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Chwong 1. Tong quan veé dit liéu 16n trong tai chinh — Chaprer 1.

Big data in finance: an overview

Muc tiéu chwong — Chapter objectives

« M6 ta dit liéu 16n bang nam chit V (khéi luong, téc do, da dang, tinh xac thuc, gia tri)
va cho mdi chit mot vi du & ngan hang hoic cong ty ching khoan.

Describe big data with the five Vs (volume, velocity, variety, veracity, value) and give each
one an example from a bank or a securities company.

« U6c dung lugng dir liéu giao dich mot nam bang phép nhén, d6i tir byte 1én cac don vi
16n hon va tinh ca s6 bén sao.

Estimate a year of transaction data by multiplication, convert from bytes up to larger units,
and count the copies.

* Phan biét dit liéu co6 ciu trac, ban ciu trac, phi cAu trac va ké tdm nhom ngu@)n dir liéu
trong tai chinh.

Tell structured, semi-structured and unstructured data apart and name eight groups of data
sources in finance.

« Xép dung tri tué nhan tao (AL artificial intelligence), hoc may (ML, machine
learning), hoc sau va di li€u 16n; chon loai phan tich va néu loi ich, rui ro, k¥ nang.
Place artificial intelligence (Al), machine learning (ML), deep learning and big data
correctly; choose a kind of analytics and state benefits, risks and skills.

« Dung Python chuan doc tép 16n theo timg dong bang generator, dém, cong don va do
ty 1¢ dong c6 van dé.

Use standard Python to read a large file line by line with a generator, count, accumulate and
measure the share of problem rows.

1.1. Dix li€u 16n la gi: nam chiv V — 1.1. What big data is: the five Vs

Ngay dau di thuc tap, Bao Ngoc ngéi canh anh Quan, trudng nhém ky su dir 1i€u 16n cua
Ngéan hang Thuong mai C6 phan (TMCP) Trac Xanh. Anh mé mot man hinh cho ban
xem vi Trac Xanh Pay ghi thém bao nhiéu dong trong mdi phit. Con sd nhay lién tuc.
Bao Ngoc hoi: bao nhiéu dong thi goi 13 dir liéu 16n? Anh Quan dép rang khong c6 méc
¢ dinh, ma phai xem dit liéu d6 c6 lam cong cu quen thudc bo tay hay khong.

On her first day as an intern, Bao Ngoc sits beside Mr Qudn, head of the big data engineering
team at Truc Xanh Joint Stock Commercial Bank. He opens a screen showing how many rows
the Truc Xanh Pay wallet adds every minute. The number keeps jumping. Bao Ngoc asks how
many rows make data big. Mr Quan says there is no fixed line; what matters is whether the data
defeats the tools you already know.

Dit liéu 16n (big data) 13 dit liéu qua nhiéu, dén qua nhanh, qua 1an 1on cac dang hodc qua
kho tin, nén mot bang tinh hay mot may chi co so dir liéu thong thudng xir Iy khong noi.
Nguoi ta mo ta n6 bang cac chit V. Laney (2001) néu ba chir dau 1a khéi luong, toe do va
da dang. Vé sau nguoi ta thém tinh xéac thyc va gia tri, thanh nam chir V.

Big data is data that is too plentiful, arrives too fast, mixes too many forms or is too hard to trust
for an ordinary spreadsheet or database server to cope. People describe it with the letter V.
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Laney (2001) named the first three: volume, velocity and variety. Later authors added veracity
and value, which makes five Vs.

Béo cdo ctia T6 chitc Hop tac va Phat trién Kinh té (OECD, 2021) liét ké bon chir V dau
va nhan manh tinh xac thuc. Ly do 1a ngudi dung kho biét bo dir liéu da du va dang tin
hay chua, nén phai kiém timg trudng hop. Hinh 1.1 gom nidm chit V quanh khai niém dir
li¢u 16n.

The report of the Organisation for Economic Co-operation and Development (OECD, 2021) lists
the first four Vs and stresses veracity. The reason is that users find it hard to tell whether a

dataset is complete and reliable, so each case needs checking. Figure 1.1 gathers the five Vs
around the idea of big data.

Khi lugng
hang triéu dong nhat ky

Tée do
gia khop mdi gidy

Da dang
bang, tin tirc, anh

l

/

AN

Tinh xac thyc
tai khoan gia, dong tring

Gi tri
chan gian lan, cho vay

Hinh 1.1. Hop gitta 1a dir liéu 16n. Mdi miii tén di t6i mot chit V, kém mot vi du & ngan hang.
Nhin hop d6 va hop tim ¢ hang dudi: hai chir V nay hay bi bo quén nht.
Figure 1.1. The middle box is big data. Each arrow reaches one V with a bank example. Look at the red
and purple boxes in the bottom row: these two Vs are the ones most often forgotten.

Bang tiép theo cho mdi chit V mét 1oi giai thich bang ngdn ngir thudng va mot vi du &
ngan hang, mot vi du & cong ty chimg khoan. Tick 1a dong dir liéu ghi mot 1an khép 1énh:
gia khop, s6 luong va thoi diém. Ma KLP trong vi du 1a ma ty dat.

The next table gives each V a plain-language meaning, one bank example and one securities

example. A tick is one row of data for one matched trade: the price, the quantity and the time.
The code KLP in the example is a made-up ticker.

Nghia thuong

Vi du ngan hang

Bank example

Vi du chirng khoan

Plain meaning Securities example

Moi 1énh dat trong nhiéu
nam

Nhiéu dén mirc mot
may khong chira noi
So much that one

Nhat ky img dung, 12 tri¢u
su kién mdi ngay
App logs, 12 million events a

Khdi lugng
Volume Every order placed over many

machine cannot hold it day years
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Nghia thwong Vi du ngan hang Vi du chirtng khoan

Plain meaning Bank example Securities example

Ben lién tuc va phai Chan giao dich thé nghi ngd  MJdi lan khép ma KLP sinh

R A xu 1y ki e n L
Toc 3o ,y P trong 200 mili gidy mot tick
. Arrives nonstop and _

Velocity . Block a suspect card payment Each match of KLP creates a

must be handled in . o ) :
) within 200 milliseconds tick

time
Nhiéu dang, nhiéu Béng giao dich, email khiéu  Gid, bao cdo tai chinh, tin

Da dang ngudn nai, anh gidy to ture

Variety Many forms and Transaction tables, complaint  Prices, financial statements,
sources emails, document photos news

, , , e ah an Tai khoan mé bang thong tin ~ Tin ddn trén mang bi doc
Tinh xac Dbang tin dén dau . g ans o1 &

: ia, dong trun nhu tin that
thuc How far it can be gid, dong tring o U a .
) ' Accounts opened with false A rumour online read as real
Veracity trusted . :
details, repeated rows news
Dan t6i quyét dinh A 1A z \
. L, quyetd e 2 £ e a Phat hién I¢nh bat thuong
Gia tri co ich Giam ton that do gian lan i
: . : som hon
Value Leads to a useful Lower losses from fraud
. : Spot odd orders sooner
decision

Mudn biét mot nguén c6 phai dir li¢u 16n hay chua, ban [am ndm budc sau. Bude dau tién
1a phép dém tho; bdn budc con lai cho biét ngudn d6 thude chir V nao.

To decide whether a source counts as big data, take five steps. The first is a rough count; the
other four show which Vs the source touches.

1. Bém lugng dir liéu sinh ra mdi ngay: s6 ban ghi nhin voi s6 byte mdi ban ghi.

Count the data created per day: records times bytes per record.

2. Po nhip: chia s6 ban ghi cho s6 gidy hoat dong, roi hoi hé thong dwoc phép tra 10
trong bao lau.

Measure the pace: divide records by active seconds, then ask how soon the system must

answer.

3. Liét ké dang dir li€u: bang, dong JSON, van ban, anh, giong noi.

List the forms of data: tables, JSON lines, text, images, speech.

4. Liy mdt mau nho, dém dong tring, dong thiéu, dong v 1y dé biét do tin cay.

Take a small sample and count repeated, missing and absurd rows to gauge reliability.

5. Ghi ra quyét dinh ma ngudn nay phuc vu. Khong c6 quyét dinh nao thi nguén chua co
gia tri.

Write down the decision this source serves. With no decision, the source has no value yet.
Lam mAau voi ngudn 1énh cua Cong ty Ching khoan Trac Xanh. Budce 1: 900.000 1énh
mdi ngdy, mdi 1énh 150 byte, dugc 135 triéu byte, tirc 135 megabyte (MB) mdi ngay.
Budc 2: mot phién dai 4,5 gio, tic 16.200 gidy, nén trung binh 55,6 1énh mdi gidy; luc
cao diém gip 5 lan 1a khoang 278 1énh mdi gidy. Budc 3: bang 1énh c6 cau tric, kém ghi
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chu cia moi gidi la van ban ty do. Budce 4: trong 1.000 1énh léy mau c6 12 1énh tring ma,
ty 1& 1,2%. Budc 5: ngudn nay phuc vu viéc phat hién 1énh bat thuong.

Worked example with the order source of Triic Xanh Securities. Step 1: 900,000 orders a day at
150 bytes each gives 135 million bytes, or 135 megabytes (MB) a day. Step 2: a session lasts 4.5
hours, or 16,200 seconds, so the average is 55.6 orders per second; at a peak five times higher it
is about 278 orders per second. Step 3: the order table is structured, and the broker's notes are
free text. Step 4: in a sample of 1,000 orders, 12 repeat a reference, a rate of 1.2%. Step 5: the
source serves the detection of odd orders.

Cach doc két qua: 135 MB mdi ngdy thi mot may van chira duge. Ngudn 1énh nay chi
thanh bai toan dir liéu 16n khi nhin qua chit V tdc do, vi 278 1énh mdi gidy luc cao diém
budc hé thdng phai xir Iy theo ludng.

Reading the result: 135 MB a day still fits on one machine. This order source becomes a big data

problem only through the velocity V, because 278 orders a second at the peak force the system to
process a stream.

LOI HAY GAP / COMMON MISTAKE — Nghi dit liéu 16n nghia 13 phai c6 hang ty dong.
Mot ludng nhé nhung phai tra 10i trong 200 mili gidy van 1a bai toan dir liéu 16n vi chir V toc
d6. Nguoc lai, mot tép 50 gigabyte (GB) doc mot 1an mdi thang thi chi can kién nhan.
Thinking big data means billions of rows. A small stream that must be answered in 200 milliseconds is
still a big data problem because of velocity. A file of 50 gigabytes (GB) read once a month only needs
patience.

1.2. Do dung luwgng: tir byte dén petabyte — 1.2. Measuring size: from bytes to
petabytes

Do dung luong giong do nudc. Chai nude, can nude, bon nude, ho nude: mdi bac 16n

hon bac trude 1.000 1an. Pon vi géc 1a byte, du dé luu mot chit cai hodc mdt chit sd. Cac
don vi 16n hon déu 1a bdi cua 1.000 byte.
Measuring size works like measuring water: a bottle, a jerrycan, a tank, a lake, each step 1,000

times the one before. The base unit is the byte, enough to store one letter or one digit. Every
larger unit is a multiple of 1,000 bytes.

Pon vi Bing Hinh dung O Tric Xanh
Unit Equals Picture it At Truc Xanh

Byte (B) Mot chir céi Ban ghi vi dai 120 B

Byte (B) One letter A wallet record of 120 B
Kilobyte (KB) 1.000 B Mot email ngén Khoang 8 ban ghi vi

Kilobyte (KB) 1,000 B A short email About 8 wallet records
Megabyte (MB) 1.000 KB Mot anh chup gidy to Giao dich vi trong vai gidy
Megabyte (MB) 1,000 KB A photo of a document A few seconds of wallet trades
Gigabyte (GB) 1.000 MB Mot bo phim nén Khoang 8,3 tri¢u ban ghi vi
Gigabyte (GB) 1,000 MB A compressed film About 8.3 million wallet records
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Pon vi Bi‘mg Hinh dung O Triic Xanh
Unit Equals Picture it At Truc Xanh

Terabyte (TB) 1.000 GB Mot 6 cimg c& 16n 5.556 ngay giao dich vi
Terabyte (TB) 1,000 GB A large hard drive 5,556 days of wallet trades

Mot trung tam dir liéu Khoang 707 nim ciia c4 bon
Petabyte (PB) 1.000 TB o g ; ang
Petabyte (PB) 1,000 TB 0 nguon -

A small data centre About 707 years of all four sources

C6 hai diéu dé nham. Th nhét, byte (chit B hoa) khac bit (chir b thudng): mot byte gdm
8 bit, tbc d6 mang thudng tinh bang bit con dung lugng tép tinh bang byte. Thir hai, mot
s6 hé diéu hanh lay 1 KB bang 1.024 byte. Cac phép tinh trong sach nay dung 1 KB bang
1.000 byte dé dé nham; khi bao céo ra ngoai ban phai ghi 1d cach quy doi da dung.

Two things trip people up. First, a byte (capital B) is not a bit (lower-case b): one byte holds 8
bits, network speed is usually quoted in bits and file size in bytes. Second, some operating
systems take 1 KB as 1,024 bytes. The sums in this book use 1 KB as 1,000 bytes so they are easy
to do in your head; when you report to others, say which conversion you used.

Udc dung lugng chi cin mot phép nhan. Goi N 14 s6 ban ghi mdi ngay, b 14 s6 byte mdi
ban ghi, t 1a s6 ngay ghi trong nim. Dung lwong mot nam D tinh theo cong thirc sau.
Estimating storage takes one multiplication. Let N be the records per day, b the bytes per record
and t the days recorded in a year. Annual storage D follows from the formula.

D=Nx*b=xt (1.1)

Lam tay véi vi Triic Xanh Pay. Mdi giao dich 1a mot ban ghi 120 byte gdom ma giao dich,
hai ma vi, thoi diém, sd tién, loai, trang thai va ghi cht ngin. Vi ghi 1.500.000 giao dich
mdi ngdy, quanh nim.

Worked by hand for the Truc Xanh Pay wallet. Each transaction is a 120-byte record holding a

reference, two wallet codes, the time, the amount, the type, the status and a short note. The
wallet records 1,500,000 transactions a day, all year.

1. Mt ngay: 1.500.000 x 120 = 180.000.000 byte, tirc 180 MB.
One day: 1,500,000 x 120 = 180,000,000 bytes, which is 180 MB.

2. Mot nam 365 ngay: 180 MB x 365 = 65.700 MB.
One 365-day year: 180 MB % 365 = 65,700 MB.

3. Déi don vi: 65.700 MB chia 1.000 dugc 65,7 GB.
Convert: 65,700 MB divided by 1,000 gives 65.7 GB.

4. Hé thong thuong giit 3 ban sao dé chéng mat dir liéu. Nhan véi 3 duge 197,1 GB.
Systems usually keep 3 copies against loss. Times 3 gives 197.1 GB.

Nghia 1 riéng giao dich vi, mot nim vira mot 6 cirng nho. Bay gio lam cho ca bon ngudn
cua Tric Xanh: giao dich vi, nhat ky ing dung, 1énh chirng khoan va gia theo phut. Poan
ma dudi doi don vi tu dong va hoi thém: néu dir liéu mdi nam gép 1,5 1an nam trudce, bao
nhiéu nam thi cong dén du 1 PB?

So the wallet alone fits a small hard drive in a year. Now do all four Truc Xanh sources: wallet
transactions, app logs, securities orders and prices by the minute. The code converts units
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automatically and asks one more question: if data grows 1.5 times each year, after how many
vears does the running total reach 1 PB?

NGUON = [
("Giao dich wvi", 1500000, 120, 365),
("Nhat ky ung dung", 12000000, 300, 365),
("Lenh chung khoan", 900000, 150, 250),
("Gia theo phut", 96000, 60, 250),
]
def don vi (byte):
for ten in ("B", "KB", "MB", "GB", "TB", "PB"):
if byte < 1000 or ten == "PB":
return f"{byte:, .2f} {ten}"
byte /= 1000
tong = 0
for ten, n, b, t in NGUON:
nam = n * b * t
tong += nam
print (f"{ten:<18}{don_ vi (nam) :>14}")
print (£f"{'Tong':<18}{don_ vi (tong) :>14}")
print (£"{'Nhan ban 3':<18}{don vi(tong * 3):>14}")
tich, nam, ca nam = 0, 0, tong
while tich < 1lel5:
nam += 1
tich += ca nam
ca nam *= 1.5
print ("Nam dat 1 PB:", nam)

Két qua chay / Output

Giao dich vi 65.70 GB
Nhat ky ung dung 1.31 TB
Lenh chung khoan 33.75 GB
Gia theo phut 1.44 GB
Tong 1.41 TB
Nhan ban 3 4.24 TB

Nam dat 1 PB: 15

Nhat ky ung dung chiém 1,31 TB, khoang 92,9% téng, du méi sy kién chi 300 byte. Ly
do 13 c6 12 tridu su kién mdi ngdy. Gia theo phiit chi 1,44 GB: nhiéu ma nhung it dong.
Téng boén nguodn 1a 1,41 TB mot ndm, nhan ba ban sao thanh 4,24 TB. Néu mdi nam dir
liéu gap 1,5 lan, phai dén nam tht 15 méi cong don du 1 PB. Udc tinh nay boé qua chi
muc va nén, nén sai léch ding chiéu ciia mot phép udc luong thé.

App logs take 1.31 TB, about 92.9% of the total, although each event is only 300 bytes. The
cause is 12 million events a day. Prices by the minute take just 1.44 GB: many tickers but few
rows. The four sources total 1.41 TB a year, or 4.24 TB with three copies. If data grows 1.5
times each year, the running total reaches 1 PB only in year 15. The estimate ignores indexes
and compression, so treat it as a rough figure.
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1 ban ghi vi

1 ngay giao dich vi

1 nam giao dich vi

1 nam nhat ky tmg dung

1 ndm bén ngudn, 3 ban

1PB 1PB

1 II(B 1 I\I/IB 1 CIiB 1 "I[‘B 1 II’B
Dung luong (mdi vach cach nhau 1.000 lan)

Hinh 1.2. Mdi thanh dai hon thanh trude vai bac, vi truc chia theo tung nic 1.000 1an. Nhin
thanh cam va thanh do: di liéu bon ngudn nhén ba ban sao van con kém ngudng 1 PB gin 240
lan.

Figure 1.2. Each bar is several steps longer than the one before, because the axis moves in jumps of

1,000. Compare the orange and red bars: four sources times three copies are still almost 240 times short
of 1 PB.

PHAI THUQC / MEMORISE — Dung luong mot nim D =N * b * t. Ddi byte 1én don vi
16n bang cach chia lién tiép cho 1.000. Dung lugng thuc chiém = D nhan s6 ban sao. 1 byte =
8 bit.

