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INFORMATION SPACE MODEL IN TASKS OF DISTRIBUTED MOB ILE
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A model of information systems of interaction “useformation environment”, as well as a

model of information space of distributed informatiand communication system with serial

and arbitrary serial-parallel decision processigstigated. The basic components of the in-
formation and communication system are distingusfde adaptive choice methods are ana-
lyzed. The algebraic system of information spaceefgesented, which allows us to form a
common approach to solving problems of distributembile objects control under conditions

of uncertainty, finding more simple solutions tdveocomplex problems in the different fields

of activity.
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MOJIEJIb IHOOPMAIIMHOI'O ITPOCTOPY B 3AJTAUAX YIIPABJIIHHS
PO3NOAIVIEHUMU MOBIVIBHUMU OB’ €EKTAMHU

B. O. ®inaros, A. JI. €poxin, O. B. 3oaoryxin, M. C. KynpsiBueBa
XapkiBcbKkuii HalliOHAJILHUI YHIBEPCHTET pagioe/IeKTPOHIKH

Jocnimkero Moaespb iHGopMaLiifHOro npoctopy po3mnoaisieHoi iHpopMaLiifHO-KOMyHIKaiHHOT
CHCTEMH 3 TIOCHIIZIOBHUM Ta JIOBUIBHHM IOCIIJOBHO-TIApajIeIbHUM MPOLECOM NPUIHATTS i-
1eHs. [IpoaHanizoBaHO METOM aJalTHBHOTO BUOOPY Ta 3alPOIIOHOBAHO areOpaiuHy CHCTEMY
iH(pOpMaLitHOrO MPOCTOPY Ul BHUPIIICHHS 3aJadi YNPAaBIiHHSA PO3MOIICHUMH DPyXOMHUMH
00’ eKTaMH B yMOBaX HEBU3HAYEHOCTI, 3a0e3MeUeHHsI POCTIMINX PIICHb JUIS CKIATHUX 33734 y
pi3HHX cdepax IisUTbHOCTI. 3ampONOHOBaHUH MiaXij 0a3yeThCs Ha BUKOPUCTaHHI IIOTOYHO] iH-
¢dopmanii, oTpuMaHoI B pe3yabTaTi miadopy OKpeMHX i, sIKi MOXKYTh KOMIICHCYBAaTH BiACYT-
HICTh IomepenHboi iHdopMamii Ta peanizyBaTH ONTHMAaJIbHY CTPATErilo YIpaBJiHHS B KJaci
cucreM. PosrnsHyTe (QopMysroBaHHS aJganTUBHOTO BHOOpY pilleHb 3abe3nedye (GopMaibHy
Mozenb iHGOpMAaLIifHOro MPoCTOpy, SIK CePeIOBUINA YIPaBIiHHI 00’ €KTOM Ta CHCTEMOIO YII-
paeminast. ChopMynbOBaHO 3arajibHi NPUHLIKIN GOPMATBFHOTO MiIXOLY 10 HOOYIOBH KOMIIO-
HEHTIB TakuX iHQOPMALIHUX CHCTEM, Ha OCHOBI 4Oro OOIPYHTOBAHO BUKOPHUCTAHHS airedpa-
TyHoro migxoxmy. Takuii MmiAXiJ Ha€ MOXKJIMBICTh BU3HAYUTH HOBHH THII JAaHUX, SIKUH XapakTe-
pusyeThest HabopoM omepaniii. Lle 1o3Bosste OymyBaTH Taki omeparii He TUTBKH pO3POOHHKAM
MOBH, aJie¢ ¥ IporpaMicTaM CTBOPIOBATH BJIACHI. 3alIpOIIOHOBAaHY MOJIEIb iH(pOpManiiiHO-KOMY-
HiKaniifHOro MPOCTOPY MOXKHA BHKOPHCTOBYBATH B Pi3HUX CHCTEMax, A€ iCHYe BEMOTA OO
PO3IIOAITIEHOTO YIPaBIiHHSI MOOUIEHUME 00’ €KTaMH, B TOMY YHCIIi MOXJIMBICT YIIPaBIIiHHS B
pexuMi peansHoro yacy. OJJHOYAaCHO 3 BUKOPUCTAHHAM PEXHMY PEIBHOTO 4acy MOXKHA BH-
BYATH Ta KEPyBAaTH aBTOHOMHHMH MOOIIBHUMH 00’ €KTaMH SIK Y IOCJiJOBHOMY, TaK i y 6arato-
MIOTOKOBOMY NapajelIbHOMY PEXUMaXx.

