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Abstract This papershows a methodto reducenumbersof outputs of cells for an LUT cascade emulatorwith intermedi-

ateoutputs by consideringencoding.The amountof memorydecreases with thereductionof thenumberof inputsfor each

cell. However, it increasesthe numberof cells in LUT cascadeemulators,andincreasesthe evaluationtime. However, our

approachreducestheamountof memoryby reducingoutputsof cellswithout increasingthenumberof cells. We usea BDD

for characteristicfunction(BDD for CF) for representingmultiple-outputlogic functions. Experimentalresultsshow thatour

approachreducestheamountof memory,on theaverage,by 25%.

Key words Logic synthesis,BDD for CF, Functionaldecomposition, LUT cascadeemulator, Encodingproblem,Non-Strict

encoding

1. ë ìîíðï
LSI ñ®òÊó¯ôÂñÄõ÷öÂøúù�û , üÊñÊýÄþÊÿ��������	��
���®õ¡ö��� û�� [1]. �Äñ�������������� �"!�ñ$#�%'& ����(�)�*�+-,.�/�0�1�24365�7 �98�:�������&;-<'=?>A@'� .

(�)�*�+", .
/�0�1�243;5	7 ñ-B?C6D�E .-F & �6� RAM �G�� . ��@IH6JK ñ�L�M'N�O��QP�R +",�S G��- , ET#"UTV S HXW�Y�ñÊö'Z�[
]\_^®ø ` F ��� õ�a�����b"c$PT:�d S . û . e?f � , #"g'd¡ø
H FPGA ��:ÂûT� .

�9h?�
, FPGA H�ö-i-jmø . ��&lk�m-n�oÂñp�q  ö�Zsr . f �4��t�u .
t b , k�m�n�o	�v-i�w . ñ S6x�yz �¯ñ�{�|�T} ~ S G�� .

��@�> ñ����T���A�T�	�	� /�0�1�243�5�7 & �6� LUT ��


� 0�� ÂýÊþ�[�@ � û�� [2]. LUT ��
 � 0�� H�� 1 ñ	� u .)�� � �����'� , �'���"L-M�N�O?� LUT(Look-Up Table) ñ-��
� 0�� S-� R��	� . ����ñ LUT ñ	��&T� ���?&Äû÷û , G��$���h >l��ñ��$����� h'u ���?�T� �"���;��&úû u . LUT ��
 � 0� H6k�m��6�����Âñ��-���¯ñ��¡ø" �¡ ��� û"�Êñ S k�m p�q ñ
�6�?�A�-� S Z"� .

�Qh'�
, LUT �-
 � 0�� S H��$�¯ñ6BÂö�¢��

O¤£¥B¡ö	���"O¦�9#-§��T¡	���	& , P�R S Z��$N�O�� ?>A@�� .

ü	� S , ¨�©�ª S H LUT ��
 � 0�� £¬«I�®'¯ 0�° ( � 2) ��:
û"� [2]. �9@TH LUT �-
 � 0�� �Aj-±����$CÊñ S G � , LUT �

 � 0�� ø6`�²'� �´³ û6µ	¶÷ñ�N�O��AP�R S Z�� .

LUT ��
 � 0�� £·«I9®?¯ 0�° S H ¸��$�"O� ö�Z	r . @T¹º�» z ��CÄö'Zsr . � , ���Âñ-¸'�$��O	|ö	Z4r . @I¹�¼�½?¾
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2 LUT À9ÁAÂ�Ã�Ä$öø÷-ù�ú"ûÒÃ ü

ý C�ö�Z'r . � . þ�! [3]
S H'¯ 0 �	���¯ñ�ÿ����?�����������

& S , ¯ 0 �����'����#"�Âñ	��n�¢T�s&�
 � r � b . �6@�ø�� �
�$�¯ñ�¸����"O?� 10%�Êô��� S Z-b . ¨�L�� S H , ��ñ6ÿ����
!��9#-g���������& S ��#-� ñ�¢'���Âñ�� S . r�������� ñ�¢
��� £Í¯ 0 �����¦&�
 � r���� . �6@�ø�� � LUT ��
 � 0�� £� �®?¯ 0�° ñ����'¼�½?¾ ý ���� +-,	S G�� .

2. ����� �"!#�$�&%(' [4]
)�*$+�,

, -�.0/21�3�4�1�5 6�7�8�9�:<;	6�=�>$?�@BA�C 6D�E�F	G�H @ .

