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1. Introduction

In logistics distribution, it is of critical importance for logistics distribution enterprises to pro-
vide timely and satisfactory service to customers. The service quality hinges on the psychology
and behavior of distribution personnel who are in direct contact with customers. Such personnel
normally work in high-intensity environments for long hours and often handle multiple tasks at
the same time. This is particularly true for logistics distribution staff. Besides delivering goods to
the designated places, they have to guarantee that the goods are intact and fresh. Whether they
can provide timely and satisfactory distribution service to customers largely depends on their
satisfaction with job. In light of this, designers of logistics distribution vehicle scheduling plans
must take the job satisfaction of distribution staff into account.

At present, scholars at home and abroad often put emphasis on quantitative factors like cost
and time during the modelling and structural research of vehicle scheduling problem, aiming to
minimize the distribution cost of the distribution center under certain constraints (volume, ser-
vice time or distance), such as shortest route [1, 2, 3], minimum distribution cost [4, 5] and min-
imum number of vehicles [6]. Erdogan S. (2012) et al. proposed the concept of green vehicle
scheduling [7]. Probing into a number of vehicle scheduling problems, Victor (2013) and Tas
(2014) put forward several algorithms to solve the corresponding problems [8,9]. Li Juan and Yu
Guoyin (2015) established the vehicle scheduling model with the goal of achieving the optimal
comprehensive cost, which consists of fixed cost of vehicles, fuel cost and driver pay [10]. Sun
Qiongling (2010) and Zhao Rui (2015) introduced customer satisfaction index into logistics dis-
tribution vehicle scheduling [11, 12]. Targeted at vehicle failure problem in logistics distribution,
Cao Qingkui and Shao Songjuan (2016) constructed the emergency vehicle scheduling model in
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consideration of the distribution subject awareness [13]. Trancossi M (2016) et al. designed an
innovative off-road hybrid vehicle [14].

The research on job satisfaction started early and yielded fruitful results in foreign countries.
For instance, Locke (1970) classified the influencing factors of job satisfaction [15] nearly half a
century ago. In recent years, foreign scholars have conducted in-depth studies on job satisfac-
tion. Brian N. Rutherford (2014) et al. examined gender influence on job satisfaction and devel-
oped customized measures to promote the job satisfaction of the ever-increasing proportion of
female employees [16]. Jarrod M. Haar (2014) et al. studied how employees in seven different
cultural regions strike a balance between work and life, such as Malaysia, China and New Zea-
land, to name but a few [17]. Yam B. (2014) et al. suggested that information technology and
communication skill are two driving factors of job satisfaction [18]. Scholars also explored the
job satisfaction in different professions, like teachers and agents [19, 20]. As above, the research
on job satisfaction has become more and more detailed. With the aid of new technologies and
new theories, an increasing number of scholars have pursued how the interaction of various
factors and different professions affect job satisfaction.

With the rapid development of logistics industry in recent years, the standards on logistics
service have become more stringent. In distribution activities, the psychology and behavior of
distribution staff exert a great impact on the quality of distribution service, which in turn deter-
mines the enterprise reputation. Against this backdrop, it is better aligned with the actual situa-
tion to develop an optimization model for logistics distribution vehicle scheduling in the follow-
ing steps: combine the research on the basic theory and behavioral pattern of logistics distribu-
tion, establish the optimization model for logistics distribution vehicle scheduling based on the
job satisfaction of distribution staff, conduct optimization processing based on multiple objective
functions in the model, merge the functions into a single objective function by linear weighting,
and apply plant growth simulation algorithm to the solution of the problem. Following these
steps, this paper presents a logistics distribution vehicle scheduling model based on distribution
staff satisfaction in consideration of the actual behavior characteristics of distribution staff, and
in light of the reasonable and valid distribution mode. The proposed model facilities logistics
enterprises to improve their capability and performance of logistics distribution in an ever-
increasingly competitive market.

2. Mathematical model for vehicle scheduling
2.1 Problem description

From the perspective of distribution staff satisfaction, this paper summarizes the objectives of
vehicle scheduling problem based on staff satisfaction, aiming to achieve the following tradition-
al objectives:

e Minimum vehicle transportation cost;
e Maximum staff satisfaction;
o Lowest satisfaction value of customer satisfaction.

