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MO PAU

= Ly do chon dé tai

Lap lich 1a mot trong nhitng chu dé quan trong thudc linh vuc van tru
hoc xudt hién tir dau nhitng ndm 1950. Muc tiéu chinh cua 13p lich 1a phan
phéi tai nguyén dung chung mot cach hiéu qua nhét cho cac tac vu dong thoi
trong toan bo thoi gian xur 1y. Cac bai toan 1ap lich rat da dang, chung xuat
hién trong céc linh vuc khac nhau nhu: San xuét, cham soc stre khoe, giao duc
dao tao, xtr 1y tinh toan, van tai,... Trong linh vuc san XUAt, cac tac vu thuong
dugc xem nhu 1a cac cong viée, cac tai nguyén la cdc may. Trong bénh vién,
cac tac vu la cac bénh nhan va cac tai nguyén la cac y ta, cac giwong bénh,
c4c trang thiét bi y té dugc yéu cau dé diéu tri cac bénh nhan. Trong gido duc
dao tao, cac tac vu la cac 16p hoc va cac tai nguyén la cac gido vién, cac
phong hoc, cac sinh vién,... C4c vi du khac vé 1ap lich bao gém céc bai toan
van chuyén (chang han nhu bai toan ngudi du lich, lap lich hang khong, lap
lich tau héa,...), cac bai toan lap lich tinh toan (chéng han nhu 13p lich CPU,
lap lich phan cong,...).

Trong nhitng nim qua, rat nhiéu cac cong trinh nghién ctru vé 1ap lich
v6i cac giai phap khac nhau d3 duoc dé xuat, tir cac tiép can chinh xac dén
C4C tiép can gan dung va gan day la cac tiép can lai két hop dong thoi nhiéu
k¥ thuat v&i1 nhau. Cac nha nghién ctu veé lap lich cling rat da dang, ho hoat
dong trong nhiéu linh vuc rat khac nhau nhu: Cac nha nghién ctru khoa hoc,
cac nha khoa hoc quan 1y va tham chi ca cac cong nhan truc tiép san xuat.
Trong nhimg nim qua, nhiéu nha nghién ctru thudc cac linh vuc tudng ching
nhu khéng lién quan gi toi 1ap lich nhu: Sinh hoc, di truyén hoc, than kinh

hoc,... ciing di co rat nhiéu dong goép cho 1y thuyét lap lich, dic biét 1a su
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dong gop cua ho vao cac phuong phap luin méi ddy trién vong nhu mang no
va tinh toan tién héa. Chang han nhu thut todn di truyén phong theo hoc
thuyét tién hoa cua Darwin duoc ap dung kha rong rii cho cac bai toan 1ap

lich.

Trong linh vuc lap lich, mét md hinh tong quat nhat vé 1ap lich d6 1a
bai toan 1ap lich job shop (Job shop Scheduling Problem - JSP), bai toan nay
thudc 16p NP-hard (NP la 16p cac bai toan giai dugc boi mot thuat toan
khong don dinh trong thoi gian da thirc) va noi tiéng 1a mot trong nhiing bai
toan toi uu to hop kho tinh toan nhét cho t&i nay. JSP ciing 13 mdt trong
nhimng bai todn dugc nghién ciru nhiéu nhat va 1a mot mo hinh phat trién tot
vé 1y thuyét 1ap lich. Ngoai ra, mot dong luc khac thuc ddy manh mé viéc
nghién ctru JSP d6 4 tinh tmg dung ctia n6 trong thyc tién cudc sdng va san

xuat.

Ban dau JSP duoc giai quyét boi cac tiép can tim ra 10i giai chinh xéc

nhu: Cac tiép can hiéu suét cao, cac mo hinh toan hoc, céac ky thuat nhanh

/4
.....

can. CAc tiép can nay dua ra cac 101 giai tdi vu thuc su cho bai ton. Vé mit 1y
thuyét, cac tiép can chinh xac dong vai trd quan trong va di duoc ap dung
thanh cong cho mot sd bai toan lap lich co kich ¢& nho. Tuy nhién, cac tiép
can nay doi héi kha nhiéu thoi gian thyc thi ngay ca voi cac bai toan c& trung
binh. Tham chi, dé tim ra mot 101 giai théa man hoan toan cac rang budc cia
bai toan c6 thé yéu cau thoi gian tinh toan ting theo ham mil trong khi ¢& bai
toan chi ting theo tuyén tinh.

Trong thuc té, chiing ta thuong phai giai quyét cac bai toan 1ap lich co
kich ¢ 16n trong mot khoang thoi gian kha thi v&i cac két qua chap nhan
dugc (cac két qua nay khong nhat thiét 1a phai toi vu thyuc sy). Cac giai phéap

cho JSP dap tmg doi hoi nay con duoc goi 1a céc tiép can gan dung. Céc tiép
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can nay thuong dua trén cac tién trinh ty nhién nhu: VAt ly théng ké, su tién
hoéa sinh hoc hay dya trén khung canh tri tué nhan tao. Bon tiép can gan dung
d3 duoc nghién ctru va ap dung phd bién nhét cho téi nay d6 1a: Cac luat wu
tién nhanh, c4c giai thuat heuristic dya trén nut ¢ chai, tri tué nhan tao, cac
phuong phap tim kiém cuc bo va meta-heuristic. Panh gia tong quan vé cac

tiép can cho JSP s& dugc trinh bay chi tiét trong chuong 1 cta luan 4n nay.

Tuy nhién, cho t&i nay chua c6 mot tiép can nao d3 dugc dé xuit co thé
giai quyét triét dé bai toan lap lich job shop tong quat, nhat 1a dbi véi JSP c6
nhiéu may va nhiéu cong viéc. Mot s6 van dé chinh lién quan t6i viéc giai
quyét bai todn ndy con ton tai nhu sau:

1. Céac chuan thiét ké thir nghiém dé danh gia thuat todan méi duoc dé
nghi.

2. Tinh hoi tu cta cac thuit toan méi duge dé xuét chua duoc chirng minh
dua trén co so toan hoc.

3. Phuong phap luan cho viéc két hop cac ky thuat tim kiém khac nhau dé
tao ra mot giai phap manh cho JSP con chua dugc nghién ctiru mot cach

day du.

O nudc ta, viéc nghién ctru vé bai toan 1ap lich job shop van chua phat
trién. Trong céac truong dai hoc, dai da sd cac sinh vién, hoc vién cao hoc vé
cong nghé thong tin van chua biét téi bai toan nay. Trong nhitng nim gan day
da xuat hién mot sb bao cao khoa hoc dé cap to1 bai toan nay. Tuy nhién, két
qua dat dugc con rat khiém tn, chua trong xtng voi tim quan trong cua bai

toan.
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Vi nhitng 1y do trén, ludn 4n chon dé tai "Thudt todn va cdc bai todn lich
biéu" lam dbi twong nghién ctru. Pham vi nghién ctru cua dé tai chu yéu tap

trung vao thuat toan di truyén va bai toan 1ap lich job shop.
= Muc tiéu cia luan an
Lu4n 4n tap trung vao giai quyét mot sé van dé cha yéu sau day:

1. Phan tich, danh gia céc tiép cin di dé xuat cho JSP dé thay dugc vu
diém, nhuoc diém cua mdi giai phap. Trén co s d6 dé& xuit mot giai phéap
mdi cho bai toan nay.

2. Bé xuat mot thuat toan di truyén lai méi cho JSP va song song hoa

thuat toan nham khac phuc d6 phirc tap tinh toan von co cua cac JSP ¢ 16n.

3. Chung minh tinh hoi tu cia thuat toan di truyén lai voi ma hoa tu

nhién &p dung cho JSP ma ludn an dé xuat.
= Poi twgng nghién ciru, pham vi nghién ciru cia luin an
+ D061 tugng nghién ciru: Thudt todn va cac bai todn lich biéu.

+ Pham vi nghién ctru: Ung dung thuat toan di truyén giai quyét bai

toan 13p lich job shop.
* Phwong phap nghién ctru ciia luan an
Lu4n an str dung dong thoi nhiéu phuong phap nghién ctru khoa hoc nhur:
- Phuong phép nghién ctu dya trén tai liéu: Thu thap, phan tich, xtr ly
thong tin dua trén C4c tai liéu nhu sach, bao, tap chi,...da in an hoac cong bd
trén internet lién quan dén dé tai.
- Phuong phéap nghién ctru phi thyc nghiém: Tham khao y kién cua cac

chuyén gia thong qua cac hoi thao trong va ngoai nudc.
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- Phuong phap nghién ctru dua trén thuc nghiém: Thong qua viéc thi

nghiém trén céc bai toan test chuan va doi sdnh vai cac két qua da cong bo.

- Phuong phap nghién ctru ching minh gia thuyét dya trén cac luan ctr
khoa hoc: Chtg minh tinh ding dén cta giai phap dugc dé xuat thong qua

cac luan cu khoa hoc.
= Y nghia khoa hoc, y nghia thue tién ciia dé tai
Nhirng déng gép vé khoa hoc ciia ludn an:

1. Nghién ctru vé tong quan cta bai toan: Phan tich, danh gia, so sanh
c4c tiép can da ap dung cho céc bai toan lap lich job shop. Trén co so do dé

xuat mot s6 hudng nghién ctru cho bai todn nay.

2. Nghién ctru va dé xuat mét thuat toan lai mé&i két hop thuat toan di
truyén véi cac ki thuat tim kiém khac cho bai toan 1ap lich job shop. Trong
thuét toan dé xuét nay, c6 mot s6 ddi mai trong ma hoa 101 giai, toan tor dot
bién va toan tir trao d6i chéo. Phuong phap dé xuat nay da dugc thir nghiém
trén cac bai toan test chuan va so sanh két qua véi cac giai phap trude do dé

chirng té tinh vuot trdi cua no.

3. Song song hoa thuat toan di dé xuét cho bai toan 1ap lich job shop,
thuat toan da duogc cai dat va chay thir nghiém cho két qua tdt va rat ngén
dugc nhiéu lan thoi gian thuc thi voi ciing bo tham sé va dir lidu vao trong
thuét toan tuan tu.

4. Chtirng minh tinh hoi tu cua thuat toan di truyén lai mé1 vo1 ma hoa
tu nhién cho bai toan 1ap lich job shop ma luan an dé xuat.

Y nghia thye tién ciia luin an:

1. Luan an da duogc str dung lam tu liéu giang day cho mon hoc chuyén

dé tu chon & bac dai hoc nganh cong nghé thong tin tai Khoa Cong ngh¢
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Thong tin, Truong Pai hoc Su pham Ha Noi.

2. Luan 4n c6 thé duogc st dung lam tai liéu tham khao cho cac sinh
vién dai hoc va cac hoc vién cao hoc nganh cong nghé thong tin 1am dé tai vé

thuat toan di truyén va ung dung giai cac bai toan tdi wu.

3. Néu duoc dau tu vé tai chinh va nhan lyc, luan 4n c6 thé duge hoan
thién va 4p dung dé giai quyét cac bai toan trong thuc tién vé qui hoach va tdi

uu hoa.
* B0 cuc cia luin an

Ngoai phan m¢ dau, két luan va phu luc, néi dung cua luan an dugc bo

cuc thanh 4 chuong nhu sau:

CHUONG 1. TONG QUAN VE THUAT TOAN DI TRUYEN VA
BAI TOAN LAP LICH JOB SHOP

Chuong ndy trinh bay van tat vé thuat toan di truyén co dién (ma hoa
nhi phan), phan tich, danh gia cac giai phap quan trong nhat cho JSP da dugc
cong bd trong nhimg nam qua. Nhan dién nhitng khé khan khi giai quyét bai
toan 1ap lich job shop ma chiing ta can phai vugt qua trong hién tai va tuong
lai. Sau khi phan tich, danh gia, luan 4n dé xuat mot s6 hudng nghién ctru cho
bai toan nay.

CHUGNG 2: HAI BAlI TOAN CON CUA BAI TOAN LAP LICH
JOB SHOP

Bai toan flow shop va flow shop hoan vi la hai truong hop riéng cia bai
toan job shop rat thuong gip trong thyc tién. Chuong nay trinh bay cac khai
niém co ban lién quan dén hai bai toan con ctia JSP va thuat toan Johnson cho
bai toan flow shop 2 may va 3 méay c6 han ché diéu kién. Cudi cung, mot

thuat toan di truyén ma hoa s tu nhién dugc dé xuat cho hai bai toan nay.
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CHUONG 3: MOT THUAT TOAN DI TRUYEN LAI MOI CHO BAI
TOAN LAP LICH JOB SHOP

Bai toan 1ap lich job shop 13 bai toan lap lich tong quat nhét va ciing
kho giai quyét nhat. Trong chuong ndy, luan an dé xudt mot thuat toan di
truyén lai mdi cho JSP. Thuét toan nay két hop thuat toan di truyén voi mot
s6 k¥ thuat tim kiém khac nhu céac luat uu tién nhanh, k¥ thuat tim kiém lan
can,... Thuat toan dugc cai dat va chay thur nghiém trén cac bai toan test
chuan, cic két qua tinh toan da khang dinh tinh vuot tréi ctia nd. Dé khac
phuc d6 phurc tap tinh toan ctia JSP, thuat toan da dugc song song hoa, cai dat
dugc tuong tu nhu thuat toan tuan tu nhung thoi gian tinh todn duoc cai thién

nhiéu lan.

CHUONG 4: PHAN TiCH TINH HOI TU CUA THUAT TOAN DI
TRUYEN LAI MOI CHO BAI TOAN LAP LICH JOB SHOP

Trong chuong nay, ludn an phan tich thudc tinh hoi tu cta thut toan
d3 dé xuat bang cach ap dung céc tinh chit ctia xich Markov. Trén co so phan
tich xich Markov cua thuat toan di truyén, ludn 4n da chung minh thuat toan

duoc dé nghi trong chuong 3 hoi tu toi tdi wru toan cuc.
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CHUONG 1. TONG QUAN VE THUAT TOAN DI TRUYEN VA BAI
TOAN LAP LICH JOB SHOP

Thuat toan di truyén (Genetic Algorithm - GA) 1a chién lugc tim kiém
duogc thiét ké phong theo cac qué trinh sinh hoc trong ty nhién dé t6i wu hoa
cac ham muc tiéu. GA duogc dé xuat va nghién ctiru mot cach c6 hé thong lan
dau tién boi John Holland va cac cong su tai truong dai hoc Michigan vao

nam 1975.

Bai toan 1ap lich job shop (JSP) xuét hién tir nhitng nam 1950. Pa c6
nhiéu tiép can khac nhau duoc dé xuat cho bai toan nay, tir cac tiép can chinh
xéac dén cac tiép can gan ding va gan day 1a cac tiép can lai két hop dong thoi
nhiéu k¥ thuat tim kiém v6i nhau. Trong chuong nay, luan an thong ké, phan
tich, danh gia cac giai phap quan trong nhat cho JSP di duogc cong bd trong
nhitng nim qua. Cudi cing, mot s6 huéng nghién ctiru cho JSP va cac kho
khin ndi bat khi giai quyét JSP ma chung ta can phai vuot qua trong hién tai

va tuong lai ciing dugc dé cép.
1.1. Thuit toan di truyén cd dién

Khai niém vé thuat toan di truyén da duoc biét téi tir nhitng nam 1950.
Tuy nhién, trong thdi ky nay thuat toan di truyén chua duoc phat trién thanh
phuong phap luan ma méi chi duoc sir dung dé giai quyét cac bai toan riéng
r& xuét phat tir sinh hoc. Vao nim 1975, tai truong dai hoc Michigan ¢ My,
John Holland va cac cong su dd cong bé mot cong trinh mang tya dé
"Adaptation in Natural and Artificial Systems" [34]. C6ng trinh nay dugc xem
nhu mot nghién ciru bai ban va toan dién nhat vé GA thoi bay gio.

Hién nay, GA di duoc nghién ctru va tmg dung & hau hét cac qudc gia

trén thé gioi va dac biét phat trién manh & MY, Trung Quéc, Nhat Ban, Han
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Qudc,... Ly thuyét GA da duoc tng dung thanh cong trong rat nhiéu linh vuc
khac nhau nhu sinh hoc, khoa hoc may tinh, k¥ thuat lai ghép, xtr 1y anh,...

1.1.1. Céu triic ciia thuit toan di truyén c6 dién
a. Ma hoa loi giai
Trong GA c6 dién, mdi 101 giai hay ca thé dugc ma hoa boi mot chudi

cac s6 nhi phan. Moi vi tri trén chuoi dugc goi 1a mot gien va nhan mot trong

hai gia tri 0 hodc 1. Nhu vy, mot 101 giai trong GA ¢6 dién c6 dang sau:

Hinh 1.1 - M4t 101 giai duwgc ma hda nhi phan

Mot trong nhitng van dé cot 18i ciia GA 1a ma hoa cac 10i giai sao cho
phu hop véi ddc thu cua bai toan. Trong GA cai tién sau ndy, cac nha nghién
ctru thuong ma hoa 101 giai cua bai toan rat da dang theo dic thu cta bai toan
can giai quyét. Cheng va nhitng nguoi khac [13] di tong két va phan loai cac
chién luoc biéu dién 16i giai duoc 4p dung cho GA thanh 2 nhém bao gém 9

loai nhu sau:
Nhom 1: Mi héa true tiép:

1. Dua vao cac thao tac.

2. Dya vao cac cong viéc.

3. Dua vao su lién quan gifta cac cdp cong viéc.
4. Dya vao thoi gian hoan thanh.

5. Dung cac khoa ngau nhién.

Nhom 2: Mi héa gian tiép:

6. Dua vao danh sach vu tién.
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7. Dua vao luat uvu tién.
8. Dya vao dd thi phan biét

9. Dua vao cac may.

Céc tiép can dua trén GA ap dung cho JSP thuong sir dung phuong
phap ma hoa tryc tiép dé ma hoa cac lich biéu nhu 14 cac c4 thé va cic toan tir
di truyén duoc st dung dé tién hoa cac ca thé thanh cac lich biéu tot hon.

b. Toan tir trao doi chéo

Toan tir trao ddi chéo két hop céac dic tinh trén hai ca thé cha dé tao ra

mot hodc hai ca thé con méi bang cach hodn ddi cac doan gien twong g cua

cac ca thé cha. Co6 mot s6 cach hoan doi cac gien cua hai ca thé cha sau day:

= Trao doi chéo mt diém

Chal 1{1{0|1|0/0|2/1/0|1

Cha 2 1{0{1|1{1/0/0/2/1/0

Conl 1/1/0/1/0/0/0/1|1/|0

Con 2 1/0/1j1|1/0/1/1(0|1

Hinh 1.3 - Hai c4 thé con sau phép trao d6i chéo

Theo cach nay, chon ngﬁu nhién mot vi tri dugc goi la diém bat chéo.
Sau d6 ghép doan trudc diém bat chéo ciia cha 1 v6i doan sau diém bt chéo
ctia cha 2 va nguoc lai. Vi du: Cho hai ca thé cha nhu trong hinh 1.2, phép
trao ddi chéo mot diém sau gien thi 5 cho két qua hai ca thé con nhu trong

hinh 1.3.
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= Trao doi chéo hai diem

Theo cach nay, chon ngau nhién 2 vi tri trén chudi ca thé cha. Sau do6
trao doi doan gien nam gitta 2 diém d6 cta 2 cé thé cha cho nhau. Vi du: Cho
hai c4 thé cha nhu trong hinh 1.2, phép trao d6i chéo 2 diém sau gien thir 2 va

sau gien thr 8 cho két qua hai c4 thé con nhu trong hinh 1.4.

Conl 1/1/1/1/1/0/0(1({0|1

Con 2 1/0/0(1/0/0(1({1/1|0

Hinh 1.4 - Hai ca thé con sau phép trao d6i chéo 2 diém

= Trao doi chéo dong nhat

Phép trao d6i chéo nay gieo ngiu nhién mot ddng xu, sb lan gieo bang
s6 gien cua ca thé cha. Néu két qua gieo 1a 1 (mit sip) thi liy gien tir cha 2
con néu két qua gieo 1a 0 (mit ngira) thi 13y gien tir cha 1.

Vi dy: Cho hai ca thé cha nhu trong hinh 1.2, phép trao d6i chéo dong
nhat v6i két qua gieo ngiu nhién dong xu 12 1010101011 cho két qua 1a ca thé
con trong hinh 1.5.

Con 1/1/1/1/1/0(0{1/10

Hinh 1.5 - Ca thé con sau phép trao d6i chéo dong nhat

Trong GA cai tién sau nay, phép trao doi chéo c6 thé dugc thay doi cho
pht hop véi bai toan thuc tién, nhung van phai dam bao nguyén tic ca thé con

duoc tai to hop cac gien tir hai (hodc c6 thé nhiéu hon) ca thé cha.

c. Toan tir djt bién
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Toan tir dot bién stra ddi mot sb gien trong mdt ca thé cha duoc chon
mot cach ngdu nhién bang cach thay d6i cac gien c6 gia tri 0 thanh 1 va nguoc
lai. Vi dy: Cho ca thé cha trong hinh 1.6, gia sir cac gien thw 2, 5, 7, 9 duoc

chon dé dot bién, ching ta c6 ca thé con sau dot bién nhu trong hinh 1.6.
Cha |0 l 111 n 0
Con |0 l 11 n 0

Hinh 1.6 - C4 thé cha va ca thé con sau phép dot bién

Trong GA cai tién, phép dot bién co thé rat da dang. Tuy nhién, vin
phai dam bao nguyén tdc thuc hién stra ddi mot sb gien trén mot ca thé cha dé

c6 mot ca thé con.
d. Toan tir chon loc

Toan tir chon loc s& chon ra mot quan thé cho thé hé tiép theo cta qua
trinh tién hoa. Kha ning dugc chon cliia mdi ca thé tuy thude va do thich nghi
(thuong 14 trén co s gia tri ciia ham muc tiéu) ctia nd. Nhitng ca thé co gia tri
ham thich nghi cao hon s€ c6 nhiéu kha nang dugc chon hon dé tro thanh
thanh vién trong quﬁn thé ctia thé hé tiép theo. Co ché chon loc nay thyc hi¢n
theo nguyén 1y banh xe x6 s6. Mdi ca thé trong quan thé c6 mot Xac suat chon
loc duoc tinh theo cong thirc: p; = eval(v;) / F. Trong d6, eval(v;) 1a gia tri cua
ham thich nghi ciia ca thé v;, F 1a tong céc gia tri thich nghi ctia quan thé.

Tuy nhién, trong GA cai tién sau nay thyuc hién phép chon loc da dang
hon. Phép chon loc c6 thé két hop ca viéc an dinh voi chon loc ngau nhién

theo nguyén tac banh xe x0 s0.
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1.1.2. Mt thii tuc don gian cho thuit toan di truyén c6 dién

Mot qua trinh tién héa duoc thue hién trén mot quﬁn thé gém N c4 thé
(N tiy theo nguoi dung chon). Mdi ca thé dugce danh gia do tot xau theo ham
thich nghi. Tai thé hé 0, mot quan thé P(0) dugc khoi tao mot cach ngiu
nhién. Sau d6 P(0) duoc tién hoa, qué trinh tién héa dién ra trong vong lip
while, quan thé tai thé hé thu t duoc ky hidu 1a P(t) = x4, .., X'y . Tap 1oi giai
cta thé hé t + 1 duoc xay dung trong vong 1dp while bang cach:
1. Ap dung phép trao d6i chéo cho p. x N cé thé va phép dot bién cho
Pm x N C& thé ciia quan thé thé hé thir t, chung ta dugc tap 10i giai trung gian
P'(t). O day, p la x&c suét trao doi chéo va py, 12 X4c suat dot bién.
2. Panh gia do thich nghi ctia mdi cé thé cua P'(t).
3. Chon loc P(t + 1) tr P'(t).
Procedure GA
Begin
t <0
Khoi tao P(t)
Danh gia P(t)
While (not diéu kién dirng ) do
Begin
Xay dung tap loi giai trung gian P'(t) tur P(t)
Danh gia P'(t)
tEt+1
Chon loc P(t) tur P'(t-1)
End
End
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1.2. Cac 16p bai toan P, NP, NPC va NP-hard
1.2.1. Cé&c lép bai toan P va NP

Lép P la 16p cac bai toan giai dugce boi mot thuat toan don dinh trong
thoi gian da thirc (P ciing 1a 16p céc bai toan quyét dinh giai duoc trong thoi
gian da thtic). Lop P ¢ thé duge xem 13 16p cac bai toan c6 thé giai duoc
trong thoi gian thuc té.

Lop NP la 16p cac bai toan giai dugc boi mot thuat toan khong don
dinh trong thoi gian da thirc (NP ciing 13 16p cac bai toan quyét dinh tuwong
tmg). NP 13 16p céc bai toan khong thé giai duoc trong thoi gian thuc té.

Vén dé dit ra 1a P = NP? Bai toan nay c6 thé phat biéu nhu sau:

Moi bai toan giai dugc b1 mot thuat toan khong don dinh véi thot gian
da thurc thi cling gidi dugc bdi mot thuat toan don dinh nao d6 véi thoi gian da
thirc?

Hién nhién, thuat toan don dinh 1a truong hop dac bié€t cua thuat toan
khong don dinh, vy P = NP. Nhung chung ta khong biét bao ham thuc trén
c6 1a that sy hay khong, bdi vi cho dén nay ngudi ta van chua tim duoc mot
bai toan thudc 16p NP nhung khong thudc 16p P, tirc 1a v mdt bai toan NP,
nguoi ta chua tim dugc mdt thudt toan don dinh véi thoi gian da thirc dé giai
n6, nhung ciing khong chung minh duoc 1a khong ton tai thuat toan dé. Vi

vay, cau hoi P # NP?, hay ciing vdy cau héi P = NP? van con bo ngo.
1.2.2. Cac 16p bai toan NPC va NP-hard
» Khai niém qui din
Cho 2 bai toan quyét dinh @ va Q. Chlng ta n6i @ qui din t6i Q (ky

hiéu 1a @ < Q) néu ton tai mot ham c6 thé tinh toan trong thoi gian da thic g
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chuyén doi cac thong tin vao cua @ thanh cac thong tin vao cua Q sao cho: X

la thong tin vao "yes" ctia Pkhi va chi khi g(x) 1a thong tin vao "yes" cua Q.

B6 dé 1: Cho @ Q, R 1a céc bai toan quyét dinh. Néu P < QvaQ < R
thi < R.

= Bai toan NPC

Q duogc goi 1a NPC néu Q thudc 16p NP va moi bai toan P thudc 16p
NP déu qui dan téi Q.

= Bai toan NP-hard

Q duogc goi 1a NP-hard néu moi bai toan @ thudc 16p NP déu qui dan
to1 Q.

Thuong viéc chi ra mot bai todn thugc NP 1a khong qua kho khan, vi
vay dé ching minh mét bai toan Q la NPC, cong viéc chu yéu la tim duoc
mot bai toan Pthudc 16p NPC sao cho @ < Q.

