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AHHOTANUA

B manHo#1 cTaTthe npuBoguTCcs aganrtanus anroputMa DSOMA mns
TeHepaluy JaHHBIX 1 TecTupoBaHus SQL-3anmpocoB, moaaepKu-
BaIOIIIMI BCe BUJbI COEAMHEHMIA, a TaKXKe arperaioHble 3arpochl 1
OKOHHBIE (hyHKITMH. B paboTe Takxke MPUBOIUTCS CPABHUTEIILHBIN
aHaJIN3 C JPYTHMH aJTOPUTMAMH, PEIIAIIAMA TaKyIo 3a/1a9y.

BBegenne

dopMHUpOBaHUE TECTOBBIX JAHHBIX — OJHA U3 KJIIOUEBBIX 3a/1a4, BOZHUKAIO-
IIMX B MPOLIECCEe TECTUPOBAHUS MPOrPAMMHOIO O0ECIIeUeHHs], U OHAa COXPaHSET
CBOIO aKTyaJbHOCTh Ha MPOTsikeHNH MHOTHX JeT [|l, 2]. 3To ocobeHHO BaXHO B
KOHTEKCTE TECTUPOBAHMUS B3aUMOEHCTBUII ¢ 6a3aMu TaHHBIX [3].

I[Tpu TecTUpPOBaHUM 3aIIPOCOB K 6a3aM JaHHBIX pa3pabOTUUKHU CTATKUBAIOTCS C
PAIOM BBI30BOB, [TOCKOJIbKY JIIOOBIE 3HAYMMbIE N3MEHEHHS B POrPaMMHOM 00Oec-
TIeUeHNH, B3aUMOJICUCTBYIOIEM ¢ 0a3aMy JaHHBIX, OOBIYHO TMPUBOASAT K YCIIOXK-
Henmio SQL-3anpocos. C pocTom TpeboBaHUi K (PYHKIIMOHAIBHOCTH ¥ POU3BO-
JIUTETHHOCTH CHCTEM, 3alPOCHl CTAHOBSITCS Bce O0Jiee MHOTOY POBHEBBIMHU, BKJTIO-
YaI0T CJOKHBIE (DUIIBTPBI, 00beIMHEHUsT TAOJIMII, arperaluy 1 rpynnupoBKu. Poct
CJIOKHOCTH 3aIPOCOB TaKkKe BJIEUET 3a COOO0Il yBeIMUeHne BPEMEHHBIX 3aTpaT Ha
MOJTy YeHHE TECTOBBIX JAHHBIX JIJIs1 UX TeCTUpoBaHus [2].

OfHUM U3 MOMYJISIPHBIX MOAXOAOB K IMOJyUYEHUIO TECTOBBIX JAHHBIX SIBJISET-
cs ux reHepanus [4, 5], oHa Mo3BoIsIeT OBICTPO MOMYYUTH HEOOXOAUMBI HaOOP
JAHHBIX I TECTUPOBAHUS IPOTPAMMEI U TIPH STOM He HECET PUCKOB PACKPHITHS
KOH(HIEHIMAIBHON MH(OPMAIHH, SBJISIOMUXCS CYIIECTBEHHBIM OTPaHIMYCHHUEM
JUTS1 KICTIONIb30BAHUSI PEIbHBIX JAHHBIX MTPU TECTUPOBAHUHU.

ITocTtanoBka 3aJa4M

SQL-3anpoc

B nporiecce ucnonnennss SQL-3anpoca modas CYB] dopmupyet mian ero
UCTIOJTHEHW ST, KOTOPBII MOXHO PacCMaTpHBaTh Kak porpammy P. BxomHbivMu 1aH-
HBIMH TaKO# POrpaMmbl OyyT SIBJISATHCS JAHHBIE, YIOBIETBOPSIOIINE OrPaHHYe-
HUSIM, KOTOPBIE 33/1aHbI TUIIAMU JIJAHHBIX U CBSI3SIMU MEX 1y Ta0uiiiamMu B Gase 1aH-
HbIX, 0003HAYMM BCE MHOKECTBO BXOIHBIX JaHHBIX 32 D. Y SQL-3arnpoca nmeercst
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Habop ClIeHapHeB, N0 KOTOPOMY MOXET HOMTH ero UCTIOJHEHUe, 0003HAYUM 3TOT
Habop 3a S. B pe3ynbTare paboThl MpOrpaMMbl HaJl HEKOTOPHIMU UCXOIHBIMHU JIaH-
Heivu T C D miotyyaem BIXOAHbIC AaHHBIE, 0003HaunM ux P (7).

