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Multimedia Networking: From Content Delivery Networks to Future Internet
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Abstract  As network technologies develop rapidly in recent years, more and more network traf-
fic are taken by video applications, which introduces challenges to the scalability, evolutionary,
QoS and security of existing Internet. By constructing an overlay network between applications
and networks, CDN provides a strong support to solve the distribution problem faced by video ap-
plication, and becomes a key technology in current video industry. But with the growing demand
of video applications in terms of mobility, interaction, heterogeneity and scalability, existing
CDN faces significant challenges, and both academia and industry are trying to solve the challen-
ges by redesigning Internet architecture. This paper summarizes the challenges that CDN faced,
the ideas and core technologies of the existing Internet architecture, and then puts forward the

design ideas of multimedia networking for future networks.

Keywords Internet architecture; content delivery networks; multimedia networking; next gen-

eration Internet

Wt H 91 :2012-03-21 5 e ZAE TR S F 1 :2012-05-23. A SR A0S 3] [ 58 < Ju-b =7 1 203 Bl BF 98 R 8 &0 391 H 3 4x (2012CB315800,
2011CB302601) E K [ A FH 3= 3 42 (61170290,60736012) B8 . F . 55,1974 4FAE WL BB SE 5L, EZEWFSEJ5 ) oA O 00 448 14 2R 48
Y 7 K M 45 5 Z R 15 E-mail: h-yin@mail. tsinghua. edu. en. BRI, 55,1986 4F A4 . Al + A 8 4 . = BLHF 55 7 1in) O R 45 4 o 356
BRI RGN AR B 51948 AR T SR 1 R R T A A IO TS HL R 4 LR G RE P AR L 4 BT B AL
Petri #.



6 FoOEAE . BRI NS K45 3R R TN 1121

1 5]

T

LAFSR L Bl 26 R 1) &3 & ), Internet g
55 1 N 2R DN DL S 0 00 /N Dk 32 5 A8 Sk DL A
S S Ry F. 2005 4E, B % Micromedia 4 i #
Adobe 23 F) W, I WAL AT #E TR 0T A ARE B B
AT 380 Sk T 19X 28 A0 0 7 b v o & B ) B 4 L R
LR L&A H 25 38 22 Hb ol A BT X A
[) B, — 26 B ) < R B A LR ) AT B
P R, TIE I 22 e R A I R A R R
I FH 3 e 3G R 9 10 A5 DA L. Cisco My #5458 th
#2013 4, HIE R ALY 90 %6 L _E #2004
FART o5 4 V@ 55 — Tt A R A 2 R i
T, 5 4 R RN IR 95 AN T TR . DN e 0D A G 1 A
PR 5 30 32 8 2 62 1 i T AT L 3D A0 A A5 L 3k S
FHAE T 25 P B8 58 28 (R 56 % () B 5 X6 B 36 ) 1)
AR EE B T PR, X S Pk AR T LA 48 o R
JLA

AT, SRR 4 IE R 5 B L A T
DA K FH P IR 45 1R 36 56 A8 A 1) BE 7. I 28 A AR A Ak ot
M8 AT MRS ) T R R EOR. U R R G
SR s AE A — A 2 AR B R B 5000 T
N 47 B DVD i BT A9 A% %8 1 Mbps 5 BIr s
ZLRY A T st A8 #) 50 Th, 1 A [ A {5 A B A8 N R
HrPE 2% 2 100 Gb@. R gk R84 17 FH X6 B Bk 0 A iR
SRR B R T B R Pk ande DLl A
Ay LI A T R s S T A N T I
— KA.

AT PR, RS 2% R G AL 3 N R I S
ARAIHE 7. W28 HE A 1 AS K A 88 LA KB i FH A A e
T B L (50 15 o0 2% 4 5 S B AR O B A= R4 1)
I 4% s 4 v X 4 op T &5 T 9 e ) A A AR
A [R) B % D 4% A 55 A0 e R B T R PR T
TR K. HUIR N A A R A BT AR S R AE R
e e VAR IR )2 A A 2% BOR R T il g i Uy 5
WU 52 2 H AR B A0 1 L o b 2 B 5 IR 45 R L 1
(A FE 422 1 5 DT RE 5 22 3 b 3 A2 S [] b 288 1 i %o
D) 2% i 55 1 AN [] 5 oK

SR, BEE TFHL PR K TC R AR IR S
255 L S e L R 3l I G kR s T IE ) 2 v )
BAGRETIRKMA A, ZTERINEML I E
(RO | N R R E S P i S B S o

e i B AR A B e P REIR T B2 N IR 55 1)
HESEYE RS T ELI O = 2 A R
PRI % 58K 2 A TC 1k A 280 3 N R 4% 1) 5 3
SR S TP MUk R 3k B 0y SR AR AL S ) R
AN REAR 4 3t S 7 # 5l TP iy JEAH s Hoyk, TCP i 3|
Ui 1Y) 388 1 5 ORE i 55 1 2 5 O A B A i 8 g 5
J 5 3% X RE B 5 B8 1 ER A R SR BR Y 28 3 2 A AR
KA Bk

MR 55 o . 22 M AAC P X IR 95 S5 AR R BURR.
Dobrian 25 N f#F 58 35 . 76 — 3% 90 min # 2 Bk
FLBE M 4G Y b R 2 vh L B e 106, i 5 3K
FHP 7 B0 I 8] 45 %2 22 /0 3 min, BUAT 19 19 45 B
AR RS 1% day | A b 38| dal ) 4% By 55 07 T A7 7E A
A A5 A A A T R AR 55 BT A G i A B AR IE . AN
TCP i 7E 7L FE 125 4% i I 7 0 ™ 8N e o) —
Ji T Internet (BB K . HIA B2 A% i ol 2 rp
223 Z2 A~ FIR S T 3 ) A A 00 BDARAE 5 e A1 4 4%
FP T BRI 55 A R Ak L S I TG A L R S AT
A A] BE I8 B P 4% 1 AN AT I %) 4 R . DA G A R
PRI ] XoF I 55 Jo i 1) K

W 2% 2 4. HOE M A B ARPANET J2& 36 [
] B 95 Ry 2 A7 W 5 T A ST B R 2%, LR T O T AT
TSR Z ) 5E A R R A e IR R AR Dy — T
B n) R 2 R (H B LI Y A, R 4 A
oy A Sug el L (S S B N B TS
4 A% i AL P AN e R M A ) R A A 468 I 55 (De-
nial of Service,DoS) Wi 2x 5 3 W 4% i) A 7] FH uf &
PERE T . 10 A2 H AT Y P 2% 488 N ok A R Ik
DoS Bradi™ 255 7617k 28 45 4 J2= 1 fige ke

