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Abstract

In late years increase of the consumption electricity of the processor

becomes the problem in the field of the mobile computing, and low energy

consumed and high-performance coexistence are demanded. Therefore

the low energy consumed of the architecture level suggests number of

the variable pipeline steps architecture (VSP) changing the number of

the pipeline steps for motion as technique in this laboratory to meet this

demand.

Generally I can classify the electricity used with a processor roughly

into dynamic consumption electricity and static consumption electricity.

The dynamic consumption electricity is electricity used by the switching

of the transistor. On the other hand, the static consumption electricity

is caused by the leak electric current of the transistor and says the leak

electricity with electricity used regardless of the switching of the transis-

tor. In late years the ratios that the leak electricity in the consumption

electricity holds with tininess of the process technology increase, and it

is thought that I increase to dynamic consumption electricity and the

degree by the 45nm process.

The effect of the consumption electricity reduction by VSP is compared

with dynamic consumption electricity and cannot reduce leak electricity.

Therefore I applied Power Gating which was the technique that was effec-

tive for leak electricity reduction for VSP in this study and implemented

it and evaluated it. As a result, I was able to anticipate leak electricity

reduction of 6% at the LE mode that VSP was the state of the short

stage pipeline.
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output from
previous stage

input to
next stage

D-FF

clock 
signal

glitch

Prevent glitch propagation
by D-latch

High Speed (HS)
Mode

Low Energy (LE)
Mode

2cycles/2stages

1cycle/stage

1clock period 1clock period

Stage N

Function as D-FF

Function as D-latch

First half
clock period

Second hald
clock period

LDS-cell

Stage N+1

Stage N

w
2.6: xy\$/dz7{�|b!�}
~
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�[���$Fb�K�^�)��B7&d=
>�?�1����V+���Z)G�����!V�74�G:���V����
�
+$g^�K��G������,�t_$D$F�G�Q�T�_,+E�KF VSP +
U�G^��?)1��$�)J�=�>
?�1��
��+��CBdD��)��*5+���;��E�b�:D)F ���d���5��_5G$Q
Tb¡^��T�![U�W�� ¢)£�¤��
.Xj���+���¥ P G�¦)4�+�c�& VSP +��
F�D
\E]�-�?
1b2�@�A P G
¡��^J�§b4[�'_)D)FbG�Q
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3 ¨ © ª « ª ¬  ® ¯ ° ± ² ³
3.1 ´¶µ�·C¸º¹�»
gE`�&d=�>�?)1 (P) ��FVW'!b�¼$½$!�¾�2Kc���D7¿ P ¡)�EJ
À�ÁKÂ:Ã 1

Ä &�Ã 2
Ä J�6�*�=)>�?
1b2�&^Ã 3

Ä JS\d]�-�?�1b2X¿rBdD
FbG�Q

P = CV 2fN + QV fN + IV + etc

6K*�=
>�?�152�@�A P G
+)Å
&t?)Æ
?)Ç (V) cKB�� Å��KÈ�/dz��7x�!bÉ
M (fN) 2:�[;�� P _KÊ,UXF�Q�"$��&�\d]�-�?�1b2�@�A P G$+$Å�?$Æ)?$Ç
(V) cbB��7Å�Ë7]K�ÍÌ�Î7� È,�7ÏK2 Ð�_[G:?)Ð (I) 2 �y;V� P _bÊ�U F,Q
g ¦�¡�!��7��!�?�Ð (I) ��FVW'!bÅ)ËX])�ÑÌÒÎX�XÈ��XÏK+�Ó
RbG^?�Ç (Vg)

RS�^Ô Õ$?$Ç (Vth) 2�Ö)F
¦,cX! (Vg-Vth) +�×�Ø P G�!�Ù�&:?�Ð (I) 2
�V;�� P G)+
Å�?
Æ)?)Ç�2�½�Ú�G R5&�Ô7Õ)?
Ç�27ÛbÚ�D$�
_bÊ,U:F,Q�g
¦b& F�`K_
R
!��$Ü
Ù$?�1�!�@�A527Ý[�7¦5�KBED�c7T�!�H$I�!�Þ)ßVÅ�½
J��:D B�g F,&áà��^]âÎäã[åX!
æ�çV+�è�G$Q:T�_á�:2�é,g$�
&$¡)¡�Ù�ê
O
ë �äìKFf�'_)D)FbG���=$>�?
1�o$í)Ü,2:î$ï P G .