Céc bai toan lap lich 1a cac bai toan t6i wu. Ngudi ta dd ching minh
dugc da s6 cac bai toan 1ap lich déu 1a NP-hard.

1.3. Tong quan vé bai toan lap lich job shop
1.3.1. Bai toan lap lich job shop

JSP noi tiéng 1a mot trong nhitng bai toan téi wu té hop kho tinh toan
nhat cho t&i nay. N6 1a mot trong nhitng bai toan dugc nghién ctru nhiéu nhét
va 12 mot mo hinh dién hinh vé 1y thuyét 1ap lich, ngoai ra né ciing duoc thuc
day manh mé bai cac nhu cau thuc tién. Bai toan lap lich job shop tong quét

dugc phat biéu nhu sau:
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Cho mét tap n cong viée {Ji}i < i< mbi cong viéc bao gdbm m cong
doan (hay thao tac) dugc xtr ly 6 trén mot tdp m may {M;}, <j<m Va thoa man

cac rang budc sau day:
1. Mdi cong viéce phai duoc xir 1y & trén mdi may theo mot trinh ty cho
trude cua cac thao tdc. Trinh tu thyc hién cac thao tic cia mdi cong
viéc 1an luot trén cac may duoc goi la tuan tu cong nghé.
2. Tai mot thoi diém mdi mdy chi c6 thé xir Iy nhiéu nhat 1 mot cong
viéc.
3. Mbdi may M; tlly y déu c6 kha ning xir Iy mot cong viée J; nao do,
phan cong viéc J; duoc xur 1y trén may M; duoc goi la thao tac Oj;.
4. Mbi thao tac Oy phai duge xtt 1y lién tuc & trén may M, (tir khi bat
dau xtr Iy cho tdi khi xtr Iy xong khong bi ngit).
5. Thoi gian bat dau xir Iy va thoi gian hoan thanh viéc xir 1y thao tac
Ojj duogc ky hiéu lan luot 1a sij va Cjj. Thoi gian xur ly thao tac O;; dugc
ky hiéu 1a pj;.
6. Thoi gian hoan thanh vi¢e xu 1y tat ca cac cong viéc dugc goi la

makespan va dugc ky hi¢u 1a Cpy.

Viéc giai quyét JSP 1a xac dinh mot lich biéu (thu ty xir Iy cac cong
viéc o trén mdi may) sao cho makespan 1a nho nhat ¢ thé.

= Mot vi du minh hoa

Pé 1am rd hon vé bai toan lap lich job shop, mot vi du vé JSP 3 x 3
dugc cho trong bang 1.1 (vi du nay luan an tham khao trong [77]). Dir liéu
vao bao gdm tudn ty cong nghé ctia cac may cho mdi cong viéc va thoi gian

xur Iy moi cong vig¢e ¢ trén moi1 may (trong dau ngodc don).
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Bang 1.1 - JSP 3 cong viéc, 3 may

Cvcl)eng May (thoi gian xir 1y)
1 1(4) 2 (4) 3(4)
2 1(3) 3(4) 26
3 2 (4) 1(3) 32

Theo bang 1.1, cac thao tac cia J; duoc xtr 1y trén cac may theo trinh
tu: M; (O11), M, (O12), M3 (013); cac thao tac cua J, dugce xir 1y theo trinh tu:
M; (O31), M3 (Og), M, (0,,); cac thao tac cua J; duogc xtr 1y theo trinh tu: M,
(O32), M1 (031), M3 (Os3).

= P§ phirc tap cia cac bai toan 13p lich job shop

Johnson [41] d4 chimg minh rang bai toan flow shop 2 mady, co thé
duogc giai trong thoi gian O(nlogn). Ciling chinh Johnson cung véi Garey va
Sethi [26] da chirng minh bai toan flow shop 3 may la NP-hard. Nhu vy, viéc
tim lich biéu t6i uwu cho bai toan flow shop tir 3 may tro 1én cling 1a NP-hard.
Tuy nhién, néu bai toan flow shop 3 may thoa min diéu kién: maxp; <
max{minpiz, Minp;s} thi n6 cé thé duoc giai trong thoi gian da thic [41].

Chi c6 mdt sd it cac truong hop han ché cta JSP c6 thé giai dugc trong
thot gian da thire nhu dudi day:

1. JSP 2 may véi s6 cong doan ciia cac cong viée khong qua 2 (J2op <
2), dugc giai trong thoi gian O(nlogn). Thuat giai bai toan cho truong hop nay
do Jackson [38] dé xuit bang cach ap dung c6 md rong thuit toan cua

Johnson cho bai toan 1ap lich flow shop 2 may.
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2. JSP 2 may voi thoi gian xu ly cac cong doan p; = 1 (J2| p; = 1) ¢o
thé giai dugc trong thoi gian O(n) boi thuat toan do Hefetz va Adiri [33] dé

xuat.

3. Akers [4] da chting minh rang JSP chi c¢6 2 cong viéc (J| n = 2) ¢6
thé dugc xem nhu 1a mot bai toan duong di ngan nhat va vi thé co thuat giai

thoi gian da thuec.

4. Dya trén y tuong cua Kravchenko va Sotskov [44], Brucker [11] dua
ra thudt toan thoi gian da thirc cho JSP 2 may k cong viéc (J2|n = k) vai k la

hang so.

Ngoai cac truong hgp dac biét da néu ¢ trén, cac truong con lai ciia JSP

déu thudc 16p NP-hard [66].
1.3.2. Cé4c tiép can chinh xac

Cac tiép can chinh xéc tim ra 101 giai toi wu thuc sy cua bai toan. Tuy
nhién, thoi gian tinh toan s& ting theo ham sd mil hoic mot da thirc bic cao
khi c& bai toan chi ting theo tuyén tinh. Ba cch tiép can chinh xac quan trong
nhat da duoc ap dung rong rai tir rat sém cho JSP d6 1a: Céc tiép can hiéu suit
cao, cac mo hinh toan hoc va céac k¥ thuat nhanh can.

a. CAc tiép cin hiéu suit cao

7
.....

CAc tiép can hiéu suat cao tim 10i giai t6i wu thuc sy cho JSP bang céch
tuan theo mot tap cac qui tac dé xac dinh chinh xac trinh ty xur 1y cac cong
viéc. Johnson [41] 14 ngudi dau tién dé& xudt tiép can hiéu suit cao cho bai
toan flow shop 2 may va 3 mdy c6 han ché diéu kién. Sau Johnson la céc dé
xuat ctia Akers [4], Jackson [38], Hefetz va Adiri [33]....

* Phén tich, danh gia
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Cac tiép can hiéu suit cao tim ra 16i gidi tdi wu thuc sy cho JSP. Tuy
nhién, vi mot JSP ¢6 n cong viéc va m may thi né co téi (n!)™ 161 giai. Do do,
viée liét ké tat ca cac 11 giai co thé dé tim ra 1oi giai toi vu thuc sy 1 diéu
khong thuc té. Cho t6i nay, cac tiép can hiéu suit cao cho JSP véin>3vam
> 3 van con bo ngo. French [25] di tién doan rang khong co cac thudt toan
hiéu xuit cao cho hau hét cac bai toan 1ap lich job shop. Ly do chil yéu cho

van dé nay la vi c4c tiép can hiéu xuat cao tap trung vao liét ké tat ca cac 1oi

4
.....

giai c¢6 thé dé tim ra 101 giai t6i uu thuc sy cta bai toan.
b. Cac moé hinh toan hoc

Mot trong cac mo hinh toan hoc ti€u biéu va xuit hién sém nhit cho
JSP 1a mé hinh MIP (Mixed Integer linear Programming) ctia Manne [48].
MIP bao gém mét chuong trinh tuyén tinh, mot tip cic rang budc tuyén tinh,
mot ham muc tiéu tuyén tinh don va mot sd bién quyét dinh nguyén. O day

cac bién nguyén dugc str dung dé thi hanh cac rang budc.

Sau MIP la mé hinh toan hoc LR (Lagrangian Relaxation) do Fisher
[23] d& xuét lan dau tién. Sau d6 Van De Velde [70], Della Croce va nhiing
nguoi khac [18],... di c6 cong cai tién mo hinh nay. Trong mo hinh LR, quyén
ru tién va cac rang budc st dung cac sd nhan Lagrangian khong am, ham muc
tiéu sir dung cac diéu khoan phat.

Sau LR 1a md hinh toan hoc phan rd do Ashour [7] dé xuat 1an dau tién.
Sau d6, md hinh toan hoc phan rd duoc cai tién boi mot sé nguoi khac. Trong
mo6 hinh nay, bai toan gbc duoc phan hoach thanh mdt tap cac bai toan con,

Trong nhitng ndm gan ddy, cac mé hinh toan hoc thuong dugc két hop

v6i cac giai phap khac dé tao ra mot giai phap lai cho JSP. Chang han nhu két
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hop mo hinh toan hoc véi phuong phap heuristic [49], két hop m6 hinh toan

hoc véi cac luat uwu tién [50],...
* Phan tich, danh gia

M6 hinh MIP ¢6 wu diém 13 don gian. Tuy nhién, sé cac rang budc
thuong kha 16n dan dén do phic tap tinh toan cao, cho nén khong kha thi vé
thoi gian tinh todn cho JSP [9]. Fisher va nhitng nguoi khac [22] cling da
phan tich danh gi va rat ra két luan cidc mé hinh LR va md hinh phan ra ap
dung cho JSP ciing thuc thi rat t6i. Ho di ching to diéu nay thong qua tha
nghiém trén cac bai toan chuan cua Muth va Thompson [52]. Cac phan tich
con rut ra két luan 12 ngay ca khi cdc mé hinh toan hoc duoc két hop véi cac
phuong phap khac hodc dugc cai tién thi van thyc thi khong t6t va khong phu
hop véi bai toan khé nhu 1a JSP.

c. Cac ky thuat nhanh can

G. H. Brooks va C. R. White [10] 13 nhiing nguoi dau tién dé xuat ky
thuat nhanh cén (Branch and Bound - BB) cho JSP, tiép sau d6 k¥ thut nay
d3 duoc phat trién bai nhidu nha nghién ctru khac. Cac nha nghién ctru thuong
ding céac bai toan chuan ciia Muth va Thompson [52] dé thir nghiém va ching
minh cho tinh hi¢u qua cua thuét toan ma ho dé nghi. Nam 1985, Carlier va
todn nhanh céan. Sau do, ky thuat nay con dugc cai tién bai nhiéu nha nghién
ctru khac, cac cai tién tap trung vao chién lugc phan nhanh va xay dung ham
danh gia can dudi.

Céc k¥ thuat nhanh can st dung ciu tric cdy dé biéu dién khong gian
101 giai cho bai toan. Viéc tim kiém céc 10i giai bat dau tai nit gdc cua cay va
két thic khi nat 14 dugce tham. Mdi nit tai mirc p trong cay tim kiém biéu dién

mot 101 giai bd phan gdm p thao tac. Tai mdi nat nay hoat dong phan nhanh
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quyét dinh tap cac nat co thé tiép theo dé phat trién cay tim kiém. Tha tuc cén
tinh toan cén dudi va dya vao can trén tot nhat da biét o thoi diém hién tai dé
quyét dinh c6 phat trién tiép tai nit nay hay khong. Néu can dudi duge tinh
toan 16n hon can trén tdt nhat hién tai thi dung phat trién nat nay. Khi mdt nut
I4 hay nut ¢6 can dudi 1on hon can trén dugc tham thi sy tim kiém quay tré lai
theo 15i cii téi nat chua duge tham cao nhit, viéc tim kiém dugc tiép tuc tu

nut nay. Thudt toan ding khi cdy tim kiém khong thé phat trién duoc nira.

Nhu vay, trong cac ki thuat nhanh can, ching ta khong can phai duyét
toan b cdy khong gian trang thai dé tim ra 10i giai tot nhat. Bang cach danh
gia can dudi cia cac nit s& dugc phat trién tiép theo, ching ta c6 thé cit bo
cac nhanh khong kha thi. Vi thé khong gian tim kiém duoc thu hep va viéc
tim kiém s& nhanh hon. Cai khé nhat cua phuong phap nay 13 viéc xay dyng
"ham ddnh gid cdn dwdi". Néu ham nay duoc xay dung tét, s& giup ching ta
cat bo dugc nhiéu nhanh khong kha thi, khi d6 phuong phap nhanh can sé& cai
thién dang ké so vai tiép can hiéu suét cao.

* Phéan tich, danh gia

Pé danh gid cac uu diém, nhuoc diém cua céac k¥ thuat nhanh can, céac
nha phan tich da théng qua cac két qua thir nghiém trén cac bai toan chuan
ciia Muth va Thompson [52]. Cac phan tich déu dua ra két luan chung 1a cac
k¥ thuat nay thuong yéu cau thoi gian tinh toan ciia may tinh rat 1én. Glover
va Greenberg [29] d4 phan tich, danh gia va két luan cac k¥ thuat nhanh can
khong phut hop véi cac bai toan tdi wu t6 hop khé. Chinh vi Iy do nay ma cac
k¥ thuat nhanh can khong thich hop véi bai toan ¢6 d phire tap 16n nhu JSP.
1.3.3. CAc tiép cin gin diing

Trong thuc té, ching ta can phai giai quyét cac bai toan cip do 1on

trong mot khoang thoi gian kha thi v6i cac két qua chdp nhan duoc (cac két
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qua nay khong nhét thiét 1a phai t6i vu thuc sy). Cac tiép can cho JSP dap tng
doi hoi nay con duge goi 1a cac tiép can x4p xi hay gan dung. Cac phuong
phap nay thuong dya trén céc tién trinh ty nhién nhu 1a vat 1y théng ké va su
tién hoa sinh hoc hay dya trén khung canh tri tué nhan tao. B. Giffler va
Thompson [28] 14 nhitng nguoi dau tién dé xuét tiép can gan ding cho JSP.
Trong mot bai bao c¢o6 tya dé "Algorithms for Solving Production Scheduling
Problems”, cac tac gia ndy da dé cap t6i van dé khong can thiét phai tim kiém
mot lich biéu t6i vu trong toan bd khdng gian céc lich biéu c6 thé ma chi can
tim kiém trong mot tap con cac lich biéu kha thi. Bai bao ctia ho con quan
trong & chd 1an dau tién cac phuong phap gan dung dugc ap dung dua trén cac

luat wu tién va cac lich biéu tich cuc.

Mic du cac phuong phap gan ding khong bao dam chac chan tim dugc
cac loi giai tdi wu thuc su, nhung dbi lai ching co thé dat dugc cac 10 giai
gan toi wu trong mot khoang thoi gian tinh toan hop 1y cho céc bai toan c6 do
phtc tap tinh toan 16n. Vi vdy, cac phuong phép gan dung 1a thich hop nhét
dé giai quyét cac bai toan co do phuc tap tinh toan 16n voi diéu kién 1a phai
két hop nhuén nhuyén giira van tri hoc va tri tué nhan tao. Bén tiép can gﬁn
dung da duoc nghién ctru va ap dung phd bién nhét cho toi nay d6 1a: Cac luat
wu tién, cac heuristic dya trén nit ¢ chai, tri tué nhan tao va cic phuong phap
tim kiém cuc bd va meta-heuristic.

a. Cac luat wu tién

Tiép can gr:fm ding duoc phat trién sém nhat cho JSP dua trén cac luat
ru tién. Cac luat vu tién duoc dé xuat nham muc dich lam giam cac yéu cau
vé thoi gian tinh toan. Trong tiép can nay, tai mdi budc, tat ca cac thao tic san
sang duoc lap lich dugc gan mot quyén wu tién nhét dinh, thao tac co quyén

wu tién cao nhét s& duoc chon dé lap lich.
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Jackson [37], Giffler va Thompson [28] 1a nhitng nguoi dé xuit sém
nhat vé lut vu tién. Trong cac dé xuit som nhat nay, ndi bat hon ca 1a cac
luat wu tién cta Giffler va Thompson (con dugce goi ngan gon 1a thudt toan
GT). Cho t6i nay, thuat toan GT van duoc xem nhu 1a nén tang cho cac luat
vu tién khac. TAm quan trong ctia nd xuét phat tir thuc té d6 13 no sinh ra cac
lich biéu tich cye.

Tiép sau d6 phai ké dén cong trinh nghién ctru ndi tiéng va toan dién
nhat vé cac luat vu tién trong 1ap lich ctia Panwalker va Iskander [56]. Trong
cong trinh nay, 113 luat uu tién dugc trinh bay, xem xét lai va phan loai. Theo
huéng nghién ctru khic, mot sb dé xuat tip trung vao viéc nghién ciru két hop
nhiéu luat wu tién v6i nhau [73]; két hop cac luat wu tién véi cac ky thuat tim
kiém khac nhu: Két hop cac lut wu tién v6i tim kiém cuc bd [32], két hop cac
luat vu tién voi giai thuat dan kién [58], két hop cac luat wu tién v6i tim kiém
tabu va khai pha dir liéu [8], két hop céc luat wu tién vé6i giai thuat di truyén
[42],...

* Phéan tich, danh gia

Qua xem xét cic cong trinh vé ludt wu tién di dugc cong bd trong
nhitg nim qua chung ta ¢ thé rat ra mot s6 két luan chung sau day:

1. Cac két qua tim kiém dat duoc rat nhanh khi dung céc luat uu tién
mot cach riéng 1é nhung chat lwong 101 giai rat toi, sy chénh léch so véi cac
két qua tdi wu thuc su kha 16n. Cac két qua s€ tdt hon khi cac luat duoc két
hop v6i nhau, tuy nhién thoi gian tinh toan yéu cau nhiéu hon.

2. Khi két hop céc ludt uvu tién véi cac k§ thuat nhanh can két qua thuc
thi kha t6t nhung thoi gian tinh toan so voi chi dung cac luat wu tién 16n hon

gap ba lan.
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3. Céc luat wu tién phu hop khi mot ki thuat giai khoi dau cho JSP va
khi chiung duoc két hop véi cac ki thuat tim kiém gan dung khac (nhan xét
nay da duoc luan an ap dung cho thuat toan di truyén lai méi cho JSP trong

chuong 3).
b. Cac heuristic dva trén nit co chai

Céc heuristic dua trén nut ¢o chai (Shifting Bottleneck - SB) la tiép can
g?m ding xuét hién mudn hon cac ludt vu tién. Tiép can SB ¢6 thé khic phuc
cac diém yéu clia cac luat uu tién da phan tich ¢ trén va céc tiép can chinh xac
yéu cau thoi gian tinh toan quéa cao. Adams va nhiing ngudi khac [3] 1a nhiing
nguoi dau tién dé& xuat phuong phap SB cho cac bai toan 1ap lich. Sau d6

Applegate va Cook [6] da két hop phuong phap SB véi cac ki thuat nhanh

4
.....

can dé tao ra mot phuong phap lai hiéu qua tim dugc 10i giai toi uu cho bai
toan mt10 12 mot thach thic tinh toan thoi by gid. Gan day hon, nhiéu cong
trinh dd dua ra cac phuong phap nut co chai sira d6i (Shifting Bottleneck
Modification - SBM) dé tang tinh hiéu qua cho cac bai toan c¢& 16n. Chang
han nhu c4c dé xuit cua Zhi Huang [82], Karimi Gavareshki va Fazel Zarandi
[43]. Ngoai ra, cic nha nghién ctru con tip trung vao viéc két hop phuong
phap SB véi cac k¥ thuat tim kiém khac dé tao ra cac phuong phap méi hiéu
qua hon cho JSP nhu: Két hop SB véi tim kiém gia luyén thép va thuat toan
di truyén [61], két hop SB v&i thudt toan di truyén va 1y thuyét tap mo [62]....

= Phan tich, danh gia

Céc heuristic dua trén nut c¢6 chai 1a mot phuwong phap manh dugc phan
tich, thiét ké va thuc hién tét. Nhuoc diém co ban ctia phuong phap nay 13 su
phirc tap khi cai dat chuong trinh may tinh va van dé xac dinh c¢& cua bai toan
con. Mot khé khin khac ctua phuong phap dua trén SB 1a van dé thiét dat cac
tham s6 sao cho phu hop dé c6 thé thu dugc 10 giai tot nhat. Cac phuong
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phap SB stra d6i va cac phuong phéap lai két hop SB véi cac phuong phap
khac da tao ra cac phuong phép manh tdt hon cho JSP, dic biét 1a ddi véi cac
bai toan cd lon. Pay cling 1a xu huéng ma ciac nha nghién ctru dang tap trung

vao nghién ctru nhiéu nhat hién nay.
c. Cac tiép can tri tu¢ nhan tao

Tiép can tri tué nhan tao (Artificial Intelligence - AI) 1a mot tiép can
lién quan t6i su két hop giira sinh hoc va cac kha ning xu 1y ciia mdy tinh. Co
nhiéu k¥ thuat tri tu¢ nhan tao khac nhau da dugc phat trién cho bai toan lap
lich job shop. Trong phan nay, luan 4n trinh bay ba nhém chinh duoc nghién
ctru nhiéu nhat cho JSP d6 1a: Phuong phép théa mén rang budc, mang no ron

va cac phuong phép tri tu¢ nhan tao con lai.
cl. Phwong phap théa man rang bugc

Phuong phéap thoa min rang budc nham muc dich 1am giam bét kich c&
ctia khong gian tim kiém bang cach ap dung cac rang budc han ché bac cia
cac bién duoc chon va céc gia tri dugc gan cho mdi bién. Sau khi cac bién da
dugc gan gia tri co thé xuit hién cdc mau thuln, tién trinh khéc phuc céac gia
tri mau thuan duoc goi 1a viée kiém tra tinh nhat quan, va phuong phép thao
g0 dugc goi la phuong phap quay lui. Bai toan théa man rang budc dugce giai
quyét khi vi tri cac bién duoc xac dinh hoan toan va khong vi pham cac rang
budc cua bai toan. Phuong phap nay thudc linh vuc tri tu¢ nhan tao, tuy nhién
viéc ap dung phuong phap nay cho cac bai toan lap lich st dung mé hinh cay
tim kiém co lién hé mat thiét véi cac ky thuat nhanh cén. Ban dau phuong
phap thoa man rang budc duoc phat trién dé giai quyét cac bai lap lich trong
cong nghiép, sau d6 nhiéu cong trinh dugc dé xuat cho bai toan 1ap lich job
shop. Phuong phéap théa mén rang budc sém nhat cho JSP 1a cua Erschler va

nhimg ngudi khac [21]. Cac cong trinh tiép theo phai ké dén: Cac cach tiép
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can théa man rang budc cho cac bai toan lap lich khé theo murc d6 tang dan
ciia Fox va Sadeh [23], [64], phuong phép théa man rang budc két hop véi
cac k¥ thuat nhanh can dé giai quyét mot cach toi wu cac bai toan con dugc

sinh ra ctiia Pesch va Tetzlaff [57], Garrido va nhitng nguoi khac [27],...
* Phan tich, danh gia

Danh gid vé phuong phap théa man rang budc trén co s& xem xét céac
cong trinh vé cac k¥ thudt théa man rang budc khac nhau co6 thé rat ra két luan

sau day:

1. Cac két qua tim kiém tdi wu dat duoc twong dbi tot va cac phuong
phap théa mén rang budc moi duge dé xuat gan day cho két qua tot hon. Tuy

nhién thoi gian tinh toédn lai yéu cau cao hon.

2. Cac phuong phap lai két hop phuong phap thoa mén rang budc véi
C4C tiép can chinh xac cho két qua tbi wu tot hon trong thuc té. Tuy nhién, Vi
chung tuong ty nhu céc ky thuat nhanh can nén dg phuc tap thoi gian tinh

toan kha cao.

3. Cac phuong phap théa mén rang budc cho JSP van con kha nhiéu ton
tai. Mot trong cac 1y do cho van dé nay do 1a cac phuong phap duoc dé nghi
nay con kha chung chung va c6 thé ap dung dugc cho nhiéu bai toan 1ap lich
khac nhau. Pé ap dung hiéu qua phuong phap nay cho JSP, can phai chu ¥
dén cac thong tin dac thu cua bai toan hon, khi dé cac vung hura hen cua
khong gian tim kiém méi co thé duoc xac dinh rd rang va thoi gian tinh toan
mo1i duoc cai thién.

c2. Mang no ron

Mang no ron dugc cau truc dya trén cau triic bd ndo cua cac thyc thé

song don gian. Viéc xir ly thong tin theo phwong phap nay duoc thuc hién
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thong qua mot hé thdng cac don vi xir Iy song song c6 méi lién hé véi nhau.
Mang no ron 1a mét phuong phap luan phd bién va dugc tng dung nhiéu
trong thyc tién. C6 nhidu mé hinh mang no ron duge ap dung cho céc bai toan
lap lich nhw: Mang tim kiém Hop-field, mang stra 16i Multi - Layer
Perceptron, mang xac suat Boltzmann machine, mang canh tranh va mang tu
t6 chtrc. Tuy nhién vi cac tmg dung mang no ron cho JSP duogc thuc thi chi
yéu trong hai mé hinh dau, nén luan an chi tap trung trinh bay vé hai loai
mang nay. Ban doc c6 thé tham khéo su phan tich va danh gia vé ung dung
clia mang no ron trong lap lich mot cach ddy du hon trong cong trinh cua

Wang va Brunn [74].

Mang tim kiém Hop-field 12 mang khong tuyén tinh két hop tu dong dé
cuc tiéu hoa niang luc ciia hé théng. Trong cac phuwong phap dua trén mang
Hop-field, m6 hinh toan hoc MIP thuong dugc ap dung dé anh xa JSP vao

mang no ron.

Cac mang stra 16i Multi - Layer Perceptron duoc huin luyén trén cac
mau ldy tir anh xa: f: S < R" — R", tir mot tap con S duoc gidi han nao do
ctia khong gian Oclit n chiéu ti khong gian Oclit m chiéu. Khi mot mau duoc
ap dung cho mang, luat sura 16i diéu chinh céc trong s6 sao cho phu hop voi
anh xa & trén. Cac trong s6 dugc diéu chinh sao cho su dap ung cia mang trén

thuc té di chuyén toi gan sy dap tng mong mudn.

Trong nhitng nim gan day, nhiéu dé xuit c6 xu hudng két hop mang no
ron véi cac phuong phap tim kiém khac nham tao ra cac phuong phéap hiéu
qua hon cho JSP. Chang han nhu phuong phap lai két hop mang no ron véi
thuat toan di truyén cua Ye Li va Yan Chen [78] ap dung cho JSP. Qua thu
nghiém phuong phap nay da dugc danh gia 1a kha thanh cong trong tim kiém

o« o

cac 101 giai toi wu cho JSP.
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= Phan tich, danh gia

Céac mang tim kiém Hop-field c6 st dung mé hinh toan hoc nén sé cac
rang budc, cac bién va mdi quan hé gitta cac bién thudng trd nén qua muc. Do
vay, md hinh nay chi phu hop vdi cac bai toan cd nhd. Ngoai ra, mo hinh nay
thuong doi hoi phai duge thiét ké dic thu cho mdi bai toan can giai quyét. Hé
théng co6 thé gip su ¢ néu nhu ap dung mo hinh khéng duoc thiét ké cho no.

