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Abstract — Determining the optimal route is one of the important aspects in planning the distribution of health
services, especially in emergency conditions in Bandar Lampung City. This study compares three algorithms for
solving tour problems, namely Cheapest Insertion Heuristic, Nearest Neighbor (NN), and Christofides Algorithm,
in determining the fastest tour to a number of hospitals. Calculations were performed manually and also
implemented using the Python programming language. The results obtained show that manually and using Python
programming, the Cheapest Insertion Heuristic algorithm produced 152 minutes, the Nearest Neighbour
algorithm 142 minutes, and the Christofides Algorithm 147 minutes.
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1. INTRODUCTION

One of the most frequently visited healthcare facilities is the hospital. A hospital is a medical facility
that offers all types of personal healthcare services, such as emergency, outpatient, and inpatient
treatment [1]. Pharmaceutical services in hospitals are an integral part of the hospital healthcare system,
which is patient- centered and focuses on providing quality and affordable pharmaceuticals, medical
devices, and disposable medical supplies for all segments of society [2]. The need for medical devices
and medications must be met daily to ensure uninterrupted healthcare services, necessitating speed and
accuracy in their delivery.

To ensure that logistics and medication needs are met, it is necessary to optimize the distribution routes
or tour for logistics and medications to minimize distances and reduce delivery times. Delivery times
serve as a benchmark for the hospital's success in improving the quality of healthcare services through
the timely and accurate availability of medical devices [3]. In this case study, the logistics and
medication distribution routes to be optimized are for all hospitals in Bandar Lampung, thereby
minimizing the time required for logistics distribution from the central hospital to each of the other
hospitals in Bandar Lampung.

Determining the fastest route by visiting all points exactly once is known as the Traveling Salesmen
Problem (TSP), where a salesman starts from one city, travels precisely to each of his destination cities,
and then returns to his original city. The TSP is considered an NP-hard problem, thus, determining the
optimal solution (the shortest route or tour) becomes a significant computational challenge, especially
as the number of cities increases, although such solutions can be tested relatively quickly [4], [5], [6].
Since determining the shortest route among many alternative routes becomes increasingly
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computationally expensive as the number of cities increases, the TSP is fundamentally an NP-hard
problem. The primary goal of the TSP is to find the minimum length of a Hamilton circuit in a graph

[7].

The TSP has been extensively studied, and various methods have been developed, both exact and
heuristic. Among the methods developed are Brute Force, Nearest Neighbor, Genetic Algorithms,
Particle Swarm Optimization, Branch and Bound, the cheapest insertion heuristic algorithm, the
Christofides algorithm, and the artificial bee colony algorithm, among others. The Nearest Neighbour
heuristic was used by [8, 9, 10] to find the best distribution route, and Hougardy & Wilde

[11] used the Nearest Neighbour heuristic for metric TSP. Cheapest Insertion Heuristics (CIH) are used
to determine the best route for product distribution [12, 13, 14] and to find the tourist location [15].
Some researchers that used Christofides algorithm include [ 16, 17, 18, 19, 20, 21]. In solving TSP, the
concept of graph theory, which is a branch of mathematics, is used. The TSP graph represents a weighted
network, where each vertex in the graph represents a city, each edge represents a road connecting those
cities, and the weight on each edge represents the distance between those cities that needs to be traveled.

In this study, the focus is on determining the shortest route for the distribution of logistics and medicines
19 hospitals in Bandar Lampung. The data used is time (travel time), and comparing the CIH, the
Christofides algorithm, and the nearest neighbor algorithms..

2. METHOD

1.

2.

2.1. Cheapest Insertion Heuristic (CIH)

In general, CIH is a simple algorithm that gradually inserts the places to be visited and calculates the
distance traveled. It starts by making a simple tour between two vertices and then revising the tour by
adding a new vertex to make a bigger tour, and repeating that step until all vertices are on the tour. In
this study, we made a slight modification on CIH algorithm by making the tour of three vertices in the
beginning. The CIH procedure is as follows:

Step 1. Make a tour of three vertices, and calculate the weight (distance) Step 2: Find candidate edges
to be selected for inclusion in the new subtour.

Step 3: Calculate new total weight for each selected candidate edge using the formula:

Total weight of previous tour + weight of edges to be added total weight of edges to be removed + weight
of edges connecting the removed point to the added point.

Step 4: Find the smallest weight value among the calculated candidate edges.

Step 5: Create a new subtour with the selected edges. Repeat these steps until all points are included in
the subtour (for the next step, start from step 2 with the new total weight and subtour obtained from the
previous step).

2.2 Nearest Neighbor (NN) Algorithm

This algorithm is simple and straightforward algorithm. Starting with an arbitrary city, the nearest
neighbour method for TSP continually chooses the closest unexplored city to the current city until all
cities have been visited. The following is the procedure of the NN algorithm [22].

Step 1: All vertices are set as unvisited.

Step 2: Select a vertex randomly as original vertex and make it as the current vertex i and set i as visited
vertex.

Step 3: Find the shortest path between vertices in the unvisited set with current vertex i, suppose that
vertex is j. Set j as visited and current vertex.