KurouoBi cioBa: posnoodinenuii mobinonuii 06’ €km, yMo8U He8U3HAYEHOCMI, HpopmayiiHuLl
npocmip, NOMIK 3a60akb, Memood a0anmueHo20 8UOOPY, IHPOPMAYIIHO-KOMYHIKAYIIHA cucmeMd.

Introduction. Autonomous intelligent systems based on mobileatbjare widely
distributed in the most important spheres of humetivity, such as space, industrial
production, nuclear power, petrochemical and nhgasa industry, construction, warfare
and others.

A specific feature of the functioning of these skss of systems is the high level of
uncertainty, which is caused by the unpredictahbiftthe environment, large dimension
of the state space, the lack of accurate mathemhatiodels and decision hierarchy. For
example, currently a perspective direction is gate universal mobile robots based on
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multi-modular design. That allows us to createl@t@omposed of identical modules,
configured in various types of configurations, degiag on the assigned tasks.

When the mobile robot moves to the target in a knowunknown environment,
it must overcome various kinds of obstacles; azoitisions with stationary and moving
objects. To solve such problems in the offline madebot control system must be
able to interpret, plan and carry out the receitask without external interference,
using on-board computer system.

Such complex technical tasks can be solved usihgamintelligent control sys-
tem based on information and communication teclgyplallowing making management
decisions based on both accumulated knowledge gpetience in the operation and
handling of large information flows in real times well as the methods and algorithms
of artificial intelligence theory.

Information and communication technology include®imation processes and
methods using computer hardware and telecommuaitatheans [1].

On the basis of these technologies an informati@h@mmunication system, or
network, for example Internet, are created. Theaathge of information and com-
munication technologies used in various fieldghes ability to combine various types
of resources with computational algorithms [2, Bhis allows finding more simple
solution complex problems.

The purpose of the researchConsider a general statement of the problem of
adaptive choices shown in Fig. 1. The achieveménhe target in uncertainty con-
ditions is possible on the basis of applicatiothaf adaptive approach, the meaning of
which is to use the current information obtainedaagsult of the selection of indivi-
dual actions that can compensate the lack of pmformation and implement optimal
management strategy in the class of systems.

v n i n

i » Control Object

v

V1= Tn(vy, vy; €1, & ©)

Fig. 1. Adaptive selection scheme.

As a result of choice made by control the systesa tmntrok,, represents random
variable outcome elementary functionand depends ow, and possibly on states of
the system. Variantsv{} realized in this sequence must be such to achiepeede-
termined goal, formulated in terms of the limitsloé current secondary losses.

Having a priori uncertainty, consisting in the ai=e of accurate information
about the losses of the system and its charaatsrigtads to the fact that the formation
sequence varianty{} ensuring the achievement of the target conditioithe problem,
should be carried out in accordance with the adagtpproach.

The choice of the next option,., is made based on the information received at a
given moment of time on loss sequeRgeLy, ... &n, corresponding to the implemented
sequence of optiong, va,...,Vy.

It means that,., is a functiorvy, v,,...,v, Of &4, &5,...,&, and possibly of time
and elementary outcornoe

In this way

Vol = Th(V Vo V&1 afniw), n=12,.,

hereg, depending on the task is a scalar or a vector.
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FunctionT,, called the rule of option, select af,. This function may be either
deterministic or random (randomized). Sequenceslgcion rules {;} defines choices
of strategy or management strategy.

Deterministic selection strategy is the subjecstoidy of the deterministic beha-
vior theory of automata in random environments.

The finite-state machine is a calculation modehtaiming a finite humber of
object states [4]. Scheme of finite-state mactsrghbwn in Fig. 2.

X I Y=£,(X):
—» — I
I =r5 X
X .
_/7_. _i’ yq=f\.‘/(/\/).

Fig. 2. Scheme of finite-state machine.

Finite state machines are used to organize anceirése tasks flow and are
ideally suited for implementing artificial inteliégnce in distributed mobile objects.

