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ARRFEHI30044 R AT IEMGodmAZ RS, & W2 /DMt EH A5 7

A 1

BEEA, MERIAR?

a2 AR M (bridging model)
M N 5 B SLTHEAL

o PR RIS FIRERE, AT AR SE T AL Eis AT AR
o MEREZEMRA

Appl

App2

N

o(1)

AppN

How many models?

i

Computer-1 ‘

Computer-2

T~

Computer-M

Millions of applications

1M %S HL: von Neumann Model

Thousand types of computers



AT 2 BRI 248 R G T R

BEA, mMERVIAR?

o AIRFEHI3004 [F]FANEMGogmAE;, FH W2/t FAIH S ?

A 1

o ik A MR (bridging model)

o MrERN I HSETHEAL

o EPXHIEM R RIS FIREFE, AT AR SETE AL Bis AT AR
o MEREZENRA
o EIMERIEMIES, EESEIFHEN s,

Pae 2]

Appl

App2

N

How many models?

Ab_g_.\
HE 15

o(1)

O(N4)

AppN

i

Computer-1 ‘

Computer-2

T~

Computer-M

Millions of applications

1M %S HL: von Neumann Model

Thousand types of computers
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o BILEBMH P, WA RUIER R N 2%
e Connectivity and Protocol Stack

M 3 8
o RIIRZHBIR
o KHMRZITWITIA

o IRZ RIS JIEFRAK, TMARFAR
o HA AN S I IR HE SRR, R R VT R R 3
TEX REGHAT RSt
o FEIA SRR BRSO AR A, AN TR GO, 1 R E R RN
HEN R RS
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2% BL4EREAMTRIL T IRZSHBIAR

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

o Paul Erdos (SZ/RIPY) |, & F FIH2-5 (1913-1996)
e “Master of Collaboration”, 1400551, 5004 &% T
e Erdds Number = 0 > Erdds himself

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

G5B
https://mathweb.ucsd.edu/~fan/photo/ep.html
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https://mathscinet.ams.org/mathscinet/freeTools.html?version=2

2% BL4EREAMTRIL T IRZSHBIAR

e E.g., what is your Erdos Number?

e Measuring interdisciplinary nature of modern research

Paul Erdos, *) 4 #| £ 72X (1913—-1996)
“Master of Collaboration”, 140055183, 5004 & &
Erdds Number = 0 - Erd6s himself

Erdds Number =1 - Erd6s’ coauthor

Erdds Number = 2 - Erd6s’ coauthor’s coauthor

Erdds Number = 3 - Erdds’ coauthor’s coauthor’s coauthor

#EM4: Erdos Number=?  HENLES
sk X k. Erdos Number=2? &L
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https://mathscinet.ams.org/mathscinet/freeTools.html?version=2

2% BL4EREAMTRIL T IRZSHBIAR

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

e Paul Erdés, %] 7 H| %772 (1913—-1996)

e “Master of Collaboration”, 14005512, 5005 &%

e Erdds Number =0 - Erdos himself

e Erdds Number =1 - Erd6s’ coauthor

e Erdds Number = 2 - Erd6s’ coauthor’s coauthor

e Erdés Number = 3 - Erd6s’ coauthor’s coauthor’s coauthor

o 15EfH: Erdds Number=? iHHEHLES
° ?J&éf\fﬂ‘: Erdos Number =?  +E i
e Zhiwei Xu: 4
e Jialin Zhang: 3

13


https://mathscinet.ams.org/mathscinet/freeTools.html?version=2

X 2% S8 A AR TR

o FH—fQvs. 5 ARG E

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

AR

B—nglE O ®
ORI T 355

o AR RS %
AT 75 RO
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WP R TT W I5 i

e Four hosts connected by an Ethernet

e NIC (network interfacing circuitry) for networking operations

o Conflict example: Host-3 547EiE 5 1), Host-15 21 i S

e Host-1 tries to send a message to Host-2, while the cable is used by
Host-3 communicating with Host-4

o Exponential backoff to resolve conflict & %0iE 5 ¥

e When first try fails, Host-1 waits for a random time in [O, T]
e When second try fails, Host-1 waits for a random time in [0, 2T]
e When third try fails, Host-1 waits for a random time in [0, 4T]

AR
Host-1 || Host-2 ost-3 ost-4 ZEE M
NIC NIC NIC NIC

Ethernet Cable



HA R 4% B4 ?

