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Abstract: Providing video on demand service over the Internet in a scalable way is a challenging problem. This
paper proposes an architecture for video on demand streaming in peer-to-peer environment, in which each peer node
has a fixed-size FIFO buffer to cache the most recent content of the video stream it receives and can provide service
to subsequent reached proper peer nodes. It has the following properties: 1) it utilizes a distributed control protocol
to support the joining and leaving processes of peer nodes in a scalable way; 2) it considers the issue of integrity of
the received program in service recovering process of the interrupted nodes. Performance studies based on
simulation are carried out, and the results show that the system architecture outperforms a recently proposed system
architecture P2VoD in a number of important performance metrics such as the server’s load, client join rejection
probability, network resource usage ratio, program integrity ratio and so on.
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Table 1 Messages used in rejoining algorithm
1
Message name Message parameters Description
Send from p; to px (pkePi), it meaning is to search new father
REJOIN_SEARCH_BIDIRECTION aj,next(p;) node(s) on multicast tree bidirectionally which starts from the
destination node
_ : Sent by pj, it meaning is to search new father node(s) on
REJOIN_SEARCH_DOWN a;,next(pi) multicast tree in the data retransmitting direction
_ \ Sent by pj, its meaning is to search new father node(s) on
REJOIN_SEARCH_UP a;,next(pi) multicast tree in opposite direction of the data retransmitting
Send from p; to S, it meaning is to query S that if any node
REJOIN_QUERY aj,next(pi),Ci locating in other clusters (excluding the cluster C;) has cached
the data block next(pi)
) Send from p; to S, it meaning is that wish to
REJOIN 8, join the server S directly
) Send from p; to p;, its meaning is that p;
REJOIRMBE_CANDIDATE & can be a candidate father node of p;
. Sent by p;, its meaning is to notify the destination node to
CLUSTER_HEAD_CHANGE hi.Ci change its cluster number and its cluster header
1. Pi
Step 1. Pi, P; , Step 3, P; REJOIN_
SEARCH_BIDIRECTION , Q , , Step 2;
Step 2. REJOIN_BE_CANDIDATE, 0.
, Q , Step 3; , 1.2 3 , 0

© PEEREBEAD

http:/ www. jos. org. cn



880 Journal of Software \Vol.17, No.4, April 2006
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REJOIN_QUERY_NONE, Step 5;
Step 4. : REJOIN_BE_CANDIDATE, Q0.
, 0 : , Step 5; , 1.2 , 0
. , Step 6; , Step5;
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CHANGE, Step5;
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REJOIN_SEARCH_UP; min(px)<next(p;)<max(py),  Pi REJOIN_BE_
CANDIDATE, ay, REJOIN_SEARCH_UP,
REJOIN_SEARCH_DOWN,;
Step 3. min(py)<next(p;)<max(py), Pi REJOIN_BE_CANDIDATE, ay,
REJOIN_SEARCH_UP; next(p;)>max(py), REJOIN_SEARCH_
UP; next(p;)<min(py), ;
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© PEBREBALTU bt/ www. jos. org. cn



VoD 881
) 3~5
Pi ) )
) , .
) Pi : ) ; )
: : , ( )
1 Pi Py Pi P : min(pi)>min(p;)  max(p;)>max(p;); pi
P . min(p)<min(p)  max(p;)<max(p;).
2. )
Pi
y Pi P ’ Pj
) Pi 1 )
next(pi)=max(p;)+1 Pi next(py), 1 : 2
N Pj \Rj Pi
Pi p; min(p;)<next(p;)<max(p;) v P Pi ,
min(p;)<next(p;)<max(p;) ; , min(p;)+min(p;)<next(p;)+next(p;)<max(p;)+
max(p;),  next(p;)+next(p;)=max(p;)+max(p;)+2, ; 2 , 2
—
2
2.1
3. A , s FIFO
7, S ATe¥".
pl ’ Orpl S 1pl
pl T ' le p2 (017)1
p2 pl T 1p2 S ’ p2
; S Y : ;S
E(x)
T
E(X)=—— 1
E(y)
z P <t E(z]z57) T
E(2]z>7) T : E(y)
E(y)=2.p'(-p)(E(z|z<7)+E(z| 2 > 7)) (2
i=0
E(zjz<7)
T 1 Teih
E(z|z<7)= f (2)dz =— - 3
(]2 <7) P{st}jo @de=5 e )

© PEEREBEAD

http:/ www. jos. org. cn



882

Journal of Software \Vol.17, No.4, April 2006

E(z|z>z)=;j“zf(z)dz=3+b ()
P{z >z} y)
@ @ ), @
E(x)=ATe™*" (5)
3 [
3 , A T FIFO T ,
2.2
: GT-ITMM ,
) 4 ; 12 & 3
, 8 :
25 ,
7 ,
Dijkstra . , ; '
) T 100
) 10 ) P2VoD ,
W AT, p dT.
1(a) r=10%, ,

4 Unicast 1(a) , Unicast,P2VoD  PeerVoD

, PeerVoD P2VoD W 100 ,PeerVoD  P2VoD
W=10 , w 10 )

' Peer , :
W , Peer , W
100 , ) )

