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TomcKuin rocyaapCTBEHHbIN YHUBEPCUTET

NpakTiKa pabotul ¢ aHTunaTTepHamm ana Essence Practice Library

lNpedcmaeneHo pacwupeHue 818 bubnuomeku npakmuk sisbika Essence e sude npakmuku pabomel
¢ aHmunammepHamu. [nsa npedcmaesneHuss aHmurnammepHo8 8 cucmeme rpedroxeHbl cybanbga
Antipattern, ee cocmosiHusi U KOHMpPOosibHble MOYKU. [ns ¢pukcayuu daHHbIX 06 aHmunammepHe rped-
nioxeHbl paboyull npodykm Antipattern Report u e2o yposHu demanu3sauuu. [nsa npogedeHus aHanusa
apxumeKkmypsbl cucmembl rpedroxeHa akmusHocms Inspect Architecture. AkmusHocms Fix Architecture
npedcmasnsgem delicmeus o ycmpaHeHuo Hedocmamekoe apxumekmypbi. AHau3 koda npedcmaesrieH
8 sude akmusHocmu Review the Code, a ucrpassieHue HalideHHbIX 8 xo0e aHasiuza Hedocmamkog —
8 sude akmusHocmu Refactor the Code. lNpoaHanusupoesaHo enusiHue cybanbgbl Antipattern Ha co-
cmosiHue anbghbl Software System. [JaHbl pekomeHOayuu o nposedeHuu rnpedrnoxeHHbIx akmusHocmed.

Knrodyeebie cnoea: aHmunammepH, Ko0-peabto, HedocmamokK Koda, rnpakmuka, paspabomka,

pegpakmopuHe, ynpaesneHue npoekmom, Essence, Practice Library, SEMAT

BBeneHue

Otpacib pa3zpabOTKM MPOrpaMMHOT0 00ecCIIeueH ST
(TITO) saBasieTcss omHOUM M3 caMbIX OBICTPOpPa3BUBAIO-
LIMXCsI, MACCOBBII Mepexon Ha yaaJleHHYI0 paboTy
B YCJIOBUSIX MaHAEMUU YCKOPUJ 3TO paszButue [1].
3a nocjaeaHue roabl ObLI MPEATOXeEH s METOI0JIO0-
Uil o yrpaBJeHUIo MPoeKTaMu B chepe pa3paboOTKU
IT1O. OmHako craTucTHKa, npeacrtabieHHas Standish
Group B HoBoM oTtueTe CHAOS Report [2], moka3sbl-
BaeT, YTO TOJBKO 0KOJIO 31 % nMpOoeKTOB 3aBepLIAOTCS
ycneirHo, 50 % BBI3BIBAOT TpyaHOCTH, a 19 % mpo-
€KTOB SIBJISTFOTCS TTPOBAJILHBIMU, TIPUYEM TaHHBIEC 3HA-
YeHUs CyILIeCTBEeHHO He udMeHuauch ¢ 2010 r. [2—4].
ITockonbKy cTaTHUCTUKA YCIEIIHOCTU MPOEKTOB HE
yJIydllaeTcs, HeoOXONMMO PaCCMOTPETh pa3JMYHbIe
HeTaTUBHBIE (PaKTOPHI, OTPUIIATEIBHO BIMSIONINE Ha
YCIIEITHOCTh MPOeKTOB. TakKuMMU (paKTOpaMHu MOTYT
ObITh PUCKHU YyIIpaBJIeHUS, MeHsolIrecs TpedboBa-
HUS, a TaKXe pa3JIMYHBbIe IMPOOJeMBbl, BOZHUKAIO-
mue B npoiecce pa3padborku 1O — Garu (ommbKn)
U aHTUIIATTEPHBI [5] — HeymauHble apXUTEKTYpPHBIE
pelleHMs YacTO BO3HUKAIOIIMX 3a1a4y MPOEeKTUPOBA-
HUS U/WIU peau3annn.

Nuunmatusa SEMAT (Software Engineering Method
And Theory) |6] siBisieTcs HOBOI MOMBITKON CUCTE-
MaTHU3UPOBATh UMEIOIINECS METOMOJIOTUN U TIPaKTH-
KU IIpOTpaMMHON WHXXEHEepHUH, co3aaB enuHoe Sapo
M 3bIK onucaHus Essence [7], MO3BOISIONIMI ONM-
caTh HOBBIE MPAKTUKM TMTOHATHBIM MPAaKTUUECKH JTI0-

Oomy uesioBeKy cnocoboM. Co3gaHue TaKoro SI3pIKa
IO CYTH SIBJIIETCS CO3TaHUEM METaMOMIENIN IJIsl OITH-
CaHUs paHee MPUAYMAHHBIX U HOBBIX METOMOJOTUIA.
ABTtopbnl g3bika Essence onybiukoBaau bubiuoreky
ITpaktuk (Practice Library) [8], B KOTOpPYIO BOLILIU
TaKue U3BECTHBIE MeTono0ruu (B TepMuHax Essence
OHU HOCSIT Ha3BaHME "METOHBI"), KaK YHUPULIUPO-
BaHHBIH Mpouecc [9] u rubkas MeTonoorus paspa-
o6otku Agile [10].

Tema pacummpenus si3bika Essence u bubnuorexu
ITpakTuk yxxe Obljia 3aTpoHyTa B autepaTtype [11—14].
Hamnpumep, aBTopbl paboThl [12] npeanpUHSIN MO-
nbliTKy onucath noaxonq TOGAF (The Open Group
Architecture Framework [15]) B tepmunax Essence.
ABTopnsl nHULMaTuBEl SEMAT mnpopoJixxaioT 10-
pabaTteiBaTh bubinoreky, Hanmpumep, padora [11]
pacumupsieT bubinoTreky NpakTUKONA IpUMEHE-
HUS BapMaHTOB MCHOJb30BaHUs. MHTepec BHI3HI-
BaeT pabora [16], aBTOpBI KOTOPOW MPEIJIOXMUIN
cucteMy usMmepeHui aas anbdbl Software System
(ITporpamMmHasa Cucrtema) a5 OLEHKU KadyecTBa
MPOJAYKTa U MOJYYEHU ST JTaHHbBIX O 3JI0POBbE U MPO-
rpecce mmpoekra. B padote [13] aBTOpHI IIpeajiaraiot
YCUJIUTH CTAaHIAPT C IOMOILbIO YHU(DUKALIMN UCTIOb-
3yeMOI TepMUHOJIOTHMN.

ABTOpPBI paboT [12, 14] oTMedaloT HEOOXOAUMOCTh
pacimpenus SAnpa Essence u bubnuoreku [1pakTuk,
KpOMe€ TOro, aBTop KHUTHU [17] oTMeuyaeT HeoOXoau-
MOCTb PACCMOTPEHUST KOCBEHHBIX YOBITKOB 1 IPUUYNH
WX BOBHUKHOBEHUS (KOTOPBIMU SIBISIIOTCS M aHTH-
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naTTepHbl) B paMKax pe3ybraToB padOThl MHUIIMA-
tuBsl SEMAT.

IMTockonbky bubanoreka IlpakTuk mo-mpexHemMy
KpaiiHe orpaHu4YeHa, a OOJILIIMHCTBO padoT IIpeaia-
raloT JIUIIb PACIIMPEHUS CYIIECTBYIOIINX 3JIEMEHTOB,
BO3HMKAeT HEOOXOAMMOCTb J00aBICHUSI HOBBIX Me-
TOAOB U MpakTUK. PaboTa ¢ aHTUIIaTTEpHAMU U IpY-
TMMHM HEZOCTaTKaMM KOAa B paMKax IpOIECCOB IO
pa3paboTtke I1O MoxeT OBITH IIpeaCcTaBiIeHA B BUE
MPaKTUKU, KOTOPasi MOXET UCMOJIb30BaThCs KaK OT-
JeJbHO, TaK U B COCTaB€ HOBBIX MJIM YK€ OMMUCAHHBIX
B bubanoreke MeTonoB. IToCKOIbKY aHTUMATTEPHBI
OKa3bIBaIOT Ha CUCTEMY OTpULIaTeIbHOE BO3JECTBUE,
MPEISTCTBYIOT €€ Pa3BUTUIO U MOTYT CTaTh KOCBEH-
HOI IpUYMHOM TnbeNIn poeKTa, pa3padoTKa TaHHOK
MpakTUKHU MPEACTaBISIET HE TOJbKO MPaKTUUECKUIA,
HO U HccienoBaTeIbCKU MHTepecC.

Llenbo paboThl, pe3yabTaThl KOTOPOM IpeacTaB-
JIEHBl B CTaThe, SBJSIETCS pa3padoTKa MpakKTUKU pa-
0OThI C aHTUNIATTEPHAMU B TepMUHaX s13biKa Essence.
AKTyaJIbHOCTb TEMBI COCTOUT B HEOOXOAUMOCTH pac-
mpeHus: bubauorexku ITpakTUK B CBSI3M C BBICOKUM
HEraTMBHBIM BJIMSIHMEM aHTUIIATTEPHOB Ha IMPOEKT.

Hayunast HOBM3HA BBHITIOJTHEHHOTO aBTOpPaMU HUCCJIe-
JIOBaHMSI OMpeaessieTcs OTCYTCTBUeM B bubianoreke
[IpakTuK KaKuX-11M00 yMIOMUHAHUIA aHTUITATTEPHOB
1 HEJOCTAaTKOB Koja.

ITpu pa3zpaboTke NpakKTUKU UCTIOIb30BAJICS OIBIT
aBTOPOB KHUT IO paboTe ¢ aHTUIIATTePHAMU U HEJ0-
cratrkamu kona [5, 18, 19].

1. AnemeHTHI A3bIKa Essence

Anpo Essence cOCTOUT M3 MPAKTUK — CIIOCOOOB
OpraHu3alliy CHelMaJIUu3UPOBAHHBIX paboOT B paM-
Kax Ipoiecca pa3padoTKM IIPOrpaMMHOro MpoayKTa.
IMpakTukm, ncnoab30BaHHbIE KOMaHIOM IJI IIPOEK-
Ta, 00BEIMHSIIOTCI B MeToAbl. B Tabn. 1 nmpuBeaeHbI
KpaTKHUil 0030p 3JIEMEHTOB SI13bIKa U UX I'paduuecKas
HoTauus. OnucaHue NpakKTUKM pabOTHI C aHTUIIAT-
TepHaAMU C UCIOJb30BaHUEM JAaHHBIX 3JIEMEHTOB
IpeacTaBJIeHO B pas3m. 3.

B fnpo Essence Takxe BXOASIT KOHKPETHBIE AJIb-
¢b1, HanpuMep, Software System — cucTema, cOCTO-
smas u3 [10, annapaTHOro obecrneyeHusl U JaHHBIX.
TMonHblil epevyeHb anbd Aapa npeacTapieH Ha puc. 1.

Tabauya 1

OcHoBHbIE 3JIeMeHTHI a3bika Essence

I[MukTorpamma HaszBaHue

OmnpenaeneHue

Anbda (Alpha)

IIpOCKTa

M3HavarbHO — aKpOHUM OT aHIIUiicKoro Abstract Level Progress Health:
CEMaHTUYECKU (PUKCUPYET HEKOTOPYIO OM3HEC-00J1acTh MeTOAA UM MPaKTU-
KU, COCTOSIHUE KOTOPOil HEOOXOAMMO OTCJIEXMBATh B Mpoliecce peaau3aluu

CocrossHue Anbdbl
(Alpha State)

CyurHocTb, hukcupymolias nmporpecc uameHenuit Alpha (anbdnr) B xome
peaju3aluu MeToaa Uiau nNpakTuku. CocTOUT U3 HaGopa UCTUHHBIX/JIOKHBIX
yTBEpXAeHU i, Ha3biBaeMbIx Checkpoint

IMpocTtpaHcTBO AKTUBHOCTEM
(Activity Space)

Ha BbICOKOM aGCTpakKTHOM YPOBHE OIMCBIBAET BUABI A€SITEJIbHOCTU, HEOD-
XOIMMBbIE B IIPOLIECCe peaju3aluy MeTO/a WU NMPAKTUKU (C TOUKHU 3peHUs
00BEKTHO-OPUEHTUPOBAHHOTO MPOrPpaMMUPOBAHHUSI B HEKOTOPOM CMBICTIE
SIBJISIIOTCSI aOCTpaKTHBIMU KJIacCaMU MJIM MHTepdeiicaMu)

AKTUBHOCTbB (Activity)

MonenupyeT neTaibHble U KOHKPETHBIE AEUCTBHUS, KOTOPble HEOOXOAUMO
COBEPILIUTH B MPOLIECCE BBHIMOJHEHUS MPOEKTa, YTOObI JOOUTHCS Mporpecca,
MPeanUChIBAEMOT0 MPAKTUKOM (C TOUKHU 3peHHMsI 00BEKTHO-OPUEHTUPOBAH-
HOT'0 IPOrpaMMMPOBAHUSI B HEKOTOPOM CMBICJIE SIBJISTIOTCSI aHAJIoraMu 00b-
€KTOB MJIU KJIACCOB, peau3ylnuX uHTepdeico)

Pabouwnii nponykr
(Work Products)

MonenupyeT CylHOCTH, HEOOXOAUMBIE [IJISI OMTUCAHUS PE3yJIbTaTOB, KOTOPbhIE
CO3/IaI0TCS B XO/I€ BBITIOJIHEHUST aKTUBHOCTEN MJIU 3a1a4 B T€X MJIU MHBIX
MpakTUKax

YpoBeHb neTaanu3aluu
(Level of detail)

CyurHocTb, ukcupymolias nporpecc, IOCTUTHYThIN paboyuM MPOLYKTOM.
OOBIYHO BBLACISIIOTCS ABa MOABKAA: 00s13aTeJIbHBI — CO CIUIOLIHON paM-
KOI — M HeoOsI3aTeIbHBI — CO LITPUXOBOI paMKoi. DaKTHUYECKU BBIIOJ-
HSIIOT POJIb, aHAJOTUYHYIO COCTOSTHUSIM Alpha
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Puc. 1. Ansdn1 fAAnpa Essence [3]

C Touku 3peHus pabOThI C aHTUIIATTepHAMU HaU-
O0OJIBIINI MHTEpPEC cpear aKTUBHOCTel Aapa mpen-
CTaBJIsIET akTUBHOCThL Implement the System — co3naThb
CHUCTEMY, BHEAPUB, MPOTECTUPOBAB U MHTETPUPOBAB
OIVH MJI HECKOJIBKO €€ 3JIEMEHTOB; BKJIIOUAET B ceOs
HCIIpaBJeHHE OLIMOOK U MOAYJIbHOE TECTUPOBAHMUE.

Onwupasich Ha Aapo Essence u bubnuorexky Ilpak-
TUK, aBTOpPaMU JaHHOU CTaThbU OblIa COCTaBJIeHA CO0-
CTBEHHasl MpakTUKa pabOThl C aHTUIIATTEPHAMU B paM-
Kax mpoiiecca pa3paboTKM MPOrpaMMHOIO MPOAYKTa.

2. PaboTa c aHTMNaTTepHamMm

B paMkax naHHO# cTaThbu TEPMUHOM aHTUIATTEPH
00beAMHEHBI pa3IMYHble MOHITHUSI, 0003HAYaAIONIUE
HeZOCTaTKM, BO3HUKIIIME Ha 3Tamnax IMPOeKTUPOBa-
HUS W/WINA peanun3aluy IporpaMMHOIO MPOAyKTa
(antipattern [5], code smell [18]). [IpumepaMu aHTHUTIAT-
TEPHOB SIBJISIOTCS KaK "Kiaaccuueckue" boxkecTBeHHBIN
00bexT [5], Ctpeanba npobrio [18] u [Tonrepreiict [5],
TaK U HeJOCTaTKU UCXOJHOr0 KoJa, KOTOPhIe pacCMO-
TPEeHBI B MOCBSIIEHHON pedakTOPUHIY JUTepaType:
Jnmuanubiin meton [5], YcenoBHast cioxXHOCTH [5] u ap.
CneayeT yTOYHUTH, 4yTO oliuOKu ("6aru" u apyrue
npuMepbl HeKoppeKTHoro nopeneHus [10) B KoHTeK-
CTe MaHHOM pabOTHI HE pacCMaTPUBAIOTCH.

B npouecce paboThl HaJ MPOrpaMMHBIM MPOAYK-
TOM aHTUTIATTEPHBI MOTYT OBITH OOHAPYKEHBI KaK BO
BpeMsl pa3IMYHbIX 0030POB UCXOAHOrO KOAa U OKY-
MeHTaluu (ayIuT, KOA-PEBbIO), TaK U TIpU J00ABIEHUN
HOBOT'O WJIM M3MEHEHMHU CYUIECTBYIOIIEro (hyHKIIMO-
Haya. CiaeayeT OTMETUTh, YTO TeéMa aBTOMAaTHU3alluu
npoliecca norMcka aHTUMaTTEPHOB aKTyaubHa [20], rmo-
CKOJIBKY TIPOIIeCC ITOMCKA TAKUX HEIOCTATKOB SIBJISETCS
JIOCTATOYHO TPYAOEMKUM, OCOOEHHO, €CJIU PEYb UIET
0 KPYIHBIX TPOrpaMMHBIX MPOAYKTaX.

HaiigeHHbII aHTUIIATTEPH CTAHOBUTCS YacTbhlO TaK
Ha3blBaEMOro TeXHuuYeckoro aojra [21]. B nanbHeiiiiem,
€CJIM 3aTpaThl HA yCTpaHEHUE HeaocTaTKa He IMPEeBbI-
1Ial0T BO3MOXHbBIE (DMHAHCOBBIE MOTEPU OT €ro IpH-
CYTCTBHUS B CUCTEME, HAUJEHHBIII aHTUNATTEPH YCTpa-
HsIeTCS C TIOMOIIBIO TIpoLienyphl pepakToprHra. Ciemyer
TaKke YYUThIBaTh, UTO, IO MHEHMIO aBTOPOB KHUTH [18],
"BaKHBIM MPEABAPUTETBLHBIM YCIOBUEM TTPOBEACHMS pe-
(akTOpMHTA ABIAETCS HAJTWUNE HAAEKHBIX TECTOB'.

3. NpakTuka paboTbl ¢ aHTUNATTepHaMm

IIpakTuka paboOThl C aHTUIIATTEPHAMU IIPEICTaB-
JisieT co0oil peKOMeH AU 1o paboTe ¢ pa3audHbIMU
HEIOCTaTKaMM MPOEKTUPOBAHWS U peain3aliiu, Ko-
TOpbI€ MOTYT ObITh HAMJAEHBI B IMarpaMMe UJIU B UC-
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XOITHOM KOJIe ITPOTpaMMHOM cucTeMbl. B Hee BolM
cybanbda AHTUINATTEpH, pabouuit mpoaykTt OTueT
00 AHTuUmnaTTepHe U aKTuBHOCTU IIpoBeputh apxu-
TeKkTypy, UctipaButh apxutektypy, [IpoBepuTh KOf,
IIpoBectu pedakTopuHT Koaa.

3.1. Cyb6anbda AHTUNATTEPH

Hns npencTtaBieHUs aHTUNATTepHa U PabOThHI
C HUMM B paMKax mpoliecca pa3paboTKu IporpaMMHOTro
MPOAYKTa aBTOPAMU HACTOSILIEH CTaTbU Mpeaiaraet-
cs cybanbda (anbga BTOpOro ypoBHs) AHTUIIATTEPH
(Antipattern) — pacnpocTpaHeHHOe Hea(pGheKTUBHOE
peleHure 4YacTo BO3HMKAIOIIEH 3a1auu MPOeKTUPOBa-
HUA U/UJIA peanr3aluu. AHTUIIATTepH He SIBJsIEeT-
Csl MPUYMHON HEKOPPEKTHOW pabOThl MPUTIOXKEHUS,
OJHAKO MOXET ObITb MPUUYUHON Oynylux mpoodjem
MoaudUKallMU U TOBTOPHOT'O MCMoJib3oBaHu . Jajee
B pabOTe NpU UCHOJIb30BaHUU TepMUHA AHTUIIATTEPH
B CMbICJIe cyOaibghbl TEpMUH OyneT yrnoTpeOJieH ¢ 3a-
IJIaBHO# OYKBbI, B KOHTEKCTE aHTUIMATTePHA KaKO-TO
CUCTEMBbl — C IPOIKUCHOM.

AHTUNATTEpH IBASETCS cyOanab(oii, mpeacTaB-
JieHHo# B fAnpe anbdbl Software System (puc. 2), oH
MpensTCTBYeT €€ pa3BUTHUIO, TTOCKOJbKY HaJlW4Me
B Software System aHTMHATTEPHOB MOXET OTpUIA-
TEJIbHO CKa3aThCsl Ha €€ CIIOCOOHOCTM K TMpOorpeccy.
CreneHb OTPULATEILHOI'O BIMSIHUS OLICHUTh AOCTa-
TOYHO CJIOXHO.

Ha npoTsixxeHuM Bcero xXus3HeHHoro 1ukJia B [1O
MOTYT BO3HUKaTh aHTUIATTEPHbl — HEyJayHbIE pe-
LIEHW 1, OTPULIATEILHO BJIUSIONIME Ha TOBTOPHOE UC-
MOJIb30BAaHME M PACHINPSIEMOCTh CHUCTEMBI, a TaKXKe
yao000o4nuTaeMoCcThb Koaa. Takue HeaoCTaTK1 He OOHa-
PYXMBAIOTCS B pe3yJibTaTe TeCTUPOBAHUS U SIBISIOTCS
TEeXHUYECKHUM JIOJITOM, KOTOPBIN HYXXHO YCTPaHSTh.

Software System

nqrqur >

Antipattern

Puc. 2. Cybannda AHTHNIATTEPH

AHTHUTIATTEpHBI MOTYT MPEMATCTBOBATDH Pa3BUTHIO
Software System, B KOTOpOIi OHU MPUCYTCTBYIOT. OHU
MOTYT OBITh OOHApyKeHbl U UACHTU(ULIMPOBAHBI BO
Bcex cocTtossHusx Software System, kpome Retired, mo-
CKOJIbKY B JaHHOM COCTOSIHUM paboTa ¢ pa3pabaTbiBa-
MO CHCTEeMOM MOJIHOCThIO IIpeKpallaeTcs. B cocTosi-
Huu Architecture Selected aHTUATTEPHBI MOTYT OBIThH
OOHapyXeHbl B JOKYMEHTALUU K MPOEKTY (auarpam-
Max). B cocrosgausx Demonstrable — Operational aHTu-
MaTTepHBI MOTYT OBITH OOHAPYKEHBI B JOKYMEHTAIIUH
U UCXOMHOM Koze cructeMbl. CBOEBpEMEHHOE yCTpaHe-
HUE aHTUIATTEPHOB YBEJIMYMBAET CKOPOCTh pa3paboT-
KU U UCIpaBJCHUS OIIKOOK, T. €. CIIOCOOCTBYET OoJiee
OBICTPOMY TIEPEXOY B CJIEAYIOIIEE COCTOSIHUE.

CoctosiHUSA cyOanbdhbl AHTUIIATTEPH U COOTBET-
CTBYIOIIIY€ UM KOHTPOJIbHbIE TOUKHU IpeacTaBICHBI
B TabJ. 2 (MOCKOJIbKY OOJILIIMHCTBO OIMYyOJMKOBaH-
HBIX B HACTOSIIWI MOMEHT ONMHUCAaHWUHN MPaKTUK CY-
IIECTBYIOT TOJbKO Ha aHIJIMICKOM SI3bIKE, B TEKCTE
JaHHON pabOThl MPUBEACHBI PYCCKHUE OMUCAHUS, HO
B paCIUMPEHHOM aHIJIMNUCKOW aHHOTALlUU NMPUBEAEH
AHTJIMMCKUI BapuaHT).

Kak nokazaHo B Tabn. 2, AHTUNATEPH MPOXOAUT
yepe3 COCTOSTHUS TTOI03peBaeTCsI, UIEHTU(PUIINPOBaH,
MeToJ pedpaKTOpUHIa ONpeaeseH, UCIIpaBJieH, 3a-
KpbIT. Eciiu AeTanibHO ONMUCHIBATh XXKU3HEHHBII LUK
AHTHUNaTepHAa, CKJIaAbIBAeTCS ONMMCAHHAS HUXE T0-
CJIEI0BATENbHOCTD.

CHauasa, B pe3yJibTaTe peBblo, UCIIpaBeHU S Oara,
pa3paboTKM HOBOTO (hyHKIIMOHAJIa MOXET BO3HUK-
HYTb MOJ03peHUe Ha aHTunarTepH. O61acTh, B KO-
TOpPOil OOHApyXXeHO MOJ03PeHME Ha aHTUIATTEPH,
rnomMevaeTcs ISl aHanu3a. B pesyibrate aHanu3a aHTU-
MaTTepH UACHTUDUITUPYETCS: OMPEASIAIOTCS €ro TpaHU-
LIbl, TUIT, 3aBUCUMOCTH. OIpenensieTcsi CTeneHb BIMSHUS
aHTUIATTEepHA Ha cucteMy. B ciyyae, ecinu BiMsiHUe He-
3HAYUTEBHO (yCTpaHEHUE aHTUIIATTepHA IOPOXKE, YeM
OTPULIATENIbHBIM YPOH OT €ro HaJIMUMS B CUCTEME), pabOTY
M0 YCTPaHEHUI0 MOXHO MpeKpaTuTh. B 3aBUcHMOCTH OT
TUIIA AHTUIIATTEpHA ONpenensieTcs Crocod ero ycrpa-
HeHMs. 3aTeM IPOBOAUTCS Mpoleaypa pedaKTopuHra,
aHTUIATTEpH ycTpaHseTcs. C MOMOIIbIO TeCTUPOBaHUS
Y PEBBIO ONpPEAEISIeTCs, YTO aHTUIATTEPH YCTPaHeH, HO-
BBIX HEIOCTaTKOB HE BO3HUKIJIO, CJIE€IOBATENbHO, aHTHU-
MaTTepH MOXHO CUYMTATh 3aKPHITBIM.

