
Seamless Retrieval of Digital Continuous Media in Hierar
hi
alStorage System�Youjip WonDivision of Ele
tri
al and Computer EngineeringHanyang University, Seoul, Korea, zip: 133-791yjwon�email.hanyang.a
.krAbstra
tIn massive s
ale video streaming server, it is ne
essary to update the 
ontents of the diskstorage in regular fashion, e.g. daily, or weekly. This is parti
ularly be
ause the prohibitivelyhuge amount of data maintained in the massive s
ale server 
annot be stored solely on these
ondary storage. Operation of retrieving the data blo
ks from the disk for streaming purposebears tight timing 
onstraints. Ea
h video stream is assigned a 
ertain amount of main memorybu�er to syn
hronize the asyn
hronous disk retrieval operation and syn
hronous playba
k op-eration. The disk write operation for 
ontent update may harm the QoS of the on-ging stream.Given that the temporal unavailability of the streaming servi
e is not a

eptable, we investi-gate the impa
t of writing the data blo
ks from the tape drive to the disk over on-going videoplayba
ks. We propose to dedi
ate additional amount of memory bu�er to individual streamto mitigate the interferen
e of non-real-time disk write operation(
ontent update) with the on-going video streaming. Based on the 
hara
teristi
s of the bu�er requirement of the 
ontinuousmedia streaming, we 
hara
terize the bu�er requirements for individual streams 
oexisting with
ontent update operation. The main 
ontribution of this work is to pre
isely indentify theamount of memory bu�er for individual streams to in
orporate the 
ontent update operation.We visualize the impa
t of 
ontent update operation over bu�er spa
e requirement via simula-tion based experiments.Key Words : Multimedia, Streaming, Retrieval, Hierar
hi
al Storage1 Introdu
tionIn this work, we fo
us on the issue of digital multimedia stream retrieval with the in
ow of datablo
ks from the tertiary storage to se
ondary storage. Hierar
hi
al storage system has disk sub-system as se
ondary storage and the tertiary storage whi
h is either tape library or opti
al jukebox. Our 
urrent e�ort is fo
used on the situation where the 
ontents of the se
ondary storage areupdated regularly(everyday, on
e a week, et
). This regular update a
tivity is natural when userfavors the fresh and new title. We 
an observe the similar phenomenon in video rental store[vid92℄.�This work was supported by grant No. 1999-1-303-001-3 from the Interdis
iplinary Resear
h Program of theKOSEF.
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hi
al Storage SystemTo provide jitter-free video streaming from the server, a 
ertain amount of memory bu�er needsto be allo
ated to syn
hronize the asymptoti
 disk retrieval operation and syn
hronous playba
koperations. Any disk I/O operations whi
h are not related to ongoing playba
ks 
an harm thetimeliness of the playba
k related data blo
ks. The 
all admission poli
y for streaming servi
eduring the update operation needs to 
onsider the impa
t of 
ontent update operation su
h thatthe quality of the streams are not a�e
ted by the non-playba
k related operation. In this arti
le,we des
ribe our approa
h to maintaining the bu�er spa
e for streaming appli
ations under the
oexisten
e of the video stream and the 
ontent update operation in hierar
hi
al storage system.Fig. 1 illustrates the hierar
hi
al storage system whi
h has disk subsystem as se
ondary storageand tape library as tertiary storage. Update operation is performed by reading the data blo
ksfrom the tape drive onto the disk.Re
ent years have seen a number of studies dis
ussing the issues in multimedia server design[CKY93,KHS94, RVR92, WSar, OBRS94, PD93, Ant96℄. Major thesis of these works are how to provide 
on-tinuity in playba
k operation when data blo
ks are retrieved from the disk subsystem. There werea number of studies examining the usage of tertiary storage in multimedia server[KDST95, Gha94,Che94, WSZ, Ath97℄. A few arti
les dealt with the s
heduling issues of mixed workloads[RW92,RNM+98℄ in multimedia systems.2 Bu�er Requirement of Multimedia Obje
t RetrievalIn retrieving multimedia data blo
ks from a disk, a 
ertain amount of bu�er spa
e needs to bededi
ated to individual streams to syn
hronize the asyn
hronous disk retrievals and syn
hronousplayba
k operations(streaming). Won et al.[WSar℄ 
hara
terizes the invariant in the bu�er re-quirement of the video streaming, whi
h enables us to provide a general framework in determiningthe bu�er size for individual stream. To support multiple streams simultaneously, a set of diskretrieval(or read) operations need to be exe
uted periodi
ally and individual disk read operations
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Figure 2: Retrieval and Playba
ks and Content Update Operationshave to be 
ompleted by their respe
tive �rm deadlines. To guarantee the 
ompletion of retrievaloperation by its respe
tive deadline, a 
ertain amount of system resour
es su
h as disk bandwidthand main memory have to be reserved. We provide Fig. 2 to help the understanding. Fig. 2 il-lustrates that three streams are fed the data blo
ks from the disk. The minimum requirement toprovide 
ontinuity to individual streams is that the amount of blo
ks read from the disk during timeinterval T (se
) should be larger than the amount of blo
ks that is required by individual streams forT interval. The total bu�er spa
e requirement in supporting a set of streams 
an be formulatedas in Eq. 1[WSar℄. T , s, n, and ri denotes length of the period, a set of streams, the number ofstreams in s, and the playba
k rate(Bytes/se
) for stream i, respe
tively. We use M(s) to denotethe total amount of bu�er to support the streams s in Eq. 1.�� and �� 
arry spe
ial meanings in this formula. Depending on the disk s
heduling strategyof the underlying disk subsystem, the interval between the su

