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LY THUYET CO BAN VE QUY HOACH TUYEN TiNH

CHUONG I

LY THUYET CO BAN VE QUY HOACH
TUYEN TINH

Chwong nay trinh bay cach xay dung mo hinh quy hoach tuyén tinh ctia nhiing
bai toan dang don gian. Pay 1a nhiing kién thirc quan trong dé xay duyng mé hinh cho
nhirng bai toan phirc tap hon trong thuc té sau nay. Cac khai niém vé > 16i”> dugc
trinh bay dé 1am co s& cho phuong phap hinh hoc giai quy hoach tuyén tinh. Mot vi
du m¢& dau duoc trinh bay mot cach tryc quan dé 1am 6 khai niém vé phuong an tdi
wu cta quy hoach tuyén tinh.

Noi dung chi tiét ciia chuong bao gom :

I- GIOI THIEU BAI TOAN QUY HOACH TUYEN TiNH

1- Bai toan vén dau tu

2- Bai toan 1ap ké hoach san xuét

3- Bai toan véan tai
II- QUY HOACH TUYEN TINH TONG QUAT VA CHINH TAC

1- Quy hoach tuyén tinh tong quat

2- Quy hoach tuyén tinh dang chinh tic

3- Phuong an
I1I- PAC PIEM CUA TAP HOP CAC PHUONG AN

1- Khai niém 1i va tinh chat

2- Pic diém cua tap cac phuong an

3- Phuong phép hinh hoc
IV- MOT Vi DU MO bAU
V- DAU HIEU TOI UU

1- Ma trén co sé - Phuong an co s& - Suy bién

2- Dau hiéu toi vu



LY THUYET CO BAN VE QUY HOACH TUYEN TiNH

CHUONG I
LY THUYET CO BAN VE QUY HOACH TUYEN TINH

I- GIOI THIEU BAI TOAN QUY HOACH TUYEN
TINH

C6 thé tam dinh nghia quy hoach tuyén tinh 1a linh vuc toan hoc nghién ctu
cac bai toan toi wu ma ham muc tiéu (vin dé duoc quan tim) va cac rdng budc (diéu
kién cua bai toan) déu la ham va cac phuong trinh hodc bat phwong trinh tuyén tinh.
Pay chi 1a mot dinh nghia mo hd, bai toan quy hoach tuyén tinh s& dugc xac dinh o
rang hon thong qua céac vi du .

Céc budc nghién ctru va tmg dung mot bai toan quy hoach tuyén tinh dién
hinh 1a nhu sau :

a- Xac dinh van dé can giai quyét, thu thap dir liéu.

b- Lap mo hinh toan hoc.

c- Xay dung cac thuat toan dé giai bai toan di mo hinh hoa bing ngdn ngit
thuén loi cho viéc 1ap trinh cho mdy tinh.

d- Tinh toan thtr va diéu chinh mé hinh néu can.

e- Ap dung giai cac bai toan thuc té.

1- Bai toan von dau tw

Ngudi ta can c6 mot lugng (61 thiéu) chét dinh dudng i=1,2,..,m do céac thirc
an j=1,2,...,n cung cap. Gia st :

a;j la s6 luong chit dinh dudng loai i c6 trong 1 don vi thic n loai j

(i=1,2,...,m) va (j=1,2,..., n)

b; 1a nhu céu t6i thiéu vé loai dinh dudng i

¢j la gia mua mgt don vi thirc an loai j

Vén dé dat ra 1a phai mua céc loai thire an nhu thé nao dé tong chi phi bo ra it
nhat ma van dép Gng dugc yéu cau vé dinh dudng. Van dé duoc giai quyét theo mo
hinh sau day :

Goix; 20(=1,2,...,n) 1a ) lugng thire an thu j cAn mua .

Tdng chi phi cho viéc mua thirc an 14 :
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n
Zzzlcjxj :C1X1+C2X2+ ...... + C._X
j=

Vi chi phi bo ra dé mua thirc an phai 1a thap nhat nén yéu cu can dugc théa min

n
mMin Z =) CX; =CX; +CyX; + vurree + X
j=1

Luong dinh dudng i thu dugc tirthirc an 1 1a : a;;x;  (i=1—>m)

Luong dinh dudng i thu dugc tir thirc an 2 1a : appx,

Luong dinh dudng 1 thu dugc tir thitc ann 1a : ajx,

Vay lugng dinh dudng thir 1 thu dugc tir cc loai thirc an 1a :
ajxtapXyt...tapX,  (i=1->m)

Vi luong dinh dudng thi i thu duoc phai thoa yéu cau b; vé dinh dudng loai d6

nén ta c6 rang budc sau :

ai X tapXot...FapX, >b; (i=1->m)

Khi do theo yéu cau cuia bai toan ta c6 mo hinh toan sau day :

n
mMin Z = CX; =CX; +CXy +eunn+ € X
j=1

a;1 Xy +ApX, +. 3 X, 2 b,
Ay Xy + 85X, +..+ Ay X, 2 b,

A Xy +ApXy +ee+ A, X, 2 by,

x.>20 (j=1,2,...,n)

]

2- Bai toan 1ap ké hoach san xuat
Tir m loai nguyén liéu hién c6 ngudi ta mudn san xudt n loai san phdm
Gidsu:
a; 1a lugng nguyén liéu loai 1 dung dé san xuét 1 san pham loai j
(i=1,2,...,m) va (j=1,2,..., n)
b; 12 s lwong nguyén liéu loai i hién c6

¢j 1a lo1 nhuan thu dugc tir viéc ban mot don vi san pham loai |
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Van d& dit ra 1a phai san xuat mdi loai san phém la bao nhiéu sao cho téng loi nhuan
thu duoc tir viée ban cac san pham 16n nhat trong diéu kién nguyén liéu hién co.
Goix;>01a s0 lugng san pham thar j s& san xuat (j=1,2,...,n)
Téng loi nhuan thu dugc tir viéc ban cac san phém la:
n
Z=) CX; =CX; +CyXy +rurn+ C X
=1
Vi yéu cau loi nhuan thu dugc cao nhit nén ta can c6 :
n
max Z= Y CX; =CX; + Xy +eres + CX
=1
Luong nguyén liéu thir i=1—>m ding dé san xuat san pham thir 113 ajx;
Luong nguyén liéu thir i=1—>m ding dé san xuat san pham thir 2 13 apx,
Luong nguyén liéu thir i=1—>m dung dé san xuat san phdm tharn 13 ajx,
Vay luong nguyén liéu thir i ding dé san xuét 14 cac san pham 13
apXtapXet.. . FainXy
Vi lugng nguyén ligu thir i=1—m ding dé san xuat cac loai san pham khong thé
vuot qué luong duoc cung cap 14 by nén
a1 X HapXot... FapX, < b; (i=1,2,...,m)

Vay theo yéu cau cua bai toan ta c6 mo hinh sau day :

n
max Z= Y CX; =CX; + Xy +eres + C X
j=1

a; Xy +3,X, +.+3,X, <b,;
Ay Xy + 35X, +...+ 35X, <b,

A Xy + A Xy + e+ A, X, <bp

x.>20 (j=1,2,...,n)

]

3- Bai toan van tai
Nguoi ta can van chuyén hang hoa tir m kho dén n ctra hang ban 1¢é.

Luong hang hod & kho i 1a s; (i=1,2,...,m) va nhu cau hang hoa cia cira hang j 1a d;
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(7=1,2,....n). Cudc van chuyén mot don vi hang hoa tir kho i dén cta hang j 1a cij=0

dong.

Gia su rang tong hang hoa c6 ¢ cac kho va tong nhu cau hang hoa ¢ cac cua

hang 1a bang nhau, tic 13 :

j=1

m
i=1
Bai toan dat ra 1a lap ké hoach véan chuyén dé tién cudc 1a nho nhat, véi diéu
kién 1a mdi ctra hang déu nhan du hang va mdi kho déu trao hét hang.
Goti x;; = 0 1a luong hang hoa phai van chuyén tir kho i dén cira hang j. Cudc
van chuyén chuyén hang hod i dén tat ca cac kho j 14 :
n
D CiX
j=1
Cudc van chuyén tat ca hang hoa dén tit ca kho s& 14

C:X

m
ij7hij
=1

2

n
i j=1

Theo yéu cau cua bai toan ta c6 mo hinh toan sau day :

II- QUY HOACH TUYEN TINH TONG QUAT VA
CHINH TAC

1- Quy hoach tuyén tinh tong quat

Téng quat nhitng bai todn quy hoach tuyén tinh cu thé trén, mot bai toan quy
hoach tuyén tinh 12 mot mé hinh toan tim cyc tiéu (min) hodc cuc dai (max) cia ham
muc tiéu tuyén tinh v6i cac rang budc 1a bat dang thirc va dang thirc tuyén tinh. Dang

téng quat cia mot bai toan quy hoach tuyén tinh 1a :
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min/max z = Zn:cjxj (D
=1
ia¢j=q (iel,)
j=
iaﬂjﬁm (el) (D)
j=

x; <0 Gel,) (111)

Trong do :
o (I) Ham muc tiéu
La mét td hop tuyén tinh cua cac bién sd, biéu thi mot dai luong nao d6 ma ta
can phai quan tAm cua bai toan.
o (I) Cac rang buoc cua bai toan
La cic phuong trinh hodc bat phuong trinh tuyén tinh n bién s, sinh ra tir diéu
kién cua bai toan.

e (IIT) Cdc cdc han ché vé dau cua cdc bién so

Nguoi ta cling thuong trinh bay bai toan quy hoach tuyén tinh dudi dang ma

tran nhu sau :

dyy 9 e 9y X1 ¢ I31

dy dyp e Ap X, G, bz
A= [aij] = X = C = b=

_aml am2 amn_ _Xn_ _Cn_ _bm_

Goi a; (i=1—>m) l1a dong thlr i cila ma tran A, ta co :

10
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ax =b,
ax<b,
a,Xx >b,
X;20

xjsO

x; tay y

min/max z(x) =c'x

(iel)

(iel,)

(iel)
(i<d)
(] € Jz)
(ie3;)

(D

(II)

(1)

Nguoi ta goi :

- A la ma tran hé s6 céc rang budc.

- ¢ 1a vecto chi phi (¢" 14 chuyén vi cua c)

- b 1a vecto gidi han cac rang budc.

2- Quy hoach tuyén tinh dang chinh tic

Bai toan quy hoach tuyén tinh chinh tic 13 bai toan quy hoach tuyén tinh ma

trong do6 cac rang budc chi c6 dau = va céc bién s6 déu khong am.

min/max z = Zn:cjxj (D
=1
S ax, =b, (i=12,..m) @) | (™)
=1
X; >0 (G=1,2,....n) (111)
min/max  z(x) =c'x (1)
Ax =b (II) rang(A)=m
x>0 (111)

Ngudi ta co thé bién d6i bai toan quy hoach tuyén tinh dang tong quét thanh

bai toan quy hoach tuyén tinh dang chinh tic nho cac quy tic sau day :

- Néu gap rang budc i c6 dang < thi nguoi ta cong thém vao vé trai cua rang

budc mot bién phu X+ > 0 dé duge dau =.

11
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- Néu gip rang budc i c6 dang > thi ngudi ta trir vao vé trai clia rang bude mot
bién phu xpi>0 dé duoc diu =.

Céc bién phu chi 1 nhimg dai lugng gitip ta bién cac rang budc dang bat diang
thirc thanh dang thirc, né phai khong anh hudng gi dén ham muc tiéu nén khong xuat
hién trong ham muc tiéu.

- Néu bién x; < 0 thi ta dit x;= -x’; v&i x’; > 0 1di thay vao bai toan.

- Néu bién xj 1 tuy ¥ thi ta ddt X; = X — X} v6i X}, X} déu=> 0 rdi thay vao
bai toan.

- Trong trudng hop trong sd cac rang budc c6 dong ma vé phai cua dong do 1a
gia tri am thi d6i ddu ca hai vé dé duoc vé phai 1a mot gia tri khong am.

Duea vao cdc phép bién déi trén ma nguoi ta cé thé néi rang bai todn quy
hoach tuyén tinh chinh tdc la bai todn quy hoach tuyén tinh ma trong dé cdc rang
bugc chi ¢6 dau =, vé phai va cdc bién so déu khéng am.

Vidu:

Bién doi bai toan quy hoach tuyén tinh sau ddy vé dang chinh tic :

min z(x) = 2X; — X, + 2X; + X, — 2X;
X; —2X, + X3 +2X, + X <7

X, +2X53 + X, =2 -1

2X5 + X, +3Xs 210

X, + X, —2X5 + %X, =20

X, , X520

X, <0

X, , X; tuyy

Bang cic thay thé :
Xq ==X (x3 20)
X, =X5-%X5  (X5,x520)
X; =X, =X} (X5,X} 20)

ta duoc :

12
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min z(x) = 2x, — (X5 — X5) + 2(X; — X3) — X}, — 2X,
X; —2(X5 = X5) + (X5 = X53) = 2X, + X5 + X =7
(X5 = X5) +2(x5 = X3) +X, =X, = -1
2(X5 —X3) — X} +3Xs —Xg =10
X; + (X3 —X3) —2(X5 - x3) = x; =20

Xy s Xs , Xg 1 X5, Xg /X5 X5 ,X5,X5,X, 20

hay :

min z(x) =2x; — (X5 = x5) + 2(x5 — X5) — X, — 2X;
X; —2(X5 = X5)+ (X5 —X5) = 2X, + X5 + X =7
_(X,z —X'Z')—Z(X'3 —Xg)—X4 +X, =1
2(x5 = x5) =X}, +3%x: — X5 =10
X, + (x5 =x5)—-2(x5 —x5)—-x, =20

’ " ! 14 1
Xy 1 Xs , Xg 1 X5, Xg X5, X5, X5 ,%X5,X, 20

3- Phuwong an
Xét bai toan quy hoach tuyén tinh chinh tic :
min/max z(X)=c'x
{AX =b (P)
x>0
e x=[X| X2 ... X,] ' 1& mot phuong an cua (P) khi va chi khi Ax =
b.
e x=[X; X2 .. Xy] ' la mot phuong an kha thi cua (P) khi va chi
khi Ax=bvax>0.
e Mot phuong an t6i wu cia (P) 1a mot phuong an kha thi cua (P)

ma gia tri cia ham muc ti€u twong g dat min/max.

13
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IT1I- PAC PIEM CUA TAP HQP CAC PHUONG AN

1- Khai niém 16i va cic tinh chat

a- T6 hop 16i

- Cho m diém x' trong khong gian R" . Diém x dugc goi 1a t& hop 15i cua cac

diém x' néu :
m
X=> oX =0, X" +a,X* 4.+ o X"
i=1
Oy, 0y peen 0, 20 o +0, +eta, =1
- Khi x 12 t6 hop 15i ctia hai diém x', x* nguoi ta thuong viét :
x=Ax+H(1-MxE (0=A<1)

Néu 0<A<I thi x dugc goi la to hop 16i that su.

- Poan thing

Tap hop tat ca cac to to hop 161 ctia 2 diém bat ky A, Be R" duoc goi 1a doan
thang ndi A va B . Ky hiéu :

dap= {x =AA + (1-A)B véi Ae[0,1] }

DPinh ly

T6 hop 16 c6 tinh chét bac cau.

b- T4p hop 16i

Tap con S cua R" duogc goi la tap hop 16i khi S chira toan b doan théng ndi

hai diémbat ky cua S.
Ax+ (1-M)y € S Vx,ye,Ae[0,1]

Tap hop rong va tap hop chi c6 mot phan tir duge xem 1a tap hop 16i.
DPinh ly
Giao clia mot sd bét ky cac tap hop 16i 1a mot tap hop 10i.

Dinh Iy
Néu S 13 mot tap hop 16i thi S chira moi t6 hop 16i cia mot ho diém bat ky

trong S.

14
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c- Piém cuc bién cia mgt tap hop 16i
Piém x trong tap 16i S < R" dugc goi 1a diém cuc bién néu khong thé biéu

dién duoc x dudi dang t6 hop 16i that su cta hai diém phan biét cua S.

d- Pa dién 16i va tap 16i da dién
Pa dién 16i
Tap hop S tit ca cac t6 hop cua cac diém x', x%,.....x™ cho trudc duoc goi 1a da

dién 101 sinh ra boi cac diém do.

Da dién 161 1a mot tap hop 16i.

Trong da dién 16i nguoi ta c6 thé loai bo dan cac diém 1a td hop cua cac diém
con lai. Khi d6 nguoi ta thu duge mot hé cac diém, gia su la yl, y2,...,yp (p<m) . Céc
diém nay chinh 1a céc diém cuc bién cua da dién léi, chung sinh ra da di¢n 16i do.

S6 diém cuc bién cua da dién 16i 13 hitu han.

Siéu phing - Nira khong gian

A=[a;j]mn 12 ma tran cép m.n
A (i=1,2,...,m) la hang th{r i cia A
Siéu phéng trong R" 14 tip cac diém x=[x,Xa,.....,Xs]" thoa
A;x=b;
Ntra khong gian trong R" 1a tap cac diém x=[x,Xa,.....,Xs]  thoa
A; x> b;

Siéu phang va nira khong gian déu 1a cac tap hop 16i.

Tap 16i da dién , ‘

Giao cua mot s6 hiru han cac nira khong gian trong R" dugc goi 1a tap 10i da

dién.

15
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Tap 10i da dién 1a mot tap hop 16i.

Néu tap 10i da dién khong réng va gidi ndi thi d6 1a mot da dién 16i

2- Pic diém cia tip hop cac phwong an
Pinh Iy
Tap hop cac phuong 4n ciia mot quy hoach tuyén tinh 1a mot tap 16i da dién.
Néu tap hop 16i da dién nay khong rong va gidi ndi thi d6 1a mot da dién 161,
sb diém cuc bién cua nd 1a hitu han.

Dinh 1y
Tap hop cac phuong an tdi uu clia mot quy hoach tuyén tinh 1a mot tap 16i.

Xét quy hoach tuyén tinh chinh tic

min/max z(x) =c'x (1)
Ax =b (1)
x>0 (1)

Gia st A=[aijJm.n c6 cap m.n, m < n, rang(A)=m .
Goi A (5=1,2,...,n) cot thur j cua ma tran A, quy hoach tuyén tinh chinh tic trén
c6 thé viét :
min/max z(X) =C,X; + C,X, + ...+ C,X,
X, A' + X,A% + ...+ X,A" =b
{x >0
Goi S={X=[X1,X2,....Xn]' = 0/ x;A'+ x,A™ ...+ x,A"=b} 12 tap cac phuong an
cua bai toan.

0
n

x? = [Xf,xg,...,x ]T e S 1a mot phuong an khac 0.

DPinh ly

Diéu kién can va du dé x° 1a phuong an cuc bién ( diém cyc bién cia S) 13 cac
cot Al g véi X? >0 1a doc lap tuyén tinh.

Hé¢ qua

S6 phuong an cuc bién ciia mot quy hoach tuyén tinh chinh tic 1 hitu han. S&
thanh phan > 0 cia mot phuong an cuc bién t6i da 1a bang m.

Khi s6 thanh phan > 0 ctia mot phuwong an cuc bién bang ding m thi phuong

an d6 dugc goi la mdt phuong an co so.

16
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DPinh ly
Néu tap cac phuong an ctia mot quy hoach tuyén tinh chinh tic khong rong thi
quy hoach tuyén tinh dé c6 it nhat mot phuong an cuc bién.
Bo dé
Néu
X la mot phuong an ti uu ciia quy hoach tuyén tinh.
x', x* 1a cac phuong 4n cia quy hoach tuyén tinh.
X 1a t& hop 13i thuc su ctia x', x>
thi x', x* cling 14 phuong 4n t6i wu ciia quy hoach tuyén tinh.
Pinh ly
Néu quy hoach tuyén tinh chinh tic c6 phuong an tbi wu thi thi s& c6 it nhét
mdt phuong an cuc bién 1a phuwong an tdi uu.
Vi du : xét quy hoach tuyén tinh chinh tic
max z(X) = 2x; + 3X,
4X, +2X, + X3 =5
{xl +3x, =1
X1, X5,X3 20
Véihé¢ A' A? ta tinh duge X' = [E 1 OT
3 10
Véihé A' A’ tatinh duge x2 =t 0 1]
T
Vi hé A% A? ta tinh duge X° = {O % ?}
Vi cac thanh phin cta phuong 4n cuc bién 1a > 0 nén ta chi xét x> va x° . Khi
do :
2(x*)=2.143.0=2
2(x°)=2.0+3.1/3=1

Vay x? = [1 0 l]T 1a mot phwong an tbi wu.

