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TOM TAT

Bai bdo nay trinh bay mot thuat to4n di truyén méi cho bai todn 1ap lich job shop (Jobshop
Scheduling Problem - JSP). Thuét todn méi nay c6 mot s6 d6i moi sau ddy: Mot lich biéu dugc
ma hod boi céc s ty nhién; cdc luat uu tién cua Giffler va Thompson duoc dung dé tao ra céc
lich b1eu tich cuc; phép dot bién duoc thyc hién trén céc ca thé tiém nang va Kkét hop véi ki thuat
tim kiém 14n can; phép trao d6i chéo moi két hop trao d6i chéo dong nhét véi thuat todn GT va
dugc thuc hién trén 3 cd thé cha.

Dua trén phuong phép da dé nghi, ching t6i da thuc hién mot chuong trinh tim lich biéu t6i
wu gan ding cho JSP. Chuong trinh da chay trén cdc bai todn test chuan do Muth va Thompson
dé nghl Phuong phép dugc dé nghi ciia chiing toi uu diém hon hin so véi cdc phuong phép khac
& chd thoi gian tinh todn va ti 1& cac 101 giai t6i wru ¢6 thé tim dugc. Dé minh chirng cho diéu do,
trong muc 4 ching t6i trinh bay céc két qua thr nghiém va so sanh céac két qua cua chuing to1 véi
céc két qua cia Yamada.

Tir khéa: 1ap lich job shop, 1ap lich, thuét to4n di truyén.

1. GIOI THIEU

Lap lich 1a mét chu dé quan trong thudc linh vuc van tri hoc xut hién tir dau nhitng nam
1950. Muyc tiéu cua 1ap lich 1a phan phdi tai nguyén diing chung mot cach hiéu qua nhét cho céc
tdc vu dong thoi trong toan bo thoi gian xir 1i. Céc bai toan 1ap lich xuat hién trong nhiéu linh
vuc khac nhau nhu trong: San xuét, cham sdc suc khoe, gido duc - dao tao, xur Ii tinh todn, van
tai,... Mot md hinh dién hinh vé 1ap lich d6 1a bai toan 1ap lich job shop (JSP), bai todn nay c6
tam quan trong dac biét trong ca 1i thuyét 1an thyc tidn. Bai toan 1ap lich job shop c6 nhiéu kha
nang dugc dé xuét va nghién cuu lan dAu tién boi Akers va Fiedman [1]. Trong céc tai li€u cua
Lién X0 cii, JSP thuong duoc goi 1a bai todn Akers-Friedman hay bai todn AF. Bai todn nay
thudc 16p NP-hard va ndi tiéng 12 mot trong nhirng bai toan tdi wu t6 hop khé tinh todn nhat
dugc biét cho toi nay. Ngudi ta da ching minh dugc rang chi ¢6 mot sb it truong hop cta ISP ¢6
thé giai dwoc trong thoi gian da thirc sau day:



Nguyén Hiru Mui, Vi Binh Hoa

1. JSP 2 mdy véi s6 cong doan ciia mdi cong viéc khong qud 2 (L2lop < 2), duogc giai trong
thoi gian O(n.logn). Thuat gidi cho truong hop nay do Jackson [2] d€ xuat bang cach dp dung c6
md rong thuat todn cia Johnson cho bai toan Flow Shop -FSP 2 mdy.

2. ISP 2 mdy véi thoi gian xir If mdi cong doan ciia tit ca cic cdng viéc déu bang 1 (L2lpy
= 1), bai todn nay c6 thé giai dwoc trong thoi gian O(n) boi mot thuat todn do Hefetz va Adiri [3]
dé xuat.

3. Akers [4] da ching minh rang JSP chi ¢6 2 cong viéc (J1 n = 2) c¢6 thé duge xem nhu 12
mot bai todn duong di ngan nhat va vi thé c6 thuat giai thoi gian da thirc.

4. Dya trén y tudng cua Kravchenko va Sotskov [5], Brugker [§] dua ra thuat todn thoi gian
da thirc cho JSP véi 2 mdy va k cong viéc (J2In = k) voi k 1a hang so.

