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Interactive Digital Television 
A Systems Overview

John V Panter

ICL Fellow Emeritus

Abstract
1999 has. seen the introduction of a number of digital television services in the UK, delivered by 
satellite, terrestrial broadcast, and cable. Whilst initially restricted to television programming, 
pay per view movies, and an electronic program guide, all these systems plan to provide a wealth 
of interactive services via the television set that have until now required a personal computer. 
These interactive services will include electronic mail and electronic commerce as well as access to 
the Internet World Wide Web, and will also evolve to provide a unique range of new services that 
combine the attributes of television and interactive services.

This paper provides a background to interactive digital television and the technologies involved. 
It then goes on to provide an overview of the systems which are being developed to deliver these 
services. This involves the integration of systems from the broadcast and IT industries, an example 
of where digital technologies are forcing a convergence between two industries.

Introduction
In the UK, during 1999, w e have seen the intro­
duction of digital television services; delivered  
by satellite, terrestrial broadcast, and cable. Initially 
these services delivered television channels, pay 
per v iew  m ovies, and an electronic program  
guide. H owever, all the service operators plan 
to introduce a range of interactive services. Many 
of these services w ill be fam iliar to personal 
computer users who access the Internet through an 
Internet Service Provider (ISP), but new services 
w il l  a lso  b e  p r o v id e d  w h ic h  co m b in e  the  
characteristics of television and interactive services.

The original stim ulus for the introduction of 
digital television w as the more efficient use of 
bandw idth. This w as essential for terrestrial 
broadcasting, where the dem ands on the electro­
m agnetic spectrum had becom e critical. It w as  
becom ing necessary to release bandw idth for 
purposes other than the broadcast of entertainment, 
and is the m otivation behind recent announce­
m en ts about the tim in g  o f the sw itch -o ff o f  
analogue services.

At the same time there w as a growing dem and  
to broadcast more entertainment channels, and 
to provide better quality au d io /v isu a l content.

This is easier to achieve with digital technologies. 
A lthough  the current digital services w ill not 
incorporate high definition television, the quality 
of the sound and pictures w ill still be better than 
in the analogue services.

A s a result o f these dem ands, in Europe the 
broadcasters and consum er electronics manufac­
turers came together as the Digital Video Broad­
casting (DVB) group to agree a set of standards. 
Similar groupings occurred in the US and, as 
usual, a different set of standards have emerged. 
This paper w ill concentrate on  the European  
standards.

In parallel w ith  the above activities of the broad­
casters, the Internet phenom enon has sw ept the 
world. This has been linked w ith  m any initia­
tives and strategies, grouped under the general 
banner of the Information Society. The initial 
concern w as that these services w ere restricted 
to those w h o ow ned a personal computer and 
that, therefore, m any w ou ld  be disenfranchised  
from this information revolution. However, w ith  
the ongoing march of technology, there is now  
talk of accessing these services from a grow ing  
range of products.
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The obvious target w as to offer access to Internet 
services through the television set. There is a 98% 
penetration of television sets in UK households 
and, therefore, an opportunity to link m any new  
users to the Information Society. This is achievable 
in conjunction w ith the introduction of digital 
television.

However, a television is a very different platform  
to a personal computer, particularly w ith respect 
to the display characteristics and the manner in 
which it is used. The TV view er behaves very 
differently from the personal com puter user. 
These differences need to be taken into consid­
eration w hen designing an interactive television  
system , particularly in regard to the design and 
p resen ta tion  o f the in teractive  conten t. This 
paper tries to indicate these problems and how  
system s are being designed to solve them.

The subject matter in interactive digital television  
is very  w id e  in  scope. It has therefore been  
necessary in this paper to over sim plify grossly 
the details of the technology in order to explain 
the basic principles.

What is Interactive Digital Television?
Before looking at the technology it is necessary 
to ensure that the reader has an appreciation of 
what Interactive D ig ita l T elevision  is from  a 
user perspective.

Digital Television
The tran sm ission  o f d ig ita l te lev is io n  is b y  
d ig ita lly  en co d ed  sign als. M PEG -2 has b een  
u n iversa lly  a d o p ted  as the standard for the  
encoding of digital television broadcasts. This 
is obviously transparent to the end user, except 
for the fact that it requires a Set Top Box (STB) to 
connect to the service. Eventually the STB w ill 
becom e integrated with the television, at least in 
the case of terrestrial digital broadcasts, but, for 
the presen t, a STB is required to receive the  
digital signals and convert them to the analogue 
form required by the television set input.

There w ill be som e im provem ent of picture and 
sound quality, but otherw ise the major differ­
ences that the user w ill notice are:

• The number of television and audio channels 
available. This could be in the range of 30 to

100 channels dependant on the broadcaster 
and the subscription paid by the end user

• The availability of pay per view  (PPV) events, 
particularly m ovies. These may be individual 
events requiring the user to book through the 
broadcaster, but increasingly the events w ill 
be im pulsively bought through the Electronic 
Program  G u id e  (EPG), w ith  the charges  
being automatically added to the monthly bill. 
There w ill also be near v ideo  on dem and  
serv ices , w h ere  a sm a ll set o f  m o v ie s  are 
con tin u a lly  broadcast at short in terva ls to 
allow  the end user to select w hen the m ovie  
is view ed

• A n  Electronic Program  G uide. This is an 
interactive application that runs in the STB. 
In its basic form  it p rov id es the user w ith  
inform ation about all the program s being  
broadcast, and the ability to select immediately 
the program  they w ant. The inform ation  
presented is normally in the form of what is 
on now  and on next, as w ell as what w ill be 
broadcast over the next few  days. For pay  
per view  programs, the EPG supplies details 
of the m ovie or event, as w ell as the ability to 
buy the event. In more sophisticated forms 
the EPG can provide more functionality, such 
as allowing the user to select w hich programs 
they want to watch over a period of time, and 
then providing a reminder w hen the event is 
about to be broadcast.

Interactive Services via the TV Screen
The EPG is an exam ple of an interactive service 
that runs entirely w ithin the STB, using data that 
is provided as part of the MPEG-2 broadcast 
stream. This same principle can be used for other 
interactive services, but they are limited in scope 
and restricted by the am ount of data that can be 
c o n t in u o u s ly  b ro a d ca st o v er  th e  M PEG -2  
streams. This issue is discussed in more detail 
below.

The real requirement for interactive services is a 
b i-d irec tio n a l co m m u n ic a tio n s  c o n n e c tio n  
betw een the STB and the delivery system s. This 
is w hy for satellite and terrestrial digital broad­
casts the end user is requested to connect the STB 
to their telephone line. This is not required for 
cable connections, since the requirement is met 
from bandwidth on the cable connection itself, 
leaving the telephone connection untouched.
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With this "secondary" bi-directional connection, 
the w ay is open for true interactivity, limited only 
by the bandwidth available. Under these condi­
tions the user w ill be offered a range of interac­
tive services such as:

• E -m ail, a lth o u g h  th is m a y  b e  w ith  le ss  
functionality than is norm ally available with  
personal computer connections

• A range of services that have been designed  
for the m ed iu m . T h ese  w ill  n o rm a lly  be  
derived  from  the Web service of a content 
provider, but w ith a "look and feel" that is 
matched to the television environment. These 
services w ill often be structured so that they 
can easily be navigated from the User interface. 
The range of applications offered is potentially 
endless, but m ost will include:
o E -com m erce a p p lica tio n s  w ith in  the  

service list, providing such things as home 
shopping and hom e banking 

o N ew s services
o Thematic new s and information services 

such as sport, entertainment, travel, etc. 
o On-line gam es
o Bulletin board and chat environments

• Internet World Wide Web access.

In m a n y  in sta n ces  it w ill a lso  b e  p o ss ib le  to  
continue watching the television channel w hilst 
using the interactive service.

Enhanced Television
W ith th e  ab ility  to  b road cast d ata  w ith in  the  
audio /v id e o  stream s, and bi-directional data 
com m unication over the "secondary" connec­
tion, the door is open to a w ide range of new  
applications. Some of the possibilities are:

• Providing the ability to select different camera 
angles at sports events

• D isplaying advertisem ents from w hich the 
user can follow through for more information, 
or even buy

• A b ility  to  d isp la y  a d d itio n a l in form ation  
associated w ith  the television event

• Com plem enting educational programs w ith  
additional material

• Ability to vote on-line in real time.

The services w ill be further enhanced w hen video  
material can be broadcast to com plem ent inter­
active services. This w ill be a major application

once true v id eo  on dem and system s becom e  
a v a ila b le , p articu lar ly  for ed u c a tio n a l and  
instructional applications.

The Delivery of Digital Television
Since broadcasters w ere b u ild in g  the system s, 
it w a s  natural that they  shou ld  d esign  them  
as an evo lu tion  of their analogue systems. This 
approach is also m andated by the commercial 
agreements betw een the film studios and televi­
sion program providers, w ho insist on the use of 
conditional access system s originally designed  
for the analogue systems. Whilst this has dictated 
less than ideal architectural solutions for inter­
active digital television, it has had the benefit that 
digital television can be launched ahead of the 
availability of interactive services.

This section of the paper looks at the basic tech­
nology for the delivery of digital television.

Standards
As previously stated, the industry came together 
to agree on the standards to be used for digital 
te le v is io n . In E u rop e, th is g ro u p in g  w a s  the  
DVB group, which has used existing standards 
w here possib le, and has released m any of its 
docum ents through ETSI, the European Telecom­
m unications Standards Institute.

One of the first fundamental decisions taken w as  
the selection of MPEG-2 as the coding of video  
and audio, and the creation of program streams. 
Elowever, the MPEG-2 standard is too generic 
a n d  to o  w id e  in  sc o p e , an d  D V B  therefore  
provided details on how  the standard should be 
used. As w ell as defining the standards for video  
and audio streams, it has also included the broad­
cast transm ission of data streams. This latter 
covers application areas such as data piping, data 
stream ing, m ulti-protocol encapsulation, and  
data carousels. A  subset of DSM-CC from the 
MPEG standards is defined for layers 2 and 3 of 
the protocol stack.

Other parts of the DVB work covered the techni­
cal specifications of the baseband transmission  
system; for the broadcast of MPEG-2 transport 
stream s ov er  sa te llite , terrestrial broadcast, 
m icrowave, and cable system s, including the use 
of telecom m unications networks such as PDH, 
SDH, and ATM to distribute the baseband signals.
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Most service providers already have a Subscriber 
M anagem ent System  (SMS) that they  are un­
w illin g  to throw away, and Conditional A ccess  
Systems (CAS) tend to be closely guarded secrets 
by the com p anies that ow n  the technology. 
Therefore DVB decided not to standardise on the 
SMS or the Subscriber A uthorisation System  
(SAS) that encrypts and delivers code words that 
enable the descrambler in the STB. However, in 
order to allow  content material to be supplied  
across m u lt ip le  sy s te m s  th e y  d e f in e d  the  
com m on scrambling algorithm, and a com m on  
interface w h ich  can be used  by  the different 
conditional access system s. The latter includes 
an interface to the smart card used by conditional 
access system s.

Even in the basic forms of digital television there 
is the need for som e interaction between the user 
and the delivery system. DVB have therefore 
specified the lower layers of the ISO m odel for 
the use of PSTN, ISDN, and cable networks.

The Principles of Operation
The follow ing is a sim plified description of the 
basic principles behind the delivery of digital tel­
evision.

The Efficient use of Bandwidth
In Europe the bandwidth used for the transmission 
of television services is 8MHz. For analogue  
serv ices th is is u sed  for the tran sm ission  o f a 
single television channel. However, digital tel­
evision uses Quadrature Am plitude M odulation  
(QAM) w ith forward error correction, and w ith  
64QAM  (w here the m odulation  p rov id es 64 
uniquely identifiable states) it is possible to trans­
mit 38Mbits per second over this single 8M Hz 
channel, norm ally referred to as a m ultiplex. 
With MPEG-2 encoding, good quality television  
pictures can be transmitted at around 3.6 to 4.0 
M b /s. In crude terms, therefore, there is a ten­
fold increase in the use of the bandwidth. H ow ­
ever, in practice the situation is more complex, 
w ith  the M PEG-2 stream  conta in ing  not on ly  
television channels, but audio channels and data 
streams as w ill be described below.

In the UK, the G overnm ent has released six  
m ultiplexes for use by terrestrial digital televi­
sion broadcasting. Satellites usually provide a 
number of 33MHz transponders, each therefore

capable of delivering  four m ultip lexes. Cable 
system s usually use bandwidth up to 550MHz 
for analogue transm issions, but m odern net­
works are capable of w orking to 750M Hz or 
above, and therefore have the capacity of provid­
ing many m ultiplexes.

In the near future it is expected that the technology 
w ill m ove to 256QAM m odulation, providing  
another 4-fold increase in the use of available 
bandwidth.

Structure of the Transport Stream
MPEG-2 defines the concept of program  and 
transport streams. A program stream is normally 
associated w ith  a single television channel, or 
m ovie, or individual service. It is a single data 
stream made up by multiplexing any combination 
of elementary com ponent streams: video, audio  
and data. All com ponents in a program stream  
therefore have a com m on time base. A transport 
stream is the basic data stream transmitted over 
the multiplex, and is constructed by multiplexing 
together all the elementary com ponent streams 
associated w ith the services. This can include 
program streams, which w ill be incorporated into 
the transport stream as individual com ponent 
streams.

This provides the m echanism  for carrying a 
n u m b er  o f  se rv ices  an d  data stream s o v er  a 
single m ultiplex, as is illustrated in Figure 1.

The detailed manner in which transport streams 
are constructed is illustrated in Figure 2. Each 
elementary data stream is packetised into PES 
packets, with the header containing a description 
of the data and the number of bytes in the packet. 
The tran sp ort stream  is co n str u c te d  by  
m u ltip lex in g  the elem en tary  data stream s, 
whether provided individually or as part of the 
program streams. The transport stream is itself 
packetised, the payload being the PES packets 
of the elem entary streams. Since the size of a 
transport stream packet is 188 bytes, including  
the header, a num ber of packets will be required 
to deliver each PES packet. The transport stream  
packets that carry the PES packets associated  
w ith a particular elementary stream are given a 
unique Packet Identifier (PID) in their header. 
This allow s the STB to identify and extract the 
necessary packets to reconstruct a particular 
elementary stream.
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Figure 1: Carrying M ultip le Services in a D igital Television Service

Figure 2: The Structure of the Transport Stream
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Controlling the Transport Streams—PSI and SI
From the above, it can be seen that the transport 
streams can carry a bewildering set of elementary 
data streams that the STB must decipher before 
being able to display the service on the TV set. This 
is achieved in the MPEG-2 specification by the use 
of Program Specific Information (PSI), a set of 
tables that are themselves transmitted as elemen­
tary stream s in  the transport stream, w ith  pre­
determined PIDs. These tables allow the STB to 
identify the PIDs of the elementary streams associ­
ated with the requested service, and obtain infor­
mation necessary to demultiplex the transport 
stream and successfully regenerate the transmitted 
program.

at a time, the PAT and SMT tables contain infor­
mation about all the services on all transport 
streams. The servicejd is the key identifier when 
using the tables, as it is throughout the whole 
system. When locating a service, the SDT pro­
vides information about the type and descrip­
tion of the service, and the PAT gives the PID of 
the PMT which contains details of the PIDs for 
the elementary streams of the service. If the serv­
ice is located on the same transport stream, the 
STB can now extract the necessary data streams. 
If the service is not located on the transport 
stream, the transport stream that contains the 
service can be obtained from the PAT or SDT, and 
the location of the NIT can be obtained from the

PID Table Key Functions

0x0000 PAT Program Association Table PID of NIT
PID of PMT associated with each serv icejd

0x0001 CAT Conditional Access Table PIDs for EMM and ECM streams 
Private CA information

Assigned by PAT PMT Program Map Table PIDs of elementary streams for each serv icejd
Assigned by PAT NIT Network Information Table List of transport s tream jd s in network, with 

tuning information
0x0011 SDT Service Description Table List of all serv icejds associated with each 

transport s tream jd  in the network 
Provides associated service type and description 
for each service together with flag if EIT info available

0x0012 EIT Event Information Table Information about events and programs within service
0x0014 TDT Time and Date Table Continually updated time and date

Figure 3: The M andatory PSI and SI Tables

For digital television it was necessary to define 
additional information about the services and 
events being broadcast. DVB therefore defined 
a set of Service Inform ation (SI) tables that 
complemented the MPEG-2 PSI tables. Whilst 
DVB defined a m andato ry  set of tables and 
associated contents, it is also possible for systems 
designers to extend the contents of these tables 
with private SI information. This latter tends to 
be confidential proprietary information as it is 
used to provide additional system functionality 
for service and market differentiation.

The key functions of the PSI and SI tables are 
given in Figure 3, all but the PMT and NIT being 
on predefined PIDs. Remembering that the STB 
can normally only tune to one transport stream

PAT, which then gives details of the transport 
stream, including the details of how the STB can 
tune to that multiplex. This basic operation is 
illustrated in Figure 4.

The CAT table provides information used by the 
conditional access system in the STB. In particular 
it provides the PIDs of the ECM and EMM data 
streams. The use of these data streams is ex­
plained in the section on conditional access.

The DSM-CC Carousel
A key requirement of digital television systems 
is the ability to deliver a broadcast data stream 
for use by applications in the STB. Since memory 
in the STB is usually restricted, it is necessary to 
maintain a continuous repetitive transmission of
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Figure 4: Using the PSI/SI 
Tables to Decode a Selected  
Service

Figure 5: The DSM -CC Data Carousel
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this data. This is achieved by using a carousel. 
The carousel can be loaded with a set of data files, 
which can then be played out continuously in a 
predefined sequence. The data structures are 
loaded into the carpusel in the group, module, 
and data block structure illustrated in Figure 5.

The data is transmitted using Digital Storage 
M edia C om m and  an d  C ontro l (DSM-CC) 
standard protocols. These DSM-CC protocols 
were defined to m anage the transm ission of 
MPEG bitstreams between a server and a client, 
it prov ides service and  session m anagem ent 
layers. It is not intended to explain this complex 
set of protocols in this paper. Details can be found 
in [ISO 13818-6,1994], Again the inform ation 
required to control the stream is contained in data 
structures that are transm itted as part of the 
bitstream.

The basic operation of the carousel is illustrated 
in Figure 5. The presence of a DSM-CC trans­
action  is id en tified  in the d a ta  b ro ad cast 
descriptors in the SDT and EIT SI tables. These 
will point to a stream of DSM-CC data, and the 
transaction_id of a Download-Info-Indication 
(DII) message within that stream. The DII then 
gives details  of the d a ta  blocks associated  
w ith  the carousel in the o rder in w hich they 
are to be extracted. All carouselled data is trans­
ported in fixed size data blocks, a number of 
which make up a data module. This would typi­
cally represent a file for instance. A number of 
these modules can then be associated together 
to form a group, w hich  is the basic structu re  
of da ta  held  on a single layer carousel. More 
complex structures can be handled by a two-layer 
carousel, which has the concept of a super group, 
containing a number of groups.

A number of carousels can be defined in the sys­
tem. The performance of the carousel is depend­
ent on the bandwidth allocated in the transport 
stream, and the volume of data. Too much data, 
or too little bandwidth, will adversely affect the 
latency of the data and lead to poor perceived 
performance by the viewer, unless it is possible 
to cache all the data in the STB.

DSM-CC protocols can also be used to commu­
nicate other data structures to a STB. One appli­
cation used by some systems is to encapsulate

another protocol, particularly Internet Protocol 
(IP). This allows the sending of data to a par­
ticular STB over the broadcast system.

An Architecture for Digital Television
A generic architecture for the delivery of digital 
television services is illustrated in Figure 6. It 
covers all the major delivery systems; satellite, 
terrestrial and cable, but is greatly simplified to 
facilitate the explanation of the principles. The 
expansion  of the functionality  of som e of the 
subsystems within this architecture are shown in 
Figure 7.

The sources of content will be multifarious (tel­
evision channels, music channels, films, etc.), and 
delivered to the system in many different forms. 
In some instances it will be necessary to encode 
this content into MPEG-2 format. This is discussed 
in more detail below. The MPEG-2 encoded 
content is taken as elementary streams into a 
multiplexor, which assembles them into the trans­
port streams. Where the content is protected by 
conditional access, the data in the elementary 
streams is scrambled before being passed to the 
multiplexor. The transport streams are then 
transmitted to the broadcast equipment, where 
they are first modulated using QAM technology. 
In practice the system is usually more complex 
than this, transport streams being taken from a 
main play-out centre via a high bandwidth com­
munications link to a number of local broadcast 
centres, which may have local content injected 
through additional multiplex equipment located 
in the local broadcast centre.

The STB contains the technology to tune into a 
transport stream and extract the elem entary 
streams for the selected service. These streams 
are then decoded and converted into the audio / 
video signals required to connect into a conven­
tional television set. If the digital stream has been 
scrambled, the conditional access system is used 
to determine whether the end user has the right 
to access the content, and descramble the signal 
before decoding the stream. The STB is currently 
specific to the service provider and the method 
of broadcasting the service, but in the future we 
can expect to see some of the functionality re­
quired to receive digital television integrated into 
the television set.
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Figure 6: Generic Architecture for D igital Television System

Figure 7: The D elivery of D igital Television
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Since all broadcast delivery systems are subject 
to noise being present, it is necessary to apply 
forward error correction to the data stream. The 
transport streams therefore incorporate tech­
niques such as Reed-Solomon codes to allow the 
STB to recover the data.

The other subsystems shown Figures 6 & 7 are 
then used to control this main data flow of con­
tent. The following paragraphs give an overview 
of their role in the Architecture. A more detailed 
explanation of their operation is given in later 
sections.

The basic function of the scheduler is to allocate 
bandwidth in a transport stream for each service, 
this bandw idth  being allocated for a specific 
duration. For turnaround television channels this 
allocation will be for as long as the service is 
broadcast, but for services such as Near Video 
On Demand (NVOD) it is necessary to schedule 
every showing of the event.

The scheduler also allocates a product identity, 
service_id, for each channel or event to be broad­
cast in the service, which is used by the Subscriber 
M anagem ent System (SMS) and Conditional 
Access System (CAS) to control the entitlement 
of end users to watch particular channels and 
events. It is also embedded in the EPG data so 
tha t w hen  the subscriber selects to w atch  a 
particular program, the STB has the key to ac­
cess the SI data required to extract the program 
stream.

The scheduler and CA systems also work together 
with the broadcast control system. This latter 
creates the PSI and SI tables, which are output as 
elem entary  stream s to the m ultiplexor, and  
controls the playout of the services. The EIT 
table will include some or all of the EPG data, 
although some systems will use carousels. The 
content suppliers or a program listings agency 
provide the EPG data. This data is normally man­
aged through the scheduler, since the data must 
be synchronised with the broadcast playout.

Whilst a basic digital television service only re­
quires the transport streams broadcast to the STB, 
most systems are providing services that require 
a return communications path from the STB. One 
example is the "on-line" impulse buying of a PPV 
event. Once the event has been bought and 
watched, a data record must be sent from the STB

to the SMS in order to bill the end user. For satel­
lite an d  terrestrial b roadcast system s, this is 
usually by modem connection through the end 
users telephone connection. For cable customers, 
this is h an d led  th ro u g h  a separate  functional 
connection on the same cable connection as the 
broadcast signal.

