
� � � � � � � �	
 � � � 	
 � �	� � � �

� � � � � ��� 	 � 
� 
� � 
 
� � �
� � � �� 
 �� 	 � ��� � � � � � � �
� � � � � ��� 	 � 
� 
� � 
 
� � �
� � � �� 
 �� 	 � ��� � � � � � � �

� � � � � 	� � ��� � � � �	� � � � � 	� � ��� � � � �	

� � ��� 	� � � � � � � � 	� �  � � ��� 	� � � � � � � � 	� �  

� �  � � � � 	� �  � � � � 	 ! � � �! � � �

" #� � � $ � 	� � � 	" #� � � $ � 	� � � 	
%� � � � � �� &#	! � � � '%� � � � � �� &#	! � � � '



2

� � � 	 � 
 
� � � � � � 	 � �� 	 � 
� 
� � 
 
� �� � � 	 � 
 
� � � � � � 	 � �� 	 � 
� 
� � 
 
� �

(( � � ) 	� � � 	� � � 	� � � � * 	� 	�� �&� 	� � � � �� � 	�� 	� � � 	� � � � �� � ) 	� � � 	� � � 	� � � � * 	� 	�� �&� 	� � � � �� � 	�� 	� � � 	� � � � �
� � � � 	��+� 	� �&� �,� � � � 	��+� 	� �&� �,

- 		$ � * � 	� 	� � $  � � 	� �	� � ��� �� � 	- 		$ � * � 	� 	� � $  � � 	� �	� � ��� �� � 	 � � � � � � �� � �� � � � � � �� � � ) � �� � 	� � � 	 �) � �� � 	� � � 	 �

� � � � * � �� � � � * � � �� � �. �� � � ��#�	� � � 	�� � $ 	) � �� � 	� � � 	� � � � � � � � � � ��� � �. �� � � ��#�	� � � 	�� � $ 	) � �� � 	� � � 	� � � � � � � � � � �

� �	� � � 	) � � �� 	' � � &� � $ 	� � � ��#	�� ��� ) � /0� �	� � � 	) � � �� 	' � � &� � $ 	� � � ��#	�� ��� ) � /0

� �� � 	%� � �� &�	� � 	
 � � � 	
 1� � 	� �� � 	%� � �� &�	� � 	
 � � � 	
 1� � 	
2� � � � * �� &	� 	� � �&� 	� � � � �� � 02� � � � * �� &	� 	� � �&� 	� � � � �� � 0

� � � � � �� � � � � ! " � � � #$�� � � 
 � � � � � � �� � � 	 � 
 
� � ��� � � � � � 	



3

% � � 
 �� � 	 �
 � 	 �& ' 
 
� � � �% � � 
 �� � 	 �
 � 	 �& ' 
 
� � � �

�� � #� � $ �� 	� � � � � � �� � 	� � � � * �� &� #� � $ �� 	� � � � � � �� � 	� � � � * �� &
33 4 � 	� � ' 	� �	5 �4 � 	� � ' 	� �	5 � 66" �$" �$ �	7� " �	�	7� " �	8 � � � �" �$8 � � � �" �$ --
33 � � �� � �. � �#	� � � #	� � 	� � 	� � �� � �. � �#	� � � #	� � 	� � 	33 � � � 	� � 	� �&� � 	�� �� � � 	� � 	� �&� � 	�� �

�� " � � � �� 	� � � � � � �� � 	� � � � * �� &	" � � � �� 	� � � � � � �� � 	� � � � * �� &	
33 9� �$ � �	7� � ���� � � �� �9� �$ � �	7� � ���� � � �� �



4

 � � 

 
� � � � 

 
� �

�� 9� �$ � �	7� � ���� � � �� � 	�� 	�  � � �� � � �#	�� � 	� � � �	9� �$ � �	7� � ���� � � �� � 	�� 	�  � � �� � � �#	�� � 	� � � �	
33 � � � � 	� � � 	� � )� � � � 	� � � 	� � )

�� � � � � �� � 	� � �: � � �	� �&� ���� � � � 	 � � � ��� � 	� � � 	� 4 ; 	� � � � �� � 	� � �: � � �	� �&� ���� � � � 	 � � � ��� � 	� � � 	� 4 ; 	

�� <) �� � � � � 	=� � � ><) �� � � � � 	=� � � >

�� ; � � �&� � � 	 � � � � 	� � 	$ � � #	' � � ?� � � � �	@
 � 	#� � � �; � � �&� � � 	 � � � � 	� � 	$ � � #	' � � ?� � � � �	@
 � 	#� � � �
33 ;A8 	� � � . � � � �	&� $ � 	' � � � � � � � � � �	;A8 	� � � . � � � �	&� $ � 	' � � � � � � � � � �	 � " ; � �� " ; � �
33 � � � � � $ � � 	' � � ?� � � �� � � � � $ � � 	' � � ?� � � �



5

#( 

 � � �) � 
' �� *�� � + �, 
� � � � � � �#- � 
 	 � �#( 

 � � �) � 
' �� *�� � + �, 
� � � � � � �#- � 
 	 � �

11/06/98 03/26/99 08/13/99 12/31/99 05/19/00 10/06/00

Week Ending

0

10

20

30

40

50

60

70

80

90

100

110

120

130

140

150

160

170

180

190

200

210

220

230

240

250

C
u

m
u

la
ti

ve
 Is

su
es

Chip Sim

 Gate Sim

 Designer Sim

 RuleBase

  System Sim

 Element Sim

 Walk Thru

 Lab

 Chip Sim II

Timing

Verification Effectiveness on Switch Chips
Problems Found By Method



6

#( 

 � � �) � 
' �� � *�� � + �, 
� � � � � � �#- � 
 	 �#( 

 � � �) � 
' �� � *�� � + �, 
� � � � � � �#- � 
 	 �

"The bugs I have found thus far [in the Switch Chip] 
using Formal Verification have been mainly control 
logic bugs in the Output Port and the Central 
Management Logic.  I believe some of these would 
have been very difficult to hit in our Random Sim 
environment."

R.G.
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� � � . ��#	� �$ � �� � � �� � � . ��#	� �$ � �� � � �

IBM Microelectronics, Haifa Design Center
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 � � � � 	� � 	� � � �� 	$ � � � 	�$ ' � � � � � � 	 � � � � 	� � 	� � � �� 	$ � � � 	�$ ' � � � � � � 	 � � � � � � �� � � � � � � � � � � � 	� � � � � � 	� � � � � 	� � � � � � 	
� � � � 	� � � � � &� 	� 	� � � �� � � �	' � � � � � � /	� � � � 	� � � � � &� 	� 	� � � �� � � �	' � � � � � � /	

�� B� &�� � � � � 	�#' �� � ��#	�� � * 	� � 	B� &�� � � � � 	�#' �� � ��#	�� � * 	� � 	
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Complex chips, challenging verification problems?

Welcome to the club of Formal Verification
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