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Abstract
In an earlier article [1] we have presented a nesaguction model with the related location model end
circumstances created by the global economic criBithis paper we should like to focus on two reathtical
models that reveal the internal structure of thisdtion connected production in details, the madgroup
formation, the definition of the notion of bestatkring as well as the selection of a possible ermigether with the
related assignment model. In this model we attednfotesimplify the objective functions of [1] ang [&ith the
minimal distortion. From the point of view of défig the clusters this simplified objective functzan be well
applied without significant differences would appéée task related to the model offers more sotuthethods
[4]; however, we do not examine this scope of daests this will be the subject of another study.
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1 Introduction

Pure Remote Manufacturing

Let be givem demand places and m possible places. Let us distndemand places belonging
together and assign the possible manufacturingjtfesito the natural demand place groups to be
formed. All this should be made in an “optimal” way

In the solution we need to search for producti@aces close to the demand places which are able
to satisfy the full demand. In this case, if needaly the strategic parts should be got to the
given assembly plant and the question of supphieulsl be out of interest as it would belong to
the responsibility of the local plant. Apparenttiie quality control should be achieved by the
centre. Outbound transportation would be accomgtisiiso by local shipping companies.
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Fig. 1 Pure remote manufacturing

2 Mathematical model

2.1 Formation of “natural groups”
The mathematical model related to the formatiothefgroup.
Let us suppose we plan to fooemand groups by takingdemand places into account(n).
Let us have
T= [tiiJ (1)

to denote the length of path (edge) in relatiorhwit. j. More detailed refer to [2, 3].

Definition 1
Given

D= |.dijJ ©

d; =k, &,,(=1..mj=1...,n)

as the capacity of —» j edge whilek; should mean the specific transportation cost reledeone

distance unit in tha - jrelation. This cost factor should be a value defingon practical

experiences that is dependent on the quantity gve)Juo be transported, on the characteristics of
vehicle(s) as well as on the conditions of trantgimm. For its detailed definition refer to [1].

Remarks
1. In this case the conditions related to the gdized distance have been satisfied as
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k, 20. 3)

2. In this case the similarity indicator will appess (i.e. two points will be in the same cluster i
the similarity is better)

o =1 (4)
d;
D, is the capacity of the reverse distance betwesrj.
Let be the value of
X=|x] ([=1...mj=1...,n) (5)
e 1,ifthe edge is used
0, ifnot
in thei - j relation.
Denote
Y =[Yirr Yol (6)
where y, is the number of cluster.
In this case
0<y <c-1 (7)
and if
x, =1ltheny, #y, (8)

2.2 Clustering
Arrange the edges in the order of their size rdl&detheir capacity. Assume the order will be as
shown below:

diljl 2 dizjz 2.2 din(n—l)jn(n—l) ! (9)
y, 0{0,...c-1 (i=1...n), (10)
x, 0{0:4 (i =1..n; j =i +1...n) (11)
dikjk Xikik - dik+1jk+1xik+ljk+1 2 0 (k :1”" n _1) (12)
(yi-yj)z—xjzo(i:1,...n;j:i+1,...n) (13)
f(X) = Z Zdij x; — max. (14)

i=l j=i+l

Remarks to the model
1. (12) guarantees that a shorter edge will onlgdresidered if all longer ones have taken into
consideration:

ik+ljk+1 < d (15)

In this case the following may not occur:

i !

=0 (16)

=1. (17)

ik

ik+1jk+1
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2. (11) assures that in case an edge is existitvgelba two demand points, these two point can
not be in the same group. (If there is no edgetiegidetween them they can be either in the
same or also in another group; this is why not kiyuzas been given.)

Solving the task of the model we obtain the clustebelonging to the number As a next step
the clustering and the value of the objective fiorcheed to be defined for all possible

Following this, we need to find the natural clustgr Its definition is as follows:

Definition 2
Let M_to denote clustering belonging to the numbesiven
d.=d; —d ., (18)
for which
%, =landx ;, =0

are satisfied for and this belongs to thil clustering. (Ifl = n(n2—1)’ thend_. = 0.

Given
) =1....,n-1), (19)

in which case theM belonging tod, is called as natural clustering. In case therenzoee of

d

Co

= max (d. - d..,

this kind the one is selected for which) is the greatest. If also these are more than teengin
the least group number is selected.

2.3 Selection of the clusters’ centre

In the second step, based upon the natural clogtere may set up a center search model.

First we give the center search function. One afsgme definitions of this function could be as
follows.

Let C, denote thg-th group belonging to th# . clustering.
Given

fij = Z(dn + pi)@h (20)
I0C;
whereq is the quantity demand of the given demand plalk#evp; stand for the unit price of
product produced atth place. Thed, is the matrix element of edge capacity between the

demand places and possible places.

Definition 3
Let bez, = 1if we transport from-th possible place to theth cluster and O if not. Then tie

matrix will take up the form as shown

Z= |.Zii J (21)

Given
(22)

f(z):zm:i f, O .

i=1 j=1
which is considered to be center search function.
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The center search model will take up the followiogn:

z, 0{0Y (=1....m),(j=1...,c,) (23)
izij >1 (24)

Zm:zij <1 (25)
f(z):f:ifij [z, - min. (26)

With the help of the task belonging to the modeleast one possible place will be assigned to
each cluster from which their demand could be sadpl

3 Sample Task

The following simple task illustrates how easilg tiask can be solved in Excel.

Let us consider 4 demand places and 5 possible dhed edge capacity matrix belonging to
individual demand places may pick up the followfogn:

1

|_\
oo o ~ O
~N N O b~
= O N O
O - N O

3.1 The first model
y 0{0,...c-1 (i =1...4),
x, 0{04 (=1...4j=i+1...4)

10x,, =Ty, > 0

-5x,, +7X%,, > 0

ax,, +5x%, > 0

-4x, = 2Xy, > 0

2%,5 “ Xy 2 0

i -¥)° — X = 0
(y1 - y3)2 ~ X3 2 0
(y1 - y4)2 ~ X 2 0
(Y2 - y3)2 ~ Xy3 2 0

(yz - y4)2 ~ Xo4 2 0

(y; - y4)2 Xy 2 0

10x,; +5%, *+2X,; +7X, +X; - max

The solution foic = 0, ...,3 will result in:
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Number Clusters d d

o) o)
of clusters
1 [1;2;3;4] 10-7=3 3-2=1
2 [1],[2;3;4] 7-5=2 3-2=1
3 [1],[2],[3;4] 5-2=3 3-1=211
4 [1,[21,[3],/4] |2-1=1 1-0=1

Based upon the previous reasoning the cluster Noll Be considered as natural clustering. One
of its possible Excel model is depicted in Fig. 2.

AlS - A =(A3-B3"(A3-B3)
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Fig. 2: A worksheet with initial data

Solver paraméterek | |

Celcella: Megaldas
Legyen ®iMax  Omn O Erkék o Eozirae

Madosuld cellak:

e

korlatoza Felkételelk:

(AN SRR
| DD R —

(X

Bealltas

$a$3 <=2

Hozzaadas
$A$3:4343 = egész értek
P 1
$0$19:40¢24 »= $k$19:4K$24 —

ok <

|

o [

Alaphelyzet

|4

Slga

Fig. 3 Setup 1 of Solver
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Solver, paraméterek _ |

Celcella: Megoldas |
Legyen ®mMax  OmMin O Ereék: 0 -
= = = Bezaras
Madosuld cellak: -
| Ag3:3243 Ajérlat
korlatoza Felkételelk: Bedlicas
S A
figs <1
irjﬂ$$31:;r~}|$1a 5=10 Alaphchiz:
FMEE$MELS <=1 b

Slga

Fig. 4. Setup 2 of Solver

Solver bedllitasok

May, idd: masodperc 0O
Lépésszam: 30000
Pontossag: 0,000001

Tlrés:

Mégse

Maodell betilkése, ..

%o Modell mentése, ..

I

Konvergencia; 0,0001

Siiga

[] Linedris modell Feltétalezése  [] Magysagrendsk Felismerése
Mermneqgativ Feltételezése [ kijelzés |&pésenkent

kizeltés Differenciak. kKeresés
() Erinkd ) Haladd (%) Mewton
(%) Kvadratikus (%) Centralis () Konjugéle

Fig. 5. Setup 3 of Solver

3.2 Second model
Solution of the task appertaining to the secondehod
Let the edge capacity matrix according to the madat as shown below:

9
4
7
10

© N RN
N w NN

Let the total demand of all demand places be
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q =[50 80 60 70|
Purchase price of a product from one possible place
p=[100 150 20Q 90| .
Then

5100 7800 16930
8300 12150 24180
6500 9300 19070
7200 11850 22930

Solution of the task:

Possible place Cluster
1] — | [2]
\Y; — | [1]

Logistics costs amount up to 33 430.

Excel task and its solution in relation with thedab

%] - A =SFUMH22.122)
Al | ¢ [p]lE[Fle] A [ 0 [ 0 [ k[T L[ wm | w [ o | p |

1] 1. 2. 3. 4. q p= ] 50 50 70

(2] El 7 100

ERL 4 2 150

L4 [ 7 3 200 10000 16000 12000 14000

15 [v 10 7 a0 4500 7200 5400 R3O

5

A 100 300 18000 B30 2430 100 0 0 0 10000 4500 14500

A 300 150 GO0 180 980 0 1A ] 0 16000 7200 23200

IER 500 300 1400 270 1670 O 0 200 0 12000 5400 17400

110 [1v 200 13/0 2000 B30 2RI 0 il 0 a0 14000 E300 20300

1

[12] 2430 14500

[13] 550 23200

[ 14| 1670 17400

115 | 2630 20300

| 16 | szallitdsi ktg csoportonként wasarldsi ktg csoportonként

17

18] 16530 0 0 16930

[19] 24180 il 0 i

|20 19070 0 9300 0

[21] 22930 7200 0 0

[22] 7200 9300 18930[ 334300

23]z —

|24l 0 of 1] 1

[ 251 i i i 0

| 28 [l i i} 1

| 27 v i il 1

25 1 1 1

Fig. 6. Worksheet of the task
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Solver paraméeterek | |

%)

Célcella: tktzz | Meqoldas
Legyen Max & Min O Ertéks o -
B = & -Bezaras

Madosuld cellak:

$E$24 40427 Aianlat
kKorlatoza Feltételek: Beallitas

$B$24:40427 = bindris &rték -@

$E$25 0428 == 1 —

FEF24$E$2T <=1

Alaphelyzet

Fig. 7. Setup 1 of Solver

Solver bedllitasok X]
Magx, idd: Tl mésodperc
Lépésszam: 100
Fontossag: 0,000001
Tlirés: 5 %o
Eorwergencia: 0,0001

Lineris modell Feltételezése  [[] Magysagrendek Felismerése
Memneqgativ Felkételezése [ Eijelzés lépésenként

kiazelibés Differanciak. feresés
(%) Erintd (%) Haladd (%) Mewton
() kvadratikus ) Centralis ) Konjugalt

Fig. 8. Setup 2 of Solver

4 Conclusion
Clearly indicate advantages, limitations, and gdesapplications.
In this paper an attempt has been made for drawpnthe mathematical model of site selection
related to a novel production method. The modessts of two parts:

* aclustering model, and

* acenter assignment.
The models illustrate very well the naturally carérdemand places, i.e. those belonging into the
same group, and those best possible places congéatihese clusters.
The models can be handled easily, only the detetioim of the belonging distances seems to be
a bit difficult. However, as it has been illustia the above sample task, too, the size of tasks
belonging to the models could be very large. Beganfsthis fact, it is reasonable to elaborate
such method for the task that will not increasedize that of up to an unmanageable level. The
elaboration of such method has been in progress.
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