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Dijkstra’s Algorithm

Find the shortest paths from a single source node to all other nodes in a
connected graph with non-negative edge Weights.
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How Dijkstra’s Algorithm works?

Dijkstra’s Algorithm is a greedy algorithm that selects the edge with
the minimum distance from the source node at each step to determine
the shortest paths from the source node to all other nodes in a graph.
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The algorithm is based on the principle of relaxation. Initially, it
overestimates the distance between the source node and every other node.
Then, it visits each node and applies the relaxation process to all its outgoing
edges. This process gradually updates the estimated distance by taking the
minimum of the current path length and any newly discovered path length,
until the shortest distance to each node is found.

Once a node has been visited, the current path to that node is guaranteed to
be the shortest path from the source. That node will not be revisited again.



Graphical Explanation

Positive Weights graph
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Step 1: Set the distance from the source (start) node to itself as 0, and the distance to all
other nodes as infinity (90). Keep track of the nodes that have already been visited.

Nodes 0 1 2 3 4 5

Distances 0 o0 o0 o0 o0 o0

Visited { } - Track nodes we have visited.

5 9

0O 0

Start Node



Step 2: Select an unvisited node that has the shortest known distance from the
source node.

Step 3: Mark the selected node as visited.

Step 4: Examine all outgoing

5 __2_ edges from the selected node and

oo % check whether a shorter path to
its adjacent nodes can be tound. If

9. 7 6 a newly discovered path is shorter,
6 update the distance accordingly.
(Do not update the distances of
6 10 nodes that have already been
00 oo Visited.)

Source Node



Step 2: Select an unvisited node that has the shortest known distance from the
source node — Select Node 0

Step 3: Mark the selected node as visited — Visited {10}
Step 4: Look at the edges that are outgoing from the node —

Nodes 0 1 2 3 4 5
Distances 0 ) o0 6 Q0 Q0O
min{oo, 2} = 2 5 9

2 00

6 10

Source Node 6 min{oo, 6} = 6 1P




Iteration 1



Step 5: Repeat Steps 2 and 3 until all nodes have been visited.



Step 2: Select an unvisited node that has the shortest known distance from the
source node — Select Node 1

Step 3: Mark the selected node as visited — Visited {0, 1}
Step 4: Locl-~+ the edges that are outgoing from the node —

Visited
Nodes 0 1 2 3 4 5
Distances 0 2 o0 6 Q0 o0
Minimum distance 9

; =
2 7l N 6
6 10
Source Node 6 o0



Step 2: Select an unvisited node that has the shortest known distance from the
source node — Select Node 1

Step 3: Mark the selected node as visited — Visited {0, 1}
Step 4: ook at the edges that are outgoing from the node —

Nodes 0 1 2 3 4 5
Distances 0 2 7 6 o0 o0
2 7 00
Node O has minteo, 2 + 5} =7

already visited.

No need to 2 7 6 6

look at this
edge.

Source Node




Iteration 2



Step 2: Select an unvisited node that has the shortest known distance from the
source node — Select Node 3

Step 3: Mark the selected node as visited — Visited {0, 1, 3}
Step 4: ook at the edges that are outgoing from the node —

Nodes 0 1 2 3 4 5
Distances 0 2 7 6 o0 o0
5 Minimum distance
|
2 7 00

min{7,6 + 7} =7
2 71 N\ 6

min{c, 6 + 10} = 16

6 10

Source Node 6 00
Node O has alreadv vicited No need to look at this edoe




Step 2: Select an unvisited node that has the shortest known distance from the
source node — Select Node 3

Step 3: Mark the selected node as visited — Visited {0, 1, 3}
Step 4: ook at the edges that are outgoing from the node —

Nodes 0 1 2 3 4 5

Distances 0 2 7 6 16 o0

No need to update if a 9

) "Shorter distance is flOt found™ Y
min{7,6 + 7} =7

2 71\ 6

min{c, 6 + 10} = 16

10

A 14
Node O has already visited. No need to look at this edge.

