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¹ �u�Gº|�n��� »=�]¼hz?½s�m�
X G2(D)
Y G0(D)
Z G1(D)

·�¾ ¸
¿ ��À

S1(I,D) = T1(ID,D)

¿ �~�fÀ

S1(I,D) =
D5I2

− D6I2 + D6I4

1 − 2D + D2
− D2I2

· +s¸
¿ ��À

T2(I,Dp) = T1(Dp, I)

S2(I,D) = T1(D, ID)

���_z?z|ÁwÂ
G1(D) ÃhÄ�ÅGÄ´ÆÈÇ_ÉwÄ�ÊCÉwËGÄ°ÊwÇaÌ�Ä�Í�Î�ÏGÄhÐ C ÐGÇhÊ G2(D) Ñ G2(D) ÃÒÄ´ÅGÄ�ÆwÇaÉDÄ�ÊCÉDËGÄ°Í´Î�Ï�Ä=ÎÒÓ�ÉwÇhÔ¥Å�Ä�ÏÖÕ×ÆwÎhÌ$ÉDËGÄØÍ�Î�Ï�Ä CÓmÙ4ÊDÚ>Ô¥ÉwÍÈËGÔ¥ÅGÃ°ÉDËGÄEÎÒÆwÏ�Ä�ÆOÎaÕ©Ï�ÔÛÃhÔ¥ÉwÊMÔ¥Å�ÉDËGÄEÜÛÄ´ÅGÃhÉDË�Ý0Þ�Í�Î�Ï�Ä�Ú9ÎhÆÈÏGÊ�ÎaÕ C ÑMßUÔ¥Å|Í�Ä G1(D) ÇhÅ�Ï G2(D) ÇaÆwÄ Ó�ÎhÉDËàÊDÙ�Ê0ÉwÄ´ÌàÇ_ÉwÔÛÍÄ´Å|Í�Î�Ï�Ä�ÆwÊ�Ð�ÉwËGÔ¢ÊsÌ�Ä�ÇaÅ|Ê?ÉwË�Ç_ÉsÉwËGÄ9ÔÛÅ�Õ×ÎhÆwÌàÇ_ÉwÔ¥ÎÒÅ°ÓGÔ¥É�Ô¥Å�Ú9ÎÒÆwÏ�Ê?áGÆwÎ�Ï�â|Í�Ä�Ï°ÓUÙ G1(D) Ô¢Ê,ÉDËGÄãá�ÇaÆwÔäÉ0Ù=Ó�ÔäÉ�Ô¥Å�Ú9ÎÒÆwÏ�Ê?á�ÆDÎ�Ï�â|Í�Ä�ÏÓmÙ G2(D) Ð�ÇaÅ�ÏæåUÔ¢Í�Ä´ÝfåhÄ�ÆwÊwÇGÑOßUÎ�Ð I ÇhÅ�Ï Dp ÆwÄ´åhÄ´ÆÈÊ*Ä=ÆwÎhÜÛÄ�Ê�Ñ¿ �~�fÀ

ç



T2(I,Dp) = T1(Dp, I)

S2(I,D) = T2(ID,D) = T1(D, ID)è ÊDÔÛÅGÃ4ÉDË�Ä°ÔÛÏ�Ä�ÅÒÉwÔäÉ0Ù2é
S1(UV −1, V ) = T1(U, V ),

Ú9Ä°ÃhÄ�É
S2(I,D) = S1(I

−1, ID).

