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Abstract: One logistic problem in many trade centers is each merchant must have its own delivery unit. This
condition occurs in many trade centers that sell products that customers cannot bring it by themselves such
as electronics, fumiture or machineries. By having their own delivery units, merchants can deliver their ordered
products independently. Unfortunately having its own delivery umit needs investment, operational and
maintenance costs. Meanwhile, the utility of delivery unit will fluctuate. Based on this problem, in this research,
we propose new coordinated model for delivery system that suitable for trade center characteristics. In this
research, besides delivery time, we also concern on installation time. This model is developed by using nearest
destination method. In this research, the observed parameters are total travel distance, total travel time, success
ratio and number of vehicles. Meanwhile, the adjusted parameters are number of merchants, number of delivery
orders, number of goods, speed and installation time. Based on the test result, it is shown that the proposed
coordinated model performs better than the non coordinated one, especially, in reducing the total travel time

and total travel distance.
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INTRODUCTION

Now a days, one of popular sectors in property
business is trade center development. These trade centers
exist mostly in big and lugh populated cities such as:
Jakarta, Bandung or Surabaya in Indonesia. The existence
of trade center gives customer better choice by single
visit because there are many merchants that offer
similar products in single trade center. Many trade
centers specialize or focus on specific commodities such
as: furmture, home appliance, electromcs or building
materials. So, it 18 easier for customer to find products that
he need. For example, if customer wants to buy electronic
goods, he will go to trade center A. Meanwhle, if this
customer wants to buy furniture products, he will go to
trade center B.

For some product classes such as fumiture or
electronics, delivery service is needed. It is because
customer cannot bring the product that he bought by his
own vehicle. Merchants usually have their own delivery
unit. In one side having its own delivery wmit makes the
merchant can deliver products independently. In the other
side having delivery unit needs investment, operational
and maintenance costs.

There are some problems m having own delivery unit.
The first problem 1s that each merchant usually has limited
vehicles and in many cases, each merchant has only one
vehicle. So, when the vehicle 1s unavailable, merchant
cammot deliver products that have been bought by the
customer until the vehicle 1s available. In many cases,

customer will cancel the transaction and move to other
merchants. Besides vehicle having its own delivery umt
makes merchant must hire driver and assistant. When the
driver or assistant 15 unavailable, merchant will face similar
problem.

The second problem is delivery umit utility. There are
days that merchant grabs large number of transactions. In
this situation, the utility of its delivery unit is high and it
can cover the delivery umt cost. Unfortunately, there are
days that the number of tramsactions 1s low. In this
situation, the utility of its delivery umit 1s low.

The third problem is delivery time. Merchant cannot
predict the delivery location. In many cases, merchants
must deliver more than one orders that their locations
are far from each others. Even merchant can charge
additional delivery cost to the customer, the delivery time
to complete the all packages will be longer.

Based on these problems, it will be better that
there is a company or delivery service that handles the
delivery needs for merchants in trade center. By
outsourcing the delivery activity to this company,
merchants can solve these problems and focus on
increasing sales. The delivery cost will be charged to the
customer.

The similar condition occurs by the raising of online
motorcycle taxi service mn Indonesia. In Indonesia, these
companies, for example, Gojek and Grab offer local courier
service (Anonymous, 2016; Nurbianto, 2018), especially,
for food delivery. In many cases, this service is proven in
not only solving the food merchant problem 1n delivering
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orders but also increasing sales and keeps the driver
busy (Davis, 2018). This condition not only occurs in
food merchant that does not have delivery umt. Popular
food merchants such as: Pizza Hut, McDonald and KFC
also accept this service. Many customers also prefer to
use third party delivery service rather than merchant’s
own delivery service because of availability problem.
Besides, by using third party delivery service, the ordered
food can be delivered faster.

Unfortunately, the existing local courier service
model camnot be mplemented directly in trade center
based delivery system because trade center based
delivery system has its own characteristics that have
not been covered by the existing models. First, as it has
been explained in our previous researches, the existing
model canmot covers multi destmations or multi orders in
single shipment. Second, even company such as Gojek
has mini truck fleet for bigger package (Hafiz, 2015),
because this service cannot handle more than one
packages m single shipment, the delivery cost will be
expensive.

