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e HTML/CSS/JavaScript \[ %11, A>T hE
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https://www.solid.things.ac.cn:7245/web_exp
https://teacher.solid.things.ac.cn:7243/public/web/Kitty_Band.html

2% BAEENMTRIL T IRZHBIAR

e E.g., what is your Erdos Number?
e Measuring interdisciplinary nature of modern research

o Paul Erdos (ZFZ/RMIVFE) |, & F FIH2:5K (1913-1996)
e “Master of Collaboration”, 1400551830, 50045 % 3% " e
e Erdds Number = 0 = Erdds himself

e Erdds Number =1 = Erdds’ coauthor
e Erddés Number = 2 - Erdds’ coauthor’s coauthor

77 A
https://mathweb.ucsd.edu/~fan/photo/ep.html
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https://mathscinet.ams.org/mathscinet/freeTools.html?version=2
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o Ist generatlon search englnes

e Computed search results by matching the
keywords in search queries to the contents
of webpages (nodes)

e Only utilized nodes of the network of
webpages

e 2nd generation search engines

Around 1996, Jon Kleinberg, Robin Li
(Z=E£ %), and Larry Page observed a
phenomenon:

e Web links also significantly influence the
relevance of search results

Utilized both nodes and

iInterconnections to develop the 2G

search engines with better results

e More fully utilizes network thinking and
created Google and Baidu, serving

billions of users and generating annual
revenue over $100 billion
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1. Connectivity GEi@f:, BB HIE)

o EBMATAH —EIFRR
e Often expressed as a graph ¢ =<V, E > of two sets
= Set of nodes (vertices): V =A{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? A Z MK TR R R BT R?

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

W28 40 41 T 3R 4L 2

e Undirected

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

o E={ee;e3}

e Directed

o V ={v1,v,,v3 04}

o E ={e,e;e3¢€,}

undirected graph directed graph



1.1 Naming #5472

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 —NHFRANEIEFFTH



1.1 Naming #5472

e Every network has one or more namespaces

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

» Specified by a standards body fiy4 77 A4 & B E AL X AR R &

e Institute of Electrical and Electronics Engineers (IEEE)
e Internet Engineering Task Force (IETF)

e World Wide Web Consortium (W3C)

] B BB L ARAT 5521
J3 4 X Bk

Namespace Instance Remark on naming schemes

Personal name Joan Smith Personal names in a country
WeChat user H SR I 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

zZXu@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

[ s FEL S L AR
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WA K=

o %% (name) s&fx) MIMES, FafOHEsL4k C(entity)
o SRR MR A, WA LEId
o flin, [FZEAITHGOE S WmIER T HKI =4 studentGender := 0

o Hibl (address) Ji:AT ELHEF T U R ARSI 445
o flhn, RAMMLEFERAHRE b &studentRank
o iGN, JL4wiE ST E WA A A7 HkE
o AEHLHE I 44 T B R A B B ) SEAR

o PRRAF (identifier, 1D) &R ME—HriHFTFEACSLIAR I &4 F
o TERASILE N ME—
o Hltn, —MNHEHAANKFMIES
o i, JI4EM ML URL
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Naming issues and considerations

e Uniqueness. Does a name map to a unique node? ME—4

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 T 5BHHES L (HRHI12150)
Namespace Name (a legitimate string) Uniqueness

Personal name H#R A\ 4 Joan Smith ?
WeChat user {5 i ' % HHIRA B ?
URL 73 Z4E X oA 31l cs101.ucas.edu.cn/ 3¢/ ?
Internet site X471 44 www.ict.ac.cn ?
Email address H, 54k zxu@ict.ac.cn ?
IP address IPhE 159.226.97.84 ?
Phone number FH15 74 189-6666-8888 ?
MAC address MACH it 00-1E-C9-43-24-42 ?

12



Naming issues and considerations

e Uniqueness. Does a hame map to a unigue node?

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 SR IR No
URL cs101.ucas.edu.cn// 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

13



Naming issues and considerations

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

IR BN D K, B 7 B

The eight name schemes in Table have roughly decreasing user friendliness

"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) User Friendliness
Personal name Joan Smith ﬁ Yes
WeChat user H SR I \ / Mostly Yes
URL cs101.ucas.edu.cn/# 3/ \ / Somewhat friendly
Internet site www.ict.ac.cn \ / Somewhat friendly
Email address zxu@ict.ac.cn \ / 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

14



Naming issues and considerations

e Autonomy. Can a user create or change a name on his own? H F
e 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 ?
WeChat user H A R ?
URL cs101.ucas.edu.cn/# 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 ?




