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Abstract

Previous research has shown that the VOD
services are scare in system resources during peak
hours. This paper presents a storage system for
supporting multiple access points to the same video
object. The proposed siorage architecture enables
smooth integration of the disk storage system and
dynamic buffer management within the video server. We
also explore the feasibility of dynamic resource
allocation to attack the shortage of resources at peak
hours.

1. &3
WE R F MRS % % (Video on Demand,

VOD) &y %A % » R X BRI LB EERER - £ T35
ERHERANBRAGBIEVDI AL - BAELEBS
@ e H X (Interactive) BEFE - 4
MEPFHAURNBELSERER S R EF AR
RIS S AR AL oA ST B
o ARERAMBBRALLERESHAALTHANS

1% BB %5 (True VOD) [1] = i 43 45 48 3R 25 4% (Near-

VOD) [1] BB R — S F R ey AEE T »

Bl & &) o5 £ (time interval) + 14 B 3% (broadcast)

FREFT REETHBRBHER - AAEAE

HAEeE A 0 BIEE R BPISEGMRTS -
RS RAFE R M s H S S ia s A 453
EREFESSHERTRERZLTRFAL[L] - &
MERFEPEIVHUAMPIFE B s B RIAE S
PP RREAREARNOTRTIA R EEHER A
BAWER -

HF R RMEARZ (Video Server Mg 4
HE—4F R AN R TFE IR KM

B # & 3H &) NSC-85-2213-E011-040

FhuyREEREMS E4amMultiple Phases)it
MR RER S - 14 Rotem[3]R B g 5288
EROEH AMAMNETHBRAER L EHeledd
EH BHELHE  KEBRE ) ERTIT A%
XREESHEERBE AL ERE BT ENYE
WA REERMAE -

HEMFREFARRAMAREF LIE S Ea 0 ®
Rigafa(Bz AR AeEse) z it R
BBMR B R B RAMMER MBS FHEAE
HEFGHBERNBRI TR TRESAEHE 5%
R % Er ey MRS RGBT RER F X
PR REFETRFTRHME -

LEHGREF AL T B AT HERLF SN
(Seek Time)H ER BT R FHHASKE L ERY
& H T R # 5B AR iF $) (Access Pattern
Control)ay # &, + B4 % % 3% 5t R #2(System Design
Procedure) # 8% + £ % 4 % 4L B8 4% 3 i 45 14 R 4
(Continuous Constraint) &5 & # 2 F > F A £ # &
(Interleaved) ¢y B M F R L F M FeF M 2 4
(Overlapping) 1 & # F#j(Load Balancing) °

LEREBETEFT G URSEHEHEALEY
W REBRPIBRAGEER -RMARFERG TR
ho A B R E % R E (Wait Tolerance) £ & f #% %
(Turn Away Probability)sy A B E &£ 2 2 B &3
BEATRALRE:  ERAFTHH T HEEIN
(Workload)# ! he AKE 2 » BRB R E R LA BT RER
ey EMZ R -

AXGEGF R T F G RREFEESR
WBEEBAMNGA B REEAFOFRT EEH
REE FofiEdA U emsiadhriitng.
FEGAMRBEALCEERATREABR A4 §x
T o

2. A% RH
AEN R EHRBEHRE 1 b 5 it
ARRBeHE LRSS REANMEL B2 44
PRI ELBEHE -
I ARETHEA ' .
SEHEMMET AN HR ks AR BRG
BHReTF(E3):
e MAEAHMIEABEARIAHETHER
(Striping Unit)st#%# X, (Striping)dy
7 K, 357% ¥ (Round-Robin) % B £6 — 4
B b -
o ABTAEFREHG AREE SHNHEH

D-111



FERBEN\TAEZEERGE

(BRI F ) RAETHERALR — a2

HRUERAE
| 1‘/1 N ‘
! Disk < P i E—
LN e ' { |
! A Nt i . :
n i 4 ~ Buffer | cPU |
: TN v ] !
; ! ! j
— o ,
| Lo N ! !
=
I T
< ‘\ ‘ I

