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LGl cam on

Trong sudt qua trinh lam luan van, toi luon nhan duge sy huéng dan va gitp
d6 nghiém tuc ctia GS.TSKH. Lé Ding Muu (Vién Toan hoc, Vién Han lam
Khoa hoc va Cong nghée Viet Nam). Toi xin chan thanh bay t6 long biét on sau
sac dén thay va kinh chic thay luon luon manh khoe.

To6i ciing xin cadm on cac quy thay, co gidng day tai Dai hoc Thai Nguyén va
tai Vien Toan hoc da mang dén cho toi nhicu kién thitc bo ich khong chi trong
khoa hoc ma con ca trong cudc song.

To6i xin chan thanh cAm on cac ban dong mon da gitp do toi trong thoi gian
hoc tap tai Dai hoc Thai Nguyén va trong qua trinh hoan thanh luan van nay.

Cudi cling, con xin cam on bo me. Nhd ¢6 bé me khong quan gian kho, vat
va s6m khuya nhung van tao moi diéu kién t6t nhat dé con c6 dugce thanh qua
ngay hom nay. Xin kinh ting ban luan van nay cho B va Me.

Thai Nguyén, thang 6 - 2013

Nguoi viét Luan van

Vi Van Du



MG dau

Bai toan t6i wu da muc tieu va bai toan bat ding thitc bién phan la hai 16p
bai todn dugc ndy sinh trong qua trinh nghién cttu va giai cac bai toan thuyc té,
nhu: bai toan kinh té, vat 1y toan, giao thong do thi, 1y thuyét tro choi... Ca hai
16p bai toan nay cling méi duge quan tam dén trong khoang 50 nam trd lai day,
do tinh ttng dung rong rii ctia né trong doi séng kinh té - x& hoi. Tuy nhién,
viéc nghién cttu cac bai toan nay lai gap rat nhieu khé khian, nhieu van dé lien
quan dén cac bai toan nay van chua dudce gidi quyét.

Bai toan t6i utu da muc tiéu va bai toan bat déng thic bién phan c6 mébi quan
hé tuong hd cho nhau. Nhiéu khi viéc tim nghiém tdi wu ctia bai toan t6i uu da
muc tieu lai quy vé viéc gidi bai toan bat dang thitc bién phan c6 tham s6. Cu
theé, trong luan van nay ching ta sé thay: viec tim diém Pareto va Pareto yéu
clia bai toan t6i wu da muc tiéu ham phan thitc affine lai quy vé viéc giai bai
toan t6i uu véi rang buoc bat déng thic bién phan phu thudc tham s6. Trong
ban luan van nay, ching ta sé tim hiéu vé bai toan t6i wu trén tap Pareto ciia
bai toan toi wu da muc tiéu ham phan thitc affine va bai toan bat dang thic
bién phan hai cap (viét tit 1a BVI - Bilevel Variational Inequalities). Cu thé:

D6i véi bai toan toi wu trén tap Pareto clia bai toan toi wu da muc tieu ham
phan thtc affine, ching ta sé tim hiéu céac kién thic co ban, nhu: bai toan toi
wu véc to phan thic affine, diém Pareto (hay nghiém hitu hiéu), diém Pareto
yéu (hay nghiém hitu hi¢u yéu), dinh 1y vé diéu kién can va du ctia diém Pareto
va Pareto yéu ctia bai toan téi uu da muc tiéu ham phan thic affine. Dong thoi,
chiing ta ciing sé trinh bay mot thuat toan nhanh-can dé giai bai toan t6i uu
trén tap Pareto yéu ctia bai toan t6i wu da muc tieu ham phan thic affine (con
goi 1a Thuat toan LB).

Nhitng nghién citu ban dau vé bai toan t6i uwu da muc tiéu lan dau duge gidi

thieu tit cudi thé ky XIX bdi nha kinh té hoc Vilfredo Federico Damaso Pareto



(1848 - 1923). Tuy nhién t6i uu da muc tiéu chi duge quan tam va c6 nhiing
budc phat triéen dot pha trong khoang 40 nam tré lai day. Bai toan t6i wu da
muc tiéu ham phan thic affine (viét tat 1a bai toan (VP)) 1a syt md rong tu
nhién ciia bai toan téi wu véc to tuyén tinh. Cac két qui nghién ctu cho thay
rang tap Pareto clia bai toan (V P) khac biét va phtic tap hon nhiéu so vé6i tap
Pareto ctia bai toan t6i wu da muc tiéu tuyén tinh.

