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1. INTRODUCTION

Rubbish problem is a major problem in a city that should be handled by the government especially
by Dinas Kebersihan dan Pemakaman (DKP). The rubbish disposal in Palembang is conducted into steps.
The rubbish were collected from homes to the nearest Temporary Rubbish Disposal (TRD). Then, the
rubbish will be transported by the officers from Palembang Hygiene Service Unit by using vehicles such as
dump trucks or amroll to Final Rubbish Disposal (FRD) or depot in Sukawinatan or Karya Jaya. The rubbish
transportation is grouped into Working Area for each driver of vehicle.

The rubbish transportation is one of the example of Vehicle Routing Problem (VRP) to find
minimum routes. IF it is focussed on one depot and general vehicle capacity, then it is called Capacitated
Vehicle Routing Problem (CVRP). If the customers can be visited clockwise or anti clockwise routes along
the arcs, then the problem is called Symmetric Capacitated Vehicle Routing Problem (SCVRP).

In the classic VRP, the vehicles should go back to the depot after finishing the journey. However, in
more improved case, after finishing the journey, the vehicles need not to go back to the depot. This will result
in open path where the vehicle starts from the depot and ends in one of the customers [1]. That situation
occurs in rubbish transportation in Palembang. The vehicles usually are not in depot after transporting the
rubbish. The routes will be open routes and we call it Open Capacitated Vehicle Routing Problem (OCVRP).
If we focus on one depot and the capacity of the vehicles then the problem will be Open Capacitated Vehicle
Routing Problem (OCVRP).
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Savelsbergh [2] gave detail explanation about tightening the relaxed Linear Program in Mixed
Integer Liniear Program (MILP) by utilizing probing and preprocessing techniques which result in the
reduction in bounds and size of coefficient of constraint matrices. In this case, Savelsbergh [2] generate the
framework to draw various techniques preprocessing and probing in MILP so that set of the feasible solutions
of relaxed linear programming can be reduced but the set of the feasible solutions of MILP will not change.

In fact, the probing and preprocessing technique basically attempt to check and change a
formulation of the constraints so that that formulation can be solved easily. For instance, in real case of
Fixed-Charge Network Flow Problems [3]. The preprocessing technique is already applied in previous
research on CVRP [4]-[9].

So, in this paper, the contribution will be based on applying probing and preprocessing of OCVRP
especially for identifying nonfeasible constraints, redundant variables, improving bounds and coefficient and
arrangement of variable values. We then validate the model and compare to initial model. He rubbish
transportation model is focused on rubbish transportation in Kecamatan Sako Palembang.

2. RESEARCH METHOD
To simplify the model of that transportation system, we conduct three stages as follows.

1. Form the OVCRP model
The model is formed according to rubbish transportation data in Kecamatan Sako Palembang such as
routes, distance between FRD and TRDs, vehicle’s capacity, number of vehicles used and rubbish
volume. We obtain the data through surveying and interviewing in details’ to staff of rubbish management
in FRD of Sukabangun area and several drivers of rubbish trucks.

2. Simplify the OCVRP model
To simplify the model, we conduct steps such as strengthening the bounds of constraint variables,
eliminating redundant constraints and fixing variables.

3. Solve the OCVRP model
The solution is to obtain optimal objective function and each decision variables of the model. The solution
is based on non-simplified model and simplified model and we seek to compare that simplified model
yield efficient result.

3. RESULTS AND ANALYSIS
In this part, we describe the steps of simplifying OCVRP model using preprocessing techniques.

For Working Area 1 Sako
Model OCVRP after setting up the probing technique is
Min z = 6,5Y911t2Y02t6Y0318,5Y0418.5X12113,5X 315X 478,5X51+4X2316,5%24113,5X31+4X3512,5%34+1 5%y

