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1. Connectivity (@, BBEHIE)

o EMMAAH—IMEIRR
e Often expressed as a graph ¢ =<V, E > of two sets
=  Set of nodes (vertices): V ={v, vy, .., 0}
= Set of edges (links): E ={eq e, ...,e0}

e Connectivity studies naming and topology problems
e Naming: How to name the nodes of a network? How to find a specific node? How to refer to a

specific node? WA 2 BRI A R A, fEmT A

e How are the nodes interconnected? Does the network structure change over time?

W 2% 40 41 B (T 32 4L, 2

e Undirected

o V ={v1,V, V3 1,4}

o E={ee;e3}

e Directed

o V ={v1,0,,v3 14}

o E={ee;e3¢€,}

undirected graph directed graph



1.1 Naming #5454 % =[H

e Every network has one or more namespaces

Consisting of all names specified by a naming scheme
e Naming scheme: a function mapping a legitimate string to a node or an edge

o MUTRAENTIHE



1.1 Naming #5454 % =[H

e Every network has one or more namespaces

o Consisting of all names specified by a naming scheme
Naming scheme: a function mapping a legitimate string to a node or an edge

» Specified by a standards body 42 77544 B & B E AL X bR v 2

Institute of Electrical and Electronics Engineers (IEEE)

Internet Engineering Task Force (IETF)
World Wide Web Consortium (W3C)

[ fs FE S L DR B2
] s B3 AR 55 41
J3 4 X Bk B

Namespace Instance Remark on naming schemes
Personal name Joan Smith Personal names in a country
WeChat user Hh SR IR Any legitimate string per WeChat standard
URL cs101.ucas.edu.cn/+ 3/ Universal Resource Locator of a webpage

Internet site

www.ict.ac.cn

Any domain name by IETF standards

Email address

zxu@ict.ac.cn

userName@domainName

IP address

159.226.97.84

Internet Protocol address per IETF standards

Phone number

189-6666-8888

11 decimal digits by Telcom provider standards

MAC address

00-1E-C9-43-24-42

12 hexadecimal digits per IEEE standards




Y KR =&

o % (name) sEfx) MIMEE, FafCRASLk (entity)
o SEARMEAAERMSHRRI A, WA LLED
o Hlan, [F=ANTHGOE S WMIER A E4 studentGender := 0

o Hilk (address) s& ] ELHH T A Frg A sLA m 44 =+
o Hiltn, RHAMMLEFERFIRE ML &studentRank
o Bltn, V4B ST E WET A A7 HkE
o AEHHER A T B W kil 7 BE EL R U ) SEAAR

o HRIRFATF (identifier, ID) &R ME—FRIRFTFRARSLAR K] 44 F
o TEREANIE Py E—
o N, —ANERNIGHHIEE
o ltn, J34EMFHE URL




Naming issues and considerations

e Uniqueness. Does a name map to a unique node? ME—14

e The email address namespace enjoys uniqueness, but the namespace of personal names of a country's
population does not have uniqueness. There may be multiple persons named Joan Smith, causing
name conflicts, which in turn may lead to wrong connections.

o AIHEHIES I (FFH524200)

Namespace Name (a legitimate string) Uniqueness

Personal name H R A\ 4 Joan Smith ?
WeChat user {5 F )" 4 H IR B ?
URL 73 4E M (X 41l cs101.ucas.edu.cn/ 3¢/ ?
Internet site [XI4 #1544 www.ict.ac.cn ?
Email address Hi 1 44k zxu@ict.ac.cn ?
IP address |PhiE 159.226.97.84 ?
Phone number FH15 5 189-6666-8888 ?
MAC address MACH i 00-1E-C9-43-24-42 ?




Naming issues and considerations

e Uniqueness. Does a name map to a unique node?

e The email address namespace enjoys uniqueness, but the namespace of personal names of a country's
population does not have uniqueness. There may be multiple persons named Joan Smith, causing
name conflicts, which in turn may lead to wrong connections.

