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Abstract

This paper presents a store-and-forward architecture that
tan provide video-on-demand (VOD), as well as other
data-base distribution services, [t assumes a B-ISDN net-
work 1o be in place. The four major etements in this archi-
lecture are the Information Warchouse (IWH) where video
material is archived; the central office {COQ) server which
¢ontains a processor responsible for the service manage-
menf, and a video buffer thar inferacts directly with aet-
work customers; and finally the customer premise equip-
menl. A requested video program is provided in a real.
time fashion from the CO server to the customer. How-
ever, at the information warehouse, the video program s
retrieved from the archival storage in blocks, and with
transfer cates much faster than real-time. Subsequently, it
is sent in a bursty mode to the CO servers via high speed
trunks.

1. INTRODUCTION

With the emergence of B-ISDN, large information aetwork-
ing bandwidths would become available to the end-vser
population, We expect that this bandwidth availability will
lead to the creation and deployment of broadband informa-
tion services from a variety of information providers.
Video-On-Demand appears to be an important representa-
tive of such future services because of the increasing popu-
larity of customer choics in entertainment offerings (c.g.,
video rental stores),

A3 cvidenced by the success of present voice information-
providing services (such as those associated with the dialing
codes 00, 976, etc.), it is advantageous, 1o both customers
and information providers, to have a "partnership® with the
network providers. The local telephone companies for
instance, today: provide the billing function as well a5 the
distribution functions fos these information providers. This
includes CO allocation, switching, line hunting, etc. Simi-
larly, local cable TV companies, while supplying customers
with programs from a varlety of providers, handle the
information packaging, iransport 20d billing.

Given thst video in one form or ancther is the most
baodwidih conswning medium, its contribution to the total

network Iraffic will be significant. Also, due to the variety
of possible end-to-end services, users and informatien ser-
vice venders will beacfit from information navigationa} aids
and service administration. Therefore it is prudent to
design video . distribution schemes that rely on a
vendor/network partnership, This implies that some addi-
tional functions beyond transport may bave fo be allocated
to the petwork o achieve overall service efficiency and
economy. Among these could be information kiosk func-
tions and billing, facilitation and support of the retrieval
process and of the scheduling of information delivery,
broadcasting and multicasting, user control features sug-
port, and help for the end-user in information presentation
management.

In this paper we present an architecture for the distribution
of information. The primary application for this aschitec-
fure is Video-On-Demand service. However, it can support
other, customer-specific, information services, for instance:
various data-base material retrieval services, electronic
magazines, cducationsl programs, etc. This acchitecturs
also supparts multicast and broadcast services,

The basis for this architecture s Informaiion
Vendor/Network cooperation in videa distribution and a
Jiore-And-Forward  technique  employed by an
ATM/SONET public network,

The advantages of the proposed video distribution architec-
ture reside in the possibilities to optimize the service by
befter management of the information retrieval and nel-
work traffic, It also allows improvement in the informaton
vendor’s and the setwork’s resource sharing.

Section 2 deals with service scenarios. lo sestion 3 we
describe the system architecture. Sections 46 provide
greater detail on the architectural components: the Custo-
mer Premtise Equipment (CPE), the Information Storage,
and the Network.

2. SERVICE SCENARIOS

The deployment of an infrastructure for B-ISDN services
provides the opportunity for offering additiopal video ser-
vices beyond simple broadcasting of a limited aumber of
enlertainment programs. One of the most popular, and
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well documented, proposed afferings is that of Video-On
Demand (VOD) services, [1-6]. En this paper we consider
three grades of VOD service:

1} Pay-per-view (PPV) service in which customers can
“tune in” to scheduled pre-determined programs. Those
subscribers who choose a particular program will receive it
by way of broadeasting, meaning that the subscriber has no
controt (PLAY, STOP, REWIND, etc.) of the program.

2} Quasi-VOD service in which customers are grouped by
requests and recejve service after some delay. For some
quasi-on-demand scenarios, only those programs that reach
a threshoid level of requests are broadcast by the serviee
provider, [S].

3} True-VOD  service, This grade of scrvice s
equivalent, in terms of user control, fo the VCR playback
of rental programs. The subscriber is provided with play,
pause, fast [orward/reverse, and search modes. The
advantages of this service over the VCR-like service are
numergus. Fhere is no need to pick up or return video
1apes, sclection variety and availability are significantly
improved, and the service charge could be related 10 actual
viewing lime, rather thao just per program. Ia addition,
 the program material available would kikely be much
broader in scope. It could include movies, instructional
material, short programs like: “video hits”, tele-shopping,
educational pregrams, encyclopedia entries, etc. Some of
" these offerings could be of an interactive nature as well.

