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Intermediate End system
system

Intermediate End system

system i

F

Hop-to-hop delivery Hop-to-hop delivery ‘ Hop-to-hop delivery |

A B E F
Network Network Network

Data link Data link Data link

Physical Physical Physical

Source-to-destination delivery

Session Layer
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From presentation layer

& xp '

# a i 1

. v i [}

¥ Fr T

' [ e '

] in P a

m
=yn =yn =yn

Session layer
To transport layer

To presentation layer

Session layer
From transport layer

- oluldl it -

From application layer

Semantic

Presentation Layer

Syntax

‘Translation

Encryption

To application layer

]
B -

L

—1
e

L |

Presentation l
layer

To session layer
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File X.400
X.500 Transfer Access and Management (FTAM)

.Directory Services

User (human or programm) User (human or programm)

- Meszage - Message

l Application Application
To presentation layer layer To presentation layer layer

- Ciliedail dade -
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Data Link Layer
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.Node to node

"Frames

.interference

Single-Bit error

Al i il dloas ull ool

olo/i1if1[oiwil0l0 EIEIII!!IIEIIEI

it il sy piascalt it

100 1 Mbps

.1 ps 1 Mbps
100 ps
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100 =

1 ps
(%1 )

Burst Error

| Sy O sylany i) Lokt Joko |

I I
i1jof1]ofjojoloj1folififolof1]1]o

EIJ—urJJJ .;rLI._.."

i1of1]olrfolofofolifololif1]i]o

. Alaz ) sladi
9 Jsb 53 Al Las

Redundancy
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Forward Error

Correction
Block Coding 3
k bits
r bits .Datawords
.Codewords n=k+r
2" — 2% codewords 2% datawords
2% Codewords
1

2% = 2% = 16 datawords k=4 andn=25
16 16 32 .32 codewords
1.3
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a0

K bits

n bits

Encoder

Dataword

sllasl) delS

Generator
=

Codeword

Syl el Jii

Decoder

ey lSag

Dataword

Extract
_.p.;\u_..h..L.I.LI

Checker
salé

kel dols

Codeword

01

Codeword

n bits

A Lol plasiwly plias ¥l GLisST Sller - 4 JS il

Generator

Datawords

00

01

10

11

) 111
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dataword
2
k=2andn=3
Codewords
000
011
101
110
-1
011 °
[ ]
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( ) 000

.00

Fara Encoder Decoder i clSas
Dataword
" Correct
i
‘ Generator | el
H

F Y
Codeword 99590 ks Jad
o bis o bits

flas ¥ rtoas Ao b Loyl LS iag ol duis- 5 S S

3 3
5

Datawords Codewords

00 00000

01 01011

10 10101

11 11110
-2
Codeword = 01011 Dataword = 01

.Codeword = 01001
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00000)

)
01011 01001
.01
Hamming Distance
y X d(x, y)
XOR (@)
.000 and 011

1010 and 0100
11000 and 00101

. dmin
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-dmin

.dmin C(n, k)
s bits
2 3
2-3
dmin =4
s=3 3

Linear Block Codes

XOR (addition modulo-2)

2 1
XOR 1

27
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8
2 1
3 2
14
Simple parity-check code 1.1.4
an=k+1 k
dmin = 2
2
1011
A
2
3
A4
.5
.6
( )
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BEEEE
Row parities
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jojriifajols
ojrj1j1fojof1
ojrjojijojojr

9]

Row parities

EIEEEHE
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EEEEE
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DAEQDREAA B,
SUENRE0H | :
B

of 11| ]ofo: {0l

ofrjojrjojol1 :

oFrjojrjoj1jol

Colum:ﬁ:aﬂies
GLEESW Al ui slasi dnyf
7
3
2.1.4
dmin=3
k n
n m .m=>3
k=n-m n=2"-1
9
dmin =3 C(7,4) .n=7 m=3
4
Datawords Codewords Datawords Codewords
0000 0000000 1000 1000110
0001 0001101 1001 1001011
0010 0010111 1010 1010001
0011 0011010 1011 1011100
0100 0100011 1100 1100101
0101 0101110 1101 1101000
0110 0110100 1110 1110010
0111 0111001 1111 1111111
C(7,4) -4
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Sender

dz dz a1 do

2l

Dataword Encoder

Generator

YyYYyYvYy

Receiver

Decoder

Checker

Dataword

e

d3 az a1 ao rz'_h-__i* |
Codeword

Unreliable

transmission

clials jlopd jlapll SLS i g ropll duss 10 JS Tl

3 a0, a1, A2, A3 Generator
T
TIo, 11, I2
ro=a,+a;+ap modulo-2
rp=az+a+a modulo-2
rn=a;+ap+as modulo-2
3 Syndrome checker
(s25180)
so=by +b; +bp+qo modulo-2
S1= b3 + b2 + b1 + q1 modulo-2
S, =b;+bg+bsy+ q2 modulo-2
(111 000 ) (s28150)
.5
Syndrome(s;S1So) 000 001 |[010 |O11 100 101 110 111
Error None Jo qi b, qJ2 bo b3 b;
Correction logic -5
$281S9 = 0
Jo $>S1S0 = 001
by $281S9 = 011
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10

