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Abstract SIG-SLDM (formerly SIG-DA) of IPSJ is celebrated its 30th anniversary this year. In this period, LSI

CAD/DA technologies have extremely been developed, and among them, logic synthesis techniques have especially

progressed in the last decade. For the future, we will have to deal with a larger scale, a faster clock cycle, and a

smaller design rule of the LSI design, so it will be hard to use a logic synthesis tools as just a black box. We should

develop new design methodologies based on the knowledge of the current logic synthesis methods. This tutorial

paper mainly focuses on the data structures and the algorithms used in the contemporary logic synthesis systems.
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+ÚîB���&Á�&R�AK�(, ��²I*èê'�

M�.

4 ���í�K�J�@

�.R'/, ���í�K�J�@+$�&!�K. >

�Ç%(*Ke���j.�íðö+$�&, f#���j

.ÒÁØ(º#���í+$�&÷9, h+L���Rµ@

���j.�íê+$�&÷9K. �I+���íË`(*

Kí&É&�.M�+,³�Kðö+$�&B!�K. *


, )×'/, ±�È(9��KKû¿*���Èðê+$

�&/¡
*U�+()A, r#�í$�K6².ðöR?

�+÷9K�((�K.
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¿ 8: f#���j

¿ 9: PLA+HKf#���j.��

4.1 f#���j.ÒÁØðö

AND-OR.��²��+HJ���LK�j*¿ 8+R

Kû¿+f#���j(�6. º�.o�, f#��HJB

º#��.è��S1�(*�j�3ILK. �, º#�

�ÒÁØ/����Z�&d���A, >�f#��ÒÁ

Ø.õ�����I�OL&�. �L¿1áv*Få'

�L0 PLA*¿ 9+R1#&, �íÜç.f#���jR

�.>>��'K. ��²��w/®V'�.��'få

��RJ��K�A+Ö�ILKCNF*Conjunctive Nor-

mal Form+(B�Ü*B'K'�K�(�I, �.ÒÁØ

ðö/��¿+BêÜì���.

ãí.±�È'/, ����wR¿ 10.H�*�K.�¿

'J�&ÒÁØR���(�Kû¿'�#�. �.J�²w

¿ 10: �K.�¿+HKf#���j.�È

'/, ��w.?��/�K.�¿.K�R.@è²1G(

*K. ��.q2¼Õ�2*�;)*A AND��(.q2

Õ�2*�;)+â*è²(*K. ����w.ÒÁØ

(/, *K9�â*è²1GR*K9�2Õ�1#&, �

K.�¿.617.1G �RQ&.@+/)��L0H�

�, (���å(*K. �è.7M�I@'/, �K.�¿'

/*�, È$Ö�+Á����J�(�.'��J�.h

'�LR��O�'�K. f#��.Ò1Ø+¯�KÒB�

Ê¿*�K�J�@(�& 1950�à+z%�L� Quine-

McClusky (QM)ê [38]��K. �.èê/h.�&#7

�I*K.

1. Ò1.1G*�K.�¿.617.�> 1$ �+R.

@��RQ&J�(�#7�K

2. <��K��$7R¦��&, HJâ*1GR.@

��RùK. �LR�JÁ�&, �L)hAâ'*

���*prime implicant: d�>�/®�(�6. +

RQ&J�(�#7�K.

3. J�(�#7��?�I, Ò1��(*��ÕÒ1>

�/£cÕÒ1+'��¯ÕR�0��Kd�.e�

�R���K.

QMê/�L¿
�*�K�J�@'�P+Ò1.���

�wR�AILK. ���J�(�#7�Kd�.Õ�q2

¼Õ.Õ+Ë�&AÕ¯Õ¿+â�*Ko���J, >�

Ò1��(.d�.e��R���K�A+d�Õ+Ë�&

AÕ¿*g���Ko���K. �.�AÈ$ÖRÖ�&

B, ��¿+�'K./�� � 10¼Õ¯î>'(�

L&�K.

QMê/âáv*�å+/g���Jü�K�A,2E�

J�&�#�*èê'�L¿�g+,�R�AKèê�

õ�$Þ�L&�. àJ¿*7M�I@(�&, MINI[16],

ESPRESSO[6]���K. �LI.èê'/,

� <��K��R¦���J, 
+ñ1��J�K}ù

R�JÁ�*�I, aÜ*��R?$�&¯J!�&

��.

� ��¯ÕR�0��K�A+9½(*Kd�R?$�,

���RwJ«@.

