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Chuong 5: L6p Data Link

Muc tieu:
3 hiéu cdc nguyén ly cua cdc dich vu I6p data link:
o phat hién va sua I6i
O chia sé kénh broadcast : da truy cap
o dinh dia chi l6p link
O truyén dit ligu tin cay, diéu khién ludng
7 khoi tao va hién thuc mot s6 cong nghé 16p link
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Chuong 5: Noi dung trinh bay

3 5.1 Gigi thiéu va cac 3 5.6 Hubs & switches
dich vy 7 5.7 PPP
0 5.2 Phdt hi¢n va sta l6i 1 5.8 Link Virtualization:
3 5.3 Cac giao thuc da ATM & MPLS
Truy cap

3 5.4 Dinh dia chi
3 5.5 Ethernet
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5.1 Gisi thiéu va cac dich vu

James F. Kurose
Keith W. Ross
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Gisi thisu

“link"

7o /( A N o
mot so cong hghé: @
3 host va router goi la cac nat =L

/ A A A Lo Y o

O cac kenh truyén thong noi lién ii"JJ

cdc nut lan can goi la cac ket 5

noi

O cdc két nbi hitu tuyén (wired)
O cdc két noi vo tuyén (wireless)
O cdac LAN
3 goi dir liéu trong 16p 2 goi la
frame, dong géi datagram

l6p data-link c6 trdch nhigm truyen
datagram tir 1 ndt dén ndt I&n can trén
duong lien ket
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Ngir canh

0 Datagram duoc ’rr'uyen
béi cac giao. ’rhu:c va trén
cdc duong két noi khdc
nhau:

O Vd: Ethernet trén két noi
thu 1, frame relay trén cdc
két noi rung gian, 802.11
trén két noi cuoi cung
A Moi giao thuc két noi
cung cap cac dich vu khdc
nhau
o vd: ¢é thé hodc khdng the
cung cap rdt trén ket noi

so sanh

A hanh trinh tir Princeton =
Lausanne

o limo: Princeton > JFK
O mdy bay: JFK - Geneva

O tau hoa: Geneva >
Lausanne

3 khdch du lich = datagram

0 doan duong di = lién ket
truyén thong

3 kiéu van chuyén = giao
thuc l6p link

3 dai ly du lich = giai thuat
routing

L&p Link & cac mang LAN
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Cac dich vu

3 truy cap lién két, Framing:
o déng géi datagram vao frame, thém header, trailer
O truy cap k&nh truyén néu duoc chia s¢

O cdc dia chi "MAC" dung trong cdc header cua frame gidp

xdc dinh nguon, dich
- khdc véi dia chi IP!
3 Truyén tin cay giita cdc ndt 18n can

o dd& nghién ctru lam thé ndo dé thuc hién duoc diéu nay
trong chuong 3

o it khi dung trén cdc ket noi cé ty ¢ 16i thap (cdp quang,
mot so6 loai cdp xoan)

o cdc két nbi khdng ddy: ty ¢ 16i cao

L&p Link & cac mang LAN



Cac dich vu (1)

3 Dieu khien luong:
o diéu khién toc do giita cdc ndt g va nhan
A Phat hién 16i:
O cdc 16i gay ra bsi su suy giam tin hiéu, nhiéu.
O bén nhan phdt hién sy xuat hién caa cdc 16i:
» thdng bdo bén gtri truyén lai hoic bo frame @6
A Sua loi:
O bén nhan xdc dinh va sira bit bi 16i khéng can phai truyén
|ai

O Half-duplex va fu//—a’up/ex

o véi half duplex, cdc nit tai 2 diém dau cuoi cua ket noi ¢é
thé truyén, nhung khdng dong thoi

L&p Link & cac mang LAN



cdc Adaptor trong truyén théng

ndt gui

3 16p link dugc hién thuc
trong "adaptor” (con goi

L~

datagram

giao thuc lop link
A

—

i

la NIC)

o Ethernet card, PCMCI
card, 802.11 card

3 bén gui:

o dong goi datagram vao
trong frame

adapter

|
e
adapter

7 ben nhan
o phdt hién 16i, rdt, diéu

khién luong...

cho ndt nhan
3 adapter la bdn tu dong

o thém cdc bit kiém tra 16i,

rdt, diéu khién luong...

3 cac 16p link & physical

ndt nhan

o trich ra datagram, chuyén
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5.2 Phat hién va sua l6i

James F. Kurose
Keith W. Ross
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Phat hién 6i

EDC= Error Detection and Correction bits (cdc bit ding & phdt hién
va sta 16i, ¢4 thé du thira)
D = Dir liéu dugc bao vé béi viec kiem tra 15i, cé thé chia cdc truong
header
Phat hién 16i khong dam bao tin cay 100%!

-giao thic thinh thoing cé thé nhé mot s6 i

-truong EDC 16n hon gidp viéc phdt hién va sira 16i 16t hon

| datagram I | datagram I

detected
error

<+d data bits— '
D EDC D' EDC'

— () bit-error prone link (}—

& cac mang LAN 11



Kiém tra Parity

Bit Parity don: Bit Parity 2 chicu:
phdt hién céc 16i bit phat hi¢n & sira cac 16i bit
row
it parity
+— d data bits —ﬂgﬁny diq4 -+ dqj|dq juq
doq  tr dzj|dpjg
| 0111000110101011‘ 0 I . A
columnl dm S diaj di,j+‘1
parity div1,1 - - Gival] dinq juq
10101|1 191011 |
11110[0 +-41-0j0— Panty
O11101l 011101
Qo101l0 Q0101|0
no errors parity
error
correctable

single bit error
L&p Link & cac mang LAN



Internet checksum

Muc tiéu: phdt hién "cdc 16i" trong doan dd truyén (chd
y: chi dung tai l6p transport)

Bén qui: Bén nhan:
= 3 tinh todn checksum cua doan dd
nhan

0 kiém tra checksum &6 cé bing gid
tri frong truong checksum?

O xu ly cac noi dung doan
nhu mot chuoi cdc s6
nguyén 16 bit

A checksum: thém (tong bl o KHONG - ¢6 15i
1) vao cdc noi dung doan o €O - khéng I3i. Ntueng cd thé
d bén gui dit gid tri vin con loi khdc? Xem tiép
checksum vao trong cdc chuong sau ...

truong UDP checksum

Lép Link & cac mang LAN 13



Checksumming: kiém tra du thira theo chu

ky

7 xem cdc bit dit liéu, D, nhu s6 nhi phdn
7 chon mau r+1 bit, G

3 muc tiéu: chon r bit CRC, R, nhu thé

o <D,R> chia cho G (theo co s6 2)

o bén nhan biét G, chia <D,R> cho 6. néu phan du khdc O:
phat hién 16i!

