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MO PAU
= Ly do chon dé tai

Lap lich 1a mét trong nhitng chit dé quan trong thudc linh vyc
van tri hoc xuét hién tir diu nhitng nam 1950. Muc tiéu chinh cua lap
lich 12 phan phdi tai nguyén ding chung mét cach hiéu qua nhat cho
cac tdc vu ddng thoi trong toan bo thoi gian xir ly. Mot mé hinh
chung nhat vé& lap lich d6 1a bai toan 1ap lich job shop (Job shop
Scheduling Problem - JSP), bai todn nay thudc I6p NP-hard (NP la
I6p céc bai toan quyét dinh co thé giai quyét trong thoi gian da thic
trén may Turing khong don dinh). JSP ciing 1a mét trong nhitng bai
toan duoc nghién ctru nhiéu nhat va 1a mot mod hinh phét trién tt vé
ly thuyét 1ap lich. Ngoai ra, mot dong luc khac gitip cho JSP duoc
thuc ddy manh mé& 1a bai cac tng dung cua né trong thuc tién cudc
sbng va san Xuat.

Pi c6 nhidu giai phap dugc dé xuat cho bai toan lap lich job
shop. Tuy nhién, cho t6i nay chwa c6 mot tiép can nao da dé xuat giai
quyét triét dé bai toan nay. Mot sb van dé lién quan toi viéc giai
quyét bai toan JSP con ton tai nhu sau:

1. Céc chuan thiét ké thir nghiém dé danh gia mot céch chinh
X4&c c4c thuat toan méi dugc dé xuat.

2. Tinh hoi tu cua cac thuat todn méi duge dé& xuat chua dugc
chirtng minh dya trén co sd toan hoc.

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



O nudc ta, viéc nghién ctu vé bai toan 1ap lich job shop van
chua phat trién. Trong nhitng ndm gan day da xuét hién mot sé béo
cao khoa hoc nghién ctru vé JSP. Tuy nhién, két qua dat duoc chua
tuong xing voi tam quan trong cua bai toan nay.

Vi nhitng ly do trén, luan an chon dé tai "Thudt toan va cac bai
toan lich biéu".

= Muc tiéu cia luan an

Luan &n tap trung nghién ctiru mot sé van dé chu yéu sau day:

1. Phan tich céc tiép can da dé xuat dé giai quyét JSP trong
nhitng nim qua dé thiy duoc wu diém, nhugc diém cua mdi giai
phap. Trén co s¢ d6 d& xuat mot sé huong nghién ciu bai toan nay.

2. Bé xuit mot thuat toan di truyén lai mai cho JSP va song song
hoa thuat toan nham khic phuc d6 phic tap tinh toan vén cé cua cac
bai todn JSP ¢& lon.

3. Chang minh tinh hoi tu cua thuat toan di truyén lai véi ma
héa tu nhién cho JSP ma luan an dé xuét.

* Y nghia khoa hoc va y nghia thuc tién cia dé tai

v Y nghia khoa hoc

Nhing dong gop chinh cua luan an vé khoa hoc:

1. Nghién ciru vé tong quan cua bai toan: Phan tich, danh gi4, so
sanh cac tiép can da ap dung cho cac bai toan lap lich job shop. Trén
co s do dé xuat mot s hudng nghién ciu dé giai quyét bai toan nay.

2. Nghién ciru va dé& xuat mot thuat toan di truyén lai moi két
hop thuat toan di truyén voi cac ky thuat tim kiém khac cho bai toan
lap lich job shop. Thuat toan dugc song song hoa dé giam thoi gian
chay may cho bai toan.



3. Chang minh tinh hoi tu caa thuat toan di truyén lai mai voi
mé hda tu nhién cho bai toan 1ap lich job shop sir dung mét céng cu
toan hoc 1a Iy thuyét xich Makov. Qua d6 chang to do tin cay cua
thuat toan ma luan an dé xuét.

v" Y nghia thuc tién

1. Luan &n c6 thé duogc st dung dé xay dung giéo trinh cho mén
chuyén dé tu chon & bac dai hoc nganh céng nghé thong tin.

