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S1 (UP) 

S# (xxx) 

UP DN ERR 
Inputs: 
BU BD SFF SSF 

S0 (FF) 

S4 (ES) 

1  0  0 0  0  1 

0  0  0 

S2 (SF) S3 (DN) 

0  0  0 0  1  0 
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S1 (UP) 

S# (xxx) 

UP DN ERR 
Inputs: 
BU BD SFF SSF 

S0 (FF) 

S4 (ES) 

1  0  0 0  0  1 

0  0  0 

S2 (SF) S3 (DN) 

0  0  0 0  1  0 
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S1 (UP) 

S# (xxx) 

UP DN ERR 
Inputs: 
BU BD SFF SSF 

S0 (FF) 

S4 (ES) 

1  0  0 0  0  1 

0  0  0 

BU ∙ SFF ∙ SSF 
1 0 1 0 
1 1 1 0 
1 X 1 0 

S2 (SF) S3 (DN) 

0  0  0 0  1  0 
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S1 (UP) 

S# (xxx) 

UP DN ERR 
Inputs: 
BU BD SFF SSF 

S0 (FF) 

S4 (ES) 

1  0  0 0  0  1 

0  0  0 


BU ∙ SFF ∙ SSF 
1 0 1 0 
1 1 1 0 
1 X 1 0 

S2 (SF) S3 (DN) 

0  0  0 0  1  0 
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S1 (UP) 

S# (xxx) 

UP DN ERR 
Inputs: 
BU BD SFF SSF 

S0 (FF) 

S4 (ES) 

1  0  0 0  0  1 

0  0  0 

BU ∙ SFF ∙ SSF 
1 0 1 0 
1 1 1 0 
1 X 1 0 

S2 (SF) S3 (DN) 

0  0  0 0  1  0 
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S1 (UP) 

S# (xxx) 

UP DN ERR 
Inputs: 
BU BD SFF SSF 

S0 (FF) 

S4 (ES) 

1  0  0 0  0  1 

0  0  0 

BU ∙ SFF ∙ SSF 
1 0 1 0 
1 1 1 0 
1 X 1 0 

S2 (SF) S3 (DN) 

0  0  0 0  1  0 

14 



Jeff Shelton – 5 March 2015 

S1 (UP) 

S# (xxx) 

UP DN ERR 
Inputs: 
BU BD SFF SSF 

S0 (FF) 

S4 (ES) 

1  0  0 0  0  1 

0  0  0 

BU ∙ SFF ∙ SSF 
1 0 1 0 
1 1 1 0 
1 X 1 0 

BU ∙ SFF ∙ SSF 

0 0 1 0 
0 1 1 0 
0 X 1 0 

S2 (SF) S3 (DN) 

0  0  0 0  1  0 
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S1 (UP) 

S# (xxx) 

UP DN ERR 
Inputs: 
BU BD SFF SSF 

S0 (FF) 

S4 (ES) 

1  0  0 0  0  1 

0  0  0 

BU ∙ SFF ∙ SSF 
1 0 1 0 
1 1 1 0 
1 X 1 0 

BU ∙ SFF ∙ SSF 

0 0 1 0 
0 1 1 0 
0 X 1 0 

0 0 0 0 
0 0 0 1 
0 1 0 0 
0 1 0 1 
1 0 0 0 
1 0 0 1 
1 1 0 0 
1 1 0 1 
X X 0 X 

0 0 1 1 
0 1 1 1 
1 0 1 1 
1 1 1 1 
X X X 1 

 

S2 (SF) S3 (DN) 

0  0  0 0  1  0 

SFF + SSF 
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S1 (UP) 

S# (xxx) 

UP DN ERR 
Inputs: 
BU BD SFF SSF 

S0 (FF) 

S4 (ES) 

1  0  0 0  0  1 

0  0  0 

BU ∙ SFF ∙ SSF 
1 0 1 0 
1 1 1 0 
1 X 1 0 

BU ∙ SFF ∙ SSF 

0 0 1 0 
0 1 1 0 
0 X 1 0 

0 0 0 0 
0 0 0 1 
0 1 0 0 
0 1 0 1 
1 0 0 0 
1 0 0 1 
1 1 0 0 
1 1 0 1 
X X 0 X 

0 0 1 1 
0 1 1 1 
1 0 1 1 
1 1 1 1 
X X X 1 

 

