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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 Wurking\rea 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 ua’ng 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 cascﬂicr 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. Themtes 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
Minz= 6,5I_1’0| +2}’02+6I}’03+8,5I}’04+ 8,5_Y|2+ 1 3,5_Y| 3t 1 5X|4+ 8,5X2 1 +4X23+6,5X24+ 1 3,5X3|+4X32+2,5X34+ 1 SX_.“

+6,5.’(42+2,5.¥43 [1]
Subject to
xpptxz=1 (2a)
Yoz tye=1 (4a)
xatxn=1 (4b)
Yoa t yan=2 (52)
Yo+ ye Yo tyu t Yot Yoty tre txnt it gt Xt xag
txg txpt g tay txgn =42 (6)
Yot Yty t Yao - Yoo - Yoz - Yoz - Yoa t xi2 t X3+ xig + xap + x2s + ag
+ 3 gyt as Fag Fap tx =0 (M
Yot yatyotyn=I1 (8)

nmnegativiry requirements:

2205x320,x420;x120:x3205x4205x520;x3220 333 20,5920 x5 20, xg5 20, 020,
Yoz 0.2 0. 3= 0.010=0.20= 0, y30= 0,350 = 0.

X125 X135 X145 X215 X230 X245 X315 X325 X345 Xaps X2, X3 € 10, 1, 2}

Yoi, Y02, Y03, Yods Vios Y20, V3o, Yao€ {0, 1}

We continue to preprocessing tehnique as follows.

xpptxssl (2a*)
yost =l (4a™*)
X3 Fap<l (4b™*)
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Vostysp=1 (5a%)
Yoty trotynsl (8%)

Preprocessing Technique

1. Strengthen the bounds of constraint variables

Xi2s X135 Xp4s X21s X33, Xoa, X3, x32n4, X415 X42, X43€40, 1, 2} dan setiap variabel mempunyai batasan nonnegatif

>0, maka, apabila dimisalkan x,=0; x3=1; x1,=0; x3=2; x33=0; x24=0; x3,=1; x3:=0; x34=0; x5= 0; x55=1;

X5=2. Vo1, Yoz, Yazs Yoa V1o Y20 Va0s Yao€ 10, 1} dan setiap variabel mempunyai batasan nonnegatif >0, maka,

dimisalkan yo,=1: yo:=1: yos=1: you=1: ¥16=0: y7=0; y30=0: ys0=1.

e  Strengthen the bound for variable x5, x,3 in (2a*).

e  Strengthen the bound for variable ygs, 130 in (4a™*).

e  Strengthen the bound for variable x3,, x3 in (4b¥).

e  Strengthen the bound for variable ygy, 4 in (5a%).

e Variable yo;, Yoo, Yo3» Yoss V1o V10s V20 Y30 and ygp in (6) cannot be strengthened.

e Variable x5, Xj3, X14, X215 X23, Y24, X315 X32 X33 X1, Xp and x43 in (6) cannot be strengthened.

e  Variable Yo Y20 Vio Vao Vor Yoz Voz Vosa X12 X13 Xig Xop Xoz X2 X31 X32 Xag Xgp Xap Xa3 in (7) cannot be
strengthened.

e  Strengthen the bound for variable yyg y20 30 Va0 in (8).

2. Eliminate Redundant variables

For Constraint (6)

a. We got the nonnegative bound after strengthening the bounds that are x;5>0; 0<x;3<1; x,=0; x7,=2;
X2370; 224705 O=gp=<l; %3205 X30=0; 20705 x4=15 %45725 yor~1i yor=1; 0=vps<ly O0svp<l; yi=0;
y2=0; y3=0; 0= ygp<l. By using upper bound, we obtain that (6) satisfy the upper bound of
nonnegativity constraint. 1

b. We got the nonnegative bound after strengthening the bounds that are x,7=0; x;3=1; x,=0; x3,=2;
X23=0; 224705 x31=1; x3070: 23705 x41=0; x0=1; x45=2; yor=1; yos=1; yoa=1; 110=0; y20=0; y3=0; ya=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 x;. 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.
Minz = (),5 Yol +2 Yo t 6 Yoz + 8,5 Yoa + 85 xp+ 13,5 xp3t 15xs+ 8,5 X2+ 4 x3 + (],5 Xag t 13,5 X3 +

