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LOI MG DAU

Ngay nay, toi wu héa da tréd thanh mot linh vic rat phat trién, gép phan quan
trong trong viéc ing dung khoa hoc cong nghé vao cudc séng va san xuat. Quy hoach
tuyén tinh (QHTT) 1a mot linh v cia t6i wu hoa da duge phat trién tit nhitng nam
dau ctia thé ky 20, dén nay toan bo 1y thuyét toan hoc cho linh virc nay c6 thé néi la
da rat hoan thien. Mac du vay, tng dung cia QHTT van déng mot vai tro rat quan
trong trong viéc gidi quyét cac bai toan ting dung trong cudc séong va kj nghe. Bai
toan QHTT c6 theé ting dung truc tiép vao cac linh vite nhu san xuat v6i mo hinh "lap
ké hoach san xuat", vao giao thong van tai véi mo "bai toan van tai", vao quan 1y con
ngudi v6i mo hinh "phan viec"... hodc né cé thé ting dung gian tiép nhu nhiing bai
toan con trong cac phuong phap, cac thuat toin giai cidc bai toan tdi wu phi tuyén,
bai toan diéu khién... D6i véi cac ing dung ké trén, bai toan QHTT thuong cé kich
thuée 16n, do dé viec xtt 1y ching nhu thong thuong 1a diéu khong thé. Do dé, viec
thiét ké nhitng thuat toan theo hudng gidi quyét cac bai toan 16n 1a mot trong nhitng
van dé van dang dugce quan tam xit 1y hién nay.

Cac bai toan QHTT c¢6 kich ¢6 trung binh, viéc sit dung phuong phap don hinh
ctia Dantzig hay céc phuong phap diém trong mot cach truc tiép la rat hieu qua va
tin cay. Tuy nhién, qua thic tién tinh toan va ap dung, nhiéu 16p bai toan kich thuée
16n xuat hién trong nhiéu tng dung lai c6 nhitng cau tric riéng trén cac rang buoc,
dic biet 1a ma tran rang buoc thuong cé cau tric dusng chéo, chéo khdi... va thuong
la nhitng ma tran thua.

Muc dich ctia khéa luan nay 1a nhim tim hiéu mot phuong phap giai quyét cac bai
toan QHTT kich thudc 16n, c6 cau tric. Phuong phap duge dé cap ¢ day 1a phuong
phap phan ra Dantzig-Wolfe. Trén thuc té, phuong phap phan ra Dantzig-Wolfe 13
mot phuong phap kha tong quét va duge phat trién kha manh tit khi xuét hien khong
chi trong QHTT ma ca trong quy hoach 16i va cac bai toan t6i wu néi chung. Nhin
chung, phuong phap phan ra Dantzig-Wolfe nham muc dich phan rda mot bai toin
QHTT c6 kich thuée 16n thanh mot s6 cic bai toan c6 kich thude nhé hon bang mot
s6 phép bién déi. Sau d6 4p dung phuong phap don hinh dé giai quyét cac bai toan

phan ra va sit dung nghiém ctia cic bai toan phan ra dé tao nén nghiém cho bai toan
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ban dau.

Khoéa luan tap trung lam ré mot s6 van dé sau: Trinh bay ¥ tudng ctia phuong
phap phan ra Dantzig-Wolfe, cac khai niém va tinh chat liéen quan dén phuong phap,
no6i dung phuong phap va cudi cling 1a cac vi du ciing nhu két qua tinh toan bang s
dé minh hoa cho phuong phap phan ra Dantzig-Wolfe.

B6 cuc ctia khoa luan bao gom 3 chuong va mot phu luc:

e Chuong 1 ctia khoa luan trinh bay tém tat mot s6 két qua da biét trong giai
tich 161, thuat toan don hinh, cac dinh 1y va két qua co ban lién quan dén khoa

luan. Cudi chuong trinh bay mot sd6 phuong phap luu trit ma tran.

e Chuong 2 ctia khoéa luan tap trung trinh bay § tudng, cac khai niém va tinh
chat va noi dung co ban ctia phuong phap phan ra Dantzig-Wolfe giai bai toin
quy hoach tuyén tinh 16n c6 cau tric. Cudi chuong 13 mot vi du bang s6 minh

hoa két qua tinh toan.

e Chuong 3 trinh bay quan diém thuc thi ctia phuong phap phan ra Dantzig-
Wolfe.

e Phu luyc trinh bay mot s6 module co ban trong lap trinh thuat toan.

Do thoi gian thyc hién khoéa luan khong nhiéu, kién thitc con han ché nén khi lam
khéa luan khong tranh khoi nhitng han ché va sai sét. Tac gid mong nhan dudc su
gép ¥ va nhitng ¥ kién phan bién ctia quy thay co va ban doc. Xin chan thanh cam

on!

Ha Noi, ngay 19 thang 05 nam 2008

Sinh vién

Trinh Van Hai



Chuong 1

Mot sé kién thitc lién quan

1.1. Mot sbé két qua cta giai tich 16i va bai toan
quy hoach tuyén tinh

1.1.1. Tap 16i va tap 16i da dién

Ki hieu R™ 1a khong gian Euclide thuc n chiéu, mot phan tit x = (21,...,2,)7 €
R™ 13 mot vector cot cia R™. Cho hai diém a = (ay, ..., a,)" va b= (by,...,b,)T. Khi
do, dudng thang di qua hai diém a va b1a tap c6 dang {z € R™ : o = Aa+(1—-\)b,\ €
R}, con tap [a,b] ;== {z € R™ : & = Xa+ (1 —A\)b,\ € [0,1]} goi la doan thang ndi
hai diéem a va b. Tap H := {zr € R" : oz =b} véia # 0,a € R", b € R goi la mot
sieu phang trong R™. Mot sieu phang H chia khong gian R™ thanh hai nita khong
gian. Tap H< := {z € R" : a’x < b} goi 1a nita khong gian dong.

Dinh nghia 1.1.1. Gid sit C C R"™ la mét tap hop khac rong.
e Tap C goi la tdap 101 néu véi moi x,y € C va moi A € [0,1] ta cé

A+ (1-NyedC

o Gid stx',... 2% lak diem cia C khi do
k k
=Y Ma* wdi A =0,) Ne=1Vk=1,. k (1.1.1)
=1 =1
goi la mot to hop 1oi ciia hé vector {z*, ... 2%},
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Cho M C R", ta néi bao 16i ctia mot tap hop M 1a giao clia tat ca cac tap 1oi
chita M, duge ki higu 1a conv(M). RS rang bao 16i cia M 1a tap 16i nho nhat chia
M. Mot tap C 1a 16i khi va chi khi né chita moi to hop 16i hitu han céc diém cia C.

Mot trong nhiing tap 16i quan trong (trong giai tich 16i, toi wu (dic biet 1a quy
hoach tuyén tinh)) 1a tap 16i da dién. Tap 16i P dugc goi la tap 1oi da dién néu C' c¢6
dang

P:={z € R"| Az <b} (1.1.2)

trong d6 A = (a;;j)mxn,b € R™. Hay néi cach khac, P la giao ciia hitu han céc nia
khong gian déng. Truong hop dic biét ctia tap 16i da dién 1a da dién chinh téic c6
dang nhu sau:

Py:={x e R"| Az =b,x >0} (1.1.3)

trong d6 ma tran A € R™*" b € R™ va gia thiét A c6 hang du (ttic 1a rankA = m <

Dinh nghia 1.1.2.
o Tap C dugc goi la mot nén néu véi moi x € C va moi A >0 ta c6 \x € C.
o Tap C dugc goi la non loi néu C via la nén via la tap oi.

Bao nén 101 ctia tap M 1a giao clia tat ca cac nén 1oi chita M, ky hieu la conv(M)
va no6 ciing 1a tap nén 16i nhé nhat chita C. Néi C goi 1a nén 16i da dien néu C via
I3 nén vira 1a tap 16i da dien. Méi nén C' ¢6 mot diem z = 0 goi 1 gde (miii) clia nén
C.Tapr:={zx € C:x=2a"+ \d} goi la mot tia xuat phat tirt 2° theo hudng d # 0.
Mot nén C sé chita cac tia xuat phat tit 2° = 0.

Cho mot tap 16i da diegn P = {z € R" : Az = b} v6i rankA = m < n. Khi d6 tap
K :={d | Ad > 0} 1a mot n6n 16i da dien, goi 1a nén 16i sinh ra bdi cac huéng cuc

bién ctia P (nhu dinh nghia duéi day).
Dinh nghia 1.1.3.
e Diém 2° la diém cuc bién (hai dinh) cia tap 167 da dién P néu né khong la diém
trong ctia bat ki doan nao noi hai diém khdc nhau cia P, tic la o', 2" € P va

' # 1" sao cho

' = a2’ + (1 —a)z”

7



vdi a nao do thuoce (0,1).

o Moi tap con L cia da dién loi P goi la mot canh néu vdi moi x,y € P\ € (0,1)
ma Ar+(1—= Ny € L thi [x,y] C L va L chita tron trong mot duong thang. Mot
canh vo han goi la mot tia cuc bién. Hudng ciua tia cuc bién nay goi la hudng

cuc bién ciua P.

Chu ¥ rang, tap 10i da dién doéng, bi chin thi khong c6 huéng cic bien. S6 dinh

va s6 huéng cic bién ciia tap 10i da dién P la hitu han.

1.1.2. Mot sbé két qua trong giai tich 16i

Phan nay trinh bay mot sé két qua da duge dé cap trong gidi tich 16i c6 lien quan
dén khoa luan. Trude hét, can nhic lai mot trong nhitng dinh 1§ quan trong 1a dinh

Iy biéu dién tap 1oi da dien.

Dinh 1y 1.1.1. Cho P la tdp loi da dién trong R™ vdi tap dinh la V = {v' : i =
1...,p} va tap cic hudng cuc bién la E :={d’ : j = 1...q}. Khi d6 moi diém x € P

déu cé thé biéu dién dudi dang:

=) At yd (1.1.4)

trong dé >0  Ni=1,0,>0,i=1,....pva~y;>0,j=1,...,q.

Hién nhién néu P 1a da dién 16i bi chin thi biéu dién chi con lai

P
T = E Aiv°.
i=1

Mot tap 16i da dién khéac réng, khong chita tron mot duong thang thi luon cé diem
cuc bien va s6 diém cuc bien 14 hitu han. Dé kiém tra mot diém z° c¢6 1a diém cuec

bién ctia tap 16i da dién, ta c6 dinh Iy sau.
Dinh ly 1.1.2. Gid s Py la mot tap 1oi da dién chinh tac dang

Py:={z € R"| Az =b,x > 0} (1.1.5)



trong dé ma tran A € R™" b € R™ va gid thiét A c6 hang di (tic la rankA = m < n).
Diém 2° la mot diém cuc bien (dinh) cia Py néu va chi néu tip cdc véc to cot

B:={A;:j€ J.(2°)} ciia ma tran A la doc lap tuyén tinh, trong dé

Jo(2%) ={je{l,...,n} : 2} >0} (1.1.6)

1.2. Bai toan quy hoach tuyén tinh gbc va déi ngau

1.2.1. Bai toan quy hoach tuyén tinh géc va d6i ngau.

Bai todn quy hoach tuyén tinh (QHTT) téng quat c6 thé duge phat bidu dusi
dang:

n

min(max){ f(z) := Z cjxj} (1.2.7)

n .
ijlaijxj:bi, z:l...,ml,

th" _ D Z?:l aijxj S bi; i:m1+1...,m2,
Oa man: =

n .
ijlaij% >b, 1=mo+1...,m,

\ljngguj, jg=1,...,n.

trong d6 x; goi la cac bién, ¢; goi la thanh phan ctia véc to he s6 ham muc tieu (ham
gia), a;; goi la he so rang budc, b; goi 1a he s6 vé phai, I; < u; lan lugt goi 1a cac can
dudi va can trén (gidi han dudi va trén) cta bién z; (i =1,...,m,5=1,...,n).

Dé nghien cttu tinh chat va cac phuong phap giai bai toan quy hoach tuyén tinh
(1.2.7) ngudi ta thuong chuyén bai toan nay vé mot trong hai dang chinh tic va chuan
tac. Trong khoa luan nay chi dé cap dén bai toan quy hoach tuyén tinh dang chinh

tac nhu saw:

min{f(z) := 'z}

Ax =b
théa man: D), := (1.2.8)
z > 0.
trong d6 x = (z1,...,2,)7 goi la cac bién can téi wu, ¢ = (cy,...,c,) 7 1a véc to
ham muc tieu, ma tran A = (a;j)mx, 12 ma tran he s6 rang buoc va b = (by, ..., by)"
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goi la véc to vé phai. Nhu thong thuong, ham f goi la ham muc tiéu, tap D, goi la
tap rang buoc. Ma tran A dugc gia thiét 14 c6 hang di, rankA = m < n va bai toan
(1.2.8)) goi 1a bai toan QHTT gbe, ky hieu 1a (P).

Mot diém z € D, goi la mot diém (hay phuong 4n) chap nhan duge. Diém z* € D,
goi 1a nghiém (hay phuong an t6i uu) ctia bai toan (1.2.8)) néu f(z*) < f(x) v6i moi
z € D,. Vi D, la tap 1oi da dién, nén x € D, 1a dinh ctia D, thi x goi la phuong &n
cuc bién (phuong an co s8). Néu z* 1a diém cuc bien (dinh) ctia D, va t6i wu thi z*
goi 1a phuong an cuyc bién to6i wu.

Cho mot phuong an co s6 (hay mot dinh) z, ky hieu J,(x) := {j € {1,...,n}:
x; > 0} goi la tap chi s6 co 86 ctia x. Néu |J, (x)| = m thi z goi la phuong an khong
suy bién, con néu |J, (z)| < m thi x goi la phuong an suy bién. Theo dinh Iy

thi tap hop cac véc to

Bi(z) = {A;, |:j € J.(2)} (1.2.9)

gdm cac véc to cot clia A s6 1a mot hé doc lap tuyén tinh. Néu r := |J, (z)| < m thi
ta bo sung théem m — r véc to con lai clia A vio B (z) sao cho ta thu duge hé gom
m véc to cot ctia A doc lap tuyén tinh, ky hieu 1a B(x). He véc to B(x) goi 1a he véc
to co sd (hay goi tét 1a cd s§) clia phuong an ciyc bién z. Thong thudng dé ngan goi,
nguoi ta thuong goi J(x) 1a tap chi s6 co 6 thay cho goi co s6 B(z).

