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The subject of the study was the situation of operational
planning of production of an industrial company in the face of
random fluctuations in the current demand for its products. It
is shown that in this situation there are loss risks that depend
on the decisions made during operational planning. A model of
the planning situation is developed for the case when the
volume of orders for products for one period of time is
described by a random variable with stationary statistical
characteristics.  The effectiveness of decisions made was
estimated by the average economic effect per unit of time over
an infinite time interval. The planning situation model was
used to conduct a comparative analysis of the effectiveness of
various operational planning policies.
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l. INTRODUCTION

One of the pressing problems of management is to
ensure the balance of enterprise resources with the demand
for their products. From the system-resource approach in
management it follows that the tasks of resource
management are distributed between three organizational
levels. These levels ensure the achievement of the goals of
the enterprise in the long, medium and short term. They
are often called strategic, tactical, and operative levels. At
the strategic level, a product policy, a program for the
development of production units based on a long-term
forecast of demand for enterprise products and the
introduction of new technologies are being developed. In
the course of tactical planning, the company develops a
program for the production of products for a period of
time that spans several periods of operative planning. The
operative volume-nomenclature production plans reflect
decisions regarding current production volumes based on
orders received for manufacturing products, production
capacities of the enterprise, and forecasts of future orders.

The concept of sales and operational planning (S&OP)
is closely related to the system-resource approach. The
long-term planning horizon for a typical process (S&OP)
spans more than 18-36 months. As a medium-term goal of
the company in terms of sales and supplies, the Annual
Operations Plan acts. Short-term (monthly) sales and
operations plans are a means of gradually achieving
Annual Operations Plan goals. The purpose (S&OP) for
short-term periods of time is to determine the general level
of output (production plan) and other activities to achieve
the goals of profitability, productivity, and competitive
lead time. One of the tasks (S&OP) is to establish
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production paces that will achieve the goal of maintaining,
increasing or decreasing reserves or accumulated reserves,
while maintaining the relative stability of personnel [1-3].
The S&OP process enables efficient supply chain
management. In recent years, many supply chain
professionals have been tasked with improving the
relationship between supply and demand; and concepts
such as “demand-driven supply chains” and consumer-
oriented supply chains are attracting attention [4].

The concept of ERP (Enterprise Resource Planning)
for creating information systems providing complex
automation of enterprise management is also based on a
system-resource approach. [5-8]. The ERP concept
embodies modern management methods aimed at
improving the efficiency of the business as a whole.
Therefore, in systems of the ERP class, it is considered
necessary to implement a set of functional management
technologies: presentation of production plans in the
context of calendar periods (Master Planning Scheduling);
planning requirements for materials and components
(Material Requirement Planning); capacity requirements
planning to ensure timely execution of orders (Capacity
Resource Planning). The ERP system may also include
modules for managing financial flows, customer relations
(Customer Relationship Management), relations with
suppliers and logistics management (Supply Chain
Management) and others. As we can see, ERP-system
technologies provide ample opportunities for solving
production planning problems associated with calculations
based on predetermined demand levels. However, they do
not provide risk management, which involves taking into
account subjective preferences regarding losses and
benefits.

If the demand for the company's products is
characterized by random fluctuations over short periods of
time, then its production activity with constant intensity is
accompanied by losses. They arise either due to the lack of
sales of part of the finished product (storage costs,
“freezing” of funds), or due to lost profits in connection
with the underproduction of products in the presence of
demand. These losses can be reduced by rational selection
of production intensity at individual time intervals during
operational planning. However, adjusting the intensity of
production leads to losses of a different kind. Changes in
production volumes in the direction of reduction cause
payments to staff in the event of downtime, the cost of
storing unused circulating material resources and the
“freezing” of funds for their purchase. Losses from
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changes in production volumes in the direction of increase
are caused by surcharges to staff for excess working hours
and the purchase of additional working material resources
at higher prices. Thus, in conditions of fluctuations in
current demand, there are loss risks that depend on
decisions made during operative planning. Therefore,
increasing the efficiency of the use of enterprise resources
is closely related to mathematical modeling and risk
management optimization.

