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Chuong 1. Giao dich dinh lwgng va hoc may tai chinh: tong
quan — Chapter 1. Quantitative trading and financial machine learning: an

overview

Muc tiéu chwong — Chapter objectives

« Néi duoc giao dich dinh lugng khac giao dich theo cam tinh ¢ dau va ai lam nghé nay.
Say how quantitative trading differs from discretionary trading and who does it.

« V& dugc bay budc tir dir liéu dén giam sat va néi mdi budc tao ra san pham gi.
Draw the seven steps from data to monitoring and say what each step produces.

« Giai thich vi sao gi4 1a du béo, vi sao hoc may hiru ich, va bén thach thirc khi dung no
¢ tai chinh.
Explain why a price is a forecast, why machine learning helps, and the four challenges of
using it in finance.

« Tinh dugc loi suat don, loi sut log va loi suét danh muc tir gia, rOi tranh 16i cong loi
suit don qua nhiéu ngay.
Compute simple, log and portfolio returns from prices and avoid the error of adding simple
returns over several days.

« Poi trong s6 ctia mo hinh thanh 1énh hop 18 theo bién d¢, 16, budc gia va thoi han
thanh toan cua san.

Turn a model weight into an order that is valid under the price band, lot, price step and
settlement period of the exchange.

1.1. Giao dich dinh lwong 1a gi — 1.1. What quantitative trading is

Hoang Nam vao thyuc tap ¢ by phan Pau tu dinh lugng cua Cong ty Quan ly quy Canh
Diéu. Budi dau, chi Thu Ha, truéng nhém nghién ctru, hoi cau: 'Gia str em quan 1y 10 ty
déng. Em mua ma nao, mua lic nao, ban lic nao, va dya vao dau?'. Nam nghi mdt luc roi
ké ra ba can cur: doc tin, nhin dd thi gid, hoi ngudi quen trong nganh. Chi Ha gat dau va
n6i & nhom chi, chit 'dya vao dau' phai d6i thanh 'dwa vao con sd nio'.

Hoang Nam starts an internship in the quantitative investment unit of Cdnh Diéu Asset
Management Company. On the first day Thu Ha, the head of research, asks him: 'Suppose you
manage 10 billion dong. Which stock do you buy, when do you buy it, when do you sell, and on
what basis?' Nam thinks for a moment and lists three grounds: reading the news, looking at the
price chart, asking people he knows in the industry. Ha nods and says that in her team 'on what
basis' has to become 'on which numbers'.

Giao dich dinh lugng (quantitative trading) 1a cach dau tw ma moi quyét dinh mua, ban va
chia ty trong déu di ra tir mot quy tic viét rd bang sd va chay dugc bang ma. Hai nguoi
chay cing quy tic trén cing dit liéu phai ra cing mot 1énh. Quy tic d6 c6 thé kiém lai
trén dir liéu qua khir trude khi dem tién that vao. Con nguoi van quyét dinh dit liéu nao
dua vio, quy tic ndo dang thir va lac nao tat hé thong.

Quantitative trading is investing in which every decision to buy, sell and size a position comes
out of a rule written in numbers that code can run. Two people running the same rule on the
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same data must produce the same order. The rule can be re-checked on past data before real
money goes in. People still decide which data to feed in, which rules are worth testing and when
to switch the system off-

Céch lam nguoc lai goi 1a giao dich theo cam tinh (discretionary trading): nguoi giao
dich tu doc tinh hinh rdi quyét dinh. Hai cach khong loai trir nhau, nhiéu quy dung ca hai.
Bang sau so sanh theo nam tiéu chi.

The opposite way is called discretionary trading: the trader reads the situation and decides
personally. The two ways do not exclude each other and many funds use both. The table
compares them on five criteria.

Tiéu chi Giao dich dinh lugng Giao dich theo cim tinh
Criterion Quantitative Discretionary

Cin cr ra quyét dinh ~ Quy tic bé“lng s6, chay béng ma Kinh nghiém, tryc giac, doc tin
Basis of decisions Numeric rules run by code Experience, intuition, news reading
Lap lai dugc Co, cung dir li€u cung 1énh Kho6, mdi ngudi mot cach doc
Repeatable Yes, same data gives same order Hard, each person reads differently

Lam duogc, nhung dé qua khép, tirc
hoc thudc ca nhiéu Khé, it khi viét thanh quy tic

Possible, but prone to overfitting, Hard, rarely written as a rule

Kiém lai trén qua
kht

Test on the past

p which is learning the noise too
S6 ma theo ddi cung
Iac

Stocks followed at once

Hang tram ma Vai chyc ma
Hundreds A few dozen

M6 hinh sai khi thi trudng d6i ché

Diém yéu dién hinh  do Thién kién c4 nhéan, kho mé rong
Typical weakness Model fails when the market changes | Personal bias, hard to scale
regime

Hang 3 va hang 5 dang doc k¥: kiém lai trén qua khir 1 diém manh cua giao dich dinh
luong, va ciing 1a chd sinh ra 16i qué khép ma chuong 10 s& mo xé.

Rows 3 and 5 deserve a careful read: re-testing on the past is the strength of quantitative
trading, and it is also where the overfitting error comes from, which Chapter 10 takes apart.

Ai lam giao dich dinh lwong — Who does quantitative trading

Ba nhém t6 chirc dung cach nay nhiéu nhat & Viét Nam. Mdi nhom giao dich bang ngudn
vbn khac nhau, nén ciu hoi ma nguoi kiém tra rii ro dit ra ciing khac nhau.

Three groups of organisations use this approach most in Vietnam. Each trades with a different
source of capital, so the questions the risk reviewer asks are different too.

Tai liéu nay dugc bién soan boi ddi ngli ciia website: https://tailicuso.vin
Trang 8



Dé cuong Tri tué nhan tao trong giao dich dinh lugng / Al in Quantitative Trading

T6 chirc Vén ciia ai Ding mé hinh dé lam gi Nguoi kiém tra hay héi

Organisation Whose capital What the models are for What the reviewer asks

Tién ciia nha dau  Chon m4, chia ty trong cho  C6 diing chinh sach dau tu

Cong ty quan ly ,
. gy y tu vao quy quy da cong bo khong?
quy Investors' money  Pick stocks, size positions for Does it follow the published
Fund manager ) X ' . .
in the fund the fund investment policy?
Tu doanh cua , . . . . - ..
N , Von cuia chinh Giao dich bang von cong ty, Lo toi da trong ngay la bao
cong ty chung R R R o
Khodn cong ty tao Iénh ty dong nhiéu?
The firm's own Trade the firm's capital, What is the maximum loss in
Brokerage . ]
. capital generate orders automatically  a day?
proprietary desk
Von ngan han , .
- & ) Ag’ Y 1 .. Danh muc c6 hop khau vi
quy huu tri ndi Quan ly danh myc trai L. , .1
s K Tz 2z rui ro cua ngan hang
Ngan hang bd phi€u, co phi¢u n
, , khong?
Bank Bank capital, Manage bond and equity o
] ) . Does the portfolio fit the
internal pension portfolios o .
X bank's risk appetite?
fund

1.2. Birc tranh lon: tir dir liéu dén giam sat — 1.2. The big picture: from data to

monitoring

Mot hé théng giao dich dinh luong gidng mot diy chuyén nha méay. Nguyén liéu vao dau
day chuyén la dir li€u, san phém & cudi 1a cac 1énh mua ban, va mdi tram 1am ding mat
viéc. Palomar (2025) gom phan dau cta day chuyén thanh hai khbi: mé hinh héa dir liéu
10i t6i vu danh muc. Sach nay kéo dai ddy chuyén thém ba tram & cudi, vi tién that chi
vao lac do.

A quantitative trading system looks like a factory line. Raw material at the head of the line is
data, the product at the end is buy and sell orders, and each station does exactly one job.
Palomar (2025) groups the first part of the line into two blocks: modelling the data, then
optimising the portfolio. This book extends the line by three stations at the end, because real
money enters there.
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1. Dit liéu
gia, bao cao

2. M6 hinh
do rui ro

3. Du bao
loi suat sau

4. Danh muc
chia trong s6

—

5. Kiém dinh 4

6. Thuec thi
dat lénh san

7. Giam sat
theo doi 1éch

ngoai mau

budc 7 phat hién mo hinh léch thi quay vé budc 2

Hinh 1.1. Bay tram cta dy chuyén. Nhin hang trén: bén hop xanh 14 viéc 1am trén méay. Hang
dudi: hai hop cam dua két qua ra thi trudng, hop do cudi cing phat hién lic mé hinh 1éch.
Figure 1.1. The seven stations of the line. On the top row the four blue boxes are desk work on the

computer. On the bottom row two orange boxes take the result to the market and the last, red box detects
when the model drifts.

1. Dir li€u (data): thu gia, khdi lugng, bao cao tai chinh, lam sach ngay nghi va gia tri
thiéu.
Data: collect prices, volumes and financial statements, clean holidays and missing values.

2. M6 hinh hoa (modelling): do mirc bién dong, twong quan giita cic ma, d6 nhay vdi thi
truong chung.
Modelling: measure volatility, the correlation between stocks, the sensitivity to the overall
market.

3. Du bao (forecasting): udc luong loi suat ky sau cua timg ma, kém do tin cay.
Forecasting: estimate each stock's next-period return together with its reliability.

4. Xay dung danh myc (portfolio construction): d6i du bao va rui ro thanh trong s vén
cho ting ma.
Portfolio construction: turn forecasts and risks into a capital weight for each stock.

5. Kiém dinh (validation, con goi 1a kiém dinh nguoc hay backtesting): chay quy tic trén
dir liéu qué khir chua dung khi xay mo hinh, c6 tinh chi phi giao dich.
Validation (also called back-testing): run the rule on past data not used when the model was
built, with transaction costs included.

6. Thuyc thi (execution): d6i trong s6 thanh 1énh dtng 16, dung budc gia (ndc nhay nho
nhat cia gid), ding gio cla san.
Execution: turn weights into orders of the right lot size, the right price step (the smallest
Jjump of a price) and the right time of day on the exchange.

7. Giam sat (monitoring): so 1oi sudt va rui ro thuc té voi ky vong, ding hé thong khi
1éch qua ngudng.
Monitoring: compare actual return and risk with expectations and stop the system when the
gap passes a threshold.
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Bude San pham ciia buéc Noi hgc trong sach
Step Output of the step Where to learn it

1. Dir liéu Bang gia sach, b dac trung Chuong 2

1. Data Clean price table, feature set Chapter 2

2. Mo hinh héa  Trung binh, d bién dong, twong quan Chuong 3, 4

2. Modelling Means, volatilities, correlations Chapters 3, 4

3. Dy béo Du bao loi sut timng ma Chuong 5

3. Forecasting Return forecast for each stock Chapter 5

4. Danh muc Vecto trong sb Chuong 6, 7, 8, 9
4. Portfolio Weight vector Chapters 6, 7, 8, 9
5. Kiém dinh Loi suat va 16 t6i da ngoai mau Chuong 10

5. Validation Out-of-sample return and maximum loss Chapter 10

6. Thyc thi Danh sach 1énh ding quy tic san Muc 1.9, chuong 8
6. Execution Order list that obeys exchange rules Section 1.9, Chapter §
7. Gidm sat Béo céo rui ro, nhat ky 1énh Chuong 10

7. Monitoring Risk report, order log Chapter 10

Piéu anh Phong, giam ddc quan tri rui ro, hay nhic: day chuyén chi tét bang tram yéu
nhit. Du bao gi6i ma thyc thi sai 16 thi danh muc that khac danh muc trén giéy. Kiém
dinh dep ma dung dir liéu twong lai khi dung dic trung thi con s6 dep d6 vo nghia.

What Phong, the director of risk management, keeps repeating is that the line is only as good as
its weakest station. A good forecast with an order of the wrong lot size leaves the real portfolio
different from the paper one. A fine validation that used future data to build a feature gives a fine
number that means nothing.

1.3. Gia 12 101 du bdo, thong tin thi nhiéu, dang ham thi chwa biét — 1.3. 4 price

is a forecast, information is plentiful, the functional form is unknown

Gia 1a mit 161 dw bao — A price is a forecast

Gia vé may bay dip Tét ting tir thang trudc, trude ca khi ai dat vé. Hang d3 doan nhu cau
va dinh gia theo cai doan do. Gia c6 phiéu hoat dong twong tw. Gia hom nay 1a s tién thi
trudng san 1ong tra cho cic khoan thu trong tuong lai ciia doanh nghiép, sau khi trir di
murc ngai rui ro.

An air fare at Tét rises a month earlier, before anyone has booked. The airline has guessed

demand and priced on that guess. A share price works in the same way. Today's price is what the
market is willing to pay for the firm's future receipts, after allowing for the dislike of risk.

P = E( M1 * Xeen | 1) (1.1)

O day P, 1a gia hom nay, x.1 1a khoan thu ky sau cua tai san, me 12 hé s6 chiét khau phan
anh mirc ngai riii ro, va I; 13 toan bo thong tin c6 trong tay nha dau tu luc nay. Ky hiéu E
1a ky vong, tirc gia tri trung binh néu tinh hudng lap lai nhiéu lan. Cong thirc ndi mot
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diéu: gia da goi sin dy doan cia ca thi truong. Tin mdi dén thi du doan ddi, gia nhay. Vi
vay du béo loi suat 1a viéc kho, vi ban phai doan diéu ma ca thi truong chua doan ra.

Here P; is today's price, x;1 is the asset's receipt next period, my1 is a discount factor that
reflects the dislike of risk, and I, is all the information investors hold right now. The symbol E is
the expectation, the average if the situation repeated many times. The formula says one thing:
the price already packs in the guess of the whole market. When news arrives the guess changes
and the price jumps. That is why forecasting returns is hard: you must guess what the whole
market has not yet guessed.

Tap thong tin 16n — A large information set

Thong tin anh hudng dén gia c6 ¢ khip noi. Co s6 liéu vi mé, bao cao doanh nghiép, tin
tirc, mie d6 nhon nhip cta so 1énh. Dir lidu tai chinh con c6 hai chiéu. Chiéu thoi gian
cho biét mot ma bién dbi thé nao qua cac ngay. Chiéu chéo cho biét cac ma khac nhau ra
sao trong cung mot ngdy. Mot mo hinh tot phai xtr 1y duoc ca diém chung cta thi truong
1an nét riéng ctia tirng ma.

Information that moves prices is everywhere: macro figures, company reports, news, how busy
the order book is. Financial data also has two dimensions. The time dimension shows how one
stock changes across days. The cross-sectional dimension shows how different stocks compare

on one day. A good model must handle both what the market has in common and what is
particular to each stock.

Dang ham chwa biét trwdc — An unknown functional form

Gia str ban mudn ndi 'da gia 3 thang' v6i 'loi sudt thang sau'. Dang ham (functional form)
1a hinh dang cua quan hé d6: duong thang, dudng cong, hay bac thang. Ly thuyét kinh té
hiém khi cho biét hinh dang dung. Céch truyén thong 14 chon truéc mot dang tir Iy thuyét,
r0i wéc lugng cac hé sd. Theo Kelly va Xiu (2023), cach thi hai 1a dé dir liéu gop v, bang
cach thir nhiéu dang va chon dang du bao tdt nhat trén dit liéu chua théy.

Suppose you want to link 'three-month price momentum' to 'next month's return'. The functional
form is the shape of that link: a straight line, a curve or a staircase. Economic theory rarely tells
you the right shape. The traditional route is to pick a form in advance from theory and then

estimate its coefficients. According to Kelly and Xiu (2023), the second route is to let the data
advise, by trying many forms and keeping the one that forecasts best on unseen data.
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®  dur liéu ty sinh
= dudng thing
m— duong cong bac 5

loi suét ky sau
)

dac trung (vi du: da gia 3 thang)

Hinh 1.2. Cing 40 diém di liéu tu sinh, hai dang ham khac nhau. Nhin vao dudng thing cam:
n6 bo sét chd dit lidu cong. Puong cong xanh bam sat hon, nhung dudi bén phai bit dau uén
theo nhiéu.

Figure 1.2. The same 40 synthetic data points with two different functional forms. Look at the orange
line: it misses the part where the data bends. The blue curve follows more closely, but its right-hand end
begins to bend with the noise.

Hinh 1.2 cho thay ca hai mit. Puong thang don gian nén udc lugng 6n dinh, nhung sai vé
hinh dang. Puong cong mém hon nén bam dit liéu, nhung dé hoc cé phﬁn nhiéu. Hoc
may 13 bd cong cu dé chon mirc mém vira phai.

Figure 1.2 shows both sides. The straight line is simple so its estimate is stable, but its shape is

wrong. The curve is looser so it follows the data, but it can also learn the noise. Machine
learning is the toolkit for choosing a moderate looseness.

PHAI THUQC / MEMORISE — Gi4 la dy béo c¢6 diéu kién theo thong tin hién co. Thong
tin thi nhiéu, dang ham ndi thong tin v6i gia thi chua biét. Hai diéu d6 khién hoc may hitu ich:
n6 xir Iy nhiéu bién cing luc va dé dir lidu chon hinh dang quan hé.

