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Graphs

G =(V, E)
Adjacency List

I:I 0 {1,2}

{0,2,3}
{0,1,4}
{1,4,5}
{2,3,5}
13,4}

VY YV VY
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Shortest Path
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Shortest Path

Path with the smallest sum
of edge weights.

What is the shortest path between vertex 0 and vertex 6?
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Assumptions:
* Graph is directed.
* Graph is edge-weighted.
* Edge weights are non-negative.

0.
5 0.2% 6 2 3 * Graph need not be simple
d 0.39 (though our example will be).

Shortest Path

What is the shortest path between vertex 0 and vertex 6?
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Assumptions:
* Graph is directed.
* Graph is edge-weighted.
* Edge weights are non-negative.

0.
5 0.2% 6 2 3 * Graph need not be simple
d 0.39 (though our example will be).

ldeas?

Shortest Path

What is the shortest path between vertex 0 and vertex 6?
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Shortest Path

We are going to find the shortest path between vertex O
and every other vertex, flooding out from 0.
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Distance

Shortest Path tom 0

?

N O o A WN -, O
V|V V| I I | V| Y
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Distance

Shortest Path tom 0

N oo o BN -2 O
8

How can we keep track of routes?
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Graphs - Paths

1int[] previousVertex

\2 How do we determine the path from 0 to 6?

3

4

@‘ @ Start at vertex 6. Find its previous

@ 6 vertex. Find its previous vertex...
6

until we get back to the start (0).

‘ry MONTANA
STATE U RST

NIVERSITY



Distance Previous

Shortest Path from0  vertex

N oo o BN -2 O
N o o b W N B O

How can we keep track of routes?
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Distance Previous

Shortest Path from0  vertex
Of O 0| -
1| oo 1
21 0.26 21 0
31 0.99 3| 7
4| oo 4
5| oo 5
6| 1.51 6| 3
71 0.60 7 2

How can we keep track of routes?
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Distance Previous

Shortest Path from0  vertex

N oo o BN -2 O
N o o b W N B O

If this is the shortest path from 0 to 6, what can we say
about the shortest path from 0 to 3'
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Distance Previous

Shortest Path from0  vertex
Of O 0| -
1| oo 1
2| oo 2
3| oo 3
4| oo 4
5| oo 5
6| oo 6
]| oo 7
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Distance Previous

Shortest Path from0  vertex

N oo o BN -2 O
N o o b W N B O

v
6

Claim: There cannot possibly be a shorter path from 0 to 2
than the edge from O to 2 because...l
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Distance Previous

Shortest Path from0  vertex
0| O 0| -

1| oo 1

3 2| oo 2

3| oo 3

4| oo 4

2 s | s

6| oo 6

v 7] o 7

6

Claim: There cannot possibly be a shorter path from 0 to 2 than the
edge from O to 2 because non-negative edge weights mean every
other path is at least 0.38 or 0.26.
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Distance Previous
from O vertex

of O 0| -
1| oo 1

Shortest Path

3 Can we say the same thing
about the edge from 0 to 4?

a l.e., Could there be a shorter

path from 0 to 4 other than
the edge from 0 to 4?

v — ,

6

Claim: There cannot possibly be a shorter path from 0 to 2 than the

edge from 0 to 2 because non-negative edge weights mean every
other path is at least 0.38 or 0.26.




Distance Previous

Shortest Path from0  vertex
Of O O -
b ot —1
3) (2]02 2| 0 [ D
3= 37
4| oo 4
5| oo 5
6| oo 6
]| oo 7

Claim: There cannot possibly be a shorter path from 0 to 2 than the
edge from O to 2 because non-negative edge weights mean every
other path is at least 0.38 or 0.26.
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Distance Previous

Shortest Path from0  vertex

N oo o BN -2 O
N o o b W N B O

We need some process for progressing through the graph.
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Distance Previous

Shortest Path from0  vertex
Of O 0| -
1| oo 1
21 0.26 21 0
3| oo 3
4| oo 4
5| oo 5
6| oo 6
]| oo 7

We need some process for progressing through the graph.
What if we prioritized neighbors based on path (not edge) distance?
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Distance  Previous  Priority
vertex queue

Shortest Path tom 0

N oo o BN -2 O
8

We need some process for progressing through the graph.

