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IMocTostHHBIN pocT 00BEMOB 1 KonH4ecTBa co3naBaeMoro I10 TpebyeT HOBBIX HHCTPYMEHTOB, ITO3BOJISIO-
LIMX COKPATUTh BpeMsl Ha IPOEKTUPOBaHKUE U Pa3pabOTKy O4epeHOro NPOAYyKTa. B MX 4nciio BXOIAT U cpea-
cTBa aBTOMaru3anuy Bepudukauy. Bepudukaiys BEIMUCINTEIBHBIX IPOLECCOB, PEaM30BaHHBIX ITPOTPaM-
MHO, SBJISETCS CIIOXHOHW M TpyJOeMKOH 3anaueil. Heo6X0MMMOCTh B HOBBIX HHCTPYMEHTAX aBTOMATH3aLUH
Bepu(HKalUK BO3pACTaeT M3-32 yBEIMYEHHs KOJIMYECTBA CHCTEM, UCIIOJB3YIOMINX Pa3IUYHbIC S3BIKH MPO-
rpaMMHUPOBaHHUs, 1 TPEOOBAHUI K COKPAIIEHHIO CPOKOB peaIn3alliii IIPOEKTOB. AKTYaIbHOCTb 33/1a41 CO3/1a-
HUsI YHUBEPCAJIBHBIX MEXKA3BIKOBBIX CPEJICTB BEPUPHUKALIUH 10 CUX TIOpP BBICOKA.

B pabote paccMaTpuBarOTCsI METOA M CPEICTBA ABTOMATH3AIMH BEPH(PHUKAIINN BEIYUCIUTEIbHBIX MIPOLIEC-
COB Ha OCHOBE OIMCaHMS rpadoaHaNTHIECKOH Moaenr. [IpeiaraeMplii METOT 3aKJII0YAETCS B CIIEAYIOLIEM.
Mo pa3paboTaHHON MPOrpaMMHUCTOM NPOTPAMME BOCCTAHABIMBACTCS ONMCAHUE Ha pa3pabOTaHHOM SI3bIKE U
CPaBHHMBACTCS C ATAIOHHBIM OIMCaHUEM TpadOaHATUTHIECKON MOJICIH, TI0 KOTOPOMY 3Ta MOJIEb CO3/aBa-
Jack; janee B aBTOMAaTHYECKOM PEXHMME I10 pe3yibTaTaM CpaBHEHMs MO0 mporpaMma Bepuduumpyercs u
oTpeersieTcsl KOPPEeKTHOM, TH00 BhIIAeTCs JAeTalibHas HH(POPMAIH O HUINYNN HECOBIAACHUS; B HHTEPAK-
TUBHOM PEXUME HCXOJHBIH TEKCT MPOrpaMMbl MOJUMUIMPYETCS C yYETOM MOJy4eHHOI HH(POpMAIMH, PO-
1ecc Bepu(UKauu MOBTOPSIETCSL.

Lenbro nccenoBaHus SBISIETCS] aBTOMaTH3alKs Bepudukanuu mporpamm Ha sizsike C/C# no rpymnre onu-
caHu# rpadoaHaIUTHYECKON MOJIETIH BBIYUCIIUTEIBHOTO MPOIIecca.

B pamkax gaHHOTO McciieoBaHus OBUIO CO3aHO CPEJCTBO, IMO3BOJIAIONIEE MTPE0OPA30BhIBATH UCXOIHBIC
KOJIbI TIPOTPaMM B ONHUCAHUS TpadoaHaTNTHIECKOH MOJICNIN U BHINOJIHITH aBTOMaTH3NPOBAHHYIO (popMaitb-
HYIO BepHU(HKAINIO POEKTA.

PazpaboTanHas yruimTa OpUIa IPOBEPEHA Ha BOCCTAHOBIICHHBIX ONMCAHUSX IpadoaHaInTHIECKOH MOJIENH
nporpamm Ha C/C# u Java st o6paboTKu MacCHBOB (COPTHPOBKA CIHSHUEM, anroputM Jeiikctpsr). CuHTe-
3MPOBAHHBIN MCHONHAEMBIH MOJYJb OBII YCIEIIHO MPOTECTHPOBAH B OKPYKEHUH ONEPAIIMIOHHON CHCTEMBI
Windows 10.

