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DECISION-MAKING INFORMATION TECHNOLOGY FOR FLEXIBLE
INTEGRATED MANUFACTURING

The subject of the study in the article is flexible integrated robotic systems. The aim of the work is to integrate models and decision-
making methods in order to create information technology for flexible production. The following tasks are solved in the article:
analysis of current trends in the development of production systems, consideration of intellectual decision-making systems as one of
the key elements of automated control systems, consideration of the creation of information technology, based on a set of methods
and decision models, including adaptive decision making for non-deterministic tasks. Research methods are the theory of sets and the
theory of predicates. The following results were obtained: the main problems of the development of flexible integrated systems of
modern production were analyzed and formulated. As a new element in the technological systems, it is proposed to introduce the
intelligent production agents implemented as mobile robotic platforms capable of performing transport and assembling functions,
executing the monitoring tasks, and establishing the basic requirements for them. From the formal point of view, the decision-making
process in flexible robotic systems is considered, based on the interaction of the properties of the robotic system, the properties of the
working space and the set of possible solutions. The fulfillment of each individual technological task involves the development and
implementation of a plan of work of robotic equipment, the set of variants of which is a strategy of functioning of the intellectual
robotic system, described in the form of predicate logic. To solve the required technological tasks, the use of the automatic procedures
of the generator of solutions, which operates based on the frame-like structures is proposed. The decision-making process consistently
supports the consistent decision-making information technology in a robotized production system based on the models of different
types. Conclusions: application of the concept of the intellectual agent in the production environment requires the integrated

application of models and methods of decision making, which can be a separate information technology of robotic production.
Keywords: information technology; decision-making; mobile robot; flexible integrated system.

Introduction

The research, development and application of
flexible integrated systems (FIS) are the features of human
entrance to the post-industrial stage of development.
Application of FIS must provide the quick and low-cost
transition to the new production types output, especially
for conditions of low-series production. The efficiency of
FIS is determined by optimal organization of
technological equipment usage, supplied by robotized and
transport systems, delivering bars, details and instruments,
making the required service and check of technological
processes [1].

The automation of modern manufacturing is based
on widespread application of Flexible integrated systems
(FIS) of different types. Their features are: the ability for
quick adaptation to production technology changes at
levels of technical refitting of particular units, parts and
accessories, ability to reconstruct software according to
new technological tasks. In addition, the key feature of
FIS is its close connection and structural integration to
existing production systems, which gives possibility to
systematic modernization of them by modular method,
simplifies the exploitation of technological systems and
their technical supplement. This way of design,
development and implementation of technical systems
describes the modern automobile-, airplane- and
shipbuilding, mechanical engineering, electronic (and
other) devices production, that can be observed at
assembling of European Airbus project A-380 [2] or of
British aircraft carrier Queen Elizabeth [3].

The creation of automatic plants is currently
impossible with traditional methods of manufacturing
development. There are need the shifts in instrumental
technology and in manufacturing organization, based of
computer-integrated system base.

To create the machine-building plants of future there
are need the following transformations:

- refusal of the differential details processing and
assembling in several operations, transition to centralized
processing and assembling in one operation, at one
machine, one processing and assembling system;

- transition to application of machine’s systems,
executing the whole range of works and supplying the
continuity of manufacturing processes;

- integration  of  different  processes  for
manufacturing and control to the single computerized
production system;

- transition to imitation simulation during sample’s
and manufacturing processes examination;

- intensification of technological detail-node
specialization for production, shortage of seriality, the
individual customer requirements execution;

- profession combining, workers qualification
increase under whole shortage of them;

- electronization of manufacturing, development of
communication and in-formatization tools;

- improvement of production organization under
rule "everything only if need".

Therefore, the development of automated control
systems for FMS has the certain level of structural
organization and automation. The next steps for Flexible
Automated Sectors (FAS) development can be in the
introduction of intellectual technologies, which supplies
more manufacturing flexibility, especially for low-serial
production, with next phased transition to automated
factory concept [4].

