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http://zh.wikipedia.org/w/index.php?title=Image:Wifi_logo.gif&variant=zh-tw
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References for this Chapter ( Internet Overview )

COMPUTER #rmeomen
NETWORKING

FF UEs:

James F. Kurose and Keith W. Ross, Computer Networking: A Top-
Down Approach, 5th Edition, 2009

iﬁif;p@'g‘p FURO g (B B E 3 AR E L
AR T A

9/64



Quick Internet Overview
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Analogical Solution 1n Postal System
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Components of Internet
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TCP/IP Reference Model - Defined by IETF

Layer G o e B
il ke
Application Layer L5 HTTP IETF
Transport Layer L4 TCP, UDP IETF
Network Layer L3 IP IETF
Link Layer L2 Ethernet (802.3) IEEE
Physical Layer L1 [Fil gl B IEEE
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Introduction to Internet via Top-Down Approach
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How to Get a Web Page ? (1/3)

ﬁ“ At (www.ee.nsysu.edu.tw )
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How to Get a Web Page ? (2/3)

URL (uniform/universal resource locator )
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How to Get a Web Page ? (3/3)

<HTML>
<HEAD>
<TI TLE>3%§‘7—F</T ITLE>

</HTML>
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HTTP Response Message

http://www.school.edu/ee/text.html e &S Ui e PN T T ‘-

Vo, apAKELZE, L7,
AR, ARGABEKAK A wank, | Ay
T ORR, ARREAL RIKRLT ;

The instructor of this course is ZTC.

Web browser 4%, AREEBARBEKPEL .

b SRE-R AT —puk L.

payload

ng_[‘ELPJ?T RFLERAGEFoRD R T
HTTP/1.1 200 OK N K Lhix, annvoiis
Connection close O SRR 8 L AR TR
Date: Thu, 06 Aug 1998 12:00:15 GMT head 3;;”W*“****ﬁ““*ég; | g?
Server: Apache/1.3.0 (Unix) > eader T fhixx

Last-Modified: Mon, 22 Jun 1998. B ol
Content-Length:6821
Content-Type: text/html

1%
<HTML><BODY> '
The instructor of this course is ZTC. payload
</BODY></HTML> A [\P Jh"f*‘

Web server Frfl [y HTTP response message
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How to Know the IP Address of Web Server ?

6 / http://www.school.edu/ee/text.html e

http : // www.abc.com / product/ list.html
—— e e

BEABGE THEE @ EEREEEREE

HTTP ¢ A 2 application layer 72 message > 4- ™

GET /Zee/text.html HTTP/1.1 ,
Host: www.school .edu = ORI H

- " o www.school.edu
User-agent: Mozillas4.0 i IP address?
Connection: close
Accept-language:fr

HTTP request message

Ef, {ﬁ\'ﬁ it www.school.edu/ee/text.html Eﬁ JRENEN] e BF[' ENE:

— {[d HTTP request 7L » Eﬁlé?ﬁ web server ( www.school.edu)
BIrf @[Fllﬁcfﬁfj ik JFL' o [EMopo TR ETaS ‘Erﬁgﬁﬂpﬁ web server [ pd ?
FH o TBIETaN S HeH R web server Y IP address £ %) ?
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Aside - IP Address

Internet

S
: J ;@i Webé
' ' Server
Bit Pattern 140.117. 157:‘\_ 1

140.117.157.3 140.117. 157,‘5
10000001 00001010 00000111 00011110

H H | 140.117.*.*
129.10.7.30

Dotted-Decimal Notation

e T Rt L Gl ISl
Pag— A &7 F A J%ﬁ”?ﬂ%’ﬁ%l E| 32 bits fv IP address (IPi_ Internet
Protocol FUsEHET) o« Wk - tggfjflﬁlkﬁp PR o3[ > 1P address RLEHZ Ay
?E%*Eﬁ Internet Assigned Numbers Authority (IANA) 75 fiel gﬁ@ [P addresses
i P TANA Hl% o TP 1 [*‘\%"Hl%ﬁ I~ addresses £l 140 117.%.*
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Analogical Solution in Human Query System
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DNS (Domain Name System) Server

Ty |8
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IP iZHE(D:

FEEERQ:

FSSE(D):

@ {FI T8 DNS (R A B /
18F9 DN {aREE®: . ..

