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Foxes and Chickens Foxes and Chickens

[E |
Three foxes and three chickens wish to cross the river. They have a small boat Three foxes and three chickens wish to cross the river. They have a small boat
that will carry up to two animals. Everyone can navigate the boat. If at any that will carry up to two animals. Everyone can navigate the boat. If at any
time the foxes outnumber the chickens on either bank of the river, they will eat time the foxes outnumber the chickens on either bank of the river, they will eat
the chick Find the 1 ber of ings that will allow everyone the chick Find the 1 ber of gs that will allow everyone
to cross the river safely. to cross the river safely.
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What is the “state” of this problem (it should 4l 4 dls

capture all possible valid configurations)? é
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Foxes and Chickens Searching for a solution
| ] |
Three foxes and three chickens wish to cross the river. They have a small boat
that will carry up to two animals. Everyone can navigate the boat. If at any FFFCCC B ~~
time the foxes outnumber the chickens on either bank of the river, they will eat
the chick Find the llest number of crossings that will allow everyone
to cross the river safely.
FFFCCC B
What states can we get to from here?
FFCC B FC
FC B FFCC
5 6
Searching for a solution Fox and Chickens Solution
| ] |
FFFCCC B ~~ FFFCCC B|~wwmnw |
FFCC | wmmmmn I8 FC
FFCCC  B|~wwmn~| F
cee | wevmsmenen | B FFF
FccC
FFCCC~~BF  FFCC~~BFC ' cC 7 BFF Fe
FFCC
FF
FFF
F
Next states? FC
How is this solution different than the n-queens problem?
7 8
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Fox and Chickens Solution

|
FFFCCC B|wwmmme I
FFCC [ wmmmme IB FC
FFCCC  B|wwmmmn | F
cce [ IB FFF
FCCC  B|~wmmmn | FF
FC [ e IB FFCC
FFCC  B|~mmmmw | FC
FF [[R— IB Fcce
FFE Blwwwnne | ccc
F [ e IB FFCCC
FC B~ | FFCC

Solution is not a state, but a sequence of actions (or a sequence of states)

Code!
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One other problem One other problem
[ |

FFCCC~~BF  FFCC~~BFC ' ccC 77 BFF FFCCC~~BF  FFCC~~BFC 7T BFF
FFFCCCB~~  FFCCCB~~F  FFFCCCB~~ FRCEEE™  rrccce~~F  FRFCCC B~
What would happen if DFS here?
at would happen if we ran DFS here If we always go left first, will continue forever!

11 12


https://cs.pomona.edu/classes/cs51a/examples/chickens.txt
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One other problem One other problem

[ [
FCCC ~~ B FF FCCC ~~ B FF
FFCCC ~~ B F FFCC ~~ B FC FFCCC ~~B F FFCC ~~ B FC
T~ o o
FFCCCB~~F FFFCCC B~~ FFCCCB~~F FFFCCC B~~
N\
Does BFS have this problem? Does BFS have this problem? No!
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DFS vs. BFS DFS vs. BFS

[N
Why do we use DFS then, and not BFS?

Consider a search problem where each
state has two states you can reach

Assume the goal state involves 20
actions, i.e. moving between ~20 states

How big can the queue get for BFS?

15
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DES vs. BFS

m Consider a search problem where each
state has two states you can reach

Assume the goal state involves 20
actions, i.e. moving between ~20 states
] [7]

At any point, need to remember roughly a “row

DFS vs. BFS

m Consider a search problem where each
state has two states you can reach

Assume the goal state involves 20
actions, i.e. moving between ~20 states
[] [7]

How big does this get?

17 18
DFS vs. BFS DFS vs. BFS
m Consider a search problem where each m Consider a search problem where each
state has two states you can reach state has two states you can reach
3] . 3] :
Assume the goal state involves 20 Assume the goal state involves 20
actions, i.e. moving between ~20 states actions, i.e. moving between ~20 states
] [7] ] [7]
Doubles every level we have to go deeper. How many states would DFS keep on the stack?
For 20 actions that is 220 = ~1 million states!
19 20
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DFS vs. BFS One other problem
[ |
m Consider a search problem where each _
state has two states you can reach
Assume the goal state involves 20
actions, i.e. moving between ~20 states FFCCC ~~ B F FFCC ~~ B FC FCCC ~~ B FF
6] [7]
FFREEEE™™  rrccce~~F  FRFCCC B~
Only one path through the tree, roughly 20 states
If we always go left first, will continue forever!
Solution?
21 22

