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11O IMTPOI'PAMMMPOBAHUAIO C UCITIOJIB3OBAHUEM

TEHETHYECKUX AJITOPUTMOB
M.B. By3najnos

HpezmaraeTcs{ MCTO aBTOMaTI/I?:I/IpOBaHHOﬁ TEeHCpalluu TECTOB I OJIMMIIMAAHBIX 3a/lad 110 NpOorpaMMHUpOBaHUIO, IpEaHA-
3HAYCHHBIA JJIs1 BBISIBICHUS He3(1)(1)eKTI/IBHI)IX pemeHHﬁ. DTOT METOJ OCHOBAaH Ha WCIIOJIb30BAHUU T€HETHYCCKUX aAJIropuT-
MOB. OIHCHIBAETCS HUCIIOJIb30BAaHUE npempiaraéMoro Meroaa Jjid reucpaliui HOBBIX TECTOB K OHI/IMHI/IaZ[HOﬁ 3axa4yc U3 Nn-
TCPHET-apXuBa acm.timus.ru, IIpHU 3TOM HHU OJTHO U3 UMEBIIUXCS pemeHHﬁ HE IpoHuIo HOCTpOeHHBIﬁ H8.60p TECTOB.
KutroueBble cJI0OBa: TeHETUYCCKUE AJITOPUTMBI, OJIMMIIUA/IBI 110 IPOTrPAMMHUPOBAHHIO, OJIMMITUAAHBIC 3a1a4U, TECTUPOBAHUE.

BBenenue

B mMupe npoBogutcst GOJNBIIOE YHUCIIO ONMMIIKAJ MO MPOrpaMMHUpoBaHuio. OHU CIIOCOOCTBYIOT BBISIBIIC-
HUIO TaJAaHTJIMBBIX IPOIPAMMHUCTOB CPEAU IIKOJIBHUKOB M CTyAEHTOB. Cpeayu HUX MOXHO OTMETHUTH MEXkKIyHa-
POJHYIO CTYJICHUSCKYIO OJUMITHAAY 1o mporpammupoBanuio International Collegiate Programming Contest [1],
npoBoaumyto Association for Computing Machinery (nanee onumnuana 6yzaer ynomunatbest kak ACM ICPC), ¢
Pa3BUTON CEThIO OTOOPOYHBIX COPEBHOBAHMUI, MEXIYHAPOAHYIO OJIMMITHAY HIKOJIBHUKOB 1O HH(popmartuke [2],
copeBHOBaHMs, poBoauMble kommanuelr TopCoder [3], MHTepHeT-0MMMNMans! 10 MHGOPMATHKE U ITPOTPaM-
MUPOBAHUIO [4] U MHOTHE JIpyTHeE.
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Ha onumMmuagax mo nporpaMMHpPOBAHUIO MIPEAJIAraeTcsl PEUINTh OJHY MJIM HECKOJbKO 3amad. Gopmyiu-
POBKa 3a/1a4M MPEJIoJIaraeT YTeHNE BXOJHBIX JTAHHBIX, YJOBJIECTBOPSIOUINX YCIOBHIO 3aJa4yH, OJy4YeHUE Tpe-
6yeM])lX PE3YJIbTATOB HA OCHOBE 3TUX HAHHBIX W BBIBOA PE3YJILTATOB B @opMaTe, YKa3aHHOM B YCJIOBUHU 3aJa4vu.
Pemenuem 3amaun sBIseTCs MporpaMma, HallMCaHHAsS Ha OJHOM M3 SI3BIKOB MPOTpPaMMHUPOBaHUA (HalpuMep, B
copeBHoBanur ACM ICPC ucnons3yrores s3biku C, C++ u Java [5]).

[Tporpamma tecTupyercsi Ha Habope TECTOB, HE U3BECTHBIX y4acTHHKaM. Ha paboTy nmporpamMMsl Hakja-
JIBIBAIOTCS OTIPE/IeJICHHbIE OTPaHUYEHUS, TAKNEe KaK MaKCUMaJIbHOE BPEMs BBIIIOJIHEHUS 1 MaKCHUMAJIbHBIH 00b-
€M HCIIOJIb3yEeMOH MaMsITH.

PelieHue cunTaeTCs MPOIIEANINM OMPEACICHHBII TECT, €CIIM OHO MpH paboTe ¢ HUM HE HAPYIIMIO Orpa-
HUYEHUH, 3aBEPIIHIIOCE KOPPEKTHO (0e3 OmmMOOK BpeMEHH BHIIIOJIHEHHS) U €0 OTBET IMPU3HAH NPaBWIEHEIM. O
KOHKPETHBIX BHaX 3a/lad4 M OIPAHUYCHHUSX MOXHO MPOYMTATh, HAIIPUMED, Ha caiite onumnuaasl [5]. B crathe
[6] m3mokeH mpoliecc pemeHust OTACTBHO B3STOM 3aJadd MPH OJMHOYHOW paboTe ydacTHHKA, a B cTaThe [7]
omrcana paboTa B KOMaH/IE.

