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VaR va CVaR la cac van dé thu hat nhiéu quan tdm trong linh vuc
nghién ctu do ludng rdi ro déi vdi di liéu tai chinh. Tuy nhién, hau hét
cac nghién clu chi dung lai & cong thic tinh dya trén xap xi dir liéu
thong qua mot phan phdi xac suat trong khi phan phaéi ctia dit liéu thuc
théng thudng c6 dang hén hgp cac phan phéi xac suat. Chinh vi vy,
can thiét phai c6 cac nghién clu tinh toan VaR va CVaR trong trudng
hop phén phéi cta dit liéu c6 dang hédn hgp cac phan phéi xac suat.
Hon nira, vi tinh todn cling doi hoi thdi gian tinh todn nhanh nén tac
gia uu tién s dung phuang phap mé phdng Monte Carlo. Tac gia dé
nghi thuat toan tinh gia tri VaR va CVaR trong trudng hgp phan phéi
xac suat 1a dang hén hgp bang cach hiéu chinh phuong phap mé
phdng Monte Carlo cho phu hgp v6i dang hén hgp cac phan phéi xac
suat. Thém vao do, tac gia minh hoa két qua tinh toén trong cac trudng
hgp mé phdng da biét phan phéi xac suat thanh phan cling nhu trudng
hgp chua biét trudc cac phan phdi xac suat thanh phén, théng qua bd
dit liéu thuc vé gia dong clfa cla chiing khoan Viét Nam bang hén hap
cla cac phan phai. Cac két qua tinh toan dya trén thuat toan ma tac
gia dé nghi dugc danh gia thong qua xac suat dudi cling nhu dé léch
chuan.

" Tac gia lién hé.
Email: hoalt@uel.edu.vn

Trich dan bai viét: Lé Thanh Hoa. (2018). Udc lugng VaR va CVaR dang hén hgp cac phan phéi xac sudt théng qua mé phdng Monte
Carlo va Uing dung trong phan tich gia chiing khoan Viét Nam. Tap chi Nghién ctiu Kinh t& va Kinh doanh Chdu A, 29(9), 53-72.



Lé Thanh Hoa, JABES nam th( 29(9), 2018, 53-72

Keywords:

Value at Risk (VaR)
estimation;

Conditional Value at Risk
(CVaR) estimation;
Monte Carlo simulation
method;

Mixture of probability
distributions;

Stock price.

Abstract

VaR and CVaR are of great concern in risk measurement field applying
for financial data. However, studies only stopped at the formula based
on an approximation of data through a probability distribution, while
the distribution of real data is usually a mixture of probability
distributions. Therefore, it is necessary to study the VaR and CVaR
estimating in the case of a mixture of probability distributions.
Furthermore, the estimations also require short computational time so
the author prefers to use the Monte Carlo simulation method. The
author proposes the VaR and CVaR calculations in the case of

probability distributions that are mixed by calibrating the Monte Carlo
simulation method to suit a mixture of probability distributions. In
addition, the author illustrates in cases where the simulation is known
to distribute the probability of the component as well as the unknown
case of the probability distribution of the component via the real data
of the closing price of the Vietnam stock by a mixture of probability
distributions. The algorithm-based estimation results that the author
recommends is evaluated by the tail probability as well as standard
deviation.

1. Gigi thiéu

Value at Risk, ky hi¢u 14 VaR (hay con goi la phan vi — Quantile) (Rockafellar & cong sy, 2014)
la mot k¥ thuat dugce sir dung rong rai trong linh vyc quan 1y rui ro, nhu trong do luwong va kiém soat
rtii ro, quan 1y rui ro hoat déng, quan 1y du tu, quan 1y rui ro tin dung, quan 1y rii ro hoat dong, quan
Iy rti ro tich hop... theo cac nghién ciru ciia Hendricks (1997) va Jorion (1996). Thong qua viéc kiém
s04t rii ro nhim gitp cho cac nha dau tu, cac cong ty dua ra cac quyét dinh nhu: Quyét dinh dau tu,
lya chon phat trién san phém, phuong an kinh doanh, lya chon ban diéu hanh cong ty, lya chon danh
muc dau tu... Mot s6 phuong phap tinh toan VaR thong thudng hay duoc st dung nhu: Phwong phap
tinh toan dya vao ham mat d¢ thuc nghiém, phuong phap bootstrap, phwong phap mé phong Monte
Carlo.

- Thir nhat, trong phwong phéap tinh toan VaR dua vao ham mat d¢ thuc nghiém, Jorion (2001)
cling Martins-Filho va cong su (2018) cho ring ddy 1a cach tiép can phi tham s6 vé6i uu diém 1a khong
can biét dang cua ham mat d¢ xac sut thuc nghiém f(.). Tuy nhién, theo Rockafellar va Uryasev
(2002), Hendricks (1997), phuong phap nay cé han ché 1a néu ¢ mau nho thi gia tri VaR s€ khong
6n dinh khi chi can ting thém hay giam di mot hay mot vai quan sat s& rat dé dan dén tinh trang gia
tri VaR bi ting 1én hodc giam xudng nhiéu, ma diéu nay rat hay xay ra trong thuc nghiém. Con trong
truong hop ¢& mau qué 16n, viée sip xép theo do 16n cua dit liéu vi 1 ¢& mau 16n sé ton rat nhidu
thoi gian va bd nhd, mac du Zhao va Luo (2018) da cai thién dugc dang Kké nhung tinh toan van con
kha phrc tap vi bo dit liéu can duogc sip xép tir nhé dén 16n, sau @6 VaR véi xac sudt a chinh 1a phin
tr & vi tri thir 0% x n. Thém nira, trong cac nghién ciru cua Adams & cong su (2014) hay Berkowitz
va O'Brien (2002), cac tac gia tinh toan cac gia tri VaR thong qua m6 hinh ARCH, GARCH, ARMA.
Tuy nhién, day thuc chit Ia tinh VaR ctia mot phan phdi thuc nghiém hay con goi 1a phan phéi xac
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suét ciia bién phu thugc. Phan phdi xac sut ctia bién phu thudc 1a t6 hop tuyén tinh ciia cac phan phbi
tham s (phan phdi chuan) véi trong sb 14 gia tri ciia cac bién doc 1ap (phi ngau nhién) va cong thém
nhiéu tring (phan phéi chuén).

