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1. Tong quan




Trién khai trén hé thdng mang

application
transport

» Diéu khién truyén d liéu

trén lién két vat ly gitra 2 nut
mang ké tiép

 Trién khai trén moi nat man
' 9 _

» Cac thire trién khai va cung (£
cap dich vu phu thudc vao ==
dwong truyén(WiFi, Wimax, | 'dtk -
3G, cap quang, cap dong...)

« Truyén thong tin cay (co ché oL Creilo i
giong TCP nhwng don gian “

data link

hon) hoac khong L prysical

 Pon vj truyén: frame (khung
tin)

data I|nk

data link
data link | physical |
— phyS|caI

z 0>

\ data link
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Trién khai trén cac nut mang

» Tang lién két di liéu
duwoc dat trén cac
mang (NIC-Network

~ application ‘
Interface Card) hoaC tﬁgns ort memor
trén Ch'p t|’Ch hO’p | nelti\:]vlgrk | cpu )

L) |

e [

» CUng v&i tang vat ly

| I ™ host
p ' . . : control I bus
» NIC dworc két ndi voi mosn e S
hé thong bus | ! mayssian
v
network adapter

card

v
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Tang lién két d liéu trén mo hinh TCP/IP

Application Logic Link Control sublayer
(Media sublayer dependent)
. Kiém soat lubng

 Don kénh, phan kénh

Transport

Network
Media Access Control sublayer
Data-link (Media sublayer independent)
: « DPong goi dir lieu
Physical - Dinh dia chi vat ly

* Phat hién va stra 16i ‘
« Diéu khién truy nhap dwong truyén

802.2 LLC

802.3 802.4 802.5 802.11 802.16
Ethernet Token Bus Token Ring WiFi WiMax

y.
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Cac churc nang chinh
« Pong goi:

* Don vi d liéu: khung tin (frame) ‘

« Bén gwi: thém phan dau cho goi tin nhan dwoc tlr tang
mang o : ‘

* Bén nhan: bd phan dau, chuyén Ién tang mang

. Dig chi h,c')a: str dung dia chi MAQ
* Dieu khién truy nhap dwong truyén:

- néu mang da truy nhap (cac may chia sé moi treong
trHyen tin chung), can co6 giao thirc diéu khién da truy
nnap

. {(,iém soat lubng: ddm bao bén nhan khéng bj qua
ai

- Kiém soat 16i: phat hién va stra 16i bit trong cac
Khung tin

!' :nlt-— VIEN CONG NGHE THONG TIN VA TRUYEN THONG
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Cau truc frame: vi du HDLC

VIEN CONG NGHE THONG TIN VA TRUYEN THONG

Flag | Address

Control

Information

FCS Flag

wf— § —p—a— S —P-a— 8 or 16-P-—variable——@-t——16 or 32—-—S—»

bits extendable

(a) Frame format

3 4 5

6 7 8 9 1011

12 13 14 15 16

8n

12
Lo]

o]

(b) Extended Address Field

I: Information

S: Supervisory

U: Unnumbered

Information | 0

1 2 3 4 5 6 7 8
0 N(S) P/F N(R)
N(S) = Send sequence number
N(R) = Receive sequence number
110 S P/F N(R) S = Supervisory function bits
M = Unnumbered function bits
P/F = Poll/final bit
1 1 M P/F M
(c) 8-bit control field format
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
N(S) P/F N(R)
S 0j 01 0 0| P/F N(R)

Supervisory | 1] 0

(d) 16-bit control field format



Pinh danh: dia chi MAC
- Dia chi MAC: 48 bit,

» M6i giao dién mang dwoc gan mot MAC
« Khéng thé thay doi [1 dia chi vat Iy

« Khéng phan cap
* Pia chi quang ba trong mang LAN:
FF-FF-FF-FF-FF-FF

!u;n.:nlc-'- VIEN CONG NGHE THONG TIN VA TRUYEN THONG
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2. Kiém soat 16i



Van dé cua kiém soat 10i

- Kénh truyén co nhiéu~> dir liéu bi sai léch khi
dén dich

. Lam thé nao bén nhan biét dwoc la dir liéu co
1617

. Giai phap xw ly khi phat hién di¥ liéu cé 16i 13
gi?

VIEN CONG NGHE THONG TIN VA TRUYEN THONG
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Nguyén ly phat hién 10
[ Data ]—

\ 2

L] |

| Dpata | EDC | | Data’ | EDC’ |

Phat
hién 10i bit

Bao 10i

Kénh truyén cé 16i bit

EDC: Error Detection Code
* Ma parity

* Ma checksum

* M3 vong CRC (duoc sir dung cht yéu trong céc giao thirc trén tang lién két dir liéu)

fedc(D u’/) . fedc (Dnhan) I7/Dg¢’ri I= Dnhén

nl s==== \/IEN CONG NGHE THONG TIN VA TRUYEN THONG
wil. |
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Ma chan |é (parity)
M3 [é: ‘ 0111000110101011‘ 0 \

¢ Ma gébm 1 bit, dwoe tinh sao cho
S0 bit 1 trong phan di liéu va phan

ma 1a sb 1é
* Ma don:
* Phat hién 18i bit don 1010100 101010
* Khong phat hién néu nhiéu hon 1 bit 111101 HO-H1 01
6i 011100 = 011100
* M3 hai chiéu: 110100 110100

* Phat hién va sira l6i bit don

Phat hién 16i trén nhiéu bit?

:-Q lc-'- VIEN CONG NGHE THONG TIN VA TRUYEN THONG



Gia st dir liéu guri:
01010101 - Ma: 1
TH1: DI lieu nhan duoc:
01110101 Ma nhan dwgc: 1 > s0 bit 1 tong: 6> sO
chan-> ma khong phu hop dir liéu
THZ2: D lieu nhan duwoc
01110100 Ma nhan duorc 1
Tinh lai tdng sb bit 1 > 5> ma phu hop di liéu
- khong c¢6 16i.
D@ lieu c6 do dai m bit=> co thé cO 2 "m di¥ liéu
khac nhau - mong muon co6 soO lwgng ma khac
biét >=2"m - kich thwdc ma >=m bit.
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Ma Checksum

o GUi:
« Chia di liéu thanh cac phan c6 kich thwdc n bit
- Tinh tong cac phan. Néu két qua tran qua n bit, cdng cac bit tran
vao phan két qua
« DP3o bit két qua cudi cung dwoc checksum
« Truyén checksum kém theo di¥ liéu

* Nhan:
 Tach dir liéu va checksum
« Chia d liéu thanh cac phan c6 kich thwdc n bit
- Tinh tong cac phan va checksum. Néu két qua tran qua n bit,
cbng cac bit tran vao phan két qua
« Néu két qua cudi xuat hién bit 0 [1 di¥ liéu bj 15i

!u;n.:nlc-'- VIEN CONG NGHE THONG TIN VA TRUYEN THONG
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v
.

Ma checksum: Vi du

D& liéu: 0011 0110 1000
Tinh checksum 4 bit:
0011
+ 0110
1000

,(;23?1
Bit
tran 1

0010
Pao bit [ ma checksum: 1101
Chudéi bit truyén: 0011 0110 1000 1101

:nl—— VIEN CONG NGHE THONG TIN VA TRUYEN THONG
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v
.

Ma checksum: X&' ly nhan

Nhan chudéi bit: 0011 0110 1000 1101
Kiém tra:

0011

0110

1000

1101

110
Bit 1

tran

1111 [ Khéng cé 16i bit

nl s=ew= \/IEN CONG NGHE THONG TIN VA TRUYEN THONG
wil |
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Ma vong CRC (Cyclic Redundancy Check)

Chudi ma la_chudi k bit ma ghép voi div lieu thi chia
két cho chubi sinh: <D,R> mod G=0.
 Phia gui

e  Mudn sinh ma co6 do dai k

e Chon chudi sinh G 1a mét chudi bit cé d6 dai k+1.

e Thém k bit 0 vao frame dir liéu D dwoc Dk

e Chia Dk cho G, lay phan dw R (c6 kich thwéce k bit) &

chudi ma
* Ghép phan duv vao chubi di¥ liéeu dwoc D + R
= D + R chia hét cho G

*  Phia nhan : lay di liéu + chudi ma chia cho G
«  Néu chia hét (] truyén dung

*  Néu chia co du, can ctr vao so duv (syndrom) dé phat
hién va swa I6i (néu dwoc)

VIEN CONG NGHE THONG TIN VA TRUYEN THONG
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7
.

