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ii
M3 dau

Quy hoach tuyén tinh 1a mot bo phan quan trong trong quy hoach
toan hoc.Nhiéu van dé thuec té c6 thé mo ta dudi dang bai toan quy hoach
tuyén tinh.Céc bai toan quy hoach phi tuyén thuong ducdc gidi quyét hieu
qud bang cach xap xi thong qua bai toan quy hoach tuyén tinh.Trong
nhitng thap k¥ qua, ciing véi su phat trién manh mé clia cong nghé thong
tin, quy hoach toan hoc da c6 nhitng budc tién 16n trong d6 phai noi
dén céc phuong phap giai bai toan quy hoach tuyén tinh gan lién véi tén
tudi clia cac nha toan hoc nhu L.V. Kantorovich (1939),George Dantzig
(1947),Lemke (1954),Leonid Khachian (1979),Karmarkar (1984)...

Bai toan quy hoach tuyén tinh c6 hai dang co ban la dang chuan va
dang chinh tac,hai dang nay c6 quan hé mat thiét véi nhau.Bai toan quy
hoach tuyén tinh dang chuan la bai toan c6 mién rang budc 1a mot hé bat
phuong trinh tuyén tinh,con bai toan quy hoach tuyén tinh dang chinh
tac 1a bai toan quy hoach c6 mién rang budc 13 mot hé phuong trinh
tuyén tinh véi cac bién ciia n6 c6 dau khong am.Chung ta da biét,qua
cac phép bién doi c6 thé dé dang dua bai toan tit dang chuan vé dang
chinh tic,khi dé sé lam cho s6 chiéu ctia bai toan tang lén dang ké néu
s6 rang buoc bat phuong trinh tuyén tinh ctia bai toan dang chuan la
16n,vi phai thém vao nhidu bién bu (dé dua cac rang budc bat phuong
trinh vé phuong trinh).

Thuat toan don hinh co dién va don hinh déi ngdu do George Dantzig
va Lemke dé xuat vao nhiing nam 1947 va 1954 da giai bai toan quy hoach
tuyén tinh ¢ dang chinh tac.Chung dugc coi 14 nhitng thuat toan co ban
st dung gidi cac bai toan thic té trong cac vién nghién ciu ting dung va
giang day & cac truong Dai hoc,Cao dang trong nudc va trén Thé gidi.

Dé giai bai toan qui hoach tuyén tinh bang thuat toan don hinh hay
don hinh déi ngau can biét trudc mot co s don vi xuat phat ban dau,doi
khi dé c6 dugc mot co sé nhu vay chiing ta lai phai di gidi mot bai toan
quy hoach tuyén tinh khac hodc gidi mot bai toan tuong duong nhiéu
chiéu hon v6i mot co sd “chap nhan dugc” goi 1a gid phuong an va nhu
vay ¢6 thé ta phai trai qua kha nhiéu budc lap (khong can thiét) mdi
vugt khéi cac gia phuong an dé di dén 15i gidi ctia bai toan ban dau.
Su that cac bai toan quy hoach tuyén tinh dugc xay dung ti thuc té
thong thuong déu ¢ dang chuan va chua biét duge mot diém chap nhan
clia mién rang budc.Nhu vay dé giai mot bai toan quy hoach tuyén tinh
bang phuong phap don hinh va don hinh déi ngau,doi hoi ching ta phai
thuc hanh qua nhiéu budce trung gian réi méi nhan duge 10i gidi ciia bai
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toan goc.

Chinh vi nhitng 1y do trén nén luan vin nay trinh bay phuong phap
noén xoay tuyén tinh giai truc tiép bai toan quy hoach tuyén tinh dang
chuan va thuat toan non xoay tuyén tinh giai cho 16p bai toan quy hoach
tuyén tinh dang chuan vé6i bién bi chan goi la cac thuat todn nén xoay
BBC,v6i co s6 xuat phat ban dau duge nhan biét dé dang va trong truong
hop tong quat c6 thé xuat phat tit gbc toa do 1a dinh ciia nén Ortang
duong R’ hay tit véc to don vi hodc gan don vi.Hon thé ntta,du mién
rang buoc ctia bai toan bi thoai hoé ciing khong anh huéng dén tinh hitu
han budc lap cta phuong phap nén xoay.Cac thuat toan néon xoay nay
14 cac bién thé tit phuong phap nén-min giai bai toan quy hoach gan
10i-gan 16m dé xuat trong cudn sich “Quy hoach gan 16i-gan 1om tng
dung vao quy hoach tuyén tinh”([2]).

Trong cac truong hop khi gidi bai toan quy hoach tuyén tinh nguyen
bang phuong phap cit-nhanh can hodc tai toéi wu hoa thi viec ap dung
cac thuat toan nén xoay té ra rat hieu qua.Mot s6 vi du bang s6 minh
hoa cho céc thuat toan nén xoay giai chung trong luan van nay deu dugc
14y tit sach,gigo trinh va nhiéu tai lieu,cong trinh nghién cttu trong nuée
va nudc ngoai clia cac tac gid khac nhau.Két qua tinh toan di dén loi
gidi clia cac bai toan nay bdi thuat toan nén xoay cho thay hau hét s6
buée 1ap va sd phép toan trong mdi bude lap déu it hon ro rét so véi viec
gidi ching bang cac thuat toan don hinh hay don hinh déi ngau. Luan
van gom 3 chuong:

Chuong 1 trinh bay bai toan quy hoach tong quat, cac khai niém co
ban vé tap 1oi vd mot s6 mo hinh thuc té dua vé bai toan quy hoach
tuyén tinh dang chuan ciing v6i mot s6 phuong phap giai bai toan quy
hoach tuyén tinh quen thuoc va thong dung.

Chuong 2 trinh bay nhitng khai niém co ban lien quan dén ham sb
tuyén tinh, tit d6 lam co sd 1y thuyét cho viéc xay dung phuong phap
nén xoay tuyén tinh gidi truc tiép bai toan quy hoach tuyén tinh dang
chuan khi biét mot nén-min ciia ham muc tiéu bai toan.

Chuong 3 (dya trén phuong phap nén xoay dé nghi trong chuong 2)
trinh bay viéc xay dung thuat toan nén xoay BBC giai bai toan quy
hoach tuyén tinh dang chuan véi bién bi chiin va cac vi du biang s6 minh
hoa cho thuat toan giai nay.

Thuat toan nén xoay BBC gidi bai toan quy hoach tuyén tinh dang
chuan véi bién bi chin dé nghi trong luan vin nay duge xay dung chi
tiét, cac budc clia thuat toan duge trinh bay sao cho ching ta cé the
dé dang lap trinh chuyén sang cac chuong trinh trén méy tinh bing cac
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ngon ngtt nhu Pascal,C,Java... Luan van nay hoan thanh dya trén cac
cudn sach “Quy hoach gan 16i - gan 16m ting dung vao quy hoach tuyén
tinh” ([2]) va cudén “Quy hoach tuyén tinh véi phuong phap nén xoay”
[1] va trén cac sach, tai ligu c¢6 trong phan tai lieu tham khéo.
Thai Nguyén, thang 6 nam 2013
Tac gia
Hoang Thi Ninh
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Chuong 1

On

Bai toan t6i vu tong quat va mot s
moé hinh bai toan thuc té

1.1 Bai toan tdi wu téong quat
Bai toan tdi uu tong quat dugc phéat bién nhu sau:
Cute dai hoé (cite tiéu hod) ham
f(x) — max(min), (1.1)
V6i cac dieu kién
gi(z)(<,=,>)bi, i =1,...,m. (1.2)
re X CR" (1.3)

Bai toan (1.1)—(1.3) dugc goi la mot quy hoach, ham f(x) duge goi la
ham muc tiéu,cdc ham g;(x),s = 1,...,m dugc goi la cac ham rang
budc,mdi dang thiic trong hé (1.2) duge goi la mot rang buoc.

Tap hop

D={re X\ g(z)(<,=>)b,i=1,...,m}, (1.4)
Dugc goi 1a mién rang budc (hay mién chap nhan dugce). Mdi diém
(x = x1,29,...,2,) € D dugc goi la mot phuong an (hay mot 1oi giai

chap nhan dugc). Mot phuong an 2* € D dat cyc dai (hay cuc tiéu) clia
ham muc tiéu,cu thé 1a :

flx*) > f(x),Vx € D,

f(z*) < f(x),Vz € D.

Duge goi 1a phuong an t6i wu (hay 1a 161 giai) ctia bai toan (1.1) -
(1.3).
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Sau day chiung ta sé trinh bay cac budc xay dung, khao sat va phan
tich mo hinh toan hoc tit mot van deé thuc té.

Viéc mo hinh héa toan hoc cho mot van dé thuc té ¢6 thé chia ra lam
4 budc:

Buéc 1: Xay dyng mo hinh dinh tinh cho van dé thuec té,tic 1a xac dinh
cac yéu té c6 ¥ nghia quan trong nhat va xac lap cac quy luat ma
chung phai tuan theo.

Buéc 2: Xay dung mo hinh cho van dé dang xét,tic 1a dién ta lai dudi
dang ngon ngit toan hoc cho moé hinh dinh tinh.

Buéc 3: St dung cac cong cu toan hoc dé khao sat va gid quyét bai
toan hinh thanh trong Budc 2.

Buéc 4: Phan tich va kiém dinh lai cac két qua thu duge trong Budc

3.0 day c6 thé xay ra mot trong hai kha ning sau:

Khd nang 1: Mo hinh va cac két qua tinh todn phit hop véi thuc
té. Khi d6 can lap mot bang tong két ghi ro cach dit van dé, mo
hinh toan hoc thuat toan t6i wu,chuong trinh,céch chuan bi s6
lieu dé dua vao may tinh.

Khd nang 2: Mo hinh va cac két qua tinh toan khong phit hop véi
thuc té.Trong truong hop ndy can phai xem xét cac nguyeén
nhan cua no.

1.2 Mot sé mo hinh thuc té

1.2.1 Bai toan lap ké hoach san xuat

Bai toan lap ké hoach san xuét téi wu phat biéu nhu sau:Gia st
mot xi nghiép sdn xuat n loai san pham va st dung m loai nguyén
licu khac nhau.Ta dua vao cac ki hi¢u sau,z; la luong san pham loai
j(j =1,...,n) ma xi nghiép san xuat,c; la tien lai (hay gia ban) doi v6i
mot don vi sdn pham j(j = 1,...,n), a;; 1a sudt chi phi tai nguyén loai
i dé san xudt mot don vi san pham loai j, b; 1 lugng du trit tai nguyén
loai i(i = 1,...,n).Trong cac dieéu kién da cho,hdy xac dinh cac gia tri
zj,j = 1,...,n sao cho tong tién lai (hay tong gia tri san lugng hang
hoa) 1a 16n nhat véi s6 tai nguyen hién co.

Mo hinh toan hoc c6 dang bai toan quy hoach tuyén tinh sau:
n
Z CjT; —r Max,
j=1
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V6i cac dieu kién

1.2.2 Bai toan van tai

C6 m kho hang cting chita mot loai hang héa (danh s6i = 1,...,m),lugng
hang héa & kho i 14 a;,i = 1,...,m.Goi kho i la diéem phat i.Cé n dia
diém tiéu thu loai hang trén (danh s6 j = 1,...,n v6i nhu cau tiéu thu
& diém j 1a b;,j =1,...,m).Goi diém tiéu thu j 1a diém thu j.

Goi ¢;; la cude van chuyén mot don vi hang hoa tu diém phat ¢ dén
diem thu j.Hang c6 thé chuyen tit diém phat ¢ bat ky dén diém thu j
bat ky.Hay lap ké hoach van chuyén hang hoa tit cic diém phat t6i cac
diém thu sao cho tong chi phi van chuyén la nhé nhat.Ky hieu xi; 1a
lugng hang van chuyén tit diém phét ¢ dén diém thu j.Khi dé ta c6 mo
hinh toan hoc:

m n

E E CijTij — min,

i=1 j=1

V6i cac dieu kién

n
E Tij = A, 1 = 1, ey TN,
j=1

m
E Tij = bj,] = 1, . n,
=1

xi; > 0,i=1,...m;5=1,..n.
Ngoai ra con c6 dicu kién thu phét:

m

Z a; — Z bj.
1=1 j=1

1.2.3 Bai toan cai tui

Mot ngudi du lich muén dem theo mot cai tai ning khong qui b
kilogam.C6 n loai do vat ma anh ta du dinh dem theo.Mdi mot do vat
loai j ¢6 khoi luong a; kilogam va gia tri ¢;.Nguoi du lich mudn chat vao
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tui cac do vat sao cho tong gia tri do vat dem theo 1a 16n nhat. Ky hieu
x; 14 86 do vat loai j sé& chat vao tii.Ta ¢6 bai toan sau:

n

E C;jT; —r Max,
J=1

n
Z ;T < b,
Jj=1

X > 0, j = 1,...,n,
x; nguyén, j=1,...,n.

Day la mot bai toan quy hoach nguyén.

1.3 Tap 16i da dién

1.3.1 Mot s6 khai niém co ban
1. Pudng thang,doan thing,siéu phing

Cho hai diém a,b € R".Ta goi duong thing qua a,b la tap hop diém
c6 dang:

{zeR":z=Xa+ (1-ANbVAeR}.

Néu 0 < A < 1 thi ta ¢6 doan thang [a,b]. Trong khong gian hai
chiéu,phuong trinh bac nhat az + by = ¢ xac dinh mot dudng thang, mot
bat phuong trinh ax + by < ¢ xac dinh mot nita mat phang. Trong khong
gian ba chiéu,mot phuong trinh bac nhat az + by + cz = d xac dinh mot
mat phéng,m@t bat phuong trinh ax + by + cz < d xac dinh mot nia
khong gian.

Ta c6 thé suy rong két qua trén cho khong gian n chiéu.Tap hop tat
ca cac diém trong khong gian n chiéu théa man phuong trinh

a1xr1 + a2x2 + ... + ApTy = Q.

dugce goi 1a mot siéu phang.
Mot bat phuong trinh a1 + asxs + ... + a,z, < o xac dinh mot nia
khong gian.
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2. Tap loi

Tap X C R" duge goi 1a 16i néu Vo € X,Vy € X, VA € [0,1] thi
Ar + (1 — Ay € X hay néi cach khac 1a néu X chia hai diém z,y
thi né ciing chia cd doan thang [z, y]. Vi du vé cac tap 16i: Khong gian
Euclid,cac nita khong gian,mit phang,nita mat phang, hinh chit nhat, hinh
vuong,hinh elip,hinh hop,hinh cau....

3. Tap 16i da dién

Tap hop cac diem z(zy, 29, ..., 7,,) € R™ thod man hé bat phuong trinh
tuyén tinh
a117¢1 + 19T + ... + a1, < by,

a1 1 + T2 + ... + ag Ty, < b,
Am1T1 + AmaT2 + ... + QypTy S bm-

La mot tap 10i.Nguoi ta con goi dé 1a mot tap 16i da dién hay con goi 1a
khtic 16i.Mot tap 16i da dién gidi noi goi 1a mot da dien 16i.Giao clia tat
cd cac tap 101 chita tap X goi la bao 16i cia né,ky hieu [X].

