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['Hydka cucrtema 00poOKH 300pakeHb Ha 0a31 CKpUNT-s]Ipa 3
BUKOPHCTAHHSM 1HTEICKTYaIbHOT'O areHTa

B craree mnpennaraioTcsi KOHLENTYaJdbHBIE CXEMBl YIIPABIEHHWS MpoLeccaMH B CHCTeMEe 00paboTKH
N300paKeHNH, MTO3BOJIAIONINE CO3/]aBaTh rpaduuecKuii nHTepdeic B COOTBETCTBUU C MPUKIAJAHON CrelU(HUKOi
pemaeMoﬁ 3aJa4vHu. CxeMbl MO3BOJSIOT H3MEHATH H HapalBaTb q)yHKL[I/IOHaJ'H)HOCTI) CUCTCMBbI, TaK KakK
HOCTPOEHBI Ha CKPUIT-AJpe C MCIOJIb30BAHUEM «HHTEIEKTYaJbHOI0» KOIIa00paTUBHOIO MOAXOAA, YTO JaeT
BO3MOYKHOCTH IIPUMEHSTh O0BEKTHBHBIE U IIPOBEPEHHBIE AJITOPUTMBI 00pa0OTKH H300paKeHUH.

KaroueBbie cioBa: CKpUNITOBOH S3bIK, Tpadudeckuii nHTEpQeiic moap30BaTels,
aBTOMATHU3UPOBaHHAsI 00pabOTKa M300paKeHHH, YITpaBIIEHUE MPOIIECCaMHU.

Conceptual schemes for process management of image processing system is proposed here so to generate a Graphic User
Interface, according to specific needs of certain users and developers. Schemes allow modifications and building-up the
functionality since it based on a script-kernel and intelligent support by collaborating approach, which gives ability to use
objective and reliable algorithms to solve applied tasks.

Key words: scripting language; GUI; automated image analysis; process management.

YV cTarTi NpOIOHYIOTHCS KOHIETITYaIbHI CXeMH YIIPABITIHHS IPOLIeCaMH B CHCTEMi 00pOOKH 300pakeHsb, 110
JIO3BOJLTIOTH CTBOPIOBATH TpadidHmi iHTepdeiic y BiAMOBIAHOCTI 31 MPUKIIAAHOI CIIenH(iKOr0 KOPUCTYBAUIB 1
po3pobHMKiB. CXeMH I03BOJISTFOTH 3MIHIOBaTH 1 HApOIIyBaTH (DYHKIIIOHABHICTD CHCTEMH, TaK SIK TOOYIOBaHi Ha
CKPUMT-S7Pi 3 BUKOPUCTAHHSIM «IHTENIEKTYILHOTOY KOJIIA00PATIBHOTO ITiIXOTY, IO IA€ MOITUBICTD JIJIsSI BUPIIIIEHHS
TIPHUKJIATHAX 3aB/IaHb 3aCTOCOBYBATH O0'€KTHBHI 1 IIEpEBIPEHi aNrOpUTMH 00POOKH 300paKeHb.

KarwouoBi ciioBa: ckpuntoBoii MOBY, TpadiuHuii iHTepdeiic KoprcTyBadya, aBTOMaTH30BaHa 00poOKa
300paXkeHb, YIPaBIiHHS MIPOIIECaAMHU.

BBenenune

Jlaxxe eciau TPUHATH BO BHHMAHHE TOJIBKO 00JacTh 0OpabOTKHM H300paKeHWH, B
HACTOSIIIIEE BpEMS  CYIIECTBYEeT OOJIBIIOE KOJWMYECTBO IMPOTPAMMHBIX  OHOJIHOTEK,
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KOMMEpPUYECKUX WM pas3paboTaHHbIX moj Junensueit «Open Source». Kakx mnpasuio,
NOJNJEPKKa TaKUX HWHCTPYMEHTOB — JajeKo He TpHUBUAIbHAas paboTa, JIUKTYIOLIas
OTIpeNIeNICHHYI0 CHEeNM(HUKY B OpraHU3alK MPOrpaMMHOTO obecrieueHus. OHa 3aBUCUT OT
pelaeMoil 3ajaud, OMbITA IMOJIB30BATENSl, @ TaKXKe Cpelbl IMOJb30BATEIbCKOr0 pabouyero
mecta. Ilo 3T0il mpuunHe, COBpeMEHHble TpeOOBaHHS K IPOrpaMMHOMY OO€CIEYEHHIO
3aKJIIOYAIOTCS B HEOOXOAMMOCTHM  JWHAMHYHOW  oOpraHu3anuu  (hyHKIHOHAIA,
MOJIb30BATENbCKOT0 MHTEpdeiica U yNnpaBieHUs JaHHBIMU B JAHHOW MPEIMETHOH obiacTu
(MeToabl 06paboTKH H300paKEHUH, KOHTPOJIb KaueCTBa, JUCTAHIIMOHHBIN KOHTPOJIb | T.II.)

JIroboe mporpaMMHOE MPUIIOKEHHE M3 00JacTH aHaIM3a M300pAKEHHN «HCCIEeIyeT»
O0BEKT B TEpPMUHAX €ro MPOUCXOXKICHHSA, CTPYKTYpbl U (YHKIHMOHAJIBHBIX CBOMCTB
(mampumep, B MeAMIMHCKUX 3amadax [1]). JIocTaroyHO CIOKHO CIPOEKTHPOBATH
KOMIIBIOTEPHYIO PEIUIMKY WHCTPYMEHTOB JJIsi aBTOMAaTH3UPOBAHHOTO aHallM3a M300paskeHui
C TeM, 4ToObl cO37aTh yHUBepcalbHOE pabouee Mmecto. Takum o00pa3zoMm, HEOOXOAUMO
paccMOTpeTh BO3MOKHOCTh MCIIOJIb30BAHHS TEXHOJIIOTUYECKUX PEIICHHUH, B OCHOBE KOTOPBIX
JIOKHT TaK Ha3bIBacMas «aJanTUBHOCThY WK «rHOKocTh» [10 («Software Flexibility»).