ðòñÑóCðfôºõÑöø÷ ùûú

6
8CB^D
F��$FKÉ ü
j
ý�!,-
.5/:-�276�*,+:þ�ÿ����fB7&t6K*�=
>�?�1
!�@�A,2�ÝáWtí)Ü�Q VSP Ùyc��[+�ì�Ff��_)D)F,G:J5&�\d]�-�?�1
!
@�A
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¿ 3.1: ê O !��	���7�
=$>�?
1$o�í)Ü6�*�=$>�?
1�@�A \d]b-�?
1�@�A-$.5/:-�
$]����� x �� ý�z Vt (MTCMOS) �
DVS � ���� ]�
$]������x � �

Å�����ß$ÙbèKG�Q
�����

Vt (MTCMOS)

1 ��!���ÈXÛ�Ù �"!�+�6�85;�<K¦�F�ÉXü�Å7Ô�Õ�?�Ç�2X�r�E& �	!$ÙVc�F�F
É üVÅ#�C�d&�a$Ï�!)��!�É ü
Ù[Å�a�Ï$!�?)Çy+ P G$Q�¡:_�+KU�$%�	!�É
üyÅ5\^]b-X?)ÐKJ��F5g
g�Ù c�&�a#!y&^� !�É�ü
#
([Å�\E]b-:?$Ð[2��
�'&��)G)(
J�À ÁVG�í)Ü)Ùbè�G�Q
DVS

?�Æ�?�Çb2�*"+5+E¥-,tD/. 0 P Gdí�Ü�Ù5& 6)*�=�>�?$1,&�\�]�-E?$1215+
@�A ��ß$ÙbèKG�Q�BdR B & h)i CMOS !�?$Æ$?$Ç[Å���½)!�"�3�2�¦,���
D��-$E& ?�Æ�?�Ç,24.0�Ù5�$G45�J���;,�d�)�^DyB g�WEQ^¡�_,+
U6$E&87
Á�*,+X=$>�?�1�@�A��)��!���½$J	9�:[;�_5G�Q
;=< õ�ôºõÑöø÷ ùûú
��� ]
)]>����� xbÅ7Â)É�ü@?�!2A
ì[; _�D
F���F>B�.5/:-�!�?�1527"
C *5+)�D� P G�¡�D�ÙbT�!EB�.5/:-7!�6�*�=)>�?
1 F GC\^]�-X?
1�!�@
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A52�ÝáW í)Ü)Ùbè�G�Q
��� ]
)]E����� xbÅ�?
Æ
þ$ÿ�2#H$�y+I�D� P G�¡���RS� &KJK!�í
Ü
U6$ c�\']K-�?)1�@7A�+�æVB'D/L$�$Ù�è�G$QKg ¦�&NM�O�!�PQ$ VSP Ù�Å
��+�-�.b/�-#
�] �R�7�:x)2Xì�F�& LE S
]ûÎ C +)���K�)ÉXü�!�6�8b2�9
3rBED�F,G�¦�4K&E#)(K*���É üV+:�CBED�?)Æ�þ$ÿ�2:n	T��y+)U V P G4(
J
À�Á[G �R� ]	
�] �R�7�:x�Å VSP ����Þ
J	W)F������,�t_,G�Q�T�¡EÙ
X YZ Ù�Å,\E]�-�?
1�@�A�!�í$Üf�
BdD �[� ] 
�] �[����x�+]\-^ P G�Q