IloaroroBKa 3aaa4 AJ151 OJIUMIIMAX 1O nporpaMmMMpoOBaHHMIO

[IpoBeneHne copeBHOBAHMIA Ha BRICOKOM yYPOBHE IIPENIOJIaracT KaueCTBEHHYIO MOATOTOBKY 3a1ad. JTOT
mpoIiecc BKIIOYaeT B ceOs BEIOOp MHTEPECHBIX Muel misa Oymymmux 3agad, HalMcaHWe YCIOBHU W pPEIIeHUH, a
TaK)Ke CocTaBlieHHEe TeCTOB. B Hacrosieil paboTe npejsiaraeTcss HOBbI METOJ aBTOMAaTU3UPOBAHHOTO COCTAB-
JICHHUS TECTOB MPOTUB HE3(P(PEKTUBHBIX PEIICHUH — TAKUX PEIICHHUI, KOTOPHIE BCET/Ia BBIJAIOT BEPHBIN OTBET, HO
Ha HEKOTOPBIX TeCTaX HE YKJIAbIBAIOTCS B OTPAHWYCHHS IO BPEMEHH WM MaMSITH.

TecThbl AJI51 OJIUMIMATHBIX 32124

B ycioBuM 3aaun Ha BXOJHbBIC JaHHBIC HAKJIAIBIBAIOTCS HEKOTOPbIe orpaHuveHus. TeM He MeHee, [Uis
OOJIBIIMHCTBA 33/1a4 TECTUPOBAHKUE PELICHUSI HA BCEX BO3MOXKHBIX TECTAX, YAOBIETBOPSIOIIUX ITHM OrpaHUYe-
HUSIM, HE MPEJCTABIISETCS BO3MOXKHBIM, TaK KaK YHCJIO TAKUX TECTOB YPE3MEpPHO BEJIMKO. B cuity 3TOro u3 Bcex
BO3MOXKHBIX TECTOB HEOOXOJHMMO BBIOPATH TOJBKO TE€, KOTOPBIE MO3BOJISIT YCTAHOBUTD, SIBISIETCS JIH HEKOTOPOE
pemenne KoppekTHeIM. OfHAKO, cormacHO Teopeme Paiica [8], manHas 3amaya B 00mieM cirydae sSIBISIETCS ajro-
puTMHuYeckH HepaszpemnMmoi. CrenoBarenbHO, BO3SMOXKHO BBIOpaTh HA0OP TECTOB, KOTOPBIH JIMIIb C HEKOTOPOH
JIOJIe YBEPEHHOCTH II03BOJISIET YTBEPXKAATh O KOPPEKTHOCTH pelleHus. Llenb moArotoBKH TECTOB COCTOMT B
TOM, YTOOBI C/IEJIaTh ATy YBEPEHHOCTh KaK MOKHO OOJIbILIEH.

IloaroroBka TecroB

IloaroToBka TECTOB K OJMMIIMAIHOM 3aJade SBISAETCS TBOPUECKUM IpoueccoM. [[st kaknod 3agadu B
00513aTeJILHOM TMOPSAKE MUIIYTCS HECKOJIBKO PEIICHUM, Ha3bIBAEMBIX peuieHusmu dciopu. Cpen HUX TOJDKHBI
OBITh KaK KOPPEKTHBIC, TAK U HEBEpHbIC U HeA((heKTUBHBIE perieHus. [{enb pemeHuii )Kopu — MPOBEPKa TECTOR:
J1000€ KOPPEKTHOE PEIICHUE TOJIKHO MPOMTH BCE TECTHI, IS JIFOOOT0 HEKOPPEKTHOTO PEICHUS JOJDKHO CyIIle-
CTBOBATh OMPECICHHOS HEHYJICBOE YUCIIO TECTOB, KOTOPOE OHO HE MPOXOIHMT.

YacTh TECTOB MUIIETCS BPYYHYIO. Takue TeCThI MPOBEPSIOT PEIICHHUS Ha KOPPEKTHOCTE pa3dopa cirydacs,
BCTpEYAONIMXCS B 3ajadye. K TakuMm TectaM OTHOCATCS W TaK Ha3bIBAGMbIC «MUHHMAJIBHEIC» TECTHI, KOTOPHIC
MPOBEPSIOT KOPPEKTHOCTH PAOOTHI PEIICHN I OKOJIO HU)KHUX TPaHMI OTPAHUYCHHH.

TecThl OOJBIIOrO pa3Mepa, Kak MPaBHIO, TEHEPUPYIOTCS COTJAaCHO HEKOTopomy miabmony. Tak, Hampu-
Mep, €ClM B YCJIOBHHU 33Ja4ll (PUIYpUPYET HEKOTOPbIHA rpad, TO MOXKHO CTEHEPUPOBAThH JBOUYHOE JEPEBO, MOJI-
HBII IBYI0JIbHBIN rpad u xpyrue Bubl rpados [9]. st HOKPHITHS TeX OMIMOOK, KOTOPbIE MOTYT OBbITh HEe Haid-
JICHBI C TIOMOIILBIO OIIMCAHHBIX BBIIIE TECTOB, CO3/IAI0TCS «CITydaiiHbIey» TecThl. B o0uiem ciydae OoJblire TeCTh
CO3/JIAFOTCS TPOrPaMMaMHU, HAITMCAHHBIMU YWICHAMH JKIOPH.