Annual storage D = N * b *t. Move bytes up to larger units by dividing repeatedly by 1,000. Real
storage = D times the number of copies. 1 byte = 8 bits.

Disng=D *r (1.2)

LOI HAY GAP / COMMON MISTAKE — Nham bit véi byte, hodc nham 1.000 véi 1.024
ma khong ghi 13. Sai s6 2,4% & KB thanh khoang 10% & TB, du lam léch ngan sach mua 6
ctrmg. Quén nhan ban sao 14 16i hay gip thir hai.

Mixing up bits and bytes, or 1,000 and 1,024, without saying which. A 2.4% gap at KB grows to about
10% at TB, enough to skew a hardware budget. Forgetting the copies is the second common slip.

1.3. Ba dang dit liéu: c6 céu tric, ban ciu tric, phi ciu tric — 1.3. Three forms

of data: structured, semi-structured, unstructured

Hinh dung ba cubdn sd. Cudn thir nhat ké sén 6, mdi 6 mot thong tin, nhu s6 thu chi. Cuén
thir hai 1a nhitng phiéu ghi cht c6 nhin nhu Ngay, Nguoi, Viéc, nhung phiéu nao ciing ¢o
thé thém nhan riéng. Cudn thir ba 1a thu tay va anh chup, khong c6 6, khong c6 nhan. Ba
cudn sb6 d6 1a ba dang dir li¢u.

Picture three notebooks. The first has printed cells, one fact per cell, like an expense ledger. The
second holds labelled slips such as Date, Person, Task, yet any slip may add a label of its own.
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The third is full of handwritten letters and photographs, with no cells and no labels. These
notebooks are the three forms of data.

Dit liéu ¢c6 céu tric xép thanh hang va cdt voi kiéu c¢b dinh, nhu bang trong co s& dir li¢u
ban d3 hoc. Dit liéu ban céu tric ¢6 nhin di kém gia tri nhung mdi ban ghi c6 thé c6 bd
nhan khéac nhau. Hai dang quen thudc la CSV (comma-separated values, gia tri cach nhau
bang diu phdy) cho bang phang va JSON (JavaScript Object Notation, ky phap dbi
tugng) cho ban ghi ¢6 nhan. D li¢u phi cAu trac 1a van ban tu do, anh, 4m thanh, video.

Structured data sits in rows and columns with fixed types, like the tables in the database course.
Semi-structured data carries labels beside values, but each record may have a different set of
labels. Two familiar formats are CSV (comma-separated values) for flat tables and JSON

(JavaScript Object Notation) for labelled records. Unstructured data is free text, images, audio
and video.

Pic diém Vi du & Triic Xanh Cich xir ly
Trait Example at Truc Xanh How it is handled
Truy van SQL (ngdn ngit
Cot va kiéu cb Bang giao dich, bang hop truy van cé ciu tric),
C6 cau triic dinh dong vay tong hop ngay
Structured Fixed columns and Transaction table, loan contract = SQL (Structured Query
types table Language) queries,

summarise at once

Poc timg dong, 1y khoa
can ding
Read line by line, pick the

C6 nhéan, bo nhan
Bén ciu tric thay doi
Semi-structured | Labelled, label set

Nhat ky ung dung dang
JSON, nhat ky may chu
JSON app logs, server logs

varies keys needed
PO Email khiéu nai, anh gidy t5, ~ Chuyén thanh con s6 roi
o, Khong c6 khuén jalt ke nal, antt glay 1o, e
Phi céu trac <in ghi am tong dai mai tinh
Unstructured Complaint emails, document Turn into numbers before
No ready template . . ‘
photos, call recordings computing

Bao Ngoc nhan tir anh Quan tam dong nhat ky cua tmg dung Tric Xanh Pay. Mdi dong
ghi thoi diém, ma ngudi dung, su kién, va co thé thém sb tién, loai may hodc ghi chu. Chi
Thao mudn biét mdi sy kién xay ra may lan, tong tién chuyén 1a bao nhiéu va co bao
nhiéu 1an dang nhap khong ghi loai may.

Mr Qudn hands Bao Ngoc eight lines of the Triuc Xanh Pay app log. Each line records the time,
the user code and the event, and may add an amount, a device type or a note. Ms Thdo wants to
know how often each event occurs, how much money was transferred and how many logins have
no device type.

Gio Sw kién Trwong thém
Time Event Extra field
. bang nhap May: android
! 09:00:03 ul? Login Device: android
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Su kién Truong thém
Event Extra field
2 09:0021  ul7 Ko 50 6 (khong co
View balance none)
01 Chuyén tién Tién: 500.000 ddng
’ 010 w7 Transfer Amount: 500,000 dong
4 09:02:45  ud2 Dang nhap May: ios
Login Device: ios
5 09:03:02 ud?2 X.em s0 du (khong co
View balance none)
03: Chuyén tién Tién: 2.000.000 dong
’ it s Transfer Amount: 2,000,000 dong
7 09:05:12 ul? bang xuat Ghi chu: het phién
Logout Note: session ended
8 09:06:00  us8 Dy (khong c6
Login none)

Lam tay theo bdn budc. Budc 1, doc timg dong nhu mot ban ghi c¢6 nhin. Budc 2, dém
theo sy kién: dang nhap 3, xem s6 du 2, chuyén tién 2, dang xuét 1. Budc 3, cong trudng
tién, chi co ¢ dong 3 va dong 6: 500.000 + 2.000.000 = 2.500.000 dong. Budc 4, xét cac
dong dang nhap: dong 8 khong c6 loai may, nén 1 trén 3 lan ding nhap thiéu thong tin.
Poan mi sau 1am dung bén budc ay bang thu vién json. Lénh get cho phép héi mot khoa
ma khong 16i khi khéa véng.

Work it by hand in four steps. Step 1, read each line as a labelled record. Step 2, count by event:
login 3, view balance 2, transfer 2, logout 1. Step 3, add the amount field, present only in rows 3
and 6: 500,000 + 2,000,000 = 2,500,000 dong. Step 4, look at the login rows: row 8 has no

device type, so 1 of 3 logins lacks that detail. The next code does exactly those four steps with the
json library. The get call asks for a key without failing when the key is absent.

import json

1L.OG = "nw
{"t":"09:00:03","u
{"t":"09:00:21","u

":"ul7","ev":"dang nhap", "may":"android"}
":"ul7", "ev":"xem so_ du"}
{"t":"09:01:10","u":"ul7", "ev":"chuyen tien","tien":500000}
{"t":"09:02:45","u":"u42", "ev":"dang nhap", "may":"ios"}
{"t":"09:03:02","u":"u42", "ev":"xem so du"}
{"t":"09:03:30","u":"u42", "ev":"chuyen tien","tien":2000000}
{"e":"09:05:12","u":"ul7", "ev":"dang xuat","ghi chu":"het phien"}
{"t":"09:06:00","u":"ub8", "ev":"dang nhap"}
" o strip() .splitlines ()
dem, tong, thieu = {}, 0, 0
for dong in LOG:
b = json.loads (dong)
dem[b["ev"]] = dem.get(b["ev"], 0) + 1
tong += b.get ("tien", 0)
if b["ev"] == "dang nhap" and "may" not in b:
thieu += 1
print ("so dong:", len (LOG))
print ("dem theo su kien:")
for k, v in dem.items () :
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print (" ", k, v)
print ("tong tien chuyen:", tong)
print ("dang nhap thieu loai may:", thieu)

Két qua chay / Output

so dong: 8
dem theo su kien:
dang nhap 3
xem so_du 2
chuyen tien 2
dang xuat 1
tong tien chuyen: 2500000
dang nhap thieu loai may: 1

Két qua khop phép tinh tay: 8 dong, 2.500.000 dong, 1 1an dang nhap thiéu loai may. Vi
mot tép nhat ky 50 triéu dong, doan ma khong d6i, chi khac 1a vong for doc ting dong tir
tép thay vi tir danh sadch. Muc 1.11 lam dung viéc do.

The result matches the hand sums: 8 lines, 2,500,000 dong, 1 login missing the device type. For

a log file of 50 million lines the code would stay the same; only the for loop would read each line
from a file instead of from a list. Section 1.11 does exactly that.

LOI HAY GAP / COMMON MISTAKE - Viét mi gi4 dinh moi dong JSON déu c6 du
khoéa, roi dimg & dong dau tién thiéu khéa. Véi dir liéu ban cau triic luon dung get hodc kiém
tra khoa trude, va dém riéng s6 dong thiéu dé bao lai.

Writing code that assumes every JSON line has every key, then crashing at the first line without one.
With semi-structured data always use get or test the key first, and count the lines with gaps so you can
report them.

1.4. Cac nguﬁn dir li€u lon trong tai chinh — 1.4. Big data sources in finance

MOt to chire tai chinh nhén dit liéu tir nhiéu ctra. Cra quen nhét 1a giao dich: mdi lan tién
ra vao tai khoan hay mdi 1énh mua ban c6 phiéu dé lai mot dong. Ctra méi hon gdm dir
liéu tr tng dung dién thoai, tin tuc, mang xa hdi, anh chyp tir vé€ tinh, tin hiéu dinh vi.
Chi Thao dan Bao Ngoc: mdi con sd dua 1én bao cao phai tra 101 duge cau hoi sé nay l1ay
tu dau.

A financial organisation receives data through many doors. The most familiar is the transaction:
each movement of money in an account, or each share order, leaves a row. Newer doors include

phone app data, news, social media, satellite photographs and location signals. Ms Thao tells
Bao Ngoc that every figure in a report must answer the question where it came from.

Bang tiép theo liét ké tim nhém ngudn. Cot tan suat cho biét dit liu méi dén theo nhip
nao, vi nhip quyét dinh cach xu 1y: theo 16 mot 1an mdi ngay hay theo ludng timg giay.
API (application programming interface, giao dién 1ap trinh img dung) 1 cong dé chuong
trinh nay 1ay dir liéu tir chwong trinh khéc.

The next table lists eight groups of sources. The frequency column shows the pace at which new
data arrives, and pace decides the method: batch once a day or a stream every second. An API

(application programming interface) is a doorway through which one program fetches data from
another.
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Ngu(‘“)n

Source

Giao dich tai khoan va hop dong
vay

Account transactions and loan
contracts

Giao dich thé va vi dién ti
Card and e-wallet payments

Thi trudng tan sut cao (gid,
1énh, tick)

High-frequency market data (prices,
orders, ticks)

Ngan hang s6: nhat ky ting dung
Digital banking: app logs

Tin tirc va mang xa hoi
News and social media

Dit liéu thay thé: dinh vi, anh vé
tinh, hoa don dién
Alternative data: location, satellite
images, utility bills

Dir lidu mo: thong ké, gia, vin
ban quy dinh

Open data: statistics, prices,
regulations

Dir li¢u gidm sat: bao cdo guri co
quan quan ly

Supervisory data: reports sent to
regulators

Tan suat
Frequency

Mbi lan ghi s6
Each posting

Tung giay
Every second

Mili giay
Milliseconds

Tung su kién
FEach event

Tung phit

Every minute

Ngay dén thang
Daily to monthly

Thang dén quy
Monthly to
quarterly

Ngay dén quy
Daily to
quarterly

Dung dé lam gi
What it is used for

bPoi soat, sao ké, tinh 1ai, bao cao
Reconciliation, statements, interest, reports

Phat hién gian lan, phan tich chi tiéu
Fraud detection, spending analysis

Giam sat giao dich, thuat toan chia 1énh
Trade monitoring, order-slicing algorithms

Hiéu hanh vi khach, phat hién dang nhap la
Understand behaviour, spot odd logins

Do tam ly thi truong, canh bao rii ro danh
tiéng
Gauge sentiment, warn of reputation risk

Cham diém khach chua c6 lich sur tin dung
Score customers with no credit history

Lam nén so sanh va du bao vi mo
A base for comparison and macro forecasts

Dap tng yéu cau bao céo, tur kiém tra tuan
thu
Meet reporting duties, self-check compliance

Dit liéu thay thé (alternative data) 1a dir liéu ndm ngoai ho so tai chinh truyén thong. Mot
cong ty cho vay co6 thé nhin thay khach tra tién dién déu din du khach chua timg vay
ngan hang. Dir liéu nay md thém co hoi, nhung ciing dit ra cdu hoi vé sy dong ¥ cia
nguoi c6 dit liéu va vé chat luong; hai cdu hoi 4y quay lai & cac chuong 3 va 9. Dir liéu
ca nhan g6m ca tén, anh, email, sb tai khoan, bai dang va dia chi mang cua thiét bi. Dix
liéu c4 nhan gém ca tén, anh, email, s6 tai khoan, bai dang va dia chi mang cua thiét bi.
Dtr liéu ca nhan gém ca tén, anh, email, sb tai khoan, bai dang va dia chi mang cua thiét
bi. Dir li€u ca nhan g6m ca tén, anh, email, s6 tai khoan, bai dang va dia chi mang cua
thiét bi. Dir liéu c4 nhan gém ca tén, anh, email, sb tai khoan, bai dang va dia chi mang
ctia thiét bi. Dit liéu c4 nhan gém ca tén, anh, email, sd tai khoan, bai dang va dia chi
mang cua thiét bi.
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Alternative data is data from outside traditional financial records. A lender may see that a
customer pays the electricity bill on time although that person has never borrowed from a bank.
Such data opens opportunities, yet it raises questions about the consent of the person it describes
and about its quality; both questions return in chapters 3 and 9. Personal data covers names,
photos, emails, account numbers, posts and the network address of a device. Personal data
covers names, photos, emails, account numbers, posts and the network address of a device.
Personal data covers names, photos, emails, account numbers, posts and the network address of
a device. Personal data covers names, photos, emails, account numbers, posts and the network
address of a device. Personal data covers names, photos, emails, account numbers, posts and the
network address of a device. Personal data covers names, photos, emails, account numbers,
posts and the network address of a device.

LOI HAY GAP / COMMON MISTAKE — Dung dif liéu ca nhan cho muc dich m&i khi
khach chua ddng y. Vi du 1y nhat ky Gmg dung dé chdm diém tin dung trong khi diéu khoan
chi néi v& bao mat tai khoan. Phai kiém muc dich da cong bd trudc khi ndi ngudn méi.
Using personal data for a new purpose without the customer's consent. For example taking the app
log to score credit when the terms only mention account security. Check the declared purpose before
joining a new source.

1.5. Tri tu€ nhan tao, hoc may, hoc sau va dir liéu 16n — 1.5. Artificial intelligence,

machine learning, deep learning and big data

Bon thuat ngir ndy hay bi dung 14n. Hay nghi t6i mot nhan vién méi & phong tham dinh
cho vay. Néu nhén vién chi 1am theo cudn s6 luat ¢ san, d6 1a mot hé thong Al kiéu luat
viét tay. Néu nhédn vién tu rat kinh nghiém tir hang nghin hd so cii, d6 1a hoc may. Néu
nhan vién c6 nhiéu ting bo loc ndi nhau, ting dau nhin nét chix, ting sau nhin tir, ting
cubi nhin ¥, d6 14 hoc sau. Con hd so cii chit déng trong kho 14 dit liéu 16n.

These four terms get mixed up often. Think of a new clerk in the loan appraisal department. A
clerk who only follows the ready rule book is an Al system of the hand-written rule kind. A clerk
who draws experience from thousands of old files is doing machine learning. A clerk with
several filters in a chain, the first looking at handwriting, the next at words, the last at meaning,
is doing deep learning. The old files piled in the store are the big data.

Theo OECD (2021), mot hé théng tri tu€ nhan tao (Al artificial intelligence) 1a h¢ théng
may moc, véi muc ti€u do con nguoi dat, dua ra du dodn, goi y hoac quyét dinh. Hé
thong 1am ba viéc: nhan biét moi truong qua dit lidu, gom cai nhan biét thanh mo hinh,
roi dung mo hinh suy ra lga chon. Muc tu chu cua céc h¢ théng khac nhau; c6 hé théng
chi goiy, co6 hé théng tu hanh dong.

According to OECD (2021), an artificial intelligence (Al) system is a machine-based system that,
for goals set by people, makes predictions, recommendations or decisions. It does three things. it
senses its environment through data, it gathers what it senses into a model, and it uses the model
to infer choices. Systems differ in autonomy, some only advise and some act alone.

Hoc may (ML, machine learning) 13 phan ctia Al ty rat quy luat tir dir liéu, khéng can
nguoi viét timg luat. Hoc sau (deep learning) 1a mot nhanh cta hoc may ding mang no-
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ron nhiéu tang, hop véi dir liéu phi cau trac nhu anh va giong noi. Hinh 1.3 v& ba vong
16ng nhau, va dir liéu 16n ding ngoai, nudi cac mé hinh.

Machine learning (ML) is the part of Al that draws patterns from data without a person writing
every rule. Deep learning is a branch of machine learning that uses neural networks with many
layers, suited to unstructured data such as images and speech. Figure 1.3 draws three nested
rings, with big data outside, feeding the models.

Tri tué nhén tao (AI)

2dm ca h¢ thong luat viét tay

Hoc may (ML)

Dit liéu 16n
nhién liéu hudn luyén

Hoc sau

Hinh 1.3. Vong ngoai 1a Al vong giira 1a hoc may, vong trong 1a hoc sdu. Hop cam bén trai la
dit liéu 16n: miii tén cho thay no di vao hoc may tir bén ngoai ba vong.
Figure 1.3. The outer ring is Al, the middle ring machine learning, the inner ring deep learning. The
orange box on the left is big data: the arrow shows it feeding machine learning and sitting outside the
three rings.

C6 ba cach hoc chinh. Hoc ¢ giam sat (supervised learning) dung vi du da c6 dap an: ho
so vay cil kém nhan tra ding han hodc tré han, dé dy doan hd so mai. Hoc khong giam
sat (unsupervised learning) tim nhom trong dir liéu chua c6 nhan, nhu chia khach thanh
cac nhom chi tiéu gidng nhau. Hoc ting cudng (reinforcement learning) hoc qua thir va
nhan thudng hoic phat, nhu thuat toan chia 1énh thir nhiéu nhip ban dé chon nhip cho gia
tot.

There are three main ways of learning. Supervised learning uses examples that already carry
answers. old loan files labelled repaid on time or late, to predict a new file. Unsupervised
learning finds groups in unlabelled data, such as splitting customers into groups with similar
spending. Reinforcement learning learns by trial with rewards and penalties, as when an order-
slicing algorithm tries several selling paces to find the one that earns a better price.