.0100011 0100
syndrome = 000 0100011

.0100
.0111001 0111
5 .syndrome = 011 .0011001
0111 r o ) by by
.1101000 1101
by syndrome = 101 . 00010001
0000 bo
Cyclic Codes 5
1011000 . ( )
0110001
bo to b6 a9 to ag

b1 = ao b, = ax bs = a by = as bs = a4 be = as

Cyclic Redundancy Check (CRC)

6
.CRC
Dataword Codeword Dataword Codeword
0000 0000000 1000 1000101
0001 0001011 1001 1001110
0010 0010110 1010 1010011
0011 0011101 1011 1011000
0100 0100111 1100 1100010
0101 0101100 1101 1101001
0110 0110001 1110 1110100
0111 0111010 1111 1111111
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Receiver

C(7, 4) CRC
Sender
Dataword Encoder Decoder
000

Dataword

Unreliable|tr

divisor

reminder (r,r19)

n bits

S2S1So

Codeword

CRC 30y el iag pare 12 LS.Ll)
( 4) k bits
3 n-k bits ( 7) n bits
.generator (n bits)
( 4 )n-k+1

) syndrome bits are all Os

(2 )
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Quotient - mnm
owisor — FDIENEY | IDEIRNEEE ~—Aovidens:

Leftmost bit 1:}—.» nmn dataword

Use 1011 divisor EHEE
Leftmost bit 0: }——n———— EEEE

Use 0000 divisor m

dataword Remainder mnm
olofolo

codeword L
nnm 4 Remainder

000 ( 3) 1001
4 1011 1001000
2_
XOR
XOR
4 ( 3) XOR
.all-0s divisor
(12, 11, To)
-Decoder 35
.Syndrome
Syndrome = 0
10 . Syndrome
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codewaord

[1][lo]1]o]

1]o[1 1 }f1Tofo1[11]0]
(1]lo]1[1]
o]1]o]1]

N CIEYEY
1]lo]11]

@ syndrome mmm
EEE Dataword accepted

codeword

100 0 2150

[1]o[1]o
[o[ax}f1o]loo[1[1]0]
1011
CEEE

EENEYED
1021

[1]o]o]l0]
1011

é syndrome Euu
Dataword discarded

X +x+1

100001

1

X+ 0+ 0x** + 0P+ 0x3+ Ix+ 1

(7,
36

36—

35

(7,11, 12, 0, 6, 30)

Checksum 6

11

11, 12, 0, 6)



9

4

0101 + 1) :

1001

3610 =

100100,

4

One complement

10101

.36

.10 + 0100 = 0110 (6)

Sender Site

Sum ——p 36
Wrapped sum ———p= &

Checksum =——p= §

.Checksum

21

.(=0110 (6)

11

Receiver Site

0100 36
0110 6
1001 9

Details of wrapping
and complementing

7.11,12,0,6, 9

Sum ——p 45
Wrapped sum = 15

Checksum =—p= 0

1101 45
b K T TS5 B 15
0000 0

36

Details of wrapping
and complementing



A ) Baa gl

Cildanall dla g Alus pasia asadill
Data Link Control

37



Framing

Framing A

Fixed-size framing

.Bit-oriented Character-oriented
Character-oriented protocols 1
Header LASCII
bits-8 Flag .bits-8 Trailer
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Flag | Header Trailer |SElag

._l'_ll._*i b pRig aas

= argil Ghma JaSgign G Ll dxes —

Byte-
.stuffing

Byte-stuffing 1.1

.(Escape character) ESC

ESC ESC

Data from upper layer

Sl le

Stuffed
Fr.a me sent

-T sc | [0

Extra 2 byles
(esc e e N
Unstuffed
D

Data to upper layer

Fra me re:ewed
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bit-32 bit-16 Unicode

Bit-oriented Protocols 2

01111110

[ Data from upper layer |

Variable number of bits

Header 01111010110 ... 11011110 Trailer (01111110
Flag Flag

.Bit stuffing

Bit-stuffing 1.2

Data from upper layer
0001111111001111101000

Frame sent

Header

Frame received
Flag | Header

0001111111001111101000

Data to upper layer
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Buffer

.(Automatic repeat request) ARQ
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© 00O N O 0o~ W N B

