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MEXAHU3Mbl YMHOI'O YMNPABJIEHUA
NMPOMbILLWJIEHHBIMU NMPEANPUATUAMMU

ManaratTca maTemaTMyeckme Moaenv MexaHnuamMoB YMHOTO yrpaBreHusi, KOTopble MOryT 6biTb
MCNonb30BaHbl B OPraHW3aLUMOHHONM CUCTEME YNpaBrieHUsi MPOMBbILLNEHHLIMU NPEANPUATUAMU.

Ons noBbilweHns 3dEKTUBHOCTM yrpaBneHns NpeanoXeHbl Creayolmne MexaHusmbl: Mexa-
HWU3M pacnpefeneHnsi pecypcoB (MexaHW3m MpsiMbIX MPUOPUTETOB, OOpaTHbIE MPUOPUTETHI, KOHKYPEHT-
HbI MEXaHWU3M, MEXaHWN3M OTKPbITOrO YNpaBeHus), MEXaHN3M akTUBHOTO OMbiTa (MexaHu3M yCpeaHeHUs!
MHEHWIA SKCMEPTOB, MEXaHN3Mbl, OCHOBaHHbIE HA MeaMaHHbIX CXemax), MeXaHW3M BHYTPEHHUX LieH, Le-
HOOBpa3oBaHMe 1 MEXaHWU3Mbl HANOrooBNOXeHWs, MeXaHW3M ONTUMU3ALIM LIEMOYKN NOCTaBOK, MEXaHU3M
BblGOpa accopTMMeHTa, MexaHu3Mbl CTUMYNMPOBaHUSt (CTUMYNbl ANs WHAMBMAYanbHbIX pe3yrbTaTos,
KOMMNEKTUBHbIE pe3ynbTaThl U MEXaHWU3M onnaTthl 6puragpl), UHTErPUPOBAHHBIX MEXaHW3MOB.

KnioueBble cnoBa: MpoMbilUfieHHbIE MPeanpuUsTAsS, YMHOE YnpaBreHune, opraHu3auMoHHOe
ynpaereHue, MexaHu3Mbl ynpaBrieHusi, paspaboTka MexaHU3MOB, MeXaHW3M pacnpeferieHust pecyp-
COB, MEXaHWU3M BHYTPEHHMX LieH, MEXaHU3M ONTUMU3ALMM LIeNoYKU NOCTaBOK, MexaHu3M BbiGopa ac-
COPTMMEHTA, MeXaHWU3Mbl CTUMYNUPOBaHUS.
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THE MECHANISMS OF SMART MANAGEMENT
FOR INDUSTRIAL ENTERPRISES

In this article you can find some mathematical models of the smart management mechanisms
that can be used in the organizational system of management of production corporations.

The following mechanisms can be used to improve the management effectiveness of this sys-
tem: the resource-allocating mechanism (the mechanism of direct priorities, the reverse priorities, the
competitive mechanism, the mechanism of open management); the mechanism of active expertise (the
mechanism of averaging experts' opinions, mechanisms based on median schemes); the mechanism of
domestic prices; cost-cutting pricing and taxation mechanisms; the supply chain optimization mecha-
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nism; the assortment selection mechanism; incentive mechanisms (incentives for individual results, col-
lective results, and the brigade payment mechanism); integrated mechanisms.

Keywords: industrial enterprises, smart management, organizational behavior control, control
mechanisms, mechanism design, mechanism of domestic prices, resource-allocating mechanism, sup-
ply chain optimization mechanism, assortment selection mechanism, incentive mechanisms.

Introduction

The management of industrial enterprises and organizations is becom-
ing an increasingly difficult task. To solve it, we need not only new ap-
proaches, methods and models for the management of industrial enterprises
[1-5], but also effective management mechanisms that are useful for the
leaders of these enterprises in practice. Such mechanisms can be called the
mechanisms of smart management. The emergence of ideas for the devel-
opment of smart management mechanisms and their use in the management
of industry and economy is reflected in several scientific papers [6—10].

