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3ACTOCYBAHHA 'EHETHYHOI'O AJITOPUTMY
0 3AJAUI CKUIIAJAHHSA HABYAJIBHOI'O PO3KJIALY

Po3risinyTo oAMH 3 BilOMHUX MiaX01iB, AKMI MOKHA BUKOPHCTOBYBATH NMPH CKJIAJAHHI
HABYAJIBHOT0 PoO3KJaay. 3anponoHOBaHA CXeMa TeHEeTHYHOIr0 aJropuTMy, pe3ybTaToM
po0oTH SIKOI € OTPUMAHHS HAOJMIKEHOr0 PO3B’A3KY 3aJayi CKJAQJAAaHHA PO3KJIALy 3
HEOOXIIHICTIO MOAAJIBIIOT0 HOr0 MOKPALEHHS IHIIMMHU €eBPUCTUYHNUMH METOAAMHU.

Ku11040Bi cj10Ba: reHeTHYHUH aJITOPUTM, HABYAJIbHUIA PO3KJIajl, eBPUCTHYHI METOIM.

PaccmoTpen oaMH M3 HM3BECTHBIX MOAXOA0B, KOTOPBI MOYXHO HCHOJb30BATH INpPH
cocTaBlieHUM Yy4eOHoro pacnucanusi. IIpeaso:keHHa cxeMa reHeTHYeCKOro ajaropurMma,
pe3yabTaToM padoThl KOTOPOW sIBJIsieTCSl MOJydeHHe NMPHOJIMKEHHOTO pellleHusl 3aJa4u
COCTABJIEHUS] PACHHCAHUS C¢ HEOOXOAMMOCTBHI) JAJIbHeHIIero ero yJjy4lleHus JAPYrUuMH
IBPUCTHYECKHUMH METOaAMM.

KiroueBbie ci10Ba: reHeTHYeCKHIl aJrOpUTM, y4eOHOe paclHHCaHUe, IBPHCTHYECKHE
METO/IbI.

One of the main tasks in organizing the educational process in higher education is the
drawing up of a schedule of classes. It reflects the weekly student and faculty load. At the
same time, when compiling, there are a number of necessary conditions and a number of
desirable. The paper considers seven required and four desirable conditions. In this paper,
one of the well-known approaches that can be used in drawing up a curriculum is consid-
ered. The proposed scheme of the genetic algorithm, the result of which is to obtain an ap-
proximate solution to the problem of scheduling with the need to further improve it by oth-
er heuristic methods.

To solve the problem, an island model of the genetic algorithm was selected and its ad-
vantages were considered. In the paper, the author's own structure of the individual, which
includes chromosomes in the form of educational groups and genes as a lesson at a certain
time, is presented and justified. The author presents his own implementations of the genetic
algorithms. During the work, many variants of operators were tested, but they were reject-
ed due to their inefficiency. The biggest problem was to maintain the consistency of infor-
mation encoded in chromosomes. Also, two post-steps were added: to try to reduce the
number of teacher conflict conflicts and to normalize the schedule - to remove windows
from the schedule. The fitness function is calculated according to the following principles:
if some desired or desired property is present in the individual, then a certain number is
deducted from the individual's assessment, if there is a negative property, then a certain
number is added to the assessment. Each criterion has its weight, so the size of the fine or
rewards may be different. In this work, fines were charged for non-fulfillment of mandato-
ry conditions, and rewards for fulfilling the desired.

Keywords: genetic algorithm, educational schedule, heuristic methods.
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Beryn. Maremarumi  3akam  Oylio TpUTaMaHHE TIPAarHEHHS PO3POOISITH
e(eKTUBHI METOIM PO3B’SI3aHHS SIKOMOTa IIMPIINX KiIaciB 3amad. bararopiunuit
JIOCB1/T PO3BUTKY TEOPii AUCKPETHUX 1 KOMOTHATOPHUX 3a/1a4 Ta MPaKTUKaA 1X

