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OYHKINOHAJIBHBIE COOTHOWEHUA U IMHAMNYECKOE
HPEACTABJIEHUE OBBEKTOB

Kenenoaesn 3.
Huemumym mamemamuxu HAH KP, Buwxkek, Keipevizcman, elaman0527@gmail.com

Annomayun. Muozue o0b6vekmuvl, KOmMopwvle HYICHO npeocmasumv HA KOMHblomepe O
HAYYHLIX U Y4eOHbIX yenell, AGIAOMCA nepeMeHHbiMu. s YO0OH020 an20pummuiecko2o
npeocmagnieHuss  asmop  NPeoiodNCUll  UCNOb306AMb  (PYHKYUOHANbHLIE — COOMHOULEHUS — —
MHO2OMeCmHble NpeouKamvl ¢ ydyacmuem HAbopos 3nauenuti QYHKYull 6 pasiuyHulX moykax. B
Kuvipevizcmane paspabamuvieaemcs nesagucumoe UHmMepakmueHoe KOMNbIOMepHoe npeocmasieHue
ecmecmeenHbIx A3biko8. [na smou yeau b.baauoposa u C.Kapabaesa npeonosxcunu npedcmasumso
npeobpasyrowue 21a201bl «COZHYMb, GLINPAMUMb, pa3pe3ams, ckieumbvy. laxue 2nazonvl - Oonee
CIOJICHbIE, YeM 2]1a20bl, Peanusyrouuecs depes «nocie008amenbHOCMb COBUS08»: «NOJIONCUMD,
8351mb, nepeosuHymbvy. B OanHOU cmamve nocmpoenvl Mamemamuieckue MOOeiu HEeKOMOpblx
2Na20N08 U Opy2ux NOHAMUL NPU NOMOWU (DYHKYUOHANLHLIX COOMHOUIEHUL MedHcOy MOUKaAMU
supmyanvhvlx 06vekmos. Konuvecmeo mouex 6 npeouxame nokazvleaem Ci0HCHOCHb NOHAMUAL.

Knwoueevie cnosa: nepemennvlii 00vekm, A3bIK, KOMNbIOMEPHOE NpeocmasieHue,
MamemamuyecKkas MoOeb, He3a8UCUMoe npeocmasieHue
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Annomayua. HMnumuil dicana oKymyy Makcammapuvl YYyH KOMHbIOMEPOeKOpCOMYayyuy
Kenoowvekm o32opyyuy bonyn scenmenem. An2copummoux KOPCOMYYHYHbIHAULYYIY2YYUYH A8MOp
@YHKYUOHANOBIK 63 apa Kamvlumapovl - ap Kawoai uyekummepoe QYHKYUS MaaHUIepUuHuH
MONMOMYH KAMMbI2AH KON OPYHOYY NPEOUKammapovl KOIOOHYYHY CYHyul Koliean. Keipevizcmanoa
mabuevlii. muidepou Komnvlomepoe K63 KAPaHObICbl3 UHMEPAKMUBOUK YA2blIObIpYy UWMenun
ypteyyoa. byn maxcam yuyn b.basuoposa scana C.Kapabaesa “Oyxme, mysoe, kec, uanma‘* dezeH
0320pMYyyuy dmuuimepou 4azvli0bipyyHy CYHYu Kvlaean. Muinoatl smuwmep “oHcblioblpyyiapobit
yoaanawmoiebl” apKulLyy KOPCOMYAYyUy “Kotl, an, Hcbliovlp” OeceH smuumepoeH mamaaivlpaax.
byn maxanaoa k23 6up smuwimepour xana OAuKa MyuyHyKmopoyH MamemMamuKaiblk Mooenoepu
anecmemuncet (8upmyandyy) 00vexmmepour YeKummepuHuH apacbiHoacbl PYHKYUOHAIObIK 63 apa
oatinanviuumap apxwinyy Kypynoy. Ilpeouxamma yekummepoun canvl MyUyHYKMYH mamaaioblebii
Kepcomen.