The smart management mechanisms could change the attitude of
workers towards:

* spending resources frugally;

« using the equipment effectively;

* using more efficient means of production;

* introducing methods and technologies for analysis and processing of
information using computer technology.

In this regard, top managers of large manufacturing companies and
corporations, as well as smaller industrial enterprises and organizations,
need a set of adequate methods to:

» form priorities for certain periods of time [11];

» comprehensively analysis the dynamics of performance of industrial
enterprises in comparison with competing enterprises in the relevant areas of
production [12, 13];

* increase the adaptation of an industrial enterprise to the constantly
changing conditions of management [14];

* enhance production logistics, with the latter focusing on the growing
dynamics of finished product markets [15, 16];

 assess the external factors that affect the company possibly even
greater than changes in factors within it [17];

 form a modern structure of the company with its focus on increasing
the flexibility of personnel management, providing various kinds of re-
sources, effective marketing research, etc. [18, 19];
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» create the IT structure of the company, oriented preferably towards
its own information and computer control systems, strategic management
systems, as well as operational management and control as part of special
software for the preparation and adoption of management decisions by own-
ers and managers of industrial enterprises [20].

The description of these methods is presented in [1-5]. To all these
methods it is appropriate to add methods and mechanisms for smart man-
agement.

1. The Mechanisms of Smart Management

As known from the organizational behavior control theory [5, 6], the
smart management mechanisms play a significant role. There are several
dozens of such mechanisms, some of which affect the full cycle of the man-
agement of industrial enterprises and corporations.

We can group such mechanisms into specific categories among which
are the following:

1. Non-manipulative mechanisms.

These are the mechanisms that allow employees to truthfully state the
results of their work.

2. Coordinated mechanisms or responsibility education.

The coordinated mechanisms are the mechanisms that make it benefi-
cial to implement commitments or plans, i.e. an honest reflection of the re-
sults of work brings greater benefits to the employees than in any way em-
bellished.

3. Advisory mechanisms.

The advisory mechanisms make it possible to produce recommenda-
tions (advice) to the decision-maker (DM). It can be computer expert sys-
tems or groups of experts. There are two types of advisory mechanisms:
passive advisers and active advisers. Passive advisors are not responsible for
the effectiveness of their advice. Active advisers make a comparison of the
effectiveness of the adviser's recommendation with the decision of the DM
under the appropriate incentives.

4. Developing mechanisms.

The developing mechanisms incentivize the development of an indus-
trial enterprise (cost reduction, introduction of innovations, new production
technologies, etc.).
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Based on these smart management mechanisms, as well as on other
developments in industrial consulting, the Institute for Control Sciences of
the Russian Academy of Sciences and the consulting firm ROEL-
CONSULTING have created a unique integrated technology to increase the
efficiency of enterprises and regions. It is based on three fundamentals:

* program-target approach;

* project management;

 complex of smart mechanisms.

Below you can find some mathematical models of the smart manage-
ment mechanisms that can be used in the organizational system of manage-
ment of production corporations.

The following mechanisms can be used to improve the management
effectiveness of this system:

* the resource-allocating mechanism (the mechanism of direct priori-
ties, the reverse priorities, the competitive mechanism, the mechanism of
open management);

* the mechanism of active expertise (the mechanism of averaging ex-
perts' opinions, mechanisms based on median schemes);

* the mechanism of domestic prices;

* cost-cutting pricing and taxation mechanisms;

» the supply chain optimization mechanism;

* the assortment selection mechanism;

* incentive mechanisms (incentives for individual results, collective
results, and the brigade payment mechanism);

* integrated mechanisms.

2. The Mechanisms of Smart Management

Based on the requests of » consumers in the amount of s, (i =1,...,n),
some resource is allocated in the quantity R. If Zs,. > R (deficit), then it is
i=1
necessary to determine the amount of resources allocated to the i-th con-
sumer by the rule x, .

