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I/ICCJ’IGI[OB%IHHC METOAUKH HMMMHUTANUOHHOI0 MOACJTHUPOBAHUA IJIH OICHKH 3aBHCHMOCTH peIIeHUus
TpaHCHOpTHOﬁ 3242494 OT MOrPEeIHOCTH MCXOAHBIX JAHHBIX

Pestome. 'oponickne TpaHCIOPTHBIE CETH ¢ MO3WIMM PEIIeHHs MPOOJIeMBI YIPaBIEHUS OTHOCATCS K KIlaccy
CHCTEM C MPOCTPAHCTBEHHO paclpeleeHHBIMUA 00BEKTaMH, YTO OTPAHMYHMBAET BO3MOMKHOCTh MCIIONIB30BAHUS [UTS UX
UCCIICIOBAaHU TPAJAMLIMOHHBIX MAaTEMAaTHYECKMX METOIOB MOICTMPOBAHMA W ONTUMHU3almU. Bce 310 Tpebyer
pa3pabOTK  COBPEMEHHOTO0 MAaTeMaTHYecKOoro ammapara, OpPHCHTUPOBAHHOIO HA peanu3aliio B paMKax
MHTETPUPOBAHHBIX HH()OPMAIIMOHHBIX KOMIIBIOTEPHBIX CHUCTEM C AKTUBHBIM BKIIFOYCHHEM CEPBHCHBIX KOMIIOHEHT,
obecneunBaroIrX 3 PEKTUBHBIA POLECcC B3aMMOISHCTBHS PH IPUHATUAY YIPABICHUSCKIX PEIIEeHHIL.

MHorue 3agaud OpraHHM3alUK MEpPEeBO30K, IKOHOMHYECKUE 3aladud, paclpeleiieHue pPecypcoB CBOIATCA K
TPaHCTIOPTHOM 3a1a4e.

Ipr 3TOM B CyIIECTBYIOIIMX paboTaX MaJlo yHENeHO BHUMAHWE OLECHKHM BIIMSHUS IMOTPEIIHOCTH HCXOMHBIX
JaHHBIX Ha ONTHMANbHOE PELIeHHE TPAHCIIOPTHOW 3a4avM, XOTS NPH PEeLIeHWH NPAaKTHYECKUX 3aiad 3TOT (akTop
UMeeT He MAaJlOBa)XHYI0 poiib. B CBsf3M ¢ 3TUM B 3TOi paboTe paccMaTpuBaeTCss METOOMKA OLCHKHM BIWSHHS
HOrPeIHOCTH HWCXOIHBIX MaHHBIX Ha pEIICHHe TPAHCIOPTHOM 3amadyd ¢ NPUMEHEHWEM HMHUTALMOHHOTO
MOJIETHPOBAHUS.

B manHOIi cTaThe MpeACTaBIIeH aliTOPUTM METONa MMHTALFOHHOTO MOJENUpOoBanusl. MMuTanus npoBeaeHa st
OLICHKM TOYHOCTH PELICHUs TPAHCIIOPTHOM 3a71a4i B 3aBUCUMOCTH OT HOIPELIHOCTH UCXOIHBIX JaHHBIX. B pe3ymbrare
TIOJTYYCHBI CPeIHUE 3HAYCHWs, CPeIHEKBaJpaTHUECKHe OTKIOHEHMs. A Takke NOBEpHTENbHBIE MHTEPBAIIBI IIENICBOM
(GYHKIMY ¥ peLIeHn TPaHCIOPTHOM 3a1a4d, KOTAa MCXOMHbIE TaHHBIC SIBJIOTCS HeonpeneleHHbME. [Ipemiaraemoe
CrienyaIbHOe POrpaMMHOe 00ecriedeHre MOXKeT OBITh MCITOTB30BAHO KaK IUTsl PEINEHUs MPHUKIATHBIX TPAHCIOPTHBIX
3aj1a4, TaK ¥ MPH TPOBEICHNN HAYIHBIX UCCIIEOBAHMI U B yHeOHOM Tporecce.

KunroueBsble ciioBa. IMuTalioHHOE MOJEUPOBAHKE, TPAHCIIOPTHAS 3a4a4a, TOrPEITHOCTh NCXOIHBIX NaHHBIX,
JOBEpHUTEIbHbIE HHTEPBAIIBI, LEeNeBast (PYHKIHSA, OLEHKa TOYHOCTH PeLICHNUS.
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A CLASSIFICATION MODEL BASED ON DECISION-MAKING PROCESSES

Abstract. The article is devoted to the formation of a classification of decision-making systems from the simplest
having an algorithm of sequential operations to complex systems based on control of an object taking into account
factors of the environment that are changed during a process of the controlled object’s work. Factors could be static and
functional. It significantly affects the decision-making trajectory, which makes this system difficult to predict for the
developers. These requirements of an intellectual system suppose absence of an explicit algorithm.

