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Chapter 5: The Data Link Layer

Our goals:

= understand principles behind data link layer
services:
- error detection, correction
- sharing a broadcast channel: multiple access
link layer addressing
reliable data transfer, flow control: done!

= instantiation and implementation of various link
layer technologies

5: DataLink Layer
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Link Layer

5.1 Introduction and
services

5.2 Error detection and
correction

5.3Multiple access
protocols

5.4 Link-layer
Addressing

5.5 Ethernet
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5.6 Link-layer switches
5.7 PPP

5.8 Link virtualization:
MPLS

5.9 A day in the life of a
web request
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Link Layer: Introduction

Vai thuat ngar:
= hosts, routers goi chung la nut [nodes] P AN @
= Kénh truyén thong két ndi cac nut ké é\ R/
nhau theo dudng truyén dugc goi la : |
li8n-két [links] ]
Lién-két hitu tuyén [wired links] S / /
L

Lién-két vo tuyén [wireless links]

. LANs >

= Gdi tin tang 2 goi la khung [frame], /
chlra datagram -

Tang data-link chiu trach nhiém Vo £
chuyén giao datagram tor mot nut
dén mot nut ké doc theo lién-két
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Link layer: context

+ Céc datagram c6 thé duge ~ Uransportation analogy
chuyén giao theo cac gia'o- = trip from Princeton to Lausanne

thc-tang-2 khac nhau khi - limo: Princeton to JFK
di qua cac lién-két khac - plane: JFK to Geneva
nhau - train: Geneva to Lausanne

. e.g., Ethernet on first link, = tourist = datagram
frame relay on intermediate = transport segment =
links, 802.11 on last link communication link
* Moigiao-thuc-tang-2 cung transportation mode = link
cap cac dich vu khac nhau layer protocol
Chang han, c6 thé cd/khéng travel agent = routin
cung cap dich vu truyén dir | agent = g
liéu dang tin cdy qua lién- algorithm
két
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Link Layer Services

« Pong goi, truy cap kénh truyén:
. Pbng goi datagram vao cac frame, bo sung header, trailer
. Truy cap kénh truyén néu moi trudng truyén dan Ia ding chung
. Pia chi MAC dugc sir dung trong frame header dé xac dinh
nguon gui, dich nhan.
o Dia chi MAC khac vdi dia chi IP
= Chuyén giao dang tin cdy gilda cdc nut ké nhau
. Pa dé cap trong chuong 3 (giao thuc rdt)
Hiém khi dugc st dung trén cac dudng truyén it 16i bit (cap
quang, cap xoan doi)
. Dudng vo tuyén: mirc do 10i cao
o Q: why both link-level and end-end reliability?

5: DataLink Layer
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Link Layer Services (more)

flow control:
biéu ti€t toc do gitra 2 nut gui/nhan ké nhau.

Phét hién 10/ [error detection]
LAi phéat sinh do su suy yéu tin hiéu, nhiéu tin hiéu.
Khi kén nhan phéat hién cé 106i
o Bao cho bén guri truyén lai hoac vut bo frame

Tu' sua 167 [error correction]:
Bén nhan nhan ra 16i va tu stra 16i ma khdng can yéu cau
truyén lai.

half-aduplex and full-duplex

V&i haft duplex, cac nit & dau lién-két co thé truyén cho
nhau, nhung khong thé cung luc.

5: DataLink Layer 5-7
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Where is the link layer implemented?

« Tén mang: tang link dugc
trién khai & tat ca cac nut.

= Trén may tinh: tang link dugc

trién khai G cac mang
(network interface card, NIC)

Ethernet card, PCMCI card,
802.11 card

Cac mang dudc gan vao hé
thong bus cua may tinh (VD
PCI) hoac dang built-in.
» Chuc nang cua tang link
dudc cai dat ¢ phan cing,
phan mém va firmware

CuuDuongThanCong.com
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Adaptors Communicating

controller

sending|host receiving|host
—
f I
rame
= Bén gui: = Bén nhan
. Bao boc datagram trong . XU ly 16i, rdt, flow control
cac frame ) . Trich ra datagram va déy

- B0 sung cac bit kiém 106i, |én tang trén

rdt, flow control, ...
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Link Layer

5.1 Introduction and
services

5.2 Error detection and
correction

5.3Multiple access
protocols

5.4 Link-layer
Addressing

5.5 Ethernet
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5.6 Link-layer switches
5.7 PPP

5.8 Link virtualization:
MPLS

5.9 A day in the life of a
web request
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Error Detection

EDC= Error Detection and Correction bits (redundancy)
D = Data protected by error checking, may include header fields

eCh cnngph thinl ikh ngho nto nd ngtinc y 100%!
eD r thi m,nhunggiaoth cv nc th s tli.
eField EDCc ngl nth c ngd ph thinv s al ihon.

| datagram I

otherwiseI

| datagram I

bits in D'
OK
?

<«—d data bits—|
D EDC D'

detected
error

EDC'

- () bit-error prone link ()__
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Parity Checking

Single Bit Parity: Two Dimensional Bit Parity:
Phat hién c6 16i bit Phat hién va sua /oi bit
row
arit parity
— d data bits —py ds 1 dij | dq jeq
d2, 1 daj | dpj4g
| 0111000110101011‘ 0 l . ..
columnl dm di=j di,J+1
parity disq 1 div1l] divq jarq
10101|L 101011 _
111100 g+l Panty
011101 011101
Q0101lo Qdlo1jo
no errors parity
error
correctable
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single bit error
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Internet checksum (review)

Muc tiéu: phat hién “16i” (e.g., sai bit) trong gdi tin dugc

chuyén giao (chu y: chi st dung & tang transport)

Bén gui: Bén nhan:

= Tinh lai checksum cua segment
nhan dugc.

