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DEVELOPMENT OF THE TEMPORAL
KNOWLEDGE REPRESENTATION

MODEL FOR COMPUTER SUPPORT

OF CONSUMER GOODD PRODUCTION
PROCESSES AT MULTI-NOMENCLATURE
MACHINE-BUILDING ENTERPRISE

Buxnadeno nioxio do cmeopenns memnopanvroi modeni suano (TM3) oas nobydosu na i ocrosi
iHmeneKmyaivbnozo 0pa cucmemu NiOMpUMKU NPULHAMM piluers o000 opzanisauii eupooHuLymea
mosapie HapooHozo CNONCUBAHHS HA OAZAMOHOMEHKIAMYPHOMY MAUUHOOYOIIBHOMY NIONPUEMCMEI.
Biominnoro pucoio cmeopiosanoi mooeni 3uans € MONCIUBICIG BPAXYBANHSI UACOBUX 3ALEHCHOCMET, SKI
marmo micye y supobnuuux npoyecax. Bxasana ocobiusicmv TM3 nadacmo smozy egpexmusnozo supi-
ULeHHS HU3KU 3a0au, Wo 1o s3amni, Hacamnepeo, i3 3a0e3neUeHnIm PUMMIUHOCMI 6UPOOHUYUX NPOUECE.

Kmwovosi cnosa: vawunobyoisne nionpuemcmeo, mosapu HapooHoz0 CRONCUBAHHS, CUCMeMA Ni0-
MPUMKU NPULHATIMSL Pillerb, MOOeNb 3HAHb, MEMNOPALLHA JIOZIKA.

1. Introduction

The current state in the branch of Ukrainian engineer-
ing industry necessitates the introduction of new types
of automated control systems (ACS) at enterprises. These
systems will provide an opportunity to increase the ef-
ficiency of the enterprise as a whole and provide support
for making managerial decisions based on reliable informa-
tion obtained from all levels of the production hierarchy.

Today, the main automation tools in industrial enterprises,
in particular machine building, are ERP/MRP systems,
which implement tasks related to effective sales manage-
ment, procurement, finance, accounting and personnel. The
implementation of only such systems does not solve the
tasks of managing complex production processes. For this,
it is also necessary to use MES-class systems that take
into account the technological specifics of the enterprise
and are specially developed for each specific industry.

Existing MES systems are focused on integration with
SCADA-systems installed at the lower level of production.
However, the characteristic features of the multi-nomencla-
ture machine-building enterprise (MME), in which along
with the flagship products, the share of consumer goods
(CG) is large, in terms of the number of titles and the
size of lots, make it difficult to implement MES systems
in such enterprises [1].

Until now, MES systems have not been developed that
take into account the specific features of the production
of CGs at the MMEs, the effective organization of which
would significantly improve the efficiency of the enterprise
as a whole. In the engineering industry, it is very difficult
to use SCADA systems through a wide range of CGs and
a fairly frequent change in the size of batches of pro-
ducts. This characteristic for the production of CGs at the
MMEs line creates a number of problems in automation,

primarily because of the lack of up-to-date information
on the current state of production, makes it difficult to
make decisions when organizing the CG production at
the enterprise as a whole.

The process of organizing CGs at the MME:s is charac-
terized by a rather high level of uncertainty. This circum-
stance is due to insufficient information on the current
state of production, so the production process can’t be
effectively implemented on the basis of traditional, ana-
lytical methods of information processing used in existing
automated control systems.

Using the methods of artificial intelligence, in particu-
lar, the technology of dynamic expert systems (DES), can
significantly improve the adequacy of production decisions
due to the fact that the formation of decisions takes into
account the current state of production facilities.

Modern shells for DES creation, such as G2, RTworks,
are oriented to the collection of current data using a net-
work of SCADA systems deployed on production, the use
of which is too difficult for the manufacture of CGs at the
MMEs, due to its peculiarities. At the same time, modern
DESs, which are based primarily on productive models
of knowledge representation, do not adequately reflect
the time factor, which comes to the fore in solving the
tasks of organizing the CG production. Representation of
time dependencies will allow to predict the development
of CG production processes clearly, which will improve
the quality of decisions taken to effectively eliminate the
consequences of deviations from the plan if they arise.

