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1. Tong quéat vé tang lién két dir liéu
2. Kiém soéat I0i

3. Diéu khién truy nhap dwong truyén
4. Chuyeén tiép di liéu

5. Mang cuc bo (LAN)

6. Mang dién rong (WAN)
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1. Tong quan




Tang lién két di¥ liéu trén md hinh TCP/IP

Application Logic Link Control sublayer
(Media sublayer dependent)
Transport « Kiém soat ludng
Network « Don kénh, phan kénh
Media Access Control sublayer
Data-link (Media sublayer independent)
- * DPong goi di¥ liéu
Physical - Dinh dia chi vat Iy

« Phat hién va slra |16i ‘
« Diéu khién truy nhap dwéng truyén
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Trién khai trén hé thong mang

« Diéu khién truyén d liéu

ga plication
trén lién ket vat ly gitra 2 nut
mang ké tiép

v

+ Trién khai trén moi nit mang ¢ W0

« Cac thire trien khai va cung
cap dich vu_phu thudc vao
dwong truyén(WiFi, Wimax,
3G, cap quang, cap dong...)

* Truyén théng tin cay (co ché
giong TCP nhwng don gian
hon) hoac khdng
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Trién khai trén cac nut mang

» Tang lién két di liéu
dwoc dat trén cac
mang (NIC-Network
Interface Card) hoac
trén chip tich hop

» CUng v&i tang vat ly

» NIC dwgrc két noi voi
hé thong bus
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Cac chwc nang chinh

« PDong goi:
* Don vi d¥ lieu: khung tin (frame) ‘
« Bén gui: thém phan dau cho gai tin nhan dwoc tir tang
mang o i ‘
e Bén nhan: bé phan dau, chuyén Ién tang mang

 Dia chi hda: str dung dia chi MAC
« Diéu khién truy nhap dwdng truyén:

* néu,mang da truy nhap (cac may chia sé moi trwdng
trHyen tin chung), can co giao thirc diéu khién da truy
nhap

. {(jém soat ludng: ddm bao bén nhan khdng bi qua
ai

- Kiém soat 16i: phat hién va stra 16i bit trong cac
Khung tin
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CAau trdc frame: vi du HDLC

VIEN CONG NGHE THONG TIN VA TRUYEN THONG

Flag | Address Control Information FCS Flag
wi— 5 ——t—f———5 or 16— variable o} 16 or 32——a— 5 —~
hits extendable
(a) Frame format
1 2 3 4 5 6 7 8 9 101112131415 16 B
Lo] o] | - 1]
(b} Extended Address Field
1 2 3 4 5 6 7 8
I: Information 0 N(S) P/F NiR)
Ni5) = Send sequence number
MR} = Receive sequence number
5: Supervisory 1 0 5 P/F NIR) 4 = Supervisory function bits
M = Unnumbered function bits
F = Pollffinal bit
U: Unnumbered 1 1 il | P/F g |

(¢} 8-bit control field format

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
Information | 0 NiS) PMF NiR)
Supervisory | 1] 0 5 oj o o] 0yPF N(R})

{d} 16-hit control field format



Pinh danh: dia chi MAC

* Dia chi MAC: 48 bit,
» M6i giao dién mang dwoc gan mot MAC
+ Khong thé thay ddi > dia chi vat Iy
« Khéng phan cap
 Dia chi quang ba trong mang LAN:
FF-FF-FF-FF-FF-FF

i
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2. Kiém soat 10i



Van dé cula kiém soat 10i

- Kénh truyén co nhiéu-> di¥ liéu bi sai léch khi
dén dich

. Lam thé nao bén nhan biét dwoc la di liéu cb
1617

. Giai phap xtr ly khi phat hién di liéu cé 16i 14
gi?

i
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Nguyén ly phat hién 10i
[ Data J—

¥ Ph‘iit
@ hién 15i bit B40 |5
\, | I
| Data | EDC | | Data’ | EDC |

Kénh truyén cé 16i bit

EDC: Error Detection Code
* Ma parity

* Ma checksum

¢ M3 vong CRC (duwoc st dung chd yéu trong céc giao thirc trén tang lién két dir liéu)

fedc(D u’/) = fedc (Dnhan) l7/ng’i I= Dnhén
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Ma chan |é (parity)
« Malé: | 0111000110101011‘ 0 I

* Ma gém 1 bit, dwoc tinh sao cho
 Sé bit 1 trong phan di liéu va phan

ma 14 sb 1&
* Ma don:
* Phat hién 16i bit don 10101 101010
* Khong phat hign néu nhidu hon 1 bit 11110 1914107
6 011100 =~ 011100
* M4 hai chidu: 110100 110100

* Phat hién va slra 16i bit don

Phat hién 16i trén nhiéu bit?

[ = smem  \/IEN CONG NGHE THONG TIN VA TRUYEN THONG
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Gia st dir liéu guri:
01010101 - Ma: 1
TH1: D& liéu nhan dworc:
01110101 M& nhan dugc: 1 > s0 bit 1 tong: 6> sO
chan-> ma khoéng phu hop dir lieu
THZ2: D& lieu nhan dwoc
01110100 Ma nhan duwoc 1
Tinh lai tdng sb6 bit 1 > 5> ma phu hop di liéu
- khéng c¢6 10i.
D@ lieéu co do dai m bit-> co thé cO 2"m dir liéu
khac nhau > mong muodn co so lwong ma khac
biét >=2"m - kich thuwdc ma >=m bit.
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Ma Checksum

o GUi:

« Chia di¥ liéu thanh cac phan co kich thuwdc n bit

- Tinh tong cac phan. Néu két qua tran qua n bit, cong cac bit tran
vao phan két qua

 P3o bit két qua cudi cung dwoc checksum

« Truyén checksum kém theo di liéu

 Nhan:

\n

 Tach dir liéu va checksum

« Chia di¥ liéu thanh cac phan co kich thuwédce 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 > di liéu bij I5i
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Ma checksum: Vi du

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

Bitﬁwn
tran 1

0010
Pao bit > ma checksum: 1101
Chudéi bit truyén: 0011 0110 1000 1101
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Ma checksum: X ly nhan

Nhan chuéi bit: 0011 0110 1000 1101
Kiém tra:

0011

0110

1000

1101

110
Bit 1

tran

1111 > Khéng cé6 16i bit
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Ma vong CRC (Cyclic Redundancy Check)

* Phia gui
«  Mubn sinh ma co do dai k
« Chon chudi sinh G Ia mét chubi bit cé dd dai k+1.
« Thém k bit O vao frame di liéu D dwoc Dk
« Chia Dk cho G, lay phan dw R (c6 kich thwéc k bit)
=» chubi ma
«  Ghép phan dw vao chubi di¥ liéu dwoc D + R

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

«  Néu chia co dv, can ct vao s dw (syndrom) dé
phat hién va slra 16i (néu dwoc)

! ‘_n|CT VIEN CONG NGHE THONG TIN VA TRUYEN THONG
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CRC: CachtimR

<D, R> ¢6 thé viét dwdi dang
« D.2kxORR

<D, R> chia hét cho G
e D.2XxORR =n.G
e D2k=n.GxorRR

Cé6 nghia 1a R 1a s6 dw khi chia D.2%cho G (phép chia modulo 2)

R=D.2kmod G

~ ~  \ J
R

D
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Ma CRC — Vi du

Frame : D=1101011011

Generator : G(x) =x*+x+1-> G=10011
Dividend : Dk =11010110110000
R=Dkmod G=1110

Send :11010110111110

i
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Ma CRC — Vi du

11010110110000 | 10011

10011J
010011
10011
0000010110
10011
0010100

10011

001110 >

sd du: ma CRC
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Ma CRC - Kiém tra 11010110111110

