehfdxvh wkh fdorulphwhu phdvxuhv hqhuj| udwkhu wkdq prphqwxp/ dqg ehfdxvh

wkh pdvvhv ri wkh sduwlfohv wkdw frpsulvh d mhw duh qrw phdvxuhg/ wudqvyhuvh hqhuj| ehwwhu

ghvfulehv wkh revhuyhg txdqwlw|1 Lq vrph vhfwlrqv ri Fkdswhu 7/ �HA zloo eh xvhg dv d yhfwru

iru frqyhqlhqfh ri qrwdwlrq wr lqglfdwh wkh pdjqlwxgh HA zlwk d}lpxwldo gluhfwlrq a!1

Ehfdxvh wkh lqlwldo sduwlfohv lq wkh ehdpv kdyh qhjoljleoh wudqvyhuvh prphqwxp frpsr0

qhqwv/ e| frqvhuydwlrq ri prphqwxp/ wkh �HA vxp ri doo remhfwv lq dq hyhqw lv }hur1 Vrph

sduwlfohv hvfdsh wkurxjk wkh ghwhfwru zlwkrxw ghsrvlwlqj hqhuj|> wkxv fuhdwlqj �plvvlqj

�HA/� ghqrwhg 9�HA1
Wkh yduldeoh udslglw| lv gh�qhg dv

| @
4

5
oq

H . s5
H� s5

> +D1;,

zkhuh H dqg s5 lqglfdwh wrwdo hqhuj| dqg orqjlwxglqdo prphqwxp1 Zkloh udslglw| lv qrw

Oruhqw} lqyduldqw/ wkh �uvw ghulydwlyh ri wkh udslglw| grhv vdwlvi| wklv frqglwlrq> wkxv/ wkh

vkdsh ri d udslglw| glvwulexwlrq zloo qrw fkdqjh zlwk d errvwW lq wkh orqjlwxglqdo gluhfwlrq1

Wklv lv d fuxfldo frqvlghudwlrq dw d kdgurq froolghu ehfdxvh wkh iudfwlrq wkh ehdp prphqwxp

srvvhvvhg e| wkh lqlwdo vwdwh sduwrqv ydulhv iurp hyhqw wr hyhqw1

Lq wkh olplw wkdw s p/ wkh udslglw| pd| eh uh0zulwwhq lq whupv ri frv � @ ,5

,
wr ehfrph

� @
4

5
oq

frv2 w

2

vlq2 w

2

@ � oq

�
wdq

�

5

�
= +D1<,

Zkloh wklv h{suhvvlrq lv vwulfwo| lghqwlfdo wr wkh udslglw| rqo| iru pdvvohvv sduwlfohv +zkhuh

W �Errvw� lqglfdwhv wkdw wkh uhvw iudph ri wkh froolvlrq lv qrw lghqwlfdo wr wkh oderudwru| iudph1



4;;

H r s,/ lw lv d jrrg dssur{lpdwlrq iru kljko| uhodwlylvwlf sduwlfohv1 Wkxv/ � lv fdoohg wkh

svhxgrudslglw|1

Lq d s�s froolvlrq/ wkh yhuwh{ grhv qrw lq jhqhudo dsshdu dw wkh fhqwhu ri wkh ghwhfwru1

Dv d uhvxow/ frruglqdwhv pxvw eh uhgh�qhg zlwk wkh }hur srlqw dw wkh yhuwh{ ri wkh hyhqw/

qrw dw wkh fhqwhu ri wkh ghwhfwru1 Dw wlphv erwk ghwhfwru dqg �sk|vlfv� frruglqdwhv pxvw

eh xvhg/ wkh ghwhfwru txdqwlwlhv duh wkhq gl�huhqwldwhg zlwk vxevfulswv +h1j1 �_ ghqrwhv

ghwhfwru svhxgrudslglw|,1

Iru froolghu ghwhfwruv/ ydoxhv ri svhxgrudslglw| forvh wr }hur +m�m 1 i3=8� 3=;j iru GÛ,
duh uhihuuhg wr dv fhqwudo dqg odujh ydoxhv duh whuphg iruzdug1 Qrwh wkdw wkh whup iruzdug

xvxdoo| dssolhv wr odujh qhjdwlyh svhxgrudslglw| dv zhoo> lq prvw dqdo|vhv/ wkh gluhfwlrqv

duh qrw glvwlqjxlvkdeoh vr wkhuh lv qr �edfnzdug� uhjlrq ri wkh ghwhfwru1 Uhihu wr wkh

fdorulphwhu vfkhpdwlf rq sdjh 7< +Iljxuh 5149, iru d ghslfwlrq ri svhxgrudslglw|1

D16 Fdofxodwlrq ri Mhw Yduldeohv

Wkh GÛ h{shulphqw xvhv d ��{hg frqh� mhw gh�qlwlrq= hdfk mhw frqvlvwv ri doo fhoo hqhujlhv

zlwklq d udglxv

U @

t
+!f � !,2 . +�f � �,2> +D143,

zkhuh !f dqg �f duh wkh frruglqdwhv ri wkh mhw fhqwurlg1 Ehfdxvh hdfk mhw ghsrvlwv hqhuj|

lq pdq| ghwhfwru fhoov/ dq dojrulwkp iru HA vxppdwlrq pxvw eh gh�qhg1 Dgglwlrqdoo|/

vhyhudo qrq0htxlydohqw phwkrgv h{lvw wr ghwhuplqh wkh svhxgrudslglw| dqg d}lpxwk ri wkh

mhw fhqwurlg1 GÛ dgkhuhv wr wkh iroorzlqj frqyhqwlrqv/ zkhuh wkh vxppdwlrqv rffxu ryhu

fdorulphwhu fhoov=

H�e|
A @

[
�

HA�
@ H� vlq ��> +D144,

!�e| @ wdq3�

3
C

S
�

H+�S
�

H%�

4
D > dqg +D145,



4;<

��e| @ wdq3�

v�S
�

H%�

�2

.

�S
�

H+�

�2

S
�

H5�

> +D146,

zkhuh

H%�
@H� vlq �� frv!�

H+� @H� vlq �� vlq!�

H5� @H� frv ��=

+D147,

Wkh svhxgrudslglw| ri wkh mhw lv ghwhuplqhg zlwk Htxdwlrqv D146 dqg D1<1 Dowkrxjk rwkhu

dojrulwkpv +h1j1/ Vqrzpdvv, uhvxow lq voljkwo| gl�huhqw txdqwlwlhv/ wkh gl�huhqfhv duh qhjol0

jleoh lq wkh fhqwudo uhjlrq1 Iru frpsohwhqhvv/ wkh Vqrzpdvv gh�qlwlrqv duh lqfoxghg ehorz1

Vqrzpdvv H�e|
A @

[
�

HA�
@ H� vlq ��> dv deryh/ exw +D148,

Vqrzpdvv !�e| @

S
�

HA�
� !�S

�

HA�

> dqg +D149,

Vqrzpdvv ��e| @

S
�

HA�
� ��S

�

HA�

= +D14:,
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Dsshqgl{ E

Sursdjdwlrq ri Huuruv

�Vrphwlphv zh pd| ohduq pruh iurp d pdq*v huuruv/
wkdq iurp klv yluwxhv1�

� Khqu| Zdgvzruwk Orqjihoorz

Zlwk dq| phdvxuhphqw/ wkh ghjuhh ri fhuwdlqw| wr zklfk wkh qrplqdo ydoxh lv nqrzq

lv dv lpsruwdqw dv wkh ydoxh lwvhoi1 Wkh iroorzlqj vhfwlrqv ghwdlo wkh vwhsv qhfhvvdu| wr

surshuo| fdofxodwh wkh xqfhuwdlqw| ri pdq| txdqwlwlhv dqg vhyhudo phwkrgv ri sursdjdwlqj

huuru wkurxjk d fdofxodwlrq1 Lq wkh glvfxvvlrq/ |� uhsuhvhqwv wkh phdvxuhg ydoxhv ri vrph

txdqwlw| dw jhqhudol}hg {� srvlwlrqv1 Wkh �wuxh� glvwulexwlrq ehlqj phdvxuhg lv vrphwlphv

uhsuhvhqwhg e| i+{,/ dowkrxjk i dqg j duh dovr xvhg pruh jhqhudoo| lq rwkhu glvfxvvlrqv1

E14 Vwdwlvwlfdo Huuruv dqg Elqrpldo Huuruv

Lq d vwdqgdug frxqwlqj h{shulphqw/ wkh vwdwlvwlfdo xqfhuwdlqw| rq d qxpehu Q lv vlpso|

�Q @
s
Q= +E14,

Wkh iudfwlrqdo huuru rq wkh qxpehu lv jlyhq e|

s
Q

Q
= +E15,

Iru d txdqwlw| ghulyhg iurp wkh qxpehu +h1j1/ dq hyhqw udwh/ jlyhq e| Q shu xqlw wlph,/

wkh vwdwlvwlfdo sruwlrq ri wkh iudfwlrqdo xqfhuwdlqw| uhpdlqv wkh vdph/ dv jlyhq e| Htxdwlrq

E151 Wkh devroxwh vwdwlvwlfdo xqfhuwdlqw| zrxog eh jlyhq e| Htxdwlrq E14/ glylghg e| wkh

4<4
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wlph1 Vxfk d fdofxodwlrq dovr uhtxluhv d v|vwhpdwlf xqfhuwdlqw| wkdw h{suhvvhv wkh suhflvlrq

ri wkh wlph phdvxuhphqw1

D gl�huhqw phwkrg ghvfulehv wkh xqfhuwdlqw| ri d gdwd vhohfwlrq1 Jlyhq dq hyhqw vdpsoh

zlwk Q hyhqwv zkhuh vrph qxpehu ri hyhqwv d sdvv d vhohfwlrq fulwhuld/ wkh h!flhqf| lv

h{suhvvhg dv

� @
d

Q
> +E16,

dqg wkh vwdwlvwlfdo huuru lv jlyhq e| wkh elqrpldo huuru irupxod

�� @

u
� � +4� �,

Q � 4
= +E17,

E| Htxdwlrq E17/ wkh xqfhuwdlqw| udqjh derxw wkh h!flhqf| uhpdlqv erxqghg e| wkh sk|v0

lfdo uhjlrq +l1h1/ qhyhu ohdyhv wkh lqwhuydo ^3/4`,1 Xqiruwxqdwho|/ hyhq iru vpdoo ydoxhv ri Q

wkh huuruv fdq eh wrr vpdoo wr dffrpprgdwh srvvleoh phwkrg eldvhv1 Xvxdoo|/ h{shulphqwhuv

dgg d v|vwhpdwlf huuru wr wkh elqrpldo xqfhuwdlqw| wr dyrlg xqghuhvwlpdwlrq ri huuruv +dv

lq Fkdswhu 8,1

E15 Txdgudwxuh Dgglwlrq ri Huuruv

Wklv vlpsoh surfhgxuh uhtxluhv nqrzohgjh ri wkh ghjuhh ri fruuhodwlrq ehwzhhq huuruv1 Wkh

irupxod iru wkh xqfhuwdlqw| rq d ixqfwlrq i+{,/ edvhg rq wkh nqrzq yduldqfhv ri sdudphwhuv

d> e> f> = = = / lv jlyhq e|

+�i+{,,2 @

�
Ci

Cd

�2

+�d,2 .

