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Abstract

Dijkstra’s Algorithm, introduced in 1956 by Edsger W
Dijkstra, 1s a crucial tool in graph theory for finding shortest
paths in the directed and undirected graphs with non-negative

weights. This algorithm employs a priority queue to find the
optimal path by iterative calculations.

This algorithm is highly respected in network routing, in
GPS navigation, and in transportation planning: optimizing
processes of data transmissions and route mapping. The
problems with this algorithm will arise in routing with negative
edge weights and dense graph scenarios.

This project applies Dijkstra's Algorithm in determining the
shortest route to a campus by modelling roads as edges and
indicating intersections as nodes, trying to optimize the
commute while at the same time addressing various algorithmic
challenges.
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Dijk.stra's algorithm was one of the most influential
COn'ﬂ-ibutlons to computer science ever made by Edsger W.
pijkstra, the Dutch computer scientist, who developed it in
1956. It 1s used to determine the shortest path in weighted
graphS, and its contribution places it as a landmark in graph
theory and network optimization. The algorithm, published for
the first time in formal form in 1959 under the title "A Note on
Two Problems in Connexion with Graphs", greatly changed the
approach to finding shortest paths.

Dijkstra's inspiration for this algorithm came from a
problem at a practical level. It aimed to find the shortest path
between two cities in the Netherlands. At that time, computing
was at an embryonic stage, and techniques that could efﬁciéntly
solve this sort of problem were quite absent. Dijkstra created his
own method by iteratively determining the shortest path
considering the closest unvisited node. This approach, currently
regarded as a greedy algorithm, satisfies optimality by
maximizing efficiency at every step. |

The algorithm works by giving each node in the graph a
tentative distance, which it then sets to zero for the starting node
and infinity for all others. It repeatedly picks the node with the
smallest tentative distance that hasn't been processed yet, marks
it as visited, and then updates the tentative distances of its
neighbours. That way, when it processes each node, it does so in
a minimum-distance order. This continues until it has visited all
nodes.

Dijkstra's algorithm was immediately used in transportation
and navigation systems. It was used to map routing to help users

L
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;mpuwr networks, from which it became the bage for routing
rotocols such as OSPF (Open Shortest Path First) and IS-
IS(Intermediate System-Intermediate System), which transmit
data packets aCl:OSS .lletWOrks. Moreover, it has been applied in
robotics for navigation and in gaming for Al pathfinding.

The algorithm has some limitations despite the wide
SUCCESS it has garnered. It cannot handle graphs that have
negative edge weights as this may lead to erroneous results.
Algorithms such as Bellman-Ford correct this limitation.
Additionally, the algorithm's memory usage can become a
pottleneck for very large graphs.

Dijkstra's algorithm is not just a tool for computing, it
marks a paradigm shift in solving optimization problems. Its
introduction has been instrumental in demonstrating the power
of algorithmic design and has inspired a multitude of
developments in graph theory and computer science. Dijkstra
himself, as one of the pioneers in structured programming, was
awarded the Turing Award in 1972 for his overall contributions,
including this landmark algorithm.

Today, Dijkstra's algorithm is part of the foundation of
computer science education and a fundamental tool 1n
applications ranging from logistics to artificial intelligence. Its
legacy is a testament to the enduring impact of well-crafted

algorithms in solving complex problems efficiently.

| ind the shortest paths between locations, In time, it spread into
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The Working Principle of Djjkgtra's Algorithm:

Basically, Dijkstra's algorithm 1s used when wm' d
(e shortest path for each node from 4 specific noflcil ey
weighted grap%l. The generality, closeness of the nodelr;:legclt‘ilzﬁ
of the node In determining the shortest path is i,ncreasin
incremental. Elaborations on its working include the following%

Step 1: Initialization

1. Give the starting n(.)de (source) a tentative distance of 0, with
every other node receiving tentatively infinite (c0).
2. Mark all the nodes as unvisited.