A price is a forecast conditional on current information. Information is plentiful and the functional
form linking it to the price is unknown. Those two facts make machine learning useful: it handles
many variables at once and lets the data choose the shape of the relationship.

1.4. Hoc may va Kinh té hrong: khac muc tiéu, khac cach danh gia - 7.4

Machine learning and econometrics: different goals, different ways of judging

Hoc may (machine learning) 1a nhém phuong phap dé may tu rat quan hé tir dir liéu. Tri
tué nhan tao (Al artificial intelligence) 1a khai niém rong hon, trong d6 hoc may la phan
dugc dung nhiéu nhat & tai chinh. Kinh té lugng (econometrics) 1a nganh dung théng keé
dé kiém tra cac gia thuyét kinh té trén s6 liéu. Hai bén dung chung nhiéu cong cy, vi du
hdi quy. Chiing khac nhau & ciu héi dit ra.

Machine learning is a group of methods in which the machine draws relationships out of data.
Artificial intelligence (Al) is the broader idea, and machine learning is the part used most in
finance. Econometrics is the field that uses statistics to test economic hypotheses on data. The
two share many tools, regression for example. They differ in the question asked.
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Kinh té lugng hoéi 'quan hé nay c6 that khong, hé sé biang bao nhiéu?'. N6 chdm bing
kiém dinh gia thuyét trén chinh dit liéu da dung dé udc lugng. Hoc may hoi 'du bao ky
sau chinh xac dén dau?'. N6 chim bang sai s6 trén dit liéu chua thiy. Bang sau tom céc
khéc biét.

Econometrics asks 'is this relationship real, and what is the coefficient?'. It grades by hypothesis

tests on the same data used to estimate. Machine learning asks 'how accurate is the forecast for
the next period?'. It grades by error on unseen data. The table summarises the differences.

Tiéu chi Kinh té lwong Hoc may

Criterion Econometrics Machine learning

n , Hiéu co ché, kiém gia thuyét , , ,
Muc ti€u chinh & Y Du bao chinh xac

Understand a mechanism, test a

Main goal hypothesis Forecast accurately
Cach danh gia Y nghia théng ké cua hé s6 Sai s6 trén dit liéu chua thiy
How it is judged Statistical significance of coefficients | Error on unseen data
% m6 hinh Nho, vai bién chon tir 1y thuyét Lé6n, nhiéu bién va nhiéu dang ham
) Small, a few variables chosen by Large, many variables and functional
Model size ' , '
theory forms
A 1R Thir nhiéu mé hinh, chon bang dir
Chon mo hinh Chon trudce, kiém sau lia j &
Model choice Chosen first, tested afterwards o . .
: : Many models tried, chosen with data
. o Bit budc: phat do phirc tap, tach dir
Chéng qué khop o 7 > OC: phatdo p ap
Guards ot It can, vi m6 hinh nho liéu
O‘ZCII; [;Z;ggagams Seldom needed, the model is small Compulsory: penalise complexity, split

the data

Hang cudi cho thdy mot diém cia Kelly va Xiu (2023): vi hoc may thir nhiéu mé hinh, né
mic nhién bi qua khép trén dir liéu da thay. Dé giit mé hinh 6n dinh ngoai mau, ngudi
lam dung k¥ thuat chinh quy hoa (regularisation), tirc cong mdt khoan phat vao mo hinh
phirc tap. M6 hinh 16n chi dugc chon khi né that sy du bao t6t hon trén dir liéu chua thay.
Kinh té luong ciling timg dung ¥ nay dudi tén chon mo hinh, nén ranh gidi giira hai nganh
khé mo.

The last row shows a point of Kelly and Xiu (2023): because machine learning tries many
models, it overfits the data it has seen by default. To keep a model stable out of sample,
practitioners use regularisation, which adds a penalty on complex models. A large model is

chosen only when it forecasts better on unseen data. Econometrics has long used this idea under
the name of model selection, so the border between the two fields is blurred.

Hai cach tiép can: dua 1y thuyét va dwa dir liéu — Two approaches: theory-led and data-
led

Mot ngudi dung mo hinh c6 thé xuat phat tir 1y thuyét. Ly thuyét cho biét dang ham va
bién can dung, md hinh nho, giai thich dugc, nhung hay sai ngoai pham vi né duoc thiét
ké. Nguoi khac xut phat tir dir liéu. Anh ta chap nhan mé hinh khong c6 10i giai thich
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kinh té san, mién 1a du bao chinh x4c hon mdc so sanh. Phan 16n hoc may tai chinh hién
nay thudc nhom thir hai.

A model builder can start from theory. Theory supplies the functional form and the variables, so
the model is small and explainable, but it often fails outside the range it was designed for.
Another builder starts from the data. He accepts a model with no ready economic explanation as
long as it forecasts better than the benchmark. Most financial machine learning today belongs to
the second group.

Nhom thir hai hay bi ché 1a 'khong c6 kinh té hoc'. Loi ché nay chua chac ding. Mot cach
can bang hon 1 dung 1y thuyét cho phan da biét rd, va dung hoc mdy cho phan 1y thuyét
chua noi toi. Vi dy Nam giit phan 'beta’ (mtrc mé ting giam theo thi truong chung) theo
ly thuyét, rdi ¢¢ mo hinh hoc thém phan con lai tir dic trung doanh nghiép. Ly thuyét
giam sb hé sb phai udc lugng, nén dir liu it cling chiu noi.

The second group is often accused of having 'no economics'. The charge is not always fair. A
more balanced way is to use theory for what is well understood and machine learning for what
theory is silent about. For example Nam keeps the 'beta' part (how far a stock moves with the

overall market) from theory and lets the model learn the rest from company features. Theory
reduces the number of coefficients to estimate, so a small dataset can cope.

1.5. Thach thirc khi dung hoc may trong tai chinh - 1.5. Challenges of using

machine learning in finance

Hoc may cho nhan dién anh lam tot vi anh c6 hang triéu mau, va con méo hom nay trong
giong con méo hom qua. Tai chinh khic & bén diém. Ca bon déu lam két qua dep trén
gidy thanh két qua x4u ngoai thi truong.

Machine learning for image recognition works well because there are millions of samples and

today's cat looks like yesterday's cat. Finance differs on four points. All four turn a good result
on paper into a poor one in the market.

1. Tin hiéu yéu, nhidu 16n. Gia bién dong chi yéu do tin bat ngd, ma tin bat ngd thi
khong dy bao duge. Phan dy bao duge con lai nho. Gidng nhu nghe mot nguoi thi
tham gitra cho 6n.

Weak signal, loud noise. Prices move mostly on surprise news, and surprises cannot be
forecast. The forecastable part that remains is small. It is like hearing someone whisper in a
noisy market.

2. Dir liéu it. Ba nam gia ngay cho khoang 750 diém, va chi cé thém khi thoi gian troi.
Ban khong thé 'sinh thém' lich sir nhu sinh thém anh con méo.

Little data. Three years of daily prices give about 750 points, and more only arrive as time
passes. You cannot 'generate more' history the way you generate more cat pictures.

3. Thi truong ddi ché do. Quy tic dung thoi 13i suat thap c6 thé sai khi 13i sut ting.
Luat, cong nghé, thoi quen nha dau tu thay dbi va mo hinh phai theo kip.
Changing regimes. A rule that held when interest rates were low may fail when they rise.
Rules, technology and investor habits change and the model must keep up.

4. Poi thi hoc theo. Mot quy ludt cang nhidu nguoi dung thi loi nhudn tir né cang bi chia
nho ro6i mat. Khac véi anh con meéo, gia phan tng lai khi ban khai thac né.
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Rivals learn too. The more people use a pattern, the more its profit is shared out and then
lost. Unlike a cat picture, the price reacts when you exploit it.
Piém 1 va diém 2 cong lai nguy hiém hon timg diém riéng. Hiy xem mot thi nghiém trén
dir liéu tu sinh: tin hiéu co tic dung that nhung nhé, va nhidu 16n gip 20 lan. Mdi ky 250
ngay, ta dém sd ngay tin hiéu doan ding huéng loi suat hom sau. Ma ngudn ¢ muc 1.11,
két qua v& ¢ Hinh 1.3.
Points 1 and 2 together are more dangerous than either alone. Consider an experiment on
synthetic data: the signal has a real but small effect, and the noise is 20 times larger. In each

250-day period we count the days on which the signal guessed the direction of the next day's
return. The code is in section 1.11 and the result is plotted in Figure 1.3.
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Hinh 1.3. Ty 1¢ doan dung hudng ctia moét tin hi¢u cé that, qua mudi ky 250 ngay. Nhin vao cot
thip nhét: 47,6%, thap hon tung dong xu. Cot cao nhit 56,4% tréng nhu tai ning, di moi ky
dung chinh tin hi¢u do.

Figure 1.3. The hit rate of a signal that is real, over ten periods of 250 days. Look at the lowest bar:
47.6%, below a coin toss. The highest bar, 56.4%, looks like skill even though every period uses the same
signal.

Trong dai han tin hiéu nay chi doan dung khoang 51,5% sé ngay. Nhung qua mot ky 250
ngay, ty 1& nhay tir 47,6% dén 56,4%. Néu ban chi c6 ding mot ky dé kiém, ban khong
phan biét ndi tin hidu c6 that vi mot 1an may. Pay 13 1y do moi két luan & cac chuong
sau déu kém kiém tra ngoai mau.

In the long run this signal guesses right on only about 51.5% of days. Yet across single 250-day
periods the rate swings from 47.6% to 56.4%. If you have just one period to test on, you cannot
tell a real signal from one lucky stretch. That is why every conclusion in the later chapters comes
with an out-of-sample check.

Mot cach nhin gon: ldy loi sudt trung binh chia cho do léch chuan, tirc mirc dao dong
quanh trung binh. Thuong sé nay 14 ty s Sharpe (Sharpe ratio, Sharpe 1966, khi bo qua
141 suét phi rai ro). Ty sb thap nghia 1a duong tai san c6 di 1én nhung giat nhiéu, va c6 thé
cham day truéc khi 1én. Hoc may tai chinh phai song véi ty sd thap.
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A compact way to see it: divide the average return by the standard deviation, the size of the
swings around the average. The quotient is the Sharpe ratio (Sharpe 1966, ignoring the risk-free
rate). A low ratio means the wealth line rises but jerks about, and may hit bottom before it
climbs. Financial machine learning has to live with low ratios.

LOI HAY GAP / COMMON MISTAKE — Thing mét ky rdi két luan mé hinh t6t. Véi tin
hiéu yéu, mot ky 250 ngay co thé cho ty 1& dung tir dudi 48% dén trén 56%. Mot ky khong du
dé phan biét k¥ ning vi may man.

Winning one period and concluding the model is good. With a weak signal, one 250-day period can

give a hit rate anywhere from below 48% to above 56%. One period is not enough to tell skill from
luck.

1.6. Loi suat don, loi suat log va lgi suat danh muc — 1.6. Simple returns, log

returns and portfolio returns

Moi mé hinh trong sach nay lam viéc véi loi suét (return), tirc ty 18 ting hodc giam cia
gi4, thay cho gi4 thd. Ly do don gian: loi suat so sanh duoc gitra ma gia 20.000 dong va
ma gid 200.000 dong, con gia tho thi khong. C6 hai cach tinh. Cach thir nhét 13 loi suat
don (simple return), cach thir hai 1a loi suat log (log return).

Every model in this book works with returns, the proportional rise or fall of the price, instead of
raw prices. The reason is simple: returns are comparable between a stock priced at 20,000 dong

and one at 200,000 dong, while raw prices are not. There are two ways to compute them. The
first is the simple return, the second is the log return.

=P /P1—1 (L.2)
te=1In(P;/Py) (1.3)

P, 1a gi4 dong cira ngdy t, In 1a logarit ty nhién. Hai s6 gan nhau khi bién dong nho, va
1éch nhau khi gia nhay manh. Hay tinh tay trén ndm ngay gia cua ma XQZ, mot ma tu dat
ctia Cong ty c6 phan XQZ Vit liéu.

P, is the closing price on day t and In is the natural logarithm. The two numbers are close when

moves are small and drift apart when the price jumps. Compute by hand on five days of prices
for XQZ, an invented stock of XQZ Materials Joint Stock Company.

1. Ghi gia dong ctra: 20.000; 20.400; 20.200; 20.800; 20.600; 21.000 déng (ngay 0 dén
ngay 5).
Write the closing prices: 20,000, 20,400, 20,200, 20,800, 20,600, 21,000 dong (day 0 to day
5).

2. Loi suét don ngay 1 =20.400 +20.000 — 1 = 0,0200, ttrc 2,00%. Ngay 2 =20.200 +
20.400 — 1 =-0,0098. Lam tiép ngay 3, 4, 5 theo cung cach.
Simple return on day 1 = 20,400 + 20,000 — 1 = 0.0200, that is 2.00%. Day 2 = 20,200 +
20,400 — 1 = —0.0098. Continue for days 3, 4, 5 in the same way.

3. Loi suét log ngay 1 = In(20.400 + 20.000) = In(1,02) = 0,0198, ttc 1,98%. Lam tiép
cac ngay con lai.
Log return on day 1 = In(20,400 + 20,000) = In(1.02) = 0.0198, that is 1.98%. Continue for
the remaining days.
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4. Cong ca nam sd ctia mdi cot, rdi so voi két qua that: gia di tir 20.000 1én 21.000, ting
5,00%.
Add the five numbers in each column, then compare with the true result: the price went from
20,000 to 21,000, a rise of 5.00%.

Gi4 (dong) Loi suit don Loi suit log
Price (dong) Simple return Log return

Ngay
Day
0

20.000
20,000

| 20.400 2,00% 1,98%
20,400 2.00% 1.98%

5 20.200 ~0,98% ~0,99%
20,200 —0.98% —0.99%

; 20.800 2,97% 2,93%
20,800 2.97% 2.93%

A 20.600 ~0,96% ~0,97%
20,600 —0.96% —0.97%

5 21.000 1,94% 1,92%
21,000 1.94% 1.92%

Cong 4,97% 4,88%

Sum 4.97% 4.88%

Téng loi suat don 1a 4,97%, thap hon thuc té 5,00%. Tong loi suit log 1a 4,88%, va dung
bang In(21.000 + 20.000) = In(1,05). D6 1a tinh chat can nhd: 1oi suat log cong duoc qua
thoi gian, loi suat don thi khong. Mudn ghép loi suat don qua nhiéu ngay, ban phai nhan
ting thira s6 (1 +1).

The sum of simple returns is 4.97%, short of the true 5.00%. The sum of log returns is 4.88% and
equals exactly In(21,000 + 20,000) = In(1.05). That is the property to remember: log returns add
across time, simple returns do not. To chain simple returns over several days you must multiply
the factors (1 +r).

et =In(P,/Po) (1.4)
1+R=(14+r)*(1+r)*..x(1+r,) (1.5)

Mot vi du cuc doan cho thiy vi sao. Gia di tir 100 1én 110 roi vé 100. Loi sudt don la
+10% r0i —9,09%, cong lai +0,91% du ban khong 13i dong nao. Loi sudt log 1a +9,53%
10i —9,53%, cong lai ding 0.

An extreme example shows why. A price goes from 100 up to 110 and back to 100. The simple

returns are +10% then —9.09%, which add to +0.91% although you gained nothing. The log
returns are +9.53% then —9.53%, which add to exactly 0.
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Loi suat danh muc - Portfolio return

Danh muc (portfolio) 1a r6 nhidu mi, mdi ma chiém mét phan vén goi 1a trong sb
(weight). Loi sudt cia danh muc trong mot ngay 13 trung binh c6 trong sé cta loi suét
don timg ma. Cha y: voi danh muc, ta cong lgi sudt don theo chiéu ngang gitra cac ma.
Loi suét log thi khong cong nhu vay duge, vi logarit ciia mot tong khong bang tong cac
logarit.

A portfolio is a basket of several stocks, each taking a share of capital called its weight. A
portfolio's return in one day is the weighted average of the simple returns of its stocks. Note that
for a portfolio we add simple returns across stocks. Log returns cannot be added that way,
because the logarithm of a sum is not the sum of the logarithms.

rp=ZiWi*ri, ZiWizl (16)

Thém ma JWK (gia 40.000; 39.600; 40.200; 40.800; 40.400; 41.200 déng) va gilr trong
50 60% XQZ, 40% JWK, can bang lai mdi ngay. Ngay 1: 0,6 * 2,00% + 0,4 * (—1,00%) =
1,20% — 0,40% = 0,80%. Bang lam tiép cho nim ngay.

Add the stock JWK (prices 40,000; 39,600; 40,200; 40,800; 40,400; 41,200 dong) and hold

weights of 60% XQZ and 40% JWK, rebalanced every day. Day 1: 0.6 * 2.00% + 0.4 *
(—1.00%) = 1.20% — 0.40% = 0.80%. The table continues for five days.