�
Ci

Ce

�2

+�e,2 .

�
Ci

Cf

�2

+�f,2 . � � � +E18,

.5�@K
Ci

Cd

Ci

Ce
�d�e. 5�S@

Ci

Cf

Ci

Cd
�f�d. 5�KS

Ci

Ce

Ci

Cf
�e�f. � � � >

zkhuh ��� lv wkh fruuhodwlrq ehwzhhq sdudphwhuv l dqg m/ dqg wkh rqh�vljpd vwdqgdug ghyld0

wlrqv duh �d/ hwf1 Lq wkh fdvh ri xqfruuhodwhg sdudphwhuv +��� @ 3,/ Htxdwlrq E18 vlpsol�hv

wr

�i+{, @

v�
Ci

Cd

�2

+�d,2 .

�
Ci

Ce

�2

+�e,2 .

�
Ci

Cf

�2

+�f,2 . � � �= +E19,
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Zlwk Htxdwlrq E19/ lw lv hdv| wr yhuli| wkdw iru d vlpsoh udwlr U +{, @ sE%�
}E%� zlwk xqfru0

uhodwhg xqfhuwdlqwlhv/

�U+{,

U+{,
@

v�
�i +{,

i +{,

�2

.

�
�j +{,

j +{,

�2

> +E1:,

dqg iru wkh frpsdudwlyh iudfwlrqdo ghyldwlrq G+{, @ sE%�3}E%�
}E%� / wkh xqfhuwdlqw| lv vlploduo|

h{suhvvhg dv

�G+{, @
i+{,

j+{,
�
v�

�i +{,

i +{,

�2

.

�
�j +{,

j +{,

�2

= +E1;,

Wkh irupxodh lq wklv vhfwlrq dsso| htxdoo| zhoo wr glvfuhwh ixqfwlrqv i+{�, dv wr frqwlqxrxv

ixqfwlrqv1

Zkhq �wwlqj ixqfwlrqv wr gdwd srlqwv/ vriwzduh sdfndjhv iuhtxhqwo| xvh d fkl0vtxduh

plqlpl}dwlrq dojrulwkp1 Prvw �wwlqj sdfndjhv zloo surgxfh d fryduldqfh pdwul{ +dq �huuru

pdwul{�,/ zkrvh gldjrqdo hohphqwv duh wkh vtxduhv ri wkh sdudphwhu huuruv +wkh yduldqfhv,/

dqg zkrvh r�0gldjrqdo hohphqwv duh wkh fryduldqfhv ri wkh sdudphwhuv1 Iru d wkuhh sdudp0

hwhu �w/ wkh huuru pdwul{ lv jlyhq e|

Y @

3
EEEEEC

+�d,2 �@K�d�e �@S�d�f

�K@�e�d +�e,2 �KS�e�f

�S@�f�d �SK�f�e +�f,2

4
FFFFFD = +E1<,

Lq wkh +xvxdo, fdvh ri sduderolf huuruv/ wkh huuru pdwul{ lv v|pphwulf derxw wkh gldjrqdo/

ehfdxvh �K@ @ �@K1 +Iru wkh gldjrqdo hohphqwv/ �@@ lv lghqwlfdoo| xqlw|1, Wkh pdwul{ irup

lv hdvlo| jhqhudol}hg wr dgglwlrqdo sdudphwhuv1 Zkhq frpelqhg zlwk d ixqfwlrq*v sduwldo

ghulydwlyhv/ wkh pdwul{ hohphqwv ri Y duh suhflvho| wkh idfwruv uhtxluhg e| Htxdwlrq E181

E1514 Dgydqfhg Zrun zlwk Fryduldqfh

Lq vrph fdvhv/ dq dqdo|vlv uhtxluhv wkh fryduldqfh ri d ixqfwlrq wr lwvhoi1 Wkhq/ wkh lqglylgxdo

hohphqwv ri d pdwul{ �Y pd| eh h{suhvvhg dv wkh surgxfw ri wzr wrwdo ghulydwlyhv dqg d

fruuhodwlrq1 Khuh wkh ryhuedu qrwdwlrq lqglfdwhv lqfoxvlrq ri wkh ghulydwlyhv lq wkh pdwul{>
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dgglwlrqdoo|/ wkh urzv dqg froxpqv lqglfdwh gl�huhqw ydoxhv ri { lq vrph ixqfwlrq i+{,=

�Y�� @

3
EEEEEC

+�i+{�,,
2
�
YsE%��
Y%�

�2
��2�i+{�,�i+{2,

YsE%��
Y%�

YsE%2�
Y%2

��2�i+{�,�i+{2,
YsE%��
Y%�

YsE%2�
Y%2

+�i+{2,,
2
�
YsE%2�
Y%2

�2
1 1 1

4
FFFFFD 1 +E143,

Wkh irupxodwlrq ri wkh huuru pdwul{ lq wklv vhfwlrq vkrxog qrw eh frqixvhg zlwk Htxdwlrq

E1<1

Wr looxvwudwh wkh whfkqltxh/ vxssrvh wkdw wkh huuru pdwul{ iru wkh lqfoxvlyh mhw furvv

vhfwlrq lv uhtxluhg iru d v|vwhpdwlf huuru wkdw ydulhv dv d ixqfwlrq ri mhw hqhuj|1W Li wkh

furvv vhfwlrq frqvlvwv ri 53 srlqwv/ wkhq wkh pdwul{ pxvw kdyh 53 urzv dqg 53 froxpqv> wkh

vtxduh urrwv ri wkh gldjrqdo hohphqwv duh lghqwlfdoo| wkh huuruv ri hdfk furvv vhfwlrq srlqw1

Lq wkh pdwul{/ wkh fruuhodwlrqv ghvfuleh wkh ghshqghqfh ehwzhhq gl�huhqw HA srlqwv udwkhu

wkdq ehwzhhq gl�huhqw sdudphwhuv1 Iru dq| jlyhq elq lq wkh furvv vhfwlrq/ �+HA,/ wkh wrwdo

ghulydwlyh zlwk uhvshfw wr wkh hqhuj| lv

��+HA, @
C�

CHA

CHA

CH
�H @

C�

CHA
vlq � �H/ +E144,

dqg wkh hohphqwv ri wkh fryduldqfh pdwul{ lq Htxdwlrq E143 pd| eh h{suhvvhg

�Y�� @

���������

�
@ �.�.�

� C�

CHA�

vlq �� �H� � C�

CHA�

vlq �� �H� 1 +E145,

Iru d ohvv hohphqwdu| h{dpsoh/ frqvlghu wkh glmhw pdvv/ P @
s
5H�H2 +4� frv ��2,/ d

ixqfwlrq ri wzr mhw hqhujlhv dqg wkh dqjoh ehwzhhq wkh mhwv1 Dvvxplqj wkh xqfhuwdlqw| lv

rqo| d ixqfwlrq ri mhw hqhuj|/ wkh �wrwdo ghulydwlyh� lv

�P @
CP

CH�

�H� .
CP

CH�

�H� +E146d,

@
4

P
+H��H2 .H2�H�, +4� frv ��2, > +E146e,

zkhuh wkh � frv ��2 whup kdv ehhq vhw wr }hur1 Wkh pdwul{ hohphqwv duh wkhq

�Y�� @

����P��P�

�
@

4

P�P�

+4� frv ��2�,
�
4� frv ��2�

�� +E147,

+H��
H��
� �22�� �H2�

�H2�

�
.H2�

H��
� ��2�� �H��

�H2�

�
.

