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Biii Thé Tam 1 Quy hoach roi rac

LOI NOI PAU
Tai li€u nay la cac Bai giang ciia mon Quy hoach roi rac thuoc Trung tdm dao tao
sau dai hoc, Vién Toan hoc, Vién Khoa hoc va Cong ngh¢ Viét nam trong cac nam
2006, 2007 va 2008. Day 1a tai liéu dau tién duogc viét bang tiéng Viét trinh bay mot
cach hé thdng vé Quy hoach roi rac véi co sd 1y thuyét chit ch&, chimg minh tinh hiru
han cta cac thuat toan Gomory, hon nira con dua ra chwong trinh ngudn viét bang C cho
cac thuat toan.

) Kién thtrc chudn bi dé tiép thu gido trinh nay laly thuyét cin ban vé quy hoach
tuyén tinh va phuong phap don hinh [9], 1ap trinh bang ngén ngt C++ [11], bang tinh
dién tir Microsoft Excel [12].

Tai liéu gdbm bay chuong. Chuong 1 trinh bay cac bai toan phat sinh trong thuc
tién dan dén cac bai toan quy hoach roi rac, phat biéu bai toan quy hoach roi rac tong
quéat. Céc bai tap & cudi chwong 1 c6 thé dung lénh Solver trong Microsoft Excel dé
giai, huéng dan 1énh nay cho trong tai liéu [12] hodc[13].

Trong Chuong 2 néu nhitng khai niém co ban vé quy hoach tuyén tinh, phuong
phap don hinh binh thudng, phuong phap don hinh dbi ngau tr vung va chuong trinh
may tinh viét bang C++, va khai niém vé bai toan quy hoach tuyén tinh nguyén.

Chuong 3 trinh bay tu tuong phuong phap cit, thut toan Gomory thir nhat va
ching minh sy hoi tu cua no (tai liéu goc trong [1], [2]), chuong trinh may tinh cua
thuét toan Gomory thir nhat.

Chuorng 4 xét hai thuat toan: thuat toan Gomory thtr hai ding dé giai bai toan quy
hoach tuyén tinh nguyén bd phén [3], thuat toan Dalton - Llewellyn dung dé giai bai
toan quy hoach tuyén tinh véi cac bién nhan gia tri roi rac [4], chuong trinh may tinh
cua hai thudt toan nay.

Chuong 5 trinh bay thuat toan Gomory thir ba nhim xay dung cac lat cit dam bao
tat ca cac Bang don hinh ¢ moi budc du céd tat ca cac phan tu la nguyén [5], [6],
chuong trinh may tinh cta thuat toan Gomory thi ba.

Chuong 6 trinh bay tu tuéng cua phuong phap nhanh can, phuong phap Land
A.H va Doig A.G gidi bai toan qui hoach nguyén [7], phuong phap Little J.D, Murty
K.G, Sweeney D.W va Karen C giai bai toan nguoi du lich [8].

Céc tai liéu gbc [1]-[8] duoc A.A. Korbut, Tu. Tu. Phinkenstein trinh bay lai trong
cubn sach [10]. Nam chwong trinh bang ngén ngit C trong tai liéu nay vé Phuong phap
don ngiu tir vung, ba thuat toan Gomory, thuat toan Dalton déu do chinh tac gia lap.
Ban doc quan tim tdi 1ap trinh bang Pascal cho cac bai toan t6i wu ciia Quy hoach tuyén
tinh, Quy hoach phi tuyén va Quy hoach rdi rac c¢6 thé tham khao tai liéu [14].

Cac truong Dai hoc, cac co s dao tao c6 nhu cau giang day mon nay, hodc huéng
dan giang vién dé giang day mon nay, hodc ban doc mudn gop y vé gido trinh nay xin
vui long lién h¢ véi tac gia theo dia chi: Bui Thé Tam, Vién Toan hoc, Vién Khoa hoc
va Cong nghé Viét Nam, 18 Hoang Quéc Viét, Cau giéy, Ha noi ; dia chi email:
bttam@math.ac.vn

Ha Ngi, ngay 4 thangl0 nam 2008
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Chuong 1

BAI TOAN QUY HOACH ROI RAC

1. PINH NGHIA BAI TOAN QUY HOACH ROI RAC

Trong céc bai toan quy hoach tuyén tinh, cic bién s6 co thé nhan nhimng gia tri
thuc khong am. Tuy nhién, trong thuc tién thuong gip cac bai toan ma cac bién sb chi
¢6 thé nhan mot sé hitu han hay dém dugc gia tri, thuong 1a cac gia tri nguyén. Ching
han s¢& la v6 nghia khi dwa ra cau tra loi: can san xuét nira cai ban hay can thué 2,7 céi 6
t6 dé van chuyén hang hoa...Trong mét sO bai toan, chang han bai toan van tai vdi cac
luong hang cung va céu la cac s6 nguyén, song nhiéu bai toan khac thi khong phai nhu
vay. Vi thé trong chuong nay sé dé cap dén noi dung va phuong phap giai cac bai toan
t6i wu trén ludi cac diém nguyén hay trén cac tap rdi rac, goi tit 1a bai toan quy hoach
r0i rac hay bai toan quy hoach nguyén.

