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A STUDY ON A VEHICLE ROUTING PROBLEM
FOR REUSE SYSTEMS OF TRANSPORT PACKAGES

Yoshiaki ISHIHARA-

Abstract
This paper aims to propose a heuristics on a vehicle routing problem for the reuse systems of

transport packages. With the operations of reuse and/or recycling systems, effective systems

for reverse logistics which disposed products are collected from customers are needed. In this

paper, a vehicle routing problem for the reuse system of transport package is considered, which

disposed products are transported by empty capacity of many vehicles which move toward their

destinations or return to their originations.This paper proposes a heuristics using some limited

information with respect to vehicle routines, and clarifies the effectiveness of our proposed

heuristics from some numerical examples.
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1. Introduction
Recently on the viewing point of environmental protection, many manufacturers construct reuse and/or

recycling systems for disposed products. With the operations of reuse and/or recycling systems, effective

systems for reverse logistics which disposed products are collected from customers are needed. In this paper,

a vehicle routing problem for the reuse system of transport package is considered, which disposed transport

package such as corrugated cardboard, flexible container bag, etc. are transported by empty capacity of
many vehicles which move toward their destinations or return to their originations.

This paper investigates the following subjects in order to propose a heuristics on a vehicle routing problem

for the reuse systems of transport packages.

(1) Review on the studies of the reverse logistics.

(2) Formulate a vehicle routing model for a mathematical programming problem, which ma><imizes the

total transportation quantity of disposed transport package.

(3) Propose a heuristics using some limited information with respect to vehicle routines.

( ) Chrify the effectiveness of our proposed heuristics from some numerical examples.

2. A review on studies of reverse logistics
The study of reverse logistics is a remarkable field, and many researcheres have studied the reuse and/or

recycling systems which are operated of the specified product, of the specified industrS or in the specified

country. Fleischmann et al.[l] point out some characteristics of reverse logistics as follows.

(1) The activities of reverse logistics are collection, inspection/separation, re.processing, disposal, and re.

distribution, and they construct three phases, that is, collection , product recovery and re.distribution
phase.

(2) In 'closed-looped'case, interaction between collection and re-distribution activities may add complexity

to the network design.
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(3)Availability of used products trigger the sequence of activities.

(4)Time restriction tends to be weaker for collection.

(5)Tirning and quantity of used products coming free are deterrnined by the former user.

And the classiflcatiOn Of reverse logistics networks are represented as follows.

(1)Bulk recycling network.

(2)Assembly product remanufacturing network.

(3)Reuse item network.

In Fleischmann et al.121,the Study of the reverse logistic is classined into the study of the location of the

facilities and of the production and inventory control considering the collected disposal products. Barros et

al.131 report On a case study addressing the design Of a 10gistics network for recycling sand coming free frOm

processing construction waste in lrhe Netherlands. To determine the Optilnal number,capacity and locatiOn

of the depots and cleaning facilities, the authors propose a multi― level capacitated facility location model

which is solved approxilnately via iterative rounding of LP― relaxations strengthtened by valid inequahties.

Louwers et al.141 consider the recycling network for carpet waste.To determine the appropriate locations

and capacities fbr regional recovery centers,the authors propose a continuous location model. Using a linear

approximation of the share Of flxed costs per volume processed. The resulting nOnlinear model is s01ved

using standard sOftware.Krikke et al.[51 present a m破 ed integer linear program model for a multi― echelon

reverse logistic network for durable consumer products. This model is applied in a case study carried out a

copier manufacturer in The Netherlans.Kroon and Vrttens[61 consider the design Of a 10gistcs system for

reusable transport packages, that is, collapsible plastic containers. A closed-loOp deposit based syStenl is

conslderd.

Fleischmann et al.171 and Fleischmann and Kuik[8〕 propOSe the the method of inventory control,and

analyze the efFects Of the nuctuation of the quantity of collected products.Minner〔 91 propOSes the nonlinear

programnling model fbr nlinilnizing the holding cost of bufFer stock for the supply chain model considering

the recychng of disposal prodcts and the reuse of by― products.

