Ung dung phian mém R dinh gia quyén chon cho cac c6 phiéu trén TTCK Viét Nam
Lé Van Tudn

Dai hoc Thuwong mai

Tém tit. Bai viét trinh bay viéc tng dung phan mém R trong dinh gia quyen chon cho ¢
phiéu trén TTCK Viét Nam. Cac phuong phap dinh gia quyén chon gém co: ding mo
hinh Black-Scholes, mé hinh Cox-Ross-Rubinstein (con goi la m6 hinh cay nhi phan) va
mo phong Monte Carlo. Cac loai quyén chon dugc dinh gia 1a: quyén chon kiéu Au, kiéu
My va kiéu A.

1. M& dau

Dinh gia quyén chon 1a mot mang kinh dién trong tai chinh dinh luong trén thé gisi. Ba
phuong phép co ban dé dinh gia quyén chon la: dung mé hinh Black-Scholes (1973),
dung m6 hinh Cox-Ross-Rubinstein (con goi 1a md hinh cdy nhi phan — 1979) va md
phong Monte Carlo (1977,1996,2001). M6 hinh Black-Scholes chi 4p dung cho quyén
chon kiéu Au, hai phuong phap con lai ap dung cho nhiéu loai quyén chon. Co so 1y
thuyét ctia cic phuong phéap nay cé thé xem trong (Capinski, 2003).

Céc huéng phat trién cta dinh gia quyén chon duoc trinh bay chi tiét trong (Gong, 2011),
cu the 1a:

- Sir dung mé hinh Heston véi gia thiét tai san gdc tuan theo mé hinh Black-Scholes
nhung d6 bién dong 13 ngiu nhién.

- Ung dung m6 hinh GARCH dé mé hinh héa d¢ bién dong

- Sir dung tinh chat dong lugng cua phan phdi log-chuan cat cut

- St dung qua trinh ngau nhién diffusion v&i budc nhay

O hudng thyc hanh trén phian mém R, (Dardczi, 2013) trinh bay cac phuong phap Black-
Scholes va Cox-Ross-Rubinstein dé dinh gia quyén chon; phuwong phap md phong Monte
Carlo c6 thé xem trong (Tacus, 2011) .



Tai Viét Nam, khdi niém quyén chon dugc gidng day cho sinh vién nganh tai chinh tai
hau hét cac truong dai hoc khdi nganh kinh té. Ly thuyét vé dinh gia quyén chon ciing
dugc giang day cho sinh vién hoc vé tai chinh dinh lugng tai nhiéu truong. Nhiéu gido
trinh trinh bay vé dinh gia cac loai quyén chon theo cac phuong phap khac nhau, chiang
han (Diing, 2014).

Bén canh d6, ciing xuit hién nhiéu coéng trinh nghién ctru vé viée tmg dung quyén chon
cho thi truong chung khoan Viét Nam.

Trong (Thuy, 2011), cac tac gia dua ra tinh hinh chung cia TTCK Viét Nam, nhitng kho
khan va thuan lgi trong viéc trién khai giao dich quyén chon trén TTCK Viét Nam.

Huéng str dung mo hinh Black-Scholes dé dinh gia quyén chon c6 thé xem trong mot sd
tai liéu. Trong d6, (Thai, 2013) tmg dung mo hinh Black-Scholes dé dinh gia quyén chon
cho chi s& VN30, cac tac gia cling thuc hién mot sd kiém dinh dé kiém tra cac gia thiét
cua mo hinh Black-Scholes. Trong (Pao, 2019), cac tac gia da su dung m6 hinh GARCH
dé mo hinh hoa d6 bién dong. Trong (Tuyen, 2013), céc tac gia da st dung mot mé rong
ciia md hinh Black-Scholes, d6 1a gia thiét tai san gdc tuan theo chudi Markov, dé ap
dung dinh gia quyén chon cho chi s6 VN-Index; cac tic gia cling dd ching t6 rang mo
hinh Markov 1a phu hop voi dit li¢u cua TTCK Viét Nam.

