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G, S, V 8 Ä'¬;­"¬;¶�ºÂ¥�²�¥2¶�ª"Å�§n²2²�« ¬å¨�ª,¤'¥�²2ª"ºÂ¥�§)¤'¾n²�« ¬
¨2ª>Ån¶�¬$ºÂ¬;²�¥�º�§,ãj¥�²�«ÏÌ�¾"Ö1¶�¥�²�ÃB§:À�­)§n¿�¥�¬Æ½2­"ª'9

• G : (1n, rg) 7→ (s, v)
À

• Ss : (α, rs) 7→ ∆
Ù6ÇBÄ8¬$¦;¾

α 8 ²�§,ãj¬Æ¦;ª"ª"¯n±j¬$²�¥2¬nÀ8§ ∆ 8 ¨�ª$Ä8¨�¥�¦;¾�Ü�À
• Vv : (α, ∆, rv) 7→ 0

¥`¤'¥
1
À



� � 9<�����2(������·�!0�
s�c7	�l91+!��
	+2�!�<�

• ∀α Pr
rg ,rs,rv

{Vv(α, Ss(α, rs), rv) = 0} = 0.
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Å�§n²�¥�¬1¥Û¨�¶�ª"Ån¬$¶�¿2°ÐÄ8¬;­n¬$¶�ºÂ¥2²�¥�¶�ª"Å"§n²�²�« ºÂ¥4À�­c´ ¬n´

rv = rs = λ
ÙÚ¨2°n¦;­)§,³�¦�­"¶�ªn¿:§"Ü�´

âGÄ!§)¤�¾"²�¬$È:ã�¬$ºG¯n°%Ä8¬$ºÁ¥�Ã$²�ªn¶�¥�¶�ª"Å"§,­"¾>²�§)¤'¥2½�¥�¬
rv

¥
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´
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�õ�������� ô���÷ ôsú��	� 7cü�� ­)§>¦�¼"¬$º�§^²�§,Ç$«�Ë
Å�§n¬;­n¦/³*²�§cÄ8¬�×�²�ªnÈ4À�¬$¦B¤'¥

∀ASS ∀p Pr{ASs(v) = (α, ∆) : Vv(α, ∆) = 1} <
1

p(n)
.
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! ¦B¤'¥åÅ"¦$¬^Ån«�ã�¬$¨2¬$¶�¬;½�¥�¦�¤�¬$²�²�ªn¬©Å"¬$¶2²�ª Ä�¤�³å¦�­"¶�ª"¿¹Ä�¤'¥2²�«
l(n)

Ù6ÅÛ½�§n¦;­n²�ª"¦�­"¥4À
S
¨�¶�¬<Ä8²�§,Ç$²�§.½�¬$²à­nª,¤'¾"¿�ª*Ä�¤�³ ¨�ª$Ä8¨2¥�¦$« Å�§,²�¥2³ ­)§,¿�¥:¼ ¦;­n¶�ª"¿4À�§

A·
ºÂª.×^¬�­�Ç.§cË

Ä!§nÅ�§,­n¾¹Å"ª"¨2¶�ª"¦$« ªn¶�§n¿2°.¤�°å­"ª)¤'¾"¿�ªá¨�¶�ª�­)§,¿�¥�¬©¦�­"¶�ª"¿2¥'Ü�Às­"ª¹¦�¼"¬$º�§á²�§,Ç$« Å�§n¬;­)Ë
¦/³

