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Summary
Intelligent Agents

• Designing intelligent agents: PAES

• Types of Intelligent Agents1. Self Re�ex2. ?3. ?4. ?

• Types of environments: observable (fully or partially),deterministi
 or sto
hasti
, episodi
 or sequential, stati
 vs.dynami
, dis
rete vs. 
ontinuous, single agent vs. multiagent
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Outline

• Problem-solving agents

• Formulating problems� Problem 
omponents� Importan
e of modeling

• Sear
h� basi
 elements/
omponents� Uninformed sear
h (Se
tions 3.4�3.6)� Informed (heuristi
) sear
h (Chapter 4)
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Simple re�ex agent unable to plan ahead- a
tions limited by 
urrent per
epts- no knowledge of what a
tions do- no knowledge of what they are trying to a
hieve
Problem-solving agent: goal-based agentGiven:- a problem formulation: a set of states and a set of a
tions- a goal to rea
h/a

omplishFind:- a sequen
e of a
tions leading to goal
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Example: Holiday in RomaniaOn holiday in Romania, 
urrently in Arad, want to go to Bu
harest
Formulate goal:be in Bu
harestFormulate problem:states: various 
itiesa
tions: (operators, su

essor fun
tion) drive between 
itiesFind solution:sequen
e of 
ities, e.g. Arad, Sibiu, Fagaras, Bu
harest
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Drive to Bu
harest... how many roads out of Arad?

Giurgiu

Urziceni
Hirsova

Eforie

Neamt

Oradea

Zerind

Arad

Timisoara

Lugoj

Mehadia

Dobreta

Craiova

Sibiu Fagaras

Pitesti
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Iasi

Rimnicu Vilcea

Bucharest
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90
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Use map to 
onsider hypotheti
al journeys through ea
h road untilrea
hing Bu
harest
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Looking for a sequen
e of a
tions −→ sear
hSequen
e of a
tions to goal −→ solutionCarrying out a
tions −→ exe
ution phaseFormulate, sear
h, exe
ute
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Formulate, sear
h, exe
ute

× Update-State × Formulate-goal

√ Formulate-Problem √ Sear
hRe
ommendation = �rst, and Remainder = restAssumptions for environment: observable, stati
, dis
rete, deterministi
sequential, single-agent
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Problem formulationA problem is de�ned by the following items:1. initial state: In(Arad)2. su

essor fun
tion S(x) (operators, a
tions)Example, S(In(Arad)) = {〈Go(Sibiu), In(Sibiu)〉,

〈Go(Timisoara), In(Timisoara)〉, 〈Go(Zerind), In(Zerind)〉}3. goal test, 
an be expli
it, e.g., x = In(Bucharest)or a property NoDirt(x)4. step 
ost: assumed non-negative5. path 
ost (additive)e.g., sum of distan
es, number of operators exe
uted, et
.A solution is a sequen
e of operators leading from the initial stateto a goal state.Solution quality, optimal solutions.
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Importan
e of modeling (for problem formulation)Real art of problem solving is modeling,de
iding what's in 





state des
riptiona
tion des
ription
hoosing the right level of abstra
tion
State abstra
tion: road maps, weather fore
ast, traveling
ompanions, s
enery, radio programs, ...A
tion abstra
tion: generate pollution, slowing down/speedingup, time duration, turning on the radio, ..
Combinatorial explosion. Abstra
tion by removing irrelevant detailmake the task easier to handle
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State spa
e vs. state set
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Example problemsToy Problems:

→ intended to illustrate or exer
ise 8

<

:


on
eptsproblem-solving methods

√ 
an be give 
on
ise, exa
t des
ription

√ resear
hers 
an 
ompare performan
e of algorithms

× yield methods that rarely s
ale-up

× may re�e
t reality ina

urately (or not at all)Real-world Problems:

→ more di�
ult but whose solutions people a
tually 
are about

√ more 
redible, useful for pra
ti
al settings

× di�
ult to model, rarely agreed-upon des
riptions
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Toy problem: va
uum Single state 
ase

States:Initial State:Su

essor fun
tion:Goal test:Path 
ost:With 2 lo
ations: 2.22 states. With n lo
ations: n.2n states
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Toy problem: 8-puzzle

States:Initial state:Su

essor fun
tion:Goal test:Path 
ost:

→ instan
e of sliding-blo
k puzzles, known to be NP-
omplete

→ Optimal solution of n-puzzle NP-hard

→ so far, nothing better than sear
h

→ 8-puzzle, 15-puzzle traditionally used to test sear
h algorithms
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Toy problem: n-Queens

→ Formulation: in
remental vs. 
omplete-stateStates: Any arrangement of x ≤ 8 queens on boardInitial state:Su

essor fun
tion: add a queen (alt., move a queen)Goal test: 8 queens not atta
king one anotherPath 
ost: irrelevant (only �nal state matters)

→ 648 possible states, but ∃ other more e�e
tive formulations
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Toy problems: requiring sear
h

√ 8 puzzles

√
n-queens

√ va
uumOthers: Missionaries & 
annibals, farmer's dilemma, et
.
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Real-world problems: requiring sear
h

• Route �nding: state = lo
ations, a
tions = transitionsrouting 
omputer networks, travel advisory, et
.