3.2
;=< õ�ôºõÑöø÷ ùûú`_ba�c

�d� ]�
�]��6�)e�xb�7Å�É�ü)!�"�#5+^�fB�D7?�Æ�þ�ÿb2]f�,¡$�tÙ \�]
-�?)1�2�@7A P G^k�l
Ù�è�G�Q^?�Æ$þ�ÿ�!"U	V�Å�&'?�Æ (VDD) g ¦�Å7x
g e[Î (Ground) ��& �R� ]	
�] �@�#e:x)2Ih)ì P G�ÉXüDB�.K/�-��^!)Ï
+ûà g e2i2j6k$2#l)0 P G4(
Ù)ÝCW^Q�¡:!y���:ì�F �d_�Gûà g e�i2j6k
Å �R� ] j
È,/�z��Im
Ê7_,&)P n)! CMOS +�×�o)D�6�8�ÅNpKF�J�Ô�Õ�?
Ç)J��$F5�EF[W'q�Þb2Ir�KQ�¡�!�q�Þ�+)UE$ PS J OFF ! C ! PS s%t)!
\']K-�?)1[c'�r�u&��$G)¡)�EJ
À�Á[G�Q Fig 3.7 + PS �
B'D NMOS 2Xì
F)D�ÝrW footer vK! ��� ] 

]>���2e x�!�}�~�2�w P Q ��� ]>jKÈ�/dz
J ON !�x���+�Å�&�ÉXüDB�.b/�-�!
x g e[Îzy{ ( ¼E|�&~}�:bx g e[Î��
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Circuit block

VDD Line

Ground Line

Virtual Ground Line

control signal

Isoration
cell

w
3.7:

�[� ]�
$]>���"e�x2�2� �
(Virtual Ground) �Im�� ) J�x g e[Î^�X��?���+7��$^ÉXüDB�.�/^-$Å]P n
��6�8b2:ÝSW�Jd�7\']K-�?)15Å�=�>,;:_�e[ZXDyB�gKWdQ���� �R� ] j
È�/
z�J OFF ��x��[�%}�:bx g e[Î���Å7x g e[Î Rf���Q$��5;:_d�N}�:bx g
efÎ��X?+�J	�yg$��D
FS�N�7T��"���5É üdB6�R����?���?���KJ��[;��
�b$��,\d]D�X?
1)J�@�A�;�_5G�Q

3.3
;=< õ�ôºõÑöø÷ ùûú�������_����

������ ��� ] 
)]E���"e7x>� ÝrWI�d�7FS���)R> �¡)J ¢`,#£)Q�g�`
PS ¤ OFF � C ��É üdB6�R���/¥á����À�¦�Å�Ô7Õ §)Ç ¨�©D�Eª�Ï"§$Ç��
« $��u¬2��É�üD?/� PMOS, NMOS ¤® C � ON � « ¯�°�±�²E³N´/µ]¶

�6·�$ VDD ¥-¸ Ground ¹>º2»)Ð ¶°-±�²�³ §$Ðb��¼ P §$ÐD¤�½E¢ ± �
¾�¿RÀ §¦ ¤�Á�Â@Ã ¶ °Ä±/²D³N´�Å �>Æ ÇE� Fig 3.7 ��· ³ �2È�ÉdÊE�@�
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���2¬�Ë>� MUX ÌR�ÎÍÏ ± ��ª�Ð�§Ñ6�2ÒÓR�	ÔbÕ'ÖE×>¤�Ø6£ ´Eµ�Ù
Ú�Û Í�Ï[Ã ¶ £2È�É�Ü Isoration cell Ý)Þ>ß ¶RàIá6â�ã%ä#å�æ�ç>Ù"èé Û
ê « ¤@£ ´
² Æ à PS ë OFF

Û#ì £ µ Ý)í�È/É[Êdî@ï�ð ñ Ù §6ò ó-Ü#ô À «-õNà

DFF ö Latch Ì í�÷�ø ±�°ù Æ ñÎú�ÜIû�ü�Ã ¶ °Ä±/²D³N´/Å2Ù ÆÇ#÷�ø
ñ/úRë#ý þ ±]°�ÿ ¿ Æ ù���� Û Ü������
	�����������DÝ�Þ>ß ¶������
� § Ñ Ù���� �������Îí
����Ã ¶�� ÷ ø
 �!dë�"
# ±%$�Ådµ ¹�÷ødñ#ú
ë'&�( ì � Ö>×�)6Ø õ�à µ4¶+*�² Æ áDâ�ã%äÎå�æÎç>Ù"è é Û ê « ) �	´
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4
, - . / . 0 1 2 3 4 5 6 7 8

