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Mo hinh dinh gia tai san von (CAPM) luong héa mdi quan hé
tuyén tinh gitra loi nhuan va rii ro hé thong cta cac tai san rii ro.
CAPM la mét trong nhitng nén tang 1y thuyét cuia nganh tai chinh
hién dai. Tuy nhién, tinh thuc nghiém cia CAPM la mot cha dé
géy tranh luan dbi v6i cac nha nghien ctru bdi vi CAPM su dung
rat nhidu gia dinh ma kho co thé duogc dap Ufng trong thuc té. Xu
huéng két hop tri tué nhan tao va Iy thuyét nén tang tai chinh da
tao ra nhiéu mé hinh dy bao hiéu qua va phu hop hon trong thuc
nghiém. Nghién ctru nay thyc hién nham 02 muyc tiéu chinh: Sir
dung thuat toan Support Vector Regression (SVR) trén nén tang
CAPM dé du bao ty suat sinh 10i ciia cac cd phiéu riéng 1é va xéac
dinh cac yéu t tic dong dén sai sb trong dy bao ctia mo hinh két
hop nay. Nghién ctru sir dung dit lidu ctia cac cong ty niém yét trén
thi trudng ching khoan Thanh phd H6 Chi Minh giai doan tir thang
12/2012 dén thang 09/2020, chu ky theo thang. Nghién ctru chia
dir liéu thanh 02 giai doan: giai doan 01 sir dung dé t6i uu hoa cac
tham s6 va giai doan con lai dugc su dung dé danh gia sai sb cua
mo hinh dya trén Spark MLIib. Nghién ctru chi ra ring mé hinh dy
béo ty suat sinh 15i ctia ¢ phiéu sir dung thuat toan SVR hiéu qua
hon so véi CAPM; hon nita, nghién ctru cing phat hién ra rang yéu
t6 rai ro dic thu coéng ty (VAR), rai ro tong thé (SD), sai s6 cua
CAPM (RMSECAPM) va ty suét sinh 16i trung binh (MEAN) Ia
cac yéu t6 anh huong dén su khac biét giira sai s6 du bao ciia mo
hinh SVR d6i véi timg c6 phiéu don 1é.

ABSTRACT

The Capital Asset Pricing Model (CAPM) measures the linear
connection between risky asset return and systematic risk. CAPM
is a theoretical underpinning for contemporary finance. The
empirical character of the CAPM, on the other hand, is a
contentious subject among scholars since the CAPM makes several




6 Bui Thanh Khoa va cong su. HCMCOUJS-Ky thuat va Cong nghé, 17(1), 5-19

assumptions that are difficult to satisfy in reality. In practice, the
trend of mixing artificial intelligence with financial foundations
theory has resulted in more efficient and appropriate forecasting
models. The primary goals of this research are as follows: Using
the CAPM and the Support Vector Regression algorithm (SVR),
anticipate the return of individual stocks and identify the elements
influencing the prediction inaccuracy of this combined model. The
analysis makes use of data from firms listed on the Ho Chi Minh
City Stock Exchange from December 2012 to September 2020, on
a monthly period. The data is divided into two stages in the study:
the first is used to optimize the parameters, and the second is used
to assess the error of the model based on Spark MLIib. According
to research, the stock return forecasting model based on the SVR
Keywords: algorithm is more effective than the CAPM; additionally, the study
machine learning: Capital Asset discovered that company-specific risk (VAR), overall risk (SD),
Pricing Model (C’APM); CAPM error_(RMSE_CAPI\/I),_and mean return (MEAN) are the
Support Vector Regression: main factors influencing the difference between the forecast error
Spark MLIib of the SVR model for each individual stock.

1. Gidi thi¢u

Mot trong nhitng nhiém vu quan trong nhung kho khan nhat sir dung chudi thoi gian 1a
du béo thi truong ching khoan (Chen, Xiao, Sun, & Wu, 2017). Dir liéu chudi thoi gian vé gia
chung khoan thong thuong 1a chudi khdng ding va rat khé xac dinh (Tay & Cao, 2001; Zhang,
Lin, & Shang, 2017) bai vi ching Ia nhitng chudi ngau nhién c6 xu hudng phi tuyén tinh do bi
anh huong boi nén kinh té chung, dic diém cua cac nganh, chinh tri va tham chi 12 tam ly cua
cac nha dau tu (Chen & ctg., 2017; Zhong & Enke, 2017). Gia thuyét thi truong hiéu qua
(Efficient Market Hypothesis) cho rang gia ciia chitng khoan 1a mot bude di ngau nhién (Random
Walk), do d6 kho c6 thé doan trude dugc (Fama, 1970, 1991); mic du viéc nghién ctu cac mo
hinh du bao ty suit sinh loi van dang thu hat rat nhiéu sy quan tam tir giGi hoc thuat va thuc
nghiém (Weng, Ahmed, & Megahed, 2017). Nghién cttu cua Atsalakis va Valavanis (2009);
Kumar va Thenmozhi (2014); Malkiel (2003) d& néu ra bang ching trai nguoc nhau vé tinh hiéu
qua cua thi truong tai chinh. Cac nghién cau gan diy da dé xuat cac mo hinh nhiam ting hiéu
qua du bao dua trén dir liéu lich st. Nhirng phuong phap pho bién duoc st dung dé du béo két
qua nhu chi bao trung binh déng, mé hinh ty hoi quy, phan tich khac biét va méi tuong quan
(Kumar & Thenmozhi, 2014; Wang, Wang, Zhang, & Guo, 2012). Gan day hon, mot xu thé méi
duoc tap trung nghién ciu trong viéc du doan chudi thai gian 12 hoc may, nham xir ly dir liéu
ngau nhién va phi tuyén tinh (Chen & ctg., 2017).

Nén tang mo hinh dinh gia tai san vén (CAPM) duogc dé xuit tir nhitng ndm 1960 dua
trén ly thuyét vé da dang hoa va ly thuyét quan ly danh muc dau tu caa Markowizt (Bui & Thai,
2021; Treynor, 1961). M6 hinh CAPM luong héa mbi quan hé tuyén tinh gitra rui ro hé thong
va loi nhuan ky vong cua cac tai san rai ro. M6 hinh CAPM theo phién ban caa Sharpe-Lintner-
Black di 1a mot cong cu quan ly tai san quan trong trong nhitng nam gan day nho lgi thé 1a don
gian va dé sir dung. Mac du vay, viéc sir dung CAPM trong thuc tidn con gay nhiéu tranh cAi.
Nhitng nghién ctru dau tién vé CAPM da minh chiing ton tai méi quan hé tuyén tinh gita ty sb
sinh 10i va rai ro hé théng beta (Black, 1972; Bui & Tran, 2021). Mot s6 nghién ctiru phat hién
duong thi treong chitng khoan khé phing, ciing 1a mot thach thire d6i véi khung ly thuyét CAPM
(Amihud, Christensen, & Mendelson, 1992; Breen & Korajczyk, 1993; Fama & French, 2021;
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Jagannathan & McGrattan, 1995). Bén canh cé4c nghién ciru ung ho 1y thuyét CAPM, lai ¢é nhiéu
nghién ciru phu nhan tinh thyc tién cia mé hinh nay (Banz, 1981; Basu, 1983; Chaudhary, 2017;
Fama & James, 1973; Lohano & Kashif, 2018). Mac du ¢6 nhiéu y kién trai chiéu, CAPM ciing
da tré thanh mot khung Iy thuyét nén tang ly thuyét trong linh vuc tai chinh hién dai, hon nia,
n6 cling duoc sir dung phod bién trong thuc nghiém. Trong mét cudc khao sat véi su tham gia cua
hon 400 CFOs, 75% trong sé d6 thira nhan ho st dung CAPM dé xé4c dinh ty suét sinh 1oi ky
vong cua thi truong ddi véi cac khoan dau tu ¢b phiéu (Graham & Harvey, 2001).

