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Abstract—Presented technology of multimethod environment for optimal design. In order to ensure
[flexibility and adaptability of the algorithmic framework is proposed to use a modular component-based
approach to structuring optimization problems and algorithms for solving them. This algorithmic
software in general is defined as a set of libraries and optimal selection procedures intelligent
interconnecting modules depending on the specific task at hand.
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I. INTRODUCTION

The problems associated with the adoption of
optimal solutions, occupy an important place in
computer-aided design. Multidimensional nature and
variety of optimization problems in Computer-Aided
Design (CAD), their close relationship with the tasks
of modeling and analysis required to improve the
methods and tools to support the processes of
optimal design at different stages.

In accordance with Power Standards, CAD
structure consists of the following elements (Fig. 1):

e Hardware of CAD (HCAD) is a set of tools

for CAD;

e CAD subsystems, as part of the CAD
structure, occur when users operate HCAD of
CAD subsystems;

o HCAD subsystems of CAD are set of software
& technical complexes (STC), software
methodical complexes (SMC) and selected
CAD software components that are not
included in the software systems, united by a
common subsystem function;

e software components of STC;
e software components of SMC;

o software components of CAD, not included in
SMC and STC.

The set of the various HCAD of subsystems form
HCAD of entire CAD in general.

Organization for optimal solutions search
procedures as part of STC in modern CAD systems
is complicated by the steady increase in both the
number of supported optimization procedures, as
well as the increasing complexity of the structure of
CAD themselves [1]. Typical structure of STC is
shown in Fig. 2. This structure increases the time
and cost of designing and building such systems.

This problem is particularly evident in the design of
complex systems, the functioning of all the scenarios
that cannot be taken into account, which leads to an
increase in the number of bugs in the software. The
complexity of evaluating the correctness of these
systems limits the ability to use standard approaches
to building optimization algorithms that are used in
traditional CAD, which ultimately reduces the
efficiency of the process of optimum design. In
addition, features include a variety of productions of
complex  systems  design problems, high
dimensionality, the multiplicity of technical and
economic requirements of the basic characteristics,
significant labor input of simulation and analysis,
consider all of that as part of the standard software
of CAD becomes impossible.

II. PROBLEM STATEMENT

This scheme of STC in the development of
integrated CAD system is transformed into a set of
algorithms, resulting in a lack of flexibility and
adaptability of the system. This approach greatly
complicates the changes and implementation of new
algorithms into the system.

It is necessary to develop a method of designing
algorithmic modules of integrated CAD, allowing to
organize flexible complex optimization algorithms
with the possibility of integration into a single
information space of complex CAD. The objectives
to be achieved:

e decomposition of algorithms in STC;

e allocation of the common elements of the
algorithms for the modules in a separate component,
which will be available to all STC modules;

e merge decomposed algorithms of the
module in a single core, which will increase the
flexibility of the modules and will open the
possibility to configure the algorithms.
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III. THE METHOD OF CONSTRUCTING
ALGORITHMIC MODELS

To date, two approaches are used for the creation
of algorithmic software for complex integrated
systems:

e Component approach;

e Modular approach.

Component approach is essentially based on the
concept of component — an independent module,
intended for re-use and deploy, is realized as a set of
language constructs, united by a common feature,
and organized in accordance with certain rules and
restrictions [3].

The modular approach is the organization of the
algorithm as a set of small independent units, called
modules, the structure and behavior of which are
subject to certain rules [3]. Using a modular
approach simplifies the testing of the library and
error detection. Hardware-dependent subtasks can be
strictly separated from other subtasks that improves
mobility of created programs. The role of the
modules can be played as a separate component of
the algorithm, as well as a group of individual
algorithms that implement some of the functionality
and provides an interface to it.

The solution of the problem above can be
achieved by using component-integrated modular
approach to the design of complex objects. This
approach involves the construction of a complex
optimization algorithms to ensure alignment process
more complete formalization of the problem with its
decision, and their union, together with the
procedures of multiple modeling in intelligent
adaptive multimethod environment with the ability
to dynamically adjust to the various classes of
problems of optimum design.

IV. STRUCTURE DESIGN OF OPTIMAL CAD
SOFTWARE MODULE

When designing complex systems with a wide
range of optimal design algorithms the important
role is played by the use of dynamic data integration.
The method of dynamic data integration based on a
combination of modules that perform the same type
of problem in one subsystem for the purpose of
adaptive change in the design, based on dynamic
assessment of the properties of tasks [5]. To solve
the problem is offered to represent the algorithmic
base of complex systems as a set of modules to form
an optimal selection and adaptive procedures to
ensure the formation of numerical schemes applied
to different situations.

