[HOOPMATUKA TA MATEMATUYHI METO/IU B MOJIEJTKFOBAHHI = 2013 = Tom 3, Ne3

YJIK 681.518.5 Informatics and Mathematical Methods in Simulation
Vol. 3 (2013), No. 3, pp. 201-214

CTPYKTYPHOE TECTUPOBAHMUE ITPOI'PAMMHBIX
CUCTEM C UCITOJb30OBAHUEM 2JIEMEHTOB
KOMIIBIOTEPHOM AJITEBPHI

JI.C. Jlomakuna, A.H. Burypa

Hwmxeroponckuii rocyqapcTBeHHbIH TexHUYecKUi yHUBepcuTeT uM. P.E. Anekceesa,
yi. Mununa, 24, Hiwkauit Hopropon, 603950, Poccuiickas ®eneparus; e-mail: llomakina@list.ru

Hpez[nomeH MCTOH CTPYKTYPHOI'O TCCTUPOBAHUA IMPOIrpaMMHBIX CHUCTEM, OCHOBaHHEIN Ha
aﬂFeraI/I‘IeCKOﬁ MOACIN HNporpaMMbl U JUHAMHUYCCKOM CHMBOJIBHOM BLIIIOJTHECHUM Ha
YPOBHE MAlIMHHOTO KOJa U HO3BOJ'IHIOH.[PII>1 ABTOMATU3UPOBATH MOAYJIBHOC TCCTUPOBAHUE
nporpamMm, p€ajin3oBaHHbIX Ha KOMIIMJIUPYEMBIX A3bIKaX NpOrpaMMHUpPOBAHUA.
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BBenenune

B HacTosiiee BpeMs akTyaldbHOM siBisieTCs mpoOjema KOHTpOJis U obecrieueHus
HAJEKHOCTH MPOTPAaMMHBIX cucTeM. Kak WM3BECTHO, HAJEKHOCTH JIF0OON BBIUYMCIUTEIHHOU
cucTeMbl OOycJOBJIEHAa ABYMs (akTopaMu — HAJEKHOCTBIO alIapaTHOTO oOecreueHus u
HAJEKHOCTBIO MIPOrpaMM, YIPaBJISIOUIMX annapaTtHbiM obecniedeHueM. [Ipu atom, xoTs i
JUarHOCTUPOBAHUS  amlmapaTHBIX  CpeAcTB  pa3paboraHbl 3G (EeKTUBHBIE  METOJIBL,
MO3BOJISIIOIIME  BBISBISATH  JePexThl U (QopMalbHO O0OOCHOBBIBATH HMX OTCYTICTBHUE,
aHaJIOTMYHas 3ajaya Jyid IporpaMM B IOJIHOM Mepe He pelieHa. [locTosHHOE ycio)KHEHHe
UCIOJIb3YEMbIX Ha MPAKTUKE B PA3IUYHBIX OTPACIAX MPOMBIIIJIEHHOCTH IPOrPAMMHBIX
CUCTEM IPHUBEJIO Kak B o0JacTu BepU(UKAIMM U TECTUPOBAHMS, TaK U B 00JACTH CHUHTE3a
HAJEKHBIX U KOHTPOJIEIIPUTOIHBIX TPOrPAMM.

OcHOBHOU mpOoOJIEMOIl TECTUPOBAHUS SBISETCS TNPUHUUIHNAIBbHAS HEBO3MOXKHOCTh
HaX0XJACHUs Bcex Ne(EeKTOB B MporpaMMHOM mpoaykre. Kak cienctBue, npu TECTUPOBAHUU
TpeOyeTcsl pelieHre CIeIyIoINX B3aUMOCBSI3aHHbIX 3a/1a4:

1) onpenenenue MOJHOTHI TECTUPOBAHMUS;

2) BBIOOp MHOXKECTBa TECTOBBIX BO3JEHCTBUH C ILeNIbl0 OOecreyeHusl 3aJaHHOMN
MIOJIHOTHI TECTUPOBAHMUS;

3) npoBepka KOPPEKTHOCTH MOJYUYE€HHBIX BBIXOJHBIX JAHHbBIX.

[Ipn 5TOM HECOMHEHHO aKTyaJlbHOM SIBJISETCS 3a/ada CHIKEHHUs OOUIMX 3arpaTr Ha
TECTUPOBAHUE U MOJJEPKKY IPOrPaMMHOTO Mpoaykra. OJHUM U3 NMyTel K PEeLIeHUI0 JaHHOU
3aaud  SABJISETCSl OOHapyXeHHe JePEeKTOB Ha PpaHHUX CTAAUAX IKU3HEHHOTO LHKIIA
[IPOrPaMMHOM CUCTEMBI, PEATU3yEMOE C MOMOIIBI0 aBTOMAaTU3allMM TECTUPOBAHUS Ha 3Tare
pa3paboTKK 1 MOHUTOPUHIAa METPUK KayecTBa B paMKax CUCTEM HENPEPHIBHONW MHTETPALUH.

TectupoBanue Ha 3Tane pazpabOTKU MpeACTaBIseT cOO0N CTPYKTYpHOE TECTUPOBAHUE,
B paMKax KOTOPOTO TE€CThbI BBIOMPAIOTCSI UCXO0As U3 Tpad-MOJIeNIH MPOrpaMMHOMN CUCTEMBI, a B
KayecTBE METPUKU KaueCTBa MCIOJIb3YETCsl TECTOBOE MOKPhITHE KoJia. B cuiny aToro nasnee B
HacTosIeld paboTe paccMaTpHBAeTCs CTPYKTypHOe TecTupoBanue. OTMETHM, 4YTO Ha
MIPaKTUKE TMOJHOM aBTOMAaTH3alUMM IMOJJIAIOTCS TOJIBKO MOJYJbHBIE TECThI, B TO BpeMs Kak
MHTErpallMOHHOE JU3aiH-TECTUPOBAHKE BBINOIHIETCA BPYUHYIO pa3padoruukamu. [Ipu stom
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TECTOBBIE BO3JEUCTBUS, BBIOPAHHBIE I MOJIYJIBHOTO TECTHPOBAHMS, 3a4acTyl0 TOXeE
BBIOMpAIOTCS pa3pabOTUMKAMM BpPY4YHYIO. OTO MPHUBOJUT K CYIIECTBEHHBIM 3aTpaTam
BpEMEHU Ha TECTUPOBAHHUE U, COOTBETCTBEHHO, K MOBBILICHUIO 3aTpaT Ha pa3paboOTKy u
CTaOWJIM3alMI0 MPOTPAMMHOIO MpOJyKTa. TakuMm 0Opa3oM, aKTyaJlbHOM SIBJISETCS 3ajada
pa3paboTKU METOJIOB U PeaM3yIOIIMX UX MPOrpPaMMHBIX CPEJICTB, OPUEHTHUPOBAHHBIX Ha
aBTOMAaTUYECKYIO OLEHKY ITOJIHOTHI TECTUPOBAHUS U aBTOMATU3UPOBAHHBIN BBIOOP TECTOBBIX
BO3/ICHCTBUH.

CoBpeMeHHbIC TOIXO/BI (peann3oBaHHble, B yacTHOCTH, B cuctemax CUTE u CREST
[1]) k aBTOMaTU3aMU TECTUPOBAHMSI OPUEHTUPOBAHBI Ha I'E€HEPALMI0 TECTOBBIX NAaHHBIX U
OCHOBaHbl Ha JMHAMMYECKOM CHMBOJIbBHOM BBINOJHEHUH, IPU KOTOPOM OJHOBPEMEHHO
MIPOM3BOJIUTCS BBIIIOJIHEHUE TMPOTrpaMMbl «B YHCIAX» U «B CHMBOJIAX», W YHCJICHHbIE
3HAUEHUS JAHHBIX HCIOJIB3YIOTCS B TOM Ciydae, KOTJa CHMBOJIbHbIE HE MOTYT OBbITh
onpezeneHbl. OTMETUM, UYTO CYILIECTBYIOUIME CHCTEMbl HE IO3BOJISIIOT 0OpaldaThiBaTh B
CUMBOJIBHOM BHUJIE OIEpalli pa3bIMEHOBAHMS yKa3zaTele, 4YTO OrpaHuYMBaeT HX
NPUMEHUMOCTh, @  TaKkKe  He  NOJIEpKHUBAIOT  00pabOTKy  B3aUMOJAEWUCTBUA
UHCTPYMEHTHPYEMOTO W  HEMHCTPYMEHTHUPYEMOro Koja (HampuMmep, CTaHIapTHBIX
noanporpamm). Hacrosimas pabota HaleneHa Ha NpPeoA0JICHUE YKa3aHHBIX HEIOCTaTKoB. B
paboTe MpeanoKeH METOJ MOJAYJIbHOTO TECTUPOBAHUS MPOTPAMMHBIX CHUCTEM, OCHOBAHHBIN
Ha JUMHAMUYECKOM CHMBOJIbHOM BBINOJHEHMH HAa YPOBHE MANIMHHOIO KoJa U
anredpanvyeckoi MoJIeIH MPOrpaMMBbl, U MO3BOJISIOUINI YUUTHIBaTh B MOJEIH ONEPALUU HaJl
yKazarelasiMi, a Takke o0palaThiBaTh BBI30BbI CTaHAAPTHBIX moimnporpamm. Ha ocHoBe
MpeIOKEHHOr0  MeToJa  pa3paboTaHa  IporpaMMHas — CUCTEMa,  pealu3yrolas
KOHTPOJMPYEMOE BBINOJHEHHE MPOTrpaMMbl € IOMOUIBIO JOpabOTaHHOW BHPTYalbHOM
Mamunbl Valgrind [2].

OcHoBHAA YacTh

CrpykTypHOE TECTUPOBAHUE MPEINOJIaraeT BbIOOP TECTOBBIX BO3JIEHCTBUN HAa OCHOBE
rpad-Moeny nmporpamMmbl TakuM 00pa3oM, YTOObI JOCTUYb JKEIAEMOI0 3HaYEHHs] TECTOBOTO
MOKPBITUSL (HAapUMep, HMOKPBITHUS Ayr yrnpasistouiero rpada). O0masi cxema CTpYKTYpHOTO
TECTUPOBAHUsI IIPUBEJICHA HA pUC. 1.

TecToBas cpena:

oOparHas CBA3b Teneparop
TECTOBBIX
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BO3JI€UCTBUU =
2
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I BO3JIEVICTBHE , JaHHBIE
: I
| 1
|

Puc. 1. Cxema cTpyKTYypHOTO TECTUPOBAHUS
OTMmeTHM, YTO Kak IeHepalusi TECTOBbIX JAHHBIX, TaK M OIPEJIEJICHUE TECTOBOIO

MOKPBITUSL TPEeOYIOT MOJU(PUKALUU TECTUPYEMON HIPOrpPaMMHOI CHCTEMBI, MOCKOJIbKY B
oOuiem ciydyae (DakTbl BBINOJHEHHS] TE€X WJIM HMHBIX OJOKOB KOJia CHCTEMbI HE SIBISIOTCS
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HaOMOJaeMbIMM — JaHHas MpoOjemMa pemraercss BCTaBKOM HMHCTPYMEHTAIbHOIO KoOJa,
BBINIOJIHSAIOLIETO  TPacCHUPOBKY HporpaMmbl. TakuM oOpa3oM, dTOObI pean30BaTh
JMHAMHYECKYIO T€HEepaIMIO TECTOBBIX BO3JICHCTBUIM, TpeOyeTcs peluTh CIeIyIOIIHNEe 3a1a4H:

1) PackpeiTre CTPYKTYpBl IPOTPAMMHOM CUCTEMBI - IOCTPOCHHUE €€ MOJIETIN CTPYKTYPbI
C LIeJIBbIO JAIbHEWIEro BbI0Opa TECTOBBIX MyTEH.

2) Moaudukanus TecTupyeMoil mporpaMMHON CUCTEMBI — BCTaBKa
MHCTPYMEHTAIBHOTO KOJA, OTCIIEKUBAIOLIETO XO/1 BBIITOJHEHHS IIPOIPAMMBI U OIIEPALIUH C
MIPOrPaMMHBIMH IEPEMEHHBIMU.

3) CuMBOJIBHOE BBINIOJHEHUE IPOTPaMMBbl — OTIPEIENIEHUE YCIOBHUM MTPOXOKACHUS
TECTOBBIX ITyTEH B 3aBUCHUMOCTH OT BXOJHBIX JJAHHBIX B CHMBOJIbHOM BH/IE.

4) Bb100Op TECTOBBIX BO3JCHCTBUI HA OCHOBE MOJYYEHHBIX YCIOBHM MPOXOXKICHUS
ITyTeH.

Bba3oBas moaesb nporpaMmsl

Hameit 3amaueit sBisieTcss ompeneieHHUE TECTOBOTO BO3JACHCTBHS I BBIOPAHHOTO
TECTOBOI0 MyTH, I 4YCTrO0 HYXHO OINPCACINTL YCIOBHUC IPOXOXKACHUA I3TOIO IIYTH B
3aBUCHUMOCTU OT BXOJHBIX ICPEMCHHLIX B CHMBOJIBHOM BHIC (B BHUC anre6pa1/1qecxor0
BeIpakeHus1). C IMENbI0 pelIeHHs JaHHOW 3a1adu OyJeM HCIOJb30BaTh alreOpanvecKyro
MOJCJIb IMPOrpaMmMbl B BHUAC MHOXKCCTBA CBA3aHHBIX IO YHPAaBJICHUIO OJIOKOB MAIIIMHHBIX
WHCTPYKIUH [3], KaK 1oKa3aHo Ha puc. 2.

[Ipemyaraemass Mojenp MPOrpaMMBl OCHOBaHAa Ha TMOHATHH  alreOpandecKkoro
BBIpaKeHUs. AnreOpanyeckoe BeIpakeHue [3] mpeacTtaBisieT coOOW OOWMH WM HECKOJIBKO
TEPMOB, COCAMHEHHBIX MEXIY COOOW 3HAaKaMHu ONepalnuii M 3HAKaMH IOCIIEeT0BATEILHOCTH
onepanuii (ckoOkamu). MHOKECTBO BBEIPOKEHHM OMPEACIIUM CIEAYIOIINM 00pa3oM:

Expr =Term U {(0, a):oeOp,ac Expr””"y(”)},

rjae

EXxpr — MHOXeCTBO BBIpQXKECHUM;

Term — MHOXECTBO TEPMOB;

Op — MHO’K€ECTBO BO3MOYKHBIX OIlEpaluii;

arity:Op—> N — otobpaxkenue, ONpeAeNnsomee s KakI0i Onepalyuu KOJIMIECTBO
apryMeHTOB.

Ha ypoBHe MammHHBIX MHCTpYKUMH OBM omnepupyer panuoHanbHBIMU YHUCIAMH —
KOHCTAaHTaMHM U PAacIoaraloluuMUCs IO ONpEAEICHHBIM aJpecaM B MaMsITH MEPEMEHHBIX.
HUcxonss w3 3TOrO,  ONpEeAeauM  MHOMKECTBO  TEPMOB  CIEIYIOIIUM  00pa3oM:
Term = QU Addr x Types, tne Addrc N U{0} — MHOXeCTBO JONMyCTUMBIX axpecos, Types
— MHO>KECTBO IIPUMUTUBHBIX TUIIOB JJAHHBIX

WHcTpyKuuu npencTaBisitoT OO0 371€MEHTHI CIIEAYIOLIEr0 MHOYKECTBA!

Ins = {(addr, expr,bt,bf )} C Addr x Exprx Addr x Addr ,

rjae

Addr — MHOXECTBO JOMYCTHUMBIX aJI[peCOB MaMSTH, addr — aapec WHCTPYKIUH, expr
— BBINOJIHAEMOE BBIPAXKECHUE;

bt — anpec cnenyrolie HHCTPYKLUHU B ClIy4ae UCTUHHOCTH 3HAUEHUS €;

bf — anpec cnemyromiei HHCTPYKIIUU B CJIydae JIO)KHOCTH 3HAYCHHUS €.

Jnst BerBneHwid bt #bf , Mg mpounmx WHCTPYKuMi bt =bf . MuoxectBo Addr

ompenenseT AOIYCTUMBIE aapeca MPOrPaMMHBIX MHCTPYKLIHNA M IepeMeHHbIX. MHCTpykunmn
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0

. :

CTPYNIIUPOBaHbl B 0a3HCHbIE OJIOKM bb,, COCTaBIAIOIIME MHOXKECTBO BBC Ins :UInsl ,
i=0

Kbl U3 KOTOPBIX MPEACTaBISIET COO0H HEASIMMYIO TIOCIIeI0BATEIbHOCTh HHCTPYKIIUH, B
KOTOPOH BBIJIENICHA TOJBKO OJHA BXOJHAs MHCTPYKIHS M CYIIECTBYET HE MEHEe OIHOM
BBIXOJIHOW HMHCTPYKIIMH, TEpPENaroIlell yrpaBiIeHHEe Ha Hadauo ApPYyroro 0Oa3ucHOro Oioka.
BrimennB Bo BceM MHOKECTBE 0a3UCHBIX OJJIOKOB BXOJHOUW M BBIXOJTHOUM OJIOKH, ChOpMHUpyEM
MOJIENIb IpOorpamMMbl cienyromuM oOpazom. OOG03HAUUM ajpec BXOJHOIO Oa3ucHOro Ojoka
yepe3 entry, a aapec BBIXOJHOTO Oa3ucHOro Onoka uepe3 exit. [lporpammy Oyaem

MPEJCTaBIATH B BHJIE TPOUKH P = (BB, entry, exit).

int max(int *a, int s) { BBI1: BB4: @
mtm=*a, *e=a+s; Eo,mz*a, 1, 1), (6, ret=m, 0, 0)
while (a<e) { l,e=a+s,2, 2)," 0
if (*a>m) m = *a;
++a;
’ BB2: <
} (2.if (a<c). 3, 6). ! © g’)e
return m; (3, if (deref(a)<=m), 6, 5), *~>1 BB3: o 9 a
} (4, m = deref(a), 6, 6) o> (5,a=a+1,2,2)
Wcxonuelii TEKCT baszoBasg monens Yopasmstromuii rpag

Puc. 2. ba3oBas Mozienb U ynpasIsifolIuii rpad nporpamMmsl

[TocTpoenune Moxaenu OyneM OCYIIECTBISATH C MOMOINBIO aHaIW3a MAIIMHHOTO KOJa
MpPOrpaMMbl, YTO [0 CPAaBHEHUIO C METOJaMHU aHaju3a MporpamMM, pabOTAIOMIKUMU C
HCXOJIHBIMH TE€KCTAMHU, JAET CICAYIOIINE PEUMYLIECTBA:

* OTCYTCTBHE HEOOXOJAMMOCTH BBINIOJIHEHUSI TPYJOEMKOTO0 CHHTAaKCHYECKOTO aHalln3a
HCXOJHBIX TEKCTOB U y4eTa HHIUBUYaTbHBIX OCOOEHHOCTEHN pazIMUHbIX KOMIIUISTOPOB;

* OTCyTcTBUE IpoOieMbl 0O0pabOTKM B3aUMOJCHCTBUS HHCTPYMEHTHUPYEMOIO U
HEMHCTPYMEHTUPYEMOIO KOJia B TOM Cllydae, KOI/la He BCE MCXOJHbIE TEKCThl JOCTYIHBI (B
YaCTHOCTH, IPH BbI30BAX MOJIPOrpaMM CTaHIapTHON OUOIMOTEKN).

JAunarnocruyeckasi Mojaejb

Jliisg ompeneneHus MOJHOTHl TECTUPOBAaHUS U BbIOOpA TECTOBBIX BO3ACHCTBUN Oynem
MCII0JIb30BaTh B3BEIICHHBIN ynpasistouuii rpag nporpammsel (YI'II) ¢ neranuzauuei 1o
UHCTPYKUMH. YmhpaBistomuid rpad mOporpammbl  sIBISE€TCS OJHOM M3  OCHOBHBIX
JUArHOCTHYECKUX MOJIENEN B CTPYKTYPHOM TECTUPOBAHMM HporpamMMmHbIX cucrteM. B YITI
BEpIIMHBI COOTBETCTBYIOT JJIEMEHTaM IIPOrpaMMbl (OmIepaTropaM, JIMHEHHBIM Y4acTKaM,
0a3ucHBIM OJOKaM M T.I.), @ AYyI'M — IepejlayaM YIpaBJICHUS MEXY 3TUMU ONEPAaTOPaMHU.
VTI'II umeer cTporo oHy BXOJHYIO M OJTHY BBIXOJHYIO BEPILINHY.

Takum oOpa3zom, Oynem 3agaBaTh YIpaBISIOUIUN Ipad KopTexem GZ(V,E,S,e,w),
seV, eeV, rne V < Insn — MHOXeCTBO BepmiuH, E € V' xV — MHOXECTBO IyT, § —
BXO/IHasl BEpILIMHA, € — BbIXOJHAs BEPILIMHA, W — OTOOpa)keHUE, CTaBALIEEe B COOTBETCTBUE
BepmiMHaM M jayram rpada ux Bec. Ilyre P B rpade MoxeT ObITh NPEICTABIECH Kak
YIOPSIOYEHHAs IOCIIEA0BATEILHOCTE BEPIIMH: P = (v],vz,...,vl.,...,vm), PeV". Ina xaxaon

BEpPIIMHBI M YU YIPABISIIONIEr0 rpada ONpencinM Bec w(v), MPEACTABIISIONUNA COO0H
YHUCJIO HpOXO)KI[CHI/Iﬁ 110 I[aHHOﬁ BCPIIMHE HJIKW AYIC B XOJAC TCCTHPOBAHHA IIPOTPaMMBI:
w:VUOUE—>NuU {0} [Ipu 3amycke mporpaMmbl ¢ MOAa4€il Ha BXOJ HEKOTOPOTO TECTOBOTO
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BO3JICHCTBUS B YIPaBISIOLIEM rpade MpoXoaAUTCs HEKOTOPBIN MyTh (Tpacca), IpH 3TOM Beca
MPOXOJMMBIX IyI' YBEJIIMYMBAIOTCA HA | MpU KaXJIOM MPOXOoXAeHHU. Takum oOpa3oM, Ha
OCHOBE JaHHOTO Ipada MOKET ObITh OINPEAEICHO 3HaYCHUE MMOKPBITHSI BETBEH:

C Z‘{e:eeE/\w(e)>O}‘
b ]

JlanHoe 3HaueHue OyJieM HCIOJIb30BaTh B KAYECTBE KPUTEPHS MOJHOTHI TECTUPOBAHUS
(menbro sBIAETCA AOCTHXAKEHUE 3HaueHus C, =1).

VYrpanstomuii rpad mporpaMmMbl MOXKET OBITH JIETKO TMOCTPOECH MO 0a30BOM MOEIH
IporpaMmal, IIOCKOJIBKY IMOCICAHAA ONIPEACTIACT KaK MHOXECTBO I/IHCTPYKIII/II\/II, TaK U CBA3U I10
YHOPaBJICHUIO MCKIAY HUMHU: B KAUCCTBC MHOXCECTBA BCPIINH rpaq)a BI)I6I/IpaCTC$I MHO>XKECTBO
MHCTPYKUUN BceX 0a3UCHBIX OJOKOB MPOrpaMMBbl, @ MHOKECTBO YT ONPEACIAETCS UCXOIS U3
CBS3€H 110 YIPABJICHUIO MEKly HHCTPYKLHASMHU.

OO0mas cxeMa nmoaxoaa

B pamkax mnpennaraeMoro mojxojaa BbIOOp MOCIEAYIOUIMX TECTOBBIX BO3JIEHCTBUIL
OyZeM OCYIIECTBISATh Ha OCHOBE (DAKTUYECKUX IyTE€Hd U CHMBOJIBHBIX 3aBHCHUMOCTEH
MIEPEMEHHBIX, [TOJIYUEHHBIX IIPU MPEAbIAYIINX TECTOBBIX 3anmyckax. C 1enbio NOJy4eHus 3TUX
CBEIICHUH KaXJbli TECTOBBIM 3allyCK NPOM3BOAUTCA C MOMOIIBIO JHHAMHYECKOTO
CHUMBOJIBHOTO BBITIOJHEHHUS], IPU 3TOM MEPBBIA TECTOBBIN 3aITyCK IPOU3BOIUTCS C MOJJa4ei Ha
BXO/I IPOTrpamMMBbl IIPOU3BOJILHOTO TECTOBOTO BO3JeicTBUS. [Ipu TecTupoBaHUM BBITIOIHAETCS
cieAyronas nocjie10BaTeIbHOCTh JEHCTBUM:

1) IlepBrlif 3amyck mporpaMMBbl OCYIIECTBISETCS C IOJauell Ha BXOJ TECTOBOTO
BO3JICUCTBUS, CTCHEPUPOBAHHOTO CIY4allHBIM 00pa3oM. BxXonHble naHHBIE TTOMEYAIOTCS B
HCXOJHOM TEKCTE TeCT-JpaiiBepa MporpaMMHUCTOM.

2) [lepen KaxIpIM  BBINOJHEHHEM IPOTPaMMbl  OCYLIECTBIISIETCS  IOCTPOEHUE
anreOpanvyeckol  MOJENM MporpaMMbl W BCTaBKa HHCTPYMEHTAJBHOTO KOJAa C
HCI0JIb30BaHMEM BUPTYyaJIbHON MamuHbl Valgrind:

= Valgrind ocymecTBiser AEKOMNUIISLUIO TECTUPYEMOM MporpaMMbl U €€
pa3buenue Ha GasucHble O6s0ku. Kaxapiil 010K pa3z0OupaeTcs ¢ LEIbI0 ONpeesieHus
XapakTepa BBINOJHSAEMBIX B HEM HHCTpyKuuid. Ha ocHOBaHMM 3THX JaHHBIX
OCYUIECTBJISETCS MIOCTPOCHUE MOJIEIHN IIPOIPAMMBIL;

" B KaX/blil OJ0K 100aBJII€TCSd MHCTPYMEHTAIBHBIN KO/ OTCIIEKUBAHUS ONEpaluii
C MaMSATHIO U IMYTH MEpeAayu yIpaBIeHUs B IPOTPaMME;

® OCYHICCTBJISIETCS KOMIWIALMS MOAU(GUIUPOBAHHBIX Oa3UCHBIX OJIOKOB B
MAaIIUHHEIN KO 1iejaeBoii DBM;

" B IEPEMEHHbIE, INIOMEUYEHHbIE IPOrPAMMHUCTOM KaK BXOJHbBIE, 3alHCHIBAIOTCS
3HAYEHUS U3 TEKYLIEro TECTOBOIO BO3JACHCTBHUS;

* MOJU(UUIMPOBAHHBIN KOJ TECTUPYEMON MPOTPaMMbl BBINOIHIETCS HEHTPAIbHBIM
MPOLECCOPOM OBM HEMOCPEICTBEHHO. [Tpu 3TOM n00aBJICHHBIN
MHCTPYMEHTAJIbHBII KOJ BBINOJHSIET COOp CTATUCTUKU M0 TECTOBOMY IOKPBITHIO U
OCYILIECTBIISIET TUHAMUYECKOE CUMBOJIbHOE BBINIOJIHEHUE, COXpaHAsl KOHKPETHbIE U
CHUMBOJIbHbIE 3HAUYEHUS [IEPEMEHHBIX U YCIOBHI MPOX0KICHUS BETBICHUMN.

3) Ilocne TecTOBOro 3amycKka CTaHOBUTCS] U3BECTHBIM ITyTh, IPONACHHBIN B IpOrpaMMe,
U YCIIOBUE €T0 IPOXOXKJACHUS B CUMBOJIbHOM BHJle. Ha ocHOBaHMM 3THUX JaHHBIX BbIOHMpaeTcs
CJIIEIYIOIIMI TECTOBBIM IIyTh M COOTBETCTBYIOIIEE €MY TECTOBOE BO3JEHCTBHE, IOCIE YETO
ocyiecTBisieTcss nepexon k mary 2. Ecim nocrurnyro TpeOyemoe 3Hau€HUE TECTOBOIO
MOKPBITHUS, TECTUPOBAHUE MOXKET OBITH 3aBEPIICHO.
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CHuMBOJIbHOE BBLINIOJTHEHHE

[Ipy kaxJ0M TECTOBOM 3allyCKe MPOU3BOAUTCA JIMHAMUYECKOE CHUMBOJIBHOE
BBINIOJIHEHUE (pUC. 2) OT TOUKH BXOJa entry 10 TOUKU BBIXOJA exit, IpU KOTOPOM JUIsl Kax 01
MIEPEMEHHOM X B MAMSITHU COXPAHSIOTCA CIEIYIOIINE 3HAYCHUS:

1) KOHKpeTHbIE (YMCIIEHHBIE) 3HAYEHHUS, OTIpe/iesieMble 0TOOpakeHuEM

val: Addr<Types—Q,

CTaBsEE B COOTBETCTBUE KAXKIOW MEPEMEHHOM, paclojiararmlleiicsa Mo JaHHOMY aJipecy u
UMEIOLIEeH 3a/laHHBIN THII, €€ YMCIIEHHOE 3HaueHue (KoTopoe OyleM B JajbHElIlIeM Ha3bIBaTh
KOHKPETHBIM 3HAUE€HUEM);

2) CUMBOJIbHBIE 3HAYEHUS, OIIPEeIIIeMble OTOOpa)KEHUEM

sym: AddrxTypes — Expr U {1},

CTaBsIIIEE B COOTBETCTBUE KAXKIOW MEPEMEHHOM, paclojiararmlleics 1Mo JaHHOMY aJipecy U
HMEIONISH 3aJaHHBIA THII, €¢ CHMBOJBHOC 3HAUCHHC,
3) BXOJHBIE IEPEMEHHBIE, OTIPEEISIEMbIE OTOOPAKECHHEM

input : Addr x Types — Terms U {1} .

BxomHple 1MepeMeHHbIE HENOCPEACTBEHHO JIOCTYNHBI JUIi M3MEHEHHMS B IIpolecce
TECTHUPOBAHMSL.

CoxpaHeHue Uil KaKJOM NMPOrpaMMHOM MEpPEMEHHOM OJHOBPEMEHHO KOHKPETHOIO U
CUMBOJIBHOTO 3HAUEHHUs ITO3BOJISIET B TOM YHCIIE ONPEACNATh CHMBOJIBHBIE 3HAUECHHS LIEIEH
yKa3aTeJIbHbIX IEPEMEHHBIX IIPU UX Pa3bIMEHOBAHUU.

Ha4dal1io

O «— PC « entry;
P «— A, sym = input

o7 S
f

| w(O,PC)—w(O,PC)+1 P — Po(PC);
svloopxa insn=(PC, e, bt, bf)

BBITTOJTHCHHUC insn;

COXpaHEeHHUE
val(x)=val(y); € - NPUCBAUBAHUL
HOJICTaHOBKA =
symx)=sym(y)
Y
e PC < bt; PC « bt;
cond(insn) < 1; cond(insn) <— subst(e);

PC < bf;
cond(insn) «— subst(e);

Puc. 3. Aiiroput™ JTUHaMHYECKOTO CUMBOJIBHOTO BBITIOJIHEHUS
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Jis  ynobctBa BBeNeHO 00O3HaYeHHE IyCTOTO Koprexka A, KoTopoe Oyaem
WCIIOIB30BaTh /IS 3aIMCH OTCYTCTBUSA 0OBEKTA 0 OTIPEICTICHHOMY aIpeCy MaMsTH.

CyThb CHMBOJIBHOTO BBITIOJHEHHS 3aKJIFOYAETCA B IMOJCTAHOBKE B BBIPAKECHHE KaXKIIOU
BBITIOJTHSIEMOU MHCTPYKIIMM CUMBOJIBHBIX 3HAYEHUN ee onepanaoB. [loacTaBisis 3T 3HaUYCHUS
B YCIIOBHS TPOXOXICHHUS BETBICHUH, MOJTydaeM HEOOXOIMMBbIE BBIPAKEHHUS IS BBIOOpA
TECTOBBIX BO3JICUCTBUI. Pe3ylbTaroM siBisieTCS MPOMAECHHBIN TECTOBBIN MyTh P = (vo,...,vk),

Beca JIyTr YIpasJsiolero rpagda w(vl.,vl.ﬂ) U YCJIOBHSI ITPOXOKJCHUS BEPIIMH YIIPaBJISIOIIErO
rpada cond(vl.), MpUHAUIEKALIMX TECTOBOMY MYyTH. Poib TEpMOB B BBIpAKEHUAX YCIOBUMN

UIPalOT KOHCTAHThl M BXOJHBIC IMEpEMEHHbIE input — TakuM oOpa3oM, pelias CUCTEMY
YCJIOBHI, MOJy4aeM COOTBETCTBYIONIEE €1 TECTOBOE BO3/ICHCTBHE.
Ha puc. 4 HamsaHo M300pak€HO CHMBOJIBHOE BBINOJIHEHHE ABYX IOCIENOBATEIbHO

PACIOJIOKEHHBIX MAIIMHHBIX HHCTPYKIUHA — HMHCTPYKIUH TNPUCBAaUBAHUS M HMHCTPYKIHU
BETBIICHHSI.
BB val sym
a a by
PC10| a=b+c |11|1| |2 [20f 2|2
. c 1 c |xty
11 if (a>0) 20| 12 x| o x| x
ees vee ves vee y 1 y y
PC=10: a=b+c\&—> a=20+x+y
val = 20; val =1; val(a) < 21;
sym=X\; sym = x+y; sym(a) < 20+x+y;
conc = 20. conc = x+y. cond(10) « 1.
PC—11: if (a>0)—> if(20+x+y>0)
val =21, val = 0; cond(11) < 20+x+y>0.

sym =20+x+y; sym=A;
conc =20+x+y. conc=0.

Puc. 4. [Ipumep tMHaAMUYECKOTO CUMBOJIHLHOTO BBITTOJTHEHHS

Br100p TECTOBBIX MyTeEH

[lo 3aBepuIeHMM CHMBOJIBHOTO BBINOJIHEHUS HA OCHOBE IIOJIYYEHHBIX JaHHBIX O
HOKPBITUN M YCIIOBUU IIPOXOXKAEHUS TEKYLIEro IyTH OCYIIECTBISIETCS BBIOOp CIETYIOLIETO
TECTOBOro IyTu. I[IpeanonokuM, 4TO IpU HEKOTOPOM TECTOBOM 3allycke ObUI IpoiineT
TECTOBBIM ITyTh P=(v],v2,..., vn), 1 ObUIM ONpEENIEHbl YCIOBUS MPOXOXKICHUS €r0 BEpUINH
cond(v.).

YroOBbI ONpeieNUTh TECTOBOE BO3IEHCTBHE, IPUBOSIIEE K IPOXOKACHUIO HEKOTOPOTO
AIBTEPHATUBHOI'O TECTOBOIO ITYyTH, HAM HYXHO:

1) HaliTu HENoKphITYIO Oyry e = (vk,v,f) B yHpaBisitolieM rpade, HauaiabHasi BEpILIHA
KOTOPOH V)  IPHHAIICKUT IIyTH P:(vo,v],...,vl.,vm,..,vk). IlockonbKy BCE Iyru

paccMaTpuBacMoOro mmyTu ObLIU IMOKPLITEI IPpH MPEABIAYIIEM TCCTOBOM 3aIlyCKE, VZ HE MOXKET
IMpHUHAIJICKATh P—re. Ayra e MOXET HAUMHATHCA TOJIBKO B MHCTPYKIIMU BCTBJICHUA.
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2) Haiitu Hapymiaromiee YCJIOBHE ¢ B BHJE€ KOHBIOHKIUHU YCIOBUH IPOXOXKICHUS
BEPIIMH IIYyTH P OT Ha4ajabHOM 1O V, BKJIIOYUTEILHO W MHBEPCHUHU YCIOBHS BEPIUUHBI V., :

i
c= condivm }]/:\O cond(vl.). WNuBepcus nocneaHero ycinoBus Tpedyercs, yToObl YIpaBieHUE B

MHCTPYKIIMU BETBIIEHUS V. TIEPEIABAIOCh 110 AILTEPHATUBHOM JYyTeE €.

3) Haiitu TecToBO€ BO3/IEHCTBHE, PEIIUB HAPYIIAIOIIEE YCIOBHE.

[Tocne Kak10r0 TECTOBOTO 3aITyCKa IIPOCMAaTPUBAIOTCS BCE NPOMJACHHBIE paHEe MMyTH Ha
[peaIMeT HaJIM4yusl HEMOKPBITHIX IYyI, MCXOAAIIMX M3 MpUHAIeKauX UM BepuuH. [lpu
OTCYTCTBMM TaKHX JyI' TECTHPOBAaHHUE MOXKET OBbITh 3aBEpUICHO (IMOCKOJbKY TOCTHUTHYTO
MIOJIHOE TOKpbITHE BeTBell). biiok-cxema anroputma BbIOOpa TECTOBBIX MYTEH U TECTOBBIX
BO3JICHCTBUY IIPUBE/ICHA HA pUC. 5.

Ha4ajio

MHOKECTBO BCEX MyTeH
Paths — @

Y

BBIOOD MIPOU3BOIBLHOTO
TECTOBOIO BO3JIEHCTBHS fest

Y

Y

JAHAMHYECKOE CUMBOJILHOE
BBIIOJIHEHUE MTPOTPAMMBbI:
oIpejieIeHue TeCTOBOIO My TH
P=, vy .., V)

Y
Paths < Paths U {P}

Y Q € Paths

je2bedce1

Ja

Jjz19

HECT

A

ve Qe - cAcond(v)

J—jtL
¢ < chcond(v)

TeHepanus
TecTa

e b (v
¢ « chcond(v)

Puc. 5. Anroputm BpIOOpa TECTOBBIX ITyTEH U TECTOBBIX BO3JIEHCTBHIMA
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[IpermymiecTBOM NPEACTABIEHHOTO MOAXOAA MO CPAaBHEHHUIO C CYIIECTBYIOLIUMU
ABJIIETCA KaK ydeT olepauuil Haja ykazaredassMd B 0a30BOM MoOJEIM U CUMBOJIBHOM
BBIIIOJTHEHUM, TaK W AaHaJIU3 MpOrpaMMbl Ha YpOBHE MAIIMHHOTO KO/, IO3BOJISIFOIINN
n30eXaTh CUMHTAKCUYECKOTO aHajlu3a U PEelIUTh MpoliieMy 0O0pabOTKH BBI30BOB CTOPOHHHUX
MOJIITPOTPAMM.

IIporpammuas peanusauust

Ha ocHoBe mpennokeHHBIX B HACTOSIIEH paboTe Moneneil W anropuTMOB ObLTa
pa3zpaboTaHa mporpamMMHasi CUCTEMa aBTOMATU3ALMU TECTUPOBAHUS, MpeIHA3HAuYCHHas JUIs
TECTUPOBAHMUSI TPOIPAMM, PEAIM30BAHHBIX HA KOMIIMIIUPYEMBIX A3bIKaX MPOrPaMMUPOBAHUS.

Cucrema npefocTaBiseT CleAyoUe GyHKINOHAIbHbIE BOZMOXKHOCTH:

1) I'eneparusi TECTOBBIX BO3JCUCTBHII Ha OCHOBE JMHAMHYECKOTO CHMBOJIBHOTO
BBINIOJTHEHUS (C LEJIbIO aBTOMATU3aluK MOylIbHOTO TectupoBanus [10).

2) [loacuer mokpeiTHs Koja (MMOKPBITUE CTPOK M BETBEW) 0e3 HEOOXO0IMMOCTH COOpPKU
CHeIHaJIbHBIX UCIOJHAEMBIX 00Pa30B.

3) Buszyanuzanus NOKpeITHA KoJa B JMHAMHKE 0€3 HEOOXOAMMOCTH Iepe3anycka
TECTUPYEMOU MPOTPaMMBI.

4) CoxpaHeHue [aMIIOB TPAacC BBIMOJIHEHHUS TMPOTPAMMBlI C IIEIBIO0 OTIONKEHHOTO
aHaJIM3a U JIOKAJIM3aluU JePEKTOB.

5) HezaBucumMocTh OT HCHONB3YEMOTO fA3bIKa IPOrPAMMHUPOBAHMS, IOCKOJBKY
OTCJIC)KMBAHHUE BBIIIOJHEHUSI TPOIPaMMBbl MPOU3BOJUTCS HA YPOBHE OTAEIBHBIX MHCTPYKLUN
MalIMHHOTO KOJa.

6) [lonnepxka pa3nuyHbIX annaparHeiXx apxutekryp OBM. Cucrtema noanaep:kuBaer
BCE apXUTEKTYphl, JUI1 KOTOPHIX peajin30BaHa TpaHcisuus koga B Valgrind (x86, AMDO64,
POWER, ARM).

Cucrema cOCTOUT U3 TPEX MOJYIEH — HHCTPYMEHTAILHOTO MOJIYIISI, MOJIYIIS aHAIN3a U
TecT-ApaiiBepa,  CBA3aHHbIX  MEXJIy co0oil  pasgensemoil  mamsaTeio  (puc. 6).
WNHcTpyMeHTallbHBII MOJYJIb OCHOBaH Ha CBOOOJHO pacmpocTpaHseMmoi yrunurte Valgrind,
MpeCTaBIsItoIel co00i BUPTyaIbHYI0 MallMHY Ha OCHOBE JMHAMUYECKON PEKOMITMIISIMH.
WNHcTpyMeHTalIbHBIN MOAY/Ib OTCIIEKUBAET aJipeca U XapaKTep BBHINOIHIEMbIX HHCTPYKIUH U
omepanuil ¢ MaMmsATbIO, U OTHPABISET Tpaccy B MOMIYJIb aHAJIW3a, BCTABISIS JJIs 3TOTO B
TECTUPYEMYIO IpPOrpaMMy HEOOXOJUMBIM KOJ Ha JTale BBINOJIHEHUS. 3afadedl Moayns
aHaJIn3a SBJSIETCS] KaK OLIEHKAa TECTOBOIO MOKPBITHS KOJa, TaK U BbIOOP TECTOBBIX MyTEH U
OTpe/ieJIeHNE TECTOBBIX BO3JEHCTBUN HA OCHOBE PE3YJIbTAaTOB CHMBOJBHOIO BBIMOJIHEHUS C
MO CIIEAYIOLIEH ITepenadeil HalJICHHbIX 3HAYEHU I TECT-IpanuBepy.

JlanHast cucTeMa HCIOJB30Balach B XOJ€ BBIYMCIUTENIBHBIX 3KCIIEPUMEHTOB,
pe3ynbTaThl KOTOPHIX IPUBEIEHBI HUXKE.
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v 1 TECTOBOE BO3/IeHCTBHE
Tect-npaiisep [«

3aITycK +
Tectupyemas
mporpamma
ol
+ Valgrind ! ' Mopnynb aHanusa
1 | 1
! Jexommunsust |(— | ! —>| 3anuce gamuna
' l v 1| Pasmensiemas mamsaTh: ! I
1
1 1 1 O
' o MEHKA MOKPBITUS
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Puc. 6. Apxutekrypa cucTeMsl

JdkcnepumeHT 1. MoayJibHOe TeCTHpOBaHUe

B xone sxcriepuMeHTOB NPOBOANUIIOCH CPaBHEHUE pa3paOOTaHHOM CUCTEMBI C OTKPBITON
cucremoii CREST [1], opueHTupoBaHHON Ha TecTHpoBaHuE mporpamm Ha si3bike C, u
ClIydallHbIM TECTHUPOBAHHEM C UCIOJIb30BaHUEM CIIEAYIOLIUX TECTOBBIX IPOTpaMM:

" COpPTHUPOBKA METOJIOM BHIOOPA IJIaBHOTO AJIEMEHTa (sort);

" COPTHPOBKA yKa3aTesilell MET0/I0M BbIOOpa IJIaBHOTO 3J1€MEHTa (psort);
- MO]II/I(bI/IIII/IpOBaHHBIe BAapHUaHTEI C I[O63BJ'I€HHI)IM BCTBJICHHEM BUJId i f(a[i]==13),;

® BBIYHCIICHHE YaCTUYHOW CYMMBI YHCIIOBOTO psifa (series);
= OpICTpasi COPTHUPOBKA, peaTu30BaHHAsI BPYUYHYIO (gsort);

= ObIcTpasi cOpTUpOBKa U3 cTaHnapTHoi 6ubnanoreku C (gsort std) — BBIIOJHSIOCH

TECTUPOBaHKE OOPaTHOTO BbI30Ba PYHKLUN CPABHEHMUS,;

" BCTaBKa U MOCIEAYIONIee YAaJICHUE JIEMEHTOB B YEPHO-KPACHOE JIEPeBO (rbtree) U3

peanu3anuu std: :set B GNU libstdc++.

B nmpouecce tectupoBaHus ONPENEISIIOCh TOCTUTHYTOE MOKPBITUE BETBEN. Pe3ynbTaThl
(tocturHyroe mnokpeiTHe BeTBell C, M 4YHCIO TECTOBBIX BO3JAEHCTBUH N, IpU KOTOPOM

JOCTUTHYTO YKa3aHHOE MOKPBITHE) IpUBEIEHBI B Tadnuue 1.

WuaTepnperanyst pe3ynbTaToOB cCieAylomas. lIpuMmepbl sort M psort OKa3alUCh
AOCTAaTOYHO IMPOCTBIMU MJIA JOCTUKCHHS MMOJIHOI'O MOKPBITHUA KOJda AJId BCEX TPEX MCTOOOB. B
nmporpammax sort* U psort* cucreMa CREST He cMoruia HaiiTi 100aBI€HHOE BETBICHUE W3-
3a OTCYTCTBHUS MOJJICPKKHU OINEpalil ¢ yKazareasiMu. B nipuMmepe series JOCTUYB MOJHOTO
IMOKPBITHA YAAJIOCh TOJIBKO € IIOMOIIBIO CUMBOJIBHOI'O BBIINIOJIHCHUSA H3-3a CTPOIoro yCiaoBHUA
BXOJa B MOJIPOrpaMMy, KOTOPOE MPH CIy4alHHOM TECTUPOBAHUM HHUKOTJA HE BBITOIHSIOCH,
MIPU 3TOM pa3padOTaHHAsI CUCTEMa JIOCTHUIJIA TIOJIHOTO MOKPHITUS BETBEH MEHBIIUM YHCIOM
TECTOB. AHAJIOTWYHAs CHTyals HaOMIOgaeTcs B TpHMEpe gsort (CIOXKHBIC YCIOBHS
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BETBJICHUN HE MOTYT OBITh NMPOBEPEHBI MOJHOCTHIO CIy4yallHBIM TecTupoBaHueM). [Ipumepsl
gsort U rbtree cucreMa CREST BbIMoaHUTH HE cMmorua, pa3paboTaHHas )K€ B HACTOSIIEH
paloTe cucTeMa MOKa3bIBACT B LIEJIOM JIYYIIHE PE3YyIbTaThl, YEM CIIydailHOE TECTUPOBAHHUE.

Taouuna 1.
Pe3ynbrarhl CpaBHUTEIBHBIX SKCIIEPUMEHTOB
CLyAamtoe CREST pazpaboTaHHasi cucTeMa
Tect TECTUPOBAHHE
N C, N C, N C,
sort 4 1 4 1 4 1
psort 4 1 4 1 4 1
sort* 4 0,93 9 0,93 4 1
psort* 4 0,94 9 0,94 4 1
series - 0 8 1 6 1
gsort 13 0,94 8 1 5 1
gsort std 3 1 - 0 3 1
rbtree 13 1 - 0 6 1

3KCHepI/IMeHT 2. I/IHTel"paIIl/IOHHOB )1H3aﬁH-TeCTI/Ip0BaHI/Ie

B kauecTBe 3KCHEpHMEHTa NPOM3BOJWIOCH TECTUPOBAHHME OJHOTO U3 KOMIIOHEHTOB
camMoOi cucTeMbl aBTOMAaTU3allMU TECTHUPOBAHMS — I'PAaHUYHOIO peIlaTesis, OCHOBAaHHOIO Ha
FeHETUYECKOM aIropuTMe, a TaKkKe ero Trpaduueckoro wuHTepdeiica MoJab30BaTeNs.
Komnonent nanucan Ha C++/Qt4, cocrout u3 npuMepHo 20 THICSY CTPOK MCXOTHOTO TEKCTa
(c yueroM TpaHCIATOpAa CHUMBOJIBHBIX YCJIOBHUM, 0a30BbIX OMOIMOTEK U TIpaduyecKoro
uHTepdeiica), rpapuueckuil UHTEpQEiic MpeaocTaBIseT CASAYIOYI0 (PYHKINOHAIBHOCTS!

* BBOJ M KOMIWISLIMIO B MAIIMHHBIA KOJ 11€J1IeBOI (YHKIMH B BUJE aJredpandeckoro
BBIPAYKEHUS;

" MHHMMM3ALUIO 3HAUEHUS 11eJIeBOM (YHKIIMH C TOMOLIBI0 T€HETHUYECKOI0 aJlrOpUT™Ma
C UCIOJIb30BaHUEM paciapauieIuBaHus;

" BU3YAJU3aLUI0 PE3yJbTaTOB ONTHMU3ALMM U TpadUKOB H3MEHEHHs LEIEeBOU
(GYHKIMY B 3aBUCUMOCTH OT UTEpaIHH.

TectupoBanue npPOU3BOAMIOCH B HMHTEPAKTUBHOM pEXKUME, B KauecTBE OObEKTa
TECTUPOBAaHUSA ObLJIO BBIOPAHO MHOXKECTBO KJIACCOB AJIEMEHTOB I10JIb30BATEILCKOTO
uHTepdeiica, OTBEUarOLMX 3a BBOJ U BBIBOJ JIaHHBIX. B mporecce TecTupoBaHus cuctema B
JMHAMHKE OOHOBJISIET TECTOBOE MOKPBITHE 10 MOANPOrpaMMaM M METOJiaM KJIacCOB U BBIAAET
MIO0/ICKa3KHU IO BBIOOPY TECTOB.

IIpu TectupoBaHMM OBLIO HCHOJB30BaHO 24 TecToBBIX Bo3aeicTBus, 10 ayr
yhpasisitolero rpada ObuUIM MOMEYEHbl Kak Hepeaiu3yeMble (BeTBH 00pabOTKM OIIMOOK B
onepatopax ASSERT, He BocmpousBojsmiuecss Ha mnpaktuke). C yderom HUX ObUIO
JOCTUTHYTO IOJHOE TOKPHITHE BETBEH TECTUPYEMbIX Y4aCTKOB KOJIa.

3KCHepI/IMeHT 3. TeCTI/IpOBaHHe MPOU3BOJAUTEILHOCTH

HemanoBaxkHbIM (akTOpOM, OrpaHUYMBAIOIIUM IPUMEHUMOCTD TOW UJIM MHOW CUCTEMBI
JUHAMHAYECKOTO aHaJIM3a IPOrpamM, SIBISETCS BIMSIHUE HUHCTPYMEHTUPOBAHUS HA BPEMEHHbBIE
COOTHOILIEHUSI paboThl mporpaMMmbl. [loJ Mpou3BOAUTENHHOCTHIO Jajiee OyneM MOHUMAaTh
MIPOM3BOJIUTENBHOCTh CPEAbl HCIOJIHEHHWS MpOrpaMMbl (ammapaTHOro oOecredyeHus u
BUPTYaJIbHOW MAIlMHBI) B BHUAE KOJMYECTBA MALIMHHBIX HHCTPYKIHI, HCHOJHSIEMBIX B

211



JI.C. Jlomakuna, A.H. Burypa

cpeaqHeM B eAuHMIy BpemeHH. (OueBHJHO, 4YTO ONpENENIeHHas TakuM 00pazoM
IIPOU3BOIUTENBHOCTh 3aBUCUT OT XapaKTepa BBINOJIHIEMbIX MHCTPYKLHH, MO3TOMY MOXHO
HCII0JIb30BaTh €€ TOJBKO C LIEJIbI0 CPABHEHUSI PA3JIMUHbIX CPEJl UCIIOJHEHUS IPU BbITOJIHEHUH
OJIHON U TOM ke mporpammbl. B Tabn. 2 mpuBeneHbl pe3yibTaTbl CUHTETUYECKOTO TECTa
Dhrystone  [4], BBIMOJHEHHOTO C  HCIOJB30BAHUEM  PA3IUYHBIX  BAPHUAHTOB
UHCTPYMEHTUPOBAHUS.

Pe3ynbTaThl CUHTETHYECKOTO TECTa HAIJISIIHO IOKAa3bIBAIOT MPEBOCXOJCTBO B IUIAHE
MIPOU3BOIUTENIBLHOCTH HMHCTPYMEHTHpPOBaHUs Ha ypoBHE ucxonHbix TekcTtoB (GCC/gcov).
Junamuueckas pekoMnuisnus B Valgrind npuBoAUT K MaJ€HUIO IPOU3BOAUTENBHOCTH B 4-5
pa3 naxe 0e3 BCTaBKM MHCTPYMEHTAJIBHOIO KOJla — JaHHbIE HAKJIAHBIE PACXO/IbI SBJISIOTCS
aTod 3a TUOKOCTh JUHAMMUYECKHX METOJO0B HWHCTpyMEHTHpoBaHHUsS. [l cpaBHEHUS
MpUBEACHA MPOU3BOIUTENILHOCTb, JOCTUTHYTasi BCTPOEHHBIM HWHCTpyMeHTOM Valgrind
memcheck.

Haubonpiiee BausiHUE HA IPOU3BOAUTEIBHOCTh OKa3bIBAET OTCICKUBAHUE OTEpaIUil ¢
namsATeio. [lo cpaBHEHHMIO ¢ HakKJIaAHBIMU PacXxoJaMU OT 3TOr0 MHCTPYMEHTAIBHOIO KOJa
BJIMSIHUE CHMBOJIBHOTO BBIMOJHEHMSI MPAKTHYECKU HE 3aMeTHO. OnTuMmanbHas paccTaHOBKA
TOYEK HWHCTPYMEHTHUPOBAHUS 3JIeCh MPEJICTaBIsieT CcO00l HECOMHEHHO BAXHYK U
MHTEPECHYIO 3aJ[auy U SBJISIETCS OJIHUM U3 HallpaBJICHUH JalbHEHIIEro CCIel0BaHus.

Tabumna 1.
Pe3ynbTaThl CHHTETHUECKOTO TECTa
Tom samycka [Ipon3BOIUTENBHOCTSD, Bpeh:m BBIIOJIHEHUSA
DMIPS OJIHOY UTEepaluu, MKC
be3 unctpymMeHTHpOBaHUS 6587 0.09
GCC/gcov 5591 0.10
Valgrind (ToJIbKO pEeKOMITUIISALINSA) 1504 0.39
Valgrind (memcheck) 166 3.43
[TokxpsiTHe BeTBel 544 1.05
3anuce gammna 547.,2 1.04
OTCJ’IC)KI/IBaHI/I;;I;é\:[;{(;I/)I (TomMeueHHbBIE 455 12.6
OtcnexuBanue namsTH (Bce oreparun) 11,8 48.0
JlnHaMHU4uecKoe CUMBOJIBHOE BBITIOJIHEHHE 11,7 48.6

[TonyueHHble pe3ynbTaThl E€CTECTBEHHBIM 00pa3oM OrPAaHUYUBAIOT MPUMEHHUMOCTh
IIPEACTABJIEHHOTO ITOAX0Ja MOAYJIbHBIM TECTUPOBAHUEM, NP KOTOPOM IIPOU3BOAUTEIIBHOCTD
0ObIYHO HE siBIsieTcs] KpUTUYHON. C Jpyroil CTOPOHBI, OLIEHKAa MOKPBHITUN B JAWHAMUKE 0e3
OTCIIC)KMBAHUS OIlepalMii C IaMATHK [I0JE€3Ha NPU BBIIOJIHEHUM PYYHOTO JU3ANH-
TECTUPOBAHUS CJIOKHOU ITPOTPAMMHOM CUCTEMBI.

BrIBOAbI

Pe3ynbTaThl BBIYMCIMTENBHBIX 3KCIEPUMEHTOB IOKA3bIBAIOT, YTO MPEUIOKEHHBII
METO/]I MOJlyJAbHOIO TECTUPOBAHMS B PAJE CIIy4aeB IO3BOJISET JOCTHYbL OOJIBILIEr0 TECTOBOTO
MOKPBITUSL [0 CPAaBHEHMIO C W3BECTHBIMM MeTOoAaMH. JlocTUraercss JaHHBIA pe3yibTaT B
OCHOBHOM 32 CYeT AMHAMMYECKOTO aHajiu3a MporpaMM Ha YpOBHE MAIIMHHBIX KOJOB U
OTCJEKUBaHMs oIlepaluil ¢ ykasareiasimu. PaspaboTaHHas aBTopamMu IpOrpaMMHasi CHCTEMA €
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YCIIEXOM MOXET NPUMCHATHCA KaK JIA aBTOMAaTH3alluKh MOAYJIBHOI'O TCCTUPOBAHUWA, TaK H
Uig OOJeryeHusl pydyHOTO TECTUPOBAaHUA (B YAaCTHOCTH, MHTETPALIMOHHOIO TECTHPOBAHUS)
IIPOrpaMMHBIX CHCTEM Ha 3Tarne pa3paboTku. C Apyroil CTOpOHbI, JUHAMHYECKUN aHAIU3
nporpaMm OKa3bIBA€T CHUJIBHOC BJIMAHUC HA MPOU3BOAUTCIBHOCTL, YTO OI'paHUYNBACT C(bepy
€ro IpPUMCHCHHA, B YaCTHOCTHU, ACJIaA CHUMBOJIBHOC BBLIIIOJIHCHUC HCIIPUMCHUMBIM Ha
IMPAKTUKE JJIs1 TCCTUPOBAHUA HpOFpaMMHOfI CHCTEMBI B IICJIOM. TeMm He MCHCC, ITPUBCACHHEBIC
B JaHHOM pasacic HpO6J’IeMI)I ABJIAAIOTCA TCXHUYCCKMMHU W NOAAAKOTCA PCHICHUIO. TaknMm
o0pasom, HacTosImast paboTa UMeeT OOJBIION MOTSHITHAN JJIS JATbHEUIIET0 NCCISAOBAHUS —
B YAaCTHOCTH, MOT'YT OBITh C(QOPMYIHPOBAHBI CIEAYIOIIHNE 3a/1a4H:

* 33/1a4a ONTHUMAIBHOM PacCTaHOBKH TOUYEK MHCTPYMEHTHPOBAHHUS;

* 3a/1a4a OOHAPYKEHUS M yIAJIICHUS HEHY)KHOTO HHCTPYMEHTAIFHOTO KOJIa;

" 3aJla4ya HCHUHTPY3UBHOI'O BBIYHCIICHHA TCCTOBOT'O IOKPBITHUA KOJA.

Pemenne AaHHBIX 3a7a4 B IEPCIICKTUBEC IMMO3BOJUT MMPUMCEHATH MPCIIOKCHHBIC MCTOAbI
C UENbI0 TPOBEACHUS TECTHPOBAHMs OE30MAaCHOCTH W OOHApYKEHHs YSI3BUMOCTEH B
MporpaMMHBIX CUCTEMAaX Ha YPOBHC MHTCIPAIMOHHOI'0 U CUCTEMHOI'O TCCTUPOBAaHM.
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CTPYKTYPHE TECTYBAHHS ITPOI'PAMHUX CUCTEM 3 BUKOPUCTAHHSAM EJIEMEHTIB
KOMIT'FOTEPHOI AJITEBPU

JI.C. Jlomaxkina, A.M. Birypa

Hmxeroponacekuii nep>kaBHUN TexHIUHUN yHiBepcuTeT iM. P.€. Anekcees,
ByJI. MiHina, 24, HwxHi#t HoBropox, 603950, Pociiiceka ®enepartist; e-mail: llomakina@]list.ru

3arpornoHoOBaHO METOJl CTPYKTYPHOI'O TECTYBAaHHS MPOIpPaMHHX CHUCTEM, 3aCHOBaHWI Ha
anreOpaiqHOi MOJIENi MpOrpaMu 1 IUHAMIYHOMY CHUMBOJIBHOMY BHMKOHAaHHI Ha piBHI
MaIIMHHOTO KOJXy 1 [IO3BOJIIE AaBTOMAaTH3yBaTH MOJYJbHE TECTYBaHHS IIporpam,
peasti3oBaHMX Ha KOMITIJIhOBAHUX MOBaX IPOTrpaMyBaHHSI.

KirouoBi ciaoBa: mnporpamMHi CHCTEMH, TECTYBaHHS, TCHEpallis TECTOBHUX HaHMUX,
anreOpaiyHa MOJIeJIb, CHMBOJIbHE BUKOHAHHS

STRUCTURAL TESTING OF SOFTWARE SYSTEMS USING ELEMENTS OF COMPUTER
ALGEBRA

Lyubov S. Lomakina, Anton N. Vigura

Nizhny Novgorod State Technical University n.a. R.E. Alekseev,
24 Minina str., Nizhny Novgorod, 603950, Russian Federation; llomakina@list.ru

A method of software system structural testing based on the program algebraic model and
machine code-level dynamic symbolic execution is proposed. The method allows for unit
testing automation for programs written in compiled languages.

Keywords: software systems, testing, test data generation, algebraic model, symbolic
execution
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