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Multi-data Request Based on M odified Network Coding in

On-demand Broadcast

Sudent: Ching-Feng Huang Advisor: Guang-Ming Wu

Department of Information M anagement
Nanhua University

Abstract

Data broadcasting is an efficient method of dissatmg
information in the on-demand wireless network emwment. Recently,
there are many related papers began to explore-emit queries of data
scheduling. And, users’ queries needed multipla d¢ams in real world.
However, traditional on-demand data broadcast sdimgdassume that
each time slot includes only one data item. Theegfeach broadcast
time slot can only include one data item. Usinguogk coding technique,
server can broadcast multiple data items in a 8hae In this paper, we
propose a new on-demand data broadcast model vathfied network
coding. We also consider the factor of requestgtlenOur approach is
different from the traditional network coding, edthe slot encodes only
a subset of data items, which are decided accordirndentities of the
requested and stored data items in client’'s caBx@eriment results
show that our algorithm can reduce the averagesactime by 20%
compared with [3].

Keywords: On-demand Broadcast, Scheduling Broadcast, M ulti-data
Request, Network Coding
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qguery | query data set Frequency
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Qo | Oy, dg, dy, ds 9
O3 ds, d7 8

18



Stepl & Fquery qiéo F !
[ds, ds, dy, dy]
Step2 B B query g% F ¢

[da, dg] [ds, ds] [dy, ds]

B R QB AL, dem Al S qr, QF A8 B ME - Bl LT IR A
dy, it r BARMEE A - B EREZERATCLER
e RQDA & -

Step3 # 4k R B query qz 9 45 Rdo T ¢
[da, dg] [da] [ds] [d1, ds] [dr]

B @ SRS LTCREMMELABR Y AL

Hodyc Hb g R R R TERARRY QD FiA

T o GTRE T RERE -

Bl 3~ QEM ¥ 3, ¥

O LG HRHE AT R BB s T G
AR
M A BT R AR S TR R AR R R T

% [3]# 41 7 OE(On-demand Encoding);# & ;2 - OE stz = 2

o

N

ghaapty hH -

RIS TG RERE Y iR Rk

FEB AR R A AR RS 2 AR - BRI

19



e E = (Time Slotlgs = #2275 — i 7R85 2 OF = j2 fr k-7
fpenFALsm s XOR = N % 8 & - BYgE e » 7
OE = 2 totfe v e— BRIFEFFH t‘*jrk:?’ MR R AL

JRA% - OEZ A% A7 § iz ? ing wl4o(H] 4)

—EBEEENEMA RS- EEMROIE

d; d; d; dy

» —EEFERFRE R

QEEEE—BESHMEMTREIES BEHE -

Fld B piFEey d B OGN RARS

dy B dy |dyb ds |dy B dy|dz B ds

B 4~ OF S Ao 5 Fik e 3k L o0&

G B o R 42 > Client ;;%“f T R T AL 2 0
(Requested Data ItemsClientz « £ ¢ 7 7 — - e T F L 55
1% 41 3E (Stored Data Items) #i- 5 Cache- fe p¥ > fw Servers
Pl Rpry € B Bon T I 2 % Serversy ; Server
A XOR e85 @ if A edTilf e R AT 8 3B F R A

WS XA Sl & TR AR 0 Flet o Client 3 G

20



APFERL & * 3t e TAREEAL AT fRAS T KR 0 ] F R

Bt A g OB & 2 chif iTif 47 > OB (T 424 5 & PRI:e
ke E B s s B AR - B3 -

BOAER R TR AR AR o Server 3T ¢ 7R B A AR
R FARE P& L PRIR e R H S REARPRAR L 18 =0 B AL
WE e RO IR Bt g s A e T 5 ek b o Cachesh
AL f#r3 Cache? T3 ment e k0 % %E%FE’F)T&? g

TELE LA E’ﬁfﬁ»ﬁﬁ%é‘uﬁﬁk °

P R AR AR o AAE PR AR R eng- 2 {8 A
Feen Query T AL IE &2 CacheF 4135 A & 4p 3 % & ) % St > £ 1
) NS T RS S 0 B Rehet ok b F R e b
FEERAEIZRAETEL € AR N Rm AR AR
B IEEAR o Skg v 1Y sz»év’vgﬂ—n“\;};] 18 g ¥ gk Client =3 i3 45
T F B o

B {s Serverié- R 34 > I ¥ M% TP PRI e
i 2  Arie PR P Serversy di- R

¥ ooh fgt B - i G A8 s OF %8 Hisehit] 3 o 4o ()

