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The Church-Turing Thesis



We are going to discuss …

What’s an “Algorithm”?3

Variants of T.M.s2

Turing Machines1



Turing Machine

A Turing Machine is a 7-tuple, ܳ, Σ, Γ, ,ߜ ,଴ݍ ௔௖௖௘௣௧ݍ , ௥௘௝௘௖௧ݍ where

1. ܳ is the set of states

2. Σ is the input alphabet such that blank symbol ⊔ ∉ Σ
3. Γ is the tape alphabet such that ⊔∈ Γ and Σ ⊆ Γ
4. :ߜ ܳ × Γ → ܳ × Γ × ,ܮ} ܴ}
5. ଴ݍ ∈ ܳ is the start state

6. ,௔௖௖௘௣௧ݍ ௥௘௝௘௖௧ݍ ∈ ܳ are accept and reject states where ݍ௔௖௖௘௣௧ ≠
௥௘௝௘௖௧ݍ
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Configuration
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Yields

• Assume 
– ܽ, ܾ, ܿ ∈ Γ, ݑ, ݒ ∈ Γ∗, ݍ௜ , ௝ݍ ∈ ܳ
– ݒ௜ܾݍܽݑ and ݍݑ௝ܽܿݒ are two configurations

ݒܾ࢏ࢗܽݑ yields ݒ࢐ܽܿࢗݑ

ߜ ,௜ݍ ܾ = ௝ݍ) , ܿ, (ܮ

if

ݒܾ࢏ࢗܽݑ yields ݒ࢐ࢗܿܽݑ

ߜ ௜ݍ , ܾ = ௝ݍ) , ܿ, ܴ)

if



Some designated configurations

• Start configuration
– ݓ଴ݍ

• Accepting configuration
– The configuration is in state ݍ௔௖௖௘௣௧

• Rejecting configuration
– The configuration is in state ݍ௥௘௝௘௖௧

Halting
Configurations



TM ܯ Accepts ݓ

• TM ܯ accepts input ݓ if a sequence of configurations ܥଵ, … , ௞ܥ
exists where
1. ଵܥ is the start configuration of ܯ on input ݓ
2. each ܥ௜ yields ܥ௜ାଵ, and

3. ௞ܥ is an accepting configuration



Turing–recognizable and –decidable languages

A language ܮ is Turing-recognizable (recursively-enumerable) if 
some TM

1. accept strings in ܮ, and

2. rejects strings not in ܮ by entering ݍ௥௘௝௘௖௧ or looping

A language ܮ is Turing-decidable (recursive) if some TM
1. accept strings in ܮ, and

2. rejects strings not in ܮ by entering ݍ௥௘௝௘௖௧
Decidable
languages

Turing-recognizable
languages



Some Examples

Describe a TM ܯଶ to decide ܣ = 0ଶ೙  | ݊ ≥ 0



Some Examples (cont’d)

Describe a TM ܯଷ to decide ܥ = ܽ௜ܾ௝ܿ௞  | ݅ × ݆ = ݇ and ݅, ݆, ݇ ≥ 1
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Some Examples (cont’d)

Describe a TM ܯସ to decide
ܧ = ௜ݔ ℓ | eachݔ#⋯#ଶݔ#ଵݔ# ∈ 0,1 ∗and ݔ௜ ≠ ௝ݔ  for each ݅ ≠ ݆