Based on these problems, in this research, we
propose new delivery service model that 1s suit for
merchant characteristics m a trade center. This model 1s
developed by adopting shortest path concept as its
basis. This shortest path concept is chosen because this
concept has been used widely in solving routing problem.
Zyane et al. (2014) observed the performance of shortest
path routing algorithm in optical WDM network.
Dzida et al. (2008) proposed new three methods in
optimizing shortest path-least cost routing in IP network.
Zou et al. (2014) studied the shortest path routing in
dynamic multi hop networks. Bertsekas (1979) developed
dynamic model for shortest path routing i multiple
destinations network.

Problems in existing merchant owned delivery service: It
is common that merchants in any trade centers have their
own delivery service, especially, for business sector that
sell heavy goods such as furniture, building material and
electronics. There are some reasons for this condition.
First, they must deliver the sold goods to the customer
because customer cannot pickup his purchased goods
by himself. Second, by having his own delivery umit,
merchant has full control of his delivery units. Third,
there is not any collaboration or coordination between
merchants even they are close to each others. This
condition also occurs m many trade centers that
merchant location is side by side with other merchants.
Unfortunately, there are problems in this situation.

The first problem is there 13 mnefficiency n travel
distance and travel tume when there 1s not any

Fig. 1: Non collaboration delivery sequence

collaboration or coordination among merchants in
delivering goods. The illustration is as follows. Suppose
that there are three merchants in a trade center, m,, m,
and m,. Merchant m, must deliver products to customers:
¢y -C5. Merchant m, must deliver products to customers:
¢, and ¢, Merchant m, must deliver products to
customers: ¢;;-¢5;. The visualization of this illustration 1s
shown in Fig. 1. Suppose that the vehicle speed 1s
24 km/h or 400 m/min and the installation time is 30 min per
visit.

The explanation of this scenario 1s as follows. The
sequence of m, delivery unit is {c;,-c,;} and it takes 20 lan
travel distance or 50 min travel time. Because it visits three
locations then the total mstallation time 1s 90 min. So, the
total delivery time for m, is 140 min The sequence of m,
delivery umt 18 {c,;, ¢,,} and it takes 20 km travel distance
or 50 min travel time. Because it visits two locations then
the total installation time is 60 min. So, the total delivery
time for m, 13 110 min. The sequence of m, delivery unit 1s
{¢y-04;} and 1t takes 27 km travel distance or 67.5 min
travel time. Because it visits three locations then the total
installation time is 90 min. So, the total delivery time for m,
15 157.5 min. The total travel distance for all merchants
then 18 67 km and the total delivery time for all merchants
is 407.5 min.

Based on the illustration, it is shown that there is
nefficiency. Based on the closeness to their neighbor,
these destinations can be grouped into three clusters.
First cluster contains c¢,-¢;;. The second cluster
contains ¢,, and c;;. The third cluster contains ¢;-¢5,.
Based on these clusters, the delivery scenario 1s shown in
Fig. 2.
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Fig. 2: Collaboration delivery sequence

Based on the collaborative scenario, the delivery
service will travel shorter than the non collaborative one.
The first group route is {c;-c;,}. The travel distance is
6km or 15 min travel time. The second group route is
{C,5 ©yt. The travel distance i1s 6 km or 15 min travel
distance. The third group route 1s {c;-c;}. The travel
distance 18 9 km or 22.5 min travel time. So, the total travel
distance is 21 km. Comparing to the first scenario, the total
travel time of the second scenario 1s only 31.34% from the
first scenario.

Based on the explanation above, there is inefficiency
problem in non collaborative or non coordinated scenario
in delivering goods. In the other side, there 15 efficiency
opportunity when there is coordination and collaboration
in delivering the sold goods to the customers.

MATERIALS AND METHODS

Proposed model: Tn this research, we propose the
coordinated delivery system in a trade center. Tt is
assumed that there is single delivery system company
that handles all of shipments from the merchants in the
trade center. This company has several delivery vehicles
or units. When a merchant closes a transaction with the
customer, this merchant will create delivery order to the
company, so that, the company will deliver the goods to
the specified destination.