Source Node



Iteration 3



Step 2: Select an unvisited node that has the shortest known distance from the

source node — Select Node 2

Step 3: Mark the selected node as visited — Visited {0, 1, 3, 2}
Step 4: ook at the edges that are outgoing from the node —

Nodes 0 1 2 3 4 5

Distances 0 2 7 6 16 o0

Minimum distance 9

A 4

min{7,7 + 9} = 16

2 7 00

min{16,7 + 6} = 13

Source Node 6 16



Step 2: Select an unvisited node that has the shortest known distance from the
source node — Select Node 2

Step 3: Mark the selected node as visited — Visited {0, 1, 3, 2}
Step 4: ook at the edges that are outgoing from the node —

Nodes 0 1 2 3 4 5

Distances 0) 2 7 6 13 16

) min{oo, 7+ 9} =16

Node 1 and node 3 have already been Vlslted
No need to look at these edges

min{16, 7+ 6} =13

Source Node



Iteration 4



Step 2: Select an unvisited node that has the shortest known distance from the
source node — Select Node 4

Step 3: Mark the selected node as visited — Visited {0, 1, 3, 2, 4}
Step 4: ook at the edges that are outgoing from the node —

Nodes 0) 1 2 3 4 5
Distances 0) 2 7 6 13 16
5 Minimum distance
2 7 16

Source Node 6 13



Step 2: Select an unvisited node that has the shortest known distance from the
source node — Select Node 4

Step 3: Mark the selected node as visited — Visited {0, 1, 3, 2, 4}
Step 4: ook at the edges that are outgoing from the node —

Nodes 0 1 2 3 4 5
Distances o) 2 7 6 13 16
5 Mlmmum distance

min{16,13 + 19} = 16
2 7

Node 2 and node 3 have already been Vlslted
No need to look at these edges | 6

Source Node : (; 13



Iteration 5



Step 2: Select an unvisited node that has the shortest known distance from the
source node — Select Node 5

Step 3: Mark the selected node as visited — Visited {0, 1, 3,2, 4, 5}
Step 4: ook at the edges that are outgoing from the node —

Nodes 0) 1 2 3 4 5
Distances o) 2 7 6 13 16
5 9 Minimum distance
2 7 16

Source Node 6 13



Step 2: Select an unvisited node that has the shortest known distance from the
source node — Select Node 5

Step 3: Mark the selected node as visited — Visited {0, 1, 3,2, 4, 5}
Step 4: ook at the edges that are outgoing from the node —

Nodes 0 1 2 3 4 5

Distances 0) 2 7 6 13 16

5 9 No edges to explore
2 7 16

All nodes have been visited.

2 71 D\ 6

Source Node 6 13



Iteration 6

At completion, the algorithm visits every node in the graph and determines
the shortest distance to each one.



Nodes

Distances

Source Node

16

13




A* search algorithm

The A* search algorithm is a pathfinding algorithm that computes
the single-pair shortest path between a start node (source) and a
target node (destination) in a weighted graph.
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A* search algorithm

This algorithm accounts for both the actual accumulated cost from
the start node to the current node, denoted as g, and the estimated
future cost from the current node to the target node, calculated via
a heuristic function h. It then selects the node with the lowest
combined f —value (f(n) = gn) + h(n) ) as the next
node to explore, repeating this process until the target node is
reached.

Dijkstra’s algorithm is a special case of the A* algorithm in which
the heuristic value is zero tor every node.



Dijkstra’s Algorithm Not actually reach the target node

Educated Guess
f(n) : The estimated total cost from the start node to the target node,

passing through node M

g(n) : The actual, known accumulated cost from the start node to the

current node N

h(n) : The heuristic function: estimated future cost from current node M
to the final target node

< > g(n) h(n) .
Actual Known Cost Estimated Heuristic Cost

Start Node Node n Target Node



How the A* Algorithm Works

The A* algorithm relies on two core functions: g(n) and h(n).
When positioned at the current node 1 :

gn) represents the actual, accumulated cost traveled from the start
node to node Nn.

h(n) is the heuristic function: it calculates an estimated remaining cost from
node 7 to the target node.

As an educated guess of future travel cost, h(n) is critical to the overall
efficiency and performance of the A* algorithm.



