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Lqvwlwxwlr qv r q wkh oder u p dunhwp d| euhdn wkh v| p p hwu| ehwz hhq
hp sor | huv* dqg hp sor | hhv* wd{ hv +Gdowr q*v Odz ,1 Lq wkh Slvvdulghv +4<<3,
vhduf k p r ghor i xqhp sor | p hqwz h vkr z l, wkdwd wd{ vkliwiur p hp sor | hhv
wr hp sor | huv z looor z hu xqhp sor | p hqwz khq ehqh� wv duh olqnhg wr j ur vv
z dj hv dqg ll, wkdwehf dxvh r i p lqlp xp z dj hv vxf k d wd{ vkliwp d| lq0
f uhdvh xqhp sor | p hqwz khq wkh vkliwlv wduj hwhg dwwkh er wwr p r i wkh oder u
p dunhw1 Z h ixuwkhuf r qvlghuwkh t xdqwlwdwlyh lp sdf wr i d j hqhudowd{ vkliw
dqg d wd{ vkliwwduj hwhg dwwkh er wwr p r i wkh oder u p dunhwz lwk P LP LF/
wkh dssolhg j hqhudoht xloleulxp p r ghoir uwkh Gxwf k oder up dunhwr i FSE
Qhwkhuodqgv Exuhdx ir u Hf r qr p lf Sr olf | Dqdo| vlv1 Wkh p df ur hf r qr p lf
lp sdf wr i j hqhudodqg wduj hwhg wd{ vkliwlqj lv t xlwh vlp lodu1 Ri xqhp sor | 0
p hqwehqh� wv dqg p lqlp xp z dj hv/ r qo| wkh ir up hu duh ir xqg wr sod| d
p dmr u ur oh1

4 Lqwur gx f wlr q

Gdowr q*v Odz vwdwhv wkdwwkh lqf lghqf h r i d wd{ lv lqghshqghqwr i wkh vlgh r q
z klf k lwlv ohylhg +Gdowr q +4<87, ,1 Dssolhg wr wkh oder u p dunhw/ lwlp solhv wkdw
lwlv luuhohydqwir u oder u p dunhwr xwf r p hv z khwkhu wd{ hv duh sdlg e| hp sor | hhv
r u hp sor | huv1 Khqf h/ df f r uglqj wr Gdowr q*v Odz / vkliwlqj wd{ hv iur p hp sor | hhv
wr hp sor | huv vkr xog qr wd� hf woder u p dunhwr xwf r p hv1 Lq wklv sdshu z h vkrz
wkdwlqvwlwxwlr qdoihdwxuhv sur p lqhqwlq Hxur shdq oder up dunhwv p d| euhdn wkh
v| p p hwu| ehwz hhq hp sor | huv* dqg hp sor | hhv* wd{ hv1

Wkh r xwolqh r i wkh sdshu lv dv ir oorz v1 Lq vhf wlr q 5 z h vkrz wkdwuxohv ir u
wkh ghwhup lqdwlr q r i vr f ldo vhf xulw| ehqh� wv dqg p lqlp xp z dj hv p d| euhdn
Gdowr q*v Odz lq dq h{ whqghg Slvvdulghv +4<<3, vhdufk p r ghor i xqhp sor | p hqw1

WF SE Qhwkhuodqgv Exuhdx i r u Hf r qr p lf Sr olf | Dqdo| vlv dqg I uhh Xqlyhuvlw| Dp vwhugdp /
h0p dlo= mr qj hqCf se1qo1

_F SE Qhwkhuodqgv Exuhdx i r u Hf r qr p lf Sr olf | Dqdo| vlv dqg Xqlyhuvlw| r i Dp vwhugdp /
h0p dlo= z hvwhukr xwCf se1qo1
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Qh{ w/ lq vhf wlr q 6 z h ghp r qvwudwh wkh lp sr uwdqf h r i v| p p hwu| euhdnlqj t xdq0
wlwdwlyho| z lwk P LP LF/ wkh dssolhg j hqhudo ht xloleulxp p r gho ir u wkh Gxwfk
oder u p dunhwr i FSE Qhwkhuodqgv Exuhdx ir u Hf r qr p lf Sr olf | Dqdo| vlv1 Wkh
� up hp slulf doedvlv dqg ghwdlohg p r gholqj r i wkh lqvwlwxwlr qv uhodwhg wr wkh od0
er u p dunhwp dnhv P LP LF dq lghdowr r oir u qxp hulf dodqdo| vhv r i wd{ vkliwlqj 1
Vhf wlr q 7 j lyhv vr p h ixuwkhu f r qvlghudwlr qv uhj duglqj wd{ vkliwlqj qr wsuhvhqw
lq wkh P LP LF p r gho1 Vhf wlr q 8 f r qf oxghv1

5 Lqvwlwxwlr qv euhdnlqj wkh Odz lq wkh Slvvdulghv
+4<<3, p r gho

Lq wkh Slvvdulghv +4<<3, vhduf k p r ghor i xqhp sor | p hqwz h � uvwf r qvlghu krz
olqnlqj ehqh� wv wr j ur vv z dj hv lp solhv wkdwd wd{ vkliwiur p hp sor | hhv wr hp 0
sor | huv orz huv z dj h f r vwv dqg xqhp sor | p hqw1 Qh{ w/ z h f r qvlghu krz olqnlqj
j ur vv p lqlp xp z dj hv wr dyhudj h j ur vv z dj hv p d| lqf uhdvh z dj h f r vwv dqg xq0
hp sor | p hqwz khq z hwduj hwwkhvkliwlq wd{ hv dwwkher wwr p r i wkhoder up dunhw1

514 Wkh ur oh r i olqnlqj ehqh� wv wr j ur vv z dj hv

Wkh dqdo| vhv ehorz f r qvlghuv hp sor | hhv* wr hp sor | huv* wd{ hv lq wkh Slvvdulghv
+4<<3, vhdufk p r ghor i xqhp sor | p hqwz khq j ur vv ehqh� wv duh olqnhg wr j ur vv
z dj hv1 Wkh qh{ wvxevhf wlr q f r qvlghuv wkh lp sdf wr i p lqlp xp z dj hv1

Wkhuh lv d f r qwlqxxp r i z r unhuv z lwk sr whqwldosur gxf wlylwlhv udqj lqj iur p s
+A3, wr s1Ghqr whwkhsur edelolw| ghqvlw| ixqf wlr q e| i +s,1Wkhp dvv r i z r unhuv
lv qr up dol}hg wr 41 Z h f r qvlghukrz olqnlqj ehqh� wv wr j ur vv z dj hv d� hf wv oder u
p dunhwr xwf r p hv lq r qh vhj p hqwr i wkh oder u p dunhwz lwk sur gxf wlylw| sm1