The implementation of component-modular
approach via the organization of the algorithmic

base of optimal design involves structuring
optimization problems and methods for solving
them. Included in the software, algorithmic
optimization procedures are divided into a number
of functional components, realized by one or more
modules, various combinations of which result in the
formation of specific optimization procedures. This
algorithmic basis of optimal design of complex
systems can be defined as a set of modules
depending on the specific task at hand.

The module is constructed in a hierarchical
manner, the solution provides optimal design
problems of varying complexity, and includes
procedures for the two classes: scalar unconstrained
optimization procedures; problem-oriented plug-ins.
Unconstrained optimization procedures form the
core of the algorithmic base [4]. Connection of
external modules is carried out at the external level,
depending on the specific problem to be solved (the
space dimension of variable parameters, the
character changes in the parameters, the number and
types of direct and functional limitations, the
number of optimality criteria, etc.) and does not
require changes to the algorithmic core.

Each module is stored separately and represents
independently compiled unit and has two names: the
external, announced the title of the module and
coincides with the name of the file containing it, and
the interior, which is heading of the implemented
procedure. Alternative interchangeable modules
have different external name and identical internal
names. At the same time internal name is associated
not with a specific object (module), but with its
function that allows you to use in different situations
modules, similar in purpose but with different
implementation strategies.

The structure of the algorithmic modules library
generally can be represented in the form of
aggregated graph, whose vertices correspond to the
simple graphs with specific functional purpose. Thus
various algorithmic structures can be obtained by
selecting a specific path in the graph. Then, a further
specification of the computational scheme is done by
disclosing aggregated graph vertices included in the
generic algorithm.

V. BUILDING A KERNEL OF ALGORITHMIC MODULE

Algorithms of optimal design is structured as
follows: procedure of continuous, discrete and
discrete-continuous optimization [2]. At the same
time continuous and discrete-continuous optimization
procedures designed to solve the problems of
parametric synthesis, and discrete optimization
procedures — how to solve the problems of
parametric and structural synthesis.



72 ISSN 1990-5548 Electronics and Control Systems 2016. N 2(48): 69-75

Continuous search engine optimization modules
can be divided into two groups: modules that
implement adapted randomized algorithms of local
optimization; module-wise search. Random search
algorithms and their adaptive extensions formed on
the basis of a combination of modules of the first
and second groups [4]. Other modules are optional
and can be connected to the search procedures as
needed. The modular structure of the continuous
optimization algorithms can be collectively
represented as a directed graph, whose vertices

correspond to algorithmic modules and arcs —
possible links between them (example on Fig. 3).
Specific  computational scheme formed by
“assembling” modules in one algorithm (or by
selecting a particular path in the graph). Through
various combinations of modules we can generate
both standard and original search optimization
algorithms. Thus, based on a limited set of invariant
modules we can build a different degree of difficulty
and content optimization procedures.

Fig. 3. Graf of inter-module communications for continuous optimization algorithms

VI. IMPLEMENTATION OF COMPONENT-MODULAR
APPROACH IN DESIGNING OF ALGORITHMIC
MODULE

Consider the example of construction of adaptive
algorithms library for uninterrupted optimization
using component-modular approach. Formation of
algorithmic modules for continuous optimization

carried out based on the structuring of adaptive
search procedures [3]. On Fig. 3 optimization
procedures are presented in the context of
component-modular approach, using dynamic data
integration. Algorithms are divided into modules.
The function of algorithmic models is briefly
reviewed in Table I.
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TABLE |

THE FUNCTION OF ALGORITHMIC MODELS

Modules Designation
BEG The initial approximation is entered by the
user in an interactive mode.
IN1 Installation procedures of algorithmic
IN2 parameters
Adaptive procedure for local optimization
SV1
SV2 .
SV3 Production of random vectors
Sv4
ORT The orthogonalization of the vectors
SRT Arranging of implementations
Ezé Determining the level of the objective
V3 function
P1 The calculation of probabilities to
P2 determine the mathematical expectation
M1 The calculation of the mathematical
M2 expectation of random vectors
DV1
DV2 ..
DV3 Stir in random vectors
DV4
ST Setting the search step
0OS1 . .
0s2 Checking convergence of algorithmic
083 procedures
OBN Update samples
SR Homogenization of random movements
PR Forecasting the global optimum
Wise search procedures
KD1 Select search trends in coordinate wise
KD2 optimization algorithms
OP1 . . .
oP2 The ope-dlmensmnal search in the selected
oP3 direction
EE; Correction of matrix of variable
KR3 substitution
ORM Corre_ctl(_)n of matrix of variable
substitution
EDM Forming an identity matrix
PAR Parametric setting of Shore operator
BF1 The accumulation of information about
BF2 search directions
DSV Formation of the search direction using the
correction matrix
Formation of a diagonal matrix to adjust
DGl . . .
DG2 variable substitution matrix
using procedures KR3
CLR Reset variable substitution matrix
OBR Extrapolation by two points
OUT Output of results

Consider the possible algorithms that are used to
perform identical tasks.

