Chuong 1

SRR RE

+ BAI TOAN QUY HOACH

¢ TUYEN TINH
2000000000000 0O00¢

&

1.1 MS AUl .o ovveeve i 3
1.2, (Mot 86 vidulooooovuniiiiiii i 4
1.3. |Bai toan qui hoach tuyén tinh[.................. 8
1.4. Mot s6 khai niém|............oooiiiiiiii.. 9
1.5. |Céu triic mién rang budc ciia bai toan quy hoach
| tuyén tinhl ........................................ 12

1.1. M3 dau

T6i wu héa 1a mot linh vice toan hoc nghién citu 1y thuyét va cac thuat

.....

.....

f(x) = min (1)
v6i cac diéu kien
(i) <0, i=1,.,m (2)
{hj(x)zo, i=1,..,ms 3)
(z€XCR (4)

trong d6 f,g,h:R" - R (i=1,2,...,mq1;5 = 1,2,...,ma).
Bai toan (1) — (4) dugc goi la bai toan quy hoach toan hoc. Ham f(z)
dugce goi la ham muyc tiéu, con cac ham g;, h; goi la cac ham rang buoc. Tap
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Quy hoach tuyén tinh

céc vector z € X C R™ thdéa man cac rang buodc (2),(3) goi la tap phuong
an hay mién chap nhan dugc clia bai toan trén. Phuong an z* thoa man
f(z*) < f(x) v6i moi phuong an z goi 1a phuong an t6i wu hay 101 gidi cla
bai toan, f(z*) goi la gia tri toi uu.

Néu ham muc tieu f(z) va cac ham g;, h; déu la cdc ham tuyén tinh va
X = R}, ta ¢6 bai toan quy hoach tuyén tinh, ngugc lai 1a bai toan quy
hoach phi tuyén. Néu X 1 tap roi rac ta c6 bai toan quy hoach rdi rac.

Trong chuyén dé nay ta chi xét bai toan quy hoach tuyén tinh, truéc hét
vi n6 14 moé hinh phd bién trong thuc té, hon nita su phu thudc tuyén tinh
14 su phu thuoc don gian va dé hiéu. Mit khac, vé 1y thuyét ta cé thé xap
xi v6i do chinh xac cao mot bai toan quy hoach phi tuyén bang mot day cac
bai toan quy hoach tuyén tinh. N6i cach khéc, thuat toan gidi bai toan qui
hoach tuyén tinh la cong cu quan trong dé giai quyét cac bai toan phiic tap
hon.

Ly thuyét quy hoach tuyén tinh bat dau phét trién tit nam 1939 khi nha
toan hoc ngudsi Nga Kantorovich dé xuat thuat toan dau tien dé giai bai
toan toi uu tuyén tinh trong mot loat cic cong trinh nghién citu vé ké hoach
san xuat. Sau d6, nam 1942 nha toan hoc My Dantzig da dé xuat phuong
phap don hinh cho quy hoach tuyén tinh ma cho t6i nay van 1a phuong phap
ducch st dung nhiéu nhat va t6 ra hitu hiéu nhat.

1.2. Mot s vi du

1.2.1. Bai toan van tai

Gia st ¢c6 m kho hang ki hieu Ay, As, ..., A,, (cAc diém phat) cung cap
cing mot loai mat hang nao dé véi khoi lwong tuong tng ai,ag, ..., Gy, Va
n ctta hang tiéu thu (cac diém thu) ki hieu 1a By, Bo, ..., B, véi khéi lugng
nhu cau tuong tng by, b, ..., b,. Dé thda man nhu cau cac diém thu thi tong
s6 luong hang & cac diém phat it nhat phai bang yéu cau & cac diém thu:

m n
Z a; Z Z bj.
=1 7j=1

Biét rang cuéc phi van chuyén mot don vi hang (chiéc, tan,...) tit diém
phat A; dén diém thu B; 1a ¢;; don vi tién. Ma tran C = (¢;j)mxn €oi 12
ma tran cuéc phi. Hay lap phuong 4n van chuyén sao cho cac diém thu déu
nhan da hang va cude phi van chuyén 1a it nhét.

Lap bai todn: Goi z;; 1a don vi hang chuyén tit A; dén B;. Tat nhién
zi; >0(=1,.,m,j=1,.,n).

