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Abstract

The urgency of research and modeling of complex systems lies in the fact that it
is necessary to effectively manage such systems, to predict their development, to use
corrective and preventive actions, to eliminate undesirable phenomena. It is necessary
to ensure that the system parameters meet the specified requirements and criteria
[11,12],[3].[4]. The complexity of research and modeling of such systems is as follows:

- Increase in the number of components and links in the system

- Complication of internal random relationships

- Existence of stochastic processes

- Changes in the requirements for compliance of key indicators with specified
criteria.

The considered class of complex systems is encountered in practice in a number
of industries in which strict requirements are imposed on the parameters of the system,
to their estimates. For example, to indicators of the quality of products (aircraft
construction, management of complex equipment, production of food and drugs,
health). For such systems, the problem of identifying deviations, estimating the indices
of individual parameters for the objects of the system and methods of applying
corrective actions for their elimination is urgent. Topical for the class of systems under
consideration are the problems of self-regulation and self-development.

Keywords: Dynamic network systems, Deviations and inconsistencies,
Dynamic evaluation criteria, Weight coefficients of groups of criteria,
Corrective and preventive actions (CAPA, Corrective and Preventive Action).

1. Introduction

The main problem in the development and implementation of various methods for estimating
parameters when deviations and inconsistencies are detected in complex systems is the
duration and laboriousness of the corresponding processes. Without developed technological
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tools, it is not always possible to quickly analyze a large number of dynamic estimates and
make the right timely decision.

In Fig. 1, for the considered class of complex systems, a diagram of interacting processes
for estimating parameters and monitoring their compliance with the established criteria is

shown.
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Fig. 1. Sequence of control and analysis of key parameters.
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The main topic of this article is the study of the automation of the procedure for performing
parameter estimation in dynamic complex systems when nonconformities are detected for making
decisions about carrying out the necessary studies, obtaining estimates and performing corrective
and preventive actions (CAPA) in order to eliminate the detected inconsistencies.

2. Mathematical Model for Estimating Parameters in Complex Systems

First, we introduce the following notation in the language of set theory:

S ={sy4,s,...,5,} - afinite set of components of the system to be evaluated,

G = {G4,G, ..., G, } - afinite set of groups of criteria in which each element G; is in turn a set the

elements of which are a collection of certain similar (with the same characteristic parameters)

criteria , i.e, Gy ={911, 912 -} G1 ={g21,922 -} - Gi ={gi1, gz, - }- there are sets of

different groups of criteria. To each G; we assign a certain weighting coefficient A(G;) € A, where

AG) = (0+1).

We define a binary function F that can take the value 0 or 1 and is defined on the set G;,

F(G;) = N" e N, where N'; = {0,1}. 1)

We also introduce a set of standard estimates in the form of ordered subsets of natural numbers
K ={Ki K, K.}, (2)

where K, cN&(K; N K, N ..nK, = {#}&(K; U K, U ..UK,! = {0}.

The elements of each subset K, is the ordered sequence of natural numbers {m,, m, ..., m,} from

the set of N, where m; = m; + 1,j =i + 1. K; will be called the i-th correspondence class.

For each element s we have a chain of averaged values for each group G;:

F(sm, G) = (f (Gir, sm) + (f(gizs Sm) - + (f (Gir Sm) ), (3)
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We define for sm an integral estimate with allowance for the weight coefficients 4,

I(5m) = X (F(sm GA) | @)
where m = {0 1, ...n} —the number of components in the system,
k={01,..z} —thenumber of set elements K (2).
Finally, we get a couple of expressions that describe the procedure for obtaining a quantitative
assessment and monitoring compliance with specified criteria:

I(5m) = 2y (F(m, GDA) 5)
QU(sw)) =K' € K;

The problem is to determine for the integral estimate /(s,,) belonging to one of the classes of
correspondences K; .
For each s,, element, it is necessary to execute the sequence of the following 5 procedures:

1) Generating a value chain F(G;;), F(G>), ... F(G;), (1) where i — the number of criteria groups
2) Calculation of the average values for each group, taking into account the weighting factors:
F(Spm, G1)A1, (Smy G2) Az, F(Spm, GA;
where F(s,,, G;) — the mean value according to expression (3)
3) Calculation of the integral sum I(s,,), according to expression (4)
4) The definition of K; (i=1,2...z) for which I(s,,) € K;, i.e., the definition of the group that includes
the given integral sum I(s,,) (5)
5) Generation of actions (expert opinion) according to the estimation of I(s,,) and the corresponding
group K;

A practical example (pharmaceutical production)

Consider the foregoing with the example of evaluating and selecting a supplier of ingredients and
packaging materials in a pharmaceutical company. The task is to obtain in a timely manner a
possible objective integral evaluation with subsequent periodic reassessment that would help to
make the right decision when choosing a supplier.

The production of pharmaceuticals by pharmaceutical enterprises is a chain of interrelated
processes - from the choice of the supplier and the organization of the supply of ingredients to the
production, packaging and supply of medicines to the consumer. All these processes must meet
the quality requirements, according to the GMP standard. Ingredients and packaging materials are
the most important components of modern medicines and their manufacturers have to be cautious
in choosing suppliers.

Among the most important aspects of supplier selection for manufacturers are the following:

- information about the supplier, its reputation and position in the market, the availability of quality
certificates, financial statements, customer references and other available information, negative
processes related to quality violations, deviations from specified parameters, etc.

- Conditions for providing a guarantee for the delivered products, responsibility for the quality of
the products supplied, readiness to assist in eliminating inconsistencies and compensating losses
that arose, for example, during transportation

- Terms of payment, product cost, cost and delivery time, quality and timeliness of registration of
documentation for product registration and customs operations

- Estimating the total cost of the cost of purchasing the ingredients, taking into account
transportation costs, tax duties, the cost of excise taxes, registration certificates, insurance
premiums and other payments
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- Types of packages of supplied ingredients and materials in terms of ease of transportation, storage
and packaging

- Compliance of the declared quality indicators with their actual estimated values during

the period of interaction between the customer and the supplier

- Estimation of profitability of production taking into account expenses for ingredients and
packaging materials.

The task is to obtain in a timely manner a possible objective integral evaluation with
subsequent periodic reassessment that would help to make the right decision when choosing a
supplier [5].

There are many vendor classification systems. Such systems depend entirely on the competence
and qualifications of relevant specialists in the pharmaceutical, food and other industries. Each
company needs to create its own acceptable classification system.

One of the classification options for the pharmaceutical industry is presented in Table 1. [5].
Consider the application of the proposed algorithm for this classification option.

Table 1: Vendor classification method.

N Topic (group of Criteria (gij) Values F(Gi) Values
criteria) (0,1) Ai (0-1)
» Compliance with the
specification parameters (g11) f(g911)
1. Quality level (G;) » Compliance with quality
system requirements (g;2) f(g912)
* Availability of certificates of
conformity (g13) f(913)
* Access to the product dossier 1
(914) f(g14)
* Product Stability
(915) f(g1s)
* Quality index by product
series (g6) f(g16)
* Availability of full production
) cycle (g21) f(g21)
2. Production level (G,) » Competence of the staff (g,,) 0.8
« Level and potential of f(g22)
development (g,3)
f(gz3)
* Types and dimensions of
packaging (gs1) f(g31)
* Offered service (g32) f(932)
3. Logistics (G3) * Periodicity of delivery (gs3) f(g33)
* Transport condition (gs4) f(g34)
* Geographical location (g3s) f(gss) 0.7
* Reliability of delivery (gs¢) f(g36)
« Contract pric (ga;) f(ga1)
* Terms of payment (g,) f(gaz)
* Proposed assortment today f(g43)
4. Marketing (G,) (9a3) f(94a)
* The claimed asortment of
tomorrow (gas) f(Gas) 0.3
* Image and reputation (g4s) f(ga6)

 Customer Orientation (g¢)




R. Aghajanyan 93

It is also necessary to specify several characteristic groups with given ranges of numbers that
define the group to which the supplier in question can enter. For example,

Table 2: Characteristic groups and their metrics.