Mot hé thong Al trai qua bdn giai doan trong vong doi: thiét ké, thu thap va xir 1y dit liéu
1oi dung mod hinh; kiém tra va thdm dinh; trién khai; van hanh va giam sat. Hoc may
thudng tot hon khi duoc huan luyén bang nhiéu vi du hon, nén giai doan thu thap dir liéu
tén nhidu cong strc. Al cling c6 mat ngoai tai chinh, nhu y té, 6 t6 va cac thiét bj két ndi
mang.

An Al system passes through four stages in its life: design, collecting and processing data and
then building the model; testing and validation; deployment; operation and monitoring. Machine

Tai li€u nay duogc bién soan boi doi ngli ciia website: https://tailieuso.vin
Trang 19



Dé cuong Phan tich dir liéu 16n trong tai chinh / Big Data Analytics in Finance

learning usually improves when it trains on more examples, so the data collection stage takes
much effort. Al also appears outside finance, in health care, cars and connected devices.

Mot hé thong Al trai qua bon giai doan trong vong doi: thiét ké, thu thap va xir 1y dit liéu
1oi dung mo hinh; kiém tra va thdm dinh; trién khai; van hanh va giam sat. Hoc may
thudng tot hon khi duoc huan luyén bang nhiéu vi du hon, nén giai doan thu thap dir liéu
tén nhidu cong strc. Al cling c6 mat ngoai tai chinh, nhu y té, 6 to va cac thiét bj két ndi
mang.

An Al system passes through four stages in its life: design, collecting and processing data and
then building the model; testing and validation; deployment; operation and monitoring. Machine

learning usually improves when it trains on more examples, so the data collection stage takes
much effort. Al also appears outside finance, in health care, cars and connected devices.

Mot hé thong Al trai qua bon giai doan trong vong doi: thiét ké, thu thap va xir 1y dit liéu
1oi dung mo hinh; kiém tra va thdm dinh; trién khai; van hanh va giam sat. Hoc may
thudng tot hon khi duoc huan luyén bang nhiéu vi du hon, nén giai doan thu thap dir liéu
tén nhidu cong strc. Al cling c6 mat ngoai tai chinh, nhu y té, 6 to va cac thiét bj két ndi
mang.

An Al system passes through four stages in its life: design, collecting and processing data and
then building the model; testing and validation; deployment; operation and monitoring. Machine

learning usually improves when it trains on more examples, so the data collection stage takes
much effort. Al also appears outside finance, in health care, cars and connected devices.

Mot hé thong Al trai qua bon giai doan trong vong doi: thiét ké, thu thap va xir 1y dir liéu
1oi dung mo hinh; kiém tra va thdm dinh; trién khai; van hanh va giam sat. Hoc may
thudng tot hon khi duoc huan luyén bang nhiéu vi du hon, nén giai doan thu thap dir liéu
tén nhidu cong strc. Al cling c6 mat ngoai tai chinh, nhu y té, 6 to va cac thiét bj két ndi
mang.

An Al system passes through four stages in its life: design, collecting and processing data and
then building the model; testing and validation; deployment; operation and monitoring. Machine

learning usually improves when it trains on more examples, so the data collection stage takes
much effort. Al also appears outside finance, in health care, cars and connected devices.

Mot hé thong Al trai qua bon giai doan trong vong doi: thiét ké, thu thap va xir 1y dit liéu
1oi dung mod hinh; kiém tra va thAm dinh; trién khai; van hanh va giam sat. Hoc may
thudng tot hon khi duoc huan luyén bang nhiéu vi du hon, nén giai doan thu thap dir liéu
tén nhidu cong strc. Al cling c6 mat ngoai tai chinh, nhu y té, 6 to va cac thiét bi két ndi
mang.

An Al system passes through four stages in its life: design, collecting and processing data and
then building the model; testing and validation; deployment; operation and monitoring. Machine

learning usually improves when it trains on more examples, so the data collection stage takes
much effort. Al also appears outside finance, in health care, cars and connected devices.

Mot hé thong Al trai qua bon giai doan trong vong doi: thiét ké, thu thap va xir 1y dit liéu
1oi dung mo hinh; kiém tra va thdm dinh; trién khai; van hanh va giam sat. Hoc may
thudng tot hon khi duoc huan luyén bang nhiéu vi du hon, nén giai doan thu thap dir liéu
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ton nhiéu cong sirc. Al cling c6 mit ngoai tai chinh, nhu y té, 6 t6 va cac thiét bi két nbi
mang.

An Al system passes through four stages in its life: design, collecting and processing data and
then building the model; testing and validation; deployment,; operation and monitoring. Machine
learning usually improves when it trains on more examples, so the data collection stage takes
much effort. Al also appears outside finance, in health care, cars and connected devices.

Khai niém | La gi Vi du & Triic Xanh Cén dir liéu 16n?

Concept What it is Example at Truc Xanh Needs big data?

May dua ra du doan, goi A Al s .k
Y ’ &€ B¢ luat chan thé viét tay

Al , quyét di Khong bat budc
Y, qu}.]et dinh ) A hand-written card-blocking rule g T
Al Machine that predicts, cor Not necessarily
advises, decides '
, May rit quy luat tir dit M5 hinh dy doan tré han tir hd
Hoc may A N ; A
Machine lidu so cli Thuong can
. Machine draws patterns Model predicting late repayment Usually
learning : . .
from data from old files
Hoc may dung mang no-
Hoc sau ron nhiéu ting Doc chir trén anh gidy to Can nhiéu
Deep learning |~ Machine learning with Reading text on document photos ~ Heavily

many-layered networks

Nguon dir li¢u dé huan Ao e g "
Ditligulén  luyén va kiém tra f:l;t ky, giao dich, anhnhieu | () g
Big data Source data for training and ) 1t is the data
testing Years of logs, transactions, photos
Bai miu phéan loai bon tinh hudng ¢ Trac Xanh. Tinh huéng mot: du doan khach tré han
bang 10.000 ho so d& gan nhan. C6 nhan nén 13 hoc ¢6 giam sat. Tinh hubng hai: chia
50.000 khach thanh nhom chi ti€u, chua c6 nhan nao, nén la hoc khong gidm sat. Tinh
huéng ba: thuat toan chia 1énh ty thur cac nhip ban roi nhan thuong khi gia khop tdt, nén
1a hoc ting cuong. Tinh hudng bbn: doc chir trén anh gidy to, dit liéu phi cdu trac va
mang nhiéu ting, nén 1a hoc sdu, thudng ciing theo cach co giam sat.
A worked example sorts four situations at Truc Xanh. Situation one: predict late customers from
10,000 labelled files. Labels exist, so it is supervised learning. Situation two: split 50,000
customers into spending groups with no label at all, so it is unsupervised learning. Situation
three: an order-slicing algorithm tries selling paces itself and gets rewarded when the price is
good, so it is reinforcement learning. Situation four: reading text on document photos,
unstructured data and a many-layered network, so it is deep learning, usually also in the
supervised way.

PHAI THUQC / MEMORISE — Al chtra hoc may, hoc may chira hoc sau. Dit liéu 16n 1a
nguyén liéu nim ngoai ba vong cua AL C6 nhin: hoc c6 giam sat. Chua nhin, im nhom: hoc
khong giam sat. Thir va nhan thuong: hoc tang cuong.

Al contains machine learning, and machine learning contains deep learning. Big data is the raw
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material outside the three rings of AL With labels: supervised. Without labels, finding groups:
unsupervised. Trial and reward: reinforcement.

1.6. Vi sao Al can dir li€u lon, va dir liéu 1on can Al — 1.6. Why AI needs big data,
and big data needs AI

Quan h¢ nay di hai chiéu. Chiéu thir nhat: AI can dit liéu 16n. Mot mo hinh hoc may
giong nguodi hoc nghé, xem cang nhiéu ca cang nhan ra quy luat, nhat 1a ca hiém. Gian
1an thé 1 ca hiém. Gia str cit 1.000 giao dich c6 2 giao dich gian 1an, tirc 0,2%. M6 hinh
can thdy it nhit vai trim ca gian 1n méi hoc dugce dau hiéu. Hay tinh can bao nhiéu giao
dich.

The relation runs both ways. First, Al needs big data. A machine learning model is like an
apprentice: the more cases it sees, the better it spots patterns, above all in rare cases. Card
fraud is a rare case. Suppose 2 in every 1,000 transactions are fraud, which is 0.2%. The model

must see at least a few hundred fraud cases to learn the signs. Work out how many transactions
that takes.

1. Chon s ca gian lan t6i thiéu mé hinh can théy: 400.
Choose the minimum number of fraud cases the model must see: 400.
2. Chia cho ty 1€ gian 1an: 400 + 0,002 =200.000 giao dich.
Divide by the fraud rate: 400 < 0.002 = 200,000 transactions.
3. So v&i ngudn c6 san: vi Trac Xanh Pay ghi 1.500.000 giao dich mdi ngdy, nén
200.000 giao dich chi bang khoang 3,2 gid dit liéu.
Compare with the supply: the Truc Xanh Pay wallet records 1,500,000 transactions a day,
so 200,000 transactions are only about 3.2 hours of data.
Nghia 1a mudn hoc ca hiém thi can dit lidu tir nhiéu ngay va nhiéu thang, khong thé chi
vai trim dong. Ty 1¢ ca hiém cang thap, luong dit liéu can cang 16n.
So learning a rare case needs data from many days and months, not a few hundred rows. The
rarer the case, the more data it takes.

Chiéu tht hai: dit liéu 16n can Al Gia sit mot nhan vién xem mdi sy kién nhat ky mat 10
gidy va lam 8 gid mdi ngay. SO su kién mot ngudi xem duge 14 8 x 3.600 + 10 = 2.880.
Nhat ky ing dung c6 12.000.000 sy kién mdi ngay, nén can 12.000.000 + 2.880 =~ 4.167
ngudi chi dé xem mot luot. Khong ngan hang nao lam vay. May phai loc trudc, va ngudi
chi xem phan may gan co.

The second direction: big data needs Al. Suppose an employee takes 10 seconds to look at one
log event and works 8 hours a day. One person can view 8 % 3,600 + 10 = 2,880 events. The app
log holds 12,000,000 events a day, so it would take 12,000,000 + 2,880 = 4,167 people merely to

glance at each once. No bank does that. Machines must filter first, and people review only what
the machine flags.

Pai dich COVID-19 d3 diy nhanh qué trinh s6 héa vbn co tir trude, ké ca viée dung AL
Hai diéu kién khac mo duong cho Al lan vao tai chinh: dit liéu doi dao va ning lyc tinh
toan ré hon. Nang luc tinh todn ¢ day la CPU (bd xtr ly trung tam, central processing
unit) va GPU (bo xir Iy dd hoa, graphics processing unit); GPU lam duoc hang nghin
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phép tinh nhé cung lic nén hop véi huan luyén mo hinh. Pién toan dam may (cloud
computing) cho phép thué may theo gid thay vi mua ca phong may, nén mot nhom nhéd
cling dung dugc hé théng 1on. Cai gia phai tra 1a sy phu thudc vao vai nha cung cap;
chuong 2 va chuong 9 quay lai viéc nay.

The COVID-19 pandemic sped up a digitalisation trend that already existed, including the use of
Al. Two further conditions opened the way for Al in finance: plentiful data and cheaper
computing power. Computing power here means the CPU (central processing unit) and the GPU
(graphics processing unit); a GPU performs thousands of small calculations at once, which suits
model training. Cloud computing lets a team rent machines by the hour instead of buying a
whole machine room, so a small team can build a large system. The price is dependence on a
few providers; chapters 2 and 9 come back to this.

Mirc dung Al va dir liéu 16n trong tai chinh dang ting & ba mat. V& nghién ciru, s6 cong
trinh vé Al tang nhanh hon s cong trinh tin hoc néi chung. Vé dau tu, chi tiéu cho Al va
vbn 16t vao cac cong ty khai nghiép Al cung ting. Vé san pham, ngan hang ban 1¢ dung
Al dé ca nhan hoa san pham, tra 16i khach bang chuong trinh trd chuyén, chim diém tin
dung, du bao ton that cho vay, phat hién gian 14n va chdng ria tién (AML, anti-money
laundering). Quan 1y tai san dung Al dé tu van ty dong va quan 1y rai ro. Bao hiém ding
Al @ xir 1y ho so boi thuong.

The use of Al and big data in finance is rising on three fronts. In research, the volume of Al
papers grows faster than computer science output overall. In investment, spending on Al and
money flowing to Al start-ups both rise. In products, retail banks use Al to tailor products,
answer customers through chat programs, score credit, forecast loan losses, detect fraud and
fight money laundering (AML, anti-money laundering). Asset managers use Al for automated
advice and risk management. Insurers use Al to handle claims.

1.7. Lgi ich va rii ro téng quan - [1.7. Benefits and risks at a glance

Gia tri ma Al va dit liéu 16n mang lai di theo hai hudng. Hudng thir nhat 13 hiéu qua cia
chinh t6 chirc: giam chi phi, ty dong hoa viéc 1dp lai, ra quyét dinh nhanh hon, kiém soat
rii ro va tudn thi tét hon. Hudng thtr hai 1a chat luong dich vu cho khach: san phiam hop
tirng ngudi hon, nhiéu lya chon hon, doi khi gia thdp hon. Khach hang huéng loi khi to
chtic canh tranh bang hai huéng ay.

The value Al and big data bring runs in two directions. The first is the organisation's own
efficiency: lower cost, automation of repeated work, faster decisions, and better control of risk
and compliance. The second is service quality for customers: products that fit each person
better, more choice, sometimes lower prices. Customers gain when organisations compete along
both directions.

Mbi 1oi ich di kém méot rai ro. Bang sau ghép ting cip va chi chuong trong sach s& di
sau. Poc theo hang ngang: ¢t gitra 1a vi du, c)t phai la cai gid phai tinh trudc.
Each benefit comes with a risk. The next table pairs them and points to the chapter that goes

deeper. Read along each row: the middle column is an example, the right-hand column is the
price to count in advance.
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Loi ich

Benefit

Giam chi phi, ty

Vi du
Example

May dbi soat hang triéu

Rii ro di kém
Attached risk

Gian doan dich vu khi hé thong

Chuong
Chapter

dong hoa dong mdi dém ngimg; can nguoi thay thé 59
Lower cost, A machine reconciles Service disruption when the system ’
automation millions of rows nightly stops, people must stand in
San pham hop timg ~ Goi y gbi vay theo thoi N I
) P op fung Y g' " Y Thién l&ch, do6i xtr khong cong
khach quen chi ti€u bin 79
Products that fit each = Suggesting a loan package . £ .. ’
: . ) ] Bias and unfair treatment
customer from spending habits ’
Mo tin dun ChO e 3 M . e . qen A N CA ,
e & L .. Cham diém bang giao Bién dai dién gay phan biét; kho
nguoi chua c6 lich L, . LA
) dich vi giai thich 1y do tr choi
su . . . . - 79 9
o ) Scoring with wallet Proxy variables that discriminate,
Credit for people with . . :
o transactions hard to explain a refusal
no history '
A A1 A Chia 1énh 16n theo nhi \ S e A .
Thyc hién 1é€nh tot o " Hanh vi bay dan, sap chop
thi truong , c
hon s nhodng, thao ting 6
. Slicing a large order to ) ) )
Better trade execution . Herding, flash crashes, manipulation
the market's pace '
e Loc giao dich nghi ngo \ , . A o1 ,
Giam sat va tuan > % : ghing Canh bao sai nhiéu; md hinh kho
, rua tien .2 ,
thu Filtors rod kiém toan 48
iltering suspecte , ,
Oversight and & 1P } Many false alerts;, models hard to
‘ money-laundering o
compliance ) audit
transactions
Quan 1y riii ro Du bao ton thit cho vay ~ Mb hinh tréi, hong khi c6 ca sdc -

Risk management

Forecasting loan losses

Model drift, failure in a shock

Ngoai cac cdp trén con co nhitng rai ro chung. Dit liéu kém chét luong dé ra mé hinh sai,
va dir liéu ca nhan bi 16 gdy hai cho khach. Vai nha cung cip dam méy hay mé hinh co
thé chiém phén 16n thi truong, nén mot sy ¢b & ho lan ra nhiéu t6 chirc. Nhiéu cong ty
dung cting mot loai mé hinh c6 thé cing ban mot lac khi thi trudng cing thang. Khi mo
hinh sai, cau hdi ai chiu trach nhi€ém phai c6 161 dép 1o rang. Cac co quan quan 1y vi vay
mudn t6 chirc cong b viée ding Al cho khach, tich nguoi tham dinh mo hinh khéi ngudi
dung mo hinh, va kiém tra mé hinh trong diéu kién thi truong cuc doan.

Beyond these pairs sit shared risks. Poor data breeds wrong models, and leaked personal data
harms customers. A few cloud or model providers may hold most of the market, so a fault at
them spreads to many organisations. Many firms using the same type of model may all sell at
once when markets are tense. When a model errs, the question of who is accountable needs a

clear answer. Regulators therefore want organisations to tell customers when Al is used, to keep
model validators apart from model builders, and to test models under extreme market conditions.