Most of the discussion in this paper concerns the True-
YOD service singe it is the most general and most demand-
ing. However, the proposed service architecture is applica-
ble to all service grades, and furthermore, the resource
sharing advantages are more dramatic for the broadcast-
oriented offerings.

3. STORE-AND-FORWARD SERVICE ARCHITECTURE

Fig.1 illustrates the overall service architecture for suppont-
ing the VOD service.

The components of the architecture are Information
Waschouses (TWH), Central Qffice (CO) service circuily,
and the customer premise equipment. The Informaton
Warehouses are geographically distributed entities respoani-

ble for long, and medium-term information storage, They

are also capable of dispensing information in parts, or in
total, via high speed dedicated lioes that copnecl them to
the network central offices.

Video and other information programs owned by vendors
are stored in [WHs using various storage media: optica),
magnetic, and clectronic, and with a hirarchy of access
mechanisms: nop-random access for archival material,
video Juke-boxes for medium speed access, magnetic disk
drives for on-line popular matesial, etc. The informaticn is
siored digitally, in a compressed form.

An uncorpresaed NTSC video program, digitized at a rate
of about 100 Mb/s, would take nearly 100 Gigabytes of
storage for two hours worth of material. The same
material compressed to the 1.5 Mb/s rate requires only 1.5
Gigabytes storage capacity, Since information vendors will
have to store large amounts of material, and in view of the

Tafarmation
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fig.1. Video-On-Demand: Service Architecture

latest developments in video coding algerithms at rates
around 1.2 Mb/s, we assume thal the source material is
stored in a compressed form, tailored to the DS-1 (1.544
Mb/s) rate. ’

Other than for the addition of the IWH, Fig.1 represent a
typical Local Access and Transport Ares (LATA) network
in a B-ISDN eavironment. For the VOD service, b~
scribers place requests with their Jocal CO via user inter-
faces, using an upstream control channel. In tum, the CO
places a request with an appropriate IWH.

The TWHs are connected to the network via high capacity
STS-3 (155 Mb/s) or §TS-12 (622 Mb/s) lines. Therelore,
the ioformation trunking between the TWH and the
customer's CO can be done faster thag resk-time (ic. 1.5
Mb/s), and the requested programs can be delivered in seg-
ments. In order to take full advantage of this “speed-up”
[actor, the transfer rate of the stored material to the net-
work should be equal to the network transmission rate, i.e.
around 150 Mbfs. The retrieval of the video segments is
magaged by sn ambassador service processor [WH-SP.
The ambassador processor, while possibly being located on
the vendor’s premite, cooperates with the network and
possesses relevant knowledge of the network state. This
knowledge allows the procewor to effectively schedule the
information transpori to requesting CO's, 1aking into con-
sideration the time budget of each request and the traffic
conditions in different parts of the network.

At the user's local €O, the information is buffered, the

data-rate is then converted to the video coding rale (i.e.
D5-1), and then possibly decoded to the original video sig-
nal form (e.g. analog). The video rignal is then transported

‘to the user in the form which corresponds fo the local

access switching and transmission parameiers and the
user's CPE capabilities. In this paper we asmume that ai)
users poscss ferminal equipment which scoepts either
compressed of non-compressed signals. The DS-1 video

21.3.2.
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_decoder may therefore be lucated at the CPE or be 2 part
of a service ¢ircuir poal al the CO, In either case, the
matching of videa rares would be done a1 the CO and 1he
chanel from the CO 1o the subscriber is real-time.

‘This architeciure takes advantage of the high transfer rates
of currently available, apnd future, storage systems and of
high-speed srunks, 1o provide the rate speed-up and conse-
quently vendor and network resource sharing through time-
wmuoltiplexing. The store-and-forward mechanism, by being
more gencral than a real-time icagsfer system, allows alter-
native (to real time) information delivery schemes. Thus,
better wrilization of the nerwerk resources and improve-
ment in the overall service economics are among the advan-
tages of ihis architecture, The Rexibility of the proposed
technigue allows ape 1o employ, if necessary, nigher layer
protacols for error and/or cell loss control. By distributing
the complexity of the supporting hardware and software
infrastruciure, the reliability of the service can be
improved. :

For PPV and Quasi-VOD service scenarios, only a single
copy of the material has 10 be delivered to the CO,
buffered, and then broadeast, or replayed (o customers
with different starting times,

The next three sections desctibe, in more detail, the com-
poacats of this proposed architecture starting from the
user’s end, then the information service provider equip-
ment, and finally the network which bridges between them.