What if we prioritized neighbors based on path (not edge) dist

N o o b W N B O

vertex (distance) —

ance?
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Distance Previous
vertex

Shortest Path t om0

N oo o BN -2 O
8

We need some process for progressing through the graph.

What if we prioritized neighbors based on path (not edge) distance?

vertex (distance)

N o o b W N B O

Priority
gueue




Distance  Previous  Priority

Shortest Path fromO vertex gueue

N oo o BN -2 O
N o o b W N B O

vertex (distance)

What can we reach from connected vertices and at what
distance (from 0)?
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Distance  Previous  Priority

Shortest Path fromO vertex gueue

i 2 (0.26)
4 (0.38)

N oo o BN -2 O
N o o b W N B O

vertex (distance)

What can we reach from connected vertices and at what
distance (from 0)?
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Distance  Previous  Priority

Shortest Path fromO vertex gueue

i 2 (0.26)
4 (0.38)

N oo o BN -2 O
N o o b W N B O
o

vertex (distance)

What can we reach from connected vertices and at what
distance (from 0)?
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Distance  Previous  Priority

Shortest Path fromO vertex gueue
0| O 0| - 2 (0.26)
1| oo 1 4 (0.38)
21 0.26 21 0
3| o0 3
41 0.38 4| 0
5| oo 5
6| oo 6
/| o0 7/

vertex (distance)

What can we reach from connected vertices and at what
distance (from 0)?
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Distance  Previous  Priority

Shortest Path | aueUe _, 026l  fromo  vertex queue

i 4 (0.38)

N o 1l B W N RO
o
W
%

N o 1 A W N R, O
o

vertex (distance)

What can we reach from connected vertices and at what
distance (from 0)?
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Distance  Previous  Priority

Shortest Path | aueUe _, 026l  fromo  vertex queue

i 4 (0.38)

N o 1l B W N RO
o
W
%

N o 1 A W N R, O
o

vertex (distance)

What can we reach from connected vertices and at what
distance (from 0)?
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Distance  Previous  Priority

Shortest Path | aueue _, 06|  fromo

top vertex queue
0| O 0| - 4 (0.38)
1| oo 1 7 (0.60)
21 0.26 21 0
3| oo 3
41 0.38 4| 0O
5| ©° 5
6| oo 6
71 0.60 71 2

vertex (distance)

What can we reach from connected vertices and at what
distance (from 0)?
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Distance  Previous  Priority

Shortest Path | aueue _, o3|  fromo

top vertex queue
0| O 0| - 7 (0.60)
1| oo 1
21 0.26 21 0
3| oo 3
41 0.38 4| 0O
5| ©° 5
6| oo 6
71 0.60 71 2

vertex (distance)
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Distance  Previous  Priority

Shortest Path | aueue _, o3|  fromo

top vertex queue
0| O 0| - 7 (0.60)
1| oo 1
21 0.26 21 0
3| oo 3
41 0.38 4| 0O
5| ©° 5
6| oo 6
71 0.60 71 2

vertex (distance)

What can we say about the shortest path from 0 to 4?
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Distance  Previous  Priority

Shortest Path | aueue _, o3|  fromo

top vertex queue
0| O 0| - 7 (0.60)
1| oo 1
21 0.26 21 0
3| oo 3
41 0.38 4| 0O
5| ©° 5
6| oo 6
71 0.60 71 2

vertex (distance)

The 0 to 4 edge has to be the shortest path between 0 and 4, since
any other path would go from 0->2 ->7 ->? at cost at least 0.26 +
0.34=0.6 >0.38
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Distance  Previous  Priority

Shortest Path | aueue _, o3|  fromo

top vertex queue
0| O 0| - 7 (0.60)
1| oo 1
21 0.26 21 0
3| oo 3
41 0.38 4| 0O
5| ©° 5
6| oo 6
71 0.60 71 2

vertex (distance)

The 0 to 4 edge has to be the shortest path between 0 and 4, since
any other path would go from 0 -> 2 -> 7 -> ? at cost at least 0.26 +
0.34=0.6 >0.38
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Distance

Shortest Path | aueue _, o3|  fromo

N o 1l B W N RO
o
W
%

Add neighbors to queue/previous.