pPO3B’sI3aHHS TMOKa3ajy, IO Il JIBI CTOPOHM — 3arajbHICTh METO/la 1 HOro
e(DEeKTUBHICTh — 3HAXOJATHCS y BIJIOMOMY aHTaroHizmi. Pazom 3 TuMm, ayxe
BaXJIMBO 3HATH, 1 OCOOJIMBO 1€ CTOCYETHCS 3a7ad JUCKPETHOI ONTUMI3aIllii, 10
BiHOCAThCS 110 NP-cknagaux [1], UM MoOKHA B MPUHIUIN CIIOAIBATHCS Ha
CTBOPEHHS JIOCUTh 3araJibHUX 1 €(EeKTUBHUX METOMIB abo Tpeba CBIIOMO HTH
IUIIXOM pO30OUTTA 3a7ad Ha Bce OUIBII BY3bKI KJIACH 1, KOPUCTYIOUHCH iX
cnernugikoro, po3pooaTH sl HUX e(EeKTUBHI (XOPOIITi) alrTOPUTMH.

VY Bunagkax, KoJM TOYHI METOJY MalOTh €KCIIOHEHI[INHY CKJIaJIHICTh, JOLLIBHO
3aCTOCOBYBATH HAOJIMKEH1 anropuTMu. OJHUM 13 TIXOA1B, IO JOCUTH €(hEKTUBHO
3apEKOMEH]IyBaB ceOe JjIsi OTpPUMAaHHSI HAOJMKEHUX PO3B’S3KIB, € BUKOPUCTAHHS
reHeTHYHUX anroput™MiB. Came el miaxiJ 1 po3nsiIa€Thes B 1aHii poOoTi.

IMocranoBka 3amavi. OfHiIEIO 3 OCHOBHUX 3aJlad MPU OpraHizailii HaB4aJbHOTO
npouecy y 3BO € ckimamaHHs po3kiany 3aHATh. BiH BigoOpakae THXKHEBE
ayIUTOpHE HaBaHTAXCHHS CTYACHTIB Ta BUKJIaAa4iB. [Ipu 1pomy, npu cKiiaJaHH1
PO3KIIay 3aHATH € PsiJl HEOOX1THUX YMOB Ta psan OaxkaHux. J[o HEOOX1THUX YMOB,
30KpeMa, BITHOCATHCS HACTYITHI:

e 00CsT ayTMTOPHOTO HABAHTAXKCHHS HA CTYJAEHTAa BH3HAYAETHCS HABYAJIHLHUM
MJIAHOM TIJTOTOBKM CHEIIAICTIB Ta BIAMOBIAHUM POOOYMM HABYAJIBHUM IUIAHOM,
KWW CTOCYETHCA KOHKPETHOTO POKY. 3a3BUYall THKHEBE ayIUTOPHE HABAHTAXKECHHS
3MIHIOETRLCS B Alana3oHi 18-22 ro;

® B OJIMH JIcHb HE MOXKHA IIJIAHYBaTH O1JIbIIE 8 ToJI;

® HE MOBMHHO OyTH “BIKOH”, TOOTO, HE IOBUHHO OyTH mepeps, Outbmux 3a 20
XBUJIUH;

® JIeSKI 3aHSTTS MOBUHHI TPOBOJIUTUCH B CIIEI1AII30BAHUX KJlacax;

® OJIMH BHUKJa/Ia4 HE MOKE MPOBOJIUTH OJTHOYACHO 3aHATTS B IBOX ayJIUTOPISIX;

® BUKJIAQJAaHHS JIEAKUX JIMCUHUIUIIH TUIAHYETHCS OJIHOYACHO IS PI3HHX
CIICIiaJIbHOCTEH;

® 3aHATTS MOBMHHI MNOYMHATHCh 1 3aKIHUYYyBaTHCh Yy BIJIBEJICHUNA YaCOBUU
MIPOMIXKOK.

Po3kian, 1110 3a70BOJIBHSAE HABEIEHUM BUMOTaM, Oy/IeMO BBa)KaTH JIOITyCTHMHM.
Kpim 060B’s13k0BUX, 0aKaHUM € BUKOHAHHS 1 HACTYITHUX BUMOT:

® HE IJIAHYBAaTHU HA BUKJIAJaua B OAUH JACHBb 0OCAT 3aHAThH O1IbIIIE BCTAHOBIICHOT
HOPMU;

® HE IUIAHYBaTU HA CTYJCHTIB B OJWH JICHb OOCST JICKIIWHUX 3aHATH OLJIbIIE
BCTaHOBJICHO1 HOPMU;

¢ He IJIaHYBaTH Ha OJUH JCHB 3aHATTS, III0 MTPOBOASATLCS B PI3HUX KOpITycax;

® HASBHICTH JHSI CAMOCTIMHOT pOOOTH.

