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Abstract Broadcast has been often used to disseminate the frequently requested data efficiently
to a large volume of mobile units over a single or multiple channels. Since the mobile units have
limited battery power, the minimization of the access time for the broadcast data is an important
problem. There have been many research efforts that focus on the improvement of the broadcast
techniques by providing indexes on the broadcast data. In this paper, we studied an efficient index
allocation method for the broadcast data over multiple physical channels, which cannot be coalesced
into a single high bandwidth channel. Previously proposed index allocation techniques either require
the equal size of index and data or have a performance degradation problem when the number of given
physical channels is not enough. These two problems will result in the increased average access time
for the broadcast data. To cope with these problems, we propose an efficient tree-structured index
allocation method for the broadcast data with different access frequencies over multiple physical
channels. Our method minimizes the average access time for the broadcast data by broadcasting the
hot data and their indexes more often than the less hot data and their indexes. We present an in-depth
experimental and theoretical analysis of our method by comparing it with other similar techniques. Qur
performance analysis shows that it significantly decrease the average access time for the broadcast
data over existing methods.
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1S,=1{4,5,6,7}, IS3=1{8,9}, IS,={10,11,12,13} =L

ol

oX

~ k2N
iy {m oox rob
tlo
-

1

(e

L

Index Sets Index Blocks
S S;s
11,2,3} ) 23 / \
SZI S22
{4,5,6,7} {4,5} (6,7} [4]5][6]7]
— —
S
8,9} (8.9) [o]
Sﬂ S42 de S44
{10,11,12,13} {10y {11} {12y {13} |10 o] (1 v ][ 12 [t] 13 Tvan]]
N

The number of index channels =2

29 7 Ada B2 o

IndexBlock || 1 [Manf{ 2 P3P alsH 6l 7018 ]9 F{[10]ven]f11|nu] ]

18" index channel

2" index channel

a9 8 g9 g2 g

ool ][] ]

Null

Null | Nuli

]

2
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begin

/* INPUT :

AT = HREFAE ulo]Elo] 2&jA MAE Alphabetic Huffman tree

ND = wlolE] sAde) A

IC={IG,IG, ...., IG} k 992 Hde A%

DBP = 2% 2.1 gngFd] & AdE deolg HEEAE Taad

OUTPUT:
DBPE #AF ICUY k U9 Hdg BY dda ¥ T2y +/

Step 1: e AY 44
for (i=1;i< ND;i++) el 3.16] ¢lsjx AHTS} DRPZH-E) IS8 A4
Step 20 9¥X IS A v UE A2}
for (i=L;i< NDsi++) B¢ 3.200 J3)x IS, 28€ RF, A%
Step 3: Y92 e AP A92 IR Y
for (i=1;iS NDsi++) 49 3,39 daA ISze Q92 28 IBAA
Step 4: ICAM kA2 Ado] QA2 ¥TF
count = 0;
for (i=1;i< ND;i++) count = count + RF;
while (count > 0) {
for (i=1;i$ ND;i++) {
if (RF;2 0} A
IB7} 8, Sp, ...8n o8 FH€T D &4,
for (j=1; < n; j+){
Sy= (I, L, ..., L}&z 74
for p=1%-8 kA, A& [E Ad= Ad IGH &4

}
RF, = RF, - 1;

count = count - 1;

39 9 kA A g d8s g7 s

1st index broadcast cycle

E A D MLJ 1 H FG A D ML 1 H

Null

-t o f -

'
b ¥ L=

Null {3 I Nult | 3 Null |3 T Nuli

S T e P | E

BC N K BC N K N
a9 10 38 9¢f gxeElFe M Y8 dd2 €39 o

iy

3 10914 & A9 hX HIEREFT) Fodd) 24 B kEZS EJIHE 33T AF o), 2T
Zt 7,5, 4, 394 BEEG o] oo, &9 JFEE  AE7} dely “H'dl Fostnx dohd, SeoldEE
o AdEx ke UY TAHE, 3 FARE Ho]  1-3-4-7-10-11-12-H ) Zo) 749 A9 ==



DE| R AL e Botd $40M BREAN2E dolelE A A9 g9 Wy 45

o} 9] dojg =4 HIHA
< Zojtt.