W& 5 & M 4 (Content Delivery Network,
CDN) $¢ A 3 2k 72 7 FH 5 0 4% ) A4 2 B3 55 1) 9% &b
TIP 2% 1 I 22 R L S B SR A R0 A
W53 K MR 55 B )12 1 T R 2 A3 v FEAR
SCHY K B ST N 3 D 0 2% ) R e A TET Il 7 Ok A
HEAT 0 B s TR I 2558 T [ Y Ah 06 T R R M 4% 1Y B
FE R AR T AN AN W K R B
B07 R W 28 BN 18 0 T T Dy T ) R R R 45 1 £
A T 2% 5 i S B 1 T I 4% 1 1R T S

@ Cisco Visual Networking Index: Forecast and Methodology,
2009-2014, 2010

@  Schonfeld E. Cisco: By 2013 Video Will Be 90 Percent of
All Consumer IP Traffic and 64 Percent of Mobile, 2009

® http: //www. cq. xinhuanet. com/2012-03/16/c_111660413.
htm



1122 i (= . 2 Eitd 2012 4
AR HKHESF L A # 7 CDN R # 4Lk 5. i
2 Wﬁ-ﬁﬂilx—x‘lé'ﬁﬂ’])—‘éﬂ'_iﬂl;ﬁjz CDN 1 32 58 25t 45 1 56 ) 110 4 FD 245 44 1 o) 2%
PR K A T A8 k.
e AR AL 5 TP P 265 A6 R 55 AR 00 i 24 R i) AN 2.1 EBEMIAIMERTL

JE L NEE ST K 45 CDN B L I 300 Al o B I ) 14
FRIEAE v ) LA B S 4R IETF REC 3466 (158
S, CDN i 75 f% 48 TP W 2% | 3 & I 55 15 a5, I A
FH )2 D US0H 336 4 iR 55 1 st K06 245 ) B 1 P )2 7 2
W2, g F P ERHE N 2 0 R R 55 fE it B AR Y
B0 R A8 AN i o I 28 W il A ) 55 I 2% Rl
TFRRAE AR L LATHE 2 14 52 AR FIRL FH G N 2553 R 4
R BUAE N A0 R 4% B 28 1R 1 R N 25 4%
RMEETFBL R 1A T — 2 5 200 ) 3 TR
FH A5 D30 i 5 F2 A AT CDN 37 7. M pmT LU
B I ST ) 3l B AR SR TS [ A B AR 4 R

&1 EEFMEEGERAEE N HEBEARF CONM R B

A& Bp sl CODEC  CDN #& gy
ABC. go. com Move Network ON2 VP7  Limelight
www. NBC. com Flash ON2 VP6  Limelight
www. NFL. com Flash H. 263 nplayer
www. cbs. com Flash ON2 VP6 Akamai
FOX. VOD Move Network ON2 VP7  Limelight
www. hulu. com Flash ON2 VP6 Akamai
www. youtube. com Flash H. 263 Google
video. yahoo. com Flash H. 263 Yahoo
myspacetv. com Flash H. 263 Limelight
www. brightcove. com Flash ON2 VP6  Limelight
www. nba. com RTSP WMV9 Akamai
www. mlb. com RTSP WMV9 Akamai
Joost P2P H. 264 Level3
PPLive P2P H. 263 P2P

Healthy < 90ms

/V

&1

555 1 H B G 0 52 B AY 2 2 IR AL B B IR 5
Fag. AELBif S 90 28 11 i o ORI 2% i L 20 0] R D 4 5 1.
TE I 1 22 8] A 5 4 FT - B30 A4 Jal ) 42 iy B 3R ok
RIS IE R . 1 2y 2010 48 5 F iy %) rp ] 32 22
By 45 12 5 T Z ) 0 S IR AR 1 45 2R L B O [ 4R
By B 4% B 25 48 B AN [R) 32 8 7 2 8] 8 3R R AR A
PRI 850K 4. I H L 45 4t X AN )2 B i 2
(8] [ YA 9 3R KERTE 90 ms DL b b T f e P 18] 4%
590 46 [ 0 (] B 8 g P 2% 1) RGP S AT R k. O
ol , — 2 Py 2 B 40 Google, Microsoft, Face-
book %, FRHE . T A O W w5 M. ) 2% L N R T IR
P& CDN 8¢ = £7 i il 55 5 i F 4 Google 7E 2006
AEM 2007 AR T 19 ACH 24 AL BE 4 T3
FRAE O B 2008 4 IETE R EKS HLARE T 36
B 0 O, I R I X 4 i i R R R
I JUAR W 4 185 DX 358 D) 46 9k 1) 38 K B R AR TE R
AU N 2580 BT L CDNs DA K TP 432 A 28 2Z ] 5 T A
JEAL SR JL K 9 46 (1 Ry 7 22 [0 A 3 2590, 3 0 P9 4%
PRI CDN r G C & 5 — 2z & il
ML EIBH4 2 CON U Akamai, LimeLight 28) fil 4
KAEHL R (A0 Google, Microsoft, Facebook 2% ) i) ¥ 4%
OB S —HAS E T I R 2 R ELIBE R
FDEEFGIT b el 2 AR 1) e PR 5% 2 L CDNL N 25 4
LT 5 32 5 R 2 1] 1 Y 45 52 B A% I 3e 2R A

Critical > 180ms

Q PERCE
Healthy 17.41%
49.73%

Critical

32.85%

Fh I LI R0 3 7 R 1) B F 2 SE R (2010 4 5 D

@  Map of all Google data center locations. http: //royal. pingdom.
com/2008/04/11/map-of-all-google-data-center-locations/



6 1 T BRI N A R I 4 B R ok R ) 1123

®2 NERENH

44 AR Ty L/ %
1 Google 5.03
2 ISP A 1.78
3 Limelight 1.52
4 Akamai 1. 16
5 Microsoft 0. 94
6 Carpathia Hosting 0. 82
7 ISP G 0.77
8 Lease Web 0.74
9 ISP C 0.73
10 ISP B 0.70
National - — -
Backbone Sprint, MCI, AGIS, UUnet, PSINet
operators
Regional
Access
Providers
Local
Access
Providers
Customer 1P
Networks

Global Internet
Core

Regional /Tier2
Providers

Customer IP
Networks

B2 W n i

2.2 MEHINERHNETL

Bt #% CDN (1) %2 55 1 Bk W 41 F 25 4 i 28 1k
LI A P SR B AR & A Bl A8 . Akhshabi 25 AT %}
LI EMCRR PEAT T IR A RIS L 4 4 P
W2 18] A 5 4 56 2 L i 45 10 16 0 P D0k A B A O
L T 40 B0 70 U 45 A8 . 98 SCam s o B 1R T Ak A
FE B, WF 58 U SRR 45 J2 10 58 B L 45 SR an 1 3 Py
AR RLE R — A B 10 2454 0 B IR R
VIR A A B AE ] )2, an s 5.6 2. B3
(] E 6T 52 Wi P 250 A V0 U 45 48 1 BRL R AT T e A
FEiE— 245 L o s 2 8 wT DL U O 1 R )
B, O HoAE A B A bk S AR S R
S EREFELA TN . DRSS BB WA 8D B
i 2.

