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TOM TAT
Viéc xdy dung thoi khoa biéu (TKB) tai cac truong dai hoc la mét bai toan 16i wu héa té
hop phitc tap, doi héi théa man dong thoi nhiéu rang budc vé tai nguyén, thoi gian va nhan su.
Nghién ciru nay d@é xudt mot phirong phdp hai bude sir dung gidi thudt di truyén (GA) dé phan
b6 phong hoc, ca hoc va ngay hoc cho cdc I6p, két hop véi gidi thudt phéin viéc tham lam (GAA)
de phadn cong giang vién duwa trén nang luc va lich day wa thich. Ham muc tiéu dwoc thiét ké
nham gidm thiéu vi pham cdc rang budc ciing nhw xung ddt phong hoc, ca hoc, nang lyc gidng
vién, dong thoi toi wu héa cdc tiéu chi mém nhw sir dung hiéu qua tai nguyén va wu tién giang
vién co hitu. Két qua cho thdy phwong phdp nay tao ra TKB kha thi, ddp img cdc rang budc
phure tap va ndang cao hiéu qua 16 chirc gidang day tai cdc truong dai hoc.

Tir khéa: Giai thuat di truyén, 1ap lich hoc, thoi khoa biéu, tdi wu.
ABSTRACT

Course timetabling in universities is a complex combinatorial optimization problem that requires the
simultaneous satisfaction of multiple constraints related to resources, time, and personnel. This study
introduces a two-stage approach that employs a Genetic Algorithm (GA) to allocate classrooms, time
slots, and teaching days, combined with a Greedy Assignment Algorithm (GAA) to assign lecturers
according to their expertise and preferred schedules. The objective function is formulated to minimize
violations of hard constraints—such as classroom and time-slot conflicts and lecturer qualifications—
while optimizing soft criteria, including efficient resource utilization and prioritization of full-time
faculty. Experimental results demonstrate that the proposed method generates feasible timetables,
effectively addresses complex constraints, and improves the overall efficiency of academic scheduling

in universities.
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1. MO DPAU

Trong bdi canh gido duc dai hoc ngay cang phat trién vé quy mé va mirc 46 da dang trong

chuong trinh ddo tao, viéc xay dung thoi khod biéu (TKB) giang day tré thanh mot nhiém vy
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phtc tap va c6 tinh chat quyét dinh dén hiéu qua van hanh ctia mét co so gido duc. Bai toan nay
khong chi yéu cau su phan phdi hop 1y cac ngudn lyc hitu han nhu giang vién, phong hoc, va
thoi gian, ma con phai tuan thii nhiéu rang budc dong thoi lién quan dén hoc phan, chuyén mon,
va nhu ciu thyc té cta nguoi hoc. Pay 1a mot bai toan ti wu td hop rat kho, thu hut sy quan
tdm cta nhiéu nha nghién ctru. Bai toadn 1ap thoi khoa biéu cho cac khoa hoc dai hoc dic biét
kho giai quyét do quy mé 16n va su ton tai ciia nhiéu rang budc cting va mém dy thach thirc.
[1, tr. 1].

Theo céach truyén thdng, cong viéc 1ap TKB thudng duoc thyc hién thu cong hodc ban tu
dong, phu thude nhiéu vao kinh nghiém cta can by quan ly dao tao. Tuy nhién, khi quy mo sinh
vién tang 1én, s6 lugng 16p hoc, hoc phan va giang vién ngay cang 16n, viéc ap dung cac phuong
phap thu cong khong con kha thi. Didu nay dit ra nhu cu cap thiét phai nghién ctru va phat

trién cac phuong phap tinh toan hiéu qua dé tu dong héa va téi wu héa qua trinh xay dung TKB.

Cho dén nay da c6 nhiéu nghién ctru giai phap cho bai todn nay dugc thyc hién trén nhidu
giai thuat khac nhau, trong d6 tmg dung GA trong xay dung TKB c¢6 s6 luong nghién ciru ndi
troi [2, tr. 10]. Tir két qua khao sat cac nghién ciru thyc té [2] cho thdy tam quan trong cua bai
toan TKB trong thyc tién va mirc d6 tng dung rong rii cuia GA trong nghién ciru dé giai quyét
bai toan nay. Mac du vay, cac bai toan TKB bén canh viéc c6 chung nhiing rang budc vé dung
do tai nguyén (giang vién, phong hoc,..) con c6 nhirng rang budc riéng mang tinh dic thu moi
noi nén kho c6 mot giai phap cé thé ap dung phd quat.

