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The paper mainly studies the problem of logistics optimization in the cloud logistics network
environment. Firstly, it introduces the cloud logistics and  sets up a platform of cloud logistics
information, then  introduces  the  function  of  this  platform. Considering the  restrain  of
warehousing, forwarding, distribution and transport  capacity of the entire logistics system in
combination with the running mechanism of cloud logistics system, it studies the vehicle routing
optimization problem of logistics network in the dynamic environment that random variation of
customers’ needs and random service time is necessary , and builds a mathematical model in this
environment, then uses an adaptive large neighborhood heuristic search algorithm to solve this
problem.
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1. Introduction

"Cloud logistics" provides a train of new thought to solve the logistics problem namely in
the  internet  of  things[1],  cloud computing and other  information technology and platform’s
support in combination with the personalized needs of customers[2], conforms a dispersed and a
number of logistics services provided by different logistics service providers. It is integrated by
a new service concept and service platform to form a new cluster logistics services, create the
new customer value and customer experience.

The  logistics servic is based on the cloud logistics information platform. It  can plan the
logistics public information platform and the management platform, apply to the e-commerce
distribution system, in which, the logistics public information platform is for customer service
layer  to  get  powerful  information  and  the  logistics  management  platform  is  for  the  user
operation layer to quickly improve the work efficiency of logistics and relevant enterprises and
extend out a wider range of business area, as shown in Fig. 1. Firstly, the cloud information
service platform summarizes the whole customers’ information order from the demand side,
integrates the order information, reuses of the supply-side logistics management platform to
integrate  the  scattered carrying capacity of  small logistics company, small and medium-sized
express  company  can  access  the  customer  information  by  visiting  the  cloud  logistics
information service platform, and can also pick up and deliver goods by it[3]. 

    Figure 1:    logistics              data flow

2. Study of Random Vehicle Routing Optimization Problem 

Under  the  background  of  logistics  information  platform,  build  the  vehicle  routing
information service platform, as shown in Fig. 2.

Figure 2:   client      logistics center 

The cloud logistics information platform can accept all customer shipment order requests.
Sometimes, the customer may temporarily increase or cancel the number of  good delivery[4],
which would  result  in the demand uncertainty.Although the company knows the number of
goods for delivery with the help of cloud logistics service control center, it will change; in this
sense, the  cumulative  total  pick-up will  fail  to  pick up  service  to  normal  operation  in  the
planning pick-up way in advance. At this point, the platform can reasonable arrange the other
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alternative  express company to collect the order according to the logistics information in  the
cloud logistics information network. The cloud logistics information platform can quickly make
arrangement again under the environment of customer increase or cancellation of their order so
as to make the whole logistics system to be well operated in an orderly way.

3. Problem Description and Solution  

We will consider the pickup vehicle routing problem with the following characteristics in
this paper: 

(1)we can know that the capacity of car which performs task  is limited and the loading
service time for each customer; 

(2)the vehicle must leave and return back to the parking lot in the prescribed time limit and
each car executes only once distribution task for one day; 

(3)there is no exchange of goods between customers, a route  with  pickup task  has not
prescribed the service order; 

(4)a customer can only be serviced by one car;
(5)the goods that customer supply must be sent back to the distribution center; 
(6)the ultimate goal of problem is to  minimize the sum of all traveling vehicles and  the

fixed vehicles.

There is a road from iV  to jV
,  

1,
0,:{ijkX

there is no road from iV  to jV
. As the decision

variables of problem; Q: the solution of problem, as vector of ijkX
; 

( )Qf
: the traveling costs

of all cars;
( )Qj

: due to the service failure on each path, the additional cost produced by the

solution of Q; 
( )Qz

: due to the service failure on each path, the additional return path travel

expenses produced by the solution of R;
( )Qq

: due to the service failure on each path, in order
to meet the demand of customer peak. And the fees of direct service on each vertex equal to the

cost back and forth between the warehouse and vertex multiplied b   the penalty factor; ia   : the
service window time of custom i.

Model:   
min {ϕ(Q )+Ε(φ(Q ))}

= min (Σ ΣΣ SijkXijk+Ε(ζ(Q )+θ(Q ))))  

(3.1)
       s.t         ΣΣ Xijk=1 (Vj∈V )                         

(3.2)
                   Σ Xijk=Xjik (Vi∈V ,k ∈ K )

                                               (3.3)

Σ Xik =Σ Xki k ∈ K                                       (3.4)

ΣΣ Xijk=Xjik=m                                            (3.5)

Ρ{Σδ i Σ Xijk≤2W κ}<μ k ∈ K                               (3.6)

( ) 0d d
ijk ik ijk jk jkx ht s t ht+ + -    {Vi∈V ,Vj∈V ,k ∈K )                        (3.7) 
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d
ik iht a       (Vi∈V , k ∈ K )                                (3.8)

Xijk∈{0,1 }
 

{Vi∈V ,Vj∈V ,k ∈K )
                     (3.9)

( )ijkQ x=

                                                (3.10)
Type (3.1) is  the objective function of problem. There are two parts:  the total  cost  of

transportion along the  path  by  logistics  delivery  vehicle  and  the  expected  total  extra  cost
produced by service failure on vehicle routing under random demanding. Constraints (3.2) and
(3.3) ensure the transportion and only one car service for each customer vertex. Constraint (3.4)
ensures that  each car  to be  used only once. Constraint (3.5) ensures  each  car in the vehicle
collection  is  used.Constraint  (3.6)  describes  that  the  each  vertex  has  its  own  service  time
window,  so  the  planned logistics  vehicles  must  be  completed  pick-up task  within  the  time
window.Constraint  (3.7)  shows that  the  decision  varies with the binary  varying. Type  (3.8)
shows that the solution Q of problem is vector. Considering the random demand, the services
demanding for vehicles along the service path are likely to exceed the car’s capacity, which will
fail the service. 