4. CUSTOMER PREMISE EQUIPMENT

The Customer Premise Equipment (CPE) for the proposed
Video-On-Demand service is depicted in Fig.2.

nfr et
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Fig.2 Video-On-Demand Customer Premise Equipment
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The customer's downstrearn signal includes the D51 video
sigoal, whereas the upstream signal containg the jow speed
coatrol. information, The decoder shown in the figure as
part of the CPE may altematively resids in the Central
Office and be part of & shared resource pool. In that
configuration the downstream video sigual may be trangmit-
ted 1o the User Network Interface (UNI} in various formats
(smaleg, STS-, erc.) depending on the loop architecture
and the CPE,

Users are able 1o browse through informstion menus and

control the material presentation with functionality similar
to the controt of 2 VCR ar a disk player.

5. INFORMATION WAREHOUSE

An architectural block diagram of the proposed informa-
liop warehouse is shown in Fig.3.

Archival Storage

~ =)

NET
Camtrel & Dals
Chanml

Fig.3 Information Warehouse Architecture

The on-line data is moved from the archival medium to the
fast access storage medium, magoetic disks, for example.
Control messages are communicared from the CO to the
TWH-SP via the ATM/SONET interface, and the control
bus. The dara is retreved via a bigh speed bus and
transmitted through the network at rates exceediog the real
time rate by approximately a huodred times, It js possible
to provide a data rate throttling mechanizm by changing the
ATM cell rate at the ATM/SONET interface. This is real-
ized by the TWH Processor under the command of the

- vendor's serving CO.

Video programs are encoded from source material iato a
digital compressed format and recorded for archival pur-
Po3¢s 00 2 mass storage medium. The eacoding procedure
consists of varions operations on the origina) sequence of
images, or frames, 30 a2 10 reduce the informaiion rate
required to tranymit these frames. The video cowmpression
technique assumed in this paper is based og standardization
activity of the Moving Picture Experts Group (MPEG)
which has produced recommendations for video coding at
fates wround 12 Mb/s {7], This scheme is designed for
VCR-like pictare quality, The audio information is mult-
plezed inte e DS-1 stream and is scparsled in the
decoder. According to this standard, the encoded bit-
siream contaios groups of frames that start with an
intraframe coded frame, where only spatial redundancies
are reated [or bil-rate reduction, and then o sequence of
predicted and interpolated frames, where both spatial and
temporal compeasation are used for & higher level of
compression. Under the MPEG standard the aumber of
coded frames in a group of frames may be variable. For
the purpose of finc granularity in the random access, for
example, each group of frames can represent half a second
of video i.e. consiat of 15 frames, starting with the
intraframe information and followed by a sequence of inter-
polated and predicted frames. To reconstruct the original
video signal, groups frames must be accessed sequencially,
However, some operatiops (eg. forward and severse
searches) can be implemented by retreiving the intraframes

ocaly.

27.33.
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Upen request of a particular segment of a video program, it
1s read from storage at a higher than real time ransier rate.
The segment size may range, depending on nctwork traffic,
service type, and CO buffer limitations, from several
seconds to a whole program, and is determined by the CO
Service Processor.

For example, 2 20 second video segment comprises 30
Mepabits at 2 compressed video rate of 1.5 Mb/s. How-
ever, this segment may be delivered in an inferval of 0.2
second af the 150 Mib/s transfer rate. The segment is read
from the storage and tragsmitted via the network interface
in an ATM cell format to the requesting CO server. This
speed-up in transfer rates aflows, in effect, several differemt
segments 10 be transmitted simoltaneously from the [WH
to several CO's. In addition, each segment may be broad-
cast to several CO's, specifically for PPV and Quasi-VOD
SEFVICES.

It is the TWH Service Processor which receives the various
- requests, seiects the appropriate program segments [rom
the storage devices, and schedules the segment's transmis-
-sion.

The mass storage technology has to meel several require-
mentt within the context of the VOD services discussed in
this paper. It is assumed that each TWH contains several
thousand video programs, with leagths ranging from 2 few
minutes to several hours. Some of the programs may
require dedicated drives, due (0 heavy demand at the.lime,
50 a5 lo guaraniee random access with omly z few mil-
lisecond access times 1o those programs. However, most
other programs might be handled in a 'jukebox' fashion
using, for instance, optical digks. This arrangement implies
several seconds access to the disks, and milliseconds
access times within a particular mediurn. High-capacity
optical or magnetic 1ape may also be used for the archival
storage in the IWH, Fig.3.

Magnetic disk recording technology (e.g., Winchester disk
drives) is the most mature fechnology for on-ine playback
{storage to petwork) purposes. It bas accesy times of a few
10 10’s of milliscconds, and can reach 100's Mb/s teansfer
rates using pacrallel head systems or arrays of disk drives.
Since this media is not removable, the allocation of,
roughly, a disk drive per rwo hours program is imphied.
However, the number of programs that have to be kept
on-line at any given time is limited.

