
Modeling Computation

Introduction to Formal Languages and Automata

Turing Machines



Finite Automata (DFAs, NFAs)
• Storage: __________
• Recognize __________ languages

Pushdown Automata (PDAs)
• Storage: __________
• Recognize __________ languages

What languages can be recognized by any computational 
device whatsoever?



A more powerful model of a computer

1928: Hilbert’s Entscheidungsproblem.

1936: Alan Turing proposes the a-machine, 

a model of any possible computation.

Shows that a general solution to

the entscheidungsproblem is

impossible.



Turing Machine
Finite control

Read/Write head

Input/Output tape



Turing Machine (TM)

𝑀 = 𝑄, Σ, Γ, 𝛿, 𝑞0, 𝐵, 𝐹
𝑄
Σ
Γ
𝛿
𝑞0

𝐵
𝐹



The language 𝐿 𝑀 of TM 𝑀 is the set of strings 
𝑤 ∈ Σ∗ such that 𝑀 halts on 𝑤.

The class of languages recognized by Turing 

machines is called ______________________.



Graphical Representations of TMs

transitions

start state final state

“𝑎/𝑋 →” means  -

-

-



Computations by TMs

Let _______ denote that TM 𝑀 never halts on input 𝑤.

A configuration ___________ specifies
current state

string to left of tape head

symbol under tape head

string to right of tape head



Let _______ denote that configuration 𝐶1 yields 
𝐶2 in one step by applying a transition 
𝛿 𝑠, 𝑎 , s ∈ 𝑄, 𝑎 ∈ Σ.

𝐶1____𝐶𝑛 denotes _________________



Suppose 𝑀 starts in ________ with head over 
the leftmost symbol in 𝑤 and halts in _______ 
for ℎ ∈ 𝐹 and 𝑢 ∈ Σ∗.

Denote ___ by 𝑀 𝑤 and call it the ________ of 
𝑀 on 𝑤.



Let 𝑓: Σ∗ → Σ∗

Let 𝐷𝑜𝑚 𝑓 = 𝑤 ∣ 𝑓 𝑤  is defined

𝑀 computes 𝑓 if

and



Partial Turing Computable function 𝑓

Turing Computable function 𝑓

Turing Computable language 𝐿



Undecidable problems are those whose 
corresponding language is 

_________________________________

The Church-Turing Thesis: 



Building Turing Machines

Build up large TMs using smaller ones like 
subroutines and define correct interfaces.

Example: Accept 𝑤 ∈ 𝑎𝑛𝑏𝑛𝑐𝑛 ∣ 𝑛 > 0

Strategy: (1)

(2)



Accept 

erase_abc:

check:

halt:



erase_a:

erase_b:

erase_c:

goto_front:



check:

halt:













Does the machine accept abcabc?