Hoc may (Machine Learning) la mot phén cua nganh khoa hoc dir li¢u. Thuat ngr “hoc
may” dé cap dén linh vuc nghién ctu tap trung vao viéc s dung cac mé hinh dé dua ra du bao.
Dé xtr ly khéi lugng 16n dit liéu, c6 sdn cac cong cu cho phép phan phdi céc tac vu tinh toéan giira
cac nut khac nhau trong mot cum may tinh, dé khdi lugng cong viéc duoc can bang va thoi gian
xtr Iy giam xudng. V& van dé nay, cac cong cu nhu Apache Hadoop hoic Apache Spark cho phép
cac thuat toan duoc chay theo md hinh phan tan, gitip nha phat trién tranh duoc tat ca nhitng bat
tién ma diéu nay gay ra, chang han nhu dong bo hoa, truyén dir liéu va kha ning chiu 16i, ... Bac
biét, Apache Spark c6 thu vién Spark ML, chira viéc trién khai mot sé thuat toan hoc may nhu
mang no-ron, cay quyét dinh, Random Forest, hdi quy, may véc-to hd tro (SVM) va cac thuat
toan khéc. Ky thuat hoi quy vector hd trg (SVR) da du bao duge lugng may va san lugng dién
trong hé thdng nang lugng mat troi tai Nhat Ban. Két qua du béo rat kha quan, sai s6 trung binh
binh phuong (Root Mean Squared Erorr - RMSE) chi khoang 10% va sai s tuyét d6i (Mean
Absolute Error - MAE) xap xi 6% (da Silva Fonseca & ctg., 2012). Mot nghién ciu lién quan
dén nganh niang luong da st dung thuat toan SVR véi ham kernel mil d¢é du bao lwong dién cua
may phat va so sanh véi gia tri thuc té, két qua dy béo rat tét (Ramedani, Omid, Keyhani,
Shamshirband, & Khoshnevisan, 2014). Phan tich thuc nghiém chi ra ring mé hinh SVR véi
ham kernel mii ¢6 kha nang dy béo tét hon. Cach tiép can SVR trong may hoc dé wdc tinh chi
tiéu mua may bay quan su, sir dung ham kernel dang mii, da cho két qua dang kinh ngac: sai s6
trung binh téi thiéu (MSE) 1a 5.37%, va R? 1a 99%, mot két qua tét ngoai ky vong (Tong, 2015).
Ung dung may hoc trong linh vuc tai chinh kha da dang, vi du nhu nghién ciru viéc s dung mo
hinh Fama 03 va 05 nhan té (Gogas, Papadimitriou, & Karagkiozis, 2018). Céc tac gia di so
sanh SVR véi phuong phap OLS trong mé hinh CAPM, mé hinh Fama 03 va 05 nhan té, ciing
nhu trong mo hinh 1y thuyét kinh doanh chénh léch gia (APT), sir dung dir liéu tir thi truong
chung khoan My cho mé hinh Fama 03 nhan té voi 1062 quan sat (07/1926 - 12/2014), md hinh
Fama 05 nhan té véi 618 quan sat (07/1963 - 12/2014), va md hinh APT véi 346 quan sat
(02/1986 - 12/2014). Hé s6 R? hiéu chinh va MAPE duoc sir dung dé do ludng chét lugng du
bao cua md hinh. Theo két qua nghién ciu, phuong phap sir dung SVR véi ham kernel dang mii
va dang da thire di to ra vuot troi so véi phuong phap hdi quy OLS truyén théng khi xét tsi
MAPE va hé sé R? hiéu chinh. Henrique, Sobreiro, va Kimura (2018) di sir dung SVR dé uéc
tinh gi& c6 phiéu theo ngay véi cac mé hinh duoc hiéu chinh theo thoi gian.

Bo dir lieu NASDAQ-100 dugc Abraham, Nath, va Mahanti (2001) sur dung, cac tac gia
nay da tién phong str dung may hoc trong cac nghién ctu thuc nghiém vé thi truong ching
khoén. Cac thuat toan dugc dua ra so sanh bao gom Phan tich thanh phan chinh (PCA), Mang
than kinh nhan tao (ANN), va Mang than kinh bong mo tién hda (NFUZZ) (Abraham & ctg.,
2001). Tuwong tu, ANN va thuat toan May vector ho tro (SVM) duogc sir dung tai thi truong
Chicago danh cho 05 hop dong twong lai, va tac gia sir dung Sai s6 binh phuong trung binh
chuin hoa (NMSE), D6 can xtmg c6 hudng (DS), va Sai s6 tuyét ddi trung (MAE) (Cao & Tay,
2003). Gan déy, k¥ thuat Hoi quy vector hd trg (SVR) duoc st dung dé dy bo gia vang (Yuan,
Lee, & Chiu, 2020), va thuat toan Di truyén - Hdi quy vector hd tro binh phuwong nhé nhat (GA-
LSSVR) duoc st dung dé kiém dinh d6 nhay va danh gia chat lwong mo hinh thong qua chi sb
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MAPE. K§ thuat SVR c6 thé phét hién méi quan hé phi tuyén tinh ma phuong phap OLS khong
thuc hién dugc. Tai Viét Nam, K. T. Tran, Banh, va Nguyen (2012) d3 két hop giai thuat di
truyén va SVR dé du doan gia co phiéu trén thi treong chang khoan Viét Nam: Trinh (2013) da
rng dung ky thuat hoc may SVR dé xay dung duoc chuong trinh du doan xu hudng ting giam
cua cb phiéu dya theo di liéu tir tap dir liéu Twitter. Do d6, nghién ctru st dung SVR dura trén
m6 hinh CAPM d¢é duy bdo ty suat sinh 10i caa cé phiéu don 18, ddng thoi xac dinh cac yéu té anh
huéng dén sy khac biét sai sé du béo ty suat sinh 101 dbi véi ting c6 phiéu don 1¢ tai Viét Nam
dang rat han ché. Do d6, théng qua sir dung Spark MLIib, nghién ctru nay tan dung cac loi thé
ctia md hinh CAPM cuing véi tinh hiéu qua cua thuat toan SVR bing viéc két hop CAPM va
SVR, qua d6 tao ra két qua dy béo chinh xac hon so v&i cac nghién ciru trude d6 nho vao tinh
wu viét cling nhu mirc d6 pho bién ciia SVR. M hinh két hop nay duoc xem nhu 1a mot phuwong
phap thay thé mé hinh CAPM truyén thong. Loi thé cia mé hinh nay 1a kha ning “hoc” dé cai
thién do chinh xé&c théng qua viéc st dung thuat toan may hoc, kiém soét nhiéu, kham pha céc
thanh phan an caa dit liéu, va udc tinh cac ham phi tuyén. M6 hinh c6 sir dung SVR d3 t6 ra
vuot troi cach tiép can CAPM truyén thng nho vao cac diém nay.

