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Abstract education, news, and advertising are delivered to the con-
sumer - away from a one-size-fits-all broadcast paradigm

Interactive television is a technology for delivering televi-to onein wh|c_h f’jl” mfor-matlon is presented to the con-
sumer under his interactive control.

sion programming on demand to households and busi-

nesses. Rather than passively choosing from ajuch hype has surrounded ITV, and there is still consider-
predetermined set of programs at scheduled times, thgple debate about the rate at which this technology will be
viewer can request programming to be delivered to himntroduced and what form it will take. While this debate is
individually on demand. taking place, the industry is progressing to gain experience

This paper describes a system being developed by IBM ghiyfth the technology and its applications.

is in active use at customer trials. The syssmports _ o S
movies on demand as well as more interactive applicationM is very active in ITV, participating in trials at Bell
such as home shoppinBhis system as deployed today onAtlantic (WN93], [PL93]), Cox Cable ([UPI93]), Oka-
IBM’s RS/6000 series of computers supports in the huré@ki City, Japan ([IBM94]), and Hong Kong Telecom
dreds of viewers, but running on the SP-2 superguter ([PAT94])._ This paper briefly descnbeg the ITV system
and its follow-ons, the system can be scaled to suppoft€Ployed in the Hong Kong Telecom trial. The system as
thousands of interactive viewers. described is capable of presenting interactive video appli-
cations to several hundred simultaneous viewers. The con-
. clusion of the paper will discuss work that is underway to
Introduction scale the system up to handle a considerably larger number
(thousands) of customers. The following sections will dis-

Over the past several years, radical changes have occurr@dss the types of applications the system is designed to

in the underlying technology of computing and communi-handle, will describe the end-to-end architecture, and will

cation systems. The plummeting cost of computer harddiscuss some of the major components in more detail.

ware and storage, the increasing capacity of wide-area

communications, and particularly the advances in data

compression technology, have enabled a variety of excitFhe message that this paper intends to communicate is that

ing new applications. the basic technology required for ITV is largely available
now. What is needed next is a better understanding of the

One such application is “interactive television”, or ITV, applications and services that will be commercially viable.

which promises a radical shift in the way entertainmentThe trial system described here is primarily intended as a



vehicle for content providers to use to gain experience, rdnteractive TV Systems
fine their existing applications and develop new ones, and

thereby develop the business of interactive television. ~ AnITV system is much more than the hardware required to
deliver video content to viewers. It includes an end-to-end
infrastructure tsupport the creation of content, delivery of

Interactive TV Applications that content to viewers, and the billing systems to collect
money to pay for the system. This section will summarize

Most ITV trials include Video on Demand (VOD) as their (N components of the end-to-end ITV system.
premier application. In VOD, the viewer selects a particu- o ]
lar movie or TV show, which immediately begins playing Content and Application Creation

back on the viewer’s TV. VOD is considered to be a well- ) " . .
; ) . .The term “content” refers to the actual video material such
understood starting point for an ITV system because it is . . . o
s movies, news, and the like, and “application” refers to

thought to be a simple application, because it is known th ) . S
7 k o . e dialogs, queries, and other navigational software that
the video rental market is about $12 billion annually in the .
{esents content to viewers. The IBM ITV sys%emn-

US ([BS93]), and because customers find many aspects 5 . .
; . . . . : ains several components that support creating ITV content

renting videos inconvenient. Trips to the video store are C

. . : . and applications:

time consuming, many people do not like going out at

night, the videos customers want are frequently not ir An authoring system for designing and implementing

stock, and the customer has to return the video on time (or ITV applications,

incur late charges). While ITV systems may not capturg

enough of the video rental business to pay for the entire

ITV infrastructure, at least this business provides a quanti-

fiable market.

Production tools for user interface objects such as
screen image displays, and

A compression facility for preparation of the video
content.