Previous  Priority

vertex queue
0| - 7 (0.60)
1

21 0

3

4| 0

5

6

VARY:

vertex (distance)
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Distance  Previous  Priority

Shortest Path | aueue _, o3|  fromo

top vertex queue
0| O 0| - 7 (0.60)
1| oo 1 5(0.73)
2| 0.26 21 0
3| o° 3
410.38 4| 0
510.73 5| 4
6| o° 6
/71 0.60 71 2

vertex (distance)

Add neighbors to queue/previous.
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Distance  Previous  Priority

Shortest Path | aueue _, o3|  fromo

top vertex queue
0Of O 0| - 7 (0.60)
022 c 0.29 1| oo 1 5 (0.73)
210.26 21 0
3| oo 3
0.52 410.38 4| 0
510.73 5| 4
0.35
6| oo 6
71 0.60 71 2

vertex (distance)

Add neighbors to queue/previous.
We have another route to 7!
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Distance  Previous  Priority

Shortest Path | aueue _, o3|  fromo

top vertex queue
0Of O 0| - 7 (0.60)
022 c 0.29 1| oo 1 5 (0.73)
210.26 21 0
3| oo 3
0.52 410.38 4| 0
510.73 5| 4
0.35
6| oo 6
71 0.60 71 2

vertex (distance)

Add neighbors to queue/previous.
We have another route to 7! Check to see if it is shorter!
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Distance  Previous  Priority

Shortest Path | aueUe _, o381  fromo  vertex

top gueue
0| O 0| - 7 (0.60)
022 c 0.29 1| oo 1 5 (0.73)
210.26 2| 0
3| oo 3
05y 4038 4] 0
510.73 5| 4
0.35 6 oo )
71 0.60 71| 2

vertex (distance)

Add neighbors to queue/previous.
We have another route to 7! Check to see if it is shorter! It’s not (0.38 + 0.37 = 0.75 > 0.60).
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Distance  Previous  Priority

Shortest Path | aueue _, o3|  fromo

top vertex queue
0Of O 0| - 7 (0.60)
022 c 0.29 1| oo 1 5 (0.73)
210.26 21 0
3| oo 3
0.52 410.38 4| 0
510.73 5| 4
0.35
6| oo 6
71 0.60 71 2

vertex (distance)

Rule: When processing vertex V, only add/modify queue for
neighbor U if and only if:

distance[v] + weight(v, u) < distance[u] 39




Distance  Previous  Priority

Shortest Path qﬁsge = from O vertex queue
0| 0 0| - 7 (0.60)
1| oo 1 5(0.73)
2| 0.26 2| 0
3| oo 3
410.38 41 0
510.73 5| 4
6| oo 6
71 0.60 7| 2

vertex (distance)
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Distance  Previous  Priority

Shortest Path | aueue _. 060l  fromo

top vertex queue
0| O 0| - 5(0.73)
1| oo 1 3 (0.99)
2| 0.26 21 0
3] 0.99 3| 7
410.38 4| 0
510.73 5| 4
6| o° 6
/71 0.60 71 2

vertex (distance)
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Distance  Previous  Priority

Shortest Path | aueue _. 060l  fromo

top vertex queue
0| O 0| - 5(0.73)
1| oo 1 3 (0.99)
2| 0.26 21 0
3] 0.99 3| 7
410.38 4| 0
510.73 5| 4
6| o° 6
/71 0.60 71 2

vertex (distance)

Repeat.
We have another route to 5, and at cost 0.7 < 0.73.
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Distance  Previous  Priority

Shortest Path | aueue _. 060l  fromo

top vertex queue
0| O 0| - 5(0.73)
1| oo 1 3 (0.99)
2| 0.26 21 0
3] 0.99 3| 7
410.38 4| 0
510.73 5| 4
6| o° 6
/71 0.60 71 2

vertex (distance)

Repeat. We have another route to 5, and at cost 0.7 < 0.73.
i.e.,, distance[v] + weight(v, u) < distance[u]
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Distance  Previous  Priority

Shortest Path qzs:e -7(060) |  from0O  vertex  queue

0.70
0| O 0| - 5 (6-73)
1| oo 1 3(0.99)
21 0.26 2| 0
3] 0.99 3| 7
4| 0.38 4l 0
5673 070 . [,7
6| oo 6
7| 0.60 71 2

vertex (distance)

Repeat. We have another route to 5, and at cost 0.7 < 0.73.
So updated queue/previous/distance.
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Distance  Previous  Priority

