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TOM TAT

Bai bao nay trinh bay mot thuat toan di truyén méi cho bai toan 1p lich job shop (Jobshop
Scheduling Problem - JSP). Thuét toan méi ndy c6 mot s6 d6i méi sau day: Mot lich biéu dugc
m3 hod boi cac sb tu nhién; cac luat wu tién cua Giffler va Thompson dugc diung dé tao ra céc
lich biéu tich cuc; phép dot bién duogc thuc hién trén cac ca thé tiém niang va két hop véi ki thuat
tim kiém 1an cén; phép trao d6i chéo méi két hop trao ddi chéo dong nhét véi thuat toan GT va
duoc thuc hién trén 3 ca thé cha.

Dua trén phuong phap da dé nghi, chiing t6i da thuc hién mot chuong trinh tim lich biéu tdi
ru gan dang cho JSP. Chuong trinh dé chay trén cac bai toan test chuin do Muth va Thompson
dé nghi Phuong phap duac dé nghi cua chung t61 uu diém hcm han so VO’i cac phuong phap khac
trong muc 4 ching t6i trinh bay cac két qua thir nghiém va so sanh cac két qua cua chung t6i voi
cac két qua ciia Yamada.

Tur kh6a: 1ap lich job shop, 1ap lich, thuat toan di truyén.

1. GIOI THIEU

Lap lich 1a mot chu dé quan trong thudc linh vuc van tru hoc xuét hién tir dau nhitng nam
1950. Muyc tiéu cta lap lich 1a phan phdi tai nguyén ding chung mét cach hiéu qua nhit cho cac
tac vu dong thoi trong toan bo thoi gian xir 1i. Cac bai toan I4p lich xuit hién trong nhiéu linh
vuc khac nhau nhu trong: San xuét, cham soc stre khoe, gido duc - dao tao, xur li tinh todn, van
tai,... Mot mo hinh dién hinh vé 1ap lich d6 1a bai toan 1ap lich job shop (JSP), bai toan nay c6
tam quan trong ddc biét trong ca Ii thuyét 1an thyc tién. Bai toan 1ap lich job shop ¢ nhiéu kha
nang dugc d& xuit va nghién ctru 1an dau tién boi Akers va Fiedman [1]. Trong cac tai liéu cua
Lién X6 cii, JSP thuong dugc goi 14 bai todn Akers-Friedman hay bai todn AF. Bai toan nay
thuoc 16p NP-hard va noi tiéng 1a mot trong nhing bai toan tdi uu to hop kho tinh toan nhat
duogc biét cho téi nay. Ngudi ta di chimg minh duoc rang chi c6 mét sb it trudng hop cua JSP ¢o
thé giai dugc trong thoi gian da thirc sau dy:
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1. JSP 2 may véi s6 cong doan ctia mdi cong viée khong qua 2 (J2|op < 2), dugc giai trong
thoi gian O(n.logn). Thuat giai cho truong hgp nay do Jackson [2] dé xuat bang cach ap dung co
mo rong thuat toan ctia Johnson cho bai toan Flow Shop -FSP 2 may.

2. JSP 2 may véi thoi gian xir I mdi cong doan cua tat ca cac cong viée déu bang 1 (J2]pjj
= 1), bai toan nay co6 thé giai duoc trong thoi gian O(n) boi mot thuat toan do Hefetz va Adiri [3]
dé xuat.

3. Akers [4] déa chimg minh rang JSP chi ¢ 2 cong viée (J| n = 2) ¢o thé dugc xem nhur 1a
mot bai toan dudng di ngin nhat va vi thé co thuat giai thoi gian da thirc.

4. Dya trén y tuong cua Kravchenko va Sotskov [5], Brucker [6] dua ra thuat toan thoi gian
da thirc cho JSP v6i 2 méay va k cong viéc (J2|n = k) vai k 1a hang sb.

Ngoai cac trudng hop ké trén, cac trudng hop con lai cua JSP déu 1a NP-hard. Pay 1a két
qua nghién ctru cua Sotskov va Shaklevich [7], bang 1 tong két vé do phuc tap cta JSP.

Badng 1. D phtrc tap tinh toan cua JSP.