Tong lugng hang chuyén tit A; dén moi B, 1a > x;; (i =1,..,m).
j=1



Quy hoach tuyén tinh

Tong lugng hang diém b; nhan duge tit moi A; 1a Y. x;; (j=1,..,m).
i=1

m n
Tong cude phi phai trd 1a Y Y ¢;;x;;. Bai todn dat ra la: tim vector
i=1j=1
r=ux; (1=1,..,m,j=1,.,n) sao cho

m n

f(x) = Z Zcz’jxij — min

i=1 j=1

va thoa méan cac diéu kién

1.2.2. Bai toan phan phéi vat liéu

C6 n loai vat lieu V; (i = 1,..,n) véi khéi lugng tuong ting b; (i = 1,..,n)
diing dé san xuat m loai hang héa H; (j = 1,..,m). Dé sdn xuat 1 don vi
hang H; can a;; don vivat lieu V; (i=1,..,n, j=1,..,m). Mot don vi vat
lieu V; gid d; don vi tién. Mot don vi hang héa H; ban dugc ¢; don vi tién.
Biét thi truong c6 thé tieu thu khong qué k; don vi hang H; (j = 1,..,m).
Can san xuat mdi loai hang H; bao nhiéu don vi dé duge thu lai nhiéu nhat.

Lap bai todn: Goi z; (j = 1,..,m) la s6 don vi hang H, can sin xuét.
Khi do

0<uz; <k; (j=1,..m) (han ché vé thi truong).

m
> aijzi; <b; (i=1,..n) ( han ché vé vat lieu).
j=1

n
Chi phi dé sdn xuét mot don vi H; 1a Y a;;d; va thu duge sb 1ai tuong

i=1
n
fIIlg la l]’ =Cj — Z CLijdi (j = 1, ,m)
i=1
Tong s6 1ai thu duge Y. Liz; = > (¢;j — > aqjd;).
j=1 i=1 i=1

Bai toan dat ra la: Tim vector z = (z1, 22, ..., ) sao cho

3
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va théa man diéu kién

m

{ Z Q555 S bz (Z = 1, n)
j=1

0 ij S ]Cj (j = 1,m)

1.2.3. Bai toan san xuat dong bo

Can san xuat mot loai may gom n chi tiét C; (i = 1,...,n). Mbi chi tiét
c6 thé dit san xuat § m xi nghiép khac nhau. Biét ring trong mot don vi thoi
gian, xi nghiép thit j ¢6 thé san xudt dugdc a;; chi tiét C; (j = 1,..,m;i =
1,..,m). Mot may dugc coi la hoan chinh néu moi chi tiét clia n6 duge san
xuat xong. Lap ké hoach sdn xuat cho ting xi nghiép, bd tri bao nhiéu phan
tram thoi gian dé san xuat mdi chi tiét sao cho s6 may hoan chinh dudc san
xuat ra nhicu nhat.

Lap bai toan: Goi x;;(%) 1a s6 phan tram thoi gian ma x{ nghiép thi j
danh dé san xuét chi tiét C;. Ro rang x;; >0 (1 = 1,..,n,5 = 1,..,m) va

n
S xy; <1 (j=1,..,m). Tong s6 chi tiét C; ma tat ci cac xi nghiép san xuét
i=1

m
dugc trong thoi gian da dinh 14 N; = > @i T S6 may hoan chinh dudc san
j=1

xuat la N = min N;. Ta ¢6 bai toan: Tim vector x = (z;5) (i =1,..,n,j =
1<i<n

n
1,..,m) théa man cac diéu kien z;; > 0 (1 = 1,..,n, j = 1,..,m), > x;; <
i=1

1 (j=1,..,m) sao cho N dat 16n nhat.
Day khong phai 1a bai toan quy hoach tuyén tinh vi
m
N pu— 1 s 1 .. ..
1I§nz'1£nNZ lrgniléln ' ;T4
71=1
khong phai la ham tuyén tinh. Tuy nhién ta c6 thé chuyén bai toan trén
thanh bai toan quy hoach tuyén tinh bang cach xem N 1a mot bién

Vi N = 112(1‘12 N; nén N; > N (i = 1,..,n). Ta c6 bai todn quy hoach
Stsn

tuyén tinh:
Tim vector z = (z;;,N) (i = 1,...,n,j5 = 1,...,m) sao cho N — max
thoa man dieu kién:
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1.2.4. Bai toan lap thuc don

C6 n loai thye pham T; (j = 1,..,n). Biét mdi don vi T} chita a;; don vi
chat i (i = 1,..m) v c6 gia thanh la ¢; don vi tién. Hay 1ap mot thuc don
sao cho bita &n phai ddm béo c6 it nhat b; don vi chat j (i = 1,..,m) ma c6
gia thanh ré nhat.

