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[ \]^ _`]a` bcd] ef d]\gh_iea `j ]]k f\] aekgc h\e^^]i g` fgb ] deagle^f R mca h\e^^]i ]n_eigoefgc^ e^ ehh_aef] h\e^^]i bck]i g` a]n_ga]kcf\]ap g`] f\] fgb] deagefgc^ g` e `gq^gr he^f he_`] cs `tbuci ]aaca` RU\] Xcjj i]a ]v]hf g^ b_ifgjef\ jacjeqefgc^ g` f\] `feafg^q j cg^f scaf\] h\e^^]i k]`hagjfgc^ qgd]^ ut w xc\]a g^ yz{ R U\g` k]`hagjfgc^ k]j ]^k`g^ ^c^ig^]ea b e^^]a c^ f\] Xcjji]a sa]n_]^hg]` sca ]eh\ g^kgdgk_eijef\ p\gh\ g` e be| ca cu`fehi] p\]^ _`]k sca h\e^^]i ]n_eigoefgc^ RU\] a]ja]`]^fefgc^ cs f\] fgb] deage^f aekgc h\e^^]i ut b]e^` cs f\]`heff]ag^q s_^hfgc^ pe` _`]k ut }]iic y~{ R U\] hc^fg^_c_` fgb] ]n_elfgc^ f\ef ig^�` f\] gbj_i`] a]`jc^`] � �� � � � fc f\] `heff]ag^q s_^hfgc^�� �� � � � g` `_u`]n_]^fit k g`ha]fgo]k g^ u cf\ fgb] e^k sa]n_]^htR U\]kg`ha]fgoefgc^ g` gbji]b]^f]k ut a]j iehg^q f\] mc_ag]a g^f]qaei p gf\e r^gf] `_b y� � �{ R U\]a]sca] f\] fgb] deage^f gbj_i`] a]`j c^`] g`]�je^k]k ig^]eait g^ f]ab ` cs mc_ag]a ue`g` s_^hfgc^` RS^ f\ g` jej ]a c_a hc^fagu_fgc^ g` fc e^eito] f\] j ]ascabe^h] cse b_ifg heaag]a ��Z� hck] kgd g`gc^ b_ifgj i] ehh]`` �ZX��� scapeakig^� p\]^ f\] fgb] deage^f h\e^^]i g` bck]i]k ut f\] mc_ag]a }e`g`��je^`gc^ RU\] jej ]a g` caqe^go]k e` sc iicp ` � [] g^fack_h] f\] `gq^ei bck]i sca� ZlZX�� g^ �]h R ~ e^k k]`hagu ] f\] mc_ag]a ue`g` ]�je^`gc^ bck]ig^ �]h R � R [] ja]`]^f `gb_iefgc^ a]`_if` e^k e^eito] f\] ejjac� gbefgc^jacj]afg]` cs f\] mc_ag]a ue`g` ]�je^`gc^ bck]i g^ �]h R z R [] hc^hi_k]p gf\ `cb] a]bea�` g^ �]h R � R

:� ���� � ��� �� �� ¡�¢ £� ¤ �¥�£¦§ ��¦ ¨ ¤ �£©ª�¡ £© ª§ � « �ª§ ��� ©¡¦ ¨

¬­®¯°±¯ ²³±´ µ ¶·¸¹º¸¶¹¹· µ »¹ ¼½º µ ¾ ²»