• Touring: start in Bu
harest, visit every 
ity at least on
eTraveling salesperson problem (TSP) (exa
tly on
e, shortest tour)

• VLSI layout: 
ell layout, 
hannel layoutminimize area and 
onne
tion lengths to maximize speed

• Robot navigation (
ontinuous spa
e, 2D, 3D, ldots)

• Assembly by robot-armStates: robot joint angles, robot and parts 
oordinatesSu

essor fun
tion: 
ontinuous motions of the robot joinsgoal test: 
omplete assemblypath 
ost: time to exe
ute

• + protein design, internet sear
h, et
. (
he
k AIMA)
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Problem solving performan
eMeasures for e�e
tiveness of sear
h:1. Does it �nd a solution? 
omplete2. Is it a good solution? path 
ost low3. Sear
h 
ost? time & spa
e
Total 
ost = Sear
h 
ost + Path 
ost

−→ problem?
Example: Arad to Bu
harestPath 
ost: total mileage, fuel, tire wear f(route), et
.Sear
h 
ost: time, 
omputer at hand, et
.
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So far

• Problem-solving agentsFormulate, Sear
h, Exe
ute

• Formulating problems� Problem 
omponents: States, Initial state, Su

essorfun
tion, Goal test, Step 
ost, Path 
ostSolution: sequen
e of a
tions from initial state to goal state� Importan
e of modeling
Now, sear
h

• Terminology: tree, node, expansion, fringe, leaf, queue, strategy

• Implementation: data stru
tures

• Four evaluation 
riteria.. ?
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Sear
h: generate a
tion sequen
es
partial solution: sequen
e yielding a (non goal) intermediate state
Sear
h 





generatemaintain







a set of sequen
es of partial solutions
Two aspe
ts:1. how to generate sequen
es2. whi
h data stru
tures to keep tra
k of them
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Sear
h generate a
tion sequen
es
Basi
 idea:o�ine, simulated exploration of state spa
eby generating su

essors of already-explored states

→ expanding states
Start from a state, test if it is a goal stateIf it is, we are doneIf it is not: expand stateApply all operators appli
able to 
urrent state togenerate all possible sequen
es of future statesnow we have set of partial solutions...
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(a) The initial state

(b) After expanding Arad

(c) After expanding Sibiu

Rimnicu Vilcea LugojArad Fagaras Oradea AradArad Oradea

Rimnicu Vilcea Lugoj

ZerindSibiu

Arad Fagaras Oradea

Timisoara

AradArad Oradea

Lugoj AradArad Oradea

Zerind

Arad

Sibiu Timisoara

Arad

Rimnicu Vilcea

Zerind

Arad

Sibiu

Arad Fagaras Oradea

Timisoara

Sear
h tree, nodes 8

<

:

root: initial stateleaves: states that 
an/should not be expanded
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Data stru
ture LHW Chapter 13A node x has a parent, 
hildren, depth, path 
ost g(x)A data stru
ture for a sear
h node







































State[x] state in spa
e state

Parent − Node[x] parent node

Action[x] operator used to generate node

Path − Cost[x] path 
ost of parent+
ost step, path 
ost g(x)

Depth[x] depth: # nodes from root (path length)
Nodes to be expanded
















onstitute a fringe (frontier)managed in a queue,order of node expansion determines sear
h strategy
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Warning:

1

23

45

6

7

81

23

45

6

7

8

Node
DEPTH = 6

STATE

PARENT-NODE

ACTION = right




PATH-COST = 6

Do not 
onfuse: State spa
e and Sear
h (tree) spa
e
Holiday in Romania:

8

>

>

>

>

>

>

>

>

<

>

>

>

>

>

>

>

>

:

What is a state?What is the state spa
e?What is the size of state spa
e?
What is the size of sear
h tree ?A node has a parent, 
hildren, depth, path 
ost g(x)A state has no parent, 
hildren, depth, et
..
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Types of Sear
hUninformed: use only information available in problem de�nitionHeuristi
: exploits some knowledge of the domain
Uninformed sear
h strategies:Breadth-�rst sear
h, Uniform-
ost sear
h, Depth-�rst sear
h,Depth-limited sear
h, Iterative deepening sear
h, Bidire
tionalsear
h
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Sear
h strategiesCriteria for evaluating sear
h:1. Completeness: does it always �nd a solution if one exists?2. Time 
omplexity: number of nodes generated/expanded3. Spa
e 
omplexity: maximum number of nodes in memory4. Optimality: does it always �nd a least-
ost solution?
Time/spa
e 
omplexity measured in terms of:

• b: maximum bran
hing fa
tor of the sear
h tree

• d: depth of the least-
ost solution

• m: maximum depth of the sear
h spa
e (may be ∞)
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