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Abstract  With the rapid development of wireless technology and mobile computing, there is an
increasing need for scalable wireless data dissemination techniques that can concurrently deliver
data to a large number of users. On-demand data broadcast has the advantage of channel sharing
technology to allow an arbitrary number of clients to access data simultaneously and has become
the preferred method to dispense data in certain highly dynamic environments, where a large
number of users are interested in hot information such as news reports, stock quotes, flight
schedules, or traffic reports. However, with the rapid increase in client requests, the data that
need to be transmitted by an uplink channel of broadcast system and requests that need to be
responded to via the server increase rapidly, which leads to the uplink bandwidth becoming a

bottleneck and the server facing huge parallel processing pressure. On one hand, restricted by
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mobile terminal, the bandwidth between a server and a client is asymmetric, the uplink bandwidth
is much smaller than the downlink. With the increase of user request, the uplink bandwidth
becomes a bottleneck in on-demand data broadcast. On the other hand, a large number of client
access the server simultaneously also put a great challenge of parallel processing ability to the
server. So far, no scheduling algorithms have been presented that can balance the pressure of the
uplink channel and server and the broadcast efficiency. Thus, we investigate the problem of request
pre-process and develop a request pre-process method (RPPM) for on-demand data broadcast to
reduce the pressure on the uplink channel and server. RPPM integrated request pre-process and
data broadcast scheduling to improve the overall performance of the on-demand data broadcast
system. Our method includes two algorithms: an optimal request merge algorithm (ORM) for
the maximum request merge problem (MRM) to reduce the number of requests, ORM reduce the
number of requests by merging requests, and achieve a tradeoff between invalid data rate and
reduce of request rate; a merged request priority and prune algorithm (MRPP) for the optimal
merged request priority problem (OMRP) to evaluate the priority of merged requests and prune
them, MRPP synthetically takes into account the number of requests include in the merged
request, the longest waiting time and the number of lost request of the merged request not be
responded during the current time. MRPP can accurately measure the priority of the data to ensure
that the most urgent data first broadcast. Based on RPPM, we develop a scheduling scheme for
an overall on-demand data broadcast schedule to further improve the broadcast efficiency. We
compare the proposed method with other state-of-the-art scheduling methods with the general
performance metrics: the request loss rate (LR) and the average access time (AAT). We present
the request merge rate (RMR) for quantitative analysis of the reduction in uplink channel and
server pressures. The results reveal that RPPM can significantly reduce the number of requests

with a high RMR and can obtain similar AAT and LR to the other state-of-the-art algorithms.
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B T KN 2Z F s Sum Sy SR AR AN (2)

E ms., 2)

mReq; € MRQ

. Req,‘ s 0

<, mReq; s+

Su?n SMRQ -

2.4 {FMiEAR

ST BCHE )RR R e b i SR B B A
B30, 0 S B A8 15 L B S O 2 80 0T SRR
1 0102 S i T BRSO R b R BRI R
R BRSSO R R P A A SR R AR CRD
BRI F R A5 B B AR oK R A% (Loss Rate,
LR BAb 78505 52wkl 2 F P i SR LT
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A P AR I TA) a4 [ K 52 e P AR 3 g T
- 34475 8] B 18] ( Average Access Time, AAT)M [f]
FE 275 B8 AR SO — A~ B bs A BRI B2 e )
& LR AR LR F1 AAT.

FH P 3 SR R BB 0 5 BT AT 3 SRR R L A 4
PR E R KR M A J ] EE SRR Ly =

M N
SIS Led, o+ Led, Jo8CRI5 d A5 & A6 910
k=1i=1
SR g AR M A T 39 R 3 SR R 20 3O SC

M N

DIDVSCo s SCo TIBLARTR d TE 5 b A JE I 1AL

k=11

I RB W SRR R ] Fom iz (3) P,
> ted. .

