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HpeI[J'IaFB.IOTCﬂ ABTOMATHO-OPHUCHTHPOBAHHLIC MCTO/bI

u

Cpe€acrBsa CEMAHTHYCCKOr0 aHajlu3a W KOHTPOJIA

JuarpaMMaTu4eCKux MO[[CJ'ICI‘/‘I IIpU MPOCKTUPOBAHUU CIIOKHBIX aBTOMATU3UPOBAHHBIX CUCTCM. B xadecTBe OCHOBHOI'O

rpaduueckoro 6as3uca BeiOpaH 1351k UML

KaroueBrble cJjioBa: ABTOMATU3UPOBAHHAA CUCTEMA, JUarpaMMaTrKa; CEMaHTHYCCKUM aHAIU3 U KOHTPOJIb

BBenenune

B moBbIIeHUN YCHEMIHOCTH Pa3pabOTKU: CIOXKHBIX
aBromMatu3upoBaHHbIx cucteM (CAC) KiIIOueByIO poiib
urpaet pa3paboTka KaueCTBEHHBIX AUArpaMMaTHYECKUX
MoJesiell, OCOOCHHO Ha JTamaxX KOHICTTYaIhbHOTO
npoekTrpoBanus [Adanacses, 2012a]. Henonbs3oBanne
JMarpaMMaTHKH 3HAYUTEIBHO TIOBBIIIACT
3(h(HeKTUBHOCTB TpoIiecca MPOSKTUPOBAHNS U KAYECTBO
CO3/1aBaeMbIX CHCTEM 3a CYET YHU(HUKAINH S3BIKa
B3aUMOJEHCTBUSI yyaCTHUKOB mpouecca co3nanus CAC,
CTPOTOro JIOKyMEHTHPOBaHUS MIPOEKTHO-
APXUTEKTYpHBIX, (QYHKINOHAIBHBIX  pEHICHHH W
(hopmManbHOTO. KOHTPOJISI KOPPEKTHOCTH JMAarpaMMHBIX
HOTAIAH.

Haubonee pacrnpocTpaHEHHBIM B TNPOMBIIUICHHOM
MPaKTHKE JMarpaMMaTHIeCKIM UHCTPYMEHTOM,
UCHOJIB3yeMbIM  Ha Bcex dTamax coszgaHus CAC,
apisiercs A3blk UML. OnHako B COBpEMEHHOU TEOpHHU
n mnpaktuke npumenenuss UML-auarpammaruku B
npoextupoBannn CAC Habironaercsi ciaboe pa3BUTHE
METOJIOB U CPEJCTB aHAIN3a U KOHTPOJSI KOPPEKTHOCTU
MPOEKTHPYEMBIX auarpaMM. OTCYTCTBYIOT CpeacTBa
KOHTPOJIA KOPPEKTHOCTH CEMaHTHYECKO
COTJIACOBAaHHOCTH TUATPAMMHBIX HOTAIlMi B MpoIecce
KOJUIGKTMBHOTO TPOEKTHpOBaHUsA. JlaHHBIE (aKTHI
OTKPBIBAIOT  JIOTIOJIHUTEIbHBII  HCTOYHHUK  TPYIHO
JTUATHOCTHPYEMBIX M «IOPOTHX» OHIMOOK B CO3JaHHU
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AC, ¥X aHanu3 U KOHTpPOJIb SBISIETCS AKTYAJIbHOM
HAYYHO-TeXHUYEeCKOil 3a1aueil.

MHuoroyposHeBbie RVM-rpammaruku

Lenpto paboThl sBISETCS pacUIUpeHUe Kiacca
JTUArHOCTHPYEMBIX OIIOOK B mporecce
npoekxTupoBanuss CAC 3a CUET pa3BUTHSA U peaH3alid
METOJIOB U CPEICTB aHAIM3a U KOHTPOJIS AUATPAMMHBIX
HOTAI[M, YTO TO3BOJIIET COKPATUTH OIIMOKHA W BpeMs
coszganus CAC.

bazoBgrit MaTeMaTHYSCKHUI arnmnapar
CEMaHTHUYECKOTO aHaju3a M KOHTPOJII OCHOBaH Ha
npuMeHeHnu cemeiictBa RV-rpammaruk [AdanackeB
2012a, Hlapos 2005, 2008, 2011].