Pbi v6i mo hinh mang stra 18i thuong c6 sy doi hoi qua mirc vé cac no
ron va su huan luyén tir cac dit liéu khong tdi vu duoc yéu cau bai cac chuyén
gia, cac thong tin hién tai hay cac luat vu tién. Phan 16n cac mé hinh két hop
mang stra 18i voi cac phuong phap khac, cac két qua tim kiém t6i wu thuong
do céc k¥ thuat khac mang lai.

Osman va Kelly [55] di két luan rang cdc mang no ron khong thé canh
tranh duoc v4i cac phuong phap khac va khong phai 13 giai phap tt cho JSP.

c3. Cac tiép cin Al con lai

Céc tiép can Al con lai bao gom:

1. M6 hinh phan bb ngiu nhién song song cua Lo va Hsu [47], tiép can
nay c6 nhiéu dic diém gidng vi mang no ron Hop-field.

2. Phuong phap tiém ning can bang phong theo vat li dong luc hoc va
théng ké cta Yokoi va nhitng nguoi khac [80], & d6 tiém nang vat li ciia mdi
cong viéc 1a dbi twong quan sat nhu 13 ning lugng tuong tac giita cac hoat
dong & trén cac may.

3. Phuong phép t6i uu hé kién (Ant System - AS) cho JSP caa Colorni
va nhimg ngudi khac [15]. AS 1a mot k¥ thuat t6i vu ngiu nhién dya trén
quan thé duoc phat trién boi Denebourg, Pasteels va Verhaeghe [20]. N6 m6

phong theo hanh vi ctia cac dan kién tim duong di ngan nhat téi ngudn thirc
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dn cua nd. Thu tuc dan kién danh diu vi tri & trén cdc nat cta mot dd thi
khong lién thong va theo mot nguyén 1y Monte Carlo két hop véi tim kiém

tham lam dé tim ra su quyét dinh nit lién k& nao s& di chuyén t6i.

Trong 3 tiép can ké trén, phuong phap AS dugc nghién ctru va ap dung
nhiéu nhét cho JSP. Pi c6 nhiéu dé xuat dua trén AS nhu: Phuong phép t6i
vu dan kién dya trén tri thirc cua Lining Xing va nhiing ngudi khac [46],
phuong phép t6i uu dan kién theo hai giai doan ctia Omar Castrillon va nhiing
nguoi khac [54]. Mot sé dé xuat két hop AS voi cac ky thuat tim kiém khac:
Két hop céac luat wu tién voi thuat toan dan kién dugc dé xuat bai Ramezanali
Mahdavinejad [58], két hop thuét toan di truyén véi thuét toan dan kién duoc
dé xuat boi Surekha va Sumathi [67],...

* Phéan tich, danh gia

Qua xem xét cac cong trinh lién quan dén 3 k§y thuat Al néu trén, Cac
két qua thu dugc qua thir nghiém cua cac phuong phap duoc dé xuat cho thay
rang cac phuong phap ndy néi chung thuc thi khong tét trong khi nd luc tinh
toan dugc yéu cau lai cao. Vi vy, ching khong phai 1a giai phap tot cho JSP.

d. Cac phwong phap cuc b va Meta-heuristics

Pé tim 10i giai toi wu cho mot bai toan tdi wu td hop, thong thuong can
phai xac dinh mot cau hinh bao gém: Mot tap hitu han céc 101 giai S, mot ham
dinh gia can duoc toi wu va mot co ché sinh 10 giai moi. Bo 1a mat ciu hinh
don gian nhét duoc dung dé tao ra mot su chuyén ddi tr mot trang thai nay
sang mot trang thai khic cua khong gian trang thai cac 101 gidi. Cac phuong
phap dua trén nguyén 1y tong quat trén duoc xem nhu 1a tim kiém cuc bd hay
tim kiém vung 1an can. Trong k¥ thuat ndy, co ché sinh phac thdo mot ving
1an can cho mdi cAu hinh. Mot vung lan can N(X) 1a mot ham xac dinh mét sy

chuyén dbi tir mot 101 giai x sang mot 10i giai X' khac bang cach giy ra mot su
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thay d6i nho. Mdi 10i giai X'e N(X) co duoc tir 10i giai X bang mot phép bién
dbi don gian duoc xac dinh trude va duoc goi 1a mot su di chuyén, X duoc noi1
1a di chuyén t6i X'. Trong hau hét cac ky thuat tim kiém vung lan cén, ngudi ta
cong nhan mot cau trac ddi xtmg d6 1a: x' 1a mot 1an can cua x khi va chi khi x
1a 1an cén cta X'. Muc tiéu cta chién lugc tim kiém nay la thong qua mot
chudi cac phép di chuyén hudng téi viéc tim kiém mot 101 giai toi wu. Viéc
chon mot 1an can trong mdt phép di chuyén phu thudc va tiéu chuan chon,

mot sO thu tuc chon pho bién bao gom:

1. Chon lan can c¢6 ham danh gia tot hon dugc tim thdy dau tién. Tha

tuc nay thuong dugc ap dung trong cac thuat toan ngudng.

2. Chon lan can c6 ham danh gia tot nhat trong toan bd ving lan can.

Thu tuc nay thudng duoc ap dung trong cac heuristic nut ¢ chai.

3. Chon lan can ¢6 ham danh gié tot nhat cua mot mau cac lan can. Thu

tuc nay thuong duoc ap dung trong cac k¥ thuat tim kiém tabu.

Mot sd cac phuong phap tim kiém cuc bd dugce dé xut phong theo cac
tién trinh trong tu nhién nhu 1a vat Iy thong ké, su tién hoa cia sinh hoc,...
Chung thuong hoat dong nhu 1a mot tién trinh chu dwoc lap di 1ap lai nhidu
lan, vi thé chung con duoc goi 1a meta-heuristics. Hau hét cac ky thuat meta-
heuristics dugc phat trién trong nhimg nam gan day theo huéng cac phuong
phap tim kiém gan dang dé giai cac bai toan ti wu phuc tap. Trong d6 c6 mot
s6 phuong phap meta-heuristics dugc phét trién cho JSP noi bat sau day:
Thuat toan cai thién ldp, thuat toadn gia luyén thép, thuat toan chép nhan

ngudng, thuat toan tim kiém tabu va thuat toan di truyén.
d1. Thuit toan cdi thién lap (Iterative Improvement - |M)

Thuat toan cai thién lap co thé duwoc md ta vin tit nhu sau:
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T mot lich biéu duge sinh ngau nhién ban dau, thuét toan diéu khién
qué trinh tim kiém dé thu dugc mot 1oi giai toi wu 13 16i giai tot nhat trong
ving 1an can cta né. IM 1a 16p don gian nhét trong cac k¥ thuat tim kiém cuc

b0, thu tuc IM duoc dic ta nhu duoi day:

Chon mot loi giai ban daus € S;
REPEAT

Sinh loi giai s' € N(S);

IF c(s") <c(s) THEN s :=s';
UNTIL c(s') > c(s)

Thuat toan IM s€ dugc 1ap di 1ap lai cho tdi khi gap mot 101 giai s* nao
d6. No6i chung, s* chi 1a mot 101 giai toi wu cuc bd ddi véi ving 1an can N, vi
vay rat ¢ thé khong phai 1a 10i giai téi wu toan cuc. Pé khac phuc han ché
nay, Aarts va nhitng ngudi khac [2] da dé xuat mot thuat toan IM da khoi tao.
Thuét toan khoi dau tir mot 10 giai dugc sinh ngau nhién, sau d6 thuat toan
IM tim kiém 15i giai tot nhat trong ving l4n can ctia nd. Thuat toan lai bat dau
tir mot 101 giai sinh ngau nhién khéc, tién trinh nay duoc lap di lip lai cho toi

khi tiéu chuan dirng thoa méan va 101 giai tot nhat trong cac 1an lap duoc chon.
= Phan tich, danh gia

Céac két qué thir nghiém tir cac cong trinh dugc dé xuét vé thuat toan
IM, ngay ca trong trudng hop di duogc cai tién cho thiy thuong chi dat duoc
t8i wu cuc bo. Ly do cho van dé nay 1a vi IM chi thyc hién tim kiém trong mot
pham vi gidi han (mot viung lan can) cta khong gian cac 101 giai. Vi vay, c0

thé rat ra két luan IM khong phai 1a giai phap tot cho JSP.

d2. Thuat toan gia luyén thép (Simulated Annealing - SA)
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SA 1a mot trong nhitng phuong phap tim kiém cuc bd dién hinh,
phuong phap nay phong theo mét tién trinh vat 1y trong luyén kim. Thu tuc
SA c6 thé duge dic ta nhu dudi day:

1:=0;

Khoi tao mot loi gidi s € S;

best := c(s);

s*:=s;

REPEAT

Sinh ngau nhién mét loi gidi s' € N(S);
IF random[O0, 1] < min{1, exp(- M )} THEN s :=5';
IF ¢(s") < best THEN i
BEGIN
s*:=5s’;
best := c(s');
END;
Cir1 1= 0(Ci);
=i+1;
UNTIL tiéu chudn dirng théa man

Trong budc thir i, s' dugc chap nhan véi Xac sudt duoc xac dinh boi

c(s') —c(s)
C

min {1, exp(- _ )}, & day ¢ 1a mot chudi cac tham s diéu khién
duong v6i lim ¢; = 0 khii —» oo,

Piéu nay c6 thé duoc giai thich rd hon nhu sau: néu c(s') < ¢(s), thi s
duogc thay thé boi s'véi Xac sudt 1a 1. Néu c(s') > ¢(8), thi s dugce thay thé boi s
v6i mot Xac suat nao d6, X4C suat nay sé giam dan theo sy ting dan cua bién i.
Pé hiéu chi tiét hon vé van dé nay, co thé tham khao bai viét cta Van

Laarhoven va nhitng nguoi khac [72]. M4t trong nhitng dong gdp quan trong
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trong viéc phét trién phuong phap SA cho JSP ciia Van Laarhoven va nhiing
nguoi khac [71] 1a xac dinh vung lan cén, trén co sé vung lan can nay ho da
xdy dung mot thuat toan SA manh cho JSP, thuat toan nay c6 uu diém la don
gian va dé thuc hién. Trong cac dé xuét sau nay, ndi bat 1a dé xuit cua
Yamada va Nakano [76], d& xuat nay da cai tién thuat toan SA bang viéc két
hop véi thuat toan GT cia Giffler va Thompson [28] dé sinh céc lich biéu tich

cuc.

Trong nhitng nam gan ddy, cac nha nghién ctru c6 xu hudng phat trién
cac thuat toan SA lai voi cac k¥ thuat tim kiém khac nham tao ra cac giai
phap manh cho JSP nhu: Két hop SA voi tim kiém tabu [81], két hop SA voi
thuat toan memetic dua trén sy chon loc vo tinh [39], két hop SA véi thuat

toan di truyén, thuat toan dua trén nit ¢ chai va 1y thuyét mo [63],...
* Phéan tich, danh gia
Cac két qua thir nghiém cho thay cac han ché chinh cua SA d6 1a:
1. Thoi gian tinh toan dugc yéu cau quéa cao dé co thé dat dugc cac 10i
giai tot (co truong hop 1én t6i 44 gid tinh toan v6i hon 375 triéu lan lap).

2. Két qua thuc thi phu thudc rat nhiéu vao viéc lua chon cac tham sé
cho thuat toan, vi vay cac tham $6 phai dugc chon rit can than, diéu nay la rat
kho.

S& di ¢6 cac han ché trén bdi vi thuat toan SA phai trai qua rat nhiéu
1an ldp méi toi duoc 101 giai tét. Ngoai ra, cac phuong phap SA duoc dé xuit
con kha chung chung, chua tap trung vao thong tin dac thu cua bai toan JSP.

Chinh vi cac han ché trén ma cac giai phap SA sau nay da tap trung vao
cai tién nham ting téc d6 thuc thi cuia SA. Chang han nhu: Cai tién céch tinh

X4C suat chdp nhan bang mot bang tra ctru ctia Johnson va nhimg ngudi khéac
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[40], @& xuit ting tbc SA bang cach cho phép thuc hién budc nhiy dai cua
Szu va Hartely [68],... va gan day hon 1a cac dé xuat két hop SA véi cac
phuong phap manh khéc dé cai thién toc d6 va chat lugng cua 10i giai nhu di
néu ¢ trén. Cac két qua thir nghiém da cho thdy uu diém cua cac phuong phap
SA lai va cac phuong phap SA lai hién van dang 1a hudng nghién ctru dé tao

ra cac giai phap tot hon cho JSP.
d3. Thuit toan chip nhin ngudng (Threshold Acceptance - TA)

Mot bién thé cua thuat toan gia luyén thép la thuat toan chdp nhan
ngudng (TA). TA khac SA ¢ chd chap nhan s Trong thuat toan TA, s' dugc
chap nhan néu c(s) - ¢(s) nhé hon mot ngudng t nao do, t 1a mot tham sé diéu

khién duong giam dan. Thu tuc chap nhan ngudng duoc dic ta nhu sau:

i:=0;
Khoi tao mot loi gidi s € S;
best := c¢(s);
s*:=s;
REPEAT
Sinh ngadu nhién mét loi giai s' € N(S);
IFc(s') -c(s) <ti THENs :=5s';
IF c(s") < best THEN
BEGIN
s* =5
best := c(s');
END;
tier 1= g(t);
I :=1+1;
UNTIL tiéu chudn dirng théa man

g la mot ham khong am va g(t) <t véi moi t.
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= Phan tich, danh gia

Phuong phap TA c6 wu diém hon phuong phap IM 1a c6 thé tranh duoc
t6i wu cuc bd. Tuy nhién, TA ciing c¢6 nhitng han ché twong tu nhu phuong
phap SA 1a c¢6 thé quay tro lai cac 101 giai da tham va lam ting thoi gian tinh
toan. Chinh vi vdy, phuong phap TA don ciing khong phai 1a giai phap tét cho
JSP, n6 nén duoc dung két hop voi mot sb phuwong phap khac.

d4. Thuit toan tim kiém tabu (Tabu Search - TS)

Pé tranh truong hop quay tré lai nhiing 10i giai di thim cua céc
phuong phdp SA va TA, phuong phép TS luu trit cac 101 gidi da tham trong
mot danh sach dugc goi la tabu. Tap cac ting ctr vién cho 101 gidi cua budc lap
tiép theo khong chp nhan céac 10i giai chira trong danh sach tabu. Tuy nhién,
viéc luu trir tit ca cac 10i giai da tham trong danh sach tabu va viéc kiém tra
xem mot 101 giai tmg cir vién ¢ thudc danh sach nay hay khong sé giy ton
kém tai nguyén b nhé va ting thoi gian thuc thi ctia thuat toan. Pé phan nao
han ché diéu nay, trong thuc té nguoi ta chi luu trlr mot s6 nhét dinh cac 1oi
giai méi duoc thaim gan day nhat trong danh sach tabu. Tuy theo muc dich tim
kiém, sd 16i gidi duogc luu trir trong danh sach tabu duoc gidi han bdi mét s6 t
nao d6. Khi s 10i giai luu trir trong danh sach tabu vuot qué t thi 10i giai
dugc luu trit sém nhét trong danh sach s& bi loai bo dé nhudong chd cho 10
giai méi duoc tham. Trong phuong phap TS, mot tiéu chuan duoc goi 1a "khat
vong" ¢ thé dugc dua vao. Khi mot 161 giai s di chuyén téi mot 1oi giai s
thudc danh sach tabu, no s€ dugc chép nhan néu thoa min tiéu chuan khat

vong.
Thu tuc TS ¢6 thé duge dic ta nhu sau:

Khoi tao loi gidi ban daus € S;
best := c(s);
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s*i=s5;
Tabu list := &,
REPEAT
Cand(s) :={s' € N(s) / s'khong thuéc danh sach tabu hay s' thugc
danh sdach tabu nhung théa man tiéu chudn khat vong)
Sinh ngau nhién mét loi giagi § € Cand(s);

Cdp nhdt danh sdch tabu;

S:=S§
IF ¢c(s) < best THEN
BEGIN
s*=s;
best := c(s);
END;

UNTIL tiéu chudn dirng théa man

Glover [30] 1a nguoi dau tién dé xuat phuong phap TS, tuy nhién
Laguna va nhiing nguoi khac [45] méi 13 nhimg nguoi dau tién stir dung tiép
can TS cho c4c bai toan 1ap lich. Sau d6 phuong phap TS da duoc cai tién boi
nhiéu nha nghién ctru khac nham cai thién su thuc thi cia ndé cho JSP. Gan
day, cac nha nghién ctru dua ra cac dé xuit két hop TS véi cac k¥ thuat tim
kiém khéac dé tao ra cac phuong phép lai hiéu qua cho JSP nhu: Két hop TS
v6i SA clia Zhang va nhitng nguoi khac [81], két hop TS véi thuat toan di
truyén dé tao ra mot phuong phéap lai dugc goi 1a "Genetic Local Search -

GLS" ctia Moraglio va nhitng nguoi khac [51],...
= Phan tich, danh gia

Tu céc cong trinh da duoc cong bd va cac két qua thir nghiém cua

chang trén cac bai toan chuan, cac két qua thir nghiém thu duoc da cho thay
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vé mat tong thé cac phuong phap dua trén TS cho két qua tot nhét trong cac
phuong phap tim kiém cuc bo di trinh bay & trén. Cac phuong phap TS khong
nhimg cho céac 101 giai tét hon ma thoi gian tinh toan lai khéng yéu cau qua
cao. Cac phuong duoc dua ra gan day thuong 1a cac phuong lai két hop TS va
cac ky thuat tim kiém khac [35], [51].... Cac phuong phéap lai chiém wu thé

hon, dac biét 1a voi cac bai toan co6 kich ¢& 16n va c6 do phirc tap nhu JSP.

Han ché dang ké nhat cua cac k¥ thudt tim kiém dua trén TS 13 yéu cau
cac tham s phai dugc chon rit can than va phai duogc diéu chinh sao cho phu
hop vé&i dic thu cia mdi bai toan. Cac quyét dinh nhu thé thuong 13 rat kho

thuc hién.
d5. Céc thuit toan di truyén (Genetic Algorithms - GA)

Céc thuat toan di truyén phong theo cac qua trinh sinh hoc dé téi uu
hoéa cac ham muc ti€u. John Holland [34] va cac cOng su ctua Ong tai truong
dai hoc Michigan, My 14 nhimg ngudi dau tién dé xuat phuong phap GA. Sau
d6, GA duoc rat nhiéu ngudi nghién ctru, trong d6 phai ké dén ngudi hoc tro
xuat sic cua Holland 1a D. E. Goldberg. Goldberg di c6 cong dong gop rét
nhiéu trong viéc phét trién 1y thuyét va Gimg dung thuat toan di truyén. Ong da
thanh cong trong viéc ap dung 1y thuyét GA dé phat trién mot hé théng diéu
khién sy truyén dan khi gas trong mot thanh phd, ong ciing rat ni tiéng véi
cuébn sach mang twa d& "Genetic algorithms in search, optimization and

machine learning" [31].

Tuy xuét hién mudn hon cic phuong phap khac nhung GA duoc phat
trién kha nhanh ca vé phuong dién 1y thuyét 1an tng dung trong thuc tién. Cac
chuyén gia nghién ctru vé GA hién nay da trai rong hau hét cac qubc gia trén
thé gidi va dic biét dong dao & mot sd qudc gia nhu My, Trung Qudc, Nhat

Ban, Han Qudc.... Ly thuyét GA di dugc tng dung thanh cong trong rat nhiéu
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linh vuc khac nhau trong d6 c6 linh vuc khoa hoc may tinh bao gém: Hoc
may, 1y thuyét diéu khién, t6i wu t6 hop,... Pic trung chung nhat ciia GA 1a:
Chién lugc tim kiém dya trén quan thé cung véi ba toan tir: Chon loc, dot bién
va trao d6i chéo. Nhitng ngudi di tién phong ap dung GA cho JSP phai ké dén
Nakano va Yamada [53], ho ciing 1 nhimg ngudi da ¢ nhiéu dong gop trong

viéc phaét trién va cai tién cac phuong phap dua trén GA cho JSP.
= Phéan tich, danh gia

Tir mot s6 cong trinh ap dung GA cho JSP, cac két qua thir nghiém cho
thay rang GA khong phu hop cho viéc diéu chinh cac 10i giai khi rat gan véi
khac phuc nhuge diém d6, cac nha nghién ciru da tim kiém cac giai phéap lai
két hop GA v&i cac phuong phap tim kiém khac. Nguoi di tién phong trong
viéc tim kiém cac phuong phap lai 14 Ulder va nhitng nguoi khac [69]. Ho da
dé xuat mot phuong phap lai két hop GA véi tim kiém cuc bo cho ra mot giai
phap cé tén "Genetic local search - GLS". Trong phuong phap nay, phép trao
d6i chéo duoc thyuc hién trén hai ca thé dé sinh ra mot 101 giai moi, 10i giai
moi nay duoc dung nhu 13 10i giai khoi dau cho viéc tim kiém cuc bo tiép
theo. Phuong phap GLS di két hop k¥ thuat tim kiém cuc bo dé cai thién 1oi
giai va toan tir trao doi chéo cia GA dé cung cip su trao doi thong tin giita
cac ca thé. Trong nhimg nim gan diy, nhiéu phuong phap lai GA vdi cac ki
thuat tim kiém khac dd dugc dé xuét nhu: Két hop GA va 1y thuyét mo cua
Deming Lei [19], két hop GA véi cac luat vu tién caa Kamrul Hasan [42], két
hop GA véi gia luyén thép [61], két hop GA vé6i tim kiém dua trén niit ¢6 chai
va 1y thuyét tap mo [62], két hop GA véi mang no ron ciia Ye Li va Yan
Chen [79].... Cac két qua thtr nghiém trén cac bai toan chuan tir cic cong trinh
ap dung GA cho JSP d3 duogc cong bd cho thay cac k¥ thuat lai chiém uu thé

hon céc k¥ thuat sir dung GA don thuan, doi lai chung lai yéu cau thoi gian
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tinh toan nhiéu hon. Tuy nhién, d6i véi cac bai toan ¢& 16n da sd cac phuong
phap d3 dé xuat van chua tim duogc 101 giai t6i wu thuc sy trong khoang thoi
gian tinh toan chip nhan dugc. Trong twong lai, cac giai phap dua trén GA
van dang 1 dbi twong nghién ctru dé cho ra cac phuwong phap manh hiéu qua
hon khi giai quyét cac bai toan ¢ 16n.

1.3.4. Tong két danh gia chung vé cac tiép can cho JSP

So dd tong két cac tiép can chil yéu da duoc ap dung cho bai toan 1ap

lich job shop dugc trinh bay trong hinh 1.7.

Trong cac tiép can chinh xac cho JSP, cac k¥ thuat nhanh can chiém uu
thé hon ca. Tuy nhién, tiép can nay chi c6 thé ap dung cho cac bai toan c&
nhé vi chung thudng giy ra tran bd nhd do sy phat trién qua nhanh cua cay
tim kiém. Vi vay, khi két hop k¥ thuat BB voi cac k¥ thuat khac ciing can

phai hét stc than trong dé han ché nhuoc diém nay.

Trong nhom céc tiép can gan ding: Cac luat vu tién, phuong phép cai
thién 13p va phuwong phap chap nhan ngudng cho két qua rat toi va dugc két
luan 13 khong phai cac giai phap tét cho JSP. Trong cac tiép cin nay, cac luat
wu tién thudng duge dung dé hd tro cac tiép can tim kiém chil cong khac nhu

la c4c tiép can tim kiém cuc bo va meta-heuristic.

Néu khong duoc két hop véi cac ki thuat tim kiém cuc bo khac, cac
heuristic dya trén nut ¢b chai dugc két luan 1a khong tdt hon céac luat uu tién

nhanh trong khi doi hoi thoi gian tinh toan lai nhiéu hon.

C4c tiép can tri tué nhan tao dugc xem la con rat nhiéu tiém ning. Tuy
nhién, ching can phai duoc nghién ctru thém, dac biét la van dé lién quan toi
viéc diéu chinh céc gia tri tham sb va viéc st dung cac thong tin dac thu cua
bai todn. Mang no ron va hé kién van can phai c6 cic nghién ciu va thir

nghiém thém dé co thé danh gia dung ban chat ctia cac tiép can nay.
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Céc tiép can giai quyét
bai toan 1ap lich job shop

'

Cac tiép can

Cac tiép can

Hinh 1.7 - CAc tiép can chu yéu giai quyét JSP

chinh xac gan dung
[
v v v v v v v
Cac tiép can| [Cac tiép can| | Cacky Heuristics Tri tué Cac luat Cac PP
hiéu suat toan hoc thuat dua trén nat| |nhan tao uu tién cuc bd va
cao nhanh cin ¢0 chai meta-heuristic
Suthéaman | Cai thiénlap |,
rang budc
Céc mang
no ron < Gia luyén thép [¢
Céc tiép cin | Chip nhin |
Al con lai ngudng

Tim kiém tabu

A

Thuat toan
di truyén

A

C4c tiép can tim kiém dua trén SA chua phai 1a cac k¥ thuat tim kiém

manh cho JSP, tuy nhién chiing c6 thé 1a d6i thu dé canh tranh véi cac ki

thuét manh khac. Pic biét, khi SA duoc két hop mot cach hop 1y vai cac k§

thuat tim kiém khéc da cho céc giai phap hiéu qua d6i véi cac JSP ¢& 16n. Tuy

nhién, dé dat duoc cac 10i giai toi vu CAc tiép can lai nay lai thuong doi hoi

thot gian tinh toan qua 1omn.

Céc tiép can dya trén TS cho két qua tot nhat trong cac k¥ thuat tim

kiém cyc bo ca vé chat lugng 10i giai 13n thoi gian tinh toan. Cac k¥ thuat lai
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TS va cac ki thuat tim kiém khac déu cho cac 10i giai chit luong cao va thoi
gian tinh toan hop ly, dac biét 1a véi cac bai toan co6 kich cd 16m va co6 do phirc
tap nhu JSP.

Céc k¥ thuat tim kiém dya trén GA cho JSP néu chi 4p dung don thuan
thi két qua tim kiém kém hon so véi cac ky thuat tim kiém cuc bd khac. Tuy
nhién, néu GA duoc két hop vdi cac ky thuat tim kiém khéac s& tao ra céc
phuong phép lai kha hiéu qua cho JSP. Trong cac cong trinh duoc cong bd
trong nhitg nim gan ddy vé cac giai phap cho JSP, ¢ 18 sd cac cong trinh c6

lién quan téi 4p dung GA 1a nhiéu nhat.

