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METO/J U3BJIEYEHUSA JIOT'MKU ITOBEJIEHUA
N3 IMPOMBIINJIEHHOT'O IPOI'PAMMHOI'O KOJA
HA A3BIKE KOBOJI

A.A. I'véa, A.B. Konyun, C.B. IlomueHnko

Lenp paboTel — pa3paboTka KOMILIEKCa HHCTPYMEHTAIIBHBIX CPEACTB Ui aBTOMATH3ALMH aHAIM3a M YIPOIIEHUsS NOHUMAHUS MMOBEICHHS
KOIa TPOTPAMMHBIX CHCTEM. I[IpeioXeHbl METOIbI TPAHCIALUHH, a0CTPAaKIHMH, OTIAAKA W IMOCTPOCHMSI TECTOB s si3bika KoOoir.
PazpaboTaHa sKcIieprMEeHTalIbHAS CUCTEMa, PEATU3YIOIIAs MPEITI0KEHHBIE METOIBI.

KiroueBsle cioBa: Tpancisauus, Koo, MonenupoBanue, abCTpakiys, reHepanus TeCToB, OTIa IKa.

Merta poboTu — po3pobKa KOMILIEKCY IHCTPYMEHTaJIbHUX 3aC00iB ISl aBTOMATH3alii aHali3y Ta CIPOLICHHS PO3yMiHHS MOBEIIHKH KOIY
MIPOrPaMHUX CHCTEM. 3aIpOIIOHOBAHO METOAM TPAHCIALII, abcTpakuii, BifmaromkeHHs Ta moOynoBH TecTiB st MoBH Kobomn. Po3pobieno
eKCIIepUMEHTAJIbHY CHCTEMY, sIKa pealli3ye 3alpolOHOBaHI METOH.

KirouoBi cioBa: Tpancisnis, Kobon, MoaentoBanHs, aOCTpakLis, FeHepallisi TECTIiB, BIAIAroKEHHS.

The purpose of this work is to develop a software tool for analysis automation and simplifying of understanding of software systems
behavior. Methods for translation, abstraction, debugging and test generation for COBOL are proposed. We developed a software system,
which implements the methods.
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BBenenue

BonpmmucTBo M3 cnucka Fortune 500 xkoMmmaHuil MMEIOT yHAclI€ZJOBAHHBIE CUCTEMBI, HAIMCAHHBIE HA SI3BIKE
Kobom, xoropsrit 6601 nomymsipeH B 1960-1980-x rogax. IDC (International Data Corporation) mogcuuranu, 9T0 Ha
CETONHSMIHUH NTeHb cymecTByeT Oonee 200 mummnapnos ctpok Kobon xoma. [To omenkam Dr. Dobb’s Journal okomo
90% ¢uHaHCOBBIX TpaH3aKIMii B MUpe oOpadarsiBaeTcst KojgoM Ha Koboste, u 75 % xoMMmepueckoit 00pabOTKH aHHBIX
HanmcaHo Ha KobGome. OOmas cTromMocTh MCHONB3YeMOro B HacTosmee Bpems kofga Ha Kobome omeHmBaercs B 2
Tpuwumona gomtapos CIHIA. CoBpeMeHHass HHAYCTPHUS HCIBITBIBAET NOTPEOHOCTHh B €r0 MOAAEPIKKE, MOJCPHU3AINH,
N00aBJIeHNM HOBOW (YHKIMOHAIBHOCTH WJIM TIEPEHPOCKTUPOBAHUM M MEPENUCHIBAHUM HA JPYrod  S3bIK
nporpammupoBanus; The Garnter Group npeamnosararT, uto 85 % 3Toro koga TpedyeT MHUrpaluu Ha COBPEMEHHBIC
wiatropmbl. Yacto Takol KOJ HE HMMEET HHM IPOEKTHOH JOKYMEHTAalUH, HU MNOJJEpKKH aBTopoB. OTcyTCTBHE
crnenuUKauil pemaeMbix 3a1a4y ¥ KOMMEHTapUeB, HECTPYKTYPHOCTh IMPOrPaMM, BBI3BAHHAS KaK OCOOCHHOCTSMH
SI3bIKA, TaK U MHOTOYHCIICHHBIMH TIOMPAaBKaMH K HCXOIHOMY KOIY, CICIH(HUYecKass MOJENIb JaHHBIX, MHOXECTBO
Pa3HOPOIHBIX KOMIIOHEHTOB M HESBHBIX CBSI3CH MEXIy HUMH (THIIMYHOE MPWIOKEHUE Ha s3bike KoOoy BKIIFOYaeT B
ce0sT HEeCKOJIbKO MpOTpaMM, ONHCaHWsS TaOmui 0a3 HaHHBIX, SKpaHHBIX (opM, (aiiinoB) — Bce 3TO MPUBOIUT K
HEOIIPaBIAaHHO BBICOKMM 3aTpaTaM BpPEeMEHH Ha MPOCTYI0 aJalTaldi0 MPOTPaMMHCTa K MPOTPaMMHOMY OKPYXKCHHUIO,
MMOHUMAaHHIO aITOPUTMOB M BHYTPEHHUX CBsi3el npriioxkeHus. [1o orieHkam GupM, 3aHUMAIOIIUXCS PYYHBIM [IEPEBOIOM
CTapBIX MpPOTpPaMM, IOJS ATHX 3arpar coctaBiseT oT 50 mo 90%. Pa3Butne MeTOq0B aBTOMATHYECKOTO H3BIICUCHUS
JIOTHUKH HETIOCPEICTBEHHO U3 UCXOIHOTO MPOIPaMMHOTO KOJla — aKTyalbHas 3ajada Ul pemeHns mpooieM, CBI3aHHbBIX
C COIMpOBOXAEHUEM Koja [1, 2].

Yacto B KayecTBe pe3ysbrara aHajiu3a Koia (GOopMyJIHMpYIOTCS IpaBuila, MPEACTaBISIONINE co00il GopMyiy
MNpEeAUKATOB TICPBOTO IMOpsSAaKa. O}IHaKO TaKOC H3BJICYCHUE JIOTUKU HEC YYHUTBIBACT TEMIIOPAJIbHBIX AaCIICKTOB, B
pe3yibpTare Uil CUCTEM C HETPUBHAJIBHBIM TOBEIACHUEM TaKHE INpaBHJIa HE BCErna aJeKBaTHBI Koay. Hampumep, s
MTOBENICHUSI «BBITIOJHATH 3aIpOC IO TeX TOp, IMOKa He OyIyT MOIyYeHBI MOATBEPKICHUS BCEX TPAH3AKIUN», MOXKET
OBITh M3BIICYCHO MPABHJIO «ECIIH CYNIECTBYET HEMOATBEPKICHHAS TPAH3aKIIHs, TO BBHIIOJHUTH 3aIpOCy, HO MPH ITOM
OyZeTr yTpaueHo 3aIiKINBaHHE.

Jis v3BNeYeHNs JIOTUKU TOBENCHHS MBI HCIIONB3yeM pPsii MpHEeMOB aOcTpakuuii M ammpokcuMmanmid. Tak, B
KadecTBe A(PQPEKTHBHOTO HHCTPYMEHTA [UIA OTIENICHHWsS HECYIIECTBEHHON 4YacTH KOJa OT HHTEPECYOUIeH IIHMpPOKO
HCHOJIB3YeTCsl MOCTpoeHue cpe3oB mporpamm [2, 3]. Cpe3 MoOKeT MOMOYb pa3pabdOT4YWKy HAWTH W BBIICIHTH U3
CIIOKHOM TMpOrpaMMmbl HEOOXOIUMYIO €My (DyHKIMOHAIBHOCTh, ITOMECTHTh COOTBETCTBYIOILYIO YacTh HCXOIHOMN
MPOrpaMMbI B OTIENBHBIA MOMAYIb U MEPEHCHOIb30BaTh B JaNbHEHIIEM, HAIIpUMEp, UL IIepeBoJa Ha COBPEMEHHYIO
SI3BIKOBYIO TuIaTGopmy. HuHr u ap. [3] omUChIBAIOT HAOOP UHCTPYMEHTOB JUTS BBIICJIICHUS KOMIOHEHTOB M3 OOJIBIINX
Kobosn-cucrem. Bno6aBok k 0OpaTHBIM M MPSIMBIM CTaTHYECKUM Cpe3aM IMPUMEHSIOT METO/IbI YACTHYHBIX BBIYMCICHUN
[4]. oBoJbHO OOJNBIIYIO YacTh KOJAa COCTABISIOT BBIUYUCIICHUS, OT KOTOPBIX MOXKHO abCTparupoBaThCs, HE YTPaTHUB
CYHICCTBEHHYIO JUIS JIOTHMKM 4YacTh. MBI TIpeanaracM METOJ BBIICICHUS TaKWX YyYaCTKOB M 3aMEHBl HX
HEeTCPMUHUPOBAHHBIMU TIPUCBABAHUSIMHU.

B pasgene «hopmanpHas MOIENb» IMPHUBEICHBI OCHOBHEIE ONpEACTCHUS MaTeMaTHYECKOTO armapara, pasmel
«TPaHCISIIUST» OMUCHIBACT OCOOCHHOCTH aOCTpakiuii W mepeBona s3eika Kobom B dopmansHyto Monmenb. Jlanee Ha
MpUMEpe OMMCAHBI METOABl CTATHYCCKOTO W AWHAMHYECKOTO aHANW3a MOJENH, WCCICHOBaHHA HH(OPMAIIMOHHBIX
CBsI3€H M JOCTIDKUMOCTH; B 3aBEPILIECHIH IPUBEACHO OIICAHNE METOa TOPOKIACHHUS TECTOB.
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dopManbHasg MOJeJIb

Jist mpuMeHeHus: (QopMalbHBIX METOJOB MPeoOpa3oBaHMil M MPOBEPKU TOCTHIKUMOCTHA MBI HCIIOJIB3YEM
MOJENb aTpUOYTHOHN TPaH3UIMOHHON CHCTEMBI, B KOTOPOH Iepexoabl MpeICTaBICHB Tpoiikamu Buna (f,«, ), rae t

— WM mepexoja, o — ero npexaycioBsue, a f — mnocrycinoBue [5]. IlpenycioBuem ciyxuT ¢opmysa MperukaToB
IEPBOro nmnopsaaka, B IOCTYCJIOBUH BBINIOJHAKOTCA IpHCBaMBaHUA anI/l6yTaM MOJICIIN. CeMaHTI/lKa Nnepexoa0B
aHAJIOTHYHA OXpaHsIeMbIM KoMmaHzaaMm JleHKcTpel [6]: ecnu B HEKOTOPOM COCTOSHHH S IMPEIyclOBHE Mepexoaa !
HUCTHHHO, TO MOJIENIb MOKET BBIIOJHHUTh 3TOT MEPEXOJ] U EPENTH B HOBOE COCTOSIHUE §' =#(S), KOTOPOE OTINYAETCS

OT TPEIbIAYIIEro 3HAUYEHUSIMH TeX aTPUOYTOB, KOTOPHIM OBUIO BBIIIOJIHEHO IPHCBAaMBaHHE HOBBIX 3HAYEHUI B
noctycnoBuu. [lyist 3aganus notoka ynpasieHus ucnoib3yercss UCM (Use-Case Maps). DTo S3bIK BEICOKOTO YPOBHS,
KOTOpPBII TO3BOJIAET pa3padaThiBaTh W H3ydaThb MOJENU CHCTEM CO CJIOXHOH CTpYKTypoi u moBexenuem. UCM
CBSI3BIBAET IOBE/ICHUE CHUCTEMBI C €€ apXUTEKTypoil B (opMaibHOIl M BH3yanbHOH ¢opme. OnucaHue Momean Ha
UCM mnpencraBiseTcss MHOKECTBOM KapT, KOTOPBIE COCTOSIT W3 KOHEYHOTO MHOXKecTBa myteil. [lyTm comepxkar
BEPIIUHBI ¥ ONPEACISIOT MOPAJOK UX MPOXOXKACHHUs. BepmnHbl MOTYT OBITh KOHCTPYKTaMHU Pa3HBIX THIIOB, KOTOPBIE
WCHOJNB3YIOTCS JUIA 3aJaHus Hadajla WM KOHIA IIyTeH, aJbTepHATWB, IIOCIEAOBATECIbHBIN W IapauIeIbHBIX
KOMIIO3UIUI, COeNUHeHUsI MmyTell, TaiitMepoB, mpepbiBaHuil 1 ux o6padoTku. UCM Mozenb MOXKHO MPEICTaBUTh
yerBepkoid < U, S, E,R >, rae U — MHOxecTBO ee anemeHToB; S U — MHOXECTBO cTapToBbIX Touek; Ec U —
MHOX€ECTBO KOHEYHBIX Touek; R € UxU — oTHomeHne mepexonioB, KOTOPOE ONpEeAeseT AOCTHXHMOCTb OJIHON
BepmHBI #3 Apyroi. S3sik UCM ObUT peKOMEHIOBaH M pa3padOTKH MOJENed MNPOTPAMMHBIX CHCTEM

MexnyHapoaabiM TenexommyHukannoHHEIM CorozoM B 2008 romy m mmeer cranmapt Z151 [7]. @opmamsHas
CEMaHTHKa S3bIKa ONHChIBaeTcs B pabote [8].

Tpancasiuus

IToctpoerne UCM ocHOBaHO Ha MCIOIb30BAHUM 3HAHUI O 3aBUCUMOCTSX MCX0MHOH nporpammbl (PDG), npu
3TOM BBINOJIHSIOTCS: aBTOMAaTHYECKOE Ipeodpa3zoBaHue Ipolenyp B cooTBercTByromue kaptsl UCM nuarpamw;
mpeoOpa3oBaHue «Zoto» ONEPaTOPOB B MyTH MEXKAY KapTaMH; TPAHCIALUS CTPYKTYp AaHHBIX, 3aJaHHbIX B Procedure
Division, Data Division, Copy-books; yaajeHne qaHHbIX, KOTOpbIe OTCYTCTBYIOT B YCIOBHUSIX M CHTHaJaX; yAaJeHHe
3aBeJOMO HeJoCTHXUMoro koja; passopaunBanue REDEFINE onepatopos; mpeoOpasosanue CICS omeparopos B
cUrHaisl; mpeodpasosanue SQL BbIpakeHUI B CUTHAJIBI.

Jus ananm3a W MoJnenupoBaHus Inporpamm crpoutcs rpad mortoka ynpasienus (CFG) ¢ coxpaHeHuem
CTPYKTYpbl ucxonHoro kojga. OH mpeacTaBisieTcss IPEBOBHIHOW CTPYKTYypOW HIaHHBIX, KOTopas M ymoOcTBa
3anuceiBaeTcs B hopmare JSON, KOTOPHIH BKIIIOYAET B ce0s1 00BEKTHI CIIEMYIONMX THITOB: «starty — HayajabHasl TOYKa
IOTOKA YINpaBJIeHUs; «return» — orepaTop Bo3Bpara; «decision» — pa3BETBIIEHHE IIOTOKA YIPABJICHUS, UMEET
BIIO’KEHHBIH MacCHB O0BEKTOB, KaXKIBI M3 KOTOPBIX COOTBETCTBYeET BeTke (branch) moroka ympasnenus; «branchy —
yCIIOBHE BETKH TIOTOKA yIPaBJICHUS; «assignmenty) — BBIpaKCHUE ¢ IPUCBaNBaHUeEM; «call» — BBI30B mporpaMmsl win
mpouenypsr; «readeventy — omeparop ureHus (w3 Qaiina, TepMHHANA, T. [.); «writeeventy — ormeparop 3amuch (B
¢aitn, TepMuHAaL, T. 11.); «g0oto» — oneparop 0e3yCIIOBHOTO Mepexo/ia K MPOU3BOJIbHOI TOUKE MPOrpaMMel; «attributey
— OIpeJeNieHHe IEPEMEHHON B mporpaMme. TakxKe CTPOUTCS COOTBETCTBHE CTPOKAM HCXOAHOTO KOAA.

Beipaxkenust nmpeoOpasyrorcst B abcrpakTHoe cuHTakcuueckoe aepeBo (AST), koropoe mpencraBiisieTcss Kak
MaccuB 00bekToB. [lepBblli OOBEKT Bcerina CTpoKa, OINpENesIouias ONepaTop WIM TEPMHUHAIBHBIH CHMBOIL.
OcTanbHbIe O6"beKTl)I MOTyT OBITh Kak CTpOKaMM IJid 3aJaHud TCPMUHAJIIOB, TaK WU MaCCUBaMHU 06’beKTOB JUIA
Bi1oxKeHHBIX AST.

Hwxe mpezcTaBieHbl IPUOPHUTETHI ONIEPATOPOB B YOBIBAIOLIEM MOPSIKE:
"[ 1" — oOpariieHne K 3JIEMEHTY MacCHBa;

nn

— BbI30B (DYHKIMHU (CKOOKH);
""" — yHApHBIN MUHYC ¥ OTPHUIIAHAE;

NN/ — apudMeTHIecKre onepannmy;

""" "-" — apudmMeTrdeckue onepanu;

n<u, u>u’ n<:n’ u>:u, u::u’ =" _ OTIepaliy CPABHEHHS;
"&&" — koHBIOHKIHS (Jorudeckoe N);

H||"

— nu3boHKIUA (normaeckoe UJIN);

," — 3arsTas, pa3/eNsoNias napaMeTpbl B BBI30BE (QYHKIHMH;
":=" — mpucBanBaHue.

BunapHBIe onepaTopbl UMEIOT IIPABOCTOPOHHIOIO aCCOLMATHBHOCTD, KpOMe OMHApPHOT'O MUHYCA U JICICHHS — OHU
JIEBOCTOPOHHHUE.

AST He 3aBHCHUT OT S3BIKa HCXOJHOr'0 KOJia U MOXCT COACPIKATH 1r00kIE HGCHGIII/I(bI/IIII/IpOBaHHI)IC OIIepaTopkbl,
KaK HallpuMep, KOHKAaTCHALlUAd CTPOK. Tak kak B OOJBIIMHCTBE CJIy4acB TaKHUE€ ONCpaTopbl HE BJIHAIOT HaA JIOTUKY
IIporpaMmsbl, TO MOXXHO OT HUX a6CTpaI‘I/Ip0BaTBC$I, 3aMC€HHB HEACTCPMHUHHUPOBAHHBIMU IIPUCBAWUBAHUAMHA, TEM CaMbIM
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MOJIY4YUTh BEPXHIOIO alNpoKcHMaliuio. To ke OTHOCUTCS M K OHOJIMOTeYHbIM (DYHKLIUSIM, TeIa KOTOPBIX OTCYTCTBYIOT B
AHATTU3UPYEMOM KOJI€.

Pemienne mpo0iieM, CBSI3aHHBIX C HEOXXHMIAHHBIMU MMOOOYHBIMU 3()()EeKTaMH THIIOB JAHHBIX, — 3TO OJHA W3
TPYIHOCTEH S3BIKOBBIX IpeoOpa3zoBaHuid. [IJii KOPPEKTHOW TPaHCISIMK HEOOXOJUM IIO/XOJA TaK Ha3bIBaeMOU
SMYJISIIIMA THIIOB TaHHBIX. PACCMOTPHM CHHTAKCHUC OMUCAaHUs JaHHbIX si3bika Ko6ou [9] (puc. 1).

level-number [data-name-1 | FILLER]

[REDEFINES data-name-2]

[IS EXTERNAL]

(IS GLOBAL]

[{PICTURE | PIC) IS5 character-string]

[[USAGE IS] (BINARY | COMPUTATIONAL | COMP | DISPLAY | INDEX |
PACKED-DECIMAL)] ]

[[SIGN 1I5] (LEADING | TRAILING) [SEPARATE CHARACTER])

[OCCURS integer-2 TIMES
[{ASCENDING | DESCENDING) KEY IS (data-name-3} ... ] ...
[INDEXED BY [index-name-1) ...] |

OCCURS integer-1 TO integer-2Z TIMES DEPENDING ON data-name-4
[{ASCENDING | DESCENDING) KEY IS [(data-name-3} ... ] ...
[INDEXED BY [index-name-1) ...]]

[ ISYNCHRONIZED | SYNC] [LEFT | RIGHT])

[{JUSTIFIED | JUST) RIGHT)

[BLANK WHEN ZERO]

[VALUE IS literal-1].

66 data-name-1 RENAMES data-name-2 [|{THROUGH | THRU] data-name-3].
88 condition-name-1 [{VALUE IS5 | VALUES ARE)

e —

[literal-1 [[THROUGH | THRU} literal-2]} ... .

Puc.1. Cunrakcuc onvcanus JaHHBIX B A3bike KoOon

Howmepa yposueii (level-number) or 01 mo 50 3apmaror mepapxwuio. IlepemenHast siBisieTcs CTPYKTypodH W
COJICPKUT BCe NIEpEMEHHbIE, OOBSABICHHBIC HIDKE C 00JIee BBICOKMM YPOBHEM J0 KOHIA CEKLHH WU J0 IepEeMEHHOH ¢
TEM k€ WM OoJiee HU3KUM ypoBHEM. EcTh crieriaibHble YpOBHH:

—  ypoBeHb 66 WuCHONB3yeTCS s 3aJaHds adbTepHATUBHOrO HMeHH data-name-1 o0macTH maMsATH,
cozieprKallel 3a/laHHyI0 NepeMeHHyto data-name-2 nim Bce nepemenHsie ot data-name-2 no data-name-3;

—  ypoBeHb 77 0003HAYAET HE3ABUCUMYIO ITEPEMEHHYIO 0€3 BO3MOXKHOCTH JabHEHIIEro pa3OnueHHS;

—  ypoBeHb 88 He oIpeieNnseT MepeMEHHbBIX, & MCIOIB3YEeTCsl Ul CPABHEHUS MEPEMEHHOMN, OMpeIeIeHHON
nepen 88 ypoBHEM, ¢ 33/IaHHBIM 3HAYCHUEM WIIM MHOXECTBOM 3HAYCHHH.

Tun nr000¥ mepeMeHHOH MOXKET OBbITh YMCIOBBIM, OYKBEHHBIM WM OyKBeHHO-UM(poBbIM. Ilocnennue nsa Oynem
Ha3bIBaTh CTPOKOBBIMH.

Just moctpoeHus: GpopMys HCUHCIEHHs MPEIUKATOB MEPBOTO IMOPsAKa HEOOXOJMMO MpeoOpa3oBaTh JaHHBIE
HCXOJHOTO si3bIKa B TIEPEMEHHBbIC NEPEYHCIMMBIX THIIOB, LIEJIOYUCICHHbIE WM OyJeBCKHE MepeMeHHble. Pa3Hbie
YPOBHHU HepapXuu (NOJs CTPYKTYp) NPHBOISATCS K IMPOCTHIM IEPEMEHHBIM IyTeM IepenMeHoBanus. CTpOKOBbIE
nepeMeHHbIe IPeoOPa3yIoTCs B IEPEMEHHbBIE IEPEUNCITUMBIX THUIIOB I10 CIIEAYIOIEMY alrOPUTMY:

1. Tlo Bcemy HCXOmTHOMY KOAy COOMpArOTCS Mapbl NEPEMEHHBIX, CBS3aHHBIX OIMEPAaTOPaMH, TPEOYIOIIMMU
CTPOTO COOTBETCTBUS THUIIOB (IIPUCBaMBaHNE, CPABHEHHUE ), @ TAKXKE BCTPEUAIOIIUECS 3HAYCHUS BCEX IEPEMEHHBIX.

2. W3 cobpaHHBIX Hap, IO TPAaH3UTHBHOCTH CTPOSITCS TPYTIIBI IEPEMEHHBIX, 00S3aHHBIX UMETh OZIMH M TOT K€
THUII, @ COOpaHHBIE 3HAYCHUS ITHX IIEPEMEHHBIX (JOPMHUPYIOT JIEMEHTHI 3TOTO TUIIA.

Takoe mpeoOpa3oBaHHE COXPAHSET CBOWCTBAa MOCTHKUMOCTH HCXOJHOTO KOAa B aOCTPaKTHOW MOIETH, eCIH
OTCYTCTBYIOT OIEpAlliH HAJl CTPOKAMH.

Tpaucnamus NaHHBIX A1 77-T0 YPOBHS TpUBHATIbHA. 88-1 ypPOBEHB IPE0O0pa30BBIBACTCS ABYMS CIIOCOOAMH:

1. Ecnu 3HaueHus B pa3HbIX MMeHax 88-ro ypoBHA IJIi OJHON MEPEMEHHON HE IMEepeceKarTcs, TO Bce
BXOXKICHUSI O3THX 3HAUCHWH B MOJENM 3aMEHSAIOTCS HAa COOTBETCTBYIOIIHME HMEHA, KOTOPbIE M COCTaBIIAIOT
MEPEUNCAUMBIN THII.

2.  Ecim 3HaueHms mepecekaroTcsi (3TO THITMYHO, KOTJA Ul HEKOTOPHIX MMEH 88-ro ypOBHS 3a/1aHbI
MHOXXECTBA 3HAU€HHMH), TO BEPXHss NepeMeHHas IpeoOpasyercss B OyNeBCKHH (DYHKIMOHAIBHBIH CHMBOJ C OJHHM
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mapaMeTpoM MEePedHCINMOr0 THIIA, ITOCTPOSHHOTO KaK B TMPENBIAyIIeM IMyHKTE. JTO IO3BOJSET MMETh HCTHHHOE
3HaYCHHE TIEPEMEHHON OJHOBPEMEHHO ISl HECKOJIBKUX UMEH 88-T0 ypOBHS.

JlonoJHATENBHBIE CI0)KHOCTH BO3HUKAIOT IPU HECOOJIOJCHUHU THUIIOB, T. €. 3alIUCH CTPOKOBBIX 3HAYCHHUHU B
YHCIIOBEIC IEPEMEHHbBIE H Ha000pOT, YTO BIOJHE JonyckaeTcs B s3bike KobGon. OnHako ceMaHTHKa omepaunnil Hax
NEePEMEHHBIMH, HMEIOLIMMHU 3HAYEHHs HECOOTBETCTBYIOLIETO THIA, HE ompeneneHa. g oOpaboTku Takux
CUTyalMi MBI TeHepUpyeM cpa3y 3 IepeMEHHBIX: LEJIOYMCIEeHHas, NMepeYrcIuMoro THIIAa M IepeMeHHas-(Iiar,
coxpaHsomas HHGopMaHo 0 TOM, Kakas U3 ABYX MPEIbIAYIINX MOAX(UIMPOBATIACE TOCIENHEH. A MIPH KaXKIOM
YTEHUH OPUTMHAJIBHOM IepeMeHHOH (T. €. OAHOM M3 CreHEPUPOBAHHBIX C YYETOM THIIA) TaKKe IMpoBepseTcs ¢uar,
U B CJIy4ac HECOOTBETCTBUS BBIOIHICTCS 00paboTKa OMIMOKH (COOOIICHIE MOJB30BATEIII0 UM COOTBETCTBYOIIAS
Tpacca).

Hekoropele cuctembl TpaHCIsnuM s3bika KoOoJsi BBIMONMHSIOT mpeoOpa3oBaHusi obnactu JNaHHbIX KoOoi-
nporpaMMbl B OJWH MAacCHB MaMsATH, a JOCTYIl K KaXIOH IePEeMCHHOW 3aMEHSIOT Ha psl OOCTYIOB K
COOTBETCTBYIOLIMM 3JIEMEHTaM 3TOro MaccuBa (mobaiitHo). Takoit moaxonx MokeT OBITH 3(GEKTHUBHBIM IS
OJJHOPA30BOH aBTOMAaTHUYECKON TPAaHCILMH, HO K COXXAJICHHIO, HE NPUTOJCH Ui Clydas, Koruma Ttpedyercs
JanbHeimas MoguduKanus pe3yIbTHPYIOIIEr0 KoIa i COBCEM HEeNPHUEMIIEM ISl H3BJICYCHUS JIOTUKH.

Hdanee Mbl mpeajaraeM pacCMOTPETb METOIbl NpeoOpa3oBaHUil M a0CTpakUuii Ha CKBO3HOM IIpHMepe,
HCXOJHBIA TEKCT KOAa KOTOPOTo MoKa3aH Ha puc. 2. I'pad 3aBucuMocTH 1715 3TOH MpOrpaMMbl IOKa3aH Ha puc. 3.

Ha puc. 4, a u 4, 6 uzoopaxken UCM, KOTOPBIi aBTOMATHYECKU TOCTPOEH M3 MPOrpamMMbl. 3aMETHUM, UTO
ctpoku 11 u 28 ynaneHsl BBHIY TOTO, 4TO aTpHOYT Q HE HCIONIB3yeTCs B YCIOBHUSX U CUTHANAX.

01. IDENTIFICATION DIVISION. 27. IF S > 0 THEN

02. PROGRAM-ID. Example initial. 28. MOVE 1 TO Q

03. DATA DIVISION. 29. IF KEYV = "M" THEN

04. WORKING-STORAGE SECTION. 30. MOVE "MODERATOR" TO Z

05. 01 BUTTON-RECORD. 31. ELSE

06. 05 S PIC 9(16). 32. MOVE "USER® TO Z

07. 05 KEYV PIC X(16). 33. END-1F

08. 01 RESULT PIC X(16). 34. IF U = 0 THEN

09. 01 X PIC 9(7) VALUE "UNKNOWN". 35. MOVE Z TO X

10. 01 Z PIC X(16). 36. END-1F

11. 01 Q PIC 9(16). 37. ELSE

12. 01 U PIC 9(16). 38. PERFORM 0000-AUTH

13. 01 FORM-RECORD. 39. IF RESULT = "OK" THEN

14. 05 LOGIN PIC X(16). 40. MOVE "ADMIN® TO X

15. 05 PASS PIC X(16). 41. ELSE
42. MOVE " INTRUDER" TO X

16. PROCEDURE DIVISION. 43. END-1F

17. EXEC CICS 44. END-IF.

18. READ FILE ("F%) 45. EXEC CICS

19. INTO (BUTTON-RECORD) 46. SEND TEXT FROM (X)

20. END-EXEC. 47. END-EXEC.

21. IF EIBCALEN > ZERO 48. STOP RUN.

22. MOVE S TO U

23. ELSE 49. 0000-AUTH.

24. MOVE "ABORT" TO RESULT 50. EXEC CICS READ

25. EXIT 51. FILE ("FORM®)

26. END-IF. 52. INTO (FORM-RECORD)
53. END-EXEC.
54. IF LOGIN NOT EQUAL "admin® THEN
55. MOVE "FAILED" TO RESULT
56. ELSE
57. IF PASS NOT EQUAL "admin® THEN
58. MOVE *FAILED® TO RESULT
59. END-IF
60. END-IF.

Puc. 2. Ucxonuslii ko Ha a3bike Kobo
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XEC CICS READ
FILE('F")

INTO (BUTTON-RECORD)
ND-EXEC.

0000-AUTH
EXEC CICS READ
FILE (‘FORM)
@ INTO (FORM-RECORD)

END-EXEC.

MOVE 'FAILED' TO
RESULT

MOVE FAILED' TO
RESULT

MOVE 'OK' TO
RESULT

MOVE i
INTRUDER'TOX MOVE
'ADMIN'TOX

EXEC CICS SEND
TEXT
FROM (X)

END-EXEC

Puc. 3. I'pad 3aBHCHMOCTEH B IPOrpamMme
KE¥V== MT  Z:=MODERATOR: 1 e

EIBCALEN =0T

start Xi=UNKNOWN Treadfile T S<=0T sendX T end

RESULT== KT C=ADMINGT

L2 ./'z
Ll

EXEC CICS A EXEEN;IEEXT

READ FILE ('F'") FRCM (X)

INTC (BUTTON-RECORD) A=INTRUDER 1 END-EXEC
END-EXEC. RESULT != OK T

RESULT:=ABORT EXIT
a
RESULT:=FAILED; T
LOGIN != admin T ’
start readForm T
PASS!= admin T RESULT:=FAILEDN] end

LOGIN == admin T
PASS == admin T RESULT:= 0K,

0

Puc. 4. a— UCM mst ucxomnoro koxa, 6 — UCM mist ucxomroro koaa nporenypst 0000-AUTH
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Craruyeckuii cpe3

HcxonHast Mojenb MOXeT OBbITh O4eHb O00JblIOW. M3BieueHHe JIOTHKHM MOXET MOTpeOoBaTh CHIIBHBIX
orpybnenuii. Ho MOxHO paccMaTpuBaTh MOBEICHUE IO YACTSAMY, HAPUMEP, OPraHU30BaB pa3OMeHUE IO IPUHIIHITY
BXOJHBIX WU BBIXOJAHBIX CUTHAJIOB, UCCJIICAYA UX IO OTACJIBHOCTH. TaK, 3aZlaB MHOKXCCTBO UHTEPECYIOUINX CUT'HAIOB,
MOJKHO CTaTH4YeCKH MACHTH(QHULINPOBATH MECTO MX BXOXKJICHHS B KOJE M HCIIOJIB30BaTh TEXHUKY cioeB. Hampuwmep,
JUIS BBIXOJIHBIX CHTHAJIOB HCIIOJIB30BaTh OOpaTHBIE CpPE3bl, a JUIsl BXOAHBIX — mpsiMble. TakuM 00pa3oM, MOXHO
BOCCT@HOBHTH JIOTHKY 3aBHCHMOCTH BBIXOJHBIX CUT'HAJIOB OT BXOAHBIX. [Ipn 3TOM pasmep koxa OyneT CyniecTBEHHO
yMeHbIIeH. Tak e MOXXHO MPHOErHYTh K TeXHHKE YaCTUYHBIX BBIYHCICHHH. B pesyipraTe mocTpoeHus: 06paTHOTO
CTaTHYECKOTO cpe3a I cTpoku 46 Oymer ynaieHa cTpoka 24.

AOcTpakuus nmpouecca BbIYUCIeHUI

YacTo KOJ ONHMCBIBAET JOBOJBHO TPOMO3JIKHH aHAIU3 HEKOTOPHIX BXOAHBIX IAPaMETPOB, B PE3yIbTaTe
KOTOPOTO BBIUUCHIAETCS HEKOE pe3ylbTHPYIOIlee 3HaueHHE. BOo MHOrHMX ciydasX MOXHO BBIIEIHTH IPOLECC
BBIUMCIICHHS U UCCIIEZ0BATh €r0 OTIENbHO, a B 00IIEl cXxeMe MOBEACHUs, B LIESIX YMEHBILICHUSI pa3Mepa OMHCAHUS
JIOTHKHU IIOBEJEHUS, 3aMEHUTh €r0 HeJeTepPMUHUPOBAHHBIM NPUCBAWBaHUEM, TAKUM 00pa3oM, abCTparupoBaThCs OT
3arpOMOXKIAIONIUX AeTaneid. VIHTyHTHBHO, IOCTaTOYHBIM YCIOBHEM KOPPEKTHOCTH TaKoW aOcTpakuuu Oyner
Hapymenue cBsizHocth DEF-USE rpada npu ynameHun peOpa, COEIUHSIONIETO IPOLECC BBIYUCIEHUS C
pe3ynbraroM. Ha puc. 5 mokasaH pe3yyibTarT IPUMEHEHHUS TAKOTO THIA aOCTPaKIUU IS CTPOKU 46.

KEYW==MT  Z:=MODERATOR: T

U==01

EIBCALEN =0T

readfile T
start Xi=UNKNOWN T

sendX T end

Ke=ADMIN; T

RESULT == OKT

(¥
™

H:=INTRUDER; T

RESULT = OKT

RESULT:=NONDET{OK,FAILED} T
EXIT

EBCRLEN == 01

Puc. 5. A6ctpakmus Beraucnenus 3Hadenns atpudyra RESULT

Ha stom stane yaanenst ctpoku 49-60, ctpoka 38 3amMeHeHa cTpokoii 38a, B KOTOPOM UCHOIB3YETCsI ONepaTop
NONDET, o6o03Havaromuii HeleTepMUHUPOBAHHBIN BBHIOOP.

AHAJIN3 JOCTHKUMOCTH

Kak u3BecTHO, cTaTMyecKue MeTOJbl NMpeyBelIHuuBaloOT (akThdeckue MHPopmaunoHHbe cBsizu [10], xak
CJIeICTBHE, HEKOTOpble HECYLIECTBEHHbIE MJIs JIOTHKM IOBEIEHUs YYacTKH KOJa MOTYT ocTaTbcd. VX MOXHO
yAaduTh, NPUOETHYB K HCIOJB30BAaHUIO METOAOB IIPOBEPKH AOCTH)KMMOCTH. B Hamem npumepe crtpoka 35
HEJOCTH)KMMa, W T0CJIe €€ YyAaJeHHUS W MOBTOPHOI'O BBINOJHEHMS IpPOIEAYypbl 00paTHOTO CTaTHYECKOTO cpes3a
ctpokn 29-33 OynyT ypmameHsl Kak HecymecTBeHHble (cM. puc. 6). TakuM o0pazom, HOBTOp NPOLEIYPHI
CTaTHMYECKOTO cpe3a I[oclie aHaiu3a JOCTM)KMMOCTH MOXET YCTPaHMTb 3aBUCHUMOCTH, OOYCIIOBJICHHBIE
HEIOCTH)KMMBIMH NT€PEXO0TaMHU.

HemocTrmXUMBIM KOJ MOKET OKa3aThCsl HE TOJIBKO BCIIEJICTBHE OMIMOKH, HO M MOCTE BBIMOJIHEHUS YaCTUIHBIX
BBIUMCIICHUH, KOT/Ia YAAISIOTCS YIaCTKU KOZa, HE YAOBJIECTBOPSIOIINE HEKOTOPOMY 3alaHHOMY ycioBHio. IIpu sTom
HEKOTOPBINA KOJ, MOAJSKAIINN YAAJICHNUIO, MOXKET OCTaThCs U3-3a TOTO, YTO HEKOTOPbIE 3aBUCUMOCTH WM YCJIOBUS
HE YIaJI0Ch Pa3pelInTh CTATHIECKH.

OTMETHM TMOJIE3HYI (YHKIMOHAIBHOCTh Pa3pabOTaHHOW CHCTEMbI — omepaTHBHOE BbiaeneHHe Bcex DEF-
USE BeTBeil 115 3aaHHOTO aTpuOyTa B 3aJaHHON TOYKe, mpuyeM ¢ nHpopMmaimei 00 ux goctmwkumocT. Ha 0aze
9TOH (DYHKIMU peaM30BaH PEKUM OOBSICHEHHS] NPUYHMH HEJAOCTHXHMOCTU. B 3TOM pexxume OyayT MOCTPOEHBI (U
Boieniensl Ha UCM crienaabHOM MMOJICBETKON) YYacTKH ITyTeH OT MOCJIeIHETO NMPUCBauBaHUs aTpuOyTy, 3HaUCHHE
KOTOPOTO HE yJIOBJIETBOPSIET (hOPMYJIe NPEAYCIOBHS HEAOCTHKMMOTO ITepexo/ia, K CaMoOMy Mepexoay.

Crnenyer uMeTb BBHJIY, YTO JAaXe IPH YCIOBHM KOHEYHOCTM MHOXKECTBA COCTOSHHM MOJENH, aHalu3
JOCTIDKUMOCTH MOJKET OKa3aTbCcsd BeChbMa TPYJOEMKHM IIPOLIECCOM BBHAY Tak HasbiBaeMoro 3ddekra
koMOuHaTopHOTO B3phiBa [11, 12]. [TosTomMy mpucTynaTh K 3TOH MpoIeaype TydllIe MOcie MPUMEHEHNS CTATHIeCKIX
abcTpaknuii, KOTOPBIE YaCTO COKPAIIAIOT NCXOIHBIA pa3Mep Ha TOPAIKH.
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EIBCALEN = 01

. d
start e UnKNowN 7 adfile T 3

RESULT == OKT  Xi=ADMIN;T

RESULT:=NONDET{OK,FAILED} T

K=INTRUDER; T

RESULT = OK T

Puc. 6. Pe3ynbpTatr moBTOPHOTO CTAaTHYECKOTO Cpe3a

Pesynprupytommuii Ko/ mokazaH Ha puc. 7 ¥ BEITIBIIUT TAKUM 00pa3oM:

01. IDENTIFICATION DIVISION. 27. IF' S > 0 THEN

02. PROGRAM-ID. Example reduced. 27a. CONTINUE

03. DATA DIVISION. 37. ELSE

04. WORKING-STORAGE SECTION. 38a. MOVE NONDET{OK,FAILED} TO RESULT
05. 01 BUTTON-RECORD. 39. IF RESULT = "OK" THEN
06. 05 S PIC 9(16). 40. MOVE “ADMIN® TO X
08. 01 RESULT PIC X(16). 41 . ELSE

09. 01 X PIC 9(7) VALUE "UNKNOWN". 42. MOVE " INTRUDER®" TO X
16. PROCEDURE DIVISION. 43. END-IF

17. EXEC CICS 44 . END-IF.

18. READ FILE ("F%)

19. INTO (BUTTON-RECORD) 45. EXEC CICS

20. END-EXEC. 46. SEND TEXT FROM (X)

21. IF EIBCALEN > ZERO 47. END-EXEC.

22. MOVE S TO U 48. STOP RUN.

23. ELSE

25. EXIT

26. END-IF.

Puc. 7. Pe3ynpTupyromuii KoJ nocie noBTOPHOIO CTaTUYECKOTO cpe3a

UCM cueHapwii, MOJYYUBIIMICS B pe3ysibTaTe OMHCAHHBIX NPeoOpa3oBaHUN W aOCTPAKIUil OMHCHIBACT
JIOTUKY TOBEIEHHUS MOJENH, BeIyllero K HHTepecylolledl Touke (B Hamem npumepe, K 46-H CTpoke Koja).
AHaJOTMYHO, MOKHO HCCIIEZIOBAaTh BIUSHHE HEKOTOPOI TOUKM Ha IMOCIEAYIollee MOBEIEHHE, UCIIONb3Yys IpsMble
Cpe3bl M abCTpaKLny.

I'enepauus TecToB

IIpu BHIMOSHEHUM MUTPAlUU HA APYTYIO IIATGOPMY BO3HHKAET MPOOJieMa MPOBEPKH aJIeKBATHOCTH HOBOM
peanm3aruu. OJHAM U3 METOOB, IIUPOKO MPUMEHICMBIX Ha IMPAKTUKE IS 3THUX LEJICH, ABISICTCS TeCTHpOoBaHuUE. B
YCIIOBUAX OTCYTCTBHUS CIEMU(PUKANUNA HAa MCXOJHYIO PCAM3AlMI0, aKTyalbHOW CTAaHOBHUTCS 3ajJadya IMOPOXKICHUS
TECTOBBIX HabOpoB. HekoTophle TOIXOABI MPEIATraloT OCYIIECTBIATh 3aIyCK CTapOd MPOTrpaMMbl U (PHKCUPOBATH
peakuuio Ha pa3iIMYHBIE BXONBI BPYYHYIO, OJHAKO TAaKOW IMOAXOXM HE 3(PQPEKTUBEH A OONBIINX CUCTEM. MBI
mpeajaraéM aBTOMAaTHYECKYI0 TEHEpalHi0 TECTOBBIX CIIEHApWEB Ha OCHOBE aHamm3a Koaa. Tak, IOCTpOUB
dbopmanpayto Momens UCM, mpuMeHSeM CYMIECTBYIOIINE METOIBl aHAalln3a JOCTHKUMOCTH, KOTOPHIE B IpOIlecce
o6xona moBeaeHus monenu crocoOHBI [11, 13] reHepupoBaTh Tpacchl (IOCIENTOBATEILHOCTH COOBITHIT), KOTOPBIE
MIPECTABISIOT CO00M TecToBbIe cleHapuu B Buae Message Sequence Chart, ocie yero Meton KoHkperusanuu [14]
TPAHCIIUPYET TAaKHUE CLHCHAPUHU B HCIOJIHHUMBIC TECTHI. Hp06neM1)1 KOM6I/IHaTOpHOFO B3pbIBa U Ka4Y€CTBa MNOKPLITUA
OpH TEHEpalKM TPacC 3aciIyXHBAIOT OTAEIbHOr0 paccMoTpeHus. Meronabl [10—13] 3¢heKkTHBHO CTPOSAT KiIacChl
SKBUBAJIEHTHOCTHU JUIsl PAa3IMYHBIX IyTeHl BBINOJIHEHHUS MPOrpaMM Ha OCHOBe craTtuyeckoro [10] m guHaAMH4YECKOTo
[11] ananu3a wHPOPMAIIMOHHOW 3aBHCHMOCTH, 3HAYHTEIHHO COKpamias mepeOop BapHaHTOB MOBEACHHS, JOCTHUTAs
npu 3toM nokpeituss DEF-USE Betseid.
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IIpuMepsI HCIIOJIB30BAHUA

Pa3paboTaHHbIi NpOrpaMMHBIN KOMILUIEKC OBUT YCIIEIIHO NPUMEHEH B s/ MPOMBILUICHHBIX NPoeKToB. Jlanee
IpeCTaBlIeHa CBOAHAA TaOIMIa CTATUCTUKH.

OtmeTuM, 4TO ONEpallMOHHOE BpeMs, 3aTpau€HHOE CO3JAHHBIM MPOTPaMMHBIM KOMIUIEKCOM Ha IOJy4YeHHe
YKa3aHHBIX PpE3yJIbTaTOB, HCUUCIAETCS CEeKyHAaMu. Takas MpPOU3BOIUTENBHOCTb IO3BOJSIET HCHOIB30BATH
WHCTPYMEHTApUH WHTEPAKTUBHO B PEKUME PEaJbHOTO BPEMEHH, YTO OYEHb BOCTPEOOBAHO IIPH aHAIM3€ IOBEICHMS
60JIbIINX 0OOBEMOB ITPOTPAMMHOTO KOJI.

Tabmumna. CraTucTHKa IPUMEHEHHUS

IIpoexT (momeH) Koz-so ctp ?;TPE:(;HHOFO Kona Pazmep UCM (kapT/KOHCTPYKTOB) Kon-Bo TectoB
Ne 1 (iu3uHTr) 12.5 25/278 212
Ne 2 (cTpaxoBanue) 17 34/330 364
Ne 3 (punancer) 21 43/463 487

BrIBoabI

[Ipencrapnenubie MeTob! 3(P(EKTUBHO YCTAaHABIMBAIOT B3aHMMOCBS3M B INPOTPAMMHOM KOAE, BBIACISIOT
pEIeBaHTHBIE YYAaCTKH, YCTPAHSIOT HECYIIECTBEHHbIE JETald M 3arpOMO’KAAIOINNE BBIYMCICHUS, OCTaBIISS
CEMAaHTHYECKH BaXHYI0 YacTh W MPENOCTAaBIIsAL €€ B HAIJAHOW BH3yalnbHOH ¢opme. Pesymprupyromas UCM
quarpaMMa (C COOTBETCTBHEM CTPOKaM HCXOJHOTO KOJA) CIIY)KUT JOCTYIHBIM OOBSCHEHHEM HCKOMOH JIOTMKU
MOBCACHUS.

Pa3pa60TaHa OKCIICPUMEHTAJIbHAsA BBIYUCIUTE/IbHAA CUCTEMA, pCAIM3yrolas aJrOpUTMbl HU3BJICHCHUA 6I/I3HeC-
JIOTMKK TporpaMM Ha si3bike KoOGoun. IlnmaHupyercst ycOBEpIICHCTBOBATb OINMCAHHBIE METONBI JJISl NPUMEHEHHS K
IIporpaMMHOMY KOIy Ha si3bikax VBA, Java, C#.
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