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Chuong 1. Tong quan vé co s& dir li€u — Chapter 1. Introduction to

databases

Muc tiéu chwong — Chapter objectives

« Phan biét dit liéu, thong tin va tri thirc bang vi du tir sao ké vi dién tir.

Tell data, information and knowledge apart using examples from an e-wallet statement.

« Giai thich vi sao luu dit liéu bang céc tép roi (nhu bang Excel cta ting phong) giy ra
du thira, sai 1éch va rui ro, va co so dit liéu (CSDL, database) giai quyét timg van dé
ra sao.

Explain why keeping data in separate files (such as each department's own spreadsheet)
causes duplication, mismatches and risk, and how a database solves each problem.

* Phan bi¢t CSDL, hé quan tri co s¢ dir liu (HQTCSDL, DBMS) va h¢ co so dir liu;
ké dugc nam thanh phﬁn cua mot hé co so dir liéu.

Distinguish a database, a database management system (DBMS) and a database system, and
name the five parts of a database system.

* Néu ddc trung, lgi ich, chitc nang va cach phan loai HQTCSDL; xé4c dinh cac nhém
nguoi dung CSDL va viéc cta tirng nhom.

State the features, benefits, functions and classification of DBMSs, and identify the groups of
database users and what each does.

« Nam cac quy dinh vé dich vu vi dién tir va vé bao vé dit liéu c4 nhan ma nguoi gitr
CSDL cua mot cong ty tai chinh phai tuan theo; ty xem duogc tur dién dit liéu cua mot
CSDL bang céc 1énh don gian cua SQL (Structured Query Language, ngon ngit truy
vén c6 cdu truc).

Know the rules on e-wallet services and on personal data protection that the keeper of a
financial company's database must follow, and look at a database's data dictionary with
simple commands in SQL (Structured Query Language).

1.1. Dix li€u, thong tin va tri thitxc — 1.1. Data, information and knowledge

Ban mé ung dung vi va xem sao ké. Dong dau tién cua thang 9/2026 trén vi V0001 ghi:
ngay 01/09/2026, 08:15, nap tién, 2.000.000 d. Dong nay la mot su viéc da xay ra, dugc
ghi lai dng nhu n6 dién ra. Mau ghi nhu vay goi 1a dit liéu (data).

You open a wallet app and look at the statement. The first line for September 2026 on wallet

V0001 reads: 1 September 2026, 08:15, top-up, VND 2,000,000. That line records something
that happened, written down just as it happened. A record like this is called data.

Mot dong riéng 1€ chua trd 101 dugc cau hdi nao. Gid st ban gom 40 dong cia thang 9, bo
nhitng dong that bai, rdi dém va cong cac dong nap tién. Ban c6 mot cau c6 nghia: thang
9 ¢6 11 lugt nap thanh cong, tong 17.500.000 d. Cau nay 1a thong tin (information): dir
liu da duge xir 1y va dat vao ngit canh dé tra 101 mot ciu hoi.

A single line answers no question. Suppose you gather the 40 lines for September, drop the failed
ones, then count and add up the top-ups. You get a sentence that means something: September
has 11 successful top-ups, VND 17,500,000 in total. That sentence is information: data that has
been processed and placed in context to answer a question.
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Thong tin chua n6éi ban nén lam gi. Khi ban doc nhiéu thong tin cung nhau va hiéu ra mot
quy luat d& quyét dinh, ban c6 tri thire (knowledge). Vi du: vi Trudong Tién thu 3.300 d
cho mdi 1an rat, du rat it hay nhiéu. Tir d6 ban hiéu rang rit nim 1an nhé tén phi gdp nim
1an rat mot 1an, nén gom lai rut mdt lan thi ré hon.

Information does not yet tell you what to do. When you read several pieces of information
together and see a pattern you can decide by, you have knowledge. For example, the Truong
Tién wallet charges VND 3,300 per withdrawal, large or small. From that you see that five small
withdrawals cost five times the fee of one, so gathering them into a single withdrawal is cheaper.

La gi
What it is

Vi du & vi Truwong Tién

Example at Truong Tién

Cau héi giip nhin ra
Question that spots it

Su viéc hoac gia tri duoc
ghi lai, chua gidi thich.

V0001; nap; 2.000.000;

Mau nay da tra 101 cau hoi

Dir liéu A fuct or value that has 01/09/2026 08:15 nao chua? Chua.
Data béen vecorded notyelA V0001; top-up; 2,000,000, Has this item answered any
) ' 01/09/2026 08:15 question yet? No.
explained.
Dir lidu da duoc xtr 1y, c6  Thang 9 ¢6 11 luot nap N6 cho t6i biét didu gi vé
ngit canh, tra 16i mot cau  thanh cong, tong thuc t&? Mot con sb hay
Thong tin  héi. 17.500.000 d. két luan cu thé.
Information | Data that has been September has 11 successful ~ What does it tell me about
processed, has context and | top-ups, VND 17,500,000 in reality? A specific figure or
answers a question. total. conclusion.
Hiéu biét rit ra tir nhidu
th’f)ng :[in, dung dé chon  Phi I'l’lt’ tinhA thfo lﬁ‘n, flél’l Toi diing n6 dé lam gi? Dé
Trithee ~ cAchlam.  eomritmotlan thiréhon. x4k hanh dong.
Knowledge Understanding drawn from  The fee is per withdrawal, so What do I use it for? To

several pieces of
information and used to
choose what to do.

one larger withdrawal is
cheaper.

decide what to do.

PHAI THUQC / MEMORISE — Dit liéu 1a sy viéc duoc ghi lai. Thong tin 13 dit liéu da xur
1y dé tra 161 mot cau hoi. Tri thirc 13 hiéu biét tir thong tin, dung dé quyét dinh.

Data is a fact that has been recorded. Information is data processed to answer a question. Knowledge
is understanding built from information and used to decide.

Ciach phan biét ba cAp — How to tell the three levels apart

1. Poc mau can xét. Hoi: day la mét su viéc hay gia tri don 1¢, chua ai dém, cong hay so
sanh? Néu dung, d6 1a di liéu.
Read the item. Ask: is this a single fact or value that nobody has counted, added or
compared? If so, it is data.

2. Néu mau 1a két qua cua viéc dém, cong, loc hay so sanh nhiéu dit liéu va tra 1oi mot
cau hoi cu thé, d6 1a thong tin.
If the item is the result of counting, adding, filtering or comparing several pieces of data and
answers a specific question, it is information.

Tai liéu nay dugc bién soan boi ddi ngli ciia website: https://tailicuso.vin
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3. Néu méu 1a mot quy tac hay nhéan dinh dung dé chon cach 1am, vuot khéi viéc mo ta,
do 1a tri thue.
If the item is a rule or judgement used to choose what to do, going beyond description, it is
knowledge.

Vi DU/ EXAMPLE — Xét ba mau: (a) "KHO001"; (b) "C6 3 khach hang Vang"; (c) "Phi rit
tinh theo 1an nén gom rut mot 14n thi ré hon". Mau () chi 1a mot ma, chua tréd 1o1 gi: dit lidu.
Mau (b) 1a két qua cua viéc dém khach theo hang: thong tin. Mau (c) 1a quy tic dé quyét dinh
cach rut tién: tri thirc. Nghia 1 cing mot vi, ba cip khac nhau ndm & mirc d6 xir Iy va muc
dich dung.

Take three items. (a) "KHO01", (b) "There are 3 Gold customers"; (c) "The fee is per withdrawal, so
one larger withdrawal is cheaper". Item (a) is just a code and answers nothing: data. ltem (b) results
from counting customers by tier: information. Item (c) is a rule for deciding how to withdraw:
knowledge. So the same wallet yields three levels, which differ in how far the item has been processed

and what it is used for.

Dit liéu ciing khac nhau vé hinh dang. Di liéu c6 cau trac xép vao dong va cot c¢b dinh,
nhu bang sao ké. Dir liéu khong ¢ ciu tric thi khong c¢6 khudn nhu vay: anh chup gidy
t& khi xac minh tai khoan, tin nhan khach glri cho bd phan hod tro. Phéan 16n sach nay noi
vé dir liéu co6 ciu trac, vi d6 1a thir CSDL quan hé luu t6t va 1a nén dé hoc céc 1énh truy
véan ¢ nhiing chuong sau.

Data also differs in shape. Structured data fits fixed rows and columns, like a statement table.
Unstructured data has no such mould: a photo of an ID taken when an account is verified, or a
message a customer sends to the support team. Most of this book deals with structured data,
which relational databases store well and which is the basis for the query commands in later
chapters.

LOI HAY GAP / COMMON MISTAKE — Cho ring chit 13 thong tin con sb 1a dit liéu.
Ranh gi¢i nim & chd méau da dugc xir Iy dé tra 1oi cau hoi hay chua: "Hué" trong cot tinh

7
AN

thanh 1a dit li€u, con "c6 1 khach ¢ Hue" 1a thong tin.

Thinking that words are information and numbers are data. The line falls where an item has been
processed to answer a question: "Hué" in a province column is data, while "there is 1 customer in
Hué" is information.

LOI HAY GAP / COMMON MISTAKE — Noi rang bang sao ké chira théng tin. N6i chinh
xac, bang sao ké gilr dir li¢u; thong tin xuét hién khi dit liéu dugc dém, cong, so sanh va dat
vao ngilr canh.

Saying that a statement table contains information. Strictly, it holds data; information appears when
the data is counted, added, compared and placed in context.

1.2. Truéc khi c6 CSDL: hru dir liéu bang tép roi — 1.2. Before databases: keeping

data in separate files

Cong ty Truong Tién ngay dau hoat dong chi c6 ba phong va ba bang Excel. Phong Van
hanh giit tép vi tién, phong Ké toan giit tép sao ké giao dich, phong Cham soc khach hang
(CSKH) giit tép khach hang. Mdi phong c6 mot chuong trinh nho riéng dé doc tép cua
minh. Cach lam nay goi 13 hé thong tép (file-based system): dir liéu ndm trong céc tép roi,

Tai li€u nay duogc bién soan boi doi ngli ciia website: https://tailieuso.vin
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chuong trinh nao lo t&p néy. Céch lam thay thé 1a co so dir lidu (CSDL), mét kho dir liéu
ding chung c6 phan mém quan 1y; muc 1.3 ndi rd.

On its first day the Truong Tién company has just three departments and three Excel sheets.
Operations keeps the wallet file, Accounting keeps the transaction statement file, and Customer
Care (CSKH) keeps the customer file. Each department has a small program of its own to read
its file. This way of working is called a file-based system: data sits in separate files, and each
program looks after its own file. The alternative is a database, a shared store of data run by
management software; section 1.3 spells it out.

Tép Phong gitr Cac cot

File Kept by Columns

Vi tién Van hanh M3 vi, ho tén khach, s dién thoai

Wallets Operations Wallet code, customer name, phone number

Sao ké Ké toan Ma giao dich, ho tén khach, s6 dién thoai, s6 tién
Statement Accounting Transaction code, customer name, phone number, amount
Khéch hang CSKH Ho tén khach, sb dién thoai, hang thanh vién
Customers Customer Care Customer name, phone number, membership tier

Ngay tir bang nay ban da thay ho tén va so dién thoai cua cung mdt khach nam ¢ ca ba
tép. Poan 1€nh sau dung lai ba t&€p bang ba bang roi trong PostgreSQL (phan mém quan
ly dir liéu ta ding xuyén sudt sach), 161 doi so dién thoai ciia khach Tran Minh Khoi trong
tép CSKH, vi phong nay vira nhan dugc so mdi. Cac 1énh viét bang SQL; ban chua can
hiéu tirng 1énh, Chuong 8 sé day. Hay nhin két qua & cudi.
Even in this table you can see that one customer's name and phone number appear in all three
files. The next block rebuilds the three files as three separate tables in PostgreSQL (the data
management software we use throughout the book), then changes the phone number of the
customer Tran Minh Khoi in the CSKH file, because that team has just received a new number.
The commands are written in SQL; you do not need to understand each one yet, as Chapter 8
teaches them. Look at the result at the end.
CREATE TABLE TepViTien (MaVi text, HoTen text, SDT text);
CREATE TABLE TepSaoKe (MaGD int, HoTen text, SDT text, SoTien int);
CREATE TABLE TepCSKH (HoTen text, SDT text, Hang text);
INSERT INTO TepViTien VALUES ('V0001', 'Trdn Minh Khéi', '0905550101');
INSERT INTO TepSaoKe VALUES (1, 'Tradn Minh Khéi', '0905550101', 2000000),

(6, 'Trdn Minh Khéi', '0905550101', 500000);
INSERT INTO TepCSKH VALUES ('Trdn Minh Khdéi', '0905550101', 'Vang');
UPDATE TepCSKH SET SDT = '0905550199' WHERE HoTen = 'Trdn Minh Khéi';
SELECT 'ViTien' AS tep, SDT FROM TepViTien

UNION ALL SELECT 'SaoKe', SDT FROM TepSaoKe
UNION ALL SELECT 'CSKH', SDT FROM TepCSKH;

Két qua chay / Output

CREATE TABLE
CREATE TABLE
CREATE TABLE
INSERT 0 1
INSERT 0 2
INSERT O 1
UPDATE 1

Tai liéu nay dugc bién soan boi ddi ngli ciia website: https://tailicuso.vin
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ViTien | 0905550101
SaoKe | 0905550101
SaoKe | 0905550101
CSKH | 0905550199
(4 rows)

Cung mdt khach nhung gio c6 hai sé dién thoai: tép CSKH ghi s6 méi, ba dong con lai
(mot & tép vi, hai & tép sao k&) van ghi s6 cil. Khong ai bao 16i, vi mdi tép tu nd van hop
1é. Khi K& toan can goi khéach xéc nhan mot giao dich, ho s& goi sai $6.

The same customer now has two phone numbers: the CSKH file holds the new one, and the other
three lines (one in the wallet file, two in the statement file) still hold the old one. Nobody sees an
error, because each file is valid on its own. When Accounting needs to ring the customer to
confirm a transaction, it will ring the wrong number.

Sai léch nay chi 12 mot trong nhiéu van dé cta hé théng tép. Bang sau liét ké timg van dé,
dat canh chuyén xay ra ¢ ba t¢p ctia Truong Tién.

This mismatch is only one of the problems of a file-based system. The next table lists each

problem beside what happens in Truong Tién's three files.

Van de

Problem

Chuyén x4y ra ¢ ba tép
What happens in the three files

Hau qua
Consequence

Du thira dir liéu
(data redundancy)
Data redundancy

Khong nhit quan
(inconsistency)
Inconsistency

Kho truy Xuét
(data isolation)
Data isolation

Kho giir rang bude
(integrity)
Integrity

Ho tén, s6 dién thoai ciia mot khach
duogc chép ¢ ca ba tép.

One customer's name and phone number are
copied into all three files.

Stra s6 dién thoai ¢ tép CSKH ma quén
hai tép kia.
The phone number is changed in the CSKH

file and the other two are forgotten.

Mubn biét khach hang Vang nap bao
nhiéu phai ghép tay t¢p CSKH vdi tép
sao ké.

To find how much Gold customers topped
up, someone must match the CSKH file and
the statement file by hand.

Quy tic "sd tién phai 16n hon 0" nam
trong chwong trinh ctia Ké toan; ai stra
tép bang Excel thi khong bi kiém.

The rule "the amount must be above 0" lives
inside the Accounting program, anyone
editing the file in Excel escapes the check.

Trang 11

Tén chd, va phai sira ¢ ba noi
mdi khi ¢ thay doi.

It wastes space, and every change
has to be made in three places.

Mot khéch c6 hai s dién thoai;
khong biét s6 nao dung.

One customer has two phone
numbers, and nobody knows which
is right.

Mdi cau hoi méi cin mot chuong
trinh méi hoac mot budi 1am tay.
Every new question needs a new
program or an afternoon of manual
work.

S6 tién am hay ma vi khong ton
tai lot vao dir liéu.

Negative amounts or wallet codes
that do not exist slip into the data.

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



DPé cuong Co s dir liéu / Databases

Vén dé
Problem

Chuyén x4y ra ¢ ba tép

What happens in the three files

Hau qua
Consequence

Béo mat yéu
(security)
Weak security

Kho chia sé: truy
cap dong thoi
(concurrency)
Hard to share:
concurrent access

Phu thudc ciu trac
tép

Dependence on file
layout

Tép chi c6 hai mure: cho moé hoac khong
cho mg. Cho Ké toan xem tép sao ké 1a
cho xem luén s dién thoai.

A file has two settings: openable or not.
Letting Accounting open the statement file
also shows them the phone numbers.

Hai nguoi cung mé mét tép Excel:
nguoi thir hai chi dugc doc, hodc ca hai
luu va ban luu sau dé ban luu trude.
Two people open one Excel file: the second
can only read, or both save and the later
save overwrites the earlier one.

Thém mdt cot vao tép vi thi chuong
trinh doc tép phai sua theo.

Adding a column to the wallet file means the
program that reads it must be changed.

Luru bing tép roi

Khong thé cho xem mot phan cot
hay mot phan dong.

You cannot grant access to only
some columns or rows.

Lam viéc chd nhau, hodc mat
thay doi cia mot nguoi.

People wait for each other, or one
person's changes are lost.

Mbi thay d6i nho kéo theo sira
nhiéu chuong trinh.

Each small change drags in edits to
several programs.

Dung mét CSDL chung

chép & ca ba tép

;
1
1
1
1
1
1
P N
1
Ung dung Ung dung Ung dung | - - -
[ van hanh ké toan CSKH i | Ungdung Ung dung Ung dyng
1
1 |- 7
!
1
| _ y y ¥ §
:
i HQTCSDL
1
Tép Tép Tép P g
vi tién sao ké CSKH !
1
i v
1
1
i
Ho tén va sb dién thoai i di CHiDIL
! ung chung
1
1
1
1
1
1
1
1

Mai su viée ghi mot chd

Hinh 1.1. Hai cach td chire dit liéu. Bén trai, mdi ung dung co tép riéng va ho tén, s6 dién thoai
bi chép & ca ba tép. Bén phai, ca ba tmg dung di qua mot phdn mém quan 1y chung (HQTCSDL,
giai thich & myc 1.3) dé dung mot CSDL, mdi sy viéc ghi mot chd.

Figure 1.1. Two ways to organise data. On the left, each application has its own file and names and

phone numbers are copied into all three. On the right, all three applications go through one piece of

management software (the DBMS, explained in section 1.3) and share one database, with each fact stored

once.
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Ciach nhan ra nhugc diém trong mot tinh huong — How fo spot the weaknesses in a
situation

1. Liét ké dir liéu cua tinh hudng & nhitng noi ndo: tép ndo, phong nao, chuong trinh nio.
List where the situation keeps its data: which files, which departments, which programs.

2. Gach dudi moi thong tin xuat hién ¢ tir hai noi tré 1én. D6 1a du thira; néu hai noi ghi
khac nhau thi da sai léch.
Underline every piece of information that appears in two or more places. That is
redundancy; if the places disagree, there is already a mismatch.

3. Véi ting cau hoi cia ngudi dung, kiém xem tra 10i ¢6 phai ghép tay nhiéu tép khong
(kho truy xuét), va ai dang giit cac quy tac kiém tra di liéu (rang budc).
For each user question, check whether answering means matching several files by hand
(isolation), and who holds the rules that check the data (integrity).

4. Hoi tiép: c6 thé cho nguoi nay xem tép ma gidu b6t cot khong, va hai nguoi stra cing
lac thi chuyén gi xdy ra (bao mat, truy cap dong thoi).
Then ask: can one person be shown the file with some columns hidden, and what happens
when two people edit at once (security, concurrency)?

VI DU/ EXAMPLE — Mot quan ca phé cé tép thuc don do bép giit va tép hoa don do thu
ngan giir; ca hai déu ghi gia "ca phé sita". Budc 1: dit liéu & hai tép. Budc 2: gia ca phé sira
nam & ca hai noi, ddy 13 du thira; khi quan ting gia ma thu ngan quén sta, hai tép ghi hai gia,
day 1a sai léch. Budc 3: mudn biét mén nao ban chay phai ghép hai tép bang tay. Budc 4: ai
mé dugc tép hoa don ciing thay hét doanh thu. Két ludn: quan dang gap du thira, khong nhat
quan, kho truy xuét va bao mat yéu.

A café has a menu file kept by the kitchen and a bill file kept by the cashier; both record the price of a
"milk coffee”. Step 1: data in two files. Step 2: the price sits in both places, which is redundancy;
when the café raises the price and the cashier forgets to change it, the files hold two prices, which is a
mismatch. Step 3: to learn which dish sells best, someone must match the two files by hand. Step 4:

anyone who can open the bill file sees all the takings. Conclusion: the café suffers from redundancy,
inconsistency, poor retrieval and weak security.

Excel van 14 cong cu tot cho mot nguoi voi vai trim dong. Van dé chi xuat hién khi nhiéu
ngudi, nhidu phong cing dua vao dir liéu va dir liéu 16n dan.

Excel is still a good tool for one person with a few hundred rows. The problems appear only
when many people and departments depend on the same data and the data keeps growing.

LOI HAY GAP / COMMON MISTAKE — Nhim du thira v6i sao luu. Sao luu 14 ban chép
c6 chu dich, cat riéng dé ctru dit lidu khi hong. Du thira 1a cing mot sy viée séng & nhiéu noi
cung lic va phai dugc stra dong thoi.

Mixing up redundancy with backup. A backup is a deliberate copy kept apart to rescue data after a
failure. Redundancy is one fact living in several places at once, all of which must be changed together.

LOI HAY GAP / COMMON MISTAKE — Cho ring chi cin nhic moi ngudi "nhé stra ca
ba tép" 1a du. Quy tac dua vao tri nhg s& thung; can hé théng gitlr mdi su viéc & mot chd.
Believing it is enough to remind everyone to "change all three files". A rule that relies on memory will
leak; the system needs to keep each fact in one place.

Tai li€u nay duogc bién soan boi doi ngli ciia website: https://tailieuso.vin
Trang 13



DPé cuong Co s& dir liéu / Databases

1.3. Co s¢ dir li€u, hé quan tri co s& dir li€éu va hé co s¢ dir li€u — 1.3. Database,

database management system and database system

Hay nghi dén danh ba trong dién thoai. Mdi nguoi chi co mot muc, dir lidu vé ho (tén, $0,
anh) nam canh nhau, va moi ung dung goi dién, nhén tin déu doc cung danh ba d6. Co s¢
dir liéu (CSDL, database) 1a phién ban dy du ciia ¥ tuong dy: mot tap dir liéu co to chuc,
lién quan véi nhau, phan &nh mat phén cta thé gidi that, duoc luu lai dé nhiéu nguoi va
nhiéu chuong trinh ciing dung.

Think of the contacts list in your phone. Each person has a single entry, the data about them
(name, number, photo) sits together, and every calling or messaging app reads the same list. A
database is the full-size version of that idea: an organised set of related data that reflects part of
the real world and is kept so that many people and programs can use it together.