Step 4: Repeat Step iii) until all vertices are set visited and back to the original vertex.

According to [23], the nearest neighbor method only requires a short time, is simple and easy to
understand, and is effective on large data sets.
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2.3 Christofides Algorithm

The Christofides algorithm is used to generate approximate solutions in TSP on complete weighted
undirected graphs. This algorithm finds the minimum weight value using the Minimum Spanning Tree
(MST) to produce a graph with an optimal value. Next, the results of the MST algorithm are used to
form an Euler circuit, which serves as an approximation of the TSP solution [18]. The following are the
steps of the Christofides algorithm for solving TSP:

Step 1: Find the minimum spanning tree.

Step 2: Determine the odd degree vertices on the MST obtained.

Step 3: Form the Eulerian circuit by connecting the odd degree vertices.

Step 4: Reduces the degree of vertices whose degree more than two by removing one or more edges
adjacent to it until gain a Hamiltonian circuit.

2.4 The Data
The data used in this study was obtained from Google Maps. Table 1 below shows the information about
the travel time (in minutes) among19 hospitals in Bandar Lampung.

Vertex _ Thehospitalsmame 12 3 4 5§ 6 7 8 9 10 1 1 13 1 15 16 17 18 19
! RSUD Dr. H. Abdul Mocloek 0 12 20 9 S 16 16 10 14 2 9 16 10 6 7 12 S 8 15
RS. A dadk Tyckrodipo 12 0 2 b 13 23 20 18 2 11 14 4 $ 14 9 5 10 17 bl
} RS Jiwa Bandar Lampung 20 2 0 22 21 26 12 X 12 2 28 2 X 25 26 28 M 23 2
{ RS Bumi Warae 9 b 22 0 10 20 20 16 20 N 11 $ Y 1 6 ’ 7 1 1
$ RS Umum Advent Bandar Lampung 5 13 21 10 0 13 15 ' 12 4 I 18 12 8 9 14 8 5 10
6 RS Umum [manuel Way Hakm 6 23 26 24 13 0 2 ! 9 15 13 27 1 12 18 2 17 14 2
7 RS Pertamina Bintang Amin 16 )] 12 M s 1] [ n " 16 ] ) % 1€ pX 24 (] 145 0
$ RS Umum Unip Sumoharjo 10 18 26 15 f ] 20 0 18 10 11 27 15 5 13 19 13 11 21
9 RS Bhayangkara Polda Lampung M 12 20 12 19 4 18 0 16 2 X 2 1 23 21 12 29
10 RS DKT Lampung 2 1 21 9 “ 15 17 10 16 0 9 17 12 6 I( 14 J ] 18
11 RS Graha Husada 9 14 28 1 10 13 2 1 26 9 0 15 6 I 8 13 7 14 16
12 KSIA Kestu Bunda 1o 4 20 ) 1] 27 24 27 24 17 I3 0 12 s 12 4 13 de v
13 RSIA Bunda Asy-Svifa 10 § 20 ! 12 17 6 15 27 12 6 12 0 12 6 6 3 17 10
14 RSIA Puri Betik Hati 6 4 25 1 $ 12 19 J 17 6 10 19 12 0 13 18 12 10 2
13 RSIA Mutara Purt 7 9 26 0 9 18 24 13 23 10 § 13 0 13 0 8 3 10 12
1¢  RSIA Santa Anma 12 5 28 7 14 2 25 19 25 14 13 7 6 1§ 8 0 1 22 5
17 RS, Hermma Lampung 5 10 i) 7 8 17 20 13 21 ! 7 13 8 12 3 1 0 17 13
18§  RSIA Delleza Kedaton 8 1?7 23 13 6 4 15 1 12 8 14 2 17 1C 1€ 22 17 0 8
15 RS, Bud Medika 15 9 12 1 18 23 2 18 16 9 16 9 10 21 12 5 13 28 0

3. RESULT AND DISCUSSION

3.
3.1. Solution using Cheapest Insertion Heuristics (CIH)

Based on the solution steps described in the research methodology, the following is a manual solution
in the form of an iteration table shown in Table 3.1. However, because there are 17 iterations, the table
only shows calculations for the first two iterations and the last two iterations.

Table 2. Iteration table for calculations using the Cheapest Insertion Heuristics
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3.2. Solution with Nearest Neighbor (NN)

By using the data from Table 1 we do the following:
1. Start with vertex v1 as the depot (departure point).

2. Then select the node with the shortest distance from vertex v1, which is vertex v10. Thus, the

temporary route is v1 — v10.

3. Continue by selecting the node that has the shortest distance to vertex v10, which is vertex v5, the

temporary route is vl — v10 — v5.

4. Continue by selecting the node that has the shortest distance to vertex v5 , which is vertex v18, the

temporary route is vl — v10 — v5 — v18.

5. The steps are repeated until all unselected nodes are included in the route by selecting the vertices

whose smallest edge to the previous vertex.

