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Abstract. The logistics resources allocation study involves many interests under the cloud
logistics environment, but most previous publications focused the traditional decision making
model in terms of quality of service (QoS) attributes including cost, quality and time, with
ignoring the flexible factors and reliability of the cloud logistics service portfolio. To fill the gap,
the uncertain factors of logistics service process and the interests of multi stakeholders including
logistics service demanders and operators of cloud logistics service platform are considered in
logistics resources allocation problem. The novel bi-level programming model is formulated
based on QoS criteria and flexible factors of cloud logistics service composition. In addition, the
non-dominated Sorting Genetic Algorithm I (NSGA-II) is designed and employed to deal with
the NP-hard problem. A numerical case is conducted to verify the effectiveness of the
established mathematical model and the validity of the algorithm.

Keywords: bi-level programming, cloud logistics, flexible factors, logistics resources allocation,
non-dominated Sorting Genetic Algorithm II (NSGA-II)

1 Introduction

The soaring online consumption and the development of e-commerce have motived the theoretical and
practical innovation of modern logistics by integrating with information technology and intelligent
systems [1]. The information technologies contribute to the connection and integration of physical and
virtual scenarios, which allows scaling autonomous logistics service in a more flexible way [2-3]. With
an increasing focus on individualization, specialization and flexibility of the logistics service, the
successful employment of cloud computing and IoT has promoted the innovation of the logistics by
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developing a new IT-based logistics service mode, calling cloud logistics [4]. The cloud logistics mode
realizes the logistics resource matching optimization and agile service by combining advanced techniques
(cloud computing, Internet of Things, SOA, communication protocol, and service-oriented technology).
By managing a huge amount of distributed and idle logistics resources, cloud logistics provides a more
efficient way to meet various logistics requirements [5].

In order to improve the service efficiency and achieve quick responses, the cloud logistics servicing
mode through the e-commerce platform has adopted by Chinese logistics industry [6]. The information
sharing philosophy and systematic optimization of logistics resources is regarded as a triumph for
industrial applications. An increasing logistics enterprises are committing to participate the new logistics
service mode, which not only improves the service efficiency and quick responses, but also assists
organizations to achieve the cost reduction and resource deployment [7]. All participated physical
logistics firms can be selected and regarded as optional service providers to meet the complex logistics
tasks required.

To achieve the high efficiency and sustainability, the concept, mechanism, information technology and
operations management of the loud logistics have been studied and addressed by many scholars and
practitioners. Cloud logistics service (CLS) contributes to quicker resources searching and responses for
both of the service provider and demander by virtualization of physical logistic resources in the whole
procedures [8]. All the trades and negotiations can be implemented on the cloud logistics platform, and
also the available logistics resources can be deployed and allocated concerning customer requirements.
Both of the service provider and demander can acquire necessary information based on the network
technique and internet-based systems. Driven by the physical logistics resources virtualization and cloud
computing technologies, the real-time information-driven logistics resources allocation model has been
studied and implemented. The sharing requirements and cloud logistics resources improves the efficiency
of logistics service and makes it more flexible and personalized [9].

The resources of a logistics center are encapsulated in web, and logistics service demander can seek
appropriate resources to fulfil the required tasks [8]. There are two kinds of logistics resources including
online and offline resources, and customers can seek for the required logistics service configuration
through the cloud logistics platform [10]. The coded logistics resources are storaged and can been
searched at the cloud logistics platform, which can provide a dynamic information updates for logistics
service demanders [11]. The effective operation and design of cloud platform are the prerequisite of the
success of logistics resources deployment and efficiency improvement. Similar to cloud manufacturing
resources allocation, the significant objective of the cloud logistics platform is to derive optimal service
configuration results for logistics service demander [12]. Due to the complicated logistics tasks, and the
discrepancy attributes in terms of cost, execution and service quality of different logistics service
candidates, as well as lacking of enough contact, the logistics resources deployment and allocation is a
difficult task and plays a significant role on the performance of cloud logistics service platform [13]. In
addition, the performance of logistics resources allocation model and mechanism will directly influence
the quality and efficiency of the logistics service, as well as the physical operations. Therefore, it is of
great significance to study logistics resources allocation in the cloud logistics environment.

Even though there are some theoretical researches, the practical application of cloud logistics is still at
its infancy. Due to the innovation of the cloud logistics, organizations can achieve more profit by joint
distribution or resources sharing. Therefore, the scientific cooperation and profit allocation mechanism is
of great significance in cloud logistics serve mode. Wang [14] constructed a linear optimization model to
help the total cost minimization of logistics joint distribution network, and the modified Shapley value
model is employed to deal with profit allocation through the strategic cooperative mechanism based on
Game theory. The cloud logistics is a service mode for logistics service provisioning and management
based on cloud computing and IOT technologies. One crucial issue of the cloud logistics mode is
resources virtualization, and the other is solution generation including individual and complex services
[8].

