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Abstract

Named-Data Networking is a network architecture in the future. It adopts data
names to replace IP addresses. In delivering data, NDN could cache data in network
nodes. When a network node in NDN receives a packet which tries to retrieve data
requested by someone previously, the network node can reply the data directly without
further contacting the original data source. In this way, the request need not arrive at the
server. This mechanism significantly reduces time and network traffic. In modern
Internet, video streaming servers need to respond to each request, which causes heavy
loading on servers. The mechanism of NDN is suitable to reduce the heavy loading

caused by duplicate requests.

Although NDN is a good mechanism, it still lacks rich applications. This thesis
proposes a Web-based Real-Time Communication application in NDN, where users can
exchange text messages and voice chats easily. With this useful tool, people can use

NDN easiy.

Keywords: Named-Data Network, NDN-Browser, WebRTC
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Hi Ken

It's sad that NDN doesn't support one of the most popular apps - web.

We used to have a Firefox add-on

<https://github.com/named-data/ndn-
js/tree/cf535396¢ch4242dd8ebfhB20ca622481eb56466b#firefox-add-on-for-the-ndn-
protocol>

but

I haven't been able to install it in recent Firefox versions.

I have some thoughts on how to deploy NDN websites:
https://yoursunny.com/t/2011/ndn-web/

Caution: it's an old article I wrote during my first month reading about
NDN, so that some terminology could be inaccurate.

Yours, Junxiao
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IP Address: 10.0.0.2 URL: https://www.test.com/index.htm|
2. Send DNS Query Router 6. Send HTTPS Request
«— ;‘;

3. Answer IP Address 7. Return HTTPS Response
> —

10. Send DNS Query 14. Send HTTPS Request
—p

—

11. Answer IP Address 15. Return HTTPS Response
_— -

Client 1 Client 2
IP Address: IP Address:
10.0.0.101 10.0.0.102

Bl= -~ 3F & Roiem (IP #EL)
i * ¥ (Client 1) 4 7 ch> 34 o dofl= - A 49707 o éj%l »~ URL ¢ » /§
TE¢ L7 DNS #IRE (Step 1~2) 43 » P~ URL ¥ WIRB i #r4 0 IP =
bt (Step3~4) » = F L v | PR FEFT R K (Step 5~6) o | PILE oz d| & R

29
do0i:10.6837/ncnu201900270



oo grBE AR Rene T M F (Step7~8) o FFEHZ AP 5 Ed H o
PR Ak

$F V-t (Client2) + £ & f4p ke T 0¥ i (Step 9~16) » i *
FivF A% DNS GUREF 1830 - 2 F 1 RATGNIP ube $ T PIRFLFE

L ©°

Web Producer
NDN Node Prefix: /ndn/test/index.html
g 2. Send Interest -

I_ -
-
. 3. Return Data
' <&
*

Web Web
Consumer 1 Consumer 2

Bl- -4 ~ 37 & R42%8 (NDN 5

Bt o NDN 2 & FR B IP =gk > F)b > & & R priz > 4oFl
= 4 #F o % 5 (Web Consumer 1) 7 Jﬁﬁ?‘l »~ NDN #% #_#7 URL » Web
Consumer { ¢ i¥ ! Interest 2 & R F > 2 ¢ > Interest <77 Name ¢ 7 fic 3] Web
Producer (4 ¥ # i3 ) 324 7 Prefix - NDN Node ¢ Rk Sl R =
Interest ¥ 3 Web Producer (Step 1~2) » i 42 & 4 7 3% & DNS &R B chpF fF 22 Jx
£ » 4% ¥ Web Producer 77 Data § ;i % Interest cHi& < % @ (Step 3~4) » & fs d §
TEETREMT -

PRt E KT auBitr e > §F Vb L —"Ff (Web Consumer 2) =
BRI RT SRR @ T AT RAREL ¢ QR TR R
@M% (Step5~6) # 3 &% DNS @IRE A3 > b+ EILT NDN # ¢
- BEE S o BB EFR S RIRE L BEEIE gk o
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% = /| & NDN Browser -2 4 %

Browser Ul
$s
WebKit Embedding API
WebCore
JavaScript
Parser Rendering || Loading Engine Storage
Engine Engine Engine
Platform Interaction API —
== EpS == = |
L ~ - | |
. . Other
Network Graphics ‘ Audio/Video H Components ‘ i
CCNx HTTP
NDN TCP/IP

Bl = - ~ NDN Browser 2t 1‘%

bok e SR P ot o CONX 5 NDN 3 K A& 998 % chie Tk 5 o
NDN % 2013 # cpFig > 8 CCNx H ¢ - AL F > B3 4% & NDN & Renlpe
eIk NFD o @ P ow e ft b 9ryn @ 5o NDN Browser » #1718 * eh8_2 4% NFD #7B~
e CCNx » F]t » 277 7 = Web Consumer & & @ﬂi%lév’ﬂ%&/»\ » 2z 5 i€ * NDN
NFD » 12 :% & NDN &4t & @ﬁ%] o T @ ¢ &4 53] NDN Browser erwRut 38 4 & *
7 CCNx > #% € 3P Web Consumer 4rf #-ig i 384 :x 2 i@ * NFD - Bl= + &

NDN Browser 117 1 © Bl ® £ eh3ts it & ¢ @ * 3] CCNx (hF 5 o

Browser Ul:

@ H —‘Fﬂi%]% CCNx 5 2 URL » I ¥ A1 e | b

=
=
-
=1

Network:
LB R M 0 f fJciE CONx 2 2 IP 434 ¢ (NDN Browser 7
1 HTTP e ) o
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Graphics:

HTML *® s <img>-> k/a¥ i CCNx t» 27 URL o
Audio/Video:

HTML # s <audio> £ <video> > ki/A¥ i CCNx = @7 URL o
Storage:

TR AR
JavaScript Engine:

2 CCNx #~ (% chig * o

Network ~ Graphics ~ Audio/Video ¢ %18 CCNx P~ e | e p 5 > I
¥ #%7% & Storage p > £ % i WebCore 77 Parser Engine ~ Rendering Engine 2 2

Loading Engine #-3 L3¢ » # ¥ 12 ’fﬁﬁ%l E® > Bisd Browser UL B om o

% = - % Web Consumer -2 1/ 5

T, e

< > Refresh |ndn://ncnu/chatﬁndex.htrnl @l <:
Your Name: | Register
Members in NDN Chat URL
No Members
AN

HEREED

- - Coim "L'll;.lL:| Refresh
Send || Call

Bl = + - ~ Web Consumer
52 3 ¢ ¢ Web Consumer £_2 PyQtS [15] F iFeri* 4258 > H fim 2
NDN 7 P 3 g * > 4eBl= + - #7577 o Web Consumer § # % F & F£2 %
o B e
1.Browser UI:
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%% NDN Browser 2 ¥ Browser Ul 3% 4 » # & NDN #% _s7 URL
gig?l LR G PBET o

2.HTML Parse and Render Module:

%% NDN Browser # # Graphics -~ Audio/Video - Storage 14 %
JavaScript Engine » #-iz# 384 & & @ = ¢ Module o §  f#47
HTML 12 % iﬁfﬁﬁi&] DEw oo T2 LEEKLAHSZ NDN 2 2 URL -

3.NDN Module:
%% NDN Browser # ¥ Network 7% 4 » % Web Consumer 73 NDN

PFRBCE 0§ F1ziE Interest &7 Data 3t ¢

¥ 7 -] & Web Consumer #- %18 (v
7 Browser UI ¥ ﬁi?l »~ NDN #% Z_#n URL » # ¥ i% if NDN Module = Web
Producer & F4F N % > bldr @ B F A7 (aNDN | i g ¥ T‘UI?J'\
ndn://ncnu/chat/index.html - NDN Module € ¥ J! Interest /ncnu/chat/index.html/0 ~
/ncnu/chat/index.html/1 % > index.html % p* Interest *7& Firffk &4 > 0 B &
index.html A&7 & & 5 @] & K5 7|58 o
% 12 3] Web Producer ¥ & 7 Data & > d * € 43| § & index.html ] % £ >
Web Consumer ¢ - #-index.html i& {7 & = » & ¥ » o }* pF » HTML Parse and
Render Module ¢ B 438 7 HTML 9245 o
HTML Parse and Render Module * # 4% # % /& = NDN #& % &7 URL » 614
AT 5 ONDN # F TR * > 2 HIML € ¢ 3
<script src="ndn://ncnu/chat/js/main.js"></script>
% 7% mainjs 7 & % i NDN B~ 7 o
¢t p# » HTML Parse and Render Module ¢ i% i NDN Module = Web
Producer & $3 #% » 4 ! ndn://ncnu/chat/js/main.js ¢ i¥ ! Interest
/ncnu/chat/js/main.js/0 ~ /ncnu/chat/js/main.js/1 % o Web Producer % i# 5 Data » 7=

g 5 el 3 B0 Tt > HTML Parse and Render Module ¢ £ #-5% € & > X
3R~

‘¢z\
Tl
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tfo Aoty Ffl2 6 > HTML Parse and Render Module 4 ¢ = = e F cruE

0 &6 d Browser Ul #-% F &g ) % o

FZE BT EHR
%—-/ &% IP2 NDN £ 2

Client 4 SIP Server Client 2

Stp1~2 100 Trying 1
1
1Step 3~4 100 Trying
1Step 5-6 180 Ringing

-
>

-

Step7-8 180 Ringing
Step 9~10 200 OK

:étep 13~14 ACK
|
1 [

\Step 17~18  Aydio Data |

»~

'Step 19~20 Audio Data

1
15tep 21~22° Aydio Data

™~

|

1

1

Step 11~12 200 OK
|

':Step 15~16 ACK

Y

h J

1Step 23~24 Aydio Data

3 1
1 1
1 1

Bl= L= ~ a4 inss (IP i)
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100 T,
780 Rwrg?g 2.100 Tryin
12 207G Router 2. 100 Trying
5 90 3.100 Trylng
N 6180 RINGING_ RINGIN%
Client 1 & 180RINGING
‘ 10 200 OK_,
11. 200 OK
ingd —
4 OTNYG\NG 14_ACK
e
5 ‘\SDR 15. ACK
. 200 K —r
/ SIP Server

Client 2

17 Audi
0 Dat
2 - a Router
D Ao D
-_ 18. Audio Data
Client 1 19 Audio Data

22 _Audio Data!
E23 Audio Data
dio Dal2
20. A
dio D22
21 Au

SIP Server

Client 2

Bl= - =~ TRl iR A B (P #§)

BBz 5 PR > TR MG £ AR R F Y i
¢ hid Brod o Bl AR P UEIR ABRERY 218 PEED PIREIT
w3 F 2 BEE hif % o Client 1 ¢ » SIP Server # i 100 Trying » & F4& 2 3% 3
3¢ 35 (Session) » & #FiE 42 € j&_SIP Server f2 3 Client 2 <77 180 Ringing >
e Jrb ey ARE o % Client 1 j£_SIP Server Yz ¥ Client 2 % & 7200 OK {& >
TET EFEC FHEL cBF A F g5 SIPServer 7 2 FEFF AL DT
Ao zaFFUALRA -

[ R ’5713’57’8}3*%“5”)‘;[{% it FJIP 5% -NAT 7485 48> 2 4 2 &
BB EE o Bt o - o B AP kR PR FE R S @A kUK
RAEF® fdidi> % o wigs #3471 PIREDFHENZ gt §F < £4¢
EF R
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—

—

(Content: Audio Data)

¥

Consumer 1 Consumer 2
: Interest :
1 Step 1~2 /ncnu/chat/consuemer2/VoiceChat/100-Trying '
: (Timeout: 10 s) :
M ]
: Step 3~4 Interest :
: /ncnu/chat/consumeri/VoiceChat/180-Ringing :
|{ |
: Data :
: Step 5~6 /ncnu/chat/consumer2/VoiceChat/100-Trying :
L (Content: 200 OK) .
[ 1
1 1
' Step 7~8 Interest ‘ !
X /ncnu/chat/consumer2/VoiceChat/AudioData .
| >
| Step 9~10 Interest ‘ :
: /ncnu/chat/consumer1/VoiceChat/AudioData :
: Data :
1 Step 11~12 /ncnu/chat/consumer2/VoiceChat/AudioData 1
\ (Content: Audio Data) :
' Data :

Step 13~14 /ncnu/chat/consumer1/VoiceChat/AudioData :
1
1
1

B=-Lw ~ TP 4 542 (NDN)
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NDN Node

Consumer 1 mer2/VoiceChaty1 00-Trying - _

oiceChat/ 00-Trying .

