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CHÖÔNG 3

TRUYEÀN DÖÕ LIEÄU
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NOÄI DUNG CHÍNH 

• Caáu truùc cuûa hai baûng maõ kyù töï EBCDIC & ASCII/IA5.

• So saùnh 2 sô ñoà ñieàu khieån truyeàn daãn: SYN & ASYN.

• Moâ taû caùc phöông thöùc ñoàng boä bit (clock), character (byte) 

cuûa mode ASYN vaø caùc phöông phaùp maõ hoaù töông öùng.

• Moâ taû kyõ thuaät ñoàng boä khung trong truyeàn daãn ASYN & 

SYN höôùng kyù töï.

• Söû duïng caùc kyù töï vaø bit cheøn theâm phuïc vuï ñoàng boä.

• Caùc kyõ thuaät ñoàng boä bit trong truyeàn daãn ñoàng boä.

• Caùc kyõ thuaät phaùt hieän loãi, neùn döõ lieäu.

• Nguyeân lyù hoaït ñoäng cuûa caùc loaïi thieát bò gheùp keânh.
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GIÔÙI THIEÄU 

• Data ñöôïc duøng ñeå chæ 1 (vaøi) khoái taøi lieäu ñaõ soá hoaù.

• Thoâng tin ñöôïc hieåu laø tin töùc chöùa trong data ñang ñöôïc 

truyeàn ñi.

• Maát döõ lieäu, ngay caû 1 bit cuõng gaây loãi neân caàn phaûi ñieàu 

khieån loãi.

• Ñieàu khieån luoàng laø caàn thieát.

• Maõ hoaù laø coâng cuï phuïc vuï ñieàu khieån loãi.

• Moâi tröôøng truyeàn daãn bit noái tieáp ñöôïc söû duïng ñeå keát noái 

caùc DTE.
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I. CÔ SÔÛ CUÛA TRUYEÀN SOÁ LIEÄU

• Coù moät soá chuaån maõ hoùa cho döõ lieäu kyù töï (text):

1.  EBCDIC – Exteded Binary Code Decimal Interchange Code

2. ASCII – American Standard Code for Information Interchange

(IA5 - International Alphabet Number 5)
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Baûng maõ EBCDIC
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Baûng maõ EBCDIC (tieáp theo)
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Baûng maõ ASCII
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TRUYEÀN SONG SONG
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TRUYEÀN NOÁI TIEÁP
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CHEÁ ÑOÄ ÑÔN COÂNG
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CHEÁ ÑOÄ BAÙN SONG COÂNG
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CHEÁ ÑOÄ SONG COÂNG
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CAÙC MODE ÑOÀNG BOÄ 

PHIEÂN TRUYEÀN

• Phaàn töû nhoû nhaát trong truyeàn döõ lieäu laø bit.

• Töøng 8 bit nhoùm thaønh caùc byte hoaëc kyù töï (character).

• Caùc byte hoaëc kyù töï ñöôïc toå chöùc thaønh caùc khung(frame).

Ñeå ñoàng boä phieân truyeàn, ta caàn xaùc ñònh:

• Ñieåm baét ñaàu moãi chu kyø bit = ñoàng boä bit (ñoàng hoà)

• Ñieåm baét ñaàu moãi byte hoaëc kyù töï = ñoàng boä byte or kyù töï

• Ñieåm baét ñaàu moãi khung = ñoàng boä khung
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CAÙC MODE ÑOÀNG BOÄ 

PHIEÂN TRUYEÀN

Ñeå ñoàng boä ñöôïc 3 caáp treân, coù 2 mode ñoàng boä ñöôïc söû duïng:

• Mode khoâng ñoàng boä (Asynchronous transmission)

• Mode ñoàng boä (Synchronous transmission)
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MODE TRUYEÀN DAÃN KHOÂNG 

ÑOÀNG BOÄ

• Söï ñoàng boä giöõa 2 DTE khoâng ñöôïc duy trì trong suoát phieân 

truyeàn maø chæ ñöôïc thieát laäp moãi khi coù döõ lieäu truyeàn.

• Ví duï: coù kyù töï caàn truyeàn ñi thì ñoàng boä ñöôïc thieát laäp.