1.4 Bai toAn quy hoach tuyén tinh tong quat va
mot s6 phuong phap giai

1.4.1 Bai toan quy hoach tuyén tinh tong quéat

Dé nhat quan lap luan ta xét bai toan tim cuc tiéu,sau dé ta sé xét
cach chuyén bai toan tim cuc dai sang tim cuc tiéu. Bai toan téng quat
cua QHTT c¢6 dang:

chxj — min, 1 =1,2,...,m, (1.5)
j=1
Zaijxj(g,:,z)bi,i: 1,...,m. (16)
j=1

r;>0,7=1,...,n (1.7)

Néu gap bai toan Max, tiic 1a

n

f(z) = chxj — max, z € D,
j=1
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Thi gitt nguyén rang buoc va dua vé bai toan Min bang cach
n
flx)=— chxj — min, x € D.
j=1

Néu bai toan Min c¢6 phuong 4n t6i wu 1a z* thi bai toan Max ciling
c6 phuong an toi uu 1a z* va

fmax = _fmin'

1.4.2 Dang chuan va dang chinh tic

- Dang chuan:

n
D CjTj — max,
J=1

n
Z QT < bz,l = 1, w1,
j=1

Qij Z O,] = 1, .

- Dang chinh tic:

n
D CjTj — max,
j=1

n
Z Qi X5 = bi,i = 1, o,
j=1

x; >0,7=1,..n.

1.4.3 DPua bai toan quy hoach tuyén tinh vé dang chuan va
dang chinh tac

Bat ky quy hoach tuyén tinh nao ciing c¢6 thé dua vé mot trong hai
dang chuan hoac chinh tic nhs phép bién ddi tuyén tinh sau
1. Mot rang budc:

n

Z aijrj > bj,

J=1

C6 thé dua vé rang budc:
n
- Z aijry < —bi,
j=1
bang cach nhan hai vé vé6i (-1) va viét lai:

/ /
aijry < by,

NE

j=1
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2. Mot rang budc dang thic:

n

) iz =b;,

j=1

C6 thé thay bang hai rang budc bat dang thec:

n

Z aijrj < bj,

J=1

n
- E aijry < —bi,
J=1

3. Mot bién = khong bi rang budc dau c6 thé thay bdi hiéu ctia hai bién
khong am béang cach dat: x; = at; —x;” véizt; >0, z; <0,
4. Mot rang buoc bat dang thic:

n
E aijrj < bj,
j=1

C6 the dua vé rang buoc dang thitc bang cach dua vao bién phu y; > 0
n
Zaijxj + yj = bl
j=1

Vé nguyeén tic,ap dung nhiéu lan cac phép bién doi 1,2 va 3 ta c6 the
dua mot bai toan QHTT bat ky vé dang chuan, sau dé 4p dung nhiéu
lan phép bién doi 4 ta sé dua né vé dang chinh téc.

1.5 Mot s6 phuong phap giai bai toan quy hoach
tuyén tinh

1.5.1 Phuong phap don hinh [6]
Xét bai toan QHTT duéi dang chinh tac:

[< ¢, z >— max], (1.8)
[Az = 0], (1.9)
z > 0. (1.10)

Thuat toan don hinh
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Budc 1: Xay dung bang don hinh xuat phat.Tim mot phuong an cuc
bien xuat phat x va co s6 cia n6 A;,j € J.
e Xéc dinh cac s6 zj; bdéi hé phuong trinh

Ap =) zdj, (1.11)

jeJ

e D61 v6i mbi k ¢ J, tinh cac ude lugng

Ak = Z 2jkCj — Ck, (112)
Jjed
Convéi j #0thi A; =0
e Tinh gia tri ham muc tiéu

Z(): E Cjxj,

J=1

Buéc 2: Kiém tra t6i wu.

Néu A, >0, k ¢ J thi z 13 phuong an t6i vu,ding thuat toan.Trai lai
.chuyén sang buéc 3.

Buéc 3: Tim vécto dua vao co sé .Co hai kha nang xay ra :

e Ton tai k ¢ J sao cho A, < 0 va 2z, <0, v6i moi j € J thi bai toan
QHTT khong c6 16i giai t6i wu (Z khong bi chin trén).Ding thuat toan.
e D41 v6i moi k ¢ J sao cho Ay < 0 déu ton tai j € J : zj, > 0 .Khi d6
chon chi s6 s theo tiéu chuan:

Ay =min {A;|Ay <0} (1.13)

Dua cac vécto A, vao co sé.
Buéc 4: Tim vécto loai khoéi co s6.Xac dinh

. Zj
0, = min {—j
Zrs
Va dua vécto A, ra khoi co sé.

Buéc 5: Chuyén sang phuong an cuc bién méi va co s6 méi. Co sé méi
la {4;,5 € J} véi J = J\{r}U{s}.

2> 0=t } . (1.14)

Z’I‘S.

Phuong an cyc bién mdéi ' duge tinh theo cong thic:

{xj — (#0/ 7)) MU AT

. (1.15)
Ty Zrs, néu j =r

/
T; =
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Khai trién ctia cac vécts Ay theo céc vécto co sé méi duge tinh theo
cong thic (1.18).Quay lén buée 2.

Coéng thiic dbi co sé va bang don hinh

Ta xét cac cong thitc chuyen tit phuong an cuc bién x véi co s6 j sang
phuong 4n cuc bién 2’ véi co sé j'.

Ta da c6 cong thic :

S {xj — (2y/25)2js, méuj#r

J T/ Zps, néu j =r

Dé tinh céc thanh phan ctia 2/, bay gio ta thiét lap cong thic tinh cac sd

zgk ta co :
As = Z ZjSAj7
jeJ
Suy ra
1
A, = — (A — A .
T Z,rs( S . Z Z]SA])7 (1 16)
JjeJ jF£r
Mat khac,ta c¢o
A = ZijAj = Z ijAj + Z Ay, (117)
Jed jeJ, j#Er

Thay biéu thiic ctia A, tit (1.16) vao (1.17),ta dugc

2y
A=Y zjkAj+Z—’“(AS— > 24y

JET j#r " JET j#r
2 : Zrk Zrk

. . Z?"S Z’I’S

JeJ g#r

Day 1a cong thiic biéu dién A qua co s6 méi J' = J\{r} U {s}.
Bdi vay,ta co:

) i — (201 ) 20rs ) 24 néu j #r
ij _ ik ( rk;/ rs) JER ) ]7£ (118)
Zrke/ Zrs néu j =r
Sau khi c6 z;k ta tinh:
Alk, = Z Z;-SCJ' — Ck. (119)

jeJ'

Dé dé tinh toan,tong mdi budc lap ta thiét lap bang don hinh. Néu
tat ca cac s6 trong dong cudi (trit ham muc tiéu f) déu khong am,nghia

S6 héa boi Trung tam Hoc liéu — Pai hoc Thai Nguyén http://www.lrc-tnu.edu.vn



10

1a A, > 0, Vk khi d6 x 1a phuong an t6i uu.

¢; | Co S6 | Phuong An| ¢ .. Cj o Cp oo Gy oo Cf . Cs ... Cp
Ay A A LA, A Ay LA,
C1 A1 T 1 .. O 0 O oo 21k e Rls -+ Rln
Cj Aj X O ..1 ..0 ..0.. Zjk e Rjs e Zjn
Cr A, T, 0 ...0 ...1 ...0 ... Zpk oo Zps oo Zrm
Cm | Am T 0 ..0 ...0 ... 1 ... Zjk oo Zms - Zmm
f 0 ..0 ...0 ...0 .. Ay ... Ay ...A,

Néu dong cudi (khong ké f ) c6 nhitng s6 am thi xem thit c¢6 cot
nao cat dong cudi & mot s6 am ma moi sé trong cot d6 déu am hay
khong.Néu c6 cot nao nhu thé thi bai toan khong c6 phuong an toi uvu.
Néu trai lai thi chon cot s sao cho

Ay =min {Ar/ A <0}.

roi chon (trong s6 cac dong cit cot s 6 nhiing s6 duong) dong r sao cho

Hszﬁ:min{ﬂ/zjs>0}.
Zrs Zis

Cot s goi la cot quay.Véc to Ay duge dua vao co s6. Dong r goi la
dong quay.Véc to A, dugc dua ra khoi co sé.

Phan ti 2, > 0 & giao ciia cot quay va dong quay goi 14 phan ti
chinh ctia phép quay.Céc phan tit zjs, j # r goi 1a phan ti quay.

Cac cong thitc (1.15),(1.18) va (1.19) goi la cic cong thitc ddi co
sd.Bang don hinh méi suy duoc tit bang cii bang cach thay c,, A, trong
dong quay bang ¢, As.Sau dé thuc hien céc phép bién doi dudi day:

1) Chia mdi phan tit & dong quay cho phan tit chinh (dugc s6 1 6 vi tri
clia 2, ci1).Két qué thu duge goi 1a dong chinh.

2) Lay mdi dong khac trir di tich ctia dong chinh nhan véi phan tit quay
tuong tng (duge s6 0 & moi vi tri con lai clia cot quay).

Dong méi = dong cii tuong ting — dong chinh x phan ti quay.

Luu ¥y rang sau phép quay thi & vi tri A, ta thu dugc s6 0 vi ldc nay A,
trd thanh véc to don vi co s6, nghia 1a ta da lam mat s6 am nhé nhat &
dong cudi ctia bang cil.

Toan thé phép bién doi trén goi 1a phép quay xung quanh phan tit chinh
Zr¢.Sau khi thuc hién phép quay ta c6 mot phuong an méi va mot c¢o s
méi.Néu chua dat yéu cau,nghia la con A; < 0 thi ta lai tiép tuc qua
trinh.
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1.5.2 Phuong phap don hinh cai bién [6]

Xét bai toan QHTT dang chinh tac (1.8)—(1.10). Qua trinh tinh toin
ctia phuong phap don hinh cai bién duge bd tri trong hai bang sau :

Bang 1
bl ayp ... Q12 ... A1p
bm aml . ams amn
Cl ... Cg ... Cp
AG) | A A, A,
AG) | A o A, A,

trong (bang 1) m + 1 dong dau luu cac hé sb a;;,b;,¢; clia bai toan (1.8)
-(1.10). T dong m+2 trd di ctia (bang 1) luu cac udce lugng A; clia ting
budc lap theo cong thic :

A = CJZ —cp = chj_lAk — C.

Bang 2
Cj Aj qo q1 --- 9m Qg (_)
Cj1 Ajl q10 qi1 - Q1m Z1s
Cijr Ajr qro qr1 -+ Grm Zrs
Cim Ajm dmo m1 --- Qmm Zms
qm-‘,-l,O dm+1,1 -+ Am+1,m As

Bang nay goi 1a bang don hinh céi bien.Cot ¢; ghi he s6 ham muc tiéu
tmg v6i cac bién co s6.Cot A; ghi cac vécto co s6,do d6 ta cing nhan
dugc chi s6 cac bién co s6. Cot go: m phan tit dau 1a phuong an cic bién
dang xét,phan ti cudi la tri s6 ham muc tieu (1.8).Ma tran nghich dao
co 56 A; 71 m dong dau clia cac cot q;...q,,.Phuong &n ctia bai todn ddi
ngau,né duge tinh theo cong thiic

Am+1, M- --gm+1,m — CjAj_l- (1'20)

Cot A, : m phan tit dau cta cot 1a khai trién ctia vécto dua vao co s6
A, theo co sd,phan tit cudi chinh 1a A,.

Thuat toan gom cac budc:

Budc 0: Xay dung bang don hinh xuat phat.Gia st ta ¢6 cos6 A;, j € J
va phuong an cuc bién z.Tinh ma tran nghich dao Aj_l.

Tinh dong m + 1 tng véi cic ot qi...¢p: phan t g,,11 ; 1a tich vo hudng
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clia cot g; voi cot ¢j.

Buéc 1: Tim cot quay va kiém tra t6i vu.

Tinh uéc luong cac cot theo cong thic A, = ¢z — ¢ va Ay = Az

A;j la tich vo huéng cta dong m + 1 thudc bang 2 véi cot j ctua bang 1.
Néu A; > 0,Vj thi phuong an cuc bién dang xét la t61 vu.Trai lai, ta
xac dinh vécto Ay dua vao co s6 theo cong thiic:

Ay = min{A;|A; <0,Vj ¢ J}

Budc 2: Tim dong quay.

Trude tién tinh cot quay,tic la cot A ctia bang 2 theo cong thic:
A = AJZ_k va Z = Aj_lAk

Lay cot A, clia bang 1 nhan vo huéng véi ting dong clia ma tran Aj_l
ta sé dugc ting phan tit clia cot A, thuoc bang 2.Phan t cudi ctia cot
A, bang 2 1ay 1a A,.

Néu zj; < 0,Vj € J thi ham muc tiéu bai todn quy hoach tuyén tinh
khong bi chan trén.Néu trai lai ta xac dinh vécto A, loai khéi co sé theo

cong thic:
Qszﬁzmin{@ zjs>0}.

Rrs Jed  Zjs
Cot (-) trong bang 2 dé luu qjo/zjs v6i j € J.
Buéc 3: Bién doi ma tran nghich ddo md rong.Dua A, vao co sé thay
cho A, va bién ddi toan bd cac cot qo, qi...¢m theo cong thiic:

o {ij - (%’k/zrs)zjs, néu ] 7& r

ik = L
@i/ Zrs, neua j=r

(1.21)
Phan t1t chinh ctia phép bién ddi 1a zj,.Quay lén buge 1.

1.5.3 Phuong phap KARMARKAR (diém trong)][6]

Thay cho viéc di theo cac canh ctia tap 10i da dién rang budc,tit dinh
no téi dinh kia,cho dén khi dat t6i dinh t6i wu,cac phuong phap diém
trong di tim 161 giai tu phia trong rang budc.Do cac phuong phap nay
khong bi bé buoc di theo cac canh,ciing nhu do dai di chuyén c6 thé thay
doi,nén rat cé ly khi nghi rang phuong phap diém trong c6 1& nhanh hon
phuong phéap di theo canh.Tuy nhién vin chua cé thuat toan diém trong
nao té ra vu viet hon phuong phap don hinh.Vi thé,phan 16n ngudi ding
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phan mém quy hoach tuyén tinh dé gidi thudng xuyén cac bai toan cd
16n van quen diing phan mém dua trén cic thuat toan don hinh.

Karmarkar nam (1984) da dé ra mot loai thuat todn diém trong
méi,cho phép gidi quy hoach tuyén tinh trong thoi gian da thic.Vé co
ban thuat toan Karmarkar khac véi thuat toan don hinh,song hai thuat
toan nay van c6 nhiéu diém chung. Trudc hét d6 1a ca hai déu la cac thuat
toan lap va déu xuat phat ti mot phuong an chap nhan duge cia bai
toan can giai.Thit hai 14 & mdi budce lip ca hai thuat todn déu di chuyen
tit mot phuong an hién cé t6i mot phuong an té6t hon.Cudi cing,qua
trinh nay deu ducdc lap di 1ap lai cho dén khi dat t6i phuong an to6i uu.

St khac nhau co ban gitta hai thuat toan 14 6 ban chat ciia cac phuong
an can kiém tra.Trong phuong phép don hinh,cac phuong an kiém tra
14 nhitng phuong an cyc bién va viéc di chuyén doc theo canh trén bién
clia mién rang budc.Con trong thuat toan Karmarkar phuong 4n kiém
tra 1 cac diém trong khong nim trén bién clia mién rang buoc.Vi thé
thuat toan Karmarkar va céc bién thé clia no cé tén goi la thuat toan
diém trong hay duong trong.