Lap ham Lagrange cho bai toan QHTT gbc (P) nhu sau:

L(z,y,s) :=c'z+y"(b— Az) + s’z (1.2.10)
trong d6 y va s > 0 la cdc nhan ti Lagrange. Khi d6 bai toan ddéi ngdu (dang
Lagrange) ctia bai toan goc (P) sé c6 dang (sé ky hi¢u 1a (D)):

max{g(y, s) := by}
ATy+s=c
théa man: D, = (1.2.11)

s> 0.

Bién s goi 1a bién b, ¢ goi 1a ham muc tieéu déi ngdu va D, goi 1a mién rang buoc
déi ngau. Hién nhien D, ciing la tap 16i da dién va bai toan (1.2.11)) ciing 1a bai toan
QHTT.
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V6i moi bo ba (z,y, s) sao cho x € D, va (y,s) € Dy ta dit

m(z,y,s) == f(x) — gy, s) = s, (1.2.12)

goi 1a khodng trong doi ngdu. Theo dinh ly ddi ngdu yéu thi 7(x,y,s) > 0, vd néu
7(z,y,s) = 0 thi (x,y,s) sé 1a nghiém ctia cap bai toan gboc ddi ngau (P)-(D). Con
theo dinh 1y ddi ngdu manh thi néu x* 1a nghiém t6i wu ctia bai toan goc (P) thi sé
ton tai nghiem t6i vu (y*, s*) cia bai toan d6i ngau (D) sao cho 7% = 7(z*,y*, s*) = 0

va ngugc lai.

1.2.2. Phuong phap don hinh giai bai toan QHTT.

Mot trong nhitng phuong phap ndi tiéng va hiéu qua la phuong phap don hinh,
duge G. B. Dantzig phat minh ra nim 1947. Phan nay sé trinh bay tém tat lai tu
tuéng co ban va noi dung ctia phuong phap don hinh ma sé sit dung chinh trong khoa
luan.

Trude hét ta chi ra mot tinh chat quan trong ciia bai toan quy hoach tuyén tinh
la nghiém sé ndm ¢ diém cuc bien.

Bo6 dé 1.2.1. Gid st bai toan QHTT goc c6 nghiém toi wu thi no sé co nghiém
toi wu x* nam & dinh.

Do tinh chat dic biét ciia bai toan QHTT nén thuat toan don hinh da tan dung
rat hiéu qua cac tinh chat nay dé tao ra mot thuat toan rat hieu qua. Dic biet 1a cac

tinh chat:

e Mién rang buoc ctia bai toan QHTT 1a mot tap 16i da dién véi sé diém cue bien

1a httu han.
e Néu bai toan QHTT c6 nghiém toi wu thi sé c6 nghiém t6i wu nam & dinh.
Y tudng ctia thuat toan don hinh mo ta nhu sau:
Budc 1: Xuat phat tit mot dinh 2° ctia mién rang buoc.

Budc 2: Néu 2° 1a nghiem t6i wu, ditng thuat toan. Néu khong chuyén sang

Budée 3.
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Bude 3: T 2° tim cach di chuyén dén dinh ké tiép theo ciia mién rang buoc

t6t hon dinh 2° (theo nghia gia tri ham muc tiéu nhé hon).
Budc 4: Lap lai Buée 2, 3 vé6i 2¥ thay bang x?.

Do s6 dinh ctia mién rang buoc la hitu han, nén néu bai toan c6 nghiém, sau hitu han
budc ta sé tim duge dinh t6i wu. C6 nhiéu van dé can gidi quyét trong phuong phap

don hinh, bao gom:

e Tim dinh xuat phat, van dé nay thuong dudc gidi quyét dya vao phuong phap
hai pha hogc danh thué (hai phuong phap nay cling cho biét mién rang budc

c6 rong hay khong).
e Kiém tra bai toan c6 nghiem hay vo nghiém (c6 bi chan dusi hay khong).
e Kiém tra dinh 2° c6 1 t6i wu hay khong?
e Tiur dinh 2° lam thé nao di chuyén dén dinh z' t6t hon 207

V6i y tudng nhu trén, thuat toan don hinh duge mo ta nhu sau:

Thuat toan don hinh.

e Dau vao: Ma tran A = (ai;)mxn, véc to b, véc to c¢. Phuong an co s6 1° va co

s6 tuong ting J(x0).

e Dau ra: Phuong an co s6 t6i wtu 2* va gia tri muc tiéu t6i wu f(2*) hodc chi

ra bai todn khong c6 nghiém t6i wu (tic 1a ham muc tieu khong bi chin duéi).
e Thuat toan:

Buéc khdi tao:

1. Tim mot phuong an co s6 xuat phat 2% ing véi co s6 xuat phat Jy :=
B(x?).
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2. Tinh céc hé s6 khai trién Z = (zjx) va cac ude lugng Ay, theo cac cong
thitc tuong tng sau

(

Ak:ZjeJOijAj ijl,_n
<Ak22jejozjkcj_ck Vk§é¢]0

Ap,=0 VkeJ
\

Budc 1: Kiém tra tieu chuan téi wu.

1. Néu Ay, < 0 v6i moi k € Jy thi 2° 14 phuong 4n t6i wu. Két thuc thuat
toan.

2. Néu 3A; > 0, chuyén sang budc 2.

Budc 2: Kiém tra tinh bi chan cia ham muc tiéu.

V6i mdi k ¢ Jo ma Ay > 0 ta kiem tra cac hé s6 khai trién Z;, = (z;,).

1. Néu c6 mot Ay > 0 ma tat ca cac he s khai trién zj <0, (V) € Jy)
thi két luan ham muc tiéu khong bi chin dudi. Bai toan khong c6

phuong an hitu han. Két thic thuat toan.

2. Néu v6i moi k ¢ Jy ma ton tai it nhat mot he sd zj; > 0 thi tién hanh

tim phuong 4n méi 2! t6t hon 2° bing cach chuyén sang bude 3.
Buéc 3: Tim phuong an mai

1. Chon véc to A, dua vio co s6: C6 thé bat ky s ¢ .J) sao cho A, > 0.

Thong thuong chon s sao cho A, 16n nhat
Ay =max{A, >0|k & Jo}

2. Chon véc to A, dua ra khoéi co s§ theo quy tac:

0 20
f =" = min{— | zj; > 0}
TS st
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3. Tinh phuong an mdi x! va gia tri ham muc tiéu mdéi theo cong thiec:
(

0 v6i k¢ Jok+s

1 0 N
T =9I v k=s

Zrs

\x? — %zjs véi 7€ Jy
0
x
fzh) = f(2%) = ZFA,
Zrs

Z'/‘
Buéc 5: Quay vé bude 1 véi phuong an co s6 mdéi ! va co s6 mdi J; :=

J(zh).

Dé thuat tien cho viec "thuc hanh" thuat todn don hinh gidi bai toan QHTT dang

chuan tic. Ta st dung mot bang goi 1a Bang don hinh gom n+ 3 cot va m+ 3 hang

nhu sau:
Cos6 | ¢y | Phuong an | 1 2 |- k|- n
J Xy 1 Co e Cr, e Cr,
Jl le le Zjll Zj12 s Zj13 cee Zj1n
J2 | ¢y Zj Zjgl | Zjp2 | | Zp3 | |
Jm Cim L Ziml | Zjm2 | © " Zim3 | * " Zjmmn

Luu ¥ phan bang danh cho cac hé s6 khai trién 2y
e Cac cot ttng v6i cac j € Jy sé 1a cac véc to don vi v6i hé s6 1 nam trén dong véi
chi s6 j.

e VGi k ¢ Jy thi cot k ctia bang don hinh 14 hé s6 khai trién ctia A, ctia ma
tran A theo co s6 Jy. Ta ky hiéu cot nay la Z, nghia la Ay = B, Z; hay
Z, = (BJO)_IAk, 6] day BJO 14 ma tran co s6 (BJO = {AJ | j € Jo}
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Dac biet khi ta chon dugc mot ma tran B, ¢6 dang ma tran don vi thi he sO
khai trién trén cac cot j v6i j € Jy sé chinh la cot véc to don vi 2/F = ej, con

céc he s6 khai trién trén cac cot k & Jy chinh 1a 2, = Ay

e Dong uéc luong 1a dong cudi ciing ctia bang va dude tinh béiA, = c?o Ly — Ck

va Aj = 0, (\V/] S Jo)
e Gié tri ham muc tiéu chinh 1a f(z) = ¢}z .

Thuat toan néu trén goi 1a thuat toan don hinh gbc, ngoai ra ngudi ta con xay
dung cac thuat toan don hinh khac nhu: thuat toan don hinh déi ngau, thuat toin
don hinh gbc déi ngau. Mot s6 phién ban khac ctia thuat toin don hinh cling dugc
dé cap trong cac tai lieu ve QHTT.

Mot trong nhitng chi tiét quan trong trong phuong phap don hinh 1a: Tw nghiém
x* ciia bai toan goc (P), ta cé zay dung lai dugdc nghiém doi ngau hay khong?. Phuong
phép don hinh gbc - d6i ngau sé cho phép thu duge bo ba nghiem (z*, y*, s*) cho cap
bai toan goc, d6i ngau. Trén thuc té, ta cé thé xuat phéat tit nghiém clia bai toan gbc
(P) 1a z* véi co 86 Ay, ta c6 thé thu duge nghiem clia bai toan ddi ngau (D) nhu

Sau:

e Gid sit z* 1a nghiém ctlia bai todn goc (P) ting véi co s6 t6i uu Ay«. Khi do ta

-

CO:

xh. = A,
Vol 7. = (77)jes va (2])jes- = (0).

e Khi d6 A« ciing sé 1a co s6 d6i ngau ctia bai toan d6i ngau (D) va nghiem d6i

ngau (y*, s*) duge tinh theo cong thic:
y* — (A_I)TCJ*, s =¢— AT *7
tI‘OHg doé Cjx = (Cj)jEJ*’

e Khi d6 khoang trong déi ngau sé la: 7* = (2*)Ts* = 0. Theo dinh 1§ vé do lech
bii thi néu x>0 thi s7 =0, do d6 dé thay s*. = 0.
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Trong thuc té, bai toan QHTT thuong khong phai 1a bai toan dang chuan tic
v6i véc to vé phai b khong am, nén ta khong thé c6 ngay duge phuong 4n xuat phat
2% dé thuc hién phuong phap don hinh. Do vay ngudi ta thuong st dung mot trong
hai phuong phap: Phuong phap don hinh hai pha v& phuong phap danh thué. Trong
khoéa luan nay sé stt dung phuong phap don hinh hai pha véi noi dung duge tém tat
nhu sau:

Truée hét, déi véi bai toan goc (P), khong mat tinh tong quat ta co thé xem cac
b; > 0 v6i moi ¢ = 1,m . Néu trai lai ta nhan hai vé ctia rang buoc thit ¢ véi —1. Ta

lap bai toan phu sau

min{ f,(u) := Zunﬂ} (1.2.13)

’

Z?:1 QijTj + Unti = b, (1 =1,m)

thod man Dy := {2, >0, (j=T1,n)

Unti >0, (i=1,m)
\
Céc bién u,,; v6i (i = 1,m) goi la cac bién gia.
Néutaky hieue = (1,1,...,1)T 1a véc to gom m thanh phan 1a 1, u = (Upy1, Un 2, -

va F 1a ma tran don vi cap m thi ta c6 thé viét bai toan tren dudi dang

min{ f,(u) := e’ u} (1.2.14)

thod man D, =

Khi d6, quan hé gitta hai bai toan ((1.2.13) va (|1.2.14) dugc chi ra nhu sau:

e Bai toan (1.2.14) c6 mot phuong 4n co sé xuat phat 1a (z,u)T = (0,0)7.
e Bai toan (1.2.8) c6 phuong an chap nhan duge khi va chi khi bai todn phu
(1.2.14]) c6 phuong an t6i wu (7, )T véi tat ca cac bién gid Upy; = 0, (i = 1,m.
Do dé phuong phap don hinh hai pha duge thie hién nhu sau:

Pha 1: Lap bai toan phu cho bai toan (P), gidi bai toan phu bang phuong phap
don hinh. Néu bai toan phu vo nghiém ho#c c¢6 nghiém khong 1a nghiém chap

nhan ciia bai toan (P), dimg thuat toan. Ngugc lai, chuyén sang pha 2.
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Pha 2: St dung thuat toan don hinh giai bai toan (P) véi phuong 4n xuat phét
thu dugce tu pha 1.

1.3. Bai toan QHTT kich thuéc 16n

1.3.1. Ma tran thua va van dé luu trit ma tran thua kich

thuéc 16n

. Cac bai toan QHTT trong thuyc té ting dung thuong cé kich thuée 16n. Bai toan
QHTT c6 thé xuat hien tir cac linh vuc tng dung truc tiép nhu: giao thong van tai,
xay dung ké hoach san xuat, ché bién, quan 1y nhan lyc... Ngoai ra bai toan QHTT
c6 thé xuat hién trong cic phuong phap toan hoc va tin hoc nhu mot bai toan phu,
chéng han xuat hién trong cac phuong phép tuyén tinh héa ctia quy hoach phi tuyén,
trong cac phuong phap nhanh va can... Cac bai toan xuat hién nhu thé thuong co6
kich thudc 16n, tham chi 1a rat 16n. Tuy nhién c6 mot thuan 1gi 6 day 13 ma tran rang
buodc A clia cac bai todn nay thuong c6 cau tric dic biet va thua. Cac ma tran thua
dang dac biét nhu ma tran dudng chéo, ma tran vét, ma tran tam gidc, ma tran khoi,
chéo khoéi... Viéc xit 1y cac ma tran nay doi hoi phai c6 cac ki thuat rieng, vi néu xt
Iy nhu thong thuong sé gay ra lang phi bé nhé may tinh va tang thoi gian tinh toan,
tham chi 14 khong kha thi trén thyc té. Chang han, v6i ma tran thuc (6 byte) A c6
kich thuéec m x n v6i m = 10% va n = 10® thi néu luu trit nhu thong thudng ta can
t61 Q = 6 x 6 x m x n = 6 x 10"byte ~ 558793Gb. Trong khi dé ma tran A c6 thé
chi ¢6 ¢ m + n phan tit khac khong chang han, thi ta chi can 6 x (m +n) ~ 578 Mb.
Do dé dé xit I cac bai toan kich thuée 16n, ngudi ta phai st dung ki thuat nén ma
tran. Thong thuong cac ma tran c6 sé phan tit 16n hon 10° ¢6 thé xem la ma tran

kich thuée 16n.
Dinh nghia 1.3.1. Ma tran thua la dang ma tran co chita nhiéu phan ti bang 0.