31

By summing these two values, we obtain f(n), which represents the
algorithm’s estimate of the total path cost from the start node to the

target node:
f(n) = g(n) + h(n)

f(n) : Estimated total cost of the path from the start node to the target
node, passing through node n

g(n) : Known actual cost from the start node to node n

h(n) : Heuristic estimated cost from node 1 to the target node



The algorithm always selects the node with the lowest f(71) value as the
next node to explore.

Whenever a shorter, lower-cost path to an already discovered node is found,
it updates the corresponding g(n) and h(n) values.

This iterative process repeats until the algorithm successfully reaches the
target node.



A* Algorithm vs. Dijkstra’s Algorithm

1. Path Objective

* The A% algorithm is a Single—pair shortest path solver: it only
finds the optimal path between one dgfined start node and one SPGC!ﬁC
target node.

* Dijkstra’s algorithm computes the Single—source shortest
path: it calculates the shortest path ﬁom the start node to every other
node in the graph, effectively treating all nodes as potential targets.



A* Algorithm vs. Dijkstra’s Algorithm

2. Speed & Search Direction

A* runs significantly faster in most practical use cases, because
its heuristic function actively guides exploration directly toward
the destination.

Dijkstra’s algorithm has no prior information about the location
of the target node. It expands uniformly outwards in all available
directions, always prioritizing the node with the smallest known
travel cost from the start point.



A* Search Algorithrn Dijkstra’s Algorithm
Find the shortest path from the start node Find the shortest path from the start node
to one specific target node to all other nodes in the graph
* Use case: Single target only * Use case: Multiple / all potential targets
Search Behavior: Search Behavior:
* Does not expand every node in the * Expands and evaluates nearly all nodes
graph in the graph
* Heuristic function guides exploration . Explores uniformly outward in all
directly toward the destination directions, with no directional guidance




A* Search Algorithm f (n) — g(n) + h(?’l)

Has prior information about the location of the target node

Informed search algorithm

< > g(n) .
Actual Known Cost

Start Node Node n Target Node
Dijkstra’s Algorithm f (n) = 9] (n)

Equivalent to A* with h(n) = 0 for all nodes

No prior information about the tarﬁet node
|

< > g(n) | h(n) = .
Actual Known Cost I |

Start Node Node n Target Node

36



Graphical Explanation

The heuristic function is critical to the pezformance cyp the A algorithm. The
heuristic values used in this example are purely for demonstration purposes.

Weight/ Cost/Distance Target Node Node | Heuristic distance to

5 9 target node
0 20
6 1 16
2 7 6 , 6
3 10
6 10 4 4
Note/ Vertex > 0

37

Start Node



A* Algorithm Step 1: Initialization



Node Status f(n) Previous Node

O (start)

1

2

> 5

o0 4

5 (target)

2 7

Step la:
* Set the actual travel cost g(n)
of the start node to 0.

e Setthe g(n) value of all other
unvisited nodes to infinity ().

Q0 9

Start Node



2

Node Status | g(n) h(n) f(n) Previous Node
O (start) 0 20 20 None
1 00 16 Start nodd has no previous node.
2 00 6
3 § 00
© 4 o0
5 (target) 00
7 6 Step 1b:
6 Calculate the total estimated cost
6 10 fo e warmode, |

Start Node

40

Mark the start node’s previous node as

None (no predecessor node).



2

Step lc:

Open List: Empty at first — stores

Initialize two core tracking lists:

Node Status | g(n) h(n) f(n) Previous Node
O (start) 0 20 20 None
1 00 16 Start noddq has no previous node.
2 00 6
3 § o0
o0 4 o0
5 (target) 00
6
1

Start Node

all nodes waiting to be

explored/evaluated

Closed List: Empty at first — stores

all fully visited & processed nodes

41



Step 2: Place the start node into the open list



2

Node Status | g(n) h(n) f(n) Previous Node
O (start) | Open 0 20 20 None
1 o0 16
2 00 6
3 § o0
o0 4 o0
5 (target) 00
7 6 Step 2:
6 10 * Open List: [0]

Start Node

* Closed List:|[]

43



A* Algorithm [teration Step 3



Node

Status

45

f(n) Previous Node

O (start) | Open

20 None

1

2

3

o0 4

5

5 (target)

2

Start Node

Step 3a:

Locate the node with the lowest
total f(n) value from the open list.
Remove this node from the open list,
and mark it as the current node.



