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ABSTRACT

This article, based on the Copula theory, is to establishe the weighted
density and distribution functions for sum of two dependent random
variables. The research also surveyed some measures to evaluate the risk
for investing in a certain stock. These measures and the established
functions has been used in evaluating for a plan when investing on two
stocks at the same time. The article also proposes the estimations for the
parameters to apply the theory to real data. Performing for the real data
in Vietnam, the research they not only illustrate the complex calculations
of the present theories, but also shows the potential in the application

TOM TAT

Dua vao Iy thuyet Copula, bai viét nay thiét lgp ham mat dé va ham phén
phéi ¢é trong 80 cuia tong hai bién ngau nhién phu thuéc. Nghién cuu ciing
khdo sat mét sé dé do dé danh gid sw rii ro khi ddu tw vao mot c6 phleu
nao do. Nhitng do rui ro ndy va cdc ham 56 dd thlet lap dwoc sir dung daé
danh gia phuong an khi dau t cing lic hai c6 ) phiéu. Bai viét ciing daeé
xudt nhitng wéc lugng cho cac tham s6 khi dp dung ly thuyét vao so liéu
thwc. Thuc hién tur so ligu thuc o Viét Nam, bai viet khong chi minh hoa
nhitng tinh todn phirc tap cia Iy thuyét da trinh bay ma con cho thdy tiém
nang trong wng dung vao tai chanh cua nghién ciu nay.

Trich dan: V6 Van Tai, Danh Ngoc Thim va Nguyén Ai Quynh, 2020. Phéan phdi téng c6 trong sb clia hai
bién ngau nhién phy thudc va img dung trong lwa chon danh myc dau tu. Tap chi Khoa hoc Trudong
Dai hoc Can Tho. 56(S0 chuyén dé: Khoa hoc tu nhién)(1): 54-62.

1 GIOI THIEU

dung cho nhiéu linh vuc khac nhau (quamtgos and
Simonelli, 2004). Trong nghién ctitu nhiéu bién, viéc

Trong théng ké, viéc xac dinh dugc phan phdi
xac suat cia mot bién ngiu nhién c6 vai tro rat quan
trong, bai vi do 1a cach tot nhat dé hiéu rd ban chat
ctia bién ngiu nhién d6. Khi c6 nhiéu bién ngau
nhién, viéc tim ham mat d¢ xac suat cho tong, hiéu,
tich va thuong cua ching 1a van dé& c6 nhiéu tng
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nghién ctu hai bién luén duoc xem 1a nén tang, boi
vi tir két qua hai bién, truong hop nhiéu bién co thé
duoC mo rong.

Phan phdi téng cua hai bién ngau nhién luon
duogc cac nha thong ké quan tdm vi n6 dugc xem la
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nén tang dé nghién ctu nhiing van d& quan trong
trong tai chinh nhu lya chon phuong 4n dau tu, tinh
dd rui ro, hay bai toan can bang cung cau cua thi
truong (Ekaterina et al., 2010). Phan phdi tong ciing
lién quan dén bai toan phan loai va phan tich dit li¢u
(Tai et al., 2016). Mac du duoc quan tdm nhiéu,
nhung cac nghién ctu phan Ién chi tap trung cho
treong hop doc 1ap (Dettmann and Georgiou, 2009;
Yang and Wang, 2013; Garg et al., 2016). Khi gia
thiét hai bién doc lap, viéc xay dung cac biéu thirc
lién quan dén tong cua hai bién ngau nhién nhu ham
mat do, ham phan phbi, cac tham sé dic trung da
duoc thiét 1ap kha don gian. Tuy nhién viéc gia sir
nay da lam mat di ban chat caa nhiéu van dé trong
ap dung thyc té (Sel et al., 2019). Trong nhiéu
treong hop, cac bién khong doc 1ap ma co6 sy lién hé
mat thiét voi nhau. Chang han, tong cac ti & bang 1,
do d6 néu giam hogc tang mot ti 1€ thanh phén thi s€
anh huong dén cac ti lé khac, hay t6ng so tién khong
d01 duogc dau tu vao cac co phiéu, ti trong dau tu cho
cb phiéu nay thay dbi s& anh hudng dén cb phiéu kia.
Do d6 c6 thé khing dinh ring viéc nghién ctu cau
trac phu thudc cua hai ciing nhu nhiéu bién ngau
nhién 1a doi hoi cua thuc té.

