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Abstract: Dijkstra's Algorithm is a fundamental method for finding
the shortest path in weighted graphs, with applications ranging from
network routing to logistics and supply chain management. This
algorithm begins by initializing distances from a source node to all
others, then iteratively selects the node with the shortest known
distance, updating distances to its neighbour’s. The process continues
until all nodes are visited, determining optimal paths. In logistics, it
helps optimize transportation routes, balancing factors like cost and
time. While Dijkstra's Algorithm is efficient and versatile, research
gaps exist, such as scalability for large networks, real-time adaptation,
and handling uncertainty. Nonetheless, its efficiency, flexibility, and
practical use cases underscore its significance in addressing

I. INTRODUCTION:

This paper discusses the development of an efficient method for
determining the best travel route between two points, resulting in
the creation of the shortest path algorithm. Known as Dijkstra's
Algorithm, this graph search technique is designed to solve the
single-source shortest path problem within a graph, specifically
one with non-negative edge path costs. Its primary application lies
in network routing and related protocols[1].

Over time, Dijkstra's Algorithm has demonstrated its versatility,
extending its utility beyond its initial purpose in network routing to
various domains, including logistics and supply chain
management. Within these contexts, the algorithm plays a crucial
role in optimizing transportation routes, taking into account factors
like cost and time while addressing supply and demand constraints.
This paper explores the adaptation of Dijkstra's Algorithm to
efficiently solve transportation problems, with a focus on
optimizing transportation processes and using mathematical
models to represent complex logistics scenarios. Additionally, it
delves into multi-criteria decision-making techniques, time-
dependent analysis, and practical applications of the algorithm in
real-world logistics challenges[2]. Leveraging the algorithm's

IL. PURPOSE METHODOLOGY:

o Algorithm Adaptation: Demonstrate how Dijkstra's Algorithm
can efficiently solve transportation problems by representing
suppliers and consumers as nodes with transportation costs as
edge weights.

o Optimization: Emphasize the goal of optimizing transportation
processes, including cost and time minimization, while meeting
supply and demand constraints.

o Mathematical Modelling: Describe the mathematical modelling
used to represent transportation problems, including objective
functions, decision variables, and supply and demand
constraints.
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transportation and logistics challenges. Dijkstra's Algorithm,
originally designed for finding the shortest path in a graph, can be
adapted to solve the Transport Problem efficiently. The algorithm
starts at an initial node (supply point), explores adjacent nodes
(routes) to calculate the cumulative cost of reaching them, and selects
the path with the minimum cost. This process continues iteratively,
updating cost estimates until the algorithm reaches the destination
(demand point) or exhausts all possible routes.

Keywords: Transport Problem, Dijkstra's Algorithm, Optimization,
Logistics, Supply Chain Management

efficiency, flexibility, and adaptability can enhance organizations'
logistics operations, ultimately contributing to improved efficiency
and cost-effectiveness in transportation and supply chain
management|[3].

For a given source vertex or node in the graph, the algorithm
computes the shortest path to a single destination vertex. Once
the shortest path to the destination vertex is determined, the
algorithm terminates. To illustrate, if the graph's vertices
represent cities and edge path costs represent driving distances
between city pairs connected by direct roads, Dijkstra's algorithm
can find the shortest route from one city to all others. Extensive
research has been conducted on finding shortest paths within
such networks[4].

Dijkstra's algorithm is specifically designed for finding the
shortest path in a directed graph with edges weighted by non-
negative values. [5]. Dijkstra's algorithm is recognized as
asymptotically the fastest known single-source shortest-path
algorithm for arbitrary directed graphs with unbounded
nonnegative weights. These motivations drive our quest to
further understand Dijkstra's algorithm in the future[6].

o Multi-Criteria Decision-Making: Discuss the application of
MCDM techniques to optimize transportation routes based on
multiple criteria and the calculation of combined scores.

o Time-Dependent Analysis: Introduce time-dependent analysis
in transportation problems and how time-dependent cost
functions account for dynamic factors like traffic and time
variations.

(Thiswork islicensed under a Creative Commons Attribution 4.0 International License.)
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III. DIJKSTRA'S ALGORITHM CONCEPT:
Dijkstra's Algorithm is a well-known algorithm in computer science and mathematics for determining the shortest path between two
nodes in a weighted network. Edsger.W.Dijkstra created it in 1956 and it is particularly beneficial for tackling different network

routing and optimization challenges.[7].