16,5 X4012,5X43 (1
Subject to
X+ X3 =1 (2a)
Yos +Ys0=1 (4a)
X31 + X3 = 1 (4b)
Yoa + Y40 =2 (5a)
Yor + Yoz + Yo3 + Yoa + V1o + Y20 + Y30 + Yao + X2 + Xi3 + Xig + Xo1 + Xp3 + X4
+ Xs1 + X3+ Xaa + X4 + Xgo + X432 4.2 (6)
Y10 T Y20 + Y30 T Ya0 - Yo1 - Yoz - Yo3 - Yoa T Xi2 + Xi3 + Xig + X1 + Xo3 + Xo4
+ X3+ X532 + Xaa + Xa1 X2 + X432 0 @)
Yio+ Y20 + Y30 + Yao = 1 3

Nonnegativity requirements:

X222 0;5X320;X420;5X%;20;X%X3>20;%X420;X35205X350>20 X34 20, X4 =0, X0 =0, Xg3 20, Y20,
Y02= 0, Y03 = 0, Yos = 0, Y10 = 0, Y20 = 0, Y30 = 0, Y49 = 0.

X12, X13, X14» Xa1, X23, X24, X31, X32, X34, X41, Xa2, Xg3 € {0, 1, 2}

Yoi> Yo2 Yo3» Yods Y105 Y20, Y30, Yao€ 10, 1}

We continue to preprocessing tehnique as follows.

Xpp+Xi3<1 (2a*)
Yos T Yz =1 (4a*)
X31 + X33 < 1 (4b*)
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Yos T Yao =1 (5a%)
Yio+ Y20+ Y30+ Ya0 <1 (8%)

Preprocessing Technique

1. Strengthen the bounds of constraint variables

X125 X135 X145 X21, X235 X245 X31, X325 X34, Xa1, Xa2, X43€ {0, 1, 2} dan setiap variabel mempunyai batasan nonnegatif

20, maka, apabila dimisalkan X12:0; X13:1; X14:O; X21:2; X23:0; X24:0; X31:1; X32:O; X34:O; X41= O, X42:1;

X43=2. Yo1, Yo2, Yo3» Yoa» Y10, Y20, Y30, Yao€ {0, 1} dan setiap variabel mempunyai batasan nonnegatif >0, maka,

dimisalkan Yo;=1; Yoo=1; Yo3=1; Yoa=1; ¥10=0; ¥2=0; Y3=0; Y4o=1.

e Strengthen the bound for variable X, X;3 in (2a*).

e  Strengthen the bound for variable yy;, Y30 in (4a*).

e Strengthen the bound for variable X3, X3, in (4b*).

e  Strengthen the bound for variable Y4, Y4 in (5a%).

e  Variable Yo, Yoz, Yo3,» Yo4> Y10, Y10, Y20, Y30 and Y4 in (6) cannot be strengthened.

e  Variable X3, X3, X14, Xa1, X23, X245 X315 X32 X34 X41, X4 and X43 in (6) cannot be strengthened.

e Variable Yio Y20 Y30 Y40 Yor Yoz Yo3s Yoa Xiz Xi3 Xia Xa1 X23 Xz X31 X3z X34 X41 Xg2 Xg3 in (7) cannot be
strengthened.

e Strengthen the bound for variable Y;¢ Y2 Y30 Y4 in (8).

2. Eliminate Redundant variables

For Constraint (6)

a. We got the nonnegative bound after strengthening the bounds that are X;,>0; 0<X3<1; X;4=0; X,;=2;
X2370; X24=0; 0<X31<1; X320; X34=0; X41=0; Xo=1; X372 Yor=1; Yoo=1; 0<y3<1; 0<yu<1; y10=0;
¥20=0; ¥30>0; 0< y4<1. By using upper bound, we obtain that (6) satisfy the upper bound of
nonnegativity constraint.

b. We got the nonnegative bound after strengthening the bounds that are X;,=0; X;3=1; X14=0; X;;=2;
X2370; X24=0; X31=1; X35=0; X34=0; X41=0; X42=1; X43=2; Yoo=1; Yo3=1; Yo4=1; ¥10=0; Y20=0; Y30=0; Y4o=1.
By using lower bound, we obtain that (6) satisfy the lower bound of n onnegativity constraint. We
conclude that (3.6) is redundant. Hence, we can eliminate (6).

For Constraint (7)

We obtain that (7) satisfy the upper bound and lower of nonnegativity constraint. Hence, it can be

eliminated since it is redundant.