- Thit hai, tinh toan VaR bang phuong phap Bootstrap nhw nghién ctru ciia Hall (1990), phuong
phap nay dya trén chon mau ngau nhién c6 hoan lai. Pidu cin luu ¥ 1a kich thudc mau thyc hién
Bootstrap phai bang véi kich thudc mau hién c6. Phuong phap nay gitp tao ra mot bo dir liéu di 1on
va tin cdy cho cac suy dién thong ké tiép theo.

- Thit ba, sir dung phuong phap mo phong Monte Carlo. Py 1a phuong phép st dung cach tiép
can tham s, trong khi hai phwong phéap & trén déu str dung cach tiép can phi tham sé. Theo Jorion
(2001), Engle va Manganelli (2004), di v&i phuong phap mé phong Monte Carlo, trude tién can dua
vao dir liéu lich st nhim ude luong bo dir liéu tuan theo phan phéi xéc sudt nao roi tinh gia tri cac
tham sb twong g cac phan phdi x4c sudt d6. Tuy nhién, mot kho khin ciia phuong phap mé phong
Monte Carlo 1a xem xét udc lugng bd dir li€u lich sir tudn theo phan phéi x4c sudt nao boi vi dbi voi
dir liéu thyc té, phan phdi cta bg dir liéu hau nhu rit hiém trudng hop xay ra hinh dang xap xi phan
phdi chuén (can ddi va dudi nho) ma thong thuong s& co hinh dang 1éch va dudi by (ciing duoc biéu
din du6i dang hdn hop cac phan phdi chun theo Duffie va Pan (1997), Jorion (2001)); hodc trudng
hop phan phdi c6 dang mot dudng cong hdn hop ciia nhidu phéan phdi xac suat. Cac phuwong phap dé
kiém tra xem bo dit liéu c6 tuan theo mot phan phdi x4c sudt hay hdn hop cac phan phdi x4c suét hay
khong theo céach tryc tiép nhu: Phuong phap hop 1y cuc dai (Maximum Likelihood), gié tri entropy
cuc dai (Maximum Entropy), chi s6 AIC (Akaike Information Criterion) (Engle & Manganelli, 2004),
chi s6 BIC (Bayesian Information Criterion)... hay theo cich gian tiép nhu cac bai toan kiém dinh
gia thuyét théng qua kiém dinh Chi binh phuong (Chi-square) trong bai toan Iya chon mé hinh phu
hop nhét (The Goodness of Fit), kiém dinh Kolmogorov — Smirnov (Duffie & Pan, 1997).

Qua céc phan tich ¢ trén, trong ba phuong phap tinh VaR thi phuong phap mé phong Monte Carlo
vira dam bao dugc thoi gian nhanh chong vira kiém soat dugc cac sai sd. That vay, dbi voi moi gia tri
VaR di tinh duogc thi luén cdn mot bude kiém tra lai nhdm dam bao tinh 6n dinh cua céac gia tri VaR.
Khi ap dung vao phuong phap tinh VaR dwa vao ham mat d¢ thyc nghiém, mot trong nhitng budce can
thiét chinh 14 kiém tra tinh 6n dinh cua céc gia tri VaR tinh dwoc théng qua viéc thay dbi dir liéu. Tuy
nhién, viéc thay dbi dir liéu s& dan dén ham mat do thuc nghiém sé& thay doi, dic biét, sy thay dbi s&
dang ké trong truong hop dit liéu ban déu han ché. Chinh vi vy, phuong phap tinh VaR dya vao ham
mat d§ thuc nghiém doi hoi b dit liéu du 16n nhim dam béo céc gia tri VaR tinh duoc xép xi nhau,
dam bao tinh 6n dinh ctia cac gia tri VaR thi mai két thuc dugc qua trinh tinh toan. Con ddi véi viée
tinh VaR dwa vao phuong phap Bootstrap, dé thyc hién phuong phap nay, trude hét, tic gia s& chon
méu ngdu nhién tir miu ban dAu, va vi thé, mau ngiu nhién dugc chon ra s& ¢6 cac xac suit véi timg
quan st twong ing ciia mau, tirc 1a c6 thé biéu dién dir liéu méi tao ra theo bootstrap c6 dang phan
phéi X4c sudt roi rac. Do do, cac gia tri VaR vira tinh dugc khong dam bao sy on dinh nén can phai
thuc hién lai cic phép tinh rdi kiém tra cho dén khi sai léch giira céc gia trj VaR di tinh & mirc chip
nhan duoc. Pén luc nay, gia tri VaR mai c6 thé sir dung dugc. Dya vao phuong phap thuc hién, tac
gia nhan thay hai phuong phap tinh VaR dya vao ham mat d6 thyc nghiém va bootstrap tén kha nhiéu
thoi gian va cong strc méi st dung dwoc két qua, hon nita ciing khong dam bao dugce sai 1éch gia tri
VaR & 14n tinh sau thi thip hon & 1an tinh trugc. TAt nhién, phuong phéap tinh VaR dwa vao md phong
Monte Carlo ciing can dya vao ham mat do thuc nghiém nhu phuong phap dya vao ham mat do thuc
nghiém. Tuy nhién, dé tinh gia tri VaR sau d6 thi chi can mo phong dit liéu tir ham mat d¢ thuc
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nghiém. Do dit liéu 14 mé phong dua vao dang phan phéi xac sudt nén dam bao dir liéu tudn theo phan
phéi xé4c suét lién tuc, bai vay, cac gia tri VaR tinh dugc s€ khong sai 1éch nhau nhiéu nén ¢6 thé kiém
soat dugc sai s6 bang cach ting sé lugng md phong.

Bén canh gia tri VaR, mot s6 nghién ciru vé rui ro nhu nghién ctru ciia Rockafellar & cong sur
(2014) con str dung thém Conditional Value at Risk, ky hi¢u la CVaR hay con goi 1a siéu phan vi
(Superquantile), va tinh toan khoang tin cdy voi xac suét (1—a) (Confidence Interval) trong do luong
rui ro. Néu VaR, 1a murc phan vi tai mtic a thi CVaR, thuc chét 1a trung binh cua cdc VaRg, véi
B> a, gia tri CVaR c6 tac dung han ché tinh khong on dinh cuia VaR (Rockafellar & Uryasev, 2002).
Con bai toan khoang tin cdy (1-o) thi khodng tin cay chinh 1a tim hai mac phan vi VaR, va VaR, -
), VO1 7 1a muc y nghia bét ky nhan gid trj trong doan [0; ], bai toan nay di duoc tinh toan béng mo
phong Monte Carlo nhu nghién ctru ciia Lé Thanh Hoa va cong sy (2017), Dietz va cong su (2016).