SFF + SSF 

S0 (FF)  

S2 (SF) S3 (DN) 

0  0  0 0  1  0 
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S1 (UP) 

S# (xxx) 

UP DN ERR 
Inputs: 
BU BD SFF SSF 

S0 (FF) 

S4 (ES) 

1  0  0 0  0  1 

0  0  0 

BU ∙ SFF ∙ SSF 
1 0 1 0 
1 1 1 0 
1 X 1 0 

BU ∙ SFF ∙ SSF 

0 0 1 0 
0 1 1 0 
0 X 1 0 

0 0 0 0 
0 0 0 1 
0 1 0 0 
0 1 0 1 
1 0 0 0 
1 0 0 1 
1 1 0 0 
1 1 0 1 
X X 0 X 

0 0 1 1 
0 1 1 1 
1 0 1 1 
1 1 1 1 
X X X 1 

 

SFF + SSF 

SFF ∙ SSF 
0 0 0 1 
0 1 0 1 
1 0 0 1 
1 1 0 1 
X X 0 1 

S2 (SF) S3 (DN) 

0  0  0 0  1  0 
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BU ∙ SFF ∙ SSF 

0 0 1 0 
0 1 1 0 
0 X 1 0 

S1 (UP) 

S# (xxx) 

UP DN ERR 
Inputs: 
BU BD SFF SSF 

S0 (FF) 

S4 (ES) 

1  0  0 0  0  1 

0  0  0 

BU ∙ SFF ∙ SSF 
1 0 1 0 
1 1 1 0 
1 X 1 0 

0 0 0 0 
0 0 0 1 
0 1 0 0 
0 1 0 1 
1 0 0 0 
1 0 0 1 
1 1 0 0 
1 1 0 1 
X X 0 X 

0 0 1 1 
0 1 1 1 
1 0 1 1 
1 1 1 1 
X X X 1 

 

SFF + SSF 

SFF ∙ SSF 
0 0 0 1 
0 1 0 1 
1 0 0 1 
1 1 0 1 
X X 0 1 

S2 (SF) S3 (DN) 

0  0  0 0  1  0 

SFF ∙ SSF 

0 0 0 0 
0 1 0 0 
1 0 0 0 
1 1 0 0 
X X 0 0 
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BU ∙ SFF ∙ SSF 

0 0 1 0 
0 1 1 0 
0 X 1 0 

S1 (UP) 

S# (xxx) 

UP DN ERR 
Inputs: 
BU BD SFF SSF 

S0 (FF) 

S4 (ES) 

1  0  0 0  0  1 

0  0  0 

BU ∙ SFF ∙ SSF 
1 0 1 0 
1 1 1 0 
1 X 1 0 

0 0 0 0 
0 0 0 1 
0 1 0 0 
0 1 0 1 
1 0 0 0 
1 0 0 1 
1 1 0 0 
1 1 0 1 
X X 0 X 

0 0 1 1 
0 1 1 1 
1 0 1 1 
1 1 1 1 
X X X 1 

 

SFF + SSF 

SFF ∙ SSF 
0 0 0 1 
0 1 0 1 
1 0 0 1 
1 1 0 1 
X X 0 1 

S2 (SF) S3 (DN) 

0  0  0 0  1  0 

SFF ∙ SSF 

0 0 0 0 
0 1 0 0 
1 0 0 0 
1 1 0 0 
X X 0 0 

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

SFF 
1 0 1 0 
1 0 1 1 
1 1 1 0 
1 1 1 1  
X X 1 X 
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BU ∙ SFF ∙ SSF 

0 0 1 0 
0 1 1 0 
0 X 1 0 

S1 (UP) 

S# (xxx) 

UP DN ERR 
Inputs: 
BU BD SFF SSF 

S0 (FF) 

S4 (ES) 

1  0  0 0  0  1 

0  0  0 

BU ∙ SFF ∙ SSF 
1 0 1 0 
1 1 1 0 
1 X 1 0 

0 0 0 0 
0 0 0 1 
0 1 0 0 
0 1 0 1 
1 0 0 0 
1 0 0 1 
1 1 0 0 
1 1 0 1 
X X 0 X 

0 0 1 1 
0 1 1 1 
1 0 1 1 
1 1 1 1 
X X X 1 

 