O ¢6 thé kiém tra tat ca cdc 16i nho hon r+l1 bits

3 sir dung pho bién trong thuc té (ATM, HDLC)

«—d bits » < r bits —
bit
| D:data bits to be sent‘ R:CRC bitsl pattern
N ¢ mathematical
D*2 XOR R formula

L&p Link & cac mang LAN
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CRC vi du

Muon:

D-2r XOR R = nG
twong dirong:

D-2r = n6 XOR R
fuong dicong:

néu chding ta chia,
D-2" cho G, lay phan
con lai R

D-2r
G

R = phin du cug[

]

101011

1001101110000
G «—— 1001 >D

R

L&p Link & cac mang LAN
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" 5.3 Cdc giao thirc da truy cap

James F. Kurose
Keith W. Ross
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Cdc giao thic va ket noi da truy cap

2 kicu “két noi":
3 point-to-point (diém-diém)

O PPP cho truy cap dial-up

o két noi point-to-point giita Ethernet switch va host
7 broadcast (chia sé dusng truyén chung)

o Ethernet mé hinh cli

O upstream HFC
o 802.11 wireless LAN

o 4% Blah, blah, blah
= /;Ig\ ﬂ" "&

o]
s X é p
é ff|||X E ? @ 2727722772727 7777
shared wire shared wireless satellite cocktail party
(e.g. Ethernet) (e.g. Wavelan)

Lop Link & cac mang LAN
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Cdc giao thuc da truy cap

3 kénh broadcast don chia s¢é

7 2 hoidc nhiéu su truyén dong thoi boi cdc nidt: giao thoa
O collision if node receives two or more signals at the same time

grao thiec da truy cip

7 giai thuat phan bo xdc dinh cdch cdc ndt chia sé kénh
truyén, nghia ld xdc dinh khi ndo nit cé thé truyén

7 truyén thdng vé chia sé k&nh phii dung chinh kénh dd!
o khong cé kénh khdc dé phoi hop

L&p Link & cac mang LAN 18



Cdc giao thuc da truy cép ly tuéng

kénh Broadcast véi toc d6 R bps

1. khi 1 nGt mudn truyén, né gui dit lidu véi toc do R

2. khi M ndt muon truyén, né gt dit lieu voi t6c do
R/M

3. Hodn todan dugc phdn quyén:
o khdng cé ndt dic biet dé cdc qud trinh truyén phoi hop
o khdng can dong bo cdc dong ho, slot

4. Bon gian

L&p Link & cac mang LAN
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Cdc giao thirc MAC: 1 cdch phan loai

3 16p chinh:
3 Phdn hoach kénh

e chia kénh thanh cdc "manh" nho hon (cdc slot thoi gian,
tan so, ma)
o cap phdt manh cho nit dé sir dung doc quyén
3 Truy cip hgau nhién
o kénh khdng chia, cho phép cdc tranh chap
o “gidi quyét” cdc tranh chap
A "Xoay vong"”
o Xoay vong cdc nit, nhung nit cé nhicu quyen hon dugc gii
thoi gian truyén lau hon

L&p Link & cac mang LAN
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cdc giao thirc phdn hoach kénh MAC: TDMA

TDMA: time division multiple access

3 truy cap dén kénh trong theo hinh thuac “xoay vong"

I moi tram cd slot voi d6 dai co dinh (d6 dai = tho
gian truyén géi) trong moi vong

3 cdc slot khong dung bi bo phi

3 vi du: 6-tram LAN, 1,3,4 c6 gui goi, cac slot 2,5,6
ranh

Y frame >
1 0 1 2 O

L&p Link & cac mang LAN
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cdc giao thirc phdn hoach kénh MAC: FDMA

FDMA: frequency division multiple access

7 pho kénh truyén dugc chia thanh cdc dai tan s6

3 mdi tram duoc gdn mot dai tan s6 co dinh

3 thoi gian truyén khdng ding trong cdc dai tan ranh

3 vi du: 6-tram LAN, 1,3,4 ¢ géi truyén, cdc dai tan
2.5,6 ranh

thoi gian

| ]

cdc dai tan
]

" L6p Link & cac mang LAN
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cac giao thic truy cip hgau nhién

3 Khi 1 ndt ¢é nhu cau truyén
o truyén dir lidu v&i tron t6c do cia kénh
O khong c6 su uu tién giita cdc ndt

ANl

7 2 hoic nhiéu ndt truyén = “tranh chap
A giao thic truy cip ngau nhién MAC xdc dinh:
o lam cdch ndo phdt hién tranh chap
O giai quyét tranh chap (nhu truyén lai sau dé)
a Vi du:
O chia slot ALOHA

o ALOHA
o CSMA, CSMA/CD, CSMA/CA

L&p Link & cac mang LAN
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chia slot ALOHA

Nhitng gia thiét

O

O

a u

tat ca frame cé cling kich
thuéc

thoi gian truyén dugc chia
thanh cdc slot kich thudc nhu
nhau (dé truyén 1 frame)

cdc ndt bat dau truyén cdc
frame chi ngay tai ldc bat
dau slot

cdc ndt dugc dong bo héa

néu 2 nat hoic nhiéu hon clng
truyén trong slot, tat ca déu
phdt hi¢n tranh chap

Hoat dong

3 khi ndt lay frame né dugc
phép truyén trong slot ké
tiep

7 khdng tranh chap, ndt cé
thé gtri frame maoi trong
slot ké tiép

3 néu tranh chap, nat truyén
lai frame trong moi slot ké
tiép voi xdc suat p cho dén
khi thanh cong

L&p Link & cac mang LAN 24



chia slot ALOHA

node 1 1 1 1 1
node 2 = 2 2
nods 3 [NE [=] =
IEIEICIEIEIEIEIEIEI*E'Dfﬂ
Uu diém Nhuoc diém

3 nat kich hoat cé thé
truyen lien tuc véi t6c
do toi da cua kénh

3 phdn quyén cao: chi ¢é
cdc slot trong cac ndt
can dugc dong bo

3 don gian

7 cdc tranh chap
) I&'ng phi slot

7 cdc ndt ¢cé thé phaT
hién tranh chap véi
thoi gian it hon dé
truyén goi

7 dong bo héa

L&p Link & cac mang LAN
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higéu suat trong cdch chia slot Aloha

hiéu suat |a phan slot truyén 7 deé dat higu suat cao
thanh c6ng trong sé nhiéu nhat véi N ndt, tim p*
frame du dinh truyén cua nhiéu lam cuc dai héa
nit Np(1-p)™-*
3 véi nhiéu ndt, tim gisi
3 gia st ¢ N ndt voi han cua Np*(1-p*)N-1
nhiéu frame dé truyén khi N = o, cho 1/e =
trong slot voi xdc suat 0.37
la p
7 xdc suat dé nat 1 7ot nhat: kénh hitu
truyén thanh cong dung trong khoing
trong 1 slot = p(1-p)N-! 37% thoi gian!