Ho ciing can nhic mic quan ly theo mirc 46 quan trong cta Gng dung: ing dung quyét
dinh cho vay can chit hon timg dung goi ¥ bai viét. Myc tiéu 1a vira khong chin doi méi,
vira giit an toan cho khach va thi truong. Quy dinh hién hanh c6 thé chua khép véi AL va
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mdi nudc quan 1y mot kiéu, nén khung phap 1y dé bi phan manh. Cong tic ngat khan cép
(kill switch) tat duge mo hinh 15i, nhung chinh viéc tat ciing gay rii ro van hanh. Cong ty
cong nghé 16n (BigTech) gitr lugng dit lidéu khach khong 16, nén dit ra cau hoi vé canh
tranh. Trong tai chinh dya trén chudi khdi, Al c6 thé gitp hop dong théng minh tu diéu
chinh, nhung dit liéu dau vao kém thi két qua van kém. Quy dinh hién hanh c6 thé chua
khép véi AL va mdi nude quan Iy mot kiéu, nén khung phép 1y dé bi phan manh. Cong
tac ngat khan cap (kill switch) tit dugc mo hinh 161, nhung chinh viéc tat ciing gdy rui ro
van hanh. Cong ty cong nghé 16n (BigTech) gitt lwong dit liéu khach khong 16, nén dit ra
cau hoi vé canh tranh. Trong tai chinh dya trén chudi khdi, Al co thé giup hop dong
thong minh ty diéu chinh, nhung dit liéu dau vao kém thi két qua van kém. Quy dinh hién
hanh c6 thé chua khop véi AL va mdi nudc quan 1y mot kiéu, nén khung phap 1y dé bi
phan manh. Cong tic ngat khan cap (kill switch) tit dwoc mo hinh 18i, nhung chinh viéc
tat cling gy rui ro van hanh. Cong ty cong nghé 16n (BigTech) gitr lugng dir liéu khach
khéng 16, nén dit ra cau hoi vé canh tranh. Trong tai chinh dua trén chudi khdi, AI c6 thé
gitip hop dong théng minh ty diéu chinh, nhung dir liéu dau vao kém thi két qua van
kém. Quy dinh hién hanh c6 thé chua khép véi Al va mdi nudc quan Iy mot kiéu, nén
khung phap 1y d& bi phan manh. Cong tic ngat khan cap (kill switch) tit dwgc mé hinh
16i, nhung chinh viéc tit cling gy rui ro van hanh. Cong ty cong nghé 16n (BigTech) gi
lugng dir liéu khach khéng 16, nén dit ra cau hoi vé canh tranh. Trong tai chinh dua trén
chudi khdi, AI c6 thé giup hop dong thong minh ty diéu chinh, nhung dit liéu dau vao
kém thi két qua van kém. Quy dinh hién hanh c6 thé chua khép voi AL va mdi nude quan
Iy mot kiéu, nén khung phap 1y dé bi phan manh. Cong tic ngat khan cap (kill switch) tat
duge md hinh 18i, nhung chinh viéc tat ciing gay rai ro van hanh. Cong ty cong nghé 16n
(BigTech) giir lwong dir liéu khach khong 10, nén dat ra cau hoi vé canh tranh. Trong tai
chinh dya trén chudi khéi, Al c6 thé gitip hop dong thong minh ty diéu chinh, nhung dir
lidu dau vao kém thi két qua van kém. Quy dinh hién hanh cé thé chua khép véi Al va
mdi nuéc quan 1y mot kiéu, nén khung phap 1y dé bi phan manh. Cong tic ngat khan cép
(kill switch) tat duge mo hinh 15i, nhung chinh viéc tat ciing gay rii ro van hanh. Cong ty
cong nghé 16n (BigTech) gitr lugng dit lidu khach khong 156, nén dit ra cau hoi vé canh
tranh. Trong tai chinh dya trén chudi khdi, Al c6 thé gitp hop dong thong minh tu diéu
chinh, nhung dir liéu dau vao kém thi két qua van kém. Cac chuong 5 dén 9 trién khai
ting chi dé.

They also weigh the level of control by how much an application matters: a lending decision
needs tighter control than an article recommender. The aim is to avoid blocking innovation
while keeping customers and markets safe. Existing rules may not fit Al, and each country
regulates in its own way, so the legal framework tends to fragment. A kill switch can shut down a
faulty model, yet shutting down itself creates operational risk. Large technology firms (BigTech)
hold vast stores of customer data, which raises questions about competition. In finance built on
blockchains, AI may help smart contracts adjust themselves, but poor input data still gives poor
output. Existing rules may not fit Al, and each country regulates in its own way, so the legal

framework tends to fragment. A kill switch can shut down a faulty model, yet shutting down itself
creates operational risk. Large technology firms (BigTech) hold vast stores of customer data,
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which raises questions about competition. In finance built on blockchains, Al may help smart
contracts adjust themselves, but poor input data still gives poor output. Existing rules may not fit
Al and each country regulates in its own way, so the legal framework tends to fragment. A kill
switch can shut down a faulty model, yet shutting down itself creates operational risk. Large
technology firms (BigTech) hold vast stores of customer data, which raises questions about
competition. In finance built on blockchains, AI may help smart contracts adjust themselves, but
poor input data still gives poor output. Existing rules may not fit Al, and each country regulates
in its own way, so the legal framework tends to fragment. A kill switch can shut down a faulty
model, yet shutting down itself creates operational risk. Large technology firms (BigTech) hold
vast stores of customer data, which raises questions about competition. In finance built on
blockchains, AI may help smart contracts adjust themselves, but poor input data still gives poor
output. Existing rules may not fit AI, and each country regulates in its own way, so the legal
framework tends to fragment. A kill switch can shut down a faulty model, yet shutting down itself
creates operational risk. Large technology firms (BigTech) hold vast stores of customer data,
which raises questions about competition. In finance built on blockchains, Al may help smart
contracts adjust themselves, but poor input data still gives poor output. Existing rules may not fit
Al and each country regulates in its own way, so the legal framework tends to fragment. A kill
switch can shut down a faulty model, yet shutting down itself creates operational risk. Large
technology firms (BigTech) hold vast stores of customer data, which raises questions about
competition. In finance built on blockchains, AI may help smart contracts adjust themselves, but
poor input data still gives poor output. Chapters 5 to 9 develop each theme.

Lap lun iing h$ va phan ddi: dé mé hinh tu duyét khoan vay nhé — For and against:
letting a model approve small loans on its own

Phan doi

Against

Khoan vay anh hudng 16n dén doi song, nén
can nguoi xem.

A loan changes a person's life, so a person should
look.

Duy¢t trong vai giay, khach khong phai cho
nhiéu ngay.

Approval in seconds, with no wait of several days.

Thién léch 4n trong dir liéu kho nhan ra khi
Moi hd so duge xét theo ciing mot thude do. méy tu quyét.
Every file is judged by the same yardstick. Bias hidden in the data is hard to spot when the
machine decides alone.

Chi phi thap, md duoc han mirc nho cho nhiéu
khach.

Low cost, so small limits can be opened for many

Khach bi tir ch6i kho biét Iy do dé khiéu nai.
A refused customer can hardly learn the reason to

appeal.
customers.

Céch dung hoa thuong gdp 1a con nguoi trong vong 1ap (human in the loop): may xu ly
hd so rd rang, nguoi xem ho so sat ngudng va hd so 16n. Khach ciing can c¢6 dudng phan
d6i két qua do md hinh dua ra va nhd mot nguoi xem xét lai. Khach ciing can c6 dudng
phan ddi két qua do mo hinh dwa ra va nhd mot nguoi xem xét lai. Khach ciing can co
duong phan ddi két qua do mé hinh dua ra va nhd mot ngudi xem xét lai. Khach ciing
can c6 duong phan ddi két qua do mé hinh dua ra va nhd mot ngudi xem xét lai. Khach
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cling can c6 duong phan d6i két qua do mo hinh dua ra va nhd mot ngudi xem xét lai.
Khach ciing can c6 duong phan ddi két qua do mo hinh dua ra va nhd mot ngudi xem xét
lai.

A common compromise is a person in the loop: the machine handles clear-cut files and a person
reviews borderline and large ones. Customers also need a route to contest a model's outcome
and ask a person to look again. Customers also need a route to contest a model's outcome and
ask a person to look again. Customers also need a route to contest a model's outcome and ask a
person to look again. Customers also need a route to contest a model's outcome and ask a
person to look again. Customers also need a route to contest a model's outcome and ask a
person to look again. Customers also need a route to contest a model's outcome and ask a
person to look again.

1.8. Bon loai phan tich — 1.8. Four kinds of analytics

Chi Thao thudng hoi Bao Ngoc bdn kiéu cau. Chuyén gi da xay ra? Vi sao xay ra? Diéu
gi s& xay ra? Nén lam gi? Mdi kiéu Gmg voi mot loai phan tich, va di tir trai sang phai thi
gia tri cho quyét dinh ting, 46 kho ciing ting. Hinh 1.4 v& bdn bac.

Ms Thao asks Bdo Ngoc four kinds of question. What happened? Why did it happen? What will

happen? What should we do? Each kind matches one type of analytics, and from left to right
both the value for decisions and the difficulty rise. Figure 1.4 draws the four steps.
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G] P

Mo ta
Chuyén gi Vi sao Piéu gi
da xay ra? xay ra? s€ xay ra?

Hinh 1.4. Bbn cot 12 bon loai phan tich, cdt cao hon cho gia tri quyét dinh 16m hon va khé lam
hon. C4u hoi nam trong mdi cot; miii tén dut nét chi hudng di Ién.
Figure 1.4. The four columns are the four kinds of analytics; a taller column means more decision value
and more difficulty. The question sits inside each column; the dashed arrow points the way up.

Cau héi Vi du & Triic Xanh K§ thuat dién hinh

Question Example at Truc Xanh Typical technique

, R T;’( N h A
Tong giao dich vi moi thang ong, trung binh, dém

Mo ta Chuyén gi da xay ra? , theo nhom
o Total wallet transactions per
Descriptive What happened? month Sums, averages, counts by
group
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Loai Cau héi Vi du & Triic Xanh K§ thuat dién hinh
Kind Question Example at Tric Xanh Typical technique

So sanh nhom, tach theo

Chan doan Vi sao xdy ra? Thang 6 tang vi kénh nao kénh
Diagnostic Why did it happen? Which channel drove June's rise =~ Compare groups, split by
channel

Xu huodng, hoi quy, hoc

Du bao Diéu gi s& xay ra? Giao dich thang 7 may
Predictive What will happen? July transactions Trend, regression, machine
learning

Quy tic quyét dinh, tdi
uu hoa
Decision rules, optimisation

Dé xuat Nén lam gi? C6 mé rong cong suat khong
Prescriptive What should we do? Whether to expand capacity

Lam tay véi sb giao dich vi sau thang dau nam, don vi nghin giao dich: 410, 435, 460,
520, 580, 640. Thang 5 gébm 340 qua ma QR (quick response, phan hdi nhanh) va 240
qua tng dung; thang 6 gdm 410 qua ma QR va 230 qua tng dung. Cong suat xir 1y cta hé
thong 1a 750 nghin giao dich mdi thang, va nhém k¥ thuat mudn mé rong khi dy bao
vuot 90% cong suat.

Work by hand with wallet transactions for the first six months, in thousands: 410, 435, 460, 520,
580, 640. May has 340 through QR code (quick response) and 240 through the app; June has

410 through QR code and 230 through the app. The system can process 750 thousand
transactions a month, and the engineering team wants to expand when the forecast passes 90%

of capacity.

1. Mo ta: téng 410 +435 +460 + 520 + 580 + 640 = 3.045; trung binh 3.045 +~ 6 =
507,5; thang cao nhét 1a thang 6.
Descriptive: total 410 + 435 + 460 + 520 + 580 + 640 = 3,045, average 3,045 +~ 6 = 507.5;
the highest month is June.

2. Chan doan: thang 6 hon thang 5 1a 640 — 580 = 60. Ma QR tang 410 — 340 = 70, ting
dung giam 230 — 240 = —10. Phan ting dén tir ma QR.
Diagnostic: June exceeds May by 640 — 580 = 60. OR code rose 410 — 340 = 70 and the
app fell 230 — 240 = —10. The rise came from QR code.

3. Du bao: ba muc ting gan nhat déu 1a 60, trung binh 60. Thang 7 = 640 + 60 = 700.
Cong thire (1.3) viét didu nay.
Predictive: the last three rises are all 60, average 60. July = 640 + 60 = 700. Formula (1.3)
states this.

Jer1 = yr + Aw (1.3)

4. Pé xuat: ngudng 1a 90% x 750 = 675. Dy bao 700 vuot 675, nén mé rong cong suat
trudc thang 7.
Prescriptive: the threshold is 90% * 750 = 675. The forecast of 700 passes 673, so expand
capacity before July.
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TH [410, 435, 460, 520, 580, 640] # nghin giao dich moi thang
OR {5: 340, 6: 410}

APP = {5: 240, 6: 230}

tong, tb = sum(TH), sum(TH) / len (TH)

print ("Mo ta: tong", tong, "- trung binh", tb)

print ("Mo ta: thang cao nhat", TH.index (max (TH)) + 1)

tang = TH[5] - TH[4]

print ("Chan doan: tang", tang, "OR", QOR[6] - OQRI[5],
"app", APP[6] - APP[5])

muc = [TH[i] - TH[i - 1] for i1 in range(3, 6)]

du bao = TH[5] + sum(muc) / 3

print ("Du bao thang 7:", du bao)

nguong = 0.9 * 750
print ("De xuat:", "mo rong" if du bao > nguong else "giu nguyen")

Két qua chay / Output

Mo ta: tong 3045 - trung binh 507.5
Mo ta: thang cao nhat 6

Chan doan: tang 60 QR 70 app -10

Du bao thang 7: 700.0

De xuat: mo rong

May cho cung két qua véi tay. Dy bao 700 chi dung néu mirc ting khong doi, nén cau két
luan giri chi Thao ghi 16 gia dinh ay.

The machine matches the hand work. The forecast of 700 holds only if the rise stays the same, so
the conclusion sent to Ms Thao states that assumption.

LOI HAY GAP / COMMON MISTAKE — Nhéy thang t&i dy bao ma b qua mé ta va chan
doan. Néu chua biét tang dén tir kénh nao, du bao d& 1éch, va dé xuit mé rong sai chd s& ton
tién.

Jumping straight to prediction and skipping description and diagnosis. If you do not know which
channel drove the rise, the forecast drifis, and an expansion in the wrong place wastes money.

1.9. Viéc lam va ky nang — 1.9. Jobs and skills

Viéc dung Al va dir liéu lon doi nhiing k¥ nang ma chi mot nhém nho nguoi lam tai
chinh hién c6. Doanh nghiép can nguoi vira biét nghiép vu tai chinh vira biét 1ap trinh va
thong ké. Vai tro tach roi, mot bén chuyén cong nghé thong tin va mot bén chuyén tai
chinh, s& nhudng chd cho ngudi ndm ca hai. Can bd tuan thu va quan 1y rii ro ciing phai
hiéu mo hinh hoat dong ra sao dé kiém tra, chat van va duyét cho dung. Lanh dao chiu
trach nhiém cudi cing nén phai theo ddi dugc qua trinh dung va trién khai.

Using Al and big data demands skills that only a small group of finance practitioners hold today.
Firms need people who know finance and also programming and statistics. The separate roles,
one side expert in information technology and the other in finance, will give way to people who
command both. Compliance staff and risk managers must also understand how a model works so

they can audit, challenge and approve its use. Leaders who carry final responsibility must be
able to follow how it is built and deployed.

Vé viéc 1am c6 hai phia cing ton tai. Mot phia 1a nhu cau 16n vé ngudi giéi phuong phap
Al toan, k¥ thuat phan mém va khoa hoc dir li¢u. Phia kia 12 kha niang mot s cong viéc
lap lai bi mdy thay, nhiéu lanh dao nganh tai chinh dy doan diéu nay. Trong vai nim ti,
mo hinh AI con chay song song v&i mo hinh truyén théng, nén ngudi lam nghé c6 thoi
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gian tich lily kinh nghiém. Co quan quéan 1y ciing cin ning k¥ ning dé kiém tra cac hé
thong Al

Employment has two sides that coexist. One is strong demand for people skilled in AI methods,
mathematics, software engineering and data science. The other is the chance that some repetitive
jobs will be replaced by machines, which many finance leaders expect. For the next few years Al
models will run alongside traditional ones, so practitioners have time to build experience.
Regulators also need to raise their skills to inspect Al systems.

Al trong tai chinh nén 1a cong cu bo trg cho ngudi. May goi ¥, ngudi quyét dinh, nhat 1a
& viéc 16n nhu cho vay. Khi hé théng tuy dong ngimg chay, phai c6 nguoi duge dao tao
san dé d& chd, vi thi truong khong duoc gian doan. Bang sau mo ta bdn vi tri ma Bao
Ngoc cé thé hudng téi.

Al in finance should be a tool that supports people. The machine suggests and the person
decides, above all on big matters such as lending. When an automated system stops, trained

people must be ready to step in, because markets cannot be left without service. The next table
describes four positions Bao Ngoc could aim for.

K§ ning cin cé
Skills needed

Viéc hiang ngay
Daily work

Vi tri

Position

SQL, hiéu nghiép vu, ti mi, biét
quy dinh bao v¢ dir li¢u
SOL, business sense, care,

Theo ddi chat lugng bang, ghi tir dién
dir lidu, xir Iy yéu cau truy cap

Watch table quality, keep the data
dictionary, handle access requests

Chuyén vién quan ly
dir liéu tai chinh

Fi al data offi .
inancial data officer knowledge of data protection rules

Nhan cau hoi tir nghi€p vu, tinh chi Thé s I, (E7Aherm, (il [y & 6

Chuyén gia phan tich 4, dung bao cdo, giai thich két qua lieu
dir ligu tai chinh Take questions from the business, o .
. i ) . ) Statistics, Python, presenting
Financial data analyst compute metrics, build reports, explain f
figures

results

Dung duong 6ng dit liéu, t6i wu luu

, Pyth L. hé phan tan, hé
trix va xir 1y phan tan, theo ddi tién ython, SQL, h¢ phan tdn, h¢

diéu hanh
Python, SOL, distributed systems,

K¥ su dir liéu 16n trinh ch
Big data engineer rnh chay

Build data pipelines, tune storage and

Phat trién (mg dung
Application developer

distributed processing, monitor runs

Viét dich vu dua mé hinh vao san
pham, kiém thir, van hanh

Write services that put models into
products, test, operate

operating systems

Lap trinh, thiét ké dich vu, bao
mat

Programming, service design,
security

1.10. Ung dung & té chirc tai chinh: phiéu mét trang cho Triic Xanh Pay -
1.10. Application in a financial organisation: a one-page brief for Truc Xanh Pay

Chi Thao giao Bao Ngoc mdt viéc: nén cho vi Trac Xanh Pay thém chirc ning gin co
giao dich bét thudng ngay khi phat sinh hay khong? Bao Ngoc khong nhay vao ky thuat.
Ban tra 1o 1an luot sdu cau, mdi cau dung mdt khai niém vura hoc, va gom thanh phiéu
mot trang.
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Ms Thado gives Bao Ngoc a task: should the Tric Xanh Pay wallet add a function that flags
unusual transactions the moment they occur? Bao Ngoc does not jump into technique. She
answers six questions in turn, each using an idea just learnt, and gathers them into a one-page

brief.

Cau héi Tra 1oi ciia Bao Ngoc

Question Bdo Ngoc's answer

Quyét dinh cén ra la gi? C6 bat gan co ngay hay khong
What decision is needed? Whether to switch on immediate flagging

Du bao (giao dich nay cé bat thuong khong) rdi dé xuét (chan, hoi

Loai phéan tich nao? lai hay cho qua)

Which kind of analytics? Predictive (is this transaction unusual) then prescriptive (block, ask or
pass)

Nguon dit liéu nao? Giao dich vi (c6 ciu truc), nhat ky tmg dung (ban cau trac)

Which data sources? Wallet transactions (structured), app logs (semi-structured)

Téc do: phai tra 10i trong vai tram mili gidy; khdi lwong: 1.500.000

Chir V nao gay kho? giao dich mdi ngay

Which Vs cause difficulty? Velocity: answer within a few hundred milliseconds; volume: 1,500,000
transactions a day

Rii ro gi? Gan cd nham 1am phién khach; dir liéu dang nhap 1a dir lidu c4 nhan

What risks? Wrong flags annoy customers; login data is personal data

Con nguoi ¢ dau? Nhan vién xem cac giao dich bi gan c& va quyét dinh cudi cing

Where are the people? Staff review flagged transactions and take the final decision

Phi€u chua du dé chi Thao quyét, vi con thi€u mdt con sO: ai s€ xem cac c0? Bao Ngoc
udc luong nhu sau.

