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Abstract: Garbage transportation system in Palembang (Irmeilyana et al., 2007) usually been done
in many phases. Garbage collected from homes usually been collected to the nearest temporary
garbage collection place (TPS). This garbage will be delivered to final garbage collection place (TPA).
This system divides into working area (WK). The garbage truck, in this case, does not go back to the
depot (TPA) after accomplishing its job. The driver usually takes the truck with him. This happens
since it is more efficient to bring the truck home and the route will be simpler. In this problem, we
deal with open capacitated vehicle routing e,\blcm (OCVRP). In this paper, all OCVRPs obtain its
initial integer solution so we cannot apply branch and cut algorithm. But for symmetric capacitated
vehicle routing problem (SCVRP) the optimal solution yields non integer solution so we have to apply
branch and cut algorithm. In Kecamatan Seberang Ulu 1, all of initial optimal solution yield integer
solution, but this solution is not valid so we have to add new constraints (adding constraints) to obtain
valid optimal solution.
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INTRODUCTION

Garbage transportation system in Palembang Irmeilyana, (2007) usually been done in many phases.
Garbage collected from homes usually been collected to the nearest temporary garbage collection place (TPS).
This garbage will be delivered to final garbage collection place (TPA). This system divides into working area
(WK).

In conventional CVRP problem as discussed in Irmeilyana, (2007) and Puspita, (2006), transport of
commodities required to return to the depot after completing the work. But, for some wvehicle routing problems
(VRP) such as gal‘ba@ranspm‘tatiun, the conditions mentioned above can not be done.

Transport vehicle usually does not return to the depot after performing their duties, but returned to another
place, such as driver home. This condition occurs, since the route must pass by becoming more efficient if
the vehicle had been taken earlier by a driver who transports garbage.

Another important incidents are usually occur when schedule visit demand is not once, that is, the traveling
vehicle must be divided into several sections to regulate demand. Furthermore, if period time in the visit
demand is limited, it will lead to limitation of delivery time. The problems which cause new problems to be
solved because the trajectories are formed not closed, but the path is open, and the demand which is divided,
so the problem becomes OCVRP-st (Open CVRP-split, time deadlines) Letchford er al, (2006) OCVRP-st
pmtau is important to be developed because it deals with the transport of commodities such as garbage.

Garbage transportation system in Palembang city done gradually, Garbage from households is transported
by a man to collect on TPS which is provided by DKP nearby. Furthermore, the existing garbage in TPS are
transported by DKP’ officers by using garbage transport vehicle (dump truck, amroll) to one of two TPAs,
namely TPA Karya Jaya and TPA Sukawinatan. Garbage transportation been done by the DKP officers are
divided according to the Working Area (WK) for each driver.

Caccetta, (2000) emphasized that for CVRP problem consisting of 100 vertices, Branch and cut as deemed
appropriate CVRP completion method as its solution method. So, based on last research on the transportation
of garbage and also on the exact solution method of branch and cut are necessary to formulate an appropriate
model for OCVRP-st and also its solution techniques by branch and cut method. If the branch and cut method
is applied, then preprocessing and probing techniques used to detect the tight of a model which is formed
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should also be applied.

Based on the background described earlier, it needs to create models and solve them with application
software on garbage transportation problems in Palembang city. It also needs the algorithm of Branch and Cut
method for OCVRP on garbage transportation which focuses on Kecamatan Seberang Ulu I Palembang.

MATERIAL AND METHODS

Design and methodology of research can be arranged in the working steps as follows:

1. The study is begun by preparing materials from various sources, including books, journals, and information
on the internet relating to CVRP and their variations such as the open path conditions, delivery of
commodities which are divided, the limited time of delivery between each customer, branch and cut
algorithm.

2. Garbage transportation data surveys in Palembang related to vehicle and TPS capacities, time collection,
and collection time sharing.

A general description of the work stages was done, as follows:
a. From transportation data, set assumptions to develop CVRP to OCVRP-st, i.e.:
- identical vehicle capacity unknown
- demand is known with certainty and must be divided
- single depot
- travel expenses of all customer locations in both directions (symmetric) and one-way (anti symmetric).

b. Develop OCVRP-st models by defining the problem and the notation, by assuming the problem can be
represented in a graph

- to establish some basic reduction basic rules

- trying to eliminate the arc which causes unfeasibility of OCVRP-st

- trying to eliminate the arc current that is not correct solution.

c. Developing the model, consisting of
- two-index vehicle flow formulation
- OCVRP-st formulation which became the basis of settlement with Branch and cut algorithm

d. Forming valid inequalities that are used to support the branch and cut algorithm in solving OCVRP-st, such
as:

- Develop a modified adjusted comb inequalities for the problem OCVRP-st.

