ISBN 978.602.5407.79-0
1 "
|
7860250607750
rowr A ey

rﬁ//;mmyﬁé

Sujuaeaq pue suopesyddy s

‘sisAjeuy [RIRRWIYILH UO 32UIIDJUO) [RUOIIRUIIW] 8LOZ YL

@

Veoeeedings

International Conference on Mathematical Analysis,
its Applications and Learning 2018

ICOMAAL 2012 —vuuil
'm.‘«tl{tmmy&\ Husrtwuly | .
“/

¥

Editorial Boards: o SANATA DHARMA UNIVERSITY
Beni Utomo YOGYAKARTA - INDONESA
i O 15 SEPTEMBER 2018

EX. Made Setianto

in collaboration with:




The Intemationsl Conference on Mathematicl Ans'ysis, Its 2ppiicticns 2nd Leaming 2018

Mathematical Modelling Using Integer Linear Programming
Approach for A Truck Rental Problem

F H Puspitasari’ and G Zhou®

" Industrial Engineering, Faculty of Industrial Technology, Universitas Atma Jaya
Yogyakarta )

? Department of Mathematics and Statistics, Faculty of Science and Engineering,
Curtin University, Western Australia

Email: 'fransiska.hernina@uajy.ac.id, ’g.zhou@curtin.edu.zu

Abstract. Mathematics is not only about theory, but also talks about the real
applications. Nowadays, mathematics is applied to solve problems in physics,
economics, biology, engineering, business industries, and many more. This paper
discusses a problem using mathematical modelling in one of the industral
optimisation problems, a transportation problem. However, this paper is different from
other papers. Instead of solving the kind of demand-supply cases (between sources
and destinations), which mostly papers discuss, this case talks about a truck rental
problem, which demand-supply activities happen between sources and sources. Here,
there are eight truck rentals in some areas. The problem is extracted into mathematical
equations producing the objective function and some constrains. The objective
function is to minimise the total transportation cost whereas the number of trucks
available and the number of trucks required is the constraints. In this problem, the
integer linear programming model is used to obtain an optimum solution to determine
the number of trucks moved from one truck reatal to another truck rental.

1. Introduction .

Transportation is one of important roles in supply chain activities. Facilities, inventory, transportation,
information. sourcing, and pricing contribute to improve supply chain performance in case of
responsiveness and efficiency [1]. Transportation also plays a significant roles for selling price
products since its logistics cost is expensive [2]. In addition, transportation is one of key factors of
supply chain strategy. Transportation creates networks between producers and customers, and it
depends on Lhe transportation modes that are related to transportation costs, customer satisfaction, and
efficiency [3].

There are five major modes of transport which are road, air, water, rail, and pipeline [4]. Trucks or
cars, barges, trains, and pipes are some examples of road, water, rail, and pipeline transportation
modes, respectively. This paper addresses road transportaiion which is trucks. Trucks can carry goods
to wrban arcas or access any places [5]. Truck or road transportation modes also have the other
adv.ntages. such as having medium fuel costs and low fixed cost as well as are a favourable
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transportation in terms of availability, dependability, and frequency [4]. However, there are some
prablems related to it

The most common problems found are about Integrated Buyer-Seller, Integrated Production-
Distribution I"lanning, Integrated Production-Inventory Planning, and Location-Allocation Models [6].
Gupta (7] vave some examples, such as production-distribution system, rail and urban road system,
and telecommunication network. This paper highlights demand-supply one which is the same as
produaction-distribution system or localion-allocation models.

This paper starts with a literature review in Section 2, Then it will deal with the truck remtal

problem in Section 3, the mathematical model in Section 4, the problem solution in Section 5, and a
conclusion in the last section.

2. Liternture Review

Many operation rescarch literature discuss transportation problems. Most of them focus on demand-
supply eases which are divided into two types of transportation problems: a balanced and an
unbalanced transportation problem.