Jlst HEKOTOPBIX 3a/1a4 MOXET OBbITh HAIIMCAHO HEKOPPEKTHOE PEIICHHE, KOTOPOe He ObLIO MpeaycMoTpe-
HO X[opHu. B 3TOM ciiyuae B HAOOpe TECTOB MOXKET M HE OKa3aThCsl TAKOTO TECTa, HA KOTOPOM 3TO PELICHUE HE
paboTaeT. ABTOPBI 33]1a4 CTPEMSTCS MPEIOTBPATUTH TAKOE PA3BUTHE COOBITHH, /IS YETO PEaTH3yIOT IBPUCTHYC-
CKHE pElICHUS W TeHEPUPYIOT TeCTHl MPOTUB HUX. OJHAKO HE BCE HIICH SBPUCTUYCCKUX PEIICHUHA MOTYT OBITh
HAMICHBI WM PEaNU30BaHbI, @ B OTACIBHBIX CIYYasX MOUCK TECTOB MPOTUB HUX MOXKET 3aTSHYTHCSA HA HEOIpe-
JICIICHHOE BpeMsl.

IMo yka3aHHBIM MPUYMHAM HA OJIMMIIMA/IaX MHOT/IA BCTPEUAIOTCS 33[a4l CO «clIabbiM» HAOOPOM TECTOB,
KOTOPBIE MPOIYCKAIOT HEKOPPEKTHBIE PEIICHUS. DTO NPUBOAUT K TOMY, YTO HaUOOJIEe MTOATOTOBICHHBIC y4acT-
HUKH OJMMIIHAJ, ULIYIIUEe KOPPEKTHBIC PEICHUs, HEe PEIIA0T TAKUe 3a7a4yH, B TO BpeMsi KaK MEHee MOATOTOB-
JICHHbIE YYACTHUKH YCIEILIHO CAAal0T HEKOPPEKTHBIC PEIIEHHsI, YTO TPOTUBOPEUUT CAMOU HJIE€ OJMMIIHAIbI.

Onucanune npeajaraeMoro Noaxoaa

B HacTosmet pabote paccMaTpuBaeTcs TeHepalysi TECTOB, Ha KOTOPHIX Hed(PPEKTHBHEIE pelIeHus pado-
TarOT KaK MOXKHO Jojibplre. KauecTBo Takux TECTOB MOXET XapaKTepH30BaThCs BEIMYMHAMH C OOJBIINM JHaIa-
30HOM 3HAYEHHMI1, 4TO YIpOIaeT NOMCK TPeOyeMoro TecTa.
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ITpn reHepanuu Tecta NpoTHB HEA(P(EKTUBHOrO pemIeHHs NPEINoaraeTcsi, 4YTo TaKoe PEeLICHHE YKe
UMeeTcsl. DTO AOIMyLIeHHEe B HEKOTOPOM CMBICIIE IPOTUBOPEUHT LEIH MOTy4aeMbIX TECTOB — BBISBIATH Pa3iny-
Hble Hed(p(heKTHBHBIC PEllIeHH s, peaiu3yeMble YyYaCTHUKaMK C IIPUMEHEHUEM Pa3IMYHbIX, 32a4aCTyI0 HeNpeIcKa-
3yeMbIX M HECTaHIAPTHBIX ujeil. TeM He MeHee, TeCT, CreHepUPOBAHHBIN IPOTHB HEKOTOPOTO PEILEHHMs, OOBIYHO
OKa3bIBaeTCs «(paTalbHBIM» IS JIOCTATOYHO OOJIBIIOro MHOXKeCTBa HeadekTHBHBIX pemeHni. [Ipu pasymHom
BBIOOpE PEIICHHH, TPOTUB KOTOPBIX I'€HEPHPYIOTCS TECThI, BO3MOXHO «IIOKPHITH» MOYTH BCe HEIPPEKTUBHBIC
pereHus.

[Tpu onceIBaeMOM IOX0/I€ TECT KOAMPYETCs B BUae ocodu reHetndeckoro aiaropurma [10, 11]. Crioco6
KOJUPOBAHMS 3aBHCHUT OT 331a4H, Ul KOTOPOH reHepHpYyrOTCs TecThl. Kpome 3Toro, KogupoBaHue JT0IKHO 3¢-
(DEeKTUBHO YYHTHIBaTh OIPaHMYCHUSA, JaHHbIE B YCIOBUM 3a1add. s moBblmeHUs 3QQeKTHBHOCTH Hoaxona
clielyeT IPOaHAIM3HPOBATh BO3MOXKHBIE CIIOCOOBI KOAMPOBAHHMS M BBIOPATh TOT U3 HUX, KOTOPBIA 00ecreunBaeT
6O0JIBIIYIO OO TOTEHIINATIBHO 3(PPEKTUBHBIX TECTOB.

Bonpuryro TpyIHOCTH COCTaBIseT BBIOOP (QYHKINH MPHUCIOCOONeHHOCTH. B kadecTBe QyHKIMU npucno-
COOJICHHOCTH HelNb3sl BBIOMpaTh BpeMsi pabOThI PElIEHHs] Ha TECTE, MOCKOJIbKY 3TO BPEMsI MOXKET CIy4aiHbIM
00pa3oM H3MEHSATHCS B 3aBUCUMOCTH OT 3arpy’KEHHOCTH Pa3MYHBIX Y3JIOB KOMIIbIOTEpa. Takike M3MepeHHOe
BpeMsi paboThI, KaK IPaBHJIO, MPOIOPLHOHAIBHO HEKOTOPOMY MHUHUMAJIBHOMY MHTEPBAIY — «KBAHTY» BPEMEHH,
BBIJICISIEMOMY OIIEPALlMOHHOM CHCTEMOH /Ist paboThI MPOrpaMMBl, ITOITOMY YUCIIO Pa3IMYHBIX 3HAYEHUH (yHK-
IIH TIPUCIIOCOOJICHHOCTH CHHMKAETCSL.

