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AHHoTanusi. B cratbe ommceiBaeTCs MOMCK HEIOCTHIKMMOIO KOJa B HCXOJHOM KOJE
mporpaMM, HamucaHHBIX Ha s3pikax Cu u Cut+. [lpuBemeHa kiaccudukamus BUIOB
HEJIOCTIKUMOT0 Koja. OmnmcaHbl eI, JOCTUTAEMbIE ITOMCKOM HEIOCTIKMMOIO KOja:
BbIJaYa TPEAYNPESKACHHA O BO3MOXHBIX ONMOKAaX B aHATM3UPYEMOW MporpaMme |
YJIydlIEeHHEe TOYHOCTH JAPYrMX aHain3oB. PopMallbHO IOCTaBJICHBl TPU 3aJauyd aHaIM3a
MOTOKA JAHHBIX: aHAJIM3 MHTEPBAJIOB 3HAUYEHHH, aHAIM3 BBIKOJIOTON TOYKH, NMPEIUKATHBII
aHanu3. PemeHus 3Tux 3agay NpUMEHEHbI JUIS MOMCKAa MHBAPHAHTHBIX YCJIOBHH BETBIICHHS
nporpammbl. [loka3aHel OCOOEHHOCTH TIOMCKAa HENOCTIDKUMOTO KOZa B CTaTHYECKHX
aHaJIM3aTopax, NMpeJHAa3HAYEHHBIX IJIS IMOoHMcKa omuOok. OTMedeHbl o0Iiue CUTyaluu, B
KOTOPBIX HET HEOOXOIUMOCTH COOOIIATh IOJIb30BATEIN0 O HAWJIEHHOM HEJOCTHKIMOM KOJIE.
OnucaHHble  aJrOPUTMbl  peajM30BaHbl B  CTaTHYECKOM  MHCTpyMeHTe  Svace,
paspabarsiBaeMom B MCII PAH. OneHka pe3ynbTaToB IETEKTOPOB MPOW3BEICHA IS
HCXOJTHOTO KoJia orepanioHHbIX cucteM Android-5.02 u Tizen-2.3 B Buie KOJMYECTBEHHOTO
CPaBHEHUS NPEAYNPEKACHUH, BBIJAHHBIX KaXKAbIM W3 aHAJIH30B, U MX IEPECEUECHUs] MEXIY
co0oii.
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1. BeedeHue

B cTarthe onuchIBaeTCS peann3alus aHAIM30B HEJOCTHKUMOTO KOJ[d B MHHCTPYMEHTE
CTaTHYECKOro aHalu3a Svace, MpeJHa3HauYeHHOTO JJIsl TIOMCKa OUIMOOK B HCXOIHOM
KOJIe IpOoTrpaMM, HalmMCaHHbIX Ha s3bikax Cu u Cu++ [1-3].

OOmasi cxema peaju3aluy aHajdu3a HEJOCTHKUMOrO KOJa B Svace M HaXOJMMEIC
CUTyallnd TIpuBeNeHsl B [4], B JaHHOW cTaThe (QOPMATBHO OMUCHIBAIOTCS
UCIIOJIb3YEMbIE AITOPUTMbBI U TPOM3BECHA OLICHKA PEe3yJIbTATOB aHAJH3a.

1.1 Knaccudmkaumsa HegocTUXKMMOro Koga

Heoocmuoicumbim K000M HA3BIBAIOTCS WHCTPYKIMK HPOrPAMMBbI, KOTOpPbIE HH IPU
KakoM €€ BBIIIOJIHCHUH HE MOT'YT ObITh JOCTUTHYTHI. MOXHO BBIJCIHTH HECKOJIBKO
Pa3HOBHIHOCTEH HEIOCTHIKMMOTO KOJIa:

(1) “Tlo ympaBneHWIO” — 3TO CHUTyallud, KOTJa WHCTPYKIMH B Tpade moToka
YIPABJICHUS HEOCTIIKUMBI OT BXOJHOM BEPIIHHBI.