Here's an overview of how Dijkstra's Algorithm works and its
techniques:

1. Initialization: The algorithm starts by initializing a list to keep
track of the shortest distance from a selected source node to
every other node in the network. At first, all distances are set to
infinity except for the source node itself, which is set to a
distance of 0.

2.Exploration Queue: Dijkstra's Algorithm to keep track of the
nodes to be investigated, a priority queue (typically
implemented as a min-heap) is used. The priority queue is
initially assigned to the source node.

3.Main Loop: The algorithm enters a loop that continues until the
priority queue is empty or until a specific target node (if
provided) is reached[8].

e Extracting the Minimum: In each iteration of the loop, the
algorithm extracts the node with the minimum distance from
the priority queue. This node is the one with the currently
shortest known distance from the source.

e Relaxation: The approach estimates a tentative distance from
the source node through the extracted node for each nearby
node of the extracted node. If this tentative distance is less than
the neighbour’s current known distance, the distance is
updated.

e Adding to the Queue: If the distance to a neighbour node is
updated, or if the neighbour hasn't been visited yet, it is added
to the priority queue for further exploration[9].

4. Termination: When all nodes have been visited or a specified
target node has been reached, the algorithm finishes. The

An Example of Dijkstra's Algorithm:

The following is the procedure for implementing Dijkstra's
Algorithm:

Step 1: Initially, set the distance of the source node to 0, and
assign a distance of INFINITY to all other nodes.

Step 2: Identify the unvisited node with the shortest current
distance, denoted as X, and designate it as the current node.

Step 3: For each neighbour N of the current node X, calculate a
tentative distance by adding the current distance of X to the

Figure 1: Algorithm of Time Complexity

IJERTV 131 S070046

(0]
(¢]
°
°
(¢]

O
O

algorithm has now determined the shortest path from the source
node to every other node in the network.

Initialize a list to keep track of the shortest distance between the
source node and each node in the graph. All distances are set to
infinity except for the source node, which is set to 0.Initialize a
set S to keep track of visited nodes. Initialize a list d to keep
track of the shortest distance from the source node to each node
in the graph. Initialize all distances to infinity except for the
source node: dfs] =0[10].

Create a priority queue (min-heap) Q to keep track of the nodes
to be explored. Initially, add the source node to Q[11].While
the priority queue Q is not empty:

Extract the node u with the minimum distance from Q:
u=extractMin (Q)

For each neighbour of the extracted node:

Calculate the tentative distance from the source node to the
neighbour through the extracted node.

Tentative distance=d[u] +w (u, v)

If this tentative distance is less than the current distance
recorded for the neighbour, update the neighbour’s distance.
d[v]=tentative distance

Add the neighbour to the priority queue if it hasn't been visited

yet.

Once all nodes have been visited or the target node is reached, the

algorithm terminates. The shortest distance to each node from
the source node is now known[12].

weight of the edge connecting X to N. If this tentative distance is
shorter than the current distance of N, update N's distance to this
new value.

Step 4: Mark the current node X as visited.

Step 5: If there are still unvisited nodes in the graph, return to
'Step 2' and repeat the process.

Let us now look at how the algorithm is implemented using an
example:

(Thiswork islicensed under a Creative Commons Attribution 4.0 International License.)
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1. Start with a graph and designate a source node (in this case,
node A).

2. Initialize all nodes as unvisited.

3. Set the path to the source node (A) as 0 and all other nodes'
paths as infinity.

4. Mark the source node A as visited (or accessed).

5. Use relaxation to update the path to neighbouring nodes (in
this case, nodes B and C) based on the path to node A.
Update the path to the node with the minimum distance
among the unvisited neighbors.

6. Continue relaxing nodes until all of the source node's
neighbours have been visited.

As a result, final pathways we arrived at are:
A=0
B=(A=B)
C=5A=0C)

D=44+9=13(A=B =D)

E=5+3=8(A=C=E)

F=5434+6=14(A=2C>=E>=F)
A is assigned a value of 0. This is straightforward and doesn't rely
on any conditions is assigned a value of 0 because it depends on
the condition 4 > B. In this case, since A is 0 and 0 is indeed
greater than or equal to 0, the condition is met, resulting in B
being assigned the value of 0.C is assigned a value of 5 because
it depends on the condition 4 > C. Since A is 0, and O is greater
than or equal to 5, this condition holds, leading to C being
assigned the value of 5.D is assigned a value of 13 because it

IVv. LITERATURE SURVEY:
Dijkstra's Algorithm, originally designed for finding the shortest
path in networks, has been adapted to address the Transport
Problem. This literature review explores various applications of
Dijkstra's Algorithm in solving the Transport Problem,
examining the mathematical models and equations employed.