4 x30t 2,5 x34 + 15 xq1+ 6,5 x40 + 2,5 x3 (1*)
Subject to

xp<l (2a**)

Yoz +ya <l (4a*)

x=1 (4b**)

Yot ya<2 (5a%)

Yoty tryutynsl (8%)

{1 ]

20 0=x S X =000 =25 X0 = 05204 = 0; 0= x03; < 15 X9 = 05 X035 = 05 x70; x5=15 %4372 5 o1 =13
Ye= 0=y 0=pyu <0 =0020=0; y3020; 0=y < 1.

X125 X13, X 14, X21, X33, X24, X531, X32, X34, X1, Y, X3€ {0, 1, 2}

Yois Yo2s Y03 Yods V1t Y20s Vo, Vao€ 10, 1}

We transform into initial form as follows.

Minz = 6,5 You +2I_1.’02 +6 Yoz + 8,5}’04 +85xp+ 13,5 xiz+ 15 x4+ 8,5 X2+ 4 x23 + 675 Xa24 + 13,513| + 4 x32
+2,5 X3y + 15 xy+ 6,5 xpp + 2,5 x43 (9)
Subject to
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[ 1]

Xp = 1
Yoy +yie=1
Xp = 1
Yost ya=2
Yoty t yotya=1

200 2x3 S Lixa =020 = 25 x5 = 0 x04 = 05 0 S 255 £ 15 X035 2 05 2034 = 05 x49=0; x55=1; x5=2 ; yo=1;
yvo=l; 0=y = L0 <yu=lyio=0;y0=0,yn=0; 0=yp=1.
X125 X13, X145 X215 X23, X24, ¥31, X32, X34, X1, X2, Xg3€ {0, 1, 2}

Vor, Yoz, Yozs Yos Vios Va0 Vaos Yao€ 10, 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
L "o "o >
! 2 3
4
11 T 0
3 0
4 2
11 5
¢ 2
1
4 6
v 1
| El
3 4
vV 3
;’ 1
|
2
VI 0 Kl
3 2
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Tabel 2. OCVRP Model Before Applying Preprocessing Technique

1 9 24 7 Z=065ya 2yt 0yt 8.5 st 85xp + 13555 + 150+ 8,53, +
a0+ 05 x0+ 1355 +dxn + 2550 1500+ 65 v+ 2.5 x50
Kendala :
xp=1
Yot ru=1
xu=1
Yot Yao=2

Yt Vet Vat Ve Vo Ve et Vet N e e T g T
KartXart o tag=4.2

Yo ¥ Voo T VaF Vao s Vo= Vaz = Vas - Ve T T X T o F s Tt
Xyt Xt xgtaygtap txg=0

Vit vty t yaa=1

1 6 21 8 Z=65vq Y vz + 85 v + Py + 155 xp + 15 xp + 15,55+ 15,5
KXy F 08 a3 xpg 15 x5 + 0550 05 xg F 155 % Fxn+ 053,
Kendala :

xpFag= 1

Yetryn=1

xu=1

Yo+ =1

Yo+ =1

Yo F¥a TVt Yt Yot Ve F e Tt Xt s gt Fan Fay
F Xy Xt Ayt Frp x> 46

Yo+ Yot yat Y- Yo - Ve - Yo - Ve Xt xs et xn s+

Xy Xt gt g trn Fxg=0

Yoty yumtym=1

11 6 42 11 Z=9 v+ 0 pa+ 5510+ 8yt Qvas + 150 +3 x5+ 35x:+6,5
A+ 753+ 1355+ 320 0530+ Fxg+ a0+ 1005 306+
35+ 0530+ 25 xu+ 35 x5+ 10+ 65x0n+ Fxp+2.5
Kzt Xas+ 7.5 %8 +7.5 251+ x0 + 35 x5+ Xsa+ 05 x5 + 13,53
+ 10,550+ 10x: + 7.5 xa0 + 6.5 x5

