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Wkh vwxg| ri dfrxvwlfv kdv ehhq durxqg iru pruh wkdq d fhqwxu|/ vlqfh
Khopkrow}4 dqg Ud|ohljk15 Iurp hduo| ghprqvwudwlrq ohfwxuhv zlwk vlqjlqj
 dphv/ lw kdv jurzq wr pdmru frqihuhqfhv/6 vhyhudo mrxuqdov/ dqg kxqguhgv ri
errnv> lw kdv h{sdqghg wr �oo Hqf|forshgldv sxeolvkhg khuh7 dqg lq Hqjodqg1
D qhz Kdqgerrn8 lv vr exon| lw uhtxluhv vshfldo kdqgolqj lq pdlo rughu1 Hode0
rudwh vwdqgdugv iru exloglqjv kdyh ehhq frgl�hg9 > qhyhuwkhohvv/ sureohpv vwloo
dulvh= h{fhvvlyh qrlvh lq krphv> srru sulydf| lq r!fhv> srru vshhfk uhfrjqlwlrq
lq dxglwrulxpv/ dqg vr rq1

L eholhyh wkdw pdq| sureohpv duh gxh wr frppxqlfdwlrqv sureohpv ehwzhhq
hqjlqhhuv dqg dufklwhfwv1 Zh qhhg wr hgxfdwh hqjlqhhuv wr xqghuvwdqg exloglqjv
ehwwhu�dv lq wkh �Hqjlqhhulqj Dfrxvwlfv� frxuvh: dw RVX�dqg zh dovr qhhg
wr whdfk dufklwhfwv wr xqghuvwdqg wkh odqjxdjh ri hqjlqhhuv1

Wkh iroorzlqj sdjhv duh dqRxwolqh ri vrph nh| idfw derxw sudfwlfdo dfrxvwlfv
iru dufklwhfwv1

4Khupdqq O1I1 Khopkrow}/ Rq wkh Vhqvdwlrqv ri Wrqh dv d sk|vlrorjlfdo edvlv iru wkh
wkhru| ri pxvlf +4;96,/ wudqvodwhg e| Doh{dqghu Hoolv/ Gryhu Sxeolfdwlrqv/ Qhz \run 4<871

5M1Z1V1 Ud|ohljk/ Wkh Wkhru| ri Vrxqg +4;::,/ lq wzr yroxphv/ Gryhu Sxeolfdwlrqv/ Qhz
\run 4<781

6Surfhhglqjv= LHHH Lqwhuqdwlrqdo Frqihuhqfh rq Dfrxvwlfv/ Vshhfk/ dqg Vljqdo Surfhvvlqj
+LFDVVS, 5333/ LVEQ 30:;3695<607 dqg 30:;3695<705> 68;7 sdjhv1

7Hqf|forshgld ri Dfrxvwlfv/ 70Yroxphv Vhw/ hg1 Pdofrop M1 Furfnhu/ Mrkq Zloh| ) Vrqv/
Q1\1/ 4<<:/ LVEQ 307:40;37980:> ':331

8Kdqgerrn ri Dfrxvwlfv/ hg1 Pdofrop M1 Furfnhu/ Mrkq Zloh| ) Vrqv/ Q1\1/ 4<<;/ LVEQ
307:40585<60[> 47;; sdjhv/ 51;6 { <18; { ;139 lqfkhv/ '4<81

9Dqqxdo Errn ri DVWP Vwdqgdugv/ Vhfwlrq 7= Frqvwuxfwlrq/ Yroxph 37139= Wkhu0
pdo Lqvxodwlrq/ Hqylurqphqwdo Dfrxvwlfv> Dphulfdq Vrflhw| iru Whvwlqj ) Pdwhuldov/
kwws=22zzz1dvwp1ruj2

:kwws=22zzz1pdh1rnvwdwh1hgx2Idfxow|2pruhwwl2pruhwwl1kwpo
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Dfrxvwlf zdyhv duh ghvfulehg lq d qxpehu ri gl�huhqw zd|v

� sduwlfoh glvsodfhphqw
x sduwlfoh yhorflw|�

�� �dyj
�

�dfrxvwlf� ghqvlw|
v �frqghqvdwlrq�

�
�� �dyj

�
@�dyj

s �dfrxvwlf� suhvvxuh +S � Sdyj,

zklfk duh uhodwhg e| wkh dgldedwlf exon prgxoxv ri dlu> li dq| rqh dfrxvwlf
dpsolwxgh lv nqrzq/ wkh rwkhuv fdq eh fdofxodwhg1

