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Methodologies for Designing Video Servers

Dikran Meliksetian Member, IEEEFrank Feng-Kuo Yu, and C. Y. Roger Chen

Abstract—This paper proposes an approach for integrating cute two types of transactions, query or video. A query transac-
CPU/disk/network scheduling and memory management for sup- tion asks for meta-data of the video server. A video transaction
porting a variety of VCR operations and dynamic service changes s 5 sequence of video-related activities and is encapsulated by
efficiently. Under this approach we can optimize individual . . . .
resources, and support a maximal number of clients on a given theopenanchOS(_aofaVIdeo f_'le' The major dlff_erence between_
system. We present a framework of service modeling to charac- @ query transaction and a video transaction is that the latter in-
terize the requested video services and identify the scheduling volves time-critical, video-related activities, whereas the former
parameters for supporting these services. A number of techniques does not. Once a video transaction is established, a user can ini-
and methodologies are developed for analyzing the behaviors a6 5 yideo service, terminate a video service, or switch from
of disk accesses, network operations, and CPU activities under . . ! . .
the loads of both single and multiple clients. We also describe ON€ video service to another where a video service is a playback,
an admission control strategy that utilizes information about fast-forward, or slow-forward operation on the chosen video.

all the system resources to determine if a set of video services is Previous work in video server design can be categorized into

acceptable. three areas: storage subsystems, communication subsystems,
Index Terms—Admission control, resource management, sched- @nd operating system support. Gemmetl al. [1] present
uling, video server. a survey of the design issues of digital multimedia storage