Bao nhiéu phan ti 0 goi 1a nhiéu va dudce coi 1a ma tran thua. Dé dinh luong, déi
voi ma tran A = (a;;)mxn, ta goi

nz

x 100,
mXxn
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trong d6 nz la s6 phan tit khic khong ctia ma tran A. S6 d goi 1a mat do clia ma tran
A. Thong thuong, ngusi ta cé thé xem cac ma tran c6 mat do dudi 50 1a cac ma tran
thua. Trén thyc té, cac bai toan tng dung thuong c6 ma tran ma mat do d < 50 (tic
1a ¢6 t6i 50% phan tit bang 0.

Nhu vay dé luu trit ma tran thua, ngudi ta chi luu cac phan tit khac khong, s6 6
nh6 can dé luu trit chi can khodng nz phan tit. Ty vao cau tric clia ma tran, ngudi
ta Ira chon cac cach luu trit, nén ma tran khac nhau. Ddi v6i ma tran thua bat ky

c6 ba cach luu trit co ban nhu sau:

1. Nén theo hang,
2. Nén theo cot,

3. Nén theo khéi (block).

1. Nén theo hang. Dé nén theo hang, ngudi ta st dung cau tric dit lieu gom
3 thanh phéan (val, col ind, row ptr). Trong d6 val ding dé luu trit gid tri ciia

cac phan tit khac khong, col _ind luu trit chi s6 cot con row  ptr la con tr6 chi hang.

2. Nén theo cot. Dé nén theo cot, ngudi ta sit dung cau tric dit lisu gom 3 thanh
phan (val, row ind, col ptr). Trong d6 val dung dé luu trit gid tri cia cac phan

tit khac khong, row ind luu trit chi s6 hang con col _ptr la con tré chi cot.

3. Nén theo khoéi. D6i véi cac ma tran cé cac khdi dang dit biet, chdng han nhu
dai theo hang hodc theo cot, thi ngudi ta sita doi hai Dé nén theo hang, ngudi ta st
dung cau trac di licu gom 3 thanh phan (val, col ind, row ptr). Trong d6 val
diing dé Iuu trit gia tri cia phuong phap 1 va 2 dé nén cac dang ma tran nay. Thay
vi val chita mot phan tit thi né ¢6 thé chita mot khéi.

Phuong phap luu trit nén theo hang va cot mo ta chi tiét nhu sau:
Luu tr& ma tran béi mang

Ta luu trit cic ma tran bang 3 mang maot chicu :
1. mang val() : luu trit céc gia tri khéc 0 ctia ma tran.
2. mang col() : luu trit chi s6 cot clia cac gia tri tuong ting.
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3. mang row() : luu trit chi s6 hang clia cac gia tri tuong ting.

Minh hoa ta xét ma tran:

1 2 0 0 3
4 5 6 0 0
A=1|0 7T 8 0 9
0 0 0 10 0
11 0 0 0 12
val) |1]2|3|4|5]|6[7|8]9|10]11]12
row() [0|o0fo]|1]1]1]2]2 3| 4
col() |O|1]4 11212 310

a. Nén ma tran theo hang

Tu céch luu trit ma tran trén ta nhan thay § mang row() c6 nhiéu phan tit giéng
nhau va chi hon kém nhau mot don vi tir d6 ta ¢6 cach nén lam giam kich ¢6 cua
mang row() bang cach chi lvu cac gia tri thay déi ¢ mang row() va Iuu vao mot mang
row-ptr() véi cha y cac gia tri 6 mang row() da duge sip ting dan thanh cac khoi
gid tri cac khoi nay hon kém nhau 1 don vi .Béng cach giit nguyén hai mang val() va

col() tao ra mot mang méi row-ptr() c6 kich ¢ nhé hon méang row() ban dau ta duge

mot kiéu luu trit méi.

Minh hoa bdi ma tran A :

row-ptr() |0 3|6 10 | 12
val) [1]2]3 506 |7/8[9]10]|11]12
col) |0]1]4 1l201]2]/4)3 04

b. Nén ma tran theo cot
Tuong ty vé phuong phép nén ma tran theo hang ta thao tac v6i méang col() git lai

mang val() va mang row() tao ra mot mang mdi tit mang col() 1a col-ptr() ta c6 mot

cach luu trit ma tran khac

col-ptr() | 03| 6 9112
val) |1/4(11]2/5]7|6/8[10]39]12
col() |0]|1] 4 121 31024




1.3.2. Bai toan quy hoach kich thuéc 16n va cé cau tric.

Bai toan QHTT kich thudc 16n 13 mot trong nhiing thach thic déi v6i nhiing
nguoi lam tng dung va xtt 1y tinh toan. Tuy nhién hién nay c6 rat nhiéu phuong phap
dé xtt 1y cac bai toan dang nay, chdng han nhu: phuong phap déi ngdu, phuong phéap
gidm so6 chiéu, phuong phap phan ra. Mot trong nhitng phuong phap hiéu qua va tien
lgi nhét 1a phuong phap phan ra (decomposition method). Ddi véi mot s6 bai toan
c6 cau tric dang dic biet, viec sit dung phuong phap phan ra gitp ta chuyén céc bai
toan kich thuée 16n vé cac bai toan kich thude nhé hon. Trén thuc té, cau tric cua
cac bai toan rat khac nhau, tity thudc vao ban chat ctia bai toan hoac tity thuoc vao
cach chuyén vé mo hinh QHTT. Khéa luan nay chi dé cap dén mot s6 mo hinh cu
thé dusi day:

a. M6 hinh chéo khéi. Truong hgp don gian nhat deé cap & day la truong hop cau

tric khoi c6 dang nhu sau:
min{ flz) = 27;1 c;x; + Z;L=n1+1 cjx; = z}

n1 .
ijlAijxj :bi; 1= 1,...,m1

n .
Z]':nl-‘rl AU'CEJ :bi7 Z:m1+1""7m

(1.3.15)

z; >0, i=1,....n.

Khong c¢6 lien quan nao gitta hai kh6i ma tran trong bai toan quy hoach tuyén
tinh vi vay ta c6 thé giai bai toan béng cach giai hai bai toan quy hoach
tuyén tinh riéng biét.

Gia st ¢6 thé chia bai toan ban dau thanh k khéi cac khéi nay doc lap véi nhau
thi do phiic tap clia bai toén sé giam di 7> so v6i bai toan ban dau.
b. M6 hinh chéo khéi khong hoan toan. Hé khéi goc(block - algular sys-
tem) la mot dang cua , n6 c6 k khoi doc lap va mot tap cac rang buoc
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lién quan. Tuy nhién c6 mot dai rang budc lién quan trén cung.

min{ ()72 +(ch)Tal+ s (TR =2}
gl _

(1.3.16)
Pk _

>0, i=0,1,2,...,k

Mot ting dung ctia hé khéi goc vi du mot cong ty véi K nha may doc lap, k =
1,2,..., K. M&i nha may c6 mot s6 rang budc ma rang buoc nay doc lap véi ca rang
budc ciia cac nha may khac. Nhung cac nha may nay cé chung ngan quy va chung
mot ham muc tiéu. Trong , z* 1a véc to thé hien mic chi phi ctia nha méy thia
k. 2° thé hien mic chi phi clia c6 quan diéu hanh, né khong thé hién hoat dong ciia
nha may cu thé ndo. Phuong trinh dau tien 1a ham muc tieu, dong thi hai 1a m rang
buoc biéu dién sy chia sé tai nguyén chung clia cadc nha may, dong thi ba gom m;
rang buoc chi lien quan dén nha méy thit nhat, dong cudi cuing 14 my rang buoc chi
lien quan dén nha may tht k. Cach lam pho bién ciia cac nha kinh té 1a ban dau
gan bat ki gia cho cac tai nguyén va t6i tu hoa hoat dong clia cac nha may tuy theo
gié clia cac tai nguyen no sit dung khi hoat dong. Téong nhu cau vé tai nguyén ma co
quan diéu hanh va cdc nha may st dung bang b . Véi cac tai nguyen dang c6 van dé
tré thanh tim mot thuat toan dé diéu chinh chi phi mot cach hop 1y. Trong phan nay
chiing ta sé trinh bay bang cach nao dé lam duge diéu nay thong qua mot s6 hitu han
buée lap cia phép phan ra Dantzig Wolfe.

c. M6 hinh bac thang. Trén thyc té phép phan tich con duge st dung xit Iy hée
bac thang (staircase) khéc v6i hé ,6 hé bac thang cac bude trude phéi sit dung
ctiing mot s6 tai nguyen vao hodc ra ciia bude sau. Vi du he la hé bac thang
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v6i 4 buée:

min{ ()72 +(c)Ta! +(*)Ta? +( T3 +(MTat =2}
Allpl = bl
A2l 44222 2
(1.3.17)
A32$2 —|—A333}3 — b3
ABBg3 pAMgd
" >0, k=1,...,4

Heé bac thang thuong st dung trong qua trinh xuyén thoi gian ma céc hoat dong cta
mdi giai doan trie tiép 4nh hudng hoidc bi &nh hudng bdi giai doan trude va sau né
ma khong bi anh hudng béi cic giai doan khac. He thong d6 xuat hien trong san xuat
ma san pham & mdi giai doan bi 4nh hudng bédi giai doan trudc va né thi anh hudng
tGi giai doan sau.

Trong mot s6 bai toan céc khdi ma tran con A% doc dudng chéo chinh hoac dusng
chéo phu thudng c6 thé gibng nhau. Néu diéu dé xay ra thi sé c6 rat nhiéu tien lgi.
d. M6 hinh tam gidac. Mot dang pho bién khéc ciia hé nay ma cé thé xit 1y bang
phuong phap phan ra Dantzig Wolfe 14 he khdi tam giac duéi (lower block triangular).

min{ ()72 +(c")Ta! +(c)Ta? +( T3 (M2t =2}
ALl !
A2l 4222 _ 2
(1.3.18)
A3l g A32,2 A3 _ 3
A41:E1 +A42$2 —I—A431‘3 —I—A44.’L’4 — b4

>0, k=1,...,4.

Ngoai nhitng mé hinh cu thé trén, ta c6 thé xét cac mo hinh khac nhu: dang duong

chéo, ma tran cac duong chéo, ma tran hinh sao, ma tran dai...
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Chuong 2

Phuong phap phan ra
Dantzig-Wolfe giai bai toan kich

thudc 16n

Phuong phap phan ra Dantzig - Wofle 1a su két hop gitta ¥ tudng vé viée giai
quyét mot bai toan QHTT tong quat do Philip Wolfe dé xuat va phuong phap phan
ra clia Dantzig. Do vay, dé xem xét tan goc clia van de, trude hét can trinh bay lai

bai toan QHTT tong quét ctia Wolfe.

2.1. Bai toan quy hoach tuyén tinh Wolfe tong

quat

2.1.1. Phat biéu bai toan va cac tinh chat

Xuat phat tit nhitng bai toan ting dung thic té, cic hé s6 A,b va ¢ clia bai toan
QHTT thuong thay ddi trong mot tap nao dé. Diéu nay cho phép viec tng
dung vao thuc té tré nén mém déo hon, phit hop vé6i ting dung thue té hon. Khi cac
hée s6 A, b, c thay doi trong cac tap 16i, bai toan nay trd thanh bai toan QHTT tong
quat dugc Philip Wolfe dé xuat.
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Bai toan QHTT Wolfe tong quat duge phéat biéu nhu sau:

min{ f(r) = ¢’ v} (2.1.1)
Ar =b
théa man D :=
x>0
trong dé6 cac hé sb (CJ) € C;véimoij =1,...,n. O day, C; Ia cac tap 16i nao do6

trong R™*! va A; 1a véc to cot thit j clia ma tran A. Téng quat hon, ngusi ta cling
c6 thé xem xét bai toan v6i he s6 b; thay doi, tic b € Cy, nao dé véi Cy 1a tap
16i trong R™.

Vi cac véc to ( JJ ) chon tuy y trong cac tap C;, nén theo dinh ly biéu dién tap 10,

v6i moi j, véc to (CJ) c6 thé biéu dién qua tap dinh va tap huéng cuc bién cta C;.
J

Truée hét ta sé chitng minh mot dinh 1y téng quat cho bai toan Wolfe tong quat.

Dinh ly 2.1.1. Bai toan QHTT Wolfe tong qudt 2.1.1) la twong dwong véi bai todn
QHTT Wolfe tong qudt sau:

min{ f(z, 2!) := Z(cjxj + Z cat)} (2.1.2)

Z? l(alﬂ‘rj +Zt la’zj ]) biv

x; >0, 1=1,....m,5=1,...,n

théa man D =

trong do (23]) chon tuy y trong C; va (j't) la T; cac diém c6 dinh trong C;.
i

Cha ¥ riang bai toan (2.1.2) c¢6 sd bién nhiéu hon bai toan . Do vay tinh
tuong duong & day thé hien theo nghia, tap nghiém ctia hai bai toan c6 thé suy ra
nhau va gia tri ham muc tiéu 1a bang nhau.

