
T,!-p chi Tin hQc vi f)i'eu khien hoc, T. 17, S.2 (2001), 87-96

" , , ,c, ...,...,,/,
MOT GIAI PHAP TIEN HOA CHO BAI TOAN THai KHOA BIEU
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Abstract. Timetable problem is a polular but NP hard-problem. Many practical applications have shown
that genetic algorithms can be used effectively to solve this problem. Getting a convenient genotype and an
initialization procedure for considered problem is the main obstacle to apply this method. In this paper, we
introduce an evolutionary solution for the problem in schools which is easy to use.

TOJll t~t. L~p tho'i khca biifu la bai toan phO' bien nhu·ng thuoc dang NP kho, nan gidi vo'i nh irng gi<l.i
thuat thong thiro ng. Tuy nhien, su phat triifn va nhirng trng dung thu'c te ciia gi<l.ithuat di truyen da cho
thfiy day co thif la mot phtro'rig ph ap hieu qua M giai quydt bai toano Tro ngai chinh trong viec ap du ng
gid.i thuat vao bai toan chinh la viec hra chon du·qc mot kiifu gene thich ho'p va mot thii tuc kho'i tao tiro-ng
img. Trong bai nay, chung toi se gio'i thi~u mot phuong an tien hoa cho bai toan l%pthai khoa biifu tai cac
t ru'o'ng ph6 thong, co thif d~ dang du'a vao st!·dung.

1. MO· DAU

L%p thoi kh6a bi€u la m<$t bai toan , dtro'c nhieu nguo i quan tam trong v%n tru hoc, Tuy vay,
no thuoc 10,!-ibai toan NP kho (xem [4]) vo'i nhieu 10,!-irang buoc phirc tap, nen kho giii quyet b~ng
cac th uat truyen thong, d~c bi~t khi co rihieu lap va gia h9C.

Trong thuc hanh da chirng minh rhg giii thu%t di truyen va cac irng dung ciia no vo i ten goi
chung la tinh to an tien h6a (xem [1,6]) la m<$t phirong ph ap thu'c h anh c6 hieu qua dg gi<l.iquydt
cac bai toan thu'c ti~n phtrc t ap. Trong th%p ky qua, nhieu t.ac gia, me dau la cac nhorn cua Coloni
[3] v a Peacher [7] da ap dung co hieu qua pluro ng ph ap nay cho bai t oan tho i khoa bi€u. Tuy v%y
viec xay dung m<$t phan mem theo cac corig trlnh da cong bo v5.n rat kho khan, nen den nay trong
mro'c v5.n chua c6 ph an msm n ao du'o'c sti: dung rong rai trong cac tru'o ng h9C.

Trong bai bao nay chung toi gioi thieu m9t hro c do tinh toan tien hoa d~ s11·dung M gi<l.iquydt
bai toano Trong do th11 tuc t ao m5.u don gian v a gi<l.iquydt du'oc nhie u rang buoc kho, phfin mem
thli" nghiern cho ket qua kha quan.

Truoc het, chung toi gio'i thi~u tom tKt ve giai thu~t di truyen va tinh toan tien hoa, chi tiet
ho'n xem [1,6].

2. GIAI THU~T DI TRUYEN vA TiNH ToAN TIEN HOA

GUi thu~t di truyen (genetic algorithm viet tKt 111,GA) la cac ky thu~t phong theo qua trlnh
tien h6a tv' thich nghi cua cac quan thf sinh h9C dua tren h9C thuyet Darwin. Thoat tien, no dtro'c
s11'dung M giii quyet cac bai toan rieng re xufit ph at tU· sinh hoc VaG cuoi nhiing n am 50 va dtro c
Holland trlnh bay m<$t each co h~ thong trong [5] M gi<l.iquyet bai toan t6i tru ham nhisu bien nho
kifu gene nhi phan (nay dtroc goi la GA c5 difn). No nhanh chong dtro c nhieu tac gi<i cai tien m<$t
each phong phu d~ giii quydt cac bai toan kh6 trong tlnrc ti~n vo'i ten goi chung la tinh toan tien
hoa (xem [1]). Viec gi<l.iquyet, cac bai toan tuy da dang nhimg th11 tuc ap dung v5.n dira tren hro'c
do GA c5 difn.