To improve the operation efficiency in cloud logistics service mode, a vast majority of decision
making models and optimization techniques are developed and researched. Ficco [15] presented a
simulation—based system in private cloud platform, and the multi-objective optimization method is
developed to deal with task allocation. Ma [16] proposed an improved ELECTRE method to solve the
time-aware trustworthiness ranking prediction of cloud service in risk-sensitive and performance-cost-
sensitive industry scenarios. Liu [17] formulated a multi-objective scheduling model to optimize the total
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operation cost, finishing time and tardiness of logistics tasks considering time windows of resources and
due date of tasks. Bi [18] formulated a multi-objective nonlinear programming model, targeting overall
logistics cost minimization and distribution center optimization. Xu [19] developed a multi-objective
optimization model to deal with the logistics resources assignment (TRA) problem concerning demand
uncertainty, and a hybrid heuristic algorithm integrating genetic operations and Tabu search is designed
to resolve the N-N model. The dynamic characteristic is one of the crucial factors in cloud logistics
resource allocation, Nalan [20] proposed an extended evolutionary algorithm to solve the stochastic
multi-period task-resources allocation problem. Based on the diversity and complexity of cloud logistics
tasks and large-scale characteristics of data information, Wu [21] proposed a new cloud logistics mode to
deploy the complex logistics sub-tasks, and a multi-objective programming model is formulated whose
targets focus on operation cost, running time and delivery quality optimization. Another important
optimization objective is the quality of service (QoS) in cloud scenarios [22-23]. Li [8] addressed the
QoS attributes (time, cost, reliability and availability) by developing a multi-objective programming
model to optimize the logistics resources.

The logistics resource allocation model can be applied to deal with the cloud logistics service portfolio
selection for the complex logistics demander. Based on status of the logistics resources, the cloud
logistics resources are divided into online service resources and off-line service resources. After being
virtualized, the online service resources are directly encapsulated and run on the cloud logistics service
platform, which can be queried and invoked by users, and returns the service result for the users. Because
of the problems of goods, equipment, personnel, and information and so on, many logistics services more
perform for the offline service resources. For off-line service resources, it is not sensitive to the make
responses compared with online logistics resources, which may lead to failure of logistics service or low-
efficiency.

The above-mentioned publications focus on cloud logistics techniques and logistics resource allocation
study under certain scenario. In practical, due to the risks and uncertainties of the cloud logistics
resources, as well as the dynamic logistics tasks, the occurrence of unpredictable risks may bring
obstacles and delays on providing logistics services on the cloud platform, which will harm the
stakeholders of the cloud logistics platform and participants. However, there exist a large number of
uncertain or ambiguous factors due to the virtual characteristics that the heterogeneity, discrete
distribution and autonomy of logistics resources, as well as the trans-temporal, spatial, autonomy of
authority etc. [21]. The previous studies mainly focus on traditional performance indexes in terms of time,
cost and quality, ignoring the uncertain factors especially under cloud logistics scenario. To provide a
reliable cloud logistics service, not only QoS goals should be targeted as optimization objectives, but also
the reliability and robustness of the logistics service provided should be taken into consideration. To fill
this gap, the paper considers the uncertain factors in the optimization model, and develops a novel bi-
level programming model for cloud logistics resource optimization, where the logistics service requester
is the decision maker in the upper model, and the operator of cloud logistics service platform is the
determiner in the lower model [24-25]. To solve the NP-hard problem, the non-dominated sorting genetic
algorithm II (NSGA-II) is designed and employed in this study.

The contributions of this paper are threefold as follows:

(1) To improve the efficiency and robustness of cloud logistics platform, a novel bi-level programming
model is formulated and developed to deal with the logistics resources allocation problem under cloud
logistics scenario.

(2) The flexible factors are concerned in the bi-level programming model, including the capability of
changing response on logistics resources and logistics tasks, as well as the process services performance
of cloud logistics service portfolio.

(3) To solve the novel bi-level programming model, the non-dominated sorting genetic algorithm II
(NSGA-II) is employed and applied in a practical logistics scenario.

The reminder of the paper is constructed as follows. The research problem is described in Section 2.
Then we formulated the bi-level programming model in the subsequent section. In section 4, the non-
dominated Sorting Genetic Algorithm II (NSGA-II) is designed to resolve the cloud logistics resources
allocation problem. The numerical case is presented in Section 5. At last, we close the paper with
conclusions.
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2 Problem Description

Different from traditional logistics service modes, the cloud logistics includes the logistics service
demanders, the logistics service providers and the cloud logistics service platform operators. The cloud
logistics platform provides an opportunity for logistics service demanders to discover the corresponding
logistics service provider in an efficient way. Also, the platform assists to build a link between
demanders and suppliers. To improve the service efficiency under cloud logistics environment, how to
allocate and deploy the logistics service resources to service demander is of great significance in cloud
logistics. The logistics service resources (LSR) allocation process is presented in Fig. 1, and logistics
resources owned by multi kinds of service providers are deployed to satisfy the complex logistics
business.