CocrostHue cyb0anbhbsl AHTUIIATTEPH HE 3aBUCUT
ot coctosiHus Software System. Eciau mommepxka
U paciperne GyHKIIMOHAJIa CUCTEMBI He TUTAHUPY-
€TCsI — aHTUIIATTePHBI MOTYT OCTATbCSI B COCTOSTHUU
MoA03peBaeTCs UM UACHTUGhULIMPOBAH. AHAJIOTUYHO
IUTST OTIEBHBIX SJIEMEHTOB CUCTEMBI: €CJIM He TUIaHU-
pyeTcs uX MojjaepxKa, pacliipeHre Uiu MOBTOPHOE
HUCTOJb30BaHUE — HalJAeHHbIE B JaHHBIX 00JacCTIX
AHTUITATTEPHBI MOXHO HE YCTPaHSITh.

314

"MporpammHas uHxeHepusa" Tom 13, Ne 7, 2022




Tabauya 2

Cocrosinus cyoaab(pbl AHTHOATTEPH

CocTosiHHe Onucanue KoHTponbHBIE TOYKH
OGHapyxkeH BbigeneHa yacTh CUCTEMBI, OGHapyXeHbl MPU3HAKHA HEKAYeCTBEHHOTO MPOEKTUPOBAHUS WU
KOTOpasi COAEPXKUT aHTUIATTEPH | peajn3allu CUCTEMBI.
OmnpenesieHbl TPaHUIIBI 00JIACTH HU3KOTO KayeCcTBa B CUCTEME.
OnpeneneHbl pabouyune MPOAYKTHI, CBSI3aHHbBIE ¢ HU3KOKAYeCTBEHHOM
YacTbhIO CUCTEMbI
Nnentudunuposan | OmnpeneseHbl MECTOMOJIOXEHE OmpenesieHbl 2JIEMEHTBI CUCTEMBbI, BXOASIIIE B aHTUTIATTEPH.

aHTUIIATTEPHA B CUCTEME U €TO
THAIT

OHDCZ[CJICH TUII aHTUIIATTEPHA.

BoisiBIeHBI 3aBUCUMOCTU CUCTEMBI OT QJIEMECHTOB, COCTABJAIOLIUX
AHTUIIAaTTECPH.

HpOBC,HeHa OLICHKA BJIMWAHUA aHTUIIATTECPHA HAa CUCTEMY

Merton pedakTo-
pHMHTa OIIpeaecH

IMpoBeneH BbIGOp HaubosEeE
TTOIXO/SIIIIEr0 METO/IA UCTIPABICHMS
(pedakTopuHra) aHTUIIATTEpHA

OmnpenesieHbl BOBMOXHBIE BApUAHTHI peaKTOpUHTA.
IMpoBeneHa oleHKa CTOMMOCTH BBISIBJIEHHBIX BApUAHTOB pedaKTOPUHTA.
BriOpaH Haubosee noaxoAssuMil BapuaHT pedakToOprHTa

HUcnpasnen

AHTHUDNIATTEPH yIaJieH U3 CUCTEM bl

BDIeMeHTBI CHUCTEMBI, BXOAAIIMEC B AaHTUIIATTCPH, IMIOJTHOCTHIO IMOKPBITHI

TeCTaMU.

IIpoBeneH peakTOPUHT aHTUTIATTEPHA.

TecTbl mOATBEPXKAAIOT, YTO pAOOTOCIIOCOOHOCTh CUCTEMBI ObLIa COXpaHEeHa.
OG6HOBJIeHB! Paboure MpoayKThl, CBSI3aHHbIE C U3MEHEHHOM YacThIo
CHUCTEMBbI

OTCyTCTBUE aHTUIIATTEpHA
B CHCTEME TIOATBEPXKICHO

3aKpbIT

Bblu mpoBeaeHbl TECThI, 0030pbl UJIK APYTHMe COOTBETCTBYIOLIME
NeCTBUSI, YTOOBI TApAaHTUPOBATh, YTO AHTHUITATTEPH UCIIPABJICH WU
He sABIsAeTCS GaKTUYeCKUM JIe(eKTOM UM HEAOCTaTKOM.
3aBeplUeHbl MEPOIPUSITUS N0 YIIPABASHUIO aHTUIATTEPHOM.
TexHWMYECKUI TONAT YMEHBITUIICS

3.2. Pa6bouun npoaykt OT4yeT 06 AHTUNATTEpPHE

Hnsa paboTel ¢ uHpopMaueili 06 AHTUIIATTEPHE
B paMKax IIpoeKTa IpemiaraeTcs paboymii IpogyKT
(Work Product) Otuet 00 AHTUTIaTTepHE (Antipattern
Report). OTHOLIEHUS MeXIy pabouYuUM MPOAYKTOM
U ajlbdaMu IIpeACcTaBICHBI HA puUC. 3.

YpOBHM AeTaIM3alny JaHHOTO apTedaKTa IIpeacTaB-
JIeHBI B Ta0J1. 3. OTueT 00 AHTUIIATTEPHE OITMCHIBAET Me-
CTOHAXOXAEHUE, TUIl aHTUMATTEPHA, a TAKXKE COACPXKUT
nHGOPMALIMIO 0 paboTax, IIPOBEACHHBIX M0 €r0 YCTPaHe-
HUto0. [1py UCITONMBb30BaHNY Pa3TMIHEBIX TTPOTPAMMHBIX
MPOAYKTOB JJ151 YIIpaBjaeHu s mpoekToM OTueT 06 AHTH-
naTTepHe MOXET ObITh IpeACcTaBJieH B Bue 3agaqu (7ask,
Issue), 3anucu B Wiki unu Readme-aiinax nmpoekra.

B xauvecTBe "yacTeil cUCTEMBI' MOT'YT BBICTYIATh:
KJIaCC, COBOKYITHOCTD CBSI3aHHBIX KJIACCOB, CJIOM, BbI-
NEJISIEMBIN B CUCTEME, W IPYTHE 3JIEMEHTHI, STBJISIOII-
€Cs COCTaBHBIMM 2JIEMEHTAaMM aHTUIIATTepHA.

3.3. AKTUBHOCTHU

Hns dopManuzauuu IIpoueayp o UM3MEHEHUIO
COCTOSIHUS cyOanbdbl AHTUIIATTEPH TpeagaraTcs
clienytouiue AKTUBHOCTH, TIpeACTaBIeHHbIE Ha puc. 4.

PaccMoTpuM oTaenbHble aKTUBHOCTHU, MpPeacTaB-
JIEHHbIE Ha puc. 4.

1. Inspect Architecture (Ilpoeepumv apxumexmy-
py) — TIPOBEPUTH aPXUTEKTYPY CUCTEMBI Ha HAJTMUHE
aHTUIIATTEepHOB (puc. J).

JaHHy10 aKTUBHOCTbD CJIeIYyeT MPOBOIMUTD IJISI BCEX
YacTeW CUCTEMBI.

ITpoBepUTh apXUTEKTYpy HEOOXOAMMO AJISI TOTO,
YTOOBI:

e TIPOBEPUTH KAYE€CTBO MTPOEKTUPOBAHUSI CUCTEMBI;

Antipattern

Antipattern
Report

Puc. 3. Anbdsl n padoumii mpoaykt Antipattern Report (OTuer
00 AHTHNATTEpHE)
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Tabauya 3

YpoBHu neTanu3anuu padoyero npoaykra Oryer 00 AHTHNATTEPHE

VYpoBeHb aeTanu3anuu OmnucaHue

KoHTpoabHBIE TOUYKH

OOHapyXeHO HaJIu4Yue
aHTUMIATTepHA

B cucreme obHapykeH HEOOCTATOK

OHDCHCHCHH YaCTU CUCTEMDbBI, BXOOAALINEC B aHTUIIATTECPH

OrnpenesieHbl XapaKTepu-
CTUKM aHTUNATTepHA

OOHapyXeHHBIN B CUCTEME HEAOCTATOK
JIOKaJIM30BaH, ONMKMCAH U MpoaHaJu3upoOBaH

OHPCHCHCH THUIT aHTUTIaTTEPHA

OmnpenesieHO BIWsSIHUE
aHTHUITaTTEPHA
CTH €ro yCTPaHEHHU s

l'lpOBez[eHa OLCHKA BJIMAHUA aHTUTIATTEP-
Ha U IPUHATO PCIICHUE O HCIICCOOGpalBHO-

l'IpOBez[eHa OLICHKa CTOMMOCTHU UCIIPABJICHUS aHTUIIATTCPHA.
HpOBe}ICHa OLI€HKAa BO3MOXHBIX ITOTCPb, CBA3AHHBIX

C HAaJUYMEM aHTUNATTECPHA.

AHTI/I]’[aTTepH IIpU3HAH 00s13aTEIBHBIM K UCITpaBJICHUIO

AHTHUIIATTEPH yCTpaHeH
(HeoOs13aTesieH)
YCTEIIHO 3aBEePIIEeHBI

HenocraTok, HaiiieHHBI B cUCTeME, T1OJI-
HOCTBIO YCTPaHEH, BCe CBsI3aHHbIE paOOThI

IIpoBeneH peaKTOPUHT.

TecTupoBaHue MOKa3aJlo KOPPEKTHOCTb pabOTHI YacTeit
CHCTEeMbI, BXOASIIMX B aHTUIATTEPH.

JlesiTeTbHOCTh, CBA3aHHAsI C yCTPaHEHUEM aHTUIATTepHA,
3aBeplieHa

Inspect Architecture Fix Architecture A

Shape the System

Puc. 4. AkTuBHOCTH 10 padoTe ¢ cy0aaboil AHTHNATTEPH

On Entry

D( Software System: Architecture Selected

AR s sESEEsEESsEEEEEESEEE e
L]

Shape the System

Development

On Exit

D( Software System: Architecture Selected
I—D( Antipattern: Identified or beyond
I_EI Antipattern Report:

Antipattern’s properties are determined
or beyond

Puc. 5. AktusHoctb Inspect Architecture

Review the Code Refactor the Code 0

-
O P R P R N

Implement the System

e TIPOBEPUTH OTCYTCTBUE aHTUIIATTEPHOB;

e TIPOBEPUTH OTCYTCTBUE OAros;

e YBEJIMYUTH OCBEIOMJIEHHOCTb KOMaH bl O MPO-
eKTe.

Kpurtepun 3aBepiiieHUsT aKTHBHOCTH: CUCTEMa ITPO-
BepeHa MOTHOCTRIO. [IpoBepstolne YieHbl KOMaHIbI
COTJIACHBI, YTO HalJeHHbIE MPOOJeMHBIE BOIPOCHI
YCTpaHEHBI, TNO0 IMPU3HAHBI HE3HAYUTEIbHBIMMU.

OnwuceiBaeMast B JaHHOW paboTe MpaKTUKa MO-
KeT ObITh MUCIOJIb30BaHA B COCTaBE METOAOB, HAIIPU-
Mep, NIpU BKJIIOYEHUM MPAKTUKU AHTUIIATTEPHOB
B MeTon FEssential Unified Process, akTUBHOCTb Inspect
Architecture OyneT B3aMOJEiICTBOBATh ¢ cyOanbdamu
Komnionent (Component) u Apxutekrypa (Architecture)
(puc. 6). B pe3ynbrare ak TUBHOCTH TaKXKe MOTYT OBITh
BBISIBJIEHBI 0aru (pacxoXIeHUs C TpeOOBaAHUSIMU
K CHUCTEMe).

2. Fix Architecture (Hchpasums apxumexkmypy) —
YCTPaHUTh AaHTUTIATTEPHBI B apXUTEKTypPe CUCTEMBI
(puc. 7).

[laHHas1 aKTUBHOCTh MO3BOJISIET YCTPAHUTH CY-
IIECTBYIOIINI aHTUTIATTEePH, a TaKXe YIYyJIIUTh Ka-
YECTBO apXUTEKTYPhl CUCTEMBI, UTO TOJOXHUTEIHHO
CKaXeTcsl Ha TOBTOPHOM MCITOJIb3YeMOCTH U paciliu-
pPSIEMOCTH.
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On Entry On Entry

D( Software System: Architecture Selected D( Software System: Architecture Selected

_D< Component: Specified D( Antipattern: Refactoring Method Defined
Antipatt : Antipattern Infl
I_EI Component Description: Required Behavior I_CI ntipattern Order: Antipattern Influence

Defined or beyond Determined

: Shape the System

—-D( Architecture: Solution Structured

LCI Architecture Description: Views Described

EE s s SESEEEEEEEEEEEEE

Shape the System

Development

-
.

On Exit

D( Software System: Architecture Selected

I—D( Antipattern: Closed

Development

On Exit |_
D( Software System: Architecture Selected G Antipattern Report: Antipattern Eliminated
Puc. 7. AktuBnoctb Fix Architecture
D( Bug: Detected
D( Antipattern: Identified or beyond On Entry
I_ Antipattern Report: Software System: Demonstrable or

Antipattern’s properties are determined beyond
orbcyond jeeeesssssssssssssseeaaa

Implement the System

Puc. 6. AktuHocTtb Inspect Architecture B meTone Essential Unified
Process

Kpurepuii 3aBepieHus 1aHHO aKTUBHOCTU —
AHTHNIATTEpH, HAliICHHBI paHee, ycTpaHeH. [IpoBe-
pSITOIIME YWIEHB KOMaHIbl COTJIACHBI, YTO HaliIcHHbIE Development
npo0JieMHbIE BONPOCH YCTPaHEHbI, MO0 MpU3HAHBI
HEe3HAYUTENbHBIMU.

B cocraBe metona Essential Unified Process naHHast On Exit
AKTUBHOCTb MOXET MCITOJIb30BaTh U U3MEHITh pado-
yue npoaykTbl Component Description u Architecture D( Software System: Demonstrable or beyond
Description. B pe3ynbrare ee MpoBeAcHUS] MOXET U3Me- |_
HUThCS cocTosiHUe cybanbgbl bar Ha Fixed (omuoka D( Antipattern: Identified or beyond
MOXET OBITh UCITpaBJIEHA).

3. Review the Code (IIpoéepums K0d) — NMPOBECTU

KOJI-PEBBIO UCXOMHOIO KOAA CUCTEMBI (puc. 8). I_CI inqpattem’l{eport: , g o
KOLL-peBbIO HCO6XOL[1/IMO, ‘{T06bl: ntlpattern S propertles are determine

. or beyond
e TIPOBEPUTH KAYECTBO UCXOOHOI'O KOIa,
e TPOBEPUTH OTCYTCTBUC aHTUIIATTCPHOB, Puc. 8. Akrusnoctn Review the Code
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e TIPOBEPUTH OTCYTCTBME Oaros, oOHapy>KuBae-
MbIX B UCXOAHOM KOIIE;

e YBEJIMUYUTH OCBEIOMJICHHOCTb KOMaHIbI O TIPO-
eKTe.

JaHHY10 aKTUBHOCTb CJI€AYeT MPOBOAMTH MJIsT BCEX
KOMIIOHEHTOB CUCTEMBI.

Kpurtepun 3aBepiiieHUsI aKTUBHOCTH: CUCTEMA TIPO-
BepeHa MoJHOCThIO. [TIpoBepsionire YaeHbl KOMaH bl
COrJIaCHBI, YTO HallIeHHbIEe MPOOJEMHbBIE BOMPOCHI
YCTpaHEHBI, TNOO0 MPU3HAHBI HE3HAYUTEITbHBIMMU.

Yaiue Bcero MeToauka MpoBeAeHUSI KOI-PEBbIO
onpenessieTcs MpaBujiaMu, YCTAHOBJIEHHbIMU B KOH-
KpeTHOI KoMaHIe pa3paboTyukoB. B nurepary-
pe [22, 23] nmpennaramTcs NepedrcaeHHbIE Jajlee Ba-
PUAHTHI MPOBEACHUS TPOLIEAYPHI KOI-PEBEIO.

o IlpoBepka koma (Code Inspections) [23]. IIpo-
BEpPKHU KOJa ITPOBOMSTCS IOCJE 3aBEPIICHUS ITPOCK-
TUPOBAHUS yYacTKa MPOTPaMMHON CHCTEMBI, TTOCITe
3aBepUICHU S peaJu3allui yyacTKa CUCTEMBbI U MOCe
CO3IaHUSI MOIYJIbHBIX TECTOB IIJISI Yy4acTKa CUCTEMBI.
HaHHbBIN noaxona MoagpoOHO onucaH B craTbe [23].

o CospemeHHbIlt MeTon (Modern Code Review) [22].
s aBTOMaTU3allMU Ipoliecca MOTYT OBITH MC-
MMOJI30BaHBI pa3IMIHbie MHCTPYMEHTHI, TaKWe KakK
Gerrit [24], CodeFlow [25], a TakXe BCTpOECHHBLIC
cpenctBa GitHub [26], GitLab [27]. OouH uan He-
CKOJIbKO PE€BBIOEPOB MPOBEPSIOT M3MEHEH ST KOIOBOM
0a3bl, IPOBEJEHHbIC YJIEHOM KOMaHIbl Niepea 100aB-
JleHueM U3MeHeHU i B perno3utopuii. [Ipoliecc MoxxHO
pa3nesuTh Ha HECKOJILKO UTepaluif, KOTOphie Mpo-
JIOJIXXKAIOTCS, TIOKa He OyIyT yCTpaHEHBI BCe 3HAUMMBbIC
W3 HaJCHHBIX HEIOCTATKOB M BCe OOHApyKeHHBIC
O6aru. IlogpoGHOe omucaHue BapuaHTa peaju3aluu
noaxonaa B KommaHuu Google MoxXHO HaliTu B pabo-
Te [22].

4. Refactor the Code (Ilposecmu pegpaxkmopune
K00da) — mpoBecTU pedaKTOPUHT UCXOJHOTO Kojaa
CHCTEMEI, HE U3MEHSIS ee moBeneHue (puc. 9).

ITpoBeneHue pedakTopruHra HEOOXOAUMO, YTOOBI:
YCTPaHUTb TEXHUYECKUIA JOJIT;

VIYUYIIUTh YNTAEMOCTh KOJIa;

VIYYIIATH PaCIINPSIEMOCTh CUCTEMBI,
YAYYIIUTh CIIOCOOHOCTh KOJa K MOBTOPHOMY
HCIIOJIb30BaHUIO.

JanHas akTUBHOCTH ITO3BOJISIET YCTPAHUTH CYIIe-
CTBYIOIIMI aHTUNATTEPH, a TakKXke YAYUYIIUTh Kaye-
CTBO MCXOJHOTO KOAa KOMIIOHEHTA, YTO MOJIOXUTEIb-
HO CKaXXeTcs Ha TTOBTOPHOM MCITOTb3yeMOCTH, YN Tae-
MOCTH, PacCIIMPSIEMOCTU UCXOAHOTro Koaa. B mpouecce
pedakTOpuHIra MOTYT ObITh HalIEHbl U yCTPaHEHbI
OLIMOKU CHUCTEMBI.

Kputepuit 3aBepiieHns] 1TaHHON aKTUBHOCTH —
AHTUIIATTEPH ycTpaHeH 6e3 HapylleHUs paboToCHo-
COOHOCTH CHUCTEMBbI: HEAOCTATOK, HAUAEHHBIN paHee,

On Entry

D( Software System: Demonstrable or beyond

LD( Antipattern: Refactoring Method Defined

I_G Antipattern Order: Antipattern Influence

Determined

E Implement the System 3

Development

On Exit

D( Software System: Demonstrable or beyond
LD( Antipattern: Closed

LG Antipattern Report: Antipattern Eliminated

Puc. 9. AktusHocth Refactor the Code

ycTpaHeH. TecThl, TOKpHIBalOIINe JaHHBIM (pparMeHT
CHCTEMBI, YCIIEIIIHO 3aBeplualoTcs. BHellHee moseae-
HUE CUCTeMbl He U3MEHUJIOCh. KayecTBO Koma gaH-
HOTO (pparMeHTa CUCTEMBbI YJIYUIIUJIOCH.
IpuMmeHsIeMBIe cTOCOOBI peaKTOpUHTA 3aBUCST
OT BUJA HaliJICHHOro HegocTaTKa Koja. PaznmuuHbie
cnocoObl pepakKTOpHUHIA MOAPOOHO OMKUCAHBI B JIUTE-
patype [18, 19]. CoriacHoO Kj1acCMYeCKOH ITpOLEay-
pe npoBeneHus pedakTopuHra [18], aJg mpoBepKUu
YCIICLIIHOCTU MpOBeAeHU s pe(aKTOpUMHIa HEOOXOAUMO
HaJIW4YKhe aBTOMATUYECKUX TecToB. [ paboTHI C Te-
cramu B S mpe Essence mpucyTcTByeT IpOCTPAHCTBO aK-
tuBHocTel [IpoTectupoBats Cucremy (7est the System).

3akntovyeHune

IIpennoxeHHass B HacTOsILEN CTaTbe MpaKTUKa
MMO3BOJISIeT (hOopMaIN30BaTh MPOLEAYpPY IO paboTe
¢ aHTUIaTTepHamMu npu paspadorke I1O. BoamoxHa
KOMOMHALMS NPeaoXeHHOTO MoAXoJa ¢ APyruMu
MpaKkTUKAMMU.

IIpennoxeHHas cybanbda AHTUIATTEPH SIBIISICT-
Ccsl OAHUM W3 MPUMEPOB cybanb(dbl, KOTOpass MOXET
O0Ka3bIBaTh OTPUIIATEIIBHOE BJIMWSHWE HAa Pa3BUTUE
npoekrta. Pabounii mpoayKT, MOATBEPKAAIOLINNA Ha-
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Juuue B Software System HeynauyHbIX peleHuit — OT-
yeT 00 AHTUNATTEpPHE, — SIBJISIETCS CBUACTEIbCTBOM
TOrO, 4TO B OYIYILEM MOTYT MOSIBUTHCS pa3IUYHBIE
NpoOJeMHBIE BOIIPOCHI, CBSI3aHHbIE C paclliupeHUeM
U pa3BUTHEM pa3pabaTbiBaeMOil CUCTEMBbl. DTO 00-
CTOSITEJILCTBO MOXET CTaThb OCHOBAaHMEM AJISI Tepe-
pabOTKM CYIIEeCTBYIOIIET0 MCXOMHOTO KOAa NN Tepe-
OCMBICJICHHSI TIPUHSTHIX apXUTEKTYPHBIX PEIICHMIA.
PesynbraThl paboThl MJIaHUPYETCS MUCIIOJb30BATh
B pacCIIMPEHUU CUCTEMbI MOAACPXKKU NPUHSITUS pe-
meHuil [28], MOCKOJIBKY caM (PakT CyIIeCTBOBAHU S
AHTUTIATTEPHOB B CUCTEME MOXKET SIBJASThCS (hjlarom
TOT0, YTO MEHEKEP OLIMOAETCS B CBOUX IIPEATIONIOXKE-
HUSIX OTHOCUTEJIBHO TEKYILIEIO COCTOSIHUS MPOEKTa.
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The Essence graphical representation language allows to describe various project management practices in soft-
ware development. At the moment, the Practice Library describes the most popular development methodologies, but
work with various risks, such as code smells or antipatterns, which may be cause of future problems, is not represented.

This article presents an extension for the Practice Library of the Essence language in the form of a practice for
working with antipatterns. To represent antipatterns in the system, the Antipattern subalpha, its states and checkpoints
are proposed. Antipattern’s states and checkpoints:

1. Detected:

o Signs of poor-quality design or implementation of the Software System have been found.
o The boundaries of the low-quality area in the Software System have been defined.

o Work Products associated with the inferior part of the Software System have been defined.
2. Identified:

o The Software System Elements included in the Antipattern have been determined.
o The type of antipattern has been determined.
o Dependencies of the Software System on the antipattern elements have been determined.

o The impact of the antipattern on the Software System has been estimated.
3. Refactoring Method Defined:

o Possible options for refactoring have been identified.
o The cost of the refactoring options has been assessed.

o The most suitable refactoring method has been selected.
4. Fixed:

o The Software System elements included in the antipattern are completely covered by tests.
o The antipattern has been refactored.
o Tests confirm that the Software System remains operational.

o The Work Products related to the changed part of the Software System have been updated.

5. Closed:

o Tests, reviews or other appropriate activities have been undertaken to ensure that the antipattern has been
corrected or shown not to actually be a fault or flaw.

o The antipattern management has been finalized.

o Technical debt has decreased.

To record data about an antipattern, the work product Antipattern Report and its levels of details with checkpoints
are proposed. Levels of details and checkpoints are:

1. Antipattern detected:

o The components of the Software System included in the antipattern are defined.

2. Antipattern’s properties are determined:

o An antipattern type has been defined.
3. Antipattern influence determined:
o The cost of antipattern fixing was estimated.
o An assessment of possible losses associated with the presence of an antipattern was carried out.
o The antipattern is recognized as mandatory for elimination.
4. Antipattern eliminated — optional:
o Refactoring completed.
o Testing showed the correct work of the components included in the antipattern.
o Antipattern elimination activity completed.

To analyze the architecture of the system, the Inspect Architecture activity is proposed. The Fix Architecture activity
represents actions to fix architecture flaws. Code analysis is presented as a Review the Code activity, and correction
of deficiencies found during the analysis is presented as a Refactor the Code activity. The influence of subalpha on
the state of the Software System alpha is analyzed. Recommendations were given on the proposed activities. Infor-
mation about activities is presented in the form of diagrams in the Essence language.

The proposed practice allows to record information about the found flaws in the code, process them correctly and avoid
problems with the project in the future. It is an example of working with entities that negatively affect the progress of the project.