Wkh yhorflw| ri vrxqg lq dlu lv

f @

v
� �

U

P
� Wdev

�@ 673 p2v �@ 4433 iw2vhf

dqg ydulhv zlwk wkh vtxduh0urrw ri devroxwh whpshudwxuh1;

Lq d sodqh zdyh/ sduwlfoh yhorflw| dqg dfrxvwlf suhvvxuhv duh sursruwlrqdo wr
hdfk rwkhu

xpd{ @
spd{jf
�rf

Iru sodqh wudyholqj zdyhv/ wkh vshfl�f dfrxvwlf lpshgdqfh ri d  xlg lv d uhdo
qxpehu

�rf

jf
�@ 748

Sd0v

p
lq dlu

dqg sduwlfoh0yhorflw| dpsolwxgh kdv d �{hg uhodwlrqvkls wr dfrxvwlf suhvvxuh1
Vlqfh wkh dyhudjh hqhuj| ghqvlw| H lq d sodqh zdyh lv uhodwhg erwk wr sduwlfoh
vshhg dqg dovr wr dfrxvwlf suhvvxuh s/ lw lv sursruwlrqdo wr wkh vtxduh ri wkh
shdn ydoxhv ri hlwkhu rqh dv zhoo

H @
spd{xpd{

5f
@

�rx
5
pd{

5jf
@

s5
pd{

jf
5�rf

5
@

s5upvjf
�rf

5

zkhuh supv @ 3=:3:spd{ iru vlqxvrlgdo zdyhv1
Wkh udwh shu xqlw duhd ri hqhuj| wudqvplvvlrq lv wkh surgxfw ri dfrxvwlf

suhvvxuh dqg sduwlfoh yhorflw|/ lq xqlwv ri Z2p51 Lq sodqh zdyhv/ wkh dyhudjhg
lqwhqvlw| L lv uhodwhg wr u1p1v1 dfrxvwlf0suhvvxuh dpsolwxgh e|

L @ 	
s5upvjf
�rf

;Wklv lv rqo| d vpdoo yduldwlrq lq kxpdq0rffxslhg vsdfhv/ exw mxvw hqrxjk wkdw slsh rujdqv
dqg hohfwurqlf rujdqv grq*w vwd| lq wxqh zlwk hdfk rwkhu1
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Iru vskhulfdo zdyhv/ wklv uhodwlrqvkls vwloo krogv/ vr wkdw wkh wrwdo hqhuj|  rz �
wkurxjk d vskhulfdo vxuidfh fdq eh rewdlqhg e| vxpplqj xs wkh lqwhqvlw| ryhu
wkh hqwluh vxuidfh ri duhd 7�u51 Wkh srzhu  x{ +lqwhqvlw|, ri d sodqh dfrxvwlf
zdyhv dorqj d gluhfwlrqdo olqh qrupdo wr d vskhulfdo vxuidfh fdq eh rewdlqhg iurp
wzr suhvvxuh phdvxuhphqwv +plfurskrqhv, dorqj wkdw olqh<

L @
s4 . s5

5
�

]
s4 � s5
���{

gw

Lw fdqqrw eh ghwhuplqhg zlwk d vlqjoh plfurskrqh$

� ����� ����������	�

��� ����
�

Lqwhqvlw| Ohyho dqg Vrxqg Suhvvxuh Ohyho duh phdvxuhg lq orjdulwkplf
ghflEho vfdohv> iru dlu/ wkh| duh xvxdoo| jlyhq dv

LO @ 43 orj43

�
L

43�45Z2p

�

VSO @ 53 orj
43

�
supv

53�Sd

�

Iru wudyholqj zdyhv lq dwprvskhulf dlu/ wkh gl�huhqfh ehwzhhq LO uhodwlyh wr
43�45 Z2p5 +wkh uhihuhqfh Lqwhqvlw|,/ dqg VSO uhodwlyh wr 53 �Sd +wkh uhihuhqfh
Vrxqg Suhvvxuh Ohyho,/ lv qhjoljleoh= derxw 5( lq uhihuhqfh suhvvxuh/ ru 7( lq
uhihuhqfh lqwhqvlw|/ ru derxw 429 gE1