DAL | =
o5z

5
528
3|
;35.‘-'.".2
333
cl/a|a
S22
ms-a_
S =
3
2|88
e|a
=
3|3
22
Qg
[»]

38
Qlo
| F
O o
SIS
®| o
o
I
IS
Qy3
S
@

cnu,‘chaﬂconsumeraN

2. Interest /n : e .
Interest Incnu!chatfconsumer‘.NomeChaUU e
. Inte . e g
i‘a Data rncnu!chaﬂconsumeermceChaU q

| |

Consumer 2

—_—i
LMol
=3
]
=
g|e
=
=
3
3la
3|3
g|E
glg
=¥ | T
Z|2
SIS
o |0o
5|3
w|»
cl|lc
33
22
N6
g8
gle
oo
o 2 e
22
NE
c | E
o) =T
SR
O
FYS
& o

COI"ISUmerT N .
Consumer 1 diceChat/AudioDatg . _
-

i ioData
cnuichaticonsumer2Nn|ceChaUAud-.o

_Interest /n : e

23 Interest !ncnu!chaticonsumen .Nl:|*::.eC.hw“u(mm.dta
: fchaUconsumerZcheCha !

e GhaUAud-.oData

ice
14. Data fncnu!chaﬂconsumeﬂ Noi

| |

Consumer 2

Bl= L3 ~ TP 428 (NDN)

NDN 2 & & FAL B (% [P fph > 4o b e & 87 1 B 254 Name 35 3| §
¥ 4 (Producer) » F+ 3 ¢ 3 IP nkifde 12 7 A% NAT & K42 > 7 gl
DB EE R o

B £ > Consumer 1 £ Consumer 2 4 %] ¢ 7 NDN % j & 8 F 21 p
/ncnu/chat/consumerl/VoiceChat 12 % /ncnu/chat/consumer2/VoiceChat = Prefix » 7§
NDN 4§ & 2k 3] Interest {8 > ,T‘u € 1395 7 fiz Prefix chg % > H#-Interest i¥ 1
Consumer 1 g Consumer 2 °

ho@lz tw uE =T 975 0 G4 ehig * 44 [16] - Consumer 1 § i )
100 Trying i3 4 > & :i‘ﬁilnterest /ncnu/chat/consumer2/VoiceChat/100-Trying » &
Consumer 2 3% 423% § i 3 ¢ 3% (Session) & R o % Comsumer 1 % Interest i%
10 §5#¢ (& Interest 77 Lifetime) i ¥ 3| Data > ¢ | #%73% Interest ¢ 5 Timeout °

% Consumer2 iZj * J& °
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Consumer 2 4z ¥| Interest /ncnu/chat/consumer2/VoiceChat/100-Trying {5 * €
A % 91 180 Ringing 3 4 (Interest /ncnu/chat/consumerl/VoiceChat/180-Ringing) » 2.
e R W ARREC

#FFETF I0OHAPERE > ¥ 0w it Interest o § Consumer 2 4% % 35 5 i 3
& & ¢ v & Data > Name % /ncnu/chat/consumer2/VoiceChat/100-Trying » Content
P €_200 OK -

Consumer 1 74z ¥| Content = 200 OK 1 Data {é » ¥ ¥ 7 Consumer 2 £
£ AR PE R o

BE ARG EE R B H R IGE R LT 24383
i 3 0 B]4e @ Consumer 1 % :% Interest /ncnu/chat/consumer2/VoiceChat/AudioData
w Consumer 2 & F3FF 3 4 F 4t o

BIEEALT NI RE PIREHROERT A XTI RS Eand

o TR -

2

~

¥ )& NDNRE R

NDN Web Chat NDN Web Chat

Alive Module Alive Module

Register Module Register Module

Session Module Session Module

Message Module Message Module

| | | |
| | | |
‘ Search Module | NDN ‘ Search Module |
| | | |
| | | |
| | | |

Voice Chat Module Voice Chat Module

Bl= -+ ~NDN®F ®pFd sk i
Ly E 4 %% IP g2 NDN > ﬁaﬁiﬁ'ﬁ_’rﬁ;gw LRt RFERD
NDN 4 F FpFid g% crfices i o Bl= L ¢ Bon 7 NDN S F Trpid g
STE R RS 0 2L R [17][18][19] » £ ¥ @& * [20] Tk EAUE T 2N A G R
EN.
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NDN % F T 3 * B 3 BHE - 54T

1. Alive Module :
2 $723 § EAF3LP 49k ID
2. Register Module :
A ID
3. Search Module :
FoF o I hit X
4. Session Module -
gy
5. Message Module :
IR
6. Voice Chat Module :

AR

—

- N BA | N
R T g WA D

ﬂ%@*—{ 197 LR i T H S ID

A

—

Yes

il

No

N BAEHRE . Yes
R A ST gt Wx% \

Bl= -~ ~NDN | Fpid 3 i * JEA2H]
Bl= - 5 NDN®F FpFid g * /i 42 B > & FH e iR Ry R

PiEiife e FAL R "Fﬁ‘ (GnA2B ¢ 7 Consumer) fiE » | TpFi BT 208
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§F&H~ ID> f3rp D2 % > & Jk? cAlive Module § %4 4 ID £.3 ¢
I o

FERu ID ¥ Ak * 2 18 0 A * ¢ Register Module o ¢ 14t ID i {7340 o
ERVE R RN —*FTE?F? 1% 18 Search Module » % H 5 chz F & # —"‘Ff 0

RE T ET UMD LTS E R LREY S RAEE
=4
s

R A

Bl= A& P2 31 8- HRRFFEAAARR - B> x> g

HemE 2 {38~ DIFPX R o 5 5 iF Message Module 3£ {72 F 3 4 0% 3 o K,%
g2 vh s g2 7R i@ % VoiceChat Module  $F 7 3 4233 ) i€ 3t gy » 7 24

WEFEE 0 g;g.)\;{—,la WA R L o

% — /] & Alive Module

Alice is available. Alice existed.
User NDN Node User Alice
n 1 n 1
: 1. Send /ncnu/chat/Alice/alive : : 1. Send /ncnu/chat/Alice/alive i
Lo e e » Lo e »
] 1 ] 1
1 2. NACK /ncnu/chat/Alice/alive 1 1 2. Return /ncnu/chat/Alice/alive 1
] 1 ] 1
] 1 ] 1

Bl= -+ 4 -~ Alive Module 3 £ ;42
Bl =+~ 5 Alive Module =it 5L ] o B3k > @ * F B3id Alice i ID ©
$t FF > Alive Module € i¥ ! Interest /ncnu/chat/Alice/alive 7 Interest © % .2 7 4

P9 Alice 15 ID > = & # * 5 Jx | Data /nenu/chat/Alice/alive » i ¥ ¥ 4
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Alice @ #3rp et 4 o 2 H 2P NACK Rl &7 IDXF A% o F]5 L3
A 2xp Prefix /nenu/chat/Alice/alive » #7172 NDN Node # j# #-p¢ Interest i% 1} » gt B »

o

F_&

NDN Node # § % # NACK » 2 3% 413 %

¥ = /] & Register Module
BAERR B 0 ID i 218 0 At i € 44 {7 Register Module -
f NDN 5t &80 0 500 % & ip 117 8 1 Prefix o
1. /ncnu/chat/user id/alive

% Alive Module #7i¢ * = Prefix » #* »*w &b user id © Ayt & * —‘F‘f TP o

2. /ndn/broadcast/ncnu/chat/members
% Search Module #7i¢ * e Prefix » * >>w gt & * —“‘Ff 11D o
gt ¢k 5 /ndn/broadcast i B 4% #5410 Prefix » § NDN 4§ & 2Liz 7| Interest »
Name 3 /ndn/broadcast/ncnu/chat/members » NDN 4§ & 2L ¢ #- Interest i¥
I #7F 31L& ¢+ Prefix /ndn/broadcast/ncnu/chat/members hig # —‘F‘i‘ ° FAHILT
BBt RIEH 2300 Ap e Prefix enié * 4 > 2§ % - BiLp i ¥
¢ 1z 3| Interest -

3. /ncnu/chat/user id/session
% Session Module #7& * & Prefix » * >t w i ¢ 3£e08 R o

4. /ncnu/chat/user id/message
% Message Module #7#& * e Prefix » * 30 fjc> F 4 o

5. /ncnu/chat/user id/VoiceChat
% VoiceChat Module #77# * ¢ Prefix » * >t w g3 W ahd £ 11z &

= =R ol g s
q PR F

% = /| & Search Module
oI 2§80 % F ¥ 1% Search Module 07 iy - H0F & g 04T

FAL @Y 4 o &7 d Session Module £ i 918 {7 § EefuE 2 o
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User NDN Node A B
: 1. Send ! : :
. /ndn/broadcast/ncnu/chat/members . . .
| T % 1 1
1 1 2. Redirect 1 1
1 1 /ndn/broadcast/ncnu/chat/members | 1
1 F-----m-m--mmmmmmm-mm - m o >l 1
1 1 3. Redirect 1 1
1 I /ndn/broadcast/ncnu/chat/members 1 1
1 Lo B >l
: : 4. Return : :
] . /ndn/broadcast/ncnu/chat/members/A ] .
1 [ ittty 1 1
1 1 1 5. Return 1
1 1 1 /ndn/broadcast/ncnu/chat/members/B
1 e il F------------ss—s--m—-—-e
1 6. Return 1 1 1
1 /ndn/broadcast/ncnu/chat/members/A | 1 !