CRC: CachtimR

<D, R> c6 thé viét dwdi dang
e D.2*%x0RR

<D, R> chia hét cho G
e« D2kxoRR=n.G
e D2k=n.GXxorRR

C6 nghia 1a R 1a s dw khi chia D.2kcho G (phép chia modulo 2)

R=D.2kmod G

~ ~— e Np—
R

D
n| s=ew= \/IEN CONG NGHE THONG TIN VA TRUYEN THONG

n
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Ma CRC - Vi duy

Frame : D=1101011011

Generator : G(x) =x*+x+ 12 G =10011
Dividend : Dk =11010110110000
R=Dkmod G=1110

Send :11010110111110

:nl === \|EN CONG NGHE THONG TIN VA TRUYEN THONG
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Ma CRC - Vi du

11010110110000 | 10011
10011l
010011
10011
0000010110
10011
0010100

10011
001110 [ s du: ma CRC

:nl a==== \/|EN CONG NGHE THONG TIN VA TRUYEN THONG



Ma CRC - Kiém tra 11010110111110

11010110111110 | 10011
10011 \

010011

10011
0000010111
10011

0010011

10011

000000 (1 Khéng cé 18i

v

i

.

nl-— VIEN CONG NGHE THONG TIN VA TRUYEN THONG
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Ma CRC - Kiém tra 11010010111110

11010010111110 | 10011
10011 \
010010
10011
000011011
10011
010001
10011
00010110
10011
22, 00101 O o6 du O 6 161
wil | .

.
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CRC biéu dién dwéi dang da thire

1011 : x3+x +1

Vi du mét s6 ma CRC dwoc st dung trong thuc té:
e« CRC-8=x2+x2+x+1 - G=100000111
« CRC-12 = x124+x"+x3+x2+x
« CRC-16-CCITT =x1+ x12 + x5+ 1

. CRC_32=X32+X26+X23+X22+X16+X12+X11 +X10+X8+X7
+ X0+ X4+ X2+ x+ 1

G cang dai, ma CRC phat hién 16i cang hiéu qua

CRC dwoc st dung réng rai trong thuc té
- Wi-fi, ATM, Ethernet...
.« Phép toan XOR dwoc cai dat b&i phan cng
 Phat hién chubi bit bj 16i c6 d6 dai nhd hon k+1 bit

!’ :nl—— VIEN CONG NGHE THONG TIN VA TRUYEN THONG
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Bal tap

. Cho di¥ lieu: 011101100001

Tinh ma Parity |é
inh ma Checksum 4 bit

"inh ma CRC v&i chubi sinh G=1011

-'- VIEN CONG NGHE THONG TIN VA TRUYEN THONG
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Lam gi sau khi phat hién 16i

 Cac loai 16i
« Mat khung di liéu
« Khung di¥ liéu bi I0i
« Théng bao 10i
« Lam thé nao dé bao cho bén gi?
« Bao nhan: ACK (acknowledgements):
» Bdo 16i: NAK (negative acknowledgements), bao
cho ngu&i giri vé mét gaoi tin bi 10
* Phan rng cua bén gui?
« Truyén lai néu la NAK
« Néu khéng nhan dwoc cd ACK/NAK? Timeout

SQ'CT VIEN CONG NGHE THONG TIN VA TRUYEN THONG



Cac ky thuat bao nhan, phat lai

 ARQ: automatic repeat request.

* C6 3 phién ban chuan héa
* Dirng va ch& (Stop and Wait) ARQ
« Bé&n nhan bat budc phai glri ACK bao nhan cho
mOi gm di¥ liéu nhan duworc tot

- Bén gui chi phat tiép dv liéu khi nhan duoc
ACK cua goi da phat

« Hodc néu gap timeout ma chwa nhan dwoc
ACK thi phat lai goi vira phat.

* Quay lai N (Go Back N) ARQ
- Sé& xem & tang 4
 Loai bo chon loc (Selective Reject) ARQ

« Sé& xem & tang 4

! w"'- VIEN CONG NGHE THONG TIN VA TRUYEN THONG



Stop-and-wait ARQ

Truong hop thong thuong

Sender Receiver

E i

kto

send pktO P
ACK OK
rcv ACK
send pktl

— Pkt1

— pktlis

‘/NAK corrupted
rcv NAK

Time .
v

. = s=ew= \/IEN CONG NGHE THONG TIN VA TRUYEN THONG
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Stop-and-wait ARQ

Trwdng hop 16i ACK/NAK

Sender Receiver
« Can truyeén lai

IEH i
IEH i

« X& Iy viéc 1&p goi

. send pktO Pkto
tin ntn? o
_ pktO is
 Thém Seq.# ACK OK
rcv ACK
send pktl

— DPkt1

—, pktlis

rcv sth corrupted! Pkt1
resend pktl \ rcv pktl

duplicate,

Time v discard it

: o= smeme \/IEN CONG NGHE THONG TIN VA TRUYEN THONG
SOCICT -



StOQ -and-wait ARQ GiGi phdp khéng ding NAK

ender Receiver

Pkto

send pktO \ | . A,CK cO kem theo
o kois SO hiéu goi tin
et duwoc bao nhan
rcv ACKO : :

Pkt1

send kit = . ACK v0i s0 hiéu
= gar Dpéonhannthe
rcv ACK1 “— pkeo hién da nhan tot
send pkt2 \. 215 corr %at cé goi tin s
ACK
Ieu < =n.

resend pkt2

Time .
v

:nl s==m= \/|EN CONG NGHE THONG TIN VA TRUYEN THONG
—swill 30




Stop-and-wait ARQ: Khi ACK bi mat

» D{¥ liéu va ACK co thé bi mat
« Néu khédng nhan duwoc ACK?
« Truyén lai nhw thé nao?
- Co ché
« Cac goi dwoec danh sb va bén glri tw ddng truyén lai cho dén khi
nhan dwoc ACK cua goi.
« Ché& hét Timeout méi truyén lai

* Timeout nén dai bao lau?
. itnhatla 1 RTT (Round Trip Time)
« Méi goi tin gri di can 1 timer
 Néu géi tin van dén dich, chi ACK bi mat?
« Phia nhan loc géi tin dw can c s6 hiéu géi tin trung 1ap

() | g smeme \/IEN CONG NGHE THONG TIN VA TRUYEN THONG
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Minh hoa ARQ v&i timeout

sender receiver

okt
send piil £ rcv pktO

okt
send pki0 \0‘
;‘é\égﬁ%m ACK send ACKO
]

sender receiver

e CVACK)
rcv ACKO send pkt1 K,
send pkt1 \M\A (loss)

rcv pkil
CVACK] 4&‘/ SENEl A
[CV.
send pkio Kt timeout | Ikt

Q resend pkt1 N
send ACKO ACK send ACK

rCVACK o
send pkt0

(a) operation with no loss ACK rcv pki0
/ send ACKO

(b) lost packet

VIEN CONG NGHE THONG TIN VA TRUYEN THONG
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Minh hoa ARQ vé&i timeout (tiép)

sender receiver
okt
send pktO 0 oV pkio
ACK send ACKO
rcv ACKO
send pkil = ka]
\ rcv pktl
ACK send ACK
(loss) 4)/
fimeout = okt 4
resend pktl \rcv okt 1 |
ACK (detect duplicate)
send ACK
rCVACK o
send pktO
rcv pkio
ACK send ACKO
(c) lost ACK

A

sender receiver
kt
sond 0. ~—L00__ oy pigo
send ACKO

ACK

rcv ACKO _
send pktl
rcv pkil
send ACK
timeout
resend pkil
rcv pktl
rcvACK (detect duplicate)
send pkt0 send ACK
rcv pkio
send ACKO

ACK g

(d) premature timeout

=nr- VIEN CONG NGHE THONG TIN VA TRUYEN THONG
el Rl L
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3. Kiém soat ludng




Kiém soét lubng dir liéu

Muc tiéu: BDam bao tram gi khéng lam Tram nhan
qua tai tram nhan

« Luu trir cac khung di¥ liéu trong bd nhé gém DU lieu DG

tol

*  Thuc hién mot s6 thao tac trwede khi chuyén div Ving dé liéu
liéu lén tang trén ung dem duoc
Xt ly

« B6 nh& dém cé thé bj day, dan t&i mét khung
dir liéu

Khéng dat van dé 16i truyén tin
« Céc khung di¥ liéu ludn ludn dwoce truyén chinh
xac
Do tré truyén tin khédng dang ké

Giai phap
« Co ché dirng va chd
* Co ché clra sO truot (sé xem & tang 4)

=n| s==m= \/|EN CONG NGHE THONG TIN VA TRUYEN THONG




Co ché dirng va cho

 Nguyén tac
« Ngudn gri mét khung dir liéu
 Dich nhan khung dir liéu, xt li, sau dé thong bao

san sang nhan cac khung di Ileu tiép theo bang
mot thong bao bao nhan (acknowledgement)

. Nguon phai cho dén khi nhan dwoc bao nhan mai
truyén tiép khung di liéu tiép theo

!’ ‘cnl—— VIEN CONG NGHE THONG TIN VA TRUYEN THONG
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Co ché dirng va cho

transmitter receiver
Packet
— \ Packet
frame
Ack —
—l
frame

:nl smew=  VIEN CONG NGHE1




e C —
h+1+a | g to+1+a ||

—_— —

—a [] —= [ ACK
to+1+2a || g z0+1+za

(a)a<l1

(b)a>1

"-l' VIEN CONG NGHE THONG TIN VA TRUYEN THONG
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Co ché dirng va cho

« Uu diém
 Don gian, dac biét thich hop véi cac khung dir liéu I&n
« Nhwoc diém
« Vé&i cac khung di liéu nhd, théi gian st dung dwérng truyén
bi lang phi
« Khong thé st dung cac khung di liéu I&n mét cach phd bién
« B6 nh& dém cbd han
 Khung dir liéu dai kha nang 16i lon
« Trong moi trwvong truyén tin chia seé, khdong cho phép tram nao
chiém dung lau dwdng truyén

-'- VIEN CONG NGHE THONG TIN VA TRUYEN THONG
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Bal tap

transmitter receiver
X X Packet
 Cho moét lién két co toc do — Packet
R=100Mbps T
+ Can truyén 1 di¥ liéu co kich thudc frame
tong tai tang lién két div lieu 1a N N
L=100KB
+ Gia st kich thwéc moét khung dir T
iéu la: F=1KB — frame

» RTT gilra 2 nut cla lién két 1a 3ms

- Hoi thoi gian truyen khi ap dung
phwong phap kiem soat ludng
Stop-and-wait.