Hon nita,trong thuat toan Karmarkar su di chuyén theo huéng lam
cai tién gia tri muc tiéu véi tdc do nhanh nhat c6 thé,dong thoi sau moi
bude lap tién hanh bién déi mién rang budc dé dua phuong an hién c6
vao gan tam cta mién,nhd do6 tao kha nang thuc hién tét nhat viec di
chuyén tiép theo.Viéc lam nay dudc goi 1a thay doi thude di (rescaling)
trong qua trinh giai bai toan.

Cac phuong phap diém trong hién dang trong qua trinh phat trién,vi
thé khé c6 thé du doan chinh xac vé vai tro tuong lai clia né so véi
phuong phap don hinh.Tuy nhién,hién nay c6 thé du doan rang phuong
phap don hinh van 1a thuat toan hiéu qua nhat dé gidi cac bai toan quy
hoach tuyén tinh dudi vai tram rang buoc.Doi véi cac bai toan c6 khoang
vai tram rang buoc va c6 s6 bién nhu thé hodc 16n hon thi thoi gian giai
theo ca hai phuong phap 1a gan nhu nhau.Song phuong phéap diém trong
sé ngay cang dudc st dung rong rai dé giai cac bai toan c¢d tuong doi
16n.

D&6i v6i cac bai toan ¢ 16n hon, phuong phap diém trong té ra nhanh
hon so v6i phuong phap don hinh trong dai da s6 truong hop.Khi kich
thudc len t6i hang chuc ngan rang budc thi phuong phap diém trong co
1& 13 phuong phap duy nhat giai duge bai toan.S6 di nhu vay 1a do thuat
toan diém trong c6 wu diém noi bat 1a déi véi cac bai toan 5 16n chiing
khong doi héi nhieu bude lap nhu cac bai toan cd nho.

Chang han,bai toan véi (10.000) rang bude,chi doi héi dudi (100) budce
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lap.DAau rang thoi gian tinh toan trén méi bude lap tuy 16n, song s6 buédc
lap it nhu thé sé lam cho bai toan van giai duge.Trai lai,phuong phap
don hinh ¢6 18 can t6i (20.000) bude 1ap,véi con s6 16n nhu vay khong
thé giai xong bai toan trong thoi han cho phép.
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Chuong 2

Bai toan quy hoach tuyén tinh dang
chuan tong quat va phuong phap
non xoay

2.1 Mot s6 khai niém co ban lién quan dén ham sé
tuyén tinh

Ham tuyén tinh 14 mot ham gan 16i — gan 16m va khong bi chén trén
R™ ([1]).Céc két qua 1y thuyét ciing nhu phuong phap tim cyc tiéu doi
v6i ham gan 16i-gan 16m dé nghi trong sach “Quy hoach gan 16i-gan 16m
tmg dung vao quy hoach tuyén tinh” ([2]) ¢6 thé 4p dung ddi véi ham
tuyén tinh.Vi vay,trude khi trinh bay bai toan quy hoach tuyén tinh
dang chuan va thuat toan noén xoay,sau day ching ta nhic lai mot s6
khai niém,dinh nghia,cdc dinh 1y,hé qud va céc tinh chat co ban cia
ham gan 16i-gan 16m.Viéc chitng minh cidc dinh ly,hé qua va cac tinh
chat nay,ching ta c6 thé tim trong cuén sach noi tren.

Dinh nghia 2.1.1. Ham f : R® — R! 14 mot ham tya 16m (quasi-
concave) néu Vz,y € R" va Va € [0, 1] ta ludn c¢6

flaw + (1 —a).y) = min{f(x), f(4)}.

Dinh nghia 2.1.2. Ham f : R” — R! 1a mot ham tya 16i(quasi-convex)
néu Vo, y € R", va Va € [0, 1] ta ludn co:

flaa+ (1 —a)y) <max{f(z), f(y)}.

Dinh nghia 2.1.3. Ham f : R® — R! ]a mot ham gan 16m (almost-
concave) néu no6 1a mot ham tya 16m va thod man

flax + (1 —a)y) >min{f(z), f(y)}, 2,y € R", f(x) # f(y), Yo € (0,1).
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Dinh nghia 2.1.4. Ham f : R® — R! 13 mot ham gan 16i (almost-
convex) néu n6 1a mot ham tya 16i va thod man

flaw+ (1 —a)y) >max{f(z), f(y)}, 2,y € R", f(x) # f(y), Vo € (0,1).
Dinh nghia 2.1.5. Ham f : R" — R! dudc goi 1a mot ham gan 16i - gan
16m (almost-convex and almost-concave) néu n6 vira 1a mot ham gan 16i
vita 13 mot ham gan 16m.

Céc Dinh nghia (2.1.1), (2.1.2), (2.1.3), (2.1.4), (2.1.5) 1a céc khéi
niém d6 duge dua ra trong [1] va [7]. T cac dinh nghia trén ta suy ra
mot s6 tinh chat sau ctia ham vira tya 161 vira tua 1om

Tinh chat 2.1.1. min{f(2), f(y)} < f(ar+(1—a)y < max{f(z), f(y)}
Vr,y € R" Va € (0,1).

Tinh chat 2.1.2. Néu f(z) = f(y) thi
f(z) = flaz+ (1 —a)y = f(y),Va € [0,1].

Néu f 1a mot ham gan 16i-gan 16m thi né sé thod man cac tinh chat:

Tinh chat 2.1.3. Néu f(x) = f(y) thi

f(x) = flaz+ (1 —a)y = f(y),Ya € R".
Tinh chat 2.1.4. Néu f(x) # f(y) thi min{f(z), f(y)} < flax + (1 —
a)y <max{f(z), f(y)}, Vr,y €R" va Va € (0,1).

Ta c6 thé chiing minh dugc rang néu f la mot ham gan 16i thi cuc
tieu dia phuong sé 1a cuc tieéu toan cuc.

Dinh 1y 2.1.1. Néu f la mot ham gan 107 - tya lom, va f(x) < f(y), Vo #
y th f(z) < f(z+a(y — ), Vo > 0.

Dinh 1y nay cho ta két luan rang ham f gan 16i - tya 1om va Vo # v,
ma f(z) < f(y) thixla diém cye tiéu clia f trén tia x+a(y—x), Vo > 0.
Hé qua 2.1.1. Néu f la mot ham gan loi - tua lom, va f(z) < f(z +
2),Va,z # 0, tht f(z) < f(x + az),Va > 0.

Dinh 1y 2.1.2. Gid st f la ham lién tuc, gan l0i - tua lom va z la
mot diem tuy o thuoc R" | néu f(y) > f(z) vaf(z + 2) > f(x) th
fly+az) = fly) = fly —az) = 0,Va > 0.

Dinh 1y 2.1.3. Néu f la mot ham via tua loi via tua lom tréen R™ va

222 o 2N la cae diem bat ky thuoe R™ ta luon co

min{ f(z'),..., f(z")} < flay.2'+ - Fan.2") <max{f(z"),..., f(z")}

N
Va; € [0,1];2041:1;2':1,2,...,]\[.

1=1
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2.2 Khai niém vé mién rang budc tuyén tinh khong
bi chin, phuong v6 han chap nhan dudc va
huéng tiang, gidm ctia ham gan 16i-gan 16m

Tagoi P:={xeR":< A" x> +b;<0,i=1,2,...,m}.
Al 1a véc to dong va A® € R, m > n, v A(a;1, as..., i), b € R 1 =
1,2,.,m.Hang cia hé A; bang n. Tap P xac dinh nhu trén goi 14 mién
rang buoc tuyén tinh va né 1a mot mién 16i. O day ching ta ki hieu
n
<X,)Y >= leZyZ voi X = (x1, 29, ..., %)Y = (Y1, Y2, - - -, Yn)-
iz
Dinh nghia 2.2.1. Mién rang buoc tuyén tinh P dugc goi 1a khong bi
chan néu né ton tai it nhat mot diém chap nhan z° thudc P va mot diém
z # 0 sao cho 2 + az € P, Va > 0,diém z dugc goi phuong vo han chap
nhan ctia P tai 2°.Tap hop céac diém z = 2° + az, Va > 0 goi la tia vo
han chap nhan dugce cua P.

Tit dinh nghia ta dé dang chiing minh dugc tinh chat sau:

Tinh chat 2.2.1. 2 # 0 1a mot phuong vo han chap nhan dudgc tai
2" € P khi va chi khi < A", 2 ><0,i=1,2,...,m.

Tinh chat 2.2.2. Néu z la mot phuong vo han chap nhan dudc tai
2" € P thi z la phuong vo6 han chap nhan dudc tai moi diém = € P.

Dinh nghia 2.2.2. (1). Diém z # 0 dudc goi 1a mot huéng tang tit 2°
clia ham gan 16i — gan 16m f néu f(2°) < f(2° + az), Va > 0,hay ta noéi
f tang theo huéng z tit V.

(2). Diém z # 0 dugc goi 1a mot huéng giam tit 2° ctia ham gan 16i — gan
1om f néu f(2°) > f(2° + az), Va > 0hay ta néi f giam theo huéng z
tur .

(3). Diém z # 0 goi 1a huéng khong ddi ctia f tit 2% néu f(2°) = f(2° +
az), Va € RL

Dinh 1y 2.2.1. Néu ton tai oy > 0 ma f(x) < f(x + a12) thi z la mot
hudng tang ti x cia ham gan loi - gan lom f.

Hé qua 2.2.1. Néu f(z) < f(x + 2) thi 2z la mot hudng tang tw x cia
ham gan loi - gan lom f.

Dinh 1y 2.2.2. Néu ton tai a; > 0 ma f(x) > f(x + a12) thi 2z la mot
hudng gidm t x cia ham gan loi-gan lom f.
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Hé qua 2.2.2. Néu f(z) > f(z + 2) thi 2 la mot hudng gidm tu x cia
ham gan loi - gan lom f.

Dinh nghia 2.2.3. Ham gan 16i — gan 1om f dugc goi 1a khong bi chan
tréen R” néu Vz # 0 va Vo € R".

Ta co:

1) lim f(z+ az) =400, v6i z la huéng ting tit x clia ham f.
a—+00

2) lim f(z+ az) =—o0, v6iz la huéng gidm tit x ctia ham f.

a——+00

Dinh 1y 2.2.3. Gid sv f : R* — R! la ham gan loi-gan lom, néu
f(2%) < f(a" +2) th f(z) < f(z + az),Va > 0,Vz € R™.

Dinh 1y (2.2.3) cho ta két luan réng néu z 1la mot huéng khong gidm
ctia f tai 20 thi no ciing 1a mot huéng khong giam clia f tai moi diém z
thudc R™".Do do6 ta goi z la mot huéng khong giam cua ham f.Ttw Dinh
Iy (2.2.3) ta dé dang chitng minh dugc hé quéa sau.

Heé qua 2.2.3. f : R" — R! la ham gan loi-gan lom,néu f(x°)
2),tht z la mot hudng giam cua ham f, Vo € R", tic la f(z)
az),Va > 0,Vr € R".Va ta goi z la mot hudng giam cia ham f.

> f(2"+
> f(z+
Hé qua 2.2.4. f : R" — R! la ham gan loi-gan lom,z # 0 la mot hudng
giam cia ham f khi va chi khi f(0) > f(a.z),Va > 0.

Hé qua 2.2.5. f: R" — R! la ham gan loi-gan lom,néu f(z¥) < f(z¥+
2),thi z la mot hudng tang cia ham f, Vo € R", tic la f(z) < f(z +
az),VYa > 0,Vr € R".Va ta goi z la mot hudng tang cia ham f.
Hé qua 2.2.6. f : R" — R! la ham gan loi-gan lom,z # 0 la mot hudng
tang cia ham f khi va chi khi: f(0) < f(az),Va > 0.
Hé qua 2.2.7. f : R" — R! la ham gan loi-gan lom va f(x) > f(y) th
z =x —y la mot hudng tang cua ham f va z =y —x la mot hudng giam
cua ham f.

T Dinh 1y (2.2.3) va He qua (2.2.3) ching ta dé dang c¢6 hé qua dudi
day:
Hé qua 2.2.8. f : R" — R! la ham gan loi-gan lom,néu z # 0 va
f(2%) = f(2° + 2), tiic z la mot hudng khong doi cia f tei 2°thi z la
mot hudng khong doi cia ham f tai moi diém x thuoc R™ tic la f(x) =
f(x + az),Ya € R, Vo € R".Va ta néi z la mot hudng khong doi ciia
ham f.
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Hé qua 2.2.9. f : R" — R! la ham gan loi-gan lom,z # 0 la mot hudng
khong doi ciia ham f khi va chi khi f(0) = f(az),Va € R va o # 0.

Tit tinh chat thit (2.1.2) va He qua (2.2.8) ta c¢6 thé chiing minh dé
dang hé qua sau:

Hé qua 2.2.10. Néu z # y ma f(x) = f(y) thi Va € R va o # 0.
chiing ta c6 z = a(x — y) la hudng khong doi cia ham f va f(u) =
flu+alz —vy)),Yu € R" Va € RL
Hé qua 2.2.11. f : R" — R! la ham gan loi-gan lom,z # 0 la mot
hudng khong gidm cia ham f khi va chi khi f(0) < f(az),Va € R va
a > 0.

Chung ta da biét,bat ky mot bai toan quy hoach tuyén tinh nao ciing
dé dang dua vé bai toan quy hoach tuyén tinh dang chuan tong quat
dudi day.

2.3 Bai toan quy hoach tuyén tinh dang chuan téng
quat
Xét bai toan qui hoach tuyén tinh sau day goi 1a bai toan quy hoach
tuyén tinh dang chuan tong quat:

n
flz) =< C,z >= > ¢;.x; — min
(L) =
rePp={zeR": <A x>+b<0,i=1,2,....,m.}

r € R" A" Ia véc to dong va A" € R",m > n, Aa;1, s, - . ., Qin) #
0(0,...,0),C(c1,c,...,¢y),b; €RL i =1,2,...,m. Hang ctia he A(i =
1,2,...,m) bang n. Gia thiét nay rat binh thudng bdi mién rang buodc
P; clia bai toan quy hoach tuyén tinh bao gid cling c¢6 rang budc veé dau
clia bién z.

2.4 Khai niém vé nén tuyen tinh, canh cia nén va
noén - min
2.4.1 Khai niém vé nén don hinh tuyén tinh

Xét tap M dudc xac dinh tit n rang budc tuyén tinh nao dé cta Py,
cu thé 1a :
M:={zeR":< Az >+b <0,i € I}, (2.1)

S6 héa boi Trung tam Hoc liéu — Pai hoc Thai Nguyén http://www.lrc-tnu.edu.vn



20

Trong d6 1:= {i,, is...,1,}, C {1,2..m},|I| = n(& day |I] 1a s6 do hay 1a
s6 phan tit ctia tap [ ) va A; véi i € I 1a mot he doc 1ap tuyén tinh.Tap
M goi 14 nén don hinh tuyén tinh ctia hé rang budc P;, véi dinh 2 1a
nghiém (duge xac dinh) thdéa man hé sau

<A x>+4b,=0,Yi €, (2.2)

He véc to A’ v6i i € I dude goi 1a co s6 clia nén M hay con goi 1a co s6
ctia dinh 2™ . Tap I dugc goi 1a tap chi s6 clia co sé clia noén M.