- Using the sub tour elimination

e. Analyzing the results obtained in the form of optimal routes and draw conclusions from the model.

RESULTS AND DISCUSSION

In this section, it was discussed about additional OCVRP-st models if a solution formed is invalid, i. e.
resulting in a integer solution but the fact, there are TPS which did not visit yet or TPS are visited more than
once. It means breaking CVRP condition that the customer should be visited only once. In this chapter, it was
also described the IB_‘CI and the optimal route.

OCVRP model can be obtained by modifying the standard formulation of CVRP. Mathematically, OCVRP
can be stated as follows Letchford er al., (2006):

Minimize
Z= Z €y X + Z‘Jufﬂy
ijer, iel,

Subject to:

_

x(é‘(i))+yw+ym:2 (i=1,2.,n "
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x(S(s))+ ¥ (S)+y* (8)22k(S)(S < V,.|8]|22) @)

y (V) =K. with y (V)= y, (3)
ieF;.

V' (V)=K with y' (V)= v, (4)
izl

XUE{U,]},fm‘ lfi<jfnm (5)

VoV €101} =12, ) (6)

where Z is objective function, ¢, is distance from location i to j, x, is route from i to j, c,, is distance from
the depot to the customer location i, y,, is travel route from the depot to customer i, y;, is route from customer
i to the depot,

x(@(S) =3 x, . for E(S):{{f,j}:fes,jeﬁ} and S=V\5,

ijes

X(S@) =Y x, . for 6(i)= {{i.0}:ies,0er}.

K is number of vehicles, ¥

€

is a set of customers, where ¥, = V{0}, &(S) =§wer bound of the minimum

(S)

number of vehicles required to visit the customer S, k(S) = ———, ¢g(S) is customer demand and Q is vehicle
capacity.

To prevent the solution is not valid, it is necessary to add a constraint which is called the balancing
inequality constraint:

x(8(8))+y )2y (S) (ScV.

8|22) (7)

The absence of such constraints on CVRP standard formula, shows that OCVRP is more complex problem
than CVRP. Marina et al., (2007) describes th ditional constraints used in the completion CVRP if the
optimal solution is proved invalid. Suppose the given number of vehicles is K, the vehicle capacity is C, a
distance matrix is symmetric and the average volume of each TPS is d, where i = 1, 2, ..., n,, then SCVRP
model is formulated as follows:

Minimumize: Z = Z C”.Xn (8]
O=i= j=n

Subject to:

D xy =2K 9)
i=j=n 1

The trip starts from the depot to TPS and immediately returned to the depot again. K is the number of
garbage vehicles, in a case where the vehicle is equal to 1 (K = 1) per working area (WK).

Z x,=2

eed (i)

ecause of symmetric, a trip E}m i to j equal to the trip from j to i, while the trip i to j is calculated
as 1, then the trip from i to j and the trip fiom j to i counted 2.

D x,=2 forall 1<i<n (10)

0< j<n

Travel is not started from the depot
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o+ Y x, =2<25(S) foral

Jjes (i.j)es
Sivgop;|8|=>2 (1D

b(S§) = lower bound (LB) of the number of vehicles required to visit customers § is obtained from b(S) =

2.4(1)

- c where dfi) ) is the total volume of TPS, C is the capacity of vehicles (trucks), and S is identical

set of TPS visited.
x, €{0,1,2} forall ee 5(% which is the value of travel routes or nonnegative binary constraints.

