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GIOI THIEU - 1
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GIOI THIEU - 2

LLC (Logical Link Control)
Piéu khién ludng
Kiém tra 16i
Bao nhan

MAC (Media Access Control)
Truy cap dudng truyén

Logical Link Control

Media Access Control




GIOI THIEU - 3

Cung cap dich vu:
Poéng goi, truy cap dwdng truyén
Thém vao dia chi src MAC va dst MAC
Truyén di¥ liéu dang tin cay
Piéu khién ludng
Phét hién va stra 10
Truyén half-duplex, full-duplex



NOI DUNG

Ky thuat phat hién va stra 10i
Piéu khién truy cap dwong truyén
ARP
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KY THUAT PHAT HIEN VA SUALOI - 1

Datagram

EDC

A

Datagram

)

Bits in D'?

Detected Error

D’

EDC

—)

Link

]

EDC= Error Detection and Correction

D = Data



KY THUAT PHAT HIEN VA SUA LOI - 2

Cac phwong phap:
Parity Check (bit chan &)
Checksum
Cylic Redundancy Check (CRC)



PARITY CHECK

Dung thém mét sb bit dé& danh dau tinh chan 1&
Dya trén s6 bit 1 trong di liéu
Phan loai:
Even Parity: so bit 1 phaila mét s6 chan
Odd Parity: s6 bit 1 phai la mét so lé
Cac phuong phap:
Parity 1 chiéu
Parity 2 chiéu
Hamming code



PARITY 1 CHIEU - 1

S6 bit parity: 1 bit
Chiéu dai ctia di¥ liéu can gdi di: d bit
e DL g&i di sé c6 (d+1) bit
Bén goi:
Thém 1 bit parity vao di liéu can géi di
M6 hinh chan (Even parity)
s6 bit 1 trong d+1 bit 1a mét sé chan

M6 hinh |é (Odd Parity)
s6 bit 1 trong d+1 bit 1a mét sé 1é

d bits Parity bit

! 1 A L .
0111000110101011 1 (md hinh chan)

0 (md hinh 1¢)




PARITY 1 CHIEU - 2

BEén nhan:
Nhan D' c6 (d+1) bits
Pém sb bit 1 trong (d+1) bits = x
M6 hinh chan: néu x 1& & error
M6 hinh I&: néu x chdn & error
Vi du: nhan 0111000110101011
Parity chan: sai
Parity lé: dung
D liéu that: 011100011010101
Pac diém:
Phat hién dwoc 16i khi sb bit 16i trong div liéu 1a sb 1&
Khong stra dworc 10i



PARITY 2 CHIEU - 1

D@ lidu g&i di dwoc biéu dién thanh ma tran NxM
S6 bit parity: (N + M + 1) bit
Pac diém:
Phét bién va stra dwoc 1 bit 10i
Bén goi
Biéu dién di liéu can g&i di thanh ma tran NxM
Tinh gia tri bit parity cda tirng dong, tirng cot

row
parity
i - Gqj | dg
dyq  r daj|dgjus
d e do | g
Columnl |1 ) L+
party § disqq -0 il digg s



PARITY 2 CHIEU - 2

Vi du:
Dung parity chan
N=3, M=5
D{ liéu can goi di: 10101 11110 01110

10101
11110

01110
00101

Ol O =




PARITY 2 CHIEU - 1

BEén nhan:
Biéu dién di liéu nhan thanh ma tran (N+1)x(M+1)
Kiém tra tinh ding dan cda tirng dong/cot
Panh dau cac dong/cot dir liéu bi 16i
Bit 16i: bit tai vi tri giao gilra dong va cot bj 16