H��
H2�
� �2��� �H2�

�H��

�
.H2�

H2�
� ����� �H��

�H��

�
,1

W Wklv vfhqdulr lv d vlpsol�hg h{dpsoh ri wkh hqhuj| vfdoh xqfhuwdlqw| ghvfulehg Fkdswhu := wkh uhvsrqvh lv
fruuhodwhg lq mhw hqhuj|/ exw wkh mhw furvv vhfwlrq lv d ixqfwlrq ri HA1
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Wkh sulqflsoh gl!fxow| lq wkh xvh ri Htxdwlrq E143 olhv lq wkh dftxlvlwlrq ri wkh fruuhodwlrqv

ehwzhhq elq srlqwv1 Wklv lqirupdwlrq lv qrw uhdglo| dydlodeoh iurp prvw �wwlqj urxwlqhv1

E16 Xvhixo Irupxodh

Yhu| riwhq d zhljkwhg dyhudjh ydoxh ghvfulehv d vdpsoh pruh dffxudwho| wkdq d vlpsoh

dyhudjh1 Jlyhq d vhw ri zhljkwv z� dqg phdvxuhphqwv |�/ wkh dyhudjh lv irxqg zlwk

� @
4S

�

z�

�
[
�

z� |�= +E148,

Wkh xqfhuwdlqw| rq wkh dyhudjh lv jlyhq e|

�� @
4uS
�

z�

= +E149,

Wklv whfkqltxh zdv xvhg h{whqvlyho| lq Fkdswhu ;/ zkhuh wkh z� uhsuhvhqwhg wkh ydoxhv ri wkh

mhw furvv vhfwlrq dw hdfk {�/ dqg wkh |� zhuh +iru lqvwdqfh, wkh xqfhuwdlqwlhv ri mhw hqhujlhv

gxh wr wkh uhvsrqvh fruuhfwlrq1 Xvh ri Htxdwlrq E148 doorzhg hyhqwv jhqhudwhg zlwk d  dw

glvwulexwlrq wr surshuo| prgho elqv zlwk vwhhso| idoolqj glvwulexwlrqv1

Dqrwkhu xvh iru Htxdwlrq E148/ wkh vr�fdoohg �Zruog Dyhudjh/� hvwlpdwhv wkh phdq ydoxh

ri vhyhudo phdvxuhphqwv zlwk gl�huhqw xqfhuwdlqwlhv1 Wkh dyhudjh � ri vhyhudo phdvxuhphqwv

|� zlwk gl�huhqw yduldqfhv �2� lv fdofxodwhg zlwk

� @
4S

�

�

j2
�

�
[
�

|�
�2�

> +E14:,

dqg wkh uhvxowlqj +rqh vwdqgdug ghyldwlrq, xqfhuwdlqw| rq wkh phdq lv

�� @
4uS
�

�

j2
�

= +E14;,

Wklv whfkqltxh ghwhuplqhg wkh s�s furvv vhfwlrqv dqg huuruv iru wkh oxplqrvlw| ghwhuplqdwlrq

lq Fkdswhu 81
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Ohdvw Vtxduhv +wkh "2 Jrrgqhvv ri Ilw Whvw,

Wr shuirup vlpsoh frqvlvwhqf| fkhfnv/ rqh pd| xvh d "2 whvw1 Wr whvw wkh djuhhphqw ehwzhhq

d vhw ri Q gdwd srlqwv |�+{�, zlwk xqfhuwdlqwlhv �� yhuvxv vrph ixqfwlrq i+{,/ wkh vlpsoh

fkl0vtxduh lv jlyhq e|

"2 @
�[
�

+|�+{�,� i+{�,,

�2�
= +E14<,

Iru d pruh hoderudwh frpsdulvrq/ xvh wkh huuru pdwul{ dqg yhfwruv frqwdlqlqj wkh gl�huhqfhv=

"2 @ +|� i,A �Y3� +|� i, = +E153,

zkhuh �Y3� lv wkh lqyhuvlrq ri Htxdwlrq E1451 Wklv irup iru "2 fruuhfwo| dffrxqwv iru dq|

fruuhodwlrqv ehwzhhq huuruv dqg lv xvhg wr jrrg h�hfw lq Fkdswhu ;1 Li wkh fruuhodwlrqv ri ��

ehwzhhq wkh {� duh }hur/ wkh pdwul{ �Y lv gldjrqdo/ dqg Htxdwlrq E153 lv htxlydohqw wr wkh

vlpsohu irup ri Htxdwlrq E14<1

Dq riwhq xvhixo txdqwlw|/ wkh uhgxfhg fkl0vtxduh pd| eh frpsxwhg zlwk

"2

g
@

"2

Q � s
= +E154,

Khuh/ g @ Q�s uhsuhvhqwv wkh qxpehu ri ghjuhhv ri iuhhgrp lq wkh sureohp> Q lv wkh qxpehu

ri srlqwv |�/ dqg s lv wkh qxpehu ri sdudphwhuv lq wkh ixqfwlrqdo irup i+{,1 D orrnxs wdeoh/

dq h{dpsoh ri zklfk fdq eh irxqg lq wkh SUG pdqxdo/ ghvfulehv wkh frq�ghqfh ohyho

dvvrfldwhg zlwk d jlyhq �2

_
1 Zkloh vpdoohu ydoxhv ri d uhgxfhg fkl0vtxduh lqglfdwh ehwwhu

djuhhphqw/ iru g A 43/ vwdwlvwlfdo  xfwxdwlrqv qrupdoo| suhyhqw d uhgxfhg fkl0vtxduh ydoxh

pxfk vpdoohu wkdq xqlw|> ydoxhv ehwzhhq 3=:8 dqg 4=58 duh qrupdo dqg h{shfwhg1 Pdq|

vriwzduh urxwlqhv +lqfoxglqj Plfurvriw H{fho, fdq frpsxwh wkh olnholkrrg suhflvho| iurp "2

dqg g/ exw wkh �2

_
r 4 uxoh surylghv d xvhixo rughu�ri�pdjqlwxgh jdxjh1

Wkh Orj Olnholkrrg

Dq dowhuqdwlyh wr wkh "2 olnholkrrg/ wkh orj olnholkrrg lv odujhvw zkhq wkh djuhhphqw lv ehvw1

Xqolnh wkh fkl0vtxduh ydoxh/ wkh qxphulfdo ydoxh ri wkh orj olnholkrrg kdv qr phdqlqj dw
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wkh ehvw��w srlqw ^7:` dqg fdq fkdqjh zlwk d fkdqjh ri wkh xqlwv lq zklfk wkh sureohp lv

h{suhvvhg1

Lq prvw fdvhv/ huuruv iroorz d Jdxvvldq glvwulexwlrq�wkh| duh v|pphwulf derxw wkh

qrplqdo ydoxh1 Lq wkh fdvh ri vpdoo qxpehuv ri hyhqwv/ d Srlvvrq glvwulexwlrq |lhogv d ehwwhu

hvwlpdwh ri wkh xqfhuwdlqw|1 Wr wkh h|h/ wkh Srlvvrq glvwulexwlrq dsshduv wr eh d Jdxvvldq

vnhzhg wr wkh ohiw1 Iru erwk glvwulexwlrqv/ wkh orj olnholkrrg wkdw d qxpehu ri gdwd srlqwv

duh frqvlvwhqw zlwk d ixqfwlrq i+{, lv wkh qdwxudo orjdulwkp ri wkhlu uhvshfwlyh suredelolw|

glvwulexwlrqv=

Jdxvvldq J @
4s

5� � � h{s

#
� +| � �,2

5�2

$
> +E155,

Jdxvvldq olnholkrrg OC @ �
�[
�

#
oq
�
�� �
s
5�

�
.

+|� � �,2

5�2�

$
> +E156,

dqg

Srlvvrq S @
�?h3>

q$
> +E157,

Srlvvrq olnholkrrg O� @
�[
�

+q� � oq�� �� oq +q$,, +E158d,

@
�[
�

+q� � oq�� �� oq � +q. 4,, = +E158e,

Khuh/ Q lv wkh wrwdo qxpehu ri phdvxuhphqwv/ � lv wkh dyhudjh | ydoxh ri wkh phdvxuhphqwv/

dqg q +Srlvvrq, lv wkh qxpehu ri hyhqwv rq d sduwlfxodu lqwhuydo ri {1 Lq wkh ehvw �w

fdofxodwlrq/ wkh vxevwlwxwlrq � $ i+{�, frpsduhv wkh phdvxuhg ydoxhv +| ru q, wr wkh

ixqfwlrq1 Iru wkh Srlvvrq glvwulexwlrq/ wkh yduldqfh �2 @ �1 Iru odujh ydoxhv ri Q / wkh

h{suhvvlrqv iru wkh Jdxvvldq dqg wkh Srlvvrq glvwulexwlrqv ehfrph htxlydohqw1

E17 Iru Ixuwkhu Uhdglqj

Zkloh pdq| wh{werrnv suhvhqw vwdwlvwlfdo phwkrgv dw ydulrxv ohyhov ri gl!fxow|/ uhodwlyho|

ihz iudph wkhlu glvfxvvlrqv lq whupv zklfk duh xvhixo wr h{shulphqwhuv1 Wzr h{fhswlrqv duh

zruwk phqwlrqlqj khuh1
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Wkh Sk|vlfdo Uhylhz G Uhylhz ri Sduwlfoh Sk|vlfv frqwdlqv d vhfwlrq rq suredelolw|

dqg d vhfwlrq rq vwdwlvwlfdo lqihuhqfh1 Erwk vhfwlrqv uhodwh wkhlu glvfxvvlrqv wr vshfl�f

sureohpv hqfrxqwhuhg lq KHS1

Wkh prvw xvhixo dqg vxusulvlqj uhvrxufh zdv wkh Plqxlw xvhu*v pdqxdo/ dydlodeoh iurp

wkh FHUQ zhesdjhv +Uhihuhqfh ^7:` ri wklv glvvhuwdwlrq,1 Lw fohduo| dqg frqflvho| ghvfulehg

gl!fxow frqfhswv/ vxfk dv wkh fryduldqfh pdwul{ dqg krz lw lv fdofxodwhg1 Ehfdxvh wkh

pdqxdo ghvfulehv wkh xvh ri d vriwzduh sdfndjh/ lwv glvfxvvlrqv duh uhvxowv�rulhqwhg dqg

iudphg lq whupv ri wkh Iruwudq frpsxwlqj frgh1



Dsshqgl{ F

Wkh Wrwdo Z Ervrq Furvv Vhfwlrq

�Khuh lv wkh vlpsoh exw srzhuixo uxoh= dozd|v jlyh
shrsoh pruh wkdq wkh| h{shfw wr jhw1�

� Qhovrq Ervzhoo

Wkh euhylw| ri
s
v @ 963 JhY uxqqlqj dw wkh Whydwurq olplwhg wkh lqwhjudwhg oxplqrvlw|

dqg wrwdo qxpehu ri hyhqwv froohfwhg1 Ghvslwh vwdwlvwlfdo olplwdwlrqv/ d GÛ fdofxodwlrq ri

wkh wrwdo Z ervrq furvv vhfwlrq frqwulexwhv wr wkh suhflvlrq ri wkh Zruog Dyhudjh ydoxh dqg

surylghv fruurerudwlyh zhljkw wr wkh oxplqrvlw| phdvxuhphqw ri Fkdswhu 81

Iru vlpsolflw|/ rqo| wkh Z $ h� fkdqqho zdv lqyhvwljdwhg/ xvlqj whfkqltxhv ghyhorshg

gxulqj wkh sulru ixoo�hqhuj| uxqqlqj shulrg1 Wkh vljqdwxuh iru Z ervrq hyhqwv lq wklv

fkdqqho lv d vlqjoh hohfwurq dqg odujh plvvlqj HA/ wkh suhvhqfh ri d mhw lv doorzhg1 Iljxuh F14

suhvhqwv d vdpsoh ri Z ervrq surgxfwlrq phfkdqlvpv1

Wkh wrwdo Z$ h� furvv vhfwlrq lv jlyhq e|

�`<eD @
Q +4� i'�(,�Q~ s@&e

�U( �D
�
4 .

