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ABSTRACT

Delivery of goods using large containers requiresi@e cost. One way that can be done to reducedseis to
fill the container as much as possible so the numbgcontainers needed for a delivery can be reduss well as the cost
needed. This study will describe a way to optirtizeuse of space in a container with three diffesdrapes of items such
as a box, cylinder, and sphere, then build a 3Dustion in the arrangement of items in containeithviwo different
sizes which are 20 feet and 40 feet container.rébelts of this study will be presented in the fofra 3D simulation built
using the PHP language and use two methods of gautagyoods such as first fit decreasing and largasta first-fit.
FFD algorithm will be used in determining the orderitems that will fit into a container with a $dry the largest size.

LAFF algorithm will be used in arranging the itengesition in the container.
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INTRODUCTION

Good space utilization will reduce the number ofitainers needed for delivery as well as reducectists
needed. In order to utilize the space, a solutlwukl be found in managing goods. One solutiorisge a simulated
arrangement of items. According to [2], simulatidna good tool to perform experiments in order itwd fthe best
possibilities. By using simulation, in a short tirman be determined the right decision and at a thadtis not too big
because everything is done by computer. Simulatiahdacilitate users in making the arrangemeniteis, and find the
right decision in a short time. In order to as#ist process of packaging, has been made a simulatipacking goods [4].
In that study, used an algorithm packing of gowodsnely largest area first-fit (LAFF) and develomedimulation of the
arrangement of items. However, the simulation Haset shortcomings which are only the shape of 2Bulstion

displayed (length and width) and can only use anmfof goods (cube) and one container size onlyf¢26).

There are 3 similar studies that have been devdlppaviously: The first study, the first fit decsérag algorithm
will pack every item present into the containersoyting it in decreasing based on their size astiver words sorting the
items based on the largest to the smallest sizer 86rting those items, this algorithm will paach item into an existing
container same as the first fit algorithm whichpck goods into the first container and will openeav container if the

item can’t be packed into an existing containelisTasearch can conclude how first fit decreaslggrichm work [1]. The
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16 Theodorus Jonathan Nugraha & Friska Natalia

algorithm will pack goods based on the largest sithout considering other aspects into the comtaavailable. It will
continue to repeat in each container where eaah \till be packed in the first container, secondtamer, and so on until
a suitable container is found and will repeat it toe next item. There is a major disadvantagehisf @algorithm which
requires resources to perform the looping processalse this algorithm will continue to check aliséirg containers. If a
lot of containers used, the packaging processheillonger. However, there are also advantagestporithm that the
packing process does not require much calculatiaperation where it is only necessary to calculagesize of each item
and pack it directly into the container [5,6]. Téecond research use as a reference is described algorithm called
Largest Area First-Fit (LAFF). This algorithm wilack goods which have the largest surface areahetgontainer first.
If there are two items with the similar surfaceaavgere found, this algorithm will check the heighthe two items where
the goods that have a lower height will be pachest. fAfter packing the goods with the largest aoef area, this algorithm
will check whether there is still free space arotimel goods and goods which fit in the empty spHdé does not exist,
this algorithm will place the item above the highiemsm that has entered and so on until the coetafull. This research
can conclude how the LAFF algorithm works. Accogdin the researchers, the LAFF algorithm has adwegest which the
algorithm prioritizes efficiency in the use of caimers. The LAFF algorithm will pack the goods irgocontainer by
prioritizing the goods that have the lowest heififstt but have the largest width. However, theraisieakness of the
LAFF algorithm when this algorithm packs the objant the bottom level is full, then this algorittwill create a new
level based on the highest height of the objeal& This will cause empty space wasted insidetmtainer. Moreover,
if the algorithm finds the largest wider item, itlivdirectly pack it into the container without cgaring the height of the
object, then the available empty space can berd&gg

Based on another deficiency of the LAFF algoritterthat in previous studies, researchers only ufgma of
boxes, while in this research will use differenfsés. In this research use two methods in packowlg into the
container: LAFF and FFD. In this research will makeimprovement in the simulation to develop fesguhat will show
a form of 3D (length, width, and height), can ct®t®e form of the goods to be packaged (cubesoakb) cylinders, and
spheres) and optimizing the algorithm in the plagehof goods. In addition, simulations are madee@ble to choose the
size of the containers (20 ft and 40 ft). The atpan in goods arrangement will be made by combinhetwo methods of
packaging that are First Fit Decreasing (FFD) aA&E. FFD algorithm used in this study to consider height of goods
that were previously in the algorithm LAFF not ciolesed and LAFF algorithm used to determine thetjposof goods.
By combining these two methods, it is expected &mapty space in the container can be minimizedfitdthe optimal

solution. A simulation will be built in the form @f prototype website.

PROBLEM DEFINITION AND PROBLEM SOLVING METHODS

Problem Definition

Based on observations that researchers have desearchers found some shortcomings in the website
bungkus.ml where researchers will improve and imerihe quality of the website. Here are the shontngs that exist on

the bungkus.ml website:
* The use of LAFF methods that still have shortcomiimgthe arrangement of goods.
» The size of the container used is only one siZ9igfoot containers.

e The form of goods that can be put into the contamenly one form of the cube/beam.
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e The simulation results are only shown in 2D forem{jth and width).

Therefore, researchers will correct the shortcomiofyjthe bungkus.ml website by doing this reseavéhbsite
simulations that will be researchers will have somowantages compared to www.bungkus.ml. The adgestare as
follows:

» Using two algorithms FFD to determine the ordegobds entered and LAFF to determine the positiogooids
inside the container.

* The size of the container will be added to two kilndl 20 and 40 feet where the user can choose bgtthe two

sizes.

» The form of goods that can be put into containelshe® added into three forms: tubes, balls, anesiblocks.

e The simulation results will be displayed in 3D (d@seen in length, width, and height).

There are two independent variables in this stddye form of goods consisting of three kinds, nanmelpe or
beam, tube, and ball; The size of the items trauser can fill. While the dependent variable is #tudy is the size of the
container that can only be selected by the usercandot be changed. In this research will analjeediita by looking at
the results of the observations made on previossareh and comparing it with the results of thislgt This research will
use two algorithms that are FFD to determine tideoof goods entering and LAFF to determine thsitpom of goods in

a container.

There are two scenarios in this study: Goods with $ame shapes and Goods with the different shapbes.
calculation of goods with the same shapes is ealtyr different with the different shapes. Howewtie second case is
more complex. Therefore, in this paper will show talculation packing goods into containers ofedéht shapes. In this

case, we will use a combination of both algorithmiethods that researchers have explained earlibrthéir usefulness.

Here is a packing step:
e The form of goods to be packed is a cube or beahballs.
e Size of goods to be packed:

e Cube (length x width x height) shows in Figure 1- 5

Figure 1: Goods A Case Example 2

A=1lcmxlcmxlcm

B=1cmxlcmxlcm
B
Figure 2: Item B Case Example 2
C=1cmx2cmxlcm

C

Figure 3: Item C Case Example 2
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18 Theodorus Jonathan Nugraha & Friska Natalia

D=1cmxlcmx2cm
Figure 4: ltem D Case Example 2

E=1cmx2cmx2cm

Figure 5: Goods E Case Example 2
« Ball (radius) shows in Figure 6 and 7:

F=1cm

Figure 6: Goods F Case Example 2

G=2cm

Figure 7: Goods G Case Example 2

» Size of the container to be used (length x widtteight) shows in Figure 8 and 9:

Size20=5cmx2cmx2cm

Figure 8: Container 20 Case Example 2

Size40=12cmx2cmx2cm

Figure 9: Container 40 Case Example 2
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Determination of Packing Sequence with FFD Algoritim

All items will be compared in size to determine thmest size of the goods. The way that reseasoliiruse is
to calculate the breadth and height of goods talgeigreatest value. Please note for a shape tithera cube or beam,
then the calculation will be done by taking thegkst size of the wake of the space. For exampieth® ball, then the
formula becomes diameter x diameter. The followimghe result of the calculation of the base aredtiplied by the

height of each item:

* A=1cm3
* B=1cm3
+ C=2cm3
» D=2cm3
« E=4cm3
e F=4cm3
+ G=16cm3

Based on the computations that have been compéedpods will be packaged in the order of G, FCED, B,
and A. However, goods G cannot be packed into amrts because the width and height of the contamenly 2cm

while the diameter of the goods G is 4 cm. Theeftire packing order of goods will start from tleeds F.
Determination of Packaging Position with LAFF Algorithm

Based on the sequence of items already obtained tise FFD algorithm, the LAFF algorithm will argenthe
position of the goods inside the container to bedpced with a 3D view. In addition to overcoming tYisualization of
FFD, the researchers also proposed a way to miaithiz shortcomings of the LAFF algorithm by fillitige items with
the largest size first in accordance with the Figbi@thm, both at width and height in order to nmaide the available
space. Based on the sequence of items obtainedttfir@ifFD algorithm and positioning of the LAFF aigfum, Figure 10

C B

is the result of the packing of the goods.

