
 335 

QUALITY MANAGEMENT UNDER UNCERTAINTY 
V.V. Krasnoproshin1), P.S.Serenkov2), E.P. Maksimovich 3)  

1) Belarusian State University, F. Skaryna av. 4, 220050 Minsk, Belarus, e-mail: vkrasnopro-
shin@by.byelex.com 

2) Belarusian National Technical University, F. Skaryna av. 65, 220013 Minsk, Belarus 
3) United Institute of Informatics Problems of the NAS, Belarus, Surganova Str. 6, 220012 

Minsk 

Abstract. The questions of “general quality management” specified in ISO 9001:2000 are 
under consideration. An approach based on modeling by precedence and intended for 
controlling quality management systems with an indeterminate deviation is proposed. 

Introduction 
An increased interest to new information technologies of quality management (QM) has been ob-

served recently. This has been determined by at least two factors: on the one hand, ever-growing competition 
and corresponding market pretensions to a manufacturer; and on the other hand, expansion of the ISO 9000 
standards, which have demanded new forms and methods of resource mobilization, control mechanism reor-
ganization, business structure rebuilding etc. 

Basic management methods, formed in the 60-s – 70-s of the past century, can’t by themselves pro-
vide an effective control of organizations nowadays. This is caused by the fact that most organizations 
represent complex man-machine systems. Their functioning depends on a great number of weakly formaliza-
ble dynamic factors. As a rule, there’s no possibility to reveal and promptly characterize all these factors a 
priori. As a result, QM has to be implemented under uncertainty. In this case QM is realized on the base of 
current observations and turns into on-line correction of controlling in response to functioning quality dis-
cord. The need to automatize this process dictates the necessity of advancement of the existing models and 
methods and the development of new ones. To solve these problems we need to use present-day mathemati-
cal theories including the theory of artificial intelligence. 

One of the approaches to problem solving is proposed in the paper. 

Quality management in the ISO 9000 standards 
According to the ISO standard (ISO 9000 family standard, 2000 edition) QM represents an interre-

lated procedures system, “serving” a network of processes which define final product quality. QM implies 
complex solution of such problems as: planning, assurance, control and improvement of quality of processes, 
which form the so-called E. Deming’s control cycle (or “p-d-c-a”) (fig. 1). Each stage of the “p-d-c-a” cycle 
is based on the following subsystems deployment: acquisition, registration, analysis and generalization of 
appropriate data [1-3]. 

The first stage aims at creation of a functional model of organization business-processes. The model 
is intended for the formal description of business-process structure (of constituting subprocesses and their 
relations), and also of all information flows and material flows circulating in it. This stage has been well 
worked out. In particular for the model-building, a methodology for process network description basing on 
the IDEF0 standard has been developed [2]. 

The second and the third stages have been also well worked out in the practice of organizations of 
Belarus, Russia and other countries[4]. 

The fourth stage is connected with efficient managing decision-making (corrective and preventive 
actions) on the base of feedback. Unlike the others it hasn’t had essential scientific and methodological work 
out. Most often this process isn’t automatized and entirely realized by manual labour. That’s why manage-
ment today is more an art than a formalized and well-grounded process. According to the seventh of the QM 
principles corrective and preventive actions should be based on “factual data”. Development of this mechan-
ism’s successful model is the missing link in the “through” QM methodology. 

Conceptually managing decision making mechanism lies in the following: management efficiency 
used depends on the process state. The process is implemented as a transition into one or another process 
state. In general change of process state demands new managements. Decision making is realized on the base 
of a current process state assessment. The process state is defined by set of internal conditions (those con-
nected with the manufacturing system directly) and external conditions (connected with system functioning 
environment). Let’s call a set of these conditions a situation. It is characterized by the set of measurable pa-
rameters (situation description) being informational state vector. 
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Методология 
менеджмента 

качества 
(1 цикл) 

• Выделить бизнес-процессы. 
• Описать бизнес-процессы, вхо-
дящие в СМК в виде «сети процес-
сов» 
(т. е. построить функциональную 
модель «сети процессов», опреде-
ляющую процессы, ресурсы, вла-
дельцев, взаимосвязи). 

Развернуть СМК 
как совокупность 
• структуры 
• методик 
• процессов и ре-
сурсов,  
необходимую для 
осуществления 
общего руково-
дства качеством 
(планирования, 
обеспечения, 
управления, улуч-
шения). 

Измерять, контролировать, оцени-
вать с помощью подсистемы сбора 
и регистрации данных: 
• качество продукции,  
• качество деятельности,  

в том числе результативности и 
эффективности СМК.  

Вырабатывать и реа-
лизовывать эффек-
тивные управленче-
ские решения (в том 
числе корректирую-
щие и предупреж-
дающие действия) на 
основе фактических 
данных с помощью: 
• механизма анализа 
результатов измере-
ния, контроля оце-
нивания; 
• механизма выра-
ботки управленче-
ских решений. 
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Рис. 1 Концепция методологии менеджмента качества как управленческого 
цикла с точки зрения организации - поставщика 
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Fig.1 Concept of quality management methodology as a control loop in the 
view of supplier organization 
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Under the unpredictable process change condition situational management can be used for decision making: 
- current state monitoring and identification of the moment of transition to a new state; 
- making new decisions which are adequate to the current situation. 

QM has at least two interconnected and subordinate contours of management: 
- “general quality management” – first level loop, expressed as QMS requirements (ISO 9001:2000); 
- “local quality control” – second level loop, is specific in the methods, approaches, tools. 

“General quality management” loop purpose is effectiveness assurance in general. It realizes inte-
grated approach to quality management irrespective of the type of output product, life cycle peculiarities, 
organization structure, property type etc. The sphere of the loop application is network of processes constitut-
ing organization business process. According to ISO 9001:2000 general management is realized on the fol-
lowing levels: 
- strategical management (which is realized as requirements of the clause 5 “Management responsibili-

ty”); 
- resource management (realized as requirements of the clause 6 “Resource management”); 
- operative management or controllable conditions assurance (realized as requirements of the clause 7 

“Product realization”); 
- measurement, analysis and improvement (realized as requirements of the clause 8 “Measurement, anal-

ysis and improvement”); 
“Local quality control” loop is not specified in ISO 9001:2000 and that’s why it is not restricted in 

methods, approaches, tools. The loop’s purpose is assurance of the whole business-process quality and its 
particular subprocesses. It is aimed at the organization competitiveness enhancement and implements an in-
tegrated approach to the quality management under particular conditions, determined by internal factors as 
well as external ones. 

“General quality management” loop is more formalized. It is more capable of automatization and 
can be first of all considered as research object. 

Quality management model by precedence 
The role of the general quality management is to assure (in terms of given criteria) the conformance 

to ISO 9001:2000 requirements of clauses 5-8 through the whole business-process. 
It is assumed that for each particular requirement expert scores are given, which characterize its 

quality of conformance. Scores are measured in some scale and can be defined (e.g. on the ground of audit 
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findings) in any current moment of manufacturing process. There is a limit defined for each requirement, 
which indicates acceptable deviation from the maximal score. 

According to the typical situation we assume that process transition into a new state can occur in any 
random point of time and is determined by a set of unknown uncontrollable factors. As a consequence there’s 
no possibility to identify the reasons. 

Process state change as a rule violates a degree of conformity to some requirements. That’s why ap-
propriate managing actions should be taken during system functioning. They are determined by either ob-
served process dynamics or are based on forecasting or can be of the following character: 
• preventive (preventive actions), 
• corrective, i.e. be as an answer to occurred changes (corrective actions or corrections), 
• character of planned process and/or product improvement (improving actions). 

As a result the task of management (on a general quality management level) can be reduced to the 
tracking task. The essence of this task is real-time change of process state in response to nonconformity to 
ISO 9001:2000 requirements. 

This task can be formulated in the following way. Let P is a complex process of general quality 
management; X – a set of its acceptable states; С(X) = {c:X→X} – a set of acceptable control actions (cor-
rections); R – a set of ISO 9001:2000 requirements, corresponding to “general quality management” loop 
(fig.2); Q:R×X→[0,N], N<+∞ – quality assessment of compliance of requirements r from R in different 
states x from X. 

It is required to realize the following equation с*:X→X, с*(x)∈{x}∪{c(x),c∈C}, which for every x 
from X assures the following terms 

Q(r,с*(x))≥аr, ∀r∈R      (1) 
where {аr}r∈R is a set of given parameters. 

The task solution is in creation of local efficient complex control action (control) in the form of se-
quence of corrections, adequate to the manufacturing process dynamics. Under unpredictable dynamics con-
dition it is reasonable to use control based on a current state observation and analysis. 
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Fig. 2 Segment of “general quality management” model – decomposition of one of the four 

“resource management” control processes (clause 6 ISO 9001:2000 “Resource management”; 
indexes correspond to numbers of requirements’ points) 

Thereby two main subtasks arise: 
• detection of system functional “discord”, i.e. violation of term (1) (discord problem), 
• automatic choice of locally efficient correction, restoring term (1) (problem of choice). 

While developing approaches to these tasks solution we can proceed from the following “general 
quality management” loop peculiarities: 
• effectiveness of the control loop (of management system operation in the whole) is conditioned by a 

great variety of weakly formalizable factors (fig.2); 
• relation between effectiveness and these factors is weakly formalizable, what along with the previous 

peculiarity makes the effectiveness estimation “poor”, i.e. low-informative; 
• loop is specified in ISO 9001:2000 [3], what determines general management mechanism stability and 

allows to use the accumulated experience. 
Stated peculiarities determine appropriateness of usage of fuzzy formalization methods, based on 

practical experience [5]. 
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Most often experience is represented by examples of successful manufacturing situations with cor-
responding corrections indication. If that’s the case, discord situation identification and adequate correction 
selection are based on modeling by precedence: comparison of the current situation with the known examples 
and decision making, corresponding to a similar example. 

Modeling by precedence is realized in the framework of the mathematical theory of pattern recogni-
tion. Primary task is to build informative space of attributes to describe set X of acceptable process states. 

Here the task of detection of observed informative parameters, which reflect general management 
quality, arises. The problem lies in the usually unknown relating mechanism between observed process pa-
rameters and type of adequate correction. This does not allow to identify acceptable subset of indirect 
attributes. That’s why it is suggested to use general management efficiency-performance factors described as 
ISO 9001:2000 requirements (clauses 5 to 8) as attributes for situation description. 

Then state x∈X is described by vector of the following type ( x1 ,…, xN ), including the four 
attribute groups: 
1. x1,…, xN1  - attributes, corresponding to the clause “Management responsibility”; 
2. x 1N1+ ,…, xN2

 – attributes, corresponding to the clause “Resource management”; 
3. x 1N2+ ,…, xN3

 – attributes, corresponding to the clause “Product realization”; 
4. x 1N3+ ,…, xN  - attributes, corresponding to the clause “Measurement, analysis and improvement”. 

Tolerance region of attribute xi, 1≤i≤82 is defined by set of acceptable numerical scores of i-
attribute. Scores characterize quality of requirement compliance and are usually defined by finite number of 
integral values. 

Let Xo= K,..,1i
o
i }x{ =  is a set of known states, used as an examples. Initial information is 

Т={<( mo
1i ,…, mo

iN  ),ai>}i=1,2,…,K. Here mo
ij , 1≤i≤K, 1≤j≤82 is a numerical score, characterizing degree of con-

formity to j-requirement in state xo
i , and ai is a description of corresponding xo

i  corrections. As each clause 
of “general management” requirements has its own corresponding control, ai is like (ai1,ai2,ai3,ai4), where 
ai1,ai2,ai3,ai4 is control according to each of four clauses. Set Aj ={a1j,…, a jTj

}, 1≤j≤4 of acceptable corrections 

is formed by experts. For states xo
i , which don’t demand corrections, it is assumed that ai=(0,0,0,0). 