Sets:
o S: Set of suppliers (i.e., sources of goods).
o C: Set of consumers (i.¢., destinations for goods).

Parameters:
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7. Move to the next unvisited node with the shortest path (in
this case, node B) and relax its unvisited neighbours (nodes
C,D, and E).

8. Repeat the relaxation process for other unvisited nodes until
all nodes are visited. This ensures that you find the shortest
path through the network from the source node to all other
nodes

9. Once all nodes have been visited, the algorithm ends, and
you have the shortest routes between the source node and
every other node in the network.

relies on two conditions. First, 4 > B, which is true as explained
earlier, and second, B > D. Given that B is also 0, it is indeed
greater than or equal to D (which is 13 in this context), resulting
in D being assigned the value of 13.E is assigned a value of 8
because it depends on the conditions 4 > C and C > E. As
established earlier, both of these conditions are true (A is greater
than or equal to C, and C is greater than or equal to E), so E is
assigned the value of 8.F is assigned a value of 14, which depends
on three conditions: 4 > C, C > E, and E > F. All of these
conditions are true based on the previously established values (A
is greater than or equal to C, C is greater than or equal to E, and
E is greater than or equal to F). Therefore, F is assigned the value
of 14.

1. Theoretical Foundation:

The Dijkstra Algorithm is a well-known graph traversal approach
for determining the shortest path between nodes in a weighted
graph. In the context of the Transport Problem, it can be applied
by representing suppliers and consumers as nodes and
transportation costs as edge weights.

2. Mathematical Model and Equation:

The mathematical model for the Transport Problem using
Dijkstra's Algorithm can be expressed as follows:

e d ij: Cost of transporting one unit of goods from supplier i to consumer j.
e x_ij: Decision variable representing the goods transportable supplier I the consumer j[13].

Objective Function:
¢ Minimize total transportation cost[14]:

Z= Z dij. xij
ies &= jec
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Constraints:

¢ Supply Constraint:

e Demand Constraint:

e Non-negativity Constraint:

In this equation:

Z represents the total transportation cost, which we aim to

minimize[15].

i and j are indices representing suppliers and consumers,

respectively.

dij represents the cost of transporting one unit of goods from

supplier i to consumer .
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Z xij < supplyi,foralli €S
jec

Z xij = Demandj, for all j € C
ies

xij 2 0,foralli €5,j €C

Dijkstra's Algorithm could be used within this framework to help
determine the shortest paths and transportation costs (d;;) between
suppliers and consumers, which are then used in the linear
programming model to optimize the logistics. However, the
optimization problem itself is typically expressed in the linear
programming or integer programming format, as shown

Xjj represents the decision variable that indicates the quantity of
products to be carried from supplier i to consumer j.
Then constraints ensure that supply and demand requirements are
met and that the transportation quantities are non-negative[16].

above[17].

3. Literature Table:

path algorithm for multimodal
transportation network([21].

Title Year Techniques Mathematical Model Description
1.Hazardous material | 2021 Various modelling | Transportation Problem (Linear Programming): | The transportation problem is a type
transportation  problems: A and solution 7= m n Ciixii of linear programming problem that
comprehensive  overview  of techniques - Z-z = yaYy deals with finding the most cost-
i=14j=1
models and solution Supply Constraints: effective way to transport goods from
approaches[18]. noo . . multiple suppliers to multiple
Zj=1x” Saifori=12..,m consumers while sgtisfying supply
Demand constraints: and demand constraints.c; represents
m the cost of shipping from supplier i to
Z._ xij 2 bj forj=12,..,n consumer j, and x; represents the
= quantity to be shipped.
2.Minimization of the probability | 2022 Route Z=fR)+g(S In this equation, the objective is to
of serious road accidents in the determination, Where: find a route R that minimizes the
transport of dangerous statistical ~analysis ®  Z represents the objective function combined cost f{R) and maximizes
goods[19]. to be minimized. safety g(S), taking into account the
specified weights. This approach
* B _ fepresents the route eﬂables the gcareful equ?lri)brium
deteqnmatlon component, . which between optimizing transportation
cions1ders factors such as distance, routes for efficiency while also
time, or cost for the selected route. considering safety in the planning
® g(S) represents the statistical | process. Please note that the specific
analysis component, which accounts | forms of f{R) and g(S) would depend
for safety or risk-related factors | on the details of the transportation
associated ~ with  the  chosen | problem and the metrics or measures
route[20]. used to quantify cost and safety.
Additionally, optimization
techniques such as linear
programming or heuristic algorithms
may be used to solve this objective
function in practical applications.
3.A new time-dependent shortest | 2017 Time-dependent C(v,t)=Base Travel Time(v)+Time-Varying | The time-dependent cost function,