l(n)
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l(n)
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C ´Aµ·ª0/21*3�ºÂª.×�²�ªÐ¨�ªn¦;­"¶2ª"¥2­"¾ ª$Ä8²�ª"¶�§)Ç%ª"Ån°`Ö ª"Ã$¶�§n²�¥�½�¬;²�²2°`Ö547686!´
� ´Aµ·¶�¥�ºÂ¬$²2¥�Ål¼�¬�ã�Ë�Ó·°`²�¿�Ò2¥�Ö»¿^¦$ª"ª"¯,±�¬$²2¥�ÖjÀ,¨�ª,¤�°`½�¥�º�¥2Ç ªnÃ$¶�§n²2¥�½�¬$²2²�ª"È 89 ²�¬;ª"Ã$¶�§,²�¥�½�¬;²�²2°`Ö;:<4=686�Ù6ª$Ä8²�§n¿�ª�À"¬;¦�¤'¥>47686^¯"«�¤8§Êª$Ä8²�ª"¶�§,Ç%ª"Ånª"È4À"ª$Ä8²�ª)Ë¶�§,Ç$ª"Å"ª"È�ª"²�§^¥*ª"¦;­)§,²�¬;­n¦/³'Ü�´
? ´Aµ·ªn­"ª"ºå¨�ª)¤�°`½�¥�º À�½2­nªÆ¬;¦�¤'¥Ð¬;¦;­"¾Æª$Ä8²�ª"¶�§,Ç%ª"Å"§,³@476868À�¿`ª,­"ª"¶�§)³Ð¨�ªnÇ%Ånª,¤�³�¬�­
¿�ª%Ä'¥�¶�ª"Å�§)­"¾>¦$ª"ª"¯,±�¬$²2¥2³4À�¿�ªn­nª"¶�« ¬Æ¼"ªn­.³�¯"«ÿÅ�Ä8Å�§^¶�§)Ç.§jÄ�¤'¥�²�²2¬$¬Æ¦%§nºÂ¥:¼
¿:¤'Ö1½�¬$È4À�­nª ¬;¦;­n¾�¥*ºÂ²�ª"Ã$ªn¶�§,Ç%ªnÅ�§,³.476868´
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� ö,�'õsö����àû4üÚý�ü���� w�x^�
f ��������� l � }'|/~'y�{'|�� � m = l(n)

� � |/~8|%��y��

G(1n) = ((u0
1, u

1
1, . . . , u

0
m, u1

m), (v0
1, v

1
1, . . . , v

0
m, v1

m)),

�<�)�
ui

k ∈ {0, 1}n
�! #"�$�u,{% »w ~ � z`u'&�{% (� |)"�$�u)�,|�� � vi

k = f(ui
k)
�+*A|$�)�)��,-�

S(α1 . . . αm) = (uα1

1 , . . . , uαm

m );

V
�,|cw�x^unxÐ|.z:{'|A}'$8|c�n�.$'y�x^� � z:xÐ| ∀i f(uαi

i ) = vαi

i

� � |/~ � z:�;{�{�u)/Ð��|.{'w;x0$ � �21�y�/
/'�$~3/'�;xÐw�/å{�un�!,B�ÿ{'|)&å|.�){'|4$�uc�,|c�n|)&
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¯n¥2­"¬�ªn­%¤'¥�½�§)­"¾"¦/³»ªn­ Ç.§n¨2¶�ª"¦%§�¿ ª"¶�§,¿2°.¤�°"´qÉ�­"ª"¯"« ªn¯"¶�§,­n¥2­"¾ /21*3ÊÅ ²2°�×�²�ªnÈ
²�§nºÞ­nª"½�¿�¬
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Ù
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iÅn« ¯"¬$¶�¬;ºà¦�¤�°:½�§nÈ�²�« ºZª"¯n¶�§,Ç%ªnºÎÜ<;�¨�¶�ªnºÂª%Ä'¬�¤'¥�¶:°"¬$ºZ¦�­)§n¶�ª"Ã;ªj¨�¶2ªn­"¥�Ån²�¥�¿`§2´%= w ~'y
¨2¶�¥�ª"¯"¶�§,±�¬;²�¥�¥^¿�ª"¶�§n¿2°.¤�°Æ¨�¶�ªn­n¥�Å"²�¥2¿^²�¬�¦;¨�¶�ª"¦;¥2­Ê²�§n¦

f−1(vi
k)
ÙÚÅn¬$¶�ª.³2­n²�ª"¦�­"¾

¸�­"ª"Ã;ª 8 1
2

ÜBÀs­nª¹ª"²à¨�ªn¨�«�­)§n¬;­n¦/³ Å"« ½�¥�¦B¤'¥2­n¾�²�§nº
f−1(y)