ITpn KOJUIEKTUBHOM
JuarpaMMaTHuYeCKUe — MOJEINU
HEPAPXUUECKYIO CTPYKTYpPY (KOMIITIEKCHBIE
JIarpaMMsl), KOJINYECTBO TEPMOB B HUX
YBEJINYHUBAETCS MHOTOKPaTHO. Knaccrnueckas
rpadudeckas RV-rpaMmarnka cTaHOBUTCSI TPOMO3IIKOH,
ee pa3paboTKa YCIIOXKHSETCs, He oOecreuynBaeTcs
KOHTPOJIb B3aUMOCBSI3aHHBIX BEPLUIMH M JHarpaMMm
KOMIUIEKCHBIX ~ Mogened. [l ycTpaHeHus  3TUX
HEJ0CTaTKOB MpeaJlaracTcs annapar MHOIOYPOBHEBBIX
IrpaMMAaTHUK.

MPOEKTUPOBAHUU
UMEIOT  CJIOXKHYIO

PaccmotpuM  MHOTOypOBHEBYIO cucteMy RV-
rpaMMaTdK, TPEICTaBICHHYI0 B BHIE KOpTeXa U3
YeThIpEX HJIEMEHTOB:



RW =<n,2"RV"1, >,

n .
rae N — HUHAEKC TPaMMATUKy; ), — andaBuT N-if

rpammatuky; RV" — MHOXECTBO MNpoayKmui N-if
rpaMMaTHKH; [ — akcuoMa TIpaMMAaTUKU BEPXHEro
YPOBHSI.

I'pammatuka RV'comepxuT B Ka4ecTBE OJHOTO H3
cocrosHuii rpammatuky RV! . I'pammaruka RV’

TaKXXe MOKET ObITh COCTABHOM.

RV"

yrnopsaao4€HHas nmATEpKa HEIMYCThIX MHOKECTB

rpammarukoit  s3eika  L(G)  sBisercs

G=(V,Z,5Rr,).

rie V={y,|=1,L} - aribasur omepaumii Han
={a,t=1T}

rpauIecKkoro

BHYTpPEHHEHN NaMSTBIO; -

TepMHUHAJIBHBIN  andaBuT SI3bIKA

(MHOXECTBO TNPHUMHTHUBOB TpaUUECKOro  S3bIKa);

> ={a,t= ]? } — KBasuTepMHHAIBHBIA andasur,

SIBJISIFOLLMICS paclIMpeHHEM TePMUHAIBHOTO andaBuTa.
Ancdasur BKIIOYAET:

— KBasWTepMBI TpapuUecKuX OOBEKTOB, HE
SIBIISTIOIINXCS TIPOIOIDKATEISIME aHAJH3a,

—  KBasuUTepMBl  TpadHUUECKHNX  OOBEKTOB,
AMEIOIMX 00Jjiee 0HOI0 BXO/a,

—  KBa3UTEepPMBI  CBsA3eH —  METOK C
OTIpEJICNICHHBIMU ~ JUIS ~ HUX  CEMaHTHYECKHUMH
Pa3IUYUUAMU,

— KBa3UTEPM JJIsl 3aBEPIICHUS aHATHN3a;

R:{ri ) :]j} — cxema rpamMmatukd G (MHOXECTBO
MMEH KOMIUIEKCOB HPOAYKLUMH, NpUYEM KaKIblId

KOMIIJICKC ri COCTOUT u3 IMOIMHOXKECTBA PI

j
mponykwmii 1, ={R, j =1,J});
g € R akcmoma RV-rpamMarvku (MMsi HauaibHOTO

KOMILIeKca Mpofykimi), I € R — 3akmountenbHbiit

KOMIUIEKC TPOLYKINN.

Tponykuus B € j mmeer Bu:
=~  Wr(q-
3 ly (710 V) r,
rme W,(y,...,7,) — MapHoe  oOTHOmEeHNe,
onpejieNsiomee BUI ONEPAlMU  Hajl BHYTPEHHEH

namsTeio B 3aBucumoctu ot Y €{ 0,1, 2, 3} ; 'm € R

— UMs KOMIUICKCAa NPOAYKIHH — IMTPEEMHUKA.