·�ê ¸
¿ ��À ë ÎÒÆ G1(D) ÐhÉDË�ÄEÔÛÅGáGâ�É x(D) = 1+D2 áGÆwÎ�Ï�â�Í´Ä�Ê�ÉwËGÄBÍ´Î�Ï�Ä´ÚãÎhÆÈÏ c(D) = [1+D2, 1+D+D2] Ñ�ì ËGÔ¢ÊCÍ´Î�Ï�Ä´ÚãÎhÆÈÏË�ÇÒÊkÉwËGÄ(Ì�Ô¥ÅGÔÛÌ�âGÌîíBÇhÌ�Ì4ÔÛÅGÃpÚãÄ´ÔÛÃhËÒÉÖÎaÕ�ÇaÅUÙXÍ�Î�ÏGÄ´Ú9ÎÒÆwÏXáGÆDÎGÏ�â�Í�Ä�ÏXÓmÙ
ÇïÚ9Ä�Ô¥ÃÒËÒÉ*Ý0ÞðÔÛÅGáGâ�É�Ð ÊDÎ7ÉwËGÔ¢Ê�Ä�Å�Í�ÎGÏ�Ä´ÆàË�ÇhÊÄ�ñ2Ä�Í�ÉDÔÛåhÄ�Õ×ÆDÄ�Ä°Ï�Ô¢Ê0ÉÈÇaÅ�Í�Ä d

eff
free = 5 Ñ¿ ��À°ë ÎhÆ G2(D) Ð�ÉwËGÄkÔ¥ÅGá�â�É x(D) = 1 + D3 áGÆDÎGÏ�â�Í�Ä�Ê>ÉwËGÄ4Í�Î�ÏGÄ´Ú9ÎhÆÈÏ c(D) = [1 + D3, 1 + D + D2 + D3] Ñ=ì ËGÔ¢ÊÍ�ÎGÏ�Ä´Ú9ÎÒÆwÏkË�ÇÒÊ�ÉwËGÄEÌ�ÔÛÅGÔ¥Ì�â�ÌòíBÇhÌ�Ì4ÔÛÅGÃØÚ9Ä´ÔÛÃhËmÉCÎaÕ©ÇhÅmÙ4Í�Î�ÏGÄ´Ú9ÎÒÆwÏkáGÆwÎ�Ï�â|Í�Ä�Ï4ÓUÙ4Ç�ÚãÄ´ÔÛÃhËÒÉDÝbÞ=ÔÛÅGáGâ�É�ÐUÊ*Î�ÉwËGÔ¢ÊMÄ´Å�Í´Î�Ï�Ä�ÆË�ÇÒÊ Ä�ñ2Ä�Í�ÉwÔ¥åhÄ�Õ×ÆwÄ´Ä°ÏGÔÛÊ*ÉwÇhÅ�Í�Ä d

eff
free = 6 Ñ
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G2(D) ÔÛÊ>áGÆwÄ�Õ×Ä´ÆwÆwÄ�Ï�Ó�Ä�Í�Çaâ�ÊDÄ�ÎaÕ]Ô¥ÉwÊ>Ü¢ÇaÆwÃhÄ´Æ Ä�ñ2Ä�Í�ÉwÔÛåhÄ=Õ×ÆwÄ´Ä°ÏGÔÛÊ*ÉwÇhÅ�Í�ÄÒÐ deff

free = 6 Ñ
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, Õ×ÎÒÆ w Ä´åhÄ�Å , j = 0
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)

, Õ×ÎÒÆ w Î�ÏGÏ , j = 1

0 , ÎaÉDË�Ä´ÆwÚ>ÔÛÊDÄ .
ßUÎ|ÐUÉDË�Ä�ô0õ,öW÷ ë A(W,Zp) Ô¢Ê´é

A(W,Zp) =
n−1
∑

w=0

(

n − 1

w

)

WwZ(w mod 2)
p .

·�¾ ¸

Bw,z =























(

n−1
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, Õ×ÎÒÆ w Ä´åhÄ�Å , z = w

(

n−1
w
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, Õ×ÎÒÆ w Î�ÏGÏ , z = w + 1.