If the priority of the bids is equal, then, obviously, x, = ys, and there-
fore (all bids are proportionally "cut" by multiplying by y<1).
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If the priorities of each consumer 4, are given, then the following

choices of the resource-allocating mechanisms are possible:
a) The mechanism of direct priorities
The allocation is carried out according to the rule

x, = min{s,,y4s,},

where 7y is a common parameter for all consumers, and it is determined

from the condition (the entire resource is distributed):
> x, =R, (1)
i=1

(the entire resource is distributed).

This mechanism fulfils the principle "the more you ask — the more you
get", which cannot provide a correct solution.

b) The mechanism of reverse priorities

This mechanism is based on the assumption that the less the resource
consumer needs, the more his bid is justified. In accordance with this, the
distribution of the resource is carried out according to the rule

min {s[,yi}, (2)
Si

where the number vy is defined, as in the mechanism of direct priorities,

from the condition (1).

It follows from (2) that it is unprofitable for a consumer to submit a
very small or very large bid as she will receive the maximum resource if her
bid satisfies condition

— 1
s, =Yy—.
S.

1

Thus, the equilibrium set of consumer strategies is

5 =4, 3)

with X, =5
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From (3) we find v:

R

The equilibrium of strategies of consumer (3) is that in case of devia-
tion from them, the consumer will be allocated less resources.

c¢) The competitive mechanism.

This mechanism is applied in those cases when bid for a resource can-
not be cut down but they are accurately calculated by consumers for the im-
plementation of specific projects. Under these conditions, the center con-
ducts a contest of bids. Those who win the contest fully receive the required
resource, and those who lose do not receive anything.

The implementation of this mechanism works as follows. Consumers
inform the center of their bids s,, as well as their valuations of the resource

w, . Then, for each consumer the following index of efficiency is calculated

and then the bids are fully satisfied in the decreasing order of the efficiency
index.

The disadvantage of this mechanism is the possibility that consumers
may report a great valuation to get the resource, whereas, in reality, they do
not have it. Therefore, in the actual implementation of the competitive
mechanism, an effective system of control and appropriate sanctions are
necessary,

d) The mechanism of open management.

In the mechanisms discussed above, consumers can achieve a better
distribution of the resource by distorting the information, thus the center
does not receive reliable data on consumer requests. The idea of an open
management mechanism is to create incentives for consumers to report their
real valuations in the bid.

One of the possible mechanisms of open management is a step-by-step
division of the resource equally among all consumers. If the requests of
some consumers are satisfied, then they are excluded from further distribu-
tion, while the resource of the center is adjusted to the already distributed
volume, and the distribution proceeds between the remaining consumers.
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When at some stage an equal distribution between the remaining consumers
does not satisfy any of them, then all these consumers get an equal part of
the resource, and the mechanism stops.

With this mechanism, some consumers receive the resource completely
in accordance with their bids, so they do not have an incentive to distort their
real valuations. Unsatisfied consumers cannot increase the resource allocated
to them by either increasing or decreasing their bids. Thus, when allocating
resources in accordance with the mechanism of open management, the center
receives reliable information about the real valuations of consumers.

3. The Mechanism of Domestic Prices

Domestic prices are prices used in intra-company settlements between
departments of the same company or enterprises that are part of a single
holding. In the case of vertical integration, domestic prices allow the distri-
bution of profits from the sale of products between the units involved in its
creation at different stages. In the case of horizontal integration, the internal
price mechanism is designed to determine the intra-firm price for the prod-

ucts (or other performance results). Let v, (z) be the function of the optimal

production depending on the internal price in a department 1.
Then,

V=IZ;:VI.(Z)

is the supply curve.
We look for z such that

n
zV - szi — max.

i=1
Let v,' be the actual output of each department, then zv,' is the pay-

ment (reward) to each department.

