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Abstract. This paper introduces the limitations and objective functions of
planning of a network-like operating logistics integrated assembly systems. The
optimal assignment of assembly plants to the final product requirements of the
end users is discussed in detail, and related cost functions are worked out.
Solution methods of optimisation are described in the next chapters. The
sensitivity analysis of the assignment algorithms concerning to products and
assembly plants is completed by a simple example and comparison of different
variations is showed. Finally the system of one distribution warehouse model and
the description of its algorithm is showed. Novelty of this paper appears in its
network-like nature, in its methods of optimising as well as in its approach to the
objective functions, especially to the cost functions.
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1. Introduction

The network-like operating logistics integrated assembly system means when the
production planning is planned integrated by the purchasing and distribution
logistics system, accordingly we search aggregate optimum of not merely the
production but also the logistics resources and factors. The network-like means that
the same product can be assembled by several assembly plants in different points,
and the components needful to assembling can be purchased from several different
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sited suppliers. Additionally the network-like means that the procurement of
components and the distribution of final products may be direct and indirect, in
other words by the help of distribution warehouse. In case of the network-like
operating systems the logistics integrated production planning details how search
the optimal result having regard to capacity-limits and conditions, fulfill to the
requirements of the end users according to described objective functions.

Mathematical modelling and optimisation of a network-like operating assembly
system as an integrated logistics system there is no even early attempt in the
international scientific literature. A mere scattering of publications for the logistics
integrated production scheduling can be found in the international literature [9, 10,
Il, 12). Therefrom can be determined that the used objective functions and
conditions are in accord with the used by us. At the same time in the system drawn
by us the objective functions and the conditions can be demonstrated in an other
form, it follows from this, that this defined principle can be used for the
optimisation. All these require that we lean on the considerable results made in the
Department of Materials Handling and Logistics at the University of Miskolc for
solution of this logistics model [L1,4, 13, 14].

The globalisation and the decreasing of the production depth leaded to sweeping
changes of the market of firms. These changes can be recognised by the increasing
of cooperative industrial processes based on horizontal and vertical networking
depending on the depth of competitiveness [7], In the model (Fig. L) the amount of
the final products ordered by an end user in a given time interval is given.
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Figure L Nistworiklilke oparating assanibly sysen
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The optimal operation of this complex and large cooperative logistics system
requires absolutely modern theoretical establishment of planning and control
methods [1]. The task to be completed is the logistics integrated assignment task,
which includes the distribution and storage of final products and the storage of
components. Different objective functions and conditions must and can be taken
into consideration during the solution of these tasks. In the first case the cost
function is chosen as objective function, whose components are detailed in [3]. The
optimisation is completed by a hierarchical jointed feedback heuristic method due
to the high number of cost function parameters to be optimised. The modules of a
multistage optimisation and the principles [4], solution methods and heuristic
algorithm of the assignment are elaborated in [5].

This system consists of the following units: assembly plants (P;), component
distribution warehouses (CDW;) and final product distribution warehouses
(PDW,). Transports of component parts can take place into the above mentioned
assembly plants: indirectly, i.e. through component distribution warehouses, or by
direct transports from the suppliers (S;) in case of bypassing the distribution
warehouse. Transports of final products occur to the end users (U,) in like manner,
i.e. direct delivery from the assembly plants or indirectly through final product
distribution warehouses.

The authors worked out the assignment of final products requirements of separate
end users to the assembly plants relating to time-intervals 3 with the following
simplyfied coditions in paper [3]:

we have taken no notice of the preparation cost separate from the assembly

cost, in this planning level not come to optimise the assembly lot size;

the specific assembly cost is conditioned by only final product type;

only the direct distribution model is analysed by the help of shuttle tours.

2. Aims of the paper

This paper shows the followings:
assignment algorithms of the before-mentioned simplyfied network-like
operating system are stated,
exact data-model is elaborated, by the help of it three optimal assignment
variations are worked out;
the optimum sensitivity analysis are accomplished, the specific assembly cost
is conditioned by the assembly plants per final products;
that model and algorithms are worked out which is suited to sort out the better
from the direct (without distribution warehouse) and indirect distribution.