0 , ÎaÉDË�Ä´ÆDÚ>Ô¢ÊDÄ .
ì Ë�Ä�ôDø>öW÷ ë B(W,Z) Í´ÇhÅæÓ�ÄØÏ�Ä´ÉDÄ´ÆwÌ�Ô¥Å�Ä�Ï�Õ×ÆwÎhÌùÉDË�Ä�Ä´ú�áGÆDÄ�ÊDÊDÔÛÎhÅ²ÇaÓ�ÎnåÒÄhÐUÎÒÆ ÓUÙ�ÅGÎaÉwÔ¥Å�Ã4ÉDË�ÇaÉ

B(W,Z) = A(WZ,Z).
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íBÎnÚãÄ´åhÄ´Æ>ÙhÎhâûÍÈËGÎUÎÒÊDÄ�ÉDÎÖÏ�Ä´ÆwÔÛåhÄ=Ô¥É�Ð B(W,Z) Ô¢Ê´é
B(W,Z) =

n−1
∑

w=0

(

n − 1

w

)

WwZw+(w mod 2).
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ü ÎhÉDÄkÉDË�ÇaÉ=ÉDËGÄ�á�ÇaÆwÔäÉ0ÙûÓGÔ¥ÉwÊ�áGÆDÎGÏ�â�Í�Ä�Ï(ÓUÙûÉDË�ÄkÉbÚ9Î²Ä´Å�Í´Î�Ï�Ä�ÆwÊ=ÇaÆwÄ�Ä�ýmâ�ÇhÜ~Ð©ÆDÄ�ÃÒÇhÆwÏ�ÜÛÄ�ÊwÊEÎaÕCÚ>Ë|Ç_É°Ê*ÎÒÆ*É=ÎaÕCÔÛÅÒÉwÄ´ÆwÜ¥Ä�Ç�åhÄ�Æ�Ô¢Êâ�ÊDÄ�Ï©ÑMßUÎ|ÐÒÉDË�Ä�Îhâ�ÉwáGâ�Éãá|ÇaÆwÔäÉ0Ù4Ú9Ä�Ô¥ÃÒËÒÉãÔÛÊãþØÔ¥Õ?ÉDË�Ä�Ô¥Å�áGâ�É Ú9Ä´ÔÛÃhËmÉ w ÔÛÊ9Ä´åhÄ�Å?ÐUÇhÅ�ÏàÔ¥ÉãÔ¢ÊãÞØÔäÕ?ÉDË�Ä�Ô¥Å�áGâ�É Ú9Ä´ÔÛÃhËmÉ w ÔÛÊ9Î�ÏGÏ?Ñü ÎnÚ°Ð�ÆwÄ�Í´ÇhÜ¥ÜMÉDËGÄ�Ä´úUá�ÆDÄ�ÊwÊDÔ¥ÎÒÅ7Õ×ÎhÆØÉwËGÄæÇ�åÒÄ´ÆwÇhÃhÄ�ÿ9öW÷ ë Ú>ËGÄ�Å Ç(âGÅGÔ¥Õ×ÎhÆwÌ Ô¥ÅmÉDÄ�ÆDÜÛÄ�ÇnåhÄ´ÆØÔ¢ÊØâ�ÊDÄ�ÏQÚ>ÔäÉwË ÊDÙ�Ê0ÉwÄ´ÌàÇ_ÉwÔÛÍÄ´Å|Í�Î�Ï�Ä�ÆwÊ Ô¥Å(Ç4á�ÇaÆÈÇaÜÛÜÛÄ´Ü�ÉwâGÆDÓ�ÎàÇhÆwÍÈËGÔ¥ÉDÄ�Í�ÉDâGÆwÄhé

AC
w(Zp) =

AC1

w (Zp)A
C2

w (Zp)
(

n−1
w

) .