The brief is not enough for Ms Thao to decide, because one number is missing: who will review
the flags? Bao Ngoc estimates as follows.

1. Gia str mo6 hinh gén c0 0,7% giao dich, tic 7 trén 1.000.
Suppose the model flags 0.7% of transactions, which is 7 in 1,000.
2. S6 co mdi ngay: 1.500.000 x 0,007 = 10.500.
Flags per day: 1,500,000 % 0.007 = 10,500.
3. Mot nhan vién xem 60 c& mdi gio, 1am 7 gid, duge 60 x 7 = 420 cd mdi ngay.
One staff member reviews 60 flags an hour for 7 hours, which is 60 x 7 = 420 flags a day.
4. S6 nhén vién can: 10.500 + 420 = 25,
Staff needed: 10,500 ~ 420 = 25.
Cach doc: 0,7% nghe nhoé nhung doi 25 ngudi xem mdi ngay. Néu ty 18 cd sai giam mot
ntra, s6 nguoi can cling giam mot nira. Bao Ngoc ghi vao phiéu: nén bat chirc ning, véi
diéu kién do ty 18 co sai hang tuan va c¢6 du ngudi xem; chuong 4 day cach do.
Reading it: 0.7% sounds small but needs 25 people reviewing each day. If the share of false flags
is halved, the number of staff halves too. Bao Ngoc writes on the brief: switch the function on, on
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condition that the false-flag rate is measured weekly and enough reviewers are in place; chapter
4 teaches how to measure it.

O thi trudng chimg khoan, cach lam tuong tu. Cong ty Chimg khoan Triuc Xanh c6 ba
nguon: 1énh va khép 1énh (c6 cau trac), gia theo phit va tick (tdn sudt cao), tin tirc (phi
cdu trac). Mdi ngudn tra 10i mot cau héi khac nhau, nhu 1énh ndo dit bat thuong, gia di
chuyén ra sao, tin nao anh huéng. Phiéu mot trang cho timg cau hoi gitip lanh dao nhin ra
quyét dinh nao can sd liéu nao, va ngudn nao chua dang gitr.

In the stock market the method is the same. Truc Xanh Securities has three sources: orders and
matches (structured), prices by the minute and ticks (high frequency), and news (unstructured).
Each answers a different question, such as which orders look odd, how prices move, and which
news matters. A one-page brief per question lets leaders see which decision needs which figures,
and which source is not worth keeping.

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

Céac doan ma trong sach chi dung thu vién chuan cua Python dé chay duoc trén moi may.
Khi lam that, ban s€ dung Apache Spark, pandas hodc mot co s¢ dit 1i€u 16n; y tuwoéng doc
ting phan ma ban hoc & day van y nguyén. Poan ma dau sinh ra mot tép CSV 100.000
dong giao dich vi rdi doc ting dong bang mot ham generator. Generator 1a ham tra vé
timg phan tor mot khi duoc hoi, khong dung ca danh sach; nho tir khoa yield. Dong dau
tép 1a tén cot nén phai bo qua.

The code in this book uses only the Python standard library so it runs on any machine. In real
work you will use Apache Spark, pandas or a large database; the idea of reading in pieces that
you learn here stays the same. The first code creates a CSV file of 100,000 wallet transaction
rows and reads it line by line with a generator function. A generator is a function that hands
back one item at a time when asked, without building the whole list; the keyword yield does this.
The first line of the file holds the column names, so it is skipped.

import csv, os, random, tempfile
random.seed (11)

KENH = ["QRII, "app", llthell, "quayllj
duong = os.path.join (tempfile.mkdtemp (), "vi.csv")
with open (duong, "w", newline="") as f:

w = csv.writer (f)
w.writerow(["ma", "so tien", "kenh"])
for i in range (100000) :
w.writerow ([f"G{i:06d}", random.randint (10, 5000) * 1000,
random.choice (KENH) ])
def doc dong(path) :
with open(path, newline="") as f:
r = csv.reader (f)
next (r)
for dong in r:
yield dong
n, tong, lon, theo = 0, 0, 0, {}
for ma, tien, kenh in doc dong(duong) :
tien = int(tien)
n += 1
tong += tien
lon = max(lon, tien)
theo[kenh] = theo.get (kenh, 0) + 1
print ("so dong:", n)
print ("tong tien:", tong)
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print ("lon nhat:", lon)
print ("theo kenh:", theo)

Két qua chay / Output

so dong: 100000

tong tien: 249976631000

lon nhat: 5000000

theo kenh: {'quay': 25023, 'app': 24883, 'QR': 24891, 'the': 25203}

Tép c6 100.000 dong, tong 249.976.631.000 dong, giao dich 16n nhat 5.000.000 dong. Sb
dong theo kénh: ma QR 24.891, img dung 24.883, thé 25.203, quay 25.023. Vong for chi
gilt mot dong trong tay mdi lan, va bon bién dém nho giir két qua don. Cung doan ma d6
chay dugc véi tép 100 triéu dong, chi cham hon.

The file has 100,000 rows, a total of 249,976,631,000 dong, and a largest transaction of

5,000,000 dong. Rows by channel: QR code 24,891, app 24,883, card 25,203, counter 25,023.
The for loop holds just one row at a time, and four small counters keep the running result. The

same code would run on a file of 100 million rows, only more slowly.

Bay gio do loi ich cta cach doc ting dong. Poan ma thir hai dung tracemalloc, mo-dun
chuan do b nhé Python dang dung, dé so hai cach: nap ca tép vao mot danh sach roi
cong, va cong ngay khi doc tirng dong.

Now measure the benefit of reading line by line. The second code uses tracemalloc, a standard
module that measures the memory Python is using, to compare two ways: load the whole file into
a list and then add, or add as each line is read.

import csv, os, random, tempfile, tracemalloc
random.seed (11)
duong = os.path.join (tempfile.mkdtemp (), "vi.csv")
with open (duong, "w", newline="") as f:

w = csv.writer (f)

for i in range (100000) :

w.writerow ([f"G{i:06d}", random.randint (10, 5000) * 1000])

def doc dong(path) :

with open (path, newline="") as f:

for dong in csv.reader (f):
yield dong

def nap het () :

return sum(int (d[1]) for d in list (doc dong(duong)))
def tung dong () :

return sum(int (d[1]) for d in doc_dong (duong) )
def do_bo nho (ham) :

tracemalloc.start ()

kg = ham()

dinh = tracemalloc.get traced memory() [1]

tracemalloc.stop()

return kg, dinh
kl, a = do_bo nho(nap het)
k2, b = do bo nho(tung dong)

print ("cung ket qua:", kl == k2)
print (f"nap het: {a / le6:.1f} MB")
print (f"tung dong: {b / 1le3:.1f} KB")
print (f"ti le: {a / b:.0f}"™)

Két qua chay / Output

cung ket qua: True
nap het: 19.2 MB
tung dong: 47.5 KB
ti le: 404
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Hai cach cho cung tong. Cach nap hét dung bo nhé dinh khoang 19,2 MB, céch timg
dong chi khoang 47,5 KB, tirc nhé hon khoang 404 lan. Tép cang 16n khoang cach cang
rong: cach nap hét ting theo sé dong, cach timg dong gan nhu dimg yén. Véi tép 50 GB,
chi céach thur hai con chay dugc trén may mot nguoi.

Both ways give the same total. Loading everything peaks at about 19.2 MB of memory, while the
line-by-line way needs only about 47.5 KB, around 404 times less. The bigger the file, the wider
the gap: the load-everything way grows with the number of rows and the line-by-line way barely
moves. For a 50 GB file only the second still runs on one person's machine.

Poan mi tht ba 1am viéc cta budc 4 & muc 1.1: dém dong trung ma, dong thiéu sd tién
va dong sb tién am trén 100.000 giao dich vi c6 cai san 18i. Trude khi chay, lam tay trén
tam dong. M3 giao dich GO3 xuét hién hai lan, sb tién ¢ dong 3 bi thiéu, sd tién dong 6 1a
am.

The third code does the work of step 4 in section 1.1: count rows with a repeated reference, a
missing amount or a negative amount across 100,000 wallet transactions with planted faults.
Before running it, work by hand on eight rows. Reference G03 appears twice, the amount in row
3 is missing and the amount in row 6 is negative.

Dong Ma S6 tién (nghin dong) Vin dé
Row Reference Amount (thousand dong) Problem
1 GO1 50

Khong
None
2 G02 120 Khong
None
3 GO3 (tllne.u Thley sO tién
missing) Missing amount
4 GO3 30 Trung ma y6i dong 3
Same reference as row 3
5 GOS 80 Khong
None
6 G06 30 So tle.n am
Negative amount
7 Go7 200 Khong
None
8 GOS8 15 Khong
None

Ba dong ¢o van dé 13 3, 4 va 6. Goi m 1a sd dong co van dé, mdi dong tinh mot lan, va n
1a tong s6 dong. Ty 18 dong c6 van dé 1a p =m = n.

Three rows have a problem: 3, 4 and 6. Let m be the number of rows with a problem, each
counted once, and n the total rows. The share of rows with a problem is p = m + n.

p=m-+n (1.4)
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Véi bang tam dong, p =3 + 8 = 0,375, tuc 37,5%. Gid dén doan ma. Mot dong c6 hai 16i
van chi tinh mot 1an vao m, nén méa ding mot bién sai cho mdi dong.

For the eight-row table, p = 3 +~ 8 = 0.375, or 37.5%. Now the code. A row with two faults still
counts once in m, so the code uses one flag per row.

import random
random.seed (7)
rows, truoc = [], None
for i in range (100000) :
ma = f"G{i:06d}"
if truoc and random.random() < 0.008:
ma = truoc # dong trung ma voi dong truoc
tien = random.randint (10, 5000) * 1000
X = random.random ()
if x < 0.005:

tien = None # thieu so tien
elif x < 0.007:
tien = -tien # so tien am

rows.append ( (ma, tien))
truoc = ma
thay, trung, thieu, am, loi = set(), 0, 0, 0, O
for ma, tien in rows:
sai = False
if ma in thay:
trung, sai = trung + 1, True
thay.add (ma)
if tien is None:
thieu, sai = thieu + 1, True
elif tien < 0:
am, sai = am + 1, True
loi += sai
print ("so dong:", len(rows))
print ("trung ma:", trung, "thieu tien:", thieu, "am:", am)
print ("dong co van de:", loi)
print (f"ti le p: {loi / len(rows):.2%}")

Két qua chay / Output

so dong: 100000

trung ma: 782 thieu tien: 505 am: 186
dong co van de: 1469

ti le p: 1.47%

Trong 100.000 dong c6 782 dong tring ma, 505 dong thiéu sé tién va 186 dong sb tién
am. Tong ba loai 13 1.473 nhung s6 dong co van dé chi 1a 1.469, vi mot sé dong dinh
nhiéu 16i cung lac. Ty 18 p 1a 1,47%. Nghia 14 cir 1.000 dong c6 khoang 14,7 dong can xt
1y trude khi dua vao mo hinh.

Among 100,000 rows, 782 repeat a reference, 505 lack an amount and 186 have a negative
amount. The three counts add up to 1,473 but the rows with a problem number only 1,469,

because some rows carry several faults at once. The share p is 1.47%. That means about 14.7 in
every 1,000 rows need handling before they go into a model.

LOI HAY GAP / COMMON MISTAKE — Nap ca tép 16n vao danh sach rdi méi tinh. My
chay duoc véi tép thu 100.000 dong nhung hét bo nhé & tép that. Hay viét ngay tur dau béng
generator, va lun dém sé dong di doc dé so véi s6 dong mong doi.

Loading a whole large file into a list before computing. The code runs on a 100,000-row test file but
runs out of memory on the real one. Write it with a generator from the start, and always count the
rows read against the number expected.
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PHAI THUQC / MEMORISE — Generator doc timg dong, bd nhd gan nhu khong ddi theo
kich thudc tép. Ty 1¢ dong ¢6 van d& p = m = n, mdi dong tinh mot 1an du dinh nhiéu 13i.
Kiém chat lwong trudc khi huan luyén mé hinh.

A generator reads line by line and memory barely changes with file size. The share of rows with a
problem p = m + n, each row counted once however many faults it has. Check quality before training
a model.

Bang thuét ngiv — Glossary

Thuéat ngir Tiéng Anh Giai thich ngin

Term (Vietnamese) English Short definition

Dir liéu nhiéu, dén nhanh, nhiéu dang, vuot kha
nang cua cong cu thong thuong.

Dir liéu 16n Big data _ i )
Data so large, fast or varied that ordinary tools
struggle.
‘. Chir V vé lugng dir liéu, do bang byte.
Khoi luon Volume : i o
ne The V for how much data there is, measured in bytes.
Chir V vé nhip dit liéu dén va thoi gian duge
Tdc do Velocity phép X}I ly. , ) )
The V for how fast data arrives and how soon it must
be handled.
B dhins Vit Chir V‘Ve nhiéu dang va nhi¢u nguon dir licu.
The V for many forms and sources of data.
, , . hii & 36 dang tin cua dit liéu.
Tinh xéc thyc Veracity Chir V vé d¢ dang tin cua dir liu

The V for how far data can be trusted.

Chir V vé ich loi dir liéu mang lai cho quyét
Gia tri Value dinh.
The V for the benefit data brings to decisions.

Pon vi nho nhat thuong dung dé do dung luong,
Byte Byte da luu mot chir cai.

The basic unit of storage, enough for one letter.

Mot dong dir liu, vi du mot giao dich.
One row of data, such as one transaction.

Ban ghi Record

Dit liéu xép thanh hang va cot véi kiéu ¢d dinh.

Dit liéu ¢6 cau triic Structured data
j Data in rows and columns with fixed types.

Dit liéu c¢6 nhan nhung mdi ban ghi c¢6 thé khac
Dit liéu ban céu tric Semi-structured data 4102 o
Labelled data whose records may carry different
keys.

Van ban, anh, am thanh khong c¢6 khuén bang.

Dit liéu phi cau triic Unstructured data
b Text, images and audio with no table layout.
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Thuéat ngir Tiéng Anh Giai thich ngin

Term (Vietnamese) English Short definition

Dit liéu ngoai ho so tai chinh truyén thong.

Dir lidu thay thé Alternative data .
j Y Data from outside traditional financial records.

Hé thdng may dua ra du doan, goi y hodc quyét
Artificial intelligence  dinh cho myc tiéu do ngudi dat.

Tri tu¢ nhan tao (Al) . ,
(AD A machine system that predicts, recommends or

decides for goals set by people.

Phan cua Al tu rit quy luat tir dir liéu, khong

. Machine learnin A O viét t At.
Hoc may (ML) g can nguol 'Vlet tung luat ‘ .
(ML) The part of Al that learns patterns from data without

people writing each rule.
Hoc may dung mang no-ron nhiéu tﬁng.

Hoc sau Deep learning Machine learning with many-layered neural
networks.

T . . Hoc tir vi du da c6 dap an.
Hoc co6 giam sat Supervised learning i j P

Learning from examples that carry answers.

Tim nhém hodc quy luat trong dir li¢u chua co
Hoc khong giam sat Unsupervised learning nhan.
Finding groups or patterns in unlabelled data.

Reinforcement Hoc qua thtr, nhan thudng hoac phat.

Hoc tang cuon .
) g g learning Learning by trial, with rewards and penallties.

M ta (chuyén gi da xay ra), chan doan (vi sao),
Four kinds of du bao (s& ra sao), d& xuat (nén lam gi).
analytics Descriptive (wWhat happened), diagnostic (why),

predictive (what next), prescriptive (what to do).

Bon loai phén tich

Thué may chu va kho luu trit qua mang.

bién toan dam ma Cloud computin
) Y P & Renting servers and storage over a network.

May goi ¥, ngudi duyét va quyét dinh.

Con nguoi trong von :
g g & Human in the loop The machine suggests, a person reviews and

lap

decides.

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

Bai 1. Uéc dung lwgng I1énh chirng khoan — Exercise 1. Estimating order storage

Cong ty Chimg khoan Trac Xanh nhan 600.000 1énh mdi ngay, mdi 1énh ghi 180 byte,
mot ndm c6 250 phién. HE théng luu moi dir liéu thanh 3 ban. Tinh dung luong mdt nam
trudc va sau khi nhan ban (1 GB = 1.000 MB). Néu mdi nam luong 1énh khong doi, may
nam thi vuot 1 TB?

Truc Xanh Securities receives 600,000 orders a day, each record is 180 bytes, and a year has
250 trading sessions. The system stores every item in 3 copies. Compute one year of storage
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before and after replication (I GB = 1,000 MB). If the daily order count stays the same, after
how many years does the total pass 1 TB?

1. Mot ngay: 600.000 x 180 = 108.000.000 byte, tirc 108 MB.
One day: 600,000 < 180 = 108,000,000 bytes, which is 108 MB.

2. Mot nam: 108 MB x 250 = 27.000 MB, tirc 27 GB.
One year: 108 MB x 250 = 27,000 MB, which is 27 GB.
3. Nhén ban 3 lan: 27 x 3 = 81 GB mdi nim.
Three copies: 27 x 3 = 81 GB per year.

4.1 TB = 1.000 GB. S6 nam = 1.000 + 81 = 12,35.
1 TB = 1,000 GB. Years = 1,000+ 81 = 12.35.

5. Sau 12 nim c¢6 972 GB, chua t6i 1 TB. Sang nidm thir 13 tong 14 1.053 GB, vuot 1

TB.

After 12 years there are 972 GB, still under 1 TB. In year 13 the total is 1,053 GB, which
passes 1 TB.

Bai 2. Kiém tra chit lwong bang 8 dong — Exercise 2. Quality check on an 8-row table
Bang giao dich c6 8 dong, ghi theo thir ty ma va sb tién (nghin dong): (B1, 40); (B2,
thiéu); (B3, 25); (B3, 25); (B3, 60); (B6, —5); (B6, —5); (B8, 90). Pém dong thiéu sb tién,
dong trang ma (tir 1an xuat hién tha hai), dong s6 tién am. Tinh ty 1é dong c6 van dé va
tong sb tién cua cac dong sach.

A transaction table has 8 rows, listed as reference and amount (thousand dong): (Bl, 40); (B2,
missing), (B3, 25); (B3, 25); (B5, 60); (B6, —5); (B6, —5),; (B8, 90). Count rows with a missing
amount, rows with a repeated reference (from the second appearance) and rows with a negative
amount. Compute the share of rows with a problem and the total amount of the clean rows.

