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TOM TAT

Bai todn dinh gid quyén chon (option pricing) la mét bai todn quan trong va cé lich sir ldu doi
trong linh vuc nghién ciru tai chinh dinh lrong. Nhitng nam gan day, do sw phat trién cia cdc ki
thudt may hoc (machine learning), bai todn dinh gid quyén chon c6 thé duoc tiép cdn tir hurdng xdy
dung cdc mé hinh mdy hoc. Trong nghién ciru nay, chiing t6i xem xét bai todn dinh gid quyén chon
stk dung cong thire Black-Scholes bang mét so thudt todn mdy hoc ¢6 gidm sdt (supervised machine
learning). Chiing t6i ddnh gid hiéu quda cdc mé hinh bang mét sé tdp dit liéu gid quyén chon da dwoc
chia sé cong khai. Két qua thiee nghiém cho thdy cdc mé hinh mdy hoc ¢é nhiéu kha ndang wéce lwong
gid quyén chon véi dé chinh xdc cao.

Tir khéa: machine learning; option pricing; quantitative finance; supervised machine learning

1.  Gidi thi¢u

Céc hop ddng quyén chon (option) 12 mot yéu t quan trong cdu thanh nén hé théng
tai chinh hién dai (Hull, 2022).

Quyén chon 1 mét hop ddng qua d6 cho phép bén mua c6 quyén mua (quyén chon mua,
call option), hodc quyén ban (quyén chon ban, put option) mdt tai san nao do (underlying asset)
trong mdt thdi diém nao d6 trong twong lai (thoi diém déo han, expired date) véi mot mire gia
dinh truéc (Nguyen & Do, 2014). Mirc gia dinh trude nay dugce goi 1a gia thyec thi (strike price).

Hai loai quyén chon phd bién nhat trén thi truong tai chinh 13 quyén chon kiéu chau
Au (European-style) va quyén chon kiéu Mi (American-style). Trong quyén chon kiéu chau
Au, bén mua chi c6 thé thyc thi hop dong vao dang ngay duoc xac dinh. Trong quyén chon
kiéu Mi, bén mua cé thé thuc thi hop dong quyén chon vao mot ngay bat ki mién chua qua
ngay dao han.

Cite this article as: Dang Quang Vinh (2023). Option pricing with machine learning. Ho Chi Minh City
University of Education Journal of Science, 20(2), 244-252.
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Contract Name Last Trade Date  Strike A Last Price Bid Ask Change % Change Volume Open Interest Implied Violatility
BAC221021C00020000 2022-10-14 3:49PM EDT 20.00 11.70 11.70 11.80 +0.25 +2.18% 6 235 167.19%
BAC221021C00022000 2022-10-14 12:08PM EDT 22.00 995 960 985 +0.91 +10.07% 8 19 121.88%
BAC221021C00023000 2022-10-14 1:36PM EDT 23.00 890 865 885 +1.65 +2276% 12 22 121.88%
BAC221021C00024000 2022-10-11 11:02AM EDT 24.00 579 7.70 750 0.00 4 83 122.66%
BAC221021C00025000 2022-10-14 2:35PM EDT 25.00 6.75 6.65 685 +0.28 +4.33% 35 1,975 94.53%
BAC221021C00025500 2022-10-14 10:12AM EDT 25.50 6.40 620 635 +0.65 +11.30% 4 16 94.53%
BAC221021C00026000 2022-10-13 10:21AM EDT 26.00 460 575 585 0.00 12 184 93.36%
BAC221021C00027000 2022-10-14 1:29PM EDT 27.00 492 465 485 +0.62 +14.42% 1 191 67.97%
BAC221021C00027500 2022-10-14 3:28PM EDT 27.50 440 415 435 +0.80 +22.22% 2 123 61.72%
BAC221021C00028000 2022-10-14 1:12PM EDT 28.00 395 365 390 +0.09 +2.33% 20 396 60.16%
BAC221021C00028500 2022-10-13 3:37PM EDT 28.50 3.45 320 340 +0.05 +1.47% 89 149 57.42%
BAC221021C00029000 2022-10-14 3:48PM EDT 29.00 289 278 294 -0.07 -2.36% 329 542 57.42%
BAC221021C00029500 2022-10-14 3:59PM EDT 29.50 236 233 248 -0.14 -5.60% 174 909 54.10%
BAC221021C00030000 2022-10-14 3:59PM EDT 30.00 201 189 206 -0.11 -5.19% 1.077 5.680 55.27%
BAC221021C00030500 2022-10-14 3:59PM EDT 30.50 156 161 168 -0.22 -1236% 755 3,945 53.71%

Hinh 1. Gid quyén chon BAC (Bank of America) ddo han vao ngay 21-10-2022.