Krzhyhu/ VSO/ phdvxuhg e| d vlqjoh plfurskrqh ru hdu/ lv frqfhswxdoo|
gl�huhqw iurp LO= li htxdo dprxqwv ri d wrqh wudyho lq rssrvlwh gluhfwlrqv/ LO
lv }hur/ exw VSO ydulhv iurp }hur +dw qrghv orfdwlrqv, wr shdn vwdqglqj0zdyh
ydoxhv +lq ehwzhhq wkh qrghv,1

��� �����������

Vshfwudo frpsrqhqwv udqjh iurp ehorz 93 Khuw}/ zklfk duh pruh ihow wkdq khdug/
wr ryhu 43 NlorKhuw}/ zklfk duh rqo| khdug e| wkh |rxqj1

Vshfwudo Ghqvlw| lv srzhu . zlwklq d iuhtxhqf| lqwhuydo �i ri 4 Khuw}/ lw kdv
xqlwv ri Z2p52K} dqg lv d ixqfwlrq ri iuhtxhqf| . +i,> lw fdq eh h{suhvvhg lq
d orjdulwkplf ghflEho vfdoh dv LVO ru SVO1 E| dgglwlrq/ wkh Edqg Ohyho fdq eh
rewdlqhg iru d edqg $ / �i @ +i5 � i4,

Ledqg @

] i5

i4

.gi

<V1 Jdgh +E)N,/ �Vrxqg Lqwhqvlw| dqg Lwv Dssolfdwlrq lq Qrlvh Frqwuro/� Vrxqg dqg
Yleudwlrq/ Pdufk 4<;8/ ss147�541

6



zkhuh/ iru . +i, @frqvwdqw

Ledqg @ .� $

LOedqg @ 43 orj43

�
.� $

Luhi

�

@ 43 orj43

�
.� 4

Luhi

�
. 43 orj43

�$
4

�
@ LVO. 43 orj$

Wkh wrwdo Lqwhqvlw| lv wkh vxp ri doo wkh edqg ohyhov

L @

]
4

3

.gi @
[
doo

Ledqg

LO @ 43 orj43

�S
Ledqg
Luhi

�

@ orj43

�[
43LOe d q g

�

��� �����	����������������

Uh hfwlrq dw dq lqwhuidfh lv juhdwhvw zkhq wkh lpshgdqfh gl�huhqfh lv odujh>
wkdw lv/ li wkh vxuidfh kdv kljk ghqvlw| dqg kljk vshhg0ri0vrxqg1

Li d qrlvh vrxufh lv forvh wr d vrolg zdoo/ lwv h�hfwlyh srzhu lv lq lwv dlu0vsdfh
grxeohg1

Iru d wklq zdoo +wzr uh hfwlrqv,/ wudqvplvvlrq lv ohdvw zkhq wkh pdvv ri wkh
zdoo lv odujh1

Uhvrqdqfhv lq fdylwlhv duh olnho| wr rffxu zkhq wkh �@5 lv htxdo wr wkh gl0
phqvlrq dfurvv wkh fdylw|/ ru wr dq lqwhjhu iudfwlrq ri lw1

�  ���� !������

��� !	���	���


Irrwvwhsv/ sxpsv/ dqg hohydwru0prwruv wudqvplw yleudwlrqv wr vwuxfwxuhv/ zklfk
fdq fduu| wkh qrlvh ryhu orqj glvwdqfhv xqohvv wkh sdwk lv lqwhuuxswhg1 Wkh ehvw
sodfh wr lqwhuuxsw wkh vwuxfwxudo sdwk lv qhdu wkh vrxufh/ h1j1 lqvwdoolqj prwruv
rq vkrfn0prxqwv ru rq vhsdudwh frqfuhwh sdgv1

��� ����
 !������

Krph dssoldqfhv dqg r!fh htxlsphqw udgldwh qrlvh143 \rx fdq phdvxuh vrxqg
rxwsxw ri d vshdnhu ru d qrlvh vrxufh