1. Thiéu sé tién: dong 2, tirc 1 dong.
Missing amount: row 2, so I row.

2. Trung ma: B3 1ap ¢ dong 4, B6 1ap ¢ dong 7, tuc 2 dong.
Repeated reference: B3 repeats in row 4 and B6 in row 7, so 2 rows.

3. S tién am: dong 6 va dong 7, tirc 2 dong.
Negative amount: rows 6 and 7, so 2 rows.

4. Dong c6 van dé 12 2, 4, 6, 7 (dong 7 bi tinh mot 1an du dinh hai 15i): 4 trén 8, tirc 50%.
Rows with a problem are 2, 4, 6 and 7 (row 7 counts once although it has two faults): 4 of 8,
or 50%.

5.Dong sach 1a 1, 3, 5, 8. Téng = 40 + 25 + 60 + 90 = 215 nghin dong.
Clean rows are 1, 3, 5 and 8. Total = 40 + 25 + 60 + 90 = 215 thousand dong.

Bai 3. Bon loai phan tich cho cum may rit tién — Exercise 3. Four kinds of analytics for a
cash machine cluster

S6 luot rat tién tai mot cum may rat tién tu dong (ATM, automated teller machine) ctia
Ngéan hang Trac Xanh trong 5 tudn lién tiép (nghin lugt): 120; 126; 132; 138; 144. Mdi
may phuc vu t6i da 40 nghin luwot mdi tuan. Tinh trung binh 5 tudn (mo ta), muc ting mdi
tudn (chan doan), du béo tuan 6 néu mirc ting giit nguyén, rdi sé may can co (dé xuat).
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Cash withdrawals at one cluster of automated teller machines (ATMs) of Truc Xanh Bank over 5
consecutive weeks (thousand withdrawals): 120; 126, 132; 138, 144. Each machine serves at
most 40 thousand withdrawals a week. Compute the 5-week average (descriptive), the weekly
rise (diagnostic), the week-6 forecast if the rise holds (predictive), then the number of machines
needed (prescriptive).

1. M6 ta: (120 + 126 + 132 + 138 + 144) = 5 = 660 + 5 = 132 nghin luot.
Descriptive: (120 + 126 + 132 + 138 + 144) + 5 = 660 ~ 5 = 132 thousand.

2. Chan doan: hiéu hai tudn lién ké déu 1a 6, nén luot rut ting déu 6 nghin mdi tuan.
Diagnostic: every pair of adjacent weeks differs by 6, so withdrawals rise by 6 thousand a
week.

3. Du bao: tudn 6 = 144 + 6 = 150 nghin luot.
Predictive: week 6 = 144 + 6 = 150 thousand.

4. Bé xuét: 150 + 40 = 3,75, lam tron 1én 4 may.
Prescriptive: 150 + 40 = 3.75, rounded up to 4 machines.

5. Gi6i han: du bao gia dinh mirc ting khong doi. Néu c6 ngay 18, can xem lai.
Limit: the forecast assumes a constant rise. If a holiday falls in the week, revisit it.

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

Cau 1. Trinh bay niim chir V ciia dit liéu 16n. Cho méi chit mét vi du & ngian hang
hoac cong ty chirng khoan.

Question 1. Describe the five Vs of big data. Give each one an example from a bank or a
securities company.

« Khéi luong: dit liéu nhidu dén mic mot may khong chia ndi; vi du nhat ky tmg dung
ctia ngan hang sb.
Volume: so much data that one machine cannot hold it; for example a digital bank's app
logs.

« Toc do: dir lidu dén lién tuc va phai xir Iy kip; vi du gid khép 1énh trong phién.
Velocity: data arrives continuously and must be handled in time, for example trade prices
during the session.

* Pa dang: nhiéu dang dir li¢u khac nhau; vi du bang giao dich, tin tirc, anh giéy to.
Variety: many forms of data; for example transaction tables, news and photos of documents.

« Tinh xac thyc: dit liéu dang tin dén dau; vi du tai khoan tao bang thong tin gia.
Veracity: how far the data can be trusted; for example accounts opened with false details.

« Gia tri: dir liéu phai dan t6i quyét dinh c6 ich; vi du giam giao dich gian 1an.
Value: data must lead to a useful decision, for example fewer fraudulent transactions.

Céiu 2. So sanh dir liéu c6 ciu triic, ban ciu tric va phi ciu tric. Néu ngudn ciia
tirng loai & Ngan hang Tric Xanh va mét khé khiin khi xir Iy dir liéu phi ciu tric.
Question 2. Compare structured, semi-structured and unstructured data. Name a source of each
at Truc Xanh Bank and one difficulty with unstructured data.

« Co cAu trac: cot va kiéu ¢d dinh; vi du bang giao dich trong h¢ théng 161.

Structured: fixed columns and types; for example the transaction table in the core system.
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« Ban céu trac: ¢6 nhin nhung mdi ban ghi co thé khac khoa; vi du nhat ky JSON cua
ung dung.

Semi-structured: labelled, but each record may carry different keys, for example JSON app
logs.

« Phi cau tric: khong c6 khudn san; vi du email khiéu nai, anh gidy to, ghi am tong dai.
Unstructured: no ready template; for example complaint emails, document photos and call
recordings.

« Kho khan: phai bién van ban, anh, giong néi thanh con sb trudc khi tinh.

Difficulty: text, images and speech must be turned into numbers before any calculation.

« Cach xir Iy chung: chuyén dan sang dang c6 cau tric réi méi téng hop.

Common approach: convert step by step to a structured form, then summarise.

Cau 3. Phan tich quan h¢ giira Al, hoc may, hoc sau va dir liéu 16n. Néu ba lgi ich va
ba riii ro khi ding chiing trong tai chinh, va gidi thich vi sao van cin con nguwoi
trong vong lap.

Question 3. Explain how Al, machine learning, deep learning and big data relate. Give three
benefits and three risks of using them in finance, and say why people must stay in the loop.

« Quan hé: hoc siu nam trong hoc may, hoc may nam trong Al; dit liéu 16n 12 nhién liéu
dé huan luyén.
Relation: deep learning sits inside machine learning, which sits inside Al; big data is the fuel
for training.
« Loi ich: giam chi phi xtr Iy, thim dinh nhanh hon, mé dich vu cho ngudi chwa c6 lich
su tin dung.
Benefits: lower processing cost, faster assessment, services for people with no credit history.
« Rui ro: dir liéu kém chét luong gay thién léch, mo hinh khé giai thich, nhiéu bén cing
dung mot mo hinh.
Risks: poor data causes bias, models are hard to explain, many firms use the same model.
« Rui ro khéc: dir liéu c4 nhén bi 16, phu thudc vai nha cung cap, thiéu nguoi di k§
nang.
Other risks: personal data exposure, dependence on a few providers, too few skilled people.
« Con ngudi trong vong lap: may goi ¥, ngudi quyét dinh & viéc 16n nhu cho vay.
People in the loop: the machine suggests and a person decides on big matters such as
lending.
« Nguoi con phai thay may khi hé thong ngimg chay.
People must also step in when the system stops.
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1.14. Cau héi tric nghiém — Multiple-choice questions

1. Mot tép ¢6 2.500.000 KB (1 KB = 1.000 byte). Tép d6 bang bao nhiéu GB?
A file has 2,500,000 KB (1 KB = 1,000 bytes). How many GB is that?
A.25GB
B.2,5GB / 25GB
C.0,25GB / 0.25 GB
D. 250 GB

2. Nhiéu tai khoan bi m¢ bang thong tin gia nén so liéu khach hang khé tin. Chir V nao bi

anh huong tryuc tiép nhat?
Many accounts were opened with false details, so customer figures are hard to trust. Which
V'is hit most directly?

A. Khoi luong / Volume

B. Toc do / Velocity

C. Tinh x&c thuc / Veracity

D. Padang / Variety

3. Vi 6 2.000.000 giao dich mdi ngdy, mdi ban ghi 150 byte. Dung luong mot nim 365
ngay la bao nhiéu?
A wallet has 2,000,000 transactions a day, each record 150 bytes. How much storage does a
365-day year need?

A.109,5GB / 109.5 GB
B. 10,95 GB / 10.95 GB
C.1,095TB / 1.095 TB
D.109,5 TB / 109.5 TB

4. Mbi dong nhat ky ung dung ghi dang JSON, c6 dong thém khoa ghi chu, c6 dong

khong. D6 1a dir li€u loai nao?
Each app log line is JSON; some lines add a note key and some do not. What kind of data is
this?

A. Co cau trac / Structured

B. Phi cdu trac / Unstructured

C. Khong thudc loai nao / None of these

D. Ban ciu trac / Semi-structured

5. Tric Xanh mudn tu chia khach thanh cac nhoém gidng nhau vé thoi quen chi tiéu va

chua c¢6 nhan nao. Nén dung cach hoc nao?
Truc Xanh wants to group customers by similar spending habits, with no labels yet. Which
kind of learning fits?

A. Hoc c6 giam sat / Supervised learning

B. Hoc tang cuong / Reinforcement learning

C. Hoi quy tuyén tinh / Linear regression

D. Hoc khong gidm sat / Unsupervised learning
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6. S6 giao dich ba thang lién 1a 300, 330 va 360 nghin, mdi thang ting thém cung mirc.
Du béo thang thu tu 1a bao nhiéu nghin?
Transactions over three months are 300, 330 and 360 thousand, rising by the same amount
each month. What is the month-4 forecast in thousands?

A. 390
B. 400
C. 380
D. 420

7. Cau héi "thang sau nén tang han mirc cho nhém khéch nao" thudc loai phan tich nao?
The question "which customer group should get a higher limit next month" belongs to which
kind of analytics?

A.Mob ta / Descriptive

B. Chan doan / Diagnostic
C. bé xuit Prescriptive
D. Du bao / Predictive

8. Bang 8 dong c6 1 dong thiéu s tién, 1 dong tring ma va 1 dong sd tién am, ba dong

khac nhau. Ty 1¢ dong can xir Iy 1a bao nhiéu?
An 8-row table has I row with a missing amount, 1 with a repeated reference and 1 with a
negative amount, all different rows. What share of rows needs fixing?

A.25%

B.37,5% / 37.5%

C. 50%

D. 12,5% / 12.5%
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Chuong 2. Ha tang va cong cu xir Iy dir liéu 16m — Chaprer 2. Big data
infrastructure and tools

Muc tiéu chwong — Chapter objectives

* Phan bi¢t mo rong doc va mo rong ngang, udc lugng thoi gian quét dir li€u trén cum
may (nhiéu may ndi mang lam chung mét viéc).
Tell vertical from horizontal scaling and estimate the scanning time on a cluster (many
networked machines sharing one job).

« Tinh s6 khéi va dung luong thuc chiém trén HDFS (hé thong tép luu mdi khdi ¢ nhidu
may), giai thich vi sao mot may hong khong 1am mat dir ligu.
Compute blocks and raw storage on HDFS (a file system that keeps each block on many
machines) and explain why one failed machine loses no data.

« Tinh tay va m6 phong MapReduce (dém va gdp bang nhiéu may lam song song), bd
két hop (gop trudc khi guri), phan ving (chia bang thanh phan), ndi phat tan (giri ban
sao bang nhd dén moi may); do va giam 1éch dir liéu.

Work by hand and simulate MapReduce (counting and merging with many machines in
parallel), combiners (merging before sending), partitions (cutting a table into parts) and
broadcast joins (sending a copy of the small table to every machine); measure and reduce
data skew.

* Poc ké hoach Spark (cong cu tinh trong bd nhé ciia cum), chon loai NoSQL (co s¢ di
liéu phi quan hé), dinh dang luu va kiéu kho dit liéu theo bai toan.
Read a Spark plan (Spark computes in the cluster's memory) and choose a NoSQOL type (a
non-relational database), a storage format and a data store style for a problem.

« Néu ruii ro khi thué ha ting dam may, chia trach nhiém giita hai bén va cach giam rui
10.

State the risks of renting cloud infrastructure, how responsibility is shared and how to reduce
the risk.

Béo Ngoc thuc tdp ¢ Trung tdm Phan tich dir li¢u cua Ngan hang TMCP Truc Xanh.
Sang thtr Hai, anh Quan din ban xudng phong may va néi: bao cao giao dich nim ngoai
chay gan ba tiéng trén mot may, nim nay dir liéu gap doi, em tinh xem 1am thé nao. Chi
Thao, giam ddc khéi Quan trj rai ro, dan thém: sé nao 1én bao cdo ciing phai chi ra duoc
n6 lay tir dau. Ban di ciing Bao Ngoc qua ting 16p ctia ha tang: cum mdy, noi luu dit liéu,
cach chia viéc, cong cu tinh, va noi dat hé thong.

Bao Ngoc is an intern at the Data Analytics Centre of Truc Xanh Joint Stock Commercial Bank.
On Monday morning Mr Quan takes her to the machine room and says that last year's
transaction report ran for nearly three hours on one machine, this year the data has doubled,
and she should work out what to do. Ms Thao, director of Risk Management, adds that every
figure in a report must be traceable to its source. You follow Bao Ngoc through each layer of the

infrastructure: the cluster, where the data is stored, how work is divided, the computing tools,
and where the system runs.
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2.1. Mé rong doc, mé rong ngang va cum may — 2.1. Scaling up, scaling out and

clusters

Quan pho dong khach c6 hai cach phuc vu kip. Cach mét 1a mua ndi nude dung to hon va
bép manh hon. Cach hai 1a mé thém nhiéu bép nho dit canh nhau. May tinh ciing c6 hai
cach nhu vay.

A busy noodle shop has two ways to keep up. One is to buy a bigger stock pot and a stronger
stove. The other is to open several small kitchens side by side. Computers have the same two
options.

Mo rong doc (vertical scaling, scale up) 1a nang cip mot mdy: thém 15i xtr Iy (CPU, bd
phan tinh todn), thém bd nh¢ trong (RAM, noi dit li¢u nam tam khi may dang tinh), thém
6 dia. Cach nay dé vi chuong trinh gitt nguyén. Nhung may cé trin, may cang 16n gia
cang tang nhanh, va mdy hong thi moi viéc diung.

Vertical scaling (scale up) means upgrading one machine: more processor cores (CPU, the part
that calculates), more memory (RAM, where data sits temporarily while the machine works) and
more disk. It is easy because the programs stay the same. But a machine has a ceiling, the price
climbs steeply as it grows, and when it fails all work stops.

Mo rong ngang (horizontal scaling, scale out) 1a thém nhiéu mdy thuong, méi may lam
mot phan viéc. Nhiéu may ndi mang lam viéc nhu mot hé goi 1a cum may (cluster). Mdi
may trong cum 1a mot nit (node). Thudng c6 mot nit chii (master) giao viée va nhiéu nit
thg (worker) lam viéc. Mot niit hong thi cum van chay, nhung chwong trinh phai biét chia
viéc nén kho viét hon.

Horizontal scaling (scale out) means adding many ordinary machines, each doing part of the
work. Many networked machines that behave as one system form a cluster. Each machine in the
cluster is a node. Usually one master node hands out the work and many worker nodes do it. If a
node fails the cluster keeps running, but the program must know how to split the work, so it is
harder to write.

Mé réng doc (ning chp mot may) M¢ réng ngang (thém may)
Niit cha
(giao viéc)
May lén hon
o /K
Nut thg Nut tho Nut thg Nut thg
1 2 3 4

May hién tai
8 151, 64 GB

can thém strc thi thém nit thy

¢6 tran, gia tang nhanh

Hinh 2.1. Bén tri, mot may dugc thay bang may 16n hon. Bén phai, mot nit chii giao viéc cho
bdn nut tho; mudn thém stc thi thém nut tho.
Figure 2.1. On the left, one machine is replaced by a bigger one. On the right, one master node hands
work to four worker nodes; to gain power, add workers.
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Tiéu chi Mé rong doc Mé réng ngang
Criterion Scale up Scale out

Cach lam Thay bang may 16n hon Thém nuat vao cum

How Replace with a bigger machine Add nodes to the cluster

Tran C6: may 16n nhat dang ban Gan nhu khong: thém nut tiép

Ceiling Yes: the biggest machine on sale =~ Almost none: keep adding nodes

Mot may hong Ca h¢ dung Cum chay tiép, viéc duoc giao lai

One machine fails The whole system stops The cluster carries on and work is reassigned
Chi phikhiléon  Ting nhanh Tang gan ty 18 voi sb nat

Cost at scale Rises steeply Rises roughly with the node count

Cong strc lap

trinh it Nhiéu: phai chia viéc va gom két qua
Programming Low High: work must be split and results merged
effort

Hop voi Dit li¢u vira trong mQt may Dt liéu vuot qua mot may

Fits Data that fits in one machine Data larger than one machine

Bai miu 1: thoi gian quét dit liéu — Worked example 1: scanning time

Dt li¢u 1énh khép mot ndm ctia Cong ty Chung khoan Trac Xanh 1a 2 TB, tuac 2.000.000
MB. Mbi may doc dia 200 MB mdi gidy. Hoi mot may va 20 may doc hét dit liéu trong
bao 14u?

A year of order-matching data at Triic Xanh Securities is 2 TB, or 2,000,000 MB. Each machine

reads its disk at 200 MB per second. How long do one machine and 20 machines take to read it
all?

1. M6t may: 2.000.000 + 200 = 10.000 gidy, khoang 2 gio 47 phut.
One machine: 2,000,000 + 200 = 10,000 seconds, about 2 hours 47 minutes.

2. Véi 20 may, mdi may giir 2.000.000 + 20 = 100.000 MB.
With 20 machines, each holds 2,000,000 ~ 20 = 100,000 MB.

3. Mdi may doc 100.000 = 200 = 500 gidy, tirc 8 phut 20 gidy. Hai muoi may doc cung
ltc.
Each machine reads 100,000 < 200 = 500 seconds, or 8 minutes 20 seconds. All 20 read at
the same time.

4. Cum con phai chia viéc va gom két qua. Gia sir mdi nit ton thém 2 gidy diéu phdi: 20
* 2 = 40 gidy. Tong cong 540 gidy, tic 9 phit.
The cluster also has to split the work and gather results. Assume each node costs 2 extra
seconds of coordination: 20 * 2 = 40 seconds. The total is 540 seconds, or 9 minutes.

tn) =D+ (n*v)+c*n (2.1)
Trong cong thic (2.1), D 1a dung lugng can doc, v 1 toc d6 doc cua mét nit, ¢ 1a sd gidy
diéu phbi mdi ndit thém vao. Poan ma sau tinh t(n) cho vai ¢& cum va do sb nat cho thoi
gian ngan nhat.
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In formula (2.1), D is the data to read, v is the read speed of one node and c is the coordination
seconds each extra node adds. This code computes t(n) for several cluster sizes and searches for
the node count with the shortest time.