Chinh vi vay, bai nghién clru nay s€ tap trung theo hudng ap dung phuong phap Monte Carlo trong
tinh toan VaR va CVaR. Tuy nhién, dbi voi dir liéu thuc té, hdu nhu rt hiém khi xay ra trudng hop
phan phdi ctia bo dir liéu tuan theo mot ham mat d xac sudt cu thé nao do, thong thudng phan phdi
cua bo dit lidu thuc té s& ¢o dang mot dudng cong 1a hdn hop cua cac phan phéi xéc suit. Theo Engle
va Manganelli (2004), mot cach thuc hién khac 1a thong qua mdt mé hinh hdi quy dang tuyén tinh
hodc dang phi tuyén. Tuy nhién, mé hinh hdi quy dang tuyén tinh biéu dién dudi dang phwong trinh
(1) ciing thuc chat 1a hdn hop cua cac phan phbi chuan:

Y =00+ B1Xs + BoXo+ -+ BpXin + € (D

Trong d6, cac tham sé u6c luong £ ciia B xap xi phan phdi chuan (Engle & Manganelli, 2004) va
sai s6 (nhiéu) € 1a nhidu tring, ciing xdp xi phan phdi chuan trong khi cac gia tri X;,i = 1,m la cac
gia tri phi ngdu nhién. Hay mé hinh hdi quy phi tuyén dang u6c lugng hat nhan (Fit Kernel), néu
khong c6 cac chinh sira gi thém thi ciing thuc chét 1a hdn hop ciia cac phan phdi chuédn, cu thé 1a dang
GMM (Gaussian Mixture Model) (Hennig, 2012).

Do d6, vé co ban, nghién ctru ctia Engle va Manganelli (2004) tinh VaR,, dya trén hdn hop cac
phan phéi chuan va sir dung phuong phap mo phong Monte Carlo dya trén mé hinh GARCH(1,1).
Tuy nhién, m6 phéng Monte Carlo chi cé tac dung trong viéc udc luwong mo hinh nhim chon ra mé
hinh tbt nhét thong qua gia tri hop 1y cuc dai, sau d6 dya vao mo hinh nay dé tinh ra VaR. Vi vay, vé
thuc chit phuwong phap mo phong Monte Carlo trong cac nghién ctru cua Engle va Manganelli (2004),
Duffie va Pan (1997), Krokhmal va cong sy (2002) khong danh gia dugc cac gia tri VaR nhan gia tri
nhu thé nao va do bién dong cuia cac gia tri VaR nhu thé nao. M6 phong Monte Carlo véi mot phan
phdi nhu phan phéi chuan, phan phdi gamma, phan phdi Weibull, phan phdi Pareto... tirc 1a chi mo
phong mot dang phan phdi xac suat c6 danh gia trung binh (Dietz & cong s, 2016) va d6 1éch chudn
(Jorion, 1996).

Trong bai nghién ciru nay, tac gia s& huéng dén tinh toan VaR va CVaR théng qua md phong
Monte Carlo bang hdn hop cic phan phéi xac suit. Theo d6, cac phan tiép theo ctia nghién ctru gdm
¢6: Phan 2 trinh bay gia tri VaR va CVaR; Phin 3 trinh bay phwong phép ldy miu quan trong
(Important Sampling) va phuong phap mo phong Monte Carlo trong tinh todn VaR va CVaR; Phan 4
s& néu tmg dung tinh toan VaR va CVaR bing mo phong Monte Carlo théng qua hdn hop cac phan
phdi x4c suat; va phan 5 két luan.
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2. Gia tri VaR va gia tri CVaR
2.1. Dinh nghia 1 — VaR
Trude hét, tac gia gii thiéu dinh nghia VaR dua theo két qua nghién ciru ciia Rockafellar va
Uryasev (2002), Pflug (2000), Huang va cong su (2014), Belles-Sampera va cong sy (2014).
Cho bién ngiu nhién X, ham phéan phdi xac suét Fx(.). Gia tri VaR,, & € [0, 1] la gi4 tri duoc xac
dinh bdi cong thie (2):
VaR, = inf{x|Fy(x) > a} = Fy'(a) )
Ngoai ra, con c¢6 thém mot dai lugng do luong rii ro khi thyc hanh d6 chinh 1a d§ do CVaR, hay
con dugc goi la gia tri gép rui ro dudi TVaR (Tail Value-at-Risk) (Belles-Sampera & cong su, 2014).
2.2. Dinh nghia 2 - CVaR
Tiép theo, tac gia gidi thidu dinh nghia CVaR dya theo két qua nghién ciru ctia Rockafellar va
Uryasev (2002), Pflug (2000), Huang va cong su (2014).
Cho bién ngiu nhién X, ham phan phéi xac suat Fx(.). Gia tri CVaR,, 1a gi4 tri dugc xéac dinh boi

cong thirc (3) trong truong hop ham phan phdi xac suat Fx(.) dang roi rac:

Z;{l:l VaRﬁk

- (12f 2 a) 3)

CVaR, =

Trong d6,7 1a s6 luong md phong.

Trong trudng hop ham phan phdi xac suét Fy(.) dang lién tuc, CVaR, duoc xac dinh boi cong
thuc (4):

+00
CVaR, =f zXdF¢(z) 4

Trong d6, ham phan phdi xac suit F¢ ciia CVaR,, dugc dinh nghia bai cong thirc (5):

0 (néuz < VaR,)

F(2) = % (néuz =VaR,) v

2.3. Héqual

Tiép theo, tac gia gioi thiéu mbi lién hé giita VaR va CVaR thong qua mot hé qua, theo Rockafellar
va Uryasev (2002):
Twr dinh nghia VaR va CVaR & trén, ta co:
VaR, < CVaR,.

57



Lé Thanh Hoa, JABES nam th( 29(9), 2018, 53-72

2.4. Dinh nghia 3 - ES

Bén canh cac d¢ do hay duogc sir dung trong do lwong rii ro nhu VaR va CVaR thi mt d¢ do cling
duogc cac nha nghién ciru quan tim dé 13 tham hut dy kién ES (Expected Shortfall), Acerbi va Tasche
(2002).

