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GIOI THIEU HOC PHAN
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= Thoi luong: 50 tiét
= Ly thuyét, bai tap: 40 tiét
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* Hinh thre thi két thue hoc phén: Tu luan
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Chwong 1: Tong quan hé thong vién thong
Chwong 2: Co sé k§y thuit chuyén mach
Chu’O’ng 3: Hé¢ théng vién thong twong tu
Chuong 4: H¢ thong thong truyén dan so
Chuong 5: HE¢ thong thong tin quang

Chwong 6: Hé thong thong tin vo tuyén
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MUC TIEU

v" Hiéu dugc mot so khai niém co ban, cac thanh phan co ban ctua hé thong vién thong.

v’ Trinh bay dugc cong nghé st dung trong mang vién thong, mot sé k§ thuat dung trong
h¢ thong vién thong.

v Hiéu duogc diac diém cua mdt sO mang vien thong.




TONG QUAN HE THONG VIEN THONG

1.1 Gioi thi€u chung

1.2 Cau tric ciia hé thong vién thong
1.3 Mot so kién thirc co ban

1.4 Mot s6 mang vién thong




HOC VIEN KY THUAT MAT MA (*

ACADEMY OF CRYPTOGRAPHY TECHNIQUES \

1.1 Gidi thiéu chung

1.1.1 Lich sir phat trién ciia hé thong vién thong
1.1.2 Mt sé6 khai niém mé dau

1.1.3 Dich vu vién thong

1.1.4 CAc cbng nghé trong mang vién thong



1.1.1 SO LUQC LICH SU PHAT TRIEN CUA HE THONG VIEN THONG

LICH SU

More phat minh ra may dién bao PHAT TRIEN

1876

[ 1923 — 1938 ] Bell phat minh ra may dién thoai
Truyén hinh ra doi va dugc phat quang ba 1938 — 1945 ]
7 , 1953 Hé théng rada va Viba phat trién
Chuan tivi mau xuat hién [ 1962 — 1966 ]
[ 1980 — 1983 ] Ly thuyét truyén dan s6 dugc phat trién
Kho1 dong cho Internet toan cau trén chuan TCP/IP

ac hé thong thong tin di dong duogc thuong mai hoa
11990 — 1997 |

GSM dugc thuong mai trén khap thé gi6i [2()()1 — 2007 ]
Trién khai cong nghé 3G, 4G...

' 2007 Dén nay |

Cac cong nghé khong day, truyén hinh s6... phat
trién manh me.




1.1.2 MOT SO KHAI NIEM MO PAU

Vién théng
(Telecommunication)

v’ Su truyén tin & khoang cach xa nho
vao h¢ thong truyén dan dién tu.

[\/ Muc dich: Trao doi, quang ba thong tin. J

H¢ thong vién thong
(Telecommunication System)

P
v Hé thong truyén tin di xa bang cach
s dung k¥ thuat di€n, dién tur.

v Chitc ning: Phat, truyén dan, nhan va xur 1y. J

N
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1.1.2 MOT SO KHAI NIEM MO PAU

Mang vién thong
(Telecommunication Network)

ADSLhne gt

. . Modem
IP core network seri
e - Routel . Internet backbone provic
\E WLA" e —Modem - Qi
Packet Data

Network

Telephone network fintemet

v’ La tap hop cac nit mang va dudng truyén dan dé

tao nén cac tuyén két no61 gitra hai hay nhi€u di€ém

)

khéac nhau dé thuc hién qua trinh truyén thong. )
uy vao loai dich vu mang
cung cap ma co nhicu thict
b1 khac nhau dong vai tro
ut mang.
N

> Vidu: PSTN: Nt mang 1a cac tong dai.

Internet: Nut mang la cac bo dinh tuyén.

)
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1.1.2 MOT SO KHAI NIEM MO PAU

Thong tin

(Information)

// La sy hiéu biét hay tri thirc c6 kha ning dugc\

biéu hién & nhitng dang thich hop cho sy trao

do6i, truyén dua, luu trit hay xir 1y.

v' Thong tin thé hién duéi dang: Tiéng néi, hinh

\ anh, dit lidu. .. /

Ban tin (tin) /\/ Ban tin 1a dang hinh thirc chira dung
(Message)

mot lugng thong tin nao do.

\.v" Ban tin duoc tao ra tu nguén tin.

/
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1.1.2 MOT SO KHAI NIEM MO PAU

Tin hi¢u
(Signal)

[ T/h twong tu ] T/h sb ]
v' La cac dai lugng véat 1y bién
thién phan anh tin can truyén
v' Cac dai lugng vat ly: Dong
e [ Am tin ] [ Am thanh ]
dién, dién ap, anh sang... .
N Az Phan Ban chat Hinh 4nh ]
Cao tan Tan so loai Théng tin inh an
l Siéu cao tan I [ Dit lidu ]

[ T/h dién ] [ T/h quang ]




1.1.2 MOT SO KHAI NIEM MO PAU

Xeét tin hiéu twong tw va tin hiéu s0

v'C6 thé nhan vo sO cac gia tri lap v" Chi nhan mot s hiru han cac g14

day lién tuc mot dai nao do. tri.

v Thoi gian ton tai khong xac v Thoi gian ton tai xac dinh thuong 1a

dinh cu thé, phu thudc vao thoi mot hang s6 Ts.
gian ton tai ctia ban tin do

nguon tin sinh ra.

T x(t)

0 i(s)

High

0 Low



1.1.2 MOT SO KHAI NIEM MO PAU

Cac dang truyén thong

< Truyén thong qudng ba
- La qua trinh truyén thong dién ra

vo1 nhi€u duong két no1 gitra mot

may phat téi nhiéu may thu.

- Vi du: Truyén hinh, phat thanh...
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1.1.2 MOT SO KHAI NIEM MO PAU

Cac dang truyén thong

¢ Truyén thong diem — diem

- Qua trinh truyén théng dién ra & mot duong

két noi gilra mOt tram phat va mot tram thu.

- Vi du: Thong tin v€ tinh

Earth T
(Trai dat)

-
—
—
—
-
-
—
—
—
—
—_—
—_—
—
—
—
—

: el
' % e Downlink Satellite

(Tuyén xudng) (Vé tinh)
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1.1.3 DICH VU VIEN THONG

Khai niém

v" Dich vu vién thong 1a cac dich vu truyén ky hiéu, tin hiéu, so6 liéu, chir viét,
am thanh, hinh anh hoac cac dang khac cua thong tin gitra cac diém két cudi

thong qua mang vién thong.

