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The aim of the study is to develop the human-machine
information technology of group decision making that will allow
each service in the enterprise to make the necessary adjustments
to the production plan in dialog mode. The problem of the
production program optimization of such plant is considered as a
two-tier hierarchical system with the wusage of system
optimization method, which allows to create a human-machine
technology of collective decision making. The basic task of this
technology is to create matrices in dialog mode that correspond to
technical and economic standards and indicators, as well as to
establish relationship between them for information coordination.
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vovan.akm@ukr.net in production planning will take into account the interests of all

enterprise services and will improve production efficiency
through precise planning and reliable resources and components
supply, inventory and production technology control.

FPYNOBE NPUMHATTA PIWLEHb NMPU NNAHYBAHHI
BUPOBHMULITBA HA NIANPUEMCTBAX

B.P. IleryxoB
Hayionanvnuii ynieepcumem xapuoux mexmonozit

Y cmammi pospobreno mooduno-mawunny iHpopmayiliiny mexHonoziio epynogoco
NpULHAMmMsL  piliensb, Wo O00360IUMb KOJICHIU CyHCOi NIONpuemMcmea 6HOCUMU
HeOOXIOHI KOpeKmusu y Nian upoOHUYmMsa 6i0N0GIOHO 00 CEOET NPUPOOU Ma MONCTU-
socmell y 0lano2o6omy pedsicumi. 3adauwa onmumizayii upoOHUHOT npocpamu nionpuc-
MCMBA Po3210A€EMbCsL 8 0BOPIBHEBIll IEPAPXIUHIlE CUCMEMI 3 BUKOPUCIAHHAM [0€0]10-
2ii cucmemnoi onmumizayii, IKa 00360.151€ NOOYOYE8amu HOOUHO-MAWUHHY MEXHOOSTIO
npuiinamms Konekmueno2o piuenns. OcHO8010 yiei mexHono2ii € opmysanus y
0ianoe08omy pedicumi Mmampuys, o Gi0N0Gi0ams MexXHIKO-eKOHOMIUHUM HOPMAM i
NOKA3HUKAM, A OP2AHI3AYIA 63AEMO36 S3KI6 MIdiC HUMU OIS Y320 0XHCEHHS IHDOpMayii.
Bukopucmannsa m00uno-mauuHHol npoyedypu 2pynogoco RPULUHAMMA pilieHb npu
NAAHYBAHHI SUPOOHUYMBA O0360JUMb YPAXY8amu IHMepecu 8Cix CIyiuchH nionpuem-
cmea, a MmaxoiC NOKPAWUMy epheKmueHicms 6UPOOHUYMBA 3a PAXYHOK MOYHO20 U
00CMOBIPHO20 NIAAHYB8AHHA NOCMABOK CUPOBUHU, KOMNIEKYIOUUX, KOHMPOTIO 3aNacie
i mexnonozii eupoOHUYMedA.
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Knrouosi crosa: supobuuymeo, pivients, niaHyeanHHs, ORMUMI3ayis, niONPUEMCMSO0.

Business requirements are increasing every year and business process
management is not on the last place in modern circumstances. Enterprises set great
number of tasks, including profitability and productivity improvement, customer
base increase and losses reduction. Of course, all these can occur simultaneously
with the release of new products, introduction of new equipment or even a new
plant. Since the activities of any company are associated with the influence of
external and internal factors, it is necessary to consider them in production
planning process and during production cycle of the enterprise directly.

There is no doubt that the production is a key process of any enterprise. Therefo-
re, production planning and optimization is a subject which has been widely discus-
sed and analyzed for many years. In modern conditions, it has not finished but even
has come to the front because of high intensification of production process. So, only
those companies which are really concerned with the planning and optimization of
their own production process are getting benefits and advantages.

Currently two main forms of production specialization (PS) are used, namely
object-specialization and technological specialization. In technologically speciali-
zed structure each production unit (PU) specializes on one particular part of the
production process. Object specialization is characterized by the fact that every PU
performs most part of operations in a technological process.