Huéng str dung mé hinh Cox-Ross-Rubinstein (mé hinh cdy nhi phan) c6 thé xem trong
(Trung, 2011), tuy nhién, trong bai viét ndy cac tac gia chi trinh bay co s& Iy thuyét cua
mo hinh.

Chung t6i chua tim thay céng trinh nghién ctru vé dinh gid quyén chon cua Viét Nam st
dung phuong phap mo6 phdng Monte Carlo.

2. Mt s6 loai quyén chon
Quyén chon (Option)l

Quyén chon 1a _mot hop ddng giita hai bén — nguol mua va nguoi ban — trong do cho
ngudi mua quyén nhung khong phai 1a nghia vy, dé mua hodc ban mot tai san nao do vao
mot ngay trong tuong lai voi gia dugc thoa thudn ngay hdm nay. Nguoi mua quyen chon
tra cho nguoi ban mot sd tién goi 1a gia hay phi quyén chon. Ngudi mua quyén chon
duoc quyén, nhung khong c6 nghia vu tham gia vao cac giao dich do, trong khi nguoi
ban phai ganh chiu nghia vy tuong tmg dé thuc hién giao dich. Vi vay, sy thiét hai cua
ngudi mua quyen chon dugc gidi han tai mirc phi quyén chon, trong khi su mAat mat cua
ngudi ban quyén chon 1a khong gi6i han. Gia cia mot quyén chon xuét phét tir sy khac

Y Quyen chon 13 mét loai ching khodn phai sinh phé bién trén thé gidi; tuy nhién, hién tai & VN, trén TTCK van
chua giao dich quyén chon.



biét gitta gia tham chiéu va gia tri cua ti san co s& cdng voi phi quyén chon dya trén thoi
gian con lai cho dén hét thoi han ctia quyén chon.
C6 hai loai quyén chon: quyén chon mua (Call option) va quyén chon ban (Put option).
Mot quyén chon mua cho pheép nguoi mua quyén chon (hay con goi 1a nguoi nam gitr
quyen chon) dugc quyén mua tai san co s (tai san co 86 ¢o thé 1a co phiéu, trai phiéu,
tién té hay hang hoa) ¢ mot muc gia cu thé, trong khi mét quyén chon ban cho phép
ngudi mua quyén chon duge quyén ban tai san co sd & mot mirc gia cu thé. Viée thuc
hién hop dong vao thoi diém nao con tuy thude vao ki€u quyén chon.
Hop dong quyén chon cé thong s6 k¥ thuat sau day:

- cac loai (mua hodc ban),

- khoi lugng va loai cua céc tai san co so,

- hién gia/gia thyuc hién (tirc 1a gid ma tai do cac giao dich co s¢ s€ xay ra khi thuc

hién quyén chon),

- ngay hét han (ngay cudi cung cac quyén chon c6 thé dugce thuc hién),
Quyén chon kiéu Au (European Option)
Quyén chon mua kiéu Au (European Call) 1a mot hop dong cho phép nha dau tu mua mot
don vi cua mdt hang hoa hay tai sdn S nao do6 (goi 1a tai san gdc-underlying asset) voi
mdt gia K da dugc c6 dinh (goi 1a gia thuc hi¢n-exercise price hay strike price) tai mot
thoi diém T trong tuong lai cling da dugc cd dinh, goi 1a (thoi diém ddo han-exercise
time hay expiry time).
Néu thay chit mua bang chit ban trong dinh nghia nay, thi ta duoc mdt quyén chon ban
kiéu Au (European Put).
Quyén chon kiéu My (American Option)

Quyén chon mua kiéu My (American Call) 1a mot hop dong cho phép nha dau tw mua
mot don vi cua mot tai san S vo1 mot gid thyc hién X da duoc ¢d dinh tai moi thoi diém
cho dén mot thoi diém ddo han T trong twong lai ciing di dugc ¢b dinh.

Quyén chon ban kiéu My (American Put) ciing dugc dinh nghia tuong tw, nhung thay
chit mua bang chit ban.