Dir liéu dwoc thu thdp vao ngay 1511012022 s dung Yahoo Finance.

Nhu vay, trong hgp déng quyén chon, thay vi mua ban truc tiép mot loai tai san niao
do6 trén thi truong tai chinh, vi du nhu cd phiéu, cac nha dau tu mua quyén mua hodc ban ¢
phiéu d6. Viéc nay c6 thé duoc vi twong ty nhu tinh ning “Secure Your Fare” ciia mot s6
hang hang khong: khach hang tra mot khoan tién nho dé “giir” gia vé may bay, va sau d6 co
thé quay lai dé mua vé may bay v6i mirc gia c¢b dinh tir trude. Néu khach hang quyét dinh
khong bay nita thi ciing chi mét khoan tién “giit chd” ma théi (Hinh 2).

Secure My Fare

MNMeed more time to think? Secure yvour fare for just SGD 20.00. Your fare will be

locked in for up to 3 days.

Flight info

I. Singapore To Perth

FLIGHT SQ 225 -~

S5IN 00:05

Singapore
12 Sep (Tus), CThangl Indtl

Singapore Airlines

Total ravel tme: Shrs 10Omins

2. Perth To Singapore

FLIGHT S 216 -~

PER O1:10
Perth
19 Sep (Tue), Perth Intl

Singapore Alrlines

Econoarmy (M)

PER O5:15
Perth
12 Sep (Tue), Perth Intl

Econoarmy (M)

S5IMN 06:35

Singapore
19 Sep (Tue), CThangl Intl

Hinh 2. Tinh ndng “giit chd” ciia cac hdng hang khoéng
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Viéc str dung hop ddng quyén chon tao ra nhiéu co hdi méi cho cac nha dau tu tai
chinh. M6t s6 loi ich ciia hop dong quyén chon c6 thé dugc ké ra:

- Giam rai ro: Nhu da trinh bay & trén, thay vi phai bo ra mot khoan tién 16n dé thyc sy
nam giit tai san trao doi, nha dau tu chi phai bo ra mot sé tién nho hon rat nhiéu dé nam giir
quyén mua tai san d6. Téi ngay déo han, nha dau tu c6 thé can clr vao tinh hinh thi truong
thuc té dé ra quyét dinh dau tu.

- Tang lgi nhuédn: Do s6 von dau tu ban dau nho nén ti suét lgi nhuén s& cao. Hon nita,
nha dau tu cling d& dang tham gia thi truong vi chi phi ban dau s& thap.

Tuy nhién, hop ddng quyén chon noi riéng va cac hop dong phai sinh (derivatives) noi
chung cling tao nén mat thi trudong tai chinh nhiéu ric r6i va cam b?ly. Mot trong cac tac vu
ma nha dau tu phai thuc hién trén thi truong phai sinh 14 dinh gia quyén chon (option pricing).

Ban than quyén chon, sau khi dugc tao ra, cling tr¢ thanh mot loai tai san. Chinh ban
than quyén chon ciing s& duoc mua ban trén thi truong, va nd c¢6 thé tré thanh tai san
(underlying asset) cho mot hgp ddng quyén chon khac.

Nhu vy, ban than cac quyén chon ciing s& c6 gia mua va gia ban trén thi trudng. Nha
dau tu phai thyc hién dinh gia cac quyén chon nay dé cé chién lugce dau tu phu hop.

Li thuyét vé dinh gia quyén chon da co lich sir nghién ctru lau dai trong linh vuc tai
chinh dinh lugng. Linh vuc nay that sy dat duoc diu 4n quan trong véi cac nghién ciru ciia
Black, Scholes va Merton vao nhiing nam 1970. Nhiing két qua nghién ciru nay da dan toi
giai Nobel kinh té cho hai tac gia Black va Scholes, con Merton khong dugc trao giai vi da
qua doi trude do.

Céc tac gia Black, Scholes va Merton da x4y dung nén |i thuyét dinh gia quyén chon
dwa trén cac i thuyét vé phuong trinh vi phan va trung hoa riii ro trén thi trudng tai chinh.

Trong nghién ciru ndy, chung toi dat gia thuyét: lidu ching ta co thé dinh gia quyén
chon bang cac md hinh may hoc (machine learning) dugc hay khong? Hiéu qua cta chiung
t6i dau trong viée ude luong gia quyén chon trén thi truong tai chinh. Chiing t6i sé tap trung
vao quyén chon ban (call option) kiéu chau Au (European-style).

2. Doi twong va phwong phap nghién ciru
2.1. Mo hinh dinh gia Black-Scholes

Mo hinh dinh gia Black-Scholes duogc phét trién trong nhitng nim 1970 (Black &
Scholes, 1973).

Trude hét, ching ta thao luin vé gia tri cuia quyén chon ban kiéu chau Au vao ngay
dao han. Vao ngay dao han, nguoi mua quyén chon c6 hai lya chon: thuc thi hoac khong
thyc thi quyén chon. Tir nay vé sau trong bai bao nay, khi néi ti quyén chon thi tic 1a chiing
ta dang noi t6i quyén chon mua kiéu chau Au.

Luu ¥ rang, trong thuc té gid cic quyén chon kiéu chau Au va kiéu Mi thudng gin
tuong ty nhau (Nguyen & Do, 2014).

Néu gia hién tai cua ¢ phiéu dang cao hon gia quy dinh trong quyén chon thi nguoi
ban c6 thé thuc thi quyén chon, mua cb phiéu nay véi gia da quy dinh (dang thap hon thi
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truong) va ban lai trén thi truong mé, qua do thu dugc loi nhuan. Néu gia cd phiéu hién tai
trén thi truong cao hon gia quy dinh trong hop déng quyén chon, thi duong nhién ngudi mua
quyén chon khong c6 Ii do gi dé thuc thi quyén chon. Néu ngudi nay vin mong mubn sé hitu
¢6 phiéu vi Ii do nao o, anh ta c6 thé mua né trén thi truong md voi mire gia thap hon.

Nhu vay, gia tri cia quyén chon luén 1a mot s6 khong am. Tir d6, gia ciia mot quyén
chon sé& 1a mot sé khong &m. Chu ¥ 1a trong tai chinh, gia cta cac hop doéng phai sinh hoan
toan c6 thé am (Ma & Wang, 2021), nhu d3 xdy ra véi thi trudng diu mo trong nam 2020.

Black va Scholes xay dung mo hinh ctia minh dua trén nguyén li no-arbitrage, hay con
duoc biét toi voi cai tén nguyén tic “no free lunch” (khong ¢ bita trua mién phi). Nguyén
li ndy yéu cau gia ctia quyén chon phai bang véi mirc gia tri ki vong (expectation) trong
tuong lai ciia nd. Néu nguyén Ii nay bi vi pham, vi du quyén chon duoc dinh gia qué thép,
nha dau tu c6 thé kiém tién mién phi bang cach mua that nhiéu quyén chon va sau d6 ngdi
chd gia quyén chon tang Ién trén thi trudng,

Phuong trinh Black-Scholes duogc viét dudi dang phuong trinh dao ham nhu sau:

A 2szazv %s rv=0 (1.1)

ot 2 oS?
Trong d6, V chinh 14 gia ctia quyén chon, con S 13 gia ctia ¢b phiéu (underlying asset)
trong quyén chon. Gia tri r 13 14i suét tién gui tiét kiém, thudng duoc coi 1a phi rai ro (risk-
free), con sigma 12 do bién dong cua gia c6 phiéu, thuong dugc do bing do léch chuin
(standard deviation).
Giai phuong trinh trén, chung ta s& thu dugc cong thirc Black-Scholes dé dinh gia
quyén chon cho trudng hop quyén chon mua kiéu chau Au:

V =SN(d,) - Xe""YN(d,) (1.2)
Trong d6 S chinh 14 gia c6 phiéu, T 1a thoi diém d4o han, t 13 thoi diém hién tai.

Ham N duoc dinh nghia:

N(x) = e = dy (1.3)

1%

Cac gia tri di va d2 dugc dinh nghia nhu sau:

) IN(S 7 X) +(r—9"/5)(T ~1)

? o~NT —t (14)
) IN(S 7 X)+(r +9°/5)(T ~1) s
b o~T -t '

Gia tri X chinh 1a gia thuc thi (strike price) ctia quyén chon.
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Ta can luu ¥ rang, md hinh Black-Scholes sir dung gia thuyét rang ti 1¢ lgi nhuan cua
cb phiéu c6 phan phdi chuan.

