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TOM TAT

Bai béo trinh bay két qua nghién ctru vé bai toan Iap lich biéu
cho truong dai hoc, mét bai toan doi hoi phai lap lich cho nhiéu
tict hoc, cac 16p hoc, cac giang vién va phong hoc khac nhau,
cung vaéi nhiéu rang budc khac nhu gio giang day cua giang
Vién, strc chira cua phong hoc va cac tai nguyén khac. Giai thuat
Tabu search duoc dé xuat s dung dé gidi quyet bai toan nay.
Cac giai phap tot nhat dugc tim kiém dua trén mot bo nha thich
nghi va tham do phan ung, va str dung cac rang buoc va han
ché cua bai toan dé tao ra mét danh sach cac diéu kién Tabu dé
dam bao khong l3p lai cac giai phap khong tbi wru. Sau khi khoi
tao va cap nhat ’b(} nhé thich ngrhi, giai thuat Tabu segrch S€
thuc hién tim kiem cac 11 giai tiep theo dya trén cac dieu kién
Tabu va bo nha thich nghi. Két qua cho thiy giai thuat Tabu
search c6 thé tim ra cac 1oi giai toi uu cho bai toan 1ap lich biéu
cho truong dai hoc, gilp cho quan ly giang day dat dugc hiéu
qua cao hon.

Tir khoa: Lap lich biéu; truong dai hoc; tim kiém Tabu; téi wu
hod; rang budc.

1. Giéi thiéu

Bai toan l1ap thoi khoa biéu 1a mét nhanh caa bai toan l1ap
lich [1-2] trong d6 dua ra mot chudi cac su Kién (thuong
la cac mén hoc, bai giang hoic mdn thi) va bao gom cac
giang vién va hoc vién trong mot khoang thoi gian dinh
trudc, thoa man mot tap hop cac rang budc cua tirng loai
thoi khoa biéu khac nhau.

MJi bai toan co céc tinh chat riéng. Khi Sap lich thi, bai
toan dit ra 1a phai dap tng duoc yéu ciu vé thoi gian
(nhu khong duoc triing hay qua sat nhau) giira cac 1an thi
lién tiép cua cling mot hoc sinh, sinh vién. Khi sap lich
cho trudong phé théng thi ta Can qguan tam gio ranh ma
giang vién dang ky va céc tiét trong gitra gio hoc cua hoc
sinh déng vai trd rat quan trong cho viéc danh gia két
qua cua thoi khoa biéu. Bdi véi truong dai hoc, bai toan
can giai quyét ciing 1a viéc tranh xung dot gitra cac thanh
phan tham gia trong thoi khoa biéu (giang V|en I6p hoc,
phong hoc va thiét bi). Vi thé, muc tiéu cudi cung cua
viéc sip thoi khéa biéu 1a tao ra mot thoi khoa biéu véi
it xung dot nhat.
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Bai toan sap lich cho trudng dai hoc c6 muc tiéu chinh 14 viéc sip cac phan cong
giang day hang tuan. Bai toan nay bao gém viéc sip cac phan cong giang day vao céc tiét
theo mot cach nao d6 ma giang vién (hay 16p hoc) c6 lién quan khong dugc phép tham gia
mét luc hai phan cong, va céc rang budc khac can phai duoc thoa man. _

Bai ly do néu trén, nhu cau dat ra la can mot chuong trinh sap thoi khéa biéu ty
dong. Trong hon bdn muoi ndm qua, bat dau tir thap nién 60, Gotlieb va cac nha khoa hoc
khéc di c6 nhiéu bai bao lién quan dén viéc sip thoi khoa biéu tu dong da xuat hién & cac
hoi nghi va tap chi khoa hoc, va céc (ng dung da bat dau duoc phat trién cho ra cac két
qua khé tot [3-6].

Cac ky thuat so khai dwoc dua trén viéc gia lap qua trinh sip lich cia con ngudi
trong viéc giai bai toan [7-10]. Cac k¥ thuat nay dwoc goi la heuristics truc tiép (direct
heuristic) dugc dya trén viéc mo rgng lién tuc (successive augmentation). Nghia 1a, mot
phan thoi khoa biéu s& dugc sap, lan luot timg phan cong, cho dén khi tat ca cac phan cong
da duoc sap hoic khong sip dugc thém phan céng no nira do vi pham céc rang budc.