o LIS PR, BFITZ AT RUEERT G 2%
1R 2 1) R0 B 1 7 PO B AR A B e R4, iy 3 A4

o ERARHAMLE, B2 mIEREGEE AR
WAHER, nIHEE

o M EXIK (object, ,\—E . SCRR Y
EERUFENBZ TR %, SRS e

o MR TR (subject, Fi&) . FLHE (cluster of computers)
BLAE B SCHERI s AILEF T 2 (8 S

o =K. fE{EHHEL (interconnect) . fE&M4%. HEERK
DLE B Y D 32 2 5%




2. MZ& 2R ARTE

FERK Ewi:YE PN
o LAN JRide M Hefel Shanghai
L OC al A rea USTC Campuses T ShanghaiTech Campus
N etWO r k Ethernet LAN g (lt)l WiFi LAN

OooD |ooo Uooo |ooo
o MAN sl x¥

Metropolitan
Area Network

{ |
| |
' |

|

o WAN ﬁiﬁiﬁ){l Ethernet LAN M ‘E outer
Wide Area 'Ijljlj O OO ;Ijljlj Ijljlj
Network TERmRR L i

Beljing Bk
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Network terms

o LAN JRide M Hefel Shanghai
Local Area STC Campuses — ShanghaiTech Campus
Network & Lrower J

JOoo0O |o00

o MAN I3 }¥
Metropolitan
Area Network

o WAN J 15 [}¥
Wide Area
Network




Network terms

e ISP Internet

Service Provider
HERM AR5 R AL

efel Shang

USTC Campuses ShanghaiTech Campus

e An institution
providing
Internet
connection
services

e CSTNET
for ...ac.cn

e CERNET
for ...edu.cn

20



PRI 28715 )
BEFR FEEHD « AMEET R

e Hosts: client nodes and server nodes at the network edge

e 6 edge devices (hosts) are shown RN A LR S

e Client devices: laptop and desktop computers, smartphones, etc. B i A
e Server devices: servers, Internet datacenters, supercomputers, etc. AR5 25 &
e Networking devices in the core of the network
e 4 networking devices are shown 20 P 8 2% 1) RS P 28 A%
Network Edge
RESukz
(ﬁeijing To other networks To other networks Shangham
~
------
L1 Gateway Gateway S N~
Network Core M £%4% .0

\_

J

21



— XML& YF IFIE A T AR 48 2

e Zhang Lei uses her laptop in Beljing to access a

supercomputer in Shanghai

Laptop computer
AP + WiFi switch
Router at Beijing campus

gk L2
5K 2R 2B 10 A HE

w151 I ey e

TR R WIFiRZ#HIL (WIiFiBEH2S)
A6 5 E R 2%

.. HoAth it 2%
Router at Shanghai campus (VAR Y S YN Tl s R
Ethernet switch connecting the supercomputer HFRFPR A AL
Supercomputer TR
Beijing To other networks To other networks Shanghai

/

WiFi
Switch

Gateway

Ethernet
Router Switch

Gateway

22



Internal network and outside network
of an organization

o WI<: HEERIEM H AN AR (i D
e Gateway of network LAN-1 (purple)

e The router connecting a network to the outside
e In more detail, the port address of the router

e Gateway of network LAN-2 (green)

LAN-1 | AN-2

Beijing To other petworks To other ngtworks Shanghai

WiFi
Switch

Ethernet
Switch

23



3. P ZwiE

e HTML/CSS/JavaScript \[J#1iR, $#2FF2% 16877
o VAW
o T GO AT IR R BWeb g 72
o FERUEARN, GIHEAEEEM «;”
o SEILHIFE BN, SLEREEMR, S
o RFFE G Sk R
o TIBHEAE R NE R

N\N—\
- :~‘ / N Graphics credit:
=~ £\ / N Siyue Li
50% B 8] €1 3&
50% B [8] FF &


https://www.solid.things.ac.cn:7245/web_exp
https://teacher.solid.things.ac.cn:7243/public/web/Kitty_Band.html

JT4EM R HE URL

e Uniform Resource Locator A [ J%1iH

http :// csl0l.ucas.edu.cn
X P3G (dE44 B Pt k)

file: Vil ASTHENLI SO
ftp: U7 i) BLERW _EAT 2 vt AL S
https: 22415 [0 Web &R
mailto: 17 In] FE ¥~ M4 His il

\F-

[/
B 1%
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fraRWebZ 4 (FFHD » H2RWebfR%#?