Bai toan quy hoach rdi rac c6 dang sau:

Tim cyc dai ctia ham f(x,y) phu thudc hai nhém bién x va y véi cac rang budc
c6 dang:

g(x,y)<0, i=L2,..m xeD

trong do, x =(x,,X,,..,X,), ¥=(,5-¥,), p>0,¢ =0, D la tap hiru han céc véc to

p - chiéu, con 1, g, la nhitng ham cho trude cta n biénsd (n=p+q).

Néu 7, g, la cac ham tuyén tinh va D 1a luéi cac diém nguyén, thi ta co bai toan
quy hoach nguyén tuyén tinh, con néu D 1a tip cic véc to p thanh phan 0 hay 1 thi ta
¢6 bai toan quy hoach nguyén 0—1.

Néu q =0, nghia 1a chi c6 cac bién roi rac X,>X,,-..,x, thi bai toan dugc goi la bai
todn quy hoach nguyén hoan toan. Con néu ¢ >0 thi bai toan dwoc goi 14 bdi todn
nguyén bg phdn.

Chuy

S6 di bai toan quy hoach roi rac con duge goi la bai toan quy hoach nguyén la vi
bat ky bai toan véi cac bién sd chi nhan mot s6 hiru han gié tri cho trudce, déu co thé quy
vé bai toan trong do cac bién chi nhan cac gia tri nguyén. Vi dy, gia su bién x biéu thi

quy md cong sudt ciia nha may dién can xay dung chi c6 thé ldy mot trong cac gia tri
cho truéce a,,a,,...,a, (cdc quy mo cong suat tiéu chuan). Khi do bang cach dat:

X=au, +au, +..+au,
VOl uy +uy +.tu, =1, u, e{O;l}, j=12..,k

thi bién rdi rac x c6 thé duge thay thé béi mot sb bién u, chi nhan gid trj 0 hay 1, goi
tat 1a bién 0—1 hay bién Boolean.
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Tuong tu, néu x €10,1,2,...,k} thi ta c6 the viét
X=u +uy +otu, u; € {O;l} , j=12..,k

nghia 1a bt ky bai todn vdi céc bién nguyén b chin tuy ¥, déu c thé quy vé bai toan
v6i cac bien 0—1. Piéu nay cho thay bai toan quy hoach nguyén 0—1 gilt vai trd quan
trong trong quy hoach roi rac.
2. CAC BAI TOAN THUC TE DAN TOI QUY HOACH ROI RAC

2.1. Bai toan van tai

C6 m kho hang (diém phat) chira mot loai hang ho4, luong hang ¢ kho i 1a a, va
n noi tiéu thy (diém thu), nhu ciu & noi thu 1a b,, ¢; 1a chi phi van chuyén mot don vi
hang tir diém phat i dén diém thu ;. Xac dinh cic lwong hang van chuyén x; tur cac
diém phat i toi cac diém thu ;j sao cho tong chi phi 1a nhé nhét va nhu cau cac diém
thu dugc thoa man.

Dang toan hoc cua bai toan la:

CX; —> min

ij

n

Néu cac a; va b, la nguyén thi da dién 16i xac dinh boi cac rang budc cua bai
toan c6 moi dinh déu 12 nguyén. Do d6 ta c6 thé ding phuong phap don hinh dé giai bai
todn quy hoach tuyén tinh nay, 161 giai cudi cung nhan dugc s€ la mdt phuong an
nguyén.

Vi du. Xét bai toan van tai ¢6 3 diém phat va 4 diém thu v6i ma tran chi phi nhu
sau:

o
|
— AN N

1 4 3
0 5 2|, 4=(10,2515), b,=(51520,10)
4 8 2

Dap s6: tri toi wu ham muc tiéu 1a 115, phuong an van chuyén t6i wu 1a: x[1,3]=10,
x[2,2]=15, x[2,3]=10, x[3,1]=5, x[3,4]=10

2.2. Bai toan phan viéc
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C6 n don vi san xuat can san xuat »n loai san pham, c¢; 1a chi phi cho don vi i san
xudt san pham j . Hay phan cong moi don vi san xuat mét san pham dé tong chi phi la
nho nhat.