Ngoai cdc truong hop ké trén, cdc truong hop con lai ciia ISP déu 1a NP-hard. Day la két
qua nghién curu cua Sotskov va Shaklevich [7], bang 1 tong két veé do phuc tap cua JSP.

Bang 1. B phuc tap tinh todn cua JSP.

S6 m may
2 3 Hing sb Tuyy
Sé n cong 2 P P P P
vigc
j 3 P NP-hard NP-hard NP-hard
Hang s6 P NP-hard NP-hard NP-hard
Tuyy NP-hard NP-hard NP-hard NP-hard

Thuat todn di truyén (Genetic Algorithm - GA) phong theo cdc qua trinh tién hod ty thich
nghi cua céc quﬁn thé sinh hoc dé t6i wu hod cdc ham muc tiéu. Thudt todn nay lan dau tién duoc
phat trién boi John Holland [8] va da dugc dp dung rat thanh cong trong nhiéu linh vuc khéc
nhau ciia khoa hoc mdy tinh bao gdm: Hoc mdy, 1i thuyét diéu khién va t6i wu t6 hop,... GA
duoc dac trung boi chién luge tim kiém dua trén qu?m thé va 3 todn tir di truyén: Chon loc, dot
bién va trao d6i chéo. Nakano va Yamada [9] 1a nhitng ngudi dau tién da 4p dung GA cb dién
diing phép biéu dién cic 15i gidi theo s6 nhi phan cho JSP. Sau d6 ho con dé xuit phuong phap
két hop GA véi céc ki thuét tim kiém khdc va di thu duoc thanh twu déng ké trong viéc chinh
phuc JSP. Ulder va nhitng ngudi khéc [10] 12 nhitng ngudi dau tién dé xuét phuong phap tim
kiém cuyc bo di truyén cho JSP, phuong phép nay lai ghép giita GA va céc ki thudt tim kiém cuc
b6. Gan ddy hon, cdc nha nghién ctru ¢6 xu hudng két hop GA véi nhiéu ki thuat tim kiém khac
dé tao ra céc giai phdp manh cho bai todn phuc tap nay. Ch:fmg han nhu: Lee Hui Peng va nhiing
nguoi khac [11], F. Guerriero [12], Rui Zhang va nhiing nguoi khac [13], Yamada [14], ...

Sau nhiéu nim nghién ctru v& GA va JSP, ching t6i nhan thy rang phwong phép két hop
GA vdi céc ki thuat tim kiém khac dé tao ra cdc giai phdp manh cho JSP 1a mot huéng nghién
ctru con nhiéu tiém nang. Da c6 nhiéu cong trinh nghién ctru theo hudng nay trong nhitng nam
gan ddy, tuy nhién cho téi nay van chua c6 giai phap nao giai quyét triét dé JSP. Trong bai béo
nay chiing toi trinh bay mot thuat toan di truyén lai méi cho JSP. Trong phwong phép méi nay,
chiing t6i dé xuit mot sé diém méi trong viéc ding GA két hop véi céc ki thuat khdc dé giai JSP
sau day:
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1. Mot lich biéu dwgc ma hod béi cdc sé tw nhién. Phuong phdp ma héa nay ¢6 uu diém
hon han cic phuong phdp ma héa da st dung trude day vi né tao diéu kién thuan 1gi cho viéc
thuc thi cdc todn tu di truyén va don gian héa trong cai dit chuong trinh.

2. St dung chién lugc tim kiém 14n can trong phép dot bién, & ddy mot 1an can 13 mot 101
giai thu dugc sau mot thay doi nho trong phép dot bién gien. Cai tién nay khac phuc yéu diém
khong hdi tu cua GA don thuan.

3. Pé xuat mot todn tir trao d6i chéo mdi, todn tir nay két hop trao d6i chéo dong nhét dung
cdc luat uu tién cua Giffler va Thompson va dugc thyc hién trén 3 cad thé cha. Cai tién nay nhim
tao ra mot c4 thé con mang cac thudc tinh t6t ciia nhiéu c4 thé cha va van 1a mét lich biéu tich cuc.