Aukwlu co300p: 0320pmo 00vexm, muj, PYHKYUOHANObIK 03 apa KAMblUMap, KOMIbIOMepOUuK
CYPOMMONY UL, MAMEMAMUKATILIK MOOEb, KO3 KAPAHOLICHI3 CYPOMMONYL
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Annotation. Many objects to be presented on computers for scientific and educational purposes
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relations - multi-place predicates involving sets of function values at different points.Independent
interactive computer presentation of natural languages is developed in Kyrgyzstan. For this purpose,
B. Bayachorova and S. Karabaeva proposed to present transforming verbs “bend, straighten, cut,
glue ”. Such verbs are more complex than ones implemented as “sequences of shifis”: “put, take,
move”. In the paper mathematical models of some verbs and other notions are constructed by
functional relations between points of virtual objects.

Keywords: variable object, language, computer presentation, mathematical model,
independent presentation

Introduction

We consider controlled presentation of objects on a computer. Usually “Drag-and-
Drop” operation is used for it. But many objects to be presented on computers for scientific
and educational purposes are variable. For a convenient algorithmic representation, we [1]
proposed using functional relations - multi-place predicates involving sets of function values
at different points.

Independent interactive computer presentation of natural languages is developed in
Kyrgyzstan. For this purpose, B. Bayachorova and S. Karabaeva[2] proposed to present
transforming verbs “bend, straighten, cut, glue”. Such verbs are more complex than ones
implemented as “sequences of shifts”: “put, take, move”. In the paper mathematical models
of some verbs and other notions are constructed by functional relationsbetween points of
virtual objects.

Section 1 contains new, more general definition of functional relations.

Section 2 describes definitions of independent interactive computer presentation of
natural languages.

Section 3 presents examples of notions defined by functional relations within the frames
of independent interactive computer presentation of natural languages.

1. Functional relations
Denote R:=(—o0,0), R+:=[0, ).
Various tasks for differential equations can be presented in general form as follows.

There are given (defined) a set F of functions X—Z (a general solution of the differential
equation), a subset Xoc X and a function uo:Xo—Z. Find such ueF that its restriction on
the set Xo coincides with the function Xo. The function uo presents initial, boundary or other
types of conditions.

Also, various families of functions meet such construction too.

It may be generalized as follows. Denote the set of (non-empty) sets in R%as W.

LetB e W, f: B xR+— W, f(z,0)=z. f(B,t) are said to be transformations of B for t>0.

Let z[1], ..., z[n] € B be arbitrary or marked points, P be an n-place predicate.

If P(f(z[1],2)..., f(z[n],t))= true for all t>0 then the family {f(B,t)|] t> 0} is said to be
fulfilling the functional relation P.



Examples of functional relations.
1.1. Polynomials. The differential equation for a polynomial of n-th power is

u™1(x)=0. The main functional relation is the Lagrange polynomial
n+1 (e—x[1])...(x—x[k—1]D (x—x[k+1])...(x—x[n+1]) 1
k=1 (x[k]—-x[1])...(x[kK]—x[k—1]) (x[k]—x[k+1])...(x[k]—x[n+1]) u(x[k]) ( )

1.2. Solutions of ordinary linear differential equation. The first result on functional

u(x) =

relation for values of solution in different points was obtained by J. De la Vallée Poussin (see
[3] for example).
The equation

uM(x)+pa(x) uUCDx)+...+ pa(X) u(x) = 0, a<x<h,p(x) eC[a,b], (2)
with conditions
ux[il) = ¢/i], i=1,..., n, (3)

c/i], i=1,..., n are real numbers, has a unique solution under the following restrictions
on norms of coefficient-functions

|| p1llrari(b—a)+ || pallfar) (b—a)%/2/+... + || pullfary (b—a)Yn! <1. (4)
1.3. Partial differential equations.
Uy ”(%,)=0. 5)

It is known that
u(x.y)+u(x+g,y+h)=u(x+g,y)+u(x,y+h) (6)
for solutions of the equation (6) for all x,yeR; g, heR+-+.