Clving minh. Gid sit z; =« va () = (;a;) v6i j = 1,...,n la nghiem t6i uu cia bai
todn [2:1) voi gid tri f(a*) = f* va gid sit 2; = &,05 = 3 va () = (F), (jé_) -
(Att) véi j = 1,...,n la nghiém t6i wu clia bai toan (2.1.2)) vdi gia tri ham muc tiéu
t6i wu f(2) = f

Dé thay z; = = 0 14 nghiém chap nhan ctiia bai toan nén ta co f* < f

Mt khac, nghiém tdi wu ctia bai toan c6 thé viét lai nhu 1a nghiém chap nhan

J’]
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cia bai toan (2.1.1) duéi dang:

n
mln{z éjfj}
7j=1

. _ Zj:l C_Lij.i'j = b,’, 1 = 1, ,m,
thoa man
f] Z 07 J=1, , 1,
trong do
Ty
Ij=d;+ ) I,
t=1
Ci\ & ét\ Tt P
(c]> B (A]j)ﬁﬂL (Ajj)ﬁ véi T # 0,
A ) ) e
! (7)) voiz;=0
Diéu nay c6 nghia la f < f*. Do vay f = f*. O

Bay gio dé don gidn viec nghién citu, ta han ché mot sb cac he s6 (¢) thay doi
J
trong cac tap C; mot s6 cac he s6 khac ¢6 dinh, trong trudng hop nay |C;] =1 (tap

hop chi gom 1 diém). Gid sit ta xét bai toan QHTT téng quat cé dang:

min{ x4+ yoni1Tn1 =2}
AT 4 Yops1Tni1 = b, ) (2.1.3)
(xa'rnJrl) = (-’Ifl,xg,...,anrl) > 0.

trong d6 A = (aij)mxn va céc hé sd (Z(i”ill) € C,11 1a tap don hinh ¢6 dang:

CYn+1 = {yi,nJrl’ Z QiYin+1 = 1, Yin+1 Z 0, véi 1 = O, e ,m} (214)
i=0

Khi d6 sit dung dinh 1y bic¢u dién tap 16i, ta sé bicu dién mdi diém v € C,4; qua tap
dinh cta né

(ug, u) = Z OGYin+1- (2.1.5)
i=0

Sau do6 thay vao bai toan (2.1.3)) ta sé thu dugc mot bai toan QHTT véin+m + 1

bién z, g, . . ., a,,. Khi d6 ta c6 dinh 1y sau:
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Dinh 1y 2.1.2. Bai todin QHTT tong qudt dang la twong duong vdi bai toan
QHTT thong thuong

min{ "z +uq =w}
Ar +u =b
(2.1.6)
m
Zizo QUjn+1 = Tp+1
331,.772,.-.,33”4-120, u07u17"'7um20

trong d6 A = (@ij)mxn V4 Ui = Yint1Tni1 V00 gid thiét rang phuong dn toi wu cho

(2.1.6) c6 Tnp1 =54 >0

Chitng minh. Ta sé ching minh mdi phuong an tdi uu cia tim duge mot
phuong 4n tdi wu cla va nguge lai. Trude hét ta sé chi ra phuong an tdi wu
clia la chap nhan duge cho (2.1.6). Gia st «*, y;,,,, va 2* 1a t6i uu cho bai
toan (1.2.12). Dat z = 2", oy =2}, j=1,...,n+1v6iz; , >0, Va Yint1 = Y i1,
i =0,...,m. Khi d6 n6 1a mot phuong an t6i uu chap nhan duge cho (2.1.6). That
vay, gia triz; =y, j=1,....n+ 1 vaw =y, 12,4, 1 =0,...,m+ 1, 16 rang la

chap nhan dugc cho (2.1.3)) nghia la:

: T % * * ok
min{ ¢ TY0.n+1Tnt1 =w"}
* * * _
Ax —|—y.’n+1xn+1 = b’ (217)
Sl Qs =
i=0 YiYin1Tn+l = Tpiq-

Do d6 ta c6 z* > w*. Tiép theo gia st rang w* khong t6i wu nhung ton tai tap cac
gatiw=w,z; =7; j=1,....m+1vau, =7;,i=0,...,m+1 tap nay la t6i uu
chap nhan dugc cho (2.1.6). Vi 7,11 > 0 theo gia thiét, ta tinh Tint1 = Uns1/Tni
véii=0,...,m. Phuong dn z; =7;, j=1,... n+ 1Vl yint1 = ;11,0 =0,...,m
ro rang 1a chap nhan duge cho va vi vay w < 7. Do d6 phuong an t6i wu hai

bai toan la tuong duong. O]

Tiép theo, dé minh hoa cho phuong phap Wolfe giai bai toan QHTT dang (2.1.3)),

ta xem xét vi du sau:
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Vi duy 2.1.1. Xét bai toan xac dinh béi hé phuong trinh (2.1.8)

min {6.7)1 +4JI2 +x3 +y04l‘4 = Z}
T +9 —4r3  +yury =95 (2.1.8)
—T1 +Z9 —T3 Fyosry =1

2120 2020 23>0 2420

v6i cac e 86 Yes = (You, Y14, Y24) Vi yi4 > 0 khong c6 dinh duge chon tuy ¥ trong don
hinh
04 = {y.4| 3y04 + Y14 + 2y24 = 2 vii Yia Z 0 2= 07 1, 2} (219)

va cac hé s con lai ¢ dinh.
Gia st ta ¢6 mot co s6 xuat phat clia cac bién (—z, xq, x3), phuong &n co sG chap

nhan dugc cho dudi dang:
(—2)=—-24, 21=2, 22=3, a3=x4=0.

Bay git st dung thuat toan don hinh dé kiém tra xem phuong an da cho c6 tbi uu
khong, ta tim cadc nhan ti Lagrange, tiic cac bién dbi ngdu 7 tng v6i phuong an da

cho biang viéc giai phuong trinh BT7 = cp, tic 7 = (B~1)T

¢; v6i B la co sd tng véi
phuong an da cho & trén. Giai ra ta c6 7 = (5, —1)T va tinh cac udc lugng ¢z va ¢4

voi ¢; = ¢; — 7! Aq; ta thu duge:

c3 =18, €1 = You — OY14 + Y
tron d6 (Yos, Y14, y24) € Cy. Theo thuat toan don hinh, néu céc wée lugng é3,¢4 > 0
thi phuong an dang xét 1a t6i uu. Trong truong hop nay vi ¢z = 20 > 0 nén chi con
¢4 13 phu thuoc vao tap Cy. Dé kiém tra ¢, ta tim gia tri nho nhéat ctia &4 trén tap
(4 bang viéc giai bai toan QHTT:

min Yos —OY4  +Yu =0y
3Yosa +Ya  +2y24 =2 . (2.1.10)
yia >0 1=0,1,2
Ta thu dugc you = 0, Y14 = 2, you = 0 va & = —10. Do d6 van ton tai diém trong Cy

sao cho ¢4 < 0, tic phuong an dang xét

(—2)=—-24, 21=2, 22=3, a3=xa4=0.



chuwra phai 1a phuong an t6i wu cho bai toan ([2.1.8)).

Dé cai thien phuong an ctia bai toan , ta dua bién x4, vao cd s§ va tim
mot bién dua ra khoi co s6 dé ¢6 co s6 mdi. Trong trusng hop nay, theo quy tic clia
phuong phap don hinh, bién z; sé dua ra khdi co sd, ta c¢6 co sé mdi la {2,4} véi gia

tri

Tuy nhién dé bao toan bién vy thu dude & bude trude ciia thuat toan, thay vi xem

xét bai toan (2.1.8)), theo Dinh 1y [2.1.1] ta xem xét bai toan tuong duong véi néd c6

dang:
61 +4zy 43 +Ox511) +Yosry = z(min)
T +x —4x —|—2x(1) +y14x =35
1 2 3 4 Y1424 (2.1.1 1)
- 4+ —1x3 +0x4 +youry =1

1’1207 *1.2207 33'320, .1'420, :CA(]})ZO
G day Yos € 04.
Nhu 6 trén, ta ¢6 phuong an co sé cho bai toan (2.1.11]) 1a

(—2)=—4, z2=1, z,/=2, x1=13=124=0

va phuong an déi ngau (hay nhan tit Lagrange) sé 1a 7 = (0,4)7. Khi dé6 céac udc

lugng cho hé s6 sé la:

2 .z ¢ — — 1 ~ ~ ~ ? X + 2 2 2 P 2
Cac gia tri ¢1,¢3 1a khong am. Do vay ta chi can kiem tra cy. Dé kiem tra ¢y ¢6 nhé

hon 0 hay khong ta giai bai toan QHTT phu:

min - o —4y9y =¢4
3Yo4 +y1a +2Yq =2 . (2.1.12)
Yia > 0.

Bai toan nay ¢6 cung tap rang budc la don hinh Cy nhu bai toan phu 6 buée trude,
chi khac nhau ham muc tiéu. Giai bai toan (2.1.12) ta thu dugc ¢z = —4, yos = 0,

Y14 = 0, you = 1. Do ¢4 = —4 < 0 nén phuong an

(_Z) = _47 Ty = 17 374(11) = 2, T1 =T3 =Ty = 0



van chua t6i wu cho bai toan (2.1.8). Khi d6 bién x4 dua vao co sd va loai bd x, ra

khéi co s duge phuong an chap nhan duge méi 1a:
334:1, 1’1:.1’2:1’3:0

Tiép tuc lap bai toan QHTT mdéi tuong duong véi ([2.1.8) ma y;4 duge xét lai:

621 +4x4 +x3 —1—095511) +Ox512) +y04x4y = z(min)
T +x9 —41’3 +2$511) +0.T512) —|—y14x4 =5 (2 1 13)
- +x9 —I3 +Ox4(11) +1x512) 412414 =1

720, 120, 23>0, 2,20, 230 >0, 2 >0.
Phuong an c6 sé chap nhan duge mdi la:
_ m__ 5 o_ e
(—2) =0, x4 =-7 U =1, zy=x3=a3=14=0

Tuong tng v6i n6é la phuong dn d6i ngdu (hay nhan tit Lagrange) thu duge sé la
7= (0,0)T va cac uéc lugng tinh duge 1a ¢ = 6, &3 = 4, &3 = 1, &5 = yos4. Tiép theo

dé kiém tra ¢; = you, ta gidi bai toan phu:

min - yos

I
S

3Yoa + Y14ty =2 - (2.1.14)

Yia > 0

Giai bai todn nay ta thu ducdc ¢z = 0, yos = 0, y14 = 2, you = 0. Vi tat ca cac ude
luong ctia bai toan ([2.1.13) déu khong am cho moi gia tri clia y.4 nén phuong 4n dang
xét 1a t6i wu cho (2.1.13)). D& khoi phuc lai nghieém bai toan gbc (2.1.8) ta thay ring:

7
z=0, x1 =x9=x3=0, $4=x§1):xf)=§
va tinh duge:
Yoa ) @ 0 0 ) 0
TV [ i ey R — P P ) e FYT
o4 Py = . . —

14 xil) +xi2) %(11) —1—33512) 7 7

Y24 0 1 2/7
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2.1.2. Truong hgp bai toan phu c6 phuong an khong bi chan.

Chia § rang, trong phuong phap Wolfe, ta can phai gidi lién tiép cac bai toan
QHTT phu trén tap rang budc C;. Co thé xay ra truong hgp tap rang budc nay
khong bi chin, va khi d6 bai toan phu c6 thé khong bi chan dudi. Khi giai bai toan

phu, sé c6 hai trucng hop:

1) Néu mot phuong an cuce bién y,, = y¢, € Cy thu duge véi ¢, 1a diém cuc bien,

thi néu cude phi ¢, 1a am thi dua né vao co sé ciia bai toan goc.

2) Néu mot 16p cac phuong an yes = y<, + 0yl € C, véi y¢, 1a diém cue bien, y2, 1a
cac huéng cyc bién, véi 6 1a mot tham s6 vo hudng. Thi chi can dua cac huéng
cue bien y?, vao co sd clia bai toan gde. Co s6 cho viee xit Iy nay 1a ta viét lai
YesTs N sau:

1
Yosls = (yfs + ey?s)zs = (éyfs + yfs)exs

. Thi do 6 > 0 tuy ¥, nén huéng circ bién nay sé lam cho gia tri cia muc tiéu ¢,

giam t6i mitc am.

2.2. Nguyén ly phan ra Dantzig-Wolfe(D-W)

Nguyén ly phan ra Dantzig-Wolfe dya trén dinh ly biéu dién tap 16i da dién. Ta
da biét ring, trong gidi tich 16i, mot tap 16i da dien P c6 s6 diem cyc bien V(P) va
s6 huéng cue bien E(P) la hitu han, vi moi diém z trong tap 16i da dién P déu c6
thé biéu dién qua t6 hop 161 céc diém cuc bien va t6 hop khong am céac hudng cuc
bién ctia n6, nghia la:

T = av' + Y Bel, (2.2.15)
vieV(C) eleE(C)

trong dé «;, 8, > 0va Y . o; = 1.

Déi véi tap 10i da dien P c6 dang:

P:={zeR"| Az =b,z >0} (2.2.16)
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thi tap hop cac huéng vo han ctia P sé la Ay = 0,y > 0. Do d6 ta dinh nghia huéng

cuc bién chuan héa nhu sau:

Dinh nghia 2.2.1. Cdc hudng cuc bién chuin héa cia tap 10i da dién P cho bdi

(2.2.16)) sé la caic nghiém co sd cua hé phuong trinh:

Ay =0
y=>0

vdi el = (1,1,...,1)T (véc to cac thanh phan déu la 1).

Chu ¥ rdng, néu A = m < n thi s6 nghiém co sé (hay s6 nghiem doc 1ap tuyén
tinh) ctia he nay 1a n — m va thoéa man diéu kien khong am va c6 tong cac thanh

phan bing 1. Hién nhién s6 huéng cuc bien chuan héa luon hitu han.