shortest path | Component(v,t) denoted as
algorithm, *Cv,t)=v+t C (v, t), represents the time-
heuristics e  Base Travel Time (v): The base | dependent travel cost or time

travel time or static component
representing the travel time in the
absence of dynamic factors.

Time-Varying Component (v, t):
The time-dependent component that

required to traverse a specific edge or
segment. It takes into account factors
like traffic congestion, time-of-day
variations, and other dynamic
conditions.
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captures variations in travel time
due to factors like congestion, traffic
signals, or speed fluctuations.

4.Implementation of Dijkstra | 2019 Dijkstra Algorithm, | Combined Score: Dijkstra's algorithm to find the
Algorithm and Multi-Criteria Multi-Criteria C=wD.D+wTl.T shortest path based on one criterion
Decision-Making for Optimal Decision-Making In this equation: (e.g., distance) and then calculate the
Route Distribution[16]. ®  Crepresents the combined score. combined score for each route using
® D represents the distance of the the weighted surh approaph. . The
methods wused in Multi-Criteria
route. Decision-Making can vary
o T represents the travel time of the depending on the technique chosen
route. and the details of the problem. The
®  wD and wT are the weights assigned | example provided here demonstrates
to distance and time, respectively. a basic approach for combining
e Distance (D): Represents the Di'jks.tra's algorithm with multiple
physical distance of the route. criteria.
®  Time (T): Represents the travel time
of the route.
5.From the Digital Internet to the | 2021 Conceptual Flow Conservation Equation: In transportation and network flow
Physical Internet: A Conceptual Framework Z xii — Z ii=0 problems, one of the fundamental
. . . . J XjL = .. . . .
Framework With a Stylized Graphics Analysis . . principles is flow conservation. This
Network Model[22]. In this equatio; . / PrincipleA states that, at any
intermediate node in a transportation
®  xijrepresents the flow fromnode ito | network, the total flow into the node
nodej. equals the total flow out of the node.
®  The first summation ) .xijcalculates | The equation essentially states that
the total flow leaving node i. the net flow into or out of nod
® The second summation Yj.xji i must be zero, ensuring that ﬂow is
calculates the total flow entering conserved _at every node in the
node i. transportation network.
Please note that this is a simple
example to illustrate a concept within
transportation  modelling.  More
complex transportation models and
frameworks may involve a series of
equations and constraints to represent
various aspects of transportation
network design, optimization, or
flow.
6.0n the Robust Shortest Path | 2017 Robust shortest | Objective Function (Minimize Worst-Case | This objective function aims to
Problem[23]. path problem, | Cost): minimize the maximum (worst-case)
scenario approach Minimize maxsz Ce,s.Xe cost among all scenarios, ensuring
ecE that the selected path performs well
even under the most unfavourable
In This equation: scenario.
e Maxs represents the maximum over | This formula encapsulates the
all scenarios. essence of the Robust Shortest Path
. This equation calculates the total | Problem wusing a scenario-based
cost of the selected path for a | approach, where the goal is to find a
specific scenario s path that is robust to uncertainty in
. Xe is a binary decision variable edge costs by minimizing the worst-
representing whether edge e is | case cost over a set of scenarios.
included in the path
. Ce,s represents the cost of edge e
under scenarios s.
7.From the Digital Internet to the | 2021 Conceptual * TF = Supply — Demand This  equation  captures  the
Physical Internet: A Conceptual framework, graph | In this equation: fundamental concept of flow balance

Framework With a Stylized
Network Model with Dijkstra
Algorithm [24].

theory-based model

TF means "Transport Flow"
represents the flow of goods or
resources in the transportation
network.