90 .
80
701
60

Round 100

i S0H
B ol
30F
20} -
10F

Pl 3 HLI DO M ISORR v U 45 45 S22 9 e

FE 52t 25 1 4 B, 22 AL X B 45 4 1 BT 5
FEHRES TP ) 45 14 445 #4737 T 3 A O ELRE 5 A AL
Mo S FE R R KR AT A3 A 5 L B
W T 4 P AE 8 TR A T LI I B LR 114 40
SR B CDN S AR &R, REMHERE F1&E
IO P 2 A ok T B R R e B S i T B N
i AR K EBAR AR 25 2 19 2 A R figp e 1] 8, n g
P2P [ )i FH 22 440 56 22 4 T 3K bR 285 A0 56 g 2 R
0 R FH A T 46 )23 180 % o R DR ORI 2% )23 1) T4
T2 PR AR JC AR T R BB L TP J2 41 4% &
A A A B KRR FH e 2 — A~ BT 22 5] A A
JH 2 i the 55 8 ] J5U B A N 45 )2 A D B2 O BRI
R ZIIE I — 248 L U SO A < A0 I AR 1) L
%3

Cisco MW 5E X WA NAT )12 48 F A B
S B, TCP #1 UDP 1F £ B N 55 357 f 41
HE. NAT (1) H 800 15 i A BB W 4549 o TP Hb ik AN
JE (1 0] REAS B T % A o AEL [ B 5 5 T 8% £ a5 i
#at TCP M1 UDP. Tfif 55 — Jy i » K Z 801 B k5%
Bt B AU A TCP A UDP Ry A% . 556 9 3% 7
S ET AR Ak, A E 4 B R, R AT RLE L TCP
1 UDP 1 7E A PMSORE v s 25 440 ot () 240 12

[Panail \TV(e; [\j?)l; IZﬁ’PRTSﬂ [Email] Web [ Voip[ P2P [RTSH

- : [TCP/1P[UDP/1P]

el M Ether|Sonet|/ATM
ther|>onet

[Fiber| TP [cATS WiFi|GsMm|
[Fiber| TP [CATS| WiFi[GSM]|

4 G LA AR A
T I 48 JE 3 K 25 47 56 R 43 8 ) Popa 48 A
s Fs 4 . B % CDN,Web Cache &3 F HTTP
RFERE S T v L, HTTP B2 /h T F &
Iz B s R HTTP fff 4 e 5
AN R BT R A B 3 4 Y ouT ube



1124 i "

Bl

e 2012 4

L
¥

DUTE 55 AR HT TP P s f% N 2. A HE T i X
PRI, 43 Beiy HTTP Bl B T 4 Je 1 o L ml 52
R TP R R SRR A B ] T R S AL . R
T HTTP IR 55 4% 1)z 78 DL e HTTP ppill A
AT AR A PR I L2y B HTTP {4 6 o /9
WA &I E LN T FIR. MoveNetworks I
Swarmcast 253w/ B e T 468 HTTP Chunking 7
ARRAET HTTP Ppisis T i B4 1 1% . B 5%
& 3 HTTP 76 BB B b & 4 -5 167, 9 AR
kg HLIR R BRSO BT B L 5 B

email WWW phone...

SMTP HTTP RTP...

CSMA async sonet...

copper fiber radio...

& 5

YE# N . CDN [z 3 38 {8 45 50 22 (] U7E
MZ o HTTP A8tk FH-g N H 2 i, Bf
i N [ T I o S N T o S SO T i
HTTP & — LA 2y ot i B sl B4 4 oK ok
R 28 1 JE e i, PRt HTTP 75 B 28 vho k4% sk
KR T VR W ARG AT BE A P SORR VD U 45 4
F1%) 241 JEE .

2.3 CDN Hlf gy 8k ik

PNERCIENY 358 SEP it s peR P U LR (2 )
PN R A AR TR L 2 T A R T O A 1 2
A SR 1) HLHR DX A e A A o IR T T T
FOR 5 G e SCHE AU . CDN 3 5 78 i -5 ™)
4 2 [) e g 7 i 0 4% oA I % iy A R 2R3 R AR
Jiz 55 AHLBit & B IC R 3t 0 0046 H ] &, CDN
FE T X R HUASE A0 AR 55 6 0 A7 7E 1 2 B Fh . 845 i
KA T ILAL: (D AT 4~ J& [a] . CDN £ A iy #45
o B AL T A R AR IE Y IR 45 . {H CDN 3 8 A%
AR WK 5 R 55 RS A P B i K B G
FU [l CDN Z A AR e A 85 1 3 i 45 R 55 1Y)
PR AE S22 BRI . (2) B REAL ) R [l 3 I 2%
FOARM K ATk i 55 14 36 R R 55 o 8 1Y) 5K
bk ey o (] B P R 5 g P S s 7 AN W BT A
45 CDN 1) 56 B AR i oR B il Fe R AT

YRR Y 40 TP A5y HT TP

— UKCE AL » O T A2 DA BRI FH X R 55 ok )
2R RORe 190 285 1 2 B R AL B L [R) ER S OR R ) 45
T 7 18 22 AR L 9 PR R s n SCHik (13 1k 42
HE 22 AR IS PP PN A O D Ak B R R B X
SR [0 WU Y 22 AR A5 B T 5 B ddi 5 9 277
TRE Z A 38 75 E A 2 8K 4k PR 5 20 fE.
(3) Gl . BLAT B I 2% 1 % AL 60 I 2 4R 19 /Y
TR AN . T BOCTE A O R ) 45 T2 S S 44 5 R
R TT 2 1 B R R 19 265 107 552 B B 4 1) ik B2 L 5 TR
JZ 19 K W 45 RS 2% B9 £ AR 401y, O B2 W 5 R
55 42 I g BB O 4 10

PE B 19 25 3£ 45 R Y ok L LR I B SRR AR
BB AE K AL TR U U 45 R 114 240 REE T A AN W 1) L
gl g EAR AR U E TR R S A
BLe it — 2 BT . O W 2% 1) K Jati ok T o 2 HLad.