# Thoi gian quét dit 1iéu khi thém ntt

DU LIEU = 2 000 000 # MB (2 TB)
TOC_DO = 200 # MB/gidy mdi nut
DIEU PHOI = 2 # gidy diéu phdi cho mdi nut

def thoi gian(n):
return DU LIEU / (n * TOC_DO) + DIEU PHOI * n
for n in (1, 5, 20, 50, 100, 200):
print (f"nGt={n:>3} gidy={thoi gian(n):>8.1f}")
tot = min(range(l, 301), key=thoi gian)
print (f"nut tét nhit: {tot} gidy={thoi gian(tot):.1£f}")

Két qua chay / Output

nat= 1 gidy= 10002.
nat= 5 gidy= 2010.
nut= 20 giay= 540.
nat= 50 gidy=  300.
nat=100 gidy=  300.
nat=200 gidy=  450.0

nat tbét nhdt: 71 giay=282.8

O O O O O

Tu 1 1én 5 nat, thoi gian giam tir 10.002,0 xudéng 2.010,0 gidy. Tir 100 1én 200 nit, thoi
gian lai ting tir 300,0 1én 450,0 gidy vi phan diéu phdi tang theo sd niit. S6 nut tot nhat 1a
71, mat 282,8 gidy. Thém may chi c6 loi dén mot muc.

From 1 to 5 nodes the time falls from 10,002.0 to 2,010.0 seconds. From 100 to 200 nodes it

rises again from 300.0 to 450.0 seconds because coordination grows with the node count. The
best size is 71 nodes at 282.8 seconds. Adding machines pays off only up to a point.

Chi Thao héi Bao Ngoc: thém 20 may thi c6 nhanh gap 20 lan khong? Bao Ngoc tra 1oi
bang s6. Tir 10.002 xubng 540 gidy 1a nhanh khoang 18,5 lan, thap hon 20 lan vi c6 40
gidy diéu phdi. Chi Thao ghi mic ting toc kém gia dinh diéu phdi 2 gidy mdi nat vao
bién ban.

Ms Thao asks Bao Ngoc whether adding 20 machines makes the job 20 times faster. Bao Ngoc
answers with numbers. Going from 10,002 to 540 seconds is about 18.5 times faster, below 20

because of the 40 seconds of coordination. Ms Thao records the speed-up together with the
assumption of 2 seconds of coordination per node.

2.2. Hé thong tép phan tan HDFS - 2.2. The distributed file system HDFS

Mot thur vién 16n chia quyén sach day thanh nhiéu tap. Mdi tap duoc photo ba ban va dat
& ba chi nhanh khac nhau. M6t thu thu giit s6 ghi tip ndo nam & dau. HDFS (Hadoop
Distributed File System, hé théng tép phan tan ctia Hadoop, mot bd cong cu ma mé cho
d@r liéu 16m) lam dung nhu vay vaéi tép dir licu.

A large library splits a thick book into volumes. Each volume is photocopied three times and kept
in three different branches. One librarian holds the register of which volume is where. HDFS
(the Hadoop Distributed File System, part of Hadoop, an open-source toolkit for big data) does
exactly this with data files.

HDFS cat mdi tép thanh cac khéi (block) c¢b dinh, mic dinh 128 MB, va luu mdi khéi &
nhiéu may. Viéc luu nhiéu ban goi 14 nhan ban (replication); mic dinh mdi khdi c6 3 ban.
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Khéi 16n giup may doc lién mot mach thay vi nhay qua nhiéu manh nho, va giit sé6 danh
ba gon.

HDEFS cuts every file into fixed blocks, 128 MB by default, and stores each block on several
machines. Keeping several copies is called replication; by default every block has 3 copies.
Large blocks let a machine read in one sweep instead of jumping across many small pieces, and
keep the directory compact.

C6 hai loai ntit. Nut tén (NameNode) giir danh ba: tép nao gdm khdi nao, khdi ndo nam &
nut nao. Nut nay khong gitr dir liéu that. Nut dir 1liéu (DataNode) gitr cac khdi that va ca
vai gidy bao mot tin hiéu con séng, goi 14 nhip tim (heartbeat).

There are two kinds of node. The NameNode holds the directory: which file consists of which
blocks and which node holds each block. It holds no real data. A DataNode holds the real blocks
and every few seconds sends a signal that it is alive, called a heartbeat.

Poc tép: chuong trinh hoi ndt tén, nhan danh sach khéi, roi doc thang tir nut dir liéu gan
nhat. Chju 18i (fault tolerance) hoat dong nhu sau: khi mot nat dir liéu mat nhip tim
khoang 10 phut, niit tén coi nat d6 da chét va ra 1énh chép lai cac khéi thiéu tir nhimng ban
con séng sang nit khac. Nguoi dung khong phai lam gi.

Reading a file: the program asks the NameNode, receives the list of blocks, then reads straight
from the nearest DataNode. Fault tolerance works like this: when a DataNode misses heartbeats

for about 10 minutes, the NameNode treats it as dead and orders the missing blocks to be copied
from surviving replicas to other nodes. The user does nothing.

Niit tén: danh ba khéi nao & nit nao

Nt dir li¢u N1 Nit dir li¢u N2 Nt dir li¢u N3 Nt dir li¢u N4

B B N | = |

B3 | B2 | | B2 | | B3 |

L ) =) =]

héng

Mbi khéi B1 dén B4 6 3 ban; N3 hong, mdi khdi van con it nhét 2 ban

Hinh 2.2. Nt tén (cam) giit danh ba; bon nut dit liéu giir cac khdi B1 dén B4, mdi khéi ¢6 3 ban.
Nut N3 hong (vién d6) nhung mdi khdi van con ban & cac nit con lai.
Figure 2.2. The NameNode (orange) holds the directory, four DataNodes hold blocks Bl to B4, each in 3
copies. Node N3 has failed (red outline) but every block still has copies on the surviving nodes.

Pé tinh dung lugng, ban can ba sd: dung luong tép, kich thudce khdi va sd ban sao.
To work out storage you need three numbers: the file size, the block size and the replication
factor.

1. Chia dung lugng tép cho kich thudc khdi rdi 1am tron 1én: d6 1a sb khoi.
Divide the file size by the block size and round up: that is the number of blocks.

2. Moi khéi day 128 MB trir khoi cudi, khdi cubi bang phan du. HDFS khong dém thém
cho khdi cubi.

Tai li€u nay duogc bién soan boi doi ngli ciia website: https://tailieuso.vin
Trang 47



Dé cuong Phan tich dir liéu 16n trong tai chinh / Big Data Analytics in Finance

Every block is a full 128 MB except the last, which is the remainder. HDFS adds no padding
to the last block.

3. Nhan s6 khoi vé6i s6 ban sao dé biét s6 ban khoi phai luu.
Multiply the number of blocks by the replication factor to get the number of block copies to
Store.

4. Nhan dung lugng tép vdi s6 ban sao: d6 1a dung luong thuc chiém.
Multiply the file size by the replication factor: that is the raw storage used.

S0 khéi = [Dung lwong <+ Kich thuwéc khoi] (2.2)
Thuc chiém = Dung lwong * S6 ban sao (2.3)

Vi du: tép nhat ky tmg dung dai 1.000 MB. Ta c¢6 1.000 + 128 = 7,8 nén can 8 khdi: 7
khéi ddy 7 * 128 = 896 MB va khéi cudi 1.000 — 896 = 104 MB. C6 8 * 3 = 24 ban khoi.
Thuc chiém 3 * 1.000 = 3.000 MB, tic 3 GB cho 1 GB dit liéu.

Example: an application log file is 1,000 MB. We get 1,000 +~ 128 = 7.8, so 8 blocks are needed:
7 full blocks of 7 128 = 896 MB and a last block of 1,000 — 896 = 104 MB. There are 8 * 3 =
24 block copies. Raw storage is 3 * 1,000 = 3,000 MB, or 3 GB for 1 GB of data.

Poan ma sau mo6 phong ba t€p trén cum 5 nut. Khoi tho i dat trén nat i, 1+ 1 vai+ 2
(chia vong). Sau d6 ta cho vai nit hong va dém moi khoi con bao nhiéu ban. Cach dat
chia vong nay don gian hon HDFS that, von con tinh dén gid may.
This code simulates three files on a 5-node cluster. Block i is placed on nodes i, i + I and i + 2
in rotation. Then we fail a few nodes and count how many copies each block keeps. This round-
robin placement is simpler than real HDF'S, which also considers racks.
KHOI MB, SO NUT, BAN SAO = 128, 5, 3
TEP = {"nhat ky.log": 1000, "lenh.csv": 300, "sao ke.json": 90}
khoi = [] # (tén tép, sb khbdi, MB)
for ten, mb in TEP.items() :

con lai, k = mb, O

while con lai > 0:
khoi.append((ten, k, min(KHOI MB, con lai)))

con lai -= KHOI MB

k += 1
# khéi tht i d&t trén cédc nat i, i + 1, i + 2 (chia vong)
giu = [{(1 + j) % SO NUT for j in range (BAN_ SAO) }

for i in range (len (khoi))]
tong = sum(x[2] for x in khoi)
print ("sé khbi:", len(khoi))
print ("MB d liéu:", tong)
print ("MB thuc chiém:", tong * BAN SAO)
for hong in ({2}, {2, 3}, {0, 1, 2}):
con = [len(s - hong) for s in giu]
print (f"héng {sorted(hong)}: da 3 ban {con.count(3)}, "
f"con 2 ban {con.count(2)}, con 1 ban {con.count(l)}, "
f"mit {con.count (0)}")

Két qua chay / Output

sé khbi: 12

MB dir 1iéu: 1390

MB thuc chiém: 4170

héng [2]: du 3 ban 4, con 2 ban 8, con 1 ban 0, midt 0

héng [2, 3]: da 3 ban 2, con 2 ban 5, con 1 ban 5, midt 0
héng [0, 1, 2]: & 3 ban 0, con 2 ban 4, céon 1 ban 5, mit 3
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Ba tép cho 12 khbi, 1.390 MB dir liéu va 4.170 MB thyc chiém. Hong mot nat: 8 khdi
con 2 ban, 4 khdi con da 3 ban, mat 0 khdi. Hong hai nut: méat 0 khoi, 5 khdi chi con 1
ban va s& dugc chép lai ngay. Hong ba nut 1ién nhau: mat 3 khdi, vi ca ba ban ctia ching
nam dang ba nat do.

The three files give 12 blocks, 1,390 MB of data and 4,170 MB of raw storage. With one node
down, 8 blocks keep 2 copies, 4 blocks keep all 3, and 0 blocks are lost. With two nodes down, 0
blocks are lost and 5 blocks have a single copy left that will be re-copied at once. With three

adjacent nodes down, 3 blocks are lost, because all three of their copies sat on exactly those
nodes.

Khai niém Bdo vé khi Khong bao vé khi
Concept Protects against Does not protect against

X6a nham, ghi sai: ca 3 ban bi doi

Nhan ban (HDFS) Mot hodc vai may hong gidng nhau
Replication (HDFS) One or a few machines failing Accidental delete or bad write: all 3 copies
change alike

Xo6a nham, ghi sai, ma doc
Accidental delete, bad write,
malware

Sao luu
Backup

Hong may giira hai lan sao luu
Hardware failing between two backups

LOI HAY GAP / COMMON MISTAKE — Luu hing triéu tép nhé trén HDFS. Mbi tép va
mdi khéi tbn mot mau bd nhd & nut tén, nén qua nhiéu tép nhé lam n1t tén qua tai du téng
dung lugng chi vai GB. Gdp tép nho thanh tép 1on trudce khi nap.

Storing millions of small files on HDFS. Every file and every block costs a piece of memory in the
NameNode, so too many small files overload it even when the total is only a few GB. Merge small files
into large ones before loading.

2.3. MapReduce: chia viéc, xao tron, gom két qua — 2.3. MapReduce: split, shuffle,
gather

Pém bau ctr, mdi diém bau ctr ty dém phiéu cua minh. Két qua timg diém duogc gui vé
trung tim, gom theo tng vién, rdi cong lai. Khong diém nao phai doc phiéu cua diém
khac. MapReduce, m6é hinh do Dean va Ghemawat (2004) md ta, lam viéc theo ding
cach do.

On election night every polling station counts its own ballots. Each station sends its tallies to the
centre, which groups them by candidate and adds them up. No station reads another station's
ballots. MapReduce, the model described by Dean and Ghemawat (2004), works exactly this
way.

Dit liéu vao 1a cac dong, chia thanh phan doan (split), mdi phan doan di mot may. Giai
doan map doc tirng dong va trd ra cdp khoa — gid tri (mQt nhan va mot gia tri di kém, vi
du chi nhanh LL va s 1). Giai doan x4o tron va sip xép (shuffle and sort) chuyén cac
cdp cung khoa vé ciing mot may va xép ching canh nhau. Giai doan reduce gop cic gia
tri ctia mdi khoa thanh mot két qua. May 1am viéc gdp nay goi 1a reducer.
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The input is rows, divided into splits, each going to one machine. The map stage reads each row
and emits a key-value pair (a label with a value attached, such as branch LL and the number 1).
The shuffle and sort stage moves pairs with the same key to the same machine and lines them up.
The reduce stage merges the values of each key into one result. The machine that does this
merging is called a reducer.

Bai méu 2: dém giao dich theo chi nhanh — Worked example 2: counting transactions by
branch

Ngan hang Truc Xanh c6 chi nhanh dat theo tén duong: LL (Lé Loi), HB (Hai Ba
Trung), TH (Tran Hung Pao), CG (Cau Gidy). Ba phan doan chtra 12 giao dich, ghi chi
nhanh va sé tién (triéu déng): phan doan 1 gom (LL, 12), (HB, 5), (LL, 8), (TH, 20);
phan doan 2 gbm (HB, 7), (LL, 15), (CG, 4), (HB, 9), (LL, 6); phan doan 3 gom (TH,
11), (LL, 10), (HB, 3). Can dém sb giao dich mdi chi nhanh.

Truc Xanh Bank names itsl branches after streets: LL (Lé Loi), HB (Hai Ba Trung), TH (Tran
Hung Pao), CG (Cau Giay). Three splits hold 12 transactions, listed as branch and amount
(million dong): split 1 has (LL, 12), (HB, 5), (LL, 8), (TH, 20), split 2 has (HB, 7), (LL, 15), (CG,
4), (HB, 9), (LL, 6), split 3 has (TH, 11), (LL, 10), (HB, 3). We need to count the transactions of
each branch.

1. Chia dir liéu thanh ba phan doan; mdi phan doan di mot may lam map.
Divide the data into three splits; each goes to one machine to run map.
2. Ham map doc timg dong va tra cdp (chi nhanh, 1), bé qua s tién.
The map function reads each row and emits the pair (branch, 1), ignoring the amount.
3. Bo két hop (combiner), néu c6, cong ngay trong timg may: (LL,1) hai 1an thanh
(LL,2).
The combiner, if used, adds inside each machine: (LL,1) twice becomes (LL,2).
4. X4o0 tron: cac cap cung khoa vé cing reducer. Gia sir Reduce 1 nhan LL va CG,
Reduce 2 nhan HB va TH.
Shuffle: pairs with the same key go to the same reducer. Say Reduce 1 receives LL and CG,
and Reduce 2 receives HB and TH.
5. Reduce cOng cac gia tri cua tung khoa.
Reduce adds the values of each key.

Dong doc vao Cip sau map Sau b két hop

Rows read Pairs after map After combiner

1 LL, HB,LL,TH  (LL,1) (HB,1)(LL,1) (TH,1) (LL,2) (HB,1) (TH,1)

HB,LL,CG, HB, (HB,1)(LL,1)(CG,1) (HB,1)

LL (LL,1) (HB,2) (LL,2) (CG,1)

3 TH, LL, HB (TH,1) (LL,1) (HB,1) (TH,1) (LL,1) (HB,1)
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Khoéa Gia tri gom dugc Két qua reduce
Key Values collected Reduce result

LL 2,2, 1 5
CG 1 1
HB 1,2,1 4
TH 1,1 2

C6 12 giao dich: LL 5, HB 4, TH 2, CG 1. Khong dung bd két hop, 12 cip di qua mang.
Co bod két hop, chi 9 cap di (3 + 3 + 3). Dir li€u cang lap khoa thi khoan tiét kiém cang
16n.

There are 12 transactions: LL 5, HB 4, TH 2, CG 1. Without a combiner, 12 pairs cross the
network. With one, only 9 pairs do (3 + 3 + 3). The more the keys repeat, the larger the saving.

Dir liéu Map Xio trn, sip xép Reduce

Phén doan 1
LLHBLLTH

(LL,1) (HB,1)
(LL,1) (TH,1)

Reduce 1
LL=5
CG=1

Phén doan 2
HBLLCGHBLL

(HB,1) (LL,1) (CG,1)
(HB,1) (LL,1)

Reduce 2
HB=4
TH=2

Phan doan 3 (TH,1) (LL,1)
TH LL HB - (HB,1)

cing khoa vé cling mot reducer

Hinh 2.3. Tir trai sang phai: mdi phan doan qua map ra cac cip, x4o tron dua cip cing khoa vé
mot reducer, reduce cho téng. Mili tén cam di vé& Reduce 1, mili tén xanh vé Reduce 2.
Figure 2.3. From left to right: each split goes through map to produce pairs, the shuffle sends same-key

pairs to one reducer, and reduce gives the totals. Orange arrows go to Reduce 1, blue arrows to Reduce

2.

Bo két hop chi dung duoc khi phép gop cho cung két qua du gop theo thir ty hay nhom
nao. Cong, dém, 16n nhat, nho nhat thoa diéu kién nay. Trung binh thi khong. Lay chi
nhanh HB véi cac khoan 5, 7, 9, 3: trung binh diing 1a 24 + 4 = 6. Néu mbi phan doan gui
trung binh riéng (5, 8, 3) 1di ldy trung binh cta ba sé d6, ta duoc 5,33, sai. Cach ding la
gui cap (dém, tong): (1, 5), (2, 16), (1, 3), cong thanh (4, 24) rdi mai chia.

A combiner is valid only when the merge gives the same result however the values are ordered
or grouped. Sum, count, maximum and minimum qualify. A mean does not. Take branch HB with

amounts 5, 7, 9, 3: the true mean is 24 ~ 4 = 6. If each split sends its own mean (3, 8, 3) and we

average those three, we get 5.33, which is wrong. The right way is to send (count, total) pairs:
(1,5), (2, 16), (1, 3), add them to (4, 24) and only then divide.

