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Mapping reductions
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𝑓 = 𝑇𝑅𝑈𝐸

𝑓 = 𝐹𝐴𝐿𝑆𝐸

𝑔 = 𝑇𝑅𝑈𝐸

𝑔 = 𝐹𝐴𝐿𝑆𝐸

{0, 1}∗ {0, 1}∗



Mapping reductions (2)
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𝑀𝑡 𝑀𝑔

𝑡(𝑤)
𝐹𝐴𝐿𝑆𝐸

𝑤

𝑀𝑓

𝑓 ≤𝑚 𝑔 ≝ ∃𝑡: Σ∗ → Σ∗, 𝑠. 𝑡. ቊ
𝑡 𝑖𝑠 𝑐𝑜𝑚𝑝𝑢𝑡𝑎𝑏𝑙𝑒

∀𝑤 ∈ Σ∗, 𝑓 𝑤 = 𝑔(𝑡 𝑤 )

𝑇𝑅𝑈𝐸



“Hardness”
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𝑓 is either “easier” or “as hard as” 𝑔
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𝑓 is either “easier” or “as hard as” 𝑔
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ALL 𝑒𝑛𝑐 𝑀 =

𝑇𝑅𝑈𝐸 ∀𝑤 ∈ 0, 1 ∗, 𝑀 𝑤 ℎ𝑎𝑙𝑡𝑠

𝐹𝐴𝐿𝑆𝐸 𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒
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ANY 𝑒𝑛𝑐 𝑀 =

𝑇𝑅𝑈𝐸 ∃𝑤 ∈ 0, 1 ∗, 𝑀 𝑤 ℎ𝑎𝑙𝑡𝑠

𝐹𝐴𝐿𝑆𝐸 𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒



Complement of a problem
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𝑓 𝜀 = 𝑇𝑅𝑈𝐸

𝑓 0 = 𝐹𝐴𝐿𝑆𝐸

𝑓 1 = 𝑇𝑅𝑈𝐸

𝑓 00 = 𝑇𝑅𝑈𝐸

𝑓 01 = 𝐹𝐴𝐿𝑆𝐸

𝑓 10 = 𝑇𝑅𝑈𝐸

𝑓 11 = 𝐹𝐴𝐿𝑆𝐸

𝑓 000 = 𝐹𝐴𝐿𝑆𝐸

𝑓 001 = 𝑇𝑅𝑈𝐸

𝑓 010 = 𝐹𝐴𝐿𝑆𝐸

…

ҧ𝑓 𝜀 = 𝐹𝐴𝐿𝑆𝐸

ҧ𝑓 0 = 𝑇𝑅𝑈𝐸

ҧ𝑓 1 = 𝐹𝐴𝐿𝑆𝐸

ҧ𝑓 00 = 𝐹𝐴𝐿𝑆𝐸

ҧ𝑓 01 = 𝑇𝑅𝑈𝐸

ҧ𝑓 10 = 𝐹𝐴𝐿𝑆𝐸

ҧ𝑓 11 = 𝑇𝑅𝑈𝐸

ҧ𝑓 000 = 𝑇𝑅𝑈𝐸

ҧ𝑓 001 = 𝐹𝐴𝐿𝑆𝐸

ҧ𝑓 010 = 𝑇𝑅𝑈𝐸

…
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𝐻𝐴𝐿𝑇 𝑒𝑛𝑐 𝑀,𝑤 =

𝑇𝑅𝑈𝐸 𝑀 𝑤 𝑑𝑜𝑒𝑠𝑛′𝑡 ℎ𝑎𝑙𝑡

𝐹𝐴𝐿𝑆𝐸 𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒



𝑓 ∈ 𝑅 ⇒ ҧ𝑓 ∈ 𝑅
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𝑤

𝐷 ҧ𝑓
𝑇𝑅𝑈𝐸

𝐹𝐴𝐿𝑆𝐸

𝐷𝑓



𝑓 ∈ 𝑅𝐸 ∧ ҧ𝑓 ∈ 𝑅𝐸 ⇒ 𝑓 ∈ 𝑅
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𝑓 ∈ 𝑅𝐸 ∧ ҧ𝑓 ∈ 𝑅𝐸 ⇒ 𝑓 ∈ 𝑅
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𝐴𝐿𝐿 𝑒𝑛𝑐 𝑀 =

𝑇𝑅𝑈𝐸 ∃𝑤 ∈ 0, 1 ∗, 𝑀 𝑤 𝑑𝑜𝑒𝑠𝑛′𝑡 ℎ𝑎𝑙𝑡

𝐹𝐴𝐿𝑆𝐸 𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒



Placement of problems
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Programming challenge
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Defeat a “Halting problem decider”

• You are provided with a program that attempts to solve the halting problem

• Provide an example of a (TM, input) pair that tricks the “decider”

• Provide a justification that indeed your pair does not halt

• Soft deadline: Wednesday, 30 OCT 2024, 23:55

L5 Reductions