__________________________ 1 1
:( 7. Send 1 1 1
1 /ndn/broadcast/ncnu/chat/members 1 1 1
LI (Exclude: A) ________ ) ' !
1 1 8. Redirect 1 1
1 I /ndn/broadcast/ncnu/chat/members ! !
! ! (Exclude: A) ! !
1 F--------S e st e o >1 1
1 ' 9. Redirect 1 1
1 1 /ndn/broadcast/ncnu/chat/members 1
' L. (Exclude:p) _______ T N
: : 10. Return : :
' I /ndn/broadcast/ncnu/chat/members/A ' ]
1 ottty 1 1
1 1 1 11. Return 1
1 1 1 /ndn/broadcast/ncnu/chat/members/B |
1 e [ T
1 12. Return 1 1 1
1 /ndn/broadcast/ncnu/chat/members/B 1 1 1
[ 1 1 1
1 1 1 1
1 1 1 1
1 1 | ]
1 1 1 1

Blz -+ ~ Search Module % 4 /4%
Search Module 3 3% & s P #75 4 @& * —‘ﬁ 75 5y o d 3> NDN 5 — i¥
~ feengl o GF € 7 ndn/broadcast 4 i %M WY P0G S Y
T B A T;rsg w % » 2 NDN Node ¥ * i# % £ J< 3| 9 Data > gﬁé%k TEH

ek {8 o #7120 > Search Module # Interest + 4v » 7 Exclude (> Interest - 38

\\\Xr

#eo ffeske w ki Data g * —‘ﬁ) » W e K E dranig —“‘Ff °
GAEe Lagunfe? o AR B ‘1‘5'3 3 Prefix /ndn/broadcast/ncnu/chat/member
% User BEIF ART T g —“‘Ffﬂi‘ » ¢ & * Search Module -
B & &4 % - = Interest /ndn/broadcast/ncnu/chat/members {5 » NDN
Node ¢ 1395 /ndn/broadcast » 7 Friz £/ 4f03te > © ® 7 fie AJ? B ¢ Prefix >

Tt > 3% Interest T AR Bo 45 ¥ 0 AR B ¢ #p ¢ 71D 7t % Data ¢ Name
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{4 » 4o : Data /ndn/broadcast/ncnu/chat/members/A » K isw & o 4% - = FdPHF P >
Axw g o Fp > User ¥ € 4c¥] A e Data > B ¢ Data B] £4% NDN Node % 3 -
¥ > # 1% = = Interest /ndn/broadcast/ncnu/chat/members T ¥ % Exclude
fer e g0 F | “A” > NDN Node i% 7% ¢ #-Interest #i% T Ai?B-m AR B
» X ¢ w @ Data s iz § Data $]iZ NDN Node 7% iz > NDN Node ¢ Rk
Interest ' 71 Exclude » 2| %7 A &_f Ak "f Sy E P o Ft o B g Data
/ndn/broadcast/ncnu/chat/members/B % & 4 User » A = Data P2 & 3 o
At auF (TR T 0 R & 3F 4 { #7 Interest <7 Exclude > )*J"%LEZ CERP A

F\ E‘f’)’:‘-r”ﬁ %ﬂ\l— B * —%I'Z o

% z -] & Session Module

The callee accepts the session The callee declines the session
A B A B
! 1. Send ! ! 1. Send !
: /ncnu/chat/B/session/100-Trying ' . : /ncnu/chat/B/session/100-Trying .
; (Interest Lifetime = 10000 ms) J , (Interest Lifetime = 10000 ms)

: 2. Return : : 2. Return |
, /ncnu/chat/B/session/100-Trying | , /ncnu/chat/B/session/100-Trying |
1 (Content = "200 OK") ' 1 (Content ="403 Forbidden") ,
D e e T T R e
1 1
1 1 1 1
Bz - - -~ Session Module % 4 /i 42 (&% ~ 4£9)
The callee doesn't response The callee is already in a session.
A B A B
! 1. Send ! ! 1. Send !
: /ncnu/chat/B/session/100-Trying : : /ncnu/chat/B/session/100-Trying :
; (Interest Lifetime = 10000 ms) | ; (Interest Lifetime = 10000 ms) J
----------------------------- ' - e e e e e e e e e e e e =
: 2. Timeout : : 2. Retum :
; . e /ncnu/chat/B/session/100-Trying
:/ncnufchathfsessmnﬁ 00-Trying : : (Content = "486 Busy") :
R e T T T e el
I 1 1
1 1 1 1

Bz - - ~ SessionModule % £ /A2 ((1F ¥~ & g T)
M + - 3 Session Module 513 4 jitfz o i€ * F G i0&F = A

LHE ) VW UERE- ?i;ﬁfﬁ (callee) » ZrH2E > ¢ 3% o
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Bk ARRBA B * - “’fié.‘ﬂ” 7 Session Module 7 Prefix » (A 7
/ncnu/chat/A/session » B 3 /ncnu/chat/B/session) » @ 4t =x ¥ d A % B ’;*:Lg
oA SRS ;:ﬁ (caller) » B 7 =% ;fr‘ﬁ (callee) °

A ¢ %18 Session Module » B i% i Lifetime 5 10000 ms (10§;) 5 Interest >
Name = /ncnu/chat/B/session/100-Trying » B {2 3| Interest & » 5 10 F; chpF fF /4

THEFERR -
B #7% & ¢ Data » Name & /ncnu/chat/B/session/100-Trying > Content | ¥ 3
» 200 OK g ﬁ 403 Forbidden - 200 OK i+ %4 B (callee) wiE 2 0403
Forbidden P] % % B (callee) 4£ & g HEiE oo
A %10 25 4 ¥ B w i@ e Data > B § 2| %73% Interest @ § Timeout
T NABRFEREEL o R ShEETOVL O LMFBEIR

w J& Data > # Content p % 7 486 Busy

% 7 -] & Message Module

A B
: 1. Send /ncnu/chat/B/message/message content :
I 2. Retum /ncnuichat/Bimessage/message. content |
! (Content: 200 OK) !
bm = mm e emm e 4
: 3. Send /ncnu/chat/A/message/message content !
l‘.4. Return /ncnu/chat/A/message/message_content I
! (Content: 200 OK) !
e e e e e e e mm e ———— »
1 1
1 1

Blz -+ = -~ Message Module % 4 /42
Ble -+ = % Message Module 5 4 iz o 4 % ;;_:ﬁ # % € 3% (Session) s7uE
F 218 0 L f Ko Fé—‘ﬁ g TP F o F T;K ¢ X 7 Message Module 7
Prefix (A 3 /ncnu/chat/A/message ° B % /ncnu/chat/B/message) » B3k A & » B i
D134 (Hello) > A ¢ fe¥tiziz2 @ ﬁg?] * 3 A 0 &% Message Module € #-3t 4 p 7
(message content) '},]. . Interest 7 Name {8 * » 4r ! /ncnu/chat/B/message/Hello >

7R 14 1% 1 Interest °
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% Bz 3] Interest 2 {5 » R ¢ ¥ & Data > Name =

/ncnu/chat/b/message/Hello » Content 5 2000K » # 77 & eI 4 7 o

% = /] & VoiceChat Module

The callee accepts the session The callee declines the session
A B A B
! 1. Send ! ! 1. Send !
: /ncnu/chat/B/VoiceChat/100-Trying : : Incnu/chat/B/VoiceChat/100-Trying :
, (Interest Lifetime = 10000 ms) | , (Interest Lifetime = 10000 ms) |
-------------------------------- > eEEEEEEE PP EEEEEE TP PRREEEEETS -
: 2. Return : : 2. Return :
; /ncnu/chat/B/VoiceChat/100-Trying , /ncnu/chat/B/VoiceChat/100-Trying
| (Content = "200 OK") 1 1 (Content = "403 Forbidden") I
| €Ty
1 1 1 1

Bz + 2= ~ VoiceChat Module % 4 /42 (%% ~ 4£9)

The callee doesn't response

A B
! 1. Send !
: Incnu/chat/B/VoiceChat/100-Trying :
, (Interest Lifetime = 10000 ms) |
-------------------------------- }
1 [
[ 2. Timeout 1
I /ncnu/chat/B/VoiceChat/100-Trying !
[ 1
Oy
[ 1

Bl -+ 7 - VoiceChat Module 2 £ jifz (27 * &)
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: 1. Send :
1 /nenu/chat/B/VoiceChat/AudioData
j T g
1 2. Send 1
1 /ncnu/chat/A/VoiceChat/AudioData
r 3. Return :
I /ncnu/chat/B/VoiceChat/AudioData I
L. (Content = Audio Data) ____ J
| 4. Return |
1 /ncnu/chat/A/VoiceChat/AudioData 1
1 (Content = Audio Data) 1
VT 1
1 1

Bz - = ~ VoiceChat Module % £ 742 (85 g i%)
%ﬁﬁ%ﬁ?ii%’%ﬁéiﬂ&iﬁﬁﬁﬁ’%?ﬁﬁ?U%?

VoiceChat Module 37 iy » #5817 85 en Tl L3k 0 WA F2 o
G

22 Session Module 4pfF > 3 AR B & i * ﬁ > B OEES ‘I;’K?;.‘T_P' 3
VoiceChat Module ¢ Prefix » (A % /ncnu/chat/A/VoiceChat » B %
/nenu/chat/B/VoiceChat) = = £.d A % B3 423F § W el A 5 8 34
(caller) » B 7 % ;é—*ﬁ (callee) °

A ¢ 1% 1% VoiceChat Module # B i¥ ! Lifetime % 10000 ms (104}) £
Interest » Name % /ncnu/chat/B/VoiceChat/100-Trying B #1423 Interest 1 5 10 )
Rl S

B #t% J& ¢ Data » Name % /ncnu/chat/B/VoiceChat/100-Trying » Content }]
¥ ~ 200 OK E\'—*F]’ 403 Forbidden » 200 OK i % B ¢ £ i {7:F 5 & 3 » 403
Forbidden P X 2 FFG £ 73§ W 2 -

F A &104p i 7 43| B w @ Data > B € | %73% Interest ¢ % Timeout

T REABRFE#HBIAESR -
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17— Hd > f % & Session Module 71486 Busy €_* *t & 7 > @ K &
W g E2 @ 0 @ VoiceChat Module R B B2 ¢ &l — €5 PHRT » dgrst -
b B FAL R en# iy o Tt 0 35427 € J1IR 486 Busy e 4 o

VoiceChat Module er%-5 F 4 (Audio Data) £_i% i RecordRTC [21] #-#-F
GEATR T EIEHEE e H R R B TS e ke
IFREASDH N o doBle LA AT o Aw BE B AL €@ * Interest
Name % /ncnu/chat/B/VoiceChat/AudioData - B B!| ¢ % & Data » Name &

/ncnu/chat/B/VoiceChat/AudioData » ¥ % Content *c » %5 enF AL p % o
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R A e A kR R i (AR BT ORGP kA iFan

Web Consumer A
Interest:
/ncnu/chat/index.html/0
Incnu/chat/index.html/1

Blw -

F- B RBREHR

Web Producer

Prefix: /ncnu/chat

Web Consumer B

-

Interest:
/ncnu/chat/index.html/0
Incnu/chat/index.html/1

= ~ NDN g%
"Eaykw™ > NDN ¥ i KR 0 2 F R AFFHnfiet vy w gl @

B i o 4oBle - = 757 > Web Producer ¥ 17

/ncnu/chat » @ Web Consumer +

T % 4 Interest i% J)

B # 7 NDN 2 # i Prefix

#- Interest i* '] Web Producer » i&m P~{¥ Data enw g o
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- Web Producer

