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The paper deals with the approach that can be used to increase the efficiency of the
engineering task composition and their performance improvement. The simplification
method of engineering task sequences is proposed. This method allows forming the
minimized set of engineering task elements used for business process design and its
execution. The specific algebraic system for designing the sequence of engineering
tasks based on the simplification method of engineering task sequences that realized
classification and minimization of computation sequence is described. The algebraic
system involves formal context-independent structures for the representation of the
engineering task elements. The example of using the approach for real engineering
tasks is presented. The quantitative evaluation of the efficiency increase in the
engineering tasks of the “Strength of materials” subject domain is given.
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Y crarTi TpencTaBieHa WiAXiA 0 TNPOCKTYBaHHSA Oi3HEC-MPOLECIB BHUKOHAHHS
IHKCHepHHUX 3aBJaHb Ha IOpTalax 3HaHb, SKUH Moxke OyTH BHKOPHCTAaHHH IUIS
MiIBUIICHHS €(EeKTUBHOCTI iX BHKOHAHHS. 3alpONOHOBAHO METOJ CIPOIICHHS
IH)KCHEpHHUX PO3PaxXyHKIB, SIKMH m03BoJIsie c(HOPMYBaTH MiHIMAIBHY HOCIIIOBHICTH
CJICMCHTIB 1HXKCHEPHUX po3paxyHKiB. OmucyeTbes crenudivyna anredpaiuna cucrema
IHKCHEPHHUX PO3PaxyHKOBHX 3aBIaHb, sIKa CTAHOBHUTH 0a3uC AJISI METOMY CIPOINEHHS
IHKEHEpHUX pO3PaXyHKOBHX 3aBJaHb, y SKOMY peami3oBaHO Kiacuikamio Ta
MiHIMI3alil0 MOCIITOBHOCTI o04HCIIeHb. Anre0paidHa cHCTeMa BBOAMTH (OpMaIIbHI
KOHTEKCTHO-HE3aJIeKHI CTPYKTYpPH [UI TPEACTaBICHHS CIIEMCHTIB 1H)KCHEPHUX
PO3paxyHKOBUX 3aB/aHb. HaBeneHO NMPHKIax BHKOPHCTAHHS IIAXOMY IUISL peallbHUX
IHKCHepHHUX 3aBJaHb, HAaJaHO KUIBKICHY OIIIHKY IiJBHINEHHS e(EeKTUBHOCTI IJIs
IHKCHEpHHX PO3paxyHKiB mpexMeTHoi obnacti "MilHicTh MaTepianis".

Kouosi cnosa: inicenepni pospaxynxu, knacugixayis ma cnpoujenns oGuuciens, anceopaiina
cucmema, onepayii, 8eb-cepeicu.

B cratee mpeacTaBieH MOXOX K MPOEKTHPOBAHHIO OM3HEC-TIPOIIECCOB HCIIONHEHHS
WHXEHEPHBIX 33/1ad Ha MOpTajlaX 3HAHMH, KOTOPBI MOXET OBITh HCIIOIBb30BaH JUIST
NOBBILCHUST 3(Q(EKTUBHOCTH BBHINOJHEHUs] TakMX 3azxad. [Ipemmaraercst Meron
VIOPOILEHUsI ~ MH)KEHEPHBIX  PacyeToB, KOTOPBIH  MO3BoJsieT  cHhOpMUPOBATH
MHUHUMAJIBHYI0 IOCJIEOBATEIbHOCTh BJIEMEHTOB HHXKEHEPHBIX 3amad. OmnucaHa
crieruyeckas anredpanyeckas CHCTeMa MH)KEHEPHBIX PacueTHBIX 3ajad, KOoTopas
cocTraBisieT 0a3uc Ul METO1a YIPOIISHNUS HHKEHEPHBIX PACUeTHBIX 3a/ad, B KOTOPOM
peann3oBaHa KiIacCH(pUKanUs W MHHHMH3AIHSA MOCIECJOBATEIILHOCTH BBIYHCICHUH.
Anrebpandeckass ~ CHCTeMa  BBOJHT  (OpMaTbHBIE  KOHTEKCTHO-HE3aBUCHMBIC
CTPYKTYpPHl OISl TIPEACTAaBICHHS JJIEMEHTOB HMH)KEHEPHBIX PACYeTHBIX 3afad.
IIpuBeneH mpumep UCHOJIB30BAHUS MOAXOJA ANl PeaIbHBIX MHXKEHEPHBIX PacyeToB,
JaHa KOJMYECTBEHHAs OLEHKa TMOBBIIICHHS JS(GQEKTHBHOCTH JUI HHXKEHEPHBIX
pacueToB npeaMeTHOH obnactu «I[IpoYHOCT MaTepHaIoB).