B T e TN
105 DN TRIARESE):

ﬁlfﬁﬁlﬁﬁ’m@ H AR EY TR DNS fﬁﬁﬁ‘%g , pY IP address °
5 {TfE1 7| DNS fFIAR# (local DNS server) T &1 HT=R! EIF 1 -

fi' I'J @5l IP address = 91}l local DNS server T1EL » P9I R] 5]

ﬁl %’F ; (root DNSserver) - f&g— Ep'l) F’Lﬂ:ﬁﬂ web server [I IP address .



How DNS Works ?

N AL

[ ILURY iuy )

A f e i ————

€ > C N % www.mit.edu Inizee: 100t DNS servet
! ]| j':_::i.j :' ! [l _ fil ";_.: 181 Ei.:_'_j;';'-:_: ""_' ’I\E:ll EIJ DNS

mEGES
RS local

www.mit.edu DNS

i IP address  server

www.mit.edu
f™ IP address

\\\"\\

\\\°\\

()
Server fiy |p address ik ”Fhl‘ .edu fiv

% A DNS server

Root DNS Servers

e

QO'O}'GS
com DNS org DNS edu DNS S
servers servers servers
| /S N\ 47 mit.edu [
TLD (Top Level Domain) ¥ [ mit.edu |

mit.edu stanford.edu DNS server

DNS server
DNS servers DNS servers
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Root DNS Servers

a Verisign, Dulles, VA
¢ Cogent, Herndon, VA (also LA)
d U Maryland College Park, MD k RIPE London (also 16 other locations)

g US DoD Vienna, VA
h ARL Aberdeen, MD i Autonomica, Stockholm (plus
j Verisign, (21 locations) 28 other locations)
m WIDE Tokyo (also Seoul,
g Paris, SF)

b USC-ISI Marina del Rey, CA
| ICANN Los Angeles, CA

e NASA Mt View, CA

f Internet Software C. Palo Alto,
CA (and 36 other locations)

=l A9 20 2 ’F"[ root DNS servers > *UFF[B;’} e R fF"[ T2 5| DN'S
fﬁ]’%}’l%ﬁ ] f{ﬁ'“\ JFI%{13F1 root DNS servers I IP addresses
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Agenda : Transport Layer

Application Layer

Transport Layer

1
~

Network Layer

L

rd
N

Data Link Layer

5

Physical Layer

N

TCP/IP Reference Model
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Which Process Should Handle the HTTP Request ?

Web Online
AN server game
process
process process
G /
Y

Byt 140.117.157.2
HS T R ?

v
et

GET Zee/text.html HTTP/1.1
Host: www.school .edu
User-agent: Mozilla/4.0 web server
Connection: close
Accept-language:fr

gl
Y

|
—

\J
Rk oy

HTTP request message

— L1 PR Es HH 571 web server [IY IP address > fiffi' '] {2 HTTP request

L PN
E

?’L,F_;[\;Tlﬁ web server o [IEUEQL_ web server _FE'[F[J i JY:[QA % processes =¥

web server {[Iff & i['iﬁl’lﬁ*?*ﬂﬂ%l @%ﬁWV i process i ?
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The Purpose of Port Number

web service fIY port number .‘ server

LB 80 |
Application J J j web server process
N
application Q I
S NN
application m (Dcstination port numbcr]
Data

Transport [,l'%\/ L selects the process

P} JRort IP| fport
address number  address number

193.14.26.7

Internet Data \

Internet y \

selects the server

Destination IP address]

IP address + port number ( F’ﬁj@ﬂ\?ﬂ £ socket ) 'l E'Hé’ﬁ%’?{u_’ HTTP request
T B AR RO 1 RSP [

2 ‘T; o
(*3E process ) 27164



Some Well-Known Port Numbers

q 80

Port Protocol Description
7 | Echo Echoes a received datagram back to the sender
9 | Discard Discards any datagram that is received
11 | Users Active users
13 | Daytime Returns the date and the time
17 | Quote Returns a quote of the day
19 | Chargen Returns a string of characters
20 | FTP, Data File Transter Protocol (data connection)
21 FTP, Control | File Transfer Protocol (control connection)
23 | TELNET Terminal Network
25 | SMTP Simple Mail Transfer Protocol
53 | DNS Domain Name Server
67 | BOOTP Bootstrap Protocol
79 | Finger Finger
HTTP Hypertext Transter Protocol
111 | RPC Remote Procedure Call
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Aside -

Headers of Transport Layers

Header

Client

Application PrOCCSSD
faver

]