B panpHeiileM MiaHUpyeTCsi pa3BUBATh YTUIIMTY BMECTE C HOBBIMH BEPCHUSIMH 53bIKa OIMHMCAHMUS, YTOOBI
pacuIMpUTh BO3MOXKHOCTH aHAJIN3a U BEPUPHUKALIH TIPOTPAMM.

Knioueswie cnosa: cpagoananumuueckas mooeib, CUHMAKCUYECKUL AHANU3, GbIYUCTUMETbHBII NPOYeCC,
KOHGepmMayus POSPAMM, A3bIK ONUCAHUSA 2PAPOAHATUMULECKOU MOOENU, ABMOMAMU3AYUSL, BePUPUKAYUSL.

YBenmuueHne 00beMOB IPOSKTHPOBAHIS U pa3-
paboOTKH IPOTPAMMHOTO TIPOIYKTA, TOBBIIICHHEIE
TpeOOBaHMsI K €ro HaJIC)KHOCTH U JOCTOBEPHOCTH
TpeOYIOT BCe OOIBINE CPEACTB U YCHITHH sl BEpH-
(uKamy mporpaMM Ha BCEX 3Talax >KM3HEHHOTO
nukia. CHIKEHUE TPYJOEMKOCTH JIaHHOM Ipole-
Iypbl HEBO3MOKHO 0€3 aBTOMAaTH3aIli METOIOB
aHallM3a U MNPUHATHS PELICHUS O COOTBETCTBUHU
pa3paboTaHHOTO MPOTPAMMHOTO IIPOAYKTA CIICIH-
¢ukarmu npoekTa. PaboTel B 3TOM HaIpaBiICHUM
BEJIyTCSl BO BCEM MUPE C UCTIOJIb30BaHUEM Pa3iny-
HBIX MeTOJI0B ¥ cpencTB [1-3]. B wactHocTy, B pa-
0ote [4] paccMaTpHUBaeTCsi aBTOMATH3AIHS BEPH-
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¢ukarmm C-mporpaMm ¢ HCHOIb30BaHHEM CHMBO-
JUYECKOTO METO/a JIIMMUHAIIMA WHBAPHAHTOB
MKJIa. ABTOpaMHy TPEAioKEeH HOBBIM MOAXOM K
Bepu(UKAIIMA BBYHCIUTEIBHBIX IIPOIECCOB HA
OCHOBE epagoanarumuueckux mooenei (IAM)
BBIYHCIMTENLHOTO mporiecca. B pabore [5] oTme-
yaercs, 4To 'AM sBnseTcs KOHLEHTPUPOBAHHBIM
OMHUCAaHUEM MPOESKTHUPYEMOTO IIPOrPAMMHOTO IPO-
nyKTa, (popManu3anmei u aropuTMU3aue Tex-
HUYECKOTO 3aJaHus (CHeHU(pHUKAIUU IIPOCKTA).
Pazpaborannsiii s3bik onucanuss TAM [6, 7] u
TPAHCIATOP TO3BOJISIOT IPOBOAUTH AHAIH3 BHI-
YHCIUTEFHOTO IPOIecca M0 MAIIMHHOMY IIpes-
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craBieHuto '’AM BHe 3aBUCUMOCTH OT SI3BIKOBOH
w1atGopMebl ero peanu3aiuu. [IpeanoxxeHHbIN pa-
Hee MeTo] (hOpMaIbHOM BepH(PHUKAUY BBIYHCIIU-
TeJBHOTO Ipoliecca Ha 6aze '’AM [5] sier B OCHOBY
pa3pabOTaHHBIX AJITOPUTMOB U YTHIUTHI aBTOMa-
TU3UPOBAaHHOW (popManbHON Bepudukauuu Mmpo-
TpaMM.

ABTomMaTH3auusa GopMaIbLHOI
BepuUKATUH NPOTPaMM

OcHOBHBIE 3TaIlbl BepU(UKAITUHN 3aKITI0YAI0TCS
B BoccTaHOBIeHNHU onmcanus ['’AM 1o Koy pas-
paboTaHHOH TPOTrpaMMBI, CpaBHEHHH €ro C JTa-
JOHHBIM oncanueM ['AM, KoppeKIuu pu Heoo-
XOJUMOCTH HCXOJHOTO KOZAa HPOrpaMMbl, HOCIe
YEro 3Tarbl MOBTOPAIOTCA 10 NPUHATHS PELIeHUs
00 ycremHo# Bepudukanuu. Bee BozpacTarouuii
00BeM pa3pabaTbIBaEMOTr0 MPOTPAMMHOTO TIPO-
IOyKTa W TOBBIIICHHE TPeOOBAaHHN K YCKOPECHHUIO
IIUKJIa IPOEKTUPOBAHUS ¢ 00s13aTeIBbHOM Bepudu-
KallMed MpoeKTa Ha KaKJOM dTare HeBO3MOXKHBI
0e3 aBTOMATH3AlNU TPUHITUS PEIICHHS O BEpU-
(hmKaIy IPOrpaMMHOTO TIPOIYKTA.