Ngay Danh muc 60/40
Portfolio 60/40

2,00% —1,00%

0
2.00% —1.00% 0,80%
> —0,98% 1,52% 0,02%
—0.98% 1.52% 0.02%
3 2,97% 1,49% 2,38%
2.97% 1.49% 2.38%
4 —0,96% —0,98% —0,97%
—0.96% —0.98% —0.97%
5 1,94% 1,98% 1,96%
1.94% 1.98% 1.96%

Nhan nim thira sé 1,0080; 1,0002; 1,0238; 0,9903; 1,0196, vén ctua danh muc tang
1,0422 1an, tic +4,22% sau nam ngdy. Ngay 4 1a ngdy ca hai ma cung giam, va do6 1a
ngay duy nhat danh muyc 15.

Multiplying the five factors 1.0080; 1.0002; 1.0238; 0.9903; 1.0196, the portfolio's capital

grows 1.0422 times, which is +4.22% after five days. Day 4 is the day both stocks fell, and it is
the only losing day for the portfolio.
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Bai miu 1: anh Phong héi qu§ hon mua giit bao nhiéu — Worked example 1: Phong asks
how far the fund beat buy and hold

Quy ¢b phiéu dinh luong Canh Diéu chia 60% vdn cho XQZ va 40% cho JWK, can bang
lai mdi ngdy, va thu +4,22% trong nim ngay. Anh Phong héi: néu mua roi cr giit nguyén
thi dugc bao nhiéu?

The Cdanh Diéu Quantitative Equity Fund puts 60% of capital in XQZ and 40% in JWK,

rebalances every day and earns +4.22% in five days. Phong asks: if we had bought and simply
held, what would we have made?

1. Loi sudt 5 ngay ciia XQZ = 21.000 + 20.000 — 1 = 5,00%.
XQZ's five-day return = 21,000 + 20,000 — 1 = 5.00%.
2. Loi suét 5 ngay caa JWK = 41.200 = 40.000 — 1 = 3,00%.
JWK's five-day return = 41,200 + 40,000 — 1 = 3.00%.
3. Mua giit 60/40 tir dau: 0,6 * 5,00% + 0,4 * 3,00% = 3,00% + 1,20% = 4,20%.
Buy and hold 60/40 from the start: 0.6 * 5.00% + 0.4 ¥ 3.00% = 3.00% + 1.20% = 4.20%.
4. So v6i quy: 4,22% — 4,20% = 0,02 diém phan traim. Can bang lai mdi ngay gan nhu
khong d6i két qua trong nim ngay, nhung doi hoi mua ban hang ngay.
Against the fund: 4.22% — 4.20% = 0.02 percentage points. Daily rebalancing hardly
changes the result over five days, yet it requires trading every day.

Nghia 14 chénh léch 0,02 diém phan trim s& bién mat ngay khi trir phi giao dich cua viéc
can bang lai. Chi phi giao dich 1a diéu anh Phong s& hoi ngay sau cau nay.

In other words the 0.02 percentage point gap vanishes as soon as the trading cost of rebalancing
is deducted. Transaction cost is what Phong will ask about right after this question.

LOI HAY GAP / COMMON MISTAKE — Céng loi suat don cta cic ngdy dé ra loi suit ca
ky. O bang trén tong 13 4,97% trong khi loi suat that 13 5,00%. Chénh 1éch 16n dan khi chudi
dai va bién dong manh.

Adding the simple returns of the days to get the return of the whole period. In the table above the sum

is 4.97% while the true return is 5.00%. The gap grows as the series gets longer and the swings
larger.

1.7. Cac chién lwgc dinh lwgng pho bién — 1.7. Common quantitative strategies

Mot chién luoc 1a mot quy tic bién dit liéu thanh 1énh. Sau ho chién luoc hay gip nhat.
Mbi ho ding trén mot niém tin khac vé cach gia van dong, nén cling chiu rai ro khac
nhau.

A strategy is a rule that turns data into orders. Six families of strategy are met most often. Each
stands on a different belief about how prices move, so each carries different risks.
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Ho chién
lugc
Family

Theo da

Momentum

Pao chiéu
Reversal

Gia tri
Value

Nhan to
Factor

Chénh léch
thong ké
Statistical
arbitrage

Theo doi chi
s0
Index tracking

M3 ting gan day tiép tuc ting
mot thoi gian

Stocks that rose lately keep
rising for a while

Ma giam qua tay s€ bat lai
Stocks that fell too far bounce
back

Ma ré so v6i lgi nhudn, tai
san s€ dugc dinh gia lai
Stocks cheap against earnings
or assets get re-priced

Gom ma theo dic diém (quy
md, gia tri, chat lugng) dem
lai phan bu 6n dinh

Group stocks by trait (size,
value, quality) for a steady

premium

Hai ma thuong di cung nhau,
1&€ch nhau thi cho hop lai
Two stocks usually move
together, bet on the gap closing

Dung danh myc it ma bam sat

mot chi sO

Build a few-stock portfolio that
follows an index

Dir li¢u chinh

Main data

Gi4 nhiéu thang
Prices over
months

Gia vai ngay dén

vai tuan
Prices over days
to weeks

Bao céo tai
chinh
Financial
Statements

Gia va bao cao
Prices and
Statements

Gia cdp ma
Prices of pairs

Gia va quyeén sd
ctia chi s6

Index prices and
weights

Riii ro dién hinh
Typical risk

Pao chiéu dot ngot 1am 15
nhanh

A sudden reversal loses quickly

Mua dung luc gia dang sup
tiép
Buying just as the price keeps

falling

Ma ré vi c6 ly do chinh déng
The stock is cheap for a good

reason

Nhan t nhiéu nim khong sinh
loi
A factor earns nothing for years

Cip 'gdy', hai ma tach hin
The pair 'breaks' and the stocks
drift apart

Sai s6 theo dai, chi phi can
bang lai

Tracking error, rebalancing cost

Theo da c6 bang chung sém tir Jegadeesh va Titman (1993): cac ma thing trong vai
thang qua c6 xu huéng thang tiép vai thang sau. Chién lugc nhan t6 ndi v6i Fama va
French (1993), ngudi gom ma theo quy mé va ty 1é gid trén gia tri s6 sach. Chénh léch

thong ké s& duoc dung chi tiét & chuong 9, con theo ddi chi s6 & chuong 8.

Momentum has early evidence from Jegadeesh and Titman (1993): stocks that won over the past
few months tend to keep winning for a few months after. Factor strategies connect to Fama and
French (1993), who grouped stocks by size and by the ratio of price to book value. Statistical
arbitrage is built in detail in Chapter 9 and index tracking in Chapter 8.

Cap theo da va dao chiéu cho thdy mot diéu dang nhd: hai niém tin ngugc nhau déu co

thé ding, ¢ hai khung thoi gian khac nhau. Vi thé, cau hdi ding trude khi dung chién
lugc 1a 'chién lugc nay kiém tién tir ai, va vi sao ho chiu dé mat?".
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The pair of momentum and reversal shows a point worth remembering: two opposite beliefs can
both be right, on two different time frames. So the right question before using a strategy is 'who
does this strategy earn from, and why do they accept the loss?'.

1.8. San pham tai chinh — ngin hang dung mé hinh dinh lwong - 1.8. Financial

and banking products that use quantitative models

Mo hinh dinh lugng khéng nam riéng trong phong nghién ciru. N6 di vao nhiéu san pham
ma khach hang mua hang ngdy. Bang sau liét ké nam san pham va chd mé hinh tham gia.
Quantitative models do not sit alone in the research room. They enter many products customers
buy every day. The table lists five products and where the models take part.

Vi du & Canh Diéu
Example at Canh Diéu

Mo hinh lam gi
What the model does

San phim

Product

Quy chi sb, quy hoan dbi

Chon it ma dé bam sat chi sb, udc
danh muc (ETF, exchange- j

. & ~ uy bam mat chi sé ¢o phiéu
lugng sai s theo doi Quy ’ P

A fund followi ]
traded,fund) Pick few stocks to follow the index, . Jund following an equity
Index fund, exchange-traded . . index

. estimate tracking error
fund (ETF)
Y . uy cb phiéu dinh lugng
. Du béo loi suat, chia ty trong theo Q o
Quy dinh lugng ru1 o i v Canh Dieu
Quantitative fund . ) ) Cdnh Diéu Quantitative Equity
Forecast returns, size weights by risk
Fund
Dung danh muc riéng cho mdi Khéch khong muén giit ma
Danh muc uy thac khach theo rang bugc cua ho nganh nang lugng

Discretionary mandate

Quy huu tri
Pension fund

Danh muc trai phiéu cua
ngan hang
Bank bond portfolio

Build a separate portfolio per client
under their constraints

Can ddi tai san véi nghia vu chi tra
dai han

Match assets to long-dated payment
obligations

Do ri ro 1ai suat, chon ky han
Measure interest-rate risk, choose
maturities

A client who refuses energy
stocks

Quy huu tri ndi bo cua Ngan
hang TMCP Canh Diéu
Internal pension fund of Canh
Diéu Commercial Bank

Danh muc trai phiéu coa
Ngan hang TMCP Canh Diéu
Bond portfolio of Canh Diéu
Commercial Bank

Ung dung & quy, cong ty chirng khoan va ngan hang — Applications at funds, brokerages
and banks

O quy, nhom cia chi Ha dung mo hinh dy bdo, chon trong sb, 101 bao cho anh Phong sb
lidu rui ro mdi sang. O cong ty chimg khodn, b phan tu doanh dung quy tic tu dong dé
dit 1énh bang von cong ty, nén can gidi han 16 trong ngay. O ngan hang, phong dau tu
ding mé hinh dé chon ky han trai phiéu cho danh muc va dé chia vén cta quy huu tri noi
bo.
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At the fund, Ha's team builds the forecasting models, chooses the weights and sends Phong risk
figures each morning. At a brokerage, the proprietary desk uses automatic rules to place orders
with the firm's own capital, so it needs a daily loss limit. At a bank, the investment department
uses models to pick bond maturities for its portfolio and to split the capital of the internal
pension fund.

Anh Phong c6 ba cau héi ¢6 dinh cho moi mé hinh: ¢6 qua khdp khong, 18 tdi da bao
nhiéu, chi phi giao dich tinh chwa. Cau 1 s& duoc tra 15i bang kiém dinh ngoai mau ¢
chuong 5 va 10. Cau 2 can thudc do mirc 1 t6i da & chuong 6 va 7. Cau 3 can phén chi
phi ¢ chuong 8.

Phong has three fixed questions for every model: does it overfit, what is the maximum loss, has
the transaction cost been counted. Question 1 is answered by out-of-sample validation in

Chapters 5 and 10. Question 2 needs the maximum-loss measures of Chapters 6 and 7. Question
3 needs the cost section of Chapter 8.

Lap luan ung h¢ Lap luin phan doi

Arguments for Arguments against

Tin hi¢u y€u nén dé mat trang néu qua khép

Xt 1y nhiéu ma va nhiéu loai dit liéu cung lic .
Y ’ j & The signal is weak, so an overfitted model can lose

Handles many stocks and many types of data at once )
' everything
Kiém lai duoc quy tic trén quéa khir trude khi bo
tién

Rules can be tested on the past before money is

Qué khtr khong 1ap lai khi thi truong ddi ché do
The past does not repeat when the market changes

) regime

committed
Nhiéu quy cung dung mét y thi 1gi nhuan bi
chia nhd

When many funds use one idea the profit is shared

Giam thién kién cam xuc cuia tirng nguoi giao
dich

Reduces the emotional bias of individual traders ,
ou

Cot trai khong loai bé duoc cot phai. Nguoi dung mé hinh phai ghi ca hai vao hd so trudc
khi diing vén that.

The left column does not cancel the right one. The people who use the model must record both in
the file before committing real capital.

1.9. Quy tic ciia san anh huwong thé nao dén mé hinh — 1.9. How exchange rules
affect a model

Mo hinh trén gidy cho phép mua 3.738,3 c¢d phiéu & gia 26.750 dong. San thi khéng. Cac
quy tic sau ldy tir tai liéu hudng dan ctua S¢ Giao dich Chtng khoan Thanh phd Ho Chi
Minh (HOSE, Ho Chi Minh Stock Exchange) cong bd thang 2 nim 2026. Theo Piéu 4
ctiia Thong tu giao dich chimg khoan (hop nhat 08/VBHN-BTC niam 2026), bién do dao
dong gia do S& Giao dich Chimg khoan Viét Nam quyét dinh sau khi Uy ban Chimg
khoan Nha nudc (UBCK) chéap thuan. Vi quy tic ¢ thé duge diéu chinh, ban nén kiém
van ban hién hanh truéc khi dung cho hé thong that.

A model on paper may buy 3,738.3 shares at 26,750 dong. The exchange will not allow that. The
rules that follow come from the guidance document of the Ho Chi Minh Stock Exchange (HOSE)
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published in February 2026. Under Article 4 of the Securities Trading Circular (consolidated
08/VBHN-BTC, 2026), the price band is decided by the Vietnam Stock Exchange after the State

Securities Commission (SSC) approves. Because the rules may be adjusted, check the current
text before using them in a real system.

Céc chi viét tit ding ¢ bang sau: ATO 1a Iénh x4c dinh gia mé cira (at-the-open), ATC 1a
1énh xac dinh giad dong ctra (at-the-close), LO 1a 1€nh gidi han (limit order, chi khop & gia
ban dit hodc t6t hon), MTL 1a Iénh thi trudng chuyén vé 1énh gii han (market-to-limit).
T+2 nghia la hai ngay lam vi¢c sau ngay giao dich T.

The abbreviations used in the next table: ATO is the at-the-open order, ATC is the at-the-close
order, LO is the limit order (it executes only at your price or better) and MTL is the market-to-
limit order. T+2 means two working days after the trading day T.

Quy tic Noi dung tai HOSE Anh huéng dén mé hinh
Rule Content at HOSE Effect on the model

Bién d¢ gia

+7% (c6 phiéu, ching chi quy dong,
ETF); £20% ngay dau hodc sau tam
ngung tur 25 ngay

Loi suét ngay bi chédn, duodi phan
phdi bi cat

Price band +7% (shares, closed-end fund certificates, Duaily returns are capped and the tail is
ETFs); £20% on the first day or after a halt = cut
of 25 days or more
. L6 chin 100 c6 phiéu, téi da 500.000 c6 : .
Don vi giao A e p o Trong so that 1éch trong so6 mo hinh
. phiéu moi 1énh; 16 1€ 1 dén 99 . .
dich Actual weights differ from model
Tradine unit Board lot 100 shares, at most 500,000 weichts
. shares per order, odd lot I to 99 <
Dudi 10.000 dong: 10 dong; 10.000 d&én . . . .
o N . ’ \ Gia dat phai 1a bdi cua budc gia
Budc gia 49.950: 50 dong; tir 50.000: 100 dong At pha i Bl
. An order price must be a multiple of the
Price step Below 10,000 dong: 10 dong; 10,000 to sto
49,950: 50 dong; from 50,000: 100 dong Sep
ATO 9h00 — 9h15; lién tuc 9h15 —
’ ) Gia dé tra hinh thanh ¢ phié
. 11h30va 13h00 — 14h30; ATC 14h30— - (oo CHa M Tai O PRieh
Phién giao dich ATC
Sessions Bl The closing price forms in the ATC
ATO 9:00~ 9:15; continuous 9:15~11:30 S PHEE
and 13:00—14:30; ATC 14:30 — 14:45
Nhan tién va chig khoan véo chiéu . 2 LA 3 .
. N 8 Von va ¢o phi€u vé cham so véi 1énh
Thanh toan ngay T+2 .
. . Cash and shares arrive later than the
Settlement Cash and securities received on the order
afternoon of day T+2
Loai 1énh LO, ATO, ATC, MTL Quyét dinh gia khop thuc té
Order types LO, ATO, ATC, MTL Decide the real execution price
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ATO ATC
9h00 — 9h15 14h30 — 14h45
khép 1énh lién tuc . lién tuc
9h15 — 11h30 nghi trua 13h00 — 14h30
R R Ngay T+2
Ngay T Ngay T+1 O
khop lénh > cho > Chlel}. nhan tien,
chirng khoan

T+1 va T+2 tinh theo ngay lam viéc

Hinh 1.4. M6t ngay giao dich @ HOSE va vong thanh toan T+2. Nhin hang trén: hai 6 cam la
phién dinh ky, hai 6 xanh 1a khop lién tuc. Hang dudi: tién va ching khoan chi vé chiéu ngay
T+2.

Figure 1.4. A trading day at HOSE and the T+2 settlement cycle. On the top row the two orange boxes
are the periodic sessions and the two blue boxes are continuous trading. On the bottom row, cash and
securities arrive only on the afternoon of day T+2.

Gia tran = gia tham chiéu * (1 + b), Gia san = gia tham chiéu * (1 — b) (1.7)

O day b 1a bién do, vi du 0,07. Vi tham chiéu 25.000 dong, gia tran 13 25.000 * 1,07 =
26.750 va gia san 1a 25.000 * 0,93 = 23.250. Ca hai déu 1a boi cta bude gid 50 dong, nén
dat 1énh duoc.