3. Put the starting node as the current node.

Step 2: Examine Neighbours

1. From the current node, look closely at all the unvisited
neighbours.

2. Calculate the tentative distance to each neighbour using:
Tentative Distance = Distance to Current Node + Weight of
Edge.

3. If the calculated tentative distance is less than the current
distance the neighbour is holding in memory, overwrite the
neighbour's distance value.

Step 3: Mark Node as Visited A
1. Mark current nodes as visited once all neighbouring nodes

have been completely processed.
(Currently marked are none capa_lble of being revisited.)

.
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step 4 Your Next Node

e gelect the unvisited node that hag the smallest tentative
distance-"
. Repeat Steps 2-4 until:

_All nodes have been visited, oy
- The shortest path to the target node has been established.

Step 5 Termination

_The algorithn? will stop once all the nodes are visited or the
shortest path with respect to the given destination is prepared.
This searches the shortest path comprehensively and arrives at

the most optimal solution through incremental selection, thereby
giving the best solutions.




@md Undirected Graphs

L l.yidirected Graph :

An undirected graph is a mathematical structure which is
used to model the pairwise relationships between objects. An
undirected graph consists of a set of vertices (nodes) and a set of
edges (connections), where each edge connects two vertices
without specifying a direction. Mathematically speaking, in an
undirected graph, the edge connecting two vertices A and B is
bidirectional; hence, it's allowed to traverse it accordingly in any
direction. These graphs are often represented using adjacency
lists or adjacency matrices. Such graphs are quite useful in many
applications including social networks, transportation networks,
and computer science algorithms where the relationships are
inherently mutual or symmetric.

Let us understand more with the help of an example.
Consider an undirected graph with 5 nodes: A,B,C,D,E, and the
following edge weights :

A<>B:4
A<>C:2
B<>C:1
B<>D:5
C<>D:8
C<>E: 10
D<>E:2
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2 i b
ere, we want to find the shogtegt path from node A to all
node A to a

e othe‘r 110fies. We first draw g gra
ituation.

above S

phical representation of the

Further executions are performed in the table below.

W Current Distance updates to Tentative Nodes
node neighbour Distance
1 A (Start) B=4, C=2 A=0,B=4,C=2, | Started at A, Nearest
D=0, E=0 neighbours updated
2 C B=2+1=3 (via C) A=0,B=3,C=2, | (Shortest path to B)
D=2+8=10, E=2+10=12 | D=10,E=12
3 B D=2+1+5=8 A=0,B=3,C=2, | Shorter path to C
D=8, E=12
4 =D E=2+1+5+2 =10 A=0,B=3,C=2, | Shorter path to E
D=8,E=10
S IGE No updates A=0,B=3,C=2, | All nodes visited
D=8,E=10
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| Start at A: The distance to A is 0, and the distances to its

neighbours (B and C) are updated. The distances to b and C
pecome 4 and 2, respectively.

7. Move to C. The current shortest vertex is C, with distance 2.
From ¢ we can reach b with an edge weight of 1. So, the distance
to B is updated to 3(2+1). .

3. Move to B: the shortest path to B is now found with a distance
of 3. From b we can reach D with an edge weight of 5. So, the
distance to D 1s updated 8(2+3+5).

4. Move to D: The shortest path to D is now found with a distance

of 8. From D we can reach E with an edge weight of 2. So, the
distance to E is updated 10(2+3+5+2).

5. Move to E: The algorithm finally reaches E, and the shortest path
to E 1s 10.

Therefore the shortest path from node A to other

nodes are :
A>B=3 (viaC)
A>C=2

A->D=28 (viaB)
A>E=10 (Via‘D)
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5. Directed Graph:

A directed graph (diagram) is a graph where each edges has
4 direction, meaning that each edge is an ordered pair of vertices.
The edge indicates a one-way relationship from one vertex to
another.

Dijkstra’s algorithm finds the shortest path from a source
to all the other vertices in a weighted directed graph with non-
negative edge weights.

