


Finite State Machine (FSM)

State O: “in bed, asleep”
State 1: “in bed, awake”
State 2: “in the bedroom, out of bed”



Finite State Machine (FSM)
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State O: “in bed, asleep”
State 1: “in bed, awake”
State 2: “in the bedroom, out of bed”



Finite State Machine (FSM)
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Two languages in 4 weeks??

Picobot!

Python

General-purpose language
Picobot

you might see 30% by
the end of the
program

Rules

only 1% of its libraries!

Enter rules for Picobot

Be sure to hit "Enter rules” after making changes.

Messages

P i CO b Ot Go Stop Step Reset < |MAP| >
-] XEWx 279
State Surroundings Cells to go
H Previous Rule Next Rule
SPECIGI purpose /anguage West East - Teleport Robot - North South

you'll see 100% in the next
10 minutes and learn The Picobot simulator
everything about it in the

next 1 hour www.cs.hmc.edu/picobot



Picobot

walls

Picobot

!

__areanot _
covered
(yet!) area

| already

covered

Goal: whole-environment coverage
with only local sensing...



Surroundings

N Picobot can only sense things
directly tothe N, E, W, and S
W E
S
wall For example, here its surroundings are

NXxW x

N EWS
T Surroundings are

always in NEWS order.




What are these surroundings? SurroundifgEgey

wall

Mmoo ®mp

always in NEWS order.

N EWS

NXxW x

NxWx
XEW X
ExWx

. NxxS

None of these



What are these surroundings? SurroundifgEgey

mooO® >

. NEWX

NEXS
NxWS

. XXWX

None of these

always in NEWS order.

N EWS

NXxW x




Surroundings

How many distinct
surroundings are there?




Surroundings

N How many distinct
surroundings are there?
W E
] 2% == 16 possible ...

% o e g i o o

XXXX NXXX XEXX XXWX XXXS NEXXx NxWx NXXS

= g g = e g e

XEWX XEXS XXWS NEWx NEXS NXWS XEWS NEWS

(won’t happen)




State

| am going North!
My surroundings
are xxWS.

Picobot's memory is a single
number, called its state.

State is picobot’'s way of remembering
what has happened in the past!

Picobot always starts in state O.

State and surroundings represent
everything Picobot knows about the world



Rules

| am in state O.
My surroundings
are xxWS.

Picobot moves according to a set of rules:

. L )
state  surroundings direction  new state

0 xXWS — N 0
k 4

What does this rule mean? Summarize in your own words.



Rules Ahal

| should move N.
| should enter state O.

| am in state O.
My surroundings
are xxWS.

Picobot moves according to a set of rules:

- R
state  surroundings direction  new state

0 xXWS — N 0
N 4
If I'm In state O Then | move North, and

seeing xxWS, "change" to state O.



input / output

-

state

0

surroundings

xXWS

direction

N

\
new state

0

4
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state

0

surroundings

xXWS

direction

N

~
new state

0

4




How many
outgoing arrows
are there for
each state?

-

state  surroundings direction  new state

0 xXWS — N 0

4




State

o

oleooholohohohohohoholholholole

surroundings

XXXX
XXXS
XXWX
XXWS
XEXX
XEXS
XEWX

XEWS
N XXX
NXXS
NXWX

NXWS
NEXX
NEXS

NEWX

NEWS

direction

DN XXOWWNWXXZZZ2ZZ2ZZZ2

new state

o

OCOPRPPFPOOPRFRPRPFPOOOOOOO



State

o

eololooNohohohohohohohohololNe

surroundings

XXXX
XXXS
XXWX
XXWS
XEXX
XEXS
XEWX
XEWS
N XXX
NXXS
NXWX
NXWS
NEXX
NEXS
NEWX
NEWS

direction

VDN XXOWWWXXZZZ2ZZ2ZZZZ

new state

o

OCORPPFPOOPRFRPRPEFPOOOOOOO



state  surroundings direction  new state

0 NXXX — X 1
0 NXXS — X 1
0 NXWX —_ S 0
0 NXWS — S 0
0 NEXX — X 1
0 NEXS — X 1
0 NEWX — S 0
0 NEWS — S 0



Wildcards

4 . L )
state  surroundings direction  new state

.0 S — N o

/ EWS may be wall or empty space

N must be empty




Wildcards

| am in state O.
My surroundings
are xxWS.

Aha!
This matches the
surroundings *x**

Asterisks * are wild cards. They
match walls or empty space:

4 . L )
state  surroundings direction  new state

.0 S — N o

/ EWS may be wall or empty space

N must be empty




state  surroundings direction  new state



state  surroundings direction  new state

0 XXXX — N 0
0 XXXS — N 0
0 XXWX — N 0
0 XXWS — N 0
0 XEXX — N 0
0 XEXS — N 0
0 XEWX — N 0
0 XEWS — N 0



state  surroundings direction  new state

How many rules does this
expand to?




state  surroundings direction  new state

0 NXXX — X 1
0 NXXS — X 1
0 NEXX —_ X 1
0 NEXS — X 1



state  surroundings direction  new state

0 N Gakakal > N 0
0 N>x>* -> X 1
0 N*W> -> S 0

This covers all 16 options,
without duplication



state  surroundings direction  new state

0 Y Gl S N 0
0 N*X* -> X 1
0 N*W> -> S 0

¥

X*** / N



state  surroundings direction  new state

0 N Gakakal > N 0
0 NZx* -> X 1
0 N*W> -> S 0

‘

X***/N N*X*/X



State

surroundings direction

Y Gakelal —> N
N* x> -> X
N*W=* -> S

N*W* /S

new state

0
1

0



state  surroundings direction  new state

O X*** -> N O
0 N™X* -> X 1
0 N*W=* -> S 0
1 ol Skl -> S 1




state  surroundings direction  new state

0 ) Galalal -> N 0

0 N*x* -> X 1

0 N*W* -> S 0

1 *E** -> S 1

1 FXFF -> S 0
N*W* /S *EX* /S

X***/N N*X*/X



state  surroundings direction  new state

0 ) Galalal -> N 0

0 N*x* -> X 1

0 N*W* -> S 0

1 *E** -> S 1

1 FXF* -> S 0
N*W* /S *E** /S

X***/N N*X*/X



state  surroundings direction

Now let’s build a Picobot
program step-by-step ...

new state

Picobot checks all rules each time.