11010110111110 | 10011
10011 |

010011

10011
0000010111
10011

0010011

10011

000000 > Khéng c6 158i

i
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Ma CRC - Kiém tra 11010010111110

11010010111110 | 10011
10011 |
010010
10011
000011011
10011
010001
10011 |
00010110
10011
00101 > cbé du > cé 16i
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CRC biéu dién dwéi dang da thic

1011 : x3+x +1

Vi du mét s6 ma CRC dwoc st dung trong thuc té:
« CRC-8=x8+x2+x+1 > G=100000111
« CRC-12 = x124+xM+x3+x2+x
« CRC-16-CCITT = x10 + x12 + x5 + 1
e CRC-32=x32+4 x26 + x23 4+ x22 4+ 16 4+ x12 4+ 11 4+ »10 4+ 8 + x7
+ X0+ XA+ x2+ x+ 1
G cang dai, ma CRC phat hién 16i cang hiéu qua

CRC dwoc sir dung rdong rai trong thuc té
- Wi-fi, ATM, Ethernet...
. Phép toan XOR dwoc cai dat bdi phan cng
- Phat hién chudi bit bi 16i cé dd dai nhd hon k+1 bit
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Lam gi sau khi phat hién 10i

« C4c loai 16i
+ Mat khung di¥ liéu
 Khung di¥ liéu bi 16i
 Théng bao 16i bi mat
« Lam thé nao dé bao cho bén gwi?
* Bao nhan: ACK (acknowledgements):
 Bao 16i: NAK (negat/ve acknow/edgements) bao

cho nguwdi givi vé mot goi tin bi [0
* Phan (rng cua bén gui?
e Truyén lai néu la NAK
« Néu khéng nhan dwoc cd ACK/NAK? Timeout

: Ql‘-- VIEN CONG NGHE THONG TIN VA TRUYEN THONG
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Cac ky thuat bao nhan, phat lai

 ARQ: automatic repeat request.

* C6 3 phién ban chuan hda
* Dirng va ch¢ (Stop and Wait) ARQ
 B&n nhan bat budc phai glri ACK bao nhan cho
mOi gm di¥ liéu nhan duworc tot
* Bén guwi chi phat tlep d lieu khi nhan duworc
ACK cua gbi da phat
« Hod&c néu gap timeout ma chwa nhan dwoc
ACK thi phat lai goéi vira phat.
* Quay lai N (Go Back N) ARQ
« Sé& xem & tang 4
 Loai b6 chon loc (Selective Reject) ARQ

« S& xem & tang 4

‘ A — VIEN CcONG NGHE THONG TIN VA TRUYEN THONG
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Stop-and-wait ARQ

Trirong hop thong thuong

Sender Receiver

send pkt0 Pkto

ACK OK

rcv ACK
send pktl pkt1

--—-_-___—_'"““--—-___*, pktl is

‘/P\\( corru pted
rcv NAK
resend pktl ""‘JEKEL--.._____._..__.,

Time -
\ 4

Fl 4 ‘
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Stop-and-wait ARQ

Trwdng hop 16i ACK/NAK

Sender Receiver

=

« Can truyén lai
« Xt Iy viéc 13p goi

: send pktO Pkto
tin ntn? \
pktO is

 Thém Seq.# ACK OK
rcv ACK
send pktl pkt1

\ pktl is

rcv sth corrupted! pkt1
resend pktl \ rcv pktl

duplicate,

Time v discard it

) |e=gmpm=== VIEN CONG NGHE THONG TIN VA TRUYEN THONG
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StOQ'and'Wa|t ARQ gjgi phdp khéng dung NAK

ender Receiver

B 5

Pkt0

send pktO \ . A,CK cO kem theo
ACKO pktois SO hiéu goi tin
rcv ACKO bkt 1 : .

send pktt —=— . ACK véi sb hiéu
rcvdACkKé Pkt2 hlén da nhén t’é\)t
send pkt \ 2 is cort tat ca gc’)i tin s6
rcv ACK1 pkt2

resend pkt2 \

Time -
v

‘_n|CT VIEN CONG NGHE THONG TIN VA TRUYEN THONG
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Stop-and-wait ARQ: Khi ACK bi mat

- D liéu va ACK c6 thé bi mat
 Néu khéng nhan dwoc ACK?
« Truyén lai nhw thé nao?
« Co ché
« Céc goi dwoc danh sb va bén glvi tw ddng truyén lai cho dén khi
nhan dwoc ACK cua goi.
 Cho hét Timeout méi truyén lai
« Timeout nén dai bao lau?
e {tnhat1a 1 RTT (Round Trip Time)
« M&i géi tin gti di can 1 timer
« Néu gai tin van dén dich, chi ACK bj mat?
» Phia nhan loc goi tin dw can c sb hiéu gai tin tring 1ap

) smem  \/IEN CONG NGHE THONG TIN VA TRUYEN THONG
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Minh hoa ARQ v&i timeout

sender receiver
okt
send pki0 \0’ eV pki0
ACK send ACKO
rcv ACKO
send pkil |<T1
ICv Pk
ACK send ACK
rcvACK]
send pki0 kt 0
rcv pkio
ACK send ACKO

(0) operation with no loss

T VIEN CONG NGHE THONG TIN VA TRUYEN THONG

sender receiver
oy
send pkiO ) rcv pkto
ACK send ACKO
rcv ACKO
send pkt1 \%
(loss)
timeout |
resend okt R
rcv pktl
ACK send ACKI
[CvACK] o
send pki0

rcv pkio
}8‘/ send ACKO

(b) lost packet

31



Minh hoa ARQ vé&i timeout (tiép)

sender receiver
okt
send pkio 0 Cv pKIO
ACK send ACKO

rcv ACKO

send pktl ka]
\ rcv pkil
ACK send ACK1

(loss) x4

fimeout = okt
oo pkﬂ \FCV pkﬂ ‘

ACK (detect duplicate)

send ACK
rcvACK
send pkiO Kt
rcv pktO
ACK send ACKO
(c) lost ACK

sender receiver

kt
send pki0 \% rcv pki0
send ACKO

ACK

rcv ACKO
send pktl
rcv pkt]
send ACK
timeout
resend pkil =
rcv pkitl
rcvACK 1 (detfect duplicate)
send pki0 send ACK
rcv pki0
send ACKO

ACK g

(d) premature timeout

CT VIEN CONG NGHE THONG TIN VA TRUYEN THONG
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Kiém soat ludbng di¥ liéu

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

* Luu trl cac khung dir liéu trong b6 nho dém D lieu .

toi
* Thuwc hién mét sb thao tac trwdc khi chuyén div Viing g liéu
liéu 1én tang trén ung dem dugc
« B0 nh& dém cdé thé bi day, dan t&i mat khung Xt ly
dir liéu
 Khéng dat van dé 16i truyén tin
« Cac khung di¥ liéu luén luén dwoc truyén chinh
xac
D0 tré truyén tin khédng dang ké
« Giai phap
« Co ché dirng va chd
« Co ché ctra sb trwot (s& xem & tAng 4)
=nICT VIEN CONG NGHE THONG TIN VA TRUYEN THONG o



Co ché dirng va chd

« Nguyén tac
 Ngudn gri mét khung div liéu
» Dich nhan khung di liéu, xtr li, sau do6 thong bao

san sang nhan cac khung dir I|eu tiép theo bang
mot thdng bao bao nhan (acknowledgement)