DPinh ly
Piéu kién can va du & mot quy hoach tuyén tinh c6 phuong an t6i wu 1a tap

cac phuong an khong rong va ham muc ti€u bi chan.

17
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Pinh ly
Néu tap cac phuong an ctia mot quy hoach tuyén tinh khong rdng va la mot da
dién 16i thi quy hoach tuyén tinh d6 s& co it nhat mot phuong an cuc bién 1a phuong
an ti uu.
3- Phuong phap hinh hoc
Tur nhitng két qua trén ngudi ta cé cach giai mot quy hoach tuyén tinh hai bién
bang phuong phap hinh hoc théng qua vi du sau :
Vidu : xét quy hoach tuyén tinh
max z(x) = 3x; + 2X,
X; =X, 2 -4
X, +2X, <14
5x, +2x, <30

X;, X, 20

X2

St

\

A,B,C,D,0 1a cac diém cuc bién. Gia tri ham muc tiéu tai d6 1a :
7(A)=3.6+2.0=18
z(B)=3.4+2.5=22
z(C)=3.2+2.6=18
z(D)=3.0+2.8=8
7(0)=3.0+2.0=0

Phuong an tdi wu cta bai toan dat dugc tai B : x;=4 va x,=5

IV- MOT Vi DU MO PAU

Xét bai toan quy hoach tuyén tinh :

18
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min z(x) =-5x, —4x, — 3x;
2X, +3X, + X5 <5

4x, + X, +2x5 <11

3X; +4X, +2X; <8

Xy, X5,X3 20

Pua bai toan vé dang chinh tic bfmg cach dua vao céac bién phu wi, wa, w3 > 0
(1am cho céc rang budc bat dang thirc thanh dang thirc ) . Ta duoc :
min z(x) =- 5x, —4x, — 3X;
2X; +3X, + X3 +W; =5
4%, + X, +2X5; + W, =11
3X; +4X, +2X; + W5 =8
X1r Xy, X3, Wy, Wy, W5 >0
Thuc hién viéc chuyén vé ta dugc bai toan ban dau nhu sau
min z(x) =- 5x, — 4x, —3X,
w, =5-2x, - 3x, — X;
w, =11 -4x, — X, — 2X;4 @
W, =8 —-3X; —4X, —2X,
Xy, X5, X3,W,,W,,W; >0
Mot phuong an kha thi xuat phat ( chua 1a phuong an t6i wu ) ctia bai toan 1a
X1=X=x3=0
w1=5 wy=11 w3 =&
Gia tri tvong ing cia ham muc tiéu la z(x) = 0

Nguoi ta s& cai tién phuong an xuat phat nay dé dugc mot phuong an méi tot
hon, né 1am cho gia tri ctia ham muc tiéu giam xudéng. Ngudi ta 1am nhu sau :

Vi hé s6 cua x; trong ham muyc tiéu la 4m va cé gia tri tuyét ddi 16n nhit nén
néu ting x; tir bang 0 1én mot gia tri dwong ( cang 16n cang t6t ) va dong thoi van giir
X; va x3 bang 0 thi gia tri ciia ham ctia ham muyc tiéu s& giam xudng. Khi d6 cac bién &
vé trai ciia bai toan (I) s& bi thay d6i theo nhung phai thoa > 0 . Su thay ddi ctia chung
khong anh huong dén sy thay doi ctia ham muc tiéu. Thuc hién ¥ tudng trén ta dugc :

w, =5-2x,20
w, =11-4x, >0
w,;=8-3x, 20

X, =X;=0
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X
IA

; (dong 1 dugc chon)

U
X
IN

Suy ra:

X
IN

X
IA
w| o -l>|ﬁ N

.. 5 . R R A (o
Nguoi ta chon X, = 5 nén nhan dugc mot phuong an tot hon dugc xac dinh

nhu sau :
X, =X3=W,; =0
5
X, == W,=1 w;==
2
o , s A1 25
Gia tri tuong trng ctia ham muc tiéu la z(X) = Y

Budc tiép theo 13 bién ddi bai toan (I) thanh mot bai toan twong duong bang
cach tr dong 1 ( dong dugc chon ) tinh x; theo cac bién con lai va thé gia tri nhan
dugc vao cac dong con lai, ta dugc :

: 25 5 7
min z(X)=-—+ =W, + =X, —

2 TNt
w=2-Lw 3 1y
1 2 2 1 2 2 2 3
W, =1+ 2w, +5x, (ID)
w, =14 3w, +1x _1x
3 2 2 1 2 2 2 3

X1, X5, X3,W,W,,W; >0
Thyc hién twong tu nhu trén, ngudi ta ting x3 tir bang 0 1én mot gia tri duong
cho phép va dong thoi van giit x, va w bang 0 thi gia tri ciia ham cta ham muyc tiéu
s& giam xudng. Khi d6 cac bién & vé trai cua bai toan (II) s& bi thay doi theo nhung

phai thod > 0 . Ta dugc :

5 1
1_5—2X320
X; <5 .
w,=1>0 = ‘. <1 = X; <1 (dong 3 dugc chon)
w —l—lx 0 o

Khi d6 nguoi ta chon x3=1 nén thu dugc mét phuong an tdt hon duoc xac dinh

nhu sau :
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X, =W; =W; =0
X; =2 X3=1 w,=1
Gia tr1 tuong Ung ciia ham muc tiéu la z(x)=-13
Budc tiép theo 1a bién d6i bai toan (IT) thanh mot bai toan twong duong bing
cach tir dong 3 ( dong dwoc chon ) tinh x3 theo cic bién con lai va thé gia tri nhan
dugc vao cac dong con lai, ta dugc :
min z(x) =-13+ w, + 3X, + W,
X, =2-2W; —2X, + W,
w, =1+2w,; +5x, (TIT)
Xz =1+3w,; +X, —2w,
X1, X5, X3,W,W,,W; >0
Pén day vi khong co hé sd nao ciia ham muc tiéu 13 4m nén khong thé lam
giam gia tri cia ham muc tiéu theo cach nhu trén nita. Phuong an thu dugc ¢ bude sau
cung chinh 1a phuong an téi wru cta bai toan.
Poéi véi bai todn max, thay cho viéc lam tang bién c6 hé s6 am trong ham muc
tiéu nguoi ta lam tang bién cé hé s6 dwong cho dén khi cdc hé s6 trong ham muc tiéu

hoan toan am.

V- DAU HIEU TOI UU

1- Ma trén co sé - Phwong an co sé - Suy bién
Xét bai toan quy hoach tuyén tinh chinh tic
min/max z(x)=c'x

Ax =b (P)
x>0

a- Ma tran co sé&
Ngudi ta goi co sé ctia bai toan quy hoach tuyén tinh chinh tic (P) 1a moi ma
tran B khong suy bién (c6 ma tran nghich dao) mxm trich ra tir m ¢t ctia ma tran rang

bude A. Cac cdt con lai dugce goi la ma tran ngoai co sd, ky hi¢u la N .

b- Phuong an co s¢ - Phwong an co sé kha thi
B 1a mdt co s¢ cua bai toan (P).

Khi 6, bang cach hoan vi cac cot cia A ngudi ta co thé luon ludn dit A dudi dang :
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A=[B N]

Do dd, nguoi ta cling phan hoach x va ¢ nhu sau :
x' = [ xB xn ]
c'=[cp ox]

Mot phuong 4n x cua bai toan (P) thoa :

Xg

Ax=b < [B N][ }:b < Bxg +Nx, =b

XN
Phwong an co s&
Nguoi ta goi mdt phuong an co sé tuong ing véi co sé B 1a mot phuong an
dac biét, nhan duogc béng cach cho :
xn=0
Khi d6 xp dugc xac dinh mot cach duy nhét bang cach giai hé phwong trinh
tuyén tinh bang phuong phap Cramer :
Bxg=b< x5= B'b
Phwong an co sé kha thi
Mot phuong an co s& 1a phuong an co s kha thi néu :
xg=B"'b>0
Co s6 tuong trng voi mdt phuong an kha thi dugc goi 1a co sé kha thi .
Vi du : xét bai toan quy hoach tuyén tinh dang chinh tic :
min/max z(X) = X; — X, + X3 — X4 + X5 + X
2X, +2X, + X5 = 20
- 3X; +4x, —4X, + X, =10
X; +2X, + X5 +3X, =28
;20 (=1,2,...,6)
Ma tran rang budc la
Xy X, X3 X4 Xg Xg
2 0 O 2 1 0
A=|-3 4 0 -4 0 1
1 2 1 3 0 O
C6 thé chon ba cot bat ky va kiém chimg xem d6 c6 thé 1a co sé khong.

Mot co s& dugc chon va sap xép lai la
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X Xg X3 X4 X, X,
7 0 0 2 2 O
0o 1 0 -4 -3 4
o 0 1 3 1 2
Céac cOt Xs X¢ X3 tao thanh mot ma trin co s¢ . Cac bién tuong tmg dugc goi
1a cAc bién (trong) co sd .
Céc cot x; X2 X4 tao thanh mot ma trdn ngoai co sé. Céc bién tuong ung dugc
goi 12 cac bién ngoai co s6.
Mot phuong &n co s¢ kha thi ctia bai toan 1a :

X1 X2 X3 X4 X5 X6
0 0 | 28 0 [ 20 10

c- Suy bién

Mot phuong 4n co sé kha thi dwoc goi 13 suy bién néu xg = B'b > 0 ¢6 nhing
thanh phan bang 0. Sy suy bién 1a mot hién twong thuong xay ra trong mot sd bai toan
nhu bai toan van tai, dong dir liéu, duong di ngin nhat....... Dy 1a hién tugng kha
phtc tap (c6 nhiéu cach giai quyét s& dugc xét sau). Vi vdy trong nhitng phan tiép
theo ta gia sit rang phuong an co s& kha thi 1a khong suy bién, tirc 1a xg = B'b > 0 (

duong thuc su ) .

2- Déu hiéu t6i wu

Theo trén, khi mot bai toan quy hoach tuyén tinh c6 phuong an tbi uu thi ton
tai mot co so kha thi (téi wu) B* , tc 1a phuong an co s¢ x* twong tmg voi B* 1a
phuong an tbi uu.

Van dé bay gio 1a xac dinh mot thu tuc dé tim B*. Chiing ta s& thdy rang thi
tuc d6 duoc suy ra mot cach tryc tiép tir viée ching minh dau hiéu t6i uu sau day.

Pinh Iy 4 (diu hiéu tdi wu)
Xét bai toan quy hoach tuyén tinh chinh tic

min/max z(x) =c'x

Ax=b
x>0
Diéu kién can va du dé mot phurong dn co s6 kha thi x ¢6 dang :
X =B'b>0
X =
Xy =0
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cua bai todn la phwong dn toi vu la :

—T X e N ,
Cn=Cy —CeB'N <0 doi véi bai toan max
=T L. , N , .
Cn=Cy —CeB'N >0 doi véi bai toan min

Vi :
A=[ B | N ]
c'=[cs | on]

Nguoi ta thuong goi :
cn la chi phi ngoai co so
cg la chi phi co sé
cn 13 chi phi truot giam

csB'N 14 luong gia gidm chi phi

Ching minh (cho bai toan max)
Piéu kién di
Gia st x* 1a mot phuong an co so kha thi véi ma tran co s& B va thoa

-7

Cn =Cy —CiB™N<O
thi can chimg minh x* 1a phuwong an tdi wu, nghia 1a chtirng minh rang véi moi phuong
an bat ky cua bai toan ta ludn co :

z(x) < z(x*)

Xét mot phuong 4n kha thi x bat ky , x thoa :

XB
Ax=b B N]{XN}_b
—
x>0

Xg 20 x, 20
B 1a ma tran co s¢ cua phuong an co s¢ kha thi x*

B ¢6 ma tran nghich déo 1a B!

Bxg +Nx, =b
=

Xg 20 x4, 20

B'Bx, +B'Nx, =B  (B'B=1I)
=

Xg 20 Xy, 20
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Xz +B'Nx, =B™.b
=

Xg 20 x, =0

Xy = B'b-B'Nx,
—

Xg 20 xy, 20

Tinh gié tri ham muc ti€u d6i véi phuong én x ta dugc :

72(x) =c'x
X
=[cg cg] P l=caxg +CuXy
XN

=i B'b- B’leN)+ '

CaB7'b — cgB7INx, + Cy X,
= cgB'b + (¢ - cgB'N)x, (1)
Vi x* 1a phuong &n co s& kha thi tuong tmg véi ma tran co s¢ B nén
X; =B'b>0
Xy =0
Tinh gi4 tri ham muyc tiéu d6i voi phuong an co ban x* ta duogc :

z(x*) =c'x*
Xy . .
a8 -e e
XN
=CiXs =CaBb  (vixy=0) @)
To(l)va(2)tacod:

72(x)<z(x*) vicy-c3B'N <0

Vay x* 1a phuong an ti vu.

Piéu kién cin
Xz =B7'b>0 , .
Gia st x* = la phuong an téi vu véi ma tran co sé B, can
Xy =0
. I T T _ ~Tp-t
chimg minh rang: v =Cy —CgB™N < 0.
(cn 12 vecto c6 n-m thanh phéan)

Ta s& chimg minh diéu nay bang phan ching.
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Gia su rﬁng ton tai mot thanh phén Cs cla Cy ma cg > 0. Dya vao c¢s nguoi ta
xay dung mot vecto x nhu sau :
| Xe = X, —B'Nx,
Xy=6I, 20

Trong d6 0>0 va I, 1a mdt vecto ¢6 (n-m) thanh phan bang 0, trir thanh phan

Xy =6I, >0
X = A PR (*)
Xg =Xg —B7NOI, =B~b — B NI,

thir s bang 1 . Vay

Do B'b > 0 nén ngudi ta c6 thé chon 6>0 di nho dé xg >0
Vay x dugc chon nhu trén s€ thoa :

x>0 3)
Ta kiém ching x thoa rang budc ciia bai toan bang cach tinh

B N]Eﬂ _ Bx, +Nx,
N

Ax

B(x; — B *N6I, )+ Nel,
= B(B'b —B"'NeI, )+ NeI,
= BB~'b — BB'N6I, + NI,
= b — NI, + NI,
=b 4
Tir (3) va (4) cho thay x 1a mot phuong an kha thi cia bai toan
Bay gio ta chi ra mau thuan bang so sanh gia tri ham muc tiéu tai x va x* . Ta
co:
72(x) =c'x

X
[cf o] 7® | =cixg +cix,
XN

= ¢ (xg =B 'Nx, )+ cixy

T

= CgX5 — CAB7INX, + Cp X,

= CagXp + CuXy — CaB'NxX, + Ci X, (vi cixy =0)

e c;]{x’é} L] - BN,

X
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— X" + Bl = c"x" +cnl,8
= 7(x*) +Cs0 > z(x*)  (viCs0>0)

Vay x* khong phai 1 phuong an tdi uu nén mau thuan véi gia thiét .

Chuy
Qua viéc chitng minh dinh Iy dau hiéu t6i wu ta thdy rang tir mot phwong dn
co $6 kha thi chwa t0i wu c6 thé tim duge cdc phwong dn kha thi cang lic cang tot
hon nho lap lai nhiéu lan cong thirc (*). Van dé duoc dat la dai luwong 6 duoc chon
nhie thé nao dé nhanh chéng nhdn dwoc phirong dn t6i wu.
Bo dé
Xét bai toan quy hoach tuyén tinh chinh tic
max z(x) =c'x
Ax=b
{x >0
v6i B 1a mot co so kha thi nao d6 va x° 1a phuong an co sé tuong tmg, tirc 13
o {xg =B'b>0

X2 =0 } va z(x°)=cgB'b

-7

Xét ey =Cy —CgB'N .

Néu t6n tai mot bién ngoai co so x, sao cho Cs>0 voi Csla thanh phan thir s
cia Cy thi :

a- Hodc la nguoi ta c6 thé lam tang mot cach vo han gié tri ciia x; ma khong di
ra khoi tap hop cac phuong 4n kha thi, va trong truong hop nay phwong an tdi wu ctia
bai toan khong gidi noi.

b- Hodc 13 ngudi ta c¢6 thé xac dinh mot co so kha thi khac 1a B ¢6 phuong an co s
kha thi X twong ng vdi né 1a tt hon , tirc 1a :
2(x") <2(x)

Ching minh

Trong qua trinh chimg minh dinh 1y dau hiéu ti uu ta c6 phuong an méi dugc
xac dinh nhu sau :

Xy =6I, >0

X X, —x® —BN6L =B'b — B'N6I
B — B s = 5
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Ky hiéu :
N=B"'N
Ns 1a cOt s cua N
b=B7b

Xg :E—GNS}

Nhuvaytacod: X =
Xy =6l

s
Hai truong hop c6 thé xay ra nhu sau :
a- Truong hop Ns <0
Trong trudng hop nay x, c6 thé nhan mot gia tri 6 1on tuy ma van dam bao xp
> 0, nghia 12 x 1uon ludn thoa > 0 . Khi d6 nhu d3 biét gia tri ham muc tiéu twong Gmg

la

|
(@]
@
(@]
=2

X
z(x) T{ B}:CET,XB+C,IXN
= 7 (B'b - B'NL, )+ 461,

= czgB'b — cgB'NBI, + cy 61,

2(x°) + (¢ — cIB NI,

2(x°) + Cn oI,
= 7(x°) +cB
véi CsB co thé 16n vo han thi gia tri cua ham muc tiéu 1a khong gidi noi.
b- Trudng hop ton tai i=1—m sao cho Nis >0
( Nis > 0 1a thanh phin tht i coa Ns)
Trong truong hop ndy gia tri ctia 6>0 ma X, ¢6 thé nhan khong thé ting vo han

N
vi phai dam bdo xg>0. Gia  tri 16n nhat O cua 0 ma x; c6 thé nhan dugc xac dinh

nhu sau :

IS

6:min{P—E,Nis >0}= b

(Vi=1—->m)

Phuong an co s¢ kha thi méi c6 cac thanh phan nhu sau :

AN —

A XBZb—éNs
X A
Xn =01

S
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va gid tri ham muc ti€u tuong Ung 1a :
z(x) = 2(x°) + B.¢cs > z(x°)
Ghi chu :
Trong trudng hop bai toan khong suy bién, néu 8 dugc xac dinh mot cach duy

nht thi phuong 4n méi X c¢6 dang m thanh phan khac 0. That vay :

- Bién x, dang bang 0 trong phuong an x° tré thanh duong that su vi

- Bién x, dang duong that sy bay gio nhan gia trj :

)/Er =Er—éNrs=Br—Pr Nrs =Er—5r =0

Nrs

AN AN
Vay phuong a&n méi X la mgt phuong an co so. N6 tuong ung véi co s6 6 B

duoc suy ra tir B bang cach thay thé cot r bang cot s.

Nguoi ta noi rang hai co so B va B 1a ké nhau, chung tuong tmg véi nhiing

diém cyc bién ké nhau trong tap hop 16i S cac phuong an kha thi ciia bai toan.

CAU HOI CHUONG 1

1- Trinh bay cac budc nghién ciru mot quy hoach tuyén tinh.

2- Pinh nghia quy hoach tuyén tinh chinh téc.

3- Trinh bay khai niém vé phuong 4n cia mot quy hoach tuyén tinh.

4- Trinh bay co s& 1y thuyét ctia phuong phap hinh hoc giai mot quy hoach tuyén tinh

hai bién.
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BAI TAP CHUONG 1

1- Mot nha may can thép c6 thé san xuat hai loai san pham : thép tam va thép cudn.
Néu chi san xut mot loai san pham thi nha may chi c6 thé san xuat 200 tan thép tim
hodc 140 tan thép cudn trong mot gio . Loi nhuan thu duge khi ban mot tan thép tim
1a 25USD, mét tin thép cudn 13 30USD. Nha may lam viéc 40 gio trong mot tuan va
thi truong tiéu thu tdi da 12 6000 tan thép tAm va 4000 tan thép cudn .