[EnY
o

While(true)
{
WaitForEvent();
IT(Event(RequestToSend))
{
GetData();
MakeFrame(Q);
SendData();
}
}

1.1.2

Event Procedures

Notification

//

//
//

//
//
/7/

(4

42



1 | While(true) //
2 |4
3 WaitForEvent(); //
4 If(Event(ArrivalNotification)) //
5 {
6 ReceiveFrame(); //
7 ExtractData(); //
8 DeliverData(Q); //
9 }
10 | }

-2

Sender

Receiver

Request —| Frame
] — Arrival

Request —-—)-—T-‘ra‘m?_-\——____l

—= Arrival

1
|
Request —~| Frame ]
: Arrival

1
Time

Y
Time

Time Sequence Diagram

Stop-and-wait

.Ack frame

43
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1 While(true) //
2 CanSend = true; //
3 {
4 WaitForEvent(); //
5 If(Event(RequestToSend)AND CanSend) //
6 {
7 GetDbata(); //
8 MakeFrame(); //
9 SendFrame(); //
10 CanSend = false; //
11 }
12 WaitForEvent();
13 IT (Event(ArrivalNotification)) //
14 {
15 ReceiveFrame(); //
16 CanSend = true; //
17 }
18 | }

-3
1 | While(true) //
2 | {
3 WaitForEvent(); //
4 IT(Event(ArrivalNotification)) //
5 {
6 ReceiveFrame(); //
7 ExtractData(); //
8 DeliverData(); //
9 SendFrame(); //
10 ¥
11 | }

-4
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Stop-and-Wait Automatic Repeat

.Out of order

. Timer

45

2.2

1.2.2
Request

Ack

Ack frame

Sequence Numbers




m bits

-12

.(0or1)

Acknowledament Numbers

2

Sp = 0; /!
CanSend = true; /
While(true) 1

{

© 0o N O O A W N P

W W W WNNNNDNNNDNNNDNRRREPRREREREREPR R PR
W NP O O© ©~NO0O 00~ WNPRO O O NO T »MwWN P O

WaitForEvent();
IT(Event(RequestToSend)AND CanSend)
{
GetData();
MakeFrame(Sy);
StoreFrame(Sy);
SendFrame(S));
StartTimer();
Sn = Sn + 1;
CanSend = false;
}
WaitForEvent();
IT (Event(ArrivalNotification))
{
ReceiveFrame(AckNo) ;
If(NOT corrupted AND AckNo == Sn)
{
StopTimer();
PurgeFrame(Sn-1);
CanSend = true;
by
}

IT(Event(TimeOut))

{
StartTimer();

ResendFrame(Sn-1);

}

46
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Stop-and-Wait ARQ -5

1 Rn = O3 1/
2 | While(true) //
3 |4
4 WaitForEvent(); //
5 If(Event(ArrivalNotification)) //
6 {
7 ReceiveFrame(); //
8 if(correptud(frame)); 1
9 Sleep(Q); 1
10 if(segqNo == Rn) /
11 {
12 ExtractData(); 1
13 DeliverData(Q); 1
14 Rhn = Rn + 1; Vi
15 }
16 SendFrame(Rn); 1
17 }
18 |
Stop-and-Wait ARQ -5
Jraas e Jedz

'r_":L;j;L

’ I I
5
519 Request [JEIEIEIEIEN-~
=[O
Sn Arrival
Sta ;:—I Arrival ﬂﬂﬂﬂﬂ*—

|
Start@ Request Eﬂﬂﬂﬂﬂ—rm Lost :
|

request (I EIE -~ e -.uuﬁuun

tap M'“lﬂﬂﬂ-ﬂﬂ-- Arrival
Start nwuﬁtﬂ.ﬂﬂﬂﬂ—p — -'EIEEIEEIE
Arrival

.'e..sr.a.r.r e E.E u Eu_‘ frame (recent) —hﬂuﬂﬁﬂﬂ
s Arrival DL~ Arrival

L L1
-
-]

F ]
m

Time ¥
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) Round-trip delay
-
Bandwidth-delay product
Bandwidth (in bps) X Delay (second) =

ms 20 Mbps 1
bits 1000
(1 x 10% x (20 x 10™®) = 20,000 bits
20,000 bits
1000 bits

1,000 /20,000 =5 %
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12

Go-Back-N ARQ - 2.2.2
.Go-Back-N ARQ
Sequence Numbers
-(0)
0 m bits
M2 )
m=3
—0,1,2,3,4,5,6,7,0,1,2,3, ... >
Sliding Window