servers. This tutorial paper partially reflects research efforts
on multimedia applications and systems presented in various
publications such as [2]-[7] that concentrate mainly on storage
ULTIMEDIA applications have received a significantsubsystems and assume that network subsystems deliver
amount of attention from both academia and industrgontinuous media to the client sites according to its real-time
One important multimedia application, broadly used in empecifications. Multimedia applications present challenges for
tertainment, business, and education, is video-on-demandnétwork architectures and protocols, because traffic character-
number of issues make the design of the video server, iniséics and performance requirements of these services differ
video-on-demand application, difficult. First, a video servefom those of data-oriented, nonreal-time applications [8]-[12].
needs to simultaneously provide video services to multipfe major distinguishing feature of our work is that we are
clients and guarantee the quality of service for each cliepimarily interested in the workload of video services, while
Second, a video server needs to manage system resourgassious works emphasize either general behavior or other
including CPU/disk/memory, and schedule network activity sgpplications. Multimedia applications require operating system
as to utilize maximally the resources, while not overloadingupport—for example, CPU scheduling, timer manipulation,
the system. Third, a video server needs to be able to suppbread and memory management, interprocess communication,
a variety of VCR operations such as playback, fast-forwardnd synchronization—in order to guarantee their performance
slow-forward, pause, resume, indexing, and scrolling. Finallyraquirements. Efforts have been put into the development of
user watching a video may change from one service to anotieultimedia operating systems or the extensions to traditional
service—for example, from playback to fast-forward or fronaperating systems such as UNIX [13]-[15]. Many papers pub-
playback to slow-forward. A video server should suppotished in the field of operating system support for multimedia
these dynamic service changes while efficiently using systeipplications benefit from previous research work on real-time
resources. system design. One important issue shared by these two areas
In order to describe precisely the activities between a clieilstscheduling theory [16]-[19].
and a server, we divide them into three levels: session, transac®ne major contribution of our work is the integration into
tion, and service. A session is a connection between a client andingle scheduling framework, under which we can system-
aserver, and its lifetime is defined as the duration from the logénically manage system resources and optimize individual re-
to the logout of a video client. Within a session a user can exssurces. We achieve this by separating the retrieving task and the
sending task in a video service and selecting the optimal sched-
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multiple video clients. Our model covers a wide range of Because the basic video service provided by a video server is
issues, including the data size of individual requests, tlige playback of a video, the display policy assigned to a play-
order/number/distribution of requests, the data layout, and thack video service is essentially the entire data set, i.e., all the I,
characteristics of a disk such as seek time, rotational latenByand B frames, displayed at the recording rate of a video file,
transfer rate, disk cache, disk scheduling algorithm, and they., 30 frames per second (fps). Our video server reserves the
size of the command queue. In addition, we consider the impagstem resources for the playback video service for the lifetime
of resource contention on I/O performance when both disk anfla video transaction. The reserved system resources are also
network operations are active concurrently. In contrast, maaged to provide slow-forward and fast- forward video service.
previous works dealt only with a subset of these factors. 8low-forward video service can easily be supported, because it
major distinguishing feature of our work is that we investigateequires less of the systems resources than the playback video
the performance of network subsystem in a server under #ervice. The fast-forward video service is supported by speci-
workload of video services. fying a display policy that requires no more system resources
The remainder of this paper is organized as follows. SectiontHan the playback video service. To do so, both the data and
presents a model for specifying a video service, and investigatiesing requirements of a fast-forward display policy must be
scheduling issues for both a single video service and multigdeecisely specified. Notice that the conventional schemes that
video services. Section Il presents the general issue of resousapport fast-forward either by displaying frames at a rate higher
management for video services. Sections IV and V descrilddsn normal playback, for example, all frames at 90 fps or by
the procedures of parameter selection and resource estimaskipping a limited amount of frames, for example, only | and
for retrieving tasks and sending tasks, respectively. Section Rliframes at 30 fps for the same fast-forward service, might be
proposes an admission control strategy that considers syst@macceptable, because both would require a higher bandwidth
scalability and resource contention to determine if a set of vidéman the playback video service. Feasible display policies for
service is acceptable. Section VIl describes the implementatiive fast-forward video service might include skipping all the B
status and concludes the paper. frames and sending all the I and P frames at 18 fps, or skipping
all the P and B frames and sending all the | frames at 12 fps for
a video captured at 30 fps. The idea behind our approach is to
Il. MODELING AND SCHEDULING VIDEO SERVICES provide the common case, i.e., the playback video service, with
good visual quality and minimal startup latency, and make the
This section presents a model for specifying a video serviogher cases such as the fast-forward video service acceptable.
and investigates the scheduling issues for both a single vided@'he display policy is an abstraction for specifying the data
service and multiple video services. The objective of modelirand timing requirements of a video service. To schedule all the
a video service is to formalize an approach to deriving a set®fstem resources, a display policy has to be mapped into a set
scheduling parameters for a video service based on which theagscheduling parameters as the third phase of service mod-
source requirements can be estimated and the required resoueting. A video service is accomplished by scheduling two pe-
can be scheduled. The modeling task is divided into multipteodic tasks, i.e., a retrieving task and a sending task, with tem-
phases as follows. poral and precedence constraints so that both timing require-
In the first phase, a video service is treated as a user reents and data synchronization are guaranteed. The retrieving
quest and is characterized by two components, a VCR opetask is responsible for reading the video data from a file on disks
tion and a video file, where the VCR operation can be normtd memory, and the sending task is responsible for sending the
playback, fast-forward or slow-forward. In the second phaseyaleo data from memory to the network. The motivation for sep-
video service characterized by an operation-file pair is convertarhting the sending task and the retrieving task is to explore
into a display policy that specifies both the data and timindpe opportunity for overlapping the disk/network activity and
requirements for providing the video service. Display policiegptimizing the utilization of individual resources. We use the
of different video services with regard to the same video filkommon dual-buffer design that utilizes separate buffers for a
must be carefully specified so that the desired visual quality sénding task and a retrieving task so that parallelism can be
each video service can be satisfied and service changes dudngieved. The purpose of scheduling these two periodic tasks
a video transaction can be smoothly supported. Note that difith precedence constraints is to maintain the producer-con-
ferent display policies associated with a given video serviseimer relationships between them and guarantee data synchro-
would have different bandwidth and resource requirements. Tihieation.
display policy is controlled through selective frame dropping The distinguishing feature in our scheduling model is that it
and variation of the frame display rate. Selective frame dropHows us to incorporate retrieving/sending tasks for a variety
ping has been proposed as a means for bandwidth controbirvideo services into a single scheduling framework with the
networked video applications and has been implemented importunity to optimize individual resources. We achieve flexi-
number of commercial products. The argument behind it is thaitity by allowing a retrieving task and a sending task for a single
visual quality is minimally impacted by selectively dropping/ideo service to perform at different paces. By doing so, we can
frames. As described in the next paragraph, we use selectetect scheduling parameters for tasks that minimize their re-
frame dropping within the context of the fast-forward servicespective resources. Under this scheme the data retrieved by a
where the visual quality requirements are orders of magnitudsgrieving-task instance may support one or more sending-task
lower than regular service. instances, and special attention to precedence constraint must
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be taken into consideration. Definitions of the sending task, thelation “z < %" in the following conditions means that task
retrieving task, and the precedence constraint are as followsinstancer finishes before task instange

