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P2MVOD: Peer-to-Peer Mobile Video on-demand

Katsuhiko Sato'  Michiaki Katsumoto'''  Tetsuya Miki"'
tJapan Radio Co., Ltd. 1tThe University of Electro-Communications
tt!National Institute of Information and Communications Technology
This paper proposes a new form of distributed multimedia communication, which enable users to share an unlimited number of diverse video content
without spatial and time constraints. P2MVOD allows moving clients to receive streaming data on demand from ubiquitously distributed and moving
source in peer-to-peer architecture. We show a scheme to realize it through multicast VOD techniques, which overcomes mobile routing overhead and
service vulnerability in peer-to-peer model by segmenting content and broadcasting it one another. Numerical analysis shows the characteristic of that

broadcast traffic on the mobile network and indicates the effectiveness and range of the proposed scheme.
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Figure 2 P2MVOD Service Control.
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Figure 3 Network model.
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Figure 4 Network topology (symmetric tree).

BT, EFHICBVWT,. M3 TRLERY NT—=2DFY 2
LOERMGEER M TS, M30%y hT7—2H87 L — i3k
HTEHS DEIIZE) o &y M=o /= REENFR NO
~N4, a~1 EEHETSH (BRAMBBS &7 517 > MO ER
U733 HAER LAN THAHEEEL., THEN e~t &[T
THHIEITF@BE L), EXZHHLAHE 4 OFy bT7—2 F
RODEHHY Y — o TWBA, EHFRV) — IR LTE
REHERDDZLEBAETH B, FORE, mIFFOU > &
NTHTEETHIEROERE Ry hT— U SO ERER
BORBICHETOTRETNIEL L, H6i2E 5 28 LEEY
FAT b EBRIZUIIEMNBTRY ) —ERLTWS, REY 1T
hAERTABS E/ —ENIDQY 2 kS 20 202
2 THED, TOMITSFY 2 EfroTWS, UYL
S0 BS MEEERENSY > ¥ e g~ BT AR RS
EROEREEREORBRIT1N6THENE mOIZ16TH 5.
/—=F N0 & N2, N3. N4 ORIDY > 2 b, c. d DFFEEEHEIL 4/16
THHME m Dl 4 THDH, /—F No & N1 ORIDY) >4 a
ORI 1216 THAHME m Ol 43 ThH D,

ZZTC RAFRy F7—ZI2BWT, & BS TR SEa
FUYDEEI AT M1 BOOEEL, FhEFEhOa T

— 424 —



PUDRBI 54T MIEBS LFETHHDOERET 5. U
U e~mRENTN 1BOITFOVRBAINTENS O
P ELTERIN.SBEOACTFOYERIIHNTETS F
>Um=16E LTHERAIND, VT a~d RENED, 4O

AVFIVERBIINTETIFU L Im=43)E L TEATH

L2EOICTFIYRBRMNTETIFUSIm = &L TH
BEh3, T, £ 1~8 1ML, m=16. 43. 4 EENTH
RAL, a>FoUdIXp22LLT, SERERBSELIIHL
Thr374 v o 2B/MET BHE 70— RER EZHETL TR
HER#RERD S, Patching FHEIIBIFD 527U I BLT
T5oFV T (m=16. 43, HLOBNERHFEEp 0 phvim
216 Pabmedy Pobmesn& L. Fragmented Patching IZ 5 3 F
DI DBMERIRZp s Pliomniey P'ibmaty Pbmar)
&L, BEBIZ P2MVOD 2B 3R U > 7 ORNER#RZp 0
Plotme16 Pabmesp PudmunETHE. VT e~ t DHER
FRIFNThOFEE, RULZF+ X MEEIZBNT

Pruding(e)= 1954+ 150 poma19)  (9)

Pragoented (e = 10’13+ 15P 'tomar)  (10)

Prmvon () = 1P e + 150 'mps  (11)

Paiast @)= 1p0s + 15pbm=19  (12)

ERB, —H. UV a~d ODERERBETHEhOFE, KU
a=F v X ME@IZBWT

Pratcting (o) = 4P p b (na a3yt 120 p b mad)