Cloud logistics service platform application layer (enterprises,
Get on individuals, or other logistics demands) Pay as
demand Warehousing Services ~ Transportation Services Route Design Services you go
Packaging Services  Distribution Services ...  Integration Services

§

Decomposition and modeling . . .
. Logistics services portfolio
of logistics task
Logistics
resources
LST LST allocation
configuration solution
(wr] [or] [wr] [or]
packaging information distribution customer
resources resource resources resources
| -
Lol
transportation || warehousing human equipment
resources resources resources resources

Logistics resources visualization,

standardization and service-oriented

Multi kinds of distributed logistics
resources in cloud logistics platform

Y Y

BoOOR

Logistics resource providers (transport fleet, shipping
companies, land, sea and air, etc.)

Logistics resource services cloud pool

Fig. 1. The multi-stakeholders of logistics resources allocation model in cloud logistics platform

The cloud logistics service platform can provide full life cycle logistics services, including
warehousing services, transportation services, packaging services, distribution services, information
services, etc.

Due to the relatively coarse granularity of logistics tasks (LT), the cloud logistics service platform
decomposes the complex L7 into the implemented standard logistics sub-task (LS7) sequence

LST, (i IS {1,2,...,n}) , and form the virtual logistics service resource cloud pool by means of virtualization

and service. Each sub-task LST, has k, candidate resources, and LSR, ( je {1,2,...,ki}) denoted the j

candidate resource of the i subtask.

3 Model Formulation

Logistics service composition is the main form of realizing complex logistics tasks in cloud logistics. The
logistics service providing process is task-resource matching process, which can be regarded as an
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optimization model. In the choice of logistics services, customers often consider the QoS properties in
terms of cost (C), time (7)and delivery quality (Q). The generated cloud logistics solutions are easily
affected by the changes of logistics tasks and logistics resources, leading to the low quality and
unsatisfied efficiency. Therefore, the flexible factors of the logistics service combination should be
addressed during the logistics resources allocation in the cloud logistics platform, including the following
three aspects: the capability to respond to the logistics tasks changes ( £} ), the capability to respond to

logistics resources changes ( £} ) and process service evaluation ( F),).

The multi-objective problem is transformed to a single objective model by using linear weighting
method and hierarchical optimization method. However, due to the multi-stakeholders’ involvement,
such as the logistics service demanders and the cloud logistics service platform operators. In addition, the
interactive variable and constraints limits the application of traditional multi-objective optimization
method. The Bi-level programming model is a hierarchical model, whose upper and lower layer
optimization problems are their respective objective functions and constraints [5]. The lower-level
optimization problem optimizes its objective function under the parameters of the upper-level
optimization problem. The upper-level optimization problem depends on the optimal feedback of the
lower-level optimization problem to optimize its objective function. The mathematical description of the
bi-level programming model is:

(U)min F (x, y) )
st. G(x,y)<0 )
(L)min £ (x,) €)
s.t. g(x,)<0 @)

which (U) is the upper level planning and (L) is the lower level planning; The Eq. (1) is the objective
function of the upper layer planning and x is the decision variables for the upper level planning. Eq. (2)
is the constraint for decision variable x. Similarly, Eq. (3) is the objective function of the lower layer
planning and y is the decision variables for the lower level planning. Eq. (4) is the constraint for
decision variable y.

Upper and lower optimization problems are relatively independent, and their optimization processes
are interdependent. To consider the requirements of logistics service demanders and the risk of cloud

logistics service platform operators simultaneously, the bi-level programming method is appropriate to
solve the above-mentioned problem, which is illustrated in Fig. 2.

Decision variables of logistics
service requester: C, T, O

Decision making in
upper model

Constraints Feedback

Decision variables of operator o
the cloud logistics platform:
Fr, Fr, FP

Decision making in
lower model

Fig. 2. Bi-level programming philosophy for cloud logistics resource allocation study
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3.1 QoS’s Attributes of Cloud Logistics Service Composition

In the cloud logistics resources allocation problem, the logistics service demanders are regarded as the
upper decision maker in the bi-level programming model, and the QoS attributes of the cloud logistics
service composition are measured. The objective functions of the cloud logistics service portfolio with
respect to cost (C), time (7) and delivery quality (Q) are as follows:

Cost objective. The cost of cloud logistics service portfolio C includes the execution cost of each sub-
task service C, and the costs associated with warehousing, maintenance that occurred between tasks
convergence C,, where n is the number of logistics sub-tasks. The objective function of cloud logistics

service portfolio cost C' can be denoted as:
minC=C,+C, =Y .C,(i)u,+ Y .C,(i,i+1)u,,, 5)
i=l1 i=1

Time objective. The cloud logistics service portfolio time includes the execution time of each sub-task
T, and the waiting time between the task connection 7, . The objective function of cloud logistics service

portfolio time 7 can be denoted as:
min7 =T, +T, =Y T (i)u,+ Y T, (i,i+1)u,,,, (6)
i=1 i=1
Delivery quality objective. The quality of delivery is measured by the delivery perfectness ratio of the
goods at the time of the completion of the logistics sub-task O ,. The objective function of the delivery

quality of cloud logistics service portfolio O can be denoted as:

minQ=1-0,, :1—2qu(i)ui/n (7
The constraints of the QoS attributes of the cloud logistics service portfolio are as follows:
c=cC, ®
T<T, )
020, (10)

While, Eq. (8) means the total cost of completion of logistics tasks by cloud logistics service portfolio
C cannot exceed the plan cost of the customer C,; Eq. (9) means the total time of completion of logistics

tasks by cloud logistics service portfolio 7' cannot exceed the expected total time 7, required by

logistics customer; Eq. (10) means the delivery perfectness ratio of each logistics resource at the time of
the completion of the logistics task cannot be less than the minimum delivery perfectness ratio of
customer requirements.