B crpykrypy BHYTpeHHEM NaMATH BXOIAT CTEKH
ISl 00paboTKM TpadudecKuXx OOBEKTOB, HMEIOIIUX
Oosiee OJHOTO BBIXOAA, M OJIACTHYHBIE JICHTBHI IS
00paboTku rpaduvyeckux OOBEKTOB, UMCIOIIHUX OoJiee
OJTHOTO BXO/1a.
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CucreMa RVM monydaeT ¢ BXOJHOW JICHTHI
CHMBOJIBI TEPMUHAIBHOTO aj(aBuTa W MepeaaeT ux Ha
COOTBETCTBYIOIIMHA YPOBEHb. JIEMEHTHI, KOTOPHIC
MEePEeBOJSIT TPAaMMAaTHKy Ha JIPYrod ypoBEeHb, Ha30BEM

«cabrepmamu». Torma ommcanme RV" -rpammaTHKn
MPHUMET BHJ!

G=(V,5,%,5 R ).

rIe 2, — MHOXECTBO CabTEpPMOB, T.C. IJICMCHTOB
rPaMMAaTHKH, IEPEBOSIINX aBTOMAT HA CICAYIOIINH
OoJiee HU3KUI YPOBEHB.

HpO,HyKHI/IH, CcoZcpIiKalias ca6TepM, UMEECT BUM!

— W (yq7p)
ag —L A e
P+l
0
e r0”+1 — KOMIUIGKC-IDEEMHHMK — HadyajbHBIH

n
KOMIUIEKC TpaMMaTHKi ciefyiomero yposrs, I, —
KOMIUIEKC-TIPDEEMHHK, K KOTOPOMY HPOHM3BOMTCS
epexo 1 IpHU JOCTHKEHHH rk'”l.

CeMaHTHUYECKHUIl AaHAJIN3 U KOHTPOJIb

IIpy KOJUIEKTUBHOM IPOEKTHPOBAHUM Ba’KHBIM
SIBIISICTCS KOHTPOJIb OHTOJIOTHYECKON COTIIACOBAaHHOCTH
KOMIUTEKCa TMPOCKTHPYEMBIX mauarpamMM. OmmOku
TAKOTO THIIA SIBITIOTCS CEMAHTHYECKAMH. B 3TOM
IUTaHe JUIA aHajh3a CEMaHTHYECKOW KOPPEKTHOCTH
MIPEIIOKEHO HCTIOJTB30BaTh MHOTOYPOBHEBYIO
rpaMMaTuKy. BepXHHM ypOBHEM MHOTOYPOBHEBOM
rpaMMaTUKU SIBJIACTCA rpaMMaTuKa AuarpamMmm
BapHaHTOB HCIIOJIb30BaHMs, Tak Kak paspadbotka AC,
corinacHo Metoaojoruu RUP, HaunHaeTcs MMEHHO C
9TOi Auarpammebl. B mporecce aHanu3a HakaruimBaeTcs
CeMaHTUYeCKass nHGOPMAIIHS O MPESIMETHOW 00JIacTH B
Buze rpada cBA3eH  MEXIy CEMaHTHUYECKHMH
MOHATUSMH (TexcroBoit nHpopMarmeit),
HArpy>KCHHBIMU K OJIOKaM U CBs3sM auarpamm. Kaxmas
HOBasg JWarpaMma aHAU3UpyeTCs Ha  yCIOBHUSA
HETPOTHBOPEIHUBOTO pacuupeHus MOHATHI
MPEeIMETHON OOJIACTH.

IIpyn nmocTpoeHMM NEPBBIX AMATPAMM IIPOBEPSETCS
TOJIbKO CEMAHTHYECKAs HENMPOTHBOPEUYUBOCTH BHYTPH
JuarpaMmbl: BO3MOXKHOCTb HCITIOJIb30BaHUA MHOHATHH B
cemanTtuueckoi mape. Ilpm ngoGaBieHHMH  HOBBIX
JarpaMM TPOBEPSETCs COTJIACOBAHHOCTD JMarpaMMbl
000CcO0JIEHO W Ha COIVIACOBAHHOCTh KOMILIEKCHOM
Mozenu npoektupyemont AC.