Ngoai phan gigi thiéu, thi bd cuc cua bai bao nhu sau, tong quan ly thuyét vé md hinh
CAPM va thuat toan SVR dugc trinh bay trong phan 2, phuong phap nghién ctru dugc giai thich
trong phan 3, va két qua thuc nghlem dugc dua ra trong phan 4. Cudi cung, phan két luan cua
bai bao nay duoc chi ra trong phan 5 caa bai béo.

2. Co sé ly thuyét
2.1. M6 hinh CAPM

CAPM Ia mét tap hop cac uéc tinh ty suat sinh 1oi ky vong cua cac tai san rai ro ¢ trang
thai can bang. N6 dugc hinh thanh trén nén tang ly thuyét lya chon danh muc dau tu (Markowitz,
1952; H. T. Tran, 2020). Cac gia dinh caa mé hinh bao gém:

e Céc nha dau tu 13 e ngai rai ro va ludn chon danh muc trung binh - phuong sai - hiéu qua.
e Thoi gian nam gitr danh myc chi trong mot ky don 1é.
e Ky vong cua cic nha dau tu 1a thuan nhét.

e TAat ca cac tai san déu cong khai, giao dich dai ching, c6 thé chia nho tiy y va cho
phép ban khéng.

e Cac nha dau tu c6 thé vay va cho vay mét luong tly y & mac I3i suat phi rai ro.
e Thong tin la c6 sin va cong khai.
e Khéng c6 thué va chi phi giao dich.

Nghién ctru ndy bat dau véi mot nha dau tu dit ra ty trong a déi voi tai san thiriva 1 —
a doi voi danh muc thi truong (0 < a < 1). Khi d6 ty suat sinh lgi la mot ham theo o nhu sau:

r@=ar;+ (1 —a)ry 1)

Tinh gia tri ky vong va phuong sai ta thu dugc két qua nhu sau:
E(r(a)) =aE(r;) + (1 —a)E(ry) (2)
o?(r(@)) = a?0?(r) + (1 — a)?0%(ry) + 2a(1 — @) cov(r;, 1yy) (3)
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Khi o thay d6i, 1am cho cac diém (a(r(a)), E (r(a)))thay dbi trén duong cong mau do
va chi cit dudng bién hiéu qua tai diém M ung véi a = 0 (Hinh 1).

CML

Ty

Hinh 1. Buong thi truong von (Capital Market Line, CML)
va cac co hoi dau tu khi o thay doi

Khi tat ca cac nha dau tu déu c6 cung Ky vong, ho cling chon mot danh muc sao cho toi
E(r(a))-rf
a(r(a)

Vi duong CML tiép xuc véi dudng mau do tai M nén hé sé goc cua ca hai duong phai
bang nhau. Pé don gian hon ta dit g(a) = E(r(a)), h(a) = /az(r(a)) va f 12 ham biéu thi méi

quan hé cua a(r(a'))vé E(r(a)) trén duong cong mau do, tic la E(r(a)) =f (a(r(a))). Khi
d6: g(a) = f(h(a)). Ly dao ham ta dugc: g'(a) = f'(h(«))k'(@). Do dé: f'(h(a)) = ig(‘g

Tinh toan dao ham g va h nhu sau:
g(a) =ak(r) + (1 —a)E(ry) = g'(a) = E(ry) — E(ry) (4)

h?(a) = a?0%(r;) + (1 — a)?0?%(ry) + 2a(1 — a) cov(r;, 1y)
= 2h(a)h' (@) = 2a0?(ry) + 2(a — 1)a?(ry) + 2(1 — 2a) cov(r;, 1)
2a0%(r) + 2(a — 1)o2(ry) + 2(1 = 2a) cov(r;, 1)

wu hoa ti sb Sharpe: Max . Két qua 1a danh muc M duoc lua chon (&ng véi o = 0).
a

- M= 2h(a) (5)
Véi o= 0 ta c6 hé s6 goc ciia dudng con mau do la:
E(r;) —E E(r) —E

h,(a) — (Tl) (TM) _ ( (TL) (T'M))O'(T'M) (6)

—202(ry) + 2cov(r,ry)  cov(ry,ry) — 02(ry)
2402 (ry)
Mt khac, duong thang CML di qua diém (0,77 )va diem M (o (ry), E (1)) nén c6 hé sb

E(rm)-1f
a(rm)

goc la: . Vi tai M dudng cong mau d6 tiép xic véi dudng CML nén hé sé goc ca hai

(EC)-ECw)otm) _ ECmTs g g5 twong duong ta thu dugc:

duong biang nhau. Do do:

cov(rirm)—o2(ra) IGH)
__cov(ryrm) . __cov(ryry) ~ , A L
E(r) -1 = Trm(E(rM) —17). Dat g; = 20 ta thu dugc cong thuc md hinh CAPM
quen thudc nhu sau: E(r;) =1 + ﬁl-(E(rM) - rf) @)

Rui ro hé théng cua mot chung khoén thi truong duoc do bai hé sé beta, hé sb nay do
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lwong mie do déng gop ciia mot co phiéu vao bién dong ty suét sinh 16i cua ca danh muc. Hé sé
beta cua c&c chirng khoan dugc tinh vai do dai khoang thoi gian 24 thang.

2.2. Thugt toan héi quy vector hé tro' (SVR)

Phuong phap phan 16p dya vao thuat todn Support Vector Machine (SVM) la anh xa tur
cac bién doc 1ap véi N quan sat téi mot khong gian mét hodc nhiéu chiéu nham phan I16p glua
cac nhom. Phuong phéap nay duoc dé xuat béi Vapnik, sir dung tap huan luyén {(x;, y)3},- n d
xay dung md hinh tuyén tinh véi bién phan 16p phi tuyén. Phan 16p giita cac nhom dwgc thuc
hién bang cach str dung siéu phang ti uvu dugc tinh toan dua vao N quan sat, trong d6 x 1 bién
doc 1ap, y 1a bién phan loai (y; € {—1,1}). Do d6, siéu phiang phan 16p dugc cho béi phuong
trinh : H:wT®(x;,) + b = 0 (8), trong d6 ®: R™ - R™ lamot anh xa tir tap dit liéu goc téi khdng
gian chiéu cao hon dé hd tro viéc phan loai.