"Supply" represents the total supply
available at the source or origin
nodes.

"Demand" represents the total
demand at the destination nodes.

in transportation networks, indicating
that the flow of goods or resources
from sources to destinations must
balance supply and demand. It's a
simplified representation of a
transportation model that adheres to
flow conservation principles and can
serve as a foundational equation in
transportation network analysis.
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8.Graph representation learning: | 2020 Graph embedding | Given two sets of node embedding’s: The goal is to find an optimal
a survey[25] techniques, . Embedding’s for graph A: transport plan, often represented as a
evaluation X ={X, X3, e enr, Xn}, matrix P, where Pij represents the
where Xi is the embedding for node i in | quantity of "mass" transferred from
graph A node i in graph A to node j in graph
. Embedding’s for graph B: B while minimizing the overall
Y ={VY, .Ym} transportation  cost. Then the
transport equation seeks to minimize
Where ] is the embedding for node j in the cost or discrepancy between the
graph B. two embedding’s under the constraint
that the total mass transported equals
1 for each node and that the transport
plan P is non-negative. The cost of
transporting mass from xi to yj is
often defined as a distance metric,
such as the Euclidean distance or the
squared Euclidean distance:
9. How Much Will the Belt and | 2018 Geographic Trade Cost Equation: This  equation  simplifies the
Road Information System Dijyor estimation of ad valorem trade costs
Initiative Reduce Trade (GIS) analysis, TGy~ Sy by taking into account the distance or
Costs[26]. estimation of ad shipment time between locations, the
valorem trade costs, | Where: sector-specific factors, and the value
sectoral analysis N TCij represents the ad valorem trade fl[siilir)led to time savings (Value of
cost from location # to location /. Please note that this is a simplified
®  Dijis the distance or shipment time | representation, and in practice, trade
between location i and location j as | cost estimation can be much more
obtained from GIS analysis. complex, considering a wide range of
®  JOT is the "Value of Time," which | factors such as infrastructure quality,
represents the monetary value | border delays, administrative costs,
assigned to the time savings for the | and more. The specific equation and
shipment. factors used for trade cost estimation
e Sijisasector-specific factor that can | @1 Vary depenfilng on the research
represent various sectorial | COMteXt and available data.
considerations, such as
transportation mode-specific costs,
tariffs, or other sector-specific
factors that influence trade costs.
10. Approximation Schemes for | 2017 shortest path | Constrained Shortest Path Equation: This is a basic formulation of a
the restricted shortest path problem, F(x) = Z Co. X constrained shortest path problem,
problem[27]. polynomial-time g oY where you aim to find the path
algorithms through a graph with binary decision
e Xij € {0,1} For all edges (i,j) in the | variables
graph, where xjj is a binary decision Xij while satisfying a constraint
variable that indicates if an edge | related to the selected edges. To
exists (7,/) is chosen in the path. approximate this problem with a
e Y, a;X;; < B Where aijrepresents pqunomial-time qlgoﬁthm, _you
a constraint associated with edge | Might employ techniques like linear
(ij), and B is the maximum | Programming relaxation and
allowable constraint value. rounding. The relaxation typically
involves  relaxing the binary
constraint to continuous values
between 0 and 1, which results in a
linear programming problem that can
be solved efficiently. Afterward, a
rounding scheme can be applied to
obtain an approximate binary
solution. Keep in mind that the
specific constraints, costs (cij), and
constraint values (B) would depend
on the problem context, and the
approximation algorithm used would
be chosen based on the problem's
complexity and requirements.
11.Shortest path problem on | 2021 Networks, graph Uncertainty-Aware Network Flow Equation: This  equation  represents an

uncertain networks: An efficient
two
phases approach[28].

modeling, two-
phase approach,
uncertainty
handling.

Maximize Z = Z ‘(x,v, = ¥ij)- Py
ij
e x;; < UFor all edges (i,j), where
xij represents the flow on edge (7)),
and Ujj is the maximum capacity of
that edge.
. x;j = 0 For all edges (i,)).

optimization problem where you
maximize a weighted sum of the
difference between the actual flow
(xij) and the uncertain flow (yij) on
network edges. The uncertainty is
modelled using an upper bound (Uij),
which can represent factors like
traffic congestion.
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Yixij — Y xki for all nodes j,
where dj is the demand or supply at
node ;.

yij < UjjFor all edges (i), where
yij represents the uncertainty (e.g.,
due to traffic conditions) on edge
(i), and Ujj is the upper bound on
that uncertainty.

