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ABSTRACT

Fast-moving consumer goods (FMCG) are products that sell quickly with a reasonable price. The FMCG
business segment is characterized by efficient distribution systems to manage a vast array of products
with varying shelf lives and consumer demand patterns. For any FMCG and consumer durables
company, optimizing the market converge may be a very profitable and productive activity. Sales
managers of FMCG products can enhance their overall sales by allocating their field resources such as
deliver staff to reach the greatest number of customers. Through the process of analysing related
documents and object characteristics in FMICG companies, paper aim to build vehicle routing with time
window (CVRTW) model to optimize the delivering process, thus satisfying customer demand. To ensure
the quality of the results, the model will be solved using the simulated annealing algorithm (SA-
algorithm). The overall results support the decision maker the delivery allocation strategy, ensuring the
delivery time and client contentment.

Keywords: capacitated vehicle routing problem with time windows - CVRPTW, delivery, simulated
Annealing Algorithm —SA Algorithm, FMCG, mixed integer

1.INTRODUCTION

In the logistics sector, optimizing route planning to
minimize travel times is of paramount importance.
The primary issue addressed is the Traveling
Salesman Problem (TSP) [1], where the goal is to
find the shortest route for visiting various
locations. An in-depth exploration of TSP solution
methods is provided by [2], comparing various
exact and heuristic algorithms on benchmark
problem instances. A generalization of TSP to
multiple vehicles is known as the Vehicle Routing
Problem (VRP) which involves not only finding
optimal routes but also properly assigning
destinations to available fleet to minimize overall
distance travelled [3].

The literature reviews of VRP algorithms are
presented in [4], covering both exact methods and
heuristics. While exact algorithms guarantee
optimal solutions, they struggle computationally
on large problem sizes. Heuristics such as Tabu
Search (TS) can provide near-optimal solutions
more efficiently, but simpler constructive
heuristics like Clarke and Wright are faster still at
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the cost of solution quality. More advanced
metaheuristics are also proposed including
Genetic Algorithms (GA) [5] and Simulated
Annealing (SA) [6,7] which balance solution quality
and computational time. The reviews find GA and
SA to be promising methods for the VRP able to
provide good solutions with reasonable efficiency.
For this study, articular attention is given to the
Simulated Annealing (SA) algorithm. This decision
is based on its proven ability to generate a
reasonably optimized plan, especially in
scenarios involving the Vehicle Routing Problem
with Time Windows (VRPTW). The suitability of
SA for this application is supported by findings in
references [8-11], which emphasize its
effectiveness in handling smaller-scale problems,
making it a valuable tool in the logistics sector for
route optimization.

2.CASESTUDY

The organization currently segments its delivery
points solely into specific delivery routes manually.
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Indeed, fixed route division table without analysis
tools for each vehicle. The allocation of traffic routes
is based on a predetermined schedule, resulting in

fixed routes that adhere to a set timetable. These
issues have negatively affected the efficiency of
shipping processes and service levels.
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Figure 1. Graph showing the impact on transportation cost versus expectation

Therefore, it is necessary to comprehensively
analysing the process and develop a model to
improve transportation efficiency by shortening
transportation distances.

2.1.Problem formulation

The goal of the problem is to develop a routing
solution for delivering goods within each cluster.
The model's effectiveness is measured by its
practical application and its ability to guide
delivery personnel in their daily tasks. The
requirements for the solution are as follows:

e Establish delivery routes for each cluster that

minimize the total delivery time.

e Operational staff should be able to use the model
for daily routine.

e The results should be sufficiently good and fast to
ensure the operational time of the warehouse
and coordination departmentis optimized.

