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'< [ QB� ` � [ 'B< •
Avx[ kqek` �ê l k�m[ ekqekc�ep�[ �_epqek^q�[ k_�mol al r k_�al oj �l a�ò hecel r p�[ oq

qd[ q�d[ p�` sl hs` _�l s` o�qd` �^` kqr oè pÃ�ò q[ ekekc�eqp�qo[ _eqel k[ h�^d[ o[ ^q̀ o�[ k_

_` ` m�pmeoeqr [ h�peckeaê [ k^` À�Td` p` �t l ogp�l a�[ oqÃ�ò mò p` kqekc�qd` �Ll o_

J` pr p�BdoepqÃ�qd` �Ml qd` o�l a�F l _Ã�Td` �S[ ekqpÃ�] e] hê [ h�p^` k` p�[ k_�ò hecel r p

` s` kqpÃ�mh[ v` _�[ k�` pp` kqe[ h�ol h̀ �ek�qd` �heà �l a�qd` �Ooqdl _l u�Bdr ô d�[ k_

qd` �Bdoepqe[ k�a[ eqd�[ p�[ �t dl h̀ À

Ik�l o_` o�ql �j [ g` �[ k�[ r qd` kqê �Avx[ kqek` �ê l kÃ�eq�ep�k` ^` pp[ ov�ql �al hhl t

mò ^ep` �pq̀ mp�[ k_�r p` �pm̀ ^eaê �j [ q̀ oe[ hpÃ�ek�[ ^^l o_[ k^` �t eqd�qd` �qo[ _eqel k

[ k_�q̀ ^dkenr ` p�` pq[ ] hepd` _�l s` o�qej ` À�Tdep�pqr _v�[ ej p�ql �` umhl ò �qd`

j [ q̀ oe[ hp�ò nr eò _�al o�` [ ^d�pq[ c` �ek�qd` �mol ^` pp�l a�m[ ekqekc�[ �Avx[ kqek`

ê l kÃ�decdhecdqekc�qd` �ej ml oq[ k^` �l a�` [ ^d�l a�qd` p` �` h̀ j ` kqp�ek�l ] q[ ekekc

[ k�[ r qd` kqê �[ k_�pmeoeqr [ hhv�peckeaê [ kq�t l ogÀ

Ik�qdep�pqr _vÃ�t ` �t ehh�` u[ j ek` �` s` ov�pq̀ m�l a�qd` �Avx[ kqek` �ê l k�m[ ekqekc

mol ^` ppÃ�pq[ oqekc�t eqd�qd` �mò m[ o[ qel k�l a�qd` �pr mml oq�[ k_�` k_ekc�t eqd�qd`

[ __eqel k�l a�cl h_�al eh�ql �decdhecdq�p[ ^ò _�[ pm̀ ^qpÀ�W` �t ehh�eks` pqec[ q̀ �ek

_` q[ eh�qd` �j [ q̀ oe[ hp�r p` _�al o�` [ ^d�pq[ c` �[ k_�` umhl ò �qd` eo�peckeaê [ k^` �ek

qd` �^l kq̀ uq�l a�Avx[ kqek` �ò hecel r p�[ oqÃ�[ p�t ` hh�[ p�qd` �pm̀ ^eaê �q̀ ^dkenr ` p

qd[ q�] oekc�qd` p` �t l ogp�ql �heà À�Tdr pÃ�t ` �t ehh�mol se_` �[ �^l j mò d` kpes`

mê qr ò �l a�qd` �^ò [ qes` �mol ^` pp�[ k_�_` ` m�pmeoeqr [ h�peckeaê [ k^` �l a�qd` p`

p[ ^ò _�t l ogp�l a�[ oqÀ

Av�r k_` opq[ k_ekc�qd` �k` ^` pp[ ov�j [ q̀ oe[ hp�[ k_�q̀ ^dkenr ` p�eksl hs` _�ek

Avx[ kqek` �ê l k�m[ ekqekcÃ�qdep�pqr _v�[ ej p�ql �^l kqoe] r q̀ �ql �qd` �mò p` os[ qel k

[ k_�qo[ kpj eppel k�l a�qdep�r kenr ` �[ oqepqê �[ k_�pmeoeqr [ h�qo[ _eqel kÃ�t dê d

^l kqekr ` p�ql �ekpmeò �[ k_�^l kk` ^q�m̀ l mh̀ �t eqd�Bdoepqe[ k�s[ hr ` p�[ k_�a[ eqdÀ

t t t Àqd` l _l ol p[ oqÀolB` o[ p̀ h[ �Ber ^=



Td` �mol ^` pp�l a�j [ gekc�[ �Avx[ kqek` �ê l k�ep�^l j mh̀ u�[ k_�ar hh�l a�pmeoeqr [ h�peckeaê [ k^` À

H` ò �[ ò �pl j ` �l a�qd` �j l pq�ej ml oq[ kq�pq[ c` p�l a�t l og�ek�^ò [ qekc�[ �Avx[ kqek` �ê l kÂ