Let us consider a directed graph with 4 nodes A,B,C,D and
the following edge weights:

A->B:2
A->C:5
B->D:1
C>D:3

We represent the above situation graphically as-

10
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| mill use Dijkstra’s algorithm to find

the shortest pz
ﬁ'Om yvertex a to all other vertic es, ortest pdth

m Distance updates tg Tentative TR
' @ neighbour ‘ Nades
pode = 2g Distance
= = |
P 5 (Start) A A=0,B=2,C=5, | Started at A
| D=2+1 —
B A=0,B=2,C=5, | Shortest path to D
D=3
1D No neighbours A=0B=2.C=5, |A->B>D
D=3
—TC D=3 A=0,B=2,C=5, |C is visited, so more
D=3 updates
/
Explanation:

. Start at A: The distance to A is 0, and the distance to its
neighbours(B and C) are updated. The distance to B and C
become 2 and 5, respectively.

2. Move to B: The current shortest known vertex is B, with distance
2. From B, we can reach D with an edge weight of 1. So, the
distance to D is updated to 3.

3. Move to D: the shortest path to D is now found with a distance
of 3. D has no outgoing edges, so the algorithm moves to the

next vertex.
4. Move to C: The algorithm finally reaches c, and the shortest path

to C is confirmed to be 5.
Therefore the shortest path from node A to other nodes are :
A->B=2
A>C=5
A>D=13

11
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Au&iﬁaﬁon of Dijkstra’s algorithm:

Dijstras algorithm have a very widespread applications in

the field of tec.hnology, logistics and engineering. Some of the
major applications are pointed below: |

1. Shortest Path in Graphs:

This algorithm is used in graphs to find the shortest path
from Fme node to another, primarily when the edges have non-
negative weights. Its application in various problems and
systems emphasizes an efficient traversable path for navigation.

2. Network Routing:

Dijkstra's algorithm is widely used in computer networks
in routing protocols such as OSPF (Open Shortest Path First) to
determine the best or most efficient path for a packet to travel
from one node to another node.

3. GPS and Navigation Systems:

Dijkstra's algorithm in the GPS devices and mapping
applications like Google Maps is to determine the shortest or
fastest route between any two geographical points with respect
to distance or travel time.

4. Transportation and Logistics: ‘

It finds applications In transportation for route
optimization, allowing for the planning of a logistics company's
routes to be as time- and fuel-efficient as possible.

12




5 Id_g_ggnnnunication Networks:

The algorithm Is also used in telecommunication systems
1o improve the routing of signals or mana

' Sy e traffi
enabling data transmission with minimal delagys. 6, frershy

6. Robot Navigation:

| Robot navigation involves utilizing the algorithm
uniquely so that the robot navigates with the least distance

glob.ally' while traversing through already marked obstacles to a
destination point.

7. Urban Planning and Infrastructure:

. The algorithm assists the urban planners in planning an
efficient road network system, water line network, and electric

line network designs in order to optimize costs by minimizing
the construction expenditures.

8. Gaming and Artificial Intelligence:

Dijkstra's algorithm is something often adopted in video
games for pathfinding, the passage from point A to point B while

avoiding obstacles by a character or NPC (non-player character)
in a game. ‘

9. Emergency Response Systems:

The algorithm is used by ambulance, fire, and police

services to determine the shortest route to a scene of the incident
so they can save time.

10. Electrical Circuit Design:

In the design of electronic circuits, Djikstra's algorithm
helps determine the shortest paths in wiring between

components to reduce material consumption and complexity.

13
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11. Traveling Salesman Problem: Heuristic Solutions:
Although Dijkstra's algorithm cannot directly resolve the
Traveling Salesman Problem (TSP), it is applied as part of

peuristic methods that achieve approximate optimal routes in
Simpler cases.

12. Social Network Analysis:

Application of Dijkstra’s algorithm identifies those
shortest degree of separation among users in social media, which
could help understand connections or recommend friends.