2.2. Mathematical Model

Index:

N: number of point (1 - depot, 2, ... n- clients)
K: vehicle index (1,2...K)

i, j: point index

s: time point

Parameters:
d,: distance from point i to point j
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t,: time from point | to point j (calculate by d,; /
speed)

g: capacity of each vehicle

d: demand of customer i

[a,, b]: time window of each customer |

Decision Variables:
X = 1 if vehicle k drive direct fromitoj
= 0 otherwise
f. number of units in a vehicle k go fromitoj

]

Objective function:

n n n
miny, 3 ¥ dij Xijk

k=1i=1 j=1
Constraints:
n n
Z z xijk=1 Vl=2,,n (1)
k=1 j=1
n n
Z Dlz xl'jk Sqszl,,n (2)
i=1 j=1

n

Y Xijk =1vVvi=1,...mVk=1,...,n 3)
j=1

Z?:l xijk — Z?:l xl’jk =0Vi= 1, e, N (4)
vVi=1,...m;Vk=1,...,n

Z?zlxﬁk =1vVvi=1,....n;Vk=1,...,n (5)
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2?=1fjik _Z;'l=1fijk =Di Vi=1, e, N,
Vk=1,...,n

OSfukqu”leJZI,,n, Vk:]., e, (7)

(6)

.xijk (sik + tl} - Sjk) <0Vi= 1, e, 1 (8)
Vi=1,..nVk=1,..,n

a; < sy < bi‘v’iz1,....,n;Vk=1,....,n (9)
a]S Sjk < iji=1,....,n;Vk=1,....,n (10)
X €0Vi=1,...,m Vj=1,..,n (11)

Vk=1,...,n

The objective function of the research is finding the
most shorties routes for a fleet of vehicles that
satisfy demand at various points without exceeding
vehicle capacity and while respecting time
windows. The model ensures that each vehicle's
route is continuous, starts and ends at the depot,
and services each point within its allowed time
frame. (1) Each customer must be visited exactly
once by a vehicle. This ensures that no customer is
left without service and that no vehicle's time is
wasted by visiting a customer more than once. (2)
The sum of the demands of all customers assigned
to a vehicle cannot exceed the vehicle's capacity.
This ensures that the vehicle is not overloaded
beyond its ability to carry goods. (3) Each vehicle
must leave the starting point (depot) once, ensuring
that all vehicles are utilized. (4) For every vehicle
and customer, the number of times a vehicle arrives
at a customer location must equal the number of
times it departs, ensuring a balance and that
vehicles do not remain at a customer location. (5)
Every vehicle must depart from the depot, ensuring
that all vehicles are used and none are left idle. (6)
The number of units on each vehicle must be
tracked to ensure that deliveries and pickups are
accounted for correctly. (7) This constraint

measures the load of each vehicle at any pointin the
routing, ensuring that the load does not exceed the
vehicle's capacity. (8) (9) (10) Time Window
Constraints: These constraints ensure that all
service is performed within specified time windows
for each customer, which can include opening and
closing times or preferred delivery times. (11) The
variables representing the vehicle routes are binary
(either 0 or 1), which ensures that the solutions are
discrete and that partial routes are not considered.

3. METHODOLOGY

The flowchart demonstrates a Simulated Annealing
(SA) algorithm for optimizing vehicle routes in a
Vehicle Routing Problem (VRP). Initially, it clusters
retailers using the K-medoids method, effectively
minimizing dissimilarities between cluster points
and their central point, thus enhancing the SA
model's initial setup. The focal point of the
flowchart is "Apply the SA annealing," where the SA
optimization algorithm comes into play. This stage
involves inputting an initial solution, then cyclically
generating and assessing new solutions. Each
solution is subjected to a decision-making process,
accepting or rejecting it based on a probabilistic
criterion that takes into account the vehicle's
capacity and the customer's time-window
constraints. The concept of 'temperature,’
symbolized as B_0=0.99, acts as a control parameter
in the algorithm, influencing the likelihood of
accepting less optimal solutions as the process
evolves. This temperature control helps the system
gradually stabilize and settle into a low-energy, or
optimal, configuration. Throughout, the algorithm
continuously evaluates routes against capacity
limitations and optimality standards, retaining the
best outcomes and concluding once it meets a
specified stopping condition. The aim is to identify
the most efficient routing solution for the VRP.
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Figure 2. Programming algorithm flow chart
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4.EXPERIMENT AND RESULT

The company's fleet consists of 6 different
vehicles. Using customer data from a given day
[Table 6], simulation results are depicted using
Excel's Open solver shown in Table 2 and
compared with results generated by Simulated
Annealing shown in Table 3. From the outcomes
of this problem, proposed algorithms will also be
used to compared with the company's current
methodsintermsof costsandthe optimization of
each vehicle's efficiency to evaluate the
effectiveness. First run the model solver using
Mixed integer, optimal distribution points for
delivery staffs have been allocated. Using a
Mixed Integer model solver, optimal distribution
points were assigned for delivery staff. For
instance, vehicle 1 starts at point [1] and serves
customers at points [2, 15, 7], returning to the
starting point upon task completion. This pattern
was replicated for the other vehicles. Noted that,
for excel solver method, the model has been
tested and proven to be effective [8], so it can be
included in experimental evaluation. However,
thereisstillan opportunity toimprove the model
by applying the SA algorithm with the number of
loops 40-100-200 shown in Table 3. The

outcomes of applying the Simulated Annealing
(SA) algorithm for less than 40 iterations tend to
be less effective compared to using the Mixed
Integer model solver method. However, when
the SA algorithm is run for more than 100
iterations, it starts to outperform the Mixed
Integer model solver method. After by applying
the SA algorithm with the number of loops 100-
200. This algorithm reduces the objective
function value 21% compared to the current
value (from 2000 km to 1572.8 km) within the
allotted time. The results also showed a notable
improvement in this area. Specifically, it was
found that four out of the six vehicles in the
company's fleet were able to utilize over 80% of
their available cargo load show in table 4. This
level of utilization is significant as it indicates a
high level of efficiency in terms of cargo space
management. Delivery time also be checked in
Table 5 to validate the result. Indeed, based on
the Table 5, the algorithm's results meet all the
necessary criteria and enhance the efficiency of
the company's supply chain by ensuring that all
vehicles are completed withina 10-hour window,
which falls within customer operating hours from
6amto4pm.

Table 1. Results of running the model with actual data generated by excel solver

ROUTE Total quantity of goods
1] 2 3 4 5(6|7|8|9|1011
Vehicle 1 1 2 15 7 1 3.311212
Vehicle 2 1] 6 14 | 10 |13 11|21 |25]| 1 49421
Vehicle 3 1|20 18 9 3.814552
Vehicle 4 1122 27 | 30 5.465584
Vehicle 5 1126 4 31 | 3 (12| 8 |17|5 |16 1 5.579808
Vehicle 6 112823 |24 |19|29]| 1 5.821832
Total distance 1587.647

Table 2. Correlation between objective function value and number of loops

ROUTE
1|23 |a|s5|6|7]|8|0]|10|11|ToWRIAuaNtY | o acity
of goods
Vehicle 1 1] 215]7 1 3311212 | 55.18686667
Vehicle 2 16 |14]10]13]11|21]25] 9 |1 49421 | 83.55066667
Vehicle 3 1]20/18] 1 3.814552 | 62.39353333
Vehicle 4 1]22]27]30] 1 5.465584 | 91.09306667
Vehicle 5 126] 4313|128 [17|5]|16] 1| 5.579808 92.9968
Vehicle 6 128]23]24]19]29] 1 5.821832 | 97.03053333
Total distance 1587.647
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Table 3. Results of running the model after apply SA algorithm

First explanation

Original value

(Mixed integer) Apply SA algorithm (base on report of the company)
Result (km) Number of loops Result (km)
50 1587.647 5000
1587.647 100 1572.81
200