Van dé dit ra 1a nha may can san xuit mdi loai san pham 13 bao nhiéu trong
mot tuan dé dat loi nhuan cao nhat. Hay trinh bay bai toan quy hoach tuyén tinh cho

van dé trén.

2- C6 3 ngudi cung phai di mot quang duong dai 10km ma chi c6 mot chiée xe dap
mot chd ngdi. Tée do di bd ciia nguoi thir nhat 13 4km/h, ngudi thir hai 13 2km/h,
nguoi thir ba 1a 2km/h. Téc d6 di xe dap ctia ngudi thir nhat 1a 16km/h, ngudi thi hai
la 12km/h, nguoi tha ba 1a 12km/h.

Van dé dit ra 1 1am sao dé thoi gian nguoi cudi cung dén dich 1a ngén nhét.

Hay trinh bay bai toan quy hoach tuyén tinh cho van dé trén.

3- Mt nha may san xuét ba loai thit : bo, lon va ctru véi luong san xuit moi ngay la
480 tan thit bo, 400 tan thit lon, 230 tan thit ctru. Mdi loai déu c6 thé ban dugc ¢ dang

tuoi hodc ndu chin. Tong luong cac loai thit c6 thé ndu chin dé ban 1a 420 tin trong
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gio va 250 tAn ngoai gio. Loi nhuan thu dugc tir viéc ban mot tan mdi loai thit duoc

cho trong bang sau day :

Tuoi Nau chin trong gio Nau chin ngoai gid
Bo 8 14 11
Lon 4 12 7
Clru 4 13

Hay trinh bay bai toan quy hoach tuyén tinh dé nha may san xuat dat loi nhuan

cao nhat.

4- Mot xuong moc 1am ban va ghé. Mot cong nhan 1am xong mdt cai ban phai mat 2
gid, mot cai ghé phai mat 30 phat. Khach hang thudng mua nhiéu nhét 1a 4 ghé kém
theo 1 ban do d6 ty 1¢ san xuét giira ghé va ban nhiéu nhét 1a 4:1. Gia ban mot cai ban
1a 135USD, mot cai ghé 1a 50USD. Hay trinh bay bai toan quy hoach tuyén tinh dé
xudng moc san xuit dat doanh thu cao nhit, biét ring xuong c6 4 céng nhan déu lam

viéc 8 gid moi ngay.

5- Mot nha may san xuét hai kiéu mil. Thoi gian dé 1am ra mot cai mil kiéu thir nhat
nhiéu gép 2 1an thoi gian 1am ra mot cai kiéu thtr hai. Néu san xudt toan kiéu mi thu
hai thi nha may lam duoc 500 cai mdi ngay. Hang ngay, thi truong tiéu thy nhidu nhét
1a 150 cai mil kiéu thir nhat va 200 cai kiéu thtt hai. Tién 1ai khi ban mot cai mii kiéu
thir nhat 1a 8USD, mdt cai mil thir hai 14 SUSD. Hay trinh bay bai toan quy hoach

tuyén tinh dé nha may san xuét dat 1gi nhuén cao nht.

6- Trong hai tudn mdt con ga mai dé dugc 12 trimg hodc ap duoc 4 trimg nd ra ga
con. Sau 8 tuan thi ban tat ca ga con va trimg véi gia 0,6USD mot ga va 0,1USD mot
tring. Hiy trinh bay bai toan quy hoach tuyén tinh b tri 100 ga mai d¢ trimg hodc ap

trimg sao cho doanh thu 13 nhiéu nhét.

7- Giai nhitng bai toan quy hoach tuyén tinh sau day bang phuong phéap hinh hoc :
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max z = X, — X,

3X, +X, >3 minw =—-x, + X,
— — <

X, +2x, >4 X; —2%, <6

a)- ) b)- X; —2X, <4
— <

XimX = -X; +X, <1

X; <5 X;,X, <0

X, <5

min w =-2X, — X,
max z = 5x; + 6x,
) X, —2X, >2 9 X; +2X, <6
C)- -

—2X1+3X222 Xl_X223

X, X, tuy y
1 X, wyy X;,X, >0

max z =3x; —4X
max z = 3x, + 2X, ' 2

X; —X,>2-4
2X; + X, <2 2X, +X, <14
e)- f)-
3x, +4x, >1 X; <6
X; <6
X, X, 20 '
X;,X, 20

min/ max z(x) = 4x, + 3X,
2X, — 3%, 2 -12

2X, +3X, <24

g)- 3x, —-x, <14

X; +4x, =29

2X, +X, 24

X, X, 20
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GIAI THUAT DON HINH

CHUONG II

GIAI THUAT PON HINH ,
Chuong nay trinh bay mét cach chi tiét ndi dung cta giai thuat don hinh. Sau

phan co so 1y thuyét cua giai thuat 1a cac vi du trong tmg. Céc vi du duoc trinh bay
dung theo cac budc cia giai thuat. Kién thic trong chuong nay can thiét cho viéc lap
trinh giai quy hoach tuyén tinh trén may tinh.

Noi dung chi tiét ctia chuong bao gom :

I- GIAI THUAT PON HINH CO BAN
1- Co s¢ xay dung giai thuat don hinh co ban

2- Pinh 1y vé sy hoi ty
3- Giai thuat don hinh co ban
4- Chu y trong truong hop suy bién
II- GIAI THUAT DON HINH CAI TIEN
1- Mot céach tinh ma tran nghich dao
2- Quy hoach tuyén tinh dang chuan
3- Giai thuat don hinh cai tién
4- Phép tinh trén dong - Bang don hinh
ITI- PHUONG PHAP BIEN GIA CAI BIEN
1- Bai toan cai bién
a- Cai bién bai toan quy hoach tuyén tinh
b- Quan hé giira bai toan xuét phat va bai toan cai bién
2- Phuong phép hai pha
3- Phuong phap M vo cung l6n
IV- QUY HOACH TUYEN TINH SUY BIEN
1- Cac vi du vé quy hoach tuyén tinh suy bién

2- Xir Iy quy hoach tuyén tinh suy bién
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CHUONG II: GIAI THUAT PON HINH

I- GIAI THUAT PON HINH CO BAN

Chuong nady trinh bay mot phuong phép dé giai bai toan quy hoach tuyén tinh
do 1a phuong phap don hinh. Phuong phap don hinh dugc George Bernard Dantzig
dua ra ndm 1947 cung luc véi viée ong khai sinh ra quy hoach tuyén tinh. Pay 1a mot
phuong phap thuc su ¢ hiéu qua dé giai nhitng bai toan quy hoach tuyén tinh ¢ 16n
trong thuc té. V&i cach nhin hién dai y twdng ciia phuong phap don hinh rat don gian.
C6 nhiéu céach tiép can phuong phap don hinh, chwong nay trinh bay mét trong céc

cach do.

1- Co sé xay dung gidi thuat don hinh co ban
Xét bai toan quy hoach tuyén tinh chinh tic :
max z(x) = c'x
Ax=Db
{x >0
Gia str rang B° 1a mot co s& kha thi xudt phat ciia bai toan ( khong nhét thiét 1a
m cOt dau tién cua ma tran A ) . Thuat todn don hinh co ban dugc xay dung dua trén

cac budc sau :

a- Gan B=B" va =0 (s6lanlip)

b- 1=1+1
c- Vi co sé hién thoi B tinh :
Xz =B7'b , b :
X = : phuong an co sé kha thi tuong tng
Xy =0
b=B"'b

T T ATRAN - A& T A A
Cn =Cy —CyB™N : dau hi¢u toi uu
7 =T
d- Néu cv=cy-CgB'N<O thi giai thuat dimg va bai toan c6
phuong 4n téi uu la x .
Nguoc lai, néu ton tai s sao cho Cs >0 ( Cs la thanh phan th s

cua Cn) thi sang budc e
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e-  Tinh: As =B'A, (A,lacotthirsciaA)
Néu As <0 thi giai thuat dimg va phuong an ti uu khong gidi noi.
Nguoc lai, néu ton tai ais € As ma ais > 0 thi tinh :
. b = b .
Xs =MIN _—I,ais>0 :_—r (1=l—)m)
dis drs

ais 1a cac thanh phan cia As.

A

Xs 14 thanh phan tha s ciia phuong an méi X.

f- Goi x; 1a bién tuong Gng vai cdt thr r cia co s¢ B. Khi do bién x, s€

nhan gia tri Xs >0 ( vao co so), bién x, s& nhan gia tri Xt =0 ( ra khoi co s¢ ). Nhu

AN A

vay phuong an méi X tuong Gng voi co s¢ méi B ( thay dbi co s¢ ) duge xac dinh

nhu sau :
B=BuU{t}-{s}

g- GanB=B vaquay vé b.

V& mat hinh hoc, giai thuat nay duoc hiéu nhu 12 mét qua trinh duyé¢t qua céc
diém cuyc bién cua da dién 10i S cac phuong an kha thi ciia bai toan.

Vé mit dai sd, giai thuat nay dwoc hiéu nhu 1a mot qué trinh xac dinh mot
chudi cac ma tran co so ké B B' B> ......... ma cac phuong an co sé tuong tmg x° x'
X e 1a ngay cang tot hon, tic 14 :

2(x°) < z(x") < Z(X?) ceveeennn
Chuy:
Néu co s¢ ban dau B® chinh 1a m cot dau tién ciia ma tran A thi trong giai

thuat trén t chinh lar .

2- Pinh 1y vé s hdi tu

V6i gia thiét bai toan khong suy bién, giai thuat don hinh trén day s& hoi tu vé
phuong an téi uu sau mot s6 hitu han 1an lap.

Bang su thong ké ngudi thay rang néi chung giai thuat don hinh s& hoi tu véi

s6 1an 1ap it nhét phai 13 tir m dén 3m ( m 1a sé rang budc ) .
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3- Gidi thuat don hinh co ban
Xét bai toan quy hoach tuyén tinh chinh tic
min/max z(x) =c'x
Ax=b
{x >0
Gia su réng sau khi hoan vi cac cdt trong A ta chon dugc ma trn co s¢ B thoa
su phan hoach sau day :
A =[B N]
c' = [CB CN]
X" =[Xg Xy]
Giai thuat don hinh co ban dugc thuc hién nhu sau :
a- Tinh ma tran nghich dédo B!
b- Tinh cac tham sb :
. Phuong 4n co s kha thi t6t hon

Xs =Bb=b
X:
Xy =0

. Gia tri ham muc tiéu z(X) = C3Xg
. Ma tran N=B'N
c- Xét dau hiéu téi vu :
-7

Cn=Cy —CaB'N=cy-cf N

;=T £ J ~ ‘e , - \
- Néu cn < 0 thi két thac giai thuat véi phuong an toi wu 1a :

X; =B'b=b
X =
Xy =0
va gia tri ham muc tiéu 1a :
Z(X) = C X,

- Néu ton tai Cs € Cy ma Cs > Othi sang budc d.
d- Xac dinh chi sb ctia phan tir pivot trong ma tran N
. Xéac dinh chi sb cot s cua pivot

Cs =max {Ek >0 eEN}
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Néu Nis <0 thi giai thuat dimg, bai toan khong c6 phuong 4n t6i uu.
Nguoc lai thi tiép tuc.

. Xac dinh chi s6 dong r ciia pivot

min {P_‘,NE > o} _ b (i=1,2,...,m)

is rs

Phin tir Nis trong ma trdn N dwoc goi 1a phan tir pivot
Trong truong hop bai todn min
c- Xét dau hiéu t&i uu :

_T p—
cn =Cy —CgB'N=cy-c3 N

_Néu Cn >0 thi két thiic gidi thudt v6i phuong 4n t6i wu 1a
X; =B'b=b
X =
Xy =0
va gia tri ham myc tiéu 1a :
Z(X) = CaX;
- Néu ton tai Es € EN ma Es < 0 thi sang buéc d.
d- Xac dinh chi sé ctia phan tir pivot trong ma tran N
. Xéc dinh chi sb cot s ciia pivot
Cs =max {lEk | o <0€EN}
Néu Nis <0 thi giai thuat dimg, bai toan khong co phuong an t6i uu.
Nguoc lai thi tiép tuc.

. Xéc dinh chi s6 dong r ctia pivot

IS rs

min {P—i,Nis > o} _ b (i=1,2,...,m)

Phén ttr Nrs trong ma tran N duoc goi 1a phéan tir pivot
e- Thuc hién cac hoan vi :

. Cot thur s trong ma tran N véi ¢t thir r trong ma tran B

. Phan tir thir s trong C,I v6i phan tir thi r trong Cg

. Bién x, trong X,I v6i bién x, trong X;

f- Quay vé (a)
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Vi du : Tim phuong an t6i wu cho bai toan quy hoach tuyén tinh chinh tic sau day
bang giai thuat don hinh co ban
max z(x) = 2x, + X,
X; =Xy +X; =3
X; +2X, +X, =6
— X, +2X, +Xg =2

x>0 (j=1,2,3,4,5)

Taco:
-1]11 0 0 3
A= 2 | 0 1 0 b=|6
-1 210 O 1 2
N B
XT:[Xl X, | X3 X Xs]
Xx Xg
c"’=[2 1 ]0 0 0]
Cy Cs
Lan lapl
a- Tinh ma tran nghich dédo B!
1 0O
B'=B=|0 1 0
0 01

b- Tinh cac tham s

. Phuong 4n co s kha thi tt hon :

X3 10 0(3 3
X; =|X,|=B'=|0 1 0|6|=[6|=b
X = Xq 00 12| |2

. Gia tri ham muc tiéu :
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3
z2(x)=cix; =[0 0 0]|6]=0
2
. Tinh ma tran :
1001 -1 1 -1
N=B'N=|0 1 0|1 2|=[1 2
00 1)-1 2 -1 2
c- Xét dau hiéu toi vu
1 -1
on=cl-cIN=2 1]-[o o 0] 1 2|=[2 1]
-1 2

Chuyén sang budc d
d- Xéc dinh chi sb cta pivot

. Xac dinh chi sb cot pivots :

Cs=max fck >0ecnf=max{2,1}=2="0;

Vay s=1
1
Ma tran cOt s=1 trong ma tran NaN, =| 1
-1

. Xéc dinh chi sé dong pivot

[ b - [b: b : {3 6} bs
MiN{=—¢:=MiN{=—,=—(=MiK—,—> =3 =—=—
N, Ni: N2 11 i1
Viay r=1
e- Hoan vi
. Cot thir s=1 trong ma tran N va ct thor r=I1 trong ma tran B
. Phan tir thir s=1 trong C, v6i phan tir thir =1 trong Cg

. Bién thir s=1 trong X, véi bién thir r=1 trong Xg

1 -1]100 1 -1] 1 00
A=|1 2 | 010/>A=(0 2 | 1 10

-1 2 ] 001 0 2 | -101
c"=21]1]000 - c=01] 20 0

X :[Xl X, | X3 X4 Xs]_)XT:[X3 X, | Xy Xy Xs]
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f- Quay vé budc a
Lan Lip 2
a. Tinh ma tran nghich dao B!

1 00 1
B=1 10 B'=|-11
-1 01 1

b- Tinh cac tham s

. Phuong 4n co s kha thi tt hon :

X, 1 0 03] [3
X; =|X,|[=B'=[-110|6|=|3|=b
X = Xq 1 0 1)2| |5

. Gia tri ham muc tiéu :

3
z(x)=cixs =[2 0 0]|3|=6
5
. Tinh ma tran :
1 001 -1 1 -1
N=B'N=|-1 1 0|0 2|=|-1 3
1 01(0 2 1 1
c- Xét dau hiéu toi vu
1 -1
on=cl-cIN=[0 1]-[2 0 0]/ -1 3|=[-2 3]
1 1

Chuyén sang budc d
d- Xéc dinh chi sb cua pivot
. Xac dinh chi sb cot pivots :

Cs=max foc >0ecnf=max{3}=3=c,

Vay s=2
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-1

Ma tran cQt s=2 trong ma tran NlaN, =| 3

. Xac dinh chi s6 dong pivot r :

[ by | b2 bs . {3 5} b,
N, N22 Nz 3'1 N,,

Vay r=2
e- Hoan vi
. Cot thir s=2 trong ma tran N va ct thor =2 trong ma tran B
. Phan tir thir s=2 trong C,, v6i phan tir thir =2 trong Cg

. Bién thir s=2 trong X, véi bién thir =2 trong Xg

1 -1] 1 00 1 0] 1 -10
A={0 2 | 1 1 0|>A=[01] 1 2 0

0 2 ] -101 00] -1 21
c"=01] 200 - c=0o0] 21 0]

XT:[X3 X, | X X, X5]_)XT:[X3 Xg | X4 X Xs]

f- Quay vé budc a
Lan l3p 3

a. Tinh ma tran nghich dao B!

1
I

2 1y
3 3
1 -1 0 {1
B=1 20 B_1=—§ 50
-1 2 1
4 1y
L3 3 ]

b- Tinh céc tham sb

. Phuong 4n co sé kha thi tot hon :
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2 1
= =0
X, ] 33 3] T4
X, =|x, |=Bb = —% % ol6|=|1]=b
X = _Xs_ 4 1 1 2 4
[ 3 3 |
'x;] [0
Xy = =
L —X4— 0 -
. Gia tri ham muc tiéu :
z(x)=cixy, =2 1 0]|1|=9
. Tinh ma tran :
2 1 2 1
3 3 _ 3 3
1 0
N=BN-= —% %o 0 1 :_% %
0 0
4 1,0 4 1
. 3 3 | 13 3]
c- Xét diu higu t6i uu :
21
3 3
L 1 1 ‘
cn=cy-cgN=[0 0]-2 1 0] -3 3 —[-1 -1]<0: dimg
4 1
3 3]
Vay phuong an ti wu s& 1 :
w7 [4]
Xg =X, |=|1
[ Xs ] [4]
X, = X3 | _ 0
| Xq] 0]

Gid trt ham muc tiéu la z(x) =9 véix; =4 vax,=1
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4- Chu y trong truong hop suy bién

Trong trudng hop bai toan suy bién, nghia 1a b =0 ,taco:

~ b
Xs :_r :0
drs

cho nén gia tri ctia ham muc tiéu khong thay déi khi thay déi co s, vi :

2(X) = Z(X) + Cs Xs = 2(X)
Vay thi, c6 thé sau mot s 1an thay ddi co s lai quay tré vé co so dd gip va
1ap nhu vay mdt cach vé han. Nguoi ta co nhiéu cach dé khic phuc hién tugng nay
béng cach xao tron mot chut cac dir liéu cua bai toan, st dung thu tuc tr vung, quy tac

chon pivot dé tranh bi khir.