In the context of disorder problem set X of acceptable states allows splitting into 2 classes 
X=X+∪X−.      (2)  

Here X+  is subset of normal states, and X−  - subset of discord states. The first one corresponds to a 
set of desirable process states when no corrections are needed. The second corresponds to set of states which 
do not conform to the required quality and demand appropriate corrections. 

Disorder problem is solved by constant manufacturing process monitoring. Direct testing of term (1) 
for the current state x∈X is rather time-consuming task. Two-level solution of disorder problem is proposed: 
- manufacturing process current estimation on the basis of rather simple heuristic algorithms (current 

monitoring) and 
- direct testing of term (1) (total audit). 

One of possible approaches to monitoring consists in classification of the current state with respect 
to splitting (2). Thereto we can use recognition with training. On stage of training to class X+ refer xo

i ∈Xo, 
for which ai=(0,0,0,0), and to class X−  - all other states. 

The decision rule is formed in the following way. On the base of expert analysis each attribute group 
{x1,…,x30}, {x31,…,x40}, {x41,…,x62}, {x63,…,x82} is associated with one or more integral attributes. They 
provide rough (but easily calculated) estimate of requirements’ feasibility of appropriate ISO clause in the 
whole. 

Hence, at any current point of manufacturing process all the “general management” loop require-
ments should be fulfilled, X+ consists of elements, which attribute values are sufficiently close to the maxi-
mum. For X−  elements this condition is untrue at least for one of the attributes. Thus, for the classification of 
the current state х∈X with respect to splitting (2), acquired at the training stage, we can use e.g. “nearest 
neighbor” method scheme with proximity function µ: |),yx|max())y,...,y(),x,...,x(( ii

n,...1i
n1n1 −=µ

=
. 

Precise diagnostics of discord situation (total audit) is held in certain specified time periods or in 
emergency cases, indicating flat violation of general management maintenance. 

In order to solve the problem of choice, recognition with training can be used. 
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As “general management” loop is split into 4 independent clauses, and realization of each demands 
its own corrections, it is proposed to consider individual problem of choice for each of the clauses. Totality of 
corrections obtained makes up an integrated managing decision on “general management” provision. 

At training stage 4 splittings of a set X− into clusters of similar situations are formed: according to 
attribute groups {x1,…,x30}, {x31,…,x40}, {x41,…,x62}, и {x63,…,x82}. Each of them is conditioned that situa-
tions in one cluster are to have corresponding equal control. Possibility of such splitting construction is con-
ditioned by the following factors. Effectiveness of the control action depends on system state. Manifestations 
of different system states in their diversity  exceed greatly the number of acceptable controlling decisions. 
While the latter have a certain stability, and as a result one and the same control is effective in rather close 
situations. Splitting reduces to clusterization with the outer aim without a tutor. In order to solve it we can 
use the “dynamic nuclei” method scheme. 

The choice of correction in current state x∈X− is reduced to its subsequent classification with re-
spect to each of the four obtained splittings of X−. According to the results of the classification with respect 
to one or another splitting control action, which assures conformance to corresponding group of requirements 
is chosen. Totality of solutions, obtained after these classifications, makes up the solution of the problem of 
choice. 

Conclusion 
The two control loops in a quality system condition existence of the two types of manufacturing 

process control problems: control tasks on the general management level and control tasks on the engineer-
ing-technical personnel level. Each of them can be formulated as a tracking task, which aims at usage of op-
timal/suboptimal (with respect to given efficiency criteria and on given set of allowable alternatives) control 
action at any current stage of manufacturing process. As each loop has its own “bottlenecks”, efficiency crite-
ria and initial data, the tasks require different solution techniques. However, general decision-making scheme 
by precedence is applicable in both cases. At the engineering-technical control level it can be used under 
conditions, when reason for discord from the objective can’t be identified and choice of control action is rea-
lized in dialog mode on the basis of special analysis of the current state. Observed product quality figures in 
this case can be used to describe current manufacturing state. 
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