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Computers: What can’t they do!
Computers: What can’t they do?
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I C
We need a precise (mathematical) deènition.

Abtract away details that might change.
✓ Operating System
✓ Processor speed
✓ Memory capacity
✓ Power source (electricity, natural gas, dilithium,…)
✓ Construction materials (silicon, graphene, legos,…)
✓ Programming language (Java, Racket, Prolog, HMMM,…)
✓ Architecture (single core, multicore, manycore, GPU, VLIW,…)
✓ Data representation (ASCII, Unicode, binary, trinary,…)
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T’ I C
State Machine, which
✓ A set of possible “conègurations” (states)
✓ Rules for how the system proceeds from one state to another

▶ Depends on current state and current input

✓ Accept or reject, based on the input this far.
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W   
The state of a system at some instant consists of the all internal
information needed to ègure out how to proceed.

State?

hp://www.éickr.com/photos/alexbrn/ǚǕǘǚǖǜǕǛǞǘ

State?

hp://www.éickr.com/photos/cambodiaǙkidsorg/ǘǕǖǞǞǙǝǜǘǝ

Many systems have  
more than 50 states! 
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F S M
A ènite state machine is a state machine with ènitely many possible
states.

Finite State?

hp://www.éickr.com/photos/alexbrn/ǚǕǘǚǖǜǕǛǞǘ

Finite State?

hp://www.éickr.com/photos/cambodiaǙkidsorg/ǘǕǖǞǞǙǝǜǘǝ
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D F S M (DFA)
Every state has one transition for every possible input symbol.
Often represented graphically:

q0! q1!

start state final (accepting) state(s) transition 

1!
0!

1!

0!

“input funnel” “where to go” double circled 

Does this machine accept 100? 1010?
What is the language of this machine?
Finite states = ènite memory. What are we “remembering” in each
state?
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DFA  
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DFA  
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DFA  

FSM == FearSoMe?!

The FSM controlling 
Shambler monsters… 

I'm Quaking in 
my AstroBoots 
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DFA  
Computers: State changes over time

10101010001000 
10001010101010 
00101010101010 
10101011010100 
00000010010000 
11110000000010 
00000101011101 

10101010001000 
10001010101010 
00101010101010 
10101011010100 
00000010010000 
11110000000010 
00000101011101 

10101010001000 
10001010101010 
00101010101010 
10101011010100 
00000010010000 
11110000000010 
00000101011101 

10101010001000 
10001010101010 
00101010101010 
10101011010100 
00000010010000 
11110000000010 
00000101011101 

Time 

�States� 
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A DFA
What is the language of this machine?

q0!
q1!

0!

1!

1! q2! 0,1!

0!

Finite states = ènite memory. What are we “remembering” in each
state?
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E
What DFA accepts

L = {w | the ˁ of ǖ’s inw is evenly divisible by Ǚ }

A Common Answer:
“I understood the examples, but I’m not sure how to start”

Suggestions:
✓ List a couple strings in L
✓ List a couple strings not in L
✓ What states will we need? What will theymean?
✓ Start sketching…
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JFLAP

Note: there’s a bug in this answer. It’s also not minimal.



“Q” NAME:

ǖ. Draw a DFA accepting
{w |w is the string 01 }

ǘ. Draw a DFA accepting
{w ∈ {0,1}∗ |w is a binary number that’s even }

initial Ǖ’s are OK

Ǘ. Draw a DFA accepting
{w |w is a binary power of Ǘ } initial Ǖ’s are OK

all Ǖ’s are not OK

Ǚ. Draw a DFA accepting
{w | èrst & last bit ofw aren’t different } 101

00

0010

0

1

ϵ

1001111

.

.

.
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M E
What DFA accepts L = {w ∈ {0, 1}∗ |w’s third character is a 1 } ?
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M E
What DFA accepts
L = {w ∈ {0, 1}∗ |w’s third-to-last character is a 1 } ?

ε

0 1

0 1

00 01 10 11

000 001 010 011 100 101 110 111

0

0 0

0

0 0

1

1 1 1

1

1

??

0 1

ε

0 1

0 1

00 01 10 11

000 001 010 011 100 101 110 111

0

0 0

0

0 0

1

1 1 1

1

1

0 1
(ETCETERA)
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M E
What DFA accepts
L = {w ∈ {0, 1}∗ |w’s third-to-last character is a 1 } ?
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DFA 
How can we know whether a DFA is as small as possible?

q3q0

q1 q2

q5 q4
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A DFA is minimal if every state is necessary (all states are
distinguishable)
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T P
ǖ. Given languages, ènd lower bounds on the number of states in any

corresponding state machine.
▶ E.g., { a3n |n ⩾ 0 } requires at least ǘ states.
▶ E.g., {w ∈ {0, 1}∗ |w’s third-to-last character is a 1 }

requires at least ǝ states.

Ǘ. Find languages requiring⩾ ∞ states
(are accepted by no ènite state machine).

ǘ. If computers are ènite state machines,
no computer can solve those problems!
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