¦ Å"¬$¶�ª.³:­"²�ª"¦�­"¾"Ö 1
mÙ6¸;­nª 8 Å"¬$¶�ª.³:­"²�ª"¦�­"¾�À�½2­"ª ºÂ« °`ÃB§cÄ!§)¤'¥ ­nªZºÂ¬$¦;­nª�À�ÅZ¿�ªn­nª"¶�ª"º�¯n°%Ä'°�­ ªn­%¤'¥`Ë

½�§,­"¾"¦/³ÁÇ.§n¨2¶�ª"¦*¿Gª"¶�§,¿2°.¤�°V¥G¨�ª$Ä8¨�¥2¦$« Å�§n¬;ºÂª"¬�¦;ª"ª"¯n±j¬$²�¥2¬.Ü>¥Á¦ñÄ8¬�¤'§n¬;­Z¸�­"ªà¦
Ån¬$¶�ª.³2­n²�ª"¦�­"¾"Ö

ε
´ ò ­nª"Ã$ª>ºÂ«�ªn¯"¶�§,­n¥�º

f
¦ÊÅ"¬;¶�ª.³2­"²2ª"¦;­n¾"Ö

≥ ε
2m

´
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Zùsö`ùsúsö�û4ü��4ü�> ª"¶�º�§)¤�¾"²�ªáÇ.§n¨2¥�¦%§,­n¾àÅ"¦;¬*¸�­"¥ÁÅ"¬$¶�ª.³:­"²�ª"¦�­"²�« ¬�¶�§n¦$¦�°�Ë
×^Ä8¬;²�¥2³4À�°`½�¥2­n« Å�§,³�¨�ªn­"¬;²�Ò�¥�§c¤'¾"²2°`Ö Å"ª,Ç%ºÂª.×�²2ª"¦;­n¾ Ç.§,Å"¥�¦$¥2ºÂª"¦;­n¥áºÂ¬;×^Ä'°�¦$ª,Ë
¯n«�­"¥2³2ºÂ¥4´
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$�- �)�DB%$ E ��1 ���DF��%- E /HG 7cü � ¬�ËºÂ¬;È�¦;­nÅ"ªÛ¼�¬;ãÆË�Ó·°`²�¿�Ò�¥2È ¯"¬�Ç ¿�ª,¤2¤'¥2Ç%¥2È 8 ¸�­"ª*¨�ª,¤'¥�²2ª"ºÂ¥�§)¤'¾n²�« ¬jÄ8¬;­n¬$¶�ºÂ¥�²2¥:Ë¶2ª"Å�§n²�²2« ¬�§c¤'Ã$ª"¶2¥2­"ºÂ«
σ
¥

H
¥�¦;¬$ºÂ¬$È2¦;­"Ånª©Ó·°:²2¿�Ò�¥�È

{hζ}ζ

À2­)§n¿�¥�¬Æ½2­nª
• σ : (1n, rσ) 7→ ζ

À
• hζ : {0, 1}∗ → {0, 1}l(|ζ|)

À
• H(ζ, x) = hζ(x)

À
• ∀A ∀p Pr{A(ζ) = (y, y′) : hζ(y) = hζ(y

′), y 6= y′} < 1
p(n)

,

ÃñÄ'¬
A
¥

p 8 ¿`§n¿�ª"¯n« ½�²�ª�´
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O1PRQTS�UWVXQ)Y[Z\U+]_^�]W`�U3P3U+]RZ\aX]ba�P�cdZ\V\UWe+`gfihX]�^Xh\VX`�j)k�P3UWe=hX]W`7l�S7^�]Rk�P3U+S7lXeWaX]W`�UWVm`�]3n]WoRpqS�a\V\rs^\lXV\a\j
k tvu PR`�`�QT]RUWw\VXQx`�S�QTS�rX`�UWk+]yhXS�wXS�`�URP3aX]Rk+]Rz