It is known that technological specialization has the following disadvantages:

1) the difficulty of PU set up for a reasonable production program on the range
because a separate position of planning task is a detail-operation, and the main
indicator is a normalized task. Under these conditions, there is no proper responsi-
bility of workers for timely and complete products delivery. Also the planning pro-
cess is complicated because the following limitations should be considered during
planning process:

A) total complexity of machining must not exceed the normalized task;

B) the planned target for PU — consumer must not exceed the number of pieces
coming from the PU — supplier;

C) the planned target in the number of parts must not be less than the monthly needs.

2) excessive centralization of scheduling and production accounting operational
functions in planning controller's department, and as a result, unjustified increase in
the staffing of this department;

3) significant complexity of cooperation between PUs;

4) increased time of the production cycle;

5) increased amount of work in progress, which in turn slows the reversibility of
funds;

6) the complex regulation process and difficulties in improving quality and redu-
cing defects, because in this production the structure of OP managers is actually respo-
nsible for only one technological operation, and not for the quality as a whole;

7) significant difficulties arising from the implementation of cost accounting at
the PU;

8) since every PU is strongly associated with other PUs, the shops management
operation is reduced to interdepartmental problems solving. This is difficult,
because the heads of the shops do not depend on each other.
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The advantages of technological specialization include the lack of imbalances in
equipment load and difficulties in ensuring full equipment utilization in case of
significant change in product mix, as well as the simplification of maintenance and
preparation of preventive equipment maintenance.

In turn, the object specialization has the following advantages:

1) the quality of operational scheduling is greatly enhanced by profound differ-
rentiation of planning functions between the planned dispatch department, shops
and PU, shift planning directly to PU;

2) significant planning and regulation improvement of production between the
shops and the PUs;

3) increased responsibility of heads of the departments and workers for timely,
quality and complete performance of production tasks;

4) facilitated workforce maneuvering not only within the same profession, but
also by widespread application of profession combinations;

5) technical production control is greatly simplified and reduced in volume by centra-
lizing the control of PUs and in some cases by cooperative control deregulation.

Along with the advantages in the field of production planning, object spe-
cialized production system also has benefits in another cases:

1) reduced time of production cycle by reducing the so-called interoperable
break and parts movement in production process;

2) improved product quality.

Also it must be noted that in addition to advantages, object specialization has
some disadvantages:

1. The possibility of imbalances in PU loading and difficulties in ensuring full
utilization of equipment in case of a significant change in product mix for the program;

2. Complex service organization and preventive equipment maintenance;

3. The need in more pieces of equipment, etc.

When developing automation systems in manufacturing, trade, services and
other enterprises, insufficient attention is paid to the optimization, including imple-
mentation of optimal production plan, optimal transportation plan, efficient delive-
ry schedule, optimal pricing policies, etc. All of these issues may allow companies
to use available opportunities effectively and correctly, while getting maximum
profit or maximum possible performance, according to goals of the enterprise.

The purpose of optimization is an effective use of existing information as a po-
werful tool in decision making support. In general, optimization is a process of
finding the optimal production decisions and business objectives using mathematical
models. The primary optimization objective is to maximize or minimize the required
parameters in the decision making process and directly in the production process
organization. The best solution is selected by using certain optimization criteria
among all alternative options. Also we need to take into account the specific
conditions specified by the real problem limits (for example, the elapsed time, cost).

The main optimization methods are logical, physical or economic-mathematical
modeling. Economic-mathematical modeling is the most widely used method for
management decisions optimization. The most commonly used methods for optimi-
zation of problems solving are linear and nonlinear mathematical programming
methods (modelling), which have high accuracy and flexibility of application.
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Optimization problems can occur in all areas of the economy and production, na-
mely in technological process, logistics, traffic management and production planning,

In general, there are several levels of the production planning process. Each one
solves its particular problem:

Business planning. The task is to determine the production volumes for budge-
ting. Different scenarios are modeling for the long-term strategic decisions. Plan-
ning horizon ranges from one to several years.

Portfolio optimization. The task is to decide which products should be produ-
ced, taking into account current prices, production and raw material costs. It allows
to avoid loss-making routes and maximizes the use of profitable ones. Planning
horizon ranges from one to several months.

Operational planning. The task is to readjust the optimization of profiles, to
create plots for shops and plans for interdepartmental integration. It allows to
maximize yield by reducing the number of readjustments, increase customer’s
satisfaction by meeting deadline supplies and reduce production cycle. Planning
horizon ranges from a week to a month.