Kniwouesvie cnosa: UHdICEHEepHble  pacyemal, Kﬂaccu(i)umuuﬂ u ynpowjernue BbIYUCTIeHU,
mze6pauuecr<aﬂ cucmema, onepayuu, 665'Cep6ucbl.
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1. Introduction

Nowadays, different types of web services are widely used for different purposes.
Usually such services aimed at carrying on some problem-oriented tasks at the end-
user request. To execute such user’s request we need to realize the process of web
services selection, composition, optimization, etc. Sequence of such user’s tasks
(which is named the engineering business process) should be executed in optimal way
in order to increase the whole business process efficiency. The execution of such
user’s tasks sequence named engineering business process should be held in most
optimal way aiming to increase the whole business process efficiency.

Web services are usually used for executing different processes, such as:

— general user’s tasks,

— calculation and computational tasks of different subject domain,

— engineering business processes.

This research deals with performance, execution and realization of the engineering
tasks — sequence of specific user tasks that represents complex computational task
from various engineering subject domains.

The efficiency of performing engineering tasks depends on their execution time.
Execution time depends on several factors: the web service composition time (web
services are to be composed in dynamic to form the specific sequence which correlates
to the complex engineering task (the task is realized as engineering business process)),
the number of web services included in the sequence for the task - engineering
business process; the time for such sequence execution. The web service composition
time depends on the used composition method and the complexity of the certain
engineering tasks structure, while the sequence execution time for the certain
engineering task can be optimized by minimizing the number of such engineering task
elements (web services, stages).

The paper describes a novel method of engineering tasks simplification based on
the algebraic system used for the design of the sequence of the engineering tasks. The
method of engineering tasks simplification realizes classification and minimization of
computation sequence. The algebraic system allows us to form the minimized set of
web services used for the engineering business process execution.

The paper structure:

Section 2 gives analyses of related works and introduces basic notions. Section 3
describes the algebraic system for engineering business process representation. In
section 4 the method of engineering tasks simplification is given. Section 5 presents
the application of proposed method for real engineering business processes design in
terms of “Strength of materials” subject domain. Section 6 depicts the conclusions and
the plans for our future work.

2. Related Works and Basic Notions

The efficiency of web service composition has been examined in various
researches. In [1-2] different types of web services composition approaches are
described. Some approaches present the composition of web-services based on the
phases of service discovery and the stage of service selection [3,4]. Other researches
propose to use semantic for web services composition [5-7], or extended SOA
architecture [8,9]. The paper [10] presents the approach to composing web-services
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for user tasks represented on knowledge portals. Thus, the efficiency of engineering
tasks performance (their execution time) depends not only on the time needed for
web-services composition. The engineering task execution time can be minimized by
optimizing the sequence of web-services that is formed after their composition.
Unfortunately, researches described above do not deal with this thesis. To perform
such minimization it is urgent to use the some formal system that will set some
specific formal structures for engineering tasks (or web-services) description.
Therefore, it will be possible to develop some formal simplification method based on
minimization of the number of the engineering task sequence elements for the
complex system. There are two types of formal systems that can be used for such
purposes: mathematical logic and algebraic system [11, 12, 13].