(m=4 )15

St 28 UYLyl 5390 St WY LYl 5186

LVl Jlw,MJ
RERRLYNLY [ 7 [ 8 [o [0 [12]13[14] 5 {0 i}

il S5 bl b3 oMl S0 ) S) alupe sl o0 ol 15 piza) oS iyl oSov bl oSy V b
i bl [ el olackal ]
I
oMWl wwld size S, =2"-1

SOV VI Jud JLw, Yl 8450 - |

n

S s

OYVI agy L,V 635U - o

Go-Back-N ARQ

49



6 0 )

Send Window, the first outstanding frame

Send windows, the next frame to be sent Sn

Send Window, Size Ssize

-8 .One ACK
Sf=3 ) 3 0,1and?2
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345 io [ 1 i W4 isie {78 {ofi0ininiiiTaiisiofi}
28] 5529 Torao alisiso bl lellbasuwl Soy Vb
LpoMiul 338Ul 3Vl L
1 I
JliwV 6380 -
Rn
3itaiasiof 112 i3 S 51678 {of0ininiiziraiisiofi
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Go-Back-N ARQ

( Receive window, next

Rn

.Rn

OVl Ay 628WI —

. Rn (frame expected

Timer

Acknowledgments

Positive Ack

Go-back
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6,5,4,3 3
.Go-back-N
2
3 m=2
3 A4 3
0
3 0
4
0
Joupdl  Jrdzaalf 1 1 Jull  Jadzialf
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Startly

Stop@

Go-Back-N  ARQ

a1 Jedzull
5f 5n Pn
nital OO ACIRE OONEEOoaE i
5f Sn
request IIPINEIICIEIESED
&f &n DOBEBEnE@EE Axrival
o 2 5.4 5 6.7 olu12
5f Sn
RO m 2 3 5 6.2 02
- ﬂuﬂnﬂﬂnﬁrrival
5f 5n
reques: IF IO
| g DBB0nang. -
5f 5n
reques: EIIIEICIEED
| 0323 516 7 L Na]
5f Sn
o'z s a5 s 7.0 x 2
5f Sn

LW lo(1[2/3|/a 56 701 2

Time Time

Request

Arrival

Ack 3 Ack 2

53



Selective Repeat Automatic Repeat 3.2.2

Request
Go-Back-N ARQ
Noisy
Selective Repeat
.ARQ
2™ 1
2
Go-Back-N ARQ
Jlaw ¥ 5l | 51 S0 oyl 2iils
Jg¥1 L] S Lot
ezl o L WS
3] 10 I O I [ 1 30 o i 58
Uil g pla) | oS dbina el | Lgdlany) o Se ol WLTRWRE S
Lgae =i 180 ALl ,_5;—"-;#1
Lz ol f il
Ssize = 2m-1

Selective Repeat ARQ
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Go-Back-N
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Rn Jlediswid) 2150
I Al Jud Us¥
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Selective Repeat ARQ
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gl
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- Selective repeat AR Q) JaSgigpt idlidl julid =

-

55



oFRkrNFOFORFRB™~MFPWOWRERNMNRPPRPPRPORFPROONOOORR WDNE

sw = 2m-1;
sfF=0

sn =0
While(true)
{

WaitForEvent();
If(Event(RequestToSend))

{

IT (sn — sf >= sw)

SleepQ);

GetData();

MakeFrame(sn);

StoreFrame(sn);

SendFrame(sn);

sn = sn + 1;

StartTimer(sn);

56
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IT(Event(ArrivalNotification))

Receive(Frame);

IT(Corrupted(frame))

SleepQ);

IT(FrameType == NAK)

IT(nakNo between sf and sn)

Resend(nakNo) ;

StartTimer(nakNo);

IT (FrameType == ACK)

IT (ackNo between sf and sn)

While (sf < ackNo)
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Purge(Sf);

StopTimer(sf);

st = sf + 1;

IT (Event(TimeOut(t)))

Start(Timer(t));

SendFrame(t);
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Selective repeat ARQ

Rn = 0O;

NakSent = false;
AckNeeded = false;
Repeat (for all slots)
Marked(slot) = false;

While(true)

{
WaitForEvent();

IT(Event(ArrivalNotification))

ReceiveFrame();

IT((correptud(frame)) AND (NOT

Naksent))

SendNAK(RN) ;

NakSent = true;

SleepQ);
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IT((segNo <> Rn) AND (NOT NakSent))

SendNAK(RN) ;

NakSent = true;

IT((segNo in window) AND (NOT
Marked seqNo))

{

StoreFrame(segNo) ;

Marked(seqNo) = true;

While(Marked(Rn))

DeliverData(Rn);

Purge(Rn);

