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Tém tit:

Viéc xdy dung danh muc t6i wu trong thuc té khong chi quan tdm dén méi quan hé giita loi
nhudn — rii ro ma con tinh dén chi phi quan tri, dwoc thé hién boi sé lwong cé phiéu trong
danh muc. Bai viét nay tién hanh xay dung danh muc 16i wu cho thi truong chung khoadn Viét
Nam theo cdch tiép cin méi, gom hai giai doan. Pau tién, kj thudt phan cum véi chudi thoi
gian sé duoc thuc hién aé phan cum cdc cé phiéu. Twr cac cum nay, cdac c6 phiéu dai dién sé
duwoc chon dua trén chi s6 Sharpe. 10} giai dogn tié’p theo, thudt toan 16i wu Markowitz duoc
dp dung cho nhom cac co phiéu dai dién dé lua chon ra dwoc danh muc t6i uu. Két qua thuc
nghiém cho thay, danh muc t6i wu tim dwoc bang phwong phdp nay tot hon ding ké so voi thi
trieong (dai dién boi VN-Index) trong giai doan nghién civu cd vé loi sudt trung binh va ty sudt
loi sudt trén rii ro.

Tw Khoa: Phan cum K-means, T 6i wu héa danh muc dau te, Phan cum chudi thoi gian, VN-
Index.

Ma JEL: C02, C38, G11

Portfolio optimization based on time series clustering method — An empirical study of
the Vienamese stock market

Abstract:

In practice, portfolio optimization does not only deal with the risk-return relationship, but
also involves management costs, as shown by the number of stocks in the portfolio. This paper
proceeds to build the optimal investment portfolio for stocks listed on the Vietnamese stock
market according to a new approach consisting of two phases. First, time series clustering
technique will be implemented to cluster the stocks. Then, the stocks with the highest Sharpe
ratios from each cluster are selected to create a stock market portfolio. In the next stage, the
Markowitz optimization algorithm will be applied to the representative group of stocks to
choose the optimal portfolio. The results of our analysis show that the optimal portfolio found
by this method outperforms the market (represented by the VN-Index) over the study period in
terms of both average return and return after risk adjustment.
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1. Gi6i thiéu va tdng quan nghién ciru

Ly thuyét danh muc dau tu hién dai cua Markowitz dugc sir dung rdng rai trong viéc xac dinh danh muc
dau tu. Phuong phap nay nham tdi da hoa loi suit ky vong trong khi dam bao rui ro khong qua mot mic do
nao d6, hodc cuc tiéu hoa rii ro véi mdt mue loi nhuén nao d6 (Markowitz, 1952). Markowitz da chi ra réng
rtii ro c6 thé dugc giam thiéu bang viéc da dang héa danh muyc. Tuy nhién, viéc c6 qua nhiéu c6 phiéu trong
danh muyc 12 khong can thiét (Fisher & Lorie, 1970). S6 lwong c6 phiéu trong danh muc cang nhiéu, thi chi
phi theo ddi danh muc cang 16n. Ngoai ra, cac két qua ciing da chi ra ring sai sé du bao ctia danh muyc ting
theo s6 lugng c6 phiéu (DeMiguel & cong sy, 2007). Diéu ndy ¢ thé 1a do viée udc lugng cac tham sb cang
tré nén kém chinh xac néu s6 lugng cd phiéu duoc dua vao tinh toan khi tdi wu hoa baing mé hinh Markowitz
1a 16n (Black & Litterman, 1992). Do d6 gan day, nguoi ta quan tim dén viéc gioi han lugng cd phiéu duoc
xem xét, va thuong la dya vao k¥ thudt phan cum.

Trong céc nghién ctru vé phan cum c6 phiéu c6 thé phan ra thanh hai cach tiép can 1a sir dung dir lidu
tinh va str dung chudi thoi gian. Phan cum véi dit liéu tinh dwa vao cac thude tinh cua dir lidu duge ¢ dinh,
khong bién dong theo thoi gian. Phan cum voi chu01 thoi gian dya trén cac dic diém dong cua dir lidu.
Chang han, khi xem xét dir heu 13 1o suét ciia mot c6 phiéu, néu ta st dung gia trj trung binh cua loi suat dé
phan cum, thi gia tri nay 1a ¢ dinh va khong bién dong trong ca giai doan. Trong khi d6 dé sir dung chudi
thoi gian, ta s& xem xét gia tri 1o suét ciia ¢ phiéu bién dong theo mdi ngay. Gan day, cac nghién ctru vé
phan cum vé6i chudi thoi gian duoc sir dung trong nhiéu linh vyuc. Cac két qua dang chii y duogc tong hop
trong cac bai viét cia Liao (2005), Aghabozorgi & cong su (2015) va Ali & cong sur (2020).