Po3knan, sikuii 3a70BOJIbHSE HEOOX1THUM Ta Oa’KaHUM yYMOBaM, OyIeM BBa)KaTH
JTOTTYCTUMUM.
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B naniit po60Ti He BpaXxoBYIOThCSI HACTYIHI (PaKTOPH:

® JIOCTYIHICTh ayJUTOPIM Ta iX TUMN (JIEKIIHA, TPaKTHYHA, JJabopaTropis);

® HEMOBHE  HABaHTWKEHHS  (3aHATTA 32  MPEIMETOM  3aKIHYYIOThCA
(MOYMHAIOTHCSA) paHilIe, HiXK 3aKIHIY€EThCS (MIOUNHAETHCS) CEMECTD).

Bu6ip reneruuHoro ajgropurmy./lnsi po3B’si3aHHsS MMOCTaBICHOI 3ama4i Oyino
o0OpaHO OCTpIBHY MOJAENIb TE€HETHYHOro anroputmy. Lleit BuOip MOTHBOBaHO
HAaCTyITHAMM MOTO IepeBaramu:

® ACHHXpOHHicTb. KoXKeH OCTpiB MOXKE HE3aJIeKHO BiJ] 1HIIUX BUKOHYBAaTH
po3paxyHku. BpaxoByroum Oarato mortouHicTh cydacHux CPU (Takox, MOXHA
3acrocoByBatu GPU), 1ieit dakt gae Bemuky mepeBary, 00 3a OIHY OAUHHITIO Yacy
BUKOHYEThCSI Olnblie poOoTH, yuM iHII HemapanenbHi [A. Ile gae Oinmpiry
BIPOT1/IHICTb, IO PE3YJbTAT € HalKpaiuM (a00 OJIM3bKUNA 1O HBOTO).

e PizHOMaHITHICTH AJTrOpUTMIB KOKHOI0 OCTpOBY. KOXHMII OCTpiB MOXe
MaTH TEBHY «CIelliani3aliioy — CIelialibHO Mifi0paHi onepaTtopu TeHETHYHOTO
aNTOPUTMY, SKi BUKOHYIOTh TIEBHY 3a/1ady (IIUPOKUH MOMIYK MO0 BCbOMY MPOCTOPY
«100pUx» 1HAMBIAIB a00 TOKpAILIEHHS ICHYIOUOIO TE€HOTHUIY, MHPSIMYBAHHS 0
JIOKaJIBHOTO (2 MOYKJIMBO 1 NIOOAIIBHOI0) EKCTPEMYMY).

e Mirpauii Mixk ocrpoBammu. lleii mpoiiec m03BoJig€ MOMYJAIIAM 3 PIZHHUX
OCTPOBIB OTPUMYBaTH TE€HOTHIIM, SIKHUX paHIIIE BOHM HE Majiu ab0 HE MOINH
3reHepyBaTH, BUKOPUCTOBYIOUH HASIBHI OIlEpaTopu BiIOODY.

TyT BUKOpUCTOBYIOTBCSI TaKl B1IOM1 TIOHSITTS:

® OCTpIB — €JIEMEHT aJIrOPUTMY, KU BMIILYyE B ce0Oe MOMYIISIII0 Ta ONEpaTopu
I'A 1151 poGOTH HAJ HEIO;

e croxa — yac (abo KpOK alropuTMmy), 3a SIKMM 3 MOMYJISIIE€I0 Ha OCTPOBI
B1/10yBalOThCS 3MIHHU (3’ ABISIOTHCS HOBI Ta BMUPAIOTh 1HAUBIIN);

e GPU (aum. Graphics Proccesing Unit, GPU) — okpemuil TpHUCTpiid
MEPCOHAJIBHOTO KOMIT'I0Tepa abo 1IrpoBOi NPHUCTABKH, BHUKOHYE TrpadiuHui
PEHICPUHT;

o CPU(aurn. Centralprocessingunit, CPU)— ({yHKIlIOHATbHA YacTHHA
KOMIT FOTepa, 0 MPU3HAYCeHA JIJISIHTEPIpETaIiiKOMaHI.