[_; Tinh hiéu suat

n'C— VIEN CONG NGHE THONG TIN VA TRUYEN THONG
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Thoi gian phat voi co ché dirng
va cho’
» T tdng = SO frame * (T_transmit + RTT)

* T_transmit (F) = L(Frame)/ R
« SO frame = L/L(frame)

* V&i SO liéu da cho
« S frame =100 KB/1KB =100

* T transmit (F) = 1KB/100 Mbps =10*3*8/108
=8. 10*-5 (s)=0.08 (ms)

!' :nlt-— VIEN CONG NGHE THONG TIN VA TRUYEN THONG
KHOA ol L l
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MTU trong chuyén mach goi

nr-— VIEN CONG NGHE THONG TIN VA TRUYEN THONG
wil |

Maximum Transmission Unit: Kich thwéc toi da cta géi tin cé thé
truyén trén dwong truyén

Vi du: Mang Ethernet co MTU = 1526 byte
Tai sao?
Ly do 1: Giam ti 1& géi tin bj 16i bit
e BER = S6 bit 16i / Téng sb bit truyén > thwéong la hang sb
e Vidu: BER =103 > truyén 1000 bit s& 16i 1 bit
« Néu gai tin kich thwéc L = 1000 bit > xac suat goi tin co 16i bit?
« Néu L =100 bit > xac suat gai tin co 16i bit?
Ly do 2: Giam xac suat (kich thwac div liéu) phai truyén lai do
mat goi tin
* Kich thwéc hang doi: N byte

« Néu gai tin co kich thwée L = 1000 byte: hang doi da day > goi tin bj mat
—> truyén lai gai tin - kich thwéc div liéu can truyén lai: 1000 byte

« Néu gai tin co kich thwée L = 100 byte: hang doi day > ?
Két luan: MTU lam gidm kich thwéc di liéu phai truyén lai

42



Tai sao MTU khéng nén qua nho?

. MTU qua nhd lam gidm hiéu suat truyén

. Giai thich:
. G0i tin gom: tiéu dé (header) + phan than (payload)
. Kich thuwéc header: hang s

. Hiéu suat phat trén overhead (khdng tinh qua trinh ché):

ayload
H1=—=

header+payload

-'- VIEN CONG NGHE THONG TIN VA TRUYEN THONG
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Hoat dong: stop & walit, sliding window

A B

Time-
oul

.

AUBME

(a) Link setup and disconnect ~ (b) Two-way data exchange

* y
.

Sliding window

SOCIC

-'- VIEN CONG NGHE THONG TIN VA TRUYEN THONG

(¢) Busy condition

14,0

!

L3 ¢

RELA

\;
/

" 40 "

(d) Reject recovery

B

i
}

{ [
B
>
= =

o

Time-
oul

|

0

b
N

'o 3, ] RR’ 3

RRv “. P

R.\\‘

4 39 0
RR. 4

t

(¢) Timeout recovery
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4. Diéu khien truy nhap
dwong truyen (diem-da
diém)




Cac dang lién két

« Diém-diém (point-to-point): ADSL, Telephone modem,
Leased line...
» Diém-da diém (point-to-multipoint):
« Mang LAN co dang bus, mang LAN hinh sao dung hub
 Mang khong day
- Can giao thirc diéu khién truy nhap dé tranh xung dot

shared wire (e.g., shared RF shared RF humans at a
cabled Ethernet) (e.g., 802.11 WiFi) (satellite) cocktail party

(shared air, acoustical)

:nl === \|EN CONG NGHE THONG TIN VA TRUYEN THONG
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Phan loai cac giao thwc da truy nhap
* Phan hoach tai nguyén st dung ky thuat chia kénh:

 Chia tai nguyén cua duo’ng truyén thanh nhiéu phan nhé
(Thoi gian - TDMA, Tan s6 - FDMA, Ma - CDMA)

» Chia tlrng phan nhd dé cho cac nat mang
» Truy nhap ngau nhién:
* Kénh khong dwoc chia, cho phép truy nhap bat ky thoi
diém nao, chap nhan la co xung dét
« Can co co ché dé phat hién va tranh xung dot

* e.g. Pure Aloha, Slotted Aloha, CSMA/CD, CSMA/CA...

e Lan lvot:
* Theo hinh thtrc quay vong
 Token Ring, Token Bus....

-l- VIEN CONG NGHE THONG TIN VA TRUYEN THONG
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Cac phuwong phap chia kénh

 FDMA: frequency division multiple access
* TDMA: time division multiple access
 CDMA: code division multiple access

-l- VIEN CONG NGHE THONG TIN VA TRUYEN THONG
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TDMA va FDMA  Vidu

4 may [

FDMA
A
frequency
>
TDMA: time
A
frequency ! ! ! ! !
>
time

7 ‘

n.r--— VIEN CONG NGHE THONG TIN VA TRUYEN THONG
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CDMA sepders

data:
bits d

; i )
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CDMA: dam bao toan hoc

Céc tram truyén di liéu trén n tan sb. M0| bit di¥ lieu dwoc truyén dong thoi
bang n tin hiéu (goi 1a mét chips) trén n tan sb

Méi tram #m dwoc gan moét méa code déi mét trwe giao:

Cm - (le’ Cm2s+ss Cn Cmi = ']:1
Cpo XC,=2(ciXxcy)=0 voim+k
=n voi m = k (dwong nhién)

Khi truyén day bit d,, (-1 hodc 1), tram #m st dung méa cua minh dé diéu ché
méi bit d,; thanh n chlps va truyen dong thoi trén n tan so:

d = (dMIJ dmz,. ) N dm] Cmi dmZ Cmi |------------ > ﬂ dmi = -1,1
dml-cm2 dmZ- CmZ ———————————— > (](2
dml-cmn dmZ-Cmn ———————————— »> Jn
L chipsd,; _J L chipsdyp

Tram nhan (thuwong la BTS) nhén dugc tin hiéu cua nhiéu tram phat dong thdi trén n
tan sb. Vi du trén tan sb k, tai thoi diém chip#1:
Ry=dcp +dypey +dsey .

Do tinh chat d6i mét trwe giao, gia tri R, x C,, tdng hop trén toan bd n tan sb (k=1,2..n)
cho phép xac dinh bit d,,; do tran #m da phat:
2 (RexCp) =2 (d)y.cop-Cop + g Cop Cop + d3p.C3 Coe T .. )
=dp 2 (Crp-Cor) T o2 (Cop o) + d3i 2 (C3 Co) T = dyy X1

=0m+1) =0(m+2)
=nm=1) =n(m=2)

nr-— VIEN CONG NGHE THONG TIN VA TRUYEN THONG
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CDMA: vi du

« Code truc giao, truyén trén 8 tan sob:

e C1=(-1-1-1+1+1-1+1+1)

e C2=(-1-1+1-1+1+1+1-1)
e C3=(-1+1-1+1+41+41-1-1)
e C4=(-1+1-1-1-1-1+41-1)

« D@ liéu truyén:

e CUL{I,. .} O{(E1-1-1+1+1-1+14+1), (-1-1-1+1 +1-1+1 44, ..
e C2: {11, YO {(+1 1 -1 #1211 -1 #1), (-1 -1 +1 -1 +1 +1 +1 -1), ...
e C3: {11, Y O{(-1+1-1+1+1 +1-1-1), (#1-1+1 -1 -1 -1 +1 +1), ...

*  #4 khong truyén

* D@ liéu nhan tai BTS:

R (giai ma) x Cy = {(+1 -1 -3-3 +1 -1 -1 -1), (+1 +3 +1 +1 +1 -1 +3 -1),

-8

8

R (giai ma) x Cs = {(+1 +1 +3 +3 +1 -1 +1 1), (+1 -3 -1 -1 -1 +1 -3 -1),

+8 -3
R (giai ma) x Cy = {(+1 +1 +3 -3 -1 +1 -1 -1), (+1 -3 -1 +1 -1 +1 +3 -1),
0 0

-_-'n'-— VIEN CONG NGHE THONG TIN VA TRUYEN THONG

Cells

R (khong gidi ma) = {(-1 +1 -3 +3 +1 -1 -1 +1), (-1 -3 +1 -1 +1 -1 +3 +1), ...}
R (giai m8) x Cy = {(+1 -1 +3 +3 +1 +1 -1 +1), (+1 +3-1 -1 +1 +1 +3 +1), ...} > D liéu gbc 1,1
g g

...} 2 D liéu gbc -1, 1

...} 2 D liéu gbc 1, -1

...} & Khéng truyén

Base station
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Piéu khién truy nhap ngau nhién
* Aloha (Pure Aloha)

* Frame-time: th&i gian dé truyén hét mét frame co kich
thwéce Ién nhat (= MTU/R)
« Khi mét nat mang can truyén di liéu:
« Frame dau tién: truyén ngay. Néu co dung dd thi truyén lai voi
xac suat p
« Cac frame sau: truyén v&i xac suat la p
« Trong 1 frame-time chi dwoc truyén 1 frame

User

« X4c suat truyén A T |
thanh cong la ~18.4% B
C I =
: | ] ! ]
e ] | 1 ] |
Collision¥:;,—>: Time — L—»I‘\I_Eollision

!’ ‘cnl—— VIEN CONG NGHE THONG TIN VA TRUYEN THONG
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Slotted Aloha

 Hoat ddng nhw Aloha véi cac yéu cau:

Frame-time la

nhw nhau v&i moi nut
Tat ca cac nut phai
dong bo vé thoi gian
Cac tram dong bd
time slot & Frame chi
dwoc truyén vao

dau slot

1 giam nguy co’
xung dot

Xé&c suat truyén
thanh cong: 36.8%

o

O O

AA_

0.
]

-'- VIEN CONG NGHE THONG TIN VA TRUYEN THONG

Slotted ALOHA protocol (shaded slots indicate collision)
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CSMA

* Pa truy nhap str dung séng mang
« CSMA:

» Carrier Sense Multiple Access

« Cam nhan séng mang dé quyét dinh
dwdng truyén co ban hay khéng?

* Nghe truwéec khi noéi (Listen before talk)
 Pung dd xay ra do tré trén dwdng truyén

« CSMA/CA: CSMA with Collision Avoidance

« CSMA/CD: CSMA with Collision Detection
* Phat hién dung do : nghe trong khi noi
. Giai quyét dung do v&i backoff (thuat toan quay lui)

:nl === \|EN CONG NGHE THONG TIN VA TRUYEN THONG



?
Nhac lai khai niém LLAALL

A
-4 - Uuhﬁﬂ%LUvaULJJ AR
song mang (Carrier) S
b
« Tham khao: DATA AND COMPUTER - N
COMMUNICATIONS — Chuong 5 L
- Song mang cd tan so I6n (néng lwong I&n) dé | (1‘ )‘l q | Naoo m ("l M (\ (ﬂl Y
truyén dugc xa (ca moéi tredng céd day & khong day) I 1| w‘ | (‘ U ARy l\f ” i ,1 1 “ e
« S6ng mang la giao ddng tuan hoan (khéng mang \" J A | v‘“ MU U :

théng tin)

(a) ASK

| \ \[) i ( \ ’“\L r qﬂ
||1 ||\ ,‘ M |L_I|| ‘Ul “a.-" ‘u\_j U (J \ b} |

M I ’"\ “nl il ﬂ, | ﬂ

N VT

Frequency-modulated w

Figure 5.24 Amplitude, Phase, and Frequency Modulation of a Sine-Wave Carrier
by a Sine-Wave Signal

o BESK \ 1 { H::IHH 1 ||H; \ | \ \ ‘ ‘m; | |  Tin hiéu/di liéu (mang thong tin) can duoc truyén di
v : UV, xa. Thuwong co tan so rat thap (nang lwong yéu) B dung
séng mang “cdng” tin hiéu/dir liéu dau vao
H H 'II“ ‘ ‘ “ | ,‘ l ‘ ’ ’w,ﬂ.‘ f\ ‘, . Pf)u’dng phap AM, FM-(tm hLeLfAdau‘Avao\anaI.og)
o \ \ 1 ||1| l 1 m ‘ H \ J IMH | * Cac phuong phap Coding (dir liéu dau vao digital)

igure 5.7  Modulation of Analog Signals for Digital Data
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Pung d6 trong CSMA

spatial layout of nodes

« Gia s kénh truyén co

I |
. N v
4 nut - -
LA A g B
 Tin hieu dién tw lan A
truyén t nat nay dén t

nut kia mat mot thoi
gian nhat dinh (tré lan
truyén)

e Vidu:

+«— time

o da-

om_

:nl s==m= \/|EN CONG NGHE THONG TIN VA TRUYEN THONG
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CSMA/CA (Collision Avoidance)

* Dung trong mang WIFI 802.11

« Nghe dworng truyén trwde khi truyén
* Ban 2 cho
* RO = truyén.

- Néu 2 hay nhiéu tram cung phat hién dwdng
truyén ban va cung cho thi coé kha nang chung
sé cung truyén lai mot luc

* = xung dot,
 Giai phap CSMA/CA.

» MGi tram chd mét khoang thoi gian dwee tinh ngau
nhién—->giam xac xuat dung dé.

) | g smeme \/IEN CONG NGHE THONG TIN VA TRUYEN THONG
e iCT " ~




CSMA/CD (Collision detection)

* Dung trong mang Ethernet

« CSMA/CD c6 phat hién xung doét: Listen while talk.
« Néu dwdng truyén rdi, truyén

« Néu ban, chd roi truyén v&i xac suat p

- Nghe dwong truyen trong khi truyéen, néu cé xung dot
chi phat 1 tin hiéu bao xung dét ngan va dirng ngay

» Khéng tiép tuc truyén nhw CSMA
 Thi truyén lai sau mot khoang thdi gian ngau nhién.

: = smeme \/IEN CONG NGHE THONG TIN VA TRUYEN THONG
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CSMA/CD: Téom tat

« May tram nghe trwéc khi muodn truyén

 Ban: Cho, tiép tuc nghe

. R&i: Bat dau truyén, vira truyén vira “nghe ngong” xem
cO xung doét hay khong

* Nghe trong th&i gian bao lau?

« Néu phat hién thay xung dét: Phat thém di lieu mot tho
gian ngan rdi Hay bé qua trinh truyén va quay lai trang
thai cho, nghe

« Mot sb bién thé ciia CSMA

« CSMA kién nhan (persistance)

« CSMA khong kién nhan

« CSMA v&i xac suat p nao dé

! aﬁ"'- VIEN CONG NGHE THONG TIN VA TRUYEN THONG



So sanh chia kénh & truy nhap ngau nhién

* Chia kénh
» Hiéu qua, céng bang cho dwdng truyén véi lwu lwong
Ion
. Lang phi néu chung ta cap k&nh con cho mét nat chi
can lwu lwong nho

» Truy nh&p ngau nhién

» Khi tai nho: Hiéu qua vi méi nut co thé s dung toan bod
kénh truyén

« Tail&n: Xung dot tang 1én

. Phwo’ng phap quay vong: C6 thé dung hoa wu
diém cla hai phwong phap trén

! 3&"'- VIEN CONG NGHE THONG TIN VA TRUYEN THONG



Token passing

» Bit trang thai: rdi hay ban
* Nut mang nhén‘du’o’c thé bai réi, knong mang dir liéu :
dwoc phep truyén dir lieu
- Thiét |ap trang thai thé bai vé trang thai ban
« T6 chirc di¥ liéu dé truyén, thé bai tré thanh tiéu dé cla frame
« Sau khi truyén xong di¥ liéu: thiét 1ap trang thai thé bai |a rdi
« Nut dich: sao chép dir liéu trén frame va tra lai frame
cho nut nguodn
 Token Ring: vong luan chuyén thé bai Ia vong vat ly
 Token Bus: vong luan chuyén thé bai la vong logic
« Han ché

!' :nlt-— VIEN CONG NGHE THONG TIN VA TRUYEN THONG
BACH KHOA | o) "’ L l
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Token Ring — Mang vong dung thé bai

o Mot “thé bai” luan
chuyén Ian lvot qua
ttrng nut mang

« NuUt nao gilr thé bai
sé duwoc gui dir liéu

« GUi xong phai
chuyén thé bai di

. Mot sb van dé

Ton théi gian chuyén
thé

Tré

Mat thé bai....