Namespace Name (a legitimate string) Uniqueness
Personal name Joan Smith No
WeChat user H AT R No
URL cs101.ucas.edu.cn/H 3¢/ Yes
Internet site www.ict.ac.cn Yes
Email address zxu@ict.ac.cn Yes
|IP address 159.226.97.84 Yes
Phone number 189-6666-8888 Yes
MAC address 00-1E-C9-43-24-42 Yes




Naming issues and considerations

e Friendliness. Are the names user-friendly, i.e., understandable by humans?

I RIE: mxf N (P K, 8T B2

e The eight name schemes in Table have roughly decreasing user friendliness

e "Joan Smith" is much more understandable than "00-1E-C9-43-24-42", which is the name of the
network interface circuitry in a computer, also called MAC address

\

Namespace Name (a legitimate string)
Personal name Joan Smith
WeChat user A I
URL cs101.ucas.edu.cn/H 3L/

\

Internet site

www.ict.ac.cn

Email address

zxu@ict.ac.cn

ﬁ/ -

User Friendliness

Mostly Yes

/ Somewhat friendly

Somewhat friendly

/ Somewhat friendly

IP address 159.226.97.84 \ / No
Phone number 189-6666-8888 \ / No
MAC address 00-1E-C9-43-24-42 V No

10



Naming issues and considerations

e Autonomy. Can a user create or change a name on his own? E £

Autonomy has the advantage of convenience, but may lead to chaos
One may change a URL, but Web links to the old URL become invalid
Creating or modifying a name may need to go through a centralized process

Involving an authority of name registry

Namespace Name (a legitimate string) Autonomy
Personal name Joan Smith ?
WeChat user H AT IR ?
URL cs101.ucas.edu.cn/H 3/ ?
Internet site www.ict.ac.cn ?
Email address zxu@ict.ac.cn ?
IP address 159.226.97.84 ?
Phone number 189-6666-8888 ?
MAC address 00-1E-C9-43-24-42 ?

11



Naming issues and considerations

e Autonomy. Can a user create or change a name on his own?
o Autonomy has the advantage of convenience, but may lead to chaos
e One may change a URL, but Web links to the old URL become invalid

e Creating or modifying a name may need to go through a centralized process
e Involving an authority of name registry

Namespace Name (a legitimate string) Autonomy
Personal name Joan Smith Yes
WeChat user H SR I Mostly Yes
URL cs101.ucas.edu.cn/+ 3/ Hierarchically Centralized
Internet site www.ict.ac.cn Hierarchically Centralized
Email address zxu@ict.ac.cn Hierarchically Centralized
IP address 159.226.97.84 Hierarchically Centralized
Phone number 189-6666-8888 Choose from a centralized pool
MAC address 00-1E-C9-43-24-42 Hierarchically Centralized




Naming issues and considerations

e Name conversion. An entity can have two namespaces.

e The Internet site with domain name www.ict.ac.cn and IP address 159.226.97.84
e The Domain Name System (DNS) converts a domain name to its IP address

DNSH B EX W 1542 F N IP i bk
e http://www.ict.ac.cn - http://159.226.97.84

e Two types of IP addresses are used today PFZEIPHLHE

o IPv4 addresses use 32 bits and can generate 232 different IP addresses

e Each IPv4 address is organized as a 4-field format xxx.xxx.xxx.xxx such as 159.226.97.84
IPvAthEE & 5 e X P4 7B RS M0F255
e Each field is a decimal number from 0 to 255 159.266.97.84 & AEVE )

13



Naming issues and considerations

e Name conversion. An entity can have two namespaces.