CSDL cua Trudng Tién phan anh viéc van hanh vi: ai 13 khach hang, mdi ngudi cé nhiing
vi nao, vi lién két v6i ngan hang nao, vi di 1am nhiing giao dich gi. Di liéu dugc to chire
theo ba cip. Mot truong (field) 14 mot 6, vi du ho tén ciia mot khach. Mot ban ghi
(record) 1a mot dong gdm cac trudng noi vé cung mot déi twong, vi du ca hang vé khach
KHO001. Mot bang (table) 1a tap hop cac ban ghi c6 cung cac truong, vi du bang khach
hang. Trong sach nay ta n6i "cot" thay cho truong va "dong" thay cho ban ghi.

The Truong Tién database reflects how the wallet runs: who the customers are, which wallets
each owns, which banks a wallet is linked to, and which transactions a wallet has made. The
data is organised in three levels. A field is one cell, for example a customer's name. A record is a
row of fields about the same thing, for example the whole line about customer KH00I. A table is
a set of records with the same fields, for example the customer table. In this book we say
"column" for field and "row" for record.

Mudn xem CSDL Trudng Tién cé nhiing bang nao, ta dung psql, chuong trinh dong lénh
di kém PostgreSQL. Lénh \dt (viét tat cta "describe tables") liét ké cac bang. Tén bang va
tén cot s& hién bang chit thudng; 1y do duge giai thich & Chuong 8.

To see which tables the Truwong Tién database holds, we use psql, the command-line program

that comes with PostgreSQL. The command \dt (short for "describe tables") lists the tables.
Table and column names will appear in lower case; Chapter 8 explains why.

| \dt
Ket qua chay / Qutput
List of relations

Schema | Name | Type | Owner
———————— fom
public | cuahang | table | postgres
public | giaodich | table | postgres
public | khachhang | table | postgres
public | khoanvay | table | postgres
public | kytrano | table | postgres
public | lienket | table | postgres
public | nganhang | table | postgres
public | nhanvien | table | postgres
public | vi | table | postgres
(9 rows)
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Két qua co 9 bang. Cot Name 12 tén bang, cot Owner 13 tai khoan s& hiru. Bay gio ta thi
doc dit liéu that: 1énh SELECT lay cac dong ra, FROM chi bang, WHERE giit lai nhiing
dong thoa diéu kién. Lénh thtr hai dém s6 dong cta bang khach hang. Mdi 1énh hoi dir
lidu kiéu nay goi 1a mét truy van (query).

The result shows 9 tables. The Name column is the table name and the Owner column is the
account that owns it. Now let us read real data: SELECT picks rows out, FROM names the table,
and WHERE keeps only the rows that meet a condition. The second command counts the rows of
the customer table. Each command that asks the data a question like this is called a query.

SELECT MaKH, HoTen, TinhThanh FROM KhachHang WHERE TinhThanh = 'Hué';
SELECT COUNT (*) AS soKhach FROM KhachHang;
Ket qua chay / Output
makh | hoten | tinhthanh
_______ +________________+___________
KHO01 | Trdn Minh Khéi | Hué
(1 row)
sokhach
12
(1 row)

Trong 12 khach hang c¢6 dang 1 nguoi & Hué, 1a KHOO1. Tir nay moi con s6 vé CSDL
Truong Tién trong sach déu 13y tir két qua chay that nhu vay.

Of the 12 customers exactly 1 lives in Hué, KH001. From here on every figure about the Triuong
Tién database in this book comes from a real run like this.

Con ai lo viéc cét, tim va bao vé cac bang do? D6 1a h¢ quan tri co s¢ dir li¢u
(HQTCSDL, database management system, DBMS): phan mém dung gitta ngudi dung,
chuong trinh va dir liéu. Moi yéu cau doc hay ghi déu di qua né. Hay hinh dung thu thu
ciia mot thu vién 16n: ban khong tu vao kho 1ay sach, ban néi vé6i thu thu, tha thu tim,
kiém thé va dua sach cho ban. HQTCSDL 13 nguoi thu thu d6. PostgreSQL, MySQL,
SQL Server, Oracle va SQLite 1a cac HQTCSDL.

Who looks after storing, finding and protecting those tables? The database management system
(DBMS): software that stands between users, programs and the data. Every request to read or
write goes through it. Picture the librarian of a large library: you do not walk into the stacks
vourself, you tell the librarian, who finds the book, checks your card and hands it over. The
DBMS is that librarian. PostgreSQL, MySQL, SOL Server, Oracle and SQLite are DBMSs.

Mot HQTCSDL dimg mot minh chua lam duoc gi. Pé vi Truong Tién chay, can thém
may chi, tmg dung, quy dinh van hanh va con ngudi. Tat ca gop lai goi 1a hé co so dir
liéu (database system) va c6 nim thanh phan.

A DBMS standing alone does nothing. For the Truong Tién wallet to run, you also need servers,

applications, working rules and people. All of these together are called a database system, and it
has five parts.
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Thanh phén

Part

Phan cling
Hardware

Phan mém

Lagi

What it is

May méc chay hé théng: may chi, 6
dia, thiét bi mang.

The machines the system runs on: servers,
disks, network equipment.

HQTCSDL cung cac chuong trinh
ung dung dung no.

O vi Truong Tién
At Truong Tién

May chu dit dit liéu va dudng truyén
t&i dién thoai cua khach.

The server holding the data and the
connection to customers' phones.

PostgreSQL va ing dung vi trén dién
thoai.

Software The DBMS and the application programs | PostgreSQL and the wallet app on the
that use it. phone.
CSDL va phin mé ta cau triic cua Chin bang khach hang, vi, giao dich va
Dit liu chinh né (tir dién dit liéu). cac bang con lai.
Data The database and the description of its The nine tables of customers, wallets,
own structure (the data dictionary). transactions and the rest.
Quy dinh vé cach dung, cép quyén, Ai duge xem s6 dién thoai, bao 1au sao
Quy trinh sao luu, xur ly su cd. luu mot 1an.
Procedures Rules on use, granting access, backup and = Who may see phone numbers, and how
handling incidents. often backups run.
Nhiing nguoi thiét ké, quan tri, lap Nguoi quan tri, 1ap trinh vién, nhan
Con nguoi trinh va sir dung hé thong. vién CSKH va khach hang.
People The people who design, administer, The administrator, programmers, CSKH

program and use the system.

Phan cling
may chu, ) dia, mang

Con nguoi
DBA, lap trinh vién, khach

Hé CSDL
vi Trudng Tién

staff and customers.

Phan mém
HQTCSDL, tng dung vi

Quy trinh
phan quyén, sao lwu

Dit licu

bang va tir dién dit liéu

Hinh 1.2. Nim thanh phan cta h¢ CSDL. Elip & giita 14 hé théng vi Truong Tién; nim 6 xung
quanh 13 phan ctng, phin mém, dir liéu, quy trinh va con ngudi, mdi 6 ndi vao hé théng bang
mot duong thing.

Figure 1.2. The five parts of a database system. The ellipse in the middle is the Truong Tién wallet
system, the five boxes around it are hardware, software, data, procedures and people, each joined to the
system by a straight line.
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Khii niém | La gi Vi du DE nhiam ¢ dau
Concept What it is Example Where people slip

Tap dix liéu c6 t6 chu hin ba ja vi v 1m 1ea A .
?p dir liéu co t0 churc, C 11} bangkcua vi La dit liu, khong phai
CSDL dung chung. Truong Tién. hin mém
Database An organised set of shared The nine tables of the P . ) ,
. » It is data, not software.
data. Truong Tién wallet. '
Phan mém quan ly va bao Cai dat duoc, nhung chua
HQTCSDL  vé CSDL. PostgreSQL. ¢6 dir li€u cua ban.
DBMS Software that manages and PostgreSQL. You can install it, but it
protects the database. does not yet hold your data.

CSDL, HQTCSDL, tng
dung, phﬁn cing, quy trinh  Toan bd hé théng vicua Rong hon hai khai niém

H¢ CSDL : .. 50 t trén
Database va con nguoi. cong ty. e . .

The database, DBMS, The company's whole 1t is wider than the other
system L

applications, hardware, wallet system. two.

procedures and people.

PHAI THUQC / MEMORISE — CSDL 14 tap dit liéu c6 t6 chirc, dung chung. HQTCSDL la
phan mém quan Iy CSDL. Hé CSDL gém CSDL, HQTCSDL, tmg dung, phan cimg, quy
trinh va con nguoi.

A database is an organised set of shared data. A DBMS is software that manages it. A database
system is the database, DBMS, applications, hardware, procedures and people together.

LOI HAY GAP / COMMON MISTAKE — Goi PostgreSQL 14 "mdt co s& dir liéu".
PostgreSQL 1a HQTCSDL; co s& dit lidu 1a thir né quan 1y, vi du CSDL Truong Tién.
Calling PostgreSQL "a database". PostgreSQL is a DBMS, the database is what it manages, such as
the Truong Tién database.

LOI HAY GAP / COMMON MISTAKE — Nghi ring mét bang Excel nhiéu sheet da 13 hé
CSDL. Excel 12 bang tinh; né c6 thé chua dit liéu c¢6 t6 chirc nhung thiéu phan gii rang budc,
phan quyén theo cot va xir Iy nhidu ngudi cung ghi.

Thinking a multi-sheet Excel workbook is already a database system. Excel is a spreadsheet; it can

hold organised data but lacks constraint checking, column-level permissions and handling of many
writers at once.

1.4. Pac trung va lgi ich ctia CSDL - 1.4. Features and benefits of a database

Muc 1.2 liét ké cac van dé cua tép r0i. CSDL ¢6 tam dic trung, va mdi dic trung 1a cau
tra 101 cho mot hay nhiéu van dé d6. Ta di lan luot, dic trung nao 1am thir duoc thi chay
1énh that.

Section 1.2 listed the problems of separate files. A database has eight features, and each answers

one or more of those problems. We take them in turn, and run real commands where a feature
can be tried.
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Pac trung 1. Tw mo ta — Feature 1. Self-describing

Ngoai dit liéu, CSDL giit ca ban mé ta vé chinh né: bang nao c6 cot gi, kiéu gi, quy tic
gi. Phan mo ta d6 goi 1a siéu dit liéu (metadata, nghia 1a dit liéu vé dit liéu) va noi cat né
goi 1a tir dién dit liéu (data dictionary). Nho vdy ai md CSDL ciing doc dugc cdu trac ma
khong can hoi ngudi viét ra né. Lénh \d kém tén bang cho ta xem phan mo ta ctia bang
do.

Besides data, the database keeps a description of itself: which tables have which columns, of
what type, under what rules. That description is called metadata (data about data), and the place

that holds it is the data dictionary. So anyone who opens the database can read its structure

without asking whoever built it. The command \d followed by a table name shows the description
of that table.

| \d lienket
Két qua chay / Output

Table "public.lienket"

Column | Type | Collation | Nullable | Default
————————————— Bt it
mavi | character (5) | | not null |
manh | character (4) | | not null |
sotaikhoan | character varying (20) | | not null |
ngaylienket | date | | not null |
Indexes:

"pklienket" PRIMARY KEY, btree (mavi, manh)

Foreign-key constraints:
"fklknganhang" FOREIGN KEY (manh) REFERENCES nganhang (manh)
"fklkvi" FOREIGN KEY (mavi) REFERENCES vi (mavi)

Cach doc két qua: phan dau liét ké timg cot v6i kiéu dir liéu (character(4) 1a chudi ding 4
ky tu, date 1a ngay) va cot co dugc dé trong hay khong (not null 1 khong). Phan Indexes
cho biét khoa chinh, tic tap cot nhan dién duy nhit mdi dong; & bang nay 1a cip ma vi va
ma ngan hang. Phan Foreign-key constraints cho biét hai cot nay tham chiéu sang bang vi
va bang ngan hang. Ban s& hoc cac khai niém iy & Chuong 2 va 4. Piéu can thiy lic nay:
cdu tra 1oi nam sin trong CSDL.

How to read the result: the top part lists each column with its data type (character(4) is a string
of exactly 4 characters, date is a date) and whether it may be left empty (not null means it may
not). The Indexes part shows the primary key, the set of columns that identifies each row
uniquely; in this table it is the pair of wallet code and bank code. The Foreign-key constraints
part shows that these two columns refer to the wallet table and the bank table. You will meet
these ideas in Chapters 2 and 4. What to see now: the answer is stored in the database itself.

Ta ciing hoi tir dién dir liéu bang SELECT thudng: mdi bang c6 bao nhiéu cot.
We can also question the data dictionary with an ordinary SELECT: how many columns each
table has.

SELECT table name AS bang, COUNT(*) AS soCot
FROM information schema.columns

WHERE table schema = 'public'

GROUP BY table name

ORDER BY table name;
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Két qua chay / Output

|

+
cuahang |
giaodich |
khachhang |
khoanvay |
kytrano |
lienket |
nganhang |
nhanvien |
vi |
(9 rows)

~ O N> o)y 0 0 WO

Bang giao dich c6 9 cot, bang khach hang 8 cot, bang ngan hang chi 2 cot. S6 liéu nay
khong do ai gd vao; HQTCSDL tur biét vi no giit cau tric caa chinh minh.
The transaction table has 9 columns, the customer table 8 and the bank table just 2. Nobody
typed these figures in; the DBMS knows them because it holds its own structure.

Dic trung 2. Cach ly giira chwong trinh va dir liéu — Feature 2. Insulation between
programs and data

Véi tép 10i, cau tric tép nam trong chwong trinh; thém mot cot 1a sira chuong trinh. Vi
CSDL, ciu trac nam trong tir dién dir liéu, ngoai chuong trinh. Tinh chit nay goi 1a tinh
ddc lap gitra chuong trinh va dir li¢u (program-data independence). Thir xem: ta thém cdt
Website vao bang ngan hang, ri chay lai diing cau truy van ci.

With separate files, the file layout lives inside the program, so adding a column means changing
the program. With a database, the layout lives in the data dictionary, outside the program. This
property is called program-data independence. See it at work: we add a Website column to the
bank table, then run the old query again unchanged.

ALTER TABLE NganHang ADD COLUMN Website varchar (40);
SELECT MaNH, TenNH FROM NganHang ORDER BY MaNH;

Két qua chay / Output

ALTER TABLE
manh

|

+

| Ngé&n hang bdng Ba
NHO2 | Ngadn hang Kim Long

| Ngé&n hang Pha Xuén

| Ngé&n hang Huong Binh

s

Cau SELECT khéng nhéc gi dén cot méi va van cho két qua cii, du 4 ngan hang. Chuong
trinh cli khong phai stra.

The SELECT says nothing about the new column and still gives the same result, all 4 banks. The
old program does not have to be changed.

Pic trung 3. Nhiéu khung nhin — Feature 3. Multiple views
M®bi nhém ngudi can thdy mot phan khac nhau cua dir liéu. Khung nhin (view) 13 mot

"ctra 50" dinh sin trén CSDL, chi cho thay nhitng cot va dong nhém dé can. Khung nhin
khong chép dir liéu; nd luu cau héi, va mdi 1an ma lai chay cau héi ay trén dir liéu hién
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c6. Ta tao khung nhin cho nhén vién 1& tdn: c6 ma, ho tén, tinh, hang; khong c6 sé dién
thoai.
Each group of people needs to see a different part of the data. A view is a ready-made "window"
onto the database that shows only the columns and rows that group needs. A view does not copy
data, it stores a question, and each time it is opened it runs that question on the current data.
Here we create a view for front-desk staff: code, name, province and tier, but no phone number.
CREATE VIEW KhachLeTan AS

SELECT MaKH, HoTen, TinhThanh, Hang FROM KhachHang;
SELECT * FROM KhachLeTan WHERE Hang = 'Vang';
Két qua chay / Output

CREATE VIEW

makh | hoten | tinhthanh | hang
——————— f——————
KHOO1l | Trédn Minh Khéi | Hué | Vang
KHOO3 | Pham Qubc Bao | Ha No&i | Vang
KH009 | Pinh Céng Phuc | HAai Phong | Vang
(3 rows)

C6 3 khach hang Vang, va ngudi dung khung nhin nay khong thay cot s6 dién thoai.
Chuong 8 day tao khung nhin, Chuong 10 dung né dé che dit liéu nhay cam.

There are 3 Gold customers, and a user of this view does not see the phone number column.
Chapter 8 teaches how to create views, and Chapter 10 uses them to hide sensitive data.

Nam dac trung con lai — The remaining five features

Ba dic trung dau lién quan dén cach dit liéu dugc to chtc va trinh bay. Nam dic trung
sau no6i vé an toan va do tin cdy; mdi cai dugc day ky & chuong sau, & day chi can hiéu y.
The first three features concern how data is organised and presented. The next five are about
safety and reliability; each is taught in detail in a later chapter, so here you only need the idea.

Y nghia Vi du & Truong Tién

Meaning

Dac trung
Feature

Chuong
Chapter

Example at Truong Tién

Nhiéu nguoi cung doc, cung

4. Chia s¢ va nhiéu
ngudi dung déng
thoi

4. Sharing and many
users at once

5. Kiém soat du thira

5. Controlled
redundancy

ghi ma dir liéu khong bi
hong, nho co ché kiém soét
dong thoi.

Many people read and write
together without the data being
damaged, thanks to
concurrency control.

Moi su viéc ghi mét chd;
néu c6 l1ap thi lap co chi
dich va duoc kiém soat.
Each fact is stored once; any
repetition is deliberate and
controlled.

Hai khach cung chuyén tien
vao mot vi trong cung giay; so
du cudi van dang.

Two customers send money to one

10

wallet in the same second; the

final balance is still right.

S6 dién thoai cua khach chi
nam trong bang khach hang.
Cot s6 du caa vi 14 dit liéu tinh
dugc tur giao dich nhung luu
san dé tra nhanh: mot chd lip
¢6 chu dich.

A customer's phone number sits

6,7

only in the customer table. The

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

Trang 20



DPé cuong Co s dir liéu / Databases

Y nghia Vi du & Truong Tién

Meaning

Dac trung
Feature

Chuong
Chapter

Example at Truong Tién

6. Rang bugc toan
ven
6. Integrity constraints

7. Bao mat, phan
quyén

7. Security and access
rights

8. Sao luu va phuc
héi

8. Backup and
recovery

Quy tic kiém tra dit liéu
nam trong CSDL, moi
chuong trinh déu bi kiém.
Rules that check the data live
in the database, so every
program is checked.

Mai tai khoan chi lam duoc
nhiing viéc dugc cép.

Each account can do only what
it has been granted.

Cé cach chép dir li¢u ra noi
khac va dua no trd lai sau sy
cb.

There is a way to copy the data
elsewhere and bring it back
after a failure.

wallet balance column can be
worked out from transactions but
is kept ready for fast lookup. a
deliberate repetition.

S6 du vi khong am; giao dich
phai thugc mot vi c6 that.

A wallet balance cannot be 2,4
negative; a transaction must

belong to a real wallet.

Phong K& toan xem dugc giao

dich nhung khong xem dugc

sb dién thoai. 10
Accounting can see transactions

but not phone numbers.

O dia may chu hong; cong ty

dung lai CSDL tur ban sao luu

gan nhét. 10
The server disk fails; the

company rebuilds the database

from the latest backup.

Dic trung 4 can giai thich thém mot chut. Kiém soat dong thoi quyét dinh céi gi xay ra
khi hai yéu cau cham vao cuing mot dong: HQTCSDL xép chung vao hang va cho timg
yéu cau chay tron ven thay vi dé ching gidm 1én nhau. Chuong 10 s& dung vi du chuyén
tién gitra hai vi dé cho thay viéc do.

Feature 4 needs a little more explaining. Concurrency control decides what happens when two

requests touch the same row: the DBMS lines them up and lets each run in full instead of letting
them trample each other. Chapter 10 uses a transfer between two wallets to show this.

Ghép lai, mdi van dé & muc 1.2 da c6 15i dap:

Putting it together, every problem in section 1.2 now has an answer:

Cach CSDL giai quyét

How a database solves it

Van dé cuaa tép roi

Problem of separate files

Moi sy viéc ghi mot chd (dic trung 5).
Each fact is stored once (feature 5).

Du thira, khong nhat quan

Redundancy and inconsistency

Moi dir li€u lién quan nam trong mot CSDL; mot cau SQL hoi
duoc nhiéu bang (déc trung 1, 2).
All velated data is in one database, and a single SOL statement can

Kho truy xuét
Data isolation
ask across tables (features 1, 2).
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Vin dé ciia tép roi Cach CSDL giai quyét

Problem of separate files How a database solves it

Kho gilr rang budc Quy tic nam trong CSDL (dic trung 6).

Integrity Rules live in the database (feature 6).

Bao mat yéu Phan quyén theo bang, cot, khung nhin (dac trung 3, 7).
Weak security Permissions by table, column and view (features 3, 7).

Kho chia sé, truy cap dong thoi  Kiém soat dong thoi (dic trung 4).

Hard to share, concurrent access Concurrency control (feature 4).
Phu thudc cau trac tép Cach ly chuong trinh va dit liéu (dac trung 2).
Dependence on file layout Program-data insulation (feature 2).

LOI HAY GAP / COMMON MISTAKE — Cho ring ding CSDL 13 hét du thira. CSDL
kiém soat du thira chtr khong bd hén; cot s6 du luu sén 1a vi du vé mot chd 1ap co6 chu dich, va
no6 phai dugc gitt khop véi giao dich.

Believing that using a database ends redundancy. A database controls redundancy rather than
abolishing it; the stored balance column is a deliberate repetition and must be kept in step with the
transactions.

LOI HAY GAP / COMMON MISTAKE — Nghi khung nhin 13 mét ban sao dit liéu. Khung
nhin chi lwu cau hoi; sira dir liéu gdc thi khung nhin thay ngay thay doi.

Thinking a view is a copy of the data. A view stores only a question, change the underlying data and
the view shows the change at once.

1.5. Chirc nang cia HQTCSDL - 1.5. What a DBMS does

Néu coi HQTCSDL Ia nguoi thu thu cua kho dir li€u, bang sau liét ké cong vi¢c cua
nguoi d6. Ngon ngit dé ra 1énh cho HQTCSDL thuong 1a SQL, dd gip ¢ muc 1.2. SQL
chia 1énh thanh ba nhém: DDL (Data Definition Language) ding dé dung va stra cdu
trac, DML (Data Manipulation Language) dung dé thém, stra, x6a, doc dit liéu, va DCL
(Data Control Language) dung dé cap hoic thu hdi quyén.

If the DBMS is the librarian of the data store, the next table lists the librarian's jobs. The
language for giving orders to a DBMS is usually SQL, which we met in section 1.2. SQL sorts its
commands into three groups: DDL (Data Definition Language) builds and changes the

structure, DML (Data Manipulation Language) adds, changes, deletes and reads data, and DCL
(Data Control Language) grants or withdraws permissions.

Chiic niing Viéc HQTCSDL lam Vi du & Truong Tién
Function What the DBMS does Example at Truong Tién

Cho phép khai bao bang, cot, kiéu dir Tao bang vi véi quy tic sb du

Dinh nghia dir li¢u lidu, quy tic (DDL). khong am.
Defining data Lets you declare tables, columns, data Create the wallet table with a no-
types and rules (DDL). negative-balance rule.
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Churc nang
Function

Viéc HQTCSDL lam
What the DBMS does

Vi du & Truong Tién

Example at Truong Tién

Luu trit va quan ly
cach luu
Storing data

Truy van
Querying

Cap nhat
Updating

Gilr rang bugc
Enforcing constraints

Bao mat
Security

Kiém soat dong thoi
va giao tac
Concurrency and
transactions

Sao luu va phuc hoi
Backup and recovery

Duy tri tir dién dir
liéu

Maintaining the data
dictionary

Quyét dinh dit liéu ndm & dau trén dia,
giit chi muc (gidng muyc luc cudi sach)
dé tim nhanh.

