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Scheduling Methods for Multiple Data Based on Data Division

on Continuous Media Data Broadcast

TOMOKI YOSHIHISA,t MASAHIKO TSUKAMOTO! and SHOJIRO NISHIO*

Recently, broadcast systems of continuous media data such as music and movie have been
attractive. Previous studies reduce the waiting time for clients’ starting playing the data
under continuity condition, i.e., to play continuous media data without any intermittences
until the end of the data. These studies usually employ multiple channels to broadcast the
data. However, most receivers of broadcast systems such as satellite broadcast and wireless
LAN cannot receive data from multiple channels concurrently in the hardware level. In this
paper, we propose scheduling methods for reducing the waiting time of clients in the case
of broadcasting some data with a single channel. Our proposed methods reduce the waiting
time by dividing each data into several segments and broadcasting first segment frequently.
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Fig.2 Examples of the alternative broadcasting method.
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Fig.3 An example of implementation of the alternative
broadcasting method (a1 = a2 = 2.5, M = 2,
N = 3).

oooosS™m=1,---,MOn=1,---,N—100
000000000000000000000000
000 S, 000000000000000000
000000000000000000000000
000000000000000M =20N=30
0000000 3000000a; =2500000
4 0000 1000000000000000000
T, 000000 S 00000000000S; 00
00000000000 00000D0D0000000
0000000000000 ¢, 0000000000
SlooO0o0o0 T,OOODOOO Si0O0O0O0oOoo
00000000e =250000008 0000
0000000000000004: 0 800000
0000sS00000000000ooooog S
0000008 00000000 t6 0000760
Si000000000D0000000000000
0000000000 00000000000000
00000000000000000000
4.3 0000000
0000000000000 0D0O0 NOODOOD
0000O0ONDOOOOO 2000000
e JO0O0DDDOOODODO
0o00000o0o0o0oOoooooooo sy
Om=1,---,MO00000000000000
0000000000000000000000
0000000000000000000000
00Sy 000000000000 D0000O00
0000000000000 D000000000
00000000000 O00D0O000O0D0ono
e DOODDDOOODDDOO
0000000000000000000000
000000000000 0000000000
000O000oOoooodo St o0o0o00oooo
0000000000000000000000
0000000000000000000000
0000000000000000000000
0osSmOo00D00o0Do0oooOoooooon
0000000000000 D00OO0OOOOO
0000000000000 D0000000O0O



Vol.45 No.2 O00MOOO00OO0OO0O0OO0OOOOOOOOOOOOOOOOOOODOOOBOOO 491

goboooooooboooooooooooo
gbooobooooooooooobooooo
ooooooooooooOoo NOODOODOOOOo
oooad

M

SD =" Dn (2)
m=1
M MD

D = D, = =

=3 =) ®)
SD

A= 4
D (4)

gooa

4.3.1 0000000000000
0000000 S 000000000000g
000000000000000000000000
00000000000000000

oo1 S™dn=1,---,N-100000000O0O
0000000 S7, 00000000000000
e n=1000

D;, +2SD'(N — 2) < Dy, (5)
en=2....N-1000
SD' < Dy, (6)

0000000000 0000000
00 10000000000000 N < (Dp—
D,)/(28D')+20000000000000000
0000 mOO0DD000D00000000000
0000 NOOOOOOODOOOOOO0O

min (Dy, — Dy,,)
.

0ooo

0000000000000 (7)000000000
000000000000 S~ 000000000
0000000000000 0000000000
000000000000 00000000 S™O
000000000000000000S™ 0000
000000 S 00000000028D'/N 00
0000000000 WOOOOOoOooooo
25D"  SD’

9N N (8)
432 000000000 OOOOOO0
O0ON=20000000000000 N=3
000000000000 000000000000
O0D0ON=200000000000000000
00000000000 Wo.0ODOOOOOOOOO

W =

SD’
== (9)
000N =300000000000000000
0W;00000ON=20000000000 N=3
000000000000000000000000
000000 mO000 2D, < D, +2SD' 00
0000000000000000 40000000
0oooOoDooo0
e Ty 00 Tomo 000 Tomyon 00 Typr OO
02M-100000000000000000
0oooooo
2D,, < D.,+25D' 000000Ts, ;0000
00 S 0000000000000000Sy
0000000000000000S 0000
0000D000000000000000000
0000 —2D,,/3+ D, /6+ SD' 0000
e b, ,000000000000000
Tomion—1 00000000 S 000000
000D0000000000D0D00000000
0000000000 —D.,/6+2SD'/30000
e Tb, 00 Tomyon 2000 2M 100000
0000000000000000000
Dy < Dl +2SD' 000000 omion—1 00
0000 S 0000000000000000
Sy 0000000000000000Sy 00
0000000000000000000000
000000 —D,/3+D.,/6+SD' 0000
e Thmiov1 D00D000000000ODO0
0000000 Ths 000000 SO0
000000000000000000000
—-D!,/6+2SD'/30000
000000000 mOO00D00000000