Tecmosvie oannvle

st rectupoBanus SQL-3anpoca HEOOXOIMM HEKOTOPBI HAOOp JaHHBIX, KO-
TOPBIA C OZHOH CTOPOHBI TO3BOJISIET IIPOBEPUTH OOJIBILIOE YUCIIO CLIEHApUeB U3 S,
HO OJJTHOBPEMEHHO He SIBJISETCS CJIMIIKOM rpoMo3KkuM. O603HaunM HabOp TeCTo-
BBIX JaHHbIX Kak T, npuaém T’ C D, a takxke |T'| < +o0.

JJisL OIleHKM KadecTBa TECTOBBIX JaHHBIX Oyaem Hadop ¢yHkiwmin M. Pop-
MaJIbHO MX MOKHO OIPEJENNTh Kak oToOpaxerus i € M : T — R™T. 3nauennem
¢ynkumu p € M Ha HabOpe TECTOBBIX JaHHBIX 1  OyIeT SBJIATHCS KOJIMYECTBO
IIaroB B IJIaHE MCTIOJIHEHU s CLIEHapHsi § € S, KOTOPOe OCTAIOCh IPOMTH MOCJIe 1o~
JIy4eHHUsl HyJIeBoro pesyibrara. [Ipu HyneBoM 3HaueHHH (DYHKIMU pe3yibTaT pa-
GOTHI MPOrpaMMBbI Ha OIPEAEIEHHOM ClieHapuH Oy/ieT He IyCT, a 3HA4YUT B Habope
JaHHBIX CYIIECTBYET MOAMHOKECTBO, KOTOPOE MO3BOJIUT MPOTECTHPOBATh UCXOA-
HbIi ceHapuii. TakuM 00pa3oM ¢ KakIbIM pacCMaTPUBAEMBIM CLICHApUeM § € S
CBs3aHa (DYHKLUS [is.

Fenepauu}z mecmoewvlx OAHHbLX

M3BECTHO MHOXECTBO CLIEHApHUeB .S, MHOXeCTBO (pyHKIMil M, CBSI3aHHBIX CO
CIICHApUSIMU U OTPAHUYEHUS KOTOPBIM JOJKHBI YIOBJIETBOPSTh BXOJHbIC JTaHHBIE,
TO €CTh U3BECTHO MHOKECTBO D.

Cdopmynrpyem 3a1a4y reHepanyy TeCTOBBIX JaHHHIX 1t SQL-3arpoca B BU-
e 3a7a41 ONTUMU3ALHN:

F(T) = AT|+ Y ps(T) = min ()
ses

e 2P — MHOKECTBO BCeX BO3MOXHBIX MOAMHOKECTB MHOKECTBA D, \ — napa-
MeTp, OTBEUAIIIHii 32 3HAYMMOCTh pa3Mepa Habopa TECTOBBIX JAHHBIX.

3ajmada reHepary TeCTOBHIX JIAHHBIX CBEJICHA K 3aj1a4e MUHUMU3AIMU U 110-
3TOMY MOXEM MPUMEHSTh METO/IbI PEIIIEHNsI ONTUMU3AIIMOHHBIX 33/a4, B TOM YHC-
Jie ¥ TEHETUYECKUE aTTOPUTMBbI.
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Horcpbtmue mecmosuvlx cuenapues

ITokpeiTHE TECTOBBIX CIiEHapHeB OydeM HCIONb30BaTh B KayeCTBE METPHKH
3(ppeKTMBHOCTH PabOThHI AJITOPUTMOB FeHEPAIMU TECTOBBIX JaHHbIX. OHO Oyner
U3MEpPATHCS B NPOLEHTAX, a BBIYUACIIATCA Kak YMHOxeHHoe Ha 100 oTHoleHue
YurcJia CUeHapUeB s € S, 1JIsl KOTOPBIX pe3yJbTaT UCIIONHEHHs Ha Habope TecTo-
BBIX JIAHHBIX OYJeT HEIyCThIM K OOIIeMYy YHCITy CLIeHapHeB.