3.4 oidA =i B3t GOE == 2

o] FAeA -t A4 Ade] 42 oz iE
dolel adel dolel ko HTEE W e] uisiA
E=oEct ddA keE HE HES A AYs FE
Holel = U3 FRE AL Aoha 7T A
Aoz Y& k= ye Hoje AMd & FaAM A
FEe A4 dolel k= xo YIE A4tslr] YA
5o HRE dojopgt Fho}

+ DSize : H|ojg} 29| =7]

* Beast(?) : "o} Ad & FIA HEDS2E F

718 7432 gl dolel k=29 s

+ Size_of_Data_Channel(i) : d©loJg} al'd o dialA

BCasti x DSize

+ Relative_Data_Position (x, i) : Hl°Je}l g oA

doje} BREAAE Fr)o] AFHFoZRE Hole

= 7R A7 LZAL

fe] AHERE VEoZ QYA k= ylARE o]
e Ay o) dolel mx ko] AR $HE Aase o
119 $udEFS A5t fo dusEe 49st
7] f8iA, $-ele A4 gt dojer side] 4t
22 2709 4700 29 129] AE AHERh

Ae 2 AfdoA WFe] e e dds ==5
7IE7le Q492 =28 Yeid Folx, &ddlo] AUsE
A= guylo] EAZE dolg =8 sHE))e ¢
da =28 RAIG Bl

Holel =29 A7)7L AddA =rxef 37]9] 10ui2

Ashe dojsre ¢

7HR%ct 929t dolgt =T Alojze AlZF B
ol siA EHFHAJTG THEZ dHolers) A k&
9] YAE ATt vfd A FRET o oA
A, 2789 a2 Adz 47]9] diolgl AdS FalA
(=09 o QYA k=9 Hojgl g Ha=SAE
3l7] AlFgic) olF ZEo|dEx ol Ald 1§ F
3|M BREes2E HE dolg =& R HIEy] 4%
3o 7HAEkAl dHojel =2 Eol IS leiA, &
goldEe A WAz, JH2 AdY FE(oot) Y
2 ko HIsol gtk 1 Fel FetoldEs dojg
== EE JlEle 4z Edd =88 o 7A
g2 EZE g o] dAoA, Qda ks 290]
3, ol 1§ 12¢] 1492 Ad 144 EE BEAEHID
At Qdx =& 271 A" A 1& B3 =13
Y o B2esAE Hiin 7HASAL QdA k= 2E&
diolgt == E7} dolgl A 1& FIPA HE=sfx
E Hi e FERE /MR Ut dndEs 9%
4 gke ot 2k
s x=FE, y=2,i=1, DSize= 10, BCast(1) = 2
« Size_of Data_Channel (1) = BCast (1) x DSize =
2 x10=20
« current_index_position = 13 (- d27}
R =)
» Relation_Data_Position (E, 1) = 0
Qo] dugZ o ZHE, period_number = 1, position
=20 x 1+ 0 =20& @A HRATh current_index_
position = 13 position = 202t} A2 Zke]31 while
FI = position?] gkel 200] HH APS Yol o)A

t=13°1

begin
/* INPUT:
z = FT3AE doly == 7l
y = HolH & 28 Ve QYA kE;

OUTPUT:

while (current_index_position > position) {
period_number ++,

}
end

i=dolE X 78 BEESNAE 34 g HolE Y W3,

current_index_position = Q¥ 2 T yol P YA,

Size_of Data_Channe! (4) = BCast(i) x DSize .

position = Q&2 = y2R2EH dlolE A 8 T A4 E diole] = 22 A X +/

period_number =\ current_index_position / DSize}
position = Size_of_Data_Channel(i) X period number + Relative_Data_Position (x, i),

position = Size_of _Data_Channel(i) X period_number + Relative_Data_Position (z, i);

a9 11 99a =223 Hoje =2 HI
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=0 =10 =20
! i

index channel FENA DRODOOEE BED DRER BER DEEDE

| M|C m
1% data channel E E |
2 data channel .. A K A |
31 data channel L B C I

2% 12 HEAEAA ddx =28 5 dloje == HE 9

< dojg} == E7} t=20Y u) RR=HAE @ A
olgte AL gt Feo|AEV} ulojg k= EY
AXNE L& Hol 2Yo|UEE 20°] o) 7R W7
Roo ozttt t=20014 EgoldEL GFEEZ
Eol7t Holl dielel A 12RE dojgl == EE 4
A =k