SFF + SSF 

SFF ∙ SSF 
0 0 0 1 
0 1 0 1 
1 0 0 1 
1 1 0 1 
X X 0 1 

S2 (SF) S3 (DN) 

0  0  0 0  1  0 

SFF ∙ SSF 

0 0 0 0 
0 1 0 0 
1 0 0 0 
1 1 0 0 
X X 0 0 

S1 (UP)  

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

SFF 
1 0 1 0 
1 0 1 1 
1 1 1 0 
1 1 1 1  
X X 1 X 
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BU ∙ SFF ∙ SSF 

0 0 1 0 
0 1 1 0 
0 X 1 0 

S1 (UP) 

S# (xxx) 

UP DN ERR 
Inputs: 
BU BD SFF SSF 

S0 (FF) 

S4 (ES) 

1  0  0 0  0  1 

0  0  0 

BU ∙ SFF ∙ SSF 
1 0 1 0 
1 1 1 0 
1 X 1 0 

0 0 0 0 
0 0 0 1 
0 1 0 0 
0 1 0 1 
1 0 0 0 
1 0 0 1 
1 1 0 0 
1 1 0 1 
X X 0 X 

0 0 1 1 
0 1 1 1 
1 0 1 1 
1 1 1 1 
X X X 1 

 

SFF + SSF 

SFF ∙ SSF 
0 0 0 1 
0 1 0 1 
1 0 0 1 
1 1 0 1 
X X 0 1 

S2 (SF) S3 (DN) 

0  0  0 0  1  0 

SFF ∙ SSF 

0 0 0 0 
0 1 0 0 
1 0 0 0 
1 1 0 0 
X X 0 0 

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

SFF 
1 0 1 0 
1 0 1 1 
1 1 1 0 
1 1 1 1  
X X 1 X 

BD ∙ SFF ∙ SSF 
0 1 0 1 
1 1 0 1 
X 1 0 1 
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BU ∙ SFF ∙ SSF 

0 0 1 0 
0 1 1 0 
0 X 1 0 

S1 (UP) 

S# (xxx) 

UP DN ERR 
Inputs: 
BU BD SFF SSF 

S0 (FF) 

S4 (ES) 

1  0  0 0  0  1 

0  0  0 

BU ∙ SFF ∙ SSF 
1 0 1 0 
1 1 1 0 
1 X 1 0 

0 0 0 0 
0 0 0 1 
0 1 0 0 
0 1 0 1 
1 0 0 0 
1 0 0 1 
1 1 0 0 
1 1 0 1 
X X 0 X 

0 0 1 1 
0 1 1 1 
1 0 1 1 
1 1 1 1 
X X X 1 

 

SFF + SSF 

SFF ∙ SSF 
0 0 0 1 
0 1 0 1 
1 0 0 1 
1 1 0 1 
X X 0 1 

S2 (SF) S3 (DN) 

0  0  0 0  1  0 

SFF ∙ SSF 

0 0 0 0 
0 1 0 0 
1 0 0 0 
1 1 0 0 
X X 0 0 

BD ∙ SFF ∙ SSF 

0 0 0 1 
1 0 0 1 
X 0 0 1 

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

SFF 
1 0 1 0 
1 0 1 1 
1 1 1 0 
1 1 1 1  
X X 1 X 

BD ∙ SFF ∙ SSF 
0 1 0 1 
1 1 0 1 
X 1 0 1 

23 



Jeff Shelton – 5 March 2015 

BU ∙ SFF ∙ SSF 

0 0 1 0 
0 1 1 0 
0 X 1 0 

S1 (UP) 

S# (xxx) 

UP DN ERR 
Inputs: 
BU BD SFF SSF 

S0 (FF) 

S4 (ES) 

1  0  0 0  0  1 

0  0  0 

BU ∙ SFF ∙ SSF 
1 0 1 0 
1 1 1 0 
1 X 1 0 

0 0 0 0 
0 0 0 1 
0 1 0 0 
0 1 0 1 
1 0 0 0 
1 0 0 1 
1 1 0 0 
1 1 0 1 
X X 0 X 

0 0 1 1 
0 1 1 1 
1 0 1 1 
1 1 1 1 
X X X 1 

 