Bri6op B kauecTBe (hyHKIUH NMPHUCHIOCOOJIEHHOCTH YHCIIa BHIMOJHEHHBIX HHCTPYKIMI KOJIa pellaeT OIu-
caHHbIe BbIlIe MpobiieMbl. OJJHAKO BO MHOTHX CIIy4asiX TO, YTO (DYHKIMS IPHCIIOCOOICHHOCTH MTPOIIOPLUOHANb-
Ha BpeMEHH paboThI IPOrPaMMBbI, MOXKET IIPUBECTH K TOMY, YTO JITOPHTM ONITHMH3ALMH CEJIAET BHIOOD B I10JIb-
3y «OOJBIINX) TECTOB, HTHOPUPYS «KayeCTBEHHBIC», HBIMH CIIOBAMH, IPEIIOYTET KOJIHMIECTBO KaueCTBY.

B cBs3u ¢ 3THM npeanaraeTcs MpoaHaIu3upoBaTh PEIIeHNe, IPOTHB KOTOPOro TpeOyeTcs CreHeprpoBaTh
TECT, 1 MOAU(DUIMPOBATH €r0 UCXOJHBIN KOJ TaK, YTOOBI B IIpoLiecce pabOThl PEIeHNs BEIYUCIIUIACh Ta XapaK-
TepUCTHYECKasl BEJINYMHA, KOTOpas OyAeT HCIOIb30BaHa B KauyecTBe (PyHKIMU IPUCIOCOOICHHOCTH. DTa BEIH-
YHA MOXKET JIy4Ille BEIpaXKaTh KA4eCTBO TECTA, YTO YCKOPSIET MPOIIECC ITOUCKA.

IIpuMeHeHHe MOAX01Aa K OJIUMITUATHOI 3agaue «Ships. Version 2»

Juist anpo0Oaiuy OMUChIBAEMOTO MOIX0/1a B YCIOBHSIX PEallbHBIX OJMMITHAIHBIX 33134 OblIa BeIOpaHa 3a-
nmada «Ships. Version 2». C TeKCTOM yCIOBHS 3TOW 3a1a4i MOYKHO O3HAKOMHTHCS Ha caite Timus Online Judge
[12], rme ona pa3memeHa mox HomepoM 1394 [13]. YcnoBue 3agaum COCTOUT B CIEAYIOIIEM.

Hano N (2< N <£99) npeameros ¢ Becamu w;, 1<w; <100. Taxxe naHo M (2< M <9) pIOK3aKOB C

N M
BMECTUMOCTAMH ¢ ; > 1. M3BecTHO, 4TO z Wi :z, 16
1— J=

TpeOyercst TOMECTHTh BCE JAHHBIE MPEIMETHI B
JaHHBIE PIOK3aKH. ['apaHTHpyeTCs, YTO NCKOMOE pa3MeleHue cymecTByeT. OrpaHndeHre 0 BPEMEHH — OHA
CeKyH[Ia, OTpaHUYEHHUE IO maMsATH — 16 MOaiT.

W3 M310KEHHOTO CIIelyeT, YTO paccMaTpuBaeMasl 33/1a4a SBJISIETCS YaCTHBIM CIIydaeM 3aJadd O MYJIbTH-
prok3ake [14] ¢ JOTOJTHUTENBHBIMU OTPAHUYEHHUSMU: JJIs1 BCEX MPEIMETOB MX BEC paBEH CTOUMOCTH, U BCE PIOK-
3aKH JOJDKHBI OBITh 3aI10JIHEHBI.

3amada o MynpTHpIOK3ake NP-mojHa, Tak Kak OHA IpWHAUIEXKHT kiaccy NP m k Helt cBogmurcs NP-
MoJIHAs 3aJlaya 0 cyMMe noaMHoxecTB. Kpome Toro, ona ssnsercs NP-tpyaHo# 6 cunbHOM cMbicie [14], T.e.
JUIs Hee HEeM3BECTHBI pellleHHs, paboTaroIye ¢ MOJHHOMHAIBHON OLEHKOH OT pa3MEpPHOCTH 3aJaddl U OTpaHU-
YEeHUH Ha Beca U CTOMMOCTH NIPeIMETOB. BroHe ecTecTBEHHO 0)KMIaTh OT paccMaTpUBAEMOI 3a1aun TaKOT0 JKe
cBoiicTBa. 13 3TOrO ClieAyeT, uTO MpH JaHHBIX OTPaHUYEHUSAX 3a1a4l MAJIOBEPOSITHO CYLIECTBOBAHUE PELLIECHMUS,
KOTOpOE YKJIQJIbIBAJIOCh ObI B OTpaHWYEHUs TI0 BPEMEHH M IaMsTH Ha BCEX BO3MOXKHBIX TecTax. OHAKO Cylie-
CTBYeT OOJIBIIIOE YHCIIO PA3IMYHBIX 3BPUCTHUYECKUX PEILCHUH, JUI KOTOPBIX TPYIHO COCTaBHTh Takoil Tect. I1o
cocrosHMIO Ha 15 mronst 2009 roxa 3 3100 mocaaHHBIX HA MPOBEPKY pelIeHwH ObUTO MPHHATO 260.

Jis TeHepauy TeCTOB K 3TOMH 3a7ade ObUT IPUMEHEH TeHETHIeCKUN allTOPHUTM.

