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[1]\�"f LCZ Ãº\P�ç�H_� 2C� SX��©��̀¦ ]jîß�
�%i���. �:r �7Hë�H\�"f��H [1]\�"f_� 2C� SX��©�~½ÓZO��̀¦ {9�ìøÍ�o
���H
Dh�Ðî�r SX��©�~½ÓZO��̀¦ ]jîß�ô�Ç��. s� Òqt$í
~½ÓZO��̀¦ ��6 x
���� ���Ãº�� (N,M,L, ε)��� q��� LCZ Ãº\P�ç�H�Ér
���Ãº�� (pN, pM, pb(L+1)/pc−1, pε)��� q��� LCZ Ãº\P�ç�Hs� �)a��. s� M:, p��H �èÃºs��¦ p��H q_� ���Ãº��.
:£¤y� L ≡ p− 1 mod p{9� M:, SX��©��)a q��� LCZ Ãº\P�ç�H_� ���Ãº��H (pN, pM, L, pε)s� �)a��.

1. "k&è<

ÂÒ ñì�r½+É��×�æ]X�5Åq(code-division multiple access,
CDMA) r�Û¼%7�\�"f��H Gold Ãº\P�ç�Hõ� °ú �Ér a%~�Ér �©��'a
:£¤$í
�̀¦ ��t���H _���ú̧�6£§ Ãº\P��̀¦ ��6 xô�Ç��. s���� a%~�Ér
�©��'a :£¤$í
�̀¦ ��t���H Ãº\P�ç�H�̀¦ ��6 x
��8���̧ �©�{©�ô�Ç �ª�

_� ��×�æ ]X�5Åq çß�[O�s� µ1ÏÒqtô�Ç��. Gaudenzi 1px�Ér [2]\�
"f ï�r1lxl�(quasi-synchronous, QS) CDMA ~½Ód���̀¦ ]jîß�

�%i���. s� r�Û¼%7��Ér "f�Ð ���Ér ��6 x�� çß�_� r�çß� t����
�̀¦ l��>r r�Û¼%7��Ð�� Y>� }9� �8 )�6 x
�#� Áº��� :�x��� r�

Û¼%7�\�"f ��×�æ ]X�5Åq çß�[O�\� @/ô�Ç %�o�\� ò́õ�&h�s���.
QS-CDMA r�Û¼%7�\� ��6 x½+É Ãº\P�\�"f ×�æ¹כ
�>� �¦�9

���H ��Ér	כ ����̂ ÅÒl�\�"f_� þj@/ �©��'a°úכs� \O����� ß¼

����H ��\	כ �'aô�Ç ��m��� "é¶&h� ÅÒ���\�"f ±ú��Ér �©��'a ½̈

çß�(low correlation zone, LCZ)s� \O����� ß¼>� �>rF�
�Ö¼
��\� �'aô�Ç �.���s	כ s���� QS-CDMA r�Û¼%7�\�"f ±ú��Ér

�©��'a ½̈çß��̀¦ ��t���H Ãº\P�(LCZ sequences)�Ér l��>r_� þj
&h�_� �©��'a :£¤$í
�̀¦ ����� �Ü¼�Ð	כ ·ú��9��� Ãº\P�ç�H�Ð�� "é¶

&h� ÅÒ���_� ±ú��Ér �©��'a ½̈çß�\�"f �8 a%~�Ér $í
0px�̀¦ �Ð���

�� [3].

Kim, Jang, No, Chung [4]ü< Jang, No, Chung, Tang
[5]\�¦ �í�<ÊK�"f LCZ Ãº\P�ç�H\� @/ô�Ç ú́§�Ér ���½̈ ���õ���
e��%3���.þj��H, Kim, Jang, No, Chung�� [1]\�"f LCZÃº\P�
ç�H_� 2C�SX��©��̀¦]jîß�
�%i���.�:r�7Hë�H\�"f��H [1]\�"f_�
2C�SX��©�~½ÓZO��̀¦{9�ìøÍ�o
���HDh�Ðî�rSX��©�~½ÓZO��̀¦]jîß�ô�Ç
��. s� Òqt$í
~½ÓZO��̀¦ ��6 x
���� ���Ãº�� (N,M, L, ε)��� q���
LCZ Ãº\P�ç�H�Ér ���Ãº�� (pN, pM, pb(L + 1)/pc− 1, pε)���
q��� LCZ Ãº\P�ç�Hs� �)a��. s� M:, p��H �èÃºs��¦ p��H q_�
���Ãº��. :£¤y� L ≡ p − 1 mod p{9� M:, SX��©��)a q��� LCZ
Ãº\P�ç�H_� ���Ãº��H (pN, pM,L, pε)s���.