Node Status f(n) Previous Node

O (start) | Current 20 None

1

2

> 5

o0 4

5 (target)

2 7

Only Node 0 exists in the open list, so
Node 0 becomes our current Working
node.

o0 o °* Open List: [0]

* Closed List:|[]
Start Node



2

Node

Status

f(n)

Previous Node

O (start)

Current

20

None

1

2

> 5

o0 4

-
S

00
P
ot
=
4~
)
p

5 (target)

Start Node

Step 3b:

Check whether the selected current node

matches the final target node.

47

* If Yes: Algorithm terminates, shortest

path is found

* If No: Continue exploring neighbouring

nodes



Node Status | g(n) h(n) f(n) Previous Node

O (start) | Current 0 20 20 None

1 o0 16

2 o0 6

) 5 — - t Nede
o0 4 o0
5 (target) 00

2 7 6
Current Node 0 # Target Node 5 —
6 1 O proceed to next step
Q0 Q0

Start Node



2

49

Node Status | g(n) h(n) f(n) Previous Node
0 (start) | Current 0 20 20 None

1 00 16

2 00 6
3 § 00
o0 4 o0
5 (target) 00
6
1

Start Node

6

Step 3c:

Identity all adjacent neighbouring
nodes connected to the current node.
For every discovered neighbour node,
run the following sub-checks one by
one:



Node

Status

Previous Node

O (start)

Current

None

1

2

3

o0 4

5

5 (target)

2

Start Node

Step 3.c.1:

CX)NO

50

Is this neighbour already present in the
closed (visited) list?



51

Node Status | g(n) h(n) f(n) Previous Node

O (start) | Close 0 20 20 None
1 16 18 0
2
3 5 Thikracetr Nade

) Farget Node

5 (target)

2 7 Step3.c.2:

Calculate the neighbour’s new g(n)
cost, and verity it this path offers a lower

(better) g value.

min{oo, 0 4+ 2} = 2

Start Node



2

Node Status | g(n) h(n) f(n) Previous Node

O (start) | Close 0 20 20 None

1 16 18 0

2

M Target Node
2 4
5 (target)

Step 3.c.3:

Start Node

52

Update the neighbour’s g(n), h(n) and
final f(n) values, and set the current

node as its predecessor/ previous node.



2

Node Status | g(n) h(n) f(n) Previous Node

O (start) | Close 0 20 20 None

1 Open 16 18 0

2

3 5 Tatroset Nadae
) Target Node
5 (target)

7 Step3.c.4:

Start Node

Q0

53

Is this neighbour already in the open list?
If not, add it to the open list for future

evaluation.

* Open List: [1]
* Closed List:[]



[teration 1

Neighboring nodes: Node 1, Node 3



Node Status | g(n) h(n) f(n) Previous Node

O (start) | Close 0 20 20 None
1 18 0
2
;D Target Node

2 4

5 (target)

2 Step 3.c.1:

Start Node

55

Check: Is this neighbouring node already

in the closed list?

No



56

Node Status | g(n) h(n) f(n) Previous Node

O (start) | Close 0 20 20 None

1 Open 16 18 0

2

M Target Node
2 4
5 (target)

7 Step 3.c.2:

Start Node

Calculate the g(n) cost for

this

neighbour, and check if a lower (better)

path cost is found.

oo New g(g) = min{o0, 0 + 6} = 6

A better, lower-cost path is confirmed



57

Node Status (n) h(n) f(n) Previous Node
O (start) | Close 0 20 20 None
1 18 0
2
; 5 TargetIN }jge 0
2 4
5 (target)
2
Step 3.c.3:
Update the neighbouring node’s g (n),
6 h(n) and f(n) values

Start Node




Node Status (n) h(n) f(n) Previous Node
O (start) | Close 0 20 20 None
1 18 0
2
3 5 16 0
) Farget Node
5 (target)

2

Start Node

Step 3.c.4:

58

Check: Is this neighbouring node already

in the open list?

