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Teoperuueckasi 4acTh

Stateflow - wWHCTpYMEHT /Ui  YHCICHHOTO  MOJCIUPOBAHUS  CHUCTEM,
XapaKTEePU3YIOUINXCSA CIOKHBIM TIOBeJAeHHEeM. K YHCIly Takux CHCTEM OTHOCSTCS
rHOpHIHBIE CcUCTeMBbl. [IpuMepaMu THOPHIHBIX CUCTEM MOTYT CIYXHTh CHCTEMBI
yIpaBJICHHUS, UCTIOJIb3yEeMEbIe B MPOMBIIIUIEHHOCTH (aBTOMATH3MPOBAaHHBIC
TEXHOJOTMYECKHE TMPOIECChl), B OBITy (CIOXHBIC OBITOBBIC MPHOOPHI), B BOCHHOU
obsactTi  (BBICOKOTEXHOJIOTHYHBIC BHIBI BOOPYXKCHHUI), B cdepe KOCMOHABTHKH,
TpaHCIIOpPTAa M CBSI3U. Bce 3THM CUCTEMBI COCTOST W3 AHAJIOTOBBIX M JHCKPETHBIX
KOMIOHEHTOB. Ilo3ToMy rHOpHIHBIE CHUCTEMBI - 3TO CHCTEMBI CO CIIOKHBIM
B3aMMOJICHICTBUEM JHCKPETHON M HENpepbIBHON AMHAMUKH. OHU XapaKTEpPHU3YIOTCS HE
TOJBKO HEMPEPHIBHBIM HW3MEHEHHEM COCTOSIHHS CHCTEMbI, HO M CKa4KOOOpPa3HBIMH
BapHallMsIMU B COOTBETCTBUU C JIOTUKOH pabOTHI YIPABISAIOMIEH MOJICUCTEMBI, POJb
KOTOpPOH, KaK WPaBHUJIO, BBIMOJHSAET TO WIM HMHOE BBIYHCIUTEIHLHOE YCTPOHCTBO
(kOoHEYHBII aBTOMAT).

He yauBuTEn»HO, 4TO B COOTBETCTBUM C W3MEHEHHEM OKPYXKArOIIEro Hac MUpa
MEHSIOTCS W TOAXOJBl K €ro aHammiy. MojaenupoBaHue (QU3MKU TEXHOJOTHUYECKUX
nporeccoB  (HENMpepbhIBHAST  COCTABISIONIAs TOBEACHUS  CHCTEMBI)  JIOMOJIHSCTCS
MOJICTUPOBAHAEM JIOTHKH pabOTHl yNPaBISIONIMX HUMH YCTPOHCTB  (IMCKpETHAs
KOMITOHEHTa). MaremMaTH4yecKkuii anmapaTr ONMUCAHUS B JAHHOM Cly4ae - 9TO CHUCTEeMa
ypaBHeHUU, HO He auddepeHIHAIbHBIX, a auddepeHIuaIbHO-AIre0panaecKo-
JIOTUYECKUX, JUII KOTOPBIX OTCYTCTBYET CTpPOWMHAs TEOPHsI W €AMHBIN moaxon. Tak ke
OOCTOUT JIeJI0 U C HATrMSAHOCTHIO. Bu3yanmuszamus mpoTekaHusi (pU3HMUecKux MPOIECCOB
oOecrieynBanach rpapuKaMu U3MEHEHHUSI BO BPEMEHHU TeX WM MHBIX BennuuH. [lombiTka
TaKOr0 TpadU4eCcKOro TMPEACTaBICHUS TPOIECCOB B PEAKTUBHBIX CHCTEMAaX MOXKET
3aKOHYHTHCS HeyaauyHo. OCHOBHBIMH TIPUYMHAMU 3TOTO SIBISIOTCS MHOTOKPAaTHOE

BO3pacCTaHUC KOJIUYICCTBA OTO6pa)KaeMBIX BCJIMYHWH U OTCYTCTBUC HaA l"pa(i)I/IKaX



nH(OPMAIIH O TIPUIUHHO-CIICACTBEHHBIX CBS3SIX MEXKTY U3MCHSFOIIIMMHUCS
MIEPEMEHHBIMU COCTOSIHUSA.

B HacTtosimee Bpems WIS MOJAEIHMPOBAHUSA JUCKPETHOW TWHAMUKHU PEAKTUBHBIX
CHUCTEM IIIUPOKO HCIOJb3yeTCs MmpeaaokeHHbid J[. Xapemom BU3yanbHBIN (HOpMaTH3M -
Statechart (amarpammber coctosiHUT W mepexonoB). OCHOBHBIE HerpapHUyYEcKue
KOMITOHEHTBI TaKUX JHarpaMM - 3TO COOBITHE W JeHCTBHE, OCHOBHBIC Tpaduueckue
KOMIIOHEHTHI - COCTOSTHUE U TIEPEXO/I.

CoOpITHE - HEYTO, MPOUCXOASIIEe BHE pacCMaTpPUBAEMON CHCTEMBI, BO3MOXXHO
TpeOysl HEKOTOPBIX OTBETHBIX JeWcTBUH. COOBITHS MOTYT OBITh BBI3BaHBI MOCTYILJICHUEM
HEKOTOPBIX JTaHHBIX HJIM HEKOTOPBIX 3aJAlOlIMX CUTHAJIOB CO CTOPOHBI YEJIOBEKA WIIH
HEKOTOpO# Apyroii dactd cucteMbl. COOBITHS CUMTAIOTCS MIHOBEHHBIMH  (JIs
BBIOPaHHOTO YPOBHS a0CTparupoOBaHMUs).

JleficTBUS - 3TO pEeaKIIUU MOJCTUPYEMON CUCTEMBI Ha coObITHs. [1lo106HO
COOBITUSAM, IEUCTBUS IPUHATO CUUTATH MTHOBEHHBIMH.

CocrosiHue - yCIOBHS, B KOTOPBIX MOJIeTUpyeMasi CUcTeMa MpeOdbIiBaeT HEKOTOPOe
BpeMs, B TEUYCHHE KOTOPOTO OHa BeaeT cels OJMHAKOBBIM o0pa3oM. B mmarpamme
MEePEeX0J0B COCTOSHUS TPEACTABICHBI MPSIMOYTOJbHBIMU TOJISIMU CO CKPYIJICHHBIMU
yIJIaMH.

Ilepexom - W3MEHEHHE COCTOSHHS, OOBIYHO BBI3BIBAEMOE HEKOTOPBIM
3HAUYUTENbHBIM COOBITHEM. Kak mpaBuio, COCTOSTHUE COOTBETCTBYET IPOMEKYTKY
BPEMEHH MEXJy JBYMsI TaKUMHU COOBITHsMH. [lepexo/pl MOKa3bIBAIOTCS B JAUarpaMmmax
MEePEXO0B JIUHUSIMHU CO CTPEIIKaAMH, YKa3bIBAIOIIMMU HAMPABIECHUE MIEPEXO/IA.

Kaxxnomy nepexoay MoryT ObITh CONIOCTABJICHBI YCIOBUS, IIPU BHITTOJTHCHUU
KOTOPBIX MIEPEX0]T OCYILIECTBISAETCS.

C KaxapIM TMEpexoJOoM U KaXJbIM COCTOSSHUEM MOTYT OBITh COOTHECEHBI
HEKOTOphIe AeiicTBUsA. JIeHCTBUS MOTYT JIONMOJHHUTEIBHO O0O3HAUaThCs Kak JAEUCTBUS,
BBITIOJIHSIEMBIE OJHOKPATHO TMPU BXOJE B COCTOSIHHME, JCHCTBHSI, BBIIOJIHSIEMBIC
MHOTOKPAaTHO BHYTPU HEKOTOPOTO COCTOSIHUSI; JIEWCTBHS, BBINOJHIEMbIE OJHOKPATHO
IIPY BBIXOJE U3 COCTOSTHHUS.

s npenotBpauieHuss 3d@exra BO3pacTaHUsl CIOKHOCTH HPU MOJEITUPOBAHUU
OOJNBIINX CHUCTEM OBLIM MPEUIOKEHBI JajdbHEWIne ycoBepIIeHCTBOBaHMSA. Hapsany c

COCTOSIHUSIMU TETIEPh MOTYT MCIIOJIb30BAaThCsI THIIEPCOCTOSIHUS (CYTIEPCOCTOSHUA),



00BEIMHSIONINE HECKOJIBKO COCTOSHUM, MMEIOIMX UJSHTUYHYIO PEAKIMIO Ha OJHO U TO
xe coobiTue. Ilpu 3TOM BMecTO n300pakeHusl TaKUX NEPEX0J0B B HEKOTOPOE COCTOSIHUE
U3 BCEX COCTOSHHM, OXBaTBIBAEMBIX THIIEPCOCTOSIHHEM, H300pa)kaeTcs TOIBKO OJUH
MepexXo] W3 THUIEPCOCTOSHUS B yKa3aHHOE cocTosiHhe (00O0OLIeHHEe Mepexo/oB).
['umepcocTossHUS TEOPETHYECKH MOTYT WMETh TMPOHU3BOJBHYIO TIYyOMHY BIIOKCHHS.
[lepexoapl M3 TUNEPCOCTOSHUS  CBSI3aHBl CO  BCEMHM  YPOBHSIMH  BIIOXKEHMS.
I'mnepcocrosiaust MoryT 00benuHATh NJIN-cocTosiHus (TTOCIe10BaTeIbHBIC COCTOSIHUS) U
U-cocrosinuss  (mapaienpHble  COCTOsIHMS). B mepBoM  ciaydae, Tmepedas B
TMIIEPCOCTOSIHAE, CHUCTEMa MOMKET HaXOJUThCS TOJBKO B OJHOM H3 COCTOSIHMHA. Bo
BTOPOM clly4ae CHCTeMa, Nepeilisi B TUIEPCOCTOsIHUE, OyIeT MpeObIiBaTh OJJHOBPEMEHHO
B HECKOJIBKHUX COCTOSTHUSIX.

JluarpaMMbl COCTOSIHUN U MEPEXO0JI0B B HACTOSIIEE BPEMsI IIUPOKO UCIOIb3YIOTCS
JUIE MOJIEIMPOBAHMU CIIOKHBIX CHCTEM. JlOCTAaTOYHO YNMOMSIHYTH YHU(DHUIMPOBAHHBIHI
s3eik MomenupoBanus (Unified Modeling Language (UML)), ogHuM u3 3J€MEHTOB
KOTOPOTO SBJIIOTCS AUarpaMMbl COCTOSTIHUM U s13bIK ''['padcer”, KOTOPBIM UCHOIB3YIOTCS
MIPH TPOTPAMMHUPOBAHUH JIOTHYECKAX KOHTPOJIIEPOB CUCTEM aBTOMATH3AINH.

