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Abstract: With the rapid development of mobile networks and a great increase in the computing ability of mobile devices, a huge
number of people tend to obtain information through mobile networks, which poses some new challenges for real-time on-demand data
broadcasting: (1) The data types and sizes are diverse; (2) The real-time characteristics and demand diversity of the user requests greatly
increase the volume of hot-spot data (the most access data) and the volume of broadcast data; (3) The users’ demands for high service
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quality become stronger. Current research has been focusing on the fixed-channel models and algorithms and ignoring the changes of
real-time data broadcast environments. The problems of fixed-channel models are as follows: (1) They are limited to specific network
with fixed channel-models which lack generality; (2) The size and number of channels cannot be adjusted with the changing of broadcast
environments automatically. This paper studies the possibility of an automatic channel split and allocation method that can adapt to the
environment, and proposes an optimized channel split method (OCSM), which can adjust the bandwidth and number of broadcast channels
to the different characteristics of real-time requests. The method includes the following algorithms: (1) A weight average and size cluster
algorithm (WASC) for data characteristics mining; (2) A weight evaluating algorithm (RxW/SL) for evaluating the priority of data item;
(3) A channel split algorithm (CSA) for channel split. The experiments undertaken in this study include two aspects: (1) Determining the
different strategies under different data size distributions and deadline distributions; (2) Verifying the validity of OCSM by validating the
effectiveness in different situations through a series of experiments. The results reveal that significantly better performance can be
obtained by using the OCSM rather than other state-of- the-art scheduling algorithms.

Key words: data broadcast scheduling; adaptive channel split; loss rate; balance clustering; on-demand
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Fig.3 Data clustering analysis
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Table 2 Tag rank strategy
&2 TRS

Mg TRS.
TS
#it1:G,categorieN.

1 &AL E N A JCE M %4l Tag{-1,~-1,...,~1},categorieN=0;
2 fori=1to N

3 if Tag[i]=—1, 00 73 K FR 2R AT AL then

4, n=t;; categorieN++; tj=categorieN

5. for j=i+1to N

6 if tj=n && Tag[j]=-1 then tj=categorieN, Tag[j]=0; end
7 end for

8 Tag[i]=0;

9 end for

10. B T BksIRMH%S Gl G, categorieN=n/2

(3) Wi, B b3
B TURE A S A A TREE MBT G H A THEA o ER foaufon BIA T-90 R

SW

f92i1

> SWg K gi BRI o VRN B 1 4R B fga o1 LS N foig P I, SWy = Y wi i W, 3

djeg

WA AL T A B IR KT £ A FG.
zi | 3 45 WASC Sk st % 3.

Table 3 Implemention of WASC
%3 WASC ikseil

53 WASC.
N PQ;
K FG.
1 46 PQ hEUR UKD size, frAr T S
2. ¥ NAEIRTREA di 28 B N 28 5008 T di IV BR T 28 AR I AR T &R T
3. do
4. REREARTEAT 10 538 SCIGIE, K B A2y 1 10 43 54— 0 BEATEAT 10 480k KNN 535328
5. 4350 O NIRRT S T B Y VPR AR I B £ T KA 2
6. IR0 Q 4 PEA B 4 b7 AT R RF AL B8, 4 77 R AR 1 T 43 26 b 0 2 BT 4 S RE A 2o
7. VEEREA S FORUE BE A Ay, JESR A 508 Ar=rIN;
8. BE AL E — 53 43 SR AL AR N Lo AR %S 6 L5 JLTIIN 43 AR 28 i 3 e, A OB 1 40 2R hR 28 V5
9. VA T X FEARTEAT S 4 D~28 6 L 135 Ay;
10. 7 Ay=Ar 0 T=V,Z7=Zy,Ar=Ay,R=R-1;
11. loop until Ay=1][i% £ f5z K A6 FR 58 K
12. VAR KPR 2E T vh o> bR B A FL A% 7 1 19, A2 ik G;
13. Fori=1lton/2
14. FEXT i TR A B T & faaioe oo
15. Wi, B A I A R FG;
16. i++;
17.  end for
18. il FG;
3.3 E%CSA