Prefix: /ncnu/chat

IP 10.21.23.100/16

OS Ubuntu 18.04

NDN Node
E IP 10.21.20.18/16

OS Ubuntu 18.04

AN

Web Consumer A - Web Consumer B
Interest: Interest:
Incnu/chatfindex.html/0 Incnu/chat/index.html/0
/ncnu/chat/index.html/1 /ncnu/chat/index.htmli/
IP 10.21.23.110/16 IP 10.21.23.120/16
OS Ubuntu 18.04 0OS Ubuntu 18.04

Eg]‘E NN ?P;&%%Eﬂf%‘:

DN 7% & 2_4= iy & 4% & native mode > F]pt @ 2 h38 4 > 7

e
p
=
hpas)
il
Z

H_ Tunnel &0 NE T A TP g2+ o 2 F %Y & S B ¥ & * Ubuntu 18.04

—_

TE AR, X IRE T - BIP o doBle - A7 o 512 NDN Node & =

~

Tunnel =77 ;% > & {7 2 FF NDN 3 # z’ﬁ@ﬁ%l °

% = & NDN Node
NDN Node & * NDN Forwarding Daemon (NFD) #& i~ NDN 4 g2 PR 5% >
4c 1 2= = Tunnel ~ 22 Prefix 12 % i% 1§ Tunnel i& {7 NDN 4t ¢ chi@if o
Web Producer ~ Web Consumer §? NDN % F TFpFid 20 & % ?5'3 ¢ £2 NDN
Node & * Tunnel - # » > Web Producer £2 Web Consumer ¢ £2 NDN Node 7 Port:

6363 i = TCPif & > ¥ 12t TCP @ R 1% % Tunnel ; NDN 3 | W peid 3 i € &2
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NDN Node 7 Port: 9696 £ > WebSocket 1 48 » ¥ 12t WebSocket & % T %
Tunnel -

¥ - -] & WireShark #73 ¥+ NDN it & hfzi7

>> git clone https://github.com/named-data/ndn-tools.git

>> sudo cp ndn-tools/tools/dissect-wireshark/ndn.lua\

/usr/share/wireshark/ndn.lua

% 3% Wireshark ¥f NDN 3t @ a4 47 » ¥ 12 i@ % [22] #74% & ¢ dissect-
wireshark > #- tools/dissect-wireshark p 7 ndn.lua *x & Wireshark e% 2% p & (&2
init.lua - P 4%) > Ubuntu 18.04 % % Wireshark 3% "tér— > R4 X P &5

/usr/share/wireshark -

- deprecated function names
datafile_path = Dir.global _config_path
persconffile_path = Dir.personal_config_path

doftle(D;‘-\TA_DIR g
dofile(DATA_DIR..

-dofile(DATA DIR.."

Bz + 4 ~ Wireshark #73 NDN 4} ¢ f%+7 (init.lua)

>> sudo vim /usr/share/wireshark/init.lua

% 2z Wireshark % % P 4% einit.lua > & dofile(DATA_DIR.. "ndn.lua") ™
= » 374 dofile(DATA DIR.. "ndn.lua") » 4c@lz + 4 =7 o

% = -] & TCP Tunnel #uE >
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https://github.com/named-data/ndn-tools.git

1 0.000000 10.21.23.100 10.21.20.18 TCP 74 43954 - 6363 [SYN] Seq=0 Win=64240 L
2 0.000011 10.21.20.18 10.21.23.100 TCP 74 6363 - 43954 [SYN, ACK] Seq=0 Ack=1'
3 0.000353 10.21.23.100 10.21.20.18 TCP 66 43954 - 6363 [ACK] Seq=1 Ack=1 Win=6
4 0.000771 10.21.23.100 10.21.20.18 TCP (NDN) 473 Interest /localhop/nfd/rib/register/
5 0.000776 10.21.20.18 10.21.23.100 TCP 66 6363 - 43954 [ACK] Seq=1 Ack=408 Win
6 0.003969 10.21.20.18 10.21.23.100 TCP (NDN) 829 Data /localhop/nfd/rib/register/h%18
7 0.004482 10.21.23.100 10.21.20.18 TCP 66 43954 - 6363 [ACK] Seq=408 Ack=764 W

Frame 1: 74 bytes on wire (592 bits), 74 bytes captured (592 bits)

Ethernet II, Src: PcsCompu_56:aa:8e (08:00:27:56:aa:8e), Dst: Vmware_ec:83:76 (00:0c:29:ec:83:76)
Internet Protocol Version 4, Src: 10.21.23.100, Dst: 10.21.20.18

Transmission Control Protocol, Src Port: 43954, Dst Port: 6363, Seq: @, Len: @

B 7 + ~ i = Tunnel (TCP)

Web Producer £2 Web Consumer %_£? NDN Node 77 Port: 6363 & {7 TCP it
oo T gt TCP i (% 5 Tunnel » &£ NDN ¢4t ¢

Bl -+ %= Web Prodcuer & > Tunnel e:E 4% » 315 %%l 1~3 &7 > Web
Producer ¢ # £ NDN Node i& 7 TCP ¢h= * 2 45 o = & TCP s & eiud = 2 1 »
Web Producer § 14 ¢* TCP i & ¥ 5 Tunnel - 5 F|3f ¢ Sn%L 4~7 » Web Producer %
i #* Tunnel (TCP i %) » i 5] NDN 4} & i@ if o

#& T4 4% NDN Node + #1P~ > g+ 5 ensl60 ; fpa—+ [P Address
% 10.21.20.18 ; Capture Filter % ip host 10.21.23.100 (Web Producer 7 IP = 4t) o
* 8% Web Producer 7 Tunnel 22 = » 12 % 2= 2 2_ {5 » NDN 4} ¢ i% i Tunnel

B g AT o

% = -] & WebSocket Tunnel £ *

1 0.000000 10.21.23.110 10.21.20.18 TCP 74 38998 - 9696 [SYN] Seq=0 Win=64240 Len=0
2 0.000012 10.21.20.18 10.21.23.110 TCP 74 9696 - 38998 [SYN, ACK] Seq=0 Ack=1 Win=2
3 0.000353 10.21.23.110 10.21.20.18 TCP 66 38998 - 9696 [ACK] Seq=1 Ack=1 Win=64256
4 0.000704 10.21.23.110 10.21.20.18 HTTP 504 GET / HTTP/1.1

5 0.000709 10.21.20.18 10.21.23.110 TCP 66 9696 - 38998 [ACK] Seq=1 Ack=439 Win=3008
6 0.000784 10.21.20.18 10.21.23.110 HTTP 222 HTTP/1.1 101 Switching Protocols

7 0.001194 10.21.23.110 10.21.20.18 TCP 66 38998 - 9696 [ACK] Seq=439 Ack=157 Win=64
8 0.003447 10.21.23.110 10.21.20.18 WebSocket .. 116 Interest /ncnu/chat/Alice/alive

9 0.003509 10.21.20.18 10.21.23.110 WebSocket .. 125 Nack /ncnu/chat/Alice/alive

10 0.047706 10.21.23.110 10.21.20.18 TCP 66 38998 - 9696 [ACK] Seq=489 Ack=216 Win=64
11 0.545352 10.21.23.110 10.21.20.18 WebSocket .. 486 Interest /localhop/nfd/rib/register/h%27%

Frame 1: 74 bytes on wire (592 bits), 74 bytes captured (592 bits)

Ethernet II, Src: PcsCompu_56:aa:8e (08:00:27:56:aa:8e), Dst: Vmware_ec:83:76 (00:0c:29:ec:83:76)
Internet Protocol Version 4, Src: 10.21.23.110, Dst: 10.21.20.18

Transmission Control Protocol, Src Port: 38998, Dst Port: 9696, Seq: 0, Len: @

BT -+ - -~ > Tunnel (WebSocket)
NDN 4 F TrpFid 2 i * .22 NDN Node = Port: 9696 :& {7 WebSocket i# 41 »
I 12t WebSocket :# 4 iF 5 Tunnel » & 3f NDN &4t ¢
BT - - 5 NDN % F FpFid 2 g * 22 > Tunnel 4G 42 > 3¢ %5 1~3 &
7+ > NDN % F pFid 3t g * ¢ L2 NDN Node i {7 TCP e= = 2 45 » = = TCP
@AE 218 3P %5 4~T Bt > NDN & 7 FrpFid TLI(?;’#E'E% ¢ TCP & 5
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Z 5.2 WebSocket © = = WebSocket e7%E = 2 {5 » NDN e | T pFid 2 i * ¢ #-pt
WebSocket i % Tunnel ° # 14 —p T4t & %% 8~11 > NDN s F TrpFid su g * 518
#t Tunnel (WebSocket & %) » iE ] NDN #f& ehigif o

NDN 4 F T i 3L * 741 & 758 2 & NDN Node  #iB~ » gt —+ %
ens160 ; TP Address 5 10.21.20.18 ; Capture Filter 5 ip host 10.21.23.110 (NDN #
FWR@URT hig ¥ IP k) o % 30 NDN # 7 Fp g 31k < Tunnel

E o 1 EE 2 18 > NDN 4t ¢ i :iF Tunnel (@ E:E 48 o

. & NFD % %

1. sudo apt-get install software-properties-common
2. sudo add-apt-repository ppa:named-data/ppa

3. sudo apt-get update

4. sudo apt-get install nfd

% 1 -] & 3 Tunnel 2 *
1. sudo vim /etc/ndn/nfd.conf

2. Uncomment localhop security » line 338 ~ 344 (Blz -+ ~ )

localhop_security

{

trust-anchor

{

type any

BT -+ = ~ B} localhop_security ;1%

%= /] & £/ NFD
1. sudo nfd-stop
2. sudo nfd-start

% = & Web Producer
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Web Producer {  #& & NDN & 7 G B~PRi% > & * NDN & Python & i+ 3
PyNDN [23] » i% i # #73% &9 library » Web Producer ¥ 71 % & 12 T S 4654 i o

1. :}F] Z_NDN Node 7 [P =4t
face = Face("10.21.20.18")
ATH{ 47 # Face I ¥ 35 T NDN Node 1 IP =4t -

2. = Tunnel £ :1p Prefix
face.registerPrefix ¢ % = = Tunnel % * > 3% ¥ 4 it » NDN Node
TP Prefix 12 % @35 NDN 3f¢ o
% i face.registerPrefix > Web Producer #:&{73xp 2w » ¢ L
NDN Node % 42 TCP it &R e7iE = o = & TCP 1@ M eruE = 218 »
Web Producer ¢ ¢ TCP :& 5 i % Tunnel > » NDN Node i# 4} 31
Prefix =3t 4, o

3. w g Data
face.registerPrefix(prefix, onInterest, onRegisterFailed) % :Xf Prefix =
function » % — 1 %8k % 1P & Prefix 5 % = % %#k onInterest & 1z 3]
Interest ¢ » W J& Data 7 function ; % = i % #c onRegisterFailed % 3

P &% prpF > # {7 &0 function ©
¥ — -] & % % PyNDN
1. sudo apt-get install python3 python3-pip # Python3 Version = 3.6.7

2. pip3 install pyndn # PyNDN Version = 2.10bl

% = -] & 3% Z_Web Producer

1 [NDN Node]