Keywords: Antipattern, Code Review, Code Smell, Development, Essence, Practice, Practice Library, Project
Management, Refactoring, SEMAT
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The article is devoted to the problem of determining the atomicity of requirements for complex technical systems.
The purpose of this article is to apply supervised machine learning methods, namely classification, to determine the
atomicity of requirements. It is assumed that feature engineering based on the linguistic features of requirements state-
ments will make it possible to classify requirements into atomic and non-atomic ones with high accuracy. The article
describes the use of the following methods for generating features: fastText, BERT, customFeature. Requirements
are classified using a logistic classifier, decision trees, random forest, and gradient boosting. The best combination
of methods turned out to be using customFeature with gradient boosting.

Keywords: gradient boosting, BERT, requirements management, machine learning, requirements atomicity,
requirements quality
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HaumoHanbHbIM nccnegoBaTenbCkuin aaepHbin yHmsepcutet "MUOGU"

fipnmenenne MeTo 0B MaLINKHKOIO ﬂﬁV‘IEHIIIjI C yuntenem
ANA onpefieneHna aToMapHocTin TpeboBaHi K CROKHLIM
TEXHNYGCKNM CCTEMaM

Cmamebsi nocesiweHa ripobneme onpedeneHus amomapHocmu mpebosaHuli K CIIOKHBIM MEXHUYECKUM
cucmemam. Ljenb amoul cmambu — uccriedo8amb 803MOXHOCMb MPUMEHEHUSI Memod08 MalWuHHO20
oby4yeHus ¢ yqumernem, 8 HacmHocmu, Knaccugukauuu, 0ns ornpedenieHus amomapHocmu mpebosaHudl.
lMpednonazaemcs, 4ymo pa3pabomka MPU3HaKo8, OCHOBaHHas Ha JluH28UCMUYeCKUX 0COBeHHOCMSIX
gopmynuposok mpebosaHutll, M038051UM C 8bICOKOU MOYHOCMbIO Kriaccuguyuposams mpebosaHus

I The article is based on the materials of the report at the Seventh International Conference "Actual problems of Systems and Software
Engineering” APSSE 2021.
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Ha amomapHbie u HeamomapHsbie. OnucaHo ucnosb3ogaHue criedyruux Memodos hopmMupo8aHuUsi
npusHakos: fastText, BERT, customFeature. TpebosaHus knaccuguuupyromcs ¢ ucrosb3o8aHuem rio-
aucmu4eckozo Knaccugukamopa, memoda depesbes peuweHul, criyyaliHo2o neca u epadueHmHO20
bycmuHeaa. OkcriepumeHmarnbHoe uccrnedogaHue nokasaso, Ymo Hausny4quwel kombuHayuel Memodos
s8n1s:emcsi coyemaHue customFeature ¢ epadueHmMHbIM 6ycmuH20M.

Knroyeebie cnoea: epadueHmHsili 6ycmuHe, BERT, ynpasneHue mpebogaHusaMu, MauwlUuHHOe
oby4yeHue, amomapHocmb mpebosaHull, kKadecmeo mpebosaHull

Introduction

The development of high-quality system require-
ments plays a decisive, key role in the process of work-
ing on a project, regardless of its scale [1]. Time, de-
velopment cost and other indicators of the project’s
effectiveness directly depend on how accurately and
correctly, the system requirements describe the system
that must to be created. Taking into account the fact,
how complex, large-scale projects can be, it would be
logical to assert that the number of requirements in
them can amount to several thousand [2]. And since the
development of requirements is entirely on the shoulders
of the requirements engineers, it would be logical to as-
sume also that it should not depend on the human factors:
inattention, negligence or haste. But in cases where huge
sums of money are at stake, and due to the imperfection
of the human resources, the project executor may suffer
significant losses, it is necessary to minimize the hu-
man factor.

The requirements make it possible to determine what
the interested parties want to get from the system under
development and what properties the system should have
in order to satisfy their needs.

The quality of the requirements can be judged by
the presence of several quality criteria. There are cer-
tain criteria that every statement of requirement should
meet. These are summarised as follows [3]:

e Atomic: each statement carries a single traceable
element;

e Unique: each statement can be uniquely identi-
fied;

o Feasible: technically possible within cost and
schedule;

o Legal: legally possible;

o Clear: each statement is clearly understandable;

e Precise: each statement is precise and concise;
Verifiable: each statement is verifiable, and it is
known how;

o Abstract: does not impose a solution of design
specific to the layer below.

In addition, there are other criteria that apply to the
set of requirements as a whole:

o Complete: all requirements are present;

o Consistent: no two requirements are in conflict;

e Non-redundant. each requirement is expressed
once;

e Modular: requirements statements that belong
together are close to one another;

e Structured: there is a clear structure to the re-
quirements document;

e Traceable: the appropriate degree of traceability
coverage has been achieved.

The article is devoted to the problem of determining
the atomicity of requirements for complex technical sys-
tems. The purpose of this article is to apply supervised
machine learning methods, namely classification, to
determine the atomicity of requirements.

Description of the dataset

The initial data is a table of 287 records with the
following columns: "ID", "Requirement” and "Singular”,
where "ID" is the unique identification number of the
requirement, "Requirement” is the textual wording of
the requirement statement, and "Singular" is the tag of
membership of each requirement in the class of atomic
or non-atomic (1 and 0, respectively). All requirements
statements in dataset are in Russian.

Feature engineerning

There is one very interesting principle in computer
science: garbage in, garbage out (GIGO). That is, if
incorrect data is fed to the algorithm, the results will
be incorrect, even if the algorithm is the correct and
accurate. Supervised machine learning algorithms are
no exception [4]. Therefore, data preprocessing and
feature engineering are very important steps in machine
learning. Consider two neural network-based natural
language processing models: fasttext and BERT, and
custom created features.

FastText is a library developed by Facebook that
contains pre-trained ready-made vector representations
of words [5]. The algorithm uses both CBOW (continu-
ous bag of words) and skipgram models. For us, the main
interest is that FastText does not require training. There
are ready-made models for 157 languages, including
Russian. By default FastText uses 300 word vectors,
but this can be changed if desired. However, FastText
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converts a word into a vector, and we have the text
of the requirement as the initial data. The main idea
of using FastText to transform a textual formulation
of a requirement into a vector representation is that
the requirement is cleared of all special characters and
signs, tokenized and lemmatized [6], after which a list
of tokens is fed to the FastText model input. Further,
the values of the obtained set of vector representations
of individual words of the requirement formulation are
averaged.

The BERT model was announced and made public
in 2018 [7]. Initially, the BERT model is trained on a
huge amount of text taken from books, Wikipedia, etc.,
and in several languages. This technology is based on
such algorithms developed by the NLP (natural language
processing) community as learning with partial involve-
ment of a teacher, ELMo models (Embeddings from
Language Models) [8], ULMFiT (Universal Language
Model Fine-Tuning) [9], OpenAl Transformer and others.

BERT is based on the Transformer, in fact, BERT
is a trained stack of Transformer encoders. Encoders
are objects of the same structure, but with different
weights. Each encoder consists of two parts — an in-
ner understanding layer and a propagation layer. The
encoder receives as input numerical vectors obtained
from words, processes the vectors at the level of the
internal understanding layer and transmits them to the
feedforward neural network. The result of the output
of one encoder level is the input for the next encoder.
Encoders form a stack of 12 (24 for deeply trained
models) elements, an encoder stack, and is the backbone
of BERT, as mentioned. Each sent word in BERT goes
through a chain of encoders and as a result, for each
word, a numeric vector of dimension 768 is formed for
the base BERT implementation. The obtained vectors
are the required ones in the framework of this problem.
Further, it is possible to perform various operations with
them: cluster, use as input data in supervised machine
learning algorithms, for example, for a logistic regres-
sion problem.

The customFeature method is based on the use of
the language features of the requirements statement.
How can an atomic requirement differ from a non-
atomic requirement? The first thing that comes to mind
is the size of the requirement [10]. It is logical that it is
unlikely that a large requirement in most cases will be
atomic. On the other hand, you can pay attention to the
number of words in the requirement, since the number
of characters alone cannot provide enough information.
You can also count the number of offers in a request.
In most cases, a requirement that consists of more than
one clause is not atomic.

Next, it’s worth remembering what an atomic re-
quirement is and taking a closer look at the differences

between an atomic and a non-atomic requirement.
A requirement is considered atomic if each statement of
the requirement must be one element of the hierarchy
of requirements, and the subsequent division of the
proposal into two or more requirements is not possible.
Consider the following examples.

e The service life of the phone must be at least
1 year.

e The service life of the phone and its individual
parts must be at least 1 year.

Obviously, the second requirement is non-atomic,
in contrast to the first, because it can be divided into
two requirements: "The service life of the phone must
be at least 1 year" and "The service life of individual
parts of the phone must be at least 1 year". So what are
the fundamental differences between them in terms of
language features?

Let’s take a look at the INCOSE Requirements Writ-
ing Guide [11]. It contains rules for statements and
sets of requirements that will be very useful for the
feature engineering process. It clearly states: avoid
conjunctions in requirements. In the example of a
non-atomic requirement, the conjunction "and" is
just used, which means it is logical to make a sign
that determines the total number of unions in the
checked requirement.

In Russian, the enumeration can be specified not
only with the help of conjunctions, but also with the use
of punctuation marks. The presence of a large number of
special characters may indicate a possible non-atomicity
of the requirement, so it is worth counting either their
total number, or each special character separately.

The next rule that should definitely be used to
form a feature is to formulate a requirement in one
sentence. Indeed, if it was necessary to split the text
into two sentences, then it is worth thinking about
splitting the requirement itself into two. Therefore, you
should define a binary sign that signals the fulfillment
of this rule.

In addition, the INCOSE guidance prescribes not
to use brackets in the wording of requirements, not to
indicate clarifying text in brackets. Often, information
in brackets indicates information that is redundant,
deprives the requirement of unambiguity, or contains
enumerations. To determine whether the rule described
above is followed, it is worth introducing a binary fea-
ture that takes the value of one if there are round, square
or angle brackets in the requirement.

Also in the INCOSE manual it is written that when
writing requirements, you should use the active voice.
That is, the requirement "The identity of the client
must be verified" is unacceptable. In a simple case, as
in the example, the passive voice can be determined by
the presence in the text of the requirement of the con-
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struction "must be", but due to the peculiarities of the
Russian language, one should also parse the sentence
and check that the predicate is in the active voice. To
check this rule, it is necessary to select a binary sign
that signals the presence of a passive voice in a demand.

Another interesting rule is to avoid imprecise terms
such as "several", "any", "acceptable”, "many", etc. Ad-
verbs are necessary to clarify an action, and not vice
versa. In addition, you should not use ambiguous ad-
jectives, the use of which introduces ambiguity: effec-
tive, relevant, sufficient, adequate, etc. To implement
this rule, you can enter a list of inaccurate words and
for each requirement calculate the proportion of such
words.

Also, in the formulation of requirements, it is nec-
essary to avoid using the particle "not". Consider an
example of a requirement: "The system must not release
hazardous substances into the atmosphere.” The prob-
lem with the formulation of this requirement is that it is
impossible to verify its implementation in a finite time.
The existence of this rule leads us to the formation of a
binary feature that determines the presence of the "not"
particle in the checked requirement.

The presence of a slash "/" in the statement of require-
ments is also undesirable. A typical example — and/or,
allows for ambiguity in interpretation. An exception is
the forward slash in SI units, for example, km/h, m/s.

Another interesting rule is to avoid pronouns. The
use of pronouns in order to avoid repetitions in the
formulation of requirements is unacceptable, since it
entails the appearance of ambiguity, and therefore prob-
lems when verifying the implemented requirement. This
rule can be interpreted as a quantitative feature, the
value of which will be the proportion of pronouns in
the wording of the requirement under consideration.

In addition, absolute phrases that denote an unat-
tainable goal should not be used in the statement of
requirements. The indicators of non-fulfillment of this
rule can be the presence in the formulation of the
requirement of such words as "all", "always", "never",
etc. Such requirements cannot be verified. Hence, a
quantitative feature appears, which will be equal to the
fraction of words of absolute revolutions in the formula-
tion of the requirement under consideration.

Thus, the customFeature feature space is formed,
onto which you can map any text formulation of the
requirement and obtain a vector from this feature space.

Atomicity check

In the general case, the classification problem can
be described as follows: there is a certain sample of ob-
jects for which the belonging to the class is determined
by labels [12]. The set of classes is finite and known.

It is required to implement an algorithm that will be
able to determine the class of the entire set of objects
without labels.

The problem of determining the atomicity of a re-
quirement formulation can be formulated as a classifi-
cation problem: the set of classes is represented by two
elements: atomic, not atomic. Adapting the formula-
tion of the classification problem to the problem under
consideration, we obtain the following statement: it is
necessary to build an algorithm that will perform the
binary classification of the requirement.

Since the classification problem is a special case of
supervised learning, it becomes necessary to compose
and mark up a training sample. For this, a requirements
specification of 287 elements was formed and marked up.
The ratio of elements of different classes in the sample
is 43 to 57, which makes it possible to assert that it is
balanced. The specification of requirements was divided
in a ratio of 3 to 7 — into test and training samples,
respectively.

Let’s take a closer look at gradient boosting. It is
a composition of N basic algorithms, constructed into a
composition [13]. They are built sequentially, one after the
other, so that the i-th algorithm corrects the composition
errors of the previous i-1 pieces. Because of this method
of building a composition, it becomes possible to use
relatively simple basic algorithms, for example, shallow
trees. Sometimes a constant classifier can be taken as the
first basic algorithm, which assigns all objects to one class.

Let us consider in order all variants of combinations
of classifiers and requirements preprocessing. Let’s start
with a logistic classifier [14] with various options for
preprocessing the initial data in text format.

As an evaluation metrics we will use Acuracy and
the area under the ROC curve [15].

Figure 1 shows the results of evaluating the logistic
classifier and customFeature.

The figure shows that the logistic classifier trained
on the requirements converted into vectors using cus-
tomFeature showed an accuracy of 86 % on the test
sample, and the area under the ROC curve was 0.853.
Next, consider the results obtained for the logistic clas-
sifier with FastText preprocessing (fig. 2).

The results turned out to be much more modest than
those of the previous data preprocessing method. Only
75 % accuracy and 0.741 area under the AUC ROC
curve. The next in line will be a logistic classifier using
BERT. The results of the assessment are shown in fig. 3.

It can be seen that the accuracy when using BERT
is comparable to the first option, 83 %. The area under
the ROC curve is 0.832.

Next, consider classifiers based on decision trees.
Let’s start by combining the decision tree and the cus-
tomFeature (fig. 4).
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The decision tree using customFeature showed a
slightly more modest result than the logistic classifier:
the accuracy is 83 % and the area under the ROC curve
is 0.831. Let’s move on to the next combination - deci-
sion tree and FastText. The results are shown in fig. 5.

The result is the worst result among all those tested.
Only 69 % accuracy and an area under the ROC curve
is 0.684. Next is the decision tree and BERT (fig. 6).

This combination received an accuracy rating of 76 %
and an area under the ROC curve of 0.764. At the mo-
ment, we would like to recall the peculiarity of decision
trees to unnecessarily adjust to the training set, and as
a result, have poor generalizing ability, which we saw in

precision recall fi-score
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1 0.70 0.59 0.64

accuracy 0.69
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Fig. 5. Decision Tree + FastText Results
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Fig. 7. Random Forest + customFeature Results

the last two combinations due to the large dimension of
the vector space (300 for FastText and 768 for BERT).

Let’s move on to considering a random forest. Let’s
start with the customFeature for preprocessing the ini-
tial data (fig. 7).

So far we get the highest scores: 88 % accuracy and
0.875 area under the ROC curve. Let’s look at more
complex preprocessing methods, first FastText. The
results are shown in fig. 8.

Again we run into rather low results when using
fastText: 80 % accuracy and 0.784 area under the ROC
curve. Next up is a random forest combined with BERT.
The results are shown in fig. 9.
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Fig. 9. Results of Random Forest + BERT

Random forest in combination with BERT showed
fairly high scores: 87 % accuracy and an area under the
ROC curve of 0.862. Continuing the consideration of
the results, the next step is a classifier based on gradient
boosting over decision trees. First, let’s take a look at
the customFeature results (fig. 10).

Again we see excellent results for customFeature:
88 % accuracy combined with 0.874 area under the
ROC curve. The next step is the results of preprocessing
using FastText (fig. 11).
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Fig. 10. Gradient Boosting + customFeature Results
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The FastText results are also modest this time
against the background of other data preprocessing
methods: an accuracy of 81 % and an area under the
ROC curve of 0.803. Let’s consider the last option —
gradient boosting over decision trees in combination
with BERT. The results of this option are shown in
fig. 12.

The last method of checking the requirements for
atomicity showed the following results: an accuracy of
83 % and an area under the ROC curve of 0.829.

ROC curve

1 —
¢ —

B~
wu

L

o
-]
@

-4
o

<
e

o co
= B
o
o

o]
B
True Positive Rate

— classifier
=== random

o
o

00 a2 04 06 08 10
False Positive Rate

328

"MporpammHas uHxeHepusa" Tom 13, Ne 7, 2022




precision  recall fi-score support ROC eorve
0 0.78 0.89 0.83 45 4 _—
1 0.85 0.72 0.78 395
g 0E -
accuracy 0.81 84% .
macro avg 0.82 0.80 0.81 84’ )
weighted avg 0.81 0.81 0.81 84+ a2
’ — classifier
00 - -~ random
ROC AUC: ©.8034188034188035 e - r r
00 02 0.4 0% 08 10
False Positive Rate
Fig. 11. Gradient Boosting + FastText Results
precision recall fi-score support ROC turve
10 -
) 0.82 0.89 0.85 55 —
1 0.86 0.77 0.81 392 -
-2
o 06
accuracy .83 é
macro avg 0.84 0.83 0.83 845 04 -
weighted avg 0.84 0.83 0.83 84 2
=2 P
ROC AUC: ©.8290598290598289 o T nesifler
0o 02 04 06 08 10
False Positive Rate
Fig. 12. Gradient Boosting + BERT Results
General results of combinations of requirements verification methods
customFeature Fast Text BERT
Learning method
Accuracy, % ROC Accuracy, % ROC Accuracy, % ROC
Logistic classifier 86 0.853 75 0.741 83 0.832
Decision tree 83 0.831 69 0.684 76 0.764
Random forest 88 0.875 80 0.784 87 0.862
Gradient boosting 88 0.874 81 0.803 83 0.829
Conclusion BERT’s accuracy is comparable to customFeature

To summarize, what is the best combination, what
is better to use when checking sets of requirements for
atomicity? Consider the results of all combinations of
methods in table.

Comparison of the results obtained when testing
combinations of data preprocessing methods and algo-
rithms for classifying requirements for atomicity allow
us to draw several conclusions:

Using FastText as a way to vectorize a requirement
statement has proven to be the least accurate option.

using any of the possible classification methods.

Maximum accuracy of 88 % is achieved when using
customFeature in combination with random forest or
gradient boosting.

The results obtained allow us to make the assump-
tion that models based on a small number of meaningful
features, which are important precisely in determining
the atomicity of requirements when classifying require-
ments, turn out to be no worse than those that take into
account the semantics of the proposal (customFeature
in comparison with BERT).
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Thus, the best way to classify requirements for at-
omicity is gradient boosting over decision trees using
the customFeature vector representation of require-
ments.

The result obtained can be used to create systems
for automatic quality control of requirements. The re-
quirements engineer will be able to get quick feedback
on the quality of the requirements and not have to
wait for the requirements review. The use of machine
learning allows to avoid setting up rules for checking
the quality of requirements. Instead, it is enough to
have a labeled dataset.
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0630p anropnTMOB pacno3naBanna nuy
ANa NAeHTNHNKALAN NNYHOCTN

TeHOeHyuu 8 obnacmsix KOMIMbLIOMEPHO20 3PEHUS U pacro3HagaHusi 06pa3os, a makxxe 803MOXHOCMU
COBPEMEHHbIX KOMMboMepoe8 criocobecmeosariu 3HadumeribHoMy 06bemMy npuknadHbix uccriedosaHuli 8
cghepe co30aHus1 cucmem pacrosHasaHus nuy. B cmamee npedcmasrnieHo uccriedosaHue Haubosiee 3Haqu-
MbIx Memodoe8 pacriosHasaHus nuy. B nepebix dsyx pazdeniax cmambu npedcmasrieHbl Memodbl pacros-
HaeaHus u udeHmucdghukayuu nuy. AHanu3 amux Memodos oxeambigaem Hauborsiee 8axHble 0cobeHHoCcCMuU
cghepbl pacriosHasaHusi 0bpa3os. PaccMompeHO makxke npuMeHeHue 2pyrnn Memodos 051 pa3/iuyHbIX
uened. [JaHbl KOMMeHmMapuu o rnpumMeHuUMocmu uccredyemsbix arnzopummos. B pa3d. 3 npedcmaesrieHsbi
pesynbmambl mecmupo8aHus asi20pUMmmMO8 C UCob308aHUEM pearibHbiX Habopos OaHHbIX U MPUMEPOS.

Knrouyeenie crioea: udeHmucgbukayusi 1U4HOCMU, pacrio3HagaHue fiul, HelipOHHbIe cemu, MallUHHOEe
obyyeHue

! The article is based on the materials of the report at the Seventh International Conference "Actual problems of Systems and Software

Engineering” APSSE 2021.
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Introduction

Since the beginning of time people were aware of
keeping their goods safe, and that is the main reason
for the invention of locks. Through thousands of years
people were changing the mechanism of door locks and
standalone locks in order to create a better construction
that will not let people without a valid token — usually,
a key, — get any further. For some time, people were
only saving money under lock and key. Treasures or
other worthy goods could be traded or exchanged for
making a living. Shortly afterwards people decided to
keep their passport, personal mail, under lock and key,
bank clerks started locking their records — since the
moment information found a value.

Previously it was possible and convenient to present
information only on paper, or a close substitute. The
situation remained unchanged until the end of 19th cen-
tury, when technical revolutions led to various impor-
tant inventions, like the phone and the telegraph, which
consequently gave birth to the first electronic computer.
Since the creation of the first portable personal com-
puter the market has grown and changes at a stagger-
ing speed — the quantity of information, that could
be stored on a hard drive, increased from 240 bytes to
4—5 terabytes, which is more than around 10 times.
However, the quality of the information changed as
well — the first computers stored only numbers to make
calculations, nowadays it stores photos, videos, docu-
ments, programs and much more. The first electronic
password was implemented by MIT (Massachusetts In-
stitute of Technology) researchers in the 1960’s, when
there was a need to distribute files between different
users, so that each file had a ‘lock’, that could be opened
with a ‘key’ — password. Soon it evolved in a huge
variety of alternatives — 2-factor password verification,
physical USB key, graphical representations instead of
numbers etc. These alternatives have no leader as all of
them have vulnerabilities — if a thief accesses the phone
of his victim, two factor authorization process does not
work, password or finger drawings are easy to steal. The
first idea of an application of human identity verification
in electronic systems came from police methods — fin-
gerprints. Soon scientists started researching methods
of implementation of various biometric characteristics
for identification.

A reasonable impetus to development of biometric
identification systems gave the distribution of modern
smartphones with its capabilities. Fingerprint sensors
are now built-in and being used for identification, pur-
chases and many other purposes in most of middle-class
or higher smartphones, as well as a frontal camera,
which in most cases permits the production of a high-
resolution photo of the person who is holding the phone.

However, facial recognition systems that are in the
market today are often a subject to hacking as there
are various methods of corrupting the systems. For
example, modern Facial Recognition System (FRS)
should distinguish the person who is holding the phone
and the picture that is being held below the camera.
In order to replace current authorization methods with
FRS it is crucial to obtain the same or better error rate,
which is very low in the case of standard verification
systems, having, despite that fact different problems, it
is easy to forget the password or, in case of low password
complexity — to crack it.

Modern FRS use different types of neural networks
to accomplish their aim. It is interesting that most of
theoretical basics, needed to build such systems, were
presented in a previous century but they could not find
their application in wide areas until recently due to the
lack of technology and computational power. Since that
moment some new areas were defined such as computer
vision, machine vision, pattern recognition or graphics
visualization, all of them have different aims and prob-
lem solving methods, which are, nevertheless, mostly
based on an image process and some other data, that
is being gathered by different sensors.

One of the most recent and promising methods of
identifying a person is called a 3D recognition. In exist-
ing solutions an identification system analyses position
of eyes, lips, ears, jaw and nose shape and distance ratio
between these objects; some of them also count complex
eye characteristics — eyes and eyebrow shape and color.
In case of 3D recognition the contour of eye sockets,
nose and chin is also being analyzed. An important
benefit of the 3D method is that it can recognize the
face from different angles. Another advantage is stabi-
lization of light unlike other methods. In the case of a
badly lit environment, attempts to recognize a face, are
very likely to have a lower precision rate due to possible
shadow presence, which always spoils calculations.

It is vital to mention, that the above-described ad-
vantages of a 3D recognition method can be achieved
only in cases of using either three different cameras in
an array, or using specific sensors for obtaining a 3D
model of the head. Even though in terms of this work
it will not include any of these hardware methods of
facial recognition, multi-dimensional models are still
going to be judged in order to verify if they still can be
useful for facial recognition.

Based on an experience of existing solutions develop-
ment it is fair to expect, that in most cases it is going to
be used in combination with different methods in order
to achieve a considerable result. This approach is now
being used in a huge number of distributed systems to
increase an accuracy of problem solving and to prevent
system break-in. As it was mentioned before, it is crucial
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to realize, that the system should not only identify a
person by his face, but also should be aware of a possible
corruption with different existing techniques.

