Chuong 5: Tang lién két dit lieu

Muc tiéu:
[ hiéu rd cdc nguyén tic ding sau cdc dich vu tang
lién két dir lieu:
0 phat hién va sita 16i
0 chia sé mét kénh quang ba: da truy cap
1 ddnh dia chi tang lién két
0 truyén tai dit liu tin cay, kiém sodt luu luong
1 Dién giai va hién thuc ctia cdc cdng nghé tang lién
két

5: Datalink Layer

5-2



Tang lién két

»5.1 Gidi thiéu va dich vu
=5.2 Sy phat hién va
Stra 10i

=5.3 Cdc giao thic da
Truy cap

*5.4 Banh dia chi
tang-Lién ket

=5.5 Ethernet

5.6 Cdc bo chuyén mach
tang-lién két



Tang lién ket: Gidi thiéu

Vai thuat ngir:

0 MTva BDT la cdc not e «c&

7 cdc kénh lién lac ma két ni cdc
not lién ké doc theo duong lién
lac @6 goi la cdc lien két

0 lién két cé day
7 lién két khéng déy
0 LANs

0 géi tin tang-2 la mot khung,

boc bén trong né géi tin tang-3

tang lién két-dir liéu cé trdch nhiém
truyén tai gdi tin tir mot nét sang not
lien ké tren mot lien ket
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Tang lién két: ngit canh

1 géi tin dugc chuyén di
bsi nhiéu giao thuc lién
két khdc nhau qua cdc
lién két khdc nhau:

0 vd, Ethernet trén lién két
dau, 802.11 trén lién két
tiép theo v.v..

1 mdi giao thuc lién két
cung cap nhitng dich vu
khac nhau

0 vd: ¢6 the hoac khdng cung
cap truyén tai di liéu tin
cay

vd tuong dong: van tai

1 chuyén di tir Sa Pa t6i Thép

Muoi

hgua: tu ban t6i Sa Pa

0 t6: SaPa t6i Ha Noi

tau: Ha Noi t6i HCM

6 t6: HCM t6i Dong Thdp
ghe: Dong Thdp t6i T. Muoi

O O 0o O O

0 ngudi, hang = goi tin

1 doan duong di = lign két
7 loai van tai = gt tang |k
7 c.ti van tai = giai thuat

dinh tuyén
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Dich vu ting lién két

O chia khung, truy cip lién két:
0 déng géi géi tin vao cdc khung, thém mao dau, dudi
0 truy cap kénh truyén néu mdi truong chia sé

0 dia chi "MAC" diing trong mao dau cia khung dé xdc dinh
nguon, dich

- khdc véi dia chi IP!
O truyén tai tin ciy gfita cdc no t cin ke
0 chdng ta dd biét vé van dé ndy & tang truyén tail

0 hiém khi ding trén mot lién két it xay ra 15i (soi quang, cdc
loai cap xoan)

1 cdc lién két khdng ddy: tan so 15i cao
- Hoi: tai sao can cé tinh tin cay & ca tang-lién két va dau
cuoi-dau cuoi?
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Dich vu ting lién két (1)

0 kiem sodt heu heong:
0 di tirng budc giita cdc not giri va nhan ké nhau

0 phdt hién o’
0 16i gay ra boi su suy giam cua tin hiéu, nhiéu.
0 bén nhan phdt hién ra sy t6n tai cua l5i:
+ thdng bdo bén gti d¢ gtii lai hoic Id bo khung

0 stra 16i:
0 bén nhan xdc dinh vd sira cdc 16i bit ma khdng yéu cau su
gui lai
0 co ché mot-chieu va hai-chieu (don cong, song céng)
(half-, full-duplex)
0 voi mot-chiéu cde not tai hai dau khdng thé truyén tai cing
mot ldc
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Tang lién ket duoc hién thuc ¢ dau?