The only way the system could work without this 
return path for basic digital television services is 
for the subscriber to call the service provider by 
telephone and request to watch a particular event. 
The service provider can then send the entitlement 
to watch the event to the STB through the CA 
system, and initiate the charge to the subscrib­
er's bill. This is exactly how most analogue PPV 
systems operate today.

The Set Top Box (STB)
In its basic form, the function of the STB is to tune 
into the multiplex and extract the elementary 
MPEG streams for the selected program, and then 
decode the streams into video and audio signals 
that can be seen and heard on a conventional 
television set. The processing and  m em ory  
requirem ents for the basic functions are quite 
m odest, an d  can be achieved w ith  a low  cost 
solution.

Another key function is to control the access 
to the program s. W hilst the major television 
channels from the BBC are "free to air", all 
other m aterial m ust be paid for in m onthly 
subscriptions or on a pay per view basis. The 
conditional access system used to m anage the 
access to the program s is described in detail 
below. The process involves the use of a sm art 
card in the STB. W ithout this card the STB is 
often inoperable, and certainly w ould  not be 
capable of decoding anything other than "free 
to a ir" television channels. There are also 
conditions laid  d o w n  by  som e film  stud ios 
to apply copy protection mechanisms.

User control over the STB functionality is nor­
mally provided by a remote control, using infra 
red (IR) to com m unicate w ith the STB. Basic 
operations are usually also provided on the front 
panel of the STB.

The other key function of the STB is to provide 
an electronic program guide.
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The software in the STB is complex and will re­
quire modifications and enhancements over time. 
Most STBs therefore have a minimal set of em­
bedded code that controls the downloading of 
the software from a data stream in one of the 
transport streams.

The Electronic Program Guide (EPG)
The EPG is a key application p rovided  by all 
digital television services. It not only provides 
information about what is on now and on next, 
but also provides full details of all programs and 
services that will be broadcast over the next few 
days. Often this will include subsidiary infor­
mation about the program or event. The amount 
and depth of data available is dependent on the 
amount of bandwidth that can be spared in the 
broadcast transport streams, and the amount of 
caching available in the STB. The minimum now 
and next information of all programs must be 
included in the EIT table on every multiplex, but 
if a rich amount of information is required for all 
programs and events to be broadcast over the 
coming week, it is likely to be broadcast from 
carousels and would need most of a multiplex 
unless a significant amount of caching was avail­
able in the STB in order to reduce latency.

The EPG not only provides information about the 
programs, but is also used as a prime navigation 
tool through the services. With the very large 
number of channels and events that will be broad­
cast, it is necessary  to p rov ide  user-friendly  
methods of finding and accessing the programs. 
This is achieved using the remote control and 
navigational help built into the EPG. More so­
phisticated EPG programs provide the ability to 
set up viewing requirements for several days to 
come, and a system to alert the viewer that a 
selection is about to start.

Conditional Access
The overall system design of any subscription 
television service is dominated by the security 
systems required to prevent unauthorised access 
to the system and the broadcast content. Since 
this is a running battle betw een the systems 
designers and the hackers, much of the detail is 
kept secret. The key system s are housed  in 
secure rooms, and only those who really need to 
know are in possession of all the details. This 
section can therefore only describe the basic 
mechanisms that are in the public domain.

The MPEG-2 elementary streams are scrambled 
using a common scrambling algorithm defined

Figure 8: The Basics of Conditional Access
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by DVB. It is therefore necessary for the STB to 
have a control word with which to descramble 
the stream  before it can be decoded into the 
audio and video signals required by the televi­
sion. The function of the CAS is to manage the 
scrambling of the elementary streams and the 
passing of the unscrambling key to specific STBs. 
This overall process is illustrated in Figure 8.

that service_id, and the information from the 
entitlement and ECM is sufficient to enable the 
descrambler.

Content Sources
The content will be supplied from a number of 
sources, as described in the following sections.

The system makes use of the Entitlement Control 
Message (ECM) and the Entitlement Manage­
ment Message (EMM) specified in the MPEG 
standards, although much of the content of these 
messages remains private and secret.

The ECM contains specific CA information about 
the scrambling of the program stream. The ECM 
is broadcast on its own PID synchronously with 
the program it refers to. The ECM is repetitively 
broadcast during the program, and the condi­
tional access content is often dynamic in nature.

EMMs are also broadcast, but are addressed to a 
specific STB or smart card. The SMS knows the 
STB or smart card identity, and can therefore send 
an EMM to a particular custom er through the 
SAS in the CAS. EMM's can be used to send 
information and control a num ber of functions 
in the STB, for instance when to send informa­
tion back about the viewing of PPV events, and 
where to send it. The EMM is also used to send 
the STB an entitlement to watch a particular pro­
gram or service, referenced by the service_id.

When the viewer requests to watch a channel or 
programme that has been scrambled, the STB 
checks to see whether an entitlement is available 
for that particular service_id. If it is available the 
STB will use the SI tables to find the ECM for

• Turnaround television and radio channels 
th a t are su p p lied  by  th ird  p a rty  m edia  
com panies. These m ay  be delivered  via 
cable, terrestrial broadcast, or satellite. The 
service provider does not change this content, 
but schedules it into a transport stream.

• Near Video on Demand (NVOD) events that 
are p layed  out from  servers w ith in  the 
p layout system  under the control of the 
scheduler and broadcast control system. The 
film material is usually delivered on tape and 
will need to be encoded into MPEG-2 before 
being loaded onto the delivery servers. These 
processes are controlled through the asset 
manager in the content control system. See 
Figure 7.

In analogue systems, bandwidth restrictions 
mean that films and any other PPV events 
have to be broadcast at specific scheduled 
times. With NVOD the user is given more 
choice about when he watches a program. 
The availability of m any video channels 
means that a number can be dedicated to the 
repetitive showing of events. For "block­
buster" films, several channels can be allo­
cated to a single film, thus allowing a show­
ing to start every 15 minutes or so. This is 
illustrated below in Figure 9.

stream n

stream n+1

stream n+2

stream n+3

gap

showing 1 showing 5

showing 2 showing 6

showing 3

stagger
offset

showing 7

showing 4

overtime
period

showing 8

restart offset

NVOD period

Figure 9: The Playout of a S ingle Film using N V O D
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• Details of turnaround channel programmes 
are received from listings agencies, which are 
used as raw EPG data. Information about the 
films and PPV events is provided by the con­
tent providers, and again fed into the EPG 
data files that are managed through the con­
tent management system.

Adding Interactive Services
In the above we have seen how a basic digital 
television service works. As described, this is a 
natural evolution from the analogue broadcast 
systems providing subscription and PPV services. 
We shall now consider how interactive services 
can be added to the system.

Client-side Applications
With suitable processing and memory resources 
in the STB, it is possible to download software 
and data for a specific application w hen that 
service is selected by the user. This can then use 
additional data broadcast on carousels, or different 
elementary streams, to give a range of interactive 
services, albeit the interactivity is at the client 
level in  the STB. In this w ay  it is relatively 
simple to provide services such as the selection 
of different camera angles at sports events, and 
the real-time provision of information about the 
event, all selected by the viewer.

In order to provide more sophisticated client-side 
applications it is necessary to find efficient ways 
of han d lin g  the p rogram m atic  and  d isp lay  
rendering services in the STB. This has led to the 
d evelopm en t of STB m idd lew are  such as 
OpenTV. These protocols reduce the bandwidth 
requirements and the processing and memory 
requirements in the STB.

This m ethod is mainly used where there are 
restrictions on the use of a reverse channel, for 
instance where the STB needs to make a dial-up 
call on  the users telephone service. This is 
currently the case with the satellite and terrestrial 
broadcast of digital television. The applications 
operate mainly within the STB, and only require 
connection to the servers when a transaction is 
required such as com pleting an e-commerce 
(shopping) transaction.

The number and scope of applications that can 
be offered in the service are restricted by the 
broadcast bandwidth that can be allocated.

Server-side Applications
Client-side applications will always be restricted 
by  the b an d w id th  requ irem ents an d  by  the 
specific characteristics of the m iddlew are. In 
particular these characteristics make it difficult 
to provide access to services such as the Internet 
World Wide Web. It also m akes d em an d s on 
the  content providers to conform to a specific 
set of applications that are very different from 
their Internet activities.

The answer to this is to provide a fully integrated 
set of server-side applications and functions 
through a bi-directional communications path. 
This "secondary" communications path will be 
called the return path for the remainder of this 
paper. The return path could be through a dial­
up  te lephone connection , a lth o u g h  th is is 
problem atical for a television environm ent. 
Whilst users accept the need to connect a PC 
through a modem on their telephone service, it 
is less acceptable for a television service. This is 
one major advantage that a cable system has over 
the other service providers; the return path can 
be provided over the same cable that is providing 
the broadcast service.

U sing such  a re tu rn  path , a full in teractive 
environment can be added to the digital televi­
sion system as shown in Figure 10. This system 
can provide a full service as would be expected 
from an ISP; e-mail, hosted applications and serv­
ices, and a portal to the Internet. The main re­
quirement is that the STB can support an EITML 
browser.

This type of system has many advantages over a 
client-side only system, and can still provide the 
same class of client-side applications if required. 
Where there is a permanent connection to the 
Interactive Service System it is possible to have a 
richer set of functions in support of the user. In 
particular, the service can support a number of 
personalised services to a num ber of nam ed 
individuals in the household. This is achieved 
by a close in tegra tion  w ith  the SMS.
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Figure 10: A dding Server-side Interactive Services to a D igital Television Service

The Interactive System is essentially a combina­
tion of an ISP service and a Web server. It also 
has the ability to connect to the In ternet to 
provide access to the World Wide Web. The 
main difference for a content provider is that for 
the best display on the television screen, their 
HTML content may need to be re-purposed. 
This can be done on-line in real time by content 
re-purposing machines, but at the moment these 
are still rather inefficient. In practice it is better 
to produce new screen templates that display 
the content more advantageously on a television 
screen. The system therefore needs to provide 
content management services that allow content 
to be re-purposed and published onto the content 
servers, together with direct communications 
w ith content providers sites to allow real time 
loading of time critical data.

The Return Path
Even in the case of the basic digital television 
service and client-side interactive applications, 
there is a need for a return communications path 
from the STB for infrequent data communica­
tions. In satellite and terrestrial systems, this is 
provided by dial-up connections over the user's

telephone connection, using a modem in the STB. 
As already stated, it is possible to make infrequent 
use of this type of connection for essential trans­
fer of data, and the completion of transactions 
such as for home shopping and home banking. 
However, it is not a preferred method for con­
nection to a full server-side application environ­
ment in an interactive digital television system, 
unless a second telephone line connection is 
available in the home. Where such a connection 
is made, it is managed in the same way as by any 
other ISP.

This is a major advantage of the cable system. 
The cable can provide a permanent connection 
over a different set of frequencies, typically 2MHz 
channels in the range 5 to 130MHz. There are a 
number of methods in use for the purpose, but 
all can be considered as providing a LAN type 
connection for a community of STBs. The number 
of STBs supported on a segment of this network 
is determined by the activity level of the users, 
and the bandwidth of local connection. Typically 
the LAN connection provides 3Mb /  s for both 
downstream to STB, and upstream to the inter­
active system. The activity level of real users 
in interactive digital television systems is still the
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big unknown, and w ill be the subject of m uch  
m easurem ent in the early deploym ent of inter­
active digital television system s.

The Additional Requirements for the Set 
Top Box
W hether the STB is supporting client-side or 
server-sid e  in teractive ap p lica tion s, there are 
significant requirem ents over and above those  
required for a basic digital television  system . 
This is in both processing pow er and m em ory 
requirements, and represents a cost premium  for 
the support of interactive applications. However, 
this is already becom ing less o f an issu e  w ith  
the continuing technological cycle of increasing 
capability and reducing costs.

T he in teractive  a p p lica tion s a lso  d em a n d  a 
so p h istica ted  m id d le w a r e  so lu tio n , w h ic h , 
together w ith the EPG application, have been one 
of the m ost difficult parts of the system  to im ple­
m en t, an d  the cau se  o f m o st o f the d e la y s  in  
deploying interactive digital television system s.

Where there is a restricted return path and the 
need to deliver virtually all data over the broadcast 
streams, designers have looked to use efficient 
middleware solutions such as OpenTV. However, 
this requires special applications to be written, 
and content providers m ust work within these 
templates. Where the return path is always open, 
such as in cable system s, the trend is to use  
m id d lew a re  that h an d les  HTM L form atted  
content. The STB p rov id es a basic brow ser  
functionality. This facilitates the use of existing  
content from suppliers w ho run their ow n Web 
sites, and the ability for the STB to access WWW  
content on the Internet.

Some of the interactive services are difficult to 
use w ith a sim ple remote control, particularly if 
it is necessary to input text. A  keyboard function  
is required, particularly for applications such as 
e-mail. W hilst it is possible to use "on screen" 
virtual keyboards, or m ultiple key presses such 
as are used on m obile telephones, these are no  
substitute for a real keyboard. We are therefore 
seeing the emergence of IR linked remote keyboards 
in som e interactive digital television services, 
synergistic w ith the normal habits of watching  
television, where the view er is usually som e 2-3  
metres away from the television screen.

Managing Content in the System

The system  as described has separate content 
m an agem en t sy stem s for the linear conten t  
typ ica l in  a b road cast en v iro n m en t, an d  the  
interactive content typical of an Internet Web 
service. However, it is also necessary to consider 
how  to integrate these system s together to pro­
vide a range of m ixed system s. Som e of the situ­
ations that w ill need to be managed are discussed  
below.

• The ability to provide enhanced television  
services, w h ere the telev ision  service m ay  
include an application to m anage a number 
o f  d ifferen t v id e o  ch a n n e ls  (for in stan ce  
different camera angles at a sports event), or 
include access to additional information, or a 
link to a Web site.

This requires "triggers" to be inserted in the 
MPEG-2 streams that provide prom pts to the 
en d  user, as w e ll as details o f h o w  to locate  
the additional data. These triggers n eed  to 
be synchronised w ith the video stream and, 
if the data is broadcast, this m ust also be syn­
chronised.

Some of the synchronisation issues are relaxed 
if the data can be delivered over the return 
path from an interactive server. In this case it 
is necessary that the triggers can be inter­
preted by the STB to where the data can be 
found.

If the data is accessed through the interactive 
servers, th en  co -op era tive  p rocesses  are 
necessary between the two content m anage­
ment system s. Currently this is m anaged by 
manual processes, but in future w e can expect 
som e of these processes to be automated.

Enhanced TV services w ill be produced by a 
number of studios, for delivery by a number 
of digital TV service operators. It is therefore 
necessary to have standards. Currently there 
are groups in ATVEF (Advanced Television 
E n h an cem en t Forum ) an d  D V B  w o rk in g  
on the necessary standards, but until they 
have com p leted  their w ork, a num ber of 
proprietary system s are being used by the 
service operators.
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• The ability to m anage the insertion of adver­
tisements, whether into the broadcast video  
streams, or through banners in the interactive 
services.

The insertion of advertisem ents into video  
streams is handled in much the same w ay as 
en h an ced  TV. Banner ad v ertisem en ts  are 
normally delivered by an advertising server 
in the interactive system, using standard Web 
techn ology. T hese ad vertisin g  servers are 
capable of delivering banner advertisements 
accord in g  to  con figu rab le  b u s in e ss  ru les, 
related both to the rate of delivery and to 
w hom  they should be delivered.

• The ability to access streaming content such 
as video or audio from an interactive service. 
This is an enhancement of interactive content, 
w here the enhanced content is delivered  
through the broadcast streams. It is the inverse 
of enhanced TV from a content m anagement 
perspective.

In all cases, decisions m ust be taken as to whether 
the content should be delivered by broadcast 
streams, or accessed from the interactive servers. 
This is a com plex question w h ich  is d ependent  
on the availability of broadcast bandwidth, the 
bandwidth in the return path, and the caching ca­
pabilities of the STB. In general, the interactive 
servers give access to more data in an applica­
tion but, if a small number of screens are very  
regularly accessed, it m ay be worth delivering  
the content over the broadcast streams.

In those system s using a dial-up return path, the 
general principle is to use only the return path 
w hen necessary. This is because it probably uses 
the end user's only telephone line. Apart from 
clashes in use, it also involves telephone charges 
to use the return path, and has an initial latency 
associated with dial up and authentication. This 
leads to virtually all content being delivered in 
the broadcast streams.

The m a n a g em en t o f in teractive  con ten t w ill  
depend upon the m iddleware supported by the 
STB. For the class of m id d lew are (such  as 
OpenTV) that is orientated towards the efficient 
delivery of content data over the broadcast 
streams, it is likely that the content provider will 
have to enter material into specially commissioned

applications. Such m aterial is unlikely  to be 
obtainable directly from HTML content on a 
Website.

Where the STB provides an HTML engine and 
brow ser, it is p o ss ib le  to  m ak e d irect u se  o f  
content produced for a Website. However, the 
TV screen has different display characteristics to 
a PC m on itor  for w h ic h  m o st  W eb s ite s  are 
designed. It has lower resolution, less active area 
on the screen and different colour characteristics. 
Once interactive digital TV has becom e estab­
lish ed , I am  sure that conten t providers w ill 
design their applications to be effective in both 
environments. Until then, for key services, it is 
likely that the screen templates will be redesigned 
for the TV environment.

A  n u m b er o f su p p lie r s  h a v e  d e s ig n e d  re­
purposing proxies, which are intended to provide 
real-time transformation of HTML content for 
more effective display on a TV screen. However, 
th ese  sy ste m s are still so m e w h a t lim ited  in  
their capability, and are com putationally very 
in ten se . H o w ev er , th ey  d o  h a v e  a p lace  in  
situations where efficient caching is possible.

Finally the system  m ust provide all the tools 
found in the content m anagement system s of any 
large interactive service provider hosting content, 
such as AOL, M SN, etc.. There m ust be facilities 
for the off-line delivery of content to the service, 
together with authoring, editorial control, staging, 
and delivery of content to the live servers. It is 
also necessary to provide live data feeds where 
real-time updates of data content are required 
such as in new s and sports services. Many of 
these concepts were covered in [EDWARDS and 
STEELE, 1999].

Managing the Subscriber in the System
Apart from the ability to receive "free to air" 
television  program m ing from terrestrial digital 
television  broadcasts, all other services w ill be 
provided  on  a subscription and pay per v iew  
basis. This requires the end user to enter into  
an agreem ent w ith  the service provider, w h o  
w ill then bill the custom er on  a m onth ly  basis. 
This is the role of the SMS.

In the case of the satellite and cable operators, 
they have existing Subscriber M anagement Sys­
tems that support their current services. A  key
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system s design requirement has been to use this 
legacy system to manage the digital television sub­
scribers. This w ill allow  the service operators to 
m anage the transition from analogue to digital 
services.

The Subscriber Management System
As a m inim um , the SMS m ust provide the fol­
lowing:

• Setting up an account for a new  subscriber 
on receipt of an order

• M anaging the installation of the STB, and the 
provisioning of service entitlem ents in the 
STB

• A billing system that will handle subscriptions 
and any charges for discretionary use of the 
services, such as PPV events and interactive 
services that m ay be charged on a metered 
basis

• M anaging the account on an ongoing basis. 
This w ill include changes to the service as 
requested by the subscriber, handling the pay­
m ents, credit control, etc.

• A customer service desk for subscribers to call. 
This help  desk  not on ly  answ ers general 
queries, but also hand les m any aspects of 
account management. For subscribers, this 
is the hum an face of the service, and it is 
essential for the service operators to get this 
right. A key business metric for all service 
operators is the percentage of subscribers they 
lose. A  good customer service desk can help  
m inim ise subscriber churn

• Financial system s, including reconciliation  
w ith content providers.

In order to achieve the above, it is necessary for 
the SMS to have full details of all the "products" 
and services, including their price. This is used 
not only to manage the entitlements of an account, 
but also to provide the information to the billing 
system  for the charging of discretionary services.

Where the service provider supplies the STB as 
part of the contract, the SMS w ill also provide an 
asset control system.

The delivery system s are capable of collecting a 
large am ount of data. A s a m inim um  there w ill 
b e  gen era l d ata  a b o u t th e  u se  o f  th e  sy ste m  
bu t, increasingly , data  w ill  b e  in c lu d ed  about  
individual user activity in the system. It w ill also

be possible for the system  to collect information 
about users through interactive dialogue w ithin  
an application. The m ain uses of this data w ill 
be:

• Financial— provid in g  the data required to  
bill subscribers for discretionary spend, and  
to  h a n d le  th e  com m ercia l an d  fin an cia l 
arrangem ents w ith  content providers

• Operational—providing information on the 
d ata  traffic in  th e  n e tw o rk s , an d  th e  u se  
b e in g  m a d e  o f  th e  eq u ip m en t. T h is is  an  
essential tool for assessing performance and 
serv ice  le v e l a g reem en ts, an d  m a n a g in g  
capacity planning in a tim ely manner

• Marketing—providing information on the use 
o f  serv ices  that can  b e  u se d  for serv ice  
planning, and eventually providing detailed  
end user profiles. Information about the end  
u sers  w ill  b e  u se d  for m a n y  m ark etin g  
purposes

• Personalisation— the use of data to provide  
personalisation of the services w ill be a grow­
ing trend, and is covered in more detail be­
low.

Subscriber Facilities
In the original analogue services, subscribers 
had few  facilities at their d isposal. A n y  service  
queries had to be handled  in person, b y  post, 
or by telephoning the help desk. H owever, w ith  
the introduction of interactive digital television, 
m any m ore facilities w ill be available through  
the serv ice  itself. E xam ples o f  the facilities  
offered by  the system  are:

• Tutorials and H elp— the tutorial is normally 
aimed at first time users and delivered as a 
broadcast stream. H elp is provided as refer­
ence information which can be accessed at any 
time. This can be provided w ithin a broad­
cast stream, but is more effective if delivered  
as an interactive service, particularly if access 
to the files is context sensitive

• Electronic Program Guide
• M anaging m ultiple users of the STB. Some 

system s allow  a number of users w ithin an 
account to be identified in the system . This 
not only provides for a more personalised  
system, but allows the account holder to apply 
som e control over the activities of the other 
users. Exam ples are parental control and 
budgetary control over discretionary spend
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• Parental control over the use of the system
• Self-provisioning, where the user can request 

a n d /or  activate a change of service from an 
on-line application

• On-line billing, where the account holder is 
informed through the television screen that 
the bill is ready and can be d isp layed  on  
demand. Provision can also be m ade for the 
account holder to pay the bill by using a credit 
or debit card if a direct debit mandate has not 
been agreed.

All these facilities are aimed at im proving the 
service as perceived by subscribers, and have the 
a d d e d  b en efit  o f red u c in g  th e  lo a d  o n  the  
cu stom er serv ice  d esk . W h ilst the cu stom er  
service desk is still required, it is expensive for 
the service providers to run it and reducing the 
dem and helps reduce costs.

