Picobot!

Goal: full-room
walls

coverage with only Picobot
local sensing...

T

area not
+— covered —
(yet!)

1 area
already
covered

The Roombal Picobot
can't tell "vacuumed" can't tell...
from "unvacuumed" area
'\t‘.



Another language already?

Python

General-purpose language

you might see
50% by the end
of camp

even then, <1% of its libraries!

Picobot

Special-purpose language

you'll see 100% in
the next 15 minutes

Picobot!

Picobot

Rules

# Remember that rules are formatted as
# State Surroundings -> Move NewState

( i )
Enter rules for Picobot

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

Messages
Step Reset <-- ) MAP (E
/ 528
Surroundings Cells to go
Next Rule
- Teleport Robot - (North ) (Soutn )

The Picobot simulator
cscamp.cs.vassar.edu/picobot




Surroundings

N Picobot can only sense things
directly tothe N, E, W, and S

For example, here its surroundings are

NxWx

always in NEWS order.



- 9] Surroundings are
What are these surroundings: always in NEWS order

N EWS

NxWx

Wow - this one is
disgusting! (X

——




Surroundings

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

R o e o i o o

XXXX Nxxx xExx XXWx xXxxS NExx NxWx NxxS

pal- o S-S ol

xXEWx xExS xXxXWS NEWx NExS NxWS xXEWS NEWS
(won’ t happen)

V



State

| am in state O.
My surroundings
are xxWS.

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

State is the internal context of a
computation, i.e., its subtask.

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 acts through a set of rules

Each rule expresses your intent for Picobot!

current . . . new
state surroundings direction state
0 xxWS m—) N 0
Syntax
If Picobot's in state Then move North, and
0 seeing xxWS, "change" to state 0.



Picobot programming ~ rules

current di di ti new
state surroundings Irection state
rule (A) 0 Nxxx q S 0
rule (B) O xxxx q N O
Picobot checks its rules from the top each time.
Notes

When it finds a matching rule, that rule runs.

I Start I Step 1 I Step 2 I Step 3 I Step 4
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Picobot programming ~ rules

current di di ti new
state surroundings Irection state
rule (A) 0 Nxxx q S 0
rule (B) O xxxx q N O
Picobot checks its rules from the top each time.
Notes

When it finds a matching rule, that rule runs.

I Start I Step 1 I Step 2 I Step 3 I Step 4
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Wildcards | only care about NORTH being EMPTY

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

current : : : e
cate | SUrroundings direction ot
0 xfi *ﬁ = N 0
N must be empty EWS may be wall or empty space N

in one rule

g R e

that's w



[
. One rule to rule
The Ruleis One step per rule O © 0"

That's precious!

new
state surr. MOoVe  siate

| | |/
rule(d) (O N*** -S> W 1

e 0 xX*** -> N O

rue(c) 1 ***x -> § 1

rules

Picobot's world

1. Run Picobot! Which rule A, B, or C runs first?

1la. How many times does rule (A) run?
1b. How many times does rule (B) run?

1c. How many times does rule (C) run?
Extra: Rule A has a bug! What is it?
2. Picobot stops when no rule matches. Where does it stop?

3. Add a rule so that Picobot continues back upward!



Warning! What's wrong here?

state  surroundings direction = new state
0 3¢k K % _} S 0
0 kkky =) N 0

these two rules are a broken

picobot program!

- Picobot checks its rules from the top each time.
otes
When it finds a matching rule, that rule runs.



Warning! What's wrong here?

state  surroundings direction = new state

0 X*** « These two situations
0 I L5 2 COULD BE the same!

these two rules are BreE=
Picobot program-

- Picobot checks its rules from the top each time.
otes
When it finds a matching rule, that rule runs.

: _—
There can only be ONE rule per situation:

gs



CS ~ Complexity Science

pr. 5 (extra!)

problem 3 problem 4
Shortest Picobot Shortest Picobot
program: program:

6 rules 8 rules

pr. 6 (extra!)



Maze strategies?
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Maze solving algorithm

From Wikipedia, the free encyclopedia

There are a number of different maze solving algorithms, that is, automated methods for the solving of
mazes. The random mouse, wall follower, Pledge, and Trémaux algorithms are designed to be used
inside the maze by a traveler with n nowledge of the maze, whereas the dead-end filling and
shortest path algorithms are design used by a person or computer program that can see the
whole maze at once.

Mazes containing no loops are known as “standard", or "perfect" mazes, and are equivalent to a tree in
graph theory. Thus many maze solving algorithms are closely related to graph theory. Intuitively, if one
pulled and stretched out the paths in the maze in the proper way, the result could be made to resemble a
tree.l]

Contents [hide]

1 Rand-or.n mouse algorithm . h t H a n d RU l e



Maze strategies?  Right Hand Rule




Maze strategies?  Right Hand Rule

Why might this
be difficult for
Picobot?




Maze strategies?  Right Hand Rule

on the

facing i

State 0
State 1
State 2
State 3

We'll need to use
state to represent
the direction
Picobot is facing.




Suppose Picobot wants to traverse a maze with its right hand always on the wall...

(A) CORRIDOR rule

Ifyou're facing N with a wall at right and space ahead then go forward”

0 =xE** -> N 0 t .
state 0 mea"® h 0 (A)

facing NO

(B) INTERSECTION rule l

“If you're facing North and lose the wall, then get over to the wall now!” .

0 ->
(B)

(C) DEAD END rule

Write a rule to tell Picobot to do the right thing if it hits a dead end.

B
0 (9]

Repeat this IDEA for all four states, representing all four facing directions.



Suppose Picobot wants to traverse a maze with its right hand always on the wall...

(A) CORRIDOR rule

Ifyou're facing N with a wall at right and space ahead then go forward”

0 xE** -> N 0

(B) INTERSECTION rule l

“If you're facing North and lose the wall, then get over to the wall now!”

O * gz % % -> E 1
<tate 1 means "now (B)

tacing €8st

(C) DEAD END rule

Write a rule to tell Picobot to do the right thing if it hits a dead end. . .
* * — eans “:\O\N T
0 NE > X 2 state 2 1 west 0 . ()

Repeat this IDEA for all four states, representing all four facing directions.