SFF + SSF 

SFF ∙ SSF 
0 0 0 1 
0 1 0 1 
1 0 0 1 
1 1 0 1 
X X 0 1 

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

S2 (SF) S3 (DN) 

0  0  0 0  1  0 

SFF 
1 0 1 0 
1 0 1 1 
1 1 1 0 
1 1 1 1  
X X 1 X 

SFF ∙ SSF 

0 0 0 0 
0 1 0 0 
1 0 0 0 
1 1 0 0 
X X 0 0 

0 0 1 1 
0 1 1 1 
1 0 1 1 
1 1 1 1 
X X 1 X 

0 0 0 0 
0 0 1 0 
0 1 0 0 
0 1 1 0 
1 0 0 0 
1 0 1 0 
1 1 0 0 
1 1 1 0 
X X X 0 

SFF 

+ SSF 

BD ∙ SFF ∙ SSF 

0 0 0 1 
1 0 0 1 
X 0 0 1 

BD ∙ SFF ∙ SSF 
0 1 0 1 
1 1 0 1 
X 1 0 1 
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BU ∙ SFF ∙ SSF 

0 0 1 0 
0 1 1 0 
0 X 1 0 

S1 (UP) 

S# (xxx) 

UP DN ERR 
Inputs: 
BU BD SFF SSF 

S0 (FF) 

S4 (ES) 

1  0  0 0  0  1 

0  0  0 

BU ∙ SFF ∙ SSF 
1 0 1 0 
1 1 1 0 
1 X 1 0 

0 0 0 0 
0 0 0 1 
0 1 0 0 
0 1 0 1 
1 0 0 0 
1 0 0 1 
1 1 0 0 
1 1 0 1 
X X 0 X 

0 0 1 1 
0 1 1 1 
1 0 1 1 
1 1 1 1 
X X X 1 

 

SFF + SSF 

SFF ∙ SSF 
0 0 0 1 
0 1 0 1 
1 0 0 1 
1 1 0 1 
X X 0 1 

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

S2 (SF) S3 (DN) 

0  0  0 0  1  0 

SFF 
1 0 1 0 
1 0 1 1 
1 1 1 0 
1 1 1 1  
X X 1 X 

SFF ∙ SSF 

0 0 0 0 
0 1 0 0 
1 0 0 0 
1 1 0 0 
X X 0 0 

0 0 1 1 
0 1 1 1 
1 0 1 1 
1 1 1 1 
X X 1 X 

0 0 0 0 
0 0 1 0 
0 1 0 0 
0 1 1 0 
1 0 0 0 
1 0 1 0 
1 1 0 0 
1 1 1 0 
X X X 0 

SFF 

+ SSF 

S1 (UP)  

BD ∙ SFF ∙ SSF 

0 0 0 1 
1 0 0 1 
X 0 0 1 

BD ∙ SFF ∙ SSF 
0 1 0 1 
1 1 0 1 
X 1 0 1 
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BU ∙ SFF ∙ SSF 

0 0 1 0 
0 1 1 0 
0 X 1 0 

S1 (UP) 

S# (xxx) 

UP DN ERR 
Inputs: 
BU BD SFF SSF 

S0 (FF) 

S4 (ES) 

1  0  0 0  0  1 

0  0  0 

BU ∙ SFF ∙ SSF 
1 0 1 0 
1 1 1 0 
1 X 1 0 

0 0 0 0 
0 0 0 1 
0 1 0 0 
0 1 0 1 
1 0 0 0 
1 0 0 1 
1 1 0 0 
1 1 0 1 
X X 0 X 

0 0 1 1 
0 1 1 1 
1 0 1 1 
1 1 1 1 
X X X 1 

 

SFF + SSF 

SFF ∙ SSF 
0 0 0 1 
0 1 0 1 
1 0 0 1 
1 1 0 1 
X X 0 1 

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

S2 (SF) S3 (DN) 

