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ε

{ w | w 1 } 
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Interlude: 



ε

{ w | w 1 } 
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Prove: L = { … }  

Proof: 
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• Prove
• A = { w | w 1’s } 
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Proof: 
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• {w | w 1’s} 

•
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• Q = {q0, q1, q2, q3, q4+} 
 

• Σ= {0, 1} 
 

•

•

• q0 
 

•

• {q3} 



https://dev.to/nuxt-wimadev/7-powerful-principles-to-tackle-complex-coding-problems-40a5 

https://medium.com/@dannysmith/breaking-down-problems-its-hard-when-you-re-learning-to-code-f10269f4ccd5 

https://javascript.plainenglish.io/5-step-process-to-solve-complex-programming-problems-8e4f74cfd88e 





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 



OR

M1: 

M2: 

M3: “OR” 



{ fort, south } { point, boston } 

{ fort, south , point, boston } 









• 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

M
A1 A2

???

 

P → Q TRUE P TRUE  Q TRUE 



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

A B B A

???

 



• If X then Y

• If Y then X

•

• If not X then not Y

•

• If not Y then not X

•



• Prove

• Proof
Case analysis:  
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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

⇐



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

⇐
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M1 M2

A1 ⋃ A2



Proof
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• M1 M2 A1 ⋃ A2 

• M

• M
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M
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  = Q1 × Q2 

M
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M:
M1 M2



Proof
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• M1 M2 A1 ⋃ A2 
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  = Q1 × Q2 



Proof
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• M1 M2 A1 ⋃ A2 
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  = Q1 × Q2 

M
M1 M2



Proof
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• M1 M2 A1 ⋃ A2 

• M

• M

• M

• M

  = Q1 × Q2 

Q M1 M2



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

Previously 





A1 ⋃ A2 M 

s1

s2

s3

s4

A1 ⋃ A2? 

A1 A2

 

s1 ∈ A1 s2 ∈ A2 

s3 ∉ A1 s4 ∉ A2 



A1 ⋃ A2 M 

s1

s2

s3

s4

s5

A1 ⋃ A2?  

s1 ∈ A1 s2 ∈ A2 

s3 ∉ A1 s4 ∉ A2 

s5 ∉ A1 ∉ A2 



Proof
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• M1 M2 A1 ⋃ A2 

• M
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• M

• M

  = Q1 × Q2 

M1 M2



A1 ⋃ A2 M 

s1

s2

s3

s4

s5

A1 ⋃ A2?  M1 M2

s1 ∈ A1 s2 ∈ A2 

s5 ∉ A1 ∉ A2 

( J1 ) 

( J1 ) 

( J1 ) 

( J1 ) 



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

Previously 







212 Beacon Street 

M1: M2: 

M3: “CONCAT” 



{ fort, south } { point, boston } 

{ fortpoint, fortboston, southpoint, southboston } 



• M  A1∘ A2

• M1 A1

• M2 A2



M1 M2 

M1 M2 

M 
M 

??? 



• M1 A = { ,  } 

• M2 B = {  } 

• M A∘B = { ,  } 

 

• M

• M
• M1
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• M1 A = { ,  } 

• M2 B = {  } 

• M A∘B = { ,  } 
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• M
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• M2

•



• M1 A = { ,  } 

• M2 B = {  } 

• M A∘B = { ,  } 
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• A∘B
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• A1 A2  
• A1 A2
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