Str dung phan cum voi dit liéu tinh, Nanda & cdng sy (2010) dung phuong phap K-means, SOM (Self-
Organizing Maps: ban d6 tu to chtic) va FCM (Fuzzy C-means: C-means md) phan cum céc ¢ phiéu trén thi
truong chimg khoan Bombay (An D6). Cac thude tinh dugc dai dién cho cac c¢d phiéu la cac gid tri tai chinh
dugc tinh trong khoang thoi gian nghién ciru. Ngoai ra, cac tac gia con sir dung thém céc gid tri loi sut trung
binh theo cic chu ky khac nhau, trong khoang ngan han (ngay, tuan, 30 ngay) va dai han (3 thang, 6 thang
va 1 nim). Két qua thuc nghiém cho thy phan cum bang phuwong phap K-means 14 tot nhat trong 3 phuong
phap dugc stir dung. Cung véi do, loi suit ctia cac danh muc dau tu tim duge theo md hinh Markowitz (khi
st dung két qua phan cum 1am dau vao) cao hon loi sudt cua chi s6 Sensex.

Vin theo céc tiép can nay, Nejad (2014) da str dung cac phuong phap K-means, FCM va SOM dé phan
cum céc ¢b phiéu trén thi truong chirng khoan Tehran cta Iran. Cac thudc tinh dugc lya chon Ia cac chi sb
tai chinh: doanh thu tai san, ty sut loi nhuan rong, lgi nhuan trén moi cbd phﬁn, toe do tang téng loi nhuén,
tde do tang loi nhuan trén moi cd phén, ty 1€ gia tri thi truong trén gia tri s6 sach, ty 1€ gia trén loi nhuén,
doanh thu ctia vbn ¢6 dong. Két qua thuc nghiém cho thiy viéc phan cum lam giam thoi gian lya chon danh
muc nhung van dam bao duoc tinh da dang, rii ro ctia danh muc dugc gidm thiéu. Trong nghién ctru khac
cua Tavakoli & cdng su (2020), cac tac gia dua ra mot cach tiép can phan cum chudi thoi gian theo thuat
toan autoencoder cua hoc sau (deep learning). Thuat toan K-means dugc sir dung trong budc thur nhat dé xac
dinh cum ma céc chudi thoi gian s€ dugc gan vao. Khi thyc hién phan cum theo K-means, chubi thoi gian
duoc dai dién bai thudc tinh loi suét va do rui ro (tinh trén toan bo khoang thoi gian). Cac chudi thoi gian
v6i cac nhan 1a sb cum cua chudi thudc vao sau do duge tiép tuc st dung dua vao mo hinh phan cum hoc
sau. Céc tac gia nhan théy viéc st dung hoc sau co thé phat hién ra nhiing thudc tinh 4n ma K-means c6 thé
khong phat hién ra. Tuy nhién, két qua ¢ giai doan st dung hoc sau khong qué khéc biét so voi két qua khi
st dyng phan cum K-means.

Mot cach tiép can khéc, 13 phan cum dya trén tinh chat chudi thoi gian cia cb phiéu. Trong d6, mdi dic
tinh cua cd phiéu khong chi dugc dai dién bdi mot gia tri duy nhét cho ca giai doan nghién ctru, ma dugc dai
dién boi nhiéu thong tin doc theo ca giai doan do. Chéng han, lorio & cdng sy dd phan cum dua theo bién
dong cua chudi gia dong cira. Trong nghién ctru ndy, cac tac gia da sir dung cac hé sé wdc tinh theo phuong
phap ham ghép tron (B-spline) dé dai dién cho duong cong gia dong cira. Phan cum K-means duoc thuc
hién trén hé s6 udc tinh B-spline tir cac chudi. Cac cum gém cac ¢d phiéu co bién dong gia turong tu nhau.
Két qua thyc nghiém str dung 86 ¢6 phiéu trén thi truong chimg khoan Italia. Bai viét goi y nha dau tu vé
viéc xay dung danh muc sau khi phan cum, cac nha dau tu ¢6 thé lua chon ¢ phiéu tr cac cum theo tiéu chi
cua ca nhan.

Trong mot nghién cuu khéc, Kim & Kim (2020) da thuc hién so sanh 10 d6 do khoang cach gitta cac
chudi thoi gian khi thuc hién phan cum theo hai phuong phap 1a phan cum phén cdp va K-means. Céc tac
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gia sir dung phén loai khoang cach do sy twong dong cta cac chudi thoi gian theo Montero & Vilar (2014).
Su tuong déng ctia hai chudi c6 thé xac dinh boi su gﬁn nhau cta cac gid tri tai mot vai thoi diém cu thé.
Khoang cach ciing c6 thé x4c dinh tir viée sit dung cac tham 6 nhan duoc tir mo hinh khi ap dung trén cac
chudi thoi gian. Phirc tap hon, khoang cach c6 thé dua trén viée do ludng mirc do thong tin duge chia sé boi
ca hai chudi thoi gian. Cac tac gia thuc hién hai phuong phap phan cum la phan cum phan cép va K-means
v6i 10 khoang cach cho chudi thoi gian. Két qua thuc nghiém cho thiy khong ¢ cach phan cum nao ¢ uu
thé o rét.