[TonyyeHre Bcero MHOXECTBA CLeHapueB ucnoyHeHus S s SQL-3anpoca
MPOU3BOAUTCS ¢ ToMoIbio poueaypsl SQLFpc[6], koTopas mogpazymeBaeT pas-
6uenne SQL-3anpoca Ha MpeauKaThl, 0OpalleHne BceX MOJyYEeHHBIX PEJUKATOB
Y KOMITIOHOBKY HOBBIX SQL-3anpocoB u3 npegukaros SQL-3anpoca 1 oOpaign-
HBIX NIPE/INKATOB.

AJII‘OpI/ITM reHepanui TeCTOBBIX JAaHHbIX

Hpunuyun pabomert DSOMA

DSOMA [[7] npyHaAJIeKUT K KIaCCy TeHETUYECKUX aJrOPUTMOB, X CYTh 3a-
KJII0YAETCsI B TOM, YTO MUHUMYM LIeJIeBOI (DYHKIMU MPUOJIMKAETCS C TTIOMOUIBIO
MOCJIeJOBATEJIbHBIX MTEPAIHiA Hal HAOOPOM JTaHHBIX, IMUTHPYIOIINX €CTECTBEH-
HBII 0TOOP.

AJITOpUTM B Ka4eCTBE BXOJHBIX JIAHHBIX MIPUHUMAaeT HaOop u3 M BEKTOpOB U3
N™, KoTOpoe OOBIYHO HA3bIBAIOT HAYAIBHOM MOMyJIsIKel, 0003HaunMM € 3a Xj.
Takxke A1 pabOTH aIrOPUTMa HEOOXomuMa Hekotopas dyskuua F : NPx<M
R, ¢ mOMOIIBIO KOTOPO MOXET OBITh OIIPEENIEHO OTHOLIEHHE HOPAIKA MEAKITY
3JIEMEHTAMHA MHOXKECTBA BXO/IHBIX JTaHHBIX.

WeparnmonHblii mpoliecc HAYMHACTCS C COPTHPOBKH MOMYIIAIHAN X j;, IS 3TO-
ro HeOOXOIUMO BBIYUCIIUTh 3HAUeHUs1 (DYHKIMU F' Ha KaXIOM e€ JIeMeHTe U 3a-
TEM OTCOPTUPOBATh STH JIEMEHTHI 110 YObIBaHMIO 3HaYeHust F'. [IepBblii amemeHT
B OTCOPTHPOBAHHO TOIYJISAMN HA30BEM JIMIEPOM.

JIJis BceX OCTaJIbHBIX SJIEMEHTOB TMOIMYJISIIUN, KpOMe JIepa, MPoBeaEM clie-
IYIOLTYI0 IPOLIey Py, OMMCaHHYIO0 B Aur. 1.

AJIFOpI/ITM 1. CO3,HaHI/Ie HOBBIX 2JIEMEHTOB MOITYJIALNH.
FOR i =2, 3, ..., MDO:
FOR j =1, 2, ..., n DO:
J[31 = abs(X_k[1, j1 - X_k[i, jD);
J_max = mode(J);
IF J_max >= J_min:
s = ceil(J_max / J_min);

AN AW~
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7 ELSE:

8 s = 1;

9 FOR j = 2, 3, ..., M DO:

10 FOR1 =1, 2, ..., J_min DO:

11 IF X_k[i, j1 < X_k[1, j]:

12 G[1, j1 = X_k[i, j1 + s * 1;
13 ELSE IF X[i, j1 > X[1, jl:

14 G[ly J] = X_k[ly J] - s * 17
15 ELSE:

16 G[1, j1 = 6;

ITocne BbINOIHEHUS MPOLEAYPHl ISl BCEX MEMEHTOB MOMYJIALMU MOTYyYUM
Habop MHO)ecTB (5;, COCTOSIIIMX U3 BEKTOPOB, KOTOPHIE ABUTAlOTCS” B HAIpaB-
nennu muaepa. OoveaquHM X, 1 Bce (G4, TOCIE Yero BHIUKCINM JJIS 3HAYCHHUS
(yskmm F' 1 oTcopTrpyeM MO BO3pACTaHHIO 3HAUeHNUs (DYHKIMHU F' oty InBILe-
ecsl MHOXKECTBO, MOCJIE ITOTO YJaJuM U3 HEro BCe 3JIEMEHTH KpoMe MepBbix M,
TEM CaMbIM IOJIyYHB HOBYIO MOMYISIUI0 X1 1.