{fα}α { `_`�S�z\wXS�U+]WQ}|�Y`�]�~!w�P3a\f��4p�V�~�^\lXV\a\c t\� lX��]Rw\V\U+Q)Y\��S�aXS�w\V\w\cd�4p�V\r�z�lX��Z\V5Y�k�z�P�ZXS�`�UWk+S�h\w\V\k�P3UWaX]R��]z�lX�4Z�P)oWS�wXS�U { `�S�z\wXS�U\|�Y�U t S t f−1
α1

Y��g^�S
|α1| = k t�� z!P�ZXS�`�UWk+S�h\c�o3lXV\Z\aX]R��]�z�lX�4Z�P�P�lX��]3nw\V\U+Q-oWS�wXS�U

fα1

V�aXS�zd]RU+]Rw\j�S�`7lXc!Z�P3r\a\j�S�`�UWwX]Rz\V
a0

j , a
1
j ∈ {0, 1}k

Y!�g^�S
j ∈ 1, . . . , k �

b0
j , b

1
j ∈ {0, 1}k

Y��0^�S
j ∈ 1, . . . , p(k) t O�^�S�`�e p(k) � ^\lXV\a�P�oRV\U+]Rk+]Rr=��P3h\VX`�V

fα

h\w\V
|α| = k t� S�hXS�w\e_w�PR`�`�QT]RUWw\VXQ�hXS�w\kWj)r?��P3�D��zd]�^XV\wX]Rk�P3a\VXS�hXS�w\k+]R��]D`�]W]WoRp�S�a\V\f��4hX]�^Xh\V�n`�j)k�P3�4pqS���]�P�lX��]Rw\V\U+QvP t�� U+]WoRj?��P3z!]�^XV\wX]Rk�P3UWe i

n�j)r�oRV\U�`�]W]WoRpqS�a\V\f
M = m1 . . . mk

YhX]�^Xh\VX`�j)k�P3��p�V\r�P�lX��]Rw\V\U+Q?kWj�oRV\w�PRS�U
a0

i

Y3lXVXoW]
a1

i

Y3k���P3kWVX`�VXQT]W`�UWVK]RU�U+]R��]\Y
mi = 0V�lXV

mi = 1
Y)`�]W]RUWk+S�U+`�UWk+S�a\aX]\Y)V�h\w\VXQTS�a\f\S�Us]WoRw�P3UWa\c!��hXS�wXS�`�URP3aX]RkWz\c+Y�hX]3lXc!Z�P3f

f−1
α1

(ami

i ) t � P3z\VXQ_]WoRw�P3��]WQ)Y�`�]W]WoRpqS�a\VXS M
zd]�^XV\w\c+S�U+`0f�U3P3z5�

(f−1
α1

(am1

1 ), . . . , f−1
α1

(amk

k )) t��U+QTS�UWVXQ)Y�Z\U+])h\w\VXQTS�a\f�UWe�URP3zd]Rr�`�hX]W`�]Wo�zd]�^XV\wX]Rk�P3a\V\f�h\w\V�hX]�^Xh\VX`�j)k�P3a\V\V�^�P�lXeRnaXS�r\��V�~�`�]W]WoRp�S�a\V\r � aXS�]RZXS�a\e�~�]RwX]R�q]\�Wk���U+]WQ?`7lXc!Z�PRS}h\wX]RUWV\kWa\V\zK`�QT]���S�U�a�P3r\UWV
f−1

α1
t¡  ]R��U+]WQ¢c£^\lXf=z�P3�q^�]R��]_aX]Rk+]R��]D`�]W]WoRp�S�a\V\fia�P�^�]�kWj�oRV\w�P3UWeDaX]RkWcd�¤hXS�wXS�`�URP�naX]RkWz\c

