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determining the shortest path for evacuation becomes very important.
This research uses linear programming by utilising Excel Solver to
determine the shortest evacuation route for earthquake natural disasters.
\ Excel Solver is a feature in Microsoft Excel that serves as an analytical
tool to solve linear optimisation problems. Excel solver can be used to
find solutions that maximise or minimise the objective function, with
respect to predetermined constraints. This research utilises relevant
earthquake natural disaster simulation data as constraints in the
optimisation model. The results show that the model can generate
shortest paths that fulfil various constraints and criteria. The model can
also be used to predict the time required to reach the destination. This
research makes an important contribution to the development of tools
and methods for shortest path optimisation in natural disaster scenarios.
The optimisation model developed in this research can be used to assist
decision makers in improving the efficiency and effectiveness of
evacuation and disaster relief operations.
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INTRODUCTION

Earthquake natural disasters are events that threaten and disrupt people’s lives and
livelihoods caused by natural and or non-natural factors as well as human factors,
resulting in human casualties, environmental damage, property losses and psychological
impacts (Almeida, 2022). This definition states that earthquake disasters are caused by
natural, non-natural and human factors (Bagloee, 2019). Therefore, Law No. 24/2007
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emphasises that Disaster Management activities are basically a series of activities both
before, during and after a disaster that are carried out to prevent, reduce, avoid and
recover from the impact of disasters (Dhamala, 2023).

The importance of our role and also the government as fellow humans to help
each other victims in natural disaster management efforts is to find the shortest way or
path to optimise natural disaster evacuation routes, namely finding the fastest and safest
way from the point of disaster to the safest central point, while avoiding various
obstacles or congestion that may appear along the path (Liang, 2019). Finding the
shortest path is one of the key aspects that determine the way to rescue disaster victims
(Bi, 2019).

The research we conducted for mitigation or prevention of natural disasters can
reduce the risk of disaster occurrence by optimising the search for the shortest path for
victims of earthquakes using the excel solver method (Y. Wang, 2022). Excel solver is a
tool contained in Microsoft Excel that can be used to solve optimisation problems, this
step is important in finding evacuation routes or the safest place for victims (Cao,
2022).

The negative impacts caused by natural disasters on human life, such as
casualties, injuries, evacuation, and property damage, therefore we must create
scenarios to optimise the shortest path to evacuate victims By considering various
factors, such as distance, road conditions, evacuation sites, and availability of
foodstuffs, it is hoped that the evacuation process can run smoothly and minimise risks
for victims (Tanaka, 2021).

The benefits of this research are expected to provide a way to improve evacuation
efficiency in earthquake natural disaster situations, minimise casualties in earthquake
natural disaster situations, assist the government and related organisations in planning
and implementing evacuations in natural disaster situations (Yazdani, 2023a). The
scope of the research is focused on the optimisation of shortest path determination in
earthquake natural disaster scenarios using excel solver (Rahman, 2020).

The main objective of this research is to minimise the evacuation time of victims
of natural disasters to a safe place because the faster the victims are evacuated, the
greater their chances of survival (Yazdani, 2023b). This is especially important in
natural disaster situations where time is of the essence. With the shortest path system we
can save time and minimise casualties (Zhao, 2020). Also, with the excel solver method,
we can optimise the evacuation path of the users to increase the level of safety and
comfort of the victims (Vinh, 2023). Thus, this research is expected to provide a
significant solution in helping victims of earthquake natural disasters.

260



Optimisation of Evacuation Route Determination in an Earthquake Natural Disaster Scenario Using an
Excel Solver

Linear Programming and Excel Solver Linear programming is a technique in
operations research used to solve optimisation problems by maximising or minimising
an objective function in accordance with specified constraints (Soltani, 2019). Solver
Excel is an analytical tool in Microsoft Excel that can be used to solve linear
optimisation problems (Tanaka, 2021). Solver Excel uses the simplex method to solve

linear programming problems (Sitepu, 2023). Here are the general steps in using Solver
Excel:

Solver Parameters >

Set Objective:

(]

To: © rax 3 Min ) wvalue OFf o

By Changing Variable Cells:

1#

Subject to the Constraints

Add
Change

Delete

Reset All

Load/Save
Make Unconstrained Variables Non-Negative

Select a Solving GRG Naonlinear -~

Options
tMethod

Solving Method

Select the GRG Nonlinear engine for Solver Problems that are smooth nonlinear. Select the LP Simplex engine
for linear Solver Problems, and select the Evolutionary engine for Solver problems that are non-smooth.

Help l Solve I Close

Figure 1. Initial View to Start the Solver

Initial Display for Solver
Description:
1. Define the objective cell (objective function) to be optimised.

2. Defines the decision variable cell that will be changed by the Solver to
achieve the optimal value.

3. Define the applicable constraints using logical functions such as ‘>=¢,
f.<:61 or 6:6.

4. Set the Solver parameters as needed, such as solving method, non-
negative constraints, etc.

5. Run the Solver to obtain the optimal solution:
Some commonly used formulas in Excel Solver:
1. Objective Function

Formula: =SUMPRODUCT (coefficient_objective,variable_decision)
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Example: =SUMPRODUCT(B2:B12,D2:D12)
2. Constraints

Formula: =SUMPRODUCT (coefficient_constraint,variable_decision)
<=/>=/=value_constraint

Example: =SUMPRODUCT(C2:C12,E2:E12) <= F4
3. Binary Constraints

Formula: =INT(decision_variable) = decision_variable
Example: =INT(C4) = C4

1. Non-Negativity Constraints

Formula: decision_variable >=0

Example: C4>=0

Modelling with Excel Solver involves understanding the concept of linear
programming and its application in the context of the problem at hand. In the case of
determining the shortest path for evacuating victims of an earthquake natural disaster, a
linear programming model can be built by defining an objective function (e.g.,
minimising the evacuation path of victims of an earthquake natural disaster) and
constraints such as considering disaster-damaged road conditions, road capacity, and
evacuation time limits.