S6 m may
2 3 Hing sb Tuyy
S6 n cong 2 P P P P
viéc
i 3 P NP-hard NP-hard NP-hard
Hing sb P NP-hard NP-hard NP-hard
Tuy y NP-hard NP-hard NP-hard NP-hard

Thuét toan di truyén (Genetic Algorithm - GA) phong theo cic qua trinh tién hoa tu thich
nghi cla cac quﬁn thé sinh hoc dé t6i uvu hoa cac ham muc tiéu. Thuat toan nay 1an dau tién dugc
phat trién boi John Holland [8] va da dugc ap dung rat thanh cong trong nhiéu linh vuc khac
nhau cua khoa hoc may tinh bao gdm: Hoc may, Ii thuyét didu khién va téi vu t6 hop,... GA
dugc déc trung boi chién lugc tim kiém dua trén quén thé va 3 toan tt di truyén: Chon loc, dot
bién va trao doi chéo. Nakano va Yamada [9] 12 nhiing nguoi dau tién da ap dung GA cb dién
ding phép biéu dién cac 10 giai theo s6 nhi phan cho JSP. Sau d6 ho con dé xuit phuong phap
két hop GA véi cac ki thuat tim kiém khac va da thu dugc thanh tuyu dang ké trong viéc chinh
phuc JSP. Ulder va nhitng nguoi khac [10] la nhimg ngudi dau tién dé xuit phuong phap tim
kiém cuc b di truyen cho JSP, phuong phap nay lai ghép gitra GA va cac ki thuat tim kiém cuc
bd. Gan day hon, cac nha nghién ctru c6 xu huéng két hop GA véi nhidu ki thuat tim kiém khéc
dé tao ra cac giai phap manh cho bai toan phirc tap nay. Ching han nhu: Lee Hui Peng va nhiing
nguoi khac [11], F. Guerriero [12], Rui Zhang va nhiing ngudi khac [13], Yamada [14], ...

Sau nhiéu nim nghién ctru vé& GA va JSP, ching t6i nhan thiy rang phuong phap két hop
GA voi cac ki thuat tim kiém khac dé tao ra cac giai phap manh cho JSP 1a mot huéng nghién
ctru con nhiéu tiém ning. DA cé nhidu cong trinh nghién ciru theo hudng nay trong nhitng nim
gin day, tuy nhién cho t&i nay van chua c6 giai phap nao giai quyét triét dé JSP. Trong bai bao
nay ching t6i trinh bay mét thuét toan di truyén lai méi cho JSP. Trong phuong phap méi nay,
ching t6i dé xuat mot s6 diém méi trong viéc ding GA két hop véi cac ki thuat khac dé giai JSP
sau day:
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1. Mot lich biéu duoc mi hoa boi cac s tu nhién. Phuong phap ma hoa nay c6 vu diém
hon han cac phuong phap ma hoa da st dung trude day vi no tao di€u kién thuan loi cho viéc
thuc thi cac toan tir di truyén va don gian hda trong cai dat chuong trinh.

2. St dung chién luoc tim kiém 1an can trong phép dot bién, & day mot 1an can 1a mot 16i
gidi thu dugc sau mot thay d6i nho trong phép dot bién gien. Cai tién nay khac phuc yéu diém
khong héi tu cia GA don thuan.

3. Dé xuat mot toan tir trao ddi chéo méi, toan tir nay két hop trao doi chéo dong nhét ding
cac ludt uu tién cua Giftler va Thompson va dugc thuc hién trén 3 cé thé cha. Cai tién ndy nham
tao ra mot ca thé con mang cac thugc tinh tot cuia nhicu ca thé cha va van la mét lich biéu tich cuec.

4. Toan tir chon loc méi duge tién hanh theo 2 budc:

Budc 1: Chon 1 ca thé c6 d¢ thich nghi t6t nhat ké tir thé hé du cho t6i thé h¢ hién tai cho
thé hé tiép theo (ca thé nay goi 1a phan tu tinh hoa) dé dam bao cho tinh hdi tu cua thuat toan.

Budge 2: Cac ca thé con lai duoc chon ngau nhién theo nguyén tdc banh xe x0 s6 dé dam
bao dugc thudc tinh ngau nhién cua GA.