� lq dq dqhfkrlf fkdpehu zlwk rqh plfurskrqh>
43Vrphwlphv lqfoxglqj gholehudwho| jhqhudwhg dprxqwv ri zklwh qrlvh wr fryhu rwkhu +pruh

reqr{lrxv, pdfklqhu| vrxqgv$
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� lq dq rshq �hog zlwk rqh plfurskrqh>

� lq d uhyhuehudwlrq fkdpehu zlwk rqh plfurskrqh>

� zlwk wzr plfurskrqhv1

Zkhq orxg pdfklqhu| lv qhfhvvdulo| lq wkh vdph vsdfh dv wkh kxpdqv/ dq dfrxvwlf
hqforvxuh pxvw eh ghvljqhg1 Vxfk hqforvxuhv qhhg wr eh iuhh ri dfrxvwlf ohdnv/
uljlg/ dqg sdfnhg zlwk devruelqj pdwhuldo1

��� "��	#$����

Idqv dqg eorzhuv surgxfh irxu nlqgv ri qrlvh/ gldjqrvhg iurp wkhlu dfrxvwlf
vshfwuxp=

� Vwuxfwxudo qrlvh iurp uhvlgxdo xqedodqfh/ dw wkh urwdwlrqdo iuhtxhqf|1

� Eodgh0sdvvdjh sxovdwlrq lq wkh gxfw/ +urwdwlrqdo0iuhtxhqf| � qxpehu0ri0
eodghv,1

� Yruwh{0vkhgglqj/ h1j1 ehklqg xq0vwuhdpolqhg urwru eodghv1

� Lqvwdelolw|0sxovdwlrqv +riwhq orz0iuhtxhqf|,

� Udqgrp zklwh qrlvh1

Eorzhu vshfl�fdwlrqv vkrxog plqlpl}h wkhvh1 Doo exw wkh �uvw ri wkhvh fdq eh
dwwhqxdwhg zlwk frpphufldo gxfw olqlqjv dqg px"huv1 Krzhyhu/ wkh gl�xvhu0
judwhv uhlqwurgxfh qhz qrlvh li wkh dlu yhorflwlhv duh wrr kljk1 DKVUDH44 kdv
sxeolvkhg h{whqvlyh uhvhdufk gdwh rq wkhvh lvvxhv> dsso|lqj lw uhtxluhv forvh
fr�rshudwlrq ehwzhhq dufklwhfwv dqg phfkdqlfdo hqjlqhhuv1

��% &���������	�
 !������

Wr nhhs wud!f qrlvh rxw/ zh qhhg wr soxj wkh krohv lq wkh zdoov1 Edvlf sk|vlfv
whoov xv wkdw wkh lv qr vxevwlwxwh iru zhljkw lq zlqgrz sdqhv1

Vlploduo|/ wr nhhs qrlvh iurp dgmdfhqw urrpv rxw/ zh pd| kdyh prgli| wkh
grruv +dqg zhdwkhu0vwulsslqj,/ lqwhuuxsw wkh zdoo lqwhuqdoo|/ lqvhuw ohdg eodqnhwv/
hwf1

Vrxqg devruswlrq grhv qrw khos yhu| pxfk/ ehfdxvh lw frqvxphv rqo| d
prghvw iudfwlrq ri wkh hqhuj|1 Suri1 U1O1 Orzhu|45 kdv phdvxuhg wkh wudqvplv0
vlrq surshuwlhv ri sdqhov e| prxqwlqj wkhp lq dq rshqlqj ehwzhhq dq dqhfkrlf
fkdpehu dqg d uhyhuehudwlrq urrp1

44DVKUDH/ wkh Dphulfdq Vrflhw| ri Khdwlqj/ Uhiuljhudwlqj dqg Dlu0Frqglwlrqlqj Hqjl0
qhhuv/ kwws=22zzz1dvkudh1ruj2

45kwws=22zzz1pdh1rnvwdwh1hgx2
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DVWP46 gh�qhv vhyhudo zhljkwhg phdvxuhv ri qrlvh ohyho1
Vrxqg Ohyho OD lv d zhljkwhg vxp ri edqg ohyhov> ehfdxvh wkh zhljkwlqj lv

xqlw| dw 4333 Khuw}/ d qrwh dw wkdw iuhtxhqf| kdv wkh vdph ghflEho ydoxh lq OD
dv lq LO dqg VSO> orzhu ru pxfk kljkhu wrqhv kdyh orzhu OD ydoxhv1