CyIIecTBEHHO TOBBIMIACT CTEMEHb HATJSJHOCTH MOJENU  HCIIOJb30BaHUE
MMUTALIMU, 0TOOpaXKkaroleil ”3MEHEHHS B CHCTEME, COITPOBOXKIAIOIINECS ITEPEX0laMu OT
OJTHOTO COCTOSTHUS K ipyromy. [locTpoeHne Takux MMHTAITMOHHBIX MOJIEIel BO3ZMOKHO C
ucnoip3oBanueM mporpamm Stateflow u  Simulink, Bxomsmmx B coctaB makera
MATLAB. MATLAB o0ecneunBaeT JAOCTYll K pa3du4yHbIM THIAM JIaHHBIX,
BBICOKOYPOBHEBOMY  TMPOTPAMMHPOBAaHHIO M WHCTPYMEHTAJIBHBIM  CpPEJCTBaM
Busyanu3auu. Simulink moanepxuBaeT npoekTUpoOBaHNE HENPEPHIBHBIX M AHUCKPETHBIX
JMHAMHUYECKHX CHCTeM B Tpaduueckoii cpeme (B Buae Omok-cxem). Stateflow -
IMarpaMMbl, HWCHOJB3YyIOMIKME BU3yalbHbIH ¢GopmanmusMm JI. Xapena, BKIIOYAIOTCS B
Simulink -momenu, uYTOoOBI 00€CIEYUTH BO3MOXKHOCTH MOJICIUPOBAHUS IPOIECCOB,
ympaBisieMblx coObiTHsiMu.  Stateflow oOecneumBaer sicHoe ommcaHWe ITOBEICHHS
CJIOKHBIX CUCTEM, UCTIONB3YsI TUarpaMMbl COCTOSTHUN U TIEPEXO0JI0B.

Kombunanuss MATLAB-Simulink-Stateflow siBisiercst MOIIHBIM yHHUBEpCaTbHBIM
WHCTPYMEHTOM MOJICIMPOBAHNS PEAKTUBHBIX CHUCTEM. JlOMOIHUTENbHAS BO3MOKHOCTD

CJICIUTD B PCIKUME PCAJILHOI'O BPCMCHH 3d IMTPOLCCCOM BBIIIOJIHCHUA JUAT'PAMMBI ITYTCM



BKIIIOUCHUS peXMMa aHWMAIIMU JeJaeT MPOIECC MOJACIHPOBAHUS PEaKTHBHBIX CHCTEM
MO-HACTOSIIEMY HATJISTHBIM.

Stateflow - MomHbIH rpaduYecKuii  MHCTPYMEHT MPOCKTHPOBAHUS U
MOJICTUPOBAHNST KOMIUICKCHBIX CHCTEM JIOKAIBHOTO YIIPABICHHS W CYIEPBH30PHOTO
Jgormdeckoro koHTpoisi. Mcnons3ys Stateflow, moxHo:

*  BwusyanpHO MOJENMMPOBATH KOMIUIEKCHBIC PEAKTHBHBIC CHCTEMBI.

* [IpoekTupoBaTh AETEPMHUHUPOBAHHBIC CUCTEMBI CYTIEPBH30PHOTO YIIPaBICHUS.

* Jlerko U3MEHSTH IPOCKT, OLICHUBATH PE3yJIbTAThl U3MEHCHHUH M UCCIICI0BATh

MIOBEJICHUE CUCTEMBI Ha JIFOOOW CTaJMU MPOCKTA.

* ABTOMAaTHYECKH TEHEPHUPOBATH MPOTPAMMHBIA KO (IICIIOUMCIICHHBIA WM C
TUTABAOIIEH TOYKOW) HETIOCPECTBEHHO 110 TIPOCKTY (151 3TOTO TpedyeTCs
Stateflow Coder).

* Tlomp3oBaTbcs MpenMyIiecTBaMU HHTEerpupoBaHus co cpenamu MATLAB u
Simulink B iporiecce MoieTMPOBaHHUS U aHATN3a CHCTEM.

Stateflow mo3Bomsier wucnons3oBatek jauarpammbel morokoB (flow diagram) wu
JMarpaMMbl COCTOSIHUH | repexonoB (State transition) B omno# amarpamme Stateflow.
Cucrema 00O3HAYCHUH JMarpaMMbl TIOTOKOB - JIOTHKA, IPEJICTaBICHHAs 0e3
UCIIOJIb30BaHMS COCTOSIHUM. B HEKOTOPBIX Cilydasix JuarpamMMbl MOTOKOB OJIMKE JIOTHKE
CHCTEMBI, YTO IO3BOJSECT M30€XKaTh HCIOJIB30BaHUS HEHYXKHBIX cOCTOsHHMA. Cucrema
0003HaYeHU AMarpaMmbl MOTOKOB - 3(PQEKTUBHBIA CHOCOO MpPENCTaBUTh OOIIYIO
CTPYKTYpy HpPOTPaMMHOTO KOJa KaK KOHCTPYKIMIO B BHJE YCJIOBHBIX OIIEPAaTOPOB H
IIUKJIOB.

Stateflow Taxke oOecmeunBaeT SCHOE, KpaTKOE€ ONHCAaHUE IOBEACHUS
KOMILJICKCHBIX CHCTEM, UCIIOJIb3Ysl TCOPUIO0 KOHEYHBIX aBTOMATOB, IHArPaMMbI TIOTOKOB U
aMarpaMMbl  TepexogoB  cocTosHuii.  Stateflow  ngemaer  omucanme  cHUCTEMBI
(cneumdukamuio) U mpoekr Ommke aApyr npyry. CosmaBaTh HpPOEKTHI, paccMaTpUBas
pa3jiMyHbBIC CIICHAPUM W  BBIMOJHSS WTEPAallMd, HAMHOTO TPOIIE, €CIAH IpH
MOJICTUPOBAHUY TTOBEICHHS CUCTEMBI Uctionib3yercst Stateflow.

Stateflow wucnonb3yer BapuaHT CHCTEMbl O0O3HAYEHHH KOHEYHOIO aBTOMATA,
npetokenusiii JpBumom Xapenom [D. Harel Statecharts: A Visual Formalism for
Complex Systems,” ([uarpamMMbl COCTOSIHWU: BHU3yalbHBIH  (opMamu3M s

KoMILTIeKCHBIX cucteM) Science of Computer Programming 8, 1987, pages 231-274].



Ucnonw3ys Stateflow (state - cocrosaue, flow - mortok), Bwl cosmaete Stateflow
nuarpamMmel. Jluarpamma Stateflow - rpadudeckoe npencraBieHne KOHEYHOTO aBTOMATA,
IJIC COCTOSIHHSI M TIepeX0bl (POPMUPYIOT 0a30Bble KOHCTPYKTHBHBIC OJIOKH CHCTEMBbI. BbI
MOXKETe TaKXe MPEACTaBIATh MMOTOKOBbIC (HE HMEIONIME COCTOSHHUI) JuarpaMMbl C
ucrnonp3oBanneM Stateflow. Stateflow o6pasyer Omoku, kotopsie Bbl BkiouaeTe B
moaenb Simulink. Cosokymuocts Stateflow 61oxoB B mMomenm Simulink - Stateflow
MaIlIiHa.
JonomuutensHo Stateflow gomyckaet B mpecTaBIeHUN HEPapXHI0, MMapalIeTu3M
u xponosoruto (history). MHWepapxus 1gaeT BO3MOXKHOCT, Bam opraHu3oBath
KOMIUIEKCHBIC CHCTEMBI, ONIPECIISAs CTPYKTYpY 00beKTa B BUC ' ponuTenu / MOTOMKH .
T.e. BBI MOXETE OPraHU30BATh COCTOSHUS BHYTPH JPYTUX COCTOSHUH BBICIIETO YPOBHS.
Cucrema ¢ mapajieIu3MOM MOYKET UMETh JIBa WK OOJIbIIe aKTUBHBIX COCTOSIHUN B OJTHO
U TO e BpeMs. XPOHOJIOTHS 00eCIeunBaeT CPEICTBA, YTOOBI OMPEACIUTh COCTOSHUE -
ajzipecara il HEKOTOPOTO MEPex0/ia, OCHOBBIBASCH HA MPEIIICCTBYIONICH HHPOPMAIIHH.
OTU CBOMCTBA PaCIHIUPSIOT TOJE3HOCTh JIAHHOTO MOAXOAAa W OTCYTCTBYIOT B STDS u
My3BIPHKOBBIX THArpamMmax.
Cucrema 0003Ha4YeHUI
Cucrema o0003HaueHUI omnpezaenser Ha0Op OOBEKTOB W MPaBUJl, KOTOpPbIE
YIPaBJISIFOT OTHOIICHUSIMU MEXIy 3THMU oObekTamu. Stateflow cucrema o6o3HaueHwMit
obecreynBacT MO3BOJISIET Pa3paboTaTh MPOEKT B MOJHOM COOTBETCTBHH C JUArPAMMOM
Stateflow.
Stateflow cucrema 0603HaUEHHI COCTOUT U3:
* Habopa rpadpuyeckux 00bEKTOB
* Habopa Herpaguueckux (TEKCTOBBIX) 0OBEKTOB
*  OnpeneeHHbIX OTHOIICHUN MEXIy 3TUMHU 00BEKTaMH
CemaHTHKA
CeMaHTHKa OIKCBHIBAET, KaK cHcTeMa OOO3HAYEHUN HWHTEPIPETUPYETCS U
OCYILIECTBIISICTCA. 3aKkoHUeHHas mguarpamma Stateflow wuirocTpupyeT, kak cucrema
Oynet Bectu cebst. Jluarpamma Stateflow conepxur neficTBus, CBsI3aHHBIC C TIEPEX0JaAMU

n cocrossHusMH. CeMaHTHKA OIIMCBIBACT, B Kakou II0CJIC€A0BATCIbHOCTHU 3T I[GﬁCTBH?I

HUMEIOT MECTO B XO/I¢ BBIITOJIHEHUS quarpammbl Stateflow.



3HaHUE CEMAHTUKH OCOOCHHO BAXKHO JUISI OOCCIICUCHHMSI MPABUIIBHBIX MPOCKTHBIX
pemenuii  Stateflow nmarpamm npu  reHepanmuum  O00BEKTHOrO Kojaa. Pasmuunoe
WCIIOJIb30BAHME CUCTEMBI 0003HAYCHHUH MPUBOIUT K PA3IUYHOMY MOPSAIKY BBITOJTHCHHS
CT'CHEpUPOBAHHOI'O KOJIa.

Onpenenenne Stateflow nurepdeiica

Kaxnprit 6mok Stateflow coorBercTByer emmHcTBeHHON auarpamme Stateflow.
brnok Stateflow cesizpiBaer ¢ mogensio Simulink ¢ momonipto uHTEpdeiica. C MOMOIIBIO
uarepdeiica 6mok Stateflow moxmkmouyaercs Kk MCTOYHHMKAM, MOCTYIMAIOMAM OT MOJICIIH
Simulink (manHbIE, COOBITHS, KO MTOJIB30BATEIA).

Stateflow pmmarpammer ympaBisitorcss  coObiTusiMu.  COOBITHST  MOTYT  OBITH
nokanbHBIMU Uit Onoka Stateflow miam moryr moctymare k m ot momenmu Simulink u
HUCTOYHHMKOB Koja, BHemHUX K Simulink. JlaHHbIe TakyKe MOTYT OBITh JIOKAJIBHBIMH IS
omoka Stateflow mimu moryt mocrymate K M oT Mojenu Simulink u ucTOYHUKOB KoOa,
BHemHux k Simulink.

