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AmnHorarus

MotuBamus: /151 6016110T0 YKCIa TPUKJIATHBIX 38/1a4 11€J1eCO00PA3HO TIPE/I-
cTaBJIEHHE KO/a PelraeMoil 3a/1a4il B BHJIe COBOKYIIHOCTH IIPOIIECCOB, 0OMe-
HUBAIOIIUXCsI cOObIeHusiMuU. T paIuIinoOHHOe TIPUMEHEHUE MOJIEJTU «IIPOIECC—
COO0IIeHNe» B CPEJICTBE ITPOrPAMMHUPOBAHUSI COCTOUT B pa3pabOTKe CIIeru-
aJIbHOTO sI3bIKA WM OUOJMOTEKM BPEMEHW WCIIOJHEHUS JIJIsi MMEIOIIEerocst
si3bIKa. HemocTaTok mepBoro moaxoia 9T0 CJI0KHOCTD PAa3pabOTKH, & BTOPO-
I'0 — CJIO2KHOCTDb npuMenenus. [Ipemiaraercss HOBBIII METOJ, OIIMCAHUS MOJIE-
JIA <IIPOIECC—COODINEHNE, NCIOIB3YIOMUN A3bIK IIPOrPAMMUPOBAHNUS C IIPO-
[IEJlyPHON CEeMAHTHKON U IIPEIpOoIeccop, YCTPAHSAMIINN yKa3aHHbIE HEI0-
cratku. Meroza: Koy mporpaMMbr B TepMUHAX MOJEH «IIPOIECC—COODIEHNE >
JesnTcst Ha OJI0KU: OMOJIMOTEKA BPEMEHU WCIIOJIHEHUST; CBSI3BIBAIOIINN KO/I,
OO BEIMHATONTNI OMOJIMOTEKY BpPEMEHH WCIIOJTHEHUsT W KOJ, KOHKPETHOH 3a-
JIAU; TUATIBI JAHHBIX JIJIsT COODIMEHNH U MPOIEayphbl ux obpaboTku. ['pamn-
bl OJIOKOB 0003HAYAIOTCS KOMMeHTapusaMu. J[ist onmucanust CTPYKTyPbI KO-
Jla B IEJIOM IIpejIaraeTcs MpeIMeTHO-OPUEHTUPOBAHHBIN SI3bIK, HA3BAHHBIN
Templet. Meros mo3BoJIsSIeET MPOBOANUTH KOHTPOJIb COOTBETCTBUSI CTPYKTY-
PBI KOJIa MOJIEJIH «IIPOTIECC—COODIIEHNE» aBTOMATUIECKU MT€PEJT, KOMITHJISIIA-
eit. Omucanue KanagoB: Kamnas omuchBaeT TPOTOKO 0OMEHa COOOIEHUSIMI
MeK/1y mmapoii mporeccos. I[IpuBenén cHHTAKCUC KAHAJIOB C UCIOJIH30BAHUEM
pacrmupenHoii Hotanun Bekyca—Haypa (EBNF). Mudbopmannonnas cTpyk-
Typa KaHAaJIOB, UCIOJIb3yeMasi Jijis T'eHepallii KOJa, OIMCAHA C IPUMeHe-
HUEM JHMarpaMMbl «CymHocTh—CBa3b> (ER). Omucanme mpomeccos: Iponecce
oImpeieisieT aJropuTM 0O6pabOTKU COOOINEHMIA, TOCTYHAIONNX 110 KaHAJIAM
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Bocrokuu C. B.

OT JPYTHUX IPOIECCOB, W OTBETHI Ha coobienns. [Tokazana mHGOpMaIMOH-
Hasl CTPYKTYPa KaHAJOB BO B3AUMOCBSI3M C CHHTAKCUCOM. B onncanuu takxke
ucnosib3oBanbl Meramojiein EBNF u ER. Onucanune cuHTakcuca conpoBOXK-
JlaeTcsl IPUMEPOM TIPOIiecca «pa3BeTBiIeHne—ciausane». Cxema paboTsl mpe-
mporeccopa: PaccmarpuBaercst yKpyITHEHHBIH aJroOpuT™M pabOThl U apXUTEK-
Typa npemnporeccopa sizbika Templet. IIpempomneccop cocrouT u3 mojacucrem
CHHTAKCAYIECKOTI'O AHAJIN3ATOPA, AHAJIM3ATOPA OJIOKOB, 0A3bI JJAHHBIX, CEMAH-
THYECKOTO aHAJIM3aTOPa, MEXaHW3Ma BBIBOJIA W reHeparopa Kojga. Omuchbr-
BaeTCst AJITOPUTM paboThl mpenporieccopa. Ha ocHOBe aHaim3a KOJUIECTBA
CTPOK KOJIa B KOHTPOJIBHOM IIPUMEpPE ITOKA3aHO COKPAIEHNE 00bEMa PYIHOTO
KojmpoBanus mpuMepHo B 20 pa3. IlpumeneHne U cpaBHEHHE ¢ aHAJIOTAMM:
IIpenporieccop npumensiercst B coctaBe web-cepBuca 7yt aBTOMATH3AINN A~
paJLTeIbHBIX Bhraucenuit. OH UCTOIB3YETCs IS TOJITOTOBKHU CKEJIETOB TIPO-
rpaMM, KOTOPBIE IOJIb30BATEJN JIOIOJHAIOT TIPOOIEMHO-OPUEHTHPOBAHHBIM
KOJIOM. OIII/IC&HI)I npenmMmyIirecTrBa, O6IIH/Ie YEePThI U pa3/indusd IpeJIO2KEHHOI'O
ITOJIX0JIa B CPABHEHUU C TEXHOJIOIMSIMU Pa3METKU II0CJIeI0BaTEIHbHOIO KOJIa,
TEHEPUPYIOIIUMI MAaKPOIIPOIIECCOPAMHE, CIEIUAIN3NPOBAHHBIMU [TAPAJLIEIb-
HBIMA SI3BIKAMM, METAIPOIDAMMUPOBAHUEM U PA3pabOTKOi, yIpaBiiseMOit
MOJIEJIAMH.