In this paper, the minimum requirement of customer satisfaction is set as 6.
Fuzzy function of staff satisfaction

We set a,q, a3, *:-as the states of satisfaction of staff member e in the enterprise described in n
indexes, and the satisfaction Y,of staff member e in the enterprise is:

Vo= > Aaf (aa) )
=1

where f(a)is the satisfaction function of staff and 4, is the weight coefficient [21]. If a = 0, then
f(a) =2 0;ifa <0, then f(a) < 0;0 < A, <1and ), A, = 1. The distribution staff satisfaction
is valued in the range between 0 and 1: 0 represents that the staff are completely dissatisfied
and 1 represents that staffs are completely satisfied.
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Fig. 1 Fuzzy description of distribution staff satisfaction

[t can be seen from relevant references on logistics enterprise staff satisfaction that factors
influencing staff satisfaction, namely salary and welfare, working strength and harmonious co-
operation, are what the staff concern the most and the key influencing factors of enterprise dis-
tribution staff satisfaction [22-27]. Hence, we conduct fuzzy description of staff satisfaction with
these 3 indexes (Fig. 1).

Fuzzy description of logistics distribution staff satisfaction

Definition: logistics distribution staff satisfaction is valued in the range between 0 and 1. 0 rep-
resents that the staff are completely dissatisfied and 1 represents that staffs are completely sat-
isfied.

Fig. 1 shows the fuzzy description of staff satisfaction with salary and welfare, working
strength and harmonious cooperation. Fig. 1(a) shows the fuzzy description of distribution staff
salary and welfare satisfaction. The fuzzy membership function of logistics distribution staff
satisfaction described by the salary and welfare P. can be expressed as:

P,/Pye, P, € (0,P
SP(Pe):{ e/ He e ( He)

1, P, € [Py,, +] (2)

Fig. 1(b) shows the fuzzy description of distribution staff working strength satisfaction. The
fuzzy membership function of logistics distribution staff satisfaction described by the working
strength L, can be expressed as:

1, L, €[0,L]
Si(Le) = (Lmax — Le)/(Linax — L), Le € (L, Linax) (3)
0’ Le € [Lmaxr +OO]
Fig. 1(c) shows the fuzzy description of distribution staff harmonious cooperation satisfac-

tion. The fuzzy membership function of logistics distribution staff satisfaction described by the
harmonious cooperation E. can be expressed as:

1, E, € [0,E..]
SE(Ee) = (Ee - ELe)/(EHe - ELe)' Ee € (ELe:EHe) (4’)

0, E, € [Eye, +0]
Determination of element weight in staff satisfaction fuzzy description

The staff satisfaction function Y. is fuzzily described by salary and welfare P, working strength L
and harmonious cooperation E, which is:

n

Y, = iz herf (@er) = iap Sp(R) + i Ay Su(Le) + iAE S5 (Ee) (5)
e=1 e=1 e=1 e=1

=1
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In staff satisfaction function Y,, A describes the different degrees of emphasis on each index
among the distribution staff. In other words, A4 balances the three elements required for the
fuzzy description of staff satisfaction.

As mentioned above, the optimization scheduling model based on distribution staff satisfac-
tion is required to achieve the maximum distribution staff satisfaction.

N n N N N
maxY, = maxz Z/lelf(ael) = max [z Ap -Sp(P.) + Z A - Sp(Le) + Z Ag - Sg(Eg)
e=1 e=1 e=1

e=11=1

(6)

Fuzzy description of customer satisfaction

First, distribution punctuality is adopted to fuzzily describe customer satisfaction. The time pe-
riod [Tz;, Tw;] represents the service time period accepted by customers; the time period
[Tz;, Tw;] represents the service time period that satisfies customers the most.

Second, Ur(T;) is used to express the fuzzy satisfaction of customers and the fuzzy member-
ship function of logistics distribution satisfaction of customer i as described by the distribution
punctuality T;. The parameter can be expressed as:

0 0< Ti < TZi
(Ti - TZL)/(TZL - TZl') TZi < Ti < TZL
Up(T)) = 1 TZ, <T, < TW, 7)
l (TW; = T))/(Tw; = TW,) TW; <T; < Tw;
0 T; > Tw;

In this research, logistics distribution must firstly fulfil the goal of the minimum requirement
of customer satisfaction. In light of the fuzzy satisfaction of customers, the goal is expressed as
min Uy(T;) = 6.