Jlnist mpoBepKH KOMIUIEKCHOW MOJIENI HE00X0IuMO
MOCTPOUTH rpad) CEeMAHTHYECKUX CBA3EH MEXAy
anemenTamu AC. Jlnist penieHns JaHHOH 3a1auy BEIOpaH

aJlalTUPOBAHHBIA  METOJ  JIEKCUKO-CHUHTAaKCUYECKUX
1a0JIOHOB.

[IpennoxeHHbIit METOH, TI03BOJISIET
JIMarHOCTUPOBATH cIieIytonie CEeMaHTUYECKHE

oIIMOKU: bonbinas CHHOHUMHUS, AHTOHUMHS OOBEKTOB,



KonBepcuBHOCTE OoTHOmeHWH. OaMH ©3 KIAcCOB
OomuOOK HEe KOHTPONHUPYETCS NPEATIOKEHHBIM METOIOM
— HECOBMECTUMOCTHh OOBEKTOB.

P a3pa60TaHHBIe MCTOAbI aHalru3a W KOHTPOJIA
TMO3BOJIAIOT JAUArHoCTUPOBATH OHII/I6KI/I, pa3acJICHHBIC
KOHTCKCTOM, a TaKXC€ CCMaHTHUYCCKHUC OHII/I6KI/I,
KOTOpPbIC HC OIPCACIIAIOTCA B OOJILIIMHCTBE
COBPCMCHHBIX PCAaKTOPOB.

B mpomecce wuccnemoBaHus
CIIEIYIOIINE KIAcChl OINOOK,
muarpammax UML (tabmuma 1).

ObUIM  BBISBIICHBI
BCTpEUAONINECA B

Tab6muua 1 — Knaccesr ommbox UML-auarpamm

No A
"

~ =

Tun ommOxu

+ (>
ali=p
+ R =

OTCyTCTBHE CBSI3U +

OmmnOxka nepexadn
yIpaBICHUs

Ommbka
BXOJIOB

KpaTHOCTH

OmnOka
BBIXOJI0B

KpaTHOCTHU

Henonycrumas cBs3p

OmnOKa cBA3Hu

Ommbka ypoBHS 10cTyna

Omnbka
COO00IIEHHS

nepenadn

O 0N O b W Nk

Omubka nenerupoBaHUs
yIpaBJICHUS

=
(@)

KoanuectBennas ommoOka
9JIEMEHTOB IHarpaMMBbl

Hckirouaromme
HeBepHOFO THUIIA

11

CBA3U

12

BbI30B, HanpaBicHHBINA B
JIMHUIO )KU3HU

13

Hecssi3annas cBs3b

14

Hapymenue
3aBUCUMOCTEH

KpaTHOCTHU

Bzaumouckiouaronye
CBSI3U

15

16

MHoxecTBEHHAS CBSI3b

17

beckoHEUHEBIN KT

18

Komabuessle cBs31

19

CHHXPOHHBIN BBI3OB [0
TIOJIyYEHHUS OTBETA

20

Ommbxa YAaJIEeHHOTO
KOHTEKCTa

B TadIUIe HCIOJIb30BaHbI crenyroume
cokpamenusi: I — nuarpamma ucnoss3oBanusi, A —
nuarpamma  aktuBHoctH,  [I1 Jmarpamma
nocnegosarenabHoctu, JJK — nuarpamma xnaccos, P —
Juarpamma pa3BepTbIBaHUSL.

HccnenoBaHue COBPEMEHHBIX CHUCTEM CO3JaHUS
nuarpammarudyeckux Hotauuii UML nokasaso, yTo oHH
MO3BOJSIIOT ~ OOHApY)XHUBaTh HepBbIE 16 u3
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MEPEUNCIICHHBIX THIIOB OMIMOOK. ABTOPCKHH ammapar
RVM-rpammatuk  mo3BosiseT ~ OOHapykuBaTh 4
JIOTIOJTHUTENBHBIX THIIA OMIMOOK: MHOXKECTBEHHAsI CBSI3b,
KOJIBLICBBIC CBSI3M, CHHXPOHHBIH BBI3OB JI0 MOJYYCHUS
OTBETa, OIHUOKA YIAaJICHHOTO KOHTEKCTA.