Bk CSA MAa 7r K7 Hefr FG Kim 1EREAT Rl 70, Bt Kt Kol 30070 WE A6 W ()75 A7) 3 3L 1 2y
(ERERAFNPVIE (I B R
(1) AFIERI 7 R A5 TE A 8 A R AR VR AR ) R A T R K R N, i) ARE D 4R
o R R L B 7 SRS A ) A I e A B TR/ SRS, e a0 A AR A 5, Bl
MR BCEAG 7y 5L, B2 R 145 T8 A 0 F A (B R ) 3 A5 TE R B FL Ao ) 8 il R AT 19 3 R 4 ) 93
BT DLt R R G R
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(2) A0 53 P R HHE T o3 0 28 5 B T AR T8 A BEAT T R AR AN R T AR AR I 4 AR K L i R
X I 1R YA B AT T 3R BA SR T R 0 B v At 5 IR ERAELE 1T 4 BA A HEAT HIE P BT A K
P U058 T AR A /AN B S 10 7. Rk CSA Sk L 4.
Table 4 Implemention of WASC
R4 CSA SIS

$13%:CSA.
HINTAZIE Cy #5716 IAF D;
i TEIE SCL T B BQ.

1 YU B4 ; Sumdataln];

2. fori=1to N

3. if ti=j then Sumdata[j]=Sumdata[j]+ Size, ; tend

4. end for

5. fori=1lton

6. 518 c; 171 B8 K/ Sumdata[i 0

TR IR g, Sumdatalil g

> Sumdatafi]
i=0

7. end for

8. T EE
9. WA n AT IR
10. fori=1toN
11. R BRI D R LA d 1A AR R, WA B I o I N 27 FRBA A bd;
12.  end for
13. fori=lton
¥ 7 ) 4% BB b 3 HARE IR (W, T
14.  end for
15, Hth+/ #EBA% BQ

4 HESHR

H T RAEZ A5 EEAR) # OCSM Ji i AR T H— {5 T R | % 1AL 3, AR SO RxW BV SR 347 % L Pk
S OCSM 2 4 T4 7 1) 2215 18 SR 1 SR B ) 9 18 B R0V 0 T 30 e 7R [ g 215 T8 e | # 1 BE Hh (R A7 3K
P A S P T8 B 22 A 22 i Sk v s R e DL 1) 4 T 22 15 T SR T S SR AT X B (R 2R Sk A B, R BN
JIB A2 240 SR 45 A2 11 %o I v TR e, A S B o i 25 () 0 ) # A FE 5875 GREEDY T TOSA, HAR 8 A SCHfF 72
S 5 FNERBE IS [F) 3EAT IE 24 ek 90 B BVEFE T 5 OCSM HEAT X LUt S2 36 58 4.1 35 A 40 S Al DG PR B 40 45 5
KBHEE BT EL SR RS 4.2 TTEIE T OCSM Hh 33 K 7678 B BUE 5 kA5 R I B IUEE 455
4.3 FAEHRE SRR [F 20 A 5 00 R % b T 53 OCSM 5 RxW,GREEDY LL & TOSA .55 4.4 H5{E
Piid SRR AR 3 A oL R 6 H T Bk OCSM 5 RxW,GREEDY LA K TOSA HIRIL. 58 4.5 F%t e TS
[ B0H 79K /N 6] 8590 OCSM,GREEDY L JZ TOSA 5232 1 5% i T
4.1 SRIGINGE

(1) 5% ¥

AL X LSRR T 1998 AR H SRR U 1) By 5 90 it 455 T 1) Bt s ) 4132 A M0 B b T 3 AR AT
700 000 A1 3K, V- 35 1 SR 33 % 4y 83 4%/, TG 1T 22 000 A AN[F] 1) Web TUIH A et % 748 F 3475 L 52 56
FEREAT SES AT, BT BRI AN . 5 TE AT T 15— A3 B T KN A L AL, TR 95 10 F )
b oA T SRR SR 110 BT i) R, A A SR I T — A B AL A B A L B, B I A 60s. 2R 4 SRk R B
WE 100 4% /s, 1i ELIBAT I [A] 558 3 600s, — A7 B & 34 7= 4= 360 000 /™1 Kk, £ 4 H 40 7 20 000 A H i
THUAT 4 175 >R .OCSM J7 ¥R 40 T i (5 B 3B e 7E 4 AN~6 2 [RTF 8.8 7 ARAIE X L S (0 T Ji8, ¥ s 4t
LTV BRI 5 150N 5.58 4.2 10~58 4.4 DB AEARFERE R . L. BRI Mg LR AT sk
B8 FLAA B S 36 2 B0 A6 6 I B R AN U I, A R S8 S 00 e LR 5.
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Table 5 Experiment parameter settings
*5 ERSHWE

e € 53 i ZHI TS HK
S 39 - 20 Y
i i - 10 Y
BAT I IR - 3600 N
S - 60 Y
EAE BRSO NN - 1 Y
T8 SR R - 100 Y
i DAE- - 10 000 N
YIHETE KA EL - 10 000 N
AR AL - 360 000 N
s AN £ - 20 000 N
A N BE B W} 60 \4
BRI AN A B oA 1 Y
BRIN 35 I 5 = 5 Y