The perspective direction of FIS development is
automatic solving of all the tasks by application of
intellectual control system as a part of future automatic
plants. Among their characteristics are [2, 5, 6-7]:

- high labor productivity level, high flexibility degree
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to new production transmission;

-the shortest manufacturing
production;

- the supplement for high quality production output,
low energy consumption, high coefficient of machines and
raw exploitation;

- non-waste technology, complete utilization of
waste by transformation to raw materials, fabrication of
secondary rows for collateral production;

- the high equipment reliability and of the whole
plant by self-diagnosis methods, that controls the
equipment malfunctions or supplies the short-term
restoration;

- labor humanization, the creation of conditions for
human health safety, for physical labor decrease, for full
computerization of intellectual activity;

- ecological safety, save of environment;

- mobility for new science and technics
achievements, for new technologies and equipment.

loop for details

1. Decision-making systems background

The consideration of robotized technology design
process shows the importance of every planning strategies
act at every stage of technological operation execution.
The similar case is for movement planning of mobile
platforms: the transition result is the sequence of
operations to move to some direction, to stop, to change
direction, to move manipulator’s joints (if platform has it).
But, if movement needs additional actions like to prevent
collisions with random obstacle, the planning task is
accented not on whole multi-stage structure, but on
planning of every partial decision for action of robot.

The most of particular tasks of strategies planning
have to be of adaptive manner because of execution for
conditions of predictable or unpredictable workspace.
While the adaptive systems still have no first positions in
technical planning systems, they have publications on
psychology and human decision-making [3, 8, 9].

The human (or other organism, or technical system)
ability to adapt to slow, moderate or quick change of
external impacts and the ability to execute the given tasks,
really, is adaptation. Certainly, adaptation is possible only
for conditions is organism (technical system) is able to
respond to external world effects, having the sensors to
observe the effects of workspace of object’s states,
according to which the selected task is decided (or
selected solution is executed). Other required thing is
mechanism of organism to respond to external effects,
including the changes of internal states and external
response by particular action of human or robot to avoid
the external impacts (f.e. to avoid stones on robot’s way or
to clean them) or to adapt to them (to select the reliable
and correspondent to conditions chassis of robot).

Such intensions, however give no answer how the
robotic system (also mobile system), equipped by tools of
external workspace monitoring (Sensor system); the
intellectual component to generate the plans of movement;
the execution mechanisms (manipulators), can respond to
external world changes and to re-build its activity, taking
in account the complexity of tasks and need to support the
functional ability.

The adaptive control methods still take insufficient
place in researches on automatic control theory. Among
the sources adaptive control system is formulated as
system, which automatically selects the required control
law on base of object’s behavior analyzes. From this
position adaptive systems are divided into two classes:
systems able for self-organization and systems able for
self-settings.

For systems, able for self-organization, functioning
process includes the formation of control algorithm, which
allows to optimize system from control’s goal view point.
Such tasks arise for conditions of structure and parameters
changes of controlled object and are dependent of
functioning mode, especially if there is no priory
information for current control mode setting. There is said
about free regulator structure [8] and connected complex
tasks.

The synthesis problem for continuous dynamic
objects is described in [8]. Let the object of control is
affected by the measured perturbations (initial impacts),
non-measured impacts and the impacts of control. The
output variables of object are observed. The behavior of
object depends on number of unknown parameters — & set.
There is given the set E of possible values & which
defines the class of possible objects and impacts. There is
set the target of control, which defines the behavior of
controlled object. The result must be the synthesized
control algorithm, which uses the measured or calculated
values, that not dependent of and supplies the given
control target achievement for every.

For case of FIMS adaptivity is a possibility to keep
manufacturing system workability for case of functioning
condition changes, caused by external (other FIMS,
transport system, energy supplement, ventilation system
etc.) and internal (work of processing units, NPC-units,
transport system, personal activity etc.) sources [9-10].

For such conditions FIMS must adapt to the current
conditions and change the schedule (plan) for whole
system functioning or fro some parts, providing the
adaptation of functioning strategy.

The technological process of mechanical processing
and assembling must be provided in one or several
workshops with processing centers, NPC-machines,
industrial and transport robots, storages and the transport
system, connecting the technological equipment and the
automated storehouse.

The lacks of production process organization for the
mentioned mechanical and assembling workshops
are [11, 12]:

- the fixed mode of transport system work and
insufficient level of automation with limited application of
industrial robots;

- the manual loading for NPC-machines;

- the absence of automatized tools to avoid the
emergency or non-standard production situations.

To overcome the mentioned lacks there are
proposed:

- to introduce the mobile assembling-transport
robot to the equipment of flexible integrated systems and
workshops (fig. 1);




CyuacHuti cmamn HayKo8ux 00CaLONceHb ma mexnoao2it 6 npomuciosocmi. 2019. Ne 2 (8)

ISSN 2522-9818 (print)
ISSN 2524-2296 (online)

- to develop the mathematical and algorithmic

supplement, the software for the mentioned robot.
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Fig. 1. Structure of Flexible Automated Line (1, 2 — input and output storages, 3 — industrial robot, 4 — NPC tool, 5 — transport system,

6 — transport robot, 7 — intellectual transport-assembling robot)

The mobile assembling-transport
correspond to the following requirements:

- free movement in range of workshops out of
technological equipment units workspace;

- robot supplies the devivery of billets and other
materials to the workspace of processing centers and
NPC-machines;

- robot supplies the devivery of needed instruments
or equipment on regular or irregular calls;

- robot supplies the execution
assembling operations;

- robot supplies the monitoring for technological
and other equipment of workshop;

- robot checks the functionality of technological
equipment.

