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Outline o

* Problem formulation: representing sequential problems.

 Example problems.
* Planning for solving sequential problems without uncertainty.

e Basic search algorithms
* BFS
* DFS
* iterative
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Environment Type Disghissed |In this Lecture

Fully
lbesrEle * Static Environment
yes|
v
Deterministic
yes
v
Sequential
yes e no
e = no
yes /| Discrete . Discrete [
g Y yes | . -
Planning, || Control, Vector Search: Continuous Function
heuristic || cybernetics Constraint Optimization
search Satisfaction
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LEFT BANK s sl aeiall

RIGHT BANK Aadll 4il|

M C BOAT M C BOAT
0 0 VES 3 3 NO
0 1 VES 3 2 NO
0 2 YES 3 1 NO
0 3 YES 3 0 NO
1 0 YES 2 3 NO
1 1 YES 2 2 NO
1 2 YES 2 1 NO
1 3 YES 2 0 NO
2 0 VES 1 3 NO
2 1 VES 1 2° NO
2 2 VES 1 1 NO
2 3 YES 1 0 NO
3 0 YES 0 3 NO
3 1 YES 0 2 NO
3 2 YES 0 1 NO
3 3 YES 0 0 NO
0 0 NO 3 3 YES
0 1 NO 3 2 YES
0 2 NO 3 1 YES
0 3 NO 3 0 YES
1 0 NO 2 3 VES
1 1 NO 2 2 YES
1 2 NO 2 1 YES
] 3 NO 2 0 YES
2 0 NO 1 3 YES
2 1 NO 1 2* YES
2 2 NO 1 1 YES
2 3 NO 1 0 YES
3 0 NO 0 3 YES
3 1 NO 0 2 YES
3 2 NO 0 1 YES
3 3 NO 0 0 YES
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LEFT BANK (s pwll 4iial)

RIGHT BANK _-adl 4dl)

M C BOAT M C BOAT
0 0 YES® 3 3 NO
0 1 YES 3 2 NO
0 2 YES 3 1 NO
0 3 YES 3 0 NO
1 1 YES 2 2 NO
2 2 YES 1 1 NO
3 0 YES® 0 3 NO
3 1 YES 0 2 NO
3 2 YES 0 1 NO
3 3 YES 0 0 NO
0 0 NO 3 3 YES
0 1 NO 3 2 YES
0 2 NO 3 1 YES
0 3 NO* 3 0 YES
1 1 NO 2 2 YES
2 2 NO 1 1 YES
3 0 NO 0 3 YES
3 1 NO 0 2 YES
3 2 NO 0 1 YES
3 3 NO* :.'} 0 YES
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Al | LEFT BANK gyl 4iall | RIGHT BANK 4icl
| L e el VA -l 2 gl AT 5 gy el Al
dasgagall | M C BOAT vi C BOAT
S1 0 1 YES 3 2 NO
S2 0 2 YES 3 1 NO
S3 0 3 YES 3 0 NO
S4 1 1 YES 2 2 NO
S5 2 2 YES 1 1 NO
S6 3 1 YES 0 2 NO
S7 3 2 YES 0 1 NO
S8 3 3 YES 0 0 NO
S9 0 0 NO 3 3 YES
S10 0 1 NO 3 2 YES
SN 0 2 NO 3 1 YES
S12 1 1 NO 2 2 YES
S13 2 2 NO 1 1 YES
S14 3 0 NO 0 3 YES
S15 3 1 NO 0 2 YES
S16 3 2 NO 0 1 YES
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adlad) LEFT BANK (gl 4dual) RIGHT BANK eyl dill
e T C BOAT | M C BOAT
03] s8 3 3 YES 0 0 NO
06 | S12 2 2 NO 1 1 YES
05| S7 3 2 YES 0 1 NO
07| s6 3 0 NO 0 3 YES
04 [ s12 3 1 YES 0 2 NO
08 [ S5 1 1 NO 2 2 YES
04 [ S11 2 2 YES 1 1 NO
07| S3 0 2 NO 3 YES
05 [ S10 0 3 YES 3 0 NO
03| s4 0 1 NO 3 2 YES
G | S9 0 0 NO 3 3 YES
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Sequential Action EX

* Deterministic, fully observable = single-state problem
* Agent knows exactly which state it will be in; solution is a sequence
* Vacuum world = everything observed

* Romania = The full map is observed 1 f 2% 2 2% f
3 | =4 4 =)
L R
* Single-state: Start in #5. Solution?? 5 [0 6 4
* [Right, Suck] i o
7 | =) 8 =)
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Example: Romania &