1) The first condition specifies the constraint for the start
A. Sending Task time of a sending task with regard to data prefetching.

A sending task of video servicgsS, denoted byS7(V S), Thatis, tsena,1 = D + treaa,1, Where D is the initial

which sends data from memory to the network periodically, 5 (\j/\%ay os‘hthedfsindlnbg ta?k adﬁfzthc”w%l' i
is characterized byt,cnqg, 1, the start time;Ps.,.q, the sending ) en he disk subsystem ot the vIdeo Server presents

period; N..,.q, the total number of sending-task instances: transient overload, the retrieving-task instance that misses

and NTU;, the network transfer unit in period, where its deadline is allowed to run to completion, but no corre-

i=1 ---“N 4 ' sponding sending-task instances are allowed to proceed.
The parameter NTU specifies the data that should be Ihat is, Vi, Vj, RT;(VS) < ST(VS) if dreaq,; <

sent within a sending period. From the point of view send, i- )

of memory access, an NTU is logically contiguous in ) When the network subsystem of the video server presents

memory and can be defined by its memory address and transient overload, the sending-task instance that misses
its length. For a sending-task instance of video service its deadline is allowed to run to completion, but no succes-
i sive retrieving tasks are allowed to proceed so as to avoid

V'S, denoted byST;(VS), ¢ = 1, -+, Neena, Which o .

sendsNTU; from the memory to the network, we define g;vglgltlandof buffe<r l;sage.That tej, vj, ST(VS) <

its ready time aStsendi = tsend,1 + (¢ — 1) X Picna, §(VS) i dsend,i < tread, j-

its completion time ascsnqi, and its deadline as Inaddition, the following two conditions must be satisfied.

dsend,i = tsend,1 + 1 X Piend = tsend,i + Psena. Task 1) Allthe retrieving-task instances must be performed in se-

instanceST;(V.S) meets its deadline if its completion time is quence. That isyj, RT;(VS) < RT;11(VS).

earlier than its deadline, i.6;cnd, i < dsend, i- 2) All the sending-task instances must be performed in se-
quence. That isys, ST;(VS) < ST, +1(VS).

B. Retrieving Task The reasons for adopting the run-to-completion policy are as

A retrieving task of video service'S, denoted byRT(V'S) follows. First, both retrieving-task instances and sending-task
which retrieves data from a file on disks to the memory, igstances are I/O activities supported by operating systems,
characterized by,...q, the total number of retrieving-taskdEVice drivers, 1/0 buses, network adapters, and disk devices.
iNStancest,.qq, ;, the ready time ofth retrieving task instance, The mechanism, or the application programming interface,
wherej = 1, -+, Nread, AN {tread. 2, ** s tread Noouy} C for aborting 1/0 activity may not be supported by the system.
(aend 15+ toend, N ' . DAU; the data acbersegduni inOn the other hand, the cost of aborting an 1/O activity may
periodj wherej :’1“,”,d, Nyead; BUFpeaq ;. the address of be very expensive so that the termination operation itself
buffer for DAU;, wherej = 1 Nrmd'_' ’ may further violate the timing constraint. Second, Section VI