void foo () { void bar () {
return; goto label;
a = 1; // HEeODOCTUXUMEIL KO a = 1; // HEOOCTUXMMEIA KOI
} label:
a = 2;

(2) WHCTpyKIMM HENOCTHXXMMBI HW3-3a BbI30Ba (DYHKIMH, 3aBEpLIAIOLINX
BBINOJIHEHUE IPOTrPAMMBEL.

void foo () {

fatal error(1l);
a = 1; // HEIOCTUXMMEIL KOI

}
(3) “U3-3a cpaBHEHHS” — MHBApPUAHTHOCTh CPABHEHUS TIPU BETBJICHUH ITPOTPAMMBI.

void bar (char *p) {

if (!p)
void foo () { return;
int a = 0;
int b = 1; // p He MmeHseTcs
if (a > b) { .
. // HemoCTUXMMBI KOI if (p) |
} } } else {
// HEemOCTUXMMBIT KOI
}
}
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1.2 Llenn noncka HeQOCTUXMMOrO Koaa

B crartmueckoMm aHanmm3aTope U MOWCKAa OMIMOOK B MCXOTHOM KOZE IPOrpaMM
aHaN3 HEIOCTIKUMOTO KOJ[a MCIIONB3yeTcd KakK Ul BBIAAYX MPEIyNpeKIeHAN 00
omuOKax B MporpamMme, TaK U VIl YIIYYIIeHNS TOYHOCTH APYTHX aHAIH30B.
ITocKoIBKY MPOTPaMMHUCTHI, 32 UCKIIOYEHHEM HEKOTOPHIX CHUTyallnid, HapOYHO HE
MUITYT KOJI, KOTOPBI HE MOXKET OBITh MCIOJHEH, TO HAMYHAE TaKOTO KOJa BIOJHE
HaBEepPHSIKA CBUICTEIHCTBYECT

e 00 ommOKe B pealM3aIfiy 3 [yMaHHOTO aJrOpUTMa,
e 00 ycrapeBleM KOJi¢, KOTOPBIH 3a0bLTH YIaUTh,

® 0 HEMOHWMaHHUH MPOTPAMMHUCTOM IIPOTPAaMMBI, KOTOPYIO OH H3MEHSIET.

IToatomy cymiecTByeT HEOOXOAUMOCTh B MOMCKE HEJOCTHXKUMOTO KOJa M BBIIAYU
TIOJI30BATEIIO TIPEIYTIPEHKICHHIS.

void foo () {
for (1 = 0; 1 < n; ++i) { // “++1i” HepmocTuxuma
ali] = 1i;
if (m--); // oumbouHas TouKa C 3anAToNl
break;

Puc. 1. Hedocmuoicumpiil K00 Kak credcmeue 0OnyujeHHol OuudKy
Fig. 1. Unreachable code as a result of a defect

Tawke OOHapyKeHHE HEIOCTHIKMMOIO KOJa II0JIE3HO W CAMOMY CTaTHYeCKOMY
aHaJIM3aTOPy B KadecTBE HPEABAPUTEIBHOrO JTala aHajiu3a, JUisi TOro 4to0Obl Ha
MOCJIEAYIOLINX JTanax MCKIYaTh W3 PACCMOTPEHUs Hal[IeHHBbIE HEAOCTHIKUMBbIC
WHCTPYKIUU TPOTPAMMBI, YTO JOJDKHO OJarompHATHO CKa3bIBAThCS HA TOYHOCTHU
ero paboThI.

1.3 Ucnonb3yemble aHanN13bl ANA NOUCKa HeJAOCTUXKMMOro Koaa

W3-3a BpeMEHHBIX OTPaHHMUYCHNI KOMITMIISTOPBI HAXOISIT HEIOCTIXKUMBIN KOJ A
OTHOCHTEJIFHO IPOCTHIX CiydaeB. B KomMmmisTopax OOBIYHO pean30BaH ITOMCK
HEJIOCTIXKMMOTO KOAa “TI0 YNpaBIeHHWIO” TpH TOCTpOeHWH TIpada ImoToka
yrnpaBieHus. Takke HaxXoJsITCs HEKOTOpble WHBApHAHTHBIE CPaBHEHUS NpH
MOMOILM aHAIM3a PACIIPOCTPAHEHUS KOHCTAHT.

