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A Method for Streaming Delivery
to Reduce Interruption Time on Broadcast
and Communications Integration Environments

TOMOKI YOSHIHISA, ! TAKAHIRO HARA T2
and SHOJIRO NisHIO!?

Due to the recent popularization of broadcast and communication integration
environments, streaming delivery using broadcast and communication attracts
much attention. In the streaming delivery, clients receive streaming data such
as music or movie from broadcasting systems and communication systems con-
currently. Although these systems compensate their demerits for each other,
the interruption time is lengthened if the system does not deliver the data effi-
ciently. In our proposed method, the system produces a broadcast schedule of
streaming data considering the communication bandwidth. In this research, we
confirmed that the additional bandwidth that gives shorter interruption time
differs from the communication bandwidth. By finding the additional band-
width, our proposed method reduces the interruption time.
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Fig.1 A broadcast and communication integration environment.
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When a player finishes receiving a piece:

input: Time
DownLoadTime=00; //DownlLoadTime 000000000000
//00000000000D

output: TargetPlayer, TargetPiece

1
2
3: for TmpPlayer € players do

4 //000000000 TmpPlayer 000000000000
5: TmpPiece=FindPiece(TmpPlayer) ;

6 if TmpPiece is nothing then//TmpPiece 00 00O

7 next TmpPlayer

8

9

end if
//TmpPlayer O 0 TmpPiece 10O OOOOOOOOOODOO
10: ComDownLoadTime=CalculateComDownLoadTime (Time, TmpPlayer, TmpPiece);
11: //TmpPiece 000000000 ODOO0ODOODODODOD
12: BroDownLoadTime=CalculateBroDownLoadTime (Time, TmpPiece);
13: //TmpPiece 00 0O0O0O0O0OODO
14: PlayStartTime=CalculatePlayStartTime(Time, TmpPiece);
15: if PlayStartTime <BroDownLoadTime and//0000000000
16: ComDownLoadTime <BroDownLoadTime and//00000000000
17: ComDownLoadTime <DownLoadTime then//000000000000DO
18: DownLoadTime = ComComDownLoadTime;
19: TargetPlayer = TmpPlayer;
20: TargetPiece = TmpPiecxer;
21: end if

22: end for
02 BCOOOOOOOOOOOOOOOO

Fig.2 The algorithm for communication systems under the BCD method.
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input: ps, ap, 7, bj, N output: a;

1 Sum_p=0;

2 a1=0;

3: while Sump < p, do//000O00D0O0O0DOOOOOOOOO
4: ai+ =a,;//85, 0000000

5: 1 =CL1/7‘;//Sl ooooo

6 dlzal/bl;//S1 gopooo

7 Sump =py;//0000000 S, 00000000
8 //Tmp_d, OO0

9: if by < r then

10: Tmp-d2 = d1 + ap/7;

11: else

12: Tmp-d2 = p1 + ap/b1;

13: end if

14: ez = min(bg XTmp_d2 /7, ps—Sum_p);
15: do =Tmp-d2 + e2;//S, 00000

16: for i=2 to N do

17: a; =d; X b;3//S; 0000000
18: pi =a;/r;//S; 000D0DO

19: Sump+ = p;;//0000000 S; 000000000
20: ei+1 = min(by X p; /7, ps—Sump);
21: diy1 =d;i +pi +eit1;

22: end for

23:  end while
03 BCODUOOOOOOOOOOOOOOD
Fig.3 The algorithm for broadcast systems under BCD method.
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Fig.4 as determination under the BCD method.
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Fig.5 An example of a broadcast schedule composed by the BCD method.
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01 0000Ooooooooo
Table 1 Values of the example broadcast schedule.
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02 0000000
Table 2 Parameter configuration.
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Fig.6 The time for requesting playing the data and the interruption time.
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Fig.7 The extra broadcast bandwidth and the average interruption time.

