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On Broadcast Interval and Scheduling of
Two-dimensional Broadcating Model

XIAOWEI KAN,# 1t KAZUSHIGE ASADA,"tt ATSUSHI I1IZAWAT®t1
and KAZUTAKA FURUSEttt

In this paper, we propose a mechanism of scheduling for push broadcast services in digital
broadcasting. In previous work, the scheduling problem has been considered as a problem of
one-dimensional allocation focusing solely on the time dimension. We redefine the problem
as that of two-dimensional allocation, with both time and bandwidth of the data are taken
into account, and propose a mechanism truly designed for digital broadcasting. In this pa-
per, we discuss a method to determine the optimal broadcast interval for each data in such
kind of two-dimensional scheduling. Moreover, we propose a scheduling algorithm based on
the estimated optimal broadcast intervals. Results from perfomance evaluation verify the
effectiveness of the proposed mechanism.
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Fig.2 1-dimensional broadcasting model vs. 2-

dimensional broadcasting model.
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(1)  determine optimal spacing s;, for each 4, using Equation (5)
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Fig.4 Scheduling algorithm.

0000000000 02000000000000
00D0000000000D001000000000
0000000 OHameedDOODO'Y0300000
0000000000000 D00000000000
0000000000000 D00000000000
000000000000 0000000000000
00000000000 0000000000000
00000000000000000
5.1 00000
0000000000000 0000000000
oooo
e JDIDDODOD NO 10000000000
00 010100 00000000000000
000000000000 00000 h; 000
5000 100000000000000000
000000000 00O00O0nDo
e J0DODD WO 30O0DOOODOOODOD
000000000 70 1,000,000 00000
ooo
e 00DDDODODDODODOD p; 00O Zipf
0o 0oooo0ooono
:_ﬁgﬁﬁfqlgigN (8)
> i (1/9)°
000000000000 0D00000O000
000000000000 D000000O00n
0000000000000 0.50000%Zipf0
0000000000000 D000000000
00000000000 00000000000
ooooooo® 9100

i

e J00OO0DD Hameed DO O OO OO OOODO
00000D00000000000000000
000 m=m=00r=1000000020
0000000000000000000000
00030000000000100000000
00000000000000 20000000
oooo

000000000000000000O0000

000000000000000000000000

000000000000000000000000

000000 TO0000004(i=1,2,...,N)00O

0000000 k,00000000j0000000

0000 j+1000000000000000000

000000j000000000 si;(G=1,2,...,k)

DO0000Y% (si;)=TO00000000000

DDDDDDDDDDDDDDDDDDDDDDDD

1000000000000 s,; 000000000

0 s,;/T000000000000 s;; 000000

0+:0000000000000000000000

+00000000000000 s;;/2000000

00000000 s;00000000000000

000000 {000000000000000 &

000 (9000000000000

> (%) (3)-F e ©

00000000000 000 teveren 00O (10) O
obobooooooooo

M?r



60 gooooooooooooobooo Sep. 2001

N
toveral = Z(piti)

I
=l ﬁFﬂz
/—\

N[-
M

g
\_/

N ks
Z Z s” (10)

0000p; 0000 i000000000000000
000000 (8)00000000000000000
000000000000000 Vsiy,sy =T/k =
s, 000000 (10000 (60000000

5.2 100000 20000000

00010000000000000000001
0000000000 20000000000000
000002000000000000000000
00200000000000000

050000000000000000 (8)0 Zipf
000000 ¢00000D00D0D000000
000000000 (10)000000000000
000000000000000000000000
000000000000000000001000
000000000000000000000000
0000000000 “ID? 000 “ID_opt” 000
0000200000000000000 “2D”00
0 “2Dopt’ 000000000000000000
000 1000000000 20000000000
0000D000D0000D000 “D(CBR)” 000
“2D_opt(CBR)’ 0000000

00000001 000000000200000
000000000 30050%00000000000
0000000000 00000000000000
05000 1000000000000000000
00000 1000000000000 WO 300
000000000200000000000000
000000400000000000000000
000100000000000000000000
000000000D000000000000000
0000000 20000000000000000
000000000 1000000000100000
0000000000000 10000000000
000000000200000000000000
000000000000000000000000
00000000 04“D(CBR)” O “2D_opt(CBR)”
00000000000000000000 1000
000000200000 100000000000