Prragmented (o) = 40 't m = 43) + 120 't b (m o )

PrmvoD ) = 4P 'm b+ 12p'mb  (15)

Puaiasn@) = 4Pubm=am) + 15pb@me49  (16)

M7&8R, BFEEICBITIBUVe-tLa-dThETHOR
MOERFRERL TS, &ROBMRIT. FEREREA I
LTRMEENE RS T4 w2870y FLEDDTHD.,
Pructing ) =f (A)s  Prrgmented e =f (A Pr2mvop @) = (A)+ Punicast (e
=f (A Ppuctinge)=f (A Prngmarca ey =f(A)s  przmvon ey = (A)s
Puiaseg =f (AHEFRLTWVS,

#EITO—LNyFT7O—ETINFF+ A T3 Fragmented
Patching F L I 74 v 7 ZBEFEIRB &3, L
LMs, X 12)THRENT S &L DI, Fragmented Patching
REREERO LRITEN, TIFH v X MBI IERBEN
BREAITMUTLES., JO0—E:+ X MEETS P2MVOD
IXEROERBAIMEV & &, Patching, Fragmented Patching & LU
T3EERBRITKREN, LHLENS, EROLREMNH
BIZHEWERHFEIT Patching &K D TEI>TWS Z&Nh 3,
Fragmented Patching #X—2Z & L TVW% P2MVOD Tid. 3tH7
O —OERHABE A Fragmented Patching & [BIHRIZEED T <l
NBAHE 1m). TR BEROERBRIZHED 574 v 7 OHIM
BUEFFTO—D I T4 v IVEENZVWEDIL, k5T
2 DRIMBEE)H Patching EERTHAENWDTHB, FO—K
F v A RERNS P2MVOD 1375 >F N 7Oz S I
T4 93— ERBM, CIFFv A FEMAND Patching,
Fragmented Patching 377 > F U > OBMMABITR->THS
T4 RBIRBTBILNTES, ZOTENSTFFULY
ORIH U TEROEEBBMB VR, RE T Xy bT—
DB LTY 517 > FOBENBNG b EBENEN)
RN T, KD Patching LBEMRNE T 74 v FBIBHRZ
BoNBENIZLTHD, FHRMITE, 2517 > MNEEDH
WRETR7O-RFr A MIHLUTINFF v X FORIRIZT
#BonfznEnS T LEHFLN. TOLIIT, P2MVOD i, 2
ZFrAPEINFFr A FEMAND Paching, Fragmented
Patching CRIEE 252 51 7 >~ FBBitE & P2P DRETHE 2R
LoDb, &E0b3I 517 MEENBLWRETIR+2E S
749 BIRPREBDIIENTEDEND T EMALHITR
2l :

(13)
a4

Ayszaym sygesy

Figure § Network topology.
branchm n 4
trunk branch m = 43
b }IBS]eeszt
2 N2 N
[ <3»88 N . _-N" ! BSHE:‘:Q
Server e ! _agzz e
b | BS|-ez2> ¢ .‘gz‘:
BS|-ez22 m B5]-e <;
M o 5
¢ NG
N [Bs)-<sz2 O]
< . Clieat
B
9 [Bs e
=
: BS]-ezz: ]
branch m = 16 B8 -ezzt Cliem
Figure 6 Transformed topology.
300
— Patching . /
250 Fragmented Patching
P2MVOD / :
200 |1 smansse Unicast
150 /
100 -/
50 G il
[

— 425 —

P2 R8A35FLSR55BBRRZB825
Request rate (Lambda)

Figure 7 Comparison of minimized traffic (links ¢ - t).



500
450 // — Patching B
400 — Fragmented Patching |
/ RRERENCW P2ZMVOD
gaso / essmun Unicast [
300
8 /
e — 4
.<.200 / /
150
100
80
0
-~ 2258583 858c8rRR583 28
Request rate (Lambda)
Figure 8 Comparison of minimized traffic (links a - d).