These strategies allow a simple implementationgusirdeterministic finite-state
machine. They are mainly targeted at binary loskstaUnder complete information,
optimal strategy always belongs to the class drdahistic strategies

Vo = Th(w), n=12,...

Availability of a priori uncertainty makes it nesasy to use more complicated
randomized strategy. In the behavior of machinesmh such strategies correspond to
stochastic machines with variable structure. Mdsthem realize the randomized
selection rule of the following form

Pri1 = RV Vo,V PP W& 16206 ) s L2,

where R, is vector function with values in simple%,; p, is vector of conditional
probabilities of choices(1),v(2),...,V(N) at timet,.

A randomized strategy defined by the sequenceeofules of the type belongs to
a class of recurrent algorithms of adaptive choiddwese algorithms can be easily
implemented, as they at every stepse minimal information about the prehistory of
the process.

Considered statement of the task of the solutialapiive choice provides a for-
mal model of information space as a managementr@mwient of the control object
and the control system.

Material and methods. General principles of a formal approach to the trols
tion of information systems components are desdribe

Consider the following set of standard functionsaotypical information and
communication system:

1. The ability to describe and to form the requidadia structures, to manipulate,
store, and protect inside the system.

2. Providing opportunity of efficient data excharigside the system between its
elements and with other information and communicesiystems.

3. A wide range of intelligent processing and dateess for solution of the tasks.

4. Availability of the information analysis apparatand communication system
itself.

5. The ability to adapt the system to differentditions during the period of the
task solution.
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Several methods of formal specification of inforibat and communication
software systems, models and data types in patiené proposed [5-7].

Algebraic approach is the most popular as a forjatification and types
specification tool received [8].

In general the algebraic system can be represasted

Ua:<A,Qf;Qp>1- (1)

whereA is a set of the basic®; = {F,...,F} is a plurality of operations names on a
predetermined sé&; Q, = {my,...,Ti} is a plurality of predicates defined on the skfo
SystemU, can be written in a short forly, = <A, Q >if the union of set® = Q; 0 Q,,.

Set ofAis called the carrier or fundamental set; the afj@nF, and predicates,,
unlike other operations and predicates are calieaapy or main.

Research in the field of data models of informatiystems, shows that at the
present time the type of data has become a cangept. The problems of creating a
new programming language and the introduction ofleno technologies to organize
data associate with it.

Of the variety of approaches to the definition oflata type the following one
looks like the most constructive—data type spediion by the set of values by a
plurality of operations [9].

In connection with the special role of operatiamghie definition of data structures
and the functioning of the systems, consider thiscept in more detail.

For a formal data type definitions the concept @nature ~ as the pairs
consisting of a plurality of names of operatiéiqiand many descriptions of operations
Qo is introduced. Then, the signature can be defasXl= < F;, Qq >. Data typeT of
sighatureX — is a pair: the data type specification signatarend the corresponding
implementation of the data type.

This approach allows us to define a new data typ&h is characterized by a set of
operations. This enables to construct operationsré&ators of the language and of their
own programs.

Because the data type as the object is composédoomain components: the
specification and implementation, the operationstia types are the compounds of
these components. These actions may include agaseror decrease of the number of
operations, replacement of all or some implememtatiof operations, changes in the
type of representation and related operations.

Development of a model of information space of digbuted information and
communication system The computing environment of the modern corporatinsti-
tution or office, as a rule, presents a servervot equipment, local computers, office
equipment for various purposes application, systathspecial software.

All the resources of the computer system, uses,fitkatabases structures, appli-
cation programs, system components are storedem find files are stored in named
directories. Such computer system technology iceptual and does not depend on
the class of solvable by the user problems, otythe of interaction between the server
and the local computer.

Thus, the computing environment is an invariant ponent of any information
system and forms an information area.

Information space can be represented as an abalgetiraic system

E=<0,SQ>, )
where O is the information space objectS;is relationships between objecR; is
objects manipulating operations in space

As an object, model (2) can simulate componenta ofodern computer system
(all types of files, directories, logical and phoai drives, personal computers)
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O={q,|n=1N}. Relation S={s, |[n=1,N,} between the objects of information area
defines a specific configuration of the computimyieonmentE, focused on a specific
user or users from the set={g, |[n=1 N,}.