7 xdc suat dé bat ky ndt
nao d6 truyén thanh
cong = Np(1-p)N-t

L&p Link & cac mang LAN 26



ALOHA thuan nhat (khdng chia
slot)

3 Aloha khéng chia slot: don gian hon, khdng dong bo
3 khi frame dén dau tién

O fruyén ngay
7 kha ndng tranh chap tdng |&n:

o frame gui tai thoi diem t, tranh chap vsi cdc frame khdc gui
trong thoi diém [15-1,t5+1]

. Will overlap will overlap
i with start of { with endof
i+ i's frame —»i¢—i’s frame —

node | frame

to-l tO t0+1

Lép Link & cac mang LAN 27



ALOHA thuan nhat: hiéu suat

P(thanh cdng véi nit cho trusc) = P(ndt truyén) -

P(khdng cé ndt ndo truyén trong [po-1,po] -
P(khdng cé nit ndo truyén trong [po-1,p]
=p - (I-pN-*- (1-p)N-t

= p- (1-pyOv

.. chon p 16i uu va sau d6 cho n -> o .
- 1/(2e) = 0.18

Tham chi xau honl!

L&p Link & cac mang LAN 28



CSMA (Carrier Sense Multiple Access)

CSMA: nghe ngéng trusc khi truyén:
Néu k&nh ranh: truyén &i todn bo frame
7 Néu kénh ban, tri hodn truyén

3 So sénh véi con ngudi: dirng ngat loi nguoi khdc dang
noil

L&p Link & cac mang LAN 29



CSMA: cdc tranh chap

+«—— space —

cdc tranh chap van xiy A ; ¢ D
ra: tré lan truyén nghia la 2

nit khdng nghe thay qud trinh t
truyén cta nhau

tranh chap:

truyén todn bo frame

ldng phi thoi gian

chay:

vai tré cua khoing cdch & tré lan
truyén trong viéc xdc dinh xdc
suat tranh chap

+«— time

Lép Link & cac mang LAN 30



CSMA/CD (Collision Detection)

CSMA/CD: tri hodn nhu trong CSMA

O cdc tranh chép diroc phdt hién trong khoang thoi
gian ngan

o tranh chap duong truyén duge bo qua, giam su ldng
phi kénh
A phdt hién tranh chép

O dé dang trong cdc mang LAN hitu tuyen: do cuong do
tin hiéu, so sanh vai cac tin hiéu dd ’rr'uyen da nhan

o khé khdn trong cdc mang LAN v6 tuyen: bén nhan bi
tit trong khi dang truyén

7 so sanh véi con nguoi: dam thoai lich su

Lép Link & cac mang LAN 31



CSMA/CD phdt hién tranh chap

IIIIIIIIII
em g B N N NA N
/|

collision |
detect/abort
time

Lép Link & cac mang LAN 32



cdc giao thuc "xoay vong” MAC

cdc giao thuac phan hoach kénh MAC:
o chia sé hiéu suat kénh va céng bing khi tai luu
lugng lon

O khong hiéu qua khi tai luu luong Thap tre khi truy
cap kenh bang thong cap pha‘r la 1/N tham chi
trong truong hgp chi cé 1 ndt hoat dong!

cac giao thuc truy cap ngau nhien MAC

O hiéu qua khi tai luu lugng thap: 1 ndt cé thé ding
hét kha ndng cua kénh

o tai luu lugng lon: tranh chap
cdc giao thuc "xoay vong"
tim kiém giai phdp 16t nhat!

L&p Link & cac mang LAN
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cdc giao thuc "xoay vong”

Kiém tra tuan ty: chuyén Token: o
3 ndt chu "moi” cac A dieu hanh token chuyén tuan
nit t¢ dén truyén tu Tir 1 ndt dén ndt ke tiep

theo lugt trénvong O thong di¢p token
3 lién quan: 3 lién quan:
o polling overhead O token overhead
O latency O latency
o 1 vi tri chiu I6i (chu) o 1vi tri chiu l6i (token)
1

.6p Link & cac mang LAN



Tong két cdc giao thic MAC

A Ban lam gi véi mot duong truyén chia sé?
o Phén hoach kénh theo thoi gian, tan s6 hoic md
- chia thoi gian, chia tan s6
o Phan hoach ngau nhién (dong),

« ALOHA, S-ALOHA, CSMA, CSMA/CD
+ cam nhan: dé dang voi mot s6 cng ngh¢ (hitu tuyen),
khé khdn voi mot s6 khdc (vo tuyen)
+ CSMA/CD dung trong Ethernet
» CSMA/CA dung trong 802.11
O Xoay vong
» thdm do tur vi tri trung tam, chuyén token

L&p Link & cac mang LAN
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LAN

l6p Data link:

0O cdc dich vy, phat hién/sua 16i, da truy cap
tiép: cdc cong nghé LAN

o dinh dia chi

O Ethernet

O hub, switch
o PPP

Lép Link & cac mang LAN 36



b . X 5:4 binh dia chi trong lop Link

James F. Kurose
Keith W. Ross
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Cac dia chi MAC va ARP

Adia chi IP 32-bit:
O address dia chi l16p network
o dung &¢ lay datagram tir IP subnet dich

Jdia chi MAC (hoic LAN/physical/
Ethernet):

o dung dé lay frame tir mot interface voi mot
interface vat ly khdc (cung mang)

o dia chi MAC 48 bit (cho hau hét cdc loai LAN)
dugc ghi san trong adapter ROM

Lép Link & cac mang LAN 38



Cac dia chi MAC va ARP

Mdi adapter trén LAN cé dia chi LAN duy nhat

@_

71-6F7-2B-08-53

<+«—1A-2F-BB-76-09-AD dia chi Broadcast =
FF-FF-FF-FF-FF-FF

LAN

(wired / I = adapter
wireless)

58-23-D7-FA-20-BO

“— 0C-C4-11-6F-E3-98

Lép Link & cac mang LAN
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Cac dia chi MAC va ARP

3 viéc cap phdt dia chi MAC dugc quan ly béi TEEE
7 nha san xuat mua khdng gian dia chi MAC (duy nhat)
3 So sanh:
(a) dia chi MAC: giong s6 ching minh nhén dan
(b) dia chi IP: giong s6 dién thoai
7 dia chi MAC phing & tinh cé thé thay doi
o ¢6 thé di chuyén card LAN giita cdc mang cuc bo
7 dia chi phan cap IP khdng thé thay doi

o phu thudc vdo IP subnet ma ndt dé gin vao

L&p Link & cac mang LAN
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ARP: Address Resolution Protocol

