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Abstract- This research introduces the Multi Group Sweep Algorithm (MGSA) Method which is a modified version of the 
Sweep Algorithm. The main concept of MGSA is to create small group of k customers and then using the skip sweep 
algorithm to create the group routing as usual step as the original sweep algorithm. The dataset to be used in comparing the 
efficiency of the purposed algorithm is Solomon Dataset (25). The Solomon dataset can be divided into 3 types; C type 
(clustered customer distribution), R type (randomly distributed customer), and RC type (combination of a random and a 
clustered customer distribution). Total of 29 datasets are used and each set comprise of 25 customers. The results from the 
purposed algorithm reveal the remarkable outcome as follows: 1) 21% of the dataset give the better results in terms of total 
travelling distances, 2) 18% of the dataset give the better results in terms of the number of vehicle to be used, 3) the most 
reduction of total travelled distance is 67%, and 4) the most reduction of total routes is 68%. 
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I. INTRODUCTION 
 
A transportation cost is the cost that businesses pay 
attention very much. Because that impact on the 
prices of goods and services. Moreover, effect on the 
competitiveness of business. Especially the cost of 
fuel that prices are likely to continue rising with 
uncontrolled as a mechanism for changing the world. 
However, transportation by truck is most famous 
when compared to other transportation mode. Due to 
the convenience of delivery to the customer and 
flexibility. Therefore, it is important for the 
government to invest in infrastructure related to road 
transport. As a result, all business has an interest in 
“Vehicle Routing Problem” or “VRP” more than the 
part. So adapt for reducing minimum transportation 
costs which lead to a more profitable enterprise. 
Transportation in the modern world has more 
complex style than ever before. Because many 
conditions create for the customer's satisfaction. That 
is the primary cause for change delivery pattern 
accord with the customer’s condition. Such as; the 
transporter must deliver goods at duration time that 
customer requires, the truckers have to deliver the 
goods with a particular vehicle type, and then how to 
plan for distributing products with multiple depot for 
quick response to customer demand. From the above, 
the entrepreneurs need the way to solve this complex 
to be used in the transportation planning effectively. 
The result of the low cost of transportation, which is a 
means to reduce costs and enhance enterprise 
competitiveness of the business 
 
II. LITERATURE REVIEW 
 
The Vehicle Routing Problem (VRP) is a well-known 
routing and scheduling freight methodology. It aims 
to delivery cargoes from the depot to the destination 

with the lower transportation costs while doesn’t 
violate various constraints especially of the customers 
(Majid and Mohammad). The VRP is commonly used 
in the field of road transport, because the freight 
transport by road is the most popular and easier to 
access than other modes. The good transportation 
planning that could reduce the overall logistics cost 
for 5 - 20 percent (P. Toth and D. Vigo, 2002). The 
fuel cost is the major cost of transportation is an 
upward trend in price, so the business organization 
has to focus on transportation costs than it was 
before. If they cannot control the transportation cost, 
it will directly affect the cost of goods or service is 
rising and affect for competition in business.  
In 1959 Dantzig and Ramser proposed the first VRP 
concept in the academic world. They are studying on 
truck dispatching the oil to all customers with the 
Travelling Salesman Problem (TSP) method by 
vehicles more than 1 vehicle to use. The approaches 
in solving VRP can be divided into 2 groups: route 
first – cluster second method and cluster first – route 
second method. The first group usually begins from 
the use of TSP to put customers in proper order with 
the objective to minimize the total distance of 
movement, followed by grouping customers 
according to the capacity of the vehicle or other 
limitations. For the second group, customers must be 
divided into smaller groups according to the 
limitations first, followed by the determination of 
travelling orders of vehicles in such groups to 
minimize the distance.  
The methodologies to solve vehicle routing problems 
can be divided into 2 major groups, which are 
heuristics and exact methods. For the heuristics, they 
are methods of solving problems by finding the 
suitable options and solution rapidly. Therefore, the 
answers might not be very good. Heuristics can be 
categorized into 2 sub-groups, which are classical 
heuristics and meta-heuristics. Classical heuristics are 
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the methods of local search which have limitation in 
searching area. The classical heuristics methods 
reveal quick results. The classical heuristics VRP 
method which are often seen in the academic world 
and application world are Sweep Algorithm (N. 
Suthikarnnarunai 2008), Saving Method (Dror M., 
Trudeau P. 1989), Nearest Neighborhood (Marius M. 
Solomon 1987), etc. On the other hand, meta-
heuristics are more popular nowadays since they will 
find the answer within most or all area of feasible 
solution. They also have a more complicated 
improvement process than classical heuristics. 
Popular methods in the meta-heuristics group for the 
solving of VRP include Ant Colony (Majid and 
Mohammad 2011), Genetic Algorithm (J.C. Bean 
1994), Tabu Search (I.H. Osman 1993), Simulated 
Annealing (Yiyo Kuo 2010), etc.  
VRP is the NP-Hard problem (Majid and Mohammad 
2011) because it's hard to solve and has to spend 
much more of computational time for getting an 
optimal result such that not appropriate to use for 
solve the large number of variables. The VRP able to 
describe it from the graph theory. Let G = (V, A) be a 
network where V = {0, 1,…, n} is the vertex set and 
A⊆V×V is the arc set. Vertex 0 is the depot and 
V\{0} is the set of customer locations on the road 
network. Associated with vertex i ∈V\{0} is a non-
negative demand di. The parameter cij represents a 
non-negative cost or distance between vertices i and j. 
The parameters K and Uk are the number of vehicles 
and the capacity of vehicle k, respectively. The VRP 
is an integer programming formulation using a three-
index vehicle flow formulation where binary 
variables xijk count the number of time's arc (i, j) ∈ A 
is traversed by vehicle k (k =1,…, K) in the optimal 
solution. In addition, there are binary variables yik 
(i∈V; k = 1,…, K) that takes a value of 1 if vertex i is 
visited by vehicle k in the optimal solution and take a 
value of 0, otherwise. The formulation is as follows 
(N. Suthikarnnarunai 2008). 

 
Constraints (2) - (5) ensure that each customer is 
visited exactly once, that K vehicles leave the depot, 
and that the same vehicle enters and leaves a given 

customer vertex, respectively. Constraints (6) are the 
capacity restrictions for each vehicle k, whereas the 
constraints (7) are sub-tour elimination constraints for 
each vehicle. Note that in (7), S is a subset of the 
stops that does not contain the depot. Three-index 
vehicle flow models have been extensively used to 
model more constrained versions of the VRP. 
More than 50 years of the VRP study, there are more 
than 1,200 academic papers in the SCOPUS database 
since 1980 – 2013. The early time of VRP does not 
have the complexity of routing. Nowadays, 
customer’s need is change, it creates several variants 
of VRP such as 
 
1. Capacitated Vehicle Routing Problem : CVRP 

(David and Stefan 2007)  
2. Distance constraint VRP : DCVRP (Gillett and 

Miller 1974)  
3. Open VRP : OVRP  (Feiyue Li 2007)  
4. Split Delivery VRP : SDVRP (Archetti 2006)  
5. Stochastic VRP : SVRP (Chepuri 2005) 
6. Vehicle Routing Problem with Backhaul : VRPB 

(Jacobs-Blecha 1992) 
7. Vehicle Routing Problem with Pickup and Delivery 

: VRPPD  (Cevriye Gencer 2010) 
8. Dynamic Vehicle Routing Problem : DVRP (Victor 

Pillac 2013) 
9. Fleet Size and Mix Vehicle Routing Problem  : 

FSMVRP (Salhi 1992).  
 