2. Luan &n c6 thé duogc sir dung 1am tai liéu tham khao cho cac
sinh vién dai hoc va hoc vién cao hoc nganh cong nghé théng tin lam
dé tai vé thuat toan di truyén va ang dung.

3. Néu duogc dau tu vé tai chinh va nhan luc, luan an cé thé duoc
&p dung cho céc bai toan trong thyc tién vé qui hoach va téi wu.

= B6 cuc cia luin an

Luén an duoc trinh bay trong 155 trang, véi 39 hinh vg, 20 bang,
82 tai liéu tham khao. Ngoai phan m¢ dau, két luan va phu luc, luan
an duogc bd cuc thanh 4 chuong nhu sau:

Chuong 1. Téng quan vé thuat toan di truyén va bai toan lap lich
job shop

Chuong 2. Hai bai todn con cua bai toan Iap lich job shop

Chuong 3. M6t thuat toan di truyén lai mai cho bai toan lap lich
job shop

Chuong 4. Phan tich tinh hoi tu cua thuat toan di truyén lai méi
cho bai toan lap lich job shop



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

1.1. Thuat toan di truyén cé dién

Thuat toan di truyén (Genetic Algorithm - GA) phong theo cac
qua trinh sinh hoc trong tu nhién dé téi vu héa cac ham muc tiéu. GA
dugc dé xuit va nghién cau c6 hé thdng lan dau tién boi John
Holland va céc cong su tai truong dai hoc Michigan vao nam 1975.
Sau d6, GA duoc phat trién rat nhanh ca vé chiéu rong 13n chiéu sau,
ca vé ly thuyét 1an ung dung trong thuc tién. Hién nay, GA di duoc
nghién ciru ¢ hau hét cac quéc gia trén thé gisi va dac biét phat trién
manh & My, Trung Qudc, Nhat Ban, Han Quéc,... Ly thuyét GA da
duoc ung dung thanh cong trong rat nhiéu linh vuc khac nhau nhu
sinh hoc, khoa hoc may tinh, ky thuat lai ghép, xu ly anh,...

= Cau tric cha thuat toan di truyén cé dién

v Mahéa ldi gisi

Trong GA ¢ dién, mdi ca thé duoc ma hoa bai mot chudi nhi
phan. Mdi vi tri trén chudi dugc goi 1a mot gien va nhan mot trong
hai gia tri O hoac 1.

v’ Toan tir trao ddi chéo

Toén tir trao ddi chéo thuc hién trén hai ca thé cha dé tao ra mot
hozc hai c4 thé con méi bang cach trao dbi cac doan gien tuong ing
cua cac loi giai cha. C6 mot sb cach trao d6i chéo sau day: Trao doi
chéo mot diém, trao d6i chéo hai diém, trao d6i chéo dong nhat.

v' Toan tir dt bién



Toén tir dot bién stra d6i mot s6 gien trong mot ca thé cha duoc
chon mot cach ngau nhién bang cach thay doi cac gien co gia tri 0
thanh 1 va nguoc lai.

v' Toan tir chon lgc

Co ché chon loc thyc hién theo nguyén Iy banh xe x4 s6. Mdi ca
thé trong quan thé c6 mot xac suat chon loc duogc tinh theo cong thic:
pi = eval(v;) / F. Trong d6, eval(v;) la gia tri cia ham thich nghi cua
ca thé v, F 1a tong cac gia tri thich nghi cua quan thé.

= Mot thia tuc don gian cho thuat toan di truyén cé dién
Procedure GA
Begin
t=0
Khei tao P(t)
Danh gia P(t)
While (not diéu kién dirng ) do
Begin
Xay dung tdp loi giai trung gian P'(t) ter P(t)
Danh gia P'(t)
Chon loc P(t + 1) tr P'(t)
t=t+1
Danh gia P(t)
End
End

1.2. Cé4c lop bai toan P, NP, NPC va NP-hard

Trong muc nay, luan &n trinh bay ngin gon céc khéi niém co ban
vé 16p céc bai toan P, NP, NPC va NP-hard.