2.1. Gi:H thuat di t.ruyen cO di~n

GA c5 difn dtro c Holland gi&i thieu (chi tiet han xem [5, 6]) d€ giai bai toan t6i tru:

max{f(x) I x EM}.
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,
0' day M UI. hinh hi?p trong khong gian so thu'c n-chieu, f(x) durrng vo'i moi x thuoc M,

Thu tuc GA duo'c thuc hien nhir sau:

• M6i x trong M diro'c ma hoa ttro'ng irng bo-i rndt xau nhi phan di? dai m: Z = (Z1, , , , , zm) goi
la nhi~m sitc the' (con goi la ca the'), m6i z, diro'c goi la mi?t gene, Xay du'ng t hu tuc ma hoa,
gi3.i m a t iro'ng irng.

• Xac dinh ham eval tren t~p tren t~p nhi~m sitc the' M danh gia di? "thkh nghi" cua m6i ca the':
eval(z) = f(x), trong do x la vecto ttro'ng trng vo'i z .

• Tao quan the' ban dau P(O) gom N phan tti.'va thuc hien qua trlnh tien hoa theo cau true:

Procedure GA
Begin

t +- OJ
Kh6'i tao P(t)j
Dzinh gia P(t)j
Repeat

t +- t + L;
Chon loc Q(t) tu: P(t - 1); / / nho banh xe xeSso,

T'ai t ao P( t) t ir Q (t); . / / nho' c ac toan tti.' di tr uye n,

:EHnh gia P(t) va chon ca the tot nhat:
Until dreu_ki~n-keLthuc,
Bie'u di~n lo'i giai;

Endj

Cac thtt tuc chon loc mot quan the' theo pluro ng phap btinh. xe xo' so va t ai t ao nho cac iodn. tJ:
di truyen diro'c thu'c hien nhtr sau.

2,1,1, Tbti t.uc chon loc

V6i m6i quan the' P(t - 1) gom N nhi~m sitc the': P(t - 1) = {VI, , , , , VN } t a xfiy du'ng btinh. xe
xo'so va thu'c hien qua trlnh chon loc:

• Banh xe xeSso

Tfnh cac sac xuat chon Pi cu a nhi~m sitc the' Vi:

N
F = 2: evallw}.

i=1

Pi = eval(v;}/F,

D5.nh gia di? phii hQ'P toan phan:

Tfnh cac xac suat tich lfiy qi cua cac nhi~m sitc the' Vi:

,
qi = I: P1'

1=1

• Qua trlnh chon loc
Qua trlnh chon loc qulin the' Q(t) t ir P(t - 1) dtra VaGbanh xe xC;so dtro'c thu'c hi~n theo each

sau:

Doi vo i m6i so t\).'nhien k E {1"", N} tao mdt so ngiu nhien Tk E [0,1],
N" > hi h h A Q() H'" hif , dA x . h'''' " h" , h" deu qi _ Tk > qi-I tIC c;>nVi t uc;>c r l. re n n ien, 0' ay mot n iern sac t e COt e iro'c

chon nhie u Ian va Q(t) v5.n co N phan ttt', Cac ca th~ V co di? thich nghi eval(v) Ian se co kh a nang
dtroc chon nhieu ho'n.

2,1,2, Qua trlnb tai t~o
Qua trlnh tai t ao dtra tr en cac toan tti.' di truyen: tU'o'ng giao cheo va bien di.

• Cac toan tu: di t.r'uyen

Toan tJ: tu o ru; giao cheo: V6i 2 nhi~m sitc th~

X=XI"",Xm) vay= (Yl"",Yrn),
Chon di~m tircng giao k (co the' ngiu nhieri] t a se sinh diro'c hai nhi~m sitc the' mo i:



MOT GlAl PHAp TlEN HOA CHO BAl ToAN TH01 KHOA BlEU 89

X' = XI, ... ,Xk,Yk+I, ... ,Ym)) va y' = (YI, ... ,Yk,Xk+I, ... ,Xm).

Tositi tJ: bien di: Neu gene Xk ciia rihiem sitc th~ x = (Xl' ... ' Xm) bien di thl ta dircc nhi~m
sllc th€ mo'i x' co:

• Thu tuc tai tao

Cho truo'c c ac xac suat tuong giao cheo Pc v a xac suat bien di Pm.

f)oi vo im6i nhi~m sitc th€ Vi (i chay tir 1 den N) thuoc Q(t), ta t ao ra mi?t so ngiiu nhien r E [0,1].
Neu r < Pc thl Vi dtro'c dira VaG qp tircng giao cheo. T~p nay du'o'c chia th anh c~p, neu l~ thl c6
th€ them hoac bot ng5.u nhien mi?t nhiern sllc th€ khac va ap dung toan trl: t u'ong giao cheo d€ t ao
nen h~u du~ mo'i thay the cho n6.

Sau khi tu'ong giao cheo, doi v6i m6i gene cua m6i nhiern sitc the' ta t ao mi?t so ngiiu nhien
r E [0,1]. Neu r < Pm thl gene nay dtroc bien di.

Qua trlnh tren cho ta qulin the' P(t) cu a the h~ t va diro c danh gia d€ chon phfin ttl· co di? thfch
nghi tot nhfit.

2.1.3. Co 8& toan hoc ctia GA

Cac danh gia ve SIT hi?i tv cu a GA con rat ngheo (xem [1, 2, 6]). Cac ket qua dat dirc'c chu yeu
d ua tr en dinh ly ve hro'c do chirng minh su' hi?i tv theo xac sufit tai lcri gi<ii toi tru cu a bai toano Tuy
nhien , ve m~t th trc hanh, giai thu~t di truyen van Ja mi?t giai th uat du·q-c tra thich d€ giai cac bai
toan kh6 trong thirc te va cho lei giai dti. tot. f)oi v6i cac bai toan dii c6 phuo ng ph ap giai tot b~ng
phap truyen thong thi GA kern hieu qua han.

2.2. Tinh toan tien hoa

Khi bai toan c6 mien chap nhan diro'c Ian trong khOng gian nhieu chieu thl di? ri?ng cu a moi
nhiern sllc th€ Ian nen viec ap dung GA c5 di~n rat kh6 khan, d~c bi~t khi co cac rang buoc phirc
t ap thl cac toan tti.·di truyen theo ki~u dii neu to ra kern hieu qua stl· dung. Hang loat cac ph at tri~n
phong phii cii a GA c5 die'n ve ki~u gene, cau true nhi~m sitc the' va cac to an t11-di truyen dii diro c

. de xu at va img dung co hi~u qua d€ gioii cac bai toan kh ac nhau trong v~n tru hoc. M~t khac d€
tirn lei giai eho cac bai toan kh6 trong thu'c ti~n, nguo'i ta du'a ra cac ham "dich" do di? "thfeh nghi"
cu a moi Io'i giai tiem n ang va ap dung GA d€ tlm cac lo'i giai. Cac phat tri~n do e6 cac ten goi khac
nhau chking han:

Chien hro'c t5i rru: Nh~m gia.i quydt cac bai toan toi iru rai r~e hoac lien tuc kh6 va toi iru tham
so. Trong d6 cac ki~u gene kh ac nhau dtro'c s11-dung d€ xu' ly rang buoc v a giam khoi hro'ng xti: ly
duo lieu.

L~p trinh tien h6a: Ung dung GA trorig trf tu~ nh an tao nho sti.·dung cac otomat hiru han d€ tao
ra cac chirong trlnh thich irng' voi yeu eau, giiip t ao h anh vi eho cac robot ho~e agent thong minh.

Ch.trrrrrg trinh W~n h6a: (rng sVng GA d€ tlm loi gia.i cho cac bai toan kh ac nhau khi khOng
gian tlm kiern phirc tap, Chung e6 ten goi chung la plnro ng phap tinh toan tien h6a (evolutionary
computation - viet tllt la EC). Liro'c do chung cti a thu~t toan tien hoa la:

• Chon mi?t ki~u gene va cau true nhi~m site the' thich ho p eho cac lo'i gia.i tiem nang cua bai
toano Xay dung chil tuc chuydri d6i giira chiing.

• Du'a ra mot ham d€ do "di? tot" cu a cac loi gia.i tiem nang nho d6 xac dinh ham dich cho EC.
• Xac dinh cac toan tti.·di truyen [tircng giao cheo va bien di] thich ho'p cho tirng bai toan va cac

rang buoc cu a chung. Cac toan ttr co the' nhieu d€ van dung thich hop xti.·ly rang buoc.

• Xay dung thu tuc t ao quan th~ ban dau va l~p nhieu Ian qua trinh eh9n 1ge, tai t~o d~ nh~n
d u·q-elai gia.i.

C6 the' mo ta thu~t toan nhu sau:
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Proceduce EC;
Begin

t +--- 0;
Khch t ao P(t) / / kh&i t ao qulin thf
D anh giri P (t); / / danh gia d<$thich nghi
while not keuhuc do / / yang l~p tien hoa
begin

P'tt) +--- Bien d5i (P(t));
Danh gia P'tt);
P(t + 1) +--- Chon lee (PI(t));
t+---t+1;

end;
End;

/ / bien d5i quan the'
/ / d anh gia d<$thich nghi mo i
/ / t ao ra the h~ con mo'i

De' sti: dung th u at toan tien h6a, kh6 khan chinh la chon loc dtroc ki~u gene, dLU true nhi~m slic
the' va cac thu t uc t ao mh, toan ttt tti· di truyen thich ho'p de' xu' ly cac rang buoc, Con cac kh6
khan trong xay du'ng phan mern the' hien giii thuat 111.t5 clnrc dii lieu.