Hoi: Lam sao xac dinh dia 7 Moi nat IP (Host,
chi MAC tir dia chi IP? Router) trén LAN c¢é
bang ARP

1 bang ARP: dnh xa dia
g " chi IP/MAC cho mot
s6 ndt LAN
137.196.7.23

137.196.7.14 < dia chi IP; dia chi MAC;
! TTL>

AN T@ o TTL (Time To Live):

58-23-D7-FA-20-80  thoi gian sau d6 dnh

71-6F7-2B-08-53
xa dia chi s€ bi huy
“— 0C-C4-11-6F-E3-98 (thuong la 20 phat)

137.196.7.88 —

L&p Link & cac mang LAN 41



ARP: cung LAN (network)

7 A muon gt datagram dén B,
dia chi MAC cua B khong cé
trong bang ARP cua A

7 A broadcasts géi truy van
ARP chua dia chi IP cua B

o dia chi MAC dich = FF-
FF-FF-FF-FF-FF
O tat ca mdy trén LAN

nhan géi truy van ARP
dé

7 B nhan géi truy van ARP va
tra loi cho A véi dia chi
MAC cua minh

o frame giri dén dia chi MAC
cua A (unicast)

0 Mot cap dia chi IP-to-MAC
dugc luu trong bang ARP cua
né cho dén khi théng tin dd cii
(times out)

O frang thai mém: thdng tin
nay sé times out (maT) tru
khi duoc lam tuoi (refresh)
lai

3 ARP la "plug-and-play":

O cac nu‘r tao cdc bang ARP
cua né khong can su can
thiép cua nguoi quan tri

L&p Link & cac mang LAN
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DHCP: Dynamic Host Configuration Protocol

Muc tiéu: cho phép host fr dbng lay dia chi IP cua né tur
servé khi nd két noi vao mang
Cé thé lam moi lai tir dia chi dang diing
Cho phép dung lai cdc dia chi (chi giit dia chi trong khi két noi
dang hoat dong)
Hb tro cho cdc nguoi ding di dong, muon két ndi vdo mang
DHCP t6ng quan:
O host broadcasts thong diép "DHCP discover”
o DHCP server dap tng vai thong diép "DHCP of fer”
o host yéu cau dia chi IP: thdng diép "DHCP
request”
o DHCP server gui dia chi: thong diép "DHCP ack”

L&p Link & cac mang LAN
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kich ban DHCP client-server

B

FeE

2

223.1.1.1 DHCP
server

23.1.1.2

223.1.1.4 223.1.2.9

223.1.21
@2

<_

23.1.1.3 223.1.3.27

223.1.311 i

==
223.1

2.2 . dén DHCP
"—@ client can dia chi

! 223.1.3.2

trong mang nay

L&p Link & cac mang LAN

44



kich ban DHCP client-server

DHCP server: 223.1.25 DHCP discover dén

client
src : 0.0.0.0, 68 @M
@ dest.: 255.255.255.255,67 g
yiaddr:  0.0.0.0 -
transaction ID: 654
A/DHCPoffer
src: 223.1.2.5, 67
dest: 255.255.255.255, 68
| yiaddrr: 223.1.2.4
transaction ID: 654
Lifetime: 3600 secs ~>
DHCP request
src: 0.0.0.0, 68
dest:: 255.255.255.255, 67
yiaddrr: 223.1.2.4 —
. transaction ID: 655
thoi «—1 Lifetime: 3600 secs
gian
DHCP ACK
T | src:223.1.25,67
dest: 255.255.255.255, 68
yiaddrr: 223.1.2.4 —

transaction ID: 655
Lifetime: 3600 secs

1g LAN 45



Routing dén LAN khdc

tinh huong: gui datagram tir A dén B qua R
gia st A biéet dia chi IP cia B

28-B2-2F-54-14A-0F

74-20-0C-ES-FF-55
i EG-EQ-00-17-BEB-4B /L{"'DE"E

I

222 222.222.221

1A-23-F9-CD-06-98

ROUTER L

x 2222222222

1111111111

A

2RE222 222222

: ¥
111.111.111.1 o
i 111.111.111.110
hosi R 49-BD-D2-C7-56-24
CC-48-DE-DO-AB-7D B

A 2 bang ARP trong router R, 1 cho moi IP mang
(LAN)
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a

d

Qaaaad

A tao datagram véi nguon A, dich B

A dung ARP dé¢ lay dia chi MAC citia R (dua vdo gid tri
111.111.111.110)

A tao frame I6p link v6i dia chi MAC cua R nhu la dia chi dich,
frame chira IP datagram ti-A-dén-B

adapter cua A gti frame

adapter ciua A nhéan frame

R g& bo IP datagram tir Ethernet frame, thay dich dén la B
R dung ARP d¢ lay dia chi MAC ctia B

R tao frame chita IP datagram ti-A-dén-B gti t6i B

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

74-28-9C-E8-FF-55
A o EG-ES-00-17-BB-48 Rz
] f

111411114 1 22222222222

14-23-FO-ZD-06-98

ROUTER L

R i 222.222.222.222
Fie bl

! *
hoat B
111.1411.411.110

49-B0-D2-C7-96-2A

111411411441

:

ho=d

CC-49-DE-D0-AB-70 LAN
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5.5 Ethernet

James F. Kurose
Keith W. Ross

Lép Link & cac mang LAN 48



Ethernet

cong nghé LAN hitu tuyén:

3 ré hon $20 cho t6c do 100Mbs!

7 cbng nghé LAN dugc ding pho bién dau tién
3 don gian hon, ré hon token LAN va ATM

3 gitt t6¢ do trung binh tir 10 Mbps - 10 Gbps

Metcalfe's Ethernet
sketch

L&p Link & cac mang LAN 49



cau truc hinh sao-Star

7 cau trdc bus ding pho bién trong giita thap nién 90
3 hién nay cau trdc star dung nhiéu hon
3 cdc lua chon két noi: hub hoic switch

®

A
)

hub or
switch

L&p Link & cac mang LAN 50



Ethernet: cau tric Frame

Gui IP datagram da dong goi (hoac goi giao thuc lop
network khdc) trong Ethernet frame

Dlest.

Freamhble e e

phan dau:

Source
Address ! Dats .