Cubi cung c6 thé dua ra két ludn chung rang cac két qua t6t nhét thu
dugc ca vé thoi gian chay may 1an chat lugng 10i giai thudc vé cac tiép can
gan dang lai nhu 1a SB lai, SA lai, TS lai va GA lai. Cac phuong phép lai nay
can phai hét sitc mém déo trong viéc két hop cac ky thuat tim kiém trén co s
cac dac thu riéng cta bai toan job shop. Tuy nhién, cho t&i nay phuong phap
luan cho viéc két hop céac k¥ thuat tim kiém khac nhau dé tao ra mot giai phap
manh cho JSP van con 14 van dé can phai nghién ctru.

1.3.5. Mt so ton tai va cac dé xuat

= Mot s6 ton tai

Qua phan tich, danh gia cac tiép can da dé xuat cho JSP, c6 mot s6 van
dé can phai duoc thao luan chi tiét va day di hon sau day:

1. Van dé th( nhét lién quan téi heuristic, hi¢én nay viéc chon mdt
heuristic cho mot bai todn cu thé can giai quyét 1a chua 1& rang va né phu
thudc vao nhiéu nhan t6 khac nhau. Cho nén viéc danh gia két qua cua cac
giai phap khac nhau doi hoi phai chinh xac, dic biét cac két qua c6 lién quan
td1 heuristic. Cho t61 nay co rat it cac chi dan cu thé vé van dé nay dugc dua

ra va vi vady khong c6 cac thu tuc ti€éu chuan. Chinh vi thé trong rat nhiéu

52



truong hop trén co s& cac két qua thir nghiém thu duoc khong thé giai thich rd
rang cai gi nén 1am va cai gi khong. Nhiéu nha phan tich cho rang van dé thiét
ké thtr nghiém con nhiéu bat cép, cac thiét ké thr nghiém can phai nghiém
ngit hon, cac bai toan chuin can phai nhiéu hon va da dang hon. Cac thiét ké

thir nghiém ciing can phai chi rd6 nhiing céi gi can dugc do va do nhu thé nao.

2. Mot van dé thtr hai can phai dugc lam rd do6 1a xac dinh cac thudc

4
.....

tinh hoi tu cla cac tiép can gan dung, kha ning dam bao tim ra 10 giai t6i vu

clia cac giai phap gan ding mai cho JSP.

3. Van dé tht ba d6 1a chua c6 mot phuong phap hinh thirc dugc dé
xudt cho viéc két hop hiéu qua cac k¥ thuat tim kiém voi nhau. Cac nghién
clru nén tip trung vao viéc dua ra cach thic két hop nhu thé nao dé c6 mét

ti€p can maé1 manh hon.

4. Van dé tht tu 13 su phtc tap cta cac bai toan job shop ¢ 16n véi
khong gian 101 giai qua 16n cua no. Do vay, nén tap trung vao cac k¥ thuat tim
kiém song song trén nhiéu ving 1an can cua khong gian 10i giai. Theo huéng
nay phuong phdp mang no ron néu dugc khai thac ding tiém ning thyc su
ctia nd va c6 su két hop hop 1y véi cac chién luge tim kiém khac s& ¢o thé giai
quyét dugc van dé nay.

= Mot s6 dé xuat

Sau khi phan tich, danh gia cac giai phap di duoc ap dung cho JSP, két

hop véi cac két luan ctia cac cong trinh dugce dé xuat gan day, luan an c6 mdt

sO dé xuat sau day:

1. Cac phuong phap méi cho JSP nén tap trung vao cac ki thuat gan
dung dé tranh thoi gian tang theo ham sé mil khi ¢& bai toan ting theo tuyén

tinh va nén 1a cac giai phap lai pha tron mét sb ky thuat tim kiém khac nhau.
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2. Cac phuong phap méi nay nén tich hop mot cach hop 1y cc vu diém
noi troi ctia mdi phuwong phap thanh phan sao cho phu hop véi dic thu cua
mdi bai toan can giai quyét.

3. Cac phuong phap méi nén tap trung vao giai quyét cac van dé con
chua duoc 1am o di néu & trén, dic biét 13 khai thac tiém nang cua mot s6
tiép can gidu tiém niang ma chua duoc khai thac.

4. Trong tim kiém cuc bd, nén st dung khdi t6i han trong cac cAu trac
vung lan can dé tao ra cac di chuyén mot cach hi¢u qua nhat. Trong giai doan
dau cta qua trinh tim kiém nén 4p dung phuong phap dua trén nut c6 chai dé
dat dugc cac loi giai chat lugng cao mdt cach nhanh chong.

5. Cac phuong phap méi nén ap dung cac luat sinh lich biéu tich cuc dé

han ché khong gian tim kiém va dan dat t6i cac 10 giai tot hon.
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CHUONG 2. HAI BAI TOAN CON CUA BAI TOAN LAP LICH JOB
SHOP

Trong thuc tién, chung ta thuong gip trudng hop cac bai toan can giai
quyét chi thoa man mot s6 rang budc cta bai toan 1ap lich job shop. Pdi véi
cac bai toan con nay, cach giai quyét don gian hon bai toan lap lich job shop
rat nhidu. Trong chuong nay, luan an trinh bay hai bai toan con cia bai toan
1ap lich job shop thuong gip trong thuc tién san xuat va dé xudt mot thuat
toan di truyén v6i ma hoa tu nhién cho chiing.

2.1. Bai toan lap lich flow shop hoan vi

Chung ta xét mét vi du trong thuc tién san xuét trudc khi mé ta hinh
thure bai toan flow shop hoan vi:

Gia str can gia cong n chi tiét Cy, Co,..., C, trén m may My, Ms,..., Mp,
mdi chi tiét déu phai duogc gia cong trén tat ca céac may theo tha tu 1, 2,..., m.
Vén dé dit ra 1 phai tim ra mot trinh tu gia cong cac chi tiét trén cac may sao
cho thot gian hoan thanh ngén nhat. bay 1a mdt vi du thuc tién cho bai toan
1ap lich flow shop hoan vi.

2.1.1. Mo ta bai toan

Bai toan 1ap lich flow shop hoan vi (Permutation Flow shop Scheduling
Problem - PFSP) dugc mo ta mot cach hinh thirc nhu sau:

Cho n cong viéc (Jy, J, ..., Jp) duoc xur Iy trén m may (M, My, ..., Mp,)
va co cac dac trung sau day:

1. Mdi cong viéc Ji (i = 1, ..., n) ¢ m thao tac, thao tac tht j phai dugc
xu ly ¢ trén may M; (j = 1, ..., m). Nhu vay, mot cong viée chi co thé bat dau

dugc xu Iy ¢ trén may M;néu nd dugc hoan thanh viéc xir Iy ¢ trén may M;,

55



va may M; dang rdi. TAt ca cac cong viéc phai duoc xtr Iy mot cach lién tuc tir
khi bt dau cho t6i khi két thuc, khong co khoang thoi gian dimg khi chuyén
tor may nay sang may khac.

2. Trinh ty xt 1y cac cong viéc & trén tat ca cic mdy 1a nhu nhau. Tic
1a, néu mot cong viée c6 tha ty xir 1 th i & trén may M, thi cong viée do
cling ¢6 thir tu xur 1y thir i ¢ trén cac may con lai.

3. Thao tac cua cong viéc J; dugce xu ly ¢ trén may M; dugc ky hiéu la
Ojj va c6 thoi gian xtr 1y cho trude 1a pj;.

4. Khoang thoi gian ké tir khi bat dau xir Iy cac cong viéc cho t6i khi
hoan thanh viéc xtr Iy tit ca cac cong viéc dugc goi 12 makespan cta bai toan
va dugc ky hi¢u 1a Cpay.

Viéc giai quyét PFSP 1a xac dinh mot lich biéu (mot thur ty xir 1y cac
cong viéc ¢ trén mdi may) sao cho makespan 14 nho nhét.

= Mot vi du minh hoa

Vi du, PFSP 5 cong viéc 4 may duoc cho trong bang 2.1. Dit liéu vao
bao gdm tudn tir cong nghé cua cic cong viée va thoi gian xtr 1i mdi cong viée

¢ trén mo1 may.

Bang 2.1 - PFSP 5 cong vi¢c 4 may

J J, Js Js Js
M 5 5 3 6 3
M, 4 4 2 4 4
M 4 4 3 4 1
M. 3 6 3 2 5
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Dé biéu dién truc quan mot 101 giai (lich biéu), nguoi ta thuong dung
biéu d6 Grant. Gia sir r:?mg cac cong viéc duoc 1ap lich theo tht tu xur ly: Ji,
Jo, Ja, Ja, Js, biéu @6 Grant minh hoa lich biéu hoan vi twong tmg nhu dugc

trinh bay trong hinh 2.1 v&i makespan = 34.

J, J3 U Js

J1
M7 TR

Ms Z.

0 '5 10 15 20 '25 '30 35

v

Hinh 2.1 - Biéu dd Grant biéu dién mot 10i giai cia PFSP 5 cong viéc 4
may

2.1.2. Cach tinh thoi gian hoan thanh trong mét lich biéu hosn vi

GOI j]_, j2, j3, j4, j5 la mét hoan Vi cua Jl, Jz, J3, J4, J5 va ijk la thot gian

hoan thanh thao tac thir j cuia cong viéc jy. Ching ta c¢6 cong thirc tinh Cj;, nhu

Sau. |
( ZJ: D, néu j = ja {jx duoc xtr Iy dau tién}
i=1
Ci= < Zk: 0, néuj =1 {cac thao tac duoc xur 1y trén may M}
k
L rﬁlax( Ciai, Cu)t Py, {cac truong hop con lai}

= Do thi khong lién théng ciia mét lich biéu hoan vi

Pé giai thich d& hiéu hon vé cach tinh thoi gian hoan thanh ctia mot

lich biéu hoén vi, chung ta c6 thé dung d6 thi khong lién thong dé biéu dién.
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Hinh 2.2 1a db thi khong lién thong ctiia mot lich biéu hoan vi theo thi
tu xu 1y: Ji, Jo, J3, Js, Js. M3di nit trén d6 thi biéu dién mot thao tac, con sd ghi

trén mdi nut 1a thoi gian xir 1y cla thao tac d6 trén may M;.

=
o1
s
v

)
>
v

v

"] % =% l
M, (3 »( 6 3

® &), »2)

) 4

v

4 »(3

O—®

Hinh 2.3 - Céch tinh thoi gian hoan thanh trong d6 thi khong lién théng

Thoi gian hoan thanh ctia mdi nit trong d6 thi khong lién thong bang
thoi gian xtr Iy ctia nat (con sb trong 6 tron) d6 cong véi max {thoi gian hoan
thanh cta nat ngay bén trai, thoi gian hoan thanh cta nat ngay phia trén}.

Hinh 2.3 minh hoa cho viéc tinh thoi gian hoan thanh cua cac nuat trong dd thi
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khong lién thong (thoi gian hoan thanh ciia mdi nut duge biéu dién béi cac

con s0 phia trén moi nat).

= Canh toi han, dwong téi han

Jq J; J3 Js
5 10 22

M, (5 »(5 ) »(3) @
9 57

v, (@ &
13 28

v, (@ ®

16 :

Js Js

19 22
M, » 6 > 3

23 27
M, (9)

27 28
Ms (4) (4)

29 34
M, > 2 »(5

Hinh 2.5 - D thi canh t&i han
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Mot canh giita nt (j, ji) va nat (§°, ji) duoc goi 1a canh t6i han néu nd
dugc dung dé tinh thoi gian hoan thanh cta nat (j°, ji). Trén hinh 2.4 cac canh
nét lién 1a cac canh t6i han. Néu loai bo cac canh khong phai 1a canh t61 han

trén hinh 2.4, chung ta c6 dd thi chi véi cac canh téi han nhu trong hinh 2.5.

Puong t6i han 1a dudong di tir nat bat dau t6i nat két thic (hinh 2.6).
Tong d6 dai cua dudng t6i han chinh 13 thoi gian hoan thanh tat ca cac cong
viéc ciia mot lich biéu. Nhu vay, d6i véi lich biu Jy, Jp, Js, Ja, Js c6 2 dudng

t6i han khac nhau (dudng bao gdm cac miii tén t6 dam).

I, I, Js
5 19 22
M; (5 » 6 >(§)
9 23 27
M, (D (4 (4)
13 27 28
Y@ (4) (4)
16 29 34
M, (3 »(2) (5

Hinh 2.6 - D6 thi duong toi han

2.1.3. Thuat toan Johnson cho PFSP 2 may va PFSP 3 may

Bai toan 1ap lich flow shop hoan vi 2 mdy va 3 may thoa min mot so
diéu kién nhét dinh, c6 thé 4p dung thuét toan Johnson [41] dugc dé xudt vao
phuong phap ap dung thuat toan Johnson dé tim lich biéu t6i wu thuc su cho

PFSP 2 may va PFSP 3 may c6 han ché diéu kién.
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a. Thuit toan Johnson cho PFSP 2 may

= Phat biéu bai toan

Cho n cong viéc Ji, Jy, ..., Jn, mdi cong viec déu c6 2 cong doan duoc
xtt 1y theo thir tu 1an luot trén 2 may A va B c6 cac dic trung sau:

1. Khong c6 thoi gian ding khi chuyén tir may A sang may B.

2. Tai mot thoi diém, mdi may chi c6 thé xir Iy mot cong viée.

3. Trinh ty xtr Iy cac cong viéc trén 2 may la nhu nhau.

4. Thoi gian cong viéc J; (i =1, ..., n) trén may A la a;, trén may B la b;.

Bai toan dat ra 1a tim mdt trinh tu xtr 1y cdc cong viéc sao cho thoi gian
hoan thanh viéc xtr Iy tit ca cac cong viée trén ca 2 may 13 nho nhat.

Moi qui trinh xir 1y cac cong viéc trén 2 mdy A, B tuong tmg v6i mot
hoan vi 7= (jy, 2, ..., Jn) cia N cdng viéc da cho. Thoi gian hoan thanh viéc xu

Iy tat ca cac cong viée theo qui trinh 7z 1a:
n n
_ (1)
t(z) = kzllxjk - kzllbk

Trong d6, X; 1a thoi gian tir khi may B xtr ly xong cong Viéc ji1 dén
khi may B bat dau xur Iy cong viée ji. Ky hiéu tong thir nhat cua (1) 1a tg().
Vi téng thir 2 1a héng s6 v6i moi 7, viée giai bai toan dugc qui vé tim mot

hoan vi 7530 cho tg(7) 1a nho nhat: min{tg(7): 7 € P}.

May A B

MayB — T I e
y X, X X, X, X;

Hinh 2.7 - Makespan ctia PFSP 2 may
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* Thuét toan Johnson

Bo dé 1: Gia st 7= (ji, -y Jic1, Jko Jkets - Jn) 12 mOt hodn vi, 7' la mot
hoan vi nhan dugc tir 7bang cach do6i chd 2 phan tir ji Va je:
7= 1y ooy Joets Jorts Joo ons Jn)-
Néu min (a;, ’bjm) <min(a; ,b; ) thits(n) <tg(7).
Bo6 dé 2: Néup, g, r 1a 3 chi sb thoa mén:

min(ap,bq)gmin(aq,bp), min(aq,bIr )Smin(ar,bq),vé
néu aq # by thi min(ap,br)gmin (a,,b,).

Tir bo dé 1 va bd dé 2, dinh ly Johnson duoc phat biéu nhu sau:

Pinh Iy Johnson: tz(7) dat gia tri nho nhat khi hoan vi 7= (j1, ja, ..., jn)
théa man: min (@; ,b; )< min(@; ,b; ) véimoik=12, ..,n-1.

* Vidu minh hoa

Xét PFSP 4 cong viéc 2 may, thoi gian xir Iy cac cong viée trén mdi

may dugc cho trong bang 2.2.

Bang 2.2 - PFSP 4 cong vi¢c 2 may

J1 Js Js Ja
A 1 5 3 4
B 2 3 2 5

Thuat toan Johnson trong thuc té dugc tién hanh theo cac budc sau:

Budc 1: Chon s6 nho nhat trong bang 2.2, néu s6 d6 thudc hang may A

thi cong viéc twong Gng duoc 1ap lich xt 1y dau tién. Néu s6 d6 thudc hang
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may B thi cong viéc twong ung dugc 1ap lich xir 1y sau cung.
Budc 2: Xo6a cdt tuong tng véi cong viee vira dugce 1ap lich.

Budc 3: Néu moi cong viéc da duoc 1ap lich thi dung, hoan vi thu dugc

/4
.....

Chu y: Trong truong hop ¢6 hon mét gia tri nho nhat, chung ta c6 thé
chon mdt s6 bat ky trong cac s6 nhod nhét do.
Tro lai bai toan dang duoc xét:

+ Trong bang 2.2 s6 nhé nhat 1a 1 ndm trén hang may A, vi vdy cong

viée J; duogc 1ap lich dau tién.

+ Xdba cot J; trong bang 1 ching ta duogc bang 2.3:

Bang 2.3 - Cac cong vi¢c chua dugc lap lich

Js Js Ja
A 3) 3 4
B 3 2 5

+ Trong bang 2.3, s6 nho nhat 1a 2 ndm trén hang may B, vi vay cong

viéc J3 duoc 1ap lich sau cung (vi tri thir 4).

Bang 2.4 - Cac cong viéc chua dugc lap lich

J; Ja
A 3) 4
B 3 S
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+ Xda cdt J; trong bang 2.3 chung ta dugc bang 2.4.

+ Trong bang 2.4, sé nho nhat 1a 3 ndm trén hang may B, vi vy cong

viéc J, dugc 1ap lich sau cung trong s6 céac vi tri con lai (vi tri tha 3).

+ Xdba cdt J; trong bang 2.4 chung ta c6 bang 2.5:

Béang 2.5 - Cac cong viéc chua dugc lap lich

Ja
A 4
B 5

Cong viéc Jq duogc lap lich vao vi tri con lai (vi tri thir 2).
Chuing ta ¢6 hoan vi thu duogc 1a mot lich biéu toi wu sau: J, Ja, Jo, Ja.

Biéu d6 Grant va thoi gian hoan thanh cua lich biéu tbi wu trén duoc

trinh bay trong hinh 2.8.

May A RS b
May B Y BT

v

0 3) 10 15

Hinh 2.8 - Biéu d6 Grant cuta lich biéu tdi vu bai toan 2 may

Nhu vay, thoi gian ngin nhat dé hoan thanh viéc xur 1y 4 cong viéc trén

2 mdy cua bai toan da cho 1a 15 don vi thot gian.

b. Thuéat toan Johnson cho PFSP 3 may

= Phat biéu bai toan
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Cho n cong viéc Jy, J, ..., Jn, mOi cOng viéc déu cd 3 cong doan dugc

xtt 1y theo thir ty 1an luot trén 3 may A, B va C co cac dic trung sau:
1. Khong c6 thoi gian dirng khi chuyén tir may nay sang may Kkia.
2. Tai mot thoi diém, mdi may chi co thé xu 1y mdt cong vige.
3. Trinh ty xtr Iy cac cong viéc trén 3 may la nhu nhau.

4. Thoi gian cong viée J; (1 =1, ..., n) trén may A la a;, trén may B la b;

va trén may C la c;.

Bai toan dit ra 1a tim mot trinh ty xur 1y cac cong viéc sao cho thoi gian

hoan thanh viéc xir 1y tat ca cac cong viéc trén ca 3 may la nho nhat.

Thuat toan Johnson ap dung dugc cho PFSP 3 may néu nhu mot trong

2 diéu kién hodc ca 2 diéu kién sau day théa man:
1) max b; < min a; 2) max b; < min ¢; (2)

Thuét toan Johnson dp dung cho PFSP 3 may thoa man rang budc (2)

nhu sau:
Bude 1: Lap 2 may gia 1a G va H véi thoi gian xur 1y cong viée J; trén
may G la a; + b; va trén may H lab; + c;.

Budc 2: Ap dung thuat toan Johnson tim lich biéu tdi wu trén 2 may G
va H. Lich biéu tbi vu thu duogc cling chinh 1a lich biéu toi wu trén 3 may A, B,

va C.
* Vidu minh hoa

Xét PFSP 5 cong viéc 3 may, thoi gian xtr 1y cic cong viéc trén mdi

may duogc cho trong bang 2.6.
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Bang 2.6 - PFSP 5 cong viéc 3 may

Ji J, Js Js Js
A 4 6 5 4 5
B 2 3 4 2 4
C 3 1 2 4 5

T bang 2.6, chung ta théy min a; = 4, max b; = 4, min ¢; = 1, rang budc
(2) thoa man (max b; < min a;). Ap dung thuét toan Johnson cho bai toan 3

may bang cach xay dung 2 may gia G va H nhu trong bang 2.7.

Bang 2.7 - Thoi gian xtr 1y cac cong viée trén 2 may G va H

J]_ Jz Jg J4 J5
G 6 9 9 6 9
H 5 4 6 6 9

Ap dung thuat toan Johnson cho PFSP 2 may, ching ta thu duoc lich
biéu t6i wu trén 2 may G va H sau: Js, Js, Js, J1, Jo. Py ciing chinh 1a lich
biéu t6i uu trén 3 may that A, B, va C. Biéu d6 Grant va thoi gian hoan thanh

ctia lich biéu t6i uu trén duogc trinh bay trong hinh 2.9.

J4 J5 \]3 Jl ‘JZ

I s
| LTRSS

IO T T T | I5 I I I | ]-IO I I I | 1I5I I I | 2IOI I I ! 2|5| ! I=

Hinh 2.9 - Biéu dd Grant cta lich biéu tbi vu bai toan 3 may

66



Nhu vay, thoi gian ngin nhat dé hoan thanh viéc xir Iy 5 cong viée trén

3 may cua bai todn da cho la 28 don vi thoi gian.

2.1.4. Mt thuit toan di truyén ma héa tw nhién cho bai toan lap lich flow

shop hoan vi téng quét

Thuét toan Johnson chi 4p dung dugc cho cac PFSP 2 mdy hodc 3 may
thoa man rang budc (2). Nhu vay, vdi cac PFSP tong quat khong thé giai
dugc bang thuét toan Johnson [41]. Pdi v6i cac bai toan ndy, chung ta phai
ding cac phuong phap gan dung dé giai quyét chung, mot trong sd céc
phuong phap gan ding dugc ap dung c6 hiéu qua nhat cho PFSP tong quat 1a
thuat toan di truyén. Trong muc nay luin an dé xuat mot thudt toan di truyén

mai ap dung cho PFSP.

= Ma hoa loi giai

Bang 2.8 - Mi hoa 10i giai theo s ty nhién

Cong viéc Ma héa thao tac
Ji 1 2 3 4 5
Js 6 7 8 9 10
J3 11 12 13 14 15
Js 16 17 18 19 20

Véi PFSP n cong viéc m may, tong sd cac thao tac can phai duoc xtr Iy
trong mdt qui trinh 1a | = n'm. Chdng ta m& hoa | thao tac can dugc xur 1y theo

sO tu nhién nhu sau:
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Danh sb cac thao tac ctia cong viée J; tir 1 dén m, ctia cong viée J, tir m
+ 1 dén 2m, ..., cua cong viéc J, tir (n - 1)m + 1 dén n'm. Nhu vay, mot 1oi
giai s& 12 mot hoan vi nao do6 cua day sé tu nhién {1, 2, ..., I}. Tuy nhién, chi
nhitg hoan vi tudn thu tht tu thao tac cua tat ca cac cong viéc méi 1a 101 giai
cta bai toan.

Vi duy, bai toan 4 cong viéc 5 may, cac thao tdc s€ dugc ma hoa nhu
trong bang 2.8. Mot 10i giai hop 1¢ ciia bai toan c6 thé duoc biéu dién dudi
dang mot vecto ma cac phén ttr 14 mot hodn vi cia cac sb tu nhién trong bang

2.8 nhu sau:

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

5|6 |7 |8 (9 (10|11|12|1 |2 |3 |4 |17|18|19|20|13 |14 |15 16

N J Ny AN %
U - Y ~ N - Y ~ N
J3 J1 Js Ja

Hinh 2.10 - M6t 1o giai hop 1¢ cho PFSP 4 cong viéc 5 may

* Ham danh gia dj thich nghi
Ham danh gia do thich nghi cua mdi 156i gidi duoc ky hiéu 1a fitness
dugc xay dung theo cong thirc sau:
fitness = M - g(v)

Trong d6, g(v) 1a thoi gian hoan thanh cta mdi 10 giai v, M 13 tham s6
duong duogc dua vao sao cho M - g(v) > 0 v&i moi v. Bai toan tim min dugc
chuyén ddi thanh bai toan tim max dé tién nghién ctru hon. Nhu vay, nhiém
vu cta bai toan 13 phai tim mot lich biéu v sao cho fitness = M - g(v) dat gia

tri 16n nhat (twong duong v4i g(v) nho nhat).

68



= Khéi tao tap 10i giai ban diu

Pé khoi tao pop_size (pop_size 14 ¢& quan thé) 15i giai cho thé hé dau

tién, chung ta tién hanh theo cac budc sau:
Budc 1:

+ Xay dyng mot mang mot chiéu n_job[1..n] dé luu s thao tac cia mdi
cong viée da duoc 1ap lich. Mang nay gébm n phan tir twong Gmg véi n cong

vige, ban dau cac gia tri cua cac phan tr cia mang nay déu bang 0.

+ Xay dung mdét danh sich d luu cac cong viéc chua dugc lap lich

xong. Ban dau d gdm n phan tir (twong tmg véi n cong viée).
Budc 2:
Liap lai qui trinh sau cho dén khi d = &.

1. Chon ngiu nhién mot sb ty nhién 1a mot phan tr cua d (chon mot

cong viéc dé lap lich).
Vi du, s6 ngﬁu nhién 1 2, tirc 13 J, duwoc chon dé 1ap lich.
2. Lap lich cho tAt ca céc thao tac cla cong viéc vira dugc chon.
3. X6a cong viéc nay khoi danh sach d. Quay 1én budc 1.
= Cac toan tir di truyén
Toan tir chon loc

Toan tt chon loc nham muc dich chon céac 1oi giai tdt cho thé hé sau
dua trén gia tri cua ham thich nghi. Vé co ban, co ché hoat dong cua toan tir
nay tuong tu nhu toan tir chon loc trong thuat toan di truyén co dién da trinh
bay ¢ chuong 1. Tirc 13 chon loc mét cach ngiu nhién theo nguyén tic banh

xe X0 sO.
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Toan tir djt bién

Toan tir dt bién thuc hién trén mét ca thé cha, sd cac ca thé cha duoc
chon dé dot bién theo mot ty 1¢ nhét dinh tuy thudc vao xac suit dot bién Pm.
Phép dot bién duoc tién hanh theo cac budc sau:

1. Chon ngiu nhién mét thao tac (ky hiéu 1 opel) trong cé thé cha. Xac
dinh cong viéc chira thao tac do (ky hi¢u 1a jobl) va vi tri cta thao tac do6 (ky
hiu la posl).

2. Chon ngiu nhién mot thao tac (ope2) trong ca thé cha. Xac dinh
cong viéc chura thao tac d6 (job2) va vi tri cua thao tac d6 (pos2).