Keywords: an intellectual system, decision-making processes, a linear algorithm, a conditional algorithm, a
rational system

Introduction

Currently, there is no clear differentiation of decision-making models from simple to complex ones.
This study proposes a version of the classification of algorithms based on the complexity of decision-making
processes. A structural description of the existing decision-making models is given below.

1. A linear structure of sequential simple operations;

2. A simple algorithm with branches and cycles;

3. An algorithm that is based on the use of a database of ready solutions that are unchanged;

4. An expert system that allows you to make elementary decisions from an unchanged database of
ready solutions. External factors and rules also do not change;
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5. Systems that accumulate data, i.e. the database of ready solutions increases in time, which
subsequently leads to a change in the database according to the rules.

Methods
Decision-making models are represented by the categories described below.

1. Systems based on simple algorithms
1.1 Basic linear algorithms

The first computer programs realized the concept of structured programming,

All instructions were executed one by one. When a previous instruction was completed, the next one
started to work. Structured programming showed itself very useful and trivial for solving tasks that do not
have many conditions and circumstanced required to be analyzed. This simple algorithm includes only a
sequence of steps that have to be completed to receive a specific result. Figure 1 illustrates processes in a
system that are implemented in a chain of steps. Each process contains some operations that are required to
be completed. After completing the first process, the second one starts its operations. This logic continues
until the end of the program. This trivial program does not imply any branches and different variants.

D

m

Figure 1. A linear algorithm

1.2 Conditional algorithms

As linear algorithms do not allow any strategic decisions, and they are practically useless in modern
systems, they had to be modified to include functionality of conditions and transitions. It was realized by an
addition of branches, cycles, conditional and unconditional transitions. Branch statements are formed by
«if...then...else» or «case» operators that will provide different kinds of choices for users of programs.
Iterative statements «for, while, repeat» provide functionality to receive an estimated result after multiple
passes. The work of this kind of algorithms is in Figure 2. These blocks include a beginning and an end of
the program, rectangular shapes show activity blocks and diamond shapes illustrate conditions that lead to
different ways towards the final result.
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Figure 2. A conditional algorithm

2. Rational systems

2.1 Systems with the non-changing parameters of the environment

Although stated above simple algorithms allow to fulfill some specific tasks, they are very restricted in
functionality. It is just a direct sequence of actions and variants without any analysis of situations. Modern
systems have to provide the flexible functionality where the environment and future steps are analyzed in
advance.

The concept of rationality in the Artificial Intelligence field comes to help here. An agent is everyone
or anything that performs actions. The main difference between these kinds of programs and programs
mentioned previously is execution of non-straightforward steps. At the same time, the agent always
perceives the environment where it operates via various kinds of sensors and actuators [1].

2.2 Systems with the changing parameters of the environment

In the previous system we have the parameters of robots and environment always stable and non-
changing. There are many cases when external factors influence the work of robots, and they need to adapt to
them. Robots have to make decisions that will allow to show the same performance measure they had before
the change of factors [2]. The trajectory plan is to be divided into small subtasks which execution leads to the
final goal of the system.

Taking into account the result of the article [3], it is required to highlight that the model presented
there is described inaccurately by the following parameters:

1. There are no basic hypotheses for the formation of the conceptual model;

2. Since there are no corrections at individual stages, no mechanism of the influence of external
factors on the trajectory of performing a complex task in the diagram is presented for the conceptual task. A
trajectory of each consequent stage is fully dependent on the results of the previous stage. Factors of external
influence are absent, but the scheme intends that they have to exist;

3. An elementary mathematical description of the model is absent that raises a number of questions
about the correctness of the described model. The proposed work gives a detailed description of the model
and discloses principles of the model in a more correct form.
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The hypotheses on the basis of which this conceptual model is proposed are described below:

1. In the first case, an agent makes the best decision at the beginning taking into account the amount
of relevant information received;

2. In the second case, an agent is also influenced by external factors at the intermediate points, and its

trajectory changes correspondingly;
3. In the third case, external factors change values at the intermediate points, and it influences the

behavior of the agent even more that in the second case.

The rational behavior is expressed with the use of the following mathematical equations.

Po = qO(So,Xl, X3, ...,Xj, ...,.Xm),
p1 = q1(S1),where S; = pg

|
pi = qi(5;),where S; = p;_4 o
Pn = qn(Sp),where S, = pp_y

External factors
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Figure 3. Model 1

In the first model, a list of initial positions is defined as Sy, Sy, S3, ..., S;.  The start position is
influenced by external factors (xo, X1, .., Xj, ..., X ). Every next step is the functional result of the previous

step.