() PR bR

SN 2 1 Kot )k AR R LRCAAT 2 i 58 R 55 Jo0HE () 1 1 B AR A AT R0 B IR SR SR A 48 ) T4 2%
b 257 V- 2495 T W 1] DA BT P 0T S B6, 4 26 FR A AR T B B e 7S B 1) AR A SR IO SRR R A
A B B I PR R B T 5 SR RSB AN L BT A T SRR BB AR D 5 SRR IR M AN TR YL 0

M N
KRN Ly =D > Led,  Ledy BRI o 7655 kARG SR R ACHGM A J 0 Sk s 2h B0

k=1i-1
M N
SCw =22 SCy, 1+ SCy, s o B I i 7555 K A 3] 4 F Ty SR i JU338 SR R 3 L 2 XU (B):
k=1 i=1
M N
L 2.2 Ledy
LR = k<M — Y k=1i=1 Y (5)
Licm +SChem ZZLEddi.k"'ZZSCdi,k
k=1i-1 k=1i-1

4.2 OCSMHZESHKHITE

OCSM 75 SR K J8:3 4B (k-nearest neighbor, & F KNIN) 428 5036 S o W 8% 1 43 2 9 B8 KNN A K (i
100 356 JCK SR S A% = 2 FE LA R o KB/, 0 AT 5 TN A A 530 1) N 0 A A 2 o 0 46 SR A (E
TS R AR A KA R A a2 ] DAY D 2 ) (A 358 2 AEL e s 25 30 IR AL 2 18K 3K I 45 T A
28 P N A AR e St 02 A1 T, Ao 50 0 i 3 A0 A S0 S B e AT oL 2 v B 2R A (10 5030 e 1 ot o
S T SR B 43 A (104 4 1T A2 . U A B 5 AR B R U S BRI (1 Fee KL, 74 R A B0 RS i (1 SR 2K
SR, Ky CSA SRR AR Tl 23 445, T AT R0kt AR FH A T R 1 A S ZEATF A [ 38 0 90 0 A1 0 SR B0 2 A
TN SR RO T CAAE R SRBCHE R A R R SR 31 90 A A [ B AN 58 TEAN [ Y KR B TR U 1 R .

LEARGLSE R v G T 35480 10k 60s, B8 007 ¥ K /N 1 8 i sk %k 100 4k/s.—MOA B N
AREARI A 2P K B N BRI ) 43 SRR AN 4 0 200 M REAS A S8 5E K HUE
Fi4 10~100.P9 4 S ik 31 M AS ) 3 A (52 20 A« 38209045« S50 A ) R SR B IR AAR [ 40 A5 (1E &5
A 3851 53 A Zipf A3 AR) I B, 40 I T 5 SR AR AR LR P8 1) I L AAT &l 4315 38 4~ 5 NSC(number
of sub-channel) = 7E AR K B B2 s R L e L 1 sk R 303 LR P35 In) B 1) AAT S5 i e W 18 32
SR A RO DL ZR e A T A 2R,

B 4 HIR T A6 AN [ SR 1 302 A5 RS ) 25000 128 R 20 A IR AL A5 00 A B o 25488 KNI i K(E 6T s
T R PR R IS
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Fig.4 Performance of OCSM with varying K

KBl 4 ARIA KAEX OCSM {511

TERL P 4 (RS2 00 45 R AR R S g

(1) B K AR AS WG 0, Eodfs SR A SRS ) 1 SRS H 2 R B

(2)  LERTA SRR BAR 1 R A 41 N AAT Bl KA 138 e R EE RS e Bl S I - THE 38 s B
Wil T RUE KR BN BEAE K A IR A K SR SORE L AR 72, R 48 1 M R 28R 52 B R SRS T 10 3%
Wi, AT 3 S50 33 55 A5 I ] A2

() M KAEAL T 10~30 X [R5 R SRR S BUR BT Bt 4 2 K{EAL T 35~45 [X R, 7 SR % AR Tk

9K AR A B KL 38 K, 2R R R A R R AR e PR R 55 7K~ IR s

L E T 2 8 AR SR AR AL KR DA BORE A T8 R 70 N LR 6.
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Table 6 Optimal K and number of sub-channels
F6 It KAHEXSRAFIER 7 N AH
Bt BdEiE R B KA FEAHN

i 3 43 A EA A 22 6
I 5 53 A B 519 Aii 17 4
i 5 43 A Zipf /347 20 6
B15) 3 Aii BB 1 4
B 5105 A B 519 Aii 18 6
B15) 3 Aii Zipf 53 A 25 7
i EAIM 24 5
i in SSf= BN 20 6
i oy A Zipf 43 A5 17 6

