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Paspaboranbr MeTamonenu st obecrevueHusT aneKBATHOCTU PE3YILTATOB HATIPY30YHOI'O TECTUPOBAHUS

U €ro 4JacTell: MOCTAHOBKU 3303491, MCXOOHBIX MNAHHBIX U aHAJIU3a PE3YyJIbTAaTOB 3KCIIEPUMEHTA. Hpen—

CTaBJICHBL CpeACTBa OJId adallTallln MeTaMomenen K XapaKTepUCTUKaM KOHKPETHOI'O 3KCIIEpUMEHTa IIO

aBTOMATHU3UPOBAHHOMY HArpPy304YHOMY TECTUPOBAHUIO U OIEHKM IIPOM3BONUTEIBHOCTU IINPOKOIO KJIacca

CHUCTEM aBTOMAaTU3aIlN 6I/I3HeC-HpOHeCCOB.

1. BBEIEHUE

B marpysounom TecTupoBaHuu Hambosgee AKTUB-
HO TIPUMEHSIOTCS MOMEN TIPU TeHepanuu 60JIbIIo-
ro KOJINYECTBa BUPTYAJIbHBLIX KJIUEHTOB IJIs TeC-
TupoBauus Web-cucTeMm u cepBEpPOB 3TUX CUCTEM C
IIeNIBI0 OIPENENIeHNsT UX HArPYy309HON CIOCOOHOCTH
[1]. MonenupoBasuoo @Ipu 5TOM IOLBEPraeTCs
CTPYKTYpa IEPEXONOB COCTOSHUN CEPBUCOB, KOTO-
pbie mpenocTasiasgeT Web-cuctema ¢ yaeToM Bepo-
STHOCTEN PEean3alyl CEPBUCOB U WX IIOCIENOBA-
TenbHOCTEl. IMeroTcst Takke paboOTHL IO TTOCTPOe-
HUIO MOMEJIe IJIS AHAIN3a CeTel TP X HArPy304-
HoM TectupoBanun [2]. Takas mocTaTouHo yHuU-
BepCaIIbHAS MOJIEIb, HATIPUMED, TIO3BOJISIET 00BEIn-
pa3INYHbBIE WHCTPYMEHTAIbLHBLIE CPENCTBa
TECTUPOBAHUS B €NWHYIO TEXHOJIOTUIO HA OCHOBE
HECKOJIBKUX THUIIOB, TaK Ha3biBaeMbx Universal Pro-
be (UP), onuchiBarommx apXuTeKTyPy, HOIATHUKY
B3aMONENCTBUSI AJIEMEHTOB CUCTEMBI I PECYPCHBIX
OTPaHUYEHUI.

OmHako MpM TPAKTUIECKOM TECTUPOBAHUU OT-
BercTBerHbix VIC ommcamHble MOmEIN HE TMOKPBI-
BalOT NOTPEOHOCTEN IJIAHWUPOBAHUS HATPYy30THOTO
TEeCTUPOBAHUS U OLEHKN AaIeKBATHOCTH IIOJIyYIeH-
HBIX PE3yJIbTATOB.

B mamnoll paboTe momxom, OCHOBAHHBIM HA MO-
IeJIsIX, PACCMATPUBAETCS MPUMEHUTEIHLHO K Ha-
IPY30YHOMY  TECTUPOBAHUIO WHOOPMAINOHHBIX
cucrem (MC), B paMkax KOTOPOTO OCYIIECTBIISETCS
TeCTUPOBAHUE IPUKJIIAIHOTO IIPOrpaMMHOrO obec-
neuernus (I10) B IT-cpene dyukunoHUpoOBaHUs, TO
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ecThb B cpene, Bkaouatorieir CYBII, 6a3bl DaHHBIX,
cuctemuoe IO, pasBepHyTBIe Ha O000OPYIOBAHUU
KOMIIJIEKCA TEXHUYIECKUX CPENCTB NHPOPMAITIOHHON
CUCTEMBI.

O6ecmeuenne ameKBaTHOCTY IOCTAHOBKY 331441,
MNCXOMHBIX MAHHBIX W PE3YIbTATOB HATPY30YHOTO
TECTUPOBAHUs TPEOYyeT MNOCTUMKEHUS MEXKIY 3a-
KA3YMKOM ¥ TOAPSIINKOM OOOKIHOTO TOHMMAHUS
KJTIOUEBBIX ACIEKTOB TJIAHUPYEMOTO SKCIIEPUMEHTA.
B ycnoBusx GeICTPO pasBUBAIOIIETOCs OU3HECA DTO
MOHUMAHUE OJIKHO MNOCTUTATHCA B KpaTdaiiime
CPOKT.

KitoueBriMu actiek TaMu TIIAHIPYEMOTO SKCIIEPH-
MEHTa SBJISIIOTC:

— MOCTAHOBKA 3aIaYN, OMPENEIISIONTas eIl JKC-

MEPUMEHTA; MOIKHA OBITH YBSI3aHA C TpeboBa-
HUSIMU K CHCTEME;

WCXOMHBbIE MOaHHBIE, ONPeNesonme OOBEKT
TECTUPOBAHUS 1 HEOOXOMUMBIN XapaKTep €ero
HATPY3KH; IOJKHBI OBITH OIpENeseHbl;

HaOOp HEOOXOMMMBIX XapPaKTEPUCTUK U ITOKa-
3aTesiell, Ha OCHOBAHUM KOTOPBIX OIMPENEIsSIOT-
Csl pe3ynbTaThl TECTUPOBAHUS; MOJIKEH OBITH
chopMuUpoBaH OO HAUAIA DKCIIEPUMEHTA.

[Ipu dopmanusamum mpenMeTHOR o6IacTu (miis
KJ1acca cucteM) GOPMUPYIOTCS HECKOIBKO (GPeiiMOoB
METAIOHATUN - MeTaMoneslell, OMUCHIBAIOIIINX BO3-
MOKHBIE TIOHSITUSI, KOTOPble MOTYT OBITH CYIIIECT-
BEHHBIMHU IIPU IIOCJEOYIOIeM HarpPy3049HOM TECTHU-
pOBaHUU U OIlEHKe aJeKBATHOCTH €TI0 Pe3yIbTaTOB.
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B meramonensax momxHBI OBITH ONpPeneeHbl CIIo-
coOBbI cOOpa WMCXOOHBIX MAHHBIX [JIS TOATOTOBKWU
HArPYy309YHOT'0 SKCIIEPUMEHTA, 00ECIIEUNBAIOIINE €T0
aleKBaTHOCTDH PEATbHOMY (PyHKIIMOHIPOBAHMUIO CHUC-
TEMBI TP OXKUOAEMOU HATPY3KeE.

TakuMy UCXOMHBIMU TAHHBIMU SIBJISIOTC:

— mHbOpMANUL O BEIGPAHHOM BUIIE HATPY30IHOTO
TecTUpOBaHUs (OIEHOUHOE,
HACTPOEYHOE, PErPECCHOHHOE);

AaHaJINTUYIeCKOe,

— uHpopManusi 006 u3MepsIeMbIX XapaKTEePUCTU-
KaX U MOKA3aTesIX IPON3BOOUTEIHHOCTH,;

— mHbOpMAIUI O CTPYKTYPE CUCTEMBI C TOYKU
3pEeHUsT BAPUAHTOB MONAYN HATPY3KU U CIOCO-
060B M3MEpEHNU;

— mHpOpMaInUsi O IJIAHUPYEMOH 3arpy3ke B
CTPYKTYPUPOBAHHOM BHIIE.

Paspaboranpr yeThIpe METAMOIEH, C TOMOIIHIO
KOTOPBIX IIpU IIOCTAHOBKE 3alIaull HaIPy309HOTO
JKCIIEPUMEHTa OCYIIECTBIISIETCS BBIOOp He0oOXOomu-
MBIX XapaKTEPUCTUK, IIOKa3aTejlell 1 U3MepseMbIX
BEJIMUMH, aleKBaTHO XapaKTePU3YIOLINX IIPOIecC
(PYyHKIIMOHWPOBAHUSI TeCTUPyeMOU WH(MOPMAITIOH-
HOI CUCTEMBI.

o Meramomens TpeboBaHUN — XapaKTEpPU3yeT
TUII TECTUPYEMOI CHUCTEMBI, COCTaB HeDYHK-
[IMOHAJILHBIX TpeGoBaHuil (6U3Hec-IpaBuiIa U
TEXHUYECKNe TPeOGOBaHUs) TECTUPYEMON WH-
(bopMaIIOHHON CUCTEMBI;

o MeTaMomesb CICTEMBI — OUCHLIBAET CTPYKTYPY
CHCTEMEI KaK CeTh CUCTEM MaCCOBOI'O OOCIIYXKU-
BaHUs (BKIIIOUAst COCTAB DJIEMEHTOB TUIIA «Pe-

cypes);

o MeTramonens HATPY3KHU — IPENCTABIsET COOOM
OIMCaHWe KOJudecTBa U THUIOB TpeboBaHUL
OOCITyKWBAHUSA K CHUCTEME, 3aKOH pacIpene-
JleHnst TpeboBaHUN OOCITYKUBAHUSI BO BpEMEHN
SKCIIEPUMEHTA, IPaBUIa MOCTYIJIEHUs Tpebo-
BaHUM OOCITYKWBAHUS B CUCTEMY, TOUKH BXOIA
Tpe6GoBaHU OOCITYyKUBAHUS B CUCTEMY (JIOTH-
YEeCKUI YPOBEHB );

o Meramomenb m3MepeHnl — OIpeneisieT COCTaB
cobUpaeMbIX XapaKTEPUCTUK, MMOKA3aTeIel u
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BeJINYNH, UHTepdeilc BBona TpeOOBaHUIL B CUC-
TeMy, MeTon uX cOopa m aJropuTMbI Tpeodpa-
30BaHUs, & TaKXKe KPUTEPUN OIEHKN II0JIyUJeH-
HBIX Pe3yJIbTaTOB.

IIpu nmaHrpoBaHUE HOBOTO HATPY30YHOTO HKCIIE-
PUMEHTA C UCIOJIB30BAHNEM MIOHITHUN MeTaMonesen
(opmupyioTcsa Monenu TpebOBaHU, CUCTEMBI, Ha-
IPy3KU U M3MEPEeHU IIyTeM BBIOOpa METAIIOHSITHUN
U OIpeNesieHUs WX 3HAYEHUM, MCXONS U3 CBONCTB
TecTUPyeMON MHMOPMAIIMOHHON CUCTEMBI U Iejen
HAT'PY30YHOTO HSKCIEPUMEHTA. 38 CUET UCIOIB30Ba-
HIIA MeTaMOHeHefI IpA INIAaHNPOBaHUU HOBOI'O Ha-
I'PY304YHOI'O KCIIEPUMEHTa 00eclieunBaeTCs IOJTHO-
Ta U IEJIOCTHOCTb (OPMUPYEMBIX MOMeJeN.

,H.HSI Pa3IMYIHBIX BUOOB HATI'PY30YHOI'O TECTUPO-
BAHUS U PA3INYHBIX CHUCTEM YyKa3aHHBbIE MOOEIN
MOT'YyT OT/INYATBhCA.

B pasnere 2 npensoxeHbl YeTHIpE B3aUMOYBsI3aH-
HBIE MeTaMOIEJIN, COIEPKAIINE OnucaHre 6a30BBIX
NOHATUI ¥ 3apaHee U3BECTHBIX  IIPaBWJI UX
npuMeHeHns (IapaMeTpOB MONEIN U IPABUII B3au-
MOIeNCTBHs 6A30BbIX IOHSATUI B MOIEJISIX), [NaHA
WHTEPIPETAIN OCHOBHBIX XapaKTEPUCTUK IIPOU3-
BomuTenbuocTu MC.

B pasmerne 3 npenmoxena kmaccudrkaius BIIOB
Harpysounoro tectupoBanus VIC u omucana mpemn-
jlaraeMasl TE€XHOJIOTUS aBTOMATU3UMPOBAHHOIO Ha-
IPY309YHOT'O TECTUPOBAHUS C UCIOIB30BAHIEM IIPE-
JIOXKEHHBIX Mofieslell 1 NHCTPYMEHTAJIBHBIX CPENCTB
IBM Rational, a Taxxke WHCTPYMEHTAIbLHBIX
cpencTs cobcTBeHHON paszpaborku. Ilokazano, kak ¢
HCIOJIE30BaHIEeM 0a30BBIX IOHSITUN U IIPABUJI CTPO-
ATCsI KOHKpeTHBIe Mmomenu TectupyeMbrx VMC mpu
IJIAHIPOBAHUN HAI'PY30YHOI'O TECTUPOBAHUS: MO-
Iellb TpeOOBaHUI K 3KCILIyaTAIlUOHHBIM XapaKTe-
pUCTUKAM, MOOEIb HArpy3ku Ha TecTupyemyio VIC,
MOOENb CHUCTEMBI W MOMNETbh W3MEPEHUN, KOTOpHIE
OIIUCHIBAIOT BCE UCXONHBbIE NaHHBIE NJII aBTOMATHU-
3UPOBAHHOTO HATPY30YHOI'O TECTUPOBAHUS U TIPEI-
moJjiaraeMble pe3yiabTaThl. Momenu mo3BosIsioT aB-
TOMaTHU3UPOBATE HACTPOUKY HHCTPYMEHTAJIbHBIX
CpencTB aBTOMATHU3alMM TECTUPOBAHUA Ha Ilapa-
MeTPBI KOHKPETHOI'O HAaIr'Py30YHOI'0 YKCIIEPUMEHTA.

B 3aKJ/IIOYECHNUN IIPUBEOCHBI OCHOBHBIE ITPDAaKTU-
JecKHe pe3ybTaThl IO ONBITY IPUMEHEHUS TeX-
HOJIOTUAW, OCHOBAHHOU HA MOIEJISIX, IIOJIyYeHHBIE B
TedeHUe 4YeThIpeX JleT IPU Harpy30YHOM TEeCTUPO-
BaHUU OAHKOBCKUX CHCTEM.
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2. METAMOJIEIIN KAK CPEOCTBO
OIIMCAHIS CBOMCTB APTEDAKTOB
HATPY30YHOI'O ODKCIIEPUMEHTA

Meramonmenu obecneunBalOT €OUHBIA TOOXON K
[IOCTAHOBKE 3aaul KakK 3aka3duumkoMm, Tak u Mc-
mostanTesleM. OHI Mal0T TaKue MPEeNMYIIECTBa KaK
OBICTpOE IIOHUMAaHUE U COIJIaCOBAHUE Ilejlell DKCIIe-
puMeHTa, ObICTpast pa3paboTKa My Tel TOCTUKEHUS
9TUX lleslell U eIHOe IIOHMaHUe CIIoco0a nX NJOCTU-
x)eHus. MeTaMomenu sIBIISIIOTCSI MOCTOM, COEIAHSIIO-
M HeOPMATU30BAHHBIE TPEOOBAHUS 3aKA3UNKA
¢ GOpMaJIN30BaHHBIM OIIMCAHUEM HArPy30YHOI'O 9KC-
[EePUMEHTA B BUIE MOIENeNl. JTO MO3BOJISIET CyIIle-
CTBEHHO YIIPOCTUTH IIJIAaHUPOBAaHUE I aBTOMAaTU3a-
LIWIO BBIMOJIHEHNS HATI'PY30UYHOIO SKCIEPUMEHTA.

2.1. Memamodesp mpebosanuti

Meramonmens TpeGOBaHUIT CONEPXKUT MIPABUIIA
dopmanmzanuy TpeOOBaAHUN K IKCILIyaTAINOHHBIM
XapaxTepucTukaMm cucteMsbl. Takue TpeboBaHUS He
comepxkaT MHGOpMaNX N0 GYHKIIUAM, BBIIOJIHSIC-
MBIM CHCTEMOMH, U IIO3TOMY Ha3BbIBAIOTCA HePyHK-
IMOHATBHBIMU.

HedyuxumonanpabiMu  TpeGOBaHUSME — MOTYT
OBITH peryJlaMeHThI, ompenenseMble OU3HeC-IIPaBU-
JIaMHI OpTaHU3aIllM, B KOTOPOU 3SKCILNIyaTHPyeTCs
cucteMa. PerjmamMeHTHI MOTYT 3a/1aBaTh BPEMEHHEIE
PaMKH BBINOJIHEHUS TeX UM MHBIX IIPOIIECCOB B
cucTeMe. Bo3MOXHOCTH CcHCTEMBI IO COOJIIONEHUIO
3TUX BPEMEHHBIX OI'DAHIYUEHUI HAIPSIMYIO CBSI3aHbI
C €e MPOMYCKHON CIIOCOOHOCTHIO.