This mechanism ensures the reliability of the information reported: the
department’s report the true function of the optimal production, as each di-
vision receives a reward in proportion to the volume of output released by it,
and the price is common for all departments.
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4. The Supply Chain Optimization Mechanism

The supply chain is a collection of flows of raw materials and/or fin-
ished products from production place and/or purchases to points of sale to
customers through intermediate points - warehouses, logistics centers. The
supply chain optimization mechanism is applied at the stage of medium-
range planning of material flows. These mechanisms allow to coordinate
and optimally distribute finished product streams to sales markets, find the
most profitable sources and distribution routes, determine production medi-
um-range planning, plan sources and methods of raw materials delivery, and
determine a rational strategy for working with warehouses. Mechanisms for
optimizing supply chain are used in scenario modeling of business devel-
opment, in particular, in calculating the economic effect of opening/closing
warehouse, sales or production division, in particular, the effect of vertical
integration. Using these mechanisms, transnational corporations increase
profits by transferring production to countries with lower costs. These
methods and their mathematical models are described in detail in the scien-
tific literature [11].

5. The Assortment Selection Mechanism

The mechanism of assortment selection is an effective way of con-
ducting assortment policy (which products to produce, the output of which
products to increase and to reduce, etc.).

Let 2, be the prices of a product, v, — volumes of production, d, —

marginal costs (note that along with the production costs, the costs of in-
creasing output and marketing capacity should be considered), then
p, = z,v, —d,v, is marginal profit,
P

r. =—=— is marginal profitability,
\%

i

0= Zdivl. is total costs (working capital).
i=1

We need to find v, such that

* *
p, =z,v, —d,v, - max,

subject to Zdiv; < O (restriction on circulating assets).

i=l1
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This model is analogous to the well-known ransack problem, the algo-
rithm for solving which is as follows: we select the maximum possible vol-
umes of products according to their descending order » , and the assets are

distributed among the products of the chosen assortment.

6. Incentive Mechanisms

These mechanisms serve as a tool for coordinating the interests of the
center and facilities and ensure the conditions for the fulfilment of the plans
established by the center.

a) Incentives for individual results.

Let f;(v,) be the function of incentives (this can be the size of the bo-

nus, the piece rate, the share of profits).
We need to find v; such that

n
Zfl (V,*) — min,
i=1

subject to p,+£;(v/ ) 20.

Thus, it is beneficial to implement the plan with minimum payments
from the center.

b) Incentives for collective results.

This mechanism is used when the center does not observe the action
of each agent separately, but knows only a certain general result of the col-
lective activity of all agents.

Let d,(v,) be the function of costs of agents, I/ is the result of the

collective activity (total output).
We need to find v, such that

Zn:di (v,) — min,
i=1

subject to Zn:di (v,)=V.

i=1
The center compensates the agents for their costs in the amount of d, (v,)
when the agents reach the result v, . Otherwise, the compensation is zero.

¢) The brigade payment mechanism
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These mechanisms are aimed at increasing the efficiency of the work
of the collective unit (site, department, shop, brigade, etc.). The basis for the
brigade payment mechanism is the allocation of the bonus fund based on the
labor participation coefficients (LPC) of the department's employees.

Let F' be the bonus fund defined by the center,

k; (j=1,..,K) is the performance indicators of the departments (the

values of the indicators are set in a relative scale, e.g. as a percentage of the
maximum possible value),

Lquikj,

J=1

where the summation is of the values of the i-th department.
Then the bonus of departments is determined by the formula

p=—1__1pc.

" LPC,
Jj=1 J

Conclusion

At the moment, cutting has increased the complexity of managing in-
dustrial enterprises. This complexity is caused by an increase in the number
of relations with external counterparties, an increase in the dynamism of the
external environment, the rapid growth in the amount of information in
management, the shortening of the development and introduction of new
products and technologies, the expansion of potential sales markets to a
global scale, etc. All this leads to ineffectiveness of classical methods, built
on decision-making by a person who is not able to handle such large infor-
mation flows.

There is a need to involve computer systems capable of processing
these information flows, that is, the introduction of smart management, the
concept of which is based on the widespread introduction of mathematical
methods and models in the management process.

The proposed classification of mechanisms is not complete, it only in-
dicates the direction of development of this area of knowledge and actual-
izes the issue of developing models and methods of smart management.
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