B nacrosiee Bpems «ruOkocts» 10 (He myrath ¢ THOKOW METOMOJIOTHEN pa3paboTKH,
anri.: «Agile software development») — mocraTouno momynsipHas KOHIEMIHUS, KaK HOBOE
CBOMCTBO MpOrpaMMHBIX mpmioxenuit. Omnpenenenue Obuto Brepsbie maHo |EEE [2]:
«Jlerkocth, ¢ KOTOpOHl cuUCTEMa WM KOMIIOHEHT MOET OBbITh MOAM(HUIMpPOBAHA s
UCTIOJIB30BAaHUS B MPWIIOKEHUSX WM B YCIOBHSAX JPYTUX, YeM Te, ISl KOTOPhIX OHa ObLia
CreruanbHO paspaboTtanay» (mepeBoa aBTopoB). OmpeneneHue, 0€3yCIOBHO, MOXET ObITh
OCIIOPEHO WJIH, M0 KpalHeil Mepe, JOMOIHEHO MO PsIy MO3UIUI, TEM HEe MEHEee, CYIIEeCTBYET
HENbId PSIT METPUK, KOJMYECTBEHHO W KAYEeCTBEHHO OITUCHIBAIOIIMX CTENEHb THOKOCTH
pa3pabarbiBacMOil TiporpaMMHoOii cpesisl [3]. OOCyKaeHne STHX BOMPOCOB BBIXOIHT 38 PaMKH
JAHHOM CTaThM, OJHAKO, aBTOPBI IpECIeNyIOT IJI00ATbHYI0 LENb MPeIOKUTh HOBOE
ApPXUTEKTYPHO pelIeHNe MPUKIIAJIHON MTPEIMETHO-OPUEHTHPOBAHHOM CUCTEMBI, KOTOpasi ObI B
JaTbHENIIEM TIO3BOJIWIIA;

— yIyYIICHHBIA aHATU3 W300paKEHHIA MyTeM TOJIYYECHUs] YHCICHHBIX, IIOBTOPHUMBIX U
00BEKTHBHBIX PE3Y/IbTATOB;

— BBIOOp PENIEeBAHTHBIX TOAMHOXKECTB MPU3HAKOB B JMAarHOCTHYECKHX 3a7adax MyTeM
OTCJIEKUBAHHUS MHOXKECTB MTPU3HAKOB, HANOOJIee UCTIONb3YEMBIX IKCIIEPTaMH;

— MOJly4YeHHE HOBBIX 3HAHWM TNpPH BBIJCIEHUH HOBBIX IPHU3HAKOB U HCIOJIHEHHE
CTaTUCTHUUYECKUX HKCIIEPUMEHTOB JUISl OLIEHKH UX 3((HEKTUBHOCTH;

— HOBBIE BO3MOXKHOCTHU B IPOTrPaMMHOM MOJIEPIKKE MPUHATHS PEILICHHH.

Ha nanHOM sTarme, mpeanaraeTcs dJIeraHTHasl KOHIETINS YIPaBICHHS MpoIleccaMi B
cucteMe o00pabOTKM M300paXeHUH U CO3JaHMs IOJIb30BATEILCKOTO HHTepdeiica ¢
NPUMEHEHUEM HHTEJUIEKTYaJbHON COLMANBbHOM (PEeKOMEH/IATEeNbHOM) COCTaBJISIONMIEH, 4TO
MO3BOJISIET BHOCUTh M3MEHEHHs B (D)YHKLMOHAJ, HAJCTPAauBaTh €ro ¢ MOMOIIBIO CKPUIITOB
00pabOTKH U YIIPOCTUTH PEIICHUE OMUCAHHBIX BBIIIE TTPOOIIEM.

Ckpunt kak ocHoBa rudkoro I10

B mpuknamHoiét mporpamme creHapuil (CKpHNT) — 3TO MporpaMma, KOTopas
aBTOMATHU3UpPYeT Ty WM HMHYIO 3a7ady, KOTOpyio Oe3 cleHapus IO0JIb30BaTelb Jienail Obl
BPYUHYIO, HCIONB3ys uHTepdeiic mporpammbl [4,5]. CKpUNTOBBIC S3BIKH TO3BOJISIOT
pa3paboTurKaM KOMOHMHHPOBATh U «CHEIUIATH» BMECTE Pa3InYHble (YHKIUU WIH TTAKEThI
MpPOrpaMM, a TaK)Ke COTIIACOBBIBATH PE3YJIbTAThl, OJyUYEHHBIE B PE3yJIbTaTe PA0OTHI CHCTEMBI
B 1enoM. Jlnms co3maHuss THOKOW Cpembl WM TPOTPAMMHOM CHCTEMBI C  «OTKPBITOM
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apXUTEKTYpOI», BBIIICONUCAHHBIE S3bIKU SBIAIOTCA ((GEKTUBHBIMU C TOYKHM 3PEHHUS HUX
UHTETpalli  Kak  MHCTPyYMEHTa  MOJU(HUKAIMM U pacuMpeHus  (yHKIMOHaIa
paspabatsiBaemoro 110 mist ananuza n300paxeHui.