Trong nghién ctru nay, tac gia dé xuat mot phuong phap xay dung TKB giang day cho
truong dai hoc qua hai bude: Bude 1 sir dung GA dé xay dung lich hoc cho cac 16p theo timg
ngdy, ca va phong hoc cu thé; bude 2 thuc hién phan cong giang vién giang day cho cac hoc
phan tai cac 16p bang giai thuat phan viéc tham lam (Greedy Assignment Algorithm - GAA).
Vé ndi dung bai toan duoc nghién ciru ciing dua ra nhidu rang budc mang tinh dic thu trong
mdi truong gido duc dai hoc tai Viét nam.

Bai bao duoc t6 chire nhu sau: Phan 2 - M6 ta bai toan trinh bay chi tiét bai toan xay dung
TKB va cac rang budc lién quan. Phan 3 gidi thiéu cac giai thuat dugc sir dung trong nghién
ctru. Phan 4 trinh bay cach thirc trién khai GA, GAA trong bai toan. Phan 5 danh gia thuc
nghiém két qua trén bd dir liéu mo phong, trao d6i thao luan va dinh huéng nghién ciru tiép
theo.

2. MO TA BAI TOAN

2.1. Céac thanh phin chinh ciia bai toan
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» Lép hoc: Mbi 16p twong ing véi mot nhom sinh vién hoc chung chuong trinh ddo tao.

» Hoc phén: Cac mon hoc phai dugc giang day cho ting 16p trong hoc ky.

= Gidng vién: Nguoi chiu trach nhi¢ém giang day cac hoc phan, c6 gidi han vé thoi gian

va chuyén mon.

= Phong hoc: C6 gidi han vé ste chira, thiét bi, va sb luong.

» Thoi gian hoc: Cac khung thoi gian trong tuan, thudng duogc chia theo cac ngay hoc

va ca hoc trong ngay.

2.2. Rang budc cua bai toan

Bai todn bao gdm hai nhém rang budc chinh:

= Rang budc cirng - bit budc phai théa man:

o

o

o

Tt ca cac hoc phan ctia mdi 10p phai duoc xép lich di sé gio hoc theo sb tin chi.
Khong xép lich hoc vao cac ngay 18 hodc Chi nhit.

Lich hoc chi duogc Xép trong khung thoi gian cua dot hoc.

Chi phan c6ng giang vién day cac hoc phan ho c6 kha ning giang day.

Phong hoc dugc xép phai co sirc chira da cho s6 hoc sinh cta 16p.

Khong dé xay ra xung dot vé phong hoc, giang vién, hoic 16p hoc tai cting mot thoi
diém.

Mbi hoc phan ciia mét 16p chi duwoc phan cong cho mét giang vién duy nhét trong

subt dot hoc.

= Rang bugc mém - nén dwoc toi thiéu hoa vi pham:

o

o

o

o

o

Lich hoc nén déng nhét gifra cac tudn, trir cac tuan c6 lich hoc bu.

Céc ca giang day trong mdt ngay cia mot giang vién nén lién tuc.

Céc ca hoc trong mot ngay cua mdt 16p nén lién tuc.

Céc ca hoc lién tiép ctia ciing mot 16p nén duge xép vao cting mot phong hoc.

Moi giang vién khong day qua k ca/ngay.

Phan bo thoi lugng giang day déu giira cac giang vién co hitu, tranh chénh 1éch 16n.
Ul tién giang vién co hitu hon giang vién thinh giang.

Han che t61 da str dung ca budi toi.

2.3. Muc tiéu cuiia bai toan

Muc ti€u cua hé théng la tao ra mét TKB hop 1€, thod man tat ca cac rang budc cung va

t61 wu hoa mirc d6 hai long tong thé thong qua viéc giam thiéu sé lugng vi pham rang budc
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mém. Mot TKB chét luong cao khong chi dam bao tinh kha thi ma con hd tro cai thién hiéu

qua giang day va hoc tap.

2.4. Tinh chit ciia bai tosn

» Khong gian nghiém 16n: S6 lugng to hop co thé ¢ cua cac hoc phan, thoi gian va
phong hoc 14 rat 16n.