In any case only the distribution with shuttle tours is analysed, but it can be under
further investigation, what cost reduction can be achieved with the solution of
distribution tasks by the help of round tours.
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2.1. The total cost function of the model
C=C'+C"+C5+C*+C* +C* +C" +C° - min. [€] 2.1

which can be obtained as a sum of the following costs: purchase costs of
components (C"), transportation costs of components (C’), storage costs of
components (C°), assembly costs (C*), changeover costs of assembly lines (C*"),
costs of standby of lines (C¥), warehousing charges of final products (C*), and
distribution costs of final products (C°).

We simplify the total cost function (2.1) for the determination of the annual amount
of the final products of the individual user and then only the distributional and
assembly costs should be considered. Because this paper considers the optimisation
of the assembly and the delivery, the warehousing costs of components and final
products cannot be taken into consideration and the considered costs are also global
and simplified. The above-mentioned cost-components have not to be taken into
account by optimisation, because these components are not known by this step of
assignment, but we will take these into account in after modules and effects of
these components will appear from the principle of feedback.

2.2. The objective function of the assignment in case of the product k

C/=C/!+C} — min. [€] (2.2)

where C;' is the assembly cost, C;” is the distribution cost. The matrix Q gives the

annual quantity ordered from product k£ by the user u. The searched matrix Y
shows that the user p gets the final product & from the assembly plant A or not.

Vi can take values 0 or 1 with the following condition: Z Vi =1 (case a), or
=l

what part of the final product k£ will be transported into the end user p from the

assembly plant A (case b). Conditions are: 0< y, , </ and E:y,w1L =1
il

2.3. The considered and simplified objective functions in case of the product k

2.3.1. Distribution cost

C) =226 O VS, [€] 2.3)

A=l p-1



ASSIGNMENT OF ASSEMBLY PLANTS To THE PRODUCT REQUIREMENTS OF THE USERS 129

c,f’ is the specific delivery cost of final product k, s, is the length of the delivery

route between user u and assembly plant A.

2.3.2. Assembly cost

CL =D OuViucis [€] (2.4)
A=l p=1

where ¢, is the specific assembly cost in case of the product £ in the plant A. The

assembly cost by the plants has to be calculated as the weighted average cost of the
capacity of assembly lines because we do not know yet onto which line will be

assembled it. As well the lower L = [f;:l and the upper limit L' = I:f(k/,:l of

annual produced amount of every assembly plant have to be defined. An exclusion
matrix has to be defined which gives which plant which product does not able to
assemble. Conditions are

05 £ O Vi Sl 2.5)
pu=1

2.3.3. Objective function

The objective function (3.1) becomes the following formula by the considered and
simplified objective functions:

Ci =226 Qo Vunsia* 2 2 QYo —> min. [€] (2.6)

A=l u- 1 A=l p=1

It can be seen that each element is a function of y,,, The following formula arises

if the O, ¥, is put before the brackets:

Ckl = ii Qkpykpl,(csz,ul +cl§1) — min. [€] 2.7)

A=1 p=1

which is a multivariable linear programming (LP) problem [2] with nxv pieces
(decision) variables ( y,,, ), and with n+v+nxv pieces (limiting) conditions:
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ZJ’W. =1, ZQkpykyA < fllu/‘. &0< Viwi = 1 (2.8)
Py u=l

The total cost function contains nxvxp pieces variables (y,,,), additionally the

number of conditions is px(n+v+nxv), so this problem requires for optimisation
2" steps (p is the number of final product types, n is the number of assembly
plants and v is the number of end users). It results from this that in the event of few
plant and user the size of this problem grows exponentially. Some solutions of the
(extensive) LP problem with several thousand variables and conditions are the
following in [8]: Revised Simplex Algorithm, Product Form of the Inverse, Using
Column Generation, Dantzig-Wolfe Decomposition Algorithm, Karmarkar’s
Method, etc. Because of the large size, the authors worked out two heuristic
algorithms (Algorithm A and B) [6] for the solution of the problem.