4. Toén tir chon loc mé&i duge tién hanh theo 2 budc:

Budc 1: Chon 1 ¢4 thé c¢6 do thich nghi tot nhit ké tir thé hé diu cho tdi thé hé hién tai cho
thé hé tiép theo (ca thé nay goi l1a phan tu tinh hoa) dé€ dam bao cho tinh hdi tu cua thuét toan.

Budc 2: Céc cd thé con lai duoc chon ngdu nhién theo nguyén tic banh xe x4 sé dé dam
bao dugc thudc tinh ngau nhién cua GA.

2. MO TA BAI TOAN LAP LICH JOB SHOP

Bai todn 14p lich job shop c6 thé dwoc md ta vin tit nhu sau:

Cho n cong viéc {Ji}1 <i<n dugc xtr If & trén mot tdp m may {M;} <j<m va cd céc dic trung
sau day:

1. Tai mot thoi diém mdi mdy chi c6 thé xtr If mot cong viée.

2. Mbi mdy M; tuy y c6 déu c6 kha nang thyc hlen mdt cong viéc J; nao do, phan cdng vigc

J; trén mdy M; nay du’orc goi la cong doan O;. Véi m01 J; trinh ty thyc hién céc cong doan 1an
luot trén cdc may dugc 4n dinh trude va duoc goi 12 tudn ty cong nghé.

3. Thoi gian bt ddu xtr 1f va thoi gian hoan thanh viéc xtr If cong doan O; dugc ki hiéu lan
luot 12 s;; va ¢;;. Thoi gian xtr 1f cong doan O, dugc ki hi¢u 1a p;;.

4. Thoi gian hoan thanh tat ca céc cong viéc dugc goi 1a makespan va dugc ki hiéu 1a G,
Chax = maxc;.

Pé minh hoa cho bai toan, mot vi du vé JSP 3 x 3 duoc cho trong bang 2. Dit li€u vao bao
gOm tuan tu cdng nghé cua cdc may cho moi cong viéc va thoi gian x 1f moi cdng viéc & trén
moi mdy (trong dau ngodc don).

Bang 2. JSP 3 cong viéc, 3 may.

Cong viéc May (thoi gian xtr 1i)
1 1(3) 2(3) 303)
2 1(2) 33 2(4)
3 2(3) 1(2) 3(1)

Theo bang 2, cic cong doan cua J; dugc xr Ii theo thir tu Oy, Oyy, Oy3; cac cong doan cia
J> duge xu 1 theo thtr tw O;;, Oy, O2p; céc cong doan cta J; dugce xur i theo thur tu O3, O34, Os;.
Béang 2 c6 thé dugc thay bdi mot ma tran tuan ty cong nghé¢ {7} va mot ma tran thoi gian xur 1
{puc}:
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123 333
{T= 1132 o= 1234
213 321

3. THUAT TOAN DI TRUYEN MOI CHO BAI TOAN LAP LICH JOB SHOP

Qua nghién ctru cdc cong trinh da cong bd vé dp dung GA cho JSP chiing tdi nhan thiy
rang cdc ki thuét lai chiém wu thé hon céc ki thuat sir dung GA don thuan. GA dang duoc két
hop kha pho b1en v6i céc phuong phép tim kiém khéc va da tao ra cdc phuong phap lai khd hiéu
qué cho JSP. D1em lai cdc cdng trinh dugc cong b6 trong nhiing nam gan day ve€ cdc giai phap
cho JSP, ¢6 18 sb céc cong trinh c6 lién quan tdi dp dung GA la nhiéu nhit. Diéu nay cho thay Xu
huwong va vai trd cta ki thuat tim kiém nay hién nay va trong twong lai. Trong bai bdo nay ching
t6i dé xudt mot thuat toan di truyén voi nhidu déi méi cho JSP. Tinh vuot troi cia thudt todn
dugc danh gia thong qua thtr nghiém sé& dugc trinh bay trong muc 4 cia bai bdo.