Kiro4deBble ciroBa: perpoIieccop, peMeTHO-OPUEHTUPOBAHHBIN S3bIK, ITPO-
1ece, coodIenue, napaJsiebHoe IPOrpaMMUPOBAHIE.

doi: http://dx.doi.org/10.14498/vsgtul334

MoruBamusd. st 60BITOr0 Ynciia TPUKJIAIHBIX 3a/a€ IIeJeCO00Ppa3HO Ipe-
CTaBJIEHNE KOJIA PEIaeMOoil 3a/1a9u B BUJE COBOKYITHOCTHU ITPOIIECCOB, OOMEHUBATO-
muxcsi coobrenustmu. Hanpumep, B 00/1aCTH BBICOKOIIPOU3BOIUTETbHBIX BBIUHC-
JIEHU! Takoe pasOueHue CIyKUT Jjist 9MOEKTUBHOTO UCIIOIb30BAHUS /€D U PO~
1eccopoB. B pacupesie/leHHbIX BBIYUC/IEHUSIX BaXKEH POTOKOJ B3aUMOJIEHCTBUS
00BbeKTOB TIpU IOMOIU coodIieHunii. B mHTe/IeKTya bHBIX MHOT'OAr€HTHBIX CHU-
cTeMax HeOOXOJMMBI CPEJICTBA OIMUCAHUS IIPOIEAyP 00pabOTKHU COODIIEeHM B IPO-
rpaMMHBIX areHTax. CHCTEeMbI UMUTAIIMOHHOTO JUCKPETHO-COOBITUIHOTO MOJIE/IH-
poBaHUsi OOBIYHO B Ka4eCTBE COOBITUI PACCMATPUBAIOT MOCTYILIEHHE COOOIEHMIT
B IIPOIIECCHI U UX 00PabOTKYy.

TpaaunnonHoe TpUMEHEHNE MOJIEJIN <«IIPOIECC—COOOIIEHnEe» B CPEJICTBE IMPO-
IPAMMHUPOBAHUST COCTOUT B pa3paboTKe CIENUAJbHOIO SI3bIKa ITPOrPAMMHUPOBAa-
HUsT Wi OMOJIMOTEKN BPEMEHU UCIIOJTHEHUST JIJTsT UMEIOIIErocst si3bika. OYeBUTHBIM
HEJIOCTATKOM IIEPBOTO TOJXOJA SIBJISIETCS CJIOXKHOCTH Pa3zpabOTKH, a BTOPOIO —
CJIOYKHOCTH TTPUMEHEHUSI.

ABTOpOM TIpe/ITaraeTCst HOBBIH MTOIX0/T, OCHOBAHHBIN HA TOM, ITO MOJIE/b «ITPO-
IeCcC—COODIIEHNEe» MOXKET OBbITh OIMCaHa Ha JIFOOOM sI3bIKE IIPOrPaMMHUPOBAHUSI
¢ TOJIB30BATE/IbCKUMU TUIIAMU JIAHHBIX U MPOIEAYyPHOiI cemanTukoit. Jljs aToro
HEOOXO0IMMO CJIEIOBATD CIEIUAJIBHBIM COTVIAIIIEHUSIM Ha CTPYKTYPY Koja. Vcrmosib-
30BaHMe Pa3zpabOTAHHOI'O YHUBEPCAJBHOI'O IPEIPOIEccopa BMECTE C IIPEIMETHO-
OPHEHTUPOBAHHBIM A3BIKOM II03BOJISET aBTOMATH3UPOBATL KOJAUPOBAHUE MOJIETN
«IIPOIECC—COODINEHNE» CPEJICTBAMU TPAIUIIMOHHOTO sI3bIKA POIPAMMUPOBAHUS.

B pabore paccMoTpeHa apXUTEeKTypa U IIPUHIINAI paboThl Iperpoleccopa. Omnn-
CaH CHHTAKCHUC IIPEJIMETHO-OPUEHTUPOBAHHOIO si3bika (DSL) myist Mojesin «iporiecc—
coobienne» Ha ocHOBe paciupennoii Hotanun bekyca—Haypa (EBNF). Ceman-
THKA s3bIKA MMOKA3aHA C MCIOJIB30BAHUEM IUATPAMM «CyIHOCTb—CBsi3b» (ER) m
BepbasibHOrO ommcanus. [IpuBeeH MpuMep ONMUCAHUsI CHCTEMBI IpoIeccoB. Pac-
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CMOTPEHO IIpUMEHCHUE IIpedjaracMoro MeTo/a, BBIIIOJIHEHO CpaBHEHUE C U3BECT-
HBbIMHA aHaJIOTaMH.

