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Wklv sdshu surylghv hylghqfh rq wkh ehkdylru ri sxeolf ghew pdqdjhuv gxu0

lqj �vfdo vwdelol}dwlrqv1 Vxfk hslvrghv surylgh ydoxdeoh lqirupdwlrq rq wkh zd|

ghew lqvwuxphqwv duh fkrvhq ehfdxvh wkh| doorz wr ryhufrph wkh sureohp wkdw

srolf|pdnhuv* h{shfwdwlrqv ri lqwhuhvw udwhv duh jhqhudoo| qrw revhuydeoh1 Zh

�qg wkdw jryhuqphqwv lqfuhdvh wkh vkduh ri �{hg0udwh orqj0whup ghew ghqrpl0

qdwhg lq wkh grphvwlf fxuuhqf| wkh kljkhu lv wkh frqglwlrqdo yrodwlolw| ri vkruw0

whup lqwhuhvw udwhv/ wkh orzhu duh orqj0whup lqwhuhvw udwhv/ dqg wkh vwurqjhu lv

wkh idoo lq orqj0whup udwhv wkdw iroorzv wkh dqqrxqfhphqw ri wkh vwdelol}dwlrq

surjudp1 E| frqwudvw/ frqyhqwlrqdo phdvxuhv ri wkh uhodwlyh frvw ri lvvxlqj

orqj0whup ghew/ vxfk dv wkh orqj0vkruw lqwhuhvw0udwh vsuhdg/ duh qrw vljql�fdqw1

Wklv hylghqfh vxjjhvwv wkdw ghew pdqdjhuv whqg wr suhihu orqj wr vkruw pdwx0

ulw| ghew ehfdxvh wkh| duh frqfhuqhg derxw wkh ulvn ri uh�qdqflqj dw kljkhu

wkdq h{shfwhg lqwhuhvw udwhv1 Krzhyhu/ zkhq orqj0whup udwhv duh kljk uhodwlyh

wr wkhlu h{shfwdwlrqv/ wkh| lvvxh vkruw pdwxulw| ghew wr plqlpl}h eruurzlqj

frvwv1
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�Zh wkdqn doo wkh shrsoh lq Wuhdvxulhv dqg Fhqwudo Edqnv zkr khoshg xv exlog d gdwd0edvh rq wkh
frpsrvlwlrq dqg pdwxulw| ri sxeolf ghew1 Zh duh judwhixo wr Slhusdror Edwwljdool/ Uxgl Gruqexvfk
dqg Suhvfrww Ploohu iru lqvljkwixo glvfxvvlrqv1 Zh dovr wkdqn Rolylhu Eodqfkdug/ Iudqfhvfr Gdyhul/
Fduor Idyhur/ Lodq Jrogidmq/ Phuy|q Nlqj/ Jxvwdyr Sljd dqg Sdxo Wxfnhu1 Wkh sdshu ehqh�whg
iurp wkh frpphqwv ri sduwlflsdqwv wr vhplqduv dw wkh Edqn ri Hqjodqg/ PLW/ wkh Xqlyhuvlw| ri
Vrxwkdpswrq dqg wkh Xqlyhuvlw| Zduzlfn1 Wkh dxwkruv duh dvvrfldwhg zlwk Xqlyhuvlw�d gl Iluhq}h
dqg LJLHU> Xqlyhuvlw�d Erffrql/ LJLHU/ FHSU dqg QEHU> Qhz \run Xqlyhuvlw|/ uhvshfwlyho|1
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4Wkh srvvlelolw| ri d vwudwhjlf xvh ri ghew fkdudfwhulvwlfv lv vxjjhvwhg e| Plohvl0Ihuuhwwl +4<<8,/
Xkolj +4<<:, dqg Shffkl dqg Sljd +4<<<,1 Wkhuh duh ihz hpslulfdo vwxglhv ri wkh fkrlfh ri ghew
ghqrplqdwlrq dqg ghew pdwxulw|= Fdoyr/ Jxlgrwwl dqg Ohlghupdq +4<<4,/ Plvvdoh dqg Eodqfkdug
+4<<7,/ Gh Eurhfn +4<<:, dqg Ploohu +4<<:d,1 Wkh qrupdwlyh olwhudwxuh lv vxuyh|hg lq Plvvdoh +4<<:,1

5Vhh h1j1 KP Wuhdvxu| dqg Edqn ri Hqjodqg +5333,/ Lqvwlwxwr gh Jhvw�dr gr Fu�hglwr S�xeolfr
+5333,/ Plqlvwu| ri Ilqdqfh +5333, dqg Vzhglvk Qdwlrqdo Ghew R�fh +5333,1
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7Wkh uhvxow iru wkh rswlpdo vkduh/ p/ krogv dv d olqhdu dssur{lpdwlrq iru suredelolw| ghqvlw|
ixqfwlrqv ghfuhdvlqj lq [ ryhu wkh uhohydqw uhjlrq1

8Wklv jryhuqphqw fdq eh wkrxjkw dv ehlqj fkdudfwhul}hg e| d kljk frvw ri idloxuh/ �/ uhodwlyh wr
wkh ohyho ri jryhuqphqw vshqglqj dqg wkh yduldqfh ri [1 Irupdoo|/ wkh h{shfwhg vxusoxv lv srvlwlyh li
dqg rqo| li � A d+J. L,1 Lw iroorzv wkdw wkh vxssruw ri wkh glvwulexwlrq ri u4 pxvw dovr eh erxqghg
iurp deryh wr uxoh rxw wkh srvvlelolw| wkdw wkh vxusoxv wxuqv rxw wr eh qhjdwlyh ehfdxvh ri d odujh
uhdol}dwlrq ri L1
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9Qrwh wkdw wkh h{shfwhg frvw ri ghew vhuylflqj dw shulrg 3 lv lqghshqghqw iurp wkh ghew frp0
srvlwlrq ehfdxvh ri wkh dvvxpswlrq ri ulvn0qhxwudo lqyhvwruv1 Zlwk d whup suhplxp rq wzr0shulrg
erqgv/ wkh rswlpdo pdwxulw| zrxog eh orzhu wkdq rqh1 Krzhyhu/ wkh dqdo|vlv zrxog eh qxphulfdoo|/
wkrxjk qrw txdolwdwlyho|/ d�hfwhg1

:Wklv lv ehfdxvh wkh suredelolw| ri d edg vkrfn/ [ A 3/ wr wkh exgjhw ghfuhdvhv zlwk wkh vl}h
ri wkh vkrfn1 Qrwh wkdw wkh wd{0vprrwklqj prwlydwlrq lpsolhg e| wkh txdgudwlf whup W 5 lq wkh
orvv ixqfwlrq lv qrw vx�flhqw wr frqfoxgh wkdw orqj pdwxulw| ghew lv rswlpdo> li [ zhuh xqlirupo|
glvwulexwhg/ wkh pdwxulw| ri wkh ghew zrxog eh luuhohydqw1
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;Lq sulqflsoh/ wkh vsuhdg/ v/ lv d ixqfwlrq ri wkh gl�huhqfh lq wkh suredelolwlhv ri vxffhvv idfhg
e| wkh wzr jryhuqphqwv1 Pdnlqj v hqgrjhqrxv/ l1h1 ghshqg rq wkh suredelolwlhv/ s*v/ ri wkh wzr
jryhuqphqwv/ zrxog fhuwdlqo| eh ghvludeoh1 Krzhyhu/ wklv zrxog suhyhqw xv iurp ghulylqj dqdo|wlfdo
vroxwlrqv zkloh dgglqj yhu| olwwoh wr rxu xqghuvwdqglqj ri wkh sureohp1
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<Qrwlfh wkdw li wkh wrxjk jryhuqphqw fkrrvhv d orqjhu pdwxulw| wkdq pV/ lw rswv iru wkh pdwxulw|
zklfk plqlpl}hv lwv orvv/ jlyhq wkdw lw lv eholhyhg wr eh zhdn1 Wklv pdwxulw| fdq eh vkruwhu wkdq
p @ 4= d wrxjk jryhuqphqw eholhyhg wr eh zhdn lvvxhv vrph vkruw0whup erqgv lq rughu wr plqlpl}h
lqwhuhvw sd|phqwv1