Y

Transport Payload
layer Packet

Header

Internet

Server

Process D
essag

Message

i
I 7oyt |

Header

| Packet

Application
layer

Transport
layer

B“lj‘ﬁi/[lfﬁj application layer & % [I message &/ FA(E | header #{! payload Elfiﬁﬁﬁ}‘ = KR
transport layer ik & AR (FEL segment ) 4 &) FA header #{! payload EIGJ?ZB 73 0 ELf[
FHORE T R

payload [ JFT‘[ 73 Kl application layer [I~) message (']

payload > I?“ JHETEY Fgﬁ 7% header )
Source port address Destination port address N
16 bits 16 bits TCP [N
UDP total length Checksum header
16 bits 16 bits

Data

(Padding must be added to make
the data a multiple of 16 bits)

UDPB@
header

header

Source port number

Destination port number

Sequence number

Acknowledgment number

HLEN

Reserved

Control Window size

Checksum

Urgent pointer

Data and option

(Padding must be added to make

the

data a multiple of 16 bits)




The Purpose of Fragmentation

Application data

5

i
.r‘l

,
1y
%
[

a ol
i |
L ] L

control information

(header)

Internet

0

/

message

/

/)

\

message

o
N

\

\
S€gment ¢
\

\
Segment 2
\

%w

\
S€gment 5
\

%0

Segment 4

i# 72" application layer [V 9} » & ([ layer ﬁﬂfﬁ r }ﬁﬁ‘}'ftﬂyj %’Uf@ﬁ'm Gy

B - R (1) RV R

— gy A

P EJ

I o Y message

:"JF%'HF‘} 2 {fi segments > =" [ F| segment 1 ~0Z( B4 EFH ﬂﬂﬁ%i%f
E13= segment 1 > 7 1 iﬁﬂ%hﬁﬂ[[ﬁ message = Fﬁﬁﬁl‘é > (2) i/[l_kﬂjﬁlu%l
N E’J%’UF‘} 2 {[&' segments . iz > #[|*'] pipeline fI' @ﬁ%?‘ Ty

eI message [£-A 35
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Data May Be Lost in a Congested Router

Arrival

g* [ 5t routing table

Discard d E“r?[?\[jj}iﬁq“ﬁpﬂﬁ[ﬁ router

|

I

|

Processor » Departure |

I

Queue |
I

I

I

I

f@l%w X 75 Hll- El = rR (segments) ?ﬁ ZFly o El[ router C %% w A1 x [
segments ./ % > 33%[ %FEJJ‘IE Lt““ segments 5 z Eﬁﬁ%ﬁ Rl E 2 U X
Alw i % segments SR ﬁigfé‘f router C [I* buffer &+ (4L congestion) -

=i Cifl ﬁﬁ%ﬁ%ﬂﬁfﬁﬂﬁfj segments J[II']Z # (T N Vit S A)
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How to Deal With the Lost Data

Internet S
/" 140.117.157.8 140.117.157.12

rou:ter @ @

/ A S

web!
serv;er

140.117.*.*

T web server }Iﬁ’ HTTP response G4 Eﬁl?ﬁlgﬂ FS O p E
TrE[EKL (P congested router B5. G ) F:?z%%??
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Characteristics of Application Layer Data

[T TR R £} delay oI #] data loss IV | s [l
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Two Transport-Layer Protocols

TCP and UDP
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Congestion Window for Pipelined Transmission
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b. A pipelined protocoi in operation
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TCP Congestion Control
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How Can Data Reach the Right Destination 7
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The Role of Router

Internet Protocol (TCP/IP) Pa%
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Hierarchical Router Architecture
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The Role of Routing Table
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- B router C 140.115.*.* ST S

A 1140.113.*.* | A 3 140.121.*.* 140.117.*.*

B [140.115.*.* | A 4

D |140.117.*.* | A 8
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(E! i{iﬁ[[ﬁf routing table ﬂ@[lfﬁ@i‘%{[ e R 9

= Hi ¢ EL 0 RE [ routing table [i size © routing table El’?r::g?l%éfmﬁ TRy ] IF&‘,I Tl

subnet (Y1 + 140.117.%.%) - i T (A5 I host (U1 = 140.117.157.5) a4



Model the Router Network as a Graph
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Principle of Minimum Cost Routing Algorithm

LINK _COST(S,A) =3 PATH _COST(S,V)) __

-

LINK _COST(V,,D)