The System Data Object Model
The sy ste m  en h a n cem en ts  d escrib ed  ab o v e  
require a more sophisticated data m odel than that 
used in the analogue Subscriber M anagem ent 
Systems. Because of the necessity to maintain the 
SM S legacy, a d d itio n a l facilities h a v e  to  b e  
provided by the interactive system and client-side 
applications in the STB. In general the interactive 
environment m ust mirror part of the SMS data 
m o d e l, a n d  th en  b e  e x te n d ed  to  p ro v id e  the  
additional facilities associated with the registered 
users on an account. This can be complicated by 
having more than one STB on an account, and 
h a v in g  th e  n e e d  to  track the p rod u cts  and  
entitlements to support functions, such as self­
provisioning. This requires that the interactive 
system  be built around a database which encom ­
passes the required system  data m odel. This is 
e x e m p lif ie d  b y  the m em b ersh ip  server  in  
Microsoft's MCIS (Microsoft Commercial Internet 
Server), w h ic h  is  d e p lo y e d  in  a n u m b er  o f  
system s in the UK, although Oracle also has an 
e q u iv a len t sy ste m  d e p lo y e d  in  the sa te llite  
system.

Personalising the Service
W ith the extend ed  facilities b e in g  offered b y  
interactive d igita l telev ision , it is possib le  to 
b e g in  to  " p erson a lise"  th e  serv ice . W h en  
entering som e o f the services, the users w ill  
be requested to identify them selves against the

list o f  registered  users for that account. Where 
necessary the identities will be authenticated with  
P IN  num bers. K n ow in g  the id en tity  n o t o n ly  
a llow s controls to be applied  such as parental 
controls, but also allow s the interactive services 
to communicate with an individual known in the 
system  database.

Initially, the system s are likely to be sim ple but, 
over time, they w ill be able to accumulate infor­
m ation about the users. This information can 
then be used by applications to deliver more ap­
propriate content, or to make suggestions about 
content from the wealth available, which may 
otherwise be difficult for the user to locate.

The Future
This paper has concentrated on describing the 
basic technologies, and general system s princi­
ples being deployed for the first generation of 
interactive digital television services. However, 
with the experience gained from the operation 
of these early system s, and the ability to deploy  
even more advanced technology, it is expected  
that the system s (and services they can deliver) 
w ill develop rapidly over the next few  years. In 
particular, the follow ing can be expected.

• More efficient use of broadcast bandwidth by 
using 256QAM m odulation (and above), and 
the availability of more m ultiplexes as the 
analogue channels are turned off. This addi­
tional bandwidth will be used to supply more 
con ten t, n o t n ecessar ily  m ore te lev is io n  
channels, but more enhanced TV channels or 
more choice of pay per view  events, etc..

• The introduction of true Video On Dem and  
(VOD) services, particularly on  the cable 
n etw o rk s  w h ic h  can  h a n d le  th e  real tim e  
control of VCR-like functions of start, stop, 
pause, rewind, and fast-forward.

• A  rich source of enhanced television services 
w ill appear, incorporating increasing levels of 
interactive content. Some of the key genres 
exploiting the system  are likely to be sport, 
entertainment, and education.

• The emergence of a more interactive service, 
where the user can control m any aspects of 
the overall service.
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• Increasing use of the interactive services for 
access to information, electronic commerce, 
etc..

• The emergence of more integrated system s. 
In particular the integration of the broadcast 
and interactive system s, m aking more use of 
the return path to control the STB rather than 
d e p e n d in g  on  th e  trad ition a l broadcast  
methods. This w ill provide the feedback from  
the STB that is m issin g  from  the current 
broadcast systems, making for a more efficient 
system . This w ill require a rethinking of the 
conditional access system s and the acceptance 
of the m edia studios.

• The only other return path technologies that 
provide the imm ediate on-line capability of 
the cable system  are ISDN and ADSL. They 
are also both independent of the customers' 
telephone service. However, it still remains 
to be seen whether these technologies can be 
deployed at a cost commensurate w ith a mass 
consumer market.

Conclusions
This paper has covered the general principles 
behind any interactive digital television system. 
However, there are som e significant differences 
betw een the different broadcast system s (cable, 
satellite, terrestrial) and their associated return 
paths. In the UK, the satellite service, and to a 
lesser extent the terrestrial service, has stolen a 
march on the cable com panies, and is m aking a 
significant market penetration. But w ith all three 
system s ev en tu a lly  b e in g  availab le  to m ost  
hom es, there is likely to be som e confusion in the 
m arket. W hat happ en s next w ill very  m uch  
depend on consumer education and the popularity 
of interactive services to a television audience. 
There is no doubt that for the delivery of enhanced 
and interactive television the cable system s have 
an inbuilt advantage, but it remains to be seen  
whether they can exploit this advantage in the 
market place.

Glossary
CA(S) Conditional Access (System)
DSM-CC Digital Storage Media Command and 

Control
DVB Digital Video Broadcasting

ECM Entitlement Control Message
EMM Entitlement Management Message
EPG Electronic Program Guide
ETSI European Telecommunications Standards

Institute
HTML Hyper Text Mark-up Language
IP Internet Protocol
IR Infra Red
ISP Internet Service Provider
MPEG Moving Picture Experts Group
NVOD Near Video on Demand
PID Packet Identifier
PPV Pay Per View
PSI Program Specific Information
QAM Quadrature Amplitude Modulation
SAS Subscriber Authorisation System
SI Service Information
SMS Subscriber Management System
STB Set Top Box
VOD Video on Demand
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Internet Shopping Services
Stephen F. Picken

ICL, Kidsgrove, UK

Abstract
This paper is an overview of an approach that ICL is taking in order to deliver Internet shopping 
services using Microsoft Site Server 3.0 Commerce Edition. The influencing factors and the busi­
ness drivers to the approach are also presented. The approach is derived from the requirements for 
reducing cost of development, reducing time to market, increasing flexibility of the user interface 
and use of industry standard components. The resultant technical architecture is one that is flexible 
enough to meet the needs of a variety of Internet shopping scenarios, from single shop Web sites to 
shopping malls. Central to the approach is the belief that an Internet shopping solution should be 
delivered to the customer as an on-going service, rather than a one-off product. Furthermore, the 
solution must be able to respond to a particularly dynamic environment, in which the demand of 
both business and shoppers for Internet shopping services are becoming more sophisticated all the 
time.

Introduction
ICL has been build ing Internet shopping sites 
s in ce  1995, an d  in  th at t im e  h a s  p r o v id e d  
services to prestigious clients such as the BBC, 
the A rcad ia  G rou p , M acm illan  P u b lish ers, 
R o lls-R o y ce , W o o lw o rth s, W aitrose and  
Northcliffe Publishers. ICL's partners in deliv­
ering Internet shopping services include NatWest 
Bank for paym ent services and Microsoft for the 
technology platform. A great deal has been learnt 
about what makes a good Internet shopping site. 
This paper draws on som e of these experiences, 
g a in ed  from  b u ild in g  s ite s  u s in g  a var ie ty  o f  
platform technologies, to present an overview  of 
how  to provide Internet shopping services using  
Microsoft Site Server 3.0 Commerce Edition.

Businesses are turning to the Web as an alternative 
sales channel for their goods and services. These 
businesses can choose from a bewildering array 
of inexpensive 'off-the-shelf' products that enable 
a business to build its ow n commerce enabled 
W eb s ite  from  p re-b u ilt 'starter sh o p s'. T he  
in itia l co st o f  the licen ce  for su ch  p ro d u cts  is  
o ften  lo w  in  co m p a riso n  to  th e  tota l co st o f  
ownership of the Internet shop. The total cost of 
ownership includes the design of the look and 
fee l, in teg ra tio n  in to  th e  e x is t in g  b u s in e ss  
processes, deploym ent to a live service and on­
going m anagem ent of the site.

The fast moving nature of the electronic commerce 
business and the speed of change m eans that 
m any businesses cannot afford the effort needed  
to keep pace w ith  the latest developm ents, or to 
provide on-going maintenance of a Web site. The 
solution is to purchase a service that includes the 
sp ec ifica tion , im p lem en ta tio n , d e p lo y m e n t, 
hosting and management of the site. The total cost 
of ow n ersh ip  w ill be m ore transparent as it 
sh o u ld  b e  d e fin e d  in  th e  agreem en t w ith  the  
service provider.

Thanks to its highly interactive nature, the Web 
provides new  ways of engaging the customer that 
are not possible w ith other media. A  successful 
Internet sh o p  e x p lo its  th is ad v a n ta g e . For 
exam ple, M icrosoft Site Server 3.0 Com m erce 
Edition has features that enable a well-constructed 
Internet shop to suggest another product that the 
customer may be interested in purchasing, based 
on the contents of their shopping basket and the 
purchase history of other shoppers. However, 
there is a risk of exploiting Web technology for 
its ow n sake, rather than keeping the needs of 
the shopper as the top priority. Technical con­
sultancy provided as part of the service assists 
the b u sin ess in  m aking the right technology  
choices for its target market, to ensure that the 
w idest possible audience can use the site.
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M an y b u s in e sse s  that are n o t trad ition a lly  
considered to be retailers are realising the vast 
potential of the Web and looking to build Internet 
shopping sites. Examples include publishing and 
m ed ia  b u s in e sses , sc h o o ls  an d  c o lle g es  and  
government departments. Such businesses rely 
even more on service led solutions that include 
an elem ent of consultancy as part of the solution  
to help them understand not only the Internet, 
but also how  to use it to sell their products and 
services using the m edium . The needs of these 
businesses are driving much of ICL's activity in 
the In ternet s h o p p in g  serv ice  b u s in e ss , in  
addition to providing a service to the larger, more 
established retailers.

Business requirements
This section presents the requirements that led 
to the approach described in this paper.

Reduction of development costs
It w a s  clear early  o n  in  the d e v e lo p m e n t o f  
bespoke Internet shopping services that there 
w ere m any requirem ents com m on from  one  
project to the next, and the d eve lop m en t o f a 
com pletely bespoke solution for each customer 
w as unnecessarily time consum ing and costly. 
Re-use of a core technology platform w as estab­
lished to reduce costs and time to market.

Reduction of time to market
Time to market is crucial to the developm ent of 
Web sites in general. The speed of change in Web 
technology m eans that businesses have had to 
react to the new  m edium  very quickly. The need  
to deliver a live Internet shop in six to tw elve  
w eeks is commonplace. The developm ent of the 
grou p  o f W eb sites  for N orth cliffe  E lectronic  
Publishing in early 1998 demonstrated that this 
c o u ld  be a c h iev e d  m ore r e a d ily  by  u s in g  
Microsoft Site Server instead of ICL proprietary 
technology.

Use of industry standard components
Selection of a core technology platform that is 
established as an industry standard has several 
ad v a n ta g es. O thers h a v e  a lread y  u se d  the  
technology, and problems are more likely to have 
already been identified. A good support network

is a lso  lik e ly  to b e  a va ilab le  b o th  from  the  
product supplier and also the wider developm ent 
community.

The platform  chosen  for the develop m ent of 
Internet shops also needed to provide function­
ality to support a variety of other Web services. 
This is important because m any Web sites offer 
m u ch  m ore  th an  s im p ly  Internet sh op s; th ey  
offer other serv ices su ch  as n e w s  stories, chat 
areas an d  c la ssified  a d v er tis in g  serv ices. A n  
example is the group of Web sites developed for 
N orthcliffe Electronic Publish ing, referred to  
earlier.

Application Flexibility
Internet shopping services offered by ICL range 
from the provision of single Internet shops, such  
as the BBC Shop, through Internet shopping malls 
such as Buckingham Gate, to Internet business 
parks such as TradeUK. This diversity in cus­
tomer needs led to the requirement for a standard 
technical platform able to support a variety of 
Internet shopping based applications.

Potential for Change
The need for Internet shopping Web sites to grow  
w as identified, as it w as thought that m any busi­
nesses w ould  want to join a shopping mall as an 
experiment, and m ove into their ow n Web site 
o n ce  th ey  w ere  estab lish ed . This led  to  the  
requ irem en t that the architecture sh o u ld  be  
designed so that a retailer could m ove easily and 
quickly from a mall based service into his ow n  
service, w ithout having to carry out large-scale 
m odifications to the shop.

What makes a good shopping site?
A good shopping site is one which m eets, or ex­
ceeds, its sales forecast.

T he b u ild in g  o f su ch  a site  n e e d s  to take in to  
account a variety of perspectives, including those 
of the shopper, the shop manager and the service 
provider, all of w hom  w ill v iew  the problem dif­
ferently. The provision of service m ay actually 
require a number of individual service providers, 
each offering particular specialisms. For example, 
Internet shopping Web sites are likely to need the 
expertise of business consultants, application  
developers, graphical designers and Internet
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service hosts. Each of these groups w ill v iew  the 
service from a different perspective and any p o­
tential conflict betw een them m ust be considered 
and m anaged appropriately w hen constructing 
particular solutions for customers.

T he fo llo w in g  sectio n s co n sid er  each  o f the  
m ajor p e r sp ectiv es  o n  th e  Internet sh o p p in g  
service, making reference to lessons learned in 
the d e v e lo p m e n t o f  b o th  b e sp o k e  Internet 
shopping sites and a generic Internet shopping  
service.

The shopper’s perspective
The shopper is primarily focused on the public 
Web interfaces of the shopping site. The shop­
per is interested in:

• a com pelling reason for visiting the site in the 
first place. The site m ust be easy to find and 
have som ething of interest once the shopper 
is there

• a m eans of browsing the product catalogue, 
or view ing specific products

• a m eans of directly locating specific products 
and information, and ensuring their availabil­
ity

• a m eans of making a purchase securely and 
w ith confidence

• an opportunity to provide feedback to the 
shop manager an d /or  the site host manager

• a sim ple and intuitive user interface.

Theme and context encourage shoppers
A  good theme for a Web site increases the chances 
of the shopper d iscoverin g  the site. This is 
achieved by the use of search keywords that re­
late to the theme, w hich enable search engines to 
match the site w hen the shopper runs a search. 
A  startling exam ple of this w as the 350% increase 
in traffic on the Buckingham Gate Web site shortly 
after the tragic death of Princess Diana in Sep­
tember 1997. The underlying reason for this be­
haviour w as that search engines m atched the 
Buckingham Gate site w hen users searched for 
phrases such as 'Buckingham Palace'.

It h a s  a lso  b een  e sta b lish ed  that th e  'Best o f  
British' th em e  o f  B u ck in gh am  G ate attracts 
regular visitors to the site to read the editorials 
on high society events in the United Kingdom, 
su c h  as th e  H en le y  R egatta  a n d  W im b led on  
fortn ight.

H aving attracted the shopper to the site w ith a 
theme, and theme-based content, a good Internet 
shop integrates product links into that content. 
This is called context selling. Buckingham Gate 
is integrating attractive editorial content w ith  
products and services that are also associated  
w ith the 'Best of British' theme, from retailers 
such as Rolls-Royce, W edgwood and Churchs' 
Shoes.

Provide early opportunities to buy
A  good Internet shopping site provides oppor­
tunities to buy as soon as any product informa­
tion is displayed on screen. It is a com m on prac­
tice to display information about products in two  
stages as follows:

• The first displays several products together 
as a summary page, perhaps show ing five to 
ten products

• The second displays more detailed informa­
tion for a specific product.

Analysis of the use of shopping sites hosted by  
ICL indicates that for Web sites that are built us­
ing this m ethod, the product sum mary page is 
likely to be requested m uch more often than the 
product detail page. A good Internet shopping  
service allow s the shopper to buy the product 
from the summary page, even if the shopper m ust 
supply further information, for example selection 
of colour or size, before the product can be added 
to the basket.

Provide a good product search facility
A  poor search facility loses sales. A  good search 
facility w ithin the Internet shop is, therefore, im ­
portant, as it enables the shoppers to find the 
products that interest them  quickly and easily. 
Analysis of Web site access logs show s that w hen  
a search does not return the expected results, the 
shopper does not take the browsing session any 
further.

A  good Internet shopping site offers the shopper 
a search m ethod that is flexible and pow erful 
enough to cope w ith  a w id e variety of query 
types, including the ability to perform w ild  card 
searches and word stem m ing searches. In gen­
eral, such features are not found in a system  that 
em ploys a direct database query for its search 
m echanism. A  dedicated search facility, such as 
the M icrosoft Search Server, offered as part of
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Microsoft Site Server 3.0 Commerce Edition, pro­
vides a more flexible search solution.

Although the Microsoft Search Server is a part of 
Microsoft Site Server 3.0 Commerce Edition, the 
'starter shop' applications provided w ith the 
product do not use it. They use a simple database 
query instead. Such an implementation is likely 
to be suited only to small Internet shops that have 
a lim ited product range. The com m erce and 
search com ponents should be used together to 
deliver a search mechanism that is suited to larger 
Internet shops.

Fulfil expectations about the product range
A good Internet shop will fulfil the expectations 
of the shopper. A w ell-know n physical brand is 
lik e ly  to  se t exp ecta tion s ab ou t the range o f  
products that should be offered by the Internet 
shop. The shopper is likely to expect to find at 
least those products that are available in the High  
Street, an d  w ill  h o p e  to fin d  p rod u cts  that 
cannot b e  ob ta in ed  locally. A fter all, the sh op  
is not constrained by physical limitations imposed 
by real shops.

Although the Internet shop may not be constrained 
b y  p h y sica l storage sp ace , other restrictions  
usually apply to the presentation of the product 
catalogue. For example, limited availability of 
the product collateral or a very short tim e in 
which to construct and publish a new  site.

A n ecd ota l e v id en ce  su g g e sts  that u n fu lfilled  
expectations of the product range are a major 
cause of Internet shoppers com plaining to the 
Web site. This not only loses sales, but employing 
som eone to respond to the complaints increases 
costs.

A good Internet shopping site offers the shopper 
som e m eans of browsing and purchasing the full 
product range, even  those products for w hich  
there is limited collateral available to v iew  online. 
A s long as enough inform ation is available to 
make a sale, the shopper should not be stopped  
from purchasing due to constraints im posed by  
the site design. For example if a product is out of 
stock, the shopper should be left w ith  a positive  
m essage that the Internet shop is norm ally able 
to supply the product, although it is not for sale 
at that point in time. A  good site m ay further 
inform the shopper of w hen the product is likely  
to be available again.

Keep Web page design sim ple
An elaborate design, perhaps one that includes 
lots of im ages or that requires the shopper to be 
running the latest version of his browser, m eans 
that the Web site appeals only to those shoppers 
w ho have a fast connection on to the Internet and 
are ab le  to  k eep  p a ce  w ith  the la test b row ser  
release. This leads to further loss of sales as it lim ­
its the potential audience.

A good Internet shopping service keeps the needs 
of the sh op p er in  m ind  from  in itia l d es ig n  
through to on-going hosting and management. 
This can be difficult, as there m ay be m illions of 
shoppers spread around the world. Therefore, 
the recom m ended approach is to keep the user 
in terfaces s im p le , m ak in g  ju d ic io u s  u se  o f  
browser features and HTML language extensions, 
so that the w idest audience possible can use it.

A  good Internet shop provides user interfaces 
which inspire confidence in the shopper, not only 
b y  k e e p in g  th in g s  s im p le  an d  b y  u s in g  an  
intuitive page navigation structure, but also by  
en su r in g  that an y  e x p ec ted  brand  im a g ery  
associated w ith a particular shop is part of that 
in terface. U s in g  reco g n ised  brand  im a g ery  
enables the shopper to identify with the site and 
builds on trust that has already been established  
in the real world.

Use standard practice
Standard practice im proves the shopping expe­
rience. A large number of Internet shopping sites 
are establishing m any com m on practices and  
com m on metaphors. It is, therefore, reasonable 
to assum e that Internet shoppers are com ing to 
expect certain standard features of an Internet 
shopping Web site to behave consistently regard­
less of the Web site publisher.

The shopping basket is an example of this. Many 
web sites n ow  include a virtual shopping basket 
facility; the shopper sees som ething that he likes 
and clicks the 'Add to basket' button next to the 
product. The virtual shopping basket allow s the 
shoppers to v iew  all the item s in their basket, 
change quantities and remove items.

A good Internet shopping service adopts standard 
practices w henever possible. Certain practices, 
such as those required by law, m ust be adopted. 
These include inform ation standards, privacy  
standards and currency standards.
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The shop manager’s perspective
Sh op  m an agers are p rim arily  in terested  in  
p r o v id in g  the b est p o ss ib le  serv ice  to their  
customers, thereby ensuring that the m ost sales 
are achieved and that the brand image of the shop  
is  en h an ced . T he sh o p  m a n a g er 's  p rim ary  
resp on sib ilities  in  the o n -g o in g  m a n a g em en t  
of the shop include:

• U p lo a d  a n d  p u b lica tio n  o f  th e  p rod u ct  
catalogue

• U pload and publication of editorial content 
for the w eb site

• Collection of orders placed on the site
• Review and response to shoppers' feedback 

on the site
• Review of shopper behaviour on the site.

A  good Internet shopping service offers interfaces 
to support at least all of the above activities. The 
next section illustrates som e exam ples of good  
practice in the developm ent and operation of 
Internet shopping Web sites, from the perspective 
of the shop manager.

Simplicity o f Web page design
Elaborate designs restrict the product range. As 
in m any aspects of service delivery, the designer 
of pages for an Internet shopping service m ust 
strike a b a la n ce  b e tw e e n  th e  n e e d s  o f  the  
shopper and the needs of the shop m anager's 
business. Often the business has short term cost 
considerations that m ay affect the look and feel 
of the page, and they m ust be taken into account 
and planned across the lifetime of the Internet 
shopping service.

To illu strate  th is, co n sid er  a b u s in e ss  that is 
building an Internet shop. It is very tem pting to 
focus on the shopper's Web interface, and build  
a b ea u tifu l lo o k in g  W eb site  w ith  grap h ica l 
im ages that, for example, portray products from 
a variety of angles. This is a shopper's delight, 
in w hich a desire for sensory experience can be 
satisfied. It looks great on paper too. The page 
designs work w ell w hen the sample product is 
displayed from several angles, w ith additional 
im ages to highlight details on the product.

From the shop manager's perspective, this might 
n o t b e  su ch  a g o o d  d e s ig n  as it w o u ld  first 
appear, since the cost of producing such collateral 
for th e  co m p le te  p ro d u ct ca ta lo g u e  m a y  b e  
p roh ib itive . E ven  if  co st is  n o t an  issu e , the

production of such imagery can be time consum ­
ing to generate, and not available w hen the rest 
of the Web site is ready to be published.

A  g o o d  In tern et sh o p p in g  se rv ic e  o ffers  a 
balanced approach, w ith  a page d esign  that is 
capable of show ing detailed im ages, but which  
still works w hen none is available for a particu­
lar product.

W hen launching a new  Internet shopping site it 
is often appropriate to spend m ost of the budget 
available for product im ages on a small propor­
tion of the product catalogue, thereby providing  
h ig h  q u a lity  im a g e s  for th e  m o st p o p u la r  
p rod u cts  in  the ca ta logu e . Im ages for other  
products can be added as the Web site matures. 
A good Internet shopping service supports this 
practice, w h ile still being able to deliver Web 
p a g e s  that are v isu a lly  a p p e a lin g  as w e ll  as 
enabling purchases from the com plete product 
catalogue.