In this paper,we consider the vehicle routing problem for the reuse systems of the transport packages.

The disposed transport package such as corrugated cardboard,nexible container bag,etc. are transported

by empty capacity of lnany vehicles which move toward their destinations or return to their Originations.

The characteristcs of the reuse system of transport packages in this paper are pointed out as follows.

(1)Time restriction of the delivery of the transport packages is weaker.

(2)Empty capacity of the transport vehicles is used erectively・

(3)■ anspOrt packages are transported as many as possible with feasible transport vehicles.

(4)Plural transport vehicles can transport the transport packages among the same collected and/or reuSe

bases(CRB).

Considering the above characteristics of the reuse systems of the transport packages, we formulate a

vehicle routing model for the reuse systems of the transport packages.
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3. Fbrmulating a vehicle routing lllodel fbr reuse system

3.l Assumption
ln this paper,we consider a vehicle routing problem for reuse system which satisfles the fo1lowing condi―

tions.

(1)VOlume of collected transport packages is given.

(2)nansportation cost of each vehide is varied by transportation quantity and transported distance.

(3)hmaining of the transport packages which is not transported is permitted.

(4)Departure and arrival time of the vehicle are kept.

(5)■ranSpOrtation of plural vehicles among same CRBs is permitted.

(6)■aveltime among the CRBs is r∝ orded in the database,and all admissible route for each vehicle can

be extracted.

Figure l shavs the schematic diagrarn of the reuse syste,of the transport packageso We consider the

vehicle rOuting problem among the CILBs.
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ヽ
ヽ

B2  ン B

Ⅳr, Ⅳ13
CP CP

B1,B2,B3: Colleced and/or Reuse Base, CP: Collected Point

MI,M2,M3: Manufacturer

Figure 1: The schematic diagram of the reuse system of the transport packages

3.2 Notations
Let us define notations as follows.

N: the number of CRBs.

t1;: the travel time from the ith CRB to the jth CRB.

Dii; the collected quantity of transport package at the ith CRB which is transported to the jth CRB.

Wii: the coefficient of weight which represents the priority of transportation from the ith CRB to the jth
CRB.
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κ

θた

Tた

υζ
υL

the number of transport vehicles.

: the capacity of the /rth transport vehicle.

the permissible time of the /cth transport vehicle.

the starting position of the kth transport vehicle.

the destination of the kth transport vehicle.
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the travel time which the kth transport vehicle moves from starting position to the ith CRB.

the travel time which the ,tth transport vehicle moves from the jth CRB to the destination.

the number of the passed CRBs which the kth transport vehicle moves along the rth route.

the CRB which the kth transport vehicle visits the ith order along the rth route.

the number of admissible routes of the &th transport vehicle.

the service time at the the ith CRB.

球={(υfr,υ夕r),― ルfr,υ爆),(υ夕'r,電r), ―ルタr,υ爆),一 ,(υ爆_1,υ毎)}

(た =1,…・ ,κ ,r=1,…・,Rん )

ι:'S

イ'E

で
υ夕'r

Rん :

θ二:

Frolln the information of theん th transport vehicle,adrnissible routes are extracted fron■ the database of

travel time among the CRBs by inequality(1)・

Й,-1       '1
サli+西 ιυ:「υ

=+ι
l嘱 +西 9≦ Tた  =゙1'… ちκ,T=1,一、Rた)   (⇒

Extracting adnlissible routes fronl the database can flnd all adlFniSSible route,however,in this paper,it

assumes to extract admお sible routes by upper limited number ilq.

oき ,υttr,… ,υ爆,γL):the rth admお dbb route whchお pttsed through the CRBs of theた th transport

vehicle.

Oん :the set Of the admissible routes of theた th transport vehicle as fol10ws.