2.2.1. Y tuéng ctia phuong phap phan ra Dantzig-Wolfe

a. Y tudng chung. Gia st ta ¢6 mot bai toan QHTT kich thude 16n véi rang buoc

dang Az = b,z > 0. Phuong phap phan ra D-W thuyc hién nhu sau:

e Ta sé phan ra rang bugc nay thanh cac rang buoc dang A¥x = 0¥ véik =1,...,p
nao dé. Hién nhién néu A c¢6 dang chéo khéi véi p khéi, ta c6 thé phan ra bai

toan thanh p bai toan QHTT doc lap c¢6 kich thuée nho hon.

e Khi A c6 dang tity ¥, ta c6 thé xem bai toan QHTT théa man rang budc Az = b
va théa man thém rang buoc Afz = bF véi k = 2,...,p v > 0. Ta xem céc
rang buoc thém nay nhu mot tap 16i da dién, va céc diém trong dé théa méan

dinh 1y bicu dién tap 10i.

e Biéu dién bién x qua cac diém cuc bien va huéng cyc bién chuan hoéa ctia tap

16i da dién can thoa man.

e Thay z vao bai toan chi c6 rang budoc A'z = b, thu dude bai toan véi cac bién

mdi (67N ﬁj'
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e Han ché s6 dinh, s6 huéng cuc bién chuan héa, gidi quyét bai toan han ché. Néu
théa man diéu kién t6i uu cho bai toan ban dau ding lai. Ngugc lai, thém mot

dinh méi hosic huéng cuc bien chuan héa méi va lip lai viec giai bai toan do.

Chu ¥ ring, dé tang hiéu qui ctia phuong phap phan ra D-W, diéu quan trong la
khai thac cau tric clia ma tran rang budc. Tuy thuoc vao cau tric clia ma tran A
ma ngudi ta lya chon cach phan ra bai toin mot cach hop 1y nham gidm tdi da kich
thude bai toan con va bai toan con dugde gidi quyét hieu qua. Tham chi trong trudng
hop ma tran la chéo khéi, thi viec giai bai toan con c6 thé lam mot cach doc lap, song
song trén cac may tinh khac nhau.

b. Noi dung phuong phap phan ra Dantzig - Wolfe. Dé don gian cach trinh
bay, ta xét bai toan QHTT chuan tic dang

min{ 'z =2z}
Az =b . (2.2.18)
x>0,

trong d6 A 1a ma tran ¢d m x n. Trudc hét, ta phan ra tap D := {Az = b,x > 0} béi
hai phan Alz = b' va A%x = 1%, 2 > 0 v6i A, Ay 1a cAc ma tran ¢d my X n va ma X n,

tuong ting. Bai toan (2.2.18) trd thanh

min{ 'z =2z}
Aly =0t
(2.2.19)
A2y =b?
z > 0.
Hay, ta c6 thé viét lai nhu sau
min{ 'z =z}
z >0
thoa man thém rang budc
A?x = 1?
P = (2.2.21)
z>0



Hién nhién P 1a mot tap 16i da dién chinh tac, ta goi s6 dinh ctia P 1a V(P) 1= {u’ i =
1,...,L} va s6 hudng cyc bién chuan héa ctia P & E(P) :={v/ | j =1,...,M}. Khi
d6, theo dinh 1y biéu dién tap 16i (Dinh 1y [1.1.1) moi diém trong P déu c6 thé biéu

dién dudi dang:
L M
=Y ap' + Y e, (2.2.22)
i=1 j=1

trong d6 oy, 3; > 0 va Zle%‘: 1v6ii=1,...,L,5=1,...,M. Thay vao (2.2.20)

ta thu dugc bai toan c6 dang:

Hlin{ziL:1<CTUi)ai + Zjﬂil(CTUj)ﬁj =z},

S e+ S ()
S —1, . (2.2.23)
al > 07 1 = 1, ,L,
ﬂ] > O? - 17 ’M

Bang cach dit
G = Al Hi = AW, (2.2.24)
gi =, hj = cvl.

Bai toan (2.2.23)) dugc viét gon dudi dang:

min{} 7, giovi + Y00, hiBy = 2},
S Glag+ Y0 HIB; =
S —1 4. (2.2.25)

B;>0, j=1,... M.

Bai toan la mot bai todn QHTT theo cdc bién «; va §; véi i = 1,...,L,
J =1,..., M. Bai toan duge goi la bai toan Full Master Program. Ro
rang, néu s6 dinh V(P) va s6 huéng cyc bien E(P) cta tap P 1a 16n thi bai toan
sé ¢6 kich thudc 16n. O day 7 € R™ va v € R la cac bién d6i ngau (hay nhan

tu Lagrange) tuong ting véi cac rang budc ctia bai toan ([2.2.25)).
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Dinh nghia 2.2.2. Hai bai toan QHTT (2.2.18]) va (2.2.25) dugc goi la tuong duong,
néu x la phuong an chdap nhan cia bai todn (2.2.18) thi ton tai a; va B; vdi i =

1,...,L,5=1,..., M la phuong dn chap nhan cia bai todn ([2.2.25) sao cho

L M
= Zaiui + Z/B]”Uj
i=1 j=1

va nguoc lai.

V6i cach dinh nghia hai bai toan tuong duong nhu dinh nghia 2.2.2] ta c6 dinh Iy
sau:
Dinh 1y 2.2.1. Bai toan QHTT chinh tac ([2.2.18)) la tuong duong vdi bai toan QHTT
Full Master Program (2.2.25)) theo nghia tuong duong dugc dinh nghia nhu trong
dinh nghia .

Hién nhién dinh 1y nay cfing cho ta biét, néu 2* la phuong an t6i wu cia (2.2.18)
thi ton tai o va p;véii=1,...,L,j=1,...,M la phuong an t6i uwu ctia bai toan

(2.2.25)) sao cho

L M

R TS

i=1 j=1

va ngugce lai.
Thuat toan phan ra D-W khong giai tryc tiép bai toan Full Master Program
(2.2.25) ma giai trén bai todn han ché sé duge dinh nghia dudi day. Ta goi
Liax :={1,2,..., L}, My :={1,2,..., M},

va M, L 1a nhitng tap con clia Mpax V& Lmay tuong ting. Khi dé ta dinh nghia.

Dinh nghia 2.2.3. Restricted Master Program
Bai todn thu duge tu ([2.2.25) biang cach han ché cdc tip dinh cia P trén tap M va han

ché cdc hudng cuc bién cia P trén L goi la bai todn Restricted Master Program,

nghia la:
min{d .z gicvi + 2 e by =2},
ZiezGiO‘i"‘ZjeMHjﬁj =b
S —1 . (2.2.26)
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Cau hoi tiép theo I tit nghiém bai toan han ché lam thé nao dé kiém tra
xem da 1a t6i wu cho bai toan can gidi chua? Deé tra 18i cau hoi nay, ta xuat phat ti
tieu chuan téi wu trong phuong phap don hinh. Chid y ring, bai toan Full Master
Program va bai toan han ché déu la cac bai toan QHTT chinh tac.

Néu ta ky hieu (7, 5) 1a phuong an co s d6i ngau thi, thi n6 sé thoa man hé rang
buodc dbi ngau dang:

v (G =g, i=1,2,... k 2
(H)Tx =h;, j=12,...,L

Phuong phap don hinh sé chon véc to mdi dua vao co sé dia trén quy tac 1a cho ham

muc tieu gidm nhiéu nhat, nghia 14, ta chon chi s6 ¢ = i* va j = j* tit diéu kien:

g —(G")'T =7 = min {g,— (G')'7} -7 (2.2.28)
va
hj = (H")'7 = min_ {h; — (H')"7} (2.2.20)
=1,

Khi d6 véc to ¢ot clia ma tran rang budc tng véi chi s6 (i*, j*) sé duge dua vao co

sd. Ta dinh nghia do lech d6i ngau bai:
p=c— (AY'® (2.2.30)
va thay thé G = A’ va H = A%/ dé thu dugc:

win, {g; — (G)'7} =7 = min {c'u’ — (A'u)'7T} —7

i=1,...L

Tuong tu
j:r{}'i?M{hj — (H)'7) = 2 mln {p v’} (2.2.31)
Dén day ta van chua biét c6 diém cuc bien hai hu’dng cuc bien chuan héa nao ma ¢
gid am. Dé xac dinh xem c6 gia am hay khong, ta khong phéi di uéc lugng
trén toan bo s6 dinh ctia P ma thay vao do, ta gidi mot bai toan QHTT dang:
min{p’r =2z, +75}
A?x =? : (2.2.32)

x>0
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v6i p = ¢ — (AYTT théa man (2.2.30) va 7 la bién ddi ngau tng v6i rang buoc 16i
ctia bai toan Restricted Master Program dé xac dinh nghiém = = «* 1a diém cuc
bién cta P.

Sau khi st dung phuong phap don hinh ma phuong an t6i wu 13 mot phuong an
co sd chap nhan z = u*, thi ta tim dugc cot véi cuée phi thu gon nhé nhat cho bai
toan Full Master Program. Néu u* 13 t6i wtu, va néu min 2z, < 0 ta bo sung vao cho

bai toan Restricted Master Program thém cot méi bai

G* Aly*
1

v6i chi s6 * nhim thé hien viec danh s6 lai cac chi s6 cho phit hgp véi bai toan
Restricted Master Progam mdi thu duge. Tiép theo lai t6i wu lai bai toan han
ché thu duge nay. Néu min 2o = 0 thi tat ci cude phi thu gon véi bai toan Full Master
Program khong am. Trong trong trudng hop nay tit phuong an tdi wu cla
bai toan Full Master Program va c6 thé tim duge phuong an téi wu cho bai
todn ban dau (2.2.18).

Trong truong hop con lai, gid sit gidi bai toan (2.2.32)) bang phuong phap don
hinh cho ta mot phuong 4n cyc bién thuan nhat 2" = v*. Trong trudng hgp nay, theo
Iy thuyét, ta khong can udc lugng tat ca céc huéng cuc bién chuan hoa ma

c6 thé tim duge huéng cuc bien tét nhat bing cach gidi bai toan QHTT:

min{p’x = 2}
A2x =0
(2.2.34)
elx =1
x>0

v6ie=(1,...,1)7, p thoa man ([2.2.30) va 2 1a gia tri t6i wu tuong tng véi nghiem
ctia n6. Tuy nhién, viéc gidi quyét bai toan nay sé 1a khong can thiét vi sé tang chi
phi tinh toan cho thuat toan. Trén thuc té, ta chi can chon mot hudéng cuc bién chuan

héa 2" = v* ndo d6 cla (2.2.21) ma lam cho wéc lugng véc to gia 1a am. Khi do ta
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dua cot

H* Aly*
h* = | T* (2235)
0 0

vao cd s clia bai toan thu gon dé thu dugce bai toan méi va giai lai bai toan nay.

Chu y 2.2.1. Trong thu tuc don hinh, dé tinh cdc udc lugng cua cac véc to Ay, got
la Ay, = ZjEJ 2jkCj — Ck. Néu A, < 0 vdi moi k thi phuong dn dang xét la toi wu.
Day chinh la tieu chuan toi wu ciia thuat todn don hinh ma ta da st dung trong thudt
todn nay. Trén thuc té, ta khong tinh cic wdc hiong nay thong qua cdc hé s6 zj ma

thong qua cdc bién doi ngau m, v nhu cong thic dé cip trong chuong 1.

2.2.2. Thuat toan Dantzig-Wolfe va phuong an xuat phat

a. Thuat toan Dantzig-Wolfe. Thuat toan phan ra Dantzig - Wolfe duge mo
ta nhu sau:
Dau vao: Dit lieu cia bai toan QHTT: Véc to gia ¢, Ma tran rang buoc A! véc to vé
phai b', tap 16i da dién P véi tap dinh L va tap hudéng cuc bién L xuat phéat cho bai
toan Restricted Master Program.
Dau ra: Khing dinh bai toan (2.2.18)) vo nghiém hoiic tim duge mot nghiem t6i wu

xT.

Thuadt toan:

1. Tu bai toan Restricted Master Program v6i mot phuong an co s6 chap nhan

duge xuat phat va mot cot khong co s6.

2. Giai bai todn Restricted Master Program. Néu tim dude mot nghiém toi wu thi

di dén budc 3 néu khac thong bao bai toan goc khong bi chin va dimng.

3. Nghiém co s6 chap nhan dudc t6i uu clia bai toan Restricted Master Program

cung v6i nhan t don hinh @) gitup ta loai ra cot khong co sé.

4. Giai bai toan con ([2.2.32]).
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5. Néu tir (2.2.32) tim dugc phuong an co s6 chap nhan dude t6i wu va min 2, < 0
thi cot (2.2.33)) duge thém vao bai toan Restricted Master Program va qué trinh

tiép tuc 6 bude 2.

6. Néu tur (2.2.32) ta thu duge mot huéng cyc bién thuan nhat khong am thi cot
([2.2.35)) duge them vao bai toan Restricted Master Program qué trinh tiép tuc

4 bude 2.

7. Néu 2z, = 0, tit phuong an nay tim dugc phuong an t6i wu cho bai toan goc.
Phuong an t6i wu dugde cho béi (2.2.21) v6i o, aa, . .. va By, B2, B3, ... 1a phuong
an t61 uu cho bai toan Restricted Master Program cudi cung. N6 chinh 14 phuong

an to6i uu chap nhan duge cho bai toan Full Master Program.

Chu ¥ rang, mot phuong an co s6 t6i wu clia bai toan Restricted Master Program ciing

1a phuong an tdi wu co s cho bai toanFull Master Program néu
min z; = 7. (2.2.36)

Cong thiic nay suy ra tit diéu kien (2.2.32). Khi d6 do lech déi ngau p”z* = 0.

Bén canh do6, néu bai toan QHTT 13 khong suy bién thi thuat toan D-W sé
ding sau hitu han buéc lip. Hoac tim duge phuong an t6i wu hodc chi ra mot huéng
cuc bién ma ham muc tiéu giam ra —oo.

b. Phuong an xuit phat ctia thuat toan Dantzig-Wolfe.