3.1. Ma hoa loi giai

Gia sir ¢6 n cong viéc duge xu Ii trén m mady. S6 cong doan cua cong viéc thtr i dugc ki
hiéu la ]Ob[l] (khdong qua m véi moi i). Tong s céc cong doan can duoc xtr If cua tit ca cic cong

viée la: Z job il
L - i=1
Chiing ta ma hod cdc cong doan ciia J; tir 1 dén job[1], ctia J, tir job[1] + 1 dén job[1] +
job[2]...., cia J, t}‘rjob[l] + job[2] + ... + job[n-1] +1 dén L. Nhu vay mdt 101 giai 1a mot hoan vi
nao do6 cua day so ty nhién {1, 2, 3, ..., L} thod man cac rang budc cta bai toan.
_ Vidy, véi bai todn 3 cong viéc, 3 mdy da cho trong bang 2. Cic cong doan dugc ma hod
bang cac s0 tu nhién nhu trong bang 3:

Bang 3. Ma hoa cac cong doan.
Gidi thich: theo {T}, cdc cong doan déu tién

Cong viéc Mi hod cong doan cua Jy va J, dugc xu i trén M|, cdng doan thir
7, | ) 3 2 cua J; dugc xur I trén mdy 1. Vi ve_‘ly., ma
cua cac cong doan trén M, la mot hoan vi nao

J 4 5 6 d6 cha {1, 4, 8}. Tuong tu cdc cébng doan

A 7 8 9 trén M, 1a mot hoan vi nao d6 caa {2, 6, 7},

trén M3 1a mot hoan vi nao d6 cua {3, 5, 9}.

Mot 10i giai c6 thé ciia bai todn duogc biéu didn bang hinh vé& c6 dang nhu hinh 1.

1 — \HHH\H\HHHH\HHH\HHH\HHHHHHHHHHHHH

Hinh 1. Mot 161 giai hop 1¢ cho JSP 3 x 3.
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Loi giai trong hinh 1 ciing c6 thé dugc biéu dién béi mot ma tran 10i giai S, . Trong do, S
i, tirc 12 hoat dong thir k trén may M, 1a cua J,.

{Sit =

N w—=
=N N
W =W

3.2. Khéi tao tap 10i giai ban dau

D‘é sinh ra mét tép 161 giai ban déau bao gém cdc lich biéu tich cuc cho JSP duge cho bdi ma
tran tuan ty cong nghé {75}, va ma tran thoi gian xu Ii {py}, chung ta sir dung thuat toan GT
duogc de xuat bdi B. Giffler and G. L. Thompson [15].

3.3. Xay dung ham thich nghi

Ham thich nghi dugc xay dung nhu sau:

fitness = M - C,q, trong d6 C,,q, 12 makespan cua 101 giai, M 1a tham $6 duoc dua vao dé
chuyén bai todn tim min cta C,,, thanh bai todn tim max (vi GA chi dp dung truc tiép cho bai
toan tim max).

3.4. Toan tir dot bién

+ Chon ngau nhién mot cong doan (ki hiéu 1a opel) trong cd thé cha. Xéc dinh may thuc
hién cdng doan d6 (ki hiéu 1a M,,.;) va vi trf ctia cdng doan d6 (ki hiéu 1a pos1).

+ Chon ngau nhién mot cong doan (ki hiéu 14 ope2) trong ci thé cha. Xéc dinh may thuc
hién cdng doan d6 (ki hiéu 1a M,,,;) va vi trf ctia cong doan d6 (ki hiéu 1a pos2).

+ Néu anel = M ype> thi tién hanh dot bién (hoan dbi vi tri ctiia hai cdng doan). Két qua cho
ching ta cd thé con. Trong truong hop M,,.1 # M., thi cd thé cha dugc gilt nguyén.

.+ Cap nhat lai thoi gian bat dau va thoi gian hoan thanh cua tat ca céc cong doan trong cé
thé con.