¥ij = 0 For all edges (i)

The two-phase approach would
involve:

Phase 1 (Pre-processing): In this
phase, you might estimate or model
the uncertainty (yij) on the network
edges based on available data or
predictive models. This could
involve gathering real-time traffic
information, weather conditions, or
other relevant factors.

Phase 2 (Query or Optimization):
Once you have estimates for the
uncertainties, you can use the
equations above to optimize the
network flow (xij) while considering
these uncertainties, ensuring that the
flow remains within the capacity
limits (Uij) and satisfies demand
constraints. This is a simplified
example, and in practice, uncertainty
modeling and handling in network
optimization can be much more
complex, involving probabilistic or
stochastic models, scenario analysis,
and more advanced techniques. The
specific equations and approaches
used would depend on the problem
context and the nature of the
uncertainties involved.

12. SHORTEST PATH | 2015 Shortest path Uncertain Shortest Path Equation: Phase 1 (Pre-processing): In this
METHODS: A UNIFYING algorithms, data G=V,E) phase, you estimate the probability
APPROACH]29]. structures for . Where V' represents nodes | distribution of the uncertain edge
shortest path. (locations) and E represents edges | weights We for all edges in the graph.
(connections between nodes). Each | For example, you might represent We
edge e€EE has an associated | as random variables following
uncertain weight we, representing | specific probability distributions.
the uncertain travel time or cost | Phase 2 (Optimization):
along that edge. Once you have estimates of the
e Graph Modelling: In the graph, let | uncertain edge weights, you can
i and j represent two nodes | formulate the uncertain shortest path
connected by an edge eij, and xij be | problem as follows:
a binary decision variable indicating | Where E[C] is the expected cost (or
whether edge eij is selected in the | expected travel time) of the path,
path. E[Weij] is the expected weight of
. Optimization edge eij based on the probability
minimize = distribution of Weij, and xij is a
E[C]=3ijcz xij. E[Weij] binary decision variable indicating
whether edge eij is part of the path.
13.Stochastic ~ Shortest ~ Path: | 2021 Stochastic shortest | The Minimax Regret R over a horizon-free | This equation captures the idea of
Minimax, Parameter-Free and path, minimax | setting can be represented as minimizing the maximum regret over
Towards Horizon-Free regret, exploration R = max;(Jr(s) — mingJr(s, a)) all states regardless of the time
Regret[30]. bonuses, parameter- . R represent the Minimax Regret horizon, where
free algorithms represent the time horizons | JT(s) represents the minimum
represent a state or node a represent | €xpected cost-to-go for states over an
an action (path choice). unspecified time horizon, and
e IT(s,a) represent the expected cost- | min(s,a) represents the best expected
to-go for state s when taking action | COst-to-go achieved by taking any
a over the first T stages. action over the same unspecified time
e JT(s) represent the minimum | horizon. )
expected cost-to-go for state’s over | InPractice, the computation of R may
the first T stages, considering all | involve — dynamic  programming,
possible actions. reinforcement learning algorithms, or
other optimization techniques to find
the optimal policy that minimizes this
regret criterion while considering
exploration bonuses and adapting to
the environment without predefined
parameters (parameter-free
algorithms).
14.Application ~ of  Dijkstra | 2015 Dijkstra Algorithm | Tentative distance alt can be written as: This equation represents the sum of
Algorithm in Logistics for path the current shortest distance to node
Distribution Lines[31]. optimization in alt =dw) + w(u,v) d(u)) and the weight of the edge from

u to its neighbor (w(u,v)). If alt is
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logistics
distribution lines

smaller than the current shortest
distance to v d(v)), it means that there
is a shorter path from the source to v
through u, so d(v) is updated with this
shorter distance. This process
continues until the shortest paths to
all reachable nodes have been found,
providing an optimized path in
logistics distribution lines based on
the chosen weight (distance, time, or
cost) criteria.

15.Surface Optimal Path
Planning Using an Extended
Dijkstra Algorithm[32].