O Viét Nam, thi truong chirng khoan da kha phat trién, voi sd lugng ma ) phiéu trén san giao dich thanh
phd H6 Chi Minh (HOSE) tinh dén ngay 29/04/2022 theo Uy ban chimg khoan nha nudc cong bd 1a 408
) phiéu. Céc nghién ctu vé véan dé Ivra chon danh muc t61 wu con kha han ché, mot s it cac nghién cuu
da duoc thyc hién. Ching han, V& Thi Thuy Anh (2012) di tmg dung 1y thuyét trung binh - phuong sai
Markowitz dé lwa chon ¢6 phiéu thong tri. C6 phiéu thdng tri duoc tac gia dinh nghia 1 “nhiing ¢6 phiéu ma
khong c6 ¢o phiéu nao c6 ty suét sinh lgi ky vong cao hon hodc bang n6 nhung lai ¢6 rui ro thdp hon”. Tran
Vin Tri (2015) nghién ctru vé vin dé xay dung va quan Iy danh muc dau tu trén thi trudng ching khoan Viét
Nam. Téc gia ing dung mé hinh dinh gia tai san von va 1y thuyét danh muc dau tuw Markowitz voi sb lidu tir
S& Giao dich Chimg khoan Thanh phd Ho Chi Minh va Ha Noi giai doan 2008-2013. Tuy nhién, hiu nhu
chua c6 nghién ctru nao sir dung k¥ thuat phan cum dé loc cac c¢d phiéu trude khi thuc hién bai toan tdi uu
danh muc trén thi truong chirng khoan Viét Nam.

Nghién ctru nay khéc véi cac nghién ciru trudc 1a, trong nghién ctru s€ st dung phuong phap phan cum
dé chia cac cd phiéu vao cac cum, cac cd phiéu trong cum sé& co sy twong quan cao v6i nhau. Thém vao do,
ky thuat phan cum dugc sir dung & day 1a k¥ thuat phan cum theo chudi thoi gian, chir khong phai 14 phan
cum thong thuong, 1a mot k¥ thuat con duoc hiém st dung trong céc nghién ciru vé thi truong chimg khoan
tai Viét Nam. Sau khi cac cd phiéu duoc phan vao cac cym, chi ) Sharpe dugc st dung dé lfiy tir mdi cum
cac cb phiéu co chi sb cao nhét va thiét 1ap danh muyc. Cac c¢6 phiéu c6 chi sé Sharpe cao dugc chon ngu y
v6i cing mirc rui ro viée dau tu vao cac c6 phiéu nay s& dem lai loi suét t6t hon cac c6 phiéu co chi sb thap
hon. Cudi ciing, trong s6 ciia danh muyc t6i wu duge 1ap bang cach sir dung mé hinh Markowitz véi muc tiéu
tbi thiéu hoa rui ro. Két qua s€ dugc so sanh véi danh muc co sé 1a VN-Index.

Céc giai doan xay dung danh muc tdi wu c6 thé duoc tom tat trong Hinh 1.

Bai viét nay sir dung phuong phap phan cum véi chudi thoi gian dé dé xuat danh muc trude khi thyc hién

Hinh 1. Cac giai doan xdy dung danh muc tdi wu
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Nguon: Theo Nanda & cong su (2010).
t6i uu hoa. Téc gia hy vong dong gop dugce mot s6 diém méi vé nghién ctru thuc nghiém trong viée xay dung
danh muc t6i uu trén thi truong ching khoan tai Viét Nam.

B6 cuc cua bai viét nhu sau: phan dau tién 1a Gidi ‘fhiéu va :cfmg quan nghién ctru, phan ‘Eiép theo 1a
Ph,uorng phéap hai giai doan trong lua chQn do?nh muc dau tu, phan thu ba la M6 ta dir li¢u, phan thu tu la
Keét qua thuc nghiém, va cuoi cung la phan Két luan.

2. Str dung hai giai doan trong lua chon danh muc dau tw

2.1. Giai doan I: Sir dung K-means v6i chudi thoi gian dé phén cum cé phiéu va lwa chon cdc cé phiéu
dwa vao danh muc

86 302(2) thang 8/2022 16 Kinh téPhit trién




Phan cum la viéc nhom cac ddi tuong thanh cac cum, sao cho su tuong déng cua céac doi tuong trong mot
cum cao hon so vdi cac doi tuong ngoai cum do6. Nhiéu thuat toan phan cum da duoc dua ra, chung khac
nhau vé cach xac dinh su tuong dong va cach thiét 1ap cac cum. Su twong dong gitia cac doi tuong thuong
dugc the hién boi khoang cach gitra chung. Néu khoang cach gitia hai doi twong nho thi hai do6i tuong duoc
coi la twong dong cao (giong nhau vé dac diém dang xem xét), nguoc lai néu khoang cach gitra hai doi tuong
16n thi hai doi twong duoc coi la it tuong dong.

2.1.1. Phuwong phap K-means

Phuong phap K-means phat biéu boi MacQueen (1967) va Lloyd (1982). K-means 1a mot thuat toan phan
cum phan vung don gian va dugc st dung kha pho bién. Cac doi tugng tuong tu dugc nhom trong cung mot
cum bang cach st dung tinh chinh Idp di lap lai véi muc tiéu 1a gidm thi€éu ham ton that dugc tinh bdi tong
c4c binh phuong sai s6 giita mdi tim cum va cac phan tir trong cum.