2 IPAddress = 10.21.20.18

=
X

.
I

3 ¥ NDN Node 7 IP i1t (webProducer.conf)

>> vim webProducer.conf
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% & PyNDN &% 552 15 » € % & % % NDN Node #71P Address » #* % 5 &
12 := Web Producer P 4% ¢ webProducer.conf ¥ » #-[NDN Node] =7 [PAddress

2k % % NDN Node 7P =4 » 4r@lT + = o

1 const ndnNodeIPAddress =

BlZ + = -3k % NDN Node 7 [P 4k (Www/js/main.js)

>> vim Www/js/main.js

"% 7 Web Producer 2. *t » B Z 2% T NDN % F T pFid 2 & * 7 NDN Node -

4oBl T L v At 0 i3 3 Web Producer P 4% 1 www/js/main.js  #-

ndnNodelPAddress 3% ¥ 5 NDN Node 7 IP Address °

% = /] & Web Producer § it

lab409@webproducer:~/Documents/WebProducer$ python3 webProducer.py
Register prefix /ncnu/chat

Bl L7 -3 7 Web Producer

>> python3 webProducer.py

2% % 4% NDN Node e IP =4t 2_ {8 » 3 F % WebProducer e170 47 3 {7
webProducer.py > 4-®|7 -1 -

Web Producer i# * PyNDN * ¢ face.registerPrefix 3 Prefix (/ncnu/chat) »
% 12| Interest > € P~ Prefix 2 {5 <7 Name > 4 : /ncnu/chat/index.html/0 » B~
index.html > 0 % B 7| 5L48 o 12 gt 17 5 Web Consumer #7& Rl 5 i - &% 12
* Python 1 open #-3f % 1 iz~ 97538 i ~ > £=open (filePath, "rb") o P~ F#L {5 »
3% B 75048 > ;-2 % & Data 1 Content f % ° # & » »¥ »? face.putData(data) >

#- Data i# ) o
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% NDN ¢ > 4345 PyNDN 3% i Library » H & = @i‘la?l_ﬁf ~ (Maximum
Transmission Unit - MTU) % 8800 bytes > @ ## % & £ e+ | 7 i 4218 L P4 » F)
B0 € e Name 95 & 3 4 B 7 5LF5
(4= : /ncnu/chat/index.html/0 ~ /ncnu/chat/index.html/1)

R R A B R ROl PR B U E AR IHRE

7

% = & Web Consumer
7 4 (79 NDN Browser #3% = & C++ 2.} > ~%; < ¢ 1 Web Consumer %
YR AR B E BT & REERS S 2 sy PyQtS &2 PyNDN i 7§ it o
PyQt5 3 — # Python sl * % 4 & 4255 » i T 0884 » & ¥ S PyQtS #
® - B2 2 QWebEngine [24] » %< 5 Google j£_Webkit 4 % blink * - 7B
e11 Chromium » H # i 48§ 2 > o e PyNDN #73% e 3V E > ¥ % 20

Python #4 {7 » & &% & 4 F # it ¢ Web Consumer °

¥ - -] % % % PyQt5 22 PyNDN
1. sudo apt-get install python3 python3-pip  # Python3 Version = 3.6.7
2. pip3 install pyqt5==5.11.2 # PyQt5 Version = 5.11.2
3. pip3 install pyndn # PyNDN Version = 2.10b1
(AF SEorie * ahitd % 3% Ubuntu 18.04 LTS » 5 iR » PyQtS &
SILL 2@ avmhgig &4 AL > Bt fig— o) g ATHE AR A F A @

Wb R R RER )

% = /] & PyQt5 &2 PyNDN &% 4 %
PyNDN:
Face:
face = Face ("10.21.20.18")
ATH 47 12 Face ¥ ¥ a‘;q Z_NDN Node 1 IP =3t -
face.expressInterest:

face.expressinterest ¢ £ = = Tunnel & = > 3 ¥ { & %4t Tunnel
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2

® o @y NDN #+#& o it face.expressinterest » Web Consumer 7
* TCP :f 5 i 52 Tunnel » » NDN Node ¥ d! Interest % ¥

# M Interest 2 % > ¢ £ % NDN Node = > TCP i & » 3 ¥ 1
Data -

face.expressinterest (interest, onData, onTimeout):

% - B S8 & % 9 o Interest 5 % - 1 % #c onData 5 Jc¥| Data 14

#7317 &0 function ; % = B %% onTimeout = Interest = & Timeout
fs » #7347 b function o
PyQtS:
BrowserWindow:
2R AR DR G oo
PyQt5 QWebEngine:
QWebEngineView:

(RS P

QWebEngineUrlSchemeHandler:

IR S SIS SRS S REARY
r 7 % QWebEngineView o
QIODevice

R
=

s

AT AR o &t e ¥ QWebEngineSchemeHandler 45 e >
% QWebEngineSchemeHandler % F L p %
T

s » £ % iF QIODevice

% = -] & % ¥_WebConsumer
1 [NDN Node]

2 IPAddress

= 10.21.20.18

-+ ~ 3K % NDN Node 1P =1t (webConsumer.conf)
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>> yim webConsumer.conf

= = PyQt5 £2 PyNDN % %2 {2 » ¢ 7 & 3 T_NDN Node 7 IP Address >
pLPE F & 2 22 Web Consumer P 47 7 webConsumer.conf ¥ # > - [NDN Node]

e [JPAddress 3% ¥ = NDN Node s IP =4t » 4r@BlT - = o

¥ 2 -] & Web Consumer § %

lab409@webconsumer:~/Documents /WebConsumer$ python3 main.py

Bl -+ - -3 7 Web Consumer

>> python3 main.py

% ¥ 4% NDN Node 7 IP =4k 2 15 > 4% % £ WebConsumer 1710 47 34 {7

main.py * 4c@l7 + - o

< > Refresh | ndn://ncnu/chat/index.html €|
Your Name: Register

Members in NDN Chat

No Members

Wi+~ NDNRFrpEFiik* F o
= 7 # {7 Web Consumer 2_{¢ > ¥ & & + * ca URL fiﬁia?l » o
ndn://ncnu/chat/index.html » ¥ ¥ & Web Producer i& {7 NDN 4 7. T pFid 20 g *

B R BE2ZSHE G IR T L N ATT o
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1= > Web Consumer > 3 & (& B 43 » NDN $2 #_7 URL ﬁ?] NI P4
f3+7 HTML pF » {8 ek Jh = 7 £ 3 NDN % T‘Qﬁ’lURLﬂi%J » oo
B £ > Web Consumer ¢ Browser Ul £ | * BrowserWindow 7 % @ = &7 >

£ - BT E A URL 7 -

w3 ndn:// G BER R URL #6 0 € #-H iF L Interest <77 Name »
4r ! ndn://ncnu/chat/index.html -> Interest /ncnu/chat/index.html
¥ & Name 78 = 4o F B 7|50 -
4r : /ncnu/chat/index.html/0 ~ /ncnu/chat/index.html/1
» ¥k 15 1% 18 NDN Module #-H i# 1 o

igfRA i¢ * 3] PyNDN ¥ i1 face.expressinterest » % ) Interest 2 #i » ¢ £
22 NDN Node & = 42 TCP i & » & 12t TCP i & ¥ 5 Tunnel > £ 7| Interest &2
Data ez ix o

"LE RSB F R 4 > § jcd Data chContent f 73 5 2 F 8 pF o TV F
LU A= Y @iﬁiﬂ £ od 3¢ -HIML Ak €487 = 5 -] P ECBIE - Fpb o
Web Consumer ¢ L#-H &% > ma & i €3 »~ o

PREA AT - BRI o BRI
~»HIML # > d >0 f F T & o ﬁ%] 1y #5 QWebEngineView # 323 NDN 132 %_» i3

» e URL 5 NDN 2 %_(ndn://) » #m > Bk

=

= QWebEngineView § 1 Text q};“ﬂi;‘l At HTML #h & enp 5 o & 247 432
NDN 3 Z_ ek 48 » 2 & & QWebEngine © “wen 7 (4 http ~ https ~ file) » #7
WA 4% ndn o

% i QWebEngine P 70 A ATH{ 2 T 2 P X3 = (30 Szt ) A
R ez 2 A HTML #5752 %5 46 % 0 12 file 5975555 » o dopt 7

% = HTML el 7 65 d

o

~E\

P ERR XY éaﬁ% ‘Eefs 0 BF O HTML A% ® 7»5 M URL i F
LR R R R4 0 4o <img> ~ <audio> ~ <video> ~ <javascript> & o F]t > "f K
Z%Lfé}&hbﬁlﬁ%] » e URL & it £ 4 NDN 2 22 b > i eh TR KRk e § & L
NDN LmURL%J/\ om A &% NDN B~ % F {5 §rF & ™ http & —*‘Ff https

£ 6 RR SR F -
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wf#4T HTML #% % chpF iz - 157 % ¢ @ * QWebEngineUrlSchemeHandler

FuledL 7 kiR 5 URL ik & - QWebEngineUrlSchemeHandler ¢ P~ 18 izt 3
AL kR URL » 3 & #73% URL (4 © ndn://ncnu/chat/js/main.js) #7& Fep 5 5 £
¥ > 1% % Interest {7 Name > & ¥ % Name 8 {5 > 4 } B 7| 5045 -
4r : Interest /ncnu/chat/js/main.js/0 ~ /ncnu/chat/js/main.js/1
P RRiSEH D o

PRk % 2 * PyNDN ¢ face.expressinterest » 7 ¢ % 2 1 Tunnel + > i
7 NDN #t¢& chiBvf - 5§ ¥ 5 7| 5La8 3 8 4 > 4 Jc P Data # Content N 7 &

TFE TV B i @ﬂi%] zZ o f&fjf‘u{HTML Parse and Render Module *7
A

ER-YY A N i ] %J ¢ » QWebEngineSchemeHandler ¢ & * QIODevice #-#

R

TN FH o~ 0 ¥ OH A E 2 % QWebEngineView & f#ﬁ%] MER oo BTG R

Fis > 1§ S ERRT auzif > (5 d QWebEngineView - = if‘ux‘?\Browser Ul

T8RP TRFER? (Multicast)

P WP R BER S ] > (e - - g 2B 7 & B R Multicast 0
ehk o % 7 [25] 28 0 AP F R T IR Y (Push-to-Talk) 2-F i & * R E
3. NDN 3t ¢ Multicast 41 ca8 4 o W& fig* £dp > hfe - FHEp 9775
rH o E A - SR REOKE (S App & L RRT IR o Aok
Alice 7 3 4 & BIRLHE B P 0k Jrif o3 0 Alice € # 7 4 0 EHF BN P
T o M pF BN o B A gﬁé«‘}% Fd o T H 2 e e 3 Alice 935 5
WA oo B P Alice BIERZEETNLE B NFEE B L) B A nRk TR
b B~
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Fool B IPRBROTRITER?
Bob

Server

Carol

o/
\

T L4 s TR
1P f‘ﬁ"ﬁ%\i‘ s "’Pj@"’l";ﬁ_}%? {—ﬂ’i’r Server » = > (& # jﬁ]‘ﬁ?ﬁ?&g% (%3-_:,?‘);,5,
B iE Gt AL L[26] 0 4ot B AR @RS T2 BAgaEE Bk

