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VISUAL COMPONENTS FORMAL DESCRIPTION DEVELOPMENT
FOR THE AUTOMATED DESIGN OF SOFTWARE PRODUCTS

AND MODULES FOR COMPUTER-INTEGRATED PRODUCTION
TECHNOLOGICAL PREPARATION SYSTEMS

Within the study on the development of a methodologically justified technology for computer-aided
design, the question of a_formal representation of forms and their components properties and events
description was considered. The systematization of values and linguistic variables representation
types was performed depending on their purpose in the main software development environments for
production technological preparation computer-integrated systems. An example of basic parameters
mathematical and graphical description for form implementations for the RAD Studio XE3 develop-

ment environment is given.
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Problem Formulation. Effective, cost-effective
and competitive work of modern production directly
depends on the production technological preparation
(PTP) level. At modern stage its increase is reached
by introduction of computer-integrated systems for
PTP automation. The tasks requiring automation in
this direction are difficult to formalize, and as a result,
the rules for their automated solution are complex-
ity high level. This leads to high costs for algorithms
and software solutions creation. This necessitates
the search for alternative solutions, for example, in
the creation of new universal models and methods
for providing design automation. This will avoid the
costs for executing unnecessary and cyclical work in
software products and modules design in problems
solution for production technological preparation
computer-integrated systems (PTP CIS).

Recent researches analysis. Based on literature
analysis which addresses issues of software develop-
ment, namely the consideration of approaches used
in management systems for software development [1,
p- 5], system approaches to software systems design
[2, p. 19], software development technology [3, p. 6],
and international standards for software development
and operation (ISO/IEC 90003:2014 [4]), life cycle
(IEEE Std 1517-2010 [5]), quality indicators (IEEE
Std 1061-1998 [6]) we can make a conclusion that
existing aspects and recommendations do not allow
to use them within an integrated approach for solving
the problem of developing unified methodology for

software products and modules for PTP CIS design
automation field. All considered sources have par-
tial proposals and recommendations on the software
products development systematization in general
application.

Objective. The main target is to develop visual
components formal description, namely forms and
their components properties and events, which are the
next stage of the study to create a methodologically
justified technology for software products and mod-
ules for PTP CIS automated design.

Main material statement. To implement a uni-
fied methodology for automating the software prod-
ucts and modules for PTP CIS design, the life cycle
(LC) model “Jump” was proposed. It made it possible
to combine existing concepts and approaches, synthe-
size them for application in this research (detailed in
[7, p. 12]).

After this LC model formalization and using
of developed method for synthesizing components
and elements of the technical task (TT) structure we
obtained form parameters and events set mathematical
description Formi PE, as an expression (1) and form
structure components set CF,, represented as (2):

Form,PE e ((mp|,mpi,...,mp.) € MP,

Parameters  set

—=— ((pp, ppi-... PP}) € PP) A

Values set

((me],me,,...,me.) e ME, ——

Events set
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((ea/,eaj,...,ea’) € EA) —Y—s

"Linguistic names" set

(z),29-,2,) € Z) (1)

" Solutions_containers " set

where MP, — parameters set mp) , belonging to
the i-th form number; PP, — values set pp,, which
can take mp! as pp., it must be taken into account
that to each mp. — pp., and a lot of variations that
can take pp! are stored in set Z; ME, — admissible
events set may be executed by Form,;me! — unique
parameters set; EA, — “linguistic names” set; Z -
solutions containers set.

CF, € (CD! € [((pci, pcy,..., pcl) € PC)) ——s

Element

Element parameters set

((ppl, ppss ..., pP.) € PP A

Values set

((ce|,ce},...,cel) e CE!) — i

Events set

((eq],ea;,..,eal) € EA) —4—>

"Linguistic names " set

((ZIJZZ"--vzn)EZ)]) (2)

" Solutions_container " set

where CD! — i-th form visual components set;
PC! — ordered set of parameters for describing visual
components pc,, PP/ — values set for pp;, which
can take the parameters of an element, CE! — events
set ce! , which can be processed by the visual com-
ponent.

To develop values and ,,linguistic variables” for-
mal representation that will correspond to properties
and events description inherent in the form and graph-
ical elements, it is necessary to systematize value and
»linguistic variables” representation type depending
on their task in software development environments
for PTP CIS. In modern development environments
(Visual Studio, RAD Studio XE3) analysis, the
following values representation types were distin-
guished, they are presented in the Table 1.