For WK cases if the equation on the optimal solution is not formed, the minimum route and there are

2.4(1)

more than or the same as TPS that is not visited, then 5(S) was changed to b(S)= "‘T where:

2.d(i)

. . . i
is the smallest integer that is greater than or equal c

Thus Equation (11) ) is also broken into its multiple permutations h(S) as follows:

D ox,=lfora 1<i<n (12)
o
fo}'zl forall 1<j<n (13)
ie§
Zxr}.:qurallléfén (14)
JES
D x,=2 (15)
ie§

Additional OCVRP-st Models:
For the OCVRP-st model in the form (1) until (6) often occurs in the form of solutions that form the route
is invalid, then it was made its permutation b(S) to OCVRP-st as follows:

Yuty, =L (i=1l..n) (16)

Yt 2% =L (=10 (17)
fes

vy, =Li=1,..n) (18)

Yo =L=1,.,n) (19)

foi=lt'ul‘ all lSijI (20)

=8

Furthermore, based on model (1) - (6) and (16) - (20), data were found, then they are modeled and found
their solution by LINDO software application tools to get the optimal solution; i. e. the route of vehicle in
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every WK.

The results of research that have conducted data of garbage transportation in every district (kecamatan)
in Palembang. Data processing was done by modeling the distance data into the OCVRP model (if the vehicle
starts at driver home) and CVRP (if the vehicle departs from DKP office because the trajectory formed is
closed).

Listed below is the results that have been obtained with the initial routes are acquired but not yet valid
and further improved by the addition of balancing constraints and additional constraints for Kecamatan
Seberang Ulu I. Optimum route is obtained and depicted began moving vehicle until the expiry of the transport
vehicle in TPA Sukawinatan.

Puspita, (2006) developed SCVRP algorithms to be solved by branch and cut method. Furthermore, for
OCVRP formulations (1) until (6), solutions with branch and cut method can aP be applied similar to SCVRP
that discussed in Puspita, (2006) and Sepputra et al., (2007). B (S) is the lower bound of the number of
vehicles required to visit all the locations S in the optimal solution. Some vehicles that serve the customer set
S, and some of the activities of these vehicles can be described as below:

*  Vehicles leaving the depot, serving customers § and back again to the depot.
*  Vehicles leaving the depot, serve customers § and serve a subset of customers S.
»  Vehicles serving the customer subset § before and after serving customers S.

With a note 5(S) was transferred by the lower bound (LB) should be capacity restrictions. In practice, the
determination is done by calculating LB each different restrictions then form 5(S) as the maximum value.

In Branch and Cut scheme, 5(S) was calculated as the maximum value of LB resulting from restrictions
capacity or distance limitation. Below are intended algorithm for solving the OCVRP problem obtained from
the above explanation.

Branch and Cut Algorithm in Solving OCVRP:

Step 1. Begin by considering LP (Linear Programming) relaxation. Where the number of wvehicles is
variable, K based on the restricted h(5). Enter the distance between customers and depot, then customer
demand and the capacity of the vehicle.

Step 2. Solve LP. If the objective function value is at least or equal to the upper bound (UB) then it stops.
If not proceed to Step 3.

Step 3. Remove some restrictions of the LP, which has a basic slack variables.

Step 4. If LP solution meet sub tour elimination constraints and integer, then the solution is the UB from
the real problem, then stop. If not proceed to Step 5.

Step 5. If tour S is not connected with the depot, the violation will be instantly added. When it’s
connected to the depot, if the tour S does not violate capacity and distance limitation then the search should
be attempted to find a violation of the restrictions on the capacity of the subset S. Restricted of merging
violations sets are also added to the LP. Add some violation restrictions to restriction LP set and proceed to
Step 2, if the violation restriction was not found then the objective function value is lower bound; stop.

Kecamatan Seberang Ulu I Model:

In Kecamatan Seberang Ulu 1, both two WKs have one garbage truck that is amroll (a truck with open
container), so the route that is formed can not be analyzed because each vehicle transporting only one
container.

a. WK 1
Use the Equation (1) - (6) thus becomes

Minimize
Z=224x, + 174 x), + 224 x,+8x, + 174 x,, + B x,,

Subject to :

Xyt X, =2

Xig T Xyt ayy Ty, =2
X+ Xgy Xy T Xy = 2,933
Xors Xozs X1y Xppp X120 Xz 2 0
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LINDO’ Result
LP OPTIMUM FOUND AT STEP 3
OBJECTIVE FUNCTION VALUE

1) 79.62980

VARIABLE @\LUE REDUCED COST
X01 0.000000 1000000

X02 2.000000 0.000000

X10 2.000000 0.000000

X12 0.000000 3.000000

X20 0.000000 1.000000

X21 0.000000 5.000000

NO. ITERATIONS= 3

b. WK 2

Use the Equation (1) - (6) thus becomes

Minimize

18 1R 16.4 vy + 154 vy + 17.7 You + 17.6 Voo + 3.6 x10 + 2.6 x5 + 3.9 x4 + 5 x5 + 3.6 Xy + oy + 33 2y,