0  0  0 0  1  0 

SFF 
1 0 1 0 
1 0 1 1 
1 1 1 0 
1 1 1 1  
X X 1 X 

SFF ∙ SSF 

0 0 0 0 
0 1 0 0 
1 0 0 0 
1 1 0 0 
X X 0 0 

0 0 1 1 
0 1 1 1 
1 0 1 1 
1 1 1 1 
X X 1 X 

0 0 0 0 
0 0 1 0 
0 1 0 0 
0 1 1 0 
1 0 0 0 
1 0 1 0 
1 1 0 0 
1 1 1 0 
X X X 0 

SFF 

+ SSF 

SFF ∙ SSF 
0 0 1 0 
0 1 1 0 
1 0 1 0 
1 1 1 0 
X X 0 1 

BD ∙ SFF ∙ SSF 

0 0 0 1 
1 0 0 1 
X 0 0 1 

BD ∙ SFF ∙ SSF 
0 1 0 1 
1 1 0 1 
X 1 0 1 
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BU ∙ SFF ∙ SSF 

0 0 1 0 
0 1 1 0 
0 X 1 0 

S1 (UP) 

S# (xxx) 

UP DN ERR 
Inputs: 
BU BD SFF SSF 

S0 (FF) 

S4 (ES) 

1  0  0 0  0  1 

0  0  0 

BU ∙ SFF ∙ SSF 
1 0 1 0 
1 1 1 0 
1 X 1 0 

0 0 0 0 
0 0 0 1 
0 1 0 0 
0 1 0 1 
1 0 0 0 
1 0 0 1 
1 1 0 0 
1 1 0 1 
X X 0 X 

0 0 1 1 
0 1 1 1 
1 0 1 1 
1 1 1 1 
X X X 1 

 

SFF + SSF 

SFF ∙ SSF 
0 0 0 1 
0 1 0 1 
1 0 0 1 
1 1 0 1 
X X 0 1 

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

S2 (SF) S3 (DN) 

0  0  0 0  1  0 

SFF 
1 0 1 0 
1 0 1 1 
1 1 1 0 
1 1 1 1  
X X 1 X 

SFF ∙ SSF 

0 0 0 0 
0 1 0 0 
1 0 0 0 
1 1 0 0 
X X 0 0 

0 0 1 1 
0 1 1 1 
1 0 1 1 
1 1 1 1 
X X 1 X 

0 0 0 0 
0 0 1 0 
0 1 0 0 
0 1 1 0 
1 0 0 0 
1 0 1 0 
1 1 0 0 
1 1 1 0 
X X X 0 

SFF 

+ SSF 

SFF ∙ SSF 
0 0 1 0 
0 1 1 0 
1 0 1 0 
1 1 1 0 
X X 0 1 

SFF ∙ SSF 
0 0 0 0 
0 1 0 0 
1 0 0 0 
1 1 0 0 
X X 0 0 

BD ∙ SFF ∙ SSF 

0 0 0 1 
1 0 0 1 
X 0 0 1 

BD ∙ SFF ∙ SSF 
0 1 0 1 
1 1 0 1 
X 1 0 1 
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BU ∙ SFF ∙ SSF 

0 0 1 0 
0 1 1 0 
0 X 1 0 

S1 (UP) 

S# (xxx) 

UP DN ERR 
Inputs: 
BU BD SFF SSF 

S0 (FF) 

S4 (ES) 

1  0  0 0  0  1 

0  0  0 

BU ∙ SFF ∙ SSF 
1 0 1 0 
1 1 1 0 
1 X 1 0 

0 0 0 0 
0 0 0 1 
0 1 0 0 
0 1 0 1 
1 0 0 0 
1 0 0 1 
1 1 0 0 
1 1 0 1 
X X 0 X 

0 0 1 1 
0 1 1 1 
1 0 1 1 
1 1 1 1 
X X X 1 

 

SFF + SSF 

SFF ∙ SSF 
0 0 0 1 
0 1 0 1 
1 0 0 1 
1 1 0 1 
X X 0 1 

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

S2 (SF) S3 (DN) 