17




1.1.3 DICH VU VIEN THONG

C6 nhiéu cach dé phan
Dich vu loai dich vu vién thdng
vién théng , o ©

Phan loai

R
N\

Dich vu
thoai ““ phi thoai

Dich vu J
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1.1.3 DICH VU VIEN THONG

annEay,
o .,

Thoai quay s6 Phan loai

Thoai thé

e
ot .,

Thoai ¢6 dinh .~ Thoai di dong

FELLET
. L
. v

Thoai thé

PECLILLT TN ssssmanan sesssmsssssnEnnn
g
.

Thué bao

.
AETT LA

.
.
. o

. .
.
0 .
LT

Thoai hinh

. s
. . g .
0 . . .
“tanaannc® RETTPTT L

REETTTT LA

|

Thoai gia tri
giatang

EEEEEEsEsEEsEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE
.

Taapanr®

Thoai gié tri
gia tang
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1.1.3 DICH VU VIEN THONG

Phan loai

Teletex

Teletex

mEENDEDEND
HoEEPEm
FERFEESEED
DaaEDEGEEE

Fax

Truyeén so liéu

Truyén hinh vé tinh




1.1.4 CAC CONG NGHE TRONG MANG VIEN THONG

Cong nghé chuyén mach

% Khdi ni¢m: Chuyén mach 1a qua trinh thiét 1ap mot tuyén két noi gitta mot dau vao

va mot dau ra cua thiét bi chuyén mach giup cho viéc trao doi thong tin trong

khoang thdi gan nhat dinh. [ }

¢ Chirc ning [ ) } [ g }

Internet

> Pinh tuyén thong tin
> Chuyén tiép thong tin

N/ A .
*%* Phdn loai



1.1.4 CAC CONG NGHE TRONG MANG VIEN THONG

Cong nghé truyén dan

¢ Khdi niém : La qua trinh chuyén tai tin hi€u tin dudi dang twong tu hoac s6 trén

moi trudng truyén dan vat 1y gilta cac diém khac nhau trong mot hé thong (Piém —

P1ém hoac Biém — Pa diém)

v' MBoi trudng truyén dan vat 1y:

+ So1 kim loai

. ‘/ A A A X * A 7 . e ,
+ Soi quang Cong ngh¢ truyén dan lién quan t&1 cac chue

\_ + Khoang khong gian nang cua lop vat ly: Diéu ché, ma hoa, déng
. bo, dicu khién 16i, ghép kénh.... D

¢ Phdan loai

o Truyén dan twong tur ﬁ Tin hiéu truyén dudi dang tuong tu J

o Truyén dan so <[ Tin hi¢u truyén dud61 dang s6 ] 22




1.1.4 CAC CONG NGHE TRONG MANG VIEN THONG

Cong nghé truyén din

< Cdc phwong thirc truyén dan
v’ Pon cong [SX]: Truyén dan theo mot hudng

Chi phat hoac chi nhan

Vi du: Tram phat thanh, truyén hinh. ..
v' Bén song cong [HDX]: Truyén dan theo hai hudng khong dong thoi.
Tai mot thoi diém chi c6 méot bén phat
Vi du: Thong tin bo dam
v' Song cong [FDX]: Truyén dan theo hai hudng dong thoi
Truyén thong Piém — Piém
Vi du: Hé théng dién thoai.
v’ Full song cong [F/FDX]: Truyén dan theo hai huéng dong thoi
Truyén thong da diém.

Vi du: Hé thong truyén so liéu.

ij'h HE E D = =

—p| X/R

X/R l¢=———eeeeeeeeeeeeeepp | X/R

X/R

X/R

X/R

d 1 1
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1.1.4 CAC CONG NGHE TRONG MANG VIEN THONG
Cong nghé truy nhap

Mang truy IS o , Manthtruy
nhap 5 nhap
CPE CPE

Thiét b Thiét bi

diu cudi dau cuoi

Nut mang Mang 161
% Khdi ni¢m: Mang truy nhap 1a phan mang gitra nit mang va thiét bi dau cudi
nguo1 dung. Bao gém cac thiét bi, dudng két ndi, nat chuyén mach nd1 hat qua do

giup thué bao c6 thé truy nhap vao hé thong. 24



1.1.4 CAC CONG NGHE TRONG MANG VIEN THONG
Cong nghé truy nhap

¢ Phin loai

Mang truy nhap

A 4
' N

Mang truy nl}éjp | Mang fruy’ nhap
| qua doi day dong ) | VO tuyen co dinh
i Mang truy nhap ) Mang truy nhap
. quang ) | VO tuyén di dong




1.1.4 CAC CONG NGHE TRONG MANG VIEN THONG
Cong nghé truy nhap

< Truy nhdap hitu tuyén

v/ Mang truy nhap cap dong

o Trong mang PSTN dugc go1 1a mach vong thué bao.
- Bao gdm: Mang cap dong noi giira gia dau day cua tong dai noi hat véi may

dién thoai tai nha khach hang.

- Pic diém
+ Bang tan han ché (0,3-3,4Khz).
+ Dich vu hd tro: Thoai, Fax, dit liéu toc dd thép qua Modem tuong tu.
+ Tin hi€u truy nhap 1a tuong tu.
+ Chat lugng tin hiéu khong cao, do suy hao 16n (L4, = 5Km)

26

+ D0 tin cdy va bao mat thép.



1.1.4 CAC CONG NGHE TRONG MANG VIEN THONG
Cong nghé truy nhap

* Truy nhdp hivu tuyén

v’ Mang truy nhap cap dong
o Mang truy nhap x.DSL

- La cong nghé dudng day thué bao so.

- Muc dich: Truyén tin hiéu toc d6 cao trén doi cap dong.

- Pic diém
+ Sur dung day dong co san, khong can nang cap tong dai.
+ Tbc d6 cao, cung cép tbc d6 dit liéu theo yeu cau
+ Cung cap dich vu truc tuyén khong can quay so

» Vi du mang truy nhap ADSL ,



1.1.4 CAC CONG NGHE TRONG MANG VIEN THONG
Cong nghé truy nhap

* Truy nhdp hitu tuyén
v Mang truy nhép cap quang:
o Mbi truong truyén dan 1a cap soi quang.