Ohwxm ghqr wh wkh xqhp sor | p hqwudwh/ 4 � xm wkh hp sor | p hqwudwh dqg ym

wkh qxp ehu r i ydf dqf lhv +qr up dol}hg wr wkh qxp ehu r i z r unhuv, lq vhj p hqwm1
I ulf wlr qv lq wkh vhdufk sur f hvv duh f dswxuhg e| d vr 0f doohg p dwfklqj ixqf wlr q
{ +xm>ym, z lwk { lqf uhdvlqj lq er wk lwv duj xp hqwv1Z h dvvxp h wkdwwkh p dwfklqj
ixqf wlr q h{ klelwv f r qvwdqw0uhwxuqv0wr 0vf doh/ z klf k lv w| slf doo| qr wuhmhf whg e|
wkh gdwd +vhh h1j 1 Shwur qj r or dqg Slvvdulghv +5333,,1 Gh� qh oder u p dunhw
wlj kwqhvv e| wkh udwlr r i ydf dqf lhv wr xqhp sor | p hqw� m � ym

x m
1 Wkh udwh dwz klf k

ydf dqf lhv duh � oohg lv j lyhq e| t +� m, � { +x m>ym,
ym

@ { +x m

ym
>4,/ z lwk t 3+� m, � 31

Wkh udwh dwz klf k z r unhuv � qg hp sor | p hqwlv j lyhq e| { +x m>ym,
x m

@� mt +� m, / z lwk
+� mt +� m, ,3 � 31 Z khq wkh udwlr r i ydf dqf lhv wr xqhp sor | p hqwulvhv wkh ydf dqf |
gxudwlr q ulvhv dqg wkh xqhp sor | p hqwgxudwlr q idoov1 Wkh uhvwr i wkh p r gholv
f r qf huqhg z lwk wkh ghwhup lqdwlr q r i wkh udwlr r i ydf dqf lhv wr xqhp sor | p hqw1

Ghqr wh wkh lqwhuhvwudwh e| u/ wkh j ur vv z dj h e| z m/ hp sor | huv* wd{ hv e| wi >m

+z khuh wkh vxevf ulswi ghqr whv *� up *,14/ dqg wkh vhsdudwlr q udwh e| vm1 Ghqr wh
wkh dvvhwydoxh r i sr vwlqj d ydf dqf | e| Ym1 Wkh dvvhwydoxh r i d � oohg mr e/ Mm/
vdwlv� hv wkh Ehoop dq ht xdwlr q

4 I r u vlp solf lw| z h dvvxp h wkdwhp sor | huv* dqg hp sor | hhv* wd{ hv duh lqghshqghqwr i wkh
j ur vv z dj h/ vlp lodu uhvxowv r ewdlq z lwk wd{ hv sur sr uwlr qdowr j ur vv z dj hv1
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uMm@sm� z m� wi >m. vm+Ym� Mm,= +4,

I uhh hqwu| e| � up v lp solhv wkdw� up v hqwhu xqwlowkh ydoxh r i d ydf dqf | gur sv
wr }hur / l=h=Ym@31

Qh{ w/ f r qvlghu z r unhu xwlolw| 1 Xqhp sor | p hqwehqh� wv duh ghqr whg e| em1
Hp sor | hg z r unhuv sd| d f r qvwdqwlqf r p h wd{ wh>m+z khuh wkh vxevf ulswh ghqr whv
hp sor | hhv,1 Z r unhuv* dvvhwydoxhv lq hp sor | p hqw/ Hm/ dqg xqhp sor | p hqw/ Xm/
duh j lyhq e|

uHm@z m� wh>m. vm+X � H,> +5,

dqg

uXm@em. � mt +� m,+Hm� Xm,= +6,

Qrz wkdwz h kdyh er wk wkh dvvhwydoxhv r i � up v dqg z r unhuv z h f dq wxuq wr
z dj h ghwhup lqdwlr q1

J ur vv z dj hv uhvxow iur p d Qdvk eduj dlq ehwz hhq dq lqglylgxdo � up dqg
z r unhu1 Dowkr xj k wkh ydf dqf | gxudwlr q dqg xqhp sor | p hqwgxudwlr q ghshqg r q
wkh uhvxowlqj z dj h r xwf r p h/ lqglylgxdo� up v dqg z r unhuv wdnh wkhvh gxudwlr qv
dv j lyhq15 I r u dq lqylglxdomr e0z r unhu sdlu l wkh Qdvk eduj dlq vr oyhv

z l >m@duj p d{
z l

+Hm+z l , � Xm, � +Mm+z l , � Ym,4� � +7,

z khuh � ghqr whv wkhuhodwlyheduj dlqlqj sr z hur i wkhz r unhu/ dqg xqhp sor | p hqw
ehqh� wv duh qr wolqnhg wr lqglylgxdoz dj hv1 Hm+z l , � Xm ghqr whv wkh vxusoxv r i
wkh z r unhu dwz l / dqg Mm+z l , � Ym ghqr whv wkh vxusoxv r i wkh � up dwz l 1 Z h
ghyhor s dq h{ suhvvlr q r i z dj hv dor qj wkh olqhv r i Slvvdulghv +4<<3/ Fkdswhu 4,1
Vr oylqj wkh p d{ lp l}dwlr q sur eohp | lhogv

Hm+z l , � Xm@� +Mm+z l , . Hm+z l , � Xm, > +8,

z khuh z h xvh wkdwlq ht xloleulxp Ym @31 Vxevwlwxwlqj ir u Hm+z l , dqg Mm+z l ,
iur p +5, dqg +4, uhvshf wlyho| +dqg xvlqj Ym@3,/ j lyhv

z l >m@+4 � � ,+uXm. wh>m, . � +sm� wi >m,= +9,

+9, lp solhv wkdwdooz r unhuv uhf hlyh wkh vdp h z dj h1
Wr ghyhor s uXm ixuwkhuz h f dq p dnh xvh r i wkh iuhh hqwu| f r qglwlr q ir u� up v1

Lq ht xloleulxp � up v hqwhuxqwlowkh| h{ shf wwr hduq }hur sur � wv1Ghqr wh wkh shu
shulr g ydf dqf | f r vwe| f m1 Wkh dvvhwydoxh r i sr vwlqj d ydf dqf | Ym lv j lyhq e|

uYm@� f m. t +� m,+Mm� Ym,= +: ,

5Dv z r unhuv dqg � up v gr qr w wdnh lqwr df f r xqw wkh h{ whuqdolwlhv suhvhqw lq wkh p dwf k0
lqj sur f hvv/ ht xloleulxp xqhp sor | p hqwlv xqolnho| wr eh h! f lhqw+vhh h1j 1 Slvvdulghv +4<<3,
F kdswhu : , 1
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Exwlq ht xloleulxp z h kdyh Ym@3/ vr wklv f r qglwlr q j lyhv xv dqr wkhu f r qglwlr q
ir uwkh dvvhwydoxh r i d mr e Mm1 Lq ht xloleulxp Mm@ f m

t +� m, 1 +8, lp solhv Hm� Xm@
�

4� � Mm@ �
4� �

f m

t +� m, 1 Vxevwlwxwlr q r i wklv h{ suhvvlr q ir u Hm� Xm lq +6, j lyhv

uXm@em.
�

4 � �
� mf m= +; ,

Qrz wkdwz h kdyh uXm z h kdyh j ur vv z dj hv dv

z m@+4 � � , +em. wh>m, . � +sm. � mf m� wi >m, > +<,

dqg khqf h z dj h f r vwv z f m � z m. wi >m duh j lyhq e|

z f m@+4 � � ,em. � +sm. � mf m, . +4 � � ,+wh>m. wi >m,= +43,

dqg qhwz dj hv z qm � z m� wh>m duh j lyhq e|

z qm@+4 � � ,em. � +sm. � mf m, � � +wh>m. wi >m,= +44,

Lq ht xloleulxp / � up v ehdu d vkduh +4 � � , r i hp sor | huv* dqg hp sor | hhv* wd{ hv
dqg z r unhuv ehdu d vkduh � r i wkhvh wd{ hv1