Group Metric (Value Range) Characteristic
Does not meet the specified
K, <5 criteria
K, 5-8 Requires revision
K 8-10 Partially matched
K, 10-14.4 Totally coincides

Then it is necessary to calculate the average value for all four groups of criteria:
1. Av.(Gy) = (f(g11) + f(g12) + f(g13) + f(g14) + f(g15) + f(g16)) /6

2. Av.(Gp) = (f(g21) + f(g22) + f(g23))/3

3. Av.(G3) = (f(gs1) + f(g32) + f(g33) + f(g3s) + f(g3s) +£(g36))/6

4. Av.(Gy) = (f(ga1) + £(ga2) + £(ga3) + 1(gas) + (gas) +1(g46))/6
Further taking into account the given weight coefficients for each group of criteria, it is

necessary to calculate the integral estimate according to a pair of expressions (5) :
Int.= Av.(G)) * 1 + Av. (G,) * 0.8 + Av. (G;) * 0.7 + Av. (G,) = 0.3
Now it is necessary to check which group from the given set
K = {Ky,K,,K3 K, contains the obtained estimate to take appropriate action:
- Int.€ K, ->the supplier does not meet the specified criteria
- Int.€ K, -> data on the supplier need to be revised, it may be required to request additional
materials
- Int. € K5 ->the supplier partially meets the specified criteria
- Int.€ K, -> the supplier fully meets the specified criteria

Let's pay attention to two basic singularities of similar systems of estimations:

a. The risk of obtaining inaccurate data due to subjectivity in the development of a system of
criteria and the designation of weighting factors. As noted above, you often have to rely on the
professionalism of the staff involved in developing the criteria and the vendor evaluation system.

b. When certain events occur, verification is required not at all but at certain criteria, i.e., the choice
of the evaluation criteria system is dynamic.

3. Model with Dynamic Definition of Control Criteria

In order to take into account the above-mentioned peculiarities of the class of systems under
consideration, we introduce an additional set of states C{c,, c, ... } and the set of mappings

W ={wy,w,...,w,} , where w;(C - G4,i = (1,2,..n) ), (6)
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for which to a certain ci there corresponds a chain of the following subsets

(Gic G)N(G,c Gy)N (G5 < G3)N..n(G; © G;), itis possible G; = {@} for anyone
(i =1,2,..n). By the states ci we mean the appearance in the system of some deviations
(inconsistencies), in the result of which it is required to test by groups of criteria according to
(expressions 3,4,5).

In practice, this may be, for example - the inconsistency of the equipment's indicators with the
specified permissible values or the breakdown of individual components, which may suspend
some stages of the production process, etc.

In this case, the problem (item "a") can be formulated as follows: determine the state of the
system ci, choose the corresponding subsets of the criteria Gy, G,... and apply the above algorithm
for a given chain of criteria.

To determine the weighting coefficients (subsection "b™), we present the following procedure.
Suppose for a certain period N production processes were performed, during which, M(c;) times
the deviation of ¢; from the set values was observed. At the same time, testing with the given
criterion showed k times the discrepancy, i.e., f(gl-j) takes the value "0" (see expression 1), then
M(c;)/N - will be the probability of occurrence of the event c,,.

And k(c;, gijy/M(c;) is the probability of occurrence of the discrepancy by the criterion g;; at the
occurrence of the event c;.