PARITY 2 CHIEU - 2

Vi du:
Dung parity chan
N=3, M=5

D liéu nhan:
101011 111100 011101 001010

101011
111100

011101
001010

Khéng co 10i
D@ liéu that: 10101 11110 01110

D liéu nhan:
101011 101100 011101 001010

101011

b/ I I Y

A 1Y

OL110
00101

Ol O

C6 16i
D@ liéu that: 10101 11110 01110




HAMMING CODE - 1

M6i hamming code
cd M bit, danh sb ttr 1 dén M
Bit parity: log,M bits, tai cac vi tri Iy thira cua 2
D{ liéu that dwoc dat tai cac vi tri khdng la lGy thira cua 2
VD:M =7
log,7 = 3: dung 3 bits lam bit parity (1, 2, 4)
C6 4 vij tri c6 thé dat div liéu (3, 5, 6, 7)
Pac diém:
stra 16i 1 bit
nhan dang dwoc 2 bit I0i
Stra 16i nhanh hon Parity code 2 chiéu



HAMMING CODE - 2

BEén goi:
Chia di¥ liéu can g&i di thanh cac khdi div liéu (v&i sb bit 1a
sb vi tri c6 thé dat vao Hamming Code)
V&i mbi khéi div liéu & tao 1 Hamming Code
Dat cac bit dir liéu vao cac vi tri khdng phai la IGy thira cua 2 trong
Hamming Code
lwu ¥: vi tri dworc danh sé tr 1 dén M
Tinh check bits
Tinh gia tri cia cac bit parity



HAMMING CODE — 3

Vi du:
M=7
Dung parity lé
Théng tin can g&i: 1011

Théng tin can guri: /1 0\1 i\

1 O 1 1

Vi tri 3 5 6 7
Tinh check bits:

3 = 21 +20 = 0 1 1

5 = 22 +20 =1 0 1

6 = 22 + 21 ¢+ =110

7 = 22+21+20 = 1 1 1



HAMMING CODE - 4

Théng tin can guri:

h

Vi tri
Vitri 20
L * Xét cot 2°trong check bit €
Check bits: cacvi tri co bit 1
3 = o140 = 0 1 -I,_ay cac bit DL tal ch\il tri
- 92 20 — cO bit 1 trong check bit &

> = 2 re =10 tinh bit parity cho cac bit di
6 = 22+ 21+ =1 1 IiAun‘p y u
7 = 22+ 21+ =11 ey



HAMMING CODE - 5

Théngtincangi: 1011

N

1 0 [1 0 /1
Vi tri 3 5 6/ 7
Vo |
Check bits:

3 = +20 = 0 1

5 = 22 +20 = 1 1

6 = 22+ 20+ =1 0

7= 22+ 200 +20 =1 1



HAMMING CODE - 6

Théngtincangi: 1011

\\\
HA

1
Vi tri
|
Check bits:

3 = 2L+ 20 = 01 1
5 = + 20 =
6 = 27+ 21+ = 0
7 0= 22+20420 = ()1 1




HAMMING CODE - 7/

D liéu can g&i: 1011
D l1éu goi: 1011011



HAMMING CODE - 8

Bén nhan: v&i méi Hamming Code
Pién cac bit Hamming Code nhan vao céc vi tri tr 1 dén M
Tinh check bit
Kiém tra cac bit parity
Néu tai bit 2! phét hién sai &€ danh dau Error, hé sd k.= 1
Nguwoc lai, danh dau No Error =0, hé s6 k;= 0

Vi tri bit 16i: pos =S 2k,



HAMMING CODE — 9

Thoéng tin nhan: /1 0]1 1\
1 0 1 1
Vi tri 1 2 3 4
Lo |
20 21 22
Tinh check bits:
3 = 21+ 20 = 0 1
5 = 22 +20 = 1 0
6 = 22+ 2! =11
7= 22+20+20 =11

= = =




HAMMING CODE — 10

N
o
=
=
o
o
=

Thong tin nhan:

>
7

>
>
>

@ 0
Vi tri 2
y y
0 21 22
Tinh check bits:
3 = 2t +/2% = 0 1
5 = 22 =10
6 = 22+ 21 =1 10
7= 22+20 42 = 11

Odd parity: Khong c6 16i



HAMMING CODE — 11

Thoéng tin nhan: /l/ojl 1 O\O‘i\
1 (0, 1) 1 0 [0} (1
Vi tri 1 \2 8 4 5 & \Z
Vo !
20 2% 2°
Tinh check bits:
3 = 21+ 20 = 0 (L1
5 = 22 +20 = 1 0/1
6 = 22 + 21 = 1 1/0
7 0= 22+2L/+20 = 1 (1 1

Odd parity: LOI



HAMMING CODE — 12

Thoéng tin nhan: /l/ojl 1\0 01
0 1 @ @
2 3
!

Tinh check bits:

3 = 21+ 20 = 0/1/1
5 = +202

6 = |22]+ 2t = 0
7 =+ 2t+20 = @1 1

Odd parity: LOI



HAMMING CODE — 13

3 = 210+ 20 = 0 1 1

5 = 22 +20 = 1 0 1

6 = 22+ 21 =110

7 0= 22+2t+20 =_1 1 1 E = error in column
Co0N NE = no error in column

& L6i bit thir 6 trong Hamming Code

D liéu nhan dung: 1011011
D& liéu that: 1011



CHECK SUM - 1

Bén goi
d bits trong DL g&i di dwoc xem nhw gdm N sé K bits:
X1, Xop «vvy Xy

Tinh tong X = X, + X, + ... + Xy
Tinh bu 1 cia X & gia tri checksum

VD: D@ liéu can g&i: 1110 0110 0110 0110, k = 4
1110, 0110, 0110, 0110

0101, 0110, 0110 1110
0110
Sum = 9010 70100
Checksum = 1101

i%1

0101



CHECK SUM - 1

Bén nhan:
tinh tdng cho tat ca gia tri nhan dwoc (ké ca gia tri
checksum).
Néu tat ca céc bit la 1, thi d liéu nhan duoc la ding;
nguwoc lai: co 16i xay ra
VD:
nhan: 1110 0110 0110 0110 1101
Sum = 1111
e dung
Nhan: 1010 0110 0110 0110 1101

Sum =1011
e sai




NOI DUNG
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DIEU KHIEN TRUY CAP BUONG TRUYEN - 1

2 B

N&i trwe tiép gitra: host - host, host — SW

Loai lien két (link)

Piém dén diém (Point-to-point)

Dialup

Chia sé (Shared)

@? @

iy ?’.ﬁ%‘
g i (@.\mg e
@
ER g
| 2R K
shared wire (e.g., shared RF shared RF

cabled Ethernet) (e.g., 802.11 WiFi) (satellite)



DIEU KHIEN TRUY CAP BUONG TRUYEN - 2

Trong moi trwdng chia sé

- Han ché xay ra collision
& Giao thirc tang Data link:

Quyét dinh co ché dé cac
node str dung mai tredng
chia sé
khi nao dwoc phép goi DL
xubéng dwdng truyén

Lam sao phat hién xay ra
Collision




DIEU KHIEN TRUY CAP BUONG TRUYEN - 3

Cac phuong phap:
Phan chia kénh truyén (Channel partition protocols)
Tranh chap (Random access protocols)

Luan phién (Taking-turns protocols)



PHAN CHIA KENH TRUYEN

TDM (Time Division Multiplexing)
FDM (Frequency Division Multiplexing)
CDMA (Code Division Multiple Access)



TDM

Y twéng:
Chia kénh truyén thanh cac khe th&i gian
M6i khe thei gian chia thanh N khe nhé
M6i khe nhé danh cho 1 node trong mang
€ MOi node cé bang thong: R/N

Tan so |

Thot gian



Y twéng:
Chia kénh truyén thanh N kénh truyén nho
M®&i kénh truyén danh cho 1 node

€ Moi node c6 bang thong: R/N

Tan so

Thot gian



CDMA -1

Y twéng:
M6i node c6 1 code riéng
Bén g&i: ma hoa dir liéu trwde khi géi bang code cua
minh va bén nhan phai biét code cua nguoi goi
1 bit DL dwoc ma hoa thanh M bits
Kénh truyén: chia thanh tirng cac khe thoi gian, moi bit
truyén trong 1 khe



CDMA -2

111|I COdelllﬁ 111|I
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CDMA -3

senders
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TRANH CHAP

Céac node chiém tron bang thdng khi truyén
Lang nghe dung dd sau khi truyén
Mot sd phwong phéap:

ALOHA (Slotted, Pure)

CSMA (Carrier Sense Multiple Access)



PURE ALOHA

M&i node c6 thé bat dau truyén di liéu bat c& khi
nao node co nhu cau

Néu phét hién xung ddt € ché 1 khoang théi gian
roi truyén lai



SLOTTED ALOHA

Gia thiét:

Céc frame c6 kich thwdce tdi da la L bits
Kénh truyén: chia thanh cac khe théi gian co kich
thwoe L/R (S)
Khi 1 node cé nhu cau truyén di liéu: phai chd dén
th&i diém bat dau cta 1 khe méi dwoc truyén

can déng bd thoi gian gitra cac node
Néu dung dd xay ra: truyén lai v&i xac suat 1a p



CSMA-1

Lang nghe dwéng truyén trwde khi truyén:
Puwdng truyén ranh: truyén div liéu
Puwdng truyén ban: cho

Lang nghe dwéng truyén sau khi truyén
Néu dung dé xay ra:

dirng truyén
doi 1 khoang thi gian va truyén lai



CSMA -2

Panh gia:
Céac node c6 quyén ngang nhau
Chi phi cao
Téc do: chap nhan dwoc néu sé lwong node it
Khéng an dinh d6 wu tién cho thiét bj dac biét
Cai tién:
CSMA/CD (Carrier Sense Multiple Access / Collision
Detection)

CSMA/CA (Carrier Sense Multiple Access / Collision
Avoidance)



CSMA/CD

Y twong:
Thiét bi lAng nghe dwdng truyén

Néu dwdng truyén ranh, thiét bj truyén DL cla
minh Ién dwdng truyén
Sau khi truyén, lang nghe dung dé?
Néu cé, thiét bi g&i tin hiéu canh béo cac thiét b
khac
Tam dirng 1 khodng thdi gian ngau nhién roi goi
DL
Néu tiép tuc xay ra dung dd, tam dirng khoang
thoi gian gap doi.

Dung trong mang Ethernet



L UAN PHIEN

Dung thé bai (Token Passing)
Do chon (Polling)



TOKEN PASSING

Y twong:
Dung 1 thé bai (token) di chuyén qua cac node
Thiét bi mudn truyén DL thi phai chiém dwoc thé
bai

Panh gia:
Thich hop cho cac mang c¢o6 tai nang
Thiét 1ap dwoc dd wu tién cho thiét bj dac biét
Cham hon CSMA trong mang cé tai nhe
Thiét bi mang dat tién

Dung trong mang Token Ring



POLLING

Y twong:
C6 1 node d6ng vai tro diéu phoi
Node diéu phoi kiém tra nhu cau géi DL cua cac
node thr cap va xép vao hang doi theo thu tw
va dd wu tién
Thiét bi truyén DL khi dén lwot

Panh gia:
C6 thé thiét lap d6 wu tién
Ton chi phi
Viéc truyén DL cla 1 thiét bj tuy thudc vao thiét
bi do chon



NOI DUNG
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ARP -1

SclP, DstIP
S cMAC, Dst MAC

137.196.7.23

transport

network

data link

physical

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

137.196.7.78
1A-2F-BB-76-09-AD
137. 196 7.14

LAN

58-23-D7-FA-20-B0

“— 0C-C4-11-6F-E3-98
137.196.7.88 —

(——
L)



ARP - 2

ARP (Address Resolution Protocol)
Phan giai tir dia chi IP thanh dia chi MAC
Chi phan giai trong cung dwdng mang
St dung ARP table:

IP

MAC

TTL :thi gian séng cua record
Lwu trong RAM



ARP — CO CHE HOAT BONG

Géi DL

Tim MAC cua
Node dén trong
MAC Table

N Gaoi
ARP request

v




ARP — MINH HOA - 1

Destination = 197.15.22.126

Source

=)

=)

&

197.15.22.33 || 1€7.15.2244 || 197.15.22.123

197.

p.22.4

A

S—

S

197.19.22.37

187.15.22.126

Destinaticn




ARP — MINH HOA - 2

ARP Table:

?

i
| . |
lA.B.C.1.3.3]

A

MAC MAC

AB.C123| ? P \ P ‘ Data ‘
W
AB.CA34 AB.C.7.35]
B C



P — MINH HOA - 3

Physical Addresses IP Addresses
|-:] 2-60-8C-01-02-03| | 197.15.22.33

[00-00-A2-05-09-89| | 197.15.22 .44 Destination = 197.15.22.126

[09-00-20-67-92-89| | 197.15.22.123
08-00-02-90-90-90 | | 197.15.22.4

7?2?77
Source

=N~~~

199152233 | 197.152244 | 1971522123 || 197.15.224

H B

197.16.22.37 | 197.15.22.126
Destination




ARP — MINH HOA - 4

Host Y

ARP Request

g

Host £
Broadcast
MAC 2 Host Z

ARP Reply

Host Y Host Z
MAC MAC




ARP — REQUEST

MAC HIAE P P

ff £f.Ff ff.Ff.ff What is your MAC Addr?

- _J _J

| |
| | | |
[AB.C.133 [AB.CA34] AB.C.7.35]
I I R E—

A B C



ARP - CHECKING

MAC

MAC

ff.ff.ff.ff.fF.ff

IP

IP

What is your MAC Addr?

5.

[AB.C133]

A

=

AB.CA434]

B

e &

&S
T l;




ARP - REPLY

IO Do 1> IP This is my MAC Addr
%. 2 é. p %&
| , | . | . |
LA.B.C.1.3.3 ] |A.B.C.4.34 | LA.B.C.7.3.5 ]
A B C




ARP - CACHING

ARP Table:

A.B.C.7.3.5-197.15.22.35

MAC MAC P P
A.B.C.1.3.3 |A.B.C.7.35

2 5 B

| | | |
[AB.C.133] [AB.C434] [AB.C735]

A B C
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ETHERNET - 1

La 1 ky thuat (technology) mang LAN cé day
La 1 k¥ thuat mang LAN dau tién
Tdc do: 10 Mbps — 10 Gbps
P6 hinh mang:
Bus
Star

Giao th&rc tang MAC: CSMA/CD
Pon gian va ré hon mang Token Ring LAN, ATM



ETHERNET — CAU TRUC FRAME

Bytes 8 3 3] 2 0-1500 0-46 4
4
i
Destination| Source Check-
(a) Preamble adldrong addrans Type D:ta Pad UM
¥
S| Destination| S » Check
estination ource -
(b) Preamble g sdiass | addres Length Dita Pad L ifii

b

a) earlier Ethernet frames - b) 802.3 frames

Preamble (8 bytes)
Poéng bd déng hd bén g&i va bén nhan
Dest. Addr (6 bytes)

dia chi MAC clia card mang nhan goi tin tiép theo

Src. Addr (6 bytes)
dia chi MAC cua card mang g&i gai tin
Type (2 bytes)
Giao thirc s dung & tang trén
CRC: dung dé kiém tra I6i




ETHERNET — CAC CONG NGHE MANG

10Base2
10BaseS
10BaseT
100BaseTX
100BaseFX
Gigabit Ethernet



ETHERNET — CHUAN 10MBPS

Standard Topology Medium Maximum Transport
cable length

10BASE5 Bus Thick coaxial  500m Half-duplex
cable

10BASE2 Bus Thin coaxial 185m Half-duplex
cable

10BASE-T Star CAT3 UTP 100m Half or Full-

duplex



ETHERNET — CHUAN 100MBPS

Standard Medium Maximum
cable length
100BASE-TX CAT5 UTP 100m

100BASE-FX Multi-mode fibre (MMF) 62.5/125 412m



ETHERNET — CHUAN GIGABIT

Standard

1000BASE-SX

1000BASE-LX

1000BASE-CX

1000BASE-T

Medium

Fiber optics
Fiber optics
STP

Cat 5 UTP

Maximum cable
length

550 m
5000 m
25 m

100 m
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