[Tpu BbIOOpE ONTHUMAIBHOIO CKPUIITOBOIO S3bIKA, HO KOTOPOM JOJDKHO OCHOBBIBATHCS
AP0 MPOrPaMMHOI0 KOMILIEKCA C «OTKPBITONH apXUTEKTYpOi», OblII NCIOIb30BAH MaTepHal,
onyosnmkoBanHbIi ['miioMmom Mapco [6]. B cBoeM mcciieioBaHUM OH CpaBHHII MapameTpbl 72
peanu3anuii S3bIKOB NPOrpaMMUPOBaHMs MO 19 cnenualbHBIM TeCTaM, MOATOTOBJIEHHBIM
npoektoM "The Computer Language Benchmarks Game". OueHuBaiuch Takue mapaMeTphbl,
KaK CKOPOCTh HCIIOJIHEHHsS KOJa W €ro pasmep, HnorpebiieHue maMsaTd, HEOOXOIUMOHW JJis
peanu3aiuu onpeelieHHbIX QYHKIHA U T.1. [ mOKocTh 1 0coObIl (yHKIMOHAI s3biKa Lua [7]
HO3BOJIMJI ONPEAETIUTh €ro Kak HauboJiee NOAXOAAIMNA IPU PELICHNH TOCTAaBICHHON 3a/1auH.
bnaronaps ucnonb3oBaHMIO MHTepmperaropa Lua B KkauecTBe sjapa, cuctema obOpelna
CJIeyIOIIKEe JOCTOMHCTBA:

1. TuOKOCTh MHTErpAlH OTACIBHBIX 33/1a4 B €JMHOM OIIEPAIIMOHHOM IMPOCTPAHCTBE.
Peanuzanus pa3nuuHbIX KOMIIOHEHT MHBapHaHTHA K IIpOLECCY HUX acceMOJIMpOBaHUS U
aJlanTalyy N0Jl KOHKPETHBIE 3a/1a4H.

2. JlekoMITO3MIIMS 337a9d Ha PsiJl HEOONBIINX TM0/33/a4, ¢ YIETOM CHCTEMHOCTH, T.€.
6onee >pdeKTUBHOE pacupeesieHHe 3aJaHuil MeXy WIeHaMHu Ipynn M pa3paboTyMKamH,
yIpOILIEHHE Tpoliecca OTIAIKH.

3. Ilpocrass mopTupyeMocTh 0€3 HM3MEHEHHH W PEeKOMIMJISAIMH YK€ CO3JaHHBIX H
OTJIaKEHHBIX KOMIIOHEHT B HOBBIE IPOEKTHI, U UX HMHTErpalus B HOBYIO CHUCTEMY CBS3EH,
cxeMy (PyHKIIMOHMPOBAaHUS U UH()OPMAIIMIOHHOI'O OOMEHA C JPYTUMHU KOMIIOHEHTaMH.

4. BO3MOXHOCTb HCIIOJI30BAHUS OTJIAXKEHHOTO CLieHapHsi COOPKH B KayeCTBE OCHOBBI
JUISL HOBOT'O MPOEKTA C HOBBIM MJIM JI0Pa0OTaHHBIM (DYHKIIHOHAJIOM.

5. IlpoekTrpyeMoCTh CUCTEMBI IO MPUHIHUITY «OT HPOCTOTO K CI0XKHOMY», IOCTEIIEHHO
HapamuBas (YHKIUOHAJIbHBIE BO3MOXKHOCTH CHUCTEMBl M peIlas MepBOOYEPEIHBbIE 3a/auu
IIPOEKTA.

CrpykTypa pa3pabaTblBA€MOro MpOrpaMMHOr0 OOECIEeYeHHs C y4eTOM OCOOEHHOCTEH
3aJaud OpraHM30BaHa TaK, 4YTO O0a30BBIM s3bIK OoOJbIIMHCTBA (QyHKUMH CH++ Moxer
OJIHOBpeMeHHO paciupsaTe Lua. Hanpumep, C-pyHkuuu Moryt BbI3bIBaTh Lua-QyHKuuu u
Ha000poT. OCHOBOM CUMOMOTHYECKOT0 B3aUMOECHCTBUS Mexay Lua 1 ero 6a30BbIM SI3bIKOM
SIBJISICTCSl BUPTYaJIbHBIN CTEK, KOTOPBI siBisieTcst cTpykTypoit manubeix LIFO («Last In-First
Outy, «rmoce NI BOIIEN - TIEPBBIN BBIIIEN») U BPEMEHHO COXPAHSIET apryMEHTHI (QYHKIH U
ee pesynbrathl. Jlnsg Bei3oBa M3 Lua 6a3oBoro si3bika (M HA0OOPOT) BHI3BIBAIONIAsl CTOPOHA
MOMEIIAeT 3HAYeHHs] B CTEK M BBI3BIBACT IENIEBYIO (DYHKIMIO; MPUHUMAIOIAS CTOPOHA
U3BJIEKAET apTyMEHTbl U3 CTeKa, 00pabaThiBaeT JaHHbIE U MOMEIIAET B CTEK pPE3yIbTAThl.
Korna ynpasieHue Bo3BpalaeTcsl BhI3bIBAIOIIEH CTOPOHE, OHA M3BJIEKAET 3HAUCHUS U3 CTEKa.
Hcnons3ys C API, nmpunoxxeHre MOKeT TakKe MOIy4uTh MHPOpManuio u3 Lua-cTpyKTypsl.
Ob6parHoe neiictBue (Bb3oB C-pynkiuu u3 Lua) anamormuno. Lua moxer 3arpyxkaTb U
BBI3bIBaTh (PYHKIIUHU 1O TPEOOBAHUIO.

B pesynprate mHTerpanmm lLua B mporpaMMy MOSBHIAch BO3MOXHOCTb IHCAaTh U
sKcnopTupoBath B Lua pyHKIMM nporpammsl, HankcanHble Ha C, a TakXkKe MCIO0Ib30BATh ITH
GyHKIMM TpsMO M3 cKpunra mnporpammbl. Kpome Toro, mogo0GHble (YHKIUH MOXKHO
co3/laBaTh M HCIOJIb30BaTh KakK OTAeNbHBbIE crneuuanuzupoBannbie DLL monynmu (¢ Lua
uHTepdeiicom). B cuiy Oonbliol pacnmpoCTpaHEHHOCTH S3bIKA CYLIECTBYET OOJbIIOE
KOJIMYECTBO YyXKe pPa3pabOTaHHbIX MOAYJIEH, TakkKe €CTb BO3MOXKHOCTb IIpU IOMOILU
CIIENUATLHO pa3pabOTaHHBIA (QYHKIMA COMPSDKCHHS MCIOJb30BaTh (GYHKIMH OOBYHBIX dll-
OMOTMOTEK.
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Hcronp30BaHue ONMMCAHHOW METOJOJOTUH Ul THOKOTO MPOTPaMMHOTO OOecredeHust
HO3BOJIICT TOJYYUTh BO3MOXKHOCTH OBICTPOM ajanTanmuy HHTepdeica uisd pa3IMdHbIX
NPUKJIAJHBIX 3a/1a4, B YaCTHOCTH, U 3((EKTUBHOE YNPABICHUE JIOTUKOW M ()YHKIIMOHAIOM
cuctembl, nenoM. Kak cnencrBue, MHTEpAaKTHBHAsS COCTABISIOMIAS YMEHBIIAETCS, YTO
CYIIECTBEHHO ynpomuaer paboTy B TOHM WM MHOH 00JIacTH.