Vrxqg Ohyho OF lv  dwwhu dqg dssur{lpdwhv LO ru VSO pruh forvho|1 Li d F0
zhljkwhg uhdglqj ri d vrxqgphwhu lq |rxu r!fh lv vxevwdqwldoo| kljkhu wkdq wkh
D0zhljkwhg uhdglqj/ |rx fdq frqfoxgh wkdw d orw ri wkh qrlvh lv dw wkh h{wuhph
hqg+v, ri wkh vshfwuxp1

Orxgqhvv Ohyho OQ lq Skrq kdv gl�huhqw zhljkwlqj idfwruv +uhodwlyh wr 4333
Khuw}, ghshqglqj rq LVO ru SVO> dw 4333 Khuw}/ skrq duh qxphulfdoo| wkh vdph
dv ghflEho/ exw d orz lqwhqvlwlhv orz0iuhtxhqf| qrwhv kdyh orzhu ydoxhv lq Skrq
wkdq lq ghflEho1 Wkh zhljkwlqj idfwruv duh rewdlqhg iurp OL fxuyhv1 Dw 4333
Khuw} dqg deryh 63 gE/ OQ lq Skrq dqg LO lq gE duh qxphulfdoo| wkh vdph1

Orxgqhvv Q lq Vrqh uhwxuqv iurp d orjdulwkplf wr d olqhdu vfdoh

Q @ 3=379� 43OQ@63 Vrqh

OQ @ 63 orj43

�
Q

3=379

�
Skrq

Zh fdq hvwlpdwh wkh qrlvh lq d idfwru| e| krz orxg |rx kdyh wr vkrxw uljkw
lqwr d shuvrq*v hdu wr wdon wr wkhp�dqg li |rx gr kdyh wr vkrxw/ wkdw ohyho zloo
fdxvh khdulqj lpsdluphqw ryhu wkh |hduv$

Dw orzhu ohyhov/ r!fh qrlvh fdq lqwhuihuh zlwk vshhfk lqwhooljlelolw|/ dqg vsh0
fldo zhljkwlqj vfkhphv kdyh ehhq ghylvhg wr dvvhvv wklv h�hfw147 Rq wkh rwkhu
kdqg/ pdqdjhg zklwh qrlvh fdq dvvlvw sulydf| lq vkduhg r!fh vsdfhv1

' ���� (����	���

'�� �����$���	���

Wkh ohqjwk ri wlph ehiruh d vrxqg/ hfkrlqj r� wkh zdoov ri d urrp/ �qdoo| glhv rxw
lv fdoohg uhyhuehudwlrq1 Wudglwlrqdoo|/ odujh fkxufkhv kdyh yhu| orqj uhyhuehud0
wlrq wlphv> uhfruglqj vwxglhv/ yhu| vkruw rqhv1 Uhyhuehudwlrq fdq eh pdqdjhg
e| urrp vl}h/ uh hfwlqj vxuidfhv/ dqg devruelqj vxuidfhv1 Oljkw dfrxvwlf sdqhov
zklfk duh lqh�hfwlyh lq uhgxflqj vrxqg wudqvplvvlrq lqwr dq dgmrlqlqj vsdfh/
duh yhu| h�hfwlyh lq uhgxflqj uhyhuehudwlrq/ ehfdxvh hyhq d prghvw devruswlrq
rq hdfk uh hfwlrq/ pxowlsolhv xs wr elj uhgxfwlrqv diwhu pxowlsoh uh hfwlrqv1

46DVWP/ wkh Dphulfdq Vrflhw| Iru Whvwlqj dqg Pdwhuldov/ kwws=22zzz1dvwp1ruj2
47Odzuhqfh H1 Nlqvohu/ D1U1 Iuh|/ D1E1 Frsshqv/ ) M1Y1 Vdqghuv/ Ixqgdphqwdov ri

Dfrxvwlfv/ Irxuwk Hglwlrq/ Mrkq Zloh| dqg Vrqv/ Qhz \run f?5333/ LVEQ 307:40;7:;<08>
sdjhv 695�6961
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Dfrxvwlf wuhdwphqwv jhqhudoo| kdyh dq lqwhuphgldwh/ riwhq judghg ghqvlw|1 Wkh
h{wuhph h{dpsoh lv wkh dqhfkrlf fkdpehu1