IKJ�L
1MON�PRQ21<3�SUTWVYX[ZK\]X_^`\bababab\]X_cedgf�?�@ . SihRQ21�hj2k 3mlnS0o +Rp ? . lnS�ZKorqslnS�^notTulnS0ogv D lnS�ZnorwxlnS2^`otT<y

h$f	z , VYS�Zn\]S�^bd{3$S|h~} � (partition) f E�� . S�h�Q�1�h	5
1W3(� S�� +�p ? .

IKJ�L
2MO-�.�/R1���V�S�d�6���9 F , S�h	7��W3�V�S�ZK\]S�^bd�f~?

@ . � c��_� � c`�t� h p0+ , � � , � � 6���������h��2�2�<3��m� ,� h� �¡0¢£��h	��¤�?0@R¥�.�¦ p$+�§ @�¨ �R© p 3 , ��h�}�ª«
(decompositionchart) f E�E , ¬V®�~¯°S Z \]S ^ d +	p ? . ±�± + ,² Z[T�� S�Z³� , ² ^{T<� S�^`� +�§W´ , � , � , ��µ�¶2µ ² Z , ² ^�·�¸$¹{hº F h�»m¼�½0¾03�¿ ?�@ . S�Z�3�À�Á�Â�Ã (boundset), S�^�3 ÄÅ Â�Ã (freeset) f E�� .

IKJ�L
3MO728 p hRÆ © @ � »�¼	½�¾RhR521<3�Ç�ÈBÉ�Ê (column

multiplicity) f~Ë�Ì(Í +	p ? . ÎBÏ , � � »$¼B½�¾2¢ p ?�-�.0/
1W3�Ç<Ð~Ñ�f E�EiÒsÓ V�S�^bdÔVYÕgTWÖ×\bababab\]Ígd +Rp ? .

Ø
1 Ù Ú Ø

0  0  1  1
0  1  0  1

0  0
0  1
1  0
1  1

1  0  0  1
0  0  0  0
0  0  0  0
1  0  0  1

X =(x  ,x  )1 1 2

X =(x  ,x  )2 3 4
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Ü
3 Ý�Þ(Ù�Ú

-�.0/R1U��V�S�d_h � 4�ß�à , , N�P�Q�1�h	7��"V�S Z \áS ^ d_6Râã ?�@ .

IKä
1Må��V�S�dB3 4 QW1i/ 1 , V�S�ZK\]S�^bdB3æSçh$7è� , é�9

S�Z0TêV�XgZK\]X�^bd , S2^ TêV�XÔëì\]XîíïdRf�?u@ .
p

1
, 7$8 p h ä+$§ @ . ± ± + , � 4$ß à , Í#TU� + § @ . Î�Ï , � /�1 ,Ò ZnV�S�^bdÔT0XÔëðXîíòñ2óXÔëïóXôí , Ò ^KV�S�^bdÔT�õ +�§ @ . (

ä�ö�´
)

IKJ . 1M÷Sçh<7��OV�S Z \]S ^ d~6�ø E�F , /m1å�$h<7W8 p
¬iV®�ù¯°S Z \]S ^ d_h � 42ß�à0¢úÍ�h$f	z , � ,

��V�S�dÔT�û�V®üýZbV�S�Znd®\büþ^ìV�S�Z®d®\bababab\bü ÿ�V�S�Znd®\]S�^bd
f p > + z ,

�
3 h�������� + =�>
	�� +�§ @ . ±�± + , ����

f��uh���h�������1 ,�� T�������� ^ Í � +�§ @ .

IKJ�L
4MçV�S�ZK\]S�^bd_3�S hR72�uf�?�@ . /R1#�ù3 p >�?�@ BDD

6�ø E2F ,
� h2Q�1�!
"�3�V�S Z \]S ^ d�f	?0@ . ±2h BDD 6�ø EF S Z h�#�$�v�%'&��
���)( µ @�S Z+*�, h�#�$0h j�k 3�-
./ Â�Ã (cut set) f E�E , 0 ¸u¹ j�k h2 �¡�1�3�-1. /32�4�516

f E0� .

IKJ . 2M÷S£hù7��<3uV�S Z \]S ^ dòf�9 , 728 p ¬V®�ù¯°S Z \]S ^ dôh� 4�ß�àè3uÍ , � � /21�3 Ò Ó V�S ^ dgVYÕ TÖ \bababab\]Í_d~f	?�@ . 0$¸
¹ j�k879�;: <>=?: h��� �¡W3A@�fR?�@ BDD

,
, � /�1 ÒsÓ 3 p >

?�@ . Î2Ï , ± µ ¨ ´CB %ùv�6#� 79�;: <>=D: �ïT0Í +�§ @ .