Text type is used for parameter assignment rep-
resentation, which in most cases are informational in
the user interface development. A linguistic type is
necessary for assigning a unique definition for ,,lin-
guistic name” FA. to a particular event that needs to
be processed usingl the ,,solutions container” Z spec-
ified by the developer. ,,Linguistic name” is unique
in the set /4. . Boolean type allows the developer to
select the actfvity / passivity of the selected param-
eter. In most cases it is used to set parameter values
mpl, e MP, u pcl e PC} for description Forml. and
elements Dl.”. An integer type is used to describe
values that are specified by the user in pixels, mainly
serve to determine dimensions for Form., as well
as the sizes and coordinates of the location CD! at
Form.. The integer negative is used to index the
number of possible choices for graphical user inter-
face implementations. Basically, this type is used
when numbering image, occurs as a parameter value
mpl MP, and pcl, € PC},. Text phrase (reserved by

Table 1

Values Types Representation PP, pp}é' , EAi

£

(aaab bbcc,...,aabb)

Values Type Representation Application Example
Text i _ .
€ PP. = Name of the main form
(@b.c,..2) PP, PP} PPy €7H
(ab.c,..s) (form name for user, set by developer)
Linguistic eai e EA =, AllCloseForm”

(solutions container linguistic name).

(veserved by the development
environment)

. i _
Boolean PP. PP! PP, € PPi = false
(true, false) i n . .

(non-using specified parameter, set by developer).
Integer i .
((0,12,...,n) IDPi d PPn ppI € PP. =380 (length Form; situation coordinates).
((0,12,...,n) 1 I
o , i Used for indexing, with the value (—1) -indexing is absent,

Integer negative (-1) IDPI ' PPn if there is an integer type.
Text phrase i _

. pp, € PP. =clIBtnFace
(aa,ab,...aabb) i 1 I

PPi , PP

(background colour definition for Form;, in environment
RAD Studio XE3)
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the development environment) type - values of the
form of words or abbreviations that are strictly fixed
in the development environment and to each specific
parameter mp}, eMPl, pcn € PC’ can belong to a
specific set of two or more Values 1%

To simplify values representations formalization
PP, PP, EA, it is proposed to group them into two
groups: on the basis of forms parameters description
MP and elements PCj;, and by forms events me,’,l € ME,
and elements events cel, e CE}: I - Then, the formal val-
ues representation PPl PP,% for forms and graphic
elements will look like this:

— integer values representation:

al, if a; < pp,ii <[value],

i i a2, if [value] < pp,i? <[value],
mpl, v peh =

al, if’ [value] < pp,’; <a.,

J
where mp,"?v pc,’;— n—thparameter designa-
tion for pmp. and pci respectively; al,a2,..a" —

value range {dentiﬁers;a.,a. — boundary values that:
a. - min;a . — max; S[value] — selected thresholds for
the parame/ter

— boolean:

al, if ppl =[falsel,

mpk v pel = _
P2 ppy =irue].

where mp,’:, v pC,ii— n—thparameter designation
for MPz’ and PC,Q respectively;gl,a2 — value range
identifiers; [true, false] — logical value definition.

— text word or phrase:

lf pp = [word, phrase],

i i a2, if pp2 = [word, phrase],
mpl, v pe =

a, if pp,’; = [word, phrase).

where mpn v pcn n—th parameter designation for
MP, and PC’ respectively; al, a2 — value range
identifiers; [word phrase] — text or a phrase definition.
— integer negative:

ala lf a' :ppl :_13

2 i
. . la%, i < <|value
mp, v peh = (1)< pen [ }

al, if [value] < pp,"i < aj,

where mp,’; V. pc,’;— n—thparameter designation
for MP, and PC}, respectively;

al,a2,.. a" —value range identifiers; a,,a; —bound-
ary values that: a; =—-la;— max;[yaue] — selected
thresholds for the parameter.

Formal forms events representation ME and
graphic elements CE}, : .

— linguistic:
al, if ea{ =[word],
) ) 2 i Lol _
j i as if ea, =|word],
mey, v cey =

a, ifea,; =[word].

where mpnvcen n—th pararneter designation
for ME and CE’I1 respectlvely,a a?,...a" — value
range 1dent1ﬁers [word] —of the solutions container
"linguistic name" definition that is unique in EAI

Let us give an example of a mathematical
description and links graphical representation,
guided by the above described, Table 1 and an
improved model of Constaintan methodology
graphical representation.