I‘kfi.’\/l k=11

T L,wtSCiu

LR

Z illedd’,,\ﬂLZ ZSCJ’Jc
e ENED

7 (] B[R] 2 5 FH 7 DA A& 326375 =R 21 38 =R i e o
B R KA % P ] ATr, , J9 mReq FE55 & A
Jo) B 45 SR (%) 1 Ta) BsF ] 5 D) VA B 1) S 383 1 [R)
] =X (4 FR  Hot [ Req, | 55 & A R0 v 1 7

M |Req,

S St
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E‘RECH‘
=1

QR ST H B Y A ST g5 — A H bR >
705 38 2 2 VIR 55 0 W) 7 194037 SR B LA 8 b 445 58
Ph K55 28 9 2 e . R 17 s o A BE ASUR L AR S
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B —ADEERIEN 8 bR, RMR 2 4745 96 IR 55
IR R IR BE L TR AT A TE IR 55 4% 5
K 3 SRR g 3 B i PR P SR L T SR A OF R %0 m
SR W ZL i RMR=0. 5, W 36784 IF J5 3 sk 51
WD T 50 % ) AT 8 T B kA = s T
50 %0 » A HR , IR 55 28 5 & B R0 10 9 & B0 b T 50 %.

EX SGERAIHH).  HWRA IR RMR 45
& IR G I R B H b i RS SR EOH B R
M AT 56 JF 1 RMR () 3R i 0 X (5) B R, Hop
| Req, | J55 b JIIE SR B, | MRQ, | 955 & J 103 3%
KA 1A IR R AL

M M
> IReqi| =) IMRQ, |
k=1

k=1
RMR — _
> | Req, |
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4
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3 ERTMAIEFE

P B ) B R G IR g5 e i R OH g oK
B 5 H0HE T % R G5 vh A% 2 P R SIS P B 1
Ko AT TE AT T 390 170 80 R IR 45 4 O & Ak BRI SR
J 7 0] BB AE A5 58 i T, JUH 3G 4G MR IR BT,
O P 00 1 SR 5 B SR 22 U BRI SR U /)
YRR A S T AR SOXE T P g SR AL AT T F
7, 32 B R AL R 45 9% 0] 8 MRM Fl 35 48 5 5 3
SRARSE K OMRP, F 4 H —Fh 3L F 3 5K 1 b 2
1 5 B 4% 5 B0 B R BE 7 i RPPML, £ X ] 8t
MRM #l OMRP., RPPM 41 & e (3 ok & - 5 %
ORM F14 -1 2R A e % A0 8 8 5875 MRPP,RPPM
HEZRANIE 5 7.

ORMHLE

T € & IR SR, ARAL REALE

AR
AF1

MRRPH.%
EibmReqflta g, B MRQ

E 5 RMMP J5 3 HE 48 K

(1) ORM fig DA S5 A% 19 S W4 Pl ok i AT &
I WD EATAE 8 S R 55 s P o Ak B SR AR R
KA I B MRQ. Hrfr ORM K EA] LA 43 R
JUAS B BR O o i T B 1Y & OF g s @ 5T
T8 B A 3 (Quantum-behaved Particle Swarm
algorithm, QPSO) ™ P i & fe FEAN R4 © &
I3 R AE R MRQ;

(2) MRPP f& B ORM 4 i 14 & 3 15 =K BA 5]
MRQ, it MRQ & JF 1 R i Je 9, ¥ & A3
RGeS REB/NHEFF A 22 58 4 1) 16 Ko
A MRQ. M Bx MRQ &8 7 AR A 55 4 & JF i
K. MRPP fE % o # & 1k & I 35 K 00 8 2. PRk fk
B TR 1 B 3 2 W 3
EENIE I8
3.1 Hi& ORM

