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Uwnbuwfununygyuu phdwt hwuwnwnyt) b <wjwunwuh wgquiht ynhwnbuuhlulwu
hwdwjuwpwunud:

SYhunwlwu nbhwdwp' n.g.p. Sunpg hqwup Uwpgqupny
Muwpunnuwlywu n.g.n. Ugnun Sunpgh <wpnipniuywi
punnhiwfunuubp’ n.g.p. Ywnbu L<pwhwunnh Lhynnnujwu
Unwowwnwp <L GUU hudnpdwnhlwih b wdnndwwnwgdwu
Ywgdwybpwnipniu' wpnpadubph huuwnhwnun

Muwonwwunyeniup Yuwjwuwine £ 2026p. hnlubdptiph 16-hu, ¢.14%°-hu KUNL-nwd gnpdnn
«“wnwlwpdwu b wjunndwnwgdwu» 032 dwuuwghunwlwu funphpnh thunnw (hwugbu'
0009, bplwu, Stpwu th., 105, 17 dwutwybup):

Uwnbuwfununyguup Yunbih £ dwunpwuw) KUNL-h gpunwpwuntd:
Utindwghpu wnwpyws £ 2026p. utiwwunbdpbph 14-hu:
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Whwwnwuph  wpnhwlywunpyniup:  Pwpépwgnyt  Yppenipjwtu dwdwuwlwyhg
hwdwlwpgp RUwynfubp £ funpp unmigywdpwiht thnfuwlbpwnwiubph ting,  hugp
wwjdwuwynpdws b wbluuninghwubiph wpwgpupwg qupgqugdwdp, wfuwnwntywih
wwhwuoutiph  nhuwdhy thnthnfungyniuutpn b unp whwh  dwutwgbinubph
wwwnpwundwt wuhpwdbonnipjwdp:

Wu wwydwuubpnd nwuntwlwt wwup nwnwpnd £ hubp unwwnhy qupswlwu
thwuwnwpenine U ytpwdynd £ nhuwdhy gnpdhph, nptu wpwwgninud £ gnpdwwnniubiph,
nwwunnubph, opowuwdwpunubph L wpndbunpunwuwpunuwywu  Ywqdh  wpnh
wwhwugubpp:

Uwlwju nunwitwywu wwuubiph dbwynpdwu punniudwsd ypwynhlwu hsudnd £
thnpdwghwnwlwu nuwnnngniuubph b dbwynpwd  wdwunnypubph Jpw' ns b
Pnpdwugywsd dbpnnubiph nu wignphpdutiph: Wu dninbignuip hwugbkgunid £ dh wpp
thnfulwwywygywd hwdwwpquiht futnhptbinh:

Cwhwgnpghn Ynndbtiph Ywpsdhpubipp hwpdh bLu  wnuynwd  unipijnhy W ng
hwdwlwpgywd Yepwny, wnwug ybpouwpryntupubiph tpwuwwihniyeiniup guwhwwnn
pwuwywlwu dbpnnwpwunyejwl, husp hwugbgund £ tipguwpryniupubiph ng owuinhdwy
punpnipjwu b dwdlynyph:

Twupupwgutph Yuqih W nwnWuwlwu wwuubph  dnnnywiht Yunnigywdéph
npndwt  hwdwp  pwgwlwinuwd U Jwpbdwwhynptu hpduwynpdwsd  swihwuhoubn.
nwupupwgubph duwynpnwit nu dhonwuptpwgwiht Ywwbtiph npnanwp hhdudws Gu
puwgwnwwbiu thnpdwghwnwlwu dninbkgdwu Yypw:

Pwgh wn, nwupupwgutph woluwwnwwnwpnyEwt  hwoyupyp L pun
wwpwwdntupubiph wbuwyubiph pwafunwit hpwlywuwgynut tu phpudwsd unpdwnhywihu
hwdwdwuunyejniuubpny, wnwug hwoyh wnubint yepouwpryniuputiph pnwunwywihu
Yohnp: Ywupupwgutph Yhuwdjwlwiht pwfunwu bu hhduwwunwd hpwywuwgynud
wnwug nwuptpwgutiph  dholt  wnljw Uwhiwwwdwuwht  Yuiujwdnipniuutiph
hwdwlwpgqywd nhnwpydwu, husp hwugbigunwd £ nuunwiuwwt dwupwpbnudwdniegjwu
wuhwdwswih pwofudwu U nwuplpwgwiht  hwonpnwlwuniygjwu  wnpwdwpwlwlwu
hhduwynpywdnipjut fuwfundw:

Uhowqgquwjhu htitnwgnunnigyniuubipp hwuwmwwnd Gu wyu futnhpubiph upnipyniup:
Lwdwdwju ACM-h L IEEE-h Ynnuhg dowlyywd CS2023 (Computer Science Curricula 2023)
unwunwpunh' wnyw £ qquih wuhwdwwwunwufuwunieniu wwnbdhwlwu Spwagpbph
wotuwwnwntwih wpnh wwhwugubiph dhol: (Gyniuhuqwiht uwiuwghdp (Tuning project)
dowytsy £ pwhwgpghn  Unndbph  htn funphpnwygnugniuttiph - dhongny
ytipouwpryniupubiph  unyuwlwuwgdwu dbpnnwpwunygntt, uwlwju nwupupwgubiph
owwnhdw| duwynpdwu b wluwwmwwnwpnewu pwofudwu hwpgbpp nbnbu dund Gu
sindywd: <wpy £ ughp twl, np dwpbdwnplyuwywt owwnhdwjwgdwu dbpnnubph
Yppwnnwip wudhowwbu nwndtwywu wwuh Yunngdwdph twhuwgddwu hwdwp'
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hwaoyh wnubiny Ytipguwnpryniupwihu W dnnnywihu uygpniuputipp, swhwagnpghn Ynndtiph

wwhwugubpp L unpdwwnhjwihtt vwhdwuwthwynwiubpp, pwjwpwp  swihny

hGnwgnunyws sk:

Wuwhuny, dnpnywihu b dbpguwipryniupwihu  uygpniuputiph hhdwt  Jpw
nwnuwtwlwu  wwuh duwynpdwu  $npdwjwgywd  gnpdptpwgh  wywnndwnwgdwu
futnhpt wpnhwywt £ pE ghnwywl hGwnwppppnieynit ubiplujwgunn futnhputiph
(nddwu, U el Yhpwnwlwu tpwuwynygniu niubgnn wdnndwunwgywd hwdwYwnpgbph
Uwfuwgddwt nbuwulyniuhg:

Uluwwnwtph tywwnwlu £ dowyb nunwiuwlywu wwuubph duwynpdwu $npdwjugyud

dopnnubp U gnpdpupwgh  wdwnndwwnwgdwsd  hwdwlwpg'  dnpnqught b

ytipouwnryntupwihu ulygpniupubiph hhdwu Ypw:

Lojwd tywwmwyhtu hwutbnt hwdwp woluwnwupnid wnwownpyt) b ndyt| bu
htinlyw fuunhpubinp’

e dowlb| nwnuiuwnngywu Ybpguwnpryniupubiph gwulh dbwynpdwt b npwug
Uywlwlwipnipjwu quwhwwdwu dJdbpenn’ swhwgpghn  Ynndbph  hwpgdwu
wnYjuiubiph pwuwywywtu Ybpnidnipjwu hhdwu Ypuw,

e dowlybl nwupupwgubph U nwnWtwlywu wwuh dnnnywht unnigywdph
Suwynpdwt dbpnn’ hhdudws dhonwupupwgwiht ywwbph Ypw,

e Uowlhp nuwupupwgutph  wouwwnwwnwpnjwu  hwodwpldw, puwn
wwpwwdnwupubiph whuwlubph npw pwotudwt b Yhuwdjwlubiph pupwgpnid
nwuptpwgubph  nwnwWtwuppdwt  owwhdw] hwonpnwlwunyejwu npnadwu
dbenn:

LEwnwgnnnipyut opikljnp: Unnnywihtu b ytipguwpryniupwhbu dninbignuiubiph hhdwu

Ypw nunwitwywu wwuubph dbwynpdwt wywnndwnwgnuip pwpdpwgnyt Ynppniegjwu

hwdwywpgnui:

Lhnwgnuinipjw wnwpywi: Twhwgpghn Ynndbph  wwhwugubph  hwojwndwdp'

dnnnyuwihtu W ybpouwpmyniupwhbit dnintignwdubiph hhdwt Jpw nwnwuwlywiu wwuubiph

duwynpdwt wynndwwinwgdwu dbpnnubpp b dwpbdwnhywlywu dnnbjubpp:

Lhnwgnunipyuu  dbpnnubpp:  Uluwwnwupnd  Yphpwndb G dwpbdwnhluywu

Jhbwlhwgpnigywu b Ynpbywghnu - dbippndnygw,  Juwuwnbipwihtu - gbpnidnieyw,

pwquwswihwuhowiht  oywhdwjwgdwu U fuwnp  wdpnnowphy Spwgpwynpdwl,

nhuwdhy Spwgpwynpdwu, gpwdubiph wbunejuu b hnbpwghnt  owwnhdwjwgdwu
dbennubipp:

Ghunwlwt unpnyp: Unbuwunuwlwu wouwwnwuph ghnwlwu unpnypp Yuwjwunid

hnlywnut'

e dowlyb £ nunuwitwywu wwuh ybpouwpmyniuputiph gwuyh duwynpdwu b npwug
Upwuwwihniyejwu quwhwwdwt dbpnn, npp, h wwppbpnyeiniu gnynygniu niutignn
Unwnbignuiubiph, wwwhnynd £ gbdwnhynpbu hnfuuwwygywsd yepsuwpmynituputiph
fudptiph  hhduwynpywd suwynpnuip’ hpdudwsd pwhwgpghn Ynndbph hwpgdwu
wnjuiubiph pwuwlywywu ybpndnigjw Ypw,
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o dowlyyty b nwuptpwgubph W nwnWuwlwt wwup dnnnywiht Yunnigwdph
duwynpdwu dbpnn, npp, h wwppbpnyenu gnpnieniu niutignn dninbignudubinh,
wwwhnyntd b nunuiuwwu wwup Gphdwlupnwy Yunnigwdph' dwebdwnhynpbu
hhduwynpjwsd duwynpnud dhonwupupwgwiht Ywwbph hhdwu Jpw,

e Uowlyty b nwupupwgubph  wluwwwwnwpnput  hwdwpydwu,  pun
wwnwuwdntupubiph wbiuwlubph npw pwofudwu L nwunpupwgubinh
nwnwWuwuhpnejwu  owwnhdw| hwonpnwlwunizjwu npnadwt  dbpnny’ hhdudwé
nwnwiuwnnyjwt  Ybpguwpryniupubph  Yonwiht  gnpdwyhgutph  Jpw, npp, h
wmwppbpnieintu gnynigyntu niubignn dninbgdw, wwwhnynud £ wouwnmwwnwpnigjwu
dwptidwwnhynptu hhduwynpdwsd pwtunid b nwupupwgubph hwonpnwlwuntpjwu
owwhdwjwgnu' hwoyh wnubind Uwfuwwwdwuubph ne woluwnwwnwpnyejwu
uwhdwuwthwynwiubpp:

Wluwwnwuph gnpétwlyut wpwuwynpymup: Uswlywd dbpnnubpp Yphpwnbh Gu

pwndpwgnyt  nwnutwlwu  hwunwnngeiniiubph - nwnWduwywt - wwuubph

twjuwgdiwt, wpnhwlwuwgdwu b npwyh Ybpwhuydwu gnpdpupwgutipnd: <UM<L-h

«Opwgpwiht  Swpnwpwghwnngegnius - b «SEnGlunduwywt wuywnwugnipniu»

dwutwghwniegniutbiph pwywiwdph nt dwghuwnpnuh npwlywynpdwt snpu nwunduwlwu

wwuubph Ypw hwdwhwpgh thnpdwpynudp gnyg £ gty hunbgpuy npwyh gniguuhoh
pwntjwynid 26-32%-ny:

Muwunywuniypjwt ukplwjwgynn npnypubpp:

e Nuwnutwlywu wwuh Ybpouwpryniupubph  gwuyh &lwynpdwtu L npwug
Upwuwwhniejwu qguwhwwndwu dbipnn,

¢  Twuptpwgutph U nwnWltwlwu wwuh dnnnywiht Yunnigwdph duwynpdw
dbpnn,

e  Twuptpwgutiph  wotuwwnwwwpnjwtu  hwodupldwl, pun wWwpwwdniupubiph
wbuwlubph npw  pwoudwu U nwupupwgubph  Yhuwdjwlwiht  owwnhdw
nbinwpwsfudwu dbpnn:

Upmyniupiiph  ubpnpnudip:  UnbUwfununigywt  wpryndupubpp,  dwutwynpuybu'
nwnwuwnnyjwt  Ybpguwpryniupubiph gwuyh  duwynpdwt, nwuptpwgubiph nu
nunuwWuwlwt  wwuh  dnpnyuiht unnigwéph  duwygnpdwl,  phuswbu - twl
wotuwwnwwnwpnypjwt hwoaqunpldwiu b pun Yjhuwdjwlubiph nwupupwgutiph pwafudwu
dowyywd dbpnnubpp, ubpnpdtp Gt <wjwuwnwuh wgquiht - wnhnbuuhlulwu
hwdwuwpwuh  «StEnEYwwnjulwu  wudwnwugnieniu b dpwgpwiht - wwwhnynw»
wdphnup nunwWuwlywu wwuubph dowlydwu b wpnhwlwuwgdwu gnpdpupwgubpnud:

Wluwwwuph wpryniupubph  thnpdwpyndp: <UNK nmwpblwu  ghnwdnnnyubipnud

(2014, 2015, 2016), “Computer Science and Information Technologies” International

Conference (2016, 2021, 2023, 2025), 28th International Conference on Interactive

Collaborative Learning, Budapest University of Technology and Economics, Budapest,

Hungary, 2025:




Cpwwjwpwlynidubp: Unbuwfununyegjwu hhduwywtu wpryniupubipp hpwwwpwyjwsd tu 8
ghnwlwt  wofuwwnwuputipnd, npnughg dbyp  hunbpuwynpdws £ «SCOPUS»
ghunwwbinEuunjwlwu onbdwpwunud: <nnjwdubiph gwuyp pbpdwdé £ ubindwgph
ytiponid:

UWuwwmwuph Yuwnmguwépp b Swywp:  UwnbUwfununyeniup pwnugwsé |
ubpwénipiniuhg, hhug  qfuhg, btgpwlwgnieiniuhg U gpwlwuniejwu  gwuyhg:
Uptuwwnwiuph punthwuny dwdwip Yugdnud £ 113 ko' ubpwnyw) 14 ulwp, 11 wynwwy b 1
hwybws:

uchuusuuLh ANYULTUUNRE3NRLL

Lbpwénpyniu: Lbpwdnipjwu dby hhduwynpdwd b phdwih wpnhwywuniyeniup,
duwybpuyywsd Gu woluwwmwuph twwwwlubpp, ghnwlwu unpnypubipp W hhduwywu
npnypubipp, npnup ubipluwjwgynud Gu Wwounwwuntpjwu:

nifu 1-nud nhuwplyby Bu npwluwynpnuiubph opowtwyubpp' GYpnwwywu (EQF) L
Lwjwunwup <wupwwbwneut  wqgquiht oppwuwlubpp, npwbu  nunwWuwnnyejwu
ytipguwnryniupubiph  Yunnigywdpwynpdwt  gnpdhpubip, huswbiu utwl  owhwagpghn
Ynndtiph nbipp nunuWiuwywu wwuubiph dlwynpdwt gnpdpupwgnud:

Nwnwiuwuhpyt £ ytpouwpryniupwihu dnintignidp (outcome-based approach) b KSA
(Knowledge, Skills, Abilities) dnnbip, npp  Jtipguwpryniupubipp  pwdwunwd £ bGpbip
thnuywwwygqws pwnuwnphsh' ghunbihp, hdnneniu b Yupnnnieiniu: Ruuwpyyt b uwl
dnnnywihtu dninbignudp W npw hunbgpnup bpguwpryniupwihu ulygpniupubiph htwn,
huswbu uwl dhonwupupwgwihtu Ywwbph $npdwjwgdws ubipyujwugnip nipnnpnywd
gpwdh ibupny:

dbpindyb) B dwpbdwnhyuwlywu dbpnnutpp’ Yhpwndwd nunuwlw wjwuubph
Uwhuwgddwt  fjuunhpubpny,  dwutwdnpuwbu'  Ynpbywghnu  Jbpndngeyniup’
nwnwtwnnyjwt  Ybpouwpryniupubiph  nwuwlwpgdwtu  hwdwp,  Yuunbpwynpdwu
wignphpdubpp  (Ntnpnh Jdbenn L K-dhghuubph  dbpenn)'  Yndybwnbughwubph
fudpwynpdwtu  hwdwp, fuwnp  wdpnnowphy  dpwgpwynpdwu  dbpnnp  (MIP)
nwupupwgutnh Ywquh owwnhdwjwgdwu hwdwp, U nhuwdhy dpwgpwynpdwu dbennp'
puwn Yhuwdjuwyubph nwupupwgutiph pwotudwu hwdwn:

Ywwwpdbp b nwntwlwtu - wwuubph  lwluwgddwu  gnnipniu niubkignn
wywnndwwnwgywd  hwdwlwpgbiph  (Kuali, CourselLeaf, Creatrix, EQF/ESCO L
htitnwgnunwywu twfuwwnhwtip) hwdbdwwwlywu ybpindnyeniu, npp gnyg £ wndby, np
npwughg ns dkyp sh hpwlwuwgunwd nwnwitwwu wjwuh wjnndwnwgywsd duwynpdwu
wdpnnowlwu ghyp' swhwagpghn Ynndbph wwhwugubph pwuwlwlwu ybpindniginiupg
dhtush  woluwwnwwnwpnipjwt  dwebdwwnhynptt hhduwynpywsé  hwodwplu ne pun
Yhuwdjwlyubiph nwupupwgubph owwnhdw| pwotunwp: Uw wwjdwuwynpbi| § hunbigpqwd
dbpnnwpwunyput b hwlwwywwnwujuwu  wyunndwnwgywd hwdwlwpgh  dowldwu
wuhpwdtignnieniun:



Qnifu 2-nud ubpyujwgywsé b nwnuitwlwt wwuh YEpguwpryniupubiph Yuqdh
opjlwnhy npnodwt U npwug hhdwu Ypw nwunutwlwi wwuh nwuptpwgutiph guuyh
Guwynpdwu dbpnnh dowynwdp:

Unwgwnlynn dbpnnp hhduyws £ gsnpu thnfujuywlgyws thnytiph ypw’ awhwgnghn
Ynndtiph Ywpdhputiph hwjwpwagpnud b gbipndnipynit, upwuwlwih yspsuwpmyniuputiph
ybphwudwu hwdwp wnduiutph Ynpbywghnu ybpindnie)niu, phdwwnhynpbt juwdwd
fudpbph  Guwynpdwu  hwdwp  Ybpguwpmyniupubph  hhpppnwiht - Yuunbpugnd b
unwgywsd Yjwuwnbpubiphg nwupupwgubiph Suwynpdwu pwquwswthwuho
owjinhdwjwgnid:

Unyu hinwagnunigjwt dbio wnweownyyntd £ awhwagnghn Ynndbph Yuagunud ubipwnt)
snpu funwip' gnpdwwnniubip, opowtwywpunubn, nwuwfunuubp W nuwunnubp

Cwhwgnghn Ynndtiph hwpgdwu hwdwp twuwwnbujws hwpgwebpep duwynpynuwd
E Jypguwnpryniupubiph twhutwywu gwuyh hhdwu ypw:

Snipwpwugnip hwpgdwu dwutwlyght wnwownyynw E Lwyybipinh 10-pwjwing
uwunnwuyny (0-hg 10) quwhwwb| jnipwpwugnip  Ybpguwpryntuph  Ywplinpnieyniup
opswuwywnunp dwutiwghnwlwu gnpdniubinygjwu hwdwp:

Cwhwgpghn Ynndtiph  wwppbp  fudptiph quwhwwwlywuubph - wgpbqugdwu
(dpwynpdwu)  hwdwp  wnwowpyynd £ Yondwd  Ynuublunwwihu  dnnbp G
ytpsuwpryniuph Yonwd wnweouwhbppenipjuu gnpdwlhgp hwodwpyynd £ hbwnbyw
pwluwalny.