. Nguon phai cho dén khi nhan dwgc bao nhan moi
truyén tiép khung di liéu tiép theo

._nlc-r VIEN CONG NGHE THONG TIN VA TRUYEN THONG
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Co ché dirng va chd

transmitter receiver
Packet
— \ Packet
frame
Ack .
e—
frame

i
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Co ché dirng va chd

« Uu diém
« Don gian, dac biét thich hgp v&i cac khung dir liéu I&n

« Nhuwoc diém
. V@i cac khung di liéu nhd, thdi gian sir dung dwdng truyén
bi lang phi

« Khéng thé str dung cac khung di¥ liéu I&én mot cach phd bién
* B6 nhé dém cd han
 Khung di¥ liéu dai kha nang 16i Ion
« Trong méi trwong truyén tin chia se, khéng cho phép tram nao

chiém dung lau dwdng truyén

VIEN CONG NGHE THONG TIN VA TRUYEN THONG
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Bai tap

« Cho mét lién két cé toc dd
R=100Mbps

- Can truyén 1 di liéu co kich
thwoc tong tai tang lién két div
lieu la L=100KB

 Gia s kich thuwdc mét khung
d¥ liéu la: 1KB

« RTT gitra 2 nat cda lién két 1a
3ms

- Hdi thoi gian truyén khi ap
dung phwong phap kiém soat
lubng Stop-and-wait.

) SOYCT VN CONG NGHE THONG TIN VA TRUYEN THONG
—w il |

Emetteur

Paquets
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RTT {
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Reécepteur
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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 S6 lieu da cho
« S6 frame =100 KB/1KB =100

* T transmit (F) = 1KB/100 Mbps =1073*8/108
=8. 107-5 (s)=0.08 (ms)

!’ OHCT V/EN CONG NGHE THONG TIN VA TRUYEN THONG
] e 1

\n

40



e DAIHOCBACHKHOAHANOI
I VIEN CONG NGHE THONG TIN VA TRUYEN THONG

4. Dieu khlen 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 co6 dang bus, mang LAN hinh sao dung hub
 Mang khéng day
- Can giao thirc diéu khién truy nhap dé tranh xung dét

<&575
~ JQ’” @»@’5
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"- VIEN CONG NGHE THONG TIN VA TRUYEN THONG
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Phan loai cac giao thwrc da truy nhap

* Phan hoach tai nguyén st dung ky thuat chia kénh:
 Chia tai nguyén cua dwo’ng truyén thanh nhiéu phan nhd
(Thoi gian - TDMA, Tan s6 - FDMA, Ma - CDMA)

« Chia ttrng phan nhé dé cho cac nit mang

» Truy nh&p ngau nhién:
* Kénh khong dwoc chia, cho phép truy nhap bat ky thoi
diém nao, chap nhan Ia cé xung dét
« Can c6 co ché dé phat hién va tranh xung dot

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

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

! ‘_n|CT VIEN CONG NGHE THONG TIN VA TRUYEN THONG
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Cac phwong phap chia kénh

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

y :

g | g g omems  IEN CONG NGHE THONG TIN VA TRUYEN THONG
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TDMA va FDMA  Vidu

4 may e

FDMA
A
frequency
>
TDMA: time
A
frequency I I I I I
>
time

T VIEN CONG NGHE THONG TIN VA TRUYEN THONG
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CDMA senders

d af:a

5"
n

datal_@-1 | =1

bits | f
D:IdE.;TI ilils] k] ] TITI

bits L d1=1 | q n Lz,
qnainEaanlo C e
mljeé TEEE G 222 ”H

IT| |

,;j Ezlmcm

z 2|z =l |z _i m=l

e L E ; —
|2 2 _..O._... o =1
I i |:|:|| =

L slotl  slotO |

. received | received | 5

i input | input | '

T receiver 1
r:-:rde;"H" X 11 1 0 1
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CDMA: dam bao toan hoc

\n

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

M®éi tram #m dwoc gan mot méa code déi mét true giao:

C = (cml’ m2 cee Cmn) Cmi — _]’]
C xC,= Z(c iXcu) =0 voim #k
=n voi m = k (dwong nhién)

Khi truyén day bit d_, (-1 hodc 1), tram #m st dung mé cua minh dé diéu ché
moi bit 4, thanh n chlps va truyen dong thoi trén n tan sb:

d - ( ml» m2" ) > dm] cm] dm2 cm] """""" »> ‘f]. dmi = _111
dm]'cmZ dm2-cm2 """""""" > fg
dm]'cmn dmZ'Cmn ----------- > Jn
L_chipsd,, J L chipsd,,

Tram nhan (thwong la BTS) nhan dwoec tin hiéu cua nhiéu tram phat déng thdi trén n
tan sb. Vi du trén tan sb k, tai thoi diém chip#1:
Ry=dcpy tdycytdsey +.

Do tinh chat déi mét trwe giao, gia tri R, x C,, tbng hop trén toan bd n tan sb (k=1,2..n)
cho phép xac dinh bit d,; do tran #m da phat:
Z(RexC,) =2 (d)cppCop +dypCop Cop T d3pCoCore T 0)
=d2 (Crp-Co) T Ao 2 (Cop Cou) T 32 (3 Cop) T =dyy X1

=0m+1) =0m+2)
=n(m=1) =nm=2)
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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+11) /
e C3=(1+1-1+1+1+1-1-1) <
« C4=(1+1-1-1-1-1+1-1) \

« D@ liéu truyén:
e CL{11, .0 > {(-1-1-1+1 41141 +1), (-1-1-1 41 +1-1+1 +1), ..
e C2{11, . 3 {(H1+11 411121 41), (-1 -1 +1 -1 41 +1 +1-1), ..}
e C3 {11, 33 {(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 (khong gidi ma) = {(-1 +1 -3 +3 +1 -1 -1 +1), (-1 -3 +1 -1 +1 -1 +3 +1), ...}
« R(gidi ma)x C, ={(+1-1+3 +3 +1 +1-1+1), (+1 +3-1-1+1 +1 +3 +1), ...}
8 8

R (gidi ma) x C, = {(+1-1-3-3 +1 -1 -1 -1), (+1 +3 +1 +1 +1 -1 +3-1), ...}
3 8

R (gidi ma) x Cy = {(+1 +1 +3 +3 +1 -1 +1-1), (+1-3-1-1-1 +1-3-1), ...}
3 3

R (gidi ma) x C, = {(+1 +1+3-3 -1 +1-1-1), (+1-3 -1 +1 -1 +1 +3-1), ...}
0 0

=y ICT VIEN CONG NGHE THONG TIN VA TRUYEN THONG
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Piéu khién truy nhap ngau nhién
* Aloha (Pure Aloha)

 Frame-time: thoi gian dé truyén hét mot frame c6 kich
thwdre Ién nhat (= MTU/R)
« Khi m@t nut mang can truyén dir liéu:
 Frame dau tién: truyén ngay. Néu c6 dung dd thi truyén lai voi
xac suat p
« Céc frame sau: truyén v&i xac suat la p
« Trong 1 frame-time chi dwoc truyén 1 frame

User

« X4c suat truyén A [ [ |
thanh cong la ~18.4% - -
G =
0 == R e—
e L] | I [ ] |
Cullisicn\iﬂ-},—-: Timg —= L—F'Ih_ljjl:!"ﬁl{lﬂ

¢
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Slotted Aloha

» Hoat déng nhw Aloha v&i cac yéu cau:
* Frame-time la
nhw nhau v&i moi nut
. T‘ét ca CéC‘ nut phél A A e
dongboveéthoigian g i i i i i i i i i [T
« Céc tram dong bd c| i ] P
time slot & Frame chi N
duwoc truyén vao Poor o i

]
O

dau slot S - o
3> gidm nguy co 2 I T T I N [ Ry B
xung dot e | & i i i i : ;@ :
« X&c suét truyén T B |:
thanh céng: 36.8% A

..

Slotted ALOHA protocol (shaded slots indicate collision)

i

nl"- VIEN CONG NGHE THONG TIN VA TRUYEN THONG
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CSMA

» Pa truy nhap str dung séng mang
« CSMA:

« Carrier Sense Multiple Access

- Cam nhan song mang dé quyét dinh
dwdng truyén co ban hay khéng?

* Nghe trudc khi ndéi (Listen before talk)

« Pung dd xay ra do tré trén dwong 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"- VIEN CONG NGHE THONG TIN VA TRUYEN THONG
0] | Wy 51

\n



Nhac lai khai niém AL

lUH“J H llJ l’l’.\J{q'[l}.‘n\kjﬂl”lﬂﬂjqJH’J‘\H‘ :
’ . VUV VYV UUVVYY YUY
song mang (Carrier) SRR
7N\ N
« Tham khao: DATA AND COMPUTER _,/ \_\V/
COMMUNICATIONS — Chuwong 5 | e—

- S6ng mang co tan so Ion (nang lwong 16n) dé
truyén duwoc xa (ca mdi tredng cé day & khong day)

« S6ng mang la giao ddng tuan hoan (khéng mang
théng tin)

NN N NN f
N () in
(a) ASK ‘ “ “ll
|

.
" i
(LY, 'JI ‘”I v\

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

‘ ‘ ‘ "lf\‘l ¥ ‘A A
oyurs | | Ilf lH ||| | \ | I | |\‘|| \ | e Tin hiéu/d{ liéu (mang thong tin) can dwoc truyén di
‘ \ .

xa. Thuong cé tan s6 rat thap (nang lwong yéu) =

dung séng mang “cdng” tin hiéu/dir liéu dau vao
|| ‘ “ ‘ ‘ ] \H H ‘ [l ”‘ ’ |.~| ) : Pflwu'o'ng phap AM, FM.(tl’n hiéquéu\Avéo‘ana!og)
H,‘l m\ \ \ l.| Cac phuong phap Coding (dit liéu dau vao digital)

|
{¢) BPSK | H | ‘ ‘

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

spatial layout of nodes

- Gia st kénh truyén co ;,L/
.

4 nut ~

* Tin hiéu dién tw lan A

truyén tor nut nay dén t
nat kia mat mot thoi
glan‘nhat dinh (tré lan
truyén)

* Vidu:

«— time

o = " & . _~ a 1
._n|CT VIEN CONG NGHE THONG TIN VA TRUYEN THONG

g

<

B

g

C

ol

l
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Thuat toan CSMA

: Truyén Frame
: C6 dung do ?

: Tiép tuc truyén

: Y&u cau truyén di liéu
- Pwong truyén ban ? Yes
: T6 chirc data thanh Frame ’
N 0
3
4

© N o o A~ wWwN =

Hét div liéu can truyén ?

£ , Yes
Két thac 9
9: Truy&n tin hiéu JAM No l
10: Inc(attemps) No

6
11: attemps > Max Attemps {g
12: Error !! i <1>-"°
13: Tinh toan khoang th&i gian backoff =t
4. Delay(t) @

13

14

l""' VIEN CONG NGHE THONG TIN VA TRUYEN THONG
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CSMA/CA (Collision Avoidance)

» Dung trong mang WIF| 802.11

« Nghe dudng truyén trwde khi truyén
* Ban 2 cho
* RSi > truyén.

- Néu 2 hay nhiéu tram cung phat hién dwong
truyén béan va cung cho thi cé kha nang ching
sé cung truyén lai mot luc.

* > Xung dot,
 Giai phap CSMA/CA.

 M6i tram ch& mot khoang th¢i gian duorc tinh ngau
nhién > gidm xac xuat dung do.

! ﬁl ""‘ VIEN CONG NGHE THONG TIN VA TRUYEN THONG



CSMA/CD (Collision detection)

« Dung trong mang Ethernet

« CSMA co phat hién xung doét: Listen while talk.
« Néu dworng truyén réi, truyén

« Néu ban, chd roi truyén véi xac suat p

- Nghe dwéng truyén trong khi truyén, néu c6 xung dot
chi phat 1 tin hiéu bao xung dét ngan va dwng ngay

« Khong tiép tuc truyén nhu CSMA
« Thir truyén lai sau mét khodng thdi gian ngdu nhién.

U |e=pmpe=== VIEN CONG NGHE THONG TIN VA TRUYEN THONG
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CSMA/CD: Tom tat

« May tram nghe trwdc khi mudn truyén
« Ban: Cho, tiép tuc nghe
- Ré&i: Bat dau truyén, vira truyén vira “nghe ngoéng” xem
cO xung doét hay khong
* Nghe trong thoi gian bao lau?
« Néu phat hién thay xung dot: Phat thém dir liéu mot tho

gian ngan roi Hay bd qua trinh truyén va quay lai trang
thai cho, nghe

« M6t sb bién thé ciia CSMA
« CSMA kién nhan (persistance)
« CSMA khéng kién nhan
« CSMA v&i xac suat p nao do

! ﬁl"- 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 kénh con cho mét nut chi
can lwu lwong nhod
» Truy nh&p ngau nhién
» Khi tai nho: Hiéu qua vi moi nut cod thé st dung toan bd
kénh truyén
« Tai l&n: Xung dét tang 1én

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

! ﬁl"- VIEN CONG NGHE THONG TIN VA TRUYEN THONG



Token passing

Bit trang thai: r6i hay ban
Nut mang nhén‘dwcyc thé bai roi, khdng mang dir liéu :
duwoc phép truyén dir lieu
- Thiét lap trang thai thé bai vé trang thai ban
« T6 chire di¥ liéu dé truyén, thé bai tré thanh tiéu dé cta frame
« Sau khi truyén xong di liéu: thiét 1ap trang thai thé bai la roi
Nut dich: sao chép di¥ liéu trén frame va tra lai frame
cho nut nguon
Token Ring: vong luan chuyén thé bai la vong vat ly
Token Bus: vong luan chuyén thé bai la vong logic
Han ché

nl smem  VIEN CONG NGHE THONG TIN VA TRUYEN THONG
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Token Ring — Mang vong dung thé bai

o MO6t “thé bai” luan
chuyén lan lwot qua
trng nut mang

o NuUt nao gilr thé bai
sé dwoc guwi dir liéu

o Gwi xong phai
chuyén thé bai di 7)) i)

. M6t s6 van dé

Ton thoi gian chuyén
thé
Tré

Méat thé bai.... @

P . = - s ~ - o
R | S amom  \/IEN CONG NGHE THONG TIN VA TRUYEN THONG
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Token bus

e —
Ll I L s

A

y 4 : .
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Tong két cac phwong phap
kiém sodat da truy nhap
* Chia kénh
» Truy nhap ngau nhién
« Quay vong
» Phan tich wu, nhuoc diém

[ = smem  \/IEN CONG NGHE THONG TIN VA TRUYfN THONG
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TEARS 4
| %)
12

= DAIHOC BACH KHOAﬁHA NOI X )
I VIEN CONG NGHE THONG TIN VA TRUYEN THONG

5. Co’ ché chuyeén tiep div
2

liéu diem —diém tang




Chuyén tiép dir liéu tang 2

* Trong topo diém-nhiéu diém, di liéu A W
dwoc truyén theo kiéu quang ba
* Trong topo diém-diém, cac nut duwoc

két ndi nh® nat trung gian: chuyén

mach (switch)
® Switch:

® Thiét bj gédm nhiéu cbéng

® Nhan gai tin di¥ liéu, phan tich, chuyén
tiép ra mot cbng ra.