Dién Quang Dién
[ Thué bao H E/O }—@—[ O/E HNut mang}
Soi quang

o Pic diém:
- Co th’é cung cap cac dich vu bang rong, chat lugng truyén
dan t6t, do tin cay cao.
- Toc dd truy nhép cao.
- Gia thanh dau tu 16m, quan 1y mang twong doi phie tap.
o Trién khai: Cap quang dén khu dan cu, dén toa nha, dén thué bao.

28



1.1.4 CAC CONG NGHE TRONG MANG VIEN THONG
Cong nghé truy nhap

< Truy nhdp vo tuyén

v La phuong thitc truy nhap st dung séng vo tuyén lam méi trudng truyén dan gitra thiét

b1 dau cud1 nguot1 dung dén nit mang.

Mang truy nhap vo tuyén cb dinh

Mang truy nhap vo tuyén di dong

o Phuc vu cho thué bao c6 vi tri ¢6 e
dinh, hoac di dong trong pham
vi nhat dinh.

o Hé thong VSAT, hé thong Vi ba e
diém — da diém.
v Pic diém

- Tb chtrc mang linh hoat, lap dit bao dudng don gian
- Chi phi lap dit va mé rong mang thap
- Cung cap dich vu trong thang thai di dong, khan cap.

Phuc vu cho thué bao trong khi
di chuyén hay thué bao cé vi tri
di dong.
Thong tin di dong toan cau
GSM, h¢ thong thong tin di dong
v¢ tinh.

29



HOC VIEN KY THUAT MAT MA (*

ACADEMY OF CRYPTOGRAPHY TECHNIQUES \

1.2 CAU TRUC CUA
HE THONG VIEN THONG

1.2.1 So dé khéi hé thong vién thong

1.2.2 Chikc ning cdc thanh phan

1.2.3 Tiéu chi danh gid chat lwong hé thong

30



1.2.1 SO PO KHOI HE THONG VIEN THONG

So d0 khoi tong quat

_ Nhidu |
Nguon May Du’O’ng May Nhan
tin phat truyeén thu tin
\ ) \ Y )
Heé thong nguon Hé thong dich

Vidu

31



1.2.2 CHUC NANG CAC THANH PHAN

X L. Nguédn My Dwing Miy Nhin
NgllOIl tin tin phat truyén thu tin

. |
Heg thong nguodn Hg thong dich

v’ Noi san sinh ra tin hay chtra céc tin can truyén.

v C6 hai loai nguon tin
- Néu tap tin 1a hitu han thi nguon tin sinh ra n6 duogc goi 1a nguodn roi rac.
Vi du: Anh tinh, anh ddng, vin ban, s6 liéu. ..
- Néu tap tin 1a vO han thi nguon sinh ra no 1a nguon lién tuc.

Vi du: Tiéng noi, bai hat. ..

32



1.2.2 CHUC NANG CAC THANH PHAN

Nguén May Dwong May Nhin
tin phat truyén thu tin

r | - - II.
Hé théng nguén Hé théng dich

May phat

v’ La thiét bi bién d6i tap tin thanh tin hiéu tuong tng.
v Thuc hién chuyén doi tin hiéu dién thanh dang tin hiéu phu hop voi kénh truyén dan.
v' May phat gdm hai khdi chinh:

- Xu ly tin hiéu: Loc han bang, chuyén doi sb - twrong tu va nguoc lai, dinh

dang so li¢u, ma nguoén, ma kénh, ma mat.

- Khoi diéu ché: La thiét bi thuc hién anh xa (gan) cac tin hiéu va song

mang dé birc xa va khong gian.

33



1.2.2 CHUC NANG CAC THANH PHAN

i Ngudn May Duing May Nhin
May thu tin phat truyén thu tin

- 1 - - lll
Hé théng nguén Hé théng dich

v" Thuc hién khoi phuc lai thong tin tir tin hiéu thu duoc
v' M4y thu gom hai khoi chinh
- Khéi tach song (giai diéu ché)
+ Thuc hién khoi phuc lai song mang déng b0 v&1 bén phat.
+ Tai tao lai tin hi€u géc ban dau.
- Xt 1y tin hiéu: Loc nhiéu, chuyén doi sb - tuong tu va ngugc lai, giar ma

nguon, giai ma kénh, gai ma mat.

34



1.2.2 CHUC NANG CAC THANH PHAN

Nhiéu
a - . Ty
Nhall tin Ngudn May Dwong | | May Nhin
tin phat truyén thu tin
\S—
| . | | |
Hg théng nguon Heg thong dich

v" Ghi gitt tin: B nhé may tinh, may
ghi am, ghi hinh ...
v’ Biéu thj tin: Am thanh, chit s6, hinh anh...

v' Xur 1y tin: Bién doi tin thanh dang dé st dung.

35



1.2.2 CHUC NANG CAC THANH PHAN
. FomemeEew
Duong truyén tin phat truyén thu tin

Hé théng nguén Hé théng dich
v Puong truyén la moi truong vat 1y cu thé dé
truyén tin hi¢u tur no1 phat dén noi thu.

v" Anh hudng ctia duong truyén 1én tin hiéu L= % }

- Suy giam tin hi¢u

- Méo dang tin hiéu /Do nhiéu
nguyén nhan:
v C6 hai loai chinh: Dic tinh khong
. , hoan hao cua

- Duong truyén htru tuyén kénh, nhidu... /

N ’ 36
- Puone truvén vo tuvén



1.2.2 CHUC NANG CAC THANH PHAN

Puong truyén

Duwong truyen hivu tuyén Duwong truyén vo tuyén

v" Thong tin dugc truyen di dudi v/ Thong tin truyén di bang sy birc xa

dang dong di¢n, anh sang chay song dién tir trong khong gian.

trong day dan. v Tin hiéu bi anh hudng nhiéu bdi cac

v' Vi du: Cap quang, cap dong yéu to bén ngoai.

¢

A e dong, phat thanh.

_— \5[€s§

Cap day xoan Cap dong truc

truc, cap doi day xodn v' Vi du: Hé thong vé tinh, thong tin di

37



1.2.2 CHUC NANG CAC THANH PHAN

Nhieu Nguon May Duong May Nhin
tin phat truyén thu tin

v'La tin hiéu ngau nhién khong

’ He théng nguén He théng dich
mong muon tac dong vao tin hiéu.
v/ Ngudn sinh nhiéu:
- Bén ngoai hé thong: Nhiéu cong nghiép, nhiéu vii try, ...
- Bén trong hé thong: Nhiéu nhiét (AWGN), loc nguon...
v’ Nhiéu phd bién , | Nhiduwdng |

Nhiéu nhiét (nhiéu trang) sinh ra di sy | | | k‘ |
chuyén dong nhiét ciia cac hat mang dién ‘A"'N'J*'M'w wm&l‘"w"]‘“

trong cac linh kién ban dan.