1 trong moi va moi may
1 tang Ik duoc h/thuc &

cac mang (hay network luge d6 may tinh
interface card NIC) g 0o |
0 Cac Ethernet, cac PCMCI, “r:r?rllet cpu | | bo nhé
cac 802.11 . '_& |
5 A % Y ¥ - buyt
0 gan vao duong buyt cua | np bujt

=1
I
A A ! o diéu khién
he ’rhong %I f : (vd, PCI)
vat Iy
I
|

0 thuong tich hop phan e\
ctrtng, phan mém va T
firmware A cac mang
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4

Giao tiep gitra cac mang

may gtn may nha
—
khung
1 bén gui: 1 bén nhan
0 déng géi géi tin trong 0 kiém tra [5i, tr.tai tin cay,
khung dit liéu kiém soat l.lugng, v.v..
1 thém vao cdc bit kiem tra 0 thdo géi tin ra, day Ién
10i, truyén tai tin cay, kiém tang trén cua bén nhan

sodt l.lugng, v.v..
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Tang lién két

=5.1 Gidi thiéu va dich vu
*5.2 Su phat hién va
Sua 6i

=5.3 Cdc giao thic da
Truy cap

5.4 Ddnh dia chi
tang-Lién ket

=5.5 Ethernet

5.6 Cdc bo chuyén mach
tang-lién két



Co ché phdt hién 16i

EDC= cdc bit (bo sung) dung cho phdt hi¢n va sua 16i ‘
D = Dt liéu duoc bao vé bang cach kiém tra 16i, cé the bao gom cdc

truong mao dau
» Co ché phdt hién 15i khong ddng tin cay 100%!

+ giao thuc ¢cé thé bo sét vai 16i, nhung rat hiém
- truong EDC cang l6n thi kha ndng phdt hién va sua 16i cang cao

| datagram I

otherwiseI

| datagram I

bits in D'
OK

2
<«d diata bits—¥| :
| D | EDC I D'

detected
error

EDC’

— () bit-error prone link (}—
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Kiem tra tinh chin lé

Mot bit chan lé:

Phat hién cac 16i 1 bit

— d data bits —{P2"

| 0111000110101011‘0 I

Bit chan lé hai chiéu:

dq 4

ds 4

Phat hién va sira cac 16i 1 bit

row

parity
dij | dq,jen
daj d3 j+1
dij d; 41

d.
Columnl 1,1
parity ditq 1

10101
11110
01110
Qo101

nNo errors

Ol O K

divt)j dis ja

1010111

1T AT 0 ,parity

s dhlald error

011101

Qd101[0
pa"rity
error
correctable

single bit error
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Tong kiém tra Internet (xem lai)

Muc dich: phdt hi¢n "cdc 16i" (vd: dao bit) trong géi tin
duoc truyen tai (chd y: chi sit dung ¢ tang tr.tai)

Ng. gui:

[]

xem mot khic dir liéu
(segment) nhu la mot
chudi cdc so nguyén 16-bit
tong k/tra: tong bu 1 (1's
complement sum) cua khdc
dix liéu

ng/giri dat gid tri tong
k/tra vao truong “tong
k/tra" cua mao dau UDP

Ng. nhan:

0 tinh todn tong k/tra cua khiic
nhan duoc

0 kiém tra xem tkt tinh duoc cé
bing gid tri trong truong tkt
khong:

1 KHONG - ¢6 15i

1 CO - khéng phdt hién ra
16i. Nfweng van cd kha néng
co loi?
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Tfnh 1'6”9 klém tra: CRC (Cyclic Redundancy Check)

0 xem cdc bit dit liéu, D, nhu 1 s6 nhi phén

0 chon r+1 bit mau (b phdt), G

0 muc dich: chon r bit CRC , R, sao cho
0 <D,R> chinh xdc chia hét cho 6 (m6-dun 2)
0 ng/nhan biét G, chia <D,R> cho 6. néu s6 du khdc 0: ¢ 16il
0 ¢6 thé phdt hién tat ca cdc 16i chdm ngin hon r+1 bit