B zaBucumocTu oT 3amaHHBIX HEDYHKIITOHAIB-
HBIX TpeboBaHUY GOPMUPYIOTCS LIeSIU HATPY30UHOIO
9KCIIEpUMEHTA, BBIONPAIOTCS UCCIIeNyeMble XapakK-
TEPUCTUKM.

s onucanust HEDYHKITMOHAILHBIX TPeOOBaHUM
K cuUCTeMe IIpenHa3HadeHa MeTaMonellb TpeboBa-
Huit. MeTamonens TpeOOBaHUN MOXKET OBITH NIPem-
CTaBJICHA B CIIELYIOIIEM BUIE:

R=BUT, rnoe

R — MuOX)eCTBO TpebOBAHUN K CHCTEME;

B — MHOXecTBO GU3HEC-TIPaBUII;

T — MHOXECTBO TEXHUYECKUX TPeOOBAHUI.

DBusnec-mpaBmita BKITIOUAIOT WM CBSI3AHBI C TEX-
HOJIOTMUECKMU ITPOIieccaMy, KOPIIOPATUBHBIMU pe-
rJIaMeHTaMU, IOJIUTAKAMU, CTAHIApTaMH,
HONIATEJIbHBIMI aKTaMU, BHYTPUKOPIOPATUBHBIMU
MHANMATUBAMHY, YICTHBIMA NIPAKTUKAMHU, AJITOPUT-
MaMM BBIYUCJIEHUU U T.1.

3aKO-

Texuuueckue TpebOBAHUS YCTAHABINBAIOT TEX-
HUYECKIE CBONCTBa, KOTOPBIME HOJIXKHA 00JIaIaTh
cucTeMa, HAIPUMED,
MUTETLHOCTH, HAOEXKHOCTH U NOCTYITHOCTH.

XapaKTEPpUCTUKN IIPOU3BO-

Meramomens TpebGoBaHUA OIpemenseT MIpPaBUIIA
onrcaHms BepObaITbHON Monen TpeOOBaHM, COmEP-
JKalell HeyHKIIMOHAJIbHBIE TPEOOBAHUSI CUCTEMBI.

IIpu BEIGOpPE KOHKPETHBIX 3HAUECHUT TTIOHATUN UITH
KOHKPETHBIX TPABMIT GAKTUIECKN, TT0 METAMOIIEIIN,
dopMumpyeTcst Momelb KOHKPETHBIX TpeboBaHUMI
TECTUPYEMOU CUCTEMBEI.

2.2. Memawmodeab cucmembt

MeTaMonmens cucTeMbI TO3BOMISET OMUCATE CTPYK-
TYPY CHCTEMBI KaK CeTh CUCTEM MaCCOBOI'O OOCIIy-
JKUBAHUS, COCTOSIIINX U3 9JIEMEHTOB THUIIa «PECYPC>
7 CBS3€M MEXITy HUMI.

MeTamonens cucTeMEBI IM€EET CIIOXKHYIO CTPYKTY-
py u ompenenseT npaBuiia GOPMUPOBAHUS MOOEIN
00BbEeKTa TECTUPOBAHUS, KOTOPBIN ONMUCHIBAETCS IO
YPOBHSI IPUBJIEKAEMBIX K UCIIBITAHUSIM YCTPOUCTB U
IPOrPAMMHBIX KOMILIEKCOB (KOMIIOHEHT, CEPBIICOB)
C OIIpeleJIeHHBIMI XapaKTePUCTUKAMU IIPOU3BOLU-
TeIBHOCT.

Ilns MeTamMomeu MpenmnoIaraeTcs, YTO CUCTEMbI
OIIPEeNeIEHHOIO KJjlacca MOTYT OBITh IIPEICTABIIEHBI
HEKOTOPOII COBOKYIHOCTBIO IIOHSITUI U IIPaBUJI UX
B3aUMOCBSI3H.

IIpu BEIGOpPE KOHKPETHBIX 3HAUCHUH TOHSITUH UITH
KOHKPETHBIX IIPABUII, PAKTUUECKU II0 MeTaMOIeH,
dopMupyeTcs MOIenb KOHKPETHOU TeCTUPYEeMON
CHCTEMEL.

Meramonens cucTeMbl MOXET OBITH ITPENCTaBIIE-
Ha B CJIeOYIOIlleM BUIE:
o= {{U(p)}a{s}aKSaKU}, rre
{U(p)} — MHOX)ECTBO yCTPORCTB 0GBEKTA TECTUPO-
BaHUS
HOCTH P;

C XapaKTepucTukKaMml IIPpON3BOOUTEIIb-
{S} — MHOX€ECTBO IPOrPAMMHBIX KOMIIJIEKCOB (KOM-
[IOHEHT, CEPBUCOB);

Kg — MaTpuna cBs3eil MEX Iy IIPOTPAMMHBIME KOMII-
JIeKCAMI, CTPOKAMU KOTOPOIl ABIAIOTCS MCTOIHUKH,
cTosIbIaMu — IPUEMHUKH, a B STIeNKaX YKa3bIBA€TCS
HAJIMYNeE CBSI3M MEXKIY HUMIU;

Ky — MaTpuma cBs3eil mporpaMMHBIX KOMIIEKCOB
C yCTpoiicTBaMU, XapaKTepu3yollas KOJIMYeCTBO
BBIIEJIEHHBIX  yCTPOMCTBOM PECYPCOB IUIS  TIPO-
rpaMMHOrO Komiuekca. CTpoKkaMu 3TOM MaTpPUITED

IMPO'PAMMUMWPOBAHUE N=1 2011



MOIEJIN B HATPY304YHOM TECTUPOBAHUWN 23

SIBJISTIOTCST TPOTPAMMHBIE KOMITTIEKCHI, CTOJIOaMHI —
BBIUNCITUTETBHBIE KOMIIIIEKCHI. DJIEMEHTAMEI MATPU-
IBI SIBJISTFOTCST BEKTOPHI BBIIEJIEHHBIX PECYPCOB.

Toukamu momaym HATPY3KM W TOYKAMU cHOpa
XapaKTEPUCTUK TPOM3BOAUTEIFHOCTH MOT'YT OBITH
BLIOpaHBI JIIOOBIE CBsi3m B Martpunax Kg m Ky
B COOTBETCTBUU C MONENIBIO HATPY3KM U MOOEIBHIO
U3MEPEHUN.

[IpaBuna omucanus 06BEKTA TECTUPOBAHUS [IO-
CTATOYHO CJIOXKHBI W PA3HETAIOTCSA HA OMUCAHUE
IPOTPAMMHBIX U ANIAPATHBIX CPEACTB, & TaKXKe
CBSI3U MEXITy HUMU.

YPOBEHDb HEeTANM3AIUN CUCTEMBI, KaK OOBEKTa
TECTUPOBAHUS, OIPENEIISIETCS TEJISIMI  SKCIIEPUMEH-
Ta. OTO MOXKET OBITH KAK OIUH IPOrDAMMHBIN
KOMIUIEKC (CHCTeMa B IIEJIOM), TAK U MHOMXKECTBO
IPOTPAMMHBIX ~ KOMIUJIEKCOB — IJIM  IIPUJIOXKEHUN
(Momyeit).

Onucanne TPOrpaMMHBIX CPEICTB OCHOBBIBACTCS
HA TPUHIUIE, YTO TECTUPyeMas CUCTEMa  Pac-
CMATPUBAECTCS KAK UEPHBIN SIIMK CO MHOXKECTBOM
BXOIOB ¥ BBIXONOB. B 3aBumcmMmocTum OoT moTpe6-
HOCTEl CUCTeMa MOXeT GbITh MEKOMITO3UPOBAHA, HA
MPOrPAMMHBIE KOMILTEKCHI,
CMATPUBAIOTCS KAK YEPHBIN AMIUK CO MHOXKECTBOM
BXOIOB U BBIXOIOB, KOTOPBIE MOTYT OBITH CBSI3aHBI
npyr ¢ apyrom. CBsI3u MEXKIY OMpeNeseHHbIME 610~
KaM7 MOTYT OBITH KaK TOYKAMU ITONAYN HATPY3KMU,
TaK M TOYKAMU C60pa XapakKTEePUCTUK.

KOTOpBIE TakKXKe pac-

OHI/IC&HI/IG allllapaTHBIX CPEeOCTB MOOJI2KHO BKJIIO-
9aTh B Ce0s cTaTWYecKne XapaKTEPUCTUKUI 0060-
pPyIOBaHUs, TakKWe KaK KOJIWYIECTBO IIPOIECCOPOB,
o0beM IMaMATH, U JUHAMIYECKHEe XapaKTepUCTUKH,
TaKre KaK IPaBUjla TUHAMIYIECKOTO IepepacIpene-
JeHnsI pecypcoB. Takne paBuiIa OIPenesioT BO3-
MOXHOCTU COBMECTHOTO WCIIOJIB30BAHUS Te€X WU
WHBIX PECypCOB, IPUOPUTETHI TaKOI'0 MCIIOJIb30Ba-
HUS PECYPCOB T€M WX WHBIM IPOrPAMMHBIM KOMII-
JIEKCOM, BECOBBIE KOA(HGUIIMEHTHI TPENOCTABICHUSI
IPOrPaMMHBEIM KOMIIJIEKCAM COOTBETCTBYIOIIINX pe-
CYPCOB.

2.3. Memamodeavr naepy3xu

MeTtamonenb HArpy3K# OINpENeIseT CTPYKTYPY
BXOIHOTO MMOTOKA HATPY3KH.

MeTaMonenb Harpy3Ku MOXKeT ObITh IPEICTABIIE-
HA B CIIEYIOIIEM BUIIE:
L={F,M,I}, roe

[MPOTPAMMHMPOBAHME N21 2011

F — MHOXeCTBO QOyHKIWI, XaPAKTEePU3YIOINX PAC-
IpEeTIeHNs] HAUPY3KH, BBOIUMON B CHCTEMY:;
M — MHOrOMepHas MaTpHIla, PA3MEPHOCTSIMU KO-
TOPOI MOT'YT SIBIIITHCS BULBI HAUPY3KIL: HCTOUHUKI
[IOTOKOB HAIDY3KH, HANMEHOBAHIUSI 1 TUIIBI IIOTOKOB,
a 9JIEMEHTAMU — HUX KOJIMYECTBEHHBIC XapaKTe-
PUCTUKY;
I — mHOXeECTBO HHTEP(DERCOB Al BBOLA HATDY3KI
(B BUziE CCBUIKM HA MOZEIb CHCTEMBI).

IToTok HArPY3KU CTPYKTYPUPYETCS 1O €ro AUHA~
muaeckuM (F') u craruueckum (M) cBoiicTBaM.

K dunamuueckum ceoticmeam mOTOKA HArDY3KH
OTHOCSTCS 3aKOHBI €I0 PACIIPENETICHUS] BO BDEMEHN.
3aKOHBI pacIpenesie st MOy T ObITh:

— IeTepMUHUPOBAHHBIE,
— BEPOSATHOCTHEIE.

IleTepMUHIPOBAHHBIE 3AKOHBI PACIIPENETICHNS Ha-
TPY3KHU BO BPEMEHU IPEINOIaraoT HAJUINE PACIIT-
CaHUA HOCTyHHeHI/IH 3a0aHHOTO 061>eMa Hany3KI/I B
cucTteMy. B nipenenbHOM cityuae pacnucaHmne MOXKET
COIIep}KaTI) Bper[ HOCTyHJIeHI/Iﬂ Ka)K,HOfI 3as1BK B
cucteMy. BeposSTHOCTHBIE 3aKOHBI PACIpPENeICHUS
HArpy3KW BO BPEMEHU IIPENTIOIATraioT yKa3aHue HOp-
MaJILHOTO, PABHOMEPHOTO, SKCITOHEHTINAILHOTO WIIN
OPYTOro 3aKOHA PACIpPEeICHUSI.

KomuuecTBeHHbII cOCTaB MOTOKA HATPY3KHU OIl-
pemesnseT ero cmamuueckue cgoticmsa. KommaecT-
BEHHBI COCTAB IIOTOKA HATrPY3KH MOXKET OBbITH
CTPYKTYPUPOBAaH II0 HECKOJIBLKUM KPUTEPUIM, B
TOM 4YHUCJIE:

— TI0 BUIAM HATPY3KW;
— TO THUIIAM OTIIPABUTETIEN.

II.HH pacCMaTprUBaEeMOro KJjiacCa CUCTEM CYIIIECT-
BYE€T TpPpU OCHOBHBIX BHUOa Harpy3kKM, a IMEHHO:

— Tpadux;
— COOOIIIeHNST;
— COOBITHUS.

Harpyska B Bune Tpaduka co30aeTcsa IOJIL30BAa-
TEeNAMU B CHCTEME, IIOCTPOCHHOU IO ApXUTEKTYPE
KJTueHT-cepaep. Haubomee 4acTo BCTPEUYAIOIIIUMUCS
Bunamu Tpaduka ssiasiorcs HTTP- u SQL-Tpadux.
HeitcTBuSA HOML30BATENEH HA ABTOMATU3NPOBAHHBIX
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pabounx mecrax (APM) mpusomsar k  dopmn-
poBaHmio 3ampocoB (Hampumep, SQL-3ampocos)
cepBepy. B xaxmnoi cucteme OPUCYTCTBYIOT pas-
muunsie Tunsl APMos — oTnpasuTerneit 3ampocos.

IpyruMm BUmoM HArpy3Kd sBIISIETCS HArpyska B
Buze coobirenuii. COOOIIEHNS UCTIONB3YIOTC B Ka-
JecTBe eNUHUIIBI OOMeHa MHGOPMAIIIEN MEXTY Tac-
TsMu OOSIBININX CUCTEM. B 3aBUCHUMOCTH OT Ha-
3HAYEHUSI COOOIIIEHUsI MOTYyT OBITH pa3leseHbl Ha
Bumbl. CoOOIIIeHUsI, CONepXKAIME MOKYMEHTHI [JIs
06paboTKM, B CBOIO OUepeNb MOTYT ITOAPA3AeISITHCS
Ha TUILI B COOTBETCTBUU C uX dopmaTamu. Kpome
TOr0, COOOIICHUS MOT'YT OBITh:!

— OINMHOYHBIMU (COLEPKAIUMIE OIUH IOKYMEHT );
— makeTaMu (ComepKaIMy HabOp JOKYMEHTOB).

B 3aBucuMmocTn; OT OTIpaBUTEN, KaXKI0€ COOOIIe-
HUE MOXKET IMNGPOBATHCS U HONIUCHIBATHCI OIHON
MM HeCKOJIBKUMMU 3JIeK TPOHHBIMU IU(GPOBBIMHU MIOII-
NUCAMU.

Cy1iiecTByeT HArpy3Ka, CO3OaBaeMasi CaMOl Tec-
TUPYEMOI CHCTEMOHM B pe3yjbTaTe HACTYIJICHUS
TeX WIN WHBIX coObITH. K HUM OTHOCHTCS BBIIOJII-
HeHUe TeX WIN MHBIX PerJIaMeHTHBIX NPOLeLyp IO
PACIUCAHUIO UJIN 3AILyCKAEMBIX OIIEPaTOPOM.

IIpu BEIGOpPE KOHKPETHBIX 3HAUECHUT TTOHATUN UITH
KOHKPETHBIX IIPaBUJI II0 MeTaMonen GopMUpyeTCs
MOIIEITb HATPY3KNW KOHKPETHOW TeCTUPYEMOU CHUC-
TeMbl. Monesbp Harpy3KH ONUCHLIBAETCS Ha CTAIUN
IJIAHIPOBAHUSA DKCIIEPUMEHTA.