Denote z=(x,y) eR?; for (7)

z[1]1= (xy); z[2]=(x+9.y);z[3]=(x.,y+h); z[4]=(x+g.y+h).
Here Q=Q: isthe set of sets W of four points {z[1], z[2], z[3],z[4]} arranged in form
of coordinate rectangle.
2. Survey and definitions for independent presentation of objects

In 1878 M.Berlitz proposed a method with is considered as “the first-known immersive
teaching method”. Such method was improved as “Total physical response” [4].

Winograd T. [5] proposed giving commands to a robot with such words as "table",
"box", "block", "pyramid”, "ball", "grasp", "moveto”, "ungrasp".

Using these ideas, since [6] general methods for interactive computer presentations of
natural languages are being developed [7-11]. If a computer presentation does not depend on
the user’s knowledge and skills on similar objects then it is called independent. Such
presentations are more effective because the user can learn a language inductively, and they
begin thinking in it, without translation in mind.

The following definitions were proposed.

Definition 1.If low energetic outer influences can cause sufficiently various
reactions and changing of the inner state of the object (by means of inner energy of the object



or of outer energy entering into object besides of such influences) at any time then such
(permanently unstable) object is an affectable object, or a subject, and such outer influences
are commands. A system of commands such that any subject can achieve desired efficiently
various consequences from other one is a language.

Definition 2. Letany "notion" (word of a language) be given. If an algorithm
acting at a computer:performs (generating randomly) sufficiently large amount of situations
covering all essential aspects of the "notion™ to the user;gives a command involving this
"notion™ in each situation;perceives the user's actions and performs their results clearly on a
display;detects whether a result fits the command,

then such algorithm is said to be a computer interactive presentation of the "notion™.

Three techniques are proposed for the user's guessing:

The following definition is proposed by us on the base of Section 1.

Definition 3. A marked set (2D-set on display) is a set (S) with some marked
points on it (x[1], x[2], X[3[... € S). Atransformable object is a (varying) set or union of
marked sets, marked points of them are connected with functional relations: “((x,y)”.

Definition 4. Mathematical models consist of fixed (Fi) and movable and/or
transformable(M;) sets; an extended algorithm: temporal sequence of conditions of types

(MicFi), (MinFi=9), (MjnFi=d); & (x(M;), Xo(My)).

Definition 5. Transformation of objects can be presented by a controlled
differential equation. Firstly, we consider motion of a flat object without inertia and not-self-
moving objects. Let SeR? be initial position of the object; S(t) be the position and shape of
the object at time t. We have the equation y’(z,z)=F(t, S(t),u(t)), 0 <t <cowith initial condition
y(0)=z € S, where u(t) is a control function (given by the user), the function F(s,u) (to be
implemented by the programmer) is bounded, y(t,z): [0, o) xS —R? is the trajectory of the
pointz €S. Let S and S(t) be marked, defined by points z[1], z[2], ...,z[K] €S and their images
correspondingly. Then F=F(t,y[1], y[2].....v[K],u(t)). Values y[1], y[2].....y[K] are to be
connected with functional relations. Computer interactive presentations are built on the base
of mathematical models.

3. Examples of mathematical models for transformable objects

3.1. k=2, the functional relation is dist(y[1], y[2])=const. It can be used for verbs
ROTATE, TURN; PULL.

3.2. k=3, the functional relations are y[1]=const, y[2]=const, dist(y[2], y[3])=const.

It can be used for the verb BEND.

3.3. k>3, the functional relations are

dist(y[1], y[2]) = dist(y[2], Y[3])=...= dist(y[k-1], Y[K]) = const.

It can be used for the noun LENGTH, verb BEND.



3.4. k>2. Firstly, two sets S1and S,. y[1] €S1and y[2] €S2 . The functional relation is
y[1]=y[2] for any t>t1. (Or more than two distinct objects).

It can be used for the verb GLUE.

3.5. k=2. The functional relations are y[1]=const, dist(y[1], y[2]) increases. The verb
STRETCH.

Conclusion

We demonstrate that functional relations can be applied to enlarge the range of notions
which can be presented within the frames of independent interactive computer presentation
of natural languages. The minimal number of points in the predicate is an objective measure
for complexity of the notion.
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