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Quy hoach 16i c6 nhiéu (rng dung quan trong trong céac linh vuc khoa hoc. Trong bai bao nay

st dung phwong phap Zoutendifk dé& giai quyét bai toan téi wu héa danh muc dau tw tai
chinh. Pay Ia phwong phap dét theo tén ctia nguwdi da dé xuét ra né (ndm 1960) va 1a mot
trong nhirng phwong phap giai quyét bai toan quy hoach 16i dwoc stv dung phd bién nhét.

Convex programming has numerous important applications across various scientific fields.

In this paper, we utilize the Zoutendijk method to solve the financial investment portfolio
optimization problem. The Zoutendijk method, hamed after the scholar who proposed it in
1960, is one of the most widely used techniques for solving convex programming problems
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1. GIOI THIEU

Nén kinh té cua nuéc ta hién nay dang da phat
trién. Trong thoi dai s6, nhu cau nguoi dan
Viét Nam quan tdm t6i vin dé dau tu tai chinh
ngay cang ting. Do d6, van dé toi uu hoa danh
muc dau tu duoc dit ra trong bdi canh hién
nay hoan toan pht hop véi thuc tién cua doi
séng nhan dan, ciing nhu dbi véi cac té chic
dau tu. Viéc tim kiém mot céng cu hiru hiéu
giai quyét vin dé trén da thuc day nhiéu
phuong phap toan hoc dugc nghién cuu.

Quy hoach 16i 12 mot nhanh cua toan hoc va
khoa hoc may tinh lién quan dén viéc tbi wu
héa mot ham muc tiéu. Cac bai toan quy
hoach 16i don gian dd dwoc nghién ctu tir thoi
¢ dai, vi du nhu bai toan phén chia banh mi
mét cach cong bang.

Phuong phép Zoutendijk, con dugc goi la
phuong phap huéng chap nhan duogc, 1a mot

thuat toan giai bai toan quy hoach 16i phi
tuyén. Thuat toan nay dugc phét trién boi nha
toan hoc nguoi Ha Lan Gerard Zoutendijk vao
nam 1960.

Nam 1960, Gerard Zoutendijk xuat ban bai
bao dau tien md ta phuong phap ciia minh.
Nhitng nim tir 1960 dén 1970, phwong phap
Zoutendijk duoc nghién ctu va cai tién boi
nhiéu nha toan hoc khac nhau. Ttr nim 1980
phuong phap Zoutendijk bit dau dwoc ung
dung trong cac linh vuc thuc té, chang han
nhu k¥ thuat va kinh té. Ngay nay, phuong
phap Zoutendijk van la mot thuat toan giai
Quy hoach 16i hiéu qua va dugc sir dung trong
nhiéu ung dung khéc nhau.

Bai toan t6i wu hoa danh muc dau tu thuong la
bai toan tdi da hoa loi nhuan du kién, giam
thiéu rai ro hodc két hop ca hai. Tuy nhién,
ban chat cua bai toan co thé duoc chuyén doi
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thanh dang téi thiéu hoa bing céch st dung
cac ky thuat sau:

Toi thieu héa rui ro: Thay vi toi da hoa loi
nhuan, ta c6 thé téi thiéu hoa do léch chuéan
cta danh muc dau tu, vén 1a mot thude do rui
ro pho bién.

2. PHUONG PHAP NGHIEN CcUU

V6i phuong phap phéan tich tong hop dua
ra dugc hé théng Iy thuyét lién quan toi bai
toan quy hoach 16i. Giéi thiéu thuat toan
Zoutendijk. Sir dung thuat toan Zoutendijk dé
giai quyét bai toan t6i wu hoa danh muc dau tu
cu thé, vai cac san pham tai chinh sin co trén
thi truong tai chinh Viét Nam.

3. BAI TOAN QUI HOACH LOI

3.1. Mét sé khai niém

3.1.1. Tap 16

= Tap M <R" dugc goi 1a tap 16i néu nod

chta tron doan thang ndi hai diém bat ki caa
M, nghia la

Vx,x2 € M,A eR,0 < A< 1
= Axl1+(1-M)x2 € M.