�.�R2E�J�&�#�+ÁÖ�, �IL�g',

Ò1+t�����wR�A&�K*_ä/ [51]�.!�

R�K�L��+. �LI.2E�J�&�#�*èê+H

J, q2¼Õ�Õâ¯î, ��Õ�ÕA¯î>''�L0, Õ

��IÕg'�L¿,�f#���j��í'KH�+

*#�.

�I+âáv*f#���j.�íê(�&, BDD'Ä

�IL���¯Õ�I"lp��² (irredundant sum-of-

products form)+u�¼��K�K�J�@ (Minato- Mor-

reale(MM)ê [28])�ª%�L&�K. "lp��²/, )

.1$.��>�/¼ÕRú!�&B*A).1$.��=
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¿ 11: 4&��RÖ�� PLA

R� �&B+õ2��+�T��K(��²', 9��B

Ò1'/*���L¿,�\�(��K. MMê/, BDD

'�S1�(+J�K¯Õ'�L0, ESPRESSODMINI

HJ/K�+�©'�J, 3R'.9�"go¿*'��J

�ê [29]RÖ�&, ��Õ�AERm�K"lp����w

R��¿*g'÷í�K�(�'K. f#���j.�

íê(�& �'*�, º#���í.M�D, ®V'�

��.�+BÖ�IL&�K.

�.¹, f#��ÒÁØ+¯�K��$�.�zsÞR)

×+÷9K.

� ��²(��²/mË.¯©+�J, õ2RîÓ��

��.��²/, ��²R�A�.(�Ü*²(*K.

�È¿+/,  �&J�î* �&J.?.617.]

�+�â�;), ��²+µ>LKd�.�Õ�º

�*KªM��K.',  �&J�î� 50%Rm��

I, õ2RîÓ��&�íR��è�,�Üç�3I

LK�(�º�. *�í$�K+H#&/, �¡��

Br#¿+z��&�KB.B�K. +

� ¿ 11.H�+, 2&.q2¼ÕR 2$�$�K�7Ø

�&, 2&¼Õ+'��)�K(, *'�� .��(

RÄ�Y�&B+HJ�S1�(*f#���j�3

ILKo���K. �.H�*º&��.ÒÁØR�

�$�K(�&/ESPRESSO-MV[41]���K. *_

ä+$�&/, £ô [51, 1]�R�K�L��. +

� õ2&(�& 0,1))+ don't careRµ@��¯Õ,�

*O!q2e��+Ë�Kõ2»����¿+��¡

ö�L&�*�a�QA¡��¯Õ�, ��.�È'

/�0�0�OLK. ���í$�K'/, don't care

R 0,1)!I�é�.,�è+¨�K�(�'K

.',HJÒÁ*�jR�í�K!CS����K. �

�� don't care�º�(2E�J�&�#�*�íê

'ýÖ'K6±V�J7�	#&ÒÁR?$�+

��*Ko�B�K.', F4�9Ü'�K.

(a) Ç%��(.º#�j

(b) ��6M#�.º#�j

¿ 12: º#���j

4.2 º#���j.�íðö

º#���j/¿ 12(a)(b)+o�H�+,����(>�

/��6M#�Rº#+e?�O�����j'�K. ��

'/��.K�7DL���/µ>L*�B.(�K. (b)

.o�, ?��6M#�.Ö�/ �&J�����w�

BDD�.��¯ÕJ�'�L�LÈf�&�K. ��ã�

'/, ����(���6M#�.q2Õ (Fan-in)D�Ëõ

2Õ (Fan-out)
H3Òâ#Õ+/è���K.

2R'Fo��H�+, º#���íê/���Iõ��

L&��, ����"r+â��A, �Ö¿*$�K

/*�*��L*�#�. 1980�à+*#&, f#��ÒÁ

Ø.õ��«?, �.ÜçRýÖ�&, ����wRàÕ¿

+WÕ��&º#���jR3KàÕ¿!$ê [7](algebraic

division>�/ weak divisionê)�ª%�LZ�1OLK

H�+*#�. F�0, ��²��w

f = a b d + a b e+ a b g + c d+ c e+ c h

/, (a b+ c)']K�(�'K. ?¼Õ pR&q�K(,

f = p d+ p e+ a b g + c h, p = a b+ c

(�'K. $Ò+�&,h.�&#7' f / (d + e)'

] K�(�'K.�.H�+�&, ����wRº#Ø�

K(, f#���j+�9&�WÕRâ�+ú	'Ko�

��K.

