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A Scheduling Method on Selective Contents Broadcasting
Considering Transition Probability

TOMOKI YOSHIHISA,! YUSUKE GOTOH!t and MASANORI KANAZAWA!

Due to the recent popularization of digital broadcasting systems, selective contents, i.e.,
users watch their selected contents, have attracted attention. For example, in a quiz program,
a user selects his answer and watch the video content for the answer. Although the server
can deliver programs according to users’ preference, clients have to wait until their selected
contents are played. Conventional methods reduce the waiting time by producing an effective
broadcast schedule. However, by considering transition probability of selective contents, the
waiting time can be reduced further. In this paper, we propose a scheduling method on selec-
tive contents broadcasting considering transition probability. Our proposed method reduces
the waiting time by allocating broadcast channels that have same bandwidth as the contents
consumption rate and scheduling contents according totransition probability.
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present a quiz

B 1 2 R XFMORMENEF 275 7
Fig.1 A play-sequence graph for a quiz program
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Fig.2 A simplification of a play-sequence graph
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25min. 1.7 min.
Broadcast s Sz }3Mbps
e
Stream Sy }SMbps
3 min. i1 min. Jime
=
Client
Stream S, S,
5Mbps
Waiting Time
0.1 min.

3 HFIEOBERT P a—)L O
Fig.3 An example of broadcast schedules under the

simple method
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T5E, 0.3x0.14+0.6x0.1=0.09 DDEEERH&
AL

Kz, HERfZEMRT 202K 2D, REFE
DT AT T ITHDW B ZRT. FBEL— MK
DRENVEHHIRZANTI T OVERET S &, il
DAL T 2 OFGEBIBRLINELS 125, £, BE
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Fig.4 An example of broadcast schedules under the
proposed method
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showing quiz
0.

5 WEERT Y 2= )V OBNCHWHIENER 7 2 7
Fig.5 The play-sequence graph for the example of

broadcast schedule
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5. A7 Ya—Y Y IFEEHIT D7D, FHOFH
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3 min. 1 min.

S, Sg | S; |(-5Mbps
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Stream
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S, | S, [Fombps
Time

6 ECB EOKERT Y 2—)V O
Fig.6 An example of broadcast schedule under the ECB
method
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I—HIF, S, OZFEEHETHE, BUNTICH
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W95, ZOFBFBRRIL, =N\ S, ZH0ET D
IZ 81 OHIDITEMT 2FMERNSIETES. 2
OFHIMEROT—F VA 3> 72V DOT—FHA
IR TIEFITNS WD, EHTS. 5 OFE
T, WL, RICEET 3TV ERIRL
THEETZ. ZOEHA/ICH, RUNTICHETES X
SIRDLBETRE>TNS, ROAT Y OEAZH
B9 5. DEoksic, #iETs a2 T UnynE
DO THBMENFEET DN, 3272 VOH
IR YING Z &<, I—TIHERE O 5
YV EREETHIET 5.

4. FF i

AETIE, REFEOMREHMEZTTS. SUEIET 2
T, BRI T Y OBBEIEC T £ E
WREZEZEN, INSTXTOHEEET 7 Z 712U
T Z1TS 2 EE3ARRRETH . =T, RENZ
BRI TV ELTIAARMERNTIREEZ,
P ETS. NS ORBEIER Y S 7 H I XTI EE
RINBBEEZEZSNDM, RETIE, 71 AFMDE
RIEDOBEPMERE NS BRENTAYELTEHZ,
TE2R0 %< OBIROBIENEF 27 5 712xt U Tl
Z179.

A ZHEMOEEENEF 7 2 7 2B T 1RT. &R
21 e [HOFERBENH D, n BIHET 5. HEMRE
(S1, Seqa, -+, Sp) 1E 3 OB THD, EIBEYUR
1 70REBETHS. REOKIT, p=nle+1)+1
ETBE, pteliTinsg.

R OHEIEIETF 7 2 7 2B 8 \TRT.  AERE
1213 e DRI D D, n [BIOZBIREFFAH 5. Bk
WETRT 10 DOBETH 5. IREEOEIL, g=e>+e
ETBHE, g+e—11EITHS.

JAXBMTIE, 74 XD n BEMLTD, [

showing quiz

n quizzes
showing quiz
p=n(e+1)+1

7 U XORENET TS T
Fig.7 A play-sequence graph for quiz programs

8 RIXOHMIEFZF7 (n=23)
Fig.8 A play-sequence graph for drama

BEICHDI>T 2 VORIIHEICL £id e THS.
—7%, RI<TIE, SERFEHOK n 2EMT 2 &, FH
BEEICH 22 T 2 ORI B NS 5 51
MRS,

FEEICH DTV OBBHERIZ, \KERT
MRAHELTEISHNWSENDS 0 =0.271 @ Zipf 5
WTHAKE. Zipf IR T2 n FHOOI T2V
DEBHRIL, C/n® THABNS. C FIERLDR
DOERTH 5.

4.1 FHFLEME

I—YNaALTVERIRLTHS, HENHIAE
NHETO/BEEMIZEVNEE LI - OHEEZES
N3EEZLND. FRINDHHRHOESIZI—
Pk o TR D720, RETIE, BEEOFEELN
TRETEOEIMERT.

4.1.1 F =& 1@

3 BRI IS U TR/ b RN LT 5 72
O, FHHEHMOESE2EEB LD A THATH
WEZRET D ENEZLNS. FIT, #HHiEE
AL S B HE OB Ot 21T o 72, F5E
/9, BLUOK10 ITRT. K9 371 XHEMD
BEOEHEHEBRR, K10 13RI YOHEOFEHEE
BRMTHS. BEFERTAHEIEEZ I TV
BAEL— NTRRUKME, #oSEEsskiza s 5
Y OBRERMTHRLZMETHS. “Simple (e=i) 7
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—8-—Simple (e=3)
—&—CCBCB (e=3)
—-ECB (e=3)
—&— Simple (e=5)
—A— CCBCB (e=5)
~E-ECB (e=5)

o
&

e
&

Average Waiting Time/Playing Time
o o o
S & 2

°

2
Bandwidth/Consumption Rate

B9 7o XBH MG & FIR S k]
Fig.9 The average waiting time and the bandwidth

under quiz programs

—e—Simple (e=2)
—4— CCBCB (e=2)
~m-ECB (e=2)
—&-Simple (e=3)
—4—CCBCB (e=3)
-5-ECB (e=3)

»
&

~

Average Waiting Time/Playing Time
° -
& &

o

3
Bandwidth/Consumption Rate

10 R T~ OEiE &P 5 IR
Fig.10 The average waiting time and the bandwidth

under drama

INEE 2.2 BICHBAL A HMFIEROBE ONEE/FER
THO, ¢ IHBRA O T2V OBRBOBRERT
“CCBCB (e=4) ” 2BEFF#: CCBCB 2 2MWn
=56, “ECB (e=i) 7 MRETFE ECB E0HE
Thd. n=3 &L
ZDTI7X0, VA4 XEM, RITHITRETFE
OB REPEFEL O BENWI ENSN 5.
I, IREFETIE HEETY S S 7 0EBERE
EE/THIET, BRI DHROGENI ST OVIFE
BIBGELTWBEDTHS. £z, VA AFMTI,
HHiTEL DD CCBCB O EEFHEBR RN E< 2o
TW3%. Zhid, CCBCB #TIRIIERF EIFIEN 5%
BICEEND ATV ERITHET 2720, BBk
BOENI T IINBEEART Y 2 —)VDEDFH T
REINDAHEENH B 72D TH S, BHMFETIE, [
MeEich2 T YV ERFFICEGEL TWSZ, &
BRERNZLL THEEHFBREITED 57300,
FHT 2HEIEIL, BOES AT LIKET 5729,
HENLRHEBRRMICE S &5 2 5 N5 HEIETH 2R
I &, FIAE, HERGN 3 0D 3/ AHBHZE

)
I3 b
& &

)

—@—Simple (e=3)
—&—CCBCB (e=3)
--ECB (e=3)
o Simple (e=5)

°

—A—CCBCB (e=5)
~E-ECB (e=5)

Average Waiting Time/Playing Time
< °

o
2 o

°

B 11 71 XHHMDOD DR & P65 5 R
Fig.11 The average waiting time and the number of

branches under quiz programs

—@—Simple (e=2)

&

a

—5-ECB (e=3)

©
~ P

Average Waiting Time/Playing Time
»

1 2 3 a 5
n

B 12 RIDBEOEE R REH
Fig.12 The average waiting time and the number of

branches under drama

3 MHET 4G, BAEL— A 5Mbps T, 7Mbps
DOEBIEZ RN THET % &, FHEEHEERIL 6.8 B
I272%. BHITETIE, 8.6 BTz, 21% EhEIh
TW5. 7z, 2 ORI SBIRT HEFHH 3 &
Frdp% 30 7D R I<DOBE, BEL— KA 5Mbps
T, 15Mbps OHFHIEZANWTHET 5 &, FE/HE
R 48 12725, CCBCB % Tld 88 #ic/z D,
46% WS N TN 5.

4.1.2 PEEDEK

A ZHBHITBUT BREES, RI<ITBT 2500
DI E WS T2 53 I DR B RN E DR E D
HEEBEZDONARD D, FMiziTo7. fERE
K11, BXUR 12 ITR7. K11 1371 XEHD
BEOWFHEE B, K12 13 R Y04 0Tk
BRETH D, B I OR n, HEMASEEME B RS
Mz1>27F 2 VOBRERHTHRLZETHS.

ZDT I T7XD, REFEOFHRFE R MNBEAET
HEXOBEL B> TWB I ENGNS. T2, RBET
BT, 74 XFBHTIE, n MREVIFEFLERFHBR
M—EEISEDWTWSY, RS TIE, FHE#S
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—&—Simple (e=3)
—— CCBCB (e=3)
M ECB (e=3)
—&-Simple (e=5)
—A—CCBCB (e=5)
~B-ECB (e=5)

w
&

w

»
&

&

Maximum Waiting Time/Playing Time
- ~

e
&

o

2
Bandwidth/Consumption Rate

13 U A AFELOFIRIE & BB R H
Fig.13 The maximum waiting time and the bandwidth

under quiz programs

s

8- Simple (e=2)
—a— CCBCB (e=2)
—8-ECB (e=2)

~6-Simple (e=3)
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