No



2

Node Status | g(n) h(n) f(n) Previous Node
O (start) | Close 0 20 20 None
1 18 0
2
3 5 |16 0
2 4- rai geL INOaC
5 (target)

Start Node

Step 3.d:

59

Move the fully expanded & processed
current node into the closed list
Final List State (End of Iteration 1)

* Open List: [1,3]
* Closed List:[0]



[teration 2



Node Status | g(n) h(n) f(n) Previous Node
O (start) | Close 0 20 20 None
1 Open 2 16 18 0
2 00 6
3 Open 6 10 16 0
4 00
5 (target) 00 0
Step 3a:

* Locate the node with the lowest
total f(n) value from the open list.

* Remove this node from the open list,
and mark it as the current node.

* Open List: [1,3]
* Closed List:|[0]




Node Status | g(n) h(n) f(n) Previous Node
O (start) | Close 20 20 None
1 Open 16 18 0
2 6
3 Current 10 16 0
4
5 (target) 0

Select Node 3 as the current node
(the lowest f — value).

* Open List: [1]
* Closed List:|[0]

62



Node Status | g(n) h(n) f(n) Previous Node
O (start) | Close 20 20 None

1 Open 16 18 0

2 6

3 Current 10 16 0

4 4

5 (target) 0

1. Look at the Open List: [1, 3] 4. Remove Node 3 from the open list
2. Compare f —values of all open nodes: 5.Set Node 3 as the new current node
* Node 1: f(n) =18
* Node S:f(n) =16
3. Node 3 has the lowest [ —cost

63



[teration 2

Neighboring nodes: Node 0, Node 2, Node 4



Node Status (n) h(n) f(n) Previous Node
O (start) | Close 0 20 20 None
1 Open 18 0
2
3 5| Current 16 0
— Target Node
2 4

5 (target)

Start Node

Step 3.b:

Target Node Check

Check if the current node is the target

node

Result: Node 3 # Target Node 5

Continue with neighbour exploration

65



2

Node Status | g(n) h(n) f(n) Previous Node
O (start) | Close 0 20 20 None
1 Open 18 0
2
3 5 Current 16 0
— TargetIN ode
2 4
5 (target)
7 Step 3.c:
Identity Neighbouring Nodes
6
All adjacent neighbours of Node 3:
6

Start Node

Node 0, Node 2, Node 4

66



[teration 2

Check: Node O



2

Node Status | g(n) h(n) f(n) Previous Node
O (start) | Close 0 20 20 None
1 Open 18 0
2
3 § Current - M1§ 0
a = Farget Node
5 (target)

Start Node

Process Each Neighbour
Neighbour: Node O

Step 3.c.1: Is node in the closed list?
Yes — Ignore this node

68



[teration 2

Check: Node 2



2

Node Status | g(n) h(n) f(n) Previous Node
O (start) | Close 0 20 20 None
1 Open 18 0
2
3 § Current N 1\T1 § 0
a o Farget Node
5 (target)

Start Node

Neighbour: Node 2

Step 3.c.1: Is node in the closed list?
No, proceed with calculation

70



2

Node Status | g(n) h(n) f(n) Previous Node
O (start) | Close 0 20 20 None
1 Open 18 0
2
3 5| Current N M1§ 0
an 3 Farget Node
5 (target)

Start Node

Step 3.c.2:
Calculate & Verify path cost

New g(n) = min(o0, g(3)+7)=6 +7=13

Found a better, lower-cost path

71



2

Node Status | g(n) h(n) f(n) Previous Node

O (start) | Close 0 20 20 None

1 Open 18 0

2

3 5 Current 16 0

— TargetIN ode
2 4 1
5 (target)
7
Step 3.c.3: Update values
6
6

Start Node

72



2

Node Status | g(n) h(n) f(n) Previous Node
O (start) | Close 0 20 20 None
1 Open 2 16 18 0
2 13 6 19 3
) 5 Current— 6 9 TargetIN }jge 0
2 4 1 o0
5 (target) 00
7 6 6 Step 3.c.4:
Open list check
Node 2 is not in the open list
6 10 Add Node 2 to the open list
6 o0

Start Node

73



Node Status | g(n) h(n) f(n) Previous Node

O (start) | Close 0 20 20 None

1 Open 2 16 13 0

2 Open 19 3

3 5| Current N M1§ 0
an 3 Farget Node
5 (target)

6 *  Open List: [1,2]

Start Node

* Closed List:|[0]

74



[teration 2

Check: Node 4



2

Node Status | g(n) h(n) f(n) Previous Node
O (start) | Close 0 20 20 None
1 Open 2 16 13 0
2 Open 19 3
3 5| Current N M1§ 0
an 3 Farget Node
5 (target)

Start Node

Remaining Neighbour Processing:

Node 4
Step 3.c.1

76

[s the neighbouring node in the closed

list?