To supply its functionality the assembling-transport
robot must correspond to the following construction
demands:

- the presence of mobile platform chassis;

-the presence of manipulator (or
manipulators);

- the presence of cargo block to transport billets,
details, instruments and equipment;

- the presence of communication system;

- the presence of control system with computer on-
board;

- the presence of sensor system for chassis and
manipulator.

The assembling-transport robot must be selected on
base of existing models of transport robots and
manipulators.

The particular element of control system for mobile
assembling-transport robot is decision-making support
system (DMSS). As to dynamics of robot’s workspace
DMSS must supply the problem-solving for transition
tasks of assembling-transport robot to particular
workspaces, to schedule the loading-uploading operation
for technological equipment, instruments and supplement,
to plan some assembling operations. The dynamic nature
of assembling-transport robot workspace, determined by
particular production system, defined the demands of
functioning strategies adaptivity, which must supply the

robot must

of selected

of several

increase  stability and of  flexible
manufacturing systems.

In particular, RTS (set X) from ACS problem-
solving point of view is proposed to describe consisting
with the next elements:

- manipulator (with description of movements for
particular joints of manipulator, movements execution);

- control system (with signal set, sent/received by
manipulator or chassis);

-sensor system (with sensors to supply the
transmission of signals on WS states to the control system
of robot);

- technical ~ (computer) vision system  (with
monitoring of WS and transmission of signals to robot’s
ACS);

- communication system (to transmit/send the signals
from robot’s control system, from other robots);

-robot’s chassis (to transmit/send information
to/from, movements execution).

The description of decision set D is proposed as
containing:

- decision on manipulator (manipulators) movement
for particular operations level (take object, move, put,
replace objects), including the achievement of goal point;

- decision to direct the mobile robot’s chassis
movement (rightward, leftward, direct, back etc.), to
change speed and acceleration;

- requests to sensors and technical vision system;

- expected result (accepted decision);

- pre-conditions of decision-making.

The description of external workspace objects set S:

- objects of WS (object’s coordinated, direction and
velocity, class of object, technical state, ability to use for
decision execution);

- state of WS (topographis, availiable paths and their
conditions, obstacles and their changes, fallouts, lighting
etc.).

The description of goals set Y of robot’s ACS:

- to position robot to WS point (or near the needed
object of WS);

- to make operation (manipulation) at WS point (or
near the needed object of WS);

- to get date on WS (with sensor system or CVS).

productivity
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The examples of robot’s goals (task) setting are:
being_at_point(x, vy, 2);
make_operation(take_object(class(nut))).

The goal of decision-making system (DMS) is to
transfer to goal state y, reaches by application of Cartesian
products X * D* S of FIS’s states, its decisions and of WS
by order at every step of system functioning.

To reach the goal, initially at moment t0 DMS
generates the initial plan:

D°={dg.d;,...d7,},
which proposes the sequential transitions for states:
Xg =X > > X2, =Y,
and can be implemented by Cartesian products:
X, xDJ xS, = X, xD) xS, —...—> X, ,xD?, xS, ,,

and may lead system to the goal state Y.
Transitions must follow the restrictions:

|X, =Dy x X, xSy <&, [X,-D,x X, xS/ <¢,,
HY _anlxxnflxs

MHS&‘H.
It means, that every new achieved by Decision-
making acts step, which is a result of decision D, to the

current state X, and for conditions of workspace S,
mustn’t be different from planned X;,, for more then &,,, .

The selection of decision for every stage and its
dependence will be defined by goal (or subgoal) of robot’s
automatic control system (ACS).

For example:

D{move,take,look}x

X{manipulator,controller,sensor,CVS,CS,chassis}

=Y{robot_at_point(x ,y;,z, )} = D{{move, manipulator},{move,controller},
{move,sensor} {move,CVS},{move,CS},{move,chassis},{take, manipulator},
{take,controller},{take,sensor},{take,CVS} {take,CS} {take,chassis},
{take,manipulator},{look,controller}{look,sensor},

{look,CVS},{look,CS} {look,chassis}} =

D{{move,chassis},{take, manipulator},{look,CVS}}.