IIpeacraBieHue TecTa B BUJe 0COOM reHeTUYECKOr0 aJArOpuTMa

B ycnoBuu 3agauun cka3aHo, YTO CyMMa BECOB MPEIMETOB JIOJKHA PABHITHCSI CYMME BMECTUMOCTEH PIOK-
3aKOB, U CYIIECTBYET CIOCO0 pa3MECTHTh BCE MPEAMETHI MO ProK3akaM. J[s ciydaifHO CreHepHUpPOBAHHOTO TECTa
9TO YCJIOBUE C OOJIBIION BEPOSTHOCTHIO HE BBINONHSETCS. LlenecooOpasHo 3aKOAMPOBATh TECTOBBIC TaHHBIC Ta-
KAM 00pa3oM, 9YTOOBI 3TH YCIOBHS BHIIIOHSITHCE TI0 TIOCTPOCHUIO.

[pemmaraercs cieayronIii crmrocod MOCTPOCHUS TecTa IO TOCIEAOBATEIFHOCTH dncell. byneM cumraTth,
YTO MOCJEI0BATEIbHOCTh COCTOUT U3 LIeJbIX yrcen u3 auanazona [0; 100]. IIpu 3ToM MoI0XKUTEIHHBIM YUCIIaM

COOTBETCTBYIOT MPEIMETHI C BECOM, PaBHBIM COOTBETCTBYIOIEMY 4yuciy. Hynu ke sSBISIOTCS pa3ieiauTensMu
MOCJIEZIOBATEIbHOCTH HA HEMPEPHIBHBIE TPYIIIbLI MOJOKUTENbHBIX uncen. Kaxmoi Takoil rpymme cornocTaBlieH
PIOK3aK C BMECTUMOCTBIO, paBHOI cymMMe uucen 3Toi rpynmsl. Ha puc. 1 mpomnirocTpupoBaH mpuMep mocieno-
BaTEJIbLHOCTU U COOTBETCTBYIOLIETO €1 TecTa.
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MpeameTes: 10 45 =1 17 45

\

Plokaarn: 55 a1 62

Puc. 1. Yncnosas nocrnenoBaTenbHOCTb U reHepupyeMbl e TecT

JIr060i1 TecT, yIOBICTBOPSIOMINI OrpaHIHYCHHUSIM, MOXKET OBITh 3aKOJUPOBAH B BUJIEC MOCIICIOBATEIIBHOCTH
yucen ajauHou He Oosee N + M —1. Hanporus, He j1r00ast BO3MOXKHAsI [IOCIIEA0BATEILHOCTh T€HEPUPYET TECT,
YAOBIETBOPSIONINN OTPaHIMYCHHUAM: YHCIIO MPEIMETOB M YHCIO PIOK3aKOB MOTYT OBITH KaK CIMIIKOM MajbIMH,
TaK U CIMIIKOM OonpmmMH. B cBs3M ¢ 3THM mpemaraeTcss OOHYIISITh 3HAYCHHE TPUCTIOCOOIEHHOCTH TeX Iocie-
JIOBaTEJIbHOCTEH, KOTOPhIE TEHEPUPYIOT TECTHI, HE YIOBIETBOPSIOIINE OIPAaHUYCHHSIM.

CornacHo Teopeme o cxemax [10], B Ki1acCMYECKOM T'€HETHUECKOM AJITOPUTME, PabOTaIOIIEM CO CTPOKa-
MH, «BBDKHMBAIOT» KOPOTKHUE MO JUIMHE, MaJble 110 YUCITY DJIEMEHTOB CXeMbl ¢ OOJIBIION MPUCIIOCOOIEHHOCTEHIO.
B nanHoOIi Xe 3a/1aue nociie IpeiBapuTeIbHOTO aHali3a ObLIO BBISICHEHO, YTO OOIIYI0 IPUCIIOCOOIEHHOCTH OI1-
penessIoT OOJbIINE TPYTIBI 3JIEMEHTOB MOCIIEI0BATEILHOCTH.

UroObl MMETh BO3MOXKHOCTH T'PYNITHMPOBATH OJIOKM 3JIEMEHTOB IIOCIIEIOBATEILHOCTH, IpeIaraeTcs Hc-
MOJIb30BAaTh HOBBIN BUJI KOIMPOBAHUS MOCIEOBATEIEHOCTH — IPEBOBUIHBIC TCHEPATOPHI ITOCIIEIOBATEIHPHOCTEH
(puc. 2).

Kaxmoe monmepeBo reHepupyeT HEKOTOPYIO TIOCIEI0BATENIFHOCTD, ONPENEIIEMYI0 CIECAYIOUINMHA IIPaBH-
namu. JlucT nepeBa reHepupyeT MOCIeI0BATEEHOCTD U3 OQHOTO IEJIOT0 YUCIIa, XPaHsIerocs B HeM. BayTpen-
HSS BEPIIMHA JIepeBa TEHEPUPYET IOCIEIOBAaTEIFHOCTh, O0OPAa30BaHHYI0 KOHKaTECHAIMEH pe3ylbTaTOB T'eHEpa-
1IUU IeTeH ITON BEPIIUHBI.

0,1045,0,81,0,0,17 45

Puc. 2. Npumep gpeBoBUOHOMO reHepaTopa

JlpeBoBuUIHBIE T€HEPATOPBI HAIIOMHUHAIOT JIEPEBbs pa3dopa, UCIIONIb3yeMble B TEHETHYECKOM MPOrpaMMU-
poBanui [15], ¢ Toil pa3HHUILIE, UTO PE3yNbTATOM «BBIIOJHEHUS» MOJAEPEBA SBIAETCS HE YHCIO, a MOCIeA0Ba-
TENBbHOCTb.

@OyHKIMA NPACTOCO0JIEHHOCTH

Jst 1r06oro perreHnst B KadecTBe (QYHKIIMH MPUCITOCOOIEHHOCTH MOYKHO BBIOPATH YHCIIO BBIMOJIHCHHUI
«Y3KHX MECT» aJIroOpUuTMa. le/l TaKOM IIOAXOAC CUCTUUK 4YHUCiia onepaunﬁ YBCJINYMUBACTCA BHYTPU CaMOIo Iiry-
OOKOTO YPOBHS BIOKEHHOCTH HEKOTOPOTO YHCIIA [MKIOB, BCTPEUAIONIUXCSA B mporpamme. MIToroBoe 3HaueHHe
CYETYHKA B 3TOM CIIy4ae IOYTH TOYHO IPONOPLUOHAIBHO BpeMeHH paboThl nporpamMMbl. OJJHAKO STOT OOIIUi
MOJIX0]] paboTaeT He IS BCEX PELICHUIA.

JIyisi peKypCUBHBIX QJITOPUTMOB PELICHHUs] B Ka4eCTBe (YHKIMU MPHCIIOCOOIIEHHOCTH MOXHO BBIOPATh
YKCJIO BBI30BOB PEKYPCUBHOM (YHKIMHU (WU OJHOM M3 Takux (QYHKIMI B Clly4yae, €ClIM UX HECKOJIbKO) B TeUe-
HHE BPEMEHHU pabOThI alrOpUTMA.

YacTo Takke BCTPEUAIOTCSA PENICHUS, 3aIyCKAIONIMe OMWH W TOT K€ ajJrOPUTM Ha Pa3HBIX BapHaHTaX
YIOPSIIOYEHUS BXOHBIX JaHHbBIX. Tak, MHOTHE SBPHCTHYECKHE PEIICHHUS TIepeOHparoT CIIyJaiHble IIepecTaHOB-
K{ TIPEIMETOB U (MJIHM) PIOK3aKOB W TSI KKIOW TaKOM IMEePEeCTAaHOBKU IBITAIOTCS MIPOU3BECTH TOUCK OTBeTa. B
TaKHMX CIIydasX B KAY4eCTBE (PYHKIIUH TPUCIIOCOOICHHOCTH Pa3yMHO BBIOPATh YHCIIO TAKKX 3aMyCKOB B IPOIIECCE
paOoTHI pelieHHs.
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FrEHEPALIUA TECTOB AnA ONMMNUAOHbBIX 3A0AY MO MPOrPAMMUPOBAHMUIO ...

B HEKOTOpHIX cIydasx menecooOpa3HO MCIOIb30BaTh KOMOWHAIIMK OMMCAHHBIX BBIIIE MOAXO0A0B. [IycTh
F} — ¢yHKIMS npUcocOOIEHHOCTH, COOTBETCTBYOIIAS OJHOMY Hoaxony, F, — apyromy, F, — n-my. Torma

(yHKIHMS IPUCTIOCOOIEHHOCTH [UIsi KOMOMHALMY MoAxofa OyAeT MpeAcTaBisTh coboil BekTop (F,Fy,...,F),).

3Ha4yeHns 3TON QYHKIIMN CPaBHUBAIOTCS JEKCHUKOTpaUECcKH.
B kauectBe oneparopa CeJIeKLUH HCHOIb3yeTcsl TYpHUPHBIH oTOop [10], B KOTOpOM ¢ BepositHOCThIO 0,9
BbIOMpaeTcs OoJiee MPUCIIOCOOIeHHAsT 0CO0b.

OnepaTopbl CKpelIMBaHUA U MyTalluUn

B kagecTBe omeparopa CKpEmIMBaHMS WCHOIB3YETCS CTAaHIAPTHBINA JJIS TEHETUYECKOTO MPOrPaMMHpPOBa-
HUS orepaTop oOMeHa moaepeBbsiMU. BriOop moamepeBa ONMChIBAeTCS CISIYIOINM 00pa3oM: €Clii B JaHHBIN
MOMEHT aJTOPUTM PAacCMAaTPHUBAET JIMCT JAEPEBa, TO OH M OyJeT BRIOpaH B KadecTBe moanepena. Ecmu xe anro-
PUTM paccMaTpUBaET y3el AepeBa, TO ¢ BepoaTHOCThIO 0,5 BrIOMpaeTcs MoaaepeBo ¢ KOPHEM B 3TOM y3JIe, HHa-
Ye PaBHOBEPOATHO BBHIOMpPAETCsl OAMH M3 MOTOMKOB, M Ipoleaypa BbiOopa npojospkaercs. OnepaTop MyTanuu
3aMeHseT CIydailHbIM 00pa3oM BHIOpaHHOE IMOJJIEPEeBO HAa Cr€HEPHPOBAHHOE CIIy4aiHBIM 00pa3oM JIEpeBO TOMH
)K€ BEJINUMHBI.