Production planning includes following areas:

Materials: planning the procurement of raw materials, components, and spare
parts in the right quantities and specifications at the right time from the right source
at the right price; purchasing, storage, inventory control, standardization, variety
reduction, value analysis are the other activities associated with materials.

Methods: choosing the best method of processing from several alternatives.

Machines and equipment: manufacturing methods are related to production
facilities available in the production systems; it involves facilities planning,
capacity planning, allocation and utilization of equipment, machines, etc.

Manpower: drawing on the manpower with appropriate skills and experience.

Routing: determining the flow of work material processing in the plant and
sequence of operations or processing steps.

In the modern world, the effective management and system analysis of produc-
tion system objects are the most important challenges caused by increased produc-
tion volume, traffic streams, increased assortment and amount of material resources
that are supplied, processed and stored. At the same time, existing approaches
based on optimization problems solving in most cases cannot be effectively used
because the information about the parameters of the production system is usually
inaccurate, incomplete and subjective. Besides, the significant dimension of the
problem also negatively affects the creation of effective solutions.

The desire to consider the majority of the key factors when evaluating the efficiency
of production systems obviously leads to the need for multi-objective optimization
methodology. However, the use of multi-objective approach is constrained by such
factors as criteria differing and mixed criteria (quantitative and qualitative criteria,
the latter tend to dominate); besides, certain criteria belong only to certain functional
services of a company.

Thus, the importance of the subject is defined by the need to perform a system
analysis of production chains through the development of new models and methods
of multi-criteria group decisions. These models should also take into account the
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fact that the expert opinion and relationships in the production process must be
considered in the production planning process.

Based on the above, an enterprise is examined, where the production process is
organized on the basis of object specialization. Shops of such plant (enterprise) are
focused on production and assembly of machine components or final products. These
products go to adjacent shops for subassembly or they are the final products of the plant.
Decomposition of complex technical products may be up to 10 levels. Each plant can
produce its products on its own equipment and can use other component parts of other
shops or businesses. Some products can be manufactured with different technologies,
using different materials. Also, in general form this problem should be taken into account
as an area feasible region, specified by the object properties (availability of necessary
equipment, materials, labor) and as the tolerance region, specified by directive guidelines
(government contracts, future plans, etc).

Vector X l:f * of the final products for i-shop isie / (I — number of shops), that
is defined by its equipment specialization. Considering the components which are
the parts of product X l:f -, vector X . of i-shop products is calculated by the formula:

X, 2KX/ -x"™, (1)
where K; — configuration matrix (number of product x; € X, in product x}f eX l:f ),

X" — vector components of i-shop which come from different shops and (or) differ-
rent enterprises through logistics.

The composition of vectors X l:f ", X; and matrix K; also include alternative
manufacturing variants of individual products and their components.

Final products X ]f of the shops may be included to vectors X f , jel of other
shops and (or) to vector X of enterprise final products, which is formed as:

x'=ux/ )

The structure of the general production program planning models of the
company or workshop includes the following models (example based on shop) [9]:
- Technological — formed by technological standards of production:

AX,<B,, 3)

where 4; — technological standards matrix of manufacturing products; X; — produc-
tion volumes of certain products; B;— funds of equipment and staff time restrictions.

- Technical and economic parameters that are generated by manufacturing
product cost parameters:

CX 2T,, 4)
where C; — cost indexes matrix of manufacturing products X; by technical and
economic performance; 7; — progressive limitations of these indicators.

- Logistics, which is formed by the cost norms of raw materials and other

resources for production JX; by types of resources, and limitations on the available
volumes of resources;
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S.X, <M, (5)

where §; — cost norms matrix of raw materials and other resources; M, —
restrictions on the available volumes of these types of resources.

- Assembly, which is formed by bundling standards of final product X l:f , and

their limitations characterize the lower release limit of X, .
X, =KX/ -x"™, (6)

where K; — assembly matrix of final products X/ .