BliafitetiiazaalE2drE8

Copier Subsystem for
VOD Services

Data Layout and Storage __J Bufter Management to Support
Architecture Design Multiple-Access Entries

Access Patten Control Dynamic Bufter Allocation
Algorithm Algorithm

Performance Evaluation
and Workload Analysis

Design Procedure for
Copier Memory

B2 AR

striping unit stripiry degree
,-/

‘6&1 Dgzgioms.ﬁow4
isk | |
= - "
e : / T
I 75" 6 | i 7 e
= I - L
! - l ! !
To B »
L N ¥

@3 B R sR AR LA B K

B buffer size measured in bytes | T, ,/rotation latency

max. bytes in a block Tyes maximal disk seek time

b MPEG blocks refreshed per S; [system idle time
cycle
d the display rate in block/sec

~

W, |user wait tolerance

Ry the display rate in Mbps C, [service cycle time

the disk transter rate inMB/sec| )V, jthe number of users be
served
¥ the mean request arrival rate | P [the memory partition size

the mean request wait
tolerance
latency and seek time in ms D |degree of striping

register window size

=
-~
=

£3-1 EREHAEREANER

2. Z’E'ﬁ%%a
HEAEEAREEREAZEHEE F A BRNER

3. EE -

B FEE ek (Read Only) 5 M A E B4
(Locality) R EH A A LATHERG TH - HE G
BERABBERRAYROBRIRETEFLAGTIA
B RFS TP BB RA TN BALR
L FE -

LEBIVAEHEAYEAET ERBYERETE
FEHME B R T[] (o8 4. )¢
. M biasnbfilridmerys

RE EMERFE—nIRAERE -

9. Rig fida HRIEeYeE R BRI AR B E K 60 ER

FoeletirEmemAsatt-
M AEHEETLIERFTH A

b
y=dU+—N#'Mm%ﬁﬁ§’%%&%%

A xﬁﬁ"éﬂi%‘ré‘]?ﬁ{’}?
4, REMMBEINPEMTE2E 05K @R
#’éﬁﬁ'll“"uwﬂ:mﬂ‘f/ﬁ&%%?'l"{' éi'ﬁ'["(_l; - 3:0]
BMERAD —~d*s + AF b EHTE—EH

HOETHE  d¥s ATFHBRN TS eERE

e HHE - ‘
FIAREBRAELSR ++i¥frza-u§fw% BEYT
REAFGHEBZN FTUELRBEZRETHAR
FEHHE R AR R A ARIBB LA AN S
A#anE o

the first bufter full of movie frames

® Stagel:  viewer I start viewing

= Stage2:  others join the movie while
viewer 1 proceeds

lemm Stage3:  timé to close the register window
and start refresh the buffer

: end of data refreshing

B4 et insgs

SR EBEHERELE

% S ¥ B E LA BB (Access Pattern) & 155 ¥ 83 M 4o
ERAEmEY i WwRXSFHNFERPEALR
— R B —BEmpRE A FR R A A BT T
(Load Unbalancing) @ 1 %8st 42 % & # b /8 A8
#IE 0 WIF IR R S F -
£4945 2 Expg i (multiple disks) 4 A& @ EE éa/\
Z#4 X ey FHE B (interleaved retrieval) & —
1 ’éﬂum&ﬁﬂ;ﬁﬂﬂf B—BEHATUHET —
1B 45 3% FHER BHGESNTAERL T
FE] ?ﬁﬁ‘r*fﬁé’]xi$ FL‘HL% ”’f@ﬁ lllLa%iE{Eé&#&g‘f'
1 H% do %%”Tﬁﬂ/\éﬁ Fg 177‘] ’ﬂg X ‘H’mu@rﬁ' ELZE,’ZE$7P%
BIHEH MEAERSESEFRAST LEAFE
T—ERFFEE % nf@E ‘H‘/uLuﬁﬁlﬁﬁﬁﬁ 2 BT ’
%ﬁﬁﬁké‘];ﬁ n+l 'ﬂﬂ |7 'H'/m. j-'TJJ\M&‘év Euéf’%#%??