+3x:+26x; tx,t X, 22, +39x, +33x, +xy +3x.+ 5%, +3x,+2x,+3 x,
Subject to :
Xyt X =
Yoo TV =
+

Yoz T Vo
Xy = 1
X =1
g tys =1

Yoo ¥ Vor P Yozt Vor thos T Vot Vet Vit Yao t ysp txp F g oy b b by b, s g +
X ¥ Xy F X F Xy ¥ Xt X Xy ¥ Xy F X X% 2 5.06

Vio P Voot Vo T Vao ¥ Vao - Yor = Vo = Vs = Yoa = Yos T X F Xy Tyt F g F g g, s g g

tXy, Ty g ot x, Xy Fx tag tx, a2 0

EY Vot Vs T b T s =1
PN Yoz Yoss Yoa Yos, Yios Yaos Vo Yaos Vsp 2 0
X125 X135 X145 X155 Xa1s X235 X245 X255 X31> X325 Xaas X355 Xats Xazs Xa3s Xasy Xsp Xsa, Xs3, Xs4 2 0

LINDO’ Result
OPTIMUM FOUND AT STEP 8
OBJECTIVE FUNCTION VALUE

1) 41.00000

VARIABLE VALUE REDUCED COST
Y02 1.000000 0.000000

Y03 1000000 0.000000

X14 1.000000 0.000000

X3s 1.000000 0.000000

X42 1.000000 0.000000

Y50 1.000000 0.000000

NO. ITERATIONS= 8

Formed the final route is

Fig. 1: End Route of Kecamatan SU I in the WK 2




Aust. J. Basic & Appl. Sci., 5(5): 9-17, 2011

All routes were completed as above, so that it can summarized in the table below which shows the end
route of the vehicle after add the addition constraints.
Here, we list the routes of garbage transportation in Kecamatan Seberang Ulu I Kota Palembang.

Working Area
(WK) Optimal Route
And Model

0

WK 1
(SCVRP Model)

1 2

2
WK 2
( OCVRP Model) 4
1
3 5

WK 3
(OCVRP Model)

WK 4
(OCVRP Model)

WK 5
(OCVEP Model)

0
0 2
; 3
l
3
j 2
3
WK 6
(SCVRP Model)
2
1

WK 7
(OCVEP Model)

0
1
0
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WK 8
(OCVRP Model)

WK 9
(SCVRP Model)
2
1

Description:

WK 1 : TPA(0)- J1. Ki Merogan (1)-TPA(0) - JI. Gub. Bastari (2)-TPA(0)

WK 2 g driver home Jl. Komperta (1) - dpn Lrg. Harapan Jaya I (4)- samping Poltabes(2)-TPA(0)-
JI. Bungaran (3) - Pasar 3 dan 4 Ulu (5) -TPA(0)

WK 3 g driver home JI. Mayor Santoso(l) - Depan Panca Usaha (2) - Depan RM. Omega Jaya (3)
-TPA(0) - Pasar Kertapati(4) - Depan Tugu KB (5)-TPA(0)

WK 4 3 driver home J1. Sukabangun II (1) - Belakang SMA Methodist (3)-TPA(0)- Pasar 7 Ulu (2)-
TPA(0)

WK 5 g driver home J1. Kancil Putih (1) - Depan RS. BARI (2) -TPA(0) - Pasar Induk Jakabaring
(3) -TPA(0)

WK 6 g TPA(0)- JI. A. Yani (1) - JI. KH. Wahid Hasyim (2) - TPA(0) - JI. KH. Wahid Hasyim (2)-
Pasar Retail (3)- TPA(0)

WK 7 g driver home 14 Ulu Jaya Indah (1)- TPS Kantor Camat SU I (4)-TPA(0)- PT. Ali (3)-
TPA(0)-OPI (2) -TPA(0)

WK 8 g driver home Jl. Sukawinatan (1) - Poltabes (3) -TPA(0) - JI. Silaberanti (2) -TPA(Q) - Pasar
Sungki (4) -TPA(0)

WK 9 : TPA(0) - Mutiara (1) -TPA(0) - OPI (2) - TPA(()

Iv. Summary:

In accordance with the discussion to be worked, then it can be concluded from this study that the garbage
transportation system in Kecamatan Seberang Ulu I Palembang have 25 TPS that are divided into 9 WKs
(working areas), with 6 WKs are OCVRP, while the other three WKs are SCVRP . This is caused by the
differences of where the driver put the vehicle. When the vehicle was in the depot (DKP) is formed SCVRP
formulation and when positioned in the driver home, then it is formed OCVRP formulation.