So sanh checksum tinh dugc
bang véi checksum nhan dudgc:

KHAC = c6 16i

Xem noi dung segment nhu
cac sO nguyén dai 16 bit
Checksum: bu 1 cla téng
cac sO nguyén 16 bit

Bén gui phai dat checksum

vao UDP checksum field . B}NG — Khong phat hién ra
l0i. Nhung van co thé co
[0V

5: DataLink Layer 5-13
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Checksumming: Cyclic Redundancy Check

= Xem cac bit dir liéu, goi la D, nhu’ la nhithg s6 nhi phan.
= Chon mau dai (r+1) bit, goi I3 bo sinh (generator), goi 1a G
= Muc tiéu: chon r bit CRC, goi la R, sao cho
<D,R> chia hét cho G (co sb 2)
Bé&n nhan biét G. Khi nhan dugc <D,R>, sé ki€m phan du’ clia phép
chia <D,R> cho G. N€u phan du khac 0: phat hién co 10!
can detect all burst errors less than r+1 bits

= Pudc s dung rong rai trong thuc t€ (Ethernet, 802.11 WiFi,
ATM)

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

5: DataLink Layer  5-14
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CRC Example

Mudh tim R sao cho: ton tai n nguyén dé:

101011
D-2" XOR R = nG 1001) 101110000
Thuc hién phép (XORR) cA2 v&: G <+— 1001 D
D2 = nG XOR R 293
Tuong duong. 1010
J J 1001
R = Phan du [D.27/G] 110
000
1100
1001
1010
1001
011

R
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Multiple Access Links and Protocols

Hai kiéu “lién-két":

- Diém-diém [point-to-point]: mot phia cda lién-két Ia bén gui,

phia kia la bén nhan.

PPP dung trong truy cap quay so [dialup access]
Lién-két diém-diém gilia Ethernet switch va host
» Quang ba [broadcast] nhiéu nut gui va nhan két noi, tat ca
dudc ndi chung vao cung moi truong truyén chung

Ethernet
802.11 wireless LAN

shared RF
(e.g., 802.11 WiFi)

shared wire (e.qg.,
cabled Ethernet)

CuuDuongThanCong.com

=

> » 4
shared RF
(satellite)

humans at a
cocktail party
(shared air, acoustical)
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Multiple Access protocols

Xét moi truéng truyén quang ba/dung chung.

= Hai hay nhiéu cudc truyén dong thai tu cac nut: tin hiéu tu
cac frame bi tron lan, khong thé tach rdi=> ta ndi co hién
tugng va cham [collision]
- Hién tugng nay gay lang phi kénh truyén

- V&n dé quan trong & tang link: Lam thé nao dé diéu khién
viéc nhiéu nut cung gui va cung nhan trén mot moi trudng
truyén chung? (multiple access problem)

= Can phai co quy tac cho viéc nay, chinh la giao thirc da truy
cap [multiple access protocol]

5: DataLink Layer 5-18
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Multiple Access protocols

Glao thuc da truy cap [multiple access protocol]
= Thuat toan phan bé nham xac dinh cach thirc cac ndt dung
chung kénh truyén, i.e. xac dinh thai diém cd thé truyén.
= Truyén thong Vvé viéc dung chung kénh truyén cling phai su
dung chinh kénh truyén.
- Khong cd phan kénh truyén danh riéng cho viéc diéu phai.

5: DataLink Layer 5-19
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Ideal Multiple Access Protocol

Ly tuéng, mot giao thic da truy cap kénh truyén quang
ba co kha nang truyén R bps nén cé nhirng dac tinh:
1. Khi chi c6 mot nut gui dir liéu Ieén dudng truyén, no
co thé truyén vai thong lugng R bps (tuc toi da)
2. Khi ¢ M nit mudn truyén, moi nit cd thé truyén &
thong lugng trung binh R/M bps
3. Phi tap trung hoan toan
- Khong cd nut dac biét lo chuyén diéu phdi viéc truyén=> ko
lo ndt do bi hong sé anh hudng dén toan mang.
- Khong cd su’ dong bo hoa vdi tin hiéu dong ho, khong chia
slots
4. Ban gian, dé hién thuc hoa.

5: DataLink Layer  5-20
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MAC Protocols: a taxonomy

Co ba cac giao thuc truy cap duong truyén chinh:
= Phan chia kénh truyén [Channel Partitioning]

- Chia kénh truyén ra thanh nhirng “manh” nho hon (time slots,
frequency, code)

Cap phat cac "manh kénh truyén” cho cac nut st dung (riéng)
= Truy cip ngau nhién [Random Access]
Kénh truyén khong dudc chia nho, cho phép su va cham.
- SU dung cd ché “khoi phuc” sau va cham.
= “Lay lugt” ["Taking turns”]

. Cac nat cd thé “ay luot”, nhung cac nit cd nhu cau truyén
nhiéu cd thé cé luct truyén dai han.

5: DataLink Layer  5-21
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Channel Partitioning MAC protocols: TDMA

TDMA: time division multiple access

Truy cap kénh truyén theo “tua”

Mai tram (station) nhan 1 khe c6 chiéu dai 8 dinh trong
moi tua.

Khe khong su’ dung thi khong co tin hiéu (i.e. lang im)
VD: v&i mang LAN c6 6 tram nhu bén dudi: tram 1,3,4
co truyén goi tin; tram 2,5,6 thi khong.

6-slot
frame

1
! |
1< >
I‘ L}

1
! |
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Channel Partitioning MAC protocols: FDMA

FDMA: frequency division multiple access

= Dai kénh truyén dudc chia thanh nhi€u bang tan

= Moi tram dudc gan cho mot tan s6 ¢d dinh

= Néu tram ko co truyén goi tin thi bang tan ciing ko ¢o tin
hiéu

= VD: V&i mang LAN c6 6 tram nhu dudi, tram 1,3,4 co
truyén goi tin, con tram 2,5,6 khong.

time
M k) _Eeeee——
<
o
0 >
I AN & oo ——
Q
3 Bl s B
S
FDM cable &
[\
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Random Access Protocols
= Khi nat cd géi tin dé gui di
- GUi dI liéu 1én toan b bang thong kénh truyén ¢ muc truyén R
Khong co su diéu phdi vt/ tién gilra cac nut.
= Khi c6 2 hay nhiéu nut cung truyén = “va cham”
= Giao thirc truy cdp ngau nhién MAC [random access MAC
protocol] xac dinh ro:
- Cach thic phat hién hién tugng va cham
- Cach thuc khoi phuc khi cé va cham (e.g. thong qua viéc tri hoan
viéc truyén lai)
= Vi du vé cac giao thirc truy cp ngau nhién MAC
- slotted ALOHA

- ALOHA
- CSMA, CSMA/CD, CSMA/CA

5: DataLink Layer  5-24
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Cac gia dinh:

Slotted ALOHA

Hoat dona:

Tat ca cac frame déu co cung
kich thudc.
Thdi gian truyen dugc chia

thanh cac slot dai bang nhau (la
thdi gian can dé truyén 1 frame)

Khi nut gu’l co frame dif li€u
dé truyén, nd chd dén khi bat
dau slot ké ti€p va truyén
frame vao slot nay.