Ht xloleulxp ghwhup lqdwlr q sur f hhgvdv ir oor z v1Wkh j r yhuqp hqwvhwvehqh� wv
em/ dqg wd{ hv wi >m dqg wh>m1 Wkh z dj h eduj dlq wkhq ghwhup lqhv z dj h f r vwv z f m

ir u d j lyhq � +uhshdwhg ehor z ir u f odulw| ,

z f m@+4 � � ,em. � +sm. � mf m, . +4 � � ,+wh>m. wi >m,= +45,

I uhh hqwu| f r p elqhg z lwk wkh z dj h f r vwht xdwlr q deryh ghwhup lqhv � dqg z dj h
f r vwv1 Vxevwlwxwlr q r i Ym@3 dqg M@ f

t +� m, lqwr +4, j lyhv

sm� z f m

u . vm
@

f m

t +� m,
+46,

J lyhq � mht xloleulxp xqhp sor | p hqwf dq eh ir xqg e| wkh vwhdg| vwdwh f r qglwlr q
� mt +� m,xm@vm+4 � xm, / r u

xm@
vm

vm. � mt +� m,
= +47,

Z klf k f r p sohwhv wkh ghwhup lqdwlr q r i ht xloleulxp 16

Qrz z h f r qvlghu z kdwkdsshqv z khq z h vkliwwd{ hv iur p hp sor | hhv wr hp 0
sor | huv1 Vxssr vh wkdwwkh j r yhuqp hqwp dlqwdlqv d edodqf hg exgj hwir u hdf k
vhj p hqw

wi >m. wh>m@
xmem

4 � xm
= +48,

6Wkh lqwhuhvwhg uhdghu p d| yhuli | wkdwz khq wkh vhsdudwlr q udwh lv f r qvwdqwdf ur vv vhj 0
p hqwv/ ehqh� wv duh olqnhg wr j ur vv z dj hv dqg ydf dqf | f r vwv dqg wd{ hv duh sur sr uwlr qdo wr
sur gxf wlylw| / wkh udwlr r i z dj h f r vwv r yhu sur gxf wlylw| dqg wkh ht xloleulxp xqhp sor | p hqw
udwh duh wkh vdp h df ur vv vhj p hqwv1
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Wdnlqj xm dqg em dv j lyhq ir u wkh p r p hqw/ +48, lp solhv wkdwwr p dlqwdlq d
edodqf hg exgj hwz h kdyh gwi >m@� gwh>m1 Z khq ehqh� wv duh olqnhg wr z dj h f r vwv
+r uqhwz dj hv/ z klf k j lyhv vlp loduuhvxowv, / oder up dunhwr xwf r p hv lq vhj p hqwm
uhp dlq xqf kdqj hg1 Lqghhg/ ohw! z f ghqr wh wkh udwlr ehwz hhq ehqh� wv dqg z dj h
f r vwv/ z h p d| wkhq uhz ulwh +45, dv

z f m@
4

4 � +4 � � , ! z f
+� +sm. � mf m, . +4 � � ,+wh>m. wi >m, ,= +49,

Wkh vkliw lq wd{ hv iur p hp sor | hhv wr hp sor | huv gr hv qr w d� hf w z dj h f r vwv1
Z lwk z dj h f r vwv xqd� hf whg/ oder u p dunhwwlj kwqhvv uhp dlqv xqf kdqj hg/ dqg vr
xqhp sor | p hqwlq vhj p hqwmuhp dlqv xqf kdqj hg1

Krz hyhu/ qrz f r qvlghuz kdwkdsshqvz khq ehqh� wvduholqnhg wr j ur vvz dj hv1
Ohw! z ghqr wh wkh udwlr ehwz hhq ehqh� wv dqg j ur vv z dj hv/ z h p d| wkhq uhz ulwh
+45, dv

z f m@
4

4 � +4 � � , ! z
+� +sm. � mf m, . +4 � � ,+wh>m. wi >m, � +4 � � ,wi >m,= +4: ,

Wkh vkliwlq wd{ hv orz huv z dj h f r vwv gxh wr wkh whup � +4� � ,wi >m/ z klf k uh hf wv
wkh gur s lq ehqh� wv z klf k or z huv wkh idooedfn sr vlwlr q r i z r unhuv lq wkh z dj h
eduj dlq1 Orz hu z dj h f r vwv wkhq lp so| klj khu oder u p dunhwwlj kwqhvv yld +46,/
qr wlqj wkdwt 3+� m, ? 31Lwehf r p hv sur � wdeoh ir up r uh � up v wr hqwhuwkh p dunhw1
Klj khuoder up dunhwwlj kwqhvv lp solhv orz huxqhp sor | p hqwyld wkh vwhdg| vwdwh
f r qglwlr q +47, / qr wlqj wkdw+� mt +� m, ,3 A 31

Lqgluhf wh� hf wv dj j udydwh wkh lqlwldoh� hf wr q z dj h f r vwv dqg xqhp sor | p hqw1
Wkh idoolq ht xloleulxp xqhp sor | p hqwdqg ehqh� wv lp solhv wkdwwkhvxp r i wd{ hv
f dq eh or z huhg e| +48,1 I ur p +45, lwlv f ohdu wkdwwklv z looixuwkhu orz hu z dj h
f r vwv/ lqf uhdvlqj oder u p dunhwwlj kwqhvv/ ixuwkhu uhgxf lqj xqhp sor | p hqwhwf 1/
xqwlod qhz ht xloleulxp lv uhdf khg1Vr / yld wkh olqnlqj r i ehqh� wv wr j ur vv z dj hv/
d wd{ vkliwf dq d� hf woder u p dunhwr xwf r p hv/ euhdnlqj wkh v| p p hwu| ehwz hhq
hp sor | huv* dqg hp sor | hhv* wd{ hv17

Wduj hwlqj lv qr wuhdoo| dq lvvxh z khq lwf r p hv wr wkh h� hf wr i olqnlqj ehqh� wv
wr j ur vv z dj hv1 Df ur vv0wkh0er dug wd{ vkliwlqj iur p hp sor | hhv wr hp sor | huv z loo
orz hu ht xloleulxp xqhp sor | p hqwlq doovhj p hqwv1 D wd{ vkliwiur p hp sor | hhv
wr hp sor | huv wduj hwhg dwwkh er wwr p r i wkh oder u p dunhwz looorz hu ht xloleulxp
xqhp sor | p hqwdwwkh er wwr p r i wkh oder u p dunhw1 Rwkhu vhj p hqwv z loor qo| eh
d� hf whg z khq wkh j r yhuqp hqwj lyhv wkh vdylqj v r q xqhp sor | p hqwehqh� wv edfn
dv dq df ur vv0wkh0er dug uhgxf wlr q lq wd{ udwhv1

515 Wkh ur oh r i olqnlqj p lqlp xp z dj hv wr dyhudj h z dj hv

P lqlp xp z dj h ohj lvodwlr q lv dqr wkhu lqvwlwxwlr qdoihdwxuh wkdwp d| euhdn wkh
v| p p hwu| ehwz hhq hp sor | huv* dqg hp sor | hhv* wd{ hv1 Krz hyhu/ wklv r qo| eh0