0  0  0 0  1  0 

SFF 
1 0 1 0 
1 0 1 1 
1 1 1 0 
1 1 1 1  
X X 1 X 

SFF ∙ SSF 

0 0 0 0 
0 1 0 0 
1 0 0 0 
1 1 0 0 
X X 0 0 

0 0 1 1 
0 1 1 1 
1 0 1 1 
1 1 1 1 
X X 1 X 

0 0 0 0 
0 0 1 0 
0 1 0 0 
0 1 1 0 
1 0 0 0 
1 0 1 0 
1 1 0 0 
1 1 1 0 
X X X 0 

SFF 

+ SSF 

SFF ∙ SSF 
0 0 1 0 
0 1 1 0 
1 0 1 0 
1 1 1 0 
X X 1 0 

SFF ∙ SSF 
0 0 0 0 
0 1 0 0 
1 0 0 0 
1 1 0 0 
X X 0 0 

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

SSF 
1 0 0 1 
1 0 1 1 
1 1 0 1 
1 1 1 1  
X X X 1 

BD ∙ SFF ∙ SSF 

0 0 0 1 
1 0 0 1 
X 0 0 1 

BD ∙ SFF ∙ SSF 
0 1 0 1 
1 1 0 1 
X 1 0 1 
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BU ∙ SFF ∙ SSF 

0 0 1 0 
0 1 1 0 
0 X 1 0 

S1 (UP) 

S# (xxx) 

UP DN ERR 
Inputs: 
BU BD SFF SSF 

S0 (FF) 

S4 (ES) 

1  0  0 0  0  1 

0  0  0 

BU ∙ SFF ∙ SSF 
1 0 1 0 
1 1 1 0 
1 X 1 0 

0 0 0 0 
0 0 0 1 
0 1 0 0 
0 1 0 1 
1 0 0 0 
1 0 0 1 
1 1 0 0 
1 1 0 1 
X X 0 X 

0 0 1 1 
0 1 1 1 
1 0 1 1 
1 1 1 1 
X X X 1 

 

SFF + SSF 

SFF ∙ SSF 
0 0 0 1 
0 1 0 1 
1 0 0 1 
1 1 0 1 
X X 0 1 

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

S2 (SF) S3 (DN) 

0  0  0 0  1  0 

SFF 
1 0 1 0 
1 0 1 1 
1 1 1 0 
1 1 1 1  
X X 1 X 

SFF ∙ SSF 

0 0 0 0 
0 1 0 0 
1 0 0 0 
1 1 0 0 
X X 0 0 

0 0 1 1 
0 1 1 1 
1 0 1 1 
1 1 1 1 
X X 1 X 

0 0 0 0 
0 0 1 0 
0 1 0 0 
0 1 1 0 
1 0 0 0 
1 0 1 0 
1 1 0 0 
1 1 1 0 
X X X 0 

SFF 

+ SSF 

SFF ∙ SSF 
0 0 1 0 
0 1 1 0 
1 0 1 0 
1 1 1 0 
X X 1 0 

SFF ∙ SSF 
0 0 0 0 
0 1 0 0 
1 0 0 0 
1 1 0 0 
X X 0 0 

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

SSF 
1 0 0 1 
1 0 1 1 
1 1 0 1 
1 1 1 1  
X X X 1 

BD ∙ SFF ∙ SSF 

0 0 0 1 
1 0 0 1 
X 0 0 1 

BD ∙ SFF ∙ SSF 
0 1 0 1 
1 1 0 1 
X 1 0 1 
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BU ∙ SFF ∙ SSF 

0 0 1 0 
0 1 1 0 
0 X 1 0 

S1 (UP) 

S# (xxx) 

UP DN ERR 
Inputs: 
BU BD SFF SSF 

S0 (FF) 

S4 (ES) 

1  0  0 0  0  1 

0  0  0 

BU ∙ SFF ∙ SSF 
1 0 1 0 
1 1 1 0 
1 X 1 0 

0 0 0 0 
0 0 0 1 
0 1 0 0 
0 1 0 1 
1 0 0 0 
1 0 0 1 
1 1 0 0 
1 1 0 1 
X X 0 X 

0 0 1 1 
0 1 1 1 
1 0 1 1 
1 1 1 1 
X X X 1 

 

SFF + SSF 

SFF ∙ SSF 
0 0 0 1 
0 1 0 1 
1 0 0 1 
1 1 0 1 
X X 0 1 

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

S2 (SF) S3 (DN) 