Many Ukrainian scientists, in particular V. Afanasyev,
V.V. Vitlinsky L.S. Guryanova, T. S. Klebanova, M. S.
Syavavko, devoted their publications to mathematical
modeling of risks and managers' preferences regarding
risks [9-12]. The aim of this work is to develop models of
operative production planning in the face of risk of losses
from fluctuations in current demand. The paper
systematizes the results of previous studies published in
[13-15].

Il. MATHEMATICAL MODEL OF THE SITUATION
We introduce the following notation: z - the number

of products produced per unit time (enterprise productivity)
under normal (normative) capacity utilization; & - total

volume of orders received per unit of time (demand
intensity). In the case where enterprise performance u

and demand intensity & are constants, then the resources

of the enterprise and the flow of orders will be balanced, if
u=¢& . After the collection period for orders will be

followed by equal in duration execution period. In this
case, for any length of the period of collection of orders
and planning, production losses will be absent.

In a situation where demand intensity & is a variable

random variable, as before, for the efficient organization of
production, the period for fulfilling orders will be preceded
by the period of their collection and operative planning.
Enterprise resources and the flow of orders will be
balanced if =4, where 4 - mathematical expectation of

& . However, in this situation, losses occur and they depend
on the operative planning policy of the enterprise.

For a formalized description of the planning situation in
conditions when the demand intensity & is a random
variable, we introduce the following notation:

n- the duration of the operative period, which

coincides with the duration period of the collection of
orders and with the duration of their execution;

x™ - the summary volume of pre-received orders for
products of this type;

x™ - the maximum volume of new orders that may
arrive during the execution of pre-orders;

x- the possible volume of additional orders,
x [0, x™7;
6™ - the maximum volume of all orders,

é-max — Xmin + Xmax .

z - the amount of finished product residues at the
beginning of planning;
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y* - the total volume of finished products that will be
available for the period in question, y* =u+z;

u - the production volume planned for the current
operative period of time;

u, - the normative production volume for the operative
period of time n, u, =ng;

One part of the total number y* the finished product is
intended to satisfy the guaranteed component x™" total
demand, and another part in the amount of y - to meet
y* =x™+y . Therefore

additional incoming orders,

u=x""+y—z.We will assume that the resources of the
enterprise provide the satisfaction of demand in the full
maximum amount ™.

Operative effect dependency E =E(n), that will be

obtained at the end of the operating period with a duration
n, from value x additional orders and planned additional
quantity y the finished product is determined by the

function f(x,y):

f(xy)=f,(xy), if xe[y,x™], 1)
f(x,y) = dx™ +dy—d(x-y)-a(y), )
f(x,y)=f,(x,y), if xe[0,y], ©)

f, (% y) = dx™ +dx—a(y - x)—q(y), (4)

where f, (x,y) , f,(x,y)- functions determining

effect E accordingly, in cases of lost profits and the
presence of unsold products;

a - the amount of losses due to the lack of sales of part
of the finished product, in calculation per unit of output;

g(y) - loss function due to downtime or excess capacity
utilization;

a(y) =b(u, —(x™ +y-2)),ifu >x™+y-z;

q(y)=c(x™+y-z-u,),ifu <x™+y-z;
b - loss value per unit of production caused by
downtime;

¢ - the loss value of per unit of production due to
excess capacity utilization;

d - the value of profit from the production and sale of
a unit of production, taking into account surcharges to staff
for excess work;

d(x—y) - the amount of losses (lost profits) from the
underproduction of products in the presence of demand.