Nghién ctu nay gia dinh rang khoang cach ngin nhét giira cac diém toi siéu phang (H)
bang 1 ddi véi ca hai 16p nho diéu chinh trong s6 w va hé sé b. Bai toan SVM 1a uée lwgng cac
tham sb w, b theo phuong phap nay.

Gia sir siéu phang H c6 thé phan loai tap dir ligu mot cach hoan hao; tur do,
yiewT@(x;,) + b] = 1(9) Vk=1,2,..., N, va cac tham sd t6i uvu trong mé hinh dugc wdc tinh
bang cach tim cuyc tiéu cia ham muc tiéu ||w|| theo gia tri cia w va b, diéu kién phan loai tuong
tng 1a dau caa ham h(x) = wT®(x) + b (Vapnik, 2013). Mic di vay, kho dé tim dugc anh xa
@ c6 thé chia tach hoan hao. Cortes va Vapnik (1995) dé xuat mot ¥ tuang méi cho phép gan sai
tén mot sé quan sat, phuong phap nay sir dung bién bl &; dé do luong sai sé cua quan sét thi i.

Bai toan SVM tré thanh: mm( Iwll? + ¢ TV 151) (10),

V6i v [wTd(x) +b] =2 1-§,§ =0 (11)

Thuat todn SVR dua trén ¥ tudng twong tu nhu SVM, ngoai trir viéc bién phy thudc 13 mot
bién lién tuc theo gia tri thuc. Tuy nhién, SVR si dung ham héi quy la mot siéu phang nhu (11)
(Patel, Shah, Thakkar, & Kotecha, 2015; Qu & Zhang, 2016). Buong bién dugc mo ta dudi dang:

_ O,Iy—f(x,w)l s¢€
= 1wl ={ o ey el > ¢ (42

Phuong phap SVR tim cyc tiéu caa R theo € va ||w||? trong phwong trinh: R = % lwl]|? +
CENLly — f(x,w)l,) (13) véi C la siéu tham sb.

3. Phwong phap nghién ciru

Spark 12 mét cong cu hang dau trong Heé sinh thai Hadoop. MapReduce véi Hadoop chi
c6 thé duoc st dung dé xir Iy hang loat va khdng thé hoat dong trén di liéu thoi gian thuc. Spark
c6 thé hoat dong doc lap hoac trén khudn khdé Hadoop dé tan dung dix lidu 16n va thuc hién phan
tich dix liéu thoi gian thuc trong moi trudng may tinh phén tan. Hoc may la mot trong nhitng trng
dung chinh cua Spark. Spark MLIib bao gom cac thuat toan hoc may phd blen dé hoi quy, phan
loai, phan cum, loc cong tac va khai thac mau thuong xuyén. No ciing cung cap mot loat cac tinh
ning dé xay dung duong ong (pipelines), lya chon va didu chinh mé hinh, ciing nhu Iva chon,
khai thac va chuyén d6i. Cac phién ban dau tién caa Spark MLIib chi bao gom mat giao dién lap
trinh ung dung (Application Programming Interface - API) dua trén bo dix liéu phén tan linh hoat
(Resilient Distributed Dataset - RDD). API dua trén DataFrame hién la API chinh cho Spark.
API dya trén DataFrames giGp dé dang chuyén di cac tinh niang bang cach cung cap tinh triru
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tugng cip cao hon dé biéu dién dir liéu dang bang twong tu nhu bang co sé dit liéu quan hé, 1am
cho no tro thanh mot lya chon tu nhién dé trién khai cac duong ong. Nghién ctru nay st dung
phién ban Hadoop va Spark ML phién ban 3.1.1.

Nghién cttu xay dung mot hé théng phan tich cb phiéu dé du doan mirc ting hang ngay
trén thi truong ching khoan dua trén dit liéu cafef.vn, va vn.investing.com hoac céc tai nguyén
truc tuyén khac. Nghién cau nay thu thap dit ligu tir So Giao dich Chiing khoén Thanh phé Ho
Chi Minh (Ho Chi Minh Stock Exchange, HOSE), nghién ctru da loai nhirng CO phiéu nlem yet
sau 12/2012 va hay niém yét trudc thang 09/2020. Do d6, dit liéu nghién ctu gém gia co phiéu
dong cira diéu chinh cua 212 cb phiéu, va l4i suat trai phiéu chinh phu ky han 01 nam tir thang
12/2012 dén thang 09/2020 (gom 94 thang). Nghién citu chia di ligu thu duoc hang ngay thanh
tap dir lidu dao tao va thir nghiém dé du doan nhirng c6 phiéu co mirc tang hang ngay cao bang
cach st dung mé-dun hoc may cua Spark va sau d6 dy doan mdi tuong quan giira gi4 co phiéu
dua trén cac hé s6 trong mé hinh hdi quy. Theo d6, dit liéu duoc xu Iy bang cach x6a bo cac dir
lidu bi thiéu va cac dir liéu ngoai lai. Bang 1 md ta cac bién.

Nghién ciru sir dung mé hinh CAPM két hop thuat toan SVR. Qua d6, quy trinh nghién
ctru cua du an dugc xay dung nhu Hinh 2 va gém 02 budc:

Budc 1: Bbi véi nhém huan luyén, nghién ciu sir dung 50 thang dau tién (co nghia 50 *
212 dir liéu) dé 1am tap huan luyén. C6 tdng cong 60 md hinh kiém dinh voi cac quan sat nay
(cost =1, 0.5, 0.1, 0.05, 0.01, 0.001; epsilon = 1, 0.8, 0.6, 0.2, 0.1 va kernel = linear, radial,
polynomial). Cac quan sat tir 51 dén 60 dugc st dung nhu tap kiém tra 01 nham lya chon md
hinh c6 sai s MAE thap nhat trong 60 mo hinh trén.

Budc 2: Sir dung cac quan sat tir 61 - 94 dé 1am tap kiém tra 02 nham danh gia hiéu qua
cua viéc két gitra SVR va CAMP so md hinh CAPM gbc dé chi ra tinh hiéu qua cua thuat toén.
Cong thirc x4c dinh két qua dau ra cia md hinh SVR 1a: rit = r + f(premiumi), vai f 12 ham xéc
dinh bai thuat toan SVR nho tham sé xac dinh trong Budc 1. Sau khi xac dinh két qua dy béo
ctiia ca 02 md hinh, nghién ctru da tinh toan do léch giira két qua udce luong vai gia tri trén thyuc
té. Cudi cing, kiém dinh Wilcoxon dugc st dung dé xac dinh tinh hiéu qua caa mé hinh SVR
so vai md hinh CAPM.