Here b is the band, for example 0.07. With a reference price of 25,000 dong, the ceiling is

25,000 * 1.07 = 26,750 and the floor is 25,000 * 0.93 = 23,250. Both are multiples of the 50
dong step, so orders can be placed there.

Bai miu 2: ddi trong s6 ciia md hinh thanh 1énh that — Worked example 2: turning a
model weight into a real order

Quy c6 vbn 2 ty dong. M6 hinh mudn danh 5% cho ma ZVB, gia dang 1a 26.750 dong
(dung gia tran). Nam phai d6i trong s thanh Iénh.

The fund has 2 billion dong of capital. The model wants 5% for the stock ZVB, whose price is
26,750 dong (exactly at the ceiling). Nam must turn the weight into an order.

1. S6 tién myc tiéu = 2.000.000.000 * 5% = 100.000.000 dong.
Target amount = 2,000,000,000 * 5% = 100,000,000 dong.

2. S6 ¢ phiéu mong mudn = 100.000.000 + 26.750 = 3.738,3. L4y phan nguyén: 3.738.
Shares wanted = 100,000,000 + 26,750 = 3,738.3. Take the whole part: 3,738.

3. Tach 16: 3.738 g6m 3.700 (37 16 chin) va 38 16 1¢.
Split into lots: 3,738 is 3,700 (37 board lots) plus 38 odd-lot shares.

4. Néu chi dit phan 16 chan: 3.700 * 26.750 = 98.975.000 dong, tirc 4,949% vén, thay vi
5%.
If only the board-lot part is ordered: 3,700 * 26,750 = 98,975,000 dong, which is 4.949% of
capital instead of 5%.
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Nghia 14 mé hinh bi léch 0,051 diém phan trim chi vi 16. V&i danh muc 2 ty dong sai léch
nay nho. Véi danh myc 20 triéu dong thi cing ma d6 khong mua ndi mét 16 chin, va mo
hinh phai d6i cach chia von.

In other words the model is off by 0.051 percentage points just because of lots. For a 2 billion

dong portfolio the gap is small. For a 20 million dong portfolio the same stock cannot buy even
one board lot, and the model must change how it splits the capital.

LOI HAY GAP / COMMON MISTAKE — B6 qua bién do, 16 va budc gia khi kiém dinh.
Lénh dit 26.800 dong khi trén 13 26.750 dong bi tir chdi, nén két qua kiém dinh tinh khop
1énh & gia do 1a do.

Ignoring the band, lot and price step when testing. An order at 26,800 dong when the ceiling is 26,750
dong is rejected, so a back-test that counts a fill at that price is illusory.

1.10. Phap ly va vi tri viéc lam - 1.10. Law and jobs

Piéu 12 Luat Chimg khoan liét ké cac hanh vi bi cam, trong d6 c6 gian 1an va cong bd
thong tin sai, giao dich ndi gian, thao tang thi truong, dung tai khoan ctia khach hang trai
phép. Hanh vi d6 van bi cam khi 1énh do chuong trinh ty dong phat ra. Mot chwong trinh
dat roi huy hang loat 1énh chi dé tao 4n tugng cung ciu gia c6 nguy co thuoc nhom thao
tang, nén nguoi viét chién lugc phai hoi bo phan phap ché tir khi thiét ké. Sach nay
khong két luan cho timg trudng hop.

Article 12 of the Securities Law lists prohibited acts, including fraud and false disclosure,
insider trading, market manipulation and unauthorised use of a client's account. The acts remain
prohibited when the orders are issued by an automatic program. A program that places and
cancels orders in bulk only to create a false impression of supply and demand risks falling into

manipulation, so whoever writes the strategy must ask the legal department from the design
stage. This book does not decide individual cases.

Luat Tri tué nhan tao s6 134/2025 c6 hiéu luc tir ngdy 01 thang 3 nim 2026. Piéu 9 chia
hé théng Al thanh ba murc riii ro: cao, trung binh va thap. Hé théng giao dich cia quy
thudc mirc ndo phu thudc tiéu chi trong Diéu 9 va cac van ban huéng dan. B phan phap
ché cua quy can xac dinh, va két qua quyét dinh nghia vu di kém nhu minh bach hay bao
c4o su cb.

The Law on Artificial Intelligence No. 134/2025 takes effect on 1 March 2026. Article 9 divides
Al systems into three risk levels: high, medium and low. Which level a fund's trading system falls
into depends on the criteria in Article 9 and its guidance. The fund's legal department must

determine it, and the result decides the accompanying duties such as transparency or incident
reporting.

V& nghé nghiép, bon vi tri sau xudt hién & hau hét t6 chirc 1am giao dich dinh luong.

As for careers, the four positions that follow appear in most organisations that do quantitative
trading.
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Vi tri Viéc hiang ngay K§ ning cin Hoc &

Position Daily work Skills needed Studied in

Dung va kiém tra m6 hinh dy
Phan tich dinh lugng  bao, do rui ro Théng k&, Python ~ Chuwong 3 dén 5
Quantitative analyst Build and test forecasting Statistics, Python Chapters 3 to 5
models, measure risk

Bién y tuong thanh quy tic,

22 4 A Danh muc, kiém
Phat trién chién Ivgc  chay kiém dinh ngugc )

dinh Chuong 6 dén 10

Strategy developer Turn ideas into rules, run back- . S Chapters 6 to 10
Portfolios, validation
tests
Thu thap, 1am sach, luu va Lap trinh, co sé dir
KV su dir liéu cung cap dit liéu gia liéu Chuong 2
Data engineer Collect, clean, store and serve Programming, Chapter 2
price data databases

Tham dinh doc lap, dat gisi
han, theo d6i mo hinh Thong ke, phap 1y Chuong 10
Validate independently, set Statistics, regulation | Chapter 10

Quan tri rdi ro mo
hinh

Model risk manager o .
& limits, monitor models

1.11. Thwe hanh bz"mg Python - 1.11. Practising with Python

Céac doan ma sau chi dung thu vién chuan ctia Python, nén chay trén may ndo ciing dugc.
Dt lig¢u 1a dir li¢u tu sinh, khong phai gia that.

The code blocks that follow use only Python's standard library, so they run on any machine. The
data is synthetic, not real prices.

DPoan ma 1: lgi suit don, log va danh muc - Code 1: simple, log and portfolio returns

Poan ma 1am lai dung phép tinh tay ciia muc 1.6 trén XQZ va JWK. Sé in ra phai khép
bang.

The code repeats the hand calculation of section 1.6 on XQZ and JWK. The numbers printed
must match the tables.

import math

xXqz
Jjwk

[20000, 20400, 20200, 20800, 20600, 21000]
[40000, 39600, 40200, 40800, 40400, 41200]

def simple (p):
return [p[i] / p[i - 1] - 1 for i in range(l, len(p))]

def logret (p):
return [math.log(p[i] / pl[i - 1]) for i in range(l, len(p))]

S, g = simple(xqgz), logret (xqgz)

)

print ("simple %:", [round(x * 100, 2) for x in s])
print ("log % :", [round(x * 100, 2) for x in g])
grow = 1.0
for x in s:

grow *= 1 + x
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compounded %.4f" % (sum(s), grow - 1))

print ("sum simple %.4f |
| In(P5/P0) %.4f" (sum(g), math.log (21000 / 20000)))

print ("sum log %.4f

w = [0.6, 0.4]
r2 = simple (jwk)
port = [w[0] * a + w[l] * b for a, b in zip(s, r2)]
print ("portfolio %:", [round(x * 100, 2) for x in port])
wealth = 1.0
for x in port:
wealth *= 1 + x
print ("wealth after 5 days: %.4f" % wealth)

Két qua chay / Output

simple %: [2.0, -0.98, 2.97, -0.96, 1.94]
log % 3 [1.98, =0.99, 2,93, =0.97, 1.92]
sum simple 0.0497 | compounded 0.0500

sum log 0.0488 | 1n(P5/P0) 0.0488
portfolio %: [0.8, 0.02, 2.38, -0.97, 1.96]
wealth after 5 days: 1.0422

Hai dong cubi cta khéi loi sudt cho thiy cong loi suat don ra 0,0497 con nhan don ra
0,0500. Cong loi suét log ra 0,0488, trung In(P5 + PO). Vén danh muc sau nim ngay la
1,0422.

The last lines of the return block show that adding simple returns gives 0.0497 while
compounding gives 0.0500. Adding log returns gives 0.0488, matching In(P5 + P0). The
portfolio's capital after five days is 1.0422.

Doan ma 2: ba ma, 750 ngay, da dang hoa — Code 2: three stocks, 750 days, diversification
Poan mai sinh loi suét ngay cho ba ma c6 chung mot bién dong thi truong, mdi ma co do
nhay (beta) khac nhau. Sau d6 n6é nim hoa: 1oi suat ngay * 252 va do léch chuan ngay *
V252, véi 252 1a s6 ngay giao dich udc tinh trong nam.

The code generates daily returns for three stocks that share one market move, each with a

different sensitivity (beta). It then annualises: daily return * 252 and daily standard deviation *
N252, where 252 is the estimated number of trading days in a year.

import math
import random

random.seed (7)
names = ["XQz", "JWK", "ZVB"]

beta = [1.0, 0.8, 1.2]
days = 750
rets = [[]/ []/ [1]
for in range(days):
m = random.gauss (0.0004, 0.008) # common market move

for i in range (3):
e = random.gauss (0.0, 0.010 + 0.002 * i)
rets[i] .append(beta[i] * m + e)

def mean (x) :
return sum(x) / len(x)

def std(x):
mu = mean (x)
return math.sqgrt(sum((v - mu) ** 2 for v in x) / (len(x) - 1))

def show(tag, x):
print (tag, "mean %.2f%%/yr" % (mean(x) * 252 * 100),

Tai li€u nay duogc bién soan boi doi ngli ciia website: https://tailieuso.vin
Trang 28



Dé cuong Tri tué nhan tao trong giao dich dinh lugng / Al in Quantitative Trading

"vol $.1£%%/yr" % (std(x) * math.sqrt(252) * 100))

for i, k in enumerate (names) :
show (k, rets[i])
port = [sum(rets[i][t] for i in range(3)) / 3 for t in range (days) ]
show ("EW ", port)
wealth = 1.0
for x in port:
wealth *= 1 + x
print ("equal-weight wealth after %d days: %.3f" % (days, wealth))

Két qua chay / Output

XQZ mean 9.58%/yr vol 20.7%/yr
JWK mean 13.52%/yr vol 21.1%/yr
ZVB mean 14.41%/yr vol 27.2%/yr
EW mean 12.50%/yr vol 17.2%/yr
equal-weight wealth after 750 days: 1.389

Danh muc chia déu c6 bién dong 17,2% mot nam, thép hon ca mai it bién dong nhét
(XQZ, 20,7%) va thap hon muc trung binh 23,0% ctia ba ma. Pay la da dang héa: cac ma
khong tang giam ding cing luc nén dao dong triét tiéu mot phan. Dir lidu tu sinh voi hat
gidng 7, két qua that s& khac, va con sb loi suit trung binh & day khong du bao gi.

The equal-weight portfolio has a volatility of 17.2% a year, below even the least volatile stock
(X0QZ, 20.7%) and below the 23.0% average of the three. That is diversification: the stocks do
not rise and fall at exactly the same time, so part of the swings cancels. The data is synthetic with
seed 7, real results will differ, and the average return figures here forecast nothing.

Poan ma 3: tin hiéu yéu trong nhiu 16n — Code 3: a weak signal in loud noise

Poan ma tao tin hiéu x va lgi suat hom sau r = 0,0005 * x + nhiéu, nhidu c6 do léch
chuan 0,010, tic gip 20 1an hé s6 tin hiéu. N6 dém s6 ngay ddu cua x trung ddu cia r
trong mudi ky 250 ngdy, rdi trong mot ky dai 200.000 ngay.

The code creates a signal x and the next-day return r = 0.0005 * x + noise, with noise of
standard deviation 0.010, which is 20 times the signal coefficient. It counts the days on which the
sign of x matches the sign of v over ten periods of 250 days, then over one long period of 200,000
days.

import random
random.seed (11)

def one period(days=250) :
hits = 0
sxy = sxx = syy = 0.0
for in range (days):

x = random.gauss (0, 1) # signal
r = 0.0005 * x + random.gauss (0, 0.010) # next-day return
hits += (x > 0) == (r > 0)

sxy t= x * r
SXX += X * X
syy t= r * r
return hits / days, sxy * sxy / (sxxX * syy)

res = [one period() for  in range(10)]
hit = [round(h * 100, 1) for h,  in res]
print ("hit rate per 250-day period (%) :")
print (hit)

print ("min %.1f max %$.1f" % (min(hit), max(hit)))
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h, r2 = one period(200000)
print ("200000 days: hit rate $.1£%%, R2 $.2£%%" % (h * 100, r2 * 100))

Ket qua chay / Output
hit rate per 250-day period (%) :
[55.2, 55.2, 51.2, 52.8, 47.6, 54.4, 50.0, 54.4, 55.6, 56.4]

min 47.6 max 56.4
200000 days: hit rate 51.5%, R2 0.24%

Mudi ky cho ty 18 ding tir 47,6% dén 56,4%, con ky dai cho 51,5% véi R? (phan bién
dong cua loi sudt ma tin hiéu giai thich dugc) chi 0,24%. Nghia Ia tin hi¢u c6 that nhung
chi hon dong xu khoang 1,5 diém phan traim. Ngoai doi, mic d6 dé bién mat sau chi phi

giao dich.

The ten periods give hit rates from 47.6% to 56.4%, while the long run gives 51.5% with an R?
(the share of the return's variation that the signal explains) of only 0.24%. So the signal is real
but beats a coin by only about 1.5 percentage points. In real markets that margin can disappear
after transaction costs.

Poan mi 4: quy tic san — Code 4: exchange rules

Doan ma tinh gia tran, san, budc gia, tach 16 cho bai mau 2 va tim ngdy nhan tién khi bo
qua ngay nghi 1&. Ham settle chi nhay qua thi Bay va Chu nhat.

The code computes ceiling, floor and price step, splits lots for worked example 2 and finds the
cash date, ignoring public holidays. The function settle only skips Saturday and Sunday.

import datetime

def tick(p):
return 10 if p < 10000 else 50 if p < 50000 else 100

for ref in (25000, 10000, 60000):
floor, ceil = ref * 93 // 100, ref * 107 // 100
print (ref, "floor", floor, "ceiling", ceil, "tick", tick(ref))

capital, weight, price = 2 000 000 000, 0.05, 26750

shares = int (capital * weight // price)

board = shares // 100 * 100

print ("wanted", shares, "board lot", board, "odd lot", shares - board)

o)

print ("weight reached: %.3f%%" % (board * price / capital * 100))

def settle(day, n=2):
while n:
day += datetime.timedelta (days=1)
if day.weekday () < 5:
n-=1
return day

t = datetime.date (2026, 11, 5)
print (t.strftime ("%a %d/%m"), "->", settle(t).strftime("%a %d/%m"))

Két qua chay / Output

25000 floor 23250 ceiling 26750 tick 50
10000 floor 9300 ceiling 10700 tick 50
60000 floor 55800 ceiling 64200 tick 100
wanted 3738 board lot 3700 odd lot 38
weight reached: 4.949%

Thu 05/11 -> Mon 09/11
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Ba dong dau khép cong thie (1.7) voi tham chiéu 25.000 dong. Hai dong sau khép bai
mau 2: 3.738 ¢b phiéu mong mudn, 3.700 16 chin, 38 16 1¢, dat 4,949% von. Dong cudi
cho thdy 1énh mua thir Nam 05/11 dugc nhéan chiéu tha Hai 09/11.

The first three lines match formula (1.7) with a reference price of 25,000 dong. The next two
match worked example 2: 3,738 shares wanted, 3,700 in board lots, 38 odd lots, reaching
4.949% of capital. The last line shows that an order bought on Thursday 05/11 is received on the
afternoon of Monday 09/11.

PHAI THUQC / MEMORISE — Loi suat log cong dugc qua thoi gian, loi suat don cong
dugc gitra cac ma trong danh muc. Gia tho khong so sanh duoc giita cac ma. Tin hiéu yéu can
nhiéu ky kiém, va mé hinh phai qua dugc 16, budc gia, bién do, T+2 cia san.

Log returns add across time, simple returns add across the stocks of a portfolio. Raw prices cannot be
compared between stocks. A weak signal needs many test periods, and a model must pass the lot, price
step, band and T+2 of the exchange.

Bang thuét ngiv — Glossary

Thuéat ngir Tiéng Anh Giai thich ngin

Term (Vietnamese) English Short definition

Giao dich theo quy tic bang sd, chay bang ma,
kiém lai dugc trén dit lidu.

giao dich dinh lugng  quantitative trading _ :
Trading by numeric rules run by code and testable on

data.
giao dich theo cam discretionary Nguoi giao dich tu doc tinh hinh roi quyét dinh.
tinh trading The trader reads the situation and decides personally.

Khai niém rong vé may lam viéc can tri thong
artificial inh: 4y 14 mot pha
trf tué nhan tao (AT) . . minh; hoc .may 1?1 m(_)t.phan. .
intelligence The broad idea of machines doing work that needs

intelligence; machine learning is a part.