On the value of the operative effect E=E(n) is
affected by the statistical characteristics of a random
variable 7(n) of the total volume of orders for the
operative period of duration n. In particular, the value
n(n) determines a random value x of the possible volume
of additional orders. The initial information about the
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probability distribution function of a random variable 7(n)
is contained in the statistics of enterprises on the volumes
&,,&,,...&,, of orders for its products, which were received

in each unit time interval over a period of time M . These
values can be considered as realizations of a random
variable £ of demand intensity at time intervals 1, 2, ... M .

We will find the statistical characteristics of the value &,
assuming that they do not change with time.

min max .. .
Denote by & ,£&  minimum and maximum values

implementations of intensity &,,&,,..&,, . We will
distribute the volume of orders for unit time intervals by R
intensity levels. To do this, let us divide the interval
possible values of demand intensities [§mm,§max], for an
odd amount R equal in size component intervals [h, ;,h.)
(r=12,..R-1), [hy,,h;] so that h =h_+Ah
(r=212,..R), where Ah - the size of each interval r,

min

Ah:i
R

. We introduce the following notation:

M, - the lots of numbers of such unit time intervals at

which the orders volumes & corresponded to the level r
of intensity:

mEMr If éme[hr 1 r) mEM If gme[hR—llhR];

m,- the amount of elements forming a set M,,

R
S, -

r=1

We will interpret the quantity p,:% as the

probability that the demand intensity corresponds to the
level r. We will further consider the quantity & of

demand intensity as a discrete random variable that takes
R possible values

hr :hr’lTJrhr:(r—l)Ah+A7h:(2r—l)A7h (r=12,..R)

with probabilities respectively p, =P{{= h/}. Function
f.(z) suchthat f.(z =h,) = p, (r=12,..R), we will call
the probability density of a discrete quantity &.

In [13], an algorithm for calculating the probability
density of the sum of several random discrete quantities
given by their probability densities is proposed. His can be

used to find the probability density 77(n):chi for a
i=1

given probability density for value & demand intensity.

The idea of such an algorithm is as follows. Each summand

& of magnitude 7(n) is considered as a source i of

receipt of orders with volumes hy and probabilities p,,

r=1,2,..R. The pair s, = (ha, p,) determines the state of
the source i, and the vector s=(s,i=12,..n) -

determines the state of the entire set of n sources. The
totality of all vectors s corresponds to the set of mutually

exclusive events for the time interval n. In this case, the
state vector s uniquely determines the total volume of
orders for the time interval n and its probability, which
correspond to the level of the value of 7(n) and its
probability.

If as the periods for collecting orders and production,
intervals with a unit duration are selected, then, due to the

uneven demand, the &,,&,,...5, values will differ from the

enterprise’s productivity, both in large and in the smaller
side. If the company chooses a period of order collection
n times larger and sets production volumes equal to the

average demand intensity >_<(n)=125i, deviations of
{1y
order volumes from productivity x will be mutually

compensated, and losses due to uneven demand will
decrease:

Yl - 212136 A 43¢ -l

Since the quantities &, (i =1.2,...n) are realizations of
the random variable &, the quantity x(n) turns out to be

the realization of the random variable y = y(n) :in(n) ,
n

where 77(n)=25i - random variable of sum of random
i=1

variables &  (i=1.2,..n), which have the same
distribution laws with &.

It is known from probability theory that

M[7(n]=> M[&]1=n4,
i=1
1 1
M[x(n]=M [ﬁ n(n)]= o M[n(n]=4,
D[»(n)]= ZD[cfi] =nD[¢],
DLy (n)]= D[ n(m]= —D[n(n)]-—D[cf]

where the symbols MJ[..],D[...] denote the

mathematical expectation and variance of random

variables. Thus, operative planning with a period n is
equivalent from the point of view of statistics to operative
planning with a unit period at demand intensity determined
by a random variable y(n), the variance of which is n

times smaller than the variance of a random variable &.