43 AEHFEIERS T TOCSMAB LG
AR 15520 0 L 7 0 15 5 A AS 7 5347 (Zipf 2345 <3820 53 A1 IE 4553 4i) T, OCSM,RxW,GREEDY Al TOSA
SOV IR, VP AR R LR 8 L S0 SRR o B . DR 5 SRR ™ 4 0 90 9T

[P 5 oK M2 MR 5 oK A Zif 40 R B 1 P = OO et by oty et ol i i 0 R,
> @iy

SR O=1 K05 RIS 43 AT B P HIME N 10 000, KcHhs 1F 240 A Jy bR IE 254041, ]l 4=0, 0? =15 A % & ¥
TR/ R 55092 RxW,GREEDY, $4f UK /N 5258 oh 1A HAE S0 Ath %o bl 8500 16 5 B T K /N IR 38 ) o3 A1 38 K
NG LA BT SRR L I AR AN 2 5 40 A S E KN g 60 BB R SR AR AN Zipf 20 AL B8040 A L T 24 A It
M) K A3 5 € 4 25,18,11.

K 5(a)~& 5(c)%r MR T 5 it KR Zipf 40 A« 3950004« IF A0 A I i ok 53 3 A8 A ] 46 % b vk
g AV

@ e Zipf 75 ®) g ©, IEFS A
T RXW
THRXW ag] |BRW 3
39 |o-creepy < GREEDY iGREEDY
- - TOSA 2 a0f |rTOSA 30 TOSA {},0
280" OCSM )
Feal 35 23 .
< 20| = ~ o
§« §30 29 ’
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254 ‘<> — 15
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Fig.5 LR under different data request distributions
K5 BT KA 70 A % 5 R R

MR DA b £

(1) 4 Pl bS8 2 R A0 It A U I R (1 08 Kt T e G e B R 25 R B 419 GREEDY M TOSA 7
TR A BRI R AR T RxW NI OCSIMLIK St [ e 25 i JSE S0 BT T 40k 1) B0 AN e =24 D s
SR sE IR ARG 20 SR AR I P P SR K O s 7O AT R A,
BRI, S 25 ) AL ]
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DULHR LL B b L, OCSM R B i I, IXABUE S8 1 A2 2 e i W1 R 15 00 T, 0CSM A (R 2R SRR fE 1%
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BCHERA MR BT A SR 0 7 5

(3)  HEIEE R M IE A i K HE R KT 60 4/ IF,GREEDY Hl TOSA KA FAL T RxW 52, TOSA
RKHHFE—HIT GREEDY 5i%,1X15 45 T TOSA B EILALB . R4 3 ATV AR L, OCSM S1ik3k
AT RxW Fl GREEDY #3216 11 3K 18 AR AL T TOSA; T bifi % 115 sk 3 & 11 3K, AL A7 55 TOSA
SR FRUUAR L 3K I PR R 2243 SR R IE 75 43 A0 i, 1 SR 300 5 A B 16 dh v 1, 3 P 47 ol o RE R 9%
OCSM & BV il 4317 18 A 34, A T SR FH B 3@ 4 PR 3 /) B

(4)  MHRE SK RN 55 53 A s T LA BT S 11 R 25526 3 3 AR o . 22 1 R IR A 38 50 3 A1 I 1 Sk 2
Pt A X 3 5, B A B AN B v TR 0 BB T A R R 2 AN R [ R T DR IR S T AR R
F1 T 52 1 3K 3 AT R MR /N, BE 25 10 SR 28 3 K, 2R A0 23 1 K T RS A T e 7% R 595 OCSM T 14 sk i 22
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Iy H RN R AEAE
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Zipf I3 A1 I SR R AR AN T TOSA IREET 5%, /2 L AR FPE UL R, B[R] TOSA Sy R FRAHIT (1 2k
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1 I B e RE ST VR AR BN 3R 2 — e R 2 20 SR A T R R N SR R Rk
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Fig.6 LR under different deadline distributions
Bl 6 A b I AAS TR 20 A 185 B0 % 0) B ARV SR A0k