IKä
2M ä 1

+1E E Ï�-0.</�1 ��3 p >u?$@ BDD 3 � 4 6F ? . GH� , õJI(3 , =H� , Ö'I�3 p ? . ±0± + , KML j�kW,
S�Z�T V�XgZK\]X_^bd , N�O j0kW, S�^~T V�X�ë`\]X í d +0§ @ . ±�h�f�z ,

0$¸<¹ j�km,P7Q�R: <>=?: T lTSôZ`\US ^bo +�§ @ . Î�Ï , SþZ�3V@úfB?�@
BDD

, � /�1 Ò Z�3 , S�^t3W@úf~?�@ BDD
, � /	1 Ò ^�3 p >

?�@ . (
ä�ö�´

)
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3. ^`_ba��$� !�c�d [5]
e�*�+ G�H Ï2/R1�728 ,Jf�gHh P�/R10h�i03���j$6�9 F ø ´ ,klh P�/�1 6 , � h0Î�Î +�,nmoE�+ z ©�E .

� ± +	) -1p +�, ,q�r /	1 (characteristicfunction,CF) 3 E E Ï kMh P�/R1�h p >
C�3 E E @ .

q
r /	1�3 E E @0±�f + , ² N0Pts h P0h k)h P
/R1<3�V ²Wu s�d�N�PæÖ h P�hR-�.�/R1èf�9 F�v<� ±�f�¢ + z�@ .

IKJ�L
5MONWP$Q<13 S T÷V�X[ZK\]X_^b\bababab\]Xgced , kwh P�/01#3x T<V®��ZnV�S�d®\®� ^bVYS0d®\bababab\b�zy�V�S�d³d�f~?�@ . ±	hmf�z ,

{ V�S�\}|�d_T
y
Ó�~ Z V��

Ó�� � Ó V�S0dád
3C�b���$ÐùÑ 2J��� Ð~Ñ�f E�� . ±�± + � Ó ,�h P<3 p ?	Q�1 +§ @ .

k)h P0/21�h q�r /B1 +0, , N�Pèf h P�h�� k�� ¢��b( µ FE @J� k 6 , ¦ , ÖRf © ´ , N�PWf h P�h�� k1� ¢��)( µ F0E©�E � k 6 , ¦�¢èõ�f © @ .

IKJ�L
6M klh P�/	1$h q�r /�1�3 { V��{d fR?�@ . ±�± + , � ,

N�P�Q�1<ÎBÏ ,�h P�Q�1�3 p ? . { V���d_h	7�8 p�+ , Æ © @ � »
¼B½�¾	h�5�1�3�Ç�È�É�Ê�f E�� . é�9 � 4�ß�à�3�1M��@0f	z�6 ,º F h	¦�¢èõ +�§ @ � »m¼B½�¾ ,n��� ?�@ .

IKä
3M k�h Pú/ 1(h q�r / 1 { V��{d~6�ø EuF , �#h$7W�

3"V��òZK\9�g^ìd�fW9�Ïúf�z$h 7<8 p h ä 3 p 2 6 F ? . é 9 ,

�[Z	TUV�XgZK\]X_^`\U�ýZnd , ��^BTUV�XÔëì\U� ^Kd +0§ @ .
J0L

6
+ G H Ïu¨� 6 ,

q�r /	1�h	7�8 p�+�, � 4�ß�àW3�1
��@0f	z�6 ,
º F h	¦

¢ 0
+�§ @ � »m¼	½�¾ ,W��� ?�@ . ¨�� F p 2 h�� k , � 4�ß2à

Í ,���+�§ @ . (
ä�ö(´

)

IKJ . 3M k�h Pu/�1�h qlr /�1 { V��{d�6$ø E0F , �&h�7$�
3iV�� Z \9� ^ dtf 9 , 708 p ¬iV®��¯3� Z \9� ^ dxh � 4�ß0à�3�Í�f	?
@ . ±�± + , l��gZ`oRTilnS�ZKo qBlT|gZ`o , l��Ô^`oRTilnS2^`o q�lT|Ô^`o2f�9 ,

lnS�ZKoï\blnS�^ o , N�P2Q�1�h j�k 3 p 9èlT|_Z`oï\blQ|Ô^ o ,�h P2Q�10hj�k 3 p ? . ±	h�f	z�±Rh klh P�/�1 , , /	127�8 6�¨ ´ � 5 h
¨ ��©1� � h Pt| Z 3�¿�?�@���� + =�> + z�@ . Î2Ï , ��� H f