Nhu vay, sir dung cong thire Black-Scholes, ta c6 thé tinh duoc gia mot quyén chon
mua kiéu chau Au bat Ki. Cau hoi dit ra 14 gia tri tinh duoc boi cong thirc Black-Scholes ¢6
phu hop véi gid tri giao dich thyc té trén thi trudng hay khong, va liéu cac mo hinh may hoc
c6 thé 1am t6t hon mo hinh Black-Scholes khong.

2.2.  Cdc mé hinh mdy hoc cé gidm sdt va bai todn héi quy

Bai toan hoi quy (regression) 1a mot dang bai toan kinh dién trong cic nghién ctru vé
may hoc (Aggarwal, 2021). Trong bai toan hdi quy, cac mé hinh may hoc ¢6 nhiém vu du
doan véi dau ra 1a mot s6 thyc. Nhidu mo hinh hoi quy di duoc cong dong may hoc nghién
ctru va phat trién trong nhidu nim. Trong bai bdo nay, chung t6i khao sat kha ning ciia mot
s6 mo hinh héi quy phd bién vio bai toan dinh gia quyén chon.

2.2.1. M6 hinh hoi quy tuyén tinh (linear regression)

Mb hinh hdi quy tuyén tinh 1a mot mé hinh quan trong, di c6 lich sir phat trién lau
doi va c6 nhiéu img dung quan trong trong kinh té va doi sdng xa hoi. Nhidu mé hinh quan
trong trong tai chinh dinh lugng nhu mo hinh dinh gia CAPM hoac mé hinh French-Frama
déu c6 ban chét 1a cac mo hinh hdi quy tuyén tinh (Rejda et al., 2022).

Mo hinh héi quy tuyén tinh gia thiét raing mbi quan hé giita bién phu thudc (predictor
variable), ttrc 1a gia tri chiing ta dang quan tim, véi cac bién doc lap (observation variables)
1a mot mbi quan hé tuyén tinh:

y=5+Bx+fpXp+. e (1.6)
2.2.2. M6 hinh Support Vector Machine

Mo hinh SVM 1a mot mo hinh ¢6 thé sir dung cho bai toan phéan 16p (classification)
ciing nhu bai toan hdi quy (regression). Trong truong hop sau, mé hinh dwoc goi 1 mé hinh
Support Vector Regression (SVR).

¥

y=nx+b ST

Hinh 3. Minh hoa y twong SVR
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Y tudng cia md hinh SVR dugc minh hoa trén Hinh 3. M6 hinh cb géng ti da hoa
khoang cach gitra duong phan 16p t6i cac diém gan nhat trén timg ban phing.

Trong nghién ctru nay, chiing toi gidi han chi sir dung ham kernel tuyén tinh véi mo
hinh SVR.
2.2.3. M0 hinh Random Forest

Mo hinh Random Forest 1a md hinh hoc két hop (ensemble learning). M6 hinh dugc
xdy dung bang cach két hop nhiéu mé hinh cay quyét dinh (decision tree) dé dua ra két luan

1 = 1

cuoi cung.

DECISION TREE-1 DECISION TREE-1 DECISION TREE-1
v 1
RESULT-1 RESULT-2 RESULT-N

> | MAJORITY VOTING / AVERAGING | -

v

FINAL RESULT

Hinh 4. M6 hinh Random Forest

Y tudng ciia md hinh Random Forest dwoc mé ta trén Hinh 4. M6 hinh x4y dung nhiéu
mo hinh cay quyét dinh. Mdi mé hinh cay quyét dinh s& dugc hudn luyén trén mot phan cia
tap huin luyén. Sau do, két qua cudi ciing dugc tinh bing cach cong trung binh két qua cua
cac mo hinh cay quyét dinh riéng 1¢.
2.2.4. M0 hinh catboost

M0 hinh catboost cling 1a mot mo hinh hoc tdng cuong, nhung thay vi xay dung cac
mo hinh song song nhu random forest, nd xay dung cac mé hinh lién tiép. Y tudng chinh
ctia mo hinh nay 14 mé hinh sau s& ¢ géng sita 16i (error) ctia mé hinh trudc.
2.2.5. M0 hinh neural networks

