Advanced Information Systems. 2018. Vol. 2, No. 4

ISSN 2522-9052

Intelligent information systems

UDC 519.179.2 : 004.415.5 : 351.814.33

O. Timochko
Holding «Kreditech», Hamburg, Germany

doi: 10.20998/2522-9052.2018.4.16

METHOD OF SOFTWARE VERIFICATION
OF AIR OBJECTS CLASSIFICATION FUZZY LOGICAL SYSTEM

Objects of different classes are detected in the process of monitoring airspace. The classification of an air object is the
process of establishing its belonging to a preassigned class. Classes are automatically determined or set automated. The un-
ambiguous assignment of air objects to a particular class is an actual scientific task. The purpose of the article is to develop
a method for verifying software for a fuzzy logical system for classifying air objects. This problem is solved in a fuzzy set-
ting. To solve this problem, an appropriate software verification method has been developed. The method is based on fuzzy
colored Petri nets and uses a base of fuzzy productional rules. The structure of the fuzzy network verification model has
been developed. The basis of the model is a fuzzy colored Petri net for representing the base of fuzzy production rules for
classifying air objects. For the convenience of visualization of the fuzzy network verification model, the interpretation of
the elements of the fuzzy colored Petri net is introduced. The analysis of the state space of a fuzzy network verification
model reflects all possible markings. The state space allows to obtain the values of the indicators of all the basic properties
of the Petri net. The CPN Tools modeling system is used to build and analyze the state space. The full standard report for
the fuzzy logical classification system of air objects was obtained from the simulation results. The report fragment with
conclusions about the correctness of the model is given. The report contains sections of state space statistics - the number
of nodes, arcs and status, indicators of the properties of reversibility, limitation, survivability and fairness of transitions.
The method includes five steps. 1. A base of fuzzy production rules is being developed. 2. The set of interpretation rules
transforms the base of fuzzy production rules into the form of fuzzy colored Petri nets. 3. The model is examined for proper
functioning. 4. When an error is detected, its type is analyzed. After its correction, the program repeats, starting with any of
stages 1, 2 or 3. 5. Reports on the total space of states with various combinations of source data are issued. A final report is
issued after analyzing the correctness of the set of reports and correcting errors that have occurred.

Keywords: air object, classification; software verification; colored Petri nets; fuzzy production rule; verification method.

Introduction

Formulation of the problem. There are two main
problems, when developing a software verification
method. The first problem is related to the representation
of the subject area by some kind of mathematical appara-
tus. The second problem is related to building test suites.

It is obvious that the solution of both problems de-
pends on the subject area for which the software is being
developed. So, consider the fuzzy logical system of clas-
sification of air objects in the control of airspace. Soft-
ware verification in this case is represented by dynamic
interacting processes. They can be built on a colored Petri
net [1]. For a fuzzy logic system, it is necessary to de-
velop a base of fuzzy production rules [2].

Thus, when monitoring airspace the method of
verification of a software for the classification of air
objects must necessarily include:

a) representation of dynamic interacting processes
in the state space by a fuzzy colored Petri net;

b) the base of fuzzy production rules of a fuzzy
logical system. The system allows to classify air objects
while controlling the airspace;

¢) a set of interpretation rules for converting the
base of fuzzy production rules into the form of fuzzy
colored Petri nets.

The purpose of the article is to develop a method
for verifying the software of a fuzzy logical system for
classifying air objects while monitoring airspace.

Analysis of the References. In [1], a specific
fuzzy colored Petri net was considered. It is used to

classify air objects in the airspace control process. The
work [2] is devoted to the development of a base of
rules for fuzzy products. The fuzzy colored Petri net
corresponds to the specified rule base. Obviously, this
fuzzy colored Petri net is a fuzzy network model. The
model is used to verify the software of a fuzzy logical
classification system for air objects. The structure of
this fuzzy network model of verification is shown in
Fig. 1. The proposed fuzzy network model of verifica-
tion is a feasible model. The model is limited to the
framework of formal software verification methods.

The paper [3] is devoted to consideration of the
stability of solutions for fuzzy control tasks in classifi-
cation systems. Tasks take into account the interaction
of dynamic fuzzy processes.

In the papers [4, 5], the influence of errors and re-
dundancy in knowledge bases on the effectiveness of
solutions is investigated.

