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Regarding the development of distribution systems in therecent decades, fuel consumption of trucks has
increased noticeably, which has a huge impact on greenhouse gas emissions. For this reason, the
reduction of fuel consumption has been one ofthe most important research areas in the last decades. The
aim of this paper isto propose a robust mathematical model fora variant of a vehicle routing problem
(VRP) to optimize sales of distributers, in which the time of distributor service to customers is uncertain.
To solve the model precisely, the improved differential evolution (1DE) algorithm is used and obtained
results were compared with the result of a particle swarm optimization (PSO) algorithm. The resuts
indicate that the IDE algorithm is able to obtain better solutions in solving large-sized problems,
however, the computational time is worse than PSO.

doi: 10.5829/ije.2019.32.07a.10

1. INTRODUCTION

In recent years, by increasing large-scale greenhouse
gases (GHG) emissions, the social cost of the
governments have considerably increased [1]. Increasing
of fuel consumption creates significant negative impacts
on greenhouse gas emissions.

Research has shown that in the real competitive
world, the decrease of the distribution cost (especially in
fuel consumption) has affected on the operation cost. The
distribution cost depends on many criteria and can be
separated into two broad categories. The first one
includes the load, speed, road status, fuel consumption
rate (in any distance), fuel price, etc. that are directly
related to the scheduling issues. The second category
includes vehicle depreciation, maintenance and repair
costs, driver's wages, taxes, etc. [2-5].

Tavakkoli-Moghaddam et al. [6] considered a rival
vehicle routing problem for the first time that maximizes
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the profit of earning liquidity and minimizes
simultaneously the transportation costs. If competitors
before drivers meet customers, the portion of income will
be decreased. For this reason, distributors try to meet
customers before their competitors to gain more profit.
[7, 8]. However, in variant of a vehicle routing problem
(VRP), parameters are considered deterministic. In order
to use non-deterministic parameters, a stochastic
approach has been used [9-11]. Mulvey et al. [12]
presented stochastic robust optimization instead of a
stochastic approach to estimate non-deterministic
parameters. In this model, robustness considers
robustness optimality and solution based on trade-off
between cost and benefit. In addition, robust optimization
model makes the structure to contribute robustness in the
constraints and objective [13]. A VRP is classified as NP-
Hard problem [14]. In recent years, different meta-
heuristic methods were developed in order to solve a
VRP, like tabu search [15], particle swarm optimization
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algorithm (PSO) and simulated annealing (SA) algorithm
[16, 17].

Innovations of this research are as follows: the
servicing time of rivals is considered under uncertainty
and instead of an expected starting service time, a set of
scenarios are considered in the proposed model, and a
robust model is used to maximize the rate of sales and
reduce the cost. In addition, reducing fuel consumption
to reduce the operational costand the harmful effects of
greenhouse gases (especially, carbon and carbon dioxide)
is also considered as bi-objectives. Moreover, a meta-
heuristic based on IDE algorithm to find optimal
solutions is another contribution used in this paper.

2. PROBLEM DEFINITION AND MODELING

2. 1. Collections And Indices A VRP can be
indicated by a graph G = (S, A), such that the points of
nodes and s = {ili = 0,...,n} so that G is a set of the
arrows and nodes; A = {(S;,S,):i # j} that is a set of
nodes joining the arrows, and So represents the source.
Dij>0, which is denoted arc (i, j), indicates the distance or
cost of traveling among the two nodes i and j. The
parameters used in this model are presented as follows:
N Number of customers (i and j are the indices of
customers)
yv Number of vehicles

k., The Capacity of vehicle v

T, Upper bound of the travel time of vehicle v.
T, Demand of the nodei.

tii Time travel from node i tonode j by vehicle v
M large number

deg;  Time dependent demand of customeri
In scenario s, an upper limit of rivals arrival time to

buis node i
il In scenario s, a lower limit of rivals arrival time to
is node i
D; Total i-th customer demand so that D; = d;4; + dip;

Dy;;  Demand of customer i (dependent to time)
i Demand of customer i (independent to time)
co,.  Slip friction coefficient in each road

Cey Air resistance coefficient

Fy Front of the vehicle v
Ad The density of air
GR Earth's gravitational force

09g;;  Average gradient of the road from node itoj

Acceleration of vehicle v in meters per squared

%k second

wv,  Weight of vehicle v

wl Load unit weight
d;j Distance between customers i and j

Ve Speed of vehicle v

l; Amount of time when vehicle reaches node i

D; Demand of customer i

x}’j 1, if vehicle v passes via route [i, j]

o 1, in scenario s, if the driver meets the customer more
ts quickly than the lower bound of therival
_ 1, in scenario s, if the driver meets the customer

is during the rival time period

2. 1, in scenario s, if the distributer begins customer
ts service after the rival upperbound

y 1, in scenario s, if the driver meets customer before
is

-he rival upper bound.

