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Absract. For the built model of a manufacturing and selling firm problem of
unknown parameters and state estimation is solved. The estimation is necessary to find
an optimal control of the firm and is solved under incomplete and inaccurate
information about parameters, state and market situation. The problem is solved during
firm functioning as new data come from information system of the firm. The data of the
information system is considered to be incomplete and inaccurate. Solution of the
estimation problem is described when disturbances and information system errors are
casual or have uncertain nature.
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Introduction. Nowadays there is a necessty in decisorrmeking support tools
sysems which could dlow to edimae current date of firm under changing market
gtuation, to “play” possble consequences of meking some decisons, to understand
better the processes taking place indgde the firm. All this requires an gpproach to
modeling, consdering inner firm sructure.

Under changing market Stuation dtatic models cannot be used for the purposes
a many economic processes have trangtiond character and could be describe by
dynamic modds only. Vaious gpproaches to building of dynamic firm modds could be
found in [23].

In this pgpoer a dynamic economic-mathematicd modd of firm is build usng Jay
W. Forrester’s gpproach [4]. In the mode unknown parameters of firm subdivisons and
dructure of interaction between the firm subdivisons are conddered. The modd is
described by systlem of nonlinear finite-difference equations.

For the modd built, unknown parameters and date edimation problem is solved
under incomplete and inaccurate information about parameters and date of firm and
about market gtudtion. The problem is solved during firm functioning (in red time) as
new data come from information sysem of the firm. The data of the information system
is conddered to be incomplete and inaccurate. To solve the edimaion problem, wel-
known methods of esimaion theory are used [5-7,15]. It is shown, that decompogtion
of the model can provide more accurate estimates.

Actudity of the paper is confirmed by increesng number of publications
conddering dmilar problems [2,8]. The paper continues ressarch [89] and develops
gpproaches [4-7,10,11].

1. Dynamic economic-mathematical modd of firm. The used gpproach [4] to
manufacturing and <dling firm modeling consders the firm as an abdract sysem with
various flows circulating between its dements.

There are such types of flows as flows of information, materids, orders, money,
labor. The basic dements of the system are absract levels and ddays, which can be
represented aslevels.

Each levd is characterized by quantity of some type (eg. maerids, money)
goring in it. Each dday dement contans a varidble amount of the quantity in trangt.
Rae of the flow crculating between dements of the system is a chaacteridic of
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influence of one dement to another. It is conddered, tha rates of dl flows are congtant
during modding dep. Hence, dependences between daes of the sysem dements and
rates of the corresponding flows can be represented as finite-difference equations of the
aufficiently smple form. Such modds ae rdaivdy smple and compact and can
reproduce functioning of the rather complex red firms.
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In the modd built flows of orders, maeids labor, information and financid
flows, dructure of interactions between firm subdivisons (didributor, production) and
parameters of the subdivisons (eg. productivity of labor, dday in dericd processng a
factory) are consdered. Structure of the firm considered is shown in Figure 1.

Didributor  receives ordas from customers ddivers  finished  products
accordingly to demand and sends orders to production. Production sends part of the
finished products to Sore & factory warehouse; ancther part is shipped to distributor.

E.g. equdtions characterizing the change in dtore at factory warehouse are of the
form

=G+ (TS ).
k+1 k k p(lz k ’i,/ (11)
Xés = xE+(T1 OO~ )
where X}, is average shipments from factory warehouse (units per week); p¢ is time
to average shipments from factory warehouse (weeks); X, is shipping orders a factory
(units); xg,, is requisition rate smoothed a factory (units per week); pg is time to
requistion smoothing a factory (weeks); X.° is requistion rate received a factory
(unitsper week) ; T isthetime interva between solutions of the equations; k =0,1,... .
The dructure conddered is typicd for many manufacturing and sdling firms.
Thus the modd built is described by a sysem of the fdlowing finite-difference
equations
X = FO%. U W p) + Bube X, (12)
Yierr = G Ny (1.3)
where x| R" is dae vector, describing firm behavior; u | R™ is control vector;
w1 R is vedtor, describing current market situation; x, 1 R' is vector, characterizing
inaccuracy of information about the behavior of firm; p, T R® is vector of unknown
paangers of firm;  F(x, u.w.p)— nonlinear vector-function; ykT R -

measurement vector; BA (G are constant matrices; h, T R" isvector of measurement.

Here, paamees is understood as some condants (eg. quantity of production
equipment, dday in deicd order processng a digributor), defining firm functioning,
and date is set of variables reflecting the current state of the firm.

Control vector u, includes such varidbles as rate of raw materid purchases a
production, labor hiring and dismissd raes, i.e vaiadles which vaues could be
changed by firm management.

Vector w, indudes fectors, influencing on firm functioning, which values could
not be changed by the firm management (eg. demand, rav materid price). Vector X,
hes to congder not only inaccuracy of information about firm functioning, but possble
devigion from norma functioning as well.

It is assumed that there is an information system a firm, messuring its Sate x,
with eror h, . Matrix G defines, what information about firm (what part of vector x,

and, maybe, parameters p,) is avalade for messurement. Its sze will vay
sgnificantly if firm management is interested in recaving this information or there is an
extend obsarver trying to receve more dealed information than avaldbdle for public
access. Obvioudy, an inner observer, edimaing firm date for the firm has more
detalled information about its current date. In the modd it leads to increesing of vector
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y, dimendon in (13) in comparison with the externd observer and consequently to
improving of estimation quality.

Thus, the problem of estimation of unknown parameters and date of firm can be
reduced to edimation of parameters p, and date x, of the sysem (1.2) when
measurements (1.3) are incomplete and inaccurate.