2.2 Parameter variable and correlation analysis
Parameter variable

We use i = 0 to represent the distribution center and i = 1,2, -+, m to represent the m custom-
ers. The relevant parameters and variables are defined as follows. m: the m customers of distri-
bution, denoted as 1,2,3,--,i,::-,j,--,m ; N : theN staff members, denoted as
1,2,3,---,¢e,---, N; n: the n staff satisfaction indexes, denoted as 1,2,3, -+, [, -+, n; K: the K distribu-
tion vehicles, denoted as 1,2, -+, k; g;: the distribution quantity demanded by customer i; v;: the
measurement of distribution goods of customer i; Q: the maximum loading capacity of the k;,
distribution vehicle; V;: the maximum loading volume of the k;,distribution vehicle; FCy: the
fixed cost of the k;;, distribution vehicle, i.e. the marginal cost incurred by the addition of a new
vehicle; DCy: the unit distance cost of the k¢, distribution vehicle;t;: the time when the distribu-
tion vehicle reaches customer i; ¢;;: the transportation time, i.e. period of time for the distribu-
tion vehicle to move from customer i to customer j; t;: the service (unloading) time of the distri-
bution vehicle at customer i, hereinafter referred to as the service (unloading) time; v: the aver-
age running speed of the distribution vehicle; d;;: the distance between customer i and
er j; L: the driving distance reaching the compensation point; L,,,,: the maximum running dis-
tance of the distribution vehicle in a single distribution activity; §: the compensation cost coeffi-
cient of distribution vehicle beyond the additional compensation point;k;: the basic salary of
distribution staff per unit time during normal working hours; k,: the pay per unit time during
overtime; t,: the normal working hours of staff members; t: the actual working time of distribu-
tion staff members, including transportation time ¢;; and service (unloading) time t/; t;: the time
for the distribution vehicle to depart from the distribution center; t;: the time for the distribu-
tion vehicle to return to the distribution center.
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Establishment of distribution optimization model

Objective functions:

m m K K
min€ = > 3 DCx-dyj - xyje + FGe ) 1+ P(6) + 8T (dyy) ®)
i=1j=1k=1 k=1
N n N N N
maxY, = max > > daf (@e) =max[) 2 -Sp(B)+ ) A4Syl + ) Ag-El ()
e=11=1 e=1 e=1 e=1
minU;(T;) = 6 (10)
Constraint conditions:
m
> i < O (11)
i=1
m
Dt vi < Uy (12)
i=1
m K
Z Z xijk =1 (13)
i=1k=1
m m
Z Xojk = Z Xiok = 1 (14)
j=1 i=1
tij = dij/v (15)
ti=t; +t;+t (16)
ts =0 (17)
m m m
, Xijk ,
t=tij+tl-:ZZdij'T'f'zrik'tiStmax (19)
i=0 ]:0 i=1
m m
Z z dij " xijie < Lmax (20)
i=1j=1
Xijjk =0o0r1, i,j=123,---,m; k=123, ,K (21)
rlk = 0 or 1’ l = 1'213' “.Jm; k = 1J2I31...1K (22)

Eq. 8 is the minimum total logistics distribution cost, Eq. 9 is the maximum distribution staff
satisfaction, and Eq. 10 is the minimum requirement of customer satisfaction of logistics distri-
bution service. Constraint conditions in Eqs. 11 and 12 describe the capacity limitation of distri-
bution vehicle. Specifically, Eq. 11 means the goods should not exceed the maximum loading
weight of the vehicle and Eq. 12 means each vehicle is able to hold the goods in the distribution
activities. Constraint conditions in Egs. 13 and 14 depict the running limitations of the distribu-
tion vehicle. Specifically, Eq. 13 means each customer point is served only once by one distribu-
tion staff member and one distribution vehicle, and Eq. 14 means each staff member and vehicle
leaves from the distribution center, and returns to the distribution center after completing the