Wa

1 2 /
W@:IZWEOMMAﬂ)—6M5D+BSD—25Dﬁﬂ®
0000w, 0O00000

6M2 —2
2 T2 < 11
6M —3 — (1)

00D00O0ON=30000 N=200000000
0oOooo0oo0o0
O00ON=3,4,---000000 5100000
00000000 NOODOOOO N'=N+100
0000000000000000000 mOO0
0 D), +2SD'(N —2) < Dy, < Dl +28D'(N' - 2)
00000000000ON=300 N=400
000000000000000 960000000
7<a<130000000000000 NOOOO



492 goooooooo

0000000 S 00000000000000
000000000000000000N' 0000
SrO0D00000000000000000000
000000000000000000000000
00000000000000000 NODOOO
00000 Wy OOD), +2SD'(N—-2)< D,, 00
0000000 1000

SD’

N
000000000000 N'DOOD0DO0D00O000
0000000000000000000

og2 D), +2SD'(N —i) < D, < D, +
28D'(N —i+1)0i=2,---,N—-100000000
mO0000000 WO

1
T 2MN(N-1)
— D}, + Dy M(i —2) + 2MNSD'(2i — 3)
— 2MSD'(i*—i—1)+SD'(i—2N+2)) (13)
0000000 0000000

0020000000 mO0000O D, +2SD'(N—
2) < D, < Dy, +2SD'(N'—2)00000 D, +
28D'(N' = 3) < Dy, < D;,, +2SD'(N' —2) 000
0000000 Wy D0O0OO000 mO00000
ooooo

Wy = (12)

w (D — 2D, M (i — 2)

1

W = N =)

@AHWSDC—MMSD’

SD — SD’

— N'SD" — SD 4 3SD’ + 51 ) (14)

O000WNOODOOODO
6M? +2M(A—2)— A+1 (15)
2M(2M —1)

00000000 N+1000 NOOOOOOO
ooo

0000000000000000000000O0
000000000000000000000000
000000000000

e I0IDODDDOON=20000

N<

6M?% — 2

1<A<-——= 1

=4S G -3 (16)
e J0ODDOOODDOON=30000

6M? —2 6M? —2M — 1

- "< - - -

60 —3 =A< oo (a7
e J0ONDOOODODODOD

_|6MP+2M(A-2) - A+1

N‘{ 2M(2M — 1) (18)

Feb. 2004

Broadcast Data
. | Data 1 |
— D1’ p—
————1Cycle (D,****+D,)) —
Time
_—

|DataM| Data 1 |

04 DOOOODO
Fig.4 A simple repetition method.

5. O O

gooooooOoooooOoDoOoOoUoooooooo
o0oo00oO0ooooooUooooooooooo
00o00doodoooUoouUoouooooooo
SD'/20000000000000000000 (8)
O00D00ooOooOoooo0oooooooo 40
0000d0o0oMOODOODOOooOOooooooon
00000ooo0oooooooooooooooo
Joo0o0o0o0o0o0oooooooooooooa
000o0000ol10000oo0ooooooooooan
oopooooooooooo

5.105.2 000 a,0m =1,---, MO D,, OO
00000000000ooooO0s.305.405.5 0
O00o0ooo0ooDOoOOoOoooOoooooooog
a 0D, 000000000000ODOOO0O0OOO
gooooooOoooO0oDoOooooooooooon
gooooooooooooDoobboOoOddans =200
D,=3000M=3000000000000C0C0O
0000000 10000000ooo0ooooon
00 2300000000 200000000000
goooopoo 2300000N=5000000O
0oooooooOobo 1oooogooooooooo
O0O0O0O0 400000000 200000000
goDoOoOoooOooOo sopoooon

5.1 0O0O0O0OO0OOOOOO

a1 = a2 = a3 = ald Dy = Dy = D3 0 30
O0M=30000000000000000D00DO
N=2..-5000000000 50000000
Joo0oooo0oo0ooooooooooooooo
J000000ooooooooooong eO00O
O0eODO 3600 960000N=300000
JoooOooooooooooO9.edd 152000
N=400000CO0O0O0OO0OUOOODOOOUOOOO
do000ooUooooooUooooooooouoooo
goooooooooooooo

5.2 O000O0OOOOOOODO

a1 =ax = a3 =alDy = Dy = D3 =D 0O 3
00M=3000000000000000000
Joo0ooooooooooooooooooooo



Vol.45 No.2 O00MOOO00OO0OO0O0OO0OOOOOOOOOOOOOOOOOOODOOOBOOO 493

Average Waiting Time / Playing Time
o e o o o o
S & £ & & g

°

°

05 OJOO0OOOOOOOOOON =2,---,50
Fig.5 Average waiting time of the alternative
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Fig.7 Average waiting time of the alternative broadcast-
ing method and the number of broadcast data.
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Fig.9 Average waiting time of the alternative broadcast-
ing method and the variance of consumption rate.
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Fig. 10 Average waiting time of the alternative broadcast-
ing method and the variance of playback ratio.
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