» Nhiéu rang budc twong tac: Cac yéu to nhu 16p, giang vién va phong hoc ¢ thé xung
dot 1an nhau.

= Tinh NP: Bai toan thudc nhom NP-khé, khong c6 giai phap da thirc tong quat, do do
can st dung cac phuong phap giai gan dung (heuristic hodc metaheuristic).

2.5. Ham muc tiéu danh gia TKB

Chét luong TKB duoc danh gia dua trén mirc ¢ thoa méin rang budc cling va tdi vu hoa

rang budc mém. Ham muc tiéu str dung dé danh gia chét luong TKB duoc dinh nghia nhu sau:

F=z W; * Ci
i

Trong do:

= ¢;: S6 1an vi pham rang budc 7;.

= w;: Trong s6 thé hién mirc do quan trong cua rang budc ;.

= Muc tiéu: ti thiéu hod gid tri ham F nham giam thiéu vi pham cac rang budc. F = 0
khi tat ca rang budc duoc thdéa man.

3. CAC GIAI THUAT AP DUNG

3.1. Giai thuit di truyén (GA)

Giai thuat di truyén duoc John Holland gidi thi€u vao nhiirng ndm 1960 tai Pai hoc
Michigan, ldy cam htng tir Iy thuyét tién hoa ctia Charles Darwin. GA md phong céc qué trinh
gian tim kiém 16n va phirc tap. Tir nhitng nam 1980, GA da duoc 4p dung rong rii trong cic
bai toan t6i wru hoa, tir ki thuat dén quan 1y va khoa hoc dir liéu. GA dugc sir dung trong nhiéu

linh vyc nhu 1ap lich, t6i uwu hoa mang, hoc may, va thiét ké ky thuat.

= Khai niém cot 10i:
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o Quan thé (Population): La tip hop cac 101 giai tiém ning. Mdi 161 giai duoc goi 1a
mot ca thé (individual), thuong dugc ma hoa theo mot cach nao d6 va duoc goi la
nhiém sic thé (chromosome).

o Ham thich nghi (Fitness Function): Panh gia chat luong cta mdi ca thé dua trén
muc d§ thoa man cac rang budc.

o Céc toan tir di truyén: Bao gdm chon loc (selection), lai ghép (crossover), va dot
bién (mutation) dé tao ra cac thé hé méi v6i hy vong cai thién chat lwong 161 giai.

* Quy trinh thwe hién:

(1). Khéi tao: Tao ngiu nhién mot quan thé ban dau gém cac ca thé nhu nhiing 16i

gidi tiém ning ban dau cua bai toan.

(2). Panh gia: St dung ham thich nghi dé danh gia chat luong cia mdi ca thé.

(3). Chon loc: Lua chon cac ca thé tét nhat (dwa trén gia tri thich nghi) dé sinh san.

(4). Lai ghép: Két hop cac ca thé dé tao ra ca thé moi.

(5). Pot bién: Thay dbi ngiu nhién mot phan cia ca thé dé duy tri tinh da dang trong

quan thé.

(6). Lap lai: Tiép tuc cac budce tir danh gia dén dot bién cho dén khi dat duoc 10i giai

toi uu hoac so thé hé toi da.

l'fng dung trong xay dung TKB: Trong bai todn nay, GA dugc st dung dé tao lich hoc
cho cac 16p. Mdi ca thé 1a mot thoi khoa biéu hoan chinh, ma hoa cac thong tin vé thoi gian,
phong hoc va mon hoc. Ham thich nghi dam bao cac rang budc nhu khong trung lich, phong
hoc phtt hop va cén bang tai cong viéc. GA tim kiém 101 giai gan tdi wu thong qua viée tién hoa

cac lich hoc qua nhiéu thé hé.
3.2. Gidi thuat phan viéc tham lam (GAA)

GAA c6 ngudn gdc tir cac phuong phap tdi wu hoa don gian, dugc hé thong hoa trong Iy

thuyét thuét toan. Y tuong ¢t 161 1a dua ra lva chon tdt nhat tai mdi bude voi hy vong dat dugc

.....

nén dir liéu (Huffiman coding), va quan 1y mang. Trong bai toan thoi khéa biéu, GAA dugc st
dung dé phan cong giang vién cho cac hoc phan, dam bao tdi uu hoa theo cac tiéu chi nhu trinh

dd chuyén mon va lich trong cta giang vién.

