
A@} �@ti_ �L�LTih@|�L? �? �h|��U�@* 5LU�i|�it

M)

#@��_ O@*it

� A�it�t t�M4�||i_ uLh |�i _i}hii Lu #LU|Lh Lu ���*LtLT�)

#iT@h|4i?| Lu �L4T�|ih 5U�i?Ui

N?��iht�|) Lu ,tti 

`��i?�Li �@h!

�L*U�it|ih ��e �5"

,tti c N�k�

5334



l

�Mt|h@U|

Lq kxpdq vrflhw| ehkdylrxu lv riwhq vkdshg zlwklq dqg gluhfwhg wrzdugv jurxsv1 Zkdw uroh

fdq jurxsv sod| lq wkh hyroxwlrq dqg pdlqwhqdqfh ri fr0rshudwlrq ehwzhhq vlpsoh erxqghgo|

udwlrqdo djhqwvB Vxfk txhvwlrqv fdq qrz eh dgguhvvhg xvlqj duwl�fldo vrflhwlhv ri djhqwv rq

frpsxwhuv1

Wkuhh frpsxwdwlrqdo vlpxodwlrqv ri duwl�fldo vrflhwlhv kdyh ehhq frqvwuxfwhg dqg

h{shulphqwdwlrq shuiruphg1 Lq wkh �uvw vrflhw| +wkh VzdsVkrs, d fhooxodu dxwrpdwd prgho

ghprqvwudwhv/ iru wkh �uvw wlph/ wkdw vlpsoh fxowxudo ohduqlqj uxohv surgxfh kljk ohyhov ri

dowuxlvp1 Wklv lv frpsduhg zlwk pruh wudglwlrqdo jhqhwlf prghv ri hyroxwlrq1 Lq wkh vhf0

rqg vrflhw| +wkh VwhuhrOde, d pruh frpsoh{ fxowxudo ohduqlqj vfhqdulr/ edvhg rq fxowxudoo|

ohduqhg vwhuhrw|shv/ lv h{soruhg1 Nh| sdudphwhuv ri wkh vrflhw| zhuh vhdufkhg lq rughu wr

orfdwh wkrvh uhjlrqv jlylqj kljk fr0rshudwlrq ehwzhhq djhqwv1 Vhyhudo uhjlrqv zhuh orfdwhg1

Ilqdoo| d wklug vrflhw| zdv frqvwuxfwhg +WdjZruog LL, zklfk devwudfwhg wkh surfhvv irxqg

lq rqh ri wkh pruh lqwhuhvwlqj uhjlrqv orfdwhg lq wkh VwhuhrOde1 Lq wkh WdjZruog LL vrflhw|/

sdluv ri djhqwv sod| wkh rqh0vkrw Sulvrqhu*v Glohppd1 Djhqwv eldv wkhlu jdph lqwhudfwlrqv

wrzdugv wkrvh zlwk lghqwlfdo wdjv +revhuydeoh pdunhuv,1 Wklv wxuqv rxw wr eh vx�flhqw

wr vxvwdlq kljk ohyhov ri fr0rshudwlrq1 Wkh xqghuo|lqj surfhvv lqyroyhv wkh irupdwlrq dqg

glvvroxwlrq ri jurxsv ri djhqwv vkdulqj lghqwlfdo wdjv1 Lw lv frqfoxghg wkdw wkh fxowxudo

jurxs irupdwlrq surfhvv ghprqvwudwhg fdq sod| d pdmru uroh lq wkh hphujhqfh dqg pdlq0

whqdqfh ri fr0rshudwlrq dqg dowuxlvp zkhq djhqwv duh erxqghgo| udwlrqdo fxowxudo ohduqhuv1

Vxfk surfhvvhv kdyh srwhqwldo dssolfdwlrqv lq pxowl0djhqw v|vwhpv hqjlqhhulqj dqg pd| dlg

xqghuvwdqglqj ri kxpdq vrflhwlhv1
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Olvw ri Iljxuhv yll