2.4. Memamodeab usmeperut

MeTamonenb u3MepeHU? TpeOHA3HAUEHA IS
VHIDUKAIINT OIIMCAHUS:

— €roco0O0B TIOJTY Y€HU S N3MEPSIEMBIX BEJIMIWH TTPU
HarpysounoMm Tectupoanuu VC;

— IPUHIOUIINAJIBHBIX BO3MOXKHOCTEN IOCTAaHOBKU
IIpoIleCcCca N3MEPEHU;

— TUIIOBBLIX CIIOCOOOB OIIEHKU IIOKa3aTellell U Xa-
PaKTEepUCTUK;

— OOIIIX CBOWMCTB NHCTPYMEHTAJBHBIX CPEOCTB
OJIs aHaJI3a BO3MOXKHOCTEN UX MCIOJIL30Ba-
HUIA OJIA aBTOMATU3aIINN I/I3MepeHI/II7L

Meramonens u3MmepeHun MOXKeT OBITH MPEICTaB-

JIeHa B CJIeNYIOIlleM BUIE:

A={{lUl},m,m R}, rne

{|U|} — nepevens m3MepsieMbIX BEIMYNH IJIs KaK-
[OT0 TUMAa yCTPONCTB MH(MOPMAIMOHHON CUCTEMBI
I ee JacTH;

T — IEPUOOUIHOCTDH U CKBaXXHOCTH MU3MEPEHUI;

(4 — MHOXKECTBO PacUeTHBIX IIOKa3aTellell U UX B3au-
MOCBS3b C U3MEPSIEMBIMHI BeITNUNHAMU;

R — TunoBbie mpaBuUiIA W AJTOPUTMBI IOy IEHUS
pacUYeTHBIX MMOKa3aTelIel;

W — TUIOBBIE KPUTEPUM OIIEHKU IIOJIYIEHHBIX pe-
3yJIbTATOB.

IIpm moaoroToBke HArPY30YHOTO HKCIEPUMEHTA
OCYIIECTBIISIETCS BBIOOP KOHKPETHBIX 3HAUEHUHN II0-
HATUHI UM KOHKPETHBIX IIPABUJI, TO €CTh (haKTuU-
JecKHU 0 MeTaMonean GOpMUPYeTCcss MOOelb KOH-
KPETHBIX W3MEPEHU.

Ilns mraHUpOBaHUS HATPY30YHOTO SKCIEPUMEHTA
KJIIOUEBYIO POJIb WIpaeT BBIOOD IIepedHs
PSIeMBIX XapaKTEPUCTHUK IIPOU3BOAUTEILHOCTH, TaK
KaK Ha, OCHOBE TIOJIyYEHHBIX 3HAUEHUN 3TUX XapaK-
TEePUCTUK HEeJIAI0TCSI BBIBOIEBL O PE3yIIbTaTaX dKCIIe-
pUMEHTA.

n3Me-

OCHOBHBIMUI BHIAMU XapaKTE€PUCTUK IPOM3BOIN-
TEJIHOCTH SIBIISFOTCS PEAKTUBHOCTD, IIPOLYKTUB-
HOCTb U UCIHOJIb30BaHue (cM. Tabmnuiy 1).

Onu, B cBOIO OUepens, Pa3GIBAIOTCS HA HECKOIIb-
KO PACUYETHBIX (MIN HEMOCPEICTBEHHO N3MEPSIEMBbIX )
IOKa3aTeslell, 3HAUeHNs] KaXI0T0 U3 KOTOPBIX MO-
KET PACCIUTHIBATHLCSI Ha OCHOBE HEMOCDENCTBEH-
HO M3MepseMbIX BEINYNH, COCTaB KOTOPBIX U UX
B3aMMOCBSI3b IIPU PacUeTe MOKA3aTeNell MOIYT 3a-
BHCETb OT CHCTEMOTEXHIYECKON IIaThOPMBI 1
CTPYKTYPbI TECTUPYEMON CUCTEMBIL.

2.4.1. PeaxmusHnocmp

PeakTUBHOCTH BaXKHA [JIsL CUCTEM, PAOOTAIOIIX
B PEKIME PEATILHOTO BDEMEHN, TO eCTh TPeByIoInX
BBIIIOJIHEHNS. OTPAHUYECHUI Ha BPEMsI DEIIeHNs Oll-
PelesIeHHBIX WK BeexX (hyHKIMOHAJIBHBIX 3amad. B
5TOM CJIydae OKCIUIyATAINOHHBIMI XapaKTEepPHC-
tukamu VIC MoryT GbITH BpeMst OTK/IMKa (peakiim)
CHCTEMBI Ha 3aIIPOC HOJIb30BATENS UM BDEMsT OKI-
IaHWs pelleHus 3ama4du  (HAmpuMep, MOXKeT pe-
MIATHCS 3872498 MUHIMI3AINYE BDEMEHU OXKVIAHUS
BBIIIOJTHEHUS GI3HEC-TPAH3AKINN ).

IMIPO'PAMMUMWPOBAHUE N2=1 2011
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Ta6muua 1. Bunsr xapakxTepUCTUK TPOU3BOOUTEILHOCTH

XapakTepucTuKu Pacuernnie mokazarenu

IPOM3BOAUTEIHLHOCTHI

PeakTtusHocTh Cpennee BpeMsi OTKIKA
Cpenuee BpeMs OXKUTAHUS
Cpennee BpeMst
00CITy KUBaHU I

IIponykTuBHOCTH IIpomyckuas cmocobHOCTH
Bripabotka

MNcnonbioBanne YTunuzamnus pecypca
OTHOCUTENBHAS TPOITYCKHAS
CIIOCOOHOCTH

XapakTepuCTUKN PEAKTUBHOCTHU OIIPEHENISTIOTCS
KaK BpeMs MeXIy NPeNbsBIEHNEeM CICTEME BXOI-
HBIX HAaHHBIX 1 IIOABJIEHNEM COOTBETCTBYIOIIUX BbI-
XOMHBIX HAHHBIX. PEAaK TUBHOCTH MOXKET U3MePSIThCS
KaK C TOUKM 3pEHUs KOHEUHOT'O IOJIb30BATENIS, TaK
U C TOYKU 3peHus oOpabaThIBAOIIEro meHTpa. W3-
MEPEHUIO MOJIEXKAT KaK OM3HEC-TPaH3aKIINN, TaK 1
dusnueckue (TexHmYeckue) Tpanzakmuu. TpaH3ax-
Ous — 3TO eNUHANA paboThl, IPEeNHA3HAUEHHON IJIIs
petienus  6usHec-3amad. Hampuwmep,
TPaH3aKINI MOXKET COCTOSTDH U3 OIIePAIIUN TBOWHO-
r'0 BBOJIA IJIATEXKHOTO MOPYYEHUsI, TO ECTh 3aKa3Un-
K& WHTEpecyeT BpeMs BBINOJHEHUS HE TOJb-
KO OOHOKPATHOIO BBOMA, HO U BCell OAHKOBCKOMN
oneparuu. [Ipu peanmu3anuu GaHKOBCKOW TpPaH3aK-
oM MO2KET BBIIIOJIHATBHCA HECKOJIBKO (I)I/ISI/I‘IGCKI/IX
TpaH3aKIWW, HaIpuMep, obparneHuit kK 6a3e
JaHHBIX.

OaHKOBCKas

PeakTusnoctn OLICHUBAIOT MJIN PaCCYATBIBAIOT
Ha OCHOBE CJI€OYIOLIIUX moKazaTesen Ipom3BoOOu-
TEJIBHOCTU!

— cpenHee BpeMST OTKIINKA;
— cpenHee BpeMST OOCITYKWBAHUS;
— CpenHee BpeMs OXUIOAaHUI.

BpeMSI OTKJ/IMKQ PAaCCUYUTBIBACTCA KaK IIepuomnq
MEXKIy HAYaJIOM TPAH3AKIUN U 3aBEPIICHHEM BbI-
[OJIHEHWsI IIOCJIENHEro STala TPAH3aKIIIHL.

Bpewmst orkmuka (77) 0OBIYHO CKIIAIBIBAETCS U3
BpeMeHU 06CITy )KUBaHUs (BPEMsL, 33 KOTOPOE IIPOM3-
BopuTcst 06paboTka) (1's) m BpeMeHU OXUIAHUS
(Bpemst oxunanus pecypea) (Tw): Tr = T's + Tw.

[MPOTPAMMHUPOBAHME N21 2011

TlokazaTenu peak THBHOCTH 3aBUCSIT OT TUIIA, CUC-
TeMBI, CTPYKTYPHI €e TOYeK BXOIla U BBHIXOIA.

2.4.2. IIpodyxmusenocmp

Ilna 3HAYNTETHEHOTO KOJMIECTBA CUCTEM BaXKHA
WX WHTErpajbHas IPOIYCKHAas CIIOCOOHOCTH, Olle-
HUBaeMas KaK KOJIMIeCTBO OM3HEeC-TPaH3aKIIINA, 00-
pabaTBIBAEMBIX CHCTEMOII B €IUHUILY BPEMeHN (IIpo-
IYKTUBHOCTD ).

IIpu onerke TpOOyKTUBHOCTH, KAK IIPABUIIO, WC-
MOJIB3YIOT HEMTOCPENCTBEHHO M3MEPEHHBIE MITU PaC-
YeTHBIE 3HAUEHUSI CIIEOYIOIINX TTOKa3aTeIen TPOn3-
BOIMUTETHHOCTH:

— Beipaborka (V);

— MIPOILyCKHAs CIOCOOHOCTD (Miin abCoMIOTHAS
IpoIycKHast cioco6HocTh) (C).

Bripa6orka (V') ompenensercst Kak KOIXIECTBO
3aBEPIIEHHBIX TPAH3AKIINN 33 OIIPENeIEHHbLIN TTepPU-
OIl BDEMEHU:

i
—, e

Vi=

1 = 1,n - TOPAOKOBBI HOMED MEPUONA BPEMEHN;
N; - KOII4IeCTBO 3aBEPIIEHHBIX TPaH3aKIINH;
T - mepuon BpeMeHH.

IIpomyckuas cnocobrocTs (C) - MaKCHMAJILHO
BO3MOXKHOE KOJIMYECTBO 3aBEPIIIEHHBIX TPAH3aKITII
3a €OUHUIY BPEMEHU:

C =max(Vi,..., V).
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XapakTepucTUK MTPOOYKTUBHOCTH MOTYT WC-
TIOJIB30BATHCS IIJIS OIEHKU KaK CUCTEMBI B IIEJIOM,
TaK I €€ YacTell.

2.4.8. Hcnoavzosanue

XapakTEePUCTUKN WUCIOJIb30BAHUS IIPEeIHA3HAUe-
HBl IUJISI TOTO, UTOOLI ONMUCATh, B KAKOW CTEIeHN
HCTOJTB3YIOTCS PECYPCHI TECTUPYEMON CUCTEMBI ITPH
3aTaHHON Harpy3Ke.

K mcnonb3oBanmio OTHOCATCS CITEMyIOLTNE TIOKa-
3aTesJl IPpOn3BOOUTEIbHOCTU:

— yrmimsanus pecypca (K0ahGUINEHT UCIOIb-
30BaHUS PECYPCA);

— OTHOCHUTEJIbHas IIPOITyCKHasL CIIOCOOHOCTD.

Y Tunusamus pecypca moKa3blBaeT, KaKyio 9acTh
BPEMEHH PECYPC UCIOIB3YETCsI IITsE O0CITY XKIBAHUS
Tpanzakuii. Obias dopmya:

n
vt
U= &=105 100%, rme

T

7 - KOJIMIECTBO OOCITyKEHHBIX TPaH3aKIINN;
tg; - BpeMs OOCITyKWBAHUS -0l TPAH3AKIINNT;
T - mepuon o6CITyXKUBaHUSI.

XapaKTepUCTUKN KCIIOJIbL30BAHUS PECYPCOB U UX
KOJIMYECTBO CYIIIECTBEHHO 3aBUCST OT UCIOIIB3YyeMO-
ro B cucTeMe OOODYIOBAHUS W BXONSIINX B €ro
COCTaB PECYPCOB: IIPOIECCOPOB, OIIEPATUBHON IaMsI-
TH, BHEIITHIX HOCUTETENel, KAaHAJIOB BBOIA-BLIBO-
na 1 T.10.

2.5. Bzaumoceg3v modeaet

IIpencraBnennbie MOmETN B3aMOCBSI3aHBL I TECHO
B3auMONENCTBYIOT. J1s1 KarXKmoro 9KCIepuMeHTa BCe
YeTBIpe MOOENN TOKHBI OLITH OIpeNeIeHbl.

Momnens TpeGoBaHuil SIBIISIETCS WHUIIUUAPYIOIIEH
MOJIETIBIO.

Ilocne popMupoBanus 11€7IEN TECTUPOBAHUST, MOXK-
HO OIPENEeNTNTh:

— O0BEKT TeCTUPOBAHUS: KaKyI0 9aCTh CUCTEMBI
OynmeM TecTUpPOBaTh — MOIEIb CUCTEMB;

— KakKue XapaKTEepPUCTUKU U TMOKa3aTeu Oynem
ONpEeNensaTh U KAKUM KPUTEPUSIM OHU JIOJTKHBI
COOTBETCTBOBATH — MOJNEIb TPeOOBAHUI;

— KaKOBBI TIOTOKM TpeOOBaHUN K CHUCTeMe
CO CTOPOHBI  YIPaB/IIEMOI'O  IIpolecca —

MOOeNnb Harpy3KWH;

— Kakue TapaMeTphl HaIO U3MEPSITh W B KAKUX
TOYKaX, YTOOBI IIOJIYYUTH HEOOXOOUMEBIE pe-
3yJAbTATHI — MOOENb N3MEePEeHNUN.

Psan xapaxTepucTuk Momenn m3MepeHui 1 Mome-
N HArPy3KUW MOXHO ONUCATH TOJIBKO IIOCIIE 3a-
BePIECHUs] ONUCAHUST MOMIeIn cucTeMmbl. K Taxmm
XapaKTepUCTUKaM, HaIlpuMep,
HIE TOYEK MONadM HArpy3Kd W Touek cbopa Xa-
PaKTEePUCTUK.

OTHOCATCA OIINCa-

3. MCHOOJIL3OBAHWE MOIEJIEA B
TEXHOJIOT'YN HATPY30YHOI'O
TECTUPOBAHUY

[Ipu HATPY30UYHOM TECTUPOBAHUN WHOOPMAIITOH-
HBIX CUCTEM B IIPOIIECCE UX SKCIIyaTallun TJIaBHOI
TIETTHIO ABJIIETCS HE MTPOBEPKA MPABUIILHOCTU (PyHK-
[IMOHUPOBAHUS IPUKJIAIHBIX IPOrpamMmM (Ipenmnosa-
raercs, 9To (QyHKIMOHAJIBLHOE TecTupoBamme 110
IPOBENIEHO ), & OLEHKA SKCIIyaTAIIMOHHBIX Xa-
pakTepucTuK MHGOPMAIMOHHON CUCTEMEI, B
cocTaBe KOTOpoil pyHKImoHupyeT mpukiagaoe 110.
OO6BIaHO 5TO Tak Ha3biBaeMble «Ilokaszarenu HasHa-
YeHUs», Wi HeGYHKIIMOHAILHBIE TPEeOOBAHUSI, TO
eCTh  IPOILyCKHAs CIIOCOGHOCTD /IPOU3BOANTE b
HocTh MIC, peak TUBHOCTD IpU PEIEHNN (DYHKITIO-
HaJIbHBIX 3a1a4 U PAO OPYTUX.

I'maBHYIO CJIOXHOCTH TPU HATPY30YHOM TECTH-
POBAHUU COCTABIIIET OOECIIeUeHUe aJIeKBaATHOCTU
MCXOMHBIX MAHHBIX U PE3YIHLTATOB HATPY30YHOTO
TECTUPOBAHUS WHPOPMAITMOHHBIX CUCTEM MTPEICTaB-
JeHusIM 3aKa3unka. Ileqio B TOM, YTO 3aKa34mK He
BCerma MOXKET TOYHO CHOPMYIIMPOBATDL HEIU TecC-
TUPOBAHUS, CBeleHUs 00 OCOOEHHOCTSX Harpy3KWd
VNC u mocTaToOYHO TOYHO 3apaHee, IO IIPOBEICHUS
Harpy309HOT'O TECTUPOBaAHUA, COCTABUTH IPEOCTaB-
JIEHWE O TOM, KaKue pe3ybTaThl MOTYT U JOJIKHBI
OBITH MOJIyYeHBl. B cmily 5TOro miaHupoBaHUE U
MIPOBENEeHNE HATPY30UHOTO 9KCIIEPUMEHTA MOTY T 3a-
TATUBATHCS Ha mepuon 2-3 Mecsia. M3-3a memocta-
TOYHO TOYHOU TOCTAHOBKU 3a1aUl MOXKET OTpebo-
BaThHCs TMTOBTOPHOE MPOBENEHNE HATPY30UHBIX DKCITE-
PUMEHTOB, CTOMMOCTb KaXKJIOTO 13 KOTOPBIX BECHMA
BBICOKA.