Advances in Production Engineering & Management 12(2) 2017 177



Ren, Kong, Liang, Li, Zhou

distribution. Constraint conditions in Egs. 15 to 18 present the time limitations of distribution
vehicle. Specifically, Eq. 15 describes the transportation time, i.e. the time for the vehicle to move
from one customer to the next customer; Eq. 16 illustrates the arrival time at the next customer,
which equals to the sum of the arrival time and the service (unloading) time at the current cus-
tomer, and the transportation time; Eqs. 17 and 18 represent the time for the vehicle to depart
from or return to the distribution center, respectively; both of the two parameters are set as 0.
Constraint conditions in Egs. 19 and 20 show the working limitations of the distribution staff.
Specifically, Eq. 19 specifies that the working time of the distribution staff should not exceed the
maximum working time during each distribution; Eq. 20 stipulates that the running distance of
the distribution vehicle should not exceed the maximum running distance during each distribu-
tion. Last but not the least, constraint conditions in Egs. 21 and 22 determine the value of deci-
sion variables.

Analysis of objective functions

In distribution activities, the total cost is composed of distribution cost, salary of distribution
staff and compensation cost. The distribution cost is further divided into the fixed cost of logis-
tics distribution vehicle and running cost, which are expressed as:

Ci = FCu Xke1Tie Co X2y XThy Yoy DC - dij - Xy

It is assumed that the goods in the distribution are common goods of the same quality and the
vehicles are moving at a constant speed. Consisting of basic salary and overtime salary, the sala-
ry of distribution staff is expressed in piecewise function of working time:

<
C3:P(t):{ klt, t_to

kito+ ky(t—ty), t>t (23)

Compensation cost: Whereas the working strength of distribution staff increases when the
driving distance in a single distribution is excessively long, it is necessary to give distribution
staff some compensation. In this research, the working strength of distribution staff is quantified
based on the running distance of the distribution vehicle in one distribution activity. It is ex-
pressed as below.

m m
T(d;;) = max[ z (dij - x50 — L), 0] (24)

i=1j=1

The compensation cost function can be expressed as follow:

c, = 52 T(dy;) = 52 max[ Z Z(du xijx — L), 0] (25)

i=1 j=

Since the distribution staff satisfaction should be determined through quantification of salary
and welfare, working strength and harmonious cooperation, the distribution staff satisfaction
function can be written as follows if the harmonious cooperation is regarded as a constant:

maxY, = maxz 2 Aeif (@er)
[i SP(P)+2/1L S, (L, )+Z/1E Se(E. )] (26)

N
max[z Ay -Sp(R.) + Z AL -Sp(Le) + Z Ag - €]
e=1 e=1 e=1
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3. Configuration of vehicle scheduling by plant growth simulation algorithm
3.1 Optimized scheduling model based on plant growth simulation algorithm

Inspired by the growth of plants in nature, the plant growth simulation algorithm (PGSA) is a
type of optimization algorithm used to simulate the plant growth characteristics.

Taking a certain plant as the object, the length of the main stem is denoted as M, the length of
the branch is denoted as m, the number of growing points on the main stem is denoted as K,
which can be expressed as Swv = (Sm1, Smz, =+, Smk), the auxin concentration of growing points is
denoted as Py = (Pu1, SPm2, ***, Pux), the number of growing points on the branch is denoted as g,
which can be expressed as Sm = (Sm1, Smz, ***, Smq), the auxin concentration at growing points is
denoted as P = (Pm1, SPm2, ***, Pmq)- The auxin concentration at each growing point on the main
stem and branch of this plant can be calculated according to the following formulas:

f (o) = £ (Smi)

Pt S (FGo) = ) + 20, (F o) — F ) (27)
. £ o) = (i) ,
P (F G0 = £(Smp)) + 0 (FGood — £ (Smp ) (20)
K
Z(PMi +Py) =1 (29)
i=1j=1

3.2 Design and implementation of algorithm flow

The X is used to represent the bounded closure on the R" and the f{x) is used to represent the
objective function. Thus, the flow and implementation of the PGSA are shown in Fig. 2.