fαj

��URP3z\cd�qY\Z\U+]�Q¢j���a�PRS�Q
f−1

αj

� td¥ lXf�U+]R��]\Y�Z\U+]WoRj¦��P3zd]�^XV\wX]Rk�P3UWe i
n�j)rDoRV\U

j
n§]R��]4`�]W]WoRpqS�a\V\f1YRQ¢jikWj)Z\VX`7lXVXQ

f−1
αj

(ami

i )
YRP�zqhX]�^Xh\VX`�V�k+`�S���]¨`�]W]WoRpqS�a\V\f�^�]Wo+P3kWVXQ

{f−1
αj−1

(b
fαj ,i

i )}i

YR�g^�S
fαj ,i

]WoW]R��a�P�Z�PRS�U
i
n�j)r�oRV\U�h\wXS7^�`�U3P3kRl�S�a\V\fK��U+]RrBhXS�wXS�`�U3P3aX]RkWz\V �
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U+S�Q¦`�PRQ¢j�Q)Y5h\c�o3lXV\Z\a\j)rIz�lX�4Z
fα1

hX]R��k+]3lXf\S�U_V\��kRl�S�Z\e
fαj

oWS��KP�c!U+S�a\UWV���V\z�P��\V\VhX]W`�U+]RwX]Ra\a\VXQ¢V `�wXS7^�`�UWk�PRQ¢V t � P3z\VXQ ]WoRw�P3��]WQ)Y[hX]�^Xh\VX`�e j
n§]R��]b`�]W]WoRp�S�a\V\fI^�]3lX��a�P`�]�^�S�w��qP3UWe

((f−1
αj

(am1

1 ), . . . , f−1
αj

(amk

k )); (f−1
αj−1

(b
fαj,1

1 ), . . . , f−1
αj−1

(b
fαj ,k

p(k) ))).

� P�`�PRQT]WQ ^�S7l�SWY�kKhX]�^Xh\VX`�e�a�P�^�]KkWz�lX�4Z\V\UWe�aXS�U+]3lXeWz!]�h\w\V\k+S7^�S�a\a\j�SqkWj)��S�`�UWwX]3nz\V5Y�aX]�V£zd]�^Xj k+`�S7~Dh\wXS7^Xj}^Xc!p�V�~bhXS�wXS�`�U3P3aX]Rk+]Rz5Y1U+]�S�`�UWe�k�z!P3�q^Xc!� `7l�S7^Xc!��p�c!�hX]�^Xh\VX`�e�kWz�lX�4Z�PRS�Q-VX`�U+]Rw\V\� hX]�^Xh\VX`�S�r_h\wXS7^Xj}^Xc!p�V�~�`�]W]WoRpqS�a\V\r t� P3z!]Rr¦`�hX]W`�]Wo aXSD]RZXS�a\e ������S�z\UWV\k+S�a5Y�U3P3z z�P3z%V\��n���PiU+]R��]\Y Z\U+] Q¢j ~�w�P3a\VXQVX`�U+]Rw\V\��Y\hX]�^Xh\VX`�VD`�URP3aX]RkWf!U+`gfD`¨z�P3�q^Xj�QsaX]RkWj�Qm`�]W]WoRpqS�a\VXS�Q-k+`�S¨^\lXV\a\aXS�S t
� f
	`d���
��vd)_��!d���i��:i������������� "!�!$#�%'&�(�)� *�,+$ .-/#�0213 "45�6�3��!�!���798$�;:�8�<���<=!�#>:> @?A!�#CB
D ��45#FE�#>�= G1$H5���=&��IB   wXS7^XhX]3l�]���VXQDh\wX]RUWV\kWaX]WSW��h\c+`�UWe�hX]W`�UWwX]WS�a\a�P3f�` ~�S�QvP�aXS�a�P�^�S��qna�P t � P3z z!P3z Q¢j w�PR`�`�QvP3UWw\V\k�PRS�Q `�PRQT]R��]i`�V�lXeWaX]R��]?h\wX]RUWV\kWa\V\z!P%� ]WoW]R��a�P�Z\VXQxS���]
A
�7Y!U+]�`�Z\V\U3PRS�Q)Y�Z\U+]�]Ra"QT]���S�UBhX]Rh\wX]W`�V\UWeBhX]�^Xh\VX`�j)k�P3��p�V\rDP�lX��]Rw\V\U+Q-hX]�^Xh\VX`�P3UWeaXS�zd]RU+]RwX]WS=hX]3lXV\aX]WQ¢V�P�lXeWaX]WS=Z\VX`7l�]