The shipment model is scheduled shipment. It
means that the delivery orders will be collected for some
period. After the collecting session 1s closed, then the
company will manage and dispatch the orders to the
available vehicle. Then, the vehicle will deliver the goods

at the delivery session. For example, all orders that are
created today will be delivered tomorrow. The scheduled
shipment 15 chosen rather than instant shipment because
by choosing scheduled shipment, a vehicle can deliver
more than one orders in single delivery session.

The nearest destination method that is adopted in
this research 1s not greedy search method such as A Star
or Best First Search. The reason 1s even the greedy search
has been adopted in many routing process, this method
consume heavy computation (Keller and Poli, 2008;
Stojmenovic ef al., 2000).

In this research, the total travel time (t,_,,) for vehicle
contains three parts: delivery time (t,,), installation time
(t,,,) and return time (t,,.). Delivery time is the time that is
spent for the vehicle to travel from its current position to
the next delivery destination. Installation time 1s time that
is needed to install the goods at the destination location.
Returning time is the time that is needed to travel from its
last destination to the trade center or base. This total time
can be formulized in Eq. 1:

ttav&l = tdsl Jrtms Jrtrrzt (1 )

Suppose that the number of destinations that must be
visited by the vehicle is represented by n. The position of
the vehicle is represented by p,.. The destination location
1s represented by py. At the beginning or at step 0, the
P.en(0) 18 at the base or trade center. Variable s represents
the step. So, the vehicle position at certain step is
determined by using Eq. 2. Vehicle delivery distance at
certamn step 18 determined by using Eq. 3. Vehicle delivery
time at certain step 1s determined by using Eq. 4. Vehlicle
installation time at certain step is determined by using
Eq. 5
P (828 >0 2)

5] =
pvgh( ) phase's =0

41a(®) = X [pee 0. 61 )
tdsl (S) _ ddel(s) (4)

'
) = Dty 3)

The explanation of Eq. 2-5 15 as follows. In Eq. 2, the
vehicle position at certain step is the destination location
of this step except at step 0. At step 0, the vehicle
position 1s at the base. In Eq. 3, the delivery distarnice that
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has been acquired by vehicle at certain step is the
summation of the distance between vehicle previous
position and the destination location from step 1 to the
specified step. In Eq. 4, the delivery tume that has been
acquired by the wvehicle certain step is the division
between the delivery distance at specified step and the
vehicle average speed. In Eq. 5, the installation time that
has been acquired at certain step 1s the summation of the
unique installation time at every step (t, ...} from step 1
to specified step.

After all of goods have been delivered, then the
vehicle will retumn to the base. The return distance (d_,) 1s
determined by using Eqg. 6. The return time (t,) is
determined by using Eq. 7. In Eq. 6, it is shown that
the return distance 1s the distance between the last
destination location and the base. In Eq. 7, 1t 15 shown
that the return time is the division between return distance
and the vehicle average speed (v):

(6)

dret = dees (n) _pbase

- (7)

In this research, there are two parameters those are
being concermned in determimng vehlicle next destinations.
The first parameter is the distance between vehicle current
position and the destination. The second parameter is
number of goods that must be delivered.

Based on distance factor, vehicle will choose the
destination that its location is the nearest to its current
location for the next destination. The purpose is to reach
shortest delivery distance with lower computation rather
than using greedy search. In this research, different to the
previous research, observation area is not implemented.
So, vehicle will choose the nearest destination even its
location 1s far from the vehicle.

Based on the number of goods factor, the current
vehicle will deliver to the destination only if the available
slot is still enough. Even a destination is the nearest one,
1f the number of goods that must be delivered exceeds, the
vehicle will not deliver to this destination.

The example is as follows. Suppose that there are
seven destinations that the sold goods have not been
delivered. These destinations can be represented as
{des,, des, des, ..., des }. Their location relative to the
current vehicle position is shown in Fig. 3. The number of
goods that must be picked up is shown in Table 1.