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
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

zZXu@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

16



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

DN S HBx P 3542 F2 BN | PHi ik
e http://www.ict.ac.cn > http://159.226.97.84

e Two types of IP addresses are used today PFiZEIPHLHE

o |Pv4 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 |PvAHLHEIE 5 R X 9 H 14N F B, BN 03255
e Each field is a decimal number from 0 to 255 159.266.97.84 /&A1Y

17



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

DN S HBx P 3542 F2 BN | PHi ik
e http://www.ict.ac.cn > http://159.226.97.84

e Two types of IP addresses are used today PFiZEIPHLHE

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 338 & 5 R X TF 4 T B

e Each field is a decimal number from 0 to 255 159.266.97.84 & FEVEH]
IPv6 addresses use 128 bits and can generate 2128 different IP addresses

*** Each IPv6 address is an 8-field format (colon-hexadecimal form)

XXXXEXXXKXXXXKEXXXKXKKXK XXX XXX XKXX
such as 2001:0db8:85a3:0000:0000:8a2e:0370:7334

| PveHiIEIE 5 B X RIS N B, BN E 4 N Hex 3

18



Naming issues and considerations

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

DN S HBx P 3542 F2 BN | PHi ik
e http://www.ict.ac.cn > http://159.226.97.84

e Two types of IP addresses are used today PFiZEIPHLHE

o |Pv4 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 338 & 5 R X TF 4 T B

e Each field is a decimal number from 0 to 255 159.266.97.84 2 IV 1

o |Pv6 addresses use 128 bits and can generate 2128 different IP addresses
e *** such as 2001:0db8:85a3:0000:0000:8a2e:0370:7334

IPv4 addresses exhaustion occurred as of November 2019

e There are 2128-32 = 29 times as many IPv6 addresses as IPv4
addresses 20194F11H, @ERIPvAihE 55

19



JT4EMI R HE URL

e Uniform Resource Locator A[J%1iH

http :// c¢sl0l.ucas.edu.cn
730 s (3844 BIP k)

file: U5 R ATHEALI S
ftp: V7Rl BRI _FAE R T EAL SO
https: 224 Hi5 [0 Web % IR
mailto: 1 ] B~ HIEAF i dl:

\FH

==5'd)
B AL

20



Domain name hierarchy and URL

o Z5EIAM, Whatis the URL of the homepage & i 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.ctac.en / cs101

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

M \edu IP Address
/AN '

ict  siat ucas pku http /[ 159.226.97.84 | ¢s101

el

lib  wwwjest www  english

21



Domain name hierarchy and URL

e 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

ict siat ucas pku

A

lib  wwwjest www  english

wang
cn

cn

cn
org
cn

http /[ www.ictacen /[ csl01

t t 4

Scheme Host Path
Protocol Name Domain Name A File Path Name
IP Address

v

http 1 159.226.97.84 [ csl0l



1.2 Topology M#Z&3RFH

e Three types of networks FHEM 4L, BhAMLS . AL 2%
A static network does not change nodes and edges

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

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

E’»g%: _‘Xﬂ‘—‘\ _‘Xﬂ‘g (}#%) H 3‘5231:9% %Xﬂ‘ﬁ
An Evolutionary network change both nodes and edges over time

o0 %
00O
2

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

YT

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

23



How does a dynamic network work?
S AU A/ N

e Bus arbitration

e Time interval 1: CPU connects to Ethernet

GPU

HDD

Ethernet

Bus

24



How does a dynamic network work?

e Bus arbitration
e Time interval 1: CPU connects to Ethernet

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

CPU

GPU

GPU

X

X

Ethernet

| Bus

25



How does a dynamic network work?

e Bus arbitration

e Time interval 1: CPU connects to Ethernet
o End of interval 1: Bus arbitration operation
e Switch to a new connection

e Time interval 2: CPU connects to GPU e

CPU GPU HDD Ethernet

X

| Bus

26



Switch Z#HL ZXXFHx, HHWELRHRAE

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

OO0 = REH
OGO

<>
==




Switch RZ#PL XX Fx, AILIUERIZEHE

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

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

28



Switch ZZ#PL X XFFx

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

e Can be configured to realize any connection

e Interval 1: Permutation, {P>M, M-I, |I2P}
e Interval 2: Broadcast, {P>P, P>M, P->1}

