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Solving capacitated vehicle routing problem using of Clarke
and Wright algorithm and LINGO in LPG distribution
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Abstract. Capacitated vehicle routing problem is a vehicle routing problem that has constraints
in the form of vehicle capacity. It is a matter of optimization to find the optimal route for some
vehicles with a specific capacity and homogeneous vehicles that serve some agents with several
known requests before the distribution process takes place. LPG distribution is the application
of capacitated vehicle routing problems. This research aims to determine the LPG distribution
route based on the Clarke and Wright Algorithm and LINGO. The capacitated vehicle routing
problem model will be solved in two phases. The first stage completes the capacitated vehicle
routing problem model using the Clarke and Wright algorithm. The second stage is completing
the results of the first stage in the form of LINGO-based sub tours to obtain the optimal solution.
The solution of the capacitated vehicle routing problem in distribution LPG using the Clarke and
Wright algorithm has a total distance of 151.94 km. The solution of the capacitated vehicle
routing problem in distribution LPG using LINGO has a total distance of 161.59 km.

1. Introduction

The distribution of products from sources (depots) to several destinations is a complex problem. The
existence of several destinations for product delivery will cause several distribution channels that
consider the distance and travel time. The distribution of LPG gas products at PT Lebong Terang to
several customers in the Palembang city area is expected to be able to create reliable delivery
performance in the distribution of gas products. The problem under investigation is how homogeneous
vehicles can serve oil demand from some gas stations from the depot and minimize mileage. The purpose
of this optimization is to find a series of routes that include n customers with a minimum overall distance
[1]. A series of vehicle routes that aim at the minimum cost of several customer locations so that each
route starts and ends at the same location, and several obstacles are met [2]. Laporte [2] summarizes the
results for the classic vehicle routing problem (VRP) on existing vehicle capacity constraints. Classic
VRP aims to find a set of vehicle routes that begin and end at a depot, some vehicles of the same capacity,
and every customer is visited exactly once. The solution of the classic VRP is a set of routes that all start
and end at the depot and meet the obstacle that all customers are served only once. Real-life VRP
problems are often far more complex than classic VRP. In 1959, VRP on the issue of modeling truck
deliveries was introduced by Dantzig and Ramser [3]. In 1964, Clarke & Wright generalized the VRP
problem for linear optimization problems in logistics and transportation problems. The problem studied
is how to serve a set of customers scattered around a central depot, using a fleet of trucks of various
capacities [4]. VRP addresses logistical and transportation problems. VRP is a generalization of the
traveling salesman problem (TSP). Unlike TSP, VRP has a goal to make a total trip, total distance, or
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total time for all trips with the total amount used [5]. The VRP problem has evolved in accordance with
real-world problems [6].

The process of distributing goods will run smoothly if an optimal vehicle route can be determined.
CVRP is a vehicle route problem to determine the optimal vehicle route located in a depot in delivery
commodities to several customer locations, which combines requests from each customer related to
vehicle capacity. The purpose of CVRP is to minimize transportation costs and overall time. CVRP is a
VRP which has constraints in the form of vehicle capacity. CVRP is an optimization problem to find
the optimal route for some vehicles with a certain capacity and homogeneous (having the same capacity),
which serves some agents with the number of requests known before the distribution process takes place.
The distribution in each vehicle can only be carried out once, namely from the depot to each agent and
then back to the depot. It aims to service systems in determining distribution routes to be more effective,
efficient and can increase the ability of companies to be able to meet product demand more quickly so
that consumer trust and satisfaction increases. Capacitated vehicle routing problem is also known as the
variants of the vehicle routing problem [7]. Ibrahim, Abdulaziz and Ishaya [7] solve the CVRP using
The exact method and column generation then compare their solutions. Akhand, Peya, Sultana, and Al-
Mahmud [8] solve CVRP in finding the optimal route of a vehicle using swarm intelligence. Mamat,
Jaaman, and Ahmad [9] discussed two methods commonly used in logistics and transportation, VRP
and CVRP to solve investment allocation problems. CVRP designs an optimal delivery route where
each vehicle only takes one route, each vehicle has the same characteristics, each customer has a request,
and there is only one central depot. Azad and Hasin [10] have researched to find a solution to the
vehicle routing problem using a genetic algorithm that is able to determine the optimal route for the
vehicles.

There are various models of Integer Linear Programming (ILP) from CVRP [11][12]. The CVRP
model formed in this study uses the CVRP model proposed by Borcinova [12]. One of the main
differences lies in how to eliminate sub-tours, namely the cycle that does not go through the depot.
Solutions from VRP can be solved by exact methods, classic heuristic methods, and metaheuristic
methods. Achutha, Caccetta, and Hill [13] developed new cutting planes on CVRP problems and used
them in the branch and cut algorithms.