IMIPO'PAMMUMWPOBAHUE N2=1 2011
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Mopenb
U3MepeHUn

Mogenb
TpeboBaHuUM

Mogenb
cUcTeMsbl

Mopenb
HarpyskKku

Puc. 1. B3anmocsa3bs Monesent.

Il TIOBBIIIIEHNST KAUECTBA U YMEHBIIICHUs CTOU-
MOCTH HArpy304YHOI'O TECTUPOBAHUSI HeoOXOommMa
KOMIIJIEKCHAsI TEXHOJIOTUsI aBTOMAaTU3UPOBAHHOTO
HArpy3049HOI'0 T€CTUPOBAHUS, KOTOPAs:

1. moHATHA U 3aKa34YUKy, 1 TECTUPOBIIUKY;

2. obecrieumBaeT BO3MOXKHOCTBH IOKYyMEHTHPOBA-
HU:

— BCEX CIIEHAPUEB TECTUPOBAHUS,

— IPENIoOIOKEHNN O CTPYKTYpe U COCTaBe Ha-
IPY3KH,

— COCTaBa U CTPYKTYPHI TECTUPYEMOI CUCTEMEL,
KaK 00BbeKTa TeCTUPOBAHUS,

— IPUHINUIOB I CHOCOOOB W3MEPEHUs XapakTe-
puctuk dyukiuonuposanus VIC B Toukax cuc-
TeMBI, B KOTOPBIX OyIyT HIPOBOOUTHCS W3Me-
peHus.

IlosToMy akTyasbHOI SBIS€TCS pa3paboTKa Ta-
KOl TE€XHOJIOTUU HATPY30YHOTO TECTUPOBAHUS IJIS
[OCTATOYHO IIIMPOKOTO KJIACCA CUCTEM aBTOMATU3a~
1y GM3HEC-TTPOIIECCOB, B TOM YNCJIE I OaHKOBC-
kux cucteM. Takme cucTeMBI XapaKTEPU3YIOTCS
HaJInIueM TpeOOBAHUI TO BHITIOJHEHUWIO OM3HEC-
MIPOIIECCOB B perjlaMeHTHBIE CpPoku. Texuudueckume

[MPOTPAMMHMPOBAHME N21 2011

3a/IaHWs Ha TOMNOOHBIE CHCTEMBI COmEpPXKAT HaAOO0P
He(YHKIIMOHAJBLHBIX TPeOOBaHUIA, TAKAX KaK IIPO-
M3BONUTETHHOCTH, KOJTMIECTBO OMHOBPEMEHHO pa-
OOTaIOIIMX KOHEYHBIX IIOJIH30BATENEN, OTpPaHUYe-
HUS Ha cpellHee BpeMs NpeObIBaHUS TPaH3aKIUN B
CHUCTeMe WIN PeaKTUBHOCTH U AP., TO ECTh B IBHOM
BHUIE 3a0aI0T OXUIIAaeMbIe dKCIUIyaTAIlMOHHBIE Xa-
PAKTEPUCTUKN (XaPAKTEPUCTUKN ITPOM3BOLUTEIIb-
HOCTH).

B 3aBucmMocTm OT Iesieir Harpy304YHOTO TECTU-
POBAHUST MOXKHO BBIIENIUTD CJIEOYIOIINE €r0 BUIHI:

1. OHGHO‘IHOG*OHGHK& XapaKTEPUCTUK IIPOU3BO-
OUTEJIBHOCTU B OOHOKPATHOM HAr'PYy30YHOM
9KCIIEpUMEHTE.

2. AmamuTmyeckoe — BLIABJIEHUE 3aBUCUMOCTEN
(HAmpUMep, MPOM3BOMUTEIILHOCTA OT BBIUHC-
JIUTENIbHBIX PECYPCOB) B CEPUU HATDY30UHBIX
SKCIIEPUMEHTOB.

3. HacTpoeunoe — HacTpolKa 1 ONTUMU3AIUS Ha-
T'PY30UYHBIX XapaKTePUCTUK WHOHOPMAIMOHHON
CHCTEMBI WIN €€ COCTABHOU JaCTH.

4. PerpeccrorHOe — MHOTOKPATHOE IEPUOMUTIEC-
KOe Harpy304YHOe TeCTUPOBAHUE IPU HEW3MEH-
HBIX YCJIOBUSX NI BBISIBJICHUS IIPU3HAKOB Iie-
rpaganuyu TECTUPYEMOUN CUCTEMBI.



28 IIO3MH, I'AJIAXOB

HepeqMcneHHHe BuUObl TECTUPOBaHUA OOBLIYHO
MIPOBOMSITCS KAaK TOJYHATYPHBIA SKCIIEPUMEHT.
Kaxnpii BUI TeCTUPOBAHUS MMEET OCOGEHHOCTH
IUTAHUPOBAHNs (ONMHOYHBIA 9SKCIEPUMEHT, CepUs
SKCIEPUMEHTOB, HEOOXOOUMOCTDb XPAHEHUS PE3yIIb-
TATOB SKCIEPUMEHTA IJIsI CTATUCTUYECKON obOpa-
O0TKU UCTOPUIECKUX HAHHBIX IO MTPOBEICHHBIM
skcrepuMenTaMm). [Ipu 5ToM cxema npoBeneHns: Onu-
HOYHOTO SKCIIEPUMEHTA JOCTATOUYHO CTAOUIBLHA IJIs
OLIEHKH KaXIOI'0 BUOa XapPaKTEePUCTUK IIPOU3BO-
nurenbaocTu VC.

TexHOTOTMST HATPY30YHOTO TECTUPOBAHUS, OCHO-

BaHHas Ha MOOEJIAX, COCTOUT U3 CJICOYIOIINX 3TAaIllOB:

OTIpenesieHre IejIell TeCTUPOBAHNUS;

— pa3paboTKa MpOrpaMMbI I METOIUKNA MUCITHITA-
HUM;

— TOATOTOBKA K TECTUPOBAHUIO;
— TIoIIava, Harpy3KW;

— cOOp MaHHBIX;

— MHTEPIpPETAINs U aHAJIU3 PE3yIbTATOB.

Ha pucynxke 2 npencrasiena TEXHOJIOTUAS Harpy-
309HOI'O TeCTUPOBaHUA C BBLOCJICHEM aBTOMAaTU3M-
POBAHHBIX TIPOIIECCOB.

Ha sTame «Omnpenenenue meneii TeCTUPOBAHUSTS
C TIOMOITIBIO MEMAMOJEAU MPEOO6aHUT TPOUCXOTUT
onpenerieHne TpaBuil GopMaaIn3anuy TpeboBaHTNA K
JKCINTYaTAINOHHBIM XapaKTEePUCTUKAM CUCTEMBI 1
dhopmupyercs modeab mpebosanuii.

ITo Momenu TpeGoBaHUN OCYITIECTBIIIETCS COTJIA~
COBaHUE C 3aKa3UMKOM IIeJIell Harpy30UHOTO TECTHU-
POBaHUA 1 €TI0 COUCHapUAd.

Ha sTame «PaspaboTka mporpaMMbl 1 METOIUKH
UCIBLITAHUI> U3 modeau mpebosanuli B ODOKyMEHT
«IIporpamma 1 METONWKA UCTIBLITAHUITS> BHOCST OIIH-
CaHUe CIEHApUs, MeJell Harpy30YHOTO TECTUPOBAa-
HUS 1 TPeOOBAHUN K OIEHUBAEMBIM DKCILTYATaIIIOH-
HBIM XapaKTePUCTUKAM.

Ha mammom »stame wmemamodeav naepy3ku Uc-
TIOJIB3YETCs U1 ONpENesieHusl BO3MOXKHOM CTa-
TUYECKOU U OUHAMHUYECKOU CTPYKTYPBL U COCTaBa
MMOTOKa HArpy3ku. Ha ocHOBe cOTIacOBaHUS C 3a-
Ka34UKOM CIIEHApPUEB U COCTaBa MOTOKOB HATI'DY3KU
u3 Mmemamodeu na2pysxu GOPMUPYETCI MOJEeAb
HA2PY3IKU.

Memamodean
CTPYKTYPY CUCTEMBI B BUOE MOO0EAU CUCTEMbL KAK
CeTH CHUCTEeM MAaccoBOro obcayxupauus. Modeawv
cucmembl COIEPKUT TPeOOBAHNA K CTEHIY Harpy-
309HOIO TECTUPOBAHN, KOTOPLIE COrJIACOBLIBAIOTCS
C 3aKa34YMKOM.

cucmembvpl II03BOJIAET OIINCaThb

Ha ocmose memamodeau uszmepenuts B modeau
U3MEPEHUT, MOKYMEHTUPYETCSI HaDOP HEOOXOMUMBIX
M3MEPSIEMBIX B XOIe SKCIEPUMEHTa XaPAKTEPUCTUK
U PACUETHBIX ITOKA3ATEIIEN, CIIOCOO0B UX TTOJIY IeHU S
U KPUTEPUEB OIEHKU PE3yJIbTaTOB TECTUPOBAHUS.

Ha »stane «llomroroBka kK TecTumpoBaHUO®> HA
OCHOBE MOJeAl Ha2PY3KU BLITIOTHAETCSI HACTPOUKA
CPEICTB INIAHUPOBAHUS TECTUPOBAHUS U TE€HEPATO-
pa TECTOBBIX MaHHBIX.

TecToBbIe NaHHBIE TEHEPUPYIOTCSI ABTOMATHYIEC-
KNI B COOTBETCTBHUHU C OIPEIEJEHHBIM B
HA2PY3KU KOIIMIECTBEHHBIM COCTABOM KaXIOTO TH-
na Harpys3ku. CreHepupOBAHHBIE TECTOBLIE MAHHLIE
[TOMEIIAIOTCSA B 6a3y TECTOBBIX MAHHBIX.

modeau

ITo modeau cucmembt OCYILIECTBIIIETCSI HACTPOU-
Ka MHCTPYMEHTAJILHBIX CPENCTB IIPOBEPKU CTEHIA
U HaCTPOUKAa CPEeNCTB aBTOMATU3AINN N3MEPEHU B
JacTHU Todek cOopa MHOOPMAIINU U UCIOIb3YeMbIX
MexaHm3MoB cbopa. HacTpoiika cpencTs aBToMaTn-
3aIlil W3MEPEHWII B YACTHU IIEPEYHs COOMPaeMbIX
XapaKTePUCTUK II0 MOOENIN W3-
MepeHU.

BBIIIOJIHAECTCA

Ha srame «Ilogaua marpyskum» cpencrsa aBTOMAa-
TU3AIUU BHITTOIHSIIOT TIPOIENYPHI TTONAYN HATPY3KI
B TOYKM BXOHOa, 3adaHHBIC JIA KaXKOOT'O TUIIA Ha-
CPY3KU B Modeau cucmembl. Harpyska ussiexaercs
u3 3apaHee MOATOTOBJIEHHON Oa3bl TECTOBBIX TaH-
HBIX U TIONAETCS ABTOMATHUYIECKU TIO PACIUCAHUIO
(3aKOHY pAacIpeneseHns BO BPEMEHN), 3aIaHHOMY
IS KaXKIIOTO TUIA HATPY3KU B MOOEAU HAZPY3KU.

Ha stane «C6op naHHBIX» BBITOIHSIETCS aBTOMAa-
THU3UPOBAHHBIN COOp 3HAUEHUN U3MEPSIEMBIX XapaK-
TepucTuk. Touku cbopa >TUX 3HAUEHUN CPEOCTBA
U3MEPEHUN MOy JaIOT U3 MOOEAU CUCTEMDBL, 8 COC-
TaB U3MEPSIEMBIX XapaKTEPUCTUK — U3 MOOEAlU U3-
MePEHUT.

Ha stame «uTepuperamnus u anHamms pe3yinb-
TaTOB» CPEICTBAMU aBTOMATHU3AIUN UCTIOTB3YIOTCS
Bce yeTwIpe Monein. Modeab mpebo6anuti NCIOIb-
3yeTCs OJIsl COTIOCTABJIEHUS PE3YIbTATOB SKCIEPHU-
MeHTa ¢ TpeboBaHuaAME K cucteme. Modeav naepys-
modeab

KU U obecrieunBaioT

dopmMupoBanre oTvueTa 00 YCIIOBUSX IPOBEOEHUS

cCucmembsi

IMIPO'PAMMUMWPOBAHUE N=1 2011
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Puc. 2. [Ipouecc HArpy309HOTO TECTUPOBAHUS C UCIOIB30BAHUEM MOIEIIEH.
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skcuepumenTa. Ha ocHOBe modeau uamepenuti aBTo-
MaTU3UPOBAHO BHITOIHSIETCS CPABHEHUE DPE3yIbTa-
TOB SKCIEPUMEHTA C KPUTEPUSIMU OICHKU.

Hwuxe npencrasieno 6oree meTajabHOE ONUCAHTE
KaXKIOTO 9Tala.

3.1. Onpedeaenue yeaett mecmuposanud

Ilenmu TecTupoBaHUWS ONPENENAIOTCS UCXOOs U3
moTpebHOCTEN 3aKa3umKa, 10 OIIEHKE UK IIPOTrHO3H-
POBAHUIO YKCIIYATAIINOHHBIX XapaKTEPUCTUK WH-
(popMaIMOHHON CUCTEMBI I COOTBETCTBYIOIIINX He-
PYyHKIIMOHAITLHBIX TPeOOBAHU.

3aka3unk He BCerma MOXKET MOJTHOIEHHO OIpee-
JIUTH IIeJIb TeCTUpoBaHUsA. B mporecce
COBAHUS OCHOBHOH IIeNi, B IIpolecce pa3paboTKu
IIPOTPaMMBbI M1 METOOWKM WCHBITAHWN, MOTYT OBITH
BBISIBJIEHBI BTOPOCTEIIEHHBIE IIEIN TECTUPOBAHNUS OT-
paHUYEHNsI, KOTOPHIE OIMSITH HEOOXOMUMO COTJIACO-
BBIBaTh. PaspaboTaHHas MeTaMomeb TpeboBaHUI
TIOMOTAEeT Ha PAHHEM HTalle TPABUIIBHO AHKETUPO-
BaTh 3aKa34YMKa U TIOJTHOIIEHHO OMNPENeTNTh IIeIn
TECTUPOBAHUS, UTO COKPAIIIAET KOJTTIECTBO UTEPa-
U COTJIACOBAHUS IIEJIel, a TakxKe oOlllee BpeMs
(opMUpPOBaHWS OCHOBHBIX I HEOCHOBHBIX IIEJIell Ha-
T'PY309YHOTO TECTUPOBAHUSI.

CorJ1ia~

3.1.1.ITocmpoenue modeau mpebosanuii

Ha sTamne onpenenernus meseit TeCTUPOBAHUS C UC-
MTOJTB30BAHUEM MeTaMomean TpebOBaHUN IMPOU3BO-
IUTCS aHAIN3 OOBEKTA TECTUPOBAHUS U (HOPMUPY-
€TCsI TIEPBUYHASI MOMETb TpeboBaHWI, KOTOpas
B IaJIbHENIIeM 00CyXKOaeTCs C 3aKa3UNKOM, Pellak-
TUPYETCS U yTBEPXKIAETCS.

Momnens TpeboBanuit mpencTaBisieT coOOl Bep-
OanbHOE ommcaHve HeDYHKIMOHAJIBHBIX TpeboBa-
HUI, CCPYINUPOBAHHBIX IO THUIAM U O0OBbEKTaM, K
KOTOPBIM OHM IIPUMEHUMEIL. GTa. MOOeJIb COOCPXKUT
TaKXKe KPUTEPU! OIEHKU MOIYUAEMBIX B PE3YITh-
TaTe HArPYy30YHOIO TECTUPOBAHUS XaPAKTEPUCTUK
U pPacYeTHBIX MOKa3aTelen.

Insa aBromaTu3anuu GOPMUPOBAHUS MOIEIIN TPe-
OOBaHUI NCHOIb3YEeTCSI NTHCTPYMEHTAIIBHOE CPENCT-
Bo IBM Rational RequisitePro.