Let us describe basic notions of the research:

Engineering knowledge portals — knowledge portals containing information,
knowledge and services in engineering subject domain (engineering Web-services).

User'’s tasks — the specific tasks that are executed by the request of the end user.

Engineering tasks — user’s calculation tasks, the implementation of those tasks are
regulated by the standards of engineering subject domain.

Sequence of engineering tasks — an ordered set of specific engineering calculations
aimed at solving a complex problem (for example: designing the structure parameters;
determining values of reliability, structural strength, etc.);

Web services — the specific program module that executes certain stage of
engineering task (or engineering task in total).

Engineering business processes - an ordered set of specific engineering Web
services aimed at getting the solution of the complex engineering problem;

Meta descriptions — a specific set of descriptions that describes engineering tasks
characteristics and features

This paper deals with engineering tasks that are represented on engineering
knowledge portal. The described research operates with a formal system and a method
of simplification used for such engineering tasks.

3. Algebraic System for Designing the Sequence of Engineering Tasks

Algebraic system for designing the sequence of engineering tasks allows obtaining
the sequence of engineering tasks as ordered set of its parameters and elements by
introducing specific formal structures for their description. As the result, this formal
description will be used for composing the engineering task elements into an ordered
set of specific engineering calculations or engineering business processes (presented
as a complex web service) fast and correctly.

Algebraic system for designing the sequence of engineering tasks — is universal
algebra (algebra) [12] and is characterized by a set of objects (engineering tasks - ET),
a set of operations (O) and an empty set of relations Ag; = (ET, 0).

Let us introduce the description of algebraic system elements for designing the
sequence of engineering tasks.

Objects — are basic elements of the algebraic system, all operations are conducted
on them. For the algebraic system the objects are represented by the set of engineering
tasks

Data — is the set of elements that are given at the system input and output [14]. For
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the algebraic system, the following data could be included: constants, variables, results
of operations, etc. At the physical level, the data are represented by the values of
various parameters and the subject domain characteristics, formulas, boundaries of
values as well as partial services and computational procedures that represent user
calculation tasks.

Operations. Operations of the algebraic system for designing the sequence of
engineering tasks are divided into several groups according to their characteristics. Let
us define those groups of operations:

Simple operations include

1. Elementary operations (operations of elementary algebra according to the
definition):

+ - summation,

* - multiplication,

2. Set operations (operation on sets given in the set theory):
C - set inclusion,

C - proper set inclusion,

¢ - negation of inclusion,

€ - affiliation,

& - non affiliation.

3. Logical operations (logical operations of algebra of relations):

¢ _ supplement,

1 inversion,

V — disjunction,

A - conjunction,

\ - difference

~ - equivalence,

o - composition

Complex operations are:

Opc - the operation of parallel connection,

Osc - the operation of serial connection,

Oc — the operation of logical composition,

Oi — the operation of inversion,

Om — the matching operation.

The group of simple operations includes standard operations [15-17] and the
possibility of their usage for manipulating the elements of algebraic system of
engineering tasks has been demonstrated and proved in the research. The group of
complex operations is the group that includes novel operations used for the
combination of the stages and the elements of engineering tasks in integral complex
engineering task on the end user demand.

The properties of all operations have been detected as well. The research had
shown that:

for simple operation - the properties are set and proved by an appropriate formal
theory (elementary algebra, set theory, theory of relations, etc.),
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for complex operations: all operations have the associativity property; all
operations except logical composition operation have the following properties -
commutativity, neutrality, universality and borders idempotence. The operation of
logical composition has the property of distributivity.

A more detailed description of the proposed algebraic system is given in the
research [18]. In this paper only main operations are listed and the properties of
operations are mentioned as they are used as the base for minimizing a number of
engineering tasks.

4. The Simplification Method of Engineering Task Sequences

The simplification method of engineering task sequences sequence allows to form
the minimized set of engineering task elements used for the complex engineering task
execution.