3. Néu jobl # job2 thi tién hanh dot bién bang cach chén cac thao tac
ctia jobl vao vi tri cac thao tac cua job2 (hodc hoan d6i vi tri ctia chiing cho
nhau), chung ta dugc ca thé con. Viéc chén sé& xay ra 2 truong hop sau day:

- Truong hop 1: posl > pos2, don cé4c thao tac cua job2 sang phai m vi
tri dé 1ay chd cho cac thao tac cia jobl.

- Trudng hop 2: posl < pos2, don céc thao tac cua job2 sang trai m vi
tri dé lay chd cho cac thao tac cua jobl.

Vi du, c4 thé cha duoc chon dé dot bién nhu hinh 2.11:

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

5|6 |7|8]9|10|11 12|12 |3 |4 |17|18|19|20|13 |14 15|16

- ~ J Y_A_/\ ~ ) Y_A_/ ~ >
J2 J3 Ji Js Ja
ope2 opel

Hinh 2.11 - C4 thé cha

+ Chang han, opel = 19 — jobl = Js va pos1 = 15, ope2 = 11 — job2 =
Jzvapos2=7.
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+ jobl # job2 va posl > pos2 — chén cac thao tac ctia Js vao vi tri cac
thao tac ctia J; (don cac thao tic cia J; sang phai 4 vi tr), ching ta dugc ca

thé con sau dot bién nhu trong hinh 2.12.

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

5 |6 (7 |8 (17|18 (19|20 9 |10 11|12 | 1| 2|3 |4 |13 |14|15|16

- ) - AN /
- J - /) ~~ ~—

J2 J5 J3 Jl J4
Hinh 2.12 - C4 thé con sau phép dot bién

Toan tw trao doi chéo

Toan tir trao d6i chéo dugc thuc hién trén 2 ¢4 thé cha. Céc gien trong
ca thé con duogc két hop tir cac gien trong 2 ca thé cha theo mot qui ludt nao

d6. Toan tir lai ghép dugce tién hanh theo cac budc sau:

1. Tung ngau nhién dong xu, néu két qua 1a mit sap (twong Gmg véi 1)
thi chon cong viéc tir cha thir 2 dua vao ca thé con. Nguogc lai chon tir cha thir
nhat. Viéc tung dong xu dugc ti€n hanh n lan twong tng véi N cong vige.

Viéc chon cac cong viée tir mdi cac ca thé cha dua vao cé thé con duogc
thuc hién nhu sau: Chang ta ki€m tra ca thé cha tu trai sang phai, néu gap
cong viéc chua co trong ca thé con thi chon dé dua vao ca thé con. Tién trinh
két thuc khi s6 cong viéc trong ca thé con la n.

2. Tur day céac cong vi¢c vira dugce chon cho cé thé con, chung ta chuyén
thanh mot diy bao gdom tap cac thao tic ciia mdi cong viéc dé co duoc cé the

con thuc su ¢c6 ma hoa cac thao tac la cac so tu nhién.

Vi du, hai ca thé cha dugc chon dé lai ghép nhu trong hinh 2.13.
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1 2 3 4 5 6 7 8 9 10 11 12 13 15 15 16 17 18 19 20

5 |6 (7 (8 (9 |10|11|12|1 |2 |3 (4 |[17|18|19|20 |13 |14 15|16
parentl

1 2 3 4 5 6 7 8 9 10 11 12 13 15 15 16 17 18 19 20

13|14 |15|16 |5 (6 |7 |8 |9 |10|11(12|1 (2 |3 |4 |17|18|19 |20

parent2

Hinh 2.13 - Cac c4 thé cha tham gia trao d6i chéo

Gia str, cac két qua tung déng xu 1a: 0, 0, 1, 0, 1. Khi d6 c4 thé con c6

cac cong viéc dugc chon tir parentl va parent2 1a: J,, J; (tur parentl), Jy (tur

parent2), J; (tir parentl) va Js (tir parent2). Ca thé con sau lai ghép nhu duoc

biéu dién trong hinh 2.14,

1 2 3 4 5 6 7 8 9 10 11 12 13 15 15 16 17

18 19 20

S |6 (7 |8 |9 (10|11 |12 13|14 |15(16|1 |2 [3 |4 |1/

18

19

20

Hinh 2.14 - C4 thé con sau phép trao d6i chéo

= Thii tuc tién héa

Thu tyc tién hoa cho bai toan 1ap lich flow shop hoan vi duoc dic ta

van tat nhu sau:

Procedure GA_PFSP
Begin
t—20
Khoi tao P(t)
Danh gia P(t)
While ( not diéu kién dirng ) do
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Begin
Xay dung tap loi gidi trung gian P'(1):
+ Ap dung todn tir dot bién véi P(t) dwge Pi(t)
+ Ap dung todn tir trao déi chéo véi P(t) dwrge Pa(t)
+ P'(t) = P(t) U P4(t) UPy(t)
Danh gia P'(t)
t—t+1
Ap dung todn tir chon loc véi P'(t-1) dwoc P(t)
End
End

2.1.5. Cac két qua thir nghiém

Duya trén phuong phap duogc dé nghi, luan an da cai dat mot chuong
trinh giai gan dung cho bai toan lap lich flow shop hoan vi véi thoi gian xir 1y
clia tat ca cac thao tac déu duong. Chuong trinh da duogc chay thir nghiém trén
cac bai toan test di biét trudc két qua toi wu. Véi cac bai toan test ¢ khong
16n, s céac 1an chay dat duoc két qua t6i vu thyuc su. Két qua chay thir nghiém

dugc théng ké trong bang 2.9.

Bang 2.9 - Két qua chay thir nghiém

Baitoan | Cgloi | S6 thé , e . ,pm . | Kétqua | Téiuu
(m x n) giai hé )Iélailcg?l%?)t ii(gf bsi%it chay thuc su
3x5 20 100 0.5 0.5 28 28
4 x5 20 100 0.5 0.5 32 32
3x5 20 100 0.5 0.5 49 49
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2.2. Bai toan lap lich flow shop

Bai toan lap lich flow shop (flow shop scheduling problem - FSP) cling
la bai todn con ciia JSP nhung 1a trudng hop tong quéat hon bai toan lap lich
flow shop hoan vi. Déi voi bai toan ndy, tudn ti cong nghé cua tt ca cac cong
viéc 1a nhu nhau, nhung ther tu xir 1y cac cong viéc ¢ trén mdi may co thé

khac nhau.
2.2.1. Mo ta bai toan

Bai toan 1ap lich flow shop (FSP) 1a bai toan c6 n cong viéc (Jy, Jo, ...,

Jn) dugc xr 1y trén m may (M, M,, ..., My,) va c6 cac dac trung sau day:

1. Mdi cong viéc J; (i = 1, ..., n) ¢ m thao tac, thao tac tht j phai dugc
xu ly ¢ trén may M; (j = 1, ..., m). Nhu vay, mot cong vi¢c chi co thé bat dau
dugc xu ly ¢ trén may M; néu n6 duoc hoan thanh viéc xur Iy & trén may M i1
va may M, dang ri.

2. Trinh tu xtr Iy cac cong viéc & trén cac may co6 thé khac nhau (day 1a
dac trung khac biét cua FSP véi PFSP).

3. Thao tac cua cong viéc J; dugce xu ly ¢ trén may M; dugc ky hiéu la
Ojj va co thot gian xtr 1y cho trude 1a p;j. Thoi gian hoan thanh thao tac Oj;
dugc tinh tuong ty nhu ddi véi bai toan flow shop hoan vi.

4. Khoang thoi gian ké tir khi bat dau xir Iy cac cong viée cho téi khi
hoan thanh vi¢c xu ly tat ca cac cong viéc dugc goi la makespan cua bai toan
va dugc ky hi¢u 1a Cpay.

Viéc giai quyét FSP 1a xac dinh mot lich biéu (thér tu xtr 1y cac cong
viéc & trén mdi may) sao cho makespan 13 nho nhat c6 thé.

Conway, Maxwell va Miller [16] da chimg minh rang dbi véi moi bai

toan lap lich flow shop, ludn ton tai mot lich biéu ti vu ma thi tu xir 1y cac
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cong viéc ¢ trén 2 may dau va 2 may cudi 1a nhu nhau. Diéu ndy c6 nghia 1a
v6i cac bai toan 1ap lich flow shop chi c6 2 hoac 3 may thi luén tdn tai mot
lich biéu t6i wu hoan vi. Nhung v6i cac FSP 4 may trd 1én thi diéu d6 khong
con dugce dam bao nita. Dé xac nhan diéu do, chung ta co thé xem xét vi du
sau day:

Cho bai toan flow shop 4 may, 2 cong viéc va c6 thoi gian xir 1y cac
cong viéc & trén moi may nhu trong bang 2.10. Lich biéu flow shop t6i uu co
thoi gian hoan thanh 1a 12, trong khi lich biéu flow shop hoan vi t6i uu c6 thoi

gian hoan thanh la 14.

Bang 2.10 - FSP 4 may 2 cong vi¢c

Ml MZ M3 M4
Ji 4 1 1 4
Js 1 4 4 1

Trong truong hop tong quat, ky hiéu @(m) 1a ty sd giita makespan cua
lich biéu hoan vi t6t nhat va makespan cta lich biéu flow shop tét nhat, & day
m 1a sé may. Réck va Schmidt [59] da chimg minh duge ring: @(m) <[m/2],
con Shmoys va Williamson va nhitng nguoi khac [75] da chiimg minh dugc

rang: @(m) >[ Vm + 1/21/ 2. Ty s6 chinh xéc cho t&i nay van chua tim duoc.

2.2.2. Mot thuit toan di truyén mé hoéa tw nhién cho bai toan lap lich flow
shop tong quat

= Ma hoa loi giai

Dbi v6i FSP n cong viée, m may, tong sd cac thao tic can phai thuc
hién trong mot qui trinh 14 | = n'm. Chiing ta danh sé céac thao tac cia cong

viec Jitr 1 dénm, cua J, to m+ 1 dén 2m, ..., cia J, tr (n-1)m + 1 dén

75



n-m. Mot 1oi giai hop 1¢ cho bai toan 12 mot ddy bao gdm hoan vi cua n thao
tac dau tién, tiép theo 14 hoan vi cua n thao tac thit hai,..., cudi cung 1a hoan vi

cua n thao tac tha m.

Bang 2.11 - M4 hoa 101 giai theo sb tu nhién

Cong viéc Ma hoa thao tac
J1 1 2 3
J> 4 5 6
J3 7 8 9
J4 10 11 12
Js 13 14 15

Vi du, bai toan 5 cong viéc, 3 mdy. Cac thao tdc dugc ma hod bang so

tu nhién nhu bang 2.11, mot 1oi giai hop 18 ¢ thé c6 dang nhu hinh 2.15:

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
1 (10 (13|74 112 (14,8 512,15 3 |9 | 6

— 7 7
Y N~ ~" — YT

M2 M3

Hinh 2.15 - M6t 101 giai hop 1¢ cho FSP 3 may x 5 cong viéc

= Xay dung ham thich nghi
Ham danh gia do thich nghi cua mdi 15i gidi duge ky hiéu 1a fitness
duoc xay dung tuong tu nhu trong truong hop PFSP:

fitness = M - g(v)
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= Khéi tao tap 10i giai ban diu

Pé khoi tao mot 101 giai cho thé hé dau P(0), chung ta tién hanh theo

cac budc sau:
Buoc 1:

+ Xay dyng mdt mang n_job[1..n]. Mang ndy gém c6 n phan tir, twong
mg véi n cong viée. n_job[i] luu s6 thao tac cta cong viée J; da duoc 1ap lich.

Ban dau cac gia tri cia mang nay déu bang 0.

+ Xay dung mdét danh sich d luu cac cong viéc chua dugc lap lich

xong. Ban dau mang d gdm n phan tir (twong Gng véi n cong viée).
Budc 2:
Lip lai qua trinh sau cho dén khi d khong con phan tir nio:

1. Chon ngau nhién mot phan tir trong d (chon mdt cong viée dé lap

lich). Vidu: job =ramdom(n) + 1 =2 — J, dugc chon dé 1ap lich.
2. Lap lich cho cho thao tac tiép theo ctia cong viéc vira dugc chon:
- Cong viéc dugc lap lich 1a job.

- Thao tac duoc 1ap lich 1a: n_job[job], (ban dau n_job[job] = 0, mdi
1an job dugc chon, n_job[job] ting thém 1).

- Xac dinh ma cua thao tac vura 1ap lich: ope = n_job[job] + (job-1)m.

- Xé4c dinh may thuc hién thao tac vira dugc 1ap lich nhu sau: Léy ma
ctia thao tac chia cho m, néu khong du thi thuong s6 chinh méy thuc hién thao

tac d6, néu c6 du thi may thuc hién thao tac d6 bang thuong sé cong 1.
- Tang s6 thao tac duoc 1ap lich trén may do6 1én 1.

3. Xo4 cong viéc nay trong danh séch d néu n_job[job] = m.
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Qui trinh trén duoc lip lai pop_size (c& quan thé) lan.
= Cac toan tir di truyén
Toan tir chon lgc

Co ché hoat dong cua toan tir nay tuong tu nhu toan tur chon loc trong
thuat toan di truyén cd dién da trinh bay ¢ chuong 1. Tuc la chon loc mot
cach ngau nhién theo nguyén tic banh xe x6 s6.

Toan tir ddt bién

Toan tir dot bién duoc tién hanh theo cac bude sau:

1. Chon ngau nhién mot thao tac (ky hiéu 1a opel) trong ca thé cha. Xac
dinh may thuc hién thao tic do (ky hi¢u 1a Mgpe) va vi tri cua thao tac do
trong loi giai (ky hiéu la posl).

2. Chon ngiu nhién mot thao tac (ope2) trong ca thé cha. Xac dinh may
thuc hién thao tdc d6 (Mope2) va vi tri cua thao tac do trong 101 gidi (pos2).

3. Néu Mgper = Mgpep thi tién hanh dot bién (chén thao tic opel vao vi tri
pos2 hay hoan d6i vi tri cta hai thao tac). Két qua cho chung ta ca thé con.

Trong truong hop Mgper # Mope thi ca thé cha dugc gilt nguyén.

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

1,10 (13| 7 | 4 |11 2 (14| 8 | 5|12 |15 3 | 9 | 6

I

ope2 opel

Hinh 2.16 - C4 thé cha cho phép dot bién

Vi du, ca thé cha duoc chon dé dot bién biéu dién trong hinh 2.16.

+ Chang han, budc 1 chon dugc opel = 2 — Mgper = 2 va posl = 7.

78




+ Budc 2 chon dugc ope2 = 11— Mgpe; = 2 Va pos2 = 6.

+ Moper = Mopez, tién hanh dot bién (chén thao tac 2 vao vi tri 6), chiing

ta co ca thé con sau khi dot bién nhu dugc biéu dién trong hinh 2.17.

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
1 (10|13 |7 | 4|2 |11 |14 | 8 | 5 12|15 3 | 9 | 6

Hinh 2.17 - C4 thé con sau phép dot bién
Toan tir lai ghép

Toan tir lai ghép dugc thuc hién trén 2 ca thé cha (ky hiéu 1a parentl va
parent2). Cac gien trong c4 thé con s& duoc tai két hop tir cAc gien trong 2 ca

thé cha. Toan tir lai ghép dugc tién hanh theo cac budc sau:
1. Chon ngau nhién mdt may trong sé6 m may: mach = random(m) + 1.
2. Xac dinh vi trf trao d6i chéo: pos = (mach - 1)n + 1.

Vi dy, cac thé cha dugc chon lai ghép dugc biéu dién trong hinh 2.18.

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Parentl | 1 (10 /13| 7 4 |5 (14118 |2 |6 |15/12|9 | 3

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Parent2 | 4 |13|10| 7 | 1|2 |11/14|8 | 512|153 |9 | 6

Hinh 2.18 - Cac c4 thé cha tham gia trao d6i chéo
+ Gia str, két qua 14y ngdu nhién 1 2. Khi dé6 pos=1.5+1=6.

+ Thuc hién phép lai ghép hai ca thé cha tai vi tri 6, chung ta dugc hai
c4 thé con sau khi lai ghép nhu trong hinh 2.19.
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Child1l

Child2

= Thii tuc tién héa

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
111013 412111114/ 8|5 (12|/15/3 |9 | 6
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
4 113|/10 7 |1 | 5|14(11, 8|2 |6 15|12 9 |3

Hinh 2.19 - Ca thé con sau phép trao d6i chéo

Thi tuc tién hoa cho bai toan lap lich flow shop tuong tu nhu trong

truong hop PFSP.

2.2.3. Cac két qua thir nghiém

Bang 2.12 - Két qua chay thir nghiém

Baitoan | cyloi | Séthé | e . ,p”’ . | Kétqua | Téiwu
(m x n) giai hé ﬁ?cg?]‘é;t g(gf bsi%Erllt chay | thuc su
3x5 20 100 0.5 0.5 28 28
4x5 20 100 0.5 0.5 32 32
5 x 10 50 200 0.5 0.5 789 789

Dua trén phuong phap duoc dé nghi, luin an da cai dit mot chuong trinh

giai gan diing cho bai toan lap lich flow shop véi thoi gian xir 1y cta tat ca cac

thao tac déu duong. Chuong trinh da duoc chay thir nghiém trén cac bai toan

test da biét trudc két qua tdi wu. Véi cac bai toan test ¢ khong 16n, két qua

chay dat t6i vu thuc su.
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2.3. Két luan

Chuong 2 da trinh bay vé bai toan flow shop hoan vi va flow shop. Céc
bai toan lap lich nay chi c6 thé ap dung cac tiép can hiéu suat cao cho truong
hop 2 may va 3 may co rang budc diéu kién dung thuat toan Johnson [41].
Pbi voi cac truong hop con lai ctia bai toan, chi c6 thé ap dung cac tiép can
gan ding dé giai quyét chung. Trong chuong ndy, ludn 4n da dé xuat mot
phuong phap dung thuit toan di truyén ma hoa tu nhién dé giai quyét 2 bai
toan nay trong truong hop tong quat. Thuat toan dé xuat di duoc cai dat va
chay kiém tra trén cc bai toan test da biét trudc két qua tbi vu cho két qua
t6t. Trén co s& nghién ctru va dé ra giai phap cho 2 bai toan nay, chuong tiép
theo cuia luan an s& mo rong cho bai toan 1ap lich tong quat va phic tap nhat

doé 1a bai toan 18p lich job shop.
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CHUONG 3. MOT THUAT TOAN DI TRUYEN LAI MOI CHO BAI
TOAN LAP LICH JOB SHOP

Bai toan lap lich job shop (JSP) c6 nhiéu kha ning duoc dé xuit va
nghién ctru 1an dau tién bai Akers va Fiedman [4]. Trong cac tai liéu cua Lién
X0 cii, JSP thuong duoc goi 1a bai toan Akers-Friedman hay bai toan AF. JSP
thudc 16p NP-hard va néi tiéng 1a mot trong nhiing bai toan tdi wu to hop khé
tinh toan nhat dugc biét cho tdi nay. Trong cac bai toan vé 1ap lich, JSP 1 bai
toan dugc nghién ciru nhiéu nhat va 1a mot mo hinh phat trién tot nhat vé 1y
thuyét 1ap lich. N6 dugc xem nhu la mdt co s& dé kiém tra, so sanh céc ky
thuat giai khac nhau, cac ky thuat cli va moi,... Ngoai ra, JSP con dugc thuc
day manh mé béi cac nhu cau thuc tién. Trong chuong 1, luan 4n da trinh bay
tong quan vé cac k¥ thuat khac nhau duoc ap dung cho JSP. Trong chuong

nay, luin an dé xuat mot thudt toan di truyén lai méi cho JSP.
3.1. Céc lich biéu tich cwe va ban tich cuc

B. Giffler va Thompson [28], dd dwa ra két luan: "Khong can thiét phai
tim kiém mot lich biéu t6i wu trong toan bd khong gian céc lich biéu ma chi
can tim kiém trong mot tap con cac lich biéu kha thi”. Cac lich biéu kha thi
nay con dugc goi 1a tap cac lich biéu tich cuc. Theo B. Giffler va Thompson,
khong gian céc lich biéu bao gém 3 16p: Céc lich biéu khong tich cuc, céc lich
biéu ban tich cuc va cac lich biéu tich cuc. Trong do, tap cac lich biéu tich
cuc 1a nhd nhat va mét lich biéu t6i vu ludn 1a mot lich biéu tich cuc. Dua
trén két luan hét strc quan trong ndy, ching ta c6 thé giéi han khéng gian tim

.....

thu gon khong gian tim kiém va giam thoi gian trong qué trinh tim kiém ma

/4
.....

van dam bao hudng té1 dugce 101 giai toi uu.
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Céc lich biéu khong tich cuc

Céc lich biéu ban tich cuc

Cac lich biéu tich cuc

Hinh 3.1 - Céc 16p lich biéu

Dinh nghia 1: Mot lich biéu duoc goi la ban tich cuc khi khong thao
tac ndo trong lich biéu d6 c6 thé duoc bat ddu sém hon ma khong thay doi thi
tu xu ly céac thao tadc ¢ trén mdt may nao do.

Dinh nghia 2: Mot lich biéu dugc goi 1a tich cuc khi khong thao tac
nao trong lich biéu dé c6 thé dugc bat ddu sém hon ma khong pha v& cac
rang budc di trude cua mot s6 thao tac nao do.

= Mot vi du minh hoa

Bang 3.1 - JSP 3 cong viéc, 3 may

C\:;?g(? May (thoi gian xtr ly)
1 1(4) 2 (4) 3(4)
2 1(3) 3(4) 2 (5)
3 2 (4) 1G3) e
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Pé minh hoa vé cac 16p lich biéu, trd lai vi du vé JSP 3 x 3 da duoc
trinh bay trong muc 1.1 ctia chuong 1 (vi du nay ludn an tham khdo trong
[77]). Bang 3.1 c6 thé duogc thay béi mot ma tran tudn tu cong nghé {Ty} va

mot ma tran thoi gian xu ly {pi} nhu sau:

123 4.4 4
{Tu}=1{132 Pt = |3 45
213 4 32

Hinh 3.2 13 biéu d6 Grant biéu dién mot 1oi giai cho JSP 3 x 3 dugc cho
trong bang 3.1. Lich biéu nay khong tich cuc vi thao tac Os; co thé duoc bat
dau xtr Iy som hon ma khong can thay d6i thtr ty xur 1y ctia bat ky thao tac nao

trong lich biéu.

R R s

Hinh 3.3 - M6t lich biéu ban tich cuc
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Lich biéu trong hinh 3.2 s€ tr¢ thanh ban tich cuc néu thao tac
O3, duoc bit dau tai thoi diém don vi thoi gian 5 va cac thao tac con lai

ciing tinh tién theo nhu trong hinh 3.3.

...... ]

M o e

...... [
....... [

M; O 5

6 8 10 12

14 16 = 18

Hinh 3.4 - M6t lich biéu tich cuc

Lich biéu trong hinh 3.3 s& tré thanh lich biéu tich cuc néu thuc hién
mot phép dich trai doi véi thao tac Oy, theo chiéu mili tén (Oy, duge 1ap lich
ngay sau thao tdc Osp) va cac thao tac lién quan cling dugc lap lich lai nhu
trong hinh 3.4.

3.2. Thuat toan GT

Tap luat vu tién do Giffler va Thompson [28] dé nghi con dugc goi
ngén gon la thuat toan GT. Thuat toan GT la mot trong cac cong trinh sdém
nhét vé cac luat vu tién, thuat toan nay rat quan trong va duogc st dung rong
rai trong lap lich. Méc du da duogc dé xuit nhiéu nim nay, thuat toan GT van
dugc xem nhu 14 nén tang cho céc luat wu tién khac. TAm quan trong cta nd
xuat phat tir thuc té d6 1a n6 sinh ra cac lich biéu tich cuc. Trude khi trinh bay
thuat toan GT, luan an trinh bay dinh nghia mot s6 khai niém duoc st dung

trong thuit toan nay.

1. Mot thao tac O néu khong phai 1a thao tac dugc 1ap lich dau tién trén

mot may déu c6 2 thao tac di trude truc tiép:
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+ Thao tac di trude cung cong viéc dugce ky hiéu boi PJ(O) la thao tac
dugc 1ap lich ngay trudc thao tac O trong tudn ty cong nghé.

+ Thao t&c di trudc cung may dugce ky hiéu boi PM(O) 1a thao tac duoc
1ap lich gan day nhét trén may do, hay thao tac véi thdi gian hoan thanh 16n
nhat trong sd tat ca c4c thao tac da duoc lap lich ¢ trén ciing mot may véi O.

2. Mot thao tac O chua duoc 1ap lich dugce goi 13 ¢6 thé duoge lap lich
khi ca thao tac di trude cing cong viée va di trude cing may (néu ching ton
tai) déu da duogc 1ap lich. Tap tat ca cac thao tac co thé duoc 1ap lich duoc ky
hi¢u la G.

3. Thoi gian c6 the bt ddu sém nhat cia thao tic O dugce ky hiéu 1a
ES(O) va thoi gian ¢6 thé hoan thanh sém nhét cua thao tac O duoc ky hiéu 1a
EC(O) duoc xac dinh nhu sau:

ES(O) = max{c(PJ(O)), c(PM(0O))} va EC(O) = ES(O) + p(O).

Trong d6, ¢(PJ(O)) va c(PM(0O)) la thoi gian hoan thanh ctia hai thao
tac di trude trén cung cong viée va trén cung may cua thao tac O.

4. Thao tac c6 thé hoan thanh sém nhat O+ trong G; v61 may M;, la mot
thao tic ma thoi gian c6 thé hoan thanh sém nhat ctia né EC(O-j) 1a nhé nhat
trong s cac thao tac trong G;:

EC(O+) = min {EC(O) / O € G;j}. (1)

5. Cho mot thao tac c6 thé hoan thanh sém nhat O va néu co k - 1
thao tac da duoc lap lich ¢ trén may M;, mot tap canh tranh C[M;, k] 1a mét
tap cac thao tac tng clr vién cho viéc 1ap lich tiép theo & trén may M; duoc
dinh nghia nhu sau:

C[M;, k] = {O G;/ES (Oy) < EC(O)}. 2)

Luu y ring O € C[M,;, K].
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Muc tiéu cua thuat toan GT 1a 14p lich cho cac thao tac sao cho tranh
duogc thoi gian nghi ciia may du dai cho phép mot phép dich trai ¢ thé. Do d6
ma tap C[M;, K] < G; duogc duy tri. Chi can thao tac tiép theo dugc chon tur tap
canh tranh nay, mot thoi gian nghi s& duoc gitt du ngan va lich biéu két qua
duoc dam bao 1a tich cuc. Mdt lich biéu tich cuc c6 duge bai viée lap lai thuat
toan GT cho t6i khi tat ca cac thao tac trong quy trinh dugc lap lich.

= Thuit toan GT 4p dung cho JSP dé sinh ra céc lich biéu tich cue

Mot bai toan 1ap lich job shop dugc cho bdi ma tran tuan tu cong nghé
{Ti} va ma tran thoi gian xtr ly {pi}, day 1a 2 ma tran dir liéu vao cia bai
toan lap lich job shop can giai quyét. Mot lich biéu tich cuc c6 thé dugce sinh
ra bang cach sir dung thuét toan GT theo cac budc sau:

1. Khdi tao G 1a tap cac thao tac dau tién trong tuan ty cong nghé cua
tat ca cac cong vigce (cot dau tién cua ma tran tudn tu cong nghé {Ti}), tac la
G={0, 0y +Opt, }- Déi v6i mdi thao tac O € G, ES (O) := 0 va EC(0)

11 21 n
= p(0).

2. Tim thao tac co thé hoan thanh sém nhat O+ € G. Mot tap con cua G
chtra c4c thao tac dugc xtr Iy ¢ trén may M; duoc ky hi¢u 1a G;.

3. Tinh tap canh tranh C[M;, k] =G;, & day k - 1 1a s6 céac thao tic da
dugc lap lich trén may M;.

4. Chon ngau nhién mdt thao tac trong C[M,;, k], goi thao tac dugc chon
1a Ojx.

5. Lap lich cho O+ la thao tac tht k trén may M;, tic 1a S j 1= i*, voi
thoi gian bat dau va thoi gian hoan thanh ciia né 1a: s(O) = ES (Ojs) va
C(Oi*j) — EC(Oi*j).

6. Ddi véi tht ca cac thao tac Oy € G;\ {O}:
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- Cap nhat ES(Ojj) nhu sau: ES (Oy) := max{ES(Oj;), EC(Oi)}.

- Cap nhat EC(O;)) nhu sau: EC(Oy) = ES (Oy) + p(Oy).

7. X0a Oj» khoi G, va bo sung thém thao tac Ojq ké tiép Oi+j trong tuan
tu cong nghé ctia cong viéc J; vao G néu né ton tai. Tic 13, néu j = Ty va k <
m, thi s := Tix+1 Va G := (G\{Oi+} u{Ois}. Tinh ES(O;s) va EC(Ojs) nhu sau:

- ES (Ojs) := max{EC(Oi+j), EC(PM(Oj))}.

- EC(Oss) := ES (Ois) + p(Oss).

8. Lap lai budc 2 dén budc 7 toi khi tat ca cac thao tac duoc 1ap lich.

9. Ma tran 101 giai ra {Sy} 1a lich biéu tich cuc thu dugc voi tp thoi
gian bat dau 1a {s(Oj)} va tap thoi gian hoan thanh 1a {c(Oj;)}. O day i = Sj.
3.3. Mt thuét toan di truyén lai méi cho bai toan lap lich job shop

Trong muyc nay luin an dé xuat mot thut toan di truyén lai méi cho
JSP, thuat toan ndy cO mot s cai tién mai sau day:

1. M3 hoa cac thao tac ciia mot lich biéu boi cac sb tu nhién: Cach ma
hoa nay tao diéu kién thuan loi cho viéc thuc thi cc toan tir di truyén va don
gian hoa trong cai dat chuong trinh.

2. St dung chién luoc ““dot bién lai’’: Vi mot trong nhiing diém yéu
ciia GA 1a khong phu hop cho viée diéu chinh cac 101 giai khi rat gan véi 1oi

.....

nay dugc dua vao c6 tac dung tinh chinh céc 101 giai hudng toi 101 giai toi uvu,

né dic biét hitu ich khi mot mot ca thé cha tham gia dot bién ma ca thé nay da

.....
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3. Toan tur trao do6i chéo dugc thuc hién trén 3 cé thé cha: Cai tién nay
c6 tac dung tao ra mot ca thé con mang nhi€u thudc tinh cua cac ca thé cha

khac nhau, nham ting cuong su kham pha khéng gian tim kiém.
3.3.1. Ma hoa loi giai

Gia sir JSP d3 cho c6 n cong viéc duoc xir Iy trén m may. Sb céc thao
tac ciia cong viéc thir i duge ky hiéu 1a job[i] (khéng qua m voi moi i). Tong
s6 cac thao tac can duoc xtr Iy cua tit ca cac cong viée 1a L = .2_1: job[il . Chung
ta ma hoa céc thao tac cua J; tir 1 dén job[1], cua J, tir job[1] 1 dén job[1] +
job[2],..., cta J, tir job[1] + job[2] + ... + job[n-1] +1 dén L. Nhu vay mot 1oi
gidi 1a mot hoan vi nao do6 cua day s6 tu nhién {1, 2, 3, ..., L} thod man cac

rang budc cua bai toan.

Vi dy, véi bai toan 3 cong viéc, 3 may da cho trong bang 3.1. Cac thao

tac duoc ma hoa bang céac sd ty nhién nhu trong bang 3.2.

Bang 3.2 - M4 ho4 cac thao tac bang so ty nhién cua JSP 3 x 3

Cong viéc Ma hoa thao tac
Ji 1 2 3
J> 4 5 6
J3 7 8 9

Giai thich: Theo {T;}, cac thao tic dau tién caa Jy, J, va thao tac tha 2
cua J; duogc xur ly trén may 1. Vi vady, ma cua cac thao tac trén M; 1a mdt hoan
vi nao do cua tap thao tac {1, 4, 8}. Tuong tu cac thao tac trén M, 1a mot hoan
vi nao do6 cua tap thao tac {2, 6, 7}, trén Ms 1a mot hoan vi nao dé cua tap

thao tac {3, 5, 9}.
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Mot 16 giai hop 16 c6 dang nhu dugc biéu dién trog hinh 3.5.

1 2 3 4 &) 6 / 8 9
1 4 8 I 6 2 5 3
& 3, 3 I o h b h 3
YT ' '
M]_ MZ M3

Hinh 3.5 - M4t 101 giai hgp 1€ cho JSP 3 x 3

Loi giai trong hinh 3.5 ciing c¢6 thé dugc biéu dién boi mot ma tran 10

giai Sy. Trong do, S = I, tirc 1a thao tac thu k trén may M; 1a cua cong viée Ji.

123
{Sir= 321
213

3.3.2. Khéi tao tap 10i giai cho thé hé ban dau

Pé sinh ra mot tap 10i giai cho thé hé ban dau P(0), bao gém cac lich
biéu tich cuc véi JSP dugce cho boi ma tran tuin tu cong nghé {Ty}, va ma
tran thot gian xu 1y {pik}, chung ta st dung thuat toan GT da dugc trinh bay
trong muc 3.2. Sau khi khdi tao tap 101 gidi ban dau, chon ra mot ca thé co6 do
thich nghi cao nhat goi 1a "ca thé tinh hoa”. C4 thé nay khong tham gia vao
céc toan tir di truyén va s& dugc cap nhat sau mdi thé hé.

3.3.3. X4y dung ham thich nghi
Gia st P(0) = {p1, p2, ..., pn}. Ching ta ky hi€u makespan cua p; la

eval(p;), khi d6 makespan trung binh dugc tinh theo cong thirc:

n

EvalP(0) = %Z eval(p;)

1

Ham thich nghi ctia mdi ca thé duoc xay dung nhu sau:
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fitness(pi) = M - eval(p;), trong d6 M = 2Eval(P(0)), M 1a tham sé duoc
dua vao dé chuyén bai toan tim min thanh bai toan tim max (su chuyén doi
nay nham tao diéu kién thuén loi cho céc phﬁn nghién cuu tiép theo cua luan
an).
3.3.4. Cac toan tir di truyén

= Toan tir dot bién

Toan tir dot bién duoc tién hanh trén mot ca thé cha theo cac bude sau:

1. Chon ngau nhién mot thao tac (ky hiéu 1a opel) trong ca thé cha. Xac
dinh may thyc hién thao tac do (ky hi¢u la M) va vi tri cia thao tac do
trong 101 giai (ky hiéu la posl).

2. Chon ngiu nhién mdt thao tac (ope2) trong ca thé cha. Xac dinh may
thuc hi¢n thao tac do (Mgpe2) va vi tri cua thao tac do (pos2).

3. Néu Mgper = Mopey thi tién hanh d6t bién (hoén d6i vi tri clia hai thao
tac). Két qua cho chiing ta ca thé con. Trong trudng hop Moper # Mope: thi ca

thé cha duoc giit nguyén.

4. Tinh d¢ thich nghi cua ca thé con, ca thé con chi duoc chép nhan khi
c6 do thich nghi tdt hon ca thé cha hodc sb lan dot bién lai vuot qua ngudng
cho phép (theo qui dinh). Mdi ca thé con thu dugc sau phép dot bién co thé

xem nhu 1a mdt 1an can cua ca thé cha.

5. Néu ca thé con sau dot bién c6 do thich nghi tot hon cé thé cha thi nd

s€ duogc thay thé cho c4 thé cha, nguoc lai gitr nguyén ca thé cha.
Vi du, ca thé cha duoc chon dé dot bién nhu trong hinh 3.6.
+ Chang han: opel = 2 — Mgpe; = 2 va posl = 6.

91



+ Moper = Mgpez — hoan do1 cac thao tac ¢ vi tri 4 va vi tri 6 cho nhau.

1 2 3 4 5 7 8 9
1 4 8 7 6 5 3 9
R R IR
M, M, M
ope2 opel

Hinh 3.6 - Ca thé cha cho phép dot bién

Ca thé con sau khi dot bién dugc biéu dién trong hinh 3.7. C4 thé con
nay sé duoc kiém tra d6 thich nghi, néu tot hon c4 thé cha thi né sé duoc chép
nhan, con khong phép dot bién dugc tién hanh lai cho t6i khi gip diéu kién

két thuc hodc c6 ca thé con co do thich nghi tot hon.

1 2 3 4 5 6 7 8 9
1 4 8 2 6 7 5 3
o % J; b d Jz b, % J1 Js
YT Y Y
Ml M2 M3

Hinh 3.7 - Ca thé con thu duoc sau phép dot bién

= Toan twr trao doi chéo

Toan ti trao doi chéo duoc thuc hién trén 3 c4 thé cha P1, P2 Va ps duoc
biéu dién boi cac ma tran 10i giai twong ung S' = {S}, $°= {S%} va s’ =
{S3jk}. Céc gien trong ca thé con p = {Si} s€ duoc tai két hop tir cac gien
trong 3 ca thé cha. Toan tir d6i chéo két hop dong thoi phép ddi chéo dong
nhat, thuat toan GT va duoc thuc hién trén 3 cé thé cha dé tang tinh da dang
cua cé thé con. Do st dung thuat todn GT nén sau khi ddi chéo, cé thé con van

la mot lich biéu tich cuc. Cac budc cua phép doi chéo dugec mo ta nhur sau:
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1. Khoi tao G 1a tap cac thao tac dau tién trong tudn ty cong nghé cta
tAt ca cac cong vigc (cot dau tién ctia ma tran {Ty}), G ={ OlTll’ O2T21 .
O, }. Doi v6i méi thao tic O €G, ES (0) := 0 va EC(O) := p(O).

2. Tim thao tac hoan thanh sém nhét O+ € G. Mot tap con cua G chua
cac thao tac duoc xur ly ¢ trén may M; ky hiéu 1a G;.

3. Xac dinh tap canh tranh C[M;, k] € G;, & day k - 1 14 s6 c4c thao tac
da duoc lap lich trén may M;.

4. Chon mot trong cac cha {p;, P2, ps} tly theo gia tri ctia ma tran Hj;,
tc 1a p := Py, va S’ = S™. Ddi véi mdi Oy € C[M,;, K] ton tai chi s6 | sao cho
Sji = i. Goi Iy 1a chi s6 nhé nhét, tic 1a I, = min {1/ S; =i va O; € C[M;, K]}
Goi 1 := Sjim. Oy € C[M;, K] s€ duoc chon dé lap lich ¢ trong ca thé con p.

5. Lap lich cho Oy la thao tac thu k trén may M;; tire 1a Sj := r, voi thoi
gian bit dau va thoi gian hoan thanh ctia né 1a ES(O,;) va EC(Oy;) dugc tinh
nhu sau: S(Orj) = ES(O”), C(Orj) = EC(O”)

6. Ddi véi tat ca cac thao tc O €G;\ {O,}:

- Cﬁp nhét ES(O”) nhu sau: ES (Oij) = maX{ES(Oij), EC(O,—J)}

- Cﬁp nhat EC(OU) nhu sau: EC(OU) =ES (Oij) + p(O,J)

7. X04 Oy; khoi G (va do d6 khoi Gj), bo sung thém thao tac Oy ké tiép
O,j trong tuan ty cong nghé vao G néu no ton tai. Thc 14, néuj =Ty vak<m,

thi s := Tixe1 va G := (GO} v {O}. Tinh ES(Oys) va EC(Oys) nhu sau:

- ES (Or) 1= max{EC(Oy;), EC(PM(Ox))}-
- EC(O) := ES (Oys) + p(Ors).

8. Lap lai tir budc 2 dén budc 7 cho t6i khi tat ca cac thao tac duoc 1ap

lich trong cé thé con p.
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231
pp= 1321
231 \

132 333 123
p,=|312|— Hi=|222|—— p=(312
312 111 231
123/

ps= |3 12
123

Hinh 3.8 - Trao d6i chéo dung GT va thuc hién trén 3 ca thé cha

P2 4 8 1 7 2 6 5 9 3
N N N
M, M, M,

P2 1 8 4 7 2 6 9 3 S)
J

Hinh 3.9 - C4c cha tham gia d6i chéo va ca thé con sau d6i chéo
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9. Ca thé con thu dugc chinh ma tran 16i giai ra {Sy} 1a mot lich biéu
tich cuc véi tap thoi gian bat dau va tap thoi gian hoan thanh 1a {s(O;)} va
{c(Oy)}. O day i = .

Hinh 3.8 minh hoa vé toan tir trao d6i chéo déng nhét st dung thuat
toan GT, duoc 4p dung cho ba cha p;, p, va ps v6i mot ma tran ngau nhién
H;. Conpla két qua cua phép trao doi chéo.

Cac cha tham gia trao ddi chéo va ca thé con sau phép trao ddi chéo

duogc biéu dién bang hinh v& nhu hinh 3.9.

= Toan tir chon lgc

Toan ttr chon loc chon ngdu nhién pop_size ca thé cho thé hé t + 1 theo
nguyén 1y banh xe s6 x6.

= Toan tir sao chép

Toan tir nay thay thé ca thé c6 do thich nghi cao nhit cta thé hé hién tai
lam c4 thé tinh hoa (trong trudng hop do thich nghi ciia ca thé ny cao hon do
thich nghi ctia ca thé tinh hoa).
3.3.5. Thuit toan tién hoa

Thuat toan di truyén lai mdi cho JSP duoc dic ta nhu sau:

Procedure NHGA_JSP

Begin
t=0
Khoi tao P(t) {ham InitPopulation, phan phu luc}
Danh gid P(t)
Chon cd thé tinh hoa

While ( not diéu kién dirng ) do
Begin
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t=t+1;
Thyee hién phép trao déi chéo {ham InitCrossOver3}
{phan phy luc}
Thuee hién phép dét bién {ham Mutation, phan phu luc}
Panh gid dg thich nghi ciia méi cd thé
Thwe hién chon loc {ham Select, phan phu luc}
Xdc dinh cd thé cé db thich nghi cao nhat
Thyc hién sao chép {ham SelectMax, phan phu luc}
End
End

3.3.6. Tinh diing din ciia thuit toan dwoc dé nghi

Tinh ding dan cua thuat toan duoc giai thich ngan gon nhu sau:

1. Do st dung thuat todan GT dé sinh ra cac lich biéu, cho nén mdi ca
thé con duoc sinh ra déu 1a mot lich tich cuec.

2. Trong phép dot bién, ca thé tham gia dot bién dugc sira doi bang
cach thay d6i thtr tu sip xép trong mdt may nao do, sau do thoi gian bat dau
va thoi gian két thiic cta toan lich biéu dugc cap nhat lai nén cé thé con sau
d6t bién van dam bao 1a mot lich biéu hop 16.

3. Phép trao doi chéo sir dung thuat toan GT dé sinh ra cac lich biéu
con, cho nén mdi ca thé con duoc sinh ra déu 1a mot lich biéu hop 1é va hon
nita chiing van con 1a lich biéu tich cyc.

4. Vi thuat toan luén duy tri 161 giai t6t nhat (ca thé tinh hoa) trong
qu?m thé va dugc cap nhat sau mdi thé hé nén thuat toan duge chirng t6 hoi tu

td1 to1 vu toan cuc. Két qua nay s€ dugc thdo luan trong chuong 4 cua luén an.
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3.4. Song song héa thuat toan di truyén lai méi cho bai toan lap lich job

shop

Bai toan 1ap lich job shop c6 d6 phirc tap tinh toan rat 1on, nhat 13 trong
truong hop nhidu may va nhiéu cong viéc. Voi thuit toan tuan tu duge dé
xuat trong muc 3.3, thoi gian chay may s& khd lau. Trong muc nay, luan an
trinh bay thuat toan song song cho bai toan 1ap lich job shop nham muc dich

giam rit ngan thoi gian chay may.
3.4.1. M6 ta thuat toan

Trong giai thudt song song hda nay, luan an 4p dung hinh thirc song
song dir licu, béng cach chia dit liéu thanh nhiéu phén, mdi ph?m s€ do mot bo
xtr Iy thyc thi. Nhu vay, khi thao tac véi dit liéu thi mdi b xir Iy chi thao tac
v6i phan dir liéu ma nd quan ly. Cach quan 1y nhu thé chinh 1 phan nho bai

toan ban dau thanh cac bai toan trén cac doan dir liéu khac nhau.

Gia sir chiing ta c6 S 1 s cé thé trong quan thé, N 14 s6 bo xur 1y chay
song song v&1 nhau. M6 hinh dugc st dung trong phuong phép nay la mo
hinh Master - Slave, trong d6 ¢6 mot bo xir Iy lam master con N-1 bd xir 1y
con lai lam slave. Cac cong viéc ma master va cac slave sé thuc hién duoc liét
ké trong bang 3.3.

+ Trong hinh thirc song song nay, tit ca cac hoat dong nhu: Ma hoa 10i
gidi, khdi tao qur:fm thé ban dau, cic toan tur di truyén déu duoc thuc hién
giéng nhu ddi vai thuat toan tuan tu da trinh bay trong muc 3.3.

+ Tat ca cac tic vu cla giai thuat di truyén lai tuan tu: Khoi tao quén
thé, chon loc, trao d6i chéo, dot bién déu duoc déng thot thuc hién trén N-1

bd xur Iy dong vai tro slave.
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+ CAu tric thuat toan tuan tu khong bi pha v& cho nén chét luong 101

gidi cua giai thuat sau khi song song hoa dugc ddm bao nhu giai thuéat tuan tu.

+ Ngoai thoi gian thuc thi, trong truong hop song song hda con cong
thém chi phi truyén thong giita Master va cac Slave. Vi vy chit luong may
moc sé co anh hudng dang ké toi gian thuc hién thuat toan.

+ Cac ham va thu tyc trong chuong trinh cho giai thuat di truyén duoc
song song hoa da phan dugc thira ké tir chuong trinh cho giai thuat di truyén
tuan tu. Céc thu tuc chon loc, lai ghép, dot bién, sao chép duogc thura ké hoan

toan tir giai thuat di truyén tuan tu.

Béang 3.3 - Nhiém vu cua Master va Slave

Master Slave

- Khéi tao moi truong dé cac tién | - Thuc hién thuit toan tuan tu
trinh giao tiép véi nhau. NHGA JSP.

- Truyén cac tham sb: ¢& quan thé,
xac suat trao doi chéo, xac suét

dot bién, s6 thé hé cho cac Slave.

Xac dinh ca thé c6 do thich nghi
- Nhan cac két qua tir Slave. cao nhit, giri két qua vé cho

Master.

- Lua chon két qua t6t nhat tir cac
két qua nhan vé tir cac Slave.
- Gui trd lai cho cac Slave lam ca

thé tinh hoa.
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3.4.2. Thi tuc di truyén song song cho JSP

Procedure PGA_JSP
Begin
Master:
MG kénh truyén théng va khéi tao cdc tuyén doan
Giri cdc tham s6: c& quan thé, xdc sudt trao doi chéo, xdc sudt dot
bién, s6 thé hé cho cac Slave
Cac Slave:
t=0
Khai tao P(t) {ham InitPopulation}
Danh gia P(t)
Chon cd thé tot nhat va giri vé Master
Master:
Chon cd thé tot nhat trong cdc cd thé vira nhdn va gui tro lai cho
cdc Slave lam cd thé tinh hoa
While (not diéu kién dirng) do

Begin
t=t+1;
Cac Slave:
Thee hién trao doi chéo {ham InitCrossOver3}
Thuee hién dot bién {ham Mutation}
Panh gid dg thich nghi ciia méi cd thé
Thuee hién chon loc {ham Select}

Xac dinh do thich nghi cao nhat
Thuyee hién sao chép

Chon cd thé tot nhdt givi vé Master

Master:
Chon cd thé tot nhdt trong cdc ca thé vira nhdn va gui tro lai
cho cdc Slave lam cd thé tinh hoa
End
End

99



3.4.3. Cai dat thuat toan

Chuong trinh dugc cai dat va chay trén hé théng may chu dat tai Trung
tam Khoa hoc Tinh toan (The Center for Computational Science - CCS),
Truong Pai hoc Su pham Ha Noi. Hé théng c6 7 may (nodes) dugc cai dat h¢
diéu hanh linux debian va cu hinh thanh mot PC cluster véi thu vién xur 1y
song song MPICH2 (MPI- Message Passing Interface, CH - 1a mét thu vién
c6 tén 1a Chameleon ma William Gropp sir dung dé phat trién MPICH, 2 1a
version) va by quan ly chuong trinh PBS TORQUE (PBS- Portable Batch
System; TORQUE (Terascale Open-source Resource and QUEue manager) la
mot PBS cuia cong ty Adaptive Computing Enterprises, inc. Hé thong CCS c¢6
thé truy cap & bat ctr dau va bat ctr thoi diém ndo véi tén internet toan cau la:
ccsl.hnue.edu.vn. Hé théng d3 cai dit cac trinh bién dich cho cac ngén ngit

1ap trinh thong dung nhu C, C++, java, Fortran, matlab, ...

Sau khi truy cip hé thong, ngudi st dung c6 thé viét (hodc gui chuong
trinh tr may tinh c4 nhan cua minh I€n), bién dich va chay chuong trinh trén
hé théng cua Trung tdm. C6 2 loai chuong trinh: single-node program
(chuong trinh don, chay trén 1 bg xtr ly) va multi-node program (chuong trinh
song song); va co 2 cach thuc hién chuong trinh trén hé thong PC cluster cta
CCS: chay tryc tiép trén nén hé diéu hanh va chay thong qua bd quan ly
chuong trinh PBS TORQUE.

Dua vao phuong phap dé xuat & trén, luan an dd cai dat mot chuong
trinh st dung thu vién 1ap trinh song song MPI (Message Passing Interface)
vol ma nguén C++ va chay thir nghiém trén h¢ théng may chu CCS dat tai
trung tdm khoa hoc tinh toan véi 7 may mdi may co toc xtr ly 2.8 GHz. Dir
liéu vao cho chuong trinh thir nghiém la cac bai toadn test do Muth &
Thompson dé nghi.
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3.5. Két qua thir nghiém
3.5.1. Két qua thir nghi¢m thuit toin tuin tw

Dua vao thuat toan NHGA JSP dé xuét trong muc 3.3, luan an da cai
dat mot chuong trinh chay thtr nghiém trén may PC vdi bo vi xur 1y ¢o tdc do
2.8 GHz, hé diéu hanh Windows. Két qua chay thtr nghiém trén cac bai toan
test dugc dé xuat boi S. Lawrence (1984), Truong Pai Hoc Quan tri cong
nghiép, Pai hoc Carnegie-Mellon, Pittsburgh, Pennsylvania. Cac bai toan test
nay duogc dé xuat dé thr nghiém cac k¥ thuat lap lich heuristic. Két qua chay

thir nghiém duoc thong ké trong bang 3.4.

Bang 3.4 - Két qua chay thir nghiém trén cac bai toan test cia Lawrence

1) (2) (3) (4) (5) (6) (7) (8) 9)
w [T T, T, [m e
oan | Viee | MY | pé TB(s) | chay | BT
LAOL | 10 5 | 100 | 08 | 01 | 100 | 666 | 666
LAO2 | 10 | 5 | 200 | 08 | 01 | 120 | 655 | 655
LAO3| 10 | 5 | 100 | 08 | 01 | 150 | 597 | 597
LAO4 | 10 | 5 | 100 | 08 | 01 | 200 | 590 | 590
LAO5 | 10 5 | 100 | 08 | 01 | 250 | 593 | 593
LAO6 | 15 5 | 200 | 08 | 01 | 250 | 926 | 926
LAO7 | 15 5 | 200 | 08 | 01 | 8 | 80 | 890
LAO8 | 15 | 5 | 200 | 08 | 01 | 20 | 863 | 863
LAO9 | 15 | 5 | 200 | 08 | 01 | 250 | 951 | 951
LAIO| 15 | 5 | 200 | 08 | 01 | 250 | 958 | 958
LAIL| 20 | 5 | 200 | 08 | 01 | 150 | 1222 | 1222
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LA12 20 5 200 0.8 0.1 100 1039 | 1039
LA13 20 5 200 0.8 0.1 150 1150 | 1150
LA14 20 5 200 0.8 0.1 150 1292 | 1292
LA15 20 3) 200 0.8 0.1 150 1207 | 1207
LA16 10 10 300 0.8 0.1 950 945 945
LAL/ 10 10 300 0.8 0.1 950 794 794
LA18 10 10 300 0.8 0.1 950 848 848
LA19 10 10 300 0.8 0.1 950 842 842
LA20 10 10 300 0.8 0.1 950 907 907
LA21 15 10 400 0.8 0.1 2500 | 1055 ?
LA22 15 10 300 0.8 0.1 2150 927 927
LA23 15 10 300 0.8 0.1 2150 | 1032 | 1032
LA24 15 10 400 0.8 0.1 2500 940 ?
LA25 15 10 400 0.8 0.1 2500 978 ?
LA26 20 10 300 0.8 0.1 2450 | 1218 | 1218
LA27 20 10 400 0.8 0.1 3250 | 1270 ?
LA28 20 10 300 0.8 0.1 2450 | 1216 | 1216
LA29 20 10 400 0.8 0.1 2450 | 1190 ?
LA30 20 10 300 0.8 0.1 2450 | 1355 | 1355
LA31 30 10 300 0.8 0.1 2600 | 1784 | 1784
LAS32 30 10 300 0.8 0.1 2600 | 1850 | 1850
LAS33 30 10 300 0.8 0.1 3000 | 1719 | 1719
LA34 30 10 300 0.8 0.1 3900 | 1721 | 1721
LA35 30 10 300 0.8 0.1 4100 | 1888 | 1888
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LA36 15 15 300 0.8 0.1 3950 | 1275 | 1268
LAS37 15 15 300 0.8 0.1 3950 | 1415 | 1397
LA38 15 15 400 0.8 0.1 4250 | 1210 ?
LA39 15 15 300 0.8 0.1 3950 | 1240 | 1233
LA40 15 15 400 0.8 0.1 4250 | 1235 ?