Pemand-supply cases often can be found in a considerable amount of literature. A balanced
transportation problem is a problem that the total units of supply is equal to total units of demand
whereas an unbalanced one is a problem that the total units of supply are less or greater than fotal units
of demand [8]. Yadav [9] discussed a balanced distribution problem. The problem has some sources or
orizins and destinations with certain supplies and demands. There are also distribution or
transportation cosls between every origin and destination. In the same vein, Hillier and Lieberman [10]
gave two examples of those two Lypes of transportation problems. Firstly, a canned-peas company had
three factories in Washington, Oregon, and Minnesota. The factories must distribute the products 1o
luut warehouses in California, Utah, South Dakota, and New Mexico, This problem is a balanced
tran-portarion case. Sccondly, an airplane manufacturer having to supply aiplanes to four airline
cotnamies will produce jet engines. Those engines, later, will be installed into every jet. There are
pro..iction, inventory, and transportation cost for each unit. Another case is a Powerco plant[11]. The
clectricity vumpany must send power from three plants to four cities, which both facilities have the
same capacities. The company must determine how much power (in Kwh) sent to satisfy their
demunds a5 well as to minimise shipment costs. Another literature, Ravindran [12], examined a
Lalunced transportation problem in iron ore factories having two plants and three customers. Lau [13]
solved @ demand management problem between machine part suppliers and customers in Australia. In
this problem, the distribution cost is minimised and categorised by the number of orders. In general,
the given examples happened belween some sources (manufacturers or plants) and some destinations
(listribution centres or customers) with capacities and demands as constraints lo minimise
fransportation costs. Mostly, the problems explained above apply a North-West Corner Algorithm
which will take times to solve them.

‘ihis paper works on a demand-supply case. However, instead of solving the kind of demand-

supj:ly cascs as mentioned earlier, this paper will solve a demand-supply problem happened between
souives and sources.

JoA Truc Rental Problem

A rental company has a contract with a retail store to rent its trucks, The company has twenty rentals
meeome particular areas, A total number of trucks available are 244 trucks. Those trucks are variously
i cbuted o Gwenty rentals, which every rental indicates with excess and lack trucks. That means
cvers rentahwilh some needed trucks that is greater than some existing trucks is called a rental with

Lacts “rueh o and, any other way, that rental is called a rental with excess trucks. These excess trucks
are quired 1o move into some rentals which needed them, and the transportation cost for moving a
e Jronta rental o anuther one is $0.5 per ki,
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Table | presents locations, demands of trucks, and availabilities of trucks at each rental. The
conipany should be able to satisfy the demands by considering total transportation costs.

Table 1. Locations and Demands of the Rentals.

Truck Location Trucks Required
Rental  x-coordinate  y-coordinate available trucks
18 12 14 15
2 23 17 14 9
3 10 0 I5 9
q 15 25 4 8
5 13 10 8 10
6 2 20 12 8
7 20 25 13 18
3 32 15 gl Il
9 15 18 1 18
10 24 9 23 24
11 3 8 15 4
12 13 3 17 10
{3 34 26 5 9
14 37 23 19 27
1S 18 4 1 5
16 42 8 20 7
17 50 23 2 6
18 53 16 10 3
19 55 38 11 18
20 7 42 13 18

A Mathematical Model

Before commencing the mathematical model, this problem can be converted into some notations. The
probtem is symboliscd in these indexes and notations:

Indexes:
i : a rental with excess number of trucks.
j : a rental with lack number of trucks.
Notations:
c ! transportation cost per km (80.5 per km for moving a truck).
dy : the distance between a rental and another one.
N 2 the number of trucks moved between rentals.
S S : the number of trucks available at a rental.
Ry * the number of trucks required at a rental.

Tiwe nen: step is to classify the problem into:
A decision variable: a rental must distribute the trucks to every rental j which needs them from
every rental 7 which has excess trucks. Here, the number of trucks between rentals (x;) is a

decision variable.