1 50 60 94
Tap huén luyén Tap kiém tra 1 Tap kiém tra 2
SVR E
(cos, epsilon, kernel) =
» SVRisivm CAPM

‘ v
So sanh

Hinh 2. Quy trinh nghién ctu

Pé danh gia cac nhan td tic dong dén sai s cua mé hinh SVR, nghién ctiu nay sir dung
hoi quy dit lidu chéo theo phwong trinh (1) theo nguyén ctru trude dé cia H. T. Tran (2020).
Phuong trinh (14) ham y rang sai sé trong mé hinh SVR s& phu thuc vao sai s6 cua mé hinh ly
thuyét nén CAPM (RMSECAPM) va cac nhan t ¢o lién qua nhu dic trung rui ro tong thé (SD),
rui ro dic thu cdng ty (VAR), ty suat sinh loi ky vong (MEAN) va dic trung rui ro hé théng
(BETA). Phuong trinh hdi quy c¢6 dang:
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RMSESVR,; = B, + /;RMSECAPM,; + 8, VAR, + B5SD; + BMEAN; + BsBETA;+¢;  (14)

Bing 1

Mo ta cac bién

Bién Cong thirc Mo ta
_ Vnindex; — Vnindex;_,
, Tme = Vnindex;_4 Ty suat sinh 15i caa danh muc
Mt 365 dAu tu thi truong ( %/ndm)
X —_—
n
o pricey — price;¢-n 365 Ty suét sinh loi ciia c6 phiéu tha
it T price; -1 i tai thoi diém t (%/nam)
. Loi suat cua trai phiéu chinh phu
It ky han 01 ndm & thoi diém t
Hé s beta cua c6 phiéu thir i tai
_cov (T, i) e 3:R o 4t
Bit it = W thoi diém t (beta dugc uwadc tinh
Mt véi dit liéu 24 thang)
premiumit premium, = B (e — Tre) Phan bu rai ro
Ty suét sinh loi ky vong ciia ¢6
RCAPM; RCAPM; = r + premiumit phiéu thtr i tai thoi diém t theo
udc tinh caa CAPM
Ty suat sinh 151 ky vong cuaa ¢
RSVRit RSVRit = ri + f(premiumi) phiéu thtr i tai thoi diém t theo
udc tinh cua SVR
Sai sb tuyét d6i cua du bao theo
DCAPM,; DCAPMit =|rit —RCAPM; i i
it it =|rit it CAPM
) = A A A= 5 z h
DSVRit DSVR: = | —RSVR| Sai so tuyét doi cua du bao theo
SVR
1 n
RMSE RMSE = —Z(Rt _F,)?
=i Po ludng d6 léch caa gié tri du
- bao so vai gia tri thuc té
1
MAE MAE =—Z|Rt—Ft|
n t=1
RMSE cua ¢ phiéu tht i trong
RMSESVR; mo hinh SVR

T
1
RMSESVR,; = 72 DSVR;,
t=1
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Bién Cong thirc Mo ta
1< RMSE cua cb phiéu thi i trong
RMSECAPM; RMSESVR; = 72 DSVR;, mod hinh CAPM
t=1

Phuong sai cua phan du trong
VAR; var(g;.) hoi quy chudi thoi gian 7y —
Trt = Bo + ﬁi(TMt - Tft) + &t

1< Ty suat sinh 16i trung binh cia
MEAN; MEAN; = 72 Ty ¢6 phiéu thi
t=1

cov (T, T, Hé s beta cua co phiéu thir i tai

BETA: BETAi=M bf?, 02 ua co phicu thur 1 ta
var(rye) uoC 2.
. Do léch chuan caa co phiéu thi
" :

SDi SD; = mZ(rit — MEAN;)?

t=1

Nguon: Téc gia tong hop
4. Két qua nghién ciru
Trong sudt giai doan 12/2012 - 09/2020, hé s6 beta va MEAN kha 6n dinh; hé sd beta bién

dong tir -0.641 t61 0.867, hon mot nira quan sat 1a gia tri am. Trong khi do, MEAN dao dong tur -0.387
t6i 0.415. Hau hét cac ¢6 phiéu c6 MEAN duong. Dit liéu cu thé duoc téng hop trong Bang 2.

Bang 2
Théng ké mo ta
Bién Trung binh  P§ léch chuan Nhé nhat  Trungvi  Lén nhat
BETA -0.006 0.117 -0.489 0.002 0.394
VAR 4.680 1.303 0.103 2.143 229.493

MEAN 0.174 0.327 -0.482 0.120 2.810
rf 0.041 0.017 0.003 0.041 0.086
VNindex 0.135 0.703 -2.840 0.153 2.025

Ngudn: Két qua phan tich cua tac gia

Phan phdi clia beta va MEAN dugc thé hién bang biéu do histogram (Hinh 3). Phan phoi
ctia beta c6 dang ddi xing véi trung binh va trung vi bang x4p xi 0; hai gi4 tri ngoai bién nam xa
turong ddi so véi cac quan sat con lai. C6 phiéu KSB c6 hé s6 beta thap nhat -0.489 va ty suit trung
binh twong tmg 1 -0.387 (-38.7 %/nam). Ngoai ra, c6 phiéu KSB ciing 1 ¢6 phiéu c6 MEAN thap
nhat trong s6 212 cong ty. O chidu nguoc lai, beta cia SVC 1a 0.394, cao nhét trong 212 mi ¢6
phiéu. Nhin chung, bién dong vé ty suit sinh 10i cia tit ca cac c6 phiéu déu thap hon thi truong
(tit ca beta déu nho hon 1). Ly do co thé bit ngudn tir viéc chudi quan sat qua dai, 1am mét di tinh
nhay cam von ¢, hodc do ty suét sinh 161 cia VNIndex khong phai 1a mot dai di¢n tdt cho ty suét
sinh 101 ciia danh muc thi truong.
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Hinh 3. Phan phdi hé s6 beta

Hinh 4 chi ra biéu d6 phan phdi ciia R (R = r — rf) va phan bu rai ro phan tan déu xung
quanh 0. Twong quan giira R va phan bu rai ro ¢6 ¥ nghia thong ké & muc 5% nhung do 16n kha
yéu (chi 0.16). Két qua nay ham ¥ rang bién dong cua ty sut sinh 11 vuot troi duge giai thich mot
phan béi phan bu rai ro theo md hinh CAPM. Biéu d6 phan tan trong Hinh 3 cho thay c6 02 kernel
phu hop, 1a dang tuyén tinh va dang ham md. Vi vy, tham s6 can kiém dinh bao g@)m ca dang
kernel ham tuyén tinh va ham mi, vai cost nhan cac gia tri 1, 0.5, 0.1, 0.05, 0.01, 0.001 va epsilon
nhan gié tri 1, 0.8, 0.6, 0.2, 0.1. Tong cong c¢6 60 md hinh kiém dinh dugc thuc hién, cho két qua
ham kernel dang cin c6 cost 1a 1, epsilon 12 0.1, voi MAE thap nhat 1a 0.8833, va ham kernel dang
tuyén tinh c6 cost 12 0.001, epsilon 12 0.1 véi MAE nho nhat 1 0.8834. Mic du kernel dang mil ¢6
MAE tt hon so voi dang tuyén tinh, chénh 1éch 1a khong déng ké; hon nira, kernel tuyén tinh c6
tbe do xur 1y nhanh hon va vuot trdi so v6i dang ham mdi.