2PN s AT s, A N AWeb IR 2% #5351 B R 171 A 2|
BEHL, BEHENESOEIFRERMIT,  (OF R R=render)

BER, Webfk 5548 CarEiasT

Web browser Web server
T3 4E ) S 2 JT4E AR 55 2%
2 PumitEL Cclient) - AR5 imitE L (server)
— —

E A H myFirstWebPage.html




fraRWebZ 4 (FFHD » H2RWebfR%#?

o FNL A TN AT, A I hk NWeb k55 28 SR B9 T S A 3]
2L, P E 0 O AR AL BRI R I T

BER, Webfk 5548 CarEiasT

o AN browser
o JI4EM MR 552 Web server
o M. URL http://127.0.0.1:8080/myFirstWebPage.htm
o YT Webpage
o X1 myFirstWebPage.html

Web browser Web server

T3 4ER ) Yo 2R JTHEM IR 55 75
=Pt EAL Cclient) - AR &t AL (server)
— —P

E A H myFirstWebPage.html




HaWebZ P (AL

1A BH

o Nl EIAT N g,
=L, e
o ILAT, WebR%

o X HLAARSS
o WebJk% 28

@ My First Static Webpage X <+

< C @ 127.0.0.1:8080/myFirstWebPage.html

Hello, World!

EThe HTMLS5 logo is shown on the left

fRBL% P LA AR 5543
#RIFEFIF R 1D A B

e FH )4 B A Web ik 55
%&ﬁi@ WREZR I 1L

4 Web JR 5558 2

AR o DT S A |
(Wb H:E7r=rkender)

> cat myFirstWebPage.html
<html>
<head>
<meta charset="utf-8">
<title>My First Static Webpage<i/title>
</head>
<body>
<h1> Hello, World! </h1>
<p>
<img

src="https://www.w3.org/html/logo/downloads/HTML5_ Badge.svg"

style="float:left,width:30px;height:30px;">
The HTMLS5 logo is shown on the left
</p>
<script>
</script>
</body>
</html>
>

28



HRIRHIB AR (FFSMID R

o [EAREEMN FILinux3 A EE - #4TWebServer.go

> cat WebServer.go
package main /Il WebServer.go, ANZHHTTPS
import “net/http”
func main() {
http.HandleFunc("/", func(w http.ResponseWriter, r *http.Request) {
http.ServeFile(w, r, rrURL.Path[1:])
1)

http.ListenAndServe(":8080", nil) Run program WebServer

} in background

> go build WebServer.go = &12/FWebServerfi
> ./WebServer &«

>[1] 442 WebServer 5t 4%
z (442 is WebServer

| rocess ID) #FES . FHFEID
> Kill 442 +— P ) e "

— Stop WebServer
22 1EID 44211 i FE

29



PREIE—ANNTE (htmIXR) BRHEKN
o TEH

\—

TV
Yo es A HT N T FIJURL (D

127.0.0.1 is localhost

@ My First Static Webpage x <+

C ® 127.0.0.1:8080/myFirstWebPage.html

> cat myFirstWebPage.html

<humi> Hello, World!

<meta charset="utf-8">
ctitie>My First Static Webpage =L EThe HTMLS logo is shown on the left

</head>

<body>
<h1> Hello, World! </h1> {5l [CEBUN
<p> Bt¥% |

<img src="HTML5_ Badge.svg" URL
style="float:left;width:30px;height:30px;">
The HTMLS5 logo is shown on the left

</p>

<script> H T M L

</script>

</body> i <html> ... </htmI>#E5{E K

—— </html> ﬁ_.}iz

>

30


http://127.0.0.1:8080/myFirstWebPage.html

Write your first Web program

e Enter "http://127.0.0.1:8080/myFirstWebPage.html”
In a Web browser

@ My First Static Webpage x <+

C ® 127.0.0.1:8080/myFirstWebPage.html
> cat myFirstWebPage.html

— Hello, World!

<meta charset="utf-8">
<title>My First Static Webpage</ii
</head>

— <body>
<h1> Hello, World! </h1>

EThe HTMLS5 logo is shown on the left

style="float:left;width:30px;height:30px;">

The HTMLS5 logo is shown on the left
</p>
<script>

</script>

L
o CSS &R X%
g EUGIRAE L e, 3018 &%, 308 E 5

31
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{ <img src="https://www.w3.org/html/logo/downloads/HTML5_Badge.svg"




Write your first Web program

e Enter "http://127.0.0.1:8080/myFirstWebPage.html”
In a Web browser

@ My First Static Webpage x <+

C ® 127.0.0.1:8080/myFirstWebPage.html
> cat myFirstWebPage.html

— Hello, World!