Thus, it can be concluded that the scientific task, which
consists in developing a model for presenting knowledge
of the current state of CGs at the MMEs, taking into
account the time dependences that occur when implemen-
ting these production processes, is relevant. The solution
of this problem will allow to significantly increase the
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efficiency of decision-making processes in the environment
of the corresponding MES systems at the MMEs.

2. The ohject of research
and its technological audit

The object of research is the processes associated with
the organization of the CGs production at the MME.
These processes are considered in the aspect of automa-
ting the CGs production by creating a special model of
knowledge about the current state of production processes.
In addition, the object of research is the technology of
using this model in the future when developing software
and tools for decision support in the form of DES, for
organizing production processes at MMEs.

In modern conditions, when the Ukrainian industry as
a result of de-industrialization lost a significant part of
production capacity, as well as intervention on the Ukrai-
nian market of goods from East Asian countries, the CGs
production in the territory of Ukraine has become quite
problematic. At the same time, there are industrial enter-
prises, in particular machine building, where the production
of flagship products has remained. This circumstance deter-
mines the importance of the organization in such enterprises
along with the flagship production and CGs, by as fully
as possible loading productive capacities. The solution of
this problem requires the creation of qualitatively new
methodological and software tools with the help of which
effective coordination in space and time of all production
processes at the MMEs would become possible.

One of the main problems of complex automation of
combined processes of production of main products and CGs
at the MMEs is an improvement of the formal apparatus
for modeling time dependencies. The existing nomenclature
of pseudophysical logics includes so-called temporal logics,
but the formal theory of time, constructed with the use
of these tools, but does not adequately reflect exactly the
mechanism of combining production processes in time.

3. The aim and ohjectives of research

The aim of research is the creation of a special model
of knowledge, which is able to adequately represent the
time dependencies in the CGs production at the MMEs.
This model can be used in the intellectual core of the
decision support system, which will become an integral
part of the corresponding MES system in the enterprise.

To achieve this aim, it is necessary to solve the fol-
lowing tasks:

1. To conduct an analysis of the suitability of existing
MES systems, as well as models, methods and informa-
tion technologies of automated control for the effective
organization of CGs production at the MMEs, taking into
account time dependencies.

2. To improve the methodological toolkit for presenting
time dependencies for constructing the temporal model and
the method of its application in the formation of decisions
on the organization of CGs production at the MMEs.

4. Research of existing solutions
of the prohlem

Effective management of enterprises of the machine-
building industry is possible only taking into account

the features of modern production. To such features, first
of all, one should include dynamism, multiple amounts
of subjects, topological distribution of production units,
hierarchy of the management structure, the presence of
a significant number of functional subsystems and con-
nections between them [1].

According to the Ukrainian classification, machine-
building enterprises are divided into enterprises with
a single, serial, mass and mixed output [1]. One of the
ways to increase the efficiency and profitability of an
industrial enterprise is automation of its activities, in-
cluding automation of production processes management.

At the present stage of automation of industrial enter-
prises, ERP systems are widely used, as enterprise resource
planning systems that solve the tasks of effective sales
management, purchases, finance, accounting, personnel.
However, the use of only ERP systems can’t solve the
task of managing complex production [2], for this it is
necessary to implement MES systems of operational plan-
ning, optimization and production management, taking
into account the technological specifics of the enterprise
and specially developed for a particular industry. MES
systems allow to provide the coordinated interaction of
shops, departments, the sites equipped with the automated
control systems of the enterprise (ACSE).

The most promising tasks of the MES system are tracking
downtime and loss of production on individual units, as
well as calculating the efficiency factor of equipment use.
In this case, mechanisms are used to automatically gene-
rate events (downtime of production equipment) and to
compare these events with possible causes of their oc-
currence. Determination of efficiency parameters is car-
ried out by comparing and analyzing differences in the
production performance of equipment on different lines.
Evaluation of the current load of production makes it
possible, if necessary, to quickly distribute the load within
the available production capacities.