3. Algorithms of assignment based on simplified cost functions

3.1. Algorithm A

1) Choose a final product and check which end users placed an order for this
product. Choose the end user with the largest ordered quantity.

2) Find the plant, whose distribution cost is most favourable having regard to
capacitance limits of plants. Take the next user in decreasing order of ordered
quantity and choose assembly plant to it.

3) Find the plant, which can assemble this product at the least cost, and look at it
has any capacitance, if yes then check the possibility of change for the other
users in decreasing order of ordered quantity. Take the next plant in ascending
order of assembly cost.

4) Take the following product and repeat step 1.

3.2. Algorithm B

1) Choose a final product and check which users placed an order for this product.

2) Constitute the all possible relations of assembly plant-end user, and we choose
them, where distribution costs are most favourable having regard to capacitance
limits of assembly plants.

3) Find the plant which can assemble this product with the least cost, and look at it
has any capacitance, if yes then check the possibility of change for the other end
users in ascending order of distribution cost. Take the next assembly plant in
ascending order of assembly cost.

4) Take the following product and repeat step 1.

In step 2 for both algorithms have respect to those relations, where the capacitance
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limit of plant enables the ordered quantity of the user to be assembled. In step 3
partial ordered quantities are also changed.

4. Determination of datamodel needful to sensitivity analysis

A program has been implemented using Delphi programming language, which
solves the assignment problem using Hungarian method, algorithm A and B
showed in chapter 3. The program dynamically handles the number of plans, users
and products. The order matrix, capacity matrix, route matrix, distribution cost and
assembly cost matrix can be fed into the computer by automatic and manual. The
program makes it possible to save, load and print parameters and results.

The basic data are the followings: n=3, v=6, p=8. Values of the matrix Q can
change between 1000 and 6000 pieces, the average of these values is about 2000.
The data structure is defined by relative variables for the farther easier changes.

Accordingly the order matrix is given in next form: g, = g,a,, , where gy is the
basic ordered quantity, which is independent of products and users, a, is the

relative ordered quantity of user 4 from product &. The modification of value g, can
generate quantity change. The modification of a;, can create structure change. In

. . . . R i
like manner the capacity matrix can be written down in next form: ¢, = ¢ a,,

(05 25 0 0 1.5 1] (15 1 05
0 1 2 3 2 0 0 2 2
3 0 1 05 0 O 05 05 15

0=2 15 0 0 1 25 0 IilOOOpieces]LU 4 1 15 0 |:1000pieces}

2 15 1 0 3 0 cycle 1.5 0 25 cycle
0 0 2 O 0 3 0.5 1 1
0 05 0 O 1 2 0 1 1

1 0 3 0 05 0 (15 0 1|

The values of the route matrix S can change between 20 and 250 km, the average
value is about 100 km.

Ratio of the specific distribution and assembly cost: the values of & =c, /c; can be
0.2, ..., 2, let 6 be 1 now. The formula respecting the calculation of the specific
distribution cost: ¢, =c)a, , where ¢, =c,0 is the distribution basic cost, which

is independent of products, a'» =a>a2a’ is the parameter of proportionality, its
P p B 004 k0% 0p prop Y
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value for average product and vehicle a, =1, a,, =0.8-1.2, agg =0.7-1.3. The
formula of the calculation of the specific assembly cost: cj; =cjaj , where
c) =c, is the assembly basic cost, which is independent of products,
al =ajyafa/ is the parameter of proportionality, where aj, =1, aj, =0.7-1.4,

a) =08-12.