3. Fix the variables

a. Evaluate variable Xxj3. Since the constraint (2a*) has the number of biggest constraints exceed RHS,
then that constraint should be eliminated.

b. Evaluate variable xs;. Since the constraint (4b*) has the number of biggest constraints exceed RHS,
then that constraint should be eliminated.

We obtain new OCVRP model as follows.
Min z = 6,5 Yo1 +2 Yoo + 6 Yoz T 8,5 Yoa + 85X+ 13,5%X3+ 15 X4+ 8,5 %Xy 4 X3+ 6,5 X4+ 13,5 X3; +

4 Xyt 2,5 X3q + 15 Xar+ 6,5 Xap + 2,5 Xas (1%)
Subject to

X <1 (2a**)

Yoz t Y30 <1 (4a*)

X <1 (4b**)

Yoa +Ya0 <2 (5a%)

Yio+ Y20 T Y30+ Ya <1 (8%)

and

X122 0; 0 <X;3< 15 X4 = 05 Xo1 = 25 Xo3 = 05 Xo4 = 0; 0 < X31 < 1 X32 = 05 X34 = 0; X41=0; Xa2=1; X43=2 ;5 Yo1 =1;
Yoo=1;0<Yp3<1;0<Yo4 < 1; Y10 = 0; Y20 = 0; Y30 = 0; 0<ygo < 1.

X125 X135 X145 X1, X23, X24, X31, X32, X34, Xa1, Xa2, Xg3€ {0, 1, 2}

Yot Yoz, Y3, Yo4» Y10, Y20, Y30, Yao€ {0, 1}

We transform into initial form as follows.

Min z=6,5 Yo1 +2 Yoz + 6 Yo3 T 8,5 Yoa + 85X+ 13,5X;3t 15 X145+ 8,5 X1 +4 Xo3+ 6,5 X4 + 13,5 X371 +4 X35
+ 2,5 X34 + 15 X417 6,5 X40 + 2,5 Xy3 )
Subject to
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Xp=1 (10)
Yos + Y30 =1 (11)
X32 = 1 (12)
Yoa + Ya0 =2 (13)
Yiot Y20+ Y30t Yao =1 (14)
and

X122 0; 0 < X3 <15 X4 = 05 Xo1 = 25 Xo3 = 05 X4 = 05 0 < X31 < 15 X322 05 X34 = 0; X41=0; X40=15 Xa3=2 ; Yor=1;
Y=L 0 < Y03 < 1; 0 < Yo4 < 15 Y10 = 05 Y20 = 0; Y30 = 0; 0<ygo < 1.
X12, X13, X145 X1, X23, X24, X31, X32, X34, X41, Xa2, Xa3€ {0, 1, 2}.

Yoi> Yo2, Yo3> Yod» Y10, Y20, Y30, Yao€ {0, 1}. For the rest of Working Area, we conduct the same steps as above,

and it is summarized into Table 1 below.

Table 1. Optimal Route for each Working Area in Sako

Working Route
Area
I 0
® >0 >0 >
1 2 3
4
II 1 @ »®
3 0
4 2
111 5
0 2
1
4 6

v 1

| El

3 4
A% 3

1
0
2
VI 0 K‘l
3 2
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Tabel 2. OCVRP Model Before Applying Preprocessing Technique
Model OCVRP Model Before Applying Preprocessing Technique

ITteration | Variable Cosntraint

WA Number | Number Number Wi
1 9 24 7 Z=6,5Yo1 2 Yoo T 6 Yo3 + 8,5 Youa + 8,5 X2 + 13,5 X135 + 15 X1 + 8,5 Xo1 +
4 Xp3+ 6,5 Xog + 13,5 X3 +4 Xz + 2,5 Xag + 15 X417+ 6,5 Xa0 + 2,5 Xa3

Kendala :
X2 = 1
Yos + Y30 =1
X3 = 1
Yoa + Yao =2

Yi0tY20tY301Ya0tYo1tYortYos tYoatXia X3 HXiatXo HXo3 tXoa X5 X350+
XagHXq1HXaptX43>4,2