CVRP on LPG distribution is completed in two stages. In the first phase, CVRP on LPG distribution
was completed using Clarke and Wright Algorithm. Clarke and Wright algorithm is a heuristic approach
to solving CVRP. The principle of Clarke and Wright algorithm is sub-routes formed related to vehicle
capacity. If the sub-routes formed exceed the capacity of the vehicle, then create a new sub-route [14].
Caccetta [14] has improved the Clarke and Wright algorithm to search the capacitated vehicle routing
problem. The CVRP model in this study aims to minimize the total distance of LPG gas distribution.
For the second stage, sub-routes of the results using Clarke and Wright Algorithm are solved using
LINGO software. LINGO software is a tool to solve non-linear programming problems and has a strong
function of operational research software [15][16]. The purpose of this stage will be investigated
whether the sub-routes formed are optimal. The CVRP model in this research was completed using
Clarke and Wright algorithm and software LINGO.

2. Methods

The Clarke and Wright algorithm is used to solve the LPQ gas distribution problem so that the LPG gas
distribution route is optimal. CVRP mathematical models can be solved using LINGO software. LINGO
software is built for optimization problems such as integer programming and linear programming
[16][17]. The gas-based data collection was carried out at 24 gas base locations.

There are five steps taken in this study. They are collecting data in the form of demand of LPG gas
base and the distance of each gas base from the agent, determining the distance matrices, solving CVRP
with the Clarke and Wright algorithm, formulating CVRP models, and solving the CVRP model based
on LINGO 13.0.
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3. Result and discussion

3.1. Data
Here, we have the distance of the agent to each gas base data and the gas demand for each gas data. The
agent distributes LPG gas to n locations, which n=24. The type of vehicle used is a truck with a
capacity Q of 4000 kg. A is a distance matrix (km) of the agent to each gas base, which 0-agent and i—

gasbasetoiwithi=1,2,3,4,5,6,7,8,9, ..., 24.

The gas demand for each gas base is shown in table 1.

© 0 N o O B W N = O

I I N I N e = T e L L o N
R ON R SO © ® 4o o~ wiN B o

0

8.7
15
12
9
11
2.5
2
16
0.3
3.2
15
7.9
2.9
0.85
16
5.3
25
4.2
3
34
0.24
0.5
0.7
3.3

1
8.7
12
21
47
15
16
10
11
12
8.9
12
6.6
15
12
24

8
15
9.4
12
18
12
13
13
18

2
15
12
13
10
33
3.2
31
26

1
45

0.05
9.2
3.6
19
16
6.6
33
55
19
4.2
0.9
11

0.45
4.1

3
12
21
13
15
8.1
8.3
1
10
9.6
12
10
13

7
9.6
9.5
14
6.6
13
9.5
10
9.6
9.6
10
9.8

4
9
47
10
15
11
13
8.2
8.5
10
6.9
10
3.7
13
10
22
35
13
75
10
14
10
11
11
13

5
11
15
3.3
8.1
1
14
2.7
2.2
15
3.9
2.2
8.6
18
15
14

6
14
49
0.7
24
15
1.6
1.9
2.2

6
2.5
16
3.2
8.3
13
14
45
41
34
5.7
41
11

0.75
34
13
79
0.4
6.7
33
38
33
34
38
3.6

10
31
11
8.2
2.7
4.5

0.45
35
16
47
7.5

6
13
19

5
5.7
24
2.7
6.6
34
3.7
38
6.4

8
16
11
2.6
10
8.5
2.2
41

0.45

3
24
42
7.1
5.6

1
18
45
5.2
34
2.9
6.1

3
3.2
34

6

2.9
0.95
16
54
2.6
4.2
0.85
35
0.23
0.21
0.6
34

10
3.2
8.9
45
12
6.9
39
5.7
1.6
24
33
43
6.3
5.6
3
18
3.7
5.2
12
3
6.2
3
3.2
34
6

1
15
12
0.05
10
10
2.2
41
47
42
1
43
9.2
3.7
19
16
6.6
33
54
19
43
0.9
0.9
0.45
4.1

12
7.9
6.6
9.2
13
3.7
8.6
1
75
7.1
8
6.3
9.2
10
13
19
3
10
9.3
13
13
13
13
13
13

13
2.9
15
36

13
1.8
0.75

5.6
2.9
5.6
3.7
10

34
13
7.8
0.4
6.7
3.3
17
3.3
34
3.8
18

14
0.85
12
1.9
9.6
10
15
34
13

0.95

1.9
13
34

16
49
3.1
2.2
0.35

0.8
11
1.2
3.8

Table 1. Gas demand.
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Tube/month Kg/month

d12 720 2160
di3 150 450

di14 650 1950
dis 4480 13440
di6 480 1440
di7 780 2340
dis 960 2880
di9 900 2700
d20 500 1500
d21 300 900

d22 500 1500
d23 200 600

d24 2100 6300

Which di is the number of requests from gas base i for i= 1, 2, 3, ..., 24.

3.2. Clarke and Wright algorithm
CVRP in LPG gas distribution can be determined as a graph G = (V, E) withV=(0, 1, 2, 3, ..., 23) as

the set of vertices and E = {(l j)|i, jeVv,i# j} as the set of arcs, where vertex represents the depot

for a fleet of vehicles with the same capacity, and the remaining n vertices represent customers.