II- GIAI THUAT PON HINH CAI TIEN
1- Mot cach tinh ma tran nghich dao

Trong gidi thudt don hinh co ban hai ma tran ké B va Bchi khac nhau mét cot

Al

vi vay co thé tinh ma tran nghich dao B mdt cach dé dang tur B! . bé 1am diéu do

2 A A A I8 -1 re A A R 5 ’ .
chi can nhan (bén trai) B~ vdi mdt ma tran doi co s¢ dugc xac dinh nhu sau :

0

- als
S_rs
—ds
ars

u: e s s .1.

oo0. =— .0
drs

10

00 . —9m™ 14
drs

T cot r

Khi d6 :
1

B =uB*

Ta thiy rang ma tran ddi co s& p duoc thiét 1ap giéng nhu mot ma tran don vi

mxm, trong do cot r ¢6 cac thanh phan dugc xac dinh nhu sau :
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- 5 K. ;. \ X .
= : d6i v6i thanh phan i #r.
drs
1 A re \ A

= :d06i véi thanh phanr .

drs

Khi ma ma trén cé s¢ xuat phat 1a ma tran don vi, sau mgt s6 budc doi co so
BO Bl B2 Bq ’ 7, 7 A A 5 0 1 2 g-1 3. ,
....... tuong g voi cdc ma tran déico s U Y ...l nguoi ta cod

cach tinh ma trn nghich ddo nhu sau :

2- Quy hoach tuyén tinh dang chuin
Quy hoach tuyén tinh dang chuan 1a quy hoach tuyén tinh chinh tic ma trong

d6 c6 thé rut ra mét ma tran co s& la ma trdn don vi. Quy hoach tuyén tinh chuén c6

dang :
min/ max z(x) =c'x
[I N]x=b
x>0

3- Giai thuat don hinh cai tién
Tir nhitng két qua trén nguoi ta xdy dung giai thuat don hinh cai tién dbi voi
bai toan qui hoach tuyén tinh (max) dang chuan nhu sau :
a- Khoi tao
Eo =A
bo =b
b- Thuc hién bude 1ap véi k =0,1,2, ...
. Xac dinh phuong an co s¢ kha thi :
Xg = Bk
Xy =0
. Tinh gid tri ham muc tiéu :
2(x*) = cg Xg, = Cg, bx
. Xét dau hiéu t6i uu :

T —
ck =c' —cg Ax

, —T
- Néu ¢k <0 thi giai thuat ding va :
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X" = 1a phuong 4n t6i wu

z(x"*) = c;kak = Cgk b 1a gia tri ham muyc tiéu
- Nguoc lai thi sang budc (c)
c- Cap nhat cac gia tri moi :
.Tinh pivot
.Tinh ma tran chuyén co so p*
Tinh A = ukﬂk
Tinh bea = ukBk
.Tang s6 lan lap k=k+1.
Quay vé budc b
Vidu
Giai bai toan quy hoach tuyén tinh sau day bang phuong phap don hinh cai
tién :
max z(x) = 2X; + X,
X; =X, +X3 =3
X, +2X, +X, =6
—X; +2X, + X =2

x.>0 (j=1,2,3,4,5)

)

Budc khai tao

~1 1100 3
Ao =A= 2 1010 bo =|6
-1 2 1001 2
No Bo
c"=21]0 0 0]
Cr, Ce,

Budc lap k=0
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3
z(x*) = bo =[0 0 0]|6(=0
2
1-1100
co=c'-cA=21000]-[000]| 1 201 0|=2100 0]
-12001
17[3
1 ||6| suyrapivot: a; =1
~11]2
100
=-110
101
100 - 0] [1-1100
A =plAo=|-11 0] | 1 01 0(=(0 3-110
10 1]|-1 110 1101
1 0 0][3] [3
by =bo=|-1 1 0||6|=|3
10 1(|2| |5
Budc 1dp k=1
I X, 3
X1_X51:X4 =b1 =3
- X 5
_XN1=O i
3
z(x')=cs b1 =[2 0 0]|3]|=6
5
1-1100
¢ =c"-cgA=21000]-200]|0 3-110
0 1101

=[03-200]
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-11[3
3 ||3| suyrapivot: axn =3
1|5
1 Lo
:
=0 = 0
" 3
0o -L 4
. 3
_1 1 1 0 2 1
3 1-1 100 3 3
— = 1 1 1
A =plAi=|0 = 0 3-110/=|0 1-= =
3 3 3
1 0 1101 P
0—5 00 - -=
L i 3 3
1 Lo
3 3
b, = p'by ={0 %o 3|=[1
5
0o -L 4
L 3
Buéc lap k=2
_ ‘ -
XZZXB2=X2 =b> =|1
Xs 4
_XN2:0 i
4
z2(x*)=cg b, =21 0][1]=9
4
10 219
3 3
ca=c'-c;A;=21000]-210] |0 1-3 30
00 .14
i 3 3

=[0 0-1-107: thoa d4u hiéu tbi wu.
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Vay két qua cua bai toan 1a :

. Phuong 4n t6i vu x = x> =

N O O = 1

. Gia tri ham muyc tiéu z(x) =9

4- Phép tinh trén dong - Biang don hinh
Céc budc thyc hién giai thuat don hinh cai tién duoc trinh bay 1an luot trong
cac bang, goi 1a bang don hinh. Trong thuc hanh, dé cap nhat nhitng gia tri méi ta co
thé 1am nhu sau :
. Tim pivot.
. Chia dong chtra pivot cho pivot.
. Khir cac phan tir trén cot chtra pivot.
. Tinh d4u hiéu t6i wu.

. Tinh gid tri ham muc tiéu .

CBo IBU Xy X, X3 X4 X5 bO
0 | 3 1 -1 1 0 0 3
0| 4 1 2 0 1 0 6
0|5 -1 2 0 0 1 2

c’ 2 1 0 0 0 2(x°)
Co 1 0 0 0 0

Co | Is | X X, X, X, Xs bs
2 |1 1 -1 1 0 0 3
0| 4 0 3 -1 1 0 3
0|5 0 1 1 0 1 5

c’ 2 1 0 0 0 2(x")
ol 0 3 -2 0 0 6
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o, | I, | X, X, X, X, Xs b.
2 1
2 |1 1 0 = = 0 4
3 3
1| 2 0 1 1 1 0 1
3 3
0|5 0 0 4 1 1 4
3 3
c’ 1 0 0 2(x*)
G 0 -1 -1 9

III- PHUONG PHAP BIEN GIA CAI BIEN
1- Bai toan cai bién
a- Cai bién bai toan quy hoach tuyén tinh
Nguoi ta co thé bién d6i mot bai toan quy hoach tuyén tinh chinh tic thanh
dang chuan bang cach cong mot cach phi hop vao vé tréi clia ring bude i mot bién gia x> 0 dé
Jam xuét hién ma trdn don vi. Vi céc bién gia cai bién c6 anh hudng dén hiam muc tiéu nén ciing s& co
su cai bién ham muc tiéu.
Viy, nguoi ta c6 thé bién d6i bai toan quy hoach tuyén tinh tong quat, goi 1a
bai toan xuét phat, thanh bai toan dang chuan, goi 12 bai toan cai bién (md rong)
Vidu:
Bién ddi bai toan quy hoach tuyén tinh sau ddy thanh dang chuan
max z(X) = 2X; + X, + X5 — X,
X; + 5%, +5x, =25
-4X, —X; +6x, =18
3X, +8x, =28
x; 20 (j=1,23,4)

Bai toan xuat phat c6 cac bién, ma tran rang budc va chi phi :

XT=[X; X3 X3 X,]
1 5 0 5

A=10-4 -1 6
0 3 0 8

c'=[2 1 1 -1]
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Bang cach thém bién gia xs, x¢ lan luot vao rang budc 2 va 3 . Ta duogc bai
toan cai bién :
max z'(x) = 2X; + X, + X5 — X, —M(X5 + X¢)
X; + 5%, +5x, =25
—4X, —X; +6X, + Xs =18
3%, +8X, + X, =28
X; 20 (j=1,2,3,4,5,6)
Z'(x) 1a ham muc tiéu cai bién s& duoc giai thich trong phan tiép theo.
Céc bién, ma tran rang budc cac h¢ s6 va chi phi cua bai toan cdi bién la
X" =[X, X, X3 X, Xs Xg]
1 5 0 5 0 0
A=|0-4 -1 6 1 O
0 3 0 8 01
c'=2 1 1 -1 -M-M]

b- Quan hé giira bai toin xuit phat va bai toan cai bién
Nguoi ta kiém chtng rang :
-Néu X" =[X, X, ... X,] la phuong an (t5i wu) cta bai toan xuit phat thi

X =[X; X, ... X, 00 ... 0] Ia phuong an (t6i wu) ctia bai toan ci bién twong
ung.

Vay néu bai toan cai bién khong c6 phuong an tbi wu thi bai toan xuat phat
ciing s& khong co phuong an tdi uu.

A -T A . o N , 9 .
-Néu X =[X; X, ... X, 0 0 ... O] 1a phuong an toi vu cua bai toan cai

n
bién thi X" =[X, X, ... X,] la phuwong an t5i uru ctia bai toan xuét phat

- Néu bai toan cai bién c6 mot phuwong an tdi wu ma trong d6 co it nhat mot
bién gia c6 gia tri duong thi bai toan xuat phat khong c6 phuong an tdi uu.

- Néu bai toan cai bién (dang chuin) c6 phuong an téi uwu thi ciing s& phuong
an co so toi uu.

Vidu
1- Xét bai toan :
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min z(X) = X; + 2X, + X, — 5X;
-3x; -9%, =0
X, —7X3 =5X, —2X5 =5

1 2 4 1 2
X1 —§X2 +§X3 +§X4 +§X5 :g

X;20 G=1,2,34,5)
Bai toan cai bién khong c6 phuong an t6i wu nén bai toan xuit phat ciing
khong c¢6 phuong an tdi wu .
2- Xét bai toan :
min z(x) = 16X, + 7X, + 9X;
2

1
—§X1 —§X2 +X3 = —

—5X; +5x, =7
x;20 (=1,2,3)

Phuong an toi wru ciia bai toan cai bién :
7 22
X, X, X, x4]=[0 - == 0}

Phuong an toi wu ciia bai toan xut phat :
7 22
X, X, X3]=|0 = —
[ 1 2 3] |: 5 15:|
3- Xét bai toan :
min z(X) = 2x, + 4X, — 2X,4
X; —2X, + X5 =27
2X, + X, +2x5; =50
X; — X, — X5 <18
x; (=1,2,3)
Phuong 4n t6i wu ciia bai toan cai bién :

X, X, X; X, X; X¢]=[0 0 25 43 2 0]

Bai toan xuit phat khong c¢6 phwong an tbi wu .

Hai phuong phap bién gia cai bién thuong dung 1a phuong phap hai pha va
phuong phap M vo cung lon .
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2- Phuong phap hai pha

Pha 1
Tim phuong an tdi wru cho bai toan cai bién v6i ham muc tiéu cai bién
la:
min (tong tat ca bién gia cai bién)
Pha 2

Tim phuong an tdi wu cho bai toan xudt phat voi phuong 4n co so kha thi xuét
phat 12 phuong an téi wu tim dugc ¢ pha 1. O pha 2 nay céac bién gia cai bién bj loai ra
khoi ma tran cac hé sd rang budc, va vecto chi phi dugc cap nhat lai, do do6 diu hiéu
tdi uu cling dugc cap nhat lai

Day la phuong phap thuén loi cho viéc 1ap trinh ung dung giai thuat don hinh
cai tién.

Vidu: Xétbai toan quy hoach tuyén tinh

max z(x) = 3x; +4X, + X;

X, +2X, +2X; < —

Wi Ww]oo

X, +2X, +3X5 2

Xj 2 0 (G=1,23)
Pua bai toan vé dang chinh tac béng cach thém bién phu x4 , x5 ta dugc

max z(x) = 3X; +4X, + X;

Xy +2X, +2X5 + X, =

WIN w|o

Xy 42X, +3X; — X =

X, 20 (j=1,2,3,4,5)

Ma tran cac hé so rang buoc 1a :

12210
12 30-1

} khong chira ma tran don vi

Ap dung phuong phap don hinh cai bién hai pha nhu sau :

Pha 1l
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Thém bién gia (cai bién ) X¢ > 0 vao rang budc thtr hai dé duoc ma trdn don vi

. Khi d6 bai toan cai bién c6 dang :

min w(X) = X,
8
Xy + 2X, + 2X5 + X, =3

Xy + 2%, + 3X5 — X5 + X

X, 20 (j=1,2,3,4,56)

Co6 ma tran cac rang budc la :

[t221 00
11 230-11

Gidi bai toan cai bién bang giai thuat don hinh cai tién

} c6 chira ma tran don vi

Khoi tao
8
— 1221 0 0 2
bo = 3
1230 -11 7
3
c"=[o o o0 o0 1
Budc 1ap k=0
Cp, iBO X1 X2 X3 X4 Xs X6 | by
8
0 | 4 1 2 2 1 0 0 | =
3
1|6 1 2 3 0 -1 |2
3
c 0 0 0 0 0 1 | wx"
Co 12 3 0 1 o |
3
Budc lap k=1
Cg, | Ig, | xi X2 X3 X4 Xs X6 bs
1 2 2 2 | 10
0| 4| = z 0 1 = e
3 3 3 3 9
1 2 1 1 7
0|3 | = - 1 0 | -= | = =~
3 3 3 3 9
c 0 0 0 0 0 1| wx)
cr 0 0 0 0 0 1 0

Ta duoc phuong an t6i vu . Xong pha 1 . Chuyén sang pha 2.

Pha 2
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Loai bo bien gia cai bién x4 > 0

Khai tao
L3303
Ro=17 3 1
- 210 -=
3 3 3
10
bo -| 9
9
c"=[3 410 0
Budc lap k=0
Cg, | 5, | xi X2 X3 X4 Xs bo
0|4 L 2 0 1 2 | 10
3 3 3 9
1 2 1 7
1| 3] = < 1 0 -= | =
3 3 3 9
c 3 4 1 0 0 2(x°)
-7 8 10 1 7
it -~ 0 0 - Z
Co 3 3 3 9
Budc lap k=1
Ce, | g X1 X2 X3 X4 X5 b
1
0 4 0 0 -1 1 1 —
3
O I T R T A
2 2 2 6
c 3 4 1 0 0 z(x))
1 14
1 0 -5 0 2 —
Ci1 3
Budc 1ap k=2
CB2 'B2 X1 X3 X3 X4 Xs 52
0 5 0 0 -1 1 1 1
3
4 2 1 1 1 1 0 i
2 2 3
c 3 4 1 0 0 2(x°)
1 0 -3 -2 0 —
C2 3
Budec lap k=3
C, | s, | xi X2 X3 X4 Xs bs
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05| 0 0 -1 1 1 1
3
301 1 2 2 1 0 8
3

c 3 4 1 0 0 2(x°)
cs 0 2 -5 2 0 8

Két qua ciia bai toan da cho :

-
3

X, =0

. Phuong 4n tdi wu X; =0
X, =0

-1

3

. Gi4 tri ham muc tiéu z(x)=z(x’)= 8

3- Phuong phap M vo cung lén
Phuong phap M v6 cing 16n ( M 1a s6 v6 cung 16n ) twong ty nhu
phuong phép hai pha, ngoai trir & pha 1 ham muc ti€u cai bién c6 dang sau day cho
bai todn max/min
max [z(x) - M*( téng cac bién gia cai bién) ]
min [z(x) + M*( tong céc bién gia cai bién) |
Bang phuong phap ndy, trong qua trinh t6i wu, cac bién gia cai bién s& duogc
loai dan ra khoi ma tran co s6 : tit ca déu bang 0. Néu trong qué trinh tim phuong an
t6i wu ma khong loai bo dugc cac bién gia cai bién ra khoi co so thi bai todn vo
nghiém.
So véi phuong phép hai pha thi phuong phép nay tranh duogc viéc phai cap

nhat lai dit liéu cho bai toan gbc nhung khong tién loi bang trong lap trinh Gmg dung.

Vi du : Xét bai toan tuwong tu nhu trén

56



GIAI THUAT DON HINH

max z(x) = 3x; +4X, + X;

Xy +2X, +2X5 + X, =

X; +2X, +3X; — X5 =

W[IN wl|oo

x;20 (j=1,2,3,4,5)

Thém bién gid cai bién x¢ > 0 vao rang budc thir hai dong thoi cai bién ham muc
tiéu theo nhu trén ta duoc :

max W(X) = 3X; +4X, + X5 —Mx,
X1+ 2X, + 2X5 + X, _8
X; +2X, +3X5 — X5 + Xg =§
X;20 (G=1,2,3,4,56)

Tim phuong an t6i wu cho bai toan cai bién nay bang phuong phap don hinh

cai tién
Khai tao
8
— (1221 0 0] - |3
Ao — bo={3] c"=3 4100 -M
" L 230 -1 1} "7 | ]
3
Budc lap k=0
Cs, | 15, | X, X, X3 X, Xs | Xg bo
0| 4] 1 2 2 1 0 [ 0 8
3
M| 6| 1 2 3 0 | -l 1 %
c 3 4 1 0 0 | -M | wx"
Co | 3*M 42M 143M 0  -M | 0 —?
Buéce lap k=1
Cg, g, | Xy | X5 | X3 | X4 | Xs Xg b,
0 sl X120 2 22 |10
3| 3 3 3 9
1|2 1 1 7
1 3= = 11]0]|-2 = =
3] 3 3 3 9
¢’ 3 4 1 0 0 M | wx)
T 8 10 1 5 7
- = 0 0 = |-=-M| =
c 3 3 3 9
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Do x6 = 0 (vi ngoai co s&) nén bj loai ra khoi bang va ta tiép tuc tim phuong

an to1 uwu cho bai toan gdc da cho c6 phuong én co s kha thi dugce khdi tao nhu sau :

CBo iB1 Xl XZ X3 X4 X5 50
1 2 2 10

0 | 4 -t = 0 1 = —
3 3 3 9
1|3 1 2 1 0 1 !
3 3 3 9

c 3 4 1 0 0 z(x)
_r 8 10 1 7
— e 0 0 - -
Co 3 3 3 9

Céc budc tiép theo dugc thuc hién giéng nhu phwong phap hai pha.

IV- QUY HOACH TUYEN TiNH SUY BIEN

Khi thuc hién thuat toan don hinh truong hop bat thuong cé thé xay ra la khi
xéac dinh bién ra thi ton tai ty so :—”'( =0, ttrc 1a ton tai b=0, hay khong c6 ty sb nao
duong that sy. Nguoi ta xem day 13 trudng hop suy bién. Khi mot bang don hinh roi
vao tinh trang suy bién thi c¢6 thé gay kho khan ma ciing c6 thé khong khi ta tiép tuc

thuc hién thuat toan don hinh.

1- Céc vi du vé quy hoach tuyén tinh suy bién
Vidu 1 : xét quy hoach tuyén tinh :
min z(x) =7+ X, — X,
X; —2X, £2
-3x, <6
-2x, <0
X, X, 20
Pua bai toan vé dang chuan :
min z(X) =7+ X, — X,
X; —2X, + X3 =2

-3X, +X, =6
-2X; +X; =0
Xi, X, 20

vO1 ma tran hé so 1a :
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X1 Xo X3 X4 Xs b

1 -2 1 0 0 2
-3 0 0 1 0 6
-2 0 0 0 1 0

c6 chira ma tran don vi. Ap dung thuat toan don hinh cai tién ta duoc

B |1 | X1 | X2 | X3 | X4 | X5 b
0] 3 1 1211 0|0 2
0|4 |-3]0]0 1 0 6
O|5|-2]0]1010 1 0

c’ 1]1-170| 010
— w=7
c 1]1-110| 010

Day 1a trudng hop suy bién, bién vao 14 x,, n6 dugc ting 1én dén mirc van théa

nhitng dicu kién vé dau cua céc bién trong co so X3, X3, X5 . Do 1a :

2
X; =2+2X, 20 X275
X, =6+0x,20 < VX, 20
X;=0+0x, >0 VX, >0

Nhu vay x; ¢6 thé 16n tiy ¥ nén ham muc tiéu khong bi gii noi. Vay bai toan
khong c¢6 phuong an téi uu. Trudng hop nay & bang don hinh khong c6 ty sb nao
duong that su dé xéc dinh bién ra.

Vi du 2 : xét quy hoach tuyén tinh :

min z(x) =7 + X, — X,
X, +2X, <2
-3x, <6
-2x, <0
X, X, 20
Pua bai toan vé dang chuan :
min z(X) =7 + X, — X,

X, +2X, + X3 =2

-3X, +X, =6
-2X; +X; =0
X{, X, 20

vO1 ma tran hé so 1a :
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X1 X2 X3 X4  Xs b

1 2 1 0 0 2
-3 0 0 1 0 6
-2 0 0 0 1 0

GIAI THUAT DON HINH

c6 chira ma tran don vi. Ap dung thuat toan don hinh cai tién ta duoc :

CB | IB | X1 | X2 | X3 | X4 | X5 b
01 3 1] 2 1 0] 0 2
041|300 110 6
O|5|-2]0]10|0]1 0

c’ 1 {-1]01]07]O0
— w=7
c T 1 {-1]01]07]O0
CB | IB | X1 | X2 | X3 | X4 | X5 b
1] 2 l 1 l 010 1
2 2
0|4 1]-3101]0 10 6
O|5]-2]0]1010]1 0
c’ 11-110101]0
-7 3 1 w=6
10| =1]101]0
c 2 2

Pay la bang don hinh t6i uu.