Phuong phap dé may tu rat quan hé tir dit liéu.
hoc may machine learning Methods in which a machine draws relationships from
data.

Nganh ding thong ké dé kiém gia thuyét kinh té.
kinh té lugng econometrics The field that uses statistics to test economic
hypotheses.

Hinh dang ctia quan hé giita bién vao va bién ra.
dang ham functional form The shape of the link between input and output
variables.

Phat mé hinh phtic tap dé giit 6n dinh ngoai mau.
chinh quy hoa regularisation Penalising complex models to keep them stable out of
sample.
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Thuéat ngir

Term (Vietnamese)

Tiéng Anh

English

Giai thich ngin
Short definition

qua khop

ngodi mau

tin hiéu

nhiéu

d6 léch chuan

ty s6 Sharpe

loi suit don

loi suit log

danh muc

trong sO

ché do thi truong

kiém dinh nguoc

da dang hoa

bién do gia

16 chén

budc gia

overfitting

out of sample

signal

noise

standard deviation

Sharpe ratio

simple return

log return

portfolio

weight

market regime

backtesting

diversification

price band

board lot

price step

M5 hinh hoc ca nhiéu nén tét trén dit lidu cii, kém
trén dir liéu moi.

A model that learns the noise, good on old data, poor
on new data.

Dir li¢u khong dung khi xay mo hinh.

Data not used when the model was built.

Phan cuia dir liéu gitp du bao duoc loi suat.
The part of the data that helps forecast returns.

Phan bién dong khong du bao dugc.

The part of the variation that cannot be forecast.

Muc dao dong quanh gia tri trung binh.

The size of swings around the average.

Loi suét trung binh chia cho d¢ 1¢ch chuén.
Average return divided by standard deviation.

Gia méi chia gia cii roi trir 1.

New price divided by old price, minus 1.

Logarit ty nhién cua gia mdi chia gia cil.
Natural logarithm of new price divided by old price.

R6 nhiéu ma, mdi ma mot phan von.
A basket of several stocks, each with a share of capital.

Phan v6n danh cho mot mé trong danh muyc.
The share of capital placed in one stock of the portfolio.

Giai doan thi truong c6 cach van dong riéng.
A market period with its own way of moving.

Chay quy tac giao dich trén dit liéu qua khir.
Running a trading rule on past data.

Chia von cho nhiéu mi dé dao dong tri¢t ti€u mot
phan.

Spreading capital over many stocks so swings partly
cancel.

Miic ting giam tdi da clia gi trong mot ngay so
v6i gia tham chiéu.
The largest daily rise or fall from the reference price.

Pon vi giao dich 100 c¢6 phiéu & HOSE.
The trading unit of 100 shares at HOSE.

Khoang nhay nho nhit cua gia dat 1énh.

The smallest jump in an order price.

Tai liéu nay dugc bién soan boi ddi ngli ciia website: https://tailicuso.vin

Trang 32



Dé cuong Tri tué nhan tao trong giao dich dinh lugng / Al in Quantitative Trading

Thuéat ngir Tiéng Anh Giai thich ngin
Term (Vietnamese) English Short definition

Nhan tién va chig khoan sau hai ngay lam viéc.
T+2 T+2 settlement Receiving cash and securities two working days after
the trade.

1.12. Bai tap van dung c6 101 gidi — Applied exercises with solutions

Bai 1. Loi suat don va loi suit log ciia ma ZVB — Exercise 1. Simple and log returns of
ZVB

Mi ZVB déng cira ngay 0 13 30.000 dong, ngay 1 1a 30.600 dong, ngay 2 1a 30.000 dong,
ngay 3 1a 31.500 dong. (a) Tinh loi suat don timg ngay. (b) Cong ba loi suit d6 va so véi
loi suét that cua ca ky. (c) Tinh loi suat log timg ngdy va tong cta ching. (d) Nhan xét vé
ngay 1 va ngay 2.

The stock ZVB closes at 30,000 dong on day 0, 30,600 dong on day 1, 30,000 dong on day 2 and
31,500 dong on day 3. (a) Compute the simple return for each day. (b) Add the three returns and

compare with the true return of the whole period. (c) Compute the log return for each day and
their sum. (d) Comment on days 1 and 2.

1. Loi suit don: ngay 1 =30.600 +30.000 — 1 =2,00%; ngay 2 = 30.000 +~ 30.600 — 1 =
—1,96%; ngay 3 = 31.500 + 30.000 — 1 = 5,00%.
Simple returns: day 1 = 30,600 +~ 30,000 — 1 = 2.00%, day 2 = 30,000 ~ 30,600 — I =
—1.96%, day 3 = 31,500 < 30,000 — 1 = 5.00%.

2. Tong ba s6 =2,00% — 1,96% + 5,00% = 5,04%. Loi suat that ca ky = 31.500 + 30.000
—1=15,00%. Cong don léch 0,04 diém phan tram.
The sum = 2.00% — 1.96% + 5.00% = 5.04%. The true return of the period = 31,500 +
30,000 — 1 = 5.00%. Adding simple returns is off by 0.04 percentage points.

3. Loi suét log: ngay 1 =In(1,02) = 1,98%; ngay 2 = In(30.000 + 30.600) = —1,98%;
ngay 3 = In(1,05) = 4,88%.
Log returns: day 1 = In(1.02) = 1.98%, day 2 = In(30,000 +~ 30,600) = —1.98%, day 3 =
In(1.05) = 4.88%.

4. Téng log = 1,98% — 1,98% + 4,88% = 4,88% = 1n(31.500 + 30.000). Cong log khop
loi suét ca ky.
The log sum = 1.98% — 1.98% + 4.88% = 4.88% = In(31,500 + 30,000). Adding logs
matches the return of the period.

5. Poc két qua: ngay 1 gid 1én rdi ngdy 2 vé chd cii. Loi suat log ddi nhau (+1,98% va
—1,98%), loi suat don thi khong (+2,00% va —1,96%).
Reading the result: the price rises on day 1 and returns to its old level on day 2. The log

returns are opposite (+1.98% and —1.98%), the simple returns are not (+2.00% and
—1.96%).
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Bai 2. Danh muc 70/30 trong hai ngay khong cin bang lai — Exercise 2. A 70/30
portfolio over two days without rebalancing

Quy chia vén 70% cho ma A va 30% cho mi B. Ngay 1: A ting 3,00%, B giam 2,00%.
Ngay 2: A giam 1,00%, B ting 2,00%. Quy khong can bang lai giita hai ngay. Tinh: (a)
loi suat danh muc ngay 1; (b) ty trong méi ciia A va B cudi ngay 1; (c) loi suat danh muc
ngay 2; (d) von cudi ngay 2 néu vén dau 1a 1; (e) loi suit ngdy 2 néu can bang lai vé
70/30.

The fund puts 70% of capital in stock A and 30% in stock B. Day 1: A rises 3.00%, B falls
2.00%. Day 2: A falls 1.00%, B rises 2.00%. The fund does not rebalance between the two days.
Compute: (a) the portfolio return on day 1, (b) the new weights of A and B at the end of day 1;
(c) the portfolio return on day 2; (d) the capital at the end of day 2 if the initial capital is 1, (e)
the day 2 return if the fund rebalances to 70/30.

1. Ngay 1: 0,7 * 3,00% + 0,3 * (=2,00%) = 2,10% — 0,60% = 1,50%.
Day 1: 0.7 *3.00% + 0.3 * (—2.00%) = 2.10% — 0.60% = 1.50%.

2. Gia tri cudi ngay 1: A=0,7 * 1,03 =0,7210; B= 0,3 * 0,98 = 0,2940; tong 1,0150. Ty
trong: A =0,7210 + 1,0150 = 71,03%; B = 28,97%.
Values at the end of day 1: A = 0.7 ¥1.03 = 0.7210; B = 0.3 ¥ 0.98 = 0.2940; total 1.0150.
Weights: A = 0.7210 + 1.0150 = 71.03%, B = 28.97%.

3. Ngay 2: 0,7103 * (—1,00%) + 0,2897 * 2,00% = —0,7103% + 0,5794% = —0,13%.
Day 2: 0.7103 # (—1.00%) + 0.2897 *2.00% = —0.7103% + 0.5794% = —0.13%.

4. Vén cudi: A =0,7210 * 0,99 = 0,71379; B = 0,2940 * 1,02 = 0,29988; tong 1,01367,
tuc +1,37% sau hai ngay.
Final capital: A = 0.7210 #0.99 = 0.71379; B = 0.2940 * 1.02 = 0.29988; total 1.01367,
that is +1.37% after two days.

5. Néu can bang lai vé 70/30 trude ngay 2: 0,7 * (—1,00%) + 0,3 * 2,00% = —0,70% +
0,60% = —0,10%.
If the fund rebalances to 70/30 before day 2: 0.7 » (—1.00%) + 0.3 * 2.00% = —0.70% +
0.60% = —0.10%.

6. Poc két qua: A ting nén A chiém phan 16n hon, va ngay 2 A giam nén danh muc 18
—0,13% thay vi —0,10%. Khong can bang lai, ty trong tu trdi theo gid.
Reading the result: A rose so A holds a bigger share, and A fell on day 2 so the portfolio
loses —0.13% instead of —0.10%. Without rebalancing, weights drift with prices.

Bai 3. Gia tran, san va 1énh mua cia quy — Exercise 3. Ceiling, floor and the fund's buy
order

Ma MNK c¢6 gia tham chiéu 20.000 dong, bién do +7%, budc gia 50 dong & khoang gia
nay, 16 chin 100 c6 phiéu. (a) Tinh gia trin va gia san. (b) Cac gia dat 20.075; 21.450;
19.250 ddng c6 hop 1é khong? (¢) Quy mudn mua 2.350 co phiéu & gia 20.000 dong.
Tach 16 chin va 16 1¢, tinh gia tri phan 16 chan. (d) Lénh mua vao thir Sau 06/11, bd qua
ngay nghi 1&: chimg khoan vé tai khoan chiéu ngay nao?

The stock MNK has a reference price of 20,000 dong, a band of £7%, a price step of 50 dong in
this range and a board lot of 100 shares. (a) Compute the ceiling and the floor. (b) Are order
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prices of 20,075; 21,450, 19,250 dong valid? (c) The fund wants to buy 2,350 shares at 20,000
dong. Split board lots from odd lots and compute the value of the board-lot part. (d) The order is

bought on Friday 06/11, ignoring public holidays: on the afternoon of which day do the
securities arrive?

1. Gia tran = 20.000 * 1,07 = 21.400. Gia san = 20.000 * 0,93 = 18.600.
Ceiling = 20,000 = 1.07 = 21,400. Floor = 20,000 * 0.93 = 18,600.
2.20.075: nam giita san va trin nhung khong 13 boi cta 50, nén khong hop 18.
20,075: between floor and ceiling but not a multiple of 50, so invalid.
3.21.450: cao hon tran 21.400, khong hop 18. 19.250: trong khoang 18.600 dén 21.400
va la boi cua 50, hop 1€.
21,450: above the ceiling of 21,400, invalid. 19,250: within 18,600 to 21,400 and a multiple
of 50, valid.
4.2.350 ¢6 phiéu = 23 16 chin (2.300 cb phiéu) + 50 c6 phiéu 16 1é.
2,350 shares = 23 board lots (2,300 shares) + 50 odd-lot shares.
5. Gia tri phan 16 chin = 2.300 * 20.000 = 46.000.000 dong.
The board-lot part is worth 2,300 * 20,000 = 46,000,000 dong.

6. Thu Sau 06/11 1a ngay T. T+1 1a tha Hai 09/11, T+2 1a tha Ba 10/11, nén chung
khoén vé chiéu thir Ba 10/11.
Friday 06/11 is day T. T+1 is Monday 09/11 and T+2 is Tuesday 10/11, so the securities
arrive on the afternoon of Tuesday 10/11.

1.13. Cau hoi ty luan va dan y tra loi — Essay questions and answer outlines

Ciu 1. So sanh giao dich dinh lwong véi giao dich theo cam tinh, va néu ba nhém to
chirc 1am giao dich dinh hrgng ciing ngudn vén ciia ho.

Question 1. Compare quantitative with discretionary trading, and name three groups of
organisations that do quantitative trading together with their sources of capital.

- Dinh nghia giao dich dinh lugng: quy tic bang s, chay bang ma, kiém lai dugc.
Define quantitative trading: numeric rules, run by code, testable.

« Néu it nhét ba khac biét vé can ctr quyét dinh, kha ning lip lai, kiém lai trén qué kh.
State at least three differences in basis of decision, repeatability and testing on the past.

« Néu diém yéu cua mdi cach.
State the weakness of each way.

« Ba nhom t6 chirc: cong ty quan 1y quy, tu doanh cong ty ching khoan, ngan hang, kém
nguon von.
Three groups: fund managers, brokerage proprietary desks, banks, each with its source of
capital.

« Cho biét con ngudi con quyét dinh viée gi trong hé thong dinh luong.
Say what people still decide in a quantitative system.

Cau 2. Giai thich vi sao 'gia 1a du bdo' va vi sao hoc may hiru ich khi tap thong tin
16m va dang ham chua biét. Hoc may khac kinh té lwong ¢ dau?
Question 2. Explain why 'a price is a forecast' and why machine learning is useful when the
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information set is large and the functional form is unknown. Where does machine learning differ
from econometrics?
« Giai thich gi4 1a ky vong c6 diéu kién theo thong tin hién c6, va vi sao tin méi lam gia
nhay.
Explain that a price is an expectation conditional on current information and why news
makes it jump.
« Néu hai chiéu cta dit liéu tai chinh: thoi gian va chéo giita cac ma.
State the two dimensions of financial data: time and cross-section.
« Giai thich dang ham chwa biét va rai ro ciia mé hinh qua mém hodc qué clng.
Explain an unknown functional form and the risk of a model that is too loose or too rigid.
« Néu khac biét vé muc tiéu va cach danh gia gitra hai nganh.
State the differences in goal and in how the two fields judge.
« Giai thich chinh quy hoa va vai tro cta dit liéu chua thay.
Explain regularisation and the role of unseen data.

Cau 3. Néu bon thach thire khi ding hoc may trong tai chinh. Vi sao m§t mé hinh
thing & mét ky vin chwa di dé tin? Quy tic ciia san 1am mé hinh sai léch thé nao?
Question 3. State four challenges of using machine learning in finance. Why is a model that wins
in one period still not enough to trust? How do exchange rules distort a model?
« Bén thach thirc: tin higu yéu nhiéu 16n, dir lidu it, doi ché do, ddi thi hoc theo.
Four challenges: weak signal with loud noise, little data, changing regimes, rivals learning.
« Dung thi nghiém ty 1¢ doan dung qua mudi ky dé giai thich vi sao mot ky khong du.
Use the ten-period hit-rate experiment to explain why one period is not enough.
« Néu cac quy tic san anh hudong mé hinh: bién do, 16, budc gia, T+2.
Name the exchange rules that affect a model: band, lot, price step, T+2.
* Cho vi du béng sb vé léch trong s6 do 16 chan.
Give a numeric example of a weight gap caused by board lots.
« Néu vi sao hanh vi thao ting thi truong van bi cdm khi ding chuong trinh ty dong
(Luat Chting khoan Diéu 12).
State why market manipulation stays prohibited when an automatic program is used
(Securities Law, Article 12).

1.14. Céu héi tric nghi€ém — Multiple-choice questions

1. Gia mot ma di tir 40.000 dong 1én 42.000 dong. Loi suat don 13 bao nhiéu?
A stock's price goes from 40,000 dong to 42,000 dong. What is the simple return?
A.2,0% / 2.0%
B.4,76% / 4.76%
C.5,0% / 5.0%
D.5,5% / 5.5%
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2. Cling ma d6, gia di tir 40.000 1én 42.000 dong. Loi suét log gan nhat v4i s6 nao?
For the same stock the price goes from 40,000 to 42,000 dong. Which number is closest to
the log return?

A.5,00% / 5.00%
B. 4,88% / 4.88%
C.513% / 5.13%
D. 2,44% /| 2.44%

3. Danh muc gilr 60% ma A va 40% ma B. Trong ngay A tang 2% va B gidam 1%. Loi

suét danh muc 13 bao nhiéu?
A portfolio holds 60% of stock A and 40% of stock B. In one day A rises 2% and B falls 1%.
What is the portfolio return?

A.0,5% / 0.5%

B. 1,0% / 1.0%

C.1,2% / 1.2%

D. 0,8% / 0.8%

4. C phiéu c6 gia tham chiéu 30.000 dong, bién d6 +7%. Gia tran 1a bao nhiéu?
A share has a reference price of 30,000 dong and a band of £7%. What is the ceiling price?
A.32.100 dong / 32,100 dong
B. 32.000 dong / 32,000 dong
C. 36.000 ddng / 36,000 dong
D. 30.700 dong / 30,700 dong

5. Diéu nao gii thich ding nhét vi sao hoc méy hiru ich cho du bao gia?
Which statement best explains why machine learning helps forecast prices?