Decides where data sits on disk and keeps
indexes (like the index at the back of a
book) for quick search.

Tra 16i cau hoi: loc, sip xép, ghép
bang, tinh tong, tinh toan (DML).

Answers questions: filtering, sorting,

Jjoining tables, totals, calculations (DML).

Thém, stra, x6a dir licu (DML).
Adds, changes and deletes data (DML).

Tir chéi dit liéu vi pham quy téc.
Rejects data that breaks the rules.

Xac thyc tai khoan, cip va thu quyén
(DCL).

Verifies accounts and grants or withdraws
permissions (DCL).

Cho nhiéu ngudi ding chung, bao dam
mot giao tac, tirc mot chudi thao tac coi
nhu mét khoi, hodc xong ca chudi hoic
khong gi ca.

Lets many users share data and ensures a
transaction, a chain of operations treated
as one block, either completes in full or not
at all.

Chép dir li¢u ra noi khac, dua no tré lai
sau sy cd.

Copies data elsewhere and restores it after
a failure.

Ghi va cap nhat siéu dir liéu mdi khi
cu triic doi.

Records and updates metadata whenever
the structure changes.

Tim mét giao dich trong hang
triéu dong ma khong doc hét.
Find one transaction among
millions of rows without reading
them all.

Téng tién nap cua thang 9.
Total top-ups for September.

Ghi mét giao dich méi, d6i s6
dién thoai khach.

Record a new transaction, change
a customer's phone number.

Chin rit qua sb du.
Block a withdrawal larger than the
balance.

Cho Ké toan doc bang giao
dich, khong cho stra.

Let Accounting read the
transaction table but not change it.

Chuyén tién: trir vi nay va cong
vi kia cung thanh cong hodc
cung huy.

A transfer: debiting one wallet and
crediting the other both succeed or
both are cancelled.

Phuc hdi bang giao dich bi x6a
nham.

Restore a transaction table deleted
by mistake.

Thém cot méi thi tir dién tu
biét.

When a column is added, the
dictionary knows.

Chtrc nang truy van dang xem k¥, vi né lam trong mét 1énh diéu ma véi tép roi phai lam
béng tay: loc, nhom, dém, cong. Lénh sau tinh, v6i cac giao dich thanh cong, mdi loai

giao dich c6 bao nhiéu luot va tong bao nhiéu tién.
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The query function deserves a close look, because in one command it does what separate files
force you to do by hand: filter, group, count, add. The next command works out, for successful
transactions, how many there are of each type and how much money they total.

SELECT LoaiGD, COUNT (*) AS soGD, SUM(SoTien) AS tong

FROM GiaoDich

WHERE TrangThai = 'Thanh céng'

GROUP BY LoaiGD
ORDER BY LoaiGD;

Két qua chay / Output

loaigd | sogd | tong
____________ +______+__________
Chuyén | 6 | 4900000
Nap | 11 | 17500000
RUt | 5 | 6800000
Thanh toan | 15 | 9020000
(4 rows)

Poc bang két qua: co 11 lugt nap thanh cong véi tong 17.500.000 d, chinh 1a con sb ta
dung lam "thong tin" & muc 1.1. C6 5 lugt rat thanh cong, 6.800.000 &. Mdi luot rut bi
thu 3.300 d, nén 5 luot thu tong 16.500 d phi.

Reading the result: there are 11 successful top-ups totalling VND 17,500,000, the very figure we
used as "information" in section 1.1. There are 5 successful withdrawals, VND 6,800,000. Each
withdrawal is charged VND 3,300, so the 5 withdrawals bring in VND 16,500 in fees.

r N
Nguoi dung Lap trinh DBA
cudi vién
. J

Ung dung vi, cong cu truy van (vi du psql)

l

( R
HQTCSDL
Xu ly Kiém sodt Phan quyén Sao luu
truy vén dong thoi va bao mit phuc hoi
- J
A 4
- N
Dit liéu Tur dién di ligu
(khéch hang, vi, giao dich) (tén bang, cot, kiéu, rang budc)

Hinh 1.3. Puong di ciia mot yéu cau. Ngudi dung, 1ap trinh vién va DBA lam viéc qua ing dung
hodc cong cu truy van; moi lénh di vao HQTCSDL, ¢ do6 dugc xu ly, kiém quyén, kiém soat
dong thoi réi moi cham t6i dit liéu va tir dién dir liéu & dudi cung.

Figure 1.3. The path of a request. Users, programmers and the DBA work through an application or
query tool; every command enters the DBMS, where it is processed, checked for permission and for
concurrency before reaching the data and the data dictionary at the bottom.
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Hanh trinh cia mot cau Iénh — The journey of one command

1. Ung dung hodc nguoi dung giri mot cau 1énh SQL t6i HQTCSDL.
An application or user sends an SOL command to the DBMS.

2. HQTCSDL kiém tai khoan giri 1énh c6 quyén lam viéc nay khong. Khong co quyén
thi 1énh bi tir chdi ngay.
The DBMS checks whether the sending account has the right to do this. Without the right,
the command is refused at once.

3. HQTCSDL tra tir dién dir liéu dé biét bang, cot nao co that, kiéu gi, va chon cach tim
dir liéu nhanh nht.

The DBMS looks in the data dictionary to learn which tables and columns exist and of what
type, and picks the quickest way to find the data.

4. HQTCSDL doc hoic ghi dit liéu, kiém cac rang budc va giit chd cho nhitng yéu cau
khéc dang chay cung luc.
The DBMS reads or writes the data, checks the constraints and sets the right locks against
other requests running at the same time.

5. HQTCSDL tra két qua hoic thong bao 16i vé cho noi gui 1énh.

The DBMS returns the result or an error message to whoever sent the command.

Vi DU/ EXAMPLE — Nhan vién CSKH g6 1énh dém khach hang Vang. Budc 2: tai khoan
CSKH c6 quyén doc bang khach hang nén dugc qua. Budce 3: HQTCSDL thiy bang khach
hang c6 cot hang. Budc 4: doc 12 dong, giit 3 dong hang Vang. Budce 5: tra s6 3. Nghia 1a
mdi 1énh di qua ciing mot chudi, va ngudi gd 1énh chi thay két qua cubi.

A CSKH employee types a command to count Gold customers. Step 2: the CSKH account may read the
customer table, so it passes. Step 3: the DBMS sees that the customer table has a column hang. Step

4: it reads 12 rows and keeps the 3 Gold ones. Step 5. it returns 3. So every command goes through
the same chain, and the person typing sees only the final result.

LOI HAY GAP / COMMON MISTAKE — Nghi SQL 12 mét HQTCSDL. SQL la ngdn ngit
dé ra 1énh; PostgreSQL, MySQL, SQL Server 1a cac HQTCSDL hiéu ngon ngit ay.

Thinking SQL is a DBMS. SQOL is a language for giving orders; PostgreSQL, MySQOL and SQL Server
are DBMSs that understand it.

1.6. Phan loai HQTCSDL - 1.6. Classifying DBMSs

C6 hang chuc HQTCSDL, va chiing khac nhau & nhiéu diém. Dé chon diing, ngudi ta xép
ching theo bén tiéu chi. Mai tiéu chi tra 16i mot cau hoi vé bai toan ctia ban.

There are dozens of DBMSs, and they differ in many ways. To choose well, people sort them by
four criteria. Each criterion answers a question about your problem.

Tiéu chi 1. Theo m6 hinh dir li€u — Criterion 1. By data model

Mo hinh dit liéu (data model) 13 cach quy uéc dé to chirc dir lidu va ndi cac phan dir lidu
v6i nhau. M6 hinh quan hé xép dir liéu vao bang gdm dong va cot, cac bang ndi voi nhau
qua gia tri chung. Pay 1a mo hinh pho bién nhét va 1a mé hinh sach nay day; PostgreSQL,
MySQL, SQL Server, Oracle va SQLite déu theo mé hinh nay. Truéc né c¢6 méd hinh
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phan cap (dir liéu xép thanh cay) va mé hinh mang (dit liéu ndi thanh ludi); hai mé hinh
nay con trong mot s6 hé thong cii. Sau nd c6 md hinh hudng dbi tuong va nhém NoSQL,
nhu MongoDB (luu timg "tai liéu" gdm céc cap tén va gia tri) hay Redis (Iuu cip khoa va
gié tri). Chuong 2 so sanh cac mo hinh k¥ hon.

A data model is an agreed way to organise data and to link pieces of data together. The
relational model arranges data into tables of rows and columns, with tables linked through
shared values. It is the most widespread model and the one this book teaches; PostgreSQL,
MySQL, SQL Server, Oracle and SQLite all follow it. Before it came the hierarchical model
(data arranged as a tree) and the network model (data joined as a web); both survive in some
older systems. After it came the object-oriented model and the NoSQOL group, such as MongoDB
(which stores whole "documents" made of name and value pairs) or Redis (which stores pairs of
key and value). Chapter 2 compares the models in more depth.

Tiéu chi 2. Theo s6 ngudi ding — Criterion 2. By number of users

HQTCSDL mot nguoi dung (single-user) phuc vu mot nguoi tai mot thoi diém, nhu co
s& dir liéu nho nam trong mot mg dung cai trén may ca nhan; SQLite thuong duoc ding
theo kiéu nay. HQTCSDL nhiéu ngudi dung (multiuser) phuc vu nhiéu ngudi cing lac va
phai co kiém soat déng thoi; vi dién tr luon thudc loai nay.

A single-user DBMS serves one person at a time, such as a small database inside an application

installed on a personal computer; SQLite is often used this way. A multiuser DBMS serves many
people at once and needs concurrency control; an e-wallet always belongs to this type.

Tiéu chi 3. Theo noi dat dir liéu — Criterion 3. By where the data sits

Hé tap trung (centralised) dat HQTCSDL va dir liéu ¢ mot noi; nhiéu chuong trinh va
nguoi dung & xa két ndi toi. Hé phan tan (distributed) rai dir liéu ra nhiéu noi ndi voi
nhau bang mang. Néu moi noi ding cing mot HQTCSDL thi hé phan tan 1a dong nhat
(homogeneous); néu mdi noi ding mot loai HQTCSDL va c6 thém 16p phan mém chung
dé trao d6i thi hé khong dong nhét (heterogeneous). Gia st Truong Tién dat mot may chu
& Hué va mot & Ha Noi, ca hai chay PostgreSQL va déng bd voi nhau: d6 1a hé phan tan
ddng nhét.

A centralised system puts the DBMS and the data in one place; many programs and users
connect to it from afar. A distributed system spreads the data over several places joined by a
network. If every place runs the same DBMS, the distributed system is homogeneous, if each
place runs a different DBMS and an extra layer of common software handles the exchange, it is
heterogeneous. Suppose Truong Tién kept one server in Hué and another in Ha Noi, both
running PostgreSQOL and synchronised: that would be a homogeneous distributed system.

Tiéu chi 4. Theo muc dich st dung — Criterion 4. By purpose

Hé OLTP (online transaction processing, xur 1y giao dich truc tuyén) phuc vu cong viéc
hang ngay: ghi ting giao dich nho, nhanh, nhiéu ldn, nhu mdi 1an nap hay chuyén tién.
Hé OLAP (online analytical processing, xir 1y phan tich truc tuyén) phuc vu phan tich:
doc khdi dit liéu 16n, tong hop qua nhiéu nam dé lam bao cdo, thuong nam trong kho dir
liéu (data warehouse), noi gom dir liéu tir nhiéu hé théng dé phan tich. Vi Truong Tién
can hé OLTP dé chay vi va hé OLAP dé lam bao cao quy cho ban giam ddc.
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An OLTP system (online transaction processing) serves daily work: recording many small
transactions, quickly, over and over, such as each top-up or transfer. An OLAP system (online
analytical processing) serves analysis: reading large volumes of data and summarising across
vears for reports, usually sitting in a data warehouse, a place that gathers data from many
systems for analysis. The Trwong Tién wallet needs an OLTP system to run the wallet and an
OLAP system to produce the quarterly report for the board.

Tiéu chi
Criterion

M5 hinh dir
liéu
Data model

SO nguot dung
Number of users

Noi dat dir liéu
Where the data
Sits

Muc dich

Purpose

Cac loai
Types

Quan h¢; phan cép; mang;
hudng dbi twong; NoSQL
(tai liu, khoa va gia tri)
Relational; hierarchical;

network; object-oriented;
NoSQL (document, key-value)

Mot ngudi dung; nhiéu
nguoi dung
Single-user; multiuser

Tap trung; phan tan (ddng
nhat, khong dong nhat)
Centralised, distributed
(homogeneous, heterogeneous)

OLTP; OLAP
OLTP; OLAP

Vi du

Examples

PostgreSQL, MySQL, SQL
Server, Oracle, SQLite (quan
h¢); MongoDB (tai li¢u);
Redis (khoa va gia tri)
PostgreSQL, MySQL, SOL
Server, Oracle, SQLite
(relational); MongoDB
(document); Redis (key-value)

SQLite thuong dung kiéu mot
nguoi; PostgreSQL nhiéu
nguoi

SQLite is often used single-user;
PostgreSQOL is multiuser

May chu duy nhat; hai may
chu cung PostgreSQL

A single server; two servers both
running PostgreSOL

Chay vi hang ngay; kho dit
liéu cho bao cao

Running the wallet daily; a data
warehouse for reports
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Quan hé: PostgreSQL, MySQL,

SQL Server, Oracle, SQLite
Theo mé hinh K
dir liéu )
Khéng quan hé¢ (NoSQL): MongoDB

(ta1 Liéu), Redis (khoa — gia tri)

r
.

~

Mot nguoi dung

(tai mot thoi diém)
Theo so6
nguoi dung )
Nhiéu nguoi ding

(cung lic)
Phén loai \ J

r
\

~

HQTCSDL e A
Tép trung

(mot noi)
Theo noi J
dat dir liéu )
Phén tan

(nhiéu noi néi mang)

N\

OLTP: xu ly giao dich

(vi, ban hang)
Theo muyc dich J
sir dung ~
OLAP: phan tich, bao cao

(kho dir ligu)

~

~

Hinh 1.4. Cay phan loai HQTCSDL. Tir 6 gbc bén tréi toa ra bon tiéu chi, mdi tidu chi c6 hai
nhom ¢ ¢t bén phai kém vi du.
Figure 1.4. The classification tree of DBMSs. Four criteria branch from the root box on the left, and each
has two groups in the right-hand column with examples.

Cach chon loai HQTCSDL cho mdt bai toaAn — How to choose the type of DBMS for a
problem

1. Xéc dinh dir liéu c6 dang bang voi cac cot ¢b dinh khong. Néu co va cac thuc thé lién
quan chat ch€ vdi nhau, chon mo hinh quan hé.
Decide whether the data fits tables with fixed columns. If it does and the things in it are
closely related, choose the relational model.

2. Bém s6 nguoi hodc chuwong trinh ghi dit liéu ciing lac. Mot thi c6 thé dung hé mot
ngudi ding; nhidu thi bat budc nhidu nguoi dung.
Count the people or programs writing at the same time. One may do with a single-user
system, several require a multiuser one.

3. Hoi dir lidu c6 phai dit & nhiéu noi vi 1y do dia 1y, phap 1y hay chiu tai khong. Khong
thi chon tap trung cho don gian.
Ask whether the data must sit in several places for reasons of geography, law or load. If not,
choose centralised for simplicity.

4. Hoi cong viéc chinh 1a ghi nhiéu giao dich nhé (OLTP) hay doc khéi 16n dé tong hop
(OLAP).
Ask whether the main job is writing many small transactions (OLTP) or reading large blocks
to summarise (OLAP).

VI DU/ EXAMPLE — Mot thu vién trudng ¢6 mot may & quay, hai thil thu cing muon tra
sach, dir liéu gém sach, ban doc, phiéu muon. Budc 1: dir 1iéu dang bang, c6 lién hé chat:
quan hé. Budc 2: hai thi thu ghi cung lac: nhiéu nguoi ding. Budce 3: mot may duy nhét: tap
trung. Budc 4: ghi phiéu muon timg cai: OLTP. Nghia Ia thu vién cdn mét HQTCSDL quan
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HQTCSDL.

centralised system can still serve thousands of people at once.

1.7. Ngwoi dung CSDL - 1.7. Database users

hé, nhidu ngudi dung, tap trung, huéng OLTP, chang han PostgreSQL.

A school library has one computer at the desk, two librarians lending and returning books together,
and data about books, readers and loans. Step 1: tabular data with close links, so relational. Step 2:
two librarians write at once, so multiuser. Step 3: a single machine, so centralised. Step 4: loans
recorded one by one, so OLTP. So the library needs a relational, multiuser, centralised DBMS aimed
at OLTP, such as PostgreSQL.

LOI HAY GAP / COMMON MISTAKE — Cho riang NoSQL 14 loai khong dung SQL va
ludn t6t hon quan hé. Tén nay thuong dugc doc 1a "Not Only SQL" (nhiéu hon SQL); mdi
loai hop v&i mot kiéu bai toan, va chon theo bai toan chir khong theo tén.

Assuming NoSQOL means no SOL and is always better than relational. The name is usually read as
"not only SOL"; each type suits a kind of problem, so choose by problem and not by name.

LOI HAY GAP / COMMON MISTAKE — Xép MySQL, Oracle hay MongoDB vio muc
"co s¢ dir li¢u" khi lam bai phan loai. P6 1a cac HQTCSDL; phan loai &p dung cho

Listing MySQL, Oracle or MongoDB as "databases" in a classification answer. They are DBMSs, and
the classification applies to DBMSs.

LOI HAY GAP / COMMON MISTAKE — Hiéu "tap trung" 13 chi c6 mot ngudi dung. Tap
trung n6i vé noi dit dir liéu, mot hé tap trung van c6 thé phuc vu hang nghin ngudi cung luc.
Reading "centralised" as having only one user. Centralised describes where the data sits; a

Mot CSDL c6 nhiéu kiéu nguoi 1am viéc quanh né, mdi kiéu mot viéc. Bang sau chia ho
thanh bon nhém va gan véi cong ty Truong Tién.

A database has several kinds of people working around it, each with a job of their own. The next
table sorts them into four groups and ties them to the Truong Tién company.

Nhém
Group

Quan tri CSDL
(DBA)
Database

administrator
(DBA)

Nguoi thiét ké
CSDL
Database
designer

Viéc chinh
Main job

Cai dat, cp quyén, giam
sat, sao luu, phuc hoi,
chinh dé chay nhanh.
Installs, grants access,
monitors, backs up, recovers
and tunes for speed.

Quyét dinh luu dir liéu gi,
chia bang ra sao, cac bang
lién h¢ thé nao.

Decides what data to keep,
how to split tables and how
tables relate.

Lam viéc véi CSDL
bang gi
Works with the database

through

Cong cu quan tri, Iénh
DCL, 1énh sao luu.
Admin tools, DCL
commands, backup
commands.

M6 hinh va so d thiét
ké (Chuong 3 dén 7).
Models and design
diagrams (Chapters 3 to

7).

O Truwong Tién
At Truong Tién

Mot nguoi hoac mot
nhém gitr may chu
PostgreSQL.

A person or team looking
after the PostgreSQL
server.

Ngudi v& so dd chin
bang cua vi.

The person who drew the
diagram of the wallet's
nine tables.
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Lam viéc véi CSDL
Nhom Viéc chinh bang gi O Truong Tién

Group Main job Works with the database | At Truong Tién
through

Lap trinh vién  Viét chwong trinh doc va SQL va ngdn ngir 1ap  Ngudi viét ing dung vi

ung dung ghi CSDL. trinh. trén dién thoai.
Application Writes programs that read SOL and a programming  The person who wrote the
programmer and write the database. language. wallet app for phones.
Khéch hang dung ung
e tia . Ung dung c6 sin; dung vi, nhan vién
Dung dir liéu cho cong 5B T e . .
n , ~_ 141,  nguoithao hon tuy viet CSKH tra khach, chuyén
e vi€c: tra ctru, nhap, lay bao . . L
Nguoi dung 4o truy van. vién phan tich viet truy
cuoi ‘ ' Ready-made van.
Uses the data for work: o
End user . . . applications,; more Customers using the wallet
looking up, entering, getting . . . - )
I skilled users write their — app, CSKH staff looking up
- own queries. customers, an analyst

Writing queries.

Nhém ngudi dung cubdi ¢6 hai kiéu. Nguoi ding tmg dung (application user) chi bam nut
trén chuong trinh ¢ san, nhu khach chuyén tién trén ung dung vi. Nguoi dung thao
(sophisticated user) tu g truy van hodc ding cong cu phan tich, nhu chuyén vién can
mdt bao cdo chua g dung nao 1am san.

End users come in two kinds. An application user only presses buttons in a ready-made program,

like a customer sending money in the wallet app. A sophisticated user types queries or uses
analysis tools, like an analyst who needs a report that no application has yet built.

DBA ¢6 quyén 161 nhét, nén cling chiu trach nhi¢ém lon nhat: quyét dinh ai dugc xem gi,
lam gi, va bao dam khi sy cb xay ra, dit liéu con nguyén. Chuong 10 day cac viéc d6
bang 1énh that.

The DBA holds the greatest powers and therefore the greatest responsibility: deciding who may

see and do what, and making sure the data survives an incident. Chapter 10 teaches these jobs
with real commands.

Cach xac dinh mgt nguwdi thuge nhom nao — How to tell which group a person belongs to

1. Hoi: ngudi nay quyét dinh hodc thay ddi cau traic CSDL (bang, cot)? Néu cé, héi tiép
1a thiét ké ban dau hay quan tri hang ngay.
Ask: does this person decide or change the structure of the database (tables, columns)? If so,
ask whether it is the original design or daily administration.

2. Hoi: ngudi ndy viét chuong trinh dé ngudi khac ding CSDL? Néu c6, 14 1ap trinh vién
ung dung.
Ask: does this person write programs for others to use the database? If so, an application
programmer.

3. Con lai 1a nguoi dung cudi. Hoi ho bAm nut trén chuong trinh ¢6 san (ngudi ding tng
dung) hay tu viét truy van (ngudi ding thao).
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Everyone else is an end user. Ask whether they press buttons in a ready-made program
(application user) or write their own queries (sophisticated user).

Vi DU/ EXAMPLE — B6n ngudi ¢ Truong Tién: (a) chi Lan cip quyén cho nhén vién méi
va chay sao luu mdi dém; (b) anh Nam v& so d6 bang cho dich vu vay tra gop; (c) em Ha viét
chue ning nap tién cho tng dung; (d) anh Son mé tng dung tra ctru khach dé tra 10 dién
thoai. Theo ba budc: chi Lan quan tri hang ngdy, thuéc nhém DBA. Anh Nam quyét dinh cu
trac ban dau, 1a ngudi thiét ké. Em Ha viét chwong trinh cho ngudi khac ding CSDL, 1a lap
trinh vién img dung. Anh Son bAm nut trén chuong trinh c6 sén, 1a ngudi ding tng dung.
Four people at Truong Tién: (a) Lan grants access to a new employee and runs the backup each
night; (b) Nam draws the table diagram for the instalment loan service; (c) Ha writes the top-up
function for the app; (d) Son opens the customer lookup application to answer a phone call. By the
three steps: Lan administers daily, so she is the DBA. Nam fixes the original structure, so he is the
designer. Ha writes a program for others to use the database, so she is an application programmer.
Son presses buttons in a ready-made program, so he is an application user.