Py = Y51 wj -1, (1)

npuntin wi-l j-pn fudph pwhwgnghn Ynndbinh Yonwiht gnpdwlhgt £, rit’ j-pn fudph
Ynndhg i-pn Ytpguwnpmyniup wipdwé dhoht quwhwwwlwtp, huy n-p* whwgnghn
ynnuibph fudpbph pwuwlyp: Yonwihu gnpdwlpgubpu U gnpdwwiniubp - 0,3,
opswuwywnwnutip - 0,25, nwuwfunuubip - 0,25, nwuwunnutip - 0,2:

Unnbtith Yuyniunyeiniup hwuwnwnyb b gquyniuniygjw ybpindnipjudp (uwhdwujwsd
dhowlwypbipnd  Yohnubiph  thnthnfunygynitup hwugbgunid £ nwuwlwpgdwu  dbg
wnwybjwgnyup +2 nhpph 2tndw):

Ywndhpubiph  hwdwdwjubgywdnipjwu  ujwquagnyu  penywwnpbh  dwlwpnwyh
npnadwt hwdwp ubpdnidyb) £ Ynuubuunwph pwuwwlwu swihwuh).

_ an(|rif_Fi|) (2)

Cons =1 )
maxfrange

npwtin 7" i-pn Yepguwpnyniuph dhoht quwhwwnwlwtts £ owhwanghn Ynndtiph papnp
fudpbph hwdwnp.

rp = %Z;’lzl Tij» (3)
huYy max_range-p* Yhpwnynn quwhwwndwu uwunnuyh dhowlw)pt t, npp uwhdwuynd
E npwbu uwunnuyh wnwybijwgnyu b ujwqugnyu wpdtipubiph wwppbpnyeniu:
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Cons < 0,6 nbwpn ybpguwpryniupp thnfuwugynid k& hnpdwghnwywt fudpht’
YyGpwabwybpwdwu hwdwp:

Unwownpyynn dbpnnh oppwuwlubipnud Ynpbywghntu ybpindnipyniup Yhpwnynwd k
Gpynt dwlwpnwyny. wnwehup' swhwgpghn Ynndbph hwpgdwt ndjwiubph Jowldwu
hwdwp'  Jbpouwpmyniupubp pun Yuplnpngjuwt wuwnpbwuh  nuuwlwpgbne
uwywwnwyny, L  Gpypnpnp' ytipguwnpnyniupubiph dholl  wpwdwpwuwlwu
Ywludwdnigyniuubph pwgwhwyndwl hwdwp, nph wpryniupp Ynpbywghnu Jwunphgu £
Ylwuwmbpwgdwu  thnynwd - Yhpwnynn  pwgqiwpwnwnphs  dninpynigjwu dwwnphgh
twnpbinhg dtyp:

Gpynt Jbpguwpmyniupubiph  quwhwwwlwuubph dholt gqdwiht  Ywjudwdnipjwu
nidqunipyniup swithbnt hwdwp Yhpwnynd £t Mhpunuh Ynptiywghwih gnpdwyhgp.

ry = Thes (k=) (2 —%) ’ )
\/Z’;:Ll(xki—fi)z'Ef{':l(xkj—fj)z
npintin Mp hwpgynnutiph punhwunip pwuwyu k, k— hwpgynnh hwdwpp, xx - kpn
hwngynnp Ynndhg -pn Jepguwpryniuph quwhwnwlwup, xi; - k-pnhwpgynnh Ynndhg /-
pn Ybpouwpryniuph quwhwwnwlwup, %; - Fpn bpguwpryniuph dhohtu quwhwunwuwup'
puin pninp hwpgynnubinh, % - j-pn. Jepguwnpryniuph dhoht quwhwinwlwup' puin pninp
hwnpgynnutiph: Gnpdwyhgu punniunwd £ wpdtipubip [-1,1] dhowyuwypnid:

Uwhdwuyby Gu fuhuwn dpdwlwugpulywu obdbp. || = 0.5 (nidbin Yuy' dLwynpnid |
Ylwuwnbpwgdwu hhdpp), ] < 0.3 (pny| Yuw):

Lwpgdwt wndjwiubph Ynpbywghntu ybpnidnigywu wignphedp ubpwnnd £ hhug
hwonprwywu pwy;: Unweht pwynd hpwlwuwgynid b wndjwubph twjutwlwu dowynd’
puwg pnnuywd wndbtpubph pugnd hwdwwwwnwufuwt fudph dhouwnpdbpubipny (Median)
L wdjuiubph  unpdwynpnd [0, 1] dhwutwlywu dhowlwyph: Gpypnpn  puynid
hwodwpyynid £ Ynpbiywghntu dwwnphgp. ytipsuwpryniupubiph  jnipwpwugnip gnygh (G,
C) hwdwp hwodwpyynd k rj gnpdwyhgp’ pninp owhwgpghn Ynndeph unpdwynpqwd
quwhwwwlwuubph hhdwu Jpw: Gppnpn pwyind’ swhwgpghn Ynndbph pninp fjudpbiph
dhoht Yonywd quwhwwnwlwuubph hhdwu Ypw, hwodwpyynid Gu Jbpouwpryniuputiph
unpdwynpqwd Yonwihu gnpdwyhgubipp.

X

Vl/j - 27(!=1 ik (5)

npwtin Xj -u j-pn ypguwpryniuph Ywpunpniygjwu dhoht Yondwéd quwhwunwwuu £ pun
2whwqpghn Ynndtiph pninp fudptiph’ hwadh wnutng fudptiph Yanwht' gnpdwlhgutinp:
Unpdwynpdwt wwydwuu £ Y7, W; = 1: 2nppnpn. puyinid hpwlwtwgynid £ upwuwlwih
JtpgUwpnyniupubiph ptwpnuginiup. wy Jtipguwpryniupubipp, npnug Yanwihu gnpdwihgp
gwdédp b ujwquanyu obdwiht Wmin  wpdbtiphg, nnipu Gu pnnuynd  hGwnwaqu
nhunwpynwihg: <pugbipnpn pwynd’ puin R Ynpbywghnu dwuwnphgh, pwgwhwjnynd Gu
ubipnnpbit uwwywd Ybipguwnpryniupubiph fudptipp (r = 0,5), husp dwnwynd £ npwbiu
twjuuwywu  wnbnbGlwwnynieniu hwenpnnn  Ylwuwnbpwgdwu  hwdwp:  Nwnigdwu
wpryntupubiph dhol dninhynyejwt huwnbigpuiwht swihwuhop hwodwplynid § pwuwanyg'
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prox;j =a-s;+ B ki +v-pij, (6)
npnbn a =0,5-p hdwunwpwuwlwu Jdnnpynyginiuu £ (TF-IDF), B =0,1p' KSA-
Ywnnigwdpubph udwunigniup, y = 0,4-p' bwfunpndwu hwpwpbpnigniuubpp, o + 8 +
y=1:

Unwownyynn wignphpedh thnpdwpynwit ppwywuwgyty £ <UNL «Opwgpwiht
Swpunwpwghwunieiniuy Jwutwghuniyewl hwdwn' 290 swhwagpghn Ynndbph hwpgdwu
wdjwiubph hpdwu Ypw: Fuwhwndwt hunbpuubph hwdwYwpgny (Upintenp gnpdwyhg'
0.71 + 0.08, Davies-Bouldin' 0.62, Calinski-Harabasz' 124.3) wwwgnigyty t hhpppnwhu
wignphpdh wnwybnegniup hwlwwnwn (Complete) U dhohu (Average) Ywwh dbpnnubtiph
uywwndwdp: «Opwgpwiht Gwpunwpwghwnnyeniu» Jwutwghunyjwi hwdwp unwgyb) b
5 owywnhdw) pdwwnhy Yjwuwnbp (K; - Opwgpwynpdwu hhdniupubp bW wignphpdubp, K, -
Syjwputiph pwquwubp, K; - Npwyh wwwhnynd, K, - Gupwlwnnigwdp U DevOps, Ks -
Frontend L uwluwgdtiph Juwnwywpnuw), npnup hwunhuwund GU nunWuwlwu wjwup
nwupupwgubph W dnnniubph dlwynpdwu opjyuinhy hhdpp:

Qinifu 3-mid dowlyyt b nwupupwgubph duwynpdwt b nwnwuwlwt  wwuh
dnnnywiht unnigwdph Gpydwlywpnwy dbpnn, npp npwbtu dnunpwjht wyjwiubp
punniund £ Jbpguwpryniupubph  phdwwnhly Yuuwnbpubpp' unwgqwd 2-pn glunad
wnwowpywsd  dbennh  Yppwndwt  wpryniupnd: Unweoht  dwlwpnwlynid
Ybpguwpryniupubph Yluwuwnbpubphg duwynpynd b nwupupwgubph owwnhdw| gwuyp'
pwquiwswihwuhowihtu owwnhdwjwgdwu (MIP) daennny, huy Gpypnpn dwlwpnwynud'
dhonwupupwgwiht Ywwtiph gpwbh hpdwu Jpw, duwdnpynud £ nwndtwlwt wwuh
dnnnyught Yunnigqwdpp, wju £ nwupupwgubph phdwunpynpbu hnufuwwygqws
fudpbipp'  nwnwWuwuppdwt  npnawyh wpwdwpwuwlwlt  hwonpnulwunyeyudp: b
wnwppbpnyeyniu wjwunwywu hnpdwghnwlywu dnnbgdwt' Gpyne dwlwpnwlubpu g
wwwhnynud tu unnigwdph dwpbtidwwnhynpbu hhduwynpgwd dLwynpnidp:

dbpouwpryniupubph pGdwwhy  fudpbpp  thnfjuwlbpuyynd  Bu Ynuypbin
nwupupwgubph' pun hbwnlyw| uygpniupubph.

1. Edwwnhy wdpnnowljwuntpyniu. Jntpwpwginip Yjwuwnbip
hwdwwwwwufuwunw £ dbYy nwuptpwgh: Udbkigntywihu yGpouwnpryniupubiph
nbwpnu Yjwuwnbipp pwdwuynud £

2. Lhupdbp Swélnyp. pninp JupgUuwpnyniupubipp wtwp £ pungplytu
nwupupwgubkpnu:

3. Pnjuunwlujht YJuuwwlygywdnipynil. nwupupwgntd ubpwnywéd
ytipguwnryniupubiph gnygbiph dhol dhoht dnuinhynieyniup dwinphgnud wbiwnp &
(huh wnwybjwgnyup:

4.  Unwguwhbppeniejmuubph hwlwwywwwuluwunipyniu. nwupupwgh
w2tuwwmwwnwpneniup  hwdwdwutwywu £ ybGpouwprynituputiph  gnudwpw)ht
Yonhu:

Kl Yjwuwbiph gnudwpwhtu Yonwihu gnpdwlhgp (W;) b nwuptpwgh Uwhitwywu

wotuwwnwwnwpnipiniup (D;) hwaqupyynud Gu hbnlyw) Yepw.
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W; = Yiex, Wi » 7)
npwntin Wi-t i-pn upnnnitwynipgyut unpdwynpywd Yonwihu gnpdwyhgu k: twupupwgh
Uwutwlywu wotuwnmwwmwpnigniup hwoywpyynid £ hGnlyw| pwtwalnyg.

