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a lot of hands on example for learning 

How can I learn to appreciate the 
theoretical realm of computing if I have 
always worked with concrete examples and 
systems? 



Regular 
Expressions 
in Practice

2https://xkcd.com/208/
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https://blog.cloudflare.com/details-of-the-cloudflare-outage-on-july-2-2019/ 

https://blog.cloudflare.com/details-of-the-cloudflare-outage-on-july-2-2019/
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RE:  .* .* = .*

x=xx

x=xxxxxx

x=xxxxxxxxxxxxxxxxxxxxxxxxxx

String:



Write regular expression to match 
(and only match) valid regular expressions
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https://stackoverflow.com/search?q=regular+expressions
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Write regular expression to match 
(and only match) valid regular expressions

Is it possible?

{0𝑛1𝑛: for some integer 𝑛} is not regular

{(𝑛)𝑛: for some integer 𝑛} is not regular

{𝑥 ∈ , ∗: parathesis in 𝑥 is paired } is not regular
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Computation models (so far)

Boolean circuits:
☺ Can compute every function on fixed input length
 Need a different circuit for each input length.

DFA (and RE, NFA):
☺ Can describe one algorithm/method for all inputs
 It is limited in how it accesses its inputs (one pass)
 It is limited in how much memory it has (constant)

11



Can we get the best of both

Turing Machines!

☺ A single algorithm for all input lengths

☺ Can read its input back and forth

☺ Can store data and read back (storage as memory)
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How DFA worked
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0 0 0 1 1 1 0 1 0 … end of string

TransitionCurrent state



Turing Machine
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⊳ 0 0 1 1 1 ∅ ∅ ∅ …

Transition

Semi-infinite tape (memory)

Tape initially 
contains the input 
followed by blanks

If DFA “halts”, 
→ tape contains 
the output

Current state



Turing Machines
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Registration Survey
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What is a 
Turing Machine?

Hope to understand 
Turing Machines a little better
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https://www.cs.virginia.edu/~robins/
Turing_Paper_1936.pdf 

https://www.cs.virginia.edu/~robins/Turing_Paper_1936.pdf
https://www.cs.virginia.edu/~robins/Turing_Paper_1936.pdf
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https://courses.cs.umbc.edu/471/papers/turing.pdf 

https://courses.cs.umbc.edu/471/papers/turing.pdf
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What are we modeling?
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Follow simple rules

Remember what you are doing



Turing Machine Model
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A Turing Machine, is defined by Σ, 𝑘, 𝛿 :
 
𝒌 ∈  ℕ: a finite number of states
Σ ∶ alphabet − finite set of symbols 

Σ ⊇ {0, 1, ⊳, ∅}  
𝜹: transition function

𝜹: 𝑘  ×  Σ → 𝑘  ×  Σ × {𝐋, 𝐑, 𝐒, 𝐇}

Left, Right, Stay, Halt



Turing Machine
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⊳ 0 0 1 1 1 ∅ ∅ ∅ …

Transition

Semi-infinite tape (memory)

Tape initially 
contains the input 
followed by blanks



Execution of a TM
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Definition. The execution of a TM, 𝑀 = Σ, 𝑘, 𝛿  on input 𝑥 ∈ 0, 1 ∗ is this process:
1. Initialize  𝑇 as ⊳, 𝑥0, 𝑥1, … , 𝑥𝑛−1, ∅, ∅, ∅, ... where 𝑛 = 𝑥 .
 That is, 𝑇 0 = ⊳, 𝑇 𝑖 + 1 = 𝑥𝑖  for 𝑖 ∈ [𝑛], and 𝑇 𝑖 = ∅ for 𝑖 > 𝑛.
2. Initialize two natural number variables, 𝑖 = 0, 𝑠 = 0.
3. repeat
 1. 𝑠′, 𝜎′, 𝐷 =  𝜹 𝑠, 𝑇 𝑖
 2. 𝑠 ∶= 𝑠′, 𝑇 𝑖 : = 𝜎′

 3. if 𝐷 = 𝐑: 𝑖 ∶= 𝑖 + 1
     if 𝐷 = 𝐋: 𝑖 ∶= max{𝑖 − 1, 0}
     if 𝐷 = 𝐇: 𝐛𝐫𝐞𝐚𝐤 

A Turing Machine, is defined by Σ, 𝑘, 𝛿 :
𝒌 ∈  ℕ: a finite number of states
Σ ∶ alphabet − finite set of symbols 