OmwnOKoi  yAaleHHOT0 KOHTEKCTa Ha3bIBACTCS
omuOKa, BO3HHMKAIONIasi B MapHBIX D3JEMEHTaXx,
HalpuMep, YCIOBHOE BETBIECHUE U CIHMSIHHE YCIOBHBIX
BeTBeil, U XapaKTepu3yIoIascs BO3MOXHBIM
MPUCYTCTBHEM HEOTPAaHWIECHHOTO KOJIMYECTBa OJIOKOB 1
cBszelt Mexxay HUMH. [IpruMepoM Takoil OIIMOKH MOXKET
CIIy’)KHUTh  yCIIOBHOE BETBJICHHE Ha JHarpaMme
aKTHBHOCTH, KOTOpPOE IIPEIIOJIATacT . NCIIOJHEHUE
TOJIBKO OJHOM U3 BO3MOXHBIX BETBEH, U MapHOE €My
CIHMSHUE TapajuleNbHBIX BETBEH, KOTOpOE MepeaaeT
yIpaBJle€HUE Jalblle TONBKO IPU TOCTIDKEHHHM BCEX
BXOJHBIX CBsi3ell. Takoe coueTaHUe IIEMEHTOB HUKOIa
HE MO3BOJIUT JOCTUTHYTh KOHLA HaTrPaMMBI.

Pa3paboTanbl mporpaMMHBIE CpEACTBAa aHaiW3a M
koHTpoist [AdanacekeB, 20126, Bbparun, 2013]:
aHAIM3aTOP JAWArpaMMATHYECKHX MOJENEH MOTOKOB
OM3HEC-TIPOLIECCOB  BONPOCHO-OTBETHOI ~ CHCTEMBI
MOJETUPOBAHUS CAC, CHUHTaKCUYECKHU-
OpUEHTUPOBaHHBIN  aHanu3zarop UML-guarpamm 1uis
MS Visio, ceTeBasg cucreMa aHaidM3a W KOHTPOISA
JUarpaMMaTHK{  MOJICNICH, IIpe/lararomas MOJTHBIH
Ha0Op (YHKIMOHAJIBHOCTH I aHaIW3a M KOHTPOJSI
CHHTAKCUYECKUX U CEMAHTHYECKUX OLITHOOK.

WHerpymenTapuil mocieaHel CUCTEMBbl I03BOJISAET
BBIMOJIHATh ~ CJICAYIOIIME OCHOBHBIC (YHKIMM IS
TOJIb30BATENS:

ousHec-
pa3IUYHBIX

CO3/IaHue
MPOLIECCOB c
rpadUueCKUX A3bIKOB;

— Jno0aBjeHHE HOBBIX HOTAlMid B rpaduyeckue
SI3BIKH;

[uarpamMMm  MoJjenei
HCTIOJIb30BaHUEM

aHaIu3 MTOCTPOEHHBIX Jmarpamm, C
ucnojp3oBaHueM anmapata RVM-rpammaruk, 10
MPeIBAPUTEIHHO 3aTPYKCHHBIM B CHCTEMY OIUCAHUSIM
SI3BIKA ¥ TIPaBHUJIAM aHAIN3a;

— no0OaBJeHHE HOBBIX AQITOPHTMOB aHaHM3a C
ITOMOIIIBIO IIJIarMHOB;
no0aBlIeHNE CHHTAKCHYECKHX M CEMaHTHYECKHUX
npaBujl rpad)UuecKuX SA3bIKOB, JIS HCIOJIb30BAHHUS B
RV M -ananuzatope;
CO3/7IaHME B3aMMOCBSI3U MEXIy MOCTPOSHHBIMHU
MIPOEKTUPOBIIUKAMH JTUArpaMMaMH;
OJTHOBPEMEHHBII JIOCTYI HECKOJIBLKUX
MPOEKTUPOBIIUKOB K ©0a3e JaHHBIX MMOCTPOECHHBIX
JTHarpaMM.

3akiouenue

IIpennoxkeH  MeTrox — aHanu3a U KOHTPOJIS
CEMAHTHYECKUX OIIMOOK JuarpaMMaTu4CeCKux MO}IGJ’IGﬁ
B COCTaB€ KOMIUIEKCHOW JuarpamMmbl, CO3/IaHHOW B
mporiecce KOJUIEKTUBHOTO IIPOEKTHPOBAHUS, HA OCHOBE
aBTOMaTHBIX rpaduaecknx RVM-rpammatok. RVM-

rpaMMaTHUKA [IO3BOJISIOT 00HapyKUBaTh 4
JIONOJHUTENBHBIX THIIA OMINOO0K, 4To cocTasisieT 20 %
or  obmero  uyucia  OMIMOOK. PazpaboTansl



HWHCTPYMCHTAJIbHBIC CpeacrtBa CEMAHTHUYCCKOI'O
aHaJIn3a U KOHTPOJIL AUarpaMMaTuieCKux Mo,ueneﬁ.
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Offered automaton-oriented -methods and means of
semantic analysis and control of diagrammatical models
in the design of complex automated systems. As abasic
graphical basis chosen the UM L

I ntroduction

In a pinch, the successful development of complex
automated systems (CAS) plays a key role to develop
quality diagrammatical models, especially at the stage
of conceptual design. Using diagrammatic significantly
increases the efficiency of the design process and the
quality of the systems by unifying language of
interaction between participants of the process of
creating the CAS, rigorous documentation of
architectural design, functional solutions and formal
control of correctness of diagram notations.
The most common in industrial practice diagrammatic
tool used at al stages of CAS, is the language UML.
However, in the modern theory and practice of using
UML-diagram in designing CAS observed weak
development of methods and tools for analysis and
control of the correctness of the designed diagrams.
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There are no means of controlling the correctness of
semantic coherence diagram notation in the process of
collective design. These findings open up an additional
source of difficult to diagnose and "expensive" errorsin
the creation of the CAS, analysis and control is an
important scientific and technical problem.

Main Part

The aim isto expand the class of diagnosed errorsin
the design process of CAS through the development
and implementation of methods and tools for anaysis
and control of diagram notations, reducing errors and
timethe CAS.

When collective designing diagrammatical models
have a complex hierarchical - structure (complex
diagrams), the number of terms they increased many
times. Classicadl graphic. RV-grammar becomes
cumbersome, its development is complicated by the
non-controlling interconnected nodes and diagrams of
complex models. To address these shortcomings is
provided an apparatus multilevel grammars.

When designing the collective control is an
important ontological consistency complex designed
diagrams. Errors of this type are semantic. In this
respect, to analyze the semantic correctness is proposed
to use a multi-level grammar. The upper level of a
multi-level grammar is a grammar use case diagrams as
well as the development of the CAS, according to the
methodology RUP, starts with this chart. In analyzing
the semantic information is stored on the domain as a
graph of relations between semantic concepts (textual
information), loaded to the blocks and relationship
diagrams. Each new diagram is analyzed for conditions
consistent expansion domain concepts .

The proposed method makes it possible to diagnose
the following semantic errors; Large synonyms,
antonyms objects of conversion relations. One class of
errors is not controlled by the proposed method -
Incompatible objects.

The methods developed for the analysis and control
can diagnose errors separated context and semantic
errors, which are not defined in most modern editors.

Software tools for analysis and control analyzer
diagrammatic flow models of business processes
Question answering modeling CAS, syntax-oriented
anayzer UML-diagrams for MS Visio, network system
anaysis and control diagrammatical models offered full
set of functionality for analysis and control of syntactic
and semantic errors.

Conclusion

Proposed a method for analysis and control of
semantic errors diagrammatic’s models in complex
diagrams created in the process of collective design,
based on the automatic graphics RVM-grammars.
RVM-grammar alow to detect 4 additional types of
errors, which is 20% of the total number of errors.
Developed tools of semantic analysis and control of
diagrammatic’s models.