W.
Kj =n_]'Ksum’ (8)

i=1 Wi
npuntin Wj-u nwupupwgh yepguwnnyniupubinh gnidwpwiht Yonwiht gnpdwyhgu k, Ksum-
p' nunWtwlwt wwuh punhwuny woluwwnwwnwpnieiniup, huy n-p' nwuptpwgubph
pwuwlp: Unwgywsd wndbiputipp togpunynd G puquiwswthwuhowihtu owywnhdwjwgdwu
thnynd:
dbipguwpryniuptbph  Yuwunbpwgdwu hhdwt Jpw  unwgywd nwupupwgubiph
twfuuwywu guwuyh hunwlbgdwt tywuwwyny dowlyt) £ pwqiwswhwuhowiht
owwnhdwjwgdwu dnnkj, npp $npdwiwugyb) b npwbu fuwnp wdpnnowphy dpwagpwynpdwu
fuunhp (MIP): Unnbp Jhwdwdwuwly hwodh £ wnund bpbp dpgwlygnn swihwuhy'
nwupupwgubph pwuwyh ni pnjwunwynyEjwu Ypyunpjuu ujugbignud, b phdwwnhy
Yuwwwlygywdnipjwu  wnwybjwgny  wwwhnynud'  pusp pnyp b nwihu dbwdnpby
nwupupwgubph owywhdw) gwuyp: Lwywwwlwiht niulyghwt niuh hbnlyw) nkupp.
Fmin'=(w1 Yy + W Xjk 0k — w3 2 ¢) 9)

*ijpYj
npunbin w;, w,, @z -U Ypnwiht qnpdwlhgubint Bu (w; +wz+ws = 1), yi-U* j-pn nwuplpwgh
duwynpdwtu Gpynwwtu (phuwn) thnthnfuwywt k, npp hwjwuwp £ 1-h, Gpb j-nn
nwupupwgp ubipwndws b nunutwywu wwun, b 0-h' hwlwnwy nbwpnd, ox-U' j-pn
L k-pn nuupupwgutinh dhol Ynyuynn ybpguwpryniupubiph pwtiwlp, huy c-* j-pn
nwupupwgh dhoht phdwwnhy Yuwwwygywdniegniup:

Snpdwlyhgubiph wpdtipubipp uwhdwuyt) GU nwnWtwlwu wwuubph twuwgddwu
wnwoUwhbppneniuubph  Japnwngjwu hpdwu  Jpw' w, = 0,3, w, = 0,4, w3 = 0,3:
2qujniuntpjwu ybpndnigyniup gnyg £ wngbip (nddwtu Ywyniunuygynitup, pwuh np npwbyp
huwnbgpwiwihu gnigwuhop nmwwnwuynud £ 0,77-0,82 dhowljw)pnid:

Uwhdwuwthwyndubph  hwdwlwpgt  wwywhnynd £ nwnWduwywu  wywup
hwdwwwwnwufuwunyeniup Yppwlywu wywhwueubphu: Ybpouwpnyniuputiph  jhwpdtip
Swoynyph wwydwup ubpywjwgynid £ hbnlyw) Yepw.

Xixij =1, Vi, (10)
Twupupwgh wnwybjwugnyu dwywih uwhdwuwthwyndp npynud .
Yixij < MAXcomp - yj, Vi, ()]
huly nwupupwgh tjuquagnyu Swywih uwhdwuwhwynuip'
Xixij = MINcowp - yj,  VJ, (12)

npintin  MAXcomp-n nwupupwgnd  Ybipguwpnyniupubiph - wnwybjwgnyu  pwuwlu k
(undnpwpwp' 6-8), huy MINcowp-p Ybpouwpryniupubph ujwqugnyu pwuwlu L
(unynpwpwp' 3-4):
Twupupwgh pEdwwnhy Yuwwygwdnipjwu wwhwuop ubpyuwjwgynid £ hGunlyw|
auny.
=05y, Vj (13)
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npintin  phdwwhly  Yuwwygdwsdnigyniup  hwpqwpydnwd £ npwbu  nwuptpwgh
ytipouwnryniupubiph qnygbiph dhohtu dnuinhynipyniu.

G = ﬁ‘z,i« proxy, m =2 (14)
l,kEDj
Pnihnfuwlwuutiph wpwdwpwiuwywu Yuwp uwhdwuynud £ hGnbyw Yepw.
Xij < Vi Vi,j (1 5)

Fuwnp wdpnnowehy dpwgpwynpdwt fuunhpp ndyYnud £ §nintiph b uwhdwuubiph
dbpnnny' Yuuwnbpwgdwu  wpryniupubph Jpw hpdudwd  Bdppunply  wutwlwu
wpdbpwynpdwdp, husp wwwhnynd £ pwpdpnpwy uygpuwywt ndnd b Ypdwnnd |
owuinhdwjwgdwu dwdwuwlyp 60-75%-ny:

Auwynpywsd nwnwtwwu wwuh npwyh hwdwihp guwhwndwu hwdwp dowyytb) b
hhug hwugnigwjht gnigwupgubiphg pwnlugwé hwdwlwpg: bpguwpryniuputiph
Swoynyph gnpdwyhgp hwodwpyynid £ hbnlyw) pwuwauny.

Coverage = %1- 100% (16)

Uytiinpnnyejwu hunbipup npnaynid k.

Redundancy = % (17)

npuntin. di-U i-pn JEpgUuwipnyniupt pingplnn nuuptpwgubph pwuwlu £, huy [CJ-U’
ytpouwpryniupubiph punhwunwy pwuwyp:
(Ftidwwnhl Yuwwygwdnipjwu gnigwuhop wnipdnwd E hbwnlyw) Yepw.
1
Coherence = /F/'Zf ¢, (18)

UWoluwwnwwnwpnipjut hwjwuwpwlpnnipjwu gnpdwyhgp hwodwpyynud .

Balance =1 — % (19)
nputin o -U puupipwgibph wiwnmwnmwpnipwi umwinwpu pEnnudt b, hul p-U° dheht
wndbpn:

Cwhwgnghn Ynndbiph wnwetwhbipenigniuubnht hwdwwwwwuluwuniejwu gnpdwyhgp
npnynd | hbwnlyw) Yepw.

C(JUV(F;H) (20)
npunbn P-u ytppuwnpmyniuputph umulghulhhmanqajpmghhph Jtywunpu t, huy H-p’ dundtiph
puphudwt yEywmnpp:

Npwyh hunbigpwiwihtu gnigwuhop hwowpyynud £ hbnlyw| pwuwéslng'

Quality = wy - Coverage+ w, - (1 — Redundancy)+ ws - Coherence + w, - Balance + ws -
Alignment, (21
npwntin wi = 0,3; w2 = 0,15; wa = 0,25; ws = 0,15; ws = 0,15; Zwi = 1.

Ujwunwlwu wmwppbipwyh gnigwupoutiph hwoqwpldwu hwdwp oguwgnpdyti) k
<UM<L-h gnpdnn nwnwuwywu wwuubipp, npnug nwupupwgutiph
hwidwwwwwufuwunyeiniup  Ybpguwnpryniupubiph  gwulyhtu npnaybip £ nwupupwgutiph
Spwagpbph  pndwunwynipjwt  Jbpndnipjwu  hhdwt  Jpw' Yppwnbind npwlyh unyu
gnigwuhoubipp, hus owywnhdwjugywd nmwppbipwyh hwdwp:

Alignment =

11



UMLK «Opwgpwiht dwpunwpwghwnngenit»  dwutwghnnygjwt  hwdwnp  dnnbih
Yhpwnnuit wwwhnyt) £ hwdwihp npwyh huntipup (Quality) 31% wé (0.61-hg dhusl 0.80)
U wybinpnnyejwu (Redundancy) 57% ujwqbigniu:

Utpnnh  tpypnpn dwlwpnuynd  nwnwdtwnnygjut  Ybpguwpryniupubiph
Ynpbywghnu dwwnphgh hhdwt ypw wynndwn Yepwny Yunnigynid £ dhownwpYujwlwu
Ywwtpph G(D, E) ninnnpnywéd gpwdp, npnbin ququpubpp hwdwwwwnwuluwund Gu
nwupupwgutipht, huy (di, dj) wnbtinp tpwuwynw £, np di-u hwunhuwun £ wfunpnnn
nwuptpwg di-h  hwdwp: Wu dnnbgnwit wwywhnynd £ Juwbph  duwynpdw
opjtyunhyneyniup’  wnwtg  hnpdwghnwlwt  gnyg  wn  gnyg  quwhwwndwu
wuhpwdtignniejwu:

Uowyywsé wignphpdp pwgwhwjinnut b ybpwgunwd £ ghytipp, huswbu uwl ng
bwywu Ywwbpp (oppuwly’ 1 -2 -3 nnt wnfujnpjwu  nbwpnd 1 -3 Yuwp
Swuwsynwd £ wybiinpn b htinwgynwl): Spwdh owyuinhdwiwgnidhg htinn nwupupwgutipp
pwotuynud Gu pun dwlwpnwlubph (wnwoht Jwlwpnwy' wnwug uwfunpinnubph
nwupupwgubp, hwenpnubpp' twjunpniwu wwdwuubph pwjwpwpdwup gnigpupwg),
huy unyu dwywpnwyh ptdwnpynpbu Yjuwwygwsd nwupupwgutpp duwynpnd Gu
nwnduwywu wjwuh dnnnyubipp:

Qnifu 4-mud dowlyby £ nwupupwgutiph woluwwmwwnwpnipjut hwaunplydwu, punn
wwpwwdnwupubiph wbuwlubph npw pwfudwu b pun Yhuwdjwlubph nwupupwgubiph
nwnwitwuhpdwt owwnhdw) hwonpnwlwunyejwu npnodwu dbipnn:

Twupupwgutiph wluwwwwnwpniewu hwodwpyp hhdujwsd £ nwunwuwnnigwu
Jtpguwpryniuputinh Yznwjhtu gnpdwiyhgutiph Jnpw: Wignphedt hpwlwtwgynud £ hbulyw)
thnytipny. bwfu nwupupwgutiph pnduwunwynipniup pwdwuynd § tnwppwlwu Yppwlwu
pwnwnphsubph,  www YJuqiynd £ nwnWuwnnigjwu Jbpguwpryniupubpp b
pwnwnphsubph hwdwwwwnwufuwuniejwu Gpyniwywu dwinphg.