Provide content management and preview  
facilities
The shop manager, w h o m ay not be technically 
skilled, m ust be able to preview  the content of 
the Internet shop before it goes live to the public. 
This w ill be both editorial content, such as the 
shop hom e page m essage of the day, as w ell as 
catalogue content, such as product descriptions 
and department hierarchy.

A good Internet shopping service includes a con­
tent m anagem ent aspect that enables the shop  
manager to control the follow ing facilities:

• In trod u ction  o f co n ten t in to  the Internet
shopping site

• M odifying and deleting content
• M anagement of the approval of content prior 

to publication
• P rev iew  o f con ten t prior to p u b lica tion , 

including preview of changes to published  
content

• Archiving and /  or purging of redundant and 
obsolete content.

Separate the look and feel from the 
business logic
The look and feel, or the shopper interface, of a 
Web site is usually updated regularly, in order to 
keep the Web site looking fresh. A  good Internet
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shopping service allow s the shop m anager to 
achieve this w ithout having to modify:

• the business logic that makes up the applica­
tion

• the business data that is displayed
• the overall structure of the site, w hich w ould  

lead to changing the familiar user experience 
that has been built up.

A good Internet shopping site achieves this by 
separating the look and feel of the site from the 
business logic and  the business da ta, an d  by 
providing the shop manager with a method of 
updating the look and feel.

Service delivery perspective
The service delivery perspective is interested in 
the efficient production, delivery and on-going 
management of the Internet shopping service. 
More than one organisation is often involved in 
the delivery of the complete service, since there 
is a wide variety of skills required. The service 
deliverer is responsible for the following func­
tions:

• Definition of the specific requirements for the 
Web site

• Implementation of the application
• D e s ig n  of the lo o k  an d  fee l, or th e  user  

interface, for the Web site
• Deploym ent of the application
• Hosting and on-going support of the Web site
• Card paym ent services
• Fulfilment and delivery services.

Provide support for managing the Web service 
within the application
Dow ntim e of an Internet shopping service loses 
sales and an unreliable service damages customer 
loyalty. A  good Internet shopping application  
provides interfaces to enable diagnostic tools to 
interrogate the operational state of the service. 
This facility is needed in order to determ ine  
whether there are problems w ith  any aspects of 
the service, and to alert the service manager to 
them quickly quickly.

The Internet shopping sites are integrated with 
ICL's o w n  W ebCheck availability program . 
WebCheck constantly monitors special pages 
from the Web server across the Internet, and

analyses the results to determine the state of vari­
ous parts of the Internet shopping system.

If there is a problem, the WebCheck program w ill 
contact the service manager, using a mobile phone 
or mobile pager, to alert him to the problem.

Provide tools that support the graphic 
design team
Tools that support the graphic design team re­
duce costs. The graphic design team is responsi­
ble for designing the look and feel of the Web 
site, by agreeing the design brief w ith the cus­
tomer and producing a prototype of the user in­
terface.

The graphic design  team  uses HTML files to 
present the user interface once the original de­
sign ideas have been sketched out and agreed 
w ith the customer. The HTML files m ust then be 
integrated w ith  the Web application. This in­
volves converting the HTML files into HTML 
templates. HTML templates capture the look and 
feel in a w ay that enables them to be integrated 
w ith the functional aspects of the site.

The HTML author is provided w ith the tools that 
enable the HTML files to be written directly as 
templates that can then be integrated with the 
application with m inim um  effort. This means 
that the application developer can concentrate on 
capturing the functional aspects of the Internet 
shopping site, w hile the HTML author can con­
centrate on capturing the look and feel.

Use audit logs to log system events
W hen things go wrong, the cause of the problem  
m ust be found quickly, especially w hen there are 
users of the system , from both the service deliv­
ery and shop m anagem ent perspectives, w ho  
have access to facilities that could cause problems. 
A good Internet shopping site maintains audit 
logs of activities carried out during maintenance 
of the site. These logs include the identity of the 
person w ho carried out the task, as w ell as date 
and time stamps.

The recommended approach is to provide a serv­
ice whereby the day-to-day administration of the 
Internet shopping site takes place using a set of 
manager Web pages. These pages are not avail­
able to the ordinary shopper; indeed, they will 
typically be located on a separate secure Web
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server to which the public does not have access. 
The system is implemented using a privilege 
based administration scheme, linked to the role 
to w hich  a person  is allocated. The system  
attributes actions to the person who took them 
and writes actions to an audit log.

Use M icrosoft developm ent tools for a 
Microsoft Environment
To build a good Internet shopping application the 
developer needs the right tools for the job.

Microsoft Visual Interdev 6.0 and Microsoft 
SourceSafe shou ld  be u sed  to b u ild  In ternet 
shopping applications using Microsoft Site Server 
3.0 C om m erce Edition. These tools offer an 
integrated environment for large scale and multi­
team developments and integrate seamlessly, 
enabling  the developm ent team  to carry  ou t 
client and server side debugging from the same 
interface.

ICL is working closely with Microsoft to ensure 
that the next generation of Microsoft products 
continue to meet current and future needs.

The approach to providing an 
Internet shopping service
The approach to providing an Internet shopping 
service has been:

• to understand the business requirements and 
the shopper's habits by working with custom­
ers on bespoke projects

• to analyse the trends in In ternet shopping  
solutions that it and other companies have 
built in the past

• to determine the strengths and weaknesses 
of the bespoke solutions, and build upon the 
strengths.

In doing this, valuable insights into how an 
Internet shopping service should be constructed 
and operated have been gained. This knowledge 
and experience enables a full Internet shopping 
service to be provided in the form of:

• Consultancy—An understanding now exists 
of how to sell on the Internet, and what makes 
a good Internet shopping site

• Industry expertise—ICL is a leading supplier 
of electronic business services, and  has

privileged access to products and services 
from its suppliers and partners

• Web site developm ent—Internet shopping 
Web site applications are built using Microsoft 
Site Server 3.0 Commerce Edition and expert 
capability has been acquired across the range 
of Microsoft Enterprise products

• Back-office integration capability—ICL is a 
systems integrator with a good track record 
for providing back-office integration

• Graphical design  and usability  expertise—  
A graphical design team now exists which has 
become expert in producing Web sites for 
businesses, including Internet shopping sites

• H ostin g  and m anagem ent serv ices—ICL 
operates Web server farms in which to host 
Web sites, with expert management capability.

Solution Delivery Framework
As many of the functional characteristics of an 
Internet shopping site are common, a generic 
Internet shopping solution has been constructed 
which enables bespoke customer requirements 
to be in teg ra ted  an d  delivered  as p a rt of the 
overall service. Examples of bespoke customer 
requirements include the design of a look and feel 
that makes the best use of the customer's brand 
im age, an d  the back end  in teg ra tion  in to  the 
customer's business systems.

The basic In te rne t sh o pp ing  functionality  is 
provided by Microsoft products and is enhanced 
by additional components supplied by ICL, for 
example:

• the themed mall concept
• staging of the product catalogue and edito­

rial content
• the use of dynamic Web templates to separate 

look and feel from business logic
• the prov ision  of an  electronic paym ents

gateway
• the ability for an installation to be adminis­

tered remotely as a managed service.

This approach aims to provide approximately 
80% of a customer's functional requirements. The 
final 20% is 'finishing work', which allows the 
In ternet sh o pp ing  site to be tailored  to the 
customer's specific requirements. In addition to 
the functionality  of the Web site, the service 
elements are added to the solution in the form of
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consultancy, hosting and ongoing management 
of the site. This enables the delivery of solutions 
with bespoke characteristics at a lower develop­
ment cost and reduced time to market, which is 
advantageous to both the service provider and 
the customer alike. See Figure 1.

A strategic programme for Internet shopping
A strategic programme for developing a generic 
Internet shopping service is in operation, which 
ensures that new demands and changes in the 
marketplace can be met as they arise. For exam­
ple, ICL is working in partnership with Microsoft 
to ensure that the Internet shopping service can 
support very large-scale operations running mul­
tiple front-end web servers. This work involves 
the migration of the service on to the Windows 
2000 platform to ensure scalability on the next 
generation operating system.

The ICL and Microsoft partnership enables ICL's 
customers to benefit by taking advantage of a 
strategic programme of development which sup­
ports their own strategic planning regarding 
Internet based services.

Internet shopping service architecture
This section builds on earlier concepts and 
presents some of the more interesting technical 
aspects of the Internet shopping architecture, in 
particular where the facilities offered by Microsoft 
Site Server 3.0 have been significantly enhanced.

Physical Architecture
This section describes the hardware and software 
components of an Internet shopping system.

The current Internet Shopping architecture is 
based exclusively on Intel architecture Windows 
NT systems, using the following Microsoft prod­
ucts:

• Windows NT 4 Server
• SQL Server 6.5 or 7.0
• Internet Information Server (IIS) 4 web Server
• Microsoft Transaction Server (MTS)
• Site Server 3.0, Commerce Edition. In par­

ticular the following components are used by 
the Internet shopping application:
-  Commerce Server
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Figure 2: The physical architecture of a typical Internet shop

-  Advertising Server
-  Search Server (including Search Catalogue 

Build Server)
-  Membership Server
-  Analysis and Reporting Engine.

A typical hardware configuration for an Internet 
shopp ing  app lication  is show n in Figure 2. 
The precise com ponents u sed  in a particu la r 
im plem entation  d ep en d  u p o n  the business 
requirements, such as its performance, availabil­
ity and security constraints. In particular, smaller 
implementations may combine a single database 
server with the administration and staging server 
where this offers sufficient performance.

Hierarchy of a shopping Website
The structural characteristics of the Internet shop­
ping application were originally derived from a

Com m erce Server w izard  generated  site and, 
although considerably enhanced and improved, 
retain much of the basic structure of the Microsoft 
sample sites, for example, the Volcano Coffee 
starter shop provided with Microsoft Site Server 
3.0 Commerce Edition.

One of the major enhancements made in the 
Internet shopping application was to extend the 
ubiquitous Shop->Department->Product hierar­
chy to allow related shops to be grouped into 
Internet shopping malls. Typically, the mall will 
have some kind of overall theme to draw shop­
pers to it. The shopper's experience when visit­
ing such a themed mall is somewhat similar to 
that of a physical shopping mall, but with the 
advantage that a single shopping basket can be 
carried between all shops in the mall. Each shop 
within a mall can be independently managed, 
and can have its own look and feel if desired.
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Figure 3: The structure of a typical Internet shop

A typical Internet shopping installation has the 
structure shown in Figure 3.

A typical example of a multi-shop site would be 
an Internet shopping mall. However, this archi­
tecture can also be beneficial to single branded 
sites where the 'shops' mechanism can be used 
to partition the site into independently managed 
areas, reflecting the operational structure of many 
large businesses.

Content Staging
This section describes the method, called content 
staging, used to enable site managers to admin­
ister their Web site without affecting the use of 
the site by the public.

The Shopping Site h ierarchy described in  the 
previous section is in fact replicated, in order to 
implement the staging concept. Staging refers to 
the ability of suitably privileged administrators 
to work on a preview version of a shop's content, 
so that it can safely be edited and tested without 
impacting the behaviour of the live shop. When 
the administrator is happy with his changes, they 
are app lied  by  m aking  the o ld  p rev iew  shop 
become the new live shop. This works cyclically, 
as shown in Figure 4.

Extending the use of Active Server Pages
The implementation of the separation of look and 
feel from business logic and business data is de­
scribed in this section by comparing the approach 
taken by Microsoft's Volcano Coffee starter shop 
with ICL's application.

The Internet shopping application is based on the 
use of Active Server Pages (ASP), a Microsoft 
technology that allows the HTML Web pages dis­
played on a user's browser to be dynamically 
generated. As used in Microsoft Site Server Com­
merce Edition, ASP allows a complex shop to be 
constructed from a small set of files, each of which 
contains "hot spots" into which parameters (such 
as product description and price) are substituted 
at the time HTML is generated from the shop's 
relational database tables.
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Figure 5: Two and three tier structures im plem ented w ith M icrosoft Site Server 3.0 Commerce Edition

The Internet shopp ing application takes this 
p a r a m eter isa tio n  further th an  M icro so ft's  
product does. In order to im plem ent the themed 
m all con cep t, the id en tity  o f a sh o p  is itse lf  
generated dynam ically w hen each Web page is 
requested. This allow s generic ASP pages to be 
written that can be used in m any different shops 
across an entire shopping site.

Volcano Coffee: The entire functionality of the 
site  is  h e ld  in  A SP files. A  s in g le  A SP  file  
contains the business logic for each Web page on 
the site, outputs its HTML and interacts directly 
with the SQL Server database.

Internet shop phase 1: ASP files contain only  
business logic. Look and feel aspects are sepa­
rated out into a set o f w eb  tem plates, w h ich  
allow that business logic to be presented in differ­
ent w ays depending on context. A ll database ac­
cess is performed using SQL Server stored pro­
cedures.

Internet shop phase 2: T he b u s in e ss  lo g ic  is  
im p le m e n te d  in  co m p o n e n ts , g iv in g  better  
performance, security and scope for reuse. ASP 
is sim ply used as the glue that holds com ponents 
together.

Dynamic Templating

Dynamic Templating can be used to decouple  
program script from presentation data, allow ing  
the same business logic to be presented in differ­
en t w a y s  accord in g  to  brand  im age . W ith  
dynam ic templating, each logical location on a 
Web site can have its ow n template file, specifying 
that particular page's look and feel. The ASP file 
no longer outputs HTML directly; instead, its 
function is to assem ble a list of parameters that 
are inserted into the appropriate Web template 
file  for th e  current loca tion . M erg in g  th ese  
param eters w ith  the tem plate p rod u ces the 
HTML seen on the shopper's browser.

On sim ple low -cost sites there need not be any 
shop-specific pages at all. In m any cases, how ­
ever, it is likely that shop operators w ould  w ish  
to  c u sto m ise  their  sh o p 's  ap p earan ce  an d , 
perhaps, to supply their ow n  editorial content. 
To make this easier, the application adopts the 
dynam ic templating mechanism.

For example, the ASP file that displayed a prod­
uct page is com m on to all shops on a mall. It 
encapsulates the business logic that provides the 
details for a product. However, each shop may
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Figure 6: D ynam ic tem plating exam ple

require its o w n  c u sto m ise d  p ro d u ct d isp lay , 
incorporating the shop's particular branding and 
layout. The presentation is specified in a shop- 
specific template for that ASP page as show n in 
Figure 6.

Conclusions
This paper has presented som e of the lessons that 
have been learned about how  to provide good  
Internet shopping services to customers, and an 
overview  of the approach that has been used to 
deliver successfu l sites, such as the recently  
relaunched BBC Shop and Buckingham Gate. 
Some of the more interesting aspects of the tech­
nical architecture that have been used have also 
been introduced.

S h o p p in g  on  the W eb w ill  co n tin u e  to  grow . 
Businesses are only just realising the potential of 
this new  m edium . ICL continues to invest in the 
developm ent of the Internet shopping service, 
working closely w ith partners such as Microsoft. 
As customers becom e more accustom ed to what 
the m edium  has to offer and dem and more from  
the service, so the service will be refined and grow  
to m eet those needs.

Acknowledgements

M any colleagues in ICL have contributed impor­
tant ideas to the subject of Internet shopping and 
electronic com m erce. In particular thanks to 
Colin Rutland for much of the technical material 
in this paper, Jeff Parker, Paul Duxbury and Ri­
chard Lister for advice, guidance and assistance 
in the production of this paper. Additional thanks 
to the ICL electronic commerce Working group, 
led by Dick Emery and Dave McVitie.

Biography
Steve Picken joined ICL in 1992, and has spent 
time in a variety of technical roles. H is interest 
in Internet shopping dates from 1996 w hile work­
ing as an engineer developing Internet shopping  
sites. Recently Steve has been involved in the 
design and developm ent of ICL's Internet shop­
ping service. Steve holds an honours degree in 
Computer Science from Leicester de Montfort 
University. He is a Chartered Engineer and a 
Member of the British Computer Society.

32 ICL Systems Journal Autumn 1999



Online Loyalty in a U.S. Supermarket
Environment

And that no man might buy or sell, save he that had the mark, or the name ... or the number of his name.
REVELATION 13:17

Doug Urquhart

ICL Retail Systems, Santa Clara, California, U.S.A.

Abstract
Consumer Relationship Marketing (Corema) is based on making efficient use of Marketing resources 
by targeting those resources to fit the shopping habits of individual customers. In order to do this, 
individual customers must be identified when they shop.

In some environments, such as Banking or Public Utilities, customer identification is the norm, but 
in Retail, particularly in environments like supermarkets, many transactions are paid in cash, and 
hence cannot be linked to a particular customer.

A Loyalty Program embodies the elements which not only identify the customer, but provide her 
with an incentive to identify herself.

Each customer is given a means of identification (perhaps a card) which must be presented at Point 
of Service. As an incentive for using the card, the customer may be offered various rewards—dis­
counts, points or continuity offers—all available for redemption straight away. To support this func­
tionality, the loyalty system must be online to the store.

This paper addresses the technical challenges which arise when integrating a loyalty system into 
the large-scale, high-performance environment of a major U.S. supermarket chain. To give an idea 
of the scale, such a chain would have upwards of 1,500 large stores, in six time zones, all of which 
operate 24 hours a day, seven days a week. The active customer base is larger than the population 
of Scotland.

W hy Corema?
The North Am erican retailing environm ent is 
highly com petitive and unbelievably noisy.

It is not sufficient for a retailer to present a good  
range of high-quality products, at a fair price; he 
m ust also make strenuous efforts to attract cus­
tomers, or he w ill lose them  to his competitors.

At least, that is the theory.

For exam ple, as this paper is being written, w e  
are approaching Presidents' Day (February 15th). 
For reasons which are unclear, American car dealers 
chose this day as the beginning of their spring 
campaigns. The result is a deluge of unsolicited  
mail, TV advertisements of unspeakable brashness

and unsolicited phone calls, usually around din­
ner time.

This effort is, to a large degree, counter produc­
tive. Consumers becom e adept at tuning out the 
low -level stuff, and anything which gets through 
the filter tends to annoy rather than attract.

Unfocused advertising is very expensive, as well.

The Corema approach, on the other hand, involves 
focusing your marketing efforts on an individual 
customer, based on w hat you know about him . 
A  retailer w ho gets this process right w ill retain 
existing custom ers, attract new  ones, and make 
much more effective use of his marketing budget 
(all other things being equal, of course).
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The US Superm arket Environment
In this paper, w e concentrate on the U.S. Super­
market environment. In addition to the attributes 
of com petitiveness and noise m entioned above, 
w e find the distinguishing features of:

• low  margins but price sensitivity
• w ide disparity in chain size
• low  product differentiation—no custom er  

loyalty

Low margins but price sensitivity
Since the products and the retailers are all much  
the same, the traditional w ay of influencing buy­
ing habits has been to drop the price.

If you sell a luxury item, you generally have a 
fair amount of margin to spend on marketing.
If you are selling food, you m ay have to sell it 
below  cost to persuade people to buy it (of which  
more, later).

Wide disparity in chain size
The biggest American supermarket chains are 
very large indeed— 1,500 or more stores, scattered 
across the country. The regionals, on the other 
hand, could be as small as 100 stores. (There are 
chains smaller than this, but w e'll leave them out 
of the discussion).

The forces of merger and acquisition are strong 
in this market segment, so it is not unknown for 
a chain to double in size 'overnight'.

Customer bases are typically very large—every­
one has to buy food.

Low product differentiation—no 
customer loyalty
If you prefer H onda to Chrysler, you will tend to 
buy a car at a H onda dealer. A can of beans, on  
the other hand, is unlikely to influence your  
choice of grocer.

Let's face it—buying food at a supermarket isn't 
one of life's great pleasures. (At least it isn't for 
m ost people). The usual reason w hy w e shop at 
a particular supermarket is that it happens to be 
the closest to our hom e, or office.

Traditional Marketing Approaches
Until the concept of Corema came on the scene, 
Supermarket cam paigns were product driven, 
w ith goals such as m axim izing the sales of Pepsi 
products. The m ethods (offers) used to influence 
customers to help achieve these goals generally 
in vo lved  price reductions of som e sort. The 
m oney to cover lost margin often came from the 
vendor of the product.

Reduced Price
This is the sim plest kind of offer— drop the price 
of som ething (a loss leader w ould be sold below  
cost), advertise the fact that you have done so, in 
signage, fliers, TV spots etc..

This m ethod has som e drawbacks:

• Everyone gets the offer, even  people w ho  
were going to buy the product anyway

• It attracts cherry pickers
• Astute sm all shopkeepers can stock up at 

your expense.

Coupons
These offer the item  at a lower price, but only if 
the customer has a paper coupon. You print the 
coupons as part of your advertising material.

• Low price is limited to those w ho care enough  
to bring in the coupon.

• You can limit the number of tim es the cou­
pon is used (like once)
but

• You still get cherry pickers.
• Customers w ho have to line up behind an en­

thusiastic  coupon-collector can get su ffi­
ciently irritated to make them shop elsewhere.

• Store staff have to collect, and account for, fid­
dly little bits of paper.

Electronic Coupons
With the advent of intelligent POS system s, it 
becam e possib le to construct quite elaborate  
couponing schemes, and to perform this process 
electronically, without the need for time-consuming 
paper coupons. The Point of Sale system  tallies- 
up the things required to receive an award, and 
automatically gives the award w hen the required 
threshold is reached.
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A n exam ple of an elaborate electronic coupon  
m ight be:

Spend more than $10.00 in the deli department and 
more than $15.00 in the meat department, and receive 
a voucher for 5% off your next transaction (offer valid 
between 8.00pm and 10.00pm on Thursdays), limit 
three per household.

Sounds good; the Marketing people can get more 
inventive, no more fiddly little bits of paper, and 
w e can enforce limits on the number of tim es the 
coupon is used.

Well, actually, there are som e serious drawbacks 
to electronic coupons:

• Everybody gets the offer, even those people  
w ho were going to buy the item anyway. (Yes, 
w e've taken a step back to a sim ple reduced 
price)

• Generally speaking, customers don't under­
stand com plicated offers, and this tends to 
cause customer service problems

• The customer m ay not even know they have 
received the offer—a line item on the receipt 
m ay be the only notification they get

• An enterprising small shopkeeper can split 
his purchase into several transactions, to 
avoid electronically-enforced coupon limits.

Corema
The Corema approach is custom er driven rather 
than product driven.

Based on w hat w e know  about the shopper—her 
buying habits, where she lives, etc.—w e construct 
very specific offers, targeted at her, and not avail­
able to any other customer.

The objective of this kind of approach is a behav­
iour change, for example:

• buying more high-margin products
• shopping w ith us more often
• shopping at off-peak tim es, to allow  for more 

efficient work scheduling
• deciding to shop with us rather than a competitor
• shopping w ith  us again (repeat shopping).

Since w e are m onitoring her buying habits, w e  
can tell whether the offer w as successful, and bear 
that information in m ind w hen constructing the 
next offer.