Constraints: rentals i having excess number of trucks must move their trucks to other rentals j
having lack number of trucks (constraint 1), rentals j which need trucks must accept the trucks
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from other rentals i with large number of trucks (constraint 2), and the number of trucks movcd
from rentals j to rentals / must be nonnegalive also integer (constraint 3 and 4).
o Objective: (o minimise total transportation costs to move Lrucks between rentals.

The general mathematical model is as follows:

Objective lunction:
nm
minz z cxd, X

=1 g=1

Constraints
Vieexcess: Zr <s, -1, (n
Jo
Vjelnck:Zxdz.sj-rj (2)
i=l .
Vi e excess, V) e lack :"rj & integer (3)
Vie excess, Vj  lack 1 x;; 20 (4)

. Proublem Solution
Oncc the mathematical model is ready, initially, some rentals should be xdennﬁcd as having a large

number of (rucks and a small number of trucks.
Rental 1: 1, =13, 5, = 14, lack= 14— 15 =-]

Rental 2: 1, =9, 5, = 14, excess = 14-9=3
Rental 3: r; =9, 5, = 15, excess = 15-9=6
Rental4: 1, =8, 5, =4, lack=4-8=-4
Rental 5: r; = 10, 5,= 8, lack =8 — 10 =-2
Rental 6: r, =8, 5, =12, excess=12-8=4
Rentnl 7: 1 =18, 5,=13,lack=13-15=-5
Rental §: 1, = 11, 5;=7, lack=7-11=-4
Rental 9: 1, = 18, S,= 11, lack=11-18=-7
Rental 10: 1, =24, 5,,=23, lack =23 -24 = -]
Remal I1: 1, =4, 5,,= 15, excess=15-4=11
Rental 12: 1, =10, s,,= 17, excess = 17-10=7
Rental 13; r,, ‘-9. §;=95,lack=5-9=-4
Rental 142 1, =27, 5,= 19, lack=19-27=-8
Rental 1521, =3, 5= Il,excess=11-5=6
Rental 16: 1, =7, 5,,= 20, excess =20 -7 =1
Rental 17: 1; =6, 5,=2,lack=2-6=+4
Rental 18: 1, =8, 5,=10, excess=10-§=2
Rental 19 1, =18, 5,,= 11, lack=11-18§=-7
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Rental 200 1,y = I8, 5,,=13, lack= 13— 18 = -5
Fram the caloulations above, there are two groups: excess = {2, 3, 6, 11, 12, 15, 16, 18} and lack = {I,
4,35, 7,8.9, 10, 13, 14, 17, 19, 20}.

Sccondly. the distances and transportation costs are calculated. The distances and costs between
twa renlals are measured with this equation (5):

dy = 13005, -5 +(3, - »,)V", where ¢ = d, x$0.5/ km (5)

Table 2 shows the distances between one rental and another rental in kms.

Table 2. Distances between Two Rentals.

| 4 5 7 3 9 10 13 14 17 19 20
919 1471V 1587 1111 11.99 1048 1048 1848 19.80 3596 49.76 38.59
18.75 3314 13.57 3500 34.62 2429 21.64 46.00 46.11 5998 76.57 54.74
2320 1801 1933 24.29 39.54 17.10 31.98 4232 4567 6252 72.77 29.33

11 20,18 2705 1326 31.25 38.78 20.31 2733 46.60 4831 G4.14 78.04 44.50

12 2274 3695 2755 3322 15.65 3046 14.06 2993 26.51 34.12 53.74 60.93

IS 1040 2758 10.15 27.42 23,15 18.61 10.15 3536 34.93 4838 6532 51.45

16 3165 4148 37.79 36.14 15.87 37.43 2344 2561 2055 22,10 4250 63.43
_18 4580 50.77 52.58 44.47 2733 4947 3878 2791 2270 9.90 23.72 68.69

[ WP N

In addition, a picture below illustrates the locations of the truck rentals. The calculation of the
distince belween to rentals uses Pythagoras' theorem, as shown in a green triangle below. In other
wordls, the distance is the diagonal side of the triangle.