The parameter DAU specifies the data that should be retriey@§Sents a strategy for employing admission control to deter-
within a retrieving period. From the point of view of file accesgNine whether a new service can be supported. Consequently,
a DAU is logically contiguous in a video file and can be delransient overload of system components that causes timing
fined by its file offset and its length. The parameBJF spec- violation is rare under the protection of admission control. Data
ifies a general strategy of memory management. Because $#f@chronization with the run-to-completion policy serves only
retrieving taskRZ'(V'S) depends on the sending taSk(V'S), @S our s'trate'gy for har\dllng excgptlons. Flnglly, one aspegt of
the ready times of the retrieving-task instances form a sub§éfeduling video services at a video server is its soft real-time
of the ready times of the sending-task instances, except for fgguirement. Unlike hard real-time applications that require
ready time for the first retrieving-task instance. This arrangglfict guarantees concerning deadlines, a video client can
ment implies that a DAU is an integer multiple of NTU's, whicHolerate the data d_ellvery delay introduced by either the server
simplifies the synchronization between a retrieving task aii the networks with the help of data buffering. Such delays
a sending task. For a retrieving-task instance of video servidi¢ essentially absorbed by the client-side buffer and will not
V5, denoted byRT;(V'S), j = 1, -+, Nyeaq, Which retrieves create a dramatic impact on visual quality.

DAU; from a file on disks to the memory, we define its comple- The scheduling model for a single video service leads us to
tion time as,cqq, ;, and its deadline ag.qq, ;, Whered, o, ; = & timer/event-driven 1/O scheduling for multiple video services.

toema.i @NGt,cna ; IS the ready time of the first sending-task inBeécause of the properties of device hardware and software, I/0

stance that uses the data retrieved by task inst&iceV s). activities such as retrieving tasks and sending tasks are nonpre-

Task instanc&Z; (V' S) meets its deadline if its completion time€MPtive. The scheduling of multiple retrieving tasks, specifi-
is earlier than its deadline, i.@peqd ; < dread, ;- cally DAU requests, depends on the disk-scheduling algorithms

implemented by the underlying disk controllers. Notice that, in
the case of a video server with multiple disks, DAU requests
can be distributed among different disks where each disk may

In order to maintain the producer-consumer relationships ahave different characteristics and its own scheduling algorithm.
guarantee data synchronization between a retrieving task anduwtiple sending tasks are scheduled on a first-come-first-serve
sending task, the following conditions must be satisfied. Thmsis.

C. Precedence Constraint
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[ll. RESOURCEMANAGEMENT FOR VIDEO SERVICES optimal value for DAU sizes is preferred. Once an appropriate

In order for a video server to support the maximum number g%nge of DAU sizes is identified, a given video is decomposed
bp Into DAU’s accordingly and a DAU index is created. At run-

video services under the limited resources available on a given L .
. L IVite a retrieving task accesses DAU’s based on the DAU index
system, three major design issues are

o A ] ) within which the temporal requirement is embedded. The major
1) efficiently supporting individual video services; criterion for evaluating a specific set of scheduling parameters
2) correctly estimating system scalability; _ assigned to a given retrieving task is the disk utilization, which is

3) employing admission control algorithms to determingefined as the fraction of total disk access time spentin the entire

whether a new service can be supported without affectingration or the fraction of a single DAU access time spent in ex-