Sy khac nhau gitta quyén chon kiéu Au va quyén chon kiéu My 1 quyén chon kiéu My
cho quyén mua (néu 1a Call) hodc ban (néu 13 Put) vao thoi diém T hodc moi thoi diém
trude do, trong khi quyén chon kiéu Au chi cho quyén mua/ban tai dung thoi diém T. Vi
su khac nhau ndy, viéc danh gia gia tri ciia quyén chon kiéu My néi chung sé& phirc tap
hon so véi quyén chon kiéu Au, tuy ring trong nhiéu truong hop thi gia cua quyén chon
kiéu M§ va kiéu Au s& gan nhu nhau, thim chi ding bang nhau.

Quyén chon kiéu A (Asian Option)

Quyén chon chau A 1a mét loai quyén chon ma gia duoc tinh 1a gia trung binh cua tai san
trong mot khoan thoi gian, nguoc lai v6i nhitng loai quyén chon khac (kiéu My va chau
Au) khi ma gia duoc tinh 13 gid vao thoi diém ddo han. Loai quyén chon ndy gitip ngudi
mua c6 thé mua (hodc ban) tai san véi gia trung binh thay vi gia thi trudng.



C6 nhiéu cach hiéu khai niém gia trung binh va can dugc lam ro trong hop déng quyén
chon. Thuong thi thi gid trung binh chinh 1a gia trung binh cong hodc trung binh nhan
clia tai san trong mot khoan thoi gian xac dinh duoc ghi rd trong hop dong.

3. Ung dung trén TTCK Viét Nam

Dé minh hoa tmg dung trén thi truong chimg khoan Viét Nam, chung t6i st dung chudi
dir lidu gia dong ctra cudi ngay (Closed price) ctia mid cd phiéu VIC - Tap doan
VINGROUP. Chudi dit liéu tir 5/3/2020 dén 5/3/2021 gdm 252 quan sat. CAu trac cua dit

lidu nhu bang dudi (gém 6 quan sat):

DTYYYYMMDD Volume Open High Low Close

1 20210305 1294800 106.9 107.5 105.8 106.3
2 20210304 1671400 107.6 107.9 106.6 106.9
3 20210303 1075300 106.6 108.2 106.5 106.9
4 20210302 926300 108.5 109.1 106.2 108.2
5 20210301 777700 109.9 109.9 107.7 108.5
6 20210226 926800 106.2 109.9 106.2 109.0

Tur chudi loi suét, ta tinh duge do bién dong cua chudi loi suit la: vic_sigma= 0.3639701.
Céc cau 1énh cua phan mém R giup thyc hién tinh toan nhu sau:
#Lénh doc dir liéu
vic<-read.csv("D:\\data\\option\\VIC.csv", header=TRUE)
#Lénh dao nguoc chudi dit liéu theo chiéu ting cia thoi gian
vic<- vic[seq(dim(vic)[1],1),]
#Lénh tinh chudi loi suét
vic_return <- diff(log(vic$Close))
#Lénh tinh d6 bién dong
vic_sigma<-sd(vic_return)*sqrt(252)
Mo hinh Black-Scholes

Noi den quyen chon thi khong thé khong dé cap dén mo hinh Black-Scholes Cho den
gia quyén chon Black-Scholes. Nha kinh té hoc Steve Ross trong cubn tir dién kinh té
Palgrave di viét “ly thuyét dinh gia quyen chon 1a 1y thuyét thanh cong nhét khong chi
trong nganh tai chinh, ma con trong tat ca cac nganh kinh t€”. Nam 1973, Black &
Scholes da cong bd cong thirc dinh gid quyén chon trong nghién ciru “Dinh gia quyén
chon va ng phai trd cong ty” ma ngay nay dugc goi la mé hinh Black-Scholes.
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Ta tinh duoc gia ctia quyén chon mua/ban kiéu Au c6 gia thuc thi 13 120 (ngan), thoi gian
dao han 1a 9 thang, 1ai suét phi rui ro 1a 3,79 % (naim)2 theo cong thirc Black-Scholes:

Quyén chon mua | 9.385954

Quyén chon ban | 19.72298

Céc céu 1énh ctia phan mém R gitp thyc hién tinh toan bao gom:
#Lénh goi thu vién
library(fOptions)
#Lénh nhap cac gia tri
S0=106.3; K=120;r=0.0379; T =3/4
#Lénh tinh gia quyén chon mua kiéu Au theo cong thirc Black-Scholes

GBSOption(TypeFlag = "c¢", S =S0, X =K, Time = T, r = r, sigma =

vic_sigma, b = r)@price

Luu y: TypeFlag = "p" dé tinh gia quyén chon ban; b=r cho két qud mo hinh Black-
Scholes c6 dién, gia tr1 b duoc st dung cho cac mod hinh mé rong (chang han ¢6 chia ¢b
tuc).

Mo hinh cdy nhi thirc

Mo hinh dinh gia quyén chon cay nhi thirc, con goi 1a moé hinh Cox-Ross-Rubinstein
(viét tit 1a CRR), duoc : Cox, John C., Stephen A. Ross, and Mark Rubinstein cong bo
nam 1979 trong bai bao “Option Prlcmg A Simplified Approach”. Déi vOi cac quyén
chon kiéu Au cho cac cd phleu khong tra ¢d tire, thi mo hinh nay la mot sy xap X1 ro1 rac
ctia md hinh Black-Scholes, va khi cic budc thoi gian trong mo hinh CRR tién t6i 0, thi
két qua cho boi mé hinh CRR tién toi két qua cho bdi mé hinh Black-Scholes. Vi mo
hinh CRR 132 mdt mé hinh rdi rac, véi thuat toan tinh dé dua vao may tinh, nén no cling
¢6 thé dugc coi nhu 14 mot phuong phap tinh gan ding gia quyén chon cho theo cong
thire ctia Black-Scholes. Ung dung ctia md hinh CRR khong chi ding lai & chd lam
phuong phap tinh cho cong thirc Black-Scholes, ma n6 con str dung dugc dé tinh toan voi
nhimg loai quyen chon ma mé hinh Black-Scholes khong ap dung dugc, trong do co
quyén chon kiéu My va quyén chon kiéu Bermuda.

Ta tinh duoc gia ciia quyén chon mua/ban kiéu Au/M¥ c6 gia thuc thi 1a 120 (ngan), thoi
gian d4o han 1a 9 thang, 13i suat phi rui ro 13 3,79 % (nim) theo mé hinh ciy nhij phan:

’Lai suét lién ngén hang ky han 9 thang (ngudn: http://www.sbv.gov.vn/)
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Kiéu Au | Kiéu My

Quyén chon mua | 9.393412 | 9.393412

Quyén chon ban | 19.73043 | 20.30882

Céc céu 1énh ctia phan mém R gitp thyc hién tinh toan bao gom:
#Leénh goi thu vién
library(fOptions)
#Lénh nhap cac gia tri
S0=106.3; K=120;r=0.0379; T =3/4
#Lénh tinh gia quyén chon mua kiéu Au theo mé hinh cay nhi phan

CRRBinomialTreeOption(TypeFlag = "ce", S =S0, X =K,Time=T,r=r,b =

1, sigma = vic_sigma, n = 300)@price

Ta cling c¢6 thé quan sat dugc cac gia tri trén toan cdy quyén chon cua quyén chon mua
kiéu Au (dé don gian ta chon s6 budc 1a 3)
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Céc cau 1énh cua phan mém R giup thyc hién tinh toan nhu sau:



CRRTree <- BinomialTreeOption(TypeFlag = "ce", S = S0, X = K,Time =T,
r=r,b=r, sigma = vic_sigma, n = 3)
BinomialTreePlot(CRRTree, dy = 1, xlab = "Time steps", ylab = "Number of
up steps", xlim = ¢(0,4))
Luu ¥ rang, cac cdu 1énh dé tinh gia va hién thi cdy cua cac quyén chon khéac tuong tu,
chi thay doi TypeFlag = “ce” , “pe”, “ca”, “pa” cho quyén chon mua/ban kiéu Au/My.
Gi4 tri n thé hién s6 cay ciia m hinh.
Phwong phap moé phong Monte Carlo
Ky hiéu lgi nhuan ciia quyén chon 1a X = f(Sy).