2020

extended Dijkstra
Algorithm for
surface path
planning

Extended Dijkstra Algorithm
w(e) = cost(e) = f(z, — z,)
+ g(other factors)

In this equation, zv—zurepresents the
elevation change between nodes u
and v, and f'and g are functions that
combine the elevation change with
other relevant surface parameters.
These functions can be application-
specific and may involve factors like
slope, terrain roughness, or energy
consumption. The exact equations for
fzv—zu) and
(other factors)g(other factors) would
depend on the specific surface
modeling, application, and desired
cost functions.

16.Comparative Analysis
between Dijkstra and Bellman-
Ford Algorithms in Shortest Path
Optimization[33].

2020

Dijkstra and
Bellman-Ford
algorithms for
shortest path
optimization

relaxing the edge (u,v) is:
d(v) = min (d(v),d(w) + w(u,v))

The Bellman-Ford Algorithm is used
to discover the shortest path in a
weighted network from a source node
to all other nodes, even if the graph
contains negative-weight edges or
has a negative-weight cycle. It
detects negative-weight cycles.

This equation updates the distance to
node v by taking the minimum
between its current distance (d(v))
and the sum of the distance to node u
(d(u)) and the weight of the edge (u,v)
w(u,v)). It ensures that the shortest
path to v is considered.

17. Optimal Route Planning of
Parking Lot Based on Dijkstra
Algorithm[34].

2017

optimal route
planning in parking
lots using Dijkstra
Algorithm

tentative distance alt is:
alt =dw) + w(u,v)

This equation represents the sum of
the current shortest distance to node
u (d(u)) and the weight of the edge
from u to its neighbouring node v
(wW(u,v)). If alt is smaller than the
current shortest distance to v (d(v)), it
means that there is a shorter path
from the starting point to v through u,
so d(v) is updated with this shorter
distance.

In the context of parking lots, the
weight w(u,v) may represent the time
it takes to travel between parking
spaces, considering factors such as
distance, congestion, or even parking
availability

18. Dijkstra algorithm interactive
training software development
for network analysis applications
in GIS[35].

2021

GIS and Graph

on Dijkstra's
Algorithm  using
self-designed
graphs.

Dijkstra's  Algorithm in GIS (Geographic
Information Systems) typically involves
representing nodes (locations) and edges
(connections)  with  associated  weights
(distances or costs).
NODES: A,H,S,M
Edges (with distances):
-Ato H:5km
-AtoS:8km
-Hto S:2 km
- H to M: 6 km
-Sto M: 4 km
. The distance from Airport (A) to
Hospital (H) is 5 kilometres.
. The distance from Airport (A) to
School (S) is 8 kilometres.

This graph represents a simple
geographical network where each
node represents a location, and each
edge represents a road or path
between two locations with the
associated distance.

For example, if you want to find the
shortest path from the Airport (A) to
the Mall (M), you would apply
Dijkstra's Algorithm to this graph,
and it would yield the path with the
minimum total distance (in this case,
A >H > S >M, with a total distance
of 13 kilometres).
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. The distance from Hospital (H) to
School (S) is 2 kilometres[36].
. The distance from Hospital (H) to
Mall (M) is 6 kilometres.
. The distance from School (S) to
Mall (M) is 4 kilometres.
19.Algorithm To Find Tourism | 2012 importance of | minimize total travel distance: The actual optimization of the
Place Shortest Route[37]: algorithms in Z" n dii.xi.xi objective function while satisfying
- ij. xi. xj . . .
finding the shortest =141 constraints is performed using
route for tourism | Subject to: optimization algorithms. Common
places and factors e Y xi=n (Each attraction is | algorithms include Genetic
visited exactly once) Algorithms, Ant  Colony
. n ti.xi < T(Total travel time Opt1mlzat10n, ar}d Mixed-Integer
does not exceed the time constraint) | Linear Programming, among others.
. x €{0,1} (Decision variable: 1 if These a'lg'orlthms' iteratively adjust
attraction i is visited, 0 otherwise) the' decision varlgblt.:s to .ﬁnd' the
optimal route. This is a simplified
example, and the actual formulation
would depend on the specific
constraints and objectives of the
tourism route optimization problem.
You may need to adapt and
customize the equations and
constraints to suit your particular
scenario. Additionally, solving such
optimization problems often requires
specialized optimization software or
libraries.
20.An Extensive Review of | 2021 Shortest Path | The equation for updating the shortest distance | The algorithm iteratively selects the
Shortest Path Problem Solving Algorithms (SPAs) | d[v] from the source node s to node v using | node with the minimum d[v] value
Algorithms[38]. Dijkstra's Algorithm is as follows among unvisited nodes and updates
dw) = min(d(v),d(u) +w(y, 17)) the distances until all nodes have
e d[vlis updated if a shorter path to | beenvisited or the destination node is
node v is found through node w. reached. )
o d[ulis the current shortest distance | Let's define the following terms:
to node u. V: Set of nodes (vertices).
o w(wv) is the weight of the edge E: Setof edges, Where ;ach edge (u,v)
(). has a non-negative weight w (u,v).
s: Source node.
d[v]: Shortest distance from the
source node s to node v.
V. RESEARCH GAP