Thus, the aforementioned allows us to proceed
with the development of a method for verifying the
software of a fuzzy logical classification system.

Presentation of the main material

Fuzzy colored Petri net corresponds to the base of
fuzzy production rules for classifying air objects. This
network is a fuzzy network model of software verifica-
tion for classifying airborne objects. Its structure is
shown in Fig. 1.

The proposed fuzzy network model is considered
as an executable model in the framework of formal
software verification methods.
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Fig. 1. The structure of the fuzzy network model of software verification for the classification
of airborne objects, built on the basis of a fuzzy colored Petri net

We visualize a fuzzy network model of verifica-
tion. To do this, we interpret the elements of the fuzzy
colored Petri net in terms of a fuzzy logical system as
follows:

- the positions DefOfNat, Corr, Viol, Accom,
OpAc correspond to the linguistic variables from the
composition of the premises of the fuzzy production
rules for the classification of air objects;

- transitions fuzzl-fuzz4 correspond to fuzzifica-
tion operations (introducing fuzziness) for the corre-
sponding values of linguistic variables;

- the positions following the transitions (fuzzifica-
tion operations) correspond to the terms — the values of
linguistic variables from the composition of the base of
fuzzy products rules for the classification of air objects;

- transitions rulel-rulel1 correspond to the opera-
tions of aggregating the degrees of truth of prerequisites
for each of the fuzzy production rules for classifying air
objects and operations of activating of conclusions for
each rules;

- ClassAF1-ClassAF10 positions correspond to the
values of the output linguistic variable from the compo-
sition of the base of fuzzy products rules for classifying
air objects;

- the transition defuzz corresponds to the operation
of defuzzification (reduction to clarity);

- the Class position corresponds to the value of the
output linguistic variable with the maximum degree of
belonging to one of its terms according to the results of
processing the ClassAF1-ClassAF10 positions.

The state space of a fuzzy network verification
model reflects all possible markings. We know CPN
Tools modeling system [6]. It allows you to build a state
space and analyze the values of the indicators of all the
basic properties of the Petri net. According to the results
of the simulation of a fuzzy network verification model,
a complete standard report was obtained for the classifi-
cation of air objects.

A fragment of the report with conclusions about
the correctness of the model is given in Table 1.
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Table 1 — Analysis of the report on the state space of a fuzzy network verification model

Report Results

Conclusions

State Space (Statistics)
Status Full Nodes 45
Arcs 58

The state space of the model is calculated completely and contains
45 nodes and 58 arcs

Reversibility properties
Home Markings All
Dead Markings None

All markings are "home" — the model is reversible. There are no
"dead" markings — there are no dead ends in the model

Survivability properties
Dead Transition Instances None
Live Transition Instances All

There are no "dead" transitions. All transitions are "live".
IAll events occur during a communication session.

Restricted properties -
upper and lower bounds of numeric and multisets
Best Integer Bounds (Upper, Lower), Best (Upper, Lower) Multiset Bounds

I (L, D))++1 (2,(1, 1)
ClassAF511 ++ 1 2

The network is limited, with boundaries equal to
3 — for the present place,

Corr 1 0
present 3 0
ggis ! 0 1 — for Corr,

1 — for the Class location, etc., which corresponds to the source
data. Based on the data of the upper bounds of multisets of places,
we conclude that there are tags in the places in accordance with
the rules of the model

Fairness Properties (fairness transitions)

fuzz1 Just

rule3 Impartial
rule? Fair

defuzz No Fairness

The validity of the fuzz1 transition is justified, the transition of
rule3 is objective, the transition of rule7 is proved, and the transi-
tion of defuzz and of the other transitions is not proved

The presented report contains:

- sections of statistics of the state space — the
number of nodes, arcs and status;

- indicators of the property of reversibility — a
list of returnable markings (Home Markings) and
"dead" markings (Dead Markings);

indicators of survivability properties — a list of
“live” transitions (Live Transition Instances) and
“dead” transitions (Dead Transition Instances);

- indicators of the property of boundedness — the
upper and lower numerical boundaries (Integer
Bounds) and multisets (Multi-set Bounds);

- indicators of the property of fairness of the
conversion transition (Just — justified, Fair — proved,
Impartial — objectively, No Fairness — not deter-
mined).