U[ � ! � •O
Bdl l pekc�[ �_` peò _�[ k_�^l oò ^q�j l _` h

ql �j [ g` �qd` �ê l kÃ�[ p�t ` hh�[ p

_` q̀ oj ekekc�qd` �^dol j [ qê eqv�[ k_�qvm̀ p

l a�^l hl r op�r p̀ _À

U[ � ! � •P

Pò m[ o[ qel k�l a�qd` �] l [ o_Â�qd` �ê l k

^l r kq̀ oql m�[ k_�eqp�mò m[ o[ qel k�t eqd

moej ` oÀ�

U[ � ! � •Q
Co[ t ekc�qd` �ê l kÃ�j [ gekc�qd` �j l _` hp

l k�qd` �moej ` oÀ�@q�Co[ t ekc�qd` �ê l kÃ�eqp

qo[ kpml peqel k�[ k_�^l oò ^qel kÃ�qd`

ao[ j ekc�l k�qd` �pr oa[ ^` �[ k_�qd`

` h̀ j ` kqp�l a�^l j ml peqel kÀ

U[ � ! � •R

@mmhê [ qel k�l a�qd` �cl h_�h[ v` oÃ�FILCINF

qd` �ê l kÀ

U[ � ! � •S

Fl h_�mh[ vp�[ k�` pp̀ kqe[ h�ol h̀ �ek�Avx[ kqek`

ê l kpÃ�pvj ] l hexekc�_esek` �hecdqÀ�Feh_ekc

q̀ ^dkenr ` p�[ k_�q̀ ^dkenr ` p

cl h_�j l _` hekcÀ

U[ � ! � •T

@mmhê [ qel k�l a�^l hl opÃ�[ k_�q̀ ^dkê [ h

ò [ hex[ qel k�l a�ê l k�` h̀ j ` kqpÀ

U[ � ! � •U

V[ okepdekc�qd` �ê l kÀ

U[ � ! � •V

Po[ v` o�[ k_�Bl kp` ^o[ qel kÂ�Cr oekc�[ k_

[ aq̀ o�qd` �^l j mh̀ qel k�l a�qd` �ê l kÃ�qd` �[ oqepq

[ k_�qd` �^l j j r keqv�pdl r h_�mo[ v�[ k_

^l kp̀ ^o[ q̀ �qd` �t l og�ql �ces` �eq�[ �_` ` m

pmeoeqr [ h�j ` [ kekcÀ

Td` p̀ �pq̀ mp�[ ò �l khv�[ �] oè a�l s` osè t �l a�qd` �^l j mh̀ u�mol ^` pp�l a�j [ gekc�[ �Avx[ kqek`

ê l kÀ�D[ ^d�pq[ c` �eksl hs` p�^[ ò ar h�t l ogÃ�mò ^epel k�[ k_�_` sl qel k�ek�l o_` o�ql �^ò [ q̀ �[

t l og�l a�[ oq�qd[ q�^l ks` vp�qd` �_` ` m�ò hecel r p�[ k_�pmeoeqr [ h�j ` [ kekcp�pm̀ ^eaê �ql �qd`

Avx[ kqek` �qo[ _eqel kÀ

t t t Àqd` l _l ol p[ oqÀolB` o[ p̀ h[ �Ber ^=



t t t Àqd` l _l ol p[ oqÀolB` o[ p̀ h[ �Ber ^=
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NO
Td` �r p` �l a�t l l _�[ p�[ �pr mml oq�al o�ê l kp�ep�[ k�[ k^è kq�[ k_�ej ml oq[ kq�qo[ _eqel k�ek

Avx[ kqek` �[ oqÀ�Td` �^[ ò ar h�^dl ê ` �[ k_�mò m[ o[ qel k�l a�qd` �t l l _` k�^l r kq̀ oql m�ep

m[ oq�l a�qd` �mol ^` pp�l a�^ò [ qekc�[ k�[ r qd` kqê �ê l kÃ�ò pm̀ ^qekc�qd` �qo[ _eqel k�[ k_

q̀ ^dkenr ` p�` pq[ ] hepd` _�l s` o�qej ` À

El o�qd` �pr mml oq�l a�qd` �ê l k�ep�c` k` o[ hhv�r p` _�hek_` k�t l l _�^l r kq̀ oql mÃ�t ` hh�j [ _`

t eqd�qo[ kps` op` �à [ qd` opÀ

MCE�ep�[ hpl �r p` _�al o�ê l kpÀ

Iq�ep�[ �qvm̀ �l a�mhvt l l _Ã�] r q�ekpq̀ [ _�l a�] ` ekc�j [ _` �l a�t l l _�h[ e_�ek�h[ v` opÃ�MCE

^l kpepqp�l a�t l l _�ae] ` op�[ k_�[ cchr qek[ qekc�ò pek�^l j mò pp` _�r k_` o�decd�mò ppr ò

[ k_�[ q�decd�q̀ j m̀ o[ qr ò pÀ�

Sl j ` �ej ml oq[ kq�[ pm̀ ^qp�[ ] l r q�MCE�[ ò �_` p^oe] ` _�] ` hl t Â

Bl j ml peqel kÂ�MCE�ep�j [ _` �aol j �t l l _�ae] ` opÃ�r pr [ hhv�pl r ô ` _�aol j �^l keà ol r p

qej ] ` oÃ�pr ^d�[ p�aeo�[ k_�mek` À�Td` p` �ae] ` op�[ ò �j eu` _�t eqd�[ cchr qek[ qes` �ò pekÃ�t dê d