The last line takes in account the compatibility of
Cartesian product pairs, with compatible chassis and move
operation, operation take for manipulator, computer vision
system (CVS) and looking operation, while incompatible
are taking operation for controller or movement for
sensor.

Action «move» has the expected result -—
robot_at_point (x, y, z), so form set D operation {tranfer,
chassis} is selected:

D{transfer,chassis} =Y{robot_at_point(x;,yj,zj)}-
Also the decision has pre-conditions
D{transfer (expected_ result(robot_at_point(x;, y;,z;)),
pre_condition(robot_at_point(X,,, Y.,z N}-

The presence of pre-condition needs the recursive
solving of new subgoal:

D{..}x X {..}=Y{robot_at_point(x.,,y.,.Z, )}

For case of static workspace (WS) the planning
process looks rather simple. But interesting moment
appears when the found decision meets the impossibility
of implementation and need to adapt already formalized
(at previous state) decision for current conditions of
robot’s WS.

We can notice, that adaptive strategies planning has
next natural properties:

1) generation  of
execution;

2) execution of accepted plan;

3) looking for situations for which the accepted plan
becomes impossible to execute;

4) for case of previous plan failure — new plan
generation with decision adaptation to the changed
circumstances.

initial plan before decision

2. Description of Decision-making IT

In practical terms, the implementation of intelligent
robot control systems in many aspects comes from the
project STRIPS (Stanford Research Institute Problem
Solver [8-9]) — strategies planning system for the closed
world of a robot that interacts with the executive system
PlanEx (plan execution).

To solve the practical problems of a robots strategies
planning you must automatically create abstract spaces of
different levels from the basic objects space and events in
which the system operates.

In STRIPS-similar systems [8] abstract space is
defined by the level of conditions detail of operators
using. This approach allows: to fix the same model of the
world — no need to delete the insignificant (for a given
level of abstraction) parts from it and no need to take them
into account; to make unchanged the operator schemes.

Model of the world must be in a properly constructed
set of first-order predicate logic formulas (PCF), which
reflect the facts (for example, ATR (a) — the robot is in
point a) and laws, such as

(Vy)(VZ){[ATR(y)/\(y #2)| > ATR@)( )} ,

that robot can not be simultaneously in points y and z.

Operator scheme is determined by name, a list of
parameters and records as PCF language logic of predicate
of first order conditions of the action and the result of the
action. The last one, in its turn contains a remote list and
add list. Operators produce different models of the world
by generating new facts. The purpose of the system is also
supplied as a PCF of the same logic, that it is desirable
PPF of a system.

STRIPS begins search with a attempt to get the goal
formula G, from the original model of the world M, . For

this the theorems prove program searches a contradiction
in the set of disjunction {(M0 UGO)}. If contradiction is
found (empty disjunction is displayed), the original
problem is solved at this step in a trivial way, that original
model M, satisfies objectives G,. If the specified
contradiction is disagreed, the so-called unfinished output
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D, forms. This output is supplied by a set disjunction
corresponding to negation of objective formulas (in this
case (§0 ), plus all their derivatives, if any exists, minus
disjunction which are eliminated by the use of the
limitating strategies (for example replacement strategies
and assessment of predicates).

Unfinished D, output is taken as the difference
between M, and G,, that connected to one node
(M,,G,). Next step is to search operators that are
appropriate for reducing the resulting difference. These
are the operators whose impact on the environment model
allows you to continue the proof. If you search operator
that is suitable, the values of its parameters are subjected
to partial or complete enumeration.

Search of operator consists of two steps. The first
step is to make an ordered list of candidate operators.
Selection of candidate operators based on a simple
comparison predicates from the difference D, with the
predicates from the operator addition list. The second step
is to use the program proofs to determine whether there is
disjunction in a specified list of additions that would
extend the output after you apply this operator. If this step
was a success, the operator candidate with the appropriate
values of parameters considered as suitable for reducing
the difference D, .