Thus, a software verification method has been
developed for a fuzzy logical classification system
for airborne objects. It uses fuzzy colored Petri nets
and includes the following steps (Fig. 2):

1. A base of fuzzy production rules is being de-
veloped. These rules apply to a fuzzy logical system.
The system is designed to classify air objects in the
process of monitoring airspace.

2. The set of interpretation rules transforms the
base of fuzzy production rules into the form of fuzzy
colored Petri nets.

3. The model is examined for proper function-
ing. For this, various combinations of source data are
specified. These combinations are performed in dif-
ferent sequences.

4. When an error is detected, its type is ana-
lyzed. After its correction, the program repeats, start-
ing with any of stages 1, 2 or 3.

5. Reports on the total space of states with vari-
ous combinations of source data are issued. A final
report is issued after analyzing the correctness of the
set of reports and correcting errors that have oc-
curred.

Conclusion

1. A software verification method has been
developed for a fuzzy logical classification system for
airborne objects when controlling airspace. Extended
fuzzy colored Petri nets are chosen by the basic
mathematical apparatus for the method. This class of
Petri nets has a great advantage in comparison with
other classes.

98



ISSN 2522-9052

CyudacHi inpopmarniiiai cuctemu. 2018. T. 2, Ne 4

e N
N\ J

1 |

Development of a base of fuzzy production
rules of a fuzzy logical system of

classification of air objects while control-
ling the airspace

2

Transformation of base of fuzzy
production rules into the form of fuzzy

colored Petri nets using a set of rules of
interpretation

3

Investigating the correct functioning of the
model by performing a run using various

combinations of source data for different
run sequences

4

Analysis of the type of Yes
error. Choice to return
and correct the error

A

6

No

Analysis of the correctness of the set of
reports on the full state space with various
combinations of input data

Yes

Mistake?

No

e

N

N
J

Fig. 2. Sequence of actions in the proposed method

It reduces the dependence of the dimension of a
fuzzy network verification model on the dimension of
dynamically interacting domain processes.

2. A base of fuzzy production rules of a fuzzy
logical system and a generalized algorithm for imple-
menting these rules for classifying air objects has been
developed.

3. The fuzzy logical model allows to take into ac-
count the non-stochastic and subjective nature of the
decision-making process on the classification of air ob-
jects.

4. The developed software verification method af-
ter analyzing various types of errors allows to classify
air objects.
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Meton Bepudikanii nporpaMHOro npoayKTy
HEYiTKOI JT0riYHoi cucTeMn Kiacupikanii moBiTpssHuX 00’ €KTiB