Let P exists as a projected software product
for solving problems for automated control system
(ACS) PTP, which consists of two dialog forms.
Form, acts as the main form for designed ACS PTP,
which is represented by a set of Form PE which
describes a necessary and sufficient parameters set
MP, and their values PP, which are allowed for
each parameter mp|,..,mp) (parameters number
and names depend on the selected development
environment. Each of them corresponds to a cer-
tain pp|,..., pp, - a set of values that are acceptable
to every mp, . Consequently, we can write the fol-
lowing:

ppl1 (textname)

1
pp2(1,2,u,

! (Caption) —1— (3)

mp,—S,pp a8 |"

1 mp2 \(ClientHeight) *> 1200 pix)

mp) (Visible) TN

pp’ll (true, false)

value

parameter

To simplify the presentation pp i, pp we
carry belonging notion in terms of describing the
values assignment that are specified by the devel-
oper depending on customer’s requirements. We
introduce basic parameters notion mp,, which are
filled in necessarily if the development enV1ron—
ment can not construct Form1 , and non-basic mp in
which values presence pp, can not be specified (is
specified as necessary or is generated by the default
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by development environment). An example of a
mathematical notation is presented in expression
(4). This allows us to describe Form, PE , all neces-
sary parameters for graphical display implementa-
tions Form, , which can be specified in the developed
automated system for the software design for CIS
PTP by expression (5):

1 (| =lextname 1
mp, —— pp,

1 £, =640 pix 1
mp, —=——— pp,

&3 =bsSizeable 1
mpy —==———> pp;

¢, =true

mp, —=="—s pp,

Mh

Form, [Form, PE(MP)—"

PR (4

mph =640,mp! =beSizeable....,mp} =true ( )
pr| (5

Let us consider a mathematical description of nec-
essary and sufficient basic parameters for implemen-
tatios of an empty (without elements CD! € CF, and
events ME'!) Form, for the development environ-
ment RAD Studio XE3. Taking into account param-

eters equality mp}‘, mp; , mpé , mp; , mp; 3 mp; 4 mp}%,
mply, mple,mplo, mpl c,mpl o, mph . mpls.mpl,

u mp57,mp‘1tg,mp‘1tg, mp;7 within developing method
we propose to group parameters by the same value.

This will make possible to simplify description math-
ematical representation up to next:

1 | U N N B | 1 1 1 1
mp; = alNone; mp, ,mpg, mpg,mpg, Mpy 5, Mpr 4, MPy ,MPs, MPs g
Form PE[(MP,) 3 R Rl Sl Ml X N Sl T N TV M T

mpgg,mpé&mpéx,mp;o = false; mpé =255; mpllo = deef)‘TaRigh)‘;mpll2 = bsSizeable;

A

mp113,mp;2,mpé2,mpé4 =0; mpll4 = NameFDrmCapfion;mpll5 =212; mpll6 =418;

mpll7 = clBtnFace;mpllg,mpéT mpzltg,mp‘ltg. mpé7 = true;mpéo = crDefault;

A A

1 " 1 1 1
mps~ = dmActiveForm;mps . = dkDra; mp., . = dmManual;mp-, = fsNormal,
JOG)] 25 26 29 .

mp;0 = TGlassFrame;mpél = 250;mp§5 = htContext;...; mpél‘4 = Forml;mpé1 =96;

mp;3 = pmNone; mp;5 = poDefaultPos  nl ;mpé6 = po [\ oportional rnpéo =10;

mpé3 = tipDontCare;...; mpfl)7 = clBlac; mp%l = 434;mp;3 = UsNormal

PR)

Let us consider events mathematical descrip-
tion (mel,...,me’%)e MEl and "linguistic variables"
(eal,...,ea’11) < E4. as well as the "solutions container"
(21,255--52y) € Z1 inherent in each Form, and belong
to the set FormlPE.

M= ea,"linguistic variable 1" = ¢,

3

ell Zl("solutions container 1")

ﬂz = ea,"linguistic variable2” = ¢,

me%
1 ﬂ3 = ea;"linguistic variable 3" = ¢,
mexy z3("soluli0ns container 3")

2 ("solutions container 2")

| 1, =ea,"linguistic variable n" = ¢,
me,, n

Z, ("solutions container n")

ME, zZ
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We take into account such an opportunity as the
use of one "linguistic variable" ea,11 to describe two
or more events (mel,...,me}l) € ME] at Form, each ea,11
"linguistic variable" has its own unique z. e Z "solu-
tions container", which contains the proglram code.

mel, mel = "linguistic variable 1",’
Form, PE|(ME,) 1""74 A
me% = "linguistic variable 2 ";
A A (6)

me% —"linguistic variable 3"

)

For parameters description PC,’; and their values
PPy of graphic elements cpy, which are an integral
part Form, it is suggested to use the record type rep-
resented by the expression (2), and events interaction
description CE]’,I by "linguistic names" set EA. with
“solutions container” Z respectively (6).