+ C4 thé con chi duoc chdp nhan khi c6 do thich nghi t5t hon cé thé cha hogc sé 1an dot
bién lai vuot qua ngudong cho phép (do ngudi 1ap trinh qui dinh). Mdi cd thé con thu duoc sau
phép dot bién co thé xem nhu 12 mot 1an cén cua cd thé cha. Todn tir dot bién duogc tién hanh
ddng thoi trén tat ca cac mdy.

Vi du, cé thé cha duoc chon dé dot bién nhu trong hinh 2:

—— I

J

MY MY MY

ope2 opel

Hinh 2. Cé thé cha cho phép dot bién.
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+ Chang han: opel =2 ---> M,,,; = 2 va pos1 = 6.
+ ope2 =T —-->M,,., =2 vapos2 = 4.

+ M, = Mopez > hoén ddi céc cong doan & vi tri 4 va vi tri 6 cho nhau, ca thé con sau
khi d6t bién dugc biéu dién trong hinh 3.

= \\\\\\\\\\\\\\\\\\\

Hinh 3. Cé thé con thu dugc sau phép dot bién.
3.5. Toan tir lai ghép hay con goi 1a toan tir trao ddi chéo

Todn tir lai ghép duoc thyc hién trén 3 c4 thé cha pl, P2 va p;dugc biéu din boi cic ma tran
161 giai twong tng s {Sljk} = (S k) Va §* = {§’4}. Céc gien trong cd thé con p = {Su} s&
duoc tdi két hop tr cdc gien trong 3 cd thé cha. Trong bai bdo nay, ching t6i dé xuit mot todn tir
lai ghép moi két hop dong thoi cua phép lai ghép ddng nhat, thuat toan GT va dugc thyuc hién
trén 3 c4 thé cha dé tang tinh da dang cia cé thé con. Hon nira, do st dung thuat todn GT nén sau
khi lai ghép ca thé con van 12 mot lich biéu tich cuc.

Phép lai ghép nay sir dung thuat toan GT nén da s céc bude giéng nhu trong thuat toan GT
[15]. Sy khéc biét gitra thuat todn GT va phép lai ghép cta chiing t6i chu yéu la & budc 4.

Todn tir lai ghép méi duoc dé xuét boi ching t6i bao gdm céc bude sau:

1. Khoi tao G la tép ciac cdng doan dau tién trong tudn tu cong nghé cua tit ca cdc cong
viée (cot dau tién cia ma tran {Ty}), thc 1a G = { 017 , Opy ..., 0,7 }. DSi véi mdi cong doan
O € G, ES (0) :=0vaEC(O) :=p(0).

2. Tim cong doan hoan thanh sém nhét O+ € G. Mot tap con clia G chira cic cong doan
duoc xu 1 6 trén mdy M; ki hiéu la G;.

3. Tinh tap canh tranh C[M,, k] < G;, 6 day k-11a s6 céc cong doan da duogc lap lich trén
may M;.

4. Chon mét trong cdc cha {pi, p», ps} theo gid tri cua Hj;, p= Puyas =S " Péi voi mbi
0; € C[M, k], ton tai mot chi so / sao cho S = i. Goi [, 1a chi s6 nho nhat tcla l, =min {I/S;
=i%a 0y C[ » kI}. Goi r := Sj, O, s€ duoc chon dé 1ap lich o trong p sém nhét trong cac
thanh vién cua C [M;, k].

5. Lap lich cho O,;1a cong doan thir k trén mdy M;; tic 12 Sy := r, v6i thoi gian bat dau va
thoi gian hoan thanh cua né 1a ES(O,) va EC(O,): s(O,) = ES(O,); c(0,) = EC(Oy).