a } a ~ a a -~ -~ £
| — e \/IEN CONG NGHE THONG TIN VA TRUYEN THONG
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Token bus

A
Ll G G e

A
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Tong két cac phwong phap
kiém soat da truy nhap
* Chia kénh
» Truy nhap ngau nhién
« Quay vong
» Phan tich wu, nhwoc diém

sglc-'- VIEN CONG NGHE THONG TIN VA TRUYEN THONG



R.:.. DAl HOC BACH KHOA HA NOI \
I VIEN CONG NGHE THONG TIN VA TRUYEN THONG

5. Co che chuyen tlep o [V
liéu diém —diem tang 2




Chuyén tiép dir liéu tang 2

* Trong topo diém-nhiéu diém, di¥ liéu A N
dwoc truyén theo kiéu quang ba

* Trong topo diém-diém, cac nat dwoc

két néi nhd nut trung gian: chuyén

mach (switch)

¢ Switch:
® Thiét bi gdm nhiéu cdng
® Nhan gai tin di¥ liéu, phan tich, chuyén
tiép ra mét cong ra.
® Chuyén tiép di¥ lidu dwoc switch x(r ly
can ct dia chi MAC dich cua géi tin,
dia chi MAC cua tram dich

v

:nl s==m= \/|EN CONG NGHE THONG TIN VA TRUYEN THONG
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Chuyen tlep di lieu tang 2 cua switch
trong két noi diém-diém

» Bang dia chi MAC
« Pia chi MAC cua host
« Cong két ndi voi host
« TTL (time to live): thoi
gian gilr lai thong tin
trong bang

« Co ché tw hoc
« Chuyén mach

* Quang ba: dia chi MAC
la FF:FF:FF:FF:FF:FF

-'- VIEN CONG NGHE THONG TIN VA TRUYEN THONG

A [
A S
. S1 e S2 A C
q - s3
= | .
MAC Addr. |Interface |TTL
A S1
B S1
C S2
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Switch: Co ché tw hoc Source: A

- Cap nhéat dia chi MAC
nguon va cong nhan goi
tin vao bang MAC Table
néu:.

« Pia chi nguén chwa c6
trong bang MAC Table,
hoac

» Dia chi nguén da cé
nhwng nhan dwoc goi tin
trén cong khac

MAC addr |interface |[TTL

A 1 60 | MAC Table
(ban dau réng)

:nl smew= \/IEN CONG NGHE THONG TIN VA TRUYEN THONG
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Switch: Co ché chuyén tiép

Khi nhan dworc 1 frame

1. Tim d/c cong vao (tw hoc)

2. Tim dia chi cong ra dung bang chuyén tiép
tim thay cong ra

cOng ra_== ¢ong VAo
hay bo frame

chuyén tiép frame dén cong ra

quang ba frame dén tat ca cac cong

! :nl—— VIEN CONG NGHE THONG TIN VA TRUYEN THONG



Vidu

. Khéng c6 cong ra;
Qudng ba

Pa biét d/c A:

Chuyén truc tiép

MAC addr interface| TTL
A 1 60
A 4 60

y
ﬁ o s=eme \/|[EN CONG NGHE THONG TIN VA TRUYEN THONG
e = OICT V" :

Source: A
Dest: A’

Bing chuyén tiép
(Ban diu réng)
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No&i chdng céac switch v&i nhau

« Cac switch co6 thé dwoc ndi véi nhau

» Ciling dung co ché tu hoc:
« Al S1hocA, quang ba: B, C, S4
o S4: hoc Atlr S1, quang ba: S2, S3
o S3: hoc Atlr S4, quang ba: G, H, |

=n| === \|EN CONG NGHE THONG TIN VA TRUYEN THONG
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M&t mang cuc bd dién hinh

K&t noi toi
mang bén ngoai




K mieg= DAIHOC BACH KHOA HANOI \
BACH KHDA I VIEN CONG NGHE THONG TIN VA TRUYEN THONG

6. Mang cuc bo (LAN)




Cac thiét bi két ndi trong mang LAN
* Repeater (b0 lap), Hub (b6 chia)

« Pam nhiém chirc nang tang 1

 Tang cwdng tin hiéu [1 mé rong pham vi két ndi (broadcast
zone)

« <=4 repeater / 1 doan mang (dwdng truyén két noi 2 nat
mang)

» Bridge (Cau), Switch (B6 chuyén mach)
« Pam nhiém chirc nang tang 1 va 2
« Cho phép két ndi cac loai dwdng truyén vat ly khac nhau
« Chia nhd mién dung do
« Chuyén mach cho khung tin dwa trén dia chi MAC

« Router (B6 dinh tuyén)

!' :nlt-— VIEN CONG NGHE THONG TIN VA TRUYEN THONG
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Router vs Switch

> I 4 y n . b a plication
« X ly goi tin: lwu va
29 & fransport
chuyén tiép (store-and-

datagram | hetwork
forward) far;e_ﬁ link

<
 Router: thiét bi tang mang ,
t S N, h | :
« Switch: thiét bj ting lién két bl I hl;r;:;al irame
e

switch

« Chuyén tiép géi tin:

« Router: str dung thuat toan
dinh tuyén tinh toan bang
chuyén tiép (Forwarding A
Table), chuyén tiép theo dia
chi IP dich

« Switch: st dung co ché tw
hoc tinh toan bang MAC transport

Table, chuyén tiép theo dia network
chi MAC dich '

link

physical H

pplication

a==== V|EN CONG NGHE THONG TIN VA TRUYEN THONG g
CICT * ' =
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Router két noi LAN

Vi du: Gui dit liéu tir A tdi B qua router R
- A soan mot gdi tin IP v&i dja chi ngudn la A,
dia chidichla B
MAC src: 74-29-9C-E8-FF-55 S . L
MAC dest: E6-E9-00-17-BB-4B « GOi tin chuyén xuong tang lién két dir liéu:
IP src: 111.111.111.111 . fr epan o b o Lo
P dest: 922992 592 999 dong goi \‘Ehar]h khl.Jng t!n tang 2 vou\d‘!a chi
MAC nguon la A, dia chi MAC dich la R

IP

/ N
222.222.222.222
49-BD-D2-C7-56-2A

111.111.111.111
74-29-9C-E8-FF-55

T

222.222.222.220
1A-23-F9-CD-06-9B

111.111.111.112 111.111.111.110 222.592.222 221
CC-49-DE-D0-AB-7D E6-E9-00-17-BB-4B 88-B2-2F-54-1A-0F

y
1 ﬁ o s=em= \/|EN CONG NGHE THONG TIN VA TRUYEN THONG
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Chuyén tiép di liéu t&i LAN khac

MAC src: 74-29-9C-E8-FF-55
MAC dest: E6-B8-80s17-BB14B.111.111

IP src: 111.11F. tiest1 £22.222.222.222
IP dest: 222(222.222.222

111.111.111.111

Khung tin duoc chuyén
tor A t61 R

Tai R: khung tin dugc
boc bo header, chuyén
1én cho tang mang dudi
dang mdt goi tin IP

.

74-29-9C-E8-FF-55 T

222.222.222.220

1A-23-F9-CD-06-9B
111.111.111.110

111.111.111.112

CC-49-DE-D0-AB-7D E6-E9-00-17-BB-4B

A

222.222.222.222
49-BD-D2-C7-56-2A

222522 222 221
88-B2-2F-54-1A-0F

Y smemm  \/IEN CONG NGHE THONG TIN VA TRUYEN THONG
=U|L i . ;
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Chuyén tiép goi tin trong LAN dich

+ R chuyén tlep go1 tin voi dia

chi IP ngudn 1a A, IP dich 4B

+ GO01 tin chuyén xuong tang
lién két dir liéu: dong g01
thanh khung tin tang 2 vo61 dia
chi MAC nguon la R, dia chi
MAC dich 1a B

P

Eth

Phy

111.111.111.111
74-29-9C-E8-FF-55

222.222.222.220
1A-23-F9-CD-06-9B

111.111.111.110
111.111.111.112
CC-49-DE-D0-AB-7D E6-E9-00-17-BB-4B

=nr-- VIEN CONG NGHE THONG TIN VA TRUYEN THONG
el Rl L

MAC src: 1A-23-F9-CD-06-9B
MAC dest: 49-BD-D2-C7-56-2A
IP src: 111.111.111.111
IP dest: 222.222.222.222

T

g

222.222.222.222
49-BD-D2-C7-56-2A

222,522 222 221

88-B2-2F-54-1A-0F
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Hinh trang LAN: bus (mang truc)

Tat ca cac nut mang str dung
chung duwong truyén — truc

(backbone)
N V4 l’\ l’\l b ‘ -t \‘ et
« MOi nut mang két nGi vao truc g | ’ C
o A K ~ erminator erminator
bang dau noi chr T (T-connector) - | "“T”“e
 Terminator hai dau < - <