13. Air Traffic Management:

: Airlines and air traffic controllers will rely upon
Dijkstra's algorithm to calculate the optimal flight route if factors

such as distance travelled, weather conditions, and air traffic are
all taken into consideration.

14. Energy Distribution Systems:

Dijkstra's algorithm determines a way of efficiently

routing electricity from sources to consumers to minimize power
losses in power grid systems. |

15. Healthcare Systems:

The algorithm will also find application in hospital

networks to route patients, staff, or medical supplies within and
between the hospitals.

These applications provide an insight into how Dijkstra's
algorithm is helpful in the entire optimization problem-solving
process within technology, engineering, and logistics.

14
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Dijkstra's algorithm is a well-known and w 11
Jlgorithm that finds shortest paths from the sourcee -\fwriepted
other vertice.s n a weighted graph. It has some limitatizn: );h;(‘z
do iml?ede its usefulness in some situations, although these
limitations come with no question to maul its effectiveness in
Jots of other applications. These limitations maybe summarized
as perf?rmance issues, assumptions about the graph, and
appropriateness concerning specific problem classes.

1. Non-negative Weights:

Perhaps one of the major drawbacks of Dijkstra's algorithm
is that it presumes all edge weights in the graph to be non-
negative. This omission in itself disallows the algorithm from
handling graphs such that certain edge weights stand negative.
Hence, should the graph contain negative weight edges, the
algorithm may fail to give correct answers as 1t works with the
assumption that once a vertex is reached, its shortest path is
forever, determined. Finding a shorter path before processing a
vertex with negative weights violates this assumption. The
Bellman-Ford algorithm is better set to manage situations with
negative weights, S0 as to be able to handle these properly and

also detect negative weight cycles.

2. Greedy Nature:
Dijkstra's algorithm is based on a greedy approach,

meaning it makes the locally optimal choice at each point with
the hope of finding a global optimum. Though it works in many
cases, where Dijkstra's algorithm may not be appropriate is when

15

|




/
the graph does not properly lend it
oach. For ' .
appl.oai o Ce.rtaln graph topologies, ¢ ‘
particular edge weights being very COmple’x specn'llly with
greefiy de.:01s1f)ns taken earlier op might lead tOOr varied, those
Again, this might not always be the case: how pqor solutions.
instances, wrong greedy ) Ever, in some edge

: decisions '
algorithm to miss the overall best path Y e

self to g greedy-style

3. Memory Usage:

Because : . :
within the of keep?g up with distance values for all vertices
tensi graph, Dijkstra's algorithm tends to be memory-
1ve, especially when it comes to larger graphs. Moreover

the algori iori
choosg E‘lchm opts for priority queues or heaps to efficiently
¢ the next vertex to visit, thereby consuming more

merr.lory. For very large graphs, it could be a serious drawback,
particularly when resources are constrained.

4. No Path Reconstruction:

Dijkstra's algorithm does not provide any mechanism to
reconstruct the shortest paths from the source vertex; instead, it
will just compute the shortest distances from the source. This
other method, such as maintaining a predecessor array in
memory, would require additional data structures, hence which
could make the algorithm more complicated to write and also
could use more memory.

5 Single Source Shortest Path Only:

Dijkstra's algorithm has existed to find the shortest path
from one single vertex to all other vertices of the graph; it is not
designed to efficiently deal with a multitude of source vertices.

16




i Floyd-Warshall algorithm mi
roblems that need travel timeg bet
Even if Dijkstra's algorithm ig

ght be more suitable for

altogether include: handles only 1

by nature, not applicable to dense graphs due to performance
issues, high space requirements in large graphs, does not allow
for reconstruction of paths, and the limited use to single-source
shortest path problems. While Dijkstra's algorithm is certainly a
good fit in many situations, the understanding of its limitations

is vital in selecting the best algorithm for a given problem
context.

17
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5 ﬁmization of Dijkstra’s algorithm in our College

gauml®®

practically, let us use Dijkstra’s algorithm to find the

qortest path between some of the prime locations of our college
from 2 fixed source path.