Depending on the goals set by the user and the wiimgpenvironment, all actions
are performed on the basis of operatidds{q,| n=1,_N4} . As an example a set of
elementary operation® ={q, d,..., ¢,} can be such operations as file manipulation in

the information space {<run>, <copy__from__to><delete>}. All operations on
objects at arbitrary points in timést,, ... tn. tne1 >t the useg, of information space

initiates on the basis of a formalized action plamy (t), Zy»(t),... Zym (t,) oOr

unitary action ZI (t) .

In this way, the formalized problem~= <Copy file fromb > can be solved with
the help of operatiog;=<copy_from_to>.

Scheme of the user interaction with informationcgpia shown in Fig. 3.

(¢ t
n (1) 0,5, Q) Y (1) g,

g)?

Y

Fig. 3. Scheme of the user interaction with infaioraspace

The model of user interaction with the informatgpace can be represented as

Yo =6z, =L N, ©)

wherez,(t) is an input effect in the information space by tsemy, O G; yy(t) is system
responsé, configured to the usey, and having the forra,.

In generalz,(t) is an elementary task that a uggfl G decides with the help of
information systent(O, S Q).

An elementary problem can be combined into funeidasks by combining the
elementary operationg;,o,,...,0s in a series of interrelated operations of algamith
a={ 9 ---.0n}, & O A, whereA is a set of algorithms of solving functional tasks

Depending on the structure and relationship probleaitved by the user, they can
be combined into a sequences or threads of tabksfldw of user taskg, 0 G is called
their sequence’(Yn) = {Yn;:¥ny:---.¥nt for which the following conditions are satisfied

Yni®=6i(z (), =1L N, FLK. (4)

Znj (9 = Yojaa (9 - (5)

wherej is the task order number of theh user.

Let us consider in detail the meaning of conditiphis-(5). Restriction (4) comes
down to the following. The user with the informatisystem has plan for serial or pa-
rallel work (activities), for example, to copy umessary files into a certain the computer
recycle bin, then to run an antivirus program, offendatabase file and execute SQL-
query. The meaning of restriction (5) is the resfiithe previous job or task that is an
essential condition for starting the next taskasks.

Linear flow diagram of such tasks is shown in Big.

z11(1) yu()=zp(t) Yi2(t)=z(2) Yok (1)

W

—P 211 12 fpecccccccccaaaa » Z1k >

Y

Fig. 4. Linear flow diagram of tasks.
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Result. Specific feature of the task flow technology présdrin Fig. 3, is that it
may form both serial and arbitrary serial-paradletision process. The basic condition
of the group tasks in the flow is the coordinaidithe related problems for input/output,
while at intermediate stages of a task in genén be understable to the user whose
action that does not require support tools of caingusystem [10-12].

Consider the particular case of the task flow, wiwgreach task. there is a tool
software package or software moduaied] M, where there is set of software modules
that implement a variety of tasks At the same time it must satisfy conditions for
compatibility problems in the flow.

The first condition is the logical conclusion ofettprevious problem and the
beginning of the subsequent task.

The second condition is the agreement of dataeintermediate stages of the
decision:yy(t) = zy+1(t) is the output of the previous problem and theiirgf the next.
Then the general solution of tasks flow can beasgmted as a series of problem-

solving zy(t), Zo(t), ..., Zi(t), i =1,N,, j=1,K .

Discussion.The proposed model of information and communicasipace can be
used in various systems in which a distributed rabrdf mobile objects is necessary,
including ability of control in real time. Simultaously with the use of real-time mode,
it becomes possible to learn and control autonomaaisile objects in both sequential
and multi-threaded parallel mode.

For example, such a model can be used in the dgamiustry using the Internet
of Things technology (smart house system); in arjjitaffairs in the field of defense
(conducting reconnaissance operations using unmdaaesal vehicles); for logistics
tasks in the transport sector (for managing tramspaciliies without human
participation), solving problems of navigation aswhtrol of mobile robots.

All applications considered include the uncertainfy managing autonomous
objects.

CONCLUSIONS

Based on the research of the basic processesfthmation systems of “user—in-
formation environment” are developed and a modehfafrmation space of the com-
puter system is investigated. The basic compordrite information and communica-
tion system are distinguished. The adaptive choiethods are analyzed. That allows
the formation of a common approach to solving adrgroblems of distributed mobile
objects under conditions of uncertainty.
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