2.4.2 Khai niém vé canh ctia nén don hinh
V6i mdi ¢ € I tap hop cac diem 2 € R” thod man he
< A" x> +b. >=0,Vr € I\{i}, (2.3)

goi 1a duong thang i cia nén M. Tap cac diem x théa man hé

<A, x>+b =0,VreI\{i}
<Az >+b <0

goi 1a canh i clia nén M. V6i méi i (i € I),véc to 2%, (i € I),xac dinh

bdéi he

< A" 2> =0, Vrel,r#i,

L 7 (24)
<Az > =-1

goi la véc to chi phuong cta canh ¢ cia nén M.

Dinh 2 ctia nén M c6 thé xac dinh tit (2.2) trong truong hop biét he

véc to chi phuong 24,,(i € I),thi chiing ta c6 thé sit dung cong thiic sau:

oM = Zbi.zj\/l, (2.5)
el
Dinh 1y 2.4.1. Néu 2Mla dinh ciia non M duge zdc dinh i (2.2),va hé
véc to chi phuong 24, (i € I) ciia canh i cia nén M zdc dinh tu (2.4)
thi ching ta cé thé xdc dinh dinh ™ tu cong thic sau:
oM = Z b2,
el
Chaing minh. That vay,trong vé Tréi ciia (2.2) véi méi i (i € I),chiing
ta thay x = > b;.2%, ta dugc:

1€l
< AN bz > by =Y b < ATz >+ by = —by + by =0,
1el 1el
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(vi 2%, thod méan (2.4)).

Do he A” (i € I) 1a he doc lap tuyén tinh nén nghiem ctia he (2.2) 1a
duy nhat,suy ra ta c6 cong thiic (2.5).

Vay tit Dinh 1y (2.4.1) ta suy ra trong trudng hgp biét hé véc to chi
phuong 2%, (i € I) thi chiing ta c6 thé xac dinh dinh 2 tit cong thitc

sau:
M = Z bi. 2y,
i€l
Dé thay tap cac diem = ndm trén canh i cia nén M déu c6 thé biéu dién
nhu sau:
r=aM 4+ N2, N >0,Viel (2.6)
]
Dinh ly 2.4.2. Hé véc to chi phuong z}w vor v € I la mot hé doc lap
tuyén tinh.
Chiing minh. Ta chitng minh bing phan chiing,gid st ngudc lai hé véc
to chi phuong v6i ¢ € I 1a mot hé phu thudc tuyén tinh.Khi d6 sé ton
tai mot trong n véc to cia hé dugc biéu dién tuyén tinh qua cac véc to

con lai nhu sau:
i i
2 = g Bi-Zur

i€l (iiy)
Vay
AP A s=< AN N Bzl > = Y B < Azl > =0,
ZGI(Z#ZQ) ZGI(Z#ZO)
Diéu nay mau thuan véi (2.4): < A%, 2% >= —1. O
Dinh 1y 2.4.3. Vdi méi x bat ky thuoc non M ,luon cé biéu dién duy
nhat:
="+ Nzj A >0, Vi€l
i€l
Nguoc lai,moi diem v = 2™ +3° ;24 Yoy >0,V € T déu thuoc nén
el
M.

Chitng minh. Vi hé véc t6 chi phuong 2%, véi i € I 1a mot he doc lap
tuyén tinh nén ton tai bo sé6 duy nhat \;, (Vi € I) , sao cho ta c6 bieu
dién :

r— M+ Z Nizhy & x=aM + Z Nizhs, (2.7)

el el
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Mit khac,vi z 1a mot diém ctia nén don hinh M, tit (2.7) va (2.4) ta suy
ra v6i moi r € I:

<A x> b =< A2+ "Nzl > 4, <0

iel

& <A M > 4b ) N>+ <Az ><0
el
SN <A 2, ><0
SN >0,Vr e .

[]

biéu nguogc lai ta dé dang thay biéu dién clia = vho cac rang budc
tuong tng xac dinh nén don hinh M dé kiém tra va thiy thod man. T
dinh 1y nay,chtung ta c6 thé dinh nghia khac vé nén don hinh M nhu
sau:

Pinh nghia 2.4.1. Cho truéc mot diem 2 va n véc to doc lap tuyén

tinh 21,,2%,, ..., 2% khac 0.

n
Tap M = {x ER":x=aM+ 3 q;.24,,Va; > 0,i = 1,2, ,n}
i=1
Dugc goi 14 nén don hinh véi dinh 1a 2 va cac véc to chi phuong clia
n canh 1& z3,, 23/, ..., 2%
Va chiing ta néi rang nén M duge xac dinh tit hé goc co s6
M 1.2
{zY, 237, 2305 -0 20 }-

Dinh 1y 2.4.4. Gid st M la non don hinh xdc dinh boi (2.1) vdi tap chi
s0 co sd I,hé cdc véc to chi phuong cia n canh la z}w (i € I ) xzac dinh

bii (2.4).
Khi dé vdi moi b; (i € 1), non:
M ={zeR":<A,z>+b<0,iel}

C6 hé cdc vécto chi phuong clia n canh ciia né la 2%, = 24,(i € T va dinh
aM' quoc zdc dinh biéu dién qua hé 2hy Vi€ I) nhu sau :

oM = Z bz = Z bz, (2.8)
iel iel

Chitng minh. That vay,Vr € I vinén M va M’ ¢6 cuing hé vécto co s6 1a

A" (Vi € Inén ta c6 24, = 24,(i € I).

Lai c6 < A",z > +b, =< A" S b2h, > +b, = b, < A", 2h, > +b, =
el
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—b, 4+ b, =0,
Ta ky hiéu:
JHa@M) = {j € {1,2,..m} < A/ 2™ > +b; > 0}. (2.9)
Ro6 rang khi J*(z™) = 0 thi 2 chinh 1a4 mot diém chap nhan cta bai
toan (L).Ching ta gia st J ™ (2M) # 0.Véi mdi s € J*(2™),ching ta ky
hiéu nhu sau:

Fo={icl:< A 2 ># 0} C 1 :={iy,iz,...,0n}, (2.10)

I"={icl:< Az >=0} C I :={i1,ig,...,in}, (2.11)
Ta thay [ = I° U I°.
V6i méi i € I° thi duong thang x = 2™ + oz}, sé giao vdi siéu phang
< A%, x > +b, = 0 tai dieém :

o' =M+ a2, (2.12)
trong do :
< A% M > 4b,
o= — AT > 0 (2.13)
< A 25>
Ta goi
[j_ = {Z el’:q; > O} = {Z e’ < AS,Z}:W >< O} = {’isl,isg, ---;isq}
(2.14)
va
I'.={iel’:a <0}
Ro rang I7 C I° C I. ]

Dinh 1y 2.4.5. Vs € J"(2™) ta luon c6 I* # 0.

Chiing minh. Gid st ngugc lai I* = () thitaco I° = I := {iy, s, ..., 1, }.Vay
tir day va (2.11) ta suy ra < A% 2, >= 0,Vi € I.Mat khac theo Dinh
Iy (2.4.2) thi he vecto 2%,(Vi € I) la doc 1ap tuyén tinh nén suy ra
A =0(0,0,...,0) (véc to khong).Diéu nay mau thuin véi gid thiét clia
bai toan (L) 1a A'(a;1, ass..., ain) # 0(0,0,...,0),Vi = {1,2,...,m}. ]

Dinh 1y 2.4.6. I = 0 th tap chdp nhan duge cia bai toan (L) la rong
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Chatng minh. Ta chting minh bang phan chiing.Gia st ngugc lai bai toan
(L) c¢6 phuong an va 2° 13 mot diém chap nhan ctia (L),thi 2° phai 1a
mot diém clia nén M va theo Dinh 1y (2.4.3) n6 sé duge bicu dién nhu
sau:

=M+ N N >0, Vie L (2.15)
el
Tit gid thiét A% = 0 ta suy ra o; < 0,7 € I°t (2.13) lai suy ra
< A% 2 >>0,Vi€ [P =< A% 2, >>0,Vi € I’ (2.16)

Thay (2.15) vao vé trai clia rang budc s ctia Pp, ta thay
< A% 2" > +b, =< A% M + Z)\izéw > +by
el
| (2.17)
=< A% M > b+ Y N < A%zl >
el
Tu (2.15) (2.16) va do s € J* (zM), ta thay vé phéi cta (2.17) 1a s0
duong.Vay suy ra
< A% 2% > 4b, > 0.
Diéu nay mau thuan véi gia thiét 2 1a mot diém chap nhan duge cla
bai toan (L). =
Dinh i nay cho ta két luan rang néu bai toan (L)c6 it nhat mot diem
chap nhan duge thi I$ 14 mot tap khéc rong

2.4.3 Khai niém vé nén xoay M(r,s) sinh ra tit nén M

Gia st M 1a mot nén don hinh tuyén tinh ctia hé rang budc Pr xéac
dinh béi (2.1) va J*(z™) # 0.Khi d6 véi mdi r € I*tap hop céc diém x
théa man hé bat dang thic:

{ <Al x>+b<0Vicli#r

< A% x> +bs < 0. (2.18)

Xéc dinh mot non don hinh tuyén tinh goi 1a nén xoay M (r, s)dinh 14
M) = g = oM oo 2 (2.19)
trong do6 «, dugc xac dinh tr (2.13).Dinh 2" théa man
<AL x" > 4b;=0, Viel(r,s) =T U{s}\{r}).

Tap chi s6 mdéi I(r,s) nhan dugce tit tap chi s6 co sd cii [ bang céach
loai chi s6 7 ra khoi tap co s6 cii,dua chi s6 s vao thay.Ta noéi nén xoay
M (r, s) sinh ra tit néon M.
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B6 dé 2.4.1. Hé A’ vdii € I(r,s) la doc lap tuyén tinh.

Chatng minh. That vay,néu nguge lai he A; v6i i € I(r,s) la phu thuoc
tuyén tinh thi dé dang suy ra ton tai bieu dién:

A= ) BA =< Az >= Y Bi< Az >=0.
iel\{r} ieI\{r}

Diéu nay mau thudn véi < A% 2}, >#£ 0 vi (r € I*).

Cac véc to chi phuong Z?\/[(r,s)ﬂ: € I(r,s) cia né6n méi M (r,s) duge
xac dinh tir (2.4) v6i tap chi s6 co s6 méi I(r, s)hodc xac dinh tit mot
trong cac cong thiic don gidn duéi day theo cac z', 2", 24, 24, (xac dinh
tur (2.4),(2.12),(2.13)) v6i 4,7 thuoce I 1a tap chi s6 clia co s6 cit:

(2, khi i € I°
. Oé:r . .
; 2 — —Zhr, khi € I’,i#r
ZM(T’,S) - < M Oéi' M # (220)
-2} khi 7 =
| < A, 2 > e

hay
(2, khi ¢ € I°
‘ < AR 2 > A
Shrr = M T Az o MMEELE T 901
1
. khi i = s.
L < AS,Zyw >

]

Céc cong thiic nay goi 1a cac cong thiic doi co s6,bd dé dudi day ching
minh cac cong thic trén.

Bo dé 2.4.2. Gid st M la nén xvdc dinh bdi

M :={zx € R":< A,z > +b; < 0,i € I}.Vdi cic véc to chi phuong
24, cia cic canh xdc dinh theo (2.4), cic giao diém x; xdc dinh theo
(2.12),(2.13).Khi dé nén M(r,s) cé dinh la M) = 2" xdc dinh tu
(2.19) vdi co sd tuong ting la I(r,s) = (I U {s}\{r}).Va cic véc to chi
phuong cia cdc canh tuong dng la 234(7,’8) dugc xac dinh bdi (2.21).

Chitng minh. Ta c¢6 v6i moi ¢ € [ thi:

< A2, >=0,Vjel,j#i (2.22)
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< Al 2, >=—1. (2.23)
Ta can chiing minh v6i mdi ¢ € I(r, s) thi:
< AJ, sz(r,s) > =0,Yj € I(r,s),j # 1,
< Ai,zjwms) > = -1

That vay
1) V6i mdi ¢ € I(r,s) mai € I°i # r va cha § t6i (2.22),(2.23) ta c6

. . o . o .
<A 2y =< A 2y — —TZ& >=< A, 2y > ——7? < A 2y >=0,

Oél &’L
Vay
< A]7Z§W(r,s) >= O,V] S I(T’, 3>7j 7é 7:7
Con
i i Qr
<A 2y > =< Al 2y — —2y >
i
i Qr i r
=< A" 2y > —< A 2z >
Q
=< A", 2 >
= —1.

Tom lai ta ¢6: V6i moéi i € 15,1 # 7.
<A 2y >=0,Y5 € I(r,8), 5 # 1,
< Ai,sz(r’s) >= —1.
(cha y a; #0, vii € I9).
2) V6i ¢ = s ta chiing minh nhu sau: Ta c6
1
< As Zy >
1 .
- < A >
< A5 zh > M
=0,Vjel(r,s),j#s.

L . ,
<AJ7ZM(7,’S) >:AJ,— ZM>

1
_ s _ T
rs) > =< A —<A8,z}“w>ZM>
1
=—— < A% 2y >
< As 2, > M

= —1.

S S
<A ,ZM(
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3) V6i méi i € I(r,s) mai € I° va cha ¥ t6i (2.22), (2.23) ta 6
< A, sz(r’s) >=< A' 2, >=0,Vj € I(r,s),] #1,
Con o o
<A 2y =< AL 2y >= -1
Tom lai ta ¢6:V6i moéi @ € I(r,s) thi:
<A 2y >=0,V) € I(r,8),5 # 1,
< Ai,sz(r,s) >= —1.

Bo6 dé da duge chitng minh. O

2.4.4 Dinh nghia N6én - Min

Dinh nghia 2.4.2. [Nén - Min] Nén don hinh tuyén tinh M vé6i dinh 1a

M duge goi 1a noén - min clia f () =< C,x > clia bai toan (L) néu
f@@') < f(x), Yz € M.

Ta néi M la mot nén - min ctia bai toan (L) khi M la mot nén — min

cia ham muc tiéu f ctia bai toén (L).

Gia st M 14 mot nén don hinh x4c dinh tit hé (2.1) dinh 1a 2 véi
véc to chi phuong clia canh 4 1a 2%, (Vi € I) xac dinh bdi (2.4) ta c6 dinh
Ii sau.

Dinh ly 2.4.7. Néu f(z™) < f(aM + 2%,),Vi € T thy M la mot non -
min cua ham f.

Chitng minh. Tt gid thiét va theo He qua (2.1.1) ta suy ra :
f@™) < fa™ 4+ N.2y), Y\ > 0,Vi e, (2.24)
Mat khéc,Vo € M theo Dinh 1y (2.4.2) ta c6:

r=aM+) Nzh VA > 0,Vi€ I,

el
Vaynéu A = >\, =0, \;, =0,Vi € I thi hién nhién bat dang thiic
el
ding.
Con néu A = > \; > 0thi ta co:
1€l
i Ai i
TERVEES SEVENA) o T EREH) BEES
el el
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A i :
Ta thay X € [0,1] va > S 1 nén theo Dinh 1y (2.1.3) ta co:

el

min {F@+ X201 <O %(a:M +A.2))), (2.26)

i€l

T (2.24), (2.25), (2.26) dé dang suy ra:

fla') < f (Z Sy m@) = ()

1€l
Vay M la nén min cua f. ]
Tt dinh 1y (2.4.6) va hé qua (2.2.11) ta dé dang suy ra hé qua sau:

Hé qua 2.4.1. M la mot non - min cia ham f(z) =< C,z > khi va
chi khi
<C,zyy >>0,Viel.

Dinh 1y 2.4.8. Gid st M la mot non don hinh zdc dinh ti hé (2.1) dinh
la 2™ wdi véc to chi phuong ciia canh i la 28,(i € I) zdc dinh bdi (2.4)
la mot non-min cua ham f.