Phan cym K-means phan phan tir vao cum, mdi phan tir dwoc phan vao cum c6 tdm (trung binh ciia cac

phan tir) gan né nhat. Trong mdi lan tinh chinh, muc tiéu 1a ti thiéu hoa tong binh phuong khoang cach:
k

Z Z d(x, p;)*

i=1 X€ES;

trong do x la quan sat, S={S,S ,..., S } lacac cum va p, 1a trung binh cta cac diém trong S, (cOn duoc

goi la tdm cym S))

ESITEEE

Cac budc thuc hién thuat toan K-means nhu sau:

1.Tim & tAm cum ban dau (c6 thé chon bang cach 1iy ngau nhién k phan ti).

2.Tinh toan khoang cach ctia mdi phén tir toi cac tim. Phan tir s& dwoc phan vao cum c6 tim gin né nhat.
3.Tinh lai & tAm cum bang cach l4y trung binh tit ca cac phan tir duoc gan cho mdi cum.

4. Lap lai cac budc 2 va 3 cho dén khi cac tim cum khong con thay doi.

Trong phuong phap K-means c6 hai yéu t6 cin quan tdm, d6 13 ham khoang cach va sb luong cum khi
thuc hién phan cum.

Trong phat biéu ban dau ctia phuong phap, K-means dugc sir dung véi dit lidu tinh, mdi phan tir dugc
dai dién boi cac gia tri ¢6 dinh (giong nhu cac diém m chiéu). Tuy nhién, phuong phap nay co thé sir dung
dugc véi dit liéu chudi thoi gian. Trong bai viét nay, viéc phan cum thuc hién boi phuong phap K-means véi
khoang cach duoc Iya chon dé do mirc d6 twong quan giita cac cb phiéu.

2.1.2. Khodng cach s dung

Golay & cong su (1998) da dé xuét khoang cach do su twong dong gitta cac chudi thoi gian 13 khoang
cach dua trén hé sd twong quan Pearson (con duoc goi 1a khoang cach Pearson):

deor(x,y) = JZ(l —,D(X,Y)) €Y)

trong d6 p 1a hé sb twong quan Pearson, do sy twong quan tuyén tinh giita x va y:

Yie1 (g =) —Y)
\/Z?=1(xi - f)z \/Z?=1(Yi - 3_/)2

plx,y) = (2)

VOl p, M la gia tri trung binh va o, o, 1a d6 1éch chuén cia x va y.

Khi hai chudi c6 twong quan duong cao, c6 nghia 1a xu thé bién dong cua ching 1a twong dong 16n voi
nhau, thi khoang c4ch gifta hai chudi 1a bé. Va nguoc lai, khi hé s6 twong quan 1a thap, thi sy twrong dong 1a
bé di, su khac biét ve xu thé bién dong 1a 16n hon — khoang cach sé 1a 16n hon. Khi hé so tuong quan am, hai
chuoi c6 xu thé bién dong nguoc chiéu nhau — khoang céch gitta hai chuoi s€ cang lon.

Trong nghién ciru nay, ching t6i sir dung cac ddc trung cho mdi ¢d phiéu 1a thong tin vé ¢ phiéu dudi
dang chudi thoi gian, gom lgi suat c6 phiéu va do bién dong ctia ¢6 phiéu d6. Pic diém quan sat ctia ¢o phiéu
s€ dugc ghi nhén theo ting ngay giao dich.

Nghién ciru ndy sir dung hai chudi thoi gian thé hién dic diém cua c¢d phiéu 1a chudi loi suét va do bién
ddng cua chuoi lgi suat. BJ bién dong dugc do luong boi phuong sai ¢6 dieu kién thay do6i va dugc xac dinh
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tir md hinh GARCH(1,1) (Engle & Rangle, 2008). Khi d6, khoéng céch giita hai ¢6 phiéu dwoc xac dinh nhu
sau. Trudc tién, ching toi xac dinh khoang cach giita hai chudi loi suat ciia hai co phiéu nay, theo cong thirc
(1), ky hi¢u la d,, twong tu cho khoang céach gilra hai chudi d6 bién dong, ky hiéu la d,. Khoang cach gitra
hai c6 phiéu s& la gia tri két hop boi hai gia tri d, va d, theo cong thirc:

d=d, +d,

Gi4 tri khoang cach nay nham dai dién cho su twong dong cua hai ¢d phiéu khi xem xét ddng thoi theo
dic trung: loi sudt va do bién dong theo thoi gian. Tuong tu nhu khoang cach Pearson, khi khoang cach giira
hai c6 phicu 16n nghia la hai c6 phiéu c6 su tuong dong thap.

2.1.3 Lua chon sé cum

Mot trong cac cach lya chon sé cum & trong phuong phép K-means 1a st dung phwong phap khuyu tay
(Elbow method). Phuong phap nay xac dinh d¢ phén tan trong cum W, cho cac gia tri cua k voi:

k

1
= d(x,y)
A PIEN Z

X,YES;
trong d6 |Si | 1a s6 luong quan sat trong cum i va d (x,) 1a khoang cach giita quan sat x va y. S6 luong
cum “t6i uu” 14 gia tri k ma khi ta ting s6 cum thém nhung hiéu qua giai thich ciia viéc phan cum khong cai
thién nhiéu. Biéu db gia tri cua W, tuong u:ng voi gia tri cua k thuong duge ve ra va gia tri duge lya chon
biéu hién nhu mot “khuyu tay” trong biéu do.