essive read bursts for a stream in
onse
utive 
y
le may vary. For example, this interval 
an be as large as 2T in worst 
ase, or 
an be0(they are 
onse
utive) in SCAN disk s
heduling algorithm. Thus, the bu�er should maintain thedata blo
ks for 2T(se
)'s playba
k(or streaming). However, in 
ase of FIFO s
heduling strategy, theinterval is always T and thus the bu�er size is equal to the amount of data for T(se
)'s playba
k.�� is 2 and 1 for SCAN and FIFO s
heduling strategy, respe
tively.Fig. 3 illustrates the possible e�e
t of interval varian
e. For ea
h interval, disk reads the datablo
ks for next 
y
le, T (se
). If the read bursts are more than T se
 apart for a stream, theappli
ation will su�er from jitter from when the data blo
ks are depleted T1 in Fig. 3 until thearrival of the data blo
ks from the disk, T2 in Fig. 3. We use �� as the multipli
ation 
onstantto pre
isely 
ompute the main memory bu�er 
apa
ity 
amou
aging the interval varian
e betweenthe two su

essive bursts of disk retrievals.�� denotes the maximum disk overhead in retrieving the data blo
ks for a set of given streams,s. The overhead in this 
ontext in
ludes seek time, rotational delay, et
. The total fra
tion of timespent on this overhead is also governed by disk s
heduling strategy. Let us review the disk head
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Figure 3: Interval Varian
e and jitter 
aused by the respe
tive interval varian
e between the readburstsmovement 
harateristi
s in a single 
y
le, T. In 
ase of FIFO s
heduling strategy, the head 
answeep the disk platter n�1 times in worst 
ase. In SCAN s
heduling strategy, the head sweeps thedisk platter just one time with several intermittent stops. Interested readers are refered to Won etal[WSar℄.With these two 
oeÆ
ients, �� and ��, we 
an establish the following equation(Eq. 1) to expressthe total bu�er size requirement for multimedia playba
ks.M(s) � �� � �� Pni=1 riBmax �Pni=1 ri (1)Eq. 1 de�nes the lower bound of memory bu�er in supporting a set of playba
ks. Assuming thatmain memory is more valuable resour
e 
ompared to other resour
es in the system, s
heduler(oroperating system) should be stringent upon allo
ating the bu�er spa
e to individual streams aslong as it 
an satisfy Eq. 1.3 In
orporating Content Update Operation in Streaming Envi-ronmentOur prime obje
tive in this work is to 
hara
terize the bu�er requirement for individual streamswhen disk is also required to in
oporate the data blo
ks from the tertiary storage system(Fig. 2).Important underlying assumption is that the I/O subsystem of the server is 
on�gured su
h thatthe I/O inter
onne
t is not 
ongested and thus ea
h I/O devi
e 
an transfer the data at its full
apa
ity. Hen
eforth, we fo
us our e�ort on 
hara
terizing the data transfer me
hanism betweenthe tape drive and the disk and do not 
onsider the e�e
t of possible traÆ
 shaping 
aused byI/O inter
onne
t, e.g. delay in I/O queue, et
. Ultrawide SCSI supports upto 20 MBytes/se