• Söû duïng cho döõ lieäu kyù töï, ñoàng boä ñöôïc thieát laäp cho töøng 

kyù töï ôû Star bit vaø keát thuùc ôû Stop bit.
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MODE TRUYEÀN DAÃN ÑOÀNG BOÄ

• Söï ñoàng boä giöõa 2 DTE ñöôïc thieát laäp töø ñaàu vaø duy trì trong 

suoát phieân truyeàn. 

• Söû duïng cho döõ lieäu laø caùc khoái lôùn, truyeàn vôùi toác ñoä cao.

• Ñaàu thu giöõ ñöôïc ñoàng boä vôùi ñaàu phaùt baèng caùch:

- Luoàng bit phaùt ñi phaûi ñöôïc maõ hoaù ñeå ñoàng boä bit.

- Taát caû caùc khung phaûi caùc caùc byte hoaëc kyù töï döï tröõ ñeå ñoàng 

boä byte (hoaëc kyù töï).

- Töøng khung phaûi ñöôïc ‚ñoùng goùi‛ trong moät caëp kyù töï (byte) 

ñaëc bieät ñeå ñoàng boä khung.
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ÑIEÀU KHIEÅN LOÃI

• Ñieàu khieån loãi laø chöùc naêng caàn thieát ñeå khaéc phuïc caùc loãi 

do moâi tröôøng vaät lyù gaây ra. 

• Ñieàu khieån loãi laø söûa loãi hoaëc yeâu caàu phaùt laïi khung loãi.

• Söûa loãi söû duïng maõ söûa sai.

• Yeâu caàu phaùt laïi söû duïng maõ phaùt hieän loãi.

Ví duï: Phaùt hieän loãi baèng bit Parity (P).
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ÑIEÀU KHIEÅN LUOÀNG

• Ñieàu khieån luoàng laø ñieàu chænh toác ñoä phaùt cuûa DTE nguoàn 

ñeå khoâng gaây traøn ôû DTE ñích. 



Cô sôû kyõ thuaät truyeàn soá lieäu – Chöông 3THS.VOÕ TRÖÔØNG SÔN 20

II. TRUYEÀN KHOÂNG ÑOÀNG BOÄ

Maïch ñieàu khieån truyeàn daãn ôû DTE bao goàm caùc khoái 

chöùc naêng sau:

• P/S khi phaùt ñi.

• S/P khi thu veà.

• Khoái chöùc naêng thöïc hieän caùc caáp ñoàng boä.

• Khoái chöùc naêng thöïc hieän phaùt hieän loãi.
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2.1 ÑOÀNG BOÄ BIT

Nguyeân lyù hoaït ñoäng
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2.1 ÑOÀNG BOÄ BIT

N=1   (RxC = TxD)
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2.1 ÑOÀNG BOÄ BIT

N=16   (RxC = 16 x TxD)
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2.2 ÑOÀNG BOÄ KYÙ TÖÏ

• Ñoàng boä kyù töï ñöôïc thöïc hieän sau khi coù ñoàng boä bit.

• Caùc bit naèm giöõa start-bit vaø stop-bit laø cuûa moät kyù töï.
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2.3 ÑOÀNG BOÄ KHUNG

Coù hai loaïi döõ lieäu kyù töï:

• Kyù töï Non-printable: bao goàm caû caùc kyù töï ñieàu khieån.

• Kyù töï printable: khoâng coù caùc kyù töï ñieàu khieån.

• Ví duï: moät soá kyù töï ñieàu khieån nhö: SOH, DLE. STX. . .
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2.3 ÑOÀNG BOÄ KHUNG

Caáu truùc khung vôùi döõ lieäu Printable

Caáu truùc khung vôùi döõ lieäu Non-Printable
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III. TRUYEÀN ÑOÀNG BOÄ

Truyeàn ñoàng boä phaân bieät hai loaïi döõ lieäu:

• Döõ lieäu laø kyù töï: coù thöïc hieän ñoàng boä kyù töï.

• Döõ lieäu laø bit nhò phaân: khoâng thöïc hieän ñoàng boä kyù töï.

• Vì vaäy coù hai loaïi truyeàn ñoàng boä: höôùng kyù töï & höôùng bit.

• Caû hai loaïi treân ñeàu coù chung chöùc naêng ñoàng boä bit.
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3.1 ÑOÀNG BOÄ BIT

Trong truyeàn ñoàng boä coù hai phöông phaùp ñoàng boä bit:

• Ñoàng boä bit baèng maõ hoaù vaø khoâi phuïc ñoàng hoà.