Graphic interaction model fragment Form, and
Form, using a parameters and events value formal
description is shown in the Figure 1:

master Library
Form < CD)(cey )->(eal)=
“linguistic names 4» 2,
“solutions container 1"

; L 2r'braw')-'
CDj(ceg)—»(ea g )=
“linguistic names ' z,

“solutions container 2"

slave

Form

Figure 1. Graphic interaction model fragment
Form, and Form,

Conclusions. Visual components formal descrip-
tion for development environments (RAD Stu-
dio XE3, Visual Studio), which is based on form
properties and events mathematical description, as
well as user's interface elements. A new interaction
between the main elements construction graphical
representation for objects interaction within soft-
ware is proposed. In the future, on the basis of
the proposed solutions, it is planned to develop a
language for software design for CIS PTP. These
researches results are implemented in the “Auto-
mated System for Software Designing for Corpo-
rate Information Systems for PTP « CAD-Program-
ing Code»” certificate of authorship Ne 74576,
09.11.2017.
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PABPABOTKA ®OPMAJIBHOTO OIIMCAHUS BU3YAJIBHBIX KOMITOHEHTOB
JJISA ABTOMATU3UPOBAHHOI'O IPOEKTUPOBAHUSA ITPOT'PAMMHBIX ITPOJYKTOB
n MOI[YJIEﬁ JJISA KOMIIBIOTEPHO-UHTETI'PUPOBAHHBIX CUCTEM
TEXHOJIOIT'MYECKON MNOJAIOTOBKHU IMPOU3BOACTBA

B pamxax uccnedosanus no pazpabomke mMemoooio2udecku 060CHOBAHHOU MEXHOI0UU A8MOMAMUSUPO-
BAHHO20 NPOEKMUPOBAHUSL PACCMOMPEH BONPOC O (POPMATLHOM NPEOCMABLEHUU ONUCAHUSL CBOUCME U COObL-
mui ghopm u ux komnonenmos. Ilpoeedena cucmemamusayusi Munoe NPeoCmasienusi 3HAUeHUll U TUHGU-
CMUYECKUX NePEMEHHbIX 8 3A8UCUMOCTIU OM UX HAZHAYEHUSl 8 OCHOBHBIX CPeOax paspabomKu npocpamMmHbIX
RPOOYKMO8 OJisk KOMIbIOMEPHO-UHMESPUPOBAHHBIX CUCEM MEXHOIOSUYECKOU NOO20MOBKU NPOU3600CMEA.
TIpuseden npumep mamemamuyecko2o u cpaguyeckoe0 ONUCAHUSL OCHOBHbIX NAPAMempos OJis pearu3ayuil
Gopmul o5t cpedwl paspabomru RAD Studio XE3.

Kniouesvie cnosa: KoMnvlomepHo-uHmMeSpUPOBAHHbIE CUCHEMbL, MEXHOLOSUYECKAsT NOO2OMOBKA NPOU3-
600Cm6a, A8MOMaMuU3aAYUsL NPOSKMUPOBAHUSL, MAMEMAMUYECKOe ONUCAHUE, (hOPMATbHOe NpedcmasieHue.

PO3POBKA ®OPMAJIBHOI'O OIIUCY BI3YAJIBHUX KOMIIOHEHTIB
U1 ABTOMATHU30OBAHOI'O TIPOEKTYBAHHA ITPOI'PAMHUX ITPOAYKTIB
TA MOAVJIIB JIs1 KOMIT'IOTEPHO-IHTEI'POBAHUX CUCTEM
TEXHOJOI'TYHOI NIITOTOBKA BUPOEHUIITBA

Y pamxax oocniosicenns 3 po3apooxu memooono2iuno 00rpyHmoeanoi mexHoni02ii agmomMamus08aHo20 nPoex-
MYBANHSA PO3NAHYMO NUMANHHA PO PopManvbie NOOAHHSA ONUCY elacmugocmell i noditl popm ma ix KOMnoHeH-
mis. [Iposedena cucmemamusayis munie npeocmasieHts 3HAUe s 1 TIHe8ICMUYHUX 3MIHHUX Y 3AT1eHCHOCI 810
iX npusHayenHs ¢ OCHOBHUX cepPedosUIax PO3POOKU NPOSPAMHUX NPOOYKMIE 01 KOMN 10MepHO-IHMeSpO8aHUX
cucmem mexuono2iunoi nid2omoexu eupobnuymea. Haeedeno npuxnad mamemamuuno2o ma 2pagivHoco
ONUCY OCHOBHUX napamempie 0 peanizayiit hopmu 05 cepedosuwya po3pooku RAD Studio XE3.

Knwouogi cnosa: xomn ' romepHo-inmezposani cucmemu, mexHono2iuna nio2omoeka eupoOHuYmed, agmo-
Mamu3ayis nPoexmy6anis, MamemMamudHull onuc, opmansre nOOAnHsI.
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