Lap bai toan: Goi x; 14 s6 don vi thue pham T} (5 = 1,..,m) ding trong

n
bita &n, tat nhien z; > 0 va Y a;;jz; > b; (i = 1,..,m). Gia thanh cta bita
j=1
n

an la ) c;x;. Bai toan dat ra la tim vector x = (21, .., ;) sao cho
i=1

n
flz) = ch:cj — min
j=1

véi cac dieu kién

( > g > by
j=1
ixj >0 (j=1,..,n).

1.2.5. Bai toan bd tri may trong san xuit

Mot nha méy c¢6 n loai méy M; véi s6 lugng tuong ting a; may j = 1,..,n
cling c¢6 thé san xuat ra m loai sdn pham S; (i = 1,..,m) nhung véi niang
suat khac nhau. Biét rang sau méi don vi thoi gian (ca, thang, quy, nam,...)
mbi may M, san xuat dudc a;; don vi san pham S; (j = 1,..,n,i = 1,..m).
Mbi san pham S; cho ¢; don vi tién 1ai (i = 1,..,m).

Ké hoach can dam bao 1a sau mot don vi thoi gian phai sdn xuat dudc it
nhat b; don vi san pham S; (i = 1,..,m). Hay lap ké hoach b tri may sao
cho ké hoach trén dugc ddm bdo vA nha may dudc thu 1ai nhieu nhat.

Lap bai toan: Goi z;; 1a s6 may M; dung dé san xuat san pham S; thé
thi

(220  (i=1.mj=1,..n) (1)
{' Yoz <a; (j=1,.,n) (2) Han ché veé s lugng may
i=1
n
:( z Q;5T55 Z bl ('L = 1, ..,m) (3) Dam bao ké hO&Ch
j=1
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Tong 1ai thu duge 1a Y ¢; > a;jz;;. Bai toan dit ra la hay tim vector z =
i=1  j=1
(zi;) (i =1,..,m,j =1,..,n) théa man cac dieu kién (1), (2), (3) sao cho

f(x) ZZCi

i=1

m n
CLZ'jCCZ'j
=1

dat 16n nhat

1.3. Bai toan qui hoach tuyén tinh

a. Dang tong qudt
Tim vector z = (1,22, ..., ;)" € R™ sao cho

n

flx) = Z c¢;r; — min(max) (1.1)
j=1
véi cac dieu kién
n

( Yoagjr; >b;  (i=1,..,my)
1

<
Il

I8

;T < b; (i:m1+1,..,m2)

1
1
i
i
1
:le
D { Yoajjzy=b; (i=ma+1,.,m)
 J=1
ixj 2 0 (Z - 17"7”1)
E:EjSO (i=mn1+1,.,n2)
ij =0 (Z = N9 +1,..,n)

Dé nhan thay

1. f(z*) =min{f(x),z € D} & —f(z*) = max{—f(z),z € D}

n n
2. Z ;5T > b, & Z —Q;T; < —b;
j=1 j=1
{ n
. i Z a;;Tj > by
3. z AT = bz ~ { ng
Jj=1 z ;T < b;
;=1

n n
4. Z ;T < b, & Z Qi T + Tptq = bi; Vo1 >0
Jj=1 Jj=1

8



Quy hoach tuyén tinh

n n
5. Z ;5T > b & Z Q;jTj — Tptq = bi; anH >0
j=1 j=1
(cc Tp44 goi la cac bién bu)
Bién z; khong rang buoc vé dau c6 thé thay bang higu hai bién khong
am

Z; :ZU; _'T;H—j; ZC; zo,x’nﬂ. >0
Tt cAc nhan xét trén thay rang bat ky mot bai toiAn quy hoach tuyén
tinh nao ciing c6 thé dua vé mot trong hai dang sau:
b. Bai todn quy hoach tuyén tinh dang chinh tdac
(
i
1

n
f(z) = > ¢jz; — min
j=1

{ i aijzy =b; (i=1,2,..,m) (I)

i
lz; >0 (j=1,2,...,n)

hay du6i dang ma tran
.{f(x) = clxz — min
Ax=0b
Lz >0

trong d6 ¢,z € R™,b € R™, A 1a ma tran cap m x n
c. Bai todn quy hoach tuyén tinh dang chinh tdac