Bai toan t6i uu trén tap Pareto va tap Pareto yéu thuoc 16p bai toan toi wu
hai cap, 16p bai toan nay lan dau duge dé xuat nam 1972 va hién nay dang rat
dugc quan tam bdi nhing tng dung rong rai cia né trong thuc tién. Bai toan
t6i wu trén tap Pareto (hodc tap Pareto yéu) ciia bai todn t6i wu da muc tieu
phan thric affine duge viét tat 1a bai toan (P) (hofic bai toan (W P)) cling 1a mot
dang ctia bai toan tdéi wu hai cap. Trén thuc té, trong hoat dong lao dong san
xuat ciing doi héi viec gidi cac bai toan nay. Vi du, mot cong ty san xuat do
an nhanh c¢6 p nha may (duge dat tai cac dia phuong khac nhau), méi nha may
lai san xuat n loai do &n khac nhau. Ham lgi nhuan f(z) clia cong ty phu thuoc
vao phuong an san xuat s6 lugng san pham = = (1,29, ...,z,). Cong ty mubn
tim mot phuong 4n san xuat sé lugng san pham z sao cho lgi nhuan thu duge
14 cao nhat. Nhung dé dam bao chat lugng san pham lai khong lam hai dén méi
truong thi cong ty phai tim mot phuong 4n san xuét sb6 luong san pham z sao
cho ty so gitta chi phi trong san xuat ctia moi nha may véi chi phi ciia cd cong
ty 14 nhé nhat. Vi vay, thay vi tim ham cyc dai f(z) trén cac tap phuong an
chap nhan duge, cong ty phai thyc hién bai toan cyc dai ham f(z) trén tap hitu
hiéu clia bai toan (VP). Tic la, tim phuong an san xuat sé lugng san pham z
sao cho thu dugc 1gi nhuan cao nhat trén cac tap phuong an san xuat théa man
yéu cau tiét kiem chi phi trong sdn xuat nhitng van dam bao mai truong.

Viéc nghién cttu bai toan (P) va bai toan (W P) gip rat nhiéu kho khan, bdi
vi tap nghiém ctia bai toan (V P) thuong khong 16i, khong con 1a hop ciia cac
mit da dién rang budc va ¢6 cau tric phic tap.

Déi v6i bai toan bat dang thic bién phan hai cap dude xét trong ban luan
van nay sé lan luot tim hiéu vé: bai toan bat dang thitc bién phan don diéu, cac
diéu kien ton tai nghiém co ban clia bat dang thic bién phan don dieu. Dong

thoi, ching ta ciing sé trinh bay mot bai todn bat dang thic bién phan trén tap



nghiém ctia bai toan bat dang thic bién phan gia don diéu; va cling tim hiéu vé
mot thuat toan sit dung quy tic tim kiém theo tia Armijo c6 két hop phuong
phap ciia dao ham ting cudng va k¥ thuat cit sieu phang dé giai bai toan hai
cap da noéi & tren.

Bai toan bat dang thic bién phan dude gidi thieu lan dau bdi Hartman va
Stampacchia nam 1966. Nhitng nghién cttu dau tién vé bai toan nay lien quan
dén viec giai bai toan diéu khién t6i wu v bai toan bién ctia phuong trinh
dao ham riéng. Ching ta phai ké dén su déng gép clia cac nha toan hoc, nhu:
D. Kinderlehrer, Stampacchia, S. Facchinei, J. Pang... d& ¢6 nhitng cong trinh
nghién cttu cong phu lién quan dén bat dang thiic bién phan va cac tng dung
ctia n6. O Viet Nam, ciing c¢6 nhiéu nha nghién citu theo dudi linh viuc nay, nhu:
Lé Ding Muu, Pham Quéc Khanh, Nguyén Dong Yen, ... di c6 nhitng nghién
citu chuyeén sau vé bat dang thiic bién phan va xay dung phuong phéap giai cho
cac bai toan bat dang thic bién phan.