K craTtnueckum aHanu3aM NPUMEHSIOTCS MEHEE KECTKUE ONPaHUUYEHHsS 110 BPEMEHHU
paboTsl, Oiarogapsi 4eMy MOXKHO PEalIi30BbIBaTh 0OJICE CIIOYKHBIE BHIbI aHAJIN30B.
beuin peanu3oBaHbl CleAyIOIIME BUABI aHAIM30B: aHAIM3 HMHTEPBAJIOB 3HAYEHUI,
aHaJIM3 BBIKOJIOTOM TOYKM, NpENUKAaTHBIA aHanu3. [l TOBBIICHHS TOYHOCTH
aHAIN30B NIPUMEHSIACH HyMEPays 3HAUCHUI.
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OTMeTM, dYTO TpW aHAIM3E HE HCIOJB3YETCS aHalW3 ajiacoB, IIOATOMY
OTIHCBHIBaEMBIC Jajiee aHAIM3Bl MOTOKA JAHHBIX ONEPUPYIOT TOJBKO JOKAJIbHBIMH
MepeMEHHBIMH, YeH apec He nepeaaBajcs B QyHKIUN U JPYTUM IIePEMEHHBIM.

Jlnst moWcka HENOCTXKMMOTO Koaa “‘W3-3a BBI30Ba (YHKIHI®, 3aBEPIIAIOIINX
BBINTOJTHEHHE TIPOTPAMMBI, OBUT peann30BaH OOpaTHHIN MEXIPOIEAYPHBIH aHAN3,
KOTOPBIH IS KaxM0H (PYHKIIMH BBIICHSIET, 9TO €€ BBI30B MPHUBEAET K 3aBEPIICHUIO

TIPOTPaMMBEI.

2 AHanu3 HedocMuXXumMo20 Koda

B sTOoM pa3zzmene ¢opMarbHO OMHCAaHBI PeaTn30BAaHHBIC aHAIM3BI NOTOKA TAaHHBIX,
KOTOpBIE MMPUMEHSUINCH ISl TOMCKAa MHBAPHAHTHBIX CPABHEHUH B ITpOrpamMMe.

2.1 AHanu3 nHTepBanoB 3Ha4YeHUN

AHanu3 WHTEpPBaJOB 3HAYEHUH BBHIYMCIAET B KAKIOW TOYKE MPOrPaMMBbI
HWHTCPBAJIbI, TIOKPBIBAIOIINE BCE BO3MOXXHBIC 3HAYCHUA OCJIOYHNCIICHHBIX
MCPEMCHHBIX.
WHTepBanbl 3HAYCHHWH IMO3BOJISIIOT OOHApYXWBATh HWHBAPUAHTHBIC CpPaBHEHHS B
nporpaMMe. Tak Kak MHTEPBAJIbl MOKPHIBAIOT BCE BO3MOXHBIE 3HAYCHUS
IMCPEMECHHBIX, TO €CJIM HAa OCHOBE BO3MOKHbBIX 3HAYEHUH NEPEMECHHBIX 6y,Z[€T cAcjiaH
BbIBOJ, O HCEIOCTHXHUMOCTHU HeKOTOpOﬁ HUHCTPYKLOHUU, TO U IIPU BbIIOJIHCHUU
MporpaMmbl, 5TH UHCTPYKIHUH HE 6y,HYT JAOCTUTHYTBI.
if (.)
x = 1;
else
x = 3;