5)c B S(a)f_A ¢ * S ppreangtfe > H R foanp BopE R G 11

21



B 5(D)5 B XLl Hars Az » @ % 2 2 B = B FORIE S b 1R
B nrh > (e Client =3 4 255 chpF 2 & S 3 B5 B Shsl ¥ ¢ * 55
2N RS > B A e BE R S 105 B 5(C)F & * TR
F B N o @ A B EAE Kk a 8 & Client
7R & - AR Cache AT iR T A B O
H o B e PR L 95 B 5(d)R] A% B 5(C)- B iy
T% s > RE P L RS enp o H Qe Bl G
7o Rm o BN PHFR[B] AR SOES 2T A RFREA

E"J"’F\:B ’EE °

i ——— I ——

C“' d ds > (:d. +ch+dy | d+2d, -d,;d +d, +2d,

‘XCJ O @ u O‘XO @ @‘XQ

Storage: d, Storage: d,
Query: d» & dy & ds Query: dy d. d,- d d
Waitine: 2 3 1 3 2 Waiting: 2 2 2 2 2

@FFEFHRIBENEIHE ) SRR HE

g ‘xo ece | O‘lg o‘xf}

Query:  dy d, d. ds d_, Query:
Waiting: | 3 1 < T |

CFIFHER TR/ CVE=pyEs:o)
SRABSIIATHFTE RESF Y

Bl 5~ Rtk s OF Fikufl 1

22



P AR BB EMNE OE ch2 b o Bt N — G
F+ kP OEH3 2 5 4r(F 6) -

olf] 6(@) b+ 0 @ 77 4 Bk~ request-storedn R
wait time ~ request lengthinF 3t -

L AT AR 0 g AR AEPRIIRR R EH R JRGE

A A R A Y pERA T pES LG RafEE
¥ 2 34 & _p =Redq) * Stords) * w; > 4§l 6(b) -

ANF IR QiR E AR e A & B AR o BiE
B PRAR e R 18 o W g e R TR A & Cachef b g 4p

5 pe A PSS - T2 B %l s B DI(g) 0 %AB iR E St B o

; Wi P
7 = Dl(g) = |Dem(g)| * ui[IDZer:n(ej) Ar Bl 6(C)° Btk

SR E 2t B RSGRBREL D B IR 2P > 4ol 6(d)

BFHzprI TR 20 Wwr R ERERT ST
EEFTHEAMSE R 2R 2 CERE G O EG Rk FRE
TPAE > PRI G~ G QPR E PR R L T AP e
B A AR M E P B RRIRIE > i B S
AP EP R kR TE 0 H B EE o 4o B 6(e) H-Shig £
* S 0 4240 B 6(F) o

#rA 2 R Prbd 2 BEER p Epk

23



g P - B RRIRAE o R A PERE g QTR 2 D
SofBHEE 4B 6(0) 0 FABE ~ AR 6(h) § Bk gerr A 4
S dl o AP IRPARS SAARE T 0 TP LI E e

B 6N Tt b+ 4% OB E i 574 4 e -

Storage Rerquest Watting time Request length
(tirne slot) (£
1= {dp} 1= {d da, de} 1
3= {di} iz = {ds} 2
53 = {da} = {dy, ds} 4
g4 = {dp} g = {da, ds} 1
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Algorithm Modified OE :

Input : The arrival users 2}, u;, ... , Uy, , the wait time w; , w2, .. , Wy,

21, 22, .., &y for each user after issue a request , the set of
stored data items 5; , 52, .. , 5y , and the set of requested data
items gy, gz, .. ., Gu , the broadcast cycle length L

Output : The broadcast program P

1. Calculate each Sforefsy) in Eq (3)

> s

Stord si) L8
|
2. Calculate each Reg(yy) in Eq 2)
2 4
Req(gh) dye

3. Calculate each p, in Eqi4)
select the query g, and 5, with the highest value of p,
pi = Reg(gi) = Sfoi'd-ﬁ} AN X %
for each d,,ing; , wherel <m < | g, |
for eachd,ins; ,wherel <n <|s3|
Calm.:latea}:dm +d, ,wherel<j<|g;|x|5]
Calculate Dife;) in Eq (5)

el

H.f{f_l,:l — .U‘r'mhj'r | z uw; )

€ Demie; )