DFS avoiding repeats Other search problems
| |
What problems have you seen that could be posed as
def dfs(state, visited): search problems?
# note that we've visited this state
visited[str(state)] = True
i 2
if state.is_goal(): What is the state?
return [state]
else:
result = [] Start state
for s in state.next_states():
# check if we've visited a state already Goal state
if not(str(s) in visited):
result += dfs(s, visited)
return result State-space/transition between states
23 24
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8-puzzle 8-puzzle
[ [
goal
E E El state representation?
3] ana
start state?
Start State Goal State
state-space /transitions?
25 26
8-puzzle
[
state:
all 3 x 3 configurations of the tiles on the board
transitions between states:
Move Blank Square Left, Right, Up or Down.
This is a more efficient encoding than moving each of
the 8 distinct tiles
L= le] Haa
L] [«]
=] Lells]
27 28



5/11/22

Crypfq rithmetic Remove 5 Sticks
|| |
Find an assignment of digits (O, ..., 9) to letters so —_——
that a given arithmetic expression is true. Gi he followi
. iven the following
examples: configuration of sticks, — —
remove exactly 5 sticks in
SEND + MORE = MONEY such a way that the
remaining configuration
forms exactly 3 squares. e
FORTY
+ TEN
+ TEN
sxry - T
F=2, 0=9, R=7, etc.
29 30

Water Jug Problem

Given a full 5-gallon jug and a full 2-gallon jug, fill the 2-gallon jug with
exactly one gallon of water.

State = (x,y), where x is
the number of gallons of
water in the 5-gallon jug
and y is # of gallons in
the 2-gallon jug

Initial State = (5,2)

Goal State = (*,1), where
* means any amount

Water Jug Problem

Operator table

Name Cond. | Transition Effect

EmptyS |- (xy)—(0y) | Empty 5-gal.
Jug

Empty2 |- (x,y)—(x,0) | Empty 2-gal.
Jug

2to5 x<3 |(x,2)>(x1+2,0) |Pour2-gal.
into 5-gal.

Sto2 x>2 | (x,00—(x-2,2) |Pour 5-gal.
into 2-gal.

Sto2part [y<2 |(1y)—(0,y+1) | Pour partial
5-gal. into 2-
gal.

31
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8-puzzle revisited
[
How hard is this problem?

8-puzzle revisited
|

moves

states
BFS: 10 terabytes of memory

Can we do better?

Is DFS and BFS intelligent?

The average depth of a solution for an 8-puzzle is 22

An exhaustive search requires searching ~322 = 3.1 x 1010

DFS: 8 hours (assuming one million nodes/second)

33
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Frestone

from: Claremont to:Rowland Heights
How do you think google maps does it?

ey
nia
! Monrovia
Py o5 "% Glendora Foothl Fuy
Mayflower 2104 A
== e Cable Ata Loma
Village @ Martng. s icn ¢4 Foothil Fwy —Martin A Matich Fuy- oo
Ivindale | Citrus. San Dimas e
Monte Baldwin - Charter Oak La Verne Upland Rancho
irport Park ncent Covina Brackett | Joremont ls Cucamonga
+ West Field g Semartno Fuy.
Monte Covina gy e wm Montclair I —
O, ) (%’ Pomona Ontario W= g
&>
wth EI West Puente T Ontario
lonteJAvocado  Valley : International
Heights Diamond ¢, Airport
(D) Bar | F Pomona Fuy (80)
La Puente South San Walnut
Jose Hills Chino
Hacienda Pomona ™
o Heights
nittier @ : s
P LaHabra  Rowland Valle Lindo Chino Hills ;:‘tr;:?‘
3 pescacero  Heights  Heights Sndos

Firestone

from: Claremont to:Rowland Heights
What would the search algorithms do?

ey
nta
! Monrovia A
\Zusa
Foothll Fuy 4 Glendora Foothll Fwy Z10)
Mayflower §2104 o T
Village __ iy Martng. on gt~ — Foothil Fwy — ~Martin A Matich Fuy A:p u?\ Alta Loma
ivindale | Citrus San Dimas
Monte Baldwin - Charter Oak La Verme Upland Rancho
iport Park ncent Covina Brackett saremont Cucamonga
4 West Field * 90 Bemardino Fiy.
Monte Covina gy 2w Montclair I £
N 3 C:DU Pomona Ontario  W- g
Walnut ) e
wth EI West Puente - valiey ; 2 e Ontario
lonteJAvocado  Valley s i International
Heights Diamond Airport
(D) Bar | ¥ Pomona Fuy (§0)
La Puente South San  Walnut
Jose Hills Chino
Hacienda Pomona P
. Heights.
nittier @ P
LaHabra  Rowland Valle Lindo Chino Hills gm‘:‘
2 Heights — Heights Eastvale
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from: Claremont to:Rowland Heights
DFS