[ Jo5t i SC s MIRML A, 55 A 1 0] 1« 40 Ao 2 2 5
I3 SR AFFAE Z 807 40 o] B 355 5K 9800 %8 RRR FI TG
RO Z TVR 28745 15 S5 %8 MRM. [a] @ ik 47 53 #r
B G 45 1 i AR IS SR A 9 ORM 8k i HAK S 8. 41
Xf - ) f— , A S 3 — A F 91K 3 A 18 iE ORM
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Bl 2. BREAAEWMT ZDiEK:Req = {0, =
1,6, =1,p1=:/d,}» Reg ={20,=1,0,=2, p, =
:/di} s Reqs={0;=4,1;=3,p,=:/d, | THELIFE
] mReq; = {mr;, m d;, mt; s, mp;, ms; } , Fo Jt mr;,
mp:ms; 12 PRE KNG 0 B E »m 0 vme 75 8 1L
S W IR SRS B R AR A 5 1 AR S 21
H LB AR ESE H R SE T T moo i E . BLF- 8
BN 4 mo,=avg(d),0:.0,) =2, FHIHRH T
3 Req Fl Req, KRB H N 0, =0, =1<<m 3, =2, 4
T ARAIE moo; BB R I AT BiA I i SR B B L N
BUm o, =min(d,,0,,3:). £ X%F me, B9 2 5 [ me, A
7] 7 m o s B AT W 5 B FAR TR AR » e 2 8] Y 2 B
B I I SR K S 15 ] 6 40 s mReq, £33 7 3K
Req,,Req, fl Reqs, X} N By t, = 1,1, =5, t; = 6.
mReq, B, 75K Req. . Req; #l Regs » X RLHY 1, =2,
t5=2,t=2. 2 mt, =min(ty sty s 1,) s W mz, =
1<"mt, = 2. W 58 3 SR I ) 25 1, mReq, 16 96 2
F mReq,. #5 mt; =avg (t; sty s+ st,) s W mt, = 4>
mt, = 2. W B DA T SR I E] 25 J& , mReq, I S5 AR T
mReq,. BIR B mt, =avg (t,,t,, o 1,) B M,
K2 mReq, B K 5 AR JE 23 T mReq,. % 85 #
B P 25 U5 ) 6] 8] AAT 5 3 o2 7 1 B e, =
avg(ty sty +t:) WG HL 25 F b, 7 )l — Al 3l i
2D 15 2 fif 2.

m; =min(d; ;0 +**+3,) »
mt;=avg (L sly s sl,) (6)

BEX; 7 R — i o] 1 i o3 dr el 0L 5 O R T
Q) 1 3K IF A 25 T BOIC BB 1977 A TR A TR
T8 KR QA It e XrTH, 8+ QK
W BT R — SO B T Frree Wl — 23 32
5 Bnode,; . IR R R o< B EDAR 95 TVR, AN
RRR kA& & & & I Bnode; WHYH — 285K, I
H IVR, 25 Bnode A5 B TCROEHE 5 . 47 TVR K
B I 1 R T BORY JC BRI
RRR, i R0 3, RRR, 8K . 45 I35 3K Fi il 2>
TR SR 22 . B AT AT 58RI 55 A% T 3R U L AR
B 0 PR I BE ALY  RRR, 149 54 KR 1] 3k 4 i fs 5|
& TVR 13 K RRR, 1 TVR, K HAE AP & i
TR O MY 22 H bR o T R Tl W LY £
H AR 7 2 53 J2 17 90 i - B AR BLRIE V4P A
A A G P i AR 2 B R 8 A, A SO T2
PEIAFIE € LG I Merge-C  $2 T B {H
Sy BTG O SR . b S IR AU E LA

EX 6(HIHAM).  HAIH Buode, 1 Q. 3K
JIE 7 AR B 5 IR Merge-C, oAU TVR
M RRR. Xt F Bnode, , 3& T 26 PEMAURNE (1 4 4%
#r AT (D R

1
Merge-C;, = IVR, g 7
erge-C,= w, 1V ’+w'RRR, 7

Merge-C. Z 1 5 I Bnode, 1 Q. i 5K B XA
N T RUE A I B A RO LR T IR AR A SCHR
FHIEBE Merge-T 5194 IE 5w . 1% Bnode,
W QiR A IR = (8).
jtruc, Merge-C, << Merge-T
1false, Merge-C,> Merge-T