• Ñoàng boä bit baèng voøng khoaù pha soá(Phase lock loop-DPLL).
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a) Ñoàng boä bit baèng maõ hoaù vaø 

khoâi phuïc ñoàng hoà

PISO
Local 

clock

Clock 

encoder

. . .

SIPO
Clock 

extract
. . .

Transmitter Receiver

TxD               RxD

• Caùc loaïi maõ: löôõng cöïc, Manchester, vaø Manchester vi sai.

• Vieäc khoâi phuïc ñoàng hoà giöïa vaøo caùc chuyeån tieáp cuûa maõ.
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Maõ hoùa löôõng cöïc (Bipolar)

Tín hieäu maõ hoaù löôõng 

cöïc, TxD/RxD

Ñoàng hoà khoâi phuïc, 

RxC

1 1 1 1 10 0 0
Luoàng bit ñöôïc 

phaùt ñi

Ñoàng hoà phaùt, TxC

Tín hieäu thu
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Maõ hoùa Manchester 

(Maõ hoaù Phase)

1 1 1 1 10 0 0

Tín hieäu maõ hoaù 

Manchester, TxD/RxD

Ñoàng hoà khoâi phuïc, 

RxC

Luoàng bit ñöôïc 

phaùt ñi

Ñoàng hoà phaùt, TxC

Tín hieäu thu

Maõ hoaù Manchester (Maõ hoùa Phase)
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1 1 1 1 10 0 0

Tín hieäu maõ hoaù 

Manchester vi sai, 

TxD/RxD

Ñoàng hoà khoâi phuïc, 

RxC

Luoàng bit ñöôïc 

phaùt ñi

Ñoàng hoà phaùt, TxC

Tín hieäu thu

Maõ hoùa Manchester vi sai
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b) Ñoàng boä bit baèng DPLL

• Caùc bit ñöôïc maõhoùa: NRZI.

PISO
Local 

clock

Bit 

encoder

. . .

SIPO

x N 

Local clock

. . .

Transmitter Receiver

TxD               RxD

DPLL

Bit encoder
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b) Ñoàng boä bit baèng DPLL

• NRZI: bit 0 - ñoåi traïng thaùi, bit 1 - khoâng ñoåi traïng thaùi.
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b) Ñoàng boä bit baèng DPLL
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b) Ñoàng boä bit baèng DPLL

Vò trí caùc 

chuyeån tieáp

Luoàng bit thu 

ñöôïc, RxD

32 x CLK

Xung laáy maãu 

tín hieäu, RxC

32 chu kyø 32 chu kyø

Tröôøng hôïp lyù töôûng.
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b) Ñoàng boä bit baèng DPLL

Vò trí caùc 

chuyeån tieáp

Luoàng bit thu 

ñöôïc, RxD

32 x CLK

Xung laáy maãu 

tín hieäu, RxC

32 chu kyø 32 chu kyø

Tröôøng hôïp ñieàu chænh pha (DPLL).

A B C D E

10 4 4 4 10

32+1 chu kyø32+2 chu kyø32-1 chu kyø32-2 chu kyø
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3.2 ÑOÀNG BOÄ HÖÔÙNG KYÙ TÖÏ

SYN SYNSTX ETX

Höôùng truyeàn Time

Ñoàng boä kyù töï Ñaàu khung Cuoái khung

Döõ lieäu cuûa khung

Caáu truùc khung.
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ÑOÀNG BOÄ HÖÔÙNG KYÙ TÖÏ

Quaù trình ñoàng boä kyù töï.

. . . . 0 0 0 1 1 0 1 0 0 0 0 1 1 0 1 0 0 0 0 1 1 0 1 0 0 0 0 1 0 0 0 0 0 0 0 1 1 0 . . . .

 ‘01101000’

Höôùng truyeàn Time
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ÑOÀNG BOÄ HÖÔÙNG KYÙ TÖÏ

Quaù trình ñoàng boä kyù töï.

. . . . 0 0 0 1 1 0 1 0 0 0 0 1 1 0 1 0 0 0 0 1 1 0 1 0 0 0 0 1 0 0 0 0 0 0 0 1 1 0 . . . .

 ‘01101000’

Höôùng truyeàn Time
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3.2 ÑOÀNG BOÄ HÖÔÙNG KYÙ TÖÏ

Quaù trình ñoàng boä kyù töï.

. . . . 0 0 0 1 1 0 1 0 0 0 0 1 1 0 1 0 0 0 0 1 1 0 1 0 0 0 0 1 0 0 0 0 0 0 0 1 1 0 . . . .

 ‘01101000’

Höôùng truyeàn Time
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ÑOÀNG BOÄ HÖÔÙNG KYÙ TÖÏ

Quaù trình ñoàng boä kyù töï.

. . . . 0 0 0 1 1 0 1 0 0 0 0 1 1 0 1 0 0 0 0 1 1 0 1 0 0 0 0 1 0 0 0 0 0 0 0 1 1 0 . . . .

 ‘01101000’

Höôùng truyeàn Time
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ÑOÀNG BOÄ HÖÔÙNG KYÙ TÖÏ

Quaù trình ñoàng boä kyù töï.

. . . . 0 0 0 1 1 0 1 0 0 0 0 1 1 0 1 0 0 0 0 1 1 0 1 0 0 0 0 1 0 0 0 0 0 0 0 1 1 0 . . . .

= ‘01101000’

SYN

Höôùng truyeàn Time
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ÑOÀNG BOÄ HÖÔÙNG KYÙ TÖÏ

Quaù trình ñoàng boä kyù töï.

. . . . 0 0 0 1 1 0 1 0 0 0 0 1 1 0 1 0 0 0 0 1 1 0 1 0 0 0 0 1 0 0 0 0 0 0 0 1 1 0 . . . .

SYN

= ‘01101000’

SYN

Höôùng truyeàn Time
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ÑOÀNG BOÄ HÖÔÙNG KYÙ TÖÏ

Quaù trình ñoàng boä kyù töï.

. . . . 0 0 0 1 1 0 1 0 0 0 0 1 1 0 1 0 0 0 0 1 1 0 1 0 0 0 0 1 0 0 0 0 0 0 0 1 1 0 . . . .

SYN SYN

= ‘01000000’

STX

Höôùng truyeàn Time
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ÑOÀNG BOÄ HÖÔÙNG KYÙ TÖÏ

Quaù trình ñoàng boä kyù töï.

. . . . 0 0 0 1 1 0 1 0 0 0 0 1 1 0 1 0 0 0 0 1 1 0 1 0 0 0 0 1 0 0 0 0 0 0 0 1 1 0 . . . .

SYN SYN STX

Data cuûa 

khung

Höôùng truyeàn Time
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ÑOÀNG BOÄ HÖÔÙNG KYÙ TÖÏ

Cheøn theâm DLE cho döõ lieäu Non-printable.

SYN SYN STX DLE

Höôùng truyeàn
Time

Ñoàng boä kyù töï Ñaàu khung Cuoái khung

Döõ lieäu cuûa khung

ETXDLE DLEDLE
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3.3 ÑOÀNG BOÄ HÖÔÙNG BIT

Truyeàn ñoàng boä höôùng bit khoâng coù caáp ñoàng boä kyù töï:

• Söû duïng côø ñaàu khung vaø côø cuoái khung (01111110).

Coù ba phöông phaùp ñoàng boä khung:

• Söû duïng côø ñaàu khung (10101011) vaø ñoä daøi khung (Length) 

.

• Söû duïng caùc bit vi phaïm (JK0JK000, JK1JK111 ) .
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a) Söû duïng côø ñaàu & cuoái khung

Höôùng truyeàn
Time

. . . .0 1 1 1 1 1 1 1 0 1 1 1 1 1 1 1 0 1 1 1 1 1 1 0 . . . . . . . . . . . . . . . . 0 1 1 1 1 1 1 0 

Ñöôøng truyeàn roãi

Côø ñaàu Côø cuoái

Moät khung

Data cuûa khung

• Khoâng ñöôïc coù nhoùm ‘111111’ trong thaønh phaàn cuûa khung.
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a) Söû duïng côø ñaàu & cuoái khung

Höôùng truyeàn
Time

0 1 1 1 1 1 1 0  1 0 0 1 1 1 1 1 0 0 1 1 0 1 0 0 0 0 1 1 1 1 1 0 1 1 . . . 0 1 1 1 1 1 1 0 
Côø ñaàu Côø cuoái

1 0 0 1 1 1 1 1 0 1 1 0 1 0 0 0 0 1 1 1 1 1 1 1 . . . 

Data truyeàn

Cheøn bit 0 Cheøn bit 0
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a) Söû duïng côø ñaàu & cuoái khung

PISO

Cheøn bit 

‘0’

. . .

SIPO

. . .

Transmitter Receiver

TxD               RxD
Chæ thò cheøn

Phaùt hieän  

bit ‘0’

TxC RxC

Chæ thò 
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b) Söû duïng côø ñaàu & ñoä daøi khung

1 0 1 0 1 0 . . . 1 0 1 0 1 0 1 0 1 1 Header  Length Data                Ñuoâi

Phaàn ñoàng boä bit Ñaàu khung Ñoä daøi khung

Ñoä daøi coá ñònh Ñoä daøi coá ñònh

Sô ñoà naøy thöôøng ñöôïc söû duïng trong caùc LAN.
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c) Söû duïng caùc bit vi phaïm

Söû duïng maõ Manchester, côø ñaàu vaø cuoái

1 0 1 0 1 0 . . . 1 0 J K 0 J K 0 0 0                                                      J K 1 J K 1 1 1

Phaàn ñoàng boä bit Ñaàu khung Cuoái khungData cuûa khung

Sô ñoà naøy thöôøng ñöôïc söû duïng trong caùc LAN.

1     0      J     K    0     J     K     0     0      0
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III. CAÙC PHÖÔNG THÖÙC PHAÙT 

HIEÄN LOÃI

Coù hai phöông phaùp ñieàu khieån loãi:

• Ñieàu khieån loãi baèng phöông phaùp Söûa loãi taïi ñaàu thu.

• Ñieàu khieån loãi baèng phöông phaùp yeâu caàu phaùt laïi.
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4.1 PARITY

1001001        1 Parity chaün

Höôùng truyeàn
Time

Ñöôøng daây roãi Star bit Stop bits
Caùc bit cuûa moät kyù töï

P

LSB MSB

1001001        0 Parity leû

- Chæ phaùt hieän ñöôïc loãi leû bit.

- Overhead lôùn: 1/8 = 12.5%
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PARITY

Bit 1 Bit 2 XOR

0 0 0

0 1 1

1 0 1

1 1 0
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4.2 BLOCK SUM CHECK

PR B6 B5 B4 B3 B2 B1 B0

0 0 0 0 0 0 1 0

1 0 1 0 1 0 0 0

0 1 0 0 0 1 1 0

0 0 1 0 0 0 0 0

1 0 1 0 1 1 0 1

0 1 0 0 0 0 0 0

1 1 1 0 0 0 1 1

1 0 0 0 0 0 1 1

1 1 0 0 0 0 0 1

STX

ETX

BCC (chaün)

Parity 

leû

Caùc kyù 

töï cuûa 

khung
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SÖÛA LOÃI MOÄT BIT

PR B6 B5 B4 B3 B2 B1 B0

0 0 0 0 0 0 1 0

1 0 1 0 1 0 0 0

0 1 0 0 0 0 1 0

0 0 1 0 0 0 0 0

1 0 1 0 1 1 0 1

0 1 0 0 0 0 0 0

1 1 1 0 0 0 1 1

1 0 0 0 0 0 1 1

1 1 0 0 0 0 0 1

STX

ETX

BCC (chaün)

Parity 

leû

Caùc kyù 

töï cuûa 

khung
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PHAÙT HIEÄN LOÃI 2 BIT

PR B6 B5 B4 B3 B2 B1 B0

0 0 0 0 0 0 1 0

1 0 1 0 1 0 0 0

0 1 1 0 0 0 1 0

0 0 1 0 0 0 0 0

1 0 1 0 1 1 0 1

0 1 0 0 0 0 0 0

1 1 1 0 0 0 1 1

1 0 0 0 0 0 1 1

1 1 0 0 0 0 0 1

STX

ETX

BCC (chaün)

Parity 

leû

Caùc kyù 

töï cuûa 

khung
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Khoâng phaùt hieän ñöôïc loãi

PR B6 B5 B4 B3 B2 B1 B0

0 0 0 0 0 0 1 0

1 0 1 0 1 0 0 0

0 1 1 0 0 0 1 0

0 0 1 0 0 0 0 0

1 0 1 0 1 1 0 1

0 1 0 0 0 0 0 0

1 1 0 0 0 1 1 1

1 0 0 0 0 0 1 1

1 1 0 0 0 0 0 1

STX

ETX

BCC (chaün)

Parity 

leû

Caùc kyù 

töï cuûa 

khung

- Ñoä tin caäy cuûa BCC khoaûng 98 %
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4.3 Cyclic redundancy check 

(CRC)

1 1 0 1 1 0 1 1 1 1 0 1 1 1 1 0 0 0 1 1 1 1 1 0 1 1 . . . .