2. MO TA BAI TOAN LAP LICH JOB SHOP

Bai toan 1ap lich job shop c6 thé dwoc mé ta van tit nhu sau:

Cho n cong viée {Ji}i <i<n duoge xur li 6 trén mot tap m may {M;} <j<m va ¢ cac dac trung
sau day:

1. Tai mot thoi diém mdi may chi c6 thé xir i mot cong viée.

2. Mbi may M; tiy ¥ c6 déu c6 kha ning thuc hién mot cong viée Jj nao do, phan cong viéc

Ji trén may M; nay duoc goi la cong doan O;. Véi m01 J; trinh ty thuc hién cac cong doan lan
luot trén cac may dugc an dinh trude va duge goi 1a tuan tu cong nghé.

3. Thoi gian bat dau xir Ii va thoi gian hoan thanh viéc xir I cong doan Oy dugce ki higu 1an
luot 1a sj; va cjj. Thoi gian xtr Ii cong doan Oj; dugc ki hi¢u 1a pj;.

4. Thoi gian hoan thanh tat ca cac cong viéc duoc goi 1a makespan va dugc Ki hiéu 1a Cgy:
Cax = Maxcij.

Dé minh hoa cho bai toan, mot vi du vé JSP 3 x 3 dugc cho trong bang 2. Dit liéu vao bao
gom tuan tu cong nghé cta cac may cho moi céng viéc va thoi gian xir I moéi cong viée ¢ trén
moi may (trong dau ngodc don).

Bang 2. JSP 3 cong viéc, 3 may.

Codng viéc May (thoi gian xtr If)
1 1(3) 2(3) 3(3)
2 1(2) 3(3) 2(4)
3 2(3) 1(2) 3(1)

Theo bang 2, cac cong doan cua J; dugce xur li theo thir tu O3, Os,, Os3; cdc cong doan cua
J, dugc xtr Ii theo thir tu Oy, Oys, O; cac cong doan ciia J; duoe xir Ii theo thir tu Os;, Ogp, Oss.
Bang 2 ¢6 thé dugc thay boi mot ma tran tuan ty cong nghé {Ti} va mot ma tran thoi gian xir Ii

{pi}:
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3. THUAT TOAN DI TRUYEN MOI CHO BAI TOAN LAP LICH JOB SHOP

Qua nghién ctru cac cong trinh d cong bd vé ap dung GA cho JSP ching t6i nhan thiy
rang céac ki thuat lai chiém wu thé hon cac ki thuét sit dung GA don thuin. GA dang dugc két
hop kha pho bién véi cac phuong phéap tim kiém khac va di tao ra cac phuong phap lai kha hi¢u
qua cho JSP. Dlem lai cac cong trinh duoc cong bd trong nhitng nim gan day vé cac giai phap
cho JSP, ¢6 1& s6 cac cong trinh ¢6 lién quan tdi dp dung GA 1a nhiéu nhét. Diéu nay cho thay xu
huong va vai tro ciia ki thuat tim kiém nay hién nay va trong tuong lai. Trong bai bao nay chiing
t6i dé xuat mot thuat toan di truyén véi nhiéu d6i moi cho JSP. Tinh vuot troi ciia thuat toan
dugc danh gia thong qua thir nghiém sé dugc trinh bay trong muc 4 ctia bai bao.

3.1. M4 hos 16i giai

Gia str ¢6 n cong viéc duge xur li trén m may. S6 cong doan cua cong viéc thu i dugc ki
hiéu la ]ob[l] (khong qua m v6i moi i). Téng sb cac cong doan can duge xu | cia tat ca cac cong
vige la: Z jobl[i]

— =l

Chting ta ma hod cac céng doan cua J; tur 1 dénjob[l], ctia J, tir job[1] + 1 dén job[1] +
job[2],..., cua Jn tir job[1] + job[2] + ... + job[n-1] +1 dén L. Nhu vay mot 101 giai 1a mot hoan vi
nao do cia day so ty nhién {1, 2, 3, ..., L} thoa man cac rang budc cua bai toan.

. Vidu, voi bai toan 3 cong viée, 3 mdy da cho trong bang 2. Cac céng doan dugc ma hoa
bang cac so ty nhién nhu trong bang 3:

Badng 3. Ma hoa cac cong doan.