NBB VoD OOOOOOODODO0OOOOOOOOOOOOOO0O0000O0OOOOOOODO
0000O0O0OO0ONBBVoDOOOOOOOOOOOOOOOOOOOOOOOOOOO
00000000000000000000000000000000000000000
00000000000000000000000000 1,024Kbps000000000
0 NBB VoDOODOOOOOOOOO 36300 Modified NBB VoD OO 6700000
0600000000 BCDOba=1,536Kbps0 00000000000 0000000
00000000000000000001,536Kbps 01000000000000000
000000000000000000000000000000000000
0000000000000000000000000000000000000000
0000000000000000000000000000000000 1,536Kbps O
00000000000000000000000000000000000000000
00000000000000000000000000000000
5.2 000000
00000000000000000000000000000000000000000
00 70000000000000000000000000000000BCDO jsec/req.
be=k Kbps[ j = 30,600 k = 768,1,024,1,2560 000000000 ;00000000
kKbpsDOOOOOOOOOOOOOOO
000000000000000000000000000000000000000
00000044000000000000000000000000000000O0OO
0000000000000000000 30000000000 768Kbps000000
0000000 1,152Kbps 00 001,024 Kbps 00 001,472 KbpsO 1,280 Kbps 0 0 0 O

000ooooooog Vol 51 No. 8 1402-1412 (Aug. 2010)

-e-BCD
“A-Mocif ad NBB-VeD

B Server Only

0

600 70 g0 900 1000 1100 1200 1300 1400 1500
Communication Bandwidth b, (Kbps)

08 OOO0OO0OO0OO0O0OOBOOOO

Fig.8 The average communication bandwidth and the average interruption time.

2240Kbps 0000000000 O0OOOOOOOOOODOOOOOOOOOODODDOD
gooobooooooobooooooooooooboo0ooooooboOooooobooo
ooooooon

ooboooboootoboeobO0OoOooOOOOOoOoDO3o00oooOoboOooooDOOOoOn
goooooooooooooboooobooboOoooobooboOoooooooooooDbonoo
gooooooooooooobooooooboo0ooooooooooboboooooDboo
oooooooo

53 OO0OOOO0OO

goooobooooobooooooobooooooboboooooobobooooDoboo
gooooooooooooooobboooobooobooooooooboo 8sogoo
oo00000000000o0OO0O0O0O00000000O0OBCDOOOOO BCDOOO
Modified NBB VoD O 5.1 0000000000000000000000DCOO0OOO
000000000000 OServer Only 0000000000000 OOOOOOODOO
gooooboooooooooboooodoooooboooboOoOooooOoCOoOoOooon
goooboboooooooobooooooooooboboOoOo0oooooboOoooooboobo
oooao

O00O000O0OO0Server Only 000000000000 20000000000000
goboooobobooosocbooboobo1oboobobooooboooboooooboooooboooooo
ooboooobooooooooboooooboobooooboooOooooboOooboooon
0000000 1,024 Kbps O 000 Modified NBB VoD OOOOOOOOOODO 67.2
O0BCDUOO 54.10000000000000019%%00000000

(© 2010 Information Processing Society of Japan



1410 OO00OO0OOOO0OOOOOOOOOCOOOOOOCOOOOOOCOOOOOOCO

¢

Average Interruption Time

o I 0 a a0 50 e 0 a @ 0
Bandwidth Waver (%)

09 00O0O0O0O0000O00O00OO0

Fig.9 The bandwidth waver and the average interruption time.

54 0OO0O0OOOOO

goooooooooooocooooooboooOoooooOoboooooboOoooooboo
goboooooooobooooboocoooooooooooooooboooooooonono

0oo00O0o0oooO0O0000ooO0O000ooODO000ooOOO00O0b0O0O0 1,024Kbps
gboooooooooooboooooboooobobooobOoOooOoooobooboooo
gooooooooooooooooboooooooooooobooboooobooooboDboo
gobooooooobooooboooooooobobooooo

5.5 OD00O0O0OO0OOOOOO0ODOOOO0ODOO

gooooobo 200000000000 0b0O00b0b00obObOODbOOoDbDOoOoDOoODO
goboooboobooooboooobooooooboobooobOoboboDbOobobOoDbOo
gooboobooooooooboooobooboooooooooooooooooooaoa
ilodooboobooooooooooboboooooooboooooooooooonoo
O0000o0o0oooooooooooooooOO0Ob 125KO00000002Mbps
g3oooboooobooobooooseooboooogeoodobnoonooooonoa
3,600/8=4000000000000000DO 40000000000000000O0OOO
00000 1,024Kbps 00001 000000C0CCOO0O0000000O0 312500000
goooobooooobobosoooouooooobo sogoooooocooooooobooboo
00000000 30x60/30=600000060000000000000000 0.1875
goooboooooooooooocooobooboooobOobo0oooooOooOooooDObooo
goooooooooobooobooooobooooooooboooooobooobobo
goboooooooooooobooooboooboooobooooon