— No, proceed with evaluation



Node Status | g(n) h(n) f(n) Previous Node
O (start) | Close 0 20 20 None
1 Open 2 16 13 0
2 Open 19 3

77

3 5| Current 16 0
Target Node
2 4 1
5 (target)
P Step 3.c.2
Calculate the g(n) cost and check tor
6 an improved path

NeW path cost:
g(4):min{00, 6+10}=16
A lower-cost, better path is found

Start Node



2

Node Status | g(n) h(n) f(n) Previous Node
O (start) | Close 0 20 20 None
1 Open 2 16 18 0
) Open 19 3
3 5 Current 16 0
— TargetIN ode
2 4 1 20 3
5 (target)
7
Step 3.c.3
6 Update all cost values and record path
6 information

Start Node

78



2

Node Status | g(n) h(n) f(n) Previous Node

O (start) | Close 0 20 20 None

1 Open 2 16 18 0

) Open 19 3

] 5 = - — Tai get N }jge 0
2 4 Openl 20 3
5 (target)

7
Step 3.c.3
6 Update all cost values and record path
6 information

Start Node

79



2

Node Status | g(n) h(n) f(n) Previous Node
O (start) | Close 0 20 20 None
1 Open 2 16 18 0
) Open 19 3
] 5 = - — Tai get N }jge 0
2 4 Openl 20 3
5 (target)
7
Step 3.c.4
[s the neighbouring node already in the
6 open list?
6 16 0

Start Node

Add Node 4 to the open list

80
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Node Status | g(n) h(n) f(n) Previous Node
O (start) | Close 0 20 20 None
1 Open 2 16 18 0
) Open 19 3
] 5 = - — Tai get N }jge 0
2 4 Openl 20 3
5 (target)
7 Step 3.d: Finalize Current Node
Move the fully expanded Node 3 into
6 the closed (visited) list

Start Node

Open List: [1,2,4]
Closed List:[0,3]

81



[teration 3



Node Status | g(n) h(n) f(n) Previous Node

O (start) | Close 0 20 20 None
1 O;_aen 2 16 18 0
2 Open 13 6 19 3
3 Close 6 10 16 0
4 Open 16 20 3

5 (target) o0 0

Step 3a:

Locate the node with the lowest
total f(n) value from the open list.
Remove this node from the open list,
and mark it as the current node.

Open List: [1,2 4]
Closed List:[0, 3]

83



Node Status | g(n) h(n) f(n) Previous Node
O (start) | Close 0 20 20 None
1 Current 2 16 18 0
2 Open 13 6 19 3
3 Close 6 10 16 0
4 Open 16 20 3
5 (target) o0 0

Select Node 1 as the current node
(the lowest f — value).

Open List: [2,4]
Closed List:[0, 3]

84



[teration 3

Neighboring nodes: Node 0, Node 2



Node Status | g(n) h(n) f(n) Previous Node |

O (start) | Close 0 20 20 None
1 Current 2 16 18 0
2 Open 19 3
3 5| Close o 16 0

2 4 Openl 0 3

5 (target)

2 7 Step 3.b:

Target Node Check
Check if the current node is the target
node

Result: Node 1 # Target Node 5
Continue with neighbour exploration

Start Node



2

Node Status | g(n) h(n) f(n) Previous Node

O (start) | Close 0 20 20 None

1 Current 2 16 18 0

2 Open 19 3

3 5| Close N Mlﬂ@ 0
2 4 Openi P00 3
5 (target)

7
Step 3.c: Find all current node’s
6 neighboring nodes.

Start Node

Open List: [2,4]
Closed List:[0,3]