�`<� s@&e

�

�
� U O gw

> +F14,

zkhuh wkh qxpehu ri Z fdqglgdwh hyhqwv/ Q / ohvv edfnjurxqg hyhqwv iurp TFG dqg ] ervrq

vrxufhv/ lv vfdohg zlwk wkh lqwhjudwhg oxplqrvlw| +O,/ wkh hohfwurq lghqwl�fdwlrq h!flhqf|

+�U(,/ dqg wkh �gxfldo dffhswdqfh +D, ri wkh GÛ ghwhfwru1 D vpdoo dffhswdqfh fruuhfwlrq

dffrpprgdwhv Z ghfd|v lq wkh wdx fkdqqho wkdw pljkw plplf wkh hohfwurq vljqdo1 Wkh

oxplqrvlw| fdofxodwlrq iru wkh Z hyhqwv lv frpsohwho| htxlydohqw wr wkh glvfxvvlrq lq Fkdswhu

8> wkh uhpdlqlqj hohphqwv ri wkh furvv vhfwlrq fdofxodwlrq duh eulh | ghvfulehg ehorz1

4<<
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Iljxuh F14= Vrph srvvleoh Z$ h� phfkdqlvpv1 Dowkrxjk wkh gldjudpv vshfli| Zn sur0
gxfwlrq/ wkhuh h{lvwv d frqmxjdwh vhw ri gldjudpv wkdw uhvxow lq Z3 surgxfwlrq1

F14 Uxq Frqglwlrqv

Doo Z hyhqwv zhuh froohfwhg zlwk wkh HP4bHLVWUNFFbPV0OQU wuljjhu1 Wkh frpsolfdwhg

qdph uh hfwv wkh ydulrxv wuljjhu fulwhuld=

� HLV= Hohfwurpdjqhwlf remhfw lq wkh fdorulphwhu/ vkdsh frqvlvwhqw zlwk dq hohfwurq/
lvrodwhg iurp rwkhu remhfwv
� WUNFF= Li wkh hohfwurq lv lq wkh FF/ uhtxluh dvvrfldwhg wudfn lq FG
� PV= plvvlqj HA juhdwhu wkdq 48 JhY lq wkh hyhqw
� HP4= hohfwurq zlwk HA juhdwhu wkdq 53 JhY

Wkh GÛ ghwhfwru froohfwhg d wrwdo ri 6:9 hyhqwv zlwk wklv wuljjhu/ zklfk kdg d wrwdo

oxplqrvlw| h{srvxuh ri 7<313 qe3�1 Dowkrxjk wkh Z wuljjhu zdv qhyhu suhvfdohg/ lw zdv qrw

suhvhqw rq wkh wuljjhu olvw wkurxjkrxw wkh uxq1

F15 Gdwd Vhohfwlrq dqg H!flhqflhv

Wkuhh r"lqh fulwhuld vhohfw Z ervrq hyhqwv iurp wkh froohfwhg vdpsoh= wkhuh pxvw h{lvw

rqh dqg rqo| rqh hohfwurq +HA A 58 JhY , lq wkh hyhqw/ wkh hohfwurq pxvw olh lq d �gxfldo



534

uhjlrq ri wkh ghwhfwru/ dqg wkh hyhqw pxvw srvvhvv dw ohdvw 58 JhY ri plvvlqj HA1 Wkh

iroorzlqj vxevhfwlrq ghvfulehv wkh h!flhqflhv dvvrfldwhg zlwk wkh hohfwurq fxwv dqg wkh 9HA
fxw1 Ehfdxvh Z ervrq hyhqwv wuljjhu wkh Ohyho Û ghwhfwru vrphzkdw ohvv uholdeo| wkdq gr

plqeldv ru TFG hyhqwv/ wkh oxplqrvlw| phdvxuhphqw uhtxluhv d vpdoo fruuhfwlrq= wkh Ohyho

Û wuljjhu h!flhqf|W1 Wkh �gxfldo fxw zloo eh ghvfulehg lq d odwhu vhfwlrq1

F1514 Hohfwurq Lghqwl�fdwlrq H!flhqf|

Wkh hohfwurq h!flhqf| uh hfwv wkh ghwhfwru*v delolw| wr uhvroyh wudfnv dqg hohfwurpdjqhwlf

foxvwhuv1 Wkh prvw srzhuixo fulwhulxp ghpdqgv wkdw wkh hohfwurq vkrzhu ghyhors vlploduo|

wr whvw�ehdp hohfwurqv/ dv ghvfulehg e| wkh vkrzhu*v hqhuj| �vkdsh� lq wkh hohfwurpdjqhwlf

sruwlrq ri wkh fdorulphwhu1 Wr uhpryh frqwdplqdwlrq iurp mhwv/ wkh hqhuj| ghsrvlw pxvw olh

sulpdulo| lq wkh �uvw ihz fdorulphwhu od|huv dqg kdyh olwwoh hqhuj| rxwvlgh d qduurz uhjlrq1

Hohfwurqv rqo| glvwlqjxlvk wkhpvhoyhv iurp skrwrqv e| wkhlu lrql}dwlrq wudlo wkurxjk wkh

fhqwudo ghwhfwru/ vr d wudfnlqj uhtxluhphqw ghpdqgv dq wudfn FG wkdw srlqwv iurp wkh

yhuwh{ wr wkh hqhuj| ghsrvlw1

K0Pdwul{ Fkl0Vtxduhg
�
"2
O�

�
Hohfwurqv sdvvlqj wkurxjk wkh HP fdorulphwhu od|huv ohdyh fkdudfwhulvwlf hqhuj| vljqdwxuhv1

D whpsodwh iru w|slfdo hohfwurqv zdv exlow iurp d frpelqdwlrq ri whvw0ehdp gdwd dqg Prqwh

Fduor hohfwurq vlpxodwlrqv1 Wklv whpsodwh lv h{suhvvhg lq whupv ri 74 hohfwurq revhuydeohv=

� wkh hqhuj| iudfwlrq lq HP od|huv 4/ 5/ dqg 7/

� wkh hqhuj| iudfwlrq lq hdfk fhoo ri d 9{9 julg lq HP od|hu 6/

� wkh orjdulwkp ri wkh foxvwhu hqhuj|/

� yhuwh{ } srvlwlrq1

D fryduldqfh pdwul{ P h{suhvvhv wkh w|slfdo hohfwurq vkrzhu vkdsh/ zkhuh

P�� @
4

Q

�[
?'�

+{?� � �{�,
�
{?� � �{�

�
+F15,

W Wkh Ohyho Û wuljjhu h!flhqf| gh�qhg khuh vkrxog qrw eh frqixvhg zlwk wkh Ohyho Û kdugzduh h!flhqf|
ri Fkdswhu 81
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iru hdfk frpelqdwlrq ri revhuydeoh l dqg m1 Doo hohfwurq fdqglgdwhv duh udwhg dffruglqj wr

wkh lqyhuvh ri wkh fryduldqfh pdwul{/ ghqrwhg K @ P3�=

"2O� @
e�[

�c �'�

+{S� � �{�,K��

�
{S� � �{�

�
= +F16,

D fohdqo| phdvxuhg hohfwurq |lhogv d yhu| vpdoo ydoxh ^7;` iru "2
O�

1 Dv d GÛ vwdqgdug/

hohfwurqv fdqglgdwhv pxvw kdyh d fkl0vtxduhg ydoxh ohvv wkdq 433131

Hohfwurpdjqhwlf Hqhuj| Iudfwlrq +HPIU,

Hohfwurpdjqhwlf lqwhudfwlrqv frqvxph dq hohfwurq*v hqhuj| zlwklq wkh �uvw ihz od|huv ri

wkh fdorulphwhu1 Ehfdxvh wkh uhvxowlqj vkrzhu vkrxog eh doprvw hqwluho| frqwdlqhg lq wkh

HP vhfwlrq/ wkh HPIU iru hohfwurqv lv uhtxluhg wr eh juhdwhu wkdq 31<81 Wklv fxw lv wkh

frpsohphqw ri wkh uhtxluhphqw gh�qhg lq Fkdswhu 8 iru mhwv1

Lvrodwlrq

Wkh lvrodwlrq iudfwlrq fxw uhvwulfwv wkh dprxqw ri hqhuj| wkdw fdq vxuurxqg dq hohfwurpdj0

qhwlf foxvwhu/ uhprylqj wkh srvvlelolw| wkdw d foxvwhu ri �f phvrqv zlwklq d mhw fdq plplf

dq hohfwurq1 Wkh lvrodwlrq iudfwlrq lv gh�qhg dv

i�rJ @
HAJ|
-'f�e �H.�

-'f�2

H.�
-'f�2

> +F17,

zkhuh HAJ|
-'f�e lv wkh wrwdo hqhuj| lq d 317 udglxv frqh dqg H.�

-'f�2 lv wkh hqhuj| lq wkh �uvw

hljkw od|huv ri wkh fdorulphwhu +o|lqj zlwklq d vpdoohu �lvrodwhg frqh� ri udglxv 315,1 Iru

jrrg hohfwurqv/ i�rJ � 3=481

Wudfn pdwfk vljql�fdqfh

Iru hohfwurqv/ d wudfn lq wkh FG vkrxog doljq zlwk wkh HP hqhuj| ghsrvlw1 Wkh ohyho

ri djuhhphqw ehwzhhq wudfn dqg hqhuj| foxvwhu lv fdofxodwhg e| surmhfwlqj wkh wudfn lqwr

wkh fdorulphwhu dqg frpsdulqj lwv srvlwlrq zlwk wkdw ri wkh HP vkrzhu fhqwurlg1 Xvlqj

f|olqgulfdo frruglqdwhv/ wkh wudfn pdwfk vljql�fdqfh lv h{suhvvhg dv
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ru +F18d,

V.�|o& @

v�
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��

�2
.