2.1.4. Lwa chon cdc cé phleu ti cac cum dwa vao danh muc

Sau khi cac ¢d phiéu dugc phan vao cic cum, chi sé Sharpe cia cac c¢6 phiéu trong mdi cum duoc tinh
toan. Sau do, tir 3 dén 5 ¢6 phi€u ¢ chi s6 Sharpe cao nhat trong moi cum dugc lay ra dé 1ap danh muc dau
tu. Tiép theo trong s cia cac cd phicu trong danh muc dau tu s€ dugc xac dinh qua viéc giai bai toan toi
uu Markowitz.

0 day, khi thyc hién lya chon cd phiéu theo ly thuyét danh muc dau tu hién dai ciia Markowitz, chung ta
phai danh do6i giita lgi suat va rii ro. Nha dau tu c6 thé giam rii ro cua toan b danh muc dau tu bang cach
két hop hai chiing khoan c6 hi€p phuong sai am, ma khong lam giam loi tic ky vong.

Chi sb Sharpe dugc dit tén theo két qua cong bd ctia Sharpe (1964). Chi s dugc tinh theo cong thirc:

Loi suat trung binh — Lai sudt phi rai ro

Sharpe Ratio = — ———
Do 1éch chuan cua loi suat

Céc 6 phiéu c6 chi s6 Sharpe cao phu hop v6i muc tidu t6i thiéu rii ro véi loi suat c¢b dinh. Cach lua chon
chi s0 nay twong tu nhu trong cac nghién ctru cia Marvin (2015) va lorio & cdng su (2018).

2.2. Giai doan 2: Gidi bai todn Markowitz xdc dinh ty trong ciia cdc co phiéu trong danh muc

Ly thuyét danh muc dau tu Markowitz xac dinh rii ro danh muc dau tu 1a phuong sai ctia chudi loi tirc
cua danh muc dau tu. Bai toan Markowitz dé xac dinh danh muc t0i uu trong truong hop nay c6 thé biéu
bién dudi dang toan hoc nhu sau:

n n n
min(c?) = minz wiof + Z Z WiW;oi;, I # |

i=1 i=1 j=1
v6i cac rang budc:
. Y,w;=1: tong ti trong (trong s6) trong danh muc bang 1

2. w; 2 0voii=1,..,n: khong dugc ban khéng

3. YiwiR; = Ry loi suét ciia danh muc 16n hon hodc bang loi suét cho trude
trong 46 6 = E [(R E(R; )) ] 1a phuong sai cua cb phiéu i va o;j =E [(R E(R; )) ( E(R ))]
13 hiép phuong sai gitra c6 phiéu i va c6 phiéu j.

Chung t6i thuc hién tim vecto trong sb ctia danh muc dau tu dam bao mot mie 1oi tirc ky vong nhét dinh
(dinh trudc) sao cho i ro 1a thap nhat. Trong bai viét nay, loi sudt ky vong 14 loi suit trung binh ciia toan
thi trudng trong mdi giai doan nghién ctru. Trong s6 cuia cac ¢6 phiéu ciia danh myc toi uu 1a 16i giai cua bai
toan toi wvu Markowitz.
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3. Mo ta dir liéu sir dung

Bai bao sir dung sd liéu gia dong cira cta cac cd phiéu duge giao dich trén san chimg khoan thanh phd
HO6 Chi Minh, thi truong ching khoan Viét Nam. Dé danh gia két qua ctua phuong phép trong cac khoang
thoi gian khac nhau, ching toi thyc hién két qua trén bon khoang thoi gian: tir ngay 3/1/2018 dén ngay
28/12/2018 (nam 2018), tir ngay 2/1/2019 dén ngay 31/12/2019 (nam 2019), va tir ngay 3/1/2018 dén ngay
31/12/2029 (hai ndm 2018 —2019), tir ngay 2/1/2020 dén ngay 31/12/2021 (hai nam 2020 - 2021). Nhiing ¢
phiéu mai tham gia hodc ngimg niém yét khong giao dich du trong cac khoang thoi gian nay duoc loai bo.

. £ N 2 N N , . st A , p',t
Loi suat ctia ¢6 phi€u i tai ngay t dugc xac dinh boi cong thirc: r;, = In —

Pit-1
trong dé p, vap, lan luogt 14 gia ctia co phiéu i tai ngdy t va ngay -/
Chudi bién dong cb phiéu i trong ngay t duoc xac dinh theo mé hinh GARCH(1,1):
Phuong trinh trung binh: 1y = p+ 05, & véiVi=12,...,N;

. . 2
Phuong trinh phuong sai : 67, = @y + a(rje—; — u) + Boi_q
. voiog > 0,a >0,>0,a+8<1 ,
trong do N, 1a so lugng 6 phi€u trong ngay t; € 1a cac bién ngau nhién doc 1ap, cung phén phdi chuan hoéa.
Giai doan dau nam 2018 chi s Vn-Index c6 su tang va dat muc cao nhat hon 1200 diém. Sau d6 chi sb

thay doi quanh ngudng 950 diém. Trong nam 2019, sy dao dong cia VN-Index khong qua chénh léch, trong
khoang gan 900 t6i hon 1000 diém.