The problem of optimization of the production program of a plant is considered
as a two-tier hierarchical system [10] with the usage of system optimization [11],
which allows to create a human-machine technology of collective decision making.
This technology is based on the creation of matrices in dialog mode that
correspond to technical and economic standards and indicators, on establishing
relationship between them to coordinate information of the components, ratios of
certain types of production, costs of different resources, opportunities and reason of
alternative production of some components (parts). Configuration matrix columns
are final shop goods, and the lines are component parts X; which are made in the
shop. The intersection indicates the number of relevant components that make up
the final product. If the accessory is also the final workshop product, at the
intersection of its column and row we put 1 and in the other lines we put 0.

Alternative options of final products are also represented in the matrix. As a result,
the matrix dimension increases: the number of columns by the number of alternative
methods of final product manufacturing; rows by the number of component types.

For an optimal plan creation it is necessary to make adjustments to the matrices
solving production problems at different stages:

- initial formation of optimization model;

- (if incompatibility problem arises) definition of inconsistent restrictions, ways
of their elimination and determining the appropriate actions;

- shop plans coordination — we define the weak points of the production facilities.

The iterative and phased process of matrix adjustment requires the creation of
appropriate methods and tools. The availability of such assets will provide a dialog
mode for mathematical methods of formalized procedures and will build flexible
technology of planning problems solution with compliance in coherent shops
production and businesses in general.

Conclusions

Efficient production planning is the basis of successful operation of any manu-
facturing company. The analysis of decision-making methods in planning has
showed that existing methods cannot adequately handle incomplete and contradictory
information from different sources and, therefore, it is necessary to create new
methods that will consider these factors during the production planning process.

The process of group decision making will overcome the antagonism between
the different services and the resulting plan will be coordinated with all the services
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that will make it more effective and reasonable. Optimization of production plan-
ning has only advantages for the enterprises, because it results in: increased profit;
increased productivity; increased efficiency of labor; increased quality of applied
solutions; increased product quality; reduced risks.
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rPYNNOBOE NPUHATUE PELUEHUA NPU
NMAAHUPOBAHUM NPOU3BOAOCTBA HA
NMPEANPUATUAX

B.P. IleryxoB
Hayuonanvuwitl ynugepcumem nuuyegulx mexHono2ui

B cmamve paspabomana  4eno8eKO-MAWUHHASL UHOOPMAYUOHHAS EXHOIOUS
2PYNN0BO20 NPUHAIMUSL PelteHUl, KOMOPAasl NO38OUM KAXCOOU CIyHche npeonpusimus
BHOCUMb HEOOX0OUMble KOPPEKMUBbL 8 NIAAH NPOU3BOOCHEA 8 OUATO2080M PediCuMe.
3adaua onmumuzayuu npouzsBOOCMEEHHOL NPOSPAMMbBL MAKO20 NPEOnpUsimusl pac-
cMampusaemcsi 6 08yXyposHegol Uepapxuieckoll cucnmeme ¢ UCHOIb308aHUeM UOeOO-
2UU CUCTHEMHOU ONMUMU3AYUY, KOMOPAsL NO380IAEn NOCIPOUNb 4el08eKO-MAUUH-
HYI0 MeXHONO02UI0 NPUHAMUSL KOATeKmueHo2o pewenus. OCHOBOU 5motl MexHOIo2UU
aeuslemcs popmuposanue 6 OUAIO2080M pedicume MAmpuy, COOMEEMCMBEYIOUUX
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MEXHUKO-IKOHOMUUECKUM HOPMAM U NOKA3AMENAM, d MAKHCE OP2AHU3AYUS B3aUMO-
ceszell Mexcoy Humu Ons coanacosanus ungopmayuu. Hcnonvzosanue uenosexo-
MAUWUHHOTU Npoyeodypbl PYNN0BO20 NPUHAMUS PEULeHUL NPU NAAHUPOSAHUL NPOU3B00-
CMBa NO360JUM YYeChb UHMEPEChl 6CeX CIYIHCO NPeOnpusimusl, a maxice Viyyuum
AP hexmusHOCHb NPOU3BOOCIBA 30 CHem MOYHO2O U OOCIOBEPHO20 NIAHUPOBAHLUSL
NOCMABOK CbIPbsl, KOMIIEKMYIOWUX, KOHMPOJIA 3aNaACO8 U MEXHOI02UU NPOU3B0OCHIBA.

Knwueevie cnosa: npouaeodcmeo, peutlerue, nianuposanue, onmumusayusl.
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