38



1.2.2 CHUC NANG CAC THANH PHAN

o X Nguon May

ll }
| :
Hé théng nguén

v’ T4c dong cta nhiéu vao tin hiéu:
- Nhiéu nhan: D6i voi kénh truyén co dic tinh thay

y(t) = x(t).n(t)

Nhiéu

Dwong
truyén

do1

- Nhiéu cong: Doi véi kénh truyén co dic tinh khong doi

y(t) = x(t) +n(t)

ol T >
T S
: - > < B

Birc anh nhiéu

'n

| May Nhin
thu tin

|
Hé thong dich
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1.2.3 TIEU CHI PANH GIA CHAT LUQONG HE THONG
Cac ti€u chi kv thuat co ban

*SNR (Signal Noise Ratio)
v La ty s6 cong suat tin hiéu trén cong suat tip am tai dau thu doi voi

hé théng '[lIO’Ilg tl.l’- ESN R)dB —10 |Og( I:)Signal Power j}

Noise Power

*BER (Bit Error Rate)

v’ La ty so bit 10i trén tong so bit truyén doi voi hé thong so.
tong so bit 16i

Tong so bit truyén

BER =

< Toc dp truyén dan
v’ La s6 bit trung binh truyén qua kénh trong mot don vi thoi gian
v Chiu anh hudng bdi cac yéu to:

- Do rong bang kénh truyén B (Hz)

- CoOng suat tin hiéu (W)
- Anh huong cua nhi€u

[Phén biét: Bang thdng véi Bing tan? 401




1.2.3 TIEU CHI PANH GIA CHAT LUONG HE THONG
Cac tiéu chi kv thuat co ban

*Dung nding kénh
v Toc d0 truyén dan cuc dai trén kénh ma van dam bao do tin cay.

C =B.log,(L+SNR) (bit/s)
Trong do:

- C: Dung nang kénh (b/s)
- B: Do rong bang kénh (Hz)
- SNR: Ty s6 tin hiéu trén tap am

Vi du: Str dung kénh thoai dé truyén dir Toc do bit cuc dai
theo 1y thuyét

liu thong qua modem B=4000Hz,
SNR=30dB. C =B.log,(1+ SNR)
= (4000) log, (1 +1000) = 39868,9(h/ s)

41



HOC VIEN KY THUAT MAT MA (¢

ACADEMY OF CRYPTOGRAPHY TECHNIQUES \

1.3 MOT SO KIEN THUC CO BAN

1.3.1 Diéu ché va tach song (gidi diéu ché)

1.3.2 Ma hoa va giai ma

1.3.3 Ngdu nhién héa

42



1.3.1 PIEU CHE VA TACH SONG

v QUa trinh bién d6i cac v Qua trinh tach tin hiéu tin tur
théng sd ctia s6ng mang song mang da duoc dicu
theo quy luat cua tin hiéu ché.
tin

v Qua trinh chuyen pho tin
hleu tu mlen tan sd cao vé
mién tan sb thap.

- Tin hi¢u tin dugc goi 1a tin
hi¢u di€u ché (Tan so thap)

- Song mang la mot dao

déng cao tan c6 dang sin
' vg A X e muc dich \
hoac cos (Tan so cao) e \ . e LA
‘ , - Tao tin hiéu cO bang tan phu hop véi kénh
- Tin hiéu diéu ché: Tin hiéu truyén.
da duoc dicu ché hoac song - Tin hiéu c6 thé lan truyén xa trong khdng gian.
mang da dugc dicu che. - C6 thé ghép kénh lai vai nhau.
‘ v’ Qué trinh chuyén phé tin - Co thé su dung Anten c6 kich thude nho.

hiéu 1én midn tan sb cao.  \_ s




1.3.1 PIEU CHE VA TACH SONG

Picu che

Tin o
A B0 diéu
hiéu > z
: ché
fin
Tao song
mang
Vidu

Tin higu tin  Dieuche
|
x,(1)= V sin(2

la twong tur.

Tin hiéu tin

la so. Piéu ché

Tin hiéu
da duoc
diéu ché

@ R

Bo diéu ché thuc hién viéc ghép
tin hi€u vao song mang bang
cach lam thay d6i1 mot hoac

nhiéu tham sO0 cua song mang

theo quy luat cua tin hi¢u tin. y

o

Co thé la cos

T
1

b
7T ft+0) aasd™ ™™
T

M PM

T
r
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1.3.1 PIEU CHE VA TACH SONG

Tach song

Tin hiéu
di€u ché

B0 giai

di€u ché

Khoi phuc
song mang

Tin hi€u tin

v B tach séng thuc hién tach
tin hi€u tin tr tin hiéu da
duoc dicu ché (Song mang

da duogc diéu ché

| dadw ) Y

K/ C6 hai cach tach song (giai diéu ché’)\
- Giai diéu ché két hop: Phia thu can
khéi phuc séong mang dé thuc hién
viéc giai diéu ché.
- Giai diéu ché khong két hop: Phia thu

\ khong can thong tin vé song mang. j
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1.3.2 MA HOA VA GIAI MA
Gi¢i thiéu

v/ M3 hoéa 13 qua trinh bién doi (biéu dién) thong tin tir dang niy sang dang

khéc, 1a qua trinh khong thé thiéu trong hé thong sd.

"V Muc dich N
- Tang hiéu suat truyén tin
- Chong nhiéu
\_ - Bao mat thong tin - @ g.'éf‘.?; gﬁézgan;éau @
/\/ Hudng phat trién: N ;L> M hoa Giai ma L;
- M4 nguon N J’ c C T Ngutn
- Ma kénh | K by )

\ - Ma m@t / 46




1.3.2 MA HOA VA GIAI MA

M3 nguon (Source Coding)

v/ M4 nguon thuc hién t6i uvu héa nguon tin bang cach loai bo cac thanh phan du
thira cta nguon. (Thuc chat ma nguon 1a phuong phap nén nguon tin).
v/ M6t s6 loai ma ngudn -

- Ma Huffman: La thuat toan ma hoa dua trén xac suat xuat hién cac tin
ctia ngudn. M3 nay toi uu theo nghia so bit trung binh dé ma hoa cho
mot ky hi¢u cua nguén 1a cuc tiéu.