= Khai niém cot 16i:
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Lya chon tham lam: Tai mdi budc, giai thuat chon lwa chon tdi wu cuc bd dua trén
mot tiéu chi cu thé, vi du: chon giang vién co trinh do phu hop nhét cho mét hoc
phan.

Tinh chét t&i wu cuc bd: Giai thuét gia dinh rﬁng cac lua chon cuc bo s& dan dén 1oi
Tinh khong quay lui: Mot khi lya chon dugc dua ra, giai thuat khong xem xét lai

cac quyét dinh trude do.

* Quy trinh thwe hién:

(1).Khéi tao: Xac dinh tap hop cac hoc phan can phan cong va danh sach giang vién

).

Q).

4.

(5).

v6i thong tin vé chuyén mon, lich tréng.

Sap xép: Sap xép cac hoc phan hodc giang vién theo mot tiéu chi wu tién, vi du:
muirc d kho ctia hoc phan hodc trinh d6 chuyén mon ctia giang vién.

Phéan cong: Tai mdi budc, chon giang vién t6t nhat (theo tiéu chi nhu chuyén
mon, thoi gian tréng) dé giang day hoc phan hién tai.

Ciap nhat: Loai bo hoc phan d3 duoc phan cong va cap nhat lich trong cta giang
vién.

Lip lai: Tiép tuc cho dén khi tit ca hoc phan duoc phéan cong.

Ung dung trong xiy dung TKB: GAA duoc st dung dé phan cong giang vién cho céac

cac ti€u chi

hoc phﬁn sau khi lich hoc da dugc tao bdi GA. Mdi hoc phén dugc gan cho giang vién dya trén

nhu chuyén mon, sé gio giang da phan cho giang vién, lich trong. Giai thuat dam

bao rang mdi hoc phan dugc phan cong mot cach nhanh chong va hiéu qua, dii khong dam bao

tO1 uu toan cuc.

3.3. Két hop GA va GAA

Trong bai toan xdy dung thdi khoa biéu, GA va GAA duoc két hop dé tan dung vu diém

clia ca hai. GA tao ra cac lich hoc tdi uu cho cac 16p, xtr 1y cac rang budc phirc tap vé thoi gian

va phong hoc. Sau d6, GAA phén cong giang vién cho cac hoc phan trong lich hoc nay, dam

béo tinh kha thi va hiéu qua. Su két hop nay cho phép giai quyét bai toan mot cach toan dién,

can bang gitta chat luong lich hoc va tinh thuc tién cta viéc phan cong giang vién.

4. GIAI PHAP THUC HIEN

4.1. Buée 1 - Xay dung lich hoc

4.1.1.

To chire dir liéu
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Dé giai quyét bai toan 1ap thoi khoa biéu, viée to chire va biéu dién dit liéu dong vai tro
quan trong trong viéc kiém tra cac rang budc va téi wu hoa giai phap. Doi voi viée xay dung
lich hoc, dir liéu dugc thiét ké dé phan anh cac tai nguyén thoi gian, khong gian, va yéu cau cua
cac 16p hoc, ddng thoi hd trg biéu dién cac giai phap tiém ning mot cach hiéu qua. Trong budc
nay dit liéu dugc chia thanh bdn thanh phan chinh: théng tin tai nguyén cip phap cho céc 16p
tai mdi thoi diém (slot), thong tin 16p hoc, ca thé (giai phap), va quan thé. Cac céu trac dit liéu

nay dugc md ta chi tiét dudi day, kém theo cac biéu dién todn hoc dé minh hoa.

= Slot: Slot 1a mot don vi tai nguyén hoc tap c6 thé dugc gan cho mdt 16p hoc tai mot
thoi diém cu thé. Mdi slot bao gém bdn thude tinh: phong hoc, ca hoc, ngay hoc, va suc chira
ctua phong. Nhiing slot nay dai dién cho toan bd tai nguyén co san trong subt dot hoc, duoc st
dung dé xay dung thoi khoa biéu va kiém tra cac rang budc, chang han nhu dam bao phong hoc

c6 du suc chira cho so hoc sinh cua 16p.

Thong tin slot thoi gian duoc Iuu trit duéi dang mot tap hop cac mang, moi mang chira
thong tin vé mot thudc tinh cu thé: ngay hoc, ca hoc, phong hoc, stic chira phong.