Ky hiéu gié cua quyén chon tai thoi diém t 1a C(t, Sy =P, gid quyén chon phu thude vao
ham loi nhuén f va tai san co s S. Tai thoi diém T, Pr = C(T, St) = f(S1) = X.

Tur phuong trinh Black — Scholes ta c6 cong thic cua gid quyén chon 1a
C(t,x) = e TTVEF(Z1")

Trong d6 Z5* = xexp {(r — %02) (T—-1t)+ amu)} voi u~N(0,1).

Ta c6 cac kha nang sau:

e Quyén chon mua kiéu Au: f(x) = max(0, x — K)

e Quyén chon ban kiéu Au: f(x) = max(0, K — x)
Thuét toan dé tinh gia quyén chon kiéu Au:

1. Gialap M lan u va ap dung tinh Z.*

2. Véimbi gia lap Z&* tinh f(Z5%)

3. Tinh trung binh céc gi4 tri trén va nhan véi e 7T~
a) Quyén chon kiéu Au
Ta tinh duoc gia ctia quyén chon mua/ban kiéu Au c6 gia thuc thi 13 120 (ngan), thoi gian
dao han 1a 9 thang, 1ii suat phi rii ro 1a 3,79 % (nim) theo phuong phap md phong
Monte Carlo:

Quyén chon mua | 10.78579

Quyén chon ban | 19.78064




Céc céu 1énh ctia phan mém R gitip thyc hién tinh toan bao gom:

Carlo

#Lénh nhap cac gia tri
S0=106.3; K=120;r=0.0379; T=3/4

#Lénh tinh gia quyén chon mua kiéu Au theo phuong phap mé phong Monte

f <- function(x) max(0, x - K)
M <- 1000
MCPrice <- function(x =1,t=0,T=1,r= 1, sigma = 1,M = 1000, f) {
h <- function(m) {
u <- rnorm(m/2)
tmp <- c(x * exp((r - 0.5 * sigma”™2) * (T - t) + sigma *sqrt(T - t) * u),
x * exp((r- 0.5 * sigma”2) * (T - t) + sigma * sqrt(T - t) * (-u)))
mean(sapply(tmp, function(xx) f(xx)))
}
p <- h(M)
p * exp(-r * (T - 1))
b
MCPrice(x =S0,t=0, T=T, r=r, vic_sigma, M =M, f=1)

Luu y, dé tinh gia quyén chon bén ta thay f <- function(x) max(0, K - x).

Mot van dé quan trong khi sir dung phuong phap mé phong Monte Carlo la van dé tang
toc do xur Iy khi s6 lan gia lap tang bang tinh toan song song. Céu 1énh dudi day s¢ minh
hoc viéc 4p dung thu vién foreach cua R dé gidi quyét van dé nay.

MCPrice <- function(x =1,t=0,T=1,r= 1, sigma = 1,M = 1000, f) {
require(foreach)
h <- function(m) {
u <- rnorm(m/2)

tmp <- c(x * exp((r - 0.5 * sigma”2) * (T - t) + sigma * sqrt(T - t) * u), x *
exp((r - 0.5 * sigma”2) * (T - t) + sigma * sqrt(T - t) * (-u)))

mean(sapply(tmp, function(xx) f(xx)))

}
nodes <- getDoParWorkers()



p <- foreach(m = rep(M/nodes, nodes),.combine = "c") %dopar% h(m)
p <- mean(p)
p * exp(-r * (T - t))
b
b) Quyén chon kiéu A