Coznanue rudKoro moJib30BaTesIbCKOro nHTepdeiica

['paduueckuii unrepdeiic monp3oBarens (Graphic User Interface, GUI) wimu T'UII
NPUJIOKEHUSI COCTOMT M3 JBYX HAOOpOB (YHKIMI: HEU3MEHSEMBIX Oa30BBIX CTAaTUYHBIX
GyHKUMH U pacmupseMoro Habopa, KOTOpBIH yIpaBisieTcsl mocpeAacTBoM Lua-cKpunTos.
Crnoxuble mementsl GUI nporpammupyrores Ha C++ kak Lua-QyHKIus B Buae €IUHOrO
KOMITOHEHTa ¥ K HUM OTHOCSTCS Takue (POpMBI KaK: «BHIDKET» (KOHTEHHEp) OTOOpakeHUs U
pPEeaKTUPOBaHMUS  M300paKEHUS €  COOTBETCTBYIOIIMMHM  MHCTPYMEHTAaMH,  JHAJIOr
UHTEPaKTUBHOM  MOPOrOBOM  CErMEHTallud, JUajJor  OTOOpaXXeHHs  I'MCTOTrPaMMBbI
n300paxeHusi, TaOIULbl PE3yJIbTATOB BBIYMCICHUS XapaKTEPUCTHUK U TEKCTOBBIM peaaKTop
pabotel ¢ LUA ckpuntom. [IpocTsie 351eMeHThI HanpsMYIO TpaHcaupyoTes B Lua-¢pyHkuun u
K HHUM OTHOCSTCS: YIpPaBICHHE MEHIO, IMAaHEIUW C YIOPABIIOIIMMU DJIEMEHTAaMU U
YHUBEpPCAIbHBIA JMAJIOr, KOTOPBIM BKIJIIOUAET 3JEMEHThI, HeoOXoauMble A Bbi3oBa Lua-

¢ynkuuii (puc.1).

—— — — — — — — "
KowTeiiHep ‘ MEHIO MO/Ib30BATENS ‘ |
1306parkeHni
(BmaskeT) l
ViRCTpyMeHTapuit Ownanoru B o6pa§0TKe
o6paboTke ) LUA n306paxeHuni l
n3obpaxeHuin l
ObuiecucremHble
Iunanoru B o6paboTke aunanorun l
n3obpaxeHuit l
CraTuyeckas popma Pacwwmpaemas d)opw\a'

Pucynok 1 — I'paduueckuii uatepeiic noip3oBaresns «ruOKOro» MpuiIoKeHus

PaGota ¢ mnpuioxeHUEM, CO3HAHHBIM IO MpeagaraeMoil CTPYKType, CBOJAUTCS K
CJIEIYIOIIMM OCHOBHBIM IPUHIUIIAM:

— GUI ympasnsercas uepes LUA, KOTOpBIi SBISETCS KOPHEBBIM DIIEMEHTOM
uHTepdeiica mporpaMMbl — KOHTEMHEPOM, TJI€ Pa3MEIIal0TCs BCE JIEMEHTHI;

— TO3ULMOHUPOBAHME IEMEHTOB B KOHTeHEpe nponusBoautcs mpu nomomu GUI. On
caM pacloJIOKUT M OTOOPa3HUT AJIEMEHT COIVIACHO ONpeAeTeHHbIM IpaBuiaM. OCHOBHBIE
KOHTEWHepHI: (ppeiiM, BepTUKAIBHBIN cail3ep, TOpU30HTAIBHBIN caiizep;

— 00paboTunku CcOOBITHI 3amaroTcs B BUAE (QYHKIUH, «IPUKPEIUIEHHBIX» K
«BUIIKETaAM,

— LUK 00pabOTKH COOBITHH 3amyCKaeTCs MOCIe CO3JaHus AUAJIOora;

— YHHBEPCAJbHBI AMAJOr TOKPBIBAET BCE HEOOXOAMMBIE SJIEMEHTHI AJIsi BHI30Ba
¢ynkuuit LUA.

Takum 00pa3oM, JOCTHUraeTcs MPOCTOE YNpPaBJICHUE BHEIIHUM BHJOM MPUIOKEHUS U
ObicTpast apanTalus UHTepdeiica mnporpaMMbl K pa3HOPOIAHBIM 3ajadyaM aHalu3a
u3o0pakenus. [Ipu Takoil opraHu3anMy MPUIOKEHHUS WHTEPAKTUBHAs YacTh pabOTHI MOXET
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OBITH CBEZICHa K MHHUMYMY, YTO 3HAYUTEJIbHO YIPOIIAeT B3aUMOJICHCTBUE TI0JIH30BATEINA C
MPOTPaMMOii.

