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BAI TOAN LAP LICH TRONG CAC TRUONG DAI HOC
VA THUAT TOAN TABU

BUT MINH TRI, NGUYEN NHU HANH

Truong Pai hoc Bach khoa Ha not

Abstract. This paper presents a reformation of Tabu search approach and its application to solving

the timetabling problem for universities.

Tém tAt. Bai bdo nay trinh bay mét cai tién cda phuwong phép tim kiém Tabu va 4p dung vao bai
toan lap lich cho cac truong dai hoc.

1. MO HINH BAI TOAN XEP LICH CHO CAC BAI GIANG ([1])

Bai todn xép lich hoc 13 mot bai todn phan bd tai nguyén trong d6 cic hoat dong la céc
bai gidng i(i = 1, ...,n), cdc tai nguyen la céc thoi diem j(j = 1, ...,m) trong tuan (moi thoi
diém dwoc xét 1a bat dau mot tiét hoc). Muc tiéu cia bai todn nay la xdc dinh mot thoi khod
bieu khong mau thuan va thod man nhieu nhat nguyén vong cia gido vien. Hai bai giang
dugc xem la xung dot néu dién ra dong thoi (it nhat c6 mot phan thoi gian ) va yéu cau
mot trong cac diéu kién sau: cling mot gido vién; cling mot phong hoc; hai bai gidng c¢é chung
sinh vién hoac cling cho mot 16p. Pé tinh dén viéc thod man yéu cau cia gido vien ta duwa
vao bién x;; nhéan gid tri 1 néu gido vién day bai gidng i tai thoi diém j , bang 0 néu nguoc
lai va hé s6 ¢;; la diém ma gido vién day bai gidng ¢ tai thoi diém j cho theo nguyén vong
tai cdc thoi diém da chon (theo thit tuw nguyén vong tot nhat thi cho diém 1 roi dén diém 2
...) N6 cé ¥ nghia la gido vieén thich day bai gidng dé & thoi diém nao va khong thich & thoi
diém nao. Bai toan Iic nay ¢6 mé hinh la:

F(z) = z”: i Cij®i; — min

i=1 j=1

trong doé J;;x 1a tap cac thoi diém [ ma néu phan cho bai gidng k thi sé xdy ra xung dot véi
bai gidng ¢ dwge phan tai thoi diem j.

M6 hinh bai todn trén la bai toan quy hoach nguyén {0,1} véi s6 lwgng céc rang buoc
la rat 16n. Dieu kién (1) ddm bdo rang moi bai gidng chi dwoc phan bé vao moét thoi diem
trong tuan. Diéu kién (2) ddm bio khong xdy ra xung dot gitra hai bai gidng. Nhung néu
giai bai toan nay thi sé cé truomg hop khéng ton tai cach xép do c¢6 xung dot gitra hai bai
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giang. Néu ta chdp nhan mot phuwong 4n ¢é xung dot véi chi phi cue tidu thi ta xét bai toan
véi ky thuat phat nhu sau:

n m

F(z) = Z Z Cijij + % Z Z dijki®ij Tk — min

i=1 j=1 k=1 1=1 (P2)
Y wy =1, i=1.n, wy €{0,1},i=1..n,j = 1..m(3)

0...khi...l & Jin,

xung dot gitra hai bai giang 7 xép tai thoi diém j va bai gidng k xép tai thoi diém 1.

trong d6 djjr — { M 14 hé s6 phat, t;; 1& khodng thoi gian xay ra

Thoéng tin dau vao dwoc cap nhat qua phiéu gido vién trng véi moi bai gidng véi céc thong
tin vé tén gido vién, tén bai gidng, do dai bai gidng, 16p gidng day, ki€u phong yéu cau va
diem ¢;; ma gido vién d6 cho bai giang ¢ tai cdc thoi diém j. T cdc thong tin trén ing véi
mot phwong 4n xdce dinh ta sé tinh dwoc khi nao thl xdy ra xung dot va sé tinh todn duwoc
cac hé s6 phat va ham muc tiéu.

