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Outline

♦ Problem-solving agents

♦ Problem types

♦ Problem formulation

♦ Example problems

♦ Basic search algorithms
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E x am p le: R o m ania

On holid ay in R omania; currently in Arad .
Flight leaves tomorrow from Bucharest

Formulate goal:
be in Bucharest

Formulate problem:
states: various cities
actions: d rive between cities

Find solution:
seq uence of cities, e.g., Arad , S ibiu, Fagaras, Bucharest
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E x am p le: R o m ania

Giurgiu

Urziceni
Hirsova

Eforie

Neamt

Oradea

Zerind

Arad

Timisoara

Lugoj

Mehadia

Dobreta

Craiova

Sibiu Fagaras

Pitesti

Vaslui

Iasi

Rimnicu Vilcea

Bucharest
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75

118

111
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75

120

151

140

99
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97

101

211

138
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90

98

142

92

87
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P ro b lem ty p es

D eterministic, fully observable =⇒ single-state problem
Agent k nows exactly which state it will be in; solution is a seq uence

N on-observable =⇒ conformant problem
Agent may have no id ea where it is; solution (if any) is a seq uence

N ond eterministic and / or partially observable =⇒ contingency problem
percepts provid e new information about current state
solution is a contingent plan or a policy
often interleave search, execution

U nk nown state space =⇒ exploration problem (“ online” )
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E x am p le: vacuum wo rld

S ingle-state, start in # 5 . S olution? ?
1 2

3 4

5 6

7 8
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E x am p le: vacuum wo rld

S ingle-state, start in # 5 . S olution? ?
[Right, Suck]

C onformant, start in {1, 2, 3, 4, 5, 6, 7, 8}
e.g., Right goes to {2, 4, 6, 8}. S olution? ?
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E x am p le: vacuum wo rld

S ingle-state, start in # 5 . S olution? ?
[Right, Suck]

C onformant, start in {1, 2, 3, 4, 5, 6, 7, 8}
e.g., Right goes to {2, 4, 6, 8}. S olution? ?
[Right, Suck, L e f t, Suck]

C ontingency, start in # 5
M urphy’s L aw: Suck can d irty a clean carpet
L ocal sensing: d irt, location only.
S olution? ?
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E x am p le: vacuum wo rld

S ingle-state, start in # 5 . S olution? ?
[Right, Suck]

C onformant, start in {1, 2, 3, 4, 5, 6, 7, 8}
e.g., Right goes to {2, 4, 6, 8}. S olution? ?
[Right, Suck, L e f t, Suck]

C ontingency, start in # 5
M urphy’s L aw: Suck can d irty a clean carpet
L ocal sensing: d irt, location only.
S olution? ?
[Right, if dir t th en Suck]

1 2

3 4

5 6

7 8
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S ing le-state p ro b lem fo rm ulatio n

A problem is d efi ned by four items:

initial state e.g., “ at Arad ”

successor function S(x) = set of action– state pairs
e.g., S(A r a d) = {〈 A r a d→ Zer ind, Ze r ind〉, . . .}

goal test, can be
explicit, e.g., x = “ at Bucharest”
implicit, e.g., No D ir t(x)

path cost (ad d itive)
e.g., sum of d istances, number of actions executed , etc.
c(x, a , y) is the step cost, assumed to be ≥ 0

A solution is a seq uence of actions
lead ing from the initial state to a goal state
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S electing a state sp ace

R eal world is absurd ly complex
⇒ state space must be a b stra c ted for problem solving

(Abstract) state = set of real states

(Abstract) action = complex combination of real actions
e.g., “ Arad → Z erind ” represents a complex set

of possible routes, d etours, rest stops, etc.
For guaranteed realizability, a ny real state “ in Arad ”

must get to some real state “ in Z erind ”

(Abstract) solution =
set of real paths that are solutions in the real world

Each abstract action should be “ easier” than the original problem!
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E x am p le: vacuum wo rld state sp ace g rap h
R