TexHosoruss ONMCaHHAas B JAHHOW CTaTbe IpeJHA3HAYeHa Uil OpraHu3aluu
yIpaBJeHUE MPOLIECCaMU C TEM, YTOOBIL:

— aJanTupoBaTh UHTEP(EHC MO HYX bl KOHKPETHOTO CIeHaIrcTa (MoJib30BaTes);

— HCIIOJB30BaTh IOCTYIHBIMA AJITOPUTMUYECKUI ONBIT MOJIb30BATEIIEH;

— MOAU(UIMPOBATH AITOPUTMBI B COOTBETCTBHH CO CIeUU(DHUKONW TOW WM WHOU
3aJaud W TPEJOCTaBUTh aJCKBAaTHBIM JWHAMHYECKUI HHTEpderc B3auUMOIEHCTBUS C
10JI30BATENEM,;

— ONTHUMHU3UPOBATH PEIICHUE 337a4 3allyCKOM MPOLECCOB B PACHPENEICHHOM PEKUME
MOJ1 yIpaBJeHHEM BeO-CepBHCa.

O4eBHIHO, UTO BCE ONMCAHHBIE BOIPOCHI CBA3aHbI C 0COOON apXUTEKTYpPOU MOCTPOCHUS
rpaduueckoro unrepdeiica, HO He TONbKO. B mpoekTHpyeMoil cucTeMe [OJDKEH Takke
MPUCYTCTBOBATh HEKOTOPBIA ATEHT, KOTOPBIA OyneT MPUHUMATh PEIIeHHE O TOM, KakKue
UMEHHO M3MCHEHUS JJOJDKHBI OBITh BHECCHBI B MHTEp(EHC M PYHKIIMOHAIT.

PexoMeHnaaTenbHast cCUCTEMA M KOJiabopaTuBHas (GUIbTpaLUs

[Ipenyaraemass B cTaTbe CHCTEMa HMEET CBOMCTBA CXOXKHE CO CBOWCTBAMH
PEKOMEHIaTENbHON CHCTEMBI, B OCHOBE KOTOPOHM JIEKHT CIEIYIOIIEE IPEAIONOKEHUE: TeE
[I0JIb30BATENM, KOTOPbIE Jlald OLIEHKY TE€M WM HHBIM OOBEKTaM Kakoro-inbo Tuma B
[IPOLIJIOM, MOTYT JaTh IIOX0KEE OLEHKY IPYIHMM CXOXXUM 00beKTaM U B Oyayuiem. Pemenus
IPUHUMAIOTCS MHAMBHUIYAJIBHO KaXAbIM IIOJIB30BATENEM, IIPU 3TOM HCIOJIb3yeMas
uHpopManus u3BiIeKaeTcss U3 0a3pl naHHBIX. Hanbomnee pacnpocTpaHEHHBIM MOAXOJOM JUIS
pelieHus 3aJadyd  Ipejcka3aHusl (IMPOTHO3MPOBAaHHSA) B PEKOMEHAATEIbHBIX CHCTEMax
sBisieTcs  kosutaboparuBHas — ¢unbTpanms  (Collaborating  Filtering), ucnone3yromas
U3BECTHBIE NPEANOYTEHUS U OLEHKU TpPYyNNbl TOJb3oBaTenel, 4YToObl  cleNaTh
NPE/INOIOKEHUE O HEM3BECTHBIX MPEANOYTEHHUSIX HOBOTO MMOJb30BaTes. [8]

KonnaboparuBHast ¢uibTpanusi OTIMYAETCs OT MPOCTOr0 IMOAXO0Ja, TaK Kak
IPUCBAaUBAEeT HEKOTOPOE YUCIIO (TOJIOCOB) UCCIIETyeMOMY OOBEKTY, HallpUMEp, B pe3yJbTare
rojocoBanusi. B HacTosIiee BpeMsi MPOBOJATCS TOCTATOYHO aKTUBHBIE MCCIIET0BAaHUS B 3TOM
001acTH, MOATOMY CYILIECTBYET psJ METOJOB PpEHIAIMX 3aJady C HCIOJIb30BaHUEM
pa3IMYHOTO MaTEMaTUYECKOTO arapara.

B mpoekTupyemoii nmporpamme mpeuiaraeTcsi Tpu pexkuMa paboThl peKOMEHJaTeIbHON
CHUCTEMBI, HCHOJb3YEMBIX TIPU pa3IM4YHOM OO0beMEe HHPOpPMAIMH O MPEANOYTEHUIX
KOHKPETHOTO MOJIb30BATEIIS:

— wuH(OpMaIMs OTCYTCTBYET (TaK Ha3bIBAEMBI «XOJOJHBIM CTapT», HaApUMeEp, cpa3y
[IOCJIE PErMCTpaly M10JIb30BaTEN);

— HaOpaHa uH(popMalus o0 MHTEHCHBHOCTH HCIIOJIb30BAHUS OINpeAeNeHHOro Habopa
¢yHKuui (cTpaTerust NacCUBHOM OOpaTHON CBSA3M C MOJb30BATENEM, HUKAKUX JEUCTBHH OT
MoJIb30BaTeNsl He TpedyeTrcs; KadecTBO pPEKOMEHJAIMil pacTeT ¢ MHTEHCUBHOCTHIO
HCIIOJIb30BaHU);

— noMuMo HHQOpMAIMM 00 WHTEHCHUBHOCTH HCIIOJB30BaHHUA, Takke HaOpaHa Oasa
KOJINYECTBEHHBIX OIIEHOK HCIIOJIb3YeMbIX (DYHKIMH (CTpaTerus akTUBHOM OOpaTHON CBS3M C
MOJIb30BaTENIEeM, OT IOJIb30BaTelNsl TpeOyeTcsl BPYUHYIO BBICTABIATH OLIEHKU HCIHOIb3yEeMbIM
QITOPUTMaM MO NATHOAIBHOM ILKajle; KaueCTBO PEKOMEHAALUH CYIIECTBEHHO PACTET ¢
pocToM 6a3bl OLIEHOK; CTpAaTerusi ONTHUMAaJIbHA Il OBICTPOTO CTApTa).