NUt bdt dau truyén frame vao - Véu khong co va cham.

thdi diém bat dau slot nut co the gui frame moi
Cac nut dugdc dong bd héa, do (ne,u co) vao slot ke ti€p.

d6 moi nut bidt thoi diém bt - Néu co va cham. nut gui
dau slot. lai frame vao slot ké tiép
Néu cb 2 hay nhiéu frame va vOi xac suat p (0<p<1) cho
cham nhau trén mot slot, tat ca tdi khi thanh cong

cac nut sé phat hién dugc hién
tugng nay, truGce khi slot két
thuc.

5: DataLink Layer  5-25
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Slotted ALOHA

nodea 1 1 1
nods2 | & | =
node 3 [ [5] (=]
| | | | | | | | |
| | | | i i | | ——* alots
c E € S0 B TR OB ¢ B 5
Thuan Igi Bat O
= NUt dang truyén c6 thé = Hién tugng va cham, gay lang

truyén lién tuc ¢ thong lugng
truyén cao nhat cua kénh =
truyén

= Phi tap trung cao: Nut phat
hién va cham va quyét dinh
truyén lai mot cach doc lap
vOi nut khac.

= Giao thuc hoat dong don gian

CuubDuongThanCong.com

phi slot.

Mot phan slot khong dugc dung
dén, do nut tri hoan viéc truyén
vOi xac suat (1-p).

Nut phai phat hién ra hién tugng
va cham (néu co) vai thai gian
ngan han thai gian truyén.

DBong bo hoa tin hiéu dong ho:
Nut phai xac dinh dugc thai diém
bat d‘éu 1 slot. 5: DatalLink Layer  5-26
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Slotted Aloha efficiency

Do hiéu qua: % slot thanh cong
so vdi tong s slot, khi co nhiéu
nut cung truyén mot thdi gian du
dai, moi nut c6 mot so lugng I6n
cac frame can truyén.

= Gla su: co N nut vGi nhiéu frame
can dudc gui, moi nut truyén voi
Xac suat truyén p

= Xac suat 1 nut nhat dinh st
dung thanh cong 1 slot la
p(1-p)N-1

= Xac suat bat ky nut nao cling st
dung thanh cong slot la

= Np(1-p)N-1

CuubDuongThanCong.com

= Hiéu qua cuc dai: tim
p* lam cuc dai hda biéu
thic Np(1-p)N-1

= Lay gidi han cua Np*(1-
p*)N-1 khi N —o0, dudc:

Hiéu qua cuc dai = 1/e = .37

Khi c6 mot sO I6n cac
nut cung truyén mot so
lugng I6n cac frame, co I
toi da 37% cac slot lam
viéc co ich.

5: DataLink Layer  5-27
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Pure (unslotted) ALOHA

= unslotted Aloha: don gian hon, khong can dong bo hoa
= Khi cac frame dén lan dau
Truyén di ngay lap tic
= Kha nang va cham gia tang:
Frame dudc gui & thdi diém t, va cham vdi cac frame dugc gui
trong khoang thdi gian [t,-1,t,+1]

. will overlap ~ will overlap
i with startof { withendof i
i«— i’s frame —>i+—i’s frame —»

node | frame

to-l to to+1

5: DataLink Layer 5-28
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Pure Aloha efficiency

P(1 nut nhat dinh truyén th/cong) = P(nut do truyén) -

P(ko c6 nut nao khac truyén trong [t,-1,t,]) -
P(ko c6 nut nao khac truyén trong [t,,t, +1] )
=p - (1-p)Nt. (1-p)N1
=p - (1-p)>(N-1)

L&y giGi han cla biéu thic trén khi N >0, dugc
1/(2€) = .18

Con té han slotted Aloha!

5: DataLink Layer  5-29
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CSMA (Carrier Sense Multiple Access)

CSMA: (y tudng: lang nghe trudc khi truyén)
NEu mot nut “cam dugc” kénh truyén dang lang: nut dé
truyén toan bo frame.

= Tuong tu cho con ngudi: khong ngat IGi nguGi khac!

5: DataLink Layer 5-30
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CS MA COI I iSIOnS spatial layout of nodes

» Theo cach CSMA, sau khi T Space
truyén, va cham van ¢d thé'xay A . G D
ra. Do la tinh huong 1 nut ko

“cam dugc” dudng truyén dang
co frame dang trén dudng di
dén.

+«— {ime

Khi co va cham:

Toan bb cong truyén goai tin

bi Iang phi.

Luu y:

Vai tro ctia khoang cach va thoi
gian lan truyén cé anh hudng dén
kha nang va cham

5: DataLink Layer  5-31
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CSMA/CD (Collision Detection)

CSMA/CD: carrier sensing, deferral as in CSMA
. Va cham dudc phat hién trong khoang thdi gian ngan
. Cac phién truyén c6 su’ va cham déu bi bo ngang,
giam su’ lang phi kénh truyén.
= Phat hién va cham [collision detection]:
. Dé trong mang LAN h{tu tuyén: do chiéu dai tin hiéu,
so sanh tin hiéu da truyén va tin hiéu nhan dudc.
. Kho trong mang LAN vo tuyén: chiéu dai tin hiéu
nhan dugc bi chiéu dai cudc truyén cuc bo lan at.

= Tudng tu con ngudi: the polite conversationalist

5: DataLink Layer  5-32
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CSMA/CD collision detection

+«—— space —>
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collision
detect/abort

time
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"Taking Turns” MAC protocols

Nhan xét:
Cac giao thic MAC theo 16i phan chia kénh truyén

+ Phan chia kénh truyén mot cach hiéu quava cong
bang khi co tai cao.
- Khong hiéu qua khi tai thap: chi cap 1/N bang
thong mac du chi c6 1 nuat truyén!
Cac giao thi'c MAC theo I8i truy cAp ngau nhién

. Hiéu qua khi tai thdp: mot ndt co thé khai thac
toan bo bang thong kénh truyén.

- Khi tai cao: tra gia cho hién tugng va cham.
Cac giao thic MAC theo 16i lay lugt (“taking turns”)
Tim ki€m nhiing diém t6t nh&t cta 2 loai trén!

5: DataLink Layer 5-34
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"Taking Turns” MAC protocols

Tham do nhu cau [Polling]:

= SU dung 1 nut “master” lam
nhiém vu “madi” cac nut con
lai (“slave”) khi dén luct.

« Thuong dugc si’ dung cho
cac thiét bi slave “kém thong
minh”

= Cac van de:

Viéc master hoi slave sé dan slaves

dén mot phi ton vé thoi gian=>

hao bang thong.

