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Abstract:

The classification of various cost categories is in-
{iruduced o guarantee a differenfinted analysis of
the profit centers” income statemerdds. In the che-
sriced incdustry the problems of production cost de-
fermination with partiolly cyelic and partiafly
coupled produciion prrocesses {y-products) are
handled satisfactorily through formulation of a
seatrix model, This moded is iteratively applied to
cach single cost category according to a well defi-
ned number of thern, Thus all different kinds of
cost aceounbing such as full, divect, and standard
custing are possilde.

Muve deteriled considerations within these obijecti-
ves require refinements of the original model,
which wes based on the traditional Leontief theo-
rem, Using as input (indermediate) products or
recycled goods, the splitting of total cost inte va-
rians cost calegories does not necessarily remain
constant: The cost cotegaries mray cross over fnfo
eachother or partiolly aggregate af the separation
and calewlation af costs for contents and pocka-
gring = the cosl categories are soscilfading«

In the packaging area we find (intermediate)
prroclucts, whose inpnd may be classified as bheoth
spackagings and sconteniss, this depending on
the characteristies of their respective input proces-
ses— moveover we find sirilar situations al the re-
use of damaged goods in the recycling case. The so-
{ution of the problems will be an approach, that
analyzes all process formulas, deseribes the refe-
vand properties by O- 1 -velues, and keeps then in
s facsrente xfj:’r(‘kagfngar mraitrices, Beased one these re-
suedts el an the former Leontief model a sequence
rgl'- elerrrineeed tons cined .Ll‘uu,;fm‘nm.[fmu with the
guantily coefficients of production will take
place. Thus an additional set of rules within the
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refined framework of the reflection on production
costs will be fulfilled.

The algorithms satisfy all requirements of a cen-
iralized input-output-oriented costing model for
a multi-division corpoeration using complex loap,
staged, and coupled production processes. The
consequences for decentralized costing models
with pre-/post-calculations considering the speci-
[ic market constraints of individual business sec-
{ors are also taken into account,

1. Introduction

In the chemical industry the problems of pro-
duction cost determination with partially cyc-
lic and partially coupled production processes
(sby-products«) are handled satisfactorily
through formulation of a matrix model.

At the production of n different products in n
respective cost centers the following system of
lincar equations (i=1,., n) has to be solved
(notation in view el computer languages):

k(i) 4 ali, 1) = x(1) + ali, 2) > =(2) + ..
+ ali,n) ¥ x(n} = =(i)

The model paramcters have the following
meaning:

o kii):  Primary cost in cost center i per
unit {product).
Cost vector k is known.
o xli):  Total cost in cost center i per unit
{product).
Cost vector x has to be determined.
e ali,j):  For the production of product i in

cost center i the quantity alj, j) of
product j is necessary.



Production cost calculation with »oscillating«

cost categories

Al Manfred Welscheid

Abstract:

The classification of various cost categories is in-
{iruduced o guarantee a differenfinted analysis of
the profit centers” income statemerdds. In the che-
sriced incdustry the problems of production cost de-
fermination with partiolly cyelic and partiafly
coupled produciion prrocesses {y-products) are
handled satisfactorily through formulation of a
seatrix model, This moded is iteratively applied to
cach single cost category according to a well defi-
ned number of thern, Thus all different kinds of
cost aceounbing such as full, divect, and standard
custing are possilde.

Muve deteriled considerations within these obijecti-
ves require refinements of the original model,
which wes based on the traditional Leontief theo-
rem, Using as input (indermediate) products or
recycled goods, the splitting of total cost inte va-
rians cost calegories does not necessarily remain
constant: The cost cotegaries mray cross over fnfo
eachother or partiolly aggregate af the separation
and calewlation af costs for contents and pocka-
gring = the cosl categories are soscilfading«

In the packaging area we find (intermediate)
prroclucts, whose inpnd may be classified as bheoth
spackagings and sconteniss, this depending on
the characteristies of their respective input proces-
ses— moveover we find sirilar situations al the re-
use of damaged goods in the recycling case. The so-
{ution of the problems will be an approach, that
analyzes all process formulas, deseribes the refe-
vand properties by O- 1 -velues, and keeps then in
s facsrente xfj:’r(‘kagfngar mraitrices, Beased one these re-
suedts el an the former Leontief model a sequence
rgl'- elerrrineeed tons cined .Ll‘uu,;fm‘nm.[fmu with the
guantily coefficients of production will take
place. Thus an additional set of rules within the
158

Ledelse & Erbvervaskanomi 4 'H7

refined framework of the reflection on production
costs will be fulfilled.