The goal of current research is to implement a facial
recognition module for person identification by using
the most appropriate stack of technologies and the most
efficient and suitable algorithm of pattern recognition
available.

The above aim will be accomplished by fulfilling
the following research objectives:

e to observe existing methods of solving the face
recognition problem and lying underneath theoretical
basics;

o to implement the most relevant and accurate ones;

e to test it in a real-world circumstance;

o to select the most appropriate one or few of them
and to build the FRS on top of it.

This paper consists of an introduction, three parts
and a conclusion. The introduction reveals the relevance,
an object, purpose and methods of research, reveals the
theoretical and practical significance of the work. The
first and the second parts deal with theoretical basics
of facial recognition patterns, they describe an analysis
of existing methods, and results of testing each method
on real world examples. The third part is devoted to
technology stack and program implementation itself, it
mostly consists of practical results, obtained through
the process of program development. In conclusion the
results of study are summarized and final conclusions
on the topic under consideration are formed.

1. Face recognition basics

Face recognition is a challenging problem in the field
of computer vision and image processing. Through the
history of technology development various algorithms
were proposed and implemented as classifiers, that pro-
vide a sufficient precision rate and a high potential for
a wide area of tasks.

The process of face recognition consists of multiple
steps, that the system needs to go through to accom-
plish its aim:

e getting the image/video source;

o face detection;

o face normalization;

o feature extraction;

e descriptor feature matching;

o face identification.

For each step different methods of solving the prob-
lem may be used. Some older FRS did not follow ex-
act steps, for example they could analyze the whole
picture instead of an extracted frame with detected
face. It could significantly increase execution time and
accuracy.

Firstly, it needs to obtain a media file containing
an object, that is going to be elaborated on. Media file
may represent either a local video or image file stored in
typical containers (png, jpg, mp4, flv) or a live stream
from a camera, which is usually also represented in one
of a wide known standards (RTSP, RTMP, HLS). Once
the file or stream is acquired, the system tries to detect
the face on each frame of presented media file. It may
be mentioned that simple algorithms of face detection
are not tied to specifications of an exact object "face",
thus it can also recognize any kind of object — license
plates, pedestrians, cars. More complicated groups of
algorithms may pay attention to inner features of human
behavioral — emotions, speaking qualities.

In order to detect a face, the system usually uses
genetic algorithm and Eigenface technology [1—4]. The
genetic algorithm is a search method based on the concept
of natural evolution. In such an algorithm each chromo-
some (individual) is a possible solution to a given problem.
Each individual chromosome may mate with others in
case of a good fit during one generation. Thus, the least
fitting individuals disappear from the population because
no other chromosomes are mating with them. Chromo-
somes that survive through one generation then breed a
new generation of individuals by crossing-over and mutat-
ing. The process is iterative, and the number of generations
varies depending on the quality of the result needed. At
the end of the process, it is expected to obtain an optimal
solution to the problem. In case of detecting a face, genetic
algorithm may be applied by the following steps:

e normalize an image (change the range of pixel
intensity values);

e produce RGB extraction to obtain a gray-scale
image;

e perform preprocessing and encode a sub-window
of an initial image;

e using generated chromosomes, perform a search
on an obtained sub-view using Eigenface (the template
of human face) being rotated and moved around the
given frame;

e applying a genetic algorithm to calculate para-
meters of template position on a given frame (center,
scaling, rotation and match rate);

e in case of low fitness values — proceed to the
next iteration of the loop and continue with a next
sub-window.

Fitness function is a function of the difference be-
tween the intensity value of the input image and that of
the template image measured for an expected chromo-
some value. Fitness function is defined as:

Z |f(x’y)_fn,t (xay)|
(x,9)eW (1)
B« x xSize x ySize

f(m)=1-
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where B,,, is a maximal brightness of an image; xSize
and ySize are width and height of the template image;
Jfand f, , are the intensity values justified for the n-th
position of the chromosome for an initial image and
template respectively.

On a good match an algorithm stops and fixes a
possible face region. It may be represented as an oval
but usually the smallest frame that contain the face is
being used. Genetic algorithm flow includes the fol-
lowing steps.

o Getting the original color image.

e Preprocessing.

e Image enhancement.

o Filtering.

¢ Generic searching.

o Creating the face region.

Modern facial detection systems first detect possible
human eye regions. Then using the genetic algorithm
system, they generate all possible face regions which
should include eyebrows, nose and mouth comers. Each
sub-window of an initial image is normalized to avoid
the shirring effect due to head movement or illumina-
tion effect. The fitness value of each frame is measured
based on its projection on Eigenfaces.

To create a set of Eigenfaces (template of human
face) it is necessary to:

e using a training set of face images where eyes and
mouths should be aligned, lighting conditions should
be similar and one resolution value is specified, create
an image matrix where each column of the matrix is
an image;

e subtract the mean;

o calculate eigenvalues and eigenvectors of the co-
variance matrix, which can also be called eigenfaces
due to the possibilities presented as an image;

e choose principal components by sorting eigenvec-
tors in descending order of its eigenvalues ; and setting a
threshold & on the total variance of v = (A, + &, +...+ 1,,)
and evaluate the number of principal components k
which is the smallest number that satisfies to:

(M + 2+ 2y)
v

> g, 2

where n is a number of components.

Eigenfaces may represent both existing and new
faces. It allows to calculate the distance of a new face
from the mean face. Eigenvalues represent the scale of
difference between the mean image and the current ei-
genvector value. The information is lost when the image
is projected on a subset of eigenvectors. However, select-
ing eigenvectors with the largest eigenvalues discards
most of the available options and will grant a desirable
output. Eigenfaces is based on the Principal Component

Analysis (PCA) and remains one of the most robust and
applicable methods of face detection [1, 4, 6].

Another possible option to identifying a face is the
Fisherfaces algorithm, which is based on Linear Dis-
criminant Analysis (LDA). Its usage may be efficient in
cases of problems of recognition of faces under different
illumination. Instead of presenting the whole variety of
possible options with given weights (eigenfaces) Fisher-
faces is trying to lower the distance between inner-class
samples of data and maximize — between different
classes, for example two images of one person under
different lighting conditions or in a different pose may
differ more than pictures of different people made under
the same conditions. LDA may be used in order not
only to detect a face but also to recognize it, meanwhile
PCA has a poor performance in face recognition.

After feature extraction the system prepares the re-
cognition stage and matches with descriptor data. From
this point of flow, it depends on the aim of the sys-
tem, in cases of trying to detect emotion on a human’s
face the system will analyze existing datasets of people
with this emotion. In cases of face recognition, it will
proceed to the whole trained data in order to find the
closest match. There are various databases that can be
used to train and test the facial recognition system with
datasets containing various numbers of people, emo-
tions and conditions affecting pictures.

Obviously, the facial recognition system may be
constructed on a different flow or algorithms. How-
ever, while no new algorithm is proposed, the described
scheme remains one of the most efficient, due to pos-
sibility to extract a module and replace it with another
one. Some simple FRSs use only one method to detect
and recognize a face, some complicated ones use a huge
variety of different methods depending on a situation
and aim of the system.

2. Face recognition methods

Keen interest to the technology of face recognition
brought a huge variety of different algorithms of solving
the problem. Some groups of methods, that are going to
be observed below may appear as a key technique for the
whole process of FRS flow, e. g., former systems used
only PCA to detect and identify a face on a given picture
or, inversely, modern systems may utilize mostly 3D
based algorithms to construct an object, measure it and
compare it with another one. Algorithms are going to
be classified in groups by main feature of analysis core.

2.1. Classical methods of pattern recognition

This group of methods was named due to using
mostly traditional approaches of image analysis and
face detection and recognition. It may be divided into

334

"MporpammHas uHxeHepusa" Tom 13, Ne 7, 2022




methods utilizing local features and methods utilizing
holistic features, that can also be subdivided into linear
and nonlinear methods.

Linear projection appearance-based methods have
proved themselves as a good solution in cases of a "per-
fect" situation — all objects are accurately aligned; the
illumination influence is minimal and facial emotions
should not be presented. The main explanation for such
a bad performance is that faces are projected on a
complex nonlinear manifold in high dimensional space,
thus the algorithms cannot efficiently extract desired
features. Principal component analysis, linear discrimi-
nant analysis and linear regression classifier are the
most well-known algorithms of classical group methods.

2.1.1. Linear holistic methods
2.1.1.1. PCA (Principal Component Analysis)

One of the eldest algorithms initially proposed by
Karl Pearson in 1901, is being used in a wide variety
of areas including data compression, econometrics and
bioinformatics. The mean is being subtracted, covari-
ance matrix on its base constructed and eigenvectors
and eigenvalues are calculated. In general, main compo-
nents are eigenvectors sorted by descending eigenvalues.
Eigenvectors, that are above a specified threshold form
a feature vector. This vector is multiplied by the initial
dataset and transposition brings the result of PCA —
new dataset that is constructed solely on vectors we have
chosen. The main idea of PCA is to find the straight,
that will ensure the lowest sum of squared distances
to this straight from the corresponding points of an
original dataset.

When applied to image processing, firstly, the image
is being transformed from an N? dimensional matrix
to a one-dimensional vector. This vector contains an
intensity of grayscale image pixels row by row. To detect
patterns in a set of images, a matrix of such vectors
is constructed and PCA is applied. The data based on
chosen eigenvectors allows to calculate the distance
between a new image and the initial dataset in axes
derived from PCA analysis [7].

2.1.1.2. LDA (Linear Discriminant Analysis)

The algorithm is based on Discriminant function
analysis, which was originally developed by Sir Ronald
Fisher in 1936 and may be named as a generalization
of an original one. As well as PCA, it has a lot of
applications — bankruptcy prediction, earth science,
biomedical studies. The goal of an approach is to reduce
the dimension of a dataset by projecting it on a less-di-
mensional subspace. First, d-dimensional mean vectors
for different classes and scatter matrices are computed
both for in-between class and within class. Then eigen-
vectors and eigenvalues of scatter matrices are evalu-

ated and sorted just like in PCA. A nXd-dimensional
matrix of samples multiplied by an obtained matrix of
k eigenvectors transform data onto the new subspace.

The main difference between PCA and LDA ap-
proaches, is that in the first one it is needed to build
component axes that will maximize the variance where-
as in the second one, component axes are being maxi-
mized to separate different classes and find similarity in
single classes. In general, reducing the dimension of an
initial dataset significantly reduces computational costs
for a given classification task and meanwhile minimizes
an error occurrence possibility in parameter estima-
tion [8, 9].

2.1.1.3. LRC (Linear Regression Classifier)

Linear classifier is aiming to identify which class
or group does the object belong to. Response vectors
for each class are being constructed, and the vector y
representing the image under observation is being evalu-
ated via logistic regression as follows in (3),

e

Y=y
1+e*h”’

(€)

where X; represents a class-specific model — matrix
of one-class dataset and B; is a vector of regression
parameters. The weight of each feature derives from
the gradient descent method. The minimal distance
between original and predicted response vector will
point to the class which is the most likely the object
belonging.

The main disadvantage of such an approach is that
in typical FRS it is unpredictable, if an image dataset
contains "perfect" samples or they may contain occluded
data, e. g., in cases that 3 out of 4 parts of an image are
shadowed, then by the majority vote, even if the last one
contains perfectly distributed facial features, it is very
likely to have face portions mixed with an occlusion.
When applied in FRS, before using LRC image dataset
is usually being cleaned for potentially contaminated
pixels using other methods like PCA or other simple
linear methods [10, 11].

2.1.1.4. ICA (Independent Component Analysis)

The method is analyzing the multi-dimensional data
to find underlying factors — components, that are both
statistically independent and non-Gaussian. It is mostly
applied to solve the problem of "the cocktail party" to
extract the noise from a signal and obtain a clean de-
sired source. The covariance matrix for an image vec-
tor is calculated (4), where E is a prediction operator,
factorization of analysis of X brings an equation on (5),
where A is a diagonal real positive and F transforms the
original data X into Z in such a way that components

"MporpammHas uHxeHepua" Tom 13, Ne 7, 2022

335




of Z are statistically independent. The whitening ope-
ration performs the transformation of vector X into U
(6), that will have a unit covariance matrix, where @ is
an orthonormal eigenvector matrix and A is a diagonal
eigenvalue matrix, that come from equation (7). The
rotation operation then consequently extracts sources
by minimizing the mutual information, normalizing
the operation, then evaluates final independent com-
ponents [12].

5y = E{lX - EQOIX - EXO]}, 0)
Ty = FAF', ®)
X = oAU, (6)
Ty = DAD'. (7

ICA identifies the independent source components
from their linear mixtures (the observables). ICA thus
provides a more powerful data representation than PCA
as its goal is that of providing an independent rather than
uncorrelated image decomposition and representation.

2.1.1.5. 2DPCA (2D Principal Components Analysis)

2DPCA differs from its ancestor PCA with an ap-
proach of treating images like 2D matrices instead of
creating vectors of the image. An image covariance
matrix is being constructed using an original matrix
and its eigenvectors are evaluated for further feature
definition. It allows an extracted feature from an ob-
ject to be classified. Firstly, it obtains a mean matrix
between all objects presented in class and evaluates a
scatter matrix. Next, it computes a projection subspace
by constructing orthonormal vectors to corresponding
largest eigenvalues of the scatter matrix. Finally, pro-
jecting images on each of the obtained vectors derives
the principal components vectors. Computing the sum
of Euclidian distances between principal component
vectors and tested ones and specifying a threshold value
allows us to get an object prediction. This method is
computationally lower than PCA and brings the same
accuracy rate of identifying objects [13].

Reconstructive approaches (such as PCA and ICA)
are reported to be robust for the problem of contami-
nated pixels, whereas discriminative approaches (such
as LDA) are known to yield better results in clean
conditions. In order to deal with disadvantages of linear
methods some nonlinear extensions were proposed —
KPCA and KLDA [14].

2.1.2. Nonlinear holistic methods
2.1.2.1. KPCA (Kernel Principal Component Analysis)

The method preserves simplicity of PCA and uses
kernel methods carrying standard linear operations of

PCA to reproduce kernel Hilbert space. The underlying
idea is that it is almost always possible to linearly sepa-
rate N points in (d — 1) > N dimensions. This method
grants a high level of accuracy, however, remains time-
consuming to be implemented in real-world applica-
tions. There exist some methods that are involved in the
process feature extraction in order to lower execution
time costs.

2.1.2.2. KLDA (Kernel Linear Discriminant Analysis)

An approach also known as generalized discrimi-
nant analysis is also an extension of linear method
LDA, which due to performing in a new feature space
allows nonlinear mapping to be examined. Despite a
strong theoretical validity KLDA, KPCA and other
extensions over linear methods do not produce sig-
nificant improvements when applied in the real-world
environment. There are various methods based on GDA
(General Discriminant Analysis) and being used for
face recognition purposes, KLDA may be classified as
one of them [14, 15].

2.1.2.3. LLE (Locally Linear Embedding)

LLE is a nonlinear dimension-reductive technique
that maps data onto a single global coordinate system
of lower dimension. Projected data is being analyzed to
identify closest neighbors by any method (Euclidean dis-
tance, Pearson coefficients etc.). This approach shows
its usefulness in case of applying it to data where objects
are presented in a not-proper way, e. g. a half-turned
face may be reconstructed as a fully presented one and
successfully compared with a proper facial object.

Another approach called Locality Preserving Projec-
tion is behaving in the same way as LLE using slightly
different methods, both are considered as possible solu-
tions for training purposes, but questionable in case of
projecting new data items [16].

Observed approaches above, both linear and non-
linear, may be attributed as holistic based. Below, lo-
cal features-based groups of methods are going to be
observed. The main difference is that features in the
holistic-based groups of methods represent the optimal
variances of pixel data, this data is used to identify hu-
mans, in case of local features-based methods — data,
which is being analyzed, already contains facial feature
content which has characteristics which allow us to
identify one individual from another [17].

2.1.3. Local feature-based methods
2.1.3.1. LBP (Local Binary Patterns)

Unlike in previously observed groups of methods
once the face on the image is detected, for each pixel
an LBP is constructed and then the image is being
divided into small regions from which LBP histograms
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are extracted and formed into a single feature vector.
This approach allows to identify people and to deal
efficiently with facial emotional states. In further re-
search, after initial proposition of an algorithm it has
been determined that LBP combined with the HOG
descriptor (Histogram of oriented gradients) in terms of
facial recognition may significantly improve the com-
puting time and precision rate [18, 19, 29].

2.1.3.2. iSVM (improved Support Vector Machine)

The performance of an ancestor — SVM, based
on the kernel function is lacking in efficiency, it was
proposed to enlarge a spatial resolution around the
margin by a conformal mapping, and so the distance
between classes is growing, increasing the identi-
fication precision rate. The algorithm preserves a
good computational speed with a high precision rate
while working with datasets containing occluded im-
ages [19, 20].

2.1.3.3. LDP (Local Directional Pattern)

LDP method is a texture pattern that differs from
its close opponent LBP with a detailed analysis of fea-
tures; by applying LBP it is only possible to find typical
one-level objects like curves and edges, in case of LDP
it analyzes different types of edges and curves there-
fore going deeper. It is possible due to usage of Kirsch
masks and evaluating eight directions on each pixel.
Hence, the analysis of data goes deeper, and can find
some features of objects of one class. Each pixel goes
through the procedure of applying a certain threshold
on obtained direction numbers, transforms above valu-
es to 1, below — to 0 and evaluates the number that
identifies the information about one pixel. After the
LDP application the image is represented by an LDP
descriptor (histogram).

The approach uses nearly the same algorithm for
computing histograms that will represent sample data.

However, the possibilities of LDP are not limited with
detection of low-level only objects, the method is able
to work with contrast and those features observed most-
ly, that the human eye would have caught the first
time [21].

2.1.3.4. SIFT (Scale Invariant Feature Transform)

The method was initially proposed to extract some
features from image objects, but soon was applied
for object identification. SIFT does not pay atten-
tion to rotation and scaling and it also works well
for pose and emotion invariants. This method is not
computationally intensive and proves itself to be a
good competitor to linear methods of face recogni-
tion [22, 23].

Thus, a number of classical face recognition algo-
rithms were described (figure). The holistic (appear-
ance-based) group include linear and nonlinear meth-
ods using slightly different steps of solving the problem,
but still quite similar in terms of working with data.
Local feature-based group differs in extracting feature
descriptors and classifying them with multiple possible
characteristics.

Classical methods are used in any kind of FRS in
our days, but not only because of robustness of this
group of methods but due to their stableness and ability
to obtain desired data while applying other algorithms
just as one step of the process.

2.2. Applied methods

In the previous section algorithms and their exe-
cution steps were observed, in order to improve ef-
ficiency of different phases of face recognition — face
detection, feature detection and extraction, analysis
etc. — some additional methods may be used. In
this section its underlying mechanics are described
and their application in the real-world environment
is considered.

[Holistic features (Appearance based)] [ Local (features-based) }
/ \
Linear J Nonlinear

Classical face recognition methods
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2.2.1. Artificial Neural Networks (ANN)

Neural networks are being used widely in completely
different problem-solving processes — its relevance may
be explained by robustness and efficiency of neural
network application. Particularly, in face recognition,
neural networks are usually used to compare a recog-
nized face from an image with the data stored on a
database — the data which was used to train neural
network. ANN is a type of neural network that uses
"nodes" of three types — input, hidden and output
nodes. Gathering initial data from input neurons and
using the transfer function to apply NN’s knowl-
edge and passing values through neurons multiple
times, in the end it reflects the meaningful in output
nodes.

In order to significantly improve a precision rate
of a neural network it is better to train it firstly on
a ‘clear’ data — images that were taken in perfect
conditions and are not spoiled with any kind of occlu-
sion. Thus, obtaining a low sum-squared error neural
network may further consume "noisy" images and still
make high-rated predictions [6, 24].

One of ANN’s applications is Self-Organizing Map
(SOM), which the application usually considers for
dimensionality reduction and feature extraction. It
projects data to one or two-dimensional spaces placing
the nearest points close to each other on a new space,
therefore, providing partial invariance to rotation and
image deformation. After the SOM application a soft
nearest neighbor decision method may be applied in
order to identify unlabeled subjects [26].

A multilayer perceptron (MLP) is a type of artifi-
cial neural network that maps an input data on a set
of appropriate outputs, it consists of multiple layers,
obligatorily connected to each other, and uses the su-
pervised learning techniques, e. g. Back Propagation
Algorithm (BPA). BPA, which is basically a method
for training the weights in a multilayer neural network.
Its principle is to model a given transfer function in
the way that we expect the output to be presented. It is
applied in the middle of the training process in order
to correct obtained weights and improve the output of
neural network nodes. Recently it was nearly replaced
with more efficient Support Vector Machines, but now
it is being under observation for further research due
to successes in deep learning. The significant disad-
vantage of ANN application in facial recognition is
a necessity of a solid amount of data to produce a
satisfactory prediction [25].

2.2.2. Gabor wavelets

Gabor filters is one of the available methods to ex-
tract local features from an image. Mostly it can be
applied on the step of image processing — to detect
and represent features on an image by applying a fil-
ter — a function, which convolves an image to a Gabor
representation of an image, it captures the properties of
orientation selectivity and spatial localization, optimizing
space localization and frequency domain. The drawback
of this method is in high dimensionality of feature vec-
tors that are extracted by Gabor filters. In order to
solve this problem usually some typical methods of
dimensionality reduction are applied — PCA, LDA or
their descendants.

Gabor wavelets’ characteristics are similar to human
visual system characteristics; they are able to work with
samples of one person presented in different pose or
illumination. When dealing with face recognition in
Gabor transformation needs to be used over 40 filters —
typically 5 scales and 8 orientations.

This approach proves to be robust even when
dealing with one or a small amount of sample data.
However, selecting the most important list of features
that were extracted by Gabor wavelets is a time-
consuming and computationally intensive method,
so it is not useful when creating a real-time system
of face recognition. The Simplified Gabor Wavelets
(SGW) proved their unstableness to pose and facial
expressions changes, thus losing all meaning of ap-
plying such approach [27].

Elastic Bunch Graph Matching (EBGM) is one
of feature-based algorithms that uses Gabor Wavelets
transformation of each feature point obtained with stan-
dard methods. The method is based on dynamic link
structures. A set of fiducial points on an image repre-
sents a fully connected graph and is labeled with the
Gabor filters applied to a window around initial points.
A set of graphs of fiducial points is combined in a stack
structure, which is called a Face Bunch Graph. In order
to recognize a new face image, its image graph is com-
pared with sample data and the similarity is evaluated
by the lowest distance between obtained values [5].

2.2.3. Face descriptor-based methods

Descriptor-based methods were already observed
earlier, this approach is used in Local Binary Patterns,
Scale Invariant Feature Transform and other species
of image description methods. Unlike in other global-
based methods where the entire image is observed for
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features detection, in FDB methods, local features of
the image are evaluated in neighbor pixels and then
form a global description of the whole image. The im-
age is being divided onto sub-images, each of them
present a local feature histogram, which afterwards is
being concatenated into a global descriptor which can
identify an image and its local features.

Methods that use such an approach are in general,
robust and competitive even to completely new tech-
niques of face recognition. It may be used as well for
facial expression changes or to identify some inner char-
acteristic of an object under observation — e. g., skin
color, nationality and psychological predisposition [28].

2.2.4. 3D methods

Three-dimensional facial recognition is obviously
a more accurate and robust approach to solving the
problem of person identification. It does not depend on
the illumination changes, facial expressions or poses.
Thus, the model of a person’s face gives the rather ap-
propriate estimation of a person’s identity. This group
of methods is more likely to develop further in the
close future due to a necessity of human recognition
in an uncomfortable context with a high precision
rate. Modern algorithms cannot provide an acceptable
efficiency yet.

There are several drawbacks to this approach. First,
in order to obtain a desired quality of model construc-
tion and respective human identification, it is necessary
to use specific hardware — sensors, specific cameras
or just several usual cameras connected in an array.
Second, in most FRS it is not possible to obtain an
object’s 3D model because an aim of the system is to
identify a possible intruder for example. However, for
specific needs it is an acceptable approach — e. g., for
foreign passport issue, hardware is used to capture both
2D and 3D images of an object for different needs.
A 2D image is for person identification by an employee
and 3D is for FRS verification. Also, it may be used
in the case when the person significantly changes his
outlook — e. g., cuts his beard or hair.

Methods exist for obtaining a 3D model of a person
without using specific hardware — by taking several
pictures of an object from different angles and then
through object reconstruction, obtaining the model,
which can then be used for identification. In the fields
of 3D model construction there are also 3D Generic
Elastic Models (3D GEM) and 3D Morphable Model
(3DMM) which can construct a model just from one
single frontal image. Its algorithm consists of the ap-
proaches mentioned before but aimed specifically for
3D reconstruction. Hereby, PCA is being used for

minimizing the difference between principal compo-
nents of 3D model’s 2D acquired images of an object
at different angles [30, 33].

2.2.5. Video-based methods

These groups of methods are the least explored in
the field of face recognition and, nevertheless, one of
the most potentially efficient [31]. Instead of a single
image capture and its further analysis, video may grant
a significant size array of images with a variety of object
representations from different angles with different fa-
cial expressions and under different conditions [32]. An
approach was not relevant until recent times due to a
small number of cameras that can capture needed data
of a desired quality. In the last few years, the amount of
video content in the global network increased dramati-
cally — people are publishing video content from their
smartphone cameras, the number of cameras in cities
is also significantly raised due to the concept of Smart
city — safety reasons, control reasons, €. g., track how
the municipal services do their job etc.

The K-nearest neighbors or Gaussian mixture model
may be used to identify and compare obtained image
sets from several video sources. The drawback of a
modern perception of the video-based approach lies pri-
marily in an incompleteness of possible data extracted
from video sources. Instead of analyzing people’s be-
havior, manners and emotional states, modern systems
just create several images and compare them utilizing
existing methods of face recognition.