Khi d6 moi nén M' .= {x € R" :< Al 2 > +b; < 0,i € I,vb, € R'}
cung la non —min cua ham f.

Chiing minh. Theo Dinh 1y (2.4.4) thi hé véc to chi phuong ctia cac canh
ctia nén M va M’ 1a nhu nhau nén theo khai niém vé véc to chi phuong
tur (2.4) thi dé dang thay rang két luan cta dinh ly 1a dang.

Dinh 1y nay cho ta thiy mot nén don hinh 13 mot nén — min ctia mot
ham thi né khéng phu thudc vao vi tri dinh ctia nén dé ma chi phu thudc
vao toa do cac véc to chi phuong clia cac canh ctia nén do.

Gia stt M 1a nén min ctia ham muc tiéu f (x) =< C,z > cia bai toan
(L).Goi
V= {v el f(a") = m}n{f(xl)} : (2.27)
ey
Vay
V= {v cll < (2" >= min{< C, >}} :

1€l
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Thay 2 va 2 xac dinh tit cong thic (2.12) vao trén ta c6

VE= {v €I :< C,2" >=min{< C, 2’ >}}

iels

= {v € I} i< Coa + w2y >=min{< C,2" + a;.2)y >}}
el

= {v el a,. <C zy >= m}n{ai- <C, 2’5\4 >}}
ely

< C, 2y >
oen (< nad 5 1y G >
< As 2y >
<C, zh >
= min{—(< A%, 2 > +b5).—M}}
i€l < A% 2y, >
< C, 28 > < C, 25, >
“fven oSG2 <G>
< A% 2y > e < AS 2, >
Vay
< C, 28 > _ <C, 2 >
Vii=quell: AL mln{——ZM} . (2.28)
<As 2N, > el s < As 2, >

[
Dinh 1y 2.4.9. Véi moi r € V*® xdc dinh tu (2.28) néu M la mot
non—min cia ham muc tiéu cia bai toan (L) thi non M(r,s) xzdc dinh
tw (2.18) cing la mot non-min cia ham muc tiéu cia bai todn (L).
Chiing minh. Ta c6 nén M(r, s) c6 dinh 1a 2™ (r, s) = 2" cac phuong vo
han ctia n canh 1& z?w( ) xac dinh ti (2.21).Ta phai chiing minh

flx") < f(=" + ozi.sz(r’s)), Vi e I(r,s),
Theo gia thiét M 14 mot nén-min clia bai toan L nén ching ta c6
f™) < flaM + o4.2%,), Vi€ I, Vo; >0,

Dac biet
™) < f@M + a,2y,) = f(a"),

Vay 4p dung Dinh Iy (2.1.2) v6i o = oM

t = s chung ta dudgc :

,y:xr,z:cvisz,ielova

flz") < flz" 4 o;.2Y), Vi € I'va i = s.
Tu day va (2.21) ta dé dang suy ra

f(z") < fa" + aizyyy), Vi € IOvai = s, (2.29)
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Mat khac,vi » € V* nén ta co
f@") < f(a"),Vi e I.
T day theo dinh 1y (2.1.1) ching ta dugc
f(@") < fa'+ a.(2' —2")),Va > 0,Vi € IEvai £,
Vay tu day va (2.21) ta dé dang suy ra
f@") < fla' + azyy,,), Vo > 0,¥i e I vai#r, (2.30)

V6i mdi i € {I\{I; UI°}} suy ra a; < 0.Vay theo dinh 1y (2.1.2) ta dé
dang c6

f ) < fa™ +aizy) < f (M), vie {INI;UI%},

nhung
f@M) < f@) = flah) < flah),vie (NI Ul

Tt day va theo dinh 1y (2.1.1) ching ta c6

f(2") < f@' +a.(2" —2)),Va > 0,Vie {I\{I; UI'}},
Ap dung dinh Iy (2.1.2) ta dugc

f(z") < fla" + a.(a” — 2")),Ya > 0,Vi € {I\{I; UI"}},
Tir day va theo (2.21) ta dé dang suy ra

fa") < fa" + azy), Va > 0,¥i e {IN{I; UI°}}, (2.31)
Két hop tit (2.20), (2.29), (2.30) va (2.31) ta c6
f@") < fla" + iz, Vi € I(r, s).

Vay ham f la mot ham khong giam doc theo cac canh z}WT ) do6i voi
moi i € I(r,s) Diéu nay c6 nghia 1a M (r,s) 13 mot nén -min ctia bai
toan (L).Dinh li da dugc ching minh. O

Dinh 2% clia nén xoay M(r,s) con ¢ thé xac dinh tit cong thiic
sau day khi biét cac véc to chi phuong cac canh clia nén xoay M (r, s):

MO =N b2 - (2.32)

i€l(r,s)

Phan duéi day ching ta sé xay dung thuat toAn nén xoay giai bai toan
(L) dya vao co s6 1i thuyét trinh bay & cac phan trén va Dinh 1y (2.4.9).
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2.5 Phuong phap nén xoay tuyén tinh

Mot ap dung hay chinh x&c hon la mot bién thé quan trong cia
phuong phap nén — min giai bai toan qui hoach gan 16i-gan 16m dé nghi
trong cudn sach “Quy hoach gan 16i-gan 16m ting dung vao quy hoach
tuyén tinh” (NXB Khoa hoc va k¥ thuat nam 2011) ([2]) trinh bay dudi
day sé cho chling ta phuong phap giai truc tiép bai toan quy hoach tuyén
tinh dang chuan véi co sé xuat phét tit dinh mot nén-min ciia ham muc
tieu goi 1a phuong phap nén xoay tuyén tinh duge thé hien dudi dang
thuat toan chi tiét.

Thong thuong viéc biét mot nén-min clia bai toan néi chung 1a dé
dang.Chang han trong trusng hgp mién rang budc Pp cia bai toan (L)
14 da dién ta c6 thé dé dang chi ra dugec mot chép don hinh véi n + 1
dinh da biét chita Pr, dinh nao ctia chép don hinh nay c6 gia tri cia
ham muc tiéu nhoé nhat tai d6 so véi cic gia tri clia ham muc tiéu tai cac
dinh con lai ctia chép thi non chita chép don hinh tuong ting véi dinh
nay chinh la mot nén-min ciia bai toan (L).

Thuat toan dé nghi giai trirc tiép bai toan quy hoach tuyén tinh dang
chuan trinh bay & day chinh 1a mot bién thé ctia thuat toan nén-min giai
bai toan quy hoach gan 16i - gan 16m néi trén véi mién rang budc thuodc
dang bat phuong trinh tuyén tinh( [2]).

Xét bai toan (L) trong trudng hop biét mot nén — min ctia bai toan
(L). Y tudng clia thuat toan nén xoay tuyén tinh giai bai toan (L) nhu
sauu:

Xuat phat tit mot nén-min M ban dau ctia ham muc tiéu bai toan,ching
ta kiém tra xem dinh ctia n6 c6 thuoc mién chap nhan ctia bai toan khong
(tiic 1a dinh nay c¢6 thod méan tat ca cac rang buoc khong) néu dinh nay
thuoc mién chap nhan thi né 14 mot 161 gidi clia bai toan (L).Ngugc lai
ta xay dung nén xoay méi M (r,s) (van la nén-min) tit nén ci M cia
bai toan (L) va lip lai qua trinh kiém tra nén xoay mdi nay tuong tiu
nhu d6i v6i nén M ,qua trinh nay duge thyce hién cho dén khi dinh cia
nén xoay méi M (r, s) thudoc mién chap nhan ctia bai toan (L) ( khi mién
rang buoc ctia bai toan (L) c¢6 phuong an) hodc sé phat hién ra mién
rang budc ctua bai toan (L) la rong.

2.5.1 Thuat toAn nén xoay tuyén tinh

Budc chuan bi (bude 0).Gia sit ta da biét My 1a nén - min
clia bai toan (L) v6i tap chi s6 co s6 1a Iy := {i%,49,...,10}, 20 = 2™ 13
dinh ctia My va cac véc to chi phuong clia cac canh i ctia nén MO 1a
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2 = 2y, (1 € 17).

Buoc k ( k=0, 1, 2, ...).Gia sit M} la nén - min ctia bai toan (L)
(da duge xay dung) véi tap chi 6 co s,dinh va cac véc to chi phuong
cua cac canh tuong tng la [ := {z’lf,z"g“, ,sz} o = Mk vy 2t = z}wk
Xac dinh tap J*(2*) theo (2.9):

JHah) ={je{1,2,...m} < A7 2" > +b; > 0} .

1) Néu J*(2%) = 0 thi dimg lai,z® chinh 13 mot 1i gidi ctia bai toan
(L).

2) Néu J*(2%) # (,ta chon chi s6 dua vao co s§ theo mot trong ba
kha nang sau:
Ta chon s; 13 mot chi s6 tuy ¥ thuoe J*(2*) hodc ta chon

s =min{j : j € J"(z")} hosic s, = max{j:j € J" (2"}, (2.33)
goi 1a qui tac min (hodc goi 1 qui tdc max) va xac dinh

=i € Iy i< A%, 2, >+ 0},

Sl Ysk20 0 Uspqk
(2.34)
2.1) Néu I* = 0 thi ding lai,suy ra bai toan (L) khong ¢6 phuong
an.
2.2) Néu I3* # () thi véi mdi i € I3 ta tinh cac giao diém ctlia siéu
phang < A%, z > +b,, = 0 véi cAc canh c6 cac véc to chi phuong tuong
ting 1a 2} ctia nén My, theo (2.12)

ij;:{z'eﬁk:<A8k,z;><0}:{¢618k;a§>o}:{z"f NP }

oh =M 4ol = ab 4ol
Tiép theo goi

<O,z > ~ minf— <O,z >

Viki=qvellr: ———— A i —
T A 2t > et < A2l >

va chon chi s6 dua ra khéi co s6 theo mot trong ba cach sau:
Ta chon ry(sy) 1a chi s6 tuy ¥ thudoc Vs hodc ta chon

ri(sk) = min{v : v € V**} hodc rp = max{v : v € V*}. (2.36)

(cach chon nay goi 1a qui tdc chon min (hodc & qui tc chon max)) .
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Va ta xay dung nén xoay My = My(ry, s;) sinh ra tit nén - min Mj,
(Xem muc(2.4.3)) tap chi sO cd 86 1a I = Ik(Tk, Sk) = (Ik: U {Sk}\{Tk})
va, céc véc to chi phuong z; ., (st dung (2.21))

(2 | khi i € I}
Zlic+1 iy (21 — jjsskk”jéki.zzk) khii e I* i # 1y, (2.37)
= As;}) T >.z£’“ khi i = s;.
Tit (2.19)
Rl = Mi(rese) — =2k a’ﬁkzg’“ _ Lk < A%k xh > +bg, ok

< Ask, zt >
= Z bizps1-
(2.38)

Quay trd lai buée k v6i k <+ k + 1.
Mot s chi y:

1) Tt Dinh 1y (2.4.9) ta dé& dang c6 Bo dé (2.5.1) duéi day va do dé
dé thay noén xoay My, 1 duge xay dung (trong thuat toan) sinh ra tit nén
min trong M van la mot nén min ctia bai toan (L).

2)Su lya chon chi s6 dua vao s, = min{j : j € J© (ZUk)} va chi s
dua ra 1= min{v : v € V;*} s& lam cho thuat toan dé nghi trén két thic
sau mot s6 hitu han bude 1ap (khong xdy ra xoay vong ).Diéu nay duge
chiing minh béi Dinh 1y (2.5.1) duéi day.

3) Cong thiic (2.37) goi la cong thiic xoay co s6 va phan tit < A%, 2% >
dugce goi 1a phan ti xoay,né la trung tam dé doi cac véc to chi phuong
zj. clia he co 8§ cit sang he co s6 mdi 2, ; theo cong thiic xoay (2.37).

4) Dé cho gon chiing ta dat < A%, 2% > +b; = A'(2¥),i =1,2,...,m.

Duya trén Dinh Iy (2.4.9)ching ta d& dang ching minh duge bd dé
sau:

B6 dé 2.5.1. Tai mdi bude lip k khi gidi bai todn (L) theo thudt todn
nén xoay tuyén tinh vdi quy tac chon chi s6 dua vao co sd va dua ra
khoi co sd la (2.33),(2.34),(2.35) thi nén xoay My.y1duge xay dung trong
thudt toan van la mot noén — min cia ham muc tiéu va ta co :

fab) < f@™), vk =1,2, ..
Su lua chon 74(s;) = min{v : v € V} vi s, = min{j : j € J*(2¥)}

( hodc 74(sp) = max{v : v € V*} vi s, = max{j : j € J"(2")}) sé

S6 héa boi Trung tam Hoc liéu — Pai hoc Thai Nguyén http://www.lrc-tnu.edu.vn



34

lam cho thuat toan dé nghi trén két thic sau mot s6 hitu han buée lap
(khong xdy ra xoay vong).Diéu nay dugc chiing minh bdi dinh 1y sau.

Dinh ly 2.5.1. Gidi bai todn (L) theo thudt todn nén-min vdi chi so
chon dua vao cd s la s, = min{j : j € J5(a®)} (hodc sp = max{j :j €
JT(2%)}) va chi s6 chon dua ra khéi co sd tuong ing la ri(s;) = min{v :
v € V} (hodc tuong 1ing la i (sy) = max{v : v € V*}) sé két thic sau
mot s6 hitu han budc lap va cho ta loi gidi cia bai todn (L) hodc phdat
hién ra mién rang budc Pp cia bai todan (L) la rong.

Dinh li ndy van dang khi gidi bai todAn quy hoach tuyén tinh gan 16i
gan 16m theo thuat tén nén - min da duge chiing minh trong|[1].

Nam 1977 RG. Bland da dé xuat qui tic tranh xoay vong tuong tu
nhu trén cho viéc gidi bai toan qui hoach tuyén tinh dang chinh téc.

2.5.2 Bang lap giai bai toan qui hoach tuyén tinh béi thuat
toan nén xoay tuyén tinh va vi du minh hoa

Dé dé tinh toan trong mdi budc lip k ta thiét lap bang dudi day goi
14 bang nén xoay thu gon giai bai todn quy hoach tuyén tinh dang chuan
khi biét mot nén — min ctia ham muc tiéu ciia bai toan.

Bang lap nén — xoay thu gon

Bang A
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Chi s6 b, €1 Cy .. Cj .. Cp < A' 2 > < Al gk >
cO SO k=1,2...
1 by air a2 ... aij ... Aip < Al,l’o > +b; < Al,xk > +b;
2 b az1 a2 ... 25 ... A2y < A2,$O > +by < A2,ZL‘k > 40y
Sk by, | Qs Qs oo Uy o gy, | < A% 20 > by | < A% 2P > by,
m b | 1 Q2 -o. G ee Gy | < A" 20 > 4p, | < A" 2F > +b,,
3
lsi1
-k (3 (5} (3 (3] Sk S . » %k
4 bit | 21 Ziy - Zpj - Zin < A%zt > T
< Aske oz F >
k b i i i i Ak i
Z2 ,LIQC Zk}l ZkQ . Zk] e an < ,Zk >
<C,zF >
_ sk Tk Tk Tk Tk Sk ATk ) “k
rL =1 b, | zk zE ozF .z < A’k k> —
( Skpk) k k1 k2 kj kn [ )~k ] < Ask’Z]:k >
0, o
& s & e ik < z, Kk >
-k (2% 2% 2% in Sk 2% _ ' %k
iy bir | 21 2y - 2% e Z, < A%k 2 > T
< Ask, 2 F >
~ k k& k k
Buéce x T Ty ... X Ty

Bang 1ap nén — xoay thu gon A gom 2 phan (xem bang A): Céc s6
lieu ban dau duge dua vao bang va cic so lieu can tinh toan theo cac
cong thic trong thuat toan non xoay dugc xay dung thu ty theo cac
budc tit trén xudng dusi va tir trai sang phai nhu sau:

Bude k (k=0, 1, 2, ...)