:{ (x) = Y ¢jz; — min
1 _]:]_
n
> ayr; > by (i=1,2,..,m) (1)
1 j=1
L’L'j>0 (j:1,2, ,n)

hay du6i dang ma tran

.{f(x) = ¢’z — min
Az > b
(3320

1.4. Mot s6 khai niém

a) Tap hop loi
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Phan nay chi trinh bay nhiing két qua can thiét nhat cia giai tich 161 ma
ta sé diing dé nghién cttu cau tric clia tap cac phuong an chap nhan duge
clia quy hoach tuyén tinh.

Dinh nghia 1.4.1. Tap C C R” goi la tap 16i néu lay 2 diém bat ky
x,z € C thi doan thing [z ,z | néi hai diém nay hoan toan thuoc C.

Vi mot dliém x bat ky thuoe doan thing [z ,z | ¢6 thé viét duge dudi
dang r = az + (1 —a)z , (0 < a < 1) nén dinh nghia c6 thé phét biéu nhu
sau:

C la tap loi = Vz .,z € C\Va € [0,1] thi z = ar + (1-— az)a:” eC.

Vi du: - Trong R? thi da giac 16i, hinh tron,... 14 cac tap 15i.

- Trong R? thi da dién 16i, hinh cau,... 1 cac tap 16i.

- Sieu phang H = {z = (z1,72,...,7,,) € R™ : > ¢;z; = B} 1a tap loi
i=1

trong R™.
- Cac ntta khong gian

H+:{x€R":ZC¢xi > (B}
i=1

n
H ={zeR": chaci < 5}
i=1

14 cac tap 16i trong R™.

- Goc duong Rf = {z = (z1,72,...,x,) : x; > 0,4 =1,..,n} 1a tap loi

Ta c6, giao clia cac tap 16i 1a tap 1oi.

Tinh chat trén khong ding doéi phép hgp.

b) Diém cuc bién

Diém z° thuoc tap 16i C duge goi la diém cuc bien ciia C' néu né khong
14 diém trong ctia bat ky doan nao ndi hai diém khéac nhau cia C

Vi du: 1. C la cac da giac 16i, da dien 16i thi cac dinh ctia né la céc diém
cuc bién, cac diém khac khong la diém cuc bien.

2. C 1a hinh tron (hinh cau) thi cac diém nim trén dudng tron (mit cau)
déu 1a céac diém cuc bién.

Luu g

1. Can phan biét diém cuc bién va diém bién. Vi du néu C' 1a mot da giac
16i thi cac diém nim trén canh ctia né va khong 1a dinh déu la cac diém bien
nhung khong 13 diém cuc bien.

2. C6 nhitng tap 16i khong c6 diém cuyc bién, vi du: mot mat phing, nia
khong gian,...

10



Quy hoach tuyén tinh

Dinh nghia 1.4.2. Mot t6 hop 16i clia cac diem z° € R (i = 1,2,...,m) 1a
diém = € R” ¢6 dang

r =o' + asz® + ... + a,z"”

trong d6 o; >0 (i=1,..,m) > «a; = 1.
i=1

123

Néu ¢6 hai diém 2,2 € R* thi didm 2 = az' + (1 —a)2 (0<a<1)
1 t0 hop 16i ctia hai diém = ,2 . Vay tap hop tat ca cac t6 hgp 16i ctia hai
diem x ,z chinh la doan thing ndi hai diém dé.

Pinh 1y 1.4.1. Tap C la 16i khi va chi khi chita moi t6 hop 1oi ciia cac diém

thuoc C, titc laVa' € O\Va; >0 (i=1,....m) va > a; = 1 thi > a;z* € C.
i=1

1 =1

Bo dé 1.4.1. Tap M gom moi t6 hop 16i clia hitu han diém da cho trudc

b, 2%, ..., ™ la tap loi

Dinh nghia 1.4.3. Tap M gdm moi t6 hop 16i clia mot sé hitu han cac diém
cho trudc ', 22, ...,2™ goi la da dién 16i sinh bdi he diem da cho.