29



Switch ZZ#Hl 32 XFFK

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

e Can be configured to realize any connection
e Interval 1: Permutation, {P>M, M-I, |I2P}
e Interval 2: Broadcast, {P2>P, P>M, P>}
e Interval 3: Point-to-point, {P>M}

30



Switch RZ#PL XX Fx, AILIUERIZEHE

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

e Can be configured to realize any connection
e Interval 4: {P>M, M-I, I>M} AT

o M| SLIAT B L RIER

31



UREL/MIU S

o UEH: T

o [ WebServer.goC A FEMRPIEICA BN FizfT. F4E H
TIAM—ANURLZIERRT, BIFARIIZE LA FE A L i) v
s A HE O

A. mailto://cs101.ucas.edu.cn/+ 3L/

B. file://localhost:8080/

C. https://localhost:8080/

D. http://127.0.0.1:8080/




2. Protocol stack 1HitE

e A network uses a protocol stack to communicate messages
e A set of layers of protocols
e We focus on one stack

e Key terms

Message and packet

HE vs. 4 (8. HIEA)

Packet is part of a message

Circuit switching
versus packet switching

LRERAT R vs. AT

The Web over Internet stack

HTTP

TCP

IP

Ethernet or WiFi
Wired or wireless

LER:EQ NI

The Web over Internet Stack

Layer Protocol Purpose
L Access hypertext resources on
Appllfztlce):! 5" ayer HTTP a Web server
y from a Web client
Reliably transfer packets
Tranfgo(;tr IZfayer TCP between two
y Internet hosts
Network Layer Transfer packets between
Laver 3 IP two Internet hosts
y in the best-effort way
Reliably transfer packets
Data Link Layer Ethernet, WiFi between two
Layer 2 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

33




2.1 R EHRZH,: (¢

AT

© W‘iﬂ]fzﬁmi_{éj?}f
B4 Y P T IS K FH 2 % A ik
° éﬂzﬁ%s&?ﬁ% (circuit switching)

o BXAEBEE S
o 5 MAZIBRIVIHZ K

THEHLR 28K H 73 4H AT

o EEEANEIEINS[B], XIFEVIFLLEE— HAANBRI 2 1E M 5

o MV LES, FEL, HIBELEICRK (2%)

34



LREGIL S ST AT
o PN TREIE I ik

FE 28 1) PR IS R R BE A, THEEHLIN 25 K FH 43 A8
B AZHe (circuit switching)

i A5 BEHE g

o 25 MAZTBHWFHE 2

o TEHL/NETEMTA], IXWYFRLR IS — EAXAMBH & 1E M &
SR (packet switching)

RRAZ L — 2K H BB

o FHBIFHURZ /NI, BN “f” 8 “/r4H”  (packet)

o IHELEREINZI AR M — 1

o HIEIMBHHITAIN, HWELELEREZ M NZ MEHENE
= 100N R 2 55H BRI FE — SR WD B e it AL &

35



header and body

e Packet body is the payload data

e Packet header holds various metadata
e Addresses of source and destination nodes
e Error check information, e.g., Cyclic Redundancy Check (CRC) &%

HAbHIE B

e Other information, e.g., control information

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

£ A packet has two parts

TR BT B
(VIR AET

ik

e Body = Letter Bk =15
e Header = Envelop B3k = 5H
Format of an Ethernet packet
7 bytes 1 byte 6 bytes 6 bytes 2 bytes [46-1500 bytes | 4 bytes
Frame Destination Source Data
Preamble Delimiter MAC Address MAC Address Type (Payload) CRC

36



LA R -5 Wi Fi B i g =

. I2ES R
FEH —1 B8 | 21t
Wik | B | Hftt | /it
DA | B/VE | 12 4 10 26 46 72
802.3 |&mAE| 12 4 10 26 | 1500 | 1538
WiFi | =/NE| 24 d 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
Frame Destination Source Data
Preamble Delimiter MAC Address MAC Address Type (Payload) CRC
WiFi (IEEE 802.11) M=k
2 bytes | 2 bytes | 6 bytes 6 bytes 6 bytes 2 bytes 6 bytes |0-2312 bytes| 4 bytes
CF;?]?EI Duration|Address 1{Address 2|Address 3|Sequence| Address 4 (Pzilallg;d) CRC