and 32 bit 33 MHz PCI 
an transfer the data at 132 MBytes/se
. Several vendors in this �eldhave formed a group to devise the new I/O inter
onne
t ar
hite
ture standard, e.g. Storage AreaNetwork, Next Generation I/O(NGIO), Virtual Interfa
e Ar
hite
ture. These inter
onne
t typesprovide further abundant 
ommuni
ation bandwidth between the host and I/O subsystem by point-to-point 
onne
tion paradigm, whi
h enables the server and storage vendors to build hierar
hi
alstorage system in more 
ost e�e
tive manner.Let's 
onsider the situation where the video server supports video streams and tape drive loadsthe new 
ontents to the disk subsystem, 
on
urrently. For ea
h 
y
le in Fig. 2, the disk not onlyretrieves the data blo
ks for streaming but also writes the data blo
ks supplied from the tape drives.A 
ertain amount of memory bu�er needs to be allo
ated in transfering data from the tape driveto disk. The purpose of this memory se
tion is to provide a temporary bu�er spa
e between thesetwo I/O devi
es. If peer-to-peer 
ommun
ation is enabled, this memory se
tion may not be needed.In this work, we do not in
lude this bu�er spa
e in 
omputing the bu�er spa
e used between tapeto disk data transfer sin
e the size of this bu�er is not a�e
ted by the disk subsystem utilization.Given that the overhead of stop and resumption in tape winding is non-trivial, we presently assumethat tape drive reads the data blo
ks at the sustained rate and disk is required to write the datablo
ks from the tape drive without blo
king the tape drive operation.For a given set of streams, s, T is 
omputed su
h that the amount of data blo
ks read during theinterval T for ea
h stream is just as mu
h as the data blo
ks displayed during T . When the serveroperates at the streaming only situation, making T longer than ne
essary implies the wastage ofvaluable bu�er memory. However, when there is in
oming data blo
ks to the disk from the tapedrive, situation be
omes rather di�erent. Under stringent bu�er memory allo
ation, and subsequentslim sla
k in 
y
le length T , it will take more than T (se
) to read the data blo
ks for T se
' playba
ks,when in
orporating disk write operations. Consequently, the streaming appli
ation(s) will su�erfrom depletion of data blo
ks. To mitigate the interferen
e 
aused by the 
ontent update operation,the disk needs to read the larger amount of data blo
ks from the disk, and the respe
tive 
y
lelength T needs to be properly lengthened.Let T
u be the new 
y
le in Fig. 2 during whi
h disk also handles the data blo
ks loaded fromthe tape drive in a 
ertain sustained rate. Our obje
tive is to 
hara
terize the 
onstraints for T
uand subsequently to �nd the appropriate bu�er size to support seamless streaming with 
ontentupdate operation. Let us introdu
e a number of variables whi
h is to be used in our formula. niand n
u denotes the number of data blo
ks read for stream i and the number of data blo
ks tobe written to the disk during interval T
u. Bmax and b denotes the maximum transfer rate of thedisk and the disk blo
k size. r
u is the sustained data rate(Byte/se
) of the tape drive. The �rst
onstraint is that the amount of data read during T
u for stream i should be larger than the amountof data 
onsumed during the same length of time; Eq. 2.T
uri � nib (2)The se
ond 
onstraint is that it should take less than or equal to T
u to retreive the blo
ksfor T
u's playba
k for all streams. To formulate this 
onstraint, we introdu
e new notation Æi and