Tywpe

A 7 bytes v4i mau 10101010, theo sau la 1 byte voi

mau 10101011

7 dlng trong cdc toc d6 dong ho giri, nhan dong bo

L&p Link & cac mang LAN
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Ethernet: cau trdc Frame (11)

J Dia chi: 6 bytes

O néu adapter nhan frame voi dia chi dich dling cua né hoic
dia chi broadcast (nhu géi ARP), né chuyén dit liéu trong
frame cho giao thirc 16p network

O nguoc lai, adapter hiy frame

3 Kiéu: chi giao thic 16p cao hon (thuong la IP, nhung
cling ¢é thé la cdi khdc cling duge hd tro nhu Novell
IPX & AppleTalk)

7 CRC: kiém tra tai noi nhan, néu phét hién 16i, don gian
huy frame dé

Preamble

Dest.
Address

Source
Address 52




dich vu khdng két noi, khdng tin cay

3 Connectionless (khdng két noi): khdng bit tay giita
adapter gtri va nhan.

3 khong tin cay: nhian khong gti cdc tin hiéu ACK hoic
NACK cho bén gti

o dong cdc datagram chuyeén cho lop network cé thé cé cdc
khoang trong

O cdc khoing trong dé s& duoc lap day néu tng dung dung
TCP

O trdi lai, thg dung sé& thay cdc khoing trong

L&p Link & cac mang LAN
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Ethernet dung CSMA/CD

7 khéng ¢é cdc slot 3 truéc khi thir truyén

7 adapter khdng truyen neu lai, adapter cho mot
né cam nhan ring cé thoi gian ngau nhién,
adapter ndo dé dang nghia la random access
truyén, nghia la carrier (truy cép ngau nhién)

sense (cam nhan)

0 adapter hiy bo viéc
‘rruyen khi né cam nhéan la
cé adapter khdc dang
truyén, nghia ld collision
detection (phat hién
tranh chap)

L&p Link & cac mang LAN 54



Ethernet CSMA/CD: giai thuat

1. Adaptor nhan datagram tir 4. Néu adapter phdt hién cé

2.

|6p network & tao ra frame

Néu adapter cim nhan
kénh ranh, né bat dau
truyén frame. Néu cam
nhan kénh ban, né cho dén
khi kénh ranh va sau dé
truyen

. Néu adapter truyén todn

bo frame khdng phat hi¢n
cdc tien trinh truyéen khac,
cong viéc s€ hoan thanh!

tién trinh truyén khdc, né
hiy bo va gui tin hiéu bdo
tac nghén

. Sau khi huy bo, adapter

vao ché do exponential
backoff: sau tranh chap
tht m, adapter chon mot
gid tri K ngau nhién trong
{0,1,2,..,2m-1}. Adapter cho
K-512 lan thai gian truyén 1
bit va tré vé busc 2
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Ethernet CSMA/CD (1)

tin higu bdo tic nghén: chac Exponential Backoff:
chanrang tat cacdcmdy g myc tiéu: tu diéu chinh voi
phdt khdc déu cim nhan cdc lan thir truyén lai nhiam
dugc sy tranh chap; 48 bits  ygc lugng tai hien hanh

thoi gian truyén 1 bit: 0.1 O tai nang: thoi gian cho ngiu
micro gidy voi 10 Mbps nhién s& ddi hon
Ethernet ; 3 tranh chap lan dau: chon K
cho K=1023, thoi gian cho thuoc {0,1}; do tré la K- 512
khoing 50 mili gidy thoi gian truyén 1 bit

T sau khi tranh chap lan 2:
chon K thuoc {0,1,2,3}...

A sau khi tranh chap lan 10,
chon K thuoc
{0,12,3,4,..,1023}

Nén xem Java
applet trén AWL Web sitel

L&p Link & cac mang LAN
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CSMA/CD hiéu suat

O T,.op = thoi gian lan truyén 16i da gitta 2 ndt

tréen LAN
3 ty.4ns = Thoi gian lan truyén frame kich

thuéc I6n nhat
|

1+5¢  /t

prop trans

efficiency =

0 higu suat tien dén 1 khi t,.,, tien den O

d tién dén 1 khi 1, tién dén o

0 Tt hon ALOHA nhung van con bi phan
quyén, don gian, chi phi thap

L&p Link & cac mang LAN
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10BaseT va 100BaseT

7 t6c do 10/100 Mbps; con goi la “fast ethernet”

O T viét tat cua cum tir Twisted Pair

3 Cac ndt két ndi vao 1 hub: “cau tric hinh sao”;
khoing cdch 16i da giita ndt va hub Id 100 m

®

twisted pair

& B
)

hub

L&p Link & cac mang LAN
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cac Hub

Hub thuc chat la repeater 16p physical:
O cdc bit &én tur 1 duong va di ra tat ca cdc duong
con lai
o t6c dd nhu nhau
0 khong cé by dém frame
0 khong c6,CSMA/CD tai hub: adapter phdt hién
tranh chap

O cunhg cap cdc cht’rc@rng quan ly mang

‘rvy‘red pair
g~ Zal gL

@

L&p Link & cac mang LAN
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Ma Manchester

Eit str=am

Birary
ercoding

hWarchester
ercoding

0

M nchest el Encoding

0

1

0

0

7 dung trong 10BaseT

7 mdi bit cé 1 kiéu chuyén trang thdi

3 cho phép cdc dong ho chay trong cdc nit gui va

nhan dé dong bo vai nhau
o dung dong ho chung cho tat ci cdc nitl

L&p Link & cac mang LAN
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Gigabit Ethernet

7 dung dang thic frame Ethernet chuan

7 cho phép cdc két noi diem-diém va cdc kénh
broadcast chia sé

3 trong ché do chia s¢, CSMA/CD duoc ding, yéu cau
khoang cdch giita cdc ndt ngian dé dat hiéu qua

3 dung cdc hub, goi la "Buffered Distributors”

7 Full-Duplex tai 1 Gbps cho cdc két noi diem-dieém

3 hién nay toc do dd dat 10 Gbps!

L&p Link & cac mang LAN
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5.6 Cac Hub & switch

. = ¥, i Sl . .
computer g

FEATURING THI RN “é‘;
networking ;ﬂ \

James F. Kurose
Keith W. Ross

Lép Link & cdc mang LAN 62



Lien két cdc hub

7 Backbone hub lién két cdc doan LAN

7 M& rong khoing cdch t6i da giita cdc ndt

3 nhung cdc ving tranh chap riéng trong doan tro thanh
vung tranh chap lén

7 Khdng thé két noi 10BaseT & 100BaseT

hUb\
/ hub hub

u

PPN R
™) i)

Lép Link & cac mang LAN 63




Switch

3 Thiét bi lop Link
o luu va chuyén tiép cdc frame Ethernet

o xem xét header frame va chon chuyén tiép
frame dua trén dia chi MAC dich

O khi frame duoc chuyén tiép trén doan, ding
CSMA/CD d¢ truy cép doan
3 trong suot
0O cdc host khdng can chd y dén su hién dién ciia cdc
switch
3 plug-and-play, tu hoc
o switch khdng can cau hinh

L&p Link & cac mang LAN 64



Chuyén tiep

, X switch

2l 3

gg@/g @Q@\@

-Lam sao xdc dinh trén doan LAN ndo s& chuyén tiép
frame?
*Giong hhu van dé routing