Let us select,

J N College canteen as our source vertex and we need
to find the shortest distance from it to the other four locations,
ie. J N College, Boko, Science building, Mini stadium, Boko,
Jawaharlal Nehru College(second gate), and NSS unit, JNC,
Boko.

We shall now assign edge names to all the locations:
JN College Canteen : A

JN College, Science building : B

Mini stadium : C

JN College, Second Gate : D

NSS Unit, JN College : E

f ! : Iy S e ST Shoese

i 5 BT (A% i Lk = g

i ! i NSS unit, Jawaharial @
‘, dSiNehra Collvc'—:g_g'iﬁgolko \Q/'

JN College. Boko, .-E
% Science Building @

§ iniiStadium. Boko
acently,Viewed
; YAl e,




E;?}'

o

we shall nOW join all the vertices with edges as shown below

NSS unlit, Jawahatlal ¢
Nehru (,olleqe Boko .

adlum Boko
ecemly viewed

L €TR 1IN ol
i / \Q}_Réé ity view
i 75 ',
' -
? s

(F'igllire‘Bv)’ .

For simplicity, let us draw a more simpler graphical
representation of the above situation.




Now, the edge weights are tabul

// B ated below:

ASE _ Weight (Distance)
/ ASC 110 m
e BSC 140 m
e ———— BSE 80 m
. =D 150 m
e G2k 14250m
s m

D>
[ E 95 m

Note: 'Here the values have been taken from Google Maps India
and slightly corrected for non-motorable roads.

N.OW, we e?(ecute the algorithm based on Dijkstra’s for the
following situation mentioned in table below:

Step \ Current Node Tentative Distance | Notes
(A,B,C,D)
1 A A=0,B=110,C=140, Start at A. Initialize
D=00, E=c0 distances.
2 B A=0,B=110,C=140, Process B, update
D=00, E=260 E=110+150.
3 C A=0,B=110,C=140, Process C. Update
D=185, E=260 D=140+45.
4 D A=0,B=110,C=140, Process D. E is not
D=185, E=260 improved.
5 E A=0,B=110,C=140, All nodes processed.
D=185, E=260
Shortest Distance:
e AtoA: 0
e AtoB:110
e AtoC: 140
e AtoD: 185

e A toE: 260

20




:oct Result:

prol===

pijkstra s algorithm for shortest path: Optimizi
routes- + Pplimizing campus

Overview

This project explored Dijkstra’s algorithm, its history, working

pnr}c1¥>1§s, and applications in graph theory, particularly in
optimizing route-finding within a college campus

Outcomes
Edge \ Path Shortest Distance
rA—>B \ Canteen to Science building 110 m
| A>C |  Canteen to Mini Stadium 140 m
A->D Canteen to JN Collge (second 185 m
gate) |
rA—>E \ Canteen to NSS Unit 260 m

Results and Insights:

The project demonstrated that Dijkstra’s algorithm
effectively calculates optimal paths in directed and undirected
graphs. Applying it to our college campus highlighted its ability
to simplify route-finding, improving overall campus

accessibility.
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C pclusion

O
Dijkstra's Algorithm is a fundamenta] work in the area of

computer science and graph theory that solves the single-sour
sortest path problem efficiently, Developed by Edseer \;/e
pijkstra in 1956, it finds the shortest path from a source iode to‘
any other node in a graph, both directed and undirected,

In this project, we explored the definition, historical
background, and working of Dijkstra's Algorithm and applied it
to both directed and undirected graphs. Its limitations, such as
not being able to handle negative edge weights, were also
discussed. We have noted some of the most interesting
applications, like optimizing college route planning where the

algorithm makes sure the most efficient travel paths exist
between various campus locations.

Through this exploration, it becomes apparent that, despite
the limitations of Dijkstra's Algorithm, it remains an important
tool for the practicality of different domains, including
navigation systems and network optimization. The
understanding and implementaﬁon of this algorithm also help
improve computational problem-solving skills and give
prominence to algorithms in addressing everyday problems.
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