Eht oA A L FRAVEEHTER#E 7R E

D-112



hERE\FAFEE

UFRABMSHFRUBEHAREGFEEE -
Disk

Subobject o ' 2 3
01 [ X1 X2 1z Xa

X5 X6 | X7 X8
X9 X10 | x11 x12
X13  X14 | X415 X16
CIx17 18 { X198 X20
10 1] [X21 X22 | X238 X24 |5 o
12 13} | X25 X256 |x27_X28 |
Phase 1 14 15| 1 X29 X30 | X31 X32

\ 16 17] { X33 X34J\j(35 X36)

B 5 %4 XA R IR X

¥

Phase n

Lo B N
0O N W

@

HER— . HWZHEGHF R £ % Mo (disk ID,
process 1D, block number) &5 # £ 5 7|
(Request Sequence) + it £A s | & AR F
(FCFSY® F X B R A ANE L1577
(Request Queue) * 4o 6 2D -
HEE= D ER(Flag)M B REAN R SO FRE
W EMZXEH] AE RREGFRY
% — 18 AR5 18 A (Service Cycle) 4 88 disk
ID rAmEBFEASE A RS LRRH
LB RRFS 6 7 X D Mk R
BZHEAMER B 62D
BB FEMAFRBR  EHESL 1
MBI RAFERBFRUYEEHGF
5| (Access Pattern Control Queue)it B %
1% ©
HEim . MR TAARSEE L —EERG M
RHERUE  FREREE 0 BAAEEL
&4 block number Av 1 » B} 8§22 4 disk ID
EET—EAEHNFELAT B 6 =
@ o
BB WREGBRUVEEHETIH ELTAYGE
RE| R B4o K #6935 K @ B B block
number Fr 72 &) disk ID REWH L4552
AR E— A% Ley disk ID » Bl #es
Kho A KT
REFRGTFRTAHE RFAEH
TP TN HEmMEHREME
& e

I

A

N
8
bl g

4. wHRE
B AL A4 F 38 2 (seek time) @ FEBAEH4RE
FMAZHXAGEMNRBRFAEEZ TR IHMES
RARRIEELIRE M F o] & ER445 14 (Seek Time
Overlapping Constraint) % &H B3R Em T eyef
Bl (seek time) » B eG4 050 » sS4 2 40
TUES—BEHAEXEHEAG HETFT—EEH

WAREGEHER - .
b*
]:vs + Tw/ s -
r (1)

newy
request with

dk T Hed Access Pattern Control
Lo ... Queva
[ele

B 6 7B AT

AR RERe £ T, 50T, 55K Eu%
HRROMIFMARBEE FENRHANSD
HRHEREE b, EA IR AT 05 B -

it g A LA ER MG ML
g M 0 BPARME I (video data block) #z
RS L0 ) b B AR MG I T LI 48 w4
WM EFRRERGEERFleFL AEE w18 fing
BEMEELA R LSS S ek b o) 5 i
R AR % 0 %498 5 #% (Round-Robin) 9 7 & & BB 7%
AHRTHERE LBELEEEREEERYETHN
HAZATREMO TR EHIREERPEER
& P #F o
R B EARAS N BB A LI AGE
HRHFTUR (DA SHRSKNMF 5P -

b, b*@)
S = p —n(5+ D

b
SREP [ ABH AR E e erpd ;"fui—«@ia

()

o
kS

r*D
BOOFREHEHRD, v d DEstag iz ees
fa o

WAEREG TR R B 5 Ko

HMEHREBFROHNF I E L L ARG
FIA245 TR LG Bfm T 240026 22
W RBA S ERGR LS FRVEEHUENE
HM#EE TuRMFSFH S4B ARY 24088
B2lmy X (BT B—RBERNETHA
b, FE#%ME(dle) e HMETI AR ERH

b
%ﬁ%ﬁﬁj'ﬁ%ﬁ%ﬁms’ﬁ%%m%nﬁ
R EA T e o

D-113



FERENHAFEEEFERGHR

g b *br *b
T d s—h r*D 3)
EXOTUAEH €5, =085 Bt —EHR
R AREFHFRIRANHE  BEFRN
STHLEHSGETHRAERERIGERZ
b, » 4 X ()

r*d*s*D
r*D-n*b*d

LetS, =0=5, =
(@)