Figure 10: Combined Simulation Results LAFF and FFDContainer Size 20

OFn

Figure 11: Combined Simulation Results LAFF and FFDContainer Size 40
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Figure 10 shows the simulation result after incoating the FFD and LAFF method on a 20 sized costfai
where item A cannot be inserted because the selemetl of goods is considered to be from the highnFFigure 11
describes the simulation result after combiningER® and LAFF methods on the 40 size container s/ladirthe goods
can be included because the lowest level stilldpegce. It should be noted that the width of the iteas been taken into
account in the image, but is not visible due to imdichitations. Items B and D are located side lole svhere item D is at
the back of item B.

Calculate the Volume of Goods and Containers

After packing the goods into the container, thetrstep is to calculate the used or volume usedtla@adolume
of wasted or unused volume. How to calculate tHeme used is to add all the volume of goods thatHseen packed

into the container. How to calculate wasted volusnBy subtracting the volume of the container aoime used. Here's
the step how to calculate it.

Container Size 20:

Volume used (goods already packaged):
F=(4/3x3.14x1x1x1)=4.18 cm3
E=(1cmx2cmx2cm)=4cm3
C=(@cmx2cmxlcm)=2cm3
D=(1cmxlcmx2cm)=2cm3
B=(1lcmxlcmxlcm)=1cm3

Total volume used = 13.18 cm3

Container volume =5cmx 2 cmx 2 cm =20 cm3
Volume wasted = Volume of container - Volume used
=20cm3-13.18 cm3

=6.82 cm3

Container Size 40:

Volume used (goods already packaged):
F=(4/3x3.14x1x1x1)=4.18 cm3
E=(1cmx2cmx2cm)=4cm3
C=(Rcmx2cmxl1lcm)=2cm3
D=(1cmxlcmx2cm)=2cm3
B=(1lcmxlcmxlcm)=1cm3
A=(1cmxlcmxlcm)=1cm3

Total volume used = 14.18 cm3
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Container volume =12 cm x 2 cm x 2 cm = 48 cm3
Volume wasted = Volume of container - Volume used
=48 cm3 - 14.18 cm3
=33.82cm3

Problem Solving Method

In this study, the combination between LAFF and F&Qorithms is used. FFD algorithm will be used in
determining the order of goods. While the LAFF aitpon will be used to determine the position of geoln this research
will also create a simulation which will have soadvantages compared to the previous study. Thiglatimn will be 3D-
shaped with three kinds of items that can be satecte. cylinder, sphere, and box. In additiorthis simulation users can
choose between two container sizes, which are @Cafed 40 feet. Figure 12 describes the workflowhefFFD and LAFF
algorithms in this study. The first step is thisthoa will check the shape of the items. If the ghapthe item is a cube,
the surface area is obtained by multiplying thegterand width. Meanwhile, if the shape of the iteEra cylinder, the
surface area is obtained by multiplying the diamatel length. Meanwhile, if the shape of the itsra sphere, the surface
area is obtained by multiplying the diameter arahiter. After multiplying the surface area, theultewill be saved.
Then, it will check whether the surface area of ithen being examined (item X) is greater than tindase area of the
selected item. The selected item is random at fifsto, the surface area of item x will be changedhe width of the
selected item surface area. If not, the surfaca aféem x will then be checked if it is the saasethe surface area of the
selected item, if yes then it will check again, tee the height of item x is higher than the heighthe selected item. If
yes, item x will be the selected item. If not, thiee selected item will not change as a comparigitin other item. After
that, it will be checked whether there are any gemailable, if there aren’t any it will end, biitistill available, will be
checked the size of the items again from the béggnand the order of items may change accordiripesurface area and

the height of the items.
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Start
Read items
Shape is N\, /€S surface area =
box? length*width
No
Shape is ™ Yes surface area =
cylinder? length*diameter
No
Shape is ™\ Yes surface area =
sphere? diameter*diameter

Save surface area

surface area item x
= surface area item
selected?