Shortest Path | aueue _. 060l  fromo

top vertex queue
0| O 0| - 5 (0.70)
1| oo 1 3 (0.99)
2| 0.26 21 0
3] 0.99 3| 7
410.38 4| 0
510.70 5 7
6| o° 6
/71 0.60 71 2

vertex (distance)

Repeat. We have another route to 5, and at cost 0.7 < 0.73.
So updated queue/previous/distance.
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Distance  Previous  Priority

Shortest Path | aueue _. 060l  fromo

top vertex queue
0| O 0| - 5 (0.70)
1| oo 1 3 (0.99)
2| 0.26 21 0
3] 0.99 3| 7
410.38 4| 0
510.70 5 7
6| o° 6
/71 0.60 71 2

vertex (distance)
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Distance  Previous  Priority

Shortest Path | aueue _o o0l  fomo

top vertex queue
0| O 0| - 3(0.99)
1| oo 1
21 0.26 21 0
310.99 3| 7
41 0.38 4| 0O
510.70 5| 7
6| oo 6
71 0.60 71 2

vertex (distance)
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Distance  Previous  Priority

Shortest Path | aueue _o o0l  fomo

top vertex queue
0| O 0| - 3(0.99)
1| oo 1
21 0.26 21 0
310.99 3| 7
41 0.38 4| 0O
510.70 5| 7
6| oo 6
71 0.60 71 2

vertex (distance)
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Distance  Previous  Priority

Shortest Path | aueue _o o0l  fomo

top vertex queue
0| O 0| - 1(0.92)
1| 0.92 1| 5 3(0.99)
2| 0.26 21 0
3| 0.99 3| 7
40.38 4| 0
5| 0.70 5| 7
6| oo 6
7| 0.60 7| 2

vertex (distance)
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Distance  Previous  Priority

Shortest Path | aueue _o o0l  fomo

top vertex queue
0| O 0| - 1(0.92)
1| 0.92 1| 5 3(0.99)
2| 0.26 21 0
3| 0.99 3| 7
40.38 4| 0
5| 0.70 5| 7
6| oo 6
7| 0.60 7| 2

vertex (distance)

What about neighbor 4?
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Distance  Previous  Priority

Shortest Path | aueue _o o0l  fomo

top vertex queue
0| O 0| - 1(0.92)
1| 0.92 1| 5 3 (0.99)
2| 0.26 21 0
3| 0.99 3| 7
40.38 4|1 0
5| 0.70 5| 7
6| oo 6
7| 0.60 7| 2

vertex (distance)

Repeat.
What about neigh bor 4?distance[5] + weight(5, 4) = 0.70 + 0.35 = 1.05 < 0.38 = distance[4]
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Distance  Previous  Priority

Shortest Path | aueue _o o0l  fomo

top vertex queue
0| O 0| - 1(0.92)
1| 0.92 1| 5 3 (0.99)
2| 0.26 21 0
3| 0.99 3| 7
40.38 4|1 0
5| 0.70 5| 7
6| oo 6
7| 0.60 7| 2

vertex (distance)

Repeat. What about neighbor 7?
distance[5] + weight(5, 7) = 0.70 + 0.28 = 0.98 <« 0.60 = distance[7]
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Distance  Previous  Priority

Shortest Path | aueue _. oo |  fromo

top vertex queue
0| O 0| - 3(0.99)
1(0.92 1] 5
2| 0.26 21 0
3] 0.99 3| 7
410.38 4| 0
510.70 5 7
6| o° 6
/71 0.60 71 2

vertex (distance)
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Distance  Previous  Priority

Shortest Path | aueUe _, oo |  fromo  vertex queue

0
0.92
0.26
0.99
0.38
0.70

(o o]

0.60

i 3 (0.99)

N O | N[O | U

N oo o BN -2 O
N o o b W N B O

vertex (distance)

Repeat.
What about neighbor 3? 0.92 + 0.29 =1.21 > 0.99
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Distance  Previous  Priority

Shortest Path | aueue _. 050 |  fromo

top vertex queue

O O 0| -
1(0.92 1] 5
2| 0.26 21 0
3] 0.99 3| 7
410.38 4| 0
510.70 5 7
6| o° 6

/71 0.60 71 2

vertex (distance)
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Distance  Previous  Priority

ShOrteSt Path qﬁﬁ:e =3 (0.99) from O vertex queue

0
0.92
0.26
0.99
0.38
0.70
1.51
0.60

- 6(1.51)

