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Computability 
Theory

What are algorithms and what can they do?



Euclid’s algorithm

Euclid_GCD(a, b):

    while (a ≠ b)

        if (a > b)

            a := a - b

        else

            b := b - a

    return a

a = 49, b = 84

a = 49, b = 35

a = 14, b = 35

a = 14, b = 21

a = 14, b = 7

a = 7,  b = 7



“An algorithm is a finite sequence of 

precise steps that can be used

to solve a problem in a finite amount of 
time”



A problem is a function from a set of inputs to a set of outputs

𝑓: 𝐼 → 𝑂

What is the GCD of 𝑥 and 𝑦? What is the shortest path in graph 𝐺 

between nodes 𝑖 and 𝑗?

What is the sorted order of list 𝑙?



A decision problem is a problem with a boolean output

𝑓: 𝐼 → {𝐹𝐴𝐿𝑆𝐸, 𝑇𝑅𝑈𝐸}

Is number 𝑛 prime? Is graph 𝐺 fully connected?

Can program 𝑝 ever trigger a SEGFAULT?



Inputs (outputs) as strings

1

3

6 5

4

2

“(1>2);(1>6);(2>3);(3>1);(3>4);(3>5);(4>5);(5>4)”



A problem is a function from a set of inputs to a set of outputs

𝑓: Σ1
∗ → Σ2

∗

strings strings

A decision problem is a problem with a boolean output

𝑓: Σ∗ → {𝐹𝐴𝐿𝑆𝐸, 𝑇𝑅𝑈𝐸}
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