III. METHODOLOGY 
 
This research presents the modification of Skip 
Sweep Algorithm Method for solving the 
transportation problems through CVRPTW. Such 
method was ever proposed by the researcher in year 
2013 (N. Suthikarnnarunai and P. Boonsam 2013) in 
terms of cash distribution of bank in Bangkok, 
Thailand. The methodology is named as the Multi-
Group Sweep Algorithm Method (MGSA). In this 
research, the researcher uses the Solomon Data Set 
(25) for a number of 29 sets as follows; C101-C109, 
R101-R112, and RC101-RC108, which have the 
different distribution characteristics including C type 
(clustered customer distribution), R type (randomly 
distributed customer), and RC type (combination of a 
random and a clustered customer distribution). Each 
set consists of 25 transportation drop points or so 
called 25 customers for being delivery. The MGSA is 
applied and get the result for benchmarking with the 
original sweep method. The comprehensive 
methodology can be described as follows:  
 
3.1 Skip Sweep Algorithm; this method is originated 
from the Sweep Algorithm Method. It is the 
consequence of routing by the increasing of degree 
angle of customer. The constraint of this method is 
the capacity of the vehicle and the time window of 
the customer. The skip sweep algorithm can proceed 
as the following steps 
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1. Locate the depot as the center of the two-
dimensional plane. 

2. Compute the polar coordinates of each customer 
with respect to the depot. 

3. Start sweeping all customers by increasing polar 
angle. 

4. Assign each customer encompassed by the sweep 
to the current locate. 

5. Skip customer which violate the maximum 
capacity or time window of the vehicle or time 
constraint.   

6. Stop the sweep when adding the next customer 
would violate the maximum vehicle capacity or 
time window constraint. 

7. Create a new route by resuming the sweep where 
the last one left off. 

8. Repeat steps 4 – 6, until all customers all customers 
have been served. 

3.2 Multi Group Sweep Algorithm; this is modified 
version of Skip Sweep Algorithm by creating sub-
group of customer and then sweep it by group. The 
comprehensive steps of MGSA can be described as 
the following and in Fig 1:  
1. Determine the highest members group value (K) 

which will be used to find the results. The K 
Value has the numbers ≤ the number of customer 
location to be delivered (N). 

2. Determine the value of sub-group members (k) by 
starting from k =1, k ≤ K. 

3. Find the angle value of customer location 
compared to the Depot position. 

4. Find the customer location which has the least 
angle value that has never been considered as the 
set member of any routes as the starting point.   

5. Find the customer location which its distance is 
near the point mentioned in item 3 additionally for 
k points. 

6. Set the routing order in the group of item 4 using 
Nearest Neighborhood Search Method which not 
violate time constraint, capacity constraint, and 
distance constraint.  

7. If the constraints in step 6 are violated, new 
vehicle (m) is introduced.  

8. Repeat steps 3 – 6 until the rest of customer 
locations are assigned to the vehicles. 

9. Repeat from step 2 to the end by increasing the k 
value by 1 at a time. 

10. The best result will be reveal which k value is the 
best and to be used in MGSA. 

 

 
Fig.1. MGSA concept  

IV. RESULTS AND DISCUSSION 
 
According to above mentioned method, 29 datasets of 
Solomon has been tested and compared with the 
results revealed from the original sweep method. The 
results are shown in Table 1. The results reveal that 
MGSA gives better results in 20 datasets in term of 
number of vehicles to be used, those datasets are 
C101, C102, C103, C105, C106, C107, C108, C109, 
R101, R105, R106, R107, R109, R112, RC101, 
RC102, RC103, RC104, RC107, and RC108. 5 
datasets, which are C104, R102, R103, R110, and 
RC106, use the same number of vehicles. Case R104, 
R108, R111, and RC105 use more vehicles than the 
original method. In term of distance, most of the 
dataset, except R102, R104, R108, and R111, has less 
total travelling distances. The best improvement 
dataset is C101 which can reduce the total distance 
and total number of vehicle to be used up to 67% and 
68%, consecutively. However, the worst case from 
the algorithm is R108. The total travelling distance 
increase up to 17% compare to the original sweep 
algorithm.   
 
Table1: Result Comparison 
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CONCLUSIONS  
 
This research introduce the application of MGSA to 
the benchmark VRPTW dataset. The results are 
compare with the original sweep algorithm. Total of 
29 datasets are tested. 21% of the dataset give the 
better results by reducing the total travelling distance, 
while 18% of the dataset give better results in terms 
of number of vehicle to be used. Although, the sweep 
algorithm is not famous in the practical world due to 
its limited search scope. However, the researches try 
to improve the algorithm to be able to give the better 
solution.  
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