According to the formulated objective functions and constraints, the QoS multi-objective optimization
problem is transformed into a single objective problem by linear weighting method, which is as shown:

min$ =W, (C/C, )+ W, (T/T,)+W,(0/0,) 1)
Where, W, W, , and W, are relative importance of cost, time, and delivery quality objective attribute,
respectively, and W+ W, +W, =1.
3.2 Flexible Factors of Cloud Logistics Service Portfolio
In the problem of optimal allocation of logistics resources in the cloud logistics, the cloud logistics

service platform operators are taken as the lower decision maker in the bi-level planning model. The
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flexible factors of the cloud logistics service portfolio are related to the reliability of the logistics service
and the completion of the logistics task, which represented the interests of the lower decision-makers.

The objective function of flexible factors reflects the ability to cope with changes in logistics resources,
the capability of change response of logistics tasks and process services performance of cloud logistics
service portfolio are as shown:

The capability to cope with the changes of logistics resources. The reliability of logistics resource
service Fj, » the number of logistics resources provided by the same supplier F,¢ and the number of

business cooperation F,. would affect the capability of the cloud logistics service platform to cope with
the changes of logistics resources F,. The objective function can be denoted as:

,an:FRR (7)u Zn:FRS (7)u ZFRC (i),

max Fy =Wy Frp + Wy Fs + Wi Fre =Wag : + Whs = " +Wee % 12)

Where, Wy, +Wis + Wy =1.
The capability to deal with the changes of logistics tasks. The number of enterprise cooperation of
logistics resource providers Fj., logistics resource functional diversity F,,, and its species F;, would

affect the capability of the cloud logistics service platform to cope with the logistics resources changes
F.. The objective function can be denoted as:

max FT = WTCFRC + WTDFTD + WTVFTV = WTC = p + WTD = " + WTV MT 13)

Where, W, +W,, + W, =1.

Process service evaluation. The cloud logistics platform has made logistics service demanders more
options, and consumers pay close attention to other personnel requirements. The logistics service
demanders not only focus on the task accomplishment, but also the process techniques such as standard
operation and information technology etc. Therefore, the process service performance is another
considered index, and is denoted by the evaluation of diachronic service. The objective function can be
denoted as:

mma=ﬁg@m/1 14

i=l1

The constraints of the flexible factors of cloud logistics service portfolio are as follows:

Fir 2 Frgumin (13)

Fog > Frgoin (16)

Fie 2 Frcmn a7

Fip > Fp, (18)

Fpy 2 Fryp o, (19)

F,>2F, .. (20)

Where, Fipiin> Frsmin > Fremin > Frpmin > Frymn and Fp . are the minimum reliability, the minimum

number of logistics resources, the minimum number of cooperative enterprises, the minimum diversity of
logistics resources, the minimum species of logistics resources and the minimum service evaluation that
cloud logistics service platform required.

Therefore, the objective function of the flexible factors of cloud logistics service portfolio can be
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denoted as:

max F = (Fy, Fy, F, )’ @21

3.3 The Bi-level Programming Model

Based on the above analysis, the paper formulates the bi-level programming model to optimize logistics
resources in the cloud logistics, which is as followed:

(UyminS =W, (C/C, )+ W, (T/T,)+W, (0[O, ). W, +W, +W, =1 22)
st. C<C, (23)
T<T, (24)
qu 2 Qp (25)
Du =1 (26)

i=l1
u,(u,—1)=0 27
Su,, 2l (28)

i=1

Ui in (ui,iH - 1) =0 (29)
(Lymax F = (Fy,F,, F, ) (30)
s.t. FRR = FRRmin (31)
FRS 2 FRSmin (32)
FRC 2 FRCmin (33)
FTD 2 FTDmin (34)
FTV = FTVmin (35)
FP 2 FPmin (36)
u, >1 37

i=l1
u(u,-1)=0, i=12,..,n (38)

The model regards the logistics service demanders and cloud logistics service platform operators as the
upper and lower optimization target, which guarantee the benefit of logistics service demanders. Besides,
the risk and flexibility factors of cloud logistics service platform operators are also taken into account.

23



A Novel Bi-level Programming Model for Cloud Logistics Resources Allocation

4 Algorithm Design

The problem of cloud logistics resources allocation problem has proven to be a NP-Hard problem [12,
26], and the bi-level programming model is formulated to deal with this industrial issue. The upper-level
programming (U) is a single-objective optimization and the lower-level programming (L) is a multi-
objective optimization. To solve the optimization problem, the NSGA-II algorithm is employed and
applied in this paper, and the procedures of the algorithm are as follows.