In the second model, a correction function that depends on the external factors at the control points
exists. There will be a bias at the intermediate steps of the trajectory. So external factors can influence agents
only at those points, and it is revealed inside a correction function.

Po = qo(So), So = f(xou X021 X0j» ---.xOm)
p1 = q1(51), where §; # po, $1 = 91(Do, X11, X12, ) X1, s X1m)

2
pi = qi(S;),where S; # pi_1,S; = ©i(Pi-1, Xi1, Xizs s Xijs = » Xim)

Pn = qn(Sn), where Sy # Pn—1,5n = @n(Pn-1,Xn1) Xn2s - Xnj» < r Xnm)
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Figure 4. Model 2

In the third model, a correction function shows the change of external factors at the intermediate steps
of the trajectory over time.

(pl = gl(Sl,x()l, X02, ...,XOJ‘, ...,xOm),Sl = f(x()l, X02, "'IXOjl oy Xomo t)
D2 = gZ(SZ'xlli X12, ---;xlj, "'fxlm)l
SZ Ea p1152 = (pl(pll X11, X12, ---;xlj: < X1m, t)
) Pi = Gi(Si) Xi1, Xigy ewes Xijs o) Xim)s (3)
S # Di- 1,5 = Qi- 1(pl 1 Xi1s Xi2) ooy Xijy -or Ximo t)
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Realization
In the robotic system toolbox in MATLAB, the linear algorithm may be represented by a vehicle

moving from the start point to the end point. A trajectory of the movement is quite simple including only
intermediate points along its path. At the beginning, it is necessary to set up linear and angular velocity
values that define how fast an object will be moving towards the end point [4-7]. Points of the trajectory are
described by an input matrix.

The following parameters have been used in the model: wheel radius — 0.1, wheel base — 0.5, linear

velocity — 0.5, angular velocity — 1.0
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To demonstrate a variety of decisions made by robots, it is worth to use an example of the point
detection algorithm in MATLAB. A point is set up on the map, and a wheel drive robot uses its scanner to
find this point and move towards it. If the point is not found by the robot, it does not try to reach it.
Otherwise, when the point is detected, the robot is going to move to that place [8-9]. This example is

presented on the image below.
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Knowledge gathering system

One efficient way of keeping data about actions taken by agents is the use lists that bind facts in the
environment with new rules an agent has to take into account executing its actions. A widespread example of
the agent’s rational work is the Wumpus game [1]. This game includes a hero (agent) who enters a cave
where he needs to find gold and kill the terrifying monster Wumpus. In addition, a cave contains deep pits
that are dangerous for a hero because he can fall there and die.

The cave is represented by a board of cells. The hero moves horizontally and vertically. If a cell
contains a cave, there is wind in nearby cells. The hero can also smell Wumpus in the cells next to the
monster’s location. A hero has only one arrow to kill the Wumpus with it. In order to murder the monster,
the hero has to know his location for sure. As the hero has no prior knowledge about a structure of the cave,
he needs to build it while he moves. Sensors of the agent provide him the following information:

e wind in the cells next to pits;

e stench in the cells near the Wumpus;

e bump when an agent collides with walls;

o glitter when there is gold that an agent has to find;

e scream when the Wumpus is killed by an arrow.

The agent has a list of rules initially, and additionally, he needs to fill its table of facts which it gets
from the cave (Table 1).

Using accommodated facts and rules, the agent can successfully fulfill its task.

Table 1. Agent’s work specifications

Facts and rules Steps of the agent
#facts and rules that we will use to make Taking a step
inferences Moving to Cell 21
facts =[] There is a breeze running through this room
rules = [ Perception = (clean, breeze, bare, no_bump, quiet, Cell 21, Left,
([(‘clean’, '?x"), ('next’, '?x", '?y")], living, 1100)
[(’nO_meuS’, ’?yyj)’ sk st sfe st sk ske ke sheske st sk ske st sheske sk st sk ke sfeske st skeosk ke sleskeoske skeskeoske skesk
([(calm’, '2x"), ('next’, '?x', '?y")], [('solid', | Turing to face Left
"2v9]), There is a breeze running through this room
([('mo_wumpus’', '?x"), ('solid’, '?x")], Perception = (clean, breeze, bare, no_bump, quiet, Cell 21, Left,
[(safe’, '?x"), ]), living, 1100)
([(next’, "?a’, '?b"), (‘next', '?b’, '?¢"), sfe ke se s st st st et sl e s s st st st st ke st s s s st ek st kkok ok
(‘mext', '2c’, '?d'), (‘next’, '?d', '?a’), ('nasty’, Taking a step
'?a'), (‘no_wumpus', '?b’), ('nasty’, '?c')], Moving to Cell 11
[("'wumpus', '?d’), )] Perception = (clean, calm, bare, no_bump, quiet, Cell 11, Left,
living, 1100)
sk st sfe st sk ske sk sheske st sk ske st sheske sk st ske sk sfeske st skeosk ke sleskeoske skeskeske skesk
Perception = (clean, calm, bare, no_bump, quiet, Cell 11, Left, won,
1100)

Conclusion

The classification model demonstrated a shift from basic sequential algorithms to complex decision-
making systems where intelligent agents and robots are influenced by a large group of different factors. In
this case, it is actual to thoroughly describe the change of behavior on different stages of work.