The selected destination process 15 as follows.
Suppose that the vehicle’s number of available spaces 1s
3 units. Tt means that this vehicle can carry maximum 3
units. So, destination 1-6 can be selected as the next

Fig. 3: Selecting next destination

Table 1: Destination parameters

Delivery order de (k) N (UNIG
1 & 1
2 4.5 2
3 4 1
4 3 3
5 4 3
6 5 2
7 3 4

destination. Destination 7 cannot be selected because the
number of goods that must be delivered in destination 7
is more than 3 units. Among these possible destinations,
the next destination will be destination 4 because this
destination 1s the nearest one.

The selected destination will be different if the
vehicle’s number of available spaces 1s 2 umits. It
means that the possible destinations are destination 1-6.
So, the next destination will be destination 3. It is because
this destination is the nearest one among possible
destinations.

Based on the explanation above, the dispatch
process 1s described as follows. The dispatch process
will run until all delivery orders are allocated. At the
beginning, the first vehicle is created or activated. As
long as this vehicle travel time is less than the maximum
travel time, this vehicle can get more order to be executed.
When this active vehicle’s travel time exceeds the
maximum travel time then this velicle will be deactivated
and then next new vehicle will be created or be activated.
This process algorithm is shown in Fig. 4.
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Fig. 4: Main dispatch process al gorithm

Besides wvehicle activating and deactivating
processes, dispatching process also occurs. Dispatching
process occurs as long as next destination for this
vehicle can be found. This process iz done by using
findnextdestination procedure. If the procedure is failed
to find the next destination then this vehicle is also
deactivated. If the next destination is found then some
processes are occurs. First, the status of the selected
destination will be set 0 which means this destination has
been allocated. Second, the number of orders that
must be delivered is reduced by 1. Third, the current
vehicle position will be set at the selected destination
position. The vehicle travel time is updated.

The find next destination procedure is divided into
two processes. The first process is selecting the possible
candidates. The second process is finding the nearest
destination among possible candidates. The first process
algorithm is shown in Fig. 5. The second process
algorithm is shown in Fig. 6.

In candidate selection algorithm, some new
variables are used. Variable A _, represents a set or array
that contains possible destinations. Variable f...
represents the number of goods of the specified order that
must be delivered. Variable n,, represents the number of
available spaces or slots in the specified vehicle. In Fig. 5,
the find nearest destination procedure is procedure that

Bagin
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me—1
clear (A a4
while i=n,,, do
begin
if Saemnr = 1 @nd No.ooooa., =g then
bagin
A _nalm]e—i
r++
and
i+t
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e CRESTESEASSRARARLON Mnar 1
k0
return k
end

Fig. 5: Candidate selection algorithm
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Fig. 6: Nearest destination algorithm

is used to find the nearest destination among candidates
within the set A ... This procedure is called only if the
number of candidates in set A_,, is more than one. The
detailed process or algorithm of the nearest destination
finding is shown in Fig. 6.

In the nearest destination algorithm, there are some
new variables. Variable d,,, represents the current nearest
distance. Variable k represents the current nearest
destination. These variables values will be updated only
if there iz destination that its location is nearer than the
current destination location.

RESULTS AND DISCUSSION

After the model has been implemented into
simulation application, then several simulation sessions
are run to observe the model performance. There are two
goals in doing the test. The first goal is obszerving the
relation between the adjusted parameters and the
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Table 2: Adjusted parameters default value

Parameters Default values
Tyosrehans 50 units

Mgy delordess 3 units

Ny goods 2 units

v 300 m/sec

Lo inst 30 min

Table 3: Relation between nyg., and observed parameters in non
coordinated model

Dperchants ot sy (km) bint_poxeey (TMIITD) Lopoe (20)
10 228.60 1461.80 95.60
20 407.20 2679.80 97.60
30 600.00 3960.80 98.80
40 819.80 5339.60 96.80
50 1025.80 6656.40 97.40
60 1256.60 8130.60 98.60
70 1441.10 9355.10 97.30
80 1579.80 10402.70 97.20
90 1834.30 12365.10 96.80
100 2007.00 13073.20 97.40

observed parameters. The second goal is comparing the
performance between the proposed coordinated model
and the existing non coordmated model.