Meroa. Kos nporpammsl (Hampumep, Ha si3blke C++) B TEPMHHAX MOJIEIH
«IIPOIIECC—COODIIIEHNE» MOXKHO CTPYKTYPHPOBATH CJIEIyIONUM obpa3oM. Bo-mep-
BBIX, 9TO OHOJIMOTEKa BPEMEHU WCIIOJHEHUs ¢ 0A30BBIMHU KJIACCAMH <IIPOIIECCY,
«COODIIEHNE Y, «IUCIIeTYED COODIEHUt» U TaK JaJjee, s Iepegadn CTPYKTYPbI
[IOTOKa YIIPaBJIeHUs. BO-BTOPBIX, «CBA3BIBAIOIIMIY KOJI, 00beInHAIOmMi 6ubImo-
TeKy BpPEMEHHU WCIIOJIHEHWSA W KOJ KOHKPETHOW 3ajadn. B-Tperbux, coOCTBEHHO
TUIIBI JAHHBIX JJIsI COODIEHU 1 MPOIe Iy pbl nX 0bpaboTku. Takmm 0bpa3om, KOs
B TEPMUHAX MOJIEJN <IIPOIECC—COODINeHne» OyJIeT MMeTh OJIOYHYIO CTPYKTYPY.
[TosTomy jjist ero aHaym3a He TpebyeTcss 3HATH CUHTAKCHUC sI3bIKA, & JIOCTATOYHO
YMETb OIPEIE/IATh I'PAHUIBI 6,I0KOB. OYeBUIHBIM CIIOCOOOM OIPE/IE/IEHIS IPAHMNII
OJIOKOB SIBJIFETCA pa3MeTKa IIpH oMol KomMmeHnTapues. Hampumep, B bparmen-
Te KOJIa

bool Parent::hello()

{

/*$TET$Parent$hellox/
cout<<"Hello world!";
return true;

/*$TET$*/

}

Teso Merona Parent::hello() MoxKeT OBITH JIEFKO H3BJICUYEHO U3 KOJA, €CJIH
IPENpoIeccopy U3BECTHBI CUTHATYPBI KOMMEHTapueB. B npumepe bool Parent: :
hello(){...} — cBaswbiBalomuii Ko, a cout<<"Hello world!"; return true; —
KOJI, KOHKPETHO 3aJ1a41 UM 110JIb30BaTe/IbCKUI OJI0K.

CTpyKTYypy CBA3BIBAIOIIEIO0 KOJIa U OJIOKOB I0JIb30BATEN MOXKHO OINCATHL B
KOMIIAKTHOI (popMe Ha F3BbIKe MOJEJH <«IIPOLEecc—coobmenue». IIpu 3ToM camo
OIUCAHKME MOXKeT ObITh TaKyKe BCTPOEHO B KOJI B (pOPMe KOMMEHTAPHS:

/*$TET$templet$! templet ! */
/* *Parent=+hello(). */
/*$TETS*/ .

C y46ToM ONHCAHHBLIX IOIYINEHUI KOHTPOJb COOTBETCTBUSI CTPYKTYPBI KO-
Jla, MOJIEIN «IIPOIECC—COODIIEHe» MOXKeT OBITH MPOBEIAEH IMepell KOMITMJISAINEH.
Jltst 9TOTO TpPEdyeTCst BBIMOJHUTE CJICAYIONLYIO TPAHC(OPMAIUIO KOJAa IPOTrPaM-
MBI. HeO6XOlLI/IMO U3BJIEYD I10JIB30BATEJIBCKUE 6.HOKI/I U OIIuCaHue CprKTypr KoJda
U3 MPOrpaMMbl, & 3aTeM (eC/in CTPYKTypa M3MEHUJIach) MEeHEePUPOBATH KOJI IIPO-
rpaMMbl B COOTBETCTBHY C HOBBIM OIMCAHUEM CTPYKTYPBI, IIOMEIIas B KOJ U3BJIe-
JEHHBIE paHee [I0JIb30BATe/bCKIe OJIOKH.

Kak KOMITaKTHO MpeICTaBUTh CTPYKTYpPy Koma Ha DSL-s3bike Momen <«Ipo-
1ecc—coo0IIeHe> W BBIIOJHATH MEHEPAINI0 KO/ Ha IIeJIEBOM sI3bIKE ITPOrpaM-
MHPOBaHUA ITOKa3aHO HHZKeE. ZL.HH 9TOIr'0 pacCMaTpPpUBaIOTCA JBa THIIA O6’])€KTOB
MOJIEJIN — KaHaJI U IPOIECC.

Omnucanme KaHaioB. KaHaj onuchbIBaeT IPOTOKOJI B3aMMOJIEHCTBHSI IIPH II0-
MOIIU COOOIIEHNIT OT JABYX yYaCTHUKOB — KJIHEHTa U cepBepa. Mojeab KaHaJIOB
npejicraBiena Ha puc. 1. Mo/esb onucbiBaeT MHOYKECTBO THIIOB KAHAJIOB (CYIITHO-
creit CHANNEL). Kazkiprit T kanasa nveer nmst (arpubyT channel) ogHO3HAY-
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HO HieHTHUIUpPYIomee ero. Kanaa MOXKeT COCTOSTH U3 HECKOJIbKHUX COCTOSIHUI
(cymuocreit STATE). Bormensnoxennoe omnmceiBaercst npasmiom EBNF:

channel = 7’ ident [’=’ state {’;’ state}] ’.’.

Herepmunas ident coorBercTByeT mMenu Tuna kanasa channel na ER-aua-
rpamme puc. 1. Cocrosinust STATE onuceiBatoT 1mociie1oBaTe/ibHOCTh B3auMOIEi-
CTBHUS MEXKJy JIBYMsl yIaCTHUKAMM — KJIHEHTOM U cepBepoM. COCTOSHUS UMEIOT
ums (aTpubyT state); JessATCs HA JBa MHOXKECTBA — COCTOSIHUE KJIMEHTA M CO-
crosinme cepBepa (arpubyT cli_or_srv); OJHO M3 COCTOSHUI ONPEIEIAeTCs Kak
HaudasbHoe (aTpubyr is_initial). Ecsim cocrosinue siBiisieTcst COCTOSTHUEM KJIH-
€HTa, TO COODINEHNE TepeIaéT KIUEHT, a NMpUHuUMaeT cepsep. VHade — nepegaét
cepBep, a npunumaer KiaueHT. [Ipasmio EBNF misa cocrognus nmeer Bum:

state = [’+’] ident [ (’?°]°'°) [rules] ].