Phan thi nhit ctia bang 1a khai béao sb liéu ctia budc chuan bi:
Dua vao cac s6 lieu ban dau cia bai toan nam trong cac cot bao gom co6
cot chi s6 co 86 1,2...m, cot s6 lieu cac gia tri b;(i = 1,2...m) dong dau
tién trén cung ctia phan nay la cac hé s6 clia ham muc tiéu va ma tran
hé s6 céc rang buoc A cu thé la:

- Cot dau tien thit nhat 1a cot chi s6 ciia cac véc to dong A’ clia ma
tran rang buoc A ctia bai toan (L) tir 1 dén m.

- Cot thu hai la cot cac gia tri b;(i = 1,2, ...,m) clia véc to cot B cua
ma tran rang budc.

- Dong dau tién trén ma tran A 13 dong cac toa do ¢; cua véc to C
cua ham muc tiéu.
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- Tiép theo bén phai cot thit hai 14 bang cac gia tri clia ma tran rang
budc A:a;i(i=1,2,....,m;j=1,2,...,n)

Sau d6 ta chuyén sang tinh toan thiét ké phan thi hai clia bang.
Phan th hai ctia bang lién véi phan thi nhat 1a s6 liéu tinh

toan cac gia tri ctia hé véc to chi phudng 2z}, Vi € I;va cac toa

dé cta dinh 2"

Tai buée k ( (k=0,1,2, ...) )Bang gom cac cOt v ma tran cla gia tri

cac véc to chi phuong 2 (Vi € I};) cu thé nhu sau:

- Cot thit nhat 1a cot chi s6 co sé i € ip.
- Cot thit hai la cot gia tri b; v6i i € iy.

- Tiép theo bén phai cot thi hai 1a bang ma tran cac véc to chi

phuong 2% (Vi € I;) .Dong cudi cling 1a cic gia tri toa do clia 2* 1a
dinh ctia nén-min M, da biét 6 budce k.
Dén day ta c6 bang nén xoay tai buée k (k =0, 1, 2, ....) da xay
dung xong.Bay gid ta chuyen sang kiém tra tiéu chuan toi wu va
xay dung bang nén xoay méi & budc tiép theo k + 1 néu z* chua
phai 1a phuong an to6i uu.

- Sau d6 ching ta tinh tiép dong cudi ciing ctia phan hai 1& cic toa
do clia dinh ¥ ching ta tinh ching theo gia tri < A’ 2% > +b;(i =
0,1,2,...,m) va xay dung tiép céc cot chita cic gia tri ndy 6 ben
phai ma tran rang buoc A trong phan thit nhat ciia bang.

Tit cot cac chita cac gia tri < A%, 28 > +b;(i = 0,1,2,...,m) da biét
& budce lap k (vi tri bén phai ma tréan rang budc A).Theo thuat toan
nén xoay ta xac dinh duge tap J*(2*) c¢6 hai kha nang:

- Néu J*t(2%) = () thi dimg va 2* 13 mot 16i gidi clia bai (L).

- Néu J*(2%) # 0 thi theo thuat toan nén xoay ta chon duge chi sd
dua vao co sd s; va ching ta tién hanh tinh toan cic cot sau:
Bén phai bang 2., Vi € Ij, § phan tht hai ctia bang ta xay dung cot
chita gia tri
< A% 2> Vi € I,
Tu cot gid tri nay ta xac dinh duge tap I7* va theo thuat toan ta
c6 hai kha nang:

+ Néu I (2%) = 0 thi ding v& két luan bai toan L khong c6 phuong
an.
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+ 3% # () thi tir thuat todn nén xoay ching ta phai xay dung cot tinh
1

_< Z(;ZZ: >> ,Vi € I3+ T day theo (2.35) va (2.36) ciia thuat

toan noén xoay tuyén tinh ta chon dugde chi s6 dua ra co sé 1a ry.

Dén day céc thong tin dé xay dung bang lap & budc k + 1 tit bang

lap 6 budce k da day du,ching ta xay dung bang lap & bude k + 1

phia dudi bang lap 6 buéc k nhu sau:

gia tri

- Cot dau tién ctia bang lip & bude k + 1 1a cot chi s6 co s6 [ =
(I U {sz})\ {rz} dugc xay dung bang cach chuyén cot chi s6 co s6
ctia bang & budc lap k xudng va chi can thay chi sé 7, bang chi s6
s 6 bang mdi la dugc.

- Cot tiép theo 1a cot chita cac gia tri b; v6i ¢ € I1 (bén phai cot
chi s6 co s6 I, ) dude xay dung bang cach chuyén cot chita céc
gia tri b; v6i ¢ € I, cia bang & buée lap thit k xudng va thay gia tri
b., bang gia tri by, ¢ bang mdéi (bude k+1).

- Tiép theo bén phai cot b;(i € I}, 1) 1a bang ma tran cac véc to chi
phuong z,iH,Vi € Ipyq cua nén-min My, duge tinh tit cac véc to
chi phuong z; cia nén — min M}, 6 bang lap buéc k theo cong thic
xoay (2.37).

Sau do ta tinh toan dén dong cudi cuing tiép theo clia bang nay 1a

N P ~ 2 2 P . N k+1 _ 7
dong cac toa do ctia dinh nén — min M, 1a x = ; bi-2j 1
1€l

(theo cong thitc (2.38))

Dén day bang nén xoay mdéi ¢ buée lap k + 1 da dugc xay dung
xong.

Qua trinh 13p nay sé két thuc sau hitu han bude béi Dinh 1y (2.5.1).
Mot s6 phan t& trung tam can cha y khi xay dung bang
nén xoay thu gon la:

- Gia tri < A%, 2% > +b, (k= 0,1,2,...) duong nam trong cot chita
cac gia tri < A 2% > +b;(i = 0,1,2,...,m) duge § trong dau méc
tron (< A% a% > +b,, ) tuong ting v6i dong s; (duge cnon dua vao
co 86 ¢ bude lap k) theo muc 2 trong thuat toan nén xoay tuyén
tinh

- <Czf>

< Ask k>

—<C, 2z >
< Ask zi >

- Gia tri nam trong cot chita cac gia tri Vi e

- <C,zF>
< Ak k>

I}* duge ¢ trong dau moc tron ( ) tuong ting véi dong
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e (duge chon dua ra cd s6 & bude lap k) theo tieu chuan (2.35) va
(2.36) ctia thuat toan nén xoay tuyén tinh.

- Phan t1t xoay < A%, z* > thudc cot chida cac gia tri < A%, 21 >
,Vi € Ij duge nam trong dau méc vuong 1a [ < A%, ;% >].

Sau day 14 mot vi du minh hoa cho viéc giai bai toan qui hoach tuyén
tinh bdi thuat toan nén xoay tuyén tinh dudi dang bang trinh bay & trén
khi biét nén-min ctia ham muc tiéu.Vi du nay 14 mot vi du da dugc giai
bang phuong phap don hinh déi ngau trinh bay trong [6].

( 21+ 4.29 + 3 — min

2.21+ 3.x9 +4.x3 > 20
5.5L’1 — 1.562 -+ 2.:1,‘3 Z 12
1l +2.29 — 123 <2
—1.1’1 + 4.1‘2 - 2..%'3 S 1
Lz, > 0,0=1,23.

Dé dang thay cac hé s6 ¢; clia ham muc tiéu bai toan nay déu duong,
nén ching ta c6 ngay nén-min ban dau la nén don hinh R? dinh tai goc
toa do.Ta dua vé dang bai toan (L) dé giai bai todn dudi dang bang khi
biét nén-min ban dau dinh 14 gbc toa do.

( 1 + 4.9 + r3 — min

—2.x1 —3.x9 —4.23+20<0
511+ 1oy —2.23+12<0
lxy +2.29—1.23—2<0
—lri+429—2.23—1<0
—I1 S 0

—x9 S 0

—XI3 < 0.

\

Ching ta gidi vi du trén bang thuat toan nén xoay tuyén tinh dudi
dang bang lap thu gon A v6i nén-min ban dau My = R? va heé chi s6 co
sd 1a Iy = {5,6, T}véc to dua vao va ra khoi co sé theo quy tac chon min
trong thuat toan nhu sau:
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1 |4 1 Al(20) [ A'(2h) | AY(2%)

(M) 1200 2 |31 4 [ (200 | [0] 0
2 121 -5 |1 -2 12 2 0
3 |21 |2 4 ) 7| -25/4
4 -1 -1 | 4 -2 -1 -11 -11
5 0] -1 |0 0 0 o | -1/2
6 0} 0 |-1 0 0 0 0
7 0] 0 |0 -1 0 -9 -19/4
5 0] 1 10 0 -2 1/2

6 0} 0 |1 0 -3 4/3

(7) 0, 0 |0 1 -4] | (1/4)
Buéc 0|2 0 |0 0

(5) o 1 [0] -1/2 [-4] | (1/8)

6 | 0| 0 |1] -3/4 | 5/2

11200 0 |0 1/4 | -1/2 | 1/2
Busc1|z'| 0 |0 5

2 |12 1/4] 0] -1/8

6 |0|5/8]1]-17/16

1 |20|-1/8] 0] 5/16
Buée 2 | 2% | 1/2 | 0 | 19/4

Dén bang nay cot cudi cing cac s6 déu nhé hon hodc bang khong.Vay
phuong an t6i vu la x%'=(1/2;0;19/4).

Néu bai todn nay gidi bang phuong phap don hinh thi ching ta sé
phéi dua vé bai toan (M) trung gian vdi s6 bién ctia n6 tang lén 1a 9 (vi
phai thém vao 4 bién b va 2 bién gid tao) nhu sau:

(11 +4.x9 + 23+ M.xg + M.x9g — min
2.1+ 329+ 4.3 — x4 + x5 = 20
5.x1 — Lo+ 2.3 — x5 + 19 = 12
l.oy 4+ 229 — 1.3+ 26 = 2

—1..%1 + 4.1}2 — 2.373 +x7 = 1

x; >0,0=1,2,3...,9.
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¢, |A] P/A |1 4 1 0 0 0 0 | M| M
Al Az | A3 Af AP A5 AT A3 A9
M | A%] 20 2 3 4 -1 0 0 0] 1]0
M | AY 12 5 -1 2 0 -1 0 0011
0 | AS 2 [1] 2 -1 0 0 1 01010
0 |A7 1 -1 4 -2 0 0 0 11010
Buée | 0 -1 -4 -1 0 0 0 01010
(7) 2 6 -1 -1 0 0010
M | A% 16 0 -1 6 -1 0 -2 0] 1]0
M | A° 2 0| -11 |[7] 0 -1 -5 0]0]1
1 | Al 2 1 2 -1 0 0 1 01010
0 |A” 3 0 6 -3 0 0 1 11010
Buée | 1 0 -2 -2 0 0 1 01]0]//
0 12 13 -1 -1 g 0101/
M | A%] 100/7 | 0 [[59/17]] O -1 6/7 16/7 0] 1]/
1 | A3 2/7 0| -11/7 | 1 0 -1/7 5/7 100/
1 |AY] 16/7 | 1 3/7 0 0 -1/7 2/7 0101/
0 |A"| 27/7 | 0 9/7 0 0 -3/7 8/7 | 110 ]//
Buée | 2 0 | -36/7 | 0 0 -2/7 3/7 100 ]/
0] 59/7 10 -1 6/7 16/7 [ 0[]0 [//
4 [ A%2]1100/59] 0 1 0 [-7/59 | 6/59 |[16/59]| 0 [ //|//
1 | A% 174/59 | 0 0 1 |-11/59| 1/59 |-17/59| 0 | //|//
1 |AY] 92/59 | 1 0 0| 3/59 [-11/59| 10/59 | 0 | //|//
0 |A"] 99/59 | 0 0 0| 9/59 |-33/59|-88/59 | 1 |//|//
Buée | 3 0 0 0 |-36/59 | 14/59 | 57/59 | 0 | // | //
0 [A®] 25/4 | 0 | 59/16 | 0 | -7/16 | 6/16 1 o1//1]//
1 |A3| 19/4 | 0 | 17/16 | 1 | -5/16 | 2/16 0 o1l//1//
1 | AY] 1)/2 1 |-10/16 | 0 | 2/16 | -4/16 0 0 1//1//
0 | A" 11 0 | 88/16 | 0 | -8/16 0 0 1]//
Buée | 4 0 |-57/16 | 0 | -3/16 | -2/16 0 0|//

Dén bang don hinh nay ta nhan dudc phuong an t6i uu ciia bai toan
trung gian (M) sau 4 budc lap 1a z°?'=(1/2, 0, 19/4, 0, 0, 25/4, 0, 0, 0).

Vay 1oi gidi ctia bai toan ban dau 1a 27'=(1/2, 0, 19/4).

R6 rang tit bang lap noén xoay thu gon & trén 16i giai bai toan dugc
tim thay véi s6 bude lap va s6 phép tinh toan trong méi budce it hon 1o
rét so vG6i viéc tim 1oi giai tit bang don hinh trén.
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Chuong 3

Bai toan quy hoach tuyén tinh dang
chuan véi bién bi chan va thuat
toan néon xoay BBC

Trong chuong 1,ching ta da biét c6 rat nhiéu bai toan kinh té dua vé
cac bai toan quy hoach tuyén tinh dang chuan khac nhau.M&i mot 16p
bai toan quy hoach tuyén tinh déu c6 nhiing dic thi riéeng ctia minh. Vi
vay ching ta can phai tan dung vao cac dac thu rieng ciia ting 16p bai
toan cu thé dé xay dung nhitng thuat toan rieng hiéu qua cho timg lép
bai toan.

Trong chuong nay sé dua ra 16p bai toan quy hoach tuyén tinh thuong
gap trong thuc té goi 14 bai toan quy hoach tuyén tinh dang chuan véi
bién bi chan va tit thuat toan nén xoay tuyén tinh dé nghi trong chuong
2 sé xay dung chi tiét cu thé thuat toan nén xoay bién bi chan goi tit
la thuat toan BBC giai cho 16p bai toan nay.

Phan cudi chuong nay sé trinh bay thuat toan nén xoay BBC giai
mot s6 vi du bang s6 ma ching da dugc giai bang cac phuong phap khac
trich trong céc tai liéu va sach ctia nhiéu tac gia khac nhau (dé so sanh
v6i 16).

3.1 Thuat toan nén xoay giai bai toan quy hoach
tuyén tinh dang chuan véi bién bi chin

Xét bai toan quy hoach tuyén tinh dang chuan véi bién bi chin sau
day:
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flx) =<C,z >= > ¢j.x; = min

j=1
(N) AP < ;< AP §= 1,2, (3.1)

<Clao>+d; <0,i=1,2,...,N; (3.2)

Trong d6 z, C*,C € R™, x (x1, T2, ..., Tn) , C* (ci1, Cia, .., Cin) , C (1, Ca, ..y C)
la cac véc to dong bat ky, dj'*",dy™, d;,c; € R dM™ < ™" v6i i =
1,2, .N(N>1),j=12 .. n
Ta viét lai bai toan qui hoach tuyén tinh (N) nay ¢ dang nhu bai toan
(L) da viét trong chuong 2 va ching ta goi 1a bai toan (N, ):

n

(V) flz)=<C,x >:JZ:1 ¢j.xj — min

<Alr>+b<0,i=1,2...m
Trong d6: m = N + 2n.