Céc mo hinh mang neural (neural network) thu hut sy cha y va tap trung nghién ctru
ctia cong dong may hoc trong khoang mét thap ki trd lai day. Da c6 rat nhiéu mo hinh mang
neural khac nhau duoc dé xuat. Tuy nhién, trong bai béo nay, chung ti chi sir dung mang
neural nhiéu 16p truyén thang (multi-layer perceptron).
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Irgiat 3 :'

Hinh 5. M6 hinh mang neural nhiéu 16p truyén thang
3. Két qua va thio luin
Chung t0i str dung dit liéu quyén chon Apple (mi chimg khoan: APPL) tir ngay
01/01/2021 téi hét 31/12/2021. Dir liéu dwoc chia thanh 2 tap huan luyén (training set) va
kiém thir (testing set). Dit liéu huin luyén dwoc xac dinh 1a dit lidu tir ngay 01/01/2021 t&i
hét ngay 30/9/2021. Dit liéu kiém thir 1a dir liéu tir ngay 01/10/2021 t&i hét ngay 31/12/2021.
Do do chung t6i st dung 1a Root Mean Squarred Error (RMSE), twong dong véi cac
nghién ctru gan day cua (Ivascu, 2021).
Két qua so sanh cubi cung duoc trinh bay trong Bang 1.
Bdng 1. So sanh do do RMSE cua cdac model

RMSE
STT Model . =
Tép huan luyén Tép kiém thir
1 Black-Scholes 1.86 1.85
2 Linear Regression 1.35 1.23
3 SVR 1.42 1.11
4 Random Forest 1.01 0.88
5 Catboost 0.93 0.62
6 Neural Networks 1.13 0.89

Chng t6i trinh bay sai s6 RMSE cua phuong trinh Black-Scholes dé dam bao d¢ nhat
quén trong bao cdo. Thuc té, md hinh Black-Scholes khong c6 khai niém huén luyén, nén
khong c6 sy khac biét gitra tap huén luyén va tap kiém thu.

Chung ta nhan thiy, mo hinh Black-Scholes thuc chat cho két qua danh gia kém hon
50 voi cac md hinh may hoc. Diéu nay 14 ¢6 thé giai thich vi thuc chat mé hinh Black-Scholes
ciing d4 bi phé phan rat nhidu, dic biét trong thoi gian xay ra cudc khung hoang tai chinh
2008 (Jankova, 2018). M6 hinh Black-Scholes, dii ¢6 nhiéu dong gop trong lich sir tai chinh,
da c6 hon 50 ndm tudi, nén né khong tan dung duge cac phat trién gan day trong linh vuc
khoa hoc dir liéu.
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Chung ta ciing nhan thiy rang, cac mé hinh may hoc c¢6 tiém ning rat 1on trong viée
du doan va dinh gia quyén chon. Tuy nhién, vin dé 1 nhiéu mé hinh may hoc phirc tap chua
¢6 hé thdng Ii thuyét du manh dé giai thich hanh vi cia mé hinh. Do d6, viéc sir dung cac
mo hinh nay trong mot thi truong nhay cam nhu thi truong tai chinh tiém an nhiéu rui ro.

4. Kétluin

Trong bai bao nay, chung t6i nghién ctru viéc dinh gia quyén chon bang mot sé mo
hinh may hoc c6 giam sat. Két qua thuc nghiém cho thiy cac mé hinh nay déu c6 thé wéc
luong gia clia cac quyén chon t6t hon mé hinh Black-Scholes truyén théng. Trong tuong lai,
chung t6i s& m& rong nghién citu t6i cac loai quyén chon phirc tap hon ciing nhu két hop
nhiéu mé hinh may hoc hién dai.

7

% Tuyén bé vé quyén lgi: Téc gid xéc nhan hoan toan khéng cé xung dot vé quyén loi.
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ABSTRACT

Option pricing is significant and has a long history in the field of gquantitative financial
research. In recent years, because of the rapid development of machine learning techniques, option
pricing can be studied from building machine learning models. This study considers option pricing
using Black-Scholes formula by some supervised machine learning algorithms. The performance of
the models using several publicly shared options price datasets was then evaluated. Empirical results
show that machine learning models are more likely to estimate option prices with high accuracy.

Keywords: machine learning; option pricing; quantitative finance; supervised
machine learning
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