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An Adaptive Real Network Environment Scheme

for Video-on-Demand Application
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ABSTRACT

Many video-on-demand (\VoD) broadcasting methods have been
proposed. These methods broadcast every segment periodically using several
channel with finite bandwidth. Users only wait for the length of first segment,
then they can watch video currently. All of these researches suppose that data
transmission rate is the same as its consumption rate (or playout rate).
Therefore, when client wait for the beginning of the first segment, they can
play the video continuously by transmission rate: consumption rate=1:1. At
real network environment, the transmission rate of a video will not often be
equal to with the consumption rate.

This work proposes an adaptive real network environment scheme for
video-on-demand application, which is based on RFS. Suppose the data
transmission rate is different with the consumption rate. Our proposed can

maintain multiple clients watching video currently and reduce latency.

Keyword : video-on-demand (\VoD), hot/popular video broadcasting
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B3 (b erc s > F|pt 4441 FLSS problem 8 3 & 2 /2 K Gt o 1T
% FB~RFB -~ 2 RFSi&—- #H3tshH = 2 ¢
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2.1.1. server BB P % BB e

1. the bandwidth B is equally divide into k logical channels, where

k=|7] =181 @

2. given avideo V of length D, divide into n segments
(S1,S,,...,S,) ,where

n=22i =2k-1 .4

i=0
S10 8,0..08 =1V (oisconcatenation operator).
The length of every segmentis§ = D/n = D/(2*¥ — 1).

3. Channel C, (Cy,C,, ..., C;) broadcast data segments 2071 ~
2t-1 in order and periodically.

Each C, broadcasting the first segmentis S,i-1.

Fo 1

| D |
I 1
A e R Sg SwSv| b
F84 +8
Cl Sl Sl Sl Sl Sl sl Sl Sl Sl Sl Sl Sl Sl Sl sl Sl Sl Sl Sl Sl
CZ SZ S3 SZ SB SZ S3 SZ S3 SZ SB SZ 53 SZ SB SZ SS SZ SB SZ 53
C3 s4 SS S6 S7 S4 SS 86 S7 S4 SS S6 S7 S4 SS SG S7 S4 SS 56 S7
C4 SS SQ SIO Sll SlZ S13 Sld- SlS SQ S9 SlO Sll 512 513 Sl4 SlS SS S9 SlO Sll
CS 516 Sl7 SIS S19 SZO S21 822 S23 S24 S25 826 S27 S28 S29 530 SBl SlG S17 S18 S1‘3
| | »
I 1 < L
to t1 Time

Bl 2-~FB R 4z (k=5)

B2~ B 77— B B k=5 eleid B 4k HAEE 2 Y T B
BN Mg CERTAEEY - BRESERLS CHECE REF A HE

Tk R RS, ES, (2271 ~22-1) 5 MG, E Bk R HERT keh
10



PR RHS, S~ S5, (2371 ~23-1) - EBHEEC (C,Cy ., Cs)
STR ey — B osegment & %) 5 51,S,,84,85, 516 ° M BIF P 0 2B
Bk A A n=2>—1=311%FH -
2.1.2. Client 8 % % s <
TR ‘ﬁﬁﬁﬁ?{ B8 pF o 2 Rk B channels @ T LR 0 T ik

{}F“]‘J‘j TR L

1. % Farentimeslot B 4 o

2. F pEjs_channels C;® ™ 4% segment T -

3. F L HABMBLFE > T BRAERTA R T

Sl"SZ, ...,Sn ’ EE'J:}%% ELER

2.2 RFB (Reverse Fast Broadcasting) scheme

RFB chs AR 2 FB 4ok » i 86 e % - FB 0 & B
b REF R ) T % F RiEe 0 RFB B E00E BATE 4T Hh
WBd ST R e £ R TR ‘ﬁ%‘i’&«—i FElrrBE )
¥z e RFB ehE SR B FBAp ke » © 2 © 2 %7 25%: g &

<o s 2 FE_FB Z Fa- X o

2.2.1. server H ¥ 5 R LIEE R

1. the bandwidth B is equally divide into k logical channels, where
B
k=|7] =181 @
2. given avideo V of length D, divide into n segments

(S1,S,,...,S,) ,where

11
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n=22i =2k—-1 ..(6)

i=0
Si0 Sy0..085, =V (oisconcatenation operator).
The length of every segmentis § = D/n = D/(2*¥ — 1).