] ek_p�qd` j �ql c` qd` oÀ�Tdep�j [ kr a[ ^qr oekc�mol ^` pp�^ò [ q̀ p�[ �r keal oj �j [ q̀ oe[ h�t eqd�[

j ` _er j �_` kpeqvÃ�d` k^` �eqp�k[ j ` À

Cej ` kpel kpÀ�I^l k�^l r kq̀ oql mp�[ ò �al r k_�ql _[ v�[ hò [ _v�mò m[ ò _Ã�ek�_eaà ò kq

pex` pÀ�Mv�ò ^l j j ` k_[ qel k�t l r h_�] ` �ql �r p` �t ` hhçmol ml oqel k` _�pex` p�ql �^ò [ q̀ �[

] [ h[ k^` _�ê l kÀ

Td` �[ mmol uej [ q̀ �_ej ` kpel kp�t l r h_�] ` Â

; � [ � Q' � 5U•̀ U� � •[ B•NQ� N� Q�
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t t t Àqd` l _l ol p[ oqÀolB` o[ p̀ h[ �Ber ^=



� S
� �^j �u�� � ^j

� R
� � ^j �u�� �^j �

� Q
� � ^j �u�� � ^j �

� P
� � ^j �u�� � ^j �

� O
� � ^j �u�� � ^j �

� N
� � ^j �u�� � � ^j �

� � �^j �u�� � �^j � � � �^j �u�� � �^j �

t t t Àqd` l _l ol p[ oqÀolB` o[ p̀ h[ �Ber ^=



El o�qdep�pq[ c` �t ` �k` ` _�qd` �al hhl t ekc
j [ q̀ oe[ hpÂ

ï�Wl l _` k�] [ p̀ �l a�qd` �ê l k
ï�Eh[ u�^hl qd�l o�c[ r x`
ï�Eek` �^d[ hg�ml t _` o
ï�Fhr ` � ō[ ] ] eq�chr ` Ã�] l k` �chr ` Ã�aepd
chr ` °�l o�al l _�c` h[ qekÀ

El l _�c` h[ qek�ep�j l ò �p̀ kpeqes` �ql �decd
q̀ j m̀ o[ qr ò pÃ�[ ] l s` �� � 8Bç� � 8B� �̄ � �8Eç
�� � 8E°�] r q�ep�j l ò �[ ^^` ppe] h̀ �[ k_
l _l oh̀ ppÀ

Yl r �t ehh�[ hpl �k` ` _Â�[ �^r q̀ oÃ�[ �t e_` o
] or pdÃ�^[ o_� āl o�aekepdekc°�l o�[ �or ] ] ` o
ql l h�al o�pj l l qdekc�moej ` o�h[ v` op
p̄nr ` ` c` ` °À

@�pm[ ^gh̀ �^[ k�[ hpl �] ` �r p̀ _�ea�qd`
qdê gk` pp�l a�qd` �moej ` o�ò nr eò pÀ

Ok^` �qd` �_` peò _�h[ v` op�l a�moej ` o�[ ò
[ mmhè _�[ k_�_ov` _Ã�ql �l ] q[ ek�[
pj l l qd` o�pr oa[ ^` Ã�s[ oe[ ] h̀ �qdê gk` pp̀ p
l a�p[ k_m[ m̀ oÃ�aol j �� � � �ql �� � � �
co[ kr h[ qel k�^l r h_�] ` �r p̀ _À

NQ� N� Q'< !
[ %� •5� q � QU
B ••NQ'; � Q^
! � UUB' < !



NP
@q�qdep�pq[ c` �t ` �` pq[ ] hepd�qd` �j l _` h�r p` _�ql �j [ g` �qd` �ê l kÃ�al o
t dê d�I�ò ^l j j ` k_�r pekc�l h_�Avx[ kqek` �ê l kp�t ` hhçj [ _` �[ k_�t eqd
qd` �_o[ t ekc�s` ov�^h̀ [ ohv�` u` ^r q̀ _À�

[ %� •; � [ � Q' � 5U•̀ U� � •[ B•; � 3 � •
[ %� •� Q� k '< ! •B •[ %� •' � B<

t t t Àqd` l _l ol p[ oqÀolB` o[ p̀ h[ �Ber ^=



Td` p` �[ k^è kqÃ�^[ kl kê [ h�ê l kp�t ` ò �` u` ^r q̀ _�[ ^^l o_ekc�ql �pm̀ ^eaê �or h̀ p�[ k_

[ oqepqê �^l ks` kqel kp�` pq[ ] hepd` _�ek�Avx[ kqek` �qo[ _eqel kÀ

@j l kc�qd` �j l pq�ej ml oq[ kq�_l ^r j ` kqp�l a�qd` �Avx[ kqek` �I^l k�qo[ _eqel k�ep�B@NON�� � À

B[ kl k�� � �l a�qd` �S` s` kqd�D̂ r j ` kê [ h�Bl r k^ehÃ�[ hpl �gkl t k�[ p�qd` �S` ^l k_�Bl r k^eh

l a�Nê ` ` [ � �̄ � � �_ÀHoÀ°Ã�ep�[ k�ej ml oq[ kq�_l ^r j ` kq�ò c[ o_ekc�qd` �s` k` o[ qel k�l a�ê l kp

ek�qd` �Ooqdl _l u�Bdoepqe[ k�qo[ _eqel kÀ�Tdep�^l r k^eh�t [ p�d` h_�ql �ò pl hs` �qd`