The total probability of non-compliance with the g;; criterion during the N production
processes will be:

P(ci, gijy = %Cl) * Kz(vjzz;])' (6)
In this case, the value of the weighting coefficient for the given criteria g;; from G, at occurrence
of the events ci can be calculated as follows:

Vi =y Mo, 7
]=

m
where j = (1 +m), m- the number of criteria in a group G;.
Similarly, calculating for the criteria of the group G; when other events ¢; € C occur, for which
the condition w;(C — G;) is satisfied, we obtain the final value of the weight coefficient for the
group G;:
A; = sum(A'i(cq) + Vi (c20) + -+ + Vi (Cmp)- (8)

In this case, the expressions (5) describing the model of quantitative estimation and control of

compliance with the given criteria for s,, will take the following form:

k

I(sm) = ) (F(sm GOAD),

=1
QU(sm)) =K' cK;,
A = sum(A';(cq;) + A'i(czi) + =+ A (i),

m

Mi(ey) = Z —P(g;: Ci).

j=1

The corresponding procedure can be specified in the form of the following 6 steps:
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1. Analysis of the state of the system and dynamic generation of the chain of criteria (G; c

G1) N (G, c Gy))N (G c G3)N..n(G] c G;) ,where “i” is the number of groups of

evaluation criteria defined for a given state.

2. Calculation of the average values for each group, taking into account the weighting

factors:

Fi(Sm, G1) * A4, Fo(Sp, G2) * Ay ... Fi(Sy, Gi) * A; , where F;(s,,, G;) — the mean value

according to expression (1).

3. Calculation of the sum I(s,,) according to expression (2).

4. Definition K;, for which I(s,,) € K;, where i =1,2,3,4,5, 6, ie., the definition of the group

that includes this integral sum I(s,,).

5. Generation of actions (expert opinion) according to the estimation of I(s,,) and the

corresponding group K;.

6. Formation of new probabilistic values for determining the chain of evaluation criteria and

their weight coefficients.

Below is a structural and functional diagram of an information system (software) that

implements interrelated processes of evaluation and control of the parameters of the class of
complex systems under consideration.
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Fig. 2. Functional Components of the Information System.
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4. Conclusion

In this paper we propose a model for estimating the parameters of complex systems and
detecting nonconformities (deviations) to a given set of dynamically generated criteria. Based on
the described model, a method is proposed for determining corrective and preventive actions to
eliminate the detected discrepancies. During the operation of the system, experimental data were
obtained, which make it possible to calculate the probabilistic values of the interrelated evaluation
criteria and their weight coefficients. The software that implements this method was introduced in
pharmaceutical manufacturing companies.

The main result obtained in the course of operation is the prompt elimination of
inconsistencies and the reduction of current expenses by 45-50% due to

1) reducing the time for calculating the monitored parameters of the nonconformity detection

system and taking decisions on the implementation of CAPA actions

2) reducing the risk of inconsistencies and deviations of the main parameters from the

specified criteria.
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Fupny nphtwdhl) hwdwlwpgipnid hwdwwywnwupwbnipjut
Jtpwhuljdwt ypngkuubph dnpbjwynpdwi dkpnnubp

[}, Unuowiyutt
Udthnthnid

Pupny  hwdwlwupgbph  hbnwgnundwt b doghjuynpdwt Juplnpnipniup
wuydwbtwynpywsé E wyn hwdwlupgiph wpynitwdbn junwjupdwt withpudbynnipjudp,
nputg qupgqugduit jutjuwnbudwt b gopénitbtnipyumt dbke shnnudubph  JEpugdwit
niqnnipjudp:  Zudwlupgh hhdtwlwt jughpt E wywhndt] hwdwywnwuppwinieniup
hhdtwlwt gnigmthoubph b wpwd swihnpnohsibph  dhol: Ldwt  hwdwlwupgtph
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htnwgnundwt b Unpijuynpdwt pupynipmiip wuydwbwynpgws k dh supp yuwnmdwnutpny,
npnig pynd’

- Zudwlupgnid nduynukunubph putwlh wytjugnidp

- Uké pyny pupy ttipphtt unnpiwuwnhl juwbph wejumnipmiup

- NMuunwhwljwt ypnghuubkph wnjuynipniup

- Zhdbwlwt gniguthpubiph hwdwywnwujpwnipyut wwhwietbph thnthnjunipni

“Thunwplynn pupny hwmdwlwupgbpp hwinhwynd Bu dh gwpp ninpunubkpnud (pupn mkutuhuygh

junwqupnid, ubunudpbpph b pbnkph wpuwnpnipmnit, wpnpowwwhnipni), npnug
wupudtnpbph tundudp gpdws i uhun wwhwbetbp, ophtwl wpnunpuiph npulh
swthwihottiph tjwwndwdp: Chnnudubph hwjnbwpbpnudp, hwdwlwpgh wwpwdbnptph
gniguihpubph quuwhwwnnidp b Jwupiwpgbihy dkpnnubph Yhpwuenidp hwdwpynid Bu wipnh
udwt hwdwljupgtph ntuntdtwuhpdwt b Unpijuynpdwt hwdwnp:

Metona MOACJIUPOBAHUSA MMPOUHECCOB KOHTPOJIHA COOTBETCTBUA
3alIaHHBIM KPUTECPUAM B CJIO0KHBIX THHAMAYCCKHUX CUCTEMAX

P. Aramxansa

AHHOTaANuA

AKTYyabHOCTh MCCIIEIOBAaHUS U MOJICTIMPOBAHUS CIOKHBIX CUCTEM 00YCIIOBIICHA MPEKIE BCETO
HE0O0X0AMMOCThIO A((HEKTUBHOTO YIPABICHHUS TOJTOOHBIMH CHCTEMaMH, IIPOTHO3UPOBAHUEM KX
Pa3BUTHEM U HCIIOJIb30BAHUEM KOPPEKTHPYIOIIUX U MPEBEHTUBHBIX NEHCTBUH AJIsl yCTpaHEHUS
HE)KeNaTeNIbHbIX SBJICHUN B UX (QYHKIMOHHUPOBAHUH, 00ECIIEYEHUH COOTBETCTBUS MMapaMETPOB
CHCTEMBI 33JJaHHBIM TpeOOBaHUSAM U KpuTepusiM. CII0)KHOCTh UCCIEIOBAaHHUS U MOJCTUPOBAHUS
MOJIOOHBIX CUCTEM 00YCIOBIIEHA PAIOM MPUUHH, CPETU KOTOPBIX MOXKHO BBIIEIUTH CIEAYIOLIHE:
- YBEITMUEHHUE YHCIIa KOMIIOHEHT U 3B€HbEB CHCTEMBI
- HaJn4ure O0JIBIIOT0 KOJIMYECTBA CIOKHBIX BHYTPEHHUX CIIYyYalHbIX B3aUMOCBSI3Ei
- HUINYHME CTOXACTUYECKUX MPOLECCOB
- I3MEHEHHUsI B TpeOOBAaHUSAX Ha COOTBETCTBUE KITIOUEBBIX IMOKa3aTeNel 3aJaHHbIM KPUTEPHUSIM.

PaccmarpuBaeMslii KJIacC CIOKHBIX CHCTEM BCTPEYACTCS HA MPAKTHKE B PANE OTPACIAX, B
KOTOPBIX MPEIBIBIISIIOTCS CTpOrue TpeOOBaHUs K TapaMeTpaM CUCTEMBI, X OLEHKaM, Halpumep
K TIOKa3aTessiM KauyecTBa BBITYCKAEMOH NPOAYKIUH (aBHACTPOCHHE, YIPABICHUE CIIOKHBIM
00opy0BaHuEM, TPOU3BOJICTBO MUIIEBBIX TPOAYKTOB U MEIUKAMEHTOB, 3/paBooxpaHeHue). s
NOJOOHBIX CUCTEM SIBIISICTCS aKTyaJbHOM 3a7aya BBISBJICHUS OTKIIOHCHUH, OIIEHKA MoKa3aTesel
OTIIENbHBIX IapaMeTpoB MJii OOBEKTOB (3BEHBEB) CHCTEMbl M METOABI IPHUMEHEHUs
KOPPEKTUPYIOIIMX JEHCTBUN IS UX YCTPAHCHHUS.