3. Channel C, (Cy,C,, ..., C;) broadcast data segments 271 ~
2¢-1 in reverse and periodically.

Each C; broadcasting the first segmentis S,:_;.

| D |

Sil S| S5 |S, [Ss|Se |7 [Ss [So| S| S SS Syl Sy _b._

B 3-RFB A 3 (k=5)

B3 Ex—- B EHc: SPRFBR#FHZAFE L P L RO
TR CMBCERDREF - BT FRLS O MECGE v PE RAH
BT R Y BRSES, 0 HECE vt BRBET kehB P R
S;~Se~Ss% S, o & BHEC, (Cp,Cy,...,C5) TR FHen % — 1 segment
>8] 5 S1,S3,S7, 15,53y ¢ B 0] F P s iEEEL Y ALA L n=25 —1=31
[ 2

12
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2.2.2. Client 33 # % R 8 c
RFB R #2282 FB R A P R ETA X3 B A I A
B P R AR v R R RH O RAT T

4@ 3~#77 RFB *t & BHAFE 3 % B cndhiid < T F w5 >
ERAF o B KO e P R R4 IR G R K 47 buffer
R B e I * G g RFBE FRFE FB AR > A R G
25%:chFs B 4 o » B 4FE_FB % k- L o

2.3 RFS(Recursive Frequency Splitting) scheme

MR iR R ek o HF R FHEE - B segment > k

F Rk EERFRE o 22 B3R B2 5 g transmission rate (@%J

) Etplayoutrate (i 45335 ) F BT RBP4 o T
PERE rhE REN- BRET RESDER o

(ka9

3t 2b & sV (non-harmonic) s #p MR 4% ¢ & B R H B
- B F oY 30 M- =0 (B 5] kI segment S, %
> & 9 B timeunit ¥ fe ¥ AdEsp @ @@1 oo N IRAE R R 3R ¢ ET)
gO R TR R AR S B EORRE R A MR U o
LRI TR e B segments B b S oo Bl 4 &7 AR S

7=
7
b

F_k

5] ¢ o RFS R 43427 i o
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2.3.1. server HF P R BB AR
BR-WBAFPETVEEARALZD 23 ki channelse 5 £ > &4

¥_% slot sequence SS(C;,n,p) = — # & time slot * <& g # 7| (infinite

sequence) [n, n +p,n + 2p,..] = H B3C, -

N %424 slot > = FEp i slot & *L£ % - (C, isone of k channels. n isan

integer,and n = 0. p isaninteger,and p >1):

1. - B4 £ POOL= {S5(Cy,0,1),55(C,,0,1),...,55(Cy,0,1) } 5
4 Afe ¥ channels 2. & & -
2. £ j % 7 segment cdhEL > A2dn B j=1 o
3. FEF > iF 21— B slotsequence SS(C;,n,p) » & F|HA] :
(1). 4 POOLset ® »i% 4 jmod piEs | 0 SS(C;,n,p)° p<J-°
(2). Let POOL =POOL- {S5(C;,n,p)}.
4. & ] SS(C;,m, p) & { SS(C;, 1, ap), SS(C;, 1 + p, ap), SS(C;,n +
2p,ap), =+, SS(C,n + (@ — Dp,ap)} > a = |j/pl -
(1). segment S; ¢ & SS(C,n, ap)slot + 4L} 4% -
(2). POOL=POOLU {SS(C;,n + xp,ap) |1 <x<a—1} -
5. % POOL# empty - R|3 *c jby one » & w | % 3 4 3¢ » P42
- 1 segment; % POOL 5 z > Rl &4 3 - & outputj & 5 n o
dod 2~ 070 o b R E B k=3 5 B 0 3R RFS B 4§02 (T
W3 B4 BT - BAEBck=3 ip RFS H A &1 82 5 % B ik {8 e

B 3 -\
B3N
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% 2~ RFS #4179 2 » 473§ #c k=3 -