L&p Link & cac mang LAN 65



Tu hoc

3 1 switch cé 1 bang switch
A moi dong trong bang nay cé:
O (dia chi MAC, Interface, Time Stamp)
7 cdc dong cii trong bang bi bé (TTL ¢cé thé dén 60 phit)
3 switch Aoc dé biét nhitng host ndo cé thé cham dén
thong qua nhiing interfaces nao

0 khi nhan frame, switch “hoc” vi tri cia bén gui: doan
LAN di dén

0 ghi cdp bén gti/vi tri vao trong bang switch

L&p Link & cac mang LAN 66



Loc/Chuyén tiep

Khi switch nhan 1 frame:

chi muc sip xép lai bang switch ding dia chi MAC dich
if dong tim thay cho dich
then {

if dich nam trén doan tir dé frame dén
then bo frame

else chuyén tiép frame trén interface chi dinh

}

else tran ngap

\\chuyé n tiep Ién tit ca interface tri hoi
ma frame den

L&p Link & cac mang LAN 67



Switch: vi du

Gia st C gti frame dén D

sy switch

dia chi | interface

1

1
1
2
3

QM® >

3 Switch nhan frame tu C
o ghi chd trong bang bridge la € &n tir interface 1
o D khdng cé trong bang, switch chuyén tiép frame vdo
trong interface 2 va 3

D fr'ame nhan bOI D Lép Link & cac mang LAN
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Switch: vi du

Gia stt D tra loi phan hoi voi frame cho C.

dia chi | interface

X switch

—_ W N

A Switch nhan frame tu D
o ghi chd trong bang bridge la D &n tir interface 2
o vi C ¢ trong bing, switch chi chuyén tiép frame vdo trong
interface 1

A frame nhan bai C

L&p Link & cac mang LAN 69



Switch: luu thong doc lap

3 switch chia subnet thanh cdc doan mang LAN

3 switch loc cdc goi

o cdc frame cung doan LAN thuong KHONG chuyén
’ruep len cdac doan LAN khac

o cdc doan tré thanh cdc ving tranh chap riéng
biét

BT ) 4K hub
ss® ]

vung tranh chap viing tranh chip Lop Link & cac mang LAN 70



Switch: truy ciap doc quyén

7 Switch véi nhiéu interfaces A
3 cdc host ¢ két noi truc tiép

véi switch ' B
7 khdng tranh chap; full @\ /@

duplex switch x/m
Switching: A-dén-A' va B-d&én- g @ c

B’ dong thai, khdng cé cdc
tranh chap B A

L&p Link & cac mang LAN 71



nhitng van dé khdc trén Switch

3 cut-through switching: frame chuyén tiép
tr port vao dén port ra khdng can tap hop
du todn boé frame dau tién

3 két hop cdc interfaces chia sé/doc quyén,
10/100/1000 Mbps

L&p Link & cac mang LAN 72



Mang co quan

Lép Link & cac mang LAN 73



Switches & Routers

0 déu la cdc thiet bi store-and-forward (luu gitr &
chuyén ftiep)
O cdc router: cdc thiét bi I6p network (xem xét cdc header l6p
network)

O cdc switch la cdc thiét bi lop link

3 cac router duy tri bang routing, hién thuc cdc giai
thuat routing

3 cac switch duy tri cdc bang switch, hién thuc cac giai
thuat loc, tu hoc

5 5
4 4
3 3 3
2 Ak 2 2
1 ] ] 1
Host Bridge Router Host

L&p Link & cac mang LAN 74



Tong két so sdnh

hubs routers switches
traffic no yes yes
isolation
plug & play  yes no yes
optimal no yes no
routing
cut yes ho yes

through

Lop Link &

cac mang LAN 75



networking g

third edition

James F. Kurose
Keith W. Ross
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Nhitng yéu cau thiét ké PPP [RFC 1557]

7 packet framing: déng goi datagram lép network vao
frame |6p data link

O mang dir lidu I6p network cua bat ky giao thuc
Igfp? network nao (khong chi IP) fa/ cung thoi
rem
O kha ndng demultiplex (phan da kénh) I€n I6p trén
A bit trong suot: phai mang bat ky mau bit nao trong
truong data
0 phat hién [6i (khdng stta 16i) o ,
A két noi dong: phat hién, thong bdo két noi loi den 16p
hetwork o ,
3 su dam phan diq chi l6p network: moi diem dau cuoi
co thé tu hoc/cau hinh dia chi mang cua diém khac

L&p Link & cac mang LAN
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PPP khdng yéu cau

7 khdng sta/phuc hoi 16i

3 khdng diéu khién ludng

3 van chuyén khdng can theo thut tu

7 khdng can hod tro cdc két noi da diem (nhu polling)

Phuc hoi 16i, diéu khién luong, sip tht tu dit lieu duoc ty
nhiém cho cdc I6p cao honl

L&p Link & cac mang LAN 78



PPP Data Frame

3 Flag: tdch riéng (framing)

3 Dia chi: khong lam gi céa (chi cé 1 tuy chon)

A Dicu khicn: khdng lam gi ca; twong lai cé the cd
nhiéu truong dieu khién

3 Giao thuc: giao thic lop trén noi ma frame sé dén
(vi du: PPP-LCP, IP, IPCP..)

variable

1 1 1 lor2 length 2o0r4 1
o1111110]11111111{00000011| protocol | info | check |o01111110
flag control flag
address

L&p Link & cac mang LAN
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PPP Data Frame

A thong tin: dit liéu Ién |6p trén dang dugc mang di
3 kiém tra: kiém tra du thia theo chu ky dé phdt
hién |0i
variable

length 2or4 1

1 1 1 1lor?2

o1111110]11111111{00000011| protocol | info | check |o01111110

flag control flag
address

Lép Link & cac mang LAN
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Byte Stuffing (chen thém byte)

A yéu cau “dit liéu trong sudt": truong dit lidu
phéi dugc phép chira mau flag <01111110>
o Hoi: néu nhan <01111110> thi d6 la dix liéu
hay flag?
3 Bén gui: theém ("stuffs") byte <01111110> sau
moi byte dir licu <01111110»
3 Bén nhan:
Ohai byte <01111110> trén 1 hang: huy byte
dau, tiép tuc nhan dir liéu
ochi 1 byte <011111105: flag byte

L&p Link & cac mang LAN
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Byte Stuffing

b5 b1l
mau flag b4 b2
bY*e*m”Q\\‘Ollllllo 01111110
dir liéu gui di b2 b4
vV bl b5
I 4
b5 b4 01111110 01111101 b2 bl

mau flag byte cong véi
byte chen thém trong dit
liéu dd truyén

Lép Link & cac mang LAN
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PPP: giao thirc diéu khién dir lidu

Trudc khi trao doi dit ligu l6p
network, cdc peer cua data
link phai

3 cau hinh két noi PPP (do dai
frame t6i da, cdch ching
thuc)