Market Segments
In practice, targeting a promotion at an individual 
customer is not yet achievable. With a customer 
base of m any m illions, current system s are not 
capable of m anaging the com plexity of this.

To sim plify matters, custom ers are grouped into 
Market Segments.

A  Market Segm ent is a fairly arbitrary grouping, 
based on som e kind of com m on criterion. The 
criterion m ay be supplied by an external agency, 
such as geographical or dem ographical group­
ings, or calculated by the retailer's Data Analy­
sis process.

A  shopper m ay belong to m ultiple segments. 

Examples of market segm ents are:

• Shoppers w h o live in Power Cable, Nebraska
• H ou seh o ld s w ith  an incom e greater than  

$100,000 p.a.
• cat owners
• parents
• shoppers w h o spend more than $1000 per 

w eek in our stores
• shoppers w h o spend  less than $10.00 per 

w eek in our stores.

Thus, an offer is targeted not at Mary Jones (who  
has a cat) but at all cat owners. This m akes tar­
geting easier to m anage (but analysis of success 
more difficult).

Why have a Loyalty Program?
The key to Corema is identifying the customer 
w hen she makes her purchases. W ithout this ba­
sic information, w e cannot begin to target offers. 
The obvious answer is to give the shopper som e  
m eans of identification, and ask that she use it 
w h e n  sh o p p in g . A  loyalty program g iv e s  the  
customer an incentive for doing so.
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Loyalty Programs

Retailing , like the arm ed forces, has a jargon  
replete with euphem ism . Customers don't steal 
things—shrink happens. Store detectives don't 
catch crooks— they indulge in Loss Prevention.

In like vein , a Loyalty Program is a m eans to 
entice shoppers to identify them selves every time 
they shop, by providing som e kind of incentive. 
Loyalty means coming back to spend more money.

Batch Loyalty
The sim plest form of loyalty program is one which  
performs its operations in batch mode. The airline 
Frequent Flyer programs are a good example. The 
customer is identified at the time of purchase and 
th is identification  is in c lu d ed  in  the sa les data  
collected as part of the normal Sales Audit process. 
A  b atch  p rogram  p ro cesses  the sa les  data at 
regular intervals (say m onthly), totting up the 
amount each customer has spent.

Based on the am ount spent, the custom er is 
awarded som ething— miles, gift certificates, tee- 
shirts, etc..

A regular m ailing to the customer, rather akin to 
a bank statement, tells the customer what they 
have earned, and m ay include awards. The cost 
of m ailing to a large group can be astronomical.

In an environment such as Air Travel, where the 
rate of shopping is low, customer bases are small, 
and margins are high enough to justify the cost 
of mailing, this approach can work very well.

In the more hectic, low-margin environment of 
the supermarket, its usefulness is more limited. 
Those pioneers w ho have adopted supermarket 
batch loyalty programs have tended to target 
them at small subsets of their customers, such as 
the top 10,000.

Online Loyalty
An Online Loyalty system uses the Point of Service 
system  as the vehicle for communicating with the 
customer, thus avoiding the high cost of mailing.

The customer is identified at the time of purchase, 
and their account information is retrieved from  
a central database. At this time, their eligibility

for offers is established, thus allow ing the Point 
o f  S erv ice sy ste m  to  g iv e  cu stom er-targeted  
discounts, alternative prices in that transaction, 
personalized m essages, balloons etc..

At the end of the transaction, transaction spend, 
coupon usage, points earned and the like are 
passed up to the central database, allow ing it to 
be updated.

The POS receipt can be used to tell the customer 
w h at aw ards he has b een  g iv en , and w hat 
progress he has m ade towards future rewards.

The s im p lest form  o f  o n lin e  loya lty  u ses  the  
con cep t o f p o in ts. For ev ery  dollar sp en t, the  
custom er receives a num ber of points. These 
p o in ts  can  b e  accu m u la ted  and  red eem ed  on  
dem and, as tender, at the end of the transaction.

The loyalty m echanism  also provides an infra­
structure w hereby electronic coupons can be 
g iv en  a con tin u ity  elem ent; i.e. an offer w h ic h  
previously said spend $100.00 in this transaction 
and get a coconut m ight now  say spend $5,000.00 
this summer and get a ticket to Fiji.

Smart Cards
Smart Cards can provide similar functionality to 
an online system, and tend to be used in situations 
where the high cost of cards (and the necessary 
readers in every POS lane) can be justified. For 
example, Smart Cards m ight be used in countries 
w ith unreliable telecommunications, groups of 
retailers w ith no com m on network, retailers with  
no network at all etc..

For reasons outside the scope of this paper, Smart 
Cards, although very successful elsewhere, have 
n o t g a in e d  s ig n ifica n t accep tan ce in  the US, 
ex cep t in  th e  fie ld  o f  EBT, an d  w ill  n o t  b e  
d isc u sse d  further in this document.

Identification
A loyalty program's main task is to identify the 
customer. This identification m ust take place at 
every transaction. It m ust be som ething that the 
cu stom er  w ill  w a n t to  u se , an d  w h ic h  w ill  
not have an adverse impact on normal operations.

There are m any w ays of achieving this and som e  
exam ples are now  discussed.
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Bar Coded Cards

Since all supermarkets have bar code scanners, 
capable of reading EAN and UPC encoded bar 
codes, a low  cost w ay of identifying a customer 
is to issue her w ith a plastic card w ith a bar code 
containing her customer ID. This card is scanned 
at the beginning of a transaction.

(Sometimes the customer is given the choice of a 
bar-coded keychain ornament rather than a card, 
or p erh ap s a stick -on  tab for a ttach in g  to  an  
existing credit card, since m ost U.S. shoppers' 
wallets are groaning w ith cards already.)

This is, indeed, a low  cost solution, and is the most 
w id e sp r e a d  in  the U .S ., b u t it h a s a ser iou s  
drawback. Since there is no centralized body to 
regulate the number ranges used, it is quite likely 
that tw o com peting supermarkets w ill use the 
same numbers. So customer 123 of Acm e Super­
markets m ight be J. Bruce Ismay, w hile customer 
123 of Nadir Food Mart is Violet Jessop. If Ms 
Jessop uses her Nadir card at Acme, she could  
get all of Mr Ismay's awards.

The m echanism  typically used to avoid this is to 
p u t the su p erm ark et lo g o  in  large fr ien d ly  
letters o n  the face o f  th e  card, an d  h o p e  the  
cashier notices w hen the wrong card is proffered. 
Som etim es it works.

Magnetic Cards
A m uch safer system  is to issue each customer 
w ith a plastic card containing a m agnetic stripe, 
just like a credit card. A s w ith  a credit card, the 
first s ix  d ig its  o f  th e  cu sto m er  n u m b er  are 
a ss ig n e d  b y  th e  ISO, a n d  are u n iq u e  to  the  
retailer.

The dow nside to this approach is the slightly  
higher cost o f the card, and the possible need to 
buy card readers. N ot all U.S. supermarkets take 
credit cards, and the ones that do m ay not offer 
this service in all lanes.

Phone Numbers
Some retailers have been experim enting w ith the 
optional use of phone numbers, and have had 
very positive feedback from their customers.

Although intrinsically less safe than bar codes or 
magnetic stripes (nobody has thought of putting  
a check digit on phone numbers), phone numbers 
can  w o r k  w e l l  e n o u g h , p a rticu la r ly  if the  
feedback from  the central database includ es a 
customer name, and if customers are combined  
into households (i.e. more than one shopper can 
contribute to a single total).

Others
Other mechanisms have been tried, or suggested.

Drivers' licenses can work, to a lim ited degree, 
but the fact that they all differ in format, and are 
assigned on a state-by-state basis, can lead to 
operational problems.

Fingerprints, too, have been suggested. Although  
this m ay sou n d  rather O rw ellian, som e states, 
notably Texas, collect fingerprint inform ation  
w ith drivers' license records. The technology to 
use fingerprints for lookup (rather than confir­
mation) is not yet cost effective at POS, however.

The drawback to any radically new  approach  
w hich requires additional equipm ent is the m ul­
tiplier. Consider a chain w ith 1500 stores, each of 
which has 20 lanes. Take the cost of your new  
d e v ic e  an d  m u ltip ly  b y  30,000. N o w , d o  the  
benefits outw eigh the cost?

Incentives
A n y  id en tifica tion  m eth o d  is  w o rth less  if  the  
customer does not use it.

A lthough the retailer can train their cashiers to 
remind the shopper to use their ID, this is largely 
ineffective unless the shopper is convinced that 
there is 'som ething in it' for her. A  good loyalty  
program w ill make the shopper insist on using  
her ID.

Here are som e typical incentives associated w ith  
online loyalty:

Discounts
The act of using the card entitles the shopper to 
sp ec ia l p r ices  th ro u g h o u t th e  store. C asu al 
sh op p ers d on 't benefit. S ince w e  h a v e  o n lin e  
access to the customer's database, special custom­
ers can have special discounts.
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Continuity Offers
Since w e  have an infrastructure w hich allow s 
customer information to be retrieved at the start 
of a transaction, and updated at the end, w e have 
the ability to accumulate totals over several trans­
actions. This has several advantages:

• w e can award more substantial rewards, since 
they can be based on sustained spend over a 
period of time. Clearly an award based on 
spending $1,000.00 can be a bit better than one 
based on buying a can of beans

• There is an incentive for the shopper to keep 
com ing back to your store— the m ore they  
accumulate, they more they have to lose by 
shopping elsewhere, particularly if you put a 
time limit on the offer.

Points
Taking the continuity concept a step further, w e  
can allow  the custom er to accumulate points, 
each time she shops. Points are a notional cur­
rency, redeemable on dem and by the shopper. 
Since points can reflect several months worth of 
purchases, they can represent a strong incentive 
for the shopper to continue to visit your store.

In multi-currency or multi-retailer environments, 
points can also provide a com m on ground.

Charities
It is fairly com m on for US supermarkets to make 
con trib u tion s to local in stitu tio n s  (su ch  as 
schools), based on the am ount spent by partici­
pating customers. Typically such schem es are 
m anual and horribly labour-intensive, but are 
considered to be financially w orthw hile, since 
they seem  to generate custom er loyalty, and a 
certain am ount of good publicity at the grass­
roots level. The fact that such contributions m ay 
be tax-deductible may also be relevant.

B y ex ten d in g  the p o in ts  con cep t sligh tly , an d  
a llo w in g  a sh o p p er  to  a ccu m u la te  p o in ts  o n  
behalf of such an institution, the online system  
can support charities. N ote that the customer 
m ay be*able to accum ulate points, but cannot 
red eem  th em — this is  p erform ed  b y  a batch  
process.

System attributes
The U.S. Supermarket environment dictates that 
an online loyalty system  should have certain at­
tributes, notably resilience, scalability, flexibility, 
platform independence and a good underlying  
network infrastructure.

Resilience
U .S. su p erm ark ets op era te  arou n d  the clock . 
Although there may be quiet periods during the 
night, these are eroded w hen  the chain stretches 
over a m ultitude of time zones.

T he retailer w ill ex p ec t an y  o n lin e  sy ste m  to  
operate during his trading period (i.e. all the 
time). The system  m ust therefore be resilient to 
th e  fa ilure o f  an y  co m p o n en t, an d  capab le  
o f  performing housekeeping activities w ithout 
relying on 'down-time'.

Scalability
S om e U.S. Superm arket ch a in s are v ery  large  
in d eed . To a d egree , p la tform  in d ep en d en ce  
provides system  scalability, but in addition the 
system architecture should allow for easy scaling.

Flexibility
The on lin e  lo y a lty  sy stem  m u st be flex ib le  
enough to coexist w ith many flavours of Point of 
Sale or Point of Service system s. Some of the 
o lder POS system s tend to be ex p en siv e  to 
m od ify , so  the o n u s  is  p laced  o n  the L oyalty  
system  to accomm odate their shortcomings.

Platform Independence
In th e  U .S ., large retail ch a in s ten d  to  h a v e  
environm ents where adherence to a particular 
Operating System  or Relational Database is a 
definite disadvantage.

UNIX servers are very com m on, w ith  an assort­
m e n t o f  fla v o u r s  o f  U N IX . N T  is  still n o t  
p e r c e iv e d  to  b e  E n terp rise-read y  b y  m a n y  
retailers.

The retailer w ill often have a corporate license 
for a major Relational Database, such as Oracle
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or Informix, which makes an alternative sugges­
tion commercially non-viable.

It is essential that any system being proposed in 
such an environment be designed around Open 
Standards, to allow Platform Independence.

Network Infrastructure
For an online loyalty system to operate, it requires 
an online link between its central database and 
the stores. Medium to large supermarket chains 
usually already have such a network in place, to 
handle collection of Sales Data, and servicing of 
Online Credit. (This is not always the case with 
large Specialty chains whose small-format, low 
volume stores can manage to get by with a com­
bination of SNA or even Bisynch connections for 
data collection and dial-up asynch for credit.)

The ICL Corema solution

Figure 1: The Corema System

ICL's Consumer Relationship Marketing system 
for the U.S. Supermarket arena is called Corema®.

The overall shape of the Corema system is shown 
in Figure 1.

Sales Data flows from the POS system into the 
Data Warehouse, where it is analyzed by the Data 
Analysis system. The result is target groupings 
of custom ers (M arket Segm ents) w hich  are 
combined with offers generated on the Offers 
M anagem ent System  and  fed to the Loyalty 
subsystem.

POS interacts with loyalty, allocating offers to the 
appropriate customer, and updating loyalty with 
the results of those offers.

Loyalty, in turn, feeds the Data Warehouse with 
the loyalty transactions.

And so it goes on.

The loyalty system  is show n in m ore detail in 
Figure 2.

The loyalty system is actually three processes. 
These may be on physically different machines, 
or may run on the same platform. The multiple 
machine approach is preferred, since it offers a 
higher degree of resilience.

POS interacts with the Front End, which feeds 
the CMC (Customer Management Center) with 
transaction data. The CMC can su p p o rt POS 
interaction if the Front End should fail.

The CMC contains a customer database, contain­
ing Name and Address information, plus all the 
running totals associated with each customer. In 
a points based system, for example, these would 
be points totals.

User access to the Loyalty system is through a 
web server, via the retailer's corporate intranet.

POS
Point of Sale or Point of Service (e.g. kiosk). The 
prime interface with the shopper. For simplicity, 
we'll consider a standard in-lane Supermarket 
terminal.

In addition to the standard sales transaction, POS 
needs extra functionality to support Online Loy­
alty.

Customer Identification
At some time in the transaction (preferably the 
beginning), the terminal must capture the cus­
tomer ID. This could be performed by scanning 
or swiping a customer card, or keying in a cus­
tomer number or phone number. If there is any 
possibility of local validation, such as check- 
digiting, it is done at this time.
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Figure 2: The Corema Loyalty System

Once the customer ID has been collected, it is sent 
in a message to the Corema front end. The trans­
port mechanism used is TCP/IP.

Customer Eligibility
The Front End replies with a message listing the 
Market Segments the customer belongs to, and 
any previously accumulated totals from earlier 
transactions.

Offer Execution
Once POS receives eligibility information, it can 
execute the offers targeted at that customer.

It may choose to:

1. wait until the end of the transaction to do this 
(thus minimizing any reliance on the response 
time from its first message, and maximizing 
its own end-of-transaction time)

2. wait until the reply before proceeding (with 
opposite results).

Approach 1 is the norm.

Customer Feedback

The receipt is the m ed ium  used  for custom er 
feedback. The shopper's points balance and 
progress towards continuity offers are printed at 
the end of the receipt. It also contains descriptions 
of any awards achieved during the transaction, 
and any messages directed at that specific customer.

Points Redemption
If points-based offers are used, the POS system 
w ill allow  som e or all of these po in ts to be 
redeemed as tender.

Update
Once the transaction is complete, a message is 
sent to the Corema Front End containing any 
modifications to the customer's totals which have 
taken place within the transaction. For perform­
ance reasons, this message is queued, and sent 
by an independent, asynchronous background 
process. This process waits for positive acknowl­
edgement from Corema before sending the next 
message.
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Fallback Mode

If the Corema Front End should fail, the CMC 
will take over processing the identification mes­
sages. This is transparent to the store system, as 
the switchover is handled by a DNS server. To 
reduce the load on the CMC while in this mode, 
update messages are not transmitted—they are 
stored, for forwarding to the Front End when it 
is back online.

Offline Operation
Another consequence of the resiliency requirement 
is the need  for POS to provide som e measure 
of functionality when the network is unavailable.

To this end, the POS system may cache customer 
IDs an d  th e ir associated  M arket Segm ent 
Numbers. In the event that the store is offline, 
the POS system  has the ability to identify  the 
customer and establish eligibility.

The u p d a te  m essages genera ted  a t en d  of 
transactions are stored while the system is offline, 
and forwarded when the system is back online 
again.

The Corema Front End
This component is dedicated to servicing the 
online requests from POS, and passing transaction 
data to the CMC.

Internally, it consists of one or m ore pairs  of 
software components:

• an online element, which performs commu­
nication and routing

• a database, which contains a subset of the 
main customer database (no address data, for 
exam ple), denorm alized  for perform ance 
reasons. The database is a standard RDBMS, 
such as Informix or Oracle.

Scalability is achieved by increasing the number 
of com ponen t pairs. These pairs  can exist 
on single or multiple hardware components. In 
a large chain, there would be several front end 
processes, each dealing with a subdivision of the 
chain. The online element is capable of detecting 
messages aimed at databases other than its 'own' 
and routine the messages accordingly. This is to 
cater for the case where a shopper is visiting a

store in a division different from the one where 
she joined (Cross Shopping).

A message-oriented-middleware product—we 
use Talarian Smart Sockets—is used for message 
communication between the components. This 
is a guaranteed-delivery , publish-subscribe 
mechanism.

Identification
When the first message is received from POS, the 
Front End retrieves such information from its 
database as Customer Name, Market segments, 
previous offer activity. It sends a message con­
taining these back to POS.

As an aside, if the customer is not found in the 
database, it could mean that this is the first time 
that the custom er has used her card. In this 
instant-gratification environment, customers are 
unwilling to wait until an application form has 
been processed. If the Front End is 'sure' about 
the ID, i.e., it was input by mechanical means, it 
causes a new database entry to be created and, if 
there are any, replies with details of any market 
segments or offers specific to new customers.

The degree of work required by the Front End, 
to establish  custom er eligibility, is inversely 
proportional to the similar functionality performed 
by  POS. In its sim plest form , the front end  
returns merely a list of Market Segments to which 
the customer belongs (and POS interprets what 
this means in terms of offers). If POS can't do 
this, the Front End has to send  a list of offers 
instead.

Update
The Front End is also responsible for processing 
update messages. These contain deltas to offer 
totals, on a transaction basis. Once it has updated 
its own totals, and committed the transaction, it 
sends a message back to POS, to acknowledge 
that this has happened. Note that POS cannot 
send another message until this handshake has 
occurred.

The CMC (see below) also maintains totals, for 
the whole chain, so that the Front End m ust 
fo rw ard  u p d a te  m essages to the CM C on a 
regular basis. This is an asynchronous process.
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The CMC (Customer Management 
Center)
There is only one of these. It, too, contains a 
standard  RDBMS. The database on the CMC 
duplicates the totals held on the Front Ends, but 
for the whole chain. The various Front Ends 
trickle feed data to it which it uses to update its 
own totals, and then passes them on to the Data 
Warehouse.

The CMC database also contains customer Name 
and Address, and holds several months' trading 
information.

The User Interface to the CMC is over the Retailer's 
intranet, using standard web browser technology. 
A w eb server, e ither ru n n in g  on a separate  
machine or on the CMC itself, presents Active 
Server Pages which interface to the database.

The prime purpose of the CMC is to support 
Customer Service/Elelp Desk functions. Once a 
Customer Loyalty system is in place, shoppers 
become very keen to ensure that they get every 
point to which they are entitled. The result, apart 
from generally increased shopping, is an irate call 
to the Help Desk if they think they are losing out.

Help Desk
The Help Desk is designed to allow an operator 
to access customer information such as:

Customer IDs (card number, phone number etc.)
Name and Address
Household groupings
Progress against continuity offers
Points balances
Details of past transactions (say the last three 
months).

The operator also has some limited ability to 
make adjustments, to soothe the irate.

Although the most common user interface is a 
Help Desk on the company intranet, others are 
being experimented with. If the retailer's security 
standards will allow it, shoppers can access their 
own information, either via the Internet, or from 
their telephones, using an IVR unit.

An Example of Help Desk 
Functionality
To give an  idea of how  the H elp  D esk w ou ld  
operate, let us consider the example of Mr Homer 
Simpson, who made a purchase, and has phoned 
the Help Desk because he believes he should have 
received an award.

Of course, he does not have his card when he 
phones, so the Help Desk operator will perform 
a look-up using the screen in Figure 3, based on 
his phone number or, if this is not on file, his 
name.

Fortunately his name is fairly uncommon.

After verifying that she is, indeed, talking to the 
correct Homer Simpson, perhaps by verifying the 
address or phone number, the Help Desk Operator 
can look at the system to find the transaction in 
question. She does th is by  clicking on  the 
Transactions button. See Figure 4.

Homer tells her that the transaction was in Octo­
ber or November, 1997. She sees a transaction 
which might be the one she wants, on October 
24th. She also notes th a t the transaction  had  
triggered activity on three offers. See Figure 5.

By drilling down on the Offers column, she can 
see further detail. See Figure 6.

The record shows that he has spent $100 towards 
a Wine Club offer which gives an award at $100.

H e agrees w ith  this, b u t m ain ta ins tha t the 
system didn 't give him an award. This is borne 
out by the 'hits' column, which shows a zero— 
no award was triggered.

However, the Help Desk operator notices that the 
offer in question has a limit of 1 (shown in the 
Max hits column).

She returns to the main screen, and this time clicks 
on the Offers button.

By looking in the Maximum Hits column, she 
finds out that the offer was limited to one per 
household, and Homer had already had his one. 
See Figure 7.
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Figure 3: Custom er Service

Figure 4: Custom er D etails

Figure 5: Custom er Transactions
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Figure 6:

Figure 7:

Figure 8:

Transaction Offers

Offer Activity

Points Program
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Figure 9: Contact Record

If this had been an active offer, and there had been 
a genuine mistake, the Help Desk operator could 
have amended the totals.

Since the original offer is long gone, and anyway 
the customer was in error rather than the system, 
the operator makes a discretionary decision to 
give H om er an extra 50 points, as a goodwill 
gesture.

She selects his Points Program, and makes the 
adjustment. See Figure 8.

Finally, she records the interaction with Homer 
by creating a Contact record. See Figure 9.

All of these actions are logged, and in addition 
are trickle-fed to the Data warehouse, where they 
can be analyzed.

Results:

• Homer is happy. He has got 50 points for 
nothing.

• The Custom er Service Rep is happy—the 
whole interchange took a few minutes, and 
all the information was to hand.

• The R etailer is h a p p y —no expensive 
mailings, upset customer, litigation etc..

The end result of all this unbridled happiness— 
the customer continues to use his customer ID, 
gets the occasional award, continues to shop with 
the Retailer, and provides regular helpings of 
Identified Sales Data.

And that, of course, was the reason for having a 
Loyalty Program.