Aoanmauuss DSOMA 0as zenepayuu mecmoevlx 0aGHHbLX

MoxHno 3ameTuTh, uTo DSOMA He mogxoauT [J1s1 pellieHus 3aJaud reHepa-
IIMM TECTOBHIX JAHHBIX, TAK KaK MHOXECTBOM B KOTOPOM BEAETCs IOMCK pellle-
HMS B 3aj1a4e sIBJISIETCSI MHOXECTBO BCEX IOJMHOXECTB MHOXecTBa D wim aist
kpatkocts 2P B To Bpema kak DSOMA BefiéT HOMCK PellleHUs B POCTPAHCTBE
N"*M Tostomy /g ero mpuMeHeHHs Hal0 CBECTH PacCMaTpUBaeMyIo 3aj1auy K
3agave, KOTOPYIO MOXKET PELIUThb aIrOpUTM. [IJ1s1 3TOro HeoOXoIMMO ObLIO cliesa-
HBI cJIeyIole MOANDUKALIUY.

Bo-niepBbIX, HEOOXOAMMO OrPaHUYMTh MHOKECTBO BXOJHBIX JaHHHIX ), BBe-
1ém st atoro napametp a € N : |D,| = a. DT0 M03BONUT yCTAHOBUTH OUEKIIHIO
MesK/ly MPOCTPAHCTBOM MHIEKCOB 3amuceil B Tadimmax N u npoctpanctsom D,
3anuceil B [ Tabauuax, HEOOXOOUMBIX ISl pACCMaTPUBAEMOr0 3alpoca, Tak Kak
aneMeHnTamu D, B ciiydae SQL-3amnpoca sIBJseTC s KOHEUHOE YUCIIO 3aMucei B Ta0-
JIMIaX, KOTOPble MOXHO MPOWHEKCUPOBaTh. 3aNMCH B TAOINIIAX MHAEKCUPYIOTCSI
HE3aBHUCHUMO 15T KaK/I01 TaOJIUIIBI TAKMM 00pa30M, YTOOBI TPY YTEHUH T10 TTOPSIA-
Ky MH/IEKCOB OHM OBUIM OTCOPTHPOBAHHI B JIEKCHKOrpacduieckoM nopsiake. Ha-
GOpOM TECTOBBIX JaHHBIX B TAKOM Cily4ae OyaeM HasbBaTh MaTpuuy 1', KoTopas

coctouT u3 [ BekTopoB N, rie n < % colepXkalx WHACKCH 3anuceid JIsl Kax-
o " l

J10i TabymuL, ucnoib3yemoii B SQL-3anpoce, Takum obpasom T’ = (£;5)1 j=1>

rae t;; € N.

Bo-BTOpbIX, HEOOXOAUMO OMpeAeUTh (PYHKIMIO F', ¢ MOMOIIIBI0 KOTOPOi Oy-
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JIEM OITpeIeIsITh OTHOILIEHUE OPsIIKa HA MHOKECTBE BXOIHBIX JaHHBIX. [I7151 3TOrO
Oynem ucnonb3oBarh neiesyo Gyukumo F(T) = ug(T), tne s € S, nopoOHas
(pyHKLIKS yKe BCTpevyasach B (pOpMYIMPOBKE (.