The algorithms satisfy all requirements of a cen-
iralized input-output-oriented costing model for
a multi-division corpoeration using complex loap,
staged, and coupled production processes. The
consequences for decentralized costing models
with pre-/post-calculations considering the speci-
[ic market constraints of individual business sec-
{ors are also taken into account,

1. Introduction

In the chemical industry the problems of pro-
duction cost determination with partially cyc-
lic and partially coupled production processes
(sby-products«) are handled satisfactorily
through formulation of a matrix model.

At the production of n different products in n
respective cost centers the following system of
lincar equations (i=1,., n) has to be solved
(notation in view el computer languages):

k(i) 4 ali, 1) = x(1) + ali, 2) > =(2) + ..
+ ali,n) ¥ x(n} = =(i)

The model paramcters have the following
meaning:

o kii):  Primary cost in cost center i per
unit {product).
Cost vector k is known.
o xli):  Total cost in cost center i per unit
{product).
Cost vector x has to be determined.
e ali,j):  For the production of product i in

cost center i the quantity alj, j) of
product j is necessary.



Three matrices arc introduced

s Aln, n): »Basice interlacing matrix of the
ali, j)

¢ Iin,n) : »Identitys matrix

¢ Mi(n, n) : »Balanceds interlacing matrix:

M=1I-A

Mow the interrelations of costs can be de-

scribed:

x=k+AxXx or(l-A) X x=k or
Mxx=k

The calculation of U different cost categories is
given by the solution of the cquivalent number
of systems of linear equations:

Mxxu=ku (u=1,.,1)

For disjunct cost categories is true:

xl + x2 + .. + xU = xG (Total cost)

In general, the separation of total cost (xG) of
intermediate products into variable cost (xH)
and fixed cost (xL)

xH(i) + xL{i) = xG{i)

is transferred to a finished product, which has
as components several intermediate products:

Produet 1 (Plastic hottle):

xH(1) 4+ xL{1) = xG(1)
Product 2 (1 kg glue):

xH(?) 4+ xL{2) = xG(2)

For the finished product 3 (1 kg glue packaged
in a plastic boutle) is true:

xH(3) = xH(1) + xH(2)
xLi3) = xL{1) + =xL{2)
xG(3) = xG(1) + xG(2)

Two specific cost categories — variable and fi-
xed - had been chosen for the above considera-
tions. The results cannot be arbitrarily trans-
ferred to any sct of selected cost categorics, The
demonstrated correlations are not valid any
longer, il a framework of rules is formulated,

that dees not keep constant the cost categorics
as they were determined in a specific previous
preduction process. The concept of soscilla-
ting« cost categorics will be illustrated by a
practical example, Then the procedures and
and algorithms for the solution of the problem
will be developed.

2. Problem deflinition

The separation of total cost into costs for pack-
aging and contents [contents as the esscntial
component to be sold) cannot always be treated
in the above described way. A setof calculation
rules may cause problems, that are not solvable
through the simultaneous approach:

M= x=kwith M ¥ xH = kHand
M xxLL = kL

The following considerations are made:

o Performance of separate calculation for in-
termediate and finished products for both of
their components

scontents« and packagings

¢ Depending onan intermediate product’s in-
put processes its production cost compo-
nents scontents« and npar:knging« may b
transferred to the produced products (as out-
put of these processes) in three different
ways:

— separately as calculated for this input pro-

duct

— as the total cost with the character scon-
icniss

— as the total cost with the character spack-
agings

o The aggregated cost of all production pro-
cesses must be transferred to and shared by
the finished products to be sold. Up to a cer-
tain degree damaged products may be recyc-
led - i.e. parts of them become input again in
previous production stages. Special arrange-
ments for the caleulation aspects have 1o be
made: Not only the cost of the intact parts of
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such recvcled products, but their total cost
are to be considered.

The separation of wotal cost G into two cost

components »contents« (xW) and »packagings«
{xY) is considered.

Each product i has the cost relation

xG{i) = xW(i) + xV(i) or graphically:

Total production cost of product i

®GB{i)

The theoretically formulated requirementstoa
cost calculation are now illustrated by three
practical examples:

Ixample |

In the standard case, the separation of costs of
a product consistently is respected, whenever

Calculated preduction costs of the bottle:

contents: xW(i) -—-—=-——

|-———- packaging: xW(i)

this product serves as input in subsequent pro-
CC55E5:

The separation of costs of a plastic bottle filled
with glue is not changed, when this bottle is
packed together with other glueing material
for a do-it-vourself-kit (as a new product).

Costs are treated at the calculation of the kit

Example 2

A glue(product g)was caleulated with total cost
xGlg) and the two cost components xVi(g) and
xWi(g). This glue may have various input con-
ditions in subsequent preduction processes:

® In a filling plant (packaging process) acid is
filled into barrels. Glue is used to stick the la-
bels on the barrels (glue as packaging mate-
rial). For the production cost components of
the glue is true (the symbol «&« will mean,
that the cost components may change at the
inputofthe product in particular subsequent
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processes — the characteristic is not necessa-
rily constant}):

The total cost (x(G) of the glue are regarded as
packaging cost:

xVi&{g) = xGlg).

Glue as an input material brings no cost parts
for the characteristic »contents«: xWéi{q) = 0.

Therelore the costs of the glue are regarded as
follows:



Calculated production costs of the glue:

Costs are treated at the caleulation of the filled barrel:

# The glue is used as raw material to produce contents; the glue does not cause packaging
cartons. Here the glue's total cost xG{g) are Cost:
regarded as pure cost components for the xV&(q) = 0and xWa{q) = xGiq).

Calculated production costs of the glue:

Costs are treated at the calculation of the carton;

[t may be pointed out that the cartons themsel-  processes, The invelved caleulation problems
ves are pure packaging material in subsequent  are covered by the following considerations,

glue (product gl

cost: xG(g) = x¥(q) + xWig)

v v
to stick on to produce
labels cartons

cost components of the glue:

xVE(q)
xWECq)

xG(q) packaging xY¥&i(q)
0 contents xWikigl

0
xGig)

m n
i
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Example 3

A similar situation exists, il »retoured« goods
must be taken into account. Parts of finished
products, that were damaged in the chain of
production{packaging — transport — stocking),
become input again (»recyclings): The total
cost of these products (even though only parts
of them can be reused) are taken into account.
From thedifferent points of view this isillustra-
ted by the discussion of two hilling precesses:

o Filling of acid info barrels
2% of the filled acid - finished product a —
get spoiled in storage or run out. The con-
barrel acid

PE [ ]

¥ ¥ v

filling barrels

vyl

I
v

It is not very difficult to cover the linear part of
the correlations from above by mathematical
procedures. Some influences, however, make
the algeorithms more complicate: Multi-loop,
coupled production, and the fact, that the cost
components of selected products do not get
standardized treatment. Depending on the re-
spective input process their two cost categories
are not kept constant, they are soscillatings,
this depending on their particular use at their
input. Therefore three input characteristics
must be distinguished:
s (N} — Standard:Costs separated into con-
tents and packaging
s (W) — Contents: Input with total cost as
contents
— Packaging: Input with total cost as
packaging

s (V)

Due to this definition of »escillating« cost cate-
gories the simultancous approach via the »ha-
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tents = acid of value xW(a) — is lost. The bar-
rel itself with value xV(a) is intact and can be

reused as packaging material with the cost:
xV&la) = xGla) and xW&{a) = 0.

o Filling of granufated glue into bags
2% of the bags filled with granulate -
finished product b - burst during transpor-
tation activities. The packaging material
with value xVi(b) is lost. The contents can be
recollected and packed again. These 2% of
the granulated gluc are recycled with the
cost:
xWE&(b) = xG{b) und xV&(b) = 0.

bag granulate :
| | |

v v L

filling bags

(W)

o
[4%]
-

lanceds« (Leontief) interlacing matrix M opera-
ting with the two submodels

M X xV =EkVand M X xW = kW

cannot be successlul. The necessary »manipu-
lations« on the input-output-matriz-model are
developed.

Additional problems arise, when certain speci-
fications are fixed before the caleculations can
be started. Those requirements for intermedi-
ate and finished products may result form cur-
rent marketing constraints; three types of scost
fixings« exist:

¢ Fixed cost:
A produet is given a fixed cost value KO

s Cost bounds:
K1 as lower and K2 as upper bounds for the
cost

s Cost relations:
Cost of product a must be lower or higher
than cost {'.-l'pr::n:l uct b



In all these cases the direct approach
Mxx=k
fails, too.

Models are needed with features thatallow and
supportinteractive manipulations in the calcu-
lation procedures and yet fulfill the complex
framework of calculation rules.

3. Solution and algorithms

Dedicated mathematical procedures must he
developed to guarantee a cost calculation with
the background of above described rules of cal-
culation.

Separate calculations for the cost components
»contentss and »packagings must be perfor-
med. They have to respect the cost components
of input products as calculated in previous sta-
ges of their production, Each intermediate pro-
duct transfers its components to the (output)
products relative to its own (input) processes. It
was pointed out that according to the use of the
input product the cost categories may »oscil-
late« — in the extreme case the same input pro-
duet is to be treated in three different ways.

We discuss an intermediate product g, which is
input for the three production processes R, 5, T,
that have the output products r, 5, t respecti-
vely, One of the three basic input character-
istics is found in each process:

Input Calculation Value of input
Process character. contents packaging
R (H) xWiql x¥Wiql
5 (Wl 2¥(ql) + xWig) 0
T (¥2 0 ®x¥iq) + xWigl

This table illustrates again (»xV{g) + xWig)«),
that multi-loop production cycles and »retou-
reds« goods (recycling) do not allow the stand-
ard approach. A stepwise calculation, that de-
termines in the first step

» Cost components »Contentss:
M x xW = kW

and in the second step

¢ Cost components »packaging«:

M x xV = kV
cannol be successful.

When calculating the cost components »con-
temts« (sce process S) the cost component
spackaging« is to be used, although not yet de-
termined at this point. Starting the calculation
with »packaging« the same problem arises —
vice versa.

The essential starting point for the solution is
the interpretation of the consequences of the
two new input »characteristics«

o (W): Input with total cost as »contentss
o (V) : Input with total cost as »packaging«

The cost separation inte components of con-
tents and packaging has to be neglected for se-
veral intermediate productsin selected proces-
ses. The first requirement (=Calculate separa-
tely contents and packaging !«) seems to be in
conflict with the second ene («Use the sum of
the two components as input value for either
the contents or the packaging component !«).
And this applies not uniformly for all proces-
ses: For the same product g we find both char-
acteristics (W) and (V) — and in addition the
standard case (IV), of course.

The starting point for the development of the
algorithms is based on the demand, that the
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sum of the two components is used as input:
The procedure starts with the determination of
the total cost (xG). The second step will then ar-
bitrarily calculate one of the two cost catego-
ries, for example the packaging parts. Choos-
ing this succession the cost component »con-
tents« will then be the balance:

W = xG-xV.

It was explained, that the packaging cost can-
not be caleulated via the direct approach
M x 2V = kV,

The calculations only can be continued after
certain »smanipulations« have been performed
in the matrix model. Nature and scope of the
necessary operations will be developed from
the framework of cost calculations as it is ap-
plied to product q in the processes R, 5, T,

It will be evident, that the algorithms must be
based on the sbasie« interlacing matrix A. The
»balanced« Leontief matrix M contains al-
ready a »mixture« of the influences and does
not allow the necessary separation of costs, The
arithmetic interrclations will be transformed
into generalized expressions, which allow casy
handling by electronic data processing.

Pragess B = Characteristic (N)

At the caleulation of product r the twe cost
components xV{g) und xW(g) of intermediate
product g are saddeds to the components xV(r)
and xWir) respectively.

xV(r)is an unknown quantity in the calculation
step »packaging«:alr, q) % xV(r)is part of the
calculation.

Process § — Characteristic (W)

Atthe production of product s the intermediate
product ¢ is pure raw material; q does not in-
fluence the calculation of the packaging com-
ponents.

Diuring this step of calculation: als, ) = 0.
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Pracess T= Characteristic 1)

At the production of product t the intermediate
product g is used as pure packaging material,
this with the cost value xV&{g) = xGlq) from
the first calculation step »total coste.

Thus alt, g} ®% xV{q) = alt,q) x xV&(q)isa
known quantity and from the caleulation’s
point of view it only does represent pscudo-se-
condary cost. This cost component is balanced
with the corresponding primary cost kKV(t) -
the also known quantity of the right hand side
of the linear equations’ system. Then the calcu-
lation is continued, as now aflt, q) = 0, because
of the correction of kV(t) via a(tg) »x xVé&i(q).