¿ÀÁÂÃÄ ÅÆÂÆÇ È É ÊË Ê ÌÆÍÎÏÆÇÐÑ ÒÃÓÎÆÑ ÃÇÔ Õ ÊÕ Ê Ì ÒÓÏÏÆÑ

Ö Ö
×ØÙ Ö ÚÛÛÜÝÞÝßàÝ áâãäå æ
ç èéê

ëìí î èïê ð èé ñ ïêò èé ê ó èïê ô èïê
õ èïê

ö÷ø÷ ùúÝûüãâýþ èé ÿê Úúøãâß � ×÷ááãâ

���þ èé ê
Ö

ûø�ãâ ��ãâ�

�þ èé ÿÿê

� £	��� 
 ¨ E5=/; D53 8./ EFGFHEI 837024 988/3 90 8./ D53M73= ;90N >
~ R �S�T�� �WX��

S^ yQQ{ p] ja]`]^f]k e �ZlZX�� b_ifg _`]a a]h]gd]a sca 
���� � ������ h\e^^]i` R � ZlZX�� g` ue`]k c^ caf\cqc^ei sa]n_]^ht kgd g`gc^b_ifgj i]� g^q �WmX� �R �ja]ekg^q hck]` ea] ejj ig]k g^ f\] sa]n_]^htkcb eg^ fc kg`fg^q_g`\ ]eh\ _`]a R U\]a]sca] ]eh\ h\gj g` fae^`b gff]kcd]a e kgv]a]^f `_u heaag]a RS^ f\g` jej ]a p] p gii k]ei p gf\ h\e^^]i` p\gh\ deat `gq^grhe^fit cd]af\] k_aefgc^ cs e kefe u ic h� R Uc sc h_` f\] ja]`]^fefgc^ p] p gii igb gfc_a`]id]` fc f\] scapeak ig^� R U\] ue`] `fefgc^ fae^`b gf` n_ef]a^eatj\e`] `\gsf �]t g^q ����� � bck_ief]k `tbuci` �� y� { kaep^ sacb f\]eij\eu ]f � ! "# Q # | $ g^ u ic h�` cs i]^qf\ % R X g`ha]f] fgb] g` k]^cf]kut � R U\]a] ea] & _`]a` g^ f\] `t`f]b � f\] _`]a g^k]� g` k]^cf]k ut' R �eh\ `tbuci g` `ja]ek ut e _^gn_] [ei`\lwekebeak `]n_]^h] (� csi]^qf\ ) p gf\ ]i]b]^f` � * "# Q$ � `]] m gq R QR[] p gii _`] f\] sc iicp g^q ^cfefgc^ � � ii d]hfca` ea] k]r^]k e` hci_b^`d]hfca` e^k k]^cf]k p gf\ u cik icp]a he`] i]ff]a` R � efagh]` ea] qgd]^ g^u cik _jj ]a he`] � �+�, k]^cf]` fae^`j c`] � �+�- k]^cf]` hcbji]� hc^| _lqef] � �+�. k]^cf]` w]ab gfge^ �g R] R hcbji]� hc^| _qef]� fae^`j c`] e^k/ * k]^cf]` f\] ) 0 ) gk]^fgft befag� R U\] % 0 ) _jj ]a i]sf jeaf csbefag� 1 g` a]s]a]^h]k e` 12 3* e^k f\] ]i]b ]^f c^ 4f\ acp e^k 5f\hci_b^ cs befag� 1 g` a]s]a]^h]k ut y1 {6 78 R U\] a]`_if cs kgeq �9 � g` ekgeqc^ei befag� p gf\ f\] ]i]b]^f` cs 9 c^ gf` beg^ kgeqc^ei RS^ ]eh\ kefe u ic h� f\]a] ea] % kefe `tbuci` R U\]t a]`_if sacb f\]ug^eat g^scabefgc^ `]n_]^h] :� y� ;; { cs i]^qf\ ~% <= ut hc^dci_fgc^ei]^hckg^q � ae^kcb g^f]ai]edg^q e^k ���� bck_iefgc^ p gf\ � aet ieu ]ilg^q R U\] hck] aef] g` k]^cf]k ut <= R U\] `ja]ek `gq^ei` cs eii _`]a` ea]ekk]k fcq]f\]a e^k b_ifgj i]�]k p gf\ cjfgc^ei j gicf `tbuci` R U\]^ � e^) jcg^f g^d]a`] kg`ha]f] mc_ag]a fae^`scab �SXmU � g` j ]ascab]k e^ke Z� �hthigh ja]r� � p gf\ i]^qf\ > g` g^`]af]k R U\] a]`_ifg^q `gq^ei g`
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fae^`b gff]k cd]a e fgb ] deage^f b_ifgjef\ sekg^q h\e^^]i � �� � � � p gf\e k]iet `ja]ek cs I h\gj ` � JK L IJ= R U\] h\ gj k_aefgc^ g` k]^cf]k utJ= R [] k]^cf] f\] `ebji]k fgb ] deage^f gbj_i`] a]`j c^`] ut � y� � M { L� ��N J= � MJ= � � O y� { L y� ��N J= � P � � + + + � � ��N J= � �I Q Q�J= �{, g^ d]hlfca ^cfefgc^ � p\]a] N L ) R > qgd]` f\] i]^qf\ cs f\] WmX� `tbucig^ h\gj` RU\] a]h]gd]a a]bcd]` f\] Z� e^k j ]ascab ` e kg`ha]f] mc_ag]a fae^`lscab �XmU �R U\] a]h]gd]k `gq^ei d]hfcaS y� { L kgeq �T y� {� �UV y� { R W y� {� R X y� {
p\]a] T y� { L Y) Z * 3[O y� { � e^k X y� { k]^cf]` hcbji]� ekkgfgd]p\gf] �e_``ge^ ^cg`] p gf\ o]ac b]e^ e^k hcdeage^h] \ !] / * R U\] _^gfeatXmU befag� Z \e` ]i]b]^f` yZ {6 78 L � * ] ^_!` 68* � 4 � 5 L P � + + + �) Q QR
� efag� U g` k]r^]k e` U L y(� � + + + � (a { � e^k V y� { L y�� y� { � + + + � �a y� {{,hc^feg^` f\] `feh�]k kefe `tbuci` sca & _`]a` R[] k]r^] f\] ]v]hfgd] `ja]ek g^q d]hfca sca _`]a ' e`b(� y� { L kgeq �T y� {�(� �
hc ii]hf eii _`]a` g^ befag� bU y� { L yb( � y� { � + + + � b(a y� {{ e^k r^eiit q]fS y� { L bU y� {V y� { R kgeq �T y� {�W y� { R X y� { RU\g` `gq^ei bck]i g` deigk sca fgb ] deage^f h\e^^]i` p\]^ f\] g^f]alheaag]a g^f]as]a]^h] �SZS� g` `beii R U\g` g` fa_] p\]^ f\] �c^] `gk]k�Xcjji]a ue^kp gkf\ cK L def g` `b eii]a f\e^ g L Qh cs f\] `_u heaag]aue^kp gkf\ ij L Qe �) J= � y�{ � cK k gij R U\] `j ]]k cs f\] bcugi]`fefgc^ g` k]^cf]k ut d e^k f\] ped] i]^qf\ ut f RU\] `g^qi] _`]a a]h]gd]a g` e fgb] deage^f befh\]k r if]a l� y� { Lmno pq rstmno pq r tu S y� { v Uc heih_ief] f\] ]v]hfgd] `ja]ekg^q `]n_]^h] p] ^]]k ebck]i fc k]`hagu ] f\] fgb] deage^f h\e^^]i R � jc``gu i] `ci_fgc^ g` emc_ag]a ue`g` ]�je^`gc^ bck]i p\gh\ p] k]`hagu ] g^ f\] ^]�f `]hfgc^ R