Lenpto paboOThl SABJISIOTCS HCCIEIOBAHUE U
pa3paboTka METOJOB M CPEICTB, ITO3BOJISIOIINX
pelNTh JaHHYIO MpodleMy Ha (QOpMaIbHOM
YpPOBHE C MUHHUMAaJILHOH 3aBUCHMOCTBLIO OT S3bI-
KOBBIX CPEICTB peaiu3aluu mnpoekra. Ilpemno-
JKEHHBIM MOAXOJ IMPU UCCIEIOBAHUU JOCTYITHOU
Hay4HOH JIUTEpaTypbl HE OOHAPYKEH, YTO CBUJIE-
TEJICTBYET 00 OPUTHMHAIBHOCTH Pa3pabOTaHHBIX
MeToJa U cpeactBa. OCHOBHBIE MOJIOKEHUS U pea-
TU3aIus peiaraéMoro MeTojia MpoJeMOHCTPH-
poBanbl Ha npumMepe. Konsepranusi nporpammsl
Ha si3pike C/C# ¢ MCTonmp30BaHUEM CHHTaKCHYe-
ckoro anaigmzaropa Roslyn [8, 9], mmeromiero
OTKPHBITHIH KOJI, ObLiTa omiicana B [7]. YTuimuTa pac-
IMpeHa BO3MOXHOCTSIMH BOCCTaHOBJIEHHSI OITMCa-
aust TAM 1iist mporpaMM Ha si3bIKe Java u GJ10KkoM
aBTOMATHU3WPOBAHHOTO aHauu3a W (OPMAILHOM
Bepubukanuu. s mpoBepku paboTocmocoOHO-
CTH CO3IAaHHOTO CpeicTBa OblIa pa3paboTaHa
T'AM coprupoBku ciausiHueM. BplnosnHeHo onu-
canme ['AM Ha BXOAHOM s3bIKe, pazpaboTaHa
nporpamma Ha sizbike C, C HOMOILBIO YTHIIUTHI
BOCCTAHOBJICHO SI3bIKOBOE onucanue I'AM, B uH-
TCPAKTUBHOM PCIKUME BBITIOJIHCHA aBTOMATU3UPO-
BaHHAs BEPU(PHUKAIUS IPOTPAMMEI C COOTBETCTBY-
IOIIe  KOppEeKIMel ChenualbHO BHECEHHOM
OIINOKHU.

Cocmaenennoe onucanue I'AM:

-- mergeSort(int array[]) :
LV1 (-100;2) { int n = array.length; }

CV2 (1;3:-1000) {n>1}

LV3 (2;4) { int middle = n / 2; int leftLength = mid-
dle; int rightLength = n - leftLength; int left[] = new
int[leftLength]; int right[] = new int[rightLength]; int
index =0; }

UV4 (3,6;5)

CV5 (4;6:7) { index < middle }

LV6 (5;4) { left[index] = array[index]; index++; }
LV7 (5;8) { int rightlndex = 0; }

UV8 (7,10;9)

CV9 (8;10:11) { index <n }

LV10 (9;8) { right[rightIndex] = array[index]; right-
Index++; index++; }

LVF11 (9;12) { mergeSort(left); }

LVF12 (11;13) { mergeSort(right); }

LVF13 (12; -1000) { merge(array, left, right); }

-- merge(int array[], int right[], int left[]) :

LV1 (-100;2) { int leftindex = 0; int rightIndex = 0;
int resultindex = 0; }

Uv2 (1,6,9;3)

CV3 (2;4:-1000) { resultIndex < array.length }

CV4 (3;5:7) { leftindex >= left.length }

UV5 (4,10;6)

LV6 (5;2) { array[resultindex] = right[rightIndex];
rightIndex++; resultIndex++; }

CV7 (4;8:10) { rightIndex >= right.length }

UV8 (7,10;9)

LV9 (8;2) { array[resultIndex] = left[leftIndex]; left-
Index++; resultindex++; }

CV10 (7;8:5) { left[leftindex] < right[rightIndex] }

Hanucannasn npozpamma:

public static void mergeSort(int[] array) {
int n = array.length;
if(n>1){
int middle=n/2;
int leftLength = middle;
int rightLength = n - leftLength;
int left[] = new int[leftLengthl];
int right[] = new int[rightLength];
int index = 0;
while (index < middle) {
left[index] = array[index];
index++;

int rightindex = 0;

while (index < n) {
right[rightindex] = array[index];
rightindex++;
index++;

mergeSort(left);

mergeSort(right);
merge(array, left, right);
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public static void merge(int[] array, int[] left, int[]
right) {
int leftindex = 0;
int rightIndex = 0;
int resultindex = 0;
while (resultindex < array.length) {
if (leftindex >= left.length) {
array[resultindex] = right[rightIndex];
rightindex++;
resultindex++;
}else {
if (rightIndex >= right.length) {
array[resultindex] = left[leftIndex];
leftindex++;
resultindex++;
}else {
if (left[leftindex] > right[rightIndex]) {
array[resultindex] = right[rightIndex];
rightindex++;
resultindex++;
}else {
array[resultindex] = left[leftindex];
leftindex++;
resultindex++;

¥
¥
¥
ks
¥

CrpoeKkTupoBaHHas YTWIHTA C HCHONB30-
BaHWEM CHHTaKCHYECKOIO aHaJn3aropa CKaHH-
pYeT HMCXOOHBIM KOA TpPOTpaMMBI W TEHEPHPYET
si3pIkOBOe  omucanre [AM Ha pa3paOoTaHHOM
si3bIKe [6, 7].

CKpHHIIOT paOOTH! YTHIIUTHI 110 BOCCTAHOBJIE-
HUIO OITMCaHWsI IPUBEICH Ha pucyHke (cM. http://
www.swsys.ru/uploaded/image/2019-3/2019-3-

dop/6.jpg).
Boccmanosnennoe onucanue:

-- mergeSort(int array[]) :

LV1 (-100;2) { int n = array.length; }

CV2 (1;3:-1000) {n>1}

LV3 (2;4) { int middle = n / 2; int leftLength = mid-
dle; int rightLength = n - leftLength; int left[] = new
int[leftLength]; int right[] = new int[rightLength]; int
index =0; }

UV4 (3,6;5)

CVS5 (4;6:7) { index < middle }

LV6 (5;4) { left[index] = array[index]; index++; }
LV7 (5;8) { int rightIndex = 0; }

UV8 (7,10;9)

CV9 (8;10:11) { index <n }

LV10 (9;8) { right[rightIndex] = array[index]; right-
Index++; index++; }

LVF11 (9;12) { mergeSort(left); }

LVF12 (11;13) { mergeSort(right); }
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LVF13 (12; -1000) { merge(array, left, right); }

-- merge(int array[], int right[], int left[]) :

LV1 (-100;2) { int leftindex = 0; int rightIndex = 0;
int resultindex = 0; }

Uv2 (1,6,9;3)

CV3 (2;4:-1000) { resultlndex < array.length }

CV4 (3;5:7) { leftindex >= left.length }

UVS5 (4,10;6)

LV6 (5;2) { array[resultindex] = right[rightIndex];
rightindex++; resultIndex++; }

CV7 (4;8:10) { rightIndex >= right.length }

UV8 (7,10;9)

LV9 (8;2) { array[resultIndex] = left[leftIndex]; left-
Index++; resultindex++; }

CV10 (7;5:8) { left[leftIndex] > right[rightIndex] }

VYTunura cpaBHeHHUs JIBYyX OIMCAHUH aHaIN3H-
pYeT U MpoBepsieT UX DKBHBAJIICHTHOCTb, BBIBOIS
Ha dKpaH ¥ B (aiin mHGOpMaIHIo 0 pe3yiabraTtax
COBIAJICHUsI MJIM HECOBIACHHS C yKa3aHHEM HO-
MEpOB HEAKBHBAJICHTHBIX BEPLIMH M UX COIEPIKHU-
MOTO.

[omydeHHOE W 3TaJOHHOE OMMCAHMUS IIEPBOTO
MEeTO/ia COBIAAAIOT, Il BTOPOro MHGOpManus o
HECOBITA/ICHUHY TIPEACTaBIICHAa HA CKPUHIIOTE (CM.
http://www.swsys.ru/uploaded/image/2019-3/
2019-3-dop/7.jpg).