- M3 Lempel Ziv: La thuat toan ma hoéa doc 1ap voi tinh chat thong ké
clia nguon.

- M3a héa PCM: La phuong phap ma héa ngudn cho ngudn tin tuong tu.
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1.3.2 MA HOA VA GIAI MA

Ma kénh (Channel Coding)

v Phuong phap ma hoa 1am giam thiéu 15i tai dau thu.
v Thyc hién: Chén thém bit vao ban tin can truyén. Cac bit chén thém nay
c6 nhiém vu phat hién va stra 16i.
v Phan loai
Nhém ma khéi (n.k) Nhom ma cay (n.k)
Ty 1é mi R=k/n
Anh xa k bit thanh » bit (n>k)

Ty 1¢ md R=k/n
Anh xa k bit thanh » bit (n>k)

La by ma khong nhé La bo ma c6 nhd

Vi du: M3 Hamming, xyclic... Vi du: Mi xoédn, ma Turbo...
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1.3.2 MA HOA VA GIAI MA

Ma mat

v'Mat ma dugc st dung dé bao vé tinh bi mat cua thong tin khi théng tin dugc truyén trén cac

kénh truyén thong cong cong nhu dién thoai, mang may tinh, mang internet. ..

v' Mot s khai niém

Ban 15 (p): 1a ban tin can truyén

Ban ma (¢): Ia ban tin da dugc ma hoa bo1 mot thuat toan ma hoa.

Khoa (K): 1a dau vao cua thuat todan ma hoa hoac giai ma dé dam bao tinh bi mat cua

thong tin.

Gialr ma: khoi phuc ban ro tr ban ma nho bi€t cac thong tin vé khoa va thuat toan giai ma.

Tham ma: “lay trom” thong tin. Thudng tap trung vao viéc pha khoa.
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1.3.2 MA HOA VA GIAI MA

v Céc hé mat

- Hé mat khoa do1 xing

Ma hoa

Banro P

E ()

Gi1ar ma

Banma C =E, (P)

- H¢ mat khoa cong khai.

Banro P

|th')aK

Ma hoa

Dy ()

E, ()

Banma C = EK. (P)

| Khoa K

Gi1ar ma

| Khoa cong khai

K

1D,

I Khoa bi mat

K
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1.3.3 NGAU NHIEN HOA

Muc dich

4 N

v' Tang cac chuyén d6i mic & luong so

> Dé dang khoi phuc lai dong ho tir tin hiéu thu.
\_ J

v/ Lam cho pho tin hiéu vo tuyén sau diéu ché
tap trung dong déu & mot ving
> Tranh tinh trang pho vach dan dén khoa pha

nham ¢ dau thu.
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1.3.3 NGAU NHIEN HOA
Phwong phap thwe hién

bang mach ghi dich c6 hoi tiép.

v Hai phuong phap thuc hién A
- Ngau nhién hoa dong bo (Ngau nhién hoa khoi dong lai )
\_ - Ngau nhién hoa di bd (Ngau nhién hoa tu dong bd) J
v n t5 i
Nguyén tac chung Chudi gia
- Ludng so can phat cong modul — 2 véi ngau nhién
ludng so co so6 hai gia ngau nhién. " al J a2 [t am
- Céac bo gia ngau nhién duoc thuc hién g, /L 9,/ g, 7
. /4
N \)
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HOC VIEN KY THUAT MAT MA (*

ACADEMY OF CRYPTOGRAPHY TECHNIQUES \

1.4 MOT SO MANG VIEN THONG

1.4.1 Mang dién thoai co dinh
1.4.2 Mang dién thoai di dong

(trinh bay trong chuwong 6)

1.4.3 Mang truyén sé liéu

1.4.4 Mang thé hé mdi
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1.4.1 MANG PIEN THOAI CO PINH

Gidi thiéu ' - Mang dién thoai c6 dinh PSTN (Public Swiched Telephone Network) 1a
mang dién thoai chuyén mach cong cong.
- Ra do1 nam 1876.
- PSTN Cung cép dich vu thoai va phi thoai (Fax, data, videotex...).

Pic diém - Hon 1 ty thué bao tinh dén nim 2006.

- Truy nhap tuong tu 300-3400hz.
- Két noi song céng chuyén mach kénh P

- Thiét bi dau cudi ¢d dinh hoic di dong

trong pham vi han ché. Tim hiéu k¥ tai
chuwong 6



1.4.3 MANG TRUYEN SO LIEU

Lich swr phat trién

v' Mang s6 liéu 1a mdt hé thong nham noi cac may tinh lai véi
nhau, su thong tin gitrta chung dugc thuc hi€én boi cac giao
thirc da duoc chuan hoa.

v' Nhirng ndm 1970, 1980 sy ra doi cua mang may tinh:
LAN, MAN, WAN.

v/ Nam 1983 giao thitc TCP/IP ra doi = danh dau
cho su ra doi cua mang INTERNET.
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02

03

Nhiéu nguoi dung co6 thé chia sé
thong tin cho nhau, trao doi gitra
nguoi dung thuan tién hon.

Dwr liéu dwgc quan ly tap trung
nén an toan hon.

Co6 thé dung chung cho cac thiét
bi: May in, may vé...



1.4.3 MANG TRUYEN SO LIEU

Mang may tinh

~

LAN
- Mang cuc bd
- Pham v1 trong mot toa nha, mot khu
vuc (trudng hoc, co quan).
\ J

~

MAN
- Mang do thi

- Pham vi vai km (nhém cac van

phong gan nhau trong thanh pho)
WAN N

- Mang di¢n rong
- Pham vi vai tram dén vao ngan
km (dung cho vung dia ly rong
\_ 16m: Quoc gia, luc dia) 7 )




1.4.3 MANG TRUYEN SO LIEU

Mang Internet

v" Internet 1a mot mang ludi noi lién cac may tinh trén pham vi toan cau.

v" Cau tric Internet gom cac mang may tinh dugc két ndi véi nhau
thong qua cac két no1 vién thong.

Server

P .