Master trd thanh diém trong

yéu, néu bi hong sé anh hudng

dén toan hé thong. 5: DataLink Layer ~ 5-35

master
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"Taking Turns” MAC protocols

Chuyén thé bai [Token passing]:
3 Diéu khién thé bai [token] i)

chuyén tu nut nay dén nut
khac theo thu tu, dé cap

quyén truy cip kénh truyén. g’;ﬁ;&%

7 token message @ @
3 Van dé:
o Phi ton thé bai
o PO tré.
o Token trgd thanh yéu to6 quan
trong, su’ mat/tring 13p token sé& @
anh huéng dén toan hé thong.

data
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Summary of MAC protocols

= Chia kénh truyén theo thoi gian, tan s6 hay code
- Time Division, Frequency Division

= Truy cdp ngau nhién (dynamic),
. ALOHA, S-ALOHA, CSMA, CSMA/CD

. carrier sensing: dé ddi véi cac k¥ thuat hitu tuyén , nhung
lai kho doi vai cac ky thuat vo tuyén.

- CSMA/CD dudc su dung trong Ethernet
- CSMA/CA dugc sur dung trong 802.11
« L&y luot
- Thdm do nhu can truyén tir 1 diém trung tam
- Chuyén thé bai
Bluetooth, FDDI, IBM Token Ring
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Link Layer

5.1 Introduction and
services

5.2 Error detection and
correction

5.3Multiple access
protocols

5.4 Link-Layer
Addressing

5.5 Ethernet

CuubDuongThanCong.com

5.6 Link-layer switches
5.7 PPP

5.8 Link virtualization:
MPLS

5.9 A day in the life of a
web request
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MAC Addresses and ARP

- Dia chi IP 32-bit
- Dia chi tang mang
. Pugdc st dung dé dua datagram dén IP subnet

» Dia chi MAC (hay LAN/vat ly/Ethernet)
. Chiic néng: chuyén frame tur 1 interface dén mot
interface khac co-noi-két-vat-ly (trong cung mang)

- Dia chi MAC c6 chiéu dai 48 bit ( doi v&i hau hét cac
LAN)

o Bugc ghi chét (burned) vao bo nhé ROM cua NIC

5: DataLink Layer 5-39
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L AN Addresses and ARP

Moi cac mang déu cd 1 dia chi MAC duy nhéat

+—1A-2F-BB-76-09-AD Dia chi Broadcast =
FF-FF-FF-FF-FF-FF

LAN
(wired or B = cac mang
wireless)

71-65-F7-2B-08-53

58-23-D7-FA-20-BO

“— 0C-C4-11-6F-E3-98

5: DataLink Layer  5-40
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LAN Address (more)

= Viéc cap phat dia chi MAC dugc IEEE quan ly

= Cac nha san xuat thi€t bi mang phai mua lai vung
khong gian dia chi MAC (nham dam bao tinh duy
nhat)

= Tuong tu:
(a) Dia chi MAC : tucng tu s6 CMND
(b) Dia chi IP: tuong tu’ dia chi gui thu
- Pia chi MAC ko cé ciu tric phan cdp = kha chuyén
. Cb thé chuyén 1 LAN card tUr 1 LAN dén 1 LAN khac.
= Dija chi IP phan cap, khong kha chuyén.
= [P hierarchical address NOT portable
- Dia chi phu thubc vao subnet ma nut do noi vao

5: DataLink Layer 5-41
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ARP: Address Resolution Protocol

CSu hoi: Lam thé nao dé xac dinh <
dugc dia chi MAC ctia 1 interface f MOI nut IP (host, router)
khi biét dia chi IP clia n4? tren mang LAN deu co 1
bang ARP cua no

= Bang ARP: Luu anh xa

137.196.7.78 IP/MAC cla 1 s6 nut trén
- 1A-2F-BB-76-09-AD LAN

137.196.7.23 < IP address; MAC address; TTL>

137.196.7.14
| . TTL (Time To Live): thoi
LAN —@ gian ma sau dd thi anh xa

71-65-F7-2B-08-53 58.23.07-FA.20-B0 khong con gia tri (thuGng

khoang 20 phut)
“— 0C-C4-11-6F-E3-98
137.196.7.88 —

CuuDuongThanCong.com https://fb.com/tailieudientucntt
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ARP protocol: Same LAN (network)

A muodn gui 1 datagran cho B, va
dia chi MAC cua B khong co !
trong bang ARP cua A.
A gui 1 ARP query vao dia chi
broadcast, trong do co chua
dung dia chi IP cua B.
broadcast FF-FF-FF-FF-FF-FF
. Tat ca cac may trén LAN déu
nhan dugc ARP query. n
B nhan dudc ARP packet, va no
tra 10i cho A bang dia chi MAC
cua chinh no (B).
Frame dudc gui dén dia chi MAC
cua A (unicast)

CuubDuongThanCong.com

BO nhd cache cua A dugc dung
d€ luu anh xa IP-to-MAC trong _
bang ARP cua nd, cho dén khi loi
thaoi (time out)
soft state: thong tin bj I6i thdi
bi vut bo tru’ khi nd dudc lam
tuai [refreshed]

ARP la giao thuc “plug-and-

play”:
Cac nut duy tri bang ARP cua
chinh né ma khdng can su
can thiép cua guan tri mang.
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Addressing: routing to another LAN

walkthrough: gui datagram tu' A dén B via qua router R
Gia sU A biét dia chi IP cua B

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

E6-E9-00-17-BB-4B
1A-23-F9-CD-06-9B

222.222.222.221

222.222.222.222

222.222.222.22(
111.111.111.110

R

111.112
==(;b

49-BD-D2-C7-56-2A
CC-49-DE-DO-AB-7D

- CO 2 bang ARP tai R, mdi bang cho 1 mang con IP

5: DataLink Layer 5-44
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A tao ra IP Datagram vdi (source A, destination B )

A st dung ARP, xac dinh dugc dia chi MAC cia R la 111.111.111.110
A tao ra frame & tang link, vdi dich la dia chi MAC cua R, va frame nay
chua dung IP Datagram na A gui cho B. | Thisisa really important
Cac mang cua A gui frame di. example - make sure you
Cac mang cta R nhan frame. understand!

R gd IP datagram ra tu Ethernet frame, doc lay dia chi dich (la dia chi
IP cua B)

R st dung ARP dé nhan dudc dia chi MAC cua B.
R tao ra frame chlra IP datagram (ma A gui cho B) va gui frame dén B.