••.. ••••. A, ...,..,..J
3. MQT LUqC DO TlEN HOA CHO BAl TOAN THOl KHOA BlED

C6 nhie u lo ai bai toan tho'i kh6a bie'u, chiing toi xet bai toan trong truo'ng hoc.

3.1. Phat biE1ub ai toan

Hai to an t5ng quat duo'c ph at bifu nhir sau:
M<$t danh sach xac dinh cac lap hoc, m6i lap c6 mot danh sach xac dinh cac giG-hoc trong m<$t

tuan bao gom man hoc, ten giao vien va so tiet. Cac lap hoc dtro c phan bo trong cac phong hoc dii
bidt,

Tim mot phiro ng an ph an bo giG-hoc, mon h9C cho cac 16-p thoa man mot so rang buoc ng~t
(b;{t bU9C) va cac rang buoc mern (theo s6· thfch ca nhan, neu dU·9·Cthl cang tot, nhung khOng bitt
buoc].

C6 the' neu ra m<$t so rang buoc ph5 bien can giii quyet trong tru'o ng ph5 thong:

Rarig buoc ng~ t

• Mot giao vien trong mot tiet day khong d ay qua mot lo-p.
• M<$t lap trong mi?t tiet h9C co khong qua m9t giao vien.
• M9t lap trong mdt tiet h9C khong qua mi?t mono
• Khong dtro'c xep lich day vao cac giG-b~n cua giao vien.
• Mi?t so rnon khong dtroc day qua k tiet trong mdt ngay.

• Trong m6i bu5i h9C 6· m6i lo-p cac tiet h9C lien tuc.
• Trong m9t bu5i hoc, cac tiet cii a cling mi?t man khong du o c tach roi,
• Ciao vien chi ph ai d ay m9t bu5i [hoac hro ng giG-h an che) trong m9t ng ay,
• M<$t so man ph ai phan vao cac giG-xac dinh (vi du giG-cufii cii a ng ay cuoi tuan ph ai la giG-sinh

heat lo'p].

Cac rang bugc mem
• Co cac giao vien thich day hoac nghi vao cac gio· nhfit dinh.
• Cac giG-day cti a giao vien trong m9t bu5i phan bo lien tuc.
• Cac tiet h9C cu a m<$t men trong tuan phan b5 cang deu cang tot.

•
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3,2, Gi,H thuat tinh toan tien hoa

Trong m,:!c nay chung toi gioi thieu m<$thro'c do tinh toan tien hoa cho bai toan thai khoa bi€u,
m9t the' hien ctia th uat toan du'o'c gio'i thieu 6' muc 4,

3,2,1, Cau rrtic nhiem s£e th€ va ki~u gene
Nhiern sitc the' co diu true rnang 3 chieu (xem hlnh 3) m6i vi trf gene tren nhiern sitc the' ducc

xac dinh b&i 3 tham so [l&P, ngay, tiet], M5i gene tren nhiem sitc the' mfi hoa cho mot tiet hoc
trong mot ng ay cua mot lo'p trong tuan va co dang ban ghi [rnon , giao v ien ] ghi rna s5 ten gi~o
v ien gihg day va rnon hoc tu'o ng u:ng vo'i tiet VaGngay trro'ng irrig cua 10'p,

Khi nhln theo mot nhat dtt cu a chieu "krp" ta se co mot thai khoa bie'u thOng thtrong cho lap
tuong irng va m6i nhiem sitc thif diro'c xem la cac thai khoa biifu cu a cac lop du'oc xep chong len
nhau.