0 dugc st dung rong rdi trong thuc té (Ethernet, 802.11 WiFi,
ATM)

< d bits » < r bits —
bit
| D: data bits to be sent ‘ R:CRC bitsl pattern
mathematical

« Al
D*2 XOR R formula
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Vi du CRC

Can:

D-2" XOR R = nG
fwong dwong:

D2" = nG XOR R
fwong dwong:

nhéu ching ta chia
D-2r cho G, can co6 so
du laR

R= sédu [D-GZ'“]

101011

1001) 101110000
G <«— X » D

—
-
O
-
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Tang lién két

=5.1 Gidi thiéu va dich vu
=5.2 Sy phat hién va
Sua 10i

=5.3 Cadc giao thuc da
Truy cap

5.4 Danh dia chi
tang-Lién ket

=5.5 Ethernet

5.6 Cdc bo chuyén mach
tang-lién két



Cdc giao thirc va lién két da truy cap

Hai loai “lién kéet":
0 diém-diém (PPP)
0 PPP dung cho truy cap quay s6
1 lién két PPP gitta bo chuyén mach Ethernet va mdy
[ quing bd (duong ddy/mdi trudng truyén chia sg¢)
1 Ethernet co dién
0 duong tai len HFC
7 LAN khong day 802.11

<@§ o) e
@&» %&
<@§

@ g i

g @& Aoy, )’\ %
5 2 £ moi ngudi tai mot

duong ddy chia sé(vd:  tin s6 radio chia s¢  tin s radio chia sé budi tigc ding
Ethernet di cdp) (vd: 802.11 WiFi) (vé tinh) (Gm thanh chia sé)
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Cdc giao thic Ha Truy Cap

1 mot kénh quang ba chia sé chung
0 ¢6 nhiéu su truyén tai dong 1oi tai cdc not: giao thoa,
nhiéu
0 dung do néu ndt nhan dugc hon 1 tin hiéu tai mot thoi diém
glao thirc da truy cip
0 l& giai thuat phan tén xdc dinh cdch thac cdc not chia sé
kénh truyeén, vi du: xdc dinh khi nao not cé thé truyén
tai
0 su lién lac vé chia s¢ phai sir dung chinh kénh d¢!
1 khong cé kénh riéng danh cho su diéu phoi
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Giao thiuc Ba Truy Cap Ly Tudng

Kénh quang bd véi toc d6 R bps
1. khi k&nh ranh, mot not cé thé truyén vai van toc R.
2. khi M not muon truyen, moi not cé thé truyen voi
van t6c trung binh la R/M
3. phan tdn hoan toan:
1 khdng cé not riéng danh cho viéc dicu phoi truyén tai
0 khdng cé su dong bo héa dong ho, 6 thoi gian

4. don gian |l
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Cdc giao thitc MAC: phan loai

Ba I6p lon:
0 Phan chia kénh
0 chia kénh thanh nhitng "phan" nho hon (6 thoi gian, tan s6,
ma)
0 phdn phéi cdc miéng cho cdc not ¢é nhu cau sir dung riéng
biét
0 Truy cap ngau nhién
0 khong chia kénh, cho phép xay ra dung do
0 “khoi phuc lai" tir dung do
0 "Theo luot”

0 cdc not truyén theo luot, nhung not ndo cé nhiéu dit ligu
hon cé thé cé luot dai hon
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G/Thic MAC phan chia kénh: TDMA

TDMA: da truy cap phan chia thoi gian .........