9�:�; í�Ü�<�= Ù�>�? ë�@�A ± Æ�Bí VSP C Ù�DFEEÙ
G�H ¹
IKJ â
L â �+MN��O>ëQP�" ì ��´#Å�Ù P�" G�H Ü
(1) ISRUT � R��WV � Ú�ÛYX�Z�ì � ISRUT � R[����N�F� (DFF)

à

(2) LDS-cell ñ Ù Slave Latch
à

ídØ õ�à�ÅN\F]�\ Fig4.8
à

Fig4.9
ÙN^
_�`
a )�bdc ì �
e

<f= Ù�g`õ�à IdRfT � R���V � Û " ù�� I[RfT � R��
����U��Ü DFF h
MUX

Ù ��� Ûfidjlk ÿ`õ�à HS m â�ã Ú Ü DFF ÝFn k à LE m â�ã Ú Ü
DFF ëloSR'Id�pnq<[�
� â ��rts Ù�u�v ë Å"Ù�w
w Òyx ��zF{ ÛQ|U}�ì
��e�w Æ LDS-cell

*f~f� Û
DFF h MUX

Ù ���d��) à o+R�I�� ì ��G
H )�� i õ�à HS m â�ã Ú Ü�ISRUT � R���l�N����Ý ~�� Û DFF ÝFn k à
LE m â�ã Ú6Û Ü Slave Latch ë'o�RQI[�yn Master Latch

Ù
��gy��� Ý~í
D-Latch ÝFn k�|
}�ì �
e LE m â�ã Ú à |
} )U��×bÝ i õ oyR'Id�>Ã \
����\ s (1), (2)

Ù È4É Û�� n�ISJ â L â ��M��lO ë�P�" ì ��� Ý~í�� â
ð'� vÙ��f� ë�� �d�Ue
�)Ùf�
� Û z6õ ISJ â L â ��M��lO ë�P�"�n]Æ ���[à (1), (2)

Ù È4É Ù
��� Û Ü%��� MUX )���� j%k ù�� Æ	Ç��DÆ Û Isoration cell ëIÍ�Ï ì � Ö
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DFF

save_power

MUX input to
next stage

output from
previous stage

path on HS mode (DFF)

path on LE mode 

�
4.8: ISR
T � R�����N�F��í Ù P�" `
a

Latch
(Master)

Latch
(Slave)

save_power

MUX input to
next stage

output from
previous stage

path on HS mode (DFF)

path on LE mode (D-Latch)

�
4.9: LDS-cell í Ù P�" `
a

×RÜ i ù�e
w Æ LE m â�ã r�s HS m â�ã������ Ú6Û àQD < Ù � ë4ý	þ�n
k ù[� Ö ×RÜ i ù�Ù í à�� ÈQ��Æ Û Í	Ï ì ��*IÙ Ü PS

Ù
� Ý i õ�à áEâ
ã~äÎå�æ���  è é>Ù�¡�â o â�¢ ï ã ë ¾F£@Û � s ì � ÝY) u�¤p�Ue
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5 ¥ ¦ § ¨
5.1 DFF ©«ª¬¯®±°«²
È#É±	[³N´[ â � HSPICE ë�" ù k à DFF µF¶>í Ù Á>Â
� v�·F¸ ë

¹ j Æ eÎÅ2ÙNº�» ë Table5.2
ÛY¼ì eW½ C Ù All Ü'¾�¿�À i DFF

Ù� O
Á�Â Ý ù � \���� O Á�Â 10%

ÙfÃUÄ ë4Ï v Ý�n kfÅ x�Æ Ú Ù�à Leak Ü]Ï
v�ÃFÄ ë Å x�ÆÇ� â ðl� v6ÙF� ë�È�É«n4Æ Ú Ù[à Apply Ü PS ë�P�"«n
All Ý ~'�>Ù�Ã�Ä ë)Ï v Ý�n k�Å x#Æ Ú Ù Á�Âf� v í6Ø �Ne��]Ù�º
»+zEõ�à
Ê Á	Â�� v Ù ñlË 45% )t� â ð�� v íDØ ��� Ý%)���r �	à�w Æ à PS ë�P
" ì ��� Ý Û zDõNÅ2Ù � â ðQ� vÙ 98% ) �f� Ã \@à IyJ â L â �+M��
O>ëQP�" ì �F� Ý ÙfÌ "�Í@ë ¼ì � ÝY) u�¤ Æ e