Nhitng niam gan day bai toan bat déng thic bién phan da cé nhing bude
phét trién manh mé va thu hit duge nhiéu sy quan tam ciia cac nha nghién citu
bdi tinh ting dung rong rai cua né. Mot trong cac huéng nghién citu quan trong
la xay dung phuong phap giai. Cong cu duge cho la hitu hiéu hon ca la phuong
phap dua vao viéc tinh diém bat dong. Tuy nhién, néu giap phai bai toan bat
déng thic bién phan c¢6 tham so6 thi viec gidi quyét né lai khong hé dé& dang vi
phai sit dung dén cac ki thuat ctia to6i wu toan cuc. Ngay trong ban luan vin
nay, ching ta gip phai trusng hop tuong tu khi phai tim diém Pareto va Pareto
yéu clia bai toan (VP), ta da dua vé viéc gidi bai todn bat dang thitc bién phan
c6 tham s6. Diéu nay that sy kho khan.

Bai toan bat dang thic bién phan hai cap dudc xét trong ban luan van nay
la mot trudng hop dac biét clia bai toan bat dang thic bién phan c6 tham sb.
Bai toan dudc xay dung bdi mot bai toan t6i wu trén tap nghiém clia mot bai
toan bat dang thiic bién phan (diéu nay sé dugc trinh bay ré rang hon trong
Muc 2.2, Chuong 2). Ta ciing luu ¥ rdng trong cdc phuong phap hiéu chinh nhu
hieu chinh Tikhonov va diém gan ké, néu bai toan bat dang thiic bién phan la
don diéu thi cac bai toan con can giai quyét cling 1a don diéu, nhung néu bai

toan bat dang thiic bién phan la gia don dieu thi cic bai toan con can giai quyét



lai khong ké thita dugc tinh don dieu. Van dé duge dat ra la: Xay dung thuat
toan dé giai bai toan BVI véi rang budc la mot bat ding thitc bién phan gia
don diéu trén tap nghiém ctia n6. Van dé nay da dan t6i viec xay dung thuat
toan trong ([4]). Thuat toan nay c6 thé dugc coi la su két hgp ciia phuong phap
dao ham tang cuong bang cach sit dung cac nguyén tic ciia bai toan phu véi ki
thuat cit siéu phang.

Muc dich ctia luan van nay 1a trinh bay vé hai bai toan t6i uu hai cap: bai
toan toi wu trén tap Pareto clia bai toan toi wu da muc tiéu ham phan thic
affine va bai toan bat déng thitc bién phan hai cap ciing cac thuat toan cé lien
quan dé giai hai bai toan nay. Qua luan vin, ta c6 thé thay dude cach tiép can
bat déng thitc bién phan do6i véi bai toan toi wu trén tap Pareto ctia bai toan
t6i uu da muc tiéu phan thic affine.

Luan van c¢6 2 chuong;:

Chuong 1. Trinh bay vé bai todn t6i uu da muc tiéu phan thitc affine
(bai toan (V' P)), bai toan tdi wu trén tap Pareto clia bai todn (VP)( goi la bai
toan (P)), bai toan toi uwu trén tap Pareto yéu ciia bai toan (V P)(goi la bai toan
(WP)). Cubi cing, trinh bay vé phuong phap giai bai toan (W P) bang phuong
phap tinh can déi ngau Lagrange.

Chuong 2. Trinh bay vé bai toan bat ddng thitc bién phan don dicu, sy
ton tai va duy nhat nghiém ctia né. Trinh bay vé bai toan (BVI) va thuat toan
dé gidi quyét no. Cubi ciing trinh bay mot dinh 1y dé khéng dinh sy hoi tu cia

thuat toan.

Luan van dugc hoan thanh tai truong Dai hoc Khoa hoc, Dai hoc Thai
Nguyén dudi syt huéng dan trice tiép cia GS. TSKH. Lé Diing Muu. Mac di, tac
gid da hét stic c6 gang nhung do van dé dugce nghién citu 1a phiic tap va méi mé,
lai do thdi gian c6 han va kinh nghiém nghién ctu con han ché nén khé tranh

khoéi thiéu so6t. Tac gid mong nhan duge sy gop ¥ clia cac thay co va cac ban.



Chuong 1

Bai toan to6i uwu trén tap Pareto ctia
bai toan té6i vu da muc tiéu ham
phan thiuc affine

Bai toan toi wu da muc tiéu phan thic affine, con duge goi 1a bai toan toi
uu véc to phan thic affine 14 sy md rong ciia bai toan t6i wu da muc tiéu tuyén
tinh, nhung 16p cac bai toan t6i wu da muc tiéu phan thic affine thic sy rong
hon 16p cac bai toan téi uu da muc tiéu tuyén tinh. Cac két qua nghién cttu cho
thay rang, tap Pareto clia bai toan t6i uwu da muc tiéu phan thic affine khac biet
va phtic tap hon nhiéu so véi tap Pareto ctia bai toan t6i wu da muc tiéu tuyén
tinh. Nhieu tinh chat ctia truong hop tuyén tinh khong con ding cho truong hop
phan thic affine. Nhiéu van dé nghién citu cho 16p cic bai toan t6i wu da muc
tieu phan thic affine van chua c6 két qua.

Trong chuong nay, chiing ta sé nghién citu vé bai toan t6i uu vécto ham phan
thiic affine. Cu thé, ching ta sé tim hiéu céc kién thitc co ban, nhu: bai toan t6i
wu véc to phan thiic affine, diém Pareto (hay nghiém hitu hiéu), diém Pareto
yéu (hay nghiém hitu hiéu yéu), dinh ly vé diéu kién can va du ctia diém Pareto
va Pareto yéu ctia bai toan téi uu da muc tiéu ham phan thic affine. Dong thoi,
chiing ta ciing sé trinh bay mot thuat toan nhanh-can dé giai bai toan t6i uwu
trén tap Pareto yéu clia bai toan t6i uu da muc tiéu ham phan thic affine (con
goi 1a Thuat toan LB). Cac kién thiic ¢ chuong nay duge trich dan tir cac tai
licu [6], [7], [8], [9], [10] va [11].



1.1 Bai toan tb6i vu véc to
Cho D c R™ la tap loi, déng, khac rong; K c RP la nén 16i, déng. Cho
f="(fi,., fp) : D — RP la ham véc to. Xét bai toan
m[gn{f(x): r € D}, (1.1)
trong do ”m}%n” duge hiéu la cuc tiéu theo nén K duge dinh nghia nhu sau:

Dinh nghia 1.1. Ta néi T € D la diém Pareto (hay nghiém hitu hiéu) ciia bai

todn (1.1) vdi quan hé thit tu cho bdi nén loi K néu khong ton tai x € D sao cho

f(@) = f(x) € K\{0}. (1.2)

Ky hiéu tap Pareto (hay tap nghiém hitu hiéu) ctua (1.1) 1a S(f, D).
Vay,
zeS(f.D) = (f(x) - K)Nnf(D)={f@)}.
Dinh nghia 1.2. Gid st intK # 0, trong dé intK la kij hiéu phan trong topo
ctia tip K. Ta néi T € D la diém Pareto yéu (hay nghiem hitu hiéu yéu) clia bai

todn (1.1) néu khong ton tai x € D sao cho
f(@) = f(z) € intK. (1.3)

Ky hieu tap Pareto yéu (hay tap nghiém hitu hi¢u yéu) cta (1.1) 1la WS(f, D).
Vay,
T € WS(f,D) < (f(@)—intK)N f(D) = 0.

Nhan xét 1.1. Vai

K= {y =1, yp) €ERP: y1 >0,...,y, > O}
thi (1.2) ¢6 nghia la
{ filz) < fi(®), Vi=1,p

Jig : fio(x) < fio(T);
va (1.3) ¢6 nghia la

file) < fi(z), Vi=1,p.
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