2. Phwong phap nghién ciu
2.1. Cdc phwong phdp tim kiém

Céac phuong phap tim kiém cyc bo dua trén mot y tuong tong quat va don gian.
Trong nghién ctru nay Tabu Search duoc lua chon boi né cho phép di qua cac 16i giai cuc
bo va tiép tuc kham pha khong gian tim kiém ma khong méc phai van dé caa viéc quay tro
lai cac 16i giai da xem trude do. Diéu nay lam tiang dwoc 1o giai tdi wu toan cuc. Goi P 1a
mot bai toan t6i wu to hop can giai, va s 1a 1o giai hién hanh gia sir 1a mot 1oi giai kha thi
cua P, va c6 ham chi phi f(s). Mién 1an can N(s) duoc dinh nghia cho s, 1a tap nhing 1oi
giai 1ang giéng kha thi s’ ciia s sao cho tir s ta c6 thé dat toi s” nhd vao mot budc chuyén
m. Budc chuyén co tac dung bién ddi s thanh ra mot 1oi giai lang giéng. Thao tac bién doi
nay duoc lap cho dén khi hoi tu vé mot loi giai tét. Loi giai nay 1a loi giai can toi wu, ma
trong mot s6 bai toan thuc té, khong sai biét gi nhiéu véi i giai toi vu [11-14].

2.2. Gidi thugt Tabu

Tabu search [15] dya trén gia thuyét van dé da duoc giai, két hop chat ché “bo nha
thich nghi” (adaptive memory) va “thim do phan tng” (responsive exploration). Giéng
nhu viéc leo nui, ngudi leo ndi phai nhé ¢6 chon loc cac thanh phan cia quang duong da
qua (str dung adaptive memory) va Iap ra cac lva chon chién luoc trén duong (sir dung
responsive exploration). Bo nhé thich nghi nay cho phép viéc tim kiém trong khdng gian
loi giai mot cach tiét kiem va hiéu qua.

Hinh 1 mé ta ciu trdc bo nhé trong Tabu search hoat dong bang viéc tham khao
bon chiéu chinh sau: tinh chat “mdi xay ra” (recency), tinh chat “thudng xuyén”
(frequency), “chit luong” (quality) va “anh huong” (influence).

Hai thanh phan rat quan trong cua Tabu search la chién luoc ting cuong
(Intensification) va chién luoc da dang (Diversification) duoc md ta nhu Hinh 2. Chién
luge tdng cuong dya trén viée thay dol c4c luat lya chon dé tang viec két hop cac phep
chuyén va cac dac tinh cua loi giai tot trong qua trinh tim kiém. Vi cac loi giai t6t duoc
ghi nhan lai d&é danh gia cac hang xém ké ching, nén bo nh¢ hién co lién hé dén cac cai
dat cho chién lugc ting cuong nay.
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Chit lvong (quanlity) Anh huéng (influence)
Cau Tric B Nhé
M1 xav ra (recency) Thuong xuvén (frequency)

Hinh 1: Cdu tric bg nhé trong Tabu search

O
OO 00O
OO0 000
Cac gidi phap chua Hang xom cia cic
duoc xem xét giai phap tét

Hinh 2: Hai thanh phan chién ot Tang cuong va Pa dang cia Tabu search

3. Xay dwng mo hinh bai toan
3.1. Cac khéi ni¢m

« Tuan (Week): chu ky 1ap lai cua thoi khoa biéu, co thé gom nhiéu tuan.

« Ngay (Day): cac ngay day trong mot tuan.

« Tiét hoc (Period): tiét day trong ngay.

* M6n hoc (Subject): mén hoc dugce giang day trong truong.

« Giang vién (Teacher): giang vién tham gia vao thoi khoa biéu.

« L6p hoc (Class): 16p hoc tham gia vao thoi khéa biéu.

« Budi hoc (Lesson): budi hoc ciia mot 16p do mot giang vién dugc phan cong day
mon nao do.

« Phong hoc (Room): phong hoc dé sip lich cho cac budi hoc.

« Tai nguyén (Resource): cac tai nguyén cung cép cho thoi khoa biéu. Bao gdom:
nhu micro, may chiéu...

« Phan cong duy kién (Activity): tap hop thong tin nham xac dinh giang vién day
mon nao, day 16p nao, day ¢ phong hoc nao.

D& dang nhan thiy ring viéc xép thoi khéa biéu 1a viéc sap cac budi hoc bao gém
c4c thong tin duoc thé hién trong Bang 1

Bang 1: Théng tin trong budi hoc

Biét trwéc, khdng can xép lich Phai xép lich
Class Room
Subject Week-Day-Period
Teacher
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Trong do:

« Class: 16p nao

« Subject: hoc mon gi

* Teacher: ai day

e Room: hoc ¢ dau

» Week-Day-Period: hoc khi nao

Tuy vay, khi sap lich thi ngudi gido vy, Trudng/Phé phong Dao tao thuong sé biét
trudc, c6 san thong tin nghiép vu rang “tuan tiép theo/thang tiép theo/hoc ky tiép theo” thi
16p X s& hoc mon Y va do giang vién Z giang day. Trong thuc té thi két qua cua viéc sap
lich s& giup cho ho va giang vién giang day biét 16p minh s& phu trach, gidp cho sinh vién
cac lop biét minh s& hoc mén gi, & ddu, thiy cd nao day va muc dich chinh 1a dé phuc vu
cac dbi tuong nay.

