
A) Perform Dijkstra's Routing Algorithm
On The Following Graph. Here, Source
Node Is ' A, And To All
A) Perform Dijkstra's Routing Algorithm On The Following Graph. Here, Source
Node Is 'A', And To All

Dijkstra's algorithm is a fundamental approach in computer science and network routing for
determining the shortest path from a single source node to all other nodes in a weighted
graph with non-negative edge weights. It is widely used in various applications such as GPS
navigation, network routing, and transportation planning. In this article, we will perform a
detailed step-by-step execution of Dijkstra's algorithm on a specific graph, starting from
source node 'A' and calculating the shortest distances to all other nodes.

---

Understanding Dijkstra's Algorithm

What Is Dijkstra's Algorithm?
Dijkstra's algorithm, proposed by Edsger Dijkstra in 1956, is a greedy algorithm that finds
the shortest path from a source vertex to all other vertices in a graph. It operates under the
assumption that all edge weights are non-negative, which ensures the correctness of the
solution.

Core idea:
The algorithm iteratively selects the node with the smallest tentative distance, explores its
neighboring nodes, and updates their shortest distances if a shorter path is found through
the current node.

Key Concepts and Terminology
- Graph: A collection of nodes (vertices) connected by edges with associated weights.
- Source Node: The starting point for the path calculations, in this case, node 'A'.
- Distance Table: Tracks the current shortest distance from the source node to each node.
- Visited Set: Keeps track of nodes for which the shortest path has been finalized.
- Priority Queue (or Min-Heap): Used to efficiently select the node with the smallest
tentative distance during each iteration.

Preconditions for Applying Dijkstra's Algorithm
- All edge weights must be non-negative.
- The graph can be directed or undirected.



- The algorithm computes the shortest path from a single source to all other nodes.

---

Graph Description and Initialization

Sample Graph for Execution
Suppose we have the following weighted graph:

Nodes: A, B, C, D, E, F

Edges and Weights:

From To Weight

A B 4

A C 2

B C 5

B D 10

C E 3

E D 4

D F 11

E F 2

This graph includes six nodes and various weighted edges connecting them.

Initial Setup
- Distances: Set the distance to the source node 'A' as 0; all others as infinity (∞).
- Visited Nodes: None at the start.
- Unvisited Nodes: All nodes are initially unvisited.



| Node | Distance | Previous Node | Visited |
|---------|--------------|----------------|---------|
| A | 0 | - | No |
| B | ∞ | - | No |
| C | ∞ | - | No |
| D | ∞ | - | No |
| E | ∞ | - | No |
| F | ∞ | - | No |

---

Step-by-Step Execution of Dijkstra's Algorithm

Iteration 1: Starting at Node 'A'
- Current node: 'A' (distance 0)
- Update neighbors:
- 'B': current ∞, new calculated distance = 0 + 4 = 4 → update to 4
- 'C': current ∞, new calculated distance = 0 + 2 = 2 → update to 2
- Mark 'A' as visited.

| Node | Distance | Previous Node | Visited |
|---------|--------------|----------------|---------|
| A | 0 | - | Yes |
| B | 4 | A | No |
| C | 2 | A | No |
| D | ∞ | - | No |
| E | ∞ | - | No |
| F | ∞ | - | No |

Iteration 2: Choosing the Next Node
- Next node: 'C' (smallest tentative distance 2)
- Update neighbors:
- 'E': current ∞, new = 2 + 3 = 5 → update to 5
- 'B': current 4, new = 2 + 5 = 7 → no update (already 4)
- 'A' already visited
- Mark 'C' as visited.

| Node | Distance | Previous Node | Visited |
|---------|--------------|----------------|---------|
| A | 0 | - | Yes |
| B | 4 | A | No |
| C | 2 | A | Yes |
| D | ∞ | - | No |
| E | 5 | C | No |
| F | ∞ | - | No |



Iteration 3: Next Node 'B'
- Next node: 'B' (distance 4)
- Update neighbors:
- 'D': current ∞, new = 4 + 10 = 14 → update to 14
- 'C' already visited
- 'A' already visited
- Mark 'B' as visited.

| Node | Distance | Previous Node | Visited |
|---------|--------------|----------------|---------|
| A | 0 | - | Yes |
| B | 4 | A | Yes |
| C | 2 | A | Yes |
| D | 14 | B | No |
| E | 5 | C | No |
| F | ∞ | - | No |