MES system allows to centrally monitor the state of
the production line, monitor the production process and in
real time to identify restrictions that hinder its effective-
ness. To detect these limitations, the OEE (Overall Equip-
ment Effectiveness) indicator is used, which combines the
production aspects of efficiency, output and quality [2, 3].

The least widespread, at present, MES systems have
at machine-building enterprises that produce a relatively
large range of products, but in small series, despite the
complex processes of organization of production and ma-
nagement. Typical features of production at such enter-
prises are the many thousands of items and assembly units,
a large number of changes, the production of small series,
quite frequent modifications. These features make it difficult
to implement MES systems, in particular, if a significant
part of the production at such an enterprise is made up
of consumer goods. At the same time, the most important
and complex tasks of organization of production are:

— analysis of the causes of deviations from the planned

course of production;

— elimination of interruptions in the course of the

production process;

— adoption of operational measures to prevent and

eliminate deviations from planned targets;

— maintenance of the coordinated work of shops by

coordination of their current activity. These problems

can be classified as difficult to formalize [4, 5], since
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they have the following features: ambiguity, incom-
pleteness and inconsistency of the initial data; greater
dimensionality of decision space, dynamism of updating
data and knowledge. To effectively solve such problems
it is advisable to use artificial intelligence methods,
including in the form of software tools based on the

technology of expert systems [6].

Characteristic features of the modern production faci-
lity, in particular the multi-nomenclature machine-building
enterprise, is the relatively high dynamics of its function-
ing, which provides for a dynamic change in the data and
knowledge about the management object necessary for
making an adequate management decision. Each such shift
occurs in time, whether it is the process of assembling
the product, performing procurement operations, moving
finished assemblies and units across the enterprise. To
monitor and manage the process of CGs production at
MMEgs, it is necessary to accurately monitor and pre-
sent processes and events in time, and also to predict
the development of processes that significantly affect the
management object.

Time is one of the fundamental concepts of the world
around us. Any change in it occurs over a period of time,
any activity is realized in time. Many concepts like trans-
formation change, action, cause, effect and relationship
between them can be described in terms of time. Some
properties of time are intuitively clear, while others are
on the contrary ambiguous [6-9]. An important concept
related to the natural understanding of time is the notion
of scale, it allows organizing separate «pieces» of time —
moments or intervals — tempors. To represent time, there
are two ways of scaling. The first reflects the order of
events on the scale «past — present — future», and the
second — on the scale of the «earlier — later» type. Each
event on the scale «past — present — future» in the process
of evolution seems to move along it. If at some initial
moment it is located in the future, then, changing or
approaching, it will arise in the modern, and then go to
the past, staying there forever. If it is not realized in the
present, it disappears from the scale. On the scales of the
second type, the events are arranged in a constant order.
It's like a <has already happened» scale is frozen. The
main properties of time — direction, linearity, continuity,
unlimited, homogeneity [6].

The specified properties of time do not have univer-
sality, therefore, if necessary, it is expedient to construct
temporary pseudophysical logics, in which there is a dif-
ferent set of initial axioms, and based on the necessary
time domain descriptions for the domain description. The
analysis of directions in the field of knowledge engineering
has made it possible to single out a number of problems
for which the use of the time factor is the key [8].

To such problems belong [7]:

— Diagnostics. Identification of the current state of the

management object on the basis of the characteristics

that influence decision—making by the decision maker

(decision maker).

— Monitoring. Monitoring of the state of the control

object on a time scale close to the real one, with

notification of decision maker about the emergence
of critical situations.

— Help. Description of the state of the control object

at some point in time has already passed, and which

is the cause of the current state of the control object.

— Forecasting. Determination the state of the control
object in the future, at a time point given by decision
maker.

— Rules of variation. The construction of a set of rules

that regulate changes in the causal laws of the consi-

dered subject domain.

When organizing the CGs production, an important
task is prediction of the state of the parts and assemblies
that make up the product, and the finished product as
a whole. To describe the relationship between the causes and
their consequences, it is necessary to present the relevant
temporal relationships in an explicit form. Proceeding from
this, it is necessary to allocate the following components
of knowledge about the subject area [10, 11]:

— cause-effect relationships about events and the values

of parameters in the modeled domain;

— time dependencies describing the mutual position

of the causes, their consequences and the duration

of the processes occurring during the control of the
production facility, or properties that the control object
element has.