Onuc ocHoBHux eneMeHTIiB I'A. Po3nstHeMo Moaens o CriaiHOMy NPUHIUITY.
[TonsTTs 1HAMBLY (pUC. 1) OTOTOXKHUMO 3 PO3KJIAJIOM Ha THXKACHb. Takuii BapiaHT
oOpaHo, Tak K B HaBUaJbHUX 3aKjaJax PO3KJIaad B  TEPEBaXHii
OLTBIIIOCTICKIIAIAI0THCS HA THXKIEHb.

Hactynmuum enemenToM pneramizamii € Xxpomocomu. KoxHa xpomocoma
BIJINOBIJIa€ PO3KJIQAy OJHIET Tpynmu Ha TIWKIEHb. To0TO, KOXEH 1HIWBIZ
CKJIaJlaeThcsi 3 n XpomocoM (rpym). HactynHa cTpyktypa xpomocomu (puc. 1)
BUSIBUJIACh HAWOUIBIT BmamuM BapianToM. [lepenm Hewo BUMpoOyBaHO JEKiTbKa
BapiaHTIB, SKi Oyl BIAKWUHYTI y 3B’S3Ky 3 TUM, IO JUISI HUX HAJATO BAXKO, a0
B3araji HEMOXIIMBO, MOOYIyBaTH T'€HETUYHI ONEPATOpH, sIKI O HE BUPOMKYBAIU
1H(popMaliiiHy CTPYKTYpPY 1HIUBITyYyMa.

Koxkxna xpomocoma ckianaetbcsi 3 reHiB. KokeH TeH mpencTtasisie coO0r0
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napy{Task, Timepoint}. Ilpuuomy, sxmoZask (puc. 2)— € 3aBmaHHsSIM Ha 2
akaJIeMi4H1 TOAUHU, To TimepointMoxe NPUUMAaTH JIMIIIE MapHi 3HaYeHHs. Takox 11e
O3HAuae, 1110 3aBJIaHHS MIPUCYTHE SIK 1 32 YHCEIILHUKOM, TaK 1 32 3HAMEHHUKOM.

BXxinHi naHi TIpeACTaBISIOTh HApsSAM HAa PO3KiIaa, SAKI BKE MAlOTh IIEBHY
CTPYKTYpyY. A caMe, B HbOMY BKa3y€ThCs SIKUM BUKJIaJa4d (BUKJIaaa4qi), B K1l TpyIii,
CKUIBKM aKaJeMIYHHUX TOJAUH Oyle BECTHM KOHKPETHUM mpenmeT (MpakTH4YHI 4u
JICKIIHHI 3aHATTS).

Onuc gesikuX BUKOPUCTOBYBAHUX ONEPATOPIB reHETUYHOIO AJITOPUTMY.

Omnepatop BinOOpy 6arbkiB. TyT BUKOpHUCTOBYBANIKCS 3BUYAlHI oniepaTopu [2]:

® TIaHMIKCIS;

® CIITApHMUI;

® pYJIETOYHUI B1AOIp.

Omnepatop kpoccopepy. Tyt 3amada Oymma CKIaIHINION, ajKe BUIVISA 1HAWBIAA €
HetunoBuM Jiia [A. B xomi poOoTu BHIpoOOyBaHO BEJIMKY KUIBKICTh BapiaHTIB
OIepaTopy, ajie BOHU OyJI BIIKUHYTI Y 3B’ S3KY 31 CBO€I0 HEE(PEKTUBHICTIO.

IHausBiQ
Xpomocoma 1 Xpomocoma n
- Mpyna 1 pyna n
MeH 1 MeH 1
Task: tk1Timepiont: pt1 Task: tk1Timepiont: pt1
nH - leH 2 leH 2
Task: tk2 Timepiont: pt2 Task: tk2 Timepiont: pt2
leH 3 leH 3
- Task: tk2Timepiont: pt3 Task: th2Timepiont: pt3
leH 4 leH 4
BT 4 Task: tk4Timepiont: pt4 Task: tk4Timepiont: pt4
leH 5 e leH 5
L Task: tk5 Timepiont: pt5 Task: tk5 Timepiont: pt5
[eH r-1 [eH s-1
nT Task: tk(r-1) Timepiont: pt(r-1) Task:tk(s-1)Timepiont: pt(s-1)
leHTr leH s ‘
Task: tk(r) Timepiont: pt(r) Task: tk(s) Timepiont: pt(s) |