sy g
Bonita

Foutil Fwy

Alta Loma

Footnl Fuy
£21%4

Mayfiower

vilage _ 5 Martin & Matich Fuy. A:Is;‘:i

Iwindale  Citrus. San Dimas

Monte Baldwin - Charter Oak La Upland Rancho
irport Pa e e ECovina Brackett Jaremont Cucamonga
4 West Field * 9 Bemardino Fuy.
Monte Covina gy 50) Montclair I oy
N Q‘DD Pomona Ontario W SeCTD
wth EI West Puente e Ontario
lonte JAvocado ~ Valley . Lty International
Heights Diamond Airport
G Bar FomanaFuy (60)
@ aPuente: South San Wainut
Jose Hills Chino
Hacienda Fomena ™
. Heights
nittier @ A 4
Arroyo LaHabra Rowland VeRsiCindol Chino Hills ﬁm‘r“
3 pescadero  Heights  Heights. Eastvale
Paik Feestone \

from: Claremont to:Rowland Heights
BFS

X Monrovia
Azusa
L BT o) Glendora
Mayfower 2104 cann Alta Loma
village . 5y Martng.  n e Fo gl Masch Py Cabl Y
Ivwindale ~ Citrus in pimagf ot
Monte Baldwin : Charter Oak Rancho
iort Park ncent Covina Cucamonga
x West
Monte Covina: gy W
w W= s
Walnut
wth El West Puente valey : Ontario
lonte  /Avocado Valley " International
Heights Diamond P Airport
@ Bar
La Puente South San  Walnut
Jose Hills Chino
Hacienda (D) pomena P
vy Heights
Jittier @ =3
Aroyo LaHabra  Rowland ] ChinolLilis )
3 pescacero  Heights  Heights. Eastvale
ik Festone b
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from: Claremont to: Rowland Heights

Ideas?

e ey
Bonia
! Monrovia A
usa
i sy 55 Glendora Fooll Py
Mayflower 2104 T
Vilage __ {5y Martng o e Foothil Fwy — ~Martin A Matich Fuy E“Ji Ata Loma
Ivindale | Citrus. San Dimas L
Monte Baldwin - Charter Oak La Verne Upland Rancho
irport Vincent. Covina Brackett S Smon Cucamonga
+ West Field & e Bemardino Fiy.
Monte Covina gy (50 Montclair I —
o C:DU Pomona Ontario W= —gi
Walnut &>
wth EI West Puente vaiiey ek e
lonte JAvocado  Valley : N International
Heights Diamond  ppps Airport
(D) Bar Fomona Fuy- (D)
La Puente South San Walnut
Jose Hill Chino
Hacienda Fomona P
. Heights
nittier (&) ai 4
Aoy LaHabra Rowland Valle Lindo Chino Hills Ac‘r';:?‘
3 pescacero  Heights  Heights Eastvale
o Frestone Y

Sy : :
We'd like to bias search towards the actual solution
. ey
Bonta
Monrovia
[ FooMiy 57 AZUSa i endora Fosthil Fuy
Mcmzv;er g oty o ko O Ata Loma
ivindale | Citrus San Dimas P
Charter Oak La Veme Upland Rancho
I’:‘;‘;‘r‘f Baldwin vincent|{Covina | - [aaracken sSieont Cucamonga
* West Field 0 8
ina & WMontclair I =
Monte Covina gy " Ontario @ s
uth €l West Puente atey. oo
lonte’ JAvocado ~ Valley prer 18 International
Heights i Airport
Bar Pomona Fuy (60)
La Puente S ® o
ino
Hacienda
nittier Helghts 4
P La Hatre) Valle Lindo Chino Hills Chino
;n  pesadero  Heights A Eastvale
Paik Frestone N

39

40

10



5/11/22

Informed search

Order to_visit based on some knowledge of the
world that estimates how “good” a state is
h(n) is called an evaluation function

Best-first search
rank to_visit based on h(n)
take the most desirable state in to_visit first
different approaches depending on how we define h(n)

Heuristic

Merriam-Webster's Online Dictionary
Heuristic (pron. \hyu- ris-tik\): adj. [from Greek
heuriskein to discover.] involving or serving as an aid
to learning, discovery, or problem-solving by
experimental and especially trial-and-error methods

The Free On-line Dictionary of Computing (2/19/13)
heuristic 1. Of or relating to a usually speculative
formulation serving as a guide in the investigation or
solution of a problem: "The historian discovers the
past by the judicious use of such a heuristic device
as the 'ideal type™ (Karl J. Weintraub).

41

Heuristic function: h(n)

An estimate of how close the node is to a goal
Uses domain-specific knowledge!

Examples
Map path finding?
straight-line distance from the node to the goal (“as the crow flies”)
8-puzzle?
how many tiles are out of place
sum of the “distances” of the out of place tiles
Foxes and Chickens?
number of people on the starting bank
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