R (D (T A Merge-T P& T4 I ki,
Merge-T i KA R0 MR, 78 S Bl ) #% R
it Merge-T NARYE LRI R G TR, 45 A % 18
IR ORI R G R E SR RE . A SCHE 5.2 P
WM T Merge-T BUE XTI BE 5w - 45 8 17 il
B, 3 () Fole TVR, Fl RRR ;3 F 28 1 i A f
TE Merge-C L AUHE REL wi s w, E T TVR, #
RRR X Merge-C By 52 W K /N ot 55K & IF e 0
. 25430 (6) ~ (8) , AR SCHE H ORM H 3k, H:
FEALHE WS . (1) e F 8 7R T BE O AL 5k
QPSO 1 f: H # T 4% 22 % W% (Optimal Weight
Search, OWS) LA B 3 iy 2 2 (7) H B FE AT R 3K
(2) 1 By F 1 28 S AERCTE R B0 20 (D DL KA I e
KRS A IR, BT .

OWS KBE. & 115 B M AL oC &R T
FLAE S 100 F0 [ 1) FR — A F EL AR PR AR AR IR S
ARSI RN P [0O)+P |1, P P,
1O AN 1) B AR . =X (7)) A AR B AN B
HW={w ,w,} % fitness(W) = LRRX%j\j*X
FHC WO I B IE N AR L O R R R R R L ) R
FERH W BT, OWS 5 g HAAT] 4% H 1Y 45

(1) A 385 41 A B0 4L 0 06 = 7 ok T B (B
BWGRAE m AR F L R FRH B Z WG ACE
Hoel 2= SO, o g @ AN AR T g Ay X
W) PR, iR 485 7 B AL A I 54l
AL B RS S8 RN R R SR AL I
RYEAE. Hod 0., =27 X rnd s rad Ry (0, 1) N I BE L
Bi=1,2,.m. m AR TFREPRTEH.

p-| e

K b THT B R B0 L B IR AE AR 5K PR A0 BRI RT

Merge = (8

cosb; ., cosb; »

sind; sing; ,
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FHERNE P, AP, o] HR QO M QD) R, I BEAE B R B AL B A, P X ) W, S B8N

P; = (sind,, ssind, ,) (10) THE Y A48 2R 2 0 A N S KA B4 R g
P...=(cosb:., scosl;.,) 1D B B 1 TR,

BAETASRTHMER P M P, 0] 8
A FADFEAL A EIA W, AW, .. W nJH
R W, B W,..

W= { sind; sind;.» } 12)
" sind,., +sinf,,  sinf.., +sind,..

o { cosl;.; 7 €080, } (13)
cosf;,; +cosl;, cosl;., +cosl;,

(2) T3 A B2 . A B 4 1) T R B AR
HE P, F P, SR IS B Bk AR AR R
P AP, il R ADBFIP AP, RIS Po=
P.., P, =P, SBUHE B dhg F ikt

P, = (sin(@,, () +20,, (t+1)),
sin(f,,, () + A0, (t+1))),
P..=(cos(0,, (1) + A0, t+1)),
080, (D + N0, (14+1)))
Hrp A0, D =wA0,,; (D) e r (M) F e, (A9,

JZchr@ 0 1000 — 0, <—m)

0i1, r=0;.,;—0,;<m) .

16,‘./,j76i.]727[’(6;.[,j761.j>7f)
2r+0,.,+6.,0,,—0,.,<<—m

A, =<0,;—0,; (—n=<0,,— 0., <) (14)
0, —0:,;,—2n(0,,;,—0;,;,>m)

P 2 (14D AT B kAR, L A SR ) B BT Y
EF L —RERGRIAT N A0, G+ D -
—& A0, (O N BRI T O 38 R A5 200 5 AL i
VL EDS

PLEWA 2 TR A QPSO AR &
1M 5 B 51 A B RAE T H A (3 2. Ak
i A7 4t DR IR A8 2R 114 4 JRy Wi SO 5

() WEAEA F. JF 4G QPSO 53k 5 B AR
T, R A T R R A R AL R
PEE K. OWS i Bl FF 1] 98 BUAR S 4ok it o 2
FEME R, WA EBHE 2 S %Eh P, 720, 1D Z [H]
BEMLA: BUBENLEL rnd,; s IR rnd; <P, , WK% 6 F

B b R e K (15 #E AT AR S A
T
0 17rcost:,; COS(?_QW) A
0 1dLsind;; . (7(
sin ?*0 ,)