C6 thé mo ta cach biéu dién dir liéu Slot va cac thanh phan ctia n6 nhu sau:

o R ={ry, 1y, ...,1,}: Tap hop cac phong hoc, stic chira ciia phong r; 1a m;.
o C ={cy1,¢y ..., Cm}: Tap hop cac cahoc (vidum = 5).

o D ={dy,d,,...,d;}: Tap hop cac ngay hoc.

o §= [(ri,cj,dk,mi)],ri €R,c; € C,dy € D,m; €N}

o |SI=IR[x|C| x|D|

= Class: Lop hoc dai dién cho mot don vi can duogc xép lich, bao g@)m thong tin vé s
hoc sinh trong 16p va sb slot thoi gian can thiét trong dot hoc. Mdi 16p phai duoc gan ding sb
slot yéu ciu, va cac phong hoc tai nhitng slot ndy phai co sirc chira du cho s6 hoc sinh cua 16p.
Tap hop tat ca cac 16p hoc phan anh toan bd nhu cau 1ap lich trong dot hoc.

Thong tin 16p hoc dugc luu trir dudi dang mdt danh sach, trong do mdi 16p dugc mo ta
boi hai thudce tinh: sé hoc sinh, sb slot yéu cau. Mo ta toan hoc cho biéu dién thong tin Class
nhu sau:

o ¢ = (q,s): Thong tin mot 16p, q 1a s6 lugng sinh vién trong 16p, s 14 sd slot can cap
phat trong dot hoc cho 16p.
o C = [c¢;] = [(q;, 51)] : Danh sach cac 16p trong toan truong.
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= Ca thé (giai phap): Ca thé 1a mot giai phap tiém ning cho bai toan 1ap thoi khoa biéu,
thé hién cach gan cac slot thoi gian cho cac 16p hoc. Mbi ca thé 1a mot mang, trong d6 mdi phan
tir cho biét 16p hoc duoc gan vao mot slot cu thé hodc dé tréng. Mot giai phap hop 1é phai dam
bao rang mdi 16p dugc gan ding sb slot yéu cau, va phong hoc tai cac slot duge gan co stc
chtra khong nho hon sb hoc sinh cua 16p. Ca thé 1a don vi co ban trong giai thuat di truyén,

duoc danh gia chit luong théng qua ham muc tiéu.

Cé thé duoc biéu dién bang mot mang c6 do dai bang so slot. Mdi phan tir trong mang 1a
mot s& nguyén thé hién slot duoc gan cho 16p nao. Vi du, néu phén tir tai vi tri i trong mang ca
thé bang k thi slot thtr i dugc gan cho 16p thir k. Néu phan tir bang 0, slot i khéng duge gan,

tire 1a dé trong.

o C[k] < SJi]: Slot S[i] dugc gan cho C[k]
o I=101,..,n,n=1I| =|S|
o I[i] =k & C[k] « S|i]

* Quan thé: Quan thé 1a tap hop nhiéu ca thé, dai dién cho nhom giai phap tiém ning
tai mot thoi diém trong giai thuat di truyén. Quﬁn thé co kich thude cb dinh, vi du, 30 ca thé,
dé can bang tinh da dang va hiéu qua tinh toan. Quan thé dugc khai tao ngiu nhién, danh gia
ting c4 thé qua ham muc tiéu, va tién hoa qua cac thé hé bang toan tir di truyén (lya chon, lai
ghép, dot bién). Quan thé lién két cac ca thé vai dir lidu slot va 16p hoc théng qua ham muyc tiéu,
tang kha nang tim lich hoc tdi wu.

4.1.2. Xay dung GA

Viéc thyc hién GA duoc bat dau bang viéc khoi tao quan thé va sau d6 1a qua trinh l3p lai
qua nhiéu thé hé thyc hién céc toan tir di truyén theo quy trinh hoat dong ctia GA duoc gidi

thiéu & trén. Phan gia ma dudi day thé hién cach khoi tao quén thé va thuc hién ctua GA.