We defined a data-structure, which is suitable sensitivity analysis and comparison
of the different optimisation methods too. The sensitivity analysis covers only the
products, but its data-model is useable for sensitivity analysis of the specific costs.
During investigation the matrix Q, LY and S are fixed. We suppose values of ¢, &,
a), and ag, to be constant. Let the value of the last two parameters be 1, so the
assembly parameter of proportionality is independent of assembly plants and the
delivery parameter of proportionality is independent of delivery vehicles, so the
vehicle is given. During the sensitivity analysis regarding product costs by both

algorithm A and algorithm B only the value of a}, and a, change between the

above-defined limits (the parameters of proportionality depend on only the
products). In the following we complete the comparison of the two methods for
different products by a simple example.

[0.6 ] [0.7'
(02 08 15] 0.7 1
25 06 12 0.8 1.2
sci0| © P! [km] C° =¢,3 09 [ /piece:|,c"=c0 o8 [ /piece]
06 05 15 1 100km 13
2 1 25 1 0.9
122 12 02] 1.1 1.4
1.2 ] 1.1 ]

5. Sensitivity analysis

5.1. Sensitivity analysis of algorithms concerning to products

By the help of the parameters the values of the specific costs and the orders
presented in the objective function can be simply changed, and so parameter
sensitivity analysis can be done. The three-dimensional matrix Y is converted in
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the interest of the briefer representation, that in the plane the matrix y,, can be seen
and the values A are represented smaller numbers. The indexes H, A and B of the
matrix Y refer to the methods. This example is solved using the Hungarian method
in case of o=1 we get the following matrix Y in %:

1 0 0 S0 0 0 0 0 0
100°] | 0®) 337 hoo®| oo’ | @° o”| 100" |
0 100 ] 0 100 (] 0 0
2030 00 00 00 00 00 0]00 00
0 100( 100 100 50 (] 67
Yy = o [o"] o o so” [0 33° Y
- o° 67° 100° o° o° o° o° [ O]
0 0 0 0 0 0
0 0 0 67 0 0 0
100° 0 |o° 33° o° | 10 100°
100 0 ] (] 0 A3 100 0
00 00 00 00 00 067 00 00 i

This example is solved using the algorithm A, the results are

the followings:

r 0 0 1 0 0 0 100, 7
100°| [0° | Co® ) loo®| |100°| | 0% | |0°| <o
0 ] 0 100 0 0 0
<000 Oxoo> 0° o° 0° 0° ' 0°
o° 0'® < (> ( 100° o° < o>
0 0 00 00 0 0 00 0
Y = [%]
0100° 0o“ 000 0o° 000
ODO 00' 00° 0100“
100 0 0 0 0 6 100 0
0° 0° 0° 0° 0° 39 0° 0° |

is the matrix Yg:

M 0 0 100 0 0 0 0 100\
100°] [0° | \o° 100°| fo0®| | o° i d
<000> 100° 00" 00° Oo“’° 0o0 01000 00°
0 100 0 0 100 0 0
y = |l [o° 100‘> 0’ <oo°> o° Lo 100°> [%]
0 ) 0 0 0 0 0 0
00 OIOO 0IDO OlOO 00 00 00 00
] 100’ 0 0 100 0 0 100
QIOO> 00 00 2080 0 00 0100 QO
00IOO 000 000 000 000 (3670 Oolw 000
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It is worth analysing, what the results of the three methods (Yu; Ya; Ys) after the
assignment of assembly plants to the final product requirements of the end users.
Individual elements of matrix Y are labelled different tokens under the followings:

square - the suitable elements of matrix Yy; Y4 and Yg are same;

hexagon - the suitable elements of matrix Y, and Y3 are same;

circle - the suitable elements of matrix Yy and Y4 are same.

From the ended tokens can be traced, that from the 6x8=48 elements of the matrix:
there is full coincidence (square) by 32 elements, so (32/48)x100=66,67%
consist. If these elements are projected for end users (#*) and final products
(k*) the number of same elements can be comprised in vectors:

6 8
H*=[6:6,4;6;3;7] Dy =32 k*=[4;3,4,4;4,4,6;3] D k. = 32 4.1
k=1 u=l
13 elements of the algorithm A and B (hexagon), thus (13/48)x100=27,08% is
coincided. The results can be also detailed in vectors like previous:

6 8
PRR=[22:3:1:4:0] 3w = 135 k4*=[2,3;2,0,2;1,0;3] Y k. =13 4.2)
k1 u i

up to two elements of algorithm A and Hungarian method (circle) (both of
them in the event of product 4) so (2/48)x100=4,17% add.

the 3 methods gave several results by as far as 1 element (final product 6 of
end user 3).