One of the most recent developments in these re-
spective areas permitted capture of some facial expres-
sions, e. g., an eye blink. Development of technologies
will continue to improve and raise a functional part of
such recognition, because most modern facial recogni-
tion systems may be corrupted just with a printed image
of another person.

The main concept of FRS may be represented by
the following. The system should act like a person who
knows every other person that he may meet in his
daily routine. Modern technologies and, particularly,
the Neural networks concept are consistently develop-
ing to the perception of a human’s natural systems
features. This approach may lead to a more-than-human
precision rate of person identification but containing
significantly more information about people. Capabili-
ties of modern computers allow to store an enormous
amount of data, which can be processed and analyzed,
modern trends in Big Data are also aimed to solve the
problem of large data parts analysis. The basic over-
view of methods that were observed in this section is
presented in the table 1.
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Table 1

Method

Advantages

Disadvantages

Classical face
recognition algorithms

These methods project a face onto a linear subspace
spanned by the eigenface images. The distance from
face space is orthogonal to the plane of the mean
image, so it may be easily turned to Mahalanobis
distances with probabilistic interpretation

In case of varying degrees of luminosity of images
represented in dataset it may lead to lack of a preci-
sion rate. The problem is that it is still unclear how
to select the neighborhood size or assign optimal
values for them

Artificial neural networks

A radial basis function for an artificial neural
network is naturally integrated with a non-negative
matrix factorization. Also, other approaches for
process simplification regarding ANNs native lin-
earization feature and computation speed up. It may
be a perfect solution for FRS which will work with
partially distorted objects

This group of methods require a large set of images
in order to produce an adequate estimation. It is
inaccurate in the same way like other statistically
based methods

Gabor wavelets

Gabor wavelets work very well with spatial orienta-
tion issues. Various biometric applications are based
on this approach

This approach requires the construction of a rela-
tively high-dimensional Gabor feature space. Due to
the high computational power needed it is not the
best solution for a real-time.

FRS Also, it is sensitive to changes in illumination

Face descriptor-based
methods

This involves extraction and comparison of the most
discriminant local features in order to minimize the
difference between the same object and maximize
between different people. These methods are dis-
criminative and robust to illumination and expres-
sion changes. They offer compact, easy to extract
and highly discriminative descriptors

These group of methods require a huge computa-
tional power while extracting descriptors. However,
it is simple once this is done

3D-based facial
recognition

This is significantly more accurate compared to the
traditional 2D capturing process. It is independent
to pose and illumination of the object, which makes
this approach more robust

At the moment, it is not applicable to real-world
applications due to the high computational require-
ments. It also requires very strict calibration in
order to get a viable output

Video-based recognition

The potential and main advantage of this approach
is the possibility of capturing more information
from a video frame, choosing a more appropriate
image set, catching human actions — blinks etc.

Video-based recognition is not fully investigated,
but it has a high potential for developing real-time
applications. It needs to implement other groups of
methods to obtain the distance between images and
measure its similarity

3. Application of observed algorithms
in practice

In the previous section, various methods of face
recognition were examined. In this section, the develop-
ment part of current research is going to be described.

3.1. Experimental results

The aim of this section is to describe how to build a
face recognition system for person identification, which
will possibly replace or substitute a typical password
authorization, therefore, it is not needed to care about
head position or occlusion in images — user of such a
system would be interested in correct recognition and
will prevent bad sample data perception. In order to
estimate each algorithm’s efficiency sample datasets are
going to be used; there exist various large datasets for
face recognition, each of them may be used for different
purposes — estimating precision rate under different

lighting conditions, with a huge number of people who
look similar or containing a differently labeled pictures
with facial expressions labeled.

In terms of this research, it is not needed to explore
efficiency of facial expressions influence on face recog-
nition precision rate, it is only needed to grant a suffi-
cient precision rate for a person who can try to authorize
in different lighting conditions. The FERET database
containing around 2,400 images, the Yale database with
around 150 images and LFW database with more than
13,000 images were considered to provide a sample data
for further testing in terms of current research. All these
datasets are distributed for free to improve quality of
an overall face recognition technology and to obtain
independent results while testing a FRS.

It is decided to conduct a testing part for the most stable
appearance-based linear methods — Principal Component
Analysis and Linear Discriminant Analysis — and for the
most accurate local features-based methods — improved
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Support Vector Machine, Local Binary Patterns and Scale
Invariant Feature Transform methods. PCA and LDA
proved themselves to be robust and efficient algorithms of
face recognition, compared to modern iSVM and SIFT
it will indicate the quality growth in facial recognition
technologies, LBP represents a texture-based approach.

In order to conduct current experiments, the follow-
ing scenarios were considered — 6 images available for
training, 4 images to identify a person for each class
and 8 images available for training, 2 images for person
identification — test samples. Also, it was decided to
create two subspaces — in open subspace training data
consists of images under various illumination conditions
and images to identify differed from training data; in
closed subspace training data consists of images under
different illumination conditions as well, but test samples
were taken under the same circumstances. For testing
purposes SciKit open-source Python library was used
to implement a range of machine learning algorithms.

In all methods under observation an increase of
training data led to an accuracy improvement, as well
as a presence of similar images in training set and
in sample image. Local feature-based methods proved
themselves to be stricter than appearance-based meth-
ods. Improved Support Vector Machine proved itself
as the most precise algorithm (table 2).

Table 2
Precision rates for different ratios of training/test datasets
Open subspace Close subspace
Method
60/40 80/20 60/40 80/20
PCA 71.5 75 86.5 90
LDA 76.5 77 89.5 93
iSVM 79 84 91 95
LBP 78.6 81.3 90 94.5
SIFT 81 83 90 94

3.2. Implementation of facial recognition system

Current research involves the construction of the
prototype of Face Recognition System. The system for
security reason is divided into backend and frontend
parts. The iOS application represents the client side of
it, and Node.js + Python is responsible for server-side
calculations. The prototype itself is implemented for
authorization needs of any service that wants to provide
facial verification. The system also provides an API that
is used on client side.

The system is built on widely distributed products
and frameworks. Nginx is one of the most efficient web

servers. FFmpeg library deals with media files handling
and converting. Python scripts are used to access OpenCV
functionality that has proven itself as one of the best free
solutions for commercial projects. Node.js logical center
is a core of the system, that handles the data and grants
user to access his account. All the data between client and
server is transmitted via secure web-sockets — one of the
most reliable communication channels.

After registration, the evaluated classifier for each
person is stored in a database and then will be retrieved
when the person will try to authenticate. In case of a
small precision rate at authorization process user will
be proposed to make an additional training session.

3.2.1. Useful features of different algorithms

Through analysis of the algorithms its interesting
features were revealed. There exists a giant number of
features that can be extracted from a person’s face to
analyze his behavior, his intentions, his emotions and
many others. All the data may be used further with
different purposes — from psychological analysis to
capturing a suspicious person.

Some holistic linear and nonlinear methods may also
be used for finding a person wearing glasses or emo-
tion identification, e. g., ICA and KLDA. There exist
various applications of these methods, they are mostly
entertaining: "Guess your nationality” or "The most
similar Hollywood superstar”, that are distributed widely
for fun. However, there also exist various important
applications of the methods, such as crowd analysis,
behavioral patterns and computer vision.

Local based algorithms may be good when analyzing
shape and texture. It may reveal various details about the
person — skin qualities, nationality belonging, what kind
of accessories he is wearing. These methods work well
with detecting shapes, lines, edges or angles; therefore, it
can be applied in other various areas. In current project
iSVM utilize a detection of lines that were presented in
datasets, and by this, defend the system from breaking
when a user places a photo instead of himself. In order
to test the capabilities of the system a registered person
wearing sunglasses tried to authenticate but did not hit
the threshold. However, it is vital to say that the system
gave a 0.67 precision rate to identify a right person.

The amounts of information that can be collected
with existing methods consequently lead to the topic
of Big Data as only computational expenses may stop
the analysis of all people that can be caught by Closed
Circuit Television (CCTV) systems all over the world.
It is possible to catch gender, age, ethnicity, clothes,
style, eye color — all of this is potentially priceless
information that can be used for direct marketing,
government or medical control including during the
COVID-19 pandemic.
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3.2.2. Prototype implementation

The implemented program allows registration and
authorization using a created classifier for the user. It
may be applied to any kind of existing applications —
private photo storage, messenger, e-banking etc.

Implemented algorithm of suspicious movement de-
tection catches strange device orientation changes and
protects the initial authorization module from breaking
it with an image of a person. The algorithm involves
usage of a motion coprocessor built-in to iPhones.

Authentication process takes approximately 5—6 sec-
onds to gather all needed data and requires the user just
to look at the camera, it is permitted to tilt the head
not more than 45 degrees.

At the end of authentication process the user will be
notified about the result obtained by a classifier, in case
of successful and correct process handling (shaking the
phone is not permitted) and if the obtained precision
rate is over the specified threshold the user is granted
access to the account where photos are stored. For the
process of registration nearly the same screens are being
used with different content though, the user will spend
around 10 seconds sending data, he will be asked to
face the camera if he moves to much.

All the data is stored and processed on the server.
Once the user completes his photo session, an array
of photos is delivered to the server, each picture is
analyzed, cropped, normalized and modified for bet-
ter recognition purposes. Based on the linear Support
Vector Machine approach it evaluates the classifier,
using the benefits of this approach it constructs two
classifiers — one for person recognition and one for
person differentiation, so-called "within-class" and
"in-class" classifiers. Then the training stage is over.
However, it is possible to train classifiers multiple
times, growing the size of the datasets and making
the predictions better.

The application is able to analyze not only photos but
videos, so each user’s registration grants a 25 fps video
of around 8 seconds, which contains around 40 suit-
able images that can be analyzed to compare emotional
features of each person, features of the skin and the eyes
under different circumstances, it is possible to require
actions from user to approve his identity by shaking his
head or blinking.

Conclusion

In terms of current research, the analysis of existing
technologies was conducted, the most significant meth-
ods were tested and afterwards implemented in the FRS
prototype. The analysis of technologies included the
structure description and evaluation of existing facial
recognition systems, groups of methods and different

approaches to face detection, analyzing, processing and
recognition were reviewed. The testing stage included
a practical test of different algorithms applied on the
same standard datasets in order to determine the most
efficient algorithm. In the implementation the Support
Vector Machine method, which proved itself the one of
most precise, was built in the server-side logic of the
system. A client-side iOS application allows simplified
access to the classifier, it allows its modification — to
increase the amount of new data — or its use to verify
a person’s identity.

A huge stack of technologies being used for the
implementation of facial recognition systems. It is im-
portant to notice that with the modern growth rates
of technologies the number of alternatives that might
be used for direct or indirect application in FRS will
grow dramatically.

This paper contains information collected, inter-
preted and structured for facial recognition purposes.
It may help to choose an area of further investigation
for either creating new approaches, or building a system
based on existing methods. Video-based methods of
analyzing data should be of interest as it is a wide area
of possible investigation. It is also recommended to pay
attention to 3D vision methods, technologies that allow
a volumetric object to be built within the camera of a
phone are already presented and being implemented
and distributed in modern devices.

Nowadays, biometric methods of authentication are
replacing standard methods of authorization and sooner
will cover multiple different areas of human-machine in-
teraction. The implementation and development of an al-
gorithm for video analysis of human behavior patterns may
be proposed as a possible continuation of this research.

The author expresses gratitude to Alexey Ryabov, Kon-
stantin Kudelkin and Kirill Babich for fruitful coopera-
tion in creating existing prototypes of the face recognition
system, as well as in research on this topic.
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[loHCKOW rocyaapCTBEHHbIV TeXHUYEeCKU yHuBepcuteT, PocToB-Ha-[oHy

ApXUTEKTYpa nporpamMmHoi chcTeMbl NOAACPIKKN yyeTa
fnoceijaémMocTii B By3e

B coomeemcmeuu ¢ ModyrbHO-pelimuHa080U cucmemod, NPUHIMOoU 8 8y3ax, a makxe 8 cusy cMe-
WEHUS aKueHmMoe 8 CMOPOHY camMocmosimenibHoU pabombl 06yyarowyuxcs U nocmpoeHusi uHousudyarib-
HbIXx 06pa3zosameribHbIX mpaekmopul, akmyasnuaupyemcs 3adada y4ema nocewjaemocmu. B cmamese
paccMompeH rnpoeKkm cucmeMbl, OCHOBHOU Uerbio Komopol sienssemcsi aesmomamu3auus npouecca
noomeepxx0eHusi npucymcmaeusi 0by4arouuxcs Ha y4ebHoM 3aHssmuu 3a cHem ckaHuposaHusi QR-koda.
lMpedcmasneHbl pe3dynibmamabl 8U3yalbHO20 MOOeuUpPo8aHuUsl, CMpyKmypa cucmemsl, opeaHu3ayusi
XpaHeHus 0aHHbIX, @ MaKXxe anaopummbl pabombl OCHOBHbIX PpoepaMMHbIx Modynel. [TpusedeHbl me-
cmoable rnpumepbl pabomsl 8€6-npuoXeHUs U MObUTbHO20 MPUIOXEHUS] KaK OCHOBHbIX KOMITOHEHMO8
npoepamMmMHoUl cucmeMbl yyema rnoceuwjaemocmul.

Knrouyeenie cnoea: yyem rnnocewjaemMocmu, 351€KMpPOHHbIU XypHas, QR-ko0, duaspamma rnpeuedeH-
moe, apxumekmypa cucmembl, MOBUNbHOE rpuUIoXeHue, 8eb-rnpurnoxeHue, cepesep obpabomku, CYB/]

MySQL, Swift, PHP

BBeaeHune

CrpemutenbHoe pasButue UT-chepbl u cpeacTn
MH(pOPMaIMOHHO-KOMMYHUKAIIMOHHBIX TEXHOJO-
TUi B MOCJETHUE TOABI MMPUBEIN K aBTOMAaTH3alluHU
MHOXecTBa obJiacTell YeJ0BeUYeCKOM AesITeIbHOCTH,
B TOM YMCJI€ U CUCTEeMBbI BbIciliero oopaszosaHus. He-
00X0IMMOCTh 00€ecIieueH s KOHKYPEHTOCIOCOOHOCTH
YHUBEPCUTETA U €r0 COOTBETCTBUSI MUPOBBIM CTaH-
JaptaM B 00JacTU MPOCBEILIEHUSI B COBPEMEHHBIX
YCJIOBUSIX TpeOyoT HMbpoBU3allUM BCeil MHGppa-
CTPYKTYPHI By3a U PEUHXWHHUPUHTA CIEAYIOMINX
€ro MpoleccoB B 00J1aCTU aBTOMaTU3allMu: aAMUHU-
CTPAaTUBHO-XO3IMCTBEHHOU AeSITeIbHOCTH, YIpaB-
JICHYECKOT0 y4eTa, YIpaBJIeHHUS YUeOHBIM ITpOILIeC-
coM u T. a. [1, 2]. C aToi 11eJIbI0 BY3bl TIEPEXOAST Ha
KOMTIUJIEKCHBIE CUCTEMBI YIIPABJICHMU S, TIO3BOJISIIOLINE
aBTOMAaTHU3UPOBATh pa3jvuyHbie MHGOOPMALIMOHHbIE
npoiuecchl. K TakuM mpoiieccaM MOXHO OTHECTH
XpaHeHHue, o0paboTKy M aHaau3 MHPoOpMaLuu
B paMKax IesiTeJIbHOCTU By3a B pa3jM4YHBIX 00Jja-
CTSX, TAKMX KaK MOCTYTUIEeHUE, OOyYeHHe U oTliaTa
3a oO0yueHUe; pacuyeT M paclipeleeHue Harpy3Ku;
yrnpaBJieHHe Hay4YHOl paboOTOi M MHHOBALUSIMU;
BBIMIOJTHEHUE OCHOBHBIX OIepaluil B JMYHBIX Ka-
OMHeTax MoJb30BaTelIei; IeITeTbHOCTh Ha paboueM
MECTe CTPYKTYPHBIX Moapa3aeseHuil (MpueMHasi Ko-
MUCCU S, AeKaHAThl, OTAE] MarucTpaTypbl U aclu-
PaHTYpBI, TUCCEPTALIMOHHBIE COBETHI, YIIpaBJIeHNUE
JOTIOJTHUTEIbHBIM 00pa3oBaHUEM U T. A.). [Ipu aToM

BC€ BO3pacTamliue TpeboBaHMS K By3aM CO CTOPOHBI
rocyjaapctBa TpeOyloT MOCTOSIHHON MOAEPHU3ALUU
IIporpaMMHO-AaIIapaTHOro obecredeHusl, JOMOoJ-
HEHUS €ro HOBBIMU (PYHKIIMOHAJIbHBIMUA BO3MOX-
HOCTSIMU, a TaKXe CO3IaHU S CliellMalu3upPOBaAHHbIX
WHTEPHET-CEePBUCOB U MOOUJIbHBIX MPUIOXKECHUM.

HeiictBytommmu PenepaaIbHBIMU TOCYIapCTBEH-
HBIMM 00pa3oBaTeIbHbBIMU CTaHAApTaMHU, B COOT-
BETCTBUU C KOTOPBIMU OCYIIECTBSIETCS MMOATOTOBKA
B paMKax 00pa3oBaTeJbHBIX IIPOrpaMM, OIPEaeIsITCs
HEOOXOAMMOCTb HAJIMUMUS B By3€ CUCTEMBI OLIEHKU
KauecTBa NMOATOTOBKM oOyuvaroiiuxcs. B cBs3u ¢ aTum
B By3aX LIMPOKOE MpUMEHEHUE MOIy4Yna MOAYJIbHO-
peidTUHIOBasI cucTeMa Kak ¢opMa KOHTPOJIS, KO-
TOpasi, B YaCTHOCTHU, YUYUTHIBAET U MOCELIAEMOCTh
3aHATUN oOyuaromumucsa. CKka3zaHHOE BbIIIE OIIpe-
JeJisieT HeoOXOAMMOCTh pellleHUsT 3aJay XpaHeHMUs,
MpeaocTaBleHus, yueTa, aHaau3a U T. I. UHpopma-
LIMU O MOCEIaeMOCTH 00YYaIOIIMXCS B 3JIEKTPOHHOM
BUIE.

B To ke BpeMs, KakK Moka3blBaeT NpakTUKa, Moj-
TBEpXKJAEHHUE MPUCYTCTBUSI OOyUYaIOIIUXCSl HA 3aHATUU
OCYIIIECTBJISIETCS MMyTeM ITPOBEIEHU S TIperoaaBaTeaeM
MEePEeKJNYKH C MOCAeNYIolIEM 3aHeceHueM nHdopma-
LIMU B 3JIEKTPOHHBIN KypHaJl. DTOT MPOIIECC SIBISIETCS
JIOBOJIbHO PYTUHHBIM, MOXET 3aHMMATh MPOJOTIKU-
TeJIbHOE BpeMs B Ciiyyae O0JIbIION ayAUuTOPUHU Clyllia-
TeJIeld, a TaKXKe MOXET COIMPOBOXAAThCS OLIMOKaMU,
CBSI3aHHBIMU C yesioBeuecKuM pakTopom. Hampumep,
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00yYaroIIUIiCcS MOXET He YCIBIIIATh CBOIO (paMUITHIO,
IIPEIoaaBaTe/Ib MOXET MPOIYCTUTh 00yYalolIerocs
B CIIMCKE I'DYIIIBl MJIM BHECTU HEKOPPEKTHHIC JaH-
HBIE U T. T1.), 9YTO aKTyaJU3UpPyeT Ipoliecc IMoucKa
MIPOrpaMMHBIX PEIIeHWI aBTOMAaTHM3allMK Tpolecca
ydeTa MOCellaeMOCTH B BY3e€.

Mpo6nema nccnegosaHus

CoBpeMeHHbIe MPOrpaMMHbBIE pELIeHU s, CylIe-
CTBYIOIIIME Ha PhIHKE, IIPEIJIaTaloT Psi KOMITJIEKCHBIX
cucteM a1 By30B kjiacca CRM (Customer Relationship
Management), oTBevalolMX 3a yIIpaBJIeHUE B3aUMOOT-
HOLIIEHUSIMU C KJIMEHTaMU U aBTOMaTU3allnI0 OU3HeC-
npoueccoB. B xauectBe npumepoB nogooHeix CRM
moxHo Ha3BaTh ListOKCRM, Otmeuanka, TanmaHTo,
BasePlan u ap. BosmoxHoctu CRM no3Bonsiior (op-
MHUPOBATh XYPHAJbI ITOCEIAEMOCTH, paclpeaesiTh
y4YeOHYI0 Harpy3Ky, aBTOMaTHYECKH TTOATOTaBINBATh
HEeoOXOIMMbIe CTATUCTUYECKHE OTYETHI U T. . OmHaKo
B CRM He B IOJIHOI Mepe peainu30BaHbl IPOrpaMM-
HBIE MOIYJIH, HETIOCPEICTBEHHO aBTOMATU3UPYIOLINE
MpoLIeCC MOATBEPXKACHU S TPUCYTCTBUS OOYYaAIOIIUXCSI
Ha yyeOHOM 3aHsaTuu. Kpome Toro, nepexonm Ha CRM
TpeOyeT 3HAUMTENbHBIX MaTepUaJIbHBIX BIIOXEHUN
¥ TPYHOOBBIX 3aTpaT Ha MU3MEHEHUS CTPYKTYPHI TPO-
rpaMMHO-aMNIapaTHBIX KOMILJIEKCOB By3a.

Ha nacrosiiiee BpeMmst Bce Oosibliiee pacIiipocTpa-
HEHUE TOIYJalOT TEXHOJOTUH yIIPaBIeHUST MOOWTb-
HBIMU YCTPOWCTBAMU AJ51 CO3JAaHUsI MOOUJIbHOM
obOpa3oBaTenbHOI Cpeabl B By3e. Tak, Hallpumep,
B pabote [3] npeacTaBiaeHbl BO3MOXHOCTU UCMOJIb30-
BaHUST MOOMIIBHBIX YCTPOMCTB B LIENISIX 00CCTICUeHM ST
KOHTPOJISI TOCENIaeMOCTH B aBTOMaTUYECKOM peXUMe
Ha OCHOBaHUU (paKTUUYECKOTO MECTOMOJIOXEHUST 00-
yyalolerocs.

Oco06eHHOCTU MPUMEHEHU ST 6€CITPOBOIHBIX TEXHO-
noruii, Takux Kak Bluetooth, Wi-fi, NFC u ap. Hauuiu
oTpaxeHuir B paborax [4—7]. IIpouecc BHeaApeHUS
KOMTIJIeKCa MOOMJIBHBIX CPEACTB MOAIEPXKKHN yUeO-
HOro mpoliecca (MOOUIbHBIE TpUIOXeHUs "Pacniuca-
Hue", "Pacnpenenenue”, "YeneBaemocts', "Ilocelnae-
MOCTB' ¥ JIp.) paCCMOTpEH B paboTe McciemoBaTeei
Ha 6a3e CaHKT-IleTepOyprckoro noJMTeXHUYECKOro
yHuBepcuteta [4]. Tak, pazpaboTaHHOE MOOMIILHOE
npunoxenue "TlocenaeMocTrs' MO3BOJISIET aBTOMATH-
YeCKHU perucTpupoBaTh NPUCYTCTBUE 00yYalOLIEerocs
Ha 3aHSITUM HAa OCHOBAaHUU OECIPOBOAHBIX TEXHO-
Joruii. Kak oTMeyaroT aBTOpbl, 3TO TpedyeT HaIu-
YU B ayTUTOPHUSX CIICIINATU3NPOBAHHOTO 000pPYI0-
BaHMSI.

B HacTtos1iee BpemMs aBTOMaTUYECKUI yUyeT I0-
CelIaeMOCTH MOXeT ObITh peaJiu30BaH Ha 0ase aj-
TOPUTMOB JI€TEKTUPOBAHUS U paclo3HaBaHUS JIUIIL.

B pa6ote [8] mpencraBiaeHO pelieHNUE 3agayy AETEK-
TUPOBAHUS C UCIIOJb30BAaHUEM alaropuTMa Buojabi—
J>koHCca M mepcreKTUBHI JAaHHOTO IMOAXO0Ja B Ha-
CTPOIKE 3TAJIOHOB CTYAEHTOB, yUYeTe MOCeIaeMOCTH
U ero aHaiusa. B uccinegoBanuu [9] aBropaMmu nomu-
pOOHO paccMOTPEHBI pa3IUYHBIE aJITOPUTMbI, METO-
IIBI ¥ TIOAXOMBI K PacIiO3HaBaHMIO JINII, TIpeACTaBIeHA
apXUTeKTypa CUCTEMbI yuyeTa MocelaeMoCTy U peaiu-
3allMsl CUCTEMbI C MCIMOJIb30BaAHNEM HUCKYCCTBEHHBIX
HEUPOHHBIX CETEH.

B kxauecTBe ellie ogHOro u3 HanboJiee nepcreKTruB-
HBIX HaMpaBJeHUI B 00JIACTM aBTOMATU3alUU MPO-
liecca ydera nocelaeMoCTH YYeOHBIX 3aHSITUM MOXHO
BBIIENINTH UCTIONb30BaHUEe QR-KOmoB, MOTYYMBIINX
pacIpocTpaHeHe BO BpeMsl MaHIeMU N KOPOHABUPYC-
Hoil uHpexkuu COVID-19. Tak, B pa6ore [10] pac-
cMoTpeHbl Bonpockl reHepauuu QR-koma B ¢popme
PNG ¢ ucnons3zoBanuem oudnmuoreku PHP QR Code,
ckaHupoBaHusl QR-kKoga MOOMJIBHBIM YCTPOMCTBOM
oOyyvalomumucs ¢ ucrnoab3doBaHuem API, 3aHeceHus
JaHHBIX O TIPUCYTCTBUU OOYyYalOIIErocs Ha 3aHSITUU
B 2JIEKTPOHHBIN XypHasl. OTMeYeHHbIE aBTOPOM OC-
HOBHBIE HallpaBJIcHUSI UCMoJdb30BaHUA QR-kKomoB
B YUeOHOM IIpolecCe CBUACTENBCTBYIOT O IEepPCIeK-
TUBaX JaHHOTO TMOJAX0Ja K aBTOMaTU3alluy Ipoliecca
yyeTa NocelaeMoCTH.