Phwong thirc truyén: diém — da
diém (point-to-multipoint)
« D@ liéu truyén theo 2 hwéng
« NUt nhan: kiém tra dia chi dich
cua dir liéu

-'- VIEN CONG NGHE THONG TIN VA TRUYEN THONG
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Hinh trang LAN: star (hinh sao)

M6t nut mang dong vai tro
thiét bi trung tam

* Hub - i i
« Switch AN
LAy A « | Thietbi -
« Cac nut mang khac két noi -~ |_trung tam_ N
trwe tiép vai thiét bi trung N
tam o _ o o

« Phwong thire truyén
« Diém — diém: switch
« Diém — da diém: hub

v
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Hinh trang LAN: ring (hinh vong)

repeater

« Cac nut mang chung dwong
truyén kheép kin

- Phuwong thirc truyén: diém — diém
(point-to-point) hoac diém-da diém

« Dy phong: FDDI vong keép,
thwong str dung cho khu vire
mang xwong song

L

diém — diém

VIEN CONG NGHE THONG TIN VA TRUYEN THONG
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Chuan hoa LAN: IEEE 802.x

IEEE 802.1 Network Management Layer 4 (Transpori)
IEEE 802.2 Logical link control Layer 3 (Network)
IEEE 802.3 Ethernet (CSMA/CD) EEE302.2

Logical Link Control (LLC)
IEEE 802.4 Token bus

. IEEE802.3 | IEEES024 | IEEES025 | IEEES02.11
IEEE 802.5 Token Ring CSMA/CD | TokenBus | Token Ring | Wieless LN
IEEE 802.6 Metropolitan Area
Networks

IEEE 802.7 Broadband LAN using « |EEE 802.12 demand priority

Coaxial Cable
IEEE 802.8 Fiber Optic TAG * |EEE 802.14 Cable modems

EA\ENE 802.9 Integrated Services * |[EEE 802.15 Wireless PAN

- |EEE 802.15.1 (Bluetooth)
IEEE 802.10 Interoperable LAN

Security « |IEEE 802.15.4 (ZigBee)
IEEE 802.11 Wireless LAN . |EEE 802.16 WiMAX
 V.v...

:nl s==m= \/|EN CONG NGHE THONG TIN VA TRUYEN THONG
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802.2 LLC Header

Information
DSAP address SSAP address Control

8 bits 8 bits 8 or 16 bits | multiple of 8 bits
» Vai tro:
« két ndi cac giao thirc tang Network: IPX, DCE, IP, v.v..
- VvOi cac loai tang vat ly khac nhau: cé day, khdng day, quang

« Chtrc nang:
« phan k&nh/don kénh (multiplexing)
- kiém soat ludng (flow control) theo 3 ché dd lam viéc:
« Unacknowledged connectionless

« Acknowledged connectionless
« Connection mode

- Cau truc goi tin:
- DSAP & SSAP: Destination/Source SAP, phuc vu phan kénh/dén
kénh va&i tang trén (cho biét thwc thé nado trén tang Network dang thuwc

hién truyén/nhan goi tin LLC)
- Control: dinh nghia phan loai PDU dé truyén tin & kiém soat:
« U-frame: glri/nhan trong ché dé connectionless (U: Unnumbered)
« |-frame: frame c6 théng bao (I: Information), st dung trong ché dd acknowledged
« S-frame: dung dé kiém soat (S: Supervisor)

nr-— VIEN CONG NGHE THONG TIN VA TRUYEN THONG
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Thuwc té st dung LLC

» Chirc nang kiém soat 16i & ludng (vdi I-frame &
S-frame) dwoc mdt sb giao thire tang trén sw
dung (NetBIOS).

» U-frame dong 90| PDU kiéu khéng c6 chi so
(unnumbered) va nhuw vay khong hé tro’ kiém
soat 16i cling nhuw kiém soat ludng.

« Hau hét céac Chong giao thirc bén trén LLC
(TCP/IP) da hé tro kiém soét 16i & luéng [1 sty
dung LLC chi v&i riéng chirc nang phan
kénh/dén kénh & ché dd “Unacknowledged
connectionless” v&i U-frame.

VIEN CONG NGHE THONG TIN VA TRUYEN THONG
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Ethernet: IEEE802.3

» Chilrc nang: s . w5
« Kiém soat truy nhap dwdng truyén Layer 3 (Network)
(Data-link) ] IEEE802.2
* Ma hoéa tin hiéu dwong truyén co day Logical Link Control (LLC)

(Physical)

IEEE8024 | IEEE3025 | IEEE802.11
Token Bus | Token Ring | Wireless LAN

IEEES02.3
CSMA/CD

* Ethernet co 2 topo

* Hinh truc: Cai dat CSMA/CD

« Hinh sag: két noi thong qua switch
va chuyén tiép dir liéu theo co ché
tw hoc cua switch.

* Ho tro dwong truyen:

e Cap doéng truc

« 10BASE-TX: cap xoan doi toc do MAC protocol
10Mbps ] and frame format
* 100BASE-TX (fast ethernet): cap xoan
doi toc dc} 100 bpS 100BASE-TX || 100BASE-T2 ||| 100BASE-FX
. 8{098 Ethernet FX: cap quang toc do 100BASE-T4 ||| 100BASE-SX | | 100BASE-BX
" / N
copper (twister fiber physical layer

pair) physical layer

£
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Cau truc goi tin Ethernet

/

Destination Source
Preamble |SFD MAC MAC EtherType Payload FCS
Address Address

/1
 Preamble (7 byte): 101010... danh dau bat dau mot Ethernet frame

« SFD (1 byte): Start frame delimiter = 10101011. Ngan cach Preamble v&i
frame

 MAC Address (6 byte): dia chi vat ly cac tram ngui“)n & dich

- EtherType (2 byte): xac dinh giao thirc tang trén (IP, Novell IPX, AppleTalk,
..)

- FCS (4 byte) Frame check sequence. M4 kiém soéat 16i theo co ché CRC.
Phoi ho’p v&i LLC (i-frame & s-frame) dé xur ly bao 16i & truyén lai. Trwcyng
hop st dung LLC v&i u-frame, FCS chi dé kiém tra 16i nhan frame va hay
frame bén nhan (khéng théng bao, khéng phat lai)

! :nlt-— VIEN CONG NGHE THONG TIN VA TRUYEN THONG
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Wireless LAN: IEEE802.11

Layer 4 (Transport)
. Klem soat truy nhap dwong Layer (Netvodk)
fruyen (Data-ink). o s
. ;%F(fiaegs ?Dgr?: ih,lfé)b Idgl:j?gu IEEE802.3 | IEEE8024 | IEEES025 @
ph0| truy nhap dwo’ng truyen cla CSMA/CD | TokenBus | TokenRing |\Wireless LAN

tat ca cac tram
« DCF: diéu phdi truy nhap phan tan

° Mé héa tl’n hléu dU’(‘)’ng truyén Contention-free service
khong day (Physical): ) . Exuai i
« Tia hong ngoai: 902-928MHz Eoit cooud talon fition
« Dai tan 2.4GHz e y
s Distributed coordination function
« Daitan 5GHz ! (DCF)
- Cac chuan 802.11a, b, g, n pacne | 2ach | ered I
N hoppi .
. Cai d5t CSMA/CA N e e aiiion
layer spectrum spectrum ml;lmpm\g
y. Data rates of C;fs 5.22. ;g.
o.lc VIEN CONG NGHE THONG TIN VA TRUYEN THONG 1 Mbps and 2 Mbps 48,'54 hb,;,

IEEE 802.11 IEEE 802.11a |EEE 802.11b



Mo hinh trién khai WLAN

\@% ;@ ‘% ;‘

AP

AP

wired network AP: Access Point

2.
3§3

ad-hoc network
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Kién truc hé thong

- Station (STA): Tram lam viéc, vai két noi 802.11 LAN
khnong day dén Access Point T
 Access Point: E)lem diéu ph0| cac STA,
dong thoi lién két véi hé thong diéu phoi
phan tan (Distributed System)
Bridge

 Basic Service Set (BSS): nhom cac tram
lam viéc chung trén mét dai tan (voi mot
AP ho&c nhiéu AP)

- Bridge: cau két nbi véi hé théng cé day
(Ethernet, Bus, v.v..) ESS

802.11 LAN

A . . N
n.| - VIEN CONG NGHE THONG TIN VA TRUYEN THONG
-

e
==
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802.11: Kénh, lién két

. Dai tan 2.4GHz dwoc chia lam 14 kénh cach nhau
5MHz. Chau Au dung 13 kénh, chau My 11, Nhat 14
kKénh.

- Nguwdi quan tri lwa chon ké&nh cho AP (c6 thé tw déng)

1 2 3 4 5 6 7 8 9 10 11 12 13 14 Channel
2412 2417 2422 2427 2432 2437 2442 2447 2452 2457 2462 2467 2472 2.484 Center Frequency

- ~ T Ly TR PO - -
-~ ~§ ;‘ -‘ ~~ o‘ .h ~~ ¢‘ .h
“” . . .