The Next Step
Corema Online Loyalty is installed in several 
supermarket chains in the US.

Since the in fras tru c tu re  of O nline Loyalty  
provides a very low cost communication channel 
to the custom er (m uch less expensive than  
mailing) our customers are finding other ways 
of using this channel—broadening the scope of 
Consumer Relationship Marketing.

We have seen:

• a message sent to the cashier when one of the 
top 10% shoppers makes a purchase, so that 
they can receive VIP treatment

• sw eepstakes, w here a random  custom er 
receives an in-lane prize [anything from a free 
turkey to a Jeep]

• rebate of overpaid tax
• 'stealth' offers, where the shopper doesn't 

know the rules—awards are related to spend, 
but the thresholds triggering them are not 
visible, or published.

However, the most important use of the Online 
Loyalty channel is the delivery mechanism for 
targeted marketing.

The smaller chains have dived into this subject 
with great gusto. Most of their targeting is based
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on rule of thumb, rather than Data Analysis, and
their offers to the customer are complex. This
tends to produce customer service headaches, but
they are easier to deal with if you have a small Frequent Flyer
customer base (say 500,000).

The larger chains are being more cautious. They 
are beginning to use Data Analysis of their Data 
Warehouse to identify main buying groups, and 
are carefully targeting simple offers at these 
groups. The sheer volum e of custom ers and 
offers dictates a very simple approach. Automa­
tion of this process is essential. Their ultimate 
goal is Customer Specific Pricing. IVR

Online Loyalty is the first step in Consum er 
Relationship Marketing. Many more challenges 
lie ahead.

Loss Leader

Glossary
Beano A product which claims to alle­

viate the socially unacceptable 
aspects of bean consumption. 
Not to be confused with the classic 
British comic. Loss Prevention

Cherry Picker A shopper who goes to great 
lengths to select only those items 
with the lowest prices, often con­
fining themselves to loss leaders 
(q.v.). Detested by all retailers.

Loyalty Program

Continuity Having existence outside an indi­
vidual transaction. An offer which 
allows the shopper to accumulate 
a total over several transactions is 
a continuity offer.

M arket Segment

Corema Consumer Relationship Market­
ing. A methodology for maximiz­
ing marketing resources by focus­
ing on customers.

Miles

Offer

Cross Shopping Shopping at a store in a different 
division from your own. e.g. You 
live in Power Cable, Nebraska, but 
you use your card while on vaca­
tion in Secaucus, New Jersey.

Discount An item offered at a lower price 
than 'normal'. Points

EBT Electronic Benefits Transfer. An 
electronic mechanism for doling- 
out welfare payments. The recipi­
ent has a card which can be used

for making payment. Smart cards 
have been used in some states.

A loyalty program run by an air­
line. In return for travelling long 
distances by plane, the member is 
given one point for every mile 
flown (with extra points for peo­
ple who travel very long distances 
indeed). The points can be re­
deemed, so that the member can 
travel very long distances by 
plane.

Integrated Voice Response. A unit 
attached to a phone line which will 
allow an end user to navigate a 
menu of pre-recorded messages 
by means of a touch-tone phone.

A product sold at a price below 
what the retailer paid for it. Loss 
leaders are used to attract custom­
ers to a store, in the hope that they 
will purchase other, higher-mar- 
gin items while they are there.

A euphemism for 'catching 
thieves'.

A system (usually automated) 
where a customer's identified 
sales data is collected in return for 
some customer reward.

A group of customers who share 
an attribute. For example:
• Parent
• cat owner
• cherry-picker.

The airlines' jargon for points.

An arrangement whereby a shop­
per receives something in ex­
change for particular shopping 
behaviour. For example:
• buy can of beans, receive free 

'beano'
• spend $250 dollars in Novem­

ber, get a free turkey
• get points every time you shop.

A notional currency awarded to a 
customer based on the amount of 
money she has spent. Points have 
value, and may be redeemed on 
demand.
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Promotion A group of offers designed to
achieve some goal. For example:
• increase profits by 5% over last 

year
• kick out the competition in 

Fairfield County
• make the cherry pickers go 

elsewhere.

He is currently part of the ICL Corema group, 
which is responsible for the largest online loyalty 
system  in the world. Since the group is based in 
Santa Clara, California, he commutes by telephone!

Sales Audit Head Office application which
analyses Sales Data for financial 
purposes.

Shrink The difference betw een the
amount you expect to get from 
selling items and the amount you 
actually get. Three main sources 
of shrink, not in any particular or­
der:
• Customer Theft
• Employee Theft
• Errors.

Targeting Defining a Market Segment, per­
haps as a result of Data Analysis, 
and then concentrating marketing 
resources on it.
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w id e -ra n g in g , from  D e v e lo p m e n t th rou gh  
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Gold Excellence award for his part in the rollout 
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Using scenarios in ICL to develop and 
implement strategy

Gill Ringland

ICL, Slough, UK

Abstract
This paper describes the use of scenarios as part of planning and management in ICL over the 
period 1993 to 1998. The introduction gives a short history of scenarios: what they are and who 
uses them. Section 2 is a short history of ICL, to set the context. Section 3 describes the work done 
as part of the Vision 2000 project in 1993. Following on from this, the relationship between 
scenarios and other forms of futures work was understood better, and this is described in section 4. 
Section 5 describes a scenario project in 1995, which has become the basis of major strategy 
development for us. The uses we have made of these scenarios are described in Sections 6 and 7. In 
Section 8, the paper discusses the scenarios developed in two multi-partner consortia to which 
ICL belongs, and describes their application to ICL's European Strategy as well as to its business 
offerings, customers and markets. Section 9 presents the conclusions, and in particular compares 
the underlying assumptions and concerns as they have evolved over the decade.

Introduction

This paper describes the use of scenarios as part 
of p lanning and m anagem ent in ICL over the  
period 1993 to 1998.

Scenarios as models of the world
Scenario planning is a set of processes for creating 
a mental m odel, w hich im proves the quality of 
educated guesses, and deciding what backup is 
prudent.

M odels of the w orld are often used to anticipate 
"real life". For instance:

• w ind tunnels are used to test car shapes for 
aerodynamic features— for example, does the 
car becom e unstable at high speeds, does it 
have higher or lower drag factors than other 
shapes

• the use of mathematical or computer m odels 
to schedule and allocate resources within sets 
of constraints. Linear programming techniques 
are u se d  to  so lv e  p rob lem s su ch  as forest  
m anagem ent, agricultural production and 
production planning in factories.

Whether physical or computer m odelling is used, 
the predictions for real life are only as good as

the ability of the m odel to contain enough of the 
rules and constraints o f real life. For instance, 
if a m odel w as based  on  fixed  proportions of 
incom e being available for discretionary spend, 
as a w ay  of calculating the market for luxury  
goods, it w ould cease to be applicab le if  changes  
in  lifesty le  m ean t that increasing proportions 
were in fact being spent on food due to changes 
in diet.

Two aspects of a successful m odel are suggested:

• the ability to anticipate real world behaviour, 
which may be unexpected, through exploring 
the constraints; i.e., external environment or 
internal relationships

• the creation of a mental m odel which allow s 
the user to look  for early  confirm ing  or 
disconfirming evidence.

The history of scenario planning
Scenario thinking traces its history back to the 
Second World War. After the War, the RAND  
Corporation w as set up to investigate new  forms 
of weapons technology. RAND's Hermann Kahn 
pioneered the technique of "future-now" thinking, 
aiming, through the use of detailed analysis plus  
imagination, to be able to produce a report as it 
m ight be written by people living in the future.
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The description "scenario" w as given to these 
stories by the writer Leo Rosten, w ho suggested  
the n am e b a sed  on  (o b so le te )  H o lly w o o d  
term in ology— he d idn't think the then m ore  
cu r r en t term  H o lly w o o d  " sc re e n p la y "  
so u n d ed  d ig n ified  en ou gh . H erm ann Kahn 
adopted the term because he liked the emphasis 
it gave, not so m uch on forecasting, but on creat­
ing a story or myth.

W hen Kahn founded the H udson Institute in the 
m id 1960s, he specialised  in stories about the 
future aimed at helping people break through 
their mental blocks and consider "unthinkable" fu­
tures. He w as best know n for his idea that the 
best w ay to prevent nuclear war w as to think 
through in detail what w ou ld  happen if the war 
did occur. At that time, scenario planning was 
still fairly specialist. It w as not until the H udson  
Institute started to seek corporate sponsors that 
companies like Shell, Corning, and General Motors 
started to be exposed to this style of thinking.

Meanwhile, on the West Coast, Stanford University 
had already set up it ow n think-tank in 1947. 
Stanford Research Institute (now SRI) became the 
first university related think-tank to offer long- 
range planning for business, incorporating opera­
tions research, econom ics and political strategy 
alongside hard science and military consulting.

The late 1960s saw a shift in the work done by  
organisations like SRI, w ith increased interest in 
finding w ays to look further into the future to 
help plan for changes in society, an interest un­
derpinned by the upheavals resulting from the 
war. In early 1968 the SRI "futures group" began 
to use a variety of m ethods, from straight-line 
numeric forecasts to literature searches on utopias 
and d ystop ias from  science fiction  to create 
plausib le scenarios for education in the US to the 
year 2000. T he scen arios w ere  b a sed  o n  tw o  
major questions:

• how  good w ou ld  society be at controlling its 
destiny?

• w ould  society be flexible, open and tolerant 
or w ou ld  it be authoritarian, violent and effi­
cient?

In the 1960s, GE w as the role m odel in corporate 
planning. It used scenarios primarily to think 
ab ou t th e  en v iro n m en ta l factors a ffectin g  its  
businesses.

Shell's basic planning system  w as very similar 
to GE's. By 1965, Shell could plan for the w hole  
chain of activity, from  the oil in the ground  
through to its sale at petrol stations, for six years. 
But in the late 1960s they realised that for their 
business, because of the time scale on w hich oil 
companies worked, six years w as too short a time 
for planning. So a study w as set up to look at 
Shell's position to the year 2000. This show ed  
that the predictable, surprise-free environment 
w ould  not continue, and that a shift in pow er  
from the oil companies to the oil producers in 
the Middle East would create major discontinuities 
in the oil price.

The oil price had been based on seem ingly pre­
dictable factors of dem and and supply since the 
War. But behind the scenes in the oil producing 
countries, factors like politics were increasingly 
important. And Shell's scenarios were designed  
to help the Shell decision-makers to begin to ques­
tion their inner m odel of reality, their "mental 
models" in the face of possible oil price shocks. 
Once the Yom Kippur war had broken out in the 
Middle East, the oil embargo by the producing  
countries did indeed lead to a sharp increase in 
the oil price with the inevitable depressing results 
on the world economy. Because Shell's executives 
had been  prepared for th is, they w ere able to 
react quickly and began to m ove from expanding 
primary capacity to upgrading the output of the 
refineries, w ell ahead of their competitors.

During the 1970s scenarios w ere w id ely  used, 
often based on SRI m ethods. However, during  
the 1980s, the use of scenarios decreased from the 
peak of interest in the 1970s. The threat of the oil 
price shock had decreased, corporate staffs had  
been reduced, and an over-simplistic use of the 
technique, w ith a confusion betw een forecasts 
and scenarios, had given scenario planning a bad  
name.

In the early 1980s, Shell was getting more involved 
in oil and natural gas fields in the North Sea. It 
based its expansion strategy on the assum ption  
that oil and gas prices w ou ld  remain stable. In 
terms of oil, conventional w isdom  w as that the 
A rab-dom inated OPEC consortium  w ou ld  con­
tinue to act in a unified manner towards produc­
tion and pricing. An informal agreement in Eu­
rope not to open the market to more than 35% of 
cheaper natural gas from the Soviet Union w ould  
keep the price of natural gas high.
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Scenario work show ed, however, that both oil 
an d  g a s p rices co u ld  fall. With· o il, O PEC 's 
unified facade m ight crumble, m ade w orse by a 
slow ing dem and for oil because of better energy 
conservation and efficiency. Even more strikingly, 
the con tin u ation  o f  the S ov iet sy stem  w a s  n ot  
assured, which m ight have implications for the 
natural gas market. If a virtually unknown man 
nam ed Gorbachev came to power, one w ould see 
m assive econom ic and political restructuring; an 
op en in g  of the West; arm s control; declin ing  
tensions in the West; and major shifts in interna­
tional relationships. Gorbachev's arrival in power 
w o u ld  increase the lik e lih o o d  o f  th e  S o v ie t  
Union exporting large quantities of natural gas. 
This encouraged Shell to drive d o w n  costs at 
one particularly expensive gas field project in the 
North Sea. At the same time, it avoided invest­
ing in new  oil fields or follow ing the acquisition  
trail being trodden by it major competitors, w ho  
were engaged in an acquisition spree, buying  
other oil and gas companies at premium prices. 
Once the dust had settled follow ing the price 
drop, Shell w as able to pick up additional assets 
at bargain prices.

Shell is the best know n example of a com pany 
using scenarios to prepare for major changes. 
This p ap er d escrib es ICL's exp er ien ce , as it 
wrestled w ith the volatile IT market of the 90s. 
The author's book  [R ingland, 1997] g iv es  a 
number of examples of the use of scenarios:

• Austrade
• British Airways
• Cable & Wireless
• DEC
• ECRC
• Electrolux
• Erste A llegem eine Verseichweung
• manufacturer KRONE
• Statoil of N orw ay
• United Distillers
• UK National Health Service.

The Structure of this paper
The paper starts w ith a short history of ICL, to 
set the con tex t (Section  2). T he reason  for 
including this is to demystify scenarios—they are 
useful to companies smaller and leaner than Shell, 
as the e x a m p les  a b o v e  indicate! S ection  3 
describes the learning process through the work 
done as part of the Vision 2000 project in 1993.

That project helped us to understand better the 
relationship between scenarios and other forms 
of futures work, and this is described in Section 4.

Following on from this learning experience, in 
1995 w e ran a classic "scenarios project", using  
the best advice w e could find, and consulting  
with industry leaders. These scenarios for the 
Information Industries, Coral Reef and Deep Sea, 
have been the basis of major strategy develop­
ment for us and the uses w e  have m ade of them  
are described in Sections 6 and 7.

Since 1996, w e have increasingly worked with a 
number of external organisations to broaden our 
v iew  o f the forces u p on  u s— taking into ac­
count global forces outside our industry. In Sec­
tion 8, the paper discusses the scenarios devel­
oped in two multi-partner consortia to which ICL 
belongs, and describes their application to ICL's 
European Strategy and to ICL's business offerings, 
customers and markets. Section 9 presents the 
conclusions, an d  in  particu lar com p ares the  
u n d er ly in g  assum ptions and concerns as they 
have evolved over the decade.

Background— a history of ICL
ICL's roots as a "computer" com pany go back to 
the immediate postwar years, in particular, to the 
"Baby Machine" at Manchester University in 1948 
[Burton, 1999], which led to the formation of the 
computer department at Ferranti Ltd., and to the 
EDSAC machine at Cambridge in 1949, which  
w as developed  into a comm ercial product by  
Lyons in 1951. The latter ran the first routine  
office  job— Bakery V aluations. L yons then  
form ed  LEO C om p u ters  Ltd. in  1954. T his  
com pany m erged  w ith  the com puter depart­
m ent of English Electric in  1963. Another UK  
computer company, The British Tabulating Ma­
chine C om pany (BTM), had its roots in  the  
punched card m achines invented  by Herm an  
Hollerith in the 1880s. BTM w as incorporated in  
1907 an d  its h is to ry  in c lu d es  th e  p ro d u ctio n  
of c o m p o n e n ts  for th e  fa m o u s cryp tograp h y  
operation at Bletchley Park during the Second 
World War. The Powers-Samas com pany w as set 
up in 1925 and, in an agreement w ith Remington  
Rand in 1936, "divided the world" w ith Powers 
taking the British Empire, Scandinavia and the 
M iddle East. In 1959, Powers-Samas merged with  
BTM to form ICT, International Com puters & 
Tabulators Ltd.. This com pany later acquired the
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commercial com puting interests of EMI and, in  
1963, m erged with the computer department of 
Ferranti Ltd..

The ICT strategy w as [Campbell Kelly, 1989]:

• To becom e a large scale vertically integrated 
data-processing equipm ent manufacturer

• To su p p ly  p ro d u cts  for the tra d itio n a l 
punched card machine market

• To becom e a peripheral manufacturer and  
OEM supplier.

Creation of ICL
ICL was formed in 1968 as a government initiated 
merger of English Electric and ICT, as part of the 
th en  L abour g o v e r n m e n t's  " w h ite  h ea t o f  
technology" them e, to create a strong British 
player in the growing computer business.

As the mainframe business began to mature in  
th e  1970s, ICL b o u g h t th e  S in ger  B u sin ess  
S y stem s com p any, w h ic h  h ad  a b a se  o f  sm all 
business system s and intelligent term inals in 
Europe and North America, and a headquarters 
and manufacturing facility in Utica, N ew  York.

During the period, 1979-81, the company ran into 
trouble. Survival depended on more than cut­
ting costs. Three factors were crucial: firstly, a 
new  m anagement team, including Robb Wilmot 
and Peter Bonfield from Texas Instruments; sec­
ondly, establishing a long term relationship w ith  
Fujitsu of Japan to develop the semiconductor 
circuits needed  for its m ainfram e range and, 
thirdly, to reset the strategies.

These were stated as:
• deliver complete solutions not com ponents
• create and work w ith a network of alliances
• lead the introduction of Open System s (i.e. 

the break dow n of vertical integration)
• concentrate on a few  markets, e.g. Retail, Fi­

nancial Services and Government.

Since then it has become an often-quoted example 
of UK corporate renewal [Goffee, 1991]. As the 
company recovered, grew and became profitable, 
it w as bought by STC (Standard Telecommuni­
cations & Cables of the UK) in 1984. During the 
mid-80s ICL w as active in a number of European 
Community sponsored activities—such as setting 
up a joint R&D centre w ith Siemens of Germany

and Bull of France in 1984. In fact a recent count 
suggested that to date ICL has been party to 43 
joint ventures and 146 collaborations.

In 1988, ICL bought CCI, an office systems sup­
plier w ith a North American base and, in 1989, 
Datachecker of the US w as com bined w ith the 
ICL Retail Business. These reflected the strategic 
view  that the information industry was becoming 
global, w ith m uch of the initiative com ing from  
the US.

In 1989, N orthern  Telecom  b ou gh t STC and  
Fujitsu bought a major stake in ICL. Fujitsu also 
sa w  th e  in form ation  in d u stry  as b e c o m in g  
g lo b a l, an d  a lread y  h a d  stak es in  U S  b a se d  
companies, such as Amdahl. ICL and Fujitsu now  
have jointly ow ned com panies in North America 
a n d  in  th e  A u stra lia  /P a c if ic  reg ion . ICL's 
relationship w ith  Fujitsu over the years since the 
early 1980s has been discussed in several books 
on alliances— for instance [Faulkner, 1996] and 
[Prahalad, 1994].

In the 1990s, ICL expanded in Northern Europe, 
b u y in g  a n u m b er  o f  so ftw a re  h o u se s  across  
E urope an d  m erg in g  w ith  N o k ia  T elecom 's  
system s business, w hich brought the com pany  
factories an d  R& D facilities  in  S w e d e n  and  
Finland [Mayo, 1994].

ICL as a global player
In 1995, the then Chief Executive Officer (CEO), 
Peter Bonfield, m oved to British Telecom and the 
Finance & Business Strategy Director Keith Todd 
took over as CEO. Keith Todd had joined ICL 
originally in 1985 as part of the STC team.

Fujitsu now  ow ns 100% of ICL. The companies 
an d  A m d a h l w o r k  togeth er  o n  a n u m b er  of  
programmes but, in financial terms, the relation­
sh ip  is  arm s len g th , s in ce  the in ten tio n  is  to  
re-establish a public share listing of ICL in May 
2000.

As the detailed discussion w ill highlight, through 
the use of planning linked to scenarios, ICL has 
ch a n g ed  d u r in g  the 1990s from  a com p u ter  
conglomerate to, firstly, an IT services company, 
through m anaging the portfolio (Section 5) and, 
secondly, a com pany focused on a m ission "to 
u n lo ck  the fu ll p o ten tia l o f th e  k n o w le d g e  
society for our customers" (Section 6).
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Vision 2 0 0 0 -1 9 9 3

Like m any other com panies in the IT industry, 
ICL had been grow ing w ith double-digit growth 
m ost years for m ore than a decade. But the 
growth m asked major changes in the industry. 
By 1993, looking back to the ten-year forecasts 
m ade in 1986, ICL could see that it had correctly 
foreseen that the industry w as m oving toward 
personal com puters and system s integration. 
What it had not foreseen was the extent to which  
the industry w ou ld  restructure, new  players 
w ould  dom inate niches, and how  far margins 
w ould  decrease as the industry restructured.

So ICL decided that it needed to take a systematic 
look ahead to see what opportunities and poten­
tial dangers were ahead. A  project called Vision 
2000 w as set up as a first step in investigating the 
possible future ICL faced, to concentrate on forces 
in  the in d u stry  and  the w a y s  in  w h ic h  the  
challenges of the changing needs of customers 
could be met. The project began quite informally, 
reporting to Keith Todd, Director of Finance and 
Business Strategy, and m ainly involving three 
people. The author had a HQ responsibility for 
software and services, Malcolm Austin headed  
corporate planning, and Tony O ppenheim  was 
mainly concerned with mergers and acquisitions.

There were three strands to Vision 2000.

O n e w a s  lo o k in g  at the o u ts id e  w o r ld , the  
conventional PEST (Politics, Economics, Society, 
Technical) factors. It w as a question of concen­
trating on  the m egatren d s, su ch  as w h a t w a s  
happening in the US, as opposed to Asia, and 
what was happening to dem ographics— to get a 
feeling for the wider environment.

The second strand was analysing the IT industry, 
looking for discontinuities in sectors like consumer 
electronics and telecom m unications, examining 
the co m p etitio n , an d  lis ten in g  to  w h o  w a s  
say in g  w h a t about future b u sin ess  directions. 
Because the project team sensed that what had 
been perceived as a monolithic computer business 
w a s sp littin g  u p , it turned  to the PIM S (Profit 
Impact of Marketing Strategy) [Schwartz,1997] 
database to look for other industrial parallels for 
the d ifferen t co m p o n e n ts  o f the IT industry. 
The team used the construction industry as a 
comparison for the business that dealt with large 
projects and looked at utilities for their resem­

blance to the services business, and at consumer 
electronics for the products/technology-based  
b u sin ess . In each  case  w e  charted  op era tin g  
profits, the return on investm ent, investm ent re­
quired and the m anagem ent profiles.

The third strand w as to understand ICL's assets. 
A fter exp loring several techniques, a SWOT 
analysis (Strengths, Weaknesses, Opportunities, 
Threats) of the ICL assets, business by business, 
was selected. At this level, the team w as able to 
separate out ICL corporate assets from those  
unique to a particular business— for instance the 
infrastructure across Europe versus Retail appli­
cations solutions for instore systems.