Table 4. Total delivery time of vehicle trips after apply SA algorithm

Time ROUTE
1 2 3 4 5 6 7 8 9 10 11 Total Time
Vehiclel | O | 0.44 | 2.8 | 2.11 | 0.15 5.5228
Vehicle2 | 0 | 1.78 | 1.31|3.45|1.20|0.64|0.34| 0.2 | 0.3 | 0.37 9.6071
Vehicle3 | 0 | 2.47 | 0.15| 2.38 5.0085
Vehicle4 | 0 | 3.02 | 0.05 | 0.01 | 3.08 6.1714
Vehicle5 | O | 0.58 | 0.26 | 0.27 | 0.24 | 0.17 | 0.16 | 0.27 | 0.24 | 1.01 | 1.26 4.5085
Vehicle6 | 0 | 1.53 | 1.25 | 0.20 | 0.14 | 0.02 | 3.05 6.22
Table 5. Cluster of customers
Cluster Customer
1 2,5,7
P 26,4,31,3,12,8,17,5, 16
3 20, 18, 22, 27, 30, 28, 23, 24,19, 29, 6, 14
4 10, 13,11, 21, 25,9
Table 6. Demand from customer
STT Customer Lat Long Demand
(tons)
1 | KO100001 - TP MT1 WAREHOUSE 10.9302230 | 106.7282798 | 0.5680
2 | KO100002 - TP MT2 WAREHOUSE 11.0164674 | 106.6398185 | 0.5680
3 | GOSHOP 247 LTD COMPANY 10.7405850 | 106.6295185 | 0.6040
4 | KIM VAN PHAT LTD COMPANY 10.7239299 | 106.7367063 | 0.1312
5 | DUNG THINH HUNG LTD COMPANY 10.8427740 | 106.6541135 | 0.0126
6 | DANH NHI WAREHOUSE 10.9332510 | 107.2440939 | 0.0166
7 | LAN ANH PHAT LTD COMPANY 10.9654200 | 106.7126979 | 0.0557
8 | MILITARY AREA KITCHEN 10.7771224 | 106.5926855 | 0.0025
9 | XUAN DIEN SAIGON LTD COMPANY 10.8341098 | 106.7661069 | 0.0209
10 | ANH KHOA AGENCY 11.1809225 | 108.5785866 | 0.0063
11 | VIET PHAT LTD COMPANY 10.6743544 | 107.7728856 | 0.0698
12 | BAO THUY - D.TAN PHU LTD COMPANY 10.7879792 | 106.6180942 | 0.0736
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STT Customer Lat Long D& Z‘:sr;d
13 | ANH KHOA LTD COMPANY 10.9300791 | 108.0823446 | 0.1214
14 | HOAI DUC LTD COMPANY 11.1543016 | 107.5032480 | 0.1200
15 | THIEN TRANG WAREHOUSE 11.5215536 | 106.8943761 | 2.6874
16 | BAO THUY - CN TRANG BANG LTD COMPANY 11.0156479 | 106.4023100 | 1.4991
17 | BAO THUY LTD COMPANY 10.7960857 | 106.6553282 | 1.7498
18 | TRAN NGOC LTD COMPANY 10.5289220 | 107.1678116 | 1.8378
19 | TOAN THANG PH LTD COMPANY 10.3668329 | 107.0781900 | 0.8053
20 | GS25 NGUYEN TAT THANH - BARIA 10.4935439 | 107.1792631 | 1.9058
21 | GS 25 HOANG HOA THAM - VUNG TAU 10.3344154 | 107.0892496 | 1.5264
22 | GS25 THE SONG - VUNG TAU 10.3500246 | 107.0958627 | 1.9992
23 | GS25 NGUYEN HUU CANH - VUNG TAU 10.3845782 | 107.1065116 | 1.0140
24 | GS25 PHO DUC CHINH - VUNG TAU 10.3367518 | 107.0903750 | 2.8723
25 | GS25 THUY VAN 02 10.3334714 | 107.0893567 | 3.1315
26 | GS25 THUY VAN 01 10.7843710 | 106.6966602 | 0.5320
27 | GS25 TRAN QUY CAP 10.3386195 | 107.0903400 | 0.0164
28 | HO CHI MINH CITY COMPANY - CO.OPMART TAN THANH | 10.6683854 | 107.0323042 | 0.5748
29 | SAIGON VUNG TAU LTD COMPANY 10.3670032 | 107.0857459 | 0.5554
30 | CIRCLE K 04 LE LOI 10.3378931 | 107.0902219 | 3.4500
31 | CIRCLE K 18 NGUYEN TRUONG TO 10.7685464 | 106.6868634 | 0.9750