� R mWYVS�V }��S� �w��T�SWT �WX��
U\] `ebji]k fgb] deage^f h\e^^]i gbj_i`] a]`j c^`] � y� � M { g` a]ja]l`]^f]k ut f\] `heff]ag^q s_^hfgc^ g^ f\] Xcjji]a k]iet kcbeg^

�� �j � M � L xyqz^x
� y� � M {]^_!`q { v

mca e p ga]i]`` `t`f]b f\] Xcjji]a ue^kp gkf\ cK g` q]^]aeiit �^cp^ ��� �j � M � g` f\]a]sca] ue^k igb gf]k e^k de^g`\]` sca |j | } ~ � y� � M { L��^� �� �j � M �]_ !`q { k j � p\]a] ~ L cKN J= e^k P k ~ k Qe~ R
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}t igb gfg^q f\] fgb] g^f]adei fc yP �% Q Q{ f\] `heff]ag^q s_^hfgc^ g`

kg`ha]fgo]k g^ f\] sa]n_]^ht kcbeg^ � �� y� � M { L 2 ^��qz� � y� � M {]^_!`q ��2 �p\gh\ g` ]n_ gdei]^f fc f\] kg`ha]f] mc_ag]a fae^`scab �XmU �R U\] a]hfle^q_iea p g^kcp g^q a]`_if` g^ `j ]hfaei i]e�eq] �`]] y�{ �]h R � Rz � R U\]a]lsca] �� y� � M { kc]` ^cf de^g`\ sca |� | } �~ % � R }_f �� y� � M { p gii k]hetp gf\ g^ha]e`g^q |� |RU\] mc_ag]a ue`g` ]�je^`gc^ bck]i sca f\] fgb] deage^f h\e^^]i
g` q gd]^ ut �� y� � M { L K^���z� �� yM {�� y� { p gf\ � L ~� �~ % � R Q e^k
�� y� { L � 2 ] _ !`q ��^ �K ^���!�2 R U\] jeaeb]f]a` �� yM { ea] heih_ief]k ut�� yM { L �2 ^�qz� � y� � M {�-� y� { R U\] b]e^ `n_ea] ejjac� gbefgc^ ]aaca�; L 2 ^��qz� [^���z� ���

� y� � M { Q �� y� � M { ���
! g` hc^facii]k ut � R

Uc ]�ja]`` f\] ue`g` ]�je^`gc^ bck]i g^ d]hfca befag� ^cfefgc^p] g^fac k_h] f\] k]iet fgb] h\e^^]i befag� p gf\ kgb]^`gc^ I 0 %� L �O yP{ � O yQ{ � v v v � O y% Q Q{� p\]a] ]eh\ hci_b^ g^ � a]ja]`]^f` f\]fgb ] deage^f gbj_i`] a]`j c^`] ef kg`ha]f] fgb] � R U\] sa]n_]^ht fgb]h\e^^]i befag� � L �T yP{ �T yQ{ � v v v �T y% Q Q{� g` a]ief]k fc f\] k]iet
fgb ] befag� dge � L Y) Z * 3[� R[] k]r^] f\] � 0% `t^f\]`g` befag� � L �� yP{ �� yQ{ � + + + �� y% Q Q{� �e^k f\] � 0 % e^eit`g` befag� � L � - RU\] mc_ag]a ue`g` ]�je^`gc^ bck]i g^ b efag� d]hfca ^cfefgc^ g` q gd]^ut �O y� { L �, � y� { R Uc cufeg^ f\] k]iet ue`g` ]�je^`gc^ jeaeb]f]abefag� � L � � , � p] ejj it f\] e^eit`g` befag� � c^ � R U\] ]i]b]^f`cs f\] � 0 I befag� � ea] k]r^]k e` y� {� 7� L �� yM { RS^ f\] hc^f]�f cs �ZlZX�� f\] h\e^^]i g` ^ef_aeiit a]ja]`]^f]k g^f\] sa]n_]^ht fgb ] kcbeg^ R [] g^fac k_h] f\] sa]n_]^ht ue`g` ]�je^`gc^jeaeb]f]a befag� � L � �, � e^k ]�ja]`` f\] fgb] deage^f sa]n_]^hth\eaehf]ag`fgh �T y� { L �, � y� { f\ac_q\ f\] mc_ag]a ue`g` ]�je^`gc^bck]i RU\g` qgd]` f\] fgb] deage^f ]v]hfgd] `ja]ekg^q `]n_]^h] e` b(� y� { �kgeq ��, � y� {� (� � e^k f\] a]h]gd]k kefe `gq^ei

S y� { L kgeq ��, � y� {� �UV y� { R W y� {� R X y� { v
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Uc q]^]aef] f\] fgb] deage^f h\e^^]i a]eigoefgc^ sca � p] _`] f\] bck]i
O y� { L kgeq �O � ¡] _ !` {¢q2 � + + + � ] _ !` { £¤¥¦§q2 ¨, � _ !`© {ª q2 v