Iteration (n) POOL

n=1 " |S&e 81, $8(C,,0,1), $S(Cy,0,1)

n=2 85,82 $8(C;1,2), SS(C.,0.1)"

n=3 SS(C,,1,2)", SS(€::833 , SS(C5,1,3) , SS(C,2,3)
n=4 55(€,;14), 88(C,,3,4), 88(C5,1,3) , $8(C5,2,3)
n=5 886,34, SS(Cy,1,3) , $8(Cy,2.3)
n==6 S‘&G},"‘,ﬁ} » SS{CS:“:G‘); SS{C;,Z,B‘)
n=7  |55¢€46), SS(C1,2,3)"
n=8 55(€4;2,6), $5(C,.5,6)
n=9  |S5€;;56)
| D |
Sl SE SS S4 SS S6 S? SS S‘J b
RO+ 8 ——F—+—+—+—+—
Co|Se|So| S| Su| S| S S| S| 8Si|S$,
C 2 Sz SA Sz SS Sz Sé Sz SS Sz sd
CB Sa Ss Ss Sa S? Sg Sa Se Ss Sa
— >
to &1 Time

B 4-RFS 3 #:2 (k=3)
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tlo ;‘] Time

B 5 RFS R #:% (k=5)

Bl5- it 4 Bck=bpF > RFS B4k B B 5 R 2 5% o
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T ore fie B s S #ico

2.3.2. Client 38 % % .2y

BRTERERG -V RIRERE SR #F F i
5 I PEE T E BATEC, (Cp,Co oy C)NF AL o B8 Fsltifeis » B0 %
FHAc HBFHITHE D Sy ~S, 0 dopt — R IR F AP Y F
AR R H A % FRE R D] ko

AHRPE Y BH A e TR R e BB B AL

qw$u0@4 ¢ Wi 2 ,‘\é“rgti,z"’ﬁ?gru} °

2.4 &t R

A REEBRE FHFA P U FLE BS S A B timeslot T

LT & e blde D §;F B timeslot ¥ 2 - & 0 @ S, & 2 B time slot

)

PR U S e ]S o AT el S BAEE kRS, b
1/1 i channel; @ S, it* 7 1/2 i# channel- 4p ¢ e3P 4 > [11]d Tseng, Yang,
and Chang ¥ &  # 1 > & FLSS problem # - % 2k # channels » i 53 &%
FLSS problem z_ upper bound n > n & ff 3% &35 0% & 58(2) -

1 1
I+E+“'+ k< + + - +:

_+ ik e upper bound & * 3t iz 2 — B FLSS problem - 4% upper bound
TRLA N B BRI LR HE RS -
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# 3 ~ The maximum numbers of segments, n,

offered by different schemes.

k
1 2 3 4 5 6 7 8 9 10

scheme
Bound 1 3 9 28 80 220 604 1650 4501 12260
FB 1 3 7 15 31 63 127 255 511 1023
RFB 1 3 7 15 31 63 127 255 511 1023
PB 1 3 9 19 49 99 249 499 1249 2499
RFES 1 3 9 25 73 201 565 1522 4289 11637

23T RFERERPEIAELI TR B VDR 0

AR E B R R 4R P T T P B Y B E hEk < B R 6~

PAPET UG F > RFS 2 A2 RAEE Y R B S ek E S A S T
H & S F 173 upper bound -
10,000 4

—_ 1,000

o

~ === Bound

%

o —>=FB

e 100

> === RFB

]

4 ——PB

8 10 RFS

£

>

Z

1 il
1

Number of channels (k)

Bl 6 7 FF g sE B segment #iE (n) HZ B
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Bl 6~ 47 > % FB-RFB-PB#¥ RFS &7 Ir#7 ¢ #ichF > segment

St b g A Bco BT~ 1 3VE B 5 120 A 4BePB S 6] o v R FB S

RFB ~ PB ~ SkB & RFS = /% >
¥ g I RFS &

bRk

B A RS S AR L R o A
FhoS B ERFRG R gtk o

10000

_’g 1000

[

§ ——FB
& 100

o —B—RFB
E —4—SkB
g 10 \\‘("X—PB
—

= = RFS
s 1

£ N

>

£

< 01 . .

= 1 2 3 4 5 & 7 8 9 10

Number of channels (k)

Bl 7% RO P bt SRR LR
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%E.i P 3E $ 3

& FLSS problem # » 2 S F & kg v % chdbo R EFEEE > )
PO S R AR A AR B R T ﬂﬁ"q’ EFEY- BT R

FE ke 4 i R

AN

Bk R TV RFEY o ol

£

g %J ‘ (transmission rate) & »+ H Jj 4= 5 (consumption rate or playout rate) -

FEgEFEF i,'»"*iﬁaﬁﬁzﬁgét
FERHS T EREFT AT K P B2 R L S g

B R LT R G .