5. CONCLUSION

This research represented a major advancement
in logistics optimization, with profound
implications specifically within the Fast-Moving
Consumer Goods (FMCG) distribution industry. A
key innovative aspect was the strategic clustering
algorithm developed for efficiently grouping
delivery locations, which were then allocated in an
optimized way across six distinct vehicles. This
clustering-based routing approach enabled
significant streamlining of the overall delivery
workflow, while simultaneously maximizing the
utilization of load capacity for each vehicle. The
research was instrumental in developing a
sophisticated and highly accurate model for the
Capacitated Vehicle Routing Problem with Time
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Windows (CVRPTW). The most substantial
achievement of this study was the impressive
enhancement in operational efficiency. This was
guantitatively evidenced by a significant 21%
reduction in the objective function's value. These
decreases manifested in a remarkable reductionin
the total distance travelled, specifically from 2000
km to 1572.8 km. In addition, the model also
makes maximum use of the cargo resources of 6
vehicles with more than 4 vehicles utilizing over
83% capacity. This achievement is particularly
noteworthy considering the complexities inherent
in the routing problem and the time-sensitive
demands of Fast-Moving Consumer Goods
(FMCG) deliveries. The efficiency gains from this
research are not only a testament to its practical
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applicability but also mark a pioneering
advancement in the realm of logistics
optimization. By substantially lowering travel

distances, the study not only improves operational
cost-efficiency but also contributes to more
sustainable logistics practices.
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Ung dung thuat toan mo6 phong luyén kim trong hé
thong phan luéng van chuyén hang hda cia mot cong
ty tieudung nhanh Viét Nam

TOM TAT

Lé Birc Pao va Pao Quang Chinh

Trong thé gidinhanh chéng va déy canh tranh cda nganh Hang Tiéu Dung Nhanh (FMCG), viéc téi wu héa
quy trinh giao hang khéng chi la mét loi thé canh tranh ma con la mét yéu té séng con. Nganh nay yéu
cGu mdét hé théng phén phéilinh hoat va hiéu qué déxd ly da dang sédn phdm, tirnhitng mét hang cé thoi
han st dung ngdn dén nhi¥ng sén phdm cé nhu cdu thay déi thdt thuwdng. Qua viéc nghién ctru kyj lwdng
tailiéu lién quan va tinh chdt cua san phdm, bai bdo dé chon mé hinh CVRPTW - mét kj thu@t dinh tuyén
tién tién va phadt trién mét mé hinh vén dé ré rang. M6 hinh nay sau dé duoc kiém trava chiing minh hiéu
qud théng qua phuwong phdp sé nguyén hén hop trong Excel. Biém nhdn cla nghién ctru nay la viéc dp
dung thudt todn mé phdng luyén kim (SA) vao di liéu thuc té, md ra mét ky nguyén mditrong viéc téi wu
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héa 16 trinh giao hang, giup cdc céng ty FMICG khéng chi dédm bédo giao hang diing han ma con tiét kiém
chiphimétcdch ddng ké.

Tir khéa: dinh tuyén xe co strc chiva ¢ rang budc vé thoi gian - CVRPTW, giao hang, thudt todn Mé phdng
luyén kim - SA Algorithm, FMCG, phuong phdp s6 nguyén hén hop
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