Onucanne u peE3yJdabTaThI IKCIEPUMEHTA

Llenbio 3KCIIepUMEHTa OBUIO CreHEpHPOBaTh TAKUE TECThI, YTOOBI MAKCUMAaJIbHO BO3MOXKHOE YHCIIO pe-
HICHUH, TIPOLIEIINX YK€ UMEIOLIHMECS TECThI, He MPOILIO XOTs Obl OAMH U3 TAKUX TecTOB. [1JIsl 3TOro U3 UMero-
HIMXCSl HA CepBEpe 3aYTEHHBIX pelleHuil Obu1o BeIOpaHo 25 perreHuid. Hexoropble U3 HUX ObLIM BHIOpaHBI IS
TeHEepaIMi TECTOB IPOTHB HUX, OCTAJbHBIEC PEIICHHS MCIIOIb30BAINCH VISl OLEHKH 3(P(EKTUBHOCTH IOJTyYEH-
HBIX TECTOB. ['eHepanus kaxa0ro Tecra MpoOU3BOAMIACE IPOTUB OJHOIO PELICHUs 3a BPeMs OT OJHOTO 4aca 10
CYTOK.

Bcero 6puto crerepupoBano 28 TecToB. Tpu W3 HUX T€HEPHPOBAINCH HA OCHOBE TPEX PEIICHHH, MoKa-
3aBIIMX HA paHEe CYIIECTBOBABIIMX TECTAaX HaWXyZmiee BpeMs paboTel. OcTallbHBIE TECTHI I'C€HEPHUPOBAINCH
MPOTUB CEMH JPYTUX PEUICHHUH, IPOTUB KaXXI0T0 U3 HUX OBIJIO CreHEepHpPOBAaHO OT OJHOTO JIO0 TpexX TecToB. Pe-
IICHHUS, NIPOTHB KOTOPBIX TECTHI HE TE€HEPHPOBAIMCH, UCIIOIB30BAINCH IS OLEHKH 3(P(EKTUBHOCTH IMOTyyae-
MBIX TECTOB.

B pesynbraTe nepeTecTUpOBaHMS PELICHUH M3 UMEBLIMXCS HA MOMEHT Hadala TECTUPOBAHHS MPHHATHIX
pELICHUI HU OJIHO HE MPOLUIO CreHepUpoBaHHbII Habop TecToB. [lo pe3ynbTaTaM TECTHPOBAHHUS CPEIH CreHe-
PHPOBAHHBIX TeCTOB ObLIO 0TOOpano 11 myummx. OHK monmy4nin Homepa ¢ 48 mo 58 B mopsiaKe yMEHbIIEHUS
CJIOKHOCTH.

Ha nacrosiiee BpemMsi HaOOp TECTOB, B KOTOPBIA BXOIST M CT€HEPHPOBAHHBIE TEHETHUECKUM aJITOPUTMOM
TECTBI, IIPOIILIO BCETO § pPeLIeHH, YTO TOBOPHT O BHICOKOM KauecTBe Habopa TECTOB.

3akiaouenue

B pa60Te OITMCaH MCTO/, MO3BOJISIOIIMN aBTOMAaTUYECKU IFEHCPUPOBATh TECTHI AJIsA OJIMMITMAHBIX 3aJia4d
o IporpaMMHpOBaHUIO € HCIHOJIB30BAHUEM T'€HCTUYCCKHUX AJI'OPUTMOB. IlaHHbIﬁ METO ObLI MMPUMEHCH JI
TeHepalru TeCTOB IJId peaﬂbHOﬁ OJII/IMHI/I&IZ[HOﬁ 3aJa4u, r1€ IoKa3all BBICOKOC Ka4€CTBO TCCTOB, CO3aaBaACMbIX C
€ro IIOMOIIBIO. HOJ’Iy‘leHHLIC PE3YIAbTATHI TO3BOJIAIOT YTBEPKAATh, UTO OIMCAHHBIN METOA ABJIACTCA JOCTATOYHO
MNEPCHCKTUBHBIM B IJIAHC €T0 NPUMCHCHHA NPU MMOATOTOBKE TCCTOB JId 3aJia4 10 OJMMIIMAIHOMY IIPpOTrpaMMu-
POBAHNWIO B LEJIAX MOBBIIMICHUA KaY€CTBA OJIMMITAA/T.
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Y]IK 004.05
COBMECTHOE IPUMEHEHHME KOHTPAKTOB U BEPUOUKAILINUN

JJISI IOBBILNEHUSA KAYECTBA ABTOMATHBIX ITPOI'PAMM
A.A. bopucenko, B.I'. [lapdenon

IIpn co3manum CHCTEM CO CIOXKHBIM MOBEICHUEM BAXKHYIO POJIb UTPAET KOHTPOIb KadecTBA pa3padaThIBAEMBIX IPOTPAMM.
Ilena ommOKM B TaKMX CHCTEMaX MOXKET OBITH CIIUIIKOM BEJIMKA, IOATOMY Ba)KHO HE IPOCTO NPOBEPUTH COOTBETCTBHE CO3-
JlaBaeMOM IPOTpaMMBI BCEM IIPEABSIBICHHBIM K HEH TpeOOBaHMSM, HO M CIEJIATh 3TOT Iporece pPEeKTHBHBIM, MAKCHMAIBHO
aBTOMATH3UPOBaB ero. Ha mpaxkTuke 3TOro MoxHO 100HMThCs, (hOpMaM30BaB Bce TpeOOBaHUS K MPOrpaMMe M XpaHs IOJy-
YEHHYIO UCTIOJIHUMYIO CIIEeIM(HUKAIMIO HEOCPECTBEHHO BMECTE C KOJIOM IPOrPaMMBI.