'��  ���� �����	��� *��+����	�

Vdelqh Devruswlrq Frh!flhqwv ydu| zlwk iuhtxhqf|1 Wkh frpelqhg Qrlvh Uh0
gxfwlrq Frh!flhqw lv d vlqjoh qxpehu zklfk lv wkh dulwkphwlf dyhudjh ri Vdelqh
Devruswlrq Frh!flhqwv dw wkh irxu lqwhuphgldwh rfwdyh0edqg iuhtxhqflhv

QUF @
�583 . �833 . �4333 . �5333

7

zkhuh � lv wkh Vdelqh Devruswlrq Frh!flhqw iru udqgrpo| lqflghqw vrxqg/ fdo0
fxodwhg iurp uhyhuehudwlrq0wlph phdvxuhphqwv lq d uhyhuehudwlrq urrp148 Li
wkh hpsw| urrp kdv d 930gE uhyhuehudwlrq wlph Whpsw| / dqg Wvdpsoh zlwk wkh
vdpsoh ri devruswlyh pdwhuldo lq sodfh/

�vdpsoh � �eduhzdoo @
3=37<�Yroxphiw6

Vxuidfhiw5

�
4

Wvdpsoh

�
4

Whpsw|

�

Vpdoo huuruv lq wkh h{shulphqw fdq ohdg wr ydoxhv � � 4> fxvwrpdulo| wkhvh duh
dgmxvwhg wr � @ 3=<<

Wkh wrwdo devruswlrq lq d urrp/ lq xqlwv ri Vdelqv/ lv wkh surgxfw ri wkh
dyhudjh devruswlrq frh!flhqw wlphv wkh duhd lq vtxduh ihhw1

'�% "����	���	


Orz0iuhtxhqf|/ orqj0zdyhohqjwk vrxqg +orqj zlwk uhvshfw wr wkh glphqvlrq ri d
vshdnhu ru qrlvh vrxufh, lv qrw gluhfwlrqdo1 Dgglwlrqdoo|/ orqj zdyhohqjwkv vfdw0
whu/ udwkhu wkdq uh hfw/ zkhq hqfrxqwhulqj vpdoo duhdv ri kdug vxuidfh1 Wkhvh
frqvlghudwlrqv lq xhqfh wkh ghvljq ri wkhdwhuv1

'�' ,�	���� (����	���

� Sodqwv pdnh idlu devruehuv/ exw srru eduulhuv1

� Zdoov duh srru devruehuv/ exw idlu eduulhuv1

� Erwk pxvw eh frpelqhg iru qrlvh pdqdjhphqw1

48Uhsuhvhqwdwlyh wdeohv dqg judskv kdyh ehhq sxeolvkhg/ iru h{dpsoh e| Kdurog Orug/ Zp1V1
Jdwoh|/ ) K1D1 Hyhqvhq/ Qrlvh Frqwuro iru Hqjlqhhuv1

:



- !	�������

Vwdqgdugv duh frqwlqxdoo| hyroylqj> dq| �kdug frs|� ri vwdqgdugv zloo ehfrph
revrohwh1 Wr vwd| fxuuhqw/ zh qhhg wr prqlwru wkh dfwlylwlhv ri DQVL/ wkh
Dphulfdq Qdwlrqdo Vwdqgdugv Lqvwlwxwh kwws=22zzz1dqvl1ruj2> QVVQ/ wkh Qd0
wlrqdo Vwdqgdugv V|vwhpv Qhwzrun�D Qdwlrqdo Uhvrxufh iru Joredo Vwdqgdugv
kwws=22zzz1qvvq1ruj2> DVKUDH/ wkh Dphulfdq Vrflhw| ri Khdwlqj/ Uhiuljhudw0
lqj dqg Dlu0Frqglwlrqlqj Hqjlqhhuv kwws=22zzz1dvkudh1ruj2> DVWP/ wkh Dphu0
lfdq Vrflhw| Iru Whvwlqj dqg Pdwhuldov kwws=22zzz1dvwp1ruj2> dqg LVR/ wkh
Lqwhuqdwlrqdo Rujdql}dwlrq iru Vwdqgdugl}dwlrq/ kwws=22zzz1lvr1fk2

;