LOI HAY GAP / COMMON MISTAKE — Cho rang DBA 14 ngudi nhap di liu. DBA
quan tri hé théng; viéc nhéap dit liéu thudc ngudi dung cudi hodc chuong trinh.

Believing the DBA is the person who enters data. The DBA administers the system; data entry belongs
to end users or programs.

LOI HAY GAP / COMMON MISTAKE — Cép cho 14p trinh vién hay nguoi ding quyén
ctia DBA cho tién. Mdi ngudi chi nén c¢6 quyén vira dii cho viée ctia minh (nguyén tic quyén
t6i thiéu).

Giving programmers or users DBA rights for convenience. Each person should have just enough
rights for their own work (the principle of least privilege).

1.8. Ung dung ciia CSDL, nhit 1a trong tai chinh, ngan hang va vi dién tir -

1.8. Uses of databases, especially in finance, banking and e-wallets

Gan nhu moi hé thong ban dung hang ngay déu c6 CSDL phia sau. Bang sau diém qua
vai linh vuec.

Almost every system you use daily has a database behind it. The next table runs through a few

fields.

Linh vuc CSDL giir gi Viéc né lam dwoce

Field What the database holds What it makes possible

Khéch hang, tai khoan, giao dich, ~ Tra s6 du, chuyén khoan, tinh 13i, so

Ngan hang, tai chinh  khoan vay. khdp sb sach.
Banking and finance Customers, accounts, transactions, Checking balances, transfers, interest,
loans. matching the books.

Khach hang, vi, lién Kkét ngan hang, Nap, rut, chuyén, thanh toan tai ctra

Vi dién tu giao dich. hang.
E-wallets Customers, wallets, bank links, Top-ups, withdrawals, transfers,
transactions. payments at shops.
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Linh vue CSDL giir gi Viéc né lam dwoce

Field What the database holds What it makes possible

bat hang, theo ddi giao hang, goi y
san pham.
Ordering, tracking deliveries,

Thuong mai dién tir,  San pham, ton kho, don hang,
ban 1é khach mua.

E-commerce and retail = Products, stock, orders, buyers. ‘
suggesting products.

Sinh vién, mon hoc, diém, lich thi.

Gido duc DPang ky hoc phan, tra diém.
. Students, courses, grades, exam ]
FEducation . Course enrolment, checking grades.
timetables.

£ . Y , 2 Tra ho so kham, dat lich.

Y té Bénh nhéan, 1an kham, don thuoc. , P
] o o Looking up records, booking

Healthcare Patients, visits, prescriptions.

appointments.

Dit chd ma khong ban tring ghé.
Booking without selling the same seat

Giao thong, du lich Chuyén, ghé, vé, hanh khach.

Transport and travel Trips, seats, tickets, passengers. i
ice.
Vién thong Thué bao, cudc goi, goi cudc. Tinh cudc, bao hoa don.
Telecommunications Subscribers, calls, tariff plans. Charging and billing.
Hb so dan cu, dat dai, doanh
Co quan nha nudc nghiép, thué. Cap giay to, tra clru, quan ly.
Government Records on residents, land, Issuing papers, lookup, administration.

businesses, tax.

Trong tai chinh, CSDL ganh viéc ning hon noi khac vi d6i tuong no giir 13 tién. Mdi
ddng phai truy vét duoc tir lic vao dén luc ra. Hai yéu cu dén cung gidy khong duoc 1am
sai s& du. Mot su cb khong duoc lam mét giao dich da bao thanh cong. Dir li¢u cua khach
phai duoc gidu khoi ngudi khong co quyén. Do 1a cac dic trung & muc 1.4: kiém soat
ddng thoi, rang budc, phan quyén, sao luu.

In finance the database carries a heavier load than elsewhere, because what it holds is money.
Every dong must be traceable from entry to exit. Two requests in the same second must not
corrupt a balance. A failure must not lose a transaction that has been reported successful.
Customer data must be hidden from anyone without the right. These are the features of section
1.4: concurrency control, constraints, permissions and backup.

Phép luat Viét Nam dinh nghia dich vu vi dién tir & Nghi dinh 52/2024/NP-CP vé thanh
toan khong dung tién mit, Didu 3 khoan 16: d6 1a dich vu do ngan hang, chi nhanh ngan
hang nudc ngoai hodc to chiic cung ung dich vu trung gian thanh toan cung cdp cho
khach hang dé nap tién vao vi dién tir, rat tién ra khoi vi dién tir va thuc hién giao dich
thanh toan. Cung Diéu 3, khoan 10 xép vi dién tir vao cac phuong tién thanh toan khong
dung tién mat, bén canh séc, thé ngan hang va cic phuong tién khac.

Viethamese law defines the e-wallet service in Decree 52/2024/ND-CP on non-cash payments,
Article 3, clause 16: it is a service that a bank, a foreign bank branch or a payment intermediary
provides to customers to top up an e-wallet, withdraw money from an e-wallet and carry out

payment transactions. In the same Article 3, clause 10 lists the e-wallet among the non-cash
payment instruments, alongside cheques, bank cards and others.
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Ba viéc trong dinh nghia g v&i ba trong bdn gia tri cia cot LoaiGD trong bang giao
dich ctia Truong Tién: Nap, Rut, Thanh toan. Bang ndy con ghi thém loai Chuyén, giita
hai vi. CSDL ta hoc m6 phdng thir ma mét dich vu c6 that phai luu va bao vé.

The three jobs in the definition match three of the four values of the LoaiGD column in the
Truong Tién transaction table: Nap (top-up), Rit (withdrawal) and Thanh todn (payment). The
table also records a fourth type, Chuyén (transfer), between two wallets. The database we study
models what a real service has to store and protect.

LOI HAY GAP / COMMON MISTAKE — Cho ring bang nao c6 tién thi chi can cot sé du
1a da. S6 du 1a két qua; cai can luu dé truy vét 1a timg giao dich, tir d6 méi kiém lai dugc sb
du.

Believing that any money table needs only a balance column. The balance is a result; what must be
stored for tracing is each transaction, from which the balance can be checked.

1.9. Dir liéu ca nhan va trach nhiém cua nguwoi gitr CSDL - 1.9. Personal data

and the duties of whoever keeps a database

Bang khach hang cua Truong Tién ¢ ho tén, ngdy sinh, sé dién thoai, tinh thanh. Bang
giao dich cho biét vi nao chuyén tién cho vi ndo, lac nao. Nhitng dir liéu nay xac dinh
hodc gitp xac dinh mot con nguoi cu thé, nén 1a dir liéu c4 nhan theo Luat Bao vé dit liéu
c4 nhan s6 91/2025/QH15, Piéu 2 khoan 1. Luat c6 hiéu luc tir ngay 01/01/2026 (Piéu 38
khoan 1). Ciing theo Piéu 2 khoan 1, dit liéu sau khi khir nhan dang, tirc da bo hodc doi
sao cho khong con chi ra duwgc mot nguoi, thi khong con 1a dir 1i€u ca nhan.

The Truong Tién customer table holds names, dates of birth, phone numbers and provinces. The
transaction table shows which wallet sent money to which wallet, and when. This data identifies,
or helps identify, a particular person, so it is personal data under the Law on Personal Data
Protection No. 91/2025/QH15, Article 2, clause 1. The law has taken effect since 1 January 2026
(Article 38, clause 1). Under the same clause, data that has been de-identified, meaning altered
or stripped so that it no longer points to a person, stops being personal data.

Luat goi ngudi ma dir liéu nodi vé 13 chu thé dit lidu c4 nhan (Piéu 2 khoan 5): ¢ day la
khach hang. Bén quyét dinh muc dich va phuong tién xir 1y 12 bén kiém soat dir liéu ca
nhan (khoan 7): & ddy 13 cong ty Truong Tién. Bén 1am viéc xu 1y theo yéu cau ciia bén
kiém soat thong qua hop dong 1a bén xir Iy dit liéu ca nhan (khoan 8); néu cong ty thué
mot don vi khac van hanh may chua, don vi d6 c¢6 thé 1a bén xu Iy. Xt 1y (khoan 6) gobm
thu thap, phan tich, tong hop, ma héa (bién dit liéu thanh dang khong doc dugc néu thiéu
khoa giai), chinh stra, x6a, huy, cung cép va nhiéu hoat dong khac; mdi 1énh thém, stra,
x6a hay tong hop dit liéu khach hang déu 13 mot dang xir 1y.

The law calls the person the data is about the data subject (Article 2, clause 5): here, the
customer. The party that decides the purpose and means of processing is the personal data
controller (clause 7): here, the Truong Tién company. A party that does the processing on the
controller's request under a contract is the personal data processor (clause 8), if the company

hires another firm to run its servers, that firm may be a processor. Processing (clause 6) covers
collecting, analysing, compiling, encrypting (turning data into a form that cannot be read
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without the key), editing, deleting, destroying, providing and other activities; every command
that adds, changes, deletes or summarises customer data is a form of processing.

Bang sau ndi cac quy dinh voi viéc cy thé nguoi giit CSDL phai lam.

The next table links the rules to what whoever keeps the database has to do.

Viéc phai lam

What must be done

Chi thu thap, xu ly dung
pham vi va muc dich cu thé,
rd rang.

Collect and process only within
a specific, clear scope and
purpose.

Gitr dir liéu chinh xac, stra
khi can, Iuu trong thoi gian
phu hop v6i muc dich.
Keep data accurate, correct it
when needed and store it for a
period fitting the purpose.

Ap dung bién phap quan ly va
k¥ thuat phu hop, ra soat va
cap nhat khi can.

Apply suitable managerial and
technical measures, reviewing
and updating them as needed.

Thuyc hién quy dinh vé dit liéu
ca nhan nhay cam (nhom dir
li¢u ca nhan ma luat quy dinh
riéng) va tiéu chuan an toan,
bdo mat trong tai chinh, ngan
hang.

Follow the rules on sensitive
personal data (a group of
personal data that the law
regulates separately) and the
safety and security standards in
finance and banking.

Thong bao cho chu thé khi 19
hodc mat thong tin vé tai
khoan ngan hang, tai chinh,
tin dung.

Notify the data subject when
information about bank,
financial or credit accounts is
leaked or lost.

Can cwr
Basis

Luat
91/2025/QH15,
Diéu 3 khoan 2
Law
91/2025/QH15,
Article 3, clause 2

Piéu 3 khoan 3

Article 3, clause 3

Diéu 37 khoan 1
diém ¢

Article 37, clause
1, point ¢

Diéu 27 khoén 1
diém a

Article 27, clause
1, point a

Piéu 27 khoén 1
diém d

Article 27, clause
1, point d

Lam & CSDL Truwong Tién thé nao

How it is done in the Truong Tién database

Béng khach hang chi giit cot can dé van hanh
vi; khong thém cot chua c6 muc dich.

The customer table keeps only the columns
needed to run the wallet; no column is added
without a purpose.

Khach d6i sb dién thoai thi stra & mot chd
duy nhat (dic trung 5); dat thoi han luu cho
dir liéu cii.

When a customer changes phone number, it is
corrected in one place only (feature 5); a
retention period is set for old data.

Phan quyén theo vai trd, khung nhin che s6
dién thoai, sao luu dinh ky.

Role-based permissions, a view that hides phone
numbers, regular backups.

Ra soat dinh ky bang nao chtra dit li¢u nhay
cam va ai dugc truy cap.

Review regularly which tables hold sensitive data
and who can access them.

Co quy trinh xac dinh khach nao bi anh
huéng bang truy van rdi bao cho ho.

A procedure that identifies the affected customers
by query and informs them.
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Viéc phai lam Lam ¢ CSDL Truwong Tién thé nao

What must be done How it is done in the Truong Tién database

Khong mua, ban dir li¢u ca
nhan (trir khi luat c6 quy dinh
khac); khong chiém doat, c6  Diéu 7 khoan 6 Cam xuat danh sdch khéch ra ngoai cong ty

¥ 1am 16 hay lam mat. va7 dé ban hodc trao doi.
Not buy or sell personal data Article 7, clauses 6 No exporting customer lists outside the company
(unless a law provides and 7 to sell or trade.

otherwise); not seize,
deliberately leak or lose it.

Chu thé dit liéu ciing c6 quyén (Piéu 4 khoan 1): dugc biét vé hoat dong xir 1y, dong y
hoic khong ddng y, xem va chinh stra dir liéu ctia minh, yéu ciu cung cap, x6a hodc han
ché xtr 1y. Mudn dap tng yéu cau ciia mot khach, nguoi gitt CSDL phai tim duoc ding
cac dong cua khach doé trong moi bang. Pay 1a Iy do ma khach hang (MaKH) c¢6 mét ¢
nhiéu bang va la khoa dé lan theo.

The data subject has rights too (Article 4, clause 1): to be told about the processing, to agree or
not, to view and correct their data, and to ask for it to be provided, deleted or restricted. To meet
a customer's request, whoever keeps the database must find exactly that customer's rows in every

table. That is why the customer code (MaKH) appears in several tables and serves as the key for
tracing.

Cach ra mot cot cé nén giir va cho ai xem — How fo review whether to keep a column and
who may see it
1. Hoi c0t nay c6 xac dinh hodc gitp xac dinh mdt nguodi khong. Neu co, no 1a dir li€u ca
nhan.
Ask whether the column identifies, or helps identify, a person. If so, it is personal data.

2. Héi c6t nay phuc vu muc dich cu thé nao cua dich vu. Khéng néu dugc muc dich thi
khong nén thu thép.
Ask which specific purpose of the service the column serves. If you cannot name one, do not
collect it.

3. Liét ké cac nhom ngudi ding va hoi timg nhom ¢ can cot ndy cho viée ciia ho khong.
Nhom khong can thi khong cap quyén xem.
List the groups of users and ask whether each needs the column for its work. A group that
does not need it gets no right to see it.

VI DU/ EXAMPLE — Xét ¢t SoDienThoai ctia bang KhachHang. Budc 1: sé dién thoai
gitp xac dinh mot ngudi, nén 1a dir liéu cé nhan. Bude 2: n6d phuc vy x4c minh va lién lac vé
giao dich, nén duogc gitr. Budc 3: nhan vién CSKH can dé lién lac; nhan vién 12 tn chi can
biét khach 13 ai va hang gi, nén khong can. Cach lam: cho 18 tdn dung khung nhin
KhachLeTan ¢ muc 1.4, von khong c6 cot s6 dién thoai. Nghia la quyén xem dugc cit theo
nhu ciu ciia timg nhém, chtr khong dé mot bang day da cho moi nguoi.

Take the SoDienThoai column of the KhachHang table. Step 1: a phone number helps identify a
person, so it is personal data. Step 2: it serves verification and contact about transactions, so it is
kept. Step 3: CSKH staff need it to make contact; front-desk staff only need to know who the customer
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is and the tier, so they do not. The method: give the front desk the KhachLeTan view from section 1.4,
which has no phone column. So viewing rights are cut to each group's need rather than leaving a full
table open to everyone.

LOI HAY GAP / COMMON MISTAKE — Cho rang dit liéu trong bai tap thi khong can giit
ky luat. Thoi quen gii dir liéu khach hang theo nguyén tic phai duoc tap tir bai tap; véi dix
lidu that, giri nguyén bang khach hang qua tin nhin hay thu dé nhd gitp c6 thé 1a xu 1y dit
liéu cé& nhéan trai quy dinh.

Assuming that exercise data needs no discipline. The habit of handling customer data by the rules
should be built in exercises; with real data, sending a whole customer table by message or email to
ask for help may be processing personal data against the rules.

LOI HAY GAP / COMMON MISTAKE — Nghi rang chi cdn x6a ho tén 13 hét dir liéu ca
nhan. Néu sb dién thoai hay ma khach van chi ra dugc mét nguoi thi dir ligu van 1a dir liéu ca
nhan; chi khi da khir nhan dang diing nghia, khong con xac dinh dugc ai thi mai thoi 1a div
li€u ca nhan.

Thinking that deleting the name is enough to remove personal data. If a phone number or customer
code still points to a person, the data is still personal data; only data properly de-identified, no longer
pointing to anyone, stops being personal data.

1.10. Bai mau dang d@ thi — 1.10. Worked examples in exam style

Bai miu 1. Xép dir liéu, thong tin, tri thitc — Worked example 1. Sorting data, information
and knowledge

Pé: véi CSDL Trudng Tién, xép bon mau sau vao dit liéu, théng tin hay tri thirc va giai
thich. (a) "0978550104"; (b) "Thang 9 c6 3 giao dich that bai"; (c) "Trong 15 vi ¢6 1 vi
dang tam khoa"; (d) "Mudn d& mat phi, dimg rat nhiéu lan nho".

Exam question: for the Truong Tién database, place each of the four items in data, information

or knowledge and explain. (a) "0978550104"; (b) "September has 3 failed transactions”; (c) "Of
15 wallets, 1 is temporarily locked"; (d) "To save on fees, do not make many small withdrawals".

1. Mau (a) 12 mot chudi s6 ding mot minh, ghi trong cot s6 dién thoai. Chua ai dém hay
so sanh gi: dir ligu.
Item (a) is a string of digits standing alone, recorded in the phone number column. Nobody
has counted or compared anything: data.

2. Mau (b) 1 két qua dém nhiing giao dich co trang thai that bai trong thang 9 va tra 1oi
cau hoi "c6 bao nhiéu giao dich that bai": thong tin.
Item (b) results from counting the transactions with a failed status in September and answers
"how many transactions failed": information.

3. Mau (c) 1a két qua dém vi theo trang thai trén toan bo 15 vi: thong tin.
Item (c) results from counting wallets by status across all 15 wallets: information.

4. Mau (d) 12 16i khuyén rut ra tir viéc phi tinh theo 1an rat, dung dé chon cach lam: tri
thurc.

Item (d) is advice drawn from the fact that the fee is charged per withdrawal, and is used to
choose what to do: knowledge.
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Dap an: (a) dir 1i€u, (b) thong tin, (c) thong tin, (d) tri thirc.
Answer: (a) data, (b) information, (c) information, (d) knowledge.

Bai miu 2. Tim nhwoc diém ciia hé thong tép — Worked example 2. Finding the
weaknesses of a file-based system

Pé: mot trung tAm ngoai ngit co tép "Hoc vién" do 18 tan giir (ho tén, sb dién thoai, 16p)
va t¢p "Hoc phi" do ké toan gitr (ho tén, sb dién thoai, s6 tién da dong). Giao vién dugc
cho mo tép Hoc phi dé xem danh sach 16p. Thang nay hoc vién Mai ddi sb dién thoai, 18
tAn da stra. Hay chi ra cac nhugc diém va dé xuat cach khac phuc bang CSDL.

Exam question: a language centre has a "Students" file kept by reception (name, phone number,
class) and a "Fees" file kept by accounting (name, phone number, amount paid). Teachers are

allowed to open the Fees file to see class lists. This month the student Mai changed her phone

number and reception corrected it. Point out the weaknesses and propose how a database would
fix them.

1. Dir liéu nam & hai tép, do hai bd phan gitr.
The data sits in two files, kept by two departments.

2. Ho tén va sb dién thoai xuat hién ¢ ca hai tép: du thira. L& tan chi sira tép Hoc vién
nén tép Hoc phi con s6 cii: khong nhat quén.
Names and phone numbers appear in both files: redundancy. Reception corrected only the
Students file, so the Fees file keeps the old number: inconsistency.

3. Mubn biét 16p ndo con nhiéu hoc vién chwa déng du phi phai ghép hai tép bang tay:
kho truy xuét.
To find which class has many students who have not paid in full, someone must match the
two files by hand: poor retrieval.

4. Gido vién mé tép Hoc phi thi thiy ca s6 tién mdi hoc vién da dong: bao mat yéu, vi
tép chi c6 md hoac khong mo.
Teachers who open the Fees file see how much each student has paid: weak security,
because a file is either open or closed.

5. Cach khéc phuc: ding mot CSDL vé6i bang hoc vién chira s6 dién thoai mot lan, bang
hoc phi tham chiéu dén hoc vién bang ma. Tao khung nhin danh sach 16p khong c6
cot tién cho gido vién.

Fix: use one database with a student table holding the phone number once, and a fee table

that refers to students by code. Create a class-list view without the money column for
teachers.

Két luan: trung tim gip du thira, khong nhat quan, kho truy xuét va bao mat yéu; CSDL
xtr 1y bang dic trung kiém soat du thira va khung nhin kém phén quyén.

Conclusion: the centre suffers from redundancy, inconsistency, poor retrieval and weak security;
a database handles them through controlled redundancy and views with permissions.

Bai miu 3. Chon loai HQTCSDL va nhém nguoi dung — Worked example 3. Choosing
the DBMS type and the user groups

DPé: mot chudi ba cira hang dién thoai c6 may tinh tién & moi cua hang, nhiéu nhan vién
ban cung luc, s6 liéu vé mot may chu dat tai tru so. Cubi thang giam ddc xem bao céo
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doanh thu téng hop cua ba nam. Phan loai h¢ phuc vu ban hang va hé phuc vu bdo céo
theo bbn tiéu chi, r6i néu nhém ngudi dung trong ba ngudi: ké toan xem bio céo, thu
ngan quét hang, ngudi cai va sao luu may chu.

Exam question: a chain of three phone shops has a till in each shop, several staff selling at once,
and data going to one server at head office. At month end the manager reads a revenue report
covering three years. Classify the selling system and the reporting system by the four criteria,
then name the user group of three people: the accountant reading the report, the cashier
scanning goods, and the person who installs and backs up the server.

1. Mo hinh dit liéu: hang hoa, don ban, khach déu dang bang va lién quan chit ché nén
chon quan hé¢, cho ca hai hé.
Data model: goods, sales and customers are tabular and closely related, so choose
relational, for both systems.

2. S6 ngudi dung: nhidu nhan vién ban cung lic, nén nhiéu ngudi dung, cho cé hai hé.
Users: several staff sell at once, so multiuser, for both systems.

3. Noi dat dix liéu: tit ca vé mot may chu tai tru so, nén tap trung.
Where data sits: everything goes to one server at head office, so centralised.

4. Muyc dich: hé ban hang ghi timg giao dich nho nén OLTP. Hé bao co doc khbi dir
liéu ba ndm dé tong hop nén OLAP.
Purpose: the selling system records small transactions one by one, so OLTP. The reporting
system reads three years of data to summarise, so OLAP.

5. Nhém ngudi ding: ké toan xem bao cdo bang chuong trinh ¢ sin 1a nguoi dung tng
dung; thu ngan quét hang ciling 1a nguoi dung ing dung; nguoi cai va sao luu may
chu la DBA.

User groups: the accountant reading the report in a ready-made program is an application
user; the cashier scanning goods is also an application user, the person installing and
backing up the server is the DBA.
Pap an: hé ban hang 13 quan hé, nhiéu nguoi dung, tap trung, OLTP; hé bao céo 1a quan
hé, nhiéu ngudi ding, tap trung, OLAP.
Answer: the selling system is relational, multiuser, centralised, OLTP; the reporting system is
relational, multiuser, centralised, OLAP.