3 thong tin tu hoc/cau hinh lop
network
0 va6i IP: mang cdc thong
di¢p IP Control Protocol
(IPCP) (Tr‘ux)’ng giao thuc:
8021) d¢ cau hinh/tu hoc
dia chi IP

link
establishmen

authenticate
network
layer config/

Lép Link & cac mang LAN 83



5.8 Link Virtualization:

ATM & MPLS

networking g

James F. Kurose
Keith W. Ross
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Cac mang ao

Su 40 hda cdc tai hguyen: mot triu tugng hda
manh m¢ trong ky thuat hé thong

I vi du: bo nhé ao, thiét bi 4o
omady ao: nhu Java
ohé diéu hanh IBM VM xuat hién tir nhitng

nam 1960/1970

A sy phan I6p: khdng phii lo lang vé nhiing chi
tiet, chi xir Iy triuu tuong héa nhitng 16p thap
hon

L&p Link & cac mang LAN
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Internet: Cac mang ao

1974: nhiéu mang khdng két noi ... su khdc biét:
véi nhau o cdc quy wéc dinh dia chi
O ARPAnet O cdc dang thuc goi tin
o cdc mang truyen dit ligu trén cdp o phuc hoi 16i
o mang chuyén géi vé tinh (Aloha) o routing
o mang chuyén géi radio

ARPAnet mang vé tinh

"A Protocol for Packet Network Intercommunication”,
V. Cerf, R. Kahn, IEEE Transactions on Communications,

May, 1974, pp. 637-648. L&p Link & cac mang LAN
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Internet: Cac mang ao (tt)

I6p Internetwork (IP): GG*ZWGY

dinh dia chi: Internet xuit hien O ‘nhdng cdc géi Internet theo dang

nhy mot thuc thé dong nhat bat thuc goi cuc b hodc khai thac

chap su hon tap cua mang cuc bo ching”

bén dudi J dan du’ong (muc Internet) dén
¢ tiep

O

mang cua cdc mang gateway

S

gateway

‘e

ARPAnet mang vé tinh

L&p Link & cac mang LAN
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Kién tric Internet cua Cerf & Kahn

Su 4o la gi?
7 2 16p dinh dia chi: mang Internet va mang cuc b
3 16p moi (IP) lam cho moi thtr tré nén dong nhat tai
|6p internet
3 cong nghé mang cuc bo ben dudi
O cdp
0 vé tinh
o modem dién thoai 56K
O ngay hay: ATM, MPLS

.."khdng nhin thay" tai l6p internet. chi xem nhu
cong nghé 16p data link

L&p Link & cac mang LAN
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ATM & MPLS

A ATM, MPLS chia cdc mang theo quyén han cua
ching
o cdc mo hinh dich vy, dinh dia chi, dan duong khdc
nhau tu Internet

7 duoc Internet xem nhu cdc router IP két noi
logic
0 giong nhu ket noi dial-up la mot phan thuc té cua
mang rieéng biét (mang dién thoai)

L&p Link & cac mang LAN 89



Asynchronous Transfer Mode: ATM

3 Chuén trong nhiig ndm 1990/2000 cho toc dj
cao (155Mbps dén 622 Mbps va cé thé cao hon), kién
trdc Broadband Integrated Service Digital Network

O Muc tiéu: tich hop, chuyén vin gira cdc thiet bi dau
cuo/l air ligu, giong noi, video

O cdc yéu cau chat luong dich vu/thoi gian thuc cua
tiéng ndi, video (khdc voi Internet la md hinh
hudng dén hiéu qua cao nhat)

0 "thé hé ké tiép" cua dién thoai

o chuyén géi (cdc géi cé do ddi co dinh, goi la cdc
“cell") dung cac mach ao

L&p Link & cac mang LAN 90



kién tric ATM

AL — — A4

ATM ATM ATM \r ATM

PHY : PHY LS——1— PHY : PHY
End system ATM switch ATM swilch End system

3 16p tiep xdc: chi & mic ngodi ctia mang ATM

o phdn doan/t6ng hop dit liu

o tuong doi giong véi 16p transport cia Internet
3 16p ATM: 16p “"network”

o chuyén va dan duong cell
O 16p physical

Lép Link & cac mang LAN 91



ATM: 16p network hay Iop link?

Quan sat: van chuyen gitia

2 thiét bi dau cudi:
"ATM tur desktop dén
desktop”

O ATM /Ja mot cong
nghé mang
Thuc té: ding dé két noi
cac router IP
backbone

o "IP tren ATM"

O ATM nhu lop ket
noi, lien két cac IP
router

network

ATM

/

=

IP
network %

=
2 B

L&p Link & cac mang LAN
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ATM Adaptation Layer (AAL)

3 ATM Adaptation Layer (AAL): "tiep xdc" cdc 16p
trén (IP hoic cdc tng dung ATM thuc t€) dén lop
ATM bén duéi

7 AAL xuat hién chi trong cdc hé thong dau cuoi,
khong cé trong cdc switch

3 doan cua I6p AAL (cdc truong header/trailer, dix
lieu) phan manh thanh cac cell ATM

o tuong tu: doan TCP trong nhiéu géi IP

AAL - —AAL
PHY PHY PHY PHY

end sysfern ATM switch AT switch end sysferr

L&p Link & cac mang LAN
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ATM Adaptation Layer (AAL) [tt]

Cé nhiéu phién ban khdc nhau cua I16p AAL, phu thuoc vao

l6p dich vu ATM

3 AALIL cho cdc dich vu CBR (Constant Bit Rate) nhu gia lap mach
3 AALZ: cho VBR (Variable Bit Rate) nhu MPEG video
0 AALDS: cho dir liéu (nhu IP datagrams)

Dit liéu cua user

e Dot o
| |
| |
| |
CPCS CPCa
AAL PDU H e Trciler
AT AAL Payload Datd AAL
ATM cell Cell = i
Heercler Heodsr 48 kEnvtes Trctiler
} ATl Cell

COMmSnencs
suUlnlonisr

AR
AN P ="

LOP LINK & cac mang LAN 94



Lop ATM

Dich vu: van chuyén cdc cells xuyén qua mang ATM
network

, A AMm?7? .
Kién trac M@ hinh Bao dam Phan hdi

mang dichvy  Bandwidth M.matThaty Binhthi tic nghén

Internet  h.suat tét khong khongkhong khong  khong (= tir
nhat mat méat)