1 1 1 1 1 1 1 1 1 1 0 1 0 1 1 1 1 1 1 1 1 1 1 0 1 1 . . . .

Cuïm loãi 4 bit

Toái thieåu 4 bit 

khoâng loãi

Toái thieåu 6 bit 

khoâng loãi

Cuïm loãi 6 bit

Höôùng truyeàn

Data phaùt

Data thu

Loãi cuïm
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CRC

1 1 0 1 1 0 1 1 1 1 0 1 1 1 1 0 0 0 1 1 1 1 1 0 1 1 . . . .

1 1 1 1 1 1 1 1 1 1 0 1 0 1 1 1 1 1 1 1 1 1 1 0 1 1 . . . .

Khoâng coi laø 

Cuïm loãi 11 bit

Cuïm 11 bit 

tieáp theo vaãn 

coù bit loãi

Höôùng truyeàn

Data phaùt

Data thu

Parity & BCC khoâng phaùt hieän ñöôïc loãi cuïm
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-

CRC
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4.3 Cyclic redundancy check 

(CRC)

CRC söû duïng pheùp chia toaøn boä daõy bit data cuûa khung 

cho daõy bit cuûa ña thöùc sinh (n). Phaàn dö laø CRC(n-1).

Soá chia Soá bò chia Keát quaû

0 0 0

0 1 1

1 0 1

1 1 0

Pheùp chia Modulo-2 (XOR)
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4.3 Cyclic redundancy check 

(CRC)

Soá chia )     Soá bò chia

Thöông soá

Soá dö

Ña thöùc sinh Kích thöôùc coá 

ñònh (< soá chia), 

söû duïng cho 

checksum

Döõ lieäu cuûa 

khung

Khoâng söû duïng

Caùch tính CRC
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4.3 Cyclic redundancy check 

(CRC)

Ví duï 1: daõy bit laø 11100101, ña thöùc sinh laø x
4

+ x
3

+ 1 

1 1 0 0 1 ) 1 1 1 0 0 1 0 1 0 0 0 0 

Theâm 4 bit 0 vaøo 

sau phaàn data 1 1 0 0 1 

0 0 1 0 1

1 1

0

Do thöông =1

0 0 0 0 0 Do thöông =0

0 1 0 1 1

01 1 0 0 1 

Do thöông =1

1

0 1 0 1 1
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4.3 Cyclic redundancy check 

(CRC)
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4.3 Cyclic redundancy check 

(CRC)
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4.3 Cyclic redundancy check 

(CRC)
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4.3 Cyclic redundancy check 

(CRC)
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IV. NEÙN DÖÕ LIEÄU

• Packed decimal.

• Maõ hoaù vi sai.

• Maõ hoaù Huffman.
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Baûng maõ ASCII
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PACKED DECIMAL

- Neáu data chæ laø caùc soá thì söû duïng maõ hoaù BCD (4 bit) hieäu 

quaû hôn söû duïng ASCII (7 bit).

STX

Höôùng truyeàn
Time

Khoaûng traéng

26.32

ETXCTRL ‘2’ ‘6’ ‘:’ ‘3’ ‘2’ ‘;’ ‘7’ ‘:’ ‘9’ ‘;’

7.9

Soá kyù töï ñöôïc maõ 

hoaù BCD
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MAÕ HOAÙ VI SAI

- Moät soá loaïi döõ lieäu thöïc hieän maõ hoaù ñoä leäch cuûa phaàn töû sau 

so vôùi phaàn töû tröôùc seõ hieäu quaû hôn maõ hoùa trò tuyeät ñoái.

F

Höôùng truyeàn
Time

F+2 -10 +14 -3 -5 +2+14 +1- 4+5-3

 
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MAÕ HOAÙ HUFFMAN

• Sinh vieân töï nghieân cöùu.

• Xem laïi maõ thoáng keâ toái öu – moân lyù thuyeát truyeàn tin.

• Ñoïc theâm maõ Fano.