ê l kl ^h[ pqê �_epmr q̀ �qd[ q�d[ _�mh[ cr ` _�qd` �Bdr ô d�al o�j [ kv�_` ^[ _` p�[ k_

^l kaeoj ` _�qd` �ej ml oq[ k^` �[ k_�h̀ c[ heqv�l a�qd` �s` k` o[ qel k�l a�ê l kp�ek�qd` �Bdr ô dÀ

B[ kl k�� � �l a�qd` �S` s` kqd�D̂ r j ` kê [ h�Bl r k^eh�_` [ hp�t eqd�qd` �s` k` o[ qel k�l a�ê l kp

[ k_�` umhê eqhv�pq[ q̀ p�qd[ q�qd` �s` k` o[ qel k�l a�qd` p` �p[ ^ò _�ò mò p` kq[ qel kp�ep

[ ^^` mq[ ] h̀ �[ k_�ek�[ ^^l o_[ k^` �t eqd�Bdoepqe[ k�q̀ [ ^dekcpÀ�

Iq�pq[ q̀ pÃ�ek�m[ oqÃ�qd[ qÂ

ÕIk�[ ^^l o_[ k^` �t eqd�qd` �mo[ ^qê ` �l a�qd` �Hl hv�Bdr ô d�l a�BdoepqÃ�t ` �t ehh�^` h̀ ] o[ q̀

t eqd�s` k` o[ qel k�[ hh�qd` �s` k` o[ q̀ _�ê l kp�l a�l r o�S[ sel r o�[ k_�Hep�p[ ekqpÀ�@hh�t dl

t [ kq�ql �p` ` �[ k_�t l opdem�qd` j �j r pq�gepp�[ k_�t l opdem�qd` j Ã�[ k_�dl kl o�[ k_�gepp

qd` j �t eqd�[ hh�qd` eo�dl kl oÃ�[ k_�mh[ ^` �qd` j �` s` ovt d` ò Ã�ek�dl j ` p�[ k_�ol [ _pÀ

Wdl ` s` o�_l ` p�kl q�gepp�l o�t l opdem�qd` j Ã�qd[ q�j [ k�t ehh�] ` �[ k[ qd` j [

¯̀ u^l j j r kê [ qel k°�heaq̀ _�] v�qd` �Svkl _ÀÕ

Tdep�^[ kl k�` j md[ pex` p�qd` �ej ml oq[ k^` �[ k_�h̀ c[ heqv�l a�ê l k�t l opdemÃ�` k_ekc�qd`

ê l kl ^h[ pqê �^l kqol s` opv�qd[ q�_` kè _�qdep�mo[ ^qê ` À�El hhl t ekc�qdep�^l r k^ehÃ�qd`

s` k` o[ qel k�l a�ê l kp�] ` ^[ j ` �[ �^` kqo[ h�m[ oq�l a�qd` �Ooqdl _l u�Bdoepqe[ k�qo[ _eqel k�[ k_

ep�pqehh�mo[ ^qê ` _�ek�qd` �Bdr ô dÀ

t t t Àqd` l _l ol p[ oqÀolB` o[ p̀ h[ �Ber ^=



Ia�vl r �_` ^e_` �ql �` u` ^r q̀ �qd` �_o[ t ekc�l a�vl r o�_` peò _�ê l k�aò ` �d[ k_Ã�eq�ep�s` ov

ej ml oq[ kq�ql �m[ v�[ qq̀ kqel k�ql �qd` �ao[ j ekc�ek�qd` �pr oa[ ^` �[ k_�qd` �] [ h[ k^` �] ` qt ` ` k

ar hh�[ k_�` j mqv�pm[ ^` À�Tdep�ces` p�] [ h[ k^` �[ k_�d[ oj l kv�ql �vl r o�ê l kÀ

Ar q�ea�vl r �[ ò �[ q�qd` �] ` cekkekc�l a�vl r o�m[ qdÃ�r p` �qd` �co[ md�m[ m̀ o�l k�t dê d�vl r

qo[ kpml p` _�vl r o�^[ o] l k�_o[ t ekcÃ�t eqdl r q�t l oovekc�[ ] l r q�^l mvekcÀ

Iq�ep�kl oj [ h�[ q�aeopq�ql �r p` �qd` �` um̀ oè k^` �l a�l h_�m[ ekq̀ op�[ k_�t ` hhçj [ _` �ê l kpÀ�Tdep

ep�[ hpl �qd` �e_` [ �l a�h̀ [ okekcÀ

Td` �qo[ kpml p` _�_o[ t ekcÃ�dl t ` s` oÃ�ep�qd` k�ò _l k` �aò ` d[ k_�al o�[ k�[ ^^r o[ q̀

r k_` opq[ k_ekc�l a�pd[ m̀ p�[ k_�hek` pÀ�Tdep�mo[ ^qê ` �t ehh�d` hm�vl r �c` q�vl r o�d[ k_p

r p` _�ql �Avx[ kqek` �_o[ t ekc�[ k_�ej mol s` �vl r op` haÀ

Iq�t ehh�[ hpl �d` hm�vl r �mò p` os` �qd` �Avx[ kqek` �m[ qq̀ ok�[ k_�^d[ o[ ^q̀ o�l a�qd` �ê l kÀ