«]hfca O bck]i` f\] Veti]gq\ sekg^q ieaq] `hei] h\e^^]i `fefg`fgh` e^kg` ^cabeigo]k `c f\ef � " |O |! $ L QR [] _`] f\] ]�j c^]^fgeiit k]het g^qftjghei _aue^ �UY � jcp]alk]ietljacr i] ��X� � sacb ZW�U ~�¬ y�{ � f\]h\gj aef] QeJ= L � v�z� hj` e` g^ Y�U� e^k f\] k]iet `ja]ek I L Q�hcaa]`j c^kg^q fc JK L � v¬­ ` RU\] fgb ] deage^f h\eaehf]ag`fgh g` bck]i]k e` ae^kcb Xcjji]a hcblj c^]^f j8 sca ]d]at h\e^^]i fej R Uc eh\ g]d] e ®e�]` `j ]hfa_b yz{ j8 L`g^ �~¯°8 �cK% N J= � 5 L P � + + + �I Q Q� p\]a] °8 g` e ae^kcb deageu i] �_^ gscab it kg`fagu_f]k g^ f\] g^f]adei �P � Q� R U\] ^cab eigo]k heaag]a sa]ln_]^ht cv`]f ef f\] a]h]gd]a ij= g` g^hcaj caef]k g^ f\] fgb] deage^fh\e^^]i bck]i e` hcbbc^ ekkgfgc^ei Xcjj i]a hcbjc^]^f sca eii h\e^l^]i fej` R mca ]d]at h\e^^]i a]eigoefgc^ ij= g` ae^kcb it `ebji]k sacbe _^gscab kg`fagu_fgc^ c^ f\] g^f]adei �Qij= 7q ±² �Rij= 7q ±² � RU\] `t`f]b g` cj ]aef]k ef heaag]a sa]n_]^ht j= L ~ �wo � f\] _`]a`bcd] p gf\ d]ic hgft d L �P �b ³\ � f\ g` q gd]` c ;K L ¬P wo R U\] hcbji]f]WmX� `tbuci p gf\ hthigh ja]r� \e` i]^qf\ cs N L > R ) L �¬ R U\]^_bu]a cs `_u heaag]a` ) L �z e^k f\] kefe u ic h� i]^qf\ % L ~�� RU\] b e�gb_b heaag]a sa]n_]^ht cv `]f pe` h\c`]^ fc u ] ij= 7q±² L¬P wo% N J= L P vz� R mca f\] mc_ag]a ue`g` ]�je^`gc^ bck]i f\g` a]`_if`g^ �~ % � L Q p gf\ cK L c ;K R ij= 7q ±² e �% N J= � RU\] mc_ag]a ue`g` ]�je^`gc^ bck]i ejjac� gb ef]` sca ]d]at h\e^^]ifej e hcbji]� ]�j c^]^fgei p gf\ e aefgc^ei sa]n_]^ht j g^ f\] ae^q] |j | k~ % R [] e^eito] f\] � �� cs f\] mc_ag]a ue`g` ]�je^`gc^ bck]i sca e`g^qi] jef\ h\e^^]i p gf\ ^cabeigo]k Xcjj i]a sa]n_]^ht j deag]k cd]a
f\] g^f]adei �P � Q� � � y� � Q{ L ] _ !`q {2 � e^k k]r^] O � L �� yP � Q{ � + + + � � y% Q
Q� Q{�, v
[] ]dei_ef] f\] � �� ehhcakg^q fc �O � L � , � O� � � L ���

O � Q �O � ���
! RU\] � �� sca f\] mc_ag]a ue`g` ]�je^`gc^ g` q gd]^ g^ m gq R ~ R [ gf\ g^lha]e`g^q ^_bu]a cs ue`g` s_^hfgc^` � hc^facii]k ut � f\] � �� g` a]k_h]k R�f j L P v� f\] ]aaca g` be� gb_b RUc q]f bca] g^`gq\f g^ f\] k]fegi]k ejjac� gbefgc^ u ]\ed gca p] jicf� y� � Q{ e^k �� y� � Q{ sca j L P v� e^k � L "Q� z $ g^ f\] hcbji]� jie^] g^m gq R � R U\] ebjigf_k] e^k j\e`] ]aaca ef f\] u ]qg^^g^q e^k ]^k cs f\]kefe u ic h� g` `gq^grhe^f sca � L Q� e^k k]ha]e`]` p gf\ g^ha]e`g^q � R

¬­®¯°±¯ ²³±´ µ ¶·¸¹º¸¶¹¹· µ »¹ ¼½º µ ¾ ²´



¿ÀÁÂÃÄ ÅÆÂÆÇ È É ÊË Ê ÌÆÍÎÏÆÇÐÑ ÒÃÓÎÆÑ ÃÇÔ Õ ÊÕ Ê Ì ÒÓÏÏÆÑ

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
0

5

10

15

20

25

30

35

40

M
S

E

 f (normalized Doppler)