The intellectual part of the decision-making system is confirmed by the presence of an implicit
algorithm for performing tasks by robotic systems based on the presented models. These models demonstrate
a gradual complication of the task execution algorithm depending on the degree of influence of external
factors. If in the first mathematically described model, factors influenced and were taken into account only at
the initial stage, then in more complex models, external factors first affect the degree of correction of the
execution of the task steps only at control points. In the final model, factors already begin to change the
algorithms for the execution of the stages (subtasks) of the complex task themselves. Subsequently, the
authors will develop this topic, taking more and more complex forms of changing the basic algorithm in
order to bring the solution closer to a more intellectually advanced solution variant.
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Knaccudpukaunonsas Moaesib Ha OCHOBe NPHHATHS PeLleHHi

Pe3tome. Cratbst omuchiBaeT ()OpMUpOBaHME KIacCU(MKALMOHHON MOIENH CHCTeMbl NPHUHATUS peLIeHHH,
HayMHasg OT MPOCTbIX ANTOPUTMOB TOC/IENOBATENbHBIX OMEPaLMil 0 CIIOXKHBIX CHCTEM, B OCHOBE KOTOPBIX JISKHUT
BIUsiHUE (PAKTOPOB OKpyxawowleil cpenbl. DakTopbl MOTyT Kak CTaTHYECKUMH, TaK M (PyHKUMOHAIbHBIMH. OTO
CYLLECTBEHHO BJIMAET Ha TPACKTOPUIO TPHMHATHA peLIeHMH, M CUCTeMa CTaHOBMTCA TPYAHO MpeickazyeMoil it
pa3paboTunkoB. JlaHHas OCOOEHHOCTb COOTBETCTBYET TPeOOBaHMAM WHTEJIEKTYalbHOW CHUCTeMbl M MOAYEPKHUBAET
OTCYTCTBHE SIBHO 33/IaHHOTO aJITOPUTMA.

KnaioueBble ci0Ba: MHTE/UIGKTyallbHasi cUCTeMa, MPOLECChl NPHUHATHA pELUeHWH, JMHEHHbIH aaroput,
YCJIOBHBIN anropuTM, palMoHajbHas CHCTEMa.

Anmkanosa JL.M., Kaprokun B.H.

Ilemimaepre Heri3mereH ;kikrey yJarici

Tyiiinaeme Makanaga kopluaraH OpTaHbIH (aKTOpJApbIHBIH SCEepiHe Heri3feNnreH jkyhesi omepauusiapabiH
KapamaiibiM  anropuTMiepiHeH Oacram  KypAeni OkylenepiHe AeliHri wiemimaep KaObuigay — okykeciHiH
K1accuGUKaLMsAIBbIK MOJENiH KaJbINTacThlpy cumarTajiraH. dakropiap cTaTUKajbK Ta, (QYHKLUMOHAJABI Aa OOybI
MYMKiH. ByJT 1emim konbiHa aliTapibIKTai acep eTei, an a3ipieylniiep yioiH *yieHi Oomkay KUbIHFA cOFanbl. by
(yHKLIMS 3UATKEPITiK )KYHEeHIH TajanTapbiHa ColiKec Kenelli )koHe allKbIH aJlTOPUTMHIH JKOKTBIFBIH 6aca KepceTei.

Tyiiinai ce3mep: WHTeNNeKTyanabl Kyie, LIeMWliM KaObUIOay MNpoLecTepi, ChI3BIKTHIK aJTOPUTM, INAPTTHI
QJITOPUTM, paLlMOHAIIBI XKYHie.
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IMPROVE AND OPTIMIZE WEBSITE INTEGRATED BOOTSTRAP 4 TEMPLATE IN DJANGO

Abstract. Combining the Bootstrap 4 template in Django, the web site development and optimization site
(www.atu.kz site) provides an overview of the new ways to create a WEB site, methodologies of clarity and convenient
delivery of information, peculiarities of Python, Django.

Website is a presentation of the history of our university, its services, its competitive advantages, products, terms
of cooperation, etc. let alone talk about it. Developing Web site development technologies, developing web site
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