Y10+ Y20 T Y30 + Yao - Yor - Yoo - Yo3 - Yoa T Xi2 T Xi3 + Xia + Xa1 + Xo3 + Xoa +
X3+ X2+ Xag + X41 + Xa2 + X3 >0

Yio+ Y20+ Y30+ VYao =1

11 6 21 8 Z:6,5 Yo1 +9 y02+8,5 y03+9y04+ 15,5 Xip + 15 X33 + 15,5 X4 + 15,5
X1 + 0,5 Xo3 t Xog + 15 X3 + 0,5 X3 + 0,5 X34+ 15,5 X417 + Xgo + 0,5 Xa3
Kendala :
X3+ X =1
Yor TY0=1
X24=1
Yos +Ys0=1
Yos TYa0 =1

Yio T Y20 T Y30 + Yao + Yor T Yoo T Yos3 + Yoa + Xi2 + X3+ Xia + Xa1 + Xo3 + Xo4

+ X31 + Xa2 + Xaq + Xa1 + X2 + X43 > 4,6

Yio T Y20 + Y30 t Yao - Yor - Yoz - Yo3 - Yoa + X1z + Xi3 + Xpg + X1 + Xo3 + Xog +

X317+ Xa2 Xz + Xa1 + Xa2 + X432 0

Yio+ Yoo+ Yso+Ya=1

111 6 42 11 Z=9Y+t6Yn+55Y+t 8Yoat Ios+ 15Y06 3 X2+  3,5%X3+6,5
X4 + 7,5 Xi5 + 13,5 Xi6+ 3 Xo1 + 0,5 X3t 3 Xt 4 X5+ 10,5 Xz6 +
3,5 X3; + 0,5 X3 + 2,5 X34 + 3,5 X35 + 10 X3¢ + 6,5 Xs1 T 3 Xa + 2,5
X3+ Xas + 7,5 Xa6 +7,5 Xs1 + 4 Xs2 + 3,5 Xs3 + Xsq + 6,5 Xs6 + 13,5 Xg,
+ 10,5 Xe2 T 10 Xg3 + 7,5 Xea + 6,5 Xe5

Kendala :

Yor +Y20=1

Xos= 1

Yo3s + Y30 =1

X3 =1

Yoa + Yao = 1

Xa6= 1

Yos +Ys0 =1

Yoo = 1

Yio Y20t Y30 T Yao T Yor + Yo2 + Yos + Yoa + Xi2 + Xiz + Xig + Xar + Xo3 + Xog

+ X317+ Xa2 + Xag + Xgp + X2 + X3 > 6,73

Yio+ Y20 Y30 T Yao - Yor - Yoo - Yo3 - Yoa T Xi2 + Xi3 + Xia + Xor + Xo3 + Xos +

X317+ X32 X34 + X1 + X2 + X3 >0

Yo + Yoo + Yo3 + Yos + Yos + Yoe = 1

v 6 20 8 Z=2y01+8y02+10y03+11y04+9X12+11X13+12X14+ 9 Xy +2
Xo3 + 3 Xog + 11 X371 + 2 X320 + X34 + 12 X41 +3X42 + Xa3

Kendala :

Xz +X3=1

Yoo Y20 =1

Yos t¥30=1

Yos +Yao =1

Xs3=1

Yiot Y20 T Y30 T Yao t Yor Yoo + Yo3 T Yoa + Xiz + Xiz + Xia + Xo1 + Xo3 + Xog
+ X31 + Xap + Xag + Xa1 + X2 + X432 4,2

Y10+ Y20 T Y30 + Yao - Yor - Yoo - Yo3 - Yoa T Xi2 T Xi3 + Xia + Xa1 + Xo3 + Xoa +
X310+ X2+ X34 T Xa1 + X2 + X320

Yio+ Y20+ VYs0+Yao=1

\% 3 12 6 Z=1,6Xo1 +2 Xop +3 Xo3 + 11 Xoq + 1,6 X109 + X12+ 2 X135 + 2 Xp0 + Xo1 +
X233 X30 + 2 X31 + X3z
Kendala :
Xo1 + Xo2 + Xo3 =2
Xpp+ X3 =1
Xa0 + Xo1 + X3 =11
X30 + X351 =2