1.11. Bang thuit ngivr - 1.11. Glossary

Thuéat ngir Tiéng Anh Giai thich ngin

Term (Vietnamese) English Short definition

Su viéc hoac gia tri duoc ghi lai, chua giai
thich.

Dt liéu data _
A fact or value that has been recorded, not yet
explained.
Dir liéu da xur ly, c6 ngir canh, tra 161 mét cau
A . . . hoi.
Thong tin information ©

Data that has been processed, has context and
answers a question.
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Thuéat ngir Tiéng Anh Giai thich ngin

Term (Vietnamese) English Short definition

Hiéu biét rut ra tir thong tin, ding dé quyét
dinh.

Understanding drawn from information and used to
decide.

Tri thirc knowledge

Tap dir liéu co td chire, lién quan nhau, dung
chung.

Co s¢ dir ligu (CSDL database
ou ( ) An organised set of related data shared by many

users and programs.

Phan mém quan 1y, bao vé va truy van CSDL.

H¢ quan tri co so dit database management Software that et and )
A oftware that manages, protects and queries a
liéu (HQTCSDL) system (DBMS) database.
CSDL cung HQTCSDL, tng dung, phﬁn cung,
R i e 1iA trinh va con nguoi.
Hé co s& dir liéu database system quy v ] g o
The database with the DBMS, applications,
hardware, procedures and people.
Cach luu dir li€u trong céc tép roi, chuong trinh
A 1A N 30 lo tép ndy.
Hg¢ thong tép file-based system nao ,0 P ay .
Keeping data in separate files, each program
looking after its own.
e qeA Mot sur viée duoc ghi & nhidu noi cling luc.
Du thura dir licu data redundancy T ’ .g £
One fact recorded in several places at once.
Sicu dit lidu metadata Dit liéu mo ta cAu tric cta dir liéu khéc.
) Data that describes the structure of other data.
e . . Noi HQTCSDL cit siéu dir liéu.
Tu dien dir licu data dictiona i
j y The place where the DBMS keeps metadata.
D6i cdu tric dir liéu ma khong phai sira chuong
Doc lap chuong trinh program-data trinh.
va dir licu independence Changing the data structure without changing the
programs.
Cira s6 dinh sin cho thdy mét phan dit liéu, luu
. . au hoi chtr kho hép dir liu.
Khung ki e cau no1 chu ong chep dir 1cu . .
A ready-made window onto part of the data; it
stores a question, not a copy.
. N o : uy tic CSDL ding dé tir chéi dit lidu sai.
Rang bugc toan ven mtegrity constraint Quy & ] j
A rule the database uses to reject wrong data.
0 0 énh cho HQTCSDL hé.
Structured Query Ngon ngi ra lgn .c. o HQTCS qua.n ¢
SQL The language for giving orders to a relational
Language

DBMS.
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Thuéat ngir

Term (Vietnamese)

Tiéng Anh

English

Giai thich ngin
Short definition

DDL

DML

DCL

M0 hinh dir liéu

OLTP

OLAP

Quan tri CSDL (DBA)

CSDL phan tan

Dir liéu ca nhan

Bén kiém soat dir liéu
ca nhan

Data Definition
Language

Data Manipulation
Language

Data Control
Language

data model

online transaction
processing

online analytical
processing

database administrator
(DBA)

distributed database

personal data

personal data
controller

Nhom 1énh SQL dung va stra cdu triic.
The group of SOL commands that builds and
changes structure.

Nhom 1énh SQL thém, stra, x6a, doc dir liéu.
The group of SOL commands that adds, changes,
deletes and reads data.

Nhém 1énh SQL cip va thu hdi quyén.
The group of SOL commands that grants and
withdraws permissions.

Cach quy udc td chirc va ndi dit liéu, vi du mé
hinh quan h¢.

An agreed way to organise and link data, such as
the relational model.

He xir Iy nhiéu giao dich nho hing ngay.
A system that handles many small daily
transactions.

Hé doc khéi dit liéu 16n dé phan tich, bao cdo.
A system that reads large blocks of data for analysis
and reports.

Nguoi cai dat, cap quyén, giam sat, sao luu va
phuc hoi.

The person who installs, grants access, monitors,
backs up and recovers.

Dt liéu rai ra nhi€u noi n6i bang mang.
Data spread over several places joined by a
network.

Dit liéu xac dinh hodc gitip xac dinh mét con
nguoi cy thé.

Data that identifies or helps identify a particular
person.

Bén quyét dinh myc dich va phuong tién xir 1y
dir liéu ca nhan.

The party that decides the purpose and means of
processing personal data.

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

Bai 1. Phong kham nha khoa ba t€p — Exercise 1. A dental clinic with three files

Phong kham nha khoa Anh Duong dung ba tép Excel: 1€ tan giit t&p lich hen (ho tén, )
dién thoai, gio hen), béac si giir tép ho so diéu tri (ho tén, s6 dién thoai, ghi chu diéu tri),
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ké toan giit tép thu tién (ho tén, s dién thoai, s tién). L& tin dugc md ca ba tép dé tién
héi han. Khi bénh nhan Hanh doi s0 dién thoai, 1€ tan chi stra t€p lich hen. Hay chi ra céc
nhugc diém ciia cach 1am nay va dé xuét cach dung CSDL dé khic phuc.

The Anh Duong dental clinic uses three Excel files: reception keeps the appointment file (name,
phone number, appointment time), the dentist keeps the treatment file (name, phone number,
treatment notes) and accounting keeps the payment file (name, phone number, amount).
Reception may open all three files for convenience. When the patient Hanh changes her phone
number, reception corrects only the appointment file. Point out the weaknesses of this
arrangement and propose how a database would fix them.

1. Dit liéu ndm & ba tép do ba nguoi gitr. Ho tén va sb dién thoai xuit hién & ca ba: du
thtra dir li¢u.
The data sits in three files kept by three people. Names and phone numbers appear in all
three: data redundancy.

2. L& tan chi stra tép lich hen nén hai tép kia con sb cii: khong nhét quan. Béc si hodc ké
toan goi s6 cil s& khong lién lac duoc.
Reception corrected only the appointment file, so the other two keep the old number:
inconsistency. The dentist or accountant calling the old number will not get through.

3. Lé tin m& duogc ca tép ho so diéu tri va tép thu tién, tirc xem dugc thong tin diéu tri va
sb tién khong thudc vi¢c cua minh: bao mat yéu.
Reception can open the treatment file and the payment file, so it sees treatment details and
amounts that are not its business: weak security.

4. Mubn biét bénh nhan nao c6 hen tuan nay ma chwa déng tién phai ghép tay hai tép:
kho truy xuét.
To find which patients have an appointment this week but have not paid, someone must
match two files by hand: poor retrieval.

5. Cach khéc phuc: mot CSDL, bang bénh nhan giit ho tén, sé dién thoai diing mot lan;
bang lich hen, bang hd so va bang thu tién tham chiéu bénh nhan bang ma. Sira s6
dién thoai mot chd 1a ca hé thong cung thiy.

Fix: one database, with a patient table holding name and phone number exactly once, and
appointment, treatment and payment tables referring to the patient by code. Correct the
phone number in one place and the whole system sees it.

6. Cho 1€ tan dung khung nhin chi c6 ho tén, s6 dién thoai va gi0 hen, khong co6 ghi chu
diéu trj va sb tién. Phan quyén dé ké toan chi doc bang thu tién.

Give reception a view with only name, phone number and appointment time, without
treatment notes or amounts. Set permissions so accounting reads only the payment table.

Bai 2. Dat phong Ky tuc xa — Exercise 2. Booking dormitory rooms

Truong c6 tmg dung dat phong ky tic x4. Dit liéu gém sinh vién, phong, lugt ding ky.
Pau ky, hang nghin sinh vién dat phong cung luc; moi dir li¢u vé mot may chu dat tai
truong. Cubi nim, ban quan 1y doc bao cdo ti 18 1ap day phong ciia bén ky gan nhat. Hay
phan loai hé phuc vy dat phong va h¢ phuc vu bdo cdo theo bdn tiéu chi, roi xép bon
nguoi sau vao nhom nguoi ding: sinh vién dat phong trén tng dung; nhan vién viét chic

Tai li€u nay duogc bién soan boi doi ngli ciia website: https://tailieuso.vin
Trang 41



DPé cuong Co s& dir liéu / Databases

ning dang ky phong; ngudi cip quyén va sao luu may cha; can bd ban quan 1y tu viét
truy van dé lay bao céo.

The university has an application for booking dormitory rooms. The data covers students, rooms
and bookings. At the start of term thousands of students book at once; all data goes to one server
at the university. At year end the management board reads a report of the occupancy rate over
the last four terms. Classify the booking system and the reporting system by the four criteria,
then place these four people in user groups: a student booking in the app, a staff member who
writes the room booking function; the person who grants access and backs up the server; a
board officer who writes queries to get the report.

1. Mo hinh dit liéu: sinh vién, phong, lugt ding ky déu dang bang va ndi v6i nhau nén
chon quan hé¢, cho ca hai hé.
Data model: students, rooms and bookings are tabular and linked, so choose relational, for
both systems.

2. S6 ngudi dung: hang nghin sinh vién dit cung lic nén nhiéu nguoi dung, can kiém
soat dong thoi dé khong xép hai sinh vién vao mot chd.
Users: thousands of students book at once, so multiuser, with concurrency control so that
two students are not given the same place.

3. Noi dat dir lidu: tat ca vé mot may chu tai truong nén tap trung.
Where the data sits: everything goes to one server at the university, so centralised.

4. Muyc dich: h¢ dat phong ghi tung lugt dang ky nho nén OLTP. H¢E bao cao doc dir li¢u
bdn ky dé tong hop ti 1¢ 1ap day nén OLAP.
Purpose: the booking system records small bookings one by one, so OLTP. The reporting
system reads four terms of data to summarise occupancy, so OLAP.

5. Nhém ngudi ding: sinh vién dat phong bang tng dung c6 san 1a ngu’(n dung ung
dung; nhan vién viét chirc ning la 1ap trinh vién Gng dung; nguoi cip quyén va sao
lru 12 DBA; can b tu viét truy van 13 nguoi dung thao.

User groups: the student booking with a ready-made app is an application user, the staff
member who writes the function is an application programmer; the person granting access
and backing up is the DBA; the officer who writes queries is a sophisticated user.

Bai 3. Poc truy van trén CSDL Trwong Tién — Exercise 3. Reading queries on the
Truwong T ién database

Cho CSDL Truong Tién. Hay viét 1énh va néu két qua cho ba yéu cau: (a) tim vi dang &
trang thai Tam khoa; (b) dém s6 vi thudc loai Tiét kiém; (c) tinh tong sb tién cta cac giao
dich Nap thanh cong. Goi y cot: vi c6 MaVi, LoaiVi, TrangThai; giao dich c6 LoaiGD,
SoTien, TrangThai.

Given the Truong Tién database, write the command and state the result for three requests: (a)
find the wallet whose status is Tam khoa (temporarily locked); (b) count the wallets of type Tiet

kiém (savings); (c) total the amounts of successful top-up (Nap) transactions. Hint on columns:
wallets have MaVi, LoaiVi, TrangThai, transactions have LoaiGD, SoTien, TrangThai.

1. Yéu cau (a) 1dy mot cot tir bang vi véi diéu kién vé trang thai: "SELECT MaVi
FROM Vi WHERE TrangThai = 'Tam khoa';" Két qua: 1 dong, vi V0010.
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Request (a) takes one column from the wallet table with a condition on status: "SELECT
MaVi FROM Vi WHERE TrangThai = "Tam khoa';" Result: 1 row, wallet V0010.

2. Yéu ciu (b) cin dém dong thoa diéu kién loai vi: "SELECT COUNT(1) FROM Vi
WHERE LoaiVi = 'Tiét kiém';" Két qua: 4.
Request (b) needs a count of rows meeting a condition on wallet type: "SELECT COUNT(1)
FROM Vi WHERE LoaiVi = 'Tiét kiem''" Result: 4.

3. Yéu cdu (c) can cong cot sb tién vai hai diéu kién, loai Nap va trang thai Thanh cong:
"SELECT SUM(SoTien) FROM GiaoDich WHERE LoaiGD = 'Nap' AND
TrangThai = 'Thanh cong';" Két qua: 17.500.000.

Request (c) needs the amount column added up under two conditions, type Nap and status
Thanh cong: "SELECT SUM(SoTien) FROM GiaoDich WHERE LoaiGD = 'Ngp' AND
TrangThai = 'Thanh cong'," Result: 17,500,000.

4. Poc két qua: trong 15 vi c6 ding 1 vi tam khoa va 4 vi tiét kiém; cac lugt nap thanh
cong cua thang 9 cong lai dugc 17.500.000 4.

Reading the results: of 15 wallets exactly 1 is temporarily locked and 4 are savings wallets;
the successful top-ups of September add up to VND 17,500,000.

1.13. Cau héi tu luan va dan y tra l0i — Essay questions and answer outlines

Céu 1. Phan biét dix liéu, thong tin va tri thirc. Ly vi du tir sao ké vi dién tir cho
tirng cap.

Question 1. Distinguish data, information and knowledge. Give an example of each level from
an e-wallet statement.

* Dt liéu: sy viéc hodc gia tri dugc ghi lai, chua giai thich; vi du mét dong sao ké (vi,
loai giao dich, sd tién, thoi diém).
Data: a fact or value that has been recorded, not yet explained; for example one statement
line (wallet, transaction type, amount, time).

« Thong tin: dit liéu da xu 1y, c6 ngit canh, tra 151 mot cau hoi; vi du so lugt va tong tién
nap thanh cong trong thang.
Information: data that has been processed, has context and answers a question, for example
the count and total of successful top-ups in the month.

« Tri thtrc: hiéu biét rat ra tir nhidu thong tin, dung dé quyét dinh; vi dy phi rat tinh theo
lan nén gom rat mot 1an thi ré hon.
Knowledge: understanding drawn from several pieces of information, used to decide; for
example the fee is per withdrawal, so one larger withdrawal is cheaper.

« Mbi lién hé: dir liéu duoc xir 1y thanh thong tin, nhidu théng tin dugc hiéu thanh tri
thurc.

The link: data is processed into information, and several pieces of information are
understood as knowledge.

« Cau hoi gitip phan biét: mau nay d tra 16i cau hoi ndo chua, va co dung dé chon hanh
dong khong.
Questions that tell them apart: has this item answered a question yet, and is it used to choose
an action.
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Céu 2. Trinh bay cic nhwoc diém ciia hé thong tép va cho biét CSDL khic phuc
tirng nhwoe diém bing dic trung nao.

Question 2. Present the weaknesses of a file-based system and say which feature of a database
remedies each.

* Du thtra va khong nhét quan: cung mot dir kién & nhiéu tép, stra mOt noi bo sot noi
khac; CSDL ghi mdi su viéc mot chd (kiém soat du thira).
Redundancy and inconsistency: the same fact in several files, corrected in one place and
missed in another; a database stores each fact once (controlled redundancy).

« Khé truy xuat: mdi cdu hoi mai phai ghép tép bang tay; CSDL cho mét cu truy van
ho6i nhiéu bang.
Poor retrieval: each new question means matching files by hand; a database lets one query
ask across tables.

« Kho giit rang budc: quy tic nam trong timg chuong trinh; CSDL giit quy tic trong
chinh no.
Poor integrity: rules sit inside each program; a database holds the rules itself.

« Bao mat yéu: tép chi c6 mé hodc khong md; CSDL phan quyén theo bang, cot, khung
nhin.

Weak security: a file is open or closed; a database grants permissions by table, column and
view.

* Truy cap dong thoi: hai ngudi sira mot tép thi cho nhau hodc dé nhau; CSDL c¢6 kiém
soat dong thoi.
Concurrent access: two people editing a file wait for each other or overwrite each other; a
database has concurrency control.

« Phu thudc cdu trac tép: d6i cot phai sira chuong trinh; CSDL cach ly chuong trinh va
dit liéu nho tir dién dit liéu.
Dependence on file layout: changing a column means changing programs, a database
insulates programs from data through the data dictionary.

Cau 3. Mot cong ty vi dién tir giitrt CSDL khach hang. Néu cac trach nhiém cia cong
ty theo Luit Bio vé dir liéu c4 nhan s6 91/2025/QH15 va viéc cu thé phai lam &
CSDL.

Question 3. An e-wallet company keeps a customer database. State the company's duties under
the Law on Personal Data Protection No. 91/2025/QH15 and what has to be done in the
database.

« X4c dinh dit liéu ca nhan (Piéu 2 khoan 1): ho tén, ngdy sinh, sé dién thoai gitp xéac
dinh mot ngudi; cong ty 14 bén kiém soét dir liéu c4 nhan (khoan 7), khach hang 1a
chu thé (khoan 5).

Identify personal data (Article 2, clause 1): name, date of birth and phone number help

identify a person; the company is the controller (clause 7) and the customer is the data
subject (clause 35).

« Chi thu thap, xir Iy diing pham vi va myc dich cy thé, rd rang (Diéu 3 khoan 2): chi giir
cac cot can cho van hanh vi.
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Collect and process only within a specific, clear scope and purpose (Article 3, clause 2):
keep only the columns the wallet needs.

« Gitr dit liéu chinh xéc, stra khi can, luu trong thoi gian phu hop (Piéu 3 khoan 3): sta
mot chd duy nhét, dat thoi han luu.
Keep data accurate, correct it when needed, store it for a fitting period (Article 3, clause 3):
correct in one place only and set a retention period.

« Ap dung bién phap quan 1y va k§y thuat phu hop (Piéu 37 khoan 1 diém c): phan
quyeén, khung nhin che cdt, sao luu.
Apply suitable managerial and technical measures (Article 37, clause 1, point c):
permissions, views that hide columns, backups.

« Trong tai chinh, ngan hang: thong bao cho chu thé khi 16 hodc mét thong tin tai khoan
(Piéu 27 khoan 1 diém d).
In finance and banking: notify the data subject when account information is leaked or lost
(Article 27, clause 1, point d).

« Khong mua, ban di liéu ca nhan, khong chiém doat hay cb ¥ 1am 16 (Piéu 7 khoan 6
va 7).

Do not buy or sell personal data, nor seize or deliberately leak it (Article 7, clauses 6 and 7).
1.14. Cau héi tric nghiém — Multiple-choice questions

1. Mau nao sau ddy 14 thong tin (khong phai dit liéu don 18)?
Which of the following is information (and not a single piece of data)?

A. Mai vi V0001 ghi & dong sao ké dau tién / The wallet code V0001 on the first
statement line

B. S6 tién 2.000.000 & ghi & dong sao ké dau tién / The amount VND 2,000,000 on the
first statement line

C. Ngay gio 01/09/2026 08:15 ghi ¢ dong sao ké dau tién / The date and time
01/09/2026 08:15 on the first statement line

D. Thang 9 ¢6 11 lugt nap thanh cong, tong 17.500.000 & / September has 11
successful top-ups, VND 17,500,000 in total

2. L& tan stra s6 dién thoai cia mot khach & tép A nhung tép B van ghi s6 cii. Nhuoc
diém nay cua hé thong tép 1a gi?
Reception corrects a customer's phone number in file A but file B still holds the old one.
What is this weakness of a file-based system?
A. Mét tinh doc 1ap giita chuong trinh va dit liéu / Loss of independence between
programs and data
B. Bio mat yéu vi thiéu phan quyén cho timg cot /| Weak security from missing
column-level permissions
C. Kho truy xuat vi dit liéu nam rai rac nhiéu tép / Poor retrieval because data is
scattered across files
D. Khong nhat quan vi mot dir kién bi ghi & nhidu noi / Inconsistency because one
fact is recorded in several places
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3. Phat biéu nao dung vé hé quan tri co so dit liéu (HQTCSDL)?
Which statement about a database management system (DBMS) is correct?

A. La tap dit lidu co to chirc dung chung ctia mot cong ty / It is the organised set of
shared data of a company

B.La phﬁn mém ding gitta nguoi dung va dir 1iéu, nhédn moi yéu cau doc ghi / Itis
software standing between users and data, receiving every request to read or write

C. La toan bo méy chu, Gng dung, quy trinh va con ngudi ctia hé thong / It is the
whole of the servers, applications, procedures and people of the system

D. La ngdn ngit dung dé ra 1énh thém, sira, x6a dit lidu / 11 is the language used to
order data to be added, changed or deleted

4. Sau khi thém cot Website vao bang ngan hang, cau "SELECT MaNH, TenNH FROM
NganHang" van tra du 4 dong nhu cii. Hién twong nay minh hoa dic trung nao?
After a Website column is added to the bank table, the query "SELECT MaNH, TenNH
FROM NganHang" still returns the same 4 rows. Which feature does this illustrate?

A. Kiém soat dong thoi nhiéu ngudi diung / Concurrency control for many users

B. Bio mat theo phan quyén cho timg ngudi / Security through per-person
permissions

C. Cach ly gitta chuong trinh va dit li€u / Insulation between programs and data

D. Sao luu va phuc hoi sau sw ¢d / Backup and recovery after a failure

5. Khung nhin KhachLeTan chi chon bdn c6t MaKH, HoTen, TinhThanh, Hang cua bang
KhachHang (8 cdt). Muc dich chinh ctia khung nhin nay 1a gi?
The view KhachLeTan selects only four columns, MaKH, HoTen, TinhThanh and Hang, from
the KhachHang table (8 columns). What is the main purpose of this view?
A. Cho 12 tan thay phan dir liéu ho can va gidu sé dién thoai / To show the front desk
the data it needs and hide the phone number
B. Lap mdt ban sao riéng cua bang dé dung 1am ban sao luu / To make a separate
copy of the table for use as a backup
C. Tang thém sb cot ctia bang khach hang 1én bbn cot nita / 7o add four more
columns to the customer table

D. Xoéa cac cot con lai ra khoi bang khach hang gbc / To delete the remaining
columns from the original customer table

Tai li€u nay duogc bién soan boi doi ngli ciia website: https://tailieuso.vin
Trang 46



DPé cuong Co s& dir liéu / Databases

6. Cudi quy, cong ty doc khdi dir liéu giao dich ctia nhiéu nim dé tong hop bao céo va it
khi ghi méi. Loai hé theo muc dich phu hop nhét 13 gi?
At quarter end, a company reads transaction data covering many years to compile a report
and seldom writes anything new. Which type of system by purpose fits best?

A. Hé OLTP, phuc vu ghi giao dich nho hang ngay / An OLTP system, serving small
daily transactions

B. Hé mot ngudi dung, mdi luc phuc vu mot ngudi / A single-user system, serving
one person at a time

C. H¢ OLAP, phuc vu phan tich va lam bao cdo / An OLAP system, serving analysis
and reports

D. Hé phan tan dong nhat, ciing loai phan mém & moi noi / 4 homogeneous
distributed system, the same software everywhere

7. Nguoi cai dit may chu, cap quyén cho nhan vién, giam sat va sao luu CSDL hang dém
thuoc nhom nao?

Which group does the person belong to who installs the server, grants access to staff,
monitors and backs up the database nightly?