* On holiday in Romania; currently in Arad.
* Flight leaves tomorrow from Bucharest

* Formulate goal:
* be in Bucharest

* Formulate problem:
e states: various cities
e actions: drive between cities

* Find solution:
» sequence of cities, e.g., Arad, Sibiu, Fagaras, Bucharest

(=l Jana a ya 2 https://manara.edu.sy/ VeYi-Y.Vo L;‘:UL-“\]‘ {SA N dande 13


https://manara.edu.sy/

[

deol ~

Example: Romania &

=] Cradea
Meamt
- a7
=] lasi
o g
Sibiu Qg Fagams
an u I Vaslui
Timisoara Rimnicu Vilcaa
m =
1432
: : el |
111 — Lugl:lj Fitaesti
10 - 8 Hirs owa
Mehadia 101 . 28 —rziceni
1. =i
b 3 136 133 Huchamst
(e reta
“ — . _ 0
Craiowa Eforiae
1 Siurgiu

Abstraction: The process of removing details from a representation
Is the map a good representation of the problem? What is a good replacement?
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Single-state problem formtiation

A problem is defined by four items:

1.

2.

initial state e.g., "at Arad“

actions or successor function S(x/ = set of action—state pairs
* e.g., S(Arad)={<Arad =2 Zerind, Zerind>, ... }

goal test, can be
* explicit, e.g., x="at Bucharest"
* implicit, e.g., Checkmate(x)

path cost (additive)

* e.g., sum of distances, number of actions executed, etc.
. c&a,y} is the step cost, assumed to be 20

A solution is
* asequence of actions leading from the initial state to a goal state
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e states?

e actions?

e goal test?
* path cost?
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Vacuum world state spag@igraph

(e | 1= 590
e LT D U= [T =D
- — -
LC;tQ ) 54;1:)
SR

states? integer dirt and robot location
actions? Left, Right, Suck

coal test? no dirt at all locations

path cost? 1 per action
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Example: The 8-puzzlgs

7 2 4 1 2

5 6 3 4 5

8 3 1 6 7 8
Start State Goal State

e states?

e actions?

e goal test?

e path cost?
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Example: The 8-puzzlgs
7l 2 |l 4 1] 2
5 6 3 4 5
8 3 1 6 7 8

states? locations of tiles

* actions? move blank left, right, up, down
goal test? = goal state (given)

path cost? 1 per move

[Note: optimal solution of n-Puzzle family is NP-hard]
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Example: robotic asseftibly

- H - FI‘ /\ “Fi H

states?:

* real-valued coordinates of robot joint angles parts of the object to be assembled
actions?:

e continuous motions of robot joints

goal test?:
e complete assembly

path cost?:
* time to execute
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Tree search example sis
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Search Graph vs. Stat&gXsraph

* Be careful to distinguish
» Search tree: nodes are sequences of actions.
* State Graph: Nodes are states of the environment.
* We will also consider soon search graphs.

* Demo: http://aispace.org/search/
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Search strategies coali ay 58 yulas

 Strategies are evaluated along the following dimensions:
« 4lsill completeness: does it always find a solution if one exists?
o3 5a s Ja o Jall ) U gea sl Cpanal dungl jinsd) CuilS 13 ey
* time complexity: number of nodes generated
G sl Sad) 23y Jasi g Jall I g sll (3 jaciass oS
* space complexity: maximum number of nodes in memory
5SIAN 8 45 Al aiall _adac V) danally Jasi g | s Alladl L ASlgiiadll 3 SIAN aas e yuag
* optimality: does it always find a least-cost solution?
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Time and space complexity

* Time and space complexity are measured in terms of

* b:maximum branching factor of the search (<l g il Jalas
( \AJ.\J}J eA ‘_;d\ L;A.L.CY\ ;'—\_U\Y\ daxl| J.A.c) &_\;.\J\ o‘);.uj
e d-depth of the least-cost solution 4alSi J8Y) Jall 3ac

 m: maximum depth of the state space (may be oo) ke sell
(S Y oS 38 ) Al cladl
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Search strategies o

» Uninformed ==Y sl search strategies use only the information available
in the problem definition

* Breadth-first search
e Depth-first search
e Depth-limited search

* |terative deepening search

* informed 2 =<1l &asll search strategies use knowledge about the problem
definition
* Best- first search

e A* search
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Breadth-first search siai