90

80

—&—1D
—e—2D (CBR)
—%—1D_opt, 2D_opt (CBR)
60 ~ ——2D

70 -

~~~~~~ 2D_opt

50 -

overall wean response time

20

theta
05 10000 vs.20000

Fig.5 One-dimensional vs. two-dimensional.

overall mean response time

o =}

o = o =}
0 1=} n o ) o
- - N N ™

350
400
450
500

data number
06 O0O0O0OOOOOOOO
Fig.6 Effects of the data number.

gobooooooboooobooooooooooooon
goboooooooooboooooo 2000000
o01o000ooboo0oooooooobooobobooboooboo
5.3 20000000
goboooooooobooooooooooa
gooooob2oo00oooooooooooaag
goooooooooooobooboooooobooboo
O00o0oooooos0000ooo0oenOOn
gbooooooobooooboooobooOobOOoOoo
obooooooooooooooboooboo
goboooooooooooooooobooooo
goooooooobotoennbOobODOOO 500
5000 0000000000000 0000O00D0OO
oboooobooooooooooooboboobo
oooooOoooOooooOoOoo (0oooooo
o0ooooooooo «2b’ooo (mobooooo
ooooooOo0O “2boept’000000O0O000O0OO
goboooobooboobobooboooooobobooo
goobooooobooboboobOoobocobooooon
gooocooooooooooboooooooboono
gooooooooooooo
goooooboooboooooobobooooooooDooo
goboooooooooooooobOo v0bODOOOO



Vol. 42 No. SIG 10(TOD 11)

50 ¢
80 |
70 |
60 ¢
50 ¢
a0 b
30 -
20 +

10

overall mean response time

mean of hy

07 0D0O0D0DDOOOOODOOD
Fig. 7 Effects of the bandwidth for broacasting a data.

00000000000 A4 00000000000
000000000000000000000000
000000 100000000000000000
0000000000000000 “2D”0 “2D_opt”
000000000000000000000000
000000000000000000000000
000D0000000000000000000000
0000000D00000D000000000000
000D000000000000000000000

D00D0D00000D000000 (5000000
00000000 s, 00000000000000
0000 (7)000000000000000000
0000000000000 00000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
0D0000D000000000000000000
0000 20000000000001000000
000000000000002000000000
D00000001000000000000000
0000000000 sO000000000 (6)00
toverall = Y1, Pi(si+s) 000000000000
s00000000000000000 feptima 00
000000000000002000000000
00000 s,; 00000000000000000
08000000000000000000D0 s;; 0
00 o= ;5 3%, (sy - L)’ 00000000
0 (9000000000000 0000000
tiopd 0000s; =5 000 ¢; 000000 tiop
DO00000 6= (ti —tiopt)/tiope 00000000
DO0D0000090%10000000000000
00 17040000000400000000 10%0 O
000000000000000000 400000
000000000000000000000000
000000000000000000000000

200000000000000000O0CO00000O00O00OO 61

delta

© ~ ™ © a <« <« n &~ ™
~ o .

- — — (s} o~ o~ o~ <
. 2
sigma

08 0DOoOOOoooooo
Fig.8 Effects of the dispersion of broadcasting interval.

oob400000000000000000O0O0O
oo0oooooooo 10%u0oo00o0oooooo
ooooooooo

6. 0 0O O

goooo20000000000000000D0
gobooooboodoobooooooooooooboo
gbbobooooooboobooobo 10000004
gooooooooobOoooooboooooooboon
goooboboboooooooooooooooooo
goooooooooooooooboooobooooboon
goooooooobooooooooooooobo
gbooooooooobobooooooooobooon
goobooooooboooooboobobOoooooan

goooobOo 20000000000000D0D
gooooooobooooooooooooboooo
goooooooooooooooooogobooon
goboooooobooooooobooboooboon
gooooooouooooooooooboobobobooo
gobobooooooooboooboboboooOoOoooDoon
dooooobooooobooooodoooooooo
gobooobooooooooboobooon

oooooooooocobooooooboooo
gooobooooobooboooboooooooooo
goooooboooooooooooobooobooo
000000000000 14000000000
dbooooooooboooboboooooooood
goobooooboooobo200000000000
gboooocoobooooooooobooocoooooo
godooooooooOobooOoooooooooo
gboooooobooooooboobooobooboooo
gooooooooooooooboooboooon



62 gooooooooooooobooo

o o o o

1) 000000000000 ooooUoooo
JoooooOooDobOoooOoooooooboa
0 000 Vol.40, No.SIG5(TOD2), pp.141-157
(1999).

2) Gecsei, J.: The Architecture of Videotex
System, Prentice-Hall, Englewood Clifs, NJ
(1983).

3) Alber, A.F.: Video/Teletex: Principles and
Practices, McGraw-Hill, NY, New York (1985).

4) Storey, J.R., Vincent, A. and Fitzgerald, R.:
A Description of the Broadcast Telidon Sys-
tem, IEEE Trans. Consumer Electron, Vol.CE-
26, No.3 (1980).

5) Wong, J.W.: Broadcast Delivery, Proc. IEEE,
Vol. 76, No.12, pp.1566-1577 (1988).