Hinh 2. Chi s6 VN-Index giai doan 2/1/2018 — 31/12/2019

Vnindex1819_xts 2018-01-02 / 2019-12-31
1200 1200
1150 1150
1100 1100
1050 1050
1000 1000
950 950
900 900

Jan 02 2018 Apr 02 2018 Jul 02 2018 Oct 01 2018 Jan 02 2019 Apr 012019 Jul 01 2019 Oct 01 2019 Dec 31 2019
A , e 7 ,
Nguon: Tac gia tinh toan.

Hinh 3. Loi suét theo ngay ciia VN-Index giai doan 2018 — 2019

returnVnindex1819 2018-01-03/2019-12-31
0.02 0.02
0.00 1 0.00
0.02 0.02
-0.04 -0.04

Jan 032018 Apr 02 2018 Jul 02 2018 Oct 01 2018 Jan 022019 Apr 012019 Jul 01 2019 Oct 012019  Dec 312019

Nguon: Téc gia tinh todn.

86 302(2) thang 8/2022 19 Kinh téPhit trién




Hinh 4. VN-Index giai doan 3/1/2018 — 28/12/2018

Vnindex18_xts
1200

1150

1100

1050

1000

950

900

2018-01-02 / 2018-12-28

1200

1150

1100

1050

1000

Jan 02 2018 Mar 01 2018

Nguon: Téc gid tinh todn.

Hinh 5. Loi suit theo ngay ciia VN-Index trong nim 2018

returnVnindex18

May 02 2018

Jul 02 2018

Sep 04 2018

Nov 01 2018

Dec 28 2018

2018-01-03 / 2018-12-28

0.02 0.02
0.00 0.00
-0.02 -0.02
-0.04 -0.04
Jan 03 2018 Mar 01 2018 May 02 2018 Jul 02 2018 Sep 04 2018 Nov 012018 Dec 28 2018

Nguén: Téc gida tinh todn.

Hinh 6. VN-Index giai doan 2/1/2019 —31/12/2019

Vnindex19_xts

1000

900

2019-01-02/2019-12-31

1000

950

900

Jan 02 2019 Mar 01 2019 May 02 2019

Nguon: Tinh toan cua tac gia.

Giai doan nay VN-Index giam kha nhiéu, muc loi suét trung binh ctia VN-Index 1a gia tri am (-0.000714)

vamuec rai ro 1a 0.0110.

Trong nam 2018, VN-Index ting trong khoang dau nam sau d6 budc vao giai doan giam. Chi s6 két thic
nim 2018 v&i mirc diém ¢ ngudng 900 diém (thdp nhit trong nam). Do d6, loi suat trung binh ctia VN-Index
nam 2018 1a -0.00044 va muc rui ro 1a 0.01408.

Trong nam 2019, VN-Index ting trong giai doan dau nim sau d6 c6 giam nhung nhin chung c6 su ting

Jul 01 2019

Sep 03 2019

Nov 012019

Dec 312019
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truong. Loi suat trung binh ctia VN-Index nam 2019 1a 0.00030 va mtrc riii ro 1a 0.00685.

Hinh 7. Loi suit theo ngay ciia VN-Index trong nim 2019

returnVnindex19 2019-01-03 / 2019-12-31

0.00 I 0.00

-0.01 -0.01

Jan 03 2019 Mar 01 2019 May 02 2019 Jul 01 2019 Sep 03 2019 Nov 01 2019 Dec 312019

Nguon: Tinh todn ciia tac gid.

Loi suat phi rai ro dugc sir dung dé tinh chi s6 Sharpe 1a trung binh 13i suét trai phiéu chinh phii 10 nim
trong moi giai doan. Gia tri dugc tinh toan theo so liéu cong bo trén trang vn.investing.com.

Giai doan tir 2/1/2020 dén 31/12/2021 1a mot giai doan bién dong manh cua thi truong chirng khoan Viét
Nam. VN-Index sut giam trong 4 thang dau nam 2020 tu nguc?ng 1000 d,iérn xuong muc 659 dieém. Sau do
la mot giai doan tang manh ctiia VN-Index to1 ngudng 1500 diém vao cudi nam 2021.

4. Két qua thye nghiém

4.1. 86 cum lia chon

Pé tim ra sé cum t6i wu, chung t6i thuc hién phian cum K-means 20 lan. Mdi 1an cac gi4 tri cta sb cum
dugc xem xét t1‘1‘2 dél’,l 10 cum ,VE‘l su dur}g phl‘rong phap khuyu tay dé xac dinh s6 cum lya chon. S6 cum to1
uu la gia tri ¢6 tan suat cao nhat trong s6 20 lan thyc hién phan cum.

Hinh 8. VN-Index giai doan 2/1/2020 — 31/12/2021

VnIndex2021_xts 2020-01-02 / 2021-12-31
1400 1400
1200 1200
1000 1000
800 800

Jan 02 2020 Jun 01 2020 Nov 02 2020 Apr 01 2021 Sep 01 2021

S6 cum lua chon véi dir liéu trong cac giai doan dugc thé hién trong Bang 1.