V` ov�ej ml oq[ kqÆ

@aq̀ o�[ mmhvekc�qd` �_o[ t ekc�t eqd�co[ md�m[ m̀ o�l o�ek_ecl Ã�` s` ovqdekc�ep�ò _l k`

t eqd�qd` �aò ` �d[ k_Ã�ql �^ò [ q̀ �qd` �` umò ppel k�l a�qd` �a[ ^` Ã�qd` �^l oò ^q�mh[ ^` j ` kq

l a�hek` pÃ�al h_p�[ p�t ` hh�[ p�qd` �[ ò [ p�l a�pd[ _l t �[ k_�hecdqÀ

Td` �j [ q̀ oe[ hp�k` ` _` _�ql �j [ g` �qd` �_o[ t ekc�l a�qd` �ê l k�[ ò Â

ï�HA�l o�A�j ` ^d[ kê [ h�m̀ k^ehÄ

ï�M` ^d[ kê [ h�m̀ k^eh�t eqd�k` ` _h̀ �qemÃ�l o

[ kv�pd[ om�p^o[ q̂ dekc�ql l h�¯Td` �_o[ t ekc

^l j m[ pp�qem�^[ k�] ` �r p` _°Ä

ï�Co[ t ekc�Bl j m[ pp�geq�t eqd�^l hl o�mr hh̀ o

al o�qd` �d[ hl pÄ

ï�Do[ p` oÄ

ï�To[ ^ekc�m[ m̀ oÄ

ï�Ah[ ^g�^[ o] l k�ek_ecl �m[ m̀ oÄ

ï�P[ ekq̀ oÛp�q[ m̀ �l o�j [ pgekc�q[ m̀ Ä

ï�Co[ t ekc�^l j m[ ppÄ

ï�Rr h̀ oÀ

t t t Àqd` l _l ol p[ oqÀolB` o[ p̀ h[ �Ber ^=



NO

NQ

Q»ýö»² � •Äêù•�ù¥· Ë�Ëêã
�ÀAvx[ kqek` �ê l kp�d[ s` �[ �pm̀ ^eaê �p̀ q�l a�^l hl op�[ k_�ê l kl co[ mdê
^l ks` kqel kpÀ�@oqepqp�j r pq�ò pm̀ ^q�qd` p̀ �qo[ _eqel kp�[ k_�r p̀
qo[ _eqel k[ h�^l hl op�ql �j [ ekq[ ek�qd` �[ r qd` kqê eqv�[ k_�peckeaê [ k^` �l a
qd` �ê l kÀ

NP � êÜêù•¥� ¥ËÜ¥±ËÜË��
Sl j ` qej ` p�^` oq[ ek�mecj ` kqp�l o�qo[ _eqel k[ h�m[ ekq�^[ k�] ` �d[ o_�ql
aek_�l o�` um̀ kpes` À�@oqepqp�j [ v�d[ s` �_eaaê r hqv�l ] q[ ekekc�pm̀ ^eaê
^l hl opÃ�` pm̀ ^e[ hhv�ek�c` l co[ mdê �hl ^[ qel kp�t d` ò �qo[ _eqel k[ h
j [ q̀ oe[ hp�j [ v�] ` �hej eq̀ _À

; � [ � Q' � 5U•̀ U� � • BQ
N� '< [ '< ! •[ %� •' � B< •

� B5BQU•� < � •N� ' < [

I^l k�m[ ekq̀ op�pl j ` qej ` p�` k^l r kq̀ o�s[ oel r p�mol ] h̀ j p�t d` k�eq�^l j ` p�ql �qd` �^l hl op

r p` _�ek�j [ gekc�qd` p` �p[ ^ò _�t l ogpÀ�

H` ò �[ ò �pl j ` �l a�qd` �^l j j l k�mol ] h̀ j p�qd` v�j [ v�a[ ^` Â

t t t Àqd` l _l ol p[ oqÀolB` o[ p̀ h[ �Ber ^=



NQ � êÜêù•² êâ ö¥�Ë±ËÜË��

Meuekc�[ k_�[ mmhvekc�^l hl op�^[ k�] ` �^l j mhê [ q̀ _�] ` ^[ r p̀ �pl j `
^l hl op�j [ v�kl q�j [ q̂ d�l qd` op�t ` hh�l o�j [ v�ò pr hq�ek�r kt [ kq̀ _
dr ` pÀ�@oqepqp�j r pq�q[ g` �^[ ò �ql �[ ^dè s` �^l kpepq̀ kq�^l hl op�[ k_
al hhl t �pm̀ ^eaê �q̀ ^dkenr ` p�ql �[ ^dè s` �_` peò _�ò pr hqpÀ