{ <meta charset="utf-8">

<title>My First Static Webpage</ii
</head>

— <body>
<h1> Hello, World! </h1>

EThe HTMLS5 logo is shown on the left

style="float:left;width:30px;height:30px;">

<p>
<img src="https://www.w3.org/html/logo/downloads/HTML5_Badge.svg"
The HTMLS5 logo is shown on the left

</p>

<script> __ . . !

<Iscript> No Java.Sc.rlpt cod(_e In this webpage
—_ hody> This is a static webpage

o AW T B A F JavaScript

32



Write your first Web program

e Enter "http://127.0.0.1:8080/myFirstWebPage.html”

INn a Web browser
e 127.0.0.1 is localhost

@ My First Static Webpage x <+

< C ©® 127.0.0.1:8080/myFirstWebPage.html|
> cat myFirstWebPage.html

— Hello, World!

<meta charset="utf-8">
<title>My First Static Webpage</ii
</head>
— <body>
<h1> Hello, World! </h1>
<p>
<img src="https://www.w3.org/html/logo/downloads/HTML5_Badge.svg"
style="float:left;width:30px;height:30px;">
The HTMLS5 logo is shown on the left

EThe HTMLS5 logo is shown on the left

</p> WebZw £ 2L 5
<script> o fthead A A R ILER R
</script> «  {Ebody H F1| tH W U1 (7 ) s I T 3R
— </body> WHFIE=ATE: puREFTIimgTR
— </html> «  CSSTRHITER I T A

> « JavaScriptfCiE#/E s (318
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staticChildrensDay.html: code and output

 Render the Content "2021.06.01™

° /fﬁ ) JaVaSCnpt - according to Style _60pxpurple
EI/‘J ,Wl ? « atthe place indicated "childrensDay"
‘ by Element ID

> cat staticChildrensDay.html
<html|>
<head>
<meta charset="utf-8">
<title>Display the date of next Children's Day</title>
</head>
<body>
<h1l style="text-align: center">Date of Ne
<p style="text-align: center" id="childr
<script>
var X = document.getElementByld("ch
sesbenons e = TEDS D
%.style.color-="purple:

Element ID Jc&xID
Style X%

Content A&

x.irmer.HTML = "2021.(56.01";
<Iscript> Date of Next Children's Day
</body>
</html>
>

7 X Bt V% 76 % 11D = childrensDay 2021 06.01
fi Fldocument.getElementByld % %5,

A2 xR AR IZ BOK TR

X.Stylef Fri1Z BV 76 2 ) XU
x.innerHTMLIE FRiZEI& L & N &

34



staticChildrensDay.html: code and output

)  Render the Content "2021.06.01";
¢ le:l %%}XW%UEHH « according to Style 60px, purple
« atthe place indicated "childrensDay"
by Element ID
> cat staticChildrensDay.html
<html|>
<head>

Element ID

<meta charset="utf-8">
<title>Display the date of next Children's Day</title>
</head>

<body>
<h1l style="text-align: center">Date of Next Children.

<p style="text-align: center" id="childrensDay"

<script>

var X = document.getElementByld("

X.style.fontSize = "60px";
x.style.color = "purple";

x.innerHTML = "2021.06.01";

ot Date of Next Children's Day

</ntml>

> Display Content
with 60 pixels font size

and purple colo 2021.06.01

Style

Content



ChildrensDay.html: code and output

o ffilJavaScript F=4 3SR T
o EnHYH HABERY 8] IEARAR1L

o AMIIAHZDItER? 21 B A Itz &paragraph <p...></p>

> cat ChildrensDay.html

<htmls Element ID
Style
<body> Content

<h1l style="text-align: center">Date of Next Children's
<p style="text-align: center" id="childrensDay" >
<script>
var X = document.getElementB
X.style.fontSize = "60px";
X.style.color = "purple";
var date = new Date;
var year = date.getFullYear(); . 1
var month = date.getMonth() + 1; Date Of NeXt Chlldren s Day
if (month >= 6) year = year + 1;
x.innertHTML ="June 1, " + year;
</script>
</body>