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

88-BZ-2F£54-1 A-OF

E6-E9-00-17-BB-4B
1A-23-F9-

222.222.222.221

D-06-9B
111.111.111.111

222.222.222.222

222.222.222.220
111.111.111.110

R

M1111.111.112

..(r(
I $

CC-49-DE-D0-AB-7D
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Link Layer

5.1 Introduction and
services

5.2 Error detection and
correction

5.3Multiple access
protocols

5.4 Link-Layer
Addressing

5.5 Ethernet

CuubDuongThanCong.com

5.6 Link-layer switches
5.7 PPP

5.8 Link virtualization:
MPLS

5.9 A day in the life of a
web request
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Ethernet

La cong nghé LAN hitu tuyén “thong tri”

= Gia re (20$ cho NIC)

= La cong nghé LAN dau tién dudc s dung rong rai

= Dan gian han, chi phi thap han LAN st dung token
va ATM

= Kha nang truyén tang: 10 Mbps — 10 Gbps

Metcalfe's Ethernet
sketch

INTERFALF
COMTRCLE B,

5: DataLink Layer  5-47
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Star topology

Topo dang bus dugc st dung phd bién cho dén gilra
thap nién 1990
T&t ca cac ndt nam cung trén mot collision domain (vung co thé
cd su' va cham gitra cac gai tin)
- Ngay nay: topo dang hinh sao (star) dugc st dung pho
bién.
S dung switch trung tadm dé ndi cac tram.

Cac tram truyén frame trén nhirng dudng tach biét, khong co su’
va cham vdi cac tram khac.

switch
star @

bus: coaxial cable 5: DataLink Layer  5-48
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Ethernet Frame Structure

Cac mang bén gui dong goi IP datagram ( hoac cac goi
tin khac thudc tang mang) vao trong Ethernet frame

5 g - Dest. | Source I
eAmE | aderess | Address [

Type

Preamble: 8 bytes
= 7 bytes dau co gia tri 10101010 va byte ké 10101011
= Pugc st dung dé& dong bd bén nhan va bén gui

5: DataLink Layer  5-49
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Ethernet Frame Structure (more)

= Addresses: 6 bytes
NEéu cac mang nhan dugc frame co dia chi dich khép vdi dia
chi cia n6 hoac nhan dugc frame cé dia chi dich la
broadcast (eg gdi tin ARP), nd sé day dir liéu bén trong
frame |Ién giao thuc tang mang.
- Ngudc lai, cac mang vut bo frame
= Type: chi ro giao thuc tang trén ( thuong la IP,
nhung cling co thé khac, VD Novell IPX, AppleTalk)
= CRC: dugc bén nhan dung dé ki€ém cé 16i truyén hay
khong. Néu co thi frame s€ bi vut bo.

Liest, Source | : :
AR Address | Address ! Data. .
ii

YPe
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Ethernet: Unreliable, connectionless

= connectionless: khong co nghi thirc bat tay gitra NIC bén
gui va NIC bén nhan.

= unreliable: NIC bén nhan khong guri goi tin ACK hay
NACK cho NIC bén guri.
. Dong datagram dua lén tdng mang cd thé bi khuyét datagram
. Cho khuyét s& dugc “1ap day” néu 'ng dung str dung TCP.
. N&u khong, (thg dung s& thay dugc chd khuyét nay.

= Giao thic truy cap duong truyén cua Ethernet: unslotted
CSMA/CD

5: DataLink Layer  5-51
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Ethernet CSMA/CD algorithm

1. NIC nhan datagram tu' tang 4. Néu NIC phat hién ra co

2.

mang, no tao ra frame

NEéu NIC cam nhan dugc
kénh truyén dang ranh, no
bat dau truyén frame. Néu
NIC cam nhan kénh truyén
dang ban, no chd cho dén
khi ranh, sau do mai truyén.

. Néu NIC truyén toan bd

frame ma khong phat hién
ra mot cudc truyén nao
khac, NIC hoan thanh viéc
truyén frame.

CuubDuongThanCong.com

D.

mot cuoc truyén khac ciling
dang truyén, nd ngung
truyén va gui 1 tin hiéu
canh bao [Jam signal]

Sau khi ngung truyén, NIC
chuyén sang tinh trang
exponential backoff: sau
lan va cham thir n, NIC sé
chon mot sO K ngau nhién
tur vung {0,1,2,...,2m-13}. NIC
chd dgi K«512 bit times,
quay trd lai budc 2

Trong d6 m= min (n,10)

5: DataLink Layer  5-52
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Ethernet's CSMA/CD (more)

Jam Signal: nham chac chan
rang tat ca cac bén truyén

khac déu biét vé su kién va

cham; dai 48 bits.

Bit time: thdi gian dé truyén 1
bit. V&i Ethernet 10 Mbps,
bit time = 0.1 microsec

V&i K=1023, thdi gian chd doi
khoang 50 msec

See/interact with Java
applet on AWL Web site:
highly recommended |

CuubDuongThanCong.com

Exponential Backoff:

Muc tiéu. thdi gian chd truyén
lai phai phu hgp vdi tai hién
hanh

- Tai cang I6n: thdi gian chd

cang lau

Va cham lan 1: chon K tu
{0,1}; thai gian chd la K.512
bit time.
Sau lan va cham th( 2: chon K
tu {0,1,2,3}...

Sau lan va cham th( 10, chon
K tu {0,1,2,3,4,...,1023}

5: DataLink Layer  5-53
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CSMA/CD efficiency

= T, = thai gian lan truyén IGn nhat gitra 2 nut trén

LAN
= t,.c = thdi gian dé truyén frame cé kich thudc I6n
nhat. 1

dfictency =5

prop’ “trans
= DO hiéu qua efficiency tién veé 1
- Khi t, ti€n vé 0
. Khi t,,. tién V& oo
= Hiéu qua han ALOHA, va lai dan gian, chi phi thap,
phi tap trung!

5: DataLink Layer 5-54
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802.3 Ethernet Standards: Link & Physical Layers

= (O nhiéu chuan Ethernet khac nhau
. Co chung giao thi'c MAC va khung dang frame

. Toc do khac nhau: 2 Mbps, 10 Mbps, 100 Mbps,

1Gbps, 10G bps

- Phuong tién truyén khac nhau: cap quang, cap

xoan doi, cap dong truc.

application

transport

network

link

physical

CuuDuongThanCong.com

and frame format

MAC protocol

100BASE-TX

100BASE-T2

100BASE-T4

100BASE-SX

100BASE-FX
100BASE-BX

>

copper (twister
pair) physical layer

N\

fiber

physical layer
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Manchester encoding

M anchester Encoding

Bit stream 1100|101 g =2 | 1 111

Birary
ercoding

hWarczhsster
encoding

= Pugc st dung trong chuan 10BaseT

= MOi bit déu c6 chuyén trang thai.