àÕ¿!$/, !Õ(�!Õ�Ä�ILL0��K4+Ù

>K�A, 1�.!$/w.p�+�F�Kg'�©+�

�'K. ����å/Ú']K�'�K. Kû+, !Õ(

*K��w/ºÕ³ê�K. ²I*!ÕDÏR��+G6�

+H#&, �íÜç.W��Ãc�LK. àJ¿*º#Ø7

M�I@MIS*
H3�LR�,�� SIS+ [7]'/, ��

-KCõê(�6èê', !ÕDÏRú$�&�K. �L/

u¨¿+/, ��w.?'�Õ�õ��K¼ÕR��Jõ�

&, �.¼Õ+��Kº�wR¯Jõ�&!ÕDÏ(�Kè
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ê'�K. ��-KCõê/�L¿,�DÏÝ�R�©+ú

$� �K�, �L'B!ÕDÏ/1$+/Ù>I*�.',

)L�RG69Ü��K. �©ìRª'�&Á�*2E�J

�&�#�*F�0�.gÕ'K�£cÕRú	'K!Õ

RG6�+'Ü>�K�(�º�.

àÕ¿!$+B(%�º#���íê/, ��w.p�+

;<�F�K�g'��'K.', ��w.£cÕ�

ÕA�¯î'�L0��¿*g'���í���K. � 

�, XOR�jD$ö¦$�j.H�+f#��+�K(A

ÕËÞ¿+áv��â�KFå+Ë�&/ÁÖ�K�(�'

*�#�. �.�å+$�&/M+÷9� BDDðö+H

K"go¿*'��J� [60, 30]+HJ, ��w.p�'/

*� BDD.���+,³�KÈ$g'�'KH�+

*J, ÁÖáv�C#+Z�#&�K.

àÕ¿!$/��w.ì�R�9&ýÖ�&�KO�'/

*�, $ö¿*¼².?RÖ�&�K�A�©+��'K

�, È$Üç.W�*��w.p�+.s'/, �N.Ã(

��K. F�0 x+x = x'�K(�, x�x = 0(�#���

w6².ì�RÖ�&àÕ¿!$êR�N�K�K�J�@

���$�ª%�L&�K [7, 22]. �.H�*ðêR�Q�

&��!$ê*Boolean Division>�/ Strong Division+

(�6.

��!$/àÕ¿!$(:*J,��K4+Ù>I*�. �

�!$ f = p q + r+
�&, f ( p�Ä�IL�(, *

K9�1�* q; rR�AK9Ü��K. àÕ¿!$'/]

LK�]L*���/#J�&
J, ]LKo�/ p; q�

¡Õ'*��J�£cÕ/9�	2�K�, ��!$'/)

S* p'BBY+]K�(�', �.Üç, �£cÕ��

Þ�Ko�B�K. MIS'/, f ( p�Ä�IL�(+,

q( rR don't careRµ@a�QA¡��¯Õ(�, �LR

ESPRESSORÖ�&2E�J�&�#�+¡
Ø�&, à

Õ¿!$HJB,�Üç�3ILL0ÙÖ�K, (��±ê

RÖ�&�K. Kè, BDDRÖ�& don't care.Ý�RI

�H�J�, ��!$R�©+��èê [55]Bª%�L&�

K. ��L+�&B, Boolean Division'�íW�R���

ü�K(ºâ*È$gDâÌ/�9Ü(*J��¿'/*

��A, àÕ¿!$.�íÜçR�N�K�A+Ï�¿+Ö

�K�(�º�.

��>'÷9�f#��RÁ¸�Kº#���í±ê(/

:*J, º#���jRu�}ù�K�('ÒÁØR���

7M�!B���Iõ��L&�K. 2R'Fo���PÒ

1Ø±ê'/âÌ/DÈ$g���Jü�K.', HJÈ

$/.2*�2E�J�&�#�*èê�®+Ö�IL&�

K. �.�7M�!.àJ¿*èê(�&, (IS� �

�GSê [35](�.�,�K�J�@��K.

(IS� ��GSê/¿ 13.H�*����(.º#�

j+
�&, ¬=R�Þ��Jú!��J�*�I�jR¼

²��K}ùR�JÁ�, ��(ÕD¬=ÕRú	��&�

�±ê'�K. � �, D?�B+�j.¼fR��(õ

2.��+�TRÄ�&�>�.', �LR���A+, ?

