CSE 326 Data Structures

Graph Algorithms
Graph Search

Problem: Large Graphs

3 It is expensive to find optimal paths in large
graphs, using BFS or Dijkstra’s algorithm (for
weighted graphs)

J How can we search large graphs efficiently by
using “commansenss” about which direction
looks most promising?
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Best-First Search

* The Manhottan distamce (A x+ Ay] isan
estimate of the distance to the goal

— It = 3 search heuristic
1 Best-First Search

— Order nodes in priority to minimize estimated
distance to the gaal
U Compare: BFS / Dijkstra
— Order nodes in priority to minimize distance
from the sart
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Obstacles

* Best-F5 eventually will expand vertax to
get back on the right track
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MNon-Optimality of Best-First

Improving Best-First

= Best-first is often tremendously faster
than BF5/Dijkstra, but might stop with a
non-optimal solution

JHow can it be modified to be (almost) as
fast, but puaranteed to find optimal
solutions?

JA* - Hart, Nilsson, Raphasl 1968
— One of the first significant algorithms

developed in Al

— Widely used in many applications
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= Exactly Bke Best-farst search, but using 2 different
criteria for the prionty gueue:
- minimize [distance from start) +
|=stimated distance to zoal]

. priority fir) = gin] + hin]
fin) = prianty of & node
=in) = true distance from start
h{n] = Pesuristic distance o goal

Optimality of A*

* Suppose the estimated distance is always
lesz than or equal to the trus distance to
the goal

— h=uristic is = kower Bownd

* Then: when the goal is removed from the

pricrity queus, we are gusranteed to have
found a shortest path!

A* in Action
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Application of A*: Speech
Recognition

* [Simplified) Problem:
— System hears a sequence of 3 words
— It i= unsurs abaut what it h=ard
* For each woed, it has a sat of possible “guesses”
= Exz:'Waord 4 is one of { “hi", “high™, 17}
— What is the most lik=ly sentemnce it heard?

Speech Recognition as Shortest Path

* Conwert to a shortest-path prablem:
- Utberance is A “lyered” DAG
- Begins with 8 spedal dummy “start™ node
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for =ach woed choos
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Summary: Graph Search
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Dynamic Programming

* Algonthimic technigue that systematically

records the answers to sub-problems in 2
table and re-uses those recorded results

[rather tham re-computing them).

* Simple Example: Calculating the Mth Fibonacci
number.
Fib{N} = Fib{N-1) + Fib{M-2)

Floyd-Warshall

for [int k& = 1: kK =< V@ ktd)

for (int 1 = 1; 1 = W@ 1#+)
for (int 4 = 1; 4 =< W J++)
L § [ M) [k]+ MIE] 03T b < MI1]10]1 ]
MWI1][)] = H[1][E]+ M[Ex][31]
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