premium

Hinh 4. Phan phdi va twong quan giira R va phan bu rui ro

Két qua du bao theo SVR va CAPM duoc tong hop theo chi s6 MAE va RMSE cua 212
cb phiéu trong Bang 3 chi ra rang mé hinh SVR du bao tét hon so véi CAPM theo tiéu chi MAE
va RMSE. Cu thé 13, sai s6 trung binh ctia ctia di bao SVR 13 0.9087, nho hon so véi gia tri twong
ty cia CAPM 14 0.9251. Cac gia tri théng ké khac ctia SVR ciing nho hon so véi CAPM, ngoai
trur gia tri cuc tiéu cia RMSE.
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Bang 3
Théng ké mo ta MAE va RMSE
Statistic Nhé nhat ‘ Q1 ‘ Trungvi | Trung binh ‘ Qs ‘ Lén nht
MAE
SVR 0.3539 0.7065 0.9022 0.9087 1.0876 | 1.6578
CAPM 0.3499 0.7106 0.9060 0.9251 1.1277 | 1.6567
RMSE
SVR 0.4396 0.9917 1.1965 1.2257 14613 | 2.0174
CAPM 0.4341 0.9830 1.1969 1.2345 1.4571 | 2.0554

Ngudn: Két qua phan tich cia tac gia

Nghién ctru str dung kiém dinh Wilcoxon dé so sanh tinh hiéu qua cua viéc du bao giita
SVR va CAPM. Gia thuyét chinh cta kiém dinh 1a khong c6 su khac nhau vé sai s6 du bao giita
hai mé hinh (Ho), va gia thuyét d6i 1a mé hinh SVR ¢ sai s6 nhé hon so vdi CAPM (H1). Két qua
kiém dinh Wilcoxon. Véi p-value = 0.04848, nhé hon mtc ¥ nghia 0.05; gia thuyét Ho bi bac bo.
Mo hinh SVR phu hop hon mé hinh CAPM. Két qua nay phu hop véi nghién ctru ciia Gogas va
cong su (2018). Tuy nhién, Gogas va cong sy (2018) su dung danh myc co phiéu thay vi ¢ phiéu
don 1¢, nén R? c¢6 két qua tot hon, trong khoang tir 0.59 dén 0.75.

M6 hinh SVR duoc xay dung dya trén nén tang cia moé hinh CAPM, nén kha ning dy bao
cua SVR s& phu thudc vao do chinh xac cia CAPM. Vi vay, RMSECAPM s¢ tac dong truc tiép toi
sai s6 du bao cia SVR. Bén canh d0, cac yéu té anh hudng t6i kha ning dy bao cia CAPM dugc
trinh bay tai Bang 3. Hau hét cc bién déu c6 gia y nghia vé mit thong ké & muc y nghia 1%, ngoai
trir BETA. Két qua ndy ham ¥ rang bién dong vé gid tri ciia beta khong tac dong dén mirc 6 chinh
xdac trong du bdo cua mo hinh. Bién SD ¢6 udc lugng hé s6 hoi quy cao nhét va vuot trdi so voi cac
bién con lai, ngu y rang sai s6 mo hinh SVR phu thudc phan 16n vao rai ro tong thé cua cac cd
phiéu. Hé s6 uéc lugng ctia SD ¢6 gia tri 1a 0.886 ham y rang néu cac nhan t6 tic dong khac khong
d6i, mdi don vi rui ro tong thé ting thém du bao riang sai s6 RMSESVR ting thém 0.886 don vi.
Heé s6 udc lugng cia RMSECAPM c6 gié tri 16n thir hai (0.1166) va c6 p-value = 0.000 chimg to
sai s6 cia CAPM tac dong c6 ¥ nghia thong ké dén sai s6 ciia mé hinh SVR. Cu thé, mdi don vi
tang thém trong RMSECAPM va giti nguyén cac yéu t6 con lai, ta ky vong RMSESVR ting thém
0.1166 don vi. Cac bién VAR, MEAN déu c6 hé s6 udc luong dwong va cé y nghia thong ké (muc
5%) cho thay chung déu tac dong cung chiéu véi bién phy thudc. Bén canh do6, hé s6 xac dinh R? =
0.999, rét cao, cho thiy cac bién doc 1ap giai thich duoc phan 16n bién dong cia RMSESVR.

Bang 4
Két qua hdi quy RMSESVR

RMSESVR; = B, + B;RMSECAPM,; + B, VAR; + B5SD; + BsMEAN; + BsBETA;+¢;

Beta t-value p-value R? Adj R?
Bo 0.0139 2.308 0.022
B1 0.1166 5.551 0.000
B2 0.0016 2.997 0.003
B3 0.886 39.372 0.000 099 099
Ba 0.0919 10.002 0.000
Bs 0.0129 0.662 0.509

Ngudn: Két qua phan tich cua tac gia
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5. Thao luin va két luan
5.1. Thdo lugn

Trong nghién ciru ndy, thuat toan SVR da duoc sir dung véi cac tham sb khac nhau dé tim ra
tham s6 phu hop nhét, cu thé ham kernel dang tuyén tinh ¢ cost 13 0.001, epsilon 13 0.1 v6i MAE
nho nhét 1 0.8834. Nghién ctru nay da két hop thuat toan SVR va mo6 hinh CAPM thay vi chi st
dung riéng 1¢ CAPM dé du bao ty suit sinh loi ctia ¢d phiéu riéng 1. C6 tat ca 60 mo hinh du béo
tir tap hudn luyén, nén sir dung dé xtr Iy s& dat hiéu qua cao vé& mit thoi gian tinh toan két qua.

Thuat toan hoi quy KNN (K-Nearest Neighbors Algorithm) va thuat toan hdi quy vecto
hd trg chuyén sau epsilon tuyén tinh di duogc st dung dé du doan gia dong cira hang ngay cia cac
c¢b phiéu duoc chon ctua DSE. Viée x4c nhan chéo, cung v6i qua trinh ldp lai, dd duoc thuc hién
dé xac dinh céac siéu tham sd tdi vu. Chung t61 da dua ra du doéan sau khi chon mé hinh tdt nhat va
ap dung no vao dir liéu thir nghiém. Nghién ciru ctia ching toi cho thdy SVR tuyén tinh c6 sai s6
nho hon KNN va SVR tuyén tinh c6 gia tri cao hon va duoc diéu chinh R? gia trj trong ca bo kiém
tra va b huin luyén. Vi vay, SVR tuyén tinh hoat dong tdt hon va né co thé dugc str dung dé du
doan 01 ngay trudc gia dong cira cua thi trudng ching khoan, cung cap dir liu lich sir trudc
d6. Tom lai, vi thi truong chirng khoan 1a mdt linh vuc tai chinh quan trong, viéc so sanh gitra cac
mo hinh chudi thoi gian c6 thé giup xac dinh xem nén mua hay ban ¢ phiéu va muc dich quan
trong nay c6 thé duoc phuc vu véi su tro giap cua nghién cru so sanh nay vé thi truong ching
khoan phong doan. Trong cac nghién ciru trude ddy, ching toi thdy rang SVR tét hon nhung khong
tim thay no 14 tuyén tinh hay phi tuyén va chiing t6i ciing khong so sanh véi KNN. Chiing t6i nhan
thdy rang SVR tuyén tinh t6t hon KNN. Nghién ctru nay chi dugc thuc hién trén ba cong ty dugc
chon va da nghién ctru thém vé hiéu suit caa SVR, va KNN nén duoc kiém tra cho cac dit liéu
chudi thoi gian khac.