Determine the step of PGSA, set the initial seed
node xj, initialize Xmin= X0, Fnin= AX0), X= Xo

v

Take X as the center, grow along the positive
and negative direction of each design variable,
taking step as step size and obtain this
growing point set $1= (1,51 2...,51.20)

v
Calculate f{S},), i=1,2,...,2n, take the
minimum value in f{xp), AS1,i)as the
responding growing point Xmin Of Finin

v

Determine growing point set Sy, when
AS1,)<AX), include the corresponding
growing points S,,; into the growing point
set Sy

v

Swu is empty set (no
growing point)

Calculate the auxin concentration of each
growing point
P = S )= f(Sy)
D)= (S)
i=0

v

Generate random number rand, wit}hlin the
range from 0 to 1. If B, <rand, <Y B,
]

Then select x=S.,, as tﬁe next growi:rlg point
and eliminate it from the set SM

The optimal solution is X, and the optimal
value is Fyi.

¢

Fig. 2 The flow and implementation of the PGSA
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4. Simulation analysis based on the PGSA
4.1 Data collection

In light of the lack of standard testing dataset for the research on vehicle scheduling problem,
this paper designs a concrete algorithm instance. The objective of initial scheduling plan is to
minimize logistics distribution cost and maximize customer satisfaction. The demand infor-
mation parameters and time window constrains for 22 customer points are selected randomly
by a computer. Table 1 and Table 2 list the coordinates of the customer points and the demand

information.
Table 1 Customer point coordinates and demand information

Number (_Zustomer location . Qua.ntity Service '(un!oading) Time window
X coordinate Y coordinate /piece t/ /min

0 26 33 — — —
1 32 19 21 25 [7:00-8:00]
2 18 35 23 30 [9:00-11:45]
3 34 54 30 40 [7:00-9:00]
4 42 51 19 20 [8:00-10:45]
5 24 28 13 16 [7:00-11:45]
6 17 26 17 20 [7:00-8:45]
7 37 11 21 26 [13:00-18:00]
8 54 20 13 18 [14:00-16:45]
9 30 27 11 14 [12:00-18:00]
10 48 35 29 38 [7:00-8:45]
11 51 48 19 38 [14:00-16:45]
12 25 19 9 10 [9:00-11:45]
13 26 26 25 35 [7:00-8:45]
14 11 24 15 20 [7:00-8:45]
15 36 23 11 16 [15:00-17:45]
16 30 36 13 15 [13:00-17:00]
17 54 18 23 30 [17:00-18:00]
18 48 40 21 24 [14:00-17:45]
19 18 54 12 18 [8:00-18:00]
20 42 29 15 22 [9:00-18:00]
21 24 41 21 25 [7:00-15:45]
22 53 42 24 30 [13:00-18:00]

Table 2 Distance between each customer point and the distribution center

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22
0 18 30 15 29 9 16 28 35 8 27 32 20 8 18 15 8 35 25 28 19 10 30
18 0 25 40 40 18 19 12 30 14 29 40 9 13 25 8 20 29 28 40 16 28 37
30 25 0 32 30 13 11 32 45 20 36 40 23 17 15 23 25 40 34 23 29 11 40
15 40 32 0 9 28 35 48 43 30 26 22 39 32 40 39 24 45 28 20 30 18 27
29 40 30 9 0 34 40 45 39 30 23 12 38 34 48 30 22 39 20 26 28 29 18
18 13 28 34 0 10 26 40 12 30 40 19 8 18 23 20 43 30 38 35 32 43
16 19 11 35 40 10 0 35 56 23 45 57 34 15 19 34 28 48 42 47 46 42 45
28 12 32 48 45 26 35 0 23 25 35 48 25 35 48 22 36 38 47 69 34 68 48
35 30 45 43 39 40 56 23 0 34 35 55 35 43 64 25 38 7 34 57 34 40 44
8 14 20 30 30 12 23 25 34 0 23 34 12 7 23 10 19 34 45 39 23 35 35
10 27 29 36 26 23 30 45 35 35 23 0 24 34 35 46 38 33 37 14 58 24 57 27
11 32 40 40 22 12 40 57 48 55 34 24 0 47 57 89 33 43 40 12 35 24 30 12
12 20 9 23 39 38 19 34 25 35 12 34 47 0 12 16 22 34 41 56 43 20 22 38
13 8 13 17 32 34 8 15 35 43 7 35 57 12 0 23 34 23 44 34 54 23 41 39
14 18 25 15 40 48 18 19 48 64 23 46 89 16 23 0 29 34 54 56 78 66 43 76
15 15 8 23 39 30 23 34 22 25 10 38 33 22 34 29 0 34 34 35 56 24 35 40
16 8 20 25 24 22 20 28 36 38 19 33 43 34 23 34 34 0 40 35 34 32 16 38
17 35 29 40 45 39 43 48 38 7 34 37 40 41 44 54 34 40 0 34 98 34 56 47
18 25 28 34 28 20 30 42 47 34 45 14 12 56 34 56 35 35 34 0 45 32 38 15
19 28 40 23 20 26 38 47 69 57 39 58 35 43 54 78 56 34 98 45 0 47 32 56
20 19 16 29 30 28 35 46 34 34 23 24 24 20 23 66 24 32 34 32 47 0 32 34
21 10 28 11 18 29 32 42 68 40 35 57 30 22 41 43 35 16 56 38 32 32 0 45
22 30 37 40 27 18 43 45 48 44 35 27 12 38 39 76 40 38 47 15 56 34 45 0