31ech HaYAJIHLHOE COCTOAHIE 0D03HATEHO 3HAKOM ’+’; COCTOSHUE KJINEHTa 000-
3HAYEHO 3HAKOM 7’ (OH 3aJIaéT BOIIPOC); COCTOSIHUE CepBepa 0OO3HAUEHO 3HAKOM
’1? (ou orBevaeT Ha Boupoc kimenrta). Herepmumas ident obosmadaer mMmst co-
crosiusi (state).

Haxonern, npasuio, npencrasiennoe cymuoctbio RULE, onuceiBaer, B Kakoe
cocTosiHME new_state OyJieT BBIIOJHSATBCS [IEPEXOJ IIPU OTIPABKE COOOIIEHUS C
nMeneM message u3 Tekyiero cocrognus. Cymuocts RULE 3agaércsa npasuiiom

rules = ident ’->’ ident {’|’ ident ’->’ ident}.

N nentudukarop nepej; 3HakoM ’->’ 0003Ha4YaET COOOIEHNE message, UJIeH-
TudUKATOP Iocje 3HaKa ’->’ 0bo3HayaeT HOBOE COCTOsIHME new_state.

CHANELL STATE RULE

*state
is_initialf+
cli_or_srv

*chanell
new_state

MESSAGE NEW_STATE

*
0 *message [H state
cli_or_srv

*new_state

Puc. 1. ER-mozens kanasos [Figure 1. ER model of the channels]

IIpumep cuHTAKCHCA KaHAIOB. I1ycTh TpeGyeTcs IIpOBEpUTh TOXKIECTBO sin? x4+
+ cos?x = 1. JIj1st 9TOTO BBIIOJIHUM BBIUHUC/ICHHE KBAJIPATOB CHHYCA H KOCHHYCA
OJTHOBPEMEHHO (HapaJuiesibHO) B IBYX Ipolieccax. BaanmMoieiicBrie MexK /1y yupas-
JISIIOTIIUM TIPOIIECCOM U TIPOIECCOM, BBIMHCJISAIONIUM (DYHKIIAIO, PEJCTABIM KaHa-
JIOM

“Link=
+Begin 7 agrSin2 -> Calc | argCos2 -> Calc;
Calc ! result -> End;
End.

DTOo ommcaHWe UMEET CJIEAYIONIYI0 HHTEPIIPETAINio. B HaYaIbHOM COCTOSTHUN
Begin ynpaBidromuii nmpomecc (B poim K.HI/IeHTa) rochbLIaeT coodieHne argSin2
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(KOoTOpOE 3acTaBiisieT BBIYUCIUTL KBaJPAT CHHYCA OT MEPEAHHOIO B COOOIIECHIN
3HavueHNsT) Wi argCos2 (J1s BBIYHUCICHUS KBaJpaTa KOCHHyca). Vcmomasiontmii
uporiecc B cocrosiauu Calc (B posiu cepBepa) BBINOJIHSIET BBIUYUCJIEHUE U BO3BPa-
maeT pe3yapTaT B coobmenun result. Ilocae sToro o6paborka 3aKaHINBAETCSI,
TaK KakK U3 cocTodHns End HeT UCXOISIINUX COOOIIEHIIA.

JL1st reHepaIuu Koa CYIIHOCTH, OJIYIeHHBIE IIPU CHHTAKCHIECKOM aHAJII3e,
JonoHsAtoTCsT Bhraucaenubivu cytHocTsMu MESSAGE u NEW  STATE. Cynr-
voctb MESSAGE o6benunsier Bce yIIoMsIHYThie B KaHaJie coobinenusi. CyIHOCTh
NEW STATE noka3eiBaer, B KAKOM COCTOSIHUU State MOKeT IepejaBaThbCsl CO-
obIeHne, 1 B KAKOE COCTOsSIHIE new_state 3aTeM I1epexoInT KaHal. BelaucaeHHbIe
CYIIHOCTH BbIJEJIEHbI Ha puc. 1 paMkoii. ['eHeparus Ko1a BBIIOJIHAETCS IIyTEM 00-
X0J1a JIOMIOJTHEHHOTO JiepeBa ER-Monen kanaJioB.

Omnucanne nporeccoB. IIporece ompenensier aJaropuTmM o6pabOTKH COOOIIEHMIA,
MIOCTYIIAIONIUX 110 KaHAJaM OT JIPYTUX MPOIECCOB, U OTBETHI Ha coobiieHusi. Mo-
JIeJIb TIPOIECCOB TIOKa3aHa Ha puc. 2. Moe/ib ONMuChIBAET MHOXKECTBO THIIOB IIPO-
neccos (cymuocreit PROCESS). Kaxpiit Tun mnporecca umeer umsi (arpubyr
process), OJHO3HAYHO wujeHTHUdUIUPYIoee ero. [Iporecc MokeT cocTosTh U3
HeckosIbKuX 1opros (cymmuocreii PORT) n meckonbkux Jgeficrsuit (cyrmmocTeit
ACTION). BeimensnoxenHoe npejicrasieso npasuiom EBNF:

process = ’*’ ident [’=’ ((ports [’;’ actions]) | actiomns) ]’.°.

ITopr ommceiBaeT TOUKY MOJAKJIIOUeHNsT KaHaja K mporeccy. OH xapakTepusy-
ercs UACHTUPUKATOPOM POrt; TUIIOM IOJKJIIOYAEMOro KaHaja channel; poJibio
[poIlecca BO B3aMMOEHCTBUN Yepe3 MaHHbI mopT cli_or_srv (KJIMeHT WiIu cep-
Bep); a Takxke jeiicrBueM alt_action, KOTOpOe 3aIlyCKaeTCsl IIPU HOCTYIUICHUN
COO6H.[€HI/I${ B ,ZLaHHbIIU/I IIOPT, €CJIM He BBIITOJIHEHBI (I/I.HI/I HE yKaSaHbI) CBA3aHHBIC
¢ noprom npaswia RULE. Ilpasuna EBNF g nopra umeror Bu;

ports = port {’;’ port}.

port = ident ’:’ ident(’?’|’!’)[(rules [’|’> ’->’ ident]) |
( ’->’ ident)].
B npaBunax xkomOuHaIMs UMSI-TUI TOpTa 0O003HavYeHa Kak ident ’:’ ident.