For predicting the consequences of the current (or
some given) situation and responding to inquiries about
the future state of production facilities, the forecast model
can be used, explicitly takes into account the time de-
pendencies. In this case, requests can be both about the
time of occurrence of some events, and about the fact
of the presence of circumstances at a certain point in
time. Thus, on the basis of the analysis of the subject
area, the specifics of solving the problems of organizing
CGs production at the MMEs, it is important to develop
a temporal model, that is, one that adequately represents
the production processes in time.

5. Methods of research

To build a model of knowledge with allowance for
temporal dependencies, discrete mathematics methods, in
particular set theory and mathematical logic, as well as
tools that are known in knowledge engineering are used.

The process of building a temporal knowledge model
begins with a description of the subject area (SA), then
the following steps must be performed [9]:

1. To select the basic time primitives specific to SA
and set the basic relationships between them.

2. To enter the necessary elementary functions for
converting primitives and relations.

3. To set the time structure using axioms, which de-
termine the basic properties of time and the properties
of the basic relationships, depending on the subject area.

4. To describe how temporary constraints are repre-
sented.

5. To select the method of connection of logical as-
sertions with time.

6. To describe the formal theory of time-dependent
statements.

At the first stage of the knowledge model synthesis,
taking into account temporal dependencies, the moments
and/or time intervals can be used as the base primitives.
If necessary, time constants are used to denote the mo-
ments of time and intervals (seconds, minutes, hours,
days, dates, time of day, etc.), and also noticed the «dura-
tion» corresponding to the distance between the moments
of time.
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The second stage: some of the functions are built on
the basis of the basic relationships and is their functional
version, the functions allow for the transformation between
temporary primitives.

At the third stage of the model synthesis, it is necessary,
when specifying several primitives of time, to specify the
relationship between them in the form of the correspon-
ding axioms, taking into account the properties (discrete-
ness/continuity) of SA time characteristics.

The fourth stage is connected with the justification of
the choice of the method of representing time dependen-
cies, namely, the method of scaling.

The fifth stage of the knowledge model synthesis, ta-
king into account temporal dependencies, involves the use
of approaches that have good expressiveness.

At the last, sixth stage, it is necessary to define the
basic time statement, and also define their properties using
a set of axioms.

6. Research results

Let’s consider the conditional scenario, according to
which the organization of CGs production is carried out
at the level of workshops of a typical MME. Let’s assume
that information about the current state of tasks that
are planned for implementation is updated on the basis
of data coming from the dispatching offices (DO) of the
production departments. According to the work schedule
at the beginning of each shift, the status of production
tasks is checked to determine the facts of deviations and
the magnitude of the delay in the tasks.

Let’s denote the set of all planned tasks as Z. In this
case there exists a mapping ZP: Z—P, which determines
the correspondence of the state of production tasks to
the elements of the temporal model. The status of the
task zjeZ is Status. This attribute determines belonging
z; to @, ®Y or ®". Timeliness of issue and delivery of
tasks is characterized by timeliness. This characteristic
determines the belonging the task z; to W or W, where
W — the set of tasks issued or completed without devia-
ting from the plan, but W — the set of tasks, execution
time or issuance that were delayed due to the influence
of external or parametric disturbances on production as
a management object. At the same time W W =@ and
IW:Z —(WUW).

Production tasks are divided into component and col-
lecting Z={Z*uZz*}, while:

Z"nZe =2,

where 7% — the task of components manufacturing; Z* —
collecting tasks. There are bijective mapping Z*—B and
Z95((P\B)\R).

To activate the temporal model, a lot of events that
arise as a result of DO operation are displayed by the
elements of the set of all events:

Ec={ErmUE},

where EP¢ — the events of the actual or planned start/com-
pletion of the production task, while EP?—E; E? — the
events related to checking the status of the task at the
beginning of each shift. Events from the set E% change
the signs of tasks at times from the set:

T={TrUT'}, T"nT/ =0,

where TP — the set of time points of checks at the begin-
ning of each shift that took place from the beginning of
the launch of the product into production; T/ — a lot of
time checks at the beginning of each shift, which will take
place until the end of collection of the entire product.