Bb1 10DKHBI OnTpeiennuTh nHTEepdeiic 1 kaxaoro onoka Stateflow. Onpenenenue

uHTepdeiica s oioka Stateflow MorkeT BKITFOUATh HEKOTOPBIC WITH BCE U3 OTH 33]1a4:

* Ompenenenue Metoaa Moaupukanuu 6ioka Stateflow
* OmpeneneHue output to simulink (Bbrxomueix k Simulink) coOprTuii
* JloGaBiieHre U ONpe/ICIICHUE HEJTOKATLHBIX COOBITHI U HEJIOKATbHBIX
JaHHBIX B mpejenax auarpammel Stateflow
* OrmpeneneHrne OTHOMICHHUH ¢ JTFOOBIMH BHEITHUMH HCTOYHHKAMH
B paccmoTpennoMm panee npumepe Simulink moaens coctout u3 Simulink 6ioka -
uctounnka Sine Wave (Cunycomma), Simulink ©0noka - mnpuemHuka Scope

(Octumnorpad) u equncTeernoro 6oka Stateflow ¢ nazsannem On_off.
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Cocrosinme (State)

CocTossHME  OMUCBHIBAET  PEXKHUM  YOPABISEMOW  COOBITHSIMH ~ CHCTEMBI.
JlnHaMU9ecKre TepeXxobl COCTOSHUN OT aKTHMBHOCTH K HEaKTHBHOCTH 0a3uWpyIOTCS Ha
coObITHAX U ycnoBusx. Kaxmoe cocrosiuue mmeer pomurens. B nuarpamme Stateflow,
COCTOSAIICH M3 €AMHCTBEHHOTO COCTOSIHUS, POJHUTENh COCTOSIHUS - HEMOCPEICTBEHHO
muarpamma Stateflow (taxke HaspiBaemas kopHeM auarpammbl Stateflow). Ber moxere
pa3MemaTh COCTOSIHUS B TpEeNax IPYTHX COCTOSIHMU BhICIIETO YpoBHsS. Ha pucynke
StateAl - moTOMOK B HepapXuu MO OTHOILIEHUIO K StateA.

CocTosiHHME TaK)Xe UMeeT XPOHOJIOTHI0. XPOHOJIOorusl obecrneunBaet 3 PpeKTUBHBIC
cpeacTBa 6a3upoBaHus OyAyIIero ICUCTBUS Ha MPOILIOM JACHCTBUM.

CocTosTHUSI IMEIOT METKH, KOTOPBIE MOTYT ONPE/ICIIUTh IEHCTBUS, BHITTOJTHEHHBIE
B IIOCJIEIOBATCIIBHOCTH, OCHOBAaHHOW Ha THUIE ACHCTBUA. Tumel aeicTBus - entry (Ha

Bxoje), during (B teuenwme), exit (Ha BbIXOzie) U ON event_name (B ciay4ae COOBITHS C

UMEHEM _).

IMepexoan (Transitions)



[Tepexon - rpaduueckuii 0OBEKT, KOTOPHIA B OOJBIIMHCTBE CIIy4aeB CBS3BIBACT
oMH 00BEeKT c¢ apyruMm. OIUH KOHEI| Mepexo/a MPUIOKEH K OOBbEKTY-UCTOUHHKY, a
APYTO# KOHEIl - K 00beKTy-aapecary. MICTOUHUK - TO MeCTo, TJe ePeX0/] HAUMHACTCS, a
ajpecar - TO MECTO, TJE MEpPexXoJ]l 3aKaHYMBAIOTCS. METKH IMepexoJ0B OMUCHIBAIOT
0OCTOSITENIBCTBA, TIOJ] ACUCTBUEM KOTOPBIX CHCTEMa MEPEXOJUT U3 OJHOTO COCTOSHUS K
ApyroMy. OTH OOCTOATENbCTBA - HACTYIUICHHE HEKOTOPBIX COOBITHH, KOTOpHIC
3aCTaBISIOT Tepexo]] coBepmaThes. Ha pucynke nmepexon ot StateAl k StateA2 nmomeuen
coObITHEM transitionAl_A2, koTopoe 3acTaBIIsIeT MEPEXO TPOUOUTH.

CoobiTus (Events)

CoObITHSI  yNPaBISIOT BBHIMOJNIHEHHEM guarpammbl  Stateflow, Ho sBisroTCs
HerpapUUecKUMU OOBbEKTaMU M TaKMM 00pa3oM HE TPEACTaBICHBI HEIOCPEIACTBCHHO B
muarpamme Stateflow. Bce coObiThsi, KOTOpble WMEIOT OTHOIIEHHE K JUarpamMMe
Stateflow, momkubl OBITH ompeneicHbl. HacTymieHue COOBITHS 3acTaBIIIET CTaTyC
cocTosiHUs (aKTUBHO - HEaKTHBHO) B muarpamme Stateflow msmenstecs. Hacryminenue
COOBITHSI MOXET 3aIyCKaTh TMEpPEeXoj, W TOT/Ia OH MPOWCXOAMT, WJIM MOXKET 3aIyCKaTb
JIeCTBUE, U TOT/Ia OHO BhITIONHAETCA. COOBITHS HACTYNAIOT NO-HUCXOIAIIEH, HAUWHAS OT
ponuTeNst COOBITUSL B HEPAPXUU.

CoObiTHs co3naroTcs U uaMensrores npu nomonu Stateflow Explorer (Stateflow
npoBoiHUKa). COOBITUS MOTYT OBITH CO3JIaHBI Ha JIOOOM ypoBHEe uepapxuu. CoObITHE
MMEET TaK0e CBOWCTBO, KaK BUAMMOCTh. BUTUMOCTD OnpeiessieT, SIBISIETCS I COOBITHE

» JlokanpHbIM Juts quarpammbl Stateflow

*  Bxoaur B Stateflow nuarpammy ot mogenu Simulink

*  Brixoaur u3 Stateflow guarpammer B mogens Simulink

* DkcnopTHpyeTcs B KoJ, BHermHu# k Stateflow muarpamme u moaenu

Simulink

* HWmmoprupyercst u3 HCTOYHHUKA Koja, BHentHero k Stateflow u Simulink
Jannbie (Data)
OOBEeKTHI-TaHHBIE HCIIOJIB3YIOTCS, YTOOBI XPaHUTh YUCIIOBBIC 3HAUCHHUS IS

npumenenus B quarpamme Stateflow. Onu siBisitoTcst HerpaguuecKuMu 00beKTaMu U

TakuM 00pa3oM He TpeICTaBICHbI HETIOCPEICTBEHHO B qrarpamme Stateflow.



Jlanubie co3maroTcss u u3Mensitorcss B Stateflow Explorer. Onu moryTt OBITH
CO3JIaHbI Ha JTFOOOM YpOBHE MepapXuu. JJaHHbIC HMEIOT TaKOe CBOHCTBO, KaK BUAMMOCTb.
BuaumocTs onpenensier 1 00beKTOB-TaHHBIX OJHY U3 CJACIYIONIMX BO3MOXKHOCTEH:

*  bbITh JIOKaNIbHBIMU [T qrarpammbl Stateflow

* Ilocrynars B Stateflow guarpammy ot mogenu Simulink

*  Brixoauts u3 Stateflow guarpammer B Mogens Simulink

*  DBbITh BpeMEHHBIMH JaHHBIMU

* briTh onpeneneHHsiMu B padbodyem npoctpanctse MATLAB

* beite KoHcTantamu

*  DKcrmopTHpOBAaTCs B Ko, BHemHui k Stateflow quarpamme u mopemnu
Simulin

* HWmmoprupoBarcs U3 HCTOYHHKA Koja, BHemHero k Stateflow u Simulink

Hepapxus

Hepapxus gaet BO3MOKHOCTb OPTaHU30BaTh CIIOKHBIC CUCTEMBI, OMPEICIss
MPeIKa U CTPYKTYPY 0OBEKTOB-TIOTOMKOB. MepapXuuecku MOCTPOCHHBIN MPOSKT OOBIYHO
COKpAII[aeT YUCIIO NIEPEX00B M MPUBOAMT K YSTKUM, OHATHBIM auarpammam. Stateflow
MOJIZICP)KUBACT UEPAPXUUCCKYIO OPTaHU3AIMIO KaK JUIs JUarpaMM, TaK U JUTsl COCTOSIHUM.
JluarpaMMbl MOTYT CYIICCTBOBAaTh BHYTPH JAPYruUX auarpamMm. Jlparpamma, KoTopas
CYIIECTBYET B IPYTrO¥ UarpaMme, Ha3bIBaeTCs MO IUarpaMMoi.

ToyHO Tak ’X€ COCTOSIHMS MOTYT CYIIECTBOBATh BHYTPH JPYTHUX COCTOSHHM.
Stateflow npeacraBnseT vepapxur0 COCTOSHUN C CYNIEPCOCTOSHUSIMHE H MTOICOCTOSHHSIMH.
Hanpuwmep, sta auarpamma Stateflow umeer cymepcocTosiHue, KOTOpOE COJICPIKUT JIBa

HOJCOCTOSIHUA.

BbIXo ¥3 COCTOSHHSI BBICHICTO YPOBHS WM  CYIEPCOCTOSIHHS — TaKXKe
MOJPa3’yMeBaeT BBIXOJ M3 JIIOOBIX aKTHBHBIX MOJCOCTOSHHMI JTOrO CYIEPCOCTOSIHUS.
[Tepexoabl MOTYT I€pECEKATh TPAHUIIBI CYIIEPCOCTOSHUS, YTOOBI TOCTUYD TOACOCTOSHHMSI-
ampecara. Ecim  MOJACOCTOSHHE ~ aKTHBHO, €r0  POAUTEIBCKOE  COCTOSHHE
(cymepcocrosiHue) TaKKe aKTUBHO.

Yceaosus (Conditions)

YcnoBue - OyJieBO BhIpaXKEHUE, ONMPEACIIAIONIEe, YTO MEePEX0a MPOUCXOANT, €CITU

yKa3aHHOE BBIpa)KEHUE sIBIsieTcss HICTUHHBIM. Ha prcyHke kommnonenta Stateflow



muarpammbl [conditionl] mpexcraBisier OyieBO BhIpak€HHE, KOTOPOE JOJDKHO OBITh
WCTHHHBIM, YTOOBI TIEPEXO0J] MPOU30IIET.

Xponosioruueckue coexunenus (History Junction)

XpOHOJIOTHUS - CPENICTBO IS OTMPEACTCHHsSI MOACOCTOSHUSI-aIpecaTa nepexoa o
npexapictropuu. Ecim cynepcocrosiaue ¢ uckirountensHoi (MJIN) nekommosumueir numeer
XPOHOJIOTHYECKOE COENMHEHHE, TMOJCOCTOSHUEM-apecaToM TMpH TIepexone Oyaer
MOJICOCTOSIHHE, TOCEIIEHHOE 0 STOr0 IOCIEAHUM. XPOHOJOTHYECKOE COEeIUHEHUE
IPUMEHSIETCS K TOMY YPOBHIO HE€papXvu, B KOTOPOM MPHUCYTCTBYET. XPOHOJIOTHUECKOE
COEIMHEHUE OTMEHSIET JIF0ObIe TIepeXo/Ibl M0 yMomYaHuio. Ha pucyHke XpoHOIOrndeckoe
coemuuenne B StateAl ykaseiBaer, 4yTo, Korga mepexon k StateAl mpoumcxomurt,
CTAaHOBHMTCS aKTHMBHBIM TO u3 moacocrosHuii (StateAla, StateAlb wmmu StateAlc),
KOTOpOE OBLTO aKTHBHBIM B TIOCJIETHIOIO OYepeib.