3.2. Thiét ké md hinh bai toan

| - latap cac giang vién (gom ca giang vién co hiru va giang vién part time).

J - latap cac 16p hoc can xép lich.

J;(i € 1) - latap cac I6p ma giang vién i day.

- 12 tong s6 tiét hoc 6 thé sap lich trong tuan.
- la tap cac phong hoc.

Cj (j € J) - 1a s6 phong hoc con tréng c6 thé sap lich duoc cho budi hoc j.

C,(k € K) - 1a 56 phong hoc con tréng c6 thé sip lich duoc trong tiét hoc k.

Ta c6 bién quyét dinh :

¥ = { Y > 0 — phong c c6 lép j hoc vao thoi gian k

¢jk = |0 — phong c khong c6 1ép j hoc vao thoi gian k

(ceC,jel, keK)
c ik

Ta ¢ ham muc tiéu la:

Nhiém vuy cua bai toan dat ra 1a xay dung giai thuat dé ham muc tiéu nay dat MIN.

Trong d6 gia tri Y cua bién quyét dinh X« duoc tinh qua céc rang budc, ta c6 2
loai rang budc chinh dé md ta 1p j do giang vién i day vao gio k tai phong hoc ¢ néu khéng
thda man moi:

Rang budc cing: néu vi pham 1 tiéu chi + 100 diém.

Rang buoc mém: néu vi pham 1 tiéu chi + 1 — 10 diém.

Céac rang bugdc cung

« Y Xk Xejk = 1( € ) - rang budc md ta mdi 16p hoc j chi hoc vao 1 tiét hoc k
trong tuan tai 1 phong hoc ¢ cu thé - Class conflict

* Xcjx = 0(c € Cy,j € Ji, k € K) - m0 ta viéc giao vu s€ khong Ién lich cho I6p j
vao tiét hoc k néu hién phong hoc ¢ dang c6 16p hoc - Period conflict.

*Xejk =0(c € Cj,j € Ji, k € K) - md ta s& khdng sip lich dugc cho I6p j hoc vao
tiét hoc k néu hién phong hoc ¢ khong du diéu kién co s& vat chat - Room conflict.

*Xejk =0(c € Cklc €C;,j & Ji,k € K) - mb takhong thé 1&n lich cho 1ép j vao
tiét hoc k tai phong hoc ¢ do giang vién i hién dang ban - Teacher conflict.
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Cac rang bugc mém

* S - latgp cac mon hoc.

« S;(i € 1) - latdp cac mon ma giang vién i c¢d thé day.

« Cj (j € J) - s6 phong hoc con trang c6 thé sap lich dwoc cho mdn hoc j.

» Ci(k € K) - 56 phong hoc con trong c6 thé sap lich trong tiét hoc k.

«L;(i €1 -6 lwong 16p téi da ma giang vién i c6 thé day dwoc (Li < 30).

*0< Y YkXcjk < L (i €1I)-rang bugc giang vién co thé khdng day Iép nao
va so lép day khdng qué Li (c6 thé day quéa do thiéu glang Vvién).

* YcXjXcjxk < C (k € K) - rang bugc dé kiém tra véi mét tiét hoc k thi c6 céc
phong hoc nao con trang.

* XXk X < C; (j €)) - rang buge d@é kiém tra véi mgt mon hoc j thi ¢ cac
phong hoc nao con trang.

1—-PTU
* Yk Xiji < 4 — NIIT (i € I,k € K) - m0 ta mgt giang vién i day
3 — cac khéa ngan han
mét 16p j khong qua s6 budi qui dinh/tuan (c6 thé ting hoac giam).

3.3. Thiét ké gidi thugt

Buwéc 1: Khéi tao 1o gidgi ban dau ngdu nhién

Khai tao ban dau gidp ta tao ra mot danh séch céc budi hoc duoc sip lich mot cach
ngau nhién bang cach duyét qua danh sach cac 16p, mdi 16p hoc mot s6 mén nhat dinh,
mai mdn ¢6 thé hoc mot vai budi. Do dé ta s& duyét ting budi hoc/tirng mén/ting 16p. Quy
tac khoi tao gia trj ban dau hodc ngau nhién cho 16p hoc nay nhu sau:

Budi hoc:

Lép: 16p hién dang duyét.