3

[7A][Nam][1]: (van, T.Vinh)

Ngay

2 [6A][TLt][2]: (roan, T.LLtO'ng)

4

5

Tiet

Hinh 1, Cau true m9t nhiem sitc the'

3,2,2, Khai t?-o quan th€ ban clau

De' khoi t ao quan the' ban dau P{O) trucc het ta ph fin bo so W;t trong m6i ng ay cho m6i lo'p.
Chung co the' xac dinh tru'oc b6'i ngtro i sli, dung, khi nguoi dung khong yeu cau thi diroc ph an bo
m9t each tlJ.'dong theo cac nguyen tic dinh sin va sau do co dinh trong qua trlnh tien hoa. Ch5.ng
han: lo-p 7A co 23 tiet mot tuan , hoc t ir thu' hai toi thir sau khi ph an tlJ.'dong se co 2 ng ay 4 tiet va
3 ngay 5 tiet, Cac tiet h9C ph an bo lien tuc tir gia dau [hoac dinh truo'c] trong ngay h9C cu a lo-p,

Bay gic)'thli tuc t ao ngau nhien m9t nhiem site the' diroc thu'c hien nlur sau.
M6i nhiem sic thg duo c xet nhtr la hop cac thai khoa biifu tu'o'ng trng cu a m6i lap [xet theo

nh at citt 10'p da noi & tren].
- Xet m9t 16-pcho tru'oc, gii sli' m6i tuan co n gia h9C da du'oc ph an bo, Ta danh so cac gic)'

h9C tir I den n, Cac tiet theo man h9C cua 16-pcling drro'c danh so t ir I den n. Khi co cac tiet h9C
yeu cau ph an co dinh thl phfin tru'o'c va loai khoi danh sach.

- T'ao m9t vecta ngan nhien {n-I)-chieu {ml,"', mn-d, trong do mk la so t.u nhien thuoc t%p
{I"", n-k+l} vci rrioi k tir I den (n-I), Khi do gii s11'k-I gio' h9C c6 thtr tu: dau da diro'c ph an
tiet thi loai chung ra khoi danh sach ttro'ng irng va can lai m<$tdanh sach du'o'c danh so t ir I den
(n-k+l) va ta ph an gio: hoc thii' tlJ.'mk trong danh sach nay VaG gia tlur k,
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Vi d\1: Xet lo·p 7Avo;' gia h9c

Thu- hai I Thu- ba I --- -- ----

1. Toan, Hoang 6. Van, r.s 10. Dia, Toan 13. Toan, Hoang 16. The' due, Lan
2. Toan, Hoang 7. Van, Le 11. S13:,Thanh x. Toan, Hoang 17. GDCD, An
3. Toan Hoang 8. Van, r.s 12. Van, r.s x. Sti:, Thanh 18. Anh, Hoa
4. Toan Hoang 9. Van, r.s x. Van, Le '14. Sinh, An 19. Anh, Hoa
5. SH, Thu x x. Ly, Thanh A 15. Ly, Thanh A x

Thrr t.tr Thu- nam Thu' sau

So thtr tl.).·mon h9C, gia hoc danh so nhir tren , cac 0 x la da ph an truxrc, khong dua v ao danh sach.

Khi do vect.o:ng~u nhien: (17, 15,4,8,14,6, 12,8,9,8,7,5,3,2, 1,3,2, 1) ta co:

Thu- hai Thfr ba Thfr ttr Thfr narn Thu- sau
GDCD, An Van r.s Van, r.s To an , Hoang Sinh, An
Ly, Thanh A The' due, Lan Dia, Toan x. Toan, Hoang, Van, r.s
Toan, Hoang SIl-, Thanh Van, Le x. Su, Thanh Sinh hoat , Thu
Van, Le Toan, Hoang x. Van, Le To an, Hoang, Anh, Hoa
Anh, Hoa x. Ly , Thanh A Toan, Hoang

Cau true nhiern sitc the' va thu tuc kho'i t ao quan the' ban deu neu tren dap irng cac rang buoc
ng~t:

• Du so tiet trong mot tuan cua m6i giao vien cho tirng lap va m6i lap co du so mon v a so tiet
trong mi?t tuan.

• M6i gio' chi co mi?t men h9C & m6i 16-p (trong nhieu thu~t toan khac de' darn bao diro'c yeu cau
nay ph ai dung to;' mot thu~t toan ph an phoi (xem [6]).

• Thoa man ngay cac yeu cau ve c ac gic)"co dinh.

3.2.3. Xac din]: dicl: (do di? thich nghi)

Ham dfch f can nh an gia trj diro'ng va co the' thay d5i theo tung the h~ (bu·ac l~p) de' tang hieu
qua thu~t toan , dap irng diro'c cac rang buoc da dang. Neu bai toan co k loai rang buoc thl gia tri
ciia no c6 the' xac dinh doi voi m6i ca the' v nlur sau:

k

f (v) = M + L gd v ).
i:= 1

Trong do M Ii so cho truo c, gd v) la cac ham danh gia theo rang buoc i cu a v. CHng h an:

g1 (v) = - Ax [d anh gia so tiet h9C trung cua giao vien, x la so tiet h9C bi trung gio'.

g2(V) = -By [danh gia so tiet h9C trung vao gio: b~n cu a giao vien, y la so tiet day bi ban];
A, B la tham so cho trurrc ....