3.2.  Paszpabomka mpo2pammvl u MemMoOuKy
UCNLIMaHU

O,HI/IH 3 CaMBbIX BaXKHBIX W CJIO2KHBIX 3TallOB
HATrpy30uHOrO TecTupoBanums. Ha nannoMm sTame
opMupyIOTCS MOOENb CUCTEMBI, MOIEIb HATPY3KI
U MOMeJIb U3MepPEHNH Ha OCHOBE COOTBETCTBYIOIINX
MeTaMoIesel.

T'pu Monenn GOpMUPYIOTCS TAPAIIIETEHO U TECHO
CBsI3aHBI IpyT ¢ apyroMm. Hampumep, ompenenenue
nHTepdENCOB Tomaun HArPy3KN U TOUEK cOopa Xa-
PAKTEPUCTUK BO3MOXKHO TOJIBKO IIOCJIE OIUCAHUS
MOOENU CACTEMEL.

Ilo 3aBepirennn mapHOTO Tala BCE COTJIACOBAH-
HBIE MOOENU BKITIOYAIOTCI B COCTAB MIOKyMEHTA
«[Iporpamma u MeTOOUKA WCIOBITAHUIL>, KOTOPBIN
IIpencTaBiIseT cOOOU IJIaH HAUPY30YHOT'O TECTUPO-
BAHUS U YTBEPXKIACTCS 3aKa3YUKOM.

8.2.1. Ilocmpoenue modeau cucmembvt

Ha sTame paspaboTku mporpaMMbl U METOIUKHI
COTJIACHO TIOCTABJIEHHBLIM IEJISIM Pa3pabaThIBaeTCs
BepOasibHAS U rpadudecKkas MOMEIb CHUCTEMBI, KO-
TOpasi B HAbLHENIIIEM OOCYXKOAETCS C 3aKa3UMKOM,
PEIAaKTUPYETCS U YTBEPXKIAETCH.

Moment cucTeMbr ipencTaBisieT cOOOHN OMUCaHTe
00BbEeKTa TECTUPOBAHUSA, B KOTOPOE BXOMOSIT IIPO-
TpPaMMHBIE U TEXHUYIECKUE CPENCTBA, UX CBI3U U
BBIIEJIIEMbIE PECYPCHI (HaMsITh, IPOLECCOP U T.IL.).

Ha pucynke 3 npencrasmeH npruMep MOOETHN CHC-
TEMBI B BUIe I'PpadUIECKON CXeMBI B3aUMONENCTBU
MIPOTPAMMHBIX U BBIYUCIUTEIHHBIX KOMIIJIEKCOB.

Matpunsr Kg u Ky nis mpencTaBIeHHON CXeMbI
BBITJISIISAT CIEMYIOIIIM 0Opa3oM:

01 000
1 01 10
K= 0101 0 |;

01101
00 010

pr 0 0 O

0 po 0 O

Ky = 0 0 p3 O , TIe p;—
0 0 0 pg
0 0 0 pg

BEKTOP XapaKTEPUCTUK ITPOM3BOAUTEITLHOCTH, Xa-
PAKTEPU3YIONINT KOIMUYECTBO BBINEJIEHHBIX Ha BbI-
YUCITNTEIHHOM KOMIIJIEKCE PECYPCOB IS 38JaHHOTO
IIPOTPAMMHOT0 KOMIIJIEKCA.

3.2.2. Ilocmpoenue modeau naz2pysxu

IMPO'PAMMUMWPOBAHUE N2=1 2011
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Puc. 3. [Ipumep mMomenu cucTeMbl B Bume TPAPUIECKON CXEMBL.

Ha stame paspaboTku mporpamMMbl U METOMUKHI
TECTUPOBAHUS, COTJIACHO ITOCTABJIEHHBIM IIEJISM,
pazpabaTeIBaeTCs MOOENIb HArpy3KW, KOTOpas B
IaIbHenIIIeM 00Cy)KaaeTcs ¢ 3aKa39NKOM, peNak TH-
pyeTcs u yTBepxkmaeTcs. B Momenu momXHbI 6BITH
yUTeHbI (KaK IPABUJIO, IPENeIbHbIC) 3HAUCHUST Ha-
rpy3ku Ha WC, mporHosmpyeMmble 3aKa3dmKOM, a
TaKXe COCTaB NCTOYHNKOB HArPy3KW, KOTOPBI Oy-
IeT WUMUTHPOBATHCS HA MEPUON TEeCTUPOBAHUSI.
PaxTUICCKN COBMECTHO C 3aKa3YNKOM pa3pabaThbi-

[MPOTPAMMHMPOBAHME N21 2011

Ba€eTCA cueHapMﬁ Harpy3Km CUCTEMbI, COOTBETCT-
BYIOIITUI IEeJsIM HArpy30YHOTO TecTupoBaHus. B
pe3yibTaTe NeTaJIbHON NPOpaboTKU CIIEHAPUs C HC-
MOJTHL30BAHMEM METaMOMEN HATPY3KI CTPOUTCS MO-
IIeITb HArPY3KU, B KOTOPOU BCe ITapaMeTphl Harpys-
KU OIpPENEIIEHBI.

Momnens Harpy3ku mpencTaBiseT COO0M OMUCAHIE
TECTOBBIX TAHHBIX U IIPABUJII UX IOCTYILJIEHUS B CUC-
Temy. PakTudyecku o Momeu Harpy3ku GOPMUPY-
IOTCS UCXOOHBIE NaHHBIE NJIS MeHepalllyl Harpy3Ku
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NHCTPYMEHTAJIBHBIMU CPEACTBaMU.

3.2.8. Ilocmpoenue modeau, usmepenut

Ha srame paspaborku mporpamMMbl U METOMUKH
COTJIACHO TOCTABJIEHHBIM IIEJISIM pa3pabaThIBaeTCs
BepOabHAS MOOETh M3MEPEHNU, KOTOPas B IajIb-
HEHIIeM 00CY K IAETCS C 3aKa3UNKOM, PETaKTUPyeT-
Csa U YTBEPXKIAeTCH.

Momenb m3MepeHui MIpemcTaBiiseT coboil omu-
caHIe CcOOMpaeMBbIX XapaKTEPUCTUK, METOIOB WX
cbopa W MHTEPIPETAITAN.

B wmomenm w3MmepeHuin ompemessieTcss MeTOI
U CpelcTBa cOopa 3HAUEHUN M3MePsSIeMbIX BEJIMYINH.
Ouennb ymo6GHO IPU 5TOM  IIOJIB30BATHLCSI METaMO-
IIETTBI0 M3MEPEHNU, B KOTOPOU OIpeNesIeHbl CTaH-
OapTHBIE MEXAHU3MBI U3MEPEHU, KOTOPHLIE OOBLITHO
IO IEPXKUBAIOTCS NHCTPYMEHTAJIbHBIMI CPENCTBa-
MU, MOCTYIIHBIMI Ha pbIHKe. MeTomnsr c6opa 3HadUe-
HUN W3MePsSeMBIX BEIUUYMH MOTYT CHUIBHO OT-
JINYATHCS B 3aBUCUMOCTHI OT IIOCTAaBJICHHBIX 3a0a4
TECTUPOBAHUS.

ITo-xpynHOMY 5THU METOIBI MOYXKHO IOAPA3IEIUTH
HA METONbl HEPA3PYIIAOIIETO KOHTPOJIS, METOMbI
pPa3pyIIaoIero KOHTPOJIS U cMeltanubie. [Ipu He-
pa3pylIaIeM KOHTPOJe Oiis cOopa 3HAUEHUN W3-
MepsSeMBIX BEJIUYUH UCIOIb3YIOTCSI CUCTEMHBIE
cpencTBa oneparmonHoro okpyxeuus UC u uacTpy-
MeHTaJbHBIE CPENCTBA aBTOMATU3UPOBAHHOTO TEC-
TupoBaHus. [Ipu paspyiariieM KOHTPOJE YaCTh
CPEICTB WM3MEPEHUs BCTPAMBAIOT B COCTAB MPHU-
knamaoro 110 UC. Ilpu cMmenranHOM KOHTPOJIE BO3-
MOXHO BCTPAWBAHUE CPENCTB U3MEDEHUs, KaK B
CUCTEMHBIE CPENCTBa, Tak u B mpukiaamgaoe 110 UC.

B uneanbmoMm ciyuae cpemcTBa cb6opa 3HAUEHUH
M3MePseMbBIX BEJIMYNH He NOIIKHBI OKA3bIBATH BITHSI-
HUS Ha TeCcTupyeMyio cucteMmy. B ciydasx, korma
HEOOXOMMMO BOCIIOJIB30BATHCS CPENCTBAMU U3MEPe-
HUI, KOTOpPbIE OKA3BIBAIOT BIWSHUE HA TECTUPYe-
Myl cucreMy (yCTaHOBKA — IIPEDPBIBAHUI
TPUITEPHBIX COOBITHIT), IPOBOMATCS OTAEIIbHBIE UC-
IIbITaHNA C IIEJIBIO
CPENCTB U3MEPEHUsI Ha TTPON3BOOUTEILHOCTH OO HEK-
Ta TECTUPOBaHNIA. HOHy‘{eHHbIe OILIEHKN CTeEIIeHN!
BJIUSHUS B OAJbHENIIIEM YUNTHIBAIOTCS TIPU UHTEP-
IpeTanuu pe3ylIbTaToB.

nim

OIICHKI CTEIICHU BJINAHNUA

3.3. Iodz2omosxa k mecmupoeanuio

II.HSI OPOBECOCHUS HATI'PDY309YHOI'O TECTUPOBAHUSA
TpeOyeTcs MpenBapuTETLHOE BBITIOTHEHNE CJIEMYI0-
X padboT:

IIOArOoTOBKa CTEHIA,

— IIOOTrOTOBKA TECTOBBLIX HaHHBIX;

— IIOATOTOBKa CPEOCTB IIOOAa4YU Har'DYy3KU;
— IIOATrOTOBKa CpeOCTB U3MEPEHUI.

IloororoBka TECTOBOrO CTEHIA OCYIIIECTBIIAETCS
COTJIACHO YTBEPKIECHHON MOOEIN CUCTEMBI U BKJTIO-
qaeT B ce0s OpraHm3anuio TEXHUYECKHX MW IIPO-
TPAMMHBIX CPENCTB U  obecrnevueHwme
HEHUs OONOJHUTEIBHBIX OTPAaHWYEHUN, HAIPUMED,
CUHXPOHM3AlNI BpEMEHH! Ha BCEX YCTAHOBKAX O0b-
€KTa TeCTUPOBAHUS U T.II.

BBIIIOJI-

,H.HSI 9Talla IIOATOTOBKU TECTUPOBaHUA aBTOMa-
TU3UPOBaHA IIPOBEPKa T€CTOBOI'O CTEHIA, OCHOBAaH-
Hasl Ha Momestu cucteMbl. OIubKu mpu MOATOTOBKE
CTeHIOa MOI'yT IIPUBECTH K CPBIBY HaIrpPy3049HOT'O
9KCIIEPUMEHTA, TaK KaK HepaboTOCIIOCOOHOCTE Jac-
Tell CTEHIIa MOXET BBISBUTBCS YKe IOCJIEe HAJAIIa
ucnbiTaunii. Kpome Toro, HeBepHBIE HACTPOUKU
CTEHOa MOI'YyT NCKAa3UTDh PE3YJIbTAThI HAIPY30YHOI'O
TEeCTUPOBAHUA, YTO MOXKET IPUBECTH K HeoOXomu-
MOCTH TIOBTOpEHUs dKcmepuMenTa. Hamuume dop-
MaJIM30BAHHOI MOMENN CHCTEMBI IIO3BOJIMIIO aBTO-
MaTU3UPOBATL IIPOBEPKY CTEHOA, COKPATUB BPE-
M Takou mpoBepku. Ilpu obHapyx)enun ormmboK B
KOHPUTypaIUU CTEeHIa, HACTPONKAX €ro amnmapaT-
HBIX ¥ IPOI'PAaMMHBIX KOMIIJIEKCOB, aBTOMATU3UPO-
BaHHAas IIPOBEPKA MOXKET IOBTOPATHCSI MHOTOKPaT-
HO TIPU HEBBICOKOW TPYIOEMKOCTHU 3a CUET aBTOMAa-
THU3ALIUI 3TOTO IIPOIecca.

TecToBbIE MAHHBIE IJIS1 HATPY30YHOT'O NCIIBITAHUS
MIOATOTABIINBAIOTCS COTJIACHO YTBEPKICHHON MOJIE-
71 Harpy3Ku. 1T'ecTOBbIe maHHLIE TNO0 T€HePUPYIOT-
¢sl, MO0 UCIONB3YIOTCS PeaslbHbIE NaHHBIE, IIOOXO-
OAIIIe M0 XapakKTEepUCTUKAM COIVIACHO MOIesn
HArpy3KMH.

Ha sTame nonroroBkm TecTupoBaHUS aBTOMAaTHU-
3UPOBAHO MJIAHWPOBAHUE HATPY30YHOTO 3KCIEPU-
MeHTa U TeHepalus TeCTOBBIX IaHHBIX Ha OCHOBE
Momeniu Harpy3ku. IIpu miranwpoBaHuu TECTUPOBA-
HUS OIPENeNIsioTCsS BPEMEHHBIE U KOJIM4YeCTBEeHHBIE
ImapaMeTphl IOTOKa TECTOBBIX MTAHHBIX, & TaKXKe
crieHapuy nonadn Harpys3ku. CpencTBo aBTOMATH-
3aIUU INIAHIPOBAHUS HAIPY309HOTO SKCIEPUMEHTA

IIPO'PAMMUMWPOBAHUE N2=1 2011
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[I03BOJIIET BBECTU COOTBETCTBYIOIINE WCXOMHbIE
IAHHBIE O IPENCTOSINEM WCOLITAHUN B 3apaHee
omperneneHHble SKpaHHbIe GopMmer. Ha ocHoBe sToit
MHGOPMAINN CPENCTBO aBTOMATU3NPOBAHHON TeHe-
As-
TOMATHU3UPOBAHHOE (OPMUPOBAHIE TECTOBBIX AH-
HBIX 00€CIIeUnBAaeT UX IIOJIHOE COOTBETCTBUE TEKY-
II[eMy COCTOSIHHMIO TeCTHpyeMoil cucTeMbl. Taxmm
06pa30M rapaHTUPYeTCs, YTO BCE TECTOBBIE NAH-
HbIe He OyoyT OTBEPrHYTHI CUCTeMOI 1 OynyT oOpa-
OoTaHbI TaK e, KaK U PeasbHbIE.

ITo Monmenu cucTeMbl HACTPAUBAIOTCS HHTEPhET-
CBHI IIOIIAYN HATPY3KY (I COOTBETCTBYIOIINE HHCTPY-
MEHTAJILHBIE CPELICTBA).

[Ipn momroroBke cpencTs c60pa DAHHBIX IO MO-
Ieu U3MEePEHUIl HACTPAUBAIOTCS IMOCTABIINKI U
IPUEMHUKY WHOOPMAIIUIL.

PesynbraroM srama HOOIOTOBUTEIBHBIX PAbOT
SBIISIOTCS
BBIil CTEH[ (HAXOMAIIMICSA B UCXOMHOM COCTOSHIIN)
I TOTOBBIE [IJIsl TIOAYN TECTOBBIE NAHHBIE.

panum ImoAroTaB/JIMBaeT TECTOBBIC OaHHBIE.

TOTOBBII K TECTUPOBAHUIO TeECTO-

3.4. Hodaua wazpysxu

Ha »srame nomaum HATPY3KU B TECTUPYEMYIO CHUC-
TEMY TOMAIOTCsI TOATOTOBJICHHBIE TECTOBBIE NAHHBIE
COTJIACHO 3aKOHAM WX PACIIPENESIEHUS, OMUCAHHBIM
B MOMENN HATPY3KU.