Mon hoc: mon hién dang xét.

Gio hoc, ngay hoc, phong hoc, giang vién ta s& chon ngau nhién.

Viéc sinh ra loi giai ban dau ngau nhién nay ¢6 thé vi pham nhiéu rang budc, tham
chi khéng thoéa man maot sb rang budc cing - hard constraints - nhung luu y rang day chi
la 161 giai ban dau ma tir d6 ta s& dung giai thuat tim klem Tabu dé tim ra phuong 4n sap
xép téi wu thoa man tat ca cac rang budc cing va cb gang giam téi da sé lwong vi pham
c4c rang buoc mém - soft constraints.

Buwéc 2: Cdi thign chdt liweng 161 gidi tim dwec ¢ bwéc 1 bang gidi thudt tim kiém
Tabu

Tinh ham muc tiéu ddnh gid chét lwong cia 161 gidi

Véi mdi bién quyét dinh Xcjx nhu da dé cap trong mo hinh bai toan

Yyym

Ham muc tiéu danh gia chat lugng caa 15i giai dia trén hai yéu té:

o Vi pham mdi rang budc ctimg: + 100 diém.

o Vi pham mdi rang budc mém: + 1 — 10 diém.

So dd md ta ludng xir 1i khi ta cai dat giai thuat tim kiém Tabu cho mé hinh bai toan
sap thoi khoa biéu da duoc dé cap tir dau dén nay trong bai bao duoc thé hién trong Hinh 3.
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Start

+

initialize

IstopCriteriaReach() _

True

v

getSurrounding()

+

generateNextChange ()

v

— For Change in listChange

True

Evaluate()

¢ False

currentTotalPoint
< False
bestTotalPoint

False True

v

bestTotalPoint

currentTotalPoint

TabolList < currentChange

End

Hinh 3: So do cai dat gidi thugt
Ham mong doi (Aspiration Function)

Xét mot phép chuyén m:
* Goi Q la 1oi giai hién tai
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* Q’ 1a 101 giai méi tao thanh sau khi thuc hién phép chuyén m 1én Q’

« Q* la loi giai tot nhat hién tai

- f(Q) 1a ham muc tiéu

* Phép chuyén m duogc goi la thoa ham mong dgi chi khi f(Q) < f(Q*)

Diéu kién dirng cia thudt toan

Thuat toan ding khi mot trong cac diéu kién sau day dwoc thoa man, ham
stopCriteriaReach:

* Sau 500 budc lap. ’ )

e Ham muc tiéu cua loi giai tot nhat hién tai dat MIN = 0 (da thoa man moi rang
budc cirng va mém)’. ) ) ,

_* Sau mot so budc Iap nhat dinh (vi du 100 budc lap) lién tiép ma chat luong loi
giai tot nhat hién tai khong doi.

4. Két qua thuc nghiém

Dinh dang tdp tin di# liéu CSV ddu vao:

MG hinh h¢ thong phan mém duoc xay dung nham gitip doc céc file dir ligu dau
vao theo dinh dang CSV mét cach de dang. Do d6 h¢ thong da xay dung san cac class dudi
day de c6 the mo hinh hoa nghiép vu sap xep thoi khoa bieu, tir d6 de dang cai dat giai
thuat tim kiém Tabu cho hé thong.

Bang 2: Bang mo ta anh Xa tap diz liéu va md hinh hé thong

Model CsVv
Model name [0]
Name [1]
ID [2]
OtherModel [3]
[OtherModel [4]
Constraint]

Bang 3: Vi du anh xa tir tdp di liu vao mé hinh hé thang

Model CSsVv
Model name: hour [0]: hour
Name: 9h45-11h45 | [1]: 9h45-11h45

ID: 8 [2]: 8

Dua theo dinh dang c4u tric cua Bang 2 va Bang 3, nhém tac gia da thuc hién thuc
nghiém giai thuat véi bo dit liéu gdm 7 phong hoc; 25 Iép; 500 vong lap; 17 giang vién;
28 mdn hoc; 109 budi hoc. 10 lan chay thir nghiém trén phan mém da duoc thuc hién. Két
qua thong ké cac lan thuc nghiém duoc thé hién trong Bang 4, két qua thuc nghiém lan
chay thir 8 va 9 duoc thé hién trén Hinh 4. Tir két qua thuc nghiém trén co thé thay rang,
giai thuat tim kiém dat diém t6i wu toan cuc khi s6 l1an lap trong ngudng khoang 350-500.
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Diém loi giai cua c4c thuc nghiém déu cho két qua tot khi diém cao khoang 1400 diém. Vi
vay giai phap Tabu search nay la kha thi cho bai toan lap lich biéu cho truong dai hoc.

Load data Pammeters
it csv || Load terations 500 4300+
Name Type  Size Capacity Taboo 100
ik cav 5219 Intelligence 150 3870
start cov 2452
3440
Constraints
Room conflict 100 0
3010
Class hour conflict 100 0
Duplicate teacher hours _IIII L] 2580-_{
Teacher able teaches modules |5 &0 E
=
Single teacher / module / class |4 4 B 21504
= =
Class leam all week ] 0 =
: &
Class leam continously in day |10 0 1720
Eary end 1 1283
Corttinous teach in day 2 2 12904
Room Change Frequency 7 0
Time Change Frequency :? 0 8601
430
0 T T T T T T T T T 1
Frocess i 50 100 150 200 250 300 350 400 450 500
Reration Rating 5588
s 29 Teachers The number of iterations
Cument 1 Room
Best 500 1345 9241 — hardl —— sofil. aann softh
Load data Parameters
it csv || Load kerations 500 4200+
Name Type  Size Capacity Taboo 100
ik v 5219 Intelligence 150 37804
start cov 2452
3360
Constraints
Room conflict 100 0
29404
Class hour conflict 100 0
Duplicate teacher hours :IIII 0 25204
Teacher able teaches modules 5 60 E
3
Single teacher / module / class |4 24 i 21004
=
Class leam all week 8 0 £
- -
Class leam continously in day | 10 10 1680
Earty end 1 n
Continous teach in day 2 6 12604
Room Change Frequency 7 0
Time Change Frequency [7 0 8404
420
0 T T U I T T T T T 1
Process Ca 50 100 150 200 250 300 350 400 450 500
Reration Rating 565
= = Teachers The number of iterations
Best 412 1359 8402 — e J—

Hinh 4: Két qua thuc nghiém trén phan mém
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Bang 4: Két qua thang ké cac lan thuc nghiém gidi thugt

STT | Loi giai tét nhat (diém) | Tai vong lap so | Hét thai gian (gidy)
1 1397 348 77,85
2 1414 491 87,08
3 1395 447 99,36
4 1368 430 82,62
5 1380 448 129,77
6 1434 500 82,79
7 1392 437 95,35
8 1349 500 92,41
9 1359 412 84,02
10 1337 384 83,67

5. Két luan

Bai bao da trinh bay két qua nghién cau vé bai ton Iap lich bicu cho truong dai
hoC va ap dung glal thuat Tabu de glal quyet Van dé nay. Ket qua thuc nghlem da cho thay
chinh x4c cao va tiét klem thoi gian tinh toan. Tuy nhién, con nhiéu thach thirc va han ché
trong qué trinh &p dung giai thuat nay, nhu sé luong 16n cac rang budc can tuan thi, viéc
xac dinh tham sé phi hop va su phu thudc vao kinh nghiém cua nguoi 1ap trinh. Do do,
viéc phét trién céc giai thuat va phuong phap tiép can mai dé giai quyét van dé Iap lich
biéu cho trudng dai hoc 1a can thiét va day thach thic trong tuong lai.

, Loi cam on: Két qua nghién ciru nay 1a san pham ciia dé tai nghién cau khoa hoc
cap Co so co ma s0 T2022-07-06, dugc tai tro boi kinh phi cua Truong Dai hoc Cong nghé
thong tin va Truyén théng - Pai hoc Thai Nguyén
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ABSTRACT

STUDY ON SCHEDULING PROBLEM
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APPLIED TO UNIVERSITY SCHEDULING
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This paper focuses on researching, analyzing, and evaluating universities
scheduling problem which requires scheduling multiple classes, different teachers and
classrooms, along with various constraints such as teacher's teaching hours, classroom
capacity, and other resources. In order to solve this problem, Tabu search algorithm has
been proposed, which based on searching for the best solutions for adaptive memory and
reactive exploration. The constraints and limitations of the problem will be used to create
a list of Tabu conditions to ensure that non-optimal solutions will not be repeated. After
initializing and updating the adaptive memory, the Tabu search algorithm will search for
the next solutions based on the Tabu conditions and adaptive memory. In this way, the
Tabu search algorithm can find optimal solutions for this scheduling problem for
universities. However, there are many challenges and limitations in the application of this
algorithm, such as the large number of constraints to be follow, the determination of
suitable parameters, and the dependence on the programmer's experience.

Keywords: Scheduling; university; Tabu search;optimazation; constraints.
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