According to the algebraic system for designing the sequence of engineering tasks
each engineering task can be presented as:

ET,,=(My, Ag),
where

M, — the set of metha description of k-th engineering task,
Ay, — logical formula of k-th engineering task.

Logical formula of engineering task - F(ET) is a formula that includes elements of
engineering tasks - EIL(ET) (the stages of solving engineering tasks, the data of the
algebraic system for the sequence of engineering task design, etc.) connected by
operations — O of algebraic system for the sequence of engineering task design.

To increase the efficiency of an engineering task execution it is necessary to reduce
the number of elements in the engineering task logical formula (Fig. 1). For this
reason the simplification method of engineering task sequence is proposed. The
simplification method of engineering task sequence is specific mathematical method
used to represent the logical formula of engineering task in a minimal form.

Logical formula of engineering task

before simplification after simplification
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Fig. 1. Engineering task logical formula during the process of simplification

The simplification method of engineering task sequence is based on simplification
criteria, the properties of operations and simplification rules.
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The criteria - F is the number of elements in the engineering task logical formula.
The aim of optimization process is to minimize the criteria:

F = {EI(ET),0;EI(ET)y ... O,EL(ET),},

n - min

The properties of algebraic system operations allow us to held an equivalent
conversion of engineering tasks formulas. Simplification rules are introduced based on
operation properties. Simplification regulations set the rules of the formula
transformations while proposed criterion allows us to give the preference to one
transformation over the other.

Some additional rules are involved in the method allowing us to choose the one
formula from a set of invariants which is optimal for an engineering task
representation. The additional definitions, the rules and the theorems have been
described for this purpose.

Thus, the proposed method of engineering task simplification allows us to reduce
their execution time by minimizing the number of elements in the algebraic formula.

5. The Execution Efficiency Estimation of Engineering Business Processes

For the estimation of the proposed method applicability the test group of complex
engineering calculations has been chosen. This group presents engineering
calculations from the “Strength of materials” subject domain [19, 20]:

1. The strength calculation for the power components of magnetic systems.

2. The strength calculation for equipment and pipelines of nuclear power systems.

3. ITER Structural Design Criteria for magnetic components.

4. Magnet DDD 1.1-1.3. Magnet System Design Criteria.

5. The strength calculation for the elements of equipment and pipelines of ship
nuclear steam generating systems with water reactors.

All elements of the complex engineering calculations have been represented by
using algebraic system for sequence of engineering tasks design. Let us describe how
to increase the engineering task execution efficiency (from the test group) by using the
proposed method.

The engineering task execution time depends on the process of its formation and

the composition of all elements that take part in its execution. During such processes
the method of engineering task simplification is used.

As simplification criteria, the number of elements in the engineering task logical
formula has been used. The criteria must be minimized which corresponds to the
decrease of the number of requests to the storage of services used for engineering task
(each element of engineering task) execution.

As the example, one engineering task from the test group is presented in Table 1. It
is shown that before the simplification, the formula consists of 157 elements and after
the usage of the proposed method, the number of formula elements are 131.
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Table 1. The number of elements of engineering calculation formula
The title of the complex engineering calculation | The number of elements of

engineering calculation

formula

Before After

simplification | simplification
The strength calculation for the elements of | 157 131

equipment and pipelines of ship nuclear steam
generating systems with water reactors

Thus, the usage of the proposed method allows us to reduce the number of
elements in engineering task formula (for the engineering tasks from the test group) by
1.2 times, that leads to the decrease in the number of requests to the storage of services
used for engineering tasks by 1.2 times, which in turn leads to the minimization of the
engineering task execution time by 17%.

6. Conclusions

The paper describes the simplification method of engineering task sequences based
on the specific algebraic system for designing the sequence of engineering tasks aimed
at forming the minimized set of web services used for complex engineering
calculations execution.

The method allows us to increase the efficiency of various computational tasks
execution represented on knowledge portals in different engineering subject domains.

Our future works will deal with the implementation of the suggested method for
user tasks of various subject domains which will allow us to demonstrate the method
efficiency and applicability for various real world scenarios.
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