services already being supported. ecuting a retrieving- task instance. The smaller the disk utiliza-
For any given system, the fewer resources a single video senvies per retrieving task, the more retrieving tasks the server will
requires, the more video services a video server can supporissipport. Two important issues that can affect the reading of data
multaneously. Issues of scalability are examined along two giom a disk are the disk cache and the data layout. Although the
mensions, i.e., as the number of video services and the numge{d-ahead performed by the disk drive may improve the perfor-
of resources involved increase. For a particular resource, #@nce of executing a single retrieving task, it has a negative im-
scalability as the number of video services increases evalugiggt on the overall /0 performance under the workload of mul-
the resource requirements as a function of the number of vidgsle video streams. In the latter scenario the read-ahead of mul-
services. The characteristics of resources and video files, as Wl retrieving tasks can interfere with each other and create dif-
as their relationships, are taken into consideration when scaigulty in estimating system scalability and guaranteeing timing
bility is assessed. We also evaluate the impact of increasing tequirements. Thus, we turn off the read-ahead feature of the
number of system resources (for example, adding more diskgk cache. Because a noncontiguous DAU may cause an un-
and integrating different system resources (for example, cgitedictable positioning delay within the access of a DAU, we
sidering the disk and network subsystem as a whole) on thgjuire that a DAU be contiguous on a disk, we store the video
number of video services. Both positive and negative effectsfiés such that the DAU’s are contiguous. The reading time for a
using multiple resources are quantitatively measured. The negntiguous DAU may depend on its position on a disk because of
ative effect of using multiple resources is due to the contenti@ie variation of the transfer rate, particularly between the inner
of system resources that occurs when multiple retrieving atieicks/zones and the outer tracks/zones. To accommodate this
sending tasks are performed simultaneously. A video server gaBblem, we consider both the mean and the standard devia-
accept a new video service only if its resource requirementin of the execution time for reading a contiguous DAU. Thus,
together with those of existing video services, are within the cgye performance of accessing a DAU is statistically predicted.
pability of the system. Our admission control strategy is basexr methodology for identifying an appropriate range of DAU
on the capability of disk/network subsystems, the impact of rgizes is to choose an initial range of data sizes based on the typ-
source contention on I/O performance, and the characteristicsgfi workload of an MPEG video/audio stream, and to conduct
requested video services. The major criteria of admission cepiset of experiments and analyze the performance of measure-
trol are the estimated aggregate resource utilization demangesghts. The measurement results suggest a set of guidelines and
by a set of video services and the utilization bounds of the iﬂ(jjerformance information for decomposing a video into DAU’s
vidual system resources for given miss ratios. and scheduling retrieving tasks. These guidelines include, for
example, an appropriate range for DAU sizes and retrieving pe-
riods with lower disk utilization, and the corresponding buffer
requirement per task. In addition, the functions of the mean and
standard deviation of DAU read time, i.e;2<%™(dau_size)

d
We first consider parameter selection and resource estimatand f2'¢ (dau_sizc) are also concluded from the measurement

read
for executing a single retrieving task from a single disk. We theasults.
study the scalability issue of executing multiple retrieving tasks When serving multiple retrieving tasks, the overall perfor-
from a single disk. The major goals of investigating the execmance is affected by the data size of individual requests, the
tion of a single retrieving task on a single disk are 1) to identifgrder and number of requests, the distribution of requests on
the appropriate range for scheduling parameters of all retrieviaglisk, and the characteristics of a disk such as seek time, ro-
tasks from that particular disk and 2) to derive a method féational latency, transfer rate, disk scheduling algorithm, and
estimating the resource requirements of a given retrieving tatle size of command queue. Our initial step toward deriving
whose scheduling parameters are in that range. A video serther execution time and disk utilization is to estimate the over-
has a wide range of alternatives when scheduling a given head of the seek time as a function of the number of requests.
trieving task. Specifically, what we want to identify is an appravModern SCSI disks support multiple read requests viacommand
priate range of DAU sizes—subject to a set of performance aqdeuing, which allows the video server to issue multiple read re-
system constraints imposed by MPEG compression, timer regoests and allows the disk controller to determine the execution
lution, buffer requirement, and NTU/DAU relationship—for allorder based on a disk-scheduling algorithm. For the workload of
the video files stored on a particular disk. Because the varietyratiltiple video services, the length of the command queue is typ-
video contents and the quality of compression schemes prodiaaly not a bottleneck. Consequently, we assume that the com-
variations of data size, an appropriate range rather than a singlend queue can hold all the requests from multiple retrieving

IV. PARAMETER SELECTION AND RESOURCEESTIMATION FOR
RETRIEVING TASKS
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tasks and the disk controller can perform request reorderingon ~ ;*° ] T
all these requests. The estimation of the seek time per request 140 L
is achieved by using a simulation model. For a given number of b p—— 4 )
requests, the variation of the seek time represents the effect of & 22 ‘
. . . . . - o

the distribution of requests on a disk. Such variation becomes £ 7
less as the number of requests increases due to the seek opti- £ zz ~ST32850W)
mization by the native disk scheduling algorithms. The simu- £ _; r [ ST,
lation results produce the mean and standard deviation of seek 30
time per request as a function of the number of requests, i.e., fg 3

men(n) and fitd (). o ol

The final issue we consider is the relationships between the 0 10 20 30 40 50 60 70 80 9 100