Trong phan nay ching ta sé trinh bay phuong phap tim phuong an xuat phat clia
thuat toan Dantzig-Wolfe. Truéc hét phai ta can phai xac dinh mot dinh cia tap P
la w!'. Viec nay c6 thé dugce lam bang cach sit dung Pha 1 ctia thuat toan don hinh

dé giai bai toan phu dang.

min Y "% v; = f(u,0)
Zn a?uj +v; = b2 (2237)

Jj=1"j

u; > 0,0, >20,i=1,...,my,7=1,...,n

Sau khi c6 mot dinh u! cta tap P, ta dit G' = A'u! ta thiét lap bai toan Restricted
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Master Program véi bién gid &;.

min 30 & =w
Glag + 57" +eig;, = bt

IARPEESS (2.2.38)
a1 = 1

01207 g’LZOa izl)"'aml

trong d6 e’ 1a cot thid 4 clia ma tran don vi m; x m; cht ¥ rang a; phai bang 1.
Do d6 trong dang thiic thit 2 1a +¢’ néu b} — G} > 0 va —¢’ néu b} — G} < 0. Bién
a1,€1,&, ..., &, tao Ta tap bién co s6 cho bai toan . Pha I ctia bai toan duoc
gidi bang phuong phap Dantzig-Wolfe. Sau pha I ta tim dudc mot phuong 4n chap
nhan dugce cho bai toan gbc hodc c¢é thé két luan bai toan goc khong cé phuong an
t6i uu. Néu pha I két thic véi mot phuong an chap nhan duge thi tat ca cac bién gia
sé c6 gia tri bang 0. Sau pha I cac hé s6 ciia ham muc tiéu duge thay thé cho cac
cot trong bai toan Restricted Master Program va giai lai bai toan Restricted Master

Program. Qua trinh dudc tiép tuc thuc hién lip lai.

2.3. Ap dung phuong phap Dantzig-Wolfe cho mot
s6 bai toan

Thuat toan phan ra D-W c6 thé ap dung cho cac bai toan QHTT tong quat nhu
da dé cap ¢ trén. Tuy nhién phuong phép nay rat hieu qua khi ap dung cho nhiing
bai toan QHTT kich thuéc 16n va c6 cau tric. Dudi day ta sé 4p dung phuong phap

nay cho mot s6 truong hop cu thé va dua ra mot vi du minh hoa béang sb.
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2.3.1. Heé khdi géc (block-angular system)

Phép phan ra Dantzig-Wolfe dé xtt 1y bai toan khéi goc c6 dang ([2.3.39):

min{ (O)T20 (e Tal o (P2 =2}
rang buoc A%°  +Alzt+ oo ARE =
Ll _
(2.3.39)
Fhogk _
>0, i= 0,12,k
Bai toan duge phan ra dudi dang.
min{ (2% +( Mot o (P2t =2}
rang buoec A%°  +Alxl+ ... AR =p . (2.3.40)
20 >0

va thoa méan thém cac rang budc :
(Sp): FraF=f* 28>0, ~voik=1,... K,

trong dé z* 1a mot véc to thanh phan con clia  c6 s6 chiéu tuong thich véi F*. Nhu
vay trong truong hgp nay tap P duge phan ra thanh K tap Sy c6 s6 chiéu thap hon.
Ta c6 thé tim tap dinh va tap hudéng cuc bien ctia S;, dé dang hon.

Gia st cac nghiem chap nhan duge va cac huéng cuc bién chuan hoa cho S; dén
Sk cla la ton tai. Trén thuc té s6 nghiem nay 1a rat 16n khé cé thé tinh toan
tat cd mot cach tho so. Tit két qua ctia dinh 1y bieu dién tap 16i (Dinh 1y , cac
nghiem ¥ > 0 cho (S;) véi k= 1,..., K c6 thé viét dudi dang:

Ly My

k ki kj

ng akiuz#—g Br;v"™
i=1 j=1

v6i
Ly,
Zaki, O./;“‘ZO, izl,...,Lk,
i=1
Brj >0, j=1,..., M,
trong d6 u* véi i = 1,..., L 1a tap hitu han cac phuong 4n co s6 chap nhan dudgc
cho Sy, va vy; v6i j = 1,..., My 1a tap hitu han céc huéng cuc bién chuan héa cho Sy,

Nguge lai tat ca cdc nghiem biéu dién béi (2.3.1]) 1a chap nhan duge cho Sj.
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2.3.2. Bai toan cau tric bac thang (staircase structured prob-

lems)

Dé don gian, ta xét bai toan QHTT dang bac thang véi 4 bac nhu sau

min{(c)T2® +(cH)Tal +(A)T2? +()T2® +(H)T2t =2z}
Rang buoe  Allg! = bt
A21 1 1 A222 — 2
(2.3.41)
A322 —{—A33$3 =
A43.3 LA
2+ >0, k= 1,....4
St dung phép phan ra D-W, ta phan ra bai toan nhu sau:
min(c®)2®  +(c)fal +(cA)2? H () (M)t =z
(@0 H)at @Y H -
Rang buoc  Allz! =t
théa man thém rang budc
( A2 gl 1 A22,2 — 2
A322 +A33ZL‘3 =}
P (2.3.43)
ABg3 g AMgd g
\xkzo k=1,...,4.
Tiép theo sit dung dinh 1y biéu dién tap 16i (Dinh 1y [1.1.1)) ta c6 biéu dién:
21 uil il
22 L u2 L vI2
T = r :Zai 5 -f—Zﬁj 3
=1 u =1 v
24 it i
v6i
Ly
Z&z_la OézZO /8j>07 ]_17 7M
i=1
va vt = (u™, u? u® u) véi i = 1,..., L 1a tap day du cic nghiem co s6 chap nhan

duge cua (2.3.43), con v/ = (vl w2 073 vit) véi j = 1,..., M la tap day du céac
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huéng cuc bien chuan hoéa cta (2.3.43). Khi d6, ta thu dugc bai toan Full Master

Program nhu sau:

min S (ENTw + ()T + ()T + () Tu]ag+
L)W+ ()07 4 ()T (T =2
rang buoc: S, A, + Zj\il Attt g, =p . (2.3.44)

ZiLzlai =1
;>0 i=1,....L3;>0 j=1,...,M.

1

Ta st dung gia tri toi wu 7! ctia bai toan Restricted Master Program xac dinh muc

tieu cho bai toan (2.3.43) bai toan véi muc tieu duge diéu chinh la:

min (' — (P)TANTZ (T2 (T2 (M2t =2
Rang buoc  A%a! +A?2 2 = b2
A2 AR _ b3 . (2.3.45)
A3 g AMpA
xk >0, k= 1,...,4.

Bai toan nay da c6 dang tuong ty nhu bai toan ban dau, 6 cac "bac thang". Do do,

ta tiép tuc xit Iy bai todn nay lip lai cac bude nhu trén véi sd bac giam di 1.

2.3.3. Vi du bang s6 minh hoa thuat toan Dantzig-Wolfe

Xét bai toan quy hoach tuyén tinh dang
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Ty T2 T3 Ty Tz Tg L7 g L9 X1p L1 Tiz2 T13 T4
1 2 3 4 5 6 1 2 3 4 ) 6 7 -10 = z(min)
3 2 1 6 5 4 8 5 7 3 4 1 1 2 = 64
18 3 7 1 4 5 2 5 3 2 6 3 4 = 63
1 1 1 = 3
1 1 1 = 4
1 1 = 2
1 1 = 1
1 1 = 4
11 1 = 4
1 1 1 = 5
1 1 = 3
1 1 = 3
1 1 = 3
1 -1 =1
trong d6 hang thi nhat chia 2; > 0 véi j = 1,...,14 1a bién can t6i uu. Hang thi 2

chita hé s6 ham muc tiéu, cac hang con lai 14 ma tran rang buoc va véc to vé phai.
Day 1a bai toan dang chinh tic, c6 cau tric dic biét véi ba khéi sau cuing 1a tach bién

hoan toan.

Céac nhom bién duge phan ra nhu sau: o' = (2, 29,...,26)7, 22 = (27,..., 23T
va 23 = ('3 2'")T. Ta goi ba nhém rang budc nay 1a subl, sub2 va sub3) véi ba

2

nhom bién z!, 22 va 2 tuong tng nhu sau:

T1 T2 I3 T7 T8 Tyg T13

Ty Ts5 Te X0 T11 T12 T14

Khi d6 ta biéu dién lai bai toan theo ba nhém bién trén dudi dang sau (bing cach
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danh s6 lai chi s6 cac bién):

(Tl +(AT2? +()T2® = z(min)
Algt +A%z? + A3 23 =b
1l _ g
s p (2.3.46)
€T —=
33 _ 3
28>0 k=1,2,3

Goi cac tap
P={z' eR: Fla' = 1}, Po={a? eR°: F%2? = f?}, va P = {2’ e R*: I’z = f°}.
Khi d6, cac dinh va huéng cyce bién cia Py (ing véi subl) la:

2 1 2 1 2 1 1 2 3
0 4 0 4 1 3 2 2 211

Tuong tu, ta tim duge cac phuong an co sé cho P, hay sub2 la:

1 3 3 1 3 1 1 3 31 1 3
2 3 2 3 3 2 3 2 3 2 2 3

Cubi cting, P; hay sub3 c6 mot nghiém co s6 1a x13 = 1, 214 = 0 va mot huéng cuyc
bién la T13 = 1, T14 = 1.

Thiét lap bai toan Full Master Problem cho bai toan trén, ta thu dudc:

ap o a3 oy of o of af of of of B
28 28 28 28 33 33 33 33 38 33 7 -3 = z(min)
24 24 24 24 32 40 45 43 33 47 1 3 = 064
26 18 36 28 35 39 38 30 32 32 3 7 = 63
1 1 1 1 = 1
1 1 1 1 1 1 = 1
1 = 1

Tiép theo, ta sé trinh bay cu thé phuong phap phan ra Dantzig-Wolfe cho bai toan

nay. Bat dau ta tim mot nghiém co s chap nhan dugc cho ba bai toan con. Néu
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khong ton tai nghiém co sé chap nhan duge cho mot trong ba bai toan con thi két

luan bai toan goc la khong c6 phuong an chap nhan duge. Xét cac bai toan:

subl:
min 1z, +2x9  +3xs  +4rs +dxs  +6xg = 21
rang buoc x; +x9 +x3 =3
Ty 45 +x6 =4
Ty +24 =2 . (2347
T2 +x5 =1
T3 +xg =4
2120 2220 23>0 2420 25>0 26>0
sub2:
man 1z +2x5  +3xr9 +4r19  +DT11  +6x12 = 29
rang budc x7 413 +x9 =4
T10 +rn +x12 =5
7 1210 =3 . (2.3.48)
g 4211 =3
Tg +x19 =3
2720 2820 2920 29020 21120 w22>0
sub3:
main Tx13 —10x14 = 23
rang budc w13 —T14 =1 . (2.3.49)

21320 21420

Nghiém co sé chap nhan duge cho ba bai toan con la:

subl:ui'=2, wil=1 u'=0 wul'=4
Ca2l 21 _ 21 _ 21 _
sub2:u; =1, w3y =3, uy =3, ui =2

sub3 : vt =1
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Pha 2 muc tiéu duge uée tinh bdi:

1 1
2 2
et = k 2= s A= ’
4 4 —10
5 5
6 6
Pha 1 muc tiéu duge uée tinh bdi:
0 0
0 0
0 0 0
w! = Jw? = Jwd =
0 0 0
0 0
0 0

Va ma tran chuyén ddi hé sb ctia bai toan Restricted Master Problem xac dinh béi:

o (321654
1 8 3 71 4
e (85 T8
5 2 5 3 2 6
48 1 2
3 4
két qua thu dugce la:
24
Gl — Al —
B 26

Q
no
=
|
I
no
IS
no
=
Il
OEERS
N
w
"

1
31 _ 43,31 —
G U (3)

va



g21 — (U}2)Tu21 =0
931 — (w3)Tu31 =0

Pha 1 bai toan Restricted Master Problem la:

min Oaqq +0a91  +0as3; +1lx1z3 +laxyy =
rang budc 28aq; +43c97 +a31  —X13 =64
2611 +3000; +3as; +r14 =063
aq1 =1 . (2.3.50)
Q21 =
3y =1

a;ﬂzO .QTJZO

Sau khi giai pha 1 ctia bai toan Restricted Master Problem ([2.3.50) tat ca 5 bién la

cd s6 va ching ta thu duge nhan tu:

pr=w'—(AYT7T=02 -6 -2 -1 4 0)F
pPP=uw— (AT =(3 3 2 0 2 -5T

Sau khi gidi ba bai toan con vdi muc tieu da duge dieu chinh ta thu dugde cidc nghiem:

subl:ud?=1, ul?=2 wuP®=2 u*=2 2z =-12
sub2:u?? =1, u¥2 =3, u¥=2 uP=3 z=-3

sub3 : v =1, v3? = l.nghiém thuan nhat.

21 <71, 22<7y 23<73

vi vay chiing ta sé bo xung bai toan Restricted Master Problem véi céc hé s6 sau:

24
G2 — Aly12 —
= ()
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va

Pha 1 mdi ciia bai toan Restricted Master Problem la:

min Oaqy +0a12  +0a2;  +0a22  +0asz; +0asze +lz1s +1lx14 =W
rang buoc 28aq;  +240s +43am +32090 g 43031 —x13 = 64
2611 +36as +30a;  +3bass  +3agy +70a; +x14 =63

Q11 +aa =1

Q91 +ag2 =1

31 =1

ap; >0 f[31>0 x; > 0.
(2.3.51)

Sau khi giai pha 1 nay ta thu dugc mot nghiém co s véi cac bién gia da ra khoi co

s chiing ta tiép tuc pha 2 véi cac hé s6 duge thay ddi nhu sau:

g (Cl)Tull — 928
g (CQ)Tu21 — 928
g (03)TU31 =33
g (Cl)Tu12 =33
g2 = () u? =
= (3) T3 =
6 pha 2 nay nhan tu la:
41.2391
_ —0.1630 N E0.77LT
™= Vi et
—0.3587 7 '
8.2391
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st dung cac nhan ti ta tinh duge cude phi diéu chinh cho muc tiéu ctia bai toan con:

Pl =cl — (AHT7 = (1.8477 5.1956 4.2391 7.4889 6.1737 8.0868)T
P2 =c2— (AHT7 = (4.0975 3.5324 5.9345 5.5651 6.3694 8.3152)T
PP = — (AHT7T = (8.2391 —8.2391)"
Sau khi giai ba bai toan con v6i muc tieu da duge dieu chinh ta thu duge cac nghiém:
subl:u*=2 w?=1 u®=1 u®=3 2 =383686
sub2:uf¥ =3, uP¥=1 uP =4, uP=2 2=-3
sub3 :ud =1, 23 =283291
Do
21 <7, Z2<7y Z3=7;3
vi vay ching ta chuyén déi va thém nghiém ciia subl va sub2 vao trong bai toan
Restricted Master Problem véi hé s6 chuyén ddi la:
G138 — Aly13 — (24)
G2 — A223 — (33)
va
gt = (H)Tu' =28
g3 = (*)Tu® =33

Bai toan Restricted Master Problem méi 1a:

min 28aq;  +28a1s +28ci3 +33an; +33ass +33c3 +Tas; +H(—3)azs =z
rang budc 28aq; +24aqy +24aq3 +43as1 +32a00  +33an3 Faz; +303: =064
2617 +36a1s  +18az +30an; +3Daiss  +32a03 +3as1 +70631 =63
Qa1 a2 +ai3 =
Q1 + g +ous =1
Q31 =1

ag; >0 B3 >0 x; >0.