0ん ={Oζ ,υIユ

「

… ,υ
鋳

,υり ,。3,υIP,一 ,υ
鋳

,υり ,… 、⇔3,υ l'Rた だ… ,υ
電 |,υ

9}

(た =1,一・,κ)             (2)

(υ夕
,7,け ,r):the transportation■ om the(υ r'r)th CRB to the(寸 'r)th CRB,which is feasible when theた th

錯 :the set of the transpotation which is Lasible when theた th transport vehicle selects the rth admお dbb

route as lollows.

(3)

d|' : the binary coefficient which represents the transportation from the ith CRB to the jth CRB, which

is feasible the kth transport vehicle selects the rth admissible route as follows.

6i. ft (i,ilesf 
(4)-\ o (i,ilesl

Plrr , the transportation quantity from the ith CRB to the jth CRB, which the kth transport vehicle selects

the rth admissible route .

Xf : the binary variable, which represents Xf : 1 when which the /tth transport vehicle selects the rth

admissible route, Xf :0 otherwise.

Using the above notations, we formulate the transportation planning model among the CRBs.

3.3 Formulation
To transport the collected transport packages as many as possible, we formulate the transportation

planning model which selects the routes of all transport vehicle that the total transportation quantity is

maximized.

(1) Objective function

Z=ΣΣΣ Σ L′・δむ
r.場r→ Maπ

た=1,=1づ =1′ =1,′≠二

(5)
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Objective function(5) represents to ma><mize the total transportation quantity considering the priority

of the transportation arnong the CRBs.

(2) Constraints with respect to the collected quantity of transport package

κ Rた

ΣΣttr・ 聴r≦ D″

Ic:l r:1

Inequality(6) repersents that total transportation quanatity of the transport vehicles must be equal or

less than the collected quantity of transport package.

(3) Constraints with respect to the capacity of the transport vehicle

′    バZ吉

コふ1午凛41凛r≦ θL考
(た =1,・・・,κ,r=1,… ,Rた ,ブ =1,一 ,Йター1,(υr'7υ ttr)∈ 球) (7)

Inequality(7) represents that the carrying quantity of the transport vehicle at the CRBs is eqaul or less

than the capacity of the transport vehicle.

(4) Constraints with respect to the admissible route of the transport vehicle

6:;' . p:i < v .x: (& : 1, ... ,K,r :1,...,fik, (i,i) € sf)

Σ考=1
,=1

χ夕∈{0,1}

Equation and inequality (8)-(t0) represent that only one admissible route must be selected among the

set of the admissible routes, where, V is a large positive number.

(5) Non-negative constraint of the transportation quantity

p!r" Zo (e- 1,...,K,r - 1,...,nk,p,i1esl1 (11)

We call the mathematical Programming model which ma:cimizes objective function (5) subjects to eqna-

tions and inequalities (6)-(11), the transportation planning model among the CRBs.

4.Heuristics
In order to solve the transportation planning model among the CRBs, we propose a heuristic method

using the limited routes of the transport vehicle extracted from the database of the travel time among

the CRBs, because it requires much calculation time to calculate an exact solution using all route of the
transport vehicle, and using Lagrangian relaxation as subproblems, solving the Lagrangian dual with dual

simplex method [11],[12].

By rela:cing the inequality (6) using Lagrangian multiplier u: (uij), the Lagrangian relaxation problem

is separated into the subproblems of each transport vehicle as follows.

(6)

(た =1,…・,κ )

(ん =1,…・,κ,r=1,…・,Rた )

(8)

(9)

(10)

ZDO)=Σ 40)一Σ Σ 鶴″・D・ → Maπ
λ=1        :=1′ =1,J≠

`

Rた  Ⅳ  Ⅳ

る。)=ΣΣ Σ (%― 包り)・
δケ
r.弓r→ ναπ

r=1,=lJ=1,`≠ J

(12)

(13)
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s.t.