N oo o BN -2 O
N o o b W N B O
N T WIJ O I N O WU

vertex (distance)
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Distance  Previous  Priority

ShorteSt Path qg:e =6 (1.51) from O vertex queue

of O 0| -
1| 0.92 1| 5
2| 0.26 2| 0
310.99 3| 7
41 0.38 41 0
5|0.70 5| 7
6| 1.51 6| 3
71 0.60 7| 2

vertex (distance)
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Distance  Previous  Priority

ShorteSt Path qg:e =6 (1.51) from O vertex queue

of O 0| -
1| 0.92 1| 5
2| 0.26 2| 0
310.99 3| 7
41 0.38 41 0
5|0.70 5| 7
6| 1.51 6| 3
71 0.60 7| 2

vertex (distance)
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Distance  Previous  Priority

ShorteSt Path qg:e =6 (1.51) from O vertex queue

of O 0| -
1| 0.92 1| 5
2| 0.26 2| 0
310.99 3| 7
41 0.38 41 0
5|0.70 5| 7
6| 1.51 6| 3
71 0.60 7| 2

vertex (distance)
Repeat?
Neighbor 4? 1.51 + 0.93 > 0.38
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Distance  Previous  Priority

ShorteSt Path qg:e =6 (1.51) from O vertex queue

of O 0| -
1| 0.92 1| 5
2| 0.26 2| 0
310.99 3| 7
41 0.38 41 0
5|0.70 5| 7
6| 1.51 6| 3
71 0.60 7| 2

vertex (distance)
Repeat?
Neighbor 0? 1.51 + 0.58 > 0

‘ry MONTANA
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Distance  Previous  Priority

ShorteSt Path qg:e =6 (1.51) from O vertex queue

of O 0| -
1| 0.92 1| 5
2| 0.26 2| 0
310.99 3| 7
41 0.38 41 0
5|0.70 5| 7
6| 1.51 6| 3
71 0.60 7| 2

vertex (distance)
Repeat?
Neighbor 2? 1.51 + 0.4 > 0.26
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Distance  Previous  Priority

Shortest Path | aueue _ ol  fomo  vertex

top queue
O O 0| -
1] 0.92 11 5
21 0.26 21 0
31 0.99 3| 7
41 0.38 41 0
5/ 0.70 5| 7
6| 1.51 6| 3
/1 0.60 71 2

vertex (distance)

When are we done?
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Distance  Previous  Priority

ShorteSt Path qg:e =6 (1.51) from O vertex queue

of O 0| -
1| 0.92 1| 5
2| 0.26 2| 0
310.99 3| 7
41 0.38 41 0
5|0.70 5| 7
6| 1.51 6| 3
71 0.60 7| 2

vertex (distance)

When are we done?
When the queue is empty!
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Distance  Previous  Priority

ShorteSt Path queue =6 (1.51) from O ertex queue

N W I N O |IN|O

vertex (distance)

When the queue is empty!
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Assumptions:

* Graph is directed.

* Graph is edge-weighted.

* Edge weights are non-negative.

 Graph need not be simple
(though our example will be).

Shortest Path

What happens if there are seIf-IoopsI

‘ry MONTANA
RST

STATE UNIVERSITY



Assumptions:

* Graph is directed.

* Graph is edge-weighted.

* Edge weights are non-negative.

 Graph need not be simple
(though our example will be).

Shortest Path

What happens if there are self-loops?
They are never taken, since they will never lower the cost of a path.

‘ry MONTANA
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Assumptions:

* Graph is directed.

* Graph is edge-weighted.

* Edge weights are non-negative.

 Graph need not be simple
(though our example will be).

Shortest Path

What happens if there are parallel edgesl

‘ry MONTANA
RST
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Assumptions:

* Graph is directed.

* Graph is edge-weighted.

* Edge weights are non-negative.

 Graph need not be simple
(though our example will be).

Shortest Path

What happens if there are parallel edges?
The cheapest one is taken and all others are ignored.
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Assumptions:

* Graph is directed.

* Graph is edge-weighted.

* Edge weights are non-negative.

 Graph need not be simple
(though our example will be).