31 T FEMHIF A b FaRIR
G PR RRREF L0 P EARQ

DOWNLOAD_TIME(e) < PLAYING TIME(e)

(where ¢ stands for any part of video.)

FEIFF RN BERESE 0 R AP Erendga o APFE IR 4

SR LR AR PR R N AL 1S

fizp ...(7)
(where f; is the frequency of §;, p; is the period of S;.)
i R P
3.1.1 FB (Fast Broadcasting) scheme
FB B 4% > ,’}J@ﬁi%l B FE LL1pF o hell 8~ 1o 0 AFE
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B k=4 PR RHATRE A0 d BT ok BREE RAS aOf F
Lt FR ARRRS (2 (50 A P iR
Transmission rate / playout rate: 1:1
Sy, 8;,5;,8, ,55 ,S¢ , S;,5,, playout .
Channels
61 Sy [ Sy | Sy | Sy | Sy Sy |S:|S5:|5s 2
C,|S:|S:|S:|5:|5:|5:|8:]|8a]|s :
Co | Sy |5Ss|56|5;|5s|5s|Ss|57]| 5 2
C, Sg | Sg [S10[S11 [S12 [S13 [S1s [S1s | Se
Time slot
Segments | Sq | Sz | Sz [ Sy | Ss | Ss [ S7 | Sg | Sg | S10f S11 | S1z| S1a| S1s| S1s
Frequency 1:2:3:4:5:6:7:8:{9:10:11:12:13:14}15
of the scherie | 2171444 40 4 VR B 8 Bl B8 B8
B 8 FBAR#HZ > RS =iy o R k=A PR T pe R R
Transmission rate / playout rate: 1:1.5
.51.52.53154. Ss S S..S S .S'u..,l.'i'u;S'121 .- playout
Channels
61 Sy | Se| S| S1 | S1|S1|S:|S:|5s o
C,|S:|Sa|S:|S:[S:]|5:|5:|[S:]S: 3
. |18 |82 555 || 5 55| S5 |15 |55 | S5
C" SS 59 SIO 511 SI2 813 514 515 SS
Time slot
Segments | Sy | Sz | Sz [ Sg | Ss | Sg [ S7 | Sg | Sg | S10| S11 | S12| S1z| S1a| S1s
Frequencyg 1i1:2:i3:i3:i4i{5:5:i6{7:7:8i9:9:i10
by 21241 4141418188 818188} 8
Bl 9°FB A i B e S5 LIS k=4 PR Y R B -
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glé%‘l 73%"&%&3]{&)!]?}9\ f.’;,’]}xjak:4]’fl§aFB}%
ok b ﬁi%]#—%i’iﬁ'%@ SLLE R T B S K

frequency & # %> 5 7 MIFHE R P B SPREZT R ES = b

APFRS R A B A > p il B RS, Sy, Ss, 57, S8, So,
510,511 & %PE'ESF“.‘#.:E‘.)»ELF],VME% g8 4P Erenia) s o
grpEi v X 3 fo- BE FR R buffering 4 MR B Y o

3.1.2 RFS (Recursive Frequency Splitting )
RFS & %% » ér_@ﬁé*]?ﬁ-,"'i’iﬂ'%ii?‘ L L1pE > 4B 10 ~ 7o 0 4F
FR k=3P 7 R HATR B

¥~

B
E
A E o T AR RS 2 (5 0 v 5 A P RTeng

Transmission rate / playout rate: 1:1
81182183 184185 IS6 lS7

A4

Channels

Time slot

Segments | S| Sz | Sz | Ss| Ss|Se | Sz | Se| Ss

Frequency 1

(g
I
4
N
N
~J

o
O

The period |
of the scheme

[
S
[¥%)
=
=

";\

[#)%
[#)%
[#)%

?] 10 RFS}%%/Z‘ ’ L@ J ,ﬂ%d::';\ ’ }f?lggtk 3B3l::,\?,1 fjo ;]J\‘FZB o

I EEEREE %#B:EE%’J‘H%‘IIL:f:\i’v'J’%Eiﬁ@tkﬂ’RFS
Ribit b @S2 5 5 LIS a7 > @S g & @
Mo-frequency & 2 S0 5 7 fFigina ¢ 85 SR B G RES 2

b °
22



APFERSPFE I B ES = p Y BB S5, 55,54, 55, 56,
57,Sg A FREREE BB Y §F 2P S0
YrpF i ¥ iﬁ @i - BEFER buffering 4 s R 5 BT
PERIER Y 0§ F ERTR A G AR .