F (k)
`�]W]WoRpqS�a\V\r%hX] `�k+]WS�Q¢c kWj�oW]Rw\c t)  ]W`7l�S��U+]R��]=`�k+S�wX]�f�UWaX]W`�UWeW� 1

Q(k)

]Ra hX]�^Xh\VX`�j)k�PRS�Uy`�]W]WoRpqS�a\VXSWY¢zd]RU+]RwX]WSDS�p�S�aXS"`�h\w�P�n��V\k�P�l t�  ]Rz!P3��S�Q)Y�Z\U+]Kk���U+]WQ%`7lXc!Z�PRS�`�c!p�S�`�UWkWc+S�U"P�lX��]Rw\V\U+Q B
Y�hX]3lXcdZ�P3�4p�V\rDa�PkR~�]�^mhXS�wXS�`�URP3aX]RkWz\c

h { `�`�S�z\wXS�U+]WQ}|3YT^\lXf-zd]RU+]RwX]Rr%S�Q¢ciaXS�V\��k+S�`�UWa�PI]WoRw�P3UWa�P3f1YvV
y ∈ {0, 1}k

Y�V"k+]R��kWw�P3p�P3�4p�V\r
h−1(y)

`¨k+S�wX]�f!UWaX]W`�UWeW� 1
poly(k) t  ]W`�UWwX]RVXQ���U+]RU£P�lX��]Rw\V\U+Q t ��aioRc�^�S�U�h\j)URP3UWe+`0fyVX`�hX]3lXeW��]Rk�P3UWe h

z!P3z ]RZXS�wXS7^\na\cd� hXS�wXS�`�URP3aX]RkWz\c�^\lXf_hX]�^Xh\VX`�j)k�P3a\V\fb`�]W]WoRpqS�a\V\f1Y�zd]RU+]RwX]WS���P3h\w�P3��V\k�PRS�U
A
YNP

yk�z!P�ZXS�`�UWk+S
ai

V�lXV
bi t � P3zDz�P3z B

aXS���a�PRS�U
h−1 Y\U+]�Q¢j oRc�^�S�Q hX]W`�UWcdh�P3UWe�`7l�S7^Xcd��np�VXQy]WoRw�P3��]WQ t$J ��S�aXS�w\V\w\c+S�Q-`7lXcdZ�P3r\aX] x0

j , x
1
j , z

0
j , z1

j

Yd�0^�S
j ∈ {1, . . . , k} t�  ]3l�]���VXQ

ai
j = h(xi

j); bi
j = h(zi

j)
Y¢^\lXf

i ∈ {0, 1}, j ∈ {0, 1}k t ��K�l�P3��]�^�P3wdfmkWj�oW]Rw\c a
V

bQ¢j `�QT]���S�Q�hX]�^Xh\VX`�j)k�P3UWeb`�]W]WoRpqS�a\VXSBhXS�wXS�`�URP3aX]RkWzd]Rr
h
Y1aXS���a�P3f

h−1 t � � j�oWS�wXS�Q
j0
`7lXcdZ�P3r\aX]£V\�

{1, . . . F (k)} t¢� lX��]Rw\V\U+Q B
oRc�^�S�UDw�PRoW]RURP3UWe?hX]RZ\UWV U3P3z\��S�z�P3z-VhX]�^Xh\VX`�j)k�P3�4p�V\r�P�lX��]Rw\V\U+Q)Y!��P�U+S�QIVX`�z�lX��ZXS�a\VXS�Q)Y!Z\U+]�zd]R�g^�P�S�Q¢c�a�P�^�]�oRc�^�S�U�kWj}noRw�P3UWeBkBz!P�ZXS�`�UWk+S�]RZXS�wXS7^XaX]RrDhXS�wXS�`�U3P3aX]RkWz\V
fαj0