Solution:  the  paper  used an adaptive large neighborhood heuristic  search algorithm to
solve above problem [5]. Firstly, it used an algorithm constructed by a kind of effective heuristic
initial solution to get a good initial solution. It chose a heuristic delete derived algorithm to
"destroy" the current solution each iteration, and selected a heuristic insert derived algorithm to
"fix" the damaged solution. The operation of "destruction" and "fix" aimed to develop further
solution  space  effectively.Accepting  the  new solution  and terminating  algorithm search are
confirmed by the defined criteria of search framework. Large neighborhood researches, refer to
deletion of the q customer vertex by a heuristic derived algorithm from path, reinsert the q
customer peaks by a heuristic derived algorithm from path, produce a search procedure of new
solution. Initial solution construction algorithm arrange all the customers’ peaks from small to
large according to the demand value that customer peak expected firstly, then began insert the
vertex orderly from the first into the best position of all paths, ensure that constraint  (3.6) is
established  meanwhile.  In  order  to  generate  initial  solution  quickly,  it  calculates  the  insert
charges only considering the part identification in the objective function, which means the path
travel expenses. The insert costs that customer vertex lie in i position on the path can search out
the first unpaired path, and some requirements on peak can be inserted as the minimum cost on
this path. These requirements when the insert should ensure that the constraint (3.5) have been
established.  To be simple,  it  considers the tests  that  have limited  the  number percentage  as
demanded, such as 0.1 as the initial value and the growth to try a finite numerical value[6].

Although we have established a model based on integer linear programming, but when it
comes to smaller problems, we can directly solve it by integer linear programming model, get
the  global  optimal  solution;  therefore, we  use  software  Lingo 8.0  to  write  the  implement
program of algorithm and use an example to do the calculation test.

4. Application Examples

In order to test the above algorithm, we selected a vehicle routing problem example that
collected by a cargo warehouse (No.0) and 15 clients (No.1, 2,,,15) in one city, as shown in Fig.
2. We assume that the distance between the distribution center and various customers is known.
Each customer all have taken goods demand, the demand is known (in Table 1), the distribution
center has five cars now, the car capacity is 55, the cars are the same and have the same speed
(30km/h) on the road, the total time per vehicle makes the loading service for a customer is 5
minutes. The cost that per car run RMB1/km, and the total time  per car from its departure from
the distribution center and its return back every day is no more than 4 hours. Vehicles depart from
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fixed warehouse and return to warehouse after completing task every day. Perfect highway traffic
system (between customer and customer, customer and warehouse) is known (directly); the time
that vehicles take has no change (not consider uncertain factors such as congestion).

Client
No.

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

Supply 13 10 16 9 13 4 9 9 9 6 16 7 15 8 15

Table 1: Distance Matrix between Distribution Center and Customer (unit: km)    

0  19  33  27  32  45  64  53  47  61  57  52  48  56  63
19  0  14  27  34  47  49  39  29  42  38  38  29  38  44
33  14  0  13  20  33  35  25  15  33  32  32  15  24  30
27  27  13  0  9  21  37  26  26  43  45  45  28  29  38
32  34   20  9  0  13  32  32  35  47  52  52  35  33  38
45  47  33  21  13  0  19  30  39  50  65  65  48  44  42
64  49  35  37  32  19  0  11  20  31  54  61  34  25  40
53  39  25  26  32  30  11  0  10  20  43  51  24  14  21
47  29  15  26  35  39  20  10  0  18  36  41  14   9  13
61  42  33  43  47  50  31  20  18  0  23  46  25  14  18
57  38  32  45  52  65  54  43  36  23  0  27  22  33  23
52  38  32  45  52  65  61  51  41  46  27  0  39  48  42
48  29  15  28  35  48  34  24  14  25  22  39  0  11  57
56  38  24  29  33  44  25  14   9  14  33  48  11  0  20
63  44  30  38  42  40  21  13  18  23  42  57  20  15  0
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Figure 3: Path result

  Vehicle number    Transport path

1    0-3-2-1-4-11-0
2    0-6-15-14-13-5-0
3    0-7-8-12-10-9-0

Table 2: Calculation Results

Directly use the Lingo software to program, solve the integer linear programming model
and get all the optimal solution model (as follows figure 3): the total cost is RMB285 with 3
cars demanded. Each car’s running route can be seen in Table 2 and Fig. 3; at meanwhi le, we
are using VC++ to write a calculation procedure based on the heuristic algorithm , and use the
program to calculate path, we can also get the results in Table 2 and Fig. 3.  

5. Conclusion

It  can be concluded that the time and uncertainty demand vehicle routing optimization
problem in  cloud  logistics  environment  is  a  typical  NP-hard  problem.  The  cloud  logistics
service platform can use the adaptive large neighborhood heuristic search algorithm to solve the
problem directly when  the  logistics  companies  has  many  clients;  and  the solution  of  this
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problem can be effectively applies to real logistics system and practical problem, which will
optimize the whole logistics network.
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