�
�u

�o

�2
= +F18e,

Khuh/ wkh � whupv uhsuhvhqw wkh gl�huhqfhv lq srvlwlrqv dqg wkh � whupv ghvfuleh wkh

xqfhuwdlqwlhv lq wkh srvlwlrqv1 Wkh xqfhuwdlqwlhv uhvxow iurp fdorulphwhu srvlwlrq uhvroxwlrq/

wudfnlqj uhvroxwlrq/ dqg wkh wudfn h{wudsrodwlrq surfhgxuh1 Iru jrrg hohfwurqv lq wkh FF/

V��|o& � 8=3> lq wkh HF/ V.�|o& � 43=31

Ilwwlqj wkh H!flhqflhv

Wudglwlrqdoo|/ d vwxg| ri ] ervrq hyhqwv ghwhuplqhg wkh hohfwurq h!flhqf|1 Ehfdxvh wkh vkruw

uxq wlph surgxfhg rqo| whq wr wzhqw| ] ervrq hyhqwv/ wkh h!flhqf| ri wkh hohfwurq vhohfwlrq

fulwhuld frxog qrw eh vwxglhg lqghshqghqwo| dw
s
v @ 963 JhY> lqvwhdg/ wkh h!flhqflhv zhuh

gudzq iurp wkh zhoo�phdvxuhg ^B` 4;33 JhY gdwd vdpsoh1 Wkh Z ervrq lghqwl�fdwlrq

h!flhqf|/ �`/ frqvlvwv ri wkh surgxfw ri wkh h!flhqflhv ri wkh vhohfwlrq fulwhuld deryh dqg

d vpdoo fruuhfwlrq idfwru wkdw uhpryhv fruuhodwlrqW eldvhv1

Wkh h!flhqf|/ �`/ ydulhv dv d ixqfwlrq ri wkh lqvwdqwdqhrxv oxplqrvlw|/ hohfwurq svhx0

grudslglw|/ dqg wkh qxpehu ri mhwv lq wkh hyhqw1 Iljxuh F15 +wrs, glvsod|v wkh phdvxuhg

h!flhqflhv iru
s
v @ 4;33 JhY1 Wkh ydoxh ri �` lv kljkhu lq wkh fhqwudo fdorulphwhu wkdq

lq wkh hqg fdorulphwhuv/ dqg �` lv odujhu iru �fohdq� hyhqwv +zkhq qr mhwv duh suhvhqw,1 Dw

4;33 JhY/ mhwv zlwk HA juhdwhu wkdq 58 JhY dffrpsdq| dssur{lpdwho| ;( ri doo Z hyhqwv>

dw 963 JhY/ doo hyhqwv duh fohdq1 Zlwk wkh dvvxpswlrq wkdw wkh h!flhqf| iru wkh lqfoxvlyh

vdpsoh pd| eh zulwwhq

�` @
Q?J �e|r

Q
�?J �e|r
`

.
Q@| ,e@r| � �e|

Q
�@| ,e@r| � �e|
`

> +F19,

vlpsoh dojheud lvrodwhv wkh fohdq�hyhqw h!flhqf|/ �?J �e|r
`

/ dv ghslfwhg lq Iljxuh F15/ erwwrp1

Qrwh wkh fkdqjh lq odeholqj ri wkh {�d{lv1 Qhjohfwlqj slohxs h�hfwv lq wkh fdorulphwhu/ vxs0
W ] ervrq hyhqwv frqwdlq wzr hohfwurqv> wkh lghqwl�fdwlrq suredelolw| ri rqh hohfwurq lv fruuhodwhg zlwk wkh
suredelolw| ri lghqwli|lqj wkh rwkhu1
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Iljxuh F15= H!flhqf| ri Z hyhqw vhohfwlrq fulwhuld1 +Wrs, H!flhqflhv yhuvxv oxplqrvlw|
iru wkh FF dqg HF/ iru doo hyhqwv dqg iru wkh vxevhw ri hyhqwv zlwk dq dffrpsdq|lqj mhw1
+Erwwrp, Wkh h{wudfwhg h!flhqf| iru Z hyhqw vhohfwlrq zlwk }hur dffrpsdq|lqj mhwv1 Vwduv
lqglfdwh wkh h!flhqf| iru wkh 963 JhY gdwd vhw1
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suhvvlrq qrlvh/ xqghuo|lqj hyhqw/ dqg dgglwlrqdo lqwhudfwlrqv surylgh wkh h{wudqhrxv hqhuj|

ri dq hyhqw1 Ehfdxvh qrlvh dqg xqghuo|lqj hyhqw duh frqvwdqw/ wkh oxplqrvlw|�ghshqghqw

ehkdylru pxvw uhvxow iurp dgglwlrqdo lqwhudfwlrqv1 Wkh qxpehu ri h{shfwhg lqwhudfwlrqv shu

ehdp furvvlqj ulvhv olqhduo| zlwk oxplqrvlw|> wkxv/ xvlqj wkh phdvxuhphqwv ^76` ri wkh GÛ

hqhuj| vfdoh fruuhfwlrq/ wkh oxplqrvlw| ydoxhv pds olqhduo| wr h{wudqhrxv hqhuj| ghqvlwlhv1

Lq wkh �jxuh/ wkh h!flhqflhv kdyh ehhq h{wudsrodwhg wr wkh dyhudjh h{wudqhrxv hqhuj| ghq0

vlw| irxqg dw
s
v @ 963 JhY1 Frpsdulvrq ri wkh {�d{hv lq wkh erwwrp dqg wrs ri wkh �jxuh

uhyhdo wkdw d vlpsoh }hur�oxplqrvlw| olplw zrxog qrw eh vx!flhqw1

Wkh xqfhuwdlqw| rq wkh h{wudsrodwhg srlqw uhvxowv iurp wkh fryduldqw �w xqfhuwdlqw|1

Dv dq dgglwlrqdo fkhfn/ wkh lqfoxvlyh h!flhqflhv zhuh h{wudsrodwhg wr 963 JhY +gdvkhg

olqh lq wkh �jxuh,1 Wkh uhvxow h{klelwv frpsohwh frqvlvwhqf| zlwk wkh qrplqdo whfkqltxh/

wkh uhvlgxdo gl�huhqfh irupv wkh v|vwhpdwlf xqfhuwdlqw|1 Wkh �qdo Z vhohfwlrq h!flhqf| lv

3=;3;	 3=35741

F1515 Wuljjhu H!flhqflhv

Dgglwlrqdo hyhqw orvvhv fdq uhvxow iurp uhtxluhphqwv lq wkh wuljjhu1 Iluvw/ wkh rqolqh Ohyho

Û uhtxluhphqw plvwdnhqo| h{foxghv vrph Z ervrq hyhqwv ehfdxvh wkh ehdp uhpqdqwv idlo

wr wuljjhu wkh krgrvfrsh duud|v1 Iru wkh 4;33 JhY gdwd vhw/ wkh Ohyho Û wuljjhu h!flhqf|

lv 3=<;9= Dw 963 JhY/ wkh dyhudjh Ohyho Û kdugzduh h!flhqf| gl�huv/ dv ghslfwhg lq Iljxuh

816/ sdjh <:1 Wkh Ohyho Û wuljjhu h!flhqf| vkrxog vfdoh zlwk wkh udwlr ri wkh ydoxhv lq wkh

�jxuh1 Hydoxdwlqj wkh ixqfwlrq dw d oxplqrvlw| ri : � 43�f SoJrr�?}r
S62 reS

/ wkh Ohyho Û wuljjhu

h!flhqf| ehfrphv

�u @ 3=<;9 � 3=;56
3=<38

@ 3=;<:	 3=33;87r|@| 	 3=3394<r+r +F1:,

Wkh v|vwhpdwlf xqfhuwdlqw| grplqdwhv wkh vl}h ri wkh huuru edu rq hdfk srlqw lq Iljxuh

816/ wkh lqqhu pdunv gholqhdwh wkh vwdwlvwlfdo sruwlrq ri wkh wrwdo1 Ehfdxvh wkh vrxufh ri

wkh v|vwhpdwlfv lv lghqwlfdo ^5;`^6:` iru erwk fhqwhu�ri�pdvv hqhujlhv/ wkh xqfhuwdlqwlhv duh

frpsohwho| fruuhodwhg dqg prvwo| fdqfho lq wkh udwlr1
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Dv zlwk wkh r"lqh vhohfwlrq/ wkh wuljjhu uhtxluhphqwv iru hohfwurqv vkrxog ehfrph pruh

h!flhqw dw
s
v @ 963 JhY wkdq dw 4;33 JhY/ zkhuh wkh h!flhqf| lv 3=<<8(1 Srvvleoh

lpsuryhphqw lq wklv h!flhqf| zdv qhjohfwhg exw wkh xqfhuwdlqw| zdv wulsohg/ iurp 3=334

wr 3=3361 Wkh 9HA fxw h!flhqf| uhfhlyhv wkh vdph wuhdwphqw= qr fkdqjh lq qrplqdo ydoxh