SVAR UL BT 0 45 fifp DR P B (1) A A R 2
R IT AN T (1975 205 B SR 38 0 52 2% (9 AL 1 R 7 4
BUA A R R AN A (EUR X PR 7 325 9 Bt H 43
o S A R 4 45 A o A )R £ ke T I
M IF K fn R A2 0% AR MR AR TR 5 BT R AR e R i
RN OEHE NI E A NES IR 3 s =i
2 1 1 OR X IR R B 2R AR SR AROBE L E TR AT AT
LA T ) 0 R T7 1 5 S R e T 2 R
SR PRI S B[] R T AN 2 AE AR 22 4 7 Ak ok TR A %
Y IO 2 A7 A WA 2 A7 b I 2 ] AL o T 5 )
TR S A0 5 . PR IEE o R 295 BT %0 T AL
(19 D 0] o 308 3o Atk R A 2% B R S B i i e 1 4%
{18 SR R AT . O TS B CDN B A 1 s 79
[ L, 7 AR 2R 45 4 £ T X LR AT S

it
3 EEMEFERZEN

M 2005 AETF I, B A E 8RB EZH R IT A
B — A R 2% K R ZR A 0 B 5, 0 38 [ Y GENT A
FIND i %, KX ¥l () 4WARD, FIRE %1, H 4 14
AKARI.JGN2 431 %145, 7 Tl %, Cisco. Juniper,
Google NEC,Microsoft, HP %5 [# fr— i 1% %5 7 »
ATT 3k B {5 % 35 408 8 B #R A 1% 4 I 4% A
SRR AUH . L B ARFF AT 2010 48
P FIA 3%, A 278 FIND 1% 09 B0 5 3 il -,
V8 T 4% B B 5 11 2R I DY R 288 B A AT TR A B 5.
JHp, NDN (Named Data Networking) £ iy i #| 48
R N S A ] R B il S R R e N S R TR



6 1 T BRI N A R I 4 B R ok R ) 1125

H 3} F CCN(Content-Centric Network) [ #E 25, A
> TG O T DA i 1) i 114 0 A% i A 1) oA Sy o A
R NDN B8 b, P 250 LUEE fii 44 100 3E 07 & AT
15 10 28 O T 1Y £5 SU “ where” 728 y “ what”. NDN M
IR JE IR 22 AR 5 A 73 MY Scott Shenker 247
ZE 3 B 1 DONA (Data-Oriented Network Archi-
tecture) R R L5497 R L BRI 4 B el Ll g
Hi A5 2K G2 A7 N2 5 DA T i v 8048 12 i 00 38 11 P9 28 1)
G R AR, NEBULA i B © iy 52 47 35 Je Wk 2% 45 )L
I BER B T 5 BT X = R GEAE W] T R AR — Bk
5 TG AFAE 1Y BB 2R 4T 098 NEBULA (19484 vh 4y &
— AN HE R B o 7 R O R O
HH i B AT B AR DA S — R B Y 4 42 15 Ta) A% i B
il VEEHEAUEAL ] T BR% T = RGEH 24 o
A — Btk MobilityFirst "™ 351 H 4% £ 5 5.5 1
BEATWFSE. 200 H fd AT A& i v] 25 2 ) 2% DTN (Delay-
Tolerant Networking) $#2ft& M, 455 HINEA

AR ik D A Bl 0 2% 1 T A [ . [] I A% Bl
N — R A AT RS A AL BRI 55 B AR E S
ERACE = RTR o> 2GS e | /AR G |
A £ 9 Y 22 ) B4 LA S B RS Bl 2 3t 1] B4 A S50 £
N B KA kY XTIA (eXpressive Internet
Architecture) 35 H X W 4% R 19 22 RE AL AT AE
A AR 5K AT T — > B A SR R SRR [
F0 3 i A 50, B4 T PN 2 9 A B T B ML Z 1]
F18 300 75 55 O A IR0 465 A8 1) ) B2 2R 8 e R ) 445 1Y) 22
G L 4 FIA 401 F 3047 4.2 FOAT 1L
NI P B TUAS 3 Pk A G mT g R A L A
iz 55 Jo ek AR 9 265 22 4 S5 07 T AT R R AL T B
PEAT IR S5 RN EE 3 s, A 7E GENT I H f 5&
il BT ol A HE T n] g AR B 4% (Software
Defined Network. SDN) 48 2l 5 42 4244 . 5 5 %o
LIRS At A | A R ZS il R R A 0 2% 1R AR
RGBT XM R R AL S A

R3I EHRBMBEFEMRAUFTR

A A [T I 24 % 4
NDN AR BT AT S AR A B A B L D9 PN IR
MobilityFirst G145 A7l 27 S 4 B B i fE B L % DTN R EPNTFS
NEBULA ZRR % 5 PR T 2 Vil 4 {2 4 3% A S A
XIA S A7 S AN S 1 L I LA % DTN #iA ELIAE R 7 £ £
PA b3 — DIk 2 W 2R OR 9 45 U0 BF 58 5 (D faj Hfe.

WALHEDE TARE 2 R H SR I T, HiH — R 5
T I 2R B A B AR L — 528 9 R0 2% 1R T
PRI Ml A2 s BIRE 31K

4 ZEREM KK REN

LI 0 F D A A B i S 5 ISORR 41 R Y
¥ o W 248 6 Jati R T BRI HLIE . 225 [ A6 TRk
P 245 1 25 2Ry 194 S BT 5 A 7 i ke IR IR0 TR I
A PR T B P B 3 A5 . (D il g
9T B a4 7 55 ko 5 Ll g e B e A L S B R
LRI AT (2) SR T2 A AU R SR M 4R R
GERY AT A O 2 I AR R A 2 L T B A
il 55 7Bkt RN 1 8 B BB 0 (2R DTN R L 42 5 ik
F k. (3) 18 B A B o I AT filt R0 AL B A5
THIA DI RE - $2 1o KO0 1 1% i 280 5 R T 1 28 S P P 14
FI I N RE ). S S X ST 22 0 L FRAT B i TR — A
ZHAR M2 R B AR S G HEROR.

4.1 (FRERZEMZITRERN

Z BRI 26 1R 2R R ) BT L B AR LR LA R

B A

X 45 52 A 1) AN T A 6 A 190 295 A 15 DG B R
MR A 2% ST TR I AR G0 4 R OK R 285 1 BT R
2277 T B TR PRI T — Q22 AR IR 245 ) s 3 8
1 feg B A U

S 45 1 R B AE 2O IR LA T ik O d
I G B A2 U A P R R T 2 A R
28 A DCBIF IR T A L T 2% f s o) )22 T S B =
TR 5 AN G o A AR 25 il A0 0 2% AR AR . ik
Frie S i g2 9 A 2 by o ST 0 B e TR L DT 52
BT AN [ 0 4 22 18] P 25 4% i A0 2 B e . i AR 25
o3 A il G K P W 2 5 R ) IR 2 a0 A B il i 4R
R P T 5 LA A3 B AL AR 23 A AR A 1 2% B A
G IS AT AE 4% 1A AR 55 A A i e b B0 o0 A SR
g8, H oo b2 R 6 58 B 1 9 25 RL AT S B R 245 A
[l 4% A U R Z 18] Bl A5 . © i i b B ot k9 2% L
MR JZ 40T . A SR A R R BT A BROBUIR 2 &2
BRI AT Oy bR NS AR 55 B 48 T B B
HH. OGS, A M8 =4 S8 T
P 25 19 3 704l 5 3 b Atk G K B T B A EL IR R ) 1

@ NEBULA Project. http: //nebula. cis. upenn. edu.



1126 iH+o;

Bl

e 2012 4

L
&

R A TS HLI A % 2 U 1 2 ) B B A
(G 22 5 B AT 2 TRD R MO 1Y) DG 2R S S50CEL IR 9 1 R
T 5 AT P AR 2 RO N 2% 1 1R T N A B A
A 0 SEVREL S AR A5 2 TR 40 22 ) 1 A 2 B I T R
1 R AT YA %) il e 5 2R

HEAT RIS S AN R A 0 H BT 4R 2 S 4% - R
BESr e HA P ) R N A S N E
. Horb, 25 i 44 9 43 10 32 B OR W B 4 - 1 2 A
AR G G i 4 F RS W R o, 43
P Ay 24 H AR N E A 4 L ZE L Web URL 5
B AR R 44 (U0 www. tsinghua. edu. cn/publish/th/
index. htmD. X F iy 44 J5 X RE 9 e 78 A 19 5 T
URL (1) P 25 , [F] Bsf J2 Uk Ak 9 R 1 18 08 38 0 6 P 25 19
RE KGR By AR, — BRNEHAE KA
BUE T B 44 5 N AR VST, T 53— R T i
2 RS FI A N2 8 — i 44 9 FL A LB 0 0 A (L
4 128 {i GUID (Globally Unique IDentifier)t'!.
TV T i 45 SR B PR IE TN A i 44 R AT (H
[F] bsf 3 A i 44 07 20 TG0 vk R HAR I i S0, Rt
SR A5 A Y % BT IR 55 . Ghodsi 28 Y X i i Fif
AR 2 RG] vk AR
HEAT T AR 43 A o 4 O w2 A 44 5 2XRE A8 T A
Hu AR DoS Bty [m] if i A 58 47 i 2 3% Pk B AT 5

T A PN 25 0 L J7 T A 6 T 08 A 19 20 A X007
2RI IR S5 A A i g 2L R A A Y
TR o 2 A FH — BOrE e A ¥ A7 i N A B GUID # A
fift o7 A L WA 30 % e s . YT P SR AR
Se N BE B B R N AW GUID F0 %3 B B M 7 bR 8,
AR A% N ARG O B, 22 0 B X S 7 8 R i
FH P Bt i ik 2 45 F . 40 YouTube™ R F M —
AALA TD F1 DNS 2 55 45 5] 1% Bl 55 o %5, #5040 1D
26532 192 AR5 - A ] DNS iR 55 % £ 4% 2 iR
B P 1) R 55 . AR o KR e A
RO AT 14 2% MR 55 A0 DNS R 55 (19 % &4l 4. 1 XTA
P Web ik 55 # BB A e 2 Gl
Web Iz 55 # 18 R ] A5 10 WA AR IRAE R F LLIZ N
FHRRAT Ry B M hE S % 0 2 R g5

(2) Faef.

PR FE 6T HiR 55 3 55 AR 55 1A o 48 o 1 T o 1Y
R K A B R ) 48 7R B e e L 67 B A AT 55
J3E 45 7 T80 SN B[R ) 4% 0 Y Z2 R4 L KR
I FH B4 AN W8T 9 B XoF E BB O £ AT R AR TS
Rk A 3R SR I 4% AR R R I B A B SRR

HURE 7 LA 0 N B & e 5 Z M4k, Lok s i £
R R AR 45 %) S A 2 X O 46 1) 1 3 VL RE AT 4R T AR
R A LR i AR AT T P RN R I 2% SRR Y T
T SEBAS ] R I 25 % 5 1) R AU R S 5 e IR A

B DA b JL AT DAAS o ) 2% 7 2 A8 15 0 g
SRR TSI 4 R R AL T BEHE AT S8 4 1 Uk
LS AL AT T P 0 R L RT P 25 T JE R R X ) 45 1) S
SR XoF R P 0 R R R 2 4 8t 15 N R T 1Y
F 2 o T 90 24 JR R 2 oAy S it 4 1l 2 1) B B 1 L Bl 25
% FR DA B S 30 0 2% i 0L A Bt 4L 00 1 I 2% £ R B EE
BB A I O 22 RUBE I 246 % 5 4 7 3R G it
M A i o 5 AT LA GE X 285 bR 250 A R 55 R O a0 A 7 5
R R 00 i e AR BT B AT AL

R T BEAT i S0 A 1 P 25 SRR BT LA SR ) 4%
AR UL KB 0L B A R o DT AT A4 At A 1) 2% T
ST ER R IR T ) 0 2 5 5 TR DA S ) B AR R S
[F) R X 2% Ak A >R B TG T 1) I 245 25 (1] ke 33 381 BR L
AT A ] 2 O [ 4 i S 3 A bR R P O Uk
AT AT A SE 2o 7 A bR 28 b AT T B A0 B TR A
) 52 J 0 455 5 ) o 1) R L T 4% A B 1) 2R OB A
RZF AL GNP LY (s =Mkt Viva-
di S 45 A TPlane™ ™™ SR T4 J7 35 42, 76 30F
A7 19 2% DN e ) Aty b BS540 A O 5L R T
F R ME L.

D) 2% 55 1 4z AR i A S R ) 4 R e Ak Y
BFBt. PAP/ALTO 4848 ) 1 208 iy N 25 5 1 4%
1A HE &5 Sl 41 v ) IR 4% % TR 1) ol R 30R 5 R 55
JiT H.

(3) Atk

LA TE M 4T A B A A v e R V]
S AL . A X 2 [R] R, 58 R M L SR AL
RS AT DR EE I %5 5 A UE 45 T B SE B, 1A ok
A6 & DoS ity i PR 76 1% 58 W 48 1 R e 4 v
MELUfR T, Ry TP DoS i Zets - SCHRE29-30 148
T — B FRAE “ shut-up-message” (SUM) H) B B, i
a9k Mot 1 I 55 4 w] DA A X A5 B A B il 55 g
fEIE I B O & A, #E A DoS Y. [F ), Al LU
B N5 T T 1 £ A WL S SR 4 A 2K G2 AE AL
il s LA K 52 B0 44 <7 AL 23 15 7 i 44 SR, AARAS |
fift e DoS M (1) [n] .

BEAh . NEBULA g H 7 A & #9244 R fif g
5 RG22 4 1 ) R i i S B 22 R U [R) AL
FSL A S DL 5 g Ay K& il 1) 17 18] 428 ] R i 42 1
AR S B 155 9 45 58 15 1 L2 k.



6 1 T BRI N A R I 4 B R ok R ) 1127

(4) TR g5 UK.

it 25 X 45 36 B2 8 T 2 4% » I 45 0% DR 1 P e L o
Wl & " A5, Clark % AW 2 M 15K 3% 2 88
G« 45 Z 0] 1 Peer % BN A FEALAY 2 Ui 25 o
ST o DO 2% AR G B A 2R A 20K o5 32 5 H A IR
P A 2 BORE B 3K i A5 22 A IR 45 o B R A AL
B AR T 2 R P 2 I £ o A s o
TR B B — 1 2 IR I 4% 1 12 3 B 1% 30 A7
AR F AT ) A8 S D ) e v Y T A A ] 1 U
IR R 7 T A5 9 4% v 4% AN R 35 A OG5k B

LA e /M R 35 e KA.
4.2 FRZEMIEIT

TV LR A SR RGBT AR )T
B — AR BRI 28 B IR R 284 aniAL 6 BT 28 o
ERGM =220 3 — R 2 BA N & QY =250
Bi SRR = 2 S 6] =2 B A 5 IR 4 FR
PR R0 IO 4 R BT I 45 R 5 = RS 45 P
T SRR | P 2 R R R ) £ S R 5 = )2 A () A3 S R
5 73 6] | 44 5 2 1) IR 55 25 ()

F 2]

> e B (-

|
- - — | AN | W I RS2 | WA Sa:H
et (e s L s | R || R || R || R wir || mss
By || By || B o ok
sams || ame (| | WAL 55 55 |
' ”BPo_’l®””
—————————————— I
e il e Erx TG Y
i TSN TRk IR T ARG fZR
L
o [LE v O P AT
W mgssrss| N5 | msmi. wimnm || wast s
I L fm%
l TFIRE) l 11 P RSN R
|
TRUS | AL 2 E MERLE IR LS
| FERAIAL | s wet LML S 4 A SR
|
|

R

BAE RGUR R G5

Z AR I 2% 14 R A

B 6 Z BRI BT

4.2.1 FdEzs )

B A 2 18] 3 B A P A ) 26 10 S 4 R) R e] 9
Je& BE 7 10 L. A0 7 FH 5 5 ik 2 5 ) ) 0% B 055 v T
NS 53 KRR Ry 1 g A el 17 2
A R I T A S I 4% 0 R P A 5 S 9 4
A R] G R RE 7 B2 v B 45 100 AT T R 1 S kS5 A 1Y)
ZRARE ). ISR L33 TR 1 — OB A A e 8 fil
FH/IN & (Pathlet) FlRE L5 55 (Vnode) Sk g 57 il 37 F
Py BRAEFD P E A R LA R il g i T B
Ao ik 5 BE AR AR DU 23 B L (A5 JOR B 1 B — AR
i AR R I RE A BCHE - T . BE 98 38 i W] g AR 1Y 7 X
W5 ASC(Autonomes System) H B [ 75 3K 3 3 75 #b
HA R, LIk B B2 2h BB E 1) B 9. 7€ Pathlet
HL RS AS HIA A b 114 SR 24 TR 3K 26 SR T L
FHD S /N i s o 3k A A5 5 e AR5/ L T mT LA Y
M EE AR B 2, PRAIE T W 2% 1 A T R ML W] B
AS F] LU HE A O 016 B0 AN W] 258 1Y 19 1% i o

WS o fFE R T S A X 8% 1% 3 A5 [ R

T A28 3R 75 2 ) 2% g AR D50, USRI 2% o) A i
FVE AL (T B 28 #0048 T IR 90 0 15 45 20 W 45 53 1)
HY S HOR M T B K A I ) BV A
Xof AR AR A A AR MR b A R B R O AN TR 2R
RY P28, 44 18] ) 45 | 76 TG 190 45 S5 R 22 S R 1 1)
TR L (LR =

FE W 4 8% 5 T AT DA % Onix™ 9 3% 31 12
ALK 7. Onix % A M 412 B )% (Network Infor-
mation Base, NIB) > i 5 P 2% 41 b S PERE(S B, 1
)2 R AL N 4 AL AE NIB o, Bir A7 19 9 2% 55
RS — i fr A% = IR AT T 38 iy B2
) 45 i) 12 e P 4 — ) 1 11 . AE X2 £ Hp L BT AR
JH W £ Ak A 1) 7 125 28 2R BT fm 4 T Y I 2% L.
AL % iPlane V- & M £ AR 8 848 80 & 19 7
3o AT DA FR ) 4 D0 235 SR v 45 3 58 n o8 4 1
RS TR NN T =) SN AR DR 0 R N 0 P



1128 i " Ml

e 2012 4

L
&

AT AR FH B2l I 18 753 o A I 28 8 I S Rt 7 2
W A5 Al 5 BAGETE H &8 Rk — 20 X Y
H &0 B AT IR ASZ A0 A7 - ol LKA 0 45 5 o 4
TET £ J P e R A A B o T S R RE R I P R

Server 1 Server N
Network Control Logic ‘

7 Onix & R 44t

4.2.2 7S

2 () A A G T B i e T R 45 7 Bl )
RN 2% i 14 5 R P I L. A 00 ) G o ) T o
f HAR BT S B LS LA i 15 . i B
IR ) B R B8 B TR SCTE N AT B S 3R
/I SRS N A Y i e N N ) S S R 2
AR B iR R S I R AR R g 15 S R R
B B A AT X A AT A BEAT R A L A R PO S AR
J¥ BTG %0 i (9 H PR A7 i (07 8 T DE i A
2 AR AT 2R T U A B AT A B 4 7
[ 7 55 BL 4% 7 5 HL Ik o) B A il A T OG0 N
7R B AL B 52 B 5235 AR N A E L

Suc\imr‘)bi]eiz ‘ [J %

<

Server 1234 P
E QQ Media File_ABC XS 1N

Sensor@XYZ

John’s _laptop_1

Host
Naming
Service

Context
Naming
Service

Content
Naming
Service

Sensor
Naming
Service

Globally Unique Flat Identifier (GUID)

Global Name Resolution Service

Network addrcssl \ Net2.local _ID \

Netl.local_ID
K 8 MobilityFirst 2240

253 8] [ B 1 AT DA % MobilityFirst™
BT RS o SR ISP T Ak 1 N 25 i 44 45 20 2 10 ) R
PR RS — 1 GUID XKy 45 & — 4~ 4L
B 2. GUID ARy = HLEE M 2% 1 42 Jmy i — A5 i,
AFLL A B A, e e il iE. GNRS(Global Name
Resolution Service, GNRS) &RGi i1 1T &4 GUID
Xof 1 FE AL I 45 B o7 L T B Y 32 AN GNRS &R 48
RIS 7 5 T ] AR N ) S H SR, An 1 8. TE I
FET g A [A] 8 44 5 IR 55 SR o A R 8 i S 1
F18) T L[] Esf 33X T 45 ) 245 5 3040 5 1) 11 /) s R 4
AR L LB R T 0 ) B R R i e T B
PR 1 ) 7.