June 1, 2021

ChildrensDay");



JavaScript Is an object-oriented language

JSEHEFXNZINES

" . s RGRMIRZ
o MHE. MHURAMABRERIR T ERE AR puileind 2, 4
Object: Data structure + methods to operate the data structure Date
R Al SR A R — Tk Document
e Use the dot notation to access methods of an object R 7 LA

date.getMonth: call the getMonth method of the date object
document.getElementByld: call the getElementByld method of the document object

<html|> This Web code displays three paragraphs:

<deYT ) «  Full information of the current date

<p id="myDate"></p> - Current year

<p id="myYear"></p> «  Current month

zgég;tiny'v'o”th ><lp> Fri Apr 16 2021 19:19:50 GMT+0800 (FRE#m /AT E)
var date = new Date, 2021

var year = date.getFullYear();

var month = date.getMonth() + 1,
document.getElementByld("myDate").innerHTML = date; Notes: . _
document.getElementByld("myYear").innerHTML = year; *  Date s a system provided object

" " Z . document is a system provided object
S;)Sccurirgint.getEIementById( myMonth").innerHTML = month; var date = new Date: create a new object

— . + Read textbook to see why month needs
</body> var date = new Date; to add 1

</html> PRARE BOF IR (AT 2D

37



The Web code can be rewritten as follows

e Note that the line of code

document.getElementByld("myDate").innerHTML = date;
IS broken down into two shorter lines of code

var x = document.getElementByld("myDate");

X.InnerHTML = date;

Original Code

<html>

<body>

<p id="myDate"></p>

<p id="myYear"></p>

<p id="myMonth"></p>

<script>

var date = new Date;

var year = date.getFullYear();

var month = date.getMonth() + 1;
document.getElementByld("myDate").innerHTML = date;
document.getElementByld("myYear").innerHTML = year;

document.getElementByld("myMonth").innerHTML = month;

</script>
</body>
</html>

<html>
<body> New Code

<p id="myDate"></p>

<p id="myYear"></p>

<p id="myMonth"></p>

<script>

var date = new Date;

var year = date.getFullYear();

var month = date.getMonth() + 1;

var x = document.getElementByld("myDate");
x.innerHTML = date;

var y = document.getElementByld("myYear");
y.innerHTML = year,

var z = document.getElementByld("myMonth");
z.innerHTML = month,;

</script>

</body>

</html>

38



4. Connectivity (BB HIE, ZE@EMH)

e Connectivity refers to the structure of a network

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, ey, ...,6m}

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 AMER TR KATR. FBATR?

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

e Undirected

o V= {v11v2'v3'v4}

o E= {elt €2, 63}

e Directed

o V= {v11v2'v3'v4}

o E= {81182163184}

undirected graph directed graph

39



4.1 Naming ZF= A 544

e Every network has one or more namespaces

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

o Specified by a standards body 42 5%% 6] 5 iy 44 75 ¥ B & B+ X AR RS €
e Institute of Electrical and Electronics Engineers (IEEE)
e Internet Engineering Task Force (IETF)

e World Wide Web Consortium (W3C)

bR ELIC Y AT 5520
J3HYEM IR B

Namespace

Instance

Remark on naming schemes

Personal name

Joan Smith

Personal names in a country

WeChat user

ZhongguanVillager

Any legitimate string per WeChat standard

URL

cs101.ucas.edu.cn/

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

[ fr LS L TR

40



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 5HIES LR

Namespace Name (a legitimate string) Uniqueness
Personal name H R A\ t4 Joan Smith ?
WeChat user {15 4 ZhongguanVillager ?
URL 3 4 /¥ 94 ik cs101.ucas.edu.cn/ ?
Internet site K45 M1 44 www.ict.ac.cn ?
Email address Hi, 1~ {4 ik zxu@ict.ac.cn ?
IP address IPh}E 159.226.97.84 ?
Phone number FH1 515 189-6666-8888 ?
MAC address MACH it 00-1E-C9-43-24-42 ?
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Naming issues and considerations

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

The email address namespace enjoys uniqgueness, 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 ZhongguanVillager No
URL csl10l.ucas.edu.cn/ Yes
Internet site www.ict.ac.cn Yes
Email address zZXu@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
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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 ZhongguanVillager ?
URL csl1l0l.ucas.edu.cn/ ?
Internet site www.ict.ac.cn ?
Email address zZXu@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 ZhongguanVillager Mostly Yes