. . . e . . miss ratio (%
miss ratios and the disk utilization. The experimental measure- s rato (0

g H i afutl P . i - . . . . A

ment of such relationships, i.ef;2. ,(miss_ratio), is accom Fig. 1. Miss ratio versus disk utilization.

plished by evaluating the performance of executing multiple re-

trieving tasks; an example is shown in Fig. 1. The miss ratio is ) ]

the metric for evaluating the quality of a disk for supporting a séforkload of an MPEG video/audio stream and the system
of retrieving tasks. Given a specific value of the miss ratio th§Pnstraints, and second to conduct a set of measurements
is acceptable by video clients and end users, the correspondifigthe experimental environment. The measurement results
disk utilization is the maximum utilization possible for a giverfuggest a set of guidelines and performance information for
set of retrieving tasks. The estimated aggregate disk utilizati8RCOMPOsing a video into NTU's and scheduling sending tasks.
and the disk utilization bound, i.e., the corresponding disk utl€se guidelines include, for example, the percentages for the
lization for a given miss ratio, provides the basis of our admi§€nd time due to packet sizes and NTU sizes, an appropriate

and the corresponding CPU utilization, as well as the mean

NTU send time as a function of NTU size and packet size,
V. PARAMETER SELECTION AND RESOURCEESTIMATION FOR  j.e., mean (nty_size, pkt_size) are also concluded from the

send

SENDING TASKS measurement results. Further details of our approach are given
[20].

hen serving multiple sending tasks, the overall perfor-
nce may be subject to the degradation due to the congestion
I/0 path between the main memory and the network interface

This section first describes our methodology for identifyinaﬁI
an appropriate range for scheduling parameters of all sendin
tasks. We use this information to guide NTU decomposition a

estimate the CPU utilization dedicated to a sending task with td | der t iy th head of i Lol
the concern of scalability. We then present system scalabilf§}'@: 'N orderfo quan ify the overhead of executing multiple

as the number of sending tasks increases. Finally, we discl Qding tasks, We measure the performance of scalability as the
the relationships between the miss ratios and the CPU utilii}ﬂm?eg of[hsendlng tasks tl_?cret_ases. TT}e rgeasurefmeT reSl;ItS
tion when a set of sending tasks is supported by a network sﬁ?-ﬂc ude the maximum utiization overnead as a unction o
system the total bandwidth, i.eg(bw); an example is shown in Fig. 2
our f.irst issue is to identify an appropriate range of NTU The last issue we investigate is the relationships between the
sizes, the corresponding range of sending periods, and m'@s ratios and the CPU utilization. The experimental measure-

el e )
packet size for all video files, where an NTU is the sending'ent of such relationships, i.e;.,,,(miss-ratio), is accom

send
unit within a sending period and a packet is the basic unit f }'Shed by evaluating the performance of executing multiple
sending an NTU. Similar to the issues of parameter selecti

nding tasks. The estimated aggregate CPU utilization and the
for retrieving tasks, parameter selection for sending tas

U utilization bound provide the basis of our admission con-
is also subject to performance and system constraints. dﬁ% strategy with regard to network subsystems.
network-specific issue is to reduce the burstiness of network

traffic via parameter selection. Usually, a larger NTU is more
likely to produce bursty traffic that may cause the congestion
of the network and degrade the reliability of data received by aWe first introduce the notions of thesource profileo repre-
video client. The major criterion for evaluating a specific set afent the information of disk/network resources of a video server
scheduling parameters assigned to a given sending task isahd theservice profileto represent the information of a set of
CPU utilization dedicated to the sending task that is defineitleo services. The resource profile consists of three parts: the
as the fraction of total send time spent in the entire duratidinst and second part describes the characteristics of disk and
or the fraction of a single NTU send time spent in executingetwork subsystems, respectively, and the third part describes
a sending-task instance. The smaller the CPU utilization pie characteristics of resource contention. Consider that a video
sending task is, the more sending tasks a server will suppa#rver has\/ disk deviceslk,, dks, - - -, dkas, andN network