The tests are done by adjusting some parameters: the
number of merchants (N,...), average number of delivery
orders (N, yper)» average nmumber of goods that must be
delivered in a single delivery orders (n,, ,..). the vehicle
speed (v) and the average installation time (t, ,.). When
a parameter is adjusted in some range, other parameters
are set at default value. The default value of these
adjusted parameters 1s shown mn Table 2.

The first test i1s observing the relation between
number of merchants and the cobserved parameters. The
mumber of merchants is set from 10-100 units with step
size 18 10 units. Other adjusted parameters are set at
default wvalue. The simulation result that uses non
coordinated model 1s shown in Table 3. The sunulation
result that uses proposed coordinated model is shown in
Table 4.

Based on data m Table 3, it 1s shown that when the
non coordinated model is implemented, the increasing of
mumber of merchants malkes the total travel distance and
total travel time increase linearly. Meanwlile, the
mcreasing of the number of merchants does not affect the
success ratio. The success ratio tends to fluctuate with
small ripple. This result is rational because higher number
of merchants makes the number of orders that must be
delivered increases.

Based on data in Table 4, it i3 shown that the
increasing number of merchants similar to the non
coordinated model, the mcreasing of the number of
merchants makes the total travel distance, total travel
time and number of vehicles tends to increase. But,
there is fluctuation during the increasing trend. When
the mcreasing number of merchants i1s not sigmificant,

Table 4: Relation between Ny g, and observed parameters in coordinated

model
Thyge rehants Chot gy (kM) bt ey (TTEND) Ty (Umit)
10 48.60 604.40 2.600
20 69.00 955.40 4.200
30 123.80 1787.20 7.400
40 96.60 1605.80 7.200
50 188.20 2909.60 12.60
60 79.20 1361.80 6.600
70 249.70 3787.00 17.20
80 233.50 3720.80 17.00
90 161.30 3171.00 13.70
100 253.20 4114.60 19.20

Table 5: Relation between Ny, g, and observed parameters in non
coordinated model

Ny gelopders Qo oy (RITD) byt ey (MDY Tapees (90)
1 583.30 3380.70 100.00
2 781.50 4757.30 100.00
3 985.20 6548.60 97.10
4 1193.20 8316.00 91.70
5 1240.00 9179.90 85.20

Table 6: Relation between n, g.ms and observed parameters in coordinated

maodel
D rebaas Dot oy (RITD) Yol (MINY N, (unit)
1 73.50 956.80 4.30
2 46.60 808.50 3.80
3 145.80 2314.40 10.50
4 196.90 3047.10 14.10
5 97.70 2001.30 9.20

the observed parameters does not always increase.
Especially, in number of vehicles parameter, this observed
parameter value 13 also depended on the relation between
vehicle capacity and the mumber of goods that must be
delivered in single delivery order.

Comparing data in Table 3 and 4, the coordinated
model performs better result rather than the non
coordinated one in any number of merchants. At same
number of merchants, by using coordinated model, the
total travel distance is lower than by using non
coordinated one. This condition 1s also similar in total
travel time parameter.

The second test is observing the relation between
average number of delivery orders for each merchant
(N, gouries) @0d the observed parameters. The n,, uyu, 18
set from 1-5 units with step size 1s 1 units. Other adjusted
parameters are set at default value. The simulation result
that uses non coordinated model is shown in Table 5. The
simulation result that uses proposed coordmmated model
1s shown in Table 6.

Based on data in Table 3, it is shown that when the
non coordinated model is implemented, the increasing of
the number of delivery orders makes the total travel
distance and total travel time mcrease too. The growth of
these two parameters is linear. Meanwhile, the success
ratio is reduced when the number of delivery orders
mnerease. This condition 1s rational because m non
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Table 7: Relation between ng ;. and observed parameters in non
coordinated model

Table 9: Relation between vehicle speed and observed parameters in non
coordinated model

Dy oo Dot vy (krm) bint_poxeey (TMIITD) Lopces; (26) v (m/min) it ey (kT bt ey (TTEND) T (%0)
1 1036.7 6852.8 100 100 1026.9 13765.7 96.5
2 1021.9 6648.7 973 200 1014.9 8391.1 97.4
3 945.9 6050.4 90.3 300 1023.1 6669.0 96.9
4 861.6 5437 85.5 400 1032.3 5824.2 97.8
5 795.5 5133 76.1 500 990.6 5050.8 97.3