0. O. Timouko

V mporieci KOHTPOIIIO MOBITPSIHOrO NPOCTOPY MOBITPsIHI 00’ €KTH BUABIISAIOTHCSA 1 KIIACH(DIKYIOThCS 32 PI3HUMH 3a3]alIeriib
BU3HAUCHUMH KilacaMu. BiHeceHHs 10 KiaciB 31iHCHIOETBCS aBTOMATHYHO 200 BCTAHOBIIIOETHCS aBTOMATH30BAHO Ta € aKTya-
JIbHUM HayKOBHMM 3aBJAaHHAM. METOIO CTaTTi € po3poOka MeTony Bepudikallii mporpaMHOro 3a0e3neueHHs HEdiTKOi JOoriaHoi
cucreMu Kiacugikauii NoBiTpsHUX 00’ €KTiB. 3aBlaHHA BUPILIYEThCS Y HEWiTKiM nocraHoBui. Jns 1 BupilmeHHS po3poOiieHui
BiZNOBiIHMI MeTox Bepudikalil nporpaMHoro npoaykry. Meroxa 6a3yeTbcs Ha HeuiTKuX poddapOoBanux Mepexax Ilerpi i He-
YiTKUX HPOIYKLiMHMX npaBuiax. Po3pobieHa cTpykTypa HewiTKoi Mepexxi Moneni Bepudikanii. OCHOBOIO MOl € HeuiTka
posdapboBana Mepeska [leTpi Uit MopaHHs HEUITKUX MPOAYKIIHHNUX HpaBui Juis kinacugikaiii nopirpsHux o0’ exTi. [ 3pyd-
HOCTI Bi3yasi3allii MoJiesli epeBipKM HEUITKOI Mepexi BBOAUTBCS iHTEpIperallis eIeMEHTIB HediTkoi po3dapOoBaHOi Mepexi
IMerpi. Anaii3 npocTopy CTaHIB HEUiTKOi Mepexi Mozeni Bepudikallii, mo BigoOpaxkae BCi MOXJIMBI MapKyBaHHS i JIO3BOJISIE
OTPHMMATH 3HAYCHHS TIOKA3HHUKIB BCIX OCHOBHMX BJIACTHBOCTEH Mepexi Ilerpi. Moro nobymosa i aHaii3 BUKOHaHH 33 10MOMO-
roto cucremu mozenmoBaHHs CPN Tools. Cucrema moznentoBanas CPN Tools BUKOPHCTOBYeETbCS 1 TOOYIOBY i aHai3y Ipoc-
TOpY CTaHiB. 3a pe3yJabTaTaMy MOJICIIFOBaHHS OyB OTPUMAaHUIl IOBHUII CTAaHAAPTHUIH 3BIT /Ul HEUITKOI JIOT'IYHOI CHCTEMH KJIacH-
¢ikawii noiTpsaHUX 00’ extiB. HaBenenuit pparMeHT 3BiTy 3 BUCHOBKAMH IPO MPaBHIBHICT MOJIEN. 3BIT MICTUTbh PO3/LIN CTa-
THUCTHUKH TIPOCTOPY CTaHiB — KUIBKOCTI BY3JIB, YT 1 CTaTyc, MOKa3HUKH BIACTUBOCTEH 00OPOTHOCTI, 0OMEXKEHOCT1, )KUBYIOCTI i
CIPaBeIMBOCTI CIpaNIOBaHHs NepexoiB. JlaHuil MeTo/| CKITagaeThes 3 11 sTH eramiB. 1. Po3poOka 6a3n HEdiTKUX MPOIYKLIHIX
npasuil. 2. IlepeTBopeHHs 6a3u HEYITKHUX NPOAYKLIHHUX npaBuil B (opMy HediTKuX po3dapOoBanux mepex Ilerpi. 3. Jlocmi-
JUKCHHS NIPaBWIBHOCTI (DYHKLIOHYBaHHS Mozei. 4. AHaJII3 TUITy IOMWIKU NpH i1 BusiBieHHi. Ilicns i xopekuii nporpama mo-
BTOPIOETHCS, MOYMHAIOYH 3 Oy/ib-siKOro 3 eramnis 1, 2 a6o 3. S. Buryck 3BiTiB Ipo 3arajibHUiA IPOCTIp CTaHiB 3 pi3HUMH KOMOiHa-
LiSIMM BUXITHAX JaHUX. 3aKITIOYHUHA 3BIT BUAAETHCS MICIS aHANi3y HPaBHIBHOCTI HAOOpY 3BITIB i BUIPABICHHS HOMWIIOK, IO
BUHUKIIH.

Kar4dosi cioBa: HediTKe NpoxykuiiiHe nmpaBuio; kiacuikanis NoBiTPsHUX 00’€kTiB; 0a3a 3HaHb; (YHKLIA IPHUHA-
JIS)KHOCT1; O3HAKa MOBITPSIHOTO 00’ €KTa.

Merton BepuduKanuy NPOrpaMMHOI0 NPOAYKTA
HEYETKOM JTOrM4ecKol CHCTeMBbI KIACCH()UKAIMH BO3AYNIHBIX 00LEKTOB