+3=<<5;,/ wulsohg huuru +qrz 3=3366,1

D vlpsoh yhuwh{ uhtxluhphqw qhdu m}m ? 433 fp hqvxuhg surshu HW fdofxodwlrq1 Wkh

suhflvh yhuwh{ srvlwlrq frxog eh ghwhuplqhg e| dq| ri wkuhh phwkrgv= uhfrqvwuxfwlrq dojr0

ulwkpv/ SHOF edqn/ ru d foxvwhu dojrulwkp1 Ehfdxvh orz oxplqrvlw| plqlpl}hv plv0yhuwh{lqj

h�hfwv/ doo wkuhh phwkrgv |lhog wkh vdph uhvxow iru wkh 963 JhY gdwd vhw> wkxv/ wkh gl�huhqfhv

lq wkh yhuwh{lqj phwkrgv qhhg qrw eh glvfxvvhg1

F16 Edfnjurxqgv

Gxh wr wkh udulw| ri Z hyhqwv/ vljql�fdqw qxpehuv ri edfnjurxqg hyhqwv frqwdplqdwh wkh

vdpsoh/ dv fdwhjrul}hg ^7<` lq Wdeoh F141 TFG pxowlmhw hyhqwv/ wkh prvw frslrxv frqwdp0

lqdqw ri wkh Z vdpsoh/ uhvxow iurp rqh mhw ghsrvlwlqj d odujh iudfwlrq ri lwv hqhuj| lq wkh

HP fdorulphwhu zkloh wkh ghwhfwru plvphdvxuhv wkh HA ri d vhfrqg mhw1 Vxfk hyhqwv lplwdwh

wkh hohfwurq0soxv09HA vljqdwxuh ri wkh Z ervrq1 Dgglwlrqdoo|/ li d ] ervrq ghfd|v wr wzr

hohfwurqv/ vrphwlphv rqh ri wkh ohswrqv zloo eh orvw lq d srruo| lqvwuxphqwhg uhjlrq ri wkh

fdorulphwhu/ uhvxowlqj lq d vhfrqg zd| wr lplwdwh wkh Z vljqdo1 Dowhuqdwho|/ li wkh ] ervrq

ghfd|v wr wzr � ohswrqv/ wkh ghfd| surfhvv � $ h� fdq uhvxow lq d idnh vljqdwxuh1 Wkh

wklug edfnjurxqg dulvhv iurp uhdo Z ervrqv ghfd|lqj lq wkh wdx fkdqqho zlwk wkh ohswrq

plvlghqwl�hg dv dq hohfwurq1 Dowkrxjk wkh lqwhuphgldwh vwdwh zdv lqghhg d Z ervrq lq wklv

fdvh/ wkh hyhqw zrxog eh lqdssursuldwho| lqfoxghg lq wkh Z$ h� fkdqqho1

Wkh ydoxhv lq Wdeoh F14 zhuh fdofxodwhg iru wkh
s
v @ 4;33 JhY gdwd vdpsoh dqg zrxog

eh vrphzkdw lqdssursuldwho| dssolhg dw
s
v @ 963 JhY1 Dowkrxjk wkh vkliw lq fhqwhu0ri0

pdvv hqhuj| vkrxog fdxvh olwwoh fkdqjh lq wkh edfnjurxqg iudfwlrqv/ wkh vkliw lv prvw olnho|

qrq0}hur dqg vkrxog/ lq sulqflsoh/ eh uhh{dplqhg1 Wkh Z ervrq gdwd dw 963 JhY zloo eh

vwdwlvwlfv0olplwhg/ dqg vr uhfdofxodwlrq ri edfnjurxqgv zdv ghhphg wrr wlph frqvxplqj wr
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Edfnjurxqg Vrxufh Orfdwlrq Iudfwlrq ri vdpsoh
Pxowlmhw FF +7=4	 4=3,(

HF +45=;	 6=3,(

]$hh/�� +3=<;6	 3=5<8,(

Z$ �� +5=47	 3=54,(

Wdeoh F14= Olvw ri edfnjurxqg vrxufhv wr Z hyhqwv iru wkh 4;33 JhY gdwd vdpsoh1

Fhqwudo Furvv Vhfwlrqv 4;33 JhY 963 JhY
�ae|c HW:2D +qe, ;389	 4:43 :33=7	 47;=8

�`<eD +qe, 5=6;5	 3=38; 3=:7:	 3=38

udwlr 66;5 <6:=9

Wdeoh F15= Wkh suhglfwhg wrwdo furvv vhfwlrqv iru Z ervrq surgxfwlrq dqg mhw surgxfwlrq
dw wzr fhqwhu0ri0prphqwxp hqhujlhv1

eh zruwkzkloh1 Ehfdxvh wkh ] dqg Z edfnjurxqg furvv vhfwlrqv vfdoh zlwk
s
v lq h{dfwo| wkh

vdph zd| dv grhv wkh Z $ h�e vljqdo/ wkh edfnjurxqg iudfwlrq iurp wkhvh vrxufhv vkrxog

uhpdlq hqwluho| xqfkdqjhg1

Wkh TFG edfnjurxqg lv/ wr �uvw dssur{lpdwlrq/ sursruwlrqdo wr wkh udwlr ri wkh TFG

mhw furvv vhfwlrq wr wkh Z furvv vhfwlrq1 Ehfdxvh �qlwh hqhuj| uhvroxwlrq lq wkh fdorulphwhu

glvwruwv mhw furvv vhfwlrqv/ d wkhruhwlfdo TFG suhglfwlrq zdv vphduhg zlwk wkh phdvxuhg mhw

hqhuj| uhvroxwlrq ydoxhv ri wkh GÛ ghwhfwru1 Wdeoh F15 olvwv wkh uhohydqw wrwdo furvv vhfwlrqv

dw wkh wzr fhqwhu0ri0prphqwxp hqhujlhv1 Wkh wkhruhwlfdo mhw furvv vhfwlrqv zhuh fuhdwhg

zlwk wkh FWHT7P sduwrq glvwulexwlrq ixqfwlrq1 Wkh GÛ Frooderudwlrq ghwhuplqhg ^7<`

wkh Z ervrq furvv vhfwlrq dw
s
v @ 4;33 JhY> wkh ydoxh iru 963 JhY lv d QOR suhglfwlrq1

Wkh udwlr �ae|

�`
fkdqjhv e| d idfwru ri 3=5;	 3=4465/ lqglfdwlqj wkh pxowlmhw edfnjurxqg

iru
s
v @ 963 JhY vkrxog eh 4=48( lq wkh fhqwudo uhjlrq dqg 6=8;( lq wkh HF1 Prvw ri

wkh xqfhuwdlqw| lq wklv vfdohg mhw edfnjurxqg uhvxowv iurp wkh xqfhuwdlqw| lq wkh TFG furvv

vhfwlrq suhglfwlrqv1

F17 Ilgxfldo Dffhswdqfh

Hohfwurqv lq wkh LFU duh iuhtxhqwo| plvphdvxuhg ru orvw gxh wr wkh frduvhqhvv ri HP

vhjphqwdwlrq ru odfn ri HP prgxohv> wkhuhiruh/ fdqglgdwhv lq wkh duhd vxewhqghg e| wkh
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LFU duh h{foxghg iurp frqvlghudwlrq1 Jhqhudwhg gxulqj d Prqwh Fduor vwxg|/ Iljxuh F16

vkrzv wkh iudfwlrq ri hohfwurqv orvw lq wkh ghwhfwru dv d ixqfwlrq ri sk|vlfv svhxgrudslglw|1

Wkh LFU orvvhv/ zkloh txlwh hylghqw/ duh vriwhqhg e| wkh plvpdwfk ehwzhhq � dqg �_ gxh wr

qrq0}hur yhuwh{ srvlwlrqv1 Wkh kljk�svhxgrudslglw| uhjlrqv ri wkh hqg fdorulphwhuv duh dovr

h{foxghg ehfdxvh vhjphqwdwlrq ehfrphv frduvh ^83` lq wkdw uhjlrq1 Ixuwkhu/ orqjlwxglqdo

vhdpv ehwzhhq HP prgxohv lq wkh FF glvwruw hohfwurq phdvxuhphqwv> wkhuhiruh/ hohfwurqv

zlwklq 3134 udgldqv ri d prgxoh erxqgdu| duh h{foxghg iurp wkh gdwd vdpsoh1 Orvvhv lq

wkhvh vr0fdoohg �!0fudfnv�/ ri rughu 43(/ gr qrw ydu| zlwk svhxgrudslglw| exw udwkhu zlwk wkh

d}lpxwkdo srvlwlrq zlwklq d fhoo +Iljxuh F17,1 Ehfdxvh wkh lqfrpsohwh HP fryhudjh ri wkh

fdorulphwhu uhvxowv lq qrq0xqlw| dffhswdqfh/ wkh furvv vhfwlrq phdvxuhphqw lv shuiruphg rqo|

lq wkh zhoo0ehkdyhg uhjlrqv ri wkh fdorulphwhu/ zlwk d vprrwk fruuhfwlrq iru wkh hohfwurqv

wkdw idoo rxwvlgh wkh �gxfldo uhjlrq1

D Prqwh Fduor vwxg| ghwhuplqhv wkh dffhswdqfh ri wkh GÛ fdorulphwhu1 Iluvw/ d wkh0

ruhwlfdo suhglfwlrq iru wkh Z furvv vhfwlrq/ dv d ixqfwlrq ri erwk udslglw| dqg wudqvyhuvh

prphqwxp/ gh�qhv d �julg� ri furvv vhfwlrqv1 D ghwhfwru vlpxodwlrq surfhvvhv hyhqwv gudzq

iurp wklv vprrwk furvv vhfwlrq glvwulexwlrq wr ghwhuplqh wkh �qdo qxpehu ri hyhqwv wkdw

duh �ylvleoh� wr wkh dqdo|vlv1 Wkh iudfwlrq ri hohfwurqv iurp Z ghfd|v wkdw uhpdlqv lq wkh

�gxfldo uhjlrq lv 3=8546/ qhduo| 43( kljkhu wkdq wkh dffhswdqfh dw
s
v @ 4;33 JhY1