Gia str tap sap thir tw x(p) < xp) < < Xy va mic ¥ nghia @, gida ti @ = [nxa] =
max{k|k < nXa, k € N}. Gia s phan vi muc a la x,,). Khi d6, gia tri ES dwoc tinh theo cong thirc (6):

it X (6)

ESq = —==

Théng qua Pinh nghia 2 va 3, tac gia nhan thdy cach tinh toan ciia CVaR va ES gan gidng nhau,
chi ¢6 khac nhau la CVaR quan tdm dén cac gid tri lon hon hoac bzing VaR, con ES lai quan tam dén
céc gia tri nho hon hodc bang VaR. Do do, tily timg yéu cdu ciia van d& dit ra thi ngoai tinh VaR thi
chi can tinh thém CVaR hoac ES.

3. Phuong phap lday mau quan trong va phuong phap mé phéng Monte Carlo

trong tinh toan VaR va CVaR
3.1.  Phwong phdp ldy mdu quan trong

M5 hinh hdn hop ctia m phan phdi xac suét, gia sir ham mat d¢ xac suit £ (.) voi xéc suét twong
ung la p;,j = 1, m (Robert, 2004). Khi do, voi mbi quan sat X c6 ham mat d6 xac sudt tuong ung la

£ () dugc bidu dién dudi dang cong thic (7):

f) ~pifi() + p2fo(0) + - 4 P fin () ()

Theo Robert (2004), phuong phap 1iy mau quan trong (Important Sampling) 1a mot cach xap xi
tich phén trong cong thirc (8):

B 1h0O] = [ hGofdx ®)

Duya trén mau tong quat X;, X5, ..., X,, tir mot phan phdi xac suat vi ham mat do roi rac g xac dinh
trude va xap xi boi cong thirc (9):

- (%)
< g(X;)

Va gi4 tri uc luong trong cong thire (9) hoi tu vé cong thire (8). Phuong phap nay ciing dugc dwa

Ef[h(X)] ~ h(X;) 9)

trén phuong phép thay thé cho ham mat do xac suit g trong cong thirc (8) théng qua cong thirc (10):

E/[h(0)] ~ fh( )L ;g( )dx (10)
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3.2.  Phuwong phdp mé phong Monte Carlo trong tinh toan VaR va CVaR

Tac gia d& xuat thuat toan tinh todn VaR va CVaR bing mo phong Monte Carlo véi ham mét do
xac suét tong quat xac dinh theo cong thirc (11):

fx) = p1xfi(x0) + poXfo(x) + -+ P X fin (%) (11)

Trong d6, cac bude thuc hién duoc tom tit & Bang 1.
Bang 1.
Céac budc thuc hién mo6 phong Monte Carlo trong tinh toan VaR va CVaR

Diu vio Céc ham mat d6 xéac suét thanh phin £ () voi xéac suét trong tmg p i j=1m, ddng thoi
muc y nghia a.

Bude 1 Mb phong b dit liéu: Gia sir s6 lwong cin mé phong 1a n.
Buéc la. M6 phong cic ham mét d6 thanh phén fi(-) véi co miu tuong tng 1a
[nxpj] dong va n cot.
Budc 1b. Bo dir liéu bao gdm m phén phdi ¢6 tt ca n dong va n cot.

Budc lc. Sép xép bo dit lidu theo timg cot véi cac gia tri tir nho t6i 16m.

Buéc 2 Xac dinh céac gia tri VaR, va CVaR,, theo tirng cot:
Buéc 2a. Gia tri VaR’, tai m&i cot 1a phan tir & vi tri [nxa], déi véi bo dit liéu da shp xép tir
nhé dén 16n ciia mi cot tuong tng.
Budc 2b. Cac gia tri ctia bd dit lidu tai mdi cot 1a phin tir tir vi tri [nxa] dén vi tri cudi cing
n, d6i v6i bo dit lidu da sip xép tir nho dén 16n cua mdi cot twong ung.
Budce 2¢. Gia tri € VaRgl la trung binh ctlia cac gia tri da duogc tinh ra tir bude 2b.
Budc 2d. Kiém tra cac két qua vira tinh toan:
Tinh céc xé4c suét thanh phén theo tirng cdt cia ham mat d6 xac sudt trén khoang cac gia tri,

bao gdm céc gi4 tri nhd hon VaRja, tire 1a tinh Prob. (X < VaRja) =aq.

%jProb.(X<VaR},)

Tinh xéc suét trung binh ciia cic xdc sut thanh phan
n

Kiém tra xac suét trung binh ¢6 bang o hay khéng.

Tinh d6 1&ch chuén ctia x4c sut thanh phan (nhdm kiém tra tinh on dinh).

J
_ Xj=1VaRy

A L Y, CVar),
béura Céc gié tri u6c luong VaR,, = ===

va CVaR, =

Nhdn xét: Mot luu ¥ nho trong cac md phong hdn hop cin phai duoc thuc hién voi ¢& mau dya
trén d6 16n xac suat twong tng thi méi ra dugce két qua chinh xac hon. Minh chimg bang viéc mo
phong hai phan phdi chuén N(4; 0,2%) va N(4; 0,3%) voi x4c sudt twong tng 12 0,8 va 0,2, c6 dang hai
dinh theo Hinh 1 v6i s lwong mé phong n = 5.000.
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Hinh 1. Hinh dang ctia phan phéi x4c suit hdn hop 0,8 x N(4; 0,2%) + 0,2 x N(4; 0,3%)
Két qua tinh toan VaRgosva CVaRggs trong truong hop sd lugng md phong sé cot la
n = 5.000 va s6 dong ctia timg phéan phdi bang n hoidc bing n x pj tuong g duoc tinh todn va trinh
bay trong Béang 2.
Bang 2.
Céc két gué tinh t,oénNVaRom va CVaR s trong trudng hop sb lugng md phong s cot n = 5.000 véi
phan phoi xac xuat hon hop 12 0,8 va 0,2

X4c sudt thanh ph?m Gia tri Do léch Gia tri Do 1éch X4c sut Do léch chuén cua
khac nhau VaRg o5 chuén cua CVaR s chuén cua cta ham f x4c suét ciia ham
VaRg o5 CVaR s nhan gid tri  f nhén gia tri nho

nhé hon hon VaR s
VaRg s

S6 dong bing 1,6155  0,0073 3,0802 0,0025 0,0200 0,0009

n=5.000

S6 dong bang 1,7965 0,0130 3,7038 0,0031 0,0498 0,0027

nXp; = 5.000xp;

RG rang, bai nghién ctu ky vong két qua phai thé hién dugc xac sudt cua
ham f tir —oo dén VaRy s x4p xi bang 0,05. Tuy nhién, két qua trong hai ¢t cudi cia Bang 2 cho thiy
chi ¢6 trudong hop md phong sé dong bang nxp ; thi méi dat ky vong mong mudn, con truong hop sb
dong bang n thi khong dat ky vong mong mubn.

Didu nay c6 thé giai thich nhu sau: Do xac suat ciia cac phan phdi khac nhau dan dén néu s6 luong
mb phong bang nhau thi xac suat mdi phan phdi khong con duge dam bao, cho nén két qua s& bi sai
léch. Tac gia s& thyc hién lai cach tinh trén véi ty 16 xac sudt bang nhau 13 0,5 va 0,5.
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Bang 3.

Céc két qua tinh toan VaR s va CVaR s trong truong hop s lwong mé phong sb cot 1a n = 5.000
v6i phan phdi x4c xudt hdn hop 14 0,5 va 0,5

Xéc sut thanh phdn  Gidtri D6 léch Gia tri Do léch Xacsudt Do léch chudn
bang nhau VaRggs chudncia  CVaRggs chuén ciia ctia ham f clia x4c suat
VaR o5 CVaRg s nhén gia tri cua ham f
nhé hon nhan gia tri
VaR0,05 nhoé hon
VaRg s

S6 dong bing 1,6154  0,0072 3,0802 0,0025 0,0500 0,0021

n=5.000

Sb dong bing 1,6152 0,0102 3,0800 0,0036 0,0500 0,0030

nXp; = 5.000xp;

Két qua tinh toan tir Bang 3 cho thdy ring trong ca hai truong hop thi két qua cta VaRg s va
CVaR s 12 xép xi nhau va déu dat xac suat ky vong tir —o dén VaRy s xp xi bang 0,05. Tuy nhién,
trong truong hop mo phong véi sé dong bang n thi két qua c6 sai léch nho hon so véi truong hgp mo
phong vé6i sb dong bang nxp I diéu nay hop 1y vi truong hop mo phong véi sé dong bang n dan dén
¢6 s6 lwong md phong theo mdi dong 1a nhidu hon (tirc 1a n + n = 2n), con truong hop mé phong voi
s6 dong bing nxp; dan dén c6 s6 lugng mé phong theo mdi dong 1a it hon (tic 1a XL, nxp; =

1xXn =n).

Tom lai, trong tit ca cac truong hop voi cac xac suat thanh phan bét ky (0 < p i <1,j=1m),
tac gia khuyén khich sir dung truong hop mo phong sé cot bang n va sé dong bang nxp ; s€ cho két
qua tinh twong ddi chinh x4c va can s6 lugng md phong khong qué nhidu.

4. Ung dung tinh toan VaR va CVaR bang mé phéng Monte Carlo théng qua hén

hop cac phan phéi xac suat

Dbi voi mot bo dir lidu, dic biét cac dir liéu thuc té nhu gia ching khoan, ty gia... thi viéc bo dir
liéu chi tuan theo mot phan phdi xac suét 1a rat hiém khi xay ra, ké ca dit liéu c6 dang ddi ximg nhu
phan phdi chudn, phan phdi Student hay c6 dang léch nhu phan phéi Gamma, phan phbi Weibull,
phan phdi Beta... Do d6, tac gia cho rang cin mé hinh héa dit liéu théng qua hdn hop cac phan phdi
x4c sudt. Va tat nhién, d6i v6i dit liéu tudn theo mot phan phdi xac suét 6 tinh toan cac gid tri VaR,,
va CVaR, thi ciing can tinh toan céc gi4 tri nay cho hdn hop cic phan phdi x4c suit. Trong phan nay,
tac gia tién hanh tinh toan cac gia tri VaR, va CVaR,, trong mdt ) treong hop dac biét nhu hén hop
hai phan phdi d6i xtmg, hdn hop hai phan phdi 1éch, hdn hgp ba phan phdi bao gdm ca phéan phéi léch
va khong léch. Bén canh d0, tac gia cling tinh toan céac gia tri VaR va CVaR dua trén b dit li€u thuc
vé gia chung khoan Viét Nam.

Phuong phéap tinh toan VaR,, va CVaR,, ctia tac gia van diing trong trudng hop bo dit liéu chi tuan
theo duy nhit mot phan phdi xac suét, tirc 1a:
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ij = 1,pj1 = O'jl € {1,2, ...,jo - 1} U {jo + 1,j0 + 2, ...,m}
4.1.  Hon hop cdc phan phéi xdc sudt
4.1.1.  Hoén hop hai phin phéi déi ximg
Trudce hét, tac gia tién hanh nghién ctru vé& hdn hop hai phan phdi dbi ximg 14 hai phan phdi chuan
1a phan phdi N(4; 0,2%) va N(2; 0,3%) vdi xac suét trong tng 12 0,1 va 0,9 (tic gia mubn chimg minh

trong trudng hop xac sudt thanh phan chénh 1éch nhau qué nhiéu thi két qua van chinh x4c). Hinh anh
ctia phan phbi hdn hop duogc biéu didn qua Hinh 2.
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Hinh 2. Hinh dang cta phan phdi xac suat hdn hop 0,1 x N(4; 0,2%) + 0,9 x N(2; 0,32)

Két qua tir Bang 4 cho thdy xéc suit thanh phan cta cac phan phdi co nhiéu khéc biét thi phuong
phap mé phong Monte Carlo ciia tac gia vin dam bao xac sudt dudi trai xap xi gia tri xac sudt mong
mubn 14 0,1. Hon nita, khi s6 lugng md phong cang 16n thi xac sudt dudi trai cang gin gié tri xac suat
mong mudn hon va cang 6n dinh hon thong qua gia tri d léch chuan cang giam.

Bang 4.
Céc két qua tinh toan VaR,, va CVaR, trong truong hop s6 lugng md phong sé cot 1an luot 1a
n=100; 500; 1.000; 5.000 v6i hai phan phbi dbi xtng

S6 lwong mod Gia tri Do léch Gia tri Do léch Xéc suét D6 léch chuin cua
phong n VaRy, chuén cua CVaRy chuén coa cua ham f xé4c sudt ciia ham f
VaR CVaRy,; nhan gia tri nhan gia tri nho
nhoé hon hon VaRy,
VaRO’I
100 1,6244 0,0487 2,2675 0,0281 0,0974 0,0261
500 1,6320 0,0239 2,2770 0,0138 0,0996 0,0135
1.000 1,6330 0,0168 2,2784 0,0095 0,0999 0,0095
5.000 1,6335 0,0074 2,2788 0,0042 0,0999 0,0042
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4.1.2.  Hoén hop hai phin phéi léch
Tiép theo, tac gia s& ap dung phuong phap trén ddi voi hdn hop hai phan phdi bit dbi ximg hay
con goi 1a hai phan phdi léch dé kiém tra tinh ding dan. Trong truong hop nay, tac gia lay vi du tinh
toan dua trén phan phéi léch 1a phan phdi Weibull W(a; b). Trong d6, cc tham sé a 1a tham s6 ty 18
(Scale Parameter) va tham s6 b 1a tham s6 hinh dang (Shape Parameter).
Phan phdi hdn hop ciia hai phan phdi Weibull W(20; 10) va W(5; 25) v6i xéc suét trong tng 1a
0,7 va 0,3 voi hinh dang thong qua Hinh 3.
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Hinh 3. Hinh dang cua phan phdi xac suat hdn hop 0,7 x W(20; 10) + 0,3 x W(5; 25)

Két qua tinh toan VaR, va CVaR, vdi a = 0,1 dugc biéu dién trong Bang 5. T4c gia nhan thdy véi

hén hop cac phan phdi léch, phuong phap md phong Monte Carlo van hiéu qua trong cac tinh toan
VaR, ciing nhu CVaR,, va cho két qua trong ddi 6n dinh gitra cac lan tinh toan.
Bang 5.

Céc két qua tinh toan VaR,, va CVaR, trong truong hop s6 lugng md phong sé cot 1an luot 1a
n = 100; 500; 1.000; 5.000 v6i hai phan phdi léch

S6 lwong md Gia tri Do léch Gia tri Do léch Xéc sudtcia D léch chuén
phong n VaRy chuén coa CVaRy, chuén coa ham f nhan  cla xAc sudt ciia
VaRy; CVaRy, gia tri nho ham f nhéan gia
hon VaRy, tri nho hon
VaRo,l
100 4,8133 0,0573 15,7918 0,1989 0,0981 0,0227
500 4,8192 0,0288 15,8895 0,0901 0,0991 0,0119
1.000 4,8206 0,0183 15,9027 0,0650 0,0993 0,0076
5.000 4,8224 0,0087 15,9133 0,0300 0,0999 0,0037

4.1.3.  Hoén hop ba phin phéi doi xitng
Trong truong hop nay, tac gia ciing ap dung phuong phap tinh toan dya vao moé phong Monte
Carlo véi hdn hop cac phan phéi c6 nhiéu dinh hon, cu thé 1a hdn hgp ctia ba phan phdi chudn. Tac
gia mo phong Monte Carlo trong truong hop hdn hop ba phan phdi chuan N(0; 0,75%), N(2; 0,55%) va
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N(6; 0,7%) v&i xac suét 1an lugt 1a 0,4, 0,3 va 0,3. Phan phdi hdn hop c6 dang ba dinh dugc biéu dién
thong qua Hinh 4.
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Hinh 4. Hinh dang ctia phan phdi x4c suat hdn hop
0,4 x N(0; 0,75%) + 0,3 x N(2; 0,55%) + 0,3 x N(6; 0,7°%)

Tac gia ciing tinh toan VaR, va CVaR, véi két qua dugc thé hién trong Bang 6, va ciing gidng

nhu truong hop hai dinh, trong trudng hop ba dinh, két qua tinh toan kha chinh xac.

Bang 6.

Céc két qua tinh toan VaR,, va CVaR, trong trudng hop sé lugng md phong sb cot lan luot 1a
n=100; 500; 1.000; 5.000 v6i ba phan phdi déi ximg

S6 lwong mdé  Gia tri Do léch Gia tri Do léch Xéc suat D6 léch chuin cua
phong n VaRy, chuén coa CVaRy chuén cua cua ham f xé4c suit ciia ham f
VaR CVaRy, nhén gia tri nhén gia tri nho
nhé hon hon VaR,
VaRO,l
100 -0,5090 0,1456 2,7240 0,0657 0,1010 0,0246
500 -0,5060 0,0720 2,7651 0,0307 0,1004 0,0121
1.000 -0,5086 0,0529 2,7687 0,0218 0,0998 0,0089
5.000 -0,5067 0,0234 2,7717 0,0096 0,0999 0,0040
4.1.4.  Hoén hop hai phin phéi doi xirng va mét phdn phoi léch
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Tac gia ciing tinh toan VaR, va CVaR, véi két qua dugc thé hién trong Bang 7, va ciing gidng
nhu truong hop ba dinh tir cac phan phdi dbi xtng, phuong phép tinh toan ciia tac gia van dwa ra két
qué kha chinh xac, tuy nhién voi s6 lugng mo phong cang 16n thi cac gia tri wdc lugng duge cang it
bién dong.

Bang 7.
Cac két qua tinh todn VaR,; va CVaR,; trong truong hop $6 lwong md phong sb cot lan luot
n = 100; 500; 1.000; 5.000 v&i hai phan phoi doi xtng va mdt phan phoi 1éch

S6 lwong mdé  Gia tri Do léch Gia tri Do léch Xéc suat D6 léch chuin cua
phong n VaRy, chuén cua CVaRy chuén cua cua ham f xé4c sudt ciia ham f
VaR CVaRy, nhén gia tri nhan gia tri nho
nhé hon hon VaRy,
VaRo’l

100 2,8575 0,3162 7,0972 0,0595 0,0913 0,0085

500 3,2157 0,2425 7,1535 0,0243 0,0979 0,0022

1.000 3,3601 0,2162 7,1582 0,0179 0,0991 0,0010

5.000 3,5645 0,1230 7,1616 0,0079 0,0999 0,0003

4.1.5.  Hén hop mét phin phéi doi xirng va hai phéan phoi léch
Ciing giéng nhu cac trudng hop trén, dbi voi trudng hop hdn hop cua hai phan phéi ddi xtimg, hai
phan phdi 1éch, ba phan phéi ddi xting, hai phan phdi d6i xirg va mot phan phdi 1éch thi trong truong
hop hdn hop ctia mot phan phdi ddi ximg voi hai phan phdi léch dwoc biéu dién trong Hinh 6 va két
qua tinh toan trong Bang 7 ciing cho thiy két qua ciia tic gia thong qua md phong Monte Carlo ¢6 két
qua tuong dbi tot.
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Hinh 6. Hinh dang ctia phan phdi x4c suat hdn hop
0,3 x N(10; 0,75%) + 0,5 x W(20; 10) + 0,2 x W(5; 25)
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Két qua tinh toan VaR,, va CVaR,; véi a = 0,1 dugc biéu dién trong Bang 8.
Bang 8.