6. Dbi véi tit ca cdc cong doan O, € G;\ {0,}:
- Cap nhat ES(Oy) nhu sau: ES (0y) := max{ES(Oy), EC(O,)}.
- Cap nhat EC(Oy) nhu sau: EC(Oy) := ES (Oy) + p(Oy).
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7. Xod 0,; khoi G (va do d6 khoi G)), va bo sung thém coéng doan O,, ké tiép O, ; trong tuan
tu cong nghé vao G néu né ton tai. Tic 1a, neu1 =Tyvak<m,this:= Tk+] va G = (G\{0,}
U {0,}. Tinh ES(O,,) va EC(O,,) nhu sau:

-ES (Ors) = maX{EC(Orj)s EC(PM(OH))}
- EC(OH) = ES (Ors) +p(0rs)-

8. Lap lai tr budc 2 dén bude 7 cho t6i khi tat ca cic cong doan dugc 1ap lich trong cé thé
con p.

9. Ma tran 10i gidi ra {S;}la lich biéu tich cyc thu dugc voi tap thoi gian bt dau va thoi
gian hoan thanh 1a {s(0)} va {c(Oy)}. ¢} day i = Si.

_/

231 22 33111
pi=(321 333 2222111 —» makespan =15
231 2223 111
% 3383 1112233 123
Hi=12 2 2 333111 2222 p=]312
&] 111 2223111 231
132 1113322 |_> makespan = 12
p2=|312 333111 2222 [—» makespan = 16
312 &X 3111222
123 1112233
pz=(312 333111 2222 —p makespan =16
123 1112223
Hinh 4. Trao d6i chéo ddng nhat 4p dung thuét todn GT trén 3 c4 thé cha.
1 2 3 7 8 9
Y Js Ji )(\ Ji Jo ke Js Ji
MY M?” My~
1 2 . 3
& —— H\|\|\H\H|HH\|\H|\HIHHHHHHHHHHHIH \\
. J1 J3 J2 P J3 J1
Ps

Hinh 5. Céc cha tham trao ddi chéo.
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=== S S
\J1 b & )J& Ji Jo i J3 Ji

Hinh 6. Ma tran ngau nhién va c4 thé con tuong ng sau lai ghép.

Hinh 4 trinh bay mét vi du vé trao ddi chéo déng nht st dung thuat toan GT va dugc ap
dung cho ba cha p;, p, va p; v6i mot ma trén ngau nhién Hj;. Con p la két qua cua phép trao doi

chéo. Céc cha tham gia trao ddi chéo va cé thé con thu dugc c6 thé biéu dién bang hinh v& nhu
hinh 5 va hinh 6.

3.6. Toan tir chon loc

Toan tr chon loc chon pop_size ca thé cho thé hé r + 1 dugc tién hanh nhu sau:
1. Chon c4 thé c6 d6 thich nghi t&t nhét ké tir thé hé dau dén thé hé r.

2. Xay dung tap 161 giai trung gian P'(¢) 4p dung phép dot bién va phép lai ghép:
+ Ap dung todn tir d6t bién dbi véi P(r) duoc Py(7)

+ Ap dung toén tr trao ddi chéo ddi véi P(r) duge Py(1)

+P({t)=P@) U Pi(t) U Py

3. Chon pop_size -1 cé thé con lai trong tap P'(¢) theo nguyén 1i banh xe s x4.

Bénh xe X0 s6 duqq m@nh hoa trong hinh 7, 10i giai 1 cé x4c suét chon loc 1a Q.15. Nhu vay, moi
lan quay banh xe x0 s0 n6 c6 kha nang dugc chon la 15%. Tuong ty, xac suat chon loc cua cac
161 giéi 2, 3, 4 tuong rng 1a 0.25, 0.40, va 0.20.

Hinh 7. Bénh xe x6 sb.

3.7. Thuit toan di truyén cho JSP

Procedure GA_JSP

Begin
1€0 {t 12 s6 thé hé tién hoa)
Khoi tao P(t) {dung thuat toan GT}
Panh gia P(1) {tinh ham thich nghi ctiia mdi c4 thé trong P(7)}
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while ( not diéu kién dung ) do
Begin
Xay dung tap 101 giai P'(z) béng cach 4p dung phép dot bién va phép lai ghép:
+ Ap dung todn tir dot bién ddi véi P(r) dwoc P (1)
+ Ap dung toén tr trao ddi chéo ddi véi P(f) duoc Ps(7)
+P'()=P@) U P () U Px?)
DPanh gia P'(r)
r<r+1
Chon loc P(¢) tir P'(t-1)
End
End

e Tinh diing diin ciia thudt todn

Tinh diing dén cia thuat toan dugc khing dinh théng qua cic dic trung sau day:

1. Do stt dung thuét toan GT dé sinh ra cdc lich biéu, cho nén mdi cé thé con duoc sinh ra
déu 1a mot lich biéu hop 1€ va hon nita n6 con 1a mot lich bi€u tich cuc.

