REFERENCES

1. Comments of the R.H. Baran (Naval Surface Weapon Center, White Oak (U23), Silver
Spring, Maryland 20903-5000 U.S.A.) cited from the preliminary version of conclusions
to the paper 1):

“Dr.Kovanic’s gnostical theory provides a non-parametric procedure for fitting distribution and
density functions to small data samples whose underlying distribution functions are S-shaped'
and whose underlying densities are not sharply peaked. The gnostical distribution (density)
function is a consistent estimator in the degenerated case of the deterministic variable (5) and,
accepting the strong suggestion of the computation just described; in the case of the logistic
model (VI).

The gnostical theory is offered as a solution to the general location problem in which nothing is
known a priori about either the scale or the shape of the underlying distribution. In construing it
as a perspective on the problem of distribution, the originator’s intent is not strictly adhered to.
As noted by Weiss (1985), consistent parameters of location perform in a manner circumscribed
by the Bahadur bound, which governs their rate of convergence in the limit of large sample size.
The general location problem remains open; but the remarkably good performance of the
gnostical location estimator with respect to others (documented by Dr. Kovanic in Section 6)
might be attributable to a logistic quality in the cases considered, as well as, to the robustness of
the estimator. The effort that would be required to evaluate the performance of the gnostical
location estimator by Monte Carlo methods is beyond the scope of this commentary.

In offering a “gnostical” theory of data samples, Dr. Kovanic will cause some readers to recall
the early history of the Christian religion. (The Gnostics sought truth outside the official Gospels
andwere sternly rejected by the Church authorities.) Dr. Kovanic’s exhortation to “Let the data
speak for themselves,”, his careful avoidance of such standard parlance as “random variables”,
and his repeated denials of “statistical assumptions” seem designed to put distance between the
gnostical and statistical viewpoints. This correspondent, being an engineer with some
specialization in random processes, must defer to others regarding the ultimate significance of the
work in question. According to Neuts (1985), the present time marks the dawn of a science of
measured uncertainty which subsumes mathematical statistics under its aegis. If one can believe
in the relentless utilitarianism of natural science, which assimilates whatever it finds interesting
and useful, the important elements of the gnostical theory must find their way into the
mainstream.”

! Kovanic’s comment: Distributions of non-S-shape as well as distributions having the U-form of density and
multimodal distributions can be also modeled by the gnostic algorithms.



2. SELECTED COMMENTS OF EXAMINERS OF THE DR. KOVANIC’S DrSc.-
DISSERTATION

2.1 RNDr. Albert Perez, DrSc 2

The submitted dissertation solves the pressing problem of the maximum utilization of small
samples of uncertain data for the effective decision making using an original method.
Mathematical statistics has not managed and can or could not manage this problem without
extended, strong assumptions on the data model under non-asymptotic conditions. Other
approaches are not reviewed because of their biased nature.

The goal of the dissertation is a mathematic modelling of natural relations in the quantitative
recognition of reality based on simple assumptions, which can be practically justified and which
result in algorithmic methods of the handling of small data samples highly disturbed by the
uncertainty of an unknown nature. According to my point of view, this goal was accomplished, at
least for a very broad data model (which can be characterized as ,,physical* data) delimited by the
axioms of individual data and of data composition. The success of this solution is documented
not only theoretically, but also by the use of a broad spectrum of applications of ,,gnostic*
estimators which satisfy the requirements of robustness and sensitivity, according to the type of
decision making process.

As shown in the dissertation, some gnostic estimators can be interpreted (under some additional
statistical assumptions) as statistical M-estimators, or Parzen’s estimators, with special kernels
and proof of their favourable asymptotic features. However, this does not mean (as supposed by
some statisticians), that gnostic estimates are actually special cases of statistical ones and as such
covered by the statistical theory. This is definitely not the case, because statistical theory does not
describe the behaviour of such estimates in the non-asymptotic region (i.e. for small data
samples, to which our interest is focused). In contrast to this, gnostic

theory derives some very interesting near boundary features of these estimates (for small samples
inclusively); features which the statistical theory cannot begin to address. The unique and original
introduction of the notion of the ideal gnostic cycle, along with other novel approaches opens
completely unsuspected paths of development, even in statistics, which is largely deficient in
addressing the problem of small samples. This deficiency cannot be recovered, while the
statistical approaches will be inertly held.

The aforementioned conservatism of some Czechoslovak statisticians has reached such a level,
that, sad to say, even pseudo-scientific arguments were utilised to silence the author of the
gnostic theory. This effort did not succeed thanks to the author’s tenaciousness and also due to
the support of some objective colleagues.

? Head of the Department of Information Theory and member of the Academic Council of the Institute of
Information Theory and Automatiton of the Czechoslovak Academy of Sciences.



The binary model of uncertain data, where the first component is the true (ideal) value and the
second component, which characterizes the uncertainty disturbing the first component either
additively or multiplicatively (while the latter model can be thought of as the exponential
function of the former), is common in mathematical statistics, at least in its additive form. But no
assumptions of probabilistic or statistical character are accepted by the author with respect to the
second component. The author makes do with substantially more elemental algebraic
assumptions, from which he derives important geometric pieces of knowledge: a vector attached
to the data is turned in the Minkowskian plane by the uncertainty. This is an analogy to the
Lorentz transformation of the event’s coordinates caused by the relative velocity of the observer
in relativistic mechanics. The so called quantification process is described in gnostic theory in
this way. The estimation way naturally directed to the best estimate and based on the observed
value of the measured quantity (quantification’s result) is dual to the quantification. This
estimation takes place in the Euclidean plane by back rotation of the vector along the Euclidean
circle intersecting with the quantification (Minkowskian) circular path in the point representing
the observed uncertain data value. Relatively general conditions are shown of the uniqueness of
the model. Isomorphism of these geometric models with algebraic structures of so called pair
numbers is shown in detail. The quantification model is thus uniquely bound with the algebra of
dual numbers, estimation model with the algebra of complex numbers. Uncertainty plays the role
of a parameter of rotation in both of these algebras. The method of using the pair numbers then
enables the fundamental notion of the ideal gnostic cycle to be defined mathematically.

The theory then introduces the notions of quantifying and estimating weights and irrelevances
(generalized data errors), in a natural manner, as components of the pair numbers-operators
rotating the data vector by the angle necessary to identify it with its mirror image. Relations of
these data characteristics to “entropy” and “information” is shown by means of a “Gedanken
Experiment” of the thermodynamic type. These relations result from a remarkable balance made
in terms of field theory by the analysis of the sources and outlets of the “entropy” field. The
change of information obtained in this way then has the form of Shannon’s binary probabilistic
information, whereas the corresponding gnostic function possesses features of the distribution
function of the ideal data value with a given observed value.

The importance of the introduced gnostic characteristics is confirmed by the analysis of the limit
features of the branches of the gnostic cycle: the entropy increase is maximized along the
quantification path (with respect to paths deviating from the ideal gnostic cycle) while the loss of
information is minimized and the drop in entropy is maximized along the estimation path of the
gnostic cycle. These estimation entropy drops and information increases only partially
compensate the quantification changes in a general case.’

The Gnostic data composition axiom for the weights and irrelevances of individual data (and for
probabilities of the mentioned type) is motivated by the “inter-science” isomorphism of gnostic
theory with relativistic mechanics. Gnostic composition law is thus a formal image of the Energy

3 Author’s note: this is not an imperfection of the theory but its achievement: the proved non-reversibility of the
gnostic cycle is dual to the non-reversibility of the real thermodynamic cycle stated by the Second Law of
Thermodynamics.



and Momentum Conservation Law valid for relativistic uncharged particles. This composition
axiom enables a number of estimators of gnostic characteristics of (homogeneous) data samples
to be introduced. A fundamental role is played in these characteristics by the so called scale
parameter, which is also an object of consideration in this dissertation. The optimization of the
scale parameter to ensure the minimum of the maximum distance between the estimated
distribution function and empirical distribution function is interesting in this connection.

The robustness of the gnostic estimates is demonstrated, resulting from the robustness of the
gnostic data weights and irrelevances, on which these estimates are based. The way in which
these characteristics are chosen is not a direct result of the theory as they could have been chosen
in a different way. In the theory their choice has been justified directly, as well as, through the
favourable results of this choice with additional support from their success in applications.
Increasing the knowledge of this aspect can be an interesting direction for further development of
the gnostic theory.

The review was focused in the first place on the conceptual kernel of the dissertation when it was
reviewed. From the minor insufficiencies one, in particular, deserves to be mentioned: the
additivity of two random variables cannot be taken as additivity of their distributions, as done by
author in page 128.*

It can be concluded that the underlying work represents a remarkable theoretic contribution with
far reaching applications in the undeveloped and urgently needed area of using small data
samples of strongly disturbed data for efficient decision making. The solution of this problem
under incomplete and uncertain observations, which seems to be a utopia from the point of view
of the contemporary prevailingly asymptotic theory of mathematical statistics (and which can be
observed in the Nature on each step) was, at least partially, achieved by the gnostic theory. This
is a consequence of choosing a fundamentally different way of characterizing uncertain data to
the approach of mathematical statistics. The proposed model understandably does not aspire to
universal application, although it, as it seems, can cover a considerable portion of the field of
“physically” modelled data. I consider the originality of the author’s approach as the most
important achievement, which can become a source of inspiration for further solutions of the
problems of small data samples.

2.2 RNDr. Petr Burian, cSc.:’

The submitted doctoral dissertation “Gnostic theory of uncertain data” deals with the solution of
a current and pressing scientific problem, the creation of a new theory applicable to the handling
of small data samples contaminated by strong information noise. This problem is especially
interesting for the practice of engineering, where it is frequently necessary to make technical or

* Author’s answer: Additivity of probability distributions results from the composition axiom because of the linear
dependence of the probability on the irrelevance.

> Head of the Research Institute of the machinery factory CKD, Prague 9



economical decisions, having a significant economic or social impact, based on a small number
of uncertain, but very expensive data.

The dissertation is based on the solutions of a number of problems from the field of informatics,
technical cybernetics, algebra and other mathematic fields.

(A concise abstract of the theory follows.)

According to the opponent’s information, the computing programs based on the theory were
applied in many fields of practice, to which the CKD evidently belonged among the first ones.
Gnostic analyzer and identifier had been in use at the opponent’s institute since 1986. The largest
application of these programs in CKD Prague dealt with the evaluation of the reliability of the
driving axles of locomotives, where the defectoscopic control detected fatigue cracks. A large
data collection of nearly 1100 data on axles and cracks was made available for the solution of this
problem. This data represented very important information representing a value of 55 million
Czechoslovak crowns. However, this data was corrupted by strong information noise due to the
spread of material, the technical and operating conditions of the axles, as well as by the human
factor in collecting and evaluating the data.

The approach to the treatment of this data was initially reviewed with several respected agencies
of mathematical statistics. The data collection was determined to be non-treatable or its repair
was deemed unacceptable for the CKD. Only the willing and active cooperation of the
dissertation’s author in the treatment of this data, and the implementation of gnostic programs
into the Research Institute of CKD and the adaptation of them to the special data characteristics,
enabled the socially and economically important information on the conditions of acceptability of
the fatigue cracks in axles to be delivered to the producer and users of the locomotives.

The opponent wishes to comment in this context on a frequent objection of some statisticians
when results of the gnostic theory are presented. They claim, that the practioners only require “a
number” from the data analysis. without concern for the use of the correct method. In the case of
the fatigue cracks data treatment, which is the largest data collection yet treated by gnostic
methods, it was possible to compare the estimates made by the Gnostic analyzer on the ,,survival®
times of axles with cracks and the decisions made with those estimates with the actual behaviour
of several axles, which failed in practice. It was possible to establish a surprisingly high
correlation between the estimated and actual lifespans of these axles.

2.3 Prof. RNDr. Ivo Marek, DrSc.: 6

Information was always a significant component of the existence of human society and its
treatment and usage influences the development of society in general. It is self-evident, that such
a conspicuous component of the society’s consciousness has its natural relations. Different
models were developed on the way to their recognition. Such models are prevailingly of the

% Head of the department of Numeric Mathematics of the Charles University, Prague



statistical and probabilistic nature, the consequence of which automatically suppresses the
individuality of discrete components of information, of the individual data. The rigor of the
statistical approach is dependent on a priori assumptions on data samples, which even includes
roughly speaking, the size of the data sample. Mathematical statistics did not create suitable
means for the handling of small samples especially because its investigative means are
prevailingly of an asymptotic nature. The progress toward small data samples is thus desirable.
These problems are decisively urgent, important and needed.

The goal of the considered dissertation author’s is to create the data theory capable of bridging
some flaws of the statistical models. He comes with a new non-statistical concept of data theory
based on the original philosophical ideas enabling the uncertainty of individual data to be
quantified.

This new gnostic theory is build up by means of the mathematic apparatus, the fundamental
notions of which are notions of the theory of the representation of finite groups. The
mathematical model in the author’s conception is an algebra of representations of a final group.
In the framework of such structures, it is thus possible to vividly interpret the data, their
uncertainty, data composition, etc.

The applied mathematical apparatus is developed enough to enable other needed notions and
operations to be modelled. My subjective preference is the matrix representation before the
double numbers in spite of the redundancy of matrix models.

The introduced mathematic apparatus further enables gnostic events and quantification and
estimation operators to be modelled. Further notions then follow including gnostic entropy and
information of an individual data item. Gnostic theory does not introduce only its “own” notions.
It is even possible to model within its framework notions coinciding with the original statistical
ones in cases where the necessary assumptions of the asymptotic theory are satisfied. In contrast
to the statistical approaches, the application of such notions and their interrelations are rigorous in
the framework of the gnostic theory independent of their validity in statistical theories. Gnostic
theory is thus a natural extension of the theories based on the asymptotic statistics.

The dissertation contains a large number of new results and it is not the task of the opponent to
compose a complete list of these. The dissertation’s author made it in his presentation in pp.34-
35. In the role of the opponent, I concentrate on the formal mathematical statements of the
dissertation.

The author acheived his goal by building up his gnostic theory. In contrast to many other
dissertations to which I was an opponent, the dissertation in question manifests distinct
innovative features. The author is aiming to negate, in a certain sense, some classical approaches
and thus runs the risk, which is more psychological than purely professional; that he must fight
for his theory more than the authors of dissertations based on established methods and generally
accepted “ideology”. The author had to pass through conflicts with some strict adherents of
classical methods. Always using some adequate means in these cases does him credit.

I again emphasize that this dissertation characterizes its author as a scientific personality in a
measure exceeding my experience. The dissertation is of high quality and is inspiring in both



conception and details. It brings the theory, which is on the first side elegant and thus beautiful
and clean and on the other side broadly applicable to data samples without limitations of their
sizes while respecting further necessary requirements, for example the robustness of the
estimates. It is an axiomatic theory and as such it suffers from a large number of definitions, the
amount of which exceeds the number of proved statements/theorems. However, this happens
frequently with axiomatic theories, especially in their primary stages. This should not be taken as
a rebuke, but as a challenge to further refine and extend the theory. The model of uncertain data
created by the author is probably not universal. In other words, this model is applicable to data
possessing of some additional features. These should be further characterized and this is another
challenge for further investigation. Such an identification could open, among other things, the
way to the solution of the important field of mathematical problems, the analysis of non well-
posed problems.
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