M AT DA R S e
(1) ARG AL, 25 0 B S T R SR 203 i A5 48 Lk 918 O 1) 2 A i B AR AL, B0 58 4 A L 0 A Wb
K, 25 R SR R R AR 4 A S AL T DX T) 10~85 I 17 SR R A4 Pl 2 L 4k T+ 85



PSOK F AR AR AR R EE X b 5Bk 2857

)

®)

4)

F 210 X 1AV, BT A S0 B0 R R 2B W A T 1 2 A0V SR B E R A 0 R 4 RlRVR AR BILAL, 2%
W ARAE 40% LA L 77 bifi 25 A0 309 040 S K P o 45 1R 5570 GREEDY Al TOSA [ 2R 0K T B A
T3 T BE VL RxW I OCSMLIX 2 B Ay i A i B R0V T 3R 08 02 th R G iR 9 ) 46 2 i 49 2 (1 4
0 205 SR W 5B 1, b A7 — R B T AN e Bl 7, DR b A A b 4 R A K RS T R A R
FRE S IK R AR . OCSM #8011 TR 35 25 RS gt 25, BB 08 o n e 87 ot — /S 00 0 1) R 2 % DR e 18
FER L IR A 5] 23 A (155 8 #HCAS L RxW S0 SO 19 2R 0%, S5 AN 25 1R T i 17 SR B LA B B
K-S I [

24385 11 301 R XS 20 43 A B RxW T OCSM #E X [H] 10~60 A1, LR R K& 1A 2.tk T GREEDY F1 TOSA.
Hrp:OCSM KI5 i, — B AL T34 3R B2 s I IR AS 1T RxW R TE R IR IR T 85 LS R I IK
T OCSM.Wi/ i 45 B 5275 GREEDY,TOSA U — B ff F755 m i R 3K o TOSA Sk T
GREEDY;

2248 L IR AR o0 A1 B T SR BT RO 236 I A 1 K 1 5 KT 98N, T 1 38 A R X AR
TR /NI i, 4 oS B SEVEAE X R 1 T #R A IR 22 T R TR O A A A P R AE W AR T
OCSM Hh Z 2K M HEMPE,OCSM 7EIX P B HL T 754K e 0% B AR I 1R 2 N, 115 sk R A0 ] A - 42 3
L,

A 1 IR A [ 5 23 AT 15, OCSM 8 R BLER RxW B3k AT, IR g 9 A 3 SR ik LE A0 ) 3 4 45 %
ETHIEMEER OCSM SVEM M T A% EHUE MR R RxW BV AR A0, 15235 T
OCSM LI AN Z 518 7%, LR IE Z R T RxW B3E B A 1399 ] s , A8 73 0 A b 31 4%
/NP 10~60 DX JE] PN, 8- B30 1) R 2ok 20 T A 2 60 88 T A s 4 3 w3 B R 4B L U /N I 38 1 012 R i 2 3k
e 1) 2 L TR 38 (b 05 4 30 08 08 DK, 4% B vk 2R A0 o AR A1 OO 3 38 T T % AT X B 00, TOS A B3
RARZEMEAR T OCSM 532, 15t H (1] g 48 1 U0 B0 5 2 o R 0.

g b AR RO NI S 3 A FREO A [ E A4 Bl SEIA R SRR AR (X LG B IE T OCSM 5.

VR BAT S 1A R A I A 5 23 AT L SRR AU A I, OCSM B34 L RxW,GREEDY F1 TOSA Hik%k
IRTEAL; 2248 1 R AN 1] 5 43 A7 1) ,OCSM By R B TOSA.
45 BB K/NTHOCSMA ML IE

L E RPN S ALV i) R i S 35S P %€ RV N (VA T Dy S R A DR

/D T SR R Rk Ry OCSM B9 45 45 18 I B UK /N v s | (5 18 K/ 1 JEAR, B N TR BE3E A A5 18 K.
AN LT OCSM [A] RxW,GREEDY, TOSA S 7E1E 203 TR /N IR AT 52 20 A T I SRR e Bk 18 ok

AN Zipf 73 A, 355 SR A Dy 100 45788, 135 SR A 3R ANIA 29 3 A 11 20K/ 60 B0 K {EBEE 2 18(Hn K 7

JI7R).

P 5 434

T RXW

0.25 0.5 0.75 1 125 L51.7522.25
€ NN
Fig.7 LR under a fixed distribution of data item size

B 7 Bl TR Al AT 5 53415 K 7N AR Ak 1 2 F 5



2858 Journal of Software #kf+34&k Vol.29, No.9, September 2018

NG Y U N
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