Ki hieu: M = conv{z?!,z?, ..., 2™}

Theo bo dé 1.1, da dién 16i 1a mot tap 16i. Tuy nhién khong phai tap 16
nao ciing la da dién 16i, chdng han hinh tron 13 mot tap 16i nhung khong
phai 13 da dien 16i.

Vi du vé da dién loi:

- Da dién 16i M sinh béi hai diém ', 22 1a doan thing ndi hai diém dé.
Hai diem z!, 22 la cac diém cuc bién, cac diem khac déu la cac diém bien.

- Da dién 16i M3 sinh béi ba diém z', 22, 23 khong thing hang trén mit
phang 14 mot tam giac. Ba diém z!, 22, 23 1a cac diém cyc bién (dinh) cac
diém khac déu khong 1a diém cuc bien.

Dinh Iy sau vé biéu dién da dién 16i cho thay ré hon vé cau tric ciia no.
Dinh 1y 1.4.2. Néu M Ia da dién 16i thi né cé diém cuc bién. S6 diém circ

bién ctia M la hitu han va moi diém cua M déu la to hop 10i ctia cac diém
cuc bién cua no.

Ve mit hinh hoc, ta thay da dién 16i 14 mot tap hop 16i gidi noi va 1a giao
ctia mot s6 hitu han cac nita khong gian déng trong R™.
Ngusi ta da ching minh duge dinh 1y sau day (Hoang Tuy, Asmanov):

Dinh 1y 1.4.3. Xét tap hop M = {x € R" : Ax > b} trong d6 A la ma tran
cap m x n,b € R™. Néu M # () va gici noi thi M 1a mot da dién 16i.

11
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Dinh nghia 1.4.4. Tap K C R" dugc goi 1a mot nén c6 miii tai O néu
x € KthiV>0c6 Az € K. Néunén K 1a mot tap 1oi thi K duge goi 1a mot
nén 16i (c6 mii tai O).

Dinh 1y 1.4.4. K Ia mot nén 16i khi va chi khi K chita moi té6 hop tuyén
tinh khong am ctia mot s6 hitu han bat ky cac diém thuoc K.

Hé qua 1.4.1. Tap hop tat ca cac té hop tuyén tinh vdi cac hé sé6 khong

am cta vector ', z2, ..., 2% 1a mot nén 1oi.

2

Tap hop d6 duge goi 1a mot noén 16i da dien sinh béi 2!, 22, ..., 2% vi duge

ki hieu K = cone{x!, 22, ..., z*}.

1.5. CAu tric mién rang budc ctia bai toan quy
hoach tuyén tinh

1.5.1. Tap hop nghiém ctia hé bat phuong trinh tuyén
tinh

Hé rang budc ciia bai toan quy hoach tuyén tinh cé thé viét thanh mot
hé bat phuong trinh tuyén tinh. Tap hgp cac phuong an ctia bai toan quy
hoach tuyén tinh 1a tap hop nghiém ctia hé bat phuong trinh tuyén tinh dé.
Ta biét rang néu tap hgp nghiém ctia hé bat phuong trinh 13 khong rdng va
gi6i noi thi né 1a da dién 16i (Dinh 1y 1.4.3). Phan nay giéi thiéu cau tric
clia tap hgp nghiém trong truong hop khong c6 gia thiét gidi noi.

Ta thira nhan cac dinh 1y sau

Dinh ly 1.5.1. Tap K = {x € R™ : Az > 0} la nén loi da dién.

Ki hiecu D = {z € R" : Az > b}. D la tap nghiém ctia hé bat phuong
trinh tuyén tinh. Ta thita nhan dinh 1y sau:

Dinh 1y 1.5.2. Gia sit D # 0 thi:

j) D c6 diém cuc bién < rankA = n.

ii) Néu rankA = n thi D=M+K, trong dé M Ila da dién I6i sinh bdi céc
diém cuc bién ciia D con K 1a nén da dién 16i da dien K = {r e R™: Ax > 0}.

K goi la non cac huéng vo han cua D.

Ta thay c6 su tuong tu gitta cau tric cia tap nghiém cia hé phuong
trinh tuyén tinh Az = b va tap hop nghiém ctia hé bat phuong trinh tuyén

tinh Az > b. Nh6 rang néu S 1a tap hgp nghiém ciia hé phuong trinh tuyén
tinh khong thuan nhat S = {z € R™ : Az = b} thi S biéu dién dudi dang

12
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S = 2% + L trong d6 z° 1a mot nghiém riéng ciia hé con L 1a nghiém cta hé
thuan nhat tuong tng L = {z € R" : Az = 0}

Hé qua 1.5.1. Néu rankA = n thi Vo € D déu viét duoc dudi dang

m k
Yoozt + Y Bjal trong dé zt (i = 1,..,m) la cdc diém cuc bién cia D;
i=1 j=1

a; >0, > a; =1,y (j=1,..,k) la cdc hudng vo han ctia D, 3; > 0.
i=1

1.5.2. Phuong an cuc bién va phuong an cuc bién téi vu
Xét bai toan quy hoach tuyén tinh dang chinh tic

f(r) = 'z — min

{A:r =b M

x>0

Ki hieu D = {z € R": Az = b,z > 0}.

Dat
A b
Ap=| —A ), bp={ —b
E 0

R6 rang luon ¢6 rankAg = n. Ap dung dinh 1y 1.5.2 ta thdy D c6 phuong
an cuyc bien. Khi d6 néu ham muc tiéu bi chin duéi trong D thi D c¢6 phuong
an toi uu.

That vay: theo hé qua trén Vo € D déu viét duge x = >~ az’ + > By

i=1 j=1
trong dé 2’ la cac diém cuc bién ctia D,y? € K 1a cac huéng vo han ctia
D,Oéj Z O,ZO@' = 1, Bj Z O

Trong m diém cuc bién z!', 22, ...,2™ phai c6 diém ma gia tri ham muc

tieu tai d6 nhoé nhat. Khong mat tinh tdng quat, gia st d6 la diem 2! :

f(z') = min{f(z%),i = 1,2,...,m}

ta chitng minh z! 1& phuong an t6i wu.
a) Trudc hét thiy ring Vj = 1,2,....k déu c6 f(y?) < 0 vi néu Ij, dé
f(y7°) < 0 thi néu lay 8; = 0 Vj # jo con B, — oo thi f(z) = Y a;f(z") +
i=1
B, f(y70) — oo, trai gid thiét ham muc tieu bi chan dudi.

13
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m

b)ve € Do f(a) = 35 aiﬂxi)@l B 2 3 aif(a) 2 8 ) =
f(-??l) iai = f(xl)-

Vz € D thi f(z) > f(x'). Vay z! 1a phuong an t6i uu.

Ta c6 khing dinh sau: Bai toan quy hoach tuyén tinh dang chinh téc cé
phuong an thi c6 phuong an cyc bién, vd néu ham muc tiéu bi chan duéi
trong D thi c6 phuong an cyc bién t6i uu.

1.5.3. Diéu kién can va du dé mot phuong an la cuc bién

Xét bai toan quy hoach tuyén tinh dang chinh tic (1) :
Ax =1b
x>0

Ki hieu a',a?,...,a™ 1a céc cot clia

aii ai12 A1p
A _ a1 a9 aon
Am1 Am2 Amn,

Khong mét tinh tong quat, luon c6 thé gia thiét rankA = rank{a',a?,...,a"} =
m vi néu c6 phuong trinh ndo trong hé Az = b bicu dién dugc dusi dang to
hop tuyén tinh clia cac phuong trinh khac thi c6 thé bo di.

Dinh 1y 1.5.3. Diéu kién can va di dé x € D la mot phuong an cic bién Ia
hé céc vector cot ting véi cac thanh phan duong ctia x doc lap tuyén tinh.

Tic la: Ky hieu Jt(z) = {j : x; > 0} thiz € D la cuc bién < {da’,j €
JT(z)} doc lap tuyén tinh.

Chaing minh. Diéu kien can: Gia st € D la diém cyc bién. Can chiing minh
he vector {a?,j € J* ()} doc lap tuyén tinh.

Dé don gian, gid st J*(z) = {1,2, ..., k}.