Table 8: Relation between n,, ;.. and observed parameters in coordinated

Table 10: Relation between vehicle speed and observed parameters in

model coordinated model
Doy i gy (ki) Yot ) (MIN) 1,y (unit) ¥ (m/min) Qg gy (RiT) bt ey (TN Ty (UNit)
1 921 1814.8 5.80 100 91.1 2312.9 7.60
2 171.0 2632.8 11.9 200 122.0 2177.3 8.40
3 187.6 22997 14.4 300 191.1 2856.0 12.5
4 2814 2637.2 19.9 400 145.1 21327 10.1
5 200.6 2101.3 17.9 500 150.4 1958.0 9.70

coordinated model, when the number of delivery orders
exceeds the vehicle capacity, the number of undelivered
orders will merease.

Based on data in Table 6, it 1s shown that when
coordinated model is implemented, the increasing of the
delivery orders in a single merchant makes all of the
observed parameters tend to increase. But, the mcreasing
trend 18 followed by fluctuation. The fluctuation 1s higher
than in Table 4. Tt can be said, even the trend is positive,
the small increasing in number of delivery orders in a
single merchant does not always make the increasing in
total travel distance, total travel time and number of
vehicles.

By comparing data between Table 5 and 6, it is
shown that the coordmated model performs better
than the non coordmnated model in all number of
delivery orders in a single merchants. When the system
implements coordinated model, the total travel time and
total travel distance is always lower than the non
coordinated one.

The third test is observing the relation between
average number of goods for each delivery order (n,, ,,.4.)
and the observed parameters. The n,, .., 1s set from 1-5
units with step size 13 1 units. Other adjusted parameters
are set at default value. The simulation result that uses
non coordinated model is shown in Table 7. The
simulation result that uses proposed coordmated model
1s shown in Table 8.

Based on data in Table 7, it is shown that when the
system implements non coordinated model, the increasing
of the number of goods 1 single delivery order makes the
total travel distance, total travel time and success ratio
reduced. The increasing number of the goods does not
mean the mumber of delivery orders increases. So with the
same number of delivery orders, the increasing of munber
of goods mcreases the number of windelivered orders.
That is why the total travel distance and total travel time
are reduced too.

Based on data in Table 8, it is shown that when the
system implements coordinated model, the increasing of
the mumber of goods 1n single delivery order makes the all
of observed parameters increase too. The gradient of the
increasing trend is low. The increasing trend is followed
by small fluctuation.

By comparing data m Table 7 and 8, the
increasing of number of goods m single delivery order
malkes opposite result between the coordinated model and
the non coordinated one. In non coordinated model, the
increasing of the number of goods makes the total travel
distance and the total travel time are reduced. Meanwhile,
in coordinated model, the increasing of the number of
goods increase the total travel distance and the total
travel time.

The fourth test 15 observing the relation between
vehicle speed (v) and the observed parameters. The
speed is set from 100-500 m/min with step size is 100
m/min. Other adjusted parameters are set at default value.
The simulation result that uses non coordinated model is
shown in Table 9 The simulation result that uses
proposed coordinated model is shown in Table 10.

Based on data n Table 9, it 1s shown that when the
non coordinated model 1s mmplemented, the mcreasing
speed does not affect the total travel distance and the
success ratio. Meanwhile, when the speed increased, the
total travel time decreases.

Based on data m Table 10, it 1s shown that when the
coordinated model is implemented, the increasing in speed
does not affect the total travel distance and number of
vehicles. Meanwhile, the increasing in speed makes the
total travel time reduced.