Céc két qua tinh toan VaR,, va CVaR, trong trudng hop sé lugng md phong sb cot lan luot 1a
n = 100; 500; 1.000; 5.000 v&i mot phan phdi dbi ximg va hai phan phdi léch

S6 lwong mdé  Gia tri Do léch Gia tri Do léch Xéc suat D6 léch chuin cua
phong n VaRy, chuén coa CVaRy chuén cua cua ham f xé4c sudt ciia ham f
VaR CVaRy, nhén gia tri nhan gia tri nho
nhé hon hon VaRy,
VaRo’l

100 4,9022 0,0558 14,3531 0,1897 0,0922 0,0186

500 4,9188 0,0303 14,4475 0,0824 0,0973 0,0105

1.000 4,9245 0,0206 14,4587 0,0583 0,0991 0,0072

5.000 4,9265 0,0089 14,4667 0,0264 0,0998 0,0031

4.2, Ung dung vao dir liéu gid chitng khodn Viét Nam

Déi voi dit liéu thue gia chimg khoan, ham mat do xac suit khong chi c6 dang mot phan phdi xac
suét, hdn hop cua hai phan phdi xac suat, hdn hop ciia ba phan phdi xac suat ma con c6 thé 1a hdn
hop ctia nhiéu phan phdi xac suat hon nita.

Trong phén nay, tac gia sir dung gia dong cira cua mi chimg khoan Cong ty C6 phan Sira Viét
Nam (VNM), lay tir Trung tim Nghién ctru Kinh té — Tai chinh, Trudng Dai hoc Kinh té — Luét, dwoc
cung cap boi Thompson Reuters' trong khoang thoi gian 5 nam tir 2013-2017. Dir liéu gia chimng
khoan VNM trong khoang thoi gian 5 nam dugc biéu dién thong qua Hinh 7.
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Hinh 7. Gia dong ctra ctia ma chung khoan VNM giai doan 2013-2017
Mot sb nghién ctru thuong sir dung sudt sinh lgi refurn khi nghién ciru gia dong cira theo mot
trong ba cong thirc tir (12) dén (14), theo Demir & cong su (2004). Trong d6, cong thire (12) 1a gia tri
tuyét dbi cuia hai gia dong cira & thoi diém t+1 va thoi diém t. Cong thire (13) 1a gié tri twong dbi cua

! Thompson Reuters (https://www.thomsonreuters.com/en.html)
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hai gia dong ctra ¢ thoi diém t+1 va thoi diém t. Cong thirc (14) thuc chat 1a hiéu cta hai logarit gia
dong ctra & thoi diém t+1 va thoi diém t.

return,(t) = P(t + 1) — P(¢t) (12)

P(t+1)—P(t)

return,(t) = 10 (13)
returns(t) = log (%) =log(P(t + 1)) — log(P(1)) (14)

Sau d6, tac gia s& 1y x4p xi suat sinh lgi return theo phan phdi chuan, tuy nhién, khi tac gia xap
xi bo dit lidu suat sinh lgi refurn theo phan phdi chudn thi thay co sy sai khac twong d6i nhidu khi
biéu dién theo Hinh 8.
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Gia trireturn, Gia trireturn,, Gia trireturn

Hinh 8. Xap xi suét sinh lgi return ctia gi4 dong ctra ma chimg khoan VNM
giai doan 20132017 theo phan phoi chuan

Mot vén d& khéc, khi tac gia tinh VaR, hoac CVaR,, cho sudt sinh loi thi chi tinh dugc gia tri trung
gian & gitra, tirc 14 cn phai tinh thém mét budc nita méi tinh ra dugc gia tri thuc sw cua gia dong cira.
Tuy nhién, suét sinh loi lai dya vao gia dong ctra ¢ phién giao dich trudc do nita nén viée tinh toan
VaR, va CVaR,, s& bi sai 1éch nhiéu. Chinh vi véy, su cin thiét phai tinh VaR, va CVaR,, cho gia
dong cira gdc chir khong phai 1a suét sinh lgi. Tir d6, tac gia s& nghién ciru ham mét d¢ xac suét thuc
nghiém cua gi4 dong cira VNM théng qua Hinh 9. Theo d6, dd thi cho thay khong thé x4p xi gia dong
clra ctia mi chimg khoan VNM theo phén phdi chuan hay cac phan phéi xac suit mot dinh khac, ma
can phai xap xi dudi dang hdn hop cac phan phdi xac suit.
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Hinh 9. Xap xi gia dong cira ma ching khoan VNM giai doan 2013-2017 theo phan phdi chuan
Tac gia xap xi dit liéu gia dong cira ma ching khoan VNM dang hdn hop cic phan phéi chuan
(Gaussian Mixture Model), sau d6 s& chon s6 lugng phan phdi hdn hop thong qua gia tri nho nhét
AIC. Gié tri AIC dugc biéu dién théng qua Hinh 10 v&i s lwong hdn hop cac phan phdi tir 1 d&én 50.

AlIC
13,000
12,500
12,000

11500

11,000
10.500

10,000
1 3 5 7 911131517 192123252729 31333537 3941434547 49
Hinh 10. Gia tri AIC khi xap xi gia dong cira chimg khoan VNM giai doan 2013-2017
theo hdn hop k phéan phdi chuan.

Do tic gia mong mudn tim duoc gia tri nho nhit AIC va Hinh 10 da biéu dién gia tri AIC ¢6 xu
huéng giam xuéng sau do6 lai ting 1én. Gia tri nho nhit AIC tai k = 10 véi gia tri
min AIC = 11.023. Khi d6, phan phdi thyc nghiém cua gid dong cira VNM dugc xap xi thong qua
hén hop cac phan phdi chuén véi xac suat, trung binh va do 1éch chuén twong timg duge biéu dién
trong Bang 9.
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Bang 9.
Két qua udc luong cac phan phdi chuan thanh phan
S lugng cac phan phbi Xac suét thanh Trung binh phan phdi D6 léch chuén phan phdi
phan chuan thanh phan chuan thanh phan

1 0,0976 73,5031 23,4555
2 0,1214 101,7594 62,9683
3 0,0475 115,5858 282,8473
4 0,1576 64,7660 11,4777
5 0,0445 48,4524 7,9097
6 0,0751 148,6572 2,3120
7 0,1676 64,4093 12,9181
8 0,0860 69,2342 0,4278
9 0,0288 191,5414 83,3419
10 0,1740 134,5834 101,5937

Két qua tinh toan VaR, va CVaR, v6i o= 0,1 v6i dugce biéu dién trong Bang 10. Tac gia ciing
hoan toan tinh todn dugc cac gia tri VaR, va CVaR,, va cac gia tri nay van dam bao sai sb mong mudn.
Bang 10.