® Chuyén tiép dir lieu dwoc switch xi ly
can ci dia chi MAC dich cua gai tin,
dia chi MAC cua tram dich

nl"- VIEN 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
« Cbng két ndi voi host
« TTL (time to live): thoi
gian gitr lai thong tin
trong bang

« Co ché tw hoc
 Chuyén mach

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

.__nlc-r VIEN CONG NGHE THONG TIN VA TRUYEN THONG

lI

A [ |
- s1 s2_ g C
SN -
B g .
MAC Addr. |Interface |TTL
A S1
B S1
C S2
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Switch: Co ché tw hoc

Cap nhéat dia chi MAC
nguodn va cong nhan goi
tin vao bang MAC Table
néeu:

- Dia chi nguén chua co
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

nl"- VIEN CONG NGHE THONG TIN VA TRUYEN THONG
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Switch: Co’ ché chuyén tiép

Khi nhan dwoc 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 == ¢cOng vao
huay bo frame

chuyén tiép frame dén cong ra

quéng ba frame dén tat ca cac cong

l

._nlc-r VIEN CONG NGHE THONG TIN VA TRUYEN THONG
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Vi du

. Khéng cé cong ra:
Quang ba

P3 biét d/c A:

Chuyén truc tiép

MAC addr intlerface TTL
A 1 60
A’ 4 60

Source: A

Bing chuyen tiép
(Ban dau rong)

. :ﬁ“
,‘L 3
:a —ni'- VIEN CONG NGHE THONG TIN VA TRUYEN THONG
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NoOi chong cac switch véi nhau

« C4ac switch co thé dwoc ndi v&i nhau

« Cling dung co ché tu hoc:
« A> |,S1hocA, quangba: B, C, S4
o S4:hoc Atlr S1, quang ba: S2, S3
o« S3:hoc Atlr S4, quang ba: G, H, |

nl"- VIEN CONG NGHE THONG TIN VA TRUYEN THONG
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== DAIHOCBACHKHOAHANOI
g = S0 VIEN CONG NGHE THONG TIN VA TRUYEN THONG

6. Mang cuc bo (LAN)




C4c thiét bj két ndi trong mang LAN

* Repeater (b Iap), Hub (bd chia)
« Pam nhiém chirc nang tang 1 o
« Tang cwdng tin hiéu > mad réng pham vi két ndi
(broadcast zone)

- <=4 repeater / 1 doan mang (dwong truyén két noi 2 nut
mang)

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

» Router (Bd dinh tuyén)

!’ OHCT V/EN CONG NGHE THONG TIN VA TRUYEN THONG
] | Wy
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Router vs Switch

« Xt ly gai tin: lwu va
chuyén tiép (store-and-

pplication
ransport

f o

datagram | hetwork

forward)

|  frame

link

» Router: thiét bj tang mang
« Switch: thiét bi tang lién két
dir lieu

» Chuyén tiép gai tin:

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

« Switch: s&r dung co ché tw
hoc tinh toan bang MAC
Table, chuyén tiép theo dia
chi MAC dich

i

nl"- VIEN CONG NGHE THONG TIN VA TRUYEN THONG
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frame

hysical

switch

fink |
physical

pplication

transport

network

link
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Router két n6i LAN

Vidu: Gui dit liéu tir A tdi B qua router R
A soan mot gdi tin IP v&i dia chi nguén la A,
dia chidichla B

MAC src: 74-29-9C-E8-FF-55 L. . ~ -“ A ~ o
MAC dest: E6-E9-00-17-BB-4B + GOi tin chuyén xudng tang lién két di¥ liéu:
IPsrc: 111.111.111.111 7 7. \ . \A sio 4o 2

P dest: 922,999 592 292 dong goi :chanh khung t:n tang 2 vai dia chi

MAC nguon la A, dia chi MAC dich la R

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

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

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

111.111.111.112 111.111.111.110 222.922.222 221
CC-49-DE-D0-AB-7D E6-E9-00-17-BB-4B 88-B2-2F-54-1A-0F
y . :
ﬁ — o E A E A A £l A
=0|L l VIEN CONG NGHE THONG TIN VA TRUYEN THONG
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Chuyén tiép dir liéu t&i LAN khac

O
L X4

0
%*

MAC src: 74-29-9C-E8-FF-55
MAC dest: E6-B8Q0c174BB+4B.111.111

IP src: 111.11P. glest1222.222.222.222
IP dest: 222(222.222.222

111.111.111.111

Khung tin dwg'c chuyén
t A t&i R

Tai R: khung tin dwgc
béc bd header, chuyén
lén cho tang mang dwoi
dang mot goi tin IP

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

f

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

111.111.111.112 111.111.111.110

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

&

222.222.222.222

222.;22.222.221

88-B2-2F-54-1A-0F

49-BD-D2-C7-56-

2A

-
w

U | o= o pomem viEN CONG NGHE THONG TIN VA TRUYEN THONG
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Chuyén tiép géi tin trong LAN dich

+ R chuyén tiép gi tin vOi dia
chi IP ngudn la A, IP dich 1a B

+ @GOai tin chuyén xudng tang
lien ket dir liéu: dong go| MAC src: 1A-23-F9-CD-06-9B

thanh khung tin tang 2 v&i dia MAC dest: 49-BD-D2-C7-56-2A

IP src: 111.111.111.111
chi MAC nguOn la R, dia chi IP dest: 222.222.222 222

/ ) IP
MAC dich la B 5 =
Eth Phy

Phy 7

3"

222.222.222.222
49-BD-D2-C7-56-2A
222.222.222.220
1A-23-F9-CD-06-9B

111.111.111.112 111.111.111.110 222.;22.222.221

"%f
CC-49-DE-D0-AB-7D E6-E9-00-17-BB-4B 88-B2-2F-54-1A-0F

e

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

T

L ﬂ A : E o £ & A E 2
g | g g omems  IEN CONG NGHE THONG TIN VA TRUYEN THONG
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Hinh trang LAN: bus (mang truc)

- Tat ca cac nit mang st dung
chung dwong truyén — truc

(backbone) = =~

» MGi nit mang két ndi vao truc . i ol
bang dau noi chir T (T-connector) = | . “ =

« Terminator hai dau [ @ <

* Phuwong thire truyén: diém — da
diém (point-to-multipoint)

« D liéu truyén theo 2 huéng

« Nut nhan: kiém tra dia chi dich
cua di liéu

« Uu diém
« Nhuwoc diém

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

M6t nit mang déng vai tro thiét
bi trung tdm

« Hub e e o5e
- Switch N /
. Thiét bi
e CAc Nl 26 kdt nd | D .
C,ac nut mang khac két ndi trwc N trung tam N
tiep v&i thiét bi trung tam P, ; ||
« Phwong thirc truyén & <«
- Diém — diém: switch, router | e
« Diém — da diém: hub
« Qu diém

Nhwoc diém

i

nl"- VIEN CONG NGHE THONG TIN VA TRUYEN THONG
- ILC |

77



Hinh trang LAN: ring (hinh vong)

/N

« Cac nut mang chung dwong
truyén khép kin

 Phuwong thire truyén: dlem dlem
(point-to-point) hodc diém-da diém

« Dy phong: FDDI vong kep,
thwdng sir dung cho khu vire

mang xuwong song diém — da diém

-

« Uu diém
« Nhwoc diém

-

diém — diém

._nl smemm  yIEN CONG NGHE THONG TIN VA TRUYEN THONG



Chuan hoa LAN: IEEE 802.x

r
L

Ay

\n

IE
IE
IE
IE
IE
=

EE 802.1 Network Management
EE 802.2 Logical link control

EE 802.3 Ethernet (CSMA/CD)
EE 802.4 Token bus

EE 802.5 Token Ring

EE 802.6 Metropolitan Area

Networks

|E

EE 802.7 Broadband LAN using

Coaxial Cable

IE

EE 802.8 Fiber Optic TAG

IEEE 802.9 Integrated Services
LAN

|E

EE 802.10 Interoperable LAN

Security

IE

EE 802.11 Wireless LAN

nl"- VIEN CONG NGHE THONG TIN VA TRUYEN THONG
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Layer 4(Transpori)

Layer 3 (Network)

IEEES02.2 L1 T

Logical Lk Control (LLC) Re
IEEE 2[12

IEEEE02.5 | IEEEBDZ4 | IEEES0Z5 | IEEES0Z.11

C3MACD | Token Bus | Token Ring | Wineless LAN i

« |EEE 802.12 demand priority
« |EEE 802.14 Cable modems
« |EEE 802.15 Wireless PAN

» |EEE 802.15.1 (Bluetooth)

« |EEE 802.15.4 (ZigBee)

- |EEE 802.16 WIMAX

* V...
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802.2 LLC Header

Information
DSAP address | S5AP address Control

& bits & bits 8 or 16 bits | multiple of 8 bils

 Vai tro:
- két ndi cac giao thirc tang Network: IPX, DCE, IP, v.v..
- v&i cac loai tang vat ly khac nhau: cé day, khéng day, quang

« Chirc nang:
« phan kénh/don kénh (multiplexing)
« kiém soat luéng (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 k&nh/don
kénh v&i tang trén (cho biét thwc thé ndo trén tang Network dang thuc
hién truyén/nhan gai 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)

nl"- VIEN CONG NGHE THONG TIN VA TRUYEN THONG
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Nhac lai SAP & co ché phan kénh/dén kénh

——  GUi: D6n kénh

Nhan data tir tién trinh tang trén,
doéng gbi PDU v&i SAP bén guri

(S.SAP) va SAP bén nhan (D.SAP) roi
chuyén PDU |én “duwdng truyén”

Tang trén

Tang

IF

Tang trén

——  Nhan: Phén kénh

Nhan PDU tlr “dudng truyén”, doc
thong tin trwong D.SAP dé xac dinh
tién trinh tang trén & guri data lén

A 4
V,

UGi

Tang trén [ L] SAP
O Tién trinh
ﬁr
Tang|dudi |

nl"- VIEN CONG NGHE THONG TIN VA TRUYEN THONG
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Hoat dong: stop & wait, sliding window

Time-
oul

3

""‘“ﬁﬂiyﬂﬁl_*l

DI
h‘hh"‘fi*-‘,h

10,1
113
134

ﬁ:—
\ﬂ

L
-
=

ey

L3

f

L4 0

l

f'n'ﬂ

\

rELA

-
S
-_—

L5

.6, ()

/

-—i—. b}

Time-
i

(d) Reject recovery

(¢) Timeout recovery

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

Sliding window
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Thwe té st dung LLC

» Chtrc nang kiém soat 16i & ludng (voi I-frame &

S-frame) dwoc mét s6 giao thirc tang trén st
dung (NetBIOS).

« U-frame dong 90| PDU kiéu khéng c6 chi s6
(unnumbered) va nhuw vay khong hé tro kiém
soat 16i cling nhw kiém soat luéng.

 Hau hét céac chong giao thtrc bén tren LLC
(TCP/IP) da hé tro kiém soat 16i & lubng & s
dung LLC chi va&i riéng chire nang phéan
kénh/don kénh & ché dé “Unacknowledged
connectionless” v&i U-frame.

‘__n|CT VIEN CONG NGHE THONG TIN VA TRUYEN THONG
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Ethernet: IEEE802.3

« Churc nang: ‘ e
 Kiém soat truy nhap dwdng truyén Layerd (Netwosk)
(Data-link) | ] [EEE302.2
* Ma hda tin hiéu dwdng truyén co day Logical Link Control (LLC)

(Physical)

. IEEER024 | IEEE8025 | IEEES02.11
* Ethernet co 2 topo

TokenBus | TokenRing | Wirless LAN

IEEES02.3
CEMA/CD

* Hinh truc: Cai dat CSMA/CD

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

* H6 tro dwong truyén:

e Cap dong truc

« 10BASE-TX: cap xoan déi toc do MAC protocol
10Mbps ] and frame format
* 100BASE-TX (fast ethernet): cap xoan
d6i toc d6 100Mbps ’ 100BASE-TX || 100BASE-T2 ||| 100BASE-FX
° 8|bga Ethernet FX: Cép quang toc dé 100BASE-T4 | 100BASE-SX | | 100BASE-BX
pS r [y
copper ( t{ismr fiber physical layer

pair) physical layer

f y .
) |o= g omem  viEN CONG NGHE THONG TIN VA TRUYEN THONG
T =0|L | ' '
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Cau truc goi tin Ethernet

/ [

Destination Source
Preamble |[SFD MAC MAC EtherType Payload FCS

Address Address

/|
« 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 ngudn & dich

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

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

'y
N
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« M3 hda tin hiéu dwdng truyén

EaY

| BACH KNDA

Wireless LAN: IEEE802.11

- Kiém soat truy nhap dwong
truyén (Data-link):

- PCF: dwa vao mét thiét bj trung
tam (Access Point — AP) dé diéu
phdi truy nhép dwdng truyén cda

tat ca cac tram

« DCF: diéu phdi truy nhap phan tan

khéng day (Physical):
« Tia hdng ngoai: 902-928MHz
- Dai tAn 2.4GHz
- Dai tan 5GHz

. Céac chuan 802.11 a, b, g, n

« Cai dat CSMA/CA

£

=i~
de

T VIEN CONG NGHE THONG TIN VA TRUYEN THONG

Layer 4 (Transport)

Layer 3 (Network)

[EEE&02.2
Logical Lk Control

(LLC) /—\

IEEE8023 | IEEES024 | IEEES025 | IEEES02.11
CSMA/CD | TokenBus | TokenRing |\Wirless LAN

Conmtention-free service

Contention service

¥

5-GHz
arthogonal

division
multiplexing
Data rates
of 6,9, 12,

Point coordination function
{PCF)
Distributed coordination function
(DCF)
24-GHz 24-GHz Infrared
frequepq.r- direct-
hopping sEQUENCE
spread spread
spectrum spectrum
Data rates of
1 Mbps and 2 Mbps

18, 24, 36,
48, 54 Mbps

IEEE 802.11

IEEE 802.11a |EEE 802.11b



Mo hinh trién khai WLAN

.. ;@ ‘% P

AP

AP

wired network AP: Access Point

Z . 8
= F =8
\ )

ad-hoc network

[4 4 '&
}
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Kién trac hé thdng

- Station (STA): Tram lam viéc, v&i két ndi 802.11 LAN ¥ N
khéng day dén Access Point g '
» Access Point: Diém diéu phoi cac STA,
dong thaoi lién két vai hé thong diéu phai
phan tan (Distributed System) -
ridge
- Basic Service Set (BSS): nhom cac tram Agc?sts
lam viéc chung trén mot dai tan (véi mot on
AP hoac nhiéu AP) Distribution
- Bridge: cAu két ndi v&i hé théng co day System

(Ethernet, Bus, v.v..) £SS Alc;(ie:ts

 Distribution System:

« Lién két nhiéu BSS dé tao nén mot ESS
(Extended Service Set)

« Khéng dwoc chuén héa trong IEEE802.11, hoat

doéng tuy theo nha san xuéat
ong tay STA,

802.11 LAN

\.

y 4 : .
g e smemm  IEN CONG NGHE THONG TIN VA TRUYEN THONG
T ‘_“-‘JIL | ' '
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802.11: Kénh, lién két

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

-  Ngwd&i quan tri lwa chon kénh cho AP (cé thé ty dong)

1 2 3

5 6 7 8 9 10 1 12 13 14 Channel
2432 2437 2442 2447 2452 2457 2462 2467 2472 2.484 Center Frequency

22 MHz

. May tram: Phai tao mét lién két véi 1 AP
. Quét kénh, IAng nghe cac frame khé&i tao (beacon frames)
c6 chira tén cta AP (SSID) va dia chi MAC cua AP

- Chon mot AP dé tao lién két

nl"- VIEN CONG NGHE THONG TIN VA TRUYEN THONG
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Phuwong phap do: chu déng/bi ddng

BBS 1 BBS 2
@& @
AP 1 AP 2

L Lo
L2y

H1

Passive Scanning:

(1) frames khé&i tao dwoc giri tir APs
(2) H1 glri yéu cau lap lién két toi AP2
(3) Xac nhan yéu cu

VIEN CONG NGHE THONG TIN VA TRUYEN THONG

BBS 1 BBS 2
Q% @M

AP 1 QE -k AP 2

by =70

H1

Active Scanning:

(1) H1 quang ba yéu cau tim AP

(2) APs tra I&i thong tin vé minh

(3) H1 glvi yéu cAu 1ap lién két toi AP2
(4) Xac nhan yéu cau

90



IEEE 802.11: Quan ly da truy nhap

802.11: CSMA
802.11: CA — Collision Avoidance

Kho phat hién xung dot trong maéi trwong mang khong
day

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

&2 &2 &2

&g J
C
@2 —
_ ‘\(‘g ] A’:W
strength
o \

y o g . o ; space
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IEEE 802.11 MAC Protocol: CSMA/CA

Bén qi

1 If kénh réi trong khoang thoi gian DIFS then
truyén toan bd frame (khéng c6 CD)

2 if kénh ban then bIFS |
Cho tim thoi gian réi DIFS khac +
M6t khoang ché back-off ngau nhién
Khi hét thoi gian back-off, truyén di liéu

Néu khéng thay ACK, tdng khodng thoi
gian back-off, lap lai 2

gen nhar —
- if nhan tét frame then

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

Bén gui Bén nhan

}FsTFS

smewm  VIEN CONG NGHE THONG TIN VA TRUYEN THONG Tai-s30-can-ACK2
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UI

Cai dat CSMA/CA trén 802.11

« STA mudn truyén dir liéu, nghe kénh truyén xem cé ban khéng?

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

« Néu kénh truyén ban, STA phai doi dé tim dwoc mot DIFS tréng, sau do
doi thém mot khoang ngau nhién s slot time (goi 1a khoang back-off
time) d& chéng dung dd néu cé STA khac cling dang mudn truyén
(collision avoidanc)

« Néu c6 STA khac chiém dung duwong truyén trong khoang back-off time,
tram STA hién tai hiy co ché back-off timer va doi DIFS trdbng khac dé
truyén

¥ \ Ctra sb tranh chap (contention
DIFS DIFS window): doi ngau nhién mot

> < !
soO slot (CAIl)
Kénh truyén ban Frame tiép theo
AN Q
V _y ]
k Truy nhap kénh truyén néu K t

nl smem  VIEN CONG NGHE THONG TIN VA TRUYEN THONG
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Pat cho tranh xung dot (optional)

Giai phap khéng bat budc cai dat trong chuan 802.11

y tlrong: Cho phép bén glri “dat chd” kénh truyén, khong dung truy

A5

nhap ngau nhién: tranh xung dét cho nhirng frame dai

Bén gwri gri cac goi tin RTS (request-to-send) t&i BS sty dung
CSMA

.« RTS c6 thé bi xung dét (xong gai tin rat nho)
BS quang ba gai tin CTS (clear-to-send CTS) dé tra 1o
Cac tram déu nhéan duoc CTS

- Bén gui truyén frame ‘

- Cac tram khac phai hay qua trinh truyén cua minh

Tranh duoc xung dot nho' vao vigc dat chd
bang cac goi tin diéu khién kich thwéc nhé

AV CONG NCHE THONG 1IN VA TRUVER THONG

L l g g
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Collision Avoidance: Trao déi RTS-CTS

@M A (@ ?5 B 5
)=, i

;eservation collision

defer

time ]

S
dUL

T VIEN CONG NGHE THONG TIN VA TRUYEN THONG
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Tong két Wireless LAN

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

« Nhuwoc diém:
 Bao mét
* Pham vi
» D06 tin cay
« Téc do

 Poc thém:
« Roaming: STA thay d6i AP bén trong mot BSS hodac gilra cac BSS
(trong mét ESS)
 Wired Equivalent Privacy (WEP): H6 tro bao méat twong dwong mang
c6 day.

nl"- VIEN 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..)
gilra cac tram trong LAN (broadcast zone)

« Van dé tram “xa nhau”

» Bao méat thdong tin ndi bd ~—
L
e G

"D z > ] Fo T
« Giai phap mang LAN ao . X >< WL -
P z . , 4 EQ ;
« Nhom cac tram vao cac ViRl? Y B o [\
broadcast zone Pl W= T oy | B
(LAN éO) | : -'ESW‘tG:-h E| ’Repealer .
« Broadcast zone ) VLANS
khong bi rang budc :
vé mat dia ly cua cac tram Bridge
* Broadcast zone doc lap voi ; .y |

cac (rng dung mang

nl"- VIEN CONG NGHE THONG TIN VA TRUYEN THONG
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Val tro cua

Switch

VLANZ VLANZ VLAN4 WLANZ VLANT VLAN3 VLANZ VLANG VLANS VLANS VLANG VLAN4

Marketing VLANZ

Shipping VLAN3
Enginearing VLANS
Finance VLANS
Management  VLANG
Sales VLANT
'f y

W

L BACH K10 |

= ""‘ VIEN CONG NGHE THONG TIN VA TRUYfN THONG
SCICT V" -

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

Provides inter-VLAN
communication and
WAN sarvices

Céy hinh mot switch hodc lién két cac switch dé
thiét lap broadcast zone (twong rng VLAN)
M6t switch cé thé chira mét hodc nhiéu VLAN

98
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Cac phwong phap chia VLAN

Engineering Operations
Ports 9-12 Ports 17-24

» Port-based: chia theo cong trén switch — —
VLAN ftinh (Static VLAN) tat ca cac thiét bj
gan v&i cbng do phai cung VLAN

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

[ ] km FYY Y)Y FEY Y Ir?
= THEES %) L

» Protocol-based: chia theo giao thirc. Dinh
nghia filter trén cac switch, dwa trén cac Enaincering | I
trird'ng cua gai tin (hay s dung Type, :

LLC, SNAP) dé xac dinh n6 thudc VLAN
nao.