OV ONONUTLHS WN RO
O
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4.2 Parameter setting of the model and the algorithm
Model parameters

In this research, the number of distribution vehicles is set as 4, and the nominal load, average
driving speed d, per kilometer driving cost, and the maximize driving distance in a single distri-
bution of each vehicle are set as 2,000 kg, 30km/h, 2.5 yuan, and 200km, respectively. Any dis-
tribution activity beyond the maximum distance will incur compensation cost. The salary of dis-
tribution staff in working hours is 15 yuan/h and the overtime salary is 30 yuan/h. The details of
the parameter setting are shown in Table 3.

Table 3 Parameter setting of the model

Parameter Meaning Value
FCy, The fixed cost of the distribution vehicle 150
DCy The unit distance cost of the distribution vehicle 2.5

v The average driving speed of the distribution vehicle 30
L The driving distance reaching the compensation point 120
Lnax The maximum distance in a single distribution activity 200
) The compensation cost coefficient of the distribution vehicle 100
kq The basic salary per unit time of distribution staff during normal working hours 15
k, The pay per unit time during the overtime 30
to The normal working hours of staff members 6
tmax The maximum working hours of distribution staff 10
0 The minimum requirement of customer satisfaction 0.75
& The harmonious cooperation of distribution staff 0.8

Algorithm parameters

This paper adopts the PGSA to solve this model. The main parameter settings of the algorithm
are: population size is 30, crossover probability is 0.8, mutation probability is 0.05, number of
generation is 100, and step is 1.

4.3 Optimization of the model

One deputy general manager, two scheduling managers, five distribution staff members and two
experts are invited to weigh the importance of salary P, working strength L. and harmonious
coopetition E.. Each person determines the weight of A, A, and Ag, and the final results are: the
weight of salary is 0.51, the weight of working strength is 0.27 and the weight of harmonious
coopetition is 0.22.

Without considering staff satisfaction, the logistics distribution activity aims to minimize the
total distribution cost and meet the minimum requirement of customer satisfaction in the same
distribution activity. Irrespective of customer satisfaction, we can obtain the following distribu-
tion plan (Table 4) by solving the original scheduling problem.

In this plan, the total distribution cost is 2,878 yuan and the total distribution distance is
443km. The average satisfaction of all customers is 77.32 % and the average satisfaction of dis-
tribution staff is 58.63 %. The distribution route and vehicle scheduling results are shown in Fig.
3 and Table 5.