= Khéi tao quin thé

// Kh&i tao quan thé
Function InitPopulation(n_p, n_s, C, S)
P« ]
For i « 1 to n_p
A « Zeros(n_s)
For k « 1 to n_c
valid « {i | s.m[i] 2 C[k].q}
slots « Random(valid, C[k].s)
For i in slots do A[i] « k
Append Repair(A, S, C) to P



Tap chi Khoa hoc va Cong nghé Truong Pai hoc Cong nghé Pong A

Return P
EndFunction

* Thue hién GA

// Thuat toan di truyén lap TKB
Algorithm GeneticAlgorithm(S, C, n_.d, n_p, n_s, n_g, p_c, p_m, t)
P « InitPopulation(n_p, n_s, C, S)
cache « {}, best_A « null, best f ¢« o, f hist « []
For A in P
f « Fitness(A, S, C, n_d)
cache[A] « f
If f < best_f then best_f « f; best A « A
Append best_f to f_hist
For gen « 1 to n_g
new P « [best_A]; tasks « []
While Size(new_P) < n_p
pl, p2 <« Select(P, t, cache)
cl, c2 « Cross(pl, p2)
If Random() < p_m then cl « Mutate(cl); c2 « Mutate(c2)
cl <« Repair(cl, S, C); Append cl to new_P, tasks
If Size(new_P) < n_p then
c2 « Repair(c2, S, C); Append c2 to new_P, tasks
For A in tasks
f « Fitness(A, S, C, n_d)
cache[A] « f
If f < best_f then best f « f; best A « A
P « new_P
Append best_f to f_hist
Return best_A, f hist
EndAlgorithm

4.2. Budc 2 - Phan cong gidng vién

Sau khi thoi khoa biéu duoc xay dung & Bude 1, budc ndy tap trung vao phan cong giang
vién cho céc slot d xac dinh. Bai toan yéu cau gan mdi slot cho mot giang vién phu hop, dam
bdo céc rang budc cung nhu kha nang chuyén mon, lich dé xuit, va gidi han gio day, gidm st
dung ca téi. GAA duoc str dung nhd hiéu qua tinh toan cao, dua ra cac quyét dinh cuc bo tdi
uu dua trén ti€u chi vu tién.

4.2.1. Té chire div liéu

Dir liéu cho bai toan phan coéng giang vién gom hai thanh phan chinh: slot d giao cho
cac 16p va thong tin giang vién. Thong tin vé Slot d3 duge mo ta & budc 1. Thong tin giang vién
bao gdm céac thudc tinh nhu: Kha ning chuyén mén, danh sach cac mén hoc ma giang vién co
thé day, ca hoc dé xuét.
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4.2.2. Thue hién GAA

Phan gia ma dudi day thé hién qua trinh phan cong giang vién cho cic 16p theo quy trinh
hoat dong cia GAA duoc gidi thiéu ¢ phan trén.

// Phan c6ng giang vién cho 1dp
Algorithm AssignlLecturers(classes, lecturers, period, max_slots_per_day)
Set random seed
groups « []
For class in classes
For subject_id, slots in class.map_courses_slots(period)
If slots # @
subject « FindSubject(class, subject_id)
Append {class_id, subject_id, slots, credits} to groups
Sort groups by slots DESC
lecturer_schedule « {}, lecturer_slots « {}
lecturer_credits <« {}, subject lecturers <« {}
For 1 in lecturers
For subject, _ in l.subjects
Append 1 to subject_lecturers[subject.id]
Init schedule, slots, credits for 1
unassigned « []
For g in groups
candidates « []
For 1 in subject_lecturers[g.subject_id]
If IsFeasible(l, g.slots, max_slots_per_day, lecturer_schedule,
lecturer_slots)
ability « GetAbility(1l, g.subject_id)
cont « Continuity(g.slots, lecturer_slots[l.id])
priority « (1 if l.permanent else @) + ability/10 - cont/1@
Append (1, priority, lecturer_credits[l.id]) to candidates
If candidates = @
Append g to unassigned; Continue
Sort candidates by (credits ASC, priority DESC)
1 « candidates[@][©0]
For slot in g.slots
Add slot to lecturer_schedule[l.id];
Append slot.c to lecturer_slots[l.id][slot.d]
lecturer_credits[1l.id] += g.credits
Append (g.class_id, g.subject_id) to l.assignments
Find class by id and set lecturer_map[g.subject_id] « 1l.name
EndAlgorithm

5. KET QUA VA THAO LUAN
5.1. Tap Dir liéu thir nghiém
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Dé danh gia hiéu qua caa md hinh dé xuat, tac gia xdy dung tap dit liéu mé phong dua

trén cac thong so thuc t€ nhu sau:

= Phong hoc: 50 phong, sttc chira 50-90 sinh vién.

