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THE IMPORTANTS OF CLUSTERING
IN LOGISTIC SYSTEMS

Abstract. Nowadays, the development of higher efficient processes and procedures is the key for
success in industrial environment. The companies have machines, production lines, software and
hardware tools with high level principles of efficient working. Example: the Industry 4.0 concept use the
machines and methods of the near past, upgrade them, and gave them new purpose, as a more efficient
tool. Some of the bases of those tools are not as efficient as which many would think, like in group
generating or in other word clustering. Clustering is a very hard process, and it is in almost every
decision making in every company’s lives. It is important to sometimes examine its significance and
flaws. This paper presents the clustering briefly and shows its errors through an example.
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1. INTRODUCTION

Nowadays, everything is about working efficiently [1]. Globalization was the
first step for giant logistic networks to emerge across the world [2]. Most of the
times it is cheaper to produce or buy components or full products from the other
side of the planet. Lots of multination companies realises this, and made
connections. Our world is and was so interconnected, that if an error or a failure
occured somewhere, it was hard to find, and even harder to fix. Our sensore
technology, tracking devices and mobil computers help to eliminate the long
seaching, but in most case they cant help in the recovery. This is where old and
new technologies combines. The Industry 4.0 concept uses the existing technolgies
and connects them into a system, that can do more then individually [3]. It creates
new inforamtion from exist data and information. One of the most used princeple
of the Industry 4.0 concept is machine decision making without human interaction
in a situation, which has not yet occured for either the machine or a human. This
makes the machine, the production or the whole system smart. This is a smart
factory, and it contains some sort of Artificial Intelligence[4]. There are multiple
IT companies, that want to create the most advanced Al, but in our situation, in the
assembly or production industry, a basic algorithm that able to ,learn* with
minimal computing power is enough [5]. One of this minimalistic Al is clustering
algorithms, that can create groups based on measured or calculated parameters.

In almost every part of a any logistic system there are some clustering task. It
used in route planning, package and unit load planing, location determination,
warehouse allocation, high bay storage service, order and delivery management,
and so more. It is a very important subtask, which is neglected by many manager
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and engineer, because they said it is so ,,basic®, it’s implemented in everything
perfectly. But most of these algorithms of the early ERP-s, are not capable of
handeling effciently the increased databases[6].

In this paper | would like to show the importance of clustering with small
examples, and show how much a clustering error affects an optimization process.

2. CLUSTERING ALGORITHMS IN GENEREAL AND LOGISTICS

Clustering is a NP-Hard problem in mathematics, which trnalates to: it has no
ekzakt mathematical method to solve the problem. Therefor there are numerous
clustering algorithm to which tries to produce a reasonable good solution in a short
time. There are commonly used algorithms, such as: the most used K-mean and
other K algorithms, nearest neighbor, Cobweb, CURE, Fuzzy cluster, BIRCH,
DBSCAN, Human intuition, and so on [7]. Most of them must follow the same
rules of their data tables and parameters. If two or more paramters share some
convergence, that make the progress faster or more reliable, but this is not
necesarry for the clustering algorithms. There are two important conditions for
realible usage of these algorithms:

e Every individual object needs to have values in every parameter that we

want to invole into the clustering process,

o If the parameters are not share the same unit of measure, it need to be

weighted.

There are exceptions in both condition: Some advenced algorithms have Al to
fill out blank parameters, if there are correlations in the dataset (big dataset is
necessary); and if there are few parameters to consider some clustering process can
be done with great success without weighting [8].

64 L

Figurel — K-mean used in 2D clustering [9]
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One of the most important and spectecular use of the algoritms in logistics is
in route planning with multiple vehicles. In this situation to get a good solution,
first you have to determine which vehicle visits which point and then optimise the
route seperatly in the groups. Most of the clustering algorithms today use this
method, which gives us a fairly good result but there is a chance, that it won‘t be
the optimal soulution. To get the optimal solution with a greater chance the two
optimization process (clustering and route planning) have to work paralell, because
both have influence over on the other. This is where Heuristics can help. Heuristic
algorithms handles all parameters at once, where grouping is just another
parameter. Besides that, no other parameter has to change, and if it’s not necessary,
it doesn’t need weighting the parameters. However, an evaluation function, like the
fitness function in evolutionary algorithms, is necessary for this method. In my
personal studies I use both methods and | recommend using them in this division:

e Use the Clustering algoritmhs, if there are just a few parameters (under

10) and only need mild weighting.
e Use Heuristics, if there are big databases, with high number of parameters.