Xo1  Xoz2 F Xo3 F XoaTX10TX12T X131 X0 X1 HX3HX30HX31+X32>0
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Tabel 3. OCVRP Model AfterApplying Preprocessing Technique

Model OCVRP Model After Applying Preprocessing Technique
WA

Iteration Variable Constraint Model

Number number Number

I 4 4 6 Z = 6,5Y0112Y0t6Y03+8,5Y0418,5X12H 1 5X1418,5X0 1 +4X23+6,5%04+4X30
+2,5%34H 15X+ 6,5 Xgot 2,5X43

Kendala :

Xp=1

Yos tYs0=1

X3 =1

Yos + Ya0 =2

Yio+ Y20+ Y30+ VYao =1

11 2 5 6 Z = 6,5 Yoito2 +8,5Y03 +9Yost15X13+15,5%1410,5 X3 +Xo4 + 15X3:+ 0,5

X3 +0,5 X34 + 15,5 X41 + X0 + 0,5 Xy3

Kendala :

X3+ Xia=1

Yoo +Yo=1

Xos =1

Yo3 +Ys0=1

Yoa + Yao=1

Yio+ Yoo+ YsotVYao=1

II1 4 8 9 Z:Qy(]l + 8y04+9y05+ 15y0(, +3 X12+3,5 X13+6,5 Xia + 7,5 Xi5 + 13,5
Xi6 T 3 Xo1 + 0,5 X3 + 3 Xpg4 + 4 Xo5 + 10,5 Xp6 +3,5 X351 + 0,5 X3 +
2,5 X34 + 3,5 X35 + 10 X3 + 6,5 Xq1 t 3 Xgp + 2,5 X43 + Xg45 + 7,5 Xa6
+7,5 Xs; + 4 X5 + 3,5 Xs3 + Xsq4 + 6,5 Xs6 + 13,5 X¢1 + 10,5 X2 + 10
Xe3 + 7,5 Xea + 6,5 Xgs

Kendala :

Yor T Y20 =1

Xos = 1

Yos T Y30 =1

X3 =1

Yos+Ya=1

Xa6= 1

Yos +Ys0=1

Yoo= 1

Yoi + Yoo + Yos + Yoa + Yos + Yos =1

v 2 6 6 Z:2yO1+8y02+10y03+11y04+9X12+11X13+ 9 X+ 2 Xoz+ 3 Xoa
+ 11 Xa1 + 2 Xap + Xag + 3Xaz + Xa3

Kendala :

X2+ X3=1

Yoo tY20=1

Yo3 +Ys0=1

Yos T Yao =1

X3 =1

Yiot Yoo +VYs0+Ya=1

\Y 2 5 5 Z=1,6 X1 +2 Xo2 + 3 Xo3 + 11 Xos + 1,6 X10 + 2 X133+ 2 Xp0+ X3+ 3
X30 + 2 X31 + X3

Kendala :

Xo1 + X2 + Xo3 = 2

X3 = 1

X20 T Xo3 = 1

X30 + X31 =2

Table 2 and Table 3 explain that OCVRP model by applying preprocessing technique will yield
simpler OCVRP model compared to model by not applying that technique by showing the reduction in
number of iteration and reduction in number of constraints.

Figure 1 below shows us the comparison between OCVRP model before and after applying the
preprocessing and probing technique. We can see that the number of iteration, variable and constraint reduce
significantly after applying the preprocessing technique. For example, in term of number of variable , we
have tremendous reduction in number of variables after applying the preprocessing and probing technique.

IJAAS Vol. 2, No. 4, December : 193 —200
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45 + 42

35 7
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iteration ‘ variable |constraint iteration ‘ variable |constraint

before applying preprocessing after applying preprocessing

Figure 1. Comparison of Number of Iterations, Variables and Cosntraints Before and After Applying

4.

Preprocessing and Probing Techniques

CONCLUSION
We can conclude that by applying preprocessing tehcnique in the problem of transporting the

rubbish, the simpler OCVRP model can be obtained, the faster optimal solution can be achieved compared to
not applying the preprocessing technique. In addition, by applying the preprocessing technique, the number
of iteration and constraint is also reduced.
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