HRMTUEBECH TREREAR - HFH
M ik BAolE R B A M BR TR R
M b &y 4% 5] X HE 742 B (Striping Degree) D &
M ARIS AT B S8 T sk TR AR 0B R M R ST
EARBRIGERAETHLLER Brug—1@
FRRAs e =R A K(5) - (6) °

N, = Bl(b*b,)
N = B*D*r
¢ T DEpxgEpRgy BRpE ©6)

&)

Bl E AR B R RMT U d FHAY
R I It T T A sy AN Py
NS B G RRFS EE  H AR ER AR R R AT
SEnpRAEANzg emkahanegD .
1o X,(8)

Letn= BTDRr
Diprgd*rie4 Bip¥*d (7)

p=—B0Td
B*r—n*b*r*d*s (8)

BNRMER R B RRIFXY
WEF X AR E SRR AREI S S
e EE R 2*D o BEEMHAAE TS
B SRR E A E AR X (9 B
HHEREHRI X0 T EHEEFEIHA
SBHEHRE- D LM B SAAREY TH BR
FEBLEGE—EEHERNEHHMMERYE
BHEAE -

p==

a ®
By 2t

o I (10)

BaEd B aR AELT:

$HE— . UAKTASRBEOARN,  HEEHK
BEDERREMGRAR TS Y RE
n*B*h*d
B¥r—n*b*r*d*s
ke Bis 2% D
FHo FEEHEHFAETRIGFTHRERE

o D=

#bh XEBEHESH XD - @ K@)
b = r¥d*s*D
©T r*D-n*b*d

FHEEHMADBDID,

FER= GERER s EREA L REESE
P ey ks o
B
P =—
S n
#8w HEHGFEHATHBEHEER W -
P, d*b
=—=-b, -
b T

S. Ewnlee e -
FE AL # R EE S (Near VOD) » A4 A B &
#0584 (Time Interval) sa#tit(Batch) &y X #iR

CEAR R R @R AR R MU AR A SURR

LGB EHENERE TREHFBBEIRAE
(Wait Tolerance)z.# &M A 4t KR EH T AR
AP RN e REEH AR P
P 3242 Bp o0 R ) AR AL T BR L Y AR B 0 3% R ATE
BEGHBERAE -

Ct
t; tc /' Max user t.
p I waiting time 4
Display time of : y=x
a t—1
data buffered *‘\ |,<_ — >
schedule ‘——" sche.dule
point User arrival time Wait "';"?:e"a"“ point

B 7 {5 REkMaBE
- AA AR THRANBERBLAZIT 24
& 4218 1, A3t $) (Admission Control)#yes F{ -
2L BRBERAEEA BT BEEEALE
ARGHGEHAEL [ BMRATRAFEARSK
iERE ME—MERAENIRAREBIH AR TS
Poisson Process @ 2l R #y85f R f&(Inter Arrival

1
Tine) & 5% — A3 a4t - @ik 4 80 544 1R
1
&%%u?%%ﬁ%ﬁﬁ%%&ﬁ'%ﬁﬁiﬁﬁ
ERBERIOEHAARBOEKEN > &
[ =t =] s—BBHEEZN ERRERAE

D-114



TERENTAFREGEREGS

BT—ER EEB%FEJ%Q‘J&K#%B%H C PREZH
Fﬁﬁ ii;ﬂlaﬁ&.'fifﬁ %UIL%Q‘J&$ #ﬁ,éj-‘%“"i ' ’L"ﬁi'ﬁﬁ

FELOSME R mesREW, InEn Y e
R R A M A AR RRA
HMOBE - X (11)

P{W[ s Y}

= I::OIP{\/Vt <yly= X}*P{y _ X}dx

) ;Iljy*fw*dﬂ*%*df
-

= :0](1 - )*%* de=1+ ey[

1
-— (1D
74

» Y Ao Yaiting Time ARt - § ) ok Waiting
Time :@’J\éﬁﬂ%ﬁ% R %/nLké‘J#’&iﬁ&.'}'gﬁk 1

