
 

Mapping Reducibility 
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Flashback: 

Thm

Proof

• Assume: R

• Contradiction A

R M w 

M wA

HALT



Flashback:  

→



Definition:

•
accept reject

•

•
•



Definition:

w ∈ A  

“if and only if” 
f(w) ∈ B

⇒ w ∈ A  f(w) ∈ B 

⇐ f(w) ∈ B w ∈ A 

w f(w) 



Flashback:

X Y

Y X

X Y

Y X

•



Flashback:

X Y

× Y X

•

× X Y

•

 Y X

•



Definition:

⇒ w ∈ A  f(w) ∈ B 

⇐ f(w) ∈ B w ∈ A 

w ∉ A  f(w) ∉ B 

A B w f(w) 



Step 2a: ⇒ w ∈ A  f(w) ∈ B 

Step 2b: ⇐ f(w) ∈ B w ∈ A 

Step 2b, alternate w ∉ A  f(w) ∉ B 

Step 1: 

f

Step 2: 
iff



Thm

To show: 

Step 1: f <M, w>  <M’, w> 

Step 2:

M M’ 

M’ 

M’ M,

 

Step 2:
M  w

M’  w



⇒ M w M’ w 

• M’ M

⇐ M’ w M w 

⇐ M w M’ w

•
1. M M

2. M M

Step 2:
M  w

M’  w

M w 



M  w M’  w M’  w

M’ w



M  w M’  w M’  w

⇒ M w M’ w 

• M’ M

⇐ M’ w M w 

⇐ M w M’ w

•
1. M M

2. M M

M  

M





M’  

M’  



f
w ∈ A ⇔ f(w) ∈ B,  
A ≤m B 

M f
f  

Previously 



F  f 

f 

⟨M,w⟩ ∈ A  ⇒ f(⟨ M,w ⟩) ∈ HALT

⟨M,w⟩ ∉ A  ⇒ f(⟨ M,w ⟩) ∉ HALT

⟨M,w⟩ ∈ A  ⇔ f(⟨ M,w ⟩) ∈ HALT

A  ≤m HALT

f
w ∈ A ⇔ f(w) ∈ B,  
A ≤m B 

M f
f  

Thm



•

•



 

 

iff M f(w) N w
f(w) B w A

f
- w ∈ A f(w) ∈ B
- w' ∉ A f(w’) ∉ B 

w f(w) 

w’ f(w’) 



•

•



??? 



• Proof

• Assume B

• A

• Contradiction A



•

•







Summary: 

Step 2a: ⇒ w ∈ A  f(w) ∈ B 

Step 2b: ⇐ f(w) ∈ B w ∈ A 

Step 2b, alternate w ∉ A  f(w) ∉ B 

Step 1: 

f

Step 2: 
iff



Summary:

•

•

 
Proof 

Technique #4

 



Alternate Proof: 

•

•

• A

• A HALT

• HALT

 

Proof 
Technique #4

 



F  f 

f 

⟨M,w⟩ ∈ A  ⇒ f(⟨ M,w ⟩) ∈ HALT

⟨M,w⟩ ∉ A  ⇒ f(⟨ M,w ⟩) ∉ HALT

⟨M,w⟩ ∈ A  ⇔ f(⟨ M,w ⟩) ∈ HALT

A  ≤m HALT

A

HALT

Alternate Proof: 

A  ≤m HALT



Flashback: 

Proof

• Assume R



Step 1: f <M>  <M1, M2> S 

Alternate Proof:  

Step 2 iff
 ⇒ <M> ∈ E <M, M1> ∈ EQ
 ⇐ <M> ∉ E <M, M1> ∉ EQ



Step 1: f <M>  <M1, M2> S 

Alternate Proof:  

Step 2 iff
 ⇒ <M> ∈ E <M, M1> ∈ EQ
 ⇐ <M> ∉ E <M, M1> ∉ EQ



Flashback: 

Proof

• Assume R

M  w,  
M1 w

M1 ETM  



Alternate Proof:  

Step 1: f <M, w>  <M’> S 

•

•
•

Step 2: 

M  w,  
M1 w

M1 ETM  



COP A A

A 

 

E  = { 〈M〉 | M is a  and L(M) = ∅ } 

 

E  = { 〈M〉 | M is a  and L(M) ≠ ∅ } 

 

 
⋃ { w | w is a string that is not a  description }  



Proof

• Assume L L
• L

• L L
•



Next: 



•

•







•

•

• ⇒

Proof Technique #1

Contrapositive ⇒ 





⇒ 

•

•
EQ

•
• EQ

EQ

Proof Technique #1

Contrapositive ⇒ 



EQ
M 〈G, H〉 G H

• w

• w ∈ L(G) w ∉ L(H),  
• w ∉ L(G) w ∈ L(G) 

•

EQ

L(G)  L(H) 







⇒ 

•
• E

•
E

•
• E

E

Proof Technique #1

Contrapositive ⇒ 



E

E

L(M)  







•

•

•

•



•
Proof Technique #2: 





 



• 

• 



• 

• 

 

 

Step 2 iff
⇒ M w M1 ≠ M2 

  M1

M2

⇐ M w M1 = M2 

  M1

M2  

Step 1 



• 

• 

•

•



Previous:

• 

• 

 

 

Step 1 



• 

• 

 

  

Step 2, iff
⇒ M w M1 M2 

⇐ M w M1 ≠ M2 

Step 1 