2. 2. Mathematical Model The proposed
mathematical model is defined as follows:

Max Z; = YseqPs [Z?:l(oisdtdi +
Gis ( s ) dtdi)] + 2 XseaPs [(Z?:l(oisdtdi +

tuis—tiis
tuis—ti
s (255 dyy,) = Zgeapy | T (o dra +
t -t 1
4 (t uz.:t l,) dtdi)]) + 295] — W XseqPsOs @)
uis lis

Min Z, = %7, ToXiz1(fx + gsinfg;; +
grco,cos0g;)) (wv + wl}-’)dijxly]- +

ve1uj=0ki=105 cey AckAdvidi]-lej

Xyl Xl =1, Vji=2,..,n @
Xyl =1, Vi=2,..,n ®)

?:1953} = vVji=12,..,n v= @)

1% 1,..,yv

v VNV Vi=0,1,...,nj=
= di = lj )xij =0 1,.,nv=1,..,yv ©®)
YitysiXjoaxij +

?zlzyzlj—jfx;; < Vo=1,.,yv ©)
T’U
t]- = 2?=1ti Zzzlxl’j + 5 (7)

d;i Vji=2,.,n

B G+

1Dy — deqizid XX — Vo= ®)
8 < ky,y 1,2,..,yv seQ
(tuls_tl)_M(yl)SO i =1,2,,n,SEQ (9)

(tyis—t) —M(z;9) = 0 i=12,..,n seQ  (10)



978 M. Fallah et al. / IJE TRANSACTIONS A: Basics Vol. 32, No.7, (July 2019) 976-981

Zigtyis=1 i=12,..,n sEQ (11)

(tyis—tD)+M(1 —q;s) =0 i=12,..,n seQ (12

(tys—t)+M(1—0,) 20 i=12,..,n SEQ (13)

(tys—t) +Mw ;< 0 i=12,.,n sEQ (14)

gstw =1 i=12,.,n SEQ (15)

Z?:l(oisdtdi +

Gis (ﬁ) dtdi) - (16)
T eaps (I (oisdeai +

Gis (M) dtdi)) +05,20

Luis—tiis

X1 jesLjesxiy < Isl—

p(s) vscA-{1} s+¢ (@17)

Xij» 0is»Vis Zis Qi @is €[0,1] ;20 ;=10 (18)

Equation (1) indicates the sales of distributer under
uncertainty, and concerns reducing GHG emission and
fuel consumption.

Restrictions (2) and (3) make it possible for each
request to be served only from a distributor vehicle.
Constraint (4) states that if a vehicle is to be inserted into
a node, it must be removed, thus connecting the routes.
Constraint (5) states thatif x{; = 1, theamount of goods
carried tothe j-th node is equal to the load transferred to
the i-th node minus the i-th node’s demand (i.e., the i-th
node is served immediately by the i-th vehicle by the v-
th vehicle immediately).

Constraint (6) indicates that the service time and route
should be less than the specified value. Constraint (7)
indicates the start time for serving customers. Constraints
(8) to (11) indicates that if vehicle v starts to servein the
scenarios earlier t han t,;; to customer i then the i-th
customer demand must be equal to D; from the base
station. This is because the distributor starts service faster
than other competitors do and can take all profitable
business out of it. If the start-of-service time to the i-th
customer is after t,;., then the profit previously earned
will only be equal to the amount of independent demand.
Constraints (12) to (15) relate to maximizing profits.
Constraint (16) indicates the difference between the
profits earned in the scenarios and expected value of
earning profits for all scenarios. Constraint (17) is related
to the elimination of subtractions, and the Constraint (18)
relates to the model variables.

3. PROBLEM-SOLVING APPROACH

The differential evolution (DE) was first proposed by

Storn and Price [18]. Due to considerable performance in
discrete problems, DE has been used in solving problems
in the past years [19]. The proposed algorithm is shown
in Figure 1.

To define mutation operator in DE, trial vector,
v, (1), for every individual of exciting population is
generated by mutating. Off spring vector is produced
trial vector, v;(1) by a crossover operator for parent y; (1).
The trial vector v;(1) is demonstrated in Figure 2.