000ooooooog Vol 51 No. 8 1402-1412 (Aug. 2010)

gooooooooooboooobooooooboboooooobobooooDoboo
goboorvyooobooooboobooboooboobOoOoboDOobooOoooOoobooOobbo
0000D00Modified NBB VoD OOOOOOOOOOOOOOOOODOOOOOOOO
0000000000000D0000000 Modified NBBVoDOOOOOOOOOOO
oooooooooooi1oo0obooooooooooooooboobooboooOooooro
gobodoobotoeoObOoOoobOOoOoOoOOoOonood

6. O O

6.1 UUOOOO0OooOoOooooooboooooboooon

gr7obcoooooobOoooooooooOooOobocboOoOooOobooOoOoOoOoOobOOOoODOObO
goooooooooeecbOoOoOOoODOOOODODOOODDOOOODDOOOOODOO
ooooooo s;0:=1,---,N—-1000000000000COCDOO00000 Si+a
goooooooooooooooobooooooooooboobooOoboOoooobooOooOooooo
gooobooooooooobooooooooboooOooooooooooooooooobo
goooboooooooobooobooOoobooobooboOoboooooooooooooDoon
gooooboooooooooooobooooooboooooooboooboooooooDooobo
goooooOoOopoOoQooOoooooBChOODOUOODODOOOODODOOODOOOOOOO
goboooooboooooooooooboobooobooooooo

6.2 JO00O0OO0OO0OO

goooooooooooooooooooooooooboooboboboobOobObOoDbOo
gbooobooooooooboooobooooboooooooooboooOoobooona
ooooooooooooooooooooobobooboooooooobobobooOo wsOoOo
oooooooooooooOOoCbocOoOoOoOooooooooooOOOb0O0O0O000 welo
goooooooooooooooooowy OOoOoooOoOooooooooooooo
ooo WwWs+Weg+Wy OOoooooooooooooooboooooooo 8Oo0Ooo
O0000000000000000 1MbpsOOOODOOOOOO00O0OSB410000
Ooooooooobo oooO00000oooOoobob0O0O00oooo0 2410000000
gobooooooooooooooboooooboooboOoboOobooooboOboOobooooboDbOboo
goooooooooooooboooobooOooooooobobooobocOooOobooOoOooOoDon
gobos3oooooooooooooboooboouooooboooooobobooooooo
gobodoosibooooooooooobooooooobooooobobooooboooooo

(© 2010 Information Processing Society of Japan



1411 0O00OO0O0OOO0OOO0OOOOOOOCOOOOOOCOOOOOOCOOOO0OOCO

goboooooobooooboobobooooboobooo

3000 2Mbps 000000000 OOOO00O0OOODODO 4100000000000
goobooboooooboooooooooboooooooboooooooooooOogoo
goooboboooooooooooooooobooboooobooooboooooooooao
goooooooooooooooooooooboooboOoooooooboObobobbOoooooo
goboodooooobobodoobooooooobobooooboooboooooboOoOobooOoOooDoOo

7.0 O O

gbooooooooboooodoboooooboooooooooOobboooOoOobooboOooDo
BCODOOOOOOOBCDOOOOOOOOOOOODOOOOOOOOOOODODODOOD
gooooooobooooooooboooooooooboOooooooocoooooobooo
gboooboooooboooooboooboooooooooooOoOobooboooboOoboobooDno
gobooooooooooooooboooooobooooobooooobooobooooooonobo
gooooooooboooooooboooboooooobooooooooboOooooono
000000000000000000Y 000000000000000000000
oooo

o0 0oOooooOoboooobOobOOoobOobOOoOoDbOOoOoDOOO0ODbDO0bOOoDOoDO
goooboooooobooooooobooooboooooboooooooBOOOODOO
goboboooooooobooooobooooobbomooooo21vool08000ODOO
gooooobooooobooooo

g o 0 0o

1) 00o0oU0oU0o0ooOoUo0o0oooUo0oooooOOooooUoDoooDo
0000000o0DO0bO0o0o0o0DoOo0oDOooOooOobOOoO0OoOog BOVol.J91-B, No.3,
pp-300-308 (2008).

2) Kulkarni, S., Paris, J.-F. and Shah, P.: A Stream Tapping Protocol Involving
Clients in the Distribution of Videos on Demand, Springer Advances in Multimedia,
Special Issue on Collaboration and Optimization for Multimedia Communications,
Vol.2008 (2008).

3) b0o0ooO0oo0ooOoUoOoUOoUOooOoLDO0oLDOoLDOooOOoooLoooOooDUoUoOO
0000000000 Vol.47, No.12, pp.3296-3307 (2006)

4) Zhang, X., Liu, J. and Li, B.: DONet/CoolStreaming: A Data-driven Overlay Net-
work for Live Media Streaming, Proc. IEEE INFOCOM2005, Vol.3, pp.2102-2111

000ooooooog Vol 51 No. 8 1402-1412 (Aug. 2010)

(2005).

5) Magharei, N. and Rejaie, R.: PRIME: Peer-to-Peer Receiver-driven Mesh-based
Streaming, Proc. IEEE INFOCOM2007 (2007).

6) Shah, P. and Paris, J.-F.: Peer-to-Peer Multimedia Streaming Using BitTor-
rent, Proc. IEEE Int’l Performance Computing and Communications Conference
(IPCCC 2007), pp.340-347 (2007).

7) Asorey-Cacheda, R., Courville, N., Gonzalez-Castano, F.J. and Bischl, H.: A Sur-
vey and Perspective on NVoD Systems for Satellite Networks, Proc. IEEE Int’l
Work. Satellite and Space Communications (IWSCC 2007), pp.230-233 (2007).

8) Hefeeda, M.M., Bhargava, B.K. and Yau, D.K.Y.: A Hybrid Architecture for Cost-
effective On-demand Media Streaming, ACM Computer Networks, Vol.44, Issue 3,
pp-353-382 (2004).

9) Lee, J.Y.B.: UVoD: An Unified Architecture for Video-on-Demand Services, IEEE
Communication Letters, Vol.3, No.9, pp.277-279 (1999).

10) Lee, J.Y.B. and Lee, C.H.: Design, Performance Analysis, and Implementation of
a Super-Scalar Video-on-Demand System, IEEE Trans. Circuits and Systems for
Video Technology, Vol.12, Issue 11, pp.983-997 (2002).

11) Taleb, T., Kato, N. and Nemoto, Y.: Neighbors-Buffering-Based Video-on-Demand
Architecture, Signal Processing: Image Communication, Vol.18, Issue 7, pp.515-526
(2003).

12) Jiang, X., Dong, Y., Xu, D. and Bhargava, B.: GnuStream: A P2P Media Stream-
ing System Prototype, Proc. IEEE Int’l Conf. on Multimedia and Expo (ICME
2003), pp.325-328 (2003).

13) BitTorrent. http://www.bittorrent.com/

(0021090 18000)
(0022050 6 00O0)

(© 2010 Information Processing Society of Japan



1412 O000OO0O0OOO0OO0O0OOOOOOOCOOOOOOCOOOOOOCOOOOOOCO

o0 oopboooo goboooboooo

20020000000000000D0O0O00O00ODOOOO0O20030000 9000000000000 000D19O00O0DOO0O0OODOO
gbooooodobooooooboooobooooooooboaonno?2o005 gooboobooooooobooobooooboooboooOooooooo
gobobooooooobooooooooboom2osb0b00oonoon goboobooooooooboboooooooooobooboooooooboo

J(\\//)L gboodoooooboooz2o080000b000oboboobobooboooooa M- gbobodoooooboobo2e0200000000C00O0O0OObOOOO0OO0
gobOz2o0000000000000000000000OOOOOOOO gbboooobooooboooooboooobooooo2000b000b00ODO
goooobobooooooboooooooooboooooooboooboooobooboboOoOoo gbobooobooodoob2o030b0b00bb0ooboooooooboooboon 20070
OO00O00000IEEEDO0O0O000000000000O0 obobooodoooboooooocoooooboooboobOobobOOoOoOoobOobOboOooOoDoo
0000000000000 000000000000000000Data & Knowledge
a oooocooon Engineering 00 0000000000000 O0O0ODOCOOOODOOOOOOOCOOOO

199 0000000000000000O0000199rO0O0O0O0OO O0O0O0ODOO0O0OO0ACMOIEEED 80000 OOO

gboooooooooooooooobOoOoobOOoboDOOoOobOOooDooOoon
gbooooooooobooboooboooboooboobo2c0200000000
gboooooooooooboooboboobz2e04b00000000O000OO
gooooOoooooooooOoOoboOoooobooOoooooonoo9e
gddoooooooooooo2o0c00b0000000000000000OD0O0OOOOO2003
goooooooooooobz2eo8b0b200900000000000000000000O0O
0000000000 0IEEEDACMOOOOOODOOOOOOCODOOOOCOOOOOOOD

000ooooooog Vol 51 No. 8 1402-1412 (Aug. 2010) (© 2010 Information Processing Society of Japan