Nghién ctru vé téng doc lap cua hai bién ngau
nhién da duoc nhidu nha thong ké thuc hién. Pham-
Gia et al. (1993) da tim ham mat d¢ xac suét cho
tong va hiéu cua hai ti 18 dé tir d6 ap dung trong cac
ude luong Bayes. Garg et al. (2016) da nghién cuu
nhiéu van dé lién quan dén hai bién ngau nhién,
trong d6 c6 phan phdi tong dé tir &6 ap dung trong
linh vyc tai chanh. Tai et al. (2018) da xay dung
phan phéi téng cua 2 tién nghiém dé ap dung trong
bai toan phan loai hai tong thé bang phuong phép
Bayes. Ngoai cdc nghién ctu ké trén, co6 rat nhiéu
nghién ctru lién quan dén 1y thuyét va ung dung cua
tong hai bién ngau nhién, tuy nhién cac tng dung
nay chi xét trong didu kién doc lap.

Sklar (1959) da dé xuit mot 1y thuyét mai dé do
céu trac phu thudc cua cac dai lugng duoc goi 1a
Copula. Copula da nhanh chéng thu hit duoc sy
quan tam rat I6n ciia cong dong thong keé thé gisi dé
tro thanh moét mang nghién ciru quan trong cua
thong ké nhiéu chidu. No ciing tré thanh mot cong
cu manh, khong thé thiéu trong cac nghién ctru lién
quan dén kinh té va tai chanh (Cherubini et al., 2004,
2011; Tang, 2014; Hien et al, 2015, 2017). Ung

oy o7t

C uv =
T

Ho Copula Student:

1
oall 1 f fexp_ 21—
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dung Copula && mé rong tir ciu trac phu thudc sang
chu trac doc lap cua tong hai bién ngiu nhién da
duogc nghién ctu boi Sel (2019). Nghién clru nay
cling ap dung ly thuyét vao viéc lya chon danh muyc
dau tu. Tuy nhién vi Copula c6 rat nhiéu ho, nén
nghién ctru ndy ciing xem xét mot s6 ho cu thé. Hon
nita nghién ctru chi xem xét ng dung cho mot tap
dir liéu cu thé ma khong phai 1a tong quat.

Trong bai viét nay, sau khi tong két lai 1y thuyét
lién quan dén Coupla, ham mét do va ham phan phdi
cho tong co6 trong s6 cua hai bién ngiu nhién phu
thuoc dwoc xdy dung. Ap dung két qua nay, cac
budc xdy dung va van dé tinh toan trong viéc lya
chon phuong an dau tur t6i wu trong hai danh muc
dugc chon lya. M6t ap dung cu thé vai sb liéu thuc
dugc thuc hién d& minh hoa cho cac 1y thuyét phirc
tap dugc trinh bay. Ung dung nay ciing cho thiy
tiém nang Gng dung thuc té trong tai chanh cua
nghién ciru khi ¢6 thé ap dung twong tu cho nhiéu
van dé khac.

2 PHAN PHOI TONG CO TRONG SO
CUA HAI BIEN NGAU NHIEN PHU THUQC

2.1 Copula

2
Pinh nghia 1. Dat T — [o, 1] w =l
khi d6 Copula hai bién lamétham C ... : 1> — T

thoa méan ba diéu kién sau:

i)C 0,v =C u,0 =0, Yu,v € 1,
iC Lv =9,C u,1 =u, Yuv el

iii)Voi moi Uy, Uy, vy, Uy € 1 80 cho up < g

va v <1y, ta co

C Uy, Uy - C Usy, Vg - C Uy, Vg +C up,vp = 0.

_ Tur dinh nghia ndy, cac nha thong ké da dua ra
rat nhieu ho Copula cu thé khiac nhau. Trong ap
dung, cac ho Copula sau thuong dugce dé cap:

Ho Copula Gauss:

> _2rst 4+ t°
s + sdt,
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C uv =
T

1 t,
QW\/: f f

trong d6 trong d6 7 1a hé s6 twong quan Pearson,

r| <1 va v > 2 labac tu do.