A second application under consideration in many trials is ) o )

Home Shopping. In this application, the viewer can exam]—hf3 authormg system e}llows the application writer to
ine potential items to purchase (using video and/or still picd€fine user interface objects (dialog panels, menus, and
tures), and eventually initiate an electronic transaction t&€ like) using pre-defined prototype templates. To gener-
purchase the items, which are then mailed to the person.d€ @ new application script, the author customizes the
is believed that ITV can contribute significantly to the {emplates most closely matching his designed user inter-
shopping expeeince compared to catalog shopping peface. Descriptions of the objects and functions referred to
cause the items can be demonstrated, modelled, and oth¥t-the application are stored in a database. The authoring
wise promoted using the video and audio capabilities of th€YStem is designed to allow a graphical designer to gener-
system in a manner analogous to home shopping TV chafte an application with only minimal help from a computer
nels. However, unlike home shopping channels, the vieweP09rammer.

not the network, gets to select the items for consideratioq:argeting the authoring system to graphical designers rath-
Catalog shopping and shopping channels combined hag} than programmers was an important choice, as television
revenues of approximately $55 billion in the U.S1894 5 fundamentally different from the computer as a medium
([AW94)), so this market could potentially dwarf the VOD for presenting information. Some of this difference is due
market. to technology (e.g. the much lower screen resolution of
TV). A more important difference is that the television

A number of other applications are being considered, inviewer Community is more diverse - it indudﬂnjng chil-
cluding news on demand, electronic banking, educatiogren, the elderly, and those unfamiliar with, or even hostile
and training, interactive game shows, and action gamego, computers. Graphical designers are experienced in pre-
Most of these applications, including VOD and shoppingsenting information to ordinary people in an interesting
are similar in concept: viewers are primarily making selec-
tions that specify the content (movies, news, or product. We refer to the system described here as “the IBM ITV sys-

presentations) they wish to view, and then viewing the matem” for convenience, but note that substantial differences exist
terial. among the systems IBM has deployed in various trials.




manner, which is crucial to the acceptance of ITV. Even sdn consumer ITV systems, the distribution network is
unhappy surprises often occur in the design of ITV applicaeperated by a carrier such as a telephone operating com-
tions, so formal usability testing is critical to developingpany or a cable company. There are differences between
successful applications. telephony-based and cable-based systems. We will

. . describe the system architecture in terms of the teleph
Another component of the content creation system is the SB&sed system that we have deployed
] .

of tools that produce the content and other presentation ma-

terial for the ITV system. The sound and picture quality ofA description of a telphony-basedlistribution network
both the content (such as movies or a merchandise videgan be found in [BA93adnd [BA93b]. The network con-
and associated user interface objects (e.g. application digists of a high-speed unidirectional (from server to custom-
log screens) are critical to the acceptance of the system. er premises) data channel supporting a DS-1 (1.544 Mbit/

ITV screen displays, unlike those for kiosks and OlesktoSec) data rate, and a bidirectional low-speed (16 Kbit/sec.)

. . . control channel.
multimedia, are generally developed off-line, separate anne

from the application development environment, with high-The network comprises an open system designed to allow
end animation and graphics rendering tools. This is bean individual customer to connect to any of a variety of vid-
cause the audience for ITV is accustomed tgtbeluction e servers. To this end, the network contains a component
quality expected of broadcast television. The IBMITV sys-ca|led the Level 1 Gateway, which serves as an intermedi-
tem can accommodate files created by most high-end toolgry petween the customer and a cepanding Level 2

The IBM ITV system, like most such systems, uses MpEcSateway in each video server. This gateway architecture is

(Motion Picture Experts Group) compresseded. MPEG the so-callediideo dial-tonesystem mandated by the FCC_

is a lossy compression technique, and the picture qualitgPr ITV systems that use regulated common carriers. It is
strongly depends not only on the playback data rate, but gff1al0gous to the standard telephony system, which allows
the compression system used and even the skill of the corfi-customer to connect to any desired long-distance carrier.