= Thoi gian hoc: Tir 14/4 dén 24/5/2025, hoc tir thir 2 dén thir 7 (mdi ngay 5 ca, mdi ca
3 gid), trir cac ngay nghi 18 (30/4-03/5). Thoi gian nghi 1& trong dir liéu thir nghiém
duoc 14y tir ngdy nghi 18 thuc té trong dot hoc nim 2025.

* Hoc phan: Trich xuat tir chuong trinh nganh ctia nganh Céng nghé Thong tin, mdi hoc
phan 2—4 tin chi.

» Lép hoc: 35 16p, mdi 16p 40—70 sinh vién, hoc 2—4 hoc phan.

= Giang vién: 80 giang vién (50% co hitu), mdi ngudi c6 danh sach hoc phan co thé
giang day kém theo diém danh gia ning luc.

5.2. Tham s6 thuc nghiém

Ung dung duoc phat trién v6i ngdn ngir 1ap trinh Python va cac thu vién hd tro nhu
numpy, pandas, matplotlib. Cac tham s chinh ctia giai thuat di truyén gom: kich thuéc quan
thé 100, s thé hé 1000, xac suat lai ghép 0.8, xac suat dot bién 0.3. Trong s6 ham muc tiéu
duoc thiét 1ap 1a: (w; = 1000, w, = 500, w; = 200, w, = 50, ws = 20).

5.3. Két qua hdi tu va dap ung rang budc

Hinh 1 cho thdy gia tri fitness giam manh tir khoang 240,000 xudng gan 7,000 sau 1000
thé hé, thé hién qua trinh hoi tu 6n dinh cua giai thuat di truyén.

Hinh 2 minh hoa qué trinh giam vi pham rang budc: cac rang budc cung duogc loai bo
hoan toan sau khoang 400 thé h¢, trong khi sb vi pham rang budc mém duy tri & mtc ~7000 -

phan anh su gidi han trong viée to1 wu dong thoi tat ca tiéu chi mém.
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Lich s(r Fitness
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Hinh 1. Biéu d0 lich su gia tri Fitness qua cac thé hé.
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Hinh 2. Biéu do lich st vi pham rang budc qua céc thé hé.
5.4. Két qua Phan cong Giang vién

Budc phan cong sir dung GAA di gan thanh cong giang vién cho toan bo hoc phan, dam

bao 100% phu hop nang luc chuyén mon. Gidng vién thinh gidng chi dugc sir dung khi khong
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con giang vién co hiru du diéu kién. Két qua duoc luu vao tép schedule.csv — ¢6 thé st dung
lam TKB chinh thtrc.
Bdng 1. Trich lich hoc trong TKB cho ngay 15/4/2025

.

1 15/4/2025 Toén roi rac GV 38
2 57 | 15/4/2025 | 2 45 84 | Pai sb tuyén tinh GV 22
3 54 15/4/2025 1 47 55 Toan roi rac GV _32
3 54 | 15/4/2025 | 2 50 76 | Tri tu¢ nhén tao GV _33
4 48 | 15/4/2025 | 3 50 73 | An toan thong tin GV 8
4 48 | 15/4/2025 | 4 50 59 | Tri tu¢ nhén tao GV 31
5 63 | 15/4/2025 | 4 38 70 | Pai sd tuyén tinh GV_86
6 67 | 15/4/2025 | 1 45 74 | Db an t6t nghiép GV_10
6 67 | 15/4/2025 | 2 40 71 | Mang may tinh GV _18
6 67 | 15/4/2025 | 3 45 81 | Ky ning mém GV_15

5.5. Thao luan

Két qua thuc nghiém cho thay phuong phép dé xuét dat hiéu qua cao trong viéc xay dung
thoi khoa biéu. Cu thé, giai thuat di truyén da thé hién kha nang xir 1y hiéu qua khong gian to
hop 16n, loai bo hoan toan cac xung dot vé phong hoc va ca hoc sau khoang 400 thé hé. Su hoi
tu nhanh cta ham fitness chtng to do phu hop cua giai thudt véi bai toan lap thoi khoa biéu
phtc tap.