The first stage of the method is implemented in parallel,
asynchronously and cyclically in the monitoring networks
at the beginning of each working shift in production links.
This makes it possible, in the process of supporting decision-
making on the implementation of working technology, to
take into account the current state of the production of
collecting units.

The second stage of the method, in case of delay, makes
it possible to form a solution that is a finite set and can
be represented by appropriate rules in the knowledge base.

Proceeding from the foregoing, it is expedient to use
a two-stage procedure for outputting knowledge to form
solutions for organizing CGs production at MMEs [10, 11].
The initial situation is defined as follows:

Vz,eWAVz e®r, 777t — 7°.

1. In case of events efeE? that are related to the
change in the actual state of the production task, where
je{begin, complete}, begin — the beginning of the task,
complete — the completion of the task:

— if e, — the composition of the sets ®" and ®*

is changed and by:

n — dn A" v — hw A
O =0}, -0 AP} =DY, +07,

where K — the next change at the beginning of which
the check is performed;
— if e, — the composition of the sets ®* and

®" changes and by:

Oy =0y, _¢2 A= Z—1+¢fn ,
where K — the next production change;

— if for any task does not occur any of these events —

go to step 2.

2. In the case of e/ € E” planned task state measure-
ments, where je{begin, complete}, begin — the beginning
of the task, complete — the completion of the task:

— ifef,, forVz|zeWnaz e®" atfl,, eT?At],, T/ -

beginy;
the composition of the sets W and W is changed and by:
Wi =W —of AW, =W +o!;

— if el ., for Vzlz,eWaVz e® Atl, . €T? A
Allopiere, €T the composition of the sets W and W

is changed and by:

TV — W i 7 — 1 W .
W, =Wy —0f AW, =W, +o;

_ 3 pl
lf ecomp/etez,

the composition of the sets is changed and by: the
composition of the sets W and W is changed and by:

for Vz ‘zi eWAaz e ALt

complet

!
e,,Stp ) -

complete;

W, =W, —of AW, =W, +o;

;SO
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— if for any task none of these events occur, go to

step 3.

3. In case of initiating events eg’ € E“, the task execu-
tion check, where K — the set of indexes K={¢@, ww, bb},
o9 — check of the task status, m® — check of the task
timeliness, bb — check of the delay in issuing the task:

— if el for Vz |z, e ® ALl 10 €T Atoyie, €T Aoy, —

calculate the current duration of the job:

)— o .
durzz,l - tl‘hé?(‘k;, - tbeginz, ’

— calculate the

— if eg, for Vzz eCDZ“‘/\z,veW/\tchgckb
current duration of the task delay:

o Iil
Aur] =tagea, —t

complete,; »

z,e® Az eW ALY

complete;

<t

complete.;

) — the
composition of the sets W and W is changed and by:

— if e} for Vz

W, =W, —of AW, =W, +o;

— if none of these events occurs for any task, go to

step 4.

4. For any production task z;e Z¢ that is performed in
the shop, check the delays dur; of the particular tasks
that are included in its composition, determine the delay

dut,, = max(dur;) and establish the fact that dury,y is the

delay of the entire production task.

5. Definition of the consumer shop z;eZ for the task
by analyzing the routing technological process and transfer
of the delay durp,, of task z; to the consumer shop. At
this stage, information is transmitted about the devia-
tion, from the monitoring network to the decision support
system.

6. Determination of the presence of a critical situation
by comparing the length of delay dury,x of the z;e Z task
with the critical delays of tasks, which are included in
the current production task.

7. Forming of technological recommendations, in the
environment of decision support system, about measures
for overcoming the critical situation.

8. The implementation of the method will be completed
if the current status of all production tasks is «handed
overs, that is, the collection of this product by the CG
nomenclature is completed.

The conclusion on knowledge during the realization of
the described above method is carried out on the basis
of the temporal model of knowledge, which is a set of
statements about the temporal dependence between the
individual stages of the production process. Depending
on the event (which is activated by the dispatcher of
the main production workshop or automatically by the
system), the corresponding rule is activated.