.........................

22 MHz

- May tram: Phai tao mét lién két voi 1 AP
.+ Quét kénh, l1ang nghe céac frame kh&i tao (beacon frames)
cé ch¥a tén cia AP (SSID) va dia chi MAC cua AP
«  Chon mot AP dé tao lién két

VIEN CONG NGHE THONG TIN VA TRUYEN THONG
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Phuwong phap do: chu déng/bi déng

BBS 1 BBS 2 BBS 1 BBS 2
@2 & @2 E
APIL.O /@,‘APZ AP 1 s IL@,‘APZ
2P) QY @%,@D/’
H1 H1
Passive Scanning: Active Scanning:
(1) frames khéi tao dwoc gwi tir APs (1) H1 quang ba yéu cau tim AP
(2) H1 gl yéu cau lap lién két toi AP2 (2) APs tré 11 théng tin vé minh
(3) Xac nhan yéu cau (3) H1 gtri yéu cau lap lién két toi AP2
(4) Xac nhan yéu ciu

-'- VIEN CONG NGHE THONG TIN VA TRUYEN THONG

93



IEEE 802.11: Quan ly da truy nhap

802.11: CSMA
802.11: CA — Collision Avoidance

Kho phat hién xung dot trong moi tredng mang khoéng
day

Nhiéu trwdng hop khéng thé phat hién xung dét : hidden
terminal, fading

(@2 @0 @2
& & H

o
A

; \
$ signal
strength \

space
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IEEE 802.11 MAC Protocol: CSMA/CA

Bén gwi

1 If kenhR roi tr‘ong Akhoang thmAglan I?IFS then Bén giri 82N nhan
truyén toan b frame (khéng c6 CD)

2 1t kénh ban then DIFS
Cho tim thoi gian réi DIFS khac +

M6t khoang cho back-off ngau nhién

Khi hét thdi gian back-off, truyén di liéu

Néu khdng thay ACK, tdng khoang thdi
gian back-off, [ap lai 2

Bén nhan y
- if nhan t6t frame then

tra 101 ACK sau khoang SIFS
DIFS: Distributed Inter Frame Space

Fs1FS

R g === VIEN CONG NGHE THONG TIN VA TRUYEN THONG Tai sao can ACK?
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Cai dat CSMA/CA trén 802.11

« STA mudn truyén di liéu, nghe kénh truyén xem c6 ban khéng?

« Néu kénh truyén trong v&i mét khoang thoi gian Ion hon hoac bang
Distributed Inter-Frame Space (DIFS), STA bat dau truyén

« Né&u kénh truyén ban, STA phai doi. dé tim dwoc mét DIFS trong, sau do
doi thém mét khoang ngau nhién sb slot time (goi la khoang back-off
time) dé chdng dung dd néu c6 STA khac cling dang mudn truyén
(collision avoidanc)

« Néu c6 STA khéac chiém dung dwong truyén trong khoang back-off time,
tram STA hién tai hQly co’ ché back-off timer va doi DIFS trong khac dé

truyén

DIFS

>

DIFS

d
)l

Kénh truyén ban

.
Ll

X/\ Ctra s tranh chap (contention
( ) window): doi ngau nhién mét

sb slot (CAll!)

Frame tiép theo

v

-l- VIEN CONG NGHE THONG TIN VA TRUYEN THONG

\\ Truy nhap kénh truyén néu
kénh trong = DIFS

t
L slot time (20us)
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Pat cho tranh xung doét (optional)

. Giai phap khéng bat budc cai dat trong chuan 802.11
y tu@ng: Cho phép bén glri “dat chd” kénh truyén, khdng dung truy
nhap ngau nhién: tranh xung dét cho nhirng frame dai

« Bén gui gri cac goi tin RTS (request-to-send) t¢i AP st dung
CSMA

.+ RTS c6 thé bi xung dét (xong gai tin rat nho)
« AP quang ba géi tin CTS (clear-to-send CTS) dé tra I&i
- Cac tram déu nhan duoc CTS
- Bén gui truyén frame ‘
« Cac tram khac phai huy qua trinh truyén cua minh

Tranh dwoc xung dét nhe vao viéc dat cho

bang cac gai tin diéu khién kich thuwédc nhéd
L Gl =W VTEN CONG NGHE THONG TIN VA TRUYEN THONG
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Collision Avoidance: Trao déi RTS-CTS

&M >)
L Y
‘AP

@M

-) 5 s : - RTS®)
eservation collision
B Rrs s
CTS(A) CTS(A) .
DATA (A)
defer
time !
ACK(A) ACK(A)
v

y
ﬁ o s=em= \/|EN CONG NGHE THONG TIN VA TRUYEN THONG
st | =‘v.|L I : '
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Tong két Wireless LAN

« Uu diém:
« Kha nang di déng
« Trién khai dé dang
« Kha nang mé réng

« Nhwoc diém:
 Bao mat
 Pham vi
« DO tin cay
« Tbc do

 Doc thém:
« Roaming: STA thay déi AP bén trong mot BSS hodc gilra cac BSS
(trong mot ESS)
 Wired Equivalent Privacy (WEP): HO tror bao mat twong dwong mang
co day.

:nl s==m= \/|EN CONG NGHE THONG TIN VA TRUYEN THONG
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Mang LAN ao — VLAN (Virtual LAN)

« Yéu cau thuc té
« Chia sé tai nguyén (file, may in,

V.V..)
gitra cac tram trong LAN (broadcast ~-
zone) Internet )
« Van dé tram “xa nhau” w T
> A A . A A .~ y Server G ain
« Bao mat thong tin ndi bd gilra cac C N swih |
phong ban e —

 Giai phap mang LAN ao
« Nhém cac tram vao cac
broadcast zone (LAN ao) mac du
cac may khong noi cung vao mot
switch

* Broadcast zone khong bi rang buoc
vé mét dia ly cta cac tram

» Broadcast zone doc lap voi cac UJng
dung mang

:nl s==m= \/|EN CONG NGHE THONG TIN VA TRUYEN THONG
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Va

tro cla Switch

VLANZ VLAN3 VLAN4 VLANZ VLAN7 VLAN3 VLAN3 VLANG VLANS VLANS VLANG WLAN4

e e e s It et S et Rt Rt

Marketing
Shipping
Engineering
Finance

Management
Sales

VLANZ
VLAN3
VLAN4
VLANS
VLANG
VLAN7

172.16.20.0/24
172.16.30.0/24
172.16.40.0/24
172.16.50.0/24
172.16.60.0/24
172.16.70.0/24

VIEN CONG NGHE THONG TIN VA TRUYEN THONG

. '..F""""
% r *

Provides inter-VLAN
communication and
WAN services

Céy hinh mot switch hodc lién két cac switch dé
thiét lap broadcast zone (twong wng VLAN)
M6t switch c6 thé chira mot hodc nhiéu VLAN
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Cac phwong phap chia VLAN

Engineering Operations
Ports 9-12 Ports 17-24

- Port-based: chia theo cong trén switch — e
VLAN finh (Static VLAN): &t ca cac thiét bj
gan voi cong do phai cung VLAN

* MAC-based: chia theo dia chi MAC cua
thiét bi - VLAN dong (Dynamic VLAN): linh
hoat

* Protocol-based: chia theo giao thuc. DBinh
nghta filter trén cac switch, dwa trén cac Engineering | | Operations
trwdng clia goi tin (hay str dung Type, — e
LLC, SNAP) dée xac dinh né thuéc VLAN
nao.

Ethernet Frame
6 Bytes 6 Bytes | 2 Bytes 3 Bytes 5 Bytes 38 to 1492 Bytes

LLC SNAP
Type (Logical Link (Sub network Access
Control) Protocol)

64 Bytes Minimum. 1518 Bytes Maximum.

Data
(Payload / Padding)

Destination | Source
MAC MAC

:nl === \|EN CONG NGHE THONG TIN VA TRUYEN THONG



Chuan hoéa: IEEE802.1Q

« Phwong phap thiét 1ap VLAN theo céqg switch, dia chi MAC hoac
anh xa tw giao thirc la dwa trén co ché hoat dong dac thu cua

trng switch.

- Dé céac switch (clia cac hang san xuat khac nhau) co thé cung
phoi hop hoat dong VLAN, IEEE dwa ra chuan 802.1Q

» 802.1Q bd sung mét sb trwdng dir liéu vao goi tin Ethernet dé

switch xac dinh VLAN cho gai tin nay:
Tag Protocol ID (TPID)

User Priority

Canonical Format Indicator (CFl)
VLAN Identifier (VID)

802.1Q Ethernet Frame

6 Bytes 6 Bytes | 2Bytes 3bits | 1bit [ 12 bits | 2 Bytes

42 to 1500 Bytes

Destination | Source TPID \'/V.\/BE  Type /
mac B s Length

Data
(Payload / Padding)

64 Bytes Minimum. 1522 Bytes Maximum.

-'- VIEN CONG NGHE THONG TIN VA TRUYEN THONG

103



Két ndi Switch hé tror VLAN

 Access link:

« Thudc vé mot VLAN don 1é, thwdng ndi truc tiép tr 1 cdng dén 1
may tram.