0 truy cip kénh theo "vong"

1 moi tram cé mot 6 thoi gian cé d6 dai xdac dinh (do
dai = t/g gti 1 g6i) trong moi vong

1 nhithg 6 khdng dung sg roi

0 vi du: LAN 6-tram, 1,3,4 c6 géi tin, 6 2,5,6 roi

khung
6-0

1
! 1
'€ >
il L)
! 1
! |
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G/Thic MAC phan chia kénh: FDMA

FDMA: da truy cap phan chia tan SO gy avso e wcess
0 pho cua kénh dugce chia thanh nhitng bdng tan

0 mdi tram duoc gdn mot bdng tanco dinh

1 cdc bdng tan ko sir dung sé bi roi

1 vi du: LAN 6-tram, 1,3,4 c6 géi tin, cac bang 2,5,6 roi

o 2

Z

=4 o <

5

0n

cép FDM >
[\ S

thoi gian
- EEN

I
S —
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Giao thirc Truy cip Ngau nhién

(0 Khi not cé géi tin dé gui

0 gui & van toc cao nhat cua kénh R.

1 khdng ¢é su diéu phdi ww tién ndo giita cdc not
1 nhiéu hon 1 not cing truyén tai = “dung do"
0 giao thitc MAC truy cap ngau nhién chi ro:

0 cdch phat hién dung d6

1 cdch phuc hoi lai tir dung do (vd, thdng qua truyén lai tré)
0 Vi du cta cdc g/thic MAC truy cap ngau nhién:

7 ALOHA chia o

0 ALOHA

7 CSMA, CSMA/CD, CSMA/CA

[
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ALOHA chia 0

Cdc gia dinh: Thuc hién:

[ tat ca cdc khung cé cing [ khi not ¢ mot khung moi
k/thuéc nd sé truyén di ¢ 6 tiep

0 t/gian dugc chia thanh theo
nhu:ng 6 bang nhau 0 neu khong dung do: not
(t/gian dé truyén 1 cé thé gui khung mai
khung) trong 0 tiép theo

[ cdc not bat dau truyen 0 neu dung db: not gui lai
tai t/diém bat dau cua 0 khung trong moi 0 sau

1 cdc ndt cé ddng bo héa dé véi xdc suat la p cho

1 néu hon 1 nét truyén den khi thanh cong

trong 18 thi tat ca not
phat hién ra dung do
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ALOHA chia 0

node 1 1 1
node 2 2 2 2
node 3 -

Uu diém

7 mot hot hoat dong cé
thé lien tuc truyeén tai ¢
van toc toi da cua kénh

0 phan tan cao: chi cé
cdc not trong mang can
phai dong b

1 don gian

| | | | » slots

Nhuoc diém

1 dung d9, ldng phi o

1 cdac o roi

0 cdc not ¢é thé phdt
hién dung do trong

‘r/guan hgan hon t/g dé
truyén goi

1 dong bo héa dong ho
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Hiéu qua cua Aloha chia 6

Hiéu qua: phan trdm cua 0 hiéu qua t/da: tim p*
nhitng 6 thdnh cdng trong sao cho t6i da
todn qud trinh (nhiéu not, Np(1-p)N-1
tat ca déu cé nhiéu khung) 7 v6i nhidu nét, I3y gi6i
, ‘ han cia Np*(1-p*)N-1

0 gda si: N not vei nhieu khi N tién t6i vd cung,

khung dé gtri, moi not giri thu duoc:

véi sdc xuat p h/qua t6i da = 1/e = .37
1 sx md mot not ndo dé g

thdnh cdng trong mot o Tot nhat: kénh duogc

la = p(1-p)N-! st dung hiéu qua l
0 sx ma bit ki no t ndo gii trong 37% thoi gian! | 3

dugc 1 1an = Np(1-p)N-!
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ALOHA Thuan tuy (kd chia 8)

1 Aloha ko chia 6: don gian, ko dong bo héa
0 khi ¢é khung dit liéu thi not s&
0 gui di ngay lap tic
1 xdc suat dung do tdng cao:
0 Ti;u:nlg]gfri tai t/diém t, dung d6 véi cdc khung gtri trong [t,-
10

will overlap  will overlap

. withstartof | withendof
ie—i’s frame —»i+—i’s frame —»

node | frame

to-l to tO+1
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Hiéu qua ctia Aloha thuan tdy

P(1 nét thanh cdng) = P(truyén tii cua not) -
P(ko cé not khdc truyén trong [po-1.po] -
P(ko cé not khdc truyén trong [po,po+1]
=p - (1-pN-1 - (1-pN-t
= p- (1-pO-D

.. lya chon p t6i vu va sau dé cho n -> vé cung ...

=1/(2e) = .18

té hon Aloha chia 0!
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Da truy cap kiém tra duong truyén -
CSMA (Carrier Sense Multiple Access)

CSMA: ling nghe truéc khi truyén:
Néu thay kénh réi: giri todn ven khung
0 Néu kénh ban, hodn viéc truyén tai lai

7 vi du tuong dong & con ngudi: ling nghe tiéng ngua phil

5: DataLink Layer  5-29



Bung d6 CSMA

dung d6 van co thé xay ra
d6 tré lan truyén nghia la hai
not cé thé khdng nghe duoc su
truyén tai ciia nhau

dung do¢:

todn bo thoi gian truyén tai
goi tin bi lang phi

chidy:

vai tré cua khoing cdch va do tré
lan truyén trong viéc xdc dinh xac

suat dung do

+«— time

su b tri cdc nét trong ko gian

+«—— space —*

IIIIII.

o=
munu
=N

l
|

‘
||
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CSMA/CD Phét hign dung do......

CSMA/CD: kiém tra duong truyén, tri hodn nhu
trong CSMA
0 phdt hign dung do trong khoang /g ngin
0 cdce truyén tai dung do s& bi bé qua, giam su hoang
phi kénh
0 phat hién dung do:
1 tuong d6i dé trong LAN di ddy: do cuong do cua tin
hiéu, so sdnh tin hiéu gti di va nhan duoc.
0 kho trong LAN khong day: cuong d6 tin hiéu nhan
duoc bi bi dp dao boi cuong do truyén tai cuc bo
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CSMA/CD Phat hién dung do

+«—— space —>

=
; NN

HEPF “EENEVE
- <

collision
detect/abort
time

5: DataLink Layer  5-32



G/thuc MAC "Theo luot”

g/thac MAC phan chia kénh:
0 chia s¢ kénh Ak gui va céng bang khi tai cao
1 khdng hiéu qua khi tai thap: tré khi truy cap
kénh, dugc st dung 1/N bdng thong néu tham chi
chi co6 1 not lam viéc!
g/thitc MAC truy cip ngau nhién
0 hiéu qua khi tai thap: mot nét cé thé sir dung
hodn toan bdng thong
0 tai cao: dung d6 bi quad tai
g/thuc "theo lugt”
sir dung mot cdch 16t nhat wu diém cua ca 2!
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G/thic MAC "Theo luot”

Chi dinh:

1 not cha tri "moi" cdc
not thanh vién
truyén tai theo luot

1 thong thuong dugc
dung vai nhitng 1/bi
thanh vién "cam"”

0 van dé:

1 d0 tré do chi dinh thanh vién

0 hong tai mot diém
(chu tri)
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G/thuc MAC "Theo luot”

Truyén thé:
0 thé c‘iiéu khién duoc
truyen tir not nay sang
not khac theo thu tu.
0 thong diép thé (ko 6
7 van dé: dit ligw)
0 d6 tré do truyén the L

1 héng tai mot diem (gitt
the)
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Tong ket vé cdc g/t MAC

0 phdn chia kénh, theo t/gian, tan s6 hoic md
7 Phdn chia Thoi Gian, Phan chia Tan S6
0 truy cip ngau nhién (dong),
0 ALOHA, S-ALOHA, CSMA, CSMA/CD
0 kiém tra duong truyén: dé trong ddy dan, khé trong
m/truong khong day
0 CSMA/CD duoc dung trong Ethernet
0 CSMA/CA dugc dung trong 802.11

O theo kot
1 sy chi dinh tr not chu tri, sy truyén the
0 Bluetooth, FDDI, IBM Token Ring
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