The events that are generated by the system and are
activated by the DO:

— PnMI (Start_Execution (tasks), t) — upon the issue

of the assignment.

— PnMI (Completion Execution (tasks), t) — upon the

issue of the assignment.

Events that form and activate the system:

— PnMI (Planned_ start_execution (task), t) — accor-

ding to the plan.

— PnMI (Planned_completion_execution(task), t) — ac-

cording to the plan.

— PnMI (Check_ delay(z), t) — daily.

— PnMI (Check_Status(z), t) — daily.

1. At the moment of occurrence of the Start Execu-
tion (tasks) the status parameter of the Status task changes
to «in_Execution»:

Vze task, Jije Interoal, te Time

PnMI (Start_execution(z;), t)A

AVnl (Status(z;, unissued), i)n
nend(i)=t=Vnl (Status(z;, in_Exexution), j)A
Armeets(i, j).

2. At the moment of occurrence of the event «Comple-
tion_Execution (tasks)» the task parameter Status changes
to <handed over»:

Vzie task, Ji,je Interval, Ite Time

PnMI (Completion Execution(zi), t)a

AVnl (Status(zi, in_execution), i) A
nend(i)=t=Vnl (Status(zi, handed over), j)n
Ameets(i, j).

3. At the moment of occurrence of the event «Planned
start_execution (task)» and the task parameter Status chan-
ges on <«unissued», the task parameter timeliness changes
to «delay»:

Vzie task, Jijke Interval, Ite Time

PnMI (Planned_ stait_execution(task) (zi), t)a
AVnl (Status(zi, unissued),i)n

AVl (Timeliness(zi, timely)j)n
nend(j)=t=Vnl (Timeliness(zi, delays),k)n
Ameets(j,k).

4. At the time of the occurrence of the «p Planned
completion_execution (task)», the task parameter Timeliness
changes to «delay»:

Vzie task, Ji,j,ke Interval, 3te Time

PnMI (Planned_completion_execution, (zi), t)A
AVnl (Status(zi, in_execution), i)A

AVnl (Timeliness(zi, timely),j)rend(j)=t=
=Vnl (Timeliness(zi, delay),k)rmeets(j,k).

5. At the moment of occurrence of the event «Planned
completion_execution (task)» the task parameter Status
<handed over» and previously defined delay, the task pa-
rameter Timeliness changes to «timely»:

Vzie task, Jijke Interval, Ite Time

PnMI (Planned  completion_execution, (zi), t)a
AVnl (Status(zi,handed over),i)a

AVl (Timeliness(zi, delay)j)r(begin(i)=t v
vbegin(i)<t)rend(j)=t=Vnl (Timeliness (zi, timely),k)A
Ameets(j,k).

6. Formation of the «delayed output» event:

Vzetask Tij,ke Interval

Vnl (Timeliness (z, delay),i)a

AVnl (Status(z,unissued), j)=

=PnMI (Delayed output(z), k)requal(i, k).
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7. Calculation of the delay in the output of the task:

Vze task, Fij,ke Interval, 3te Time

PnMI (Check delay(z), t)AVnl ((z, delay), i)n
AVnl (status(z, in_execution), j)ATimeliness=end(i)=
=Vnl (Timeliness (z, delay), k)A

ADelay(z, d)rd=duration(k)nstart(k, i).

8. Check of the task status

Vze task, Ji,j,ke Interval, Ite Time

PnMI (Check_status(z), t)a

AVnl (Status(z, in_execution), i)At=end(i)=
=start(j,i)AVnl (Status(z), j).

The rule that forms the facts about the expected delay
in the production task:

3P1,P2e z, Idurmaxe Duration
Contain(P1, P2)ADelay P2, durmax)=
=Expected delay (P1, durmax).

The rule that forms the facts about the critical delay
in the production task:

V' Pe z, dde Duration
Delay (P, d)ACritical_delay (P, De (d=Ivd<l)=
=Critical_situation(P, d).