The Internet site with domain name www.ict.ac.cn has an IP address 159.226.97.84
The Domain Name System (DNS) converts a domain name to its IP address

DNSR H EX R 3544 F BN IP bk
e http://Iwww.ict.ac.cn - http://159.226.97.84

e Two types of IP addresses are used today PF3EIPHLHE

IPv4 addresses use 32 bits and can generate 232 different IP addresses

e Each IPv4 address is organized as a 4-field format xxx.xxx.xxx.xxx such as 159.226.97.84
\PvA LI 5 . X 0 TF 44 T B

e Each field is a decimal number from 0 to 255 159.266.97.84 & AEVE

IPv6 addresses use 128 bits and can generate 2128 different IP addresses

*** Each IPv6 address is an 8-field format (colon-hexadecimal form)
XXXXEXXXXE XXX XXXK XXXX XXX XXX XXXX

such as 2001:0db8:85a3:0000:0000:8a2e:0370:7334
**|PveRtibiE F S R X I8N B, BN E 4 N Hex

14



Naming issues and considerations

e Name conversion. An entity can have two namespaces.

e The Internet site with domain name www.ict.ac.cn has an IP address 159.226.97.84
e The Domain Name System (DNS) converts a domain name to its IP address

DNSH B EX W 1542 F N IP i bk
e http://www.ict.ac.cn - http://159.226.97.84

e Two types of IP addresses are used today PFZEIPHLHE

o IPv4 addresses use 32 bits and can generate 232 different IP addresses

e Each IPv4 address is organized as a 4-field format xxx.xxx.xxx.xxx such as 159.226.97.84
\PvA LR 5 . X T 14 T B
e Each field is a decimal number from 0 to 255 159.266.97.84 7% AE1L 1Y

o |IPv6 addresses use 128 bits and can generate 2'28 different IP addresses
e ™ such as 2001:0db8:85a3:0000:0000:8a2¢e:0370:7334

e |IPv4 addresses exhaustion occurred as of November 2019
e There are 2128-32 = 2% times as many |IPv6 addresses as IPv4 addresses

o 20194FE11 17, aEkIPVAHIEEFH R

15



Ji4EM N HE URL

e Uniform Resource Locator A 7J%0iH

http :// c¢s101.ucas.edu.cn
732 s (44 Bl P AL

o H 1'113% D‘( :

file: VjlalASTHEALII S

ftp: U5 il BRI _EAT = vt AL S
https: 224115 7] Web B3
mailto: /5 17] B ¥ HIE 4 H hil:

e o6 o o

[
Bz

16



Domain name hierarchy and URL

o ZHEH KM, Whatis the URL of the homepage & 71 of the following institutions?
e Fan Wang
e Journal of Computer Science and Technology
e Peking University
e Shenzhen Institute of Advanced Technology
e The World Wide Web Consortium
e The University of Chinese Academy of Sciences

e Check your answers by accessing the URLs

http :// www.ictac.en / ¢s101

org cn wang Scheme Host Path
Protocol Name Domain Name A File Path Name

/AN '

ict  siat ucas pku http /[ 159.226.97.84 [ ¢s101

el

lib  wwwjest www  english

17



Domain name hierarchy and URL

What is the URL of the homepage of each of the following

institutions? What is the top-level domain?

e http://fan.wang/

e http://jcst.ict.ac.cn/

e http://pku.edu.cn/

e http://www.siat.ac.cn/

e http://w3.org/

e http://English.ucas.ac.cn

wang .wang
cn .cn

cn .cn

cn .cn
org .0rg
cn .cn

T 2% 38, 42
org cn wang http /[ www.ctacen [/ csl01
| >~
Scheme Host Path
W ac edu fan
Protocol Name Domain Name A File Path Name
/ \ \ IP Address
ict siat ucas pku *

A

lib  wwwjcst www  english

http 1 159.226.97.84 [/ csl01
18



1.2 Topology M%&+hih——F =KRM %%

o FHAMZE A static network does not change nodes and edges

o AN ZS A dynamic network does not change nodes; may change edges
At one moment, the bus connects the processor (P) and the memory (M)

At the next moment, the bus connects the memory (M) and an input device (l)
e The bus supports a shared-media network, while the crossbar supports a switching network