// x € [1, 3]
if (x > 5) {
.. // HEeDOCTWXMUMEIA KOI

}
TTonypeméTka aHaM3a HHTEPBAIOB 3HAYCHUH OMTUCHIBACTCS CIICIYIOIINM 00pa3oM:

e DjeMEHTaMU NOJYPEMIETKH JIJISl OJHOU IEIOYNCICHHON IEPEeMEHHOM
SIBIIFOTCS] MHTEpBaHI [a, b]. [Tomypemérka 1 TOYKH MPOrpaMMbI — 3TO
JIEKapTOBO MPOU3BEICHUE MOTYPEIIETOK AJIsi NEPEMEHHBIX.

o  YacTHuHBIA NOPAAOK OIPEACIACTCA OTHOMCHUEM BKIHOUYCHUA c.

e HawumeHbluas BepXHsis TpaHUIa JJIsl HECKOJILKUX UHTEPBAJIOB BEIYUCIISICTCS
IpyY oMoy o0beuHeHus U.
[epenatounsle (yHKIMM A1 apUPMETHYECKUX OIEepalMii OCHOBBIBAIOTCS Ha
MHTEpBaILHOHN apudmeruke [S], Hanpumep (Tadm. 1):
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Taon. 1. Ilepedamoynvie hynKyuu 015 NEPemMentbIX X Uy ¢ UHmepeaiamu 3HaveHul [a,
bju [c, d]uxoucmanmol k.

Table 1. Transfer functions for variables x and y with value intervals [a, b] and [c, d] and for
a constant k
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Bripaxxenue Brluuciienue nHTepBana 3Ha4€HUHN AJIs Pe3yJIbTaTa BbIPAKEHUS
x —k x: [k, k]
X +y [a, b] + [c, d] [a + ¢, b+ d]
X -y [a, b] - [c, d] = [a - c, b -d]
% * [a, b] * [c, d] = [min(ac, ad, bc, bd),
¥ max (ac, ad, bc, bd)]
Brluncnenue UHTEPBAIOB 3HAUYEHUH ISl X U Y
CpaBHeHue
B pe3yJIbTaTe CPaBHEHUS
x: [a, b] N [c, d]
assume X Y v: [a’ b] n [C, d]
< x: [a, b] N [-inf, d]
assume x =Y | g, [a, +inf] N [c, d]
assume x > x: la, b] N [c + 1, +inf]
Y | y: [-inf, b - 1] n [c, d]
x: [a + 1, b], ecoim k = a
assume x # k x: [a, b + 1], ecoim k = b
x: [a, bl, eciim k € [a + 1, b - 1]

OTMeTuM, YTO MONypemETKa HHTEPBAJIOB 3HAYCHUH UMEET OCCKOHCYHYHO BBICOTY.
DTO 03HAYaeT, YTO B OOBIYHOM BHJIC aHAJIH3 ITOTOKA NAaHHBIX HE OyAeT CXOIUTHCS.
Uto0b1 aHANMH3 COMIENCS, MBI IPAMEHSEM TEXHUKY Widening [6]: BHyTpU KOMIIOHEHT
CHJIbHOH CBSI3HOCTH rpada MOoToKa yNpaBieHHs HA OYepeIHOI MTepaluy aHaau3a
[PH NEPEBBIYUCIICHUN HHTEPBAJIA B TOYKE IPOrPAMMBI:

e [IpW PacUIMPCHHUU TPAHHUIBI HHTEPBAJIA, OHA CPA3y 3aMCHSCTCS Ha
OECKOHEYHOCTD,

® JICBasd rpaHuvila MHTEpBajia HE CMCIIACTCA BIIPpABO, a MpaBasi - HC CMEIIACTCA
BJICBO.

IlogcunTaHHBle 3HAYEHHS YTOUHAIOTCA B PEKHUME nArrowing: IepenaTouHbIe
(yHKIIMM pabOTaIOT, KaK OBIJIO ONHMCAHO BHIIIE.

Ha mHCTpYKIMAX CpaBHEHHS MOXKET OBITH BBIUMCIICH IMYCTOW WHTEPBAJ 3HAUCHUH.
IlycToli wuHTEpBad CBHUIETENBCTBYET O TOM, 4YTO CpPaBHEHHE WHBAPHAHTHO:
pe3ynbTaT CpaBHEHHUsI BCETAa JIOKHBIH.