Ho Copula Gumbel:

0 0
+ —Inw dsdt,

CG u,v = exp|—| —lnu

6 >1.

Ho Copula Clayton:

1
Cp u,v = max uie +vi€ -10 _57
0 c|—1,+oc0 .
Ho Copula Frank:
) efﬁu 1 87611 1
Cg U, V :—gln 14 670_1 )

Pinh Iy 1. (Sklar, 1959) Giast H (x, y) la mot
ham phan phdi x4c suat hai chiéu co phan phdi & 1a
F (X) va G (Y) Khi 6, ton tai mot Copula C ()
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v+2 /2

-2
s rst—i—t dsdt,

2
—r

Hzy =C F z ,Gy

Néu cac va G (y) 14 cac ham phan phdi lién
tuc thi Copula C (-, ) 1a duy nhat. Nguoc lai, néu C
la F' x mot Copula va G (Y) 14 cac ham phén
phdi mot chiéu, khi d6 ham sé xac dinh boi
H(x,y)=C(F,(x),G(y)) la mot ham phan
phdi x4c suét hai chiéu véi cac 18 F(x) va G(y).

Chimg minh dinh 1y nay dwoc trinh bay chi tiét
trong Sklar (1959).

2.2 Ham mit d va ham phan phoi xdc suit
Dinh ly 2. Gia sir (Xl' Xz) la mét vecto F' z |
bién ngau nhién lién tuc c6 ham phan phdi I& twong
tmg la va F,(x). Goi C la Copula m6 ta cau tric

phu thugc cia X, va X,. Dat
Y =Wy Xq + Wy Xo, VGi Wy, Wy € R\{O}. (1)

Khi d6 ham mat do fy (y) va ham phén phbi

Xac suat Ry (y) cua Y dugc xac dinh nhu sau:

saochovgimoi 6 ¢ R\ 0 . X YyeRthoa
-1 -1
fy (y):i:}-c u,Fy YA (u) f2 y-vhh (u) du. 2
|w |O ) W,
-1
1p y-wF “(u
2% (Y):l{W2<O} +sgn(w2)cj)50 u,F, 1\,\;() du. (3)
trong d6 Chimg minh.

1, laham F (x)chi s6 cua tap
C 1a ham mét do cua Copula C,

Flf1 (u) 1a ham tya ngwoc cia Fy (u).

son(w,) la mot ham diu cua W,

1 Khiw, >0.
. i w
sgn | w. =
on () {—1, Khi wy < 0.
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Goi F va T 14n luot 1a ham phan phéi va ham

mat do dong thoi ciia X, X,.

Dt {Yl = lel +W2X2.
Y2 = Xl.
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Theo dinh 1y Sklar, khi d6 sé ton tai d A, uy nhat

mdt Copula C' sa0 cho ham phéan phbi va ham mat
d6 nhu sau:

F Ty, Ty =C F1 < ,F2 Ty

[apzg =c By oo By 29 f 2 fy 7o -

Véi ¢ la ham mdt do cua Copula C':

2
o _8Cu1,u2
12 )
8u13u2
Ta co
X1=Y2.
Y, — w,Y-
X, = 12
Wy

Jacobian cua phép bién ddi nay dugc xac dinh
boi

0X, 0X

e S | Y )
Yy, aY.
J = ) 1 ) 21 =11 wl = —— =0
20Xy X, " s
oY, Y. 2 "2
1 2

Khi d6 mat d¢ dong thoi cua ¥}, Y, dugce xéc

dinh nhu sau:

, 1~ Y9
by yy = f[yQ, |J|
w.
2

1 n-wkll, R
= C[Fl Y2 ’FQ[ ) hva b :
71)2 IU2 w2

Do do, ta co

Ham mat d6 xac suat cua Yl :

+00
Ko, th Yo Yy Y,

+00 Y, — Wiy
_ % 1 192
7.!50 c|B vy . F
w2 1L’2
Lt
v b dyy
Wy
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11 Y wlF1 u
1 e|w B
‘ ‘0 Wy
1 4)
n-whoow
f2 du
W9

Ham phan phdi xac suat Y :
t
Fy t= [k ndn
— 00

- t 1 Il " Y 7101F171 u
— — [ e|w B | ————
R w,
Yy — wlF171 u
f2 _ dudyl
W9
1t -1
o elun v —wh o
‘7 [' clu, 9 "
0 2
®)
—wF, T u
171
[ dyldu

. Yy — wy B U
D4 bién v — £ |-

, ta xét hai
truong hop sau:

Truong hop w, > 0. Tur (5) ta duge

-1
= t—wlFl U
Rot="2 o dvd
= ¢ u,v dvdu
el w ‘ oty
2
—1
7 t—wlFl U
2 2
1 Wy o°c
= , [ u, v dvdu
070 oudv
—1
1 9 t—wy B U
= — C'|u, F2 — 1] du.
0 oy wy

Truong hop w, < 0. Tu (5) ta duogc
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_ -1
o e S W
w, 1 2 o
2
FY t =11 [0f ¢ u,v dvdu
L [ 000
, -1,
L A
1 Wy 9°C
=~(0] u,v dvdu
J0JO dudv
-1
1| a b—wly 9
= — C|u, E, ——C w1 |du
701w wy Ou
19 - hy
=1- ] —C U, F2 du.
70 gy Wy

3 UNG DUNG TRONG LUA CHON
DANH MUC PAU TU

3.1 P do rii ro trong danh muc diu tw

Gia sir mot phuong 4n dau tw P gom hai danh
muc két hop. Khi ta dau tu vao c¢o phieu A véi ti
trong w, va dau tu vao co phiéu B véi ti trong w,.
Ti suét sinh loi tai thoi diém hién tai cho biét gia co
phiéu da 1oi hay 16 bao nhiéu (phan tram) so voi
ngay hom qua.

Goi lan luot 14 gi4 cua phuong 4n dau tu, gia co
phieu A va gid c6 phicu B tai thoi diem €.

P,P,,P, R,R;, Ry lan lugt la ti sudt dau tu ca

phuong 4n, ¢6 phiéu A va cb phiéu B tai thoi diém
Khi d6

Pt = WlPlt +W2P2

" (6)
R1 =W1th + W, th’ @
- P, —P
Vi tRy = B AL g 2T g
Pt Pt

Khi R, >0, 7= 1,2 tagoi ti suat dau tu nay
it

1a ti suat 1oi va nguoc lai goi 1a ti suat 15. Néu
RL > () thi gi4 tri du tu s& ting, con néu RL <0
thi gia du tu s& giam. Vi mot xac sut o« € 0,1
cho trudc, ta cin xac dinh do do rui ro khi dau tu.

Trong ap dung, dua vao s lidu qua khu, ching
tatim w, va w, sao cho phuong sai cia Rt la nho
nhdt véi diéu kién w, + w, = 1, tic 1a giai quyét

bai todn toi uu sau:
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min

ar
8 wl+w2=

) wfcf + wgog + 2wywy Cov Ry, Ry,
trong do
2 2 13 oh o
01,09 laphuongsaicua R, Ry,.
Cov Ry, Ry, 1a hi¢p phuong sai ctia RWR%-

aS_l

1 T )
aS 1aT
1,1

Khi do, 10i giai bai toan trén 1a w =

Voi W= wy,wy a = va

§ = Cov Ry, Ry, lama tran hiép phuong sai cia

th7R?t'

Trong tai chinh, nguoi ta thuong sir dung VaR
va ES la hai dai lwgng dé do luong rai ro. Chung
duoc xac dinh nhu sau:

VaRa Rt = sup IG]R:FRt r <«

9)
= inf IGR:FRIE r >a,

ES, R, =E R|R <VaR, R, , (10)

trong d6 F,, 1a phan phdi x4c suét cia phuong
t
an dau tu vi mot xac sudt o ¢ 0,1 cho truéc va
diéu kién thi truong binh thuong.

Nhu vay VaR cia mot danh muc dau tu & muc
xéc sut v tai thoi diem ¢ duoc hiéu mot cach don
gian chinh 1a phan vi xac suat dudi dudi voi mac «
trong khi BS laky vong cac R, thoa dicu kién dudi
nguong VaR

Ngoai hai d6 do rui ro trén, ching ta con c6 mét
16p d6 do rui ro kha tong quat goi 1a do do rui ro bién
dang. Gia st Y 1a bién ngau nhién ton that, 4§ do rui
ro bién dang cua Y véi muc ¥ nghia 8 € [O, 1] dugc

nghia nhu sau:

+oo
Pgv]= g,
3.2 M@t ing dung cu thé

6}
1-F, y }'/dy. (12)

Trong phén nay nghién ctru thyc hién trén s lidu
thyc vé 6 phiéu cta hai céng ty 16n cua Viét Nam,



Tap chi Khoa hoc Trirong Pai hoc Can Tho

duogc thu thap trén website finance.vietstock.vn tir
ngay 01/6/2018 dén 31/05/2019. Tuy nhién, vi day
1a van dé nhay cam cua giai doan nghién ctru nén bai
viet chi ki hi¢u hai cong ty nay 1a VIC va VNM ma
khong néu cu thé tén cac cong ty.

Phuong 4n dau tu lic nay la
Ry =wy By + wy Ry,

trong do

Ry, Ry, lan luot 1a ti suat dau tw cua co phiéu
VIC va cb phiéu VNM,

w,, W, lan luot 14 trong s6 dau tu vao cb phiéu
VIC va ¢b phiéu VNM.
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Trong ép dung nay, bai viét SL:I' dung sb lié}l t}‘I
01/6/2018 dén ngay 03/12/2018 d¢€ tim trong so toi
uu w, va w,. Tacod

0.0004289374 0.0000764533
~10.0000764533  0.0005493200|’

w = 0.57,0.43 .
Nghia 14 trong tong s6 von dau tur thi ta s& du tw

57% vao VIC va 43% vao VNM. Nhu vay phuong
an dau tu cu thé 1a R, =057R); + 0.43R,,.

Tiép theo ta tinh hi¢u suét 1i tich lug cia VIC,
VNM va phuong an dau tu (Portfolio). Két qua thuc
hién duoc cho bdi Hinh 1.

Hinh 1: Hiéu suit sinh | tich luy ciia VIC, VNM va Portfolio

Hinh 1 cho thiy hiéu suat 15i cia VIC & giai doan
dau thap hon VNM, tuy nhién né c6 xu hudng ting
manh hon so v6i VNM & giai doan sau. Hiéu suat
sinh loi cua Portfolio gan nhu 14 trung binh cong cua
hai ¢b phiéu nay.

Tinh thém cac tham sb thong ké va udc luong
véi do tin cay 95% cho cac hiéu suat dau tu, ta ¢o
Bang 1.

Biang 1: Cac tham s6 cho ti suit dau tu ciia VIC, VNM va Portfolio

Tham sb VIC VNM Portfolio
Cé mau 119.0000 119.0000 119.0000
Gi4 tri nho nhét -0.0693 -0.0447 -0.0507
Trung binh 0.0011 0.0002 0.0007
Gia tri 16n nhét 0.0535 0.0480 0.0448
Can dudi cua ude luong -0.0016 -0.0025 -0.0015
Cén trén cta udc luong 0.0039 0.0029 0.0030
Phuong sai 0.0002 0.0002 0.0002
Do léch chuén 0.0151 0.0151 0.0125

Bang 1 cho thiy hiéu suét dau tu cua VIC dao
dong tir -0.16% dén 0.39% va do léch chuan la
1.51%, trong khi cia VNM dao dong tir -0.25% dén
0.29% va d6 léch chuén 1a 1.51%. Hiéu suét dau tuw
cua Porfolio 1an luot —0.015% dén 0.3% va do léch

chuan bang 1.25%. Céc tham s6 ciia Bang 1 mot lan
nira cho thay khi dau tu vao VIC tot hon VNM.

Tinh hé s6 twong quan gitra hiéu xut du tu cua
cac dai lugng ta c6 Hinh 2.



Tap chi Khoa hoc Trirong Pai hoc Can Tho

vic [
m,_ 0.35 0.87 [

g 0.76
Portfolio :é

T L
006 002 002 -0.04 0.00

T
0.04

Hinh 2: Twong quan giira higu suat sinh 1oi
cia VIC, VNM va Portfolio

Biéu dd twong quan giira hiéu Suat dau tu cua
VIC, VNM va Portfolio cho biét \{IC va VNM co
twong quan v&i nhau nhung kha yéu (hé s6 tuong

Density of VIC Return

f1(x)
60 80
| 1

40
|

20
|

T T T T T T T

20)

Tap 56, So chuyén d@é: Khoa hoc ty nhién (2020)(1): 54-62

quan 14 0.35). Bén canh d6 ta thay rang ti trong dau
tu vao cb phiéu VIC va VNM déu c6 tac dong kha
I6n dén dau ra cua Portfolio véi hé sé tuong quan
lan lugt 12 0.87 va 0.76.