2. q.>	 LCZ ¬£�~x#Ñ	Ãç>%u��ç¡
�¤�<�ç¡(«


ÅÒl��� N��� ¿º �<ÊÃº su(t)ü< sv(t)_� �©��'a �<ÊÃº

Ru,v(τ)��H ��6£§õ� °ú ��. s� M:, u = vs���� Ru,v(τ)��H
��l� �©��'a �<ÊÃºs��¦ ÕªXO�t� ·ú§Ü¼��� �©� ñ �©��'a �<ÊÃºs�

��. ω��H 1_� 4�¤Ãº q5px��Hs��¦, ω = e2π/qs���.

Ru,v(τ) =
N−1∑
t=0

ωsu(t)−sv(t+τ). (1)

#�l�"f 0 ≤ τ ≤ N − 1 s���.
���Ãº�� (N, M, L, ε)��� q��� LCZ Ãº\P�ç�H S��H ��6£§õ�

°ú ��.

S = {fu(t) | 0 ≤ u ≤ M − 1, 0 ≤ t ≤ N − 1}.

#�l�"f L = max{T : |Ru,v(τ)| ≤ ε, (|τ | < T s��¦
u 6= v) ¢̧��H (0 < |τ | < T s��¦ u = v)}s���.

p��H�èÃºs��¦ g��HÄ»ô�Ç�̂ Fp_�Òqt$í
����
���. p×p���
'��§>= D��H ��6£§õ� °ú ��.

D =




0 0 0 · · · 0
0 g 2g · · · (p− 1)g
0 g2 2g2 · · · (p− 1)g2

...
...

...
...

...
0 gp−2 2gp−2 · · · (p− 1)gp−2

0 1 2 · · · (p− 1)




= [dij ].

#�l�"f 0 ≤ i, j ≤ p− 1s���.
���Ãº�� (N, M, L, ε)��� q��� LCZÃº\P�ç�H�̀¦s�6 xK�"fÒqt

$í
÷&��H SX��©��)a q��� LCZ Ãº\P�ç�H�Ér ��6£§õ� °ú ��



&ñ
o� 1: p��H �èÃºs��¦ q_� ���Ãºs���. LCZ Ãº\P�ç�H
T��H ��6£§õ� °ú ��.

T = {su(t) | 0 ≤ u ≤ pM − 1, 0 ≤ t ≤ pN − 1}
su(t) = su(pi + j) = fu−kM

(
i + j

⌊L + 1
p

⌋)
+

q

p
dkj ,

kM ≤ u ≤ (k + 1)M − 1.

#�l�"f, 0 ≤ i ≤ N − 1s��¦ 0 ≤ j ≤ p − 1s���.
⌊
a
⌋
��H

a�Ð�� ������� °ú �Ér þj@/ &ñ
Ãºs���. Õª�Q��� T��H ���Ãº��
(pN, pM, pbL+1

p c − 1, pε)��� q��� LCZ Ãº\P�ç�Hs���.
7£x"î
:&ñ
_�\�"fÅÒl���H pNs��¦Ãº\P�ç�Hß¼l���H pMe��
�̀¦ ~1�>� ·ú� Ãº e����. ����"f, Ru,v(τ)s� pε�Ð�� �������
°ú �Ér °ú̀�כ¦ ��t���H ±ú��Ér �©��'a ½̈çß�s� pb(L+1)/pc− 1e��
�̀¦ �Ðs���� �)a��.

L + 1 = pa + b�� 
���. #�l�"f, a��H 0�Ð�� 	�H &ñ
Ãºs�
�¦, 0 ≤ b ≤ a − 1s���. Õª�Q���

⌊
L+1

p

⌋
= as���. S_� ß¼

l� Mõ� '��§>= D_� ß¼l�\� _�K� ��6£§ 6��t� �â
Äº�Ð ��
Ðüt Ãº e����.
�â
Äº 1) 0 ≤ u, v ≤ M − 1s��¦ τ = pk′ ;
Ru,v(τ)�̀¦ ��r� +��Ð��� ��6£§õ� °ú ��.

Ru,v(τ) =
p−1∑

j=0

N−1∑

i=0

ωfu(i+aj)−fv(i+aj+ τ
p )

=
N−1∑

i=0

ωfu(i)−fv(i+ τ
p )

+
N−1∑

i=0

ωfu(i+a)−fv(i+a+ τ
p ) + · · ·

+
N−1∑

i=0

ωfu(i+(p−1)a)−fv(i+(p−1)a+ τ
p ). (2)

���Ãº (N,M,L, ε)��� LCZ Ãº\P�ç�H_� $í
|9��ÐÂÒ'� d��

(2)_� y�� ÂÒì�r ½+Ë_� ß¼l���H ½̈çß� −pL < τ < pL\�"f
ε�Ð�� ������� °ú ��. Õª�QÙ¼�Ð, −pL < τ < pL{9� M:

|Ru,v(τ)| ≤ pεs���.
�â
Äº 2) 0 ≤ u, v ≤ M − 1s��¦ τ = pk′ + k′′( éß�,

1 ≤ k′′ ≤ p− 1);
Ru,v(τ)�̀¦ ��r� æ¼���

Ru,v(τ)

=
p−1∑

j=0

N−1∑

i=0

ωfu(i+aj)−fv(i+
⌊

j+k′′
p

⌋
+(j⊕k′′)a+ τ−k′′

p ). (3)

#�l�"f ⊕��H �̧Ñýt�Q p  »	!lrs���.
d�� (3)\�"f k′′�� 1s��� 
����

Ru,v(τ) =
N−1∑

i=0

ωfu(i)−fv(i+a+ τ−1
p )

+
N−1∑

i=0

ωfu(i+a)−fv(i+2a+ τ−1
p )

+ · · ·+
N−1∑

i=0

ωfu(i+(p−1)a)−fv(i+1+ τ−1
p ). (4)

���Ãº (N, M, L, ε)��� LCZ Ãº\P�ç�H_� $í
|9�õ� 0A�©�s� {9�
u�½+É M: ��l� �©��'a �<ÊÃº °úכÜ¼�ÐÂÒ'�, d�� (4)\�"f y�� ÂÒ

ì�r½+Ë_�ß¼l���H��6£§_� ½̈çß�\�"f ε�Ð���������°ú ��.d��
(4)_� 'Í	 ���P: ÂÒì�r ½+ËÂÒ'� (p− 1)���P: ÂÒì�r ½+Ë_� ½̈çß�
�â
Äº��H ��6£§õ� °ú ��.

−L < a +
τ − 1

p
< L.

d�� (4)_� p���P: ÂÒì�r½+Ë_� ½̈çß��Ér

−L <
τ − 1

p
+ 1− (p− 1)a < L

s��¦

τ − 1
p

+ 1 < (p− 1)a

s���.
Õª�QÙ¼�Ð, k′′ = 1��� �â
Äº |Ru,v(τ)| ≤ pε��� ½̈çß��Ér

−L− (p− 1)b < τ < L + (p− 1)bs���.
s�\�¦ 1 ≤ k′′ ≤ p− 1\� @/K�"f {9�ìøÍ�o
����

−L < k′′a +
τ − k′′

p
< L

−L <
τ − k′′

p
+ 1− (p− k′′)a < 0

s�����

−L < k′′a +
τ − k′′

p
< L

0 <
τ − k′′

p
+ 1− (p− k′′)a < L.

Õª�QÙ¼�Ð, −k′′L − (p − k′′)b < τ < min((L − b)(p −
k′′), (p − k′′)L + k′′b)�Ð &ñ
o�½+É Ãº e���¦, ���²DG |τ | <
min(|k′′L + (p − k′′)b|, |(L − b)(p − k′′)|, |(p − k′′)L +
k′′b|)�Ð ³ð�&³|̈c Ãº e����.

k′′ = p − 1{9� M:, τ_� ½̈çß�s� ���©� a%v��. s� �â
Äº��H
−(L− b) < τ < L− b\�"f |Ru,v(τ)| ≤ pεs���.
�â
Äº 3) 0 ≤ u ≤ M − 1, kM ≤ v ≤ (k + 1)M − 1,

1 ≤ k ≤ (p − 1) (<�Ê�Ér kM ≤ u ≤ (k + 1)M − 1,
0 ≤ v ≤ M − 1), τ = pk′ ;

Ru,v(τ)�Ér ��6£§õ� °ú ��.

Ru,v(τ) =
p−1∑

j=0

N−1∑

i=0

ωfu(i+aj)−fv−kM (i+aj+ τ
p )− q

p dkj

=
N−1∑

i=0

ωfu(i)−fv−kM (i+ τ
p )− q

p dk0

+
N−1∑

i=0

ωfu(i+a)−fv−kM (i+a+ τ
p )− q

p dk1 + · · ·

+
N−1∑

i=0

ωfu(i+(p−1)a)−fv−kM (i+(p−1)a+ τ
p )− q

p dk(p−1)

=
N−1∑

i=0

ωfu(i)−fv−kM (i+ τ
p )

+
N−1∑

i=0

ωfu(i+a)−fv−kM (i+a+ τ
p )− q

p g + · · ·

+
N−1∑

i=0

ωfu(i+(p−1)a)−fv−kM (i+(p−1)a+ τ
p )− q

p g(p−1)



=
N−1∑

i=0

ωfu(i)−fv−kM (i+ τ
p )

+ ω−
q
p g

N−1∑

i=0

ωfu(i+a)−fv−kM (i+a+ τ
p ) + · · ·

+ ω−
q
p g(p−1)

N−1∑

i=0

ωfu(i+(p−1)a)−fv−kM (i+(p−1)a+ τ
p ).

s� �â
Äº��H �â
Äº 1)õ� q�5pw
�>� &ñ
o�
����, −pL < τ <
pL{9� M: |Ru,v(τ)| ≤ pεs���.
�â
Äº 4) 0 ≤ u ≤ M − 1, kM ≤ v ≤ (k + 1)M − 1,

1 ≤ k ≤ (p − 1) (<�Ê�Ér kM ≤ u ≤ (k + 1)M − 1,
0 ≤ v ≤ M − 1), and τ = pk′ + k′′(1 ≤ k′′ ≤ p− 1);

Ru,v(τ)

=
p−1∑

j=0

ω−
q
p dk(j⊕k′′)

×
N−1∑

i=0

ωfu(i+aj)−fv−kM (i+
⌊

j+k′′
p

⌋
+(j⊕k′′)a+ τ−k′′

p ).

s� �â
Äº��H �â
Äº 2)ü< q�5pw
� 9, |Ru,v(τ)| ≤ pε��� ½̈
çß��Ér −(L− b) < τ < L− bs���.
�â
Äº 5) k1M ≤ u ≤ (k1 + 1)M − 1, k2M ≤ v ≤

(k2 + 1)M − 1, 1 ≤ k1, k2 ≤ (p− 1) , τ = pk′;

Ru,v(τ)

=
p−1∑

j=0

N−1∑

i=0

ωfu−k1M (i+aj)+ q
p dk1j−fv−k2M (i+aj+ τ

p )− q
p dk2j

=
p−1∑

j=0

ω
q
p (dk1j−dk2j)

N−1∑

i=0

ωfu−k1M (i+aj)−fv−k2M (i+aj+ τ
p ).

%i�r� s� �â
Äº�̧ �â
Äº 1)õ� q�5pw
� 9 |Ru,v(τ)| ≤ pε���
½̈çß��Ér −pL < τ < pLs���.
�â
Äº 6) k1M ≤ u ≤ (k1 + 1)M − 1, k2M ≤ v ≤

(k2 + 1)M − 1, 1 ≤ k1, k2 ≤ (p− 1) , τ = pk′ + k′′(1 ≤
k′′ ≤ p− 1);

Ru,v(τ)

=
p−1∑

j=0

ω
q
p (dk1j−dk2(j⊕k′′))

×
N−1∑

i=0

ωfu−k1M (i+aj)−fv−k2M (i+
⌊

j+k′′
p

⌋
+(j⊕k′′)a+ τ−k′′

p ).

¢̧ô�Ç s� �â
Äº�̧ �â
Äº 2)ü< q�5pw
� 9, −(L− b) < τ <
L− b\�"f |Ru,v(τ)| ≤ pεs���.
0A 6��t� �â
Äº�ÐÂÒ'�, LCZ Ãº\P�ç�H T_� ���Ãº

��H(pN, pM, pbL+1
p c−1, pε) (<�Ê�Ér (pN, pM, L−b, pε))s�

��.
¤

3. <K¼ÿ�Â6Ò LCZ ¬£�~x#Ñ	q�L|+8�)ç�
[6]\�"f Tang1px�Ér LCZ Ãº\P�ç�H_� 
�ô�Ç�̀¦ ]jîß�
�%i���.
&ñ
o� 2: (Tang, Fan, and Matsufuji [6]) S��H ���Ãº��

(N, M,L, ε)��� LCZ Ãº\P�ç�Hs����¦ 
���. ���Ãº[þt ��s�_�
�'a>���H ��6£§õ� °ú ��.

ML− 1 ≤ N − 1
1− ε2/N

. (5)

¤
&ñ
o� 3: q��� LCZ Ãº\P�ç�H_� ���Ãº (N,M, L, ε)�� Tang,

Fan, Matsufuji_� �â
>�\�"f þj&h�s����¦ 
���. &ñ
o� 1\�
"f SX��©��)a LCZ Ãº\P�ç�H�̧ Tang, Fan, Matsufuji_� �â
>�\�
"f L ≡ p− 1 mod p{9� M: ±ú��Ér �©��'a ½̈çß��Ér ���
�t� ·ú§
�¦ s�ü@_� �â
Äº ±ú��Ér �©��'a ½̈çß��Ér L�Ð�� �����.
7£x"î
: &ñ
o� 2Ü¼�ÐÂÒ'�,

L ≤ b 1
M

N2 − ε2

N − ε2
c.

Õª�Q���

L′ = pb(L + 1)/pc − 1 ≤ L.

L ≡ p − 1 mod p{9� M: L′ = Ls���. ��"î

�>� s�ü@_�
�â
Äº LCZ ½̈çß��Ér L�Ð�� �����.

¤

4. LCZ ¬£�~x#Ñ	q�%u��ç¡

s� �©�\�"f��H, ½+Ë$í
Ãº\� @/ô�Ç SX��©�~½ÓZO��̀¦ ]jr�ô�Ç��.
q��� LCZ Ãº\P�ç�H S_� ���Ãº�� (N, M, L, ε)�� 
���. &ñ


o� 1�̀¦ s�6 x
�#�, Tp1ü< Tp2��H ��6£§õ� °ú ��.

Tp1 = {gu(t) | 0 ≤ u ≤ p1M − 1, 0 ≤ t ≤ p1N − 1}
Tp2 = {hu(t) | 0 ≤ u ≤ p2M − 1, 0 ≤ t ≤ p2N − 1}
#�l�"f

gu(t) = gu(p1i + j)

= fu−kM

(
i + j

⌊L + 1
p1

⌋)
+

q

p1
[Dp1 ]kj ,

kM ≤ u ≤ (k + 1)M − 1

s��¦

hu(t) = hu(p2i + j)

= fu−kM

(
i + j

⌊L + 1
p2

⌋)
+

q

p2
[Dp2 ]kj ,

kM ≤ u ≤ (k + 1)M − 1

s���.
q��� LCZ Ãº\P�ç�H Tp1_� ���Ãº��H (p1N, p1M,Lp1(=

p1bL+1
p1
c − 1), p1ε)s��¦ q��� Ãº\P�ç�H Tp2_� ���Ãº��H

(p2N, p2M, Lp2(= p2bL+1
p2
c − 1), p2ε)s���.

&ñ
o� 4: p1ü< p2��H �èÃºs��¦ y��y�� q_� ���Ãºs���. q���
Ãº\P�ç�H Tp1\�¦ p2C� SX��©�ô�Ç Ãº\P�ç�H�̀¦ Tp3�� 
���� ��6£§õ�

°ú ��.

Tp3 = {su(t) | 0 ≤ u ≤ p1p2M − 1, 0 ≤ t ≤ p1p2N − 1}.
(6)



³ð 1. SX��©��)a LCZ Ãº\P�ç�H_� ±ú��Ér�©��'a½̈çß� q��§
p\L 100 101 102 103 104 105 106 107 108 109 110 111 112 113 114

p1 = 3, p2 = 5 94 99 99 99 104 104 104 104 104 104 109 109 109 109 109
p1 = 5, p2 = 3 98 98 98 98 104 104 104 104 104 107 107 107 107 107 113

p1 = 15 89 89 89 89 104 104 104 104 104 104 104 104 104 104 104

#�l�"f

su(t) = su(p2i + j)

= gu−kp1M

(
i + j

⌊Lp1 + 1
p2

⌋)
+

q

p2
[Dp2 ]kj ,

kM ≤ u ≤ (k + 1)M − 1, gu(·) ∈ Tp1 .

q��� LCZ Ãº\P�ç�H Tp3_� ���Ãº��H

(p1p2N, p1p2M, p2bLp1+1

p2
c − 1, p1p2ε)s���.