The Scenario Planning Project
A t the sam e tim e as V ision  2000, the team  w a s  
experim enting w ith  scenario p lanning to judge  
h o w  effective an approach it could be in helping  
the com pany to make informed decisions about 
its direction. Particular interest w a s  sparked  
b y  M atti K eiola, on  secondm ent to corporate 
planning for a year from ICL Finland. He led a 
scenario planning exercise, involving the Vision 
2000 group.

The team met about once a w eek over ten weeks. 
The meetings were held in the office and consisted 
mainly of brainstorming. In creating the scenarios 
com m on trends were found covering economics, 
te c h n o lo g y  an d  th e  in fo r m a tio n  in d u stry . 
T he follow ing trends formed part of the input to 
Vision 2000:

• Shifts in Economic Power from Europe to Asia 
and North America, and within companies 
away from IT departments

• Technology push and its effect on the prices 
and performance of m obiles, desktops and 
servers

• The IT industry continuing to grow but becom­
ing fragmented, and expanding into telecoms, 
m edia, publishing, education and consumer 
electronics.

All the scenarios were subject to the follow ing  
uncertainties:

• general geo-econom ic/political conditions
• world GDP growth, monetary systems /  Europe
• price stability (especially energy)
• armed conflicts (defence spending)
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• the harmonisation of telecom m unications
• the integration, or otherwise, of Europe.

Three scenarios were developed, called Stagnation, 
Baseline and Technogrowth.

Communication of the Scenarios
At the end of the scenario building project, the 
team  had a m uch clearer v iew  of the w orld and 
the underlying trends affecting ICL. But w e  had  
great difficulty in com m unicating this clearly. 
The problem w as that initially the scenarios were 
presented in tabular form , spread over three 
pages, in very small type. These took several 
hours to talk through in detail and there w as no  
useful summary.

V ision  2000 w ork  had b een  d iscu ssed  w ith  
Stanford Research Institute (SRI) in order to tap 
into their scenario expertise. SRI had found that 
a u se fu l an alytic  fram ew ork  for scen ario s in  
technology based industries w as to use as axes:

• consumer needs/d em ands
• business n eeds/d em ands
• the macro-environment
• delivery structures.

Each of the three scenarios w as rated along these 
four axes. In the Technogrowth scenario, the 
macro-environment w as strong, as w as business 
d em a n d , cu stom er  m ark ets an d  in n o v a tio n  
in delivery structures and channels. In 
the Stagnation scenario, business n eed s/ 
dem ands w o u ld  be very  h igh , but it 
w ould  all be about reducing costs, w ith  
particu lar d em an d  for ou tsou rcin g . 
Consumer dem and w ou ld  be very flat, 
w hile the macro-environment w as low  
grow th and delivery  structures were  
relatively stable. The Baseline scenario 
represented "conventional w isdom "  
w ith  custom er markets surging to be 
more important than business markets, 
m ed iu m  gro w th  o f  the econ om y, and  
little change in delivery structures. The 
resultant "spider diagram" is show n in 
Figure 1. This approach helped to begin  
to tease out the differences am ong the 
scenarios.

U s in g  th ese  scen ario s  th e  team  w ere  ab le  to  
discuss a number of aspects of the industry which  
h a d  n o t  e x p lo red  b efore  from  th is an g le . For 
exam ple, outsourcing could be seen to be viable 
w hen the econom y is boom ing, because people  
have discretion to rethink their business, and it 
could be viable w hen  the econom y is difficult, 
because people are trying to obtain efficiencies. 
So outsourcing w ou ld  be driven by different 
forces in  d ifferen t scen arios. T hat w a s  n o t a 
devastating conclusion, but on the other hand it 
w as a useful one at the time.

Lessons Learnt
W ith h in d s ig h t w e  s a w  a n u m b er  o f  reasons 
w h y w e  had been less successful than w e  w ou ld  
have liked.

• Because the sessions were held in the office, 
the team probably did not think as laterally 
as it should have.

• The team had not started w ith  the questions 
it w as trying to answer. A question to answer 
is n e e d e d  in  order to  p u t th e  scen ario  in to  
context.

• Presentation was initially very unhelpful. The 
scenarios were spread over three pages in 
very small type, w ith far too m uch detail but 
lacking any explanation of the essence of the 
scenario.

Figure 1: Displaying Scenarios
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• The scenario representation using the axes 
suggested by SRI (consumer needs/dem ands, 
business needs/dem ands, delivery structures 
an d  m acro-en v iron m en t) m a d e  u s  realise 
the u tility  o f  u s in g  graph ica l tech n iq u es. 
It allow ed hom ing in on the delivery struc­
tures as an area of major change, and to see 
that the dem ands on IT w ou ld  be severe in  
b o th  th e  T ech n ogrow th  an d  S tagn ation  
scenarios. But w e found that a very detailed  
commentary w as required as w ell as a clear 
reconciliation of the axes. We still d id not 
h a v e  a fram ew ork  in  w h ic h  to  p lace  the  
resu lts  an d  d id  n o t h a v e  an  im m ed ia te  
"picture" through which anyone w ho had not 
been through the exercise could get a feeling  
for w hat had been understood.

• H aving three scenarios proved to be danger­
o u s , p a r ticu la r ly  in  an  in d u stry  w h er e  
people are reasonably numerate and literate. 
They w ill usually make what seem s to be the 
sensible assumption that the m iddle one is the 
forecast, which limits the value of the scenario 
thinking.

Outcome of Vision 2000
Overall Vision 2000 proved its worth in helping  
ICL to draw up a coherent picture of where the 
in d u stry  w a s  m o v in g . In January 1994 the  
c o m p a n y  w a s  reorgan ised  in to  three m a in  
b u s in e s s  stream s: sy s te m s  in te g r a tio n  for  
project-based business; a services-based business 
specialising in outsourcing; and the technology/ 
product divisions. It was tools like competitive 
benchmarking and the SWOT analysis that lay 
the foundation for the structural change.

The trend analysis suggesting a m ove away from 
pow erful IT departm ents helped  the team  to 
think about ICL's customer relationship strategy. 
The trends towards growth and fragmentation 
of the industry also inform ed our technology  
watch, as new  industries and competitors sprang 
up.

But perhaps the dom inant trend that w as seen  
w as the effect of technology push on the prices 
and performance of mobiles, desktops and serv­
ers. The team saw ICL's business needing to op­
erate w ith margins very much lower than in the 
mainframe era, and needing to increase volum es 
significantly to maintain constant revenue from

hardware. This led to the tackling of som e of 
the issues described later in Sections 6 and 7.

Fram ework for scenarios
By the time work started on the scenario project 
in 1995, an approach had been developed, which  
co m b in ed  w o r k  w ith  a n u m b er  o f  external 
organisations o n  research in to  the future, w ith  
its exploitation in house.

We worked w ith Global Business N etw ork on 
major trends, and were a member of the Business 
in the Third M illennium  consortium, looking at 
the changes as they affect individuals in Asia, US 
an d  E u rop e, an d  the effect that th is h as on  
governm ent and business. Since then w e have 
worked w ith a number of other external organi­
sations such as:

• Promethee, the French thinktank
• The Copenhagen Institute for Future Studies
• The Futures Council of The Conference Board
• The EC ++++
• The O pen U niversity Environm ental Scan 

project.

A  n u m b er  o f  in d iv id u a ls  from  the ICL lin e  
o p era tio n s can  an d  d o  partic ipate in  th ese  
research projects, as w ell as external consortia, 
to extend the vision of the future; see Figure 2. 
But the nature of the output is such that a key 
role is that of distilling the m any confusing and 
conflicting signals and in form ation  in to  a form  
that can  b e  u se d  for planning. Scenarios are 
one w ay of doing this, of applying the vision, so 
that the organisation can implement.

Figure 2: Futures Framework
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Scenarios for Information Markets 
in 2005
Late in 1994 w e talked to Laura Raymond of Shell 
about our view s of the IT industry. In return the 
scenarios team under Ged Davies briefed us on 
h o w  th e y  d o  scen ario  p la n n in g  an d  u se  the  
results. M uch of this has n ow  been published  
[Kees van der Heijdn, 1996]. In particular, their 
em phasis on the importance of credible scenarios 
w hich could plausibly evolve from "where w e  
are now" w as very helpful.

storylines, and the nam ing of our "Worlds in 
2005", for which w e chose Coral Reef for one, and 
Deep Sea for the other. The reasons for this w ill 
be discussed below.

The final stage before taking the scenarios into 
the com pany for dissem ination w as to validate 
them against the ICL portfolio—were the business 
units differently susceptible to the tw o w orlds in 
2005? We found that the scenarios did  indeed  
help us to analyse the portfolio, and so w e  de­
cided to d issem in ate them  in to  the organisa­
tion. This section describes each of these stages.

The organisations from w hich w e found w e  
got most at this stage in terms of methodology 
were:

• Global Business Network, which w e found  
out about through the Internet. They run 
training courses, provide a flow  of ideas 
and lateral thinking, and hold workshops 
several tim es a year, and Peter Schwartz's 
"The A rt o f  th e  L on g  V iew " is  still the  
classic on scenarios

• The Batelle Institute, w hich focuses on the 
health sciences/chem ical industry axis, 
but has a general-purpose m ethodology.

• SRI, w h o  a lso  h a v e  a w e ll-d e v e lo p e d  
m ethodology

• IDON, who have a methodology orientated 
towards interactive workshops.

Focal Issue or Decision
The purpose of the project w as to provide a 
framework for analysing the ICL portfolio.

The first crucial step was to decide just what were 
the questions to answer. The planned process, in 
w hich five m ain activities were recognised, is 
show n in Figure 3. During the first stage w e used  
interview s and external analysis to define the 
scope of the project, and at the same time inves­
tigated available methods. At the second stage, 
w e had to decide what m ethod to use, and refine 
the scope, in this case to "information Industries 
in 2005", w ith  particular em phasis on Europe. It 
was relatively easy to assem ble vast numbers of 
factors affecting us, and to sort them  into trends 
and uncertainties. M uch more taxing w as the 
synthesis of these into scenarios by painstakingly 
grouping them  & agreeing linkages and depend­
encies. M ost taxing of all w as the creation of

In som e environments it m ight be more suitable 
for a senior m anagem ent team, or the m anage­
m ent team of a business emit, to engage in the 
process. What w e decided w ou ld  best m eet our 
aims w as to pull together a group of staff from  
headquarters w h o  could  w ork w ith  the busi­
nesses to exploit the scenarios once they had been  
created, cou ld  if necessary m odify  or extend  
them, and then explore the implications.

The group consisted of:

• Paul Clayton: a business analyst w h o had  
d o n e  research in to  o u tsou rcin g  and the  
changes in the computer services industry

• Laurent Douillet: a stockbroker and financial 
analyst from France w ho w as on a mid-term  
break from an MBA at the Wharton School

• Jane Dowsett: an econom ist by background  
w ith  specialist experience in market research
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• Steve Parker: a business analyst with specialist 
expertise in the computer and telecom m uni­
cations industries

• Gill Ringland: Group Executive with specialist 
expertise in software and the services industry.

We wanted the group to encompass diversity but 
also to be reasonably empathetic to the concerns 
of the company, so that the com pany's assum p­
tions and concerns were a central part of the sce­
nario-building exercise. We decided to take the 
risk that having m ainly ICL people m ight m ean  
that important issues remained unidentified be­
cause of cultural blindness because we wanted to 
explore the process, the m ethods, and crucially, 
how  to use the scenarios.

The main project ran over three months, w ith the 
group m eeting twice a w eek for half a day, as well 
as carrying out research betw een m eetings. N o  
outside consultants were used, although w e did 
discuss som e of the outcom es during the project 
w ith  Professor G areth Price of St A n d rew 's  
University and Dr Oliver Sparrow of Chatham  
H ouse Forum.

The scale of the project seem s typical o f those  
creatin g  b ro a d -sp ectru m  scen a rio s , and  is  
qualitatively different from  that need ed  for the 
w orkshop s u sed  to create com m on vision  and  
vocabulary. And since w e were concerned that 
there was a link to corporate planning w e focused 
on tw o "near in" scenarios, rather than more, di­
verse scenarios.

Defining the question
Jane D ow sett carried out a round of half-hour 
in terv iew s w ith  som e 50 senior staff, both  o ld  
timers and those new  to ICL. The interviews had 
tw o objectives: to get m anagem ent to "buy-into" 
the project and to understand what was the burn­
ing question. In other words, sitting in 2005, what 
w ou ld  w e  have liked to have know n about in 
terms of political, econom ic, societal, environ­
m ental, technological and lifestyle trends ten  
years earlier. To unlock the answers, a set of seven  
questions w as used. The questioning technique 
w e used is referred to as "The Oracle" and it 
works on the basis that people know a great deal, 
but do not always know  w hat they know.

The Vital Issues (the O racle):
• Would you identify what you see as the critical 

issues for the future?—When the conversation 
slow s, continue w ith  the comm ent— suppose  
I had full foreknowledge of the outcom e as a 
genuine clairvoyant, w hat else w ou ld  you  
w ish to know?

• W hat w ou ld  be a favourable outcom e, if 
th in g s  w e n t  w e ll?  B ein g  op tim istic  b u t  
realistic, talk about what you w ould  see as a 
desirable outcome?

• What w ould be an unfavourable outcome? As 
the co n v erse , if  th in g s w e n t  w r o n g , w h a t  
factors w ould  you worry about?

• Where culture w ill need to change? Looking 
at internal system s, how  m ight these need to 
be changed to help bring about the desired 
outcome?

• Lessons from  past successes and failures. 
Looking back, what w ould you identify as the 
significant events which have produced the 
current situation?

• Decisions which have to be faced. Looking 
forward, what w ould you see as the priority 
actions, which should be carried out soon?

• If you were responsible, if all constraints were 
rem oved and you could direct w hat is done, 
w hat more w ould you w ish  to include (the 
'Epitaph' question)?

We reviewed the interviews and analysed them  
by the factors, which were m entioned under each 
of the headings. What we found was that one-third 
of the interview ees explicitly raised, as a critical 
concern, w hat w ill be ICL's source o f added  
value? The question w as implicit in the answers 
of another third.

We thus decided that in terms of the scenarios, 
w e should focus on the question:

What added value will we provide to our 
customers in 2005?

We added an extra hypothesis, that the scope of 
added value could be bounded by, "innovate to 
im prove their business," or alternatively by, "to 
m inim ise their risk"?

Sources of external data
In building the scenarios w e  found that the prob­
lem  w as distinguishing the relevant data. In the
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Vision 2000 and other projects we had identified 
good sources for a wide range of IT industry data, 
telecoms research and for technology in general. 
For economic data, the Economist Intelligence 
Unit and the OECD provided good background.

The areas we found difficult were those relating 
to the wider information industry and to new 
developments like digital cash. For these consumer 
related sectors we found that the financial ana­
lysts were often the best source of both data and 
opinion.

Developing the List of Relevant Factors
From the interviews we identified a list of about 
40 topics that people wanted to know about in 
the future. We added a number more from our 
researches, and w e categorised the topics as 
either trends or uncertainties.

The trends reflected "best educated guesses" 
about directions. These would be common to all 
the scenarios. A judgement was taken on which 
trends w ere a lready  incorpora ted  in ICL's 
th in k in g  and  processes. For instance, the 
dom inance of the US in  IT innovation , the 
decreasing role of national governm ents in 
Europe and the increasing reliability of hardware 
were all significant, but perhaps no longer needed 
spelling out.

Even w ith a well-expected trend, there could 
always be surprises and questions about the pace 
at w hich the trends w ould  develop. So that 
forecasting, even w ithout uncertainties, is a 
fraught exercise.

Trends are mostly seen in two areas: those related 
to demographics and those related to technology. 
Surprises in demographics occur only rarely. For 
instance, between censuses in the US, the size and 
pattern of Catholic immigrant families changed 
the predicted demographic balance significantly. 
Surprises are m ore com m on in the political or 
social arenas. In ad d itio n  to the trends w e 
identified in 1993, we added:

• The effect of pervasive information, increasing 
the power of the customer and the pace of 
competition

• A young population in the developing world 
and an ageing population in the developed 
world

• E nvironm ental concerns affecting m ore 
businesses

• Bandwidth explosion, exceeding the effect of 
Moore's law in its rate of change

• Digital information changing the sources of 
value.

Grouping the Critical Uncertainties
Some of the factors were inherently unknowable 
and not causally linked to any of the others—for 
instance, the occurrence of a major earthquake 
in the USA was not caused by any of the other 
factors, although it could contribute to a factor 
like "more terrorist actions". The factors which 
were not linked were called "Wild Cards", and 
we found that the best way of treating these was 
to identify where the policy for dealing with these 
should rest, and getting them set, rather than 
building them into the scenarios.

Some of the factors were seen to be important to 
us, but with an unpredictable outcome in ten 
years time. The intellectual activity to correlate 
these was one of the hardest of the project. For 
each factor, w e determ ined  w hether it w as 
positively correlated against every other factor 
(on a scale 1 to 3), negatively, or not at all (0). 
Then the factors were sorted, giving the list in 
Figure 4. For each of these uncertain factors we 
constructed a correlation matrix relating to each 
of the others. For example, did one increase, de­
crease or remain unaffected by another?

• Shift in technology innovation to Asia
• Loss of government control on information 

flows
• Greater economies of scale in technology
• Consumer marketing dominates
• Major breakthrough in technology
• Eligh adoption of innovation; e.g. multi- 

media
• Major IT disasters; e.g. from Y2K
• High economic growth
• Fragmented IT industry

Figure 4: Scenario Factors

We then saw a pattern, in which four themes 
emerged.
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The degree of in flu en ce /p o w er exerted  by
governments, e.g. regulation/deregulation:

• What will be the balance between govern­
ment-imposed regulation and self-regulation?

• Will governments regulate to protect national 
cultures?

• Will governm ents be able to control 
crossborder information flows and electronic 
commerce?

Figure 5: ICL's Uncertainties

• W hat w ill be the im pact on the W est of 
economic growth in Asia?

These groupings helped us to begin to build up 
the story line of how the world might look in two 
different scenarios. We linked open cultures and 
trading, deregulation/less government, indi­
vidual values, and innovation, because of their 
correlations, and built up scenarios of two differ­
ent worlds, shown as inner and outer circles in 
Figure 5.

Social values, community versus individual:

• H ow  im p o rtan t w ill be env iro n m en ta l
concerns?

• Will individual or community values pre­
dominate?

• What will be the level and forms of security 
threats?

C onsum er behav iour, in n o v a tio n  versus 
technophobia:

• What will be the buying points in large or­
ganisations?

• Will consumers become tired of constant 
change?

• How IT literate will they be or need to be?

The shape and degree of global trade—cultures 
and trading:

• What will be the degree of intra-block trade 
and of inter-block trade?

All in the Name

We believe that one of the reasons this exercise 
worked so much better than our 1993 project, was 
that we came up with names for the scenarios 
which described the essence of what they were 
about. The names had to act as metaphors so 
that when we were talking about a scenario we 
could use the name as an evocative short-cut and 
give people an instant picture of each scenario 
and be more receptive to the detail.

At first we toyed with names like Chinese meals 
versus Hungarian Hot Pot. The Hungarian Hot 
Pot was stodgy and could describe the scenario 
w ithout much innovation, while the Chinese 
meal could apply to the more short-lived scenario. 
However, these were not really satisfactory and 
after much discussion and brainstorm ing the 
names, Coral Reef and Deep Sea, emerged.

They seemed to fit well because of the intuitive 
behaviour which each describes. The Coral Reef
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world is very diverse, with much visible activity 
and complex food chains. There are many small 
fish. The Deep Sea world is less diverse, with 
few er species of m ainly  larger fish. It is a 
simpler world in many ways. And for people 
who have reflexes formed on land, both the Coral 
Reef an d  D eep Sea can be dangerous places 
unless the reflexes are retrained. For instance, 
the natural response to danger under the water 
is to hold one's breath and come to the surface (if 
you have been breathing from a scuba tank, this 
is a way to die painfully). The moral is—train 
for the new environment—and this is what sce­
narios are about—trying things out in a possible 
future environment via scenarios; see Figure 6.

In Coral Reef, a multiplicity of devices would be 
available to connect to a number of competing 
services, with price wars and confusion.

We th o u g h t tha t early  indicators of a w orld  
behaving like the Coral Reef could include:

• Bill deregulating US markets passed in 1995, 
European countries meeting their deadlines, 
and Japan deregulating in 1999

• AT&T sells NCR or Siemens sells SNI or 
Olivetti sells the PC business

• Spin-offs increase relative to mergers in the 
media business

• Digital sells its semiconductor business to TI, 
and TI sells its software business to CA

Figure 6: ICL's Scenarios

Information Markets in 2005 
Coral Reef
Under the Coral Reef scenario the demanding 
an d  soph istica ted  custom er ou tsources or 
purchases system s in tegration  because of the 
po ten tia l for IT to change his business and  is 
interested in new technology. Coral Reef is 
largely deregulated or self-regulated, while Deep 
Sea is regulated. Coral Reef exploits energy and 
innovation , w ith  g row th  from  Asia an d  new  
businesses in new areas. The competition to ICL 
is small, fast start-up companies.

An example of the differences is how information 
would be supplied to customers over networks.

• Fabrication capacity in Asia (excluding Japan) 
exceeds that in Japan, Europe and N orth 
America combined by 2000

• US & China establish a trade treaty in 1996
• Information Society takes off in Europe
• Microsoft and Intel constrained by anti-trust 

legislation.

Deep Sea
In  th is scenario, w e see Europe an d  the US 
reacting som ew hat negatively to changes in 
world balance. Under Deep Sea, the demanding 
and  soph istica ted  custom er ou tsou rces or 
purchases systems integration because it is not 
his core business. He is interested in a full range 
supplier taking the risk and reducing cost. The
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existing (US) full range suppliers are ICL's com­
petition.

The consum er w o u ld  see a sm aller range of 
offerings, with a lower bandwidth offering as the 
norm—so less possibility of movies on line. The 
devices would be packaged with the network, 
and only work with one service provider.

Early indicators of Deep Sea could include:

• The early indicators of Coral Reef are not seen; 
e.g. the number of mergers increases relative 
to the number of spin-offs

• UK, Spain & Denmark isolated at the 1996 
Maastricht conference

• US imposes punitive tax on a very visible 
Japanese export

• Successful lobbying of European governments 
to introduce tough new penalties to combat 
crime

• Windows 95 fails to meet expected shipments 
in Europe, compared to its take up in the US.

But of course, neither scenario is a forecast. We 
expected elements of both scenarios in the actual 
outcome, while they may also co-exist in different 
segments and geographies, For example, the US 
might be more like Coral Reef while Europe may 
be more Deep Sea.

In fact, just after we published the scenarios, in 
early August 1995, two of our early indicators 
occurred. Unfortunately they were indicators for 
different scenarios. IBM reversed its intentions to 
divide into separate businesses—a sign of Deep 
Sea. AT&T sold NCR—a sign of a Coral Reef 
world.

But the analysis that we had done meant that we 
could  m ake sense of this. It to ld  us tha t the 
projected Inform ation, Com m unication and 
"Edutainment" industry was not yet one, that 
telecoms was about to enter a phase of innovation 
and startups, while the computer industry was 
starting to coalesce into fewer, bigger players.

