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NE-FACTORS AND NATURAL PRAGMATICS:
WHAT DO THE INTERVALS REPRESENT

Alexander S.Narin’yani

The interval notion can be used to represent several closely related but
different features of the real world parameters, such as imprecision, subdef-
initeness, uncertainness and fuzziness. In this paper, we discuss informally
the difference in pragmatics of intervals representing these four aspects of
quantitative knowledge. This difference is quite important when a formal
computational model should adequately reflect real task with its natural
inheritance of the imprecision and other mentioned factors. A well devel-
oped technology has been elaborated to deal successfully with subdefinite
computational models.

HE-$AKTOPEI I ECTECTBEHHBIN TPACMATHU3M:
UTO INPEACTABJIAIOT NHTEPBAJIBI

A.C.Hapuunaan

TlonsTHe MHTEepBaJIa MOXKeT GBITh MCIIOJIb30BaHO JAJis MpelcTaBe-
HYH GAU3KMX, HO Pa3J/IMUHBIX CBOMCTR IapaMeTpoB €CTECTBEHHOTO MM-
pa, TaKMX, KaKk HeTOUHOCTb, HeJooNpeje/ieHHOCThL, HEUETKOCTh, He-
OueBMJHOCTL, B HacTodAllel paGore Mbl HedpopMaJibHO OGCyxaaeM
pasnyuMe B nparMaTHKe MHTEPBaJIOB, NMPelCTaBJAIUMX 9THU YETbI-
pPe aclekTa KoJMUYecTBEHHBIX 3HaHuil. DTo pa3nnune ABJAETCA OUYeHb
BayKHBIM B cJiy4yae, korJa ¢opMajibHasa BEIUMCIANTEIbHAA MO AeJib J10 K-
Ha aJeKBATHO OTPaYXaTh peasibHYIO 3aJlauy C €€ eCTeCTBEeHHBIM HacJie-
JOBaHMEM HETOUHOCTY M APYrMX ynoMaHyThix ¢paxropoB. IIpeanara-
eTca Xopomo paspabGoTaHHas TEXHOJIOTMA AJA ycneuHod paboTel ¢
HeZoonpeeJIeHHBIMA BBIUVCIUTEILHBIMU MO AEJISAMUA.

1. In his paper [1], the author had made an attempt discuss corpara’
tively several notions which are widely used in technical applications and
knowledge engineering but rather poorly investigated or ignored at all it
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the traditional mathematics. In this paper, they were called NE-factors
from the Cyrillic HE, which is Russian equivalent for no-, non-, in-, un-
and other negative prefixes, because both lexically and semantically, those
real factors are opposite to the basic artificial features of the traditional
mathematics such as definiteness, precision, completeness, correctness,

etc.

Here, we shall discuss four NE-factors which can be represented using
an interval data type. They are imprecision, subdefiniteness, uncertain-
ness and fuzziness. The latter notion introduced by L.Zadeh in paper
[2] has stabilized solidly during the previous almost three decades and
porn its own field of researches, the fuzzy mathematics which is having
now all attributes of a serious science: a vast bibliography, specialized
magazines, many annual conferences and even specific computers, based
on the fuzzy logics.

This success would be very aspirating if not one small unpleasant ” de-
tail”: every formal notion, even a fuzzy one, must not have a fuzzy prag-
matics. It means that there should be defined most precisely what con-
crete features of real objects the formal apparatus represents, because
these features do define the choice of operations and relations over the
formal objects as well as the interpretation of given objects. In the oppo-
site case, this choice becomes a rather random one: pretending to reflect
the reality, the system turns to be a pseudo-model and leads to the re-
sults whose adequacy is impossible to check. In a great degree, this can
be applied to the fuzzy apparatus, but a more extensive discussion of the
subject is out of the framework of the present paper.

2. The same lack of definiteness of pragmatics should also be referred to
the intervals. Really, the interval can represent the following:

(a) An ¢mprecise value, i.e. such an estimation which can be gi-
ven/acquired only with some particular precision, defined by the
nature of a given parameter. It’s obvious that all practical esti-
mations are imprecise and that even an estimation of the preci-
sion itself is also imprecise. Any attempt to specify the imprecise
value under higher precision has no physical sense. For example,
an estimation of some river depth with the precision up to a cen-
timeter. So we can say that the interval for an imprecise value
is equal to the value it represents.

(b) A subdefinite value which is an estimation of a parameter having
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a higher precision in principal but in the current situation being
represented by a given wider interval due to rough measurements
or/and incomplete data. In such a case the interval includes the
real value and when additional information becomes available, it
can constrict, reflecting the parameter value with an increasingly
higher precision.

