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Search

e Best first search

« A* and IDA*
 Variousheuristics

Hill climbing and beam search

Review: general search

Search

* Search strategies determined by choice of
node (in Queue) to expand
* Uninformed search:
— Cost of path / distanceto god not taken into
account
* Informed search :

— Information about coststo goal taken into
acoourt




How to take information into
account ?

 ldea: use an evaluation function for each node
— Estimate of desirability of node
— Expand most desirable unexpanded node
— Heuristic Functions :
« f. States --> Numbes
« f(n) : expresses the quality of the state n
— Allows us to expressproblem-specific knowledge,
— Can beimported in a gereric way in the a garithms.
— QueueingFn:

* Insert nodesin deaeasng order of desrability

Best First

* If eval-fnisalwaysright,
* noned to search!

Greedy Search

« One posshility to esimate quality of nodes, isto estimate
the diganceto goal

h(n) =0 when n goa
heuristic function

« Exampleroute planning:
— h(n)= straight-line distance between nodeand goal.

* Gredly search expandsthe node that appears to be closest
to the goal

Route planning




Properties of Greedy Search

Complete

— No'! Can et stuckin infinite pathsor loopse.g. lasi —

Neant — las — Neamt, cf. depth-first

— Complete in finite spacewith repeated state checking!

Time O(™)

— but a good heuristic can givedramatic improvernents

Space O(b™)

— Keepsall nodesin memory
Optimal

- No
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Uniform-cost search
reminder

» Use accumulated cost function g(n)
+ Optimal when [On: g(sucn)) = g(n)
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A* search

« ldea: avoid expanding paths that are dready expasive

« Evaluation function

f(n) = g(n)+h(n)

g(n) cost sofartoreach n

h(n) estimated cost to gaodl from n

f (n) estimated total cost of path through n

« A* seach usesan amissible heuristic, i.e.

On:h(n) < h"(n) whereh' (n) istrue cost from n

« E.g. straight line distance neve overestimates the adud distance
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Avoid looping paths!

QL os

A* example

QL -

* h(T) =the dtraight-line distancefrom T to G

e
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Optimality
* When branching fador finite and pasitive costs of
adions

LE for al T: h(T) isan UNDEResti mate of the remaining
cog to agoal node

THEN A* isoptimal.

. Intuit%

More on underestimates:
* Example

e If hisNOT an underestimate:

M

More on underestimates:

* Example:

:—<i —

« If h isan underestimate:

<§
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An orthogonal extension:
path deletion

« Discard redundant paths:

T Y

S

e Principle:
— Minimum st fomSto G via | =

(Minimum cost from Sto I)
+ (Minimum cost from | to G)
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More precisely:

|F the QUEUE contains:
a pah P terminatingin |, with cost cost_P
{ a path Q containing |, with cost cost_Q
cost_P 2cost_Q

THEN
delete P
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[ llustration on Uniform Cost

* Uniform cost :

— Always expand node with minimum cost so far
* Twoillustrations:

— Withou path deletion

— With path deletion
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Uniform cost (without path deletion)







A* Optimality (1)

« Contours in which for all values of f all nodes are expande.
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Optimality (2)

« Claim: thefirst solution found byA* is one with minimal path-cost

« Proof sketch : assume that there a goal nodewith optimal path-cost f*
but that A* found ansher god nodeG, for which g(G,) > f*
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Optimality(3)
let n be anode onthe optimal path from Sto G
that was not found.
There must be such anode - unless the path has been completely expanded
Sincehisadmissible we have
f(ns f°
Because n was not expanded before G, wemust hay
f(G)< f(n)
and therefore
f(G)<f’
Because h(G,) = 0 thisimpliesthat
9G,) < f
Thisis an inconsistency !

e
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» Termination isonly guaranteed when the

 Not terminating can only happen when

Termination / Completeness

number of nodes with f(n)<f  $finite.

— Thereisa node with aninfinite branching
factor, or

— Thereisa path with afinite cost but an irfinite
number of nodes along it.

« Canbe avoided by assiming that the cost of each
adionislarger than a postive constant d

32




A* properties

Complete
— Yes, urlessthere areinfinitely many nodes with f <

f(Goal)

Time . .
— Sutexporential grow when |h(n) -h (n)| < O(logh (n))
— Most often exporential

Space
— Kegpsall nodesin memory ! Expensive!

Optimal
— Yes
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Heuristic functions

h,(n) number of tilesin wrong positions
h, (n) sum of city block (manhattan) distances to goal positio
2+3+3+2+4+2+0+2=18

Experiments with 8-puzzle

« d: diganceto goal
« Averaged over 100 rurs
« Effedive branching factor
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How to choose among heuristics ?

If On:h,(n)=h(n) and h,h, both admissible
Then h, dominatesh, and is better for sear h

« Holdsfor our ill ustration

¢ Themore dominant the hauristic the better it
approximates the real cost.

* Therefore, given 2 admissible heuristics,

Define On: h(n) = max(h(n), he(n)) 6

il Amninaba e bn




I nventing heuristic functions Memory problems with A*
* A* issimilar to breadth-first:

» Admissble heuristics can often be derived
from the exact cost of arelaxed version of A —
the problem -

* h, : atile @an move anywhere

* h,: atile an always move to an adjacent

square.

¢ IDA* : Ussideasmilar to Iterative Degening
37 ¢ Alternative : SMA* (cf. Russell ami Norvig) 38

: : .
| terative deepening A Example:

« Perform depth-first
seach LIMITED to
some f-bound.

« If goal found: ok.

¢ Else: incresse f-
bound and restart.
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Example:

Example:

Properties of IDA*

» Complete and Optimal
— Under same conditi ons as A*
e Memory Letd betheminimal cost of anadio
Then O(b.f* /9)

. Speed
— depends very strondy on the number of
contours
—Worst case: If On,n":f (n) £ f(n))
Then expand 1+ 2+...+ N=O(N?) nodes
Toomuch!
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Properties. practical

« If there aeonly aredwed number of diff erent contours:
— IDA* isone of the very best optimal search  techniques!
« Example: the 8-puzzle
« But: also for MANY other pradica problems
¢ Else, the gain of the extended f-contour is not sufficient to
compensate recdculatingthe previous

¢ Insuchcases

— increase f-boundby a fixed number € at each iteration:
« effeds: lessre-computations, BUT: optimality is lost: obtained
solution can deviateup b €
« Can beremedied by compl eting the seach at this layer
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