By comparing data in Table 9 and 10, it is shown that
the coordinated model performs better than non
coordinated one m any speed. When system mnplements
coordinated model, the total travel distance 18 lower than
when the system implements non coordinated model. This
situation also occurs in total travel time parameters.
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Table 11: Relation between f, ;. and observed parameters in non
coordinated model

by e (VNIN) by gy (him) bint_poxeey (TMIITD) Lopces; (26)
10 988.8 4239.3 97.2
20 1016.9 5655.7 96.9
30 1032.9 6977.9 97.2
40 1016.0 7860.2 97.3
50 1001.5 8967.6 96.6
60 1013.1 9848.5 96.6

Table 12: Relation between t,, ;.4 and observed parameters in coordinated

model
by e (VNIN) by gy (him) bint_poxeey (TMIITD) Ty (Unit)
10 93.2 674.4 7
20 161.2 18283 11.4
30 1383 2213.8 10
40 1222 2561.8 9
50 165.6 4173.5 11.6
60 147.3 4165.7 10.8

The fifth test is observing the relation between
average installation time (t,,.) and the observed
parameters. The t,, ., 18 set from 10 to 60 minutes with
step size 18 10 min. Other adjusted parameters are set at
default wvalue. The simulation result that uses non
coordinated model is shown in Table 11. The simulation
result that uses proposed coordinated model 1s shown in
Table 12.

Based on data in Table 11 and 12, when the
system implements non coordinated or coordinated
model, the mcreasing of the mstallation tune affects
only the total travel tume. In non coordinated
model, the change in installation time does not affect
the total travel distance or the success ratio. In
coordinated model, the change in mstallation time
does not affect the total travel distance or the number of
vehicles. By comparing data between Table 11 and 12, the
coordinated model performs better than the non
coordinated one.

CONCLUSION

Based on the explanation above, the proposed
coordinated model has been implemented mto the trade
center based delivery service simulation to simulate the
delivery service process. The model is developed based
on the nearest destination method. Based on the test
result, it 1s shown that the proposed coordinated model
performs better than existing non coordinated one,
especially, in total travel distance and total travel time
parameters.

The other research findings are follows. In
coordinated model, the increasing of the number of
merchants, the increasing of the number of delivery orders
and the number of goods mn single delivery order makes
the total travel distance, total travel time and number of

vehicles increase. The increasing of speed reduces the
total travel time. The increasing of installation time
inereases the total travel time.

In non coordinated model, the increasing of the
number of merchants increases the total travel time and
total travel distance. The increasing of delivery orders in
a single merchant increase the total travel time and total
travel distance but reduces the success ratio. The
increasing of number of goods in single delivery order
reduces all of observed parameters. Similar to the
coordinated model, the increasing of speed reduces the
total travel time and the increasing of installation time
increases the total travel time.

There are many research potentials in developing
logistic model, especially, n delivery system. Information
and computation technologies make the delivery system
more efficient. This research can be implemented in
situation which customer cannot recquest the delivery
time. So, improving this system, so that, coordmated
model can cover delivery time request 1s challenging.

IMPLEMENTATIONS

The proposed model then is implemented into trade
center based courier system simulation application. The
simulation is developed by using PHP language, so that,
this 1s a web based application. This platform is chosen
because of its simplicity rather than other platform such
as Java.

In this simulation application, a virtual world is
developed. This virtual world represents a virtual medium
city. The city size 13 15 km length and 15 kan width. The
city shape is square.

The trade center assumption 18 as follows. The
trade center is at the center of the city. The trade center
consists of merchants that sell similar products, so
that, the products can be delivered together. For non
collaborative and non coordinated delivery service, each
merchant has one delivery umt. The vehicle umt 1s a miu
truck. The product is electronics or home appliances,
so that, the maximum capacity of the vehicle is ten
goods. In this simulation, the electronic product is not
specified, whether it 13 refrigerator, washing machine, air
conditioner or other home appliance. The vehicle’s
maximum travel time is 8 h.

The simulation session runs as follows. Before the
simulation runs, user must determine some parameters: the
number of merchants (11,4, average number of delivery
orders (N, 4, ), average number of goods that must be
delivered in a single delivery orders (n,, ,..), the vehicle
speed (v) and the average installation time (t ). After
the simulation adjusted parameters are set then the
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simulation can be run. The simulation session runs until
all delivery orders are executed. After the simulation
stops, the observed parameters are shown The observed
parameters include: total vehicles travel distance and total
vehicles travel time. The success ratio (r,...) 18 the
additional observed parameters for non coordinated
delivery service. The number of vehicles (n,,) that are
needed to execute orders is the additional observed
parameters for coordinated delivery service.
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