[Nocie KOPPEKTUPOBKHU MTPOrpaMMbl U BOCCTa-
HOBJICHHUS OITUCAHUS IIOBTOPHOE CPaBHEHHUE TIPH-
BOJMUT K IOJIOKUTCIIBHOMY PE3YJIbTATy, 4YTO IMO3BO-
JSIET CeTaTh BBIBOJ O (hopManbHON Bepupukamn
MIPOCKTA.

Pesynbrar cpaBHEHHUs BTOPOTO aHaJIHM3UpYye-
MOT0 MeToJla NPEJCTaBlIeH Ha CKPHHIIOTE (CM.
http://www.swsys.ru/uploaded/image/2019-3/
2019-3-dop/8.jpg).

Pe3yJ'll)TaTLI HCCJICA0OBAHUSA

B xone nccnenoBanus Opua pa3paborana yTu-
JWTa aBTOMAaTHU3MPOBAaHHON BepH(UKannMu Mpo-
rpamm Ha si3pikax C/C# um Java Ha OCHOBaHHU
rpynnsl onucanuii TAM. B ocHOBe yTuiauTsl je-
’KaT BOCCTaHOBIEeHUE omnucaHus 'AM mo kxonmy
pa3paboTaHHON NPOrpaMMbl U aBTOMAaTH3UPOBaH-
Hast popManbHasi BepUPHUKAIUSI C BO3MOKHOCTBIO
KOPPEKTUPOBKU IMPOrpaMMbl B HHTEPAKTUBHOM
pexxume. Co3faHHasi yTUINTA [O3BOJISIET aBTOMa-
THUYECKH BBISBJIATH HECOBIAJCHNE BOCCTAHOBIICH-
HOT'O 110 KOJAY MPOrpaMMBbl OMMCAHMS Ha Mpeasio-
JKEHHOM f3bIKE C JTaJIOHHBIM omucanueM ['AM
BBIYHCITUTENIFHOTO TIPOIIECCa, «MEPTBBIM KO», 3a-
KTaKH U HEICKIapHPOBaHHBIE BO3MOKHOCTH.
PazpaboranHas yTunuTa BoOLLIA B COCTaB IPOEK-
TUpyeMoit yuebHo-uccnenosarensckoit CAIIP Be-
pudUKanuy BEIMHUCIUTENBHBIX IIPOLECCOB.
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Heo0xomumo mOMHUTH, 4TO 0€3 HAAEKHOTO | PUGHUIMPOBAHHBIC MPOrPAMMBI HE BCET/Ia MOTYT
obopynoBaHust GOpMANBEHO U PYHKIIMOHATIBHO Be- | paboraTh nqocrosepHo [10].

Paboma svinoanena npu nooodepocxke PODU, npoexm Ne 17-07-00700.
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Abstract. The constant growth in the volume and quantity of software being created requires development
of new tools that reduce the time for designing and developing the next product. These tools include automated
verification tools. Verification of computational processes implemented by software is a complex and time-
consuming task. The need for new verification automation tools is increasing due to an increase in the number
of systems using various programming languages and requirements for shortening the implementation of pro-
jects. So far the urgency of the task of creating universal interlanguage verification tools remains high.

The paper discusses the method and means of computational process verification automation based on the
description of a graph analytical model. The proposed method assumes that a description in the developed
language is restored according to the developed program and then it is compared with the reference description
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of a graph analytical model, according to which it was created. After that, in the automatic mode, the program
is either verified and determined as correct by comparison results, or detailed information about a mismatch is
given and a program source text is modified interactively according to the information received, and the veri-
fication process is repeated.

The aim of the study is to automate verification of C/C# programs by a group of descriptions of a graph
analytical model of a computational process.

This study includes a developing a tool that allows converting program source codes into descriptions of a
graph analytical model and performing automated formal verification of a project.

The developed utility was tested on the recovered descriptions of the graph analytical model of C/C# and
Java programs for array processing (merge sort, Dijkstra's algorithm). The synthesized executable was suc-
cessfully tested in the Windows 10 operating system.

In the future, it is planned to develop the utility along with new versions of a description language in order
to expand the analyzing options and program verifying.

Keywords: graph analytical model, syntactic analysis, computational process, program conversion, lan-
guage for description of the graph analytical model, automation, verification.
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