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High-performance systems require rigorous testing for path delay faults. 
A synthesis algorithm is proposed that produces a 100% path delay fault
testable function with a minimal set of test pins.
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* A cube is a product term. For example, abc and bc are cubes, but a + c is not a cube.



  Hewlett-Packard Company 1995 �# 03�07� 	��
� �#5*#22;��!)�0"� �-30,�*� � � � � � � ���

�0#� ������ 3,"#0� 2&'1� 1#22',%� -$� 2&#� 2#12� .',1�� �7+ -*'!�**7�

*#2� $� �� �

'

�'�� 5&#0#� �'� '1� �� !3 #� 5&'!&� !�,�  #� .�02'2'-,#"

',2-� 13 1#21� -$� !3 #1�� �'�� 13!&� 2&�2� #�!&� .�2&� ',� #�!&� �'� '1

������� �&#� ,#5� �3%+#,2#"� $3,!2'-,� '1� ,-5� $� �� �

(

�(�(�

5&#0#� �(� '1� 2&#� 2#12� .',� $-0� !3 #� 13 1#2� �(�

�-� 2#12� .�2&� �� %-',%� 2&0-3%&� �� !3 #� ',� �(�� 2&#� 2#12� .',1� +312

 #� 1#2� 13!&� 2&�2� �(� �� 	� �,"� �'� �� �� $-0� '� � � (�� �-� $�  #!-+#1� �(�

5&'!&� '1� 	���� ������  7� !-,1203!2'-,�� #,� *',%� �� 2-�  #

2#12#"� $-0� �� "#*�7� $�3*2�� �,� ,-0+�*� -.#0�2'-,�� �**� 2#12� .',1

�0#� 1#2� 2-� 	� �**-5',%� 2&#� �3%+#,2#"� $3,!2'-,� $� ��

(

�(�(� 2-

0#12-0#� 2&#� -0'%',�*� $3,!2'-,� $� ��

(

�(� ��

'

�'�

�� ,�230�*� /3#12'-,� '1
� ��,� �,� �0 '20�07� $3,!2'-,�  #� .�02'2'-,#"

',2-� 13!&� 13 1#21�� �&#� �,15#0� '1� 7#1��  #!�31#� �� .�02'2'-,� ',

5&'!&� �'� '1� �� !3 #� '1� 13!&� �� .�02'2'-,�� �302&#0�� 2&#� .�2&1

2&0-3%&� 2&#� 2#12� .',1� "-� ,-2� ,##"� 2-�  #� 2#12#"� $-0� "#*�7� $�3*21

 #!�31#� 2&#1#� .',1� �0#� &#*"� !-,12�,2� "30',%� ,-0+�*� -.#0�;

2'-,�� �&#0#$-0#�� $-0� �,7� �0 '20�07� $3,!2'-,�� �� 	���� �����

'+.*#+#,2�2'-,� '1� �*5�71� .-11' *#� 5'2&� 2&'1� !3 #;.�02'2'-,',%

1!&#+#�� �&'1� $�!2� '1� $-0+�**7� 12�2#"� ',� 2&#� $-**-5',%� 2&#-0#+�

Theorem 2: � �,7� �--*#�,� $3,!2'-,� &�1� �� .0'+#� �,"� '00#"3,;
"�,2� 25-;*#4#*� AND-OR� '+.*#+#,2�2'-,� 5'2&� 	���� �����
�,"� 2&#� .-11' '*'27� -$� �""',%� ,#5� ',.321�� �302&#0�� '$� �� '1� �

25-;*#4#*� AND-OR� '+.*#+#,2�2'-,� -$� $�� 2&#,� �� !�,� �*5�71�  #
0#17,2&#1'8#"� 2-�  #� 	���� ������

�-� 0#17,2&#1'8#� �� 25-;*#4#*� !'0!3'2� 2-�  #� 	���� ������� 2&#

5-012� !�1#� '1� 5&#,� �� 2#12� .',� '1� ,##"#"� $-0� #�!&� !3 #� ',� 2&#

!'0!3'2�� �,� 2&'1� 5-012� !�1#�� 2&#� �""'2'-,�*� �0#�� 0#/3'0#"� '1� �2

+-12� 25'!#� 2&#� -0'%',�*� �0#��� �113+',%� #�!&� 2#12� .',� '1� AND#"
5'2&� 2&#� !3 #�� �&'1� .0-!#"30#� �**-51� "#1'%,#01� 2-� 17,2&#1'8#

25-;*#4#*� !'0!3'21� 5'2&-32� !-,1'"#0',%� "#*�7� $�3*2� 2#12� '*'27

 #!�31#� 2#12� .',1� !�,�  #� �""#"� *�2#0� 2-� �!&'#4#� 2&#� "#1'0#"

2#12� '*'27�

�#!�31#� �� 2#12� .',� '1� .0-4'"#"� $-0� #�!&� 13 1#2�� �� +','+3+

.�02'2'-,� '1� "#1'0#"�� �$� !-301#�� 2&#� "#1'%,#0� "-#1� ,-2� &�4#� 2-

+�)#� �**� .�2&1� ������  #!�31#� 2#12� .',1� !�,�  #� �""#"� -,*7

2-� 2&#� !3 #1� ',� 5&'!&� 2&#� .�2&1� ,##"� 2-�  #� 2#12#"�� �,� 2&'1

!�1#�� 2&#� ,3+ #0� -$� 2#12� .',1� 2-� �""� '1�  -3,"#"�  7� 2&#� ,3+;