Kendala :

Yoz F v =1

xx=1

Yot ru=1

=1

Yor+ yaa=1

xu=1

yos+ysa=1

ya= 1

Yo T Vo T Vet Voo T Yor F Ve T Vs T Yoa T X2 T T e T A Xn Ty

Fxy Faat Ay tagy trp A= 673

Yo T V20T VaF Voo - Vo -V < Yoz - Vs T X2 X T T FXn T

Xy tan st i tre txa =0

Yo+ Yoz + Yos + Yos Vs T ves= 1

v 6 20 8 Z=2y0+ 81+ 10+ 1y + 952+ 1l x3+ 12x3+ 935+ 2
XanF3xa+ 1l xg + 2 x50+ x3g + 12 x4y #3542 + X3

Kendala :

xptxn=1

Yetrn=1

Yot ru=1

Yot ra=1

xp=1

yotymtyutyetyntye Fyo e trzton ot tan Fan
Xy bt Ay tag trp a4
Yo F vt yat Ve Yo s Var = Vas - Vs T T P e A b Foagg
Xy F Xt Xt g txg txs =0
Vgt vz +ym+ys=1
A% 3 12 19 Z=16x0+2x02+3xn+1lxu+16x0+x2+2x5+ 2x0 +x2 +
Ko+ 3xy+ 2+ xan
nndala:
X+ Xoz + Xz =2
xptas=1
g+ x2 +xzs=1
4 + x5, =2
K+ Hgz + Xga + Vot 0 P g a0
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Tabel 3. OCVRP Model AfterApplying Preprocessing Technique

1 4 4 3 Z = 65y 2y tret 8, Syget 8,550+ 15348, S0 Hhxa s H0 S ot dx s
+2 5wt 15w+ 6,5 xyzt 2,500
Kendala :
xp=1
YaFre=1
=1
Yoa+ Ve =2
YtV Vot rae=1
1 2 5 3 L= 6.5 v+ 8,51 et 153,50 15,550,405 xo5 +aag + 1525+ 0.5
xn + 05 xu+ 1553 +x+ 05 x4
Kendala :
xptag=1
Vetyn=1
xu=1
Yatye=1
voa+ oy =1
Yt Yot Vit e =1
11 4 8 9 Z=9yn+ 8ya+%us+ 150 +3x2+ 35 xn + 6502+ 75105 + 13,5

Xie+ 3xn + 0.5 30 + 3 3o+ 4 xos + 1005 w06 3.5 x5y 0.5 w0 +
25 xu +35 0w+ 10235+ 0.5 00 + 3 20 + 2.5 X + Xas + 7.5 X
15 xg +dxn 35kt gt 05 v 13505+ 105 x5+ 10
Xz + 7.5 X 6.5 x5

Kendala :
Yoz ¥ yw=1
xm= 1
yo+yu=1
xn=1
Yos +Ya =1
X ™
Yos +ysa=1
Y =
Yo+ Yoz + Yoz + Yo+ Vas + ves =1
v 2 I I Z=2 v + 8yt 10y + 1y + 952+ 1l s+ 9x+ 235+ 33y
+ 11 X3y +2 x50+ X3+ 3xg2 + X3
Kendala :
xptan=1
Yetrn=1
Yot ru=1
Yot ra=1
xp=1
vt vt vt =1
v 2 5 5 Z=16xp+2x2+3x3+ MNxu+1o6xy+2x3+ 2xyp+rn+3
Xgt2xy +xn
Kendala :

Xy F Xy T xgz =2
xn=1

Xy tan=1
Xyt =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.
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45 17 42

40 °

35 7
ml
mil
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miv
mV

iteration | wvariable |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 tehenique 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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