// x € [0, 1]

//y € 13, 7]

if (x == y) { // assume x =y
// [0, 11 n [3, 71 =@
// HEeIOCTWXMMEIL KOII

}

HCIIOCTI/I)KI/IMOMY KOAY COOTBETCTBYCT 3HAYCHUC 1 u3 HOJ'IypeHIéTKI/I JJI1 BCEX
TIICPEMEHHBIX.
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2.2 AHanu3 BbIKONOTON TOYKHU

AHanm3 WHTEPBAIOB 3HAUYEHUH HE YYUTHIBACT BHIKOJIOTHIE TOYKH HMHTEPBAJIOB, UTO
NPUBOANT K HEJOCTATOYHOW TOYHOCTH: AaHATW3 HE OOHApy)XHWBaeT MHOTHE
WHBapUaHTHBIC CpaBHEHM. Hamprmep:

if (x !'= 0) { // assume x # 0
/] 22?2
if (x == 0) {

// x € [0, 1]

}

Juis Takux cuTyanuii MOXKHO ONHCATh aHAJH3, KOTOPBIM ObI BBIYUCIST B KaXTOi
TOYKE TIPOTPaMMBI JIJIsl K&KIOW IMePEMEHHONH MHOKECTBO KOHCTAHT, KOTOPHIM OHA B
3TOM TOUKE HE paBHa.

Mpb1 peanu3oBaiv TPOCTON aHAIN3, BBIYHCIAIONIMN B KaXIOW TOYKE MPOTPaMMBI,
Kakhe IIepeMeHHble He paBHBI Hym0. KoHcTaHTa HONB sBIseTca Hamboiee
MOMTyTISIPHOM, W paboTa TONBKO C HEH TeM HE MEHee MO3BOJIIET OOHAPYKUBATH
MHOT'O CUTYallli HEJOCTHKUMOTO Koja (cM. T1. 3).

DNeMEeHTOM HOIYPEHIETKH I OTHON MEePEeMEHHON SBIIAETCS YTBEPKACHUE O TOM,
YTO TIEpeMEHHAas He paBHA HYIIIO.

T

x#£0

1 (unreachable)

Puc. 2. Yacmuunwlii nops0ok noaypeuémrku aHaiu3a 6blIKoJI0mou mouku
Fig. 2. Partial order for semilattice of missing value analysis
[epenaTounsle QyHKIMK ONMUCAHBI CIEYIOMNUM 00pa3oMm (Tabdu. 2):
Tabn 2. Ilepedamounvie QyHKyuu Oisi NEPEMEHHbIX X U Y U KOHCmanmol k

Table 2. Transfer functions for variables x and y and for a constant k

I/IHCprKIII/IH 3HaueHKe MOTOKA JaHHBIX
x =0 T
x = k x #0 , ecim k # 0
y = *x x # 0

assume x # 0 x # 0

assume x = 0 1, ecimu x # 0

HepocTmwkuMeiii kox 1m0 THpUBEAEHHOW cxeMe OyleT OOHapyXeH B IpuMepe,
KOTOPBIil TPUBOANIICS BEIIIE:
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if (x !'= 0) { // assume x # 0
// x 1= 0
if (x == 0) {

// HEeOOCTMXMMEBIT KO

2.3 NpepukaTtHbIN aHanNU3

B omnumcaHHBIX BEIIE aHAIM3aXx HE YUYUTBIBAKOTCA CPABHCHUA TEX IMCPCMCHHbBIX,
KOTOPBIM COITIOCTABJICHBI 3HAYCHUA T, HAIIPUMED:

void foo(int a, int b) {
if (a > b) {
if (a <= b) {
// HEeOOCTUXUMEIT KO

}

VY4ecTh MOAOOHBIE CHUTYAIlMd MOXXHO MHPH TOMOIIM BBIYHCICHUS HEOOXOIMMBIX
YCIIOBUIA JOCTHIKEHHSI TOUEK MPOrPAMMBI.

Jiist aTOr0 OBLT peaM30BaH MPEeIUKATHBIN aHANN3. DTOT aHAIN3 POU3BOJIUTCS HAJ
porpaMMoH, nepeBengHHoi B SSA-popMy. Beraucisembie HEOOX0IUMBIE YCIOBHS
JOCTHXKEHHS TOYEK MPOrPaMMbl — 3TO KOHBIOHKIMH, COCTOSIIHE U3 MPEIUKATOB

WHCTPYKLWN CPAaBHEHHUS.
void foo(int ai, int bi) {
if (a1 > bi1) {

// air > b1
if (b1 != 3) {
// a1 > b1 && b1 != 3
}
// ar > b
} else {
// a1 <= b1

}
Puc. 3. Ilpumep gviuucnaemvix He0OX0OUMBbIX YCIOBULL OOCHUNCEHUS

Fig. 3. Example of computed necessary conditions
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T

A B C D ..

AB AC AD BC BD
.. ABC ACD BCD ..

..ABCD...Z...
false 1 (unreachable code)

Puc 4. Yacmuunwiii nopsiook nonypeuému KOHbIOHKYUil
Fig. 4. Partial order for semilattice of conjunctions

[Monypewmérka npeAMKaTHOTO aHAIN3a OMKUCHIBACTCS CIEAYIOINM 00pa3oMm:

e DJeMEHTaMH MOTYPEHIETKHU JUIsl TOUKH IPOTPAMMBI SIBIISTFOTCS
KOHBIOHKIINY MTPEMKATOB, COJEPIKAIIMXCS B IporpamMme (TIpeauKaThl
0003H. A, B, C, ... ).

e [IpenukaT — aToMapHOE CpaBHEHUE JBYX ONEpaHAO0B (omnepanisl — SSA-
OIIpeIeTICHUs] U KOHCTAHTBI).

o Kaxmass KOHBIOHKITHS paccMaTpuBaACTCA KaK MHOKCCTBO IIPCINKATOB.

e  YacTUuHBIN MOPSIOK KOHBIOHKIUH OIpenessieTCsl OTHOLIEHHEM
BJIOXKCHHOCTH 3THX MHOXECTB C.
e HaumeHbIasi BepxHsis rpaHuIa i1 Ha0opa KOHBIOHKITHIA BEIYUCISCTCS
[IpY MOMOILY UX NiepeceyeHus .
Ilepenarounsie GyHKIMH aHATN3a TMPEAUKATOB OMUCHIBAIOTCS TOJBKO MHCTPYKITHHA
CpaBHEHHSL:

JIis KOHBIOHKIMHU IN[instr] Ha BXOJE B MHCTPYKLHIO instr BBIYUCISECTCS KOHBIOHKLUS
OUT [instr] Ha BEIXOJE:

WncTpyKIms 3HaYCHHE ITOTOKA JaHHBIX
instr: OUT[instr] < A &s& IN[instr]
assume A

Ilpu 5TOM OUT [instr] COKpAmIaeTcs B false, €CIM IN[instr] BKIIOYaeT B ceds
MPOTUBOMOJIOKHBIHM Npeaukar A (puc. 5).
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void foo (int a1, int bi) {
if (a1 > bi) | // assume A

if (a1 <= b1) { // assume !A
// HEeOOCTUXUMEI KO

Puc. 5. Ilpumep obnapysicenuss He0OCMU*CUMO20 KOOa

Fig. 5. Example of unreachable code detection

2.4 Hymepauusa 3HayeHUn

Hymepannss 3HaueHWH — S5TO aHamM3, NPU HOMOIIM KOTOPOTO II€pEMEHHEIC
pa3dmBalOTCS Ha KJIACCHI HKBHUBAICHTHOCTH B KaXKIOW TOYKE IPOTPaAMMEI.
Homepamu 3HaueHunit 0003HAYAI0TCS KIIACCHI YKBHBAJIEHTHOCTH.

1: void foo(int a, int b) {

5: if (z > 0) {
o T T DOEED
8: }

I"Iporpamma Knacchl 3kBMBaneHTHOCTH

Puc. 6. Pazbuenue nepemeHHbIX HA KAACCHI IKGUBALEHMHOCMU
Fig. 6. Variables partitions into equivalence classes

9T0 pa361/IeHI/Ie Ha KJIaCChI OKBUBAJICHTHOCTH IIPUMEHACTCA OJIA TOTO, "ITO6BI aHaJIn3
IMOTOKAa JaHHBIX NPOBOJAUIICA HEC HaJl NIEPEMCHHbBIMU, a4 HAaJl X HOMEpaMn 3HaquI/Iﬁ.
Taxum 06pa30M, aHaJInu3 6yﬂeT yCTaHaBJIUBAaTh YTBCPIKACHUA Cpasy HJisl BCETO
KJj1acca SKBHUBAJICHTHOCTH.
X = y;
if (x > 10) {
.. // x> 10, y > 10

Puc. 7. Ymeepoicoenue ons knacca sxeugareHmnocmu

Fig. 7. Data-flow value for equivalence class
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Brrunciienue HOMEpPOB 3HAYEHHUH IPON3BOANUTCS CICIYIONUM 00pa3oM.

e [Iporpamma nepeBomurcsi B SSA-popmy. 3a1ada CBOAUTCS K TOMY, YTOOBI
OIIpEJeINTh, Kakue SSA-onpeelieHNs] paBHbI MEXAy cOO0H.

e Bnavane BceM SSA-omnpeneneHusIM COMOCTABIISIOTCS YHUKAIbHBIE HOMEpa
3HAYCHUI:
for each x = op(a, b) in Definitions
vn[x] < uniqueValue();
eval « @

L] I/ITepaTI/IBHO BBIYHCJIAA XOUI OT OII€pallii U OT HOMCPOB 3HAYECHHH eé
OIICPaHAOB, Mbl MOKEM OG’LCHI/IHSITL NEPEMCHHBIC B KJIaCChl
OKBHUBAJICHTHOCTHU:

While (changes)
For each x = op(a, b) in Definitions
h « hash(op, vnl[al, vn[b]);
If (evallh] == null)
eval[h] < vn[x];
Else
vn[x] « evall[h]

B npuBen€éHHOM aNTOpUTME MpearoiaraeTcs, 4To X3m-(QyHKIUS oOpadaThiBacT
KOJUTM3HH TaKUM 00pa30M, 4TO rapaHTHPYETCs], YTO OHA HUKOTJA HE BEPHET OJHO H
TO KE 3HAYCHHUE JIJIsI IBYX PA3HBIX €€ apryMCHTOB.

3 CpaeHeHue pe3ysibmamoe aHajiu3oe

OnvcaHHble aHAMM3bl OBUIM 3alyNICHBI HAa MPOCKTaX C OTKPBITHIM HKCXOJHBIM
komoM: Android-5.02 u Tizen-2.3. Kaxzaprii aHanu3 BbLAAN MPEIYNPEKICHUS O
HaMJICHHBIX WHBapUAHTHBIX CPABHCHUSX B Kojae mporpamm. Ha puc. 8 mpuBeaeHs
rpaduKy, IEMOHCTPUPYIOIIUE KOJUYCCTBO NPEAYNPEKICHHUA, MOTYYCHHBIX OT
Ka)XJTOT0 U3 aHATU30B U UX MEPECCUCHUE MEXIY COOOH.
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127
BbikonoTas Touka
148
MpeavkaTHbIA
aHanus
MHTepBanbHbIn __
aHanus
807
Mpoext: Android-5 MpoekT: Tizen-2.3
Mpeaynpexaennii: 980 Mpenynpexaexnin: 788

Puc 8. [lepeceuenue npedynpesicoenuti 06 UHBAPUAHMHBIX CPABHEHUSX
Fig. 8. Intersection of warnings about invariant comparisons