Chung ta s& thuc hién’thém }(iém dinh’ Shapiro-
Wilk dé€ kiém tra phan phoi chuan hiéu suat sinh 16i
cua VIC va VNM. Két qua kiém dinh dugc cho boi
Bang 2.

Bang 2: P- gia tri cia kiém dinh Shapiro-Wilk
VIC VNM
1.716 x 1010 0.03811

Portfolio
4587 x 10

Két qua nay cho thdy cac dai lwong xem xét
khong c6 phan phdi chuan. Do d6 dé wéc luvong ham
mat do x4c sudt cia chung, nghién ctru nay sir dung
phuong phap ham hat nhan (Scott,1979; Xu et al.,
2015). Két qua duoc cho bai Hinh 3 va Hinh 4.

Density of VNM Return

35
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Hinh 3: Ham mat d§ hiéu suat dau tw cia VIC va VNM
Distribution of VIC Return Distribution of VNM Return
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Hinh 4: Ham phan phdi higu sut du tw ciia VIC va VNM
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Lua chon cu triic phy thuoc gitta VIC va VNM
theo tiéu chuan AIC (Aho et al., 2015), ta nhan duoc

Density of Portfolio

emfY1

0.00 0.02 0.04 0.06

a

emF.Y1
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Copula Gauss la pht hop nhat. Udc lugng ham mat
d6 xac suat cho phuong an dau tu véi cau trac
Copula Gauss, ta c6 Hinh 5.

Distribution of Portfolio
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Hinh 6: Ham mat d§ va ham phén phdi cia Portfolio

Tinh cac d6 do rui ro cho Portfolio véi mac ¥
nghia 1% va 5%, ta c6 Bang 3.

Bang 3: Cac d9 do rii ro

D6 rii ro VIC VNM  Portfolio
VaR -2.28%  -2.29% -1.94%
ES -4.13%  -2.97% -3.10%
PH -3.23%  -2.79% -2.38%

Tur Bang 3 ta ¢6 nhitng nhan xét sau:

* Theo d6 QO VaR thi VIC, VNM va Portfolio c6
nguy co giam lan lugt 1a 2.28%, 2.29% va 1.94% gia
tri.

* Theo do 510 ES thi VIC, VNM va Portfolio c6
nguy co giam lan lwot 1a 5.88% ,4.73% va 3.94% gia
tri.

* Theo d6 gio PH thi VIC, VNM va Portfolio ¢6
nguy co giam lan lugt 1a 3.23%, 2.79% va 2.38% gia
tri.

Mac du VIC c¢6 higu suat sinh 15i cao hon, nhung
tur ket qua Bang 3 ta thay VIC lai c6 do rui ro cao
hon VNM va khi két hop lai hai ¢6 phieu nay thi rui
ro s€ giam di.

4 KET LUAN

Bai viét da thiét 1ap duoc ham mat do va ham
phan phdi xac suét cho tong c6 trong s6 cua hai bién
ngau nhién phy thuoc. Ham mat d6 va ham phan
phdi nay duoc str dung dé tinh cac do rai ro khi dau
tu vao hai ¢6 phiéu. Nghién ctru ciing dé xuat nhirng
wée lwong quan trong cho cac tham sb khi ap dung
s6 ligu thuc vao cac mé hinh Iy thuyét. Quy trinh
thuc hién trong ap dung cua nghién ctru nay dugc
minh hoa qua s6 liéu thuc té. Ap dung nay ciing cho
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thdy tiém ning cua nghién ctru cho nhiing véan dé
khéc nhau trong tai chanh. Trong tuong lai chung t6i
s& mé rong nghién ciru cho téng c6 trong sé cua
nhiéu hon hai bién phu thudc va ap dung né vao
nhiing van d& phic tap hon ciia tai chanh.
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