,Eﬁaz%: —‘X‘T—‘\ —‘X‘Tg (f“%) H B‘EX}F% %Xﬂ"%

(a) A fully connected graph (b) A star network

YT

Nodes connected by (c) a bus (d) a crossbar switch

19



=R %%

o FHAMZE A static network does not change nodes and edges
o &AM %% A dynamic network does not change nodes; may change edges

o JHEALMZ An Evolutionary network change both nodes and edges over time
Internet, WWW

(a) A fully connected graph {b) A star network

PYY

Nodes connected by (c) a bus (d) a crossbar switch

NNNNN

19694F: 4T

Bk MR L 2
ATHAL. B AR

A 5 ¥ 78 AL
5585 BEIHEN

= P 5 TE £
B R:FH.. PC. Pad

loT# %

20254 HitA42H 5

20



=R %%

o FHAMZE A static network does not change nodes and edges
o &AM %% A dynamic network does not change nodes; may change edges

o JHEALMZ An Evolutionary network change both nodes and edges over time
Internet, WWW

(a) A fully connected graph {b) A star network

PYY

Nodes connected by (c) a bus (d) a crossbar switch

E%‘/I\Hﬂ‘iﬂ, o
e Y A TR S
— R 4%?

Ak 55 S i EAL
ARS5 A% AL

= g AL
HEeFHL.. PC. Pad

loT ¥ £

NNNNN

19694F: 44 5 20254 147 5

21



How does a dynamic network work?

e Bus arbitration 21 Z& 1

e Time interval 1: CPU connects to Ethernet

CPU

GPU

HDD

Ethernet

Bus

22



How does a dynamic network work?

e Bus arbitration

e Time interval 1. CPU connects to Ethernet
e End of interval 1: Bus arbitration operation

e Switch to a new connection

CPU

GPU

GPU

X

X

Ethernet

| Bus

23



How does a dynamic network work?

e Bus arbitration

e Time interval 1: CPU connects to Ethernet

e End of interval 1: Bus arbitration operation
e Switch to a new connection

e Time interval 2: CPU connects to GPU @

CPU

GPU

HDD Ethernet

24



Switch Z#H, ZXXFx, HHERBRAE

e All nodes of the network are dynamically connected
e Switch = dynamic fully-connected network

OO0 = REH
OGO

<>
=1




Switch ZZ#HL X X FHK (crossbar switch)

e All nodes of the network are dynamically connected
e Switch = dynamic fully-connected network

e Can be configured to realize any connection
e Interval 1: Permutation, {P>M, M-I, 2P} B

26



Switch ZZ#HL XX FF3x

e All nodes of the network are dynamically connected
e Switch = dynamic fully-connected network

e Can be configured to realize any connection

e Interval 1: Permutation, {P>M, M—>1, |I->P}
e Interval 2: Broadcast, {P=>P, P> M, P>} R

27



Switch ZZ#HL XX FF3x

e All nodes of the network are dynamically connected
e Switch = dynamic fully-connected network

e Can be configured to realize any connection
e Interval 1: Permutation, {P>M, M->1, |>P}
e Interval 2: Broadcast, {P>P, P>M, P>1}
e Interval 3: Point-to-point, {P>M} =P

28



Switch AZ#HL XX

il

R AR REIE?
e All nodes of the network are dynamically connected
e Switch = dynamic fully-connected network

e Can be configured to realize any connection
e Interval 4. {P>M, M-2>1, |>M}

o 1| SLHIAT B

AT

RGP REE

29
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https://course.things.ac.cn:7243/

2. Protocol stack 1hilAR

e A network uses a protocol stack to communicate messages
o A set of layers of protocols

e We focus on one stack EE%WJW&&

o Key terms The Web over Internet Stack
o Message and packet Layer Protocol Purpose
‘nﬁ ,E\ VS. é}éﬂ ('@n ﬁjﬂ%’@‘) Application Layer - Access h;/ﬁ)/s;ts);terzse?urces on
e Packet is part of a message Layer S from a Web client
o Circuit switching Transport Layer op Rellably ‘ranster packets