′    Jを

'コ"≧ lδ
ttυ摯'・寺lυttr≦

θん・対
(r=1,…・,Rた ,ブ =1,・ …,ル晴-1,(υ夕''υ ttr)∈ 球)

δ摯・・弓
r≦ y・ 対  0〒 1,… 、Rた ,0,D∈ 錯)

Σ対=1
7=1

Xl∈ {0,1} (r=1,…・,Rた )

弓
r≧ 0 0=1,… ,Rた ,(,,′ )∈ 球)

ZD=Συλ―Σ Σ ttJ・ 場→νれ
た=1     :=1′ =1,こ≠′

s.t.

Ⅳ  Ⅳ

υた≧Σ Σ (%― 鶴″)・ δり'・ 弓if

う=lJ=1,こ≠J

(た =1,…・,K,r=1,…・,Rた ,J=1,…・,■ )

(14)

(15)

(10

(17)

(18)

(19)

As separated Lagrangian subproblems have integrality property, subproblems can be solved easily by

linear programming method. However, we solve the separated Lagrangian subproblem by another method.

The separated Lagrangian subproblem are separated again into each admissible route, called re-separated

subproblem. Re'separated subproblems are simple LP problems subject to the only constraint of the capacity

of transport vehicles. By sorting the admissible routes of each transport vehicle according to the large value of

objective function of initial re-separeted subproblems when Lagrangian multipliers equal zero, all re'separated

subproblm do not necessarily solve because the upper bounded value of each re-separated subproblem is

already calculated. Lagrangian dual is soloved by dual simplex method, adding the constraints obtained

from the solutions of Lagrangian subproblems.

(20)

(21)

where, Put:l ir a solution of subproblem at the lth iteration and .L is the number of iterations.

From the simplex multipliers of the Lagrangian dual, the primal solution of another form of Lagrangian

dual which is based on Dantzig-Wolfe Dicomposition is obtained. Feasible solution and/or branching variable

is found from the primal solution, and using branching and bound procedure, best feasible solution of the

transportation planning model is found.

5. Numerical Examples
In order to clarify the effectiveness of the proposed heuristics, some numerical examples are shown under

the following conditions.

(l) Number of CRBs

Ⅳ =9,12

Table l shows the travel time alnong the CRBs.

(2)Number of transport vehicles

(22)

K・=10,15 (23)



Cl C2  C3  C4  C5  C6  C7  C8  C9  C10  Cll  C12
Cl

C2

C3

C4

C5

C6

C7

C8

C9

C10

Cll

C12

0.0    25    09   40   31   66   65   38   7.9    29    5.5    77

25    0.0    30   60   54   86   85   63   89   47    80    100

09    30    00   3.1   3.2   58   57   36   71    20    5.2    70

4.0    60    31   00   4.2   27   2.6   3.7   5.0    13    40    42

3.1    54    32   42   0.0   65   6.1   1.2   9.1    4.0    30    64

66    86    5.8   2.7   6.5   00   0.5   5.6   39   3.8    50    2.7

65    8.5    5.7   26   6.1   05   0.0   5.2   45    3.8    46    2.2

38    63    3.6   37   1.2   56   5.2   0.0   86   3.9    18    5.3

79    8.9    7.1   5.0   9.1   3.9   45   8.6   00   5.3    86    6.5

2.9    4.7    2.0   1.3   40   38   38   3.9   5.3   0.0    48    55

55   8.0   5.2   4.0   3.0   5.0   46   1.8   8.6   4.8    0.0    39

7.7   10.0   7.0   4.2   6.4   27   22   5.3   6.5    5.5    3.9    0.0
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Table 1: Tlavel Time among the CRBs

Table 2: Collected quantity of the transport packages

C8C6C5C4C3C2Cl C7 C9  C10 Cll  C12
Cl

C2

C3

C4

C5

C6

C7

C8

C9

C10

Cll

C12

0    500   300   300   200   200   200   100   400   300

500    0    400   300   500   200   200   500   100   300

300   300    0    200   400   100   400   300   300   100

200   100   400    0    400   100   500   300   300   500

100   200   100   400    0    500   100   300   200   300

500   200   400   200   200    0    200   200   100   400

200   500   100   400   300   400    0    200   200   500

500   100   100   400   400   300   200    0    400   200

100   200   500   500   100   100   400   200    0    500

100   200   100   200   400   300   100   400   500    0

200   300   300   400   200   400   300   300   500   200

100   200   500   400   400   300   300   400   200   500

０

　