3.2.3. Cac toen td- di truyen
Ta co the' dung nhieu loai toan tli· bien di de' xli- ly cac loai rang buoc [phong theo viec bien d5i

gene co dinh hurmg trong cong nghe sinh h9C) can toan tu· tu·ang giao cheo thl turrng tl.).·nhir GA c5
die'n.

Cec toan td- bien dj

Todn t?i: iloi cho tiet hoc trong mqt lo'p : d5i ch6 hai gene & hai vi tri bat ky trong thoi khoa bie'u
cu a mi?t lap (nhlm d5i ch6 tiet h9C ciia rnon h9C trong ngay co nhieu tiet sang ngay kh ac khong co
ho~c it tiet hon), ducc minh hoa tren hinh 2.
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Thu: 2 Thfr 3 Thfr 4 Thu: 5
TI Toan ... . ...

T2 ..... Ll'

Thu: 2 Thfr 3 Thfr 4 Thfr 5

Toan

TI Ll'

. . . . .. I
T2

T3

Rinh 2. Toan tti: d5i ch6 tiet hoc trong m<?t 101>

Totui tJ: al/i cho quio vien. (M giarn bet, cac tiet trung cda giao vien]: Khi co m<?t giao vien A bi
trung gio- day tren hai lap (gi<i su' la lap S va lo'p T) v ao tiet hoc TI cu a ng ay NI, ta se tirn m<?t tiet
hoc T2 v ao ngay N2 trong tuan sao cho giao vien do khong co gio' day [Iuon tlm diro c]. Dei chieu
len lap hoc dang day (vi d1;1101>S) ta tlrn diro'c giao vien B day tiet hoc T2 ngay N2. D5i cho gio'
day cu a hai giao vien t ai lap S t a xoa dtro'c xung d<?t t ai tiet TI cti a giao vien (xem hinh 3).

Vi d1;1:Giao vien A t ai tiet 1 ngay thir hai vira c6 tiet van t ai l&p 6A vira c6 tiet Van tl;li
l&p 7 A. Ta tlm m<?t tiet trong tuan m a giao vien do khOng ph ai day mdt lap nao: [Iuon tlm ducc],
gi<i SU'tlm duo'c tiet 2 rigay thir trr. Tai krp 6A vao tiet 2 ngay thrr t.ir, giao vien B day Toan.
Ta d5i gio- day cu a hai giao. vien A va B t ai 101>6A, Sau khi d5i t a c6: giao vien A d ay Van t ai 10'p
6A vao Wft 2 ngay t.hir trr va giao vien B day Tolin t ai 10'p 6A v ao tiet 1 ngay thrr hai. Nhir
vay, s1;1'trung tiet day cua A vao tiet 1 rigay t.hir hai da bi loai bo.

1L. 6A 1Thu' 21 Thu' 31 Thu' 41 Thu' 51
L.6A Thu' 2 Thu' 3 Thu'4 Thu' 5

TI GvB ..... . GvD ......

T2 GvC ..... . GvA .....

T3 GvC ..... . GvE ......

TI GvA . . .... GvD . . . . . .

T2 GvC ... . GvB .....

T3 GvC GvE

L.7A Thu' 2 Thu' 3 Thu' 4 Thu' 5

TI GvA .. . GvA ....

T2 GvX ...... GvZ . .....

I T3 GvY GvZ I

(Thrr 2, wh I) giao vien Gv A bi tr ung gio'.

(Thrr 4, tiet 2) g iao vien Gv A khOng co gio',
giao vien Gv B day t ai lap 6A vao tiet do. D5i
ch6 hai giao vien.

Hinh 3. Toan tu' d5i eh6 giao vien

Totiti tJ: chuye'n dich. tift ho c trong mqt buf/i: Khi cac gic)'giang cu a mot giao vien bi tach ro'i 3, m<?t
lap trong mdt bu5i ta xep lai cac tiet trong bu5i do cu a lap, cac tiet each dtro'c don xuong cu Si , cac
tiet cu a cling mot giao vien diro c nei lai th anh tiet h9C lien tiep (xem hinh 4),

Thu' 2 Thfr 3 Thfr 4 Thu' 5

TI To an Van Tin

T2 Hoa Stl.- Ll'
T3 To an Van Tin Ll'

Thrr 2 Thu' 3 Thfr 4 Thfr 5

TI Toan Van Tin Ll'
T2 To an Van Tin

T3 Hoa Stl.- Ll'
Hinli 4. Toan tti' chuyen dich tiet h9C trong m<?t ngay

Tositi tJ: thay aa'i tho'i kh6a bie'u toan bq lop: kho i t.ao lai tho'i khoa bi€u 3, m<?t 101>ngh nhien trong
nhi~m sitc th€ dU'9'Cxet theo thu tuc di neu 3' 3.2.2.

