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Uniform Cost Search
• Strategy: expand the lowest 

path cost

• UCS: complet and optimal

• but: 

• every direction

• no info about the goal
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Uniform#Cost#Search#

!  Strategy:#expand#lowest#path#cost#

!  The#good:#UCS#is#complete#and#op)mal!#

!  The#bad:#
!  Explores#op)ons#in#every#“direc)on”#
!  No#informa)on#about#goal#loca)on#

Start Goal 

…

c ≤ 3 

c ≤ 2 

c ≤ 1 

[demo: contours UCS] 



UCS - going blindly in all 
directions
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Figure 3.2 FILES: figures/romania-distances.eps (Tue Nov 3 16:23:37 2009). A simplified road
map of part of Romania.



UCS
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UCS search in 
all directions



UCS strategy - recap

• take node/state closest 
(cheapest) to the start

• f(n) is the sum of all action 
costs
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Uniform#Cost#Search#

!  Strategy:#expand#lowest#path#cost#

!  The#good:#UCS#is#complete#and#op)mal!#

!  The#bad:#
!  Explores#op)ons#in#every#“direc)on”#
!  No#informa)on#about#goal#loca)on#

Start Goal 

…

c ≤ 3 

c ≤ 2 

c ≤ 1 

[demo: contours UCS] 



Informed Search

• UCS optimizes bakward

• how about forward?
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A Heuristic

• A function that estimates how 
close a state is to the goal

• Designed for a particular 
problem
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GPS Heuristic Function
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Example:#Heuris)c#Func)on#

h(x) 



Greedy Strategy
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Example:#Heuris)c#Func)on#

h(x) 



Greedy 
- what 
could 

possibly 
go 

wrong?
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Greedy Strategy
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Combining#UCS#and#Greedy#

!  UniformKcost#orders#by#path#cost,#or#backward-cost--g(n)#
!  Greedy#orders#by#goal#proximity,#or#forward-cost--h(n)-

!  A*#Search#orders#by#the#sum:#f(n)#=#g(n)#+#h(n)-
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Example:#Teg#Grenager#
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A* combine UCS and Greedy
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Combining#UCS#and#Greedy#

!  UniformKcost#orders#by#path#cost,#or#backward-cost--g(n)#
!  Greedy#orders#by#goal#proximity,#or#forward-cost--h(n)-

!  A*#Search#orders#by#the#sum:#f(n)#=#g(n)#+#h(n)-
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Example:#Teg#Grenager#
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g = 12 
h=0 UCS orders by path cost - backward cost g(n)

Greedy orders by goal proximity - forward cost h(n)

A* orders by the sum: f(n) = g(n)+h(n)
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A*=UCS and greedy
g(n) = sum of costs
h(n) = euclidean dist
f(n) = g(n)+h(n)

takes the min f(n) 
first



A* vs 
Greedy
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When to stop A* search?
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When#should#A*#terminate?#

!  Should#we#stop#when#we#enqueue#a#goal?#

!  No:#only#stop#when#we#dequeue#a#goal#
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Is A* optimal?
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Is#A*#Op)mal?#

!  What#went#wrong?#
!  Actual#bad#goal#cost#<#es)mated#good#goal#cost#
!  We#need#es)mates#to#be#less#than#actual#costs!#
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Admissible heuristics
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0  h(n)  h⇤(n)
where h⇤(n) is the true cost to the nearest goal.

Examples?



Is admissible good enough?
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A*#Graph#Search#Gone#Wrong?#
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Consistent! heuristic
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Consistency#of#Heuris)cs#

!  Main#idea:#es)mated#heuris)c#costs#≤#actual#costs#

!  Admissibility:#heuris)c#cost#≤#actual#cost#to#goal#

# #h(A)#≤#actual#cost#from#A#to#G#

!  Consistency:#heuris)c#“arc”#cost#≤#actual#cost#for#each#arc#

# #h(A)#–#h(C)#≤#cost(A#to#C)#

!  Consequences#of#consistency:#

!  The#f#value#along#a#path#never#decreases#

# ##h(A)#≤#cost(A#to#C)#+#h(C)#

!  A*#graph#search#is#op)mal#
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h=4 h=1 
1 
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Consistent: h(A)� h(C)  cost(A ! C)

Admissible: h(A)  actual cost(A ! G)

Consequence: the value f along a path never decreases.



How to find a heuristic?
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Figure 3.4 FILES: figures/8puzzle.eps (Tue Nov 3 16:22:11 2009). A typical instance of the 8-
puzzle.



What is the best (better) 
heuristic?
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0  h1(n) < h2(n) < h3(n)  h⇤(n)

Where h⇤(n) is the true cost to the nearest goal.

And all h are also consistent.

hbest(n) = max{h1(n), h2(n), h3(n) . . . }



Heuristic - learning from 
experience

• n-1 puzzle

• Let play - and observe the actual costs (number of 
moves)

• If too many states? How to generalize?

• …
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