37



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

B A H
éjz E%Q%Q Establish an end-to-end circuit for Autumn.bmp (assuming O time)
0-7.31s, transmitting Autumn.bmp
v
Feili—A
e 3=
A S LITTII L RLLLITITT Ay

7N N\
InlSmith In|Wang lnIZhang 'iISmith 'iIWang 'ﬁ'zmng
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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 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 ik

S LITTII L piiiliiliy

t\ N\
= o
Poric '|'|'Wang B 20ng Pomin Py Toreng
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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.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

-WTyYRYYY - “WYPYRRYY -

7N N\
o =
Povin: Toang W aang Pomin Py Toreng
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Circult switch

Assumptions for both systems:

packet switch

(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

E—
L ililidldag

RN

=
In|8mith In|Wang lnl Zhang

A packet = 1 KB

Transmit packet 1 of hamlet.txt

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

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

4

>

v

E—
- VTTYRRYY -

4 8

(] (]
wWang InIZhang
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FEIFEIR BB

g

R =T BAEFE

15513 F FHZE

AR S5

Circuit switch

£ B AT B

Packet switch

Jr AT

t=0%)

11451

10 Mbps s 55 %

S
>4

t=7.31% t=8.11%

11452
11453

=MES
S REIR =7 .63F)

1451
142 =
143 —

=MES
SN AEIR=3.33F)
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2.2 Protocol stack 1A%

e A network uses a protocol stack to communicate messages

LER:EQ NI

The Web over Internet Stack

e A set of layers of protocols
e We focus on one stack
e Key terms
e Message and packet
WE vs. 04 (8. FIEL)
e a message is divided into
one or more packets
e Circuit switching
versus packet switching
LRIRAT ¥ vs. Sy HAT B
e The Web over Internet stack
o HTTP
e TCP
o |IP

e Ethernet or WiFi
e Wired or wireless

Layer Protocol Purpose
Application Access hypertext resources
Layer HTTP on a Web server
Layer 5 from a Web client
Transport Reliably transfer TCP packets
Layer TCP between two
Layer 4 Internet hosts
Network Transfer IP datagrams % #5#%
Layer IP Between two Internet hosts
Layer 3 in a best-effort way
Data Link Reliably transfer frames i
Layer Ethernet, WiFi between two homogeneously
Layer 2 connected devices
Physical Wired or wireless, Provide physical
Layer electrical or optical, communication channels
Layer 1 |cables or waveforms| Transfer signals of individual bits

43




HTTP GET request and response messages

e Request message: http://www.shanghaitech.edu.cn/
e Sentto the server as a stream of packets
e Response message: the contents of the home page

e Sent from the server as a stream of packets

Beijing Shanghai
o |Hrre WEED e[ g
e mE

E| S ___ICPy

é DL —— — —— — — — — »
d | |, B

TCP
HTTP

N
|

Host WiFi Switch  Routerl Router2  FEthernet Switch  Host



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 ¥J

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

Header Body Pl
HTTP Packet %l oo %l

acke E IS = I = 1R I E

/ HTTPf = ¢_'®®E @E A®E E@ o ¥
TCPEL TCPEE =8 8 B H'E & 8 B/]8

Host WiFi Switch  Routerl Router2  Ethernet Switch  Host
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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 T
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 T
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 Each

HTTP packet is communicated as follows {&%i

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

@ 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

® 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

Similar steps take place at Routerl (®) and the WiFi Switch (®), and then a
WiFi packet arrives at the laptop computer host (D)
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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
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Does Zhang need to worry about TCP/IP and Ethernet
when surfing the Web?

SREE U7 Rl ARG, FFEFOTCP/IPE BRI G ?

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

e Two types of interfaces
e Peering interface for user

xRN *--=--- >
e Service interfaces for implementation
Hr%5# 0 1
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Can one send an upper layer packet
without also sending a lower layer packet? AMEIPH

RET R

HEHTTPA

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

e No! Tﬁ% I EEHRA@TCPR), MAMETRE(IPE.

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

wrapped in a physical layer packet

PARK R &)

One cannot send a high layer packet without also sending a packet of every layer below

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
TSR R AN E EE N LRRRLE, —B0RUES (B, b

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 0°'s and 1’s

e A0 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?

MAZRB B —2%7H B KB A 0 R E L [F— 2R B I 7

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 TLAE 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 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?
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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 TLAE 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 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?
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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 TLAE 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 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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