Gidi thich. theo {Tj}, cac cong doan dau tién

Cong viéc M3 ho4 cong doan cua J; va J, dugc xtr li trén My, cong doan thir
3 1 > 3 2 ciua J; dugce xur 1i trén may 1. Vi Vély', ma
cua cac cong doan trén M; 1a mét hoan vi nao

Jz 4 S 6 do cua {1, 4, 8}. Tuong ty cac cong doan

3 7 8 9 trén M, 1a mét hoan vi nao d6 cua {2, 6, 7},

trén M3 1a mét hoan vi nao do cua {3, 5, 9}.

Mot 101 giai c6 thé cua bai toan duoc biéu dién bang hinh v& c6 dang nhu hinh 1.

e T R R

Hinh 1. Mot 15i giai hop 1 cho JSP 3 x 3.
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Loi giai trong hinh 1 ciing c6 thé duoc biéu dién boi mot ma tran 16i giai Sy. Trong do, Sj =
i, trc 1a hoat dong thur k trén may M; 1a cua J.

{Sit =

N W
= NN
Wk Ww

3.2. Khéi tao tip 1oi giai ban dau

D‘é sinh ra mét tép 101 giai ban dau bao gém céc lich biéu tich cuc cho JSP duoc cho bdi ma
trén tudn ty cong ngh¢ {Ti}, va ma tran thoi gian xtr li {pi}, chung ta sir dung thuat toan GT
dugc dé xuat boi B. Giffler and G. L. Thompson [15].

3.3. Xay dung ham thich nghi

Ham thich nghi duogc xay dung nhu sau:

fitness = M - Cpax, trong d6 Cpax 12 makespan cua 161 giai, M 1a tham s6 duge dua vao dé
chuyén bai toan tim min cta Cp,y thanh bai toan tim max (vi GA chi ap dung truc tiép cho bai
todn tim max).

3.4. Toan tir dot bién

+ Chon ngau nhién mot cong doan (ki hiéu 1a opel) trong cé thé cha. Xac dinh may thuc
hién cong doan d6 (Ki hi¢u 1a Mgper) va vi tri cuia cong doan d6 (Ki hiéu 1a posl).

+ Chon ngau nhién mot cong doan (ki hiéu 1a ope2) trong cé thé cha. Xac dinh may thuc
hién cong doan d6 (ki hi¢u 1a Mgpep) va vi tri cuia cong doan d6 (Ki hiéu 1a pos2).

+ Néu Mope1 = Mope2 thi tién hanh dot bién (hoan ddi vi tri cua hai cong doan). Két qua cho
ching ta cé thé con. Trong truong hop Moper # Mopez thi cé thé cha dugc gilt nguyén.

+ Cap nhat lai thoi gian bit diu va thoi gian hoan thanh cua tit ca cic cong doan trong cé
the con.

+ C4 thé con chi duoc chép nhéan khi ¢6 @6 thich nghi tdt hon céa thé cha hodc sb lan dot
bién lai vuot qua ngudng cho phép (do ngudi 1dp trinh qui dinh). Moi ca thé con thu dugc sau
phép dot bién c6 thé xem nhu 1a mét lan cén cua cé thé cha. Toan tir dot bién dugc tién hanh
dong thoi trén tat ca cac may.

Vi du, ca thé cha dugc chon dé dot bién nhu trong hinh 2:

_/

1 2 3 4 5 6 7 8 9
———————— [ [ ELITTLETEETTE] T RSNSOI
\\7 J1 J2 Js <,X\£3 + Jo J1 + J%,)\‘, J1 Js3

MY M, Y MY
1 ope2 opel2 3

Hinh 2. Cé thé cha cho phép dot bién.
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+ Chang han: opel = 2 ---> Mgpe1 = 2 Va pos1 = 6.
+ ope2 = 7 ---> Mgpe, = 2 Va pos2 = 4.

+ Mo o1 = MopeZ ---> hoan d6i cac cong doan ¢ vi tri 4 va vi tri 6 cho nhau, ca thé con sau
khi dot blen duogc biéu dién trong hinh 3.

1 2 3 4 5 6 7 8 9
T 7 3
N B s i 3 B b 3
J3 YT YT YT
M3 M. Ms

Hinh 3. C4 thé con thu duoc sau phép dot bién.
3.5. Toan tir lai ghép hay con goi la ton tir trao d6i chéo

Toan tu lai ghep duoc thuc hién trén 3 ca thé cha p1, P2 Va ps dugc biéu dién bdi cac ma tran
1o giai tuong tmg St = {Sl,k} §?= {Szlk} va S® = {S%}. Cac gien trong ca thé con p = {Sj} s&
duoc tai két hop tir cac gien trong 3 cd thé cha. Trong bai bao ndy, chung toi dé xuat mot toan tir
lai ghép méi két hop ddng thoi cta phép lai ghep dong nhat, thuat toan GT va dugc thuc hién
trén 3 c4 thé cha dé tang tinh da dang cua ca thé con. Hon nita, do sir dung thuét toan GT nén sau
khi lai ghép ca thé con van 12 mdt lich biéu tich cuc.

Phép lai ghép nay st dung thuat toan GT nén da s cac budc gidng nhu trong thuét toan GT
[15]. Su khac biét gitra thuét toan GT va phép lai ghép cua ching t6i chu yéu la ¢ budce 4.

Toén tir lai ghép méi duge dé xuét boi ching toi bao gdm cac bude sau:

1. Khéi tao G 1a tap cac cong doan dau tién trong tudn ti cong nghé cua tit ca cac cong
viée (cot dau tién cia ma trin {Ty}), tic 1a G = {0, Opp ..., Opy }. DOi v6i mdi cong doan
0O €G, ES(0) :=0vaEC(0) :=p(0).

2. Tim céng doan hoan thanh sém nhét O+ € G. Mot tap con cua G chira cac cong doan
duoc xu li ¢ trén may M; ki hi¢u 1a G;.

3. Tinh tap canh tranh C[M;, kK] = G;j, ¢ day k-1 1a s6 cac cong doan di duoc 1ap lich trén
may M;.

4. Chon mdt trong cac cha {ps, P, Ps} theo gia tri cua Hj;, p := pH.,Va P = S™ Péi véi mdi
Oy € C[M;, K], ton tai mot chi s6 1 sao cho Sj = i. Goi I, 1a chi s6 nho nhat, tic 14 |, = min {1/ S;

= i@ Oy C[M;, k]}. Goi r := Sjim, Oy s€ dugc chon dé 18p lich & trong p sém nhat trong cac
thanh vién cua C[M;, k].

5. Lap lich cho OrJ 1a cong doan tha k trén may M;; tiic 1a Sy := r, voi thoi gian bat dau va
thoi gian hoan thanh ctia n6 1a ES(Oy;) va EC(Oyj): s(Oyj) = ES(Oyj); ¢(Oyj) = EC(Op).

6. Déi véi tat ca cac cong doan O € Gj\ {O}:
- Cﬁp Hhat ES(O”) nhu sau: ES (Oij) = max{ES(Oij), EC(O”)}
- Cép l’lhat EC(OU) nhu sau: EC(OU) = ES (Oij) + p(O.,)
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7. X0a Oy khoi G (va do do khoi Gj), va bé sung thém cong doan Oy ké tiép O,j trong tuan
tu cong ngh¢ vao G néu no ton tai. Tuc 1a, néu j = Ty va k <m, thi s := Tiyq va G := (G\{Oy}
J {Os}. Tinh ES(Os) va EC(Oys) nhu sau:

- ES (Ors) := max{EC(Oy), EC(PM(Ox))}-
- EC(Oys) := ES (Ors) + p(Or).

8. Lap lai tir budc 2 dén budce 7 cho toi khi tat ca cac cong doan dugc lap lich trong ca thé
con p.

9. Ma tran 16i giai ra {Sy}l1a lich biéu tich cuc thu dwgc véi tap thoi gian bat dau va thoi

gian hoan thanh Ia {s(0;)} va {c(O;)}. O day i = Sj.