Vi du 3 : xét quy hoach tuyén tinh :

min w(x) = -3+lx1 —2X, + = X5

2
1 1
Ex1 +§x3 <1
-X; +X, = X3 <0
X1, X5, X320

Dua bai toan vé dang chuan :

: 1
min w(x) = —3+§x1 - 2X, +§x3

1 1
§x1+§x3+x4 =1

—X; +X, = X3 +X: =0

X1 Xy, X5, X4,Xs 20

vO1 ma tran hé so :
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X1 X2 X3 X4  Xs b
1 1
— 0 — 1 0 1
2 2
- 1 1 0 1 0

cg | I | X1 | Xo | X3 | X4 | X5 b
1 1
0Ol 4|=]0]|=1]11]0 1
2 2
o5 [-1]1]1]o0]1 0
1 3
c’ —|2]/=]01]0
2 2 _
1 3 w=-3
¢ | =212 |0o]o0
2 2
X Vao , Xsra
CB | 1B X1 X2 X3 X4 | X5 b
olal L |o 1 1 1
2 2
2020 -1 1] -17]o 0
c’ 1 2 3 010
2 2
_ 1 W=-
c' Slol-t]o2
2 2
X1 Vao , Xgra
cglig| X1 | X2 | X3 | X4|Xs b
1
11} 1|0l 1 ]2]0 2
2
2121 0 1] 0o [2]1 2
c’ 1 2 3 010
— 2 2 w=-6
c 0 |o0| 1 |32

Pay 1a bang don hinh ti uu

Vi du 4 : xét quy hoach tuyén tinh
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min z(x) = -10x, + 57x, + 9x; + 24X,
0,5x, —=5,5x, —2,5x; +9x, <0
0,5x; -1,5x, -0,5x; +x, <0
X; <1

Xy, X5, X5,%X, 20

Pua bai toan vé dang chuan

min w(x) = -10x, + 57x, + 9x; + 24x,
0,5x; —5,5%x, —2,5%; +9%x, + X =0
0,5x; —1,5x, —0,5%x5 +x, + X, =0
X;+X, =1

X1, X5, X5, X4, X5, Xg, X5 20

vO1 ma tran hé so

X1 X2 X3 X4 X5 X6 X7 b
05 | -55 | -2,5 9 1 0 0 0
05 | -1,5 | -0,5 1 0 1 0 0
1 0 0 0 0 0 1 1
c6 chira ma tran don vi . Ap dung phuong phap don hinh cai tién
CB iB X1 X5 X3 X4 X5 X X7 b
0 5 0,5 -5,5 -2,5 1 0 0 0
0 6 0,5 -1,5 -0,5 1 0 1 0 0
0 7 1 0 0 0 0 1 1
c’ -10 57 9 24 0 0 0
- w=0
C -10 57 9 24 0 0 0
X|vVao, Xsra
CB iB X1 X2 X3 X4 X5 X6 X7 b
-10 1 1 -11 -5 18 2 0 0 0
0 6 4 2 -8 -1 1 0 0
0 7 0 11 5 -18 -2 0 1 1
c’ -10 57 9 24 0 0 0
ET 0 -53 -41 204 20 10 0 w=0
X) Vao , Xg ra
CB B X1 X5 X3 X4 X5 X X7 b
-10 1 1 0 0,5 -4 -0,75 2,75 0 0
57 2 1 0,5 -2 -0,25 0,25 0 0
0 7 -0,5 4 0,75 -2,75 1 1
c’ -10 57 9 24 0 0 0 0
o’ 0 0 | -145] 98 | 675 | 1325 o | "
X3 vao, Xjra
CB iB ‘ X1 | X2 ‘ X3 ‘ X4 ‘ X5 | X6 | X7 | b
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9 3 2 0 1 -8 -1,5 5,5 0 0
57 2 -1 1 0 2 0,5 -2,5 0 0
0 7 1 0 0 0 0 0 1 1
c’ -10 57 9 24 0 0 0
T W=
C 29 0 0 -18 -15 93 0
X4 VAo, Xpra
CB 1B X1 X2 X3 X4 X5 X6 X7 b
9 3 -2 4 1 0 0,5 -4.5 0 0
24 4 -0,5 0,5 0 1 0,25 -1,25 0 0
0 7 1 0 0 0 0 0 1 1
c’ -10 57 9 24 0 0 0
T w=0
C 20 9 0 0 -10,5 70,5 0
X5 Vvao , Xzra
CB iB X1 X2 X3 X4 X5 X6 X7 b
0 5 -4 8 2 0 1 -9 0 0
24 4 0,5 -1,5 -0,5 1 0 1 0 0
0 7 1 0 0 0 0 0 1 1
c’ -10 57 9 24 0 0 0
T w=0
C =22 93 21 0 0 -24 0
X VA0 , X4 Ta
CB iB X1 X2 X3 X4 X5 X6 X7 b
0 5 0,5 -5,5 -2,5 9 1 0 0 0
0 6 0,5 -1,5 -0,5 1 0 1 0 0
0 7 1 0 0 0 0 0 1 1
c’ -10 57 9 24 0 0 0
T w=0
C -10 57 9 24 0 0 0

Béang don hinh hién thoi gidng voi bang don hinh xuét phat : day 1a hién tuong

xo0ay vong .

2- Xir Iy truwong hop suy bién

Theo cac vi du trén, trong truong hop quy hoach tuyén tinh suy bién thi sau
mot sd 1an lap cé thé phuong an nhéan dugc van nhu cii ma khong c6 su thay ddi nao,
c6 thé phuwong an nhan duoc t6t hon, c6 thé phuong 4n nhan dugc 13 mot phuwong an
da nhan trudc d6 rdi va tir d6 cir xoay vong mai. Do d6 néu khong c6 bién phap phong
ngura thi thuat toan don hinh s€ c6 thé kéo dai vé tan.

Khi thyc hién thudt todn don hinh thi hién tugng suy bién xdy ra khi c6 sy tinh
cd khir 14n nhau lam cho tdn tai bi nao doé bang 0. Trong trudng hop nay co thé c6
nhiéu bién thoa diéu kién cua bién ra. Gip trudng hop ndy can phai lya chon bién ra

sao cho tranh duoc hién tugng xoay vong.

63




GIAI THUAT DON HINH

Nguoi ta thuong dung phwong phép nhiéu loan, phuong phap tir vung dé tranh
su tinh ¢ khir 1an nhau nay. Trong thuc tién tinh toan ngudi ta di dé ra mot quy tic
xir 1y kha don gian, goi 1a quy tic Bland, khi dung giai thuat don hinh giai cac quy
hoach tuyén tinh suy bién, d6 1a :

Vi x¢ 14 bién vao s bién ra x, duoc chon la bién co chi sd nho nhat thoa diéu
kién chon bién ra :

min {_b—' ,aKk >0 } (i=1,2,..,m)
dik

Vidu:

Xét quy hoach tuyén tinh suy bién :

min w(x) = —%x4 —+2X5 — X4 + 16X,

x1+%x4 —2Xs — X +12x, =0

X +1x - X —lx +gx =0

X5+ X5 +Xg —9X, =2

Xy, X5, X3, X4, X5, Xe, X5 20

Ap dung quy tic Bland ta thiy :

g | i | xi | x2 | x5 | xa | X5 | X6 | X7 b
0 1 1 0 0 i -2 -1 12 0
3
1 1 2
0 2 0 1 0 — -1 - = — 0
2 6 3
0 3 0 0 1 0 1 1 -9 2
¢’ 0 0 0 | - 41, -1 16
3 _
4 w=0
c 0 0 0 | -—| 2 1| 16
3
Bién ra c6 thé 1a x; hay x, . Chon x;
g | i3 | xi | x2 | x5 | xa | X5 | Xe X7 b
— % 4 3 0 0 1 -6 -3 36 0
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0 2 | - 3 1 0 0 2 434 0
2 3 3
0 3 0 0 1 0 1 1 9 2
c! 0 0 0o | - 4 2 -1 16
3 w=0
c 4 0 0 0 6 | -5 | 64
Bién ra 13 x,
g | i | o xi | X2 | x5 | xa | x5 | X6 | x5 b
4 4 | - 3 3 0 1 0 1 2 0
3 2
3 1 2 17
2 5 | -2 | = 0 0 1 Sl =-=1 0
4 2 3 3
3 1 1 10
0 3 = == 11 0 0 = == 2
4 3 3
! 0 0 0o | - 4 2 -1 16
3 _
1 w=0
c -~ 3 0 0 0 -1 30
2
Bién ra c6 thé 1a x4 hay xs . Chon x4
CcB ip X| X2 X3 X4 Xs X6 X7 b
-1 6 | - g 3 0 1 0 1 2 0
2 5 1.3 0o | - 2 1 0 7 0
4 2 3
5 3 1
0 3 === 1 [==10 0 4 2
4 2 3
¢’ 0 0 0 | - 4 2 -1 16
3 w=0
c' 2 6 0 1 0 0 | 32
Bién ra 1 xs
CB ip X| X2 X3 X4 Xs X6 X7 b
-1 6 0 -6 0 3 6 1 40 | 0
0 1 1 6 0 | - % 4 0 | -28 0
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0 | 3 0 6 1 3 -5 0 31 2
e’ 0 0 0 —%% 2 -1 16
W=
c' 0 -6 o | -3 s 0 | -24
3
Biénra la x;
CB in X1 X2 X3 X4 X5 X6 X7 E
54 | 40 27 14 80
-1 6 0 = = 0=£ [ -=1 1 0 b
31 31 31 31 31
0 1 1 181281 4 | 16 0 0 £
31 | 31 93 31 31
31 31 31 31 31
4
T o -
c 0 0 0 3 2 1 16 \V:_“f§
o |, |22 w7l 31
¢ 31 | 31 93 | 31

Dén day khong con hién tugng suy bién.

Bién vao 1a x7
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CAU HOI CHUONG 2

1- Trinh bay co s& Iy thuyét ctia thuat toan don hinh co ban.

2- Pinh nghia quy hoach tuyén chuan.

3- Trinh bay céc budc 1ap bang don hinh theo phép toan trén dong .

4- Cai bién mot quy hoach tuyén tinh tong quat nhu thé nao ? . Cach giai quy hoach

tuyén tinh cai bién va quy hoach tuyén tinh gc.
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BAI TAP CHUONG 2

1- Tim phuong an tdi uu ctia bai toan sau ddy bang phuong phap don hinh co ban

min z = -2x, - 2X,
max z = 3X, +2X,

2X, +X, <4
-X; +X%X, <4

2X; +3X, <3

a)- X; +2Xx, <14 b)-

4x, + X, <5
5x, +2x, <30

X, +5x, <1
Xy, X, 20

X, X, 20

min w = X; +2X; + X
X;+Xy + X3 +X, +Xs =5
c)- Xy + X3+ X, —Xg =2

X3 =X, +Xs =1

X1 Xy, X5, X4, X5 20

2- Tim phuong an t6i uu cta bai toan sau bang phuong phap don hinh cai tién

a) max z = 5x; + 3x;
2x1 +2x, < 80
x1 < 30
X1, X = 0

b) max z = x; + 2x,

2x1+3x, <7

X1 - X2 <1

X120,X220
c) max z = 5x; + 3x, + X3
f2X1+3X2— x3 <4
3X1 - X2+2X3 <2

X +%X +3x3 £ 5

&X120,X220,X3ZO
3- Tim phuong an t6i wu cua cac bai toan sau bang phuong phap bién gia cai bién.
a) max z = 3X; - X»

2x1+x2 <100
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x; > 10
X2 >0
b) min w = 3x; + X
X]+X>3
2x; 25
X1, X220
c) max z = 3x; + X» - 3X3
(x1+ 2Xy - X3 =2
-10x, +5x3 =5

3x,+2x3=4

Xi >0, Vi=1-53
\

max z = 2x, +6x,
—X; — X, — X3 <2
d)- e)-
2X; — X, + X3 £1

Xy, X5, X320

max z =X, +3X,
-X; —X, £-3
f)- -X; +X, <-1 g)-

-X; +2X, <2

X, X, 20
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min w =-x; —3X,
X; +X, >3
-X; +X, <-1

X, +2x, <4

Xy, X, >0

min w =2X,; + X,
-X; +X, <-1
—-X; —2X, <=2

X, <1

X, X, 20
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CHUONG III
BAI TOAN DOI NGAU

Chuong nay trinh bay trinh bay khai niém ddi ngiu, cac quy tic dbi ngau va
giai thuat d6i ngau. Day 1a cac kién thic co gia tri trong tmg dung vi nhd d6 co thé
giai mot quy hoach tuyén tinh tir quy hoach tuyén tinh ddi ngiu cua né.

Noi dung chi tiét ctia chwong nay bao gom :

I- KHAI NIEM VE POI NGAU

1- Bdi ngau cua quy hoach tuyén tinh dang chinh tic

2- Pinh nghia ddi ngiu trong trudong hop tong quat

3- Céc dinh ly vé su d6i ngau

a- Pinh 1y 1 ( d6i ngiu yéu )

b- Dinh 1y 2

c- Pinh 1y 3

d- Dinh 1y 4 ( sy dbi ngau)

e- Pinh 1y 5 (tinh bd sung )
II- GIAI THUAT DOI NGAU
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CHUONG III
BAI TOAN POI NGAU

I- KHAI NIEM VE POI NGAU

Dbi ngdu 1a mot khai niém co ban cia viée giai bai toan quy hoach tuyén tinh
vi 1y thuyét d6i ngdu dan dén mot két qua cé tim quan trong vé mat 1y thuyét va ca

mat thuc hanh.

1- Pdi ngiu ciia quy hoach tuyén tinh dang chinh tic

Xét mot bai toan quy hoach tuyén tinh dang chinh tic

min z(x) = c'x
Ax =b

x>0

Gia st rang x* 1a phwong 4n tdi wu can tim cia bai toan va x° 1a mot phuong

an cua bai toan thi mdt can trén cua gia tri muc ti€u tdi wu duoc xac dinh vi :
c'x* < c¢'x’

Tuy chwa tim dugc phuong 4n tdi uu x* nhung néu biét thém dugc mot can
dudi cua gia tri muc tiéu tdi wu thi ta da gid1 han dugce phﬁn nao gia tri muc tiéu tdi
uu. Nguoi ta udc lugng can dudi nay theo cach nhu sau :

Véi mdi vecto x' =[X; X2 .. Xa] >0 thudc R" chua thoa rang budc cua bai
toan, tac la

b—Ax#0

nguoi ta noi long bai toan trén thanh bai toan ndi long :

min L(x,y) = c¢'x + y' (b - Ax)
x>0

Y =[yi Y2 .. ym] tuyy eR™

Goi g(y) la gia tri muyc tiéu t6i uu ciia bai toan ndi long, ta co :

gy) =min{cx+y'(b-Ax)}  (x20)
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< c'x+y'(b- Ax)

Trong truong hop x 1a phuong an ctia bai toan ban dau, tirc 14 :
b-Ax=0

thi
g(y) <c'x

Vay g(y) 1a mot can dudi cua gia tri muyc tiéu bat ky nén ciing 1a can dudi cia

gia tri muyc tiéu toi uu.

la:

Mot cach tu nhién la nguoi ta quan tam dén bai toan tim can dudi 1on nhat, d6

max g(y)
y tuy y € R™

Bai toan nay duoc goi 1a bai toan doi ngdu cua bai toan ban dau. Trong phan

sau nguoi ta s€ chirng minh gia tri muc tiéu toi uu cua bai toan déi ngau bang vdi gia

tri muc tiéu toi uu cua bai todn goc ban dau.

Nguoi ta dua bai toan dbi ngiu vé dang dé sir dung bang cach tinh nhu sau :

g(y) =min {c'xty'(b-Ax)} (x> 0)
=min {c'x+y'b-y'Ax } (x > 0)
=min {y'b+(c' -y A)x } (x 2 0)
=y'b+min { (¢ -y A)x } (x> 0)
Ta thiy :

0 khic"-y'A>0
min (¢’ —yTA)X =
(x=0) khong xac dinh khic' —y'A <0
Vay ta nhan dugc :
g(y)=y'b véic' -y'A>0
Suy ra bai toan ddi ngau c6 dang :
max g(y) =y'b
y'A<c’
y eR™tuy y

Hay la:
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max g(y)=b'y
ATy <c

y eR™tuy y

2- Pinh nghia d6i ngiu trong truong hop quy hoach tong quat
Trong trudng hop quy hoach tuyén tinh tong quét, nhitng quy tic sau ddy duoc
ap dung dé xay dyng bai toan dbi ngau :
- Ham muyc tiéu ddi ngiu :
. max <> min
- Bién d6i ngau :
. Mbi rang budc <> mot bién d6i ngau
- Chi phi d6i ngiu va giéi han rang budc :
. Chi phi d6i ngiu <> gi6i han rang budc
- Ma tran rang budc d6i ngau
. Ma tran chuyén Vi

- Chié€u cua rang budc va dau cua bién :

IN

. Rang budc trong bai toan max c6 dau thi bién do6i ngau

trong bai todn min c6 dau > 0 ( trai chiéu )

. Rang budc trong bai toan max c6 dau thi bién ddi ngau
trong bai todn min c6 dau tuy .
. Rang budc trong bai todn max c6 dau > thi bién ddi ngiu
trong bai toan min c6 ddu <0 ( trai chiéu)
. Bién cua bai toan max c6 ddu > 0 thi rang budc dbi ngau
trong bai toan min c6 ddu > ( cing chiéu )
. Bién cua bai toan max c6 du tiy y thi rang budc dbi ngau
trong bai toan min c6 dau =.
. Bién cuia bai todn max c¢6 dau < 0 thi rang budc trong bai toan
d6i ngiu min c¢6 dau < ( cung chiéu )
Xét cac rang budc dang ma tran cia mot bai toan quy hoach tuyén tinh tong

quéat nhu sau :
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diy  dp ay; ain
T
a > |q; Qp a;; i,
_aml am2 amj amn_
TA,
Ky hi¢u :
a, 1a dong thir i (i=1,2,...,m)
Ajla cot thirj (G=1,2,...,n)

BAI TOAN BOI NGAU

vV A

Khi d6, moi lién h¢ gitra hai bai toan doi ngau c6 thé dugc trinh bay nhu sau :

z(x) = ¢'x — min w(y) =y'b - max Rang budc / Dau
a'x =b, yi tw do
aiTX <b, yi<0 Cung chiéu
a'x>b, yi20
Xj >0 yTAj < Cj .
X< 0 YA > ¢ Trai chicu
X tu do yTAi =g

Vidu
a- Hai bai todn sau day la doi ngau :

max z(x) = 30x, +10x,
2X, +X, <4

{ZX1 +2X, <6

Xi, X, 20

(P)

min w(y) = 4y, + 6y,

2y, +2y, 230
y, +2y, 210

Y, Y, 20

b- Hai bai toan sau ddy 1a ddi ngiu :
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min W(x) = X; — X, + X5 + 2X,

X; +2X, — X5 +5%x, <6

2X, —3X, +3X; —4x, 27
3x1—2xz+5xz:9 4 ®)
7X; + X3 —2X, 25

X, X, 20,X; tuy y,x, <0

max z(y) =6y, + 7y, +9y5 + 5y,
Yy, +2y, +3y; +7y, <1
2y; =3y, =2y;<-1 ®)
"Y1 +3Y, +5Y5 +Y, =1
SYy —4Y, = 2y4 22
Y1 <0,y,20,y; tuy y, y, 20
Dbi v6i cip bai toan dbi ngdu (P) va (D) chi xay ra mot trong ba truong hop
sau :
- Ca hai bai toan déu khéng c6 phuong an t6i wu .
- Ca hai bai toan déu cé phuong an, luc d6 chung déu co phuong an tbi uu va
gia tri ham muc tiéu ddi véi hai phuong 4n t6i wu 12 bang nhau.
- Mot trong hai bai toan khong cé phuong an, con bai todn kia thi c6 phuong

an, khi d6 bai toan c6 phuong an khong c6 phuong an tdi wu.

3- Cac dinh ly vé sy d6i ngiu
a- Dinh 1y 1 ( d6i ngiu yéu )

Xét hai bai toan dbi ngiu :

max z(x) = c'x min w(y) =b'y
®) {Ax=b D) ATy >c
x>0 y tuy y

Néu X la phuong an cua bai toan (P)
? la phuong an cua bai toan (D)
thi z(x) < w(y)
nghia la gia tri ham muc tiéu cua bai todn max khong vuot qua gia tri ham muc tiéu

cta bai todn doi ngau min trén cac phuong an bat ky cua moi bai toan .