Wrak, 1 cueHapus 1, Ipu «XOJOJHOM CTapTe» MpeaiaraeTcs Ul MepcoHUpHUKAIUN
uHTepdeiica NCnonbp30BaTh MO0 YCPEAHEHHYIO OLIEHKY aJllfOPUTMa BCEMHU HOJIb30BATEISIMH,
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anb0 yCpenHEHHYIO OLICHKY aJIfOpUTMa I0JIb30BAaTEIsIMU B JaHHOU cdepe 3HaHUM (IIpu ee
HAJIMYUU) WIM Pa3IM4YHBIX THUIIOB M300pakKeHUM, HANpUMEp, CIIyTHHUKOBBIX H300pa’keHUM,
meaunuackre KT, THCTONOTHYecKUX UITH IUTOJIOTHYECKHE N300paKeHHIA, HAHOCKOTTHYECKUX
CTPYKTYp H T.1.

B nanbheiimem po6aBieHHe COIMATBbHON COCTAaBISIIOIICH M HCIOJIb30BAHHUE OT3HIBOB
JIPYTHX TI0JIb30BATENIC TMO3BOJIMT MAaKCHMAalbHO OBICTpO (opMHpOBaTh TakoW «ciaabo
n3MmeHseMbil koctsak ['MII» Ha sTane «XoJomHOro crapra» MpsSMO IIOCIIE pPErucTpanui,
OCHOBBIBASICh JIUIIb Ha chepe 1esaTeTbHOCTH MOJB30BaTelNsl U ero nmpoduie.

Jnist  creHapuss 2 WCHONB3yeTCs MOAXOA Ha 0a3e pemieHuid KoJIabopaTUBHOM
(GuIbTpauy Mo MpeaMeTaM Ha OCHOBAaHMH CTATUCTUKH MOKYIOK, MOCEIIECHHA, roIocoB. Jlis
peanuzanuu ObLT BbIOpaH amroput™m «ltem-to-ltemy» [9]. Ilo cpaBHEHHIO ¢ NPHHATHIM
METOJIOM, B CHUCTEMY TMpeJuiaraetcs BHECTH Moaudukanuio: 3a (akT HUCHIOIb30BaHUS
CIICHapHsI MPUHUMAJIAch HE OJIHOKPATHOE €ro UCIOJIHEHUE, a IPUMEHEHUE TOTO Ke CIIeHApHUs
He meHee 10 pas.

Jns cuenapus 3 wucmonb3yercs MOAXOA Ha 0Oa3e pemnieHuil  KoymabopaTHBHOMN
GunbTpanuu JUIsl MPEIMETOB C OLEHKaMU Ha 0a3e XOpOIIO 3apeKOMEHOBABILErO ceds
anroputma «Slope Oney [10]

HNHTeIUIeKTyallbHbIA areHT I YIIPABJICHUS CKPUIITAMU

[Tpu pa3paboTke ApPXUTEKTYpPHI 3aJ1a4a-OpUEHTUPOBAHHOU CUCTEMBI
PEKOMEH/IaTeJIbHOTO THIMA OBbUIO CAETAHO IMPEINOJOXKEHHEe, YTO CYILECTBYET, IO KpaiHeil
Mepe, JBE pa3iMuYHble CXEMbl CO3/IaHHs HMHTepdeiica ¢ MHTEIUIEKTYalbHOW IOAJIEPKKOM,
(YHKLIMOHUPYIOLIME B COOTBETCTBUU C MIEPBBIM ClieHapueM (0e3 GUIbTpalui) U BTOPHIM WIIN
TpetbuM (¢ ¢uubTpauueil). BcTpoeHHble uHTeUIeKkTyanbHble areHThl (MA) aBTOpHI
npelaraloT yYCJIOBHO Ha3blBaTh COOTBETCTBEHHO: «MA 0e3 ¢unbtpamuu» u «MA ¢
bunbTpanuein».

ITo cyrn, ocHoBa A B mpearaeMbIX cxemax ofHa M Ta k€. Pa3HuIa 3akirodaercs
JUIIF B TOM, 9YTO B TepBoM ciydae TreHepamusi GUI-ckpumnra BBIOTHSAETCS 110
IPElyCTaHOBIEHHOMY Ha0Opy OLIEHOK CKPHUNTOB O0OpaOOTKH, OCHOBAHHBIX Ha BbIAECIECHHBIX
NpU3HaKax u3o0pakeHuss. B japyrom ciywae, oLeHKH (QOPMHUPYIOTCS aJalTUBHO B
3aBUCHMOCTH OT KOJHMYECTBA 00JacTell MOJIb30BaTEIbCKUX WHTEPECOB (B JaHHOM ciydae, B
obnactu aHanu3a u3o0pakeHwil). TakuMm 00pa3oM, Ka4eCTBO OILIEHKH YBEIMYHUBACTCS B C
YBEJIMUEHUEM YHUCIIA NTOJIB30BATENEH WM MHTEHCUBHOCTH MCIOJIb30BaHUS IPOTrpaMMBbl, €CIIU
CUCTEMA 3allyIIeHa JOKAJIBHO JJIs OJJHOTO M0JIb30BATEI.

HNuTtennexryanabHblil areHT 0e3 ¢puiabTpanun. [lons3oBarensckuii uaTepdeiic B 3ToMm
clly4ae TeHepupyercs ¢ TMoMomblo LUA-CKpUNTOB Ha OCHOBAaHMM  BBIYHCIIEHHBIX
XapaKTepUCTHK 0oOpabaThiBaeMOro u300pakeHusi (Hampumep: NaHeNnb Uil TEKCTYPHBIX
XapaKTEePUCTHK, €CITH UCCICTYETCS TEKCTypa).