��(.q2=+$�&)�õ2+�TRÄ�*�'¼f'

¿ 13: (IS� ��GSê

K��.uà*�LR+Ë¯Õ(�6+RÈ$�, �LR

Don't careRµ@��¯Õ'��(�&È$ÖU�+âÌ

��&
�. ��&�j.¼fR��è+/, +Ë¯Õ.u

àRG��¼f.?R+��(', õ2.ô��RÈ]�&

�K. +Ë¯Õ.È$èê+$�&/ [35, 57]�R�K�L

��.

(IS� ��GSê/'+÷9��PÒ1R�AK�

K�J�@HJ/È$��(/1���, ��/+Ë¯ÕR

 �&J'J��&���A, )�q2¼Õ.�Õ+Ë�&

r+AÕ.âÌ/(È$g�9Ü', 10! 20��(¯î

.�j>'��ÁÖ'*�#�. ���, 1990�++Ë

¯ÕR BDD'J��Kèê [25]�z%�L, ÕA��(á

v.�j.ÒÁØ�ß�(*J, ��È+Ö�ILKH�+

*#�.

(IS� ��GSê))+B, º#���j.��¿¼

fR�JÁ�èê/��$�³ê�K. àJ¿*B.(�

&, ��.�Üìì¡ðöR»Ö��èê [4], 
H3�fð

õ*&�(1�S÷í+.ðöR»Ö�Kèê [5, 13]��

K. F�0, ðõaß�*�fð��³ê�L0, �.=Rú

!�&Bõ2+/�TRÄ�K�(/*�. �.H�*á¢

RýÖ�&�jR¼f�ÒÁØR��èê'�K. \�¿*

��j�R��, ðõa��fRú$�K�K�J�@/

&�(1�S÷í.��'p�õ��L&
J, �.íçR

ýÖ�&�K.

(IS� ��GSê+àJ�LKº#��.9h�Nê

'/, +Ë¯ÕD�j.\�¿j��RÖ�&�j.¼f
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f(X,Y)

X

Y

sh(X)

g(s,Y)

x1
x2

y1
y2

x

y

|X|

|Y|

¿ 14: ��¯Õ�

.ß�Rì¡�&�K�, �L/àÕ¿!$+*�I�K(,

]J$R�#&H��)��Rì¡�&�K�(+���K.

���Ú']K9�(���(/>�·.�å'�K. �

*O!, �j.).��+¬=R�Þ�ú!R�JÁ�(®

HJ1�*�j+*K.�, (��GíQ/, ]J$.!Õ

RG6.($Ò+d���å'�K. �è.7M�I@'

/, 2E�J�&�#�*¼fK�K*F�0����(R

1$#3��&�®�&?K�+R��$�Ö4�&, W�

�<R�JÁ�H�+*#&�K. �.��J..�/��

¿*KÜ�d��, �£�+/_��â�L&�*��(�

º�.

º#���íðö.B� 1$·.�7M�!(�&, .Ò

(�&Ä�IL���¯ÕR(#7 �S¿+�Õ.6M#

�+��&º#��Rjí�K6��¯Õ�7.ðöB

���Iõ��L&�K. F�0¿ 14.H�+,¯Õ f(X;Y )

R g(s; Y )( h(X)+L�+��K�(�'L0, �

(/ g( h.?©R�·+�í�L0H�. �.(, g(

h..�®� 1% �+*K�R6
��7 (simple

decomposition)(H3, ¼ÕX ( Y +ê*J�*�B.R

6��¿*uA+�7 (disjunctive decomposition)(�

6. 
��$��¿*�/u4.��¯Õ+$�&9�³

ê�K(/�I*��, B�³ê�L0æ"ÙÖ���²I

*�'�K. ��¯Õ��K�J�@/, �'+ 1950

�à�I �&JRÖ���Ê¿*èê [2, 40]�ª%�L

&���, È$/�â��Ö¿'/*�#�. 1990�à

4í+*#&, BDDRÖ�&�Ö¿*áv.��¯ÕR�

©+��Kèê���$�z%�L [3, 24, 31], �ê'/

²I*�7M�!.1$(*#&�K. 
��$��¿*�

/, àÕ¿!$'��0L�+]LK!ÕRú$���

(+���K.', ;(S)W��<*���'K. ��

�, �L)).HJ��*�/��!$($Ò+GíQ�

"r+º�*J, ��J)LBâ�*K. ��$�.±ê

[42, 49]�ª%�L&�K�, Ù¡ö(��KH�*�K�

J�@/?$�#&�*�.