When operator candidate is found, the conditions of
its application accepted as new subgoals of system. Let
robot's task is to move to point b. Then G, =ATR(b)
attempt to find proof required will be in vain as long as
the robot does not find itself in a point b. Obviously, a
particular case goto(m, b) of operator goto(m, n) — move
from point m to point n — suitable to reduce difference
D,=G,, because the result — ATR(b) allows you to

continue output of G, (in this case - finish it). The role of
new subgoal G, will be played by correspondent RCF —

condition of ATR(m) application.
System STRIPS deals with subgoal G, in the same

way as with the goal. It again uses the theorem proof for
derivation of G, from M, . Here two cases have matter. If

system doesn’t find proof, it in a similar way forms
difference D, between M, and G, also sets subgoals,

corresponding to formulas for conditions on application of
correspondent operators-candidates. If theorem derives G,

from M,, correspondent particular operator is used to
0 For the
mentioned above case subgoal is G, =ATR(m). If
ATR(a) € M, , the particular case of G,, namely ATR(a),
can be derived from M,. For this case goto (a, b) is
applied to model M, and forms M,, that includes
ATR(b). After that STRIPS continues to derive G, form
M,. For our example, G, obviously comes from M,.

transform model M, to new model M

1+

However, if derivation of G, isn’t successful, there must
be set the correspondent subgoals and procedure starts [3].

The described way implements the logical model of
knowledge representation.

The hierarchy of goals, subgoals and models,
originated during search process, can be presented as a
tree search. Every vertex of such tree has view
(workspace_model, (subgoals_list)) and corresponds to
tasks to reach (according to order) subgoals of goal’s list
for the given model os workspace.

For the example of tree the top vertex (M, (G,)) is

a initial tasks: to reach G, from M,. For the given case
there are set two alrenative subgoals G, and G, . They are

added to next son’s vertexes at the start of goal’s list.
Selection of left brunch accepts, that at point
(M,, (G, ,G,)) goal G, is reached at M, and then the

corresponding operator, f.e. fa is applied at M, to get
model M, and the next task will be to reach G, at model
M, and such tasl is presented by vertex (M,, (G,)).
Using other way we can get vertex (M,, (G,)). Let,
goal formula G, is reached at M,, so the vertex (M,,

(G,)) isend. Then the queue f , f,, f, issolution.

The sources of initial information for STRIPS were
of robot’s workspace, defining the world model,
operator’s schemes and system’s goal (goals). For case of
mobile robot’s rask in determinated workspace, the world
of robot must correspond to the scheme of objects location
in this workspace [12, 13].

Unlike the described scheme of problem-solver for
intellectual robot, its adaptive variant must take in account
the changes in workspace (WS) and correspond to the next
additional requirements:

1) ability to change the structure and contents of
subgoals, which are set to get the goal of problem-solver;

2) ability to change the order problem-solving;

3) ability to reject the execution of particular
subgoals of generated by problem-solver plan;

4) ability to return to previous system’s states,
taking in account the consequencies of already accepted
solutions;

5) ability to over-formulate the general goal of
problem-solver or of particular subgoals.

The adaptivity of problem-solver may describe the
ability of strategies planning system to function in
conditions, where the robot’s WS has changes during the
decision execution [14]. Such conditions will require the
constant check of WS, that have to provide every time on
problem-solver call. Because of recursive functioning of
problem-solver, the actual check will be provided at every
cycle of strategies planning system. The consideration of
robot’s activity shows the fuzziness of the next type:
fuzziness of execution test (action isn’t finished),
fuzziness of validation test (object doesn’t correspond to
given requirements). Depending of case, there can be
selected different lists of pre-conditions, removals and
addons. Therefore, the description of every robot’s action
is divided into the serie of alternatives, every with own
true coefficient, giving the fuzziness for action description
predicate. While, the fuzzi coefficient in such case is
evaluation tool for alternative action’s variant and (if
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previous information is absent) may be defined during the
execution of decision processes.

For the simplest case the predicate’s adaptivity can
be implemented by addition of special predicates call to

make_plan(Task):- observe_space,
/I WS information refresh
action(N,Objects, Task,achieves),
action(N,Objects, Task,requires),
action(N,Objects, Task,removes),
action(N,Objects, Task,adds,1).

While decision-maker works in a recursive way (at
condition’s list execution), information on objects location
will be included. Therefore, the adaptivity of decision-
maker will be provided at level of pre-condition list
execution [10].

The informational technology of functional strategies
planning is process of information transformation during
the intellectual robot’s functional strategies planning and
is based on proposed method and models of strategies
planning.

The information sources of developed informational
technology are in data on RTS states (set X) and on
workspace (WS) states (set S). The goal states of RTS are
formulated as certain states of RTS or of WS. They must
be produced by application of decisions (set D), forming
the strategy, which is a serial transformation of RTS and
WS states. Decision-making IT, using sensor system, gets
information from WS of FIS and according to production
goals makes the analysis of manufacturing situation, then
divides global goal into sub-goals. To reach goals and

refresh WS information, where robot makes actions, f.e.
[15]:

// search of operator’s scheme N
// execution of precondition’s list
/I execution of removal list

/I execution of addon list

subgoals, decision-making IT proposes to use a number of
models: set-based (for WS detalization), dynamic (to keep
limitations), logic-based (to build strategies), fuzzy and
probabilistic (to estimate the proposed strategies). The
result of models application is in the proposed decision-
making strategy, which can be executed by technological
equipment.