NR N¥Ëã�•ý�¥±ËÜË� � •ê� »ù•�Ëâ » •̂

Td` �m[ ekqp�r p̀ _�ek�ê l kp�j r pq�] ` �_r o[ ] h̀ �[ k_�t eqdpq[ k_�qd`
m[ pp[ c` �l a�qej ` À�Upekc�hl t çnr [ heqv�j [ q̀ oe[ hp�l o�mecj ` kqp�qd[ q
j [ v�a[ _` �l o�_` q̀ oel o[ q̀ �l s` o�qej ` �^[ k�ò pr hq�ek�_[ j [ c` �ql �qd`
ê l k�l s` o�qej ` À

NS ! êÜ· •Ü»¥Ä•ö¥Ëã�ËãÅ

I�d[ _�qol r ] h̀ �t oeqekc�l k�al ehÀ�I�^dl p̀ �ql �r p̀ �[ ^ovhê �m[ ekq�al o�t oeqekc
l k�cl h_�h̀ [ aÀ�Iq�^[ q̂ d` p�s` ov�t ` hh�] ` ^[ r p̀ �eq�_l ` p�kl q�d[ s` �[ �hl q
l a�t [ q̀ o�[ k_�[ _d` ò p�s` ov�t ` hhÀ

NT Q»ýö»² � •Äêù•Ë² êãêÅù¥öÉ�

Td` �pm̀ ^eaê �ê l kl co[ mdv�l a�p[ ekqp�[ k_�ò hecel r p�p̂ ` k` p�j r pq�] `
mò ^ep̀ hv�l ] p̀ os` _À�Mepq[ g` p�ek�^l hl op�l o�_` q[ ehp�^[ k�[ aà ^q�qd`
pmeoeqr [ h�peckeaê [ k^` �l a�qd` �ê l kÀ

t t t Àqd` l _l ol p[ oqÀolB` o[ p̀ h[ �Ber ^=



[ � ; N� Q� •N� '< [ U

Td` p̀ �m[ ekqp�[ ò �t [ q̀ oç] [ p̀ _Ã�qd` v�[ ò �` pm̀ ^e[ hhv�cl l _�al o�] ` cekk` op�] ` ^[ r p̀ �qd` v
^[ k�] ` �j eu` _�t eqd�` cc�` j r hpel k�[ k_�d[ s` �[ �a[ eohv�ahr e_�[ k_�l m[ nr ` �^l kpepq̀ k^vÀ
Td` v�[ ò �` [ pehv�[ ] pl o] ` _�] v�qd` �^d[ hg�ml t _` o�c` ppl �] r q�[ ò �p̀ kpeqes` �ql �hecdq�[ k_
j l epqr ò À

Td` �[ _s[ kq[ c` �ep�qd[ q�qd` v�[ ò �[ aal o_[ ] h̀ �[ k_�^[ k�] ` �pr ^^` ppar hhv�r p̀ _�[ q�qd`
] ` cekkekc�l a�l r o�fl r ok` v�ek�ê l kl co[ mdvÀ

P[ ekq�eppr ` p�ek�ê l k�j [ gekc�ò nr eò �pgehhÃ�` um̀ oè k^` Ã�[ k_�[ _d` ò k^` �ql

ê l kl co[ mdê �qo[ _eqel kÀ�@oqepqp�j r pq�m[ v�[ qq̀ kqel k�ql �_` q[ ehÃ�r p` �nr [ heqv�j [ q̀ oe[ hpÃ

[ k_�q[ g` �^[ ò �ql �^ò [ q̀ �t l ogp�qd[ q�^l ks` v�_` ` m�ò hecel r p�j ` [ kekcp�[ k_�t eqdpq[ k_

qd` �m[ pp[ c` �l a�qej ` À

t t t Àqd` l _l ol p[ oqÀolB` o[ p̀ h[ �Ber ^=



� � Qq5' � •N� '< [ U

Td` v�[ ò �[ �a[ sl r oeq̀ �l mqel k�l a�j [ kv�m[ ekq̀ opÀ�Fl l _�nr [ heqv�[ ^ovhê p�[ hhl t �s` ov�` [ pv
qo[ kpeqel kp�] ` qt ` ` k�ql k` pÀ

@̂ovhê �m[ ekqp�[ ò �l ] q[ ek` _�] v�j euekc�mecj ` kqp�t eqd�[ �] ek_` o�] [ p̀ _�l k�t [ q̀ oç] [ p̀ _
[ ^ovhê �` j r hpel kÀ�Td` �m̀ ^r he[ oeqv�l a�[ ^ovhê �m[ ekqvp�hè p�ek�qd` �a[ ^q�qd[ q�l k^` �_oè _Ã
qd` v�] ` ^l j ` �ekpl hr ] h̀ �ek�t [ q̀ oÃ�al oj ekc�[ k�` h[ pqê �aehj Ã�pqol kchv�[ _d` oekc�ql �qd`
pr mml oqÀ�Ik�a[ ^qÃ�[ aq̀ o�_ovekcÃ�qd` p̀ �^l hl op�[ ò �s` ov�_eaaê r hq�ql �ò j l s` À

Td` v�[ ò �[ hpl �s` ov�l aq̀ k�r p̀ _�al o�m[ ekqekc�l k�^[ ks[ p�[ k_�t [ hhÀ
Td` �_ep[ _s[ kq[ c` �ep�qd[ q�qd` v�_ov�nr ê ghv�[ k_�^[ kkl q�] ` �ò r p̀ _À
@k�[ hò [ _v�mò m[ ò _�^l hl o�_oè p�nr ê ghv�pl �vl r �d[ s` �ql �] ` �mò qqv�nr ê g�ek�[ mmhvekc
^l hl o�h[ v` op