pression system operators. This is because MPEG is realy,e STB contains a control port, used to communicate with
a standard fodecodinga video data stream. MPEG encod- yhe yideo server and the Level 1 Gateway over the control
ers are composed of proprietary hardware and/or softwarg,snnel using X.25, and a data port, over which the video
that is often optimized for some desired characteristic othe&fgrver sends video and graphical images and downloads

than picture quality (i.e. speed, simplicity of operation, ofygq4e to the STB at DS-1 data rate.
the ability to fit on a chip). We have found in direct com-

parisons that a high quality system such as IBM's Powefhe video server contains an X.25 control port, used to
Visualization System (PVS), when operated with skilledcommunicate with the Level 1 Gateway and STB control
operators, can produce significantly better resultsve¢r  ports. The video server’s control interface to the Level 1
bit rates than other systems. Gateway is called the Level 2 Gateway. This “gateway” ar-

chitecture is what allows video servers from multiple ser-
Content Delivery and Presentation Systems vice providers to connect to the system in an open manner.

The video server also contains a number of DS-1 rate data
The content delivery and presentation system consists ofgorts sufficient to suppothe maximum expected number
number of components: of active viewers.

e Customer premises equipment, normally a “set-top ]
box” or STBthat decompresses the video and sends iPperational Support Systems
to the TV, and manages the low-level interaction with

the viewer via a remote control. Even in early trial systems, the requirements for reliability,

) . availability, and serviceability are stringent. First of all,

* The video server, which manages the storage and playysiomer acceptance depends on the perceived reliability
back of video content under the interactive control ofyf the system - unreliability leads to frustration, which in
the viewer. turn leads to disuse. Furthermore, the service provider usu-

* The distribution network that carries both the videoally desires to preserve his investment by placing the server
content and control information between the videointo production at the end of the trial. The IBM ITV system
server and the customer premises. supportsmultiple, redundant server components, and al-
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Figure 1 - Interactive TelevisionyStem Architecture

lows the entire server complex to be managed by IBM'sSThese components communicate via RPC, and as such can
Netview/6000 Network Managememtroduct. Netview/ reside on a single machine or several machinesndiépg

6000 allows the operator to manage not only the server, bon the size of the system. Figure 1 shows the Level 2 Gate-
also the associated control and broadbandiorétequip-  way and the Control Server on one machine, with three
ment. Data Servers on separate machines.

Billing information is collected in a database on the server,

In this early phase of ITV, serviggoviders are trying to  S€t-Top Box

understand how viewers are using the system, so much

more data is collected than is actually needed for determirFhe Set-Top Box (STB) manages interaction with the
ing a customer’s bill. Almost any of the actions that theviewer and produces the video and audio signals for the
viewer takes can be collected for later off-line analysis byTV. It contains the following major components:

market researchers. For example, its possible to collect the ) ]

titles of all movies a viewer considered watching in addi-* A control microprocessor with boot ROM and DRAM
tion to the movies that were actually watched. for program and data storage.

* A low-speed, bidirectional control port and an associ-
ated X.25 interface connected to thewmk’s control
channel.

ITV System Architecture

A high-speed (DS-1) data input port, connected to the

Figure 1 illustrates the overall architecture of the IBM ITV * ,
network’s data channel.

system. The function of the video server is broken down
into three components: the Level 2 Gateway, which intere  An MPEG decoder.
faces to the network, the Data Servers, which store and
play back video and other data via the high-speed data
ports, and the Control Server, which acts as an intermedi-
ary between the Level 2 Gateway and the Data Servers. A detector for an infrared remote control.

Hardware to generate the TV video and audio signals
from the MPEG decoder’s output.



The STB’s boot ROM contains the code necessary to alloWwostile environment with respect to both reliability and
the STB to connect to the Level 1 Gateway and choose security. This argues for minimizing the function running
video server. in the STB. Second, the partitioning we have described
llows a simpler, cheaper STB, which is important since
Rlike other system components, the cost of a STB is not
related to the amount of use it gets.

When the server connects to the STB, the server downloa
“set-top enabling code” (8TEQ that enables the STB to
interact with the server.