DTan nomavy HArpy3KH aBTOMATHU3UPOBAH C IIO-
MOIIIBIO CPEACTB TECTUPOBAHUS, KOTOPHIE IIO3BOJISI-
0T TIOAaBATh PA3JIMYHBIE BUMBI HATPY3KU B COOT-
BEeTCTBUM C 3aKOHOM €€ PpAaCIOpemeleHus BO
Bpemenu. Harpyska B Bume COOOIIEHUU TOHAETCS
13 3apaHee TMOOTOTOBJIEHHON 0a3hl TECTOBBIX MaH-
vbix. Harpyska B Bume Tpaduka MOXKET TIOHABATHCS
kak B Bume HTTP-, tak u SQL-tpaduka. Cocras
TpadrKa reHepUPYeTCsl Ha OCHOBE MIPEIBAPUTETHHO-
r0 aBTOMAaTU3UPOBAHHOTO aHAJIM3a KOOA 3aIIPOCOB,
moceutaeMbix APMamu TecTupyeMoit cucTeMsl Ipu
BBITIOJTHEHUN T€X WJIN WHBIX ONEPAIdi TTOJIb30BaTe-
aamvu. Harpyska B Bume coObITuin GopMUpPyeTCs ¢
TIOMOIITHIO AMYJISIIINN OENCTBUN OIlepaTopa MHCTPY-
MeHTaJbHBIMU cpencTBamMu TectupoBanus IBM Ra-
tional Robot.

3.5. Cé6op dannviz

C60op maHHBIX TPOU3BOAUTCSI C TIOMOIIIBIO CPEINCTB
m3mepenusi. Ha sTame c60pa JaHHBIX aBTOMAaTHU3U-
POBaHO coOMpaeTcs epBUYHasI NHGOPMAILIII O 3Ha-
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UEeHUSIX U3MEPIEMbBIX OKA3aTelell, TAKIX KaK 3a-
Irpy3Ka IIPOIIECCOPOB, TaMsITH,
BpeMs IOCTYIIJIEHNS TPAH3aKIINNA B CUCTEMY, BpEMS
[IOJIYUeHUs] OTKIINKA CUCTEeMbI U T.0. Bce mosyuae-
Mble IOaHHBIE COXPAHSIOTCI B ONEpPaTUBHON Oa3e
MAHHBIX IJIS TOCIenyIoIen o6paboTKN.

HCIIOJIB30BaHUIE

B 3aBucumocTtu oT meTomoB cGopa, ompemneieH-
HBIX B MOOENIN H3MEpPEeHui{l, MTaHHBIE MOLYyT CO-
O6UpaThCI KaK B IPOIECCE TECTUPOBAHUS IO Mepe
UX TOCTYIJIEHUS, TaK X IIOCJe IIPOXOXKOEHUs Tec-
TupoBaHus. [lepBoIil ciIyyai NIPeInoYTUTEIEH TEM,
4TO cobupaeMble MaHHBIE II0 Mepe IOCTYIJICHUS
MOXHO HCIIOJIB30BATH I KOHTPOJIS IPOXOXKIEHUS
Ipoliecca TeCTUPOBAHUA.

C6op mAHHBIX IUIUTCS IO TEX TOP, TOKA MTPOIIECC
TEeCTUPOBAHUSA HE yIOOBJIETBOPUT OIPENEJICHHBIM B
MOIIeJII W3MEePEHUN KPUTEPUSIM 3aBEPIIEHNS N3Me-
peHuil s mepexona K CIeLYIOIIeMy STaIly.

IlepBuunas 06paboOTKa MAHHBIX TaKXKe 3aBUCUT
OT criocoba 06paboOTKU, OMUCAHHOTO B MOJIETN M3Me-
PEHUN U MOXKET BBIIOIHITHCSA KaK II0 Mepe IIOCTYII-
JIEHUSI NAHHBIX, TaK U IIOCTIe SKCIIEPIMEHTa IIpUMe-
HUTEJIBHO KO BCEU KOJIEKIINN COOPAHHBIX NaHHBIX.

3.6. Humepnpemayud U aHAAU3 PE3YALTNAMOB

Tlomyuennbie pe3yabTATHl TECTUPOBAHUS UHTEP-
MPETUPYIOTCS COTJIACHO MOOENIN WU3MEPEHUH T
MAJIBHERIIIET0 aHAIN3a: OCYINECTBIITIOTCS PacyeT
IoKa3aTeslell U OIeHKa 3HAYEHWN JKCIUTYyaTaIlOH-
HbIX XapakTepuctuk MC.

Ha ocHOBe Momenu wu3MepeHUN TPOU3BOMUTCS
MHOTOITIaroBas aBTOMAaTU3UPOBaHHAsA 00paboTKa
mepBUYHBIX HaHHBIX. CHayaia GOpMUPYIOTCSI Pac-
YeTHBIEC IIOKa3aTeJIN Ha OCHOBE 3aJaHHBIX B MOIE-
7T U3MEPEHUI MPABUJI W ajropuTMOB. PacueTHbie
MOKAa3aTeIN TIOMEIITAIOTCS B XPAHUIUIIE TaHHBIX
IJIS TIOCJIEOYIOIIero aHajm3a. Ha OCHOBE MaHHBIX
xpaHuauilia GOPMUPYIOTCS aHAIUTUYECKHE OTYe-
ThI, CONIEPXKAIIINE 3HAYEHUS] PACUETHBIX IIOKa3aTe-
JIelt M KPUTEPUU UX OIEHKU B COOTBETCTBUU C MO-
OeTbI0 W3MEPEHNN U MOMEIbIO
Brnaromaps mamuuumio XpaHUIAIIA BO3MOXKEH aHa-
JIN3 HE TOJIBKO PE3Y/IbTATOB IIPOBENEHHOTO HATDY-
30YHOTO SKCIIEPUMEHTA, HO U CPABHUTEILHBIN aHa-
JIN3 HECKOJIBKUX PErPEeCCUOHHBIX TECTOB.

TpeOOBaHUM.

IIo 3aBEPIICHNN MHTEPIIpETalnl PpPe3yjIbTaTOB
JIEJIa0TCs BEIBOOBI O COOTBETCTBUU NC nocrasnen-
HBIM HEJIAIM HCIBITAHUA C yU€eTOM OI‘paHI/ILIeHI/H;i u
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Ta6nuia 2. I[nuTeasHOCTS 5TAmoB paboT

Oramn HmmrensHOCTD
o B
BHEIPEHUsS | HACTOSIIEE
TEXHOJIOTUU | BPEMSI
Onpenenennve nenei 2 memernm 1 menens
TECTUPOBAHUS
Paspaborka mporpaMMmer | 5 Hemers 2-3 mHs
7 METOOUKY UCIBITAHUN
ITonroToBka x 3 Hemenu 2 mug
TEeCTUPOBAHUIO
Honaqa Harpy3KHu B 3aBUCUMOCTH OT IIJIAHAQ
Co6op maHHBIX SKCIIEPUMEHTA,
MNuTepnpuranus u 1 menmens 3-4 gaca
aHaJIu3 pe3yIbTaToB

KpuTepueB momenu TpeboBauuit. PesyabTaTsr wuc-
NOBITAHUN Ha IpakTUKe 0GOPMIIIIOTCSI B BUIE IIPO-
TOKOJIa HaI'PY30YHOTO TECTUPOBAHUS.

4. 3AKJIIIOYEHUE

[TprHIIMIIIATBHO BaXXKHBIM BOITPOCOM TIPU  ITPOBE-
OJECHUN HAaT'PY309HOI'O TECTUPOBAHUS SIBJIIETCSI BBI-
paboTka OOINero MOHWMAaHWS ITOCTAHOBKU 33a0adn
3aKa3YMKOM U HUCIIOTHUTEEM. JacTo HOCTHXKEHUe
TAKOTO TIOHUMAHUS TPEBPAIIIAETCS B ITUTEITHHBIN 1
TPYIOEMKUI TPOIIeCC, TaK KaK TpebyeTcs BeIpaboT-
Ka o0Imen niis o6emxX CTOPOH MOHSITUMHON 6a3bI.

Ilaxxe Tpu BO3HUKHOBEHUU MOTPEOHOCTUH B Ha-
IPY30YHOM TECTUPOBAHUU Yy OTHOTO 3aKa3UMKa, Ie-
JIV PA3HBIX SKCIIEPUMEHTOB MOTYT OTJINIATHCSI, TIOC-
KOJIBKY y 3aKa39YMKa BO3HUKAIOT Pa3HbIE TPOOJIEMHBI,
CBSI3aHHBIE C KCIJIYATAIIMOHHBIMI XaPaKTEPUCTHU-
kamu. TunwaabiMu mpobjieMaMu MOTYT OBITH II0
KpamlHell Mepe CIIeNyIOIIne:

e JlocTATOYHO /M WMEIOIIErocss 000PYyHOBAHUS
Oy obecniedeHnsT 3a0aHHOW ITPOM3BOAMTETH-
woctu MC B TedeHme OImXKaMIIEro Iepuoma
(1-2 roma) mpHM M3BECTHOM €XKETOMHOM DPOCTE
Harpy3Ku?

o Cmoxet nmu VIC, npu pocre Harpysku obecte-
YUBAIOIAS 3aOAHHYIO IIPOMYCKHYIO CIOCO6-
HOCTb, OITHOBPEMEHHO O0ECTIEUNTDh U PEaKTUB-
HOCTH B M3BECTHBIX IIpemesax’

e He mossunuces nu npusuaku merpamaruu MC
[IOCJIe BHECEHUS W3MEHEHUII B IIPOrPAMMHOE
obecrieuenue?

U P OPYTUX.

B xone BuImonmHeHMS TOCTATOYHO GOIBITIOT0 KO-
YeCTBa HATPY30UYHBIX DSKCIIEPUMEHTOB BBIIBIIEHA
MIPUHIUTHAIBHAS BO3MOXKHOCTH TUMHN3UPOBATH IIe-
JIBIA PSI MMOCTAHOBOK 33718 HATUPY30YHOTO TECTU-
POBaHUS MJIs PEIEHNS K TUTUIHBIX® 3.

OmnucanHass TEXHOJIOT WS IPUMEHSIETCS B TEUEHUE
geThIpex jeT. OHa UCIOIb30BAIACE IS TECTUPOBA-
HUS HECKOJIBKUX OAHKOBCKIX CUCTEM Ha Pa3IAIHBIX
miardopmax: Windows, HPUX, zLinux, z/0S. B
PA3INYHBIX SKCIIEPUMEHTAX MO HATPY30UYHOMY TeC-
TUPOBAHUIO Ha BBIYUCIUTEILHON YCTAHOBKE OIIHO-
BpeMeHHO (YHKIMOHUPOBAIIO N0 40 NpuIoxeHuw,
40 6a3 maHHBIX. MakcuMaabHBIE 00BeM Oasbl MaH-
HBIX, C KOTOpOU paboTaju TeCTUPyeMble ITPUIIOKE-
HUSA, cOCTaBsLI M0 2,5 T6.

Pamnee skcniepuMeHTHI TAKOTO MACIITa0a B KOMITa-
HUSIX 3aKa34nKa TpeboBau OOIbIION PyIHON pabo-
ThI. B citydae ux npoBenerus njist GOpMUPOBAHUS 1
[IOaYy HATrPY3KHU HUCIIOIb30BAJIACH 3aIMCh WMEB-
IIIUXCST TIOTOKOB HATPY3KH.

HpOBeHeHI/Ie AOEKBATHBIX UCILITAHNIT OJId OIIEHKU
oxumaeMblx xapakTepuctuk 1C B KOpOTKIE CpOKHI
U IPU OTHOCUTEILHO HeOOIBIIINX 3aTpaTax TPYIO-
emrocTr (5-10 w.mec.) OBIIIO TEXHUYECKH HEBO3-
MO2KHO.

OueHKa CUTyaInnii UCIOIB30BABIITUMUCS METOIA~

IMIPO'PAMMUMWPOBAHUE N=1 2011
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Mz Obla KpallHe TPYHOeMKOU W B OOJIBIINHCTBE
ciayvaeB He mpoBomuiack. (CucTeMaTHIecKwi yii-
peXIAaronil KOHTPOJIb MOerpafallnll XapaKTepuc-
TUK IIPOU3BONUTEILHOCTHY IIPY BHECEHUN N3MEHEHU
B 1O e mpoBOOMIICS B CUITY BBICOKOW TPYIOEMKOCTH
TOMOOHBIX PaboT.

Paccmorpennas TexHosorus
IOJIHUTL 3a IOCJeOHUE dYeThIpe Iofa Clemylolue
00BEMBI DKCIIEPUMEHTAIBHBIX PaboT (cyMMapHbIe
IIAHHBIE):

IIO3BOJINJIA BBI-

— KOJIMIECTBO HATPY30UYHBIX DKCIIEPUMEHTOB —
6omee 40;

— KOJIMYECTBO CTr€HEPUPOBAHHBIX COOOITIEHUN —
6omee 75 MITH.;

— cpenHee KOJIWYIeCTBO COOOIIEHWN B OTHOM BKC-
IepuMeHTe — OKOJIO 2 MJIH.

B Tabaute 2 npencraBieHbl DaHHBIE IO CPEIHEH
MIPOMOJIKUTEITFHOCTH PabOT OO BHENIPEHUS TEXHO-
JIOTUU U B HACTOSIIIEE BPEMSI.

IIpuBeneuubie B Tabnuile MaHHBIE MOKA3LIBAIOT,
9TO pa3paboTaHHAs TEXHOJIOTUH U CPENCTBA €€ aB-
TOMATH3AIINA OAIOT BO3MOXKHOCTb TOTOBATDH U IIPO-
BOOUTH HArPYy30YHOE TECTUPOBAHUE B IIPUEMIIEMEIE
IS 3aKa3umka Cpoku. KoImduecTBO MOBTOPSIEMBIX
SKCIIEPIMEHTOB IJIsI IOy IeHNs TPpeOyeMBIX Xapakx-
TEPUCTUK CHUBMIIOCH C IBYX-TPEX IO OOHOTO.

IIpu mpoBenmeruu TecTUpOBAHUS KPYIHBIX CHC-
paboTamoImx Ha OOPOTUX TEXHUYECKUX
CpEeICTBaX BayKHA MUHUMU3AINS TAKIX PUCKOB, KAK
CIOBUT CPOKOB KCIBLITAHUS, IPOBENEHNE TTOBTOPHBLIX
“CTIBITAaHUA U T.m. Taxwe pPUCKu BO3HUKAIOT, KaK
IIPaBWIO, U3-3& OTCYTCTBUS €NWHOTO IIOHNMAHUS
3aKa3UYNKOM W TMONPSOINKOM IIeJIe TeCTUPOBAHUS
7 omuOOK INIAHWPOBAHUS DKCIIEPUMEHTA.

IIpumensis pa3paboTaHHYIO TEXHOJIOTHIO, yIa-
JIOCH YMEHBINIATE TaKIe PUCKU I CHU3UTH IITUTENhb-
HOCTBb U TPYOOEMKOCTH HArPY30UHBIX HCIBITAHUM,
a CJIeOBATEIFHO M UX CTOMMOCTb.

B pabore mpencrasieHa TEXHOJIOTHUS OpraHU3a-
VU U TPOBENEHUS aBTOMATU3UPOBAHHOIO HATDY-
30YHOTO TEeCTUPOBAHUS IJIS Kilacca MHGOPMAIMOH-
HBIX crucTeM. TeXHOJOrus OCHOBAHA HA HMCIOIB30-
BaHUU MeTaMoIesell, OIIUCHIBAIOIINX TPeOOBaHNUS K
MIPOBENEHNIO HATPY30YHOI'O DKCIIEPUMEHTA M CBOU-
cTBa OOBEKTa TeCTUPOBAHUS U HArpPY3KHU Ha HETO.
B pamkax TeXHOIOTME O3 TAITHO C UCIOIH30BAHIEM

TeM,

[MPOTPAMMHMPOBAHME N21 2011

MEeTaMOJIEJIEN CTPOSITCST MOMEIN, KOTOPHIE TIOHSITHBI
3aKa3YMKy U TI0 KOTOPBIM OCYIIECTBIISETCA COTIIa-
COBaHUE C HUM OCHOBHBIX TIADAMETPOB 3KCIIEPUMEH-
Ta U KPUTEpUEB OlleHKU pedynbrara. C moMoIbio
MOIeNell  HACTPAMBAIOTCA — WHCTPYMEHTAIILHLBIE
CPENCTBA, TOCNIE YEero HSKCIEPUMEHT IIPOBOIATCS
ABTOMATUYECKH IO yTIPABJICHIEM UHCTPYMEHT A b-
HBIX CPEOCTB HArpy304YHOI'O TE€CTUPOBAHUI. TeX—
HOJIOTUSI OXBATHIBAECT BCE ACTEKTHI MJIAHUPOBAHMUS,
OIPOBEOCHU A HAT'PY309YHOI'O SKCIIEpUMEHTa U aHaJI-
3a €ro pe3yabTaToB. Mcmombp3oBanme Momesein cy-
IIECTBEHHO (B HECKOJILKO Pa3) CHUXKAET TPYIOEM-
KOCTBH HATPY309HOTO TECTUPOBAHUS TIO0 CPABHEHUIO
C UMEBIIUMCS ONBITOM U OGECIeYMBACT BO3MOXK-
HOCTB TIOBTOPHOTO HCTIOIB30BAHES TTONTOTOBIIEHHO-
0 5KCTIIEPUMEHTA, HAITPUMED, TIPU KOHTPOJIE Ierpa-
nanuyu nHGOPMAINOHHON CHCTEMBI B €€ KU3HEH-
HOM TIHKJIE.
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1. INTRODUCTION

In performance testing, the mostly used models are
those for generating a large number of virtual clients
for testing Web-systems and their servers to determine
the load they can sustain [1]. In this case, one simu-
lates the structure of transitions between the states of
services provided by a Web-system with account for
the probabilities of running these services and their
sequences. There are also studies devoted to the anal-
ysis of networks in performance testing [2]. Such a ver-
satile model, for example, makes it possible to com-
bine different testing tools into a single technology on
the basis of several types of the so-called Universal
Probes (UPs), which describe the architecture, the
policy of interaction between the system elements,
and resource limitations.