Rn = Rn +1;

AckNeeded = true;

}

IT (AckNeeded)

SendAck(Rn);
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/
3 R .
ckNeeded = false;
8
3 NakSent = false;
9
4 Y
0
4
}
1
4 Y
2
4
}
3
4 }
4
Selective repeat ARQ -7
Request
Arrival
NAK .NAK ACK Events
ACK
NAK NakSent
.False ACK AckNeeded
NAK

NAK
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Rn

Rn

n ackNo sent: 3

Iq.:J.uﬁJ‘J..__i

- Selective Repeat ARQ plascwlb alilasll glius -

2%

i@

Selective repeat ARQ
sl el

5F Sn Rn

B o x 2 3 & 5520 o0 5 s R
5f Sn :
0§ Request mnﬂﬂﬂ Emﬂﬂﬂ Arrival
. Frame0
o = 25 3 5570 delivered
&f &n
Request EEE
5f =1 "
Request ﬂmmﬂ frame 2 Em BEEArrival
s Sn m
Reguest 7 — —
Emm.ﬂ ::_‘-!mea mﬂﬂﬂﬂnrriual
Sf Sn ‘
Arrival muﬂﬂ frame 3 {resend)
Sf Sn m R
Arrival mnﬂnm mnanmnrriual
Frames 1,2,3
e Time delivered
3 Jiiall ol Junbucll blass
0
Ack Request
NAK 1
ACK
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:Local Area Network (LAN) -

Ethernet
FDDI Token Bus Token Ring
. ATM LAN

IEEE i

Project 802 IEEE 1985
OSlI

.IEEE 802 OSlI

LLC: Logical Link Control MAC: Media Access Control
Llell clidall | Ll cla )

u

Sadd) sl LT TEEE puleo .
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.Media Access Control (MAC)

LLC

Carrier

IEEE
Logical Link Control (LLC)

IEEE
LLC 1.1
.MAC
LLC
TCP/IP
MAC 2.1
MAC

Sense Multiple Access with Collision Detection (CSMA/CD)

.Xerox

2
1976
.Mbps 10
.Mbps 100
.Gbps 1
.Gbps 10 10
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CSMA/CD

Tk

Tp

67

MAC 1.2

CSMA/CD

(
Collision

(x 10° m/s 3
CSMA/CD
Tp
)
Tp



X Tp 2

.Mbps 10 CSMA/CD

( )

su 25.6

Tr=2XTp=512 s
spu 51.2

10 x 10° x 51.2 x 10°° = 512 bits (64 bytes)

Frame Format

Preamble: 56 bits of altemating 1s and 0s
SFD: Start frame delimiter, flag (10101011}

7 bytes 1byte| 6 bytes 6 hytes 2 bytes 4 hytes

: Physical layver | .
header -B02.3 us MAC )lsf a2 s

:Preamble =

-Start Frame Delimiter (SFD) .
(10101011)
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6 :Destination Address (DA)

6 :Source Address (SA)

‘Type or Length

IEEE
:Data
.(bytes — 1500 bytes 46)
.CRC-32 :CRC
CSMA/CD
64
46 18 Preamble and SFD
Padding 46
Preamble and SFD
bytes 1500 18 bytes 1518
Addressing

. Network Interface Card (NIC)

06:01:02:01:2C:4B
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Unicast

Multicast
.Broadcast
Least Significant bit
0 ( )
1

Unicast: 0; multicast:1

Byte 1 Byte 2 Byte 6

- olgoell Banmia g Agaedl Bausg ugliall.

.All ones

4A :30:10:21:10: 1A
47 :20:1B:2E:08: EE
FF:FF:FF:FF:FF:FF

( )
Ad ( )

47 20: 1B: 2E: 08: EE
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<« 11100100 00000100 11011000 01110100 00010000 01110111

10Base5
10Base2
10Base-T
10Base-F
10 Base 5
Transceiver /
Tap
10 Mbps 500m
Baseband
(digital)

daglé s

algs D =

b i f oy L gema LS eliH

Transceiver 0 Gl i
- 10 Base5 il il ool 3.2t -
/
/ /
500
( 5 ) 4
2500
10 Base 2
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10 Mbps 185m
Baseband
(digital)
daglia
JeLsT = 10 Base2 d=.8,Jl ool AS0 3.45 o

185

10Base-T

Hub

10 Mhps*nunisted pair i 8
Baseband
{digital) l:! I!:I
u 9 g
UTP =oLLs

- 10 Base-T dJgadl zlg¥l cuyisl guds .