2. PHUONG PHAP TiM KIEM TABU([1])

2.1. Phuong an lién ké

Cho mét phwong 4n hién hanh @ = {a;;} € X (X la tép tat c4 cdc phwong én) khi dé
phuong 4n lién ké cia @ nhan dwoc tir @ bang cach chi dinh lai tai nguyén cho mét va chi
mot hoat dong nao do.

o' = {x};} € X la mot phuong an kién ké cia x néu:

xh, = ap, k=1.nk#1), l=1.m

CiR(ai) = 05 Tip =1
trong d6 R(z,%) la tai nguyén dugc chi dinh cho hoat dong ¢ cia phuwong d4n . Vé&i mot
phwong 4n hién hanh cho trwéc thi s6 cidc phiwrong 4n lién ké la khong 16 bang (m — 1)™.

2.2. Danh sich Tabu (Tabu List)

+ Hai diém lién quan: hai diém « va 2’ goi la c¢é lién quan tai (7, ) néu R(x, i) = R(2',1) =

Tap tat cd cic diem c6 lién quan tai (4, ) ky hiéu 1a [4, j] va dwoc goi 1a ho cdc diem lién
quan tai (2, 7).
+ Danh sdch Tabu (TL): dwoc dinh nghia la moét tap nao dé cia cdc ho ¢é lién quan.

+ Danh sdch Tabu kém theo (TLS): 1a tap tdt ci céc diém thudc mot trong cc ho cé lien
quan trong danh sdch Tabu. TLS = {x : « € [i, j], [¢,j] € TL}. N6i ciach khac TLS la tap tat
¢4 cdc diém nam trong céc ho lien quan dang bi cam thudc danh sich Tabu.

2.3. Lan can tim kiém

Cho « 1a phwong 4n hién hanh khi d6 goi z = « @ (¢, j) 1& mot phwong dn dwoc sinh ra
bang cich tai phan bd lai hoat dong ¢ str dung tai nguyén j thay cho R(z,7) (céc hoat dong
khéc van khong thay doi tai nguyén da dwgc phan) trong phwong 4n hién hanh @ 1 mot
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phuong 4n nam trong lan can tim kiém cia z va ta dinh nghia lan can tim kiém cia z 13

N(z):

N(z)={2z€ X :3(i,j)saocho z =2 ® (¢,5), 1 <i<n, 1 <j<m, j# R(z,4)}
trong dé X la tap tat ci cic phwong 4n phan bo.
2.4. Thuét toan tim ki€m Tabu

Tir mot phwong 4n hién hanh 2 thuat todn Tabu tim kiém cidc phwong 4n lién ké trong
lan cén cia 2 dé thuc hién céc phép dich chuyén. Chi nhitng phuwong 4n lién ké nam trong
N(2)\TL méi 1a doi twong cia su tim kiém. Néu mot phuong 4n lien ké a € N(x)\TL ma
cho ham muc tiéu nhé hon @ thi ta chuyén phwong 4n hién hanh sang a va « dwoc dwa vao
TL véi cac diém c6 lien quan va ta lai ti€p tuc tim kiém trén lan can cia phuwong 4n hién
c6é méi. Trai lai thi phuwong 4n a dwoc dwa vio N*(z) chinh 14 céc diém da dwoc xét trong
lan can cia 2. Tuy nhién vi ¢& 1an can cia 2 la rat 16n cho nén ta khong thé nio tim hét céc
phuong 4n lién ke cia 2 dwoc vi vay ching ta sé khong ché viéc tim kiém trong mot giéi han
nhat dinh. Khi |[N*(z)| > max NV (max NV 1a s6 cuc dai cdc phan tir thuoc N*(=)) thi « sé
dwoc duwa vao danh siach Tabu va phwong 4n hién hanh s& dwoc chuyén dén phuwong an kha
quan nhat trong cdc phuwong 4n lién ké cia z da dwoc tim kiém trong N*(z). Khi s6 phan tir
clia danh sach Tabu dén giéi han thi ta s& loai bé phan tit cii nhat cia danh sach Tabu di dé
c6 thé tai xét lai phan tir dé. Diéu kién dirng cia bai toan 1a khi da vwot qué thoi gian cho
phép hoidc virot qué s6 buée lap lien tiép khong cai thién dwoc ham muc tiéu.