However, when testing mission-critical informa-
tion systems (ISs) in practice, the above-mentioned
models do not cover the needs of performance testing
planning and assessment of the adequacy of results.

In this study, the model-based approach is applied
to performance testing of ISs; within this framework,
we test application software in an IT-environment
(i.e., in an environment that includes a database man-
agement system (DBMS), databases, system software,
and the corresponding hardware).

To ensure that the problem statement, its initial
data, and the results of performance testing are ade-
quate, it is required that both the client and the con-
tractor have common understanding of the key aspects
of the planned experiment. Under the conditions of
quick business development, this realization must be
reached as fast as possible.

The key aspects of the planned experiment are:

— the problem statement determining the aims of
the experiment must match the system requirements;

— the initial data describing the object to be tested
and the required properties of its load must be defined;
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— the set of necessary characteristics and indicators
that are used to assess the testing results must be spec-
ified prior to the beginning of the experiment.

When formalizing the domain (for a class of sys-
tems), several metaconcept frames (these are meta-
models describing the possible concepts that can be
important in the subsequent performance testing and
assessment of the adequacy of its results).

Metamodels should define how the initial data are
collected for performance testing to ensure that the
experiment is adequate to the actual operation of the
system under an expected load.

These initial data are as follows.

— Information about the type of performance test-
ing (evaluation, analytical, configuration, or regres-
sion testing).

— Information about the parameters to be mea-
sured and performance indicators.

— Information about the system structure in terms
of load-supply variants and measurement methods.

— Information about the planned load in a struc-
tured form.

We developed four metamodels that make it possi-
ble to choose the characteristics, indicators, and mea-
sured quantities that adequately characterize the oper-
ation of the IS under test. The metamodels are as fol-
lows.

— Metamodel of requirements characterizing the
type of system under test, the set of the non-functional
requirements (business rules and technical require-
ments).

— Metamodel of the system describing the struc-
ture of the system as a network of queueing systems
(including the configuration of resource-type ele-
ments).

— Metamodel of load describing the number and
types of service requests to the system, the distribution
law of the service requests at the time of the experi-
ment, the rules governing the arrival of service
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requests, and the points of their entry into the system
(logical level).

— Metamodel of measurements determining the
composition of the characteristics, indicators, and
quantities to be collected, the interface for inputting
requirement into the system, the method of their col-
lection and transformation algorithms, and the criteria
for assessing the results.

When a new load testing experiment is planned on
the basis of the metamodel concept, models of
requirements, system, load, and measurements are
generated by choosing metaconcepts and determining
their values based on the properties of the IS under test
and goals of the load experiment. The use of meta-
models in planning a new load testing experiment
ensures that the resulting models are complete and
integral.

For different types of performance testing and dif-
ferent systems, these models may be different.

In Section 2, we propose four interrelated meta-
models describing the basic concepts and the pre-
scribed rules of applying these concepts (parameters of
the model and the interaction rules between the basic
concepts in models). An interpretation of the basic
performance characteristics of ISs is also given.

In Section 3, a classification of the main types of IS
performance testing is given, and the proposed tech-
nology of automated performance testing using the
proposed models, IBM Rational tools, and our own
tools are described. It is shown how the basic concepts
and rules can be used to construct specific models of
ISs when the performance testing is planned; these are
the model of requirements for the operational charac-
teristics, the model of load, the model of the system,
and the model of measurements, which describe all
the initial data needed for the automated performance
testing and the expected results. The models make it
possible to automate the configuration procedure of
the automated testing tools for the parameters of a spe-
cific load experiment.

The Conclusion gives the main practical results
obtained from our four-year long experience of using
the model-based technology for testing banking sys-
tems.

2. METAMODELS AS A TOOL
FOR DESCRIBING THE PROPERTIES
OF ARTIFACTS OF LOAD EXPERIMENT

Metamodels provide a unified approach to the
problem statement both for the Client and the Con-
tractor. Their benefits include quick understanding
and accommodation on the experiment goals, quick
construction of ways for achieving these goals, and a
unified understanding of the way for their fulfillment.
Metamodels are a bridge connecting the Client’s non-
formalized requirements with a formalized descrip-
tion of the load experiment in the form of models. This
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can substantially simplify the planning and automa-
tion of the load experiment.

2.1. Metamodel of Requirements

The metamodel of requirements contains rules for
formalization of requirements for the operational
characteristics of the system. These requirements con-
tain no information concerning the functions per-
formed by the system and, therefore, are called non-
functional requirements.

Nonfunctional requirements may involve regula-
tions determined by the business rules of the organiza-
tion where the system is operated. The regulations can
specify the time framework for performing certain
processes in the system. Whether the system can com-
ply with these time limitations directly depends on its
capacity.

Depending on the given nonfunctional require-
ments, the goals of the load experiment are set and
characteristics to be examined are chosen.

The nonfunctional requirements for the system are
described using the metamodel of requirements,
which can be represented in the following form.

R=BuU T, where

Ris the set of requirements for the system,

B is the set of business rules,

and T is the set of technical requirements.

Business rules include or are related to engineering
procedures, corporate regulations, policies, standards,
legal acts, intra-corporate initiatives, registry prac-
tices, computing algorithms, etc.

Technical requirements set technical features of the
system, for example, the characteristics of perfor-
mance, reliability, and accessibility.

The metamodel of requirements sets the rules for
describing a verbal model of requirements containing
nonfunctional requirements.

When choosing specific values of concepts or indi-
vidual rules, the model of specific requirements for the
tested system is actually generated on the basis of
metamodels.

2.2. Metamodel of System

The metamodel of the system makes it possible to
describe the system structure as a network of queueing
systems consisting of resource-type elements and rela-
tions between them.

The metamodel of the system has a complex struc-
ture and determines the rules for the generation of the
model of the object under test, which is described up
to the level of the tools and software packages (compo-
nents and services) involved in testing with certain
performance characteristics.

For the metamodel, it is supposed that systems of a
certain class can be represented by a set of concepts
and rules of their relationship.

2011
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When choosing specific values of concepts or indi-
vidual rules, the model of specific requirements for the
system under test is actually formed on the basis of the
metamodel.

The metamodel of the system can be represented as

o ={{Up)}, {8}, Ky, Ky}, where

{U(p)} is the set of tools of the object under test with
performance characteristics p,

{8} is the set of software packages (components and
services),

{Kg} is the matrix of relations between software
packages in which the rows represent the sources, the
columns repesent the recipients, and the cells indicate
a link between them,

{K,} is the matrix of relations of the software pack-
ages with tools; this matrix indicates the number of
resources allocated by a tool for a software package.
The rows of this matrix correspond to the software
packages and the columns correspond to computer
systems. The elements of this matrix are vectors of
allocated resources.

Points of load supply and points of collection of
performance characteristics can be represented by any
links in the matrices {K;} and {Kg} according to the
model of load and model of measurements.

The rules for describing the object under test are
fairly sophisticated; they describe the software, the
hardware, and their relationships.

The level of detail of the system considered as an
object under test is determined by goals of the experi-
ment. It can be a single software package (the system
as a whole) or a set of software packages or applica-
tions (modules).

The description of the software is based on the
principle that the system under test is regarded as a
black box with many inputs and outputs. If needed,
the system can be decomposed into software packages,
which also are regarded as black boxes with many
inputs and outputs, which can be linked one to
another. The links between certain blocks can be both
points of load supply and points of characteristic col-
lection.

The description of hardware must include static
characteristics (such as the number of processors and
amount of memory) and dynamical characteristics
(such as the rules of dynamic redistribution of
resources). These rules determine the possibility for
the joint use of some resources, set priorities for the
utilization of the resources by one or another software
package, and the weight coefficients that regulate the
allocation of resources to software packages.

2.3. Metamodel of Load

The metamodel of load determines the structure of
the input load flow and can be represented as

L={F, M, I}, where
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F is a set of functions characterizing the distribu-
tion of the input load,

M is a multidimensional matrix, in which the
dimensions can be the load types such as load flow
sources, flow names and types, and the elements of the
matrix can represent their quantitative characteristics,

I is the set of interfaces for inputting the load (as a
reference to the model of the system).

The load flow is structured with respect to its
dynamic (F) and static (M) properties.

The dynamic properties of the load flow include
the laws of its distribution in time, which can be

— deterministic,

— probabilistic.

Deterministic laws of the load flow time distribu-
tion imply a schedule for the arrival of a given amount
of load to the system. In the limiting case, a schedule
can contain the time of arrival of each demand in the
system. Probabilistic laws of the load flow time distri-
bution imply normal, uniform, exponential, or other
distribution laws.

The quantitative composition of load flow
describes its static properties and can be structured
with respect to several criteria, including

— types of load,

— types of senders.

For the given class of systems, there are three main
load types:

— traffic,

— messages,

— events.

The traffic load is produced by users in a system
based on the client—server architecture. Most fre-
quently used traffic types are the HTTP traffic and the
SQL traffic. The actions of users at workstations lead
to the generation of queries (for example, SQL que-
ries) to the server. Each system has different types of
workstations that can send queries.

Another type of load is the message load. Messages
are used as units of information exchange between
parts of large systems. Depending on their designa-
tion, messages can be divided into types. In turn, the
messages containing documents for processing can be
classified into types depending on their format. Fur-
thermore, messages can be classified into

— single messages (containing a single document),

— packet messages (containing a set of documents).

Depending on the sender, each message can be
encrypted and signed by one or more electronic digital
signatures.

There is a load created by the tested system itself as
a result of some events (for example, execution of
scheduled tasks or the execution of procedures initi-
ated by an operator).

When choosing specific values of concepts or indi-
vidual rules, the model of specific requirements for the
tested system is formed on the basis of the metamodel.
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Table 1. Types of performance characteristics

Performance characteristics Calculated indicators
Reactivity Average time of response
Average time of waiting
Average time of service
Productivity Capacity
Output
Utilization Ultilization of resource
Relative capacity

The load model is described at the stage of planning
the experiment.

2.4. Metamodel of Measurements

The metamodel of measurements is designed to
unify the description of the following things:

— methods of obtaining measured quantities;

— theoretical possibilities for organizing the mea-
surement procedure;

— typical methods for estimating the indicators and
characteristics;

— general features of tools from the viewpoint of
their usage for the automation of measurements.

The metamodel of measurements can be repre-
sented as

A={|U}, 1, 1, R, o}, where

{|U'} is the list of measured quantities for each type
equipment or the IS part,

7 is the periodicity and off-duty factor of measure-
ments,

| is the set of calculated indicators and their rela-
tionships with the measured quantities,

R describes the typical rules and algorithms for cal-
culating the indicators,

o describes the typical criteria for estimating the
results.

When preparing the load experiment, the specific
values of concepts or specific rules are chosen; actually
the metamodel is used as a basis for forming the model
of specific measurements.

In the planning of the load experiment, the key role
is played by the choice of list of measured performance
characteristics because these characteristics make it
possible to draw conclusions on the experimental
results.

The main types of performance characteristics are
reactivity, productivity, and utilization (see Table 1).

In turn, they are divided into several calculated (or
directly measured) indicators, of which each can be
calculated on the basis of directly measured quantities;
their composition and relationships in the calculation
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of the indicators can depend on the systems engineer-
ing platform and the structure of the system under test.

2.4.1. Reactivity. Reactivity is important for real-
time systems (i.e., when certain or all functions must
be performed in a limited amount of time). In this
case, the operational characteristics of the IS may
include the time of system response (reaction) to the
user query or the waiting time for solving a problem
(for example, the waiting time for the execution of a
business transaction can be minimized).

The reactivity characteristics are determined as the
time between the arrival of input data to the system
and the appearance of the corresponding output data.
The reactivity can be measured in terms of both the
end user and processing center. Both business transac-
tions and physical (technical) transactions are to be
measured. A transaction is a unit of work designed for
executing business tasks. For example, a banking
transaction may require ouble entry; i.e., the client
cares for the time of execution of the entire banking
operation rather than for the time of just inputting the
data one time. A banking transaction may involve the
execution of several physical transactions (for exam-
ple, databases accesses).

Reactivity is estimated or calculated on the basis of
the following performance indicators:

— average response time;

— average waiting time;

— average time of service.

The response time is calculated as the period
between the start of the transaction and the termina-
tion of its final stage.

The response time (7¥) is usually composed of the
time of service (time of processing) (75) and of the
waiting time (time of waiting for a resource) (7w):

Tr=Ts + Tw.

The reactivity indicators depend on the system type
and the structure of its entry and exit points.

2.4.2. Productivity. For many systems, it is impor-
tant to consider their integral capacity estimated as the
number of business transactions processed by the sys-
tem per unit time (productivity).

The estimation of productivity is normally based
on directly measured or calculated values of the fol-
lowing performance indicators:

— output (V)

— capacity (or absolute capacity) (C).

The output (V) is defined as the number of com-
pleted transactions per a given time:

V. = jX",where
T

i= I,_n is the serial number of the time period,
N, is the number of completed transactions,
and T is the time period.

The capacity (C) is the maximum possible number
of completed transactions per unit time:
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C=max(V,, ..., V).

The characteristics of productivity can be used for
estimating both the system as a whole and its parts.

2.4.3. Utilization. The utilization characteristics of
designed for describing the extent that the resources of
the tested system are used under a given load.

Utilization includes the following performance
indicators:

— resource utilization (coefficient of resource utili-
zation),

— relative capacity.

The resource utilization shows the fraction of time
that the resource is used serving transactions. The gen-
eral formula is

U= ’:+T x 100% , where

n is the number of transactions served,

15 is the time needed to serve the ith transaction,

and 7'is the serving period.

The utilization characteristics and their number
considerably depend on the hardware used in the sys-
tem and its constituent resources: processors, mem-
ory, external storage, input—output channels, etc.

2.5. Interrelation of Models

The models discussed above are interrelated and
closely interact with one another. For each experi-
ment, all the four models must be determined.

The model of requirements is an initiating model
(see Fig. 1).

Upon the testing goals are set, one can determine:

— the object of testing: what part of the system will
be tested (model of the system);

— which characteristics and indicators must be
determined and which criteria should be met by them
(model of requirements);

— which are the load flows for the system from the
controlled process (model of load);

— which parameters should be measured and at
which points to obtain the necessary results (model of
measurements).

A number of characteristics of the model of mea-
surements and the model of load can be described only
when the description of the model of the system is
completed. For example, these characteristics are the
description of points where load is applied and the
points at which the characteristics are collect.

3. USE OF MODELS IN THE PERFORMANCE
TESTING TECHNOLOGY

When performance testing of ISs is performed in
the course of their operation, the main goal is to assess
the operational characteristics of the IS of which the
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application software is one of the parts; it is assumed
that the functional testing of the software has already
been performed earlier). In performance testing, we
normally want to determine the so-called performance
characteristics or nonfunctional requirements (i.e.,
IS capacity, performance, reactivity in executing
functional tasks, etc.).

The main difficulty in performance testing is to
ensure that the initial data and results of performance
testing of ISs are adequate to the client views. The
point is that the client cannot always exactly formulate
the testing goals and information about the features of
the IS load; nor can the client get a good idea (before
the performance testing is completed) of what results
can and should be obtained. Due to this, the planning
and execution of the load experiment can take as long
as 2—3 months. If the task is formulated inaccurately,
it may be needed to repeat the load experiments,
which is very costly.

To improve the quality and reduce the cost of per-
formance testing, one needs a comprehensive technol-
ogy of automated performance testing that has the fol-
lowing properties:

— is conceivable to both the client and the tester;

— makes it possible to document

* the test scenarios,

» assumptions about the load structure and com-
position,

* the structure and composition of the system
under test considered as an object of testing,

* principles and ways of measuring the IS opera-
tional characteristics at the points where the measure-
ments are to be performed.

Therefore, it is of interest to develop such a tech-
nology of performance testing for a wide class of sys-
tems for automating business processes, including
banking systems. These systems require that business
processes be executed in due time. The requirements
specifications for such systems contain a set of non-
functional requirements, such as performance, num-
ber of simultaneously operating end users, limitations to
the average time of transaction execution or reactivity,
etc.; i.e., these tasks explicitly specify the expected oper-
ational characteristics (performance characteristics).

Depending on its aims, the performance testing
can be of the following types:

— evaluation testing (estimation of performance
characteristics in a single load experiment);

— analytical testing (establishing dependences (for
example, the dependence of performance on comput-
ing resources) in a series of load experiments);

— configuration testing (configuration and optimi-
zation of load characteristics of the IS or its part);

— regression testing (multiple periodic load testing
under fixed conditions to detect degradation of the
system).

These types of testing are usually performed as
semi-scale experiments. Each type of testing has spe-
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Model
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Fig. 1. Interrelation of models.

cific features of planning (single experiment, series of
experiments, the requirement to store the experimen-
tal results for statistical analysis of historical data
obtained from experiments). However, the design of a
single experiment is fairly stable for estimating each
type of performance characteristics.

The model-based performance testing technology
of involves the following phases:

— determination of testing goals;

— development of testing program and procedure;
— preparation for testing;

— load feed;

— data collection;

— interpretation and analysis of results.

Figure 2 shows the performance testing technology
(the automated procedures are shaded).

At the goal determination phase, requirements for
the operational characteristics of the system are deter-
mined using the metamodel of requirements, and a
model of requirements is constructed.

Using the model of requirements, the goals of per-
formance testing and its scenario are accommodated
with the client.

At the phase of developing the testing program and
procedure, the model of requirements is used to bring
the description of the scenario, goals of performance
testing, and requirements for the operational charac-
teristics to be estimated into the document called The
Program and procedure of testing.

At this phase, the metamodel of load is used to
determine the possible static and dynamic structure
and configuration of the load flow. Based on the
accommodation of the scenarios and the configura-
tion of the load flows with the client, the model of load
is formed based on the metamodel of load.

The metamodel of the system makes it possible to
describe the system structure in the form of a model of
the system as a network of queueing systems. The
model of the system contains requirements for the
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performance testing workbench that are approved by
the client.

Based on the metamodel of measurements, the
model of measurements includes a documented set of
characteristics measured in the course of the experi-
ment and calculated indicators, the methods for
obtaining them, and criteria for estimating the testing
results.

At the phase preparation for testing, the model of
load is used to adjust the test planning tools and test
data generator.

The test data are generated automatically in line
with the quantitative configuration of each load type
determined in the model of load. The test data gener-
ated in this way are placed into the test database.

Using the model of the system, one adjusts the
tools for workbench checking and also adjusts the
measurement automation tools in what concerns the
points of data collection and collection procedures.
The adjustment of the measurement automation tools
in the part concerning the list of collected characteris-
tics is performed using the model of measurements.

At the load feeding phase, the automation tools
feed the load at the input points determined for each
load type in the model of the system. The load is
retrieved from an earlier prepared test database and
applied automatically according to the schedule (time
distribution law) specified for each load type in the
model of load.

The data collection phase, the values of the mea-
sured characteristics are automatically collection. The
points of collection are obtained the model of the sys-
tem, and the configuration of the measured character-
istics is obtained from the model of measurements.

At the phase of interpretation and analysis of
results, the automation tools use all the four models.
The model of requirements is used to compare the
experimental results with the system requirements.
The model of load and the model of the system gener-
ate a report on the experimental conditions. The
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Fig. 2. Model-based performance testing.
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Fig. 3. Example of the model of the system as a graphical
scheme.

model of measurements makes it possible to automate
the comparison of the experimental results with the
estimation criteria.

Below, we describe each phase in more detail.

3. 1. Determination of Testing Goals

The testing goals are determined on the basis of the
client’s needs concerning the estimation or prediction
of the operational characteristics of the IS and the cor-
responding nonfunctional requirements.

The client cannot always fully determine the testing
goals. In the course of accommodation of the main
goal with the client and during the development of the
testing program and procedure, one can reveal sec-
ondary testing goals and limitations that need to be
again approved by the client. The metamodel of
requirements helps at the early stage form a question-
naire for the client and fully determine the testing
goals, which reduces the number of iterations in goal
approval procedure and the total time taken by the for-
mation of the primary and secondary performance
testing goals.

3.1.1. Construction of the model of requirements.
At the stage of determination of testing goals, the
metamodel of requirements makes it possible to ana-
lyze the object under test and construct a primary
model of requirements, which is then discussed with
the client, corrected, and approved.

The model of requirements is a verbal description
of nonfunctional requirements grouped with respect
to the types and objects to which the requirements are
applied. This model contains also criteria for estimat-
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ing the characteristics and calculated indicators
resulting from performance testing.

The generation of the model of requirements is
automated using the IBM Rational RequisitePro tool.

3.2. Development of Testing Program and Procedure

This is one of the most important and difficult
phases of performance testing. At this phase, the mod-
els of the system, load, and measurements are gener-
ated on the basis of corresponding metamodels.

Three models are generated in parallel, and they
are closely related with one another. For example, the
interfaces of load feeding and the points of data collec-
tion can be determined only after the model of the sys-
tem has been described.

When this phase is completed, all the approved
models are included in the document called “Testing
program and procedure”, which is a plan of perfor-
mance testing; this document must be approved by the
client.

3.2.1. Construction of the model of the system.
When the testing program and procedure are elabo-
rated, a verbal and graphical model of the system is
constructed, which then is discussed with the client,
corrected, and approved.

The model of the system is a description of the
object under test; it includes the software and hard-
ware, their relationships, and the allocated resources
(memory, processor, etc.).

Figure 3 shows an example of the model of the sys-
tem as a graphical scheme of interaction between the
software and computer systems.

The matrices Kgand K, for this scheme are

01000 pir 000
10110 0p,00
Ks=|01010]|and Ky=| 00 p, 0 |
01101 000 p,
00010 000 p,

where p; is the vector of performance characteristics
describing the amount of resources allocated for the
given software in the computer system.

3.2.2. Construction of the model of load. At the
phase of the testing program and procedure develop-
ment according to the declared goals, a model of load
is developed, which is then discussed with the client,
corrected, and approved. The model must incorporate
(usually the limiting) values of load that are predicted
by the client and the configuration of the load sources
that will be imitated in the course of testing. In fact, a
load scenario meeting the goals of performance testing
is developed in cooperation with the client. As a result
of detailed examination of the scenario using the
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metamodel of load, a model of load is constructed
where all the load parameters are determined.

The model of load is a description of the test data
and rules of their arrival to the system. In fact, the ini-
tial data for the load generation tool are formed based
on the model of load.

3.2.3. Construction of the model of measurements.
At the phase of the development of the program and
procedure, a verbal model of measurements is formed
according to the declared goals, which is then dis-
cussed with the client, corrected, and approved.

The model of measurements is a description of the
characteristics to be collected and the methods used
for their collection and interpretation.

The model of measurements determines the
method and tools for collecting the values of measured
variables. In this case, it is very convenient to use the
metamodel of measurements, which incorporates the
standard measurement procedures that are normally
supported by the tools that are available on the market.
The methods for collection of measured values can be
very different depending on the testing goals.

At large, these models can be classed into methods
of nondestructive control, methods of destructive con-
trol, and mixed methods.

In the case of nondestructive control, the measured
values are collected using the tools available in the
operational environment of IS and automated testing
tools. In the case of destructive control, the measure-
ment tools are partially embedded into the application
software of the IS. In the case of mixed control, the
measurement tools can be embedded into both system
tools and application software of IS.

In an ideal case, the tools for collecting the mea-
sured values should not affect the system under test.
When it is necessary to use the measurement tools that
affect the system under test (to set interrupts or trig-
gers), special experiments are performed to assess the
degree of influence of the measurement tools on the
performance of the object under test. The resulting
estimates for the degree of influence are later used to
interpret the results.

3.3. Preparation for Testing
Performance testing requires the preliminary exe-
cution of the following tasks:
— preparation of the workbench;
— preparation of the test data;
— preparation of the load feeding tools;
— preparation of the measurement tools.

The preparation of the test workbench is performed
according to the approved model of the system and
incorporates the organization of the software hardware
and the fulfillment of the additional limitations (for
example, time synchronization on all the computers
used in the object under test).
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For the testing preparation phase, the workbench
check procedure based on the model of the system is
automated. Errors in the preparation of the workbench
can lead to the failure of the load experiment because
the fact that the workbench is partially nonoperational
can be detected only after the experiment has already
started. In addition, the erroneous setting of the work-
bench can distort the results of performance testing,
which can lead to the need of repeating the experi-
ment. The availability of a formalized model of the
system made it possible to automate the workbench
checking, reducing the check time. If errors in the
workbench configuration, in setting of its hardware
and software are found, the automated checking can
be repeated many times, which is not costly because
this procedure is automated.

The test data for performance testing are prepared
in line with the adopted model of load. The test data
either are generated or real data with suitable charac-
teristics are used.

At the testing preparation phase, the planning of
the load experiment and generation of test data on the
basis of the model of load are automated. In test plan-
ning, the temporal and quantitative parameters of the
test data flows and the load feeding scenarios are
determined. The automation tool for the load experi-
ment planning makes it possible to input the corre-
sponding initial data concerning the coming test into
prescribed screen forms. Based on this information,
the automated generation tool prepares test data. The
automated generation of test data ensures that they are
fully consistent with the current state of the system
under test. Thus, it is guaranteed that the test data will
not be rejected by the system and will be processed just
like real data.

Load feeding (and the corresponding tools) are
adjusted using the model of the system.

When the data collection tools are prepared, the
model of measurements is used to configure the infor-
mation suppliers and receivers.

The preliminary phases yield a workbench (at its
initial state) and test data that are ready for feeding .

3.4. Load Feed

At the load feeding phase, the system under test
receives the test data prepared according to their dis-
tribution laws described in the model of load.

The load feeding phase is automated using the test-
ing tools that can form different types of load accord-
ing to the law of their distribution in time. The load as
messages is delivered from an earlier prepared test
database. The load can be applied in the form of
HTTP and SQL traffic. The configuration of traffic is
generated on the basis of the preliminary automated
analysis of the query codes sent by workstations of the
system under test when operations are executed by
users. The load in the form of events is generated by
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Table 2. Duration of work stages

Duration
Phase before imple-
menting the at present
technology
Determination of testing 2 weeks 1 week
goals
Development of testing 5 weeks 2—3 days
program and procedure
Preparation for testing 3 weeks 2 days

Load feed
Data collection

depending on the experimental
design

Interpretation and analy- 1 week 3—4 hours

sis of results

emulating the operator actions using the IBM Ratio-
nal Robot testing tools.

3.5. Data Collection

The data collection is performed using measure-
ment tools. At the data collection phase, primary
information about the values of measured indicators
(such as processor workload, memory usage, transac-
tion arrival times, etc.) is automatically collected.
All the collected data are stored in the operational
database for subsequent processing.

Depending on the collection methods specified in
the model of measurements, the data can be collected
both during testing as they arrive and after testing. The
first variant is preferable because the collected data as
they arrive can be used for controlling the test.

The data collection continues until the testing pro-
cess satisfies a measurement termination -criteria
(determined in the model of measurements).

The primary data processing also depends on the
processing procedure described in the model of mea-
surements and can be executed both as data arrive and
after the experiment as applied to the whole set of col-
lected data.

3.6. Interpretation and Analysis of Results

The testing results are interpreted according to the
model of measurements for further analysis: the indi-
cators are calculated and the values of operational
characteristics of the IS are estimated.

Based on the model of measurements, a multistep
automated processing is performed on the primary
data. First, the calculated indicators are generated on
the basis of the rules and algorithms specified in the
model of measurements. These indicators are placed
into a data storage for subsequent analysis. Based on
these data, analytical reports are generated describing
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the values of the calculated indicators and criteria for
their estimation in line with the model of measure-
ments and model of requirements. Because the data
are stored, one can not only analyze the results of the
load experiment but also perform a comparative anal-
ysis of several regression tests.

When the interpretation of the results is completed,
conclusions are drawn on the correspondence of the
IS with the testing goals taking onto account the limi-
tations and criteria of the model of requirements. The
results of performance testing are documented in a log
sheet.

4. CONCLUSIONS

In performance testing, it is very important that
both the client and the contractor develop a common
understanding on the problem statement. This often
becomes a long and cumbersome process because a
common conceptual base must be worked out.

Even if there is need in performance testing, the
goals of different experiments may vary because the
client has different difficulties in connection with
operational characteristics. Some of the typical prob-
lems are as follows:

— Can the existing hardware ensure the prescribed
performance of the IS in the nearest future (1—2 years)
provided that the annual growth of load is known?

— Can the IS that ensures the prescribed capacity
when the load grows simultaneously ensure reactivity
within the prescribed limits?

— Are there signs of degradation after the software
was modified?

There are also other problems.

A large number of load experiments confirmed that
many typical performance testing tasks can be unified.

The technology described in this paper has been
used for 4 years to test several banking systems operating
on different platforms—Windows, HPUX, zLinux,
and z/0OS. In different load testing experiments, up to
40 applications and 40 databases were run simulta-
neously. The maximum database size dealt by the
applications under test was as large as 2.5 Tb.

Earlier, the experiments of this scale in client com-
panies required large manual work. The load genera-
tion and application required a record of existing load
flows.

No tests for the estimation of the expected charac-
teristics of an IS could be peformed within tight time
limits and at a relatively small cost (5—10 man—
months).

The assessment of situations using conventional
methods actually was rarely performed. No systematic
predictive analysis of the degradation of performance
characteristics after software modification was per-
formed because of its high cost.
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The technology proposed in this paper made it pos-
sible to perform during the last 4 years the following
experimental studies (summary data):

— more than 40 load experiments;

— more than 75 million of generated messages;

— about 2 million messages (on the average) per
experiment.

Table 2 presents data on the average duration of
works before the implementation of the proposed tech-
nology and with the application of this technology.

The data presented in Table 2 show that the pro-
posed technology and its automation tools make it
possible to prepare and perform performance testing
within tight time schedules that are suitable for clients.
The number of repeated experiments to obtain the
necessary characteristics was reduced from 2—3 to 1.

When large systems operating on costly hardware
are tested, it is important to minimize such risks as the
shift of testing schedule, the need for repeated tests,
etc. These risks normally emerge because the client
and the contractor have different views on the testing
goals and due to errors in planning the experiment.

The proposed technology allowed us to reduce
these risks, the duration and labor intensity of perfor-
mance testing, and, consequently, its cost.

This study presents a technology for the organiza-
tion and execution of automated performance testing
for the class of ISs. The technology is based on the use
of metamodels describing the requirements for perfor-
mance testing, properties of the object under test, and
the load. Within the frameworks of this technology,
one can use metamodels to construct stage-by-stage
models that are clear for the client and that can be used
accommodate with the client on the main experimen-
tal parameters and result estimation criteria. Using
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these models, one can configure the tools; then, the
experiment is performed automatically under the con-
trol of the performance testing tools. The technology
covers all aspects of planning, load experiment, and
analysis of its results. The use of models substantially
(several times) reduces the labor intensity of the per-
formance testing compared with our previous experi-
ence and makes it possible to reuse the prepared
experiment (for example, in the control of IS degrada-
tion in its lifecycle).
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