HACB T 4 9T o
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o

Alice Server B Carol

1 1
y 1. Floor Request |

-----O

4. Floor Taken

6. Audio Data

F
1
1
1
1
1
1
1
1
1
1
1
1
I
1
1
1
1
1
1
1
1
1
1
1
1
-— -_— -— -— -— -_— -— -— -— t -— -— -_— -— -— -— -— -— -— -— -— -— -

7. Audio Data

i
: 9. Floor Idle

A V4

@
1
o
@]
=
Y
D
]
av)
(7]
]

Bl L~ TR BT
B~ - 5 T3 gk (T AR o B3R 0 Alice ~ Bob ~ Carol ffe — ¥l >
2 Alice § # 5 A AE BELFFHeHH ¥ L (Bob  Carol) - Alice § 47T $d

w Server & fo% 354¢ (Floor Request) > # % Server § &3F Alice eh%&  (Granted)
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¢ 4 Alice £ 4_7 (Floor Taken) °

¥ ¥ % Bob ¥7 Carol £ 4r > 3
¥ Server » d Server #-3%

BB Rt f8 i Alice I € B A #3E 5 A

FMLEET FFEF P 7 Bob & Carol v 4 PF i1 Bob & Carol ¢ &2 P~ 173 3

P e fe 3] Alice 9RE§ L
A& PE g
e384 (Floor Release) ¢ » Bob £ Carol 4 ¢ j&_Server {2 3| P #3548 @ S ff )

et 4 (FloorIdle) » 3% » 4 sc &7 e85 3

¥ & NDN TR ¥R

Jﬁﬁﬁ?@?E&&ﬁ%ﬁ%aﬁﬁaﬁ@ﬁﬁﬁ’ﬁTﬁgﬁm’i

77 A 4o 1% NDN Multicast #41] > iE 7] NDN & 3l * chr i

Bob

Group lab409 .
Alice

@ NDN
1

Bl= L — ~NDN®F TqIrxfpr

S h LTS N AT K LT R h EF R

# NDN ¢ - %
Boheor i B H SR T TREE ALY iAo 2t kA FE
NDN % F e ¢ B> &% Fdom P @8 2 ~ @i 5 T

AEOEEEE 0 BRI L - A
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Check User Alive

Interest: /ncnu/ptt/user/Carol/alive is Nack
/ndn/broadcast/ncnu/ptt/user is registered
/necnu/ptt/user/Carol is registered

User Searching Thread is started

Group Searching Thread is started

Add User: Alice

Add Group: 1ab4@9

Add User: Bob

Selected group name: 1ab4@9
/ndn/broadcast/ncnu/ptt/group is registered
/ncnu/ptt/group/1lab409/alive is registered
/ncnu/ptt/group/1ab409/user/Carol is registered
/ncnu/ptt/group/1lab409/1ist is registered
/ncnu/ptt/group/lab409/list/add/Carol

"-T_(E) ["Alice", "Bob", "Carol"] )

S—-—__

main.js:303
main.js:511
main.js:158
main.js:159
main.js:324
main.js:333
main. js:424
main.js:432
main.js:424

main.js:95
main.js:173
main.js:174
main. js:175
main.js:176
main. js:345
main. js:46@

NDN Push to Talk

&3

B> += "NDN#F FRTHE* § 6

Hoh L o el L o BF R HEPN SRR 0 BT - B
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b

Fode o it H :ﬁ? MBEFEEDFEE PR Aie S 0 ERBLE T

A v eaEe A dofla L2 0 o

Alice Group lab409 | &

. /ndn/broadcast/ncnu/ptt/group/lab409

MfloorTaken/Alice

Bl= - 2= -~ NDN & 5 3%

3% Alice ~ Bob £ Carol ‘F’S © e~ e [ab409 0 F T A ‘Ffiéinm 7 Prefix
/ndn/broadcast/ncnu/ptt/group/1ab409 » H #  /ndn/broadcast 7 NDN &R 5 H-5¢ o

% Alice 7 FF ML E B EFep B ApF Alice § BT Fbad ¥ ¥
Interest /ndn/broadcast/ncnu/ptt/group/lab409/floorTaken/Alice » #* Interest 77 Name
7 fie Prefix /ndn/broadcast/ncnu/ptt/group/1ab409 - 4r + > NDN ¢ 1345
/ndn/broadcast » #| %7yt Interest & #f3t¢ » Fot ¢ H#-Interest i¥ I #7775 -p 7
Prefix /ndn/broadcast/ncnu/ptt/group/lab409 cig * —‘Fﬁ‘ °

BF o ¥ p Bob & Carol i{ § 47
Interest /ndn/broadcast/ncnu/ptt/group/lab409/floorTaken/Alice » ¥ # P = ¥ 2 1ab409

e 354 ¢ 54k Alice P~4_ (Floor Taken) » 4- @] = + & #77% o

64
do0i:10.6837/ncnu201900270



Alice Group lab409

. /nenu/ptt/group/lab409/user/Alice/audio/0

= -+7 ~NDN & £33 2 4

Alice Group lab409

. /nenu/ptt/group/lab409/user/Alice/audio/0

Bl - ~NDN % &% 5 4

$LpE > Bob £ Carol #-& 2 P~ (B 54 - & 7 € % Alice & 3353 L 4 >
/ncnu/ptt/group/lab409/user/Alice/audio/0 (0 & B 7| 5LFE) o fisfsfl o € @ * 3
NDN Multicast #+] > % Bob ¥2 Carol 35 4p = Name = Interest i¥ ¥] NDN &pF iz »
d & fend - > FAL 0 Fpt > NDN ¢ #-Bob ¥ Carol 7 Interest 2 H i& » e
/i B 34 = Pending Interest Table p > %15 » & i = — > Interest i¥ 3| Alice > 4]
2 LT o

Alice # e § M 4 > ¢ 11 Data 3+ ¢ % J& » NDN ¢ 1345 Pending Interest
Table #iiedk » 4= Data 4F @ = 5 > » & W] @ 3E£% Bob ¥ Carol » 12 :E 3] NDN
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Multicast ] » 4rB] = + = #7177 o

B AP Rt o A ARSE S TR L Server > £ 4 Server B BT
Rl T eni * K o fa2 T 0 FIG NDN enfd ] # 5 G IE g TR
NDN it 43 p fﬁﬁ:&Data%é"@ldv‘ S H B H R ¥ o A BRI NDN

Multicast s34 & > & 5 E G s a2 o

Alice

[\
/ndn/broadcast/ncnu/ptt/group/lab409
floorldle #
> O'I;%r
Ca,

Carol

B= L= NDN %3

Bfs 0§ Alice 5 R # 35 hpFiz » ¢ )
/ndn/broadcast/ncnu/ptt/group/lab409/floorldle » #* Interest 57 Name 7 fiz
Prefix /ndn/broadcast/ncnu/ptt/group/lab409 - 4r + » NDN ¢ 343 /ndn/broadcast > ¥|
%7 )" Interest A4 44+ ¢ > F14t ¢ - Interest i¥ T #7F 1P
Prefix /ndn/broadcast/ncnu/ptt/group/lab409 i@ * —‘F% °

#%¥ > #H e P 1 Bob ¥ Carol { 5t #4rp W Z4E e S84 (Floor Idle) »
Yol S S o U PR RN NG AT R T R B W R F R

,
8 o
ns
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$IF RHRES

AR L # D NDN e | il su g 0 SEF EINFERGE o v USE
Web Consumer A £ Web Consumer B & Web Producer P~ Ji& * > % NDN e §2
aEE D LR T E-B A o
FY LBREGOIP hdeT
1. NDN Node —10.21.20.18
. Web Producer — 10.21.23.100

2
3. Web Consumer A —-10.21.23.110
4. Web Consumer B —10.21.23.120

7% NDN Node t - & * Wireshark & (7 g% o
NDN Node:

i+ ensl60

IP Address: 10.21.20.18
Capture Filter: tcp port 6363

(% £ Tunnel 4t ¢ )

(4 A A7H Wireshark ¥+ NDN 3} ¢ hj2i7 » 553 54.2.1/] &)

3 @8.800576 16.21.23.100 16.21.20.18 TCP 66 36320 + 6363 [ACK] Seq=1 Ack=1 Win=64256 Len=0 TSva
4 8.801111 10.21.23.100@ 10.21.20.18 TCP (NDM) 454 Interest /localhop/nfd/rib/register/h%0C%07%0CXA8%A
5 @.8e1116 10.21.20.18 10.21.23.106 TCP 66 6363 + 36320 [ACK] Segq=1 Ack=389 Win=38888 Len=8 TS
6 8.803543 10.21.20.18 10.21.23.100 TCP (NDM) 808 Data /localhop/nfd/rib/register/h%@EX@7%0CX08%04ncn
7 8.803925 10.21.23.100 10.21.20.18 TCP 66 36320 + 6363 [ACK] Seq=389 Ack=735 Win=64128 Len=08

B~ + ~ ~ TCP i sz =

Web Producer ¥2 Web Consumer ¢ 7 TCP Port 6363 F 2 = e TCP ig &% » ¥
2t % Tunnel > @35 NDN 2t¢ o 4B + ~ %75+ » Web Producer ¥2 NDN Node
=2 TCP & (3% 5 1~3) > Tt R 1T 5 Tunnel > » NDN Node ¥
Prefix thit s T (3+¢ %5 4~7) - £ 7 > Interest & 4 Data 3¢ L3 5 FHp
# e TCP 4t¢ [PSH ~ ACK] 4ix 13 ch> ¥ ffcd|2 12 ¢ v & TCPACK 4t ¢
(o3t @ MaBhl 4~5 11 2 418 ¥ 6~7 #7171 ) °
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1@ 12.358826 10.21.23.11@ 10.21.20.18 TCP 66 45716 » 6363 [ACK] Segq=1 Ack=1 Win=64256 Len=0 TS

11 12.351369 10.21.23.110 10.21.20.18 TCP (NDN) 183 Interest /ncnu/chat/index.html/@

12 12.351375 16.21.26.18 10.21.23.110 TCP 66 6363 + 45716 [ACK] Seq=1 Ack=38 Win=29856 Len=8 T
13 12.351724 10.21.20.18 108.21.23.100 TCP (NDN) 183 Interest /ncnu/chat/index.html/@

14 12.352135 10.21.23.100 10.21.20.18 TCP 66 36320 - 6363 [ACK] Seq=389 Ack=772 Win=64128 Len=l
15 12.361188 10.21.23.100 10.21.20.18 TCP 1514 36320 = 6363 [ACK] Seq=389 Ack=772 Win=64128 Len=
16 12.361197 16.21.23.108 10.21.20.18 TCP 1514 36320 -+ 6363 [ACK] Seq=1837 Ack=772 Win=64128 Len
17 12.361201 10.21.20.18 108.21.23.100 TCP 66 6363 + 36328 [ACK] Seq=772 Ack=3285 Win=35848 Len
18 12.361204 10.21.23.100 10.21.20.18 TCP (MDM) 831 Data /ncnu/chat/index.html/@

19 12.361255 10.21.28.18 10.21.23.110 TCP (NDN) 3727 Data /ncnufchat/index.html/@

20 12.361833 10.21.23.11@ 10.21.20.18 TCP 66 45716 + 6363 [ACK] Seq=38 Ack=3662 Win=62592 Len=|

Frame 18: 831 bytes on wire (6648 bits), 831 bytes captured (6648 bits)
Ethernet ITI, Src: PcsCompu 56:aa:8e (B8:00:27:56:aa:8e), Dst: Vmware ec:83:76 (00:0c:29:ec:83:76)
Internet Protocol Version 4, Src: 10.21.23.1@6, Dst: 10.21.20.18
Transmission Contrel Protocel, Src Port: 36328, Dst Port: 6363, Seq: 3285, Ack: 772, Len: 765
[3 Reassembled TCP Segments (3661 bytes): #15(1448), #16(1448), #18(765)]

[Frame: 15, payload: @-1447 (1448 bytes)]

[Frame: 16, payload: 1448-2895 (1448 bytes)]

[Frame: 18, payload: 2896-366@ (765 bytes)]

[Segment count: 3]

[Reassembled TCP length: 3661]

[Reassembled TCP Data: 06fd@e49871b@8046e636e75080463686174080269626465...]