Mo hinh bai toan phan bé tai nguyen va k¥ thuat Tabu da dwoc trinh bay k¥ qua bai béo
clia cdc tac gia D6 Xuan Dwong - Pai hoc thwrong mai va Pham Huy Dién - Vién Todn hoc,
Vién Khoa hoc va Cong nghé Viét Nam dang trén tap chi U‘ng Dung Todn Hoc, tap II, s6 1,
trang 31-48, do vay & day ching to6i chi giGi thiéu so qua.

3. PHUONG PHAP TABU CAI TIEN

Nhuw chiing ta thay & trén thuat toan Tabu la thuat todn duyét Iin lwot cdc phwong 4n
lien ké dé tim ra phwong 4n t6t hon. Tuy nhién do bai toan 1ap lich hoc 1& mét bai todn phan
b6 tai nguyen véi s6 lwong rang budc rat 1én va Thuat toan Tabu méi chi chd ¥ dén viée dua
thuat toan thodt khoi cdc hé cuc tidu dja phwong ma chwa chi y dén téc do hoi tu cia bai
toan. Pay cing la mot van dé rat quan trong khong nhitng 4nh hwdng dén thoi gian chay
chwong trinh ma né con quyét dinh dén két qua cudi cling cia thuat todn. Mit khic thuat
toan Tabu ciing chwa chi ¥ dén viéc tim phwong 4n xuat phat. Néu truwée khi chay thuat
todn Tabu ching ta tim dwoc mot phwong 4n xuat phat cang tot thi ching ta cang nhanh
chéng tién téi gan phwong 4n t6i wu va cling tiét kiem duoc thoi gian tinh todn. Duéi day
chiing toi trinh bay hai phuwong phép tim phwong 4n xuat phat ma cho ching ta mot két qua
khé tot. Ngoai ra ching t6i cling dwa vao cai tién thuat todn Tabu bang cach dwa ¥ twdng
cua thuat toan tham lam vao trong céc bude lap cia thuat todn Tabu. V&i dinh huéng lam
gidm ham muc tiéu nhiéu nhdt cé thé trong tirng buwéc lap chic chan thuat todn nay sé hoi
tu nhanh hon thuat toan Tabu. Ching ta sé thay dwoc hiéu qud cida ching khi chay thir va
so sanh hai thuat toan trén ciing mot bo so lieu.
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3.1. Tim phuwong &n xuit phat bing thuit todn tham lam ([2,4])

Ta sé chon thoi diém cho [an lwot cdc bai gidng tir bai gidng 1 dén bai gidng n. Ung véi
bai gidng thit i(i = 1...n) ta xét tat ci cdc cch dat thoi diem bat dau bai gidng va chon ra
thoi diém ma lam cho ham muc tiéu tinh tir bai gidng thit nhat dén bai gidng thit ¢ dé la
nhé nhat. Pay 14 mot trong nhirng phwong 4n thwdng dwoc sit dung khi ta tinh xap xi céc
phuwong 4n t6i wu. N6 thuwong dwoc st dung dé tinh gid tri ban dau cia cdc bai todn truéc

khi tinh chinh dé dat dwoc moét phwong an téi wu.
3.2. Tim phuwong &n xu&t phat bing thuit toAn Quy hoach déng ([3])

Buéc 1: Chia bai todn ban dau ra lam /N bai todn nhd cé kich thuéc khiac nhau, cing dang
ma bai todn co s& 13 bai todn ¢ kich thude 1, tite 1 bai toan cé s6 bai gidng 13 1 ting véi s6
céc thoi diem khong thay doi 1a M.

Budéc 2: Bai todn co sé la bai todn ta c¢6 thé dé dang tim ra phwong 4n t6i wu cho tirng thoi
diem. Luu cédc phwong 4n dé lai dé lam dir liéu tinh céc két qua t6i wu cla bai todn ¢ c&
16n hon. Cit nhw vay cho dén bai todn 16n ban dau.