Tak kak mpuiiokeHrue paboTaeT B MOJHOCTHIO aBTOHOMHOM PEXHME M HE HCIOIb3YET
mo0yr0 Apyryro HMH(OpMAIMI KpoOMEe caMoro H300pakeHus, TO HaOop pEeKOMEHIAIHii
3aKJIQJbIBACTC pa3pabOTYMKOM TPHIIOKEHHUS 3apaHee, Ha JTale ero Co3JaHus H
pacrpocTpaHeHus. Cxema KIMEHTCKOM 4acTH MPEJCTaBIICHA Ha PUC.2.
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¢byHKIIMOHAIOM 6€3 (puIbTpauu

Tak, Hanpumep, npu 3arpy3ke (orouszodpakenuss B ['MII Oynyr akTyanusupoBaHb
AITOPUTMBI IIBETOBOI KOPPEKIINH, YIYUYIICHUS Ka4eCTBa, aITOPUTMbI TEKCTYPHOTO aHaIHN3a U
T.O., a TMpud pabore ¢ OUMHAPHBIMH H300pPAKEHUSMHU HA TEPBBIA MJaH BBIAIYT
MOpQOJIOTUUECKHE TPeoOpa3oBaHus, alTOPUTMbI JUCTAHIIMOHHBIX MPEOOpa3oBaHUN H
CKeTeTH3aIuy, PyHKINU BbIIETICHHS U TTo/IcYeTa «OI1000BY.

Ha nepBblit B35, MpejiaraemMasi cxeMa HakJIaJblBaeT OTPaHHUEHHUsI Ha BO3MOXHOCTH,
IpeloCTaBiIsieMble  TIOJB30BATENIO,  OJIHAKO, Ojarojaps  CKpHUIITOBOM  peanu3anuu
WHTEJUICKTYaJIbHOW  COCTABJISIFOIIEH, OMBITHBIE TIOJMB30BATEIM  MOTYT HW3MEHSTh Kak
QITOPUTMUYECKYIO (BBIYUCIUTENBHYIO) (D YHKIIMOHAILHOCTD TaK U UHTEPQEIC.

HHuresnekTyaabHblii  areHT ¢ ¢uasrpanuei. [MII B sToM ciywae Takke
TEHEPUPYETCS C TMOMOINbI0 LUa-CKpUNTOB HAa OCHOBE BBIYHMCICHHBIX XapaKTEPUCTHK
uzoOpaxenuss ¢ npumenennem WMA. OpHako, peKOMEHAAMM TIO HCIOJIb30BAHUIO
ompefieieHHOro (pyHKIMOHAlIa CHCTEMBI JIeJal0TCsl MPU TMOMOINM  KOJIIabopaTUBHON
bunpTparum, coouparomeid 1 00padbaThIBAIONIEH CTATHCTUKY UCIIOJIB30BAHUS ONPEICICHHBIX
dbyukuii. Ha puc.3 mokasana mpUHIMIIUATBHAS CXeMa apXUTEKTYphl KJIHEHTa 0 00paboTKH
M300paXeHH ¢ pacupsieMbiM (PYHKIIMOHAIOM W BCTPOCHHBIM HHTEIJUICKTYAIbHBIM ar€HTOM
¢ ¢unpTpanmei.

Takum oOpa3zoM, JanpHEHIIEH paboTON CTalo pPa3BUTHE YIOMSHYTOTO METO/a,
OCHOBHOM CJIOHOCTBIO KOTOPOTO MpPH BCEX €ro IMPEeUMYIIECTBAX SBISIETCS CO3JaHUE
YIPaBISIOUIETO CKPUNTA UHTEJUIEKTYaIbHOIO areHTa, KOTOPhI MOr Obl 00€CIEeYUTh JIOTUKY
aganTanuu Tpadudeckoro mHTEpdeiica IS 3amaHHOTO THNA H300pakeHWH. DTa 3aaada
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JIOCTaTOYHO TPOCTO W KAueCTBEHHO peliaeTcs Ha (PUKCUPOBAHHOM HAaO0Ope BBIIEISEMBIX
XapaKTePUCTUK M300pakeHUI U (UKCUPOBAaHHOM HabOpe CKPUNTOB 0OPabOTKU MOCPEACTBOM
0o0ydeHUsT Ha TECTOBOH BBIOOpKE, KaK ATO OMHUCAaHO BhIme. (st TOro, 4roObl BBITIOIHUTH
yCIIOBUE TMOKOCTH CUCTEMBI, moTpedoBanack ananrtanus MA nias paGoThl Ha pacHIMpEeHHBIX
Habopax MPU3HAKOB U aJITOPUTMOB.
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¢byHkunoHaaoM 6e3 punabTpanmu

C nenpio pemmTh MOCTABICHHYIO 33/1a4y ObLI MPEJIOKEH CIOCO0 aJanTally JIOTHKU
pabotel MA Ha OCHOBaHHMM MOJB30BATEIbCKOW HCTOPUU HCIIOJIb30BAHUS Nporpammsbl. J{is
storo MA B (hoHOBOM pekuMe MPOU3BOAUT BBHIYMCIECHHE MPU3HAKOB BCEX MCCIEAYEMBIX
n300paxkeHnd U (UKCUpPyeT B JIOKaIbHOW 0a3e MaHHBIX (DAKT MPUMEHEHHS ISl HUX
oTpeielIeHHOro Habopa ajlropuTMOB M YaCTOTY MX HCIOJIb30BaHMs. Jlajee, Mpu MOCTPOESHUH
uHTepderica MPOBOIUTCS aHAU3 JIOKaabHOM b/l 1 Ha OCHOBaHMM TOJIE30BATEIILCKON UCTOPUH
WCIIOJIb30BaHUs PUIIOKEHUST GOPMUPYETCS IEPCOHATTM3UPOBAHHBIN HHTEPEIiC.

Hannune nokanpHOM 0a3bl JAaHHBIX M TaKOW CTAaTHCTUKH TIO3BOJSET HE TOJBKO
PEKOMEHI0BaTh MHTEPGENC YHUKAIBHBINA TSI H300paKeHUI ¢ OTPeIeICHHBIMU CBOMCTBaMH,
HO ¥ (OpPMUPOBATH IEPCOHUPHUITUPOBAHHYIO OCHOBY (cn1abo m3mMeHsemblid kKocTsak) [UIT mms
3TOTO MOJIb30BATENs, OTPAKAIONIYI0O OCOOCHHOCTH €ro paboThI.
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3aKII0YEHUE

B ocHOBe onMcaHHON KOHIIENIUU 3aJI05KEHO HCIIOJIb30BAHUE CKPHUIITOBOTO SI3bIKA KAK
AIpa CHUCTEMBI, 4YTO TIO3BOJIAET CcAeNaTh rpaduueckuii wuHTEepdeiic monbp3oBaTens
JUHAMHUYHBIM U U3MeHseMbIM. [lanHast TexHonorus co3aanus 110 takke 1aeT BO3MOXKHOCTD
TeHEePUPOBATh HOBBIE (DYHKIMH, paclIMpsATh (YHKUMOHAJ, U BHOCHUTH, TaKUM OOpa3oM,
TUOKOCTB, Jeas padoTy ¢ cucTeMoi 0oJiee yao0HOi.