Piém x €R» c6 dang
m K m
k=1 k=1

duoc goi 1a mot t6 hop 16i cua xI, x2,...,
xm € Rn,

3.1.2. Ham 16i

» ChoS cR"vaf:S—R=R U][-w, +o].
Ta ki hiéu

domf={x € S:f(x)<+wo}.

Tap dom f duoc goi 1a mién hitu hiéu cua f.
Tapepi f={(x,p) € Sx R:f(x)<p}

goi 1a tap trén do thi cua ham f

= Ham f duoc goi 1a ham 16i néu epi f
R"** 1a mot tap 16i. Ham f 13 ham 16m néu -f
1a ham 15i.

3.1.3. Bai todn cor ban cda qui hoach |6i
XéttaphopD={x € X:gx)<b}

trong do gT(X) = (gl(X), ‘gz(X), e gm(X)), gi(x),
(i= 1,m) la cac ham 16i lién tuc trén X, con

X 1a tap 16i dong cho trudc.

NGi riéng, tap hop X cd thé tring véi toan bo
khong gian R", di nhién X 1a mét tap hop 16i. Tap
hop D 16i vi d6 1a tuong giao cua tap hop X va
{x € R": g(x) <b}. Do gi(x) lién tuc va tap
hop X dong suy ra tap hop D dong.

Bai toan

it

trong d6 f(x) 16i, con D thoa mén cac diéu
kién vira néu trén, duoc goi l1a bai toan co ban
cua quy hoach 16i.

Ta quy udc ky hig¢u
min f (X
xeD ( )
c0O nghia la bai toan
» Hogc tim duge diém téi wvu x €D sao cho
f(X) < f(x) voi moi xeD.
= Hoic néu khong ton tai diém X nhu thé thi
tim
f = inf {f(x) : xe D}

= Hoic khang dinh rang f(x) khong bi chan
dudai trén tap hop D.

= Hoic khang dinh raing D = .
Piéu kién chinh quy

Néu voi méi i = 1, 2, ..., m tim dugc diém
xi€ D sao cho gi(x) < b; thi ta néi rang tap hop
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D thoa man diéu kién chinh quy.

3.1.4. Ham Lagrange va diéu kién téi wu
Xét vecto m chiéu h(x) = g(x) - b

Ham

L(x, y) = f(x) +(y,h(x))

trong d6 x X, y >0, dugc goi la ham Lagrange
cuia bai toan qui hoach 16i.

Trong c4c bai toan giai tich ¢ dién vé cuc tri
c6 diéu kién thi phuong phap nhan tir
Lagrange gitt mét vai tro quan trong: loi giai
ctia bai toan ban dau dugc tim trong sd cac
diém ding caa ham L(X, y).

Trong céc bai toan quy hoach 16i (néi riéng 1a
quy hoach tuyén tinh) ham Lagrange ciing
chiém moét vai tro quan trong: véi nhimg diéu
kién nhat dinh bai toan qui hoach 16i quy vé
viéc tim diém yén ngua cua ham Lagrange.
Cap (x*, y*) duoc goi 1a diém yén ngua cua
ham L(x, y) trén tap hop x X, y > 0 néu
X eX,y>0vaL(x,y)<Lx,y)<L(x,y)
d6ivéimoix € X, y>0

Cong thic trén co thé viét:

L(X".y )=min {max L(x,y)} = max{min L(x,y)}
xeX | y=0 y=0 xeX
binh ly Karush-Kuhn-Tucker. Gia suir trong
bai toan co ban, tap hop D = {xe X : g(X)< b}
thoa man diéu kién chinh quy.
Dé diém x* 1a diém tbi wu, diéu kién can va
du 1a ton tai y* > 0 sao cho cap (X*, y*) la
diém yén ngya cua ham Lagrange L(x, y) trén
tap hop X X, y = 0.
3.2. Phwong phap Zoutendifk
Thi treong tai chinh Viét Nam hién nay dang
timg budc bit nhip véi sy phét trién chung
cua thé gigi. Cac chu thé tham gia thj truong
tai chinh Viét Nam, déu nhan thac rd su can

thiét cua tng dung cac thanh tyu khoa hoc va
cdng nghé trong cong viéc cua ho. Song song
vai viéc hoan thién khung phép ly cho thi
truong tai chinh Viét Nam, hudng téi tiém can
gan hon voi théng 18, nguyén tic va cac cam
két quéc té, cac co quan quan 1y ciing xay
dung c4c san pham tai chinh da dang gilp cac
nha ddu tu trong va ngoai nudc c6 nhiéu hra
chon hon nhu ¢ phiéu, trai phiéu, ching chi
tién gui...