MocTaHoOBKa 3agayu uccnenoBaHus

Heob6xonuMocTh pa3dpaboTKu MporpaMMHOR CHU-
CTEMBI yUeTa MOCelIaeMOCTH 00YyCIOBI€HA TOTPEOHO-
CTBhIO B aBTOMATHU3allMM MpPOLIECCOB cOopa, nmepenadyun
U XpaHEHUSI TaHHBIX O MOCEIIAeMOCTH 00y YaIOLIMXCSI.

C yyeToM cCoBpeMeHHbBIX TeHAEHIIMI B 00J1aCTH pac-
npocrpaHeHus1 QR-KogoB, o0ecreuynBaoIINX KOTUPO-
BaHUe JII000i MHPOPMaLIMU U BO3MOXHOCTE ee ore-
PaTMBHOTO pacro3HaBaHUSI C UCTIOJIb30BaHUEM KaMep
MOOMJIBHBIX YCTPONCTB, ONTUMAJIbHBIM BUAUTCS CO3-
JlaHue MPOrpPaMMHON CUCTEMbI, BKJIIOUalollleil B ce0s:

e MOOMJILHOE NPUJIOXKEHME IJIs 00yYalolImXxcs,
MO3BOJIsSI01IEe BHIMOJIHUTh ckaHupoBaHue QR-kona;

e BeO-MpUJIOXKEHUE [JISI BEIEHUS 3JEKTPOHHOTO
>XypHaJja TpernojaBaTeyeMm.

OcHOBHbBIE (PYyHKIIMOHATbHbIE BO3MOXHOCTU MPO-
rpaMMHOM CUCTEMBI BKJIIOYAIOT:

e XpaHeHUWe MaHHBIX O MOCEeNaeMOCTU 00yyaro-
LU XCS;

e TIpEIOCTaBJIicHHE AAHHBIX O IOCEIIAEMOCTH
B TaOJIMYHOM BUJIE BCEM CYObEeKTaM yueOHOIo Mpoliecca;

e OIEpaTUBHBIN OOCTYN MperojaBaTesis K BeO-
MPUJOXKEHMIO C JIIOOOro yCTPOICTRA;

e HacCTpoliKa 2JIEeKTPOHHOIO XypHajaa Ioce-
1IaeMOCTHU UM UMIIOPT OMepaTUuBHONW MHOOpMaALIUU
00 y4eOHBIX IMCUUIMIMHAX U 00yYalolIXCS;
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o reHepalusa QR-kona yueOHOro 3aHSATHSI B KOH-
COJIM MpernoaaBaTes;

e (QuKcaluus NPUCYTCTBUS O0Oyvarollerocs Ha
yueOHOM 3aHSITUU MyTeM cKaHupoBaHusi QR-koma
KaMepoil MOOMJIBHOTO YCTPOMCTBA.

st pa3paboOTKM NpeaaokXeHHOW CUCTEMBI HE00-
XOIMMO PEIIUTh MePeYUCIEHHbIE fajiee 3a1aun.

1. Pa3zpaborarb apxXUTEeKTypy IIpOrpaMMHOI CUCTEe-
MbI yyeTa MocCelaeMOCTH.

2. BBIIIOTHUTH NPOEKTUPOBAHUE 0a3bl JaHHBIX
3JIEKTPOHHOI'O XXypHaJja MOoCelaeMOCTH.

3. PazpaboTaTh BeO-TIpujIoXKeHNEe, 0OecreunBalonee
JOCTYT K MHGOPMAIIUH O TTOCEIIAeMOCTH U TTO3BOJISIIO-
mee creHepupoBatb QR-kox yuyeOHOTro 3aHsITHSI.

4. PazpaboTaTh MOOUJIbHOE TIPUJIOXKEHHE, TTO3BO-
JisiolIee BBIMOJMHATL cKkaHupoBaHue QR-kona.

ApXUTeKTypa NporpaMmMHON CUCTEMbI
yyeTa nocewaemMocTm

IlporpaMMHasa cucTteMa ydyeTa IOCEIIaeMOCTH
npeacTaBiseT cob0il COBOKYIMHOCTh TPEX KOMITOHEH-
TOB (puc. 1):

e BeO-TIpUIOXEHUE (UCIOJb3YETCS MJISI TeHepa-
1uru QR-kKona 1 nojiyuyeHust JOCTyMa K 3JIEKTPOHHOMY
XYPHaJly MOCEIaeMOCTH);

e MOOWJIbHOE TMpPUJIOXEHUE (MCHOJb3YeTCs IS
BBITIOJIHEHUSI ckaHupoBaHus QR-koma u mepemauyu

JaHHBIX B 2JICKTPOHHEBIN XYypHaJI, HECOOXOMMMa aB-
TOopU3alusl);

e cepBep 00pabOTKM (MCHONb3YETCS AJS MOJyUe-
HUSI 3aIlpoca OT MOOMJIbHOTO MpujioxXeHus yepe3 API).

OCHOBHBIMM MHGMOPMALIMOHHBIMU TOTOKAMMU B CH-
cTeMe SIBJISIIOTCS: TaHHbBIE IS aBTOPU3aLIMU MTpernoa-
BaTesIsl; JaHHBIE 00 YUYeOHBIX TUCIIUTUINHAX; JaHHBIE
00 oOyyalomuxcs; id yueOHOI TUCHUUIIINHEL, JaHHBIS
JUTST aBTOpU3alliU 00yJarollerocs; ayTeHTuduKanm-
OHHBIC JaHHBIC O0YyYalOIIerocs; TaHHBIE O IMPUCYT-
CTBUM Ha 3aHATHU, JAaHHBIC O TTOCEIIacMOCTH.

Crnenyer OTMETUTh, UTO C CEpBEpPOM 00pabOTKU
MOJIb30BaTENM MPOTPAMMHON CUCTEMbl HAIPSIMYIO
He KOHTaKTUPYIOT. JJaHHBIIT KOMITOHEHT TTPOTpaMM-
HOI cUCTeMbl o0ecrieurBaeT paboTy pa3pabOTaHHOTO
API. B pazpaboranHoit mporpaMmMHoii cucteme API
yMeeT 00pabaThiBaTh TPU CIEAYIOLIMX KIJIIOUEBBIX 3a-
nmpoca.

1. 3anmpoc Ha aBTOpU3ALUI0 O0YUYarOLIErocs B MO-
OMIbHOM MHpUJIOKeHUHU. B 3TOM 3ampoce cepBep 00-
pabOTKM TIOJIyYaeT JIOTUH W Mapojib MOJIb30BaTEeNs,
a Bo3BpaiaeT oTBeT B BuAe JSSON-mokyMeHTa, comep-
KaIlMKA cTaTyc aBTOpU3allMK 00ydyalolerocs B Mpo-
TPAMMHOWM CUCTEME.

2. 3anpoc Ha BHeCEHHE OTMETKU O MPUCYTCTBUU
oOyuaroulerocst Ha yueOHoM 3aHSITUM. B 3ToM 3amnpo-
ce cepBep 00pabOTKM MoaydyaeT ayTeHTU(UKAIMOH-
HBI¢ JaHHBIE 00yYaloIIerocss 1 YHUKAJIbHBIM UIeH-

ayTeHTUHKALMOHHLIE
AaHHbIE 06yuaioweroca

.

pakHbie 06 o6yualowmxcs u
YYEOHBIX AMCUMNNKMHAX

id y4edHOo AMcuMnIMHb

Cepsep

MoBunsHoe NpUNoMeHne obpaboTiu

AAHHBIE ANA ABTOPU3ALWMK
oby4aKueroca
A

ayTeRTNHKaLUOHHLIE
OAHHBIE
ofyvarowerocs u id
YYeGHOR AWMCUMMIIMHE! @ -

AAHHLIE O NPUCYTCTBMM HA

AaHHBIE ANA aBTOPU3aLMK
Npenogasarens

Be&-npunowenuve

JAHATHM

44— MNpenogasatens
Aaxnbie ob obyualowmxcs u

YUEGHbIX GNCLMMIIMHAX
AaHHBIE O NOCELWAEMOCTH

}

| O6yumowmiica |

Puc. 1. ApxuTekTypa nporpaMMHO#i CHCTEMBI Y4eTa MOCEMAeMOCTH

Google [TaGnuub!

AaHHbIE O NOCeLWAaeMoCTH

;

Aexanat
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TU(UKATOP YUeOHON NUCUUIIIMHBI (COOTBETCTBYET
spreadsheet id B Google Sheets API), nonydeHHBIi
B pe3yabraTe ckaHupoBaHus QR-kona. OTBeT cepBepa
00pabOTKM JaHHBIX COAEPKUT Pe3yJibTaT ornepauuu
110 BHECEHUIO TAaHHbBIX O MPUCYTCTBUU.

3. 3ampoc Ha MoJyYyeHHe JaHHBIX 00y4Jalolerocs.
IIpu manHOM 3ampoce cepBep 00pabOTKM IIOJyYaeT
TOJIBKO ayTeHTU(PUKAIIMOHHBIE JaHHBIE 00yYalolIero-
cs, a B KauecTBe OTBeTa BO3BpalllaeT MAaCCUB TaHHBIX
(8 Buze JSON-10KyMeHTa), B KOTOpOoM yKa3aHbl DO
¥ y4eOHas TpyIITa 00ydyaromerocs.

MporpammHas peanusaumsa cuctTembl

Modeauposanue cucmemot. IlpoekTripoBaHUE MPO-
TpaMMHOI CUCTEeMbl BBITIOJTHEHO Ha OCHOBE TNPUH-
LIUIIOB 00bEKTHO-OPUEHTUPOBAHHOTO MPOTPaMMMU-
pOBaHMUs ¢ MOMOIIbIO sI3bIKa MoAeanupoBaHuss UML.
JJist onmyMcaHusl CUCTeMBbl Ha KOHIIENITYaJlbHOM YPOBHE
Oblla IpUMEHeHa JuarpaMmMa BapMaHTOB UCIMOJIb30-
BaHUsA (puc. 2).

OCHOBHBIE aKTOpPbI: O0yyYalolIuiics, mpenoaaBa-
Teab, AeKaHaT. BapuaHThl Mcnoib30BaHus (Mpeue-
JIEeHTHI) IIPEeACTaBJICHbI B TaOIUIIE.

Xpanenue dannvix. CTpyKTypa 6a3bl JaHHBIX BeO-
MPUJIOKEHU S TTIOCTPOEHA Ha OCHOBE PESILIMOHHOMN
MOJeNIU TaHHBIX (puc. 3).

BeineeHBI 4eThIpe OTHOIICHMUS:

1) Student_auth_data — aBTOpu3allMOHHBIE JaH-
Hble 00yYaloIIMXCSI:

e id — yHUKaJbHBIU UAEHTU(UKATOD;

e username — JIOTWH;

e password — mapoib;

2) Student personal data — mepcoHalbHBIC JaH-
HbIe 00 OOyYaIOIIMXCS:

e id — yHUKaJIBHBIN UAEHTU(UKATOD;

e firstname — umsi;

e lastname — pamunus;

e middlename — oTYeCTBO;

e stud group — yueOHas rpyIima;

3) Teacher auth data — aBTOpHM3allMOHHBbIE JAaH-
HBIE TIPETIoIaBaTEeIe:

e id — yHUKaJIBHBIN UAEHTU(PUKATOD;

e username — JIOTUH;

e password — mapoib;

e FIO — ®UO npenonasatensg;

4) Lessons — yuyeOHbIe JUCUUIIUHBI:

e id — yHUKaJbHBIU UAEHTU(UKATOD;

nprpaMMHﬂﬂ cucTema yyeta nocewaemocT

[ekaHar

Beb-npunoxexue

MpepocTasuTs AaHHbIe
- |
'._’._‘__,7’" 8 TabnuuHoMm suae —
|—1
JfoGasnts fanHbe B Bf 4—"/
/ Mpenopagarens
-—//
Crenepuposars QR-kof, Q—/

Obyvarowmiica

MoBunsHoe npunoxexsne

s -
S

L use-,

Cepsep 0bpabdotkm

O6paboTats BXOAHbIE - -
NaHHbIe

| SO T .

Puc. 2. /Inarpamma BapHaHTOB MCNOJIb30BAHUS
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Onucanue npeneieHTon

BapuaHT ncroib30BaHUs

Kpartkoe omucanue

HDCZLOCTB.BI/ITL JaHHBIC O ITOCE-
1Ia€MOCTH B TaOJIMYHOM BUJIE

3amyckaeTcst 00yJaloLIMMcs, IpernogaBareieM, feKaHatoM. [103BoIseT MPoCMOTPETh HH(GOPMALIIIO
0 TIOCEIIAEMOCTH B 3JIEKTPOHHOM XYypHaJe

ABTOpPU30BaTbhCS B BeO-
MIPUIIOKEHU U

3amyckaeTrcs npernogaBaTeeM. [103BOJISIET MperoaaBaTe o aBTOPU30BaThCS B BEO-TTPUIIOXKEHU N
IJIST HajIbHEMIIEero B3anMOAECTBUS C HUM

BHecTu maHHbIe B 623y JaHHBIX

3amyckaeTcs npernogaBaTeieM. [103BoJsIeT mpenomaBaTelo BHECTH B 623y JaHHBIX TaHHBIC
00 oOyuaromumxcs, TUCUUIIINHAX

CrenepupoBaTbh QR-kox

3anyckaercs npernoaasatesieM. [lo3Bossiet npeactaBuTh spreadsheetid yueOHOM AMCHUIIITMH bI
B rpacduueckom Bume (QR-kom)

ABTOPH30BaThCSI B MOOUJIBHOM

3anyckaercs obyyaroumcs. [lo3Bossier obyualeMycsi aBTOpU30BaThCsl B MOOUIJILHOM TPUJIO-

TTPUIIOKECHU U

KEHUU U TaJIbHEUIIEro B3aUMOAEUCTBUSA C HUM

OtckanupoBaTtbh QR-kox
cepBep 00paboTKu

3anyckaetcs obyyatowiumcs. [lo3BonsietT cunutars nHpopmanuio ¢ QR-kona u oTopaBUTH €€ Ha

O0OpaboTaTh BXOAHBIEC TaHHBIE

Hcnonb3yeTcst MOOUIBHBIM NpujoxeHueM. [1o3BossieT cepBepy 00paboTKu 0O0paboTaTh mepeaaH-
Hble MOOMJIBHBIM MPUJIOXKEHUEM NaHHbIE

u @ althelesson student_auth_data
1 gid :int(11)
musername - varchar(128)
@mpassword : varchar(128)

n & 2tthelesson student_personal_data

4 qid - int(11)
afirstname : varchar(128)
mlastname - varchar(128)
@middlename : varchar(32)
@stud_group : varchar(32)

Puc. 3. Cxema 0a3bl JaHHBIX

e name — Ha3BaHUE NUCLUTIVHDI;

e type — TUIl yUeOHOIO 3aHATHUS;

o spreadsheetid — naeHTudukarop Google Tad-
JINIIBI.

B kauecTBe XxpaHMJIUIIA JAHHBIX O MTOCEIIAEMOCTH
HCIIONb3YIOTCS 2JIEKTPOHHbIe Tabauibl Google Tadmu.
s yyeTa mocelaeMoCTH MperoaaBaTesib Co3aaeT He-
CKOJIbKO TaKUX TaOJM1I, @ BHYTpY TaKUX TaOAU1L — JIU-
CTbl, B KOTOpbIE U 3aHOCSTCS] JAHHBIE O MOCEIAEMOCTH.
Kaxxnpiii Takoi TUCT COOTBETCTBYET YUEOHOM TpyYIIIIE,
a Kaxkjas Tabauua — y4yeOHON TUCIIUTIIMHE.

Modyau ée6-npuaroxcenusn. B xauecTBe mporpamm-
HBIX MHCTPYMEHTAJbHBIX CPENCTB pa3pabOTKU BeO-
MPUJIOKEHMsI ObLIM BhIOpaHKIL: sI3bIK pa3MeTku HTML,
s13bIK onucanus ctuieit CSS, cepBepHBIH SI3bIK IPO-
rpammupoBanuss PHP u cucrtema ynpaBieHus 6a3a-
mu gaHHbIX MySQL. B kauecTBe cpeabl pa3pabOTKuU
HCIIOJIb30BAJICS TEKCTOBBIN pegakTop Microsoft Visual

n O althelesson teacher_auth_data
gid : int(11)

@username : varchar(128)
ppassword : varchar(128)

@FIO : varchar(256)

ﬂ & atthelesson lessons
gid :int(11)

@name - varchar(256)
@type : varchar(64)

@pspreadsheetid - varchar(256)

Studio Code ¢ ycTaHOBJIEHHBIMU PACILIUPEHUSIMU TSI
pa6otrer ¢ HTML, CSS u PHP.

DIEeKTPOHHBIH XYypHaJ, B KOTOPOM OTpakeHa I10-
celllaeMOCTb 00yJalolIMXCsl, MPeACTaBIIsieT CO00l BeO-
npujoxeHue. JIy1s1 paboThl C 3JIeKTPOHHBIM XXYPHAJIOM
npernoaaBaTel0 HEOOXOAMMO aBTOPU30BAThHCS, MO-
cJie Yero CTaHeT NOCTYIHA BO3MOXHOCTb IPOCMOTpa
U peJaKTUPOBaHUSI JaHHBIX B CIIelIMaIbHONK KOHCOJIN.
ITocne HacTpolikM XXypHaja, UMIOPTa AAHHBIX O pac-
MUCAHUM 3aHSITUH U yYeOHBIX IpyIIax npernojaaBa-
TeJb MMEET BO3MOXHOCTbL creHepupoBaTh QR-kox,
YHUKAJbHBINA AJIS1 KaXX0r0 3aHSTUSL.

Ha nuctunre 1 npeacrasiaeH parMeHT MporpaMm-
Horo kona Ha si3eike PHP, oTBeualonuii 3a reHepaluio
QR-ko/a Ha cOOTBETCTBYIOLIEH cTpaHulie. B paccma-
TpUBaeMOM MPOrpaMMHOI CUCTEME UCIIOb3YeTCs re-
Hepauusa QR-KomoB TpeTbeil BEpCUM, UTO O3HAYaeT
cozmanue QR-koma pasmepoMm 29%29 monyneii (Touek).
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if (isset($_REQUEST['data'l])) {
if (trim($_REQUEST['data']) == "'"')
die ('[JaHHEle nyCTEE, MCIOpaBbTe 3TO!');
}
else |
S$filename = $PNG_TEMP_ DIR.'test'.md5($_REQUEST['data'].'|'
.SerrorCorrectionlLevel.'|"'.SmatrixPointSize).'.png':
QRcode: :png ($ REQUEST['data'],$filename,
SerrorCorrectionlevel, S$matrixPointSize, 2);:
echo '<img src="'.SPNG WEB DIR.basename ($filename)
.'" align="center"/><hr/>"';
QRcode: :png('Base Error Code Generation',$filename,

SerrorCorrectionLevel,

SmatrixPointSize, 2):

JIuctunr 1. Tenepanus QR-kona

Br160p paszMepa npu reHepalnuy OTBEYAET 32 MACLITa-
oupoBaHue reHepupyeMoro QR-kona B 1esix ynooHo-
r'o BBIBOJIA KaK Ha OOJIBIIINE 9KPaHbl, TAK M Ha SKPaHbI
MOOMIIBHBIX Tele(OHOB.

Mooyau mobuavnozo npuasoxcenusn. Pazpaborka
MOOMJIBHOTO TIPMJIOKEHU ST OCYIIECTBISIIACh Ha SI3bI-
ke Swift. B kauecTBe cpenbl pa3paboOTKM ObIJT BEIOpaH
MHCTpYMeHT Xcode.

OO6yuarmumcss He0O6XO0AMMO aBTOPU30BATHCS
B MOOMJIBHOM TTPUJIOXKEHUH TIPOTPAMMHON CUCTEMBI,
rnocJje 4ero AJs HUX CTaHeT JOCTYyIeH (yHKIMOHAI
no ckaHupoBaHuio QR-kona.

var qrData: QRData? =
didset {
if grData I= nil {
MarkMe(onDone: { (response) in
self.result = response.summary

nil {

if (self.result! == "successfully"){
self.showDialogue(text: "Bul oTmeTwnm

Ha nuctunre 2 npeacrabieH parMeHT Iporpam-
MHOTO KoJa 00pabOTKM MOOWJIbHBIM MPUJOKEHHUEM
OTBeTa OT cepBepa 0OpabOTKHU Ha sI3bIKe Swift.

CkaHnupoBaHue QR-Koma, KOTOpbIil OblJI CreHe-
pUpPOBAH IIpernomaBarejieM, MO3BOJISIET UACHTUDU-
LIMPOBATh MPUCYTCTBUE O0yYaIOLIErocsl Ha 3aHSITUM.
IMocne ckanupoBanust QR-kKoma MoOuMIBHOE MpU-
JIOXXEHME BBIMOJHSET 3aIllpoCc K cepBepy oO0paboTKu
maHHbIX yepe3 API. OTtBeT cepBepa 00pabOTKM HaH-
HbIX B JSON-popmare OyaeT cogepxaTh COOOILICHUE
00 yCrelrHoM BHECEHUM AAaHHBIX O MPUCYTCTBUU Ha
3aHSITUH, 1100 coolIIeHue 00 oLIMOKe.

ceoe npucyTcTemue Ha napel”, title: "Ycnewwo!™)

} else {

self.showDialogue(text: "YTo-TO nowno He Tak.

39

onterror: { (error) in

self.showDialogue(text: "OTckaHWpOBaHHbIA

He ABNAGTCA KOppeKTHbM.\nObpaTuTtech K
npenogasateniw."”, title: "oumbkal") },
spreadsheetId: grData!.codestring!,

MonpobyitTe ewe pas.”, title: "Oumbkal")

Koa

nickname: UserDefaults.standard.string(forkey: "nickname")!,
password: UserDefaults.standard.string(forkey: "password")!

)3}

2>

JInctunr 2. O0paboTKa oTBETA OT CepBepa
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Pe3yn bTaTbl UCcrnenoBaHuA

Ha puc. 4 npeacraBieHa riiaBHasl CTpaHU1LA BeO-
MPUIIOXKEHUSI, TTIO3BOJISIONIAS IIPEITOAaBaTENI0 aBTOPH-
30BaThCsI B BEO-TIPUJIOKEHUH TIPOTPaMMHOM CUCTEMBI
yuyeTa MmocelaeMoCTH.

TTocne aBTOpU3aLIUY CTAHOBUTCS AOCTYIHOM KOH-
COJIb TIpernogaBares (puc. S), riae MOXXHO BHECTH U3-

Al The Lesson - KoHcone npenogasarens

ABTOpPU3YNTECH

SanoOMHWTL?

Puc. 4. DKpaH aBTOpPU3AIHH BeO-NPHJIOKEHHA

KoHconb npenofasarens

MNepearty ¥ renepayuy QR-kopa

Nepedita k chircky Tafimmg NocewaemMocT

DofumnTe Olyamegiroca o B
awseresrTi Cncon yuedead NpOIMETO0

C AITheLrben

Puc. 5. KoncoJsb npenoaasareJis

Lessons

Moxanaso 113 2 ; Beero 2 3anwced

# g  Hasawve gucuMnNHHE

¢ ID nucTa Google Shests

MEHEHMS B BJIEKTPOHHBIN XYypHaJ, BHITIOJHUTH UM-
MOPT YYEOHBIX OTUCLUMIIIUH U CIUCKA O0yYaroIUXCs
yueOHOIl IpyIbl, creHepupoBath QR-kom, a Takxke
chenarb psija APYTUX HaCTPOEK.

Ha puc. 6 npexncraBieH dparMeHT KOHCOJIU, TIe
MpenomaBaTejb MOXET H00aBJsATh, peIaKTHPOBATh
U yaajasiTh y4eOHble TUCLIATIIVHBI.

KoHconb mpenogaBaTesnsi TakkKe COAEPXUT CTpa-
Huuy reHepaunu QR-koxga. /Iis Toro 4To6bl creHepu-
poBatb QR-K0M, KOTOPBII JOJKHBI OYIYT OTCKAHUPO-
BaTh oOyualolyecs, pernoaaBaTeslo Hy>KHO MepeiTu
Ha cTpaHully reHepauuu QR-kona, BeIOpaTh yueOHYIO
IUCLUUIIIUHY, BUI 3aHSITHUS U pa3Mep TeHEPHUPYyEeMOTro
Koma, a 3aTeM HaxkaThb Ha KHOMNKY "CreHepupoBaTh
QR-koxa". DTo aeiicTBUE MpenogaBaTeib BHITIOJHSIET
nepen KaXXabIlM YYeOHbIM 3aHSTHEM.

ITpumep reHepalivu sl OAHOM U3 JIEKLIAH T10 AUC-
munanHe "UHbopManmonHbIe TexHomorn' QR-kona
pasmepoM 10X10 MM — HaMMEHBIIUM pa3MepOM, BOC-
MIPpUHMMAEMbIM KaMepoil MOOMJILHOTO YCTpOiicTBa, —
MpeacTaByieH Ha puc. 7.