A. Thong tin lién quan dén gia 16n va dang ham néi né véi gia chua biét trudce
The information bearing on prices is large and the form linking it to prices is unknown
in advance

B. Dit liéu tai chinh nhiéu hon dit liéu & moi linh vuc khac / Financial data is more
plentiful than data in any other field

C. Tin hiéu du béo trong loi suat von dd manh va d& thiy / The forecasting signal in
returns is already strong and easy to see

D. Thi trudng gitt nguyén quy luat qua nhiéu thap ky / The market keeps the same
rules for decades
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6. Mot tin hi€éu c6 R? ngoai mau 1a 0,24%. Nhan dinh nao hop ly nhat?
A signal has an out-of-sample R? of 0.24%. Which judgement is most reasonable?
A. Tin hi¢u v6 dung va phai bdé ngay vi R nhé hon 1% / The signal is useless and
must be dropped because R? is below 1%

B. Tin hiéu chac chan sinh 10i sau moi chi phi giao dich / The signal will surely earn
a profit after all trading costs

C. Tin hiéu c6 thé co that nhung yéu, can kiém nhiéu ky va tinh chi phi / The signal
may be real but weak, so test over many periods and count costs

D. R? nho nhu vay ching té mo hinh da quéa khép / An R? this small proves that the
model has overfitted

7. M6 hinh mubn mua 1.270 c6 phiéu. Phan mua duoc theo 16 chan 100 c6 phiéu 1a bao
nhiéu?
The model wants to buy 1,270 shares. How many can be bought in board lots of 100 shares?
A. 1.270 ¢6 phiéu / 1,270 shares
B. 1.200 ¢6 phiéu / 1,200 shares
C. 1.300 ¢6 phiéu / 1,300 shares
D. 1.000 ¢6 phiéu / 7,000 shares

8. Mot chuong trinh ty dong dat va huy hang loat 1énh dé tao cung cau gia. Theo Piéu 12
Luat Chtng khoan, diéu gi dung?
An automatic program places and cancels orders in bulk to fake supply and demand. Under
Article 12 of the Securities Law, which is right?

A. Hop phap vi Iénh do mdy phat ra, khong do ngudi / Lawful because the orders are
issued by a machine, not a person

B. Hop phép néu quy bao céo sb 1énh cho nha dau tu / Lawful if the fund reports the
order count to investors

C. Chi bi cAdm khi chwong trinh gy 16 cho quy / Prohibited only when the program
causes the fund a loss

D. Thao tang thi trudng van bi cdm, du ngudi hay chwong trinh thuc hién / Marker
manipulation stays prohibited whether a person or a program does it
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Chuong 2. Dir li€u tai chinh va cac dac diem dién hinh - Crapter
2. Financial data and stylised facts

Muc tiéu chwong — Chapter objectives

« Tinh loi sudt don, loi sut log va diéu chinh gia cho ¢ tirc, chia tach.
Compute simple and log returns and adjust prices for dividends and splits.

« Nhén ra va do cac dic diém dién hinh: duéi day, bat d6i xtmg, cum bién dong, twong
quan tang lac cang thang.

Recognise and measure the stylised facts: heavy tails, asymmetry, volatility clustering,
correlation rising under stress.

« Tinh d6 1éch, d6 nhon, ty twong quan va ma tran tuong quan bang tay va bang Python.
Compute skewness, kurtosis, autocorrelation and a correlation matrix by hand and with
Python.

« Dung bang dit liéu cho hoc may ma khong dinh sai 1éch séng sot va sai 1éch nhin
trudc.

Build a data table for machine learning without survivorship or look-ahead bias.

« Lam sach dit liéu gia bang mot quy trinh c6 nhat ky.

Clean price data with a logged procedure.

2.1. Gia, lgi suat va gia di€u chinh - 2.1. Prices, returns and adjusted prices

Tuan dau thyc tap & Cong ty Quan ly quSI Canh Diéu, Hoang Nam nhén tir chi Thu Ha
mot tép gia dong cira hang ngay ctia ¢ phiéu QTK. Chi dan: trudc khi dung mé hinh
nao, em phai hiéu timg con sd trong tép niy. Ban cung nén lam nhu Nam. Moi m6 hinh &
cac chuong sau déu bat du tir cach doc gia va loi suat.

In his first week as an intern at Canh Diéu Fund Management, Hoang Nam receives from Ms
Thu Ha a file of daily closing prices for share QTK. She tells him that before building any model
he must understand every number in it. You should do the same. Every model in later chapters
starts from how prices and returns are read.

Gia dong ctra 1a muc gia khop cudi cing ctia mot phién giao dich. Loi suét cho biét gia
d3 d6i bao nhiéu so vé6i phién trude, tinh theo phan traim. Co hai cach tinh. Loi suat don
(simple return) 1a gia mai chia gia cii roi trir 1. Loi sudt log (log return) 1a logarit ty nhién
cua gid mdi chia gia cil.

The closing price is the last matched price of a trading session. The return tells you how much
the price has changed against the previous session, as a percentage. There are two ways to

compute it. The simple return is the new price divided by the old price, minus 1. The log return is
the natural logarithm of the new price divided by the old price.

R(t) =P(t) /P(t—1)—1 2.1)
r(t) =In P(t) — In P(t— 1) (2.2)

Hai s6 niy gan nhau khi gia ddi it: gia ting 1% thi loi suat don 1a 0,01 va loi suat log la
0,00995. Chung khac nhau khi ban cong nhiéu ky. Loi suat log cong dugc: téng loi suét

Tai li€u nay duogc bién soan boi doi ngli ciia website: https://tailieuso.vin
Trang 39



Dé cuong Tri tué nhan tao trong giao dich dinh lugng / Al in Quantitative Trading

log cua nhiéu ngay bang loi suat log cua ca giai doan. Loi suat don khong cong duoc.
Mudn gop loi suat don ban phai nhan (1 + R) clia tirng ngay roi trir 1.

The two numbers are close when the price moves little: a 1% rise gives a simple return of 0.01
and a log return of 0.00995. They differ when you add several periods. Log returns add up: the
sum of the log returns of many days equals the log return of the whole period. Simple returns do
not add. To combine simple returns you must multiply the (1 + R) of each day and subtract 1.

Nhiéu tai liéu mé hinh hoa log gia bang budc ngau nhién co trdi: log gia hom nay bang
log gia hom qua cong mot hang sé p (d6 troi) cong mot nhidu ngau nhién. Theo Palomar
(2025), @6 1a mo hinh don gian nhat cho gia, va cac muc sau s& kiém xem nd sai & chd
nao.

Many texts model the log price as a random walk with drift: today's log price equals yesterday's

log price plus a constant u (the drift) plus a random noise term. According to Palomar (2025),
that is the simplest model for prices, and the next sections test where it goes wrong.

InP(t)=p+InP(t—1) + g(t) (2.3)

Céch tinh lgi suat tir mot cot gia — How to compute returns from a column of prices

1. Lay cot gia dong cira da diéu chinh (xem phan sau), xép theo thir ty ngdy ting dan.
Take the column of adjusted closing prices (see the next steps), sorted by date in ascending
order.

2. V&i mbi ngdy tir ngay thir hai, chia gia hdm nay cho gid hom qua. Vi du 41.200 /
40.000 = 1,03.
For each day from the second, divide today's price by yesterday's. For example 41,200/
40,000 = 1.03.

3. Trir 1 dé 6 loi sut don: 1,03 — 1 = 0,03, ttrc 3%.
Subtract 1 to get the simple return: 1.03 — 1 = 0.03, which is 3%.

4. Lay logarit ty nhién cta két qua budc 2 dé co loi suat log: In(1,03) = 0,02956, tiic
2,956%.
Take the natural logarithm of the result of step 2 to get the log return: In(1.03) = 0.02956,
which is 2.956%.

5. Mubn loi suit ca giai doan, cong cac loi suat log roi d6i lai bé‘mg e mi téng, tror 1.
For the return of the whole period, add the log returns and convert back with e to the power
of the sum, minus 1.

Bai miu 1: nim loi suit ciia co phiéu QTK - Worked example I: five returns of share
OTK

Nam c6 sau gia dong cira ciia QTK. Hay tinh loi suat don va loi suat log cta timg ngay,
1i so tong v&i loi suat that ca ky.

Nam has six closing prices of QTK. Compute the simple and log return of each day, then
compare their sums with the true return of the whole period.
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Ngay Gia déng cira (dong) Loi suét don (%) Loi suit log (%)
Day Close (dong) Simple return (%) Log return (%)

| 40.000 - -
40,000

5 41.200 3,000 2,956
41,200 3.000 2.956

3 40.600 1,456 1,467
40,600 —1.456 —1.467

A 42.100 3,695 3,628
42,100 3.695 3.628

5 41.500 1,425 1,435
41,500 —1.425 —1.435

p 43.000 3,614 3,551
43,000 3.614 3.551

Téng nam loi suat don 13 7,428%. Toéng nam loi suat log 1a 7,232%. Loi suat that ciia ca
ky 1a 43.000 / 40.000 — 1 = 7,500%. Doi tir log: e mii 0,07232 trur 1 cting ra 7,500%.
Nghia 13 cong loi suat don 1am 1éch —0,072 diém phan trim chi sau nim ngay.

The sum of the five simple returns is 7.428%. The sum of the five log returns is 7.232%. The true
return of the whole period is 43,000 / 40,000 — 1 = 7.500%. Converting from logs, e to the
power 0.07232 minus 1 also gives 7.500%. So adding simple returns is off by —0.072 percentage
points after only five days.

import math, random
random. seed (3)
gia = [40000.0]
for in range(500):
gia.append(gia[-1] * math.exp(random.gauss (0.0003, 0.012)))
don = [b / a - 1 for a, b in zip(gia, gia[l:])]
log = [math.log(b / a) for a, b in zip(gia, gia[l:])]
print ("Gia dau, gia cubi:", round(gia[0]), round(gia[-11))
print ("Céng loi sudt don (%):", round (100 * sum(don), 2))
print ("Céng loi sudt log (%):", round (100 * sum(log), 2))
print ("Loi sudt thuc ca ky (%):", round (100 * (gia[-1] / gia[0] - 1), 2))
print ("Pdi tu log (%):", round(l00 * (math.exp(sum(log)) - 1), 2))

Két qua chay / Output

Giad dau, gia cubdi: 40000 32926

Céng loi sudt don (%): -15.96
Céng loi sudt log (%): -19.46
Loi sudt thuc ca ky (%): -17.69
pdi tu log (%): -17.69

Mi mé phong 500 ngay cho gia cubi 32.926 dong tir 40.000 dong. Tong loi suat don 1a
—15,96%, trong khi lgi suat that 1a —17,69%: léch 1,73 diém. Tong loi suat log la
—19,46%, d6i lai thanh —17,69%, khép véi loi suat that. Chudi gia nay tu sinh, nén con sb
chi minh hoa céch cdng.

The simulated 500-day series ends at 32,926 dong from 40,000 dong. The simple returns add to
—15.96% while the true return is —17.69%: a gap of 1.73 points. The log returns add to
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—19.46%, which converts back to —17.69%, matching the true return. The price series is self-
generated, so the figures only show how the addition works.

LOI HAY GAP / COMMON MISTAKE — Cong loi sudt don ciia nhiéu ky rdi coi d6 1 loi
suét ca giai doan. Chudi 500 ngdy & trén cho hai con sb khac han nhau. Hiy cong loi suét log,
hoac nhan (1 + R).

Adding the simple returns of several periods and treating the sum as the return of the whole period.
The 500-day series above gives two clearly different figures. Add log returns, or multiply the (I + R)
terms.

Con mot didu vé gia can xir Iy trude khi tinh lgi suat. Gia diéu chinh (adjusted price) 1a
gia da sta theo cac sy kién lam gia roi ma tai san cta cd dong khong giam. C6 hai sy
kién chinh. C6 tic tién mit: cong ty tra tién cho co dong, va tir ngdy giao dich khong
hudéng quyén (ex-dividend date) gia c6 phiéu thap di dung bang phan tién d6. Chia tach
(stock split): mot c¢o phiéu cii doi thanh vai ¢6 phiéu méi, gia mdi c¢o phiéu giam tuong
tmg. Thuong c6 phiéu cho két qua tuong tu.

One more thing about prices needs handling before returns are computed. The adjusted price is
the price corrected for events that make the price fall while the shareholder's wealth does not.
There are two main events. Cash dividend: the company pays money to shareholders, and from
the ex-dividend date the share price is lower by about that amount. Stock split: one old share
becomes several new shares, and the price per share falls in proportion. A bonus share issue has
a similar effect.

Néu ban bo qua diéu chinh, loi suat ctia ngdy xdy ra su kién sai, va chudi loi suat xuat
hién nhitng ngay 15 nira gia chua timg c6. M6 hinh s& hoc nham cac ¢l roi gia dé thanh
rui ro that. Cach sura 1a nhan moi gia trude ngay su kién véi mot hé $0.

If you skip the adjustment, the return of the event day is wrong and the return series shows days

of a half-price loss that never happened. A model will learn those false drops as real risk. The fix
is to multiply every price before the event date by a factor.

1. C6 tirc tién mat: hé sd f= (gia dong ctra ngdy trude — cd tirc) / gia dong clra ngdy

trude.
Cash dividend: factor f = (previous close — dividend) / previous close.

2. Chia tach mot thanh k: hé s6 £=1/k. Vi du mot thanh hai thi f=0,5.
Split of one into k: factor f = 1/ k. For example one into two gives f = 0.5.

3. Nhan moi gia TRUOC ngay su kién véi f. Gia tir ngdy su kién tro di giit nguyén.
Multiply every price BEFORE the event date by f. Prices from the event date onward stay
unchanged.

4. Tinh loi suat tir chudi gia da nhan. Vi nhiéu sy kién, nhan cac hé s6 lai véi nhau.
Compute returns from the adjusted series. With several events, multiply the factors together.

f= (P(trwéc) — D) / P(trudce) (2.4)
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Bai miu 2: hai su kién ciia cd phiéu QTK - Worked example 2: two events of share QTK

Tinh hudng 1: QTK déng cira 50.000 ddng, hom sau 13 ngay khoéng huong quyén cb tirc
2.000 dong, gia dong cira 48.200 dong. Tinh hubng 2: mot ma khac dong ctra 90.000
d6ng, hom sau chia tich mot thanh hai va dong cira 45.500 dong.

Case 1: QTK closes at 50,000 dong, and the next day is the ex-dividend day for 2,000 dong, with

a close of 48,200 dong. Case 2: another share closes at 90,000 dong, and the next day splits one
into two and closes at 45,500 dong.

1. C6 tirc: hé s6 £=(50.000 — 2.000) / 50.000 = 0,96. Gia ngay trudc diéu chinh =
50.000 * 0,96 = 48.000 dong.
Dividend: factor f= (50,000 — 2,000) / 50,000 = 0.96. Adjusted previous price = 50,000 *
0.96 = 48,000 dong.

2. Loi suét tho = 48.200 / 50.000 — 1 = —3,60%. Loi suat diéu chinh = 48.200 / 48.000 —
1=0,42%.
Raw return = 48,200/ 50,000 — 1 = —3.60%. Adjusted return = 48,200 /48,000 — 1 =
0.42%.

3. Chia tach: f=0,5. Gia ngay trudc diéu chinh = 90.000 * 0,5 = 45.000 dong.
Split: f=0.5. Adjusted previous price = 90,000 * 0.5 = 45,000 dong.

4. Loi suat thd = 45.500 / 90.000 — 1 = —49,44%. Loi suat diéu chinh = 45.500 / 45.000
-1=1,11%.
Raw return = 45,500/ 90,000 — 1 = —49.44%. Adjusted return = 45,500/ 45,000 — 1 =
1.11%.

Doc két qua: gia tho bao 16 3,60% o tinh huéng 1 va gn mot nira & tinh hudng 2, nhung
¢ dong thyc té 13i 0,42% va 1,11%. Chi loi suat diéu chinh méi dua vao mo hinh.

Reading the result: raw prices report a loss of 3.60% in case 1 and almost half in case 2, yet
shareholders actually gain 0.42% and 1.11%. Only the adjusted return belongs in a model.

def dieu chinh(gia, ngay, he so):
return [g * he so if i < ngay else g for i, g in enumerate (gia)]
def loi suat(gia, 1i):
return gial[i] / giali - 1] - 1
cotuc = [49000, 50000, 48200]
he so = (50000 - 2000) / 50000
dc = dieu chinh(cotuc, 2, he so)
print ("Cé tac hé sb:", round(he so, 4))
print ("Cé ttc thé (%):", round (100 * loi suat(cotuc, 2), 3))
print ("Cé téc diéu chinh (%):", round (100 * loi suat(dc, 2), 3))
tach = [88000, 90000, 45500]
dc2 = dieu chinh(tach, 2, 0.5)

print ("Tach thdé (%):", round (100 * loi suat(tach, 2), 3))
print ("Tach diéu chinh (%):", round (100 * loi suat(dc2, 2), 3))
print ("Giad sau diéu chinh:", [round(g) for g in dc2])

Két qua chay / Output

cd tuc hé sb: 0.96

Cod tlic thdé (%): -3.6
cd tuc diéu chinh (%): 0.417
Tach thdé (%): -49.444

Tach diéu chinh (%): 1.111
Gid sau diéu chinh: [44000, 45000, 45500]
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M3 trén cho dung bdn sé cua bai mau: —3,600%, 0,417%, —49,444% va 1,111%. Ham
diéu chinh chi nhan céc gia c¢6 chi sé nho hon ngay su kién, diing nhu bude 3.