Step 1. The search space of NSGA-II algorithm is limited in the constraints of the model, and encoded
the cloud logistics service composition. Chromosome encoding expression is chosen generally applicable
real number encoding, which solve the continuous parameter optimization problem, to form an individual
gene corresponding to cloud logistics service combination [27].

Step 2. Let 7 =0; initialize the population p, ; the population size is N . The non-dominated rank and the
distance of the population p, were calculated.

Step 3. The selection operation is performed from the non-dominant ranking value and the crowding
degree in p, individuals to generate the sub-population Q, of scale N through crossing and mutating.
Step 4. The populations p, and Q, are merged to form a population R, ofscale 2N .

Step 5. k£ non-dominated set of solutions £, F,,...,F;, can be obtained by fast non-dominated sorting for
R, in which F; is the optimal non-dominated set, and F, is the suboptimal non-dominated set. so on and
so forth.

Step 6. When the total number more than N, which started from F| to take the genetic individual,
assuming that the non-dominated solution set at this time F;.

Step 7. Since the sum of the number of individuals in the monodominant solution set F;,F,,...,F; is
greater than N, congestion degree calculated the individuals in F,. Choosing the better individuals in F;
and all the individuals from F, to F,, to make up a new population p,,, of scope N according to the
elite retention strategy,

Step 8. let r=7+1, and select, cross and variate p,,, to form Q,,, . Repeating the iterations from step 4
to step 8 until #=max gen, and max gen is the maximum number of iterations to obtain the Pareto

solution set of the lower layer objective function of the bi-level programming model of optimal allocation
of logistics resources.

Step 9. The Pareto solution set obtained in step 8 is taken as the feasible solution set of the upper layer
objective function of the bi-level programming model to calculate and sort the objective function values
of each solution to obtain the final solution of the bi-level programming model.

5 Numerical Case

5.1 Background and Data Collection

Logistics tasks and the corresponding requirements are usually submitted to the cloud logistics service
platform by users. Logistics tasks would be decomposed in to 6 (n=6) sub-logistics tasks LS7, by cloud

logistics service platform according to certain rules. Each sub-logistics task LS7, will be served by a

candidate logistics service LSR;; and the finally there is a logistics resources portfolio, shown in Table 1.
The parameters of the candidate logistics service in the bi-level programming model of logistics
resources are shown as Table 2.

Table 1. Sub-logistics tasks and candidate logistics services

Logistics sub-tasks (LST) LST, LST, LST; LST, LSTs LSTg
Logistics service LSR, LSR,, LSR;, LSRy, LSR5 LSRg
candidates LSR, > LSR,, LSR;, LSRy» LSR5, LSRg,
LSR1,3 LSR2,3 LSR3’3 LSR4’3 LSR5’3
LSR2,4 LSR 4.4
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Logistics service

candidates Cz Cb Tz Tb qu/% FRR/% FRS FRC FTD FTV FP/%
LSR, , 09 LSR,; 02 1 LSR,; 09 994 99.5 3 10 2 3 95
LSR,, 0.3 LSR,, 1.1
LSR,; 04 LSR,; 13
LSR,; 0.3 LSR,4 09
LSR,» 1.1 LSR,, 03 08 LSR,; 1.1 998 99.8 2 12 3 2 92
LSR,, 04 LSR,, 12
LSR5 02 LSR,3 09
LSR,, 0.4 LSR,, 13
LSRs 1 User 04 2 User 0.9 99.7 99.6 5 3 1 4 91
LSRe > 1.2 User 03 15 User 0.5 999 99.8 7 3 2 87

Assuming the parameters in the bi-level programming model example parameters were as follows:
W.=04, W, =03, W,=03; Wy, =0.5, Wy;=03, W,.=0.2; W;.=03, W;,=0.4, W,,=0.3; C,=200,

T,=60, 0,=99.2% ; Fy.n=89% , F

Smin:1 > FRCmin :3 ’ FTDmin

=1, Fryoin=2 5 Fppnin=85% . The bi-level

Pmin

programming model of logistics resources allocation in Eq. (22)-(38) will becomes the following detail

case:

(U)min § = min(C/175000+37/100+0Q/331)

s.t. C<700000
T<10

0,,>0.992
S
=
u, (u, =1)=0
p
1y (4, =1) =0

(L)max F = (F,,F,, F, )

s.t. Fpp>0.89

39
(40)
(41)

(42)

43)

(44)

(45)

(46)

7
(48)
(49)
(30)
(1)

(52)
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F,>0.85 (53)
D >1 (54)
i=l1

u,(u,-1)=0, i=12,..6 (55)

5.2 Results

The NSGA-II genetic algorithm is used to solve the model example Eq. (39) — (55). Let initial population
size of the algorithm P;=100, maximum generation Maxgen is 150, crossover probability factor p,=0.6,

and mutation probability operator p =0.04 . The designed algorithm is implemented in MATLAB

R2016a (3.30GHz, 8.00G, and Windows 10).