Communicating the Scenarios
In communicating the scenarios, we have already 
discussed the importance of a name that conveys 
the right picture and associations for the scenarios.

Additionally, we prepared and circulated back 
to the group of managers that we had interviewed:

• a summary, with an offer to come and talk 
through the scenarios

• a slide set
• a glossy booklet, using images to convey the 

excitement and dangers of taking a view of 
the future.

We gave briefings to the Policy & Strategy Network 
of corporate planners, and briefed the Client 
M anagers and Board. We included questions 
re la ted  to dealing  w ith  u n certa in ty  in  the 
planning guidelines.

Lessons Learned
In setting up the Information Markets project, we 
had learnt some lessons from the project of 1993.

• Take time and do enough research to make 
sure the right questions are being asked.

• The group should combine discipline with 
free-thinking, and work on the principle that 
no one is right or wrong. That discipline can 
come from a strong leader or from a shared 
vision, which is the way ICL works. That 
shared vision of what it is you are trying to 
do, and how exciting and even fun it is, is only 
effective if you are going to be able to tell other 
people abou t it, w hich  m eans getting  to a 
certain point. Someone needs to own the 
process and outcomes.

• The group needs to be made up of a fairly 
disparate set of interests, backgrounds and  
approaches. N o t only do  you  need  ex­
perts  on yo u r industry , b u t it is also help­
ful to have different nationalities. We were too 
UK-oriented: the ideal balance for us would 
have been 50% UK, with representatives from 
the US, perhaps Japan and the Nordic coun­
tries.

• The scenarios must be relevant to the busi­
ness in order to convince what can be sceptical 
line m anagers abou t their usefu lness in 
creating fresher mental models.

But we found that none of the communication 
mechanisms worked without personal input from
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a member of the team and, with that ingredient, 
we were able to tackle a range of applications, as 
discussed in the next section.

Applying Scenarios
When we developed the scenarios in 1995, we 
w ere facing a num b er of im m ediate business 
decisions. I have chosen to describe two of these 
in more detail.

Applying Scenarios to a Business Plan
We had decided to concentrate on services, 
moving our volume product business into Fujitsu 
to achieve the economies of scale. But what 
should we do about our contract manufacturing 
business, D2D? It was a services business and 
by then achieving significant external revenues 
from e.g. SUN, Camelot.

We had a business plan for D2D written by the 
management team as we were developing the 
scenarios. We needed to check that it was viable 
under both  scenarios. D2D had particu lar 
strengths—for instance w inning  the EFQM 
Quality Prize the previous year—did this have 
different value in the two scenarios?

We applied the Coral Reef and Deep Sea scenarios 
to the business plan written by the D2D manage­
ment team. In Coral Reef, the consumer elect­
ronics market booms, and networking demand 
explodes. Both provide ideal opportunities for 
contract manufacturing, but for very short runs 
and low cost items.

In a Deep Sea world, the demand is mostly for 
PCs, terminals, servers, and higher end network­
ing in  the business w orld . The sources of 
competitive advantage in this world are a low 
rate of returned items and the ability to change 
specifications on the fly.

When the D2D management team looked at the 
plan with the scenarios in mind, they realised that 
they had a default mindset very close to the Coral 
Reef scenario. (This is true of many people in 
our industry). The initial business p lan was 
orientated towards tooling up for the Coral Reef 
m arkets, which w ould  have involved a major 
investment. But w hen the team  reconsidered 
their assum ptions, they  saw  their business 
being dominated by Deep Sea characteristics.

With a revised business plan, we sold the busi­
ness in 1996.

Investing in a portfolio
Another application of the scenarios was to a 
portfolio of seven potential new ventures. We 
used the scenarios to help us decide on the two 
to invest in.

To do this, we used a simple method, but one I 
have no t seen described  elsew here. A team  
consisting of the scenario group plus a protagonist 
for each project evaluated the seven businesses 
and set them on a M A/C (Market Attractiveness/ 
Capability) matrix. This is a simplified version 
of that used by GE and Shell, as discussed by 
Kotler [Kotler, 1996]. The Market Attractiveness 
of a business or product line is assessed using 
Porter's criteria; e.g. size of market, barriers to 
e n try /e x it  etc.. The C apability  is assessed 
on  business specific criteria; e.g. engineering 
strength, geographical coverage, relationship 
management. The businesses are then ranked 
and displayed on the matrix below. Each square 
suggests a different management strategy.

Capabilities
Market Attractiveness

H i g h
W e a k
Double or 
quits

M e d i u m
Try harder

S t r o n g
Leader

M e d i u m Phased

withdrawal

Proceed 

with care

Growth

L o w Withdraw Phased
withdrawal

Cash
generation

For each of the factors in the Market Attractiveness 
list, the scenarios were "applied" in the sense that 
we asked the question:

• would the trends have a favourable /z e ro / 
unfavourable effect in 10 years time?

• what would be the effect of the uncertainty 
factors for each of the scenarios?

This was a tedious process but provoked useful 
discussion.

Since a com m on them e of the portfo lio  w as 
taking advantage of multi-media technology, the 
effect of the technology trends w as m ostly
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positive. But the effect on each of the businesses 
was different. The impact was to move many of 
the businesses to a different M A/C box "in ten 
years time under Coral Reef" or "under Deep 
Sea". See Figure 7.

So for instance, the market for Business 1 stayed 
attractive, but our position in Europe meant that 
in a Deep Sea scenario it was difficult to see how 
to compete.

The market for Business 2 grew in both scenarios 
and we could see how it played to our capabilities.

Business 3's markets became less attractive under 
Deep Sea but our capability was higher—were 
there attractive sectors of this market?

So we were able to explore the risks and make 
the choices.

One of the two businesses later won the IT Prize 
of the Year in 1996, and the other led to our work 
on BBC Online—so, even if the other could also 
have been successful, these certainly are.

Early Indicators leading to strat­
egy development
Coming back to the early indicator "The Infor­
mation Society happens in Europe"—this referred 
to the EC Information Society initiative with 
which our then CEO, Peter Bonfield, had been 
closely associated. Tracking this started a train 
of events in ICL.

Figure 7: An Evolving Portfolio

Our new CEO, Keith Todd, was due to visit the 
EC in Brussels, just after the European Parliament 
had rejected funding for the Information Society 
initiative. Fie offered to help move public opinion 
forward through a set of CEO's thinktanks held 
with the Commissioner and his staff, and high 
level attendees from across Europe. This also 
helped us, through clarifying our ideas on how 
the Information Society differs from the industrial 
society.

The first insight that w e reached w as that the 
levers for change are different in the information 
and industrial societies. In the industrial society, 
change was often initiated by central government 
and large companies, whereas in the information 
society, local government, small companies and 
individuals take the lead.

A nd in term s of lifestyle, we see extensive 
changes in work, leisure, learning, trade and gov­
ernance.

Following this up with research in a number of 
forums, we have found that there are two effects 
going on. One is that everybody has started to 
expect to "be treated like the Queen Mum". The 
second is that the attitudes of people under the age 
of 30 seem to be radically different from those 
held by many of the people making decisions 
w ho are over 30. The increased importance of 
a sense of community—no longer a geographically 
based concept—and the new sources of status 
based not on price but on scarcity, factors that are 
important to our customers as they meet the 
wishes of their customers.

So one of my current projects is to experiment 
with ways of sharing this understanding with our 
customers, helping to work through the effect on 
their business. We are exploring the use of virtual 
reality to imagine, devise and evaluate proposi­
tions. We call this the envisioning process, and it 
is central to our mission "to unlock the potential 
of the knowledge society for our customers".

The reason that I have treated this example in 
detail is to emphasise that a set of scenarios is a 
starting point, not an answer. They can provide 
a framework for deciding to look for certain 
events or trends, the analysis can prompt more 
questions, but nothing can substitute for thought 
followed by action.
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Scenarios developed with external 
partners

Business in the Third Millennium
The Business in the Third Millennium programme 
was set up as a result of discussions between ICL 
and Stanford Research Institute (SRI), and was 
later run by FirstMatter, the futures off-shoot of 
SRI and Meta Group. It ran from 1995 to 1998.

The hypothesis behind the Programme was that 
digital information would have a major impact 
on the way business evolves—or changes discon- 
tinuously—in the next decades. We also expected 
that the impact might be different in Asia, the US 
and Europe, and so have partners in all three 
geographies and cultures. The Program m e 
started  in  1996 w ith  the construction of som e 
scenarios to describe possible ways that digital 
information could have an impact on society, and 
the hurdles to this. By the end of 1997 we had 
examined the roles of business, government and 
ind iv idua ls  an d  identified  th a t a m ajor new  
entity needed to be considered—that of commu­
nity.

There are several changes from the conventional 
relationship that we previously assumed between 
business, government and customers. The first 
stage of the research identified the importance of 
the individual, who may take many roles; e.g. 
consumer, citizen, leader, manager. One of the 
characteristics of the new environment is the 
"unboxing" of individuals and our decreasing 
ability  to  p red ic t ind iv id u a l an d  com m unity  
behaviour.

It also identified  the decreasing  capability  of 
governm ents to control their geography, the 
increasing role of NGOs and regulation, and the 
importance of the infrastructure—covering social 
aspects like education, law and order and health, 
as well as the media and technological infrastruc­
ture. What we carried forward to the next stage 
of the programme was the importance of the com­
munity concept, driving many of the changes in 
individual behaviour.

Our four scenarios were developed over three 
days of interactive work after earlier interviews 
and discussions with participants. The discrimi­
nator axes were business agility and community, 
where community was assumed to be strongly

linked  to in d iv id u a l an d  lifestyle choices. 
Business agility was assum ed to drag w ith it 
governm ent agility and  agility in the social 
infrastructure.

In L iberation W orks, a sense of com m unity  
develops to provide a rich and well balanced 
social env ironm ent, an d  business practices 
remain those of the 1990s. This is a "Greenpeace" 
world, which reconciles global and ecological 
concerns with business and individual interests.

In Gung Ho, there is also a sense of community 
but, since the business and social infrastructures 
have adapted, these may be less dependent on 
geography. Business has found ways of meeting 
their customers' new wants but, because of the 
lags in the adaptability of government, have had 
to take over som e of the regu la to ry  roles of 
government.

M egaC orp is a w orld  in w hich  the sense of 
community and governments has not been able 
to evolve, and  so the large com panies have 
established new rules. This is the nearest to 
Aldous Huxley's "Brave New World".

Finally, Organisation Rules. This scenario was 
originally named "France", but equally applies 
to Japan. Here the sense of community comes 
from family or work, both of which are hierar­
chical in their nature.

We used  the BIT3M scenarios to develop  our 
research portfolio , b u t include them  here to 
indicate the change in the nature of concerns, 
which we have seen over the decade. In 1993 we 
h ad  m acro-econom ic an d  p u re ly  IT related  
concerns, in 1995 the concern was the shape of 
information markets and in 1998 the adaptability 
of organisations.

Chatham House Forum
The C h ath am  H ouse  scenarios, w h ich  are 
nominally for 2020, are built around the drivers 
of the industrialised world. While this may seem 
to ignore the potential of Russia, China, and the 
tiger economies of Latin America and Asia, it re­
flects the reality that collectively the industrialised 
world represents over 80% of the world's GDP 
and this is not expected to change significantly 
under any scenario. The four key geographical/ 
cultural groupings are taken as the US and its
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clients, the European group and their dependent 
sphere, the industrialising nations (or perhaps 
what is now typified as "emergent markets") and 
the populous poor nations.

The scenarios are based around two unknowns 
which will set the agenda if there is not a complete 
breakdown. The first is the ability of commercial 
organisations to change: will they be able to 
evolve, or to break up and start up, to meet the 
environment of continual change? The second 
is the ability of individuals and society to learn 
to manage complexity and the new rules, often 
without role models to help.

We have chosen to build the ICL scenarios on the 
basis of the three Chatham House Forum scenarios. 
This is for three reasons:

• they are well researched and soundly con­
structed, providing a macro-economic frame­
work

• they have evolved over three years and many 
iterations

• they are providing a strong input to the UK 
Government's Foresight Programme.

O ne lim itation is tha t they do  no t cover tw o 
extreme scenarios that are potentially of interest:

• explosive and sustained growth fuelled by 
new economic rules, as espoused by many US 
commentators. However we do include a 
scenario, Markets, which has strong growth 
in the short (five year) term.

• m elt-dow n of the financial system, w ith 
world-wide stock markets retreating to less 
than half of their current value; i.e. the world 
suffering in much the same way as Japan has 
done over the past decade. However we do 
include a scenario, Storms, in which in the 
short term, markets are in a crisis of confidence 
and governments are unable to see how best 
to react.

In our ICL Storms scenario (based on Atlantic 
Storms/Rough Neighbours) the answer to both 
questions is broadly no and the resulting world 
retreats into nationalism. In the early years of 
the 21st century, there are large sums of money 
washing across national boundaries, put and 
withdrawn at a hectic pace. This causes a crisis 
of confidence and governments in Europe suffer

as funds are w ith d raw n  as the com petitive 
position worsens. U nem ploym ent am ong the 
unskilled is high, particularly in Europe. Europe 
and Japan suffer economically and governments 
"return to their roots", defending national trade 
barriers. The US fares better economically and 
by 2010 is pursuing a free market model excluding 
Europe and Japan.

In the ICL Markets scenario (based on Market 
Quickstep /Faster-faster) the answer to both is 
broadly yes, for at least enough organisations and 
individuals to fuel initial explosive growth. This 
scenario is not inclusive and provides rapidly 
fluctuating fortunes for organisations and peo­
ple. The nodes of commerce are "city states" held 
together by a trading network. Capital is invested 
for short-term returns and new advances con­
stantly erode value. This scenario is expected to 
contain periods of growth and correction, with 
governments providing a reactive environment.

In the ICL Third Way scenario (Wise Counsels/ 
Post-Industrial Revolution) the answer to both 
is broadly yes, but with a difference. This is that 
business and subsequently government attain 
mechanisms that provide resilient structures 
based on harnessing knowledge. Governments 
provide a stable regulatory regime, with agencies 
providing public services (health, roads, etc.). 
Rapid economic growth follows, with high re­
turns attracting investment. The industrialised 
nations will jointly implement a regime, through 
their economic dominance, which aims to change 
or eliminate "unsatisfactory" governments.

Using these in ICL
We have used these in two significant applications, 
one to advise our European Strategy Board on 
the range of potential developments to consider, 
and secondly to direct our business offerings 
strategy.

For our European Strategy Board, which consists 
of som e of the ICL Executive M anagem ent 
Committee and a number of non-Executives, we 
used a standard briefing paper approach. The 
Board was not interested in the provenance of 
the scenarios but was very interested in the short 
term implications; for example, which scenario 
w ould anticipate the appreciation of the Euro, 
an d  w hich its depreciation. We are currently
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developing the scenarios to help think about the 
relative strengths of national versus regional 
groupings, and to provide early indicators.

The engineers and m arketeers w ho used the 
scenarios to think about business offerings be­
came interested in the scenarios themselves. The 
format we used was:

Day 1
• Brief on trends
• Divide into groups to brainstorm the effect of 

trends on business offerings
• Brief on scenarios
• Divide into groups to internalise scenarios; 

e.g. write newspaper front pages

Day 2
• Divide into groups to brainstorm the effects 

on business offerings for each scenario
• Develop a timeline for significant new offerings 

each year
• Develop a timeline for significant threats to 

existing or new business offerings each year
• Draft the recommendations and plan how to 

follow up.

The jury is still out on how successful this has 
been in anticipating threats and opportunities.

Conclusions
Our first scenario project in 1993 was useful pri­
marily because it alerted us to the magnitude of 
the trends, which were about to overwhelm us, 
rather than the uncertainties we explored in the 
scenarios. O u r in d u s try  a t th a t tim e w as 
dominated by the changes in price/performance 
an d  the im plication of tha t on  the po tentia l 
applications, the penetration of IT, and the cost 
structure of the supply industry.

Our second major project, in 1995, concentrated 
on our added value to our customers, and the 
shape of Inform ation M arkets in 2005. This 
project p ro v id ed  the fram ew ork  to help  us 
revamp our portfolio through disposals, and to 
invest in new businesses. It has been used widely 
to help m anagement teams think about their 
business, an d  I w as deligh ted  tha t a C lient 
Director explained the scenarios cogently to one 
of our customers as a basis for a strategic discus­
sion with him.

The third "w ave" of scenario is based on the 
reactions of organisations and individuals to 
change, whether represented by organisational 
adaptability, national structures, or individuals' 
capability an d /o r desire for change. Our current 
view  is th a t in d iv id u a ls  are p ro v in g  m ore 
adaptable to the knowledge society than many 
European organisations and this has become one 
of our key strategic issues.

In this paper I have concentrated on our use of 
scenarios in association with planning. What I 
have no t h ad  space to consider is an equally  
important use of scenario building exercises, as 
a team  activity. In th is m ode, a w ell-ordered  
process and timescale of the discussion serve to 
de-fuse current management tensions, and allow 
for creative and non-defensive thinking.
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The ICL Policy Scheduler for Windows
Ben Thornton

ICL, Manchester, UK

Abstract

There is an increasing trend towards centralising control back to the data centre, including the 
consolidation of many small systems on to fewer larger servers with enterprise qualities— high 
availability, predictable performance and dependable security.

As enterprises need to run an ever increasing number of Windows applications in their data 
centres, ICL has brought its patented policy scheduler technology to the Windows environment. 
This article describes:

• the problem being addressed
• how standard Windows scheduling works
• how the ICL Policy Scheduler can help
• results from the scheduler in action.

Introduction
D ow nsizing to sm aller system s d istribu ted  
through the organisation promised user empow­
erment, inexpensive, flexible applications and 
rapid deployment. For many, the reality has been 
somewhat different, with high maintenance costs, 
lack of standardisation and loss of control.

A counter-trend is increasing in significance, that 
of centralising control back to the data centre, 
consolidating many small systems onto fewer 
larger servers w ith enterprise qualities—high  
a v a ila b ili ty , p re d ic ta b le  p e r fo rm a n c e , d ep e n d a b le  
security.

Many enterprises need to run an ever increasing 
number of Windows applications in their data 
centres, using a limited amount of floor space and 
a limited number of staff. Building on many 
years' experience of providing solutions for the 
data centre, ICL has now brought its patented 
policy scheduler technology to the W indows 
environment to help them achieve this.

Why Consolidate?
There are two main benefits of consolidation— 
standardisation  across the enterprise and sharing  
of resources. Consolidation is not a requirement 
for standardisation, but can be its most valuable 
side-effect—there are many benefits, for example, 
in implementing a standard, centrally managed

email system across an organisation, such as the 
ability to share docum ents or to consult each 
other's diaries. Consolidation of a distributed, 
heterogeneous system into a standardised, central 
system can be attractive for this reason. More 
obviously, consolidation provides benefits in 
sharing resources—system resources, peripherals, 
back-up and support staff. These shared resources 
can have be tter en terp rise  qualities than  is 
economical for a large number of smaller servers.

These benefits are particularly clear in the data 
centre, where applications are by their very nature 
data centred—consolidating multiple applications 
on the same system can maximise the efficiency 
of accessing that data, while making it easier to 
manage.

So, why not consolidate?

Barriers to Consolidation
There are three main barriers to consolidation.

• Application availability:
Applications which do not run  on the same 
version of the operating system  cannot be 
consolidated  (e.g. one requires NT4 and  
another requires Windows 2000).

• Application compatibility:
Applications which require mutually exclusive 
system configurations, or different revisions
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Figure 1: Business and System  V iew

of software cannot be run together (e.g. one 
application may be written to use SQL Server 
6 specific interfaces, while another might 
require SQL Server 7).

• Resource management:
If applications are available and function 
together, they still may not deliver the required 
levels of service when running concurrently, 
due to the w ay in w hich shared resources 
are m anaged. M any applications in the 
Windows environment are designed to run 
on their ow n separa te  p latform s. This 
presents a real problem for organisations that 
wish to reduce the number of systems that 
they need to manage.

For applications which will function together on 
the same platform, the ICL Policy Scheduler can 
address some of these resource m anagem ent 
issues.

The Resource Management Challenge
The resources available on enterprise servers— 
time running on the processors, memory, access 
to peripherals such as disks, space in file systems, 
etc.—are distributed among the various applica­
tions running on the system, and their users.

The System View

The operating system has the task of distributing 
these resources among the application components 
running on the system from one millisecond to 
the next. This could be done on the basis of "first 
com e first served", or on som e concept of 
"fairness", or even by specifying explicitly which 
application components can use which resources. 
In Windows, an application with ten processes 
will receive ten times the resources of one with a 
single similar process. See Figure 1.

The Business View
The business requires resources to be allocated 
in order to meet business priorities such as one 
application being more business critical than 
another, or one group of users having priority 
over others during a critical period (the finance 
d ep artm en t a t year end , for exam ple). A n 
application with one process may be as important 
from this point of view as one with ten.

The challenge is to make efficient use of system 
resources while m eeting the priorities of the 
business.
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Fair Scheduling
Windows attempts to schedule resources fairly 
am ong the th reads runn ing  on the system . 
Processor tim e is scheduled fairly betw een 
threads of equal priority while higher priority 
threads are given preference over lower priority 
ones. As most threads on the system start with 
"normal" priority, in practice Windows implements 
a "fair" scheduling algorithm.

Thread scheduling
Threads are scheduled on the basis of their current 
priority—W indows attem pts to schedule the 
highest priority threads to run on the available 
processors at any one time. Threads are selected 
from a queue of runnable threads for each priority 
level—those in a queue at a lower priority will 
only run when there are no runnable threads in 
the higher priority queues. See Figure 3.

Figure 2: Process Priority

Processes, threads and priorities

A pplications under W indows run w ith in  a 
num b er of processes (very often just one), 
each containing one or more threads (typically 
several, and often dozens). Processes provide 
an environment within which threads can run, 
while threads actually execute code. See Figure 2.

Each process has a base priority, set by its priority 
class. This is set to "N orm al" (by default) for 
almost all processes. Each thread also has a base 
priority, set by the base priority of the process 
within which it runs, combined with a relative 
priority from -2 to +2 (but almost always set to 
the default of zero).

The priority of a thread can be increased above 
its base priority, after which it will fall back over 
tim e. The value a t any one tim e is called its 
current priority.

Threads give up the processor for one of three 
main reasons—waiting on an event (giving up 
the processor voluntarily to wait for something, 
e.g. user input), completing their allotted time 
quantum (using up their "turn") or being pre­
empted by a higher priority thread.

Threads w hich  w ait on  an  even t have  their 
priority increased, so that they will be better able 
to deal w ith  the event w hen it arrives. The 
increase in priority depends on the nature of the 
event—longer waits for slower devices tend to 
have larger increases in priority.

Threads which complete their time quantum have 
their priority decreased, down to a minimum of 
their base priority, and are placed at the back of 
the queue (of runnable threads) at that priority 
level.
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Figure 3: Thread Priority

Threads which are pre-empted remain at the 
same priority, but are placed at the head of the 
queue so that they can finish their time allocation 
when threads of that priority next run.

In this w ay  th reads w hich  are "greedy", i.e., 
consuