
CS420 

Combining Automata &  

Closed Operations 



Announcements 

•
•

•
•

• IF-THEN



Last Time: 

L
L

2. M = (Q, Σ, δ, q0, F) 

3. M  L 
 

4. L = { w | w  1 } 
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Last Time: 
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M4: 

M1: 

M2: 

M3: OR 

M5: AND 

OR : DFA × DFA → DFA 
 

AND : DFA × DFA → DFA 



• = {0, 1, 2, …} 
•

• x y
• z = x + y 

•
•

•
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• = {…, -2, -1, 0, 1, 2, …} 
•
•

•

•
•

• = {x | x = y/z, y  z } 
•

•
• z !=0 



• = {L1, L2, …} 
•

• OR

• AND

•



•

•

•
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OR: Regular Lang × Regular Lang → Regular Lang 











• P → Q TRUE
P Q

•  P FALSE Q

•  P TRUE Q  TRUE 

• A ⋀ B TRUE
• A TRUE
• B TRUE 

IF-THEN Flashback: 



• P → Q TRUE
P Q

•  P FALSE Q

•  P TRUE Q  TRUE 

• P → Q TRUE
• P FALSE
• P TRUE  Q TRUE 

IF-THEN Flashback: 



1. A1 A2

M1 = (Q1, Σ, δ1, q1, F1) A1 

M2 = (Q2, Σ, δ2, q2, F2) A2 

M = (Q, Σ, δ, q0, F)

5. M A1 ⋃ A2 

6. A1 ⋃ A2

A1 A2

A1 A2
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A1 ⋃ A2 

M1 M2
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• M1 M2 A1 ⋃ A2 

• M

• M

• M

• M

M
M1 M2

  = Q1 × Q2 

M
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M2
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M1 M2



•

• M1 M2 A1 ⋃ A2 

• M

• M

• M

• M

M
M1

M2

  = Q1 × Q2 



•

• M1 M2 A1 ⋃ A2 

• M

• M

• M

• M

  = Q1 × Q2 

M
M1 M2



•

• M1 M2 A1 ⋃ A2 

• M

• M

• M

• M

  = Q1 × Q2 

Q M1 M2



212 Beacon Street 

M1: M2: 

M3: CONCAT 





• M  A1∘ A2

• M1 A1

• M2 A2



M1 M2 

M1 M2 

M 
M 

??? 



• M1 A = { ,  } 

• M2 B = {  } 

• M A∘B = { ,  } 

 

• M

• M
• M1

• M2

•



• M1 A = { ,  } 

• M2 B = {  } 

• M A∘B = { ,  } 

 

• M

• M
• M1

• M2

•



• M1 A = { ,  } 

• M2 B = {  } 

• M A∘B = { ,  } 

 

• M

• M
• M1

• M2

• A∘B
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• A1 A2  
• A1 A2
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Nondeterminism 
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•

• S = { , , } 

• S =  
• {{ }, { }, { }, { }, { , }, { , }, { , }, { , , }} 

•





•



01



•
• Σ = { a, b } 



N = (Q, Σ, δ, q0, F) 

• Q = { q1, q2, q3 } 

• Σ = { a, b } 

 

• δ  

 

• q0 = q1 

• F = { q1 } 

δ( q1, a ) = { } 

δ( q1, b ) = { q2 } 

δ( q1, ε ) = { q3 } 

δ( q2, a ) = { q2, q3 } 

δ( q2, b ) = { q3 } 

δ( q2, ε ) =  { } 

δ( q3, a ) = { q1 } 

δ( q3, b ) = { } 

δ( q3, ε ) = { } 

 



Next Time:
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