Buéc 3 T céc két qua cla bai todn ¢& nhd dé tim ra két qua cia bai todn c¢& 16n hon ta
lam nhw sau: D& tim ra két qua t6i wu tai moi thoi diém j clia buwéce i ta s& xét véi tat ci
cac két qua cia bai todn & buéce ¢ — 1 cong thém véi chi phi sau khi da két hop véi bai gidng
thit 7 dwoc xép tai thoi dieém j & budc 7 161 tim ra két qua tot nhat. Ci& nhw vay cho dén
it = N.

Budéc 4: Tir két qud & buée N va cdc thong s6 lwu triv cla cdc buée trde ta sé tién hanh

lan nguwoc ra phwong 4n toi wu.
3.3. Chi tiét thuét todn Tabu cai tién

K& thira tir y twdng diing thuat toan tham lam dé tim phwong 4n xuat phét cho bai toén,
ching t6i ciing 4p dung ¥ tudng dé vao trong thuat todn Tabu véi hy vong sé cai thién duoc
phan nao téc do hoi tu cia bai toan. Nhw da trinh bay & trén ¥ tuwdng co ban cia thuat todn
tham lam 13 t6i wu hod & cdc buwée cuc bo cia bai toan. Tuy khong tim duoc phuong 4n toi
wu toan cuc nhwrng né cling gép phan dinh hwéng cho thuat toan tién gan dén phwong an toi
wu mot cdch nhanh hon thuat toan Tabu thuwong. Chiing ta cé thé thidy rd hon diéu nay néu
trong mot buéc cuc bo ciia thuat toan ma tim ra dwoc rat nhieu phwrong an ¢é ham muc tiéu
nh6 hon ham muc tiéu t6i wu tinh cho dén lic d6 (gia st 14 10). Khi dé thudt todn Tabu sé
phéi thue hién it nhat 14 10 bwéc chuyén doi phwong 4n t6i wu ma méi budc chuyén doi cé
thé phai xét rat nhiéu cdc phwong 4n trung gian ( cu thé 14 s6 phuong 4n lien ké duwoc xét
cuc dai c6 thé 1én dén vai nghin hodc vai chuc nghin). Viéc lam dé sé tré nén don gidn doi
véi thuat toan Tabu cai tién khi né chuyén dén phurong 4n t6i wu méi ma lam ham muc tiéu
gidm nhiéu nhat cé thé dwoc trong buwéce cuc bdo dé. D6 chinh 13 nho vao dinh huéng gidm
thieu ham muc tiéu trong mot buée cuc bo cia thuat toan tham lam.

Budc 0. gid st @ 1a 101 gidi xudt phat cia bai todn (P2) (phuwong 4n nay duwoc xdc dinh dua
trén mot trong hai thuat todn tim phwong 4n xuat phat ma ching t6i da trinh bay & trén)
chiing ta xac dinh céc thong s6 ban dau cia thuat todn.

MaxTime: thoi gian tinh todn cuc dai cho phép.
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MaxStep: s6 cac buée lip lién tiép khong cdi thién dwoc ham muc tiéu.
MaxNV: 1 s6 cuc dai cdc phan tir thuoe N*(z).

MaxLTL: 1a do dai toi da cia danh siach Tabu

TimeCount: 13 bién dém thoi gian tinh todn.

StepCount: 14 bién dém s6 phép lap lién tiép khong cai thién ham muc tiéu.
NVCount: s6 cdc phan tit hién ¢é trong N*(x).

LTLCount: s6 cac phan tir hién ¢é trong danh siach Tabu.

CS: phuong an hién hanh.

BCS: diém tot nhat hién cé.

NVCount:=0, LTLCount :=0, N*(z) := ¢; TL := ¢; CS := x; BCS := x;
NVCount:=0; LTLCount:=0;

Budéc 1: néu TimeCount<MaxTime vi StepCount<MaxStep thi i :=Random(/N)va chuyén
sang Budc 2, trai lai ta dung thuat toan.