Installation ~ procedures of  algorithmic
parameters:
— set the parameters of adaptive local

optimization procedures;

— setting wise search algorithms.

Production of random vectors implementations:

— construction of a system of n orthogonal
vectors and then transfer to the starting point or the
current point of the search;

— interpretation of the realizations of random
vectors as the vertices of a regular polygon in space
R"Y
— obtaining realizations of random vectors
uniformly distributed on the surface of a sphere of
radius 1;

— obtaining realizations of random vectors
distributed on the surface of the ellipsoid.

Determining the level of the objective function:

— as the level selected “at worst” value of the
objective function in accordance with the scheme of
Nelder—Mead,;

— as the level selected the expectation values of
the objective function;

— as the level selected the median of the
corresponding distribution.

Check convergence algorithmic procedures:

— stop along the length of the path. The
corresponding length of the path is determined by
the module DL;

— stop by the standard deviation. The standard
deviation is defined by module SIG.

— verification of convergence coordinate wise
optimization procedures.

Select search trends in optimization algorithms
coordinate wise:

— search is carried out along the coordinate axes
of the space of controlled parameters;

— columns in variables replacing the matrix are
used as search directions.

Correction of variable substitution matrix:

— adjustment using Shor's statement: when a new
search direction (or unpromising perspective), or
after a certain number of iterations;

— adjustment by multiplying orthogonal matrix
on the diagonal.

The accumulation of information about search
directions:

— storage of information about promising
research directions;

— storage of information about no promising
research directions.
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Through various combinations of invariant
modules standard deterministic algorithms of search
optimization and their adaptive expansion and
various modifications can be formed. For example,
the module assembly diagram BEG, IN1, SV1, SRT,
LV1, P1, M1, DV2, ST, SIG, OS2, OUT matching
algorithm alternating polyhedron of Nelder—Mead
[2]; scheme BEG, IN2, KD1, EDM, OP1, OS3,
OUT - a simple algorithm-wise search; scheme
BEG, IN2, KD1, EDM, OP1, OBR, 0OS3, OUT ,
obtained from the previous by addition of one
module OBR — method configurations by Hook—
Jeeves, etc.. Proposed graph structure of algorithmic
framework also provides the formation of hybrid
algorithmic schemes based on a combination of
search optimization procedures for different classes.

VII. CONCLUSIONS

Considered in this paper forming technology of
multimethod environment for optimal design leads
to the following conclusions. In order to ensure
flexibility and adaptability of the algorithmic
framework is proposed to use a modular component-
based approach to structuring optimization problems
and algorithms for solving them. This algorithmic
software in general is defined as a set of libraries
and optimal selection procedures intelligent
interconnecting modules depending on the specific
task at hand. The structure of the optimal choice of
modules, libraries, characterized by the presence of
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groups of interchangeable components and the
possibility of the formation of different purposes and
content  of  algorithms  through  modules
combinations. Library includes modules of two
classes: invariant modules that implement scalar
unconstrained optimization procedures; external
modules that are connected to the invariant
algorithmic kernel depending on the specifics of
optimization problem to be solved (dimensions,
types of criteria and restrictions, etc.). Represented a
generalized model of the library in the form of
aggregated graph.
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B. M. Cunernasos, A. I1. I'oganii. Jlunamiuna inTerpanist ranux mix yac npoexrysanus CAITP

[IpencTaBneHO TEXHOJOTII0 MYJIBTUMETOJHOTO CEPEOBHUINA ONTHMAIBHOIO TpOeKTyBaHHs. Jlist 3abe3nedyeHHs
THYYKOCTI 1 aJaTHBHOCTI aJIrOPUTMIYHOTO OCHOBH IIPOIIOHYETHCS BUKOPHCTOBYBATH MOJIYJBHHH MiJIXiJl Ha OCHOBI
KOMITOHEHTIB JUIs 3a/ad ONTHMi3alil, CTPYKTYpyBaHHS aJTOPUTMIB Ul iX BHUpIlIEHHS. AJTOPUTMI4HE HpOrpaMHe
3a0e3MneueHHs] B LIJIOMY BH3Ha4YaeThesi K HaOip 0i0mioTeK 1 ONTUMaNbHHUX TPOLEAYp BiAOOpY IHTENEKTyaJbHHX
MOJIYIIiB, 1110 3’ €THYIOTHCS B 3aJIE)KHOCTI BiJ] KOHKPETHOT'O 3aB/IaHHSI.
KarouoBi caoBa: nmuHamiuba iHTerpamis, CAIIP, iHTerpoBane
MIPOEKTYBAHHS, AJITOPUTMIYHUIH MOAYJIb.
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