Trong nam 2018, cac c6 phiéu tap trung trong Cum 3, chiém gan 50% tong s6 c6 phiéu. Trong nam 2019,
céc ¢ phiéu tap trung trong hai Cum 3 va Cum 4. Tuong tu nhu vay, trong cac giai doan 2018 — 2019 va
2020 - 2021, ciing ton tai mot cum tap trung nhiéu cd phiéu hon han cac cum con lai. Diéu nay cho thiy rang
nhiéu ¢ phiéu trén thi truong c6 su twong quan cao.

Sau khi tinh toan chi s6 Sharpe ctia céc c6 phiéu trong mdi cum, 3 — 5 ¢6 phiéu c6 chi s6 Sharpe cao nhat
s& duge lua chon dé tao danh muc. Tiép theo, trong sb cua cac cd phiéu trong danh muc s€ duoc xac dinh
dé cho danh muc tdi uu.

4.2. Xdc dinh danh muc téi wu

Bai toan tdi wu theo mo hinh Markowitz duoc sir dung tim véc to trong s6 ciia danh muc sao cho muc rui
ro 1a thap nhét véi loi suat khong nho hon loi suat trung binh ctia VN-Index.
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Bang 1. S6 lwgng cb phiéu trong cac cum

Giai doan Cum1 | Cum?2 Cum 3 Cum 4 Cum 5 Cum 6 Téng
2018 62 73 150 19 28 332
2019 48 148 132 36 364

2018 -2019 20 54 30 174 46 324
2020 —2021 114 59 34 12 43 91 353

Nguon: Tinh todn cia tc gid.
4.3. Nhin xét két qui
Két qua tinh toan trén céac giai doan dugc cho trong Bang 3.
Chudi loi suét tich lity ctia cac danh muc duoc so sanh véi chudi loi suét tich lily cua VN-Index. Danh
muc tim duoc khi thyc hién phuong phap véi dir liéu trong nam 2019 cho loi sudt tich Ity cao hon ctia VN-

Bang 2. TY trong cac co phiéu trong danh muc t6i uu

2018 2019 2018 - 2019 2020 — 2021

TT CO Ty trong CO Ty trong CO Ty trong CO Ty trong
phiéu phiéu phieu phiéu

1 ACL | 0.03145 | BCG | 0.02265 | ACL | 0.00152 | DCM 0.01028
2 | ANV | 0.02362 | DAH | 0.02614 | ANV | 0.03007 | DHM 0.10829
3 | APG | 0.08528 | DHG | 0.13001 | APG | 0.06237 | GAB 0.23533
4 CIG | 0.05326 | FIR | 029532 | CCL | 0.05351 | KDC 0.12361
5 | CMX | 0.02944 | FIT | 0.02869 | CMX | 0.02515 | LBM 0.09277
6 | FTM | 028493 | GTN | 0.02923 | DAH | 0.09443 | LCM 0.00162
7 | NTL | 0.08172 | SAM | 0.28633 | HOT | 0.02053 | LHG 0.01221
8 | OGC | 0.03348 | TCH | 0.05804 | IJC 0.06911 | PDR 0.11711
9 SFG | 0.12889 | TNC | 0.01972 | LGC | 0.04946 | SHI 0.05115
10 | SMA | 0.04006 | TRC | 0.04932 | NTL | 0.05171 |SVT 0.04194
11 | SVI | 0.05149 | VCB | 0.05456 | PGD | 0.07148 | TGG 0.01600
12 | TNI | 0.13091 SVI | 0.05483 | TNT 0.00338
13 | UDC | 0.02547 TNI | 0.12638 | TVS 0.08609
14 VCB | 0.04244 | VPG 0.04161
15 VSH | 0.24701 | VSC 0.5862

Tong 1 1 1 1

Nguén: Tinh toan cua tac gia.
Index trong toan bo giai doan. Danh muyc tim duoc véi dit liéu trong nam 2018 ¢ khoang 4 thang dau thap
hon nhung sau d6 van thé hién wu thé trong giai doan tiép theo. Twong tu trong nam 2018, khi sir dung dit
li¢u cua giai doan 2018 —2019, lgi suét tich lily ctia danh muc van cao hon ctia VN-Index trong khoang thoi
gian sau thang 4/2018.

Trong giai doan 2020 — 2021, lgi suét tich lily cia danh muc dé xuét thé hién wu thé so voi loi suét tich
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Bang 3. Loi suit trung binh va d léch chuin
cua lgi suat ciia cac danh muc va ciia VN-Index

Giai doan Loi suét trung binh Do 1éch chuén cia loi suit
VN-Index Danh muc VN-Index Danh muc

2018 —0.00044 0.00136 0.01408 0.00806
2019 0.00030 0.00131 0.00685 0.00504
2018 -2019 —0.00007 0.00078 0.011048 0.00818
2020 - 2021 0.00088 0.00332 0.01390 0.01040

Nguén: Tinh toan cua tac gia.
litly cia VN-Index. Trong 4 thang diu nam 2020, VN-Index giam diém, nhung trong khoang thoi gian nay
loi suét tich lily ctia danh muc tang kha manh.
C6 thé thiy ring, trong nhirng giai doan ma VN-Index ting diém thi cic danh muc cang c6 loi suét tich

Hinh 9. Loi suit tich liiy cia VN-Index va ciia danh muc trong nim 2018

Vnindex2021_xts 2020-01-02 / 2021-12-31

1400 1400
1200 1200
1000 1000
800 800
I T T T T T T T T T T T T 1T T T 1
Jan 022020  Jun 012020  Nov022020  Apr012021  Sep 012021

Hinh 10. Loi suit tich lily ciia VN-Index va ciia danh muc trong nim 2019

2019-01-03 / 2019-12-31

Loi suat tich luy trong nam 2019

— Vnindex
— Port2TS

0.3

0.2

0.1

00 A

Jan 03 2019 Mar 01 2019 May 02 2019 Jul 01 2019 Sep 03 2019 Nov 01 2019 Dec 312019

Nguén: Tinh todn ciia tic gid.

Iiiy tang cao. Trong nam 2021, cung voi sy tang diém manh ctua VN-Index, danh muc tim duoc cho 1gi suét
tich lity tang gan 7 1an so véi tai thoi diém dau nam 2020.

5. Két ludn
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Hinh 11. Loi suit tich liiy ciia VN-Index va ciia danh muc trong giai doan 2018 - 2019

Loi suat tich luy trong giai doan 2018 - 2019 2018-01-03 / 2019-12-31

— Vnindex

0.5 — Port2TS

0.4
0.3
0.2

0.1

T

Jan 03 2018 Apr 02 2018 Jul 02 2018 Oct 01 2018 Jan 02 2019 Apr 012019 Jul 01 2019 Oct 012019 Dec 312019

Nguon: Tinh toan cua tac gia.

Hinh 12. Loi suit tich liiy ciia VN-Index va ciia danh muc trong giai doan 2020 - 2021

Loi suat tich luy trong giai doan 2020 - 2021 2020-01-03 / 2021-12-28

— VnIndex
— Port2TS

Jan 03 2020 Apr012020 Jul 012020 Oct 012020 Jan 04 2021 Apr012021 Jul 012021 Oct 01 2021

Nguon: Tinh todn ciia tic gid.

Muc dich cua bai bao nay xay dung danh muc t6i wu két hop giira phan cum chudi thoi gian va t6i vu hoa
Markowitz. Phuong phap Kmeans thudng dugc st dung véi cac vée to (bd s6) thé hién nhiing dic diém cua
d6i twong. Trong bai viét, tac gia sir dung phan cum K-means véi chudi thoi gian. Su trong dong gitra cac
¢6 phiéu dugc danh gia thong qua chudi loi suit va do bién dong cua chudi loi suit ciia cd phiéu. Cac cd
phiéu o sy twong quan duong manh dwoc nhém thanh cac cum. Sau d6, nhitng cb phiéu tét nhit trong cac
cum (theo chi ) Sharpe) dugc chon dé 18p danh muc dau tu.

Viéc lya chon mot s6 ¢6 phiéu trong cac cum sé& dua ra mot danh muc ¢6 s6 lwong nhé ¢ phiéu. Piéu do
gitip cac nha dau tu d& dang kiém soat va giam chi phi trong viéc quan tri. Nha dau tu ciing thuan loi hon
trong viéc thu thap thong tin bd sung vé cac cb phiéu trong danh muc. Ngoai ra, bai toan Markowitz phai
sir dung cac ude lugng mau tir danh muc. S6 lwong 6 phiéu nho s& lam giam bt sai sé ctia cac wdc luong
dau vao nay.

Két qua thuc nghiém duoc thuc hién véi dir ligu loi sut cua céc co phiéu trong giai doan hai giai doan: tur
ngay 3/1/2018 dén ngay 28/12/2019 va tir ngay 2/1/2020 dén ngay 31/12/2021. Hai giai doan nay dai dién
cho hai thoi gian “binh thuong” va “chiu tac dong khach quan”. Hai nam 2020 va 2021, cac nha dau tu b
anh huong tam 1y boi dich Covid nén VN-Index thay doi kha “cuc doan™: giam sau va sau d6 ting manh.
Tuy nhién, danh muc duoc dé xuét trong cac giai doan thé hién loi thé so véi tiéu chuan chung thi truong
(dai dién bdi VN-Index). Khi so sanh vdi VN-Index, trong cac giai doan danh muc tdi wu déu cho loi suét
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trung binh cao hon va do 1éch chuan cua chudi loi suat thap hon. Trong nhiing giai doan VN-Index c6 lgi
sut trung binh duong, danh muc c6 1gi suit tich Ity cao hon ro rét so véi loi sut tich ltly cia VN-Index.

Dua vao két qua thuc nghiém c6 thé thdy ky thuat xay dung danh muc t&i wu dya trén phan cum chudi
thoi gian co hiéu qua trong giai doan nghién ctru. Chung t6i hy vong két qua nay c6 thé 1a mot phuong phap
dé cac nha dau tu tham khao khi tham gia thi truong ching khoan.
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