URL

cs101.ucas.edu.cn/

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
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Naming issues and considerations

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

IR R BXN D K, 8+ 2R

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 Yes
WeChat user ZhongguanVillager # 5 [ Mostly Yes

URL

cs101.ucas.edu.cn/

Somewhat friendly

Internet site

WWW.ict.ac.cn

Somewhat friendly

Email address

zZXu@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 No
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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

DN S} BBk P 35424 #2 # 0N | Pk
e http://www.ict.ac.cn = http://159.226.97.84

e Addresses are a special form of names, and can be used to access entities directly

e Two types of IP addresses are used today FZEIPHLAL

e |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 L E % 5 . X o0 T A 7B, &4 IN0F 255
e Each field is a decimal number from 0 to 255 159.266.97.84,% 3E % 1]
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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} BBk P 35424 #2 # 0N | Pk
e http://www.ict.ac.cn = http://159.226.97.84

Addresses are a special form of names, and can be used to access entities directly

e Two types of IP addresses are used today FZEIPHLAL

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 \PvAlhE3E 5 . X 70 T A 7 B

e Each field is a decimal number from 0 to 255 159.266.97.84 2 3F1% 1Y
IPv6 addresses use 128 bits and can generate 2128 different IP addresses

*** Each IPv6 address is an 8-field format
XXX L XXX XXX XXX XXX XXX XXXXK  XXXX
such as 2001:0db8:85a3:0000:0000:8a2e:0370:7334

P PVEHBIEIE H 5 R X T I8N T B B E S 4 Hex 3l
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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

DN S} BBk P 35424 #2 # 0N | Pk
e http://www.ict.ac.cn = http://159.226.97.84

e Addresses are a special form of names, and can be used to access entities directly

e Two types of IP addresses are used today FZEIPHLAL

e |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 \PvAlhE3E 5 . X 70 T A 7 B

e Each field is a decimal number from 0 to 255 159.266.97.84 & AE 11

e |Pv6 addresses use 128 bits and can generate 2128 different IP addresses

e ** Egch IPv6 address is an 8-field format XxxX.XXXX. XXXX . XXXX . XXXX . XXXX . XXXX . XXXX
such as 2001:0db8:85a3:0000:0000:8a2e:0370:7334

e |Pv4 addresses exhaustion occurred as of November 2019

e There are 2128-32 = 29 times as many IPv6 addresses as |IPv4
addresses 20194114, 4 ERIPvAHBHEC 5SS
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JT4EM R HE URL

e Uniform Resource Locator A [ J%1iH

http :// csl0l.ucas.edu.cn
X P3G (dE44 B Pt k)

file: Vil ASTHENLI SO
ftp: U7 i) BLERW _EAT 2 vt AL S
https: 22415 [0 Web &R
mailto: 17 In] FE ¥~ M4 His il

\F-

[/
B 1%
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Domain name hierarchy and URL

o Z5EIMAM, What is 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.ictac.en / ¢s101

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

M \edu IP Address
VAN '

ict  siat ucas pku http /[ 159.226.97.84 [ ¢s101

el

lib  wwwjest www  english
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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.ctacen [/ csl01

t t t

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

v

http 1 159.226.97.84 [ cs101



4.2 Topology MZ&#hFH
e Three types of networks FF& M4 BHAMNZS . AL 4%

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 (l)
The bus supports a shared-media network, while the crossbar supports a switching network

BE: —X—. =% 8 ; TXIFKR: EXNE
An Evolutionary network change both nodes and edges over time

o0 %
000
2

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

YT

Nodes connected by (c) a bus (d) a crossbar switch
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s A0 4 1 T 3

e Three types of networks FHAM LS. AWML 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 (l)
The bus supports a shared-media network, while the crossbar supports a switching network

BE: —X—. =% 8 ; TXIFKR: EXNE
An Evolutionary network change both nodes and edges over time

o0 %
000
2

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

YT

Nodes connected by (c) a bus (d) a crossbar switch
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How does a dynamic network work?

e Bus arbitration

BT

e Time interval 1: CPU connects to Ethernet

GPU

HDD

Ethernet

Bus
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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
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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

HDD

Ethernet

56



Switch

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, I2>P}
e Interval 2: Broadcast, {P>P, P>M, P->1}
e Interval 3: Point-to-point, {P->M}
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Other HTML elements besides paragraph

e Canvas to draw a picture o TN
127.0.0.1/hide-0.html
HE D BAEE REHE
<body> w E%B%ﬁjﬂﬁ
...... m '
<canvas id="myCanvas" width="600" height="450" > a
</canvas><br/>