Ø
2 �W��Ý�Þ��tÙùÚ Ø

0  0  0  0  1  1  1  1
0  0  1  1  0  0  1  1
0  1  0  1  0  1  0  1

0  0
0  1
1  0
1  1

0  1  0  0  0  0  0  1
0  0  1  0  1  0  0  0
0  0  1  0  1  0  0  1
0  1  0  0  0  0  0  0

Z  =(x  ,x  ,y )1 1 2

Z  =(x  ,y )2 3 2
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Φ1 Φ2 Φ3Φ2
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X2

H

G
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Y2

h1

h �

Ü
5 �C�W '¡£¢¥¤�¦n§�ÝtÞùÙùÚ

G h���h�������1 ,�� T����¨��� ^ Í � +�§ @ .

IKJ�L
7M /21��B¢2Q�1 X�6�â ã ?�@$f�zúX , ��hª©n«M¬ /

 Ñ�f E�� .

IKJ�L
8M kMh P�/R1 x T<V³� Z V�S0d³\b� ^ VYS0d®\®ababab\b� y V�S0dád h q�r

/�1 { 3 p >0?�@ BDD 3 ,
klh P�/�1 x h BDD for CF f E�

. é&9 BDD h2Q�1 , , @
#�$�3W®
¯�°úf09~ÏmfBz ,
h P<3 p

?�Q�1�� Ó , � Ó h�±o²�½ú¹[Q�1�h�³�6J´¶µ .

IKJ . 4M k)h P0/21<h q
r /21 { V·�{dx6�ø E�F , �<h27��(3
V�� Z \9� ^ d f�9 , 7�8 p ¬iV®��¯¸� Z \9� ^ d_h � 4�ß�àW3uÍ , � � /	1
3 ÒsÓ V·�g^bd³VYÕòT<Ö×\ ababab\]Í_d�fR?�@ . 00¸$¹ j�k¶79�;: <>=?: h��2 �¡<3
@úf~?�@ BDD

,
, � /21 ÒsÓ 3 p > ?�@ . é&9V0 ¸u¹ j�k 3V¹º @0fBz�6 ,

h P�3 p >0?�@	Q�1$v)% J 1#õ26�»2v � I ,J���
?�@ .

IKä
4M p 2 h	7�8 p$+	p >ú9	Ï q�r /210h BDD for CF 3 �

6 6 F ? . G�� , õAIW3 , =�� , Ö¼IW3 p ? . ±�± + , K�L j2k ,
� Z T�V�X Z \]X ^ \U� Z d , N�O j�k$, � ^ TèV�X ë \U� ^ d +�§ @ . ÎBÏ , 0$¸
¹ j2kt7Q�R: <>=?:ò,

,
h P�Q210v½% J 1�õR6�»2v � I ,n��� ?�@	h+t79�;: <>=?: T&lTSôZK\USþ^`\US�ëìo	f © @ . Î�Ï , SþZ�3V@èf	?0@ BDD

,
� /	1 Ò Z 3 , S�^�3¾@�fR?�@ BDD

, � /	1 Ò ^�3 , Seë�3C@èf~?
@ BDD

, � /	1 Ò ë 3 p >�?�@ . (
ä�ö�´

)

BDD for CF 6���9 FJ¿ ´ÁÀ 9�/	127�8<3 � � ±�f + LUT h
0
Â�Ã0½tÄ¾���è3AÅu@�±�fR¢ + z�@ .

�
1
, /B1�7�8è3 <3Æ Ö

� ¿ ´ÇÀ 9 F Å¶% µ @���� +�§ @ .

4. ÈtÉÊ_)a��£!PË�ÌPÍ
)�*0+�,

, LUT 0�Â�Ã$½¶Ä�6�ø E�F�Î � h P�1�3VÏ£Ð0?�@�Ïº h�Ñ�½�� h P�h	����Ò�CW3AÓ�Ô�?�@ . ±�h	���£Ò�C +�, LUT
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Ü
7 Õ×Ö'Øn '¡�¢¥ÙWÚ��¾ÛWÜWÝn '¡wÞ¼ÕÁÖ'Ø� '¡�ß3àoá�âVáäãCå'æ

0�Â�Ã�½¶Ä h § @�ç$6�ø E�F , Ñù½	� h P"ü;è 3 � hJç0h ,�é N
P Xêè Î�Ï , ,
é h P��Rè×ë<9
µ , � h�ç * e h ,
é N�PXêè�ì Óí ,
é h P8� è�ì Ó , Ñ~½2� h P|ü è�ì Ó fVî&9MµR?�@ . ± µ 6�¨ ´
ÑR½2� h PUü è ,�ï  èf © ´ Î � h P�1�3�Ï£Ð + z�@ .

�
7 6

ü;è[T0Xêè�ì Z , ü�ð è T
�Rè�ì Z , ü�ð ðè Tuü;è�ì Z f�9~Ï£���W3 F ? .

IKJ�L
9MO7�8 p h 1

D h � /�1 6 1
D h��������<3�� ´Wñ F

@~����Ò�CW3 Strict encoding f E0� . ÎBÏ 1
D h � /�1 6�4�1

h2�����0�u3�� ´Jñ F @��0�£Ò�C�3 Non-Strict encoding f E�
.

)
ò
ó0+0,
, /B1�7�8W3 � �Jô 6 Non-Strictencoding 3 � �

±�f + , Ñ~½�� h Pu3 ,�é N h PuÎBÏ , ÑR½�� h PWfAîú9
µ�?
@ . õ 6 ,

)�*�+�E E @ E£ö 6 D�E2F�G�H @ .

IKJ�L
10M klh P�/B1�h q
r /�1 { V��{d[6�ø E2F , � h�7���3

V��[ZK\9�g^ d_f�9 , l���÷�o�øT l��[Z`o�f�?�@ . ��÷RhRQ2106ªù Ó �òT : Zn\Uù Ó ��T: ^b\bababab\Uù Ó�ú T :Dû f(�{¦$h J 1è3ù� ´Jñ F Ï ô h � »u¼B½�¾2¢p ?�-<.�/�1i3ýüÿþ������ ���
	 þ����� ����	�������	 þ������ �������
����� Ç�Ð�Ñ f E<� . Î�Ï ,

� h�f�z�h � »ú¼�½$¾�h�501i3
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V��òZn\9�[^ìd , 708 p h � 4�ß�à&3<Í , Ñ�½B��1è3 � T ���¨��� ^ Í ��f
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6��0?�@ � /�1M�03 º F I +1ULV . $)% 6$9 F ,

V�ù P �sT�õ \Uù P ��T�õ \ ababab\Uù PSR�T �[T�õý\Uù P R TmÖïd
6��0?�@ � /�1M�03 º F I +1ULV . $)%0h1WHXW3

V�ù P �sT�õ \Uù P ��T�õ \ ababab\Uù PSR�T �[TWÖ \Uù P R T�õþd
V�ù P �sT�õ \Uù P ��T�õ \ ababab\Uù PSR�T �[TWÖ \Uù P R TmÖïd

...

V�ù�P � T<Ö×\Uù�P � TmÖ×\ ababab\UùQPSR�T � TWÖ \Uù�P R T�õþd
V�ù P �sT<Ö×\Uù P ��TmÖ×\ ababab\Uù PSR�T �[TWÖ \Uù P R TmÖïd

h �2µ�¶�µ 6���9 F ë � ©$� .
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9 Non-Strictencoding

�ê÷�T<lQù P �`\ÿù P �ï\ba abab\Uù PSR�T �K\>ù P R o�3V¹ º @ .j
2 k J . 5 h	 �o + � /	1 ÒxÓ V��_^bd³V�ÕòTmÖ×\ì�×\bababab\]Í_d�3A#�$

f�9RÏL62�L7�3/X ´ ,
M =�3 � ©$� .j

3 k � ÷ h	� ´Vñ F
V�ù�P � T�õ \ÿù�P � T�õý\bababab\UùQPSR�T � T�õ \Uù�P R T�õ d
V�ù P �xT�õ \ÿù P �tT�õý\bababab\Uù PSR�T �xT�õ \Uù P R TWÖ×d

...

V�ù�P � T<Ö×\ÿù�P � TWÖ \bababab\UùQPSR�T � TmÖ×\Uù�P R T�õ d
V�ù P �xT<Ö×\ÿù P �tTWÖ \bababab\Uù PSR�T �xTmÖ×\Uù P R TWÖ×d

h �#µ ¶æµ 6(�"?�@ � /(1|6�� 9 , ¯ °pa£·�¸<¹0¢
V�ù�P � \Uù�P � \bababab\UùQPSR�T � \Uù�P R d +�§ @:q#r E h��0�0�<��3R� ´�ñ F
@ . ±	huf�z�³�° ��Æ a�·�¸<¹ , , (2)

+ $&=$6 M =&9~Ï � /21, îú9�µ © @�¨ � 6�?�@ .

)Hs C +�, Ñù½R� h P<31$ g ç�h ,�é N h P�h�i + © µ e ç
* e h ,�é N h Ptb ÑR½B� h Pufnë�îú91µù?�@ .

� h�Ï º ���
3�� ´Vñ F @0f	z26 ,ne ç * e h ,�é N h Ptb Ñ�½	� h Pu3 p
?2Q�1W3,u8v BDD for CF 3,r E ?�@ . * ³$6)ÑR½�� h P�3 e
ç0h�Ñ�½�� h PWf'îú9�µ�?�@R���£Ò0h ä 3 F ? .
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,�§ @�/	1�3 p > ?�@ BDD for CF h�¯ é 3 p 9

Ï�ë�h +�§ @ . X_ZK\]X�^`\ðX�ë , ÖÇçxw�h ,�é N�P , üþZ`\büþ^ , ÖÇç�w
h¶Ñ�½2� h P , Xôí , �Ççwùh ,�é N�P +�§ @ . ±�± +1h P�Q�1
v)% J 1#õ26�»�v � I ,?y8z 9 F § @ . ÎBÏ , G�� , õWIW3 , =
� , ÖÁIW3 p ? . 0 ¸u¹{hBn0zH( ,8�t+�§W´

,
ÒòÓ +�p 9RÏJ#
$, � /B1$6���¤$?�@ . ÎBO , � /21 Ò Z \ Ò ^ \ Ò ë 3V#
$úf	?�@86

�#7�3,X$@ . õ<6iV®ü Z T�õþds6��$?�@ � /	1 Ò ^ \ Ò ë �m3WI +:U
Ì , V®üþZòTWÖïd[6R��?�@ � /R1 Ò ZK\ Ò ë¼� 3AI +?UHV . ?�@0f � 10

h0¨ �R© 2 = +?M =1	£� © 6B�L7�3CÅm@ .

ü Z T õ26��0?�@ � /21 Ò ^ \ Ò ë 6 , ¯1° 1 ·�¸u¹�¢�õ +�§ @
���$3�� ´Vñ F @ . ±�± +�, Ò ^ 6 , ���Wõïõ23 ,

Ò ë 6 , ����õþÖ
3ù� ´Vñ F Ï . õm6 , üþZ{TúÖù6�� ?�@ � /21 Ò ZK\ Ò ë�6 , ¯1° 1
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Ü
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10 6�ø E�FiÒ Z
f Ò ^ , $?= © h + Ò Z�f Ò ^�h�³�°�·�¸<¹ , î&91µ © @�¨ �
9 © C µN� © % ©0E . ¨�� F Ò Z 6 , ����Önõ�3�� ´�ñ F @ . Î
Ï , $ g h � /�1<6R� ´Jñ F % µ @	���½ë�³�°�·�¸<¹ , î&9�µ
9 © C µN� © % ©�E h + ,
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5. LUT �����������������������
LUT 0�Â�Ã�½¶Ä�b����? )Ñ�½�¼ , � 2 h�����3�� D .

º F hÎ ��h�¡$½�¼03/¢ £�?�@?n�z © ¤H¥ g +�§ @B¦B§�¨)©<ª ,
Î �

��h��
�L«�¬�3/���?�@1®e¯¨&©�ª ,
Î �0h�N0P<3&°H±0?�@e²³)´�µe¶�·B¸ ®e¯�¹:º , ,
é h Pu3!»L¼�?0@
����½B¾�¿LÀ © @

vb% ��±b( µ F�E @ .

LUT 0�Â�Ã0½�ÄLbÁ���, )Ñù½�¼	6�ø E�F § @Vç0h�Ñ�½�� h P
ü è 3 e ç * e h�Ñ�½	� h P£ü è�ì Ó f'î�9�µR?�@ ô , ü è�ì Ó h& ã
�HÂ0¢BÃ1Äèf © @ .

�
2 h h P�Ñ&Å�Â�¼ , , ,�é h P$34»H¼�?�@

ë�h + , ® ö ç$h1ÆLÇ$¢ � ©:È µ @�Î + ® ö ç$h ,
é h P�10h
·�¸<¹ , q�r E�+�§ @ . É)� F , ±RhBq�r E é 6 ü èsh�¦W34¢L£
9 F ø½µ�±�f + ü è�fúü è�ì Ó 3Aî�9�µù?�@�±�f~¢�	�� +�§ @ .