231 22 33111
p:1=|321 333 2222111 —» makespan = 15
231 2223 111
% 333 1112233 123
Hi=[2 2 2 333111 2222 p=]1312
@ 111 2223111 231
132 1113322 L makespan = 12
p-=|3 12 333111 2222 |[—» makespan = 16
312 & 3111222
123 1112233
ps=|3 12 333111 2222 —» makespan =16
123 1112223
Hinh 4. Trao ddi chéo ddng nhit 4p dung thudt toan GT trén 3 cé thé cha.
1 2 3 4 5 6 7 8 9
P —Y—J1F
 J2 J3 b Js J1 J2 Je J3 J1 )
M; My Y Ms Y
1 2 3 4 5 6 7 8 9
S e s s I 1 L E R T H NSNS
w Js B Ja A Jo Ja_ J1 J2 Y
My Y My Y Ms ¥
p 1 2 3 4 5 6 7 8 9
3
= [ Pl [ 14 [T ] Bl TR
. J1 Jo J3 X J3 J1 J> )L J2 J3 )
My Y My Y Ms ¥

Hinh 5. C4c cha tham trao ddi chéo.
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3 3 3 2 2 2 1 1 1
GO e e e - [ 1 L E 1/ T ENNNNNSNSNNNCWN
N N S S R S
My Y Mo Y N

Hinh 6. Ma trdn ngau nhién va c4 thé con tuong tmg sau lai ghép.

Hinh 4 trinh bay mot vi du vé trao doi chéo dong nhét sir dung thuat toan GT va dugc ap
dung cho ba cha p;, p,va ps v6i mot ma tran ngau nhién H;. Con p la két qua cuia phép trao doi
chéo. Cac cha tham gia trao d6i chéo va ca thé con thu duge c6 thé biéu dién bang hinh v& nhur
hinh 5 va hinh 6.

3.6. Toan tir chon lgc

Toan tir chon loc chon pop_size c4 thé cho thé hé t + 1 duogc tién hanh nhu sau:
1. Chon c4 thé c6 do thich nghi t6t nhat ké tir thé hé ddu dén thé hé t.

2. Xay dung tap 10i giai trung gian P'(t) 4p dung phép dot bién va phép lai ghép:
+ Ap dung toan tir 4ot bién ddi voi P(t) dugc P(t)

+ Ap dung toan tir trao d6i chéo dbi voi P(t) dugc Pa(t)

+P'(t) =P(t) U Py (t) U Pa(t)

3. Chon pop_size -1 ca thé con lai trong tap P'(t) theo nguyén Ii banh xe s6 x0.

Bénh xe X0 sb duoc m@nh hoa trong hinh 7, 101 giai 1 c6 Xac suét chon loc 1a 0.15. Nhu vay, moi
lan quay banh xe x0 s0 n6 c6 kha nang dugc chon 1a 15%. Tuong tu, xac suat chon loc cta cac
loi giai 2, 3, 4 tuong Gng 1a 0.25, 0.40, va 0.20.

Hinh 7. Banh xe x4 sd.

3.7. Thuit toan di truyén cho JSP

Procedure GA_JSP

Begin
t€0 {t 12 s6 thé hé tién hoa}
Khéi tao P(t) {dung thuat toan GT}
Panh gia P(t) {tinh ham thich nghi ciia mdi cé thé trong P(t)}
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while ( not diéu kién dimg ) do
Begin
Xay dung tap 101 giai P'(t) bang cach ap dung phép dot bién va phép lai ghép:
+ Ap dung toan tir dot bién dbi véi P(t) duoc Py(t)
+ Ap dung toan tir trao ddi chéo ddi vai P(t) dugc Pa(t)
+P'(t) = P(t) U Py () U Py(t)
Danh gia P'(t)
t<ct+1l
Chon loc P(t) tir P'(t-1)
End
End

e Tinh ding ddin ciia thudt todn

Tinh dung dan cta thuét toan dugce khang dinh thong qua céc dic trung sau day:

1. Do st dung thuat toan GT dé sinh ra cac lich biéu, cho nén mdi cé thé con duoc sinh ra
deu 1a mot lich biéu hop 1€ va hon nira n6 con la mot lich biéu tich cuc.