Céc két qua tinh toan VaR,, va CVaR, trong truong hop s6 lugng md phong sé cot 1an luot 1a
n=100; 500; 1.000; 5.000 voi dir liéu thuc té tir thi truong chirng khoan Viét Nam

S6 lwong mdé  Gia tri Do léch Gia tri Do léch Xéc suat D6 léch chuin cua
phong n VaRy, chuén caa CVaRy chudn cta ham f xé4c sudt ciia ham f
VaRg cua nhén gia tri nhan gia tri nho
CVaRy,; nho hon hon VaRy,
VaRO,l

100 38,5792 7,8162 105,6066 6,5062 0,0944 0,0255

500 41,3524 2,6976 106,8459 2,8862 0,0992 0,0127

1.000 41,6546 1,7583 107,1012 2,2444 0,0998 0,0088

5.000 41,7913 0,7887 107,1752 0,9495 0,0999 0,0040

Tuwong tu nhu vay, tdc gia cling tinh toan cac gia tri VaR, va CVaR, v6i a giam di mot nira tic
la o = 0,05. Két qua duoc biéu dién trong Bang 11. Thong qua két qua nay, tic gia nhan thiy khi s6
lwong md phong qua it n = 100 trong khi sb cac phan phdi thanh phin qua nhidu m = 10 thi gia tri
VaR s nhan gia tri 4m, tirc 1a day khong phai 1a két qua c6 thé xay ra trong thuc té. Tuy nhién, khi
tang s6 lugng mé phong 1én n = 500 dén 5.000, cac két qua VaR, va CVaR, kha xap xi nhau va dam
bao x4p xi gia tri mong mudn.
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Bang 11.

Céc két qua tinh toan VaRgs va CVaR s trong truong hop s lugng mo phong sb cot lan lugt 1a
n=100; 500; 1.000; 5.000 voi dir liéu thuc té tir thi truong chirng khoan Viét Nam

Xac suit Gia tri Do léch Gié trj Do léch Xac suit D¢ léch chuan cia
thanh phin VaRg o5 chuén cua CVaR s chuén cua ciaham f  xac sudt ciia ham f
khéac nhau VaRg o5 CVaRg s nhén gia tri nhan gia tri nho

nhé hon hon VaR s
VaR0,05
100 -0,3176 32,2698 100,7468 6,3699 0,0451 0,0189
500 12,8245 11,1787 102,9000 2,9440 0,0488 0,0087
1.000 14,0250 8,0753 103,0629 2,1259 0,0492 0,0065
5.000 15,5072 3,5840 103,2540 0,9409 0,0498 0,0029

5. Két luan

Gia tri gip rii ro VaR hay gié tri gip rii ro c6 diéu kién CVaR khong phai 1a mot khai niém méi
trong cac tinh toan phan tich tai chinh, ma con dugc sir dung rat nhidu trong céc bai toan do luong rui
ro. Tuy nhién, cic nghién ciru chi yéu dimg lai céc tinh toan dwa vao mot dang phan phdi xac suat
(d6i ximg hodc bat ddi ximg) theo Rockafellar va Uryasev (2000). Trong khi dbi véi dit liéu thuc té,
viéc dit liéu chi tuén theo mot phan phdi xac suat hiu nhu 1a rit it xay ra, thong thuong dit liéu s& c6
dang tuén theo mot hdn hop cac phan phéi xac suét.

Sau khi xac dinh dugc dir lidu tuan theo mot hon hop cac phan phéi xéc sudt, viéc can thiét tiép
theo 1a v6i mdi mirc @ € (0,1) cin x4c dinh VaR, va CVaR,,. Tuy nhién, mot vén dé can dit ra 1 tinh
toan cac gia tri VaR, va CVaR,, sao cho vira dam bao nhanh chéng vira dam bao chinh xac, tirc 1a cac
gié tri chénh l1éch khong nhiéu va trong d6i 6n dinh. Mot phuong phép dwoc dé nghi 1a phwong phap
mb phong Monte Carlo va can phai hiéu chinh phuong phap Monte Carlo trong tinh toan nay. Trong
bai nghién ctru nay, tac gia di ching minh sy cin thiét phai hiéu chinh phwong phap Monte Carlo néu
mudn dam bao sai s6 xac suét so v6i gia tri a cho trude 1a nho nhéit (do cin phai kiém tra lai c6 that
s 14 xac sudt tir gia tri nho nhat co thé dén gi4 tri VaR,, diing bang a hay khong).

V6i phuong phap Monte Carlo di hiéu chinh theo dé xuét cua tac gia, cac két qua tinh toan kha
chinh x4c dugc minh hoa trong cac trudng hop hdn hop hai phan phdi dbi ximg, hai phan phdi léch,
ba phén phéi ddi xtmg, hai phan phéi di xtg va mot phan phdi léch, mot phan phbi ddi ximg va hai
phan phdi 1éch ciing nhur hdn hop 10 phan phéi xac suét trong truong hop dit liéu thuc té.

Thém vao d6, van dé kho khin nhét khi phan tich dit liéu thuc té d6 13 cdn xét xem dit liéu thuc té
tuan theo hdn hop ciia bao nhiéu phan phdi xac suat va cic tham sb thanh phin cua phan phéi xac
sudt nay bang bao nhiéu. Trong bai nghién ctru, tac gia di sir dung chi sé minAIC dé lya chon phan
phéi xé4c sudt trong khi thuc té c6 rat nhidu chi sb dé chon hdn hop cac phan phdi xac sudt phu hop
nhit v&i bo dir liéu. Chinh vi véy, trong cac nghién ciru tiép theo, tac gia s& nghién ciru cac phuong
phap t6i wru nhét trong viéc lya chon hdn hop cac phan phdi xac sudt phi hop vai bo dit ligul
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Lo1i cam on:

Bai viét nay 1a két qua ciia Dé tai nghién ciru khoa hoc cip C - Pai hoc Qudc gia, nim 2018 duoc
Pai hoc Quéc gia Thanh phd H Chi Minh tai trg véi tén dé tai: "M6 hinh FBayes va ing dung trong
phan tich Tai chinh", ma s6: C2018-34-04 (Cha nhiém: Pham Hoang Uyén).
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