6. ÊÌËÎÍÐÏ
MCNC89 ��¾FÑHÒ0½LÓ�/	1�3 LUT 0�Â�Ã0½�Ä�bÔ���1 bÑ�½
¼261Ò<¸?Õ�¾�6�?�@ ô 6 , Ö ã�s C , Î2Ï )�s CW3 m�E 9~Ï f�z
h Î ��h1× h P21 , Ø�  ¤?¥ g�Ù<3 p 3 6 F ? . Name

, /R1HÚ ,

In
, N�P�1 , Out

,�h P�1<3 p ? . Cell’sout
, Î ��h1× h P�1<3p 9 , Mem

, ¤B¥ g�Ù +�f ° , [Kbit]
+�§ @ . ÎBÏ , Str Enc

,
Ñù½	� h P�h�Ï�ÐW3 � ©BÈ0© vM�2ÏJ� k 3 , Ö ãHs C , pBÛ [3]

h s C 6)Ü8Ý�zbÑ�½	� h Pu31$ g ç0h ,�é N h P�h�i$f'îú9�µ
9	ÏJ� k 3 ,

)Ls C , Ñ�½2� h Pu3:$ g ç h ,
é N h P í � h
ç * e h ,1é N h PÞbCÑ�½2� h PWfAîú9
µ�9	ÏJ� k 3 F ? . =ß�+�,

, Ò<¸?Õ�¾H6	?�@ ô 6R� Î ��h�® n�N�P�1W3"à�f�9 , � Î
��h�® n h P�1W3&Ö�á	f09	Ï . Î�Ï ,

¤�¥ g�»<¸1â�¾L6 [7] 3 mE 9~Ï . éú9 ,
)Hs C , Î �21�¢ 2 * ³�h�0�Â�Ã�½¶Ä{6 ,nm�E�+

z ©�E h + Î ��10¢ 2 * ³ + =�> + z�Ï�/B1 ,&y E Ï . ãBäLå
h?æ�ç , õ0h?è ´t+�§ @ .é PC:IBM PC/AT êHë�åé CPU:Pentium4xeon2.8GHzé memory:4GB
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ì
3 Strict encoding íQî!ï,ð/ñ�í�ò,ð,ñ?ó�ô,õ

Name In Out Str Enc î,ï,ð!ñ ò!ð/ñ
Cell’s Mem Cell’s Mem Cell’s Mem

out out out

C432 36 7 163 64.00 148 64.00 129 64.00

alu4 14 8 50 16.00 44 16.00 43 16.00

apex5 117 88 368 128.00 351 128.00 239 64.00

apex6 135 99 291 128.00 252 128.00 169 64.00

cht 47 36 64 32.00 60 16.00 50 16.00

comp 32 3 11 2.75 11 2.75 11 2.75

cu 14 11 17 8.00 15 3.75 15 3.75

des 256 245 1638 512.00 1510 512.00 842 256.00

duke2 22 29 60 16.00 57 16.00 51 15.00

example2 85 66 317 128.00 311 128.00 116 32.00

frg2 143 139 487 128.00 449 128.00 291 128.00

lal 26 19 30 8.00 29 8.00 27 8.00

misex3 14 14 60 16.00 56 16.00 51 16.00

mux 21 1 12 3.00 8 2.00 7 1.75

pair 173 137 1114 512.00 1015 256.00 802 256.00

pcler8 27 17 47 16.00 43 16.00 37 16.00

seq 41 35 173 64.00 163 64.00 105 32.00

tcon 17 16 20 6.00 17 6.00 16 4.00

term1 34 10 80 32.00 73 32.00 51 16.00

vg2 25 8 21 8.00 17 7.50 17 7.50

x1 51 35 165 64.00 147 64.00 130 32.00

x4 28 71 271 128.00 257 128.00 198 64.00

Str Enc: öø÷+ù1ú+û,ó4ü/ý þ ÿ ����������	�
�
î,ï,ð,ñ : öø÷+ù1ú+û:þ������1ó����:ú�û)ó����������� 	�
��
ò,ð,ñ : öø÷+ù1ú+û:þ������1ó����:ú�û ,  	�! �" ! ó