Shortest Path

What happens if there are negative weightsl
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public class Edge implements Comparable<Edge>{

private int sourceVertex;
private int destVertex;
private double weight;

public Edge(int vertexl, int vertex2, double weight) {
this.sourceVertex = vertexl;
this.destVertex = vertex2;
this.weight = weight;

0.35

‘A MONTANA
STATE UNIVERSITY



Dijkstra's Algorlthm Distance  Previous  Priority

fromO vertex gueue
O O 0l -
1]/ 0.92 1! 5
21| 0.26 21 0
31 0.99 3| 7
41 0.38 4l 0
510.70 5| 7
6| 1.51 6 3
/1 0.60 71 2
Rule: When processing vertex Vv, only vertex (distance)

add/modify queue for neighbor u if and only if:
distancel[v] + weight(v, u) < distancel[u]
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Distance  Previous  Priority
from O vertex gueue

: o

(o o]

0.26
0.99
0.38
0.73

(o o]

0.60
Rule: When processing vertex Vv, only vertex (distance)

add/modify queue for neighbor U if and only if: g;ji;::itwertex
distance[v] + weight(v, u) < distance[u]
0.60 + 0.1 < 0.73

N oo o BN -2 O
N o o b W N B O
O |IN|O
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Distance  Previous  Priority

from O vertex gueue

0| O 0l -

1| oo 1

2| 0.26 21 0

3| 0.99 3| 7

41 0.38 4| 0

5| 073 0.70 5| 4 7

6| o 6

7| 0.60 71 2
Rule: When processing vertex v, only vertex (distance)
add/modify queue for neighbor u if and only if: ggjl;:stltyVePtex

distance[v] + weight(v, u) < distance[u]
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Dijkstra’s Algorithm

Proposition R. Dijkstra’s algorithm solves the single-source shortest-paths prob-
lem in edge-weighted digraphs with nonnegative weights.

Proof: If v is reachable from the source, every edge v->w is relaxed exactly once,
when v is relaxed, leaving distTo[w] <= distTo[v] + e.weight(). This in-
. . equality holds until the algorithm completes, since distTo[w] can only decrease
R u n n I n g TI m e ° O ( E L I og(V) ) * (any relaxation can only decrease a distTo[] value) and di stTo[v] never changes
¢ (because edge weights are nonnegative and we choose the lowest distTo[] value
at each step, no subsequent relaxation can set any distTo[] entry to a lower value
than distTa[v]). Thus, after all vertices reachable from s have been added to the
tree, the shortest-paths optimality conditions hold, and prorosiTION P applies.

E = # of edges
\V = # of vertices

Proposition R (continued). Dijkstra’s algorithm uses extra space proportional to V'
and time proportional to E log V (in the worst case) to compute the SPT rooted at
a given source in an edge-weighted digraph with E edges and V vertices.

Proof: Same as for Prim’s algorithm (see PROPOSITION N).

* Varies depending on
implementation and
representation

Proposition N (continued). Kruskal's algorithm uses space proportional to E and
time proportional to E log E (in the worst case) to compute the MST of an edge-
weighted connected graph with E edges and V vertices.

Proof: The implementation uses the priority-queue constructor that initializes the
priority queue with all the edges, at a cost of at most E compares (see SECTION 2.4).
After the priority queue is built, the argument is the same as for Prim’s algorithm.
The number of edges on the priority queue is at most E, which gives the space
E bound, and the cost per operation is at most 2 lg F compares, which gives the time
ke bound. Kruskal's algorithm also performs up to E find() and V union() opera-
stra tions, but that cost does not contribute to the E log E order of growth of the total
running time (see SECTION 1.5).

b r;
Edsger Wybe Dijk
11 May 1930 — 6 August 2002
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A Sta r | pygame window

A Star or A* is another algorithm that
will compute the shortest path in a
graph

In Dijkstra’s Algorithm we select the least-cost
unvisited node, and we compute the shortest
path to all other nodes

In A*, we select the node that is the shortest
distance away from the target, and does not
compute the shortest path to all other nodes

In A* we use a heuristic to make decisions

Manhattan

Euclidean

Distance d :\I ()(2— X1)2+ (yz_ y1 )2 Manhattan

heuristic (No difference in running time)
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e

We can represent a maze using graphs!
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Creating Mazes with Depth First

://www.youtube.com/watch?v=e5zDG4JIs
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https://www.youtube.com/watch?v=e5zDG4JIsyg

Shortest Path Algorithms on Maze

://clementmihailescu.github.io/Pathfinding-Vi
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STATE UNIVERSITY


https://clementmihailescu.github.io/Pathfinding-Visualizer/

Applications of Shortest Pathl
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STATE UN RST