Branch and cut algorithms can be applied for OCVRP as long as relaxation solutions obtained is non
integer shape. In this discussion, all OCVRP problems generate integer initial solution, so the branch and cut
method does not need to be applied in this OCVRP model. SCVRP model often produces a non integer
optimal solution, so some SCVRP models need to be solved with branch and cut method, like on one working
area in Kecamatan Seberang Ulu I Palembang.

OCVRP discussed in Palembang city produces an integer optimal solution early, but the initial solution
is still not valid, so the need to add additional constraints (16) - (20) to obtain the valid optimal solution.

REFERENCES

Caccetta, L., 2000,"Banch and Cut Methods dor Mixed Integer Linear Programming Problems,”. X. Yang
et al (eds), Progress In Optimization, pp 21-24. Kluwer Academic Publisher, Norwell

Indrawati, F.M. Puspita dan C. Masita, 2007, Teknik Prerocessing untuk Mengurangi Integrality Gap pada
Masalah Program Linier Integer Campuran (Mixed Integer Linear Programming), FORUM MIPA, Indralaya

Immeilyana, FM. Puspita, Indrawati dan E. Roflin, 2007, Analisis Penggunaan Model SCVRP untuk
Menentukan Rute Optimal Transportasi Penganghkutan Sampah di Kota Palembang, Laporan Penelitian Hibah
Penelitian PHK A2 Jurusan Matematika FMIPA Unsri, Indralaya

16




Aust. J. Basic & Appl. Sci., 5(5): 9-17, 2011

Letchford, A.N., J. Lysgaard and R.W. Eglese, 2006. “A branch and cut for capacitated open Vehicle
Routing Problem™, http://www. lancs.ac.uk/staff/letchfoa/articles/ovrp/pdf, diakses pada tanggal 21 Maret 2007.

Marina, R, F.M. Puspita dan Indrawati, 2007, Aplikasi Metode Branch And Price Dalam Menyelesaikan
Masalah Transportasi Sampah Di Kecamatan Ilir Timur I Kota Palembang Skripsi S1 Jurusan Matematika
FMIPA Universitas Sriwijaya, tidak dipulikasikan.

Puspita, F.M., 2006. Aplikasi Teknik Preprocessing pada PBILP dan Solusinya dengan Branch and bound’,
JMAP, 5(2): 127-132.

Sepputra, D., Indrawati, E. Roflin, 2007, Aplikasi Metode Branch and Cut dalam Menyelesaikan Masalah

Transportasi Sampah di Kecamatan Seberang Ulu Il Kota Palembang. Skripsi Jurusan Matematika FMIPA
Universitas Sriwijaya, tidak dipublikasikan.




ajbas2011

ORIGINALITY REPORT

17%

SIMILARITY INDEX

PRIMARY SOURCES

1

B B BB e

aescore.com 100 words — 370
I\:}:{\:r\:]\é\t/.coursehero.com 63 words — 2%
I\ﬁ\:{\a/vm\é\t/.Iancaster.ac.uk 58 words — 2%
ﬁi&f{ac'“k 31 words — %
Yusuf Hartono, Fitri Maya Puspita, Desi Indah 29 words — 1 %

Permatasari, Bella Arisha. "LINGO-based on robust
counterpart open capacitated vehicle routing problem (RC-
OCVRP) model of waste transportation in Palembang", 2018
International Conference on Information and Communications
Technology (ICOIACT), 2018

Crossref

insi 0
:rf:esrr:EDtUb.org 29 words — | %
azdoc.tips 21 words — 1 %

Internet

Peter Pemberton-Ross, Thomas A Smith, Eva Maria 1 0%
) . . ... 20words —
Hodel, Katherine Kay, Melissa A Penny. "Age-shifting



in malaria incidence as a result of induced immunological
deficit: a simulation study", Malaria Journal, 2015

Crossref

n www.moline.il.us 19 words — 1 %

Internet

ON <1%
ON <10 WORDS