HevicrBust (Actions)

JlelicTBUS - 3TO pe3y IbTaT BBITIOJHCHHS KaKoW-1100 yacTh auarpammer Stateflow.
JleiicTBue MOKET OBITH BBIIOJIHEHO B pE3yJIbTaTe MEpexoja OT OJHOTO COCTOSIHHS K
npyromy. JleficTBue MOXKET OBITh TaK)Ke peakirei Ha cocTosHue. Ha pucyHke cermMeHt
nepexona ot StateAlb no coenuuenus nomeueH aevicteuem funcl() ycmosus condition 1,
a CeTMEHT Iepexo/ia OT coeAnHenus a0 StateAlc nomeuen neiictBuem func2() mepexona.
CemaHTHKa eHicTBUI OyJIeT pacCMOTpEHA MO3HEE.

[lepexon, 3axaHUINBAIONIUIICS B COCTOSTHUH, MOKET UMETh JICHCTBHE yCIOBHS
(condition action) u netictBue nmepexoaa (transition action), kak pacCMOTPEHO HIIKE.

OHaKo Tepexo Ibl, KOTOPhIC 3aKaHUYMBAIOTCS B COSAMHECHUSAX, MOTYT HMETh TOJIBKO
JCHCTBHUS yCIOBHIA (HE TOMYyCKAIOTCS ACUCTBUS TIEPEX0I0B).

Condition Transition
aclion aclion

(Power_on

switch_off [ ¢1 ] { elec_off}/ light_off;

|
oy

Power_oft ’

J



CocrostHESI MOTYT MMETh JeiicTBus have entry (ua Bxoze), during (B Teuenue), exit

(Ha BeIXOJIE) M ON event_name (B ciyuae coObITHS ¢ MeHeM _ ). Hanpumep,

~ ~

( Power_on/ \
entry: ent_action();
during: dur_action();
exit: exit_action();
on Switch_off: on_action();

SI3bIK NEHCTBUI ONPENEIIAET TUIIBI IEHCTBUM, KOTOPbIE BBl MOXKETE UCIOJIB30BaTh
U CBSI3aHHBICE C HUMHU CHUCTEMBbI 00O3HaueHuil. JleficTBueM MOKeT ObITh OOpallleHHe K
(yHKIIMHM, HACTYIUICHHE COOBITHS, IPHUCBOCHUE HEKOTOPOT'O 3HAYCHHUS IEPEMEHHOU U T.]I.

Stateflow monepxuBaeT mapagurmsl MOJACIUPOBAHMS KOHEUHOTO aBTOMaTa Mypa
1 Mwm. B Muim mozaenu AEWCTBUS CBSI3aHbI C MEPEXOJaMH, B TO BpeMs Kak B Mypa
MOJICJIH OHHU CBsi3aHbI ¢ cocrosHusAMuU. Stateflow mopnepxuBaeT HEHCTBHS COCTOSIHMIA,
JIEVCTBUS MIEPEXOAOB U ACHUCTBUS YCIOBUM.

Mapaneaunsm

Cucrema ¢ mapayuieIu3MOM MMEET JBa WM OOJIBIIE COCTOSHUM, KOTOPHIE MOTYT
OBITH aKTUBHBI B OJJHO U TO K€ BpeMs. JIeHCTBHS Ka)KI0T0 MapaJIeIbHOTO COCTOSTHUS 10

CYIIECTBY HE3aBUCHUMBI OT JApyrux cocrostuuii. Ha pucynke 2-1 StateA2a u StateA2Db -
napaiensabie (M) cocrosHms. StateA2 umeer napawiensHyro (M) nexoMno3uiuio

COCTOAHUA.

Hampumep, sra amarpamma Stateflow umeer mnapamienpHyr0 JIEKOMIO3UIHIO

CYNEepPCOCTOSHUS.
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Boer mpencraBnsere mapautenu3m B Stateflow, 3amgaBas mapamnmenshuyio (M)
nexommosuiuio. [lapamtensabie (M) cocTossHUS 0TOOpaKeHB 0OBEICHHBIMU IIITPUXOBOM
JUHHEH 001acTAMHU.

Ilepexoant mo ymoauanuio (Default Transitions)

[Tepexoapl IO YMOJYAHHUIO ONPECIISAIOT, KAKOE U3 HECKOJIBKUX UCKITIOYUTEIHHBIX
(MJIN) cocTostHuit TOMKHO OBITh AKTHBHBIM, KOIJIa HMEETCS HEOMPEACICHHOCTh MEXIY
aBymsi win Oonee wuckmountenbHbiMA (MJIM) cocTosiHUSIMU Ha OJHOM YpOBHE B
UepapXuu.

Hampumep nHa pucynke 2-1 mepexon mo ymonuanuo k StateAl paszpemiaer
HEOJIHO3HAYHOCTh, KOTOpasi CyIIECTBYET B OTHOIIEHHH TOTO, KaKO€ U3 MOJICOCTOSIHHIA,
StateAl wnm StateA2, nomkHO OBITH aKTHBHBIM, KOrja cynepcoctosiHue StateA
CTAHOBUTCA aKTUBHBIM. B 3TOM ciydae, korga StateA aktuBHO, o ymonuanuro StateAl
TaK)Ke aKTUBHO.

B caenyromeit moacucteme Lights (OceturtesnbHbie TPUOOPHI) MEPExXoj IO
yMmoiuanuio K moxcoctosHuto Lights.Off (OceeturtesnbHble TPUOOPHI.BBIKITIOUCHBI)
yKa3bIBaeT, 4To, Korjga cymepcocrossuue Lights cranoButcs aktuBHbIM, Lights.Off

MOACOCTOAHNE CTAHOBHUTCS AKTUBHBIM IO YMOJIYAaHUIO.
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Oo6parute BHUMaHue! XPOHOIOTMYECKUE COCIUHEHHS OTMEHSIIOT MEPEXOJbl IO
YMOJTYAHUIO B CYNIEPCOCTOSHUAX ¢ UCKIounTebHbIMU (JIN) nekoMmo3uiusiMy.

Oobparure BHuUManue! B mapamnensHbix (M) COCTOSHUSAX TEPEeXoibl IO
YMOJIYaHMIO BCErjJa JOJDKHBI TMPUCYTCTBOBAaTh, YTOOBI yKas3aTh, KakHe€ U3 €ro
uckarountenbHbix (MJIM) cocTosHUiT aKTHBHBI, KOIJIa TMapajie]IbHOC COCTOSHHUEC
CTAHOBHUTCS aKTUBHBIM.

Coeaunenus (Connective Junctions)

CoenrHeHHsI - TOYKU NPUHATHUS penieHuii B cucteme. CoeiMHeHNE - rpaduvecKuit
00BEKT, KOTOpbIi ympomiaer Stateflow cxemarmyeckue npencraBieHus W oOJerdyaet
nopoxaenue d¢dextuBHoro koma. CoennHEHUsT OO0ECMEYUBAIOT ATbTEPHATUBHBIC
CIOCOOBI TPEACTaBUTh JKEJIaeMO€ TOBEJACHUE CHCTeMbl. Ha mnpencTaBieHHON BbIIIE
Stateflow numarpamme coenMHEHHE HCIONB3YETCS KaK TOYKA MPHUHATHS PEIICHHS s
JIBYX CETMEHTOB MEpex0/a, 3aBepIIaloIuxcs B cocTossann StateAlc.

Crnenyromuii mpuMep IOKa3bIBaeT, Kak coeauHeHHus (oToOpaxkaeMble B BHJC

OKpY>KHOCTEH) MCIIOJIB3YIOTCS 111 KOHCTPYKITHH if.

1f [ct
*) le1)a1) 171 311{
¥ if [c2]{
az2

; telse if [c3]{

4 a3
( ' }
I [c2){a2) }

/ [c3){a3)

OTOT PparMeHT BBINOIHIETCS CIEAYIOMUM 00pa3oM:

Ecnu ycnosue [c1l] ucTuHHO, yciaoBHOE eiicTBrEe al BBIMOIHIETCS U MPOUCXOIUT

0e3yCIIOBHBIH Mepexo 1 K IepBOMY (BEPXHEMY) COCHHEHHUIO.



Stateflow ompenenser, kakoii CerMeHT Mepexo/ia BEPXHETO COCAMHEHUS BHIOpATh
(MoxHO BBIOpaTh TONBKO OWH). COCAMHEHHS C YCIOBUSMH HMEIOT TPUOPHUTET HA
COeIMHEHHUSMU 0e3 YCIIOBHH, T. 0. IEPEXOJI C YCIOBHEM [c2] paccMaTprBaeTcs EPBHIM.

Ecnu ycnoBue [c2] ncTuHHO, eiicTBrE a2 BHIMOIHACTCS U IPOUCXOIUT EPEX0.l K
HIDKHEMY COCJMHCHHI0. Tak Kak HeT IMepexoja, BBIXOJIICTO0 M3 3TOTO COCIUHCHHS,
BBITTOJIHCHUE TUATPaMMBbl 3aBEPIICHO.

Ecnu ycnoBue [c2] 110xHO, IPOUCXOAUT OE3YCIIOBHBIH Mepexojia 1Mo MpaBoMy U3
CerMeHTOB (OH HE UMEET YCIOBHS).

Ecmu ycnoBue [c3] ucTUHHO, YCIIOBHOE IEHCTBUE a3 BBIMOJHSACTCS U MPOUCXOIUT
NIePexo/] K HIDKHEMY COCTUHCHHIO. BRITIOTHEHNE TUarpaMMbl 3aBEPIIEHO.

Ecmu ycnosue [¢3] m0kHO, BHINOTHEHNE 3aKaHYMBACTCS HA CPETHEM COCAMHCHUH.

1.3. Horamun Stateflow.

B aT0Mi 1I1aBe MpUBOIUTCS OMUCAHKUE OTACIBHBIX 00bekTOB Stateflow, u3 koTopsIx
crposites  Stateflow-guarpamver.  duarpammber  Stateflow  cocraBnstores  u3
CHUMBOJIMUECKHUX 00BEeKTOB si3bika Stateflow. M3yuenune 3TuX 00BEKTOB - MEPBBIA Mar K
noctpoeHuio 3¢ dektuBHbix auarpamm Stateflow. ITo3HakOMHMBIIHCH C HOTAIMSMH
Stateflow, MoxHO OyneT mepelTH K PacCMOTPEHHIO TOTO, KaK OOBEKTHI JIHarpaMm
B3aUMO/ICHCTBYIOT JAPYT ¢ ApyroM (DToMy BOIPOCY OyAeT MOCBSIIEHA TiiaBa
"Cemantuka Stateflow").