4.2.3 R

Mk 55 7 () figg o 8 BE X 2% vh B RN S B A& 6 TR
R R FH X A 55 o e SR B B - I 4% 5 I X
E I X T R A R DL R ity U A I 2 KR A L AR
XF 2% R REAL 4 ) T K. Oy TS B RB AL R 2%
AT RME % Alicante™ [0 T1 BUVREL  F 2 AL 4% (A
Home Box) 3¢ 5% Bl ¢ sy 4] 7 F0 IR 55 4 3t 75 =2 1] 1)
ACH.. HE AV A% R v P IR 55 B AL R A ) 4 L
3 X A A 1 TG BN B A AT LA A 2% o ]
TE N2 PR AL N 25 T8 2 5 RN 2 8 B 5 A 6 )
HEAT VI DTS2 3T IR 55 22 1 0 4 B L 4 ik e Ak
9N 2553 I IR 55 TR o 43 A5 48 D 28 3 T 4R R |
OCAE L N I B A B SR HE A 2% LA K
KA TR AL 25 44 575 a) Ry 5 V- TR AT AT 55 R
N2 AR ALK SR . W2 s R BOR B E B . 4R
BCHE— A Al G 00 0 4 AL I 3 5 e AR A 2 (R Y A2
HL PR AT EE N UC P RS ) 5K DAIA B A
1 AR 55 AR 30 e A\ TR0 A P B 58 RPN 25 v 1) 4%
IR P 1R SCE B 2R 2S5 B LB
IR 2% [ ey XL o) JR% 1 55 TR ) 2% g A 1 3 2. 3 3
B BB B 2 B A A S L S B0 RS 1Y ik 55 B
2 F T Ak A IR 45 IR BT R B AT A B AR A
A B 4% &b 3R B4 56 (Graphics Processing Unit,
GPUD , 41 i 1 il 203 o $1 3 1 1) 2% i JH P 149 A 365

fie .
5 BESRE
0 26 91k 1 BS54 5 4 1 4 2 O 4

@ ALICANTE Consortium, “D2. 2 Service/Content Adapta-
tion Defi-nition and Specification” and “D2. 3: Cross-Layer
Monitoring Definition and Specification”, FP7 ICT ALI-
CANTE Project, http: //www. ict-alicante. eu/



6 1] F*

(RSt N E N R ¥ At B B R L

1129

X BT LI R AR R ZRAG R TR B Pk k. CDN i
REAEARGE TP W45 1 508 A 5539 - M L A2 P
VOH 3 26 ]z 55 45 i 1 235+ s )2 8 ik T 4% Ol T
PHRGEN AR KR5S A 1 M SCRe T A BOR 1
Ji&. TRl IRF . CDN H AR ) 7 32 (8 i o 8 36K 0 245 449 4
A TR AR AR A S5 4 i P AL S P BUOR U T 45
P AN RE 1 _E RS K B A8 Al Sy W 2% A g At Ok 1T AL
I8 HEL A B N B A I B R IR 55 JB e 1Y
SRR R » CDN 72 K RUBERLA 73 4 iR 55 I o A7
TEVE 22 AN 2 0 n] 37 Ji [ T 38 E Al TR AR AE B ) st
. T CDN A I i (9 Bk A B 1A & 45 44
9 Ff1 BE T o o LI PO A S S8 S i AR SCA S 1]
Hh— L8 TR M 45 1A R B A A5 1) JE AR $E 0 T
TA i3] A A [ 2% 1) 25 JE A 0 205 1% 2% 25 4 15 50 B B R
20 WA I 45 10 T D U B 45 AT B Al R RE AL L K 4
PV IS SR AR X LR BT IR SRR R
GERIBETTIEAR L AR T 22 A 100 2% 11 1R 2R 2R A
RPN =R A3 A I O = s ]
MBI 2T T R

Z % x M

[1] Dobrian F, Awan A, Stoica I, Sekar V, Ganjam A, Joseph
D, Zhan J, Zhang H. Understanding the impact of video
quality on user engagement. ACM SIGCOMM Computer
Communication Review, 2011, 41(4): 362-373

[2] Koponen T, Shenker S, Balakrishnan H, Feamster N,
Ganichev I, Ghodsi A, Godfrey P B, McKeownh N,
Parulkari G, Raghavan B, Rexford J, Arianfar S, Kuptso D.
Architecting for innovation. ACM SIGCOMM Computer
Communication Review, 2011, 41(3): 24-36

[3] Labovitz C, Johnson S, McPherson D, Oberheide J, Jah-
anian F. Internet inter-domain traffic//Proceedings of the
ACM SIGCOMM 2010 Conference. New Delhi. India, 2010;
75-86

[4] Akhshabi S, Dovrolis C. The evolution of layered protocol
stacks leads to an hourglass-shaped architecture. ACM SIG-
COMM Computer Communication Review, 2011, 41 (4):
206-217

[5] Balakrishnan H, Lakshminarayanan K et al. A layered na-
ming architecture for the Internet. ACM SIGCOMM Com-
puter Communication Review, 2004, 34(4); 343-352

[6] Guha S, Francis P. An end-middle-end approach to connec-
tion establishment. ACM SIGCOMM Computer Communica-
tion Review, 2007, 37(4): 193-204

[7] Koponen T, Chawla M, Chun B-G et al. A data-oriented
(and beyond) network architecture. ACM SIGCOMM Com-
puter Communication Review, 2007, 37(4). 181-192

[8] Stoica I, Adkins D, Zhuang S, Shenker S, Surana S. Inter-
net indirection infrastructure. IEEE/ACM Transactions on

Networking, 2002, 12(2) . 205-218

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

Popa L., Ghodsi A, Stoica I. HTTP as the narrow waist of
the future Internet//Proceedings of the 9th ACM SIGCOMM
Workshop on Hot Topics in Network. Monterey, Canada,
2010

Yin H, Liu X, Zhan T, Sekar V, Qiu F, Lin C, Zhang H.,
Li B. Design and deployment of a hybrid CDN-P2P system
for live video streaming: Experiences with LiveSky//Pro-
ceedings of the 17th ACM International Conference on Multi-
media (ACM MM). Beijing, China, 2009. 25-34
Krishnamurthy B, Wills C et al. On the use and performance
of content distribution networks//Proceedings of the 1st
ACM SIGCOMM Workshop on Internet Measurement. San
Francisco, USA, 2001.: 169-182

Krishnamurthy B, Wills C. Analyzing factors that influence
end to end web performance. Computer Networks, 2000, 33
(1): 17-32

Zhu W, Luo C, Wang J, Li S. Multimedia cloud computing.
IEEE Signal Processing Magazine, 2011, 28(3): 59-69
Jacobson V, Smetters D K, Thornton J] D, Plass M F,
Briggs N H, Braynard R L. Networking named content//
Proceedings of the 5th International Conference on Emerging
Networking Experiments and Technologies. Rome, Italy,
2009. 1-12