T 1.
1. FOR g=1 to gus DO:
2 FOR i=1 to m:
3. KRGS P AN P id XA (AD/BE WL W
1. TF fitness(W,.) ™ fitness(W,.,) THEN P,, =P, ;
5. 1F fitness(W,.)™ fitness(W,.,) THEN P,, =P, ;
6. 1IF fitness(W,.,))> fitness(W,) THEN P, =P, ;
7.  END FOR
8. END FOR

BEREH. B P RAENERY w o w,
i AE AR AE R (6) 2 (DRI () BEAT i Rk 45 9F
HARRE RS I M =248

(D IR B, ARG po# Req WU = Frree , B
B Req, U3 I Z XS BLE KA I o, 1935 5K BA S 6.,
R 5

(2) FHEA AU Merge-C. LA 15 4 5 336 Wl 14
U iH58 Frree W48 73 3235 s H) Merge-C AH 51 X
Bnode; 2. Merge-C 3R & J7:U01F : O X T Bnode; N

BRI, R S, =5 A

é’ V, 917{?51”){%7‘ d;./bﬂ/\ U:,R.,=R, + ‘ 34[._/ ‘ H @ Xﬂ‘ﬂ:
Bnode, F1 1) B — A4~ 43 %5 45 Bnode, , U, =U, UU,,
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QBT IHE Merge-C; s

(3) A5 I 1 SR B3 MRQ.
HE— >0 3N A Brode, s MR (8) % 4
I, Hoh H e % Merge(Bnode) N (16).
Merge(Bnode)

return,

Jmerge Q, return,
Lnerge Q. .Merge(child) ,

B IH M 1 Ftree

KiGRKE

Bnode=null
Merge-C,<<Merge-T
Merge-C,>Merge-T
(16)

e 3% V738 P i B b L 4 Brode; = null, W R %0 B 4 1%
. # Merge-C,<Merge-T , W& 3 Bnode, " Q.1
K. 47 Merge-C; > Merge-T , WA & 3f Bnode; 1
Q. MHIEFKME I Q. & IFEKR mReq; E BT 7
T O 6 THE mo, . me; s @ WK mReq; H
QAR QUIE M BT o W] mp;, = p, sms; = gd,. ’
mr; = ‘&1 | #5 H mReq, 1 Q. 2, Q. 528K Bnode,
W omp, = ]5,, ms; = S(,I+SV’ , mr;=R,.

5 b, ORM Bk ity AR SCBANT
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Bk 1. ORM &k,
HIA:Q,Ftree

. MRQ

WG A I R BA S MRQ= < ;
W E 5 IF BH Merge-T ;

WA OWS He s 5 1 I AR E R wy v s
FOR Reg; €Q DO

5 WKHE poFt Req W5t & Frree
6. END FOR

7. FOR Bnode, in Ftree DO;

8

9

= w o=

LAY 45 ¢ 30l B U AR 41 5 (D 313 Merge-C 5
. END FOR
10. FOR Bnode; € Ftree DO
11, ARIER 6B [ Frree, A I MRQ;
12. END FOR

3.2 Hi£k MRPP

ORM kA 0 A 9138 2R BA 811 MRQ 1 %5 1Y
TR B P REAE — AT B JA 01 A T vk 4 A 2 e
N IF H B FE 91 MRQ W& I35 K L e 90 T8 1 1
FE X3 H OMRP [a] {81 77 Az A5 8 58 20 B 52 i)
B I8 K AL 5 G SR g TR 2R B S 40 A 21 A X
OMRP [w] 35 i) 18 3K A1 56 9 F 87 A% 55075 MRPP.