The code gives exactly the four numbers of the worked example: —3.600%, 0.417%, —49.444%
and 1.111%. The function multiplies only prices whose index is smaller than the event day, as in
step 3.

1
80.000 !
i ngay chia tach
| mot thanh hai
1
i
(]

70.000

=)
,:5 60.000 -] = Gia thd
=t —— Gié diéu chinh
3
50.000
:M
i
1
T T T T T T T
0 10 20 30 40 50 60
Ngay giao dich

Hinh 2.1. Hai dudng gi4 cua cung mot ¢6 phiéu ty sinh. Nhin duong cam: gia tho tut mot nira
ngay ngay chia tach. Puong xanh lién mach vi gia truéc d6 di nhan 0,5.
Figure 2.1. Two price lines for the same simulated share. Look at the orange line: the raw price drops by
half on the split day. The blue line is continuous because earlier prices were multiplied by 0.5.

PHAI THUQC / MEMORISE — Loi suit don R = P(t) / P(t — 1) — 1 va loi suit log r = In
P(t) — In P(t — 1). Log cong duoc qua céc ky, don thi khong. Ludn tinh tir gia diéu chinh: nhan
gia trudc ngay sy kién voi f.

Simple return R = P(t) / P(t — 1) — 1 and log return r = In P(t) — In P(t — 1). Log returns add across
periods, simple ones do not. Always compute from adjusted prices: multiply prices before the event

day by f.

2.2. Cac dac diém dién hinh cia loi suit — 2.2. Stylised facts of returns

Pic diém dién hinh (stylised fact) 1a mot tinh chét cua dit liéu di duoc nhiéu nghién ctu
doc 1ap quan sat thay ¢ nhiéu tai san, nhiéu thi trudng va nhiéu thoi ky. Biét cac dic diém
nay giéng nhu biét thoi tiét trude khi 1én ké hoach di ngoai: ban chua biét ngdy mai mua
hay ning, nhung biét mia nao hay mua. Theo Palomar (2025), c6 sau dic diém dang
nhd.

A stylised fact is a property of the data that many independent studies have observed across
many assets, markets and periods. Knowing these facts is like knowing the climate before
planning a picnic: you do not know whether tomorrow is wet or dry, but you know which season
is rainy. According to Palomar (2025), six facts are worth remembering.
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Pic diém

Fact

Nghia la

What it means

Trung binh va bién

Vi du doi thwong
Everyday example

Nhié¢t d§ trung binh thang

H¢ qua khi dung mé hinh

Consequence for models

M5 hinh chay t6t nim trudc

N dong doi theo thoi NS Ay
Khoéng dung i.ang Giéng khac thang Bay c6 thé hong ndm sau
Non-stationary & . The average temperature in A model that worked last year
Mean and volatility

change over time

January differs from July

may fail next year

Gﬁn nhu SN SN ; A <, A \
R Loi suat hom nay it Tung dong xu: mat sap vua St ea .z
khong tu T SR R , o 1A e Tin hi¢u trong loi suat
cho biét lgi suat ngay ra khong bao trude lan téi \ . ,
tuong quan . , o mong, kho du bao
mai A coin toss: the face just ’ . o
Almost no ‘ . The signal in returns is thin
. Today's return says shown does not predict the i
autocorrelatio . and hard to forecast
little about tomorrow's | next
n
Ngay cuc doan
thuong hon phan Da s0 ngay ém, thinh Do rui ro bang mo hinh
buoi day phéi chuan néi thoang c6 mot con bao Ion  chuan sé danh gia thap
Heavy tails Extreme days are more = Most days are calm, now and ~ Measuring risk with a normal

Bét dbi xtmg
13i 16
Gain and loss

frequent than the

normal says

Phan phdi léch, 16
16n nhiéu hon 1ai 16n
The distribution is
skewed, large losses

then a big storm

Leo cau thang timg budc,
nga thi chi m¢t khoanh
khic

Climbing stairs step by step,

model understates it

Phai do d¢ léch, dung chi
nhin trung binh

Measure skewness, do not look

t ly at th
At outnumber large gains  falling is quick oy ar e mean
Ngay 16n ndi ngay
Cum bién 16n, ngay nho ndi Bién dong du bao dugc du
dong ngay nho Mua bdo dén theo timg dot  loi suat kho du bao
Volatility Large days follow Storms come in spells Volatility is forecastable even
clustering large days, small days if returns are not
follow small
Cac ma thuong di N x. e e
\ o Ngay nang moi nguoi di
cung nhau; luc thi - ] o s A e s
Tuong quan . PR . mot hudng, ngay bao ca DPa dang hoa yeu di dung
\ 2 truong xau cang sat . A o L 1
cung chiéu nha chay vao mét cho luc can nhat
o nhau N .
Positive On sunny days people scatter, = Diversification weakens just
. Shares tend to move . o
correlation in a storm everyone runs to when it is needed

together, and closer
still in bad markets

one place

Cot cubi cua bang 1a didu nén nhé: mdi dic diém doi mot viéc cu thé khi ban dung dir
liéu hodc md hinh. Ba muc sau do 1an luot dudi day va bat déi xing (muc 2.3), tu tuong
quan va cum bién dong (muc 2.4), twong quan giira cac ma (muc 2.5).

The last column is the part to remember: each fact calls for a specific action when you build
data or models. The next three sections measure, in turn, heavy tails and asymmetry (section

2.3), autocorrelation and volatility clustering (section 2.4), and correlation between shares
(section 2.5).
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Mot con s6 cho thay dudi day nghia 1 gi. Néu loi suit ngay theo phan phdi chuan, xac
sudt mot ngay léch xa trung binh hon 5 d6 léch chuan 1a 5,73 phﬁn muoi triéu. Tuc
khoang mét 1an trong 7.000 nim giao dich, tinh 250 ngay mdi nam. Trong dir liéu that
nhiing ngay nhu vy xuat hién trong vai nam, khong phai vai nghin nam.

One number shows what heavy tails mean. If daily returns followed the normal distribution, the
probability of a day more than 5 standard deviations from the mean would be 5.73 in ten million.
That is about once in 7,000 trading years of 250 days. In real data such days appear within a
few years, not a few thousand.

Tan sut dir liéu cling doi cach cac dic diém biéu hién. Dir liéu tuan, thang gan chuan
hon sau khi hiéu chinh cum bién dong, nhung c6 qua it quan sat. Dit lidu ngay c6 dudi
day ro va da quan sat néu mo hinh khoéng c6 qua nhiéu tham sb. Di liéu trong ngay c6
hang triéu quan sat, hgp v6i hoc may, nhung nhiéu ciia co ché khép 1énh 16n dan.

Data frequency also changes how the facts show. Weekly and monthly data are closer to normal
once volatility clustering is corrected, but there are too few observations. Daily data have clear
heavy tails and enough observations if the model does not have too many parameters. Intraday
data have millions of observations, which suits machine learning, but the noise of the order-
matching mechanism grows.

Tén suit S6 quan sat trong 10 nim Piéu cin cin than

Frequency Observations in 10 years What to watch

Théng khoang 120 Quié it dit liéu cho nhiéu tham s6
Monthly about 120 Too little data for many parameters
Ngay khoang 2.500 Pudi day, cum bién dong 1d

Daily about 2,500 Clear heavy tails and clustering
Trong ngay hang tri¢u Nhiéu khép 1énh, cin mé hinh riéng
Intraday millions Matching noise, needs its own models

Nam héi chi Thu Ha nén bat du tir tan suat ndo. Chi tra 10i: dir liéu ngay, vi du dai dé
wdc lugng va di gon dé kiém tra bang tay.

Nam asks Ms Ha which frequency to start with. She answers: daily data, because it is long
enough to estimate from and compact enough to check by hand.

2.3. Bg léch, Ao nhon va phan phf’)i chuin — 2.3. Skewness, kurtosis and the normal

distribution

Phéan phéi chuan (normal distribution) 1a dudng chudéng ddi xtmg, chi can hai s6 dé mo
ta: trung binh p va phuong sai 62. N6 dé tinh toan nén duoc dung nhiéu. Vi tiéng 6n cia
mach dién, gia dinh d6 kha hop 1y. Véi loi suat c6 phiéu thi thiéu hai mé ta: mirc bat d6i
xung va d¢ day cua duoi.

The normal distribution is a symmetric bell curve described by just two numbers: the mean u and
the variance o It is easy to calculate with, so it is widely used. For electrical circuit noise the

assumption is fairly reasonable. For share returns two descriptions are missing: the degree of
asymmetry and the thickness of the tails.
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Do 1éch (skewness) do bat di xing. Bang 0 1a d6i ximg. Am nghia 14 duéi bén 16 dai hon
duoi bén 1ai. PO nhon (kurtosis) do do day cua dudi so voi duong chudng. Phan phéi
chuan c6 d6 nhon bang 3. Lon hon 3 12 dudi day: ngay cuc doan thudng hon. Loi suat tai
chinh thuong c6 d6 1éch 4m va do nhon 1én, nghia 1 c6 kha ning 16 16m & dudi trai.
Skewness measures asymmetry. Zero means symmetric. Negative means the loss side has a
longer tail than the gain side. Kurtosis measures the thickness of the tails compared with the bell
curve. The normal distribution has kurtosis 3. Above 3 the tails are fat: extreme days are more
frequent. Financial returns usually show negative skewness and large kurtosis, which means a
chance of very large losses in the left tail.

S=[E(ri—-w?/n]/o° (2.5)
=[Z(@—-w*/n]/c* (2.6)

Cach do dg 1éch va do nhon — How to measure skewness and kurtosis

1. Tinh trung binh p = tong loi suat / n.
Compute the mean u = sum of returns / n.

2. V&i mbi ngdy, tinh d6 1&ch so véi trung binh: r; — p.
For each day compute the deviation from the mean: r; — L.

3. Tinh phuong sai 62 = trung binh cta (r; — ), rdi 6 = Vo>.
Compute the variance 6? = the average of (ri — 1)? then o = No?.

4. Tinh trung binh ctia (r; — w)?® roi chia cho ¢®. D6 1a d6 léch S.
Compute the average of (v; — u)° and divide by o°. That is the skewness S.

5. Tinh trung binh cta (r; — p)* roi chia cho ¢*. D6 14 6 nhon K. So K vai 3.
Compute the average of (v; — u)? and divide by o*. That is the kurtosis K. Compare K with 3.

Bai miu 3: tam lgi suit ngay cia ma HLM - Worked example 3: eight daily returns of
share HLM

Tam loi suat ngay cia HLM (%) gdm mot ngay giam manh. Chia cho n = 8, 1am du nim
budc.

Eight daily returns of HLM (%) include one sharp fall. Divide by n = 8 and do all five steps.

-

1,375 1,891 2,60
I 2 1.375 1.891 2.60 3 6
> 0,6 0,775 0,601 0,47 0,4
0.6 0.775 0.601 0.47 0.4
3 —0,4 —0,225 0,051 —-0,01 0,0
-0.4 —0.225 0.051 —0.01 0.0
4 0,9 1,075 1,156 1,24 1,3
0.9 1.075 1.156 1.24 1.3
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Ngay 0 g . R
-

5,8 —5,625 31,641 —177,98 1.001,1
-5.8 -5.625 31.641 —177.98 1,001.1
6 0,7 0,875 0,766 0,67 0,6
0.7 0.875 0.766 0.67 0.6
7 1,1 1,275 1,626 2,07 2,6
1.1 1.275 1.626 2.07 2.6
3 0,3 0,475 0,226 0,11 0,1
0.3 0.475 0.226 0.11 0.1

Trung binh p=—-1,4/ 8 =—0,175. Phuong sai 6®> = 37,955 / 8 = 4,744, d¢ 1éch chuin o =
2,178. Bg lgch S = (—170,83 / 8) / 10,334 = —2,07. Do nhon K = (1.009,7 / 8) / 22,509 =
5,61.

Mean u = —1.4 /8 = —0.175. Variance 6 = 37.955 / 8 = 4.744, standard deviation ¢ = 2.178.
Skewness S = (—170.83/8) / 10.334 = —2.07. Kurtosis K = (1,009.7/8) / 22.509 = 5.61.

Poc két qua: do 1éch —2,07 &m manh va dé nhon 5,61 vuot xa 3, vi mdt ngay giam 5,8%
chi phéi ca bang. Tam ngay qua it dé két luan vé thi trudng, nhung dii dé thay cach mot
ngay xau kéo hai sé nay.

Reading the result: skewness —2.07 is strongly negative and kurtosis 5.61 is far above 3, because

one day of a 5.8% fall dominates the table. Eight days are too few to conclude about the market,
but enough to see how one bad day pulls both numbers.

Do 1éch va dd nhon cho ban hai con sb. Dé théy ca hinh dang, nha phan tich dung dd thi
Q-Q: xép loi suat tir nho dén 16n rdi vé timg gid tri voi gid tri twong tmg ctia phan phdi
dang thtr. Néu cac diém nam trén mot duong thang thi phan phdi hop, néu hai dau cong
ra xa thi dudi day hon. Pé c6 két luan bang s6, nguoi ta dung kiém dinh théng ké, vi du
kiém dinh Anderson—Darling. Gia tri p (p-value) 13 x4c suat thdy dir liéu 1éch nhu vay
néu phan phdi dang thtr 13 dung. Gid tri p nho hon 0,05 thuong duge coi 1a bang ching
béac phan phdi do.

Skewness and kurtosis give you two numbers. To see the whole shape, analysts use the O—Q plot:
sort the returns from small to large and plot each against the matching value of the distribution
under test. If the points lie on a straight line the distribution fits, and if the two ends curve away
the tails are fatter. For a verdict in numbers, a statistical test is used, for example the Anderson—
Darling test. The p-value is the probability of seeing data this far off if the tested distribution
were true. A p-value below 0.05 is usually taken as evidence against that distribution.

Véi chudi loi suat ngdy ctia mot chi sb 16n, cac kiém dinh kiéu nay bac phan phdi chuan
dut khoat. Phan phdi Student t (c6 dudi day) kha hon, va phan phdi t 1éch (vira day dudi
vira bt d6i xtmg) hop nhét. Ban chua can udc luong cac phan phdi 4y ¢ day; diéu can
nhé 1a chuan thudng khong du.

On daily return series of a large index, tests of this kind reject the normal distribution firmly.
The Student t distribution (with fat tails) fits better, and the skewed t distribution (fat-tailed and
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asymmetric) fits best. You do not need to estimate those distributions here; the point to
remember is that the normal is usually not enough.

import math, random
def sinh(n, seed):
random. seed (seed)
h, out = 0.00005, []
for in range(n):
chi = sum(random.gauss (0, 1) ** 2 for  in range(5))
z = random.gauss (0, 1) / math.sqgrt(chi / 3)
r = 0.0003 + math.sgrt (h) * z
if random.random() < 0.004:
r -= abs(random.gauss (0.04, 0.01))
out.append (r)
h = 0.000002 + 0.10 * (r - 0.0003) ** 2 + 0.86 * h
return out
def mom (x) :
n = len(x)
m = sum(x) / n

s2 = sum((v - m) ** 2 for v in x) / n
sk = sum((v - m) ** 3 for v in x) / n / s2 ** 1.5
ku = sum((v - m) ** 4 for v in x) / n / s2 ** 2

return m, math.sqgrt(s2), sk, ku

r = sinh (2500, 7)

m, s, sk, ku = mom(r)

print ("Trung binh (%/ngay):", round (100 * m, 4))
print ("BS léch chuén (%/ngay) :", round (100 * s, 4))
print ("6 léch:", round(sk, 3))

print ("DPS nhon:", round(ku, 3))

print ("Ngay té nhit (%):", round(100 * min(r), 2))
print ("Ngay té nhit (sbé o):", round((min(r) - m) / s, 2))

ngoai = sum(l for v in r if abs(v - m) > 3 * s)

print ("Sé ngay ngoai 3c:", ngoai)

print ("Ky vong néu chudn:", round (2500 * math.erfc(3 / 2 ** 0.5), 1))
jb = len(r) / 6 * (sk ** 2 + (ku - 3) ** 2 / 4)

print ("Théng k& Jarque-Bera:", round(jb, 1))

Két qua chay / Output

Trung binh (%/ngay): 0.0075

P& léch chudn (%/ngay): 0.8739
bo 1léch: -0.208

bPd nhon: 9.959

Ngay té& nhdt (%): -5.49

Ngay té& nhdt (sbé o): -6.29

S6 ngay ngoai 3o0: 46

Ky vong néu chudn: 6.7

Théng ké Jarque-Bera: 5061.8

Trén 2.500 ngay tu sinh, d 1€ch 1a —0,208 va d0 nhon 1a 9,959. Ngay té nhét 18 5,49%,
tc 6,29 d léch chuan dudi trung binh. Cé 46 ngay ngoai 3 d6 léch chuan, trong khi

phan phdi chuan chi ky vong 6,7. Théng ké Jarque—Bera, két hop d6 l1éch va do nhon,
bang 5.061,8, 16n hon han ngudng 5,99 & mirc 5%. Chudi ndy tu sinh voi dudi day ¢ chir
dich, nén day la cach kiém tra, chua phai phat hién vé thi truong.