Transmission rate / playout rate: 1:1.5

81,8, 838, S5 Se S;S:Ss playout

A 4

Channels

Time slot

Segments | S1 | Sz | Sa | Ss| Ss|Se | Sz | Se| Se

Frequency 1 i1 2 3 3i4:5: 56

The period
of the scheme

Bl 11~ RFS R 45 > Bz s o 115
R X SRR NS ¥

23



$2F &3 3% ARN-RFS & 3§

RFS(Recursive Frequency Splitting) = ;2 » F Bl 24 F e &4 > 5 11 &
PP RO N G592 B ETE AR ke Bl A i o d R MR
Hiz o] BEREFENE - BRY RHSEF 0 F R Kk $ @

PR ABIT I B i 2 Bt H s 2 o

BERIERP @ﬁ%li?"-t’i?iﬁ'%iff? -SRI Rl e S B @%J
i BRI R i e R PR R g A2 Y TR ET
AFER L SRR B Pt A - B ARN-RFS(Adaptive Real
Network Environment base on RFS) = ;2 2 RFS(Recursive Frequency Splitting)

SRAH - NRAPRENETRE? FERAR 2 -

4.1 server ¥ P HHLIFE AR

+  Suppose the data transmission rate different with playout rate.

Each segment is equal-size.

FRTIH N BNERRAS AL T RRY RN F .
W12~ FHd- 30 DA S n RS RIHE - 27 F B
WL PES AR S eh g v

Stepl: & 4 f;

J

ﬁa@ﬁﬁéh%ﬁﬁﬁﬁéw

1. ﬁ_J? " -+ (8)

2. |fj=1,]§. =1- --(9)
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3.Ufj>15f = [(-1)xr+1] --(10)

& video: length D [sec]

Segment S, [Sz [S: |Se | Sz | Se |S7 |Ss [Ss [Sic [Si1 |51z |51z |S14 |Saz |Sis
@Fequency 1! 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
(b)Frequency 1 1 2 3 4 5 6 6 7 8 9 10 11 11 12 13
(CFrequency 1 1 2 3 3 4 5 5 6 7 7 8 9 9 10 11

B 12~ - 3085 & b @E A P
¥ | TR (un_16 4 6))

P LS
(a)§ @5 g % 5 11 p
(b)# @5 2455 L2
(F BEF 2 £S5 LL5m

g 255@)9)0)E hen f, 7S P > T OERS B RN
- =X o & P,f]' fe » i &R RFS a4 -3 1§%$#€ik%ﬁﬁi§
YoM 1225 - R A R @B AL (AN 5 111012 27 1015)

Step2: 1+ RFS = ;2 fie ¥ 43¢ ¢ 57 segment
BR-EFPEFVEERLZ D ¥ F kB channelse 5 £ >
4 %_% slot sequence SS(C;,n,p) 5 — T 7 time slot + &g 33 7|
(infinite sequence) [n, n +p,n + 2p,..] = B B>+ Con b 424> slot »
& [ p T slot & *I£ & - (C, isone of k channels. n is an integer,

and n > 0. p isaninteger,and p > 1) :

1. - B4 2
POOL= {S5(C;,0,1),55(Cy,0,1), ...,SS(C,,0,1) } & B4~ %

fic ¥ channels z. & & o
25



2. 4 j 47 segment (B 0 A4 iE j=1 o
3. B~{Efiof S (fid stepl ? = 3(8)(9)(10) 4 ) -
4. ¥ ¥ > E - % slot sequence SS(C;,n,p) » =T 7| 2p -
(1). ¢ POOLset # - iE 4 f; mod pigs | 3 SS(C;,n,p) -
P=f-
(2). Let POOL =POOL— {SS(C;,n,p)}.
5. 4 & 85(C,m, p) & { SS(Ci,m, ap), SS(Ci,n + p, ap),
SS(C;,n + 2p, ap), -+ SS(C;,n + (a — Dp,ap)}>a = |f; /p] -
(1). segment S; ¢ % SS(C;,n, ap)slot + 4 7 4
(2). POOL=POOLU {SS(C;,n + xp,ap) | 1 <x<a—1} -
6. % POOL# empty » RI3 4 jbyone & w 5| % 3 43 » #
27 — i segment; % POOL 5 Zz - R &9 3¢ - & output ]
Bane
AR E S CCRIPNLE SRR R S SN
ARN-RFS # {7 # 2 -
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#o4~ @EFEPES S 115 ARN-RFS 447 % 98 - 413 #ck=5 -