IR 1) 8 3 2 1 R 22 R R X AR A S g 1
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W KR XS mReq LGB 520 43 B N R
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N T BEAR AAT F1 LR B 5K /N R & 9335 R A 56
P 5

(2) ZERF L], S 1 By 1k #4RE EAIG Y 5 30 20 33
KA BUHRIE B G, AR AAT & JF 315 5K 19 25 77 1 &
WhIBIAE 75 1 o B4 1 B () B 0 2 8 5

(3) HIFIEREL A IR I & Mg R 8 H 2
i — DA IFE R e R EE R R A I KA
AR 15 B e 7 32 37 SR T B [R) B A2 B P BOROR
AAT I LR AR, BRI R BB e Se B0k =

(4 Ak 9. Ak 012 52 e G OE 3 SR e R s
— E B R R 20 G IR R 1 R SR
Se i 1 A 1k BN 138 R DLREAIG LR, Bk 81 5 i

TP L.
BT UL oy b, AT T MRPP 583, H 45
B HIEU EUA R A IR e . Hdh %
5 Hsf [ 5 W) SF- 28 5 [ 1 [B) AA T, & I3 R ok s #4
JEE AT BB AE O AR S AR B T K N B T
(] ) 4% B 1) ] 48 1E 3 45 6 5 5 3 SR 2R 0K LR,
MRPP 5325 o 5 5% Ak Sy 2k 8080 o X8 Bl
(G A Ry AL AE A . B HL . & IF 38 5K mReq, 1158
P weight A] ;2 (17) SR fi#, Hod mr, i mReq, 63
ISR B W ) mReq, 1) 55 155 I [8) L 3¢ 24 i 5 48 i
6] ¢ W W, =t —me; o SL; g BB 25 Al I 18]35 542 M)
N mReq; ¥4 5 B H Al 37 3K 2% R0 28 REC T
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SL,
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Forb mr, 5 303 5K mReq, FIi A & 16 SR . SLi Y
WA FTRESN O, I 5K mmr, X WAy mReq; B 5G
G R AD BBk (19).
mr; XW, . SL.0
weight, = SL; (19)
lmrl XW,, SL,=0
MRPP % T (19), S f b MRQ & IF iR L5k
9, B J5 MR UL e BT B MRQ. 5 o A S i)™
7 J5 19125 T8 N 9 A 93 SR A8, 0 A S T
I % JE R T /N B R 2R MRPP 52 3 n 5
% 2 R,

aan

weight;, =

Bk 2. MRPPHE.

A : MRQ

i th : MRQ

1. Whatk 0=0,0=0;

2. FOR mReq; € Q DO:

3. IR AD ADHE mReq, B weight,
4. p:p+1;

5. END FOR

6. H MRQ #% B8 weighe, 3 I8 19 WUF HE T 5

7. FOR i=1 to p DO,

8. IF 6<<BwXT THEN:

9. c=c+ms; s B ms; i mReq & R & ;
10.  ELSE ¥ mReq; A MRQ HllH % 5

11.  ENDIF

12. END FOR

4 ZRBAERE

T RPPMLRATTHR 1 2 T 375 5K T4k 21 A9 5K
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2. TF JH P e ) K 0] Cc— 1, 03258 T %0 035 5k Req,
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3. IF Req iR BT d AF4ET D W H AT 3%

4. THEN 4 Req; # N Z d; 3§ K AT 6,4

5 ELSE

6 ¥ Req, VRN ZE 355K 2B i Qs

7. END IF

8. END IF
9. IF 4% J&1 k—1 453K THEN
10.  FOR Req; €Q DO.

11. IF 5,<<¢t THEN
12. $ Req; N Q P BR
13. END IF

14.  END FOR

15, KL Ftree;

16.  FOR Reg; € Q DO

17. iz il OMP 518 A4 A 9 35 2R BASI MRQ;s

18. iz Jil MRPP 5135 546 MRQ W 4 — 1~ mReq;

S

19. END FOR

20, # MRQ RS HAHE T I 5T kL

21, B MRQ 1L % I 55 4% 5

22, WRS5 AR IRAE MRQ s BCEURE A= i #E RS D 5

23. L DHATIHE;

24, IF d.fEBF A & ¢ 74645 THEN

25. K N HEANF D N MR IR d BT A B
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27. END IF
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@ World Cup 98 Web Site Access Logs. http: //ita. ee. 1bl.
gov/html/contrib/WorldCup. htmI[ EB/OL], 1998

@ Tools recreate. ftp: //ita. ee. Ibl. gov/software/WorldCup_
tools. tar. gz, 1998
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