B rpadukn He BKIIOYEHBI NPEAYNPEKACHHS, KOTOPHIE OBUIM aBTOMATHYECKH
OTCEsIHBI aHanMm3aTopoM. OTcenBaHME MPOU3BOAMIOCH AJSI MHOTHX CIydaeB, KOTa
IpeayNpexIcHIe He 03Ha4aeT OMMOKYy B IpOrpaMMe, M MCXOJHBIM KOx HE Oyner
UCIIPaBJIE€H MPOTPaMMHCTOM. TeM HE MeHee, Ha TEeKyHIIMH MOMEHT BbIJaBAEMBIX
Oecrione3HbIX NpenynpexxaeHuid ocraérest 45% OT Bcex NpenynpexICHUH, W uX
AaBTOMATHYECKOE OTCEUBAHHUE SBJIAETCS 4YacTblO Hallleidl JanbHEHIeid paboThl.
MOHO BBIAEAUTh THUIMYHBIE BUABI HEJOCTIDKMMOIO KOJa, HE SBISIOIIUECS
OLIMOKaMH:

e HenocTmxuMbIi KOJ1 BHYTPH PaCKpPBITOrO Makpoca

e HenocTmXuMbIi KO/, BOSHUKIINN W3-32 TIOJICTABJIICHHOTO ITapaMeTpa B
mabmone Cut+.

e HenocTr:xuMbliil KOJ, BOSHUKIIMMA U3-32 CPAaBHEHUS C KOHCTAHTOM,
KOTOPYIO pa3pabOTYMK MOXKET IPH JKEITAHUH MCHSTh.

e Henoctmwxumas metka default B mHCTpYKITHMH switch.

e HegocTuxuMslil Ko U3-3a IPOBEPKHU ““Ha BCAKUH cydail”, HaIpUMep:
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free(p) ;
p = NULL;
goto failure;

return;

failure:
if (p != NULL) {
// HemocTwxuMeli kom “Won’t fix”
free(p);
p = NULL;

}

[IpuBenéHHas B mpuMepe CHTyalHs 3a4acTyl0 BO3SHHMKAeT B METOAAX C OOJBIINM
KOJIMYECTBOM CTPOK. Takue MeToJsl MOTYyT MOAMGHLIMPOBATHCS B OymylIieM, H
MOTOMY 3Ta NPOBEPKa BCE PABHO ABISAETCS MOJIE3HOM.

Kak BuiHO 13 rpadukoB, 6oJiblas 4acTh HPeyNpPExICHUI HAXOIUTCS C TTIOMOILBIO
MHTEPBAILHOTO aHanu3a. AHaJIU3 MPEeIUKaTOB MO3BOJISIET HAUTH OOJbIIe OMINOOK,
YeM aHalM3 BBIKOJIOTOW TO4YkM. Ho pesynbraThl mpu 3TOM B OOJIblIEH CTEneHH
HepeceKaroTcs ¢ pe3yabTaTaMi UHTEPBAIbHOTO aHAIM3a, YTO HE YAUBUTEIBHO, T. K.
UHTEPBAIbHBIN aHANN3 HE YYWTHIBAET BBIKOJNOTBIE TOUYKW. [lepecedenue
pE3yJIbTATOB MHTEPBAIBHOTO aHAIN3a W aHAJIW3a BBIKOJOTOH TOYKH NPOUCXOAUT B
Cilydae, KOTJa BBIKOJIOTasl TOUKa HaXOJHUTCS Ha TPaHMLE HHTEPBaa.
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Abstract. The goal of finding unreachable code is to report warnings about possible bugs in
the source code and an increase of other analyses accuracy. The paper describes unreachable
code classification and approaches for finding unreachable code in C/C++ programs. We
described three data-flow analysis problems: value interval analysis, excluded value analysis,
predicate analysis. Solutions for these problems are used to detect redundant expressions in
conditional statements. We described common occurrences of useless warnings. The
algorithms are implemented in the Svace tool that is developed by ISP RAS. The results are
evaluated for open source projects Android-5.02 and Tizen-2.3. They represent the number of
found warnings and its intersection.
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