 #0� -$� !3 #1� 2&�2� ',4-*4#� 2&#� .�2&1� 2-�  #� 2#12#"�� �#4#02&#*#11�

5#� 5�,2� �,� �*%-0'2&+� 2&�2� .0-"3!#1� �� +','+�*� .�02'2'-,�

�&#� $-**-5',%� �*%-0'2&+� .0-"3!#1� �� +','+�*� !3 #� .�02'2'-,�  7

.�02'2'-,',%� �� 1#2� -$� !3 #1� $� �� 9� �'� :� ',2-� 9�':� 1-� 2&�2� 2&#� 13+

-$� !3 #1� ',� #�!&� �'� '1� �� $3,!2'-,� 5'2&� 	���� ������ .�2&1�

i=0;
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i++;
Si = {�}
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Table I
Two-Level Synthesis of 100% RPDFT Circuits
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* Final testability = 1.0.



  Hewlett-Packard Company 1995 �*'58&5<� ����� �*:0*77? &(/&5)� �3852&0� � � � � � � ���

���
������

�2� 7-.6� 4&4*5�� :*� 678).*)� 7-*� 453'0*1� 3+� 6<27-*6.=.2,� (.5(8.76

:.7-� ����� ! ��#�� %*� 4539*)� 7-&7� +35� &2� &5'.75&5<� +82(7.32�

7-*5*� *;.676� &� ����� ! ��#� .140*1*27&7.32�� &2)� :*� 453?

436*)� &� 6<27-*6.6� &0,35.7-1� 7-&7� &0:&<6� 453)8(*6� &� ����

! ��#� .140*1*27&7.32� +35� &2<� +82(7.32� &2)� &� 1.2.1&0� 6*7� 3+

7*67� 4.26�� �857-*5�� :*� 6-3:*)� 7-&7� &� (.5(8.7� 6<27-*6.=*)� 86.2,

7-*� 453436*)� &0,35.7-1� 86*6� &7� 1367� 7:.(*� &6� 18(-� &5*&� &6

&2<� 7:3?0*9*0� .140*1*27&7.32� 3+� 7-*� (.5(8.7�� �35� 1367� 45&(7.?

(&0� (.5(8.76�� 7-*� &)).7.32&0� &5*&6� &5*� 61&00�� �.2&00<�� :*� )*1?

32675&7*)� -3:� &5*&?*++.(.*27� 1807.0*9*0� (.5(8.76� :.7-� ����

! ��#� (&2� '*� (326758(7*)� '<� &440<.2,�

&0,*'5&.(� +&(735.=&7.326� 73� 7-*� 6<27-*6.6� &0,35.7-1�

�
�������������

#-*� &87-35� :380)� 0./*� 73� 7-&2/� �&5'&5&� �5*)5.(/� +35� -*5

*27-86.&67.(� 6844357�� �-*5<0� �&5/2*66� +35� &� 0*6632� 32� �5&1*?

�&/*5�� �&5/� �*&4� +35� 7-*� 1&2<� .26.,-7+80� ).6(866.326� 32� 7-*

&0,35.7-16� 45*6*27*)� .2� 7-.6� 4&4*5�� &2)� !3'*57� �.7/*2� &2)

 *7*5� �&;:*00� +35� 5*9.*:.2,� 7-*� 4&4*5�

��
����
��

��� "�� �*9&)&6� &2)� ��� �*87=*5�� >"<27-*6.6� 3+� )*0&<?+&807?7*67&'0*� (.5?

(8.76�� #-*35<��� �


� ���� ��!��� � ��� ����"!��%	����� �� ���� � $30�

���� 23�� ��� �&28&5<�� ������ 44�� �
?����

��� ���  31*5&2=� &2)� "�� !*))<�� >�(-.*9.2,� �3140*7*� �*0&<� �&807� #*67?

&'.0.7<� '<� �;75&� �24876��� ��!����!������ �� !� ����������� ���� � �(7�

������ 44�� �
	?����

	�� %�� �&1� &2)� !�� �5&<732�� ������ 
������� �"��!��� &	� �������

������� �� ���� 
#��!� ������� 	���$ � � � �08:*5� �(&)*1.(�  8'0.6-*56�

���
�


�� ��� ��� �&(-7*0�� !�� ��� �&(3'<�� ��� �*87=*5�� &2)� ��� !�� �355.632�� >�2

7-*� !*0&7.326-.4� �*7:**2� �5*&� �47.1.=&7.32� &2)� �807.+&807� #*67&'.0.7<

3+� �807.0*9*0� �3,.(��� �


�	��� ��!����!������ ����������� ��� ����"!��%

	����� �� ���� ���� � �39*1'*5� ������ 44�� 
��?
���

��	���������

��� %�� �&1�� ��� "&0)&2-&�� !�� �5&<732�� &2)� ��� "&2,.39&22.?$.2(*27*00.�

>�*0&<� �&807� �39*5&,*�� #*67� "*7� ".=*�� &2)�  *5+351&2(*� #5&)*3++6��

�


�	��� �� ���� 	"!���!���� ����������� ���� � �82*� ���	�� 44�



�?
���


