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METROLOGICAL SUPPORT OF DESIGN PROCESSES
USING THE “BIG BANG” INFORMATION MODEL

I.0. Oobopcvkuii, 1.1 Cmanosecvka, 1.B. Ilpoxonoeuu, B.M. Toukonocuu, O.JI. Cmanoecvkuii, I1.C. Illéeyb. MeTpoJoriyna
NiATPUMKA NpoueciB NMPOeKTYBaHHs 3a JA0noMorow indopmauiiinoi mogeni «Benukoro BuOyxy». HapiTh HaWmpocCTilm HpOEKTHI
pOOOTH BHKOHYIOTBCSI, SIK MPABUIIO, IPOCKTHOIO YCTAHOBOIO, sSIKa 3alydae N0 LUX POOIT KiIbKa NMPOEKTYyBAIBHUKIB Pi3HOI KBatidikarii.
ToMy, MpakTU4HO, KOXKHE MPOEKTYBAHHS PO3MANAEThCS HA JEKUIbKa MPOEKTHUX POOIT (MiANPOEKTIB), IO BUKOHYIOTHCS IOCIHIIOBHO-
HapaJieNibHO i3 IOCTIHUM ITOrOKEHHSAM BIUIMHY OKPEMHX HiJNpOeKTiB. JIesKi eleMeHTH IPH 1IbOMY HE IPOEKTYIOThCS B 3arallbHOMY CEHCI.
Ixmi pesynpraTn mepeHOCATHCS 0 TEPENiKY «IOKYIHHX» €IeMEHTIB Ta BY3NiB (KpilICHHs, CTAHAAPTHI By3IH, TOWIO). 3BifCH BHILIMBAE
npo0GJiieMa ONTHMI3amil TaKUX eJIEMEHTIB i3 POSeKTOBAaHMMH YaCTHHAMH Ta 3a0e3MeUeHHsT MOXKIIMBOCTI Oe3mocepeibo ix «kymutmy. [1ix gac
MPOEKTYBaHHA KOHCTPYKTOpA CIITKAIOTh Pi3HI HECTONIBAHKM a00 PHU3MKH, SKi TaKOXXK MOXYTh CYTTE€BO 3MIHMUTH XiJ Ta pe3yJbTaT
nMpoekTyBaHHs. ToMy M dYac NPOEKTYBaHHS HEOOXITHO BpPaxOBYBaTH HE TUIBKH OOMEXEHHS, SIKi HaKIANalOThCs «BHYTPIIIHIMK
oOCTaBMHAMH, SIKi 3a3BHYail HE3MiHHI, aJie i 3MIHHUMH «3OBHIMIHIMU» 00CTaBUHAMH, J0 SKUX 30KpEMa MO)KHA BiJHECTH: OOMEXEHHS, sIKi
BUIUTMBAIOTh i3 3MIHHMMHM yMOBaMH €KCIUTyaTallii MaifOyTHOro 00’€KTa INPOEKTYBaHHS; TEXHOJOTiIYHI OOMEXKEHHs, IIOB’s3aHi i3
KOHKPETHHUMHU MOKJIMBOCTSMH OpraHizaiil, sika Oy/e BIpOBaKyBaTH IPOEKT B )KUTTS; (iHAHCOBI OOMEKEHHSI; 4aCOBI 0OMEKeHHs; Towo. B
3ISKHOCTI BiJl CTYNEHIO pO3NAPANENIOBAHHS OKPEMUX  MIANPOIECIB NPOEKTYBAaHHS 3arajlbHUH MpOIEC MOXE PO3IIAATHCS SIK
MOCJTIJOBHUM, YaCTKOBO MapaiesbHuil a00 mapanensHuil. Haknanaouuch oiH Ha OJIHE, 11i 0OMEXEHHs CTBOPIOIOTh YHIKaJIbHE Ta XMMEpHE
TJIO, CTBODIOIOYH TEPEIyMOBH JUIs HoruuOneHHs onrtumizanii. Ha mpomy Tiii mMoxyTe Oytm moOynoBaHi HOBI Mojeni Ta 00’€KTH
MPOCKTYBAHHs, HAIIPHKIIAJ, KOCMOrOHIYHA Mojens Bemukoro BuOyxy. 3anpornoHOBAHO MOJENb OMKCY IPOSKTHOrO HPOCTOPY Ta OLiHEHO
MOJKIIMBOCTI TpaHC(OpMallii OCTAaHHBOTO ITiJ| Yac ONTHMIi3allii Iporecy MPOeKTyBaHHS 3a iH(popMaliiHOw Mojemto «Benrkoro BHOyXy».
CTBOpEHO Ta MPOAHAJI30BAHO MOHATTS «IPOTOMOJAENB» B SKOCTI MEpIIoi «peaakuii» OGararoBumipHoi Mopdororiynoi iHdopmariiinoi
Mozeni mponecy npoekTyBaHHS. B LIeHTpi peKOHCTPYKTHBHOI Ta BiTHOBHOI MEIWIIMHH OyJIHM HpOBEJEHI BHIPOOYBaHHS aHTHKPH30BOL
CHCTEMHU MPOEKTYBAHHS ONTHMAIBFHOIO MPOIECY MPUAHATTS MPOCKTHUX DIlICHb B MEAWYHINM mpakTuui. BunpoOyBanus mokasaiu, mio ii
BUKOPHCTAHHS JJO3BOJIHIIO JOCSTTH 3HAYHUX PE3YJIBTATIB CTOCOBHO SIKOCTI MEIMYHOTO 00CITyrOBYBaHHSI.

Kniouogi cnosa: wmopeni 00’€KTiB Ta MPOIECIB NPOSKTYBAHHS, ONTHUMI3allis MiANPOeKTiB, «Bemukuit BHOYyX», MeandHe
00CITyroByBaHHs
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the “Big Bang” information model. Even the simplest design work is performed, as a rule, by a design institution, which involves several
designers of different qualifications. Therefore, practically, each design is divided into several design works (subprojects), which are
performed sequentially and in parallel with the constant coordination of the impact of individual subprojects. Some elements are not
designed in the general sense. Their results are transferred to the list of “purchased” elements and components (fasteners, standard
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optimization of the design process according to the information model of the “Big Bang” are estimated. The concept of “protomodel” as the
first “edition” of multidimensional morphological information model of design process is created and analyzed. The Center for
Reconstructive and Reconstructive Medicine conducted tests of the anti-crisis system of designing the optimal process of making design
decisions in medical practice. Tests have shown that its use has achieved significant results in terms of quality of care.

Keywords: models of objects and design processes, optimization of subprojects, “Big Bang”, medical care

1. Introduction

Even the simplest design works are usually performed by a design institution, which involves
several designers of various qualifications in these works. Therefore, in practice, each design is divid-
ed into several project works (subprojects), which are performed sequentially-parallel with constant
coordination of the impact of individual subprojects. At the same time, some elements are not project-
ed in the general sense. Their results are transferred to the list of “purchasable” elements and nodes
(fasteners, standard nodes, etc.).

Hence the problem of optimizing such elements with designed parts and providing the possibility
to “buy” them directly.

As you know, optimization is a search for the value X" of some independent variable x (parame-
ter, which optimizing), which delivers some extreme value y" to another dependent variable y (opti-
mizing parameter) [1]. Naturally, there should be a known functional dependence y=y(x) between
these two variables and the value of the optimizing variable can be changed within known limits.
There are many methods of calculating such values, but in any case, the best method of optimization is
mathematical, that is, there must be mathematical models of all the above-mentioned objects and sub-
jects of optimization.

It is also known that during design, the designer must constantly calculate and reproduce inde-
pendent parameters in such a way that the dependent design parameter (design goal) is within the
specified limits.

During the design process, the designer encounters various surprises or risks, which can also sig-
nificantly change the course and result of the design. Therefore, during design, it is necessary to take
into account not only the limitations imposed by “internal” circumstances, which are usually unchang-
ing, but also by variable “external” circumstances, which in particular include:

— restrictions arising from the changing operating conditions of the future design object;

— technological limitations related to the specific capabilities of the organization that will imple-
ment the project;

— financial restrictions;

— time limits; etc.

2. Literature review and formulation of the problem

Depending on the accepted degree of information of the future project, restrictions may be de-
termined by the “level of application of purchased elements and nodes”. Depending on the degree of
parallelization of individual design subprocesses, the overall process can be considered sequential,
partially parallel, or parallel.

Stacked on top of each other, these constraints create a unique and whimsical background, setting
the stage for a deeper optimization. On this background, new models and design objects can be built,
for example, the cosmogonic model of the “Big Bang”.

The design process, like any other type of human activity, begins with the planning of all types of
project work. The plan is a complex of predictive models of the project, and therefore the main indica-
tors of the design processes, which are included in the groups of their efficiency and quality, depend
on the accuracy and adequacy of all the used models of the complex [2, 3].

After all, it is known from world practice that almost no design “does not fit into its planned
time” [4]. Therefore, the actual upward curve of design costs is usually higher than the planned one (see
the solid curve in Fig. 1). It is clear that from the sets of vectors in the space of the design process [5] in
Fig. 1, only one is used, namely costs during design. In real design, we have a set of vectors based on
the number of parameters of the design process in general.

It is obvious that such a set consists of separate sets — separate “bundles” of vectors that are part
of separate design sub-processes.
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Fig. 1. Growth of an independent parameter of the design process: planned and anti-risk

Creation of a set of initial design models is a mandatory part of design in general [6]. Note that
from the first moment of project implementation, the “Big Bang” of the model takes place (by analogy
with the well-known theory of the origin of the universe [7]) with its subsequent expansion in the
space of project management parameters.

Accordingly, the primary field of parameters created by the Protomodel is subsequently subjected
to deformation — expansion within the framework of innovative sub-projects [8]. If we consider these
parameters as discrete, then the expansion of the Protomodel will take place in some morphological
(structured, discrete) space.

This means that in the future the Protomodel will continuously change structurally [9].

Measuring such changes and being able to take them into account based on forecasting is the key
to improving the efficiency and quality of complex projects.

Thus, as a result of design planning, before the beginning of the latter, its Protomodel appears -
the first “edition” of the multidimensional informational morphological model [10].

3. The purpose of the work and research tasks

It follows from what has been said that the goal of the work is to find such object models and op-
timization methods that allow, moving from sequential to parallel design structures, to ensure global
decision-making.

To achieve this goal, the following tasks were set and solved in the work:

—to propose a model of the description of the project space and evaluate the possibilities of its trans-
formation during the optimization of the design process according to the “Big Bang” information model;

—to analyze the concept of “protomodel” as the first “edition” of the multidimensional morpho-
logical information model of the design process;

—to analyze the model of the development of the design process according to the “Big Bang”
scheme and to identify the advantages of this approach in terms of design speed and the quality of the
latter’s results;

— to test the proposed approach in the process of real design of objects in the relevant (technical,
organizational, medical, etc.) field and evaluate the research results.

4. The main content of the work

4.1 Project space and its transformation during optimization of the design process

From a mathematical point of view, the design space can be represented as a combination of de-
pendent parameters of the object and the design process. A change in these parameters (not necessarily
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in time; other parameters can act as independent variables: funds, sizes, etc.) is their transformation,
and the cumulative change is a transformation of the project space as a whole.

The transformation of the design space during design occurs mainly for two reasons:

— planned expansion of the design space;

— total expansion caused, firstly, by responding to project risks, plus, secondly, planned ones.

Let’s look at the typical curve y=y(x) of the planned project life cycle (Fig. 1) [6]. On this curve
(solid line) is marked the point at which the planning of the design process is practically completed
and the execution of the latter begins (Protomodel of the 1-st level). This is followed by the fastest
growth of costs (time, money, etc.), the curve turns into a horizontal section, which ends with a de-
cline.

Let’s pay attention to the ascending section. The expansion of the planned design space (see Fig. 1)
occurs at the expense of attracting new ideas, processes, people, resources, methods, etc. to it. Most
often, in real life, there are more factors of project expansion and, first of all, they are various crises
that accompany the project and increase the costs of the latter.

4.2 Protomodel - as the first “edition” of the multidimensional morphological information
model of the design process

In Fig. 2, only two measurements are used to simplify the display.

A

New subproject (unplanned) L |
2
Protomodel of the
anti-crisis design \ /\ 1
stage
|
The prototype of ‘
the plan design ‘
vL/ ? *‘ Design plan
&
M‘ a &Adiusmg the plan
e | |

An independent parameter

The dependent parameter of the project is y

Y

Fig. 2. Scheme of the development of one parameter (bundle of parameters)
of the project after the “Big Bang”

Protomodels are conditional design parameters E (a dependent parameter, for example, time or
funds) and an independent parameter Y (the designed object).

With the beginning of designing, there is a “Big Bang” of the Protomodel, which in the future
leads to the iterative expansion of the latter according to, for example, sequential technology.

As a result, at the end of each design iteration, we have a new “edition” of a consistent morpho-
logical model, and the process of its dynamic expansion can be described by a time discrete function.

The directions of expansion of the models are determined by the content of the corresponding
projects [8] and are described by vector 1, Fig. 2. Simultaneously with the development of the main
stage of designing according to a sequential technology, there may be a need for an additional sub-
stage, which has its own Protomodel and develops further after its “Big Bang”, for example, according
to one of the known technologies [11, 12, 13].
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Any (n-Kk) — dimensional section of an n-dimensional design model, where k is the dimension of
the “plane” that makes the section, (k<n) (red lines in Fig. 2) will reflect its status at the current mo-
ment of time [2, 14].