Bunael 00bexToB Stateflow

[Tepeurcium pa3ITUYHbIC TUIIBI JOCTYNHBIX B Stateflow o0bekToB.

rpadudeckre 0OBEKTHI - IUArpaMMbl, COCTOSIHUS, OJTOKH, (PYHKLINH, TIEPEXOIbl U
COE/IMHEHHS, C KOTOPBIMH BhI paboTaete B pexakrope Stateflow.

* Herpaduveckre OOBEKTHI - JaHHBIC U COOBITHS, KOTOPBIE MPEACTABICHBI B
TEKCTOBOM BHJIe B peaaktope nuarpammbl Stateflow wim mucTpymMeHTax
[TpoBoanuka Stateflow.

*  CJIOBaph JaHHBIX - 00beauHsACT Bce 00bekThl Stateflow (rpaduueckue n
Herpaduveckre) B HepapXUuecKyro 0a3y JTaHHbIX.

* mpejCTaBJIICHUE HEPAPXUH - OTOOpakaeT uepapxuto oobexros Stateflow B
CJIOBape AAHHBIX IS TpapUUecKuX U HerpaduIecKux 0ObEKTOB.

I'padpuueckue O0bEKTHI



B Tabaune mpuBoautcs HasBanue (Name) m ycmoBHoe o6o3naueHue (Notation)
Kaxaoro rpaguyeckoro obobekta Stateflow. O6bekT mosBiIseTCs, KOrma BB PHCYETE

ayarpaMMmy B peAaKkTOpe AUarpamM, JJIisi 3TOr0 UCHOJIb3YETCS COOTBETCTBYIOIIUN 3HAUYOK

(Toolbar icon) Ha manemm I/IHCprMeHTOBl.

Name Notation Toolbar Icon

State (cocrosiaue)

Transition (mepexon) —_— NA

Default transition \

(mepexo/1 0 yMOJTYaHHIO)

Connective junction

(moxkrouaemMoe )

¥4

COCIMHEHUE)

History junction

(coenuHeHUE ¢ MAMSATBHIO)

Box (sturuk) (state)

1 0603nauenus tabmuue npencrasnenst s Stateflow 5.0. B Bepcuu 6.x 100aBieHbI HOBBIC DIEMEHTBI U

HECKOJIFKO MOIU(HUIIMPOBAH BUJI CTAPHIX.



Graphical function

(rpaduyeckas pyHKIIHSA) (state)

Herpapuueckue O0beKTHI

Stateflow ompenenser Herpaduueckue OOBEKTBHI, OMHCAHHBIC B CIICAYIONIUX
paszzaenax:

CoObiTHs

JlanHbIC

Koaret

CoObITHS, TaHHBIC ¥ KOJABI HE HMEIOT TPapUIeCKOro MPEICTaBICHUS B PEIaKTOPe
nuarpamm Stateflow. Ho ux moxHo yBuaeTh B ipoBoanuke Stateflow.

CoObITHA

CoObITHst - 3T0 00BeKTHI Stateflow, koTopbie MOTyT epeKITFOUaTh BCIO qHArpaMMy
Stateflow wnm koHkpeTHble neiicTBusi B aumarpamme. Tak kak auarpammel Stateflow
BBIMOJTHSIOTCS TIOCPEJICTBOM PEAKIIMU Ha COOBITHS, BBl ONPEACISICTE H MPOrpaMMHUpPYyETe
COOBITHSI B BAaIllMX JUAarpamMMax, YTOObl KOHTPOJMPOBATH MX BBINIOJHCHHE. Bl MoxkeTe
pacIpocTpaHITh COOBITHE HA BCE OOBEKTHI, TUOO MOCHUIATh COOBITHE Ha ONPECICHHBIN
0o0BekT. Bbl MOkeTe moapoOHO OMpenenuTh COOBITHS, KOTOPhIE BBl CaMU Ha3zHayaeTe.
Tak e BbI MOXKETE ONPEICITUTh COOBITHS M0 YMOJIYAHUIO, HMEIOIINE MECTO, Halpumep,
NIPU BXOJIC B COCTOSIHHUE.

Jdannbie

Juarpamma  Stateflow xpamut u  BoccTaHaBiIMBaeT JaHHBIC, KOTOpHIC
UCTIOJIB3YIOTCS [T YIpaBcHus aeiicTBreM quarpammebl. Jlanasie Stateflow nomerniens: B
cBOe COOCTBEHHOE pabodee MPOCTPAHCTBO, HO BBl MOXETE UMETh JIOCTYIl K JaHHBIM,
KOTOpbIC pacrojyararotcs B Moaean Simulink uiau npuimoxeHusx, KOTOpbIle BCTPOCHBI B
mamuny Stateflow. Korna Bel co3nmaere auarpammy Stateflow, Bbl J0KHBI ONpeeuTh
BHYTPCHHHE M BHCIIHWE JaHHBIC, KOTOpPbIC BbI HCIOJBb3yeTe B S3bIKC JCHCTBUI
nuarpammel Stateflow.

Koanbl

Bei crpoute komel B Stateflow msi BbIMONHEHHS TPUIOKEHHA, KOTOPBIE BBI
nporpamMmupyere B quarpammax Stateflow n moxensix Simulink. Kox - 3To mporpamma,

KOTOpas BeINOJHsET quarpamMmbl Stateflow u mogenn Simulink, BkiroueHHbIe B MaIInHy



Stateflow. Bei crpoute kombl mojenupoBanusi (HaspiBaeMbie Sfun) uis BBIIOTHEHHS
Barei Mojenu. Bel crpoute koapl Mactepcekoii PeansHoro Bpemenu (Ha3biBacMble tw)
Ui BBIIONMHEHUsT Mojenu Simulink v mojepKu OKpYKeHHs Iporieccopa. Ber
cTpouTe 00BIYHBIC KOJBI (OHM MOTYT OBITh Ha3BaHbBI KaK YroJaHO, 3a MCKIOYeHHueM Sfun
WK rtW), 9T00BI TOMECTHTH Ballle MPUJIOKECHUE B ONPEICIICHHOE OKPYIKEHHE.

CaoBapsb JaHHBIX

CrnoBappb aHHBIX - 3TO 0a3a JaHHBIX, BKJIIOYaomas B ce0s BCIO MH(OPMALUIO O
rpadpuueckux u Herpapuyeckux oObekTax. CloBapp JaHHBIX MJs TpapUUecKuX
00BEKTOB co3maeTcsi aBromMaTudecku. s Herpapuyeckux OOBEKTOB HEOOXOAMMO
OTpeeNiATh JaHHbIe, UCToab3ys [IpoBoguuk. ['paMMaTuyeckuil OTIATYNK aHATH3UPYET
BXOJIBI M CBSI3M MEXIy BXOJaMH B CIIOBape JAaHHBIX, YTOOBI MPOBEPUTH MPABUIBHOCTD
HOTAIIHH.

Kak npencrasiiena uepapxus

Horamuu Stateflow mopnepxuBaioT mnpencraBicHue rpa@uyuecKuXx OOBEKTOB B
Buje wuepapxunm B guarpammax Stateflow. Paccmorpum crnenyromme npumepsl
MPeCTaBIICHUS Hepapxuii B tuarpammax Stateflow:

[Ipumep npeacraBieHuss EpapXuK COCTOSHUN

Wepapxust naHHBIX U COOBITHH, Kak Herpaduueckux oOBEKTOB, Mpe/ICTaBlieHa B
npoBonHuKe. Mepapxwsi MaHHBIX M COOBITHH ONPENesIOTCS TPH HMX CO3JaHUH
Ha3HAYECHHUEM MM POJUTENIbCKOTO OOBEKTA.

IIpumep npeacraBjaeHus UepaApXUU COCTOSTHUI

B mpencraBieHHOM npuMepe M300pakeHO OJHO COCTOSHUE, B paMKax KOTOPOTO
JAPyroe COCTOSHUE TOKa3bIBAET, YTO BHYTPEHHEE COCTOSIHHE - 3TO MOJCOCTOSIHHE WM
MOTOMOK BHEIIHETO COCTOSIHUS WJIM HAJCOCTOSHUS, W BHEIIHEE COCTOSHHUE -

POAUTEIIHLCKOEC IO OTHOIICHUIO K BHYTPCHHEMY .
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B srom nmpumepe nuarpamma Stateflow - poaurens mo oTHOMIEHHUIO K COCTOSTHUIO

Car_done. Cocrosiuue Car_done - poxutens cocrostauii Car_made u Car_shipped.
Cocrosane Car_made - taxxe poautenb cocrosuuii Parts_assembled u Painted. Bar
TaK)Ke MOJKETE CKa3aTh, uTo cocTosHus Parts_assembled u Painted - motomku cocTosHus
Car_made. Uepapxus Stateflow taxxe mMoxeT ObITh MpeacTaBieHa B TEKCTOBOM BHJIE,
torga cumBoa cidimn (/) mpeacrasiser muarpammy Stateflow, w kaxapiii  ypoBeHb
UepapXuu COCTOSHUUM pasjensercs cuMmBosioM (.). Jlajgee moka3aHO TEKCTOBOE
MPEACTaBIICHUE HEePapXHK 00BEKTOB MPEAbIIYIIEro IpuMepa:

Cocrosinus

DTOT pasjen onuchiBaeT oCHOBHBIC 00BeKkThl Stateflow - cocrostaus. CocrostHus
MPEICTABIIAIOT PEXKUMbBI PEAKTHBHON CHCTEMBI. PacCMOTPHUM CIIEAYIOIINE BOMPOCHI IS
MOJIyYeHHsI HH(QOPMAIIUU O COCTOSIHUSIX M X CBOHCTBAX:

Yrto Takoe COCTOSIHUE? - OMMMUCHIBACT COCTOSHUS KaK PEKUMbI, KOTOPBIC MOTYT
OBITh AKTUBHBI MJIM HEAKTUBHBI.

JICKOMITO3UITMSI COCTOSIHUM - TIOKa3bIBaeT, KaK COCTOSHHS MOTYT OBITh
MOCJeIOBaTeIbHBl WJIM MapajulejbHBl 10 OTHOIIECHHIO JAPYr K JAPYry B TIpoIiecce
BBITIOJTHEHUST CHCTEMBI.

Horaiun MeTOK COCTOSIHHM - IIOKa3bIBACT, KaK OMPEACIIIETCS HMsI COCTOSHUS U
€ro JIEHCTBUS MOCPEICTBOM METOK.

UYro Takoe cocTosiHue?

CocTOosIHUS OIUCHIBAIOT PEKUMBI peakTHBHBIX cTpyKTyp Stateflow. Cocrosinus B

cTpykrypax Stateflow mpencrasieHsl STHMHU pexKUMaMH.