To assess the effectiveness of various operative
planning policies, we will use indicator £ of the marginal

effectiveness of operative activity,
Et(n)

a '!LTJ:T Z
where E,, t=12,..T, - effects for unit periods of time
t=1,2,..T , with a duration n of the operative planning
period. Since it is assumed that A = g, , the value of dA

2020 International Scientific-Practical Conference

Problems of Infocommunications. Science and Technology

PI1C ST 2020



determines the profit corresponding to the normative
productivity of enterprise . We will use the lower index

t to denote the values that change over periods of t .

I1l. THE EFFECTIVENESS OF OPERATIVE PLANNING POLICIES

In practice, the following operative planning policies
are most common: rational execution of orders, production
with constant intensity and planning of production volumes
with a forecast of future orders. In accordance with the
policy of rational execution of orders, the volume of
production u for the current operative period of time is

chosen equal to the volume x™ of orders received.
Therefore, y=0, x=0, residues z of finished products
at the beginning of planning are absent, z=0, y*=x"",
a(y) = q = max{b(An—x™"),c(x™ — An)}. We denote by
T~ the number of such unit time periods t, te{l,2,..T},
for which xz-v, <0, g’ =c(v,—41), and by T" the
number of unit time periods t, in which x—-v, >0,
q; =b(A-Vv,), where v, :1xt”“”, q; are the losses of q
n
per unit time period t,
T +T' =T, T =T (T), T"=T"(T).

Given that v, is a realization of a random variable
x(n), and also that

-
lim 23"y, =M[z(n)] =4,
TooT oy

IimT_T(T): P{L< y(n)}=P*,

T

tim D = bz >y =1-p,

1. 14 0
we get, that §=ﬁ!m?§(dvt—qt)_l—81—82,
where

s —inmli(v )=l P(p - )
LT AT At ai LT

S —inmli(z—v)—i(l—P*)(z— S
2 dﬂ/T%aoT ey t dﬂ, P !

+

p* is the mathematical expectation of a random
variable y(n) provided that it falls on the interval

[, §max] of intensity implementations &,

R -_—
o :Zprhr, p~ is the mathematical expectation of a
random variable x(n) provided that it falls on the interval
[émm,ﬂ] of

intensity realizations &

p = p.hr, hn=2.Then
r=1

§=1—$(cp*(p* —2)+bA-PY(-p7))
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If the probability density of a quantity x(n) is a
symmetric function with respect to its mathematical
expectation 4, then P*=0,5, p~ +p" =24. In this case,

1 AP
¢=1-2 L (b+c) (5)

It was shown in [14, 15] that with an increase in the
duration n of the operative period, the conditional

expectation p~ of a random variable y(n) increases to a
value 1. At the same time, the value of the efficiency
indicator ¢ increases to 1. It can also be seen from
formula (5) that with an increase in indicators b,c of unit
costs from O to d , the indicator £ of marginal efficiency
decreases.

In the case of applying a production policy with

constant intensity, the production volume u for the
operative period of time is determined by the formula

u=min{x™, u}.So, y=0, z=0,
*=u=min{x™,u},q(y) =g, =b(u, —x™),q’ =b(2-Vv,)
E, =dA-d(v,—2), if A<V,

E, =dv,—b(A-v,), if A>v,.

y

Then §=Q,+Q,, where

15dA—d(v,—A) 1. 1C
=lim=) — —~t Z_pP*__|im= vV, —A) =
Ql TﬁmT; da ATooT 12:1:([ )
p -2
—P*(1-
( 7 )
130 dv, —b(A-v,) b(A—p)
—im =Y OV gy DA P )y
Q, - lim £ 3 M) - - pya- A2y

p -2 b(A-p")
=1-p* 2 _q-py2tE L
g T AP

If P*=0,5, p”+p" =24, then

1, b(A-p") A-p~
=1-—(p -2 =1- b+d
¢ 21(p S ) 21 (b+d)

Since d >c, then in the case of a production policy
with constant intensity, the value of the efficiency indicator
¢ is lower than its value in the policy of rational execution
of orders. This is due to loss of profits that accompany
production with constant intensity.

When planning production with a forecast of the
volume of future orders, the quantity of finished products
intended to satisfy additional incoming orders is selected.

We denote by w, ,k=12...K, the forecasted volumes
of additional orders and by p,, k=12.K, the

probabilities of the receipt of additional orders in these
volumes, which correspond to the probability density of a

random variable 7n(n)—x™" . The dependence of the
expected effect E=E(n), obtained at the end of the
operative period of duration n, on the planned additional
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quantity y of finished products is determined by the
K

function  G(y) =D G(w,,y), where G(w,,y) is a
k=1

component of the expected effect, corresponding to the
volume w, of additional orders, G(w,,y)=p,f(w,.Yy),
and the function f(w,,y) is determined by formulas (1)-
(4). The optimal quantity y* of finished products
intended to satisfy additionally incoming orders is selected
from the condition: G(y*) =max{G(y) |y =w,,W,,..w,}.

It should be noted that the managers performance
evaluation systems existing at most enterprises do not
create their interest in choosing the volume of finished

products in excess of the guaranteed value x™ of demand.

This is explained by the fact that losses from
underproduction of y < x are considered at enterprises as

virtual, since they are not related to the registration of cash
flows. At the same time, the risks of overproduction of
y > x are real, since they cause additional costs for storage
facilities and the “freezing” of spent money. Let us
designate as H*,(y),H?>,(y) the expected losses from the
overproduction of products and the expected profit from
the implementation of possible orders when choosing
finished products in the volume vy,

k(y) k(y)

HZ,(Y) =Y H. ,(W,.y), HL,(y)=d D pw,,

where w, ., =y, H_, (W, y)=p(d(y-w)+q(y)) .

A survey of managers of a number of enterprises
showed that the following indicators have the main
influence on their assessment of the acceptability of risks
when choosing the value of finished products:

risk coefficient R =R(y), which is the ratio of the
value H>,(y) of the expected losses to the expected value

i HZ.(Y)
HZ,(y) of profit, R =2 ;
HEW(Y)
the probability P =P (y) of losses from

overproduction of products arising in connection with the
realization of demand in the volume w, , which is less than
K(y)

the value y =w,,, of the finished product, P, = Z Py -

k=0

Therefore, the risks that arise when choosing the
volume y of finished products are acceptable if the
following conditions are met: R(y) <R™,P_(y)<P™,
where R™, P™ are the maximum permissible values of

the risk coefficient R and the probability of losses P, .

If the set Y of volumes of finished products acceptable
from the point of view of risk consists of a single value vy,

then this value of the finished products should be planned
for the current operating period of time. If the set Y is
empty, then the value of y should be set equal to zero. If it

turns out that the set Y includes several elements, then it is
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necessary to choose a value y° €Y of the finished product
that corresponds to the maximum expected total effect

G*(y).

Production planning with a forecast of future demand
helps reduce downtime losses by completing additional
orders that would have to be received in a future time
period following the period in question. In addition, with
such a policy of operative planning, the intensity of profit
receipt increases, the average lead time decreases, which
increases the competitiveness of the enterprise. However,
with operative planning with a forecast, the risks of current
overproduction arise, and the economic results of operating
activities depend on the attitude of managers to risks.

IV. CONCLUSION

In the event of random fluctuations in the current
demand for the company's products in the short-term
periods of time, risks of losses arise, which depend on
decisions made during operational planning. A model of
the planning situation is developed for the case when the
volume of orders for products for one period of time is
described by a random variable with stationary statistical
characteristics. It was proposed to evaluate the
effectiveness of decisions made during operational
planning by an indicator of the average economic effect
per unit of time over an infinite time interval. The model
of the planning situation was used for a comparative
analysis of the effectiveness of operational planning
policies based on the rational execution of orders received,
production with constant intensity and planning of
production volumes with a forecast of future orders. It is
shown that operative planning with a forecast has
advantages, despite the risks of ongoing overproduction.
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