= Cho phép ddng hd bén guri va bén nhan dong bd lan
nhau.

Khong can thiét phai sir dung dong ho toan cuc cho tat ca
cac nut.

5: DataLink Layer 5-56
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Link Layer

5.1 Introduction and
services

5.2 Error detection and
correction

5.3 Multiple access
protocols

5.4 Link-layer
Addressing

5.5 Ethernet

CuubDuongThanCong.com

5.6 Link-layer switches,
LANs, VLANs

5.7 PPP

5.8 Link virtualization:
MPLS

5.9 A day in the life of a
web request
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Hubs

... la repeater hoat dong & tang vat ly:
. Cac bit di vao & 1 lién-két va ra tat ca cac lién két
khac vai cung toc do.
. T&t ca cac nut két ndi véi hub cé thé va cham véi mot
nut khac.
. Khong c6 vung dém cho frame
. Khong co CSMA/CD tai hub: cac NICs phai tu phat

hién va cham. @
’rvy’red pair
g 7

&
hub

©
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Switch

» La thiét bi ¢ tang link: hubs thong minh, dong
vai tro chu dong trong:
. Luu va chuyén tiép cac Ethernet frames
. Kiém tra dia chi MAC cla frame dén, chuyén tiép
mot cach co lua chon frame dén mot hpéc nhiéu
lién-két & ngod ra, s’ dung CSMA/CD dé truy cap
dudng truyén.
» 7inh trong suot cua swicth
. Host gui dit lieu cho nhau, khéng can biét dén su’
hién dién cua switch.
= plug-and-play, self-learning
. Gan vao la chay, switches khong can dugc cdu hinh

5: DataLink Layer  5-59
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Switch: allows multiple simultaneous
transmissions

= Moi host co dudng két ndi dénh
riéng, truc ti€p den switch.

= Switch c6 bd dém cac gdi tin 6 )C/

= Ethernet du’-ch S(r dung trén \
tung lién-két vao, nhung khong

co va cham; cho phép dir liéu
truyén theo 2 chiéu dong thoi

[full-duplex]
- Moi lién-két la collision domain switch V67 6 interfaces
cua chinh no. (123456)

= switching.: A-tGi-A’ va B-tGi-B’
mot cach dong thai, khong co
va cham.
. Diéu néy 3 kh6ng thé d/v Hub 5: DataLink Layer ~ 5-60
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Switch Table

Q: lam thé nao switch biét rang A’
la c6 thé “cham dén dugc” thdng
qua interface 4, va B’ 1a ¢ thé
“cham dén dugc” nhd interface 5?
A: moi switch c6 mt bang chuyén
[switch table], moi dong cua bang
chua:
- (dia chi MAC cua host, interface dé
dén dugc host, nhan thai gian)
Trong giong nhu bang dinh tuyén!
Q. cac dong clia bang chuyén
dudc tao ra va duy tri nhu thé
nao?
- Co vai diéu tucng tu nhu giao thic
dinh tuyén.

CuubDuongThanCong.com

2 te

is®

switch vor 6 intferfaces
(1,2,3,4,5,6)

5: DataLink Layer 5-61
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Switch: self-learning //g;g;faf\

A

= switch {7 hoc dé biét nhiing

hosts nao la co thé dén dugc
qua interface nao cua no. @\ z/@

Khi nhan dugc frame, switch “hoc 5 X’

vi tri cua host gui: tU nhanh mang /i \

dén switch.
Switch ghi nhan lai cap thong tin
MAC addr |interface | TTL
A Ji 60 | Switch table

vé host gui (MAC addr) va nhanh
(initially empty)

mang chlra host guri (interface)

5: DataLink Layer  5-62
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Switch: frame filtering/forwarding

Khi nhan dugc frame:
1. Ghi nhan lai lién-két (dai dién bang interface) ma host guri
(dai dién bang MAC addr) str dung.
2. Cap nhat bang chuyén, chi muc theo “MAC dest address”
3. If c6 dong trén bang chuyén Uing véi dich dén cua frame
then {
if dich dén nam cuing segment vdi frame dén
then huy bo frame /* filter */

else chuyén frame dén interface dugc chi ra
[*forward*/

h

else broadcast frame dén tat ca cac interface, ngoai tru
interface ma frame di vao /*flooding*/

5: DataLink Layer 5-63
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Source: A
Dest: A’

Self-learning,
forwarding:
example

= Khi khong biét frame
destination: food

= Khi xac dinh dudc:
gui co chon loc

MAC addr |interface | TTL

A Ji 60 | Switch table
A’ 4 60 | (initially empty)

5: DataLink Layer 5-64
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Interconnecting switches

= Cac switch cd thé ndi két lai v3i nhau:

3 Q:guitl A dén G — Iam thé& nao dé S1 biét phai chuyén
frame dén G thong qua S4 va S37?

3 A. tu hoc! (lam viéc giobng nhu trudng hdp cd 1 switch)

5: DataLink Layer  5-65
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Self-learning multi-switch example

Gia su C gui frame dén I, I phan hai lai C.

3 Q: hay chi ra bang chuyén va cach chuyén frame tai
cac switch S;, S,, S5, S, ?

5: DataLink Layer 5-66
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Institutional network

to external
network
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Switches vs. Routers

= Ca hai déu la thiét bj luu va chuyén [store-and-forward]
routers: thi€t bi tang Network (xtr ly header ¢ tang Network)
- Switches: Thiét bi tang Link
= Router duy tri bang Dinh tuyén, cai dat thuat toan dinh
tuyén.
= Switch duy tri bang Chuyén, cai dat chi’c nang loc
[filtering], thuat toan tu’ hoc.

o) o)
4 4
3 =3 M 3
2 e 2 2
1 1 1 1
Host Bridge Router Host
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VLANS: motivation

Mang nhur'so dd sau cd gi BAT ON? bieu gi se xay ra neu:
= NguGi dung mang CS dén lam
—@\ /@/ﬁﬂ viéc tai mang EE, nhung van
muon két ndi dén switch CS?

/ ‘ Néu chi 1 broadcast domain:
- Tat ca cac dir liéu broadcast

¢ tang 2 (ARP, DHCP) dugc

1 e T ,
@/@ @ @ i ' gUi dén tat ca cac LAN (nay
Computer sinh van dé vé an ninh/chinh
Science E'?«C’W'CG' §°“"°‘”"'” sach riéng tu)
Engineering ngineering

= Switch ¢ mic thap nhat chi
o vai port dugc dung=>
kém hiéu qua.
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VLANS

3 Virtual Local

Area Network

Switch ho trg kha ndng
VLAN c6 thé dugc cau
hinh d€ dinh nghia nhiéu
mang LAN 2o trén 1 ha
tang LAN.