The whole vector x, or its pat can be avalable for measurement. The fact,
whether a variable is measured or not, can be determined not only from its economic
nature (eg. it is Smply to organize meesurement of sze of inventory a factory x’, then
dday in quoted ddivery a factory x'), but depends on the funds availadle for
informetion sysem too. Moreover, the sysem (1.2)<(1.3) should be observeble If
several separate subsystems of this system are to be estimated, it is necessary to check if
dl subsysems ae obsavable sparady. All equaions of the modd can be found
in[8].

9 2. Solution of the estimation problem. Solution of the edimation problem is
necessay not only to get more accurate information about Sate of firm  when
messurements are incomplete and inaccurate; it precedes building of firm control u,
under changing market Stuetion [8,9).

To the moment the current estimate of State vecor and unknown parameters is
computing, the current market dtuation w, is known. So, system (1.2), (1.3) can be
rewritten for the problem of estimation in the form

Xea = T (% U P) +BUA X, (21
Yirr = GXeig thyyy - (22

If it is possble to point out datisticd characteridtics of disturbances and errors in
sysem (21), (2.2), it is reesonable to use kamen filtering methods [5,13]. The dtuaion
could teke place eg. when there is enough of daidicad information aout the firm to
determine the ddidicd charecterigics. Usng of kadmen filtering theory to solve
meacroeconomic problemsis consdered eg. in [12].

Equation (2.1) isreduced to linear one using linearization procedure:

X = AX, +BUA+ X, (23
where X, isavector to be esimated.

For smultaneous edimation of the date vector x, and vector of unknown

parameters p, thefollowing equations are added to system (2.3)
pk+l = pk +ka ' (24)
where x,” is a noise vector, characterizing levd of confidence, that dements of vector

p, aecongant. If vector p, isknown to be constant, x,” could be omitted.
Then, for Smultaneous edimation of dae and unknown parameters of firm,

vector X, designates the extended vector [, pk]l,where " is he trangposition operator.

In case of non-measurable parameters, s nonzero columns are added to matrix G .

A pecdiaity of the agpproach to modding, used in the peper, is rdaive
amplicity of decompostion of the modd built to severd separate subsystems of smaller
dimendon. Such subdivisons of the firm as didributor and production or the whole
flows (eg. informetion, products money) could be consdered as subsysems Then
equationsof each i -th subsystem could be written in the following form

Xeq = T4, U, plo ZD A XL, (25)



y:<+1 = Gi Xik+1 +hli<+1’ (26)
where Z is vedtor (known) of varigbles from other subsysems. Eg. for the sysem

(11) the extended vector x, =8;, X, P, Py, BcH. first two dements of matrix
G main diagond is equa to 1, the other dements are zero, 7 =&, X°H (upper

index is omitted).. Vadues of the measurement vector y, correspond to vaues of
variables x2 and x;, received from information system of firm.
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Figure 2. Esimae of parameter p® (proportiondity congtant for inventory a
ditributor)

1 — red parameter vaue, 2 — edimation of the whole sysem, 3 — edimaion of the
modd under decomposgtion, 4 — measurable parameter estimation

Then the esimaion problem is solved separatdy for each subsysem. Dimension
of date vector of a subsystem, as usud, Sgnificantly higher then dimenson of vaiadle
vector of other subsystems. In practice, it leads to decressing of linearization errors and,
consequently, to higher qudity of esimation (Fig. 2).

Additiondly, it fadlitates possble changing and addition of the modd. If it is
necessxy to edimate parameters of some part of subsysems only, it is possble to not
gpend time and resources for estimating of parameters of the whole system.

If for some reason edimate of a parameter is consdered unsatisfactory it is
reasonable to organize measurement of the parameter by information sysem of the firm.
In this case edimates are mogt accurate (Fig. 2).

This edimation method is rather dmple and do not require high computationd
reources. But it has wdl known disadvantages it requires prior information about
detisicd characteristics of disurbances and erors, and about initid vaue of estimated
vector. Beddes it, to prevent divergence of the edimation dgorithm, a specid
modification of the method was used [13].

An dternative to etimaion is a guaranteed gpproach, when disurbances and
errors are conddered as sets of some type [6-7,10,11]. In this case it is mogt convenient
to use rectangular padldepipeds, dlowing representing of redrictions in the mogt
ample and clear for non-experts form.

The basic esimation eguations in this case are of the form

X1 =A<—1>2k—l+G/Vk-1a (27)
X[y ]=M [x/y,, hT V,]={x|Gx+h =y, hT V,}, (2.8)
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Xk = X N XIS (29
where W, and V, ae s desuibing possble vaues of disurbances h, and
messurement errors X, respectively. Asan estimate %, Chebyshev center is taken.
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Figure. 3. Edimation of variable x* (requisition rate smoothed a factory)
a— casud disturbances and measurement errors, b— guaranteed gpproach

Here, as in the previous method, estimates are receved in red time and ae
condantly improving. Though, in this case the esimates are more pessmigtic (Fig. 3).

Concluson. The edimation is necessay to find an optima control of the firm
and is solved under incomplete and inaccurate information about parameters, state and
market Stuation.

The problem is solved during firm functioning (in red time) as new daa come
from information sysem of the firm. The data of the information system is consdered
to be incomplete and ineccurae. Solution of the edimation problem is described when
disurbances and information sysem erors ae casud or have uncetain nature. It is
shown, that decomposition of the model can provide more accurate estimates.

Reaults of the work can be used in automated control systems, in expert systems
of decison-making support and by businessmen for andyd's of decisons made.
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