Ethernet Frame

6 Bytes e es es e 38 to 1492 Bytes

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

Data
(Payload / Padding)

Destination | Source
MAC v | Tvee

64 Bytes Minimum. 1518 Bytes Maximum.

nl"- VIEN CONG NGHE THONG TIN VA TRUYEN THONG
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Chuan hoa: IEEE802.1Q

 Phuong phap thiét 1ap VLAN theo cong switch, dia chi MAC hoac
anh xa t giao thirc 1a dwa trén co ché hoat dong dac thu cua

tirng switch.
- Dé céc switch (cla cac hang san xuat khac nhau) cé thé cung
phdi hop hoat ddong VLAN, IEEE dwa ra chuan 802.1Q

. 802.1Q bd sung mét sb trwdrng div 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 | 2 Bytes 3bits | 1bit | 12 bits | 2 Bytes 42 to 1500 Bytes

Destination | Source TPID 8021p  CFI VLAN B Data

({88 (0x8100) ID Length | (Payload/Padding)
64 Bytes Minimum. 1522 Bytes Maximum.

VIEN CONG NGHE THONG TIN VA TRUYEN THONG
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Két ndi Switch hd troo VLAN

« Access link:
 Thudc vé mdt VLAN don 18, thwdng ndi truc tiép tor 1 cdng dén 1
may tram.

» Switch g& bo cac thong tin VLAN trong frame trwwée khi chuyén
tiép dén cong chira access link.

- Cac thiét bi ndi véi access link khéng thé truyén théng truc tiép véi
thiét bi khac VLAN

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

* Trunklink cho phep 1 ¢bng thudc vé nhiéu VLAN tai cung mot thoi
diém dé két ndi dén server hodc véi cac switch khac

'y
N
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Két n6i cac VLAN

» Gidng nhu két ndi cac LAN
« Sir dung router

Router két ndi cac VLAN

Engineering Operations
Ports 9-12 Ports 17-24

-
X
.

veyv vy

R N Y LY ]
L [ A0 2 L 3

Engineering Operations
Ports 9-12 Ports 17-24

. =nICT VIEN CONG NGHE THONG TIN VA TRUYEN THONG

MBUH] e St 102




=
TEARS 4
| %)
12

= DAIHOC BACH KHOAﬁHA NOI X )
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 di lieu tr phia nguwo
dung va cung cap cho mang Ioi
»  Cac dich vu phd bién tlr phia ngwéi dung
—  Dién thoai
— Mang tryén hinh cap

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

nl"- VIEN CONG NGHE THONG TIN VA TRUYEN THONG
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Kién truc clia mang truy nhap

. - p
Ty v .*«[['J
¥ Remote node .H »> -
Noialke _.--"'t
E
)
| 4 I__I.-"' -\"‘-\\_I ‘.-' II_.—.\_'l
Hub IA . p Remote node ]"1 » NIU |
: "“"\-.__ = ____,.-"'l ' -\.\_\_ I"--____ . .-"
~ T ~
i Remote node !
\ .H.l"* > 'A(.‘\II
S \ J
Y
Feeder network [ siribution network

Ki€én tric bao gdbm mét hub phia nha cung cap dich vu, cdc Remote Node déng vai tro [a nat
phan phéi & ngoai troi, cac NIU (Network Interface Unit) la cdc nit mang phia ngudi dung
Ref: R. Ramaswami , K. Sivarajan, G. Sasaki, “Optical Networks: A Practical Perspective”, 3™
Edition
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Kién truc mang truy nhap
« Hub

— Nam phia nha cung cap
 NIU: Network Interface Unit

= Néjm phia ngudi s dung

— NOi v&i 1 nguoi dung hoac 1 doanh nghiép
« Remote Node

— Trong mang broadcast, RN phan phoi di¥ liéu tw
Hub dén moi NIU

— Trong mang switched, RN nhan di lieu tv Hub
va phan phoi cac Iuong khac nhau dén cac NIU

! ‘_n|CT VIEN CONG NGHE THONG TIN VA TRUYEN THONG
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Mang truy nhap quang: FTTx

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

—  Mong mubn: Cap quang dén gan thué bao nhat

FTTCab (Fiber To The Cab/net) Cap quang két thic & mot
cabinet, dw®i 1km cudi dén thué bao ding mang
phan ph0| cap dong.

FTTC (Fiber To The Curb) / FTTB(Fiber To The Building); ONU phuc

vu mot s6 thué bao (8 to 64); ttr ONU dén NIU dung cap déng
(dwéi 100m)

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

. ONU: c6 thé 1a modem quang.

¢
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Mang truy nhap quang: FTTx

Central ofthce Cabinet Curb Home

— —
Co g RN | SN (0] > ———— ’1 NIU | FTTCab

- - M -y

( N Fiber Fiber / y Loppel

Co :1 RN ») ONU |ONU === ’,L‘\.n FITC/FTTB

—

mjzi RN [ »| ONUNIU | FTTBFTTH

Passive optical network (PON)

Figure 11.5 Ditfferent 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 berween 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

FTTB - Fiber-to-the-building
FITC - Fiber-to-the-curb
PON - Possive optical netwark

¥D5L - Very-high-speed digitol subscriber fine

VIEN CONG NGHE THONG TIN VA TRUYEN THONG



AON vs. PON

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

*AON: Active Optical Network

- la mang s dung cong nghé chi déng

(Remote Node tiéu thu dién)

- Remote node phén tich va dinh tuyén riéng cac
gdi tin theo dia chi dich

- Khodng chay cap cé thé dai dén 100km

*PON: Passive Optical Network

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

- Remote node (Splitter) khéng phan tich ma chi
|3p tin hiéu trén tat ca cac cong ra

- Upstream: MUX tlr cdc ngudn khac nhau bang
TDM (TDM PON) hoic WDM (WDM PON)

- Khoang chay cap gidi han 20km

[4 ‘/ £ . = = - ~ =~ a
. =nICT VIEN CONG NGHE THONG TIN VA TRUYEN THONG

Active Optical Network (AON)

Routed
to 500 ONTs.

\
" gﬂﬂﬂ—)BO

L I |
up to 70 Km up to 20 Km

Passive Optical Network (PON)

split
10 32 ONTs ]

up 1o 20 Km

ey A - Data or voice for a single customer. ) - Video for muliple customers.
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GPON: Gigabit Capable PON

e GPON c6 thé dung dé tai nhiéu di liéu cua céac giao
thirc khac nhau: Ethernet, ATM, voice ...
* D liéu t&r OLT dén ngwoi dung chia sé kénh chung
gitra OLT va RN
* Downstream broadcast

* Upstream TDM

* Cac goi dwoc dong trong khung di¥ lieu GPON co trwdng dinh
danh nguw®i nhan (chiéu downstream), nguwdi gui (chiéu
upstream)

UPSTREAM

TIME SLOT




EPON: Ethernet PON

« EPON: PON van chuyén di liéu 1a cac frame

Ethernet
m . . @ USER 1 I

e Chiéu xudng (down stream)
Quang ba di¥ liéu chung

802.3 frame

[[resse["povens Tecs

=n|CT \ Figure 8-6. Downstream traffic in EPON.



EPON

* Chiéulén (Upstream): dén kénh theo
thoi gian (TDM) truc tiép cac goi
Ethernet clia ngudi dung tir cac nguon
khac nhau vao két n6i chung OLT-RN

e EPON thubc loai TDM PON

&

fime slot

802_3 frame
[[[rceder | pavion

Figure 8-7. Upstream traffic in EPON.




WPON (WDM PON)

Puwoc phat trién bdi cac cdng ty, chwa chuan hoa
M6i ONT st dung mét bwdc song dé truyén div liéu
Remote note 1a AWG thiét bj co kha nang tach ghép cac budc

song, thwc hien MUX/DEMUX theo buwéc song chiéu xudng va
|én.

Thudc loai Wavelength routing PON