* Expand shallowest unexpanded node

* Implementation:
* Frontieror fringeis a FIFO queue, i.e., new successors go at end

r':.'
5
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Breadth-first search siai

* Expand shallowest unexpanded node

* Implementation:

* frontieris a FIFO qunew successors go at end
) >@ o
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Breadth-first search siai

* Expand shallowest unexpanded node

* Implementation:
* frontieris a FIFO queue, i.e., new successors go at end
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Breadth-first search sia

LR A LT T

* Expand shallowest unexpanded node
* http://aispace.org/search/

* Implementation:
* frontieris a FIFO queue, i.e., new successors go at end

: (4,
O (S
PO © O E
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Properties of breadth-fiskisearch

Complete? Time? Space?Optimal?

Complete? Yes (if bis finite)

Time? 1+b+b2+b3%+... + b7 + b(b?-1) = O(b9*1)

Space? O(b°*1) (keeps every node in memory)

Optimal? Yes (if cost = 1 per step)

Space is the bigger problem (more than time)
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Depth-first search &

LICTUERE N ot

* Expand deepest unexpanded node

* Implementation:
* frontier=LIFO queue, i.e., put successors at front

' - .'.l_.- =,
i i |
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Depth-first search &

LR A LT T

* Expand deepest unexpanded node

* Implementation:
* frontier=LIFO queue, i.e., put successors at front
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Depth-first search &

* Expand deepest unexpanded node

* Implementation:
* frontier=LIFO queue, i.e., put successors at front
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Depth-first search &

* Expand deepest unexpanded node

* Implementation:
* frontier=LIFO queue, i.e., put successors at front
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Depth-first search &

* Expand deepest unexpanded node

* Implementation:
* frontier=LIFO queue, i.e., put successors at front
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Depth-first search &

* Expand deepest unexpanded node

* Implementation:
* frontier=LIFO queue, i.e., put successors at front
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Depth-first search &

* Expand deepest unexpanded node

* Implementation:
* frontier= LIFO queue, i.e.. but successaors at front

(4]
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Depth-first search &

* Expand deepest unexpanded node

* Implementation:
* frontier=LIFO queue, i.e., put successors at front
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Depth-first search &

* Expand deepest unexpanded node

* Implementation:
» frontier = LIFO queue, i.e., put successors at front

g‘;\"‘“ AAda At pa 3 https://manara.edu.sy/ YeYA-Y.Y0 q‘;\"l"”y\ S A danaa 41


https://manara.edu.sy/

Py

deol ~

Depth-first search &

* Expand deepest unexpanded node

* Implementation:
» frontier = LIFO queue, i.e., put successors at front
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Depth-first search &

* Expand deepest unexpanded node

* Implementation:
* frontier=LIFO queue, i.e., put successors at front
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Depth-first search &

* Expand deepest unexpanded node
* http://aispace.org/search/

* Implementation:
* frontier=LIFO queue, i.e., put successors at front
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Properties of depth-first&&arch

e Complete? Time? Space?Optimal?

* Complete? No: fails in infinite-depth spaces, spaces with loops
* Modify to avoid repeated states along path (graph search)

- complete in finite spaces

* Time? O(b7). terrible if maximum depth mis much larger than solution depth d
* butif solutions are dense, may be much faster than breadth-first

* Space? O(bm), i.e., linear space! Store single path with unexpanded siblings.

e Seems to be common in animals and humans.

* Optimal? No.

* Important for exploration (on-line search).
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Depth-limited search sisi

depth-first search with depth limit /
* i.e., nodes at depth /have no successors
e Solves infinite loop problem

Common Al strategy: let user choose search/resource bound.
Complete? No if | < d:

Time? O(¥):
* Space? O(bl), i.e., linear space!

e Optimal? Noifl>Db
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lterative deepening search

function ITERATIVE-DEEPENING-SEARCH( problem) returns a solution, or fail-
ure
inputs: problem, a problem

for depth+ 0 to oo do
result «— DEPTH-LIMITED-SEARCH( problem, depth)
if result +# cutoff then return result
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lterative deepening seaf¥hi /=0
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Limit=0 @ o
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Limit =2 HON (#)

Sl 2ana @y D https://manara.edu.sy/ VoYT-veYe  elhaVl oKl Ll dede 50


https://manara.edu.sy/

Py

LUTEERE O e

Limit =3 ON

(sl 2ana g ya 2 https://manara.edu.sy/ VeYi-YeVe  elhaVl oK Ll dedse 51


https://manara.edu.sy/