After 30 generations of iterative evolution, the optimal Pareto optimal solution of the lower layer
optimization model is obtained, and the Pareto front edge of the Pareto optimal solution set is calculated
and can be found in Fig 3.
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Fig. 3. The Pareto front of the lower optimization

The Pareto optimal solution of the lower layer optimization target of the logistics resource
optimization model is taken as the feasible solution of the upper layer optimization goal. And then the
optimal value of the corresponding upper layer optimization model can be derived and obtained. The first
5 groups are listed in Table 3 below. The results recommended the feasible solutions to cloud logistics
service demanders in the cloud platform, and they can make decisions according to their specific
circumstances.

Table 3. Optimal order of logistics resource allocation in cloud logistics

item cloud logistics services portfolio C T 0,4% S
1 LSR, ; LSR, LSR;, LSRRy, LSR5, LSRs, 81.1 18.1 99.57 0.5537
2 LSR, LSR, LSR;, LSRRy, LSR;s; LSR¢, 82.9 17.9 99.62 0.5566
3 LSR, LSR, LSR5, LSR,; LSRs, LSR¢,; 789 222 99.60 0.5700
4 LSR,, LSR,; LSR;; LSR,, LSRs, LSR¢, 81.6 222 99.82 0.5761
5 LSR,» LSR; 3 LSR;, LSR, LSRs, LSR¢ 849  21.2 99.77 0.5775

Compared with previous publications, the benefits of cloud logistics platform operators and constraints
are taken into consideration, and the bi-level programming model is constructed to deal with the cloud
logistics resources allocation. The first 20 solutions of logistics resource portfolio thorough the upper
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layer model are generated and obtained as Table 4 listed. Meanwhile, the 20 solutions are ranked by non-
dominance rank concerning flexible factors, and we can obtain the optimal solution of the bi-level
programming model. The case verifies the validity of the proposed bi-level programming model and the
employed algorithm.

Table 4. Optimal ranked of upper - level programming

Item Cloud logistics services portfolio C T 0,4% S
1 LSR,, LSR, 4 LSR;, LSRRy, LSR5, LSRs, 75.3 19.3 99.5 0.5479
2 LSR,» LSR,, LSR5, LSRy 4 LSR5, LSR¢, 78.3 18.8 99.7 0.5520
3 LSR,, LSR, LSR;, LSRRy, LSRs 5 LSR¢, 77.3 19.3 99.6 0.5523
4 LSR5 LSR, LSR5, LSRRy, LSR5, LSR¢, 81.1 18.1 99.6 0.5537
5 LSR,, LSR, LSR5, LSRy 4 LSR5, LSR¢, 81.6 18.3 99.7 0.5561
6 LSR,, LSR, LSR5, LSRRy, LSR;s; LSR¢, 82.9 17.9 99.6 0.5566
7 LSR,, LSR, LSR;; LSRy, LSR5, LSR¢, 78.3 207 99.6 0.5612
8 LSR5 LSR, LSR5 LSRy LSR;s; LSRg 7716  21.5 99.6 0.5636
9 LSR;, LSR, LSR5, LSR,; LSR;s; LSRg 84.0 19.6 99.7 0.5673
10 LSR;, LSR,, LSR5, LSRy, LSRs, LSR¢, 85.5 19.0 99.8 0.5678
11 LSR;, LSR; LSR5, LSR,; LSRs, LSR¢, 789 222 99.6 0.5700
12 LSR;, LSR5 LSR5, LSRy, LSR;s; LSR¢, 84.4  20.1 99.7 0.5707
13 LSR;, LSR5 LSR;; LSR4, LSRs, LSR¢, 81.6 222 99.8 0.5761
14 LSR;, LSR5 LSR5, LSR44 LSRs, LSR¢» 854 207 99.9 0.5763
15 LSR;, LSR5 LSR5, LSR4» LSRs, LSRs, 855 209 99.8 0.5774
16 LSR;, LSR5 LSR5, LSR4, LSRs, LSRs, 849 212 99.8 0.5775
17 LSR; LSR;, LSR5 LSR4, LSRs, LSRs, 81.8  23.0 99.6 0.5797
18 LSR; LSR;, LSR5 LSR,, LSRs, LSR¢» 81.0 234 99.7 0.5804
19 LSR;, LSR5 LSR5, LSR44 LSRs, LSRs, 86.0 21.6 99.8 0.5818
20 LSR5 LSR, LSR;, LSR43 LSRs, LSR 85.1 23.5 99.7 0.5891

5.3 Algorithm Efficiency Experiment

To verify the effectiveness of the employed algorithm, the algorithm efficiency is validated by
experiment tests.

The population size (P0) and maximum generation (Maxgen) are of great significance to algorithm’s
performance [28-29]. To validate the algorithm efficiency, we perform the experiment analysis on PO and
Maxgen parameter. The operation time of the designed algorithm is found in Fig. 4 when population size
covering from 50 to 500, and in Fig. 5 when maximum generation (Maxgen) increasing from 100 to 1000.
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As can be seen from the abovementioned two figures, the operation time of the algorithm increases
with the growth of population size PO and Maxgen parameters. However, it takes 23.8 seconds to derive
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the best solution, and the operation time is acceptable for cloud logistics platform.
5.4 Managerial Insight

Considering the unexpected situations in the process of logistics task service, as well as the profits of
logistics service demanders and cloud logistics service platform operators, the novel bi-level
programming model is constructed to deal with logistics allocation problem. This study contributes to the
deployment of logistics resources for the cloud logistics platform.