Buéc 2: tng véi moi ¢ dwoc sinh ra & buée mot ta xét lan lwot tirng thoi diem j = 1 — M.
- Néu [¢,7] ¢ TL thi dit z := CS @ (i,7) thi kiem tra:
+ Néu (P(z) < P(bep)) and (P(z) < Min)thi:

Min := P(z); Zmin = z; Lg := lrue;

+ Néu (P(z) > P(bep)) thi thém z vao N*(z) va tang NVCount lén 1. Khi ta da xét hét
céc gian tri cia j thi ta kiém tra:

- Néu Lg = true (cé sir thay doi ham muc tiéu) thi BOP := zmin, CS := Zmin; StepCount :=
0, NVCount := 0 va chuyén sang Buwéc 4. Tréi lai chuyén sang Buéc 3.
Buéc 3: Néu |[N*(z)| < MazNV (2).

Néu P(z) < P(Z') thi 2/ := z va quay lai Buéc 1. Trdi lai (2) chuyén sang Buée 3.
Budc 4. Bat CS = 2/(2' chinh la phwong 4n tot nhat trong N*(x)) StepCount := StepCount+
L
Budéc 5 Cap nhat danh sdch Tabu bang viéc dwa [i, R(CS, )] vao TL.

Néu LTLCount > MaxL'TL thi loai phan tir cii nhat cda danh sich ra ngoai. Quay lai
Budée 1.

Ching ta s& hiéu 16 hon thuat toan Tabu Cai tién qua lru do thuat toan duwédi day.

3.4. K&t qud chay thi nghiém cda chwong trinh

Pé so sanh dwoc hiéu qua cia hai thuat todn Tabu va Tabu cii tién dwéi day toi sé trinh
bay song song két qua cia hai thuit toan trén ciing mot bo s6 liéu.

e S6 bai gidng n = 500, MaxNV= 2000, MaxStep = 300, M axtime = 60s, do dii danh
sach Tabu thay doi. Gia tri dau cla thuat todn Tabu: 2853718, gid tri dau cia thuat toin
Tabu cai tién: 549476,
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BEGIN

StepCount:=0; TimeCount:=0
NVCount:=0; LTLCount:=0 ;
CS:=x; BCS:=x

TimeCount<MaxTime NO
StepCount<Maxtep END.

YES

Random (i) |

e

NO

P(z)<P(BCP)
P(Z)<min

IN*(CS):=N*(CS)u {z}
NV Count:= NVCount+]1
j:=j+1

YES

| Min=P(z);Zmin=z;Lg=true;j=j+1 i—

»
L

NO

BCP:=Zmin;StepCount:=0;|

(CS:=Zmin;NV Count:=0 7= Arg min\{ P(y)\}

< yEN*(x)

| - StepCount:=StepCount+1;
LTLCount:=LTLcount+1; CS:=z’; NVCount:=0

Put [1,R(CS,i)] vao TL

NO

YES

Loai phan tir cii nhat cua
danh sdch TL ra ngoai
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MaxLTL | Gi4 tri cu6i Do gidam (%) | Gidtricuoi | Do gidm (%)
(Tabu) (Tabu) (Tabu cai tién) | (Tabu ci ti€n)
100 1190477 58.283% 548457 0.19%
500 1190444 58.284% 548457 0.19%
1000 1190460 58.283% 548454 0.19%
2000 1190465 58.283% 548455 0.19%
5000 1190475 58.283% 548456 0.19%

e N=500, MaxStep=300, Maxtime=60s, MaxLTL=1000, s6 lan can tim kiém cwc dai thay

doi. (Gia tri dau cia thuat toan Tabu: 2853718, gid tri dau cia thuat todn Tabu cai tién:
549476.
MaxNV | Gidtricu6i | Do gidm (%) | Gidtricudi | Do giam (%)
(Tabu) (Tabu) (Tabu cai tién) | (Tabu ci ti€n)

100 1190455 58.283% 548462 0.19%

500 1190455 58.283% 548446 0.19%

1000 1190471 58.283% 548460 0.19%

2000 1190468 58.283% 548448 0.19%

5000 1190506 58.282% 548459 0.19%

e S6 bai gidng N=500, Maxstep=300, MaxNV=2000, MaxLTL=1000, th&i gian chay toi
da thay doi. Gid tri dau cia thuat toan Tabu: 2853718, gid tri dau cla thuat todn Tabu cai
tién: 549476.