» Switch g& bo cac thong tin VLAN trong frame trwée khi chuyén
tiép dén cdng chra access link.

« Céc thiét bj ndi v&i access link khdng thé truyén thdng truc tiép voi
thiét bj khac VLAN

* Trunk link:
- Dung chung cho nhiéu VLAN khac nhau, thwdng ndi gitra switch
vOi nhau hoac gilra switch v&i router.

* Trunk link cho phép 1 cong thudc vé nhiéu VLAN tai cung mét thoi
diém dé két ndi dén server hodc v&i cac switch khac

! :nlt-— VIEN CONG NGHE THONG TIN VA TRUYEN THONG



Két ndi cac VLAN

» Gidng nhw két ndi cac LAN
S Router két ndi cac VLAN
* S dung router ==

Marketing Engineering Operations
Ports 1-4 Ports 9-12 Ports 17-24

W aAska & iT" "b’ﬁ',ﬂ.’af;
vy 3

LAALD LA

-
o

Marketing Engineering Operations
Ports 1-4 Ports 9-12 Ports 17-24

£

0
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D o DAIHOC BACH KHOA HA NOI : :
I VIEN CONG NGHE THONG TIN VA TRUYEN THONG

7. Mang truy nhap st dung
cap quang




Mang truy nhap

Mang truy nhap thu thap div ligu twr phia nguwoi
dung va cung cap cho mang IO

Céc dich vu pho bién tr phia nguwdi dung

—  Dién thoai

—  Mang tryén hinh cap

—  Truyén d liéu. Vi du trén nén dwdng truyén
dién thoai (xDSL) hoac cap quang (FTTH).

VIEN CONG NGHE THONG TIN VA TRUYEN THONG




Kién trdc cia mang truy nhap

Eﬁ

R
w1 Remote node N »>
\
- _/‘
A
7 \A
p{ Remote node <t
"3 Eal et 83 }V
P /
-/ Y
" Remote node ',4 .
\\ "’:‘
I
4

Distnibutio

-~

v _\u'\:t

Kién trdc bao gdbm mot hub phia nha cung cap dich vu, cdc Remote Node déng vai tro la nat
phan phdi & ngoai troi, cac NIU (Network Interface Unit) la cdc ndt mang phia nguoi dung
Ref: R. Ramaswami, K. Sivarajan, G. Sasaki, “Optical Networks: A Practical Perspective”, 3™

Edition
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Kién tric mang truy nhap
Hub

—  Nam phia nha cung cap
NIU: Network Interface Unit

—  Nam phia nguwoi st dung

—  NO&i v&i 1 nguwdi dung hodc 1 doanh nghiép
Remote Node

— Trong mang broadcast, RN phan phoi div liéu tw

Hub dén moi NIU

— Trong mang switched, RN nhan di lieu tr Hub

va phan phdi cac ludng khac nhau dén cac NIU

VIEN CONG NGHE THONG TIN VA TRUYEN THONG



MOt sO cOng nghe két ndi co dinh

dén nha cung cap dich vu Internet

Dial-up: top do 56kbps, tréen dwong day dien
thoali, truyén dir liéu trén cung tan so tin hieu
thoai, cdng nghé ci st dung phd bién trwdc nam
2000

Cong nghé ADSL, xDSL.: toc do vai Mbps, trén
dwong day dién thoai, truyén div liéu trén tan sO

khac tin hiéu thoai, cong nghé s dung phd bién
dau cac nam 2000-2010

Céng nghé st dung dwdng Truyén hinh cap
Cong nghe FTTH: toc dé vai chuc Mbps, trén

dwdng cap quang, cdng nghé st dung phd bién
hién nay.

VIEN CONG NGHE THONG TIN VA TRUYEN THONG
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Mang truy nhap quang: FTTx

. D@ liéu dugc truyén trén cap quang trong mang phan phoi
(distribution network) cho dén ONU (Optical Network Unit)

—  Mong mudn: Cap quang dén gan thué bao nhat

FTTCab (Fiber To The Cabinet): Cap quang két thiic & mot
cabinet, dwdi 1km cudi den thué bao dung mang
phan phoi cap dong.
FTTC (Fiber To The Curb) | FTTB(Fiber To The Building); ONU phuc
vu mot s6 thué bao (8 to 64); tir ONU dén NIU dung cap déng
(dwéi 100m)

. FTTH (Fiber To The Home); ONUs thwc hién chirc nang
cua NIUs;

. ONU: ¢6 thé 1a modem quang.

!' :nlt-— VIEN CONG NGHE THONG TIN VA TRUYEN THONG
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Mang truy nhap quang: FTTx

Central office Cabinet Curb Home
) X S
CO [& RN P! ONI }4 PINIU| FTTCab
 Tmmm— § lv/
/ \ Fiber ¥ Fiber

> Jibe ) (”PPU
CO (g RN ’1()\( - m— ‘EL\H FITC/FTTB
L (N <
»| ONUNIU | FTTB/FTTH

Passive optical network (PON)

V4

|
l

(3
¥

Figure 11.5 Different types of fiber access networks, based on how close the fiber gets
to the end user. In many cases, the remote node may be located at the central office itself.
The ONUs terminate the fiber signal, and the links between the ONUs and the NIUs are
copper based.

Ref: R.Ramaswami , K. Sivarajan, G. Sasaki, “Optical Networks: A Practical Perspective”, 3@ Edition
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Mang truy cap FTTx

Exchonge

FITB - Fiber-to-the-building
FITC - Fiber-to-the-curb
PON - Possive optical network

YDSL - Very-high-speed digitel subscriber live

y 4

n.r-— VIEN CONG NGHE THONG TIN VA TRUYEN THONG
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AON vs. PON

*Remote Note (Distribution nodes) chia dit liéu vé
cac dich.

*AON: Active Optical Network

- la mang st dung cong nghé chd dong

(Remote Node tiéu thu dién)

- Remote node phén tich va dinh tuyén riéng cac
goi tin theo dja chi dich

- Khoang chay cép cé thé dai d&n 100km

*PON: Passive Optical Network

- La mang st dung cong nghé thu dong.
(Remote Node khong tiéu thu dién)

- Remote node (Splitter) khong phan tich ma chi
|3p tin hiéu trén tat ca cidc cdng ra

- Upstream: MUX tlr cadc ngudn khac nhau bang
TDM (TDM PON) hoac WDM (WDM PON)

- Khoang chay céap gidi han 20km

£

Active Optical Network (AON)

Routed
to 500 ONTs.

\ ao/’ﬂ»ao
ABC—

up to 70 Km up to 20 Km

Passive Optical Network (PON)

Split
to 32 ONTs.

to 32 ONTSs.

&DQ

up to 20 Km

Key: A - Data or voice for a single customer.  J) - Video for multiple customers.

-_-nl === |EN CONG NGHE THONG TIN VA TRUYEN THONG
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GPON: Gigabit Capable PON

* GPON c6 thé dung dé tai nhiéu di liéu cua cac giao
thrc khac nhau: Ethernet, ATM, voice ...

* D{¥ liéu tir OLT dén ngwdi dung chia sé kénh chung
gitba OLT va RN
* Downstream broadcast
* Upstream TDM
* Cac goi dwoc dong trong khung di¥ lieu GPON c6 trweong dinh
danh ngu¢i nhan (chiéu downstream), nguw®i gwi (chiéu

upstream)
oL [2 Il 1 3] 31
TIME SLOT
e
OPTICAL SPLITTER UPTO 32 1.244 Gbits/s UPSTREA

== S0ICT



EPON: Ethernet PON

« EPON: PON van chuyén di¥ liéu & cac frame

Ethernet

» Chiéu xudng (down stream)

Quang ba dir liéu chung

802.3 frame

[[resse ["rovoos

SG'CT \ Figure 8-6. Downstream traffic in EPON.

USER 1 I



EPON

e Chiéu lén (Upstream): dén kénh theo
thoi gian (TDM) tryc ti€p cac goi
Ethernet clia nguoi dung tir cdc ngudn
khac nhau vao két ndi chung OLT-RN

e EPON thudc loai TDM PON

&

time slot

[ eocer]_povocs Trcs

Figure 8-7. Upstream traffic in EPON.

o
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WPON (WDM PON)

Puwoc phat trién b&i cac cong ty, chwa chuan hoa
M&i ONT st dung mét budc song dé truyén di liéu

Remote note 1a AWG thiét bi c6 kha nang tach ghep cac bwoc
song, thwc hién MUX/DEMUX theo buédc sdng chiéu xudng va
lén.

Thudc loai Wavelength routing PON

ONT 21