3Hak ’7’ MOKA3BIBAET, YTO COOOIEHUSI B IPABUJIAX — BOIIPOCHI OT KJIHEHTA. 3HAK
’ 1’ [OKa3bIBAET, UTO IMOCTYIAONINE B JAHHBIN TTOPT COODIIEHUS — OTBETHI CEpBe-
pa.

CunTakcuc npaBul JIJid IOPTa aHAJOrTYeH paBuiaM Jjisd KanaJjos. [Ipasuira
JIJIST KaHAJIa UMEFOT CJIEY oIy 0 nHTepperamuio. CiieBa oT 3HaKa ’ ->’ 3allUChIBa-

PORT
PROCESS RULE
*port
*process H channel —H-O<]| *message
cli_or_srv action
alt_action
ACTION ARGUMENT
*action *port
o< is_initial —H-o<]
on_true_action Tead_or_write
on_false_action *mes;ag;

Puc. 2. ER-mozens nporneccos [Figure 2. ER model of the processes|
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eTcs UMl COODINEHNs message, MOCTYIIAOIIEro B KAHAJ, & CIIpaBa — UMs JICHCTBUS
action, KOTOpOe HY>KHO 3aIlyCTUTh IIPH MOCTYIJIEHUH JTAHHOTO COOOITIEHUS.

JleficTBUST ONMMCHIBAIOT MIPOIEIYPHI 00PAbOTKHU MOCTYIAIOMINX B MIPOIECC CO00-
IIEHUI U BBIJAYMY OTBETHBIX coolrenuii. /leficTBus uMe0T yHUKAJIbHBIE B IIPE/Ie-
JlaxX mporecca nMena action. OHO u3 J€HCTBUI MOXKET MOMEYATHCS KaK HATA b
Hoe is_initial (oHO 3aIycTHTCS OpU 3amycke mporpaMmmer). JleiicTBre MoxKeT
UMEThb CBA3aHHOE JelicTBue on_true_action, 3allyCcKaeMoe IIPH YCIIEITHOM BBI-
rnosiHeHnu. TakzKe MOXKET yKa3bIBAThCs CBsA3aHHOE JeilicTBue on_false_action,
3allyCcKaeMoe IIPU He YCIENTHOM BbImojHeHnU. CBsi3aHHBIE IefCTBUsI 0Opa3yroT
[ENOYKY HeJIEJIMMBIX (ATOMapPHBIX) olepaluii 06paboTKK MOCTYIIUBIIEro COOBIIe-
HUs (MM HAYAJIBHOTO JeHCTBHs MpH 3aiycke nporpammbl). [Ipasuna EBNF s
JIEeNCTBUIT IMEIOT BUI:

actions = action {’;’ action}.
action = [’+’] ident ’(’ [args] ’)’ [’->’ ([ident] ’|’ ident)
| ident].

3mech mepBLIf UACHTH(MUKATOD 3a1a6T UM TeHCTBUs action; uaeHTHdUKA-
TOp, 3aIUCAHHBIN TOocje 3HaKa ’->’, 3a/1a€T JelicTBue on_true_action; miaeH-
TuduKaTOp, 3alUCAHHLIN Tocje 3HaKa ’ | ’, 3amaér neficrBue on_false_action.
Cymaocts ARGUMENT onmcbiBaeT apryMeHT JeiicTBUs — cOOOINeHNEe message
Ha 3aJI]AHHOM IOPTE port, KOTOPOE MOXKET CUUTBHIBATHCS UJIH 3alIUCHIBATHCS read _
or_write, a 3aTeM OTHpaBIATHCA nosaydarerio. [Ipasumo EBNF maa aprymenta
UMeeT BU,

args = ident (°7’|’!’) ident {’,’ ident (’7’|’!’) ident}.

[Tepssriit nnenTrdUKaTOP 0603HAYAET TOPT POrt; 3HAK ’ 7’ 0003HAUAET (B JaH-
HOM KOHTEKCTE€) UTEHHe COOOIIeHus; 3Hak !’ 0003HAYAET 3aIlNCh W OTIPABKY
coobrmenust. Mmsa coobinenns message yKa3blBaeTCs 110CJIe 3HAKOB 77 mim * 17,

leneparus Kojia, aHAJOTUYTHO KaHAJIAM, BBIIOTHAETCsT 00x010M jtepesa ER-mo-
JieJin riporieccoB. [t reHepannu Koja HeoOX0UMO BBIYUC/IUTE apryMeHT channel
B cymuoctt ARGUMENT (B pamke Ha puc. 2). Ilpu reneparmn koja jyist geii-
CTBUS JIOJ2KHBI BBIIIOJIHATHCS CJIELYIONIUE IIPABUIIA.

A. JleiicTBHE 3aIycKaeTCs, €CIM B TEKYIIEM COCTOSTHUH MOIKIIOYEHHBIX K PO~
I[eCCy KAHAJOB BO3MOXKHO CIUTATH WJIX OTIIPABUTH COODITICHNUSI, TIEPEIUCIICH-
HbIE KaK apryMeHT JeHCTBUS.