2. Trong phép dot bién, cé thé tham gia dot bién dugc sira ddi bang céch thay doi thir tw sip
xép trong mot mdy nao do, sau d6 thoi gian bat dau va thoi gian két thic cua toan lich biéu dugc
cap nhét lai nén c4 thé con sau dot bién van dam bao 1a mot lich biéu hop 1€.

3. Phép trao ddi chéo sir dung thuét todn GT dé sinh ra cdc lich biéu con, cho nén mdi cd
thé con dugc sinh ra déu 1a mot lich biéu hgp 1€ va hon nita chiing van con 1a lich biéu tich cuc.

4. Thut to4n s& ding khi gap diéu kién két thiic hay khi dat két qua tdi wu.

5. Vi thudt todn ludn duy tri 101 giai t6t nhat trong quén thé, truéc hodc sau khi chon loc, vi
vay thuat toan duoc chiing té hoi tu tdi t6i rru toan cuc nhd thude tinh khong giam cua cic thé hé
tlep theo. Két qua nay dugc thao luan véi dinh 1i lugc dd va duogc chiing minh boi Giinter
Rudolph [16].

o Ddnh gid dj phirc tap ciia thudt todn

Trong vong 1ap while, d6 phtic tap ctia ton tir trao d6i chéo 1a cao nhét. Vi vy, theo quy
tac xac dinh d¢ phuc tap thi d§ phuc tap cua cac hoat dong trong vong 1dp while tuy thudc vao
d6 phurc tap ctia phép trao doi chéo. DP9 phurc tap ciia phép trao d6i chéo c6 thé dugc xac dinh
ngan gon nhu sau:

- S 1an chon thao tdc cho mdi 10i giai con 12 n X m, véi n 12 s6 cong viéc va m 1a s6 may.

- S6 cdc cé thé con trong phép trao dbi chéo < pop_size, voi pop_size 1a sb cd thé trong
quén thé.

Vay, d6 phtic tap ctia phép trao d6i chéo 1a: O(n X m x pop_size).

S6 lan 1ap cua vong lap while 1a . Vay do phuc tap cia GA_JSP 1a: O(r X n X m X
pop_size).
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4. KET QUA THU NGHIEM

Duya vao phuong phap dé xuit trong bai bdo nay, ching t6i di cai ddt mot chuong trinh

bang ngdn ngit C* va chay thir nghiém trén may PC véi bd vi xtr 1i Core 2 Dual ¢6 toc d6 3.0
GHz. Ching t6i su dung dir liéu vao cho chuong trinh la cac ba1 todn benchmark do Muth va G.
L. Thompson [17] dé nghi. Day 1a cic bai todn test ni tleng vé khé giai quyet va da biét két qua

tOl uu.

Bang 4. Két qua chay thir nghiém.

Bai todn C6[ lf‘yi S6 thé he Sa:lf: Xuat trao Sé(? ’xuét dot Két qua Téi wu
giai ; dai chéo (p.) bién (p,,) chay thuc su
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

B tham sb va két qua chay thir nghiém chuong trinh do ching t6i d& nghi dwoc trinh bay
trong bang 4. K&t qua toi uu cua bai todn mr06 tim dugc rat nhanh chi sau vai lan chay thia. Vi
bai todn mt10 két qua toi uu tim dugc trung binh 1a 1 1an sau 100 1an chay thu.