RESEARCH METHODOLOGY

This research is a type of applied research that uses case studies in five cities and
four villages (Liu, 2022). The data sources used include evacuation data of earthquake
victims in the cities and villages, as well as socio-economic data and other information
relevant to the evacuation criteria (Pathirana, 2019). The data collection technique was
conducted in a secondary manner through available websites, thus facilitating access to
the required information.

Modelling was conducted using an Excel solver with several key steps. Firstly, the
identification of decision variables included the choice of the shortest evacuation route
considering the condition of disaster-damaged roads, road capacity, and evacuation time
limit (Pan, 2019). The objective function was determined to minimise the shortest
evacuation route given the criteria and constraints. The calculated constraints include
disaster-damaged road conditions, road capacity, and evacuation time limit. Excel
solver was used to solve the optimisation problem by inputting the objective function,
decision variables, and constraints. Model validation was conducted by testing using
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sample data to verify the accuracy of the model. Sensitivity analysis was also applied to
test the robustness of the model to changes in parameters or constraints, ensuring the
model is robust and reliable in real-life situations.

RESULT AND DISCUSSION
Excel Solver Testing

This research shows that Excel Solver is an effective tool for shortest path
optimisation in natural disaster scenarios. The application of this method can assist
evacuation teams in saving lives and minimising losses due to natural disasters.

The Excel solver finds the optimal solution that determines the shortest path from
the starting point to the destination point. The total travel time or cost is minimised
accordingly. The solver ensures that the resulting solution meets all given constraints,
such as time constraints, road conditions, and resource capacity. The solution found by
the Excel Solver shows the shortest route that can be taken to reach the destination point
efficiently and effectively. The Excel Solver can also provide information on the
sensitivity of the solution to changes in parameters, such as changes in travelling time or
road conditions.

The use of an Excel Solver increases efficiency in determining the shortest path
by minimising the time and resources required. The solution generated by the Excel
Solver is reliable as it is based on a proper mathematical model and considers all the
given constraints. The Excel solver can generate several alternative solutions depending
on the given parameters and allows users to choose the solution that best suits their
needs and preferences.

Thus, the test results of the Excel Solver show that the tool is effectively used for
the optimisation of shortest path determination in natural disaster scenarios, assisting
disaster management organisations in making informed and responsive decisions in
emergency situations.

Working on Simplex Method with Microsoft Excel Solver Function
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Figure 2. Open the solver programme in excel
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Description:
o Column B2: Place where the disaster occurred
o Column C2: Safest place (Evacuation point)
o Column D2: Evacuation distance from the scene to the safest place
o Column E2: Evacuation route
o Column G2: Nodes (series of paths)
o Column H2: Constraint =SUM(B3:B26,G3,E3:E26)-
SUMIF(C3:C26,G3,E3:E26)
o Column J2: Constraint
o Column G10: Min distance =SUMPRODUCT(D3:D26,E3:E26)

Then run Solver:
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Get & Transform Data Queries & Connections
vl £l A By Changing Variable Cells: o
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2 Dari Ke Jarak Jalur Node Constrs SHEXSHST = SJ52:5U57 Add
3 KotaA | DesaP | 35 ) A ] 0
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Figure 3. Solver Process by Entering the Formulas

Description:
e Set Objective: $H$10
e Equal to: Min
e By Changing Variable Cells: $E$3:$E$26 (decision variable)
e Subjet to the Constraints: $E$3:$E$26

Then Solve and the result:
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Figure 4. Data Results After Solve Process

Description:

e From the results of the solve that has been done, it means that the minimum path
obtained is 35 km.

In the Excel Solver, the objective function and constraints can be modelled in
appropriate cells, utilising the formulas and logic functions available (Wu, 2023). After
defining the objective function, constraints, and other parameters, the Excel Solver can
be run to find the optimal solution that satisfies the given constraints (Nadeem, 2020).

One of the main advantages of using Excel Solver in linear programming
modelling is its ease of use (Q. Wang, 2022). The Excel Solver is integrated with
Microsoft Excel, so modelling and analysis can be done directly in an environment that
is familiar to the user.

CONCLUSION

Based on the results of this study, it is shown that Excel Solver is a powerful and
effective tool for optimising the determination of the shortest evacuation route in an
earthquake natural disaster scenario. The optimisation method developed utilises road
map data, victim location, and destination location, and considers disaster-damaged
road conditions, road capacity, and evacuation time limit. Natural disasters have a
significant impact, and evacuating victims is a crucial step to save lives and minimise
losses. Determining the shortest evacuation route is key to an effective and efficient
evacuation process.
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The benefits of this research are expected to provide a way to improve evacuation
efficiency in natural disaster situations, minimise casualties in natural disaster
situations, assist the government and related organisations in planning and
implementing evacuation in natural disaster situations. The scope of the research is
focused on the optimisation of shortest path determination in natural disaster scenarios
using excel solver.
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