CS5's view from here...

CS Practice

What's next? [ Final Projects '™ J

TextID More Life

Models of Computation
Uncomputable Problems

Impossible Problems!

... and the CS5 finale.

No reading this week!

Unifying idea: State
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The state of a computation is

all the internal information

For Picobot,
next step is
taken literally!

needed to take the next step

States as subtasks

State Machine:
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A model of computation: FSM

Finite State Machine

Example input

Input sequence 1 0 0 1 0 1 This input's

Read left-to-right Output:

Another accepted string:

Rejected example string:

0
1
Y0 —
/ / 1
Start state
“Input funne

Transitions Accepting states

“Where to go” Double-circled
Labeled by input !

|II

FSMs are everywhere!

Penny, fifty-cent piece,

. silver dollar, Canadian
’@ currency, CS 5 Euro, ...
nickel \
dime quarter
.4>
nickel
Mecha.n/ca/ fickel dime /nickel
vending
machine —
nickel

(some transitions not shown)

www.youtube.com/watch?v=85C4ehOmElg @ 1:42 |




Build-your-own FSMs

Draw an FSM accepting strings with at least
two 1s (anywhere). Others are rejected.

Accepted examples: 0101, 00010110, 111011, 11
Rejected examples: 0100, 1000, 000000, 1, 0

'5 Hint - modify this starter FSM by adding
= labels, transitions, and one more state:

(O

Draw an FSM accepting strings in which the
number of zeros (0s) is a multiple of 3, so
thereare 0, 3, 6, ... zeros. 1sdon't matter!

N

Accepted: 110101110, 11, 0000010
Rejected: 101, 0000, 111011101111

Hint: 1s never
change the state!

Another hint:
make a triangle!

Draw an FSM that accepts strings that don't
contain the pattern 110 anywhere.

Accepted: 1010001, 011

(OO0

‘E Hint - there are FIVE more transitions —
== but no more states - needed here

Rejected: 101001100, 01101

Draw an FSM accepting strings in which the
third digit (3rd from the left) isa 1.

Accepted: 1010001,011 Rejected: 11000100, 11,0

Extra! Draw an FSM accepting strings whose =~ Acc: 0100 and 01101
third-to-last digit (3rd from the right) isa1. Rej: 101001 and 11



. Draw an FSM accepting strings in which the
BUIld-yOUF-OWI’l FSMS number of zeros (0s) is a multiple of 3, so

there are 0, 3, 6, ... zeros. 1sdon't matter!

Draw an FSM accepting strings with at least =
two 1s (anywhere). Others are rejected. Accepted: 110101110, 11, 0000010 Mints 1 never
Accepted examples: 0101,00010110, 111011, 11 FEEEEER 0, QU ST m:‘a’ei:efti!
nother hint;
Rejected examples: 0100, 1000, 000000, 1, 0 make a triangle!
if count('@', s)%3 ==
= o if count('l’, s) >= 2: return True
S labels ¢ return True else:

else: return False
D(/ return False
= ~—" - -

I} erlHtS ‘ings in which the
FSMs ~ 'software c g

Draw an FSM that acc cwnew wigit (31d from the left) isa 1.
v

contain the pattern 110 anywhere. Accepted: 1010001,011 Rejected: 11000100, 11, 0
Accepted: 1010001, 011 Rejected: 101001100, 01101 .
if s[2] == '1':
. 3 return Tr
if '110' not in s: pe
else:

return True t Fal
. ( return False
else: if s[-3] == '1':

return False return True

else:
return False

third-to-last digit (3rd from the right) isa1.  Rej: 101001 and 11

ST Hint - there are FIVE more transitions —
== but no more states - needed here

Extra! Draw an FSM accepting strings whose ~ Acc: 0100 and 01101

Has at least two 1s...?

Draw an FSM accepting strings Accepted: 0101, 00010110, 111011, 11
with at least two 1s (anywhere).

Others are rejected Rejected: 0100, 1000, 000000, 1, 0

> v

Has ZERO 1's

What do we need to complete this machine?

Number of Os is divisible by 3

Draw an FSM accepting strings in which the Accepted: 110101110, 11, 0000010

number of zeros (0s) is a multiple of 3, so

there are 0, 3, 6, ... zeros. 1s don't matter. Rejected: 101, 0000, 111011101111

1
#Zeros%3 ==
*’ ql \
q0
0
#Z ==
Sros%3 #Zeros%3 ==
q3

Combine two of these? #Zeros%3 ==3

Minimum number of states?

No occurrences of 1107

Draw an FSM accepting strings that do REEEE e, el

NOT contain the pattern 110 anywhere i
Rejected: 101001100, 011001

Start End w/1 End w/11 Fail! 0

O O O RO

Which transitions are still needed here?




Third characterisal

Draw na FSM accepting strings in which the Accepted: 1010001 and 0110

third digit (from the left) isa 1. Rejected: 11000100 and 11

No chars One char Two chars

o)) ()

Why must s1 and s2

1

be separate states? -

Minimum number of states?
s2

Third-to-last characterisal

j/\p/
© D)
Y N Y N ‘0\ Y N
@) @ @ @ @ @ @O @D

Do we need 15 states?

Third-to-last characterisal

8 StatES? Are 8 states required?
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List three different-length inputs that this FSM accepts:

List three different-length inputs that this FSM rejects:

In general, what El’lgllSh phrase This machine rejects strings that ...
describes the rejected inputs?

g0 means ACCEPTING and endingina0 ...or...
What does each state say about the q1 means

current state of the input?!? q2 means  OF ...
g3 means RE]JECTING and

Could you get the same behavior with fewer states? Hint: do strings have to

Extra! .. . .
What's the minimum # possible? How do you know? be in separate states?



