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Bridges of Kdnigsberg Problem

* The city of Konigsberg occupied both banks and two islands of
a river
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* The islands and the riverbanks were connected by seven
bridges
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* The bridges of Konigsberg problem asks if there is a walk
around the city that crosses each bridge exactly once
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Bridges of Konigsberg Problem

Riverbank 1

Riverbank 2



Bridges of Kénigsberg Problem

* Leonhard Euler invented graph theory to solve the
bridges of Konigsberg problem
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* Graph Theory is our best tool for reasoning about the
structure of objects and relations In the problem,
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 rbl and rb2 are riverbanks 1 and 2
* i1 and i2 are two islands
* bl,b2,b3,b4,b5,b6,b7 are bridges



Graph of the Kdnigsberg bridge system
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Graph of the Kénigsberg bridge system




Graph of the Kdnigsberg bridge system




Graph of the Kdnigsberg bridge system
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Graph of the Kdnigsberg bridge system




Graph of the Kdnigsberg bridge system
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Strategies for State Space Search
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Data-Driven and Goal-Driven Search A state space
may be search in two directions:

from the given data of a problem instance toward a
goal or from a goal back to the data.
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Strategies for State Space Search
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Strategies for State Space Search
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Implementing Graph Search

* Backtracking search
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Backtracking search
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Backtracking search
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Backtracking search
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Backtracking search
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Function backtrack algorithm

function backtrack;

begin
SL :=[Start]; NSL :=[Start]; DE :=[]; CS := Start; % initialize:
while NSL =[] do % while there are states to be tried
begin
if CS = goal (or meets goal description)
then return SL; % on success, return list of states in path.
if CS has no children (excluding nodes already on DE, SL, and NSL)
then begin
while SL is not empty and CS = the first element of SL do
begin
add CS to DE; % record state as dead end
remove first element from SL; Yebacktrack
remove first element from NSL;
CS := first element of NSL,;
end
add CS to SL;
end
else begin
place children of CS (except nodes already on DE, SL, or NSL) on NSL;
CS := first element of NSL;
add CS to SL
end
end;
return FAIL;

end.
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Backtracking search

Initialize: SL = [A]; NSL = [A]; DE=[]; CS = A;

AFTER ITERATION

0

CcS
A
B
E
H

SL

[A]

[B Al

[E B Al

[HE B A]
[lEBA]
[F B A]

[JFBA]
[C A]

[G C A]

NSL

[A]

[BCDA]
[EFBCDA]
[HIEFBCDA]
[IEFBCDA]
[FBCDA]
[JFBCDA]
[CDA]

[G CDA]

DE

[]

[]

[]

[]

[H]

[E I H]

[E I H]
[BFJEIH]

[BF JE I H]

32



Backtracking search
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Backtracking search
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Search Algorithms

G (State, Operator, Cost)

Mo heuristics User heuristics h{n)

Uninformed Search Informed Search

Priority

FIFO Dueue Queue: g(n)

Breadth- Generate Hill
First Search | First Search | First Search -and- Climbing
(BFS) test

Impose fixed
depth limit

Priority
[_]er Queue: hin)
Limited
Search Best first Problem Constraint | Mean-end-
search analysis

Gradually increase
fixed depth limit

Priority Queue:
f(n)=h(n)+g(n)

Iterative
Deepening
DFS

AO™
A* Search Search

Fig. Different Search Algorithms
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Depth-first search or ~Se i Yl Ganll bl
backtracking

Depth-limited search Gard) 230 i)
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Vol Gandly Cuald)
Depth First Search
(DFS)

e when a state is examined, all the children and their
descendants are examined before any of its siblings

* depth-first search goes deeper into the search space
whenever this is possible

eonly when no further descendants of a state can be found
are its siblings considered
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* intheorderA,B,E,K,S,L,T,FM,C,G,N,H,0,P,U,D, 1|, Q,J,R. The
backtrack algorithm implemented depth-first search



Vol Gandls Eualll
Depth First Search (DFS)
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begin
open := [Start];
closed :=[];
while open # [ ] do
begin
remove leftmost state from open, call it X;
if X is a goal then return SUCCESS
else begin
generate children of X;
put X on closed;
discard children of X if already on open or closed;
put remaining children on left end of open
end
end;
return FAIL
end.

% initialize

% states remain

% goal found

% loop check
% stack

% no states left
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open = [A]1 closed = [] Closed
open = [B,C,D]; closed = [A]

open = [E,F,C,D]; closed = [B,A]

open = [K,L,F,C,D]; closed = [E,B,A] Open
open =[S,L,F,C,D]; closed = [K,E,B,A]

open = [L,F,C,D]; closed = [S,K,E,B,A]

open =[T,F,C,D]; closed =[L,S,K,E,B,A]

open =[F,C,D]; closed = [T,L,S,K,E,B,A]

open = [M,C,D], as L is already on closed; closed = [F,T,L,S,K,E,B,A]

open =[C,D]; closed = [M,F,T,L,S,K,E,B,A]

open =[G,H,D]; closed = [C,M,F,T,L,S,K,E,B,A]




Depth—first search tree Yl (gaally Cuss 350 Jlia




Depth—first search tree Yy el Cuay 3jaiis Jlia
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Fia. Depth-first search (DFS)
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Iterative Depth-limited search
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Iterative Deepening Search /=0

Limit =0 =) o



Iterative Deepening Search [ =1
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Iterative Deepening Search [ =2
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Iterative Deepening Search [ =3
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Breadth First Search(BFS)

In breadth-first search

eexplores the space in a level-by-level fashion

eonly when there are no more states to be explored at a
given level does the algorithm move on to the next level
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Breadth First Search(BFS)

Breadth—first search tree Yl L jall Cuall 5yl e

. Goal nodes

o/é\o J O

Fig. Breadth-first search (BFS)
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Vsl g ally

function breadth_first_search;

begin
open := [Start];
closed =[],
while open # [ ] do
begin
remove leftmost state from open, call it X;
if X is a goal then return SUCCESS
else begin
generate children of X;
put X on closed;
discard children of X if already on open or closed;
put remaining children on right end of open
end
end
return FAIL
end.

% initialize

% states remain

% goal found

% loop check
% queue

% no states left
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Uniformed Cost —first Search
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Uniformed Cost-First Search
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Uniform Cost - first Search

Q
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Note:

Expand the cheapest unexpanded node

Implementation :

frontier = priority queue ordered by path cost g (n) 65
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