Bang thong ké két qua chay thir nghiém cho thiy da s cac bai toan test
binh khong dai (cot 7). O ddy, cac bai toan test déu duoc chay voi sb lan lip
100 1an va chay thir 10 1an. Cot 8 1a cac két qua chay thuat toan do luan an dé
xudt, cot 9 1a két qua tdi wu thuc sy cua bai toan. Cac vi tri co ddu ? 1a ky hiéu
cho biét cac bai toan ndy cho téi nay chua biét 1oi giai tdi wu thuc sy cia

chung.

pé chirng t6 tinh vuot troi cia thuat toan ma luan an dé xuét, két qua
chay thtr nghi€ém ctia thuét toan dugc so sanh voi cac két qua chay thir nghiém
cac thuat toan GA-ACO, GA, ACO (Ant Colony Optimization) cua cac tac
gia Andrea Rossi va Elena Boschi nguoi Italy [5]. Cac thuét toan nay dugc dé
xuit nam 2010, chuong trinh dugc chay trén may PC tbc d6 2800 MHz, hé
diéu hanh Windows. Thuit toan do luan 4n dé xuit cling duogc cai dat chay
trén may PC tdc d6 2.8 GHz va hé diéu hanh Windows. Bang 3.5 so sanh két
qua thtr nghiém thuat toan do luan 4n dé xuat véi cac két qua thir nghiém cac
thuat toan cta hai tac gia nguoi Italy dé xuat ndm 2010 trén mot s bai toan

test cua Lawrence.

Trong bang théng ké so sanh c6 hai phan: Phan két qua tinh toan va
phan thoi gian chay may trung binh cho két qua tinh toan. Trong cac thuét

toan duoc dé nghi cla cac tac gia ngudi Italy, thuat toan GA-ACO 1a tot nhét
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ca vé két qua tinh toan 14n thoi gian chay may. Thuat toan NHGA do lun an

dé xuat dugc so sanh véi thuat toan GA-ACO. Bang so sanh cho thay két qua

tinh toan ctia NHGA t6t hon ctia GA-ACO, ddng thoi thoi gian chay may

cling nhanh hon.

Bang 3.5 - So sanh két qua chay thir nghiém

Bai | S6 | Ket Ket qua Cth ay cac thuat Thoi gian chay trung binh
-1 27 | S6 | qua oan
toan | cong . e
test | viee | MY | P | ga- GA-
g | aco GA | ACO | NHGA ACO GA | ACO | NHGA
LAO1 | 10 5 666 | 666 | 675 | 669 666 183 | 143 | 171 100
LAO2 | 10 5 655 | 688 | 712 | 693 655 221 | 125 | 322 120
LAO3 | 10 5 597 | 626 | 644 | 642 597 290 | 125 | 497 150
LAO4 | 10 5 590 | 611 | 628 | 625 590 312 | 139 | 313 200
LAO7 | 15 5 890 | 894 | 939 | 908 890 110 | 92 71 80
LAO8 | 15 5 863 | 863 | 872 | 865 863 13 42 63 20
LAL5 | 20 5 | 1207 | 1246 | 1284 | 1249 | 1207 | 360 | 189 | 184 | 150

3.5.2. Két qua thir nghi¢ém thuit toan song song

Bang 3.6 1a két qua chay thir nghiém cia hai thuat todn tuan tu

(NHGA\) va song song (PHGA). Dit liéu thir nghiém 13 cac bai toan test chuan

do Muth & Thompson dé nghi (mt06: 6 cong viéc x 6 may; mt10: 10 cong

viéc x 10 may; mt20: 20 cong viéc x 5 may). Day 1a cac bai toan test ndi tiéng

vé khoé giai quyét va da biét két qua toi uu.
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Bang 3.6 - Két qua chay thir nghiém NHGA va PHGA trén cac bai toan test

do Muth & Thompson dé nghi

Baoin | COMAn | siméne | po | p | 0| Kétquatéiwm
mt06 100 200 09 ] 01 55 55
mt10 5000 200 09| 01 930 930
mt20 1000 200 09| 01 1170 1165

Béang 3.7 - So sanh thoi gian chay thir nghiém NHGA va PHGA

NHGA PHGA
Bai | .o | . | Thoi | | S0 1 | Thoi
toan X SO lan gian S§1an | 40 gian
quan thé trén | CPU
test 2 chay chay chay x. chay
thé B (s) moi | ( Slave) B (s)
CPU
40 3 11
30 4 7
mt06 120 100 25 100
24 5 6
20 6 5
200 3 2109
150 4 1600
mt10 600 100 5500 100
120 5 1268
100 6 980
300 3 3100
225 4 2350
mt20 900 100 8500 100
180 5 2188
150 6 1700
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Bang 3.7 so sanh thoi gian chay cua hai thuat toan trén cing mot cau
hinh may (téc dé CPU 2.8 GHz), cung mot hé¢ diéu hanh (Linux) va cung mot

ngon ngtr cai dat (C++).

Qua bang thong ké cho thay thuat toan di truyén lai song song cho bai
toan 1ap lich job shop cua luan an dé nghi c6 két qua tim ra 10i giai toi uu
tuong duong voi thuat toan tudn ty. Tuy nhién, tinh vu viét ciia nd 13 rit ngan

duoc thoi gian chay may.

Hinh 3.10, 3.11 va 3.12 1a biéu d so sanh thoi gian chay méy cua thuat
toan NHGA va PHGA trén ba bai toan test mt06, mt10 va mt20 do Muth &

Thompson dé nghi.
30
25 +—
20 +—
15 +— H Sequence
Parallel

10 +—

5 4 | | | S | I | W

O i T T T 1

3 CPU 4 CPU 5 CPU 6 CPU

Hinh 3.10 - Thoi gian chay may ciia NHGA va PHGA d6i v6i bai toan
mt06
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6000

5000

4000

3000

2000

1000

H Sequence
Parallel
T T T 1

3CPU 4 CPU 5CPU 6 CPU

Hinh 3.11 - Thoi gian chay may ciia NHGA va PHGA d6i véi bai toan

mt10

9000
8000 +—
7000 +—
6000 +—
5000 +—
4000 4 m Sequence
3000 1 Parallel
2000 +— — — —
1000 +— — — — —

0 - T T T )

3CPU 4 CPU 5CPU 6 CPU

Hinh 3.12 - Thoi gian chay may ciia NHGA va PHGA d6i véi bai toan
mt20

3.6. Két luan

Trong chuong nay, mot thuat toan di truyén lai méi cho JSP da duogc dé
nghi, thuat toan nay st dung hop 1y cac két qua nghién ctru cta nhitng ngudi
di trude két hop voi nhimg dé xuit méi cua luan an. Thuat toan di duogc cai

dat va chay tht nghiém vdi dir li€u vao 1a céac bai toan test cua Lawrence dé
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nghi, da sb céac bai toan test déu cho két qua tdi wu thuc su. Viéc cai dat thuat

toan nay khong may kho khan do tinh don gian cuia thuat toan.

Thuét toan do ludn an dé nghi dugc so sdnh véi cac thudt toan maoi
cong bd gan day cia cac tac gia nguoi Italy. Két qua thir nghiém di cho thiy
nhimg diém manh cta thuat toan do luan 4n dé nghi voi cac phuong phap
khac do6 la tinh don gian, thoi gian tinh toan nhanh va ty 1¢ tim dugc cac 101

giai toi uu thuc su cao hon.

Pé rat ngan thoi gian chay may, mot thuét toan song song cho bai toan
1ap lich job shop da dugc dé xuat. Thuat toan da duoc cai dat va chay thir
nghiém trén cac bai toan test chuan ctia Muth & Thompson . Két qua chay thu
dugc tuong tu nhu thuat toan tuan tu nhung thoi gian tinh todn duoc cai thién

nhiéu lan.
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CHUONG 4. PHAN TiCH TINH HQI TU CUA THUAT TOAN DI
TRUYEN LAI MOI CHO BAI TOAN LAP LICH JOB SHOP

Céc d& xuat méi cho JSP trong thoi gian qua (ké ca trong va ngoai
nudc) thuong chi duge danh gia thong qua thur nghiém trén cac bai toan test
chuan. Van dé hoi tu cla cac thuit todn mé&i dé xuéat cho JSP khong duoc
ching minh trén co so 1y thuyét. Trong chuong nay, luan an phan tich cac
thudc tinh héi tu cta thuat toan dé nghj trong chuong 3 bang cach ap dung cac
tinh chét cia xich Markov. Trén co s phan tich xich Markov cta thuat toan
di truyén, luan &n ching to rang thuat toan dugc dé nghi trong chuong 3 hoi
tu toi toi ru toan cuc.

4.1. Ly thuyét Xich Markov

Ly thuyét vé xich Markov dugc dé xuét 1an dau tién vao nam 1906 boi
nha khoa hoc nguoi Nga Andrei Andreyevich Markov. Ké tir d6 cho t6i nay,
ly thuyét nay duoc Gng dung rat rong rai trong khoa hoc ky thuat hién dai.
Truéc khi tim hiéu vé xich Markov, luan an nhéic lai mot $6 dinh nghia vé ma
tran [65]:

Pinh nghia 1: M4t ma trdn vuéng A: nxn dwoc goi la khong dm (4 >
0), néu a; > 0 véi Vi, j € {1,...,n}va duong (4 > 0) néu a; > 0 Véi Vi,j €
{1, ...,n}.

Pinh nghia 2: Mot ma tran vuong A: nxn duoc goi la:

+ Chinh quy, néu 3k € N sao cho ma trdn A* la ma trdn dwong, nhw
vdy mot ma trdn dwong chdc chdn ciing la mét ma trgn chinh quy.

+ Ngdu nhién néu a

ij =0 véZ}"‘:l a; =1,Vi,j€ {1, ...,n}.

+ Gidn wée dwoc néu A cé thé dwoc bién doi vé dang [g '(I)"]
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(voi C va T la cac ma tragn vuéng) bang cach hodn vi cung mot cach

gitta cac hang va cot cua ma tran.

Dinh nghia 3: Mot ma tran ngdu nhién A: nxn duoc goi la thoa man
cOt néu no co it nhdt mot phan tw dwong ¢ moi cot va dwoc goi la on dinh néu

tt ca cde hang ciia né déu giong nhau.
Tu day ta co:
Bo dé 1: [60]

Goi C, M, S la cac ma tran ngcfu nhién, trong do M la mot ma trgn
dwong va S la ma tran thoa man cot. Khi do tich C-M-S la mot ma tran ngciu

nhién duong.
4.1.1. Khai niém xich Markov

Xét mot hé tién trinh tién trién theo thoi gian. Tai thoi diém t = 0, tién
trinh c6 thé roi vao mot trong sb cac trang thai ctua khong gian trang thai mot
cach ngau nhién, goi X(t) 1a trang thai ctia hé tai thoi diém t. Nhu vay, Gng véi
mdi thoi diém t, X(t) chinh 1a mot bién ngiu nhién mo ta trang thai cua tién

trinh. Tién trinh {X(t)};> o duoc goi 1a mot qué trinh ngau nhién.

Tap hop céc trang thai co thé co cua tién trinh goi 1a khong gian trang

thai ky hidu 1a S = {S1, S,,...}-

Gia sir trudc thoi diém s, tién trinh dd & mot trang thai bat ky, con tai
thoi diém s, hé dang & trang thai i, chiing ta mudn danh gia xac sut dé tai thoi
diém t (t > s), hé s& & trang thai j. Néu xé4c suat d6 chi phu thudc vao bo bdn
(s, i, t,]), tc 1a p[X(t) = j/X(s) = i] = p(s,i,t,}),Vs,i,t,j thi diéu ndy co
nghia la sy tién trién cta tién trinh trong tuong lai chi phu thudc vao hién tai

va hoan toan doc lap v6i qua khir (tinh khong nhd). P6 chinh 1a tinh chat
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Markov. M6t qua trinh ngdu nhién X(t) ¢6 tinh chat Markov nhu trén dugc

goi l1a qua trinh Markov.

Néu khong gian trang thai S gdm mot sd hiru han hodc vé han dém

duogc cac trang thai thi qua trinh Markov X(t) duoc goi 1a mdt xich Markov.

Xét mot xich Markov, néu xéac suat chuyén trang thai p(s,i,t,j) =
p(s +h,i,t + h,j),Vi,j,s,t, h >0, thi ta néi rang xich Markov trén 1a xich
Markov thuan nhat theo thoi gian. Nhu vy mot xich Markov thuan nhat thi
xac suat chuyén tir trang thai i sang trang thai j khong phu thudc vao thoi
diém cua tién trinh.

Gia sir tai thoi diém t = n, X(n) ciing c¢6 thé nhan mot trong N gid trj 1,

2, ..., N véi cic xac suit tuong ung la: nl(n),ngn), ...,nls,n) (véi nl(n)+ nén) et

nIE,") = 1), thi véc to MM = [nl(n),nén), ...,nl(vn)] dugc goi 1a véc to phan
phdi x4c suit tai thoi diém t = n.
Véit=0, ta co véc to phan phdi xac suat khai tao 1a:

10 = 20,2, 2]

Ma tran: P = [p;] (véi p; =ptit+1,))=pXt+1) =

NXN'
j/X () = i]vt la xé&c suat chuyén trang thai tir vi tri i sang vi tri j sau mot
buéc, Vi =1,2,..,NvaVvj =1,2,..,N) duoc goi la ma tran xac Suét chuyén
trang thai hay ma tran chuyén sau mot bude. Vi chic chin sau mot budce tién
trinh s& chuyén tir trang thai i sang mot trang thai j bat ky voi xac suét p; i =

0, nén ta co:
Z}V=1 pi; = 1.

Nhu vay, ma tran chuyén trang thai P 12 mdt ma tran ngﬁu nhién.
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Tuong ty ta c6 ma tran P = [pl.(jn)]lé ma tran chuyén sau n budc.
4.1.2. Céc tinh chit ciia Xich Markov
Goi pl.(jz) 1a x4c sudt chuyén tir trang thai i sang trang thai j cua tién trinh

sau 2 budc, gia str khéng gian trang thai S ¢d r phan tir ta co pl.(jz) duoc tinh

nhu sau:

r
(2) _ o, @
by = Z Pik " " Di;j -
k=1
Tir d6 ta c6 ma tran chuyén trang théi sau 2 bude P ¢6 gia tri:
Kéo theo d6, mot cach tong quat, ta co:

Pinh 1y 1: ([17], trang 409)

Goi P la ma tran chuyén trang thai cua mot xich Markov, phdn tw
pi; cia ma trgn P"la xdc sudt chuyén tir trang thdi i sang trang thdi j sau n
budc, hay ma trdn chuyén trang théi sau n bude ciia mét xich Markov la liy

thuwea bdac n cua ma tran chuyén trang thai mot buoc cua no:
n) — |[,,(W]| = pn
P® =[] = P
Vé6i ™14 véc to phan phdi xac suit tai thoi diém n ta co:
7™ = O . pe.
Tt do6 ta suy ra dugc:

nm™ = o). pn
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Nhu vdy xac sudt phan bd trang thai cia tién trinh mang tinh chat
Markov chi phu thudc vao cip (I1°, P).

C6 2 loai xich Markov tiéu biéu 1a:

- Xich Markov hap thu (Absorbing Markov Chain): Mot trang thai i
duoc goi la hép thu néu nhu khi dat dén trang thai do, ta khong thé chuyén
sang trang thai khac (p; = 1). Xich Markov hap thu 1a xich Markov chira it
nhat mot trang thai hap thu va tir bat ctr trang thai khong hap thu nao khac ta
déu co thé dén dugc trang thai hap thu (khong nhat thiét phai trong mot
budc).

- Xich Markov Ergodic (Ergodic Markov Chain): Phan sau day sé&
tim hiéu chi tiét hon vé xich Markov Ergodic, tinh chat cua xich Markov
Ergodic ¢ vai tro rat quan trong trong viéc khao sat tinh hoi tu cta thuét toan
di truyén.

4.2. Xich Markov Ergodic

» Khai niém

Mot xich Markov duoc goi 1a xich Markov Ergodic néu tir mot trang
thai gbc bat ky, ta c6 thé di chuyén dén moi trang thai khac trong khong gian
trang thai (khong nhat thiét phai sau 1 budc). Nhu vay, mot xich Markov ¢6
ma tran chuyén 1a ma tran chinh quy (primitive) 1a xich Markov Ergodic.

= Tinh chit ciia Xich Markov Ergodic
Pinh ly 2: ([36], trang 123]

Goi P la ma tran nngu nhién chinh quy. Khi do Pk héi tu khi k — oo tdi

mot ma tran on dinh:

P* = 1'".
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Trong dé 1’ la ma trdn cét chita toan phan tr 1 va IM”° = 1O -
limy_., P* = I® - P~ 14 vector phdn phéi xdc sudt & thoi gian vé ciing gom
cdc phan tir ¢6 gid tri dwong va khéng phu thudc vao gid tri ciia phdan phoi

xdc sudt khéi tao MO,

Nhu vay, tir dinh 1y 2 ta suy ra rang phan phdi xac sut trang thai cua
mot xich Markov Ergodic s& on dinh khi thoi gian tién téi vo cing va khong

phu thudc vao phan phdi xac suat khoi tao.

Pay 1a tinh chit quan trong nhat cua xich Markov Ergodic duoc sir

dung dé chtng minh tinh chat hoi tu cta thuét toan di truyén.
O day ta c6 thém mot dinh 1y quan trong nira.
Pinh ly 3: ([36], trang 126]

Goi P:nxn la mét ma trgn ngau nhién gidn wéc dwoc, trong dé

C:m x m la mét ma trgn ngau nhién chinh quy va R, T # 0 ta co:

. ck 0
P? = limP" = Jim z TiRCK= Tk |~ (}C?“’ 8)
i=0
la mét ma tran én dinh véi P* = 1'MT* va I* = IO - P* 4 gid tri véc
to hang on dinh ciia P* khéng phu thude vao gid tri 1®va théa man:
n>0voil<i<mvan”=0voim<i<n.

4.3. Phén tich tinh hdi tu ciia thuit toan di truyén lai tuin tw cho bai toan

1ap lich job shop
4.3.1. Phan tich tinh hdi tu ciia thuit toan di truyén truyén thong

Trong muc nay ludn an s€ phan tich tinh hoi tu cua thuat toan di truyén

truyén thong (khong co6 ca thé tinh hoa) dé lam co so cho viéc phan tich tinh
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hoi tu cua thuat toan dé nghi trong chuwong 3. Bai toan 1ap lich job shop dugc
gid st vdi n cong viéc duge xu 1y trén m may véi mat tuan tu cong nghé xac
dinh. Mdi 10i giai coi 1a mot ca thé gdbm m may, mdi may déu xir Iy n cong
viéc, mdi phan cong viée duogc xir 1y trén mdi may 1a mot gen (mot thao tac).
Goi N 1a sd c4 thé cua que‘in thé. Khi d6, mdi mot trang thai i clia quén thé c6
thé coi 13 mot ddy ma hoéa theo sb tu nhién c6 dai n-m-N, trong d6 phép chiéu
1, (i) cho ta ca thé tht k trong quan thé. Khong gian tim kiém c6 s céc trang

thai la (n)™ ™,

Pinh nghia 4: Goi Z; = max {f (n,&t)(i)) / k=1, ...,N} la gia tri cua
bién ngau nhién dai dién cho phan tir ¢6 dé thich nghi cao nhdt ciia quan thé
0 trang thai i va buoc t. Mot thudt toan di truyén dwoc goi la hoi tu toi 16 uru
toan cuc khi va chi khi:

tliToTéP{Zt =f}1=1
trong d6 f 1 gid tri t0i wu toan cuc ciia bai todn.
Nhu vay, chiing ta can phan tich 14 khi thoi gian tién téi vo cing, thuat
toan di truyén c6 chic chin tim dugc nghiém tdi wu cua bai toan hay khong.

= Thuét toan tién ho4 truyén thong

Begin

t=0

Khoi tao P(t)

Danh gia P(t)

Repeat

t=t+1
Thuce hién lai ghép
Thuee hién dot bién
Xac dinh do thich nghi cua moi cé thé

Thuc hién chon loc
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until mot sé tiéu chudn dung dwoc thoa man
End

Qua trinh tién hoa xay ra trong vong lip vdi ba toan tu: Lai ghép, dot
bién va chon loc. Sau day ching ta s& xay dung va danh gia cac ma trn xac
suit chuyén trang thai P(t) sau mdi toan tir.

= Ma tran xac suit chuyén trang thai clia quan thé gay ra béi toan

tur lai ghép
Xét toan tir lai ghép, goi C 13 ma trdn chuyén trang thai ctia quan thé

gay ra bdi todn tir 1ai ghép, ta co:

C11 Cl,(n!)m'N

C(n!)m'N'l C(n!)m-N,(n!)m-N

Vi ¢;; 1a xéc suat ciia quan thé chuyén tir trang thai i sang trang thai j
v6i xac suét lai p,. Ta thdy v6i dau vao cua thuat toan tién hoa truyén thong,
xac suat lai ghép 1a p, € (0,1), qué trinh lai ghép dién ra bang viéc chon bat
ky mot ca thé cha me ¢ trang thai hién thoi i v6i xac suit lai p,, tién hanh cho
lai ghép 3 ca thé theo luat GT hoan toan ngiu nhién. Sau qué trinh lai ghép,

quan thé c6 thé o trang thai j bat ky vdi xac suét ; j va

! m-N
Z](Q cj =1,

X4c sudt c;j nay khong phu thudc vao viéc quan thé dang ¢ thé hé thu
bao nhiéu, dang ¢ thoi diém nao, ma chi phu thudc vao xac suat lai ghép P, €
(0,1) ¢6 dinh theo dau vao cua thuat giai.

Nhu vdy, ma trin chuyén trang thai sinh ra boi phép lai ghép C cua
quﬁn thé 13 mot ma tran ngau nhién va ¢ dinh khong phu thudc vao trang thai

hién thoi cling nhu thoi di€ém cia quan thé.
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= Ma trin xac suit chuyén trang thai ciia quan thé gay ra béi toan
tir dot bién
Xét toan tir dot bién, goi M 1a ma tran chuyén trang thai ctia quan thé
gay ra boi toan tir dot bién, ta co:

mqq mll(n!)m-N
M : . . .
m(n!)m'N‘l m(n!)m-N,(n!)m'N
Vi my; la xac suat quan thé chuyén tir trang thai i sang trang thai j sau
toan tir dot bién v4i xac suét lai p,,,. Tat nhién sau toan tir dot bién, quan thé
phai & mot trong sb cac trang thai bat ky thudc vao khong gian trang thai, nén

ta co:

Nhu vay, ma tran M ciing 1d mot ma tran ngau nhién.
Goi i 1a trang thai tai thoi diém t, goi 1, (i) 1a c4 thé thu k trong quan
thé gdm N ca thé, ;, (m, (i) 1a may thir h trong cé thé thi k, 7, (1, (), (V) 12

gien & vi tri |, dugc mo ta trong hinh 4.1,

1, (1ty (173, (0)))
m () 1 2 n [ n+l | ... m-n
May 1, (y (1))

Hinh 4.1 - Gien ¢ vi trf tht 2 trang thai i cia quan thé
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Thuat toan dot bién cho m;, (i) duoc mo ta van tat nhu sau:

1. Gieo xac suét p,, > 0 (rit nho) la xac suat dé m, (i) xay ra dot bién.

Vay 1 —p,, = 1 1a xac suét dé m, (i) khong xay ra dot bién.
2. Khi 1, (i) d3 xay ra dot bién, gay dot bién ¢ 1, (i) nhu sau:
Duyét cac may h = 1,.., m, tai mdi may:
+ Gieo xAc suat p ~ 1 thi giir nguyén may do.
+ Nguoc lai, thay may h boi mot hoan vi bat ky khac dong nhat
ctia nd voi kha nang nhu nhau. Vay xac suat ciia mdi sy thay doi nay la:

1-p
n'—1

Vi thuét toan trén, mot céa thé co thé dot bién thanh ca thé bat ky trong
khong gian tim kiém voi xac suat duong, xac suat nay chi phu thudc vao p.
Goi mjj 1a xéac suit chuyén cta quan thé tir trang thai i sang trang thai j théng
qua dot bién, thi my; > 0,Vi,j. Xac suat m;; nay chi phu thudc vao p (khong
tinh cac héng s6 n da cho), va co thé tinh cu thé dugc nhu sau:

Xét hai trang thai i, j bat ky, néu i, j c6 K cé thé giéng nhau va N - K ca
thé khac nhau thi:

+ Xac suat dé K cé thé gidng nhau (khong dot bién) 1a (1 — p,,)¥.

+ Véi N—K d6i ca thé khac nhau & cung mot vi tri, ., (1) va
e, ()t =1,..,N—K:

Goi Ly, 1a s0O may c6 cac gen giong nhau gilta my, (i) va my, (),

conm — Ly, la s may co cac gen khac nhau trong hai c4 thé nay.

- X4c suat dé Ly, may gidng nhau 13 p%:,
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, £, 1A L C1q (1 m—Ly,
- Xac suat € m — L, may con lai khac nhau la: (—) :

. _ _ 1— m—Lk
Vay: my; = (1= pn) o™ - TIi" (pL"f (—p) t) >0

nl-1
Vi x4c suat P, €(0,1)co dinh, do d6 my; 1a ¢6 dinh dwong va khong
phu thudc vao trang thai hién thoi ciing nhu thoi diém cua quan thé.

Nhu vy, ma trdn chuyén trang thai M cta quan thé giy ra boi toan tir
dot bién 1a mot ma tran ngau nhién duong khoéng phu thudc vao thoi diém

cling nhu trang thai clia quan thé.

= Ma trin xac suit chuyén trang thai ciia quan thé gay ra béi toan

tir chon lgc

Toéan tir thir 3 s& duoc thuc hién dé sinh ra mot quﬁn thé mai tir qu'?m
thé cii 1a toan tir chon loc. Goi S 1a ma tran chuyén trang thai ciia qu'?m thé gay

ra bdi toan tir chon loc, ta co:

S11 Sl'(n!)m-N

S(n!)m'N’l S(n!)m'N’(n!)m'N

Vois;; 1a xac suat quan thé chuyén tir trang thai i sang trang thai j gay
ra bdi toan tir chon loc, ta cling co:

(n!)m'N

Nhu vay, ma tran S ciing 12 mot ma trin ngau nhién.

Xac suat dé mot ca thé m, (i) trong quan thé hién thoi ¢ trang thai i

duoc giit lai trong quan thé méi 1a:
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N
pe = Fm )/ ) f(m®).
h=1

Nhu vay, xac suat bién doi tir trang thai i sang trang thai j ciia quan thé
gdy ra bdi toan tir chon loc chi phu thude vao ham f ma khong phu thudc vao
trang thai hién thoi ciing nhu thoi diém hién tai ciia quan thé.