A. Nguoi thiét ké CSDL / Database designer

B. Lap trinh vién ung dung / Application programmer

C. Quan tri CSDL (DBA) / Database administrator (DBA)
D. Nguoi dung cudi thao / Sophisticated end user

8. Vi Truong Tién thu phi 3.300 d¢ cho mdi lan rat. Trong thang 9 ¢6 5 luot rat thanh
cong. Tong phi rat thu duge 1 bao nhiéu?
The Truong Tién wallet charges VND 3,300 per withdrawal. In September there were 5
successful withdrawals. What is the total withdrawal fee collected?

A.16.500d / VND 16,500

B. 6.800.000 & / VND 6,800,000
C.3.300d / VND 3,300

D. 33.0004d / VND 33,000
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Chuong 2. M6 hinh dir liéu va mo hinh quan hé — Chapter 2. Data
models and the relational model

Muc tiéu chwong — Chapter objectives

* Giai thich mo hinh dir li¢u 1a gi va phan biét ba mirc mo hinh: khai niém, logic, vat 1y.
Explain what a data model is and tell the three levels of modelling apart: conceptual, logical
and physical.

* So sanh céac loai mo6 hinh (phan cép, mang, quan hé, huéng doi tuong, NoSQL) va
chon dugc mo hinh hgp voi mdt bai toan.
Compare the kinds of model (hierarchical, network, relational, object-oriented, NoSQL) and
pick the one that fits a problem.

« M5 ta kién tric ba luge dd ANSI/SPARC va hai kiéu doc 1ap dit liéu, kém vi du chay
dugc trén PostgreSQL.

Describe the ANSI/SPARC three-schema architecture and the two kinds of data
independence, with examples that run on PostgreSQL.

* BDoc mdt bang thanh quan h¢: chi ra b, thudc tinh, mién, bac, luc lugng; néu tinh chét
cua quan h¢ va cach xur ly gié tri NULL.
Read a table as a relation: name the tuples, attributes, domains, degree and cardinality, state
the properties of a relation and how NULL behaves.

* Phan bi¢t si€u khoa, khda ing vién, khoa chinh, khoa thay thé, khoa ngoai va ty tim
khoa cho mot bang tir quy tic nghiép vu.
Tell superkey, candidate key, primary key, alternate key and foreign key apart, and find the
keys of a table from its business rules.

2.1. Mo hinh dir liéu 1a gi — 2.1. What a data model is

Ban mé mot quan tra sita. Trude khi mua phan mém, ban lay gidy vé ra: c6 khach, c6
don, c6 mén; mdi don gém nhiéu mén; mdi moén cé mot gia. To giéy éy chua chay duoc,
nhung ai nhin vao ciing hiéu quan can ghi nhé nhiing gi. M6 hinh dit liéu (data model) 1a
cach v& va cach néi da chuan hoa cho to gidy do.

You open a bubble tea shop. Before buying any software you sketch it on paper: customers,
orders and drinks, each order holding several drinks, each drink with a price. The sketch cannot

run, yet anyone who reads it knows what the shop has to remember. A data model is a standard
way of drawing and talking about a sketch like that.

Noi chinh x4c hon, mé hinh dit liéu 1a mot b khai niém dé mo ta ba thi vé dit liéu. Thi
nhat 13 cdu tric: dir liéu gdm nhiing loai gi va ndi voi nhau ra sao. Thir hai 13 rang budc
(constraint): diéu kién dit liéu phai thoa, chﬁng han sb du vi khong dugc am. Thr ba la
thao tac (operation): nhimg viéc dugc phép lam, nhu thém, tim, stra, x6a. Bang sau gin
ba thtr 4y véo vi dién tir Truong Tién.

More exactly, a data model is a set of concepts for describing three things about data. The first

is structure: what kinds of data there are and how they connect. The second is constraints:
conditions the data must meet, such as a wallet balance never dropping under zero. The third is
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operations: what you are allowed to do, such as adding, finding, changing and deleting. The
table that follows ties the three to the Truong Tién e-wallet.

Thanh phan | Tra 1oi cAu héi Vi du & vi Truwong Tién

Component Question it answers Example in the Truong Tién wallet

Dir liéu gom nhitng gi, no1 nhau Mot khach hang c6 nhiéu vi; mot vi cé

Céu trac thé nao? nhiéu giao dich.
Structure What does the data consist of, and A customer has several wallets, a wallet has
how is it linked? many transactions.

S6 du khong am; mdi ma vi chi xuat hién
Rang budc Dir liéu nao bi coi 1a sai? mot 1an.
Constraints Which data counts as wrong? The balance is never negative; each wallet
code appears once.

Thém giao dich méi; tim giao dich ciia mot
Thao tac Puoc lam gi véi dir ligu? vi; khoa vi.
Operations What may be done with the data? Add a new transaction, find the transactions of

a wallet; lock a wallet.

Mo hinh dit liéu can thiét vi mdi nguoi nhin dir liéu mot kiéu. Nhan vién tin dung quan
tam khoan vay, ké toan quan tdm phi, khach hang quan tim s6 du. M6t mé hinh chung
gitip moi nguoi dong ¥ "hé thdng nay nhé nhimg gi" trude khi ai d6 viét dong lénh dau
tién. Stra mot chd sai trén gidy dé hon nhiéu so véi sira khi hé thong da chia hang triéu
giao dich.

A data model is needed because everyone looks at data differently. A credit officer cares about
loans, an accountant about fees, a customer about the balance. A shared model lets everybody
agree on "what this system remembers" before anyone writes the first line of code. Correcting a
mistake on paper is far easier than correcting it once the system holds millions of transactions.

Tir y tuong dén hé thdng chay duge, nguoi thiét ké di qua ba budc. Hé quan trj co s dir
liu (HQTCSDL, DBMS — database management system) 1a phan mém quan 1y kho dir
liéu, vi du PostgreSQL; budc thtr hai va thir ba ga‘in vO1 no.

Between an idea and a running system, the designer goes through three steps. A database

management system (DBMS, in Vietnamese HOQTCSDL) is the software that looks after the
stored data, for example PostgreSQL; the second and third steps depend on it.

1. M6 hinh hoéa dir liéu (data modelling): liét ké d6i twong cin nhd, mbi lién hé va diéu
kién cta chung, chua nghi t6i phan mém nao.
Data modelling: list the objects to remember, how they relate and the conditions on them,
without yet thinking of any software.

2. Thiét ké logic: viét lai két qua budc 1 theo cach t6 chirc ctia loai HQTCSDL da chon;
néu chon kiéu bang thi két qua 1 cac bang va cot.
Logical design: rewrite the result of step 1 in the way the chosen kind of DBMS organises
data; for a table-based system the result is tables and columns.

3. Thiét ké vat ly: quyét dinh dit liéu ndm & dau trén dia va tao thém cau trac phu dé tim
nhanh.
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Physical design: decide where the data sits on disk and add extra structures so that it can be
found quickly.

LOI HAY GAP / COMMON MISTAKE — Coi mé hinh dir liéu 1a mot phan mém hay mot
ciu 1énh. N6 13 ban mo ta bang khai niém va hinh v&; phan mém chi dung lai ban mé ta do.
Treating a data model as a program or a command. It is a description made of concepts and
drawings; software merely follows it.

PHAI THUQC / MEMORISE — M5 hinh dit liéu = bo khai niém mo ta cAu tric, rang budc
va thao tac trén dir liéu.

A data model = a set of concepts that describes the structure of data, the constraints on it and the
operations on it.

2.2. Ba mirc mo hinh: khai niém, logic, vatly — 2.2. Three levels of modelling:
conceptual, logical, physical

Mudn nau mot ndi canh chua, trudc hét ban nghi t6i mén: can ca, rau, me. Roi ban viét
cong thirc: bao nhiéu gram, cho gi trude, cho gi sau. Cudi cung 1 chuyén trong bép: ndi
nao, lra to hay nho, dun bao lau. Thiét ké co so dir liéu (CSDL, database) ciing di tur y
chung dén chi tiét nhu vay, qua ba mic.

To cook a pot of sour soup you first think of the dish: fish, vegetables, tamarind. Then you write
the recipe: how many grams, what goes in first and what next. Last comes the kitchen itself:
which pot, high or low heat, how long. Designing a database follows the same path from general
idea to detail, in three levels.

Trude khi doc bang, hay nhd mot tir. Lugc do (schema) 1a ban mé ta cau triic cia CSDL
& mot muc nao d6. N6 giéng mau biéu ciia mot ban sao ké ngan hang: mau biéu it doi,
con con sb dién vao doi timg ngay.

One word first. A schema is the description of a database's structure at some level. It resembles

the layout of a bank statement: the layout rarely changes, while the figures filled in change every
day.

Cau héi M0 ti bang gi Vi du & vi Truwong Tién

Question Described with Example in the wallet

So dd thuc thé — két hop

Hé théng cinnhg  (ERD- entity-—relationship Khach hang s& hitu vi; vi

Khai niém . diagram), hoc & Chuong 3; A .
(conce .tual) nhitng gi? b & h)’th' 2e ohi % ’ thyuc hién giao dich.
p What must the chua phy thuoe phan mem. A customer owns wallets; a
Conceptual An entity-relationship diagram .
system remember? wallet makes transactions.
(ERD), met in Chapter 3;
independent of any software.
Dit liéu dugc td Vi hé quan hé: bang, cdt, Vi(MaVi, MaKH, LoaiVi,
Logic chire theo kiéu khoa, rang budc; phu thudc SoDu, ...) véi MaVi la khoa
(logical) nao? kiéu mo hinh, chua phu thuéc  chinh.
Logical In what style is the  cach luu. Vi(MaVi, MaKH, LoaiVi,
data organised? For a relational system: tables, SoDu, ...) with MaVi as
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Cau héi M0 ti bang gi Vi du & vi Truwong Tién
Question Described with Example in the wallet
columns, keys and constraints; primary key.
tied to the style of model, not yet
to storage.

Dit liéu ndm ¢ dau  Tép, trang dit liéu, chi muc, Mbt chi muc trén oot MaVi

trén dia, tim nén, ma hoa; phu thudc tin \ . . 2
1, S , ’ ’ p T, £ cua bang GiaoDich dé tim
Vit ly nhanh bang cich ~ HQTCSDL va phan ctng. . . .
. . ) ) giao dich cta vi nhanh hon.
(physical) nao? Files, data pages, indexes, . .,
) i . An index on column MaVi of
Physical Where does the data = compression and encryption; '

GiaoDich so that a wallet's

sit on disk, and how = depends on the DBMS and the ) ) .
transactions are found faster.

is it found quickly? ~ hardware.

Mirc khai niém
Khach hang s¢ hitu vi; vi thuc hién giao dich

N6i vé dbi twong va méi lién hé

l chuyén sang

Mutc logic

Vi(MaVi, MaKH, LoaiVi, SoDu, ...)

Néi vé bang, cot, khoa

¢ chuyén sang

Mite vat 1y

ngay cang nhiéu chi tiét

Tép trén dia, trang dit liéu, chi muc cho MaVi

No6i vé noi luu va toe do v

Hinh 2.1. Ba mtrc mé hinh cta vi Truong Tién, doc tir trén xudng. O xanh duong 14 y chung, 6
cam 14 bang va cot, 6 xanh 14 1a chuyén luu trén dia; miii tén bén phai chi chi tiét ting dan.
Figure 2.1. The three levels of modelling for the Trwong Tién wallet, read from the top. The blue box is
the general idea, the orange box is tables and columns, the green box is storage on disk; the arrow on the
right shows detail increasing.

M&bi muc ¢6 ngudi lam riéng. Nguoi phan tich va thiét ké lo mirc khai niém va logic.
Quan tri vién CSDL (DBA, database administrator) lo mirc vat 1y: chon chi muc, theo ddi
dung lugng, sao luu. Chuong 8 va Chuong 10 quay lai viéc cuia DBA.

Each level has its own people. Analysts and designers handle the conceptual and logical levels.
The database administrator (DBA) handles the physical level: choosing indexes, watching disk
space, taking backups. Chapters 8 and 10 come back to the DBA's work.

Bai miu: xép mot cAu md ta vao ding mirc — Worked example: placing a statement at the
right level

Pé: xép mdi cau sau vao murc khai niém, logic hay vat 1y. (a) Mot khach hang c6 thé mo
nhiéu vi. (b) Bang Vi c¢6 cot SoDu kiéu numeric(15,0). (c) Tao chi muc cho cot
ThoiDiem cua bang GiaoDich. (d) Dit liéu trén 6 dia duoc ma hoa.
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Task: place each statement at the conceptual, logical or physical level. (a) A customer may open
several wallets. (b) Table Vi has a column SoDu of type numeric(15,0). (c) Create an index on
column ThoiDiem of table GiaoDich. (d) The data on the disk is encrypted.

1. Hoi: cau nay noi vé "cai gi ton tai va lién hé ra sao", hay vé "bang va cot", hay vé "luu
trén dia"? Cau (a) néi vé khach hang va vi nén thudc murc khai niém.
Ask: does the statement say "what exists and how it relates”, or "tables and columns", or
"storage on disk"? Statement (a) speaks of customers and wallets, so it is conceptual.

2. Cau (b) nhic ti bang, cot va kiéu dit liéu, tic cach to chirc trong hé quan hé: mirc
logic.
Statement (b) mentions a table, a column and a data type, which is how a relational system
organises data: logical.
3. Cau (c) néi t6i chi myc, ciu trac phu chi dé tim nhanh; cau (d) noi téi ma hoa trén dia.
C4 hai thudc muc vat ly.
Statement (c) concerns an index, an extra structure that only speeds up searching; statement
(d) concerns encryption on disk. Both are physical.
Két qua: (a) khai niém; (b) logic; (c) vat ly; (d) vat 1y.
Result: (a) conceptual; (b) logical; (c) physical; (d) physical.

LOI HAY GAP / COMMON MISTAKE — Cho ring muc khai niém d3 phai c6 bang va cot.
Mtic d6 méi nodi ddi tuong va mbi lién hé; bang va cdt chi xuét hién & mirc logic.

Believing the conceptual level already needs tables and columns. That level only names objects and
relationships, tables and columns appear at the logical level.

2.3. Cac loai mo hinh dix li€u - 2.3. Kinds of data model

Moi nha déu cin cét do, nhung c6 ngudi dung ti nhiéu ngin kéo, c6 nguoi dung thing cd
nhan. M6 hinh logic ciing vay: mdi loai chon mot cach sép dit liéu. Ta xem lan luot sau
cach, mdi cach gén v6i cung mot nghié¢p vu: khach hang, vi, giao dich va ctra hang.

Every household needs storage, but some people use a chest of drawers and others use labelled

boxes. Logical models are the same: each kind arranges data in its own way. We look at six,
each tied to the same business: customers, wallets, transactions and shops.

M6 hinh phén cép (hierarchical) — Hierarchical model

Hay nghi t6i thu myc trong may tinh: mdi thu myc con nam trong diing mot thu myc cha.
Mo hinh phan cip t6 chirc dit lidu thanh cdy nhu vay. Véi vi Truong Tién, ta co cdy
KhachHang, roi Vi, r0i GiaoDich. Di tir gdc xudng 1a thao tic nhanh. Khé khan xuét hién
khi mét giao dich thanh toan con thudc vé mot cira hang: ciy chi cho mot cha, nén giao
dich phai dugc ghi thém 1an nita dudi cira hang.

Think of folders on a computer: each subfolder sits inside exactly one parent folder. The
hierarchical model arranges data as a tree in the same way. For the Truong Tién wallet the tree
runs KhachHang, then Vi, then GiaoDich. Going from the root downwards is quick. Trouble

starts when a payment also belongs to a shop: a tree allows one parent only, so the transaction
must be recorded again under the shop.
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M6 hinh mang (network) — Network model

Mo hinh mang cho phép mét nut co nhiéu cha, giong mang ludi tuyén xe buyt noi mot
bén c6 nhiéu tuyén di qua. Giao dich thanh toan khi d6 chi c6 mot ban, ndi téi vi va nbi
t6i clra hang. Cai gia phai tra: cac ndi két 1a con tré cb dinh, ngudi dung phai tu chi
duong (di tir vi, theo ndi két ndy, t&i giao dich), va d6i cau tric thi phai stra lai chuong
trinh.

The network model lets a node have several parents, like a bus network in which one stop is
served by several routes. A payment then exists once, linked to a wallet and linked to a shop. The
price is that the links are fixed pointers: the user must give directions (start at the wallet, follow
this link, arrive at the transaction), and changing the structure means rewriting programs.

Mo hinh phan c¢4p (cy) Mo hinh mang

KhachHang [ CuaHang ] KhachHang ]

Vi ] [ GiaoDich ] [ Vi ] CuaHang
GiaoDich
GiaoDich

GiaoDich phai ghi hai lan:
mdt lan dudi Vi,

hl

GiaoDich chi ¢6 mét ban,

1A A nhung ¢6 hai nut cha
mot lan dudi CuaHang

Hinh 2.2. Cung dit liéu, hai cach té chirc. Bén trai, cdy budc giao dich xuét hién hai lan (6 cam la
ban sao). Bén phdi, mang cho giao dich hai nut cha la vi va ctra hang.
Figure 2.2. The same data, two ways of organising it. On the left, the tree forces the transaction to
appear twice (the orange box is the copy). On the right, the network gives the transaction two parent
nodes, the wallet and the shop.

Mo hinh quan hé (relational) — Relational model

Mo hinh quan hé chi ding mét loai ciu triic: bang. Céc bang lién hé véi nhau bang gia tri
tring nhau, khong bang con tré. Bang GiaoDich ¢6 cot MaVi mang ma vi va c6t MaCH
mang mi ctra hang; mudn biét giao dich thudc vi ndo, ban so ma. Vi thé ban chi can néi
minh mudn gi, khong can chi duong. Pay 1a mo hinh ta hoc k§ ¢ cic muc sau va ding
subt sach.

The relational model uses a single kind of structure: the table. Tables are related by matching
values, not by pointers. Table GiaoDich has a column MaVi holding a wallet code and a column
MaCH holding a shop code; to learn which wallet a transaction belongs to, you compare codes.

So you only say what you want, never how to get there. This is the model studied closely in the
sections that follow and used throughout the book.
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Mb hinh huéng ddi twong (object-oriented) — Object-oriented model

Lap trinh vién quen luu "d6i twong": mot dbi twong Vi c6 dir liéu bén trong va cé cac
hanh vi nhu nap tién, rat tién, lai c6 thé ké thira tir mot doi tuong téng quat hon. M6 hinh
huéng ddi tuwong luu thang cac dbi tuong d6 vao CSDL, dé khoi doi qua lai gitra d6i
tugng va bang. Loai hé nay it phd bién hon hé quan hé; nguoc lai, nhiéu hé quan hé nhu
PostgreSQL di thém kiéu mang va kiéu JSON (cach ghi dit liéu thanh cip tén va gi tri)
cho nhu cau tuong ty.

Programmers are used to keeping "objects": a Vi object holds data inside and has behaviours
such as depositing and withdrawing, and it may inherit from a more general object. The object-
oriented model stores those objects directly in the database, so there is no switching back and
forth between objects and tables. Systems of this kind are less common than relational ones, in
turn, many relational systems such as PostgreSQL have added array and JSON types (JSON
writes data as name and value pairs) for similar needs.

NoSQL: tai liéu va khéa — gia tri — NoSQL: documents and key—value

NoSQL la tén goi chung (tr "not only SQL", tirc ngoai SQL con c6 céach khac) cho céc hé
ra doi dé xir Iy dix lidu cuc 16n hodc c¢6 nhiéu dang. Ngon ngit truy van c6 cu tric SQL
(Structured Query Language) 1a ngdn ngir ta dung véi hé quan hé, xem tr Chuong 8. Hai
kiéu NoSQL hay gip nht:

NoSQL is a collective name (from "not only SOL", meaning there are ways besides SQL) for
systems that appeared to handle huge or highly varied data. The Structured Query Language,

SQOL, is the language we use with relational systems, from Chapter 8 on. The two most common
NoSQL kinds are:

« Kiéu tai liéu (document): mdi ban ghi 12 mét tai liéu dang JSON, c6 thé chira cac phan
16ng nhau va mdi tai lidu c6 thé co trudng khac nhau. MongoDB 1a mot vi du.
Document: each record is a JSON document that may contain nested parts, and each
document may have different fields. MongoDB is one example.

« Kiéu khoa — gia tri (key—value): nhu tu giri d6 danh s6, dua s 1 1dy dung moén do,

nhung khong héi dugc "nhitng mén d6 mau do". Redis 1a mot vi du.
Key—value: like numbered lockers, give the number and you get the item, but you cannot ask
for "all the red items". Redis is one example.

Pay 1a cung mdt khach hang KHO01 viét & dang tai liéu. Hai vi ctia khach nam 16ng

trong tai liu, khong c6 bang riéng.

Here is the same customer KHO00I written as a document. The two wallets of the customer are

nested inside it, with no table of their own.

{"maKH": "KHO0O01", "hoTen": "Trdn Minh Khé6i", "hang": "Vang",

llvi": [
{"mavi"™: "v0001", "loai": "Thanh to&n", "trangThai": "Hoat ddng"},
{"mavi": "v0002", "loai": "Tiét kiém", "trangThai": "Hoat ddéng"}

1}
Bang sau ddt sdu mo hinh canh nhau. Cot "Lién két bang" cho thdy khac biét gdc: con tro
hay gié tri.
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The table that follows puts the six models side by side. The "Linked by" column shows the root

difference: pointers or values.

M6 hinh
Model

Phan cip
Hierarchica
/

Mang
Network

Quan hé

Relational

Hué6ng dbi
tugng
Object-
oriented

Tai liéu
Document

Khoa — gia
tri
Key—value

Bai miu: chon mé hinh cho tirng bai toAn — Worked example

problem

Cich td chire

Organisation

Cay, moi nut
mot cha

Tree, one parent

per node

D6 thi, nit
nhiéu cha
Graph, nodes
with several
parents

Céc bang
Tables

Déi tugng co
hanh vi
Objects with
behaviours

Tai li¢u JSON

16ng nhau
Nested JSON
documents

Cap khoa va gia

tr
Key and value
pairs

Lién két
bing
Linked by

Néi cha —
con
Parent—child
links

Con tré
Pointers

Gia tri trung
nhau
Matching
values

Tham chiéu
d6i tuong
Object
references

Ldng hoic
ma tham
chiéu
Nesting or
reference
codes

Khong co

None

Hop véi

Suits

Dir lidu von 14 cay, nhu
thu muc.

Data that is naturally a
tree, such as folders.

Nbi két phuee tap, )
dinh.

Complex, fixed
connections.

Dir lidu giao dich can
rang budc chat, nhu vi
va ngan hang.
Transaction data that
needs strict constraints,

such as wallets and banks.

Ung dung viét bang
ngon ngit hudng déi
tuong.

Applications written in an
object-oriented language.

Hd so mdi ban mot
kiéu.

Records that each look
different.

Phién dang nhép, bo
nhd dém.

Login sessions, caches.

Han che
Limitation

Khé biéu dién nut co
nhiéu cha.

Hard to show a node with
several parents.

Nguoi dung tu chi
duong; khé d6i cau
tric.

The user gives directions;
structure is hard to

change.

Béng cimg nhéc khi
mdi ban ghi mot khac.
Tables are rigid when
every record differs.

It pho bién, it cong cu.
Less common, fewer
tools.

Rang budc gitra cac tai
ligu yéu.

Weak constraints
between documents.

Chi tra theo khoa.
Lookup by key only.