κ=1
κ=2
κ=3
κ=4

� £	��� µ ¨ E/70 2J173/= /3353 ¶E?·¸ 5D 8./ A5139/3 B7292 /C<702950 45=/; D53¹º » ¼ ½ ¾ 70= ¿ ½ �À ¹º » ¼ Á ¾ B7292 D10:89502 Â M 98. À ½ Ã¾Ä � Ä � Ä ÅÆ > O./0534 7;9K/= =5<<;/3 D3/J1/0:@ Ç M72 6739/= 56/3 8./ 908/367; ¶� Ä ¾¸ >

−1 −0.5 0 0.5 1
−0.5

0

0.5

1

1.5

Real(h[m,1])

Im
ag

(h
[m

,1
])

Original h[m,1]
Approximation with κ=1
Approximation with κ=4

� £	��� È ¨ O37É /:853@ 5D Ê ËÌ Ä ¾Í 70= 982 7<<35C 94 78950 B@ 8./ A5139/3 B7292 /C<702950D53 À ½ Ã¾Ä Å Æ >
mca kefe k]f]hfgc^ p] _`] e fgb ] deage^f b efh\]k r if]a R U\] a]`_iflg^q hck] `tbuci ]`fgb ef]` ea] k]bejj ]k � k]g^f]ai]ed]k e^k k]hck]kut e }Z®V k]hck]a yQ{ fc cufeg^ ]`fgb ef]` sca f\] fae^`b gff]k kefeu gf` �:� y� ;; { R[] ]dei_ef] f\] a]h]gd]a j ]ascabe^h] `_u| ]hf fc jeaeb ]f]a � cs f\]h\e^^]i ejjac� gbefgc^ bck]i R U\] ekkgfgc^ei `gb_iefgc^ jeaeb ]f]a`sca f\] �ZlZX�� `t`f]b ea] h\c`]^ e` sc iicp ` � U\] `ja]ekg^q `]ln_]^h] \e` i]^qf\ ) L �z ]n_ei fc f\] ^_bu]a cs `_u heaag]a` R mcakefe fae^`b g``gc^ f\] hc^dci_fgc^ei hc k] _`]k � g` e ^c^l`t`f]b efgh �

¬­®¯°±¯ ²³±´ µ ¶·¸¹º¸¶¹¹· µ »¹ ¼½º µ ¾ ²Î



¿ ?ÂÆ @ÃÑ ?ÃÇA ÉÀÃÇÇÆÏ BCÓÃÏ ?DÃA?ÁÇ EÁÑ ÌÉFÉGÌH

0 2 4 6 8 10 12 14 16
10

−6

10
−5

10
−4

10
−3

10
−2

10
−1

10
0

 E
b
/ N

0
 [dB]

B
E

R
30 user, Fourier Model κ=1
30 user, Fourier Model κ=4
30 user, perfect knowledge
1 user, Fourier Model κ=1
1 user, Fourier Model κ=4
1 user, perfect knowledge

� £	��� Ï ¨ -/ :54<73/ 8./ EFGFHEI 3/:/96/3 < /3D534 70:/ D53 8./ A5139/3 B7292/C<702950 :.700/; 4 5=/; M 98. À ½ Ã¾Ä Å Æ 70= 8./ </3D/:8;@ N05M0 :.700/; > O./</3D534 70:/ 90 8./ D53M73= ;90N 92 L96/0 90 8/34 2 5D Ð·Ñ 6/3212 ?ÒÑ D53 Ó ½ ¾70= Ó ½ �� 12/32 > O./ 2<3/7=90L 2/J1/0:/ ;/0L8. Ô ½ ÕÅ 92 /J17; 85 8./ 014B/35D 21B:7339/32 > O./ =787 B;5:N ;/0L8. » ½ �ÖÕ > O./ :7339/3 D3/J1/0:@ Çª ½ � ×Ø K Â8./ H5<<;/3 B70=M 9=8. ÙÚ ½ Û� Ø K 70= 8./ 4 7C 9414 :7339/3 D3/J1/0:@ 5Ü 2/8 92Û� Ø K >
^c^la]h_a`gd] � z `fef] � aef] <= L Qe~ hck] p gf\ q]^]aefca j cit^cb gei�� � ��Ý R [] ed]aeq] eii `gb_iefgc^` cd]a ~PPP g^k]j ]^k]^f h\e^^]i a]leigoefgc^` R U\] ���� `tbuci ]^]aqt g` ^cabeigo]k fc Q� f\] Þße)� g`f\]a]sca] k]r^]k e` àá*¢ L �!âã uä å* v[] e^eito] f\] j ]ascabe^h] sca j ]as]hfit �^cp^ æ��ç� è �é�æ çêçéëcs f\] h\e^^]i R U\g` b]e^` f\] bck]i jeaeb]f]a` � ea] heih_ief]k sacbe j ]as]hfit �^cp^ h\e^^]i � R �jj itg^q f\] mc_ag]a ue`g` ]�je^`gc^bck]i � p] qgd] f\] �ZlZX�� a]h]gd]a j ]ascab e^h] sca f\] scapeakig^� g^ m gq R z sca � L "Q� z $ e^k sca & L Q e^k & L �P _`]a` R []ekkgfgc^eiit qgd] f\] j ]ascabe^h] p gf\ f\] j ]as]hfit �^cp^ h\e^^]igf`]is R