7Wklv z d| r i or z hulqj ehqh� wv uhodwlyh wr z dj hv lv nqr z q dv wkh *vr iw* ghf r xsolqj r i qhw
ehqh� wv dqg z dj hv lq Gxwf k sr olwlf v/ dv r ssr vhg wr wkh *kdug* ghf r xsolqj / l =h=uhgxf lqj ehqh� wv
gluhf wo| 1
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f r p hv d f r qf huq z khq wkh wd{ vkliw lv wduj hwhg dw wkh er wwr p r i wkh oder u
p dunhwdqg p lqlp xp z dj hv duh olqnhg wr dyhudj h z dj hv1 Z h f r qvlghu wkhvh
lvvxhv ehorz 1

Deryh z h vkrz hg wkh ur oh r i olqnlqj ehqh� wv wr j ur vv z dj hv/ qrz z h z dqw
wr ir f xv r q wkh ur oh sod| hg e| p lqlp xp z dj hv1 Wr nhhs wkh dqdo| vlv wudf wdeoh
z h qrz ohwehqh� wv eh d iudf wlr q r i sur gxf wlylw| 1

Krz gr p lqlp xp z dj hvd� hf wwkhgl� huhqwoder up dunhwvhj p hqwv1Fr qvlghu
I lj xuh 4 ehorz 1 Rq wkh kr ul} r qwdod{ lv z h sor wsur gxf wlylw| / wkh yhuwlf dod{ lv
j lyhv z dj h f r vwv dqg sur gxf wlylw| 1Z lwk ehqh� wv olqnhg wr sur gxf wlylw| / ydf dqf |
f r vwv sur sr uwlr qdo wr sur gxf wlylw| +r u z dj h f r vwv, / dqg wd{ hv sur sr uwlr qdowr
sur gxf wlylw| / z dj h f r vwv ehf r p h sur sr uwlr qdowr sur gxf wlylw| +vhh +49,,1 Wkh
z f Q dvk or f xv j lyhv wkh uhodwlr q ehwz hhq sur gxf wlylw| dqg z dj h f r vwv lq wkh
devhqf h r i p lqlp xp z dj hv1

Qrz z h lqwur gxf h p lqlp xp z dj h ohj lvodwlr q1 Vxssr vh wkh j r yhuqp hqw
vhwv d p lqlp xp z dj h z p l q z lwk f r uuhvsr qglqj hp sor | huv* wd{ hv wi >p l q / gh0
� qh z f p l q � z p l q . wi >p l q 1 Wkh oder up dunhwf dq wkhq eh sduwlwlr qhg lq wkuhh
sur gxf wlylw| uhj lr qv1

Lq wkh � uvwuhj lr q/ uxqqlqj iur p 3 wr z f p l q / z dj h f r vwv duh klj khu wkdq r u
ht xdowr sur gxf wlylw| 1 Vxssr vh wkdwwkh p dwfklqj ixqf wlr q { +xm>ym, lv j lyhq e|

� xm
� ym

4� � / vr wkdwt +� m, � { +x m>ym,
ym

@ �
�

x m

ym

� �
1 Wkh iuhh hqwu| f r qglwlr q ir u

� up v +46, f dq wkhq eh uhz ulwwhq dv

ym

xm
@

�
�
f m

sm� z f m

u . v

� 4
�

= +4; ,

Khqf h/ ir uz f p l q � sm/ ydf dqf lhv duh }hur 1 Khqf h/ � m lv }hur dqg xqhp sor | p hqw
lv 4 e| wkh  r z ht xloleulxp f r qglwlr q +47,1

Lq wkh vhf r qg uhj lr q/ uxqqlqj iur p z f p l q wr sf / sur gxf wlylw| lv vx! f lhqwwr
f r yhu p lqlp xp z dj h f r vwv/ exwp lqlp xp z dj h f r vwv duh klj khu wkdq wkh z dj h
f r vwv wkdwz r xog uhvxowlq wkh devhqf h r i p lqlp xp z dj hv1 Khqf h/ wkh iuhh hqwu|
f r qglwlr q +4; , lp solhv wkdwohvv � up v z loohqwhu wkh p dunhw/ or z hulqj ydf dqf lhv
uhodwlyh wr xqhp sor | p hqw1 I ur p wkh  r z ht xloleulxp f r qglwlr q +47, z h qrz
vhh wkdwwklv z loo lp so| d klj khu xqhp sor | p hqwudwh wkdq z r xog uhvxowlq wkh
devhqf h r i p lqlp xp z dj hv1

Wkh f ulwlf dosur gxf wlylw| sf wkdwvhsdudwhv wkh vhf r qg iur p wkh wklug uhj lr q
lv wkh sur gxf wlylw| ir u z klf k wkh p lqlp xp z dj h ht xdov wkh z dj h wkdwz r xog
uhvxowlq wkh devhqf h r i p lqlp xp z dj hv +l1h1 wkh sur gxf wlylw| ohyhoir u z klf k
wkh p lqlp xp z dj h qr wor qj huelqgv,1 Wklv sur gxf wlylw| lv lp solf lwo| gh� qhg e|

z p p l q @+4 � � ,ef . +4 � � ,+sf . � f f f , . +4 � � ,+wh>p l q . wi >p l q ,= +4<,

Klj khu p lqlp xp z dj h f r vwv z loolqf uhdvh wkh f ulwlf dosur gxf wlylw| ohyho1
Lq wkh wklug uhj lr q/ uxqqlqj iur p sf wr s/ wkh p lqlp xp z dj h gr hv qr w

d� hf woder u p dunhwr xwf r p hv/ dv wkh eduj dlqlqj sduwlhv dj uhh r q z dj hv der yh
wkh p lqlp xp z dj h1 Vr khuh ht xloleulxp z dj h f r vwv dqg xqhp sor | p hqwduh
ghwhup lqhg lq wkh vdp h z d| dv lq wkh suhylr xv vxevhf wlr q1

9
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Vxssr vh wkdwd sr olf | p dnhu vhwv wkh p lqlp xp j ur vv z dj h sur sr uwlr qdowr
dyhudj h j ur vv z dj hv1 Gr df ur vv0wkh0er dug dqg wduj hwhg wd{ vkliwv d� hf woder u
p dunhwr xwf r p hvB

Z h p d| glvf xvv wkh lp sdf wr i dq df ur vv0wkh er dug wd{ vkliwlqir up doo| 1 Vxs0
sr vh wkdwwd{ hv duh sur sr uwlr qdowr sur gxf wlylw| 1 D wd{ vkliwz loowkhq orz hu
j ur vv z dj hv lq doovhj p hqwv sur sr uwlr qdoo| 1 J ur vv p lqlp xp z dj hv z looidooe|
wkh h{ whqwr i wkh ulvh r i hp sor | huv* wd{ hv dwwkh p lqlp xp z dj h ohyho1 P lqlp xp
z dj h f r vwv z looqr wfkdqj h1 Khqf h/ z lwk ehqh� wv � { hg/ oder u p dunhwr xwf r p hv
duh xqd� hf whg1

Qrz f r qvlghu d vkliwlq wd{ hv dwwkh er wwr p r i wkh oder u p dunhwr qo| 1 I r u
vlp solf lw| f r qvlghu d p duj lqdo+dqg sur sr uwlr qdo, vkliwiur p hp sor | hhv wr hp 0
sor | huv xs wr vr p h sur gxf wlylw| s vr p hz kdwderyh sf 1 Dv r qo| wkh er wwr p z loo
vhh dq| f kdqj hv lq wd{ hv dyhudj h j ur vv z dj hv z lookdugo| eh d� hf whg1 I r u hdvh
r i h{ sr vlwlr q dvvxp h wkdwwkh dyhudj h z dj h gr hv qr wfkdqj h dwdoo1 Lq wklv f dvh
p lqlp xp z dj h f r vwv ulvh wr wkh ixooh{ whqwr i wkh ulvh lq hp sor | huv* wd{ hv dw
wkh p lqlp xp z dj h ohyho1 Z h z dqwwr f r qvlghu krz wklv d� hf wv oder u p dunhw
r xwf r p hv/ lq sduwlf xodu dyhudj h xqhp sor | p hqw1

Wkh dyhudj h xqhp sor | p hqwudwh lv j lyhq e|

x @
] z f p l q

s
4i +s,gs .

