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B pabote nmpuBOIUTCS CpaBHUTEIBHBIA aHAIM3 JIByX METOJIOB a0CTPAaKTHOW MHTEPIIPETALUH:
oauH U3 HuX ObUT mpeiokeH P. Cousot, Bropoii paspaboran Ha kadeape aBromatuka HI'TY
HE3aBUCHMO OT IepBoro. O6a MeToJa OCHOBBIBAIOTCS Ha 0OwICH miee nmpeodpa3oBaHMs MC-
XOZHOT'O KOZIa MpOrpaMMBbl B MOJIENb U TOCIeytouero ee aHanusa. Oba mMerona npeamnona-
Tar0T MCCIICIOBAaHUE HA BCEX BO3MOXKHBIX ITYTSAX HCIIOJHEHHUS MPOrpaMmbl. B pabote mpuse-
JIeHBI TIPUMEPBI aHAJM3a OJHOM M TOH k€ MPOrpaMMBbl UCCIEYEMBIMH METOJIAMH, BBIJEICHBI
pa3Iuuus B HCCIERyeMBIX MeTojax. B 9acTHOCTH, MeToJ a0CTpakTHOW HHTEpIpeTalnu
MIPEAIONAraeTcsl UCIOIb30BaTh JUISi ABTOMATHYECKOW MPOBEPKH OJHOTO KJIacca OMIMOOK, s
KOTOPOTO MCIOJIB3YeTCsl CIENUalIbHbIA JOMEH Ul 3alKcu JaHHBIX. BTopoit mccnemyemsiit
METOJ] MO3BOJISIET Pa3pabOTYMKY BBIMOJHITE MPOU3BOJIbHBIC MPOBEPKH, A T€ OIIUOKU, KOTO-
pble OIPEeNsUIICh JOMEHOM, MOTYT OBITh BBISBIEHBI B MOMEHT HHTEPIPETAllH IIPOTPaMMBI.
JlpyruMm OTIMYMEM SIBISIETCS TO, YTO METOJI a0CTPAKTHOW MHTEPIPETAluy MO3BOJISIET aHAIH-
3MPOBATh UCXOJHBIM KOJ IPOrPaMM JIa’Ke MPU UX HETIOJTHOM IIPEJCTaBICHUH, HECMOTPSI Ha TO
YTO 3TO HETaTUBHO CKa3bIBACTCS HA TOYHOCTH aHajim3a. Iyl BTOPOro MCCIeyeMoro MeTosia
HEOOXOANMO MIMETH MOJIHOE IPEICTaBICHHE HCXOIHOTO KOJa.
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BBEJEHUE

Juis moucka omubok B nporpamMmaoM obecneuernu (I10) TpagummnoHHO B MH-
nyctpuu paspabotku [10 ncons3yercs TectupoBanue. HecMoTpst Ha TO 4TO TecTH-
poBaHHE O00NafacT psAAOM HEIOCTATKOB: CYIIECTBEHHAs TPYIOEMKOCTb, BIHSHHUC
YEJIOBEUECKOTO (haKTOopa, HEBO3MOXHOCTh 00ECIEUNTH ITOJHOTY MOKPBITHS CICHA-
pHEB 1 BXOAHBIX JAHHBIX, OHO SIBISIETCS HanOoJee JOCTYITHBIM CPEICTBOM IIPOBEP-
ku I10, B cuity TOro 94TO Ha COBPEMEHHOM JTalle pa3sBUTHUs (POpMaibHBIE METOIBI
(craTmueckmii aHanW3, MpOBepKa Mojeinel, aOCTpakTHas WHTEPIpETaus Hu [Ip.)
[1-4] He mMO3BOJSIOT 3aMEHHUTH PYYHOTO TECTUPOBAHMUS M3-32 OTPAHHUYCHHUS BBIUKC-
JWUTENBHBIX PECYPCOB M HECOBEPIICHCTBA alTOPUTMOB aHaln3a. TeM He MeHee Me-
tonel aHanm3a [10 [1-10] orpaHn4eHHO TPUMEHSIOTCS B pa3padoTKe B cdepax aes-
TENIBHOCTH, T/Ie CTOMMOCTH OIIMOKHM Ype3BbIYaiiHO BBICOKA. Takke HaMedaeTcs TeH-
JCHIMA, KOTAa WHCTPYMEHTHI BEpU(HUKALNH, a TaKKe MHCTPYMEHTHI, OCHOBAHHbIC
Ha (OpPMaJIBHBIX METOJax, MCIOJIB3YIOTCA Ul aHanm3a npukinagHoro 110, Hanpu-
Mep BepudukaTop ot Microsoft — ais nmpoBepku ApaiiBepoB CTOPOHHHX YCTPOHCTB
u ap. IToatomy pasButie GpopmanbHbIX MeTO0B aHanu3a [10 umeer Oomnbmioe 3Ha-
YeHHE.

B nmanHoOI cTaThe paccMaTpUBaeTCs CpaBHEHHE ABYX METOZOB aOCTPAaKTHOH MH-
TepHpeTaHI/II/Il [1, 2]. darHBIe METOABI OBUTH MOTYYEHBI HE3aBHCUMO IPYT OT IpyTa
¥ OCHOBaHBI Ha O0IIEH uee, HO TAKXKE COAEPKaT U HEKOTOPBIE Pa3INdus, KOTOPbIE
OyZayT paccMOTpEHHI Jajiee B padoTe.

OB30P CPABHUBAEMBIX METO0OB

Meton abctpaktHO# uHTeprperamun npemioxkeH [1. Koycorom (P. Cousot) B
paborte [1] 1 aKkTHBHO pa3BHBAJICS B CIIEAYIOIINE TOJIBI, B PE3yIbTaTe YETO OH JIET B
OCHOBY MHOTHX JIPYT'HX METOJOB M MHCTPYMEHTOB [3, 4]. OcHoBHOM uzaeei npen-
JI0)KEHHOTO MeToza sABiseTcs nposepka [10 mo cnexyromeit npornenype: 1) Haxox-
JICHUE BO3MOJKHBIX ITyTeH, 10 KOTOPHIM MOXKET HMPOXOAUTH IporpaMma; 2) mpen-
CTaBJIEHHE NPOTPAMMBI B BHJE CHENUATLHOW CEMaHTHKH; 3) MpeJcTaBlIeHUE JaH-
HBIX B BHUJIE JIOMEHA, HA KOTOPOM HEOOXOIMMO BHINIOJHHUTH HPOBEPKY; 4) aHANN3
I1O Ha ocHOBE COCTABJICHHBIX ITyTEH M IPEICTABICHUS JTAaHHBIX.

[Ipumep Takoro aHanM3a NpPUBEICH HA PUC. 1, Ilie aHATM3UPYETCsl HeOObIIast
nporpamMMa (B BEpXHEM IIPaBOM YTy pucyHka). CeMaHTHKa MOJEIH NPOTrPaMMBI

1 . .
B o0enx OpHrHHAIBHBIX paboTax METOIbI Ha3bIBANNCH abCTPAKTHOH HWHTEepHpeTanuel, HO Mo-
CKOJIbKY MeToJ B pabote [1] mpeanokeH 3HAYMTENBLHO PaHBILE, TO €ro Aajnee OyneM Has3bIBaTh OPUTHU-
HaJbHBIM Ha3BaHHUEM, a METOJ B paboTe [2] — nccneryeMbIM METOIOM HITH IIPeUIaraéMbIM METOJIOM.
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IPE/ICTaBICHAa B BEPXHEH YacTH PUCYHKA ITOCEPEANHE, a B OCTANBHBIX YacTsIX Mpell-
CTaBJICHB! Ha4daJbHbIC U KOHEYHBIC CTaJUM aHaNu3a. B HadalpHOM cocTosHNHM (HA
MIEpBOI CTPOKE) MEpPEMEHHas X (3aNHCh X; CIEAYET YNTATh KaK 3HAUCHHE IIEPEMEH-
HOU x B cTpoke 1) He ompernenero — 0. [laree npu WCTIONHEHUH TTPOTPaMMBI 3HAUE-
HHE W3MCEHsAETCS Ha MHTepBal [, 1] u ynpaBineHne mepexoauT B CIEAYIOUIYIO CTPO-
Ky. Ilocie BXozma B LUK X OyIEeT MOCTOSIHHO MHKPEMEHTHPOBATHCS O MOMEHTa
MocJIeTHeW UTepanuy NUKIA, T. €. KOHeuHoe 3HadeHue x Oymet paBao 10000, a Xj3
npuHUMaeT 3HadeHWs B wuHTepBane [2, 10000]. Ilocme BrIXOma W3 IHMKIIA
X, =[10000, 10000].

X =1 X = [1, 1]; X; = 0;
while x < 10000 | X, = (X; U X3) n [- | Xz = 0;
do o, 9999]; X3 = 0;

X :=x+1 X; = X, B[1,1]; Xy = 0.
od; Xs = (X3 U X3) n

[10000, +«].

X1 = [11 1]; X1 = [1J 1]; X1 = [1) 1]3
X, = 0; X, = [1, 1]; X, = [1, 1];
X; = 0; X; = 0; X3 = [2, 2];
Xy = 0. X, = 0. Xs = O.
X1 = [1.' 1]5 X1 = [1: 1]5 X1 = [1: 1]3
Xy = [1.' 2]5 X, = [1: 2]5 Xy = [1: 3]3
X3 = [21 2]5 X3 = [2: 3]5 X3 = [2: 3]3
X, = 0. X, = 0. Xs = 0.
X1 = [1.' 1]5 X1 = [1: 1]5 X1 = [1: 1]3
X, = [1, +e]; X, = [1, 9999]; X, = [1, 9999];
X3 = [2, +»]; X; = [2, +10000]; X3 = [2, +10000]
X = 0. X4 = 0. X4 = [+10000, +10000].

Puc. 1. Tlpumep ananu3za nporpaMMbl METOJIOM a0CTPaKTHON UHTEPIPETAIH

B pabore [2] mpenoxeH MeTOI, KOTOPBIN TaKKe 3aKII0UaeTcsl B aOCTPaKTHOM
MHTEPIIPETAINH IPOTrpaMMBbl, HO ObIT pa3zpaboran mo3aHee. JlaHHBIN crocol mpea-
MoJIaraeT CIEeAYIONIYI0 Mpoueaypy: 1) BBIYHCICHHE BCEX BO3MOXKHBIX IMYyTEH BHI-
TMOJTHEHUA TIPOTPaMMBI; 2) 3almiCh BCEX BO3MOXKHBIX BApHUAHTOB IMEPEMCHHBIX, I10-
JY9eHHBIX B pe3yJbTaTe MCIIOIHEHUS OIepaTopoM; 3) MpoBepKa TOTO, YTO MpOBe-
psieMoe yCIIOBHE MCIIOJIHSIETCS Ha BCEX BO3MOXKHBIX BapHaHTaX NEPEMEHHBIX, MOJY-
YEHHBIX HA IIPEIBIAYILIEM LIare.
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X =1 S1: x :=1
while x < 10000 do S2: while x < 10000 do
X :=x+1 S3: X =X+ 1
od; S4: od;
assert(x 2 10000) assert(x 2 10000)
P=Pl=51nS2nS3n S4. s1 = {x} = {1}.
S1 = {1}; s1 = {1};
s2 = {1}. S2 = {1};
s3 = {2}.
s1 = {1}; s1 = {1};
s2 = {1}; s2 = {1};
S3 = {3}; S3 = {10000}.
S1 = {1}; for s in S4
S2 = {1}; assert(x(s) 2 10000)
S3 = {1e000}; | mmmmmmmmmmmmemmmo oo
S4 = {10000} . assert (10000 > 10000)

Puc. 2. Ilpumep aHanIHM3a TPOrpaMMbl METOAOM U3 [2]

[pumMep Takoro aHaiW3a MPHBEICH Ha PHC. 2, INie MCCICAYeTCsS aHaJIOTHYHAs
nporpamma, Kak W Ha puc. . B Havame HCrIoNHEHWsI mporpaMMbl 3HAYCHUE X B
S1 = {1}. IIpu BXone B IMKI 3HAYCHHUE IEpeMEHHON B S2 m3MeHseTcs oT {2} 1o
{10000} . 3nauenue nepemenHoit B S4 pasao {10000}. Kpome Toro, B TaHHOM Me-
TOZIE UCTIONB3YIOTCS YCIOBHS B KAYeCTBE JOMOJIHUTEIBHBIX OpaHMYCHHI B UHPOP-
MalHy IS aHAJIU3a.

CPABHEHME METOJ0B

O06a merona [1, 2] ocHoBaHbI Ha OOLIEH Haee MpeoOpa3OBaHUs MPOrPaMMBbI B
OIIPeICNICHHYI0 CEMAHTHKY M HOCIIEIYIOLIEr0 ONPEAEICHUS 3HAUSHUH IePeMEHHBIX.
B meromax aGcTpakTHOI MHTEpIIpEeTalMy W BXOAHBIX MHTEPBAJIOB MMEIOTCA HEKO-
TOPBIC OTIINYNA.

Ha3nauenme. AOcCTpakTHasi WHTEpIpETALMs IpeIHAa3HAuYeHa JUIl IIPOBEPKU
NpOrpaMMbl Ha KOHKPETHBIH BUJ OIIMOOK, KOTOPHIH 3aBUCHT OT AoMeHa. Hamnpu-
Mep, Ul IPOBEPKH BBIXOJA 3a TPeJeNibl TPAHHIBI MACCHBA MOXET NPUMEHSTHCS
MHTEpBAJIBHBIA goMeH. Ha3HaueHue mpejiaraeMoro Meroja 3aKiiodaeTcs B Ipo-
BEpKE YCIIOBHUH, 33laHHBIX pa3pabOTYMKOM B IPOTpamMMe, T. €. B IPOBEPKE MPOU3-
BOJIbHBIX YCJIOBHH, a HE TOJIBKO 3a1aHHBIX. C APYroi CTOPOHBI, MOCKOJIBKY IPOLIECC
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aHaM3a 10 CBOEH CYTH SIBISETCS MHTEPIpPETanuel MporpaMMbl, TO BO BpeMs aHa-
732 OMMOKN MCTIOJHEHUSI IPOTpaMMBbl OyIyT HNPOSABIATHCA, YTO MPUBEIET K OCTa-
HOBKE aHaJIN3a Ha 33JaHHOM ITyTH IIPH BEIOPaHHBIX HAYATIBHBIX yCIOBHSX.

TpeboBanns mo noaHOTE KoJAa. B HacTosIee BpeMs IporpaMMbl 4acTo B3a-
MUMOJICHCTBYIOT C IpyTMMH IPOIPaMMHBIMH YCTPOMCTBaMH, IIPHU ITOM OHU OOMEHH-
BAIOTCSl JTAaHHBIMH. MeTos aOCTpakTHOIM MHTeprpeTanuu Oosee TONEpaHTEeH K OT-
CYTCTBHIO TOJHOW MH(pOPMAIMU O KOJAE NMPOrPaMMBbl, T. €. NPH aHAIU3E CETEBBIX
B3aUMO/ICHCTBHI HET HEOOXOAUMOCTH UMETh TOJIHYIO MOJIEb, BKIFOYast HCXOHbIH
KOJI CTOPOHHUX YCTpOHCTB. HecOMHEHHO, 3TO CKa3bIBaeTCs Ha TOYHOCTH BBITIOJIHS-
€MOro aHaiu3a ¥ TPHUBOJUT K HAIMYMIO JIOXKHBIX CPabaThIBAHWUI WM HPOITYCKY
ommbok. IIpemiaraemslii MeTo | peIonaraeT NoJIHy0 HHPOpMaLUIO 00 uccieny-
€MOM CHCTEME.

CemanTuka. JlaHHOE pa3auMuMe HOCHUT TEXHUYECKHH XapakTep, KOTOPBIH
HanpsMyl0 HE BIMSACT Ha aHauu3. Mojenb B aOCTPAaKTHOW MHTEPIPETaldd MMEET
CEMaHTHKY, MO3BOJISIONIYIO BBIIOJHATH aHAN3, HE NMpHOEras K MCXOJHOMY KOZY.
Bo BTOpOM HcciieryeMoM METOIe aHAIU3 BBITOIHIETCS HA OCHOBE HCXOJHOTO KOJIa,
a CeMaHTHKa MOJAENN HPUMEHSETCS JUIsl 3alMCH BO3MOXHBIX BaPHAHTOB HCIOJHE-
HUS TIPOTPaMMBI.

BBIBO/JI

Hcxonst n3 onucaHus HCCIIeTyeMbIX METO/IOB, IPUMEPOB UX IPUMEHEHUS, a TaK-
K€ X CPaBHEHHS MOXKHO CIeJIaTh BBIBOJ, YTO JIaHHBIE METO/IbI IMEIOT CYILIECTBEHHbBIE
pazimnuust. B pesynbrarte nccnemyeMslii METO/l 3HAYUTENBEHO YBEINYMUBACT BOSMOXKHO-
cTu 110 TpoBepke cBoicTB 10, HO TpH 3TOM HE JOCTUTAeTCs aBTOMaTH4YecKas Ipo-
BepKa Ha Habop ommOOoK (HampuMmep, BBIXOJ] 33 TPaHMIBI MaccuBa). Paznuuus B ce-
MaHTHKE MOJIENIM, Ha CETOAHSIIHMN B3IJIAA, HE Ka)XYyTCsS OCHOBATEIbHBIMH, TaK Kak
00€ CEMaHTHKH HEIOCPEICTBEHHOTO BIIMSHNS HAa KOHEUHBII aHAIIN3 HE HMEIOT.
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Comparative analysis of two methods of abstract interpretation is given in the paper. The first
method was proposed by P. Cousot, the second one was developed on automation department
in NSTU independent from the first one. Both methods base on common idea of source code
representation to a model and following analysis of it. Both methods assume investigation on
all possible paths of program execution. Examples of analysis of same program were present-
ed in the paper. In addition, differences of considered methods were carried out in the paper.
Specifically the abstract interpretation method assumes to use for automatically checking of
one class errors with specifically used data domain. The second studied method allows to de-
veloper to execute arbitrary checks and errors that might be find with use of domain could be
find in moment of program interpretation. Another different is that abstract interpretation
mothed allows analyzing program’s source code even without full information about system,
despite the fact that precision will be lower. Full system representation required for the second
method.

Keywords: software, testing, input intervals, formal verification, dynamic verification, veri-
fication, model checking, software models, graphs, total correctness of programs

REFERENCES

1. Cousot P., Cousot R. Abstract interpretation: a unified lattice model for static
analysis of programs by construction or approximation of fixpoints. Conference
record of the fourth ACM symposium on principles of programming languages, Los
Angeles, California, Jan. 17-19, 1977. New York, ACM Press, 1977, pp. 238-252.

2. Voevoda A.A., Romannikov D.O., Zimaev I.V. Primenenie UML diagramm i
setei Petri pri razrabotke vstraivaemogo programmnogo obespecheniya [An
approach to the using UML and Petri nets for embedded software designing].
Nauchnyi vestnik NGTU — Science bulletin of Novosibirsk state technical university,
2009, no. 4 (37), pp. 169-174.

3. Clarke E.M., Grumberg O., Peled D. Model checking. Cambridge, London,
MIT Press, 2001. (Russ. ed.: Klark E., Gramberg O., Peled D. Verifikatsiya modelei
programm: Model checking. Moscow, MTSNMO Publ., 2002. 416 p.).

“ Received 8 august 2014.



80 A.A. Boesooa, /].O. Pomannuxos

4. Bush W., Pincus J., Sielaff D. A static analyzer for finding dynamic progam-
ming errors. Software: practice and experience, 2000, vol. 30, iss. 7, pp. 775-802.
doi: 10.1002/(SICI)1097-024X(200006)30:7<775::AlD-SPE309>3.0.CO;2-H

5. Glukhikh M.1., Itsykson V.M., Tses'ko V.A. Ispol'zovanie zavisimostei dlya
povysheniya tochnosti staticheskogo analiza programm [The use of dependencies
for Improving the precision of program static analysis]. Modelirovanie i analiz
informatsionnykh sistem — Modeling and analisys of information systems, 2011,
vol. 18, no. 4, pp. 68-79.

6. Romannikov D.O. O poiske vkhodnykh intervalov [On the search for input
intervals]. Sbornik nauchnyh trudov NGTU - Transaction of scientific papers of
Novosibirsk state technical university, 2014, no. 1 (75), pp. 140-145.

7. Islam S., Krinke J., Binkley D., Harman M. Coherent clusters in source code.
Journal of systems and software, 2014, vol. 88, pp. 1-24.

8. Markov A.V., Romannikov D.O. Algoritm translyatsii diagrammy aktivnosti
v set' Petri [Algorithm of automatic conversion of the activity diagram into Petri-net
structure formats]. Doklady Akademii nauk vysshei shkoly Rossiiskoi Federatsii —
Proceedings of the Russian higher school Academy of sciences, 2014, no. 1 (22),
pp. 104-112.

9. Romannikov D.O. Nakhozhdenie oshibok obrashcheniia k
nesushchestvuiushchim elementam massiva na osnovanii rezul'tatov analiza seti
Petri [Finding errors or nonexistent array’s elements based on the results of the
analysis Petri nets]. Sbornik nauchnyh trudov NGTU - Transaction of scientific
papers of Novosibirsk state technical university, 2012, no. 1 (67), pp. 115-120.

10. Voevoda A.A., Markov A.V. Romannikov D.O. Razrabotka programmnogo
obespecheniia: proektirovanie s ispol'zova-niem UML diagramm i setei Petri na
primere ASU TP vodonapornoi stantsii [Software development: software design
using UML diagrams and PETRI nets for example automated process control sys-
tem of pumping station]. Trudy SPIIRAN — SPIIRAS proceedings, 2014, iss. 3 (34),
pp. 218-231.