½
5.2: DFF µ�¶ ·
¸�º�»

Á Â�� v (W) All
ÛQ��ì �QÎU�

(%)

All 2.559 ×10−6 -

Leak 1.176 ×10−6 45

Apply 2.467 ×10−8 0.95

5.2 VSP Ï«ª¬¯®±°«²
180nm T�îYÐF�4í�Ñ�ÒDÃ \ Æ VSP ë à � â ð%� v )fÓNÔ Û ½�\�� 45nm

T>î'Ð[� Û 	�´��f�"ð�nIÆ { x4í à IyJ â L â �SM���OëQP�"�n VSP
Ê

¶ í Ù�·
¸ ë ¹ j Æ e µ�¶ Ù�·
¸ Û " ù Æ HSPICE ÜQÕ
Ö i ·�¸ ë ¹ {
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× )�íSØ � ) à VSP
Ùyz�{ i�Ù�Ú�Û�Ü
Ý Ù È�Éí[Ü'ÒUÞ ç )�ß
à Ûfi õ

á[â À i�Ú Ð2íK	[³f´[ â 	S�l�')�ã��äs i ù Ý ùt{�>�? )DØ ��eQå�Ù
æ
ç

VSP
Ê ¶	í ÙN·U¸ Û Ü z6õ��Nè i�é'ê 	F³l´F â �4íDØ � Nanosim

ë�" ù æ e ÙUë
ì Ù ��� � IS� â �/ël" ù k 	�³�´� â 	��'��n æ º�»Rà
IpJ â L â �pMN��O�PF" � * ÕFí Û'|�} n k ùd�F� Ý#ë�Ö
î u�¤ æ e n
rtn à Nanosim Ü ��è Û 	�³�´� â 	��'� u�¤+�Qï��RàWå2ÙNð�ñ Ü�òôó à
õ�Û � â ðQ� v ë�ÈUÉ ì ��� ÝY) u�¤ Æ à VSP

Ê ¶�í Ù � vU·
¸Uº�» )
ö s \ i r j æ e

5.3 ÷dø�ù�úôû«ü�ýÿþ ® ���

<U= ÙNg õNà élê 	�³�´� â �	ël" ù k VSP
Ê ¶ Ù � vU·
¸ ë ¹ {f�

Ý�Ü uf¤ i r j æ e n%r±n à � â ð'� v Ü �q� ������� Ù�Û���� n k��
	�
 \�� æ�ç à

VSP
Ê ¶ Û ÿ�
� I+J â L â �pMN��OëQPF"�n æ élê Ù

�q� ������� Ù�Û z��'Î�� ë�" ù k�� Þ ì �F� Ý�) uf¤K�Ue Table5.3
Û

¼>ì z�{ Û à � é IyJ â L â �yMf��OëQP�"än æ DFF Ü 1001 � à Slave

Latch Ü 507 � àp� � �f�f��� Ù[Û��2ì Ý � Ò�í 34112 ��� i ��eN��\��
VSP

Ê ¶�� � � �f�f��� Ù í�� � 518314 ��� 6.58% �Yb[c ì ��e µ
¶ ·
¸ í�Ö�î±n æ z�{ ��� I�J�� L �
�[M'�'O�ë%P
" ì � × í å � éQê �K���
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ð�� v �fË 98%  !� å ��"# %$�&Y) ��� 
 \���eFz j�k VSP
Ê ¶' �n k