1.3. Tong quan vé bai toan lap lich job shop (JSP)
= MO ta bai toan Iap lich job shop téng quéat

Cho mét tap n cong viéc {J;} 1 <i <n, mdi céng viéc bao gom m
thao tac duoc xu ly ¢ trén mét tap m may {M;} 1 <j <m va thoa mén
cac rang budc sau day:

1. Mdi cbng viéc phai duoc xtr Iy ¢ trén mdi may theo mat trinh
tu cho trudc cua cac thao tac. Trinh tu thuc hién cac thao tac cia mdi
cdng viéc lan luot trén cac may duoc goi 12 tuan tu cong nghé.

2. Tai mot thoi diém mdi may chi cd thé xir 1y nhiéu nhat 1a mot
cong viéc.

3. Mbi may M; tiry y déu c6 kha ning xtr ly mot cong viéc J; nao
d6, phan cong viéc J; dugc xi ly trén may M; duoc goi la thao tac O;.

4. Mdi thao tac Oy phai duoc xir Iy mot cach lién tuc & trén may
M; (khong bi ngat khi dang xir 1y).

5. Thoi gian bat dau xir Iy va thoi gian hoan thanh viéc xt ly
thao tac O;; dugc Ky higu lan luot 12 Sij Va cjj. Thaoi gian xur ly thao tac
Oj; duoc ky hiéu la pj;.

6. Thoi gian hoan thanh viéc xir ly tit ca cac cong viéc duoc goi
la makespan va dugc Ky hiéu 1a Cpay.

Viéc giai quyét JSP 1a xac dinh mét lich biéu sao cho makespan
1a nho nhét c6 thé.

= Cac tiép can di dwgc dé xuit dé gizi quyét JSP

So d6 tong két cac tiép can cha yéu da dugc ap dung cho bai
toan 1ap lich job shop dugc trinh bay trong hinh 1.7.



C4c tiép can giai quyét

bai toan lap lich job shop
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Hinh 1.7 - Céc tiép can cho JSP
= M@t s6 vin dé con ton tai va cac dé xuat
v Mt s6 vaAn dé con ton tai
Mot sé van dé can phai duoc thao luan chi tiét va nghién cau
day du hon sau day:

1. Viéc danh gia két qua cua cac giai phap khac nhau doi hoi
phai chinh x4c, dac biét cac két qua co lién quan t6i heuristic. Cac
thiét ké thu nghiém hién cé con nhidu bt cap, cac thiét ké thu




nghiém can phai nghiém ngit hon, cic bai toan test chuan can phai
nhiéu hon va da dang hon.

2. Can phai chting to thudc tinh hoi tu téi toi wu toan cuc cua cac
tiép can gan dung duoc d& xuat moi cho JSP trén co so ly thuyét.

3. Chua c6 mdt phuong phap hinh thirc duoc duoc dé xuat cho
viéc két hop hiéu qua céc ky thuat tim kiém voi nhau. Céac nghién
ctru nén dua ra cach thirc két hop nhu thé nao dé c6 mét tiép can méi
manh hon.

4. Van d tha tu 1a sy phic tap cua cac bai toan job shop c& 16n
vai khong gian 1oi giai qua I6n cua nd. Do vay, nén tap trung vao cac
ky thuat tim kiém song song trén nhiéu ving lan can cua khong gian
15i gidi.

v M@t sé dé xuat

Luan 4n xin d& xuat mot s huéng nghién ciru sau:

1. Cac phuong phap méi cho JSP nén tap trung vao cac ky thuat
gan ding dé tranh thoi gian ting theo ham s mii khi ¢& bai toan ting
theo tuyén tinh va nén la cac giai phap lai pha tron mot sé ki thuat
tim kiém khéac nhau.

2. Cac phuong phap mai nay nén tich hop mot cach hop ly cac
wu diém ndi troi cia mdi phuong phéap thanh phan sao cho phu hop
vai dac thi cia mdi bai toan can giai quyét.

3. Cac phuong phap méi nén tap trung vao céc tiép can giau
tiém niang ma chua dugc khai thac chang han nhu mang no ron.

4. Trong tim kiém cuc bo, nén sir dung khdi t6i han trong cac
c4u trdc vang 1an can dé tao ra cac di chuyén mot cach hiéu qua nhét.

5. Cac phuong phap méi nén ap dung cac luat sinh lich biéu tich
cuc dé& han ché khong gian tim kiém va dan dit téi cac 1oi giai tét
hon.



CHUONG 2. HAI BAl TOAN CON CUA BAI TOAN LAP
LICH JOB SHOP

Trong thyc tién, ching ta gap nhiéu trudng hop cac bai toan can
giai quyét chi thoa man mot sé rang bugc cua bai toan lap lich job
shop. Di véi cac bai toan con nay, cach giai quyét don gian hon bai
toan lap lich job shop rét nhiéu. Chwong nay trinh bay hai bai toan
con cua bai toan lap lich job shop thuong gap trong thuc tién san xuat
va dé& xuit mot thuat toan di truyén véi ma héa tu nhién cho chung.
2.1. Bai toan lap lich flow shop hoan vi

= MO0 ta bai toan

Bai toan lap lich flow shop hoan vi (Permutation Flow shop
Scheduling Problem - PFSP) la bai toan c6 n cong viéc (Jy, Ja, ..., Jn)
dugc xu ly trén m may (My, My, ..., M) va cé cac dac trung sau:

1. Mdi cong viéc J; (i = 1, ..., n) 6 m thao téc, thao tac thir j phai
duoc xtr ly & trén may M; (j = 1, ..., m). Mot cong viéc chi c6 thé bat
dau dugc xtr 1y & trén may M; néu n6 duoc hoan thanh viéc xu ly &
trén may M;; va may M; rdi. khong cd khoang thoi gian dung khi
chuyén tir may nay sang may khac.

2. Trinh ty xur ly c4c cong viéc & trén tat ca cac may 1a nhu
nhau. Tuc 13, néu mot cong viéc ¢ thi tu xu If thir i & trén may M,
thi n6 ciing c6 thir ty xur ly thir i 6 trén cac may con lai.

3. Thao tac cua cong viéc J; dugc xu ly ¢ trén may M; dugc ky
hi¢u la Oj;; va c6 thoi gian xir 1y cho trudc la pj.

4. Khoang thai gian ké tir khi bat dau xu ly céc cong viéc cho toi
khi hoan thanh viéc xu Iy tit ca cac cdng viéc dugc goi 14 makespan
Cua bai toan va duoc ky hiéu 1a Cay.



Viéc giai quyét PFSP 1a xac dinh mot lich biéu sao cho
makespan 1a nho nhat.
= Cach tinh thai gian hoan thanh trong mét lich biéu hoan
vi
GO j1, J2, Ja jar js 1a MOt hodn vi cua Jy, Jp, s, Jg, Jsva C; 1a
thoi gian hoan thanh thao tac thir j cua cdng viéc ji. Chung ta c6 cong
thac tinh thoi gian hoan thanh nhu sau:

(
; Pi, néu ji = j
Ci=< .
Z Pi;, néuj=1
L Ir;llax( Ciuy ijH) *Pii { truong hop con lai}

=  Thuét toan Johnson cho PFSP 2 may va PFSP 3 may

Bai toan lap lich flow shop hodn vi 2 may va 3 may thoa man
mot sé didu kién nhét dinh, c6 thé 4p dung thuat todn Johnson [52]
duogc dé xuat vao nam 1954 dé tim ra 1oi giai téi wu thuc su.

= Mot thuat toan di truyén ma hoéa tw nhién cho bai toan

lap lich flow shop hoan vi téng quét

Thuat todn Johnson chi &p dung duoc cho cdc PFSP 2 may hoac
3 may thoa man rang bugc (2). Nhu vay, véi cac PFSP tong quat
khong thé giai duoc bang thuat toan Johnson [52]. Ching ta phai
ding cac phuong phap gan ding dé giai quyét ching. Trong muc nay
luan an d& xudt mot thuat toan di truyén mai 4p dung cho PFSP.
Thuat toan nay da duogc cai dat va chay trén cac bai toén test va cho
céc két qua rat tot (tr. 67-73).
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2.2. Bai toan lap lich flow shop

= MO ta bai toan

Bai toan lap lich flow shop (flow shop scheduling problem -
FSP) ciing 14 bai toan con cta JSP nhung 14 trudng hop tong quat hon
bai toan lap lich flow shop hoan vi. Bai todn nay dugc mé ta tuong tu
nhu PFSP, chi khac ¢ chd thir ty xir Iy cac cong viéc ¢ trén moi may
c6 thé khac nhau.