On 2,500 simulated days, skewness is —0.208 and kurtosis is 9.959. The worst day loses 5.49%,
which is 6.29 standard deviations below the mean. There are 46 days beyond 3 standard
deviations, whereas the normal distribution expects only 6.7. The Jarque—Bera statistic, which
combines skewness and kurtosis, is 5,061.8, very large against the 5% threshold of 5.99. The
series is simulated with deliberately fat tails, so this shows how to test, not a finding about the
market.
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Hinh 2.2. S6 ngay vuot k do 1éch chuan trong 2.500 ngay tu sinh. Nhin cip cot & k =4 va 5: cot
cam cao vai ngdy, cot xanh gan bang 0.
Figure 2.2. Number of days beyond k standard deviations in 2,500 simulated days. Look at the pairs at k
=4 and 5: the orange bar is several days high while the blue bar is almost zero.

LOI HAY GAP / COMMON MISTAKE — Tin trung binh mau ngén han. Trung binh lgi
sudt ngay chi 1 mot phan nho cua d6 1éch chudn, nén ude lugng tir vai thang dao dong manh.
Hay bao kém khoang sai s6, dirng coi né 1 loi sudt ky vong.

Trusting a short-sample mean. The mean daily return is only a small fraction of the standard
deviation, so an estimate from a few months swings widely. Report an error band with it and do not
treat it as the expected return.

PHAI THUQC / MEMORISE — Phan phdi chuén c6 d6 1éch 0 va d6 nhon 3. Loi suét tai
chinh thudng c6 d léch 4m va d6 nhon 16n hon 3: dudi day, 16 16n thuong hon mé hinh
chuén noi.

The normal distribution has skewness 0 and kurtosis 3. Financial returns usually have negative
skewness and kurtosis above 3: fat tails, with large losses more frequent than a normal model says.

2.4. Ty twong quan va cum bién dong — 2.4. Autocorrelation and volatility clustering

Cau hoi 16n nhét cua du bao 1a: qua khir cia mot chudi c6 cho biét gi vé tuong lai ctia né
khong? Gia thuyét thi truong hiéu qua (efficient-market hypothesis, EMH) néi rang gia
d3 phan anh moi thong tin sin c6, nén khong ai c6 thé thang thi truong déu din bang cach
chon ma hay chon thoi diém, trir khi nhan thém rui ro. Gia thuyét nay duoc tranh ludn
nhiéu thap ky, va nhiéu nha dau tu chit dong van tin c6 thé thiét ké danh muc thang thi
truong.

The biggest question in forecasting is whether the past of a series says anything about its future.
The efficient-market hypothesis (EMH) states that prices already reflect all available
information, so nobody can beat the market steadily by picking shares or timing, unless taking
more risk. The hypothesis has been debated for decades, and many active investors still believe
portfolios can be designed to beat the market.

Dit liéu cho mot cach do cu thé. Tu twong quan (autocorrelation) 12 hé s twong quan
gitta chudi va chinh n6 Iii k ngay, goi k 1a do tré (lag). Ham ty twong quan
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(autocorrelation function, ACF) 1a danh sach cac gia tri nay theo k = 1, 2, 3... Néu loi
suat hom nay khong cho biét gi vé ngay mai, ACF & moi k gan 0.

The data give a concrete measure. Autocorrelation is the correlation coefficient between a series
and itself shifted back by k days, with k called the lag. The autocorrelation function (ACF) is the
list of these values for k = 1, 2, 3... If today's return says nothing about tomorrow's, the ACF is
near 0 at every k.

P=2 (T — W (e — W) /= (re— p)? (2.7)

Cach do tw twong quan d tré 1 — How to measure lag-1 autocorrelation

1. Tinh trung binh p ctia chudi va do léch r, — p ciia timg ngay.
Compute the mean u of the series and the deviation r, — u of each day.

2. V&i mdi ngdy tir ngay thir hai, nhan do 1éch cta ngay d6 véi do 1éch ciia ngay lién
trudce.
For each day from the second, multiply that day's deviation by the previous day's.

3. Cong céc tich ¢ budc 2. Cong binh phuong dd 1éch ciia moi ngay.
Add the products from step 2. Add the squared deviations of all days.

4. Chia tong tich cho tong binh phuong: d6 1a pi. SO gan 0 1a khong tu twong quan.
Divide the sum of products by the sum of squares: that is p:. A number near () means no
autocorrelation.

5. Lap lai voi chudi binh phuong lgi suat r2. Néu p: cta 12 duwong va 16n thi bién dong c6
tinh cum.

Repeat with the series of squared returns ri. If p: of ¥? is positive and large, volatility
clusters.

Bai miu 4: muoi ngay cua ma VZP — Worked example 4: ten days of share VZP

Mudi loi suat ngay ctia VZP (%) c6 hai ngdy yén roi mot dot bién dong. Tinh p: cia r va
cua r.

Ten daily returns of VZP (%) show quiet days and then a spell of large moves. Compute p: of r
and of 2.

Ngay ° Tich r Tich r?
- r product R r? product

0,09 0,21 B 2,62 B
0 3 0.09 0.21 —2.62

5 0,5 0,25 0,59 0,12 2,46 6,42
-0.5 0.25 —0.59 -0.12 —2.46 6.42

3 0.4 0,16 0,31 0,18 2,54 6.25
0.4 0.16 0.31 —0.18 —2.54 6.25

A 0,2 0,04 0,11 0,03 2,67 6,78
0.2 0.04 0.11 0.03 —2.67 6.78
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Ngay ° Tich r Tich r?
- r product T r? product

2,6 6,76 2,69 0,30 4,06 10,81
26 6.76 ~2.69 ~0.30 4.06 ~10.81
y 2,2 4,84 ~2,29 6,16 2,14 8,66
-2.2 4.84 -2.29 6.16 2.14 8.66
; 2,9 8,41 2,81 6,43 5,71 12,18
2.9 8.41 2.81 —06.43 5.71 12.18
5 2,5 6,25 2,41 6,77 3,54 20,22
2.5 6.25 241 6.77 3.54 20.22
o 0,3 0,09 0,21 0,51 2,62 ~9,27
0.3 0.09 0.21 0.51 —2.62 -9.27
10 0,4 0,16 0,49 0,10 2,54 6,66
~0.4 0.16 ~0.49 ~0.10 ~2.54 6.66

Véi r: trung binh p = 0,090, tong tich = 6,33, tong binh phuong = 26,97, nén p: = 0,235.
Véi 12 trung binh p. = 2,705, tong tich = 47,09, tong binh phuong = 105,88, nén p: =
0,445.

For r: mean u = 0.090, sum of products = 6.33, sum of squares = 26.97, so p: = 0.235. For r*:
mean 2 = 2.705, sum of products = 47.09, sum of squares = 105.88, so p1 = 0.445.

Poc két qua: p1 cua r 1a 0,23, nho, con p: cua r? 1a 0,44, 16n hon r8. Vi chi 10 ngay,
ngudng ¥ nghia 2 / Vn 13 0,63, nén ca hai chua vuot ngudng; bai nay chi dé ban luyén
cach tinh. Chudi dai & phan sau méi cho két ludn.

Reading the result: p: of v is 0.23, small, while p: of r? is 0.44, clearly larger. With only 10 days
the significance threshold 2 /\n is 0.63, so neither passes it; this exercise is only for practising
the calculation. The long series in the next code block gives the conclusion.

import math, random
def sinh(n, seed):
random. seed (seed)
h, out = 0.00005, []
for in range(n):
chi = sum(random.gauss(0, 1) ** 2 for in range(5))
Z random.gauss (0, 1) / math.sqgrt(chi / 3)
r 0.0003 + math.sgrt(h) * z
if random.random() < 0.004:
r -= abs(random.gauss (0.04, 0.01))
out.append (r)
h = 0.000002 + 0.10 * (r - 0.0003) ** 2 + 0.86 * h
return out
def acf(x, k):

n = len(x)

m = sum(x) / n

cO = sum((v - m) ** 2 for v in x)

ck = sum((x[1] - m) * (x[1 + k] - m) for i in range(n - k))

return ck / c0

r = sinh (2500, 7)
g = [v * v for v in r]
for k in range(l, 6):
print (f"k={k}:", round(acf(r, k), 3), round(acf(g, k), 3))
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print ("Ngudng 2/Vn:", round(2 / math.sqrt (len(r)), 3))
print ("ACF r? & k=20:", round(acf (g, 20), 3))

Két qua chay / Output

: 0.056 0.108
: 0.034 0.187
: -0.034 0.132
: -0.076 0.165
k=5: -0.047 0.185
Ngudng 2/Vn: 0.04
ACF r? & k=20: 0.085

TR
S W NP

Trén 2.500 ngay tu sinh, ty twong quan cua loi sudt & do tré 1 1a 0,056, chi cung cd
ngudng 0,040. Tu twong quan cia binh phuong loi suat & d6 tré 1 14 0,108, gip 2,7 lan
ngudng. O d6 tré 20 ngay né van 1 0,085, con cao hon ngudng. Bién dong c6 tri nhé dai,
con hudng di cua gia thi khong.

On 2,500 simulated days, the lag-1 autocorrelation of returns is 0.056, only of the order of the
threshold 0.040. The lag-1 autocorrelation of squared returns is 0.108, 2.7 times the threshold.
At a lag of 20 days it is still 0.085, above the threshold. Volatility has a long memory, whereas
the direction of prices has none.

BB loisuit BB Binh phuong loi suit
0,20

0,15
0,10 -
0,054 e B B
0,00 -

0,05 -

Tu twong quan

D6 tré k (ngay)

Hinh 2.3. Ty tuong quan cua loi suét va cta binh phuong loi suét, d6 tré 1 dén 10. Nhin cot
xanh: thap, sat hai duong dit. Nhin cdt cam: cao hon hin cac cot xanh.
Figure 2.3. Autocorrelation of returns and of squared returns, lags 1 to 10. Look at the blue bars: low,
close to the two dashed lines. Look at the orange bars: clearly taller than the blue ones.

Hai két qua cing ding va khong mau thuin. Hudng di ngay mai khé doan tir hudng di
hoém nay, nén du bao loi suat 1a viéc kho. Muc dao dong ngay mai lai doan duoc kha tdt
tor muc dao dong gén day, nén du bao bién dong 1a viéc lam dugc. Nha phan tich goi
duong bao cia dao dong theo thdi gian 1a dudng bao bién dong. Néu ban chia timg loi
sudt cho bién dong udc luong cta ngdy d6, chudi chuan hoa nhin déu hon nhiéu, va cum
bién dong gan nhu bién mat.

Both results hold and they do not conflict. The direction of tomorrow is hard to guess from the
direction of today, so forecasting returns is difficult. The size of tomorrow's swing can be
guessed fairly well from recent swings, so forecasting volatility is doable. Analysts call the
envelope of the swings over time the volatility envelope. If you divide each return by that day's
estimated volatility, the standardised series looks much more even and the clustering almost
disappears.
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Mot cong cu di kém 1 ty twong quan riéng phan (partial autocorrelation function,
PACF). N6 ciing do quan hé giita chudi va chinh n6 lui k ngay, nhung loai phan anh
hudng di qua cac ngay & giita. Vi du PACF ¢ d¢ tré 3 chi giit quan hé tryc tiép ngay t véi
ngay t — 3. Cac mé hinh chudi thoi gian & chuong sau dung ACF va PACF dé chon ciu

truc.

A companion tool is the partial autocorrelation function (PACF). It also measures the link
between the series and itself shifted back by k days, but removes the part that passes through the
days in between. For example the PACF at lag 3 keeps only the direct link between day t and day
t — 3. The time-series models of a later chapter use the ACF and the PACF to choose a structure.

PHAI THUQC / MEMORISE — Loi suat gan nhu khong tu twong quan, binh phwong loi
suét thi ty twong quan duong va kéo dai. Huéng gia kho du bao, mirc bién dong du bao duoc.
Returns are almost uncorrelated whereas squared returns are positively autocorrelated for long. The
direction of prices is hard to forecast, the size of swings is forecastable.

2.5. Cau triic giira cAc tai san: twong quan va nhan to thi trwomg — 2.5.

Structure across assets: correlation and the market factor

bén day ban nhin ting ma mdt. Nhung danh muc c6 nhiéu m3, va rai ro ctia ca danh muc
phu thudc vao viéc cac mi di cung hay di nguoc nhau. Hé sé twong quan (correlation
coefficient) do diéu d6 bang mot s6 tir —1 dén 1. Bang 1 12 hai ma ludn cung chiéu theo ty
1¢ ¢6 dinh. Bang 0 1a chua thay quan hé tuyén tinh. Bang —1 14 luén nguoc chiéu.

Until now you have looked at one share at a time. But a portfolio holds many shares, and its risk
depends on whether they move together or against each other. The correlation coefficient
measures that with one number from —1 to 1. A value of 1 means the two shares always move in
the same direction in a fixed proportion. A value of 0 means no linear link has been seen. A
value of —1 means they always move in opposite directions.

p =Cov(A, B) / (cA *0oB) (2.8)

Céch tinh hé so twong quan ciia hai ma — How fo compute the correlation of two shares

1. Tinh trung binh cia m&i m3, rdi d6 1éch cia timg ngay so véi trung binh ctia ma do.
Compute the mean of each share, then each day's deviation from that share's mean.

2. Nhan hai d6 léch cta cing mot ngay. Cong cac tich rdi chia cho n: d6 14 hiép phuong
sai.

Multiply the two deviations of the same day. Add the products and divide by n: that is the
covariance.

3. Tinh d6 1éch chudn cua tirng ma: cin béc hai cta trung binh binh phuong d6 1éch.
Compute the standard deviation of each share: the square root of the average squared
deviation.

4. Chia hiép phuong sai cho tich hai d9 léch chuan. Két qua luén nam trong [1, 1].
Divide the covariance by the product of the two standard deviations. The result always lies

in[~1, 1].
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Bai miu 5: ba ma KDX, MNQ, TVK trong siau ngiy — Worked example 5: shares KDX,
MNQ and TVK over six days

Loi sudt ngay (%) ctia ba mi nam trong bang. Hoang Nam lam tay cip KDX va MNQ,
roi chi Thu Ha bao thém hai cap con lai.

The daily returns (%) of three shares are in the table. Hoang Nam works out the pair KDX and
MNQ by hand, then Ms Ha asks him to add the other two pairs.

Ngay Tich N )

0,600 0,467 0,280 0,360 0,218

I () 08 0.600 0.467 0.280 0.360 0.218

> —0,6 —-0,9 —1,000 —-1,233 1,233 1,000 1,521
—0.6 -0.9 —1.000 —1.233 1.233 1.000 1.521

3 1,8 1,5 1,400 1,167 1,633 1,960 1,361
1.8 1.5 1.400 1.167 1.633 1.960 1.361

4 —-1,2 —-0,7 —1,600 —-1,033 1,653 2,560 1,068
—1.2 =0.7 —1.600 —1.033 1.653 2.560 1.068

5 0,5 0,2 0,100 —-0,133 —-0,013 0,010 0,018
0.5 0.2 0.100 —0.133 —0.013 0.010 0.018

6 0,9 1,1 0,500 0,767 0,383 0,250 0,588
0.9 1.1 0.500 0.767 0.383 0.250 0.588

Trung binh KDX 1a 0,400, trung binh MNQ 1a 0,333. Tong tich 1a 5,170, tong binh
phuong cua KDX 14 6,140, cia MNQ 14 4,773. Tuong quan = 5,170 / (6,140 * 4,773) =
0,955. Hai cap con lai, tinh cung céach, cho KDX va TVK 1a —0,249, MNQ va TVK la
—0,257.

The mean of KDX is 0.400 and the mean of MNQ is 0.333. The sum of products is 5.170, the sum
of squares of KDX is 6.140 and of MNQ is 4.773. Correlation = 5.170 / N(6.140 » 4.773) =
0.955. The other two pairs, by the same method, give —0.249 for KDX and TVK and —0.257 for
MNQ and TVK.

Ma trag tu’(rng.quan KDX MNQ TVK
Correlation matrix

0,955 —0,249
KDX ! 0.955 —0.249
0,955 —-0,257
MNQ 0.955 ! —-0.257
—0,249 —-0,257
TVK —0.249 -0.257 !

Poc két qua: KDX va MNQ gan nhu mét doi sinh déi (twong quan 0,95), con TVK di
gan nhu riéng (twong quan —0,25 va —0,26). Chia vén cho KDX va MNQ gidng chia vén
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