A. A. Tumouko

B mporiecce KOHTPOIST BO3AYIITHOTO MPOCTPAHCTBA BO3IYIIHBIE OOBEKTHI 0OHAPYKUBAIOTCS M KJIACCH(DUIMPYIOTCS 10 pa3-
JIMYHBIM 3apaHee OonpeesieHHbIM KiaccaM. OTHeCeHHe K KilaccaM IPOM3BOUTCS] aBTOMATHYECKU MIIM YCTaHABIIMBAETCSI aBTOMa-
THU3UPOBAHHO U SIBJISIETCS aKTyaIbHOM HaydHOM 3anadeil. Llenbro crateu sBisieTcst pa3paboTka MeTona BepupUKaIuy IporpamMm-
HOro oOecredeHNss HeYeTKOM JTOrnIecKod CHCTEMBI KiIacCH(UKalny BO3AYIIHBIX O0BEKTOB. 3a/aya peraercs B HeUeTKOH I10-
craHoBke. J[yist ee pemenus pa3paboTaH COOTBETCTBYIOIINIA METO/ BEpU(PHKAIMU POrpaMMHOI0 Ipoaykra. MeTox 6asupyercs
Ha HEYETKHX pacKpalleHHbIX ceTsx [lerpn U HeYeTKHX MPOAYKIMOHHEIX IpaBmiiax. PaspaboraHa CTpyKTypa HEUETKOH CEeTH MO-
nenu Bepudukarmy. OCHOBOM MOJEIIH SIBIISIETCS] HEUeTKasl pacKpalieHHas ceThb [leTpr Ui npeicTaBieHns] HEUeTKHX MPOTYKIHU-
OHHBIX INPaBWJI JUIsl KJIACCU(HUKAIMM BO3IYIIHBIX 00BeKTOB. sl ymoOcTBa BH3yalM3allid MOJEIH IPOBEPKH HEUETKOH CEeTH
BBOJJUTCSI MHTEPIPETALUsl DJIEMEHTOB HEUETKOU pacKpalleHHO! cetu [lerpu. AHAIN3 MPOCTPAHCTBA COCTOSHUN HEUETKOH CEeTH
MOZIENN BepH(UKAUK OTpakaeT BCe BO3MOXKHBIE MAapKUPOBKHU U ITO3BOJISIET MOYYHTh 3HAUEHHMS ITOKa3aTeleld BCeX OCHOBHBIX
cBoiictB cetu Ilerpu. Ero mocropeHHune m aHann3 BBIONHSUICS ¢ momomibio Monenupyromeld cucteMsl CPN Tools. Cucrema
mozenupoBanuss CPN Tools ucronb3yercst uist TOCTPOSHHUS M aHAJIN3a IIPOCTpaHCTBa cocTosiHuit. [1o pesynpraTam MonenupoBa-
HUs OBUT MOJY4YEH IOJHBIN CTAaHIAPTHBIN OTYET Uil CUCTEMBI HEUETKOW JIOTHYECKON KITaCCU(HKAIMN BO3IYIIHBIX OOBEKTOB.
[IpuBenen ¢gparMeHT oTdera ¢ BBIBOJAMH O NMPAaBUIBHOCTH Moneld. OTYeT COIEPKHUT Pa3feNbl CTaTHCTUKHU IIPOCTPAHCTBA CO-
CTOSIHMI — KOJIMYECTBO Y3JIOB, YT U CTATYC, TOKA3aTEIH CBOHCTB OOPaTUMOCTH, OIPaHUYCHHOCTH, )KUBYUECTH H CIPABEIUBO-
CTH cpabaThIBaHUS Iepexo/oB. JJaHHBIN MeTox BKIIIOUaeT B ceds maTh dtanoB. 1. Pa3paGorka 6a3pl HEUETKHX IPOIYKIIMOHHBIX
npaBui. 2. [IpeoOpa3oBanne 6a3bl HEUETKUX MMPOLYKIIMOHHBIX IPaBWI B ()OPMY HEUETKUX packpamieHHbIx ceteil [lerpu. 3. Uc-
Clie/IoBaHKe MPABIIBHOCTH (DYHKIMOHUPOBAHUS MOJETH. 4. AHanM3 TUIA OMMOKY IpH ee oOHapyxeHuu. [locne ee KoppeKuuu
IporpamMma IOBTOpsIETCS, HAUMHas ¢ J1t000ro 13 atanos 1, 2 wim 3. 5. Beimyck orueToB 06 00IIeM MPOCTPAaHCTBE COCTOSHUI €
Ppa3IMuHBIMU KOMOMHAIMSIMU UCXOIHBIX JaHHBIX. OKOHYATENbHBIN OTYET BBIJAETCS II0CIIe aHan3a IPaBIIBHOCTH Habopa oTde-
TOB Y HCIIPABJICHHS] BO3HUKIIUX OIIHOOK.

Kamo4ueBble cjoBa: BOSZ[yI.HHLIﬁ O6T)CKT; KJ'[aCCI/I(i)I/IKaLII/IH; Bepmbnkam/m IIporpaMMHOIo O6eCl'Ie‘-I€HI/I$[; packpallieH-
HBIC CCTU HerpH; HEYCTKOC NPOAYKIIMOHHOC IIPpaBUjIo; METOL Bepl/l(i)I/IKaLII/II/I.
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