: choosing a model for each

Pé: chon m6 hinh hop nhét cho (a) s6 cai giao dich cua vi, (b) phién ding nhap tam cua

tmg dung vi, (c) ho so khao sat khach hang ma mdi ngudi tra 161 mot bo cau héi khac

nhau.
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Task: choose the best-fitting model for (a) the wallet's transaction ledger, (b) the app's
temporary login sessions, (c) customer survey files in which each person answers a different set
of questions.

1. V&i mdi bai toan, hoi hai cau: dit liéu ¢6 can rang budc chat khong, va cé can tim theo
nhiéu tiéu chi khéng?
For each problem ask two questions: does the data need strict constraints, and must it be
searched on many criteria?

2. (a) can chat (s du khong 4m, mdi giao dich phai thudc mot vi co that) va can tim theo
nhiéu tiéu chi: mo6 hinh quan hé.
(a) needs strict constraints (no negative balance, every transaction belongs to a real wallet)
and many search criteria: relational.

3. (b) chi tra theo ma phién, mat thi ding nhap lai: khéa — gia tri. (¢) moi hd so mot
dang, it rang budc: tai li€u.
(b) is looked up by session code only and is simply recreated by logging in again: key—value.
(c) has a different shape per file and few constraints: document.

LOI HAY GAP / COMMON MISTAKE — Chon mo hinh theo mot thay vi theo bai toan,
hoac cho réng NoSQL luén nhanh hon. Dit liéu tién bac can rang budc chat ch€, nén moé hinh
quan hé van 13 lya chon quen thudc.

Choosing a model by fashion instead of by the problem, or assuming NoSQL is always faster. Money
data needs strict constraints, which is why the relational model remains the usual choice.

2.4. Kién tric ba lwgc d0 va tinh ddc 1ap dir liéu — 2.4 The three-schema

architecture and data independence

Cung mdt toa nha, ngudi ban hang nhin thdy sanh va quay, ngudi bao vé nhin thay cong
va camera, con k¥ su xay dung nhin thiy moéng va cot. Tir giita nhitng nim 1970, nhém
SPARC thudc Vién Tiéu chuian Qudc gia Hoa Ky (ANSI) dé xuét chia CSDL thanh ba
mirc nhin tuong ty, goi 1a kién tric ba luge d6 ANSI/SPARC.

In one building the shop assistant sees the lobby and counters, the guard sees the gate and
cameras, and the structural engineer sees the foundations and columns. From the mid-1970s the
SPARC group of the American National Standards Institute (ANSI) proposed splitting a

database into three similar ways of seeing it, known as the ANSI/SPARC three-schema
architecture.

« Luoc d6 ngoai (external schema): phan dif liéu ma mot nhom ngudi ding nhin thay,
g0i 1a khung nhin (view). Mdi nhém c6 mot luge dd ngoai riéng va nhidu nhém co thé
clng ton tai.

External schema: the part of the data one group of users sees, called a view. Each group has
its own external schema, and there can be many.

« Luoc d6 khai niém (conceptual schema): mé ta toan bd CSDL cho c4 to chirc, gdm cac
thuc thé, mdi lién hé va rang budc, chua néi toi cach Iuu. Chi cdé mot luge do khai
niém.

Conceptual schema: describes the whole database for the whole organisation, including
entities, relationships and constraints, but not how it is stored. There is only one.
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* Luogc do trong (internal schema): cach dir li¢u dugc luu trén dia, g6m tép, chi muc,
nén. Cling chi c6 mot.
Internal schema: how the data is stored on disk, covering files, indexes and compression.
There is also only one.

Giita cac muc c6 hai anh xa (mapping): HQTCSDL tu dich mét cau hoi viét trén khung
nhin thanh cau héi trén lugc dd khai niém, rdi thanh thao tac trén tép. Hinh 2.3 v€ kién
trac nay cho ba phong cua cong ty Truong Tién.

Between the levels sit two mappings: the DBMS translates a question written against a view into

a question on the conceptual schema, and then into operations on files. Figure 2.3 draws this
architecture for three departments of the Truong Tién company.

Luoc do ngoai (mdi nhém ngudi ding mét khung nhin)

Khung nhin Khung nhin Khung nhin
Tin dung Ké toan Van hanh
I I , L I doc lap dir liéu
anh xa ngoai — khai niém A
c logic
s R
Lugc dd khai nigm
9 bing, khéa, rang budc cia CSDL Trudng Tién
- J

doc lap
anh xa khai niém — trong dir liéu
vat ly

Luwoc ad trong

Tép, trang dir liéu, chi muc, cach nén va luu

Hinh 2.3. Ba lugc 46 ANSI/SPARC. Hang trén 13 ba khung nhin ciia ba phong ban; ¢ giira 1a
lwgce dd khai niém duy nhét; dudi cung 13 luge do trong. Dau ngodc bén phai chi chd nao ddi ma
muc trén khong phai sura.

Figure 2.3. The three ANSI/SPARC schemas. The top row holds the views of three departments, the
middle is the single conceptual schema, the bottom is the internal schema. The brackets on the right show

where a change leaves the level above untouched.

Hai b6 tén nay dé 13n. Ba mtrc mé hinh ¢ muc 2.2 13 ba giai doan thiét ké. Ba lugc d6 ¢
day 1a ba muc nhin trong mot hé da chay. Vi hé quan hé, luoc @b khai niém chinh 1a tap
cac bang cua muc logic, luoc dd trong tng v4i mirc vat 1y, con luoc dd ngoai 1a cac
khung nhin.

The two sets of names are easy to mix up. The three levels of modelling in section 2.2 are three
stages of design. The three schemas here are three ways of seeing a system that is already

running. In a relational system the conceptual schema is the set of tables of the logical level, the
internal schema corresponds to the physical level, and the external schemas are views.
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Ba mirc mé hinh (thiét | Ba lwgc d6 ANSI/SPARC
ké) (van hanh) Trong vi Trwong Tién

Three modelling levels ANSI/SPARC schemas In the wallet
(design) (operation)

9 bang cung khoda va rang bugc.

Khdi niém, rdi logic Luoc d6 khéi niém
o g . ; j The 9 tables with their keys and

Conceptual, then logical Conceptual schema i
constraints.
Khung nhin cho phong Tin dung, Ké

Khong c6 muc twong tmg ~ Lugc d6 ngoai toan, Véan hanh.

No matching level External schema Views for the Credit, Accounting and
Operations departments.

o N Té&p dir liéu va chi muc cua
Vit ly Luogc d6 trong p P toreS QL )
Physical Internal schema ostere )

PostgreSQL data files and indexes.

Nh¢ 4nh xa, ta ¢6 hai kiéu doc 1ap dir li€u (data independence): chuong trinh va khung
nhin khong phai sira khi mic duéi thay doi.

Thanks to the mappings we get two kinds of data independence: programs and views need no
change when a lower level changes.

« Poc 1ap dir liéu logic (logical data independence): d6i lwoc d6 khai niém, chang han
thém mot cot, ma khong phai sira luge d6 ngoai hay chuong trinh dang dung.
Logical data independence: change the conceptual schema, for example by adding a column,
without having to change the external schemas or the programs that use them.

« Boc 1ap dir liéu vat 1y (physical data independence): ddi lugc dd trong, chang han
thém chi myc hay chuyén tép sang 6 khac, ma lugc do khai niém giir nguyén.
Physical data independence: change the internal schema, for example by adding an index or
moving a file to another drive, while the conceptual schema stays the same.
Doan 1énh sau thir ca hai. Ta tao mot khung nhin cho phong Tin dung, thém mot c¢)t vao
bang géc, roi tao mot chi muc. Sau mdi thay doi, cuing mot cAu hoi van tra cing maot két
qua. Ba 1énh CREATE VIEW, ALTER TABLE, CREATE INDEX s¢ dugc giai thich k¥
& Chuong 8; & day chi can xem két qua.
The next script tries both. We create a view for the Credit department, add a column to the base
table, then create an index. After each change the same question still gives the same answer. The
commands CREATE VIEW, ALTER TABLE and CREATE INDEX are explained in Chapter 8;
here only the results matter.
CREATE VIEW VTinDung AS
SELECT MaKH, HoTen, Hang FROM KhachHang;
SELECT COUNT (*) AS khach vang FROM VTinDung WHERE Hang = 'Vang';
ALTER TABLE KhachHang ADD COLUMN Email varchar (60);
SELECT COUNT (*) AS khach vang FROM VTinDung WHERE Hang = 'Vang';

CREATE INDEX idxHang ON KhachHang (Hang);
SELECT COUNT (*) AS khach vang FROM VTinDung WHERE Hang = 'Vang';
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Két qua chay / Output

CREATE VIEW
khach vang

ALTER TABLE
khach vang

CREATE INDEX
khach vang

(1 row)

Ca ba lan déu ra 3 khach hang Vang. Cot Email méi va chi muc méi khong lam khung
nhin hong. Gidi han: néu ban bo chinh c¢ot ma khung nhin dang dung, PostgreSQL tir
chéi vi c¢6 khung nhin phy thudc, nén doc 1ap logic khong phai tuyét di.

All three runs return 3 Gold-rank customers. The new column Email and the new index do not

break the view. A limit: if you drop a column the view itself uses, PostgreSQL refuses because a
view depends on it, so logical independence is not absolute.

Bai miu: thay doi nao anh huéng micc nao — Worked example: which change touches
which level

Pé: voi mdi thay d6i, cho biét no ddi luge d6 nao va khung nhin ctia phong Tin dung c6
phai sira khong. (a) Thém cot Email vao KhachHang. (b) Chuyén bang GiaoDich sang 6
dia nhanh hon. (c) Bé cdt Hang khoéi KhachHang.

Task: for each change, say which schema it alters and whether the Credit department's view

must be edited. (a) Add column Email to KhachHang. (b) Move table GiaoDich to a faster disk.
(c) Drop column Hang from KhachHang.

1. Véi timg thay d6i, hoi né néi vé cau trac bang hay vé chd luu. (a) va (c) doi cau trac
bang nén doi luge dd khai niém; (b) chi d6i chd luu nén ddi luge do trong.
For each change ask whether it concerns table structure or storage. (a) and (c) alter table
structure and so the conceptual schema; (b) alters only storage and so the internal schema.

2. Héi tiép: khung nhin VTinDung c¢é ding phan bi d6i khong? N6 dung MaKH, HoTen,
Hang. (a) khong dung t6i ba cot nay; (b) khong dung tdi cau trac; (c) bo dung cot
Hang.

Next ask whether the view VTinDung uses the part that changed. It uses MaKH, HoTen and
Hang. (a) touches none of the three; (b) touches no structure; (c) removes exactly Hang.
Két qua: (a) lugc dd khai niém, khung nhin khong phai sira. (b) luge do trong, khung
nhin khong phai sira. (c) luoc d6 khai niém, khung nhin phai stra vi mét cot Hang.
Result: (a) conceptual schema, the view needs no edit. (b) internal schema, the view needs no
edit. (c) conceptual schema, the view must be edited because column Hang is gone.
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LOI HAY GAP / COMMON MISTAKE — Nham lugc d6 véi dit liéu. Lugc d6 14 khung it
d6i (tén bang, cot, kiéu); dir lidu 1a cac dong doi timg gidy. Thém mat giao dich khong lam
doi luge do.

Confusing schema with data. The schema is the rarely changing frame (table names, columns, types);
the data is the rows that change every second. Adding a transaction does not change the schema.

PHAI THUQC / MEMORISE — Ba lugc do: ngoai (khung nhin, nhiéu cai), khai niém (toan
CSDL, mt cai), trong (cach luu, mot cai). Poc 1ap logic: ddi khai niém khong stra ngoai. Poc
lap vat Iy: d6i trong khong stra khai niém.

Three schemas: external (views, many), conceptual (the whole database, one), internal (storage, one).
Logical independence: changing the conceptual schema leaves the external ones alone. Physical
independence: changing the internal schema leaves the conceptual one alone.

2.5. Md hinh quan hé: quan hé, bd, thudc tinh, mién — 2.5. The relational model:

relation, tuple, attribute, domain

Nam 1970, nha toan hoc E. F. Codd cong bd md hinh quan hé (relational model). Y cua
ong gian di: moi dir liéu déu co thé dit vao cac bang, va bang c6 thé duoc xur 1y bang toan
tap hop va logic. Nho nén toan d6, ta chimg minh duoc nhiéu diéu vé truy van va thiét
ké. Hau hét hé CSDL thuong mai hién nay, trong d6 c6 PostgreSQL, di theo m6 hinh
nay.

In 1970 the mathematician E. F. Codd published the relational model. His idea was simple: all
data can be put into tables, and tables can be handled with set theory and logic. That
mathematical base lets us prove many facts about queries and design. Most commercial
database systems today, PostgreSQL among them, follow this model.

Mbi khai niém cua mo hinh co hai tén: tén toan hoc va tén doi thuong. Bang sau ghép
chung lai. Tur day vé sau sach dung ca hai, nén hay hoc thudc cot dau.

Each concept of the model has two names: a mathematical one and an everyday one. The table
that follows pairs them. The book uses both from here on, so learn the first column well.

Thuét ngir mé hinh Tén thwong gap Nghia
Model term Everyday name Meaning

Quan hé (relation) Bang (table), tép Mot bang co tén, vi du KhachHang.
Relation Table, file A named table, for example KhachHang.
Mot dong dir ligu, vi du thong tin mot
B¢ (tuple) Dong (row), ban ghi khach hang.
Tuple Row, record One row of data, for example the details of one
customer.
Thudc tinh (attribute)  Cot (column), truong Mot dac diém can ghi, vi du HoTen.
Attribute Column, field One feature to record, for example HoTen.
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Thuat ngir mé hinh Tén thwong gap Nghia

Model term Everyday name Meaning

Kiéu dit liéu va gia tri hop

Mién (domain) 1é Tap gia tri mot thudc tinh dugc nhan.

Domain Data type and allowed The set of values an attribute may take.
values

Béc (degree) S6 cot S6 thudce tinh cua quan hé.

Degree Number of columns How many attributes the relation has.

S6 bo hién co trong quan hé.

Lucl inali 6 de
T g (Eadinliy) | Bodong How many tuples the relation holds at the

Cardinality Number of rows ;
moment.

Mién can néi ky hon. Mién 1a tap cac gid tri ma mot thudc tinh dugc phép nhan. Mién
cia NgaySinh 1a cac ngay hop 18; mién cia GioiTinh chi gdm hai gia tri Nam va Nit.
Trong PostgreSQL, mién duoc dién ta bang kiéu dit liéu cong véi diéu kién kiém tra.
Bang sau liét k& bén nhém mién hay gip.

Domains deserve a closer look. A domain is the set of values an attribute is allowed to take. The
domain of NgaySinh is the valid dates; the domain of GioiTinh holds just two values, Nam and
Nit. In PostgreSQL a domain is expressed by a data type plus a check condition. The table that
follows lists four common groups of domain.

Nh6m mién Vi du thudc tinh Kiéu trong PostgreSQL
Kind of domain Example attribute PostgreSQL type
S6 SoDu, SoTien: s tién dong teger. numeric
Number SoDu, SoTien: amounts in dong geh
Chudi ky tu HoTen, TinhThanh varchar. char. text
Text HoTen, TinhThanh ’ ’
Ngay gio NgaySinh, ThoiDiem .
; date, timest

Date and time NgaySinh, ThoiDiem ate, timestamp
Dung hoac sai Co nhu "da xac minh danh tinh"

o e boolean
True or false A flag such as "identity verified"

Mot quan hé 13 tap con cia tich Descartes (Cartesian product) cac mién. Tich Descartes
nghe dang s¢ nhung y don gian: d6 1a moi cach ghép mot gia tri ciia mién nay véi mot
gia tri ciia mién kia. Vi dy mién thir nhat c6 hai tinh Hué, Pa Nang; mién thtr hai c6 hai
nganh An udng, Ban 1&. C6 2 x 2 = 4 cach ghép. Mot quan hé chi giir lai vai cach ghép
that sy xay ra, ch'fmg han Hué di v6i An uéng.

A relation is a subset of the Cartesian product of its domains. A Cartesian product sounds
frightening but the idea is simple: it is every way of pairing a Yalue from one domain with a
value from another. Say, the first domain holds two provinces, Hué and Da Nang, and the second
holds two trades, An uong and Ban lé. T hgre areVZ ><’2 = 4 pairings. A relation keeps only the
pairings that really occur, for example Hué with An uong.

R(A1, Az, ..., An) (2.1)
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r € dom(A1) X dom(A2) X ... X dom(An) (2.2)

Cong thirc (2.1) viét khung cta quan hé R c6 n thudc tinh Al dén An. Cong thuc (2.2)
n6i tp cac dong hién ¢ r cua R 13 tip con cua tich cic mién, trong d6 dom(A) 12 mién
cua thudc tinh A. Poc: "r chi chira nhiing b c6 that".

Formula (2.1) writes the frame of a relation R with n attributes Al to An. Formula (2.2) says the

set r of rows R currently holds is a subset of the product of the domains, where dom(A) is the
domain of attribute A. Read it as "r holds only the tuples that really exist".

Poc mt bang thanh quan hé — Reading a table as a relation

1. Léy tén bang lam té€n quan h¢, vi du CuaHang.
Take the table's name as the relation's name, for example CuaHang.
2. Dém sb cot: d6 1a bac. Goi tén tung cot: do 1a cac thude tinh.
Count the columns: that is the degree. Name each column: those are the attributes.
3. V&i mdi thude tinh, ghi mién: kiéu dit liéu va cac gia tri cho phép.
For each attribute write the domain: the data type and the allowed values.
4. Dém sb dong: d6 1a luc lugng. Mbi dong 1a mot bo.
Count the rows: that is the cardinality. Each row is a tuple.
5. Viét lugc d6 dang tén quan hé va danh sach thudc tinh trong ngoic.
Write the schema as the relation name followed by the attribute list in brackets.
Lam mau voi bang ctra hang cua vi. Hai truy van sau dém sd dong roi liét ké céac cot; ban
s& gap lai ci phap SELECT & Chuong 9, nay chi can doc két qua. Tiéu dé cot trong két
qua psql hién bang chir thuong vi PostgreSQL d6i tén khong dit trong ngodc kép sang
chtr thuong.
Here is a worked example with the shop table of the wallet. These two queries count the rows
and then list the columns; you will meet SELECT properly in Chapter 9, so for now just read the

output. Column headings in psql appear in lower case because PostgreSQL folds unquoted
names to lower case.

SELECT COUNT (*) AS luc_luong FROM CuaHang;
SELECT column name AS cot, data type AS kieu
FROM information schema.columns

WHERE table name = 'cuahang'

ORDER BY ordinal position;

Két qua chay / Output

luc_luong

6
(1 row)
cot | kieu
___________ +___________________
mach | character
tench | character varying

nganhhang | character varying
tinhthanh | character varying
(4 rows)
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Két qua: luc luong 6, bon cOt nén bac 4. Lugc dd la CuaHang(MaCH, TenCH,
NganhHang, TinhThanh). Mién cia NganhHang chi gdm nam gia tri An uéng, Ban ¢,
Gio duc, Y té, Di chuyén. Hinh 2.4 v€ cac phén nay lén chinh bang.

Result: cardinality 6, four columns so degree 4. The schema is CuaHang(MaCH, TenCH,

NganhHang, TinhThanh). The domain of NganhHang has only five values: An uong, Ban Ié,
Gido duc, Y té, Di chuyén. Figure 2.4 marks these parts on the table itself.

bac = 4 (bdn thudc tinh)

MaCH TenCH NganhHang TinhThanh

s CHO1 Quan com hén Bén Ngw An uéng Hué

2

2 CHO2 Tap héa Minh Anh Ban lé Da Ning

2

e CHO3 Trung tam Anh ngir Sao Mai Gigo duc Hué < bo: mot dong

él)

= CHO4 Nha thudc An Tam Yté Cén Tho

;2

= CHO5 Dich vu xe Hai Au Di chuyén Ha Noi

CHO6 Nha sach Tri Thirc Ban l¢ TP. Ho Chi Minh

thugc tinh NganhHang, mién: An udng, Ban lé,

Gido duc, Y té, Di chuyén

Hinh 2.4. Quan hé CuaHang viét du6i dang bang. Dong tiéu dé ghi cac thudc tinh; mdi dong bén
dudi la mdt bd (dong nén cam 1a bo tht ba). DAu ngoac phia trén ghi bac 4, dau ngoac bén trai
ghi luc lugng 6.

Figure 2.4. The relation CuaHang drawn as a table. The heading row holds the attributes, each row
under it is a tuple (the shaded row is the third tuple). The bracket above gives degree 4 and the bracket
on the left gives cardinality 6.

Con mot cdp khai ni€m nira: lugc dd quan h¢ va thé hién quan h¢. Lugc dd 1a khung,
gidng mau sao ké. Thé hién (instance) 14 ndi dung tai mot thoi diém, gidng sao ké cua
hoém nay. Bang NganHang luén ¢ lugc d6 NganHang(MaNH, TenNH); hom nay n6 cé 4
bd, mai thém mdt ngan hang thi c6 5 bg, nhung lugc dd khong doi.

One more pair of ideas: relation schema and relation instance. The schema is the frame, like the
layout of a statement. The instance is the content at one moment, like today's statement. Table

NganHang always has the schema NganHang(MaNH, TenNH); today it has 4 tuples, tomorrow
after one more bank is added it has 5, but the schema is unchanged.
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Tiéu chi Lugc d6 quan hé Thé hién quan h¢

Criterion Relation schema Relation instance

Tén va danh sach thudc tinh cung

La gi mién. Tap bd c6 mat tai mot thoi diém.

What it is The name and the attributes with their The set of tuples present at one moment.
domains.

Déi khi ndo Hiém, khi stra cau truc bang. Lién tuc, mdi lan thém, sira, x6a dong.
Rarely, when the table structure is Constantly, whenever a row is added,

When it changes altered. changed or deleted.

{(NHO1, Ngan hang Bong Ba), ...}

Vidu NganHang(MaNH, TenNH) gom 4 bo.
Example NganHang(MaNH, TenNH) {(NHOI, Ngdn hang Déng Ba), ...}, 4
tuples.

LOI HAY GAP / COMMON MISTAKE — Lin bic véi lyc luong. Bic dém cot, luc lugng
dém dong. Chit "luc luong" & day ciing khong phai "ban s6" cua mdi két hop (1-1, 1-n) hoc
¢ Chuong 3.

Mixing up degree and cardinality. Degree counts columns, cardinality counts rows. The word
"cardinality" here is also not the "cardinality ratio" of a relationship (I1-1, 1-n) met in Chapter 3.

PHAI THUQC / MEMORISE — Quan hé = bang; bd = dong; thudc tinh = cdt; bac = s6 cot;
luc lwong = s dong. Lugc d6 1a khung it d6i, thé hién 1a ndi dung doi lién tuc.

Relation = table; tuple = row; attribute = column, degree = number of columns, cardinality =
number of rows. The schema is the rarely changing frame, the instance is the content that keeps
changing.

2.6. Tinh chit ciia quan hé va gia tri NULL - 2.6. Properties of a relation and the
NULL value

Khong phai bang Excel nao ciing 12 quan hé. Bang diém c6 hai dong gidng hét nhau, 6
dién thoai chtra hai sd cach nhau diu phéy, 0 tron ghi "Véng" 14n diém sb: voi Excel thi
6n, véi CSDL thi khong. Mot quan hé phai thoa bon tinh chat sau.

Not every Excel sheet is a relation. A gradebook with two identical rows, a phone cell holding

two numbers separated by a comma, a column mixing the word "absent" with marks: fine for
Excel, not for a database. A relation must have the following four properties.

Tinh chét Nghia la Excel hay vi pham thé nao

Property What it means How Excel sheets often break it

1. Khong c6 hai bo Quan hé 1a mét tap hop, mdi phan

trung nhau ttr xuat hién mot lan. Nhap mot dong hai lan.
1. No two identical A relation is a set, and each element Typing a row twice.
tuples appears once.
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Tinh chat Nghia la Excel hay vi pham thé nao

Property What it means How Excel sheets often break it

2. Thir tu kho Doi chd cac dong hodc cac cot \ \ , 2 1. A
u tu khong quan 0i cho cac dong hodc cac cit, quan Ding "déng thir 5" 48 chi mét

trong hé van 1a chinh né. noudi
2. Order does not Swap rows or columns and it is still the g, '” . )

. Using "row 5" to point at a person.
matter same relation.

Moi 6 mot gia tri don, khong chia

A

3. Gid tri neuven tb nho thém theo nhu cau cua hé 0 "0901111222, 0902222333".
A ety théng. A cell reading "0901111222,
3. Atomic values .
Each cell holds one value that the 0902222333".

system never needs to split further.

4. Mi cot mot mién,  Moi 6 trong cot cung loai; khong c6  Cot Diém chira ¢4 s6 1an chit

tén cOt khac nhau hai cgt trung tén. "Véng".
4. One domain per All cells in a column are of one kind; no A Mark column holding both numbers
column, distinct names two columns share a name. and the word "absent".

Tinh chit 3 can hiéu dung. "Nguyén t6" tiy theo cach hé théng dung dit liéu. Néu hé
théng khong bao gid cin tim theo tén riéng, cot HoTen coi 1a nguyén t6. Néu can xép
theo tén riéng, nén tach thanh ho dém va tén. Chuong 7 quay lai tinh chat nay dudi tén
dang chuan 1.

Property 3 needs care. "Atomic" depends on how the system uses the data. If the system never
needs to search by given name, the column HoTen counts as atomic. If it must sort by given
name, split it into family name and given name. Chapter 7 returns to this property under the
name first normal form.

Hai tinh chit dau c6 thé thiy ngay bang PostgreSQL. Thir nhét, hai cau hoi sau chi khac
thir tw dong (ORDER BY 1a ménh d sip xép) nhung cho cung mot tip bd. Thir hai, thir
nhap thém mot ngan hang mang ma NHO1 da c6; HQTCSDL tir chbi.

The first two properties can be seen at once in PostgreSQL. First, the two queries that follow

differ only in row order (ORDER BY is the sorting clause) yet return the same set of tuples.
Second, try adding a bank with the existing code NHO01; the DBMS refuses.

SELECT MaNH FROM NganHang ORDER BY MaNH DESC;
SELECT MaNH FROM NganHang ORDER BY MaNH ASC;

Két qua chay / Output
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| INSERT INTO NganHang VALUES ('NHO1l', 'Ngan hang M&i');
Ket qua chay / Qutput

ERROR: duplicate key value violates unique constraint "pknganhang"
DETAIL: Key (manh)=(NHO1l) already exists.

Thong bdo ERROR dén tir khéa chinh coa NganHang: ma da tdn tai thi bi chan, va mot
ma rong (NULL) ciing bi chin theo cach twong tu. Muc 2.7 néi khéa chinh 1a gi.

The ERROR message comes from the primary key of NganHang: a code that already exists is
blocked, and an empty code (NULL) is blocked in a similar way. Section 2.7 explains what a
primary key is.

Gia tri NULL - The NULL value

C6 6 trong bang ma chua c6 gi dé dién. S6 0 khong dung vi 0 1 mot sb that; chudi rong
cling khong ding. CSDL dung moét gia tri dac biét la NULL, nghia 1a "khong c6 gié tri".
NULL xuét hién vé6i ba 1y do. Chua biét: khong 16 gia tri. Khong ap dung: thudc tinh vo
nghia v&i bo ndy. Chua xay ra: su viéc chua dén.

Some cells have nothing to put in them yet. The number 0 is wrong because 0 is a real number;
an empty string is wrong too. Databases use a special value, NULL, meaning "no value". NULL

appears for three reasons. Unknown: the value is not known. Not applicable: the attribute makes
no sense for this tuple. Not yet happened: the event has not arrived.

Cot trong CSDL Truong

Tién NULL nghia la Ly do
Column in the Truwong Tien | NULL means Reason
database
Ky nay khéch chua tra. Chua xdy ra
KyTraNo.NgayTra Y nay . Y
The customer has not yet paid this instalment. Not yet happened
Giao dich Nap, Rut, Thanh toan khong c6 vi
. . . an. Khong a
GiaoDich.MaViNhan g . _ ong a.p fue
Deposits, withdrawals and payments have no Not applicable
receiving wallet.
. NVO01 khéng c6 cép trén. Khoéng ap dung
NhanVien.MaQuanL :
Q y NVOI has no superior. Not applicable

Piéu lam ngudi mai bdi 1éi: so sanh véi NULL khong cho ding hay sai ma cho "khong
biét" (UNKNOWN). Hoi "tudi cia An c6 bang tudi ctia Binh khong" khi ca hai chua khai
tudi, cau tra 10i trung thuc 1a khong biét. Ménh d& WHERE, phan loc dong cua cau truy
vén, chi giit nhimg dong cho két qua dung, nén diéu kién = NULL khong bao gio gitr
dong nao. Mubn tim 6 tréng phai viét IS NULL. Ham COUNT(c6t) ciing bo qua cac 6
NULL, con COUNT(*) dém moi dong.

What puzzles newcomers: comparing with NULL gives neither true nor false but "unknown".
Asked "is An's age equal to Binh's age" when neither has given an age, the honest answer is
unknown. The WHERE clause, the row filter of a query, keeps only rows whose condition is true,

so a condition = NULL never keeps any row. To find empty cells you must write IS NULL. The
function COUNT(column) also skips NULL cells, whereas COUNT(*) counts every row.
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SELECT COUNT (*) AS tong, COUNT (NgayTra) AS da tra FROM KyTraNo;
SELECT MaVay, KySo FROM KyTraNo WHERE NgayTra = NULL;
SELECT MaVay, KySo FROM KyTraNo WHERE NgayTra IS NULL;

Két qua chay / Output
tong | da tra
______ +-—————-

24 | 20
(1 row)

mavay | kyso

Kv03 | 3
KV03 | 4
Kv05 | 5
Kv05 | 6
(4 rows)

Doc két qua: bang c6 24 ky nhung chi 20 ky c6 ngay tra, nén 4 ky con lai la NULL. Piéu
kién = NULL cho 0 dong; IS NULL tim dung 4 ky chua tra, thugc KV03 va KVO05.

Reading the output: the table has 24 instalments but only 20 have a payment date, so the other 4
are NULL. The condition = NULL returns 0 rows; IS NULL finds exactly the 4 unpaid
instalments, belonging to KV03 and KV035.

Biéu thirc Két qua Vi sao
Expression Result Why

Hai gia tri chua biét chua chac bang nhau.

NULL =NULL UNKNOWN ;
Two unknown values are not necessarily equal.
5 NULL NULL Ph.ep tlnh Vi gia tri chua biét van chua biét.
Arithmetic on an unknown stays unknown.
Day 1a cau hoi "6 nay co6 trong khong", ¢o tra 1oi
NULL IS NULL TRUE chac chan. ‘
This asks "is the cell empty", which has a definite
answer.
O
UNKNOWN isne_ alse side makes the false whatever the other
TRUE AND Két qua con phu thudc vé chua biét.
K v v
UNKNOWN UNKNOWN The result still depends on the unknown side.

LOI HAY GAP / COMMON MISTAKE - Viét diéu kién = NULL hoic != NULL dé tim
hay loai 6 trong. Ca hai khong bao gid giit dong nao; phai dung IS NULL va IS NOT NULL.
Writing = NULL or != NULL to find or exclude empty cells. Neither ever keeps a row, use IS NULL
and IS NOT NULL.

LOI HAY GAP / COMMON MISTAKE — Coi NULL bing 0 hoic bang chudi réng. S6 du
NULL nghia 1a chua biét s6 du, khac han sé du 0 dong.
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Treating NULL as 0 or as an empty string. A NULL balance means the balance is unknown, which is
quite different from a balance of 0 dong.

PHAI THUQC / MEMORISE — Quan hé: khong tring b, thi tu khong quan trong, gié tri
nguyén t6, mdi cot mot mién. NULL = khong c6 gia tri; so sanh véi NULL cho UNKNOWN,
dung IS NULL dé tim.

A relation has no duplicate tuples, no significant order, atomic values and one domain per column.
NULL = no value; comparing with NULL gives UNKNOWN, so use IS NULL to find it.

2.7. Khéa - 2.7. Keys

Trong 16p c6 hai ban cung tén Minh. Goi "Minh o1" thi ca hai quay lai; goi ma s6 sinh
vién thi chi mot ngudi dap. Khoa (key) dong vai mi sé d6 trong mot bang: mot thude
tinh, hodc mdt nhom thudc tinh, dung dé chi ding mot dong. Co sau loai khoa, tir rong
dén hep, ta di ting loai.
Two classmates share the name Minh. Call "Minh" and both turn round; call a student number
and only one answers. A key plays the part of that number in a table: an attribute, or a group of
attributes, that picks out exactly one row. There are several kinds of key, from broad to narrow,
and we take them one by one.

Siéu khoéa, khéa rng vién, khoa chinh, khéa thay thé — Superkey, candidate key, primary
key, alternate key

» Siéu khoa (superkey): tap thudc tinh ma hai bo khac nhau khong bao gio trung gia tri
trén nd. Thém thudc tinh thira vao mot siéu khoa van dugc mét siéu khoa.

Superkey: a set of attributes on which two different tuples never share the same values.
Adding extra attributes to a superkey still gives a superkey.

« Khoéa tng vién (candidate key), thuong goi gon 1a khéa: siéu khoa nho nhét, tirc bo di
bat ky thudc tinh nao 1a khong con 1a siéu khoa. Mot bang co thé c6 nhiéu khoa ing
vién.

Candidate key, often just called a key: a minimal superkey, meaning that removing any
attribute stops it being a superkey. A table may have several candidate keys.

« Khoa chinh (primary key): mét khéa tg vién dugc chon lam dai dién. Mdi bang c6
dang mot khoa chinh, khong dugc NULL. Trong sach, khoa chinh ghi in ddm hodc
kém cum "khoa chinh".

Primary key: the candidate key chosen as the representative. Each table has exactly one
primary key, and it may never be NULL. In this book the primary key is shown in bold or
tagged "primary key".

« Khoéa thay thé (alternate key): cac khoa tng vién con lai sau khi da chon khoa chinh.
Trong SQL, chung khai bao bang UNIQUE. Mt s6 sach dung chit "khoa thay thé"
cho khoa nhan tao; sach nay tach hai khai niém.

Alternate key: the candidate keys left after the primary key has been chosen. In SQL they are
declared with UNIQUE. Some books use the Vietnamese term for the surrogate key, this
book keeps the two ideas apart.

Vi, t2 €1 t1 # t2 = t1[K] # t2[K] (2.3)
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Cong thirc (2.3) n6i K 1a siéu khoa ciia r néu hai bo khac nhau bat ky t1, t2 déu khac nhau
trén K. Ky hiéu t[K] 12 phan gi4 tri cta bo t & cac thudc tinh K.

Formula (2.3) says K is a superkey of r when any two different tuples tl1 and t2 differ on K. The
notation t[K] means the part of tuple t on the attributes K.

Khoa don, khoa phirc hgp, khoa ngoai — Simple key, composite key, foreign key

Khoa chi gém mot thudc tinh goi la khoéa don; gém tur hai thugc tinh tr¢ 1€n goi 1a khoa
phirc hop (composite key). Bang LienKet ghi vi nao lién két véi ngan hang nao. Mot vi
lién két nhiéu ngan hang, mot ngan hang co nhiéu vi, nén khéa cta né 1a cip (MaVi,
MaNH).

A key of one attribute is a simple key, a key of two or more attributes is a composite key. Table
LienKet records which wallet is linked to which bank. One wallet links to several banks and one
bank has many wallets, so its key is the pair (MaVi, MaNH).

Khoa ngoai (foreign key) 1a thudc tinh ctia bang nay dung dé chi vé khéa chinh ctia mot
bang khac, gidng s6 chimg minh nhan dan ghi trén phiéu dang ky chi vé diing mot ngudi
trong sO ho tich. Gia tri khoa ngoai phai c6 mit & bang dugc chi tdi, hodc 1a NULL. D6 1a
rang budc tham chiéu, Chuong 4 hoc k3.

A foreign key is an attribute of one table that points at the primary key of another table, like an
ID number on a registration slip pointing at one person in the civil register. A foreign key value

must exist in the table pointed at, or be NULL. That is the referential constraint, studied closely
in Chapter 4.

Vter: t[FK] = NULL V 3s€rz s[PK] = t[FK] (2.4)

Cong thtc (2.4) doc la: voi moi bd t cua rl, khoa ngoai FK hoac 1a NULL, hodc béng
khoa chinh PK ctia mot bo s ndo d6 trong r2. Ba vi du trong CSDL Truong Tién:

Formula (2.4) reads: for every tuple t of r1, the foreign key FK is either NULL or equal to the
primary key PK of some tuple s in r2. Three examples from the Truong Tién database:

* Vi.MaKH chi vé KhachHang.MaKH: mdi vi thudc vé mot khach cé that.
Vi.MaKH points at KhachHang. MaKH: every wallet belongs to a real customer.

« GiaoDich c6 hai khoa ngoai ciing chi vé Vi: MaVi 1a vi thyc hién, MaViNhan 14 vi
nhan (c6 thé NULL). Tén cot khong can tring tén khoa chinh ma né chi toi.
GiaoDich has two foreign keys pointing at Vi: MaVi is the paying wallet, MaViNhan the
receiving wallet (which may be NULL). The column name need not match the primary key it
points at.

« NhanVien.MaQuanLy chi vé NhanVien.MaNV: khoa ngoai chi vé chinh bang cta no,
vi cép trén ciing 1a mot nhan vién.
NhanVien.MaQuanLy points at NhanVien.MaNV: a foreign key pointing at its own table,
since a superior is also an employee.

Khoa ty nhién va khéa nhan tao — Natural keys and surrogate keys

Khoa ty nhién (natural key) 13y tir dir liéu c6 sin ngoai doi, nhu sd dién thoai hay sb cin
cude. Khoa nhan tao (surrogate key) 1a ma do hé thong tu cip, khong mang nghia nghiép
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vy, nhu s6 thtt ty MaGD cua giao dich. Ma vi V0001 va ma khach KH001 nam & gitra:
do cong ty dit ra nhung co cau tric dé doc.

A natural key comes from data that already exists in the real world, such as a phone number or
an identity number. A surrogate key is a code issued by the system with no business meaning,
such as the running number MaGD of a transaction. The wallet code V0001 and customer code
KHO01 sit in between: issued by the company but with a readable pattern.

Tiéu chi Khéa tw nhién Khéa nhan tao
Criterion Natural key Surrogate key
Ngudn Dir liéu c6 san ngoai doi. Heé thdng tu cap.
Source Data that already exists in the real world.  Issued by the system.

C6 thé doi, nhu khach doi s6 dién
On dinh thoai. Khong d6i sudt doi ban ghi.
Stability May change, as when a customer changes = Never changes during the record's life.
phone number.

b dai C6 thé dai hoac phirc hop. Ngan, thudng mot sé nguyén.
Length May be long or composite. Short, usually one integer.

D6i gia tri thi phai sira moi bang tham  Khéng doc ra nghia; van can UNIQUE

Nhuge diém chiéu. cho khoa tu nhién.
Drawback A change forces edits in every table that Reveals no meaning; a natural key still
refers to it. needs UNIQUE.

Cich tim khéa tir quy tic nghiép vu — Finding keys from business rules

Khoa 1a tinh chét cta luge d6, do quy tic nghiép vu quyét dinh. Nhin vai dong dit liéu
chua thay triung thi chua két ludn dugc khoa, vi dong cua ngdy mai ¢ thé tring. Hay di
theo cac budc:

A key is a property of the schema, decided by business rules. Seeing no duplicates in a few rows
proves nothing, because tomorrow's rows may duplicate. Follow these steps:

1. Viét ra cac quy tic nghiép vu dang "diéu gi khong bao gio tring".
Write down the business rules in the form "what never repeats".

2. Thir timg thudc tinh don: ¢ thé c6 hai bd chung gi tri & thudc tinh nay khong? Néu
o, loai.
Test each single attribute: can two tuples share a value here? If so, rule it out.

3. Thir cac cap thudc tinh, 101 bd ba, theo cung cau hdi, cho tdi khi gép tap ludon phan
biét dugc moi bo: do la siéu khoa.
Test pairs, then triples, with the same question until a set always tells every tuple apart: that
is a superkey.

4. B6 lan luot tung thudce tinh cua siéu khoa; néu van con 1a siéu khoa thi thudc tinh éy
thtra. Khi khong boé dugc nira, ta c6 khoa tng vién.
Drop each attribute of the superkey in turn, if it is still a superkey, that attribute was
surplus. When nothing more can be dropped, you have a candidate key.
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5. Chon khoéa chinh: ngan, khong doi, khéng NULL. Cac khoa g vién con lai 1a khoa
thay thé.
Choose the primary key: short, unchanging, never NULL. The remaining candidate keys are
alternate keys.

Vi du miu: KhachHang — Worked example: KhachHang

Bang KhachHang(MaKH, HoTen, NgaySinh, GioiTinh, SoDienThoai, TinhThanh,
NgayDangKy, Hang) c6 8 thudc tinh. Quy tic nghiép vu: mdi khach c6 mot ma riéng;
mdi sd dién thoai chi dang ky cho mot khach; tén, ngay sinh, tinh, hang thi nhiéu nguoi
trung nhau. Theo budc 2, chi MaKH va SoDienThoai luén phan bi¢t dugc moi khach.
MB&i cai 1a mot khoa tmg vién, vi chi 6 mot thudc tinh nén khong con gi dé bo.

Table KhachHang(MaKH, HoTen, NgaySinh, GioiTinh, SoDienThoai, TinhThanh,
NgayDangKy, Hang) has 8 attributes. Business rules: each customer has a unique code,; each
phone number is registered to one customer only; names, birth dates, provinces and ranks are

shared by many people. By step 2, only MaKH and SoDienThoai always tell customers apart.
Each is a candidate key, and having one attribute each leaves nothing to drop.

Chon MaKH lam khoa chinh vi ma ndi bd khong ddi, con sé dién thoai co thé dbi.
SoDienThoai 14 khéa thay thé. Pém siéu khoa, gia st chi c6 hai khoa tmg vién nay: tap
chira MaKH c¢6 27 = 128 céach chon 7 thudc tinh con lai; tap chita SoDienThoai ciing
128; tap chua ca hai c6 26 = 64. S siéu khoa 1a 128 + 128 — 64 = 192, vi phai trur phén
dém hai lan.

Choose MaKH as primary key because the internal code never changes whereas a phone
number can. SoDienThoai is an alternate key. Count the superkeys, assuming only these two
candidate keys: sets containing MaKH have 27 = 128 ways to choose from the other 7
attributes, sets containing SoDienThoai also 128; sets containing both 26 = 64. The number of
superkeys is 128 + 128 — 64 = 192, because the overlap was counted twice.

Gio thir Iy thuyét v6i dir liéu. Ba truy van dau tim nhiing gia tri lip: s dién thoai, cip (vi,
thoi diém) cua giao dich, va sb giao dich ctia mdi vi. Hai truy van cudi néi vé bang
LienKet. GROUP BY gom cac dong cung gia tri thanh nhém, HAVING COUNT(x) > 1
gilt nhém c6 tir hai dong tro 1én, LIMIT n chi liy n dong dau.

Now test the theory against the data. The first three queries look for repeated values: phone
numbers, the (wallet, time) pair of a transaction, and the number of transactions per wallet. The
last two concern table LienKet. GROUP BY gathers rows with the same value into groups,

HAVING COUNT(#) > 1 keeps groups of two or more rows, and LIMIT n takes only the first n
FOWS.

SELECT SoDienThoai, COUNT (*) AS so lan FROM KhachHang
GROUP BY SoDienThoai HAVING COUNT (*) > 1;

SELECT MaVi, ThoiDiem, COUNT (*) AS so_ lan FROM GiaoDich
GROUP BY MaVi, ThoiDiem HAVING COUNT (*) > 1;

SELECT MaVi, COUNT(*) AS so_gd FROM GiaoDich

GROUP BY MaVi ORDER BY so_gd DESC, Mavi LIMIT 3;

SELECT MaVi, COUNT(*) AS so_nh FROM LienKet

GROUP BY MaVi ORDER BY so_nh DESC, MaVvi LIMIT 2;

SELECT MaNH, COUNT (*) AS soivi FROM LienKet

GROUP BY MaNH ORDER BY soivi DESC, MaNH LIMIT 2;
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Két qua chay / Output

sodienthoai | so lan

manh | so vi
—————— +___j___
NHO1 | 4
NHO2 | 4

(2 rows)

Poc két qua. Hai truy van dau tra 0 dong: dir liéu hién tai khong co s dién thoai tring,
cling khéng c6 cap (vi, thoi diém) trung. Véi sb dién thoali, quy tac nghiép vu bao dam né
1a khoa. Véi cap (MaVi, ThoiDiem) thi khong: quy tic khong cAm mot vi co hai giao
dich cung gidy, nén d6 chi 1a may man cta dir liéu, khong phai khoa. Vi V0001 xuat hién
7 lan trong GiaoDich nén MaVi riéng 1¢ khong 14 khéa. O LienKet, V0001 nbi 4 ngan
hang va ngan hang NHO1 ndi 4 vi, nén ca MaVi lan MaNH déu khong di mot minh; phai
ghép cap.

Reading the output. The first two queries return 0 rows: the current data has no repeated phone
number and no repeated (wallet, time) pair. For the phone number, the business rule guarantees
it is a key. For the pair (MaVi, ThoiDiem) it does not: no rule forbids two transactions of one
wallet in the same second, so the absence of duplicates is luck, not a key. Wallet V0001 appears

7 times in GiaoDich, so MaVi alone is not a key. In LienKet, V000! links 4 banks and bank
NHOI links 4 wallets, so neither MaVi nor MaNH is enough alone; they must be paired.

Khi nao bang that sy khai bao khoa? Truy van sau lay tir danh muc hé théng cua
PostgreSQL cac rang budc cua bang GiaoDich. Cdt contype ghi p 1a khoa chinh, f 1a khoa
ngoai, c la diéu kién kiém tra CHECK.

How does a table actually declare its keys? The next query pulls the constraints of table

GiaoDich from PostgreSQL's system catalogue. Column contype shows p for primary key, f for
foreign key and c for a CHECK condition.

SELECT conname, contype FROM pg constraint
WHERE conrelid = 'giaodich'::regclass
ORDER BY contype, conname;
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