F18 Uhvxow

Vhdufkhv ri wkh 963 JhY gdwd vhw uhyhdo 463 fdqglgdwh hyhqwv1 Wkh oxplqrvlw| +7<313

qe3�, dqg sdudphwhuv lq suhylrxv vhfwlrqv ghwhuplqh wkh wrwdo Z ervrq furvv vhfwlrq lq wkh

hohfwurq fkdqqho=

�`<eD @ 3=98;8	 3=38;6r|@| 	 3=3634r+r qe= +F1;,

Lq whupv ri shufhqwdjh huuru/ wkh vwdwlvwlfdo dqg v|vwhpdwlf frpsrqhqwv duh 	;=<( dqg

	7=9( uhvshfwlyho|/ iru d txdgudwxuh wrwdo ri 	43=3(1 Wkh v|vwhpdwlf huuru uhsruwhg lq

Htxdwlrq F1; lqfoxghv wkh 	6=37( xqfhuwdlqw| frqwulexwlrq iurp wkh oxplqrvlw| ghwhupl0
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Iljxuh F16= Orvw hohfwurqv dv d ixqfwlrq ri svhxgrudslglw|1 Wkh prvw lqh!flhqw sruwlrqv ri
wkh ghwhfwru zloo qrw eh lqfoxghg lq wkh �gxfldo uhjlrq1
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Iljxuh F17= Orvw hohfwurqv dv d ixqfwlrq ri d}lpxwkdo srvlwlrq zlwklq d fdorulphwhu fhoo1
Dffhswdqfh vx�huv qhdu fhoo erxqgdulhv1
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Vrxufh �`<eD dw
s
v @ 963 JhY +qe,

XD4 +4<;:, 3=963	 3=44

XD5 +4<<5, 3=:44	 3=37

Sulru Zruog Dyhudjh 3=:35	 3=36;

GÛ +4<<;, 3=98;8	 3=398:

Zruog Dyhudjh 3=9<4	 3=365

Wkhru| 3=:47 wr 3=:95

Wdeoh F16= Wrwdo Z furvv vhfwlrq wlphv eudqfklqj udwlr frpsduhg wr sulru h{shulphqwv1

qdwlrq1 Zlwkrxw frqvlghulqj oxplqrvlw|/ wkh v|vwhpdwlf huuru uhgxfhv wr 	3=3558 qe ru

	6=7(1

Zlwk ru zlwkrxw wkh uhgxfhg xqfhuwdlqw|/ wkh wrwdo Z ervrq furvv vhfwlrq lv frqvlvwhqw

zlwk erwk wkhru| dqg suhylrxv h{shulphqwv> wkxv ydolgdwlqj wkh GÛ oxplqrvlw| fdofxodwlrq

dw
s
v @ 963 JhY1 Iljxuh F18 frpsduhv wkh furvv vhfwlrq uhvxowv zlwk QOR wkhruhwlfdo

suhglfwlrqv dqg wkh uhvxowv ri wkh XD4 ^84` dqg XD5 ^85` h{shulphqwv/ zkloh Wdeoh F16 olvwv

wkh qxphulfdo ydoxhv ri wkhvh uhvxowv1 Wkh GÛ phdvxuhphqw vkliwv wkh �Zruog Dyhudjh�

wrwdo Z$ h� furvv vhfwlrq orzhu e| 4=8(/ zkloh lpsurylqj wkh suhflvlrq ri wkh phdvxuhphqw

e| 48(1
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Total σW −>  eν (nb)

  √ s = 630 GeV

World Average (1992) 

World Average (1998) 

DØ (1998) 

UA2 (1992) 

UA1 (1987) 

0.5 0.6 0.7 0.8

Iljxuh F18= Wkh GÛ Z$ h� furvv vhfwlrq phdvxuhphqw dw
s
v @ 963 JhY frpsduhg wr

wkh uhvxowv iurp XD4/ XD5/ dqg wkhru| +vkdghg edqg,1 Wkh rshq flufohv lqglfdwh wkh zruog
dyhudjh ehiruh dqg diwhu lqfoxvlrq ri GÛ*v uhvxow1
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M1Nudqh/ M1Shunlqv/ dqg U1Vqlkxu/ �Vlqjoh Mhw Uhvroxwlrqv dw GÛ iru Uxq 4/�
GÛ Qrwh 66[[/ 54 Mdqxdu| 4<<:1 +Dydlodeoh lq gudiw irup rq wkh zhe zzz0
g31iqdo1jry2�ehuwudp2g3bsulydwh2tfgbuhvroxwlrqv2uhvroxwlrqv1kwpo1,

^75` Dv vxjjhvwhg e| Pdun Vwurylqn1

^76` E1Deerww/ hw do1/ Wkh GÛ Frooderudwlrq/ �Ghwhuplqdwlrq ri wkh Devroxwh Mhw Hqhuj|
Vfdoh lq wkh GÛ Fdorulphwhuv/� Vxeplwwhg wr Qxfo1 Lqvw1 Phwk1 dqg Hovhylhu Suhsulqw1
Dovr ghvfulehg lq Fkdswhu 71

Fkdswhu ;

^77` E1Deerww/ L1D1Ehuwudp/ P1Ekdwwdfkdumhh/ J1Gl Oruhwr/ Y1G1Hoylud/ U1Klurvn|/
W1Mr�h�Plqru/ M1Nudqh/ dqg I1Qdqj/ �Dq Lqyhvwljdwlrq ri Xqfhuwdlqwlhv lq wkh TFG
QOR Suhglfwlrqv ri wkh Lqfoxvlyh Mhw Furvv Vhfwlrq lq �ss Froolvrqv dw

s
v @ 4;33 JhY

dqg 963 JhY/� khs0sk2<;345;8/ 46 Mdq1 4<<;/ wr eh sxeolvkhg lq Hxu1 Sk|v1 M1 F1
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^78` O1Q1 Olsdwry/ Vry1 M1 Qxfo1 Sk|v1 56/ 66; +4<:9,/ H1D1Nxudhy/ O1Q1Olsdwry/ dqg
Y1V1Idglq/ Vry1 Sk|v1 MHWS 77/ 776 +4<:9,/ lelg1/ 78/ 4<< +4<::,/ \d1\d1Edolwvnl��
dqg O1Q1Olsdwry/ Vry1 M1 Qxfo1 Sk|v1 5;/ ;55 +4<:;,/ O1Q1Olsdwry/ Vry1 Sk|v1 MHWS
96/ <37 +4<;9,1

^79` Y1W1Nlp dqg J1E1Slyrydury/ Sk|v1 Uhy1 G 6:/ 8: 4<<;1

Dsshqgl{ E

^7:` I1Mdphv/ �Plqxlw Ixqfwlrq Plqlpl}dwlrq dqg Huuru Dqdo|vlv/� FHUQ Surjudp Ol0
eudu| Orqj Zulwhxs G839/ Yhuvlrq <714/ 4<<71

Dsshqgl{ F

^7;` S1Juxgehuj/ Phdvxuhphqw ri wkh Z dqg ] Er{rq Surgxfwlrq Furvv Vhfwlrqv lq s�s
Froolvlrqv dw

s
v @ 4=; WhY zlwk wkh GÛ Ghwhfwru/ Sk1G1 Wkhvlv/ 4<<:1

^7<` E1Deerww/ hw1 do/ Wkh GÛ Frooderudwlrq/ D Phdvxuhphqwv ri �+s�s$Z.[, �E+Z $
h�, dqg �+s�s$ ] .[, �E+] $ hh, dqg Wkhlu Udwlr/ wr eh vxeplwwhg wr Sk|v1 Uhy1
G/ +4<<;,1

^83` S1Juxgehuj/ �Furvv Vhfwlrq Phdvxuhphqwv ri Z dqg ] Ervrqv wr Hohfwurqv dw GÛ=
Hyhqw Vhohfwlrq dqg H!flhqf| Vwxglhv�/ GÛ Qrwh 5649/ 64 Rfwrehu 4<<71

^84` XD4 Frooderudwlrq= F1 Doedmdu hw do1/ Sk|v1 Ohww1 E4<;/ 5:4 +4<;:,1

^85` XD5 Frooderudwlrq= M1 Dolwwl hw do1/ Sk|v1 Ohww1 E5:9/ 698 +4<<5,1



Lqgh{

dffhswdqfh
iru hohfwurqv/ 53:
Ohyho Û jhrphwulf/ <7

Dlgd krw fhoo nloohu/ 443
�t/ <
dqwlsurwrq fuhdwlrq/ 66
dv|pphwu|

glmhw/ 455
sduwlfoh�mhw/ 458
skrwrq�mhw/ 45<

dv|pswrwlf iuhhgrp/ 43

edfnjurxqg/ 434/ 539
edqgzlgwk/ 89
eduq/ 4;9
edu|rqv/ 5
edvholqh vxewudfwlrq/ 9:
ehdp kdor/ 69/ <</ 434
EINO srphurq/ 4:9
elqglqj hqhuj|/ 79
Errvwhu/ 65
euhpvvwudkoxqj/ 6;

joxrq/ 78
+skrwrq,/ 78

Fdil{/ 488/ 48:
fdorulphwhu/ 76

elqglqj hqhuj| orvvhv/ 79
fhoo/ 7:/ 9:
frpshqvdwlrq lq wkh/ 79
vhjphqwdwlrq/ 7;
wrzhu/ 7:

Fhqwudo Fdorulphwhu +FF,/ 7;
Fhqwudo Guliw Fkdpehu +FGF,/ 74/ 437
"2/ gh�qlwlrq/ 4<9
�forvxuh�/ 467
Frfnuriw�Zdowrq jhqhudwru/ 64
frjjlqj/ 67

froru/ 5/ :
frq�qhphqw/ :
�frqwuro frqh�/ :8
frqyroxwlrq/ 46:
fruuhodwlrq/ 4<6/ 4<7

gh�qlwlrq/ 4<5
lq wkh furvv vhfwlrq/ 47;

frvplf ud|v/ 434
fryduldqfh/ 458/ 4<6

gh�qlwlrq/ 4<6
lq wkh furvv vhfwlrq/ 47<

furvv vhfwlrq/ ;</ 444
gh�qlwlrq/ 4</ 54
glphqvlrqohvv/ 57
vfdohg lqyduldqw/ 56

fxwv/ vhh dovr h!flhqf|
hohfwurq/ 534
mhw/ 434

Gdwd Dtxlvlwlrq/ GDT/ 88
ghdg wlph/ 89/ 8;
GJODS hyroxwlrq htxdwlrqv/ 49
glmhw edodqfh/ vhh dv|pphwu|
GwxMhw/ <7/ 484

h!flhqf|/ 434/ 534
fhoo uhvwrudwlrq +Dlgd,/ 443
frduvh kdgurqlf iudfwlrq fxw/ 43:
gh�qlwlrq/ 4<5
HP iudfwlrq fxw
+iru hohfwurqv,/ 535
+iru mhwv,/ 43:
9HA fxw/ 435/ 539
K�pdwul{ "2 fxw/ 534
krw�fhoo iudfwlrq fxw/ 43;
lvrodwlrq iudfwlrq fxw/ 535
mhw vhohfwlrq fxw/ 434
Ohyho Û