(2.3.52)
Nhan t mdi 1a:
37.000
_ —0.0789\ _ _
= (—0.3948) va 7y = | 48.2367
8.2632
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mot 1an nita st dung cac nhan tit ta tinh duge cude phi diéu chinh cho muc tiéu ctia
bai toan con:
pt=ct — (AHT7 = (1.6315 5.3164 4.2633 7.2370 5.7893 7.8940)T

P2 =c%— (A%)T7 = (3.6052 3.1841  5.5263 5.4211 7.8940 8.4477)7
8= 8 — (AT = (82632 8.2632)7

By

Sau khi gidi ba bai toan con véi muc tieu da duge dieu chinh ta thu dugde cdc nghiém:

subl:ui'=2, wi'=1 w=1 w}'=3 2 =37.000
sub2: w3t =1, ui'=3, ui =3 ut=2 2 =48.6327

sub3 :ud =1, 23 =28.2632

2=, 2=y Z3=73

nén phuong an nay 1a t6i wu. Thay trd lai bai toan ban dau véi phuong an téi wu nay

ta thu duge f(z) = 68 la két qua tdi wu ctia ham muc tieu.
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Chuong 3

Thuc thi thuat toan phan ra
Dantzig - Wolfe

3.1. Chuyén bai toan vé dang thuc thi dudc trén
may tinh.

Céc mo hinh bai toan QHTT phét sinh trong thuc té thuong 6 dang tong quat.
Do vay, dé thuc thi phuong phép phan ra Dantzig-Wolfe trén méy tinh, ta can xi 1y
bai todn nay qua cac budc tien xit 1. D6i véi phuong phap phan ra Dantzig - Wolfe,
viéc thyc thi trén may tinh chi duge thyc hién trén bai toan QHTT chinh tic va bai
toan Restricted Master Program. C6 nhiéu giai doan trong viéc xit Iy nay, chang han

ta sé thuc thi cac khau co ban sau:

Chuyén bai toan vé dang chinh téc.

Loai bd céc rang buoc du thita va tinh khong chdp nhan ctia bai toan (tic 1a

tap rang budc mau thuan).

Xac dinh cau trac ciia ma tran rang buoc.

Chon cach phan ra bai toan.
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3.1.1. Chuyén bai toan QHTT vé dang chinh tic

Trén thuc té, cac bai toan QHTT trong tng dung thuong c6 dang tong quat nhu

Sau:

f(zx) = Z ¢;x; — min(max)

Jj=1

n
E CLijLCiji, izl,...,m1
j=1

n
E CLZ'jCL’ijZ', i:m1+1,...,m2
=1

j=1
x; >0 j=1,...,n
z; <0 jJ=n1+1...,n9
zjtudo, j=ng+1,....n

Ta biét rang, moi bai toan QHTT tong quéat déu c6 thé dua vé dang chinh tic bang
cac phép bién ddi tuong duong sau:

f(z*) =min{f(z),z € D} <« —f(a*)=max{—f(x),x € D}

n n
> i1 4Ty = by Y i(—aig)ry < =b;
n
n D1 @i = by
Zj:l QaijT; = bz <~
n
i1 03Ty < b
n n
Zj:l Qi < b; A ijl ijTj + Tpyi = by Tnyi 20
n n
> o1 iy 2 b S D051 A4T) = Tngs = bi; Tngy 20

Truong hop bién z; khong bi rang buoc vé dau c6 thé thay béng hiéu hai bién khong
am dudi dang
Ty =) — a5y >0,2,,,>0
T cic nhan xét trén ta thay rang bat ki mot bai toan quy hoach tuyén tinh nao
ciing c6 thé dua vé dang chinh tic sau day
f(x) =377 cjzj — min
Y ary=b i=1,...,m . (3.1.1)

l']ZO jzl,...,n
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3.1.2. Loai b6 cac rang budc thira va rang budc mau thuan.

D6i v6i bai toan QHTT ¢6 thé c¢o nhitng rang budc du thita, chang han z14+z, = 5
va 221 + 225 = 10 14 hai rang buoc cung ton tai, khi d6 mot trong hai rang buoc 1a
du thita. Ta c6 thé loai bé mot trong hai rang buoc nay. Ngoai rang buoc du thira
dang nay, con c6 cac rang budc du thia dusi dang x4 > 0 va xy > —2, khi d6 rang
budc z; > —2 la du thita, ta ¢6 thé loai bé.

Rang budc mau thuan la cac rang budc lam cho tap nghiém cua bai toan tré nén
réng, ching han cé hai rang buodc z1 + o = 5 vd 21 + 2 = —6, khi dé hai rang
budc nay 14 mau thuan, bai toan cia ta sé c¢6 tap nghiém la rong. Hoac rang buoc
x1 > 0 va z; < 014 cap rang buoc mau thuan. Diéu nay sé lam cho bién x; tré nén
vo nghia. Ngudi ta c6 thé van gidi quyét bai toan bang cach xem xét lai sut hop Iy
clla mot trong cac rang budc mau thudn nay nham gitt lai rang budc hgp Iy va loai
bé di nhitng rang buodc khong hop 1y hosic khong can thiét trong thyc té ing dung.

Trong tng dung viéc xi Iy cac rang budc du thia va rang budc mau thuan co
thé thyc hién véi cac phép bién ddi dai s, ching han phép khit Gauss trong dai s6
tuyén tinh. Nhung néu bai toan c6 kich thude 16n thi viec xit 1y tré nén khoé khan.
Néu bai toan c6 cau tric dac biét, ta c6 thé phan ra va xi 1y ting phan riéng ré,

ching han bai todn c6 cau tric goc khéi nhu vi du ¢ muc 2.3.3 ¢ Chuong 2, ta c6 thé

xit Iy thanh 3 nhom bién 2! = (zy,...,26)7, 2% = (v7,...,212)7 vd 23 = (213, 214)T
mot cach hoan toan riéng ré.

Phép loai bd rang bude du thita nham dua ma tran rang buoc A vé ma tran cé
hang du, nghia la rankA = m < n. Viéc nay giip cho cac thuat toan don hinh lam

viec dang dan.

3.1.3. Kiém tra cau triuc cua bai toan.

DAéi v6i bai toan 16n, viec xac dinh kich thudc va cau tric clia ma tran rang buoc
1a rat quan trong, n6é déng vai tro quyét dinh trong cac phuong phap gidi quyét bai
toan. Cau tric clia bai todn sé quyét dinh cac budc sau day trong qua trinh thiét ké

thuat toan va chuong trinh:

e Lita chon phuong phap phan rda Dantzig-Wolfe, tic la lya chon cach phan ra

93



tap P dé c6 s6 dinh va s6 huéng cuc bién hgp 1§, khong qué 16n, c6 thé thuc
thi tinh toan dé dang.

e Lua chon phuong phap luu trit ma tran. Diéu nay rat quan trong trong xay
dung chuong trinh, vi né quyét dinh dén hiéu suat thuec thi: thoi gian tinh toan,

khong gian luu trit, do chinh xac, tinh 6n dinh va bén viing ctia thuat toan...

e Lua chon cau tric dit lieu dau vao. D6i v6i bai toan 16n khong thé nhap dit lieu
bing tay, khong thé luu trit dit lieu dusi dang file text thong thudong, ma can
phai thiét ké mot s6 cau tric dit lieu rieng. Cau tric dit lisu phd bién cho bai

toan QHTT hién nay la dinh dang MPS.

e Xay dung cic phép toan. D6i véi bai toan QHTT, mot trong nhitng phép toan
co ban nhat 1a phép toan nhan ma tran va véc to. Khi bai toan kich thudc
16n, ma tran thua, ta khong thé diing cac phép nhan ma tran véi véc to thong
thuong, né sé lam gidm tdc do tinh toan. Ngoai ra do cau tric dit lieu luu trit
clia ma tran dugc Iya chon riéng, nén viec thiét ké lai cdc phép toan co ban la

khau khong theé thiéu trong xay dung chuong trinh.

Mac du bai toan QHTT c¢6 nhiéu dang cau tric khac nhau, c6 nhiéu bude xit 1y. Tuy
nhién, khéa luan nay chi dé cap dén viec gidi quyét bai téan QHTT c6 cau tric cho
hai bai todn c6 cau tric dic biet 1a he khoi goc (block angular system) va bai toan

cau tric bac thang (staircase structured problems).

3.1.4. Xt ly két qua.

Cac thuat toan sau khi thyc thi sé cho két qua ctia bai toan trung gian, tic la
bai téan QHTT chinh tic, nghiém ctia bai toan nay chua phai 1a két qua ching ta
mong muén, nghiém ching ta can la nghiém ciia bai toan QHTT tong quat ban dau.
Do vay, viéc xit 1y két qua dau ra ciing 13 mot khau co ban trong thyc thi thuat toan
tréen may tinh. Viéc khoi phuc nghiém ctia bai toan ban dau tir nghiém ctia bai toan
QHTT chinh téc thuong dugce thuc hién bing mot s6 phép bién ddi dai sé don gian.
Do vay khau xit Iy nay thuong it tén kém vé chi phi thyc thi nhu: thoi gian, khong

gian bo nhé luu tri...
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3.2. Trién khai thuat toan

3.2.1. Chon md hinh trién khai thuat toan.

Thuat toan phan ra Dantzig-Wolfe da duge xay dung vé mit 1y thuyét, song dé
trien khai chi tiét, ta can xt 1y rat nhiéu cac cong vieéc: Chon ngon ngit lap trinh,
chon cau tric dit lieu, thiét ké cac thi tuc con... Dé trién khai chuong trinh may tinh
cho phuong phap phan ra Dantzig-Wolfe, trong khéa luan nay da dua ra mot s6 liya

chon chi tiét nhu sau:

e Moi truong lap trinh duge dung ¢ day la Visual Basic (trén he diéu hanh
Windows XP). Uu diém ctia méi trudng nay la c6 huéng déi tugng va dé thuc
thi lap trinh, dé& st dung heé théng giao dién c6 sin. C6 thé tich hgp véi cac thu

vién c6 sin nham tan dung t6i da tai nguyén sin co.

e Cac thi tuc x1t 1y duge thyc hien mot cach tuan tu, chua dude song song hoa

G cac bude xu ly bai toan con.

e Dit litu dau vao duge luu trit & céc file Exel.

3.2.2. CAu tric chuong trinh.

Chuong trinh sé bao gom mot s6 Module co ban nhu sau:

1. Module doc di lieu dau vao: Dit lieu doc ti file sau d6 duge luu trit vao bo

nhd, dudi dang ma tran va véc to.

2. Module chuyén doi bai toan: Module nay lam nhiem vu chuyén doi bai toan vé
dang chinh téc, thic thi loai bé rang budc du thita, rang budc mau thuan, xay

dung bai toan phu.

3. Module thuat todn don hinh: Day la module co ban thé hién thuat toan don
hinh gidi bai toan QHTT, module nay sé dude goi nhiéu lan trong thuat toin

2 o Z L N P N g ~
de giai quyet cac bai toan phu va bai toan con.
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4. Module zit lyj két qud: Module nay nhim khoi phuc lai nghiém cho bai toan ban

dau tit nghiem giai duge va xuat két qua ra file hodic man hinh quan sat.

5. Module chinh: Day la module két noi tat ca cac giai doan ctia phuong phap

phan ra Dantzig-Wolfe.

So dé khdi ctia thuat toan

fnput: matrix A
vecto b, vecto c

Y

compute: Ai,ci
Fifi,b

solve subproplem
() "Tx=z
obtain: ui,zi

compute Hi,Gi

Y
compute

pi, gamma

Y
compute adjusted

ci:=rho.i

rho.i

Hinh 3.1: so do thuat toan
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3.2.3. Mot sb tha tuc cd ban ctia chuong trinh.

Chuong trinh thé hién phuong phap phan ra Dantzig-Wolfe c6 nhiéu module khéc

nhau, dugc thiét ké rieng ré thuan tién cho viéc kiém tra, sita 16i, bao tri... Duéi day

14 mot s module co ban nhéat:

1.

3.3.

Private Function Doc_ m(textfile As String) As Integer "Ham doc s6 rang buoc

tir tep.

Private Function DocMT (textfile As String, mask As String) As String * Ham

doc ma tran tiu tép.

Private Function DocVT (textfile As String, mask As String) As String 'Ham

doc vec to tiur tép.
Private Function phan_ra(strA As String) As String 'Ham phan ra ma tran A.

Private Function so khoi(strPR As String) As Integer "Ham tim s6 khoi xuét

hién trong ma tran A.

Private Sub GiaiBT DZW!/textfile As String) 'Thu tuc giai bai toan D-W.

Cac buéc trien khai thuc thi thuat toan.