Model

When it finds a matching rule, that rule runs.

Only one rule is allowed per state and surroundings.



(1) What single rule sends the Picobot to the North (top) of the empty room ?

state  surroundings direction  new state

g Picobot checks all rules each time.
§ When it finds a matching rule, that rule runs.

Only one rule is allowed per state and surroundings.



Picobot

Rules
:
# Hashtag lines are opticnal comments
¥
xtdvd > N O
| Enter nses for Pcobot 7
Be sure to hit "Enter rules” after making chanpes
Go | Stop Step Reset <— |MAP| > Messages
0 HRRX 528 ox
State Surroundings Cells to po
nane Lane
ddgyauay Tsirious Rule Next Rule

SUREENAST ) IR T North South



(2) What second rule can you add to avoid Picobot from crashing in that N wall?

state  surroundings direction  new state

% o > v o B

Picobot checks all rules each time.

Model

When it finds a matching rule, that rule runs.
Only one rule is allowed per state and surroundings.



Picobot

Hashtag lines are opticnal comments

o W

(=

xthé > N0

Enter nues for Picobot
Be sure to hit "Enter rules” after making chanpes

| Go | stop | step | Reset <— |MAP| > Messages
o Nxxx E18
g g & Cell No rule for state 0 and sury Nxxx
State Surroundings elis to po Stopping
ddguiyzy hsirious Rule Next Rule

o gg:.u:,ix(g 1):1EASont Robot - yorth South




(3) How do we get back down?

state  surroundings direction  new state
0 Xk k -> N 0
0 N* % -> X 1
1 ? -> S 1
A. F**S D. xxx*
B. N**x E. ***x
C. x**x
g Picobot checks all rules each time.
§ When it finds a matching rule, that rule runs.

Only one rule is allowed per state and surroundings.



(3) How do we get back down?

state  surroundings direction  new state
0 X * % % -> N 0
0 N* % % -> X 1
1 * % k3¢ -> S 1

g Picobot checks all rules each time.

§ When it finds a matching rule, that rule runs.

Only one rule is allowed per state and surroundings.




(4) How do we continue and go back up once reach the S wall?

state  surroundings direction  new state
0 x* %% -> N 0
0 N* % % -> X 1
1 * % k3¢ -> S 1
A. O D. X
B. 1 E. *
C. 2
g Picobot checks all rules each time.
§ When it finds a matching rule, that rule runs.

Only one rule is allowed per state and surroundings.




(4) How do we continue and go back up?

state  surroundings direction  new state
0 Xk * * -> N 0
0 N* % % -> X 1
1 SO -> S 1
1 *h*G _> X 0
g Picobot checks all rules each time.
§ When it finds a matching rule, that rule runs.

Only one rule is allowed per state and surroundings.



Go | Stop | step | Resat
Waxx
State Surroundings

RECORDEDRY | THp BT
SUREEN LAY 1)-1ELSont Robot -

<—- |MAP| -->

509
Cells to po

Next Rule

North | South

Picobot

Rules

-

# Hashtag lines are opticnal comments
=

0 x*** > ¥ 0

0 W% = X 1

1 My =581

1 w3 -5 X 0

No rule for

Stopping.

Enter nias for Fcobot
Be sure to hit "Enter rules” after making chanpes

Messages

state 1 and surr Nxxx




Issues

State

0

P B O O

surroundings
X***

N***

N*W>*

N***

X**S

direction

> N
> X
> S
> S
> S

new state

© — O B

What are the problems with

this program?



Issues

state
0

0
0
1
1

1

0 N*W*

surroundings direction
N Gakakel -> N
N**>* -> X
N*W=* -> S
N*** > S
S

/X**S >

x**x not defined

defined twice

Go south when it is blocked

new state

O B O B



|Go| [stop| [step| [ Reset|
0 XXX
State Surroundings
1 X**S -> S 0
Previous Rule
West @‘J - Teleport Robot -

RELURDEURNVIH

e

("

e

L

L

-

e

L'\ =
G =
—

S

=

2

=

("

ESIIES

Cells to go

1 X**5
Next Rule

-> 80

[ North |

| South |

= = e

o o

OK

Hashtag

3 Ve ke ve
N ¥ %
N*Wi
IN Yk %

xX**g

Rules

lines are optional comments

mmon X2
O OKO

| Enter rules for Picobot |

Be sure to hit "Enter rules” after making changes.

Messages



Picobot

Rules
4 Hashtag lines are optional comments
# state 0 with nothing N: go one step N
0 x**%x —> N 0

Enter rules for Picobot

Be sure to hit "Enter rules" after making changes.

Messages

A

Go Stop Step Reset <- |[MAP| --»
e XEWX 279
State Surroundings Cells to go
Previous Rule Next Rule

West East - Teleport Robot - North South