� R ZWTZ�Y�SWT
U\] mc_ag]a ue`g` ]�je^`gc^ bck]i eiicp ` fc k]`hagu ] e fgb] deage^fh\e^^]i` R Sf` g^\]a]^f a]hfe^q_iea p g^kcp g^q a]`_if` g^ `j ]hfaei i]e�leq] R U\]a]sca] f\] ^_bu]a cs mc_ag]a ue`g` s_^hfgc^` qgd]^ ut f\]fgb ] ue^kp gkf\ jack_hf ~ �~ % � R Q� _`_eiit a]j caf]k g^ igf]aef_a] �g` ^cf `_ì hg]^f R S^ha]e`g^q f\] ^_bu]a cs mc_ag]a ue`g` s_^hfgc^` � L~� �~ % � R Q ut e sehfca � p] he^ k]ha]e`] f\] � �� cs f\] h\e^^]iejjac� gbefgc^ e^k f\] }�V g^ f\] �ZlZX�� scapeak ig^� R U\] jag^l

¬­®¯°±¯ ²³±´ µ ¶·¸¹º¸¶¹¹· µ »¹ ¼½º µ ¾ ²í



¿ÀÁÂÃÄ ÅÆÂÆÇ È É ÊË Ê ÌÆÍÎÏÆÇÐÑ ÒÃÓÎÆÑ ÃÇÔ Õ ÊÕ Ê Ì ÒÓÏÏÆÑ
hgjei ]aaca îcca u ]\edgca he^ ^cf u ] a]bcd]k sca jaehfghei dei_]` � ï z RU\]a]sca] e ^]p ue`g` ]�je^`gc^ bck]i g` ^]]k]k y¬ � QP{ R

� R V�m�V�TZ��
¾ > Ð7.; Â ð > Ñ >Â ñ > F5:N/ Â A > ñ/;90/N Â 70= ñ > Ñ 7696 ò ¾ÛóÅ Â ôõ<894 7; =/:5=90L 5D ;90G/73 :5=/2 D53 4 9094 9K90L 2@4B5; /3353 378/ ö> ÷øøø ù� ©¦ �ª£ú©¦ ú© ÷©û ú�¢  ª£ú©ù§ �ú�ü ýþ Â �ÿÅ� �ÿó >� > Ð/;;5 Â � >ò ¾ÛÕ� Â ôF.737:8/39K78950 5D 370=54 ;@ 894 /G6739708 ;90/73 :.700/;2 ö>÷øøø ù� ©¦ ¨ �ú¢¢ ¨ �ü¦ª ¨ ����� Â �Õ���Û� >� > F533/97 Â ð > E >ò ��� ¾Â �£����¦¦ � ��	 £¥�� ¤ ��¦ú© �£¦�¡ �ú¢¢�©£� ª£ú©¦> - 9;/@>Å > Ø 5/./3 Â � >ò ¾ÛÛ� Â ôI ?8789289:7; H 92:3/8/GO 94 / E5=/; D53 8./ - ??
 ? E1;89<78.F.700/; ö> ÷øøø ù� ©¦ �ª£ú©¦ ú© ��§ £�� � � ù��§©ú �ú	ü �� ¶Å ¸ Â ÅÕ ¾�ÅÕÿ >Ö > ð 9 Â 
 > × > 70= ð > ñ > F 94 909 ò ��� ¾Â ôÐ510=2 50 8./ �08/3:.700/; �08/3GD/3/0:/ 5D õAHE 90 O94 /G�73@ 90L �4<7934 /082 ö> ÷øøø ù� ©¦ �ª£ú©¦ ú©