8. Select the encoding data with highest value of Dife;) , and allocate the

encoding data into the broadcast P such that gy is satisfied
9, Respectstep]toﬂunhllPl}L
10. Replace the existing broadcast P with P
11. Return P

B 13 ~ Modified OF # & &) /& £ 45
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Storage Eequest Waiting time Eequest length
(time slot) (£
51 = {di} a1 = {da, da, 4} 1 3
s3 = {di} gz = {ds} 2 1
53 = {da} gz = { di, s} 4 2
54 = {di} q4 = {dz ds} 1 2
(a) B & request-stored BYESFLEE watt time #J request length
Eequest mtare(s) Fegig,) Product gy
i1 a4 544 516
o) a4 1/2 314
o5 1/4 344 318
o a4 1 318
()5 EF—1E request BY p; fE
Encoding data g; Deinle) Total waiting time Diie;)
d1 B ds {uz wa) 3 )
(c)HX uz B request-stored ERLTERRAG @ 5T ERRAGHVIES Dile)
dp & ds
(d) RS werequest-stored AYERLHEF —{EF0E
Encoding data e Dewnlg;) Total waiting titne Li(g;)
d B & {1, s ug) & 13
b & & { us} 4 4
(e X205 P 0 35 pi AEEIREHEER — » TEIGEY ws » SHES—RIEHHES Di)
b d| hddk | bk
(Bife DilepiBE A NEA
Encoeding data Dernle;) Total waiting time Li(g;)
dy B & {1, us, 1} & 18
B & {u} 1 1
d B dy {w} 1 1
(g) va HIFRAGE L cL3RaE » TEIEERR w BY request-stored g%
dtBd| ddd | bbb | dbd | dd b
(S HFRIE RS

14 F #)%%89 Modified OF

42




Bl (14)* kP Modified OE;#% & /% 22 B(6)* kP OE# &
FEERF F R - BhF o FRL AT 3L RGeS B B T
A4 PR % o

R WAL B(6)s B> 24" 40k 6] F T4 4 e
o A mt i Client 7 AR E 5% g R > AP E 5
Modified OE = j# eris ¥ 5 5+1+3+2=11 7 OE# & ;2
G BER RS 3+4+5+4=164 ¥ 2 ¥ & Modified

OE 7 % iv § »xeiyps > Client s BopF F o

FIF% HWERIR
L Bk AF 7 UTH 91 % ¢h Modified OE;# & 2 OE % 5 i 4
Wfi b e S > T OU RS Clientsd T s G B o AP KR 5%

3 VR IR o T R BEP RR S - SR DT RS o

F- & HRRE

AT R B A * Visual Basic 6.0 (VB6.0F 5tz 5t
PEBE T 0 VB6.0 iR BL A » P2 H 0 B0 T P e
I T LR B PR o Tt VBB.0 W 2 i enfles Az

;i\‘FFE ’EE °

43



o8 HERS K

BSOSl # % T Aol

% 3R & Sk

PSS PRE | R F
Number of Data Item 100 -
Broadcast Cycle 100 50 ~ 200
Arrival Rate 5 5~20
Requested Length 10 5~20
Stored Length 10 5~20
Zipf 0.8 0~1

AFT 3 - 5% > 4+ Modified OE22 OE % & i+ % Zipf
Mean Arrival Rate Broadcast Cycle Requested LengthStored

Lengthiz 546 %84 2 % L RFenT G Rl o 49 %P

o

Bk Rdok 4~ £ 50 £ 6 £ 7+ 4 8-

+

% 4~ g Zipf A fren ok

S #ic R EE

Number of Data Item 100

Broadcast Cycle 100
Arrival Rate 5

44



Requested Length 10
Stored Length 10
0.2
: 0.4
Zipt 0.6
0.8

% 5~ 1t & Mean Arrival Rate(request/time slotyie e 5 #ic %

PSS Al
Number of Data Item 100
Broadcast Cycle 100

5

: 10

Arrival Rate 15

20
Requested Length 10
Stored Length 10

Zipf 0.8

#. 6~ +* #& Broadcast Cycler % #c £

9

S ®EIE

Number of Data Item 100

Broadcast Cycle 50

45



100

150

200

Arrival Rate )
Requested Length 10
Stored Length 10

Zipf 0.8

#. 7~ v #% Requested Lengthh 4% %

P 'S R TLE
Number of Data Item 100
Broadcast Cycle 100
Arrival Rate 5
5
10
Requested Length 15
20
Stored Length 10
Zipf 0.8

#. 8 ~ 1t # Stored Length - #c £

o

# ® i

Number of Data Item 100

46



Broadcast Cycle 100

Arrival Rate 5
Requested Length 10
5
Stored Length ig
20
Zipf 0.8

Y-8 %25

- F % v % Modified OEiw & # 22 OE/# & /2 ch-1 355 BopF
BF o 2V & wpI2EE Zipf 4 fe ~ Mean Arrival Ratef B i 8 i
# f 3 i a0t F) ~ Broadcast Cycleg 4% i #/ ) ~ Requested
Length@i-+& &) ~ Stored Lengthfs B~ & & )iz 548 S 4cF %1 P&
Modified OE/w & 222 OE/f & 2 chF sk B F o F H B 5% > 7
12k % Modified OE (M-OE)# & /% ; = 4252kt & OE /& i -

(W) 15)% 5 sc % Zipf A e T 3535 BopE e 3 o Zipf A%

0.2 P5T 3o fpF B B B 5 FIUb A P 0 A d FALIE A BP AR AR

47



BITEGBERARM . A Zipf 28T T NP a i ad %k

EE b OE 2 0 5 10~25hT s g B o

200
E 150
g —=— M.OE
% 5100 OF
g
1 50

0
0.2 0.4 0.6 0.8
Zipt73 fidl

R (1S) ~ BB ST [l Zinto) il 2 B

Mean Arrival Rate(request/time slgf)y &7 i pF & ¥ =3-K
7liE Serverfhific o o (B 16)30 1 8 aog s Rl vt F A% o
—Iiﬁn%ﬁ’*ﬂgﬂﬁ&jjﬁ o IV e X A Pf-m Fl gkt OE

i 0 25 2 4 hT e B o

‘——k//‘

—*—M-OE
OE

=T féi?if?VE\ﬂj il
(time slots)

5 10 15 20
=+ félﬁ%?ﬂ*?ﬂi%':“‘ﬁﬁ (time slot)

[fI16) ~ B e ST IR R P

48



(B 17)2 HE 3 bR Y £ RT3 F gl
d (B L7)A P @ard B4R ARE > ToH B g R o oA

e 2 R A5 E OE = iz o

100
= 30 -
= % 60 ./ —=— M-OF
T2 40 OE
;= =
1 20

0
50 100 150 200

?’-{ 15 {5 8 (time slots)

[l (17) ~ o B NS 7 Il ”?’l e

(R 18)H_tezh L AR $ it i 3R E Ry hd — Bk
i SR B d BFE G RE RARE TG R
g RN F - RE R £ 200 M-OE &2 OE = j2 enT a3 Bpr
PARIT AR S R AL R 5 0 B M-OE & R R g

o

49



100
o= 80 B i
£2 60 | / e MOE
o OE
ﬁ‘j’ E L
g8 Y
il 20 F
0
5 10 15 20

[FICL8) ~ b ST IRV ol =~

(B 19)E - o3 P~k B > 3P & R4peh4& Client it Cache¥
LI h s % o Cacheshf Ak 5 Client:ﬁfwﬁ i gl B p
jé_Cache® B~{B#1 % enF 38 » 4-% Clientf£_Cachei? % &_ >
Client‘:f%fr%% *oeoServersg g di g R o Flpt p PR R AR T
BPERALIS G F 2 BBR AL TGRS ¢ o(F 19)

Fuipans 2 R 25 OE # 2 o

50



T SO ]

(time slots)

100

80
60
40
20
0
5 10 15 20
TR

(R (19) ~ drRaeadi N ST IV VR R

—=—M-OE
OE

51




=
M
iy

B
b AR G AP T R SRR AR M 3
o A AR e eniE )T AR AT L A A R e B2 0 R

BN APRE AT RE ALY ARG RSAE TR

- i Modified OE= 2 4 sc & A w7 #1311 eh OE = 72 » &

S5
Rie
_\?4_'

,-\

T Rar R R 4R E s
AR 40 — B Modified OE > i e OE vt i » 2% i 973k
41 ¢ Modified OE = ;2 /g & 11 @ Client =317 5§ b thT a7 o
FFo Ve 2 Bt OE%/B s A# » /g B 218 (vpF Server
G APIRIS Y P RRAF g RPF 4o » 7 R E R Y £ 0 E
BOGRELEFRMBEEE - AP 5> 28 OE 7 keS80
MR RS T AP EhT R g OE- 2

< 20%= + -

52



SR

[1] G. Lee,M. Yeh, S. Lo, and A. Chen. “A stratdgy efficient access of
multiple data items in mobile environments. “In &edings of the
3rd International Conference on Mobile Data Managein pages
71-78, 2002.

[2] Shih-yang Lin. “A Dynamically Schedule Algoriti for Wireless
Broadcast.” June 2005.

[3] Chung-Hua Chu, De-Nian Yang and Ming-Syan Ch@#hulti-data
Delivery Based on Network Coding in On-demand Boaad”
Mobile Data Management, 2008. MDM 08. 9th Interowadl
Conference on 27-30 April 2008 Page(s):181 - 188

[4] Weiwei Sun, Zhuoyao Zhang, Ping Yu, Yongrui Qitskewed
Wireless Broadcast Scheduling for Multi-ltem QusrieWireless
Communications, Networking and Mobile ComputingD20WiCom
2007. International Conference on21-25 Sept. 208Fef3):1865 —
1868

[5] Zhuoyao Zhang, Weiwei Sun, Ping Yu, Yongrui Qfffreemptive
Scheduling for Multi-item Queries in On-demand D&madcast.”
Young Computer Scientists, 2008. ICYCS 2008. Tlnel®ternational
Conference forl8-21 Nov. 2008 Page(s):610 — 615

[6] Sang Hyuk Kang, Sujeong Choi, Seong Jong CBwiangsoon Lee,
Jaeug Lew, Jun Lee. "Scheduling Data Broadcast (Base
Multi-Frequency in Mobile Interactive Broadcastingroadcasting,
IEEE Transactions on Volume 53, Issue 1, PartMarch 2007
Page(s):405 - 411

[7] Sujeong Choi, Sang Hyuk Kang, Yoon Goo Nam. " Hybrid
Broadcast Scheduling for Mobile Data Broadcastinigh wReturn
Channels.” Communications, Computers and Signatdasing, 2007.
PacRim 2007. IEEE Pacific Rim Conference on 22-24.A2007
Page(s):549 — 552

[8] D. Aksoy and M. Franklin, “RxW: A Scheduling Apoach for
Large-Scale On-Demand Data Broadcast.”IEEE/ACM 3aations
on Networking, 7(6) 1999, pp.846-860.

[9] J. Xu, D. Lee, Q. Hu, and W. C. Lee.““Data Bdrast”,In Handbook
of Wireless Networks and Mobile Computing.” Johnl&yi& Sons.
2002.

[10] Jun Chen, Kai Liu, Victor C.S.Lee. " Analysid data scheduling

53



algorithms in supporting real-time multi-item regteein on-demand
broadcast environments.” Parallel & Distributed de&ssing, 2009.
IPDPS 2009. IEEE International Symposium on 23-28yMN009
Page(s):1 -8

[11] Ye-In Chang, Wu-Han Hsieh. ” An efficient schiing method for
guery-set-based broadcasting in mobile environmebistributed
Computing Systems Workshops, 2004. 24th InternatiQonference
on 2004 Page(s):478 — 483

[12] Guanling Lee, Meng-Shin Yeh, Shou-Chih Lo, €h&.L.P. ” A
strategy for efficient access of multiple data erm mobile
environments” Mobile Data Management, 2002. Procegsd Third
International Conference on 8-11 Jan. 2002 Pagéa(s)78

[13] Yon Dohn Chung, Myoung Ho Kim. “QEM: a schedulingstimod
for wireless broadcast data” Database Systems fdwaAced
Applications, 1999. Proceedings., 6th Internatio@ainference on
19-21 April 1999 Page(s):135 — 142

[14] Li Jian Pan, Tung-ying Lee. “Data Dispose Algoritfon Scheduling
in Multi Channels” Advanced Communication Techngo@008.
ICACT 2008. 10th International Conference on Volulme 17-20 Feb.
2008 Page(s):555 — 560

[15] Shenggang Wan, Qiang Cao, Xubin He, ChangshengCftientao
Wu. “An Adaptive Cache Management Using Dual LRW@cRs to
Improve Buffer Cache Performance” Performance, Qdgmg and
Communications Conference, 2008. IPCCC 2008. IEtE&rmational
7-9 Dec. 2008 Page(s):43 — 50

[16] Chung-Hua Chu, De-Nian Yang, Ming-Syan Chen. “UdNejwork
Coding for Dependent Data Broadcasting in a MoBiwironment”
Global Telecommunications Conference, 2007. GLOBEC®?7.
IEEE 26-30 Nov. 2007 Page(s):5346 - 5350

54