Olvw ri Wdeohv l{

4 Lqwurgxfwlrq 4

414 Ryhuylhz 1 1 1 1 1 1 1 1 1 1 1 1 1 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

41414 Djhqwv dqg PDV 1 1 1 1 1 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

41415 GDL dqg PDV 1 1 1 1 1 1 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

41416 Vrfldo Vflhqfh dqg Duwl�fldo Vrflhwlhv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 7

41417 Duwl�fldo Olih 1 1 1 1 1 1 1 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

41418 Hphujhqfh 0 Zkdw Grhv lw PhdqB 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 9

415 Wkhvlv Sodq 1 1 1 1 1 1 1 1 1 1 1 1 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 Dowuxlvp dqg Fr0rshudwlrq 44

514 Wkh Sureohp Zlwk Dowuxlvp 1 1 1 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

51414 Wkh Sulvrqhu*v Glohppd 1 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

515 Vrfldo Udwlrqdolw| 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 48

516 Hyroxwlrqdu| Rswlplvhuv 1 1 1 1 1 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

51614 Udwlrqdo Dfwlrq lv Frpsoh{ 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 49

51615 Fxowxudo Hyroxwlrq 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 4:

51616 Phphv 1 1 1 1 1 1 1 1 1 1 1 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;

517 Vxuylydo ri wkh QlfhvwB 1 1 1 1 1 1 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<

51714 Nlq Dowuxlvp 1 1 1 1 1 1 1 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

51715 Jurxs 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 54

51716 Uhflsurfdo Fr0rshudwlrq 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 54

51717 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 56

518 Wkh Xqmxvwl�hg Rswlplvlqj Dvvxpswlrq 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 56

519 Ehkdylrxuv dqg Wdjv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 58

51914 Phphwlf Nlq 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 59

51915 Vxuidfh dqg Klgghq Phphv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 59

51916 Fxowxudo Sdfndjlqj 1 1 1 1 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:

51: 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 5<
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6 Duwl�fldo Vrflhw| Phwkrgrorj| 63

614 Wkh Qhhg iru Phwkrgrorjlfdo Fodulw| 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 63

615 Duwl�fldo Vrflhwlhv 1 1 1 1 1 1 1 1 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

616 D Vshfldo Phwkrgrorj| iru Duwl�fldo VrflhwlhvB 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 65

617 Duwl�fldo Vrflhw| H{shulphqwdwlrq 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 66

618 Slfn ) Pl{ Phwkrgrorjlhv 1 1 1 1 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

619 Frqfoxvlrq 1 1 1 1 1 1 1 1 1 1 1 1 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:

7 H{shulphqwdo Ryhuylhz dqg Surjuhvvlrq 6<

714 Ryhuylhz 1 1 1 1 1 1 1 1 1 1 1 1 1 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<

715 Wkh VzdsVkrs 1 1 1 1 1 1 1 1 1 1 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

716 Wkh VwhuhrOde 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 74

717 WdjZruogLL 1 1 1 1 1 1 1 1 1 1 1 1 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

718 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 76

8 Jurxs Irupdwlrq dqg Djhqw Dowuxlvp 78

814 Wkh VzdsVkrs Duwl�fldo Vrflhw| 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 79

81414 Fhoov Dqg Phphv 1 1 1 1 1 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<

81415 Hyhqwv Dqg Ehkdylrxuv 1 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<

81416 Wkh V|vwhp F|foh 1 1 1 1 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

815 Irxu H{shulphqwdo Vfhqdulrv lq wkh VzdsVkrs 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 84

81514 Vfhqdulr D 0 %Fxowxudo% Hyroxwlrq 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 85

81515 Vfhqdulr E 0 %Jhqhwlf% Hyroxwlrq 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 85

81516 Vfhqdulr F 0 %Fxowxudo% Hyroxwlrq Zlwk Vsduvh Uhzdugv 1 1 1 1 1 1 1 85

81517 Vfhqdulr G 0 %Jhqhwlf% Hyroxwlrq Zlwk Vsduvh Uhzdugv 1 1 1 1 1 1 1 86

816 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 86

81614 Uhvxowv ri H{shulphqw D 0 Vlqjoh Uhjlrq zlwk Wrwdo Vkdulqj 1 1 1 1 1 89

81615 Uhvxowv ri H{shulphqw E 0 Pxowlsoh Uhjlrqv zlwk Lq0Jurxs Vkdulqj 89

81616 Uhvxowv ri H{shulphqw F 0 Wkh Surgxfwlyh Plqrulw| Vkduh Doo 1 1 1 1 8<

81617 Uhvxowv ri H{shulphqw G 0 Dowuxlvp Kdpshuhg E| Fxowxudo Erxqgdulhv 8<

817 Revhuydwlrqv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 95

81714 Fxowxudo Jurxsv dqg Lq0Jurxs Eldv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 95

81715 Uhflsurfdo ru Uhdo DowuxlvpB 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 95

81716 Wdjv dqg Jurxs Frq�lfw 1 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

81717 %Jhqhwlf% y1 Fxowxudo Hyroxwlrq 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 96

818 Frqfoxvlrqv 1 1 1 1 1 1 1 1 1 1 1 1 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

9 Vrfldo Fxhv dqg Wuxvw 99

914 Vrfldo Frqvwuxfwlrq ri Vrfldo Fdwhjrulhv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 99

91414 Qhyhu Wuxvw d Klss| 1 1 1 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:

91415 Vrfldo Fxhv dqg Vwhuhrw|shv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 9;

91416 Vrfldo Fxhv dqg Vrfldo Glvwdqfh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 9<

915 Vdolhqw Ihdwxuhv 1 1 1 1 1 1 1 1 1 1 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

916 Prghoolqj Wuxvw dv d Jdph 1 1 1 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

917 Prghoolqj Vrfldo Fxhv dv Wdjv 1 1 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

918 Wkh VwhuhrOde Duwl�fldo Vrflhw| 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

91814 Djhqwv 1 1 1 1 1 1 1 1 1 1 1 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

91815 Fxowxudo dqg Jdph Lqwhudfwlrq 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 :;
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91816 Wkh Wlph Xqlw 1 1 1 1 1 1 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

91817 Vxppdu| ri wkh Sdudphwhuv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ;9

91818 Zkdw Nlqg ri Vrflhw| Kdv Ehhq SursrvhgB 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ;:

919 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 ;;

: Sdudphwhu Vsdfh H{sorudwlrq <3

:14 Wkh Qhfhvvlw| ri H{sorudwlrq 1 1 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

:15 Vdpsolqj wkh Vsdfh 1 1 1 1 1 1 1 1 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

:1514 V|vwhpdwlf Vzhhs 1 1 1 1 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

:1515 Udqgrp Vdpsolqj 1 1 1 1 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

:1516 Khxulvwlf Vhdufk 1 1 1 1 1 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

:16 Fkdudfwhulvlqj Uhjlrqv lq wkh Vsdfh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 <8

:1614 Wkh F718 Fodvvl�fdwlrq Dojrulwkp 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 <9

:1615 Foxvwhu Dqdo|vlv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 <:

:17 Wkh Zhdyhu 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 1 1 1 1 <<

:18 Wkh VdpsWrro Vriwzduh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 435

:19 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 1 436

; Fr0rshudwlrq lq wkh VwhuhrOde 439

;14 Lqgxflqj Uhjlrqv Xvlqj F718 1 1 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;

;1414 Frslqj Zlwk Vwrfkdvwlflw| 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 443

;1415 Uhjlrqv ri Kljk dqg Orz Fr0rshudwlrq 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 44<

;1416 Orz Fr0rshudwlrq Zkhq Pxwdwlrq lv ]hur 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 453

;1417 Orz Fr0rshudwlrq Zkhq Frq�ghqfh Uhgxfwlrq lv ]hur 1 1 1 1 1 1 1 1 458

;1418 Kljk Fr0rshudwlrq Zkhq Jdph Lqwhudfwlrq Olplwhg wr d Vlqjoh Whu0

ulwru| 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 463

;1419 Kljk Fr0rshudwlrq Zkhq Fxowxudo Lqwhudfwlrq lv Kljk/ Uhodwlyh wr

Jdph Lqwhudfwlrq 1 1 1 1 1 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<

;141: Vxppdu| ri Uhvxowv ri F78 Lqgxfhg Uhjlrqv 1 1 1 1 1 1 1 1 1 1 1 1 1 478

;15 Orfdwlqj Fr0rshudwlyh Uhjlrqv Xvlqj Kloo0Folpelqj dqg Foxvwhu Dqdo|vlv 1 479

;1514 Foxvwhulqj wkh Srlqwv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 47:

;1515 Vxppdu| ri Uhvxowv iurp Kloo0Folpelqj dqg Foxvwhulqj 1 1 1 1 1 1 1 483

;1516 Foxvwhulqj wkh Srlqwv lq dq H{whqghg Sdudphwhu Vsdfh 1 1 1 1 1 1 1 1 484

;1517 Vxppdu| ri Uhvxowv iurp Kloo0Folpelqj dqg Foxvwhulqj lq wkh H{0

whqghg Vsdfh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 487

;1518 Fxowxudo Jurxs VhohfwlrqB 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

;16 Frqfoxvlrq 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 48:

< Jurxsv lq Wdj Vsdfh 48;

<14 Wkh WdjZruog LL Duwl�fldo Vrflhw| 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 48<

<15 Uhvxowv 0 Kljk Fr0rshudwlrq 1 1 1 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

<16 Jurxs Irupdwlrq dqg Glvvroxwlrq 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 496

<17 Fr0rshudwlrq Iurp Frpsohwh Ghihfwlrq 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 49;

<18 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 4:3

<1814 Lqwhusuhwdwlrqv 1 1 1 1 1 1 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

<1815 Ixwxuh Gluhfwlrqv 1 1 1 1 1 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
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43 Frqfoxvlrqv dqg Ixwxuh Zrun 4:7

4314 Frqfoxvlrqv 2 Gholyhudeohv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 4:7
4315 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 4:8

431514 Jhqhudo Frqwulexwlrq 1 1 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
431515 Fxowxudo Jurxs 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 4::

431516 Jurxs Vhohfwlrq lq GDL 1 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:<
431517 Fulwlfdo Uhylhz 1 1 1 1 1 1 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

4316 Ixwxuh Zrun 1 1 1 1 1 1 1 1 1 1 1 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

431614 Vkruw Whup Ixwxuh Zrun 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
431615 Orqj Whup Ixwxuh Zrun 1 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

Eleolrjudsk| 4;8

D Jorvvdu| 538

D Lpsohphqwdwlrq dqg Whfkqlfdo Lvvxhv 548

D14 Udqgrp Qxpehuv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 548
D15 Wkh VzdsVkrs 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 548
D16 Wkh VwhuhrOde 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 549

D17 WdjZruogLL 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 549
D18 VdpsWrro 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 54:

D1814 Lpsohphqwdwlrq 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 54;
D1815 VdpsWrro Plql0Jxlgh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 54;



yll

w�t| Lu 6�}�hit

614 H{lvwdqfh Surri1 1 1 1 1 1 1 1 1 1 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
615 Ehkdylrxu Prghoolqj ru Uhyhuvh Hqjlqhhulqj1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 67
616 Wkhru| Whvwlqj1 1 1 1 1 1 1 1 1 1 1 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
617 Wkhru| Exloglqj1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 69
618 H{sodqdwlrq Ilqglqj1 1 1 1 1 1 1 1 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:

814 Edu judsk ri ]qj dqg Pqj phdvxuhv ryhu wkh irxu h{shulphqwv1 1 1 1 1 1 1 1 88
815 Edu judsk ri Wqj dqg F]qj phdvxuhv ryhu wkh irxu h{shulphqwv1 1 1 1 1 1 1 88
816 H{shulphqw D 0 h{dpsoh ri d w|slfdo uxq1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 8:
817 H{shulphqw E 0 h{dpsoh ri d w|slfdo uxq1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 8;
818 H{shulphqw F 0 h{dpsoh ri d w|slfdo uxq1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 93
819 H{shulphqw G 0 h{dpsoh ri d w|slfdo uxq1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 94
81: H{shulphqw D1 Wkh lqlwldo udqgrp vwduwlqj ydoxhv iru hdfk fhoo ri wkh julg1 1 97
81; H{shulphqw D1 Wkh ydoxhv iru hdfk fhoo ri wkh julg e| f|foh 48331 1 1 1 1 1 1 97

914 Dq djhqw lq wkh VwhuhrOde1 1 1 1 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
915 Wkh VwhuhrOde lqwhudfwlrq hqylurqphqw1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 :<
916 Fxowxudo lqwhudfwlrq lq wkh VwhuhrOde1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ;4
917 Vrph ri wkh srvvleoh lqwhudfwlrqv wkdw wzr djhqwv fdq eh lqyroyhg lq ryhu wlph1 ;5
918 Wkh vwhsv lqyroyhg lq wkh sursdjdwlrq ri d phph iurp rqh djhqw wr dqrwkhu1 ;6
919 Jdph lqwhudfwlrq lq wkh VwhuhrOde1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ;7

:14 V|vwhpdwlf +ru vzhhs vfdq, vdpsolqj ri wkh sdudphwhu vsdfh1 1 1 1 1 1 1 1 1 <6
:15 Srlqwv vdpsohg udqgrpo| iurp wkh sdudphwhu vsdfh fdq eh surfhvvhg e| wkh

F718 dojrulwkp1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 <:
:16 Foxvwhu dqdo|vlv dssolhg wr d vdpsoh ri srlqwv irxqg yld kloo0folpelqj1 1 1 1 <;
:17 Wkhru| ghyhorsphqw lq wkh Zhdyhu v|vwhp1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 433
:18 D vfkhpdwlf ri wkh VdpsWrro v|vwhp1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 436
:19 Dq h{dpsoh vlpxodwlrq sdudphwhu vshfl�fdwlrq iru wkh VwhuhrOde1 1 1 1 1 1 1 437

;14 Iuhtxhqf| ri fr0rshudwlrq ryhu wkh zkroh sdudphwhu vsdfh +vdpsoh 4,1 1 1 1 43<
;15 Iuhtxhqf| ri fr0rshudwlrq ryhu wkh zkroh sdudphwhu vsdfh +vdpsoh 5,1 1 1 1 443
;16 Wkh F718 lqgxfhg ghflvlrq wuhh jhqhudwhg iurp wkh lqlwldo vdpsoh1 1 1 1 1 1 1 445
;17 Wkh F718 lqgxfhg wuhh surgxfhg iurp d vhfrqg lqghshqghqw vdpsoh1 1 1 1 1 446
;18 Wkh h�hfw ri wkh zhljkw sdudphwhu rq wuhh dffxudf| iru wkh lqlwldo vdpsoh1 1 447
;19 Wkh h�hfw wkh zhljkw sdudphwhu rq wuhh vl}h iru wkh lqlwldo vdpsoh1 1 1 1 1 1 448
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;1: Wkh h�hfw ri wkh zhljkw sdudphwhu rq wuhh dffxudf| iru wkh vhfrqg vdpsoh1 449
;1; Wkh h�hfw ri wkh zhljkw sdudphwhu rq wuhh vl}h iru wkh vhfrqg vdpsoh1 1 1 1 44:
;1< Wkh uhjlrqv ri kljk dqg orz frrshudwlrq lqgxfhg iurp erwk vdpsohv1 1 1 1 1 44;
;143 Wkh ehvw wkuhh uhjlrqv irxqg iru wkh kljkhvw dqg orzhvw fr0rshudwlyh fodvvhv1 44<
;144 Iuhtxhqf| ri fr0rshudwlrq lq wkh uhjlrq zkhuh PW @ 31 1 1 1 1 1 1 1 1 1 1 1 454
;145 D vhw ri uxqv iurp d srlqw lq uhjlrq PW@3 surgxflqj plqlpxp fr0rshudwlrq1 456
;146 D vhw ri uxqv iurp d srlqw lq uhjlrq PW@3 surgxflqj prgdo fr0rshudwlrq1 457
;147 D vhw ri uxqv iurp d srlqw lq uhjlrq PW@3 surgxflqj pd{lpxp fr0rshudwlrq1 459
;148 Iuhtxhqf| ri fr0rshudwlrq zlwklq wkh uhjlrq zkhuh FU@31 1 1 1 1 1 1 1 1 1 45;
;149 D vhw ri uxqv iurp d srlqw lq uhjlrq FU@3 surgxflqj plqlpxp fr0rshudwlrq1 45<
;14: D vhw ri uxqv iurp d srlqw lq uhjlrq FU@3 surgxflqj prgdo fr0rshudwlrq1 464
;14; D vhw ri uxqv iurp d srlqw lq uhjlrq FU@3 surgxflqj pd{lpxp fr0rshudwlrq1 465
;14< Iuhtxhqf| ri fr0rshudwlrq zlwklq wkh uhjlrq 4f1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 467
;153 D vhw ri uxqv iurp d srlqw lq uhjlrq 4f surgxflqj plqlpxp fr0rshudwlrq1 1 469
;154 D vhw ri uxqv iurp d srlqw lq uhjlrq 4f surgxflqj prgdo fr0rshudwlrq1 1 1 1 46:
;155 D vhw ri uxqv iurp d srlqw lq uhjlrq 4f surgxflqj plqlpxp fr0rshudwlrq1 1 46;
;156 Iuhtxhqf| ri fr0rshudwlrq zlwklq uhjlrq 4h1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 473
;157 D vhw ri uxqv iurp d srlqw lq uhjlrq 4h surgxflqj plqlpxp fr0rshudwlrq1 1 475
;158 D vhw ri uxqv iurp d srlqw lq uhjlrq 4h surgxflqj prgdo fr0rshudwlrq1 1 1 1 476
;159 D vhw ri uxqv iurp d srlqw lq uhjlrq 4h surgxflqj pd{lpxp fr0rshudwlrq1 1 477
;15: Ilqdo vxp ri vtxduhg glvwdqfhv surgxfhg iurp n0phdqv dqdo|vlv1 1 1 1 1 1 1 47;
;15; Ilqdo vxp ri vtxduhg glvwdqfhv surgxfhg iurp n0phdqv dqdo|vlv1 1 1 1 1 1 1 486

<14 Wkh hyroxwlrqdu| dojrulwkp dssolhg wr djhqwv zlwklq WdjZruogLL1 1 1 1 1 1 48<
<15 Fr0rshudwlrq iru ydulrxv ydoxhv ri O dqg W +lqlwldo uxq,1 1 1 1 1 1 1 1 1 1 1 1 495
<16 Fr0rshudwlrq iru ydulrxv ydoxhv ri O dqg W +lqlwldo uxq, 1 1 1 1 1 1 1 1 1 1 1 496
<17 Fr0rshudwlrq iru ydulrxv ydoxhv ri O dqg W +hqiruflqj WAUASAV,1 1 1 1 1 1 497
<18 Fr0rshudwlrq iru ydulrxv ydoxhv ri O dqg W +hqiruflqj WAUASAV,1 1 1 1 1 1 497
<19 Iru d wdj ohqjwk O @ 7/ odeho vsdfh fdq eh ylvxdolvhg dv d 7G k|shufxeh1 1 1 498
<1: Ylvxdolvdwlrq ri 833 f|fohv iurp d vlqjoh vlpxodwlrq uxq1 1 1 1 1 1 1 1 1 1 1 1 499
<1; Dq h{sdqghg ylhz ri dq lqglylgxdo vlpxodwlrq uxq1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 49:
<1< Qxpehu ri jhqhudwlrqv ehiruh pxwxdo fr0rshudwlrq hphujhv1 1 1 1 1 1 1 1 1 1 4:3

D14 Rxwsxw surgxfh e| wkh VdpsWrro vriwzduh lq uhvsrqvh wr wkh %0khos% rswlrq1 54<
D15 H{dpsoh rxwsxw surgxfhg e| VdpsWrro zlwk wkh %0ylhz% rswlrq1 1 1 1 1 1 1 558
D16 Dq h{dpsoh ri d krvwv1w{w �oh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 563
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514 Wkh sd|r� julg iru wkh rqh0vkrw Sulvrqhu*v Glohppd1 1 1 1 1 1 1 1 1 1 1 1 1 1 47

814 Hqhuj| ohyhov dqg rswlpdolw| phdvxuhv iru irxu h{shulphqwv lq wkh VzdsVkrs1

Vhh vhfwlrq 816 iru dq h{sodqwlrq ri wkh phdvxuhv1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 87

815 Phph ydoxh glvwulexwlrqv iru irxu h{shulphqwv lq wkh VzdsVkrs1 Vhh vhfwlrq

816 iru dq h{sodqdwlrq ri wkh ydoxhv jlyhq1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 87

914 Wkh sdudphwhuv zklfk fkdudwhulvh wkh VwhuhrOde duwl�fldo vrflhw|1 1 1 1 1 1 1 ;<

;14 Wkh shufhqwloh udqjhv ryhu wkh ohyho ri fr0rshudwlrq phdvxuh iru vdpsoh 41 1 444

;15 Foxvwhu fhqwuhv dqg vl}hv iru irxu foxvwhuv lghqwl�hg e| wkh n0phdqv foxvwhulqj

phwkrg1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 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<

;16 Foxvwhu fhqwuhv dqg vl}hv iru �yh foxvwhuv lghqwl�hg e| wkh n0phdqv foxvwhulqj

phwkrg lq wkh h{whqghg sdudphwhu vsdfh1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 487
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L zrxog olnh wr wkdqn Mlp Grudq/ p| vxshuylvru/ iru klv sdwlhqfh/ dgylfh dqg hqfrxudjhphqw/

dqg/ deryh doo/ iru klv whqdflw| lq wu|lqj wr khos ph whdvh rxw vwudqgv ri fohdu wkrxjkw iurp

wkh frqixvlqj wdqjohv lq zklfk L riwhq irxqg p|vhoi1 L zrxog dovr olnh wr wkdqn doo wkrvh

lq wkh zlghu VlpVrf frppxqlw| zkr kdyh dozd|v hqfrxudjhg/ vxssruwhg/ dqg vxjjhvwhg

zd|v L frxog h{sdqg dqg lpsuryh rq/ p| zrun1 Wklv hqfrxudjhphqw zdv lqydoxdeoh1 Rq

d shuvrqdo qrwh/ L zrxog olnh wr wkdqn Mdq Qhlo dqg Qljho Wd|oru iru hqfrxudjhphqw dqg

vxjjhvwlrqv wkurxjkrxw wkh shulrg ri wklv zrun dqg dovr iru surri uhdglqj ri hduolhu gudiwv

ri wklv wkhvlv1 L zrxog dovr olnh wr wkdqn Dqguhz Wdpv iru klv surri uhdglqj/ vxjjhvwlrqv

dqg hqfrxudjhphqw ghvslwh wkh suhvvxuh ri klv rzq wkhvlv ghdgolqh1