Tir d6, xac suat dé quan thé hién thoi gitt nguyén trang thai i sau phép
chon loc sé la:

N 2YCAON
T L @)

Vi ham f la mot ham luén dwong ta suy ra: s;; > 0.

Ma tran chuyén trang thai S ludén co it nhat mot phﬁn tir trén mot cot 1a

duong nén ma tran S 1a ma tran thoa man cot.

Nhu vay, ma tran chuyén trang thai S cta quan thé gy ra boi toan tir
chon loc 1a mot ma trin ngau nhién, thoa man cot va khong phu thudce vao
trang thai hién thoi ciing nhu thoi diém cta quan thé.

Toém lai, qué trinh sinh ra mdt thé hé mdi tir thé hé cii theo giai thuat
tién hoa truyén thong s& dugc thuc hién thong qua 3 toan tir lai ghép, dot bién
va chon loc v6i cac ma tran chuyén trang thai C, M va S tuong tmg. Goi P 1a
ma tran chuyén trang thai tong hop tir thé hé t sang thé hé t + 1, ta co:

P11 pl’(n!)m-N
P= : : =C-M-S
p(n!)m-N’l p(n!)m'N’(n!)m'N

Trong do p;; la xac sudt chuyén trang thai cua qur:fm thé sau mot thé heé,
va C, M, S tuong mg 1a cac ma trdn chuyén trang thai ctia quan thé gay ra boi

cac toan tu lai ghép, dot bién, chon loc.
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Vi cac ma train C, M va S 13 cac ma tran ngau nhién khong phu thudc
vao thoi diém ciing nhu trang thai hién thoi cia quan thé nén ma tran P clng
v6i cac phan tr p;j cing khong phu thudgc vao trang thai hién thoi cling nhu
thoi diém cua quén thé.

Lai c6 ma train C, M va S 1a cac ma trin ngau nhién, M 13 ma tran
duong va S 1a ma tran théa man cdt, tur bo dé 1 ta suy ra ma tran xac suét
chuyén trang thai tong hop P 1a mdt ma tran ngau nhién duong.

Nhu vay, thuit toan tién hoa truyén thong co thé dugc mé ta thong qua
mot xich Markov véi trang thai cia quan thé nam trong khong gian trang thai
va ma tran xac suat chuyén trang thai P duong. Ta suy ra thudt toan nay chinh
la mét xich Markov Ergodic.

= Chiing ta sé ching té riang thuit toan di truyén truyén thong
khong hdi tu t6i tdi wu toan cuc

That vay, theo dinh 1y 2 ta c6 phan bd x4c sut ciia cac trang thai cla
quan thé khi thoi gian tién t&i vo cung:

[ = [nf", T3, e, ”g:l!)m'N] la vector hang véi cac phﬁn tor duong.

Xét mot trang thai j bat ky khong chira nghiém téi wu, x4c suat quan thé

dat toi trang thai j khi t — oo lam > 0.
goi py 1a X&c suat céc trang thai cua quan thé khdng chira ca thé mang
nghiém t4i wu khi thoi gian t — oo, ta suy ra p; > n;° > 0. Theo dinh nghia
ta co:
tli_)rgloP{Zt =f"}=1-pg <Ll
Nhu vay, thuat toan di truyén truyén thong khong hoi tu t6i téi uu toan

cuc.
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4.3.2. Phan tich tinh hdi tu ciia thuét toan di truyén véi ca thé tinh hoa va

toan tir sao chép
= Thuit toan di truyén véi ca thé tinh hoa va toan tir sao chép

Dé tién theo dbi, & day trinh bay lai thuat toan lai cho JSP dugc dé xuét

trong chuong 3:

Begin
t=0
Khoi tao P(t)
Danh gia P(t)
Chon cd thé tinh hoa
// cd thé cé do thich nghi tot nhat //
// ¢d thé nay khéng tham gia vao cdc todn tir di truyén //
While ( not diéu kién dirng ) do
Begin
Thiee hién phép trao doi chéo
Thuc hién phép dot bién
Panh gid dg thich nghi ciia méi cd thé
Thuc hién chon loc
Xdc dinh cd thé ¢é db thich nghi cao nhat
Thuec hién sao chép

End
End

Vi su xuat hién caa ca thé tinh hoa, ¢& quan thé s& 1a N+1, nhu vay
khong gian trang thai cua quan thé s& khong con 1a (n)™V nita, ma s& la
(m)™ W+ Ta @it vi tri coa siéu c& thé ¢ dau cua chudi ma hoa chiéu dai

(N + 1)m - n va ta c6 thé truy xuat dén siéu ca thé d6 thong qua phép chiéu
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1o (i) khi quan thé ¢ trang thai i. Vi mdi trang thai cia quan thé, ching ta c6
1 c4 thé tinh hoa twong ung dimg & dau, ta sap xép khdng gian c4c trang thai
theo thu ty giam dan do thich nghi cia ca thé tinh hoa (tuc la i <j —
f (o () > f(mo ().

Khi d6 ma tran chuyén trang thai gy ra boi cac toan tir lai ghép, dot
bién va chon loc s& déu co kich thudc la (n!))™WV+D x (n)m W+ Goi CT,
M*, S 1an luot 1 ma tran chuyén trang thai gdy ra boi cac toan tir lai ghép,
d6t bién va chon loc 1én quan thé c6 chira ca thé tinh hoa, vi cac siéu ca thé

khong tham gia vao qua trinh tién hda nén cac ma tran C*, M+, S*s& ¢ dang:

C+:<C C)’M*:(M M>’S*:(S 5>

Véi mdi duong chéo bao gdm (n!)™ ma tran C, M, S di duoc xét trong

giai thuat tién hoa chua c6 ca thé tinh hoa, tir d6 ta c6:

C-M-S P
C+.M+_S+:( >=< >
C-M-S P

Toan tir sao chép duoc biéu dién dudi dang mot ma tran nang cap U
kich thugc (n)™P+D x (n))mW+D ma tran nay co cic phan tir duoc tinh

nhu sau:

Xét quan thé bao gom siéu ca thé & trang thai i, goi 1, (i) 1a ca thé ¢ do

thich nghi cao nhit trong sb cac ca thé thuong tuc 1a:
f(m () = max{f (m. () /k = 1, ..., N}, khi dé:

Néu f(re(@) < f(m@®) thi u; =1 Véi
j = (m (), 71 (0), 7@, ..., iy (D)) € S, con lai uy, = 0 (V6i k # j).
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Néu f(no(i)) > f(nl(i)) thi u; = 1, cic phan tir con lai cia ma tran
U bang 0.

Toan tir sao chép sé& thay thé ca thé thudng c6 d6 thich nghi cao hon so
vé6i ca thé tinh hoa & cung thé hé vao vi tri cua cé thé tinh hoa, néu khéng co
c4 thé ndo thoa méin, quan thé s& giit nguyén.

Ta thay ma tran U ciing chi phu thudc vao gia tri ciia ham f, nhu vy ma
tran U d6i v6i mot bai todn c6 kich thudce co dinh 1a b dinh, vi cac ca thé tinh
hoa duoc sap xép theo thr tur giam dan ctia d6 thich nghi nén ma tran U s& c6

dang:

U11

Umnnym 1 Umym mym
Vi cac ma tran con Uy; ¢6 kich thude (nH)™N x (nh)ymnV,

Gia st bai toan chi c6 mot nghi¢m tdi wu, nhu vay cac trang thai tu 1
dén (n)™" 1a cac trang thai ma tat ca déu cd cé thé tinh hoa (chung mot ca
thé tinh hoa) mang nghiém t6i wu (do cach danh sé khong gian trang thai),

nhu vay trong ma tran nang cap U trén, chi ¢ ma trdn con U;; la ma tran don

=" 1)

vi tuc la:

.....

7

CO.

P Uix
P+=C+-M+-S+-U=( )
P

Umnnym 1 Umiym (anm
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PU{4
PU@nm 1 PUqym iym
= Tir diy, ta c6 thé chitng minh dwoc thuit toan di truyén véi ca
thé tinh hoa va toan tir sao chép hdi tu t6i tdi wu toan cuc
That vay, vi Uy 1a ma trin don vi nén PUy; = P 13 mot ma tran ngau
nhién va duong. Do chi c6 mot nghi¢m tdi uu nén cac ma tran con PU,1#0

véi k = 2, ¢6 thé tap hop thanh mot ma tran chit nhat R # 0. Ma tran vudng

phu hop v&i ma tran PUy; va ma tran R ¢ trén 1a ma tran:

PU,,
T = + 0
PU iyym 2 PU tiym niym
Vay, P* = (g ;),), theo dinh nghia 2, P* 1a ma tran gian uéc duoc.

Twr do, ap dung dinh 1y 3 ta cé:

or =Y

1a mot ma tran 6n dinh voi (P1)* = 1'1* va 1 = 1 - (P™)* la gia
trj véc to hang 6n dinh ciia (P™)® khong phu thudc vao gia tri 1€ va thoa
man:

P >0voil<i<@m)™Nvan? =0véi (n)™N <i< (n)mW+h

Nhu vay, khi s6 thé hé tién tdi vo cing, phan phdi xac suat trang thai
ctia quan thé tap trung hoan toan vao (n!)™Vtrang thai dau, tirc 1a tap trung
vao tat ca cac trang thai c6 chira nghiém tdi wu. Tuc 1a:

lim P{Z, = f*} = 1.
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Diéu d6 c6 nghia thuit toan di truyén voi cd thé tinh hoa va toan tir sao
chép co tinh chat hoi tu t6i téi wu toan cuc. Su hdi tu téi t6i wu todn co thé

duoc giai thich mdt cach tryc quan nhu sau:

Gia str tai thé hé thi t ctia quan thé, quan thé P(t) dang ¢ trang thai
i € S nao d6 va my(i) 1a cé& thé tinh hoa tuwong ung, tic 14 c& thé tot nhat cua
quan thé tai thé hé nay va n6 khong tham gia vao cé4c toan tir di truyén cua
quan thé. Bay gio ta xét thé hé tiép theo t + 1. Néu thé hé nay khong c6 ca
thé nao t6t hon ca thé tinh hoa m, (i), thi c& thé tinh hoa nay dugc duy tri cho
thé h¢ t + 1. D¢ khang dinh rang khi s6 thé hé tién ra vo han (t — o) quan
thé gap cé thé toi wu toan cuc, ta gia sur j 13 trang thai ciia quan thé ma cé cé
thé tinh hoa e (j) tét hon (tirc 1a £ (o (j)) > £(mo(1))). Do p” > 0,vn €
N (do P 1a ma tran chinh quy), nén ton tai moét thé hé thi t + k nao d6 dat
duogc trang thai j (Vi néu khdng, tic moi thé hé ké tir thé hé thu ¢ khong dat

n

duoc trang théi j, thi pl.(j ) > 0,vn >t + 1, diéu ndy mau thuin). Mit khéc,
khong gian trang thai S 13 hiru han, do d6 bai toan ton tai t6i wu toan cuc f*.
Chtng minh & trén khang dinh quan thé s& gap t6i wu toan cuc khi t — oo véi

xéc suat 1, nghia 1a chic chan.
4.4. Két luan

Chuong 4 di trinh bay mot sd van dé co ban nhét vé xich Markov. Tiép
theo d6 da phan tich cac thudc tinh hdi tu cua thuat toan tién hoa truyén théng
va thuét toan tién hoa ma tac gia dé nghi trong chuong 3 bang cach ap dung
cac tinh chét cua xich Markov. Trén co so phan tich xich Markov cta thuat
toan di truyén, ludn an da chtng to thuat toan dé nghi trong chwong 3 hoi tu

t&1 to1 uu toan cuc.
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KET LUAN

Trong thoi gian qua, mic du véi nhitng khé khan von co cua nghién
ctru sinh trong nudc vé cac van dé nhu: Tiép can cac thanh twu nghién ctru
ctia thé gidi, trao d6i thong tin khoa hoc v&i cac nha khoa hoc nude ngoai, cac
nguén tai liéu tham khao,...Nhung véi su nd luc cua ban than va duogc su
huéng dan tan tinh cta hai can bo huéng dan, tac gia luan an da hoan thanh
cac muc tiéu ludn an dit ra ban dau. Cac két qua cu thé dat dugc nhu sau:

1. Nghién ctru vé tong quan cia bai toan: Luan an di phan tich, danh
gi4, so sanh cac giai phap da ap dung cho cac bai toan lap lich job shop. Trén
co so d6 dé xuat mot s6 hudng nghién ciru dé giai quyét bai toan nay.

2. Luan an di dé xuit mot thuat toan di truyén lai m&i: Thuat toan nay
két hop thuat toan di truyén véi cac k¥ thuat tim kiém khéac cho bai toan 1ap
lich job shop. Trong phwong phap dé xuét ndy, c6 su d6i moi cac cong doan
ctia thuat toan di truyén nhu: Ma héa 1oi giai, dot bién va trao doi chéo.
Phuong phap dé xuét nay da duogc cai dit va chay thir nghiém trén céc bai
toan test chuan cho két qua tot. Két qua di duoc so sanh véi két qua cac giai
phap trude d6 dé chimg t6 tinh vuot troi cia né.

3. Ludn 4n d3 song song hoa thuit toan dé xuét: Thuat toan méi dé xuét
dugc song song hoa, cai dat va chay thtr nghiém cho két qua tot va rat ngan
duoc nhiéu lan thoi gian thyuc thi véi cung bd tham sb6 va dir liéu vao trong
thuat toan tuan ty. Két qua nay da duoc chuyén thanh bai bao tham gia hoi
nghi quéc té vé “‘xir 1y tin hiéu s6 va cong nghé thong tin - ISSPIT” 2012.

4. Luan 4n da chimg minh tinh hoi ty t&i tdi wu todn cyuc cia thuat toan
di truyén lai méi v6i ma hoa ty nhién cho bai toan 1ap lich job shop. Két qua
nay di chuyén thanh bai bao tham gia hoi nghi qubc t& vé “‘xir 1y tin hiéu sd
va cong ngh¢ thong tin - ISSPIT’” 2012.
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HUONG NGHIEN CUU TIEP THEO

D3 c6 nhiéu giai phap cho bai toan 1ap lich job shop trong nhitng nim
qua. Tuy nhién, mot kho khin ¢b hiru ma cac phuong phép cho JSP dang phai
d6i mat d6 1a khong mot heuristic ndo ¢ thé dam bao rang sy thyc thi ctia no
da duoc khai thac ding mirc va giai quyét triét dé bai toan hoc bua nay. Dé
vuot qua cac rao can hién tai ciia cic giai phap cho JSP, cac thiét ké thu
nghiém nghiém ngit va sy phan tich k§ ludng cac phuong phap lai 1a diéu hét

strc can thiét dé tao ra dugc cac phuong phap manh cho JSP.

Mot van dé nita 1a cac cOng trinh nghién ctru vé 1ap lich néi chung con
don gian hon nhiéu so véi cac bai toan thé gidi thuc. Trong xu thé phat trién
ctia khoa hoc k¥ thuit ¢ ky nguyén 21, cac bai toan trong thuc tién co thé co
nhiéu rang budc phirc tap hon, cac ham muc tiéu ciing mém déo hon va céc
dic trung dong hon. Piéu d6 cho thdy can phai md rong cac cach tiép can da
dé xuat cho JSP sao cho né két hop chit ché cac rang budc cua cac bai toan

trong thuc té.

Pay 14 van dé duoc dit ra cho nhitng nghién ciru tiép theo vé giai phap

cho cac bai toan lap lich job shop.
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PHU LUC

Cac ham chinh cua thuat toan di truyén lai m&i ma ludn an dé xuét
dugc cai dat bang ngdn ngir C++ nhu dudi day:
= Ham GT() dung cho khéi tao quén thé
void Gene :: InitGT(Operation ***arrope, int numMachine, int numJob, int

numOpe)

Random rd;

Operation ***S;

S = new Operation **[numMachine + 1];

for(inti = 0; i < numMachine + 1; i++) S[i] = new
Operation*[numJob + 1];

List<Operation, minPtr> G;

List<Operation, minPtr> C;

List<Operation, minPtr> **PM= new List<Operation, minPtr>

*[numMachine + 1];
for (inti = 0; i < numMachine + 1; i++)
PM[i] = new List<Operation, minPtr>;
for (inti=1; i <=numJob; i++)
{

Operation *ope = arrope[i][1]->Clone();

ope->ES =0;
ope->EC = ope->getPt();
G.Add(ope);

}

for (intk = 0; k < numOpe ; k++)
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Operation *opeMinEc = findOpeMInEC(G);
int machinelndex = opeMinEc->getMachine();
List<Operation, minPtr> GM;
for (inti =0; i < G.Count; i++)
if (G[i]->getMachine() == machinelndex)
GM.Add(G[i]);
List<Operation, minPtr> CM;
for (int1=0; i < GM.Count; i++)
if (GM[i]->ES < opeMinEc->EC) CM.Add(GM[i]);
int idOpeChooser = rd.Next(CM.Count);
Operation *opeChooser = CM[idOpeChooser];
int J = machinelndex;
int | = PM[machinelndex]->Count + 1;
opeChooser->s = opeChooser->ES;
opeChooser->c = opeChooser->EC,;
S[J][1] = opeChooser->Clone();
PM[J]->Add(S[J][ID);
for (int 1 =0; i < GM.Count; i++)
if (GM[i] != opeChooser)
{
GM[i]->ES = Max(GM[i]->ES, opeChooser->EC);
GM[i]->EC = GM[i]->ES + GM[i]->getPt();
}
Operation *opeNext = opeChooser->findOpeNext (arrope,
numMachine);
if (opeNext != NULL)
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G.Add(opeNext);
Operation *opeResult = findOpeBothMachine(PM, opeNext);
opeNext->ES = Max(opeChooser->EC, opeResult->EC);
opeNext->EC = opeNext->ES + opeNext->getPt();

}

G.Remove(opeChooser);

}
for (inti =1; i <= numMachine; i++)
for (intj =1; j <= numJob; j++)
if (S[I1[j] '= NULL)
{
Add(S[i][j]->Clone());
}

= Ham khéi tao quan thé ban dau

void Population::InitPopulation()

{
M =0;
for (int k = 0; k < nPopulation; k++)
{
Gene *gene = new Gene,
gene->InitGT(arrope, numMachine, numJob, numOpe);
gene->makespan();
Add(gene);
}
tinhM();
tinhFitness();
}
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* Ham tinh tham s6 M
void Population :: tinhM()

{
M=0;
float M =0.0;
for (int1=0; i < Count; i++)
{
ptu[i]->makespan();
_M+ = 2.0*((float)ptu[i]->MakeSpan/nPopulation);
}
M = (int)_M;
}

= Ham tinh d§ thich nghi ciia c4 thé
void Population :: tinhFitness()
{
for (inti=0; i < Count; i++)
ptu[i]->fitness(M);
}
= Ham chon ca thé tham gia d6t bién
void Population :: selectMutation()
{
List<Gene, maxPtr> temp = Select();
List<Gene, maxPtr> listMutation;
for (inti = 0; i < nPopulation; i++)
if (rd.Next() < pMutation)

{
listMutation.Add(temp[i]);
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}
if (listMutation.Count > 0)

for (inti = 0; i < listMutation.Count ; i ++)
{

for(int it = 0;ii < 5; li++)

{
Gene *ge = listMutation[i]->Clone();
ge->Mutation();
if (ge->updateGene() == true &&

kiemtratrunggene(ge)==false)
{
ge->Eval(M);
if(ge->MakeSpan <= listMutation[i]->MakeSpan)
{
Add(ge->Clone());

break;

}
= Ham dot bién
void Gene :: Mutation()
{
Random rd;
int pl, p2;
do
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pl = rd.Next(Count);

p2 = rd.Next(Count);

if ((ptu[pl]->getMachine() == ptu[p2]->getMachine()) && (p1
1= p2))

Operation *temp;
temp = ptu[p2];
ptup2] = ptu[pl];
ptu[pl] = temp;

}
while (ptu[pl1]->getMachine() != ptu[p2]->getMachine() || (p1 ==
p2));
}
* Ham chon ca thé tham gia trao ddi chéo
void Population :: selectCrossOver3()
{
List<Gene, maxPtr> temp = Select();
List<Gene, maxPtr> listcross;
for (inti = 0; i < nPopulation; i++)
if (rd.Next() < pCrossover)

{
listcross.Add(templ[i]);

}

while (listcross.Count % 3 = 0) listcross.RemoveAt(listcross.Count —
1);
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if (listcross.Count > 0)
for (int 1 =0; i < listcross.Count - 2; i += 3)
{
Gene *g= new Gene,
do
{
g->InitCrossOver3 (arrope, numMachine, numJob, numOpe,
*listcross[i], *listcross[i + 1], *listcross[i + 2]);
} while (g->updateGene() == false);
if (kiemtratrunggene(g) == false)
{
g->Eval(M);
Add(g->Clone());

}
* Ham trao doi chéo
void Gene :: InitCrossOver3(Operation ***arrope,int numMachine,

int numJob, int numOpe, Gene g1, Gene g2, Gene g3)

Operation ***S1; S1= new Operation **[numMachine + 1];

for(int i =0; i < numMachine + 1; i++) S1[i] = new
Operation*[numJob + 1];

Operation ***S2;

S2 = new Operation **[numMachine + 1];

for(inti = 0; i < numMachine + 1; i++) S2[i] = new

Operation*[numJob + 1];
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Operation ***S3;
S3= new Operation **[numMachine + 1];
for(inti = 0; i < numMachine + 1; i++) S3[i] = new

Operation*[numJob + 1];

intk =0;
for (inti = 1; i <= numMachine; i++)
for (intj = 1; ] <= numJob; j++)
{
S1[i][j]1 = g1[k]->Clone();

K++;

intk=0;
for (inti =1; i <= numMachine; i++)
for (intj = 1; j <= numJob; j++)
{
S2[i1[j]1 = g2[K]->Clone();

kK++;

intk =0;
for (inti = 1; i <= numMachine; i++)
for (intj = 1; j <= numJob; j++)

{
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S3[i][j] = g3[k]->Clone();

K++:

Random rd;
Operation ***S;
S= new Operation **[numMachine + 1];
for(int i =0; i < numMachine + 1;i++) S[i] = new
Operation*[numJob + 1];
List<Operation, minPtr> G;
List<Operation, minPtr> C;
List<Operation, minPtr> **PM = new List<Operation, minPtr>
*[numMachine + 1];

for (inti = 0; i < numMachine + 1; i++)

PM[i] = new List<Operation, minPtr>;
for (inti=1; i <=numJaob; i++)

{

Operation *ope = arrope[i][1]->Clone();

ope->ES = 0;

ope->EC = ope->getPt();

G.Add(ope);

}
for (int k = 0; k < numOpe ; k++)
{
Operation *opeMinEc = findOpeMIinEC(G);
int machinelndex = opeMinEc->getMachine();
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List<Operation,minPtr> GM;
for (inti=0; i < G.Count; i++)
if (G[i]->getMachine() == machinelndex)
GM.Add(G[i]);
List<Operation, minPtr> CM;
for (inti =0; i < GM.Count; i++)
if (GM[i]->ES < opeMinEc->EC) CM.Add(GM[i]);
Operation *opeChooser = NULL;
int num = rd.Next(3);
int Lmin = 30000;
if (num ==0)
{
for (int kk = 0; kk < CM.Count; kk++)
{
int i = CM[kk]->getJob();
int | =30000;
for (intj =1; j <= numJob; j++)
if (S1[machinelndex][j]->getJob() ==1)
{
I=];
break;
}
if (I <Lmin) Lmin =1;
}
int r = S1[machinelndex][Lmin]->getJob();
for (inti=0; i < CM.Count; i++)
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Operation *x = CM[i];

if (x->getJob() == r) opeChooser = x;

}
else if (hum ==1)
{
for (int kk = 0; kk < CM.Count; kk++)
{
int i = CM[kk]->getJob();
int | =30000;
for (intj =1; j <= numJob; j++)
if (S2[machinelndex][j]->getJob() ==1)
{

if (I <Lmin) Lmin=1;

}
int r = S2[machinelndex][Lmin]->getJob();

for (int1=0; i < CM.Count; i++)

{
Operation *x = CM[i];
if (x->getJob() == r) opeChooser = x;

else
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for (int kk = 0; kk < CM.Count; kk++)
{
int i = CM[kk]->getJob();
int | = 30000;
for (intj =1; j <= numJob; j++)
if (S3[machinelndex][j]->getJob() ==1)
{
| =7j;
break;
}
if (I <Lmin) Lmin=1;
}
int r = S3[machinelndex][Lmin]->getJob();
for (inti =0; i < CM.Count; i++)
{
Operation *x = CM[i];
if (x->getJob() == r) opeChooser = x;

}

int J = machinelndex;

int | = PM[machinelndex]->Count + 1;
opeChooser->s = opeChooser->ES;
opeChooser->c = opeChooser->EC;
S[J][1] = opeChooser->Clone();
PM[J]->Add(S[J][1]);

for (inti =0; i < GM.Count; i++)
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iIf (GM[i] '= opeChooser)
{
GM[i]->ES = Max(GM[i]->ES, opeChooser->EC);
GM[i]->EC = GM[i]->ES + GM[i]->getPt();
}
Operation *opeNext = opeChooser->findOpeNext(arrope,
numMachine);
if (opeNext != NULL)
{
G.Add(opeNext);
Operation *opeResult = findOpeBothMachine(PM,
opeNext);
opeNext->ES = Max(opeChooser->EC, opeResult->EC);
opeNext->EC = opeNext->ES + opeNext->getPt();
}
G.Remove(opeChooser);
}
for (inti =1; i <= numMachine; i++)
for (intj = 1; j <= numJob; j++)
if (S[i1[j] '= NULL)
{
Add(S[i][j]->Clone());
}
}

= Ham chon lgc

List<Gene,maxPtr> Population :: Select()

{
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List<Gene, maxPtr> newPopulation;
Gene *max;
max = SelectMax()->Clone();
if(max->MakeSpan <= TheBestGene->MakeSpan)
{
newPopulation.Add(max);
Copy();

}
else newPopulation.Add(TheBestGene);

tinhFtotal();
tinhP();
tinhQ();
for(int i=0;i<nPopulation - 1;i++)
{
float rd1 = (float)rd.Next();
if (ptu[0]->q >= rd1) newPopulation.Add(ptu[0]->Clone());
else
for(int j=1;j<Count;j++)
if (ptu[j - 1]->q < rd1 && rd1 <= ptu[j]->q)

{
newPopulation.Add(ptu[j]->Clone());
break;
}
}
return newPopulation;

}

= Ham sao chép

void Population:: Copy()

154



Gene *max = NULL,;
float GiaTri = 0;
for (int 1I=0; i<Count; i++)
iIf (GiaTri < ptu[i]->Fitness)
{

max = ptu[i];

GiaTri = max->Fitness;

}

TheBestGene = max->Clone();
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