Dang toan hoc cua bai toan la:

n n
2.2 € — min

i=l j=1

Dox;=1i=12..n
Jj=1

x; €{0;1}

Vidu c6 4 don vi san xuat 4 loai san pham vdi ma tran chi phi sau:

100000 | 4000000 | 800000 | 550000
200000 | 3500000 | 750000 | 500000
400000 | 2000000 | 700000 | 400000
300000 | 5000000 | 600000 | 450000

DPap sb: tri t6i vu ham muc tiéu 1a 3200000 ddng, phwong an toéi wu la:
x[1,1]=x[2.,4]=x[3.,2]=x[4.3]=1.

2.3. Bai toan cai tuai

C6 mdt cai tai chira duge nhiéu nhat mot trong luong 1a b, c6 n dd vat can mang,
do vat j nang a,, gia tri cia no la ¢, . Bai todn dat ra 1a cho nhiing d6 vét nao vao tai
dé tong gia tri ctia n6 16n nhat. Ky hiéu x; la s6 d6 vat j dugc dua vao tii. Dang toan

hoc cua bai toan la:

n
chxj —> max
j=1

Z:aj)cj <b
J=l
x,20, x,eZ
Vi du. Co mot cai tai chira dugce nhiéu nhét 1a 62 kg, c6 10 do vat cdn mang
30x, +19x, +13x; +38x, +20x, + 6x, +8x, +19x, +10x, +11x,, = max
15x, +12x, +9x; +27x, +15x5 + 5x +8x; +20x, +12x, +15x,, < 62
X, € {0,1}, j=12,..,10
Pap s6: tri t6i wu ham muc tiéu 1a 95, phuong an téi vu 1a (1,1,0,1,0,0,1,0,0,0)

2.4. Bai toan xép hang Ién tiu
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Mot tau chd hang c6 trong tai T va thé tich K, tAu chd n loai hang, hang loai j
c6 s0 lugng 1a s, c6 trong luong 1a a;, thé tich b, va gia tri sir dung 1a ¢, . Bai toan dat
ra la can xdc dinh s6 lugng hang loai j can x&p Ién tau x; d€ tong gia tri hang hoa trén
tau la 16n nhét.

Dang toan hoc cuia bai toan la:

n
Z ¢;x; - max
j=1
n
<
Z ax;<T
=1

i:bjxj <K
j=1
x€{0.12,..,5,},j=12,..n

O day, khong giam tinh tong quat cua bai toan ta co thé gia sir cac h¢ s6 T,K,a,,b;,c;
(voi moi j ) déu la cac s6 duong.

2.5. Bai toan xép hang vao cac cong ten no rong cung loai

C6 n loai hang hoa can duogc xép 1én cac cong ten no rdng nhur nhau véi tai trong
ctia mdi cong ten no 1a 7 va dung lugng 13 K . Hang ho4 loai j c6 trong luong a Iz
khdi luong bj va sd luong can van chuyén lIa s; (j=L2,...,n). Hay tim cach xép tat ca
s6 hang hoa nay 1én cong ten no sao cho dung it cong ten no nhat?

Gia str ta d3 biét dwgc m 13 sb cong ten no tdi da can thiét dé cho hét s6 hang hoa
trén. Chang han, s6 m c6 thé tim theo cach: xép dan cac dd vat 1én cong ten no theo thir
tu tuy ¥, cai no tiép cai kia, cho dén khi trong lugng hay dung tich cua cong ten no di
dung hét. Tiép d6 sir dung cong ten no tiép theo...

Goi x; la s6 do vat J duogc cho trén cong ten no i, y, la bién nhan gia tri 0 hay 1
tuy theo c6 dung cong ten no i hay khong.
Dang toan hoc cua bai toan la:

Zm:yl. — min

i=1

n
Z:ajxij <Ty, i=12,.,m
J=1

Zb«fxij <Ky, i=12,.,m
j=1

m

inj =s, j=L2,.,n

i=1
x,€{0.1,2, 5}, i=12,.,mj=12.n
yl.e{O,l} i=12,...m



Biii Thé Tam L5 Quy hoach roi rac

Hai nhom rang budc dau biéu thi yéu cau khéng chuyén chd qua tai trong va dung
luong cua moi cong ten no duge su dung (y, =1), con cong ten no khong sir dung
(»,=0) can phai rdng. Nhém rang budc thir ba biéu thi moi do vat can dugc xép vao
cac cong ten no.