M b4 > %- AR LT

4o@ > - 4 #7F > Web Consumer A 38 {7 % — =t e F & fedte T4 - Web
Consumer A ¢ % 22 NDN Node # * TCP it 5 (3¢ %% 8~10) » 12 pt i 4 (% 5
Tunnel > y<i¥ NDN #f# -

Web Consumer A (10.21.20.110) ¢ i% 1 & + NDN e | Fprid 2 g * o
Interest (3 $%. 11~12) » NDN Node (10.21.20.18) fic |2 8 » F] 5 T & (-P3f >
F]t € 1% /L Web Producer (3¢ %55 13~14) - # % > Web Producer (10.21.20.100)

¢ v i Data (3¢ %35 15~18 > 41 ¢ %3518 2 15 16~ 18 £ wa &) £ ¢

NDN Node #- Data &£ % Web Consumer A (3¢ %% 19~20) o

3 8.0008339 10.21.23.120 10.21.208.18 TCP 66 41618 ~ 6363 [ACK] Seg=1 Ack=1 Win=64..

4 8.808906 19.21.23.120 16.21.20.18 TCP (NDN) 183 Interest /ncnu/chat/index.html/@

5 8.6800912 10.21.20.18 160.21.23.120 TCP 66 6363 » 41618 [ACK] Seq=1 Ack=38 Win=2..
-t 6 8.801251 16.21.28.18 10.21.23.128 TCP (NDN) 3727 Data /ncnu/chat/index.html/@

7 8.001689 10.21.23.120 16.21.20.18 TCP 66 41618 + 6363 [ACK] Seq=38 Ack=1449 Wi..

8 8.001853 19.21.23.120 10.21.20.18 TCP 66 41618 » 6363 [ACK] Seq=38 Ack=3662 Wi..

Window size walue: 489
[Calculated window size: 62592]
[Window size scaling factor: 128]
Checksum: Bx848a [unverified]
[Checksum Status: Unverified]
Urgent pointer: @
» Options: (12 bytes), No-Operation (MOP), No-Operation (NOP), Timestamps
v [SEQ/ACK analysis]
[This is an ACK to the segment in frame: 6
[The RTT to ACK the segment was: B.880682008 seconds]
[iRTT: ©.888339080 seconds]
> [Timestamps]

Bl= -~ %o % & KT
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4eBl - + % Web Consumer B % = =t £ | & fhite 742 o Web Consumer

B ¢ L2 NDN Node 2 = TCP i & (3f ¢ S5 1~3) > & 1 @ R (¥ % Tunnel >

i NDN #f¢ -

Web Consumer B (10.21.20.120) ¢ i¥ 41 & & NDN 3 | W pFid 3 g * 0

Interest (3} # %% 4~5) » NDN Node (10.21.20.18) & fc |2 15 » F5 ¢ SPBif 1 >

F A g #- Interest i% /L Web Producer (10.21.20.100) » 7 £_® ¥ ¥ J& Data % Web

Consumer B (3¢ 5. 6~8 » 415 5. 6 5 £ wiEchite > e B T8 i £

% e ACK ¢ )

< > Refresh | ndn://ncnu/chat/index.html

Your Name: kKen

€]

User Ken is registered!
Alice is connecting...0

Chat is started...
Ken:

Hello
Alice:

Hi
Alice is calling...6
Accept | Decline

Alice
Bob

Members in NDN Chat

Searching is Done

Bl- - - ~NDN 47 FpFd g% 3 i

AR ERT TEENEY 20 7 F LAie HFE e R FRLNL

LG o ST IP R PP R R S R APIT 0 doB] = L - T o

B AR e o T TELR - KR B R T TR TR

& o v e 3t g% NDN Multicast 4 5y o
BT L BREDIP mhdeT

1. NDN Node —10.21.20.18

2. Alice (Talker) — 10.21.20.83

3. Bob (Listener) — 10.21.23.110
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4. Carol (Listener) — 10.21.23.120

. NDN Node

NDN Node:

i+ ensl60

IP Address: 10.21.20.18
Capture Filter: tcp port 9696
% B Tunnel e3¢ )

3 9.001412
4 8.0881585
5 8.001598
6 0.0801661
7 B.003082

NDN 4 F T3 T 5 * ¢ % TCP Port 9696 + & = en TCP i 4 » &% ¥ ¢
TCP :# < & & WebSocket & & » & 12 }* WebSocket it 42 i 52 Tunnel >

10.21.20.83
10.21.20.83
10.21.20.18
18.21.20.18
10.21.20.83

10.21.
10.21.
10.21.
16.21.
10.21.

20.18
20.18
20.83
20.83
20.18

E]__‘

NDN #t# > 4oBl- + = o

3009 44.465837
3018 44.465884
3011 44.465906
3012 44465942
3813 44.465951
3814 44.466255
3015 44.466258

W

B

10.21.20.83
10.21.20.18
10.21.20.18
10.21.20.83
10.21.20.18
10.21.20.83
10.21.20.83

10.21.20.18 WebSocket ...
18.21.23.118 WebSocket ...
10.21.23.120 WebSocket ..
10.21.20.18 WebSocket ...
10.21.20.83 TCP

10.21.20.18 WebSocket ..
10.21.20.18 TCP

g];

TCP
HTTP
TCP
HTTP
TCP

» & * Wireshark & (7 L& o

66 58428 -+ 9696 [ACK] Seq=1 Ack=1 Win=131712 Len=0 TSval=48192145 TSec
551 GET / HTTP/1.1

66 9696 » 58428 [ACK] Seq=1 Ack=486 Win=30080 Len=8 TSval=2342979587 T
222 HTTP/1.1 1@1 Switching Protocols

66 58428 -+ 9696 [ACK] Seq=486 Ack=157 Win=131584 Len-@ TSval=408192146

-+ - -~ WebSocket i s >

L

44

T\
=
o

v
2N

I\L

3u

147 Interest /ndn/broadcast/ncnu/ptt/group/lab489/floorTaken/Alice
143 Interest /ndn/broadcast/ncnu/ptt/group/l1ab489/floorTaken/Alice
143 Interest /ndn/breadcast/ncnu/ptt/group/labd@9/floorTaken/Alice
136 Interest /ndn/broadcast/ncnu/ptt/user

66 9696 = 50428 [ACK] Seq=31672 Ack=108138 Win=185856 Len=8 TSval=
133 Interest /ndn/breadcast/ncnu/ptt/group

66 50428 + 9696 [ACK] Seq=108285 Ack=31672 Win=130944 Len=@ TSval=

L = ~ Alice # T FiEfi

EE0 IR N iﬁ Alice ~ Bob ~ Carol :& {7 3£ 3% » Alice 3% ™ 4% 534 >

4eBl- - = 977 o Alice (10.21.20.83) ¢ % ¥

Interest /ndn/broadcast/ncnu/ptt/group/lab409/floorTaken/Alice (#t# $%. 5009 ~ 5010 ~

5011) » i %% % ) 51 Bob (10.21.23.110) ¢ Carol (10.21.23.120) » % 3548 © 54k

Alice P~4_

o

W [adnneme = "fdufbmoad i group b0 loo: Takentilice”

Ho Time Source Destination Protocel Length  Info

| 3809 44.465837 16.21.20.83 18.21.20.18 WebSocket .. 147 Interest /ndn/broadcast/ncnu/ptt/group/lab489/floorTaken/Alice
! 3010 44.465884 10.21.20.18 10.21.23.110 WebSocket ... 143 Interest /ndn/broadcast/ncnu/ptt/group/lab409/floorTaken/Alice
! 3811 44.465906 18.21.20.18 19.21.23.1208 WebSocket .. 143 Interest /ndn/broadcast/ncnu/ptt/group/lab4@9/floorTaken/Alice

Hd

7~

g],

L i H

Display Filter

v F e Bl 5013~5015 F g0 ¢ Jﬁ 71 Interest & TCPACK » 4% %
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BRERPE 5 L it 42 o i&PF > ¥ 12 & Display Filter ﬁs?] »
>> ndn.name == "/ndn/broadcast/ncnu/ptt/group/lab409/floorTaken/Alice"
#-*7% Name & /ndn/broadcast/ncnu/ptt/group/lab409/floorTaken/Alice 73 NDN 4t ¢

f
f

Wi K (F #74 Wireshark ¥ NDN 3t ¢ ef247) > 4ol - L » #7571 o

3821 44.471077 18.21.23.118 19.21.20.18 WebSocket .. 135 Interest /ncnu/ptt/group/labd4@9/user/Alice/audio/@

3822 44.4710881 18.21.208.18 18.21.23.11@ WebSocket .. 195 Interest /ndn/broadcast/ncnu/ptt/group

3823 44.471127 10.21.20.18 19.21.20.83 WebSocket .. 131 Interest /ncnu/ptt/group/labd@9/user/Alice/audio/@

3824 44.471711 18.21.23.118 18.21.20.18 WebSocket .. 135 Interest /ncnu/ptt/group/labd489/user/Alicefaudiof1

3025 44.472047 10.21.20.83 10.21.208.18 TCP 66 50428 » 9696 [ACK] Seq=188903 Ack=31929 Win=138944 Len=@ TSval=
3826 44.472050 10.21.20.18 19.21.20.83 WebSocket .. 131 Interest /ncnu/ptt/group/labd@9/user/Alice/audio/1

3827 44.472212 18.21.20.83 18.21.20.18 WebSocket .. 414 Data /ndn/broadcast/ncnu/ptt/user/Alice

3028 44.472921 10.21.20.83 10.21.208.18 TCP 66 50428 » 9696 [ACK] Seq=189251 Ack=31994 Win=138944 Len=@ TSval=
3829 44.473742 10.21.20.83 19.21.20.18 WebSocket .. 416 Data /ndn/broadcast/ncnu/ptt/group/lab4@9

30830 44.473745 108.21.20.18 16.21.26.83 TCP 66 9696 + 50428 [ACK] Seq=31994 Ack=109681 Win=185856 Len=8 TSval=
3831 44.473752 18.21.23.118 18.21.20.18 WebSocket .. 135 Interest /ncnu/ptt/group/lab409/user/Alice/audio/2