The CPU utilization also indicates the trend of the networfevicesnty, nts, - - -, ntx. Adisk device and a network device
utilization that is the ratio of achievable throughput to networére characterized using the attributes shown in Table I.
bandwidth. Our methodology is first to choose an initial Resource contention among resources is characterized using
range for NTU sizes and the packet sizes based on the typiaa( M + N) x (M + N) pair-wise contention matrix, where the

VI. ADMISSION CONTROL
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Fig. 2. Network scalability.

elementCM; ; for1l <4, j < M + N represents the overhead
of resourcen due to the contention with resourge

The service profile presents the characteristics of a set of
video services. Assume that a video server is serving a service
set consisting of{ video serviced' S, VSs, ---, andV Sk.

Each video service is characterized using the attributes listed in
Table 1.

The resource profile models the system resources based on
the off-line measurement/simulation/analysis as described in the
last two sections, and the service profile models the video ser-
vices demanded at runtime. To present our admission control
strategy, we begin with theccurrence vectothat indicates the
subset of disk/network resources involved by a service set. The
occurrence vector for a given service $&, OVss, is al x
(M + N) vector of 0’'s and 1's, where thith elementOVss
[, t=1,2,---, M + N,is 1if and only if there is at least
one video service in service s€f that requires resource In
an occurrence vector, the firdf elements are used to indicate
the disk devices and the |a&telements are used to indicate the
network devices. For a given service set, its occurrence vector
serves two purposes. First, the occurrence vector for a given ser-
vice set indicates which resources should be examined by the
admission control strategy. Second, the product of the occur-
rence vector for a given service set and the pair-wise contention
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TABLE |

ATTRIBUTES

OF DEVICES AND

SERVICES

Disk Device Attributes

S (dau _size),

Mean and standard
deviation of DAU read

1 (dau _size) time

a Precision of read time

e (n), £ (n) Mean and standard
deviation of seek time

B Precision of seek time

S, (miss _ratio)

Miss-vs-utilization
function

niss
read

Bound of miss ratio

Network Device Attr

ibutes

M .
/.14.’114/ (ntll _Size,

pkt _size)

Mean of NTU send time

g(bw)

Bandwidth-vs-utilization
function

S, (miss _ratio)

send

Miss-vs-utilization
function

miss
send

Bound of miss ratio

Video Service Attributes

g Maximum DAU size
DAU Sk
o Avqage retrieving
period
dk, Disk device, where
dk, € {a’kl,dk2 ..... dkﬂ,}
Gy Maximum NTU size
NI Sk
Pk Sending period
nt, Network device, where

nt, € {nty oy, ... nty }

matrix, calledcontention vectgrrepresents the utilization over-of variability when measuring disk utilization: the variation of
heads of resources due to the inference of other resources U3aU sizes (due to the characteristics of a video file and its DAU
by the given service set. For a given servicesgtlet CVss be decomposition), the variation of read times (due to the location

thel x (M + N) contention vector, thefiVss = OVss x CM.

of data on a disk and the intrinsic transfer rate of a disk), and

Based on the above assumption, we define the formulas fbe variation of seek times (due to the number and distribution
estimating the resource utilization and propose our admissiohDAU requests). Because we want to derive an upper bound
control strategy as follows. For a given service $8twith K on the disk utilization, we use maximum DAU sizes rather than
video services, an upper bound on the utilization of disk devieserage DAU sizes. Since an appropriate range for DAU sizes

dky,,m=1,2,---, M,is

Udkm(SS) ICVss[m] X Z

K| dky, =k,

mean
X (771 read

(pausS

max
k

1

X (DAUSIIJBX) + mJseek
(Km))

std
+rn/3 X'm ;eek

R*ead, k

) + ma X
rnean(Krn)

is suggested, the variation of DAU sizes for a retrieving task is

small. Consequently, the usage of a maximum DAU size actu-
ally produces a tight upper bound. On the other hand, the varia-
tions of transfer rate and seek time are significant. For example,
for a Seagate ST32550W [21] the ratio of the maximum transfer
rate to the minimum transfer rate(ig2.0 Mbps/49.4 Mbps) =