�ú¢¢�©£� ª£ú©¦ �� ¶�¸ Â Å�¾�Å�Å >Õ > �357N92 Â ñ > × > 70= H > × > E 705;7N92 ò ¾ÛÛÕ Â � £	 £ª � � £	© � ¤ �ú��¦¦£©	 > �3/089:/GØ 7;; Â �3= /=98950 >ó > ?7@//= Â I > E > 70= Ð > I7K.70L ò ¾ÛÛÛ Â ôñ5908 E1;89<78.GH5<<;/3 H 96/3298@ 90E5B9;/ - 93/;/22 F544109:789502 ö> ÷øøø ù� ©¦ �ª£ú©¦ ú© �ú¢¢�©£� ª£ú©¦
�� ¶¾¸ Â ¾��� ¾�� >ÿ > ?7@//= Â I > E >Â I > ?/0=507392 Â 70= Ð > I7K.70L ò ¾ÛÛÿ Â ôE1;8912/3 H /8/:895090 A728GA7=90L E1;89<78. ·0693504 /08 ö> ÷øøø �ú��© � ú© � ����ª�¡ ��� ¦ £©
�ú¢¢�©£� ª£ú©¦ �� ¶Û¸ Â ¾ÕÛ ¾� ¾ó� ¾ >Û > �/4 /0 Â O > 70= F > A > E/:N;/0B3 �71N/3 ò ����7 Â ôO94 / �739708 F.700/; ·J17;G9K78950 D53 EFGFHEI 697 �35;78/ ?<./359=7; ?/J1/0:/2 ö> 85 B / <3/2/08/=72 906 98/= <7</3 78 � ¦£�ú¢ � �ú©û ���©�� ú© � £	© �¦� �ü¦ª�¢ ¦  ©¡ �ú¢� �ª��¦�¤  �£� � ��ú�� ���� � ��� >¾� > �/4 /0 Â O > 70= F > A > E/:N;/0B3 �71N/3 ò ����B Â ôO94 / �739708 F.700/; · 289G4 78950 697 ×/0/37;9K/= �35;78/ ?<./359=7; ?/J1/0:/2 ö> 21B4 988/= 85 ÷øøøù� ©¦ �ª£ú©¦ ú© � £	© � ¤ �ú��¦¦£©	 >¾¾ > �/4 /0 Â O >Â ñ > -/.90L/3 Â F > E/:N;/0B3 �71N/3 Â 70= Ñ > E �1;;/3 ò ���� Â ô�8/37896/H/8/:8950 70= F.700/; · 2894 78950 D53 EFGFHEI ö> �0 ò ÷øøø ÷©ª��© ª£ú© �
�ú©û ���©�� ú© �ú¢¢�©£� ª£ú©¦� ÷��� �©�§ ú� 	 � �� � ¦� � � ��� >

� R �mmS� S�USWT
U R  ]b ]^ g` p gf\ �g]b ]^` �� � ��� �VW VZX � �aku]aq]ai xe^k] ~� �� l QP� Q « g]^^e � �_`fage � �lbegi � !"#$ %& '()$ )*+&,)$ )* & '-#$ RZ R � ]h�i]^ua xe_�]a e^k V R � x_ii]a ea] p gf\ U]i]hcbb_^ghefgc^ V]l`]eah\ Z]^f]a « g]^^e �sfp R� � U]h\ �ef] « g]^^e � Xc^e_lZgft �fa R Q³S S S �� l Q~~P « g]^^e � �_`fage � �begi � "-.$ � $/)00)1 $2.!3 '%! RU\] pca� g` s_^k]k ut f\] Vekgc Zcbb_^ghefgc^ X]dgh]` k]jeaflb]^f �VZX �� jeaf cs f\] �g]b]^` �� �_`fage � � acqaeb e^k �t`f]b �^lqg^]]ag^q ���� � e^k f\] U]i]hcbb_^ghefgc^` V]`]eah\ Z]^f]a « g]^^e�sfp R� g^ f\] ZP jac| ]hf R

¬­®¯°±¯ ²³±´ µ ¶·¸¹º¸¶¹¹· µ »¹ ¼½º µ ¾ ²4