Offspring vector, y;/ (t), is generated by:

YD) = {vik(l) ifj€s

Vi otherwise
where y;(g) presents to the k-th (k€ {1,..,n.})
particle of vector, y; (g), and a set of crossover points
are represented as §. The DE binomial crossover
operator is shown in Figure 3.

Bxperimental studies show  that  model
DE/rand/1/bin, in which a target vector is chosen
randomly, provides a good variety in answers and is
capable of converging the answers. On the other hand,
strategy current — to best/2/bin  will result in
convergence in answers, which is shown in the following
equation:

vi(9) =y:,(9) + B —yi(@) + B(yi,(9) — (20)
Yi,(9))

(19)

where a differential vector is first calculated from the
difference between best available vector y(g) with
parent vector y; (g) and the second differential vector is
calculated by the difference between y,-z(g),yi3 @)
vectors which are chosen randomly to achieve the best
results in DE, strategies are used dynamically based on

l is a generation and set [ =0

c(D) is indicated as a member of generation G

the control parameters are A and k, ;

For,y;(g)eC() do

Calculate, f (x(D)

Use the mutation operator to calculate trial vector, v;(1);
Use the crossover operator to calculate an child, y; (1) ;
If f(y(t)) is less than f(y;(D)

then y; (D) € c(l+ 1);

Bse y,(Dec(l+1)

End.

Figure 1. Pseudo code of the proposed algorithm

For each individual, y, (DeC(D) and i;~U(1,n,) do
Select target vector, such thati; and i; not equal.
Select y;, (D) and y;, (D randomly, t i # i, # i, # is.
Calculate trial vector ass follow ing equation:

vi(D =y, (0) +A(y,(9) - v,(9))

End.

Figure 2. Selecting trial vector by the mutation
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Select §~U(1, ny)and p, randomly.
For each j, y;(D)
If k. > U(0,1) then § « §U {j}
End

Figure 3. DE binomial crossover operator

probability. d;; and dg, = 1 — d, ; are assumed as the
probable selection of strategy DE/rand/1/bin and
DE/current — to best/2/bin, respectively as the
following equation:

d. = 451 (52 +d52) (21)
51 q(qs,z+Qf,2)+QS,2(qs,1+qf,1)

where g, and g, in next repetition c(g + 1), indicates
children number y/(g) which are considered according
to DE/rand/1/bin and DE/current — to best/2/bin
respectively. Also, q¢, and q¢, are the number of
children which are not converted to the next repetition.

4. COMPUTATIONAL RESULTS

In this paper, standard samples of the PVRPTW
considered by Cordeau et al. [20] are used. For each
scenario, lower and upper bound of time windows are
considered as upperand lower reaching times of vehicles.
That is the upper limit of reaching time to customers is
considered in all scenarios t,;; in a uniform distribution
in interval [15, 60] and the lower limit ofthe distributors’
reaching time to customers in all scenarios tl; in a
uniform distribution in interval [10, 40].

The performance of algorithms is demonstrated in
Table 1. In terms of the quality, IDE algorithm's solution

could improve an average of more than 1% of the
solutions. The mean error for the IDE and PSO
algorithms is 0.36 and 1.1%, respectively. The greatest
improvement in IDE solution algorithm occurred in
problem 9, and a 3.66% improvement in response has
occurred. The average run time for PSO is lower than the
IDE. On average, the PSO algorithm has a run time of
PSO algorithm 1,233 seconds, which is about 10% less
than the IDE resolution time.

5. CONCLUSION AND FUTURE RESEARCH

This paper has presented a robust mathematical model for
a variant of a vehicle routing problem (VRP), in which a
competition exists among distributors in order to increase
their sales under uncertainty of customers by rivals. In
addition, optimization of fuel consumption is related to
decline of the effects of CO2. A set of scenarios for
service time of distributers has been defined and
optimized the objective function. Because of the
computational complexity of the problem considered in
this paper, two meta-heuristic algorithms (i.e., IDE and
PSO) have been used and their performances were
evaluated. The results indicate that IDE has better
performance in terms of the results than PSO with more
computational time in solving large-sized problems. For
further studies, the demand for customers in an uncertain
condition is proposed. Considering a competitive
environment in other modes of the VRP may be an
innovative topic for future research. Finally,
implementation of the presented model, taking into
account the actual data from a case study can be
considered as one of the future studies.