= M@t thuat toan di truyén ma héa tw nhién cho bai toan

lap lich flow shop téng quéat

Trong muc nay luan an d& xuit mot thuat toan di truyén mai ap
dung cho FSP. Thuat toan nay da duogc cai dat va chay trén cac bai
toan test va cho céc két qua rat tét (tr. 74-81).

11



CHUONG 3. MQT THUAT TOAN DI TRUYEN LAI MOl CHO
BAI TOAN LAP LICH JOB SHOP

Trong chuong ndy, luan 4n d& xuat mot thuat toan di truyén lai
mai cho bai toan 1ap lich job shop. Thuét toan da dugc cai dat va
chay thar nghiém. Két qua thr nghiém da duoc so sanh voi két qua
dugc cong bd gan day dé chung to tinh vuot troi cia thuat toan do
luan an dé nghi. Bé rat ngan thoi gian chay may, thuat toan da duoc
song song hoa va duogc chay thir nghiém trén cac bai toan test chuén
cho két qua tt.

3.1. C4c lich biéu tich cuc va ban tich cuc

Theo B. Giffler va Thompson [36], khéng gian céc lich biéu c6
thé cua JSP bao gdom 3 16p lich biéu:

Céc lich biéu khong tich cuc

Céc lich biéu ban tich cuc

Cac lich biéu tich cuc

Hinh 3.1 - Céc loai lich biéu
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3.2. C4&c luat wu tién cia Giffler va Thompson
* Thuattodn GT

Tap luat vu tién do Giffler va Thompson [36] d& nghi con dugc
goi la thuat toan GT. Thuat todn GT Ia mot trong cac cong trinh sém
nhat vé& cac luat wu tién, thut toan nay rat quan trong va dugc sir
dung rong réi trong lap lich. Cho téi nay, thuat toan GT van dugc
xem nhu 14 nén tang cho cac luat wu tién khac. Tam quan trong cua
n6 xuat phét tir thue té d6 1a né sinh ra cac lich biéu tich cuc.

* Thuat toan GT ap dung cho JSP dé sinh ra cac lich biéu
tich cuc

Mot bai toan lap lich job shop dwoc cho béi ma tran tuan tu cong
nghé {Ti} va ma tran thoi gian xu ly {pi}, day 1a 2 ma tran di liéu
vao cua bai toan 1ap lich job shop can giai quyét. Mat lich biéu tich
cuc c6 thé duoc sinh ra bang cach st dung thuat toan GT.

3.3. Mgt thuat toan di truyén lai méi cho bai toan lap lich job
shop

Trong muc nay luan 4n dé xuat mot thuat toan méi cho JSP.
Thuat todn c6 mot sé cai tién mai trong viéc dung thuat toan di
truyén dé giai JSP sau day:

1. M4 hoa cac thao tac cua mot lich biéu bai cac sé tu nhién.
Céach ma hoa nay tao diéu kién thuan loi cho viéc thuc thi cac toan tir
di truyén va don gian hoa trong cai dat chuong trinh.

2. Str dung chién luoc dot bién lai”’. Vi mot trong nhirng diém
yéu cia GA 1a khdng phu hop cho viée diéu chinh céc 1oi giai khi rat
gan véi 1oi giai ti wu vi toan tir trao ddi chéo thuong phé v sy diéu
chinh nay. Cai tién nay dugc dua vao cé tac dung tinh chinh cac 1oi
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giai hudng t6i 1oi giai tdi wu, nd dac biét hitu ich khi mot mot ca thé
cha tham gia d6t bién ma cé thé nay da gan cham téi 10i giai t6i wu
cua bai toan.

3. Toan tir trao ddi chéo duoc thuc hién trén 3 ca thé cha. Cai
tién nay c6 tac dung tao ra mot ca thé con mang nhiéu thudc tinh cua
c4c ca thé cha khac nhau, tir d6 tang cuong su khdam pha khong gian
tim kiém.

= Thuat toan tién hoa

Procedure NHGA JSP
Begin
t=0
Khdi tao P(t) {ham InitPopulation}
Ddnh gia P(t)
Chon cé thé tinh hoa
While ( not diéu kién dirng ) do
Begin
t=t+1;
Thuc hién phép trao dsi chéo {ham InitCrossOver3}
Thuc hién phép dét bién {ham Mutation}
Pdnh gid dg thich nghi ciia mai ¢ thé
Thuec hién chon loc {ham Select}
Xac dinh c& thé ¢6 dé thich nghi cao nhat
Thyc hién sao chep {ham Copy}
End
End

14



3.4. Song song héa thuit toan di truyén lai méi cho bai toan lap
lich job shop

= MO ta thuit toan

Trong giai thuat song song hda nay, luan &n &p dung hinh thic
song song dit liéu, bang cach chia dit liéu thanh nhiéu phan, mdi phan
s& do mot b xir ly thyc thi. M6 hinh may dwoc ap dung cho song
song hda la md hinh Master-Slave. Bang 3.3 néu mot s nhiém vu
chinh ctia Master va cac Slave.

Béang 3.3 - Nhiém vu cua Master va Slave

Master Slave

- Khoi tao moéi truong dé cac tién | - Thuc hién thuat toan tuan
trinh giao tiép voi nhau. tu NHGA_JSP

- Truyén cac tham sd: ¢& quan thé,
x4c suét trao d6i chéo, xac suit dot

bién, so thé hé cho cac Slave.

- Xé4c dinh ca thé c6 do
- Nhan céc két qua tir Slave guri vé thich nghi cao nhét guri vé

cho Master

- Lua chon két qua tét nhit trong cac
két qua nhan vé tir cac Slave
- Gui tré lai cho céc Slave lam ca

thé tinh hoa

= Thi tuc di truyén song song cho JSP

15



Procedure PGA_JSP
Begin
Master:
Mg kénh truyén théng va khdi tao cac tuyén doan
Guri cac tham sé: c& quan thé, Xac sudt trao doi chéo,
X&c sudt dat bién, sé thé hé cho céc Slave
Céc Slave:
t=0
Khai tao P(t) {ham InitPopulation}
Danh gia P(t)
Chon cé thé tét nhat va giri vé Master
Master:
Chon cd thé tét nhdt trong cac ca thé vira nhdn va gui
tré lai cho céc Slave 1am cé thé tinh hoa
While (not diéu kién dirng) do

Begin
t=t+1;
Céc Slave:
Thuc hién trao doi chéo {ham InitCrossOver3}
Thuec hién dét bién {ham Mutation}
Banh gid do thich nghi ciia méi ca thé
Thuec hién chon loc {ham Select}

Xac dinh do thich nghi cao nhat
Thuc hién sao chép

Chon cé thé tot nhdt gui vé Master

Master:

Chon cé thé tot nhdt trong cac ca thé vira nhdn va

guri tré lai cho cac Slave lam cé thé tinh hoa

End
End
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3.5. Két qua thir nghiém

Duya vao thuat toan NHGA_JSP d& xuat trong muc 3.3, luan an
da cai dat mot chuong trinh chay thir nghiém trén may PC vai bo vi
xt ly c6 téc d6 2.8 GHz, hé diéu hanh Windows. Két qua chay thir
nghiém trén cac bai toan test dugc dé xuit bai S. Lawrence (1984),
Truong Pai Hoc Quan tri cong nghiép, Pai hoc Carnegie-Mellon,
Pittsburgh, Pennsylvania. Cac bai toan test nay dugc dé xuit dé thir
nghiém cac k¥ thuat 1ap lich heuristic. Két qua chay thir nghiém duoc
thong ké trong bang 3.4.

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

o @ ® @» 6 6 O 6

Bai Sb . Co T_hm Két Tol
toan | cong S,O quan | pc | Pm gian qua o
L may R B cua
test Viéc thé chay

(s) BT

LAO1 10 5 100 0.8 0.1 100 666 666
LAO2 10 5 200 0.8 0.1 120 655 655
LAO3 10 5 100 0.8 0.1 150 597 597
LAO4 10 5 100 0.8 0.1 200 590 590
LAO5S 10 5 100 0.8 0.1 250 593 593
LAO06 15 5 200 0.8 0.1 250 926 926
LAOQ7 15 5 200 0.8 0.1 80 890 890
LAO8 15 5 200 0.8 0.1 20 863 863
LAQ9 15 5 200 0.8 0.1 250 951 951
LA10 15 5 200 0.8 0.1 250 958 958
LA1l 20 5 200 0.8 0.1 150 1222 | 1222
LA12 20 5 200 0.8 0.1 100 1039 | 1039
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LA13 20 5 200 | 0.8 | 0.1 150 | 1150 | 1150
LA14 20 5 200 | 0.8 | 0.1 150 | 1292 | 1292
LA15 20 5 200 | 0.8 | 0.1 150 | 1207 | 1207
LA16 10 10 300 | 08 | 0.1 950 945 945
LA17 10 10 300 | 08 | 0.1 950 794 794
LA18 10 10 300 | 08 | 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
LA32 30 10 300 | 0.8 | 0.1 | 2600 | 1850 | 1850
LA33 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
LA36 15 15 300 | 0.8 | 0.1 | 3950 | 1275 | 1268
LA37 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 ?
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Bang thong ké cho thiy da s cac bai toan test cua Lawrence déu
tim duoc 10i giai toi wu thuc su trong khoang thoi gian chay may
trung binh khong dai (cot 7). O day, cac bai toan test déu dugc chay
vé6i s 1an 13p 100 lan va chay thir 10 1an. Cot 8 la cac két qua chay
thuat toan do luan an dé xuét, cot 9 1a két qua téi wu thyuc sy cua bai
toan. C4c vi tri c6 dau ? 1a ky hiéu cho biét cac bai toan nay cho toi

.....

nay chua biét loi g

Bang 3.5 - So sanh két quéa chay thir nghiém véi két qua cua céc tac gia
nguoi Italy

Bai Két Két qua chay céc thuat toan Thoi gian chay trung binh
toan n|m qua GA- NH | GA- NH

test téiwu | ACO GA | ACO GA | ACO GA | ACO GA
LAOL (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
LA15 | 20 | 5 | 1207 | 1246 | 1284 | 1249 | 1207 | 360 | 189 | 184 | 150

Dé ching t6 tinh vuot troi cua thuat todn ma lusn an dé xuét.
Két qua chay thir nghiém cua luan an dugc so sanh voi cac két qua
chay thir nghiém céc thuat toan GA-ACO, GA, ACO cua cac tac gia
Andrea Rossi va Elena Boschi nguoi Italy [5] dugc cong bd niam
2010. Thuat toan do luan 4n d& xuit va cac thuat toan cua céc tac gia
nguoi Italy déu dugc cai dat, chay trén méay PC toc do 2.8 GHz va h¢
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diéu hanh Windows. Cac bai toan thir nghiém dugc chon trong bo
test cua Lawrence.

Trong bang thong ké so séanh c6 hai phan: phan két qua tinh toan
va phan thoi gian chay may trung binh cho két qua tinh toan. Trong
cac thuat toan duoc dé nghi cia cac tac gia nguoi ltaly, thuat toan
GA-ACO la tét nhat ca vé két qua tinh toan Ian thoi gian chay may.
Thuét todn NHGA do luan 4n dé xuit dugc so sanh véi thuat toan
GA-ACO. Bang so sanh cho thay két qua tinh toan cia NHGA tét
hon ctia GA-ACO, dong thoi thoi gian chay may ciing nhanh hon.
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CHUONG 4. PHAN TiCH TINH HOI TU CUA THUAT TOAN
DI TRUYEN LAI MOI CHO BAI TOAN LAP LICH JOB SHOP