Magneto-optic recording systems are being developed using
laser and detecior arrays on a single head, with 100's of
Mb/s transfer rates [8]. For Gbit/s transfer rates, which
would be required for VOD using HD'TV quality programs,
multiple head systems will have to be developed. This
techmology, though still in the early development stages,
combines high transfer rates, fast access timmes, and remo-
vability,

6. CENTRAL OFFICE VOD SERYICE CIRCUITS

In the proposed architecture, the BISDN Centra) Office
plays a facilitating role in the service management. The
first CO function is that of an Information Kiosk. This
allows the customer 2 oue-stop-shopping scenario for infor-
matien. The oavigational aids, and lists of available

material, could be presented in some convenient way lo the
customer. Some services may have subscription policies
while others may be unsubscribed, as is praciiced in voice
information providing services on the public telephone ner
work today.

Fig.4 depicts the architecture of the CO with Store-and-
Forward Video-On-Demand service circuits,

co
Sorvicy
Provesr

T

ATMSONET -

s
From Trusks

Fig.4. Ceatral Office with Video On Demand
Slore-And-Forward Service Circuits

The CO Service Processor (CO-SP), the ATM/SONET
interface, and the CO buffers communicate control mes-
sages viz the control bus while the video data which is
received from the trunks is transferred to the buffer by way
of the High Speed bus.,

The CO-SP performs the information kiosk and material
browsing functions. It rons the video data transfer proto-
col, composes the requests for data to the IWH
corresponding to customer requests, and supports the user
control interface and material presentation management
functicns.

6.1 VOD Service Example

When a request for VOD service is received at the
custoraer's local CO, the browsing stage of the sevvice
begins. The browsing scenasio is dependent on the types
of matetial offered in the framework of the service. The
user interface i3 used to control material browsing and
selection,

After the selection has been mude by the customer, the CO
chooses an appropriate warchouse and places the request
for the material with its ambassador processor FTWH-SF.

It aiso sllocates the necessary internal buffer space to sup-
port the service. In the case of true video on demand, the
buffer is dedicated to the customer for the duration of the
service. For the PPY and Q-VOD grades of scrvice, tbe
buffer space is shared by groups of customers.

The most demanding scenario to realize is true VoD,
iraplying a premium price to the customer. In this u_:cnario
the nser's CPE generates the conirol messages which are

27.34
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interpreted by the CO-SP. The conirel {unctions may be as
fallows;

YOD, PLAY, STOP, PAUSE, FAST-FWD, FAST-REV,
FWD-SEARCH, REV-SEARCH

The VOD command initiates the service. Upon the PLAY
command, the CO-3P, via the ambassador processor
IWH-3P, retrieves a segrment of video correspoading to the
allocated buffer size. This segment is defivered via a high
speed short busst to the CO and stored in the buffer. The
segiment i read out to the customer at the D81 rate pro-

vided that the decoder is ai the CPE. For customers

withour the decoders or with some other type of video
receivers the transcoding of the video and audio signals is
done by the CO service circuits.

As the user views the material, the CO server fetches the

next segment while the current one js being watched.

When the STOP command is received by the CO-SP, the
readout from the buffer is balted and the viewer is provided
a blank screen with the word 'stop® displayed. During the
pause command, the server continwously replays the next
intraframe, or, if the decoder is located at the CO, the last
reconstrucied [rame.

Should the user issue a FAST-REV (rewind) command by
indicating the desired position in the material via his user
interface, the server will then feteh the correspoading seg-
ment from the IWH. A similar action takes place during
the FAST-FWD command. Forward search and reverse
search are accomplished by retreiving and playing out only
the intraframes out of cach group of frames in the recorded
program.

7. CONCLUSIONS

We bave described an architecture for an information dis-
tribution service, suitable, among other applications, for
various scenarios of the Video-On-Demand service.

This architecture is designed to provide an infrasiruciure
for information networking by facilitating information
storage and management i the network nodes. In the
paper we illustrated just one particular application that can
be supported by tbe architecture, namely, Video Oa
Demand. The processing power and medium-term storage
{disks} as well a3 short-term buflering (solid-state memory)
introduced in the central offices can be used for supporting
other functions in information metworking, such as infor-
mation presentation, filtering, multimedia messaging, etc.

As it applies to 2 mass information providiog service, such
as Video On Demand, the exibility of the proposed archi-
tecture allows adaptation of the diswibution scheme to a
variety of requirements that may be desired by the various
information vendors as to the jnformation retrieval and
transport protocols. Due to the vendor/network partnership
and cooperation in the information distribution, the infor-
mation shoppisg and billing proccases could be greatly
simplified aod may prove to be more economical,

In order to make the service realizable and economical,
many issues still have to be addressed.
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