Hepapxus cocTosTHH I

CocTossHMST MOTYT OBITh  HAJCOCTOSIHMSIMH, IIOJICOCTOSHUSMH M TPOCTO
coctosiHusAMU. COCTOSIHAE HA3bIBACTCS HAJCOCTOSHUEM, €CIM BKJIIOYAeT B ceOs Apyrue
COCTOSIHHSI, Ha3bIBa€Mbl€ IMOJACOCTOSHUSAMU. COCTOSHHE HA3bIBA€TCS IOJCOCTOSHUEM,
€CIIM OHO HAXOJWTCS BHYTPH JIPYroro CocTostHus. EcCiiM cOCTOsSHHME HE SBISACTCS HU
HAJICOCTOSTHUEM, HH MTOACOCTOSTHUEM, TO 3TO IIPOCTO cocTosiHKEe. Kakioe cocTosIHUE - 3TO
yacTh uepapxuu. B quarpamme Stateflow, cocrosieit u3 oqHOro cocTosHUS, POAUTEICM
3TOT0 COCTOSIHMS sIBIIsieTcst cama quarpamma Stateflow. Cocrosiare Tak:ke UMeeT maMsTh,
KOTOpasi IPUMEHMMa K ero ypoBHI0 nepapxuu auarpammbl Stateflow. Cocrosaus moryT
UMETh JCHCTBUS, KOTOPBIC BHIIOJIHAIOTCS B ITOCJICI0BATEILHOCTH, KOTOpAs OMepACIIIeTCS
uxX TAmoM. Tumel JOEHCTBHE: aeWcTBUs mpu BXxoae (entry), melcTBUS BO Bpems
aktuBHOCTH (during), medictBus npu BbIXoAe (eXit) W JHEHCTBHS TPU HACTYIUICHUH
coObITHS C UMeHeM event_name (on event_name).

AKTHBHBIE H HEAKTHBHBIE COCTOSTHHS

Korma cocrosiHMe akTHBHO, auarpaMma IEpeXOAWT B 3TOT pexuMm. Korma
COCTOSIHWE HEaKTHBHO, JHarpaMMa HE B 3TOM pexXuMe. AKTHBHOCTb W HEAKTHBHOCTDH
COCTOSIHUH JUarpaMMbl JHHAMUYECKH U3MEHSETCS, 0a3uPysACh Ha COOBITUAX M YCIOBHUSX.
[TosiBjicHME COOBITHI yIpaBIISEeT BbIMOJHEHHE auarpamMmbl Stateflow mocpencTBom
AKTHBHOCTH W HEAKTUBHOCTHU COCTOsSHMM. Ha 11000#f cTamuu BBIMOTHEHUS JUarpaMma
Stateflow ectp KoMOMHAIIMS AKTUBHBIX U HCAKTHHBIX COCTOSIHHIA.

JlekoMnmo3uuus COCTOSTHUM

Kaxmoe cocrossHMe W JuarpaMMa UMeEeT JIECKOMIIO3MIIMIO, KOTOpas OMpeaeiseT,
KaKue BHJIbI TOJCOCTOSSHUM OHO MOJKET BKJIIOYaTh B ceOs. Bce MOACOCTOSHUS JOIKHBI
OBITH TAKOI'O K€ THUIA, KaK JEKOMIIO3MIIMS HAJICOCTOSIHMS. J[eKOMITO3HMIIMS MOXKET OBIThH
nocnenoBatenbHoi (MJIN) wiu napamienbaoi (M), DTu TUIIBI JEKOMITO3UITUI ONMCAHBI B
CJICTYFOIIMX T0JIpa3/ieax:

[TocnenoBaTenbHas aekoMmno3uius cocrosaui (M)

[MTapamienpHas nexommosuius coctossauid (M)

[TocnenoBaTenbHast geKoMIo3uus coctosHui (M)

Ecimu moacocTosiHusT MMEIOT CIUIOIIHBIC TPAHMIBI, JEKOMIIO3HMIUS COCTOSHHMA
sBisietcst  mocnenoBarenbHoit  (MJIM). TlociemoBarensHass (MJIM) mekoMITO3UIHS

HCIIOJIB3YCTCA AJId OIMMCaHUA PCKUMOB CUCTCMBbI, KOTOPBIC B3aNMHO ITOCJICAOBATCIIbHEI.



Korna cocrostaue umeet mnocienosatenapuyo (MJIN) mekoMimos3uiuio, B 11000H MOMEHT
BPEMEHH MOKET OBITh aKTHBHO TOJIBKO OJHO COCTOsSHHE. IIOTOMKaMu poauTeneidl ¢
nocaenoBatenbuoi (MJIM) nexommosuiueit ssisrores cocrosuus WM. B cnenyromnem
IpUMEpPE aKTHBHBIM MOYET OBITh HJIM COCTOSIHHE A, win coctostuue B. Ecnu cocrostaue

A AKTHUBHO, TO B JIFO00M MOMEHT BPCMCHHU MOKCT OBITh AKTHBHBIM OOHO U3 COCTOSTHUIM

Al u A2.
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A1 5 £
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IMapannenbHas nexkoMmno3unusi cocrossamii (M)

[Toromku pomutens ¢ mapawiensHoi (M) mekommo3ummen - 3TO HapajuiebHbIC
(1) coctosinus. Ecnm momcocTosiHUST MMEIOT MYHKTUPHYIO TPaHHMILY, JIEKOMITO3HIIUS
cocTossHUN siBisieTcss mocienoBartensHoi (MJIM). DTo mpepcraBicHHE TpPUMEHSETCS,
€CJIM BCE COCTOSIHUS HAa 3TOM YPOBHE UEPAPXUU BCETJa aKTUBHBI B OHO U TOXE BpeMs. B
clenyloImeM TpuMmepe, Kkorma coctosHue A aktuBHO, U Al u A2 aKTUBHBI

OJTHOBPEMEHHO:

........

_______

AKTUBHOCTh B MapaJlICIbHBIX COCTOSHUAX MPAKTUYECKH HE3aBHUCHMA, KAaK 3TO
MOKa3aHo B clieaytoieM npumepe. Korna cocrosinre A cTaHOBUTCSI aKTUBHBIM, TO B 1 C
CTAHOBSTCA aKTUBHBIMM OJHOBpeMeHHO. Korga C CTaHOBUTCS aKTUBHBIM, AKTUBHBIM

moxer crarth Wi C1 wim C2.
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Horanum MeTOK COCTOSTHUM

MeTKH COCTOSIHUM 0TOOPa)KAIOTCSl B BEPXHEM JIEBOM YTIIy PAMKHU COCTOSHUS B
CJIeIyIOIIeM OCHOBHOM (popMmare:

name/

entry:entry action

during:during action

exit:exit action

on event_name:on event_name action

MeTku COCTOSSHUM HA4yMHAKOTCA C HMMEHM cocTosiHust Kpome Toro, merka
COCTOSIHUSI MOYKET UMETh CUMBOJI / M OJTHO MJIM HECKOJIBKO KIIIOUEBBIX ClIOB. KiroueBbie
CJIOBa ONPEACNSIOT pA3JIUYHBIE THUIBI JICMCTBUM, CBSI3aHHBIX C COCTOSHHEM. OTH
KIIOYEBBIC CJIOBAa TMpHUBEACHBI B Tabmuie (cokparieHHas (opma mpeacTaBicHa

MOJTYKHPHBIM HIPUPTOM):

IIpucraBka Tun nenicteus

Entry JlecTBUsA MpU BXOJI€ B COCTOSIHHUE.

During JlelicTBUS BO BpEMsI aKTUBHOCTH COCTOSIHUSA.

Exit JlericTBUA PU BBIXOJIE U3 COCTOSHMUS.

On event_name JleiicTBUS NpU HACTYIJIEHUU COOBITHS eVent_name.

[Tocne BBOAa METKH, KOTOpasi OMpeAeNsieT TUIl JACHCTBUsI, BbI MOJDKHBI yKa3aTh,
Kakue UMEHHO JeHCTBUS OyayT BBIMOIHATHCS. COCTaBHbIE ACHCTBUS IJIs KaXKIOTO THUIIA
pa3ensoTCs OJHMM M3 CHMBOJIOB. BO3BpaT Ha HAYaJlo CTPOKH; TOYKA C 3aIlsITOM;

3arsaTas.



Brl Moxere omnpenenuTh COCTaBHbIE JEWCTBUSL Tuma ON event_name mis
Pa3IUYHBIX COOBITHIA.

Kaxxmoe xioueBoe CJIOBO OINIMOHAIBHO M HE3aBUCHUMO. BBl Moxkere He
ONpeeNaTh WX BOBCEe JHUOO OINpeAeNuTh OAHO WM Heckoibko. [locie kaxaoro
KIIIOYEBOT'O CJIOBA CTABHTCS JBOCTOYHME. 3a MMEHEM COCTOSHHUS MokeT uartu / (cioii).
Ecimu BBl BBOAMTE MM W CidII / HEMOCPEJACTBEHHO IEpel JCHCTBUSAMH, ICHCTBHS
MHTEPIPETUPYIOTCS KaK JEHCTBUS MpU BXoJe B cocTosinue. CokpaiieHHas opma Hy»KHa,
KOrJla BBl OIpejesieTe TONbKO JCHCTBUS TpU BXoAe B cocrosiHue. [ledicTBus
OTIPENIEIISIFOTCSI B METKAaX COCTOSIHUHM, COCTABIIIOIINX YacTh s3bIka aericTBuil Stateflow.

[IpaBUIbHOE UMS COCTOSTHUS MOXKET COCTOSITh U3 OYKB, IU(PP U MOXKET BKIIOUATH
3Hak mnomuyepkuBanus (), Hampumep, Transmission wmiam Green_on. Hcmombs3oBaHue
HepapXuu MpuaaeT THOKOCTh HAMMEHOBAHUIO COCTOSTHUN. VIMs1, KOTOpOe BBl BBOJUTE B
KauecTBE YaCTH METKH, JOJKHO OBITh YHUKAJIBHBIM 110 OTHOIICHUIO K MIMEHAM TMPEIKOB B
ero uepapxuu. IMsi coxpaHseTcst B clioBape JJaHHBIX B BUE MOJHOr0 UMeHU. Heckompko
COCTOSIHMII MOTYT UMETh OJJMHAKOBOE MMs, €CJIM UX IMOJIHbIE UMEHA B CJIOBape JaHHBIX
YHUKaJdbHBL. VHaue npu rpaMmarhyeckoM pasz0ope BbIABUTCS ommoOka. Crexyroniuii

MIPUMED MOKA3BIBAET, KaK HEPAPXUS MOAIAEPKUBAET YHUKAIBHOCTh UMEH COCTOSIHUM.

¢ Ride1 : ’ Ride2 x

Nk ek e e e e e i

Ka)K)IOG U3 DTHUX COCTOSHUU WMEET YHI/IKEU'IBHOG nMs B Hepapxpm AuarpaMmbl
Stateflow. Xors umeHna, sBisromneecss 4acTbl0 METKH, HE YHUKAJIbHBI, KOrjJja Huepapxus
Oyner nobaBieHa B UMl B CIOBape JAHHBIX, pe3ynbTarT OyneT yHUKaidbHBIM. [loiHble
HNMCHA 3TUX COCTOHHI/Iﬁ, KaK OHHU BBITJIAOST B CJ'IOBape JAHHBIX, ITOKAa3aHbl HUXE:

Ridel.0n

Ridel.Off

Ride2.0n

Ride2.Off



l'[pnMep METKH COCTOSAHUA

CJ'IG,Z[YI-OHII/Iﬁ INpUMEp ACMOHCTPUPYCT KOMIIOHCHTBI MCTKH COCTOAHUA.