Vi vay, cbng viéc nghién cuu cac thuat toan
t6i wru hoa co tinh tng dung cao néi chung va
thuat toan Zoutendijk noi riéng, 1a hudng di
can thiét va c6 tinh thoi sy. Van dé 4p dung
thuat toan Zoutendijk vao thyc té cua thi
truong tai chinh Viét Nam trong diéu kién
hién nay, véi su hd trg manh cua nganh cong
nghé thong tin & nudc ta la hoan toan kha thi.

3.2.1. M6 hinh thudt toan Zoutendijk

Phuong phap Zoutendijk hoat dong dua trén
viéc lap di 1ap lai cac budc sau:

Buoc 1: khoi tao

Bat dau voi mot diém khai tao factible bat ky
trong tap 16i. Biém khai tao thoa man cac diéu
kién cua bai toan. Nén chon diém khoi tao gan
v6i nghiém tdi uu tiém ning dé ting hidu qua
cua phuong phéap.

Bueéc 2: tim kiém hurong

Xac dinh hudng di ma ham muc tiéu sé tang
nhanh nhét tai diém hién tai. Tim kiém huéng
& mot budc quan trong trong phuong phap
Zoutendijk, duoc thuc hién sau khi da xac
dinh diém khoi tao va céc tham sé can thiét.
Muc tiéu cia budc nay l1a tim kiém huéng di
chuyén moi gitp cai thién gia tri ham muc
tiéu ma van thoa man cac rang buoc cua bai
toan.

Buoc 3: buoc doc theo huong

Di chuyén doc theo huéng di tim duoc Vi
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mot budc nhéat dinh cho dén khi dat dén ranh
gidi cua tap 15i hodc dat dén diém tbi wu.
Bueéc 4: cdp nhdt diém hién tai

Cap nhat diém hién tai thanh diém méi sau
khi di chuyén.

Buoc 5: lap lai

Lap lai cac budc 2, 3 va 4 cho dén khi tim
duoc diém téi vu hodc thoa man maot sd tiéu
chi dung.

Dé minh hoa cho phuong phap Zoutendijk
ching ta xét vi du sau.

3.2.2. Vidu

Bai toan

Gia str mot ngudi 6 mot s6 tién 100 trieu, dé
dau tu vao mot danh myc gém ba loai tai san
la c6 phiéu, trai phiéu va tién giri ngan hang.
Muc tiéu cua nguoi d6 12 tdi da héa loi nhuan
dau tu, trong khi van chap nhan mic do rai ro
10%. Hay stir dung phuong phap Zoutendifk
dé dua ra phuong an tdi vu.

Phan tich

Bai toan trén la bai toan quy hoach 16i boi vi
né co thé dugc md phong bang mot mé hinh
toan hoc thoa mén hai diéu kién sau:

= Ham muc tiéu va cac rang budc 1oi:

Ham muc tiéu duoc biéu thi dudi dang loi
nhuan ky vong, 1a ham 15i cia cac bién quyét
dinh (ty trong tai san trong danh muc dau tu).

Rang buoc: Bao gom cac gidi han vé ty trong
tai san, rai ro toi da, dugc biéu thi bang céc
bat ding thic tuyén tinh hoac 16i.

= Tap kha thi 13i:

Tap kha thi 1a tap hop tat ca cac giai phap thoa
man céc rang budc. Trong bai toan tdi wu hoa
danh muc dau tu, tap kha thi 1a mot da dién 16i
trong khdng gian n chiéu, véi n 1a sé luong tai
san trong danh muc.

Viéc md phong bai toan téi wu hoa danh muc
dau tu nhu mot bai toan quy hoach 16i cho
phép sur dung cac k¥ thuat phan tich manh mé
dé danh gia rui ro, loi nhuan va hiéu qua cua
danh muc dau tu.

Ung dung mo hinh thugt toan Zoutendijk

M® hinh hoa bai toan.