0  0  0 0  1  0 

SFF 
1 0 1 0 
1 0 1 1 
1 1 1 0 
1 1 1 1  
X X 1 X 

SFF ∙ SSF 

0 0 0 0 
0 1 0 0 
1 0 0 0 
1 1 0 0 
X X 0 0 

0 0 1 1 
0 1 1 1 
1 0 1 1 
1 1 1 1 
X X 1 X 

0 0 0 0 
0 0 1 0 
0 1 0 0 
0 1 1 0 
1 0 0 0 
1 0 1 0 
1 1 0 0 
1 1 1 0 
X X X 0 

SFF 

+ SSF 

SFF ∙ SSF 
0 0 1 0 
0 1 1 0 
1 0 1 0 
1 1 1 0 
X X 1 0 

SFF ∙ SSF 
0 0 0 0 
0 1 0 0 
1 0 0 0 
1 1 0 0 
X X 0 0 

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

SSF 
1 0 0 1 
1 0 1 1 
1 1 0 1 
1 1 1 1  
X X X 1 

1 
X X X X 

BD ∙ SFF ∙ SSF 

0 0 0 1 
1 0 0 1 
X 0 0 1 

BD ∙ SFF ∙ SSF 
0 1 0 1 
1 1 0 1 
X 1 0 1 
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BU ∙ SFF ∙ SSF 

0 X 1 0 

S1 (UP) 

S# (xxx) 

UP DN ERR 
Inputs: 
BU BD SFF SSF 

S0 (FF) 

S4 (ES) 

1  0  0 0  0  1 

0  0  0 
BU ∙ SFF ∙ SSF 

1 X 1 0 
SFF + SSF 

X X 0 X 
X X X 1 

 

SFF ∙ SSF 
X X 0 1 

S2 (SF) S3 (DN) 

0  0  0 0  1  0 

SFF 
X X 1 X 

SFF ∙ SSF 

X X 0 0 

BD ∙ SFF ∙ SSF 

X 0 0 1 

X X 1 X 
X X X 0 

SFF + SSF 
SFF ∙ SSF 

X X 1 0 

SFF ∙ SSF 
X X 0 0 

SSF 
X X X 1 

1 
X X X X 

BD ∙ SFF ∙ SSF 
X 1 0 1 
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Current Next

BU BD SFF SSF State State UP DN ERR

0 0 0 0 S0 S4 0 0 0

0 0 0 1 S0 S4 0 0 0

0 0 1 0 S0 S0 0 0 0

0 0 1 1 S0 S4 0 0 0

0 1 0 0 S0 S4 0 0 0

0 1 0 1 S0 S4 0 0 0

0 1 1 0 S0 S0 0 0 0

0 1 1 1 S0 S4 0 0 0

1 0 0 0 S0 S4 0 0 0

1 0 0 1 S0 S4 0 0 0

1 0 1 0 S0 S1 0 0 0

1 0 1 1 S0 S4 0 0 0

1 1 0 0 S0 S4 0 0 0

1 1 0 1 S0 S4 0 0 0

1 1 1 0 S0 S1 0 0 0

1 1 1 1 S0 S4 0 0 0

Inputs Outputs

⋮ 
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Current

State 0000 0001 0010 0011 0100 0101 0110 0111 1000 1001 1010 1011 1100 1101 1110 1111

S0 S4 S4 S0 S4 S4 S4 S0 S4 S4 S4 S1 S4 S4 S4 S1 S4

S1 S1 S2 S4 S4 S1 S2 S4 S4 S1 S2 S4 S4 S1 S2 S4 S4

S2 S4 S2 S4 S4 S4 S3 S4 S4 S4 S2 S4 S4 S4 S3 S4 S4

S3 S3 S4 S0 S4 S3 S4 S0 S4 S3 S4 S0 S4 S3 S4 S0 S4

S4 S4 S4 S4 S4 S4 S4 S4 S4 S4 S4 S4 S4 S4 S4 S4 S4

Inputs (BU BD SFF SSF)

Next State
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farm road 

highway 

car sensors 

34 



Jeff Shelton – 5 March 2015 











farm road 

highway 

car sensors 
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Traffic Light 
Controller 

Interval 
Timer 
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S0 (HG) 

S# (xxx) 
HG HY HR FG FY FR SS SL 

Inputs: 
CS TS TL 

S3 (FY) S2 (FG) S1 (HY) 
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S0 (HG) 

1 0 0 0 0 1 0 1 

S# (xxx) 
HG HY HR FG FY FR SS SL 

0XX 
1X0 

CS + CS ⋅ TL  

Inputs: 
CS TS TL 

1X1 
CS ⋅ TL 

 
S3 (FY) S2 (FG) S1 (HY) 
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S0 (HG) 