Lua chon kernel phu thudc vao ban chét cua tap dir licu, néu dix liéu tap trung thanh cum
tron thi kernel radial 1a phut hop nhat, néu dit liéu phan tan xung quanh mét siéu phang thi kernel
linear phui hop nhét, kernel polynomial phui hop cho dir liéu phan tan theo ham da thirc. Nghién
ctru nay da sir dung kernel dang tuyén tinh, diéu nay phu hop v6i mdi quan hé giira cac bién trong
md hinh Iy thuyét CAPM. Tham s6 cost dic trung cho chi phi sai 1éch, cost cao ham ¥ cho phép
sai 1éch 16n (thuong dan dén hién tugng underfitting) nhung cost thap sé it cho phép sai léch hon
trong tap hudn luyén va co thé gay ra hién tugng overfitting. Epsilon 14 tham sé diéu chinh khoang
cach giira gia tri thuc va gia tri du bao (khoang cach nay bang 0 néu nho hon epsilon). Tham sb
gamma cho phép thay d6i hinh dang ctia ham mat d6 Gausse trong kernel radial.

Sai sb du bao do luong bang chi s6 RMSE ¢ cac mé chimg khoan phu thudc vao cac nhan
t6: sai s6 cia md hinh CAPM, rti ro déc thi, ty suét sinh loi trung binh va ri ro téng thé. Nhan t6
sai s6 ciia CAPM do luong bing RMSECAPM c6 hé s vuot trdi va cung chiéu voi RMSESVR
ham y rang sai léch khi fitted baing CAPM cang cao ky vong ring sai léch khi fitted bang SVR
cling cao twong tng. Nhan té dic trung cho rai ro hé théng (BETA) mét 1an nita khong c6 tic dong
c6 ¥ nghia thong ké dén RMSESVR. Khi sir dung cac nhan té trén giai thich cho sy bién dong
trong RMSESVR, hé s6 R? thu duoc 13 0.99 rat cao ham ¥ rang cac nhan t6 nay hau nhu da giai
thich hoan toan cac bién dong trong RMSESVR.

5.2. Két lugn

Két qua phan tich hdi quy da chimg t6 cac hé sb ude luong déu duong, n01 cach khac, cac
bién g1a1 thich ¢ tac dong cung chiéu voi bién phu thuoc Két qua nay ham ¥ rang viéc kiém soat
cac bién doc lap theo hudng giam ky vong s& giam sai s trong mo hinh SVR. Mic du CAPM 1a
mdt 1y thuyét nén tang quan trong nhung kha ning img dung trong thuc nghiém con nhiéu tranh
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cai do né c6 qua nhiéu gia dinh khé dam béo trong thuc t&. M6 hinh két hop SVR duoc dé xuit
nhuy mot mo hinh thay thé CAPM truyén thong. Két qua kiém dinh Wilcoxon cho thdy mé hinh
SVR du bao t6t hon m6 hinh CAPM truyén thdng véi gia tri p-value nho hon 0.05. Mot sé nhan
t6 giai thich cho su bién dong cia RMSESVR, bao gdm RMSECAPM, VAR, SD, va MEAN;
trong 46 RMSECAPM 14 nhén t6 ¢6 anh huéng 16n nhét, ham v rang sai sb trong du bao cia SVR
phu thudc phan 16n vao mé hinh CAPM.

V6i nhitng két qua thu duoc tir nghién ciru ndy, nghién ctru khuyén nghi cac noi dung sau:

e Dbi v6i cac nha dau tu: nén xem xét mo hinh két hop SVR thay thé m6 hinh CAPM truyén
thong vi mo hinh két hgp c6 do chinh xéc cao hon.

e DPbi voi cac nha nghién ctru: Céc thuat toan may hoc khai thac hi¢u qua mbi quan hé phtrc
tap giita cac bién so v&i cac mo hinh thong ké kinh té luong truyén théng. Do 6, su két hop giira
mo hinh 1y thuyét va thuat toan may hoc ky vong s& tao ra mot cudc cach mang trong linh vuc
cong nghé tai chinh (FINTECH).

Trong nghién ctru nay, mic di mo hinh két hop gitra SVR va CAPM cho hiéu qua du bao
t6t hon so véi md hinh CAPM don 1é, tuy nhién sai s6 du bao van con & muc cao. Do do, cac
nghién ctru tiép theo c6 thé tiép can thong qué mot s6 thuét toan hoc may nhu mang no-ron hoi
quy (Recurrent Neural Network - RNN), mang no-ron nhan tao (Artificial Neural Network -
ANN), mang no-ron tich chip (Convolutional Neural Network - CNN), ... nham cai thién d6 chinh
xéc ctia du bao. Ngoai ra, nghién ctru chi xem xét trong bdi canh & HOSE, can mé rong sang nhiéu
thi truong tai chinh khac nham ting d¢ tin cdy cho nghién ciru. Ly thuyét CAPM cho dén nay van
con gay tranh cdi do c6 qua nhidu gia dinh kho c6 thé dugc dap tmg, do d6, can thay thé boi mo
hinh 1y thuyét tot hon nhu mé hinh 05 nhén t6.

Tai liéu tham khao

Abraham, A., Nath, B., & Mahanti, P. K. (2001). Hybrid intelligent systems for stock market
analysis. Paper presented at the International Conference on Computational Science, San
Francisco, California, USA.

Amihud, Y., Christensen, B. J., & Mendelson, H. (1992). Further evidence on the risk-return
relationship (Vol. 11). Stanford, CA: Stanford University.

Atsalakis, G. S., & Valavanis, K. P. (2009). Surveying stock market forecasting techniques - Part
I1: Soft computing methods. Expert Systems with Applications, 36(3), 5932-5941.

Banz, R. W. (1981). The relationship between return and market value of common stocks. Journal
of Financial Economics, 9(1), 3-18.

Basu, S. (1983). The relationship between earnings’ yield, market value and return for NYSE
common stocks: Further evidence. Journal of Financial Economics, 12(1), 129-156.

Black, F. (1972). Capital market equilibrium with restricted borrowing. The Journal of Business,
45(3), 444-455.

Breen, W. J., & Korajczyk, R. A. (1993). On selection biases in book-to-market based tests of
asset pricing models. Evanston, IL: Northwestern University.