The logistics resources allocation and deployment is the main realization form of the accomplishment
of logistics tasks in cloud platform [30]. The cloud logistics tasks contain a many kinds of tasks with
multi procedures in cloud platform, which can be served by many resource combinations. There is a vast
majority of logistics resources in the cloud platform with different attributes (cost, delivery time and
service quality etc.), and how to deploy the discrete logistics resources to the dynamic logistics task is a
very complex job and is significant to the operation of the cloud logistics platform. The bi-level model in
this paper contributes to the efficiency improvement of cloud logistics service.

However, the uncertain and risk factors are also influence the reliability of logistics service in
industrial application. Therefore, the flexible attributes are taken into account for cloud logistics resource
allocation in this paper, besides the requirement of the logistics demanders is addressed. All the
constraints considered in the model are conducive to the smooth operation and high robustness of cloud
logistics service. The twofold contributions of the cloud logistics service allocation model provide a
guarantee for the guarantee for the operation of cloud logistics platform.

6 Conclusion

In this paper, we address the logistics resources deployment model considering flexible factors, and a
novel bi-level programming model is formulated to cope with cloud logistics resources allocation
problem. The proposed model not only guarantees the benefits of the logistics service demanders and the
cloud logistics service platform operators, but also ensures that the logistics tasks of consumers are
served and carried out smoothly. Besides, the non-dominated sorting genetic algorithm (NSGA-II) of
elite strategy is employed to solve the programming model.

This paper by researching the cloud logistics resources allocation problem with a bi-level
programming model enriches and contributes to the development of cloud logistics, while there exist
some limitations. Due to the complexity and diversity of logistics tasks and logistics resources, as well as
the increasingly dynamic characteristics under cloud logistics environment, this study is assumed that
each logistics sub-task is served by only one candidate. However, in practice, the cloud logistics platform
serves for a vast majority of logistics enterprises with multiple kinds of logistics tasks. Therefore, the
deeper study of more complex logistics resources deployment that one logistics task can be served by the
logistics resource combination will be preferred. Besides, other heuristic algorithms with different
optimization strategies also need to be developed to improve the efficiency of the problem-solving in the
future.

Acknowledgements

The authors would like to appreciate anonymous reviewers and the editor for their constructive
comments. This research is supported by following programs: The Think-tank Programme of Henan
Science & Technology (Grant no. HNKJZK-2020-41C), The Key R&D and Promotion Soft Science
Programme (Grant no. 192400410016), and The Scientific Research Starting Fund for Doctors from
Zhengzhou University of Light Industry (Grant no. 2018BSJJ071).

References

[1]1Y. Cao, S. Wang, L. Kang, C. Li, L. Guo, Study on machining service modes and resource selection strategies in cloud

manufacturing, The International Journal of Advanced Manufacturing Technology 81(2015) 597-613.

28



Journal of Computers Vol. 30 No. 6, 2019

[2] P.J. Hosie, M.K. Lim, A.W.K. Tan, Y.K. Yu, Current and future uses of IT in Europe and the Far East: achieving
competitive advantage with 3PL, International Journal of Logistics Systems & Management 13(2012) 112-137.

[3] T. Qu, S.P. Lei, Z.Z. Wang, D.X. Nie, X. Chen, G.Q. Huang, IoT-based real-time production logistics synchronization
system under smart cloud manufacturing, International Journal of Advanced Manufacturing Technology 84(2016) 147-164.

[4] Y. Yu, M. Li, X. Li, J.L. Zhao, D. Zhao, Effects of entrepreneurship and IT fashion on SMEs’ transformation toward cloud
service through mediation of trust, Information & Management 55(2018) 245-257.

[5] X. Xu, W. Zhang, N. Li, H. Xu, A bi-level programming model of resource matching for collaborative logistics network in
supply uncertainty environment, Journal of the Franklin Institute 352(2015) 3873-3784.

[6] Y. Zhang, S. Liu, Y. Liu, R. Li, Smart box-enabled product-service system for cloud logistics, International Journal of
Production Research 54(2016) 6693-6706.

[7]1 J. Wang, X. Zhang, X. Hu, J. Zhao, Cloud logistics service mode and its several key issues, Journal of System and
Management Sciences 4(2014) 34-44.

[8] W. Li, Y. Zhong, X. Wang, Y. Cao, Resource virtualization and service selection in cloud logistics, Journal of Network and
Computer Applications 36(2013) 1696-1704.

[9] F. Jaekel, Cloud Logistics Systems: Reference Architecture Design, Springer, 2019.

[10] C. Li, X. Zhang, L. Li, Research on comparative analysis of regional logistics information platform operation mode based
on cloud computing, International Journal of Future Generation Communication & Networking 7(2)(2013) 73-80.

[11] E.C. Jiang, C.H. Hsu, Fault-tolerant system design on cloud logistics by greener standbys deployment with Petri net model,
Neurocomputing 256(2017) 90-100.