2. Trong phép dot bién, c4 thé tham gia dot bién dugc stra d6i bang cach thay ddi thi tu sip
xep trong mot may nao do, sau do thoi gian bat dau va thoi gian ket thiic cua toan lich biéu duoc
cap nhat lai nén ca thé con sau dot bién van dam bao 1a mot lich biéu hop I¢.

3. Phép trao ddi chéo sir dung thuat toan GT dé sinh ra cac lich biéu con, cho nén mdi ca
thé con dugc sinh ra déu 1a mot lich biéu hop 1€ va hon nira chiing van con 1a lich biéu tich cuc.

4. Thuat toan s& dimg khi gip diéu kién két thic hay khi dat két qua tdi wu.

5. Vi thudt toan ludn duy tri loi giai tt nhét trong quan thé, truéc hodc sau khi chon loc, vi
vay thudt toan duoc chimg t6 hoi tu toi t6i wru toan cyuc nho thude tinh khong giam cua cac thé hé
tiép theo. Két qua nay duoc thao luan vé6i dinh li lugc dd va duoc ching minh boi Giinter
Rudolph [16].

e Ddnh gia dj phirc tap Cia thudt todn

Trong vong lap while, do phurc tap ciia toan tir trao doi chéo 1a cao nhit. Vi vay, theo quy
tac xac dinh do phuec tap thi @6 phuc tap cia cac hoat dong trong vong lap while tuy thudc vao
dd phtic tap cua phép trao doi chéo. Do phuc tap ctia phép trao d6i chéo c6 thé duoc xac dinh
ngan gon nhu sau:

- S6 1an chon thao tac cho mdi 101 giai con 14 n x m, v6i n 1a s6 cong viée va m 1a s6 may.

- S6 céc ca thé con trong phép trao ddi chéo < pop_size, voi pop_size 1 sd ca thé trong
quan the.

Vay, do phirc tap cua phép trao dbi chéo 1a: O(n x m x pop_size).

S6 lan lap cua vong lap while 14 t. Vay do phirc tap ciia GA JSP la: O(t x n x m x
pop_size).
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4. KET QUA THU NGHIEM

Dua vao phuong phap dé xuit trong bai bao nay, ching toi da cai dit mot chuong trinh

bang ngdn ngit C* va chay thir nghiém trén may PC véi bd vi xir Ii Core 2 Dual ¢6 téc do 3.0
GHz. Ching t6i s dung dit liéu vao cho chuong trinh 1a céc bai toan benchmark do Muth va G.
L. Thompson [17] d€ nghi. Day la cac bai toan test nodi tieng ve€ kho giai quyet va da biet ket qua

t01 vu.

Bdng 4. Két qua chay thir nghiém.

maion | G | shwéne | QAR | SERGE | Gt | e
mt06 (6 x 6) 50 200 0.8 0.05 55 55
mt10 (10 x 10) 500 200 0.8 0.05 930 930
mt20 (20 x 5) 1000 200 0.8 0.05 1185 1165

B6 tham sé va két’qué chay thtr nghiém chuong trinh do ching t61 deé nghi dugc trinh bay
trong bang 4. K€t qua to1 uu cua bai toan mt06 tim dugc rat nhanh chi sau vai lan chay thir. Vi
bai toan mt10 két qua toi uu tim dwgc trung binh 1a 1 1an sau 100 lan chay thi.

Trong cic cong trinh nghién ctiru 4p dung GA cho JSP, cac phuong phap do Yamada dé
sudt cho téi nay van duge xem 1a mot trong nhimg phuwong phap cho két qua tot nhat. Vi viy,
ching toi sur dung két qua cua hai phuong phap do Yamada dé nghi la: phuong phap st dung
thuét toan di truyén don (SGA - bang 5) va phuong phap st dung thuat toan di truyén két hop

voi thuat toan GT (GT/GA - bang 6) dé so sanh vé6i két qua cua phuong phap do ching to6i dé
Xudt.