On/

entry.on_count=0

during:light_on(); on_count++

on power_outage:handle_outage()

Offf
exitlight_off()

B arom npumepe umena cocrosiauii - On u Off. ms cocrostaust popmupyer
MEPBYIO YacTh METKH COCTOsIHUS. Jlanee yKa3aHbl CICIyIOIIUE JCHCTBUS.

Entry Action ([eiicrBue nipu Bxoje B coctostaue). Cocrostarne ON uMeeT AelcTBUE
npu Bxojae on_count=0. DTo 3Ha4MT, YTO 3HaYCHHE ON_COUNt ycTaHABIMBACTCS PaBHBIM
0, Kkoraa BBIMIOJIHAETCS BXOA B cocTogaue On.

During Action ([leiictBrie Bo Bpemsi akTuBHOCTH coctosiHus). CocrostHue On
umeer jaBa During nmedictus: light_on() u on_count++. DTu neiCTBUS BBIMTOIHSIIOTCA,
KOT/JIa BBIMOJIHSIOTCS TEKYIIHE ASUCTBHsI cocTostHus ON.

Exit Action ([eiictBue mpu Bbeixogae u3 cocrosiHusi). CocrosHue Off umeer
nevicteue npu Bbixojae light off(). Dto neiicTBue BBIMONHSAETCS, KOT/AA BBIMOIHICTCS
BbIx0J] U3 cocrosiaus Off.

On Event_Name Action ([lefictBue npu HacTyruieHn# coObiTHs Event_Name).
Cocrosane On umeet Takoe neiictue. Korna codsiTrie power_outage mpousoiizer,
neiicreue handle_outage() BeimosHHTCS.

IMepexoanbl

PeakTrBHas crcTeMa MEHSIET OJJTHO COCTOSTHHE Ha JJPYroe IMpHu IOMOIIH 00bEKTa,
Ha3bIBAEMOT'0O TIEPEXO0JIOM.

Yro Takoe mepexoa?

[Tepexox - 3TO JIMHUSA CO CTPEIKOW, COCTUHSIONIAsI OJUH Tpaduueckuii 00BEKT C
apyruM. B OOJBIIMHCTBE CiIy4yaeB MEPEexo]| MPEACTABISIET CKAYOK CHUCTEMbI U3 OJHOTO

pexxuMa (coctosiHus) B Ipyroi. [lepexon coequHsIeT 00bEKT-UCTOYHHUK ¢ 00BEKTOM-



aapecatoM. OOBEKT-UCTOYHHUK - 3TO MECTO, TJe MePEeX0]] HAaUMHAETCs, O0OBEKT-aapecar -
3TO MeCTO, TJe IMepexo]a 3aKkaHduBaeTcs. BoT mnpumep mnepexojia M3 COCTOSHHS-

ucrounuka On k cocrosiHUo-aapecary Off.

Off

CoenuHeHHs1 IenAT Nepexopl Ha CETMEHTHI. B 3TOM cilydae mepexos COCTOUT U3
CETMEHTOB II€pexoia U B IPOLECCE ONPEEIECHMs AEHCTBUTEIBHOCTH BCETO IEPEXoja
Ka)XJIbIl CETMEHT aHAJIM3UPYETCS IO OTAEIBHOCTU. B cnenyroniem npuMepe nMmeercs 1sa
CETMEHTUPOBAHHBIX MEpexoia: oauH oT coctosHus On x cocrostauto Off, a npyroii - ot

coctostHust ON oOpaTHO K cocTostHUIo ON.

Hmeerca eme oauH Tun mepexona - Oe3ycloBHBIM mepexoj. be3ycnoBHblit
MePEXO0/I - 3TO CICIHUATIBHBIN THII ITEPEX0/1a, Y KOTOPOTo HET 00hEKTa UCTOYHUKA.

Horauuu MmeTok nepexoaos

[Tepexonpl xapakTepu3yHOTCSd METKamH. MeTka MOXKET BKJIOYaTh B ce0d uMs
COOBITHS, YCJIOBHE, JCWCTBUE YCIOBHS W/WiIU JAeWCTBUE nepexoia. [lepBoHaYaibHO
Hepexo/Ibl IOMEYarTCsl cuMBOJIOM (?). MeTku mepexoia MMEIOT CIICIYIONINi OCHOBHOM

dopmart: event[condition]{condition_action}/transition_action.



Brl 3amonusiere yactu event, condition, condition_action u transition_action, kax
MOKa3aHo B mpumepe. Jlro0as yacTh METKM MOXKET OTCYTCTBOBaTh. JleMCTBUs, KOTOpHIE
BBI OTIPEJIEIISIETe B METKAX, COCTABIISIFOT YacTh si3bIka aerictuid Stateflow.

IIpumep MeTKH nepexona

Hcnonp3oBaHue METKH nepexoaa WIIOCTPUPYCTCA CIACAYIOIIUM IIPUMCPOM.

E[off_count==0}{off_count++}/Light_off

Off

[Tepexon MPOMCXOMUT TPHU HACTYIUICHHH COOBITHS, HO C YYETOM HCTHHHOCTH
yCIIOBHSI, €CJIM OHO ompezeneHo. OnpeaeneHue UMEHU COOBITHs HeoOs3aTenbHo. Eciu
UMs COOBITHS HE YKa3aHO, TO Mepexoj] MPOU30MIET MPU HACTYIUIEHUHU JIFOOOT0 COOBITHUS.
CoctaBHbIE COOBITHS OMPEACISIOTCS TIOCPEICTBOM HCIOJIB30BAaHUS  JIOTUYECKOTO
omepatopa MJIN (|). B arom npumepe mpu HactymieHuu coObitusi E mpoucxomur
niepexoy; u3 cocrostaus On B coctostaue Off, ecnm mpu sToM OyAeT UCTUHHO yCIIOBHE
[off_count==0].

VYcnoBusi - 910 OylieBbl BBIPAKEHMS, KOTOPHIC JIOJDKHBI OBITh HMCTHUHHBI IS
OCYIIIECTBIICHHUS Tepexoia. Y CJIOBUS 3aKII0Yal0TCs B KBajapaTHbie ckoOku ([]). B atom
npumepe yciosue [0ff_count==0] 1omkHO OBITH HCTUHHBIM JIS1 TOTO, YTOOBI IPOM3OIILIO
JeCTBUE YCIOBHSA U TIEPEX0 CTal BO3MOKEH.

JIecTBUS YCIOBHM CIEAYIOT 3a YCIOBUSIMH U 3aKJIIOYAIOTCS B (PUT'YpHbIE CKOOKHU
({3}). Onu BhIMONHSAIOTCS TOTZA, KOT/Ia YCIOBHE CTAHOBUTCS MCTHHHBIM, HO IMEPE] TEM,
KaK Mepexo] OCYIIECTBUTCA. ECM HU OHO YCIIOBHE HE OIpPENENICHO, MM0Ipa3yMeBaeMoe
yCIIOBHE TIPUHUMACTCS 332 MCTUHHOE WM JCHCTBHE BBIMOJTHSACTCS. B 3TOM mpumepe eciu
ycnoBue [0ff_count==0] uctunno, To nericteue Off _count++ HeMeJIEHHO BBITIOTHSICTCS.

JleiicTBUsl Tiepexo/ia BBIMOJHACTCS TIOCIE TOTO, KaK MEPexXo]| CTall BO3MOXKEH H
MIPU UCTUHHOCTH yCIIOBHSI, €CITM OHO ompesenieHo. Eciin mepexo1 COCTOMT U3 CerMeHTOB,
JeCTBHE Tepexo/ia BBHIMOIHACTCS TOJBKO KOTJAa CTAHOBUTCS BO3MOXKEH IIOJHBIM MyTh

nepexoja. JlericTus nepexoaa obo3navarorcs cumosiom (). B nanHOM npumepe, eciu



ycnoBue [0ff_count==0] uctunuo u coctosuus Off nocTurnyro, ocymiecTBisercs
neiicrBue nepexoza Light off.

Korna nepexoa Bo3amMo:KeH

B OonbIIMHCTBE Clly4aeB MEpPexXoJl BO3MOXKEH, KOTJa COCTOSHHUE-UCTOYHHUK
aKTUBHO U METKa Mepexoaa JeHcTBUTENbHA. [Iepexo/Ipl 0 YMOTYaHUIO OTIUYAIOTCS TEM,
YTO HE HMEIOT COCTOSHHUS-MCTOYHHKA. I[lepexoa M0 yMOJYaHHIO K IOJCOCTOSHHIO
BO3MOJKCH, KOIJIa €CTh IEPEeX0J] K HAJCOCTOSHHUIO HIM OHO akTHBHO. Ciemyroliue

KPUTCPHUU IPUMCHHUM H K IICPEXO0aaM, U K 663YCJIOBHBIM Inepexoaam.

MerTka nepexona [Tepexon cTaia BO3MOXKEH, €CIIH. ..

CoObiTHe Co0bITHE POU3OIILIO

CoObITHE U yCIIOBHE CoObITHE TIPOU30IILIO U YCIOBUE HCTUHHO
Ycnosue JIro60e coOBITHE MPOU3OIIIO U YCIOBHE UCTHHHO
JleticTBHe JIro60¢e coObITHE TTPOU3OIILIO

He onpenenena JIto6oe coObITHE POU3OILIO

Tunbl nepexoaos

Horamuu Stateflow moanepsxuBaroT cambie pa3In4HbIC THITBI IEPEX0/I0B, KOTOPBIC
PacCMOTPEHBI B CICAYIOMIUX pa3jeiax.

IMepexoanl k mociaenoBateabubIM (MJIN)

cocTossHUAM PaccMoTpuM NpocToi mpumep.

Initially active.




[Tepexon or On k Off melictBuTeneH, korga cocrosiHue ON aKTHBHO U COOBITHE
Switch_off mpousomnio. Ilepexox or Off k On nefictBuTeneH, korma cocrosaue Off
aKTUBHO U coOBITHE SWitch_on mpow3oriwio.

Coennnenne ¢ NaMATHIO

CoennHeHue ¢ MaMATHIO 3aIIOMUHACT MPEAbIAYIIEe aKTUBHOE COCTOSTHUE.

YT1o Takoe coeTMHEHUSI ¢ MAMATHIO?

CoenuHeHHs C TaMATBIO UCIIOJIB3YIOTCS, YTOOBI OTMeTUTH B Stateflow-muarpamme
OOBEKTHI, T/Ie PEIICHUS TPUHUMAIOTCS HE Ha OCHOBE TEKYyIIel MH(POpMAIINH, a OTIHPAsCh
Ha TMPEABICTOPUI0. DTa MPEIbICTOPHS CBS3aHA C aKTMBHOCTBIO COCTOsIHUSA. Pa3mernienue
COEJIMHEHUS C MaMSIThIO B HAJICOCTOSIHUM TOKA3bIBAET, UTO MH(MOpMAIHI 00 aKTUBHOCTU
COCTOSTHUSI B TPOIIJIOM HCHOJB3YETCS TPU OIPEACICHUU COCTOSIHHS, KOTOPOE CTaHEeT
aKTUBHBIM B HACTOSTIMI MOMEHT. COCTUHEHUS C MAMSTHIO TPUMEHSIIOTCS TOJIBKO K TOMY
YPOBHIO HEpapXuH, Ha KOTOPOM HaXOIATCA.