The three typical production processes R, 5, T
show, what kind of manipulations arc
performed in the step »packaging«, when the
input of product q takes place. This discussion
allows the development of the formalism,
which is the precondition for an algorithmic
treatment of the allied input-output-problem.

The bilateral input-output-relations have to be
analyzed for all {(intermediate) products being
involved in the production processes and in the
coherent cost calculation. The results are de-
scribed by 0-1-relations and mapped by inci-
dence matrices:

For any possible relation (i,j = 1,..,n)

sInput of product j at the production of
product i«

two incidence coefficients d(i, j) and e(ij)
together with their related incidence matrices
D(n,n)and E{n, n) have to be established. Their
values are derived from the following table:

Character. d(i,j? e(i,jil
{H] 1 0
(W) L] 1]
(V) 0 1

Ho input 0 1]




Foreach elementali, j) of the interlacing matrix
Aln, n) two multiplications with thesc inci-
dence cocllicients arc defined: At firstafi, j}is to
be multiplied by dii,j), then separatély by fi, j).
Two matrices deseribe the results:

E(I‘I,ﬂ} = Eﬂl:i:j]l S dﬁk.j:l} and
Cln,n} = (ali,j) = <[i,j)

Now the following transformations must be
performed:

Interlacing matrix A — »Packaging matrix« B
Frimary cost kV - kW 4+ C x xG
(I-A)x xV =k —=({I-B)x xV =

kV 4+ C x xG

The respective deductions from the interlacing
matrix A together with their resulting lincar
equations’ systems realize the cost considera-
tions from above. Within the step of packaging
calculation each product is guaranteed to be
treated in the following way:

# Mo cost contribution at its input as pure
component of contents (coefficient = 0),

¢ The known quantity «total cost« from the
previous calculation step is the cost contri-
bution at its input as pure packaging mate-
rial. Then the respective coeflicient is modi-
fied.

& Inthe standard case no interference into the
system of linear equations takes place.

The calculation of production costs — accor-
ding to the cost components scontentss,
spackaging«, stotal« - is performed in these
steps:

¢ Transformation of the interlacing martrix A:
For each product its input relations at the
production of other preducts are analyzed.
Based on the results of this analysis the ma-
triz A is transformed into the two matrices B
and C.

o Calculation of the total cost xG:

M x xG = kG

¢ Calculation of the packaging cost xV:
(I1-B) x xV = kV + C x xG

¢ Calculation of the cost of contents xW:
xW = xG-xV

Scheme of proceeding:
—sd D > B
A —— >
E—— E ——— - C

* (I-BYxxV = k¥ + CxxG

4. Example

An example will show the consequences of the
defined cost calculation framework; morcover
it will verify the derived procedures.

Six production processes (n = ) with cvclicin-
terlacings are chosen. Their interrelations are
described in a wable. In addition a chart will
make the tracing of the costs much easier.
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Relations between the six processes:

Process Input Output -  Process description
1 kv¥i(l)= 0,30 l kg glue
kWil)= 5,00

W: 0,01%¥x(5)

2 kv(2)= 1,00 filling of 1 kg glue inte plastic bottles
kKW(Z2)= 0,00
M: I1#x(13]

3 k¥(3)= 0,00 1 carton
kW(Z)= 2,00
W 0D,2%x({1]
W:D;003%x(&]

[ k¥(4al)= 10,00 acid is filled into barrels,; labels are
kW(4a)=300,00 sticked on with glue from process 1.
Vi D,01%x(1) 2% of the acid get spoiled in storehouse,
Vi D0,02%x(4) the barrel is reused according to (V)

5 k¥W(5)= 2.00 granulated glue is packed in bags.
kW(s>)= 3,00 2% of the bags burst:
H: 0,B%x(1) 1% is packed again here {(process 5)
W: 0,01%x(5) 1% is recycled into process 1

& k¥(&)= 0,50 12 bottles with 1 kg glue are packed in
kWie)= 0,00 a carton. 5% of these cartons are demaged
H:1l,44%x(2) #4%X of the process' value, i.e. 4,7% is
Ve 1xx(3) getting a new carton. The demaged carton

Wi:o:;o4GTEx(6)

{o;3%) is recycled as raw material in p.3

The fellowing chart will show the interlacing of
the processes:
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That means for the figures of the example:
{. Transformation of the interlacing matrix A:

AlB,6): Interlacing matrix ol alij):

0 0 0 0 0,01 0
1 0 0 0 0 0
0,2 0 0 0 0 0,003
0,01 0 o 0,02 0 0
0,8 0 0 0 0,01 0
0 11,44 1 0 0 0,047

As aresult of the analysis of the input correlations of all products we find the two incidence ma-
trices D(6,6) and E(6,6):

DM6,6): Incidence matrix of dlij):

0 0 0 0 0 0]
! 0 0 0 0 (1]
0 0 0 0 ¢ 0
0 0 0 0 0 v
] 0 0 0 0 0
0 ! 0 0 0 v
E(6,6): Incidence matrix of e(ij):

0 0 0 0 0 0
0 0 0 0 0 L
0 0 0 0 9 0
I 0 0 1 0 4
0 0 0 0 v 0
0 0 ' 0 o .

Derived from the basic interlacing matrix A and the incidence matrices D and E we obtain the
two matrices B and C:

Bi6,6): Marrix (alij) = d(ijh:

0

=7
= = = = =]

Lo o= e e IR e
oo oo o

cDooD o oo
i [
=== == - R a. |
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Ci6,6): Matrix (a(ij) = e{ij)):

0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0
0,01 0 0 002 0 0
0 0 0 0 0 0
0 0 | 0 0 0
2 Calerdation of the total cost x G
MxxG = kG
Matrisn M =1 — A Veetor kG
1 0 0 0 ~0,01 0 5,30
=1 | \ 0 0 0 1,00
-0,2 0 1 1] 0 0,003 200
=001 0 0 0,98 0 0 310,00
-0.48 0 0 0 0,9% 0 5,00
0 —11,44 -1 0 0 0,953 0,50
Solation:  xG{l1) = 519 xG(2) = 6,39 xG(3) = - 332
xGi4) = 316,38 xG(5) = 9,41 xGi6) = B0,77
4. Cafeutation of the packaging cost xV:
(I-B)x xV = kV + CX xG
Matrix (1 - B): Vector kW + O % x(G;
1 0 ] 0 0 0 0,30
~1 l ) 0 0 0 1,00
0 0 1 0 0 0 0,00
0 0 0 1 0 0 16,38 (x 1)
0.8 0 0 0 1 0 200
0 =11,44 0 0 0 I 382 (x2)
(% 1): 1638 = 10 + 0,01 % xG(1) + 0,02 x xG(4)
(x2): 382 = 05+ 1 xxG(3)
Solution:  xV(1) = 0,30 xVi2) = 1,30 V(3 = 0,00

xVi4) = 1638 xV(5) = 2,24 xV(G) = 18,69
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4. Calerndation of the cost of contents x W
Wi = xGli) - V(i)

Solution:

Wil = 349 = 030 = 5,09
W2 = 639 = 1,30 = 5,049
W3 = 342 = 000 = 3,52
*Wid) = 31638 - 16,38 = 300,00
*Wi3) = 941 - 224 = 717
WG] = BOTT - 1869 = 6208

3. Application and experience

The demand for solutions of the described
problems comes from an existing production
and calculation world in the chemical lield.

These procedures were developed and success-
fully implemented on a large data processing
unit.

The specific production conditions such as
¢ coupled production

s production loops

s alternative processcs

together with a product range of about 8000
itemns lead toan input-output-model ol high di-
mension (10000],

The realization and the application of this mo-
del do not cause performance problems on the
computer. This was achicved by decomposi-
tion and iteration algorithms in combination
with powerful routines checking the consist-
ency of all production processes according to
their quantity and value figures.

This calculation instrument is used regularly -
global cost calculations for all divisions of the
enterprise are normally performed in each
quaricr of the year, In addition there arc sepa-
rate caleulations in the planning or inventory
periods; morcover specific divisions may get
extra treatment.
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Besides this centralized calculation system
several decentralized ealeulation models were
developed. They take care of the very specific
conditions of selected divisions. These systems
allow flexible reactions to changing marketing
situations ol the correspending business sce-
10735,

Decentralized calculations supply the central-
ized system with preliminary information and
pre-caleulated values. Based on this informa-
tion the model parameters and the interlacing
cocllicients can be fixed — this is necessary for
the consistency of the formulation of the cen-
tralized »overall caleulations, that covers the
whole product range of the company.
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