Puc. 1. Cxema inauBiga Ta XxpomMmocom

Omnepatop kpoccopepy. TyT 3amaua Oymna CKIAIHINION, aJKe BUIVISAI 1HIUBIAA €
HetunoBuM aiia [A. B xomi poOoTu BUNpOOYyBaHO BEJIMKY KUIBKICTh BapiaHTIB
omeparopy, ajie BOHMU Oyau BIAKUHYTI Y 3B’SA3KYy 31 CBO€H HEEe(PEKTHBHICTIO.
HaiiGinpmoro mpoOiiemoro Oyno  30epeXeHHs HeCcylepewIMBOCTI 1H(opmarllii
3aKOJI0OBaHOI B XpoMmocomax. Hampukian, sSIKIio BUKOPUCTOBYBAaTH MPOCTUN OOMIH
T€HaMH — OJJHOTOYKOBHI KPOCCOBEP, TO 3 BEIMKOIO WMOBIPHICTIO Ha OAMH 1 TOM ke
4yac Ha3Ha4yaJIoCs J1BA 3aBJIaHHS.
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..................................................

+ Teacher from teachers

+ Subject from subjects

+ Group from groups

+ Duration from {FULL, HALF}

+ Type from {LECTURE, PRACTICE}

+ empty(): bool
Puc. 2. Cxema Task

Tomy y poOOTI BHKOPHCTOBYBAaBCS HACTYITHHUM BapiaHT KPOCCOBEPY: SKIIO Ha
OJIMH 1 TOM e Yac MpUIaaaio A1 3a7adi, TO Yac BiJAaBaBCs TeHy IMepIioro 6arbka,
y BCIX IHIIIUX BUIAJIKaX — reHy Apyroro 6arbka. Ha crpoieHiii cxemi 11e BUITISAaE
TaK:

N

)

O|IN|OIOA BT WIN|—~

—>

A WIN|—

7 S,

OOIN OOl |WIN|—
AW IN -

A lWOIN|—-

Puc. 3. Cxema po6oTu KpoccoBepy

[Tpu myTarii ams KOKHOI XpOMOCOMHU I1HAMBIZA 3MIHIOIOTHCS JESKI 3HAYCHHS
reHiB. 3miHa Moxke OyTH HacTymHa: a00o OOMIH yacoM 3 I1HIIMM T€HOM, abo
nepeHecTu Ha Oyab-skud 1HmMNA jpoctynHud yac. lle BigOyBaeTbes Tak:
BHOHMPAETHCS BUMAIAKOBIA dYac, SKIIO I Yac 3alHATHNA 1HIIMM TE€HOM, TO
OOMIHIOEMO MICIIIMHA Yac. SIKIMO HI — TO dYac BCTAHOBJIIOEMO BIIIOBIIHO
OTPUMAaHOMY BHUITaIKOBOMY 3HAYEHHIO.

Taxox Oyimo 700aBIEHO J1Ba MOCT-KPOKHU:

1) cipoOyBaTy 3MEHIIUTH KIJIbKICTh KOH(IIKTIB 3aiHATOCT] BUKJIaAaya;

2) HOpMaJTi3yBaTH pO3KJiaj, TOOTO BUIATUTH «BIKHA» 3 PO3KIALTY.

IToct-kpoku Oynu BBeACHI y 3B’SI3KY 3 THUM, IO Jis OMEPaTOpy KPOCCOBEPY Ta
MyTallii Maixke ofpa3y CTBOpPIOBaJia 1HJMBIIIB, 3 BEJIMKOW (QYyHKINE (ITHECY —
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1HaUBIMM OyaW nmajieki BiA JOMyCTUMOI MHOXHWHU. AJie 3arajbHUN TEHETHUYHUIN
aIrOpuTM, HE Tependadae Taki Kpoku. Tomy JOBKoia omeparopa MyTalii Oyno
CTBOPEHO Wrapper, SKuii MacKy€eThCs 1]l OTIepaTopa KPOCCOBEPY Ta BXKE BCEPEANHI
cebe BUKJIMKAE MOTPIOHOTO oreparopa 1 poOuTh HEOOX1/IHI T0AaTKOBI JIii.