A= —FE'(i=1,...,n);b;=d™(i=1,...,n),

A =F(i=1,....n) by =—d" (i=1,...,n),
AP =Cl(i=1,...,N);bopsi=di(i=1,...,N).

Dé thiy hang ctia hé véc to A* (i =1,2, ...,m = 2n + N) bing n (Vi
c6 hé con 1a hé véc to don vi A' = —E'(i = 1,2,...,n) 1a doc 1ap tuyén
tinh).

Goi I = {ie{l,2,...,n}:¢; <0} I} = {ie{l,2,...,n}:¢; >0}
= I7UI> ={1,2,..,n} Dé giai bai todn quy hoach tuyén tinh dang
chuan bing thuat toan nén xoay tuyén tinh trudc hét ching ta sé trinh
bay cach xay duyng nén-min ban dau ctia ham muc tiéu bai toan quy
hoach tuyén tinh dang chuan véi bién bi chin.

3.1.1 Xay dung nén — min ban dau:

Goi Hy 1a nén duge xac dinh tit n rang buoc trong sd cac rang buoc
bién bi chan (3.1):
H - { r € R":< Al x> +b; = —x; +d}nin <0,VjeTlr, <A x> +b, }
YTl =g —drr <0V el
Ta dé dang thiy Hy la mot nén don hinh ciia bai toan (N) vdéi cac véc
tg chi phuong cta cac canh ctia nén la :
2y, = BV € If, va 2t = —E'Vi € I, dinh la 2o véi 2 =
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dmm Vi el va :CHO = dj"**,Vj € I;. Lai dé dang thay :

n

Hy _ o Ho _Ho o Hy
<C,x >—§ Cj.T; —E Cj.T; +§ Cj.T;

Jj=1 jels jelt
— E cj.d;”” + E cj.d?“n <<C,z>.
jels jels

Tu he (2.4) va he qué (2.1.1) dé dang thay Hj chinh la mot nén — min
ciia ham muc tiéu bai toan (N,) va vi vay ching ta sé chon né la nén
co s6 ban dau trong thuat toan nén xoay trinh bay ¢ muc dudi day dé
gidi cho 16p bai toan quy hoach tuyén tinh cé bién bi chin.

3.1.2 Thuat toan nén xoay giai bai toan qui hoach tuyén tinh
vé6i bién bi chin:

Theo trén chung ta c6 nén Hj chinh la mot nén — min cta bai
toan(N,).Va do do tur thuat todn non xoay tuyén tinh trinh bay trong
chuong 2 ching ta thu dugc thuat toan gidi bai toan quy hoach tuyén
tinh (N,) sau day:

Thuat toan BBC:

Buéc chuan bi (buéc 0): Chon nén — min ban dau M, = Hy ,
v6i tap chi s6 co sd 1a In =1y, = IFU{i:i=n+jVjel } dinh
1a Mo .= zHo v6i x dm”1 Vi € IJr va a:H di vy € I, cac
véc to chi phuong ciia céc canh cia My la 2y = 2y, = —E',\Vi € I} va
Z = z?fr’ E'Niel, .

Buéc k (k=0,1,2,3,..): Gia st M}, 1a nén - min cia bai toan (V)
(da dugc xay dung) vé6i tap chi s6 co sd,dinh va cac véc to chi phuong
cua cac canh cua non M; tuong ing la [ := {11,22, ,27’3} b = M vy

Xac dinh tap J*(a*) theo (2.9):
JH(a*) = {j e {1,2,....,m} :< AV 2" > +b; > 0} .

a) Néu J*(2%) = () thi dung lai,2* chinh 13 mot 15i gidi ctia bai toan
(N),

b) Néu J*(2%) # 0,ta chon chi s6 dua vio co s6 theo mot trong ba
cach sau:

Ta chon s 14 mot chi s6 tuy y thuoe J*(2%).
va s, = min{j : j € JT(2)} (goi 1& qui tic chon min) hodc
sy =max{j:j € JT(2¥) (goi la qui tic chon max) va xac dinh:
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I = {2 € I} i< A% 2l >4 0};
[t ={i € [ 1< A% 2l >< 0} = {zk ikt } Vi € I,

sply P20 00 Py

b.1 Néu I}* = () thi diung lai,suy ra bai toan (N) khong c¢6 phuong

an

b.2 Néu I* £ 0 :

. <C, z! > . i
Goi V*or .= {U eIt ——2"E" — min{— <O }} :
ic

va chon chi s6 dua ra khéi co s6 theo mot trong ba cach sau:

Ta chon r;(sy) 1a chi s6 tuy ¥ thuoe Vo*,

hodc r;(sx) = min{v : v € V*} hodic rp, = max{v:v € V%}.

(cach chon nay goi la qui t&c chon min (hodc la qui tic chon max))

Va ta xay dung M1 = Mi(rg,sk), Ik =
{s£})\{rr}) vd cac véc to chi phuong 2, (st dung (2.37)):

(2 khiie I .
S 1
Zhp1 = 9 (44 - <<i:,’§§“>>'z’:k)’ khi € I*, 1 7 1y
—Z As;}’ " >.z,7;’“, khi i = sy.
Tkl — :L.Mk(rlwsk) ZE?];k _

< A’k xk > +b :
_ .k ) Sk Tk __ i
= — 2zt = g bi-2) 1.

< Ask k>
Tk i61k+1

Quay trd lai budce k véi k < k + 1.
Sy httu han bude 1lap cua thuat toan da duge suy ra ti dinh 1y (2.5.1).

Ii(rg, sx) = (I U

(3.1)

(3.2)

3.1.3 Bang nén xoay thu gon giai bai toan qui hoach tuyén
tinh v6i bién bi chian bang thuat toan BBC va vi du

minh hoa:

Dé dé tinh toan khi gidi bai todn (V) dudi dang bai toan (N, ) bang
thuat toan BBC trong mdi budc lap k ta thiét 1ap cac bang nén xoay
lap tuong tu nhu bang lap nén xoay thu gon A trong chuong 2.Sau day
14 mot s6 vi du bang s6 minh hoa,céac vi du nay dudgc 1ay ti cac sach da
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dugc giai bdi cac phuong phap thuat toan khac ching han nhu phuong
phap xtt Iy bién bi chin trén trinh bay trong [6].

Vi du 3.1(xem)[6]:

Giai bai toan quy hoach tuyén tinh dang chuan sau:

( f=—-2x1 — 3x9 + 223 — bry — min
201 + 2209 + 13+ 224 <5

r1 + 2x9 — 3w3day < 5

0§x1§1

0§I2§1

O§$3§1

\ 0§$4§1

7\

Giai n6 bang phuong phap don hinh thi ta phai thém vao rat nhiéu
bién bir,sau day ching ta sé gidi vi du nay bdi thuat toin nén xoay BBC
dé nghi & tren.

Bai toan nay thuoc dang bai toin quy hoach tuyén tinh vé6i bién bi
chan (N)ta dua vé dang bai toan (N,):

( f = -2z, — 39 + 223 — 5y — min
—:L'1§0

—ZL‘QSO

—5(:3§0

—l’4§0

< $1—1§0

x2—1§0

$3—1§0

$4—1§0

201 + 229+ 23+ 2104 — 5 <0
[El—|—2$2—3$3+4£€4—5§0.

\

Theo phuong phap xac dinh nén-min ban dau ciia bai toan quy hoach
tuyén tinh (N) trinh bay & trén thi ching ta c6 tap chi s6 co s6 ban dau
la:ly=1Ig, =1 U{i:i=4+jVjel }, véil ={1,2,4};1" = {3}
véi Iy = {3,5,6,8} vA nén-min ban dau ctia bai toan nay 14 nén don
hinh:Hy := {z € R*: —23 < 0;21 — 1 < 029 — 1 < 024, — 1 < 0} Dinh
tai 2 = (1,1,0,1).

Dua cac s6 lieu vao bang nén xoay lap thu gon tuong ing va tién
hanh tinh toan vdi quy tac chon chi s6 dua vao co s6 max ching ta dugc
két qua sau:

S6 héa boi Trung tam Hoc liéu — Pai hoc Thai Nguyén http://www.lrc-tnu.edu.vn



46

CS |b; | -2 -3 2 -5[A(")]A(z")]A(a?)
M [0 -1 0 0 0] - 1 27
2 0 o -1 0 0 -1 -1 -1
3 (ol o 0 -1 0 [0 | -2/3] -37
4 0 0 0o 0 -1 -1 -1 -1
5 <101 0 0 0 [0 0] | -5/7
6 -11 0 1 0 0 0 0 0
7 -1 0 0 1 0 -1 -1/3 | -4/7
8 (-1l 0o 0 o 1| [0 | [0 0
9 |5 2 2 1 2 5/3) | 0
0 |5 1 2 -3 4| @ | [0 0
@30 0 0 1 0 [ | 2/3
5 -1 -1 0 0 O -1 2
6 (-1l 0 -1 0 0] -2 | 372
8 -1, 0 0 0 -1 -4 5/4
Buéc 0 |2°| 1 1 0 1
10 [-5] 0 0 1/3 0] 1/3
() |-1| -1 0 0 0] [7/3]| 47
6 |-1] 0 -1-2/3 0| -8/3 | 5/8
8 -1 0 0 -4/3 -1]-10/3| 7/10
Buscl|z!| 1 1 2/3 1
10 |-5]-1/7 0 2/7 0
9 |-5-3/7 0 -1/7 0
6 |-1|8/7 -1 -2/7 0
8 |-1]10/7 0 -6/7 -1
Bu6ec 2 |2*| 2/7 1 3/7 1

Dén bude 2 nay ching ta thay cot cudi cing ciia bang nay c6 tat ca
cac s6 déu nho hon hodc bang khong nén ching ta c6 10i gidi ctia bai
toan trén sau 2 budc lap la: 2 = (2/7,1,3/7,1) v6i forr = — (54/7) .

Vi du nay néu gidi biang phuong phap don hinh thi chiing ta phai dua
bai toan vé dang chinh tac véi s6 chiéu bai toan tang lén 1a 10 chiéu dudi
day:

( f=—-2x1 — 3x9 + 223 — bry — min
201 + 209 + 13+ 204 + 15 = 5
r1+ 209 — 3x3+4xs + 26 =5

) ZC1—|—$7:1
l’g-i—.%’g:l
r3+ 19 =1

Ty +x10=1
2> 0,5 =1,2,..10

\

Loi gidi clia bai toan chinh tic nay cho bdéi bang don hinh sau day:
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-11

10/3
0

4/3
4/3

1
-23/3

10/7
0

67/7

A9

0

0

0
1
0
0

0

A8

0

1

0
5/3] 0
1

2/3
2/3

0

5/3

5/7] 0
1

5/7] 0

A?

0

0
0

0
0

0
0

A6

1/2

1/2] 0

3/21 0
1/3
0

1/31 0
1/3

0
2/31 0
1/7

0

A5

0

0

0

0
0

0
3/7
0

-10/7 [-6/7| 0

A4

0

0

0

0

0
0

0
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A3

3/2

0
3/2]

1

5/2

1
0

0
0

0

A2

1
0

0

0

1/2

1
1/2] 0

0

1/2

0

1/3] 0
1/3

0
1/3

1
0

P/A] Al

1/2

1
1/2

1

2/3 | 17/3
1

1/3
2/3

1

2/7
1

A5
A6
A7
AS
A9
AIO
A5
A8
A9
A5

A2

A?

A8

A9

A5
A2

A7

A3

A9

A4

Al
A2

co sG | A

BcO
Bel

-3

S O O

Be2

-5
Be3

-2
-3

-
/ﬁ?
[@») ~
166
1

o O —H O
M~ b~ D>
—_— O
o o
— O O O
D~ I~ o
//

— g
I~ D~ I~
///O
RN
S O O
o — O O
o O O O
o O O O
I~ I~ D~
10 o <t
~ o o <A
SR
o N oW

Bc4

Sau 4 budc lap ta nhan duge phuong an 6 bang cudi c6 dong chiia cac
gia tri A; < 0,Vj . Vay 1oi gidi t6i uu ctia bai toan trén véi = (2/7, 1,
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3/7,1,0,0,5/7,0,4/7,0). Tt day suy ra loi gidi ctia bai toan ban dau
la z°P'(2/7, 1, 3/7, 1). Nhin vao hai bang trén ching ta thay ro rang s6
buée 1ap va s6 phép tinh toan trong mdi bude lip cltia thuat toin nén
xoay BBC la it hon thuat todn don hinh ro rét.

Vi du 3.2

Giai bai toan quy hoach tuyén tinh dang chuan sau:

( f:—5x1—x2+a;‘3—>min
21 <1
|2 <3
|z3] < 2
$2—2$3§1
\ 2x1+x2+2x3§8

Bai toan nay c6 thé dua vé bai toan thudc dang bai todn quy hoach
tuyén tinh dang chuan véi bién bi chan (N),ta dua vé dang bai toan
(N4):

( f=—5x1—x2+a;‘3—>min
—x1—1§0
—$2—3§0
—I’g—QSO
< $1—1§O
IQ—SSO
I3—2§0
ZL‘2—2$3§1
2x1 + x9 + 223 < 8.

\

Day 1a bai toan quy hoach tuyén tinh dang chuan véi bién bi chan,néu
gidi n6 bang phuong phap don hinh thi ta phai thém vao rat nhiéu bién
bit.Sau day ching ta sé giai vi du nay bdi thuat toan nén xoay BBC de
nghi & trén.

Theo phuong phap xac dinh nén-min ban dau ciia bai toan quy hoach
tuyén tinh (NN) trinh bay & trén thi ching ta c6 tap chi s6 co s6 ban dau
la In = {3,4,5} va nén-min ban dau ctia bai todn nay la néon don hinh
dinh tai 2° = (1,3, -2) .

Dua cac s6 liéu vao bang nén xoay lap thu gon tuong tng va tién
hanh tinh toan véi quy tac chon chi s6 dua vao co s6 max ching ta dugc
két qua sau:
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cos6 | b |- -1 1 | Ai(2%) | Ai(ah)
1 -1(-1 0 O -2 -2
2 300 -1 0 -6 -6
3 210 0 -1 0] -3
4 171 0 0 0] 0
5 300 1 0 0] 0
6 210 0 1 -4 -1
7 10 1 -2 (6) 0
8 812 1 2 -7 -1

<-3)|-2|/0 0 1 [-2] (1/2)
4 -1(-1 0 0
5 300 -1 0 -1 1

Buéc 0|21 3 -2
7 170 0 1/2
4 -1(-1 0 O
5 310 -1 -1/2

Busc1|2'| 1 3 1

Dén bude 1 ching ta thiy cot cudi ciing clia bang nay c6 tat ca cac
s6 déu nho hon hodc bang khong nén ching ta c6 10i gidi ctia bai toan
trén sau 2 buée lap la 2z = (1, 3, 1).

Vi du 3.3

Giai bai toan quy hoach tuyén tinh dang chuan sau:

(= —x1 — 319 + 223 — min
71| <1
q 72| <3
3] < 2
. |4£U1 — X9 —41’3‘ S 2.