�
LE m��)(+*���Ë 6% �t�,�.-Q� v��f�/�0�1.2 × ) u�¤43Ue
w æ

LE m��5(76 � HS m��5(8� 1/4 �:9 Ã Ù 6 |U}�; 3 æ
ç � | À �
	 � v+* 1/4  i 3�e���\ � z=< LE m��5(>*?� ��	 � v ��@ ��3.A �=-
� v � Î�B�C�D ó i < � ��	 � v Ê ¶�r�s 0 æ  �n k�E Ë 4% F ñ �f� v
�N��G�»�/�0H1.2d�  C�u�¤43  %Idx 3Ue

½
5.3: IyJJ� L ��K+M:L�OlP�MONQP#L:R:S�T ÙP�M L �UN Ù L �VN�WYXH�VNZP�L:R:S�T Ù P�MONQP�L:R?S�T Ù

DFF 1001 28 28028

Slave Latch 507 12 6084B Ò 34112
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6 [ \ ] \_^ ` a b c
6.1 d)e'f
g�hji 6 � � A �=-lkjm�nJo���pHq�� VSP r?s�tu��v��jKwJL�x /ly

M±nzp�{8|H}�� VSP ~H��6H�!�:�����?� /����u�  J�������J�#�lp C��Y�
�.�?s4t!�jv���K�w?Lux!� y M�� VSP ���j�än � LE �#���Q*�� A �.-
k�m���@�I��?� 6% Fj�#��n!o� 0�  E 3�¡�C �u��p={
6.2 ¢5£¥¤§¦)¨

VSP 6�� LE �=���Q©.� �,ª�« s�t:�jv���K�w:LJx�� y Män�pJs�¬H
PH¬�L�®uR?S=T � LDS-cell ¯�°�6.�²±´³�µj¶H·H¸ E�¹�º ��»#¼�½�¾#��I
¿ {z³jµ�¶�·�¸�� VSP �!� 33% �=À�q ¿�Á�ÂÄÃ �5�´Å�Æ�Ç�ÈjÉ:Ê�ËuÌ²±
s�tJ�HvH��Í4w:Î�x y�Ï ��Ð�Ñ+Ê�Ë?�4Ò,��Ó%k�m#n!o�Ôj}�É�Õ�Ö�q ¿ {
n´�pn � ³Hµ?¶?·:¸�×�Ø�Ù�z³Hµ��u|H}=�lÚ�Û²��n´�!Ü�Ýtn��:Þ�Ñ �zß

��×uà=É�³�µj¶H·=�?á�â4�%Ê4Ë�±+ã�ä�n,��Ì ¿ {%pH¯:åjæ'�%s4t!�jv��
Í�w�Î�xj� yjÏ nÄ�Knuç � � LE ���5�>©=� ß!è ç�Ù�Ü�Ý±n��HÌ�p�Ú�ÛHé
ê É!ë�ì�½ è �Knuç � pHq � HS ���5�îí�ï�©=��Ê�Ë±ðáHâjÉ:ñ�ò?ó ¿ Þ
ß?è É=ô ¿ {
ß ��p�q �,õ�ö VSP Ùj÷ Ï n��#Ì ¿ gshare ø���³=µj¶�·�¸�� Ã ¬Hù
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Ò!ú��î³�µ?¶?·?¸�ûH�Jü�ý#��þz���zÿ��Jp���Ù ß ���:Ø�zst��?v��HÍ�w
ÎJx�� y�Ï�� p²Ñ � PS É OFF �	��
�Ù�þJ×Jà������Ù�Ë ¿ Ü�Ý�����
Ï Ì�p!s�t!��vj�#Í�w:Îux�� y#Ï û � á�â����� � p.ç�ç�Òz��Ó�k#m��
n:oHó ¿ � �lÉ ª�� �	������� ¿ {
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� �

gjh�i � � � �?ôjp²Ñ �������������! Ì�pH¯.Ëuò�½!Ì�ç � p�"$#&%
'�( ��)4�+*�, ��- ±,� �. �?Ì#p�¯�Ë�ç � p�/�0�1�2 )�3'� Ê�465�7
8:9 �&;5±=<�>�Ì#p � ç�ó#{Hç!p �@? #��BA�C��J�HÞ�D�E��?�²ÑJç � p
F�G6H Ç!��I�Í#Ó�JLK h�i�M �	N ? ��þPO²Ð�Ñ=<�>=Ì�p � çló#{
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