¤
&ñ
o� 1_� 7£x"î
õ� q�5pw
�l� M:ë�H\� Òqt|ÄÌô�Ç��.
½+Ë$í
Ãº p1p2\� @/K�"f, SX��©�
���H ~½ÓZO��Ér ��A�ü< °ú 
��.
&ñ
_� 1: k × n��� '��§>= E = (eij)��H ��6£§õ� °ú s� &ñ
_�


���.

E =




1 · · · 1
...

. . .
...

1 · · · 1


 .

¤
&ñ
_� 2: A = (aij)��H l × m��� '��§>=s��¦ B = (bij)��H

k × n��� '��§>=s����¦ 
���. A¯B��H ��6£§õ� °ú ��.

A¯B =




a11E + B a12E + B · · · a1mE + B
a21E + B a22E + B · · · a2mE + B

...
...

. . .
...

al1E + B al2E + B · · · almE + B


 .

¤
A ¯ B\�¦ s�6 x
�#�, ��6£§ &ñ
_�\�"f p′C�ëß��pu SX��©��)a

LCZ Ãº\P�ç�H�̀¦ Òqt$í
½+É Ãº e����.
&ñ
o� 5: q��� LCZ Ãº\P�ç�H S_� ���Ãº��H (N, M, L, ε)��


���. p1ü< p2��H�èÃºs���. p′ = p1p2s��¦ q_����Ãºs���.

Dp′ = p2Dp1 ¯ p1Dp2 .

���Ãº (p′N, p′M,p′bL+1
p′ c − 1, p′ε)��� SX��©��)a q��� LCZ

Ãº\P�ç�H�Ér ��6£§õ� °ú ��.

Tp′ = {su(t) | 0 ≤ u ≤ p′M − 1, 0 ≤ t ≤ p′N − 1}.
(7)

#�l�"f

su(t) = su(p′i + j)

= fu−kM

(
i + j

⌊L + 1
p′

⌋)
+

q

p′
[Dp′ ]kj ,

for kM ≤ u ≤ (k + 1)M − 1

s���.
¤

&ñ
o� 1_� 7£x"î
õ� q�5pw
�Ù¼�Ð Òqt|ÄÌô�Ç��.

&ñ
o� 6: S��H ���Ãº�� (N, M, L, ε)��� q��� LCZ Ãº\P�ç�H
s��� 
���. p1ü< p2��H �èÃºs���. p′ = p1p2s��¦ q_� ���
Ãºs���. d�� (6)\�"f Tp3_� ±ú��Ér �©��'a ½̈çß��Ér

p2bp1

p2
bL + 1

p1
cc − 1

s��¦ d�� (5)\�"f Tp′_� ±ú��Ér �©��'a ½̈çß��Ér

p′bL + 1
p′

c − 1

s���.Tp3_� ±ú��Ér �©��'a ½̈çß�s� Tp′_� ±ú��Ér �©��'a ½̈çß��Ð

�� ß¼���� °ú ��.
7£x"î
: L = xp′ + y�� 
���. y��H 0 ≤ y ≤ p′− 1s�l� M:
ë�H\� ¿º �â
Äº�Ð ��Ðüt Ãº e����.
�â
Äº 1) y = p′ − 1;

p′bxp′ + p′

p′
c − 1 = xp′ + p′ − 1

p2bp1

p2
bxp′ + p′

p1
cc − 1 = xp′ + p′ − 1.

�â
Äº 2) y 6= p′ − 1;

p′bxp′ + y + 1
p′

c − 1 = xp′ − 1

p2bp1

p2
bxp′ + y + 1

p1
cc − 1 = xp′ + p2bp1

p2
by + 1

p1
cc − 1

≥ xp′ − 1.

¤
³ð 1�Ér "f�Ð ���Ér ~½ÓZO�Ü¼�Ð SX��©��)a LCZ Ãº\P�ç�H_� ±ú�

�Ér �©��'a ½̈çß��̀¦ q��§ô�Ç �.���s	כ

5. ~����q�¼â�

�:r���½̈��H�§¹¢¤õ��<Æl�ÕütÂÒ,t�d���â
]jÂÒ, �̧1lxÂÒ_�Ø�¦
����FKÜ¼�Ð Ãº'��ô�Ç þjÄºÃºz�́+«>z�́ t�"é¶ ��\O�\� _�ô�Ç ���½̈

���õ�{9�m���.
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