[12] Y. Zhang, G. Zhang, T. Qu, Y. Liu, R.Y. Zhong, Analytical target cascading for optimal configuration of cloud
manufacturing services, Journal of Cleaner Production 151(2017) 330-343.

[13] T. Xie, M. Zhao, Research on cold chain logistics joint distribution model based on cloud logistics, in: Proc. 2016 IEEE
Advanced Information Management, Communicates, Electronic and Automation Control Conference (IMCEC), 2016.

[14] Y. Wang, X. Ma, M. Liu, K. Gong, Y. Liu, M. Xu, Cooperation and profit allocation in two-echelon logistics joint
distribution network optimization, Applied Soft Computing 56(2017) 143-157.

[15] M. Ficco, B. Di Martino, R. Pietrantuono, S. Russo, Optimized task allocation on private cloud for hybrid simulation of
large-scale critical systems, Future Generation Computer Systems 74(2017) 104-118.

[16] H. Ma, H. Zhu, Z. Hu, K. Li, W. Tang, Time-aware trustworthiness ranking prediction for cloud services using interval
neutrosophic set and ELECTRE, Knowledge-Based Systems 138(2017) 27-45.

[17] Q. Liu, C. Zhang, K. Zhu, Y. Rao, Novel multi-objective resource allocation and activity scheduling for fourth party
logistics, Computers & Operations Research 44(2014) 42-51.

[18] Y. Bi, X. Liang, W. Zhao, X. Wang, W. Li, Research for logistics distribution center location-distribution problem based on
maximal covering in cloud logistics mode, Application research of Computers 29(2012) 3640-3644.

[19] X. Xu, J. Liu, J. Wang, AN-N optimization model for logistic resources allocation with multiple logistic tasks under
demand uncertainty, Soft Computing (2018) 1-14.

[20] N. Giilpmar, E. Canakoglu, J. Branke, Heuristics for the stochastic dynamic task-resource allocation problem with retry
opportunities, European Journal of Operational Research 266(1)(2018) 291-303.

[21] X. Wu, L. Gou, S, Li, A Multi-objective programming model for optimization of logistics resources allocation,

International Journal of Simulation-Systems, Science & Technology 17(23)(2016) 10.1-10.7.

29



A Novel Bi-level Programming Model for Cloud Logistics Resources Allocation

[22] L. Wang, C. Guo, S. Guo, B. Du, X. Li, R. Wu, Rescheduling strategy of cloud service based on shuffled frog leading
algorithm and Nash equilibrium, International Journal of Advanced Manufacturing Technology 94(2017) 1-17.

[23] S. Khakurel, L. Musavian, H.V. Vu, T. Le-Ngoc, QoS-aware utility-based resource allocation in mixed-traffic multi-user
OFDM systems, IEEE Access 99(2018) 1-3.

[24] B. Yu, L. Kong, Y. Sun, B. Yao, Z. Gao, A bi-level programming for bus lane network design, Transportation Research
Part C: Emerging Technologies 55(2015) 310-327.

[25] S. Saranwong, C. Likasiri, Product distribution via a bi-level programming approach: algorithms and a case study in
municipal waste system, Expert Systems with Applications 44(2016) 78-91.

[26] Q. Liu, C. Zhang, K. Zhu, Y. Rao, Novel multi-objective resource allocation and activity scheduling for fourth party
logistics, Computers & Operations Research 44(2014) 42-51.

[27] Y.F. Liu, Q.S. Zhang, Solving multi-objective planning model for equipment manufacturing enterprises with dual uncertain
demands using NSGA-II algorithm, Advances in Production Engineering & Management 13(2)(2018) 193-205.

[28] L. Zhou, R. Baldacci, D. Vigo, X. Wang, A multi-depot two-echelon vehicle routing problem with delivery options arising
in the last mile distribution, European Journal of Operational Research 265(2017) 765-778.

[29] F.L. Zhou, X. Wang, M. Goh, L. Zhou, Y.D. He, Supplier portfolio of key outsourcing parts selection using a two-stage
decision making framework for Chinese domestic auto-maker, Computers & Industrial Engineering 128(2019) 559-575.
[30] L.X. Li, X. Wang, Y. Lin, F.L. Zhou, S. Chen, Cooperative game-based profit allocation for joint distribution alliance

under online shopping environment: a case in Southwest China, Asia Pacific Journal of Marketing and Logistics 31(2)

(2019) 302-326.

30




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Japan Color 2001 Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJDFFile false
  /CreateJobTicket true
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo true
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHT <FEFF005B683964DA300C005000440046002800310032003000300064007000690029300D005D0020>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks true
      /AddColorBars false
      /AddCropMarks true
      /AddPageInfo true
      /AddRegMarks false
      /BleedOffset [
        8.503940
        8.503940
        8.503940
        8.503940
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 400
        /LineArtTextResolution 1200
        /PresetName <FEFF005B9AD889E367905EA6005D>
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 0
      /MarksWeight 0.283460
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /JapaneseWithCircle
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [1200 1200]
  /PageSize [612.000 792.000]
>> setpagedevice