While Dijkstra's Algorithm is a powerful method for finding the
shortest path in a weighted graph, there are still some research
gaps and areas where further investigation is warranted,
especially in the context of its application to the Transport
Problem and related logistics and supply chain management
challenges. Some potential research gaps include:

Scalability: Investigating methods to improve the scalability of
Dijkstra's Algorithm for large-scale transportation networks,
considering the computational complexity and memory
requirements when dealing with a vast number of nodes and
edges.

Real-time Optimization: Developing real-time optimization
strategies that can dynamically adapt to changing transportation
conditions, such as traffic congestion, road closures, or demand

IJERTV 131 S070046

fluctuations, to provide more accurate and responsive routing
solutions.

Multi-Objective Optimization: Extending Dijkstra's Algorithm to
handle multi-objective optimization problems in logistics, where
multiple criteria, such as cost, time, and environmental impact,
need to be simultaneously considered when determining the
optimal transportation routes.

Uncertainty Modelling: Integrating uncertainty modelling into
Dijkstra's Algorithm for more robust decision-making in logistics
and supply chain management. This includes handling uncertain
travel times, demand variations, and other stochastic factors.
Advanced Data Sources: Leveraging emerging data sources, such
as real-time GPS data, IoT sensors, and satellite imagery, to
enhance the accuracy and reliability of input data for Dijkstra's
Algorithm in transportation optimization.
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Key Findings:

Despite these research gaps, several key findings highlight the
practical significance of applying Dijkstra's Algorithm in
addressing transportation and logistics challenges:

1. Efficiency: Dijkstra's Algorithm is highly efficient in finding
the shortest path in weighted graphs, making it suitable for real-
time or near-real-time routing and logistics optimization.

2. Flexibility: The algorithm's flexibility allows it to be applied to
various transportation scenarios, including road networks,
supply chain logistics, and even surface path planning.

3.Integration: Dijkstra's Algorithm can be integrated into larger
optimization frameworks, such as linear programming models,
to solve complex transportation optimization problems
efficiently.

4. Adaptability: By considering different weight criteria (e.g.,
distance, time, cost), Dijkstra's Algorithm can adapt to diverse
logistics and supply chain requirements.

5.Practical Use Cases: The algorithm has been effectively
implemented in a variety of real-world circumstances,
including route planning for delivery trucks, network
optimization in telecommunications, and surface path planning
for autonomous vehicles

VL CONCLUSION:

Dijkstra's Algorithm, originally developed for finding the
shortest path in weighted graphs, has proven to be a versatile and
powerful tool with applications in various fields, particularly in
addressing transportation and logistics challenges. In this
comprehensive overview, we have explored the core concepts of
Dijkstra's Algorithm and its application in solving the Transport
Problem.

Dijkstra's Algorithm, developed by Edsger W. Dijkstra in 1956,
is a fundamental method for finding the shortest path in weighted
networks. Its flexibility allows it to adapt to different criteria such
as distance, time, or cost, making it valuable for solving complex
problems in domains like network routing, logistics, and
transportation  optimization.Dijkstra's ~ Algorithm  operates
through a systematic process that involves initializing distances,
maintaining a priority queue, extracting nodes with the shortest
known distances, relaxing edges, and iteratively updating
distances until all nodes are visited or a target node is reached.
This process efficiently determines optimal paths from a source
node to all other nodes in the network.

Dijkstra's Algorithm can be adapted to efficiently solve the
Transport Problem, where it finds the optimal routes for
transporting goods from suppliers to consumers while
minimizing transportation costs. The algorithm identifies the
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