<input type="button" value="Hide Button"
onclick="hide_info();"><br/>

<textarea id="hide_text" style="width: 600; height: 100px;">
</textarea><br/><br/>

 © @

<script> o
// load the image e
var img = new Image(); Fide Buton

var contextl = document.getElementByld("myCanvas").ge
img.onload = function(){contextl.drawlmage(img,0,0);}
img.src="./ucas.bmp"; Rocover Bt
</script>
</body>

Decode Button

+
HEE: SHAAFEHETASCIFEENIE ASCIRE+5 BINEA, MEEEENHEFR. Recover Buttc

<l
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< C (0 ¥¢ 12700.1/hide-0.htm @ 8o% v b i aQa R

BE D BEABE HEPE
. (EEmEEAE
A
Q
- K45 518
\Q.

erde Button

| Recover Button

| Decede Button
+

JHEA: SN FEHEASCIFEEAIA ASCIFE+5 [N AT,, INEEEEHE)E. Recover ButtonETMEE BIZEHIINZGMNA; Decode Button B E B BIREH IR SN A,
<l
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o I

< C Y vr 127.0.0.1/hide-O.html @, 80% v b oatEs Q

D BAHE ®EHE

(SRR T

]
I

I o 8 % 0

© (3

MANFE RiHidedZ4l

Tour friend is your needs answered.

He is your field which you sow with love and reap with thanksgiving.
And he 1s your board and your fireside.

For you come to him with your hunger, and you seek him for peace.

| Recover Button |

)

O

| Decode Button |

+
8 SHAAFHIENASCIFIRIA ASCIIFE+5 [INEA T, INEEEEMHER. Recover Button@mMER BIZENHIINEGITNA,; Decode ButtonTBmhE A BIRINHIAR G A,

<l
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RiiRecoverii4l
BRI

()

a

| S
| Hide Button |

Tour friend is your needs answered.
He iz your field which you sow with love and reap with thankss
And he is your board and your fireside.

For you come to him with your hunger, and you gse

im for peace.

| Recover Butto

"tz is %ok tzets 1 Ilxt%Esx | v iiT N Mt towWkn ol moind tz%at % lnvnhat (%21 it n
yrdymespxln Insl 7 OFsibmibngd tzwlet fwi%si% tzedknwimi 130K twh " tzkhte Sy tmm | nymd " tzedim
zsliwlhifsl¥ tz¥x] jphmorkk twuithi7z

| Decode Button |

BIBR: RGN TSNS TASCIZSHIE ASCIEE+5 HIZAR, MEEEEHER. Recover ButtonZ M EEEEIHANZSHINA; Decode Button BB F BRI HNBRE A,
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< C ) Y 1270.0.1/hide-0.html

BE D SAPE KEBE

&/ feigtod 5T

“—JDecode«

PR R BIC

Hide Button

Your friend is your needs answered.
He is your field which you sow with love and reap with thanksgiving.
And he is your board and your fireside.

For you come to him with your hunger, and you seek him for peace.

Recover Button

" tzufbkom] si%nxk tzs 1] 1xbEsx | Jud 13CH RS AZkn Jq1% okt 2%t [ [rymibat (RS %) % n
yufbymEspz In (ns170Fs i%mi $nxd "t zwkg tEwikeeTh  tzwblow) mii 30K twh ™ tz¥ntr j%ythnre® | nyndk ™t zm
zs1 jwl%fsi% tz%x] jp¥mrrSk twduifhi 72

Decode Butt

Your friend is your needs answered.

He is your field which you sow with love and reap with thanksgiving2
And he is your board and your fireside.

For you come to him with your hunger, and you seek him for peace2



<html|>
<head>
: ) <meta charset="UTF-8">
< C Q 127.0.0.1/hide-0.html <title>{§,%‘ﬁ%afﬁlmﬁ</title>
O e ¥z ®EHZ </head>
<body>

5 an%mmﬁ <h1>{2 KB T </h1>

<canvas id='myCanvas" width="600" height="450" ></canvas><br/>

tbi

1
f

(itton" value="Recover Button" onclick="show_info(0);"><br/>
"show_info_0Q" style="width: 600pXx; height:

img = new Image();

ar contextl = document.getElementByld("myCanvas").getContext("2d");
img.onload = function(){contextl.drawlmage(img,0,0);}
img.src="./ucas.bmp";

| 5 : s
Hide Button |

Your friend is your needs answered.

He is your field which you sow with love and reap with thanksgiving.
And he is your board and your fireside.

For you come to him with your hunger, and you seek him for peace.

</script>
</body>
</html>

Recover Button

“tzwbkumjsitngk tzwhs i jixkEsx | jwii3 O jhna% tzvdknjqi% lmohmt tz%xt |% Inymhat (%Esi%wituk In
yuliymtspxln insl 7 CFsi%mi%nah tzwkgtiwihisi%  tzhknwixn j3 0K twh " tz%htr My thmrt [nymk ™ tzedm
zs1 jwl%Esi% tz%x ] jp%mrkktwduithi7 o

Decode Button

Your friend is your needs answered.
He is your field which you sow with love and reap with thanksgiving2

More details
IA?ES };zuiioﬁuiobl:?;dwia?ﬁ eri litix;:zi?e.and you seek him for peace2 On neXt page

BHEA: WHAAFZHHNEDMASCUFEENE ASCIEE+5 KA, NZEEEHER. Recover ButtonBmMER BIZEHHINIZEMNZA; Decode Button B mME B REEIHIIRZ SIS,



func modify(data int, array [|byte, size int) {

fori:=0;i<size; i++ {
v := byte(data & 0x3)
array[i] = array[i] & OxFC
array[i] = array][i] | v
data = data >> 2

& ,D‘I!%ﬁ ﬁ I

R = i
Hide Button

Your friend is your needs answered.

He is your field which you sow with love and reap with thanksgiving.
And he is your board and your fireside.

For you come to him with your hunger, and you seek him for peace.

Recover Button

“tzwbkumjsitngk tzwhs i jixkEsx | jwii3 O jhna% tzvdknjqi% lmohmt tz%xt |% Inymhat (%Esi%wituk In
yuliymtspxln insl 7 CFsi%mi%nah tzwkgtiwihisi%  tzhknwixn j3 0K twh " tz%htr My thmrt [nymk ™ tzedm
zs1 jwl%Esi%  tz%x ) jp%mrkktvduithi7 o

Decode Button

Your friend is your needs answered.

He is your field which you sow with love and reap with thanksgiving2
And he is your board and your fireside.

For you come to him with your hunger, and you seek him for peacel

Go Code

func main() {
txt_path "./Richard_Karp.txt"
src_img_path ".Jucas.bmp"
dest _img_path "./modified_ucas.bmp"
d, :=ioutil.ReadFile(src_img_| path) /l read ucas.bmp into d
t, |out|I ReadFile(txt_path) // read Richard_Karp.txt into t
modlfy(len(t) d[S:S+T], T) [/l hide length of Richard Karp.txt
for i:=0; i<len(t); i++{ /' hide contents of Richard_Karp.txt
offset := S+T+(i*4)
modify(int(t[i]),d[offset:offset+C],C)
}
ioutil. WriteFile(dest_img_path, d, 0666) // output to mofified_ucas.bmp

}

function hide_info(){

/I 1. get original pixel_array

var contextl = document.getElementByld("myCanvas").getContext("2d");

var img_data = contextl.getimageData(0,0,600,450);

var pixel_array = img_data.data;

Il 2. get input string

var str = document.getElementByld("hide_text").value;

/l 3. hide length

modify(str.length, pixel_array, 16, 0);

/I 4. hide string

for(var i=0;i<str.length; i++){
var ch = str[i].charCodeAt() + 5;
modify(ch, pixel_array, 4, 16+4%);

}

/I'5. show modified image

contextl.putimageData(img_data,0,0);

Il +5 72 hns g 4E

}

function modify(data, array, size, left) {
for (var i = left; i < left+size; i++) {
var v = data & 0x3; /I retain last 2 bits of data
array[i] = array[i] & 252; /I clear last 2 bits of arrayf[i]
arrayl[i] = array[i] | v; I set last 2 bits of array[i] with those of data
data = data >> 2; I/l repeat with the next 2 bits

}
} .
JavaScript Code

HBE: XA FHNEMASCIFERIE ASCIEE+5 FINNEAT, INESEEHEE. Recover BUTIONI/IM B SRR IGHY UG HY X AN, Uecode BUTTON IS SR B T HY 2 oY X AN

Go Code