£eED

ENRANI—HFRELD P2P I2LBFFI FBRBA MY —A
BEEZRRLE. BPBEINBHEROCINFF+ A b VOD B
HTeRarFrYREIBIUZBUOBHZHETHDD
Fy M7= EOE/A AEBBEEA—Ny RE, P2PICB
B0 T O VREBOKRBEE WoEERS o BR
35 P2MVOD Tid, 3FoVEEI/ A METAZ LIZKY.
PSAT O RNBEITAT O NSV TFIOVEESZTES
&S5zl h2a FrYoRtHOREREESMEL L. X,
JO—RE+ A MBETIIEICLDBHPORBZBIZRL
TERINSVMARIEBRHUHOLBEEEHER L. FHRIL,
aACFIVETO—RFLYALTBIERKV I T4 ID
FREBVWTLEIM, PRSI/ A IS4 T M
TTEEETHESBEIEHTIETHSI 74 v 7 ORMEER
T5., FBXTI. b T7 17 R(Edang)® AV 5 EBMEITIC
&oT7u—RF+ APRBENB NS 74 v 7 OR{ERRL.
EDDIFISA4T7 Y VEEMBVRETHREROTIVFF X
;N vOD i EBREBDBN NI 74 v JHIRPDREB D T LM
fETHBHEEHSMILE,
IEDORBRO/NRED AT OXRERIL. BRT 7 LADE
R, T RVATFALRDI-FEBAOILFATLT
F— O HMERETEICL, ZhCkDBHTHII—THL50D
FRIZBRDHBORMBLEEZERAI LS. LiInX, SRE
EIZEOTHEINDZIENSIIERY FT—=01 2751, Bk
WO BB THrDERRILFVERBESES DD, 57
REERFEEZBA TR ERBVEN, FRXTRINVFFr R
b vOD HEfDSOT7 FO—FiZ&> T, HILWAHBRIVF AT
4 7HEWRAD 1 DOBBERRL, Xy M-I/ ERBHYLER
BrS74 97 OETEHD THRNBFERRLIEEELLS,
R, PPEETFINICBWTIY RYATATHAETHS
MNALFVREBOLEDOBENY ) —BBERETILENS
feA—NL1 Ry NT—0 OHERBATH 5 22, T EFIC
EAREYVY—ORER. EETIZEEY T E2HELEEE.
HEEV—DBEHED, EXy NT—SLTOIS 74y /B
w%®§<®ﬁﬁﬁ§6,Lmbn#5.4>75MQ§§&%
IEKERTICRENETH S ENDI A TAVIIERTRETD
3, §tid. N1 EMRE L7 P2MVOD OFHRIZHESR
EUTTHRZEDS.
BROER
1) Viswanathan, S. and Imiclinski, T.: M
dcasting, IEEE Multimedia System Vol. 4

1 q

e .y
politan area

service using pyramid b,
(1996).

2) Paris, J. -F, Cater, S.W. and Long, D.E.: A low bandwidth broadcasting
protocol for video on demand, Proc. Int'l Conf. Computer Communication
and Network, Lafayctte, IN (Oct. 1998).

3) Paris, J. -F, Cater, S.W. and Long, D.E.: Efficicnt broadcasting protocol
for vidco on demand, Proc. Int'l Symposium Modeling, Aralysis and

4

3

6)

8

9

10)

11)

12)

13)

14)

15)

16)

17)

18)

19)

20)

21)

22)

)

24)

25)

— 426 —

Simulation of Computer and Telecommunication System (Jul. 1998).

Hua, K.A.and Sheu, S.: Skyscraper broadcasting: A new broadcasting
scheme for metropolitan video-on-demand systems, Proc. ACM
SIGCOMM '97, pp.89-99 (1997). .

Woo, H. and Kim, CK.: Multicast scheduling for VOD services,
Multimedia Tools and Applications 2(2) pp.157-171 (Mar.1996).

Kaiva, H. and Fuhn, B.: Techniques for improving the capacity of
video-on-demand systems, Proc. 29" Annual Hawaii Int’l. Conf. on
System Sciences, pp308-315, Wailea, HI, USA, IEEE Computer Society
Press (Jan. 1996).