Nelson S C, Bhanage G et al. GSTAR: Generalized storage-
aware routing for MobilityFirst in the future mobile Inter-
net//Proceedings of the 6th International Workshop on Mo-
biArch. Bethesda, USA, 2011: 19-24

Anand A, Dogar F, Han D, Li B, Lim H, Machado M, Wu
W, Akella A, Andersen D, Byers J, Seshan S, Steenkiste
P. XTIA: An architecture for an evolvable and trustworthy
Internet//Proceedings of the 10th ACM Workshop on Hot
Topics in Networks. Cambridge, England, 2011

Koponen T, Casado M, Gude N, Stribling J, Poutievski L,
Zhu M, Ramanathan R, Hama T, Shenker S. Onix: A dis-
tributed control platform for large-scale production net-
works//Proceedings of the 9th USENIX Symposium on Op-
erating Systems Design and Implementation. Vancouver,
Canada, 2010

Koponen T, Chawla M et al. A data-oriented (and Beyond)
network architecture. ACM SIGCOMM Computer Communi-
cation Review, 2007, 37(4). 181-92

Visala K, Lagutin D et al. LANES: An inter-domain data-
oriented routing architecture//Proceedings of the 2009 work-
shop on Re-Architecting the Internet. Rome, Italy, 2009.
55-60

Gritter M, Cheriton D R. An architecture for content routing
support in the Internet//Proceedings of the 3rd Conference
on USENIX Symposium on Internet Technologies and Sys-
tems. San Francisco, USA, 2001; 4-4

Ghodsi A, Teemu K et al. Naming in CON architectures//
Proceeding of SIGCOMM Workshop on Information-Centric
Networking. Toronto, Canada, 2011;: 1-6

Adhikari V, Jain S, Chen Y, Zhang Z. Vivisecting youtube:
An active measurement study//Proceedings of the 31st An-
nual IEEE International Conference on Computer Communi-

cations. Orlando, USA, 2012; 2521-2525



1130 i "

Hl

2012 4F

E

M

[23] Ng T E, Zhang H. Predicting Internet network distance with
coordinates-based approaches//Proceedings of the 21st An-
nual TEEE International Conference on Computer Communi-
cations. New York, USA, 2002 170-179

[24] Wen Z. Rabinovich M. Network distance estimation with dy-
namic landmark triangles//Proceedings of the 2008 Interna-
tional Conference on Measurement and Modeling of Computer
Systems. Annapolis, USA, 2008 433-434

Dabek F., Cox R, Kaahoek F, Morris R. Vivadi: A decen-

tralized network coordinate system. ACM SIGCOMM Com-

[25]

puter Communication Review, 2004, 34(4): 15-26
[26] Madhyastha H, Katz-Bassett E, Anderson T, Krishnamur-
thy A, Venkataramani A. iPlane Nano: Path prediction for
peer-to-peer applications//Proceedings of the 6th USENIX
Symposium on Networked Systems Design and Implementa-
tion. Boston, USA, 2009. 137-152
[27] Madhyastha H, Anderson T, Krishnamurthy A, Spring N,
Venkataramani A. A structural approach to latency predic-
tion//Proceedings of the 6th ACM SIGCOMM Conference on
Internet Measurement. Rio de Janeriro, Brazil, 2006 99-
104
[28] Xie H, Yang Y, Krishnamurthy A, Liu Y, Silberschatz A.
P4P. Provider portal for applications//Proceedings of the
ACM SIGCOMM 2008 Conference on Data Communication.
Seattle, USA, 2008. 351-362
Andersen D G, Balakrishnan H, Feamster N, Koponen T,

Moon D, Shenker S. Accountable Internet protocol (AIP)//

[29]

YIN Hao, born in 1974, Ph. D.,
associate professor. His research inter-
ests include future Internet architecture,
content delivery networks, and multime-

dia communication.

Background

With the rapid development of Internet applications, the
traditional network architecture faces numerous challenges.
The emerging demands for scalability, mobility, security,
etc. are hard to be met by incremental changes for the Inter-
net. There has been significant amount of effort on clean-
slate architecture design for future Internet. This paper sum-
marizes the existing challenges of current Internet and the re-
search projects about future Internet architecture design, dis-
cusses the design philosophy of future multimedia network,
proposes a new Multimedia Network architecture, and discus-

ses the key technologies of the network. This work is partly

Proceedings of the SIGCOMM. Seattle, USA, 2008. 339-
350
[30] Shaw M. Leveraging good intentions to reduce unwanted net-
work traffic//Proceedings of the 2nd Workshop on Steps to
Reducing Unwanted Traffic on the Internet. San Jose, USA,
2006 9-9
[31] Faratin P, Clark D, Gilmore P, Bauer S, Berger A, Lehr
W. Complexity of internet interconnections: Technology. in-
centives and implications for policy//Proceedings of the 35th
Research Conference on Communication, Information and In-
ternet Policy (TPRC). Arlington, USA, 2007 1-31
[32] Clark D, Lehr W, Bauer S. Interconnection in the Internet:
The policy challenge ( August 9, 2011)//Proceedings of the
39th Research Conference on Communication, Information
and Internet Policy (TPRC). Arlington, USA, 2011. 1-24
Godfrey P, Ganichev I, Shenker S, Stoica 1. Pathlet rou-

ting//Proceedings of the ACM SIGCOMM 2009 Conference

[33]

on Data Communication. Barcelona, Spain, 2009: 111-122
Cerf V et al. IETF
RFC 4838, Informational, 2007

Delay-tolerant network architecture.

Fall K. A delay-tolerant network architecture for challenged
internets//Proceedings of the 2003 Conference on Applica-
tions, Technologies, Architectures, and Protocols for Com-
puter Communications. Karlsruhe, Germany, 2003. 27-34

[36]

Satyanarayanan M. Pervasive computing: Vision and chal-

lenges. IEEE Personal Communication. 2001, 8(4). 10-17

ZHAN Tong-Yu, born in 1986, M. S. candidate. His
research interests include server placement, and future Inter-
net architecture.

LIN Chuang, born in 1948, Ph. D., professor, Ph. D.
supervisor. His research interests include computer net-
works, performance evaluation, network security analysis,

and Petri net theory.

supported by the National Basic Research Program (973 Pro-
gram) of China (No. 2012CB315800, No. 2011CB302601),
National Natural Science Foundation of China (No. 60736012,
No. 61170290). These projects aim to provide better perform-
Our

group mainly focuses on Content Delivery Network, multi-

ance in computer networks and information systems.

media communications and Internet architecture. Our group
has published over 100papers in refereed journals and confer-
ences and is a holder of more than 13 Chinese invention

patents.