Layer 4 Internet hosts

versus packet switching

%% 3‘555% VS. ﬁ} zﬁ‘z\éﬁ Network Layer P Trar}ii\firlr?taecrir(]ishzesttvsveen

Layer 3 in the best-effort way
o The Web Over Inte rn et StaCk Re||ab|y transfer packets
e HTTP Data Link Layer Ethernet, WiFi between two
Layer 2 homogeneously connected
e TCP devices
IP Wired or wireless, Provide physical
¢ Physical Layer [electrical or optical, communication channels
e Ethernet or WiFi Layer 1 cables or Transfer signals of individual
waveforms bits

e Wired or wireless



2.1 RS 5HAZH (BAZH)

o WP ERIEAE VL
o BTGB G R LR ZH, THENLINEE R F 53 H A8 #
o ZHRACH: (circuit switching)
o RIXAEBEIHETE
o FE— MNAZIBIYIFELL
o TERE/ANETEI ], IXEEWIBRLREE— B AAMBH & 1E M &

o TEGHTNIEME RN CHBAMEN T EAH, FEl, HIEELRICRK (2%)

32



LRI o AT

o WP ERIEAE VL

FE S P R TR IS R H R BE A, THEEHLIN 25 K H 43 A8
o ZHRACH: (circuit switching)

i WA S BEE T

o . —25 MAZTIBR W2

o TERE/ANETEI ], IXEEWIBRLREE— B AAMBH & 1E M &
o M (packet switching)

RIXAZIXE—KIH 548

o FHHBIFBURZ /NEIT, POy “8” 8¢ “4r4H” (packet)

o IHELEREINZ AL m— 1

o [HIEARDPFHINS LN, WBELEIEEKE ZMH N2 M EENZ M
= 100 IR 20 TH BRI A — R W R i EALTR

33



Circuit switch VS. packet switch
Assumptions for both systems: (1) 10 Mbps; (2) all three tasks start at O; (3) ignore all overheads

Autumn.bmp, 9.14 MB
hamlet.txt, 182 KB
ucas.bmp, 810 KB

Autumn.bmp, 9.14 MB
hamlet.txi\182 KB

B M A H
gjz E%y%@ Establish an end-to-end circuit for Autumn.bmp (assuming 0 time)
0-7.31s, transmitting Autumn.bmp
e RE—A .ﬁ
3 KH
1& 00 1§ [J % \W’ Jm,

2N /1N

(] [ ) (]
lnl Wang 'nl Zhang

lnl Wang Inl Zhang




Circuit switch VS. packet switch

Assumptions for both systems:
(1) 10 Mbps; (2) all three tasks start at 0; (3) ignore all overheads

Autumn.bmp, 9.14 MB
hamlet.txt, 182 KB
ucas.bmp, 810 KB

Autumn.bmp, 9.14 MB
hamlet,txt, 182 KB

Close the first circuit (assuming 0 time)
Establish the second end-to-end circuit (assuming 0 time)
7.31-7.46s, transmitting hamlet.txt J

—
“weyverYY - ~VTTYTYYY -

2R
- |
b B o
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Circuit switch VS. packet switch

Assumptions for both systems:
(1) 10 Mbps; (2) all three tasks start at 0; (3) ignore all overheads

Autumn.bmp, 9.14 MB
hamlet.txt, 182 KB
ucas.bmp, 810 KB

Autumn.bmp, 9.14 MB
hamlet.txt, 182 KB
ucas.bmp, 810 KB

Close the second circuit (assuming 0 time)
Establish the third end-to-end circuit (assuming 0 time)
7.46-8.11s, transmitting ucas.bmp

— —_— =
{ )

- WTYYYYYY° - - WTPYYYYY° -
" 'y b " &

/TN /1N
o = o
N A . Powe  Trione
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Circuit switch