Peer 1(b) , Peer
1 , Peer ,
1(a) 1(b) ,
100 . . e 100 o . ;
- i —— ]
ol o[22 2 |
a0 L L PeerveD ./’ sl
7ot /‘r 0
»
% B0t * % sof
B oanf * 3 a}
30+ ,‘ 30 b ]
20 S 20t J”/W
Ed
10F - + 10 F 4
o . e ok L Y T
10" 10" 107 107 10 10" 10° 10°
Mormalized workload Mormalized workload
(a) Server stress comparison (p=10%) (b) Server stress comparison caused by
insufficient network resource (0=10%)
@ (0=10%) (b) (p=10%)

Fig.1 Server stress comparison (p=10%)

1

(p=10%)

© rhEEE

http:/ www. jos. org. cn



P2P VoD 883

2 £=10%, , ,
,P2\VoD Peer\VoD, ,
, PeerVoD P2\VoD, Peer ,
, PeerVoD P2VoD. 3 p=10%
3 ,P2VoD PeerVoD
Unicast, ,PeerVoD ,
1 T 1 T T T -
s} 2 e S -
aa b —# PeervoD 0s kb —- Unicast }( i
L 0T Borr 1
:E 06 % 08 1
EE 05t E 0st -
},E; 04t :EJ o4t g
= oot § 03k 4
02 02 -
il o v,.«tﬂﬂ*-o 00_
[Ifeqeneterorsrererote [ et e y 1
1" 10’ 10" 10" 107 107
Mormalized worklosd Mormalized worklosd
Fig.2 Client rejection probability (p=10%) Fig.3 Network resource usage (0=10%)
2 (0=10%) 3 (0=10%)
) 70 ,
30 . , 50 , g
, 50pus,
3s. )
y 1 e:ee:::%%**mw
—#— Peeryol
T,
tteteee
4 % ns B
t; 08s B
. \ i
,PeerVoD z 08 ]
P2VoD. , g 075 -
s E o7 4
) 4 ,PeerMoD 0gs 1
100%. s ‘ , ,
1 10’ 10° 10’
’ Marmalized worklnsd
’ Fig.4 Program data integrity ratio (o=10%)
' 4 (0=10%)
P2\VoD.

© rhEEE

http:/ www. jos. org. cn




884

Journal of Software \Vol.17, No.4, April 2006
3
Internet VoD . P2pP VoD
PeerVoD, FIFO ,
P2VoD ,PeerVoD
P2VoD.

References:
[1] CaiY, Hua KA, Vu K. Optimizing patching performance. In: Dilip D, ed. Proc. of the MMCN’99. Washington: SPIE Press, 1999.

204-216.
[2] GaoL, Towsley D. Threshold-Based multicast for continuous media delivery. IEEE Trans. on Multimedia, 2001,3(4):405-414.
[3] Hu A. Video-on-Demand broadcasting protocols: A comprehensive study. In: Sengupta B, ed. Proc. of the IEEE INFOCOM 2001.
New York: IEEE Computer and Communications Societies, 2001. 508-517.
[4] Hua KA, Sheu S. Skyscraper broadcasting: A new broadcasting scheme for metropolitan video-on-demand systems. Computer
Communication Review, 1997,27(4):89-100.
[5] Deshpande H, Bawa M, Garcia-Molina H. Streaming live media over a peer-to-peer network. Technical Report, CS-2001-31,
Stanford University, 2001.
[6] Tran D, Hua K, Do T. Zigzag: An efficient peer-to-peer scheme for media streaming. In: Proc. of the IEEE INFOCOM 2003. New
York: IEEE Computer and Communications Societies, 2003. 1283-1293.
[7]1 Hefeeda M, Habib A, Botev B, Xu D, Bhargava DB. PROMISE: A peer-to-peer media streaming using collectcast. In: Proc. of the
ACM Multimedia 2003. New York: ACM Press, 2003. 45-54.
[8] Xu D, Chai H, Rosenkerg C, Kulkarni S. Analysis of a hybrid architecture for cost-effective media distribution. In: Proc. of the
SPIE/ACM MMCN 2003. New York: Elsevier North-Holland, 2003. 353-382.
[9]1 Rejaie R, Ortega A. PALS: Peer-to-Peer adaptive layered streaming. In: Christos P, Kevin CA, eds. Proc. of the ACM NOSSDAV
2003. New York: ACM Press, 2003. 153-161.
[10] Guo Y, Suh K, Kurose J, Towsley D. P2Cast: P2P patching scheme for VoD service. In: Proc. of the WWW 2003. New York:
ACM Press, 2003. 301-309.
[11] Guo Y, Suh K, Kurose J, Towsley D. A peer-to-peer on-demand streaming service and its performance evaluation. In: Proc. of the
IEEE ICME 2003. Maryland: IEEE Computer Society, 2003. 649-652.
[12] Do T, Hua K, Tantaoui M. P2VoD: Providing fault tolerant video-on-demand streaming in peer-to-peer environment. In: Proc. of
the IEEE ICC 2004. Paris: IEEE Communications Society, 2004. 1467-1472.
[13] Calvert K, Doar M, Zegura E. Modeling internet topology. IEEE Communication Magazine, 1997,35(6):160-163.

(1975 ), >

P2P , g

(1946 ), , , ,

1)

© Tl

BEAKPHIEFTIT  hitp:/ www. jos. org. cn