Uno, S, Tode, H., and Murakami, K.: Simple and Efficient
Video-on-Demand Scheme with Segment Transmission over High Speed
Network, IEICE Trans. Communications, Vol, E84-B, No.1 (Jan, 2001).
Cater, S.W. and Long, D.E.: Improving Video-on-demand Scrver
Efficiency Through Streaming Tepping, Proc. Int’l Conf. on Computer
Communication and Networks, pp200-207, Las Vegas (Scp.1997).

Hua, KA, Cai, Y., and Sheu, S.: Patching: A Multicast Technique for True
Video-On-Demand Services, Proc. ACM Multimedia 98, Bristol, UK.
(Sept. 1998).

Gzo, L. and Towsley, D.: Supplying Instantancous Video-on-Demand
Services Using Controlled Multicast, Proc. IEEE Int'l. Conf. on
Multimedia Computing and Systems ’99, Florence, laly (Jun. 1999).

Guo, Y., Shu, K., Kurose, J. and Towsley, D.: P2Cast: Pecr-to-Pecr
Patching Scheme for VoD Service, Proc. Int’l World Wide Web Conf., pp.
301-309, Budapest, Hungary (2003).

Sato, K., Katsumoto, M., Terada, M. and Miki, T.: Fragmented Patching
Technique: Super Optimal Asynchronous Multicasting for On-demand
Video Distribution, PSS Journal Vol.45 No.10, pp.2297-2313 (Oct. 2004).
Sato, K., Katsumoto, M. and Miki, T.: An Optimal Network Scheme for
On-demand Video Distribution with Asynchronous Multicasting, IPS/
Journal Vol.44 No.12, pp.3161-3173 (Dec. 2003).

Sato, K. and Katsumoto, M.: Multicast Techniques for Personalized Mcdia
Stream Delivery, IPSJ Journal Vol.44 No.2, pp.374-385 (Feb. 2003).
Mysore, J. and Bharghavan, V.: A New Multicasting-based Architecture
for Internet Host Mobility, Proc. ACM/IEEE MOBICOM’97, Budapest,
Hungary (Sep. 1997).

Helmy, A.: A Multicast-based Protocol for IP Mobility Support, ACM
SIGCOMM 2nd Intl’ Workshop on Networked Group Communication, Palo
Alto, CA (Nov. 2000).

Helmy, A. and Jascemuddin, M.: Efficient Micro-Mobility using
Intra-domain Multicast-based Mccherisms (M&M), ACM SIGCOMM
Computer Communication Review (Oct, 2002).

Sato, K, Katsumoto, M. and Miki, T.: Video Distribution Network
b Preceding and S ding Vchicles on the Same Route, IPSJ
Journal Vol.46 No.2 (Feb. 2005).

Sato, K., Katsumoto, M. and Miki, T.: Source Mobility support Multicast
(SMM), IPSJ Journal Vol.45 No.2, pp.412-425 (Feb. 2004).

Valko, A.G:: Cellular IP - ANew Approach to Internct Host Mobility, ACM
Computer Communication Review (Jan. 1999).

Soliman, H., Catelluccia, C., et al.:Hicrarchical Mobile IPv6 mobility
management (HMIPv6), IETF Internet Draft (Oct. 2004).

Jang, H., Jee, J., ct al.: Mobile IPv6 Fast Handovers over IEEE 802.16¢
Networks, IETF Internet Draft (Jul. 2005).

Do, T.T., Hua, K.A. 2nd Tantaoui, M.A.: P2VoD: Providing Fault Tolerant
Video-on-Demand Streaming in Peer-to-Peer Environment, Proc. IEEE
Int’l Conf. on Communication (Jun. 2004).

Xu, D., Hefeeda, M., Hambrusch, S. and Bhargava, B.: On Peer-to-Peer
Media Streaming, Proc. IEEE ICDCS (Jul. 2002).

Tran, D.A., Hua, KA. and Do, T.T.: A Pecr-to-Peer Architecture for Media
Streaming, JEEE Ju I of Selected Areas in Communication, Vol. 22
(Jan. 2004).