Iteration(n) ‘ Frequency | period POOL

n=1 ‘ fi=1 1 $S46.8:1),55(C,,0,1),55(C3,0,1),5S(Cy, 0,1),SS(Cs, 0,1)
n=2 £,=1 1 | $8¢6,0:-1D),55(C3,0,1)%,SS(Cy,0,1),S5(Cs,0,1)
n=3 f2=2 2 | $S65,6,2),55(C3,1,2),SS(Cy,0,1)%,SS(Cs, 0, 1)
n=4 £,=3 3 | SS(C3,1,2),5856:-6:3),S5(Cy, 1,3),55(Cy, 2,3), SS(Cs, 0, 1)
3 | SS(C3,1,2)", S566:13), SS(Cy, 2,3), SS(Cs,0,1)
R i T T TSN i
5 | SS(C3,3,4),55(Cy, 2, 3), S5665-8,5), SS(Cs, 1,5),
SS(Cs,2,5),85(Cs,3,5),SS(Cs, 4, 5)
n=8 fo=5 5 | SS(C3,3,4),55(Cy,2,3)", $5(6s-15),
SS(Cs,2,5),85(Cs,3,5),S5(Cs, 4,5)
n=9 fo=6 6 | SS(C3,3,4),55652-6),5S(Cy, 5,6),
SS(Cs,2,5),85(Cs,3,5),SS(Cs, 4, 5)
n=10 | fi0=7 @ 6 | SS(C3,3,4),55655:6),55(Cs,2,5),55(Cs,3,5),55(Cs, 4, 5)
T P W S R R A —
$565-3:8), SS(C3,7,8), SS(Cs,3,5),SS(Cs, 4, 5)
$S€65,7-8), SS(Cs,3,5),5S(Cs, 4, 5)
§85(€65:375), 5S(Cs5,4,5)"
n=15 | fis=10 10 @ $S5(654-16),5S(Cs,9,10)

n=16 fie=11 10 | $S€65-9-10) empty, output j=n =16

B 13~ 5 ARN-RFS A %t k=5 @#5 5 &) 425 5 115
ﬁ,&%égﬁiﬁaﬁ%ﬂm}’z%j iﬁ'%"ﬁ ié‘ le’#ﬁ-%‘ﬂﬂ stepl
# 2 (8)(9)(10)3+ B 1S # f1=1o1I4R step2 #-Sy o O B hepie ke

%5214 » POOL # 5 % > thenj=j+1 -

Jputs

ﬁja

BeFpe S, 1945 step2 fe ¥ S, 4% T kkf, = 14nS, e ¥ FI4F
FC7 2 POOL 7 5 3 0 j=j+l» @ £ i step2 c0% 3 3% - e
B fy =208y ARECy ¢ 0 F IR 2 B timeslot e 1 %S5 -
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oo EIE 4 i timeslot fe ¥ - B

¥

B el/2

BATE

Ef_'f i

&

1/4+1/4 7@

S

S o (F15 fj = 2p

=4

fi

v
=

A

1/2x +

xE)

_q:] e TIJ'T

11/8+1/8 Fp ¥

1/4* ¥ &

E,‘%_—-:'Ko

8 i# time slot f

2

f

P
o

5%’?23?\2%

ARN-RFS 7 3 » tiff ik

Y
"=

Bl 134 ~

4y £

] 3] o n o

ula|[g|w |

1 & ) @ e

uwlu|u|wu|y

S =) -

ulu v ||

1 3] o n o

%] W %] %] %]

Ral o < -

Uy |g|w|w

] 3] ] o n

wlw|u|wv |

1 3] o n 2

%] %) %] 1%} N

R o ) < o

= b

" %] %) %] %) v

F| o o | 5] 3]

v %] < v N %]

L - 3] 0 n t

Sn %] %) %] W 1%}

' o et 9| ¥ | e

So 1 3] ) o pis

a %] %) %] <) [

ol (ool 2l 2

3 v ||y |9y

S A 1 3] ) @ o

Py %] %) 1] %] %]

e Sl SZ S.b Sm S7

i ] 3] ) n A

e %] %] 1% %] 7

u i N o g M

= %] %) N %) wn

L Si 3] 3] @ A

& %] 1% %] 7

e 1 3] o n [

M %] %) %] %} %]