I'paduyeckue pyHKkunu

I'paduueckue QyHKIMM — 3T0 (GYHKUUH, KOTOpbIE oOIpeaesneHbl Trpadom
nepexonoB. Hamnume rpaduuecknx ¢GyHKIUNA oOecneunBaeT yJ0OCTBO M TOBBIIIACT
BBIPA3UTEIBHOCTh si3bIka JnedicTBuil  Stateflow. Ha pucyHke mnpuBeneH mpumep

rpaduueckoit pynkiuu u Stateflow-nuarpamme ¢ mepexoaoM, KOTOPBIH ee BbI3bIBACT.

function z = f{xy)

Al i

IIpumepsl co3nanus

MozeJieit Moaesns aproanuyeckoi nenu Mapkosa

ITpumep n3 kauru Kemenu k., Crenn Ix. Kubepnernueckoe MoieIupoBaHue.
Hexotopsie npunoxxenusi. M.Cosetckoe paano, 1972,192 c.

Ha 3emiie O3 noroja O6p1BaeT BCEro TpeX TUMOB: JOXK/b, COJHEUHO WK cHer. Ecimu
CErOAHs COJIHEYHBIM JIeHb, TO 3aBTpa OyIeT MJO0XKIAb WIM CHEr C OJMHAKOBOMU
BEpPOSATHOCTHIO. Eciu ceroqHs-m1oxap (MM CHEr), TO MOJIOBHHA IIAHCOB 32 TO, YTO TaKas
ke noroga Oyner 3aBTpa. Ecin ke IpOUCXOIUT U3MEHEHHE, TO TOJIBKO B IIOJOBHHE

CJIy4acB OHO IIPUBOAUT K COJIHCUHOMY JIHIO.



Pemrenne. OGpaszyem sproanveckyro menb MapkoBa C TpeMsl COCTOSHUSMH ain,
sunny u SNOW sl JOXK[IsS, COJNHIA M CHera COOTBETCTBEHHO. Ee Mojenbio Oynmer

Stateflow-nuarpamma.

rain/
entry:nrain++;

[mi(exprnd(1))>.5
show/
entry:nsnow++;

sunny/
entry:nsunny++

HauanbHoe cocTostHME - SUNNY, O YeM CBUACTEILCTBYET HaIU4Hue TpaduyecKkoro
o0bekTa nepexon o ymonuanuto (Default transition) k cocrostauto SUNNY. DTOT mepexoq
compoBoXkaeTcs aeiictBueM nepexona (Transition action) /nrain=0;nsunny=0;nsnow=0.
910 JIGfICTBI/IC YCTaHaBJIMBACT B HOJIb CHCTYHUKH KOJIUYCCTBA AOXKIJIWBBIX, COJHCUYHBIX

JIHEH W JTHEeH, Korja UJET CHET.

rainf
entry:nrain++;




3amMeTHM, 4TO JAHHOM CIiydae 3TO JCHCTBUE SBISETCS M30BITOYHBIM, TaK Kak
Ha4daJIbHbIE 3HAYECHUS ITUX MIEPEMEHHBIX PABHBI HYJIIO M0 YMOJIYAaHUIO. B 3TOM HETpyIHO

yoenuthcs, oTkpbiB ipoBoaHuK Stateflow Explorer u mpocmotpes rpagy InitVal.

HTorosrlit BUI MOoaenn:
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HpI/I BXOJIC B 3TO COCTOSIHUE BBINOJIHSACTCS ICHCTBUE nsunny++, T.C. KOJIMYCCTBO

COJIHCYHBIX I[Heﬁ YBCIIMYNUBACTCA HA CIUHUILLY .

rainf

entry:nrain++,

[mi(exprd(1))=.5
show/
entry:nsnow++,
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entry:nsunny++

Crenyromiee coObiTie €Vent (cMeHa CyTOK OpraHW30BaHa B MOJENH MPU MOMOIIH
reHepaTopa MpsSIMOYTOJbHBIX HUMIyJdbcoB Pulse Generator) mepeBoaut aumarpamMmy B
coenuHsiemMoe mojakimroueHne Connective Junction , otrkyma ¢ BepositHocThio 0.5
AMarpaMMa MepexoJuT B COCTOsIHHE SNOW u ¢ BepostHocThio 0.5 - B cocrosiHue rain.

BeposiTHOCTHBIN TIepexo/1 OCHOBAaH Ha Mcmoyb3oBanuu yciaosus ml(‘exprnd(1)')>.5



(Be130B MATLAB-dynkuuu exprnd(1), T.e. reHepaliys Cry4aiiHOTo 4ucia U3 Juarna3oHa
(0,1) u cpaBHenue sToro ymciaa ¢ yuciom 0.5). OcranabHble TEPEXOAbl OPraHU30BaAHBI
AQHAJIOTMYHBIM 00pa3oM B COOTBETCTBHE C JIOTHKOW, OMHMCAHHOW B 3aaade. Pe3ynbrar
paboTel Mojaenu Ha mpoTsokeHun 10 JleT MoJenbHOro BpEeMEHH, Kak 3TO CIEIyeT U3
pucyHka, pgan /28 conHeunblx, 1514 cHexHpix u 1408 AOXIIMBBIX  AHEH.
AHAINTHYECKOE PEIIEHUE JaeT BEPOATHOCTD IS COMHEUHOM moroasl 1/5, a mjs cHera u
noxnas - 2/5.

Mopnesab padornsl aaroputma EBkimaa (HaxoxkaeHHe HamOOJbIIEro 00IIEro
MeJTUTeJIs1)

MonenupoBanre pabOThl KOMIIBIOTEPA, PEaTU3YIONIETO W3BECTHOTO alTOpPUTMa
EBkiMaa 1mo HaXOXKJIEHHI0O HAUOOJIBIIEr0 OOIIEro JCIUTENs JBYX HATypalbHBIX YHCE.
DTOT CTaBIIMM KJIACCHYCCKUM IIPUMEpP Pa3BETBISIONICTOCS alrOPUTMa MOXKHO

MIPEICTaBUTh B BUJIE OJIOK-CXEMBI, IPEJICTABIEHHON Ha PUCYHKE.
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Stateflow-moaensio0 paboThl 3TOro anropuT™Ma MOXKET CIYXKHTh MMOKa3aHHAs Ha
CIIE/IyIOIEM PHCYHKE auarpamma. [Ipu MojenupoBaHUU CBOOOTHO MPOrPaMMHPYEMBIX
ycrpoiictB STATEFLOW - s¢dextuBHbi cnoco0 MpeAcTaBUTh OOIIYI0 CTPYKTYpPY

IIPOrPaMMHOI0 KOJIa KaK KOHCTPYKLUIO B BUJE YCIOBHBIX OIIEPAaTOPOB U LIMKJIOB
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Jlajiee Ha OCHOBE ATOM JuarpaMMsbl co3gaem Simulink-monens, oOeceuynBaroNIIy 0
BBOA M BBIBOA HMH(popmanuu. KoHeuHblli pe3ynbTaT paOOThl MOAEIH Ha 3aJaHHOM Cif
HaOoOpe JaHHBIX TOKa3aH Ha pUCyHKe. HanOobIIUM OOIIMM ACTUTENIEM 3aJaHHBIX Ha

BXoji¢ B auarpammy uucen 121 u 22 sBnsercs uncio 11.

121

Constant

22

Constant1

IIpakTHyeckas yacTb

3amanue 1.

C06paTb MOACIb IMOACYECTAa KOJIHMYCCTBA HOXKAJIMUBBIX, CHCXHBIX H COJHCYHBIX

nHeit Ha mnanere O3. s aToro:
1. 3amyctute MatLab.
2. OrkpseiTh Simulink u co3naTh HOBYHO MOZCIT.
3. Oo0wext Chart naxonutcs B 6paysepe Simulink, pasxen Stateflow.
4

C06paTI) MOJACJb COIJIaCHO HpHBeHeHHOﬁ BbBIIIC CXCMC.

HpOMOZ[CJII/IpOBaTB CUCTCEMY C 3aJaHHbIMH Ha4YaJIbHBIMHU  ITapaMCTpaMU.

3adukcupoBaTh pe3yiabTaThl.



V3MeHuTh BEpOSITHOCTH MEPEX0/1a, 3apUKCUPOBATH MOIYYCHHBIE PE3yIbTaTHI.

3amanue 2.

CobOpath MoIeTb HaX 0 ACHHUS HanOobIero odiero aenutens. [IpuBectu

MIpUMEPBI padOTHI MOJEIH.

3amanue 3.

Pa3zpaborarh MozeNb yCHIIUTENS, YIOBJIETBOPSIOUIYIO CIIETYIOIIUM TPEOOBAHUSIM.
BxonHrle curHaiml:

1. JIroGoit BXOmHO# curHai (HarpuMep CHHYCOUIA).

2. Bpewms 3agepxku. 3agaercss KOHCTaHTHOU.

3. Koadodumuent ycuneHus.

BrixomHpie curHadbl.
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[TpomogenupoBaTh. 3ahUKCUPOBATH PE3YIbTATHI MOJCIUPOBAHUS.

B mapamerpax moaemupoBanus Simulink usmenuts «Solver optionsy». 1o

YMOJYaHHIO CTOUT.

» Configuration Parameters: zadanie3/Configuration
}"ge|ect; | simulation time ,A..i
Salver | Start time: 0.0 Stop time: 20.0
D ata Import/Export
Dptlmnzalllon Solver options
(= Diagnostics
Sample Time Type: Variable-step E.Yi Solver: oded5 (Dormand-Prince) { y' =
Data Validity _ Max step size: auto Relative tolerance: 1e-3
Type Co_m_'erswn Min step size: auto Absolute tolerance: |auto
Connectivity 7 :
Compatibilty Initial step size: auto
Model Referencing Zero crossing control:| Use local settings ! yi
Hardware Implementation | ™ A tomatically handle data transfers between tasks
Model Referencing
hd
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W3meHuTh napameTpsl Ha:
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w Configuration Parameters: zadanie3/Configuration

S glect: I Sirmulation time
Solver ! Start time: 0.0 Stop time: | 20.0
D ata |mpart/E =part
DPtII‘I‘IIZEIl.IDn Solver options
| & Diagnostics
Sample Time Tupe: | Fined-step |3 Solver| ode3 [Bogacki-Shamping|
?ata \Eahdlty . Feriodic zample time constraint; Unconstrained
wpe Conversion : ; . -
Connechivity Fixed-ztep zize [fundamental zample time); 0.0
Compatibility Tasking mode for periodic sample imes: | Auto
Model Referencing [] Higher priority value indicates higher task priarity
Hardware Irmplernentation .
Muodel Referencing [] Automatically handle data transfers between tasks
[}
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[losyunTh HOBBIE pe3yabTaThl MOJIEIUPOBaHUsS. 3aUKCUPOBATh,

IIPpOMOJCIINPOBATD.