PaccMoTpeHBI CyIeCTBYIOIIE METOIBI KOHTPOJIST KAU€CTBA COBPEMEHHBIX MPOIPAMMHBIX CUCTEM M aBTOMATHBIX IIPOTPaMM,
a TakXKe OIHCaH MPOLIECC CO3[aHMs CPeJibl, TTO3BOJISIONIEH MOAAEPKATh CPa3y TPU MOAXOMA K MPOBEPKE KayeCTBa MPOrpaMMm
C SIBHBIM BBIJEJICHHEM COCTOSHHUH: IIPOBEPKY Ha MOIEIH, MOAYIbHOE TECTHPOBAHUE M KOHTPAKTHL. [IpeanmoskeHHBIH moIxo
TI03BOJISIET COXPAHNUTh KOPPEKTHOCTD 3aIMCH C(OPMYINPOBAHHBIX TPeOOBAaHMI NPH U3MEHEHHH CaMOi IIPOTPAaMMBI, a TaKkKe
HMHTEPaKTHBHO KOHTPOJIUPOBATH €€ Ka4eCTBO.

KioueBble ¢j10Ba: KOHTPOJIb Ka4eCTBA, COOTBETCTBHE CIEIH(DUKALIUH.

BBenenune

KauectBenHoe nporpammHoe obecnieuenue (I10) — aTo, npexe Bcero, HaJeKHOE porpaMMHoe odecre-
YyeHue. 3a4acTyl0 CHCTEMBI, TPeOYIOIINE BBICOKOTO YPOBHS Ha/IEKHOCTH, IPEICTABISIOT COOOM CHUCTEMBI CO
CJIOKHBIM TTOBeZieHHeM [1], a ieHa ommnOKN B TAKMX IPOEKTaxX MOXKET OBITh CIMIIKOM BbIcOKoii [2]. [Ipu paspa-
0OTKe CHCTEM CO CIIOXKHBIM ITOBEJCHHEM Ba)KHOE MECTO 3aHUMAET CTaJHs TECTHPOBAHMS, a OJHUM W3 PacIpo-
CTPaHEHHBIX METO/IOB Pa3pabOTKN TAKMX CHCTEM SIBJISIETCS] aBTOMATHOE IporpaMmupoBanue [1].

Jpyroii BaxHOW 4epTOM COBPEMEHHBIX MPOTrPaAaMMHBIX IIPOEKTOB SIBISIETCS UX YACTOE€ U3MEHEHUE: MOJU-
(unupyroTcs TpeOOBaHUS K CHCTEME, HaXOAATCS U UCTIpaBIAioTcs omuoku. /s konTpons kadectsa [10, coot-
BETCTBUSI €T0 PEAIM3alny U crienn(UKaLnK, B COBPEMEHHBIX MTPOEKTaX HCHOIb3YETCs Psii METOAOB: PY4HOE H
aBTOMATH3UPOBAHHOE TECTUPOBAHUE, KOHTPAKTHOE MPOrpaMMUPOBaHKe 1 Bepudukarus [3].

KoHTposb kauyecTBa aBTOMATHBIX MPOrpaMMm

K aBrOoMaTHBIM IporpaMMam MOTYT OBITH YCIIEIIHO IPUMEHEHBI CIIeIyIONINe METOAbI aHalIn3a KOPPEKT-
HocTH [4]: TecTupoBaHMe, BepuduKamus (IIpoBepka Ha MOJAEIN M JOKa3aTeJbHas BEepU(HKALMS), KOHTPAKTHI.
PaccMoTpuM mociieioBaTeNbHO KaXKIblil U3 HHX, BBIIEISS IPH 3TOM XapaKTEpHBIE IJIsl JaHHOTO METOAa Ipe-
MMYILECTBA U HEJJOCTATKH.

TecTtupoBanme. TectupoBanue — mporiecc BoisiBIeHHS omuOok B 110. 3amyck mporpamMMbl Ha Ompeze-
JICHHBIX BXOIHBIX JIAHHBIX, a TAK)KE MPOBEPKA PA3INUHBIX CLICHAPUEB BBHITIOJIHEHNUS TO3BOJISIOT JOCTATOYHO OBI-
cTpo (IO CpaBHEHHIO C APYTUMH METOJaMH MONCKa OMNO0K) yOeaUTHCS B KOPPEKTHOCTH 00pabOTKH 3aJaHHBIX
crieHapues [5].

TectupoBaHue, MpUMEHIEMOE TOCIE OKOHYATEIbHOTO HAMMCAHUS IIPOrPaMMBbI, HE CIIOCOOHO HAaWTH Bce
omn6Oku. Kak 3amernn 3. JlefikcTpa, eciny npH TECTUPOBAHWU OLIMOKM B IIpOrpamMMe He HaiJIeHbl, 3TO elle He
03HAuaeT, 4To UX TaM HeT.

Bepuduxanus. Apmegaxmamu xwnznennoro nukna 10 Ha3wplBaroTCs pasiinuHble MH(OpPMALMOHHBIE
CYIIIHOCTH, JOKyMEHTHI 1 MOJIEJIH, CO3/1aBaeMble MJIM MCIIOJIb3yEeMbIE B X0/1€ pa3paboTKu u conpoBoxaeHus 10

[6].
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