YX]Ra"kWj�oWS�wXS�U
h t

¥ P�l�S�SWY)`7lXcdZ�P3r\aX]ykWj�oWS�wXS�Q¤]�^Xa\cmV\�£`�UWwX]RZXS�z
ai

j

V�lXV
bi
j

V ��PRQTS�a\VXQ¤S�SDa�P
y��U+S�hXS�w\emS�`7lXV�a�PRQxh\w\V�^�S�U+`0f�^\lXf%hX]�^Xh\VX`�j)k�P3a\V\f¦h\w\VXQTS�a\f�UWe

h−1 z%U+]WQ¢c oRV\UWc+Yzd]RU+]Rw\j)r"Q¢jm��P3z!]�^XV\wX]Rk�P�lXV"U+]RZ\zd]Rr
y
YWa�PR`��q^�S�U�aXS�c�^�P�Z�P � aX]�k+S�wX]�f�UWaX]W`�UWeq��U+]R��]QvP�l�P+� t O1P3h\c+`�UWVXQ P�lX��]Rw\V\U+Q

A
a�P_hX]3lXc!ZXS�a\aX]WQ ]RUWz\w\j)U+]WQ z�lX�4ZXS t O1PRQTS�UWVXQ)Y[Z\U+]S�`7lXV

A
��P3h\w�P3��V\k�PRS�UbhX]�^Xh\VX`�eb^\lXf?`�]W]WoRpqS�a\V\f

Mj0

Y¡U+]
B
h\w�P3kWV�lXeWaX]DhX]�^Xh\V\�qS�U��U+]D`�]W]WoRpqS�a\VXS"`Bk+S�wX]�f!UWaX]W`�UWeW� 1

2 � `���U+]Rr k+S�wX]�f!UWaX]W`�UWeW� ]Ra QT]���S�U?]RUW��P�^�P3UWeXY�0^�S�a�P�~�]�^XV\U+`0f
y t¥ lXfiaXS�z!]RU+]RwX]R��]=`�]W]WoRp�S�a\V\f M

P�lX��]Rw\V\U+Q
A
`Kk+S�wX]�f�UWaX]W`�UWeW� 1

Q(k)

hX]�^\^�S7l�P�nS�UDh\w�P3kWV�lXeWa\c!� hX]�^Xh\VX`�e
s t�L U3P_hX]�^Xh\VX`�eb^�]3lX��a�Pb]RU�lXV\Z�P3UWe+`gf-]RU_U+S7~IhX]�^Xh\VX`�S�r5Yzd]RU+]Rw\j�S)^�P3k�P�l�S�Q¢c�P�lX��]Rw\V\U+Q

B
YRh\w\VB��P3h\wX]W`�P�~

A t+� S�wX]�f�UWaX]W`�UWe�U+]R��]\Y+Z\U+]�]Ra�P¨]RURnlXV\Z�PRS�U+`0fba�P
αj0

n§]WQ ��P3h\wX]W`�S � ~�]RU�f£oRj 1
F (k) t3M wX]WQTS�U+]R��]\YN`�k+S�wX]�f�UWaX]W`�UWeW� ~�]RU�f

oRj 1
F (k)

P�lX��]Rw\V\U+Q
F
`�h\wX]W`�V\U�~�]RU�f_oRj

αj0

��P3h\wX]W`�]Rk�c
B t O1PRQTS�UWVXQ U3P3z\��SWY�Z\U+]�`k+S�wX]�f�UWaX]W`�UWeW� 1

2(k+p(k))

P�lX��]Rw\V\U+Q `�QT]���S�U�h\w�P3kWV�lXeWaX]BV\a\k+S�w\UWV\wX]Rk�P3UWe
y t
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� U3P3z5Ydk+S�wX]�f�UWaX]W`�UWeqc+`�hXS7~dP�P�lX��]Rw\V\U+QvP
B
`�]W`�U3P3kRlXf\S�UqaXS�QTS�aXS�S 1

4(k+p(k))F 2(k) =
1

poly(k)

Y\Z\U+]qV�UWwXS�oW]Rk�P�l�]W`�e�^\lXf"hX]3lXcdZXS�a\V\f"h\wX]RUWV\k+]RwXS�Z\V\f t
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