B. Coobrenns orpaBisioTcs, eciu JeficTBre OBLIO 3aIlyIIEHO U BEPHYJIO TIPHU-
3HAK YCIIEITHOTO 3aBEPIIEHNUS.

B. Ecnn ykazanm arpubyTr on_true_action, TO Iepexojl K CBA3AHHOMY Jeii-
CTBUIO IMPOUCXOIUT, €CJIM JCHCTBUE OBLIO 3aIyIEHO U BEPHYJIO ITPU3HAK
ycrentHoro 3aBepiienus. Vnade, eciinm ykazan arpubyT on_false_action
BBITIOJTHSETCS [IEPEXO/T K JIAHHOMY CBSI3AHHOMY JIEHCTBUIO.

[osiciuM wcrob30BaNMEe ONMUCAHUIT ITPOIECCOB Ha IPUMEPE ITPOBEPKU TOXK-
nectsa sin® z + cos?x = 1. Yupasistiomuii nporecc Parent mmeer CJIe Ty IO
BU/I;

*Parent=
pl : Link ! result -> join;
p2 : Link ! result -> join;



IIpenponeccop si3bika Templet: HHCTPpYMeHT IPOrpaMMHPOBAHHUSI. . .

+fork(pllargCos2,p2!argSin2);
join(pl?result,p2?result).

IIopTe! pl m p2 cBa3bIBaIOT mpollecc Parent ¢ mporeccaMu, BBIMUCIAIONIIMUA
KBa/JIpaT Tpuronomerputdeckux dyukiuii. B geficrsun fork Boimnosnsercs dopmu-
pOBaHMe U PACCHLIKA COODINEHNI CO 3HaYeHneM repeMeHHoit x. B jieificrBun join
BBIIIOJIHAETCA CJIOZKEHUE PE3YJIbTaTOB U CpaBHEHUE CYMMBI C 1. 3aMeTI/IM7 Y9TO IIPO-
nejlypa JIedcTBUsS join 3amyCTUTCS TOJIBKO TOTja, KOrja OYIyT J0CTABJIEHBI 00a
pesyJsibrara (COrJIACHO MPAaBUIy A, NPUBEIEHHOMY BBIIIIE).

Broraucistromuit kBagpar cuHyca mim KocuHyca mporecc Child ompesessiercs
TaK:

*Child=
p : Link ? argCos2 -> calcCos2 | argSin2 -> calcSin2;
calcCos2(p?argCos2,p!result);
calcSin2(p?argSin2,p!result).

B omnpejiesiennn 1mokasaHo, Kakoe jeficTBre (BBIUNCJIEHUE KBapaTa KOCHHYCa
calcCos2 mm KBajpara CUHyca calcSin2) HY:KHO 3aIllyCTHTh [P [OJIYYCHUU
coobiennit argCos2 mwin argSin2.

Cxema paboTsl mpenporneccopa. Paccmorpum paboTy mpenporeccopa (puc. 3).
Ha sTane 1 u3 Koma u3BaekairoTca pa3zmedeHHble 0jjoku. Ha sTtame 2 610Kk ¢ omnu-
CaHUEeM CTPYKTYPBI KOJla Ha PACCMOTPEHHOM $S3bIKE IIOJBEPracTcs CUHTAKCHYe-
ckomy aHasimu3y. Pesynbrar anammsa (B dopme puc. 1 um puc. 2) moctymaer BO
BHYTPEHHIOO 6a3y JaHHLIX Ha dTare 3. Ha sTare 4 BbIOIHAETCA CeMaHTUIECKTI
KOHTPOJIb. KOHTPOJIb CEMAHTUKH KaHaJIa 3aKII09aeTCs B IPOBEPKE YHUKAIHHOCTU
UAeHTUPUKATOPOB U IIPOBEPKE CCBLIOYHOH 1MEJI0CTHOCTH COTJIACHO MOJIEJIH PHC. 1.
JlOoTIOSTHUTETHHO BBITIOJIHAETCS KOHTPOJIb JOCTHXKUMOCTH COCTOSTHUN U3 HadaIb-
Horo cocrosiing. CeMaHTHIeCKUil KOHTPOJIb IIPOIECCa 3aKJII0IaeTCsl B IIPOBEPKE
VHAKAJbHOCTH WJIEHTH(MUKATOPOB COIVIACHO MOJEJN PHUC. 2, TPOBEPKE CCHLIOTHOMN
[EJIOCTHOCTHU U BBIIIOJIHIMOCTH KaXKJIOr0o AeiicTBusI. BBIBOJ Ha dTale 5 JOHOIHSIEeT
MOJIeJIN PHUC. 1 U puC. 2 MPOU3BOIHBIMU CYIITHOCTSIMEI U aTpubyTramu. Ha mociaemamx
sranax 6 u 7 U3 U3BJAEYEHHDBIX OJIOKOB U JOIOJHEHHO 0a3bl JaHHBIX T€HEPUPYETCSI
HOBBII KOJI, KOTOPBIi 3aMerniaeT coO0# MCXOIHBIMN.

Cunrakcuyecknii
aHaJIN3aTop
|Syntax analyzer|

&
2 Basza mannpix

|[Data base] 5
Mexanusm BBIBOJIA
Ananuzarop

6JIOKOB |Inference engine|
) 4
[Block analyzer| 6

Uexonnwiit Kog, 1
[Source code]

6 CemanTIIeCKHit
aHAIM3aTOP
[Semantic analyzer|

Teneparop Koz
|Code generator|

Puc. 3. Cxema B3amMOAeHfCTBUS MTOACUCTEM IIPEITPOIIECCOPA
[Figure 3. Subsystems of the preprocessor and their interaction]

Ko/Im4ecTBO CTPOK KOZia B IPOrPaMMe IIPOBEPKHI TOXK/IECTBa sin’ x + cos? & =

= 1 mokazaHo B Tabymie. M3 TabauIbl BUAHO, YTO CHEIMMUKAIINS U OCTAJIBLHOMN
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Bocrokuu C. B.

[TOJTb30BATE/ILCKUI KOJI 3aHUMAIOT HE3HAYUTEIbHYIO YacTh 00IIero oobema Koja.
Pasmep cucremuoro xoza takxke zHepesnk (140 ¢cTpok), TO €CTh MEXaHU3M HCIIOJI-
HEHUsT TIPOCT JJIsT TIOHNMaHusi. KOIMIecTBO CTPOK CBA3BIBAIOIIETO Ko/a (255 mim
~ 50 %) maér nupejcraBieHne O CTEIIEHN ABTOMATH3AIMN IIPOIPAMMUPOBAHMUSI TIPe-
poreccopoM. Bes mpemnporieccopa 3TOT KO/ MPUIILIOCH OBl MUCATh BpyYHY0. Pas-
Mep CBSI3BIBAIOIIErO KOJIa COOTHOCHUTCSI ¢ pa3MepoM crerudukanmn kak 255/13,
TO ecThb 00'beM KOJUPOBaHUs cokpamiaercs npumepro B 20 pa3. CpsasbiBatonuii
KOJI IIPOCT JIJIst IOHMMAaHUs, TaK KaK CTPOUTCH 00XO0/IOM JiepeBbeB Mojiesieil puc. 1
u puc. 2 6e3 Apyrux npeodpazoBaHUil.

IIpnmeneHne n cpaBHEHHWE ¢ aHAJIOTaMH. PacCMOTpEHHBIH Ipernporeccop B Ha-
crosmeit pabore TEMPLET npumensiercst B cocraBe Beb-cepBHCa aBTOMATH3AIINN
mapaJIebHBIX BeIYUCIeHnit Ha cymepkoMmbioTepe «Cepreit Koponéss Camapcko-
ro TOCYJIAPCTBEHHOI'O a3POKOCMUYECKOI'O0 YHUBEPCUTETA, PA3BEPHYTOrO 10 aJipe-
cy http://templet.ssau.ru [2|. On no3BossieT pa3paboTarb U OTIAUTH KapKac
MIPUJIOZKEHUS KAK ITOCJIEI0BATEILHYIO IPOrPaMMYy Ha JJOKAJIbLHON MAaIluHe, a 3aTeM
aBTOMATHIECKN 3aIlyCTUTh KOJI Ha WCIIOJIHEHWE Ha CYNEPKOMIILIOTEpe B IMapaJl-
JIEJILHOM pexkuMe ¢ ucnosb3oBanueM API POSIX Threads. B rekymieit peanmmsa-
WY TaK>Ke BBITTOJTHIETCs TpaHcdOpMaIius KOJAa JJIsi HCIIOTHEHUST B OMEPAITHOHHBIX
cucreMmax Windows ¢ ucrnosb3oBanneMm Windows API. [Ipumenenme mpemporieccopa
TEMPLET me Tpebyer oT mosib30oBaTe sl 3HAHUI METOMOB MapaJIeIbHOrO MPO-
rpaMmMupoBannd B Unix mim Windows M IO3BOJIAET COCPEJIOTOYUTHCA Ha pellle-
HUAU TPUKJIAIHON 3a7a4uu. Jpyrue BapuaHThl TeHepaIiy KOJIa [TO3BOJIAIOT j106aB-
JIATH OTJIAIOIHYIO HH(MOPMAIIIIO JJIsT pabOThI CO CHEIUAIBHO OPUEHTUPOBAHHBIM
Ha JAaHHYIO MOJEIb OTJIaIInKOM. PaspabarTbiBaeTcs CPeICTBO BU3YAJIU3AINN KO-
J1a Ha ocHoBe nakeToB OpenOffice/Libre0ffice ¢ ucnosib3oBanueM rpadpuaeckoi
noraruu TEMPLET [3]. Coobienne o mpenporieccope BIEpBBIE MIPEJICTABICHO B
pabote [1], OCHOBHBIE aJIrOPUTMBI IPENIPOIECCOPA U CUHTAKCHUC A3BIKA PA3METKH
3aperucTpupoBanbl B Pocnarente.!

Konnemniuu, ncnomb3yemble B au3aiiHe sd3bIKa, B OCHOBHOM COOTBETCTBYIOT
CTHJIIO SI3bIKOBO-OPUEHTHPOBAHHOTO TporpamMupoBanust |4, 5|. TIpumenén 6Jius-
KUii K aJiredpandecKuM KOHCTPYKIHUSIM CIIoco6 ONucanust mporeccos B crusie CSP [6].
Nnesi koMmakTHOTO Jn3aiina, BKJIIOYAIONIEN0 TOJHKO 0a30Bble MEXaHW3MbI ab-
cTpakiuu, B3sTa u3 s3bika Oberon [7].

B nuzaiine npenporieccopa TEMPLET ucnoimb3yorcst HECKOJIBKO TOIXOI0B K
aBpTOMaTU3aAIUN TporpaMmupoBanusi. OJUH U3 HUX — METOJ[ Pa3METKU TOCTIe0-
BATEJIBLHOIO KOJA IMPENPOIEeCCOPHBIMUA MHCTPYKIIUAME JJIsl PAcIapasiieIiBaHusI,
KOTODBII IMIPOKO PACIIPOCTPAHEH, B YACTHOCTH, B cTaHapTe OpenMP [8], poccuii-
ckoit cucreme DVM [9,10]; B cucreme Cilk [11], B eé poccuiickom anasore T++ [12,13]
u apyrux. Ho, B otmmune ot nux, B cucreme TEMPLET koHTpo/b CTPpYKTYpPBI
KOJIa, PeaJin3yeTcss aBTOMATUYECKH 3a CUYET IeHepaluu Koja, a He BPy4Hyo. [e-
Hepupyolye Makporporeccopbl (m4 [14] niau coBpemennbiii Bapuant T4 [15]) uc-
[TOJIB3YIOTCS JIJIE aBTOMATU3aInN IporpaMMupoBanus. ONucanHast CUCTEMa, TaK-
2Ke OTHOCHTCS K KJIACCy TaK HAa3bIBA€MbBIX aKTUBHBIX N€HEPATOPOB, OTHAKO, SBJIs-
ercst npobsiemuo-opuentupoBannoii. Monens cucrembr TEMPLET — 1o pasno-