4. 85 2

o] FoMe, §4 Erl ~Iute] WH8lH 6114 Al
A& Alphabetic 7 E7] 7jte] w3z} HlZE §
A B =Fo] ARdste WY 4 A5k He
E 3, olFde o] wEA FFe PHE
SIRAH(Separated Index Replication based on Al-
phabetic Huffman tree), 94EZ 7|ike] ¥Wig
TOPO(TOPOlogical), 18]x Alphabetic X% Eg]
7]4te] ¥HHS ALH(ALphabetic Huffman)@hi 83
L3238

B =% 2 432 Pentium-1I 866EB ZZAA
9} 512MB HEgE 2E AFEHAA FRHAT AE
glojel CSIMI18 AlE# ol AP o834 FHS}
ArH18,19]. °lF Feo|AEES] wiFHW £3¥9 HI
gyag 2dsty] YA g 08 e Zipf X
£ AMHEEYY Zipf E¥X = AYE 23X A2 HEe
By e d 9irdez AMEEI1520.21] 071 &
Vg Zipf ¥ BHo 3733 WId 32 Hae
AR o] AlBdE oA, HE HT HEe 24
27 93A 09 & 0.5 43R o) B2
He HMzrix® FRdqME dutdold. B =F9
Algdle]Aola AMgE o7 JhA SehEE R 14
=E3PetATh

B =RdAs ol FeeoldES BFE FJ2 AUE
7V Z8% A% ARZ AUtk BF FZ AL
2000082} AlEHO|HAS FalA olF Feto|dESY H
T AZ Aztez 233k FHS Ale BREA

1 AEHeA sy

N g ol g Rl
dlole} Ade & 8
Qe e & 2
A Ade) £ 10

BEE=F|AE dolets] ¢ 2000
= YolE == A7)

k= ?J;J_/: o ZZ] 1~50

] 0.95

AlEFolA S 20000

E TYE olg3ly FHIYr BHITHA2E W=
slte] QdA R2g BEEFAE Fe H Zae A
e Yehdth 48 B9}, ® 19 Re| 200iaHd, s}
2] Hlojgl =ES BIREJAE I dof, JdA k&
20708 BESAAE S Ale] ZEd. oo A
A 98 7}A 2744 SIRAH, ALH, 2832 TOPOY
e BHgT

4.1 Hiojel == 3J|e} QYA = 37|2| HIE0

g $8M

2 ko] F7)e Holg =9 Z7|9) v
A dutdom wlg Ay w&[1516], UYL ==}
glojJe}l xxe] =] Hojr} SIRAH, ALH, 81
TOPOS] A%l F%g vtk Iz2z 28 do
B =2 #Z79 Qdua k= A7E 1904 507} ohkat
A Fe2M(ie, R) Al 71X A9 Biel A% 858
< 2430 49 doe 1€ 1390

2R 13& SIRAH7} ALHS TOPORT A%o) &
€% yehdck Rel 3rtk &g FLw TOPOZt
SIRAHETD & A%< 2Ptk oA HE A4 @
AoA Hlolel x= |7} Add: == F7]9 BisE
3% TOPOZF AHjslths AL ovgch a8u &
dx 23 Age HelAfd BREdlaY 33004 =
F wasAe gt 28 1344, Rel 164 20
u), SIRAH®| ¥ FHT Alzke] A9 2ow, 20%F
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15000 |8

10000 P
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1 1 EN %0 40
R = a data node size / an index node size

< ¥3AAS o) TOPO, SIRAH, ALHY

0

SOAAE A7 ghatEA Ha JZ Algte] Frlsle
248 BoRt) o3& SIRAHY 43 A X
&Fc}. TOPOIA, Re] 7o zH, deolg s 2
719k = == F7] Alel9) Aol P AAA =
3, 1 Ax Qdds Adel @3® ggFE JulsAl
"tk a8y SIRAHAA = 2 Adz veg s