100

72



10 Base-F

10 Mbps Fiber

Baseband
(digital)

10 Base-F dz g w=a
- 10 Base-Fduigaanll ooyl gua%s -

2.2
1.2.2
Bridges

12
6 . Mbps 12/10
Mbps 6/10

%20
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2.2.2

Switched Ethernet

Switch

.(Mbps 5 = 2/10

-2 Switch

:Layer
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.Mbps 10

Full-duplex Ethernet .

10 Base2 10 Baseb5

Mbps 20
CSMA/CD
Fast Ethernet 3
IEEE 802.3u
Mbps 100 .
bits 48 °
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MAC 1.3

MAC
Buffer
CSMA/CD
Auto-negotiation
) Mbps 100 Mbps 10
(Mbps 10
2.3
Unshielded Twisted Pairs (UTP)
.(Base-FX100) Base-TX100 Category 5

.(Base-T4100) UTP Category 3
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Gigabit Ethernet

IEEE 802.3z

.CSMA/CD

25

25 2500 )
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Gigabit Ethernet

.Gbps 1 Mbps 1000

MAC

Gbps 1

1.4

.CSMA/CD

.(Bits 512

)



:Carrier Extension

.Bytes 64 bytes 512
Padding
.Bytes 512
) m 100 m 200

-Frame Bursting

1000Base-SX (Short-wave) Fiber-optic cable
1000Base-LX (Long-wave) Fiber-optic cable
1000Base-CX (Shielded Twisted Pair) STP cable

Cat. 5e UTP
.Base-T1000

Ten-Gigabit Ethernet

.IEEE 802.3ae

.Gbps 10

.bits 48
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MAN

WAN
Frame Relay
.Asynchronous Transfer mode (ATM)
.CSMA/CD
10GBase-E 10GBase-L 10GBase-S
1550 nm 1310 nm 850 nm
Single- Single- Multi-
mode mode mode
40 10 300
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Network Interconnections
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Connecting Devices

.Interconnecting Devices

Network Connection Devices

Application

i Gateway
Transport

Metwork Router or Layer-3 swich
Diata Link Bridge or Layer-2 Swich

Repeater or hub

SPSE 0N | Y SO JF SEIVR I

Connector

81
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Al didall o dlara gl s
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Passive hub

Repeaters
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= b DN

5
3
1 1 2
1

Segment

500 10 Base 5
2500

Amplifier

Active Hub
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Ll S

Physical MAC addresses

10 Base-T

Bridge 4.1

Frame Filtering

71:2B:13:45:61:41

LAN1

1 B13456142712
1
B13456141712
A 1
:
| ! f
Address Port
T
. e
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Transparent Bridges

IEEE 802.1d



Address | Port Address | Port
A 1
D ol Lt

Address | Port Address | Port
A 1 A 1
E 3 i 3
B 1
E sy of iy B s ol 4xs
A S Lo} € o sl
Entry
A
1
1 A
A

LANZ =
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Ne] 2 a2 <]
#" [AlDT ] LAN 1 N e LAN 1
==, = |
1 1
|Address| port| |Address§pon |Address|port|
. G:\ ""“"“ A1l ""2‘“"” & 1)
= [, =
1 e | [ r LAN 2
L~ = L= Two ccpuesof
E‘a E‘a E‘& the frame on LAN 2
D aasoll (sJ] U] A &baseoll Jouwrys — | LVl azg) ozl MS - o
Two copies of
A[Q The fmmolon LAN 1 QB A
*\’ LAN 1 *“’ LJ\N 1
=,
1
[Address|port| Bri Brid kd ress]pord I.Addressiporﬂ -
ge Bridge'l Bridge
Ca 2] (el
=
cﬁ UlN 2
= = _" = Twn cnplesnf £
S S H‘h the frame on LAN 2 Hﬁ\;
SVl azgy ol WS -2 SVl azgy ol US - >
.D A
A
.LAN2
D
A
.D
() .LAN1
Spanning Tree IEEE
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10

WiFi

.Maximum Transfer Unit (MTU)

Gbps 1 Mbps 100
Mbps 54  Mbps 11
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Mbps



.Multimedia Support
Quality Of Service

Layer-2 Switches

(QoS)

( )
( )
( )
) Cut-through switching
( 6
64

Fragment-free cut-through switching
64

.Uplinks
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(24-
124/ port 10Base-T with 2-port 100Base-Tx uplinks)
.Mbps 100 Mbps 10
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Network Interconnection Devices 2

Routers 1.2
( )
.Routing Protocols
Layer-3 Switches 2.2
Switching Fabric
Gateway 3.2
.0SlI
oSl
.Protocol Converter
.Application-level filtering
VLANS .3

Virtual LAN (VLAN)
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IPv4
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Host IP