Assumptions for both systems:

packet switch

(1) 10 Mbps; (2) all three tasks start at 0; (3) ignore all overheads

Autumn.bmp, 9.14 MB
hamlet.txt, 182 KB
ucas.bmp, 810 KB

B ilidilddie

RN

-
(] (] [ )
In|Smith Inl Wang lnl Zhang

Autumn.bmp, 9.14 MB
hamlet.txt, 182 KB
ucas.bmp, 810 KB

A packet = 1 KB

>

Transmit packet 1 of hamlet.txt 1
Transmit packet 1 of Autumn.bmp
Transmit packet 1 of ucas.bmp
Transmit packet 2 of ucas.bmp
Transmit packet 2 of Autumn.bmp
Transmit packet 2 of hamlet.txt \

«

—— ¢
~VTYYRYY -

= 8

(] (]
WWang Inl Zhang
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Circuit switch

ZRBE AT B

Packet switch

JrH AT

£

SIS YOPIIRER A, AT

%ﬁ

%1&7@3&% LA
t=0Fp t=7.31% t=8.11%)
11551
11452
11553
=SS
P IEIR =7 .63F)
11551
142 =
%3 — =AME
S SEIR=3.33F)

10 Mbps# 7% %5
%%
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A%\ A packet has two parts
header and body

e Packet body is the payload data (ERUS ERERAEIT
e Packet header holds various metadata f 3k A2 3R T e
e Addresses of source and destination nodes Hb kb
e Error check information, e.g., Cyclic Redundancy Check (CRC) B

e Other information, e.g., control information HifE R

o Part of header may come after body
e Think of post mail

e Body = Letter Bk =15

e Header = Envelop sk = 58
Format of an Ethernet packet DI

7 bytes 1 byte 6 bytes 6 bytes 2 bytes |46-1500 bytes | 4 bytes
Preamble Frgme Destination Source Type Data CRC

Delimiter MAC Address MAC Address (Payload)




PRI B it 2 X b WIFTE i 2\

. I2ES s
FEH —1 B8 | 21t
Wik | & | Hi | /)ar
AR | BB | 12 4 10 26 46 72
802.3 |&xARE| 12 4 10 26 | 1500 | 1538
WiFi |&=/MNE| 24 4 6 34 0 34
802.11 | s KB | 24 4 6 34 2312 | 2346
PAA M (IEEE 802.3) Witk =
7 bytes 1 byte 6 bytes 6 bytes 2 bytes |46-1500 bytes | 4 bytes
Preamble Frame Destination Source Type Data CRC
Delimiter MAC Address MAC Address (Payload)
WiFi (IEEE 802.11) Wit =
2 bytes | 2 bytes | 6 bytes 6 bytes 6 bytes 2 bytes 6 bytes |0-2312 bytes| 4 bytes
ggt?g Duration|Address 1|Address 2|Address 3|Sequence| Address 4 (PaDcht)Z d) CRC

40



2.2 Protocol stack 1hHilt:

e A network uses a protocol stack to communicate messages

e A set of layers of protocols
e We focus on one stack
o Key terms

o Message and packet
WE vs. A4 (. R

a message is divided into
one or more packets

e Circuit switching
versus packet switching

e HR T e vs. 4 2HAS B
e The Web over Internet stack

HTTP

TCP

IP (Internet Protocol)
Ethernet or WiFi
Wired or wireless

H BRI P iRk

The Web over Internet Stack

Layer Protocol Purpose
Application Access hypertext resources
Layer HTTP on a Web server
Layer 5 from a Web client
Transport Layer Reliably transfer TCP packets TCPH,
TCP
Layer 4 between two Internet hosts
Transfer IP datagrams 45 1#%
Network Layer IP Between two Internet hosts

Layer 3

in a best-effort way

Data Link Layer
Layer 2

Ethernet, WiFi

Reliably transfer frames
between two homogeneously connected
devices

Physical Layer
Layer 1

Wired or wireless,
electrical or optical,
cables or waveforms

Provide physical
communication channels
Transfer signals of individual bits Ft4F

41



AT A REIP?

o MEfERB: AREMIEH B 4 B
o I TR AR Y 2 R

Deutsche Region English Region

FKEAL T
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I Thinking:
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{517 2(H

b
!

W i DR S ) X 45 [ et

Quell-IP:

123.123.123.2
Quell-Port: 12345
Ziel-IP: 98.76.54.32
Ziel-Port: 98765
Sonstiges

Deutsche Region

Thinking:
A Perspective on
Computer Science

rgenpr

Gateway M

JRIP: 123.123.123.2
Yt [1: 12345

Gateway
N

Gateway
E M

Router

B $71P: 98.76.54.32
H R lﬂﬁlj 98765

(EE=)

N

APerspective on
Computer Sdence

e

Gateway
Q

Source IP:
123.123.123.2

Source Port:
12345
Destination IP:
98.76.54.32
Destination Port:
98765

Other Information

English Region

A Perspective on
Computer Science

Gutgetr

Gateway P

Region Espafiola




HTTP GET request and response messages

e Request message:

e Response message:

Beijing

o |hrre MEED  urme )
2% Ank

H <  ___ICP >

¢ IP

[ [AE

)

¢ @ @E ©) )

WiFi 6 >

2B B8 BB E

HTTP | {f )

http://www.shanghaitech.edu.cn/
e Sent to the server as a stream of packets

the contents of the home page
e Sent from the server as a stream of packets

Host

WiFi Switch

Routerl

Router2

Shanghai
HTTP ]
TCP

Ethernet Switch  Host

44



How is the response message communicated

e Response message, i.e., the contents of the home page, is divided into a
number of packets, i.e., slices of the message

Each HTTP packet is turned into an Ethernet packet as follows FJ

e HTTP packet ( ) is handed to the TCP layer as the body of a TCP packet
e TCP layer adds a TCP header (blue) to form a TCP packet

e The TCP packet is handed over to the IP layer as the IP packet body

e The IP layer adds an IP header (yellow) to form an IP packet

e Finally, the IP packet is handed over to the data link (Ethernet) layer as the Ethernet
packet body

e The Ethernet layer adds an Ethernet header (red) to form an Ethernet packet
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How is the response message communicated

e Response message, i.e., the contents of the home page, is divided into a number of
packets, i.e., slices of the message
Each HTTP packet is turned into an Ethernet packet as follows T4
e HTTP packet ( ) is handed to the TCP layer as the body of a TCP packet
e TCP layer adds a TCP header (blue) to form a TCP packet
e The TCP packet is handed over to the IP layer as the IP packet body
e The IP layer adds an IP header (yellow) to form an IP packet
e Finally, the IP packet is handed over to the data link (Ethernet) layer as the Ethernet packet body
e The Ethernet layer adds an Ethernet header (red) to form an Ethernet packet
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How is the response message communicated

e Response message, i.e., the contents of the home page, is divided into a number of
packets, i.e., slices of the message
Each HTTP packet is turned into an Ethernet packet as follows T8
e HTTP packet ( ) is handed to the TCP layer as the body of a TCP packet
e TCP layer adds a TCP header (blue) to form a TCP packet
e The TCP packet is handed over to the IP layer as the IP packet body
e The IP layer adds an IP header (yellow) to form an IP packet
e Finally, the IP packet is handed over to the data link (Ethernet) layer as the Ethernet packet body
e The Ethernet layer adds an Ethernet header (red) to form an Ethernet packet

Beijing Shanghai
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How is the response message communicated

e Each HTTP packet is communicated as follows {&%i

e (O The server host sends an HTTP packet, wrapped as an Ethernet packet, to the Ethernet
switch

e (@ The switch opens the packet to reveal the Ethernet and the IP headers, and then adds a
new header to form a new Ethernet packet

e (® When the packet arrives at Router2, the router opens the packet to reveal both the
Ethernet and the IP headers and then form a new Ethernet packet by reformatting the
packet and adding a new Ethernet header

e Similar steps take place at Router1 (®) and the WiFi Switch (®), and then a WiFi packet
arrives at the laptop computer host ()