Testing results are summarised in Table 1. If the Hungarian method is compared to
the heuristic methods it can be traced that the Hungarian method is over 11 per cent
(167.910c,/189.110c,=0,8879) better than the algorithm A. It can be seen that the
Hungarian method is also over 11 % (167.910c¢/189.920c,=0,8841) better than the
algorithm B. The algorithm A approaches to the optimal solution only 0,4 per cent
(189.110¢¢/189.920¢,=0,9957) better than the algorithm B, which arises therefrom,

that the value a;; is supposed constant. Testing results show that the Hungarian
method guarantees the optimum much better as opposed to the heuristic methods.
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Table L Testing results of assignment algorithms per product in costs (¢o)

Pro- Hunjgarian method Algorithm A Algorithm B

duct | assembly | delivery | summa | assembly | delivery | summa | assembly | delivery | summa
1 7700 6900 14600 | 7700 9660 17360 | 7700 9660 17360
2. 16000 10780 26780 | 16000 12740 28740 | 16000 12740 28740
3. 10800 6560 17360 | 10800 10480 21280 | 10800 10480 21280
4. 8000 6030 14030 | 8000 6030 14030 | 8000 6840 14840
5. 19500 20400 39900 | 19500 23000 42500 | 19500 23000 42500
6. 9000 10800 19800 | 9000 13200 22200 | 9000 13200 22200
7. 9800 3740 13540 | 9800 3740 13540 | 9800 3740 13540
8. 9900 12000 21900 | 9900 19560 29460 | 9900 19560 29460
Total | 90700 77210 167910 | 90700 98410 189110 | 90700 99220 189920

This table proves the algorithm A and B to give the same results except for one
case (final product 4), at the same time all algorithms give the same result just in
case of product 7, additionally the result of only the algorithea A analogise with the
optimum in case of product 4.

B Hungarian method
15000 B Algorithm A
l l B Aigorithm B

final product

5000
0

Figure 2. Results of the applied methods for products

The results of total cost are represented in Fig. 3 in the event of different values &
(0.2; 0.5; 0.8; I; L.2; L5; 1L8; 2) by both two algorithms and Hungarian method.

1
350000
300000 |

o 250000 ! .

200000 B Algorithm A
8 B Algorithm B

150000 i
L] B Hungarian metihod
o 100000

50000 I |
0

Figure 3. Results of the methods in case of different values &
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In Fig. 3 can be experienced that the given total cost results by the methods linear
increase with increase of the value &. At the same time, if the value & grows from
0,2 to 2, so it decuples, the total cost will increase 2,6-fold or 2,3-fold. Between
two heuristic algorithms there is no great difference in case of different o, because
in case of the specific assembly cost independent of assembly plants did not befall
changes in second step of the algorithms, so in fact the final product requirements
of end users assigned to assembly plants by only the distribution cost. In all
probability, if our investigations are amplified for specific cost dependent on
assembly plants, then the algorithm A generate better results, than the algorithm B.
It must be observed, there is no represented matrices Y in case of different values
o, but the accordant matrices are all in harmony.

5.2. Sensitivity analysis of algorithms concerning to assembly plants

The basic data are analogised with previous example except that the value of a;, is

not constant, so the assembly parameter of proportionality is conditioned by

assembly plants too. During the sensitivity analysis regarding assembly costs by
A

both algorithm A and algorithm B only the value of a),, a) and a, change
between the above-defined limits (the parameters of proportionality depend on only
products and assembly plants).

