
Computational Problems,
Mapping Reduction

CSE 105 Week 8 Discussion



Deadlines and Logistics

● Test 2 next week (week 9)
● Do review quizzes on PrairieLearn
● HW 6 due 12/3/24 at 5pm (week 10)
● Project due 12/11/24 11am (final week)

http://us.prairielearn.com/


Multiple descriptions
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Properties of languages

1. Regular
a. Recognized by a DFA/NFA
b. Described by a regex

2. Context free
a. Recognized by a PDA
b. Generated by a CFG

3. (Turing) Decidable
a. Can be decided by a Tm

4. (Turing) Recognizable
a. Can be recognized by a Tm



Algorithm computation



Vocabulary check

1. Are all decidable languages recognizable?
2. If language A is recognizable and language B is decidable, is |A| > |B|
3. If M is a Turing machine, what is <M>?



Representations of algorithms



Turing Decidable Languages

Recap : Turing decidable languages are closed under complementation



Turing Decidable Languages - Recap

1. If a language is decidable if and only if it is co-recognizable and recognizable. 
2. If two languages over a fixed alphabet are turing-decidable, then their union is 

decidable as well
3. If two languages over a fixed alphabet are turing-recognizable, then their union 

is recognizable as well



Computational Problems



Computational problems



Computational problems for Turing machines



ATM is recognizable but undecidable

● ATM is Turing recognizable
○ We can define a Turing machine that recognizes ATM

● ATM is not Turing decidable
○ Proof by contradiction (diagonalization proof)
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Closure claims



Mapping Reduction



Motivation

● We want to leverage our previous results of language properties
● Thus, we want to relate the “difficulty level” of one problem to another



Mapping reduction & computable functions

“Can convert questions about membership in A to questions about membership in B”



Computable functions example

Define a Turing machine that computes the following function:



“No harder than”?



Mapping reduction practice