Sl j ` �l a�qd` �j l pq�^l j j l k�[ ^ovhê �m[ ekqp�qd[ q�^[ k�] ` �mr ô d[ p̀ _�[ q�[ k�[ aal o_[ ] h̀
^l pqÃ�[ ò �qd` �l k` p�aol j �POLYBOLORÀ

Td` p̀ �^l hl op�^[ k�] ` �al r k_�] l qd�ek�pm̀ ^e[ hep̀ _�m[ ekqekc�pql ò p�[ k_�[ oqp�[ k_�^o[ aqp
pql ò pÃ�pr ^d�[ p�Hl ok] [ ^dÀ�¯US@Â�Mê d[ ` hpÃ�Jl ç@kk` �Cê g] hê gÃ�` q̂ À°

t t t Àqd` l _l ol p[ oqÀolB` o[ p̀ h[ �Ber ^=



Uq< [ %� [ ' � •N'! ; � < [ U•� < � •< � [ ` Q� 5
N'! ; � < [ U

Pecj ` kqp�[ ò �] ` pq�pr eq̀ _�ek�[ kv�qvm̀ �l a�m[ ekqekcÀ�Pecj ` kqp�d[ s` �[ �t e_` �s[ oè qv�l a

pd[ _` p�[ k_�^[ k�] ` �j eu` _�t eqd�[ �hl q�l a�] ek_` op�l o�j ` _er j pÀ�Pecj ` kqp�^[ k�] ` �r p` _

ek�j euqr ò �l a�` cc�` j r hpel kÃ�[ ^ovhê Ã�l ehÃ�ò pekpÀ

Ik�qd` �IBONOFR@PHT�q̀ ^dkenr ` Ã�mecj ` kqp�[ ò �qd` �j l pq�pr eq[ ] h̀ Ã�] ` ^[ r p` �qd` v

l aà o�qd` �ml ppe] eheqv�ql �t l og�t eqd�[ �s` ov�aek` �^l kpepq̀ k^v�[ k_�t eqd�[ �decd�^l s` o[ c`

ml t ` oÀ�@hpl Ã�] ` ekc�s` ov�^l k^` kqo[ q̀ _Ã�s` ov�pj [ hh�[ j l r kqp�[ ò �r p` _À

El o�qd` �ê l k�q̀ ^dkenr ` Ã�qd` �mecj ` kqp�[ ò �j eu` _�t eqd�` cc�` j r hpel kÃ�ek�qd` �[ j l r kq

k` ^` pp[ ov�ql �[ ^dè s` �s` ov�t ` hh�qd` �^l kk` ^qel k�] ` qt ` ` k�qd` �m[ oqê h̀ p�[ k_�qd`

pr mml oqÀ

V` ov�^l k^` kqo[ q̀ _�[ k_�s` ov�cl l _�[ ò �qd` �^d` j ê [ h�mecj ` kqp�] [ p` _�l k�^[ _j er j À

t t t Àqd` l _l ol p[ oqÀolB` o[ p̀ h[ �Ber ^=



NOTD

@hqdl r cd�I�d[ s` �] ` ` k�t l ogekc�t eqd�mecj ` kqp�pek^` �� � � � Ã�I�d[ s` �kl q�] ` ` k�[ ] h̀ �ql
aekepd�� � � �c�l a�mecj ` kq�pl �a[ oÃ�aol j �kl k` �l a�j v�mecj ` kq�^l hl opÀ�Tdep�ep�t dv�I�ceaq̀ _
pl j ` �[ t [ vÃ�pl �I�^l r h_�] r v�l qd` opÀÀÀÆ

I�ò ^l j j ` k_�r pekc�mecj ` kqp�[ hqdl r cd�pl j ` �l a�qd` j �[ ò �j l ò �` um̀ kpes` Ã�vl r �^[ k
] r v�l khv�qd` �j [ ek�^l hl op�[ k_�j l pq�l aq̀ k�r p̀ _Ã�[ k_�ek�pj [ hh̀ o�nr [ kqeqè pÀ�Td` �ò pr hqp
l ] q[ ek` _�[ ò �ò j [ og[ ] h̀ �[ k_�t l oqd�qd` �` aal oq�[ k_�` um̀ kp̀ pÀ