] s f

z f p l q

x+s, i +s,gs .
] s

s f

x+s, i +s,gs= +53,

Wdnlqj wkh ghulydwlyh r i +53, z lwk uhvshf wwr p lqlp xp z dj h f r vwv z h j hw

Cx
Cz f p l q

@ i +z f p l q ,+4 � x+z f p l q , ,

.
] s f

z f p l q

Cx+s,
Cz f p l q

i +s,gs

. i +sf ,+x+sf , � x+sf , ,>

@
] s f

z f p l q

Cx+s,
Cz f p l q

i +s,gs> +54,

z khuhz hqr whwkdwx+z f p l q , @41I r usur gxf wlylwlhv lq wkhlqwhuydo? z f p l q >sf A
z dj h f r vwv ulvh1 I ur p +4; , z h nqrz wkdwwklv orz huv oder up dunhwwlj kwqhvv dqg
udlvhv ht xloleulxp xqhp sor | p hqwlq wkhvh vhj p hqwv1 Dowkr xj k wkh vwhsv der yh
vhhp udwkhuvwudlj kwir uz dug r qf h z h sr vwxodwh wkdwp lqlp xp z dj h f r vwv ulvh wr
wkh ixooh{ whqwr i hp sor | huv* wd{ hv dwwkh p lqlp xp z dj h ohyho/ lwlv xvhixowr
qr wh wkdwwkh r qo| � uvw0r ughu h� hf wlv r q z dj hv der yh wkh p lqlp xp z dj h ohyho/
qr wr q wkh orz hu p duj lq s @z f p l q dv x+z f p l q , @41

Vxp p dul} lqj / d wd{ vkliwwduj hwhg dwwkh er wwr p r i wkh oder u p dunhwwkdw
d� hf wv dyhudj h z dj hv ohvv wkdq p lqlp xp z dj hv z loof dxvh p lqlp xp z dj h f r vwv
wr ulvh1 Wklv dgyhuvho| d� hf wv ht xloleulxp xqhp sor | p hqwlq vhj p hqwv z lwk d
sur gxf wlylw| f or vh wr wkh p lqlp xp z dj h f r vwohyho1

;



516 Hp s lulf douhohydqf h r i f kdqqhov

Wkh suhylr xv vhf wlr q kdv lghqwl� hg wz r f kdqqhov yld z klf k d vkliwiur p hp sor | 0
hhv* wd{ hv wr hp sor | huv* wd{ hv p d| d� hf woder u p dunhwr xwf r p hv1 Z kdwf dq z h
vd| der xwwkh hp slulf douhohydqf h r i wkhvh wz r f kdqqhovB

I luvw/ wkh lp sr uwdqf hr i wkhxqhp sor | p hqwehqh� wp hf kdqlvp ghshqgvxsr q
wkhur ohr i wkhuhsodf hp hqwudwhir uz dj hv/ wkhlp sdf wr i z dj hvr q +xq,hp sor | p hqw
dqg wkh vkduh r i lqglylgxdov r q xqhp sor | p hqwehqh� wv1 Wkhuh lv dp soh hyl0
ghqf h wkdwfkdqj hv lq wkh uhsodf hp hqwudwh d� hf wz dj hv1 I xuwkhup r uh/ z dj hv
f ohduo| d� hf w+xq,hp sor | p hqw1 Krz hyhu/ qr wdoo xqhp sor | hg z r unhuv uhf hlyh
xqhp sor | p hqwehqh� wv +z klf k duh olqnhg wr j ur vv z dj hv,1 D vlj ql� f dqwsduwr i
xqhp sor | hg lqglylgxdov uhf hlyhv z hoiduh ehqh� wv1 Z hoiduh ehqh� wv duh w| slf doo|
qr wolqnhg wr j ur vv z dj hv/ exwlqgh{ hg wr dj j uhj dwh qhwz dj hv1 Lq wkh dqdo| 0
vlv deryh/ qhwz dj hv gr qr wf kdqj h +fhwhulv sdulexv,1 Khqf h/ wkh uhgxf wlr q r i
xqhp sor | p hqwehqh� wv wkdwkdv ehhq ghulyhg deryh dssolhv r qo| wr sduwr i wkh
xqhp sor | hg1

Vhf r qg/ wkh lp sr uwdqf h r i wkh p lqlp xp z dj h p hfkdqlvp ghshqgv dj dlq
r q wkh ur oh r i z dj hv ir u +xq,hp sor | p hqw/ exwdovr r q wkh glvwulexwlr q r i sur 0
gxf wlylwlhv1 Wr eh vshf l� f / wkh qxp ehu r i shr soh wkdwkdyh sur gxf wlylw| ohyhov
klj khu wkdq z f p l q dqg ehorz sf ghwhup lqhv wkh lp sr uwdqf h r i wkh wd{ vkliw
ir u ht xloleulxp xqhp sor | p hqwdv wkh p lqlp xp z dj h lv elqglqj r qo| ir u wkhvh
sur gxf wlylw| ohyhov1 Hp slulf dohylghqf h dydlodeoh ir u wkh Qhwkhuodqgv lqglf dwhv
wkdwd uhodwlyho| vp dooqxp ehur i z r unhuv hduq z dj hv f or vh wr r udwwkh p lqlp xp
z dj h ohyho/ z klf k olp lwv wkh ur oh sod| hg e| wkh p lqlp xp z dj h lq wd{ vkliwlqj
+vhh h1j 1 Whxolqj v hwdo1 +4<<; , ,1

Vxp p lqj xs/ hp slulf dohylghqf h vxj j hvwv wkdwdowkr xj k er wk fkdqqhov duh
uhohydqw/ wkh xqhp sor | p hqwehqh� wv fkdqqholv olnho| wr gr p lqdwh wkh p lqlp xp
z dj h f kdqqho1 Khqf h/ z h z r xog h{ shf wd wd{ vkliwiur p hp sor | hhv wr hp sor | huv
wr uhgxf h xqhp sor | p hqw1