3@32 44.473777 1@.21.20.18 10.21.23.11@ TCP 66 9696 + 55738 [ACK] Seq=21587 Ack=98484 Win=2286088 Len=8 TSwal=1
3833 44.473811 18.21.28.18 18.21.20.83 WebSocket .. 131 Interest /ncnu/ptt/group/lab409/user/Alice/audio/2

3034 44.474768 18.21.23.120 10.21.28.18 WebSocket .. 135 Interest /ncnu/ptt/group/lab409/user/Alice/audio/@

3835 44.474773 10.21.20.18 19.21.23.120 WebSocket .. 195 Interest /ndn/broadcast/ncnu/ptt/group

3036 44.474847 10.21.20.83 10.21.208.18 TCP 66 508428 » 9696 [ACK] Seq=109601 Ack=32859 Win=138944 Len=8 TSval=
3037 44.477018 10.21.23.120 10.21.28.18 WebSocket . 135 Interest /ncnu/ptt/group/lab409/user/Alice/audio/1

3838 44.477723 108.21.23.129 19.21.20.18 WebSocket .. 135 Interest /ncnu/ptt/group/labd@9/user/Alice/audio/2

3839 44.477732 18.21.20.18 10.21.23.120 TCP 66 9696 + 42190 [ACK] Seq=16180 Ack=68839 Win=185856 Len=8 TSval=3
3040 44.492062 18.21.23.110 10.21.28.18 WebSocket .. 412 Data /ndn/broadcast/ncnu/ptt/user/Bob

3841 44.492722 18.21.23.118 19.21.20.18 WebSocket .. 416 Data /ndn/broadcast/ncnu/ptt/group/lab4@9

3042 44.492726 18.21.20.18 10.21.23.11@ TCP 66 9696 + 55730 [ACK] Seq=21587 Ack=99188 Win=228608 Len=8 TSval=1
3043 44.493621 10.21.23.120 10.21.20.18 WebSocket .. 414 Data /ndn/broadcast/ncnu/ptt/user/Carol

3844 44.495880 108.21.23.129 19.21.20.18 WebSocket .. 416 Data /ndn/broadcast/ncnu/ptt/group/lab4@9

July

DR R

ank

¢

T~

B

B it e FALE B S 40F @ 7 48 TCPACK hdt s - R

Bob £ Carol ¢ B 4% Alice & K3FF L > 4eBl- - I #7771 © i

Z
3
_-‘g‘l\;\,i
oy

o

#l & Fidfe o

.| |ndn.mmcompomm = "andin"

Ho Time Source Destination Protocol Length  Info
3021 44.471877 18.21.23.110 18.21.20.18 WebSocket .. 135 Interest /ncnu/ptt/group/labd@9/user/Alice/faudio/@
3023 44.471127 10.21.28.18 18.21.20.83 WebSocket .. 131 Interest /ncnu/ptt/group/labd@9/user/Alice/audio/@
3824 44.471711 18.21.23.118 168.21.20.18 WebSocket .. 135 Interest /ncnu/ptt/group/labd@9/user/Alicefaudio/1
3026 44.472050 16.21.26.18 16.21.20.33 WebSocket .. 131 Interest /ncnu/ptt/group/labd@9/user/Alice/audio/1
3831 44.473752 10.21.23.118 18.21.28.18 WebSocket ... 135 Interest /ncnu/ptt/group/labd@9/user/Alicefaudio/2
3833 44.473811 18.21.20.18 16.21.20.83 WebSocket .. 131 Interest /ncnu/ptt/group/labd@9/user/Alicefaudio/2
3034 44.474768 16.21.23.128 16.21.20.18 WebSocket .. 135 Interest /ncnu/ptt/group/labd@9/user/Alice/audio/0
3837 44.477018 10.21.23.128 18.21.28.18 WebSocket ... 135 Interest /ncnu/ptt/group/labd@9/user/Alicefaudio/1
3038 44.477723 18.21.23.120 18.21.20.18 WebSocket .. 135 Interest /ncnu/ptt/group/labd@9/user/Alice/audio/2
3122 45.145231 10.21.28.83 16.21.20.18 WebSocket .. 813 Data /ncnu/ptt/group/labd@9/user/Alice/audio/@
3128 45.145873 16.21.20.18 18.21.23.128 WebSocket ... 872 Data /ncnu/ptt/group/labd@9/user/Alice/audio/@
313@ 45.146040 18.21.20.18 18.21.23.118 WebSocket .. 872 Data /ncnu/ptt/group/lab4d@9/user/Alice/audio/@
314@ 45.164152 10.21.23.120 18.21.20.18 WebSocket .. 135 Interest /ncnu/ptt/group/labd@9/user/Alicefaudio/3
3142 45.164212 18.21.208.18 16.21.20.83 WebSocket .. 131 Interest /ncnu/ptt/group/labd@9/user/Alicefaudio/3
3145 45.169982 16.21.23.118 16.21.208.18 WebSocket .. 135 Interest /ncnu/ptt/group/labd@9/user/Alice/audio/3
3201 45.546852 16.21.28.83 18.21.28.18 WebSocket ... 813 Data /ncnu/ptt/group/labd@9/user/Alice/audio/1
3283 45.546984 18.21.20.18 16.21.23.128 WebSocket .. 809 Data /ncnu/ptt/group/labd@9/user/Alice/audio/1
3205 45.547013 16.21.20.18 16.21.23.118 WebSocket .. 809 Data /ncnu/ptt/group/labd@9/user/Alice/audio/1
3211 45.549978 10.21.23.128 18.21.28.18 WebSocket ... 135 Interest /ncnu/ptt/group/lab4@9/user/Alice/faudio/4
3212 45.558014 18.21.20.18 18.21.20.83 WebSocket .. 131 Interest /ncnu/ptt/group/labd@9/user/Alice/audio/4
3217 45.553293 10.21.23.110 16.21.20.18 WebSocket .. 135 Interest /ncnu/ptt/group/labd@9/user/Alice/audio/4

W=t & REF L (ERi)

iZPF ¥ )2 & Display Filter ﬁ%l IS
>> ndn.namecomponent == "audio"

#5735 Name ¥ & 7 audio i7" NDN 3¢ g d K > 4ol - - = #77 o
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NDN e F TR E*r €¢FFLE K= pangf L T4 > &z > Bob
(10.21.23.110) < Interest % ¥ 7 NDN Node (10.21.20.18) » ¥ ¥ & ¥ /1 Alice
(10.21.20.83) (# ¢ % %.3021~3033) - % Carol (10.21.23.120) " Interest » I/]:%

NDN Node & (3¢ %%t 3034~3038) » € 4 3R -L % Bob 1 Interest @ 4345 & PIT
7o F]g s Carol ¢ Interface € E &4 54518 PIT > @ 7 ¢ i /L Alice ©

AiptanREg M A & P 5 B22% Bob £ Carol AN Fo o e Alice ¥ € 1z
3| - i» Interest - 3 ¥ > NDN Node %1z 3| Alice ® & -7 Data 15 > ¢ 1345 PIT iz
> p##-Datasf = % (>3 B3E% Bob &2 Carol (317 %h%h 3122,3128,3130 2
% 3201,3203,3205) > ¢ % NDN 7 Multicast %+ ©

FoREFRHET > B NDN B* e f @2 gF THTH > BT
BTG o o P S WF ZE v FAL AR T AL EE
A R (TenidEARY > NDN » BILT R & ghem LBFTHPN 5 > &4 40k hF 4l
B oo ptel s Fig Al B RenpFiz o ik & 8ha p H 2 Multicast e93 Vi T
@ o P NDN £ 73R B -
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FAR BWEAREY

R R E F %~ %A E_Video Streaming & Webpage thif e > & £t
BdEAFPN Fendte o PHAFE MBERBESRE o AL 05 NDN &
T m o F FAREW A S BT o do RS IR P 84] o 2 > P 3 NDN
EETEET o RL o R FFETRHATRT LG R SR T R
TR ERG 0 AAvERE Y oA IP LY ﬁﬂiﬁ]ﬁ&i (Chrome -~ Safari ~ Firefox)
)j‘iz* o A1 7 1% 1F % NDN Browser s # _+ > F 11138 {7 & NFD } 7 Web
Consumer » I ® 3 i F T Mg > REP I NDN 04 > & 712 * 5
Fren1 oo EFRSIFIL 57 4 0x R NDN ek -

A&7 ¢ 17 Web Consumer ' 8 - 4 7 HEH > & &2 00 51 a7 Vg
HTML 4 > ® 5 3% % 50 § & 48 % o ¢ b > Web Consumer & Web Producer
ZEEL N FEAIEL- BREDEER S FEA FFUEFHF L IHoR
Chrome # jr % &7 Apache PR F 7R = JF ehrd iy o

RFFE g M S AHILE > 29 5 1% RecordRTC #7451 3% 3
WA E A& S 350ms (M43 250 ms § i FEMREZEN) - Fi&UAL R D
Mk BEF 5 AR5 350ms(Blx4E0), 2227 IP R
R GEF 20~50ms,i*usz M- BgEE)e ART UEF - & F o
WR B emE @ﬁ;-]z o AT UG {HFAEESE

Fobo & NDN e f rqeTelfp® @ > p g pEFep 54 RpRFRTHR
G pE > Fdeie fRABER 0 4 B A RGP RAGR AL -
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it
‘t4r— Wireshark % %
Ubuntu 18.04 # 121 8 $ & * apt &£ {7% 5 o
>> sudo apt install wireshark

shovon@linuxhint: ~
File View rch Terminal Help
Package configuration

1 Configuring wireshark-common |
Dumpcap can be installed in a way that allows members of the "wireshark" system group to
capture packets. This is recommended over the alternative of running Wireshark/Tshark
directly as root, because less of the code will run with elevated privileges.

For more detailed information please see /usr/share/doc/wireshark-common/README.Debian.

Enabling this feature may be a security risk, so it is disabled by default. If in doubt, it
is suggested to leave it disabled.

Should non-superusers be able to capture packets?

%+ B —- ~ L3F non-superuser & *

% KB €79 I AT L 3F non-superuser & * o 3iE 4% Yes o 4ol L - A7

-

FERA o MR H /,"j‘ia wireshark #7 group °

>> sudo usermod -a -G wireshark user id

TFCT a0 T ¢ * Wireshark $1B~44 4 -
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%ték= NDN Multicast Suppression Duration
NFD * 5 i Suppression Duration 5z i * #3X F = % Web Consumer % 1! 1
| & £ > NFD ¢ #-{z 3| Interest i Aggregate > ~ if‘u{'fd * Pending Interest
Table (PIT) &4 Interest :& » e/ & » ¥ ¢ i¥ 1) — {» Interest ] Web Producer - i&
A 32 18 eid i > ¥ % 3| Suppression Duration [21] <782 58 » &= > Interest I i
NFD P& B Ff = ¢ 10 ms (4~ PF [ 1§ € %1% Retransmit @ & #ci 4 > B+ 1 250
ms) > NFD f]fu% ¢ Aggregate > @ H_#-5 > Interest #1i% 7| Producer t - Er

Data = & # » NFD % ¢ Multicast 3| % ¢ Consumer & } » ¥ ¥ Zwti % = i»

Retransmit =77 Data -
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