Table 4 Vehicle scheduling plan without considering distribution staff satisfaction

Vehicle k Optimal route
0-2-19-3-21-0
2 0-13-5-6-14-12-7-1-9-0
3 0-15-17-8-10-20-0
4 0-16-4-11-22-18-0
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Fig. 3 Distribution vehicle scheduling route without considering distribution staff satisfaction

Table 5 Vehicle scheduling results without considering distribution staff satisfaction

Labor

Transportation Labor cost cost dur- Total Average Distribution
Distribution  Fixed cost P during normal ) customer staff satis-
cost . ing over- cost . . .
route /yuan /yuan working time/ /yuan satisfaction, faction,
i 0, 0,
time/yuan yuan (%) (%)
Routel 150 252.5 78.75 0 481.25 77.16 58.2
Route2 150 302.5 90 24 666.5 80.63 53.41
Route3 150 317.5 90 9 1266.5 76.4 48.73
Route4 150 235 78.75 0 463.5 75.1 74.18

Considering distribution staff satisfaction, this paper adopts Matlab7.1 coding to realize the
algorithm based on the proposed vehicle scheduling optimization model and plant growth simu-
lation algorithm. The solution is carried out on a laptop of Intel(R) Core(TM) i3-380M CPU 2.53
GHz and 4 GB memory. The average time consumption is 13.5s and 4 distribution routes are
obtained. The optimal scheduling plan of distribution vehicle in this instance is shown in Table 6.

Table 6 Vehicle scheduling plan considering distribution staff satisfaction

Vehicle k Optimal route
1 0-6-14-2-19-21-16-0
2 0-3-4-11-22-18-0
3 0-10-8-17-20-0
4 0-5-13-12-1-7-15-9-0

For this plan, the optimized route and the scheduling results are shown in Fig. 4 and Table 7,
respectively. We can see that the total distribution distance of this logistics activity is 429km and
the distribution cost is 3,126.05 yuan. The average satisfaction of all customers is 83.5 % and the
average satisfaction of distribution staff is 91.93 %.

-,
e
1
I
‘e -+
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0

2 EY w0 EY s

Fig. 4 Logistics distribution vehicle scheduling route considering distribution staff satisfaction
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Table 7 Vehicle scheduling results considering distribution staff satisfaction

Fixed Distribution cost Labor cost during  Laborcost  Total = Average cus- Distribution

Distribution - (yuan) normal working duringover- cost tomer satisfac- staff satisfac-
time/yuan time/ yuan  /yuan tion (%) tion (%)
Routel 150 322.5 90 12.9 1475.4 82 92.6
Route2 150 220 82.05 0 452.05 89 91.1
Route3 150 305 88.05 0 743.05 85 93.8
Route4 150 225 80.55 0 455.55 78 90.2

4.4 Contrastive analysis of results

According to the contrastive analysis of the optimization results and the vehicle scheduling re-
sults without considering distribution staff satisfaction, we have the following findings:

e Compared with the scheduling plan without considering distribution staff satisfaction, the
customer satisfaction in the proposed distribution plan has improved significantly, which
is less than 20 %;

e The optimized distribution plan has improved the distribution efficiency significantly as it
costs less time to complete the same logistics distribution activity and lower maximum
time consumption of a single scheduling route than the original distribution plan;

o The logistics cost of the optimized scheduling plan is 8.6 % higher than that of the original
plan.

[t can be inferred from the previous analysis that the distributions staff satisfaction increases
at the expense of the distribution cost. With the improvement of distribution staff satisfaction,
however, the time consumption of the same distribution activity in the proposed plan is signifi-
cantly less than that in the original plan. The tremendous improvement of the distribution effi-
ciency and customer satisfaction would contribute to customer retaining and reduction of cus-
tomer loss. Moreover, the improvement of distribution staff satisfaction also boosts the working
enthusiasm and the sense of ownership of the staff members and reduces staff turnover rate.
The results are conducive to the long-term development of enterprises.

5. Conclusion

For the purpose of establishing the logistics distribution vehicle scheduling model based on dis-
tribution staff satisfaction and time window, this paper makes fuzzy description of the variables
of distribution staff satisfaction, e.g. salary and welfare, working strength and harmonious coop-
eration, and takes them as the constraints. Then, the author sets up the plant growth simulation
algorithm model of the distribution vehicle scheduling, and obtains the scheduling optimization
plan and scheduling results through simulation analysis. The new scheduling plan manages to
improve the satisfaction degree and distribution efficiency at the expense of higher distribution
cost. The subsequent research will deal with the uncertainties in the actual situation, such as bad
weather, road blockage, vehicle failure, changes of customers’ time window, etc.
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