No

surface area item x
= surface area item
selected?

surface area item x
= surface area item
selected?

item selected is item selected not
item x changed
Yes
mare items?
Nao

Figure 12: Flowchart of FFD and LAFF Methods
ANALYSIS AND RESULTS

The first problem to be solved is to consider thaght of goods to determine the order in the pagijoods. Ir

order to solve the problem will use two meth,namely FFD and LAFF. Here is the explanal
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First Fit Decreasing Method

First Fit Decreasing (FFD) method will be usedhis tstudy to determine the sequence in packingtioels into
the container, that is by comparing all the avddajpods then determine the sequence of goods whiche packed into

the container.
Largest Area First-Fit Method

The Largest Area First-Fit (LAFF) method will beedsin this study to determine the position in pagkihe

goods into the container, that is determining whbeegoods will be placed inside the container.
Development of 2D to 3D Simulation

The previously designed simulation has a 2-dimeraigisualization. Simulation in 2 dimensions cati$play
all side of goods, but only from above only andelesf goods can't be seen. Therefore, this study d@velop the
visualization into 3 dimensions. 3-dimensional dimtion can display all sides of the goods, botlgtenwidth, and height

and level of goods can be seen clearly.
In Developing 3-Dimensional Visualization, Here aréhe Steps:

* The combination between first fit decreasing (FFBgthod to determine the packing sequence of goonds a
largest area first-fit (LAFF) method to determihe position of the goods inside the container. Thisecessary
for the packaging of goods to be more optimal. RRBthod will determine the order of goods basedten t
largest size, but FFD method can't determine th&tiom of goods because it is only suitable fori2ehsional
packing problem. LAFF method will determine the ifos of goods into containers because this metisod

suitable for 3-dimensional packing and will pack tioods starting from the bottom left containestfir

* In this research use the Three.js library to crezdgimensional objects into the simulation webdioe

visualization to be 3-dimensional.
Addition of Item Shape

In previous studies, the form of goods that cande is the only box. While in this study, the fasfrgoods that
can be used is the cylinder, sphere, and a box.atldiion of this form of goods serves to make shreulation more
varied and more in line with the original goodscriFasing the form of goods requires different dakbons from previous
studies. In the previous studies, the calculatibsusface area was done by calculating the lengthiplied by the width

of the box. While in this study, the calculatiordifferent for each shape as seen in Fig 3.1.
Addition of Container Size

In the previous study, the container size avail&bR0 feet. While in this study added a 40 feettaimer size to

fit the actual container standard size. Therefthrexe are two container sizes of 20 and 40 feet.
Testing

Testing the simulation designed for 50 times to para the result that is kemasin.com with a simatativhich
has been designed by the previous study that igkusaml. However, on bungkus.ml there are onlye2l €ontainer sizes
available and the goods shape is the only box sleisrcomparison, user input the goods with theesamount and size as

well as the same container size. This comparisoreésled to find out how much difference there igeiucing the empty
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space inside the container because there areatiffarethods that used. Table 1 will show five satiah results that have

Theodorus Jonathan Nugraha & Friska Natalia

done.
Table 1: Simulation Result Comparison with PreviousStudy
N Goods Size bungkus.ml kemasin.com
(I x w x h)
I1x1x2
I1x1x2
I1x1x2
1x2x2 Packed Items 1D1, 2, 4, 5,6, 7,8, 9 Packed ltems ID1, 2, 3,4, 6, 7,8, 9
1 Ixlx1 Volume Used16.00 ni Volume Used17.00 m
Volume Wasted4.15 ni Volume WastedL3.15 ni
I1x1x1 .. .
Remaining Items ID3 Remaining Items ID5
I1x1x1
I1x1x1
1x2x2
2% 2 %2 Packed Items ID1, 3 Packed Items 1D1, 2
2 2% 2% 2 Volume Used12.00 m Volume Used16.00 m
2% 2x1 Volume Wastedl8.15 ni Volume Wastedl4.15 ni
Remaining Items ID2 Remaining Items ID3
1 i g § ; Packed Items IDL1, 2, 4, 5 Packed Items D2, 3, 4, 5
3 1y2x2 Volume Used12.00 ni Volume Used14.00 m
Volume WastedL8.15 ni Volume Wastedl6.15 ni
1x2x1 . .
Remaining Items ID3 Remaining Items ID1
2x2x1
i i f ’; ; Packed Items IDL, 3, 4, 5 Packed Items IDL, 2, 3, 4
4 2 %2 %2 Volume Used14.00 m Volume Used15.00 m
Volume Wastedl6.15 ni Volume WastedL5.15 ni
I1x1x1 .. .
Remaining Items ID2 Remaining Items ID5
I1x1x1
i i g i i Packed Items IDL, 2, 3, 4 Packed Items IDL, 3, 4, 5
5 Ix2x2 Volume Used16.00 m Volume Used18.00 m
Volume Wastedl4.15 ni Volume Wasted!2.15 ni
1x2x1 L .
1x2x2 Remaining Items ID5 Remaining Items D2

Based on 50 test cases that have been done, camtleded that the combination of two methods wiaichFFD
and LAFF in this study can be stated as more opiimeeducing the empty space in the container canenb with the use
of LAFF method only. This can be seen from the amai volume wasted contained in both simulatiofise wasted
volume in the simulation in FFD and LAFF is smallban the previous one using only the LAFF meth¢eimasin.com
simulations which developed in this study has hasimaller wasted volume of 1.86 m3 compared to tinegkus.ml

simulation designed in the previous study.
Evaluation of Feature Addition

The problems stated in this study can be solved e succeeded in creating a 3D simulation becabse
visualization can already be seen and can be usgzeily. The addition of 20 and 40 feet contairizes and cylinder,
sphere, and box shape have been tested by tektngirhulation so it can be concluded that thisuieais working
properly.

Simulation Website

Based on the observations that have done from tiéiqus study, can be concluded that the simulatiam

overcome the previous simulation shortage by hathedgollowing needs:
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e Combination of two algorithms namely FFD and LA
« 3D simulation displays.
» Simulations that can be used easily and qui
» Can determine the size of the container to be
» Can determinehie form of goods to be packac
» Can determine the size of goods to be pa
Here is the interface of simulation wite when a user first the visit the website.

3D Container Packing Simulation

CONTAINER

Choose Container Size

40 teet standag

em List

PACKING RESULTS

S g

Figure 13: Website User Interface

Figure 13 shows how th&@mulation designed. This page is divided into twain part, namely the input and
output sections. The input section at the top ef plage is the part where the user will input tmeuition data. Th
required inputs are the size of the containerstiape of goods, and the siz¢thegoods. Meanwhile, the owt section at

the bottom of the page is the part where the umeisee the results of the simulation after theutitipe needed da
In the Input Section, There areSeveral Buttons, among Others:
» Button to choose the size tbfe container that will besed is "20 feet standard" and "40 feet standarttobL

» Button to choose the shape of goods to be paclketudtton "cylinder”, "sphere”, and "cublock”. If the user

wants to pack items with a tube or cylinder shadpe,user will select the "cylinr" button. If the user wants to
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pack the item with a sphere or sphere shape, trewill select the "sphere" button. If the user t8ao pack the
goods in the form of a box, the user will selea toube/block” button. Each button will displayextbox that

asks the user to fill the size based on the foahlias been selected.

* The next available button is the "Pack!" button athivill be used when user has done choosing theairem
size, selecting the item shape, and filling outla desired item sizes. When the "Pack!" Buttoseiscted by the
user; the simulation website will display the siatidn result. Before the simulation results areldiged, this
website will check whether all required inputs héewn filled by the user. If not all of them fillethe website

will not display the simulation results.

e The last button is the "Clear" button used by tkeruvhen the user wants to delete all items thae leen

entered.

The result of this study is a simulation which denaccessed by open kemasin.com in an internetskrowhis
simulation can reduce the weakness of the LAFF ipgakethod by combining it with the FFD packing hed. Based on
the results of the comparison that has been doaemagin.com simulation is better in minimizing thapty space
compared to simulation in the previous study. Tébliescribes the comparison before (simulatiomégrevious study)

with after simulation build in this study.

Table 2: Comparison with Previous Study

Before After
2D simulation display. 3D simulation display.
Only one item shape available, box.  Three item aba@vailable, cylinder, sphere, and bojx.
20 feet container size available. 20 and 40 feptaioer size available.
Using LAFF method. Combination of FFD and LAFF nuath.

CONCLUSIONS

This study has proved that the combination of twoking methods, first fit decreasing (FFD) and éastgarea
first-fit (LAFF) is better than the previous studyhich only uses one packing method that is LAFFsdgaon the
simulation results that have been compared, thislsition is more optimal in reducing the empty spesmpared with the
simulation designed in the previous study provedhesynumber of average wasted volume of less b§ a8 This study
has also succeeded in making a simulation websita previously 2D to 3D, has featured two contaisige choices
which are 20 feet and 40 feet, and three choitg@ods shape which is a cylinder, sphere, andvidugh can be used
and be running properly based on the test resuolte.dSuggestions for further studies are to impitheefeatures and
simulation skills of packing goods, for example tiasuse the database to store the simulation addttz number of

containers that can be used.
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