43Wkh pdwk lv dv iroorzv1 Vlqfh iru dq| jlyhq pdwxulw| wkh h{shfwhg orvv lv orzhu zkhq wkh
jryhuqphqw lv eholhyhg wrxjk wkdq zkhq lw lv eholhyhg zhdn/ frqglwlrq +;, lv vdwlv�hg iru �p @ pV1
Wkhq/ d vx��flhqw frqglwlrq/ iru +;, wr krog/ lv wkdw wkh orvv iurp ehlqj eholhyhg zhdn lqfuhdvhv zlwk
p iru pdwxulwlhv juhdwhu wkdq pV= l1h1 wkdw p5+�5 . v5, � 5p+�5 � v}, . }5 . �5 lqfuhdvhv ryhu
wkh lqwhuydo ^pV> 4` zklfk jlyhv frqglwlrq +<,1
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4;Iru prvw frxqwulhv lq rxu vdpsoh wklv lqirupdwlrq lv dydlodeoh rqo| rqfh0d0|hdu/ dw wkh hqg ri
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4<Dowkrxjk vxfk lqvwuxphqwv uhgxfh wkh uroo0ryhu ulvn/ wkh| h{srvh wkh jryhuqphqw exgjhw wr rwkhu
ulvnv dqg frvwv1 Iru lqvwdqfh/ iruhljq fxuuhqf| ghew lqwurgxfhv h{fkdqjh0udwh ulvn vwhpplqj iurp
iruhljq prqhwdu| glvwxuedqfhv +vhh Erkq 4<<3 dqg Ploohu 4<<:e,/ zkloh lqgh{hg ghew frxog eh frvwo|
wr lvvxh vlqfh d pdunhw iru vxfk ghew pd| qrw h{lvw ru eh looltxlg +vhh Wrzqhqg 4<<: dqg Shuvvrq
4<<:,1

53Fkdqjhv lq wkh frpsrvlwlrq ri wkh ghew dovr uh�hfw jryhuqphqw lqwhuyhqwlrqv lq wkh vhfrqgdu|
pdunhw/ ghvljqhg wr prgli| wkh lqwhuhvw0udwh vhqvlwlylw| ri ghew vhuylflqj frvwv1 Lq sudfwlfh/ wkh
dxwkrulwlhv* rshudwlrqv duh riwhq olplwhg wr wkh sulpdu| pdunhw= wklv zrxog vxjjhvw xvlqj wkh vkduh
ri orqj0whup ghew lq wrwdo lvvxhv dv dq dowhuqdwlyh ghshqghqw yduldeoh1 Zh kdyh qrw h{soruhg wklv
ehfdxvh wkh gdwd duh qrw dydlodeoh1
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54Dffruglqj wr rxu gh�qlwlrq/ wkhuh duh :< hslvrghv ri �vfdo fruuhfwlrq iurp 4<:8 wr 4<<; iru
wkh 4< frxqwulhv iru zklfk wkh RHFG Hfrqrplf Ghsduwphqw hvwlpdwhv vwuxfwxudo edodqfhv +vhh
RHFG Hfrqrplf Rxworrn/ Dqqh{ Wdeoh 64,1 Rxu vdpsoh uhgxfhv wr :5 hslvrghv gxh wr wkh odfn ri
lqirupdwlrq rq wkh ghew frpsrvlwlrq ri Juhhfh dqg Qruzd| dqg ehfdxvh gdwd rq lqwhuhvw udwhv iru
wkh Vsdqlvk hslvrgh ri 4<:8 duh qrw dydlodeoh1

55Lqwhuhvw udwhv rq 60prqwk Wuhdvxu| eloov duh qrw dydlodeoh iru doo frxqwulhv1 Iru orqj0whup udwhv wkh
RHFG Hfrqrplf Rxworrn uhsruwv wkh |lhog0wr0pdwxulw| rq 430|hdu erqgv zkhq dydlodeoh/ rwkhuzlvh
lw frqvlghuv vkruwhu pdwxulw| erqgv1

56Jldyd}}l dqg Sdjdqr +4<<9, �qg wkdw �vfdo vwdelol}dwlrqv wkdw duh odujhu dqg odvw orqjhu/ d�hfw
h{shfwdwlrqv gl�huhqwo|/ frpsduhg zlwk ohvv vl}hdeoh surjudpv1
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�fI *i�i*� ì |@!i t�U� i��_i?Ui @t @ U*i@h �?_�U@|�L? |�@| �? 4Lt| iT�tL_it uLhi�}?
U�hhi?U) _iM| T*@)i_ |�i t@4i hL*i @t t�Lh| 4@|�h�|) _iM|�2D

W? A@M*i � �i i @4�?i ��i|�ih |�i tThi@_ Mi|�ii? *L?}� @?_ t�Lh|�|ih4 �?|ihit|
h@|itc E-|3� � o|3�� @?_ �|t U�@?}ic {E-| � o|�c Mi||ih i T*@�? |�i Mi�@��Lh Lu _iM|
4@?@}iht _�h�?} t|@M�*�3@|�L? @||i4T|t |�@? |�i �@h�@M*it t�}}it|i_ M) L�h 4L_i*�
�L?|hL**�?} uLh |�i tThi@_ Mi|�ii? *L?} @?_ t�Lh| h@|it tih�it |�L T�hTLtit� 6�ht|c
�| �i*Tt |L _�t|�?}��t� L�h Uhi_�M�*�|) t|Lh) uhL4 L|�ih �)TL|�itit @ML�| |�i Mi�@��Lh
Lu _iM| 4@?@}iht� W? T@h|�U�*@hc �i �@?| |L i T*Lhi |�i TLtt�M�*�|) |�@| |�i hi@U|�L?
Lu _iM| 4@?@}iht |L *L?} h@|it ��t| uL**L�t uhL4 @ �?@��i< t|h@|i}) Lu MLhhL��?} t�Lh|
��i? *L?} h@|it @hi ��}� hi*@|��i |L t�Lh| h@|itc @?_ ��Ui �iht@� A��t t|h@|i}) 4�}�|
Mi t�}}it|i_ M) @ u@�*�hi Lu |�i i TiU|@|�L?t �)TL|�it�t Lu |�i |ih4 t|h�U|�hi Lu
�?|ihit| h@|it Lu |�i !�?_ t�L�? M) �@4TMi** E�bbD� uLh |�i N�5�2S 5iUL?_c |�i *L?}�
t�Lh| tThi@_ �t @ UL44L?*) �ti_ 4i@t�hi Lu Uhi_�M�*�|)� W| �t UL44L?*) �i*_ |�@| |�i
t*LTi Lu |�i )�i*_ U�h�i ?L| L?*) UL?�i)t �tiu�* �?uLh4@|�L? @ML�| |�i T@|� Lu u�|�hi
�?|ihit| h@|it M�| @*tL U@T|�hit R�?��t|��i_� �?�@|�L? i TiU|@|�L?t Lh h�t! Thi4�@ |L
���U� _iM| 4@?@}iht 4@) �@?| |L hi@U|�

W? UL*�4?t � |L � Lu A@M*i � |�i *L?}�t�Lh| tThi@_ E-|3� � o|3�� �? |�i )i@h
ThiUi_�?} |�i t|@M�*�3@|�L? @||i4T| @?_ �|t U�@?}ic {E-| � o|�c _�h�?} |�i �ht| )i@h
Lu |�i t|@M�*�3@|�L? �@�i Mii? @__i_ |L |�i ti| Lu hi}hittLht� A�i hit�*|t @hi t|h�!�?}G
|�i ULi�U�i?| L? |�i M@t�U i T*@?@|Lh) �@h�@M*it @hi �?@giU|i_� �L| L?*) |�i *L?}
h@|i @?_ �|t U�@?}i L�|TihuLh4 |�i *L?}�t�Lh| �?|ihit|�h@|i tThi@_ @?_ �|t U�@?}ic M�|
|�i ULi�U�i?| L? |�i tThi@_ �t TLt�|��i @?_ t�}?��U@?|� �L?|h@h) |L ��@| i TiU|i_c
@ t|iiT )�i*_ U�h�i �t @ttLU�@|i_ ��|� @? �?Uhi@ti �? |�i t�@hi Lu *L?}�|ih4 _iM|� �
U�@?}i �? |�i tThi@_ �@t @*tL @ TLt�|��i �4T@U| L? |�i t�@hi Lu *L?}�|ih4 _iM|� W?
|�i u�** t@4T*i t�U� igiU|t @hi t�}?��U@?| @| |�i DI *i�i* @t t�L�? �? UL*�4? �� A�i
*L?}�t�Lh| tThi@_ @?_ �|t U�@?}ic �L�i�ihc @hi ?L| t�}?��U@?| �? |�i U@ti Lu *@h}i
�tU@* @_��t|4i?|tc @t t�L�? �? UL*�4? 2� A��t i��_i?Ui ThL��_it @ t|hL?} hi�iU|�L?
Lu |�i �?@��i< �)TL|�it�t @ML�| _iM| 4@?@}iht< Mi�@��Lhc @t |�i) tii4 |L �tt�i 4Lhi
*L?}�|ih4 _iM| ��i? *L?} h@|it @hi ��}� hi*@|��i |L t�Lh| h@|it�

A�i hit�*|t �? A@M*i � t�}}it| |�@| ��@| 4@||iht uLh _iM| 4@?@}iht< _iU�t�L?t
�t |�i *i�i* Lu |�i *L?}�|ih4 �?|ihit| h@|i Ehi*@|��i |L |�i�h i TiU|@|�L?t�c ���*i |�i
TLt�|�L? Lu t�Lh| h@|it �t ?L| |�@| �4TLh|@?|� 6Lh i @4T*ic @ _iM| 4@?@}ih u@U�?}
��}� t�Lh| @?_ *L?} �?|ihit| h@|itc ��|� t�Lh| h@|it ��}�ih |�@? *L?} h@|itc 4@) �i**

58Dsso|lqj gl�huhqw gh�qlwlrqv ri orqj0whup ghew ghqrplqdwhg lq grphvwlf fxuuhqf|/ lq sduwlfxodu
h{foxglqj �{hg0udwh ordqv ru olplwlqj wkh dwwhqwlrq wr wkh ghew khog e| wkh sulydwh vhfwru/ zkhuh
srvvleoh/ grhv qrw vljql�fdqwo| d�hfw wkh uhvxowv1

59Fdpsehoo vkrzv wkdw lq wkh X1V1 eruurzlqj vkruw dw wlphv zkhq wkh vorsh ri wkh |lhog fxuyh lv
vwhhshu wkdq qrupdo +dqg ylfhyhuvd, zrxog doorz vxevwdqwldo vdylqjv lq ghew vhuylflqj frvwv1 Wklv lv
olnho| wr kdsshq ehfdxvh whup suhpld rq orqj0whup erqgv lqfuhdvh zlwk wkh vorsh ri wkh |lhog fxuyh1

�.



Thiuih |L MLhhL� t�Lh| �u t�i �t UL?�_i?| |�@| *L?} h@|it @hi |i4TLh@h�*) ��}�c @?_ ��**
u@** @t |�i ThL}h@4 �t U@hh�i_ L�| @?_ Uhi_�M�*�|) M��*_t �T� W? u@U|c @ h@|�L?@*i UL�*_
Mi uL�?_ i�i? uLh |�i TLt�|��i hi*@|�L? Mi|�ii? |�i t�@hi Lu *L?}�|ih4 _iM| @?_ |�i
t*LTi Lu |�i )�i*_ U�h�i� 5|@M�*�3@|�L? iT�tL_it @hi Lu|i? @UUL4T@?�i_ M) @ |�}�|i?�?}
Lu 4L?i|@h) TL*�U) ���U� h@�tit t�Lh| h@|it @ML�i *L?} h@|it� W? t�U� �?t|@?Uit |�i
)�i*_ t*LTi MiUL4it ?i}@|��ic @?_ |�i Uhi_�M�*�|) Lu |�i t|@M�*�3@|�L? @||i4T| U@? L?*)
Mi �?uihhi_ uhL4 |�i Mi�@��Lh Lu |�i *L?} h@|i�2. �?*) |�i u@** �? t�U� h@|i Mi*L� �|t
Thi�t|@M�*�3@|�L? *i�i*c h@|�ih |�@? |�i |��t| �? |�i )�i*_ U�h�ic U@? t�}?@* |�@| |�i
t|@M�*�3@|�L? �t Uhi_�M*i�

6�?@**)c �i @t! ��i|�ih L�h it|�4@|it 4@) t�gih uhL4 @? i?_L}i?i�|) ThLM*i4�
�t �i 4i@t�hi |�i Uhi_�M�*�|) Lu |�i t|@M�*�3@|�L? M) |�i u@** �? |�i �?|ihit| h@|i _�h�?}
|�i �ht| )i@h Lu |�i ThL}h@4c |�ihi �t @ TL|i?|�@* uLh |��t �@h�@M*i |L Mi @giU|i_ M)
|�i |)Ti Lu _iM| |�@| |�i }L�ih?4i?| �tt�it @| |�i L�|ti| Lu |�i t|@M�*�3@|�L?� A�i
U�L�Ui Lu _iM| �?t|h�4i?|t 4@) UL?�i) Th��@|i �?uLh4@|�L? @ML�| |�i ThLtTiU|t Lu |�i
t|@M�*�3@|�L?c @?_ 4@) |��t @giU| Th��@|i tiU|Lh<t i TiU|@|�L?t @?_ �?|ihit| h@|it� AL
_i@* ��|� |��t TL|i?|�@* tL�hUi Lu i?_L}i?i�|) �? |�i U�@?}i �? |�i *L?}�|ih4 �?|ihit|
h@|ic �i �tic @t @? �?t|h�4i?|c |�i U�@?}i �? t�U� �@h�@M*i LUU�hhi_ �? |�i t� 4L?|�t
ThiUi_�?} |�i �ht| )i@h Lu |�i t|@M�*�3@|�L? @||i4T|�

W?t|h�4i?|@* �@h�@M*i it|�4@|it @hi t�L�? �? UL*�4?t e |L S Lu A@M*i �� A�iti
hi}hitt�L?t }i?ih@**) UL?�h4 |�i �w5 hit�*|t� A�i ULi�U�i?| L? |�i *L?}�|ih4 �?|ih�
it| h@|i �t �?@giU|i_� A�i �4T@U| Lu |�i t|@?_@h_ ihhLh Lu t�Lh|�|ih4 h@|it �t �?t|i@_
t|hL?}ih �? @** t@4T*it UL?t�_ihi_c @?_ �t t�}?��U@?| @| |�i DI *i�i* ML|� uLh |�i u�**
t@4T*i @?_ uLh @_��t|4i?|t *@h}ih |�@? 2I Lu B#�� 6�?@**)c |�i ULi�U�i?| L? |�i
U�@?}i Lu *L?}�|ih4 _iM| hi4@�?t t�}?��U@?| @| |�i DI *i�i* �? @** |�i hi}hitt�L?t
UL?t�_ihi_� �*|�L�}�c |��t ULi�U�i?| �t }hi@|ih E�? @MtL*�|i �@*�i� |�@? |�i ULhhi�
tTL?_�?} �w5 ULi�U�i?|c @ uLh4@* O@�t4@? |it| _Lit ?L| hi�iU| |�i �)TL|�it�t |�@|
t�U� �@h�@M*i �t i L}i?L�t |L |�i U�L�Ui Lu _iM| 4@|�h�|) @| |�i �fI t�}?��U@?Ui *i�i*
uLh @** t@4T*it�

��ih@** |�i �4Thitt�L? �t |�@| L�h |�iLh) ThL��_it @ UL?t�t|i?| i T*@?@|�L? Lu
_iM| 4@?@}iht< Mi�@��Lh �? �,�# iUL?L4�it L�ih |�i *@t| |�hii _iU@_it� ��h M@t�U
hi}hitt�L? @UUL�?|t uLh 4Lhi |�@? L?i uL�h|� Lu |�i LMtih�i_ U�@?}i �? |�i t�@hi Lu
*L?}�|ih4 _iM|c @ hit�*| ���U� �t i�i? 4Lhi UL4uLh|�?} �u �i UL?t�_ih |�@| �| �@t Mii?
LM|@�?i_ uhL4 _@|@ UL�ih�?} @ *L?} tTi** Lu |�4i @?_ _�gihi?| �?t|�|�|�L?@* @hh@?}i�
4i?|tc 4L?i|@h) @?_ i U�@?}i�h@|i hi}�4it� A��t hit�*| t�L�*_ @*tL Mi UL?|h@t|i_
��|� |�i *@U! Lu @ t)t|i4@|�U hi*@|�L? Mi|�ii? U�@?}it �? |�i _iM| UL4TLt�|�L? @?_
�?|ihit| h@|it L�ih |�4i ��|��? t�?}*i UL�?|h�it Etii i�}� ��tt@*i �bbb��

5:Wklv lv sduwlfxoduo| hylghqw iru wkh Hxurshdq frxqwulhv phpehuv ri wkh H{fkdqjh Udwh Phfkd0
qlvp ri wkh HPV/ dv ghihqvhv ri wkh �{hg sdulw| zhuh riwhq dffrpsdqlhg e| �vfdo dgmxvwphqwv1

�H



e� �L?U*�_�?} hi4@h!t

`�i? @ t|@M�*�3@|�L? T*@? �t @??L�?Ui_c �| |)T�U@**) _Lit ?L| i?�L) u�** Uhi_��
M�*�|) @4L?} �?�it|LhtG *L?}�|ih4 �?|ihit| h@|it @hi |��t ��}�ih |�@? TL*�U)4@!iht<
i TiU|@|�L?t Lu u�|�hi h@|it� A��t ui@|�hi Lu @ t|@M�*�3@|�L? @**L�t |L L�ihUL4i @
UL44L? ThLM*i4 �? |�i @?@*)t�t Lu _iM| 4@?@}i4i?| Q?@4i*) |�@| TL*�U)4@!iht<
i TiU|@|�L?t Lu �?|ihit| h@|it @hi ?L| LMtih�@M*i�

5|�_)�?} �tU@* t|@M�*�3@|�L?t �? �,�# UL�?|h�itc �i �?_ i��_i?Ui |�@| }L�ih?�
4i?|t _L �tt�i @ *@h}ih t�@hi Lu t�Lh|�|ih4 _iM| |�i ��}�ih �t |�i �?|ihit| h@|i L?
*L?}�|ih4 ML?_t @?_ |�i *L�ih �t |�i �@h�@?Ui Lu t�Lh|�|ih4 �?|ihit| h@|it� ì u@�*c
�?t|i@_c |L �?_ i��_i?Ui �? u@�Lh Lu |�i UL44L? ��i� |�@| |�i U�L�Ui Lu _iM| 4@|�h�|)
�t @giU|i_ M) |�i tThi@_ Mi|�ii? *L?}� @?_ t�Lh|�|ih4 �?|ihit| h@|itG _��ih}i?Uit Lu
}L�ih?4i?|<t ��i�t uhL4 4@h!i| i TiU|@|�L?t tii4 |L ThL��_i @ Mi||ih i T*@?@|�L?
Lu }L�ih?4i?| Mi�@��Lh� W? L|�ih �Lh_tc _iM| 4@?@}iht @TTi@h |L Mi _h��i? 4Lhi M)
|�i�h i TiU|@|�L?t @ML�| |�i u�|�hi i�L*�|�L? Lu �?|ihit| h@|it |�@? M) |�i @||i4T|
|L i T*L�| u@�*�hit �? |�i i TiU|@|�L?t �)TL|�it�t Lu |�i |ih4 t|h�U|�hic �? T@h|�U��
*@hc t)t|i4@|�U �@h�@|�L?t �? |ih4 Thi4�@� A��t Mi�@��Lh �t UL?t�t|i?| ��|� i��_i?Ui
|�@| |�i i TiU|@|�L?t �)TL|�it�t Lu |�i |ih4 t|h�U|�hi TihuLh4t hi@tL?@M*) �i** �?
,�hLTi@? UL�?|h�itc ���U� hiThiti?| |�i 4@�? }hL�T �? L�h t@4T*i Etii i�}� O@h_L��
�i*�t �bbec Bih*@U� @?_ 54i|t �bbH�� W| �t @*tL UL?t�t|i?| ��|� i��_i?Ui uLh |�i N�k�
|�@| t|h@|i}�it M@ti_ L? |�i 4�?�4�3@|�L? Lu |ih4 Thi4�@ )�i*_ ?i}*�}�M*i t@��?}t �?
�?|ihit| ULt|t Etii �Lic �it@h@? @?_ V@�i) 2fff��

6�?@**)c L�h �?_�?}t U@t| _L�M|t L? |�i hi*i�@?Ui Lu _iM| 4@?@}i4i?| |�iLh�it
���U� t|hitt |�i t|h@|i}�U �ti Lu _iM| �?t|h�4i?|t Etii i�}� ��*it��6ihhi||� �bbDc N�*�}
�bb.c �iUU�� @?_ ��}@ �bbb�� W? T@h|�U�*@hc }L�ih?4i?|t _L ?L| @TTi@h |L �tt�i *L?}
4@|�h�|) _iM| �? Lh_ih |L �?Uhi@ti ML?_�L*_iht< TL*�|�U@* t�TTLh| uLh @?|���?�@|�L?@h)
TL*�U) @?_ �tU@* hit|h@�?|� A�i i��_i?Ui �? |��t T@Tih TL�?|t �?t|i@_ |L @ UL?�i?|�L?@*
|h@_i�Lg Mi|�ii? |�i ULt| @?_ h�t! Lu _iM| tih��Uic @t �t�@**) t|@|i_ �? |�i hiTLh|t Lu
_iM| @}i?U�it� 5�U� @ |h@_i�Lg @TTi@ht @ !i) i*i4i?| Lu �L� _iM| �t @U|�@**) 4@?@}i_
@?_ t�L�*_ ThL��_i |�i t|@h|�?} TL�?| Lu @ TLt�|��i |�iLh) Lu _iM| 4@?@}i4i?|�

�b



+iuihi?Uit

�*it�?@c ��c �h@|�c �� @?_ A@Mi**�?�c B� E�bbf�� ���M*�U UL?�_i?Ui @?_ _iM| 4@?�
@}i4i?|G @ 4L_i* @?_ @ U@ti t|�_) Lu W|@*)�< W? ��M*�U #iM| �@?@}i4i?|G
A�iLh) @?_ O�t|Lh)c Ei_t� +� #Lh?M�tU� @?_ �� #h@}���c TT� be��2e� �@4�
Mh�_}iG �@4Mh�_}i N?��iht�|) �hitt�

�@hhLc +� a� E�bbD�� ��T|�4@* _iM| 4@?@}i4i?|�< ��,+ `Lh!�?} �@Tih D�2.�
�h�?|i_ @t ��T|�4@* u�?_�?} TL*�U)�< W? A�i #iM| ��h_i? @?_ �|t �L?ti�
^�i?Uit uLh �L?i|@h) �L*�U)c Ei_t� B� �@*�L @?_ �� k�?}�c TT� Sb�H� W,�
�L?uihi?Ui VL*�4i ?L� ��H� wL?_L?G �@U4�**@? �hitt w|_�c �bbH�

�@hhLc +� a� E�bb.�� ��T|�4@* 4@?@}i4i?| Lu �?_i i_ @?_ ?L4�?@* ML?_t�< ��,+
`Lh!�?} �@Tih S�b.�

�L�?c O� E�bbf�� �� TLt�|��i |�iLh) Lu uLhi�}? U�hhi?U) _iM|�< aL�h?@* Lu W?|ih?@|�L?@*
,UL?L4�Utc �L*� 2bc TT� 2.��b2�

�@*�Lc B� �� E�bHH�� �5ih��U�?} |�i T�M*�U _iM|G |�i hL*i Lu i TiU|@|�L?t�< �4ih�U@?
,UL?L4�U +i��i�c �L*� .HEe�c TT� Se.�S��

�@*�Lc B� ��c B��_L||�c �� ,� @?_ wi�_ih4@?c w� E�bb��� ��T|�4@* 4@|�h�|) Lu ?L4�?@*
}L�ih?4i?| _iM|G |�i �ht| |it|t�< ,UL?L4�U wi||ihtc �L*� �Dc TT� e�D�2��

�@4TMi**c a� v� E�bbD�� �5L4i *ittL?t uhL4 |�i )�i*_ U�h�i�< aL�h?@* Lu ,UL?L4�U
�ihtTiU|��itc �L*� bc 5�44ihc TT� �2b�D2�

�Lic �� �� �it@h@?c O� @?_ V@�i)c 5� �� E2fff�� �A�i ULt| i�U�i?U) Lu Nk _iM|
4@?@}i4i?|G @ hiU�ht��i 4L_i**�?} @TThL@U��< ��4iLc �Th�*�

#i �hLiU!c �� E�bb.�� �A�i �?@?U�@* t|h�U|�hi Lu }L�ih?4i?| _iM| �? �,�# UL�?�
|h�itG @? i @4�?@|�L? Lu |�i |�4i�UL?t�t|i?U) �tt�i�< aL�h?@* Lu �L?i|@h)
,UL?L4�Utc �L*� �bc TT� 2.b��f��

#Lh?M�tU�c +� E�bb��� ��hi_�M�*�|) @?_ t|@M�*�3@|�L?�< "�@h|ih*) aL�h?@* Lu ,UL�
?L4�Utc �L*� �VWc ?L� e2Sc TT� H�.�Df�

#h@3i?c �� @?_ �@ttL?c �� +� E�bbe�� ��hi_�M�*�|) Lu TL*�U�it �iht�t Uhi_�M�*�|) Lu
TL*�U)4@!iht�< "�@h|ih*) aL�h?@* Lu ,UL?L4�Utc TT� .�D�De�

B�@�@33�c 6� @?_ �@}@?Lc �� E�bbf�� ��L?�_i?Ui Uh�tit @?_ T�M*�U _iM| 4@?@}i4i?|�<
W? ��M*�U #iM| �@?@}i4i?|G A�iLh) @?_ O�t|Lh)c Ei_t� +� #Lh?M�tU� @?_
�� #h@}���c TT� be��2e� �@4Mh�_}iG �@4Mh�_}i N?��iht�|) �hitt�

B�@�@33�c 6� @?_ �@}@?Lc �� E�bbS�� ��L?�ki)?it�@? igiU|t Lu �tU@* TL*�U)G 4Lhi
�?|ih?@|�L?@* i��_i?Ui @?_ |�i 5�i_�t� i Tih�i?Ui�< 5�i_�t� ,UL?L4�U �L*�U)
+i��i�c �L*� �c ?L� ��

Bih*@U�c 5� @?_ 54i|tc 6� E�bbH�� �, U�@?}i +@|i hi}�4it @?_ |�i i TiU|@|�L?t �)�
TL|�it�t Lu |�i |ih4 t|h�U|�hi�< W? �L?i|@h) �L*�U) @?_ W?|ihit| +@|itc Ei_t�
W� �?}i*L?� @?_ +� +L�i**��c TT�����D� wL?_L? @?_ �i��vLh!G �@U4�**@?
@?_ 5��@h|�?�

O@h_L��i*�tc B� �� E�bbe�� �A�i |ih4 t|h�U|�hi tThi@_ @?_ u�|�hi U�@?}it �? *L?}
@?_ t�Lh| h@|it �? |�i B�. UL�?|h�itG �t |�ihi @ T�33*iq< aL�h?@* Lu �L?i|@h)
,UL?L4�Utc �L*� ��c TT� 2DD�H��

2f



O��� Ahi@t�h) @?_ �@?! Lu ,?}*@?_c E2fff�� #iM| �@?@}i4i?| +iTLh| 2fff�f��
wL?_L?G O��� Ahi@t�h)� E����_4L�}L���!�

W?t|�|�|L _i Bit|�@L _L �h�i_�|L ���M*�UL E2fff�� BL�ih?4i?| #iM| �@?@}i4i?|G �?�
?�@* +iTLh| Lu �bbbc �Lh|�}@*c w�tML?G WB��� E�����}UT�T|�

��*it��6ihhi||�c B� �� E�bbD�� �#L }LL_ Lh _L �i**q ��M*�U _iM| 4@?@}i4i?| �? @
|�L T@h|) iUL?L4)�< ,UL?L4�Ut @?_ �L*�|�Utc �L*� .E��c TT� Db�.H�

��**ihc V� E�bb.@�� ��L*�|�U@* �?t|@M�*�|) @?_ _iM| 4@|�h�|)�< ,UL?L4�U W?^��h)c �L*�
�DE��c TT� �2�2.�

��**ihc V� E�bb.M�� �`�) @ }L�ih?4i?| 4�}�| �@?| |L UL?t�_ih uLhi�}? U�hhi?U)
_i?L4�?@|i_ _iM|�< ,UL?L4�Ut wi||ihtc �L*� DDE2�c TT� 2e.�Df�

��?�t|h) Lu 6�?@?Ui E2fff�� ��M*�U #iM|G �??�@* +iTLh| �bbbc �h� i**itG ��?�t|h)
Lu 6�?@?Uic k�?}_L4 Lu �i*}��4� E����|hi@t�h)�u}L��Mi�

��tt@*ic �� E�bb.�� ��@?@}�?} |�i T�M*�U _iM|G |�i LT|�4@* |@ @|�L? @TThL@U��<
aL�h?@* Lu ,UL?L4�U 5�h�i)tc �L*� ��E��c TT� 2�D�SD�

��tt@*ic �� E�bbb�� ��M*�U #iM| �@?@}i4i?|� � uLh_G � uLh_ N?��iht�|) �hitt�

��tt@*ic �� @?_ �*@?U�@h_c �� a� E�bbe�� �A�i _iM| M�h_i? @?_ _iM| 4@|�h�|)�<
�4ih�U@? ,UL?L4�U +i��i�c �L*� HeE��c TT� �fb��b�

��tt@*ic ��c B�@�@33�c 6� @?_ �i?�}?Lc �� E�bb.�� ��@?@}�?} |�i T�M*�U _iM| �? �tU@*
t|@M�*�3@|�L?tG |�i i��_i?Ui�< ��,+ `Lh!�?} �@Tih S����

�Mt|ui*_c �� E�bbe�� �A�i *L}�U Lu U�hhi?U) Uh�tit�< �@��iht ,UL?L4�^�it i| �L?
i|@�hit
E�@?^�i _i 6h@?Ui�c �L�e�� �Mh�_}i_ �iht�L? hiTh�?|i_ �? �L?i|@h) @?_ 6�t�
U@* �L*�U) �? @? W?|i}h@|i_ ,�hLTic Ei_t� �� ,�U�i?}hii?c a� 6h�i_i? @?_ a�
�L? O@}i?�c TT� S2�bfc �i� vLh!G 5Th�?}ih�

�iUU��c w� @?_ ��}@c B� E�bbb�� �A�i TL*�|�Ut Lu �?_i �*�?!i_ ML?_t�< ,UL?L4�Ut @?_
�L*�|�Utc �L*� �2E2�c TT� 2f��2�2�

�ihttL?c �� E�bb.�� �W?_i �*�?!i_ ML?_tG |�i t�i_�t� i Tih�i?Ui�< W? �@?@}�?}
��M*�U #iM|G W?_i �w�?!i_ �L?_t �? A�iLh) @?_ �h@U|�Uic Ei_t� �� #i��iUULc
w� �iUU�� @?_ B� ��}@�c TT� �H��2� ��i*|i?�@4G ,_�@h_ ,*}@h�

5@U�tc a� ALh?i**c �� @?_ Vi*@tULc �� E�bbS�� �A�i �i �U@? �itL Uh�t�tG t�__i? _i@|�
Lh _i@|� uLhi|L*_�< aL�h?@* Lu W?|ih?@|�L?@* ,UL?L4�Utc �L*� e�c TT� 2SD�H��

AL�?i?_c a� E�bb.�� �W?_i �*�?!i_ }L�ih?4i?| tiU�h�|�itG |�i Nk i Tih�i?Ui�< W?
�@?@}�?} ��M*�U #iM|G W?_i �w�?!i_ �L?_t �? A�iLh) @?_ �h@U|�Uic Ei_t�
�� #i��iUULc w� �iUU�� @?_ B� ��}@�c TT� ���.� ��i*|i?�@4G ,_�@h_ ,*}@h�

5�i_�t� �@|�L?@* #iM| ��Ui E2fff�� �??�@* +iTLh| �bbb� 5|LU!�L*4G 5�#��
E����h}!�ti�

N�*�}c O� E�bb.�� �wL?} |ih4 _iM| @?_ |�i TL*�|�U@* t�TTLh| uLh @ �L?i|@h) N?�L?�<
�,�+ #�tU�tt�L? �@Tih ?L� �Sf��

2�



�TTi?_� G #@|@ 5L�hUit @?_ #i�?�|�L?t

#@|@ L? Th�4@h) t|h�U|�h@* t�hT*�tit @t @ TihUi?|@}i Lu @U|�@* B#� �@�i Mii?
UL4T�|i_ M) ?Lh4@*�3�?} t|h�U|�h@* M@*@?Uit E_i�?i_ �? |ih4t Lu TL|i?|�@* B#��
@?_ t�M|h@U|�?} �?|ihit| T@)4i?|t @t @ TihUi?|@}i Lu @U|�@* B#�� EA�i *@||ih @hi
LM|@�?i_ @t |�i _�gihi?Ui Mi|�ii? L�ih@** �?@?U�@* t�hT*�tit @?_ |�i ULhhitTL?_�?}
Th�4@h) t�hT*�tit�� 6Lh |�i 4Lt| hiUi?| Tih�L_ |�iti _@|@ @hi T�M*�t�i_ �? |�i �,�#
,UL?L4�U ��|*LL!� +i��ti_ tih�it Lu |�i @ML�i �@h�@M*it t|@h|�?} �? �b.ft �@�i Mii?
!�?_*) ThL��_i_ M) �*i @?_h@ ��MMi Lu |�i �,�# ,UL?L4�Ut #iT@h|4i?|c ��M*�U
,UL?L4�Ut #���t�L?�

#@|@ L? |�i UL4TLt�|�L?c M) �?t|h�4i?|c Lu T�M*�U _iM|t @hi uhL4 ?@|�L?@* tL�hUit
@?_ @hi hiTLh|i_ �? ��tt@*i E�bbb�� Nt�@**) |�i) hiuih |L |�i �i?|h@* BL�ih?4i?|
_iM|c M�| |�i h�*i �t @4i?_i_ �? @ ui� U@tit ��i? _@|@ @hi @�@�*@M*i L?*) uLh |�i
Bi?ih@* BL�ih?4i?|� 5�?Ui uLh tL4i UL�?|h�it |�i UL4TLt�|�L? Lu _iM| �L*_�?}t Lu
|�i 4L?i|@h) @�|�Lh�|�it �t ?L| @�@�*@M*ic �i �ti @ _i�?�|�L? Lu _iM| ���U� �?U*�_it
�i?|h@* �@?! �L*_�?}tc ?i| Lu Uhi_�| *�?it�

wL?}�|ih4 _iM| �t _i�?i_ @t |�i t�4 Lu � i_�h@|i ML?_t @?_ *L@?t _i?L4�?@|i_
�? |�i _L4it|�U U�hhi?U) ��|� @? �?�|�@* |ih4 |L 4@|�h�|) *L?}ih |�@? L?i )i@h� A��t
h�*i �t @4i?_i_ uLh 5T@?�t� @?_ W|@*�@? Ahi@t�h) M�**t ��|� @? �H�4L?|�t 4@|�h�|)
|�@| �@�i Mii? UL?t�_ihi_ @t t�Lh| 4@|�h�|) _iM|�

Oi?Uic ML?_t @?_ *L@?t _i?L4�?@|i_ �? uLhi�}? U�hhi?U)c @?_ ML?_t Mi@h�?}
UL�TL?t �?_i i_ |L 4@h!i| �?|ihit| h@|itc |L |�i Th�Ui *i�i*c Lh |L |�i ,�N i U�@?}i
h@|ic �@�i Mii? UL?t�_ihi_ @t t�Lh|�|ih4 _iM|�

wL?}�|ih4 5T@?�t� *L@?t Lu |�i �b.ft �@�i Mii? UL?t�_ihi_ @t t�Lh| _iM|c t�?Ui
|�i) �ihi T*@Ui_ ��|� |�i *LU@* M@?!t @| Mi*L��4@h!i| �?|ihit| h@|it�

, |i?_�M*i ML?_t @?_ ML?_t ��|� @? LT|�L? uLh i@h*) hi_i4T|�L? Et�U� @t |�Lti
�tt�i_ �? �i*}��4c 6h@?Ui @?_ W|@*)� �@�i Mii? UL?t�_ihi_ @t *L?}�|ih4 _iM| �u |�i
Tih�L_ ThiUi_�?} |�i i@h*�it| TLtt�M*i 4@|�h�|) �t *L?}ih |�@? L?i )i@h� 6� i_�h@|i
ML?_t ��|� @? LT|�L? uLh UL?�ih|�?} UL�TL?t �?|L �@h�@M*i�h@|i UL�TL?t E@t |�Lti
�tt�i_ �? 6h@?Ui �? |�i i@h*) �bHft� �@�i Mii? UL?t�_ihi_ @t � i_�h@|i _iM| t�?Ui |�i
�L*_iht _L ?L| i ihU�ti |�i LT|�L? �? U@ti |�i �?|ihit| h@|i u@**t�

wL?}�|ih4 �?|ihit| h@|it hiuih |L |�i )�i*_t�|L�4@|�h�|) Lu Mi?U�4@h! *L?}�|ih4
}L�ih?4i?| ML?_t L? |�i _L4it|�U 4@h!i|� 5�Lh|�|ih4 �?|ihit| h@|it hiuih |L ��4L?|�
�?|ihM@?! h@|itc t�?Ui �?|ihit| h@|it L? Ahi@t�h) M�**t @hi ?L| @*�@)t @�@�*@M*i�

vi@h*) _@|@ L? t�Lh|� @?_ *L?}�|ih4 �?|ihit| h@|it @hi uhL4 �,�# ,UL?L4�U
��|*LL!� "�@h|ih*) _@|@ L? t�Lh|� @?_ *L?}�|ih4 �?|ihit| h@|it @hi uhL4 �,�# �@�?
,UL?L4�U W?_�U@|Lht @?_c ��i? |�i �,�# tih�it �t ?L| @�@�*@M*ic uhL4 W�6 W?|ih?@�
|�L?@* 6�?@?U�@* 5|@|�t|�Ut�

A�i h@|�L Lu T�M*�U _iM| |L B#� �t uhL4 �,�# ,UL?L4�U ��|*LL! @?_ hiuiht |L
}hLtt }i?ih@* }L�ih?4i?| _iM|�



A@M*i �G A�i 5|@M�*�3@|�L? ,T�tL_it �? L�h 5@4T*i

Hslvrgh Fruu p|n��p|3� p|3� E@C(� �o@�o U|3� U|3��u|3� �U| �+U| � u|,

Dxvwudo :: 51: 04519 :314 5718 4413 4315 31< 314 031<
Dxvwudo ;30;5 615 41: 8914 5817 :13 <1; 0314 41< 0317
Dxvwudo ;80;; 61: 081< 9718 5817 91: 4619 416 317 0619
Dxvwudo <80<; 614 041; :916 681; :1: <13 616 315 041;
Dxvwuld ::0:; 513 519 861< 5:17 514 ;1; 714 313 051;
Dxvwuld ;30;4 516 04716 9319 6913 419 ;13 517 417 0616
Dxvwuld ;7 515 0413 741< 7918 41< ;15 51; 0315 0416
Dxvwuld <5 417 518 7;1: 8;19 915 ;19 0318 0316 0319
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Fdqdgd <60<; :19 713 7914 ;;13 441< ;1; 514 031< 31;
Ghqpdun ;60;9 4515 ;15 8<16 9:13 4:1< 5417 719 0916 0515
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udwh orqj0whup ghew> p|3� @ vkduh ri �{hg0udwh orqj0whup ghew> E@C(� @ ghew0wr0JGS udwlr lq wkh |hdu
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U|3��u|3� @ vsuhdg ehwzhhq orqj0 dqg vkruw0whup lqwhuhvw udwhv> �U| @ fkdqjh ri orqj0whup lqwhuhvw udwh>
�+U| � u|, @ fkdqjh ri vsuhdg ehwzhhq orqj0 dqg vkruw0whup lqwhuhvw udwhv1
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Hslvrgh Fruu p|n��p|3� p|3� E@C(� �o@�o U|3� U|3��u|3� �U| �+U| � u|,

Lwdo| :90:: 715 319 691; 8:19 5416 4313 0319 519 0517
Lwdo| ;3 41: 0<13 6317 931: 4<17 4613 415 515 0614
Lwdo| ;50;6 61: 0<15 5417 9316 4718 4<17 314 31< 316
Lwdo| ;9 415 613 4413 ;516 817 461: 0418 0515 0317
Lwdo| ;;0;< 414 818 4713 <319 91; 4319 031: 316 31;
Lwdo| <4 418 71: 4;18 43918 <15 4618 419 0317 0317
Lwdo| <6 61; 91; 5615 4491; 4414 461: 0319 0517 416
Lwdo| <80<: 816 :17 631< 4561< 4619 4318 513 41: 0316
Mdsdq :<0;: :1; 719 ;51< 6<1: 4615 917 416 513 414
Qhwkhuo :: 413 0413 ;<1: 7417 6618 <13 514 031< 418
Qhwkhuo ;40;6 51: 71< <51; 791< 6413 4315 0318 416 317
Qhwkhuo ;8 415 0316 <;1; 991; 4<14 ;14 513 031; 0413
Qhwkhuo ;:0;; 419 314 <;18 :618 4618 916 319 314 317
Qhwkhuo <4 51; 31: <;1: :;1; 4416 ;1< 315 0315 031;
Qhwkhuo <6 513 051: <<18 :<19 ;15 ;14 0416 041: 31;
Qhwkhuo <80<: 513 0618 <91: :<14 915 91< 41: 313 31;
Sruwxj ;70;9 ;18 051< :14 7<1: 461; 5919 61; 615 413
Sruwxj <5 51; ;13 :1< :315 :19 5416 618 0619 413
Sruwxj <70<: 513 813 481< 9:18 :16 4:1: 816 031< 313
Vsdlq :< 413 913 4816 4717 751< 441< 081: 417 618
Vsdlq ;60;7 416 04613 5718 6317 4:1< 4913 0316 31< 051;
Vsdlq ;90;: 513 4419 4617 831; 4319 4617 414 0513 0417
Vsdlq <40<7 618 <13 6316 8316 4315 4719 0319 041; 315
Vsdlq <90<: 713 :1< 8713 :31; 818 431< 418 0515 0315
Vzhghq :80:9 51: 0413 <31: 6317 531: ;13 31: 413 318
Vzhghq ;60;7 515 0717 8<15 941: 4514 4616 313 031: 414
Vzhghq ;90;: 819 615 7<1; 991: 4317 4615 031< 051: 419
Vzhghq ;< 414 0916 8419 8614 4418 4417 416 0315 0419
Vzhghq <70<; 4716 ;14 761< :81; 441< ;18 315 413 41<
XN :: 419 518 :617 9313 4819 4619 513 0419 513
XN :<0;5 81; 618 :913 8:16 4;13 4514 51; 31< 0619
XN ;;0<3 517 04319 9;19 8819 4319 <19 0314 314 0318
XN <70<; :15 0417 9413 891< 431: :18 418 31: 315
XVD :90:< 517 913 6814 6<1: 4719 ;13 515 0317 317
XVD ;:0;< 414 0315 8619 8318 4819 :1: 41: 31: 31<
XVD <60<; 718 31; 7<1< 9314 :1< :13 619 0414 031:

Qrwhv= Doo yduldeohv duh lq shufhqw1 w uhihuv wr wkh �uvw |hdu ri wkh vwdelol}dwlrq1
Ohjhqgd= Fruu @ fxpxodwlyh fkdqjh lq vwuxfwxudo exgjhw> p|n� �p|3� @ fkdqjh lq wkh vkduh ri �{hg0
udwh orqj0whup ghew> p|3� @ vkduh ri �{hg0udwh orqj0whup ghew> E@C(� @ ghew0wr0JGS udwlr lq wkh |hdu
suhfhglqj wkh vwdelol}dwlrq> �o@�o @ vwdqgdug huuru +glylghg e| phdq, ri vkruw0whup udwhv iurp dx{loldu|
uhjuhvvlrq iru wkh vhyhq |hduv suhfhglqj wkh vwdelol}dwlrq> U|3� @ orqj0whup lqwhuhvw udwh>
U|3��u|3� @ vsuhdg ehwzhhq orqj0 dqg vkruw0whup lqwhuhvw udwhv> �U| @ fkdqjh ri orqj0whup lqwhuhvw udwh>
�+U| � u|, @ fkdqjh ri vsuhdg ehwzhhq orqj0 dqg vkruw0whup lqwhuhvw udwhv1

5
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�Furvv Vhfwlrqv ri Vwdelol}dwlrq Hslvrghv�

ROV Hvwlpdwlrq ROV Hvwlpdwlrq

Ghs1 Yduldeoh Fkdqjh lq Il{hg0Udwh Orqj Ghew Fkdqjh lq Il{hg0Udwh Orqj Ghew
p|n� �p|3� Ghqrplqdwhg lq Grphvwlf Fxuuhqf| Lqfoxglqj Iruhljq Ghqrplqdwhg

Vdpsoh Ixoo Fruu � 5 Fruu � 5 E@C(� Ixoo Fruu � 5 E@C(�
Vdpsoh Gxu � 5| � 3=8 Vdpsoh � 3=8

Revhuydwlrqv :5 84 77 77 :5 84 77

Dgmxvwhg U2 3156 315; 3159 316; 3147 3154 3155

Mdutxh0Ehud 3163 518< 615; 31:7 8183 41;3 413:
s0ydoxh +31;9, +315:, +314<, +319;, +3139, +3173, +318;,

Phdq ri Ghs 4147 4188 41;9 5136 31<8 418; 41;:

Frqvwdqw <137WW 4613WW 4819WW 4614WW :158W <194WW 817:
+5165, +51;5, +6143, +5189, +41;4, +515:, +4137,

p|3� 03143WW 03148WW 03149WW 03145WW 0313:WW 03143WW 0313:W

+617;, +61;:, +6189, +618<, +519;, +6165, +41<<,

+E@C(� ,|3� 6158 318; 04196 5156 5184 31<< 71<9
+4166, +314;, +3179, +319<, +4135, +3168, +4176,

+�o@�o,|3� 314:W 3147WW 3167WW 313: 3135 3145 03148
+41;<, +516;, +5164, +317<, +3156, +4133, +31<7,

U|3� 03196WW 031:3WW 031::WW 031:<WW 03164W 0315; 0314:
+51<;, +51<;, +6146, +6147, +4196, +4175, +3195,

�U| 04176WW 0416:WW 0416<WW 0516;WW 04146WW 04134WW 04169WW

+6143, +5189, +517;, +7174, +517:, +513:, +5157,

Qrwhv= ROV hvwlpdwlrq ri htxdwlrq +46,1 Vhh Wdeoh 4 iru yduldeoh gh�qlwlrqv1 Yduldeohv duh lq
shufhqw1 Wkh frh�flhqw ri +E@C(� ,|3� lv pxowlsolhg e| 4331
w0vwdwlvwlfv duh lq sduhqwkhvhv1 W Vljql�fdqw dw wkh 43( ohyho1 WW Vljql�fdqw dw wkh 8( ohyho1
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Dgglqj wkh \lhog Vorsh dqg Lqvwuxphqwdo Yduldeohv Hvwlpdwlrq

ROV Hvwlpdwlrq LY Hvwlpdwlrq

Ghs1 Yduldeoh Fkdqjh lq Il{hg0Udwh Orqj Ghew Fkdqjh lq Il{hg0Udwh Orqj Ghew
p|n� �p|3� Ghqrplqdwhg lq Grphvwlf Fxuuhqf| Ghqrplqdwhg lq Grphvwlf Fxuuhqf|

Vdpsoh Ixoo Fruu � 5 E@C(� Ixoo Fruu � 5 E@C(�
Vdpsoh � 3=8 Vdpsoh � 3=8

Revhuydwlrqv :5 84 77 :5 84 77

Dgmxvwhg U2 315; 315< 3174 314: 3156 315;

Mdutxh0Ehud 319: 41<4 31:9 31<8 4156 :158WW

s0ydoxh +31:4, +316;, +319;, +3195, +3187, +3135,

Phdq ri Ghs 4147 4188 5136 4147 4188 5136

Frqvwdqw <1;9WW 451:WW 4514WW 4417WW 4815WW 4919WW

+5194, +51:<, +5176, +518<, +51<;, +51:3,

p|3� 03144WW 03147WW 03145WW 03145WW 03149WW 03148WW

+6197, +6196, +61:6, +6189, +61;<, +6188,

+E@C(� ,|3� 5165 03149 51;4 4176 04179 4154
+31<:, +3138, +31;<, +3183, +3173, +3167,

+�o@�o,|3� 3149W 3168WW 3139 3154WW 316<WW 314<
+4197, +517<, +3176, +5145, +518:, +4136,

U|3� 03198WW 031:7WW 031;3WW 031::WW 031;6WW 04146WW

+6146, +614:, +6154, +614:, +6147, +6134,

�U| 04154WW 0415<WW 05147WW 05187WW 05168WW 061:5WW

+519;, +5175, +61<6, +519<, +5178, +6146,

U|3� � u|3� 31:9WW 31:4 31<5WW

+5146, +4188, +5147,

�+U| � u|, 31<5WW 31:3 3159
+5137, +4155, +3184,

Qrwhv= Froxpqv 406= ROV hvwlpdwlrq ri htxdwlrq +46, zlwk dgghg uhjuhvvruvU|3��u|3� dqg �+U|�u|,1
Froxpqv= 709= LY hvwlpdwlrq ri htxdwlrq +46,1 Lqvwuxphqw iru �U|= fkdqjh lq orqj0whup lqwhuhvw
udwh ryhu wkh vl{ prqwkv suhfhglqj wkh vwdelol}dwlrq1 Vhh Wdeoh 4 iru yduldeoh gh�qlwlrqv1 Yduldeohv
duh lq shufhqw1 Wkh frh�flhqw ri +E@C(� ,|3� lv pxowlsolhg e| 4331
w0vwdwlvwlfv duh lq sduhqwkhvhv1 W Vljql�fdqw dw wkh 43( ohyho1 WW Vljql�fdqw dw wkh 8( ohyho1

Kdxvpdq whvw=
Ixoo vdpsoh= w0vwdwlvwlf @ 4144< S0ydoxh @ 3149
Fruu � 5(= w0vwdwlvwlf @ 414:9 S0ydoxh @ 3153
Vdpsoh E@C(� � 3=8= w0vwdwlvwlf @ 41358 S0ydoxh @ 314:


