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Abstract The bandwidth of channel and the power of the mobile devices are limited on a wireless
environment. In this case, data broadcast has become an excellent technique for efficient data
dissemination. A significant amount of researches have been done on generating an efficient broadcast
program of a set of data items with different access frequencies over multiple wireless broadcast
channels as well as single wireless broadcast.channel. In this paper, an efficient data allocation method
over multiple wireless broadcasting channels is explored. In the traditional approaches, a set of data
items are partitioned into a number of channel based on their access probabilities. However, these
approaches ignore a variation of access probabilities of data items allocated in each channel. In
practice, it is difficult to have many broadcast channels and thus each channel need to broadcast many
data items. Therefore, if a set of data items broadcast in each channel have different repetition
frequencies based on their access frequencies, it will give much better performance than the traditional
approaches. In this paper, we propose an adaptive data allocation technique based on data access
probabilities over multiple broadcast channels. Our proposed technique allows the adaptation of
repetition frequency of each data item within each channel by taking its access probabilities into
account.

Key words : Mobile Computing, Mobile Databases, Data Broadcast, Data Dissemination, Multiple

Wireless Channels, Adaptive Data Allocation
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MEI& Jh% GIOIE OLOIE (N =6)
K=1 0.4]0.310.1[0.09}0.07/0.04
K=2 0.410.3 0.110.09(0.07(0.04
K=3 04| |03

Al (10 J5H01, =71 4182 3

ZIMo 28 X2 SEM GIOIEH OtOIOICt.
Ol Mol HISE %(2+(0.4+0.3) + 4%(0.3)) = 1.3

Zmo g AFS XM GIOIE OtOI-OICH
Ol 2 BIE2 0.2+ 0.15+0.6=0.95

29 2 Greedy @18Z9] o (N=6, K=3)

input : set of N unit sized items ordered by popularity, K partitions

numPFartitions = 1;
while (numPartitions < K) {
do Let point: be the split point that most reduces
SCAED for each partition c.
Let point’ be the point, that most reduces MCAED.
Create a split at point’.
numPartitions = numPartitions + 1;

end
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N := the total number of Data Items.

K := the total number of channels.
P:=p,py, - py where p2p,forl<i<j< N,

p,:= an access probability of a data di. p; ER
t, := the number of a data d; allocated in a major cycle.
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dlojetle]2 A 33 A Al 1 Z(A06.2)

Input: P={pl,p2,--

Output: ¢

begin

ti = round

end

float result = 0.0;
for(i=start; i<=end; i++) {
result = pi/(k+p);

}
) return result - 1;

float’ result = 0.0;
for(i=start; i<=end; i++) {
result = pi/(k+p)%

return (~result);

, pnJ ordered by access probability,
start :=-start split point, end = end split point, €,
; ‘= the number of a data i allocated in major cycle. ¢; € N.

k=c; /* starting in a arbitrary constant. */
while(g(k, start, end)<€;) { /+ Newton—Raphson method */
k = k - glk, start, end)/g’'(k, start, end);

}
for(i=start; i<=end; i++) { /* Thegrem 6 */
(k+pend)

pend(k+ pz)

function g(k, start, end) { /* g(k) in Theorem 5 */

function g’(k, start, end) { /* the differential of g(k) in Theorem 5 */

’= acceptable error.

¥ 5 89 35 23 ¢ad

3 FHBA: balance allocation)o]#} 312} thg <A
2& BA7} Hiolgr ololdlg Ade] ARA FdeA
£ BHoAET

oA 2. diolg} olo]¥ ] 4= N=1io]t}. 2} dlole} o}
oldle] &P I t174, tr=t3=2, t=ts=ts=tr=ts=to=t10=
tu=l ¢t} o] W) #3¥ TF(balance allocation)2 1Y
65 Zo] Holgs Pk

=

dAZ ozt
Al % A 23 gnelEE B H Zr g4
°ﬂ"14 & AFdct o7 2FEA A A (split
point) FolA 2 (3)& ﬂ*i ke AFANA Ad g
EAS gttt mEde] o]FF oz i AE
8 ¥Z(balance allocatlon)“‘“ﬁ o2 dolgs 33t
Al et o] vlolgt &Fe Ui W Ad 5+ KUg

CLE e T W

AA 3.2 0]

zt 28

ojA B =FdA Adde S2AP €xdFe AdFd ALEC og 2¥ 72 AP S2AP ¢ndEE
Data em HOT| 1 2| 314 |5 |6 | 7189 |10]|mn]copo
R L B 2 |3 4| s 6|7 18]|ali0|mn
o g
(Group) n=4 tp3=2 t45678910117 L
Chunks 1 2 3 415 6 | 7 \78 li I 10 ] 11
CL1 c21 c22 £3.1 c3.2 C3.3 c3.4

Allocate Major Cycle

tl2lals| 1 ists |71 ]2]s8]9l1]|3]iw0]n

a9 6 7% T (balance allocation)?]
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Phase 1. <Partition phase>
partitions = 1;

while (partitions < K) {
for(i=1; i<=N-1; i++) {

}

Create a split at split/ partitions];

partitions++;
}

partitions = 1;
while (partitions < K) {

alloc_num(; = t;
)

grouping by same alloc_num;;
for(j=1; j<=total_group; j++) {

}
for(i=1; i<=total_group; i++){
rel_rep(i)=alloc_num;

}

for( i=1; i<=total_group; i++){
}

following manner :
for(i=0; i<max_chunks; i++) {
for(j=1; j<group_num; j++) {

}
}

partitions++;

Input: P={pl,p2,***, pn} ordered by access probability, K partitions.
Output: broadcast program of data items allocated.

Determine ti~ty in each partition by Algorithm in Figure 5;

cand_split[i] = S2AP-MCAED of a every candidate for the split point i;

split{partitions] = MIN, ¢ ylcand_split[i]}

Sort split{ partitions] for the number of partitions.

Phase 2. <Data allocation phase in each channel by using BA.>

N’[partitions] = the number of data items in each channel;
for(i=1; i<=N'[partitions]; i++) {

total_group = the number of groups in each channel;

group_num(j) = the number of data items in same group;

Split each group into a number of smaller units. These units are called

chunks(Cy refer to the jth chunk in group:).

max_chunks = the Least Common Multiple(LCM) of the relative repeat(rel_rep).
num_chunks(i)=max_chunks/rel_rep(i) chunks.

Create the broadcast program by interleaving the chunks of each disk in the

Broadcast chunks CiG mod num_chunksG))

¥ 7 S2AP ¥1nyE

HEoFa gl

4 2E dojet N7|9) A FEEE) Ady )
F K& 98 go= 4oz siga 94l 1949
Ae 29 59 gngEe 53 & delg wig 3
major cycle® ¥HEE 35 (1 <i< V)E FAFh
olgA AARE tF o83 EE dlojge) uidly A
g 29 S2AP-MCAEDE Akl S2AP-MCAED,
F PUAGQATe) 7+ FotAs N@ez FHEMHog

28 AAHE AFach 99 FegH A7} GreedyW
A FEHE RS GreedyHolXE MCAEDES
FHigse AHLS Ad FEjdY NHeR AREIYA
9 S2APHHH el ME 71E9) MCAED 7+ dlolgte] &
A 48 W FITAD A7) S2AP-MCAED
42 e AFE TEA 289 AYgoez dvte
o]t}

ZZkol Apduiel dlolel gRdAd 2dACdE B

Wt of
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A Add g9 dolele] wESSE alloc_numeo]gt
I sy FYE alloc_numdl] ©et 2EL Asth 54
Aol T wrE3ge] wEt 2§ Ao dolet
o A7t /MEE total_groupelt 3tk =3 Q5
agd e dolg ol o] AFE group_nume)etn
ghoh Thek oA 29F o] kel AARAFNTE groupl
of &3¢ dojgl ololdle dlo]x alloc_nume 4,
group_num-& 10tk #& WAoo g group 20 FFW
tlo]e} olo]®l& d2,d30]2 alloc_num-& 2, group_num
& 20|t} ®3F group3S dlolel o}lold] d4,d5,d6,d7,
d8,d9,d10,d11°}31 alloc_num-2 1, group_num- 8T}
w2t rel_rep(1)=4, rel_rep(2)=2rel_rep(3)=1¢] @At}
old gxyFd wet 1§ HIFL F9A chunk2
WAl @tk max_chunks® ol 40122 num_
chunks(1)=1, num_chunks(2)=2, num_chunks(3)=47}

o AA dlolels relative repeatd] HA TS
o] 40]22 479 minor cycle® BEsjAs g

A 3. 71& A7 dolel IS A sy g
of 54 Aid WA 7 diojgle 23 & WA g7
gt 29 8L olg} 2 oz FFE £ e § 4
£ noFm gk 0¥ 87 e 4dA SCAED
MCAEDE Al4ts] 29 o83 2ok

channel 1> AED= %= 3.5

33 83} go) Adel F A% A AL W, LelAd
A A e I

channel 2> MCAED =

3 (2><0 8+ 5x%0.2)=1.3

channel 3> MCAED= (06+02+5><02) 0.9

Data access probability (N=7)

Channel = 1 6 | .2 | .18 ].007]|.006].004.003
6 2

Channel = 2
.18 1.007(.006}.004 | .003

Channel = 3 2

.18 |.007{.006(.004{.003

a9 8 V1E d3HEez 98 4 e o

dle]etso]x A 33 A A 1

Z(2006.2)

A 4. 27 95 N=7, K=32 43o]A Aga ¢1
ZEos @39 d& HAFu ot 2§ 99 Zo] A
g WHE A8 5 Ad AR FZ &8
(access probability)e] =& dloje} olo]dl-g oz ¥
e 4 ok o] Ao HAF AdY ul average
expected delay= t&3 2t}

2
channel 1> AED= 1—( 046 + == 2 +0~21§+0 007
+0.006+0.004 +0.003)
6(0.15+ 0.1+ 0.09+ 0.02)

i

6(0.36)= 2.16
a8 99 22 % /) Ads sy,
average expected delay< th&3 #t}

2E A

1
2(1><0 .6+ 8><(—+0—218

+0.007 +0.006 +0.004 +0.003))

channel 2> MCAED =

(0.6 +—8(0 1+40.09+0.02)

(0.6-+1.68)= 1.14

w|»~ m|»—n

channel 3> MCAED= %(0.64- 0.2+ 6x (0'—218+0.02))

= %(O.S +0.66) =0.73

oA 33 A 40lA BREe] T Ad UelM= A
2 & l(access probability)o] &=L uo]E} olojd g
o2 W g3 HY, B AT A Y F U

AL & F A} oF T3 AAHA AxH 4F
o F4E AT F YE Aok
9] Greedy @irglZol ulste], Atsle S2AP
anEFE A dolet g A5 kE 5] 9
3 o e Azko] "asith HELAE AFH olF)
LAAA & A%, 7 £Z8AHAN k& Tk

N
e

Data access probability (N=7)

CTlelel=]=

Channel = 1 lﬁ | |OO/ 6 \.18 ‘.006[ 6 ‘ 2 i.O(Ml 6 I.IB |A003]

Channel = 2
E

Channel = 3
[:8 (.0()74[}]06{ .18 ‘.004[‘003‘

13 9 Example of data allocation

18 I.OO?‘,OOS‘ 2 17.18 I.OOd‘.OOSJ




oE BEAEE AB dlolg 87 97

O(NlogeL)HE9] Ajzte]l o T3t wegr 71E
Greedy ¢zm2]Z&ol A7t BEAX(Time Complexity)
OUN+K)logK)ol ¥, Agst= S2AP ¢argEe)
A7t B2 5(Time Complexity)s ONN+K)logKlogl)
7t 9o o]AL OV Ruke 2n, ONHRTE Fe
£ ¢S gk

4. 845 24 % #

ol FoiMe o 2 BE AN AFHD A A
A A7 A Hud Aotk 413ddMe o] F
X Ad @A wgd et AFY Aelth 42
e ME 2 dngFol AF e e anA 2y
T FRATE Hng ZolH, 43F¢dMe 5 SRl
el B AT A tEA B4 Relth o3
o agzmelre & gdmeEe #7le tE & 2%
2k

£ 2 4% 4L A9 vlude ¢xds

a3y E 7]
FLAT [3] flat
Bin-packing [5] bp
VE® (6] vik
GREEDY [4] greedy
Agrshe gn=FE s2ap
Hw dxngdE greedy + BA

TS o] AdEolA AL8E dHolge] FIHES A=
¥ (Zipfian distribution)E W&t} A4 =npd 873
Mgl dioleld] g MEEE o] EXE wEatiy ¢
#HA Juk AZ HE(zipf factor)Z EIE 032 AZ
(zipf) ¥X9 243 A=E Yeldrh =04 of, 5.
tolEls & A2 HES ZA Hi AZ BE¥X= &
YE 2Z(uniform distribution)7} #th ©] 6gko] A=A
FE AZ BEE U XA FE(skewer distri-
bution)7} HEH, R FECIREEC] EF dolg
S digk 43571 23 WE-E9 yH A doletel] s
Ae AJT FEol vl el g gudit

HAAH] §F JIFE P AL EFJO= e A
otshe dnElEY A% vinE 98 Greedy WHo=
AA dloletg & tieAdel €3stn 4 gy g%

¥ tlo|e}S thA] balanced allocation 3= Hlw &3

Ao Hlue BRE F2E sjok ¥ A oot

349 873

CPU Qe #HEY 4 T2AA 24GHz

Memory 512MB RAM

oS Microsoft Windows XP Professional

E 4 4% $HE 99 us
LR B 718%k s}
N : dlojete] (500, 5000) | 2000 500
6 : Zipfian factor 0, 1.0) 0.95 0.1
(1, 10 1

s o] s 2 ;
K& Ad % acot000 | * 100
simulation 34 20

Aoz, Ade] &= aEln dHelel A 89 A3
AeE Jehle A= HAE(zipfian factor)7t H3} 3ol
m2l dzEEe Aol o9 WHIIeRE dold
Aelt, B 4= 24 ¥4 #EY 712 #F 1 HYE
Bl Qo)

So g9 A¥e Z AYPAA HE Foof 3= ¥
9 WHIE Folok 3= WL ol9e] mASo} F=
718 e BF 99 R 48 viEe s & Floth

4.2 =8 A|ZHExecution Time)

o] FoAE FellA A3 GIAEFY FRALE
Hwg Aotk ¥ 102 FRAI K3 4BEHE
2AFa gtk 482 # 49 718 & a3 dojet
9 FF 500914 50007+A WIAFIHA FRADE S
A8k

FLAT ¢x2d&& AYsa, 28 ¢ndE ol
Atolz7} AR wEl FAzEe] FUIEIHTh FLAT
&L 2149 E AFstgEo] Al BT} b
ojgle] ¢+ Nzh= £#3l7, Ad 4 Kol £45° OK)
olt}y. mety 1@ 107 2L AWyt Yotk & =R
A Ajtshe S2AP ¥xElEe] F3AIke] M A
el 23e AT HEgse] 2 golee &
F A5 8 AR A F7HA] Aol Hashy)
mEolty, WHe] VF® oA B E=EdA e
S2AP gz Ed e FYPAE Btk aze
oo 247 olM HHE AN VF* ¢nEs 9A g
3 =& ARt BRE(Time Complexity) O(KMNlogK)
E zt7) wiolt}k olo} ykal Greedy ¥¢12]Z3 Bin-
packing ¥nE]E9 FPAZL ol HIF wWris AL
<& & ok vln EnEEQ Greedy + BA €3l
Greedy ¥nEEHT 9zh 71 £3A 7S Holx
th oA AjlEe dnEEY Z deolgte] ¥F 3
£ AdHog ZAsE o 98] Greed + BA Q1
e 7+ Ad elA Xg5eg dolele) & 3
& ZAAsY] Wil

f

b e o
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Execution thoe (ricro sac)

The tusuber of data Recne

SEDEBIES NG

23 10 7 ¢

4.3 B7 H2 AlZHAverage Access Time)

F A i 4% vizd 9ited B S Al
el W3 A%S vimsiunz It #E HL AL
(average access time)oll W3 =4 dzndE: FHL
Ao AHg-3 A= HE(zipfian factor) FF 2L A=
X aiz} wlolels Ao Woi SR

431 AdFdl g HF HZ A

£ e AgrE 194 10704, 100914 10007}
A 276 B PRHPIALE 238 By . 1
g 119A 29, FLAT 71¥e] 37 HZ AlHaver-
age access time)o] A Ajde] AA AY IYE= A&
% 4 AUt HIZ2 222 Bin-packing €T EEo] 93|
stz ot FLAT Eoe $£& 4%S Bojxv &
2aEF BHoe HTE JS ARe] ¥4 vezn o
VF®$} GREEDY ¢ma&e A9 HlEdAY 248
A VEX gd1elZel & A% UL glon B =7
ol A AAIG S2AP 7|H& Ade] ZolASE 1 Ao)
7F FErIE A, Mtygoez AY FHe JF AL
AIZHE Beolx gt

29 11949 & 54 F shirl aide] sud o
o AHY, £ =FoA At dueEs A% =
€ %b-il"Ol FLATH 4% Bd JZ AIME 2ol

I e Aojt} olAL V|E Adol g 3 &
nEEo] AF Ade 4¥gg F’_Bi?'f}zl 2Sk7] wh#el]

o, doje} J&Y e 1 EFE FHU7] Wi
Ve @4tk & 71E HEAE S 9% 89 41
P& AF Aldol HW FLATH e AHE g9
WA ok vl B =RoM AAIF S2AP ¢naE
2 Ado] MY W= Y HFFE wrgEs] dEo
o2 dudEd vud o 4o sttt 718 21
2E A3 S2AP gxdEY HE HID Aty A
ol7} Ade] F7} BoldsE %Ois%tﬂ, o] olf= A
go) HolA£E 7|1&E QuaE: 94 ¢S ALd gy

o f
i

tlolehy o] A 33 E Al 1 Z(Q006.2)

12000

10000

average access time (Broadcast Unity

Thie number of channels

average access fime (BroagcastUniy

oy
100 200 300 400 300 1000
The number of channels

a9 11 Ad 4 Wy dE Hg HS A17HE = 0.95)

Aol HAAN FL A WA doletel HT 9
zpo)zb Zpolr)7] wFolc), dAgt Adgr) wlm 3}
2 gol3lel A% VIE gmEFol wlaE Aol 4EI
o LFthe AL 4 4 Utk Greedy + BA E1E]Ze
7$-ol& GREEDY ¥x2i&d VF'e 37 A%< &
ol A Ajgtel slolAd A Aed S48 Ho
2 Ealm Utk o]ALE S2AP YmEo] ALAHS
Z dolg} % 345 AA3se d 48] GREEDY +
A ¢ EL AdHog Holg ¥ M5E ZAF
71 o Eofl HAQ wlolel ¥ Wol HZ A7l
Ae] gt AMES & F YUk AdSE 100790
A 10002 F23) F7147 AoE ALE S2APY
3YEL A&LHoE £ AH5S Holx USE I¥
119 & WAl #8 & Qloh
a8 128 A= HY 05 0552 1A 7L, HEF
2 100701A 10007n§ WAy 7 ¢n2Ee]
A2 A £33 adeltt a3 1139 o)y e
A AF 20070E GAMEA M 2 BF HS A1
& Hole AL VF® dmeFoltt. =¥ BP ¢1EE
% FLAT ¢zgZrt} 21 37 H2 A2e vz
ok AR S2AP ¢mEEFE Ad g wElkx
A3 A T T A AlE Bolxn gk oy

—

=l
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300

250

greedy + ba —s—
200

150
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