B cratbe omnmcaHa TONBKO KJIMEHTCKas 4acTb CUCTeMbl. [IpoekTupoBaHHE CEpBEPHOI
YaCTH TaKXKe MOXKET BHECTH pSJ TOJIE3HBIX (YHKIMOHAJIBHBIX CBOWCTB, TaKUX Kak
HAKOIUICHHWE CTAaTUCTHKHU MCIOJb30BaHUs CleHapueB U 3(pPeKTUBHOTO NPUMEHEHUSI METO/I0B
KoJutabopaTuBHOUW (QuIbTpauuu A (HOpMHpPOBaHMS NEPCOHAIM3UPOBAHHOTO HHTEpdeiica
[I0JIb30BATEIs] HAa OCHOBAaHUM HCTOPUU €ro OT3BIBOB (MJIM CTAaTUCTUKU HCIOJIb30BAHUS
cueHapueB). Pa3BuBas Mpeayio>KEHHBIM MOJAXOA, MOXHO PacCMOTPETh  HUICK CO3JaHUS
[CHTPATM30BAHHOTO XPaHEHHUs (PEIIO3UTOPHS) C TE€M, YTOOBI MPUMEHHUTH MTPOCTOW MEXaHU3M
JUTsi OOHOBIICHHSI 0a3bl AITOPUTMOB 00PaOOTKHM M300pasKEeHUHA.

LlenTpanu3oBaHHOE XpaHEHUE 0a3bl aNTOPUTMOB 00pAaOOTKH M300paKEHUN UMEET Psij
MPEUMYILECTB, CPEAN KOTOPBIX:

— BO3MOXKHOCTb HUCIOJIb30BaHUs aKTyaJIbHBIX CIIeHapueB 00paboTKU N300pakeHuid;

— BO3MOKHOCTH OIIEPAaTUBHOTO MCIIPABIICHUS/100aBICHHS CIICHAPHCB;

— MUHHUMaJIbHBIE 3aTPATHI IPH pacCIIMpEeHUH (DYHKIIOHAIIA IIPOTPAMMBI;

— BO3MOXKHOCTh  JIOOaBJICHHMS  HOBBIX  CIEHapHeB  0e3  MEepeKOMIIISINU
pa3paboTUMKaMH U OMBITHBIMH IOJIb30BATEISIMU MPSIMO U3 MHTep(delica KIMEHTCKONW 4acTu
IPOrpamMMBlI.

Eme onuH mar pa3BuTusi KOHUENIMM — CO3JaHME U MCIOJb30BAHUE MHOKECTB HOBBIX
POrpaMMUpPYEMBIX (PYHKIIMHA, KOTOpbIE MOTYT ObITh CKOH(UI'YpUpOBaHbI ¢ rMmomoupo Lua-
CKPHUIITOB IIOJ1 YIIpaBJI€HUEM HTEIUIEKTyalbHOIO areHTa.
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RESUME
A.M. Nedzved, A.M. Belotserkovsky, AP.V. Lukashevich

A Flexible Image Processing System Based on a Script-Kernel Using

an Intelligent Agent

In this paper the concept is proposed, which is based on inherent use of a scripting
language as a core of the system with the property of flexibility. The technology of creating
software also allows generating new features and extending the functionality in whole. It
makes working much more convenient and increase usability of the system.

It has been shown that developed system refers to recommending type. Thus, the use of
an embedded intelligent agent can generate scripts based on gathered statistics and effectively
apply the techniques of collaborative filtering for generating personalized user interface based
on the log of his reviews (or statistics regarding use of scripts).

A.M. Heo3veeon, A.M.benoueprosckuii, I1.B. /Iykauwieeuu
T'ubkas cucmema obpabomku uzobpaddceHull Ha baze cKpunm-s10pa ¢

Ucnojibzoearnuem UuRmelleKnydjlbHoco aecenma

B nmanHOM cratbe mpemsioKEHa KOHUEMIMSA, B OCHOBE KOTOPOM  3all0kKEHO
UCIIOJIb30BaHUE CKPUIITOBOTO S3bIKa KaK spa CHUCTEMBI CO CBOMCTBOM THMOKOCTH. JlaHHas
TexHosorusi co3manusi [1O Taxke maeT BO3MOXKHOCTh T€HEPHPOBATH HOBBIC (DYHKIMH M
pacmupsTh GYHKIIMOHAM B IIEJIOM, YTO JeJIaeT paboTy C CHCTEMOM Ooiee yaoOHOH.

Bb110 MokazaHo, 4YTO MPOEKTUPyEMasi CUCTEMa OTHOCUTCSA K PEKOMEHIaTeIbHOMY THITY.
Vcnonb30BaHnEe HWHTEIUIEKTYaJbHOTO areHTa B COCTABE TAKMX CHCTEM ITO3BOJISICT HA OCHOBE
CTaTHCTUKHM T€HEPUPOBaTh CleHAapUU U 3(PPEKTUBHO MPUMEHSATH METOJbI KOJIabOpaTUBHON
¢wibTpanun uis GOPMHPOBAHUS TEPCOHAIM3UPOBAHHOTO HMHTEep(delica mosb3oBaTens Ha
OCHOBAHWHU UCTOPUU €TO OT3BIBOB (MJIM CTATUCTHKH UCIOJIB30BAHMUS CIICHAPUEB).
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