L

S S

S S

R

L

R

L

R

L

S

SS

S

L

L

LL R

R

R

R

states? ?
actions? ?
goal test? ?
path cost? ?
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E x am p le: vacuum wo rld state sp ace g rap h
R
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states? ? : integer d irt and robot locations (ignore d irt amounts etc.)
actions? ?
goal test? ?
path cost? ?
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E x am p le: vacuum wo rld state sp ace g rap h
R

L

S S

S S

R

L

R

L

R

L

S

SS

S

L

L

LL R

R

R

R

states? ? : integer d irt and robot locations (ignore d irt amounts etc.)
actions? ? : L e f t, Right, Suck, NoOp

goal test? ? : no d irt
path cost? ? : 1 per action (0 for NoOp)
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E x am p le: The 8 -p uz z le

2
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states? ? : integer locations of tiles (ignore intermed iate positions)
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E x am p le: The 8 -p uz z le

2

Start State Goal State

51 3

4 6

7 8

5
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3
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6

7

8

5

states? ? : integer locations of tiles (ignore intermed iate positions)
actions? ? : move blank left, right, up, d own (ignore unjamming etc.)
goal test? ? : = goal state (given)
path cost? ? : 1 per move

[N ote: optimal solution of n-Puzz le family is N P-hard ]
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Tree search ex am p le

Rimnicu Vilcea Lugoj

ZerindSibiu

Arad Fagaras Oradea

Timisoara

AradArad Oradea

Arad
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B read th-fi rst search

Expand shallowest unexpand ed nod e

Im p lem enta tio n:
fringe is a FIFO q ueue, i.e., new successors go at end

A

B C

D E F G
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B read th-fi rst search
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Im p lem enta tio n:
fringe is a FIFO q ueue, i.e., new successors go at end
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P ro p erties o f b read th-fi rst search

C omplete? ?
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P ro p erties o f b read th-fi rst search

C omplete? ? Yes (if b is fi nite)

T ime? ?
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P ro p erties o f b read th-fi rst search

C omplete? ? Yes (if b is fi nite)

T ime? ? 1 + b + b2 + b3 + . . . + bd + b(bd − 1) = O(bd+1), i.e., exp. in d

S pace? ?
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P ro p erties o f b read th-fi rst search

C omplete? ? Yes (if b is fi nite)
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S pace? ? O(bd+1) (k eeps every nod e in memory)

Optimal? ?
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P ro p erties o f b read th-fi rst search

C omplete? ? Yes (if b is fi nite)

T ime? ? 1 + b + b2 + b3 + . . . + bd + b(bd − 1) = O(bd+1), i.e., exp. in d

S pace? ? O(bd+1) (k eeps every nod e in memory)

Optimal? ? Yes (if cost = 1 per step); not optimal in general

S p a ce is the big problem; can easily generate nod es at 10 0 M B/ sec
so 2 4 hrs = 8 6 4 0 G B.
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D ep th-fi rst search

Expand d eepest unexpand ed nod e

Im p lem enta tio n:
fringe = L IFO q ueue, i.e., put successors at front

A

B C

D E F G

H I J K L M N O
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D ep th-fi rst search

Expand d eepest unexpand ed nod e

Im p lem enta tio n:
fringe = L IFO q ueue, i.e., put successors at front
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P ro p erties o f d ep th-fi rst search

C omplete? ?
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P ro p erties o f d ep th-fi rst search

C omplete? ? N o: fails in infi nite-d epth spaces, spaces with loops
M od ify to avoid repeated states along path
⇒ complete in fi nite spaces

T ime? ?
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P ro p erties o f d ep th-fi rst search

C omplete? ? N o: fails in infi nite-d epth spaces, spaces with loops
M od ify to avoid repeated states along path
⇒ complete in fi nite spaces

T ime? ? O(bm): terrible if m is much larger than d

but if solutions are d ense, may be much faster than bread th-fi rst

S pace? ?
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