IIpouenypa reHepauyy HayMHaeTCs C NapcuHra paccmarpusaemoro SQL-
3arpoca, 3TO MO3BOJSIET BBIEIUTh BCE KOHCTAHTHI, KOTOPHIE HCIIOIB3YIOTCS B
9TOM 3alpoce W aTTpudOyThl ¢ KOTOPHIMUA OHU B3auMojeicTBywoT. [locie 3Toro
HAUYMHAETCsl TeHepalysl JaHHBIX, OTHAKO UCIOJb3Y sl TOJbKO UTO MOSyUYeHHbIE OT-
HOIIIEHNSI KOHCTAHT B 3alpoce W aTTPHOYTOB MY TeHepaluy 3armceil B Ta0Im-
Lax NPOU3BOIUTCS MOACTAHOBKA 3THUX KOHCTAHT B CTEHEPUPOBAHHBIE JIEMEHTHI,
YTO FapaHTUpPyeT HAIMUME SJIEMEHTOB C TAKUM 3HAUEHUEM, A TaKXkKe HAJIMUUE dJie-
MEHTOB C IpPyrMMHU 3HaYCHUsAMH. B kaxaoii Tabmuie, 3aaeicTBoBaHHON B SQL-
3anpoce reHepUpyeTCsl PaBHOE YUCJIO 3aMKCel.

Takum ob6pa3zoM MoxeM Haiiti 7, ¢ TOMOMBIO MOAWDUIMPOBAHHOTO
DSOMA, nist Kak/I0ro JOCTYIHOIO CLEHApHUs U3 S U 1mocje 3Toro 00beANHUTD
311 HaOOPBI JAHHBIX B €JUHbII HA00p 1™, KOTOPBIit OyIeT yUUTHIBATH BCE BO3MOK-
Hble cleHapuy. KomdyecTBo JaHHBIX B KaxJoM U3 T, peryimpyercs napaMmeTpoM
7 ¥ TIO9TOMY B XOjie paOOTHI AJITOPUTMA He MPOM3BOAMUTCS ONITUMU3AIIUSA IO Pa3-
mepy 1.

JKCnepruMeHTbI

Hapamempuol

SKCHEepUMEHTHl MpoBOIMIMCh Ha Habope u3 40 pasHooOpasznbix SQL-
3arpocax, B3STHIX M3 CHCTEMBl YIIPABJICHUS B3aUMOAEHCTBUSIMHU C KJIMCHTAMH
EspoCRM [B]. 3anpochl cofepxaTh pa3iMyHble BUABI COSJUHEHUsI TaOJuII, ar-
peraroHHbIE 3apOCH ¥ OKOHHBIE (DYHKITAH.

OCHOBHBIMH MTapaMeTPaMH AJITOPUTMA FeHepaIK TECTOBBIX IaHHBIX, TOMUMO
SQL-3anpoca 1 cxeMbl HEOOXOAUMBIX JIJIs1 HErO JaHHbIX, SIBIsIoTCs M — pa3mep
MOMYJISIUUY, @ — Pa3Mep MHOXECTBA BXOIHBIX TaHHBIX, J — KOJIMYECTBO HOBBIX
BEKTOPOB, TOJ[y4aeMbIX Ha KaX IO UTEPAIlUH AITOpUTMA IJI KaXI0TO SJIeMeHTa
MOMyJIAUA. K — KOJIMYECTBO HOBBIX BEKTOPOB, T00aBIIsIEMOe Ha KaKIOH UTepa-
LMY aJITOPUTMA JIJIsl COXpaHEeHHUsl Pa3HOOOpasus, a TaKKe 7 — KOJIMYECTBO 3aIli-
ceil u3 Kaxoi Tabmmipl D, MHAEKChl KOTOPBIX HAXOMSITCS B JieMeHTax 1.

Pe3yavmamut

06 3¢peKTHBHOCTH pabOTHl MOXKHO CYIUTh IO COBOKYITHOCTH JBYX IOKa3a-
TeJlell — BpeMeHH paboThI aJITOPUTMa U IIPOLICHTY NOKPHITHSA clieHapueB. s Ha-
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6opa SQL-3arpocoB Ha KOTOPHIX MPOBOJWINCH IKCIIEPUMEHTHI 3TO MHOXECTBO
M3BECTHO 3apaHee.

B pesynbrate npoBeaeHus psAa SKCIEPUMEHTOB C Pa3IMUHBIMUA 3HAUCHUSIMH
HapamMeTpOB ObUIM MOy YEHBI CIeAYIOLINE Pe3yIbTaThl 00 3P (HEKTUBHOCTH PaOOTHI
aNropuTMa B CPaBHEHHUH C IPYTMMH aJrOPUTMAMH, PEIIAOIIAMHE Ty Ke 3a4ady.

100
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Puc. 1: Pe3ynbTarsl TECTOBBIX 3aITyCKOB.

Ha Puc. [I| u3o0paxeHsl pe3y/bTaThl TECTOBBIX 3aIIyCKOB pa3pab0TaHHOrO aj-
ropurMma (KBaJiparhl), CIy4aifHOro nojgdopa TeCTOBBIX AaHHBIX (TPEYroJIbHUKH), &
tak:ke anroputma EvoSQL [9] (kpyrn).

B cpaBHeHMH co ciyJaiiHBIM BHIOOPOM IPECTABJICHHBIA B CTAThe aJITOPUTM
MOKAa3bIBaeT HAMHOTO 0OJiee BBICOKMIA MPOLIEHT MOKPHITHSI ClieHapueB. B cpaBHe-
Hum ¢ EvoSQL, npe/icTaBiIeH Bl B CTaThe AJITOPUTM HCHIONHsIeTCs1 Ha 44% ObICT-
pee, XOTSl U C MEHBIIIUM, HO TIPU 3TOM CPAaBHUMBIM IPOILIEHTOM MOKPHITUS ClieHa-
pueB.

3akaodyenue

B pamkax ganHO# pa6oTst Ha ocHoBe DSOMA 06bLT pa3paboTaH aqropuT™ re-
Hepalyu AaHHBIX A TecTUpoBaHus SQL-3ampocoB, a Takxke ObLIIO NPOBEIEHO
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CpaBHEHHE Pa3pabOTaHHOrO aJrOPUTMA C CYIIECTBYIOLUIMMH aHAJIOTaMH, 0 UTO-
raM KOTOpOro ObUIO BBISICHEHO, UYTO Pa3pabOTaHHbIN aJITOPUTM ITO3BOJISIET HOOH-
BaThCsl XOPOILETro MOKPHITHs CLieHapHeB Ha 44% ObIcTpee, YeM 0Kl aHa-

JIOT.

(1]

(2]

(3]

(4]

(5]

(6]

(7]

(8]

[9]

Chnucok anrepaTypbl

Chan M., Shing C., Testing Database Applications with SQL Semantics //
International Symposium on Cooperative Database Systems for Advanced
Applications, 1999

C. Yan, S. Nath, S. Lu, Generating Test Databases for Database-Backed
Applications // 2023 IEEE/ACM 45th International Conference on Software
Engineering (ICSE), Melbourne, Australia, 2023, pp. 2048-2059

Haller K., The test data challenge for database-driven applications //
Proceedings of the Third International Workshop on Testing Database
Systems (DBTest), Article 6, 1-6.

Baudry B. et al. Generative Al to Generate Test Data Generators // IEEE
Software, vol. 41, no. 6, pp. 55-64

Patki N., Wedge R., Veeramachaneni K. The Synthetic Data Vault // 2016
IEEE International Conference on Data Science and Advanced Analytics
(DSAA), 2016, pp. 399-410

Tuya J., Sudrez-Cabal M., Maria José, de 1a Riva C., Full predicate coverage
for testing SQL database queries // Software Testing, Verification Reliability,
Volume 20, Issue 3, 2010, pp. 237-288

Davendra D., Zelinka I., Pluhacek M., Senkerik R. DSOMA—Discrete Self
Organising Migrating Algorithm // Self-Organizing Migrating Algorithm.
Studies in Computational Intelligence, vol 626. Springer, pp 51-63.

EspoCRM. MUcxopnsiii kom: [DnextponHwii  pecypc] // URL:
https://github.com/espocrm/espocrm ([lara obpamenus: 06.03.2025)

Castelein J., Aniche M., Soltani M., Panichella A., van Deursen A.
Search-based test data generation for SQL queries // Proceedings of the
40th International Conference on Software Engineering, Association for
Computing Machinery, pp 1220-1230.


https://github.com/espocrm/espocrm