TABLE 1. Comparison of the performance of the proposed algorithms

PSO IDE

No. problems

Best Solution Run Time (s) Gap% Best Solution Run Time (s) Gap %
1 1,239.60 780.60 0.00% 1,209.60 536.90 2.48%
2 2,459.70 962.30 0.00% 2,442.60 763.50 0.70%
3 4,125.90 905.30 1.55% 4,189.70 987.30 0.00%
4 4,258.80 1,236.30 0.00% 4,258.60 1,356.60 0.00%
5 5,347.60 1,456.60 0.73% 5,386.40 1,305.60 0.00%
6 7,108.80 1,950.30 0.00% 7,005.60 1,769.30 1.47%
7 5,795.60 953.60 0.00% 5,705.60 967.60 1.58%
8 4,879.60 1,500.60 0.96% 4,926.60 1,259.60 0.00%
9 6,971.60 1,763.60 0.00% 6,725.60 1,537.90 3.66%
10 8,039.70 2,100.30 0.00% 7,865.60 1,853.30 2.21%
Mean 5,022.69 1,360.95 0.36% 4,971.59 1,233.76 1.10%




980

M. Fallah et al. / IJE TRANSACTIONS A: Basics Vol. 32, No.7, (July 2019) 976-981

6. REFERENCES

Fallah, M., Mohajeri, A. and Barzegar-Mohammadi, M., “A New
Mathematical Model To Optimize AGreen Gas Network: A Case
Study”, International Journal of Engineering-Transactions A:
Basics, Vol. 30, No. 7, (2017), 1029-1037.

Sbihi, A. and Eglese, R.W., “Combinatorial optimization and
green logistics”, Annals of Operations Research, Vol. 175, No.
1, (2010), 159-175.

Norouzi, N., Sadegh-Amalnick, M. and T avakkoli-Moghaddm,
R., “Modified particle swarm optimization in a time-dependent
vehicle routing problem: minimizing fuel consumption”,
Optimization Letters, Vol. 11, No. 1, (2017), 121-134.

Xiao, Y., Zhao, Q., Kaku, I. and Xu, Y., “Development of a fuel
consumption optimization model for the capacitated vehicle
routing problem”, Computers & Operations Research, \ol. 39,
No. 7, (2012), 1419-1431.

Arab, R., Ghaderi, S.F. and T avakkoli-Moghaddam, R., “Solving
a New Multi-objective Inventory-Routing Problem by a Non-
dominated Sorting Genetic Algorithm”, International Joumal of
Engineering - Transactions A: Basics, Vol. 31, No. 4, (2018),
588-596.

Tavakkoli-Moghaddam, R., Gazanfari, M., Alinaghian, M,
Salamatbakhsh, A. and Norouzi, N., “A new mathematical model
for a competitive vehicle routing problem with time windows
solved by simulated annealing”, Journal of manufacturing
systems, Vol. 30, No. 2, (2011), 83-92.

Norouzi, N., Tavakkoli-Moghaddam, R., Ghazanfari, M,
Alinaghian, M. and Salamatbakhsh, A., “A new multi-objective
competitive open vehicle routing problem solved by particle
swarm optimization”, Networks and Spatial Economics, Vol. 12,
No. 4, (2012), 609-633.

Salamatbakhsh-Varjovi, A., Tavakkoli-Moghaddam, R,
Alinaghian, M. and Najafi, E., “Robust Periodic Vehicle Routing
Problem with Time Windows under Uncertainty: An Efficient
Algorithm”, KSCE Journal of Civil Engineering, Vol. 22, No.
11, (2018), 4626-4634.

Erera, A.L., Morales, J.C. and Savelsbergh, M., “The vehicle
routing problem with stochastic demand and duration

constraints”, Transportation Science, Vol. 44, No. 4, (2010),
474-492.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Qi, M., Qin, K., Zhao, Y. and Liu, J., “A study of the vehicle
scheduling problem for victim transportation”, International
Journal of Management Science and Engineering
Management, Vol. 8, No. 4, (2013), 276-282.

Goodson, J.C., Ohlmann, J.W. and Thomas, B.W., “ Cyclic-order
neighborhoods with application to the vehicle routing problem
with stochastic demand”, European Journal of Operational
Research, Vol. 217, No. 2, (2012), 312-323.

Mulvey, J.M., Vanderbei, R.J. and Zenios, S.A., “Robust
optimization of large-scale systems”, Operations Research, \ol.
43, No. 2, (1995), 264-281.