CuuDuongThanCong.com

Port-based VLAN: cac port cua switch
dugc ’nhém lai (nhG phan mém quan
ly) dé mot switch vat ly cho phép ...

7 9 15,

\

8 10

1
2
)

[

Electrical Engineering Computer Science
(VLAN ports 1-8) (VLAN ports 9-15)

. lam viéc nhu cdé nhiéu switch ao.

< -y
1 7
9 . 1
2 . . 8 ° 10 16
Electrical Engineering Computer Science
(VLAN ports 1-8) (VLAN ports 9-16)
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Port-based VLAN

= Tach roi luong dir liéu: router
frames den/tu’ ports 1-8 chi

cO thé dén ports 1-8
Cling cd thé dinh nghia VLAN dua

vao dia chi MAC cuia host thay vi —7:‘[9><\<—
port cua switch. 5T \
L
3 dynamic membership: cac @/ ( @\g
ports c6 thé dugc gan =
n 4 rical Engineerin Computer Scien
dong cho cac VLAN. E'eituii' kit (VLAN ports 9.18)

O forwarding between VILANS:
dudgc thuc hién thong qua dinh
tuyén (nhu vai cac switch roi)

o Thuc t€, cac nha SX ban cac thiét bi
switch tich hgp vai router.
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VLANS spanning multiple switches

_><— e
7 9 1
b\
8 _ |10 / 2
L~ /
/
=

Electncal Englneenng Computer Science Ports 2,3,5 belong to EE VLAN
(VLAN ports 1-8) (VLAN ports 9-15) Ports 4,6,7,8 belong to CS VLAN

= trunk port: di chuyén frame gilra cac VLAN dugc dinh
nghia trén cac switch vat ly.
Cac frame dudc trong VLAN gilra cac switch khdng thé chi co ca
trdc nhu 802.1 frame (vi phai cé thong tin VLAN ID)

Giao thurc 802.1q thém/gd bo cac field trong header cua frame
can dugc chuyén gitra cac trunk ports.
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802.1Q VLAN frame format

Type

Dest. S
g adcT:ess aéI)cLijrr;fs Data - 802'] fr’ame

’

. Twpe

reamie | Dot source ' 802.1Q frame

-byte Tag Protocol Identifier Recomputed
(value: 81-00) CRC

Tag Control Information (12 bit VLAN ID field,
3 bit priority field like IP TOS)
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Link Layer

5.1 Introduction and
services

5.2 Error detection and
correction

5.3Multiple access
protocols

5.4 Link-Layer
Addressing

5.5 Ethernet
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5.6 Link-layer switches
5.7 PPP

5.8 Link virtualization:
MPLS

5.9 A day in the life of a
web request
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Point to Point Data Link Control

- Mot gui, mot nhan, trén 1 lién-két: dé han lién-két
quang ba
. Khéng can diéu khién truy cap dudng truyén
. Khong can dia chi MAC
- e.g., dialup link, ISDN line
= Cac giao thlc point-to-point phd bién
- PPP (point-to-point protocol)

- HDLC: High level data link control (Data link used
to be considered “high layer” in protocol stack!)
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PPP Design Requirements [RFC 1557]

= packet framing: dong goi datagram ¢ tang mang vao frame
¢ tang link.
- Mang dir liéu cua bat ky 1 giao thuc tang mang nao

(khong chi IP)

. Kha nang chuyén di liéu Ién tang trén

= bit transparency: phai cho phép mang bat ci dir li€éu nao
trong trudng chua dir liéu (e.g. trudng info trong PPP data
frame)

= error detection (nhung khéng stra 16i)

- connection liveness: phai cd kha ndng phat hién 10i trén
lien-két va bao 16i nay cho tang mang.

= network layer address negotiation: mot nut phai cd cung
cap 1 ca ché cho phép truyén thong vaGi tang mang (VD IP)
dé hoc/cdu hinh dia chi mang cda nut khac.
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PPP non-requirements

PPP c6 phat hién nhung khdng doi cd ché stra 16i/khoi
phuc nguyén trang

PPP khong can diéu tiét toc do truyén/nhan (no flow
control). Viéc diéu tiét toc do dugc cac giao thuc tang
trén dam nhiém.

Chap nhan truyén nhan cac frame sai thu tu, diéu nay
tueng thich véi mo hinh dich vu cua IP.

PPP chi van hanh trén cac lién-két diém-diém (mot guri-
mot nhan). Trong khi d6, cac giao thuc khac ¢ tang link
(VD HDLC) c6 thé van hanh trén cac lién-két quang-ba
(mot-gui-nhiéu- nhan)

Error recovery, flow control, data re-ordering
all relegated to higher layers!
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PPP Data Frame

Flag: dau hiéu phan cach (bat dau va két thic frame)
Address: hién c6 dinh 11111111, khong s dung.
Control: hién c6 dinh 00000011, khong st dung,
tuong lai co thé dinh nghia cac gid tri khac.

Protocol: giao thic tang trén chuyén dir liéu vao
frame. (21,.: IP; 29,.: AppleTalk, 27,¢: DECnet, ...)

variable
1 1 1 1or?2 length 2or4 1
01111110[11111111/00000011| protocol| info | check |o01111110
flag control flag
address
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PPP Data Frame

- info: dir liéu tur tAng trén can dudc van chuyén
« check: CRC dung dé phat hién I0i.

variable

1 1 1 1 or2 length

2or4 1

01111110[11111111/00000011| protocol| info | check |o01111110

flag control flag
address
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Byte Stuffing

= YEu cau “data transparency” : vung dif liéu phai cho
phép chira dir liéu giong nhu flag, tic <01111110>
- Q: Khi nhan dugc <01111110>, do la di liéu hay
flag?
= Bén gui: thém vao 1 byte dac biét <01111101>
truGc moi byte dir liéu dang <01111110>, hoac
<01111101>, sau d6 mdi gui di.
= Bén nhan:
- Néu nhan dugc <01111101>, sau do
<01111110>, thi vit bo <01111101>

- Néu nhan dugc 2 byte <01111101>, thi vt bo 1
byte
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Byte Stuffing

iéu
gi(“)'ngflag\\OllllllO 8?111110
b2 b4
v Dbl b5
PPP] PPP]
| 4

b5 b4 01111110 01111101 b2 bl

/

G&n thém byte 01111101
vao phia trudc
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PPP Data Control Protocol