Bui, K. T., & Thai, T. D. (2021). Capital structure and trade-off theory: Evidence from Vietnam.
The Journal of Asian Finance, Economics, and Business, 8(1), 45-52.
doi:10.13106/jafeb.2021.vol8.n01.045



18 Bui Thanh Khoa va cong su. HCMCOUJS-Ky thuat va Cong nghé, 17(1), 5-19

Bui, K. T., & Tran, H. T. (2021). Support vector regression algorithm under in the
CAPM Framework. Paper presented at the 2021 International Conference on Data
Analytics  for  Business  and Industry  (ICDABI),  Sakheer,  Bahrain.
d0i:10.1109/ICDABI53623.2021.9655797

Cao, L.-J., & Tay, F. E. H. (2003). Support vector machine with adaptive parameters in financial
time series forecasting. IEEE Transactions on Neural Networks, 14(6), 1506-1518.

Chaudhary, P. (2017). Testing of CAPM in Indian context. Business Analyst, 37(1), 1-18.

Chen, H., Xiao, K., Sun, J., & Wu, S. (2017). A double-layer neural network framework for high-
frequency forecasting. ACM Transactions on Management Information Systems (TMIS),
7(4), 1-17.

Cortes, C., & Vapnik, V. (1995). Support-vector networks. Machine Learning, 20(3), 273-297.

da Silva Fonseca, J. G., Jr., Oozeki, T., Takashima, T., Koshimizu, G., Uchida, Y., & Ogimoto, K.
(2012). Use of support vector regression and numerically predicted cloudiness to forecast
power output of a photovoltaic power plant in Kitakyushu, Japan. Progress in Photovoltaics:
Research and Applications, 20(7), 874-882.

Fama, E. F. (1970). Efficient capital markets: A review of theory and empirical work. The Journal
of Finance, 25(2), 383-417.

Fama, E. F. (1991). Efficient capital markets Il. The Journal of Finance, 46(5), 1575-1617.

Fama, E. F., & French, K. R. (2021). The cross-section of expected stock returns. Chicago, IL:
University of Chicago Press.

Fama, E. F., & James, D. (1973). Equilibrium: Empirical tests. The Journal of Political Economy,
81(3), 607-636.

Gogas, P., Papadimitriou, T., & Karagkiozis, D. (2018). The Fama 3 and Fama 5 factor
models under a machine learning framework. Truy cap ngay 10/10/2021 tai
https://ideas.repec.org/p/rim/rimwps/18-05.html

Graham, J. R., & Harvey, C. R. (2001). The theory and practice of corporate finance: Evidence
from the field. Journal of Financial Economics, 60(2/3), 187-243.

Henrique, B. M., Sobreiro, V. A., & Kimura, H. (2018). Stock price prediction using support vector
regression on daily and up to the minute prices. The Journal of Finance and Data Science,
4(3), 183-201.

Jagannathan, R., & McGrattan, E. R. (1995). The CAPM debate. Federal Reserve Bank of
Minneapolis Quarterly Review, 19(4), 2-17.

Kumar, M., & Thenmozhi, M. (2014). Forecasting stock index returns using ARIMA-SVM,
ARIMA-ANN, and ARIMA-random forest hybrid models. International Journal of
Banking, Accounting and Finance, 5(3), 284-308.

Lohano, K., & Kashif, M. (2018). Testing asset pricing models on the Pakistan stock exchange.
IBA Business Review, 13(2), 1-19.

Malkiel, B. G. (2003). The efficient market hypothesis and its critics. Journal of Economic
Perspectives, 17(1), 59-82.

Markowitz, H. (1952). Portfolio selection. Journal of Finance, 7(1), 77-91.



Bui Thanh Khoa va cong su. HCMCOU/JS-Ky thudt va Céng nghé, 17(1), 5-19 19

Patel, J., Shah, S., Thakkar, P., & Kotecha, K. (2015). Predicting stock market index using fusion
of machine learning techniques. Expert Systems with Applications, 42(4), 2162-2172.

Qu, H., & Zhang, Y. (2016). A new kernel of support vector regression for forecasting
high-frequency stock returns. Mathematical Problems in Engineering, 2016, 1-9.
doi:10.1155/2016/4907654

Ramedani, Z., Omid, M., Keyhani, A., Shamshirband, S., & Khoshnevisan, B. (2014). Potential
of radial basis function based support vector regression for global solar radiation prediction.
Renewable and Sustainable Energy Reviews, 39, 1005-1011.

Tay, F. E., & Cao, L. (2001). Application of support vector machines in financial time series
forecasting. Omega, 29(4), 309-317.

Tong, J. (2015). The price forecasting of military aircraft based on SVR. Journal of Computer and
Communications, 3(5), 234-238.

Tran, H. T. (2020). Application of Machine Learning in CAPM (Master’s thesis, University of
Economics Ho Chi Minh City, Ho Chi Minh City, Vietnam). Truy cap ngay 10/10/2021 tai
https://opac.ueh.edu.vn/record=b1032827~S8

Tran, K. T., Banh, T. T., & Nguyen, A. H. T. (2012). Dy doan gia c6 phiéu trén thi trudng ching
khoan Viét Nam bang phuong phap lai GA-SVR [Predicting stock prices on Vietnam stock
market by hybrid method GA-SVR]. Chuyén san Cdc cong trinh nghién ciru, phdt trién va
ving dung Cong nghé théng tin va Truyén théng, V-1(7), 12-22.

Treynor, J. L. (1961). Market value, time, and risk. Truy cadp ngay 10/10/2021 tai
https://ssrn.com/abstract=2600356

Trinh, N. T. (2013). Dy dodin xu hwéng thi truong chieng khodn bang cdch sir dung Twitter [Predict
stock market trends using Twitter] (Master’s thesis). Vietnam National University Hanoi,
Hanoi, Vietnam.

Vapnik, V. (2013). The nature of statistical learning theory. New York, NY: Springer Science &
Business Media.

Wang, J.-J., Wang, J.-Z., Zhang, Z.-G., & Guo, S.-P. (2012). Stock index forecasting based on a
hybrid model. Omega, 40(6), 758-766.

Weng, B., Ahmed, M. A., & Megahed, F. M. (2017). Stock market one-day ahead movement
prediction using disparate data sources. Expert Systems with Applications, 79, 153-163.

Yuan, F.-C., Lee, C.-H., & Chiu, C. (2020). Using market sentiment analysis and genetic
algorithm-based least squares support vector regression to predict gold prices. International
Journal of Computational Intelligence Systems, 13(1), 234-246.

Zhang, N., Lin, A., & Shang, P. (2017). Multidimensional k-nearest neighbor model based on
EEMD for financial time series forecasting. Physica A: Statistical Mechanics and Its
Applications, 477, 161-173.

Zhong, X., & Enke, D. (2017). Forecasting daily stock market return using dimensionality
reduction. Expert Systems with Applications, 67, 126-1309.

08

Creative Commons Attribution-NonCommercial 4.0 International License.