6) Imielinski, T., et al.: Energy Efficient Index-
ing on Air, Proc. ACM SIGMOD Conference,
Minneapolis, MN, pp.25-36, ACM (1994).

7) Acharya, S., Alonso, R., Franklin, M. and
Zdonik, S.: Broadcast Disks: Data Manage-
ment for Asymmetric Communication Environ-
ments, Proc. ACM SIGMOD Conference, San-
Jose, CA, pp.199-210, ACM (1994).

8) Acharya, S., Franklin, M. and Zdonik,
S.: Dissemination-based data delivery using
broadcast disks, IEEFE Personal Commnica-
tion, Vol.2, No.6, pp.50-60 (1995).

9) Su, C.-J. and Tassiulas, L.:
Scheduling for Information Distribution, Proc.
INFOCOM’97 (1997).

10) Hameed, S. and Vaidya, N.H.: Efficient Algo-
rithms for Scheduling Data Broadcast, ACM
Wireless and Network (1999).

11) Dykman, H.D., Ammar, M. and Wong, J.W.:
Scheduling Algorithms for Videotex Systems
Under Broadcast Delivery, Technical Report
GIT-1CS-88/25, Georgia Institute of Technol-
ogy (1988).

12) Aksoy, D. and Franklin, M.: RxW: A Schedul-
ing Approach for Large-Scale On-Demand
Data Broadcast, IEEE/ACM Trans. Network-
ing, Vol.7, No.6, pp.846-860 (1999).

13) 000000 000000000000 0O0
pgoooooooooboobobobobbooooo
0000000000 Vol40, No.1, pp.188-196
(1999).

14) 000000 000000000000 0OO0
gogoboboooooboboboobobboo
oooobooobboboboobuoobooo
000000OVol.40, No.9, pp.3577-3585 (1999).

15) 000000000000 000000000
gboboooooooooboooboboboboooo

Broadcast

Sep. 2001

J00000DbO0O00O0DoOoO0DoOoOgodvol.4o,
No.3, pp.1267-1275 (1999).

16) 0000000 00000000000000
goobooboboooboooboboboooo
o000 MBLOOOOODODODOODOOOOO
00 10-2, pp.9-16 (1999).

17) 00 000000000O000O0O0 0000
goooooooobboobooboobobooo
0000000000000 O0Vol.40, No.10,
pp.3772-3781 (1999).

18) DirecPC: http://www.direcpc.com (1996).

19) 0000000000000D00000O000O0O0
poboooboooboobboboobobobooboo
goboooboooobobooobobooooo
00 O O O 2000-DBS-122, pp.89-96 (2000).

20) Zipf, G.K.: Human Behavior and the Principle
of Least Effort Reading, Addison-Wesley, MA
(1949).

d g
goo1l1o0o0ooo

lLihi/si=r, 000000000 (6)0000 (11)
0000000000000

N
1 pilihi
t‘2§1ri (11)

D00000000000000000000Ow
0000 +0000000000000000000
00000000000y, m=WwW000000
OONOO~DOO000ON-10000000000
0000000000

r;0t000000000000000Vi 2 =0
D00000000000000000000000

N

ot 10 pilih;
0= 8—7’1 o 2 87‘1 (z_; T >
10 Lihy = pilih
_ 190 (pilil pilih;

- 287”1 ( T1 + Z; Ti

" pnInhN
W =31

_ l _p1l1h1 + leNhN
2 r? (W_Zi\’:? ri)2

oooooooo (12)uooooo
p1112h1: pNINhN (12)
i (W =N )2

ooooooOo (13)obooooo




Vol. 42 No. SIG 10(TOD 11)

p2laha pnInhN
7 N_1
L W - Zi:l ;)2
0 (12)00 (13)0000000000000

p1l12h1 _ p2l22h2 . n_ [phh
T Ty T2 pzlzhz

goooodoooo :byoooocoooooboooao

rio_ [ pilihi

ri \ pilih;
ooodr; O \/MDDDDDDDDDDDDDD
DDDDHZ&MDDDDDDDD

w

S V/pilshy
000000000V 2 =000 XN r=W0
0000000 bbO0obOOooOOobbOOoOtooooon
00o000b0O0o0O0OOoO0O0bObO00D0 «O00O0O0 ¢t
00000000000000 (14)0 v = av/pilife
O Lhi/si=r; 00000000 (5000000
(00 130 40 7 000)
(0013060 13000)

@ (14)

OO0 Mmoooooooo

1992 000000000000
uboooooobooooooooon
ooooooooooee3uonong
oooooooooooooooo
goooooooboooooooo
gboooooboOogoonpooobobobooo
goboooooooooooooboooooobooDo
ooooooooOooboooooooboOoOO0O0UIEEE
oooooooom

200000000000000000O0CO00000O00O00OO 63

oo oo

198700oo0ooooooon
gooooooobobooooooo
gooooooooooobooooo
oboooooooooobooodaa
1997000000000 000O0O0O
goooobooboooooobooooooooooon
oobooocoooooooobooooobooo

o0 ooooooo

19820000000000000
gboooOooooooboooboooo
1985 0000000000000
goobooooooooooooo
oboooooooooooooo
197 000000000O00000O0O0O000O000
gooobooooooboooooboooboooood
gobooooooooooooooooboooooboo
OO0O00O0OO0OO0OO0COIEEEOOODO

o0 ooodoooo

19930000000000000
goboooooboooooooo
gooob1e oooooooo
oboobooooob199noooan
gooooooooboooooooon
gboooooooooooboooooobooooon
O0O0O0OOO0ACMOIEEEOCSOOOOOOOOOMM