1.46, while the maximum seek time i§19.0 ms/0.6 ms) =

31.7 times larger than the minimum seek time. To consider the

variations of read times and seek times, we resort to a statistical

wherekK,, is the number of video services that involve disk deapproach and introduce the parametess the precision level
vice dk,,. Notice that in the above formula per-device attributefer estimating the read time, > 1, and the parametégt as the
are associated with left subscript There are several sourcegrecision level for estimating the seek time per request, 1.
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In other words, the value of parameterestimates the varia- In order to support a wide range of VCR operations, we iden-
tion of the read time, and the value of paramé¢t@stimates the tify a set of primitives between client and server as the foun-
variation of the seek time per request. Based on Chebyshedaion and develop corresponding mechanisms to handle these
theorem [22], the proportion of values from a data set that witrimitives and operations efficiently. We achieve system relia-
fall within « (or 3) standard deviations of the mean will be ability in several ways. A video client can tolerate severe data
leastl — (1/a?) (or 1 — (1/8%)). losses and recover by synchronizing the delivered video/audio
An upper bound on the CPU utilization to serve network delata with the display schedule. On the server side, the excep-
vicent,,n=1,2,---, N,is tion handling strategy for managing session/transaction/service
and synchronizing retrieving/sending tasks of video services en-
hances server robustness. In addition, system reliability is ac-

r 7AS’I?la,X ; ) - -
NTUZk complished by conducting a comprehensive test plan to validate

Untn(SS) ICVSS[M—i-TL] X g

>

k|nt,=nt,
mean max
nJsend (]\"TUSk 7p8)

S .

P, .
k|nte=nt., send, k

Psend, k

Notice that in the above formula per-device attributes are assol!]
ciated with left subscript. Because we want to derive an upper
bound on the CPU utilization, the maximum NTU sizes, instead[2]
of the average sizes, are used. Since an appropriate range of
NTU sizes is suggested, the variation of NTU sizes for a sendingz)
task is small. For example, [20] shows that the maximum NTU
size is only 12.5%, on average, more than the average NTU siz?4]
for a set of five video files. As aresult, using the maximum NTU
size actually produces a tight upper bound.

A given service se$ S is accepted if and only if all the partic-
ipating resources are within their respective utilization bounds.
That is,

(3]

(6]
(71

Uik, (SS) < m fitea(Briei )i ¥ dkm € dha,
! [8]
and
Untn(SS) S n suetrlld( (o]

mie) Yt €| nte
k

: - . . 10
This admission control policy guarantees with a level of con—[ ]

fidence determined by the parameterand 5 that no service [11]
exceeds its prespecified miss ratio. [12]
VIl. CONCLUSIONS [13]

This paper addresses some issues for designing a video server
with the capability of supporting a variety of VCR operations. [14]
We have implemented a video server using a Pentium |l 266
MHz running Windows NT. Different versions of video clients [15]
are available on Windows 95/98/NT. The underlying network
between the server and the clients is a 100 Mbps Fast Etherngts]
The results of simulation and measurements indicate that up to
40 MPEG-1 clients can be supported simultaneously. We aIsgn
developed server-side utilities for preprocessing MPEG videos,
configuring SCSI disks, and customizing the data layout on
SCSI disks. Three specific objectives, i.e., performance, func-
tionality, and reliability, were taken into consideration during
the life cycle of design, implementation, and validation of al1°]
video-on-demand system. The concern for performance leads
us to fully explore such issues as resource estimation and agho]
mission control. It also forces us to reconsider important is-21]
sues such as the policy and mechanism for dynamic mappirig,
of the on-disk file structure onto the in-memory data structure.

and verify all the functionality, service changes, and boundary
conditions of all the operations.
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