Chung minh
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X 1a phuong 4n cta (P)nén : AX =b
= Y Ax=y b=b"y=w()
y 1a phuong an ctia (D) nén : ATy > ¢

= ?TA >c'

=~ vy Ax>c"x=2(X)
Vay z(x) < w(y)

Dinh 1y nay dugc phat biéu va ching minh cho hai bai toan déi ngiu trong

truong hop tong quat .

b- Dinh Iy 2

Xét hai bai toan dbi ngau :

max z(x) = ¢'x min w(y) =b'y
(P) {Ax=b (D) jATy=>c
x>0 y tuyy

X 1a phuong an kha thi cua bai toan (P)
y 1a phuong 4n kha thi cia bai toan (D)

Néu z(x) = w(y) thi X, 9 1an luot 12 phuwong an tbi wu twong tng cua (P va

(D).
Ching minh
- Néu x khong 14 phuong 4n t6i wu ctia bai toan (P) thi ton tai mot phuong an
x sao cho :
z(x) < z(X)
= w(y) < z(x) : diéu nay mau thuan véi dinh 1y 1.
- Néu ? khoéng 14 phuong an tdi wru cua bai toan (D) thi ton tai mot phwong an
y sao cho :
w(y) < w(y)
= w(y) < z(x) : diéu nay mau thuan véi dinh 1y 1.

Vay X va ? 1an luot 12 phuong an tdi vu cia (P) va (D).

76



BAI TOAN BOI NGAU

c- Dinh1ly 3

Xét hai bai toan d6i ngau :

max z(x) = c'x min w(y) =b'"y
(P) {Ax=b (D) {ATy>c
x>0 y tuyy

Néu x* 1a phuong an tdi wu cta bai toan (P) dbi voi co s¢ B thi phwong an tdi
uu y* cia bai toan (D) dugc tinh boi cong thirc :
(v*)' =csB”
Ching minh
Do x* 13 phuong an tbi wu cta (P) voi co s& B nén thoa déu hiéu téi vu
c'-cgB'A<O
=  cg.B'A>cC’
= (y¥)'Axc’
= y*1a mot phuong an cua (D)
Mat khac x* dugc tinh bdi cong thire :
. |xz=B7b
X = *
Xy =0
va gia tri myc tiéu t6i uu cua (P) 1a :
z(x*) = clx* = C;XE
Tacod:
w(y")=bTy*=b"(c;B™)" =(czB™")b
=cg(B'b) =cixs =Caxg =2(X)

Theo dinh Iy 2 thi y* 12 phuong an tdi uu cta (D).

Dinh 1y nay cho phép tim phuong an ti uu cta bai toan quy hoach tuyén tinh
dbi ngiu tir bai toan gdc. Trong do :
- Cg duogc xéac dinh trong bang don hinh t6i vu cua (P).
- B! gdm m cot trong tng v6i m cot clia ma trin co s& ban dau lay tir

bang don hinh t61 vu cta bai toan goc.
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d- Pinh ly 4 ( su d6i ngiu)

Xét hai bai toan dbi ngau

max z(x) = c'x min w(y)=b"y
(P) {Ax=b (D) {ATy>c
x>0 y tuyy

- Néu (P) va (D) déu c6 phuong an kha thi thi chung c¢6 phuong an t6i uu va
gi4 tri ctia ham muc tiéu twong tng 13 bing nhau.

- Néu mot trong hai bai toan c¢6 phuong an t6i wu khong giéi noi thi bai toan
con lai khong ¢6 phuong an kha thi.

Chtrng minh

- Pay 1a két qua ctia dinh 1y 3 .

- Gia su rang phuong an t6i uu cua (D) khong gidi noi, tirc 14 ton tai mot
phuong an kha thi y cia (D) sao cho w(y)=b'y nhé tuy y. Diéu nay ciing c6 nghia 1a :
v61 moi M>0 16n tuy y luén tim duge mdt phuong an kha thi ;/cﬁa (D) sao cho :

by <-M

Néu (P) c¢6 phuong an kha thi 1a X thi theo dinh ly 1taco:

z(x)=c"x<w(y)=b"y <-M

bicu nay dan dén mau thuan

e- Pinh 1y 5 (tinh bo sung)

Xét hai bai toan d6i ngau

max z(x) = ¢'x min w(y) =b'y
(P) jAx=b (D) {ATy>c
x>0 y tuyy

X , ? la phuong an kha thi tuong timg cua (P) va (D).

Diéu kién can va du d@é ; , ? cling l1a phuong an tdi vu 12 :
X (ATy—cT)=0

Ching minh

- Do X 1a phuong 4n kha thi ctia (P) nén :
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Ax =b
— (AX)" =b"
—~ X AT=b"
-~ X ATy=bTy
—~ X ATy—xc=bTy-c"x (xTc=c"x)
= X (ATy-c)=b'y-c'x (¥
- Theo két qua (*) :

.Néu X,y 1a phuong an téi uu ctia (P) va (D) thi theo dinh 1y 4
c’x=bTy
— ¢"'x-b"y=0
- X (ATy-c)=0
Néu X (ATy-c)=0=b"y-c"x=0=b"y=c"x

Theo dinh Iy 2 thi X,y 1a phuong 4n téi uu .

II- GIAI THUAT POI NGAU

Xét hai bai toan dbi ngiu :

max z(x) = c'x min w(y)=b'y
(P) {AX =b va (D) ATy >c
x>0 y tuy y

Chung ta s& xét xem gidi thuat don hinh co ban da biét trong chuong trudc
duoc ap dung nhu thé nao dbi véi bai toan dbi ngau.
Gia str rang B 1a mot co s¢ cua bai toan (P) thoa :
y =cgB™" va Ny >,
Néu B cing 1a mot co so kha thi coa bai toan gboc, tic Ila

|:XB =B'b=b>0
X =

0 } thi (theo dinh 1y d6i ngiu) y, x lan luot 1a phuong an tbi
Xy =

Xp

wu cia bai toan ddi ngau va bai toan gbc. Néu khong thi X = { } khong 1a phuong

N
an ctia bai toan gdc vi Xg = b =B'b khong thé > 0.

Pé tién viéc trinh bay ta xét (m=3 , n=5):
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max z(X) = C;X; + C,X, + C3X5 + C4X, + CcXo
a;;X; +a;,X, +a5;3X; +aX, +a55Xs = by
(P) Ay Xy +85X; +8y3X;5 + 8 X, +855Xs = b,
a3 X; 85X, +833X;3 + 834X, +a35Xs = by
X1, X5, X3, X4, Xs 20

Céc dir li¢u cua (P) dugc trinh bay trong bang sau :

| X1 X2 X3 X4 X5 |

‘ C1 C2 C3 C4 Cs ‘
ajg  ap  ap | aig as b,
Q1  a» a3 | ay A b,
a3 azx a3 a3y ass bs

va bai toan ddi ngiu

min w(y) =b,y, +b,y, +bsy;
anYy +a,Y, tanys; =G
apY: taxY, +33Y; 2C,;
(D) dzY; +3Y; taAxys; 2C;

A14Y1 t3xY, +33Y, 2C4

AisYy +ayY, +asYs; 2Cs
YII YZIY3 tuy y
Nguoi ta dua (D) vé dang chinh tic bang cach thém cac bién phu ys4 ys, s, y7,
yg > 0. Chiing khong anh huéng dén ham muc tiéu.
min w(y) =b,y, +b,y, +b;y; +0.y, +0.y; + 0.y, + 0.y, + 0.y,

auYr tauYs ta35Y3 —Y4s =6

dpYy +axYy,; +anys; —Ys =G,

dizY; + Y, +3a3Y3 —Ye =C3

AaYy T axuY, Ay, —Y, =C4

Ai5Yy +axY, tasxys; —Yg =Cs

YirYarYs WYY - Vo, ¥Ys,Ye, V7, Y 20

Céc dir li¢u cua (D) dugc trinh bay trong bang sau :
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Lyi ¥ Y5 ya ys Yo Lwvi s |

[ by b, by 0 0O 0O 0 0 |

ar any asg -1 0 0 0 0 C1
arn any aszp 0 -1 0 0 0 C2
a3 ans ass 0 0 -1 0 0 C3
a4 A4 as4 0 0 0 -1 0 C4
ais azs azs 0 0 0 0 -1 Cs

Gia st rﬁng m cot dau tién ciia A 1a mot co sé B cua (P) thi hai bang trén dugc

trinh bay rat gon nhu sau :

X | Xn
Cs | C
[ B[ NJ[b]
Bang (P)
Ly Yaeys |
L b 0 |
B' I 0 cB
NT 0 -Tnm CN
Bang (D)
Dé dua bai toan ddi ngiu vé dang chuan ngudi ta nhan (bén trai) bang (D) voi
bang sau day :
(87) | o
(BN)" | Tom

Khi d6 nguoi ta dugc bang két qua c6 dang :
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m m n-m
y' Y4YsYs y7ys
0 | b=B'" | 0
m|  In ~(B) 0 (cz8)
n-m 0 - (N)T ——BN)" | Ium —cn =—{c] —cJBN)'

Bang nay cho ta mdt quy hoach tuyén tinh dang chuin v6i ma tran don vi (co
$0) tuong Ung v&i cac cdt y1 y2 y3 y7 ¥s-
Ap dung giai thuat don hinh co ban vao két qua nay cho ta quy tic ddi co s
nhu sau :
Tinh : b=B?'b>0
a- Néu b >0 thi giai thuat két thuc, khi d6 :
y = caB™" 1a phuong an tbi wu ciia bai toan dbi ngiu .

X b ) )
X = { B} = {g} la phuong an t6i vu cua bai toan goc .
XN

b- Néu ton tai r sao cho br eb ’ br <0 thi xdy ra mot trong hai truong hop
sau :

- Néu trong dong r ctia N ¢6 thanh phan < 0 thi nguoi ta tinh :

Nhu vay : ddi v6i bai toan ddi ngau thi bién y, di vao co s& va bién y, ra khoi
co s, trong khi d6 dbi voi bai toan gbe thi bién x, di vao co s va bién x, ra khoi co
sO.

- Néu moi thanh phan trong dong r cta N déu > 0 thi phuong an
tdi wu cua bai toan dbi ngau 1a khong giéi ndi, diéu nay (theo dinh Iy dbi ngau) dan

dén bai toan goc khong c6 phuong an.

Vidu: Xétbai toan
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min W(X) = X, — X
X; —2X, + X5 =1
{xl +3X, +X, =2
X;20 (G=1,2,34)
Bai toan doi ngau cua (D) 1a :
max z(y) =y, +2y,
y, +y, <1
-2y, +3y, <0 (P)
y, <-1
y, <0

yi, y2latuy y
Ta c6 thé chon bai toan (D) hodc (P) dé giai tim phuong an tdi wu bang phuong phap
don hinh, tir d6 suy ra phuong an ti uu cua bai toan con lai theo két qua trén. Trong
vi du nay ta chon bai toan (D) dé giai vi c6 chita sén ma tran don vi.

Giai bai toan (D) bang phuong phéap don hinh céi tién ta duoc :

Ce, Ig, Xy X, X3 Xy bo
-1 3 1 2 0 1
0 4 1 3 0 1 2
c’ 1 0 -1 0 | wx%
Co 2 | 2 0 0 -1
CB1 |Bl Xy X, X3 Xy 51
5 2 7
-1 3 = 0 1 = =
3 3 3
0 2 1 1 0 1 2
3 3 3
c’ 1 0 -1 0 | wx)
. 8 2 7
= 0 0 = -
C 3 3 3

Giai thuat ding vi thoa d4u hiéu t6i uu ctia bai toan min.
Phuong 4n t6i wu cua bai toan (D) 14 :
X; =0 X, =3 X;== X, =0

w(x) = w(x') = —%
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Suy ra phuong an tdi wu cua (P) 13 :

y' =ly, v,]=ciB*=[-1 0]

W,WN
Il
|
—
|
W|N
L 1

_]_ 7
2y)=bly=[t 2]| _2/--3
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CAU HOI CHUONG 3

1- Ban hiéu nhu thé nao vé khai niém ddi ngiu ?

2- Quy hoach tuyén tinh d6i ngiu cia mot quy hoach tuyén tinh chinh tic c6 dang nhu
thé nao ?

3- Ban hiy néu ra cac quy tic ddi ngau. Cho vi du .

4- Gia tri ham muc tiéu cta hai quy hoach tuyén tinh ddi ngau thi nhu thé nao ? .

Ching minh
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BAI TAP CHUONG 3

1- Xét bai toan quy hoach tuyén tinh
max z = 7x; + 5x;

[ 2x;+3x, <19

(P) 2x1+ X <13

{ 3x,<15

3x; <18

\X1,X%X220
a- Tim bai toan d6i ngau (D) tir bai toan (P)
b- Tim phuong an tdi wu cho bai toan (P)
c- Tt bang don hinh t6i vu ca (P). Hiy tim phuong an t6i wu cho bai toan (D)
2- Xét bai toan quy hoach tuyén tinh
min w= x; + X
(X1 -2X3+ x4 =2
D) | x2- x3+2x4 =1

X3 - X4+X5:5

\ Xi >0, Vi=1-55

a- Tim bai toan d6i ngau cuia bai toan (D)

b- Tim phuong an téi wu cia bai toan (D)

c- Tir bang don hinh t&i wu ctia bai toan (D). Hay tim phuong an tdi wu cho bai

toan doi ngau & cau a.

3- Xét bai toan quy hoach tuyén tinh

min w = -2x; - X4
rx1+x2 +5x3 =20
(D) Xy +2x425

X1+X2 - X3 >8

L xi ty ¥ (i=1— 4)

Tim bai toan ddi ngau (P) cua bai toan (D). Tir bai toan (P) hiy chi ra rang (P)

khong ton tai phwong an tdi vu do d6 (D) ciing ton tai phuong an t6i wu.

4- Cho bai toan quy hoach tuyén tinh
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max z =2X; +4X, + X5 + X,
X, + 3%, +X, <1

(D) -5x, -2x, <3

4x, +4X; + X, <3

X;20 j=1—-4)

1- Tim bai toan ddi ngiu cuia bai toan da cho.
2- Giai bai toan da cho rodi suy ra két qua ciia bai toan d6i ngau.
5- Cho bai toan quy hoach tuyén tinh
max z = 27X, +50x, +18x,
X, +2X, + X3 <2
(D) —-2X; +X, —2X5 <4

Xy +2X, —4x;5 < -2

X, X, tudy,x; <0
a- Tim bai toan d6i ngau cuia bai toan d cho.

b- Giai bai todn doi ngau rdi suy ra két qua cua bai toan da cho.
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UNG DUNG QUY HOACH TUYEN TiNH

Chuong nay trinh bay cac bai toan dé thdy kha ning mg dung rong rii ctia

quy hoach tuyén tinh. Bai toan trd choi duogc trinh bay mot cach chi tiét, cac bay toan

con lai chi trinh bay mo hinh. Viéc giai cac bai toan nay dugc nghién ctru thém trong

cac mon tiép theo.
Noi dung chi tiét ctia chuong nay bao gém :
I- MO DAU

1I- BAITOAN TRO CHOI
1- Tro choi c6 nghi€ém 6n dinh

2- Trd choi khong c6 nghiém 6n dinh
I1I- BAI TOAN VAN TAI
1- Mé dau
2- Cac khai niém co ban
3- Bai toan vAan tai can bang thu phat
4- Cac bai toan duoc dua vé bai toan van tai

IV- BAI TOAN‘D(‘)NG TREN MANG
1- M& dau

2- Phat biéu bai toan dong trén mang

V- QUY HOACH NGUYEN
1- Mo dau

2- Bai toan quy hoach nguyén trong thuc té

CHUONG 1V
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UNG DUNG QUY HOACH TUYEN TINH

Trong chuong niy, chiing ta s& tim hiéu so lugc mot s khai niém va phuong
phap co ban trong 1y thuyét trd va mot sb bai toan thuc té ma nguoi ta s& dua vé bai

toan quy hoach tuyén tinh dé giai .

I- MO DAU

Trong thuc té hay gip tinh hudng 13 phai chon mot quyét dinh (bap bénh) do
phai d6i mat v6i mot dbi thu théng minh va c¢6 quyén loi dbi lap véi ta : vi du trong
cac trd choi tranh chap, trong quan su, trong van dong tranh cir....

Nghién ctru viéc chon quyét dinh trong nhiing truong hop dbi khang nay co
tén goi 1a 1y thuyét tro choi. O day ngudi chon quyét dinh va d6i tha déu dugc goi 1a
nguoi choi. Mbi nguoi choi ¢6 mot tap hop cac hanh dong dé lwa chon duoc goi la
chién lugc.

Chung ta xét mot truong hop don gian 1a trd choi hai ngudi : phan thudng s&
1a cai dugc ctia mot ngudi va chinh 13 cai mat cia nguoi kia.

Giai mot tro choi nghia 1a tim chién luoc tot nhit cho mdi ngudi choi. Hai
ngudi choi thuong duoc ky hidu 1a A va B, chién luge twong tng ctia mdi ngudi dugc
ky hi¢u la :

A : 1 (i=l->m)
B :j (=1-n)
Giai thuong tng v6i chién lugce (i,j) cia hai ngudi duoc ky hiéu 1a ajj va dugc

viét thanh mot bang nhu sau :

B 1 2 n

A

1 ar ain Aln

2 ay ax A2n

m aml am2 ces amn

Vidu:
«—
1 2 3 4

B
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1 1 0 -2 1
A 2 2 2 1 0
9

3 -1 -1 0 3

Doi voi A :

-Néu A dinu6e 1 (dong 1) thi A sé :

. Thiang 1 diém néu B di nudc 1 (thing)
. Thang 0 diém néu B di nuéc 2 (hoa)

. Thang -2 diém néu B di nudc 3 (thua)

. Thiang 1 diém néu B di nudc 4 (thing)

Nhirng truong hop con lai 1a twong tu .
Ddi v6i B :
- Néu B di nuéc 2 (cot 2) thi B s& :
. Thua 0 diém néu A di nudc 1
. Thua 2 diém néu A di nuéc 2
. Thua -1 diém néu A di nuéc 3
Nhitng truong hop con lai la tuong tu .
Nghiém t6i wu cua tro choi, ¢6 khi goi tit 1a nghiém, 12 bd chién luoc (i*,j*)
c6 tinh chat 1a néu mot nguoi 1y chién luoc khic con nguoi kia van gilt nguyén thi
phan thudng cho ngudi di khac s& bi thiét hai. Giai tro choi c6 nghia 14 tim nghiém t6i

uu.

I1I- BAI TOAN TRO CHOI

1- Tro choi c6 nghiém 6n dinh
Hai nha chinh tri A va B van dong tranh ctr 1 ghé & nghi vién trong 2 ngay
cudi quan trong nhéat & hai thanh phd P va Q. Mdi nguoi phai dit ké hoach van dong
ma khong biét dugc ké hoach cua ddi phuong. Céc ¢d van dua ra 3 chién luoc :
- O mdi thanh phd mot ngay
- O ca 2 ngay 6 thanh phd P
- O ca 2 ngay ¢ thanh phd Q va danh gia két qua van dong tuong tng

nhu sau :
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B
1 1 2 4
A2 1 0 5
9
3 0 1 -1

Dit lidu 1a tong s6 phiéu, tinh theo don vi 1a ngan, ma A s& danh dugc tir B hay
nguoc lai .

Pay 1a mot truong hop don gidn ma ngudi ta ¢ thé giai duoc bang khai niém
chién luoc bi trdi hon nhu sau :

- P61 voi A thi chién luoc 3 bi troi hon boi chién luge 1 va 2 vi nd mang dén
cho A s6 diém thing it, nén du B c¢6 chon chién lugc nao thi A ciing van chon chién

luge 1 hodc 2 ma bé chién luoc 3 . Ta co :

w T

A2 1 0 5
Cal o T

- D61 véi B thi chién luge 3 bi trdi hon bdi chién luge 1 va 2 vi nd mang dén

cho B s0 diém thua nhiéu nén B bo chién luwoc 3. Ta co :

w 1

- P6i v6i A thi chién luoc 2 bi troi hon béi chién luge 1 vi vy A bo chién

F

lwgc 2. Taco :
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- Dbi v6i B thi chién luge 2 bi trdi hon boi chién luge 1 vi vay B bo chién

luge 2. Taco :

w T

Cubi cung thi b chién luoc (1,1) 12 nghiém tdi wu cua trd choi véi két qua 1a
ngudi A thu thém duogc 1 (ngan) phiéu tir ngudi B.