6 Df ur vv0wkh0er dug dqg wduj hwhg wd{ vk liwlqj lq
P LP LF

Diwhu ghulylqj vr p h t xdolwdwlyh uhvxowv lq d klj ko| vw| ol}hg p r ghor i wkh oder u
p dunhw/ z hqh{ wwxuq wr wkht xdqwlwdwlyhh� hf wv r i df ur vv0wkh0er dug dqg wduj hwhg
wd{ vkliwlqj lq P LP LF1P LP LF lv wkh DJ H p r ghor i FSE Qhwkhuodqgv Exuhdx
ir u Hf r qr p lf Sr olf | dqdo| vlv z lwk d ir f xv r q wkh oder u p dunhw1 Z h � uvweulh |
f r qvlghu z k| P LP LF vhhp v d sduwlf xoduo| xvhixowr r olq f dof xodwlqj wkh h� hf wv
r i wd{ vkliwlqj +ir u d ixooghvf ulswlr q r i wkh p r ghodqg p dq| r wkhu vlp xodwlr qv
vhh J udd dqg hwdo1 +5334,,1 Vxevht xhqwo| z h f r qvlghu vr p h vlp xodwlr q uhvxowv
r q wd{ vkliwlqj 1

<



614 P r wlydwlr q i r u xvlqj wkh P LP LF p r gho

Wkh ir f xv r i P LP LF lv r q dght xdwho| p r gholqj oder u ghp dqg/ oder u vxsso| /
z dj h ir up dwlr q dqg wkh sur f hvv e| z klf k ydf dqwmr ev duh p dwfkhg wr mr e vhhn0
huv1 P LP LF lv dq dssolhg j hqhudoht xloleulxp p r gho1 Hqgr j hqr xv yduldeohv duh
ghwhup lqhg e| wkh sur � wp d{ lp l} lqj ehkdylr u r i � up v dqg wkh xwlolw| p d{ lp l}0
lqj ehkdylr u r i z r unhuv/ j lyhq whfkqr or j | dqg sr olf | 1

Z kdwp dnhv P LP LF d sduwlf xodu xvhixo ir u d t xdqwlwdwlyh dqdo| vlv r i wd{
vkliwlqj lv=

d, P LP LF kdv d � up hp slulf doedvlv +doovwuxf wxudosdudp hwhuv duhhvwlp dwhg
r u wdnhq iur p wkh olwhudwxuh,1 Ri sduwlf xodu lqwhuhvwlv wkh z dj h ht xdwlr q z klf k
kdv ehhq hvwlp dwhg uhf hqwo| r q or qj wlp h vhulhv1 Ri sduwlf xodu lqwhuhvwlv wkh
lq xhqf h r i wkh uhsodf hp hqwudwh +ehqh� wv, dqg wkh eduj dlqlqj sr z hur i hp sor | 0
huv dqg hp sor | hhv +wkh gdwd vxj j hvwwkdwhdfk sduw| ehduv 83 shuf hqwr i er wk
wd{ hv/ fhwhulv sdulexv wkdwlv ir u j lyhq ehqh� wohyhov,1

e, P LP LF glvwlqj xlvkhv ehwz hhq gl� huhqwz r unhuw| shv1 Ri sduwlf xodu lqwhu0
hvwlv wkh glvwlqf wlr q ehwz hhq or z 0vnloohg dqg klj k0vnloohg oder uz khq z h z dqwwr
dqdo| }h wduj hwhg wd{ vkliwlqj 1 I xuwkhup r uh/ hdf k vnloow| sh kdv d sur gxf wlylw|
glvwulexwlr q f doleudwhg r q Gxwfk gdwd shuvnloow| sh1 Wkh h� hf wr i wkh p lqlp xp
z dj h fkdqqhof ohduo| ghshqgv r q krz p dq| z r unhuv duh d� hf whg lq wkh orz hu
vhj p hqwr i wkh z dj h glvwulexwlr q1 Lq dgglwlr q/ wkh exgj hwdu| lp solf dwlr qv r i
wduj hwhg wd{ fkdqj hv ghp dqg d ghwdlohg p r gholqj r i wkh z dj h glvwulexwlr q1

f , Wkh ghwdlohg p r gholqj r i lqvwlwxwlr qv uhodwhg wr wkh oder up dunhw1P LP LF
glvwlqj xlvkhv ehwz hhq lqglylgxdov wkdwuhf hlyh ehqh� wv olqnhg wr j ur vv lqglylgxdo
z dj hv +xqhp sor | p hqwehqh� wv/ glvdelolw| ehqh� wv, dqg lqglylgxdov wkdwuhf hlyh
ehqh� wv uhodwhg wr qhwdyhudj h z dj hv +z hoiduh ehqh� wv,1 I xuwkhup r uh/ wkh p r gho
f r qwdlqv d ghwdlohg p r gholqj r i wkh wd{ v| vwhp 1 Wklv j lyhv xv uhdolvwlf vwduwlqj
ydoxhv ir u wd{ udwhv dqg wd{ edvhv1

615 Vlp xodwlr q uhvxowv

Lq wkh ulf k lqvwlwxwlr qdovhwxs r i P LP LF z h f r qvlghuwkh ir oorz lqj vkliwv lq wd{ hv
iur p hp sor | hhv wr hp sor | huv=

4, Dq lqf uhdvh lq vr f ldovhf xulw| f r qwulexwlr qv e| hp sor | huv r i 4 shuf hqwr i
j ur vv kr xuo| z dj hv/ f r p elqhg z lwk d ghf uhdvh lq hp sor | hh lqf r p h wd{ udwhv r i
4 shuf hqwr i j ur vv kr xuo| z dj hv1

5, Dq lqf uhdvh lq vr f ldovhf xulw| f r qwulexwlr qv e| hp sor | huv wduj hwhg dwwkh
er wwr p hqg r i wkh z dj h glvwulexwlr q +wkh skdvh0lq udqj h lv ehwz hhq 83 dqg 433
shuf hqwr i j ur vv kr xuo| p lqlp xp z dj hv/ wkh skdvh0r xwudqj h lv ehwz hhq 483
dqg 533 shuf hqwr i j ur vv kr xuo| p lqlp xp z dj hv, / f r p elqhg z lwk d uhgxf wlr q r i
lqf r p h wd{ udwhv ir u hp sor | hhv +z lwk d vlp lodu skdvh0lq dqg skdvh0r xwudqj h,1
Wkh p d{ lp xp wd{ vkliwht xdov 4633 hxur ehwz hhq 433 dqg 483 shuf hqwr i j ur vv
kr xuo| p lqlp xp z dj hv1

Er wk vlp xodwlr qv lp so| dq *h{ dqwh* wd{ vkliwr i 517 eloolr q hxur / z khuh *h{
dqwh* p hdqv z lwkr xwdq| fkdqj hv lq ehkdylr u1 Lq er wk vlp xodwlr qv wkh j r yhuq0
p hqwfkdqj hv wkh udwh r i j hqhudo lqf r p h wd{ dwlr q +ir u doo lqylgxdov/ qr wmxvw
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z r unhuv exwdoolqglylgxdov z lwk lqf r p h +xqhp sor | hg/ uhwluhg hwf 1, , wr p dlqwdlq
d edodqf hg exgj hw1 I xuwkhup r uh/ r xudqdo| vlv lv hvvhqwldoo| f r p sdudwlyh vwdwlf v/
l1h1 z h f r p sduh ht xloleuld1 Z h gr qr wf r qvlghuwkh wudqvlwlr q sdwk r i wkh lqlwldo
ht xloleulxp wr wkh qhz ht xloleulxp z lwk wkh fkdqj hg wd{ sdudp hwhuv1 Khqf h/
wkh uhvxowv vkr xog eh ylhz hg dv *or qj 0uxq*1