Trung binh = X téng + X dém (2.4)
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Poan ma sau chay dung cac giai doan trén 100.000 giao dich tu sinh, chia 4 phan doan.
Ham map tra (1, sd tién), ham cong cong hai cip, nén cting mdt ham dung duoc cho bd
két hop 1an reduce.

This code runs the same stages on 100,000 generated transactions in 4 splits. The map function

returns (I, amount) and the cong function adds two pairs, so the same function serves both the
combiner and reduce.

import random

from collections import defaultdict
from functools import reduce
random.seed (7)

CN = ["LL", "HB", "TH", "CG", "TD"]

gd = [ (random.choices (CN, [40, 25, 15, 12, 8])[0],
random.randint (1, 50)) for  in range (100 000)]

PHAN DOAN = [gd[i::4] for i1 in range(4)]

def map fn(dong) :
cn, tien = dong
yield cn, (1, tien) # (dém, tdng tién)
def cong(a, b):
return (a[0] + b[0], al[l]l + b[1l])
def chay(co ket hop):
qua_mang, gom = 0, defaultdict(list)
for pd in PHAN DOAN: # mdi phan doan mét may
cuc_bo = defaultdict (list)
for dong in pd:
for k, v in map fn(dong) :
cuc_bo[k] .append (v)
for k, vs in cuc bo.items() :
if co ket hop:

vs = [reduce (cong, vs)]
qua_mang += len(vs)
gom[k] .extend (vs) # x&o trdén: gom theo khoéa

return qua mang, {k: reduce(cong, v) for k, v in sorted(gom.items())}
a, kg a = chay(False)
b, kg b = chay(True)
print ("cdp qua mang khéng bd két hop:", a)
print ("cdp qua mang cé bd két hop:", b)
print ("hai cach cung k&t qua:", kg a == kq b)
for k, (n, t) in kg b.items():
print (£f"{k}: {n} giao dich, téng {t} triéu, TB {t / n:.2f}")

Két qua chay / Output

cidp qua mang khéng bd k&t hop: 100000

cidp qua mang cé bd k&t hop: 20

hai cach cung két qua: True

CG: 11965 giao dich, tdéng 304163 triéu, TB 25.42
HB: 25007 giao dich, tdng 636898 triéu, TB 25.47
LL: 40126 giao dich, tdéng 1024835 triéu, TB 25.54
TD: 7918 giao dich, tdéng 201432 triéu, TB 25.44
TH: 14984 giao dich, tdéng 381719 triéu, TB 25.48

Khéng bo két hop, 100.000 cip di qua mang; c6 bd két hop chi 20 cip (4 phan doan nhan
5 chi nhanh), giam 5.000 1an. Hai cach cho cung két qua. Chi nhanh LL c6 40.126 giao
dich, téng 1.024.835 triéu déng, trung binh 25,54 tri¢u moi giao dich.

Without the combiner, 100,000 pairs cross the network; with it only 20 pairs do (4 splits times 5
branches), a 5,000-fold reduction. Both ways give the same result. Branch LL has 40,126
transactions, a total of 1,024,835 million dong and a mean of 25.54 million per transaction.
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Anh Quan giao Bao Ngoc 1am bao céo dém giao dich vi theo chi nhanh mdi ngay. Chi
Thao hoi con s6 14y tir ddu. Bao Ngoc tra 10i: tong ctia bon phan doan, mdi phan doan c6
s6 dém riéng, va ban ddi chiéu lai béng mot cau SQL GROUP BY ¢ muc 2.11.

Mr Quan asks Bao Ngoc to produce a daily report counting wallet transactions by branch. Ms

Thao asks where the figure comes from. Bao Ngoc answers: the total of four splits, each with its
own count, cross-checked with a SOL GROUP BY in section 2.11.

PHAI THUQC / MEMORISE — MapReduce gdm map (mdi dong ra cip khoa — gia tri), x4o
tron (cung khoa vé cing noi) va reduce (gop gia tri cua timg khoa). Bo két hop chi dung cho
phép gop co tinh két hop va giao hoan: cong, dém, 16n nhit. Trung binh phai giri cap (dém,
tong).

MapReduce consists of map (each row emits a key-value pair), shuffle (same key to the same place)
and reduce (merge the values of each key). A combiner is for merges that are associative and
commutative: sum, count, maximum. A mean must send (count, total) pairs.

2.4. Phan vung dir liéu va léch dir li€éu — 2.4. Data partitioning and skew

Thu thu Xép sach vao cac ké theo chit cai dau cua tén tac gia. K¢ chir N chat cung, ké chir
Q gin nhu tréng. Ai can sach chit N phai xép hang dai. Chia di liéu cho nhiéu may ciing
gap dung chuyén nay.

A librarian shelves books by the first letter of the author's name. The N shelf is crammed and the

Q shelf'is nearly empty. Anyone wanting an N book queues for a long time. Splitting data across
machines meets exactly this problem.

Phén vung (partition) 1a mdt phan cua bang duoc luu hoic xu 1y riéng. Co hai cach chia
pho bién. Phan ving theo bam (hash) ding mét ham bién khoa thanh mot s roi 1y phan
du khi chia cho s6 phan ving: cac khéa phan bd déu néu khoa c6 nhiéu gia tri khac nhau,
nhung truy van theo khoang phai doc moi phan ving. Phan ving theo khoang (range) xép
theo ngay hodc theo dai sb: truy van mot tudn chi can md vai phan ving, x6a dir liéu cii
cling dé, nhung nhiing ngay dic biét nhu ngay tra luong don nhiéu giao dich vao mot
phén vung.

A partition is a part of a table stored or processed separately. Two ways of dividing are
common. Hash partitioning uses a function that turns a key into a number and takes the
remainder when dividing by the number of partitions: keys spread evenly if there are many
distinct values, but a range query must read every partition. Range partitioning arranges data by

date or by number band: a query over one week opens only a few partitions and deleting old
data is easy, but special days such as payday pile many transactions into one partition.

Léch dir lidu (data skew) xay ra khi mot phan ving nhan nhiéu hon han cic phan ving
khac. Thii pham thuong 13 khéa néng (hot key), mot khoa chiém ty 1& dong qua 16n, nhur
mot san thuong mai dié€n tir nhan gén ntra s6 giao dich vi. Ca cum phai chd nat cham
nhat, nén thém may khong gitp gi. Ta do do léch bang ty sb giira phan ving 16n nhat va
murc déu.

Data skew occurs when one partition receives far more than the others. The culprit is usually a
hot key, one key holding a very large share of rows, such as an e-commerce platform receiving
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nearly half the wallet transactions. The whole cluster waits for the slowest node, so adding
machines does not help. We measure skew as the ratio of the largest partition to the even level.

Do 1éch = S6 dong 1é6n nhat + (Tong dong + S6 phan ving) (2.5)

Do léch bang 1 nghia 1a déu hoan hao; bang 3 nghia la phan ving ning nhat gip 3 lan
mirc déu. Cach chita phd bién 1a thém mudi (salting): gan hau té ngdu nhién vao khoa
néng dé né tach thanh nhiéu khéa con, rai ra nhiéu phan ving. Sau khi tinh timg khéa
con, ta gop chung lai thanh mdt ¢ budc thir hai.

A skew of 1 means perfectly even; a skew of 3 means the heaviest partition is 3 times the even
level. The usual cure is salting: attach a random suffix to the hot key so that it splits into several

sub-keys spread over many partitions. After each sub-key is computed, a second step merges
them back into one.

Bai miu 3: do d6 léch b%mg tay — Worked example 3: measuring skew by hand

Mudi giao dich c¢6 ma diém ban 1an luot 13 4, 4, 4, 4, 4, 4, 4, 5, 9, 2. Chia 3 phan ving
theo quy tic: phan ving bang ma chia du 3.

Ten transactions have point-of-sale codes 4, 4, 4, 4, 4, 4, 4, 5, 9, 2. Split them into 3 partitions by
the rule: partition equals code modulo 3.

1. M3 4 chia du 3 duoc 1, nén 7 dong vao phan vung 1. Ma 5 va ma 2 chia du 2, nén vao
phan vung 2. Ma 9 chia du 0, vao phan vung 0.
Code 4 modulo 3 is 1, so 7 rows go to partition 1. Codes 5 and 2 give remainder 2, so they
go to partition 2. Code 9 gives 0 and goes to partition 0.

2. S6 dong ba phan ving: 1, 7, 2. Mirc déu 1a 10 + 3 = 3,33.
Rows in the three partitions: 1, 7, 2. The even level is 10 + 3 = 3.33.
3.D6 léch=7+3,33=2,1.
Skew =7+ 3.33 =2.1.
4. Thém mudi: tach bay dong ma 4 thanh 4a (3 dong), 4b (2 dong), 4c (2 dong), xép vao
phan ving 0, 1, 2. S6 dong méi: 1 +3=4;2;2+2 =4,
Salting: split the seven rows of code 4 into 4a (3 rows), 4b (2 rows), 4c (2 rows) and place
them in partitions 0, 1, 2. New counts: 1 +3 =4;2; 2+ 2 =4.
5.Dd léch méi=4 +3,33 =1,2.
New skew =4 +3.33=1.2.
Doan ma sau lam lai trén 200.000 giao dich vi, trong d6 diém ban DB000 chiém 45%,
chia 8 phan vung. N6 thém mdt phép do phan vung theo ngay trong 30 ngay, voi ngay 5
va ngdy 25 dong gap ba.
This code repeats this on 200,000 wallet transactions in which merchant DB000 holds 45%, split

into 8 partitions. It adds a measure for date partitions over 30 days, where days 5 and 25 are
three times as busy.

import hashlib

import random

from collections import Counter
random.seed (11)

SO PV = 8
DIEM BAN = [f"DB{i:03d}" for i in range (200) ]
gd = [DIEM BAN[O] if random.random() < 0.45
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else random.choice (DIEM BAN[1:]) for  in range (200 000) ]

def bam(khoa) :

return int (hashlib.md5 (khoa.encode()) .hexdigest(), 16) % SO PV
def them muoi (k) :

return f"{k}#{random.randrange(8 * SO PV)}" if k == "DBOOO" else k
tho = Counter (bam (k) for k in gd)
muoi = Counter (bam(them muoi (k)) for k in gd)
TRONG SO = [3 if d in (5, 25) else 1 for d in range(l, 31)]

ngay = random.choices(range(l, 31), TRONG SO, k=200 000)
theo ngay = Counter (ngay)
def do_lech(dem, n):
return max (dem.values()) / (sum(dem.values()) / n)
print ("bam thdé:", [tho[i] for i in range (SO PV)])
print ("bdm cé mubi:", [muoil[i] for i in range (SO PV)])
print ("dd léch bam thé:", round(do lech(tho, SO PV), 2))
print ("dé léch bdm cé mubi:", round (do lech(muoi, SO PV), 2))
print ("dd léch theo ngay:", round(do lech(theo ngay, 30), 2))

Két qua chay / Output

bam thdé: [13886, 14518, 105116, 10020, 17226, 11501, 16503, 11230]
bdm cé mudi: [32209, 27085, 19636, 22531, 22854, 25642, 27734, 22309]
dd léch bam thdé: 4.2

d6 léch bdm céd mubi: 1.29

dé 1léch theo ngay: 2.68

Bam khoa géc cho phan vung nang nhat 105.116 dong trén muc déu 25.000, d6 léch
4,20. Sau khi thém mudi, ning nhat con 32.209 dong, d6 1éch 1,29. Chia theo ngay, ngay
dong nhat gip 2,68 1an mirc déu ciia 30 ngay: mot dang léch khéac, khong do khoa nong
ma do lich.

Hashing the original key gives a heaviest partition of 105,116 rows against an even level of
25,000, a skew of 4.20. After salting, the heaviest has 32,209 rows, a skew of 1.29. Partitioning
by date, the busiest day is 2.68 times the even level of 30 days: a different kind of skew, caused
by the calendar rather than by a hot key.

120 1 BN Bim khoa gbc
BN Bam sau khi thém mudi

100 4

80

60 1

S6 dong (nghin)

40 1

20 1

0 m
PVO PV1 PV2 PV3 PV4 PVs PV6 PV7
Hinh 2.4. Cot do cao vot @ mdt phan vung 1a khoa nong; cdt xanh sau khi thém muoi ndm gan
dudng nét dut, tirc gan muc deu.
Figure 2.4. The red bar towering in one partition is the hot key, the blue bars after salting sit close to the
dashed line, the even level.

Anh Quéan din Bao Ngoc xem d6 1éch trudc khi chay bat ky cong viéc nao trén bang giao

dich vi. Néu 16n hon 2, ban tim khéa néng va thém mudi, roi ghi hai do 1€ch trude va sau
vao nhat ky cong viéc dé chi Thao kiém lai.
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Mr Quan tells Bao Ngoc to check the skew before running any job on the wallet transaction
table. If it exceeds 2, find the hot key and add salt, then record the skew before and after in the
job log for Ms Thao to review.

LOI HAY GAP / COMMON MISTAKE — Chon khoa phén ving chi ¢6 vai gié tri (loai
giao dich, tinh thanh) hodc c6 khéa néng. Mot phan ving 6m gan hét viéc, cac may con lai
ngdi cho. Hiy dém s6 dong theo khoa trude khi chon.

Choosing a partition key with only a few values (transaction type, province) or with a hot key. One
partition takes nearly all the work while the other machines wait. Count rows by key before choosing.

2.5. Noi dir li€u phan tan - 2.5. Distributed joins

Bao Ngoc can gin ving (Bic, Nam, Pong) vao timg giao dich vi. Giao dich nim rai trén
nhiéu may, bang chi nhanh chi c6 vai dong. C6 hai cach ghép. Cach mét: dua ca hai
chdng gidy vé cling mot ban theo chit ci ddu cia ma chi nhanh. Cach hai: photo danh ba
chi nhanh nho xiu rdi phat cho moi ban, chong giao dich dtng yén.

Bdo Ngoc needs to attach a region (North, South, East) to every wallet transaction. The
transactions are spread over many machines, while the branch table has only a few rows. There
are two ways to match them. One: bring both stacks of paper to the same desk according to the

first letter of the branch code. Two: photocopy the tiny branch directory and hand it to every
desk while the transaction stack stays where it is.

Céach mot goi 1a ndi x4o tron (shuffle join): bam khéa ndi cua ca hai bang, giri mdi dong
dén nut dich, roi moi nit ndi phan ctia minh. N6 dung duoc cho hai bang déu 16n, nhung
gan nhu moi dong déu phai d6i chd. Cach hai goi 1a ndi phét tan (broadcast join): gtri ban
sa0 bang nho dén moi nut, mdi nit ndi voi phan bang 16n né dang giir. Bang 16n khong di
chuyén.

The first way is a shuffle join: hash the join key of both tables, send each row to its destination
node, then each node joins its own portion. It works for two large tables, but almost every row
has to move. The second is a broadcast join: send a copy of the small table to every node and
each node joins it with the part of the large table it already holds. The large table does not move.

Ciach ndi Di chuyén Piéu kién
Join type Movement Condition
N&i x40 tron Ca hai bang, gan hét dong Dung cho hai bang 16n
Shuffle join Both tables, almost every row For two large tables
I Chi bang nho, nhan vdi sb niit Bang nho vira bd nhd mdi niit
Noi phat tan . . ,
Only the small table, times the node The small table fits in each node's

Broadcast join
count memory

Bai méu 4: so sanh khoi lwgng chuyén — Worked example 4: comparing the volume moved

Bang giao dich c6 1.000.000 dong trén 50 nut. Bang chi nhanh c¢6 200 dong. Tinh sb
dong phai chuyén qua mang theo mdi cach.

The transaction table has 1,000,000 rows on 50 nodes. The branch table has 200 rows. Find how
many rows must cross the network under each way.
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1. Nbi x40 tron: mot dong giao dich ¢ lai néu nut dich trung nut dang gitt, xac suat 1 +
50. Vay 49 = 50 5O dong phai di: 1.000.000 * 49 + 50 = 980.000 dong.
Shuffle join: a transaction row stays only if its destination is the node already holding it,
probability 1 + 50. So 49 + 50 of the rows move: 1,000,000 * 49 + 50 = 980,000 rows.

2. Bang nho ciing bi x40: 200 * 49 + 50 = 196 dong. Tong 980.196 dong.
The small table is also shuffled: 200 * 49 + 50 = 196 rows. The total is 980,196 rows.

3. N&i phat tan: mdi nat con lai nhan mot ban sao 200 dong: (50 — 1) * 200 = 9.800
dong.
Broadcast join: each of the other nodes receives a 200-row copy: (50 — 1) * 200 = 9,800
rOws.

4. Ty 1&: 980.196 + 9.800 =~ 100. N&i phat tan chuyén it hon khoang 100 lan.
Ratio: 980,196 + 9,800 = 100. The broadcast join moves about 100 times fewer rows.

Dong chuyén = (n — 1) * S6 dong bang nhd (2.6)

Poan ma sau md phong ca hai cach trén 20.000 giao dich va 4 nat. N6 kiém tra rang hai
cach cho cung két qua: tong tién theo ving.

This code simulates both ways on 20,000 transactions and 4 nodes. It checks that the two ways
give the same result: the total amount by region.

import hashlib
import random
from collections import defaultdict
random. seed (3)

SO NUT = 4
VUNG = {"LL": "B&c", "HB": "B&c", "TH": "Nam", "CG": "DPoéng", "TD": "Nam"}
GD = [(i, random.choice(list (VUNG)), random.randint (1, 50))
for i in range (20 000) ]
def nut dich (khoa) : # biam khoéa nbéi ra nut dich
h = hashlib.md5 (khoa.encode ()) .hexdigest ()

return int(h, 16) % SO NUT
def xao tron():
nut = [[] for  in range (SO NUT) ]
chuyen = 0
for d in GD:
n = nut dich(d[1])
nut [n] .append (d)
chuyen += n != d[0] % SO NUT
|

chuyen += sum(nut dich(c) != 0 for c in VUNG) # bang nhé & nat 0
return chuyen, nut

def phat tan():
nut = [[d for d in GD if d[0] % SO NUT == n] for n in range (SO NUT) ]
return (SO NUT - 1) * len(VUNG), nut

def noi (nut) : # mdi nut ndi véi ban bang nhoé cua nd

kg = defaultdict (int)
for dong in nut:
for , cn, tien in dong:
kgq[VUNG[cn]] += tien
return dict (kq)
a, nut _a = xao_tron()
b, nut b = phat tan()
print ("dong chuyén nbdi xdo trén:", a)
print ("dong chuyén nbdi phat tan:", b)
print ("hai cach cung k&t qua:", noi(nut _a) == noi(nut b))
print ("téng theo wvung:", noi(nut b))
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