Bén canh d6, GAA duoc sir dung trong budc phan cong gidng vién cho thay tinh linh hoat
va hiéu sut cao, véi thoi gian tinh toan thip va kha ning phan coéng thanh cong toan bd hoc
phan cho céc giang vién pht hop. Thoi khoa biéu cudi cting dap ing day du cac rang budc cing
(khong c6 xung dot), dam bao tinh ddng nht giita cac tuan va phan bd hop 1y céc tiét hoc trong
tudn.

Tuy nhién, phuong phap van ton tai mot s6 han ché. Thtr nhét, mac du hiéu qua, giai thuat
di truyén yéu cau s6 thé hé 16n (1én dén 1000), kéo theo thoi gian xir 1y ting dang ké khi quy
mo dit liéu (s6 16p hodc hoc phan) tang. Thi hai, GAA khong dam bao tdi uu toan cuc, ddn dén
mot s6 trudng hop phan cong chua hoan toan phit hop véi nguyén vong giang vién, doi hoi sy
can thiép thi cong — mot yéu t6 phd bién trong thyc té do yéu cau linh hoat tir phia giang vién.

Cuoi cung, hiéu qua cua md hinh phu thudc dang ké vao vi¢c lya chon trong s6 trong ham muc
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tiéu. Néu cac trong sb nay khong dugc diéu chinh hop 1y, thuat toan c6 thé wu tién sai cac tiéu
chi mém, anh hudng dén chat lugng thoi khoa biéu.

Trong twong lai, nghién ciru sé& tap trung vao viée cai tién cac thao tac di truyén thong qua
cac chién luoc lai ghép va dot bién thong minh, dong thoi tich hop giai thuat tim kiém cuc bo
(local search) vao budc phin cong giang vién nham giam sé lwong hoc phan chua dugc gan.
Bén canh do, viéc tu dong hda qua trinh tdi wu trong $0, thong qua k¥ thuat hoc may hodc cac
phuong phap thir nghiém c6 hé thdng, duoc ky vong s& ning cao hon nita chat lugng va tinh

thuc tién cua giai phap.
TAI LIEU THAM KHAO

[1]. M. C. Chen, S. L. Goh, N. R. Sabar and G. Kendall. 4 survey of university course
timetabling problem: Perspectives, trends and opportunities. IEEE Access, vol. 9, pp. 106515—
106529, 2021

[2]. Bashab, Abeer, et al (2023). Optimization Techniques in University Timetabling
Problem: Constraints, Methodologies, Benchmarks, and Open Issues. *Computers, Materials
& Continua*, vol. 74, no. 3, 2023, pp. 6462—6481. https://doi.org/10.32604/cmc.2023.034051.

[3]. Andrew Reid East. (2019). Timetable Scheduling via Genetic Algorithm. National
University of Ireland, Galway, Computer Science and Information Technology

[4]. Achini Kumari Herath (2017). Genetic Algorithm For University Course
Timetabling Problem. University of Mississippi.

[5]. Richard E. Neapolitan (2015). Foundations of Algorithms 5" edition. Jones &
Bartlett Learning.

Tap 1, S6 3,2025 DOI: https://doi.org/10.65153/kzgt2188




  F =   ∑  i    w  i ⋅   c  i  


    c  i


    r  i


    w  i


    r  i


  F


  F = 0


  R = {   r 1 ,   r 2 , … ,   r  n }  


    r  i


    m  i


  C = {   c 1 ,   c 2 , … ,   c  m }  


  m   =   5


  D = {   d 1 ,   d 2 , … ,   d  k }  


  S =  [  (   r  i ,   c  j ,   d  k ,   m  i ) ] ,     r  i ∈ R ,   c  j ∈ C ,   d  k ∈ D ,   m  i ∈ N }  


   | S | = | R | × | C | × | D |


   | S | = | R | × | C | × | D |


  c = ( q , s )


  q


  s


  C =  [   c  i ] = [ (   q  i ,   s  i ) ]  


  i


  k


  i


  k


  i


  C [ k ] ← S [ i ]


  S [ i ]


  I  [ i ] = k ⇔ C [ k ] ← S  [ i ]


  I =  [ 0 , 1 , … , n ] ,   n =  | I | = | S |  


  (   w 1 = 1000 ,       w 2 = 500 ,       w 3 = 200 ,       w 4 =   50 ,       w 5 = 20 )