Iteration 4: Next Node 'E'
- Next node: 'E' (distance 5)
- Update neighbors:
- 'F': current ∞, new = 5 + 2 = 7 → update to 7
- 'D': current 14, new = 5 + 4 = 9 → update to 9 (better path through E)
- 'C' already visited
- Mark 'E' as visited.

| Node | Distance | Previous Node | Visited |
|---------|--------------|----------------|---------|
| A | 0 | - | Yes |
| B | 4 | A | Yes |
| C | 2 | A | Yes |
| D | 9 | E | No |
| E | 5 | C | Yes |
| F | 7 | E | No |

Iteration 5: Next Node 'F'
- Next node: 'F' (distance 7)
- Update neighbors:
- 'D': current 9, new = 7 + 11 = 18 → no update (9 is better)
- Mark 'F' as visited.

| Node | Distance | Previous Node | Visited |
|---------|--------------|----------------|---------|
| A | 0 | - | Yes |
| B | 4 | A | Yes |
| C | 2 | A | Yes |
| D | 9 | E | No |



| E | 5 | C | Yes |
| F | 7 | E | Yes |

Iteration 6: Final Node 'D'
- Next node: 'D' (distance 9)
- Update neighbors:
- 'F' already visited, no

Frequently Asked Questions

What is the initial step in applying Dijkstra's algorithm
to the given graph with source node A?
The initial step involves setting the distance to the source node A as 0 and to all other
nodes as infinity, then marking all nodes as unvisited.

How does Dijkstra's algorithm determine the next node
to visit after starting at node A?
It selects the unvisited node with the smallest tentative distance from the source, updating
the distances to its neighbors accordingly.

What is the significance of updating the tentative
distances during Dijkstra's algorithm execution?
Updating tentative distances ensures that the shortest paths to each node are accurately
recorded as the algorithm explores the graph.

How do you handle nodes with equal shortest distances
when performing Dijkstra's algorithm?
Nodes with equal shortest distances can be processed in any order, but typically, the
algorithm proceeds based on the order in which they are selected as the minimum
tentative distance.

Once Dijkstra's algorithm completes, how do you
interpret the resulting shortest path tree from source
node A?
The shortest path tree shows the most efficient routes from the source node A to all other
nodes, with each path reflecting the minimum total edge weight.



Can Dijkstra's algorithm handle graphs with negative
edge weights, and why or why not?
No, Dijkstra's algorithm cannot handle negative edge weights because it assumes that once
a node's shortest distance is found, it cannot be improved, which isn't valid with negative
weights.

Additional Resources
Dijkstra’s Routing Algorithm is one of the most fundamental and widely used algorithms in
computer science and network theory for finding the shortest paths from a single source
node to all other nodes within a weighted graph. Its importance stems from its efficiency
and simplicity, especially in network routing, GPS navigation, and various optimization
problems. This article provides a comprehensive review of performing Dijkstra’s algorithm
on a specific graph with node ‘A’ as the source, detailing each step, the underlying
principles, and analyzing the outcomes.

---

Understanding Dijkstra’s Algorithm

Dijkstra’s algorithm, introduced by Edsger Dijkstra in 1956, is designed to determine the
shortest paths from a source vertex to all other vertices in a graph with non-negative edge
weights. It works by iteratively selecting the vertex with the smallest tentative distance,
updating its neighboring vertices’ distances, and marking nodes as visited once their
shortest path is confirmed.

Key features of Dijkstra’s Algorithm include:

- Efficient for graphs with non-negative weights.
- Uses a priority queue (often implemented with a min-heap) for selecting nodes with the
smallest tentative distance.
- Guarantees shortest path discovery in graphs that meet its constraints.

---

Graph Description and Initial Setup

Before executing the algorithm, understanding the graph's structure is crucial. Suppose we
have the following weighted graph:

```
(A)
/ \
2 5



/ \
(B) ---1--- (C)
| |
4 2
| |
(D) --------3-- (E)
```

Node labels: A, B, C, D, E

Edge weights:

- A–B: 2
- A–C: 5
- B–C: 1
- B–D: 4
- C–E: 2
- D–E: 3

Source node: A

The goal is to find the shortest paths from node ‘A’ to all other nodes using Dijkstra's
algorithm.