Céc giai phap gan dung duoc dé xuit trong nhitng nim qua chi
dugc danh gia thong qua két qua thir nghiém. Tinh hoi tu t6i t6i uu
toan cuc cua céc giai phap mai khong dugc chung minh dya trén co
sa ly thuyét. Trong chuong nay, luan an phan tich cac thuoc tinh hoi
tu cua thuat todn do luan &n dé nghi trong chuong 3 bang cach ap
dung céc tinh chat cia xich Markov. Trén co so phan tich xich
Markov cua thuat toan di truyén, luan an chang to ring thuat toan
dugc dé nghi trong chuong 3 hoi tu téi ti wu toan cuc.
4.1. Ly thuyét Xich Markov

Néu mot tién trinh ma su tién trién cia no trong twong lai chi
phu thudc vao hién tai va hoan toan doc lap véi qua khur (tinh khéng
nhé), thi né co tinh chat Markov. Mét qué trinh ngau nhién X(t) c6
tinh chat Markov dwoc goi la qua trinh Markov. Néu khéng gian
trang thai S gom mot sé hitu han hoic vé han dém duoc cac trang
thai thi qua trinh Markov X(t) duoc goi la mét xich Markov.
4.2. Xich Markov Ergodic

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

4.3. Phan tich tinh hai tu ciia thuat toan di truyén lai tudn tw cho
bai toan lap lich job shop

* Phan tich tinh hdi tu cia thuét toan tién hoa truyén théng
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Thuat toan tién hoa truyén thdng cé thé dugc mé ta théng qua
mét xich Markov véi trang thai cua quan thé nam trong khong gian
trang thai va ma tran xac suat chuyén trang thai P duong. Ta suy ra
thuat todn nay chinh l1a mot xich Markov Ergodic. Qua phén tich sir
dung ly thuyét xich Makov da chung to rang thuat toan di truyén
truyén thong khong hoi tu téi tdi wu toan cuc (tr. 117-123).

= Phan tich tinh hdi tu caa thuat toan di truyén véi ca thé

tinh hoa va toan tir sao chép

Thuat toan di truyén vai cé thé tinh hoa va toan tir sao chép duoc
dé xuit trong muc 3.3. Trén co so phan tich xich Markov cua thuat
toan di truyén véi ca thé tinh hoa va toan tir sao chép, luan an da
chang t6 rang thuat toan dugc dé nghi trong chuong 3 hoi tu téi toi

uu toan cuc.
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KET LUAN

Trong thoi gian qua, véi su nd luc cua ban than va dugc sy
huéng dan tan tinh caa hai can bo huéng dan, luan 4n da hoan thanh
cac muc tiéu dat ra ban dau. Céc két qua cu thé ma luan an dat duoc
nhu sau:

1. Nghién ciru tong quan vé bai toan 1ap lich job shop: Phan tich
danh gia, so sanh cac giai phap da ap dung cho céc bai toan lap lich
job shop. Trén co s& d6 dé xuat mot s huéng nghién ctru dé giai
quyét bai toan nay.

2. Pé xuat mot thuat toan di truyén lai méi két hop thuat toan di
truyén voi cac ky thuat tim kiém khac cho bai toan lap lich job shop.
Trong phuong phap d& xuit nay, c6 mot s cai tién trong cac cong
doan: MAa hoa 1oi giai, toan tir dot bién va toan tir trao dbi chéo.
Phuong phap dé xuat nay di duogc cai dit va chay thir nghiém trén
cac bai toan chuén cho két qua tét. Két qua da duoc so sanh két qua
VGi C4c giai phap trude d6 dé ching to tinh vuot troi cia no.

3. D& xuat mot thuat toan di truyén lai song song cho bai toan
lap lich job shop, thuat toan da dugc cai dat va chay thir nghiém cho
két qua tot va rat ngan duoc nhiéu lan thoi gian thyc thi véi cling bo
tham s6 va dir liéu vao trong thuat toan tuan tu. Két qua nay da dugc
chuyén thanh bai bao tham gia hoi nghi qudc té vé ““xir ly tin hiéu s6
va céng nghé théng tin - ISSPIT”’ 2012.

4. Chirng minh tinh hoi tu t6i t6i wu toan cuc cua thuat toan di
truyén lai moi véi ma héa ty nhién cho bai toan lap lich job shop. Két
qua nay da chuyén thanh bai bao tham gia hoi nghi qudc té vé <“xtr ly
tin hiéu sé va céng nghé thong tin - ISSPIT’” 2012.
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