3] ) @ t-

L I 2 I N
=

o [ R

(S5 I NG D G I NG NG

»
>

Time slot

Ez] A

T B

;5 Lk
]

hs)
R

B 143 ~ ARN-RFS A #:2 > #7 3¢ #ic k=5 p= »
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€, SI

4 SI

C3 SS Sé SB 812 SB S6 SB 813
214|282 (4]2]3

C4 S~5 SS S9 S4 SS SiO
2 Jall s 8 0 £ (s o s |

Cs S7 SS S11 Sié SlS S7 SS Sll S14 slé
515]5(5[10/5]5]5]5]10

B 154 ~ ARN-RFS 3 482 > tAfiE #ick=h @ » B % B s 5= 8

7 RBATEIRAAAHEIPE (p)-
(«gz%zﬁw&] ‘s L 1:1.5)

42 ® 7 FHEH FRRL

Bk " F bam%‘rnuf’“inmxm% R g T,

i H 'ﬁ ¥R BHENT R > Tseare T i H '%:‘%F#ﬁ;%%i

SELEE ’Hﬁ%ﬂ FERES AT BT f i F A

SPFETR Y BB SV o P IR I AT R AT

< - A P L4 The A g 27
BT R T start#g:l%’:
i

Eﬂ;‘*‘?"]{c“’ckmf"}'l"l‘pql} l——%rrl FF'J&‘:J °

P
O F ETye PIREE R 0 T B ik

\\\

E
FoBRSRAS, TG QB AHES, FS ARG A
BEPT Rl BT R H R R
B3 g R BT B 0 0 S, S, Sy B Pl RRE 6
B Eh A PIRERE DR R BRS AHECH F- =
NI RIH S - X MRS Trypg 0 S0 - NI ApE
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bl
2t Tnext -

Tfirst *3"13(5]- » ® -‘T'JTnext Eﬁ.ﬂ Eire o

TO T:tsr.

Plavout

» i TS PF o B AR R g

d

RS, B A

8, 83 S‘ 8. S, S‘ s. S’ 8. E“IS“IS“ S“IS“ 83483
C.|Si|Sa|Sa|Ss|Su|Sa|Su|Sa|Sa|Ss|S|Si|Si|Si|Si|S:|S|S|8|S
C,|52|S2|S2|S2|S2|S2|S2|S2| Sz Sa|S2S2]|52)|852|52|52]|52|5:2|5:5:
Cg 83 SG SB 812 SB S6 83 813 s:! SO SB siz 83 SG sz SS.S sB sé sS 812
C‘ s4 SS 89 s‘ SS s.lo s-$ SS 89 s& SS 810 S-i SS $9 84 SS sm s‘ SS
CS S? sﬂ sti sté sis s" sﬁ Slt st‘ slé s? SQ sit 814 S!.S s? SQ stt S!6 slé

Timeslot

15~ ARN-RFS B #i# » &M k=5 ¢ » & % F_AcF RHd> ;0

(5 i gy 2 425 5 1:1.5)
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5.1 ‘aiFdgc7 ¢ ¥

B 16 ~ &2 @] 17 ~ ~ %] % 57 ARN-RFS é.i@ﬁg?]§<éi’#§,%ic§< 7 (1:1.5

“T# e ARN-RFS fie § =S5, 15 > S, et fg ik 8y o

Transmission rate / playout rate: 1:1.5

Sy S; 838, S5 S S; Sz S - playout

Time slot

Segments S1| Sz | Sa| Se| Ss|Se|S7| Sa| So[Si0fS11|S12|S1a|S1s| 515|516

Frequency = ; 7 3 3:3i4 5567 7i8i9 9i10 11

’VVV\’VVWWWVW\/VW\/:\/W\/VW\!VWVVVWVWVWWWWWWNWNWNW

The period :
1:1:12i3i3:4:5:5:6:6:i5i8:8:5:10:10

of the scheme

G
]

B 16 ~ ARN-RFS B 3%/ > #f:f #ic k=5 pF g2 e & ;)&

(B3 chi 4o 5 5 1:1.5)
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Transmission rate / playout rate: 1:1.2

|81| Szlsa lsa lss lse,'S? Iss“lgmsn'lgu"gm playout

1 1

Channels

Sy | Sy | Sy |Sy|Sy|Sy|Se|Se|Se|Sy|Se|Sy|S1|Se|S1|S1|S1|S:1Ss

Sz | Sz | Sz [Sz|Sz|S2|S2|S2|S2|S;| S22 |S82[S2[S2|52|82(52(S:

S SS Sa S11 SQ SS SB S10 SB SS S3 S11 SB SS SB

i0

SA S7 s‘? S4 SS S15 34 S7 S9 84 SS Sié S4 S'? S9 S4 SS S15 S9

mﬁ ‘.ﬁ uq Nq uﬁ
wto
mh
wta

Sé 812 Sid SiQ S21 Sé 818 Sl? 319 S22 Sé S12 814 SZO SZB S6 S13 Sl? 818

Segments Sl S2 SB SA SS SG S7 SS SQ 810 S11 812 S:.a S14 S:.s 816 Si7s 8819 SZO S21 822 SZB
Frequency 1 i1 2 i3 {435 66 7 8910 1111 12/13{14 151616 17 1819
ofthescheme, 1| 1]2]3|4{516 6|68 8/10/10/10}12 12{10/15/15| 15/15/15 /15|

Bl 17 - ARN-RFS B 3% » 45 Bc k=5 Pr @ ¥ e B ik o
(gz%m@;@ B EFE 1:1.2)

ttfésa%ﬂ\'m%%wm SRR SR Pt I R »i}j- > p;
£ 5~

%5+ @)(b)? > APERFB 2 RFS * 3% & @5/ 4 5 @5 pF >

segment & » #7 ¥ o period(p) I ¢ # £ 5272+ frequency(f) sk i o 15T
AREFIG [ < peB i RHS, T5 5 Faca 4 P Yrihsegment e
#. 5~ (c) % ARN-RFS 11@3&;']3‘,#5“& F e it T & oo frequency(f) 2
ﬁ“ pe“od(p) y 3N i erﬁ L ~,p] = 'E‘S »b /,/ L‘f y L o

IR P T o
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# 5~ (2)FB - (D)RFS # ()ARN-RFS f.i@ i /i 4 % % I i »
FRARDRY

(@)
k=4  n=15 St S S3 Sy S5 S S7 Sg S9 S10 S11 S12 S13 S1a Sis
'f:'-ss problem | 4\ 5 | 3 | 4 |5 |6 |7 |8 |9 |10]11|12]13]|14]15
requency
FBL11 (p) 112|2|4|4|4|4|8|8|8|8|8|8/|8]s8

- 7 e oy,
FB 1:1.2 () 1 ;./A 2 ?/5?4 5 6 ?A;!AKS ; 10 {11 | 11 | 12
FB 1:15 (f) 1 /A 2 5050 4 | s B8 0 8 | 9| 9|10
(b)
k=4  n=25 St S S3 Sy S5 S S7 Sg S9 S19 S11 S12 S13 S1a Sis
RFS 1:1 (p) 1 2 3 4 5 6 6 8 8 |10 | 10 | 12 | 12 | 12 | 15

. N ot A A W i Vo .
RFS1:12(f) | 1 ?Aéﬁéﬁyﬁ?ﬁ; ; ,V;‘J;/A;A; ,?A? 77
RFS1LS() | 1 (dre] ;‘j/}%ﬁ S s S)
()
k=5 S1 S22 S3 Sy S5 S S7 Sg SS9 Sy0 S11 S12 S13 S14 Sis
ARN-RFS1:12(p) | 1 1 2 3 4 5 6 6 6 8 8 (10| 10 | 10 | 12
ARN-RFS1:12(f) | 1 11234 |56 |6 |78 ]9 1011|1112
ARN-RFS1:15(p) | 1 112|334 |5|5|6 |6 |58 |8/ |5/]10
ARN-RFS1:15(f) | 1 11233 |4 |5 |56 |7 |78 9]|9/]10
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SE AT A B BT B B TG R S AR IR R F
Peng G AR SURR Y Ebr L3 AT R o M AL L A

ﬁ&@ﬁ’j

P AR WA ST PR 4 R BRI B B H ) 4
FoRPr R AR F TR - B R (%wmmw’%hWTﬁﬁﬁﬁdj
g D ek o R L ARFERE > K F T Pend B e
#AR BT EERGE SO T o el P 2§ 3T

2,
P

G AE Y R A Y A XL

(el 2 B RS

J
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