The ITV application is executed cooperatively by the STB| evel 1 Gateway
and the video server. Since the server downloads the appli-

Cation COde eXeCUted by the STB, the partitioning Of fUnCAS discussed above, the Level 1 Gateway (GWLl) pro_
tion between the server and the STB is up to the server. TRgdes the Video Dial Tone for the set tops. The GWL1 pro-
IBM ITV System partitions the function such that low-lev- cesses requests for service from the set tops. If the set top
el input processing (displaying menus and dialog panelss a valid subscriber, the GWL1 responds with a list of
tracking the selection cursor, and handling input from theyailable video servers. Alternatively, and appropriate for
remote control) is handled by the STB, and all higher-leve}nany trials, the set top can be programmed to automati-
application functions are handled by the server. For exantally select a default server in the initial request mes$age.
ple, to generate a menu, the server sends the STB instruc-

tions to receive video or image data for the menurne GWL1 is also responsible for establishing the high-
background over the data port, and senddiaitlen of the  speed data connection between the server and the STB.
menu (which screen areas represent which choit@sga Thijs is done in response to a request by the GWL2, speci-
with overlay text and graphics) via the control podrédr  fying the server data port address and the STB identifier.
tracking and menu highlighting are handled locally in thetg this end, the GWL1 maintains tables containing the
STB. When the viewer picks a menu item, the STB sendgata port address for each STB, allowing it to issue the
the choice (e.g. “‘item 3 selected”) to the server. A descripappropriate commands to the data network switching
tion of the server side of applications is presented below. equipment to establish the connection between the server

It should be noted at this point that the STB described hergOrt and the STB. The GWL1 supports several switch con-
is only one design point. Many design alternatives are podf©! interfaces including Bellcore TL1.
sible, for example:

Level 2 W
e The STB could be connected to a cable TV coax. In evel 2 Gate ay

this case, data could be sent as MPEG—compresseg/q,le Level 2 Gateway (GWL2) in the video server pro-
i

. des a standardized, open interface between the server
even be sent as analog video. The control port coulgnd the network. As specified iBA93b], the GWL2 per-
use any of several existing techniques for implement; ] '

ing a LAN on a broadband cable. forms the following functions:

« The STB could be directly connected to an ATM net-* Connection to GWL1Upon start-up, the GWLZ ini-
work. In this case, a separate control port might not be tiatés an X.25 connection to the GWL1 for the
needed, and the “upstream” (STB to server) connection €xchange of control information.
could employ a higher data rate. * Receiving STB connection requests from GW\lkhen

« The application could be partitioned so more, or per- e GWL1 receives a request from an STB to connect

haps all, of its logic resided in the STB. The video !0 & Server, it sends a connection request to that
server could in this case be used strictly as a file and S€rver’'s GWL2. This request contains the STB'’s
database server rather than as an application engine. ~ Unique ID, its brand and version, and its network
address.
All of these design points are reasonable, and are beirg Establishing control and data connections to the STB
explored by various ITV systems. There are several Ifthe GWL2 determines that the STB is a valid user of
advantages to partitioning application function between
the server and STB as described here. First, customer pr&- Using the earlier telephone system analthiy,is like presub-
mises equipment is subject to tampering, and as such isS&Ping to a particular long-distance carrier.

video at a higher data rate (e.g. 6 Mbits/sec) or coul




the server, it allocates an unused data output port, ard
sends a request to the GWL1 to establish a connection
between the data output port and the data input port of
the STB. The GWL2 then establishes an X.25 contro|
connection to the STB.

The GWL2 then downloads the version of Set Top

Enabling Code appropriate to that brand and version of
STB. The STEC software provides the set top with the
means to process the subsequent commands it will receivé.

The GWL2 also acts as the application engine in the IBM
ITV server. For each connected STB, the application en-

Low latency Shark employs a variety of scheduling
and caching techniques to minimize video stream start-
up latency.

Play lists Shark accepts requests to play multiple files
sequentially with no intervening delay. A related fea-
ture islooping, which plays a video clip repeatedly
with no delay between the end of one play and the start
of the next.