Server < g
3 N
- Server

CAu trac mang Internet Internet du61 goc nhin cua nguot st dung
* 58




1.4.3 MANG TRUYEN SO LIEU
(Tnternet Protocol (1CP/IP) Properties 2 X
Mang Internet o

“r'ou can get 1P settings assigned automatically if pour netwark supports
this capability. Othenwise, you need to ask your network, administrator for
the appropriate [P settings.

() Obtain an IP address autamaticaly

v" Thiét bi can phai c6 dé c6 thé két noi Internet. SN ——

- M6t may vi1 tinh cai hé di€u hanh Windows ER N
i 4 . @ Usze the following DNS server a ddrezzes: 4
cung cap dich vu TCP/IP. v

- Modem, Router.

i 0K ][ Cancel ]

v Thong tin mang can c6 trén moi may tinh ca nhan

1002 10003

- =
- Dia chi IP (IP Address) 2 2

12003 12004
- Miit na con (Subnet Mask) o A

= N 5003 160
- Céng méc dlnh (DefaUIt GatewaY) - % 12005 ;lflrglﬁ A =

- Tén mién (Domain Name)




1.4.3 MANG TRUYEN SO LIEU

Mang Internet
. Giao thirc TCP/IP
v'Chuan giao tiép cua Internet toan cau.
¥'C6 kha nang dinh tuyen va tich hop hé thong. Aprri:tioT|SMTP | [FTP ] [Tetner] [SVTP] (e ] |55 DN |[TETP] BOOTP ctc..
v'"M6 hinh TCP/IP gom 4 16p TN N
Transport\. ﬁ]ﬁ] WL\
B Lorp li’ng dyng | OSPF | | ICMP | IGMP|| BGP | \ / [XiP |
Cung cap ung dung trén mang TCP/IP. Ma hoa, giai Nemm\ﬂ e
ma, nén dinh dang dit liéu, thiét 1ap/giai phong phién ik B
giao dich: Mail, FTP, HTTP ~

Media
X Lo'p vén chuyén (physical)

Chuyén ludng DL giita hai tram. ** Ldp inter net , o |
Péu khién luéng phét hién va sira Xu ly va dinh tuyén gb1 tin. Giao thuc: IP, ICMP

13i. Hai giao thirc: TCP va UDP (Internet Control Message Protocol), IGMP (Internet
Group Message Protocol)
< Lop giao dién mang: Giao tiép véi moi truong
mang. Chuyén dong DL 1én duong truyén vat ly 60



1.4.3 MANG TRUYEN SO LIEU
Mang Internet




1.4.3 MANG TRUYEN SO LIEU

Mang Internet

< Cdu tric dia chi IP

v" C6 hai phién ban dia chi: IPv4 va IPv6

v' CAu tric dia chi IPv4

- Chiéu dai 4 byte (32 bit)
- Biéu dién theo thap phan:
XXX.XXX.XXX.XXX (x=0-9)

Viéc dit dia chi IP phai tuin theo céc quy tic sau

- Néu céc bit phﬁn host déng thot béng 0, ta co mot dia
chi mang.

Vi du: Dia chi 192.168.1.1 12 mét dia chi c6 thé gan cho
host nhung dia chi 192.168.1.0 1a mot dia chi mang,
khong thé gan cho host duoc.

10000011011011000111101011001100

-« 32 Bits >
nETwor [wosr ]
-« 32 Bits >

10000011 I 01101100 " 01T 110170 II 11001100

-8 Bits =3 <8 Bits == <8 Bits == 8 Bits ==

131 - 108 . 122 . 204

a3 Bits = a3 Bits w— ] Bits w— wf—{F Bits m—)
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1.4.3 MANG TRUYEN SO LIEU
Mang Internet

< Cdu tric dia chi IP

v" C6 hai phién ban dia chi: IPv4 va IPv6

v' Phan 16p dia chi trong IPv4: 516p A, B, C, D, E

1 8 16 24 32

-Lop A @ | | | | Lép A: 1.0.0.0 d&én 127.0.0.0
_het id sy host id .
N :31‘ 16 24 32 .
-Lop B |11|n| | | | | : £
) —ry X - i Lép B: 128.0.0.0 dén 191.255.0.0
/ 1 i 16 L 7,
“LopC | Lép C: 192.0.0.0 dén 223.255.255.0
< Net ID > & Host ID >
, 1 32 ,
-Lop D o | Lop D:224.0.0.0 dén 239.255.255.0

1 32

| Lép E: 240.0.0.0 dén 255.255.255.0

-Lép E I
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1.4.3 MANG TRUYEN SO LIEU

Thiét bi mang

* Router

v’ Router (Thiét bi dinh tuyén, bd dinh
tuyén): Chuyén cac go1 dir liéu qua
mang va dén cac thi€t b1 dau cuou.

2 Modem

v Modem (Thiét bi mi hoa, giai m3):
Giao tiép v6i mang ludi cua cac nha
cung cap dich vu internet thong qua hé
thong cap ndi dong truc, cap quang,
duong day dién thoai.

Dich vu Internet

v':a\\‘
(4 \! -
[\ ke ’ \
\\\ 24 "'o‘. |
- :_,x.‘_{—!-: '

3|
® |
-

Modem

Router wifi

0

Cép LAN N
, ':t

Adapter nguon

Vi tri cua Router va Modem trong mang
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1.4.3 MANG TRUYEN SO LIEU

Thiét bi mang

o Hub

v Hub 12 thiét bi mang hd trg viéc két ndi
nhi€u PC trong mot hé thong mang.

v' 1 Hub c6 tir 4-24 cong.

< Switch

v’ Switch (bd chuyén mach) 1a thiét bi
cho phép két nodi nhitu PC véi nhau
trong hé thong mang.

v Switch thong minh hon Hub, bing
thong cao hon Hub.

v Switch c6 tinh chat chon loc khi gtri dit

l1éu.
v 1 Switch co tir 24-48 cong.
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1.4.4 MANG THE HE MOI

Khai niém

v Chu tric NGN 1a mang két hop bdi 3 mang: PSTN A
(TDM), mang khong day va mang internet thanh mot
két cau thong minh, hi¢u qua cho phép truy xuat toan

\_ cau, tich hop nhiéu cong nghé mdéi tmg dung maéi. )

v' Mang NGN ra doi tir sy phat trién ruc ro e oo P
cia cong nghé thong tin, cong nghé L o
chuyén mach géi, cong nghé bang rong va RN o .
nhu cau trao do6i thong tin ngay cang cao, 0= A -
da dang cua xa hoi1 nhitng nam 2000- I
2010. @—

L Cau tric vat Iy mang NGN 66




1.4.4 MANG THE HE MOI

Pac diém

v  NGN 1a hé thong md, cac giao

thirc chuan va giao dién than thién. Cho phép dap tmg hiu hét cac

i yéu cau cua do1 tugng st dung:

v’ Mang chuyén mach g6i dua trén Doanh nghiép, vian phong, lién
mot giao thirc IP thong nhat. lac gitra cac may tinh. ..

v' Cac dich vu thyc hién doc 1ap voi
- phirong ti¢n

Cau truc phan 16p theo chirc nang, sir dung — e Thvong ma
rong rai cac giao dién mé da truy nhap, da hop nhit dién tir
giao thirc dé kién tao cac dich vu - khong
phu thudc qua nhiéu vao cic nha cung cap ch“n;f’é_];l‘;ﬁ‘l@c
thi€t bi va khai thac mang. goi

67




1.4.4 MANG THE HE MOI

Lop vng dyng

CAu tric phan l6p

s Lop 1: Lop vng dung

, , Lép diéu khien
v'Cung cap dich vu dén nguoi dung

v'Cac dich vu c6 bang thong khac nhau

Lép truyén thong

Lop quan Iy

< Ldp 2: Lop diéu khién

v'Hé thong diéu khién chuyén mach mém (SW-MGC). Lép truy nhap va truyén dan

v'T6 chirc theo kiéu modul va gom mot s6 khoi diéu khién doc lap.

v'C6 nhiém vu két ndi dé cung cép cac dich vu tir dau cubi dén dau cudi.

< Lép 3: Ldp truyén tdi dich vu

v'Cong truy nhap AGW (Access Gateway) két n6i mang 161 vi mang truy nhap, RGW
(Residental Gateway) két n61 mang 161 vé1 mang thué bao.

v'Cong trung ké TGW (Trunking Gateway) }(ét ndi mang 16i vdi mang PSTN/ISDN, cong
vo tuyén WGW (Wrieless Gateway) két nd1 mang 101 vo1 mang di dong.

v Nude chuyén mach (ATM+IP), cac hé théng truyén dan SDH,WDH: Chuyén mach, dinh
tuyén cudc goi td1 cac thué bao.




1.4.4 MANG THE HE MOI
CAu tric phan l6p

s Lop 4: Lop truy nhdp dich vu

Lop vmg dyng

v/ Thiét bi truy nhdp, cung cap cac cong

Lép dieu khien

két no1 vot cac thi€t b1 dau cudi thué bao

Lép truyen thong

Ldip quan Iy

qua mang cap quang hodc vo tuyén.

Lép truy nhap va truyen dan

s Lop 5: Lop qudn ly

v Xuyén sudt cac 16p trén. Chirc ning
quan ly mang, quan ly dich vu, quan 1y
kinh doanh.




1.4.4 MANG THE HE MOI

Mo hinh mang NGN

M6 hinh mang NGN cua Alcatel

AGW : Cang truy nhip,
CSW : Chuyén mach chinh,
LAD : Thiét bi truy nhip tich
hap.

MGC : Bo diéu khién cing
thiét bi,

MSW : Chuyén mach thiét bi,
NGDLC/DSLAM :

RC : Bo diéu khién dinh
tuyén

SEN : Niit thuc hién
dich wu,

SGW : Cang bio higu,
TGW : Cong trung ké,

WGW: Cong vo tuyén.

Cac thanh phan
cua mang thé hé
sau (Mo hinh
cua Alcatel)

B &

Tao/quan ly/

ang/dich v
IP, 857, MSF, (S:;' :*; P,
MGCP ... [
7 Lapdich vy ;
(v ) e ) ciic
557, ISDN, B-1SDN, Lap dich vu
' I
Dich vu/bdo higu y RADIUS, .. ol diéu khigg/ Mang
) : MGC Y
mang thita ké u m doc lap
— Lap
Thiét bi mang m thiét bi
i ke : 1v nhap

Trung ké TDM

Truy nhap tich

h
AT PFPJ"A?FP FR

IF/ATM

ADSL/TR-057
o ADSL

~ | NGDLC/
oy DSLAM

Mang truy
nhiap

Siruyén tai

foul (o]
S41/GR-303

GR-303 P/ @

TR-008 ATM

Truy nhip v tuyén

-

Truy nhip vo tuyén 3G

Cic
dich vu
mang
doc lap

Dich vu/bio higu
mang 43 co

Lép dich vu mang

Thiét bi mang

dico
Laép trung gian

Lép truy nhap vi truyen tai

14
Khaeh hang \g
"1

70



1.4.4 MANG THE HE MOI
Mo hinh mang NGN

oMb hinh mang NGN cuia Siemens

Cau tric mang thé hé sau (mo hinh cua Siemens)

U . Quan 1y
Khai bio va quan 1y dich e nﬁ? Quin ly
mang .

Lap

=

khién

___T_-IE________

OO O e O o O e o o R O O e e e e e e

Lép
© truy
nhép

. A A tai
I
Céc mang hién c6!  Dinh tuyén/ chuyén mach Dinh tuyén/ chuyén mach

Thanh
phan
NGN

Thanh

9

phén cé <

lién quan
dén NGN

Iﬁlan tiép chuén

Giao tiép chuén

> Mang
16i
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1.4.4 MANG THE HE MOI

Cac thanh phan chinh trong mang NGN ciia Siemens

A

GSM

=

ana log

F

IDSEN 2B+D

=

|

Vo

SOFSWITCH
PSTN : Web IVE  AAA D::;‘::’ Caging
I —
| =N — -
scp E = —
e : GCF QYS
! 3 b SIP
Isup H H323 S
AXE ISUP g0 i 8G ! i \ Tetminals
DX ! 3IP SIP
2 MGC
EWSD El o ETE Server @
iP Core (MPLS,
MGi: @ ( Slg . woew Uﬁ,ﬁ's
H2 by
@_ | MGC MGC P/
= AGW | | H248 | op RTP
1 FRTP
PBX : RGW .
DSL  [7pazea] DSLAM [ ki MS
I
I .
: - Media Gateway (MG)
: A
- Chuyén mach SW (SOFTSWITCHING)
- Signaling Gateway (SQG)
- Media Server (MS)

72

- Application Server (Feature server)



1.4.4 MANG THE HE MOI

Cac thanh phﬁn chinh trong mang NGN cua Siemens

SOFSWITCH

1
1
1
]
1
1
1
]
)
1
! sG
1
1P siP
- MGC Server
& " IP Core (MPLS)
| SIP w

< Cong truyén théng Media Gateway (MG)

v/ Nam trong 16p truyén thong, cung cap phuong tién

truyeén thong dé truyén tai thoai, dir liéu, fax, hinh sl ]

” e A A \ ;. &3 P | moc macrs
anh gilta mang truyén thong PSTN va mang goi &3 aow m_‘\%p
IP ) sl DSLAM —-—-li Ss6 Ms

v Thuc hién chuyén d6i truyén thong tir
mot dinh dang truyén dan nay sang dinh e Shepiid S
ot di . . prmeg—— E I -

dang tuyén dan khac. Networde o B e cru
Aggregatong
APz APz

v Thuc hién ma hoa, giai ma va nén dir liéu

thoai. 3‘:“”"
DsP
Array Array
Co-::rNtcr‘ o Co?wurfcr

t Down Stream (PSTN Domain) t
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1.4.4 MANG THE HE MOI

Cac thanh ph?ln chinh trong mang NGN cua Siemens

<% Chuyén mach mém SW (MGC)

v'Thét bi dau ndo trong NGN.
v'"MGC la don vi chirc nang chinh ciia SW.
v'Chirc nang

PSTN
- INAP

SOFSWITCH

g IDSN 2B+ =E ISUP
DX
— El

EWSD

RTP
o

Web IVE AAA D“::::’ Chaging
GCP !3
<
& e sIP

= —{ H323 sip
SG / Tetmins ls

/S1P siP |/ \ éjfﬁ’

| MGC Server %/;
~

[ 1P Core (PLS) 36
i SIP !WGW UMTS

q[‘ﬁu—

- Dua ra quy luat xir ly cudc goi, MG va SG s€ thuc gy ot o

hién cac quy luat do (Thiét lap, két thue cudc go1).

MGC

MGCP/
~ H245

RTP

SSG

MS

- La cau ndi gilra cac mang khac nhau PSTN, SS7, mang IP. Quan ly luu luong thoai,

dir li¢u qua cac mang khac nhau nay.

v MGC (Media Gateway Controller (MGC - Call Agent — Softswitch) quan 1y cudc goi

thong qua hai cach

- Thiét 1ap cudc goi st dung giao thirc BICC hay SIP.
- Biéu khién truyén thong: Giao ti€p SW v61 Gateway st dung giao thirc MGCP hay

Megaco/H.248

.
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1.4.4 MANG THE HE MOI

Cac thanh ph?ln chinh trong mang NGN cua Siemens

2 , cn . . ¥a O o =il )
» Cong bao hiéu Signaling Gateway (SG) \\ T~ | O AF
. ? . y g D624 284D E%%ED sor E ST | 4 Z;IP T é%k
v SG dbng vai tro nhu mot cong giao ti€p trong mang ol — N P
, Y , - A - R , ) S v — [waw ;TS/B
bao hi€u s6 7 vo1 mang IP dudi sy dieu khién cua U e

@
@ AGW 1
MGC. 2

v' SG lam cho MGC giéng nhu mot niit SS7 trong mang bao
hiéu SS7. Nhi€ém vu cua SG la xur ly thong tin bao hiéu.

v Chirc nang SG thuong dugc tich hop trén MG.
“* May chu phuong tién Media Server (MS)
v Phan phat dich vu thoai va video trén mang: Thong bao, cau hdi nghi, in, ...

v' Trén thi truong chung la cac thiét bi diéu khién bang SIP hoac H.248/MGCP va la giai
phap cua SRPs (HO trg cho in).

v" Chirc nang MS dugc tich hop trong Softswwich hay MG. -



1.4.4 MANG THE HE MOI

Cac thanh ph?ln chinh trong mang NGN cua Siemens

SOFSWITCH

» Application Server (Feature server) o o % L S
v’ X4c dinh tinh hop 1& va hd tro cac thong so dich e . B % [ reegpr @?
, : o N
vu thong thuong cho hé thong da chuyén mach. i e [ N

v" Vi du vé cac dich vu

- Hé thong tinh cudc Call Agent str dung bo CDR (Call Detail Record)

- H323 Gatekeeper- dich vu nay hé trg dinh tuyén qua cac mang khac nhau.
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1.4.4 MANG THE HE MOI
Viét Nam

v" T nam 2002, VNPT di phoi hop véi hang Siemens (Puc) lap dat thict b
va thir nghiém mang NGN.

Coanimilimrsand
v 02 softswitoh

v 03comre PBMFPLS
muter,

v 31 PoR IAMEFLS
Edge nuter,

v Théang 11/2003 lap dit xong va dua vao sir dung 1 pha mang _— %
NGN, chu yéu tap trung lap dit mang 16i NGN. - N

[\/ VNPT dau tu xay dung pha hai vao ngay 15/8/2004.

/v NGN (VNPT nam 2006) I
- 2SW ¢ Ha Noi va thanh phé HCM
- 3 router truc M160 & Ha Noi, Thanh phé HCM, Pa Nang
dung luong chuyén mach 160Mbps.
- Lap dat cac cong gateway Phuong tién (Media Gateway)
va pho cap dich vu XDSL trén hau hét 61 tinh thanh trén ca Pl st e
D& acoess nelwork.

\ nudc. / e 77

IPMPLS Core

. IP/MPLSEdge

Access:
v 31 MG
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“ To chuec lop truyén tdi

Lép tng dung va
dichwu

Viét Nam

Lép diéu khién

Lép truyén tai
Mit A

Mit B

Lép truy nhép A

B teuy
Lnip

e

Bd teuy
pnlud g

I I T 1
Dién thoai truyén théng VoIP, xDSL...

T6 chirc 1op truyén tai
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MOT SO CAU HOI ON TAP

Cau 1: Phan tich wu diém cua tin hiéu s6 so véi tin hiéu tuong tu.

Cau 2: Trinh cau cau truc va chirc nang cac thanh phan co ban trong mot

hé thong vién thong.

Cau 3: Trinh bay nhiing hiéu biét ciia em vé cong nghé truy nhap, cong nghé

truyén dan va cong nghé chuyén mach.
Cau 4: Trinh bay su khac nhau gitra ma ngudn va ma kénh.

Cau 5: Em hiéu diéu ché 1a gi? Tai sao phai diéu ché?
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