Trong nhiéu trudng hop, khi ding chién lugc bi trdi hon chi méi giam dugc co
ctia bai toan ma chua giai quyét xong van dé dit ra.

Chién lwgc MaxiMin va MiniMax

Xét vi du twong tu nhu vi du trén nhung bang két qua van dong duogc cac )

van danh gid nhu sau :

F
1 2 3 B
1 -3 -2 6
A 2 1 0 2
9
3 5 -2 -4

Pay 1a trudng hop ngudi chon quyét dinh nghi 1 d6i phuong thong minh va
) y chon quyét dinh chéng lai minh nén ho luén nghi dén chién luot “an chic” , d6 1a
MaxiMin(A) va MiniMax(B) nhu sau :

a- MaxiMin(A)

A 1udn xem B 1a d6i tha thong minh. Khi A di nude iy (dong io) thi B s& chon
nude di jo (cot jo) sao cho A thang diém it nhat . Nghia 1a B di vao 6 :

aiojo = I\/an {aioj}
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Trong tinh hudng d6 A s& chon nudc di sao cho A thing nhidu diém nhat.

Chién thuat ctia A 1a di vao 6 :

g, = a,;, =MaxiMin (A) = miaximjin {au‘} }

A @i nudce 1 thi B sé di nuée 1 Toap=-3
A di nudce 2 thi B sé di nudce 2 1 oan=0
A di nudce 3 thi B s€ di nudce 3 Toapz=-4
F
1 2 3
B

Vay MaxiMin(A) =ax» =0

b- MiniMax(B)
B ludén xem A 13 dbi thu thong minh. Khi B di nudc jo (cot jo) thi A s& chon
nude di iy (dong ip) sao cho B thua diém nhiéu nhét . Nghia 1a A di vao 6

2y, =max {2,

ioJo

Trong tinh hubéng d6 B s& chon nuéc di sao cho B thua it diém nhit. Chién

thuat cua B 1a di vao 6 :

Oz = &, =MiniMax (B) = mjin im?-x {aij}}

F
1 2 3 B

B di nuédce 1 thi A s€ di nude 3 Doaz=s
B @i nudce 2 thi A s€ di nudce 2 1 oan=0
B di nudce 3 thi B sé di nuéce 1 : ap=6

. ~ Vay MiniMax(B) = a»=0
Lan nay ta thay rang :
MaxiMin(A) = MiniMax(B) = a»=0
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B0 chién luoc (2,2) c6 gia tri 1a 0 1a nghiém tdi wu cua trd choi vi néu nguoi
nao di léch va nguoi kia di dang thi nguoi di ding thu loi nhidu hon gia tri cia tro
choi. Nghiém tdi vu trong trudng hop nay con dugc goi 1a nghiém 6n dinh.

2- Tro choi khong cé nghiém khong 6n dinh

Xét vi du tuong ty nhu trén véi bang két qua duoc cac chuyén gia danh gia

nhu sau :
e
1 2 3 B
110 2 2
A 215 4 -3
9
312 3 -4

Khi A va B dung chién lugc MaxiMin va MiniMax ctia minh thi cho két qua
nhu sau :
MaxiMin(A) = aj; = -2
MiniMax(B) = a;3 =2
Vi MaxiMin(A) va MiniMax(B) 1a khac nhau nén trd choi khong c6 nghi¢m
6n dinh. Ta xem diéu gi c6 thé xay ra ?
- A tinh réng néu B thuc hién ding chién Iwge ctia minh 1a chon cot 3 thi A sé

chon chién lugc 1 dé thang 2 tir B (thay vi thing -2)

F
1 2 3 B
Lol 2| 2
A 2 5 4 -3
9
3 2 3 -4

- Luc nay B s& suy tinh va thy rang phai chon chién luoc 2 dé thua -2 tir A

(thay vi thua 2).
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B
1 0 2
A 2 5 -3
_)
3 2 -4

- Pén luot A cling du thong minh dé tinh lién duge 2 nudce, biét duge B sé

chon chién lugc 2 nén A s€ dung chién luoc 2 dé tha"mg 4trB.

F
1 2 3 B
1 0 -2 2
Sefs e s
%
3 2 3 -4

- Nhung B ciing tinh duoc diéu nay nén s& quay lai chon chién lugc 3 dé thua -

3trA.
F
1
B
1 0 -2
A 2 5 4
%
3 2 3
- Ciing nhu B, A ciing s& tinh dugc diéu ndy nén s& quay lai chon chién lugc 1
dé thang 2 tir B.

&
1 2 3 B
NN
A 2 5 4 -3
%
3 2 3 -4

Nhu vy ta dd xoay ding mot vong, va néu ctr 1ap ludn nhu vy thi ta s& xoay
vong mai. Nhitng bo chién luoc nhan duge trong khi xoay vong 1a nhiing nghiém
khong 6 dinh.

Chién lwgc hén hop
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Dé c6 dugc 101 gidi cua tro choi khong ¢6 nghiém 6n dinh nguoi ta dua ra khai
niém chién luoc hon hop. Mdi ngudi choi khong chon mot chién luge thuan tay nhu
trudc day ma chon mdt phan bd xac suat su dung tat ca cac chién lugc.

Xét tro choi gitta A va B ¢6 ma tran diém duong c6 dang tong quét :

1 2 n <«
B
1 a;, a,, ai,
A 2 ay a,, a,
m am1 am2 amn
Gia str rang :

MaxiMin(A) =a, ; =3,
MiniMax (B) = a,; =0
win 7 Yol

Goi :
.pi > 0 (i=1— m ) 13 tan suat nudc di thir i cua A véi

pitp2t..tpm=1
.q>0(0=l->n)la tan suat nudc di ther j cta B voi

q1+q2+...+qn=1

01 02 Gn

1 2 n

p 1 a ay, din

A P2 2 Ay Ay dzn
RN

Pm m| a., Y a m

VAan dé datra la :
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-Tim tan sudt p; > 0 ctia nude di tha i (i =1— m) ciia A sao cho dbi véi mdi
nudce di thi j cia B s diém thang trung binh ciia A khong nho thua gy
piajj + paaz * ..... T Pmlm; (Vj=1->n)
Ciing c6 nghia la tim p;sao cho :
piagj + poag; + ..... + Pmamj = g128a (Vj=1—n)

g1 — max

- Tim tan suét g; > 0 ciia nudc di thir j (j =1— n) clia B sao cho ddi v6i mdi
nuée di thir i cia A sb diém thua trung binh ctia B khong 16n hon gg :
qiair + qeaip + ... + gnain (Vi=1->m)
Cling c6 nghia la tim céc g sao cho :
qiair + quaip + ..... + qnain <2< g (Vi=1—>m)
g —> min

Khi d6 hai bai toan quy hoach tuyén tinh thu duoc 1a :

max g, (min 1
1

P; +Py +.i + Py

P13y + Py8y + +os + Pr@py 2 G G=1-n)

p>0 (i=1->n)

min g, [max QLJ
2

q, +q, +...+q, =1

q,a; +q,a, +...+q,a;, =9, (i=1—>m)

q;>0 (G=1->m)

Chia cac rang budc ciia bai toan thir nhat cho g,>0 va dit :

X, =Pl (i=1->5m)

i
1

Chia cac rang budc cua bai toan thir hai cho g,>0 va dat :
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V=8 (j=1-n)

2

Khi d6 hai bai toan quy hoach tuyén tinh trén tré thanh :

-1
min — =X, +X, +...+ X,
9;
(D) q@y;X; +ayX; + et @y Xy, 21 G=1-n)

X, >0 (i=1->m)

max i=y1+y2+...+y3
2

(P) ailY1+aiZYZ+"'+ain nSl (|=1—)m)
y;>0 (=1->m)

Day 1a hai bai toan ddi ngiu . Chon mét trong hai dé giai
Vidu:

Xét trd choi giita A va B ¢6 bang diém nhu sau :

1 2 3 «
B
1 -1 2
A 1 -2 2
3 3 4 3
Theo chién thuét cua A va cia B ta ¢6 :
MaxiMin(A) = aj;
MiniMax(B) = a3
Tang dong loat cc 6 cua bang diém 16n 4 ta dugc
1 2 3 <«
B
A 1 3 6 5
- 2 5 2 6
3 7 8 1
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pi > 0 1 tan suat nude di tha i cia A (i=1— 3)

pitp2tps=1

q; > 0 1a tan suat nude di tha j caa B (j=1—> 3)

Gt qtqs=l

Thuc hién tuong tu nhu trén ta dugc hai bai toan ddi ngﬁu nhu sau :

01 02 d3 “«—
B
p1 6 5
s :
P3 8 1
. 1 1
minW = — =X, + X, + X maXz=-—=Y,+Y, +Y;
9, 2
3X; +5%, +7x5; 21 3y, +6y, +5y; <1
(D) 6X; +2X, +8x; >1 (P) 5y, +2y, +6y; <1

5%, +6X, +X; =1

X, >0, x,>0, x3>0

Ta chon bai toan (P) dé giai.

Pua bai toan (P) vé dang chuan :

2

3y, +6y, +5y; +y, =1

(P) 5Y; +2y, +6y; +y; =1

7Y1+8YZ+Y3+YG =

Dung giai thuat don hinh cai tién :

1

7y, + 8y, +y; <1
YI>0IYZ>OIY3>0

maxz:gi:yl+y2+y3+0.y4+0.y5+0.y6

Y, >0 ,vy,>0,vy,>0,y,>0,y;>0, y, >0

Cg, | g, Y1 Y VE

Ys

Ys Yo bo
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Ys

Y4

Ys

Y,

00N

Y1

Ig,

-7
Co

Cg,

107
10
107
107

Yo
Yo
214
12
107
13
107

Ys
16
107

Ys
107
17
107

Ya
23
107

Ya
37
214
13
107

100

Ys
VE

Y,
214
37

26

37
46
37
17
37
Y>

Y1
Y1

IBz
IB3

-7
Ci1
CBZ
-7
C2
CB3
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1 17 10 9 23
= 0 0 0 214 | 107 | 214 | 107
Phuong an t&i wu ciia bai toan (P) 14 :
1 _23 107
g, 107 g, = 23
y = 7 7
' T g, 107 9% =53
suy ra
_% _ 6 _6
V2= g, 107 =73
= C|_3 = ﬂ Qs = E
T g, 107 23

Phuong an t6i wu ciia bai toan d6i ngau (D) duge tinh bang cong thic sau :

37 16 7
2134 107 213
1 9 1
T = —cBt=[111 -
xT=p % x]=cB” =] Vo7 107 107
23 17 13
. 107 107 107 |
[17 10 9
1214 107 214
17
214
W:iszx=[1 1 1] 10 :ﬁ
g, 107 | 107
9
1214

Taco:
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w=1_2 107
g, 107 91—2—3
Y 17

Xy =—7—=7— p, =—
g, 214 ' 46

suy ra
_p._10 o, - 10

g, 107 223
p;, 9 _9

X, = — = —— p
P g, 214 P46

I1I- BAI TOAN VAN TAI

1- Mé dau

Bai toan van tai 1a bai toan quan trong nhét trong cac bai toan quy hoach tuyén
tinh. Nguoi ta tong két rang 85% céc bai toan quy hoach tuyén tinh gip trong tmg
dung la bai todn van tai hodc mo rdng cua n6. Thudt ngir bai toan van tai thuong duoc

hiéu 1a bai toan van chuyén sao cho cudc phi nho nhat.

2- Cac khai niém co ban
Bai toan van tai duoc mo ta nhu 1a mot bai toan vé dong dir liéu gém tap hop
cac niit N dugc chia thanh hai phan rdi nhau : cic nat ngudn S va cac nut dich D, tirc
la:
N=SuD
{S ND=¢g

va mdi cung (i,j) trong tap cac cung A déu co gdc trong S va cd ngon trong D.

S:Cac nut ngudn D:Cac nut dich
Céc nat thudc S dugce goi la cac nut ngué)n (cung), cac nat thudc D dugce goi la
cac nat dich (cau). Mot cach tong quat, bai toan vén tai trinh bay dwoc bang db thi.
O bai toan vén tai doi khi con c6 thém gia thiét nita 1a mdi nat ngudn déu cé
cung ndi v6i moi nut dich. O day ta chi dé cap dén bai toan van tai c6 thém gia thiét

nay va s€ goi tat l1a bai toan van tai.
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Dbi v6i bai toan vén tai ngudi ta thuong ky hiéu

si € S 1a ngudn phat ¢ nit i(i=1—>m)
d; € D lanhu cau thu cta nut j (j=1->n)

Trong trudng hop cac ngudn phat khéng chuyén hét sang cac nat cau vi da du
nhu cau thi bai toan vén tai dugc goi 1a bai todn van tai mé. Co thé dua mot bai toan
van tai m& vé mot bai toan vén tai (dong) bang cach thém vao mot nut ciu gia thi
(n+1) voi nhu cau dugc xac dinh nhu sau :

dn+1 = zsi _Zdj

n
i=1 j=1

3- Bai toan vén tii cAn bang thu phat

a- Thiét 1ap bai toan

C6 m noi Ay, A,,....,An cung cap mot loai hang véi khéi luong tuong tng 1a
aj, a,....,am. Hang duogc cung cép cho n noi By, B,,...., B, voi khdi lugng tiéu thu

tuong Umg 1a by, by,....,by.

Cudc phi chuyén chd mot don vi hang tir diém phat A; dén diém thu Bjlac;.

Hay lap ké hoach van chuyén tir mdi diém phat dén mdi diém thu bao nhiéu
hang dé :

- Cac diém phat déu phat hét hang

- Céc diém thu déu nhan di hang

- Tong cude phi phai tra 1a it nhat

Goi x;j la Iuong hang chuyén tir diém phat A; dén diém thu B;, xij=0.

Vi tong luong hang phat di tir mdi diém phat A; &én moi diém thu B; bang
lwong hang phat tr Ajnén :

Xiy + Xjy +eeee + X, =@

(I = 112I"'Im)

in
Vi tong luong hang thu dugc tai mdi diém thu B; tir moi diém phat A; bing

lwong hang can thu tai Bjnén :
Xy + Xg5 + e+ Xy =by (G=1,2,...,n)
Dé tong cude phi 14 it nhat can phai co :

min z(x) = chijxﬁ

Vi céac phan tich trén ta ¢c6 moé hinh cua bai toan nhu sau :
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Phwong 4n - Phuong an tdi wu

min z(x) =

n n
i=1 j=1

C.:X

dx;=a, (i=1,2,..,m)
=1

zxij = bj (J = 1/21---/n)
i=1

X; >0

UNG DUNG QUY HOACH TUYEN TiNH

(2)

(3)

Mot ma tran X=[Xijlmn thoa (2) va (3) dugc goi la phuong an, théa thém (1)

duoc goi 1a phuong an t6i wu.

b- Dang bang ctia bai toan van tai

C6 thé giai bai todn van tai theo cach ciia quy hoach tuyén tinh. Tuy nhién do

tinh chat dac biét cua bai toan van tai nén nguoi ta nghi ra mét thuat toan hi¢u qua

hon. Trudc tién nguoi ta trinh bay bai toan van tai dudi dang bang nhu sau :

Thu b1 b2 bj bn
Cudc

Phat
aj C11 Ci2 Cij Cin

X11 X12 X1j X1n
a C21 C22 C2j Con

X21 X22 X2j X2n
aj Cil Ci2 Cij Cin

Xil Xi2 Xij Xin

am Cml Cm2 Cmj Cmn

Xml Xm2 Xmj Xmn

Trong bang moi hang mo6 ta mot diém phat, moi cdt mo td mdt di€m thu, moi 6

mo ta mot tuyén dudng di tir mot diém phat t6i mot diém thu.

Diy chuyén - Chu trinh

Mot day cac 6 cua bang ma hai 6 lién tiép nam trong cung mét hang hodc mét

coOt, ba 0 lién tiép khong cung nam trén mot hang hodc mot cdt dugc goi la mot day

chuyén. Ta thiy rang hai 6 lién nhau trong mot day chuyén c6 chi sé hang hoic chi s6

cot bang nhau
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Day chuyén : (1,2) (1,3) (2,3) (2,4) (4,4) (4,1)
Mot day chuyén khép kin, 6 dau tién va 6 cudi cing bang nhau, duoc goi la

mdt chu trinh.Ta thdy rang s6 6 trong mét chu trinh 1a mot s6 chin.

X

Chu trinh : (1,1) (1,3) (2,3) (2,4) (4,4) (4,1) (1,1)

O chon - O loai

Gid st ma tran X=[X;jJma (1=1,2,....m) (j=1,2,...,n) 1a mot phuong 4n cua bai
toan van tai.

Nhitng 6 trong bang tuong tng véi x;; >0 dugc goi la 6 chon, nhitng 6 con lai
duoc goi 1a 6 loai.

Phwong an co ban

Mot phuong an ma cac 6 chon khong tao thanh mdt chu trinh dugc goi la
phuong an co ban.

Mot phuong an c¢6 di m+n-1 6 chon dugc goi 1a khong suy bién, co it hon
m+n-1 6 chon duoc goi 1a suy bién. Trong truong hop suy bién ngudi ta chon bd sung
vao phuong an co ban mot sd 6 loai c¢6 lwong hang bang 0 dé phuong an co ban tro
thanh khong suy bién

c- Giai bai toan van tai

Xét bai toan vén tai c¢o sb lugng phat, s lugng thu va ma tran cude phi ¢ dang

bang nhu sau :

80 20 60
50 5 4 1
40 3 2 6
70 7 9 11
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LAP PHUONG AN CO BAN BAN DAU

Phuong an co ban ban dau duoc xac dinh bang cach vu tién phan phdi nhiéu
nhit vao 6 ¢ cudc phi nhod nhat (r,s) ( goi 1a 6 chon). Khi d6 : néu diém phat r da phat
hét hang thi x6a hang r cua bang va sb luong can thu tai diém s chi con 1a bg-a, ; néu
diém thu s d3 nhan dt hang thi xda cot s clia bang va sd lugng phat con lai tai diém
phat r 1a a;-by

Bang méi thu duogc co kich thude giam di. Tiép tuc phan phdi nhu trén cho
dén khi hét hang.

Céc 6 chon trong qua trinh phan phéi, s& khéng chira chu trinh, 13 mot phuong
an co ban. Néu phuong an co ban suy bién, chua du m+n-1 6, thi bd sung thém mot s6
"6 chon0"

Ap dung vao bai toan dang xét :

1- Phan vao 6 (1,3) 50 . Hang (1) bi x6a . Cdt (3) con thu 60-50=10

80 20 10
o [ =T
40 | 3 2 6
70 | 7 9 11

2- Phan vao 6 (2,2) 20 . Cot (2) bi x6a . Hang (2) con phat 40-20=20

80 0 10

0
20
70 | 7

6
11

3- Phan vao 6 (2,1) 20 . Hang (2) bi x6a . Cot (1) con thu 80-20=60

60 0 10

4- Phan vao 6 (3,1) 60 . Cot (1) bi x6a . Hang (3) con phat 70-60=10

0 0 10

10

_____ I
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5- Phan vao 6 (3,3) 10. Hét hang.

0 0 0
0|5 4 1 50
03 20 |2 20 |6
0|7 60 |9 11 10

Di c¢6 5 6 duoc chon, chung tao thanh mét phuong an co ban khong suy bién

vi s6 6 bang v6i m+n-1=3+3-1.

THUAT TOAN "QUY 0 CUGC PHi CAC O CHON"

DPinh ly

Néu cong vao hang i va cot j ciia ma tran cude phi C=[cjj] mot sO tlly ¥ 1; va i
thi bai toan van tai méi voi ma tran cude phi méi C'=[c';j=c;;+ri+s;] thi phuong an tbi
wu cta bai toan nay ciing 13 phuong an ti uu cta bai toan kia va nguoc lai.

Thuat toan "Quy 0 cudc phi cac 6 chon" gdm ba giai doan.

Giai doan 1 : Quy 0 cudce phi cac 6 chon
Sau khi x4c dinh dugc phuong an co ban ¢6 m+n-1 6 chon, nguoi ta cong vao

moi hang 1 va moi1 ¢t j cua ma tran cudc phi C=[c;;] mot so r; va sj sao cho ma tran
cudc phi mai C' tai cac 6 chon thda c'j=cjj+ri+s=0.