OO0yuaroliyecst IpoXoasiT aBTOPU3ALMIO B MOOUJIb-
HOM TIpUJIOXKEHUU. B ciyyae HeBepHOro BBOIA MaH-
HBIX OyZeT OTKPBHITO BCIJIBIBAIOIIEe OKHO, KOTOPOE
coobuaeT 006 omnoke. [1pn 3TOM ayTeHTPUKaIIMOH-
Hble JaHHbIE 00yYalollerocsi COXpaHsIoTCs, YTO MPU
MMOBTOPHOM 3aNyckKe MOOUJIBHOTO TPHUJIOXKEHUS TIO0-
3BOJISICT Cpa3y OTKPHITh cTpaHully-ckaHep QR-koma.

Crpanuua-ckaHep QR-kona siByisieTCsl TJIaBHBIM
5KpPaHOM MOOMJIBHOI'O MPHUJIOKEHUS, MTO3BOISIONIE-

Thsd Boiasl 30 MARIYS

BepnyToca 8 Koncons © [ofaseTh Hoay!) 3aNncs

Boe JanucH v Mowicx

¢ OeAcTana

1 | O Fehopuayuoemse TEHONOMA N 1G_CKvWYSF

GnDCKFATXGy K 0 7 x

2 @ MebOpMBLHOHHLS TEXHONOTHH
# O  Hasanve QuCUMNNHHE

Pacneuatane  CSV  POF  Exced

T4 I TITSRAFFY

¢ 1D nueTa Google Sheets

|_43-uaTaGHierhdYuM 0 F x

¢ OeAcTeEHA

Puc. 6. OTo0paxenue CiMCKa Y4eOHBIX JTUCHMILIMH B KOHCOJIM NMpeENoaaBareis
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MeHepauus QR

VIHPOPMELHOHHEE TEXHONONM (MesynA) ¥ | Passep: [10 »

© AtThelesson

Puc. 7. CrenepupoBannbiii QR-kox

ro OTMETUTH CBOE IIPUCYTCTBUE HA 3aHSATUU. UTOOBI
oTckaHupoBaTh QR-Kom, creHeprpoBaHHBIN MTPETTO-
JaBaTesieM W BbIBEIEHHbBIN Ha 9KpaH MpoeKTopa, 00-
yYaILIUICA HOJXEH HAaBECTU KaMepy MOOMJIbHOIO
yCTpoO#CTBa, HAa KOTOPOM YCTaHOBIIEHO MOOMJIBHOE
npuioxeHue, Ha QR-kon. 3aTreM MoOUJIbHOE TPU-
JIOXKeHUEe aBTOMAaTU4yecKu oTckaHupyeT QR-kox u 3a-
ITYCTUAT TIPOIIECC OTIPABKM ITaHHBIX Ha cepBep oOpa-
0oTku. B ciyuyae, ecniu oOydaroMicss OTCKAHUPYET
HeneicTBUTENbHBIN QR-Koa, mpunoxeHue BbIBEAECT
COOTBETCTBYIOIIEE BCILIbIBAIOIEE OKHO C OILIMOKOIA.
Ecan xe obOyuvaroliuiicsi OTCKaHUPYET KOPPEKTHBIMI
QR-koa, U OH SBISIET-

BepHyTLCA B KOHCOfL

Cresepupoears QR-kog

MPUJIOKEHE BBIBEAET COOTBETCTBYIOIIEE BCILJIBIBAO-
1ee OKHO, KOTOPOE COOOIIUT 00 YCITeITHOM OTMETKE
O TIPUCYTCTBUM HA YYeOHOM 3aHSITUU (puc. 8).

B nanpHeiiieM mperogaBaTeqlo HOCTYIIHA WH-
(dopmaliisg o moceuaeMocT odyyvarolmxcs (rmepco-
HaJIbHBIE JaHHEIE CKPBITH B COOTBeTCTBUU ¢ Deme-
palbHBIM 3aKOHOM "O MepcOHaAbHBIX JaHHBIX" OT
27.07.2006 No 152-®3) Ha yueOHOM 3aHSITUM B DJICK-
TPOHHOM XYypHaJe (puc. 9).

DReKTPOHHBIN XXYypHaJ Ha 6a3e 00J1a4HOro cepBUca
Google Tabnuubl no3BonusgeT GOPMUPOBATH OTUYETHI
1 CTAaTUCTHUKY TTOCEIICHUS YIYeOHBIX 3aHSITHI, a CTO-

HEREEREERS

NPUCYTCTBYET |NPWUCYTCTBYET |NpMCYTCTBYeT |npuCyTCTByeT |npMCYTCTEYET |npucyTcTeyer

cs O6y‘{aIOH_[I/IMCH rpyI- Ne oHo 07.02 14.02 21.02 28.02 07.03 14.03 21.03
o 1| RERERTHRAR NpUCYTCTBYET NPpHCYTCTEYET NpHCYTCTBYET NPUCYTCTEYET NPHCYTCTEYET NPUCYTCTEYET
HbI, ﬂ«ﬂﬂ KOTOPOI/I 6bIH 2 | RERERHRHAN NPUCYTCTEYET |NPUCYTCTBYET |NpMCYTCTEYET |NpUCyTCTBYEeT
creHepupoBaH QR-kxop b il
B paMKaX y‘Ie6HOI7[ ucC- 4 | HHRHE Y npucyTCTEyeT NPUCYTCTBYET |NpucyTCTRYyeT [npucyTcTEyeT |npucyTcreyer
5| mEmaapsaEs NPHCYTCTEYET NPUCYTCTBYET |NPHCYTCTBYST |MpWCYTCTEBYET |NpHCYTCTEYET
LIUIIAHBI, TO MO6MJUJHOC G| prRERERERE MPUCYTCTBYET |NPUCYTCTEYET |NPUCYTCTBYET |NPWCYTCTEYET |NpUCYTCTEYET |NPMCYTCTEBYET  |NpuCyTCTBYET
7| sannnsnnas NPUCYTCTBYET |NpUCYTCTBYET  |npucCyTCTayer NPUCYTCTEYET | NPHCYTCTEYET
8
9

HERAERERELT

NPWCYTCTEYET  |MPUCYTCTEYET  |NpuCYTCTEYET  |npucyTcTEyeT MPUCYTCTBYET

10| #apaupsgns NPUCYTCTEBYET  |NPUCYTCTBYET [NPMCYTCTEYET |NpUCYTCTEYET |NpHUCYTCTBYET |npucyTCTEyeT
11 | ennuasnsng NPUCYTCTEYET  |NPMCYTCTBYET  |NPMCYTCTEYET |NpMCYTCTEYeT  |npucyTeTeyer
12| RRRERARRRE NpUCyTCTBYET |npucyTcTayeT |npucyTcTeyeT  |npucyTcTayer

13 | RaRssEEERE NPUCYTCTBYET npUCyTCTEYET
14 | supsnEEsag NPUCYTCTEYET
15 | BnpaRRtng NPUCYTCTEYET |NPUCYTCTEYET |NPUCYTCTEBYET |NPHMCYTCTEYET |mpucyTcTeyet NPUCYTCTEYET
16 | suRsrsssag NpUCYTCTEYET NPHCYTCTBYET NPHCYTCTEYET
17 | ReruarnRRR NPUCYTCTBYET |NPUCYTCTBYET |NPMCYTCTBYET |NpUCYTCTEBYET |npucyTCTEyeT npUCyTCTEYET

18| ReRERTARERR NpUCyTCTEYET |NPHCYTCTEYET |NPUCYTCTEYET
19| BaRssRERg NPUCYTCTEYET |NPUCYTCTBYET |NpUCYTCTBYET |NpuCyTCTEYST |npucyTcTayeT npUCYTCTEYET
20| snganEEEng NPUCYTCTEYET |NPWCYTCTBYET |NPMCYTCTBYST [NPUCYTCTEYST |NpHCYTCTEYET NPUCYTCTBYET
21| snRansegng NPUCYTCTEYET |NPUCYTCTEBYET |NPMCYTCTBYET |NPHUCYTCTEYET |NpHCYTCTEYET

22 | nenannaaRg

23 | RERERARHAR npucyTcTayeT

24 | BERERRERAR NDMCYTCTBVET INDUCYVTCTEVET INDMCYTCTEVET |NDMCYVTCTEVET |NDMCVTCTEVET

Puc. 8. DkpaH ¢ ycnmemHoii
OTMETKOIi NPUCYTCTBHUS

Puc. 9. (I)parmeHT JJECKTPOHHOI0 XypHaja nocemaeMoCcTu
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POHHUE JOTOJHEHHUS U TTOAAEPXKKA CKPUIITOB JIeJaloT
BO3MOXHBIM pacluupeHue 6a3oBoro GyHkIIMoHaga
B COOTBETCTBUMU C MOTPEOHOCTIMU CyOBEKTOB 00pa-
30BaTeJILHOTO Mpoliecca.

3akntouyeHue

HeobGxomuMoCTh KOHTPOJISI OCBOEHUSI 00yyaro-
LIMMUCS 00pa3oBaTeJbHON MPOrpaMMbl, BbIITOJHE-
HME UMM WHIVMBUIAYaJbHBIX IMJIaHOB, B TOM YHCJIE
U TIOCEIIIeHNEe YUeOHBIX 3aHATUMN, TPEAYCMOTPEHHBIX
yU4eOHBbIM TIJIAHOM, OIpeneasieT He0OOXOAMMOCTb CO
CTOPOHBI MpernoaaBaTesisl BeAeHUsl yueTa MoceleHui
YUYEOHBIX 3aHATUI 00yYalOILIMMMUCS.

IIpouecc yuera moceuniaeMOCTU OAHON TPYIMIIbI
WJIY TIOTOKA MPU UCIOJb30BAaHUM TTPOTrPaMMHON CH-
CTEeMBI yueTa MoCcelaeMOCT TpeOyeT MUHUMAaIbHBIX
BpPEMEHHBIX 3aTpaT, BKJIIOUasi BpeMs Ha 3aMycK BeO-
npujioxeHus u reHepauuo QR-koaa, noctynHoro aist
CKaHUPOBAaHU S 00yYaIOLIUMUCS.

CrienyeT OoTMETUTh, YTO HECMOTPSI Ha BO3MOX-
HOCTb Mepenayd U pacnpoCTpaHEHUS B DJIEKTPOH-
HoMm Bujae QR-koma yueOHOTo 3aHSATUS CPeaU CTY-
JNEeHTOB, ¢asibcuduKalMs JaHHBIX O NPUCYTCTBUU
Ha 3aHATHUAX MOXET OBITh TIPOBeIeHa U TIPHU IPYTUX
cnocobax yyera nocemaeMoctu. Hampumep, npu
MPOBEICHU M MOTOKOBOM JIEKIIMU B ayAUTOPUU OoJiee
60 JesioBeK, MEePEeKJIMYKA CO CTOPOHBI ITpeIoaaBaTe-
JIST MOKET COMPOBOXIATHCS OTKJIMKOM OTHOTO CTY-
JIeHTa Ha 4y Xyl (haMuano — haMUiInio OTCYyTCTBY-
oilero ctyaeHrta. Ilpouecc yuera noceuaeMocTu
MyTeM PYKOIMCHOU 3alMCKU B CIIMCKE MPUCYTCTBY-
IOLIMX TPYMIBI MOXET ObITh chanbcubUuIIMpOBaH 3a
CUeT M3MeHeHM s TouepKa. KypHaJbl MOCEIaeMO-
CTH, 3al0JHSIEMBbIE CTApOCTAMU, TAKXE MOTYT OBITh
WCHpaBJieHbl B MOJb3Y OTCYTCTBYIOIIUX CTYJE€HTOB.
Takum obOpa3om, MpMU yKazaHHBIX clloco0ax yyera
MOCeaeMOCTU JaHHbIE MOTYT OBITh HEIOCTOBEP-
Hbl, a UX NIPOBEpPKa C MOCAEAYIOUIUM 3aMOJHEHUEM
3JIEKTPOHHOTO XypHaJjia TpeOyeT AOMOJHUTEIbHO-
ro ayIUTOPHOTO BPEMEHU WUJHU JUYHOTO BpEeMEHU
npenonaBatesi. B To xe Bpems, UCIIOJIb30BaHUE
QR-K010B, HECMOTpPSI Ha BO3MOXHOCTbH (hajbCH-
bukanuu gJaHHBIX O MOCEAEMOCTU CO CTOPOHBI

HEKOTOPBIX CTYAEHTOB, MO3BOJISIET B HAMOOJbIIEH
CTEINEHU YCKOPUTbh W aBTOMAaTU3UPOBATh IMpOIECC
yyeTa MoCcelaeMoCTH.

JanpHeiilee pa3BUTUE IIPOrpaMMHOM CHUCTEMBbI
yyeTa MoceliaeMOCTH CBSI3aHO C pa3pabdOTKOU Kpoc-
cnjaatopMeHHOTO MOOMJILHOTO MPUJIOKEHM S, a TaK-
K€ MHTETrparell TaHHOTO MPOrpaMMHOTO KOMITIEKca
B €IMHY10 MH(POPMALIMOHHO-00pa30BaTeIbHYIO Cpeny
BYy3a.
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Nowadays, in accordance with the modular rating system adopted in universities, as well as due to the shift in
emphasis towards the independent work of students and the construction of individual educational trajectories,
the task of accounting for attendance at classes is being updated. The purpose of this paper is to develop the ar-
chitecture of a software system that allows you to automate the process of confirming the presence of students in
the classroom. Based on the analysis of modern works and the technical capabilities of current software solutions,
the method of scanning the unique QR code of each training session with the camera of the student’s mobile device
was chosen as the most optimal means of solving this problem. The paper presents the results of visual modeling of
the software system, as well as the structure of the system, which includes the teacher’s console in the form of a web
application in PHP and a mobile application for the iOS platform developed in Swift. The organization of data storage in
the MySQL DBMS, the structure of relations are described. The main algorithms for the operation of the main software
modules for scanning and generating a QR code are considered. Test examples of the operation of a web application
and a mobile application as the main components of the system are given. With a high degree of confidence, we can
assume that the presented system will be effective for solving attendance accounting problems.

Keywords: attendance records, electronic journal, QR code, precedent diagram, system architecture, mobile

application, web application, processing server, MySQL DBMS, Swift, PHP
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llepconanu3ayna y4ednoro nnaxa nocpecTeom
NPUMEHeHNA anropuTMoB 00y4eHNA ¢ NojjKpenneHnem

PaccmompeHo rfpumMeHeHuUe MapKo8CKOeO ripouecca ripuHamus peweHuE/ u peKomeHdameanb/x
azieopummos ons peweHus I7p06]'leMbI cocmaesrsieHus UH@USUOyaﬂbHOZO pacriucaHus y4eHukKa. I'Iepco-
Hanusayus UHOUGUOyaJ'IbHOZO yqe6Hoeo raHa cnoco6cm6yem rnoebiWeHUr Ka4ecmea o6pa3oeaHu,q,
rnomMoecaem ebicmpausamsa ripoepamMmy c y4emom ocobeHHocmell Kax0020 y4eHuka.

PaccmompeHHb/U asicopumm rio3eosidem ydumeieamb HaAKOINIEHHYO UCMOpPUK OUEHOK y4YeHUKOo8
3a I'IpOXO)KaeHue YPOKa KakKk 05151 8bISABNIEHUS MaKCcUuMaribHO Sd)d)eKmUSHbIX uerio4ekK ypoKoe, mak u ons

cocmasrsieHus UHOUGU@yaﬂbeIX Uuerio4ekK ypokKos.

Knroyeenie cnoea: obpasosgaHue, nepcoHanusayus, UCKyCCmMeeHHbIU UHMeIeKm, MauwuHHOe
oby4yeHue, pacnucaHue, y4ebHbil rnnaH, oby4yeHue ¢ nodKpenieHuUem

BBeneHune

B nocnennue necatuneTus B chepe oOpa3oBaHUs
MIPOSIBIISIETCS BCE OOJIbIlIee CTpEMIIEHNE K MHIWBUIYa-
Jm3auuu ooyueHus. [Ipobdremam MHIMBUAYAIN3alIUA
n guddepeHIManny npoiecca oOydyeHu s MOCBSIIEH
psn negarornvyeckux padot M. D. YuT, A. A. Kupca-
HoBa, I. @. Cysoposoii, C. JI. IlleBueHKO U Apyrux
aBTopoB [1]. Poccuiickas negarornyeckasi SHIMKJIIO-
neaust onpenensieT TepMUH "WHAMBUAYaTIU3ALUS
o0yueHUs1" KakK "opraHu3alusi yueOHOTO Mmpoiecca
C YYETOM MHAWBUAYATbHBIX OCOOCHHOCTEH yJalmx-
cs, KOTOopasl TT03BOJISIET CO31aTh ONITUMAIBHBIE YCII0-
BMSI JJISI peaju3aluy MOTeHIMadIbHbIX BO3BMOXHOCTEMI
Kaxaoro yyeHuka". UHauBuayanusanus o0ydeHus
OCYILECTBJISCTCS B YCIOBUSX KOJJIEKTUBHON yuyeO-
HO# paboTHl B paMKax OOIIMX 3a1a4d W COmepKaHUS
oOyueHud [2].

Takum obpa3oM, ¢ OJHON CTOPOHBI, UHAUBUIY-
anu3anus oOydyeHUs MpeArogaraeT MoaXod K Kax-
IOMY YUEHUKY C YUETOM €T0 OCOOEHHOCTEI B IIENISIX
noBbilIeHUs 3P dekTuBHOCTU 00ydyeHus1. C apyroi
CTOPOHBI, MpenIoJaraloTcs HeKUe paMKu OOLIUX
3aja4 U colepxkaHus oOyuyeHus. B ciyuyae obOiero
00pa30BaHUSI TAKUMH paMKaMMU SIBIISTIOTCsT Denepaib-
Hble TOCYAapCTBEHHbIE 00pa3oBaTebHbIC CTAHAAPTHI
(®roc) [3-3].

Korpa npouecc o0yyeHUs MPOUCXOAUT OAUH Ha
OIMH C TIeJAaroroM (YacTHBIC YUYUTEN S, PETICTUTOPHI,

ThIOTOPbI), UHAUBUYAJIU3alUs O0OyUEHU ST HE COCTaB-
JISIET TEXHUUYECKUX CIOKHOCTel. Pe3ynbrar u apdex-
TUBHOCTb OOYUYEHMU S ONpeneasiioTcs KBaaudukanuei
negarora. OH caM ompeneisieT mapaMeTpbl oOyue-
HUS — Y4YeOHBIN TJIAaH YYeHUKA, TEMIT IPOXOXICHU S
MaTtepuaia, MopsiioK U3JIOKEHUS TEM.

B ciayyae rpynmnoBbIX 3aHSITUM, B TOM YUCJIE
B KJlaccaX OOBIYHOW OYHON IIKOJBI, BOBHUKAET
npobysemMa ¢ uHAUBUAYaIu3anuen. HeBo3mMoxxHO
nmoaoOpaTh Takue MmapamMeTpbl 00yUeHUs, KOTOpPbIE
Obl YUYUTHIBAJIU BCE MHAUBUIYaAJIbHbIE OCOOEHHO-
CTU KaXxJoro yueHuka. B aToM ciayuae yale BCero
WHAWBUAYaJIbHOE O0yUYeHHUe coueTaeTcs ¢ audde-
peHLMpoBaHHBIM o0yuyeHueM [1]. To ecTh yyeHUKHU
00bENMHSIOTCS B TPYNMbl U IJsI 3TUX TPYII MOMI-
OupaeTcsl CBOM yUyeOHBIN MJaH, KOTOPbIMA MO BO3-
MOXHOCTH MaKCMMaJbHO YYUTBhIBaeT 0OCOOEHHOCTU
YUYEHUKOB JaHHOU T'PYIIIIbI.

B onnaiiH-o06pa3oBaHuM, KOTOA YyUeHUKaM IIPeao-
CTaBJIsSIETCSI HAOOp MaTepHaJIoB [Jis1 0Oy4YeHUsI (BUIEO-
MaTepuasbl, KOHCIEKThl, TECTbl U IP.), CYLLIECTBYET
BO3MOXHOCTb JJISI MHAUBUAYaIU3al OOyUeHUS.
HecmoTpst Ha TO 4TO HAOOp MaTepuaaoB OrpaHUYEH,
MOXHO PEryjJupoBaTh yYeOHBIN IMJaH yYyeHUKa cle-
IYIOIIMMHU CIIOCODaMU:

e J00aBASITh WM YyOUpPATh HEKOTOpPbIE TEMbI U3
y4eOHOro MJjaHa;

e U3MEHSTh KOJMYECTBO MAaTEPUAJIOB MO TaHHOU
TeMe (HanmpuMep, J1E€MOHCTPUPOBATh TOJbKO HEKO-
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TOpble BUJAEOMaTepuaabl UJIM AAaBaTh COKPAILEHHbIA
Habop TeCTOB);

e M3MEHSTDb MOPSAIOK M3YUCHUS TEM.

C yyeToMm 4ucia obyyaroluxcs COCTaBJIeHUE Ta-
KHMX yYeOHBIX MJIAHOB JJIS1 KaXI0r0 yYeHUKAa BPYUHYIO
MoTpedyeT OOJIBIIOro KOJIMYEeCTBa pecypcoB. B cBszu
C BTUM BO3HMKAaeT HEOOXOAMMOCTbh pa3pabOTKHU a-
ropuTMa, KOTOPbIi Ha OCHOBE HEKOTOPBIX TaHHBIX
0 KaXJOM yuyeHUKe MOr Obl COCTaBUTh UHIMBUIY-
aJIbHBIN TJIaH 00y4YeHU .

Llenp Hamero ucciaenoBaHUsI — pa3paboTKa aj-
ropuTMa, KOTOPbIA MOXET COCTABJSATb UHAUBUIY-
aJIbHBIM YUYEOHBIN IMJaH WU MporpamMmmy oOydeHUs
aBTOMAaTMYEeCKU, 0€3 MPUBJICUCHUST JOTIOJTHUTEIbHBIX
YeJIOBEUECKUX PECYpPCOB.

Heob6xonumo, 4ToObl aJITOPUTM YMEJT YUYUTHIBATh
HaAKOIJIEHHYI0 UCTOPUIO OLIEHOK YYEHUKOB U METOIU-
yeckue pekomeHaauuu. Mctopust yueHUKOB JOJIKHA
YUYUTBIBATHCS MPH aBTOMATUYECKOI NIepcoOHaN3aluu
Hapsily C TOMOJHUTEIbHBIMU YCIOBUSIMU WUJIU OTpa-
HUYEeHHUSIMU, HaripuMep, Takumu kak ®rOC.

B pamkax maHHOU pa®oOTbl MHAMBUIYaIU3ALUIO
y4eOHOro IiaHa OyJaeM CBSI3bIBaTh TOJBKO C M3MEHE-
HHUEM TopsiKa U3yYEeHUs YPOKOB, a TaKXKe C BKJIIO-
YEeHUEM MJIU UCKIIOUEHUEM HEKOTOPBIX TeM U3 IPo-
rpaMMbl 0Oy4YeHUS. AJITOPUTM HE OYIeT yYMThIBATh
W3MEeHeHHe o0beMa MaTepuajoB B paMKaX OJHOIO
ypoKa.

0O630p paboT No TemaTuke

B HacTOs11IMII MOMEHT MepcoHanu3alus y4eOHoro
MJjaHa He OYeHb IJIYOOKO MCClieloBaHa, XOTS U Mpei-
MPUHUMAJIUCh HEKOTOPBIE MOMBITKM 3TO CleaTh.

Bo mHorux paborax mccienyeTcss mpobjemMa co-
CTaBJICHU S ONITUMAaJbHOIO paclMCcCaHusl AJsl yYEOHbIX
3aBeneHuit [6—11]. B paccMoTpeHHBIX paboTax ONTH-
MU3alusl yYUThIBAET 00JIblle PECYPChl yUeOHOTO 3aBe-
JeHUs (4Mclio mpernoaaBaTesieil, HaJlruuue ayauTOpUid
U T. I.), @ HE YCIIeBA€MOCTb YUEHUKOB.

B HekoTophIX paboTax BCe K€ YUYUTHIBAIOTCS BO3-
MOXHOCTU CTYIeHTOB [12, 13], HO He menaeTcsl nep-
COHaJIbHBI YUeOHbIN TJ1aH.

B pabote [14] moapo6GHO paccka3aHO O HEOOXOmU-
MOCTM y4YacTU$ aJrOPUTMOB MAIIMHHOTO OOy4YeHU S
U UCKYCCTBEHHOTrO MHTEJJIEKTa B y4eOHOM Ipolecce.
HokazaHo, 4TO C TeMIIaM1 COBPEMEHHOT0 MUpPa HYX-
HO He MPOCTO aBTOMAaTU3UPOBATh PyTUHHYIO paboTy,
HO M JieJlaTh 3TO € MOMOLIbIO 00Jiee MPOrpeCcCUBHbBIX
uHCTpyMeHTOB. OnHako B pabote [14] He maHO HU-

KaKHUX KOHKPETHBIX MPUMEpPOB peaau3alliu ajro-
PUTMOB.

B cratbe [15] maH MeToa, MOXOXKM HA TOT, YTO OyaeT
paccMOTpeH B HacTosiiei padore. Ho CTOUT 3aMETUTD,
YTO XOTb aBTOPHI pabOTHI [15] U mpeanaraloT UCHOJIb-
30BaTh OOyYEHUE C MOAKPEIJIEHUEM JJIs COCTaBJICHUS
WHIWBUIYAJbHOTO PACIUCAHUSI, OHM HE MPUMEHSIOT
JIAaHHbIU MOAXO/ Ha peabHbIX JTaHHBIX. OHU JIUILb TTPO-
BeJIM CUMYJISLMIO Ha 20 BHIMBIIJIEHHBIX YYEHUKAX CO
CJIy4yailHO creHepupOBaHHBIMM MapaMeTpaMHM.