The essential effect on strategies formation will be
provided by changes in states of RTS and of WS, because
the reach of goal state will be planned as discrete serial
process of RTS and WS state’s transformations,
correspondent to decision’s set D. If the developed initial
plan (strategy), because of RTS of WS changes can’t be
executed, there will arise the request on plan’s adaptation
— by reformulation of plan under incalculation of
dynamics of RTS and WS. The scheme of proposed
technology of functional strategies planning is shown in
fig. 2. The proposed decision-making IT can be
implemented for solving of transport problems of FIS,
also for manipulation tasks on assembling operations.
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Fig. 2. Decision-making IT for flexible manufacturing
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Conclusion

The current problem of modern flexible integrated
production systems is to supply the implementation of
production functions aimed at increasing the efficiency of
production through the continuity of the operation of the
entire system. A control system that takes into account the
changes in the working environment and the state of the
flexible manufacturing integrated system should oversee
the terms of the task and, if necessary, adapt the process of
performing the production functions of the robotic system.
As such, the intelligent control system based on the Io0RT
principles can act [14]. The introduction of such a system
should significantly improve the characteristics of control
systems for robotic systems that are part of the flexible
manufacturing systems.

The given article proposes the new information
technology to organize the process of decision-making for
robotized means of flexible integrated manufacturing,
which includes the monitoring of states for technological
equipment and for workspace; the setting of goals and
formation of decision-making strategy with taking in

by set theory method, of logical dependence between
serial steps of technological tasks achievement,
fuzzy/probabilistic estimations for proposed plans of work
for technological equipment of robotized system; if it’s
need — the adaptation of system for new conditions of
workspace to reach new technological tasks.

The advances of described flexible manifactiring
Decision-Making IT can be reached by extension of
problem workspace. It will lead to growth of operator’s
schemes and more their complexity. If one goal can be
reached by several ways, every of possible operator’s
schemes must be evaluated. For every scheme of conflict
set, providing the same goals, there will be a special
coefficient and the whole set will present a fuzzy set. The
FIS and robot’s functioning in real time mode will need
the improvement of procedures for adequate operator’s
schemes search, including the backward procedures with
restorations of previous states of workspace. The
expansion of problem field will expand also the number of
operations, executed by FIS’s elements, and the order of
operations execution (technological process) will define
the strategy of following activity.

account of limitations and process dynamics, introduced
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THO®OPMAIIMHA TEXHOJIOT IS IPUAHATTS PIIIEHG I THYYKOI'O
IHTEI'POBAHOI'O BUPOBHUIITBA