Beijing Shanghai
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How is the response message communicated

e Each HTTP packet is communicated as follows ##,

After a WiFi packet arrives at the laptop computer host in Beijing, it is
unpacked by the host (the laptop computer) to reveal

e the IP packet,

e the TCP packet, and finally

e the HTTP packet, i.e., a slice of the message

Beijing Shanghai
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Does Zhang need to worry about TCP/IP and Ethernet when surfing
the Web?
FREE VT ) _ BRI R, FEBOTCPIPS PUKMIG?

e No! A user only needs to know the peering interface HTTP

e Two types of interfaces
e Peering interface for user

= u *-===- >
e Service interfaces for implementation
AR 554 0 I
Beijing Shanghai
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Can one send an upper layer packet
without also sending a lower layer packet? MEIPH,

REE R

fEHTTPA

e Can the Web server in Shanghai send an HTTP packet to Zhang's Web browser
in Beijing, without also sending an Ethernet frame?

e No! Tﬁﬁﬂﬁtgﬁﬁ@(ﬁmcp@)

MAE T EE(IPE.

PAK R &)

Any information at the HTTP layer is wrapped in a data link layer packet, and eventually wrapped in a physical

layer packet

e One cannot send a high layer packet without also sending a packet of every layer below
e When a packet enters a network, it is in a data link layer format and travels as wired and/or wireless signals
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What is actually sent over the network hardware?

e BitstringofO'sand 1's
AR REEYEBEEN TR E, —8B0R1ES (B, )6

e Any packet is eventually encapsulated as one or more physical layer packets, which
travel as wired or wireless signals

e A physical layer packet is sent through electrical cables, electromagnetic waveforms or optical fibers,
in a bit string of O's and 1's

e A 0 may be represented as a LOW voltage pulse or a LIGHTOFF state,
while a 1 may be represented as a HIGH voltage pulse or a LIGHTON state
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Do all packets travel through the same physical path?

MAZ|BH—2H B R AL RIET F— K EHRG?

e A message is sent from host A to host B

e Do all packets of the message travel through the same physical path from host A to host B?

o Not necessarily. Internet has built-in redundancy A~—5%&. BEMA TUAE K
e Possible physical paths for a 99-packet message from A to B
1st packet of the message travels along the physical path A-T-X-Y-W-B
49th packet traverses path A-T-U-V-W-B
Arriving at B before 1st packet
99th packet traverses path A-T-X-Z-Y-W-B
e Complete message is reassembled from the packets by their numbers
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Do all packets travel through the same physical path?

MAZ|BH—2H B R EIE LR BT R — A E R ?

e A message is sent from host A to host B
e Do all packets of the message travel through the same physical path from host A to host B?

o Not necessarily. Internet has built-in redundancy A —%&. BBEMAE LA
e Possible physical paths for a 99-packet message from A to B
1st packet of the message travels along the physical path A-T-X-Y-W-B
49th packet traverses path A-T-U-V-W-B
Arriving at B before 15t packet
99th packet traverses path A-T-X-Z-Y-W-B
e Complete message is reassembled from the packets by their numbers
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Do all packets travel through the same physical path?

MAZ|BHI—2H B KB AL RE T [F— 2R E B ?

e A message is sent from host A to host B

e Do all packets of the message travel through the same physical path from host A to host B?

o Not necessarily. Internet has built-in redundancy A~—5%&. BEMF TTRAER
e Possible physical paths for a 99-packet message from A to B
1st packet of the message travels along the physical path A-T-X-Y-W-B
49th packet traverses path A-T-U-V-W-B
Arriving at B before 1st packet
99th packet traverses path A-T-X-Z-Y-W-B
e Complete message is reassembled from the packets by their numbers
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