V6i muyc dich dua nhitng thuat toan c6 sdn vao nhitng tng dung thuc té, khoa

luan nay sé trinh bay tom tit lai nhitng khau co ban trong qué trinh trién khai thic

thi mot thuat toan nham gidi quyét cac bai téan tng dung cu thé. Ty thuodc vao

muc dich ing dung, thoi gian thiyc hién, chi phi, quy mo cta bai todn tng dung, ma

ngudi ta liva chon nhitng quy trinh thic hien khac nhau. Chang han duéi day 1a mot

s6 bude co ban khi trién khai ap dung:

e Budc 1. Xay dyng mo hinh dinh tinh cho bai toan bang cich tham bién (tham

$6) hod cac thanh phan clia bai toan thuc té. Noi cach khac 1a lugng hod hodic
hinh thitc hoa cac ddi tuong thire té bang cac ky hiéu hoac luge do... Trong mot
s6 truong hop can phan chia, hosic han ché hay rat gon bai toan thuc té thi méi

c6 thé mo hinh hoéa duge dusi dang mo hinh toan hoc.
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Buéc 2. Xay dyng mo hinh toan hoc, bang cach lién két cac d6i tuong theo
cac mdi quan hé thanh cac cong thitc tusng minh hodc quan hé cu thé. Dong
thoi v6i n6 1a xac dinh muc tieu (mot hosic nhiéu muc tieu) cho bai toan thuyc

té va luong hoa né thanh ham muc tiéu cho bai toan t6i uu.

Buéc 3. St dung cic cong cu ciia toan hoc, cu thé 1a 1y thuyét t6i wu dé giai
quyét bai todn. Buéc nay can thie hien mot cach khoa hoc va tuan thi theo
yéu cau dit ra ban dau. D6 1a phan loai bai toan, nghién ctiu cac tinh chat
dinh tinh, sy ton tai nghiem, xay dung thuat toan giai (chuong trinh hod bang
chuong trinh may tinh hosic xay dyng dugc mot luge do tinh toan (thi cong)),
danh gia hiéu qua ctia phuong phap trén ciac phuong dién: thoi gian, kinh phi,

phuong tién, do chinh xac, do 6n dinh va tinh tin cay...

Buéc 4. Ap dung vao bai toan thuc té, phan tich va kiém dinh véi bai toan

thuc té, danh gia két qua va mitc do phit hop. C6 thé x4y ra hai kha nang.

1. Mo hinh tinh toén 1 phit hgp v6i thuce té. Khi d6 can tong két lai (thanh
tai lieu nghién cttu va huéng dan) va c6 thé dua ra ap dung rong rai. Sau
d6 can tinh dén van dé kiém dinh va bao tri ciing nhu huéng phat trién

clia he théng trong tuong lai.

2. Mo hinh tinh toan khong phit hop vé6i thie té. Khi d6 can ra soat lai cac
buée thye hien dé tim ra nguyén nhan ctia né. Cé thé c6 nhiéu nguyén
nhan, trong d6 c6 cdc nguyén nhan chi yéu thuong gip sau: Do Iya chon
mo hinh hoéd toan hoc chuwa phit hdp, cong cu gidi quyét chua phit hop
(chua ¢6 cong cu dit manh), sai s6 ciia dit lieu (do qua trinh do dac, quan
sat, anh huéng cud moi truong...), do chinh xac vi do 6n dinh ctia thuat
toan chua dugc kiém dinh... Do vay can tim cach dé khic phuc hodc tim

huéng méi dé giai lai bai toan.

o8



Phu luc

Phu luc nay sé trinh bay mot s6 modules co ban ctia thuat toin don hinh goc clia
Dantzig ,va mot s6 module ctia phuong phap phan ra Dantzig-Wolfe dudi dang ngon

ngit Visual Basic, phién ban 6.0.
Cu thé sé trinh bay cac thi tuc sau:
1. Modul thuat toan don hinh géc ctia Dantzig

noindentl. Modul thuat toan don hinh gbc ctia Dantzig

Private Sub QHTT()
’Bo xung vao ma tran A
Dim i, j As Integer
Dim b_temp(30) As Double
Dim a_temp(100, 100) As Double
For i =0 Tom -1
a(i +1, 0) =b(i + 1) ’Cot 0 ma tran a
Next
For i =0 Ton -1
a(0, i + 1) =c(i + 1)

Next

’Phuong phap don hinh
Dim toi_uu As Boolean
toi_uu = False
Dim var_lap As Integer
var_lap = 0
While toi_uu = False
’Tinh cac uoc luong delta
For j=1Ton
a(m + 1, j) =0

For i =1 Tom
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a(m + 1, j) = alm + 1, j) + acb(i) * a(i, j)
Next
a(m + 1, j) =al@+ 1, j) - a0, J
’Dong thu m+1 trong ma tran a luu tru cac gia tri delta

Next

> Hien thi bang don hinh
display (var_lap * (m + 2) + 1)

’Tim delta max va s
Dim s As Integer
s =1

Dim delta As Double

delta = a(m + 1, s)
For j=1Ton
If a(m + 1, j) > delta Then
delta = a(m + 1, j)
s =]
End If
Next

’MsgBox (CStr(delta))

> Kiem tra dieu kien toi uu
If delta > O Then

toi_uu = False
Else

toi_uu = True

GoTo Ketthuc

End If

’Kiem tra vo nghiem
Dim voNo As Boolean
voNo = False
For j=1Ton
If a(m + 1, j) > O Then
dem = 1
Do While dem <= m And a(dem, j) <= 0
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dem = dem + 1

Loop

If dem > m Then
voNo = True
MsgBox ("BAI TOAN VO NGHIEM")
Exit Sub

Else
voNo = False

End If

End If

Next

’Tim an loai ra
Dim r As Integer
r=1
If a(r, s) < O Then

r=r+1
End If
For i =r Tom

If a(i, s) > O Then

For j=1Ton
If a(r, j) / a(r, s) > a(i, j) / a(i, s) Then

Next

’Bien doi bang
acb(r) = a(0, s)
cb(r) = s
Dim ars, ais As Double
ars = a(r, s)
’Bien doi cac phan tu con lai
For i =1 Tom
For j =1Ton

If i <> r Then
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b_temp(i) = b(i) - (b(r) / ars) * a(i, s)
a_temp(i, j) = a(i, j) - (a(r, j) / ars) * a(i, s)
Else
a_temp(r, j) = a(r, j) / ars
b_temp(r) = b(r) / ars
End If
Next

Next

For i =1 Tom
For j =1Ton
a(i, j) = a_temp(i, j)
a(i, 0) = b_temp(i)
b(i) = b_temp(i)
Next

Next

Ketthuc:

var_lap = var_lap + 1

Wend
End Sub

2. Modul thuat toan phan ra Dantzig-Wolfe.

Private Function Doc_m(textfile As String) As Integer
Dim m As Integer
’Doc du lieu tu tep
Doc_m =m

End Function

Private Function Doc_n(textfile As String) As Integer
Dim n As Integer
’Doc du lieu tu tep gan vao bien n
Doc_n = n

End Function

Private Function DocMT(textfile As String, mask As String) As String
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Dim strA As String
’Doc du lieu tu tep luu cac phan tu cua mang vao StrA
’Cac phan tu cua chuoi strA cach nhau boi dau cach
’Cac dong cua ma tran cach nhau boi dau )
DocMT = strA
End Function
Private Function DocVT(textfile As String, mask As String) As String
Dim strVT As String
’Doc du lieu tu tep
’Luu du lieu doc duoc la mot vec to vao strVT
’Cac phan tu cua strVT cach nhau boi dau cach
DocVT = strVT
End Function
Private Function phan_ra(strA As String) As String
Dim strPR As String
’strPR 1lu tru cac diem phan ra
’Cac diem phan ra cach nhau boi dau (,)
’Diem dau la (0 0) va diem cuoi la (m n)
’Moi diem la mot cap gom 2 so la chi so hang va chi so cot cua ma tran A
’Cac phan tu cua strPR cac nhau boi dau cach
phan_ra = strPR
End Function
Private Function so_khoi(strPR As String) As Integer
’Tim so khoi phan ra
Dim N_khoi As Integer
’So khoi phan ra bang so diem phan ra - 2
so_khoi = N_khoi ’= so dau (,)
End Function
Private Sub GiaiBT_DZW(textfile As String)

Dim m, n, k, i, j, N_khoi As Integer

m = Doc_m(textfile)

n = Doc_n(textfile)

Dim A(100, 100) As Double ’ khai bao ma tran A
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Dim b(10
Dim c(10
ReDim A(
ReDim c(
ReDim b(

Dim strA

strA D

strb D

D

strc
Dim strt
strtemp
Dim temp
For k =

temp

For

Next
Next
b = Spli
c = Spli
strPR =
N_khoi =
’Khai ba
Dim Ak,
For k =

’Tin
Next
Dim u(n)
Dim toi_
toi_uu =
lap = Fa
While to

0) As Double ’ Khai bao vec to b

0) As Double ’ Khai bao vecto c
m, n) °’

n)

m)

, strb, strc, strPR As String
ocMT (textfile, "a:=")

ocVT (textfile, "b:=")
ocVT (textfile, "c:=")
emp(n) As String

= Split(strA, ",", -1, 1)

1 To UBound(strtemp)
= Split(strtemp(k), " ", -1, 1)
i=1Tom

For j=1Ton

A(i, j) = temp(d)

Next
t(strb, " ", -1, 1)
t(strc, " ", -1, 1)

phan_ra(strA)
so_khoi(strPR)
o

fk, fk, ck, bk
1 To N_khoi

h Ak,Fk,fk,ck,bk

, v(n)

uu, lap As Boolean
False

1se

i_uu = False

For k = 1 To N_khoi

’Giai cac bai toan con Subk

> Output tinh duoc cac uk, vk
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Next
’Chon co so xuat phat la wk la cac vec to O
’Tim G, H
Dim numberOfRowAk As Integer
For k = 1 To UBound (uk)
For i = 1 To numberOfRowAk
tgl =0
tg2 = 0
For j = 1 To UBound (uk)

tgl = tgl + Ak(i, j) * uk(j)
tg2 = tg2 + Ak(i, j) * vk(j)
Next
gk(i) = tgi
Hk(i) = tg2
Next
Next
’Tim gk

For k = 1 To N_khoi
tg =0
For i = 1 To UBound (wk)
tg = tg + chuyevi(wk(i)) * uk(i)
Next
gk = tg
Next
> Xay dung bai toan Restricted Master
If lap = False Then
’Giai bai toan Restricted Master (RMas)’
If RMas = "VoNo" Then
’Ket thuc: Ket luan bai toan goc vo nghiem
Else
’Tinh pi va gamma
End If
Else
’Chen Gk va Hk moi vao bai toan RMas ta duoc bai toan NewRMas
’Giai bai toan NewRMas
If NewRMas = "VoNo" Then

’Ket thuc: Ket luan bai toan toan goc vo nghiem
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Else

’Tinh pi va gamma

End If
End If
> Tinh rho

For k = 1 To N_khoi
For i = 1 To UBound(wk)
tg = 0
For j = 1 To UBound(pi)
tg = tg - chuyenvi(Ak(i, j)) * pi
Next
rhok(i) = tg + wk(i)
Next
Next
’Gan ¢ = rho
For k = 1 To N_khoi
For i = 1 To UBound(ck)
ck(i) = rhok(i)
Next
Next
For k = 1 To N_khoi
’Giai bai toan Subk
’Output: uk va zk
Next
’Kiem tra dieu kien toi uu
For ¥ = 1 To N_khoi
If z(k) < gamma(k) Then
> Tinh lai Gk, Hk
dem = dem + 1
lap = True
End If
Next
If dem = O Then
toi_uu = True
> Ket luan phuong an toi uu cua bai toan goc
End If

Loop
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End Sub

Kiém thit két qua vi du trinh bay & chuwong 2 bing thuat toan don hinh

Input

m := 13
n := 14
cli] :=1234
b[i] := 64 63 3

a N O
[

321

[
[

ali,j]

ali,j] 183

SO N o b o,

ali,jl := 111

[
[
-

ali,j] =0

o O
o O O
-

(@]

ali,j] =1

[

ali,jl :=

SO O O O O o 0o >N
=, O O O O O N O b w
O O O O o o N 0o >
O O O O O O W w w o
O O O O O O N B+ w o

O O O O O o o
O O O O O O O o o o w

—_
[ENY

ali,jl :=

[y
[EY

ali,jl :=

= O

o O
o O O

=

(@]

o O O
(@)
._L

[ERY
[EY
[

ali,jl :=
ali,jl :=

'_L
oS O

ali,jl :=

O O O O O O O o o o +» N

ali,jl := 01

O O O O o o o o
o O O o o o o
o O O o o o

O O O O o o o o
O O O O o o o
o O O o o o

o O O

000O0O

[
|
[

ali,jl :=
Ta c6 mot so6 bude lap minh hoa bang bang don hinh nhu sau. Tai bude lip thit 15
bai todn da dat gia tri toi wu khi tat ca cac bién gid bang 0 va gia tri t6i vu dat duge
la f(z) = 68 ta ciing dugc két qua nay khi giai v6i thuat toan Dantzig-Wolfe trong

vi du minh hoa & chuong 2.
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KET LUAN

Trong khéa luan nay em da trinh bay tu tuéng noéi dung, trucng hgp ap dung cho
thuat toan phan ra Dantzig-Wolfe va mot s6 thuat toan 14 don hinh don hinh déi
ngau dé phuc vu muc dich giai bai toan quy hoach kich thudce 16n. Song song 1a vi du
bang s6 minh hoa cho phuong phap cudi ciing 1a 1ap trinh véi thuat toan don hinh
don hinh bang ngon ngt VB phuc vu é mot s6 bude ciia thuat toan. Dong gép chinh

ciia khéa luan bao gom:
1 Tim hiéu va trinh bay lai noi dung phuong phap Dantzig-Wolfe.

2 Deé cap phan tich mot s6 dang bai toan c6 kich thude 16n trong thyc té ap dung

phuong phap Dantzig-Wole.

3 Lap trinh v6i thuat toan don hinh dé phuc vu mot s6 bude ctia thuat toan ngoai

ra con ¢6 tac dung kiem thit véi cac bai toan nho.

Tuy nhién do thoi gian thiyc hién khéa luan khong nhiéu con c6 nhiing sai s6t em rat

mong nhan duge sy gép ¥ clia quy thay co va ban doc.
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