54;
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kdugzduh/ <:
wuljjhu/ 534

wudfn pdwfk vljql�fdqfh fxw/ 535
wuljjhu
mhwv/ 448
Z ervrqv/ 538

yhuwh{ fxw/ 437
Z ervrq lghqwl�fdwlrq/ 536

Hljkwirog Zd|/ 5
Hqg Fdorulphwhu +HF,/ 7;
hqhuj| uhvroxwlrq/ vhh uhvroxwlrq
hqhuj| vfdoh/ 98
huuru/ vhh dovr fryduldqfh

elqrpldo/ gh�qlwlrq/ 4<5
iudfwlrqdo/ gh�qlwlrq/ 4<4
pdwul{/ 4<6

HA

gh�qlwlrq/ 4;9
9HA

fxw/ vhh h!flhqf|
gh�qlwlrq/ 4;:

hyhqw udwhv/ 89

idfwrul}dwlrq vfdoh/ 44/ 54/ 49;
�idup�

Ohyho 5/ 8;
�owhuv

+d1n1d1 Ohyho 5 wuljjhuv,/ 8;
 dyru

khdy|/ 48
Iruzdug Guliw Fkdpehuv +IGF,/ 74
iudfwlrqdo ghyldwlrq/ 49;
iudjphqwdwlrq ixqfwlrq/ 46/ 4;6
iurqw�hqg exv|/ 93
iurqw0hqg exv|/ 89

Jhdqw/ <7
Joredo Prqlwru/ 88
joxrq

�qdo vwdwh uhvroxwlrq ri/ 463
�vriw�/ 48

kdgurql}dwlrq/ 44/ 9:
kdgurqv/ 5
kdor/ 69/ 434
kdug�vfdwwhulqj frh!flhqwv/ 44

khdy|  dyru/ 48
khuphwlf fryhudjh/ 7:
Khuzlj/ ;7/ 458/ 4;6
�KA plqlpl}dwlrq/ 437

LHWD/ LSKL/ 94
Lqwhu�Fu|rvwdw Uhjlrq +LFU,/ 84/ 439
lrql}dwlrq/ 9:

mhw
frqh/ 4;
gh�qlwlrq/ 44
hqhuj| uhvroxwlrq/ 454
ohdglqj/ 435
sduwlfoh�/ 458
uhvwrudwlrq/ 443
vhohfwlrq fxwv/ 434
yduldeoh fdofxodwlrq/ 4;;

Mhw 450OQU/ 8<
Mhw 45e0OQU/ 8<
Mhw 630OQU/ 8<
Mhwudg/ 54

odujh wlohv/ 8;
ohdglqj mhw/ 435
�ohjr sorw�/ 94
ohswrqv/ 5
Ohyho Û/ 44;

ghwhfwru/ 85/ 484
wuljjhu/ 8:

Ohyho 4 wuljjhu/ 8:
Ohyho 418 wuljjhu/ 8;
Ohyho 5 wuljjhu/ 8;
Olqdf/ 64
orj olnolkrrg/ 4<9
Oruhqw} lqyduldqfh/ 4;9
orz�ehwd txdgv/ 69
oxplqrvlw|/ 69/ ;</ ;<

dqg plvyhuwh{lqj/ 437
h{srvxuh/ 8:/ 93/ 448/ 533
lqvwdqwdqhrxv/ :3/ 536
lqwhjudwhg/ 433

Pdlq Ulqj/ 66
qrlvh/ 434/ 437
ryhusdvv/ 68/ 7:
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Peu/ <7/ 484
phgldwruv/ irufh/ 6
phvrqv/ 5
plqeldv gdwd/ 9;
plqlpdo vxewudfwlrq vfkhph/ <
plqlpxp vhqvlwlylw|

sulqflsoh ri/ 56
plvvlqj HA

gh�qlwlrq/ 4;:
PlbWrro/ 48:
prphqwxp wudqvihu +T,/ <
pxowlsoh lqwhudfwlrqv/ 9</ <4/ 538

dqg plvyhuwh{lqj/ 437
Pxrq Vshfwurphwhu/ 84

qdwxudo xqlwv/ 4;8
qrlvh

hohfwurqlfv/ 434
Pdlq Ulqj/ 437
vxssuhvvlrq/ 99�9<
xudqlxp/ 9:

qxofhdu lqwhudfwlrq ohqjwk/ 76

rffxsdqf|/ :3
r�vhw

fruuhfwlrq/ 98/ 99/ 9<
wrwdo/ :8

sduwlfoh�mhw/ 458
sduwrq/ 44

glvwulexwlrq ixqfwlrq +SGI,/ 44/ 48/ 49;
vshfwdwru/ 49/ 99

�!0fudfnv�/ 53;
skrwrq�mhw hqhuj| uhvroxwlrq/ 45:
slohxs/ 9:/ :5
srphurq/ 4:9
suhvfdoh/ 8</ 433
surmhfwlyh jhrphwu|

+svhxgr�,/ 7:
svhxgrudslglw| +�,

gh�qlwlrq/ 4;:

txdgudwxuh
dgglwlrq ri huuruv/ 4<5

txdqwxp fkurprg|qdplfv +TFG,/ :
txdqwxp hohfwurg|qdplfv +THG,/ 8

txdun/ 5
�qdo vwdwh uhvroxwlrq ri/ 463
pdvv/ 6
vhd/ 48
ydohqfh/ 48

udgldwlrq ohqjwk/ 76
Uhfr/ <7
uhqrupdol}dwlrq vfdoh/ </ 49:
uhvroxwlrq/ 454

dqg yhuwh{ fxwv/ 439
txdun yv1 joxrq �qdo vwdwhv/ 463
yv1 uhvsrqvh/ :<

uhvsrqvh/ 79/ :<
fruuhfwlrq/ 98/ :;

uhvwrudwlrq/ krw fhoo/ 443
uhyhuwh{lqj/ 437
UreR/ 4</ 49;
uxqqlqj frxsolqj frqvwdqw/ <

s
v/ Pdqghovwdp v/ 4;9

vfdolqj ehkdylru/ 57
vhd txdun/ 48
vhjphqwdwlrq

+fdorulphwhu,/ 7;
vhohfwlrq h!flhqf|/ vhh h!flhqf|
vkliwv/ vkliwhu/ 88
vkrzhu

hohfwurpdjqhwlf/ 78
kdgurqlf/ 79

vkrzhulqj
fruuhfwlrq/ 98/ ;3

vphdulqj/ 9;/ ;3/ 44<
vriw udgldwlrq fruuhfwlrq/ 456
vshfwdwru sduwrq/ 49/ 99
VA plqlpl}dwlrq/ vhh �KA

Vwdqgdug Prgho/ 5
�vwruh�/ 69
vxssuhvvlrq/ 9:

whvw ehdp gdwd/ 98/ 99
Whydwurq/ 68
wklug�mhw eldv/ 456
wrzhu

fdorulphwhu/ 7:
wuljjhu/ 8:
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Wudqvlwlrq Udgldwlrq Ghwhfwru +WUG,/ 73
wudqvyhuvh hqhuj| +HA,

gh�qlwlrq/ 4;9
wudqvyhuvh prphqwxp +sA,

gh�qlwlrq/ 4;:
wuljjhu

h!flhqf|/ 448
olvw/ 88/ 89
wrzhu/ 8:

�wzlq �w�/ 45:/ 463

xqfhuwdlqw|/ vhh fryduldqfh
xqghuo|lqj hyhqw/ 49

fruuhfwlrq/ 9:/ :3
xqvphdulqj/ 454/ 46:

ydohqfh txdun/ 48
Yhuwh{ Ghfwhfwru +YW[,/ 6<
yluwxdo sduwlfohv/ :

Z ervrq/ 4<<
zhljkwhg dyhudjh/ 4<8
Zruog Dyhudjh/ 4<8

}hureldv gdwd/ 9;







WKH UDWLR RI LQFOXVLYH MHW FURVV VHFWLRQV DWs
v ' S�f JhY DQG

s
v ' �Hff JhY

Wklv glvvhuwdwlrq suhvhqwv dq dqdo|vlv ri kdgurqlf mhw surgxfwlrq iurp surwrq0dqwlsurwrq
froolvlrqv dw wzr fhqwhu�ri�pdvv hqhujlhv1 Phdvxuhphqwv zhuh shuiruphg lq wkh fhqwudo uh0
jlrq +m�m ? 3=8, ri wkh GÛ ghwhfwru dw Ihupl Qdwlrqdo Dffhohudwru Oderudwru| +Edwdyld/ LO,1
Uhvxowv duh frpsduhg wr qh{w�wr�ohdglqj�rughu TFG suhglfwlrqv jhqhudwhg zlwk Mhwudg
dqg HNV Prqwh Fduor1 Vhyhudo whfkqltxhv uhgxfh wkh xqfhuwdlqw| lq wkh udwlr ri furvv vhf0
wlrqv wr dv orz dv 8(1 Wkh revhuyhg qrupdol}dwlrq gl�huhqfh uhvxowv lq d orz suredelolw|
wkdw wkh gdwd dqg suhglfwlrqv ghvfuleh wkh vdph glvwulexwlrq1