ì ËGÄ�ÆDÄ´ÕdÎÒÆDÄÒÐ�ÇÒÊDÊDâGÌ�Ô¥Å�Ã�Ç4âGÅGÔ¥Õ×ÎhÆwÌ Ô¥ÅmÉDÄ�ÆDÜÛÄ�ÇnåhÄ´Æ�ÐmÉDËGÄØÇnåhÄ´ÆÈÇaÃhÄ=ô0õ?öW÷ ë ÎhÕsÉDËGÄ°ÆwÄ�ÊDâGÜ¥ÉDÔÛÅGÃkÉwâGÆwÓ�Î�Ä´Å�Í�ÎGÏ�Ä´Æ>ÔÛÊ>ÃhÔÛåhÄ´Å²ÓUÙ�é
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0 , ÎhÉDËGÄ�ÆDÚ>Ô¢Ê*Ä
Ú>Ë�ÔÛÍÈËûÊDÔÛÌ4á�Ü¥Ô � Ä�Ê ÉwÎ
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w,j =
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, Õ×ÎÒÆ w Ä´åhÄ�Å , j = 0

(
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, Õ×ÎÒÆ w Î�ÏGÏ , j = 2

0 , ÎaÉDË�Ä´ÆwÚ>ÔÛÊDÄ .
ì Ë�Ä°ÇnåhÄ´ÆÈÇaÃhÄ�ô0õ?öW÷ ë Ô¢ÊãÉwËGÄ´ÆwÄ�Õ×ÎhÆwÄ=ÃÒÔ¥åhÄ�Å²ÓmÙ2é

AC(W,Zp) =

n−1
∑

w=0

(

n − 1

w

)

WwZ2(w mod 2)
p .
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ë ÆDÎÒÌùá�ÇaÆDÉ��uÍ���Ð�ÉwËGÄ°ôDø>öW÷ ë BC

w,z ÔÛÊ>ÃhÔÛåhÄ´Å²ÓmÙ2é

BC
w,z =
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, Õ×ÎÒÆ w Î�ÏGÏ , z = w + 2.

0 , ÎaÉDË�Ä´ÆDÚ>Ô¢ÊDÄ .
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ßUÎ|Ð
BC(W,Z) =

n−1
∑

w=0

(

n − 1

w

)

WwZw+2(w mod 2).

ß�Î�ÐUÉwËGÄØÊDÌ�ÇhÜ¥ÜÛÄ�Ê*É>ÅGÎhÅGÝ���Ä´ÆDÎ�Í�ÎGÏ�Ä´Ú9ÎÒÆwÏ�Ú9Ä�Ô¥ÃÒËÒÉ>Ô¢Ê z = 2 Ñ
· )�¸
ì ËGÔ¢ÊBÔ¢ÊBÅGÎhÉ=ÇÖÃhÎUÎGÏæÉwâGÆDÓ�ÎæÍ�ÎGÏ�Ä�ÇhÆwÍÈËGÔ¥ÉDÄ�Í�ÉDâ�ÆDÄÒÑBì ËGÄ�ôDøEöW÷ ë ÎhÕ�ÉwËGÄkÆDÄ�Ê*âGÜ¥ÉwÔ¥ÅGÃÖÉDâGÆwÓ�ÎæÍ�Î�ÏGÄØÔ¢ÊBÔÛÅ�Ï�Ä�á|Ä�Å�Ï�Ä�ÅÒÉ=ÎhÕOÉDËGÄÔÛÅÒÉDÄ�ÆDÜÛÄ�ÇnåhÄ´Æ�ÐmÉwËGÄØÍ�ÎhÅ|Ê0ÉwÔäÉwâGÄ´ÅmÉEÄ´Å�Í´Î�Ï�Ä´ÆÈÊ ÇhÆDÄ=Å�ÎaÉEÆDÄ�Í´âGÆÈÊ*ÔÛåhÄhÐ�ÇhÅ�Ï�ÉDË�Ä´Ù�Ë�ÇnåhÄ�åhÄ´ÆwÙÖÜ¥Î_Ú Ì�ÔÛÅGÔÛÌ�âGÌ Í�Î�ÏGÄ´Ú9ÎÒÆwÏ�Ú9Ä´ÔÛÃhËmÉ�Ñ

	