3. CLUSTERING EXAMPLE IN MULTI-VEHICLE ROUTING

The multi-vehicle routing problem is a combination of at least two problem,
but most of the time there are four basic logistics problem, which plays a role in
the difficulty [10]:

e routing problem

o clustering problem

e capacity problem

o location determination problem

In this paper the first two has already been expalined. The capacity problem is
a real life problem of transporting. beacuse, the capacity of the vehicles and the
locations are predetermined, and can‘t be violated. The capacity acts like a limit,
that can determine the quantity of the vehicles, storages, docks, etc. in a company.
The location determination problem creates ,(floating objects, until the
optimization problem rootes them and gives them their own parameters. It can be a
parking slot or a charging station for our vehicles. Also it can be a propective
warehouse in the future or any object, that will be part of the route, but the
optimization process should decide where it needs to be. These are the four
fundamental problems of the multi-vehicle routing problem. In the next example
besides, the location determination problem, all other has a role.

In the example there are 20 objects in a circle in the map giving the same
volume and weight of wares. In the middle of the circle, there will be the company
that collects the wares. We like to get the least amount of driven lenght, with the
data in Table 1. This is a highly specific data, because we know what need to come
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out. With this setup, there will be 3 routes, and the perfect solution should look like
a radiation warning sign, which can be seen in figure 2. The solution is created by a
Heuristical method called Evolutionary alhorithm, and the total lenght of the route,
that the 3 vehicles have to take is 965,85. It has no dimensions, because we don‘t

define it in the coordinates.

Table 1 — Coordinates and basic data of the artficial problem

# X Y Weight Volume
Center 0 0
1] -60,079| 52,82534 2 2
2| -79,3423| -10,2371 2 2
3| -44,7031| -66,3448 2 2
4] 20,30587 -77,38 2 2
5] 71,51973] -35,8459 2 2
6] 74,14548| 30,04077 2 2
7| 26,39927] 75,51873 2 2
8| -39,2817| 69,69179 2 2
9] -78,276| 16,51858 2 2
10| -64,0922] -47,8768 2 2
11| -6,36629] -79,7463 2 2
12| 55,68468| -57,4388 2 2
13| 79,90534| 3,89068 2 2
14| 49,84098| 62,57697 2 2
15| -14,0837| 78,75056 2 2
16| -68,4403| 41,42365 2 2
17] -76,3009] -24,0451 2 2
18| -32,3252| -73,1784 2 2
19| 33,61117| -72,5968 2 2
20] 76,71326] -22,6953 2 2
SUM 40 40
Max Weight Max Volume
Routes: 3 27 15
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Figure 2 — Perfect solution of artificial routing problem

To get the perfect solution, there were advanced programing, fine tuning and
multiple re-runs of the optimization method. This is not acceptable in an industrial
environment. Most of the time the resoult was a semi-perfect circle or 1-2 object in
the wrong group as shown in figure 3-5.

Figure 3 shows a routing optimization problem, where the solution in
1216,85. It is 26% higher than the optimal.

In figure 4. there are a mild clutering solution with a value 1072,49. It is 9%
higher than, the optimal.

In figure 5 we can see a mild clustering and route optimization error, where
thesolution is 1238,53, which is 28% higher, the the perfect score.

$0
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Figure 3 — Problem with routing optimization in the solution
of artificial routing problem
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Figure 4 — Problem with clustering in the solution
of artificial routing problem

Figure 5 — Problem with routing and clustering optimization
in the solution of artificial routing problem

4. SUMMARY

Clustering algorithms and other methods to create groups and gather more
information of a database is necessary in the industry today to be as efficient as the
competitors. If you can get information or save money with little or no efforts, that
is a win for everybody. Nowadays a few percent increase or decrease in efficiency
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can mean that a company can turn in profit or not. The example shows us that a
little error in clustering and/or a connecting problem can decrease efficiency with
more than 10%, which is a huge loss. This is a very important reason to look after
which tools, we use in our calculations, software, and databases.
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[Terep Bepem, Mimkosbl, YropimunHa

BAJKJIMBICTH KJTACTEPH3AIII
Y JOI'TICTHYHHUX CUCTEMAX

AnoTauisi. Konyenyis Indycmpii 4.0 suxopucmogye icnyioui mexnonoeii i 06'conye ix @ cucmemy, sika
Mooice pobumu Oimvuwie, Hidic iHOugioyambno. Bona cmeopioc nogy inghopmayiio 3 icnylouux Oamux.
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OOHuM 3 HaUOINLW YACMO BUKOPUCTNOBYBAHUX npunyunie xouyenyii Inoycmpii 4.0 ¢ npuiinamms
pliuens Mawunoio 6e3 empyuants J00UHU 6 cumyayii, aKka wie He 6i00yNacs Hi Ol MAWIUHU, Hi O
moounu. Lle pobums mawuny, supobnuymeo abo écio cucmemy posymuumu. Lle posymua gabpuxa, i 6
Hill € c8020 pody wmyunuti inmenekm (LLI). € xinvka IT-komnaniii, aKi Xouyms cmeopumu HauoLbuL
npocynymuii LI, ane 6 oawiti cumyayii, 6 cgepi 30upanns abo GUpoOGHUYMEA, AOCUMb NPOCMO20
aneopummy, AKuil MOdice «GUUMUCAY 3 MIHIMATLHOIO 0OUUCTI08aNbHOI0 nomydcHicmio. OOun 3 yux
MiHiManicmuunui I - aneopummu  kracmepusayii, SKi MOJCYMb CMBOPHOGAMU 2PYRU HA OCHOSI
sumipsHux abo pospaxosanux napamempie. Knacmepusayis - ye NP-eagicke 3a60anns 6 mamemamuyi,
SIKA 3600UMbCST 00 MO20, WO Y Hei' HeMae CReyianbHO20 MAMEMAmuyHo20 Memooy Onsl il GUPIUEHH .
Tomy icnye 6e3niu aneopummise KIacmepusayii, sSKi HAMA2armycsi 8 KOPOMKI MePMIHU 0amu po3yMHe
eapHe piwierns. OOHUM 3 HAUOLILUWL BANCTUBUX | CREYUDIUHUX CROCOOI6 BUKOPUCMAHHS AN2OPUMMIG 8
Jnocicmuyi € NIAHYBAHHI MAPWPymy 3 OeKilbKoMda MpAncnopmuumu 3acobamu. Y yit cumyayii, woo
ompumamu 2apre piuienHs, CNOYamKy 6USHAYAEMbCA, AKUL MPAHCNOPMHUIL 34CiO 6i06I0YeE AKY MOUKY,
a nomim ONMUMI3YEMbCA MAPWPYmM OKpemo no epynax.binewicme aneopummie Knacmepusayii
CbO2OOHI BUKOPUCMOBYIONb Yell Memoo, AKUL 0de 00CUMb XOPOWUL pe3yTbmam, aie € WaHc, Wo 8iH He
6y0e onmumanvhum piwiennam. LLJo6 ompumamu onmumanvre piwients 3 6i1bUOI0 UMOSIpHICMIO, 084
npoyecu onmumizayii (knacmepuzayis i NIAHYBAHHA MAPWpPYmy) NOGUHHI NPpayioeamu NAapaieibHo,
momy wjo obudsa maoms 6nauUe 00UH Ha 00Ho2o. Tym modce donomoemu espucmuxa. Eepucmuuni
anzopummu 00poOIAIOML 6CI napamempu iopasy, a YepynosaHHs - ye npocmo e 0OUH napamemp.
Kpim moeo, nisxi inwi napamempu ne ROBUHHI 3MIHIOBAMUCH, I, AKWO 8 YbOMY HeMae HeoOXIOHoCcmI, He
nompibno 3eascysamu napamempu. OOHax 0N Yb020 Memooy HeoOXIOHA (DYHKYIS OYIHKU, MAKa K
Qyuryis npucmocosanocmi 6 egoMOYiliHUX aneopummax. B Oanuil uac 30inbuwents abo 3MeHWeHHs
ehexmusHocmi Ha KibKa 610COMKIE MOJICe O3HAYAMU, WO KOMNAHIA MOJICe OMPUMYBATNU NPUOYMOK YUl
ni. Heeenuxa nomunka 6 xnacmepuzayii i / abo npobiema 3 NiOKIIOYEHHAM MOJICYMb 3HUZUMU
eghexmusnicmo Oinbw Hisie Ha 10%, wo € eenuyesnor empamor. Lle Oyiice eajxciusa npuyuna, woo
GUBHAYUMU, AKI [HCMPYMEHNMU NOGUHHI GUKOPUCIOGYBAMUCS 6 HAWUX DO3PAXYHKAX, NPOSPAMHOMY
3a6e3neuenni i 6a3ax OAHUX.
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