Bién:

X, : 80 tién dau tur vao co phiéu (tridu dong);

X, : 86 tién dau tu vao trai phiéu (tri¢u dong);
X,: SO tién dAu tu vao tién gui ngan hang
(triéu dong).

Ham muc tiéu:

Loi nhuan ky vong (E):

- Loi nhuan ky vong tir ¢ phiéu: 15%/nam.

- Loi nhuan ky vong tir trai phiéu: 10%/nam.

- Loi nhuan Ky vong tir tién giri ngan hang:
7%/nam.

E=0.15x +0.1x, +0.07 x,
(triéu ddng/nam).
Rang budc:

Tong s6 tién dau tu khong vuot quéa 100 triéu
dong:

X, + X, + X, <100

Mtc d6 rai ro chap nhan duoc 1a 10%:

{/0.0225x +0.01x,” +0.0049x;? <10

Diéu kién:

X 20,X,20,%X2=0

Khai tao:

Chon qiém khai tao x°= [0, 0, 100] (dau tu hét
vao tién gui ngan hang)

Budc tim kiém «°=0.1
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Huéng tim kiém d°
Giai bai toan sau

d - (VE(x")|
s.t.g(x0+d)50

Vi E(x’)=7,9(x°) =[-100, 8]

min‘

Giai ra duoc

d’= [100, —8,0]

Kiém tra diéu kién dirng: chua dat.
Vong lap 1:

Tinh toan budc tim kiém

1
o =

min< 0.1, max

0,(~8)" [100,-8,0] } }:o.s
00 -5.0]

Cap nhat diém hién tai:
x'=x"+a'd” =[80,-6.4,20]
Tinh toén lai huéng tim kiém:
Giai bai todn sau

d —EVE(xl))H

st.g(x +d)<0

Vi E(x') =10.4,9(x") =[-20,13.6]

min‘

Giai ra duoc

d'= [20, —-13.6, O]

Kiém tra diéu kién dirng: chua dat.
Vong lap 2:

Tinh toan budc tim kiém

o —min{o.l, maX{O, (13.6)' [20,-13.6,0] } }

[20,-13.6,0]
=0.1
Cap nhat diém hién tai
x* =x"+a’d" =[88,-8,12]

Tinh toén lai huéng tim kiém:
Giai bai toan sau:
min |d — (VE(X))|

s.t.g(x2+d)£0

V6i E(x)=11.12,9(x%) =[-12,5.6]

Giai ra duoc

d? =[12,-5.6,0]

Kiém tra diéu kién dirng: chua dat.

Tiép tuc thyc hién qua trinh giai, sau 10 vong
lap ta nhan duoc két qua nhu sau:

Phuong 4n tdi vu: X, ®54; X, = 32; X, =14
Loi nhuan ky vong téi da E ~12.28

Két qud thu dwoc cho thay rang

Ty Ié dau tu toi vu:

- C6 phiéu 12 54%,

- Tréi phiéu 1a 32%,

- Tién giri ngan hang 1a 14%.

Loi nhuan ky vong ti da thu duoc tir danh
muc dau tu nay 13 12.28%.

4. KET LUAN

Véi xu huéng ngay cang quan tdm nhiéu hon
tGi van dé tai chinh ca nhan caa nuéc ta hién
nay, giai tich 16i va md hinh Zoutendifk 1a
nhitng cbng cu quan trong trong linh vuc tai
chinh, gitp cic nha dau tu xay dung danh
muc dau tu t6i vu, gia ting loi nhuan va giam
thiéu rai ro. Viéc tng dung cac phuong phap
nay mot cach hiéu qua s& gép phan nang cao
hiéu qua hoat dong dau tu va thic day su phat
trién cua thi truong tai chinh.

Bai bao da su dung mé hinh Zoutendifk nhu
mot ¢éng cu manh mé& dé giai mot bai toan
dau tu tai chinh, phan b6 vén dau tu nham thu
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duoc loi nhuan tét nhat. Két qua thu dugc tir  tich 16i va phuong phép Zoutendifk 13 huéng
g dung trén cho thiy viéc nghién ctu giai  di dung, phu hop vai thuc tién cua Viét Nam.
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