TE UNIVERSITY



MONTANA

STATE UNIVERSITY



Branch?"-
OSPF Area 5

@— 5.5.5.5/24

_/

10.0.45.0/24

u

=

[V

& guEEEEEEEE AR sy, ,

"'E_ranr.:h 3]
OSPF Area b

6.6.6.6/24

“BRANCHES"
VRF

N

;
1)

5. BGP Withdrawal

]
‘F 0.67.0/24
« 1. OSPF

8"

Enterprise MPLS Core
AS 200

iBGP
Y,

2.BGP Update
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~ Sg——
Internet Provider

N, o1
10.10.10.C 0/24) "_/OSPF
4 DMVPNs* 4
‘?‘_’:\_-._: _Fj.—f o

Dijkstra’s Algorithm is used for
network routing

The OSPF Protocol

4



hi\\\leLside Country Clubv
© Mm 8 x do X Q_ Search along the route W Gas [EVer

Best 12min 34min 1hr27 19min | \ Finding ShOftESt path on a map

0 ‘ Barnard Hall, 1325-1399 S 6th Ave, Boze ]

%

(0] ‘ Costco Wholesale, 2505 Catron St, Boze ’ Costco Wholesale

Five Guys

-%:-Lo\utback Steakhouse

\ Bridger Creek
Golf Course

@ Add destination

—z Send directions to your phone GD Copy link

N e

Gallatin arket
: . County v 90,
£ viaN19thAve 12 min Regional Park W Oak St i
Fastest route now, avoids road closure 4.6 miles
on W Grant St
Details D
LT
===Bozeman ===
£ viaS19thAve 13 min £
4.6 miles g Peets Hil
ing-.Bozeman, MLle" > BurkePai
o
&= 13 min
(£ viaEBaxterlLn 13 min 4.6 miles o
4.6 miles
American Computer@ ~
& Robotics Museum 'MUSE’U”‘ of the F
w «\’(an\. Rlue
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Sending drones or robots on the shortest path
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w AlanRickman . .
w Finding Shortest Path between actors

' ;
\ JohnnyDepp
Enter starting actor:

Margot Robbie

—— N Enter destination actor:
— Orlando Bloom
.m-mmALee Margot Robbie acted with Brad Pitt in Once Upon a Time in Hollywood
‘ t Brad Pitt acted with Cate Blanchett in The Curious Case of Benjamin Button
Cmentn

~

<> Cate Blanchett acted with Orlando Bloom in Fellowship of the Ring

S

==
€. MargotRobbie

f ’

Number of hops: 3

a

Oracle of Bacon
Millie Bobby Brown |

wasin

Asesinato en El Hormiguero Express |

with

Ryan Reynolds |

wasin

RIPD. |
with
|
/ Kevin Bacon
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° e Consider an Acyclic graph (a graph
e G E with no cycles) (a “tree”)

0 u Observation:
e Pick any two vertices (V1, V2). There
‘ is only one possible path that goes
G from V1 to V2 (and vice versa)
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Consider an Acyclic graph (a graph
with no cycles) (a “tree”)

Observation:

Pick any two vertices (V1, V2). There

‘ is only one possible path that goes
G from V1 to V2 (and vice versa)
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Longest Path I
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u e Select any vertex vl
HashMap<String, LinkedList<String>> adjlList

('EI’ ‘II') { J: [K], A:[C], C:[A,D,B], F: [E, G, H, J], ..}
e HashMaps are unordered, and there is no way
to pick a key at an “index”
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u e Select any vertex vl
HashMap<String, LinkedList<String>> adjlList

('EI’ ‘II') { J: [K], A:[C], C:[A,D,B], F: [E, G, H, J], ..}
e HashMaps are unordered, and there is no way
to pick a key at an “index”
° G Just return the first key when iterating over it

for(String key: adjlList){
return key;

¥
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Select any vertex vl

Do Breadth First Traversal from vertex
vl to all other vertices

While doing breadth first, keep track
of the distance from vertex v1
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Select any vertex vl

Do Breadth First Traversal from vertex
vl to all other vertices

While doing breadth first, keep track
of the distance from vertex v1 (store

{ in some kind of data structure)
C: 1

J: 2

F: 1

D: 2

G: 2

L: 4

}
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Select any vertex vl

Do Breadth First Traversal from vertex
vl to all other vertices

While doing breadth first, keep track
of the distance from vertex v1 (store

{ in some kind of data structure)