Locations of Truck Rentals
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Figure 1. Locations of Truck Rentals in XY Coardinates,
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Here are the mathematical formulations for a truck rental problem:
Objective function:
Minimize
4.60x,, 2 7.35x,, +7.93x,, +5.55x,, +5.99x,, + 5.24x,, +3.24xy, +9.24x,,,
£9.90x,, +17. OSx“; +24.88x,,, +19.29x,,, +9.37x,, +16.57x,, *6.79x,,
+17.50x,, +17.3 x5, +12.14x,, +10.32x,,, + 23x,,, + 23.05x,,, +29.99x,,
£38.28x,,, + 27.37x,,, + 11.63x,, +9.05x,, + 9.66x, +12.14x,. +19.77x,,
+8.55x,, +15.99x,,, + 21.16x,,, + 22.83x,,, +31.26x,,, +36.38x,, + 14.66x,,
+10.09x,,, +13.53x,,, +6.63x,,, +15.63x,,. +19.39x,,, +10.15x,,, +13.67x,,,,
423301, + 24.16x,,,, +32.07x,,,; +39.02x,,,, + 22.25x,,,, +11.37x,,, +1848x,,,
F13.77x,,, +16.61x,55 +7.83x,5 +15.23x,, + 7.03x,,,, + 14.96x,,, +13.26x,,,,
+17.06x - +26.87x,5,p +30.47x,,,, +5.20x,,, +13.79x,,, +5.08x,,, +15.71x,,,
H11.575,5 +93 15,5 +5.08x,,, +17.68x,,, +1747x,,,, + 24195, +32.66x,,
+25.71x,,, +15.82x,,, + 20.74x,,, +18.89x, +18.07x,,, +7.93x,, +18.72x,,

+11.72x,,,, +12.80x,,, + 10.23.1',6,‘ +1105x,,,, +2125x,,,, +31.T2x,,, + 22.9x,,,
+25.38x,,, +26.29x,,, +22.23x,,, +13.67x, + 24.73x, +19.39x,,, +13.96x,,,

+1135x,,,, +4.95x,5,, + 14363,y +34.35x,,,, (6)
Subject to:
Xyt Xyt Xyt Xy F Xy F Xpg $ Xy F Xy TRyt Xy Xy ¥ Xy ST (7)
Ny Ny, F N F Xy Xy F Xy T Xy ¥ Xy H X F gy T Xy +-"m 6 (8)
Xy Vg H Xy X F X ¥ Xy F Xgpq t gy FXgpy Ty ¥ X F Xy S 4 )
L R R TR R TR TR TR TR TP RS TS +""rm xSt (10)
Xpar PNy Xy Xy F X F X F X0 F Xy F Xy Xy F Xy $ Xppy 87 (I
Xpst F Xy T Xy Xy X Py F o Xy F Xt X PRy T X S6 (12)
Xrar T Voes ¥ Tpes N ¥ Xpay ¥ Xpey ¥ X000 Xiguy ¥ Xpgpe T Xpgpr t Xygpe T Xpg2g S13 (13)
R TR ETTRE TR D TS S PR TIPS RS e R TR T X (14)
Ny Py PN F X YTy Ty h Xy YRy 2] (3
Xy Xy F NGy T F Xy, X e T 24 (16)
T N N TR AR TTTRETTRR Fp- (17
Ny xg F X ¥ Xy F Xy Xy TX Yy X 23 (13)
Von T Xyg FXg Xy X T Xyt Xy F Xy 2 4 (19)
Xpy F Xy PN Ty F Xy ¥ Xy F Xy ¥y 27 (20)
Xpun F A0 T Koo ¥ X0 F Xpzi0 ¥ X500 T Xygg0 T Xpgp 21 2
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TR TR R TR RS TTRE TR AR (22)
TR TR AT E TR IR TITRS PR P2 @)
TRRITRE TR MRS PR E MRS FRASPTEL @4
SITTRETRRAPEE TPRE TR FIR S PRy - (25)
Xaan X520+ ¥ean a0 ¥ X 200 F X0 ¥ Xpag T Xpan 25 (26)