87



[teration 3

Check: Node O



2

Node Status | g(n) h(n) f(n) Previous Node
O (start) | Close 0 20 20 None
1 Current 2 16 18 0
) Open 19 3
> 5 = - tai get N }jge 0
2 4 Openl 20 3
5 (target)
7 Process Each Neighbour
Neighbour: Node 0
6
Step 3.c.1: Is node in the closed list?
6

Start Node

16 Yes — Ignore this node

89



[teration 3

Check: Node 2



2

Node Status | g(n) h(n) f(n) Previous Node
O (start) | Close 0 20 20 None
1 Current 2 16 13 0
2 Open 19 3
3 5| Close o 16 0
2 4 Openl 0 3
5 (target)

Start Node

Process Each Neighbour

Neighbour: Node 2

Step 3.c.1: Is node in the closed list?
16 — No, proceed with evaluation

91
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Node Status | g(n) h(n) f(n) Previous Node
O (start) | Close 0 20 20 None
1 Current 2 16 18 0
2 Open 7 6 13 1
; 5 =’ TargetIN }jge 0
2 4 Op. 7 20 3
5 (target)
P 7 Step 3.c.2
Calculate the g(n) cost and check tor
an improved path
6
New path cost:
o 16 g(2)=min{13, 2+5} =7
Start Node

A lower-cost, better path is found



Node Status | g(n) h(n) f(n) Previous Node

O (start) | Close 0 20 20 None

1 Current 2 16 18 0

2 Open 7 6 13 1

’ 5 -’ Tai get N }jge 0
2 4 Op. 7 20 3
5 (target)

2 7
Step 3.c.3
6 Update all cost values and record path
6 information

Start Node

93



2

Start Node

Node Status | g(n) h(n) f(n) Previous Node
O (start) | Close 0 20 20 None
1 Current 2 16 18 0
2 Open 7 6 13 1
’ 5 =’ tai get N }jge 0
2 4 Op\ 7 20 3
5 (target)
7
Step 3.c.4
[s the neighbouring node already in the
6 open list?
6 16 — Yes

Add Node 2 to the open list

94



[teration 3

Check: Node 1



Node Status | g(n) h(n) f(n) Previous Node

O (start) | Close 0 20 20 None
1 Close 2 16 18 0
2 Open 7 6 13 1
3 Close 6 10 16 0
4 Open 16 20 3

5 (target) o0 0

Step 3a:

Locate the node with the lowest
total f(n) value from the open list.
Remove this node from the open list,
and mark it as the current node.

Open List: [2,4]
Closed List:[0,3,1]

96



[teration 4



Node Status | g(n) h(n) f(n) Previous Node

O (start) | Close 0 20 20 None
1 Close 2 16 18 0
2 Open 7 6 13 1
3 Close 6 10 16 0
4 Open 16 20 3

5 (target) o0 0

Step 3a:

Locate the node with the lowest
total f(n) value from the open list.
Remove this node from the open list,
and mark it as the current node.

Open List: [2,4]
Closed List:[0,3,1]

98



Node Status | g(n) h(n) f(n) Previous Node
O (start) | Close 0 20 20 None
1 Close 2 16 18 0
2 Current 7 6 13 1
3 Close 6 10 16 0
4 Open 16 20 3
5 (target) o0 0

Select Node 2 as the current node

(the lowest f — value).

Open List: [4]
Closed List:[0,3,1]

99



[teration 4

Neighboring nodes: Node 1, Node 5



Node Status | g(n) h(n) f(n) Previous Node |

O (start) | Close 0 20 20 None
1 Close 2 16 18 0
2 Current 7 6 13 1
3 5| Cle |16 0

2" 4 Op. 7 0 3

5 (target)

2 7 Step 3.b:

Target Node Check
Check if the current node is the target
node

Result: Node 2 # Target Node 5

Start Node Continue with neighbour exploration



102

Node Status | g(n) h(n) f(n) Previous Node

O (start) | Close 0 20 20 None

1 Close 2 16 18 0

2 Current 7 6 13 1

3 5| Cle |16 0
2" 4 Op. 7 TET0 3
5 (target)

2 7
Step 3.c: Find all current node’s
6 neighboring nodes.
6 Open List: [4]

Start Node

* Closed List:[0,3,1]