Real-time file copyln systems with multiple Data
Servers, files can be copied between servers at a guar-
anteed data rate. The use of this is discussed in the
Control Server section below.

gine maintains the state of the application script. For each

input event (e.g. a menu selection), the application engingjide striping balances load across the disks. The popular-
acts on the event as directed by the script, usually by senfly of different pieces of video content will vary widely.
ing data or content to the STB over the control or data chareonsider the VOD application. A blockbuster movie on its
nels, and saves the new state of the script. premiere night may attract virtually all the prime-time

Applications employ vari lower-level services. In addi viewers. This is more than a single disk or even a single
bplications employ various Iower-ievel s ‘ RAID subsystem can handle. Wide striping allows the

tion to the services that support communication with thqoad to be spread out across multiple disk drives or even

STB, these mcludg a validation service u;ed to authentlcatr% ltiple RAIDs. Popularity of content will also vary with
purchase transactions, a database service, and the port r}:g?

. #Me - children’s movies might be popular in the early eve-
Sétgrr\?gres managemer$M services offered by the Data nings, with first-run movies predominating during prime

time, and more eclectic titles seeing activity as the night
progresses. Striping all these movies across the same disks
maintains balanced load even as activity against individual
titles changes. Naturally, wide striping increases the sys-
The Data Server accepts commands to p|ay files over tHQm,S Vulnerab”ity to disk failures. The Shark file SyStem
high-speed data ports. The command set includes funéiripes data across multiple ranks of IBM 7135 RAID; the
tions to start, stop, and change position in the file, allowparity drives guard against disk failures.

ing the flow of data to be controlled in much the sam
manner as a VCR or CD player.

Data Servers

e, .. . . . .
Application menus and dialogs include images and video
stored in the video server. This puts the server in the viewer

The Data Server is a derivative of the Shark continuous mddteraction loop, making low latency important. Shark al-
dia server described iHASK93]. Shark is apable of stor- Iows. the start of selected flles.to be cached in memory,
ing the large amount of data required for ITV, and playgnaking start-up latency almost instantaneous.
back large numbers of video streams simultaneously with- . . .
. . . Looping is used to generate video backgrounds for menus
out interruptions oglitches Shark also acts as a conven- L2 e : ; .
. . . o . and in similar situations. The looping video is usually a
tional file system, storing and retrieving conventional data. o
. : ._tomputer-generated animation whose start and end frames
In the ITV server, Shark is used to store video, graphics

) -~ _are identical, for example a wheel turning through a revo-
(e.g. screen images), STEC software, and other apphcaﬂqn . . . . A
data. ution. Looping video introduces a sense of activity into

menus and other dialog. Play lists are used to generate ef-

Shark has been extended over the version described {@cts similar to the coming attractions at the start of a mov-
features include: videos if they were played separately, and avoids the alter-

native of concatenating the list into a single file. This
* Wide striping Shark allows file systems to be striped makes it easy to change the lead-in matdédala movie
across an arbitrary number of disks. over time, or to vary it for particular viewers.



Control Server the SP-2 can be managed essentially as a single machine
rather than as a group of independent machines, simplify-

The Control Server acts as the intermediary between th&g operation of the server.

e e o omho authorng nvionment and appicaton enghe n te
mands to the appropriate Data Server (_3WL2 supports gppl!catlgr?s of considble sophistica-

: tion, considering its simplicity. Nevertheless, as more ex-
The Control Server maintains a catalog of all resourceperience is gained with existing applications, théaxibg
(files and data ports) on each Data Server. The catalog co@avironment is evolving. A variety of changes are under
tains the state of each data port (i.e. in use, idle, or out @valuation, including integration with external databases
service) and information about the wetk topology (in ~ and transaction processing systems to simplify order ful-
some networks, not all ports can be used to communicafélment for shopping applications, and a more general,
with all set tops). The GWL2 uses this information to GUI-based authoring environment.

choose a data port when connecting to the STB. Finally, use of the server in cable, ATM, and LAN environ-

The file content direatry is used to map the external namesments is prompting us to generalize the functions of the
of content to their file names on the dateveg and to man- GWL2, Control Server, and the stream management com-
age hierarchical storage. This last is important because poenent of the Data Server. We are confident that a single,
many installations there will not be enough disk storage ofcalable architecture for all of these environments is attain-
each Data Server to hold the entire content library, so it magble in the near future.

be necessary to move infrequently accessed files from hier-

archical storage on demand. The Control Server imp|eReferences
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