!9ranonnas peamusanus a3pika TEMPLET: cBUmeTeIbCTBO O TOC. PEMUCTPAITAH IPOTP. /IS
9BM Ne 2014613169 Poccniickast @enepanus / C. B. Bocrokun; npasoobiagarens C.B. Bo-
CTOKMH. — 3apeructpupoBano B Peecrpe mporpamm st 9BM 19.03.2014; omy6ur. 20.04.2014,
OBIIBT Ne 4 (90).
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Bocrokuu C. B.

BUJIHOCTH MOJIe/IN aKTOPOB [16—18], HO B OT/IMYHE OT CHEIMAIbHBIX sI3bIKOB, HAIIPH-
mep Erlang [19], Mbl peasiuzyem aKTOPHYIO CEMAHTUKY CPECTBAMHE IIPOIEYPHOTIO
sI3bIKA. DTO TO3BOJISIET UCIOJIb30BATH CUCTEMBI ITPOTPAMMUPOBAHUSI CYIIECTBYIO-
mux s136iK0B. Cucrema TEMPLET peanusyer kKoHmenuo pazpabOTKH, YIIpaBJIsi-
emoii mogesisimu (model-driven development) [20-23]. B obsiactu napaseasHOro
IPOrPAMMUPOBAHUS 9TO BAXKHO IIPU ABTOMATHIECKOM ITPe0OPA30BAHIE KOJIA JIJIsi
pacrnapasuiesiuBanusi. OCOOEHHOCTD HAIIIe MOJIESU B TOM, YTO OHA SBJISIETCS KOM-
OmHaIMeil OOBIYHOIO U IMPEIMETHOTO SI3BIKOB. IIpmuéM ceMaHTHKa MOIETH IIpe-
cTaBJieHa Ha 0ObIYHOM s13bIKe. Pouib nipenmernoro s3bika B cucreme TEMPLET —
Kparkoe omnucanne kapkaca nporpammbl. [Ipenporieccop TEMPLET moxker wmc-
[OJIb30BaThCsl B PEsKUMe MeTanporpammupoBanus |21, 24]: ucxopnasi nporpaMma
peobpas3yercst B APYTYIO IIPOrPaMMYy, BBIIOTHSIIONLYIO 60JIee CIOXKHDBIE Tpeodpas3o-
BaHUs, 4eM I103BoJIgeT Iperporeccop. Hanpumep, Tak MoryT O6bITh pean30BaHbl
[JIyOOKUI CeMAHTHIECKUI aHAIN3 U OMTUMHUBAIMS KOJIA.

BaaromapHoctu. ABTop BhIpaxkaer Giarogapuoctb CamMapCKoMy rocylIapCTBEHHOMY a’dpo-
KOCMUYIECKOMY YHUBEPCUTETY 3a MOJIEPYKKY ITOTO UCCIeA0BaHUsI. Bub/IMOTeKa BpEMEH! BBITIOJ-
HEHHUs IIPEIpoIeccopa OblIa peajn3oBaHa I UCIOIb30BaHusl Ha cynepkommbiorepe «Cepreit
Koponés» CI'AY npu mMOCTOSTHHOI TIOMOIIU CO CTOPOHBI OOC/TY 2KMBAOIIETO TEPCOHAJIA.

Pa6ora BbIIOTHEHA IPU TOCYIAPCTBEHHOM TOIEpKKe MuHUCTEpCTBA 00PA30BAHUsS U HAY-
ku P® B pamkax peasmzanuu MeponpusTnil [IporpaMMbl IOBBIIIEHNST KOHKYPEHTOCIIOCOOHOCTH
CI'AY cpeau Beaymux MUPOBBIX Hay4YHO-00pa3oBaTebHbIX 11eHTpoB Ha 2013-2020 rospr.
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Abstract

Motivation: A large number of applications can be described as a set of pro-
cesses that exchange messages. Traditionally the process-per-message model
is used in the form of a specialized language or a run-time library for general
purpose language. The first approach lacks implementation simplicity, while
the second approach is difficult in use. We propose a new method that com-
prise domain-specific language called Templet for code markup, a general
purpose language, and the preprocessor. Our approach is free from disad-
vantages mentioned above. Method: A code of a program is divided into
blocks. Block boundaries are indicated by comments. The entire code struc-
ture is defined in Templet language so it can be checked out automatically
before compilation. Description of Channels: A channel defines a message
exchange protocol between two interconnected processes. We provide chan-
nel syntax in the form of Extended Backus-Naur Formalism (EBNF). The
informational structure of the channel is described with Entity-Relation di-
agram (ER). Description of Processes: A process defines the algorithm for
message processing. Information structure of the process is shown in con-
junction with the syntax. EBNF and ER models are also used in the process
specification. Syntax rules are illustrated with the fork-join code sample.
Preprocessor structure and work scheme: We present the algorithm and
the structure of the preprocessor. Subsystems discussed are: syntax ana-
lyzer; semantics analyzer; internal database; inference mechanism; and code
generator. The method for estimation of workload of manual coding is pre-
sented. It shows the diminish of workload in 20 times comparing with manual
coding. Discussion: The preprocessor is used for skeleton programming as
a part of web-service for automated parallel programming. Its advantages
and features are discussed in comparison with parallelization with markup
technique; general-purpose macro processor; parallel programming language,
metaprogramming; and model-driven development.
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