Bai toan nay c6 thé dua vé bai toan thuoc dang bai toan quy hoach
tuyén tinh dang chuan véi bién bi chan (N)ta dua vé dang bai toan
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(V) r

f=—x1— 319+ 2x3 — min
—$1—1§O
—LUQ—?)SO
—$3—2§0

< $1—1§0
$2—3§0
$3—2§0
—41’1—|—ZC2—|—4$3—2§0

L 45111—332—4[133—2§0.

Day 1a bai toan quy hoach tuyén tinh dang chuan véi bién bi chan,néu
gidi n6 bang phuong phap don hinh thi ta phai thém vao rat nhiéu bién
bir.Sau day ching ta sé giai vi du nay bdi thuat toan nén xoay BBC dé

nghi 6 trén.

Theo phuong phap xac dinh nén-min ban dau ciia bai toan quy hoach
tuyén tinh (/N) trinh bay & trén thi chiing ta c¢6 tap chi s6 co s6 ban dau
1a Iy = {3,4,5} va nén-min ban dau ctia bai todn nay la néon don hinh

dinh tai 2° = (1,3, - 2) .

Dua cac s6 lieu vao bang nén xoay lap thu gon tuong ing va tién
hanh tinh toan vdi quy tac chon chi s6 dua vao co s6 max ching ta dugc

két qua sau:

cosd | bj| -1 -3 2| A;(a®) | Ai(ah)
1 -1} -1 0 O -2 -2
2 3 0 -1 0 -6 -6
3 20 0 0 -1| [0] -3
4 |11 0 o] [0 0
5 |30 1 0| [0 0
6 21 0 0 1 -4 -1
7 20 -4 1 4] -11 0
S |2 4 -1 4| (1) | -1
3 |20 0 1| 4 | 12
4 |1 -1 0 0| [4 | 1/4
5! 31 0 -1 0 1

Buéc 0|2 1 -3 2

3 2] 1 0 1

8§ |-2/-1/4 0 0

5 |-3|-1/4 -1 0

Bude 1 |2 |-3/4 3 -2
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Dén budc 1 ching ta thiy cot cudi ciing clia bang nay c6 tat ci cac
s6 déu nho hon hodc bang khong nén ching ta c6 10i gidi clia bai toan
tren sau 2 bude lap la: %" = (-3/4, 3, -2).

Qua nhiéu vi du minh hoa & trén,chting ta thay néu giai bai toan quy
hoach tuyén tinh véi bién bi chan bdi thuat toan nén xoay BBC thi s6
bude lap di dén 10i gidi ctia bai toan 1& it hon s6 budc lap khi gidi né
bang thuat toan don hinh hodc don hinh déi ngau tuong ting béi khong
phéi thém vao cac bién bui dé dua vé dang chinh tic.Va 16 rang trén
bang lap rat gon thi ma tran rang buoc A va véc to cot b chi can khai
bao mot lan trong co sé dit lieu dau vao 6 budce lap dau tién,con § nhiing
budec lap sau n6é van dit nguyén gia tri.Con khi ching ta giai bai toan
nay bang phuong phap don hinh hay don hinh déi ngdu thi tat ci cac
phan t clia ma tran rang budc A va véc to cot b déu phai tinh lai sau
mdi budce 1ap tiép theo (Vi cac cot véc to co s6 bi thay déi vi tri trong
bang sau mdi bude 1ip nhu ching ta da biét).Chinh vi vay ma s6 phép
tinh toan ctia phuong phap don hinh déi ngau 1a nhiéu hon sé phép tinh
cua thuat toAn BBC trong moi buée lap.

3.2 Thuat toan nén xoay BBC giai vi du KLEE —
MINTY v6i n=3

Xét bai toan quy hoach tuyén tinh dang chuan trongR" sau:

r n ,
G(X)=> 10"7.z; — max
j=1
@) 2;>05=12 .n
-1 .
2 1012y + a4y < 100710 = 1,2, ..., n.
. J=1

Ching ta dua bai toan nay vé dang bai toan tim min nhu sau:

F(X)=-GX)=-> 10”_j.xj — min
j=1

2 >0,j=1,2,..,n

25 10"z +2; <1007 i =1,2,...,n

\ J=1

Chiung ta da biét vi du nay néu gidi béi thuat toan don hinh co dién
thi sau ding 2" — 1 budc lip méi di dén nghiém t6i wu clia bai toan.
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Sau day chiing ta giai bai toan trén trong trudng hgp cu thé véin = 3:

( G(X)=100.z7 + 10.z5 + x3 — max
2, >0,j=1,2,3

§ 1 <1,

L 200.z1 + 20.29 + x3 < 10000.

Dé giai bai toan nay biang thuat toin don hinh.ching ta dua no ve
dang bai toan quy hoach tuyén tinh dang chinh tac trong R® nhu sau:

([ F(X) =—-G(X)=-100.z;y — 10.x2 — x5 — min
T1+ Xy = 1,

< 20..%1 + o + x5 = 100

200.z1 + 20.22 + x3 + 26 = 10000

2;>0,7=1,2,..,6.

\

O day ching ta phai thém vao 3 bién bt x4, 5, zg va d& dang thay
chiing chinh 1a cac bién co sé ban dau dé tién hanh tinh toan,két qui
cho béi bang sau qua 7 bude lap:
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¢j |AJ|P/an [-100|-10|-1| 0 | 0 | O

AL | A% ] A3 A | A | AS
0 |[A*] 1 i lojo| 1 ][0]oO
0 |A4A% 100 | 20 1 /0] 0 |1]0O0
0 |A%]10000| 200 |20 1| 0 | 0|1
Bc0 10010 1] 0 | 01O
-100 | AY| 1 1 J0ol0] 1 |01 0
0 [A°] 80 O [[1]]0]-20] 110
0 | A5, 9800 | 0 | 20| 1 [-200] 0 | 1
Bel 0O | 10| 1 |-100] 0 | O
-100 | A 1 1L ool o]0
-10 | A% | 80 0O | 1]0|-20]11]0
0 [A%] 8200 | 0 | O | 1 |200|-20]| 1
Be2 0O | 0| 1100 [-10] 0
0 |A*] 1 M oo 1 0|0
-10 | A% 100 | 20 | 1|0 O | 11O
0 | AS| 8000 |-200| 0 |[1]| O |-20] 1
Be3 100 0 | 1| O |-10] O
0 |[A*] 1 o0 1 |00
-10 1A% 100 | 20 | 1|0 0O | 11O
-1 | A%| 8000 |-2001 0 | 1| O |-20| 1
Bed 100 0 0] O [10]-1
-100 | A 1 1 0l 0] 1 ]01 0
-10 | A% 80 0O | 1 ,0]-20/1[1]]0
-1 A% 8200 O | O | 1 ]200-20]1
Bch 0O |00 0 |10]-1
-100 | AY| 1 1 0ol 0] 1 ]01 0
0 [A°] 80 0O | 1]0|-20]11]0
-1 A3 9800 | O [20| 1 [-200] 0 |1
Bc6 0 [-10] 0 | 200 | 0 | -1
0 |[A*] 1 1 J0ol0] 1 ]01 0
0 [A°] 100 | 20 | 1 /0] O |10
1 | A3/10000/200 20| 1, 0 |0 |1
BeT -200(-200 0| O | O |-1

Vay sau 7 buéc lip ta nhan duge nghiem t6i uwu la: 2% =(0, 0, 10
000, 1, 100, 0).Suy ra phuong &n t6i uu cia bai todn ban dau la 2% =
(0, 0, 10 000). Bay gio ta sé giai bai toan trén theo thuat todn nén xoay
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BBC,truéc hét dé thay tir 3 rang buoc cudi cling ciia bai toan,ta co:
z1 < 1,29 < 100, 25 < 1002

Vay bai toan KLEE-MINTY v6i n=3 & trén c6 thé tuong duong véi
bai toan quy hoach tuyén tinh sau:

/

G(X) = —100.x; — 10.x9 — 3 — min
—x; <0,5=1,2,3

ryp <1,

(G) { 20..%1 + 9 < 100

2001‘1 + 20.%’2 + T3 S 1002

x9 < 100

x5 < 1002

\

Dé dang thay bai toan v6i nén — min xuat phat ban dau c6 tap chi
s6 co s6 1a {4,7,8} xac dinh bdi he 3 bat phuong trinh tuyén tinh:

I S 1
xo < 100
r3 < 1002

Dinh ctia nén — min nay 1a z¥ ( 1,100, 100?) ching ta c6 bang lap nén
xoay thu gon véi quy tac chon chi s6 dua vao co s 1a chi s6 max nhu
sau:
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Chis6 Cs| by —10% | -10 | -1 Al () Al(zh) | AT (2?)
1 0 -1 0 0 -1 -1 0
2 0 0 -1 0 -100 10 0
3 0 0 0 -1 -1002 -100 | -100?
4 -1 1 0 0 0 0 -1
5 -100 | 2.10 1 0 2.10 90 | -100
6 -100% | 2.10% | 2.10 | 1 |(2.103+2.10%)| 0 0
7 -100 0 1 0 0 -110 | -100
8 -100? 0 0 1 0 0 0
4 -1 -1 0 0 -200 1/2
(7) -100 0 -1 0 [-20] (1/2)

8 -1002 0 0 -1 -1 1

Budc 0 Y 1 100 | 1002
(4) -1 -1 10 0 [-10] (0)

6 —100%| 0 [-1/20| © 1/20
8 —100%*| 0 1/20 | -1 -1/20 10

Buéce 1 zt 1 -10 | 100?

2 0 |-1/10 | 1 0
6 -100% |-1/200 | 0 0
8 1002 | 1/200 | 0 -1
Buéce 2 7 0 0 | 1002

Vay sau 2 buéc lap ching ta da nhan dugc 10i gidi tdi wu clia bai

toan,con néu gidi bang thuat toin don hinh thi phai sau 7 budc lip va
s6 phép tinh toan trong mdi budc cling nhiéu hon.

Qua nhiéu vi du minh hoa & trén,ching ta thay néu giai bai toan quy
hoach tuyén tinh dang chuan véi ham muc tiéu bi chin bdi thuat toan
nén xoay BBC thi s6 buéc lip di dén 161 gidi ciia bai toan néi chung 1a
it hon s6 budce lap khi gidi né bang thuat toan don hinh déi ngau tuong
ting .Va ro rang trén bang lap rat gon thi ma tran rang budc A va véc
to cot B chi can khai bdo mot 1an trong co sé dit lieu dau vao & budc
lap dau tieén,con 6 nhiing budc lip sau né van gitt nguyéen gia tri.Con khi
ching ta giai bai toan nay bang phuong phap don hinh déi ngau thi tat
ci cac phan ti clia ma tran rang buoc A va véc to cot B déu phai tinh
lai sau moi bude lip tiép theo (vi cic cot véc t6 co s§ bi thay doi vi tri
trong bang sau moi bude lap nhu ching ta da biét).
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3.3 Vai nét vé do phic tap tinh toan ctia thuat toan
BBC va két luan

R6 rang cac thuat toan giai truc tiép cac 16p bai toan quy hoach tuyén
tinh dang chuan diic biét khong can dua vé dang chinh tic da bét di mot
khau trung gian 1am cho s6 chiéu bai toan tang lén va toé ra hieu qua khi
ap dung vao thuc té.D6i véi thuat toan nén xoay BBC dé xuat trong
luan van nay giai cho 16p bai toan quy hoach tuyén tinh dang chuan véi
bién bi chin qua nhing vi du da dudc lay trong cac sach,gido trinh dai
hoc va cac tai lieu chuyén nganh vé quy hoach tuyén tinh.Qua thong ke
buéc dau ching ta thay so6 budc lip trung binh khi gidi truc tiép bai
toan quy hoach tuyén tinh dang chuan véi bién bi chin c6 kich thudc
cd mxn bang thuat toan nén xoay BBC 1la O(K.n) (1 < K < 1,5),trong
d6 n 13 s6 chiéu clia bai toan va s6 phép tinh toan trong mdi budc lap
13 O(nxn).Néu nhu danh gid nay theo thai gian qua kiém nghiém chép
nhan duge thi thuat toan nén xoay BBC vé mit hoc thuat c6 thé coi
14 mot thuat toan tuong tu nhu thuat toan don hinh déi ngau va to ra
hiéu qua hon vi né giai truc tiép cho bai toan quy hoach tuyén tinh dang
chuan khong phai them cac bién bl va phu.Bdi néu bai toan quy hoach
tuyén tinh dang chuan véi kich thuée nhu trén dua vé dang chinh tic dé
gidi bang phuong phap don hinh déi ngau hosic don hinh thi kich thuéc
clia bai toan it nhat sé 13 (m+n)xm va nhu vay s6 phép tinh toan trong
mdi bude khi m >> n 1a((m+n)xm) sé 16n hon O(nxn) rat nhiéu.

Mzt khac déi v6i bai toan quy hoach tuyén tinh dang chinh tic bat
ky(cd m.n trong d6 m 1a s6 rang budc chinh,n 1a s6 chiéu ctia bai toan)
khi gidi n6 béi phuong phap don hinh hay don hinh déi ngau déu doi
hoi biét trude mot co sé don vi clia bai toan va nhu vay ching ta déu c6
thé dua n6é vé bai toan quy hoach tuyén tinh dang chuan tuong duong
c6 s6 chicu cta bai todn bang so6 bién phi co sé 1a n — m.Do dé néu
n —m << n thi st dung thuat toan nén xoay giai bai toan quy hoach
tuyén tinh nay sé hiéu qua hon nhiéu khi ching ta giai bai toin & dang
chinh tac ban dau,diéu nay ching ta da thay ro bdi cac vi du minh hoa
trong luan van.

R6 rang mdi mot thuat todn déu c6 nhitng diém manh rieng va diém
yéu rieng khi st dung noé giai cho cac 16p bai toan khac nhau.Dé so sanh
tinh hiéu qua ctia thuat toan nay véi thuat toan khac khi giai cac 16p bai
toan khac nhau,né chi mang tinh tuong déi chit khong thé khang dinh
duge sy hon kém nhau thuyc sy gitta ching.Van dé ching ta dang quan
tam hon d6 1a déi vdéi 16p bai toan quy hoach tuyén tinh nay thi ta sit
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dung phuong phap thuat toan nado tuong tng dé gidi né sao cho “hicu
qué nhat”.0 day cAn nhan manh ring thuat toan nén xoay BBC vé miit
ban chat 1a phuong phap thuoc luge do xap xi ngoai,con thuat toan don
hinh 13 phuong phap thuoc luge do xap xi trong.

Mot van dé lien quan dén s6 budc lap clia phuong phap nén xoay
BBC la viéc lua chon siéu phang dua vio co sd clia néon-min méi sé la
mau chot dé chiing ta co thé giam dude sb lugng budce lap clia cac thuat
toan dé nghi trong luan van,ching ta c6 thé tim hiéu sau hon van dé nay
trong chuong IV clia cudén sach “Quy hoach gan 16i- gan 16m tng dung
vao quy hoach tuyén tinh” [2].

Chung ta dung lai viéc danh gia do phiic tap tinh toan ctia phuong
phap nén xoay BBC & day.Con nhiéu thoi gian cho phép ching ta c6
nhiing cai tién d6i v6i phuong phap nén xoay nay tit dé cé the xay dung
dugc nhitng thuat toan manh dé giai bai toan quy hoach tuyén tinh néi
chung va nhitng dang dic biét cia n6 noéi riéng.
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