Ta chiing minh bing phan ching. Gia st hé {a!,a?,...,a*} phu thuoc
tuyén tinh, suy ra ton tai cac sb6 21, 22, ..., 2, khong dong thsi bing 0 dé
zk: z;a?) = 0. Dat z = (21, 22, ..., 25,0, ...0) thi Az = 0.
j=1

Lap cac vector

T =x4+M s x =x—Ar= Az = Az =b (Vi Az =0).
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Quy hoach tuyén tinh

Lay A > 0 dd bé sao cho z > 0,z > 0 thi 2, 2 € D ma tur gid thiét
!/ 1 / 1 17 Z
a::x+)\z;x —x—/\z:>$—§x +2x suy ra trai véi gid thiet = la

phuong an cyc bién.
Diéu kién dt. Gia st he vector {a/, j € JT(x)} 1a doc 1ap tuyén tinh.
Can chitng minh z 1a mot phuong an cuyc bién.
Ta chitng minh bang phan chiing. Gla su’ x khong phai la phuong an cuc
z + z

bien, suy ra 3z ,x € D sao cho z = . Ta ¢6 (n— k) thanh phan cubi

cta z ,x ciing phai bing 0, vi z ,z € D nghia la cac thanh phan cudi ciia
chiing déu khong am, khong xay ra tinh hudng (n — k) thanh phan cudi ctia

/

7 Z.
x ,x doi nhau.

Vay
k k k
Z .j_z'j_z "
r;al = x;a’ = z;a
j=1 j=1 j=1

Vi Az’ = Az = Az =b.
Nhung hé {a’, J™(x)} doc lap tuyén tinh nén suy ra

Tj=1T; =, :0(j:k—|—1,...,n)

hay z; = x] = :13 . Diéu nay mau thuan véi x =+ :z: [

Vi du 1.5.1. Gia st mién rang budc D ciia bai toan xac dinh nhu sau:

I{3$1+IE2—|—2$3:5
I2l’1+1‘2+3$3:5
{2331-1-333-!-3334:9
i

k$1,$2,x3,$4 Z 0

Ta thay = = (1,0,1,3)" 14 mot phuong an clia bai todn va J (x) =
{1,3,4} caccot {a’,j € J*(x)} tuong ting 1a: a1 = (3,2,2)%,a ( 1)t ay
(0,0,2)" ching lap thanh mot hé doc lap tuyén tinh vay = = ( ,0,1,3)" 1a
mot phuong an cuyc bién ciia bai toan.

1.5.4. Co s6 cua mot phuong an cuc bién
Giastz € D={x € R": Az = b,z > 0} la mot phuong an cyuc bién,
rankA = m va CardJ k. He {a’, j € JT(x)} 12 he gom k vector doc 1ap

tuyén tinh, suy ra k < m.
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Quy hoach tuyén tinh

Néu k < m thi ta luén bo sung thém (m — k) véc to cot khac nhau ciia
A dé duge mot hé véc to doc lap tuyén tinh t6i dai gdm di m véc to nghia
la ta tim dugc tap gom da m chi s6 J = {j1,J2, -, jm},J D JT sao cho he
{a’ : j € J} 1a doc 1ap tuyén tinh.

Dinh nghia 1.5.1. Ta goi hé véc to {a’ : j € J} néi trén la co sd clia
phuong an cyc bién x. Doi khi goi tat tap chi s6 J 1& co s6 clia x.

Dinh nghia 1.5.2. Mot phuong an ciic bién 14 khong suy bién néu cé diung
m thanh phan duong (CardJ™ = m), truong hop ngugc lai goi 1a suy bién.

Bai toan quy hoach tuyén tinh goi 14 khong suy bién néu moi phuong an
citc bién ciia n6 déu khong suy bién.

R6 rang néu phuong an cyc bién z khong suy bién thi c6 mot co sé duy
nhét, d6 14 hé m véc to doc 1ap tuyén tinh {a? : j € J}. Néu phuong 4n cic
bien z 1& suy bién thi c6 thé tim dugc nhiéu co sé khac nhau tity thudc vao
cach bd sung them (m — k) véc to cot clia A dé dia mot hé gdm m véc to doc
lap tuyén tinh. Tuy nhién mdi co s§ gom m véc té doc 1ap tuyén tinh lay tu
n ¢ot cia A nén s6 c¢o s6 nhd hon hay bang C, ma sd cac phuong an cyc
bién nhé hon hay bang s6 cac co sd. Vay doi v6i bai toan quy hoach tuyén
tinh, s6 cac co sd clia tat ca cac phuong an cyc bién 13 hitu han, néi riéng,
sO cac phuong an cyc bién 1a hitu han.
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