B Hactosieit pabote paccMaTpuBaeTCs IIpUMe-
HeHue oOyuyeHM s ¢ MOoAKpeIJeHueM Ha peasibHbIX
JaHHBIX peaJibHbIX YUEHUKOB, MPOXOASIINX 00yue-
HUeE Ha T1aT¢hopMe IIKOIBHOIO OHJIaiiH-00pa3oBaHU s
HNuTepueTYpox [16].

OcHOoBHas YacTb uccnepoBaHuA

Jast MmogenupoBaHUS ObLIO YCJIOBJIEHO, YTO IIPO-
lecc obyueHus (IocaeaoBaTeIbHOTO MPOXOXIAEHU S
YPOKOB) — 3TO MapKOBCKUI MPOLECC MPUHSITUS pe-
meHus [17]. Ilpumep MapKOBCKOI0O mpoliecca Ipem-
CTaBJIeH Ha PUCYHKE.

Hns onucaHusg MapKOBCKOTO Tpoliecca HYXXHO
OIpeAeIUTh CleAYIoLIMe MHOXECTBA:

e S — MHOXECTBO COCTOSIHUIA;

e A — MHOXECTBO JAEICTBUIA;

e R — MHOXeCTBO BO3HarpaxaeHui.

ITyctb umeeTcst N ypokoB, TOra IpuHUMAEM, YTO
MHOXECTBO YPOKOB — 3TO U €CTh MHOXECTBO CO-
CTOSIHUI .

JIio6oe neiicTBUE — 3TO pellleHUe, KaKoi ypoK
MPONTHU CIEAYIOIIUM. DTO U COCTaBJSIET MHOXECTBO
JIercTBU A.

IMonyuaem, yTo pazaMep MHOXECTB S 1 A COBITafaeT
1 paBeH YHMCJY YPOKOB B OMOJMOTEKe MIaT(OPMBbl
HNuTtepHeTYpox [16].

BosHarpaxkneHus B HallleM ciy4yae — OLIEHKHU OT
2 10 5, HOpMAJIM30BaHHbIE OTHOCUTEJIBHO CpemHeit
OLIEHKU TI0 KJIaCcCy U MpeAMETY C MOMOIIbIO (hOPMYJIbIL:

Reward _norm =
= (Reward i — Reward mean)/Reward_std,

rne Reward [ — TeKkyllasi olleHKa y YYEHUKA;
Reward _mean — cpemHSs OlLIeHKa IO KJaccy
U TIPEIMETY YUEHUKa;
Reward _std — cpenHee KBaapaTU4eCKOe OTKJIOHE-
HHeE OIIEHOK IT0 KJIacCy M MpeaMeTy yUeHHUKa.
INomyyaeM MHOXeCTBO BO3HarpaxiaeHuii R, pac-
CYMTAHHOE MO (POPMYyJie BHIIIIE.
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IIpumep KIACCHYECKOrO MAPKOBCKOTO MPOLECCA MPHHATHS PEHICHUS:

S — cocTosTHUS; a — IeCTBUS

[MpuBemem mpumMep mpoliecca 00yYeHH T YICHHKA.

e Pemmn nepeiitu K ypoky Ne 194,

o IlIpomen ypox Ne 194.

o [loxyuymn 3a 3TOT YpOK OILIEHKY 5.

e Pemun nepelitu K ypoky Ne 279.

o Ilpomen ypok Ne 279.

e [lomyuwmi 3a 3TOT ypOK OLICHKY 4.

e Pemmn mepeiiTit K ypoky Ne 1736.

o Ilpomren ypok Ne 1736.

e Ilomyuwus 3a 3TOT yPOK OLIEHKY 3.

o Peunn nepeititu K ypoky Ne 8362.

o Ilpomren ypok Ne 8362.

o [lomyuynit 3a 3TOT YPOK OLIEHKY 2.

®opMaIbHO Ha SI3bIKE MapKOBCKOI'O IIpollecca
MPUHSITUS PELICHU 3TO MOXHO OMKCATh TaK:

A 194, S 194, R=5 >>
>> A4 279, 8 279, R= 4 >>
>> 4 1736, S_1736, R=5 >>

>> A 8362, S 8362, R=2

Texuunuyecku Ha miatgopme MHTepHETYpPOK BO3-
MOXKHO ITPOUTH YPOK 3aHOBO MUJIU NPOMTHU HECKOJIBKO
ypPOKOB 110 Kpyry. Ho HakomnjieHHbIe TaHHbIE C OLIEH-
KaMU COIEPXAaT TOJIbKO JaTy MOCIEAHETO MPOXOXKIE-
HUg ypoka. [ToaToMy g ynpoueHus cuuTaem, 4To
B MOJIEJIM TIOBTOPHI YPOKOB HE YUUTBIBAETCS.

MmMeerca MaccuB UCTOPUYECKMX TAaHHBIX O TTOBE-
JIGHUU BCEX YUYEHUKOB (MIPOXOXIAEHHUE YPOKOB U MO-
JlydeHue OlLeHOK). M3 aTux maHHBIX ¢opMuUpyeM
Q-tabnuuy Qfs, a] [18].

B Ttabaune Q[s i, a_j] xpaHUTCS ONTUMAaJIbHOE
BO3HarpaxiaeHue, €CJIW B COCTOSTHUU S_I BBITTOJTHUTH
nerictBue a_j. To ecThb mocje ypoka HOMEp i BBIIIOJI-
HUTb YPOK HOMED J.

ITpu npoxoXaeHWU MO MacCUBY UCTOPUYECKUX
JaHHBIX C KaXJ0il CTpoukoil (-Tabiiniia MeHsETCs
ClIeNyIOIIUM 00pa3oM:

0 new|s’, a'] = Qls', a'] +
+ LF(r + DF* max(Q, s) — Q|[s’, a'])

rae LF — dakTop 00yueHusI; YeM OH BhILIE, TEM CUIb-
Hee areHT [18] moBepsieT HOBOM MH(pOPMALIUU;
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DF — ¢axkTop IMCKOHTUPOBAHUS, YeM OH MEHb-
1lIe, TEM MEHbIIE areHT 3aJAyMbIBAeTCs O BBHITOAE OT
OyadylIMX CBOMX NEUCTBUI;

r — HOPMUpPOBaHHAs OILIEHKA 3a YPOK;

max(Q, s) — MakKCUMaJIbHOE yXe CYIIEeCTBYIoIlee
B Q-Tabiuie Bo3HarpaxiaeHWe, BO3MOXHOE Iocie
rnepexoaa K BBIOpaHHOMY YPOKY.

IMocae HECKOTBKUX UTEPALINA TTPOXOXKICHMS M-
KJIOM TI0 MacCCHBY MCTOPHUUYECKUX TaHHBIX MOJIydaeM
TaOJIUIY C ONTUMAJbHBIMU MYTSIMU MPOXOXKICHU S
ypoKoB. MHTepIpeTUpoBaTh €€ HYXKHO CIEAYIOIINM
o0pa3oM.

Tekyliiuit war: s_current.

Bribupaem B Tabauue Q[s, a]l ¢ s = s_current, B
MOJIYyYEHHOM CTPOKe BbIOMpaeM MaKCUMaJbHOE 3Ha-
YeHUe U IPUHUMAaeM COOTBETCTBYIOIIee ACHCTBHE d.

TakuM 06pa3oM IJIsI KasKI0TO YpOKa MOXKHO TTOTY-
YUTh ONTUMAJBHBIN (C TOUKY 3pEHUST MAaKCUMU3ALIUU
OLIEHKHU) CIEAYIOUIMIA 11IaT.

B crnenyromeM pasmenie IJS IMOJTYYEHHOU
Q-tabmuusl Qfs, a] OyaemM ucnoiab30BaTh IpyTrue WH-
nexkcel Q[lesson_current, lesson _next]. Cama Tabnuia
U ee colepKaHUe OCTal0TCI HEM3MEHHBIMU. DTa Tab-
JINIA COAEPKUT MHGPOPMAIIUIO O TOM, KaKOi ypoK
(lesson_next) U3y4uTh AaJibliie MOCJE MPOXOXKACHUS
TeKyllero ypoka (lesson_current).

PacueTt pekomeHgaumm

B opurnuanbsHoOil Mogenu Q-oO0ydeHUS BBIOOP
NAJbHEUIIETO NEWCTBUS HOCUT BEPOSITHOCTHBIM
XapakTep. B Halleil ke amanTUpOBaHHOKW BepCUM
BbIOOD AEMCTBUS HOCUT peKOMEHAAaTeNbHbIN Xa-
pakTep. AJTOPUTM He reHepupyeT oOpa3oBaTelib-
HBIM MapIIpyT MOJIHOCTHIO, HO IIOMOTraeM YYeHUKaM
CIIPABJISITHCS C JIOKAJbHBIMU TPYAHOCTSIMU B 00-
YUYECHUU.

O1eHKHY MO BCEM MOJIb30BaTEIsSIM TaKKe HOpMau-
3yIOTCSI IO CPEeIHEN OLIEHKE MO KJIACCY U IPEAMETY.

PekoMeHmalyy pacCUnThIBAIOTCS UHANBUIYaIbHO
Mo Kaxjaomy noJjb3oBatento. s atoro popmMupyem
JBAa CITMCKA MOJYYEHHBIX OLCHOK:

e XOpOlIME OLICHKM (HOpMaJIM30BaHHAs OLIEHKa
0oJIbllIe HYJIS);

e TIIJIOXHE OLIEHKM (HOpMaJM30BaHHasl OlieHKa
MEHBbILEe HYJIS).

B kaxgom cmucke ocTaBJisseM MOCJAE€IHUE MSATh
MIPOCMOTPEHHBIX YPOKOB.

PexomeHpaluu ajs najabHelero usyyeHus gop-
MUPYIOTCS IO TIPUBEICHHOMY JaJICE€ aJITOPUTMY.

IIar 1. ®opMupoBaHUe CIKUCKA MSITH ITOCICTHUX
XOPOIIMX OLEHOK.

Ilar 2. U3 Qllesson_current, lesson _next] BbIOOD
IISITU BEKTOPOB C lesson_current N3 TPEIBIAYIIETO
1Iara.

ITar 3. CymmupoBaHue BHIOpAaHHBIX 3HAYCHUN
IUTST KaXKI0TO ypoKa.

IIIar 4. CopTrpoBKa CIKUCKa 110 YOBIBAHUIO TTOJTY-
YEHHBIX CKOPOB.

IIar 5. 3anuch NepBbIX TPEX YPOKOB U3 ITOTO
CIIMCKA B pEKOMEH AU M.

Pexomengauuu st IOBTOpeHUST (hOPMUPYIOTCS
COTJIACHO TIPUBEICHHOMY HUXE aJTOPUTMY.

Iar 1. ®opMuUpoBaHUe CIIMCKA MATH TOCICTHUX
TUIOXMX OLIEHOK.

Idar 2. U3 Qllesson_current, lesson_next] BEIOOD
IISITU BEKTOPOB C lesson_next N3 TIPeIBIAYIIETO 1ara.

IIar 3. CymmupoBaHue BHIOpAaHHBIX 3HAYEHUN
IUTST KaXKI0TO ypoKa.

IIIar 4. CopTrpoBKa CIKUCKA 10 YOBIBAHUIO TTOJTY-
YEHHBIX CKOPOB.

Iar 5. 3anuck MepBbIX TPEX YPOKOB U3 3TOTO CITU-
CKa B peKOMEHIAllUH.

3akntovyeHune

PazpaboraH ajaropuTM, KOTOpPbIA MaeT BO3MOXK-
HOCTh MPOBOAUTH MEePCOHATM3AIMNI0 YICOHOM MPO-
rpamMMbl JJI0OOMY YUEHUKY ¢ HaKOMJEHHON ucTopueit
olieHOK. Takoil monxoa He TpedyeT pecypcoB MeTo-
JUCTOB JIJISI pyYHOrO COCTaBJICHU S MJIaHOB, TO3TOMY
JIaHHas oOpa3oBaTebHas YCIyTra CTAHOBUTCS JOCTYII-
HOM JJIs1 IMAPOKOTO KPyTa YICHUKOB.

Takxe anroput™Mm o0jlagaeT OOJBIION TMOKOCTHIO
1 CKOPOCThIO TiepecueTa peKkoMeHaanuin. MHausumy-
aJbHOE pacIrMcaHue MOXHO TepecMaTpuBaTh IMOCIe
MOYYCHU S J1I000 HOBOI OLIEHKM.

B HacTosiiee Bpemst mpoBoasITCS paboOThI IO MPO-
BepKe KayecTBa JaHHOTo ajaropurtma. s aToro Ha
niaatgopmy MHTEepHETYpPOK BCTpauBaeTcs OJIOK pe-
koMeHaauuii. ITocie ero 3amycka OyaeT pOBOAUTHLCS
A/B-TectupoBaHue Ais onpeaeaeHus 3hOEeKTUBHO-
CTH aJropuTMma.

HavanpHble McCIemOBaHU S MHAMBUIYAJIbHBIX 11€-
MoyeK YPOKOB Jlajiu MOJe3HYI0 MHGpOpPMaAIUIO O CO-
CTaBJICHUU pACIIMCAHUSI, 3aBUCMMOCTH YCIIEBAEMOCTH
OT TOCJIeNOBaTEIbHOCTU YPOKOB.

IIpuBeneHHBIN B CTaTbe aJrOPUTM MOXET HAUTU
MpUMeHeHre KaK B OMOIMOTeKe YPOKOB IIaT(hOPMbl
HMHuTepHeTYpoK, rae ceityac HeT PUKCUPOBAHHOTO
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yuyeOHoro 1JjaHa, Tak u B JlomairHeit IlIkone [19] Ha
3TOi ke miaatdopMe, Iae oOydeHUue MOCTPOCHO IO
pacnucaHMuIo.
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Individual curriculum Personalization contributes to improving the education quality. It takes into account the indi-
vidual issues of each student and changes the program accordingly. This article discusses the application of recom-
mender algorithms and Markov decision-making process to the problem of making an individual student’s schedule.
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The algorithm is based on the collected historical data of assessments both to identify the most effective lesson
chains among all students, and to combine individual lesson chains.

Keywords: education, personalization, artificial intelligence, machine learning, curriculum, schedule, reinforce-

ment learning

For citation:

Ermilov E. E., Postnyi A. V. Curriculum Personalization through the Application of Reinforcement Learning
Algorithms, Programmnaya Ingeneria, 2022, vol. 13, no. 7, pp. 354—359.

DOI: 10.17587/prin.13.354-359

References

1. Yurlovskaya I. A. Individualization of learning as one of the
trends in modern education, Vector of science TSU. Series: Pedagogy,
psychology, 2013, no. 3, pp. 292—294 (in Russian).

2. Russian Pedagogical Encyclopedia. Moscow, Great Russian
Encyclopedia / Ed. V. G. Panova, 1993, vol. 1 (in Russian).

3. Order of the Ministry of Education of the Russian Federa-
tion No. 286 dated May 31, 2021: On the approval of the federal state
educational standard of primary general education, available at: http://
publication.pravo.gov.ru/Document/View/0001202107050028 (in Russian).

4. Order of the Ministry of Education of the Russian Federation N
287 dated May 31, 2021: On the approval of the federal state educational
standard of primary general education, available at: http://publication.
pravo.gov.ru/Document/View/0001202107050027 (in Russian).

5. Order of the Ministry of Education and Science of the Rus-
sian Federation N 413 dated May 17, 2012: On the approval of
the federal state educational standard of secondary general edu-
cation, available at: https://docs.edu.gov.ru/document/bfOceab-
dc94110049a583890956abbfa/ (in Russian).

6. Yakovleva M. S., Vaitekunene E. L. Automation of the pro-
cess of scheduling training sessions, Reshetnev readings, 2016, vol. 2,
pp. 176—178 (in Russian).

7. Khasukhadzhiev A. S.-A., Sibikina I. V. A generalized algo-
rithm for scheduling at a university taking into account the new re-
quirements of federal state educational standards, Bulletin of ASTU.
Series: Management, Computer Engineering and Informatics, 2016,
no. 3, pp. 78—86 (in Russian).

8. Galavanova Y. I. Review of modern methods in automation
of scheduling in organizations of general education, Achievements
of science and education. 2018, no. 3 (25), pp. 15—17 (in Russian).

9. Aytug H., Bhattacharyya S., Koehler G., Snowdon J. A Re-
view of Machine Learning in Scheduling, Engineering Manage-
ment, IEEE Transactions on, 1994, vol. 41, is. 2, pp. 165—171, DOI:
10.1109/17.293383.

10. Nanda A., Pai M., Gole A. An Algorithm to Automati-
cally Generate Schedule for School Lectures Using a Heuristic Ap-
proach, International Journal of Machine Learning and Computing,
2012, vol. 2, no 4, pp. 492-495, DOI: 10.7763/1JMLC.2012.V2.174.

11. Lovelace A. L. On the complexity of scheduling university
courses. Thesis Presented to the Faculty of California Polytechnic
State University, San Luis Obispo In Partial Fulfillment of the Re-
quirements for the Degree Master of Science in Computer Science,
available at: https://digitalcommons.calpoly.edu/cgi/viewcontent.cg
i?referer=&httpsredir=1&article=1255&context=theses

12. Veryovkin V. 1., Ismagilova O. M., Atavin T. A. Automated
scheduling of university classes, taking into account the difficul-
ties of disciplines and fatigue of students, Doklady TUSUR, 2009,
no. 1 (19), part 1, pp. 221—225 (in Russian).

13. Mastyaev F. A. Automation of the formation of training
programs and control of their execution in the system of higher
professional education, Applied Informatics, 2006, no. 6, avail-
able at: http://www.appliedinformatics.ru/r/articles/article/index.
php?article_id 4=766 (in Russian).

14. Personalized Learning, available at: https://www.valamis.
com/hub/personalized-learning

15. Shawky D., Badawi A. A Reinforcement Learning-Based
Adaptive Learning System, The International Conference on Advanced
Machine Learning Technologies and Applications (AMLTA2018).
AMLTA 2018. Advances in Intelligent Systems and Computing, Spring-
er, Cham., 2018, vol. 723, pp. 221—231, DOI: 10.1007/978-3-319-
74690-6_22.

16. InternetUrok educational platform Library, available at:
https://interneturok.ru/

17. Bellman R. A Markovian Decision Process, Journal of
Mathematics and Mechanics, 1957, vol. 6, is. 5, pp. 679—684.

18. Watkins C., Dayan P. Q-learning, Machine Learning, 1992,
vol. 8, is. 3—4, pp. 279—292, DOI: 10.1007/BF00992698.

19. InternetUrok educational platform Home school, available
at: https://home-school.interneturok.ru/

"MporpammHas uHxeHepusa" Tom 13, Ne 7, 2022

359




UHO®OPMALUA
XVI MexnaynaponHas KoHgepeHIis HHXKEHEPHUH NPOrpaMMHOr0 obecrnedyeHus
"Software Engineering Conference" (SECR)

17—18 maprta 2023 r., MockBa, oteiab «Holiday Inn CokoabHuKH»

SECR — ogHo u3 crapeitiiux u aBTopuTeTHbIX U T-cOOBITUI, MOCBALLIEHHBIX MHAYCTpuUHU pazpadotku I10.

YHUKaIbHOCTh KOH(PepeHIIMM — B mMpokoM oxBate TeM. SECR mpencrapiaser paspes Bceit UT-ungyctpun u
MPEIMOOHOCHUT €ro yuyacTHuKaM B Bune 100+ pa3aTMYHBIX TOKJIaZOB, MacTep-KJIacCcoB, TMCKyccuil 3a nBa gHs. Co-
BpeMEHHBbIE TTOAXObI, TPEHAbI, MPOTHO3bI, 3KcniepTHBIe MHeHUS — Bce 3To SECR. KoHdpepeHuus nnrepecHa 6e3
MCKIIOYEHUS BCEM, KTO BOBJIeUeH B pa3paboTky I10.

TeMaTuKH TOKJIAT0B

[IpyHUMAaIOTCS MOKJIAaBl Ha TeMBI, OTHOCsIIMecs K pa3padoTke I[10. BoT HekoTopbie 13 HUX.

e Programming Technologies and Tools e Security; Continuous Adaptive Risk and Trust

e DevOps e VR, AR, Immersive Experience

o Al Intelligent Apps and Analytics; Intelligent Things o Software Quality Assurance

e IoT; Digital Twins o System and Business Analysis and Requirements

o Data Science; Big Data Engineering

e Blockchain; Event-Driven e Project and Product Management (Classical & Agile)

e Cloud; Cloud to the Edge o Knowledge Management

o High-Loaded Systems e Software Architecture

e Embedded Systems; Hardware and Low-level e Continuous Professional Development: From Classical
Programming to Corporate University

e Open Source Technologies & Community e Business and Entrepreneurship

e Voice Interfaces; Natural Languages Text Processing; e Human-Computer Interaction; User Experience,
Conversational Platforms Usability

Ecau B crivcke HeT Balei TEMBbI, HO OHa OTHOCHUTCA K pa3pa60TKe I10 1 MoxeT ObITh MHTEPECHA ayAUTOpUM,
npe/:[naraﬁTe JOKJaa Ha paCCMOTPEHUE ITPOrpaMMHBIM KOMUTETOM.

Tunsl 10KJIa710B
Cexuuonnvie 00Kkaa0ol

OHU COCTaBASIOT OOJBIIMHCTBO JOKJIAJ0B Ha KOH(pepeHI M. CeKIIMOHHBIE JOKJIaAbl OTOMPAIOTCS dKCIIepTaMu
I[IporpaMMHOro KOMMUTETa Ha KOHKYPCHOI OCHOBe. JIJIs KaxI0ro yCTHOro AOKJjada B IporpaMMme KOH(GepeHLIUun
oynet oTBeAaeHbl 40 MuH (Mau 1,5 4 — aBa ciaora 40 muH + 40 MuH). DTO BpeMsl BKJII0YAaeT KaK HEMOCPEICTBEHHO
BBICTYIIJICHIE aBTOpa(0OB) MOKJIana, TaK M OTBETHl Ha BOIIPOCH! ayIUTOPHUM.

bauuy-ooxaadwt

Kopotkue (15—20 MUHYT) BBICTYIUIEHUST Ha TEMY, CBSI3aHHYIO C TeMaTUKOW KOH(pepeHIINN WU OJU3KYIO eil.
Macmep-kaaccol

[MpakTryeckune oOyuarIre BHICTYIIICHUS MTPOIOIKUTEIbHOCTHIO 1,53 u.

Kpyzavte cmoast

OOcyXIeHNe SKCIEPTHBIM COCTAaBOM BBEIOPAHHOI TeMAaTUKM ¢ MoAepaluel (IIuTeIbHOCTh 00 1,5 1). CBou 1o-

SUIIUU BbICKA3bIBAIOT CTOPOHHUKHU U IPOTUBHUKM.

IMonpo6HocTH: https://secrus.ru

000 "Uznareascto "Hosble Texnoaoruu”. 107076, MockBa, yi1. Matpocckas TuimHa, 1. 23, ctp. 2
Texanueckuii penaktop E. M. Ilampywesa. Koppexktop A. B. Yyeynosa.

Cnano B Ha6op 16.06.2022 r. [Moanucano B meyatsh 21.07.2022 1. ®opmart 60%88 1/8. 3akas P1721
Lena cBob6onHasi.

Opurunan-maker OOO "AnBaHcen conowH3". OrnevyaraHo B OO0 "AnBaHce] COMIOUIHE".
119071, r. MockBa, Jlenunckwuii nip-T, a. 19, ctp. 1. CaiiT: www.aov.ru
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Call for Papers

Federal Research Center “Computer Science and Control” of the RAS, Ivannikov
Institute for System Programming of the RAS, Lomonosov Moscow State University,
St. Petersburg Electrotechnical University “LETI”, and Bauman Moscow State
Technical University invite you to participate in the 15th International Conference
«Intelligent Systems — 2022» (INTELS’22), that will take place in Moscow, Russia,
December 14-16, 2022.

INTELS’22 will focus on areas of intelligent systems and artificial intelligence and
their application to sustainable development. INTELS’22 provides a leading
international forum that brings together science and industry from diverse fields with the
purpose of exploring the fundamentals, technologies, achievements and impact
of Artificial Intelligence.

Venue:
Russian Academy of Sciences
32A, Leninskiy prospect, Moscow, Russia

Format: Hybrid (follow the current information on conference site www.intels-conf.ru)
Topics of interest include but not limited to

Adaptive Security Architecture for
intelligent systems
Autonomous Agents and Things

Theoretical foundation of intelligent
systems
Logic inference and many-valued logic

Intelligent and Al-based control Big Data Analysis
Optimal control Data mining: WEB mining, image
Optimization mining

Deep Learning

Design and implementation of
interdisciplinary systems for computer
mathematics

Computer algebra and symbolic
computation in theorem proving
systems

Knowledge representation and
automated reasoning

Decision support systems
Multi-agent systems

Swarm intelligence in robotics
Intelligent systems in robotics

Artificial neural networks

Fuzzy systems

Machine Learning

Symbolic regression and genetic
programming

Patterns recognition
Evolutionary computations
Bionic systems

Cognitive systems
Brain-machine interface systems
Identification of dynamical plants
Intelligent aerocosmic systems Intelligent
systems in bioinformatics

Proceedings of INTELS’22 will be published in Procedia Computer Science
(Elsevier, ISSN: 1877-0509), indexed in SCOPUS, Web of Science, INSPEC,
Conference Proceedings Citation Index

Important dates:
Submission of Full Papers:
Notification of Acceptance:
Submission of Final Manuscripts:
Registration Date:
Conference:

June 30, 2022
October 1, 2022
October 15, 2022
October 15, 2022
December 14-16, 2022
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