WG = Xi, W, (22)
npnbn Wo-U' Oo  nwnwiuwnnipjwu  Jbpguwpryniuph Yonwyhu gnpdwyhgu k, npp
uwhdwudwsd £ owhwgpghn Ynndbph hwpgdwu wndyuiubph hpdwtu Jpw, n-p' Cj
pwnuwnphsh Ynndhg duwynpynn nwnwdtwnnipjwu ypguwpryniupubiph pwuwyp:

Lwonpn thnynwd  pwnwnphsubiph dhol ywwbiph hhdwu Jpw hpwlwuwgynud k
nwupupwgubph  duwdnpnd, U hwoywplyynwd £ jnipupwugnip Ki nwupupwgh
w2fuwinwwnwpnye|nLun:

Wi K

n . sum»
i=1 Wi

K; = (23)

npwntin Wi U i-tipnpn nwuptpwgh pwnwnphsubiph punhwunip Yonwihu wndtipu £, Ksum
p' nunuWtwlwlu wwup punhwun woluwwnwwnwpnygniup ECTS Ypbinhwubpny, n p'
nwupupwgutinh pwuwyp: Ujuwyhuny, jntpwpwbsinip nwupupwgh wfuwwnwwnwpnygniup
npngynd £ upw hwpwpbpwywt  Yuwplnpnygjudp nwnwtwlwt wwup punhwunip
YJunnigywdpnid:

Snipwpwuginip Yhuwdjwyh wouwwnwwnwpnieniup hwodwpyynd £ pnyuwnpbih
otnnuip hwyyh wnubny:
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Ky = =2+ Ak, (24)

npuntin Ak p pnywwnpbih onnuwiu E: Geb Yjhuwdjwyh hwunwgh woluwnmwnwpnyeniup
K=Y K; fuwpunnu £ njw) vwhdwuwthwynwdp, hpwywuwgynu k nwupupwgubph
wotuwwnwwnwpnipjwu Yepwhwodwnly' hwodh wnubing npwug Yonwihu gnpdwyhgubipp:
Nunuwtwjwtu  wvwpdw b wdpnne  nwnWtwlwt  wWwuh w2 luwwnwnwpniEw
uwhdwuwthwynwiubipp duwytipwynid Gu hnlyw) Yepw.

K, = KT 2, Kom=251K'y, (25)
npwntin v p nunitwlwu mwphubph pwuwyu k:

b wwppbpnginu undnpwpwp Yppwnynn unpdwnpdwiht dninbgdwt’ npuinbin
nwuwfununypjniutibinh, gnpduwlwu L [WpNpWWNn wwpwuwdntupubpp
hwpwpbpwygnipintup - $hpudwsd £,  wnwownpyynn  wignphpdp  wwwhnynd |
dwpbdwwnhynptu hpduwdnpdwd pwofund’ hwdwwwwnwuluwubgyws K (Knowledge —
ghwbihp), S (Skills — hdwnigniu) L A (Abilites — Yuwpnnniginit) pwnwnnphsubiph
dwulwpwdhuubiphu:

Unwudtwgynwd  Bu  wwpwwdnwpubph  snpu wbuwlubp. 721 —
nwuwfununeiniiubin, 72 — gnpduwlwt  wwpwwdniupubp, Z3 — |wpnpwwnp
wwpwwdniupubip, 74 — wthwwnwlwt  wofuwwnwup: Snipwpwlgnip  nwupupwgh
hwdwp hwoywpyynwd Gu KSA pwnwnphsutiph gnudwpwht Yohnubpp.

K=%_ Wy S=XL, Wy A=Y W, (26)
npintin WKi, WSi, WAI - nwniuduwnnigjwu ybpguwpnyniupubiph Yohnubpu Gu, npnup
uywpwgpnud  Gu hwdwwwwwuuwuwpwnp  ghwbjhpubpp,  hdwneniuutpp L
Ywpnnnigyniuubpp, huy j, n, m-p' npwug pwuwyp, b hwowplyb) npwug wnynuwihtu
hwpwpbpwygnieniup:

Twuptpwgh  wpluwwwwwpnwy  pwofunwWt pun wwpwwdniupubiph
wnbuwlubph hwoywpyynud k.
1Z; =Py -ki+Ps-s;+Py-a;, i=1234, (27)
npwntin /Z" wwpwwdniupubph wbuwlubphg jnipupwgniph woluwwnwwnwpnieniut
Wunthbinl hwdwpyynid GU wpwpwlwt dwdwpwuwyubpp.

npnbn  np  owpwpubph  pwuwlu £ Ypuwdwynd, hul U0 wwpwwdniuph
hwidwwwwnwufuwt wnbuwyh gnpdwlyhgp:
Cwiodh § wnuynd uwhdwuwihwyndp' owpwpwlwu punhwunip Swupwpbnudwsdnigndup
sqipwquiugh nuwunnh swpwprwlywl wnwybjwgnyt wluwwnwwnwpnijnlup:
Twuwfununieniuubiph dogpnwé  pwdhup  uwhdwuwthwlyynd £ 20-50%
dhswluwypnud® wwwhnyting wbunyegiuu b wpwynhywih hwjwuwpwlznnieniup:
Nwupupwgutph  pun Yhuwdjwlubph  owwhdw|  pwpfudwtu  fuunhpp
duwybpyynwd £ npwbu nhuypbin owywnphdwijwgdwu fuunhp b ndynwd £ nhuwdhy
Spwgpwynpdwu  dbpnnny: Spqwd G nwupUpwgubiph P pwqdniginiup - b
Yhuwdjwlubph S pwqunipniup: Mwhwugynd £ pwotubip nwupupwgubpu wjuwtu, np
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ujwqugnyuh  hwugdh  wbnwpwofudwt  gnWwpwihu wpdbpp'  wwhwwubing
Uwfuwwwdwuubiph hwpwpbipnuygyniuubpp L wluwwnwwnwpniRjwu
uwhdwuwthwynwiubpp:
Lwwwwlwihu $niuyghwu.

TFmin = Xiep Ljes C (L)) - xi5 (29)

xij
npwnbin C(i, j)-u i-pn nwuptpwgp j-pr Yphuwdjwynd nbnwpwstubnt wpdbpu k, Xij-u'
phuwp (Gpynuuywt) thnthnfuwywt (1, GRb i-pn. nwuptpwgp winwpwujws £ j-pn
Yhuwdjwynid, 0" hwywnwy nbwpnud):

Uwhdwuwthwynwdubpp.

Yjesxij=1, Vi€P, Xiephi Xij<Hpnax, VjES, (30)
huswbu twl whwwwdwuubph hwpwpbpnieniuubpp' twliwwwdwu hwunhuwgnn
nwupupwgp wbwp £ wnbnupwtudh wdblh Jwn Yhuwdjwynd, pwtu hhduwlwu
nwupupwgp: luunhpp (NGYnw k£ nEYynipbun wnusniejwu dhongny.

F(@,j) = I}(lsi?{F(i -1k +CGE N} (31)

Pwqwiht wwpdwuubpu Gu' F(0,/)) =0 pninp j-tph hwdwp: Updbpubph C(i, j)
dwwphgp Ywnnigynw £ nuwuptpwgubph dhol Ynpbigwghntu Yuiudwdnygyniuubiph L
Uwjuwwwunynipjwu hwpwpbipnigniututiph hhdwu Ypw. 1 wpdtipp hwdwwwwnwufuwunwd
k owuhdw| nbnwpwatudwup, huy 9 wpdbpp' fuhun wugwulwhpu:

Uignphpdu  wwwhnynd £ owwhdwnipjwu  bpbp  wwjdwuubph  Yuwwnwpnuip.
pwqwjht nwupupwgubpp wbinwpwfuynud U dwutwghwnwlwuubphg wnwy, ubipun
Ynpbywgywsd nwupupwgubpp' hwplwu Yhuwdjwlubpnd, hul woluwwnwwnmwpnigniup
pwotuynid £ hwjwuwpwswih pwpnnypjut wunhdwuwlwu wény:

Tthuwdhy  Spwgpwynpdwt  wignphpedp  thnpdwpyytp £ <UNL «Opwgpwihu
Swpunwpwghwnygnitu» dwutwghwnyejut hwdwp (20 nwuptpwg, 8 Yhuwdjwy), nph
wprynwupnud - unnwigylp b nwnwitwlwtu - wwuh  Uwjuwwhwy, npnbn pwquihu
nwupupwgubpp  wbnupwofudwd  Bu  Jwun, huy  Jwutwghnwlwuubpp' N
Yhuwdjwyubpnid, wwhwywujwd Gu twhuwwwjdwuubph pninp hwpwpbpniygyniuubpp b
woluwwnmwwnwpnipjwl hwjwuwpwswih pwotundp:

Utipnnh  wnwybnygniuttiph  gnigwnpdwt  bwywwwynd  phpwlwuwgyty L
hwibdwwnnigyniu «wqwh» wignphpdh htiw, npp Jnipwpwugnip pwynwd wuplpwgp
wbnwnpnd £ pupwghy tjwquagnyu wpdbpu niubgnn Yhuwdjwynd' wnwug hwoyh
wnubint wyn npndwu wgnbignipniup  hitnwgqw  nbnwpwtunwiubph Ypw: «Ugquwh»
wighphpedp fuwtuwnb) b twuiwwwdwuubph hwpwpbpnyeniuutipp pbip nwupupwgutiph
nbwpnu b wwwhnyt £ gnidwpwihtu wpdbp, npp 23%-ny pwpép § oywnhdwihg, dhusntin
nhuwdhy Spwgpwynpnwdp Gpwotuwynpby £ gpppw) owywhdwy nwnu® wnwug nplk
fuwtundw:

Uwghunpwwunipuinud  nwnwtwlwtu  wwu  duwynpbjhu  gbonp npjwé  k
hGnwgnunwwu pwnwnphsh Jpw, b dwdwuwyh pwpfunidip dnnniubph dholt bwwbu

14



wwppbpynd b pwlwpwdph  nwnWuwlwu - wwuhg'  wwhwugbing - 40-45%
wluwwnwinwpnienu ghinwhbinwgnunwlywu gnpdniutiniyeyuup:
dbpguwpnyniupttiph Wi Yanwijhu gnpdwlhgutipp npngynud Bu awhwgpghn Ynndbph
wnwwwnwgywd hwpgdwu  wprynitupubph  Ynpbywghnt  Jbpindnygguu hhdwu  Jpw'
unpdwwgdwu dhongny:
Luwwwnwlwihu dniuyghwu.
F=37aW (- max (32)

dwpuhdwjwgunw £ ybpouwpryniupubiph dbwynpuénigjwu dwlwpnwlubiph Yongwd
gnuiwpp' puwin g bpwuwyniejwu:
Owunhdwjwgnuit hpwlwuwgynid £ hbnlyw| uwhdwuwthwynwiubiph nbiypnud.
w) dwdwuwyh unpdwjwgnid.
iz Hi =1 (33)
Cunhwunip dwdwuwlp pwafuynid k pninp nwupupwgutiph dhol:
p) nwupupwgh dwywhu ubpywjwugynn ujwquagnyu ywhwuubpp.
H; 2 Hpip,, Vi=1,..,m (34)
Snipwpwsjnip nwupupwg nh tjwqugnyt ywhwugynn Swywi:
g) wnwybjugnyu uwhdwuwhwyndubpp.
Hi < Hpgy, Vi=1,..,m, (35)
husp Ywufunwd £ dwdwuwyh swihhg wybih Yaunpnuwgnidn:
n) nwunwitwlywu wwuht ubipyujwgynn wwhwugubipp.

Yies, Hi = Hreg i, (36)
pninp k=1..p wpdbpubph hwdwp' nwuptpwgubph dnnnyubpht  ubiplwjwgynn
unpdwwnhy wwhwugutiph wwwhnynwd, npwnbin S,-u k-pn dnnnih  nwupupwgubph
pwquntpniut k:

)  wpwlwpwlwlywu  Ywfujwdnyeyniuubp' nuwuptpwgubph  nwnwuwnnyejwu
hwonpnwlwunientu
Hprereq < Hmains (37)
Owwhdwjwgdwu fuunhpp  n6yYnud £ wypnindwd  gpunhbunwhu  ybpbiph
huntipwghnu dbpnnny.

HIY' = Hf +a- 2o (38)

npnbin t-U hnbpwghwih hwdwpu £, a-U' nwnigdwt pwyp, 0F/0H;-U" tywunwluwihu
$niuyghwih gpwnhbunt puwm i-pn nwupupwgh dwdwuwyh pwdup.

oF
20 j=a W Kij - T; (39)

Snipwpwuginip hinbipwghwihg htinn Hi-h wpdbipubipp wpnjtiyunynid Gu enyjwwnptih
pwaunipjwu  Jpw' unpdwjwgdwu b uwhdwUwhwynwubph  Yhpwndwu  Jdhongny:
Snpdpupwgp 2wpniuwyynid £ dhusk Yuyniiwgdw wywjdwuh wwywhnynidp.

|[Ft*1 — Ft| <, (40)
npwntin e-p uwhdwudwd donnipiniul k:
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Unnbip  thnpdwpydty £ UMK «Opwgpuiht dwpuwpwghnnygniu»
dwghunpnuwlwu dpwgph (120 Yptinhw, 4 Yhuwdjuwy) gpw' 105 swhwgpghn Ynndbph
dwutwygnipjwdp, W gnyg £ wdb hbwnwgnunwlwtu nwuptpwgubph b pYwhu
wbfuuninghwubiph Yptinhnutiph qqwih wé, huswbu twl tywwwlwhu $niuyghwih
wndbiph pwpépwgnud 0,422-hg dhusl 0,782 (+85,3%):

<UML-h  snpu nwnwtwlwu  wwuubph  (Gpynt dwutwghwnygyniu,  Bpynt
dwlywpnuwy) Jpw hpwlwtwgdws thnpdwpynwiubpp hwuwnwnbp Gu npwlh hunbgpug
gnigwuhoh Yuyniu pwpbijuynuip +26-32% dhowlwpnid, husp Jyuynid £ wnwowplynn
dtipnnh hwdwwhuwuhnipjuwt U fuyntu wpryniuwybnngjut dwuhu:

Qnifju 5-nud ufwpwgpqwsd b dnnnyuiht W gbpguwpryniupwiht uygpniuputiph
hhdwu Ypw nwniduwlwu  wwuubph  dowldwt  wyunndwnwgywsd  hwdwlwnpgh
uywpwgpnipiniup, npp dhwutiwlwu hunbgpdwd gnpdpupwgnid hpwywuwgunud £ 2-4-
nn gintutiph pninp dbennubin nu wignphpedutipp:

Cwdwlwnpgu nwh pwqdwbipn Gwpnwpwwbinnuygniu, nph ubpdbpwht dwup
hpdpnu oquwgnpdyby £ Django 4.2 $pbyddnppp (Spwgpwynpdwu |Ggnd' Python)'
wwwhnybny hwybjwdh pwgdwhwnly Ywnnigwdpp:

CHEENNE T "R O

uly.1 curriculum_db wjjwiubiph pwquwjh ER-nhwgpwd

Lwdwlwpgnd uwhdwudwsd Bu oquuwwnbipbiph Gpbp nbp' wndhthuwnpwwnp, npu
niup fhwpdbip hwuwubhniyentu hwdwlwpgh pninp wyjwiubphu bW Ywpgwynpnuwubpht,
wwwnwufuwuwwnt dJwutwgbin, npu wuglwgunw £ owhwgpghn Ynndbph hwpgnuip b
npw wpryniupubiph hhdwu Jpw, Yhpwnbing dowlyywsd dbpnnubnu nu wignphpedutipp,
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duwynpnud £ dwutwghnngywt nwunwitwywu wwup, b swhwgpghn Ynnd, npu niup
hwuwubihnpniu Jhwju ubhwlwu hwpgwpbpphypt' JdElwiqudjw oguwgnpddwu
hndwu dhongny:

Cwdwlwnpgp  Ubpwnnd £ hbGnlyw)  dnpnyubpp. KSA - Junnigwdpubipny
nwnwitwnnijwt Ybpguwpryniupubiph gwuyh duwynpnud, hwpgwebipebiph duwynpnid
wwwwufuwtuwwnt  wudh Ywd wphbunwlwt  pwuwlwunyeuu  hunbigpdwdp b
owhwgnpghn  Ynndbph  hwpgdwu  wuglugnd,  Ynpbgwghnu  Jbpindnieju,
Yluuwmbpwgdwt b MIP-owyinhdwjwgdwu wignphpdubph Yhpwnnud' nunutwywu wwup
Yunnigywéph thnthnfudwt  wnwowpyubiph  duwynpdwt  hwdwp,  unpdwwnhywihu
uwhdwuwthwynwiubiph yepwhuynwd (29-31 Ypbinhwn Yhuwdjwynid, 60 Ypbnhwn inwpnud),
huswbu twl hwdbdwndwu (pbusdwpyhugh) dnnny' UP-h Yppwndwdp dbwynpqwd
nunutwwu wwut woluwphh wnwowwnwp hwdwjuwpwuubph nunwiuwwu wjwuubph
htwn wdwnndwun hwdbdwwnbnt b pwpbjwybint hwdwp:

Cwdwlwnpgh thnpdwpynwip <UNL-h «Opwgpwiht dwpunwpwghwnnieiniu» b
«StnGluwwndulywu  wudwnwugniygntu»  Jwutwghwngyniutbph pwlywiwdph b
dwghutnpwwinipwih snpu nunwWitwlywu wwuubph ypw hwuwnwnb) £ pninp dnnnyubiph
gnpdniuwlnigniup’  hunbgpwy npwlp  gmgwuhoh Yugniu pwpbjwddwdp  26-32%
dhowwypnul: <wdbdwwwlwu Ybpndnipniup pwgwhwjnbp £ nwunwiuwlwu wwup
hwilwwwwwufuwunyeiniup dhowqgquiht unwunwpuubphtu (240 ECTS) U duwynpby &
Ynuypbn wnweownpynipiniuubp' dhowqgquihtu unpdbiphg hwnuwpbpyws Jbg sbnnuiubpp
pwpbjwybnt hwdwp:

uchuusuuLeh <hUutLuuyut ur3nrueuere

e Uowlyby b nwnwtwlwu wwup Jbpguwpryniupubiph gwuyph duwynpdwu W
npwug Uwuwlwihnipjutu quwhwwdwu dbpnn, npp, h  wwppbpnieniu
gnniiniu niutignn - thnpdwghwnwlwu  dninbignudubph,  wwwhndnd -k
ptdwwhynptu thnfuluwwwlygyws Ybpouwnpryniupubiph fudptiph hhduwynpywd
SGuwynpnudp' hhdudwsd swhwgnpghn Ynndbeph hwpgdwu ndjwubph pwuwlwywu
ytipinwnipjwt Ypw:[4,5,6,8]

e Uowlyt| k nwuptpwgutiph L nwunuwiuwywu wwuh dnnnywiht Yunnigwdph
duwynpdwu dbpnn, npp, h wwppbpnyeinit wjwunwywu  hnpdwghnwywu
dninbigdwt, wwwhnynwd b nwunultwlwt wywuh Yunnigwdph Gpldwlwpnuwy
dwpebdwunhynptiu hhduwynpywsd duwynpnud: [1,5,8]

e Uowlyty E nwuptupwgubph wpfuwwnwuwwpnpjwu  hwojwpldwl, puwn
wwpwwdniupubiph  wbuwyubph  pwptudwt b Yhuwdjwlwiht  owinhdwy
hwonpnwwunigjwu  npnadw dbpenn’  hpdudwd  nwnwWiuwnnyejwu
ytipguwpryniupubiph Yonwihu gnpdwyhgutiph nu KSA-Jwnnigjwépubtiph ypw: h
wwppbipnigyntt. wjwunwlwu unpdwwnhywjht dninbigdwt, wjiu wwwhnynwd &
woluwwnwwnwpnipjut  dwpebdwwhynpbt hhduwdnpwd  pwpfunud L
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nwupupwgubph  hwonpnwlywunyejwu  owywhdwjwgnu®  hwadh  wnubiny
Uwfuwwwjdwuubiph nt wluwwmwwnwpnigjwi uwhdwuwthwynwubpp:[2,3,4,7]
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USEPYAN MARINE GURGEN

AUTOMATION OF THE CURRICULUM DESIGN PROCESS BASED ON THE
DEVELOPMENT OF MODULAR AND LEARNING OUTCOME-BASED PRINCIPLES

RESUME

The modern system of higher education has entered a phase of profound structural
transformation, driven by the rapid advancement of technologies, dynamic changes in labor
market requirements, and the need to train specialists of a new type. Under these conditions,
the curriculum ceases to be a static administrative document and becomes a dynamic tool
reflecting the current demands of employers, students, graduates, and faculty.

However, the established practice of curriculum design relies on expert judgment and
established traditions rather than on formalized methods and algorithms. This approach leads
to a number of interrelated systemic problems.

Stakeholder opinions are taken into account in a subjective and unsystematic manner,
without a quantitative methodology for assessing the significance of learning outcomes, which
leads to a suboptimal selection and coverage of learning outcomes.

For determining the composition of courses and the modular structure of curricula,
mathematically justified criteria are lacking: the formation of courses and the determination
of inter-course relationships rely exclusively on an expert-based approach.

In addition, the calculation of course workloads and their distribution across instruction
types are carried out using fixed normative proportions, without taking into account the
content-related weight of learning outcomes. The semester-based placement of courses is
likewise generally carried out without systematic consideration of existing prerequisite
dependencies between courses, which leads to an uneven distribution of academic workload
and a violation of the logical soundness of course sequencing.

International research confirms the severity of these problems. According to the C52023
(Computer Science Curricula 2023) standard developed by ACM and IEEE, there is a
significant mismatch between academic programs and current labor market requirements.
The Tuning Project has developed a methodology for identifying learning outcomes through
consultations with stakeholders; however, the issues of optimal course formation and workload
distribution remain unresolved. It should also be noted that applying mathematical
optimization methods directly to the design of curriculum structure — taking into account
outcome-based and modular principles, stakeholder requirements, and regulatory constraints
— has not been sufficiently investigated.

Thus, the problem of automating the formalized process of curriculum design based on
modular and outcome-based principles is relevant both from the standpoint of addressing
problems of scientific interest and from the standpoint of designing automated systems of
practical significance.
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Aim of the Work. The work aims to develop formalized methods for curriculum design and
an automated system of this process, based on modular and outcome-based principles. To
achieve this aim, the following research objectives were formulated and addressed:

e To develop a method for forming a list of learning outcomes and assessing their
significance based on quantitative analysis of stakeholder survey data.

¢ To develop a method for course formation and curriculum modular structure design,
based on inter-course relationships.

¢ To develop a method for calculating course workloads, distributing them by instruction
types, and determining the optimal sequence of course study during semesters.

Practical Significance of the Work. The developed methods applicable to the processes of

designing, modernizing, and quality control of educational programs in higher education

institutions. System testing on four bachelor's and master's degree curricula for the "Software

Engineering" and "Information Security" specialties at NPUA demonstrated a 26-32%

improvement in the curriculum quality index.

Implementation of Results. The results of the dissertation, specifically the developed

methods for forming learning outcomes, disciplines, and modular curriculum structure, as

well as workload calculation and semester distribution, have been implemented in the
curriculum development and updating process of the Department of «Information Security
and Software» at the National Polytechnic University of Armenia.

The main results:

¢ A method for forming a list of learning outcomes and assessing their significance has
been developed, which, unlike existing expert approaches, ensures the substantiated
formation of thematically related groups of outcomes based on quantitative analysis of
stakeholder survey data. [4,5,6,8]

e A method for course formation and curriculum modular structure design has been
developed, which, unlike existing approaches, provides a mathematically substantiated,
two-level design of the curriculum structure based on inter-course relationships. [1,5,8]

e A method for calculating course workloads, distributing them by instruction types, and
determining the optimal sequence of course study has been developed based on the
weight coefficients of learning outcomes, which, unlike the existing approach, ensures
the mathematically substantiated allocation of workload and optimization of course
sequencing, taking into account prerequisite and workload constraints
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YCENAH MAPUHE T'YPTEHOBHA

ABTOMATU3ALNA NMPOLECCA ®OPMUPOBAHUA YHEBHbLIX MIAHOB HA OCHOBE
PA3PABOTKN MO AYJIbHbIX U PE3YNIbTATOOPUEHTUPOBAHHbIX MPUHLWIOB

PE3IOME

CoBpemeHHaAa cuctema BbicLero obpasosaHuA BCTynuna B oasy rnyboKknx CTPYKTYPHbIX
npeobpasoBaHuii, 0b6YCNOBNEHHbIX CTPEMUTENbHbIM Pa3BUTUEM TEXHOMOMMIA, AWHAMWUYHbBIMM
U3MeHeHUAMU TpeboBaHWIi pbiHKa Tpyha W HEOOXOAMMOCTBIO MOArOTOBKW CreLuanmMcToB
HoBoro Tuma. B aTux ycnoBuAx yuebHbIi nnaH nepectaét  ObITb  CTATUYHBIM
aIMMHUCTPaTUBHBIM JOKYMEHTOM U NMPEeBpPaLLaeTCA B AUHAMUYHbIN MHCTPYMEHT, OTpaMatoLLuii
aKTyanbHble 3anpocbl pabotopareneii, CTyAEHTOB, BbINYCKHUKOB U  NPOCPECCOPCKO-
npenopaBaTenbCKOro CocTasa.

OpHako cnomuBlUaACA MNpakTUKa (pOpMUpPOBaHMA Yy4yebHbIX NNaHoB OnupaeTca Ha
9KCMEPTHbIE CYMAEHUA U YCTOABLUMECA TPaguLMK, a He Ha (POpMann30BaHHbIE METOAbI U
anroputmbl. Takoii Noaxo, NPMBOAUT K pAJy B3aUMOCBA3AHHbIX CUCTEMHbIX Mpobrem.

MneHua 3aMHTEPECcOoBaHHbIX CTOPOH yuuTblBatOTCA Cy6BLEKTUBHbBIM "
HecncTemMaTU3NpoBaHHbIM 0bpasom, 6e3 KOMMYeCTBEHHON METOAOMOMMUN OLLEHKN 3HAaYNMOCTH
pe3ynbTaToB 00yyeHUsA, YTO MPWBOAUT K HEONTUMaNbHOMY OTOOPY M OXBaTy pe3ynbTaToB
obyyeHus.

[na onpepeneHns coctaBa AUCUMMIMH U MOAYNbHOM CTPYKTYpbl Y4ebHbIX MnaHoB
OTCYTCTBYIOT MaTemMaTUyecku 06OCHOBaHHble KpuTepun: (OPMUpOBAaHWE [AUCLMMANH 1
onpepeneHne MeXANCLUNINHAPHbBIX CBA3€l OCHOBbLIBAETCA UCKIIOYUTENbHO Ha 3KCMEPTHOM
nopxode. Kpome Toro, pacuér TpyfOEMKOCTM AUCLMMIMH W eé pacnpefeneHve Mo BUAAM
3aHATUI OCYLLLECTBAAIOTCA C (PUKCMPOBAHHBIMU HOPMATUBHBIMU MponopumaAMK, 6e3 yuéTta
copepaTtenbHoro seca pesynbtato obyyeHua. CemecTposoe pacrnpefeneHue [UCLMUMINH
TaKKe B OCHOBHOM OCYLLLeCTBNAETCA €3 CUCTEMATUYECKOTO PaCCMOTPEHNA UMEIOLLIUXCA MEMKAY
SUCUMMAVHAMU  OTHOLLUEHWI MpefLUecTBOBaHMA, 4YTO MPUBOAUT K  HEepaBHOMEPHOMY
pacnpepeneHnto  y4ebHOW  HarpyskM W HapylUeHUIO Noruyeckoil  06OCHOBaHHOCTM
nocneaoBaTeNbHOCTU AUCLUMINH.

MesxpyHapoaHble WccnefoBaHWA MOATBEPHAAIOT OCTPOTYy 3TUX npobnem. CornacHo
cranpapty CS2023 (Computer Science Curricula 2023), paspabotanHomy ACM u IEEE,
HabntopaeTca 3HauyMTeNbHOE HECOOTBETCTBME MEHAY aKafeMUYeCKUMW nporpammamn U
aKTyanbHbIMM TpeboBaHWAMM pbiHKa Tpyaa. [poekT «TtoHuHr» (Tuning Project) paspabotan
METOJONOrMIO  UAEHTUCOMKALMM  pe3ynbTaTtoB OOyYyeHWA MOCPEACTBOM KOHCynAbTauuil ¢
3aMHTEPECOBaHHbIMM  CTOPOHaMM, OfJHAKO  BOMPOCbI  OMTUMAIbHOrO  POPMUPOBaHUA
SUCUMMAMH U pacnpefeneHna TPYJOEMKOCTM OCTatoTCA HepelléHHbiMu. CnepyeT Takke
OTMETUTb, 4YTO NPUMEHEHWe MeTO[0B MaTeMaTMyecKol ONTUMM3AaLMN HEmOCPEeACTBEHHO K
MPOEKTUPOBAHUIO CTPYKTYPbl Y4ebHOro nnaHa — € y4€TOM pe3ynbTaTHO-OPUEHTUPOBAHHbIX U
MOJYNbHbIX  MPUHLUMNOB, TpeboBaHWi 3aMHTepecoBaHHbIX CTOPOH W HOPMATMBHbIX
OrpaHUYeHNii — HEeLOCTaTOYHO UCCNef0BaHO.

Takum obpasom, 3agaya aBToMaTU3auuy popmanv3oBaHHOro npotecca hoOpMMPOBaHUA
yyebHOro nnaHa Ha OCHOBE MOAYNbHbIX U Pe3yNbTaTHO-OPUEHTUPOBAHHBIX MPUHLMMOB
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ABNAETCA aKTyalbHOM Kak C TOYKM 3PEHWA pelleHuA 3afad, NPeACTaBfAloLLMX HayuHbIN
MHTEpeC, Tak M C MO3WLMKU MPOEKTUPOBAHUA aBTOMATU3NPOBAHHbLIX CUCTEM, WUMEHOLLMX
NpUKNagHOe 3HauYeHMe.