Tiép tuc vi du trén ta thiy :

5 4 1 50 |r=6
3 20 |2 20 |6 =0
7 60 |9 11 10 | =4

51:-3 82:-2 S3:-7
Céac gia tri cong vao phai thoa hé phuong trinh :

1+r+s;=0
3+r,+s, =0
2+r,+s,=0
7+r,+s, =0

11+r,+s,=0
Chon =0, gidi h¢ ta dugc két qua trén

Ma tran cude phi méi thu duge 1a :

|8 |8 |0 5o|
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0 20 |0 20 |-1
0 60 |3 0 10

Giai doan 2 : Kiém tra tinh to1 vu
Sau khi quy 0 cudc phi cac 6 chon néu : cac 6 loai déu c6 cudc phi > 0 thi

phuong an dang xét 13 t6i wu, nguoc lai thi chuyén sang giai doan 3
Trong vi du ndy ta chuyén sang giai doan 3.

Giai doan 3 : Xay dung phuong an méi t6t hon
1- Tim 6 dua vao.

O dua vao 1a 6 loai (1*,*) c6 cudce phi nho nhét va tro thanh 6 chon
Trong vi du nay 1a 6 (2,3).
2- Tim chu trinh diéu chinh.

Chu trinh diéu chinh duge tim bang cach bd sung 6 (i*,j*) vao m+n-1 6
chon ban dau, khi d6 s& xuat hién mot chu trinh duy nhat, goi 1a chu trinh diéu chinh
V.

Trong vi du nay chu trinh diéu chinh 1a :

V:(2,3)(3,3)(3,1)(2,1)(2,3)
3- Phén 6 chén 1¢ cho chu trinh diéu chinh.

Danh s6 thir tu cac 6 trong chu trinh diéu chinh V bét dau tir 6 (i*,j%).
Khi d6 chu trinh diéu chinh V dugc phan thanh hai 16p :

Ve : cac 6 ¢o sb tht tu chan.

V1 : cac 6 ¢6 so thir tu 18.

4- Tim 6 dua ra va lugng diéu chinh.

Trong sb cac 6 c6 thir tu chin chon 6 (r,s) duoc phan phdi it hang nhat
lam 0 dua ra, tr¢ thanh 6 loai. Lugng hang x,s & 6 dua ra goi 1a lugng diéu chinh.

Trong vi du nay 6 duarala 6 (3,3), lugng diéu chinh 14 10.

5- Lap phuong an méi.

Phuong an méi co duge bang cach thém hodc bst luong diéu chinh
trén chu trinh diéu chinh nhu sau :

O c6 tht ty chin bi bt di lwong diéu chinh.

O ¢6 thir ty 1¢ duge cong thém luong didu chinh.

O ngoai chu trinh diéu chinh khong thay doi
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Trong vi du nay ta thiy nhitng 6 trong chu trinh diéu chinh c6 sy thay d6i nhu
sau :
O (2,3) duoc thém 10 trg thanh 10
O (3,3) bi bét 10 tré thanh 0
O (3,1) duoc thém 10 trg thanh 70
O (2,1) bi bét 10 nén tré thanh 10

Khi d6 phuong an méi la :

8 8 0 50
10 |0 20 |-1 10
0 70 |3 0

Quay vé giai doan 1.

Giai doan 1 : Quy 0 cudce phi 6 chon

8 8 0 50 |r=-1
0 10 |0 20 |-1 10 |r=0
0 70 |3 0 13=0

51:0 52:0 S3:1

Ma tran cude phi méi 1a :

7 7 0 50
0 10 [0 20 |0 10
0 70 |3 1

Giai doan 2 : Kiém tra tinh t5i wu
Day la phuong an toi wu

80 20 60

50 |5 4 1 50
40 310 (220 |6 10
70 | 770 |9 11

Vi cude phi la :
1.50+3.10+2.20+6.10+7.70=670
Khi sir dung phuong an ban dau
80 20 60

50 |5 4 1 50
40 (320 (220 |6
70 760 |9 1110

thi cudce phi la :
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1.50+3.20+2.20+7.60+11.10=680

4- Cac bai toan dwoc dwa vé bai toan vén tai

C6 nhiéu bai toan thuc té ¢ tinh chat khong phai 1a >’van tai >> nhung c6 mo
hinh to4n hoc 1a bai toan van tai. Mot sb bai toan nhu vay la :

a- Bai toan bd nhiém

Gia sir tap hop S gdm m nguoi va tap hop D gdm n cong viée (chirc vu). Cude
phi cua vi¢e bd nhiém nguoi ieS vao viéc jeD la ¢j (I=1—->m , j=1—n). Bai toan dit
ra 1a tim cach chia mdi nguoi dung mot viée sao cho cude phi bd nhiém 1a nho nhat.

Ngudi ta dit bién (bién trén dong) nhu sau :
1 nOung-&i inhEnviOcj
0 nOutr-éng hip kh,c

thi bai toan tr¢ thanh :

min z z Cy X

ieS jeD

Vi mdi ngudi nhan ding 1 viéenén: Y x; =1 (VieS)
jeD

Vi mdi viéc chi giao cho mot ngudi nén : Z x; =1 (VjeD)
ieS

Day 1a bai toan van tai nhung ¢ thém yéu ciu 1a cac bién xjj chi lay gi4 tri 0
hoac 1.

Bai toan bd nhiém ciing c¢6 khi duoc goi 1a bai toan chon (Choice Problem).
Nhiéu bai toan thuc té da dang c6 mé hinh toan hoc 1 bai toan bd nhiém, ching han
nhu bai toédn phan bd hoa luc vao muc tiéu can tiéu diét.

b- Bai toan vén tai v6i cung it hon cau

Xét mot bai toan mot bai todn van tai vai S 1a tap hop m nut cung va D 1a tép
hop n nit cau ma téng ngudn cung nhé hon téng nhu cau, tic 1a

S, szn:dj

m
=1 j=1

Trong truong hop nay tit nhién khong thé dép tmg dii nhu cau d; cho mdi nit j=1—n

cho nén rang budc co dang bat dang thic thay vi 1a dang thic. Vay :

Sx,<d,  (vi=1-n)
i=1
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Ngudi ta thudng dua bai toan ndy vé bai toan van tai (dong) theo mot trong hai
truong hop sau day :
1.Truong hop thir nhét 1a co tinh dén sy thiét hai bang tién khi thiéu
mdt don vi hang hod ¢ niit cau j 1a 1; j=1-n)
Luc nay nguoi ta dua thém vao mot niit cung gia (m+1) véi ngudn cung 1a

Sma = zdj _Zsi

n
=1 -1

va cudc phi tuong tng 1a
C(m+1)§ = Tj (=1-n)

Khi d6 ta nhan dugc mot bai toan van tai (dong)

m+l n

min Y > c,x,

x:=d. (G=1-n)
(i=1->m)

x;.20 (i=1->m+1,j=1->n)

2.Trudng hop th hai 1a khong tinh dén su thiét hai do thiéu hang ¢ nut

Luc nay ta cling dwa vé bai toan van tai (d6ng) nhu trén, nhung vi
khong tinh dén su thiét hai nén muyc tiéu s& 1a
m n
min ) > c,x;
i=1 j=1

Ghi chu :

Véi bai toan van tai mo, ngudn chuyén khong hét sang cac nhu cau, nguoi ta
c6 thé tinh thém cudc phi luu kho & mdi ngudn cho mdi don vi hang 1a ¢; )
(i=1—>m) . Hoan toan tuong ty nhu trén, khi dua bai toan ndy vé bai toan van tai
(d6ng) bang cach thém vao nut cau gia (n+1) thi ham muc tiéu tré thanh

n+l m
min >’ > ¢,x;

=1 it

Nhu vay ta chi cdn xét bai toan vén tai (dong)
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c- Bai toan van tai c6 dudng cdm
Pay 1a bai toan van tai nhung khong phai mi ngudn déu ¢ cung ndi véi moi
dich. nghia 1 c6 dudng cAm. Cach dua vé bai toan vén tai 1a dung phuong phap M-
16, tic 1a phuong phéap phat nhu sau :
Goi E 1a tap cac cung khong cam, tirc 1a cac cung (i,j), i€S, jeD va bai toan c6
thém diéu kién
xi=0 voi (i,j)¢E

ta dua bai toan cd cac yéu cau

n+tl m
min ZZCUXU-
j=1 i=1
X; =S (i=1—->m)
j=1
" *)
ZXij =dj G=1->n)

||
—

X; 20 (i=1->m,j=1->n)

0 khi(i,j)eE

Xij
vé bai toan vén tai bang cach dit cude van chuyén méi nhu sau :
_ Cy nOu (i,j) e E
Cij = .
M  nOu(,j) ¢ E
O day M 1a mét s6 rat 16n, dugc coi la sb 16n hon moi sb gap phai khi tinh
toan.

Xét bai toan voi cudc phi mdi nhu trén nhu sau :
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**)

thitaco:
Dinh 1y :

Giasir X~ = [X; 1, 12 phuong an van chuyén tbi wu ciia (**) thi khi d6 :

1. Néu X; =0 V(i,j) ¢ E thi x"1a phuong an van chuyén téi wu ciia
bai toan van tai co duong cAm (*)
2. Néu ton tai X, ¢ E ma x,, > 0 thi bai toan van tai c6 dudng cam
(**) khong c6 nhiém chip nhéan dugc.
d- Bai toan van tai kém ché bién trung gian
Gia st rang trong mo hinh van tai c6 mot sd diém ngudn, tirc 1a diém san xuat,
cho ra mot s san pham can phai ché bién trudc khi dén diém cau. Gia sir c6 A=1—k
diém ché bién véi kha ning ché bién 13 a, don vi san pham tuong tng. Goi cudc phi
van chuyén mot don vi ban san phém tir i dén A 1a Ci, va chuyén mot don vi san phém
tir A dén j 1a /. Bai todn dit ra 14 1ap ké hoach véan chuyén tat ca cac san pham qua
ché bién dén tit ca cac diém ciu sao cho cudc phi nhé nhat.
Goi xj; 1a luong san phém triqua A roi quaj, ta can tim X=[ Xi3j]mkn sa0 cho :
m k n
min D> > (¢}, +¢l)Xy
i=1 A=l j=1

(i=1—>m)

X;;=d,  (=1-n)

A=1
Xp;=a, (A=1-k)
i1 j=1
Xp;20 (i=1->mA=1-k,j=1->n)
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IV- BAI TOAN DONG TREN MANG

1- Mé dau
Nhiéu bai toan quy hoach tuyén tinh c6 thé quy vé bai toan lam cyc tiéu phi
tén van chuyén hang trong mot mang (gém cac nut va cac cung dudng) sao cho dam
bao dugc cac nhu cdu & mot s6 nut sau khi biét ngudn cung cap tai mot sé nit khac.
Céc bai toan nhu vdy duoc goi 1a cac bai toan dong trén mang hay bai toan chuyén
van (TransShipment Problem). Pay 14 16p bai toan quan trong nhét va hay gip nhat
trong quy hoach tuyén tinh. Lép ndy bao gdm céc bai toan quen thudc trong thuc té
nhu :
- Bai toan van tai
- Bai todn mang dién
- Bai toan mang giao thong
- Bai toan quan ly
- Bai toan phan bd vt tu
- Bai toan bd nhiém
- Bai toan ké hoach tai chinh
- Bai toan duong ngin nhat
- Bai toan dong 16n nhat
Vi 12 mot bai toan quy hoach tuyén tinh nén cac bai toan dong trén mang cd
thé giai duoc bang bat ky thuat toan nao giai dugc bai todn quy hoach tuyén tinh,
chang han bang thuét toan don hinh nhu da biét . Tuy nhién, néu tan dung nhimg cau
tric dac bi¢t cua cac bai toan dong trén mang s€ lam cho phuong phap don hinh don

gian hon va dugc thuc hi¢n nhanh hon.

2- Phat biéu bai toan dong trén mang
Mang 1a mot dd thi co hudng ky hiéu G=(N,A), N 1a tap cac nut, A 1a tap céc

cung, ciing mot sb thong tin vé s lwong bd sung nhur sau :
. bi (ieN) biéu thi ngudn tir ngoai vao nit i, goi tit 13 ngudn
- Uj biéu thi tai ning cia cung (i,j)e A

. ¢ij biéu thi cudc phi cho mot don vi cia dong trén cung (i,j)e A
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- Xjj biéu thi luong van chuyén cua dong trén cung (i,j)eA
Gié tri tuy¢t ddi |bi| dugc goi 1a nhu cau cua nuat i. Néu b;>0 thi nut i duoc goi
1a diém nguén, néu bi<0 thi nat i dugc goi la diém hat. Mot cach hoan toan tu nhién
ngudi ta dat hai diéu kién sau day :
a- Toéng luong trén dong vao nut i bat ky phai bang tong luong trén
dong ra khdi nut i (luat bao toan dong). Nhu vay :

b+ Y x; =D x; (VieN)| (1)

Jel(®) 3eQ(0)

Trong do :
I(i)= {nGt j / cung (j,i)eA} : nhitng nut c6 cung ndi dén nat i
O(i)= {nut j / cung (i,j)e A} : nhitng nit c¢6 cung ndi tir nit i dén né

b- Dong trén cung la khong am va khong vuot qué tai nang cua cung.

Nhu vay :

0<x;<u; V(i,j)eA ()

Moi vecto x ¢o cac thanh phén Xij , (1,J) €A, dugc goi 1a mot dong. Dong x thoa
diéu kién (1) va (2) dugc goi 1a dong chap nhan dugc. Lay téng cua (1) theo cac nit i

ta duoc :

b =0 ()

ieN

Diéu ndy c6 nghia la tong dong tir bén ngoai vao mang phai bang tong dong tir mang
ra ngoai. Néu diéu nay diéu nay khong thoa thi bai toan 1a khong chip nhan dugc.

Muc ti€u cua bai toan la lam cuc ti€éu cudc phi dong trén mang, tic 1a :

min > c;x; 4)

(i.)eA

trong do cuc tiéu léy trén moi dong chép nhén dugc. Nhu vay ta nhan dugc mot bai

to4n quy hoach tuyén tinh nhu sau :
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min )" c,X;
(ieA

b+ D X5 = DX, (vieN)

Jel(®) j0(i)

V- QUY HOACH NGUYEN

1- Mé& dau

Quy hoach nguyén (Integer Programming) , viét tit 1a IP, 12 bai toan quy
hoach ma trong d6 tat ca hodc mot phan cac bién bi rang budc chi lay gia tri nguyén.
Truong hop th nhat dwoc goi 1a quy hoach nguyén hoan toan (Pure Integer
Programming — PIP), truong hgp thu hai dugc goi 1a quy hoach nguyén b phén
(Mixed Integer Programming — MIP). Tuy vy thudt nglt ’’quy hoach nguyén’’ duoc
dung chung cho ca hai truong hop.

Ming cac bai toan c6 vé don gian nhat ma ciing 14 quan trong nhat trong 16p
cac bai toan quy hoach nguyén 1a cac bai toan chon cac quyét dinh (chon/khong
chon). Ch'fmg han nhu bai toan bd nhiém, bién quyét dinh viéc bd nhiém nhan gia tri
nhu sau :

X

_ |1 nOung-&i i nhEn c«ng viOc |
0 nOung-&i i kh«ngnhEn c«ng viOc j

Vi céc bién quyét dinh thuong chi nhan mot trong hai gia tri nén bai toan nay con
duoc goi 1a bai toan quy hoach nguyén nhi phan (Binary Integer Programming) .

Mot ¥ tuong tu nhién dé giai bai toan quy hoach nguyén 1a ctr giai nhu mot bai
toan quy hoach tuyén tinh tong quat tam bo qua rang budc bién phai nguyén. Khi tim
dugc phuong an t6i wu thi s& 1am tron n6 dé duoc phuong an tdi vu nguyén gan ding.
Phuong phép nay co thé ap dung trong thuc té nhung phai chu y dén hai nguy co sau
day :

- Mot 1a phuong 4n tbi uu da duoc 1am tron khong chdp nhan duoc dbi

v&i bai toan quy hoach nguyén.

- Hai 14 phuong an tdi wu da dugc 1am tron chap nhan dwoc nhung co
thé gia tri muc tiéu tuvong Ung 13 rat xa véi muc tiéu tdi wu ciia bai toan quy

hoach tuyén tinh nguyén.
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2- Bai toan quy hoach nguyén trong thue té

a- Bai toan balo

Mot nha tham hiém mang theo mot bald chi chira duoc mot trong luong khong
qua b. C6 n loai vat dung phai mang theo. Mdi vat loai vat i ¢ trong luogng 14 a; va gia
tri st dung 1a c;. Hoi 6ng ta phai chon lya cac vat mang theo nhu thé nao dé co gia tri
sir dung 13 16n nhét ?

Goi x; (i=1—n) 1a s6 luong vat loai i ma ong ta mang theo thi mé hinh toan

cua bai todn bald nay la quy hoach nguyén nhu sau :

n
max z =) CX,
i=1

Zn:aixi <b
i=1

X; 20 vpnguy?n (i=1-n)

V& mit toan hoc thi néu ham muc tiéu 14 min z hodc rang budc la dfmg thire thi
bai toan cling goi 1a bai todn balo. Bai toan bal6 c6 dang dic biét va don gian vi chi cé
mot rang budc ngoai rang bude dau va tinh nguyén. Nguoi ta nghién ciru duge nhiéu
cach giai riéng cho bai todn va dua bai toan quy hoach nguyén vé bai toan bald dé
giai.

b- Bai toan sin xuit c6 1¢ phi ¢6 dinh

Gia sir mot nha may c6 ké hoach sé& san xuit n san pham. Chi phi san xut san
pham j=1->n gém 1¢ phi c¢b dinh k; , khong phu thudgc vao sO lugng san pham j, va
cudc phi ¢ d6i voi mdi don vi san pham j.

Goi xj 2 0 1a luong san pham j=1—>n s& san xuét thi chi phi san xuit san pham
jsela:

K +CX; nOu x; >0
c(x;) =

muc tiéu san xudt véi chi phi cuc tiéu s& 1a :
n
min z = Z}CJ’(XJ’)
j=

Trong truong hgp nady ham muyc tiéu z 1a ham phi tuyén véi cac doi so 1a x;

(j=1—n) mic du cac rang budc thuc t& nhu nguyén liéu, thi trudng,.... déu 1a tuyén
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tinh nén bai toan rit khé giai. Nguoi ta co thé dua bai toan nay vé bai toan quy hoach
tuyén tinh nguyén bd phan bang cach dwa vao cac bién phu nhi phan nhu sau :
1 nOux; >0

Y = . (1)
0 nOux; = 0

Dé biéu thi y; (j=1—n) 1a bién nhi phan doc 1ap, khong phu thudc vao x; nhu
trong (1) nguoi ta dua vao mot rang budc tuyén tinh nhu sau :
Xj < My; (j=1—n)

& day M>0 va rat 1én dé rang budc x; < p 1a thira. Khi d6 ham muyc tiéu va rang budc

trén trd thanh :
n
min z =Y (k;y; +c;X;)
=1

OSXJ- SMyj )

That vay :
- Néu x;> 0 thi y; khong thé bang 0 nén y; =1
- Néu xj= 0 thi yj= 0 hodc y;=1
Nhung vi k>0 ( néu k= 0 thi khong can dua vao bién phy yj) va ham muc ti€u la min
z nén & thuat toan tim phuong an toi wu ludn lay y;=0 vi phuong an véi x;=0 va y;=1
khong thé 1a t6i wu. Khi viét di cac rang budc tuyén tinh khac vao ta duoc bai toan

quy hoach tuyén tinh nguyén bo phén.
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UNG DUNG QUY HOACH TUYEN TINH
CAU HOI CHUONG 4

1- Trinh bay chién lugc bi trdi hon.

2- Trinh bay chién lugc MaxiMin va MiniMax.
3- Xay dung quy hoach tuyén tinh trong trudng hop khong c¢6 nghiém on dinh.

4- Trinh bay céc giai doan giai bai todn van tai.
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UNG DUNG QUY HOACH TUYEN TINH
BAI TAP CHUONG 4

1- Tim phuong 4n tdi uu cho bai toan 1y thuyét trd choi c6 ma tran diém dugc cho nhu

sau :

215 0 3

2- (Gidi bai toan van tai c6 ma tran cudc phi
60 70 40 30
100 | 2 1 4 3

80 | 5 3 2
20 | 6 2 1 5
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