Xarm Vear Xoae Kpm Nap Xagn X100 Xypan Xy Xypm Xpgoy Xpgon Xyp Xy Xysa Xyze Xygn Xyn X ppgn Sy

X

aror X

s X

X X

'\.JN" "‘Jf?' ‘rj'n"!‘ 'TL‘H' 6> ".M‘ xn‘i]‘ Iff." ‘.rGA“ ‘rﬁ’J‘ 'Tn-jﬂl x{l,’,l‘ (dRM 'rﬁ.”" " ,T”', xll.f'

X X X X e o X Xppior Ko Xpzis Srae Kpase Kpaze Xppge Xigos Xpgpos Lpaen

X X

X3 Xy Ypangs Xpgam Xisp X isp X5 K52 Xpser Xpsor Xpg000 Xisan Kagrer Frser Fiaggr L5200 iap

60 Xiopr Yoam Xpass Xpaor Xrgrm Xrarn Xiaras Xrarr Krorwr Craznr Kiap Xroar X109 S170 L1290 Frsor 1000

(27)

Nigio =500 Yigrn Xpgiys Xpgzolnleger

Frp Yo Vo Y220 Ko Tage X000 Xapps Xpp00 X X300 X200 Xap Koo a5y X370 Xyps Xygo Xypar L3190

X X X x

"y Nar Y9 Xnam ¥ Yoo Xasr Xer Tep Yoor Yaw Vo0 a1 Xarr Sorm So2e Xup S0 Xup

Xy Xpass X sor Xprsor Xraw Xiao Troeey Xepewe inzor Xpze Xigar X129 Xu2vs Xi2we X190 Xp200 X121

Xpgro %1207 Np2090 Fizaer Xpsp Fisp Frsn Fpso Xisgr Kiso Xisp00 Xrspi Fisio Fisim Xiseor Fas2 S

Xiasr Yiam Yiser X169 X610 Xr6130 %1610 Xisir Xisags Sis200 Xiwp Xpnar Xpnss X pazs X190 Xrgor Lygaon
1310 Sigim %1199 X920 2 0 (28)
Following the mathematical formulations, the data are input into LINDO.

X6

Xisir X

Total transportation cost Is $641.44, and a table below shows the distribution of the trucks.
Table 3. Distribution of Trucks (in Unit)

Rental 2 6 11 12 15 16 18 Lack

(F3 )

| 1
4

4
5
7 1 1 3
8
9

10 |

13 K]

14 ' 4 4

17 4

19 5
20 4 1

Excess 5 6 4 11 7 6 13 2

2

(=
[ R R N R N E R

It can bz seen Irom Lhe table the number of excess and lack trucks are not equal, or, it is called an
unbalanced supply-demand transportation problem. As explained before, rental 2, 3, 6, 11, 12, 15, 16,
and 18 can satisly the demands of rental [, 4, 5, 7, 8,9, 10, 13, 14, 17, 19, and 20. Numbers in the
table is how many trucks distributed between rentals. For instances, rental 2 supplies a truck to rental 7
and four trucks to rental 13, rental 3 supplies two trucks to rental 5 and a truck to reatal 7 and 9, rental
6 supplies four wrucks to rental 20, and so on. This result indicates that all supplies can fulfil all
demands,
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6. Conclution

A common demand-supply problem usually happens between sources {0 destinations. This paper
makes 2 mathematical model to solve a demand-supply problem happened between sources and
sources. By using LINDO to get an optimum result, the tetal transportation cost is 564144 with the
numlcr of iterahions are 35 iterations, and all demands are satisfied. All rentals which have excess

trucke distribute them to the remtals that nead them.
Althouch the model here is still simple, this model can be extended for the future research, This

model can be the complex one by adding some constrains.
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