2.6. Bai toan nguoi du lich

Cho db thi G = (V,E), V latap n dinh, E la tdp n canh. Goi ¢; la do dai cua
cung néi tir dinh i dén dinh j, co thé ¢ #¢; va ¢; =0 voi moi i. Mot chu trinh
Hamilton 13 mot chu trinh so cAp ma no twong duong véi viée xudt phat tir mot dinh bat
ky cho trudc, di qua moi dinh khac dung mot 1an va tré lai dinh xuat phat. Tong khoang
cach trén cac canh trong hanh trinh do6 1a d6 dai cia hanh trinh d6. Muc ti€u ctia bai toan
nguoi du lich 1a tim chu trinh Hamilton c6 d¢ dai ngan nhat.

bat x; =1 néu cung (i, j) dugc chon va bé’mg 0 néu trai lai. Dang toan hoc cua bai

toan la:

Z z CyX; — min

i=1 j=1

n

Doxy=li=12..n
dox; =1 j=12,..n
i=1

x; € {0;1}, i,j=12,..,n

u,—u;+nx;<n—1, 2<i#j<n
trong d6 u, nhan gia tri nguyén hay thuyec.

Hai tap rang budc dau biéu thi mdi thanh phd dugc thdm ding mot 1an. Rang budc
cuoi dua vao dé moi hanh trinh ctia bai toan chi chira duy nhat mét chu trinh.

Bai toan ngudi du lich 1a mot bai toan rit quen thudc va ndi tiéng trong toi wu roi
rac. Tuy s6 phuong 4n ciia bai ton 14 hiru han (bdng n! ddi voi bai toan ¢6 n thanh
phd) nhung véi n co hang ngan tré 1én thi sb phu’orng an nay cuc ky 16n, vi thé cach
duyét toan b 1a khong thé thuc hién dwgc, mic du c6 su tro giup cua cic may tinh cuc
manh. Little J.D, Murty K.G, Sweeney D.W va Karel C 1963 1a nhiing nguoi dau tién
st dung thanh cong phuong phap nhanh cén dé gidi bai toan ngudi du lich va cho den
nay phuong phap nay véi nhiéu cai tién khac nhau van 1a cong cu chu yéu dé giai quyét
bai toan dé ra.

2.7. Bai toan véi chi phi ¢6 dinh
Xét bai toan t6i wu c6 dang sau:
min{f(x)=z f.(x,):x=(x,%,,..,X,) € D}
=1

trong 6 D < R" 1a mot tap 16i dong va:
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dj+cjxj khixj>0

f,»(x,-)={0 khix, =0 (j=12,..,n)

Gia thiét d, >0 v6imoi j=1,2,...,n. Céc s6 d, thuong dugc hiéu la cac chi phi c6
dinh can thiét dé dwa phwong thirc san xuit j vao hoat dong, no khong phu thudc vao
cuong d¢ sir dung cua phuong thirc nay (x,).
Gia sir da biét p ., 1a cén trén cua bién (x;), tire la:
p;2 max{xj 1X € D} , j=L2,..,n

Khi d6 ta c6 thé dua bai toan trén vé bai toan twong duong véi nd dang:

Z(ijj +d,y;) — min

j=1
xeD,0<x,<py,, ¥y, 6{0,1}, j=12,...,n

2.8. Bai toan vo6i rang budc dang lwa chon

Cho hai ham s6 g(x) va h(x) bi chan trén trén tap hop D . Néu ta doi hoi phai c6
hodc g(x)<0 hodc A(x)<0vdi moi x e D, thi didu nay co thé dién dat bang cach dua
thém vao mot bién sb nhéan gia tri 0-1. Ky hiéu u,va u, la céc can trén ciia ham g(x)
va h(x) teén tap D (g(x)<u,,h(x)<u,, Vxe D). Khi do diéu kién trén s& dugc thoa
man khi va chi khi:

g(x)<u, o
h(x)<u,(1-9)
oe {0,1}
Vi du 1. Diéu kién bu trong quy hoach toan phuong
ijyj =0 (voi x;20,y, 20, j=12,.,n)
j=1
c6 thé thay thé bang n cap rang budc dang liwa chon:
x; <0 hay y, <0, j=12,...,n (v6i x; 20, y, 20, j=12,...,n).

Gia sir da biét can trén p, cia bién x, va cin trén g, cua bién y,. Khi d6 bang
cach dua vao céc bién z g nhan gia tri 0-1, ta co thé dua n cap rang budc dang lya chon
noi trén vé dang:

X, <pz;, ¥ qu(l—zj), z, e{O,l} (voi x;20,y,20,/ =12,..,n).
Vi du 2. Khi quyét dinh phuong thirc san xuit san phdm moi ta thudng gap tinh
hudng sau: hodc 1a khong san xuat san pham j (x;=0), hodc la néu chap nhén san xuat
né thi phai san xuét v6i s lwong khong it hon d, (x,>d,), v6i d, 1a s6 lugng san

pham loai ;j t6i thiéu can san xudt dé bu lai duoc cac chi phi can bé ra khi dua phuong