C: 1

2 i Select the node that was the furthest
D: 2 away, v2

G: 2

L: 4

}
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2 2
1
(o
2

; Select any vertex vl

° Do Breadth First Traversal from vertex
vl to all other vertices

1
(B
; ° While doing breadth first, keep track

‘ of the distance from vertex v1 (store

{ 2 in some kind of data structure)
c: 1 G 4 z
2 i Select the node that was the furthest
D: 2 away, v2
G: 2
L: 4 .
v2 must be an endpoint on the longest path because I
}
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o a1

Choose an arbitrary tree node s. Assume u, v € V(@) are nodes with d(u, v) = diam(G). we know that:
Assume further that the algarithm finds a node & starting at s first, some node y starting at
next. wlog d(s,u) > d(s, v). note that d(s, z) > d(s, y) must hold, unless the algorithm’s first 1. d(2up, ¥) < d(zu, v). otherwise d(u, v) < diam(G) contradicting the assumption.
stage wouldn't end up at z. We will see that d(z, y) = d(u, v). e 2. d(zyy, ) = d(2Zyy, u). otherwise d(u, v) < diam(G) contradicting the assumption.
) ) ) ) 3.d(8, zzy) + d(2gy, ) = d(8, zyp) + d( 2y, u), otherwise stage 1 of the algorithm wouldn't
The most general configuration of all nodes involved can be seen in the following pseudo- have stopped at .
raphics ( possibly 8 = z,, Or 8 = z,, or both ):
arap tp d w v ) 4. d(zzy,y) = d(v, Zyy) + d(Zyp, Zzy ), Otherwise stage 2 of the algorithm wouldn't have
stopped at y.
(w) (x] re
A / j 1) and 2) imply
1\ ; ’ c dl:‘h'.., U) = d{zﬂ‘lh U} + d(zu'u: H)
Y /
== —
( Z_Uuv ) { 5 :I [: Z_xy } = d{zuﬂ! :B) + d(-z‘um y) d{.."'}, y] + 2 d(zum -z:y]
/ \ > d(z,y)
£ Lt
/ \ e 3) and 4) imply
(v) (y) d(zzy,y) + d(s, 2zy) + d(22y, T)
e > d(8, Zup) + d(2yp, u) + d(v, 2yp) + d(2up, Zzy)
\\/ analogue proofs haold for the alternative configurations S O rT equivalent to
{ 4 (u) x) dI:E, ‘_I,":l = d{zﬂ-‘wy) + d{zzyrz)
C: 1 \ / > 2 % d(s, 7u0) + (v, 2u) + d(2, 2u0)
\ /
J . 2 (s) C j_uv ) ( z_xy i 2 d{u"v)
. / N ect 1 therefore d(u, v) = d(z,y).
F . 1 (v) )
D: 2 ay, v2
G : 2 (x) (u)
/ \
L: 4 / \
0 / \
V2MU| o r—cem st path because
\ ;
\ /
W ()
} these are all possible configurations. in particular, z ¢ path(s,u),z ¢ path(s,v) due to the
result of stage 1 of the algorithm and y ¢ path(z,u),y & path(z,v) due to stage 2.
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2

1 Select any vertex vl

Do Breadth First Traversal from vertex
vl to all other vertices

2

; While doing breadth first, keep track

2

e ‘ of the distance from vertex v1 (store
{ in some kind of data structure)
4
2 i Select the node that was the furthest
D: 2 away, v2
G: 2
— v2 must be an endpoint on the longest path because _
}
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° e Do breadth first search again,
but now starting from v2

Keep track of distances from v2
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° ° Do breadth first search again,
5 4 . but now starting from v2

., O ®

® :

. O @
O |
@

Keep track of distances from v2
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6 6

v3
° Do breadth first search again,
c 4 . but now starting from v2
> G G ° Keep track of distances from v2
® :
4 G . ° Select the vertex with the
e ‘ longest distance, v3

2 (We have a tie for longest path, so just select one of them)
G Breadth First will visit every node, and will
always find the farthest away node from
“Double pass BFS” some starting point

Will only work on an acyclic graph [V2, V3] is the longest path

‘A MONTANA
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