Trong céc cong trinh nghién ctu dp dung GA cho JSP, cic phuong phdp do Yamada dé
suét cho t6i nay van dugc xem 1a mot trong nhitng phwong phép cho két qua tot nhét. Vi vay,
chung t6i su dung két qua cua hai phuong phap do Yamada dé nghi la: phuong phép sir dung
thuat toan di truyen don (SGA - bang 5) va phuong phap st dung thuét todn di truyen két hop

V01 thudt toan GT (GT/GA - bang 6) dé so sanh voi két qua cia phuong phap do ching toi dé
Xuét.

Bdng 5. Két qua chay thir nghiém phuong phdp SGA ciia Yamada

N N1 s £ 1A 1A Két qua Téi wu thuc
Bai todn Cd loi giai So thé hé Pe Pm chay s
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
Bang 6. Két qua chay thir nghiém phuong phap GA/GT ctia Yamada.
<o s s ia £ A1 Két qua Téi wu thyc
Bai todn Ca loi giai So thé hé Pe P chay s
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

576




Mot thuét todn di truyén hiéu qué cho bai todn Iap lich Job shop

Két qua tbi wu ciia bai todn mr06 tim dwoc rat nhanh cho ca hai phuong phip do Yamada dé
nghi. Véi bai todn mr10 phuong phap SGA khong tim duoc 1oi giai t6i wu thyc sy, phuong phép
GA/GT tim dugc 4 1an sau 600 lan chay thtr. Bo tham s6 va két qua chay cdc phuong phép do
Yamada dé nghi dugc trinh bay trong bang 5 va bang 6.

 Thong qua két qua thir nghiém c6 thé cho thay phuong phép ma chiing t6i dé nghi ¢6 céc
diém manh sau day:

1. Do dung ma héa la sO tur nhién nén viéc cai dat chuong trinh khéd don gian. Cdc sinh vién
khong hleu sdu vé thuat todn di truyen cling c6 thé cai dat dugc khi duoc huéng dan trong thoi
gian ngan.

2. Thoi gian tinh toan giam so voi cic phuong phdp khic do tham s6 ¢c& quan thé duoc
chon nho hon khi chay thur nghiém chuong trinh ma van tim kiém dwoc 10i giai t6i uu. Chuong
trinh c6 thé chay duogc trén cdc mdy tinh c6 céu hinh thap. bay cling 1a vu diém ndi bat cta
phuong phédp do chiing t6i d& nghi.

3. Ti 18 tim duoc 10i giai t6i wu thyc sw cao hon phuong phép cia Yamada dé nghi.

5. KET LUAN

Mot thuat to4n di truyén lai cho JSP di dugc dé nghi, phuong phdp nay c6 st dung hop If
céc két qua cta nhitng nguoi di trude két hop v6i nhiing dé xuit méi cia ching t6i. Chung t61 da
cai dat mot chuong trinh xac dinh lich biéu t5i vu gan ding cho JSP dé thAm dinh thuat toén.
Chuong trinh da dugc chay thir nghi€ém véi dir li€u vao la cdc bai toan benchmark do Muth va
Thompson dé nghi cho két qua t6t. Véi nhitng bai todn test cé kich c& nhd, chuong trinh cho Két
qua t6i wu. Véi nhitng bai todn kich ¢ 16n, chuong trinh cho két qua gan ti wu. Viée cai dat
thudt todn nay khong miy khé khin do tinh don gian ciia thuat to4n. Qua két qua thir nghiém da
cho thiy nhirng diém manh cua thuét toan do ching t6i dé nghi v6i cdc phuong phdp khac d6 1a
thoi gian tinh todn va ti 1& cdc 10i giai tdi vu tim dwoc. Tuy nhién, dbi v6i cc bai todn c& 1on
nhu bai todn test 20 x 5, chuong trinh vﬁn chwa tim dugc lich biéu t6i wu. Day 1a van dé duoc
dat ra cho nhiing nghlen ctru tlep theo vé viéc dp dung GA cho céc bai toan 1ap lich. Trong thoi
gian toi, chung toi s& tiép tuc nghién ctru dé tim ra nhitng phuong phép hiéu qua hon dé c6 thé
giai quyét c4c bai todn 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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