7. SWOT analysis of research resulis

Strengths. The developed temporal model of know-
ledge will provide timely detection of deviations from
the production plan, and also allow to take into account
the current state of production facilities in the process of
supporting the adoption of managerial decisions on the
organization of production of consumer goods. The overall
effect of the implementation of the developed model of
knowledge will be achieved by reducing the incidence
of disruptions in the production program, preserving the
professional knowledge of experienced MME specialists in
the production of consumer goods. In addition, the use
of the temporal knowledge model as part of the intel-
lectual core of the decision support system will ensure
the reduction of the MME costs in the organization of
production of consumer goods.

Weaknesses. The main weakness of the developed tem-
poral model, as well as of any other means of knowledge
engineering, is the need to involve a cognitive engineer
at all stages of its life cycle.

Opportunities. Introduction of the results of this research
will allow to receive additional profit to the enterprise due
to the increase in the volume of production of consumer
goods without expansion of production.

Threats. MME costs for the implementation of the
research results will be comparable to the annual costs
of automation of production.

1. The analysis of the existing models of knowledge
in the aspect of representing the time dependencies that
occur during the operation of the CGs production at

MMEs is carried out. The first-order logic is selected
as the basis for time extension. This choice is due to
the fact that out of the five most common knowledge
models, only frame and logic allow the time factor to be
clearly represented, however, for the frame models, effective
mechanisms of inference have not yet been developed. For
the time dependency representation model, a dictionary,
semantics, and syntax are specified for a formal logical
system. These components of the formal logical system
are: basic temporary primitives, relations between temporal
primitives, the system of axioms, describing the structure
of time, the method of concretization, as a means for
linking logical assertions. The formal basis of the con-
structed temporal model of knowledge is the many-sorted
calculus of predicates. This model, when applied as part of
a dynamic expert system with a knowledge-based produc-
tion type, can be interpreted as follows: the predicates
of antecedents and the consequent of the corresponding
rules will be the essence of many-sorted logic.

2. The methodological toolkit that exists within the
framework of mathematical logic has been improved, in
the aspect of increasing the adequacy of the models for
representing time dependencies between individual frag-
ments of manufacturing processes at the MME. The result
of the improvement is the temporal model in the form of
many-sorted t predicate calculus. This model, being built
into the knowledge base of the decision support system,
will adequately reflect the asynchrony and parallelism that
is inherent in the production processes of CGs at MME.
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PA3PABOTKA TEMMNOPANBLHO# MOJENY 3HAHMH

[NA KOMNBIOTEPHO! MOAAEPMKH NPOLECCOB
NPOX3BOACTBA TOBAPOB HAPOAHOr0 NOTPEENEHKA
HA MHOTOHOMEHK/IATYPHOM MALWUHHOCTPOUTENBHOM
NPEANPHATHH

V3105keH MOAXOA K CO3AAHUIO TEMIIOPATIBbHONW MOJETH 3Ha-
nii (TM3) 1711 mocTpoeH st Ha ee 0OCHOBE MHTEJIEKTYaTbHOTO sIipa
CUCTEMBI MOJIEPKKN TIPUHATHS PELIeH il 10 OPraHu3aiu Npous-
BOJICTBa TOBAPOB HAPOIHOTO MOTPEOIEHIS HA MHOTOHOMEHKIATYP-
HOM MaIIMHOCTPOUTETBHOM HpeAnpusaTuu. OTIMIUTeIbHON YepTOi
CO3/1aBaeMOil MOJIENIN SIBJISIETCST BO3MOKHOCTb ydyeTa BPEMEHHBIX

SaBI/ICI/IMOCTCI‘/JI, MMEIOINX MECTO B ITPOU3BOJICTBEHHBIX IIPOIECCax.
Vkazannas ocobernocts TM3 gactT BO3MOKHOCTD 3 HEKTUBHOTO
peleHnst psijia 3a/ad, CBA3AHHbIX, IPEsK/e BCero, ¢ obecredeHneM
PUTMUYHOCTU IIPOU3BO/ICTBEHHDBIX IIPOIECCOB.

Kmouesrte cnoBa: MalInHOCTPOUTEIBHOE TIPE/IIPUSITIE, TOBAPBI
HAPOAHOTO MOTPEOJIEH s, CUCTEMA TTOIEPKKU IPUHSATHE PEIICHUT,
MO/1eJIb 3HaHI/II>'I, TeMIlOpaJjbHasd JIOTHUKA.
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