[teration 4

Check: Node 1



104

Node Status | g(n) h(n) f(n) Previous Node
O (start) | Close 0 20 20 None

1 Close 2 16 18 0

2 Current 7 6 13 1

3 5| Cle |16 0

2" 4 Op. 7 0 3
5 (target)

2 7 Process Each Neighbour
Neighbour: Node 1

6

Step 3.c.1: Is node in the closed list?
6 16 Yes — Ignore this node
Start Node



[teration 4

Check: Node 5



L06

Node Status | g(n) h(n) f(n) Previous Node
O (start) | Close 0 20 20 None

1 Close 2 16 18 0
2 Current 7 6 13 1
3 5| Cle |16 0

2" 4 Op. 7 0 3

5 (target)

2 7 Process Each Neighbour

Neighbour: Node 5

Step 3.c.1: Is node in the closed list?

16 - No, proceed with evaluation
Start Node



Node Status | g(n) h(n) f(n) Previous Node
O (start) | Close 0 20 20 None
1 Close 2 16 18 0
2 Current 7 6 13 1
; 5 =’ TargetIN }jge 0
2 4 Op. 7 20 3
5 (target)
P 7 Step 3.c.2
Calculate the g(n) cost and check tor
an improved path
6
New path cost:
o 16 g(2)=min{oo, 7+91 =16
Start Node

L07

A lower-cost, better path is found
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Node Status | g(n) h(n) f(n) Previous Node

O (start) | Close 0 20 20 None

1 Close 2 16 18 0

2 Current 7 6 13 1

] 5 -’ Tai get N }jge 0
2 4 Op. 7 20 3
5 (target)

2 7
Step 3.c.3
6 Update all cost values and record path
6 information

Start Node




L09

Node Status | g(n) h(n) f(n) Previous Node
O (start) | Close 0 20 20 None
1 Close 2 16 18 0
2 Current 7 13 1
3 5 Close 6 9 N 1\Tl § 0
2 4 Open7y 16 0 3
5 (target) Ope 16 2
Step 3.c.4
Is the neighbouring node already in the
10 open list?
6 16 oo

Start Node

Add Node 5 to the open list



[teration 4



Node Status | g(n) h(n) f(n) Previous Node
O (start) | Close 0 20 20 None
1 Close 2 16 18 0
2 Close 7 6 13 1
3 Close 6 10 16 0
4 Open 16 20 3
5 (target) | Open 16 0 16 2
Step 3d:

Put current node that we have expanded
to the close list.

Open List: [4,5]
Closed List:[0,3,1,2]

111



[teration 5



Node Status | g(n) h(n) f(n) Previous Node
O (start) | Close 0 20 20 None
1 Close 2 16 18 0
2 Close 7 6 13 1
3 Close 6 10 16 0
4 Open 16 20 3
5 (target) | Open 16 0 16 2
Step 3a:

Locate the node with the lowest
total f(n) value from the open list.
Remove this node from the open list,
and mark it as the current node.

Open List: [4,5]
Closed List:[0,3,1,2]

113



Node Status | g(n) h(n) f(n) Previous Node
O (start) | Close 0 20 20 None
1 Close 2 16 18 0
2 Close 7 6 13 1
3 Close 6 10 16 0
4 Open 16 20 3
5 (target) | Current 16 0 16 2

Select Node 5 as the current node

(the lowest f — value).

Open List: [4]
Closed List:[0,3,1,2]

114



[teration 5



Node Status | g(n) h(n) f(n) Previous Node |
O (start) | Close 0 20 20 None
1 Close 2 16 18 0
2 Close 7 6 13 1
) 5 - tai rget N }jge 0
B 4 O;ﬁ(z 13 16 16 20 3
f lS)anlrcéet) Curre t 16 2
Step 3.b:
Target Node Check
10 Check if the current node is the target
node
f@)=6 f (4)= 20

Start Node

Result: Current Note = Target Node 5



At the end, we can backtrack the shortest path using the
previous node. In this demo, we use the A* algorithm to
search for the shortest path without necessarily searching the
entire graph.

(We haven’t examined Node 4 yet, so you can see that Node
4 is still on the open list).

Unlike Dijkstra’s algorithm, it must expand all nodes in the
oraph.
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