����:ú+û�í�ö ÷+ù)ú+û#���$���� 	�
�

%
12 mux ó LUT &'�(&÷*),+�-

é OS:Linux 2.4.2.
3 /10�210/43�5#687 , Str Enc, 94:4;#< , =4;4<�>8?*7 Cell’s

out @�Ð�ACBDFEFG . =H;#<JIK*EFG$L$M�N , O4P#QR@TSVUHWXM
3�G4Y4Q*>�Z1M�[1\8N�O�PR>�]_^�`aQCI�b�Ð*N*c#d . O4P�>4]
^4`HQJI8b�Ð1e�G*L$M�N , fCg8>�Y�Q_7#h�EaD�i�j1k#lnm�oJI
b�ÐRN*c#d . pq7 example2 NFrsi#j_kal_m�oJIutwvwxCb£Ð*N*c
d . yXM�B�D#zR{�|4}R~���YsQ mux I�=H;4<JIK*E4Ds�F��B�d� >H�8�JI�� 12 7���e . =#;4<q7$5q���s�4��>���`��#�aN#31g� �R>���`��'Ñ~�PR^8`nM����CBHg�NFcaDFEFGFL�M8@��$/�G ..

3 �4>#Y8QRN��*�s�s�*�#�4>4�*cs/���dH�4>Fr des N#�J� ,

Ñ�~sP�^�`nI�b�ÐCB�3H/���ds�4�qrut � ¡ [sec], 9#:H;#<_IK*E4d
�#�1r¢t �£v [sec], =#;H<JI8K*EHds�#�qrC¡¥¤¦¡§�¨v [sec] �$��d . �F�
>*dF©a>#�4�1�#��NH�*G#@ , �Hª_7)Ñ8~�P1^s`XM��«BFgHB45F6
M�e$G�¬H*@#®H>)Ñ�~sP*^�`$>#O4P�/_0�¯�°�D#EHG�Z±\��a�*�
�#@s²Cg83�G . ³#Q�?#´R@¶µ¸·¥¹¦º»·½¼¾º¿�¿�¿�¿º»·§ÀÂÁÃN#�RG BDD 7�¬CB ,Ä4Å8Æ �CI«ÇÉÈ$ÊuË¦· ÌÍº»·ÎÌÐÏÑ¹¾º¿�¿�¿�¿º»·§ÀwÒ�M�e�G#Y�Q�Ó�ÔJIÕRÖ*G .

Ñ8~�P1^s`JI±·Ø×»µ¸ÙÛÚ±ÜÝÁ�M��«B�g�N*cHG#/�Þ�ßRe*G8à_78i�j*3
�a�*�#��r , · × º»· × ÏÑ¹¾º¿�¿�¿�¿º»·áÌV7�¬#â*e$G�ãHä#Qq7�å#yRe�G . ®#>
dF© , �H�1�#�_I�æXç1g#B�d#E±M�cF7�rbÑ�~sP1^�`�M��CB�g�e
G8¬#JI�è*éHe�G#L�M8@�iHjXM�3$G .

7. ê ë
=Fì�íRN$r , Ñ8~4P*^4`$>�î*ïaðF<XIñ$ò$eRGFLRM�N�O#P�>

]1^8`4QJI�b£Ð�e�G�;H<JI��CB�d . óHô4;#< [3] NFr#�s�s�*>8�
^s`�>#õ)Ñ~�PR^�`nM��CB4gHB�d4@ , =4;H<*N�r , �8�4�*>sö#÷
�1^�`�>Hõ#N43ng � �HU � >�ö#÷H�q^s`�� Ñ�~sP*^s`nM��«B#g
N*c$G . Ls°R7$5_� , LUT ø�ù#ú1~üûþý_ÿ��)Ñ8~ � >4i�jqkHl
m�oJI����*N�� 25%b£Ð*NFcHd .

LUT ø#ù4ú*~CûþN*r , Ñ�~�PR^�`XI � �*>söF÷H�q^s`
	¶Ñ8~
P1^4`�M��uBFgse*G1M�� 7 >*5q647���1@����X7#3R��DXB
�
6 . B�/nB LUT ø#ù�ú1~«û_�Ãýqÿ��)Ñ�~ � NFr , � � 7HO�P$�
I��
�*e$G�>4N�r43_g��
�1k4l_m>����
�
�_Is�RM�7
�������
}! �P����*�4�RNFO4PR>���`XI#"�$*eRG�>�N , ���_r��
�_743
03FE . 5H��D8=H;#<qr LUT ø#ù�ú*~«ûR�Ñýqÿ��½Ñ�~ � 7�%#E
D�EHG .
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