Based on table 2, the route for distributing gas to PT Terang Lebong uses Clarke and Wright
algorithm as follows: agent — 5" gas base — 11" gas base — agent, agent — 3" gas base — 13" gas base —
agent, agent — 17"gas base — 15"gas base — agent, agent — 2" gas base — 20"gas base 20 — agent, agent
— 8'"gas base — 10"gas base — agent, agent — 14"gas base — 18" gas base - agent, agent —19"gas base —
21%gas base - agent, agent — 22" gas base — 23" gas base — agent, agent — 14" gas base — 16" gas base
—agent, agent — 7" gas base — 9™"gas base - agent, agent — 12™" gas base—1%'gas base — agent, agent — 24"
gas base — agent, and agent — 6"gas base — agent with a total distance of 151.94 km 14 sub tours.

Table 2. Distribution of LPG vehicle routes using Clarke and Wright Algorithm.

Sub Tours Distribution routes Total gas Distance iraveled

(tube) (km)

1 0-4-16-0 1320 17.8

2 0-3-13-9-0 1310 22.2

3 0-10-12-0 1240 17.4

4 0-5-19-0 1300 4.8

5 0-2-11-23-21-0 1300 2.69

6 0-8-14-0 1130 3.45

7 0-17-20-0 1280 9.2

8 0-1-0 1600 17.4

9 0-6-0 1300 5

10 0-7-0 1080 4

11 0-15-0 4480 32

12 0-18-0 960 8.4

13 0-22-0 500 1

14 0-24-0 2100 6.6

Total distance 151.94

Next, the CVRP mathematical model formulation is formed, which is solved using LINGO.
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3.3. Solution of the CVRP model using LINGO
The CVRP model for LPG gas distribution is the CVRP model proposed by Borcinova [12]. CVRP
Model for route 2 is as follows.
Minimize:
12Xy + 2.9X535 +0.3Xgg +12X5 + 7 X515 +9.6X59 + 2.9X 50 + 7 X35 + 2.9X 39 + 0.3%gy +9.6Xg; + 2.9X,4
Subject to:
X03 + X133 + X93 Sl
Xor3 + Xaig + Xg13 =1
Xog + Xgo + X9 =1
Xoz + X3 + Xo9 =1
Xog F Xizg + Xg3 = Xagg — Xa13 = X9 =0
Xo13 t X313 + Xog3 — Xi30 — Xpzz — Xz = 0
Xog * Xgg + Xizg — Xgo — Xg3 — X913 =0

2730X, + 2730X,3, + 2730Xg; + 450X,5 + 450X,,; + 450X,,; + 750X + 750Xy + 750X,55 < 4000

X133+X93S2

Xyy3 + Xogg <2

X39 + X139 < 2

The results of calculations from the CVRP model using LINGO, as shown in table 3.

Table 3. Distribution of LPG vehicle routes using LINGO.

Sub Tours Distribution Routes Total gas Distance traveled

(tube) (km)

1 0-16-4-0 1320 17.8

2 0-13-9-0 400 6.1

3 0-3-0 910 24

4 0-12-10-0 1240 174

5 0-5-19-0 1300 4.8

6 0-2-11-0 800 3.05

7 0-23-21-0 500 1.39

8 0-14-8-0 1130 3.45

9 0-17-20-0 1280 9.2

10 0-6-0 1300 5

11 0-1-0 1600 17.4

12 0-7-0 1080 4

13 0-15-0 4480 32

14 0-18-0 960 8.4

15 0-22-0 500 1

16 0-24-0 2100 6.6

Total distance 161.59

The route for distributing gas to PT Terang Lebong uses the LINGO as follows: agent —16™ gas base
— 4" gas base — agent, agent —13™ gas base — 9" gas base - agent, agent — 3" gas base — agent, agent —
12"gas base — 10" gas base — agent, agent — 5"gas base — 19"gas base — agent, agent — 2" gas base —
11" gas base — agent, agent — 23" gas base — 21t gas base — agent, agent — 14" gas base — 8" gas base
- agent, agent —17"gas base —20"gas base - agent, agent — 6"gas base - agent, agent —1°'gas base - agent,
agent —7""gas base - agent, agent —15"gas base — agent, agent — 18""gas base — agents, agents — 22" gas
base — agents and agents — 24" gas base — agents with a total distance of 161.59 km and 16 sub tours.

The formulation of CVRP solved using LINGO produces more efficient results than using Clarke
and Wright algorithm. Borcinova [12] discussed that the formulation of CVRP has more efficient results
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when it is computationally solved. LPG gas distribution route using LINGO is more optimal than the
Clarke and Wright algorithm.

4. Conclusion

In this research, VRP is solved using Clarke and Wright algorithm so that sub-routes are obtained. Next,
the sub-routes formed are completed using LINGO software. There are differences in sub-routes formed
by using Clarke and Wright algorithm with LINGO software. This is because the sub-routes completed
with LINGO must be related to several inequalities. The solution of capacitated vehicle routing problem
in distribution LPG using Clarke and Wrigth algorithm has a total distance of 151.94 km. The solution
of the capacitated vehicle routing problem in distribution LPG using LINGO has a total distance of
161.59 km. For further research, the CVRP model can pay attention to time windows, and the CVRP
model can be solved with other non-linear programming problem software such as CPLEX.
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