---

Step-by-Step Execution of Dijkstra’s Algorithm
from Node A

Initialization

- Distance table: Initialize all distances to infinity except for the source node A, which is set
to 0.
- Visited set: Empty initially; nodes are marked visited once their shortest path is confirmed.
- Priority queue: Contains all nodes prioritized by their tentative distances.

| Node | Tentative Distance | Previous Node | Visited? |
|-------|----------------------|-----------------|----------|
| A | 0 | - | No |
| B | ∞ | - | No |
| C | ∞ | - | No |
| D | ∞ | - | No |
| E | ∞ | - | No |

---



Iteration 1: Select Node A

- Current node: A (distance 0)
- Update neighbors:

- B: min(∞, 0 + 2) = 2
- C: min(∞, 0 + 5) = 5

- Update table:

| Node | Tentative Distance | Previous Node |
|-------|----------------------|-----------------|
| A | 0 | - |
| B | 2 | A |
| C | 5 | A |
| D | ∞ | - |
| E | ∞ | - |

- Mark A as visited.

---

Iteration 2: Select Node B (smallest tentative distance:
2)

- Current node: B
- Update neighbors:

- C: min(5, 2 + 1) = 3 (via B)
- D: min(∞, 2 + 4) = 6

- Update table:

| Node | Tentative Distance | Previous Node |
|-------|----------------------|-----------------|
| A | 0 | - |
| B | 2 | A |
| C | 3 | B |
| D | 6 | B |
| E | ∞ | - |

- Mark B as visited.

---



Iteration 3: Select Node C (smallest tentative distance:
3)

- Current node: C
- Update neighbors:

- E: min(∞, 3 + 2) = 5 (via C)

- Update table:

| Node | Tentative Distance | Previous Node |
|-------|----------------------|-----------------|
| A | 0 | - |
| B | 2 | A |
| C | 3 | B |
| D | 6 | B |
| E | 5 | C |

- Mark C as visited.

---

Iteration 4: Select Node E (tentative distance: 5)

- Current node: E
- Update neighbors:

- D: min(6, 5 + 3) = 6 (via E)

- Update table:

| Node | Tentative Distance | Previous Node |
|-------|----------------------|-----------------|
| A | 0 | - |
| B | 2 | A |
| C | 3 | B |
| D | 6 | E |
| E | 5 | C |

- Mark E as visited.

---

Iteration 5: Select Node D (tentative distance: 6)

- Current node: D



- Update neighbors:

- D has neighbor E, but since E is already visited with a shorter path, no update occurs.

- All nodes are now visited.

---

Final Shortest Path Results

Based on the above iterations, the shortest paths from node ‘A’ are:

- A to A: Distance 0 (trivial)
- A to B: Path A → B, Distance 2
- A to C: Path A → B → C, Distance 3
- A to E: Path A → B → C → E, Distance 5
- A to D: Path A → B → C → E → D, Distance 6

The shortest path to each node can be reconstructed by tracing the previous nodes:

- B: A → B
- C: A → B → C
- E: A → B → C → E
- D: A → B → C → E → D

---

Analysis and Features of the Execution

This step-by-step application of Dijkstra’s algorithm demonstrates its power and efficiency
in computing shortest paths in weighted graphs with non-negative weights. The process
highlights key features:

- Greedy approach: Always picks the node with the smallest tentative distance, ensuring
optimality.
- Dynamic updating: Adjusts tentative distances as shorter paths are found.
- Path reconstruction: Maintains previous node pointers for backtracking shortest paths.

Pros of Dijkstra’s Algorithm:

- Guarantees shortest path in graphs with non-negative weights.
- Efficient with priority queue implementation, especially for sparse graphs.
- Suitable for real-time routing with incremental updates.

Cons and Limitations:



- Cannot handle graphs with negative weights — algorithms like Bellman-Ford are needed.
- Potentially high computational cost for dense graphs without optimization.
- Requires all edge weights to be known beforehand.

---

Features and Practical Applications

Dijkstra’s algorithm is foundational in many domains:

- Network routing: Determining optimal paths for data packets.
- Navigation systems: Calculating shortest driving or walking routes.
- Logistics and supply chain: Optimizing delivery paths.
- Robotics: Path planning in obstacle-laden environments.

Its adaptability to large graphs through efficient data structures makes it highly relevant to
real-world applications.

---

Conclusion

Performing Dijkstra’s routing algorithm on a given graph with node ‘A’ as the source
illustrates its systematic and effective approach to shortest path determination. By carefully
updating tentative distances and choosing nodes greedily, the algorithm ensures the
shortest routes are found efficiently. While it has limitations, its simplicity and robustness
make it a staple in the toolkit of computer scientists, network engineers, and logistics
planners. Understanding each step, as demonstrated here, helps in grasping both the
theoretical underpinnings and practical implementations of this essential algorithm.
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