Llenb pab6otbi. Llenbto vccneposanua apnAetca paspaboTka popmannsoBaHHbIX METOH0B

¢popmmnpoBaHmA y4ebHbIX MNAHOB N aBTOMATU3KMPOBaHHOW CUCTEMbI 3TOTO NPOLLECCa Ha OCHOBE

MOJYNbHbIX U Pe3ynbTaTHO-OPUEHTUPOBAHHbBIX MPUHLMNOB. [lNA [LOCTUMKEHNA NMOCTaBNEHHOMN

uenu chopMynMpoBaHbl U peLLieHbl creaytoLme 3aa4n NCCNefoBaHuNA:

e Paspabotatb MeTtos OpMMpOBAaHWA NEpeyHA Ppe3ynbTaToB ODy4YeHUA U OLEHKU WX
3HAYMMOCTU HAa OCHOBE KONMYECTBEHHOTO aHann3a AaHHbIX Orpoca 3avHTEepPecoBaHHbIX
CTOPOH.

e Paspaboratb MeTon hopMMpOBaHUA AWCLMMAMH U MOAYNBHON CTPYKTYpbl yyebHOro
nnaHa, OCHOBaHHbI Ha MEXAVCLUNINHAPHBIX CBA3AX.

e PaspabotaTb MeTos pacyéTa TPyAOEMKOCTU AUCLMMAMH, €€ pacnpefeneHna no sujam
3aHATUIA 1 onpepaeneHna ONTUMAaNbHON MOCNEeAOBATENbHOCTU W3YYEHWUA AUCUMMINH B
TeyeHne CEeMeCTpOB.

MNpakTnyeckan sHauymmoctb pabotbl. PazpabotaHHble MeTofbl NPUMEHUMbI B MpoLeccax

MPOEKTUPOBaHUA, MOAEPHU3ALMM U KOHTPONA KayecTBa obpasoBaTeNbHbIX MporpaMm B

BbICLUMX Yy4ebHbIX 3aBefeHuAX. Anpobauua cUCTeMbl Ha ueTbipex yuyebHbIX nnaHax

bakanaBpuata ¥ MarucTpaTypbl No cneuuanbHocTAM «[lporpammHas  uHMkeHepua» 1

«MHdopmaumonHana besonacHocTb» B HITYA nokasana ynydweHue nokasatens KadvecTsa

ydyebHoro nnaHa Ha 26-32%.

BHenpenne pesynbratoB. Pesynbtathl auccepTauuoHHoii  paboTbl, B 4acTHOCTH

paspaboTaHHble MeToAbl popMMpPOBaHUA pe3yNnbTaToB OOYYEHWA, AUCLUMAUH U MOAY/bHOI

CTPYKTYpbl y4eOHbIX NNaHOB, a TakiKe pacyeTa TPYAOEMKOCTY U pacnpefeneHna Nno cemecTpam,

6b1M BHefpeHbl B npoleccbl pa3paboTkM U obHoBReHWA Yy4yebHbix nnaHosB Kadenpbl

«MHdpopmaumonHaa  6esonacHocTb U nporpammHoe  obecneyeHue»  HauuoHanbHoro

MONMTEXHUYECKOTO YHUBEPCUTETA APpMEHNMN.

OcHoBHble pe3ynbratbl:

e PaspabotaH MeToj hOpPMMpOBAaHWA MEPEYHA pe3ynbTaToB OOYYEeHUA U OLEHKM WX
3HaYMMOCTU, KOTOPbIi, B OTAMYME OT CYLUECTBYIOLLUX 3IKCMEPTHLIX MOAXOAO0B,
obecneunBaeT 0bOCcHOBaHHOE (DOPMMPOBAHWE TEMATUYECKU  CBA3AHHbIX  Fpynn
pe3ynbTaTOB Ha OCHOBE KOMMYECTBEHHOrO aHann3a JaHHbIX Ornpoca CTeNKXOnepos.
[4,5,6,8]

e PaspabotaH MmeToA (POPMUPOBAHMA JUCUMIMIAMH U MPOEKTUPOBAHUA  MOAYbHOW
CTPYKTYpbl Yy4ebHOro nnaHa, KOTOpbIii, B OTIMYME OT CyLLECTBYHOLLUX MOAXOAOB,
obecneunBaeT maTemMaTUyeckun OBOCHOBAHHOE [BYXYPOBHEBOE MOCTPOEHWUE CTPYKTYpbl
yuebHOro nnaHa Ha OCHOBE MEMAMCLIMNINHAPHbIX caseid. [1,5,8]

e pa3paboTaH MeTOA pacyéTa TPYyAOEMKOCTU AMUCLMMIWH, €€ pacnpefeneHua no BUAAM
3aHATUIA 1 onpepeneHna ONTUMabHOW MOCNEeAOBATENbHOCTU WU3YYEHUA AUCLIMMINH,
OCHOBaHHbIIi Ha BECOBbIX KO3(pchnLMeHTax pe3ynbTaTos obyyeHus, KOTopblii, B OTIUYME
OT  CyllecTBylOLLero nopxoja, obecrieumBaeT  MaTemaTuyeckm  0b6OCHOBaHHOe
pacnpefeneHue TPyAOEMKOCTM UM ONTUMM3aUMIO MOCNEAOBATENbHOCTU AUCLUMINH C

YYETOM OrpaHWYeHii No NPeALLIECTBOBAHNIO U TPYA0EMKOCTMU. [2,3,4,7w E' 1
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   |   F  t + 1 −   F  t | ≤ 𝜀 ,


    H  i


    𝜕 F  𝜕   H  i =   ∑  j = 1  n    W  j ⋅   K  i j ⋅   T  i


  i


  𝜕 F / 𝜕   H  i


  𝛼


  t


    H  i  t + 1 =   H  i  t + 𝛼 ⋅   𝜕 F  𝜕   H  i


    H  p r e r e q ≤   H  m a i n ,


    S  k


  k = 1 … p


    ∑  i ∈   S  k    H  i ≥   H r e g    k   ,  


    H  i ≤   H  m a   x  i ,   ∀ i = 1 , … , m ,


    H  i ≥   H  m i   n  i ,   ∀ i = 1 , … , m


    ∑  i = 1  m    H  i = 1


  F =   ∑  j = 1  n    W  j ⋅   C  j →  max    H  i


  F  ( 0 , j ) = 0


  F  ( i , j ) =    min  k ≤ j ⁡   { F  ( i − 1 , k ) + C  ( i , j ) }


    ∑  i ∈ P   h  i ⋅   x  i j ≤   H  m a x ,   ∀ j ∈ S ,


    ∑  j ∈ S    x  i j = 1 ,   ∀ i ∈ P


  T   F   min    x  i j =   ∑  i ∈ P    ∑  j ∈ S  C  ( i , j ) ⋅   x  i j


  S


  P


    𝛽  i


    O  i =     I Z  i  n   𝛽  i


  I   Z  i =   P  K ⋅   k  i +   P  S ⋅   s  i +   P  A ⋅   a  i ,   i = 1 , 2 , 3 , 4


  A =   ∑  i = 1  m    W  A i


              S =   ∑  i = 1  n    W  S i


  К =   ∑  i = 1  j    W  K i


    K  sum =   ∑  y = 1  v  K  ′  y


    K  y =     K  sum  n ⋅ 2 ,


    K  s ′ =  ∑    K  i


    K  s i =     K  sum  n ± 𝛥 k


    K  i =     W  i    ∑  i = 1  n    W  i ⋅   K  sum


  W   C  j =   ∑  o = 1  n    W  o


  1 → 3


  1 → 2 → 3  


  Quality =   w 1 ⋅ Coverage +   w 2 ⋅  ( 1 − Redundancy ) +   w 3 ⋅ Coherence +   w 4 ⋅ Balance +   w 5 ⋅ Alignment


  Alignment =   Cov  ( P ,   H )    𝜎  P ⋅   𝜎  H


  Balance = 1 −   𝜎  𝜇


  Coherence =  1   | D | ⋅   ∑  j    c  j ,


  R e d u n d a n c y =   ∑   d  i  ∣ C ∣


  Coverage =   covered  total ⋅ 100 %


    x  i j ≤   y  j ,   ∀ i , j


    c  j =  2    n  j  (   n  j − 1 ) ⋅   ∑     i < k ,   i , k ∈   D  j    prox  i k ,     n  j ≥ 2


    c  j ≥ 0 , 5 ⋅   y  j ,   ∀ j ,


    M I N  COMP


    M A X  COMP


    ∑  i    x  i j ≥   M I N  COMP ⋅   y  j ,   ∀ j


    ∑  i    x  i j ≤   M A X  COMP ⋅   y  j ,   ∀ j ,


    ∑  j    x  i j ≥ 1 ,   ∀ i


    𝜔 3 = 0 , 3


    𝜔 2 = 0 , 4


    𝜔 1 = 0 , 3


    𝜔 3


    𝜔 2


    𝜔 1


    𝜔 3


    𝜔 2


    𝜔 1


    F     min    x  i j ,     y  j ⁡ =  (   𝜔 1   ∑  j    y  j +   𝜔 2   ∑  j , k    o  j k −   𝜔 3   ∑  j    c  j )


    K  j =     W  j    ∑  i = 1  n    W  i ⋅   K  sum


    W  j =   ∑  i ∈   K  l    W  i


    D  j


    W  j


    K 5


    K 4


    K 3


    K 2


    K 1


  A v e r a g e


  C o m p l e t e


  124 . 3


  0 . 62


  0 . 71 ± 0 . 08


  𝛼 + 𝛽 + 𝛾 = 1


  𝛾 = 0 , 4


  𝛽 = 0 , 1


  𝛼 = 0 , 5


  p r o   x  i j = 𝛼 ⋅   s  i j + 𝛽 ⋅   k  i j + 𝛾 ⋅   p  i j


    ∑  j = 1  n    W  j = 1


    W  j =       X -  j    ∑  k = 1  n      X -  k


   | r | < 0 . 3


   | r | ≥ 0 . 5


      x -  j


      x -  i


    r  i j =     ∑  k = 1  M   (   x  k i −     x -  i )  (   x  k j −     x -  j )     ∑  k = 1  M     (   x  k i −     x -  i ) 2 ⋅   ∑  k = 1  M     (   x  k j −     x -  j ) 2


      r -  i =  1  n   ∑  j = 1  n    r  i j


      r -  i


  C o n s = 1 −   avg  (  |   r  i j −     r -  i | )  max_range ,


  ± 2


    P  i =   ∑  j = 1  n    w  j ⋅   r  i j