IIpeqvMeToM mOCTIIKEHHS B CTATTi € THYYKi IHTETpOBaHi poOOTH30BaHi cucTeMH. MeTa poOOTH — IHTErpallist Mozelel Ta MEeTOAIB
MPUNAHATTSA PILIEHb 3 METOIO CTBOPEHHS 1H(OPMAIifHOI TeXHOJOTIi Il THYYKOro BUPOOHHUITBA. B cTaTTi BHUPILIYIOThCA HACTYIHI
3aBJAaHHA: IPOBEICHHS aHATI3y Cy4aCHUX TCHICHLIN y po3poO0Ii BUpOOHHUUUX CHCTEM, PO3TIIL IHTEICKTYaIbHIX CUCTEM NPHUHHATTA
pillieHb SIK OJIMH 3 KJIIOYOBHX SJIEMEHTIB aBTOMAaTH30BaHHX CHCTEM KEePYBaHHs, PO3TIISLI CTBOPSHHS iH(POPMALHHOI TeXHOIOTII, 10
IPYHTY€EThCA Ha HA0OPi METO/IB Ta MOJIENCH MPUHHATTSA PillIeHb, BKIIOYAIOYH JalITHBHE PUHHATTS PIICHb 11 HE AETEPMIHOBaHUX
3aBiaHb. MeTogaMu JOCITI/DKEHHS € Teopis MHOXHH Ta Teopis mpeaukariB. OTpEMaHO HACTYNHI pe3yJbTAaTH: POAHATi30BaHO Ta
c(OpMyIIEOBAHO OCHOBHI IPOOJIEMH PO3POOKM 'HYYKHX IHTETPOBAaHHMX CHCTEM CYYaCHOTO BHPOOHMIITBA; B SIKOCTI HOBOTO €JIeMEHTa
JI0 CKJIQly TEXHOJOTIYHUX CHCTEM IIPOIIOHYETHCS BIIPOBA/DKCHHS IHTENCKTyaIbHUX BUPOOHWYMX areHTIB, peasli30BaHHUX Y BHIJISII
MOOIIBHIX pOOOTH30BaHUX IIAT(OPM, 31aTHIUX BUKOHYBATH TPAHCIIOPTHI Ta TONMOMIDKHI CKJIaJlaibHi (YHKI{, BAKOHYBAaTH 3aBIaHHS
MOHITOPHHIY Ta BCTaHOBJIIOIOTHCS OCHOBHI BUMOTH 0 HHX; 3 (JOpMajbHO! TOYKU 30py PO3IIIHYTO MPOLEC MPUITHATTS pillleHb B
THYYKHX POOOTH30BaHUX CHUCTEMaXx, SIKU MOOyI0BaHO Ha B3a€MOZII BIACTUBOCTEH pOOOTH30BAHOI CHCTEMH, BIACTUBOCTEH poOOTOro
HPOCTOPY T4 MHOXXHHH MOXIMBHX pillleHb. BHKOHaHHS KOXKHOTO OKPEMOT'O TEXHOJIOTIYHOTrO 3aBJaHHS Hependadae po3poOKy Ta
peamizamiro TwaHy poOOTH POOOTH30BAHOTO OOJNAIHAHHS, CYKYIHICTh BapiaHTIB SKUX CKIQJa€ CTpaTerito (yHKIiIOHYBaHHSI
IHTeNeKTyanbHOI pPOOOTH30BaHOI CHCTEMHM, IO ONHUCYETHCS Yy BUIVBIAI JIOTIKM TNpeaukaTiB. s po3B’s3aHHA HEOOXiTHHX
TEXHOJIOT1YHHX 3aBIaHb IIPOIIOHYETHCS BHKOPUCTAaTH aBTOMAaTHYHI MPOIEAYypH TeHepaTropa pillleHb, IO (YHKIIOHYIOTh Ha 6asi
¢peiiMononiOHnx cTpykTyp. IlocmizoBHa WiATpUMKa NPOIECYy NPHHHATTSA pilleHb y poOOTH30BaHil cHCTEMI BHPOOHHYOTO
MIPU3HAYEHHs Ha OCHOBI MOZEIIEH PI3HOTO THILY CKIIaJae 3alpONOHOBaHy iH(OpMaIliiiHy TEXHOJIOTI0 NPUHHATTS pilleHb. BucHOBKH:
3aCTOCYBaHHS KOHIEMIIT iHTEIEKTYaIbHOTO areHTa Y BAPOOHUYNX YMOBaX BUMArae€ KOMILJIEKCHOTO 3aCTOCYBaHHS MOJENICH 1 METOIiB
MIPUAHSTTS PillieHb, SIKi MOXKYTh CKJIaIaTH OKpeMy iH(QOpMaLiitHy TEXHOIOT1I0 POOOTH30BAHOTO BUPOOHHIITBA.
Kurouosi ciioBa: iHpopmaliiiHa TEXHONOT1S; MPUHHATTS pillleHb; MOOUTFHHUI poOOT; THYYKa iHTErpOBaHa CHCTEMA.