BRI EBAEEA AR BAFLN
BT —BARGMRHER & %6 AR R A
BRI HHMEBNERHF AR MEE 21 kA
ERAEHRARE BERAEEMALIMLENS
I BBmmEs R ABRUAROBE P o X,
(12) »

E=A%[*p (12)
$19E £ 12 A R % % (User Lost Ratio)

@ K(13) » REAZEFRIZ MR %69 ASIE R
Az £ EAKX(2)miemgs C, 8l
REAEAAAAZEHOMGRHLESHT Rt
ANBHAFR AN TAE (DI HERETRE

E__I*P
AxC, - C, 13
=25 |
p (14)
z;m=lﬁ=a 7
R, (15)

HA(DFETREZAGHERG W e R B
(16)

w=(C,-I)*R, 6

kd

.
=C§*b:—PJ*RL

BRI TREHYEREG W SR IATRREAYKRE

P?Fﬂﬁ‘iﬁﬁ:?‘uuk?@—tf‘ié’]ﬂﬂf? %fw‘im%”fiﬁ%
Feymk =0,
F: w=C R, (17)

KNADZERRASH SRR TR R 2
FRERAFAFELEFARANENE S AR E
YRRERENTEREPIFLBRBAEHER
}‘\']‘ °

BRERGALREL
H-ERNEREME éﬁéf”rf‘i%ﬂ-*r?ﬂﬁ
AREEHH1]  FrF Ly — @R mETH
MERE AR DL AN RE H L LB R
FRE ORERIHBHERLEHA MAGAEE
BB R BUBAMEHETMASRI B SHER
H ERBEREBHAT S HE AT —
FEET a6 B f o o
UTFRABMAREH B AL REBRTHE
Bk
HER— B R E -k s TR
FRIE-RATHEERENC, - &
EREREBRE W, fid ey s n 0
%o FEWE T PHERER] B
ADFEERAE TR AL G MK E
P Rufalsl F—Red BRAERE
RETHRGEHE -
ml.k#\iipﬁﬂim %‘J‘-"‘-’kuw%é’]
L& @ F A K (16)

Aw=a{b%%@,
TERBEHWEERN)
RBEERAFBREENRZEURI R
B BATERREAER RS
5% » 438 Diff-ratio » wRiE—%
BRAGREANEN L —RERFE
Reik % > Bp Diffratio = 1 » 8l45 &
RORE R D AW » 5
Wia =W, + AW + ety a0 Bk
g Y BERER D RZAKE
AW 8 W,, =W, =AW -
SHm HMEAAANANEE  HRAL I
REXD  EHB/ES H— B F®
W HEAEAEAEER S

u

A

6.553%
FRXTRETHAE VB 74024 FEE
FHERME AN URAGHEEAHMERAR R
HRBELER & RERBARAZAEHR R
BB ERER 7 X LRI S R eh i

D-115



EREN\+AEREHESEs

BELAELEHRAELHDETRFARR -

L HREE ALY B RAPERFERA EES IR
Bk BEARHANFRFY-HIEER Fd R
HAHEHEAR RERBGF LA AT TFHUARNY
FHMOHSRA BLFEBDGABAESE FHRR
BB R GeMERE -
AREBETEF & BR A GAEREFRADERIEK
IR AEAEE YRR ARESLER &N
HMAPBEY LA EHOEREASE REEAE
& % #5 PR B (Wait Tolerance) & & FA #% % (Turn Away
Probability)#y » 47 » f et TREH LeyiEd - £ 8
REEREBRETALS T FERMNEHIRAE
BHAHEREGKERE R R E -

‘ 7.5%-% Bk

[1] Thomas D. C. Little and Dinesh Venkatesh,
“Prospects for Interactive Video-on-Demand,”
IEEE Multimedia, Fall 1994, pp. 14-24.

[2] W. Sincoskie, “System Architecture for Large Scale
Video on Demand", Computer Networks [SDN
System,” Vol. 22, 1991, pp. 155-162

[3] D.Rotem, and J.L.Zhao, “Buffer Management for
Video Database Systems,” Proc. Intl. Conf. On Data
Eng., Taipei, Taiwan, March 1995, pp. 439-448.

D-116