(c) An uncertain value, being by its nature more precise than an
interval representing it (i.e. being a subdefinite value), cannot
be estimated more definitely due to some objective causes. As
a rule, such an interval value is being related with some distri-
bution of a measure of probability, possibility, plausibility, etc.,
which allows taking decisions under uncertain data. This distri-

bution can change when additional facts are being evaluated. In

particular, an uncertain interval can become more narrow, if the
corresponding measure on its ends becomes equal to zero.

(d) A fuzzy value which represents a linguistic variable, (also intro-
duced by L.Zadeh), i.e. such notions as green, quickly, wide,
often, etc. In the fuzzy mathematics, this variable is described
with a fixed, i.e. static, interval over the corresponding scale
of quantitative measurements (a spectrum, a scale of velocities,
etc.). The fuzzy interval is associated with a function , also a
static one, which defines for each value of the interval to what
degree (expressed in the range [0,1]) this value belongs to the
given notion.

It seems quite obvious that the described data type which is composed
of a static interval and a static function cannot reflects adequately the
pragmatics of concrete linguistic variables. To our opinion, it is more
natural to consider these variables possessing to some degree the features
of all three types of parameters, described in (a)-(c). For example, in the
expression "not far from Moscow” the value "not_far” reflects a particular
distance from Moscow of some concrete real ébject. This distance is
imprecise by its own nature but, in a given context, it is estimated even
more roughly. Value "notfar” covers this real estimation the author
means and, consequently, it can become more definite, i.e. constrict
its interval. Both the author and the listener (if he doesn’t know the
precise distance) have their own plausibility functions which estimate
also imprecisely a possible position of the real distance value within the
interval corresponding to the linguistic variable "not_far”.
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It seems obvious enough that with development of the knowledge rep-
resentation apparatus new types of variables will be created which will
reflect adequately several interrelated NE-factors. For example, to model
the linguistic variable, described above. It can be represented with a pair
of (i) a subdefinite value which can constrict to the degree limited by the
imprecision of a given parameter and (ii) a function which is defined on
this subdefinite interval and estimating plausibility of each (imprecise)
value within the interval.

3. The arguments above can be considered as being abstract enough
and remote from the real practice of the interval computations. The
pragma.tics of the computations seems perfectly transparent - you define
intervals of the input parameters and receive at the output the intervals
of the results.

It could appear that for these results that it is immaterial, which par-
ticular NE-factors the parameters of the computations represent: there
is important only that these parameters are known with some concrete
precision and the latter defines the precision of the output values.

But in the reality, the difference is rather great. As a rule, for every
task in addition to the algorithm of computation, there are complimen-
tary restrictions which bound the input and output parameters of the
task and, possibly, a procedure defining the inverse function. In such a
case intervals of the same variable which are obtained by different ways
can be not identical but only intersecting. If this concerns a subdefinite
parameter, then, under certain conditions, its value can be taken equal
to the meet of the corresponding intervals. But in the case of imprecise
variable, this situation means that the computations are not correct.

4. These considerations becore especially actual when going from inter-
val algorithms to interval models. In the models, there is no separation of
the parameters into input and output ones. All of them are just a set of
variables bounded with a sum of constraints, i.e. equations, inequalities
and logic relations. For the interval models in which some parameters are
subdefinite variables, the computational process can be organized in such
a mode [3], that all these variables interact through the model and make
each other increasingly more definite, constricting the space of solution
up to intervals which satisfy all constraints of the model.

In this process, it’s very important of course which particular NE-
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factors the model’s parameters represent because namely this defines to
what limit the corresponding intervals can constrict. For example, the
relations

zx(y—1)=1; 2xa2+y<4; z>0;

define the space x = [0.49999; 1.00002], y = [1.99996; 3.00004], if
and y are subdefinite variables, and the space z = [0.45778; 1.09224],
y = [1.86555; 3.13447], if y is an imprecise parameter with its ”width”
equal to (.1.

5. The approach presented above isn’t a purely theoretical one. The
joint team of the Russian Research Institute of Artificial Intelligence and
scientific firm ”Intelligent Technology” have developed and implemented
the apparatus of active data types [4] which allows constructing types of
variables representing different NE-factors in the models, based on the
data-driven computational process. In particular, these data types can be
constructed not only on the basis of the simple interval: for example, it’s
possible to build such ones whose current subdefinite value is represented
with a set of intervals or even with a set of individual values (for integers).

This apparatus and the library of subdefinite data types permit the
research group to create a spectrum of next generation software systems
and technologies which implement qualitatively new possibilities in a wide
range of applications [5].
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