6. The final route is v1 - v10 - v5 - v18 — v14 - v8 - v6 — v11 - v13 - V15— v17 - vd - v2 - V12 &
—v19— 19 — v7 — v3 — vl with a total travel time of 142 minutes. Figure 3 shows the tour.
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Figure 3. The tour obtained using the NNH

In addition to manual methods, NNH solutions are also implemented using the Python programming
language. Source code 2 shows a part of the source code for determining tours from 19 hospitals in
Bandar Lampung City using NNH.

it nearest is not None:
route.append (nearest)
visited[nearest] = True
total distance += min dist
current = nearest
total distance += matrix[current] [start)
route.append (start)
return route, total distance
rnnfn_‘l ndices, fnfal_f‘l{ stance = noan-nf_na‘lqhhnur (di sfnnm_mfr‘l x, start=0)
route names = [locations[i] for i in :out._indioo-]
print ("Rute yang dilalui:")
print(” - ".join (xout.e_nunel) )

print (f"Total jarak: {total distance:.2f)")

Source code 2. Screenshot part of the source code for NNH

The program produces output with a tour v1 — v10 — v5 - v18 - v14 — v8 — v6 — v1l - v13 - 1B
—v17 - v4 —v2 - v12 - v16 — v19 — v9 - v7 — v3 — v1 with a weight of 142 minutes.

3.3. Solution with the Christofides Algorithm
The Christofides algorithm has many possible solutions, because there are many possible ways to

connect odd-degree vertex. The Christofides algorithm is performed by first determining the MST
of 19 vertices using the Kruskal algorithm. Figure 4 below shows the results obtained.
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Figure 4. The Minimum Spanning Tree of the 19 hospital locations in Bandar Lampung city.

The next step is to form Eulerian tour by connecting odd-degree graph points with other odd-degree
vertices, resulting in even-degree vertices. As previously stated, there are many ways to form
Eulerian tour because there are some vertices with odd degrees. To form a Hamiltonian tour, some
edges that incident to vertices with degree greater than 2 are removed so that the degree of the vertex
becomes two.

Figure 5. The formation of Eulerian tour.
Based on Figure 5, there are 4 vertices have degree more than 2. The vertex vl has a degree of 4, so
we need to remove 2 edges to make its degree becomes 2. However, we must pay attention to the
end vertex that incident to the remove vertex, because, by removing the edges its degree reduced.
Thus, we need to add an edge that connect both end vertices of the removed edges. There are four
edges incident to v1 which are 1,10, e1,17,, 1,14 and e1,5. Suppose that edges el,14 and e1,5 @selected
for removal, thus we must add edge e5,14. Next, vertex v2 has degree 4, so we need to remove 2
edges to make its degree becomes 2. There are four edges to be considered: 2,12, e24,
e2,16 and e2,3. Suppose that edges 2,16 and e2,3 are selected for deletion, thus we must add edge
e16,3 . Next, vertex v5 has degree 4, so we need to remove 2 edges to make its degree becomes 2.
There are four edges to be chosen: e5,14 , 5,10, €5,9 and e5,18.

Suppose that edges e5,14 and e15,9 are chosen to be removed, then we add edge €9,14. Next, vertex
v15 has degree 4, the degree will be reduced by removing 2 edges. There are four edges as candidate to
be removed: 15,4, e15,17,, e15,13 and e15,11. Suppose that edges e15,4 and e15,11 are selected for deletion,
then we add edge e4,11. Figure 6 shows that it has become a Hamiltonian circuit with tour results v1
—v17-v15-v13-vil—-v4—v2—v12-v19 - v16 —v3—v7 -9 - vl4d -8

v6 — v18 — v5 — v10 — vl with a weight of 152 minutes.
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Figure 6. The tour obtained after reducing the degree of vertices v1, vz, vz, and v1s

In addition to manual methods, the Christofides algorithm is also implemented using the Python
programming language. Source code 3 below shows a part of source code of Christofides algorithm
for determining a tour of 19 hospitals in Bandar Lampung City.

eulur_circuit. - llst.(culerlul_circult.(mlt.igxaph. source=next (iter (G.nodes) ) ))
visited = set()
tsp path = []
for u, v in euler circuit:
if u not in wvisited:
tsp path.append (u)
visited. add (u)

Source code 3. Screenshot part of the source code for the Chistofides Algorithm

The source code generates output with tour vl —v14 — v8 — v6 —v11 —v13 —v15 - v19 — V16—
v2-v12 — v4 — vl7 - v3 — v7 — v9 — v5 — v18 — v10 — vl with 152 minutes, and Figure 7 shows tetour
obtained.

4. CONCLUSIONS

Based on discussion above, manual calculations and implementation using the Python programming
language, it was found that the Nearest Neighbor algorithm produced a total travel time of 142 minutes,
while the Christofides algorithm produced 152 minutes. Meanwhile, the Cheapest Insertion Heuristic
algorithm shows a difference in results, namely 145 minutes in manual calculations and 140 minutes in
Python calculations. This difference may be due to differences in the order of insertion processes
performed manually and automatically by the program. In general, the Cheapest Insertion Heuristic
algorithm provides a more efficient solution than the other two algorithms.
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