Bdng 5. Két qua chay thir nghiém phuong phap SGA cua Yamada

N N1 ia £ A1 A Két qua Tbi wu thuc
Bai toan Cao loi giai So the hé Pe Pm chay su
mt06 100 200 0.9 0.01 55 55
mt10 1000 200 0.9 0.01 965 930
mt20 2000 200 0.9 0.01 1215 1165
Bdng 6. Két qua chay thir nghiém phwong phap GA/GT clia Yamada.
N Nt a £ o1 A1 A Két qua Tbi wu thuc
Bai toan Co loi giai So the hé Pc Pm chay su
mt06 100 200 0.9 0.01 55 55
mt10 1000 200 0.9 0.01 930 930
mt20 2000 200 0.9 0.01 1185 1165
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Két qua téi uu cta bai toan mt06 tim dugc rat nhanh cho ca hai phuong phap do Yamada deé
nghi. V61 bai toan mt10 phuong phap SGA khong tim dugc 101 giai to1 uu thuc sy, phuong phap
GA/GT tim duoc 4 lan sau 600 lan chay thtr. Bo tham s6 va két qua chay cac phuong phap do
Yamada dé nghi dugc trinh bay trong bang 5 va bang 6.

. Thoéng qua két qua thir nghiém c6 thé cho thiy phuong phap ma ching t6i dé nghi co cac
di€m manh sau day:

1. Do dung ma hoa la sO tur nhién nén viée cai dat chuong trinh kha don gian. Céc sinh vién
khong hleu sdu vé thuat toan di truyén ciing c6 thé cai dat duoc khi dugc huéng dan trong thoi
gian ngin.

2. ThO’l glan tinh toan glam So voi cac phuorng phap khac do tham sé co quén thé duoc
trinh ¢6 thé chay duoc trén cac may tinh c6 cdu hinh thap. Pay cung 1a vu diém ndi bat cua
phuong phap do chung t6i dé nghi.

3. Ti 1é tim duoc 10i giai toi wu thyce sy cao hon phuong phap ctia Yamada d& nghi.

5. KET LUAN

Mot thuat toan di truyén lai cho JSP da duoc dé nghi, phuong phap nay co6 s dung hop li
cac két qua cua nhitng nguoi di trude két hop v6i nhimg dé xuét méi cia chung t61. Ching toi da
cai dat mot chuong trinh xac dinh lich biéu t6i vu gan dung cho JSP dé thAm dinh thuét toan.
Chuong trinh da dugc chay thtr nghiém véi dit li€u vao 1a cic bai toan benchmark do Muth va
Thompson d& nghi cho két qua tot. Vi nhing bai toan test ¢ kich ¢& nho, chuong trinh cho két
qua toi wu. Vi nhitng bai toan kich ¢& 16n, chuong trinh cho két qua gan tdi wu. Viée cai dat
thuat toan nay khong may khé khin do tinh don gian cta thuat toan. Qua két qua thir nghiém da
cho thay nhung dlem manh cua thuat toan do chung t61 d& nghi VO‘l cac phu’ong phap khac do la
nhu bai toan test 20 x 5, chuong trinh van chua tim du’qc lich bleu tdi wu. bay la van dé duge
dit ra cho nhimg nghién ctru tiép theo vé viée ap dung GA cho céc bai toan 1ap lich. Trong thoi
gian t6i, chiing toi s& tiép tuc nghién ctru dé tim ra nhimg phuong phap hiéu qua hon dé co thé
giai quyét cac bai toan job shop c6 kich ¢ 16n hon.
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ABSTRACT

AN EFFECTIVE GENETIC ALGORITHM FOR JOB SHOP SCHEDULING PROBLEM

Nguyen Huu Mui’, Vu Dinh Hoa

Faculty of Information Technology, Hanoi University of Education

“Email: muithu@yahoo.com

This paper presents an new genetic algorithm for the job shop scheduling problem - JSP.

This new algorithm has its innovations follow: A schedule is encoded by natural numbers; the
priority rules of Giffler and Thompson is used to create active schedules; the mutation is
implemented on potential individuals and combined with neighborhood search technique; new
crossover combines the uniform crossover with GT algorithm and implemented on 3 parents.
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Based on the proposed method, we implement a program to find an approximation optimal
schedule for JSP. The program ran on Muth and Thompson’s benchmark problems. Our
proposed method is preeminent in comparison with other methods, they are calculation time and
ratio of the findable optimal solutions. To prove those, we present an empirical experiment and
to compare our results with results of Yamada in the section 4.

Keywords: Jobshop Scheduling, Schedule, Genetic Algorithm.
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