% TEIA7) W HGF Quie} BAZE BA3A
ALH 3 oA 92 apdst deolg Ajds

SIRAH9+ o] TR 7] Y& TOPORT F& A
£ B3tk f19] e QY =22 7717} dHojst

iE«l Azinch AAQ o, A"z AL Ada deje
AE A FRARCEN A F U AHE Y
o 2y TOPORT 7138t 4% 4& SIRAHC
A Qe el WEA Fe ge 7Y oA
SIRAH “{i#te o2, ALHE dd92 adel 7}
P Ef)e Hol(depth)Rok 22 e 7HFo2H
sk A Ast g7, ddad H2EdaE ¥l
=7} delete] A2 RxXE SIRAHSH: th=A $23)
wdslm glA %3] WEe|T).

4.2 HERSIHAE H|0[El| 501 [IE &8

o] AoMe, BRZEANAE doJete] siert S8R
£ Hs IRAHQ} TOPO, 183 ALTSY] Mhoﬂ om g
F3-g vxe A M =t o *‘@MW R
£ 307 5002 uAHAIY H, HEESJNAE dolg &
5007Re1 4 2500702 W3E Fch o] A¥e éﬂﬁ:
a9 149} 15905}

BRes~E dolete] &8 F7MAZAE W, SIRAH

£ TOPOS} ALHETH ¥4 e HI A7bs et

ol AL dlolete] Ar|7t AA ARAAM, HFEH dlo]
Bl HZ siele] TOPOS ALHS A%g A3A717]
d&elth. TOPOS ALH #HdAMe, 52 &2=& #
£ diolele] BRENAE Friot S doJEt] W&

v
et
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o
i3
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30000
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Average access time (Broadcast Ur)
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=50
a=gA ESga=h) € vleolet A2 HEs 389

HrgetA 7o
ol ¥ SIRAHS} #e] ¥z sid¥ dojet

e,
Ado] FRH e ALHAAN B} muslA Jehd
o AgAo® 19 149 19 159 TOPOSt ALHW
AT AL F73 F74v whde), SIRAHY

He dhle] HISIAE 7] dollM &7t W b
olg} =9} AdA k=HT 2E7F B HolEt k=
o} 1o tgEte YA k=8 Bk vIHE] Hac
28 gozM olHF EAZ FEID azz IY
149} ¥ 15014 Hol: SIRAHY Ha HT Ae
uﬂ% AgsA ke, o8 FaA ulg gHA A

< HAZTh

4 3 olgjA Mun} HIOlE XA 0 WS S84

AFMAE, Q42 Ad $9 diojgl Ad 7t Fo
Adks 7APE Sk o] FolA, dHolgt sAda <l
2 Ade] ©dt g s o, AlEHold Al
TOPO, ALH, 133 SIRAHWR Y Aeg 43
o] AlEgo]MoA A5 FuEE X 20 =435}
Ak
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E 2 dlolg AY Qe AY A EEA
242 A% ety

Alggold sErly &
A Ade 234,510
BzEAAE Holge 4 2000
— delex=a7])
R=—gqs ey %0
8 095
Mg & A 20000

Average access time (8roadcast Ur)

1 12 21 3 22 3 na 23 32 4
(the number of datea channels : the number of index channeis)

a9 16 AHde 4 = 2345

i3 &8 i

Average access time (Broadcast Ur)

§

19 29 7 a8 55 84 3 82 «t
(the number of data channels : the number of index channels)

2" 17 Ad £ =10

O 167 ¥ 172 Ade) A7t AR 2, 3, 4, 5
)3 109 W o]F ZEjoldEY FF FS Mg
Hagoh 7 Ad o tisjA, $ele 758 RE bl
ole} Adst Qdx Ade AR asldl WEAN HiE
AHAZ NS BAFY o8 s 4z Hole Adx <l
g2 Adel 8 vehdok ddlg, Ad £ 7 4009,
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< 3y

a9 168 29 172 Ad F7t 29 delvt ALHYF
7V F& AL YehdE Rolm gtk TOPO W&
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