Jlns 3MeHIIeHHsT KUTBKOCT1 KOH(MIIIKTIB 3aHHSITOCT1 BHKJIajada 3HaXOIAThCS BCi
TeHHU, B SKUX OAHI 1 Tl * BUKJIajadl, MPU3HAUYCHI HA OJWH 1 TOW caMuii yac, Ta
BUIAJIKOBUM YHMHOM PO3MOAUISIOTHCS MO PO3KIJIAMy. X04 1€ 1 HE TapaHTye, IIO0
KOH(IIKTA 3HOBY HE OyJIyTh CTBOPEHI, aJieé TAKUM METOJ] IIIBUJIKUH 1 HE CyIIepEeUUTh
npuHounam ['A.

Jlnst HOpMammizamii po3KiIagy HEOOXiTHO B MEKax KOXKHOTO JHS 3MIHUTH
3HAYE€HHSA 4Yacy B T€HaX Tak, mo0 He Oyno «BikoH». lle poOuTbCcs HACTymHUM
YUHOM: 3HAXOMATHCS BCI TEHW I TEBHOTO [HS, COPTYIOTBCS B TOPSIIKY
CJIITyBaHHS Ta Yac KO)KHOTO TeHa 3IBUTAETHCS B HAMPSMKY IEPIIIOTO.

®yHkuis ditHecy [3]po3paxoBy€eThCS 3a HACTYIHUMHU MPUHIUIIAMU: AKIIO JesSKa
HeoOx1/1Ha abo OakaHa BIIACTHBICTh NMIPUCYTHS Y 1HAMBIJA, TO BiJ OIIHKH 1HAMBIIA
BIJIHIMA€ETHCS TIEBHE YHUCJIO, AKIIO XK MPUCYTHS HEraTWBHA BIACTHUBICThH, TO MEBHE
YHUCJIO JI0Ia€Thca A0 OIiHKUA. KokeH KpuTepiii Mae CBOIO Bary, TOMY pO3Mip
mTpady abo BUHATOPOAM MOXYTh OyTH pi3HMMU. B maniit poGoti mrTpadu
HAapaxOBYBaJMCS 3a HEBUKOHAHHA OOOB’SI3KOBUX YMOB, a BHHAropojaud 3a
BUKOHAHHS OakaHUX. SIK MOKHA O0a4uTH, I1€ 3a/1a4a MiHIMI3aIii IIJIb0BO1 (DYHKIIII.

['oToBUIf IHAMBIJ Ma€ TaKy CTPYKTYPY:

e 24 xpoMocoMH, TOOTO Ha (aKyabTETI HABUAIOTHCS 24 TpyMH;

® B CEpeIHbOMY, KUIBKICTh T€HIB JOpiBHIOBaNA 10, Tak sIK TE€HU T€HEPYIOTHCS
BUIMAQJKOBUM UYHWHOM, ajie¢ TaK, MO0 HaBaHTaXEHHS Ha TPYITy, SAKid BiamoBizae
XpoMocoma, Oyna B Mexkax Bij 18 10 22 roauH.

[Iporpamna peasizaliisi BiJIMOBIIa€ MPUHIUIIAM 3aKJIaJeHUM B [4].

BucHoBKkH. 3anpomoHOBaHUN aNTOPUTM JIO3BOJISIE 3HAXOAUTH  BITHOCHO
HEIMOTaHl HaOMMKeHIpo3B’si3ku. I TMOJanbIIoro MOKpAIIeHHS pe3yJbTaTiB
NOTPIOHO BUKOPUCTOBYBATH KJIACUYHI aITOPUTMU KOMOIHATOPHOI onTuMizarii. J{ms
MMOBHOTO 3aBEPIIECHHS TPOTPAMHOTO KOMIUICKCY HEOOXiJIHO J0JaTH MOIYJIb
KJIACHYHOI ONTHMI3allii, YTBOPHBIIN KOHBEEP. TakoK MOXXKHA 3ayBaKUTH, IIIO
po3pobnennii I'A mBHAKO 30Ira€ThCsi, TOMy HE CIiJ 33JaBaTU BEJIUKY KUIbKICTb
CTIOX.
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