ATM CBR toc do cO cod co khéng

khdng doi tac nghén
ATM VBR toc do coO cb co khéng

bao dam tac nghén
ATM ABR baodam  khéngco khéng co

toi thiéu
ATM UBR khong khong cé khdng khong

L&p Link & cac mang LAN 95



Lop ATM: cdc mach o

0 Van chuyen trén mach ao: cdc cell lan truyén tir nguon dén
dich tréen mach ao
o thiét 1ap cudc goi, chia nho truéce khi dit ligu ¢é thé truyén
o mdi géi lan truyén trén mach ao xdc dinh (khéng ID dich)
o moi switch trén duong di tir nguon dén dich duy tri “trang thdi"
cho mdi két noi dd qua

O cac tai nguyen két noi, switch (bdng thong, cdc by dém) cé thé
duoc cap phat cho mach do

3 Permanent VCs (PVCs) - cdc mach 4o bén viing

o nhitng két noi bén vitng thoi gian ddi

O tiéu biéu: dan duong “bén vitng" gitta cdc IP router
3 Switched VCs (SVC) - cdc mach a0 chuyén huéng

o linh hoat thiét 1ap dua trén co s6 mdi cudc goi

L&p Link & cac mang LAN 96



Lop ATM: cdc mach o

3 Nhitng thuan loi cta cdch tiép can mach a0 ATM:
Q h[éu s,ué‘l‘, chat leong dich vu duogc bao dam cho
két noi dd anh xa vai mach ao (bdng thong, do
tré, su bién dong do tré)
7 Nhithg han ché cta cdch tiép can mach 40 ATM:
o Khdng du su hd tro can thiét cho luu thong
datagram
O moi két noi can thiet giira cip hguon/dich >
khdng ma rong duoc (can dén N*2)
o SVC duara la’rency thiét lap cudc goi, xur ly cdc
két noi thoi gian ngin

L&p Link & cac mang LAN
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Lop ATM: ATM cell

O byte ATM cell header
7 48-byte can tai
O Tai sao? tai nho > do tré khi tao cell ngin (khi
s6 hoa giong nai)
o nira khoang tir 32 dén 64 (thoa thuanl)

| 40 bite |
| L1 1 1 1 1 1 L1111 1 1 | L 1 1 1 1 1 1 | L1 1 1 1 1 1 | I T I I A | |
Cell header :
VCl 2 HEC
dang thuc Cell Cell Header ATM Cell Payload - 48 bytes
¢ | |
1
* SAR PDU
3rd bit inPT field; 1

indicates last cell
(AATL-~Indicate bit) cac mang LAN
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ATM cell header

3 VCI: virtual channel ID
0 s& thay doi tir két noi dén két noi théng qua mang
0 PT: kiéu tai (nhu cell RM voi cell dit liéu)
0 CLP: Cell Loss Priority bit
o CLP =1 Thé hign cell ¢é d6 uu tién thap, cé thé
huy bo néu tac nghén
3 HEC: Header Error Checksum
o kiém tra su du thira theo chu ky
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ATM: |6p Physical (tt)

2 manh (l6p con) cua l6p physical

0 Transmission Convergence Sublayer (TCS): tiép xdc
gitta [6p ATM trén

0 Physical Medium Dependent (PMD): phu thudc vao
phuong tién vat ly sé dung

Cac chuc ndng TCS:
0 sinh ra Header checksum: 8 bits CRC
omo ta so luoc cell

O véi l6p con "khong cau trdac” PMD, chi ’rruyen cac
cell ranh roi khi khong cé cell dir lidu ndo phai
truyen
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ATM: |6p Physical (tt)

Physical Medium Dependent (PMD)
1 SONET/SDH: truyén cau tric frame
odong bo bit
o phan hoach bang thong (TDM);

0t6c do: OC3 = 155.52 Mbps; OC12 = 622.08
Mbps; OC48 = 2.45 Gbps, OC192 = 9.6 Gbps

A TI/T3: truyén cau tric frame (kién tric
dién thoai cii): 1.5 Mbps/ 45 Mbps

A khong cau tric: chi cdc cell (ban/rinh)
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IP-tren-ATM

Chi cé IP co dién
3 3 "mang” (nhu cdc
doan LAN)

7 MAC (802.3) va cdc
dia chi IP

—8

2

=3

2 -
e’ gy

3 IP-tren-ATM thay
thé "mang"” (nhu cdc
doan LAN) véi mang
ATM

A cac dia chi ATM, dia
chi IP

ji’V8 @ /:;Am/)ork
=
iU}

7. =
Sl I
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IP-tren-ATM

app

transport

IP

IP

Eth

phy

AAL

ATM

phy

]

ATM

phy

ATM phy
phy g

X

app

transport

IP

AAL

ATM

N\

2

==
2
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Duong di cua Datagram trong mang IP-trén-
ATM

3 tai Host nguon:
o l6p IP dnh xa gitra dia chi IP, ATM dich (dung ARP)
o chuyén datagram cho AAL5
O AAL5 déng géi cdc cell dit liéu, doan = chuyén cho lsp ATM

7 mang ATM: di chuyén cdc cell doc theo mang 4o dén dich
3 tai Host dich:
O AAL5S t6ng hop cdc cell thanh datagram nguyén thuy
o néu kiém tra CRC la tot thi datagram chuyén cho IP
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IP-tren-ATM

7 cdc datagram IP di @ ATM
tiep vao cdc ATM @_ /ne’rwork
AAL5 PDU =l

3 tu cac dia chi IP
thanh cac dia chi

ATM "V}
7 <

= dgnd

0 giong cdc dia chi |
IP thanh cac dia Ethernet @ @
chi 802.3 MACl  ANS
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Multiprotocol label switching (MPLS)

7 muc tiéu ban dau: tdng t6c chuyén IP bing cdch
dung nhdn &6 dai c6 dinh (thay cho dia chi IP)
o dua trén cdc y tuéng tir cdch tiép can mach o
o nhung datagram IP van gitr dia chi IP

MPLS header Kk

nhan Exp S TTL

20 3 1 5
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Cac router cd kha nang MPLS

7 nghia l& cdc router cé kha ndng chuyén nhan
3 chuyén tiép cdc géi dén interface di ra chi dua trén gid
tri nhdn (khong xem xét dia chi IP)
O béng forwarding MPLS khac vé6i bang forwarding IP
7 giao thic chuyén tin hiéu can & thict lap chuyén ticp
o RSVP-TE
o chuyén tiép cé thé doc theo nhitng dusng ma IP khdng dugc
phép dling riéng (nhu: dan dusng cé nguon xdc dinh)
o dung MPLS cho ky thuat luu thong
7 phai cung ton tai véi cdc router chi dung IP
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cdac bang forwarding MPLS

nhan | nhan interface
vao | ra dich| ra
10 | A 0
12 | D 0
8 | A 1

R2

nhan | nhan interface
vao ra dich| ra
10 6 | A 1
12 9 D 0

nhan | nhan interface
vao ra dich| ra
8 §) A 0

nhan | nhan interface
vao ra dich| ra
- A 0
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