MaxTime | Gid tri cudi Do gidam (%) | Gidtricuoi | Do gidm (%)
(Tabu) (Tabu) (Tabu cai tién) | (Tabu cai ti€n)
5 1190491 58.282% 548464 0.19%
10 1190488 58.282% 548462 0.19%
50 1190485 58.282% 548456 0.19%
100 1190464 58.283% 548454 0.19%
200 1190461 58.282% 548446 0.19%
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e Dé ¢6 thé thay ré hon toc do hoi tu cia hai thuat toan dwéi day ching t6i dwa vao cdc
két qua chay cia hai thuat todn véi cling mot bo s6 lieu va véi cing mot phwong 4n xuat phat.
Véi céc thong s6 cu thé nhu sau: N=500, Maxstep=3000, MaxNV=2000, MaxLTL=1000, gi4
tri khéi dau: 250072

MaxTime | Gid tricudi | D¢ gidm (%) | Gidtricubi | Do gidm (%)
(Tabu) (Tabu) (Tabu cai tién) | (Tabu cai tién)
10 225026 10.02% 223010 10.82%
30 223003 10.82% 222989 10.83%
60 220975 11.63% 218988 12.44%
100 219967 12.03% 217947 12.85%
200 219954 12.04% 217937 12.85%
300 218953 12.44% 216926 13.25%

Nhan xét:

+ Nhin vao két qua cia thuat todn Tabu ta thay gid tri cudi cda ham muc tiéu gidm
khodng 60% so véi ban dau va né con cho thiay két qua cudi cliing cing khé gan véi két qua
t6i wu. Két qua ta thu duoc sé cang chinh xéc néu ta ting thoi gian tinh todn cida bai todn
lén. B&i vi day 1a mot bai toan ¢é s6 lwong cde rang budc cling nhuwr s6 lwong cac phép thir 1a
rat 16m vi vay dé thu dwoc két qua tot doi héi phai chay thuat todn véi thod gian cang lém
cang tot.

+ Nhin vio két qua cia thuat toan Tabu cai tién ta thay rang gid tri cudi ciia ham muc
tieu khong giam nhiéu so v&i ban dau dieu dé khong c¢é nghia 13 thuat todn sai ma cé nghia
la phwong 4n xudt phat da rat gan véi phuong an t6i wu. Cé dwoc diéu dé cé nghia la ta da
tim dwoc mot phuwong 4n xuat phat tot. Trong truwdng hop vi du trén gid tri dau tim dwoc
bang thuat todn Tabu cai tién van tot hon gid tri cudi ciia phwong phap Tabu.

+ Dua vio két qua chay hai thuat toan véi cing mot bo so liéu, cing phwong 4n xuat
phat vi cing céc thong s6 khéc ching ta cé thé thay thuét toan Tabu cai tién khong nhitng
tot hon thuat toan Tabu vé phwong 4n xuit phat ma con ¢é toc do hoi tu nhanh hon thuat
todn Tabu. Cé dwoc dieu nay la do viec dwa ¥ tudng cia thuat toan tham lam vao két hop
véi thuat toan Tabu dé tir dé cai thién dwoc téc do hoi tu cia thuat todn. Két qia nay cang
khang dinh thém nhirng nhan xét ma ching t6i da nhan xét ve thuat toan Tabu cai tién 1a
cé co 6.

+ Mat khéc ciing tir két qua chay thit nghiém hai thuat todn trén ta ciing cé thé mit ra
duwoc két luan chung sau: Do tot cia két qua cudi cling cida hai thuat todn phu thudc nhieu
vao hai bién cia dieu kién dirng 13 bién thoi gian lap cue dai va s6 bude lap cue dai khong
cai thién ham muc tieu. Do dai cia danh sich Tabu va s6 lan can cuc dai vao khodng tir
1000 dén 5000 14 phu hop nhat.
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