Hamidieh, A., Arshadikhamseh, A. and Fazli-Khalaf, M., “A
Robust Reliable Closed Loop Supply Chain Network Design
under Uncertainty: A Case Study in Equipment T raining
Centers”, International Journal of Engineering-Transactions
A: Basics, Vol. 31, No. 4, (2017), 648-658.

Lenstra, J.K. and Kan, A.R., “Complexity ofvehicle routing and
scheduling problems”, Networks, Vol. 11, No. 2, (1981), 221
227.

Jia, H., Li, Y., Dong, B. and Ya, H., “An improved tabu search
approach to vehicle routing problem”, Procedia-Social and
Behavioral Sciences, Vol. 96, (2013), 1208-1217.

Fazel Zarandi, M.H., Hemmati, A., Davari, S. and T urksen, |.B,
“A simulated annealing algorithm for routing problems with
fuzzy constrains”, Journal of Intelligent & Fuzzy Systems, Vol.
26, No. 6, (2014), 2649-2660.

Goksal, F.P., Karaoglan, I.and Altiparmak, F., “Ahybrid discrete
particle swarm optimization for vehicle routing problem with
simultaneous pickup and delivery”, Computers & Industrial
Engineering, Vol. 65, No. 1, (2013), 39-53.

Storn, R. and Price, K., “Differential evolution—a simple and
efficient heuristic for global optimization over continuows
spaces”, Journal of global optimization, Vol. 11, No. 4, (1997),
341-359.

Qin, A.K. and Suganthan, P.N., “Self-adaptive differential
evolution algorithm for numerical optimization”, In 2005 IEEE
congress on evolutionary computation, Vol. 2, IEEE, (2005),
1785-1791.

Cordeau, J.F., Gendreau, M. and Laporte, G., “A tabu search
heuristic for periodic and multi-depot vehicle routing problems”,
Networks: An International Journal, Vol. 30, No. 2, (1997),
105-119.



M. Fallah et al. / IJE TRANSACTIONS A: Basics Vol.32,No. 7, (July 2019) 976-981 981

A Green Competitive Vehicle Routing Problem under Uncertainty Solved by an
Improved Differential Evolution Algorithm

M. Fallaha, R. Tavakkoli-Moghaddamb., A. Salamatbakhsh-Varjovid, M. Alinaghiane

@ Department of Industrial Engineering, Tehran Central Branch, Islamic Azad University, Tehran, Iran
bSchool of Industrial Engineering, Collegeof Engineering, University of Tehran, Tehran, Iran

¢ Arts et Métiers ParisTech, LCFC, Metz, France

@ Department of Industrial Engineering, Science and Research Branch, Islamic Azad University, Tehran, Iran
¢ Department of Industrial and Systems Engineering, Isfahan University of Technology, Isfahan, Iran

PAPER INFO

PR LS

iy

Paper history:

Received 03 February 2019

Received inrevised form 19 March 2019
Accepted 21 April 2019

Keywords:

Competitive Environment
Green Vehicle Routing Problem
Time Windows

Uncertainty

G ran O oo 10 lazils gl s VIS 35 (b s LS Ol n 20131 L Olesmn 0258 ladl I b 3
Sl 5 s (Sa T 5 ols 0 Glls o claly SRl e g LB b 4 5o eliS s i Ll C s
woadi by b dles 3 e ol Jie Gl i cpl &) 3 G sy glabdS slaglS
pe Lol b Comd QS 0 55 Slos > (165l g0 S LB o s (gSlkindon 5 St B (65l diaS 5k
S Sl i o gl (g3l 350 55 S eslinal L Ob ke & OB AIS 55 (83 s 5 5 55 Zopnlad
G B3 s e pa Oy el 5 s e il lles sl glaa pa (EalS 4 mie S G pme alS Koo
Jhe 1S bl sl s o (B Jame 3 OIS 155 plo Laalie 0 (B35 55 SRl sl 0L e
@3l (galgnin lann, S s Shoe o5l sshte 40 5 A el wl 3 Lolis ST (,;wijl 5ed ail|
Slolos gl dE s amglie S esil 02y S Bl o il Ly sbol S slal s el Wl
Ole3 slls 3 o5l ) SN Ll 3l o (5 2 Slwlowe (53, Shes (s Lolis JalSS oz, S a8 das e OLES

Al e Slele
doi: 10.5829/ije.2019.32.07a.10