(0.7 0525 0875

1 0.75 1.25
1.2 0.9 1.5
08 06 1
C'=c, [ /piece]

1.3 0975 1.625
09 0675 1.125
1.4 1.05 1.75

1.1 0825 1.375]

This example is solved using the Hungarian method in case of 5=/ we get the
following matrix Y in %:
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100 0
2080° 00"‘0
o o
Yu = Oo° 67
100" 0
K

This example is solved
followings:

_ 0 0
1000 0°
l 000() 00100
0 100
o° 0°
YA = 0 0
0° 0'®
01000 0505"
OOIO() 000

Ys:
100”0
100”0
o o
Y= 0o0 67
0100“ 0100°
o™ o

[%]

(%]

[%0]

It is worth analysing too, what the results of three methods (Yy; Ya; Yp) after the
assignment of assembly plants to the final product requirements of the end users. It

can be traced, that from the 6x8=48 elements of the matrix:

— there are full coincidence by 37 elements, so (37/48)x100=77,08% consist.
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2 elements of the algorithm A and B, thus (2/48)x100=4,17% are coincided.

up to 4 elements of algorithm A and Hungarian method, so (4/48)x100=8,33%
add.

3 elements of algorithm B and Hungarian method, so (3/48)x100=6,25% are
coincided.

the three methods gave several results by as far as two elements.

Testing results are summarised in Table 2. If the Hungarian method is compared to
the heuristic methods it can be traced that the Hungarian method is over 3 per cent
(147.085¢¢/152.070cy=0,9672) better than the algorithm A. It can be seen that the
Algorithm B is 8,3 per cent (159.290c,/147.085c,=1,0830) worse than the
Hungarian method. The algorithm A approaches to the optimal solution more than
4,5 per cent (152.070cy/159.290¢,=0,9547) better than the algorithm B.

Table 2. Testing results of assignment algorithms per product in costs (c)

Pro- Hungarian method Algorithm A Algorithm B

duct | assembly | delivery | summa | assembly | delivery | summa | assembly | delivery | summa
1. 7350 6900 14250 | 7525 9660 17185 | 7525 9660 17185
2. 11200 10780 21980 | 11200 11480 22680 | 11200 10780 21980
3. 7825 6560 14385 | 7500 8160 15660 | 8175 10480 18655
4. 6350 6030 12380 | 6350 6030 12380 | 6350 6030 12380
5. 15675 20400 36075 | 15250 20900 36150 | 15675 23000 38675
6. 7400 10800 18200 | 7400 10800 18200 | 7400 13200 20600
7. 5075 3740 8815 | 5075 3740 8815 | 5075 3740 8815
8. 9000 12000 21000 | 9000 12000 21000 | 9000 12000 21000
Total | 69875 77210 147085 | 69300 82770 152070 { 70400 88890 159290

On the analogy of the former example the Hungarian method guarantees the
optimum but this is very time-consuming, on the contrary, the algorithm A and B
give only approximation.

The Table 2 proves the algorithm A and B to give the same results in the moiety of
cases (final product 1, 4, 7, 8), at the same time all algorithms give the same result
in three cases (product 4, 7, 8), additionally the result of only the algorithm A
analogise with the optimum in case of product 6 and the result of only the
algorithm B analogise with the hungarian method in case of product 2.
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40000 ¢

S 3000 - —
g 20000 EBHdnggaidmmeatiioet
16000 m Algorithm A
& Algorithm B

12345678

final product

Figure 4. Results of the applied methods for products

The results of total cost are represented in Fig. 5 in the event of different values &
(0.2; 1; 2) by both two algorithms and Hungarian method too.

250000

8 200000 | o
g 150000 ® Allgorithm A
% 50000 m Algorithm B8
0 &1 Humgarian method

delta

Figure 5. Results of the methods in case of different values 8

In Fig. 5 can be experienced that the given total cost results by the methods
nonlinear increase with increase of the value 5. At the same time, if the value &
grows from 0,2 to 2, so it decuples, the total cost will increase
234.840¢y/B6 247kn=2,7 or 248.180w3/87.715¢5=2,8-fold. Between two heuristic
algorithmms there is a great difference in case of different S, because in case of the
specific assembly cost dependents on assembly plants have already befallen
changes in second step of the algerithms, se In fact the final product requirements
of enid users assigned to assembly plants by not only the distribution cost.

In the next step we analyse that in case of one-distribution warehouse model how
modify the simplified cost function (purchase and delivery cost) in accordance with
direct delivery. Subsequently we analyse that the indirect delivery when (for what
conditions) become necessary and profitable.
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l
L

Figure 6. One distribution warehouse model

In case of distribution warehouse (indirect delivery) the costs will be as follows:

€ =C™+C™ 4™ —pmim. [ (6612)

where C? is the purchase costs, C"" is the warehousing charges and C®" is the
distribution cost of final products.

6.1. Objective function of assignment in case of product k by indirect delivery

€ =G" +G ™ — mm. gy (62)

Do not have to take account of the storage cost, because the distribution warehouse
built that in the purchase cost. By the distribution warehouse the cost function
come the following (that is analogous formula arise to the direct delivery):

Ce=C A CE Y Ouyulelss +e” ) K] @3)

6.2. Delivery from distribution warehouse and the specific purchase cost

The specific purchase cost from the distribution warehouse in case of product k:

be conditioned by the weighted value of maximal assembly capacity of
assembly plants;

A _ G A _
a=13% 6 [€], whare ¢ = DMy, &4
be conditioned by the ordered amount and the ordering incoming time.

of” =aidQalofr™ -1} ¢t fey ©65)
The function B, {Q:}\
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3 §r3 1,3 05,0, <1466
&, = 122 16000 <2, <2060

&; =11 2600 <Q, <3600
b 6 =10 3600 <@, < 4000
| — 6 = 09 4600 <2, < 5600

1 »

1
Qe s @1(\ QM ﬂ,@! 8 M&O £ Qk
Figure 7. Specific purchase cost

tf’ﬁp is the ordering time of product k: tf’ﬁp =y4,,, that after ordering incoming into
distribution warehouse must be fulfilled the demand by this time and 1°” is the
ordering time of the final product k by distribution warehouse. If

19 > | tivem @y, =11, there iis mo overchange tecase off im netard andbr,

173 <4*", tihen tive Figure 8. dietemmines the value of @ ..

o 1 2 3 4 5

Figure 8. Determination of the value of &, and the case of tf” < £°*

Remarks:
by 1 > @, =i, becuse tie distribution waerehouse cam gett the prodiut
optimistically from assembly plants;
by 1 <£**, tihe amount Qk lve to storage im the distribution warehouse for
term of 1> -£7

Ordering amount from product k by the user fi in the cycle r:

Qe = Lurr o010 ir | (6:6)
Ordering time of ordering amount from product k by the user ft in the cycle r is
given in former cycles of the term of ordering appearance (i, arises from this):
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By =[ By By, | 6.7)

If the end user u from the product & in the cycle r
preorder a cycle before: 4,,, =1I;

preorder f cycles before: 4, , =f.

6.3. Exploration of possibility of direct, indirect delivery

We analyse, that the ordering amount of the end user z exceed the cycle capacity of
the assembly plant 1 or not. If the end user x4 in the cycle r by the plant A
Qi <lip-then O, , =1 and O, >, ., then O, , =0, where £, is the free

cycle capacity of cycle r in the assembly plant 4. The matrix &,, means, which
assembly plants can fulfill the product & in the cycle r to the end user . The matrix

C : =C : +C kD which comprises the (direct) assembly and delivery cost is given.

1 A n 1 A n
1 1 B n
S ek, Ci= C,
L - YL - (6.8)
In every cycle the capacity of every assembly plant from the product & is known.
L=l gl ] (6.9)

where /, is the maximal assembly capacity per cycles in case of final product £.

6.3.1. Determination of marginal cases of direct delivery to the end users from the
assembly plants

The direct delivery consists in case of that end users (#) from the product & in the
cycle r, where the followings are fulfilled:
in case of end user y it can be seen the assembly plant in ordering time of the
cycle r, where the delivery amount is less, than the free assembly capacity (in

case of more solution we have to choose where the total cost C, is minimal);

out of assembly plants which fulfill the former condition, those continue to
exist the direct delivery, where the total cost of direct delivery is less than in
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case of indirect delivery from the distribution warehouse (if there are more that
assembly plants, then we choose that whose total cost is minimal);

if by the analysed order u there is no direct delivery, because by the ordering
amount in the cycle r

o do not have a sufficiency of free assembly capacity of every plant and/or

o delivery from the distribution warehouse is soluble less total cost

C., >C., where C, and C, is the total cost of the direct delivery and

the delivery from the distribution warehouse in case of final product & in
the cycle » by the demand of the end user p.

6.3.2. Further principles to the algorithm for optimisation of the direct or indirect
delivery possibility

the schedule have to be accomplished by cycle time #;
in accordance with schedule by the order of the user the sequence per produce:

o we begin that order, where the ordering time 1% is the maximum;
o if in case of more end users there are equal ordering time, then we choose
that C,;,._ is the minimal having regard to the matrix (6.8/a) and (6.8/b);

o the chosen cost form part of # and A is less than the delivery from the
distribution warehouse C,,, <C, , then the delivery to the end user x will

be from the assembly plant 4 in the cycle r. In this case the row g of the
matrix @, is cancelled and by the vector L. the value ¢, , will be

decreased with the measure of capacity decrease, we fix the assembly
amount in the matrix G,_, where G, " is the assembly amount from the

final product k& in the cycle r in the assembly plant A for the end user y;
o if in the above case the: C,, >C, , then the delivery comes from the

distribution warehouse, the delivery amount of product k can be ordered, in
this case we cancel the row g of the matrix @, , but the vector L« do not
change, the product get into the matrix x,,, which shows the delivery

amount from the product k& in case of the end user u in the cycle 7;
o we continue this algorithm until all order of cycle =1 have graded;

o we have to determine Liro which is the free assembly capacity in the cycle
r, which arises therefrom that Vira MAY 1 or 0, that is the demand of one

end user will be fulfilled by only one assembly plant.
6.3.3. Additional algorithm for the case b)

— we analyse the assembly capacity vector Lo
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we search the minimal element of the matrix (6.8/b): C,;d and we analyse the

matrix Y7, that the end user y get where the product £, if

o from the assembly plant A, then jump to the next step and search the next

. . I .
minimal Contrs

o it is fulfilled elsewhere, then we have to analyse, that pass to the free
capacity’s debit delivery some of the order from the assembly plant 4, the
modified cost C,;L1 < C,fw1 ,Or C,L <Cps

o in case of the modification we get the lower cost, then the revised matrix
Y? fix the result (we choose the actual elements of the matrix) and revise

the vector Liso ;
o continue the analysis of the next minimal value C,fﬂa;v of matrix (6.8/b)

until the every element of the matrix has analysed, the produced modified
assignment matrix ¥, is better than Y.

7. Conclusions and future works

The scientific paper proves that in the network-like operating assembly systems the
Hungarian method hard to use by the large-sized problems and the two heuristic
methods worked out for optimal assignment of assembly plants to the final product
requirements of the end users by simplified cost function to give nearly equivalent
result. If the ratio of the specific assembly and delivery basic cost is changed -
provided that the specific assembly costs are constant and do not depend on the
assembly plants - then the total cost is on the linear increase with the increase of
the specific delivery basic cost, but tenfold increase of the delivery cost results in
only about 2,5-fold increase of the total cost. If the specific assembly cost depends
on assembly plants then the total cost has already increase nonlinear with increase
of the specific delivery cost, and tenfold increase of the delivery cost results in only
about 224.295¢,/84.745¢,=2,6-fold increase of the total cost.

In the near future we would like to amplify the described model with more
distribution warehouses and to analyse the change of the optimum in comparison to
the solution of one-distribution warehouse model by the fulfilment of the final
product requirements of the end users.
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