Wkh vlp xodwlr q uhvxowv duh j lyhq lq Wdeoh 41 Lq er wk vlp xodwlr qv z h vhh wkdw
wkh uhsodf hp hqwudwh gur sv1Dv d oduj h sduwr i ehqh� wv duh olqnhg wr j ur vv z dj hv/
dqg vkliwlqj wd{ hv lp solhv d idoolq j ur vv z dj hv/ qhwehqh� wv gur s uhodwlyh wr qhw
z dj hv1 Lqghhg/ hp sor | hg z r unhuv duh f r p shqvdwhg e| wkh gur s lq j ur vv z dj hv
yld wkh uhgxf wlr q lq lqf r p h wd{ hv ir u hp sor | hg z r unhuv1 Z khq z h wduj hwwkh
wd{ vkliwdwwkh er wwr p r i wkh oder u p dunhwz h r evhuyh d vlj ql� f dqwuhgxf wlr q
r i wkh uhsodf hp hqwudwh ir u xqvnloohg z r unhuv1

Wkh idoo lq wkh uhsodf hp hqwudwh p r ghudwhv z dj h f odlp v/ z klf k uhvxowv lq
orz hu z dj h f r vwv1 Z khq wkh wd{ vkliwlv wduj hwhg dwwkh er wwr p r i wkh oder u
p dunhw/ wkhuh lv d vlj ql� f dqwgur s lq z dj h f r vwv r i wkh orz 0vnloohg1 Wkh gur s
lq dyhudj h oder u f r vwv lv volj kwo| orz hu ir u wkh wd{ vkliwwduj hwhg dwwkh er wwr p
r i wkh oder u p dunhw1 Wkh p lqlp xp z dj h f kdqqhovhhp v wr sod| d p lqr u ur oh
uhodwlyh wr wkh xqhp sor | p hqwehqh� wv2uhsodf hp hqwudwh fkdqqho1

Wkh fkdqj h lq sur gxf wlr q p luur uv wkh f kdqj h lq z dj h f r vwv/ z lwk wkh j hqhudo
wd{ vkliwehlqj volj kwo| p r uh h� hf wlyh lq udlvlqj r xwsxwwkdq wkh wduj hwhg wd{
vkliw1 Lqghhg/ z khuhdv wkh hp sor | p hqwh� hf wv duh vlp lodu/ sur gxf wlylw| volj kwo|
ulvhv z lwk wkh j hqhudo wd{ vkliwdqg volj kwo| idoov z lwk wkh wduj hwhg wd{ vkliw1
Wkh uhdvr q ir u wkh gl� huhqf h lq sur gxf wlylw| h� hf wv lv wkdwwkh wduj hwhg wd{
vkliwdf klhyhv vxevwlwxwlr q r i or z 0vnloohg oder u ir u klj k0vnloohg oder u dqg wkxv d
idoolq sur gxf wlylw| dwwkh p df ur ohyho1

Oder u vxsso| lv kdugo| d� hf whg +qr wuhsr uwhg lq wkh wdeoh, / z klf k lp solhv
wkdwwkh fkdqj hv lq xqhp sor | p hqwuh hf wwkh fkdqj hv lq hp sor | p hqw1 Dyhudj h
xqhp sor | p hqwidoovvolj kwo| p r uhxqghuwkhj hqhudowd{ vkliw/ z khuhdvor z 0vnloohg
xqhp sor | p hqwidoov p xf k p r uh z khq wkh wd{ vkliwlv wduj hwhg dwwkh er wwr p r i
wkh oder u p dunhw1

Ryhudoo/ z h f r qf oxgh wkdwwkh xqhp sor | p hqwehqh� wfkdqqholv e| idu wkh
p r vwlp sr uwdqwfkdqqhowkur xj k z klf k d wd{ vkliwh� hf wv oder up dunhwr xwf r p hv
uhodwlyh wr wkh p lqlp xp z dj h fkdqqho1 D wd{ vkliwiur p hp sor | hhv wr hp sor | huv
orz huv xqhp sor | p hqw1

7 I xuwkhu f r qvlghudwlr qv lq wd{ vk l iwlqj

Der yh z h vkrz hg wkdwlqvwlwxwlr qdo ihdwxuhv suhvhqwlq ehqh� wdqg p lqlp xp
z dj hv ghwhup lqdwlr q lp so| wkdw lw gr hv p dwwhu z khwkhu wd{ hv duh ohylhg r q
hp sor | huv dqg hp sor | hhv1 D vkliwlq wd{ hv iur p hp sor | hhv wr hp sor | huv orz huv
xqhp sor | p hqwdqg udlvhv r xwsxw1Lq wklvvhf wlr q z hz dqwwr f r qvlghuwz r ixuwkhu
lvvxhv uhodwhg wr wd{ vkliwlqj =v| vwhp f r vwv dqg dexvh1

Lq wkh p r ghof kdqj hv lq wkh wd{ v| vwhp duh f r vwohvv lq whup v r i uxqqlqj wkh
wd{ v| vwhp 1 Kr z hyhu/ r qh f dq hqylvdj h wkdwwkhvh f r vwv duh olnho| wr ulvh z lwk
wkh qxp ehu r i wd{ lqvwuxp hqwv xvhg1 Wklv z r xog eh dq duj xp hqwdj dlqvwwd{
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Wdeoh 4=Vlp xodwlr q r xwf r p hv=Wd{ vkliwlqj lq P LP LF

Vlp xodwlr qd j hqhudovkliwwr hp sor | huv vkliwwr hp sor | huv dwwkh er wwr p

Sulfhv Shuf hqwdj h fkdqj hv

Z dj h f r vwv 03157 03155
0orz 0vnloohg 03155 03173

Yr oxp hv

Sur gxf wlr q 3154 314<
Hp sor | p hqw 3153 3153
0orz 0vnloohg 3153 3163

Udwlr v Devr oxwh fkdqj hv

Xqhp sor | p hqwudwh 03147 03146
0orz 0vnloohg 03149 03158
Uhsodf hp hqwudwh 031; 6 031; 3
0orz 0vnloohg 031; 3 04198

dLq doovlp xodwlr qv wkh j r yhuqp hqwdgmxvwv lqf r p h wd{ udwhv wr p dlqwdlq d edodqf hg exgj hw1
Lq doovlp xodwlr qv wkh *h{ dqwh* vkliwlq wd{ hv iur p hp sor | hhv wr hp sor | huv lv 517 eloolr q
hxur 1
eVkliwlq wd{ hv ir u hp sor | hhv wr hp sor | huv r i 4 shuf hqwr i j ur vv kr xuo| z dj h udwh1
f Vkliwlq wd{ hv ir u hp sor | hhv wr hp sor | huv1 Skdvh0lq ehwz hhq 83 dqg 433 shuf hqwr i j ur vv
kr xuo| p lqlp xp z dj hv1 Skdvh0r xwehwz hhq 483 dqg 533 shuf hqwr i j ur vv kr xuo| p lqlp xp
z dj hv1 P d{ lp xp vkliw+ehwz hhq 433 dqg 483 shuf hqwr i j ur vv kr xuo| p lqlp xp z dj hv,
ht xdov 4633 hxur 1
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vf khp hv wkdwwd{ er wk hp sor | hu dqg hp sor | hh1
Dqr wkhu lvvxh lv wkh sr whqwldodexvh r i wduj hwhg wd{ ghgxf wlr qv e| z r unhuv