Ta tinh dugc gia clia quyén chon kiéu A cé gia thuc thi 1a 120 (ngan), thoi gian dao han
13 9 thang, 1i suat phi rai ro 13 3,79 % (nim) theo phwong phap mé phong Monte Carlo:

Quyén chon mua 5.837051

Quyén chon ban 14.26662

Céc céu 1énh ctia phan mém R gitp thyc hién tinh toan bao gom:
#Thu vién dé gia lap qua trinh ngiu nhién
require(sde)
#Lénh nhap cac gia tri
S0=106.3; K=120;r=0.0379; T = 3/4
#Lénh tinh gia quyén chon kiéu A theo phuong phap mé phong Monte Carlo
MCAsian <- function(S0 =100, K=100,t=0,T=1, mu=0.1,
sigma=0.1,r=0.1, N=100, M = 1000) {
h <- function(x) {
z <- colMeans(sde.sim(X0 = SO, model = "BS", theta = c(mu,
+ sigma), M = x, N =N))
f <- function(x) max(x - K, 0)
p0 <- mean(sapply(z, f))
b
p<-h(M)
p <- mean(p)
p * exp(-r * (T - 1))
b



MCAsian(S0=S0,K=K,t=0,T=T, mu=0.1, sigma = vic_sigma,
r=r, N=250,M =M)
Luu ¥, dé tinh gia quyén chon ban ta thay f <- function(x) max(0, K - x).
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PHU LUC

A. Gi6i thi¢u phan mém R

R 14 phan mém (ciing goi 14 ngdn ngit 1ap trinh R) dé phan tich dit lidu duoc xay dung
boi Ross Thaka va Robert Gentleman tai The University of Auckland, New Zealand, tiép
tuc duoc phat trién boi nhém R Development Core Team. Phan 16n cac ky thudt phan
tich trong kinh doanh déu dugc R hd tro: tir Théng ké dén Hoc may hay cac k§y thuat THi
vu hoa. Bang ching cho sirc manh ciia R d6 1a nhitng giai thuong va su tan duong tir
nhitng tap chi hay cong dong uy tin trén thé giéi nhu New York Times, Forbes,
Intelligent, Enterprise, InfoWorld va The Register; ciing nhu duogc tich hop phat trién boi
céc tap doan cong nghé hang d¢au nhu Microsoft, Google, IBM, Oracle, Amazon-AWS.

Cac li do chinh nén st dung R trong hoc thuat cling nhu thuc tién 1a: Mién phi (va ma
ngudn mo); Phin mém manh nhat trong cac phan mém mién phi; Canh tranh (thdm chi
vugt trgi) so voi cac phan mém thwong mai’; D3 st dung nhiéu trong thuc tién; Chay
duoc trén nhiéu hé diéu hanh.

Cdc thie vién (gdi Iénh) ciia R hé tro dinh gid quyén chon.

e fOptions: HJ trg dinh gia quyén chon kiéu Au/M¥ theo hai phuong phap mé hinh
Black-Scholes va mé hinh cay nhi phan.
e sde: Ho tro gia 1ap qué trinh ngiu nhién.

Download va cai dat trén Windows (R c6 ca phién ban trén Linux va (Mac) OS X)

e Truy cap vao trang chu: http://www.r-project.org/, click vao CRAN (du¢i chir
Download & cot bén trai), s& dén trang CRAN Mirrors, click vao mét link (vi du
cua Thailand), click tiép Download R for Windows, click tiép install R for the first
time, click tiép Download R *.*.* for Windows sé& download duoc file R-*.* *-
win.exe (*.*.* chi version tai thoi diém download).

e Cai dat nhu cac phan mém khac.

Cai dat thw vién
e Thu vién fOptions: Tai ctra s6 1énh cua R gd: install.packages("fOptions")
e (Cac thu vién khac cai tuong tu

St dung thw vién:

Dé st dung cac ham cua thu vién oaxaca (chéng han), moi lan chay R, tai cura s6 lénh g0:
library(fOptions)

? http://stanfordphd.com/Statistical Software.html
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