Cac toan to- tlIang giao cheo

Ta se dung hai toan tu' trrang giao cheo: toan b<?va m9t phan.

Totui tJ tuoiu; giao cheo to an bq: thu'c hien d5i chi) toan b<?thai khoa biitu 6' mdt 101>diro'c chon
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(co th€ ngh nhien] cii a hai nhi~m sitc th€ tu'o'ng g iao.

Toiin. tJ: tuo nq giao ch eo mot phan: thtrc hien tu'crig t u: rihtr toan tti: tren nhung co dinh m<;>tv ai
man hoc, v a chi d5i cho nh irng man hoc can lai.

3.2.4. Thd tuc tien lio«

Qua trlnh tien hoa dtro'c giii' nguyen nhir trong ml!c 2.2. Cu th€ la:
• fYau tien khc)'i tao quan th€ P(O) voi N phan tti: theo thu tuc 3.2.2 v a d anh gia d9 thfch nghi.
• T'ai vong l~p do'i thir t, quan th€ P(t) diro c tai t ao th anh m<;>tquan th€ trung gian PI(t) nho'

v~n dung linh hoat cac toan tti: di truyen (so luo'ng cac c a th€ trong P' (t) co th€ 16'n hon N).
• Thu tuc chon 19c thuc hien theo phU'011g ph ap banh xe x5 so nhu da. neu (xem 4.5) M chon

P(t + 1) tir pl(t).
• Cuoi cling P(t + 1) dtro'c danh g iri lai voi cac ca th€ moi M ket thuc mi?t vong l~p.

4. TRUO'NG HQJ> THU' NGHI~M

Thuat toan tren da. du'o c xay dung phan rnern thli· ng hiern l~p th o i khoa bi€u cho tru'o ng trung
h9C va du'oc thu nghiern bo'i bi? du' li~u thuc te lay t ir tru'orig THCS Chu Van An. Day la bai t.oan
kho nhat trong lap bai toan l~p tho-i khoa bi€u voi cac ly do:

ThU: nhiit: Cac truo'ng trung h9C CO' sd thtro ng co nhieu 16-p (30- 50 16-p) vo'i so IU'q11ggiao vien Ian
(60- 90 ngu·oi.).

Thu: hai: So tiet hoc cua moi 16-p trong mdt tufin kh a day (25 - 27 tiet) dan den so tiet day cii a g iao
vien trong tuan ciing rat 1611[nhieu khi h011 20 tiet), c ac tiet cu a mi?t man h9C khorig diro'c qua 2
tiet trong mot ng ay.

Thu: ba: Cac tru'o ng trung co' s6' thuo'ng co nhirng yeu cau d~c biet nhir tiet dau tuan va cudi tuan
la cii a g iao vien chu nhiern , giao vien d ay sang thl khong phai day chieu,

Tat eel.nhirng dieu nay khidn viec xep lich d~ bi tr img 161', tr ung tiet v a khOng gian tim kidrn
qua rong. Mi?t vi du don g ian la mi?t tuan hoc 25 tiet, co 40 101' v a m6i 16'p c6 8 man hoc thl khong
gian tirn kiern la 81000 truong ho'p. V6-i khOng gian tlrn kiern nhir v~y khong th€ duyet het toan bi?
khong gian tlm kiern theo cac g iai thuat truyen thong.

4.1. Bal toan theri kh6a bi~u cho tr iro'ng trung hoc co' sO-

Bai toan ducc xet nhu' sau. L~p tho-i khoa bi€u hang tuan cho truo ng co M lap h9C va N giao
vien; m6i tu an hoc p n gay, moi ngay co hai bu5i; moi bu5i hoc toi da q tiet. M6i giao vien dtroc
ph an cong d ay c ac man Cl! th€ vo'i so tiet d nhirng 161' da. biet. Mi?t 161' se h9C d c ac phong hoc co
din h vao nhirng bu5i da. biet,

Cac r ang buoc diroc xet la:

Rang 'buoc ngi;\.t:
• Mi?t giao vien khOng day qua 1 161' trong mi?t tiet h9C, moi 16-ph9C khong qua 1 giao vien trong

mot tiet.
• Moi giao vien co mot lich cac gio- b~n. KhOng diro'c xep lich giang vao gio' bi b~n do.
• KhOng co tiet trong giira cac tiet h9C trong mi?t 16-p.
• Gio' giang cii a giao vien mi?t men d m<;>tlap trong moi bu5i khong bi tach ro i,
• Giao vien chi d ay mot bu5i trong moi ngay, mi?t mon khong vtro t qua trong mdt bu5i 6' m<;>t

lap.
• Mi?t so tiet d tro c dinh tru'cc bo i ngu ci l~p lich.

Rang buoc mem:

• Mi?t so giao vien co mi?t so tiet dinh truoc neu khong xep lich thl tot.
• Giao vien d ay lien tuc trong m8i bu5i.
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4.2. Thu tuc t.hirc hi~n
Cho triro'c c ac tham so Pcrs1, Pcrs2, Pmut ...

Procedure EA_for .schedule;
Begin

t <- 0
Khol t ao P(t);
Danh gia P(t);
Repeat

So ran <- Random()
For i <- 1 to so_ran do
begin
H~_so <- Raridomf]

If He_so < Pcrs1 then Tu·ong_giao_cMo_toan_b<?(P'(t));
H~_so <- Raridomf]
If H~_so < Pcrs2 then Tu·ong_giao_cMo_m<?t_phan(P'(t));
H~..so <- Random ();
If He_so < Pmutl then D6diet_h9c(P'(t));
H~_so <- Randomj]
If H~_so < Pheu1 then D6i_giao-Yien(P'(t));
H~_so <- Raridomf]
If He_so < Pheu2 then Chuyiin_dich_tiet(P'(t));
H~_so <- Raridomf];
If H~_so < Pbdm then BieILdi_m~nh(P'(t));

end;
P(t + 1) <- Ch9nJ9cP'(t);
t<--tl;

Until di'eu_ki~n_keUhuc;
End;

Trong do P'(t) bao gom d P(t) v a cac phan tu: rnoi dircc tai t ao, cac ca th~ dtro c thu'c hien
tucng giao cheo va bien di co t.inh ng5.u nhien turmg tIT thu tuc cCS diiin.

4.3. Ket qua thu' nghiem

Chuxrng trlnh diro'c thu: nghiern voi b<?dii: li~u cii a triro'ng THCS Chu Van An:
• Com 4 khoi 6, 7, 8, 9 co t6ng cong 42 16-p diro'c chia lam 2 bu6i h9C (20 16-p sang va 22 16-p

chien).
• So man h9C trung blnh trong moi lap m<?t h9C ky Ia 12 man. So tiet h9C trung blnh trong m<?t

tuan cu a moi lo-p la 27 tiet hoc.

• M<?t tuan co 6 ngay h9C, moi ngay co toi da 5 tiih h9C.
• Co tCSngso 90 giao vien. Ciao vien co so gia nhie u nhat la 23 tiet m<?t tuan.

Ki~m tra tren may CELERON 333 MHz, 32 Mb RAM, chiro'ng trlnh chay 100 vong dai hih 02'30"
va sau 20-30 ph ut thl khong can vi ph am rang buoc ng~t. So lieu thong ke ducc nlnr sau:

So vong dai Ket qua tot nhfit Ket qua trung bmh (10 Ian chay]

(van g) Trung CV Trung tiet Cia· each Trung CV Trung tiet Cia· each

100 0 0 1 0 2 4
150 0 0 1 0 1 1
200 0 0 0 0 0 1
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5. KET LUAN

Tren day cluing toi da trinh bay m9t phtrong phap thuc hien tinh toan tien h6a cho bai toan
thoi kh6a bi~u. Thti. tuc t ao m5:u va cac toan tti: di truyen d~ thirc hien , c6 th~ irng dung r9ng rai
d~ t ao nen cac phfin mern thich trng cho cac loai thai kh6a bi€u kh ac nhau va c6 th€ mo' rong r a
cho mot so bai toan xep lich khac. Ngoai ra, trong qua trlnh xay dung phan mern, viec ph an bo cac
to an tti: rndt each thich hop d~ vira dam bao d9 hqi tu vira darn bao tInh da dang cling la mot van
de can quan tam nghien CUll gitti quyet. Chung toi hy vc,mgtrong thai gian t6i. se c6 cac san ph arn
phan mern suodung rqng rai nho trng dung phtro'ng ph ap nay.
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