Σ ⊇ {0, 1, ⊳, ∅}  
𝜹: transition function

𝜹: 𝑘  ×  Σ → 𝑘  ×  Σ ×  {𝐋, 𝐑, 𝐒, 𝐇}



Turing Machine
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⊳ 0 0 1 1 1 ∅ ∅ ∅ …

Transition

Semi-infinite tape (memory)

Tape initially 
contains the input 
followed by blanks

If transition “halts”, 
→ tape contains 
the output
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Definition. The output of the execution of a TM, 𝑀 = Σ, 𝑘, 𝛿  on input 𝑥 ∈ 0, 1 ∗ is the 
result of this process:
1. Initialize  𝑇 as ⊳, 𝑥0, 𝑥1, … , 𝑥𝑛−1, ∅, ∅, ∅, ... where 𝑛 = 𝑥 .
 That is, 𝑇 0 = ⊳, 𝑇 𝑖 + 1 = 𝑥𝑖  for 𝑖 ∈ [𝑛], and 𝑇 𝑖 = ∅ for 𝑖 > 𝑛.
2. Initialize two natural number variables, 𝑖 = 0, 𝑠 = 0.
3. repeat
 1. 𝑠′, 𝜎′, 𝐷 =  𝜹 𝑠, 𝑇 𝑖
 2. 𝑠 ∶= 𝑠′, 𝑇 𝑖 : = 𝜎′

 3. if 𝐷 = 𝐑: 𝑖 ∶= 𝑖 + 1
     if 𝐷 = 𝐋: 𝑖 ∶= max{𝑖 − 1, 0}
     if 𝐷 = 𝐇: 𝐛𝐫𝐞𝐚𝐤 
4. If the process finishes (the repeat breaks), the result of this process is:
 𝑀 𝑥 = 𝑇 1 , … , 𝑇 𝑚  where 𝑚 > 0 is the smallest integer, 𝑇 𝑚 + 1 ∉ {0,1}.
    Otherwise (i.e., the machine does NOT halt), then define 𝑀 𝑥 = ⊥. 
    [warning: ⊥ is not an actual output]

Output of executing TM



Special Simpler Case: No Input Execution
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Definition. The output of the execution of a TM, 𝑀 = Σ, 𝑘, 𝛿  is the result of this 
process:
1. Initialize  𝑇 as ⊳, ∅, ∅, ∅, ...
2. Initialize two natural number variables, 𝑖 = 0, 𝑠 = 0.
3. repeat
 1. 𝑠′, 𝜎′, 𝐷 =  𝜹 𝑠, 𝑇 𝑖
 2. 𝑠 ∶= 𝑠′, 𝑇 𝑖 : = 𝜎′

 3. if 𝐷 = 𝐑: 𝑖 ∶= 𝑖 + 1
     if 𝐷 = 𝐋: 𝑖 ∶= max{𝑖 − 1, 0}
     if 𝐷 = 𝐇: 𝐛𝐫𝐞𝐚𝐤 
4. If the process finishes (the repeat breaks), the result of this process is:
 𝑀 𝑥 = 𝑇 1 , … , 𝑇 𝑚  where 𝑚 > 0 is the smallest integer, 𝑇 𝑚 + 1 ∉ {0,1}.
    Otherwise (i.e., the machine does NOT halt), then define 𝑀 𝑥 = ⊥. 
    [warning: ⊥ is not an actual output]



Who needs input?
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Given a TM, 𝑀 = Σ, 𝑘, 𝛿  and input 𝑥, produce a 
TM, 𝑀′ = Σ, 𝑘′, 𝛿′  such that the output 𝑀′(x) in the 
No-Input model, is the same as the output 𝑀(𝑥) in 
the normal model. 

Why always possible?
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Registration Survey
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What is a 
Turing Machine?

Hope to understand 
Turing Machines a little better



What’s a Turing Machine?

•

•

•
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Simulating Turing Machines
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http://morphett.info/turing/turing.html

0 0 0 r 0
0 1 1 r b
0 _ _ * halt-accept
b 0 0 r b
b 1 1 r b
b _ _ * halt-reject

http://morphett.info/turing/turing.html


Midterm statistics

38



Charge
Regular expressions

Limits, failures

Turing Machines

39

PS7 due next Tue (April 1)
Coming soon: PS8, PRR9

Photo credit

https://sciencephotogallery.com/featured/alan-turing-finishing-a-race-national-physical-laboratory-c-crown-copyrightscience-photo-library.html
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