０

　

０

　

　

０

０

０

０

０

０

０。

００

００

００

∞

００

００

∞

∞

００

０

Table 3: Permissible Time and number of admissible route of the transport vehicles

Transport Vehicle
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Ml

M2

M3

M4

M5

M6

M7

M8

M9

M10

Mll

M12

M13

M14

M15

7

1

6

5

17

3

16

1

6

20

18

40

8

48

1

139

124

125

105

196

78

150

89

98

116

156

207

148

217

68
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(3)CapaCity Of transport vehicles

σん=300 (ん =1,…・,κ )

Collected quantity of the transport packages

Table 2 shows the collected quantity of the transport packages which transport from the tth CRB to

′th CRB.

Pernlissible time and number of adnlissible route of the transport vehicles

Tko,: SDp* (1.0+0.3) (2o

where, SDr is the travel time of the kth transport vehicle from starting postion to destination. Table

3 shows the permissible time and the number of admissible route of the transport vehicles.

Table 4: The result of the Numerical Example ( N : 9, K : 10)

Tlansport Vehicle Selected Route Transportation Quantity
Ml

M2

M3

M4

M5

M6

M7

M8

M9

M10

2

7

→ 3→ 5

1→ 3

3→ 2

7→ 8

→ 6→ 9

6→ 7

1→ 5→ 8

7→ 6

3→ 8

3→ 4

2→

2-,3  300   3→ 5  300

1-→ 3  300

3→ 2  300

7→ 8  200

6→ 9  100   7-,6  100   7→ 9  200

6→ 7  200

1-→ 5  200  2■>1  200  2→ 5  100  5→ 8  300

7-,6  300

3-,8  300

3-,4  200   4→ 7  300

Total transportation quantity 3900

Table 4 shows the result of numerical example. This table shows that each transport vehicle is assigned

the transportation among the CRBs. Table 5 shows the results of the numerical exarnples varying number

of the CRBs, number of the transport packages and upper limit of admissible route. In this table, when

the number of CRB is 9, we solved the transportation planning model used the collected quantity of the

transport package from lst CRB(CI) to fth CRB(C9), and when the number of transport vehicles is 10,

used the data of transport vehicles from Ml to M10. Form this table, when the number of the CRBs and

number of transport vehicles increase, processing times increases. When ma:cimum number of the extracted

routes from the database decreases, total transportation quantity does not decrease so much. And, it seems

that processing time decreases when the maximum number of the extracted routes decreases. These results

show that the proposed heuristic method provides a practical transportation plan using limited number of

extracted routes.

6. Conclusion
This paper proposes a heuristics on a vehicle routing problem for reuse systems of transport packages.

The followings are clarified.

(l) Formulate a vehicle routing model for a mathematical programming problem, which ma:<imizes the

total transportation quantity of disposed products.

(4)

(5)
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Tubl" 5, Th" .".,rltr of th. t of flk
Number Number of Upper Limit of Objective CPU Time
of CRBs Transport Vehicles Admissible Routes Function (sec)

59

5

10

15

all

3900

3900

3900

3900

0.3

089

092

102

15

15

15

15

5

10

15

all

6400

6600

6600

6600

3.52

696

921

1105

12

12

12

12

5

10

15

all

235

308

768

827

4400

4400

4400

4400

12

12

12

12

15

15

15

15

５

１０

１５

ａｌｌ

8100

8100

8300

8400

546

1037

1521

2536

(2) Propose a heuristics using some limited information with respect to vehicle routines.

(3) Clarify the effectiveness of our proposd heuristics from some numerical examples.

Fbrther studies are necessary to examine a vehicle routing problem considering the transportation using

the intermidiate CRBs.
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