)h'÷9�º#���í�K�J�@/, Kû¿+, �

P�O�I*��å+Ë�K2E�J�&�#�ê'�

K�A, �.ì�RKÜ�K�(/d��. �(+âáv*

º#���j'/, �Ó�j���¿*���'â÷ß�'

�K(���(rÉ, �'+�L¿�S1�(+J��L&

�K(z�K�(B', �Ó�j.j�+ÒÁØ.�A.

êÜ*2S(�µ>L&�Kß�ì��K. �Ó�j.j

�sÞR�Q+F#�&, qõ2.��¯©.?RCõ�&,

���Iº#���íR�#&B, �Ó�jHJ�W�.�

j�3IL*��(��0�0�K. ���í$�KR1�

è+/, �+L9K.�È.Ò+µ>LKj�sÞRÁî-

�&�í$�K+Ä�K�(B, �>�1��*�&�+#

�.1$'�K(��K.

4.3 ���j.��ÒÁØ

Kû¿*'���K�j��&@'/, 9�.�M#��

�'L����#ù�K$Ów���j�Z�Ö�IL&�

K. $Ów���j.�Èê/h.±�+ã�.

1. lp*xÑR¯J!, xÑÕRÒ1Ø�K.

2. ?xÑR2&q�Ø�, L���R]J�&K. L�

��.���*K9�¡
+*KH�*q�RG6.

3. L���.��?S�uàRG��H�+���j

R�í�K*e���j�í+.

1, 2.���L�4J'���j�í(�0LK��'

�K. xÑÕ.Ò1ØDq�]J�&.ÒÁØ+$�&/,


�(>(S��(�&���Iº�.õ��*�L&
J,

KISS[27], JEDI[21], NOVA[47].H�*r#ÒÁØ7M�

I@BùIL&�K. ���xÑÕÒ1ØDq�]J�&.

�K�J�@/, È$/�â�]+/ÒÁØ.Iç��Q

'*�o��º�, ��È'aßØ(��;)+/n��&

�*�. �.�¸(�&)×.�(���ILK.

� �È���+.��&@.ÒR¡AKè+z��xÑ

Ý�R���í$�K+HJ¼f�LK�(/�>J

R>L*�.

� �È��xÑq�]J�&>'z�&�Ko���K.

� e���j.ÒÁØ'/ÚB��(�ú	'K��

���0�0�K�, xÑq�]J�&'�.H�*

Ñ¿*Iç�úILKF/Á�¿+2*�. B��#

�(��I, �.q�3#(+êÜ*4J��#&�

L/�È���'+'#&�Kß�ì���.

� ®±'±+v�*�H�*áv.L���Õ (, x

ÑÕ/�I+Ì£Q¿*Õ+*K�A, È$ÖRÖ�

&B���jQÉRÒÁØ�K�(/¯d'�K.

)h.H�*�¸', �Ê¿*���j�íê/íH�&

�K(/��d�. ���j+¯�K�í$�K', ¨K�

Ö¿+1OL&�K./J��?S� [20, 23](�0LKð

ö'�K.

J��?S�(/, ¿ 15.H�+, L���.���j

.2¡g��M#�ÅÓ++�O*�o�+, L���

.+/R#���J, ���L���R{q��J�K�(

+H#&, ��?S�..ÒRG��H�+�jR¼f�K

ðö'�K. ¬=+�Ë���Ko�, 
�+L���R;

#�K(��¿+ô��#ùR�*�*K�(��K.',

L���R�ü�K�.��9Ü(*K. J��?S�

研究会Temp 
－41－



¿ 15: J��?S�

�'Ë»'KÉô+/�î��J, )S*2¡è�'BG

��KO�'/*�. J��?S�(/, xÑ]J�&.ú

u�R��H�*â*±�JRÞ÷���+, \�¿*¼

f �'��?S�è�RG��H�+�K*>�/ì�R

HJMh��K+ðö'�K. �>��#�(.�Ö¿I

ç/â�.

�&, ��>'÷9�$Ów���j(:*J, 9�.�

M#���RÖ�*�"$Ów���jBÒt1OLKH�

+*#&&�K [36]. *_��/, %õ��.B� 1à.

!E�(J�K [54]'!�LKÂ¡'�K. +"$Ów�
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