Trudce khi trao doi dif liéu tang
mang, 2 bén gui/nhan & tang
link phai:

= Cau hinh lién-két PPP (chiéu dz
toi da frame, authentication)

= Hoc/thiét 1ap cau hinh thong tir
tang mang

. VGi IP: si’ dung thong diép
giao thuc cua IPCP (IP
Control Protocol) dé cdu hinh
/hoc dia chi IP

link
establishmen
authenticate
network
layer config
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Link Layer

5.1 Introduction and
services

5.2 Error detection and
correction

5.3Multiple access
protocols

5.4 Link-Layer
Addressing

5.5 Ethernet
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5.6 Link-layer switches
5.7 PPP

5.8 Link virtualization:
MPLS

5.9 A day in the life of a
web request
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Synthesis: a day in the life of a web request

= Pa khao sat du cac tang trong chong giao
thu'c Internet
- application, transport, network, link
= Két hgp cac tang
. Muc tiéu: nhan biét, 6n lai, hiéu cac giao thirc (&
tat ca cac tang) qua 1 kich ban don gian: ma 1
trang web
. Kich ban. sinh vién gang may laptop vao mang
trudng, md trang web www.google.com
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A day in the life: scenario

Pira—.

browser

=

< o 4

(22X
=D ==
9 —
EE

E

web page

Google

| Google Baaieh i Fesina ey | ezar

Advestiving Procrars - Busress Sofions - About Gocgle:
s Py

5: DataLink Layer  5-85

https://fb.com/tailieudientucntt

CuuDuongThanCong.com


http://cuuduongthancong.com
https://fb.com/tailieudientucntt

A day in the life... connecting to the Internet

DHCP O May tinh két nGi vao mang,
U||2P can co d/chi IP cua chinh no,
= d/chi IP cua router dau chang,

DNS server: si’ dung DHCP.

7 DHCP request dudc dong goi
DHCP trong UDP datagram, dugc
uoP | ™ dong goi tiep trong 802.1
5 > ) Ethernet frame.
Eth router 7 Ethernet frame dudc gui
Phy | (runs DHCP) broadcast (dich

FFFFFFFFFFFF) trén LAN.
Frame nay dugc router co
DHCP Server nhan.

3 Tai day, frame dudc tach lay
phan IP datagram, UDP
segment, DHCP request
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A day in the life... connecting to the Internet

DHCP = DHCP Server hinh thanh DHCP
UDP ACK, trong do chia B/chi IP
IP cua cllent cua router dau
chang, tén & D/chi IP cua

Eth
Phy y DNS Server.
—4 ; /
7 DHCP ACK dudc dong goi

cho den frame frame dugc

chuyén trén LAN dén cllent
= Qua trinh tach va chuyén
— |én cac tang trén cac PDU
router dién ra & client.
(runs DHCF) 3 DHCP client nhan dudc DHCP

ACK reply.

Client duoc cap dia chr IR, biét tén va dia chi DNS server
Dia chr IP cua router dau chang
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A day in the life... ARP (before DNS, before HTTP)
O Trudc khi gui HTTP request, laptop

DNS

UDP can biét dia chi IP cua
1P www.google.com: sU dung DNS
B ARP query 'I;-rt]h . O M3t DNS query dugc tao ra, déng
Y / goi trong IP, dong goi tiép trong
Ethernet frame. Dé gui frame dén
Z dudc router, can bi€t dia chi MAC
o cua router (& phia may laptop). Su
e dung ARP.
=~ win 7 ARP query dugc gui broadcast

trén LAN va dugc router nhan.
Router sé tra IGi bang ARP reply,
trong do chlra dung dia chi MAC
cua router.

0 Client biét dia chi MAC cua router
dau chang, do do no co thé gui
frame chira DNS query.
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A day in the life... using DNS

DNS
| UDP
| P
[l Eth

Phy
| | |[ETons | |

O

0 IP datagram chda dung DNS
query dugc chuyeén tu client
qua switch dé dén router dau
chang.

O

CuubDuongThanCong.com

DNS
UDP
P

DNS server

Comcast network ™
68800013 [

IP Datagram dugc chuyén tur
mang SV dang két ndi, vao mang
Comcast, dugc dinh tuyén tai
DNS Server thong qua cac giao
thic dinh tuyén RIP, OSPF, IS-
IS va/hoac BGP

3 IP Datagram dudc trich/chuyén

dén DNS server

DNS server tra I0i dia chi IP

cua www.google.com cho client
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A day in the life... TCP connection carrying HTTP

- HTTP
SvnAcK| | TCP
IP
Wl skl Eth
Phy .
—gzﬁq/
0 DE gui HTTP request ,
trudc tién client phai mé
e TCP socket dén Web
— server.
0 TCP SYN Segment dugc
mmm | Tcp chuyén dén Web server
P (buGc 1 cua qua trinh bat
EEsaackll | Eth tay 3 budc). ‘
| Phy 0 web server phan hoi
—@i bdng 7CP SYNACK (budc 2
R erver b . cua3 qua trinh bat tay 3
64.233.169.105 budc )

0 Két nbi TCP connection dugc
thl@t |a|3' 5: DataLink Layer  5-90
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A day in the life... HTTP request/reply

Google 3 web page finally ()
s e dis p Iayed

EREcEa )| Eth
Phy /
—4 ; /

HTTP request dugc gui
o> vao TCP Socket.

oTTP MGt IP datagram chira HTTP

TcP request dugc chuyén dén

P WwWw.google.com
BECEEE  Eth web server phan hoi béng
ﬂ@— HTTP reply
web server .- i

64.233.169.105 3 IP datgram chua HTTP reply

dudc hudng ngudc vé client
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Chapter 5: Summary

= Cac nguyén tac bén dudi cta cac dich vu tang link
. Phat hién 16i, sira IO
- Dung chung kénh truyén quang ba: da truy cap
- Panh dia chi tang lién-két

= Sy thuyét minh va cai dat nhiéu cong nghé khac nhau
¢ tang link
- Ethernet
- LANS dung Switch, VLANs
. PPP
. Mang dugc ao hda nhu tang link: MPLS
- Tong hop: M6t vi du xuyén subt vé truy cap Web
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Chapter 5: let’s take a breath

= Hoan tat mot lugt khao sat chong giao thuirc
Internet (ngoai tru tang Vat ly)
= Hiéu biét chdc chan vé cac nguyén ly mang,
cling nhu thuc té
. Co thé dirng & day.... Tuy nhién, van con
kha nhiéu chu deé ly thu!
- wireless
- multimedia
- Security
- network management
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HET
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