Pecj ` kqp�[ ò �[ hpl �r p̀ _�al o�aò p̂ l �m[ ekqekcÀ

Ml pq�^l j j l khv�I�r p̀ �qd` �mecj ` kqp�] l r cdq�aol j �al eq[ _` [ r oj [ c[ xekÀol À�
I�aek_�qd` v�[ ò �s` ov�cl l _�[ k_�l a�[ �cò [ q�nr [ heqv�moê ` À
Td` eo�t ` ] peq̀ �epÂ
P[ ekqekc�[ k_�ò pql o[ qel k�j [ q̀ oe[ hp�pql ò � āl eq[ _` [ r oj [ c[ xekÀol °

t t t Àqd` l _l ol p[ oqÀolB` o[ p̀ h[ �Ber ^=



NO [ � ö»ý•êÄ•±ù	 ýÉ»ý
Td` ò �[ ò �p̀ s` o[ h�qvm̀ p�l a�] or pd` p�qd[ q�^[ k�] ` �r p̀ _�ek�ê l k
m[ ekqekcÀ�Td` �j l pq�^l j j l k�ek^hr _` �] [ _c` o�d[ eo�] or pd` pÃ�mec�l o
] epl k�] or pd` pÃ�pvkqd` qê �] or pd` p�[ k_�pnr eoò h�d[ eo�] or pd` pÀ�D[ ^d
qvm̀ �l a�] or pd�d[ p�pm̀ ^eaê �^d[ o[ ^q̀ oepqê p�qd[ q�j [ g` �eq�pr eq[ ] h̀ �al o
^` oq[ ek�[ pm̀ ^qp�l a�qd` �ê l kÀ

NP 
 ù	 ýÉ•ýÉ¥ö»
I^l k�] or pd` p�^[ k�^l j ` �ek�_eaà ò kq�pd[ m̀ pÃ�pr ^d�[ p�ol r k_Ã�ah[ qÃ
l ] henr ` Ã�[ k_�aek` çqemm̀ _�] or pd` pÀ�Td` �pd[ m̀ �l a�qd` �] or pd
ekahr ` k^` p�dl t �qd` �hek` �l o�^l hl o�ep�[ mmhè _�ql �qd` �pr oa[ ^` À

Q� P` 'Q� � •
 Q̀ U%� U

t t t Àpeq̀ r hq[ r Àol[ kk` �j [ oè �[ kql ek` qq̀

Td` �] or pd` p�r p` _�ek�ê l k�m[ ekqekc�q̀ ^dkenr ` �[ ò �` pp` kqe[ h�ql l hp�al o�[ oqepqp�] ` ^[ r p`

qd` v�d` hm�^ò [ q̀ �mò ^ep` �_` q[ ehp�[ k_�[ mmhv�qd` �m[ ekqp�[ mmol moe[ q̀ hvÀ�Bdl l pekc�qd`

oecdq�] or pd�ep�^or ^e[ h�ek�qd` �mol ^` pp�l a�j [ gekc�[ k�ê l kÀ�

H` ò �[ ò �pl j ` �ej ml oq[ kq�a[ ^qp�[ ] l r q�] or pd` p�r p` _�ek�ê l k�m[ ekqekcÂ



NQ 
 ù	 ýÉ•ýË »
Aor pd�pex` p�^[ k�o[ kc` �aol j �s` ov�qdek�ql �s` ov�qdê gÀ�Td` �pex` �l a
qd` �] or pd�ep�p̀ h̀ ^q̀ _�[ ^^l o_ekc�ql �qd` �_` q[ ehp�qd[ q�qd` �[ oqepq
t [ kqp�al o�dep�ê l kÀ�El o�aek` �_` q[ ehpÃ�qdekçqemm̀ _�] or pd` p�[ ò �r p̀ _Ã
[ k_�al o�cò [ q̀ o�pr oa[ ^` �^l s` o[ c` Ã�h[ oc` o�] or pd` p�[ ò �r p̀ _À

NR 
 ù	 ýÉ•â ¥�»ùË¥Ü
Td` �j [ q̀ oe[ h�aol j �t dê d�] or pd` p�[ ò �j [ _` �d[ p�[ k�ej m[ ^q�l k�qd`
[ mmhê [ qel k�l a�^l hl o�[ k_�q̀ uqr ò À�El o�` u[ j mh̀ Ã�pnr eoò h
d[ eo] or pd` pÃ�^[ k�ò q[ ek�t [ q̀ o�l o�^l hl o�[ k_�^ò [ q̀ �aek` �hek` pÃ�t deh̀
pvkqd` qê �] or pd` p�j [ v�] ` �pr eq[ ] h̀ �al o�` s` k�^l s` o[ c` À

NS � 	 ù¥±ËÜË��
Td` �_r o[ ] eheqv�l a�] or pd` p�ep�ej ml oq[ kq�] ` ^[ r p̀ �qd` v�j r pq
t eqdpq[ k_�qd` �m[ pp[ c` �l a�qej ` �[ k_�ò m̀ [ q̀ _�t ` [ oÀ�Hecd` o�nr [ heqv
] or pd` p�j [ v�] ` �j l ò �` um̀ kpes` �] r q�l aà o�cò [ q̀ o�_r o[ ] eheqvÀ

NT � Ü»¥ãËãÅ•±ù	 ýÉ»ý
�À�Ik�ê l k�m[ ekqekcÃ�^h̀ [ kekc�] or pd` p�ep�[ k�` pp̀ kqe[ h�m[ oq�l a�qd`
mol ^` ppÀ�@oqepqp�j r pq�q[ g` �^[ ò �ql �^l j mh̀ q̀ hv�ò j l s` �mò sel r phv
r p̀ _�m[ ekq�l o�mecj ` kq�] ` al ò �[ mmhvekc�[ kl qd` o�^l hl o�l o�_` q[ ehÀ

t t t Àqd` l _l ol p[ oqÀolB` o[ p̀ h[ �Ber ^=


































