UH®OPMAILIMOHHASA TEXHOJIOT Ul IPUHATHSA PEHIEHUA 1151 THBKOI'O
HUHTEI'PUPOBAHHOI'O ITPOU3BOJACTBA

IIpeameToM HcclieOBaHHMS B CTaThe SBISIOTCS THOKHE HHTErPUPOBaHHBIC pPOOOTH3MpOBaHHBIE cucTeMbl. Iledab paGoTel —
MHTErpaIys MOJENel 1 METOJIOB MPUHATHS PEIICHHH ¢ LEJIbI0 CO3IaHMs HHPOPMAIMOHHOH TEXHOIOTUH /Ul THOKOTO TIPOM3BOJICTBA.
B crartbe pemaroTcs cieayromme 3aa4d: MPpoBeICHHE aHaIu3a COBPEMEHHbBIX TeHIEHIMH B pa3padoTKe MPOU3BOJICTBEHHBIX CUCTEM,
paccMOTpeHHe UHTEIUIEKTYaIbHBIX CHCTEM NPUHSATHS PEIICHHI KaK OJJHOTO M3 KIIIOYEBBIX JIEMEHTOB aBTOMATH3MPOBAHHBIX CHCTEM
yIIpaBJICHUs, PACCMOTPEHNE U co3JaHue MH(GOPMAIMOHHOHW TEXHOJIOTHH, OCHOBAaHHOI Ha HabOpe METOJOB M MOJeNiel NPHHATHS
peluieHuii, BKIIOYAIONINX aJalTUBHOE IPHHATHE PEIISHUI A1 HeJIeTepPMUHOBAHHBIX 3anad. MeTogaMM MCCIIeOBaHMS SIBISIOTCS
TEOPHsT MHOXECTB M TEOpHsl NpeAnKaToB. [ToJIydeHbl Cleyrolmue pe3yabTaThl: POAHAIM30BaHbl U CHOPMYIHPOBAHEI OCHOBHBIC
npobiaeMsl pa3paboTKu THOKMX WHTETPHPOBAHHBIX CHCTEM COBPEMEHHOTO MPOW3BOJCTBA; B KAUECTBE HOBOI'O 3JIEMEHTAa B COCTaBe
TEXHOJOTHMYECKUX CHCTEM IPEIaraeTcsi BHEAPEHHE HMHTEIUICKTYaJIbHBIX MPOM3BOJCTBEHHBIX areHTOB, PCANH30BAHHHBIX B BHJE
MOOMIIBHBIX POOOTH3MPOBAHHBIX IIAT(HOPM, CIOCOOHBIX BBHITOIHATH TPAHCIIOPTHBIE W BCIOMOTATENBbHBIE COOPOYHBIE (DYHKIIUH,
BBINOJHATE 33J[aHUsl MOHUTOPHMHIA, YCTAQHABIMBAIOTCS OCHOBHBIE TpeOOBaHMS K HUM; C (pOpManbHOI TOUKH 3pEHHs pacCMOTPEHO
MpoLecc MPUHATHS PpEeIIeHNH B THOKMX POOOTHU3MPOBAHHBIX CHCTEMaX, KOTOPBIH IOCTPOSHO Ha B3aWMOJCHCTBHM CBOMCTB
pOGOTHU3MPOBAHHOIM CHCTEMBI, CBOICTB paboyero NpOCTPAaHCTBA M MHOXKECTBa BO3MOXKHBIX PELICHHWH. BBINONHEHHE KaXIoro
OT/IENIBHOTO TEXHOJIOTHYECKOTO 33/IaHus HpeIyCMaTpHBaeT pa3pabOoTKy M pealM3alliio IUIaHOB PabOThl POOOTH3MPOBAHHOTO
000py/OBaHus, COBOKYIMHOCTh BApHaHTOB KOTOPBIX  COCTAaBsieT  CTPATerHi0  (YHKIMOHMPOBAaHUS  HHTEIUICKTYaJlbHOU
POOOTH3UPOBAHHON CHUCTEMBI, KOTOPAsi ONMUCBHIBACTCS B BUJIE JIOTHKU MPEAUKATOB. I pelieHHs HeOOXOJUMBIX TEXHOJIOTHYECKHX
3alaHUil  TpeajiaracTcs HCHOJIb30BaTh aBTOMAaTHYECKHME MPOLEAYpbl TeHepaTopa pelleHud, (yHKuHoHupyromme Ha 06ase
bpeiiMoronoOHbIX CTpyKTYp. IlocnenoBaresnbHas MOJJICP)KKA IpoLiecca NPHHATHS PELICHHH B POOOTH3UPOBAHHON CHCTEME
NPOU3BOJICTBEHHOTO Ha3HAYEHHs Ha OCHOBE MOJENEH Pa3sHOro THIA COCTABISAET MPEUIOKCHHYI0 MH()OPMALMOHHYIO TEXHOJIOTHIO
TMPUHATUA pe]_UeHI/lI\/'l. BBIBOI[BII NPUMEHEHUE KOHLECIIINNW HHTCIJUICKTYaJIbHOI'O areéHra B INPOU3BOJACTBEHHBIX YCJIOBUAX Tpe6yeT
KOMILJICKCHOTO NPUMEHEHHs MoJejeil 1 MeTOJJOB IPHHATHS PEIIeHHUH, KOTOPbIe MOTYT COCTaBISTh OTACIBHYIO HH()OPMAIOHHYIO
TEXHOJIOTHIO POOOTH30BAHHOTO POM3BO/ICTBA.

KioueBble cioBa: HHGOPMALMOHHAS TEXHOJOTHS; NPHUHATHE DPEIICHHH; MOOHJIBHBIH poOOT; THOKas HHTErpUPOBaHHAS
cHcTeMa.
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