dqg2r u � up v1 Z khq � up v uhf hlyh d wd{ ghgxf wlr q ir u orz z dj h z r unhuv wkh|
kdyh dq lqf hqwlyh wr ryhuvwdwh wkh qxp ehu r i kr xuv z r unhg vr dv wr xqghuvwdwh
wkh kr xuo| z dj h ir u d j lyhq | hduo| z dj h lqf r p h ir u wkh z r unhu1 Wkh vdp h
lqf hqwlyh h{ lvwv ir uwkh z r unhuz khq wkh wd{ ghgxf wlr q lv wduj hwhg dwz r unhuv1 Lw
lv xqf ohdu li dexvh r i wkh wd{ ghgxf wlr qv lq wklv df f r xqwlqj w| sh r i z d| lv d uhdo
f r qf huq r i df wxdosur j udp v1 Krz hyhu/ r qh p d| hqylvdj h wkdwz khq wkh v| vwhp
j lyhv d wd{ h{ hp swlr q wr er wk wkh � up dqg wkh z r unhu wkdwer wk sduwlhv kdyh
dq lqf hqwlyh wr r yhuvwdwh wkh qxp ehur i kr xuv z r unhg dqg xqghuvwdwh wkh kr xuo|
z dj h1 Khqf h/ dexvh lv p r uh olnho| wr uhvxow1 Z khq dexvh lv d uhdof r qf huq lw
p d| wkhq eh vhqvleoh wr kdyh d wd{ h{ hp swlr q r q r qo| vlgh r i wkh p dunhw1

Er wk v| vwhp f r vwv dqg dexvh f r qvlghudwlr qv vxj j hvwwkdwr qo| r qh r i wkh wz r
sduwlhv lqyr oyhg vkr xog eh wd{ hg1 Wd{ lqj z r unhuv p d| eh p r uh f r vwh� hf wlyh
lq whup v r i v| vwhp f r vwv li wkh wd{ v| vwhp z dqwv wr df f r xqwir u z r unhu0vshf l� f
idf wr uv dv z hoo1 Rq wkh r wkhu kdqg/ wd{ lqj � up v p d| hqdeoh wkh h{ sor lwdwlr q r i
vf doh h� hf wv1

8 F r qf oxvlr qv

Xqhp sor | p hqwehqh� wv dqg p lqlp xp z dj hohj lvodwlr q p d| euhdn wkhv| p p hwu|
ehwz hhq hp sor | hhv* dqg hp sor | huv* wd{ hv1 D vkliwlq wd{ hv iur p hp sor | hhv wr
hp sor | huv gr hv qr wd� hf wz dj h f r vwv dqg qhwz dj hv/ fhwhulv sdulexv/ kr z hyhu
j ur vvz dj hv idoo1D oduj hsduwr i ehqh� wvduholqnhg wr j ur vvz dj hv1Dvd uhvxowwkh
uhsodf hp hqwudwh idoov/ orz hulqj z dj h f r vwvdqg wkhuhe| vwlp xodwlqj hp sor | p hqw1
Krz hyhu/ p lqlp xp z dj hvp d| olp lwwkh idoolq xqhp sor | p hqwz khq wkhwd{ vkliw
lv wduj hwhg dwwkh er wwr p r i wkh oder up dunhw1 Z khq p lqlp xp z dj hv duh olqnhg
wr dyhudj h z dj hv/ dqg dyhudj h z dj hv duh kdugo| d� hf whg e| wkh wd{ vkliwdwwkh
er wwr p / hp sor | huv ehdu wkh ixooexughq r i wkh klj khu hp sor | huv* wd{ hv dwwkh
er wwr p r i wkh oder u p dunhw1

Z h vxevht xhqwo| duj xh wkdwxqhp sor | p hqwehqh� wv ghwhup lqdwlr q lv p r uh
olnho| wr sod| dq lp sr uwdqwur oh lq wkh ryhudoolp sdf wwkdq p lqlp xp z dj hv dv
r qo| ihz z r unhuv z r un f or vh wr r u dwwkh p lqlp xp z dj h1 Vlp xodwlr qv z lwk
P LP LF/ dq DJ H p r ghoir u sr olf | dqdo| vlv r q wkh Gxwfk oder u p dunhw/ f r q� up
wklv lqwxlwlr q1 D j hqhudovkliwlq wd{ hv iur p hp sor | hhv wr hp sor | huv r i 4 shu0
f hqwdj hsr lqworz huv xqhp sor | p hqwe| 14 shuf hqwdj hsr lqwv dqg udlvhv dj j uhj dwh
sur gxf wlr q e| 15 shuf hqw1 Wkh vdp h exgj hwdu| *h{ dqwh* vkliwlq wd{ hv iur p hp 0
sor | hhv wr hp sor | huv dwwkh er wwr p r i wkh oder u p dunhwj lyhv vlp lodu dj j uhj dwh
uhvxowv/ z lwk d p xf k oduj hu lp sdf wr q wkh er wwr p r i wkh oder u p dunhw1

Qr wh wkdwwkh uhdvr q ir u wkh qr q0qhxwudolw| r i wkh dqdo| }hg wd{ vkliwlv hq0
wluho| lqvwlwxwlr qdo1 Wklv lqglf dwhv wkdwwkh vdp h hp sor | p hqwh� hf wv f r xog eh
duulyhg dwlq dqr wkhu z d| / qdp ho| e| vlp so| f xwwlqj xqhp sor | p hqwehqh� wv1
Krz hyhu/ h{ shulhqf h vxj j hvwv wkh wkh sr olwlf dof r vwv r i wklv dowhuqdwlyh ur xwh duh
f r qvlghudeo| klj khu1 I ur p d sr olwlf dosr lqwr i ylhz / lwf dq eh duj xhg wkhq wkdw
wkh wd{ vkliwlv d p r uh h! f lhqwur xwh wr lqf uhdvh hp sor | p hqw1
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Wkh olqnlqj r i ehqh� wv wr j ur vv z dj hv idyr uv d wd{ vkliwiur p hp sor | huv wr
hp sor | hhv lq whup v r i sur gxf wlr q dqg xqhp sor | p hqw1 V| vwhp f r vwv dqg dexvh
ixuwkhuvhhp wr idyr uxvlqj r qo| r qhwd{ lqvwuxp hqw1Wduj hwlqj wkhwd{ ghgxf wlr q
dwz r unhuv vhhp v wkh p r vwf r vwh� hf wlyh/ dv lwf dq eh lqwhj udwhg lq wd{ ir up v1
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P LP LFlqj Wd{ Sr olf lhv dqg wkh Oder xu P dunhw/ Qr uwk0Kr oodqg1

Slvvdulghv/ F1D1/ 4<<3/ Ht xloleulxp Xqhp sor | p hqwWkhr u| / Edvlo Eodfnz hoo/
R{ ir ug1

Shwur qj r or / E1dqg F1D1Slvvdulghv/ 5333/ Orr nlqj lqwr wkh Eodf n Er {=D Vxuyh|
r i wkh P dwf klqj I xqf wlr q/ FHSU Glvf xvvlr q Sdshu/ 7: 3/ Or qgr q1

Whxolqj v/ F1Q1/ Yr j hov/ H1K1Z 1P 1dqg O1J 1P 1ydq Glhwhq/ 4<<; / P lqlp xp or r q/
duehlgvp dunwhq lqnr p hqvyhugholqj / VGX Sxeolvkhuv/ Wkh Kdj xh1
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