It is possible to perform several such measurements on a time-discrete model, and their set will
be a discrete model of the life cycle of the design process [15].

As can be seen from the example shown in Fig. 2, in addition to the parameters of the main se-
quential technology, parallel technologies, as well as “black spots” that simulate the dying of past
fragments on the way to the end of the design, can fall into such a section.

A complete morphological model of the design process consists of elementary models of individ-
ual measurements on all nodes of the discretization of the design object.

Note that the expansion of the model during the “Big Bang” differs significantly from the “nor-
mal” explosion in that each element of the model begins to move at each “design” iteration from the
point at the beginning of this iteration as a new center (Fig. 3).

As a result, at the end of each design iteration, we have a new “edition”, for example, of a sequen-
tial morphological model, and the total movement for t iterations will be equal to vector R, (Fig. 3),
which is the vector sum of all intermediate vectors: Ry_¢=a; + ... + &jximn.

This figure shows how the original sequential design process in the course of project activity can
generate additional (unplanned, for example, anti-crisis) sub-projects, and also leaves behind some
"black holes" that indicate the resources of the design process, unused and abandoned for various rea-
sons , that is, direct losses of time, money, materials, equipment, specialists, etc.

Protomodel

Rigs=ai+ ... + Qjjumn

Fig. 3. Scheme of measurement of one parameter (set of parameters)
of an object or design subject after a series of “Big Bangs”

4.3 The model of the development of the design process according to the “Big Bang” scheme
and the measurement of the parameters of this approach from the point of view of design quality

To take into account the circumstances listed above, design management models based on the
cosmogonic theory of the Big Bang were proposed (Fig. 4). The main time unit in this model is the
time interval between the start of the subproject t, and the time of any event 1, that stopped this design
subprocess.

Counting time 7; not only starts a new design sub-process (instead of a stopped one), but also ini-
tiates measurement and evaluation of some design properties for this period.

4.4 Practical implementation of research results

In the Center of Reconstructive and Restorative Medicine (University Clinic) of Odesa National
Medical University, tests of the anti-crisis system for measuring the parameters of the optimal project
decision-making process in medical practice were conducted.

METROLOGY, STANDARDIZATION AND CERTIFICATION



114 . . . . ISSN 2076-2429 (print)
IMpaui Oxecbkoro noniTexHiyHOro yHiBepcutety, 2022. Burm. 1(65) ISSN 2223-3814 (online)

Protomodel

Information about the event

i-th subproj : -
I-th subproject that stopped the i-th subproject

/
1
K i-th subproject
-
W
\ N A timestamp about the end of
\ ¢ the iteration

\ Lost resources of the i-th

4§ subproject (“black spot” in the
/

1

overall project)

/
/ Calculation of the coefficient
w of density of project activity

Fig. 4. Scheme of sub-processes that take place
at the end of iterations of the design process

The system was used in the design of treatment tactics for patients with disseminated tumors of
the abdominal cavity IV stage using cytoreductive surgical interventions, systemic polychemotherapy
and the technique of intra-abdominal high-temperature chemoperfusion.

Tests showed that its use allowed to achieve the following results:

—the resectability of the primary tumor increased to 65% (2.3 times compared to the control
group);

—according to survey data, the quality of life in the postoperative period improved by 43%;

— the number of patients whose life expectancy exceeded 1 year after the diagnosis and the start
of special treatment increased by 23%.

5. Conclusions

1. A model for measuring the design space is proposed and the possibilities of transformation of
the latter during the optimization of the design process according to the “Big Bang” information model
are evaluated.

2. The concept of “protomodel” as the first and subsequent “editions” of the multidimensional
morphological information model of the design process was created and analyzed.

3. A model of the development of the design process according to the “Big Bang” scheme was
created and analyzed, and the advantages of this approach in terms of design speed and the quality of
the latter’s results were revealed.

4. In the Center of Reconstructive and Restorative Medicine (University Clinic) of Odesa Nation-
al Medical University, tests of the anti-crisis system for designing the optimal process of making pro-
ject decisions in medical practice were conducted. Tests showed that its use allowed to achieve the
following results regarding the quality of medical care:

— the resectability of the primary tumor increased to 65% (2.3 times compared to the control group);

—according to survey data, the quality of life in the postoperative period improved by 43%;

METPOJIOI'IA, CTAHOAAPTU3ALIA I CEPTUDIKALILA



ISSN 2076-2429 (print)
ISSN 2223-3814 (online)

Proceedings of Odessa Polytechnic University, Issue 1(65), 2022 115

— the number of patients whose life expectancy exceeded 1 year after the diagnosis and the start
of special treatment increased by 23%.
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