IPv4 1
32 hits IP
IP
P IP
IP
1.1
.IPv4
2N N bits
2% 32 1P
.4,294,967,296
Notation 1.1.1
IP
Binary
( ) 32

01110101 10010101 00011101 00000010

Dotted-decimal Notation

117.149.29.2
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Classful Addressing 2

( ) IP
A /B, C,D,and E : IP
( )
First Second  Third Fourth First Second  Third Fourth
byte byte byte byte byte byte byte

byte
TN, - —
Y —

ClassD {1110 || I I |

Class€ [1111 || | | |

Y -
Y —

Class D [224-239)| I | |

Class E [240-255| | I | |

a. Binary notation

b. Dotted-decimal notation
- gdall g Dyl By Oy glinl) i ghes Sag) -

Unicast 128 128 A
16,384 65,536 B
2,097,152 256 C
Multicast 1 268,435,456 D
1 268,435,456 E

IPv4 -1
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A, B,orC

A
B
C
E D
Netid and Hostid 1.2
A, B, and C IP
CIDR
11111111 00000000 00000000
/8 255.0.0.0 00000000 A
11111111 11111111 00000000
/16 255.255.0.0 00000000 B
111121111 1121221211 11111111
124 255.255.255.0 00000000 C
-2
A
B ( )
.C
Net Mask 2.2
2 32
A, B,and C
IP
A
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(
8,16,0r : n n
.Classless Interdomain Routing (CIDR)  Slash Notation .24
IP
Subnetting 3.2
.Subnetid
Classless Addressing 3
Address Blocks 1.3
( )
( )
Internet Service Provider (ISP)
( )
(1,2,4,8,...) 2
1
16
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Block Block
First —»=| 205.16,37.32 7
205.16.37.33 §
: 3
Last —=| 205.16.37.47 o
a. Decimal b, Binary
bpre M ir 014 16 0 450 A8
2" )16
.16
Mask
32
n /n .32
IPv4
X.y.z.t/n
In X.y.z.t
) In
(

.205.16.37.39/28

.11001101 00010000 00100101 00100111
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32-n
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(

) 32-28

11001101 00010000 00100101 00100000

205.16.37.32 :
32-n
32-n
3.3
/( )
IP
(32-n ) X.y.z.t/n n

.Suffix Prefix

/( )

Subnets
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64 17.12.40.0/26

16 16 32 : 3
32-n1
27 = 32 nl .
.n1=27
.n3=28 n2=28 .
26
| 17.12.4.31/27 subnett subnet3 g 17.12.14.63/28
: g
i : o
D 17.12.14.30/27 | - |17.12.14.62/28
P
—
P 17.12.14 49728
' ) 17.12.14.50/728)01  ®%---------m-mooo -
D 17.aza4.20/27 U4 ||S
' ‘ E
o b
= swbnet s 17.12.14.48/78
- W W rrrrEsrrEsasas
(']
r
b
- (17.12.14.46/28
=
[
i
L 17.12.14.1/27 17.12.14.33/28
! 17.12.14.2/27 17.12.14.34/28
Metwaork: 17.17.14.0/76

- diymo A5 digis g oofacl o

17.12.14.29/27 Subnetl -
127
Host : 00010001 00001100 00001110 00011101
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Mask: 127
Subnet: 00010001 00001100 00001110 00000000 — (17.12.14.0)
17.12.14.45/28 Subnet2
128
Host : 00010001 00001100 00001110 00101101
Mask: 128
Subnet: 00010001 00001100 00001110 00100000 — (17.12.14.32)
17.12.14.50/28 Subnet3
128
Host : 00010001 00001100 00001110 00110010
Mask: 128
Subnet: 00010001 00001100 00001110 00110000 — (17.12.14.48)
.17.12.14.0/26 /26

1.3.3

2.3.3

.Internet Corporation for Assigned Names and Addresses (ICANN)
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65,536  190.100.0.0/16

256 64 °
128 128 °
64 128 °
ISP
—— —— Customer001: 190.100.0.0/24
190.1000010 190,10063.255 | *  Customer 064: 190.100.63.0/24
§ " Group 2: '— Customer001; 190.100.64.0/25
g o 19010064010 190100127255 | " Customer128: 190.100.127.128/25
To and from 22 o M
the Internet g =
% 5 é T :—Customerom: 190.100.128.0/26
&3 190100128010 190.100.159.255 | * - . o0 106 100.159.192/26
Available
190.100.160.0 te 190.100.255.255

) dadd dgde Gaglis pamadl e JUa

8 256
.32-8=24
190.100.0.255/24 190.100.0.0/24
190.100.1.255/24 190.100.1.0/24

190.100.63.255/24 190.100.63.0/24 64
64 x 256 = 16,384 :
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7 128
.32-71=25
190.100.64.127/25 190.100.64.0/25
190.100.64.255/25 190.100.64.128/25