Y[ S5 THRT WS, A) F1 LINK_COST(S, A) « ##-S # BiY path 1
S>A>B VS path [1Y cost 1% LINK_COST(S, A) + LINK_COST(A, B) = 4

] PATH_COST(S, D) %7 f§-S Z[| D Fr | paths [V costs [ | fifi o #[IHe [E)
PATH _COST (S,D) = min{PATH COST(S,V,)+ LINK _COST(V,,D) : V, &% D iz |

43/64



OSPF / Step 1 : Flooding

S R HIAY link-state packet [* J%, & fA'
{LINK_COST(S, A) = 3,
LINK_COST(S,C) =2}

IETF El’-’ﬁﬂ?ﬁlﬁ routing algorithm & F"‘[ RIP (routing information protocol ) #[!
OSPF (open shortest path first) o [ 45 25 F7E iU router & Fﬁ#;ﬁﬁﬂ%ﬂ i

OSPF » KIS (RS ?ﬁ OSPF - ﬁ:“f ! transport layer ¥IPEFYEYR*E £} segment >
7+ network layer ®IPFIFUEYR[ I £} packet o

7t OSPF #lIfFi » =i {[i router ﬁﬂ'u\ FIHIEEL = [f i router V [H]FY LINK_COST » [X
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OSPF / Step 2 : Dykstra Algorithm (1/3)

Q={s};
for eachn eV \ {s}
PATH_COST (s,n) = LINK _COST (s,n);
if (PATH COST (s,n) # o)
parent(n) = S;
while (Q #V) {
m =arg,,, min{PATH_COST (s,u)};

Q=QU{m}; Ay FRRGRELY > 5 flif router e
foreachn eV \Q B TR o A router / fTRY
[ =
if (PATH_COST (s,m) + LINK _COST(m,n) - e-COST - S i

SEENE - S RNEENE R
F F ISR

<PATH_COST(s,n)) { Edsger W. Dijkstra Fr-3g [ -

PATH COST (s,n) = PATH COST (s,m)

+ LINK _COST (m,n); ﬁ“ © Q HIPFIFY nodes ™ [Fy <1 o
B[RRI BB - PATH_COST >

NP S>A # AfiYparent £ S

parent(n) =m; }
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OSPF / Step 2 : Dykstra Algorithm (2/3)

Q={s};
for eachn eV \ {s}
PATH_COST (s,n) = LINK _COST (s,n);
if (PATH_COST (s,n) # «)
parent(n) = S;
while (Q #V) {
m =arg,,, min{PATH_COST (s,u)};
Q=QU{mj;
for eachneV \Q
if (PATH_COST (s,m) + LINK _COST (m,n)
< PATH COST (s,n)) {
PATH_COST (s,n) = PATH_COST (s,m)
+ LINK _COST (m,n);
parent(n) =m; }
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OSPF / Step 2 : Dykstra Algorithm (3/3)

Q = {s};
for eachn eV \ {s}
PATH _COST(s,n) = LINK _COST(s,n);
if (PATH COST (s,n) # o)
parent(n) = S;
while (Q #V) {
m =arg,,, min{PATH_COST (s,u)};
Q=QU{mj;
foreachneV \Q
if (PATH COST (s,m)+ LINK COST (m,n)
< PATH COST (s,n)) {
PATH_COST (s,n) = PATH_COST (s,m)
+ LINK COST (m,n);
parent(n)=m; }




The Construction of Routing Table

140 112_.*.*

S fv routing table
FIAVEY Next Hop | Path Cost
C |140.121.*%.* | C 2
A 1140.113.*.* | A 3
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D"I\ ﬁﬁaw—’ -
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routerS — router A @3 Aty
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’ J web |

router D server !

router B | e y
router C 140.115.*.* b D g

140.121.*.* 140.117 .*.*
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How to Send Data in a Local Area Network ¢
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MAC Address for Local Communication
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Analogical Scenario in Apartment Community
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How to Get the MAC Address ?
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ARP : Address Resolution Protocol

router L
ARP request : FrE| *J= 1 > IP address L
< 140.117.157.5 v * > Shfnlg =Py MAC address
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Why We Need MAC (Medium Access Control) 7
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Ethernet/802.3 : Carrier Sense Multiple Access
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Various Transmission Media
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Hidden Terminal Problem 1in a Wireless Network
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Mobile IP
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TCP over Last-Hop Wireless Networks
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AL~ 3 . Bottom-Up Approach
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