1 0 0 0 0 1 0 1 

S# (xxx) 
HG HY HR FG FY FR SS SL 

0XX 
1X0 

CS + CS ⋅ TL  

Inputs: 
CS TS TL 

S1 (HY) 

0 1 0 0 0 1 1 0 

1X1 
CS ⋅ TL 

 

X0X 
TS 

X1X 
TS S3 (FY) S2 (FG) 
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S0 (HG) 

1 0 0 0 0 1 0 1 

S# (xxx) 
HG HY HR FG FY FR SS SL 

0XX 
1X0 

CS + CS ⋅ TL  

Inputs: 
CS TS TL 

S1 (HY) 

0 1 0 0 0 1 1 0 

1X1 
CS ⋅ TL 

 

X0X 
TS 

S2 (FG) 

0 0 1 1 0 0 0 1 

X1X 
TS 

1X0 
CS ⋅ TL 

0XX 
XX1 

CS + TL 

S3 (FY) 
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S0 (HG) 

1 0 0 0 0 1 0 1 

S# (xxx) 
HG HY HR FG FY FR SS SL 

0XX 
1X0 

CS + CS ⋅ TL  

Inputs: 
CS TS TL 

S1 (HY) 

0 1 0 0 0 1 1 0 

1X1 
CS ⋅ TL 

 

X0X 
TS 

S2 (FG) 

0 0 1 1 0 0 0 1 

X1X 
TS 

1X0 
CS ⋅ TL 

S3 (FY) 

0 0 1 0 1 0 1 0 

0XX 
XX1 

CS + TL 

X0X 
TS 

X1X 
TS 
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Current Next

CS TS TL State State HG HY HR FG FY FR SS SL

0 0 0 HG HG 1 0 0 0 0 1 0 1

0 0 1 HG HG 1 0 0 0 0 1 0 1

0 1 0 HG HG 1 0 0 0 0 1 0 1

0 1 1 HG HG 1 0 0 0 0 1 0 1

1 0 0 HG HG 1 0 0 0 0 1 0 1

1 0 1 HG HY 1 0 0 0 0 1 0 1

1 1 0 HG HG 1 0 0 0 0 1 0 1

1 1 1 HG HY 1 0 0 0 0 1 0 1

0 0 0 HY HY 0 1 0 0 0 1 1 0

0 0 1 HY HY 0 1 0 0 0 1 1 0

0 1 0 HY FG 0 1 0 0 0 1 1 0

0 1 1 HY FG 0 1 0 0 0 1 1 0

1 0 0 HY HY 0 1 0 0 0 1 1 0

1 0 1 HY HY 0 1 0 0 0 1 1 0

1 1 0 HY FG 0 1 0 0 0 1 1 0

1 1 1 HY FG 0 1 0 0 0 1 1 0

0 0 0 FG FY 0 0 1 1 0 0 0 1

0 0 1 FG FY 0 0 1 1 0 0 0 1

0 1 0 FG FY 0 0 1 1 0 0 0 1

0 1 1 FG FY 0 0 1 1 0 0 0 1

1 0 0 FG FG 0 0 1 1 0 0 0 1

1 0 1 FG FY 0 0 1 1 0 0 0 1

1 1 0 FG FG 0 0 1 1 0 0 0 1

1 1 1 FG FY 0 0 1 1 0 0 0 1

0 0 0 FY FY 0 0 1 0 1 0 1 0

0 0 1 FY FY 0 0 1 0 1 0 1 0

0 1 0 FY HG 0 0 1 0 1 0 1 0

0 1 1 FY HG 0 0 1 0 1 0 1 0

1 0 0 FY FY 0 0 1 0 1 0 1 0

1 0 1 FY FY 0 0 1 0 1 0 1 0

1 1 0 FY HG 0 0 1 0 1 0 1 0

1 1 1 FY HG 0 0 1 0 1 0 1 0

Inputs Current Outputs
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Current

State 000 001 010 011 100 101 110 111

HG HG HG HG HG HG HY HG HY

HY HY HY FG FG HY HY FG FG

FG FY FY FY FY FG FY FG FY

FY FY FY HG HG FY FY HG HG

Inputs (CS TS TL)

Next State
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