Æ
u to denote inter-stream head repositioning overhead and head movement overhead to 
ontentupdate operation . Eq. 3 illusrate this 
ontraint.T
u � nXi=i � bniBmax + Æi�+ bn
uBmax (3)n
ub is the amount of data (Byte) loaded from the tape drive during T
u (se
) and thus isequivalent to T
ur
u. Note that Æi's and Æ
u is disk s
heduling dependent fa
tor and we use O(s
u)to denote generi
 total disk head movement overhead in reading the data blo
ks for n streams and
ontent update. Solving the Eq. 2 and Eq. 3, we 
an �nally obtain the required bu�er spa
e forindividual streams in the 
ontent updating situation as in Eq. 4. We 
an obtain the new 
y
le T
uby plugging in the ni's of n
u into Eq. 3.n
u � ��O(s
u)rbBmax (Bmax � (Pni=1 ri + r
u)) (4)In Eq. 4, n
u and r denote the array of the number of blo
ks to be read per 
y
le and playba
krate for ea
h stream. The total bu�er size M
u(s) 
orresponds to (Pni=1 ni)b.4 Simulation StudyWe perform simulation based evaluation to visualize the impa
t of the 
ontent update operationover bu�er size in streaming operation. We assume that streams are all MPEG-1 
ompressed with1.5 MBit/se
(or, 187 KByte/se
) data rate. EXA Byte Mammoth drive has 40 GByte of tape
artridge 
apa
ity and sustained un
ompressed data rate is 3MByte/se
. DLT 7000 drive fromATL has 5MByte/se
 sustained data rate. In our simulation, we assume that SCAN s
hedulingpoli
y is used in reading(for streaming) and writing(for 
ontent update) of the data blo
ks at thedisk.Fig. 4 and Fig. 5 illustrates the total bu�er size requirement under di�erent number of streams.X axis denotes the number of MPEG-1 streams from the disk. Y axis denotes the respe
tivetotal bu�er spa
e requirement. There are three di�erent sustained tape drive transfer rates: 2MByte/se
, 3 MByte/se
, and 4 MByte/se
. Disk drive is modeled after HP 97560 disk[WSar℄.Given these three di�erent tape drive rates, we provide the total bu�er spa
e requirement forplayba
ks with 
ontent update operation. We also provide the bu�er spa
e requirement without
ontent update operation. Sin
e the total bu�er spa
e requirement for individual streams has theform of O( 1Bmax�P ri ), it in
reases very rapidly as the disk bandwidth utilization rea
hes its full
apa
ity, i.e. P ri ! Bmax.In Fig. 4, to support 70 streams with 4 MByte/se
 tape drive, the memory bu�er requirementin
reases about 150%. On the other hand, if the main memory bu�er spa
e is 
on�gured to supportupto maximum of 70 streams in streaming only environment, the number of supportable streamsde
reases down to 54 when system performs 
ontent update operation with 4 MByte/se
 tape drive.This is about 20% redu
tion of the server streaming 
apability.



In summary, it is found that the 
ontent update operation interferes with the ongoing streamingand signi�
antly larger bu�er spa
e is required to nullify the impa
t of non-realtime 
ontent updateoperation. Given the traÆ
 intensity variation observed in other �elds, e.g. telephone 
ompany,web traÆ
[KWar℄, we 
arefully 
onje
ture that it is not unreasonale to perform on-line 
ontentupdate operation during o�-peak hours sin
e traÆ
 intensity de
reases more than 20% during lowtraÆ
 hours from the peak hours.
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Figure 5: Bu�er Requirement of Playba
kswith On-going 
ontents Repla
ement5 Con
lusionIn massive s
ale video streaming server, regular update of the 
ontents in the se
ondary storageis indispensable tasks. Given that the temporal unavailability of the streaming servi
e is nota

eptable, we investigate the impa
t of 
ontent update operation over the 
ontinuity of on-goingstreams. Ea
h stream is assigned a 
ertain amount of bu�er to syn
hronize the asyn
hronous diskretrieval operation and syn
hronous playba
k operation. To mitigate the interferen
e of non-real-time disk write operation(
ontent update) with on-going playba
ks, additional amount of bu�erspa
e is required. Based on the 
hara
teristi
s of the bu�er requirement of the 
ontinuous mediastreaming, we formulate the bu�er requirements for streaming operation 
oexisting with 
ontentupdate operation. It is found that signi�
anly large amount of bu�er is required to support samenumber of streams along with 
ontent update operation. However, given the peak to low traÆ
intensity ratio observed in other �elds, i.e. more than 5:1, we 
arefully 
onje
ture that it is notunreasonable to update the 
ontent of the disk on-line. By pre
isely identifying the enhan
ed bu�erspa
e requirement for ea
h stream with 
ontent update operation, our work makes a signi�
ant
ontribution in designing a hierar
hi
al storage based 
ontinuous media server.Referen
es[Ant96℄ Antine Mourad. Issues in the design of a storage server for video-on-demand. Multimedia
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