190.100.127.255/25 190.100.127.128/25128
128 x 128 = 16,384 :

.32-6 = 26
190.100.128.63/26 190.100.128.0/26
190.100.128.127/26 190.100.128.64/26

190.100.159.255/26 190.100.159.192/26128

128 x 64 = 8,1924 :
65,535
40,960 :
24,576

102



Forwarding and Routing
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Data-Link layer

Delivery

:Direct Delivery

Deliverer

-Indirect Delivery

Forwarding

. Routing Table

Router

Next hop

Host-specific

104
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) Network-specific

(

G —alonld pall fgaee S il sl fgase
ddils e slaze¥l disds Lo slaic¥l
Haost-specific Netw orks-specific
Destination | Next hop Destination | Next hop
fi! Rl - Y
B Rl L R1

[ Rl
" /
|/

- Network-specific § Host-specific alds po d5)lis-

Default Method 1.2
R1
R2 N1
( 0.0.0.0
Destination | Next hop | i g,
Wt e | L

- Aol a8 ¥ dayyadl -
Routing Tables 2.2
Router Host
.Dynamic Static
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1.2.2

2.2.2
Routing Information protocol (RIP)
.Open Shortest Path First (OSPF)
networks Interconnection
)
(
3.2
Mask
.Interface Next Hop
Routing Protocols 3
internet
internet
Internet
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cost

RIP

10

Distance Vector Routing

107

Optimization 1.3

.(metric

OSPF

2.3



To Cost Next

A =
B —
C A
D —_—
E C

A's table

To Cost Next
Py I
B A
C A
D —
E A

D's table

immediate neighbors

soiall posill § Jolad! g)a1 - To Cost Next
_i_iL-u_tFEIJ_mLuJ_c A| 5 |—
5 B|o|—
C 4 | —
D|o@|A
E| 3|—
B's table
To Cost MNext To Cost Next
Al 2]|— A C
B 4 | — B 3 |-
C 0 C 4 | —
[ A D @ | C

E E 0
C's table E's table

A
6 E A
.C
Initialization 1.2.3
.00
Flash 4
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(A

)C

.Cost

next hop entry
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Sharing

A
A
(Next Hop)
Updating
6
3 X

2.2.3

3.2.3



To Cost Next To Cost Next To Cost Next

A |l 2 A| 4|C =
B | 4 B| &|C g | o|—
C || D | e— 2| C |—— eyl e— 4 |—
b D|=|C p|s]|a
E 4 E 6| C l E 3 |—
Adiauly sl Jga To Cost Next sl Jgas
Lo A Jaxll kg l— A cadll

B 8| A

C 5| A

D o|—

E 9|l A

A J ausdl

E
4 E C A

2+4=6 E A 2 C A

-Triggered update
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RIP

RIP
( )
RIP
(
16
15
(next hop column)
4 7
Img 7
RIP
7 R1
130.11.0.0 130.10.0.0 :
R1
R2
R1
130.11.0.1 R4 R4
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Link State Routing

)

Dijkstra

— dliagll Alls o¥dgSgig pegaa -
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A sad 2Woedl XL B sad ool ol

D 5ol oMinadl ol E sl cidlamgdl ool
3 D 2 C 5 B A
1.4.3
( )

Link State Packet (LSP) A1
Flooding ( ) 2
3
A4

:LSP

LSP

LSP (
LSP

A1
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LSP

60
:LSPs
LSP
(
LSP
(
(
:Dijkstra
LSPs
.Graph Dijkstra
.Permanent Tentative
Img 10
Dijkstra
A
Img 11
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Root
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alsilg root ,i> A Je>l .1
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&850l aoslall JIDg Cg B

E oy anslall aaslal J| C Jasl .3

aidgoll aoslall (s

®

sl anslall | D Jasl .4
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aoslol aoslal (J| " Jail .6
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(A(0)
A A
)
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C C
A C
B .E B
C B A
) 5
.(B(5), D(2), E(6) A(0), C(2)
D D
D

.(B(5), E(6)

A(0). C(2), D(3)
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B B
(E ) B
E
). E 8
(E(®) A(0), B(5), C(2), D(3)
E
E
A(0), B(5), C(2), D(3), E(6)

Next

Node Cost Router

A 0

B 5

C 2

D 3

E 6 C

A -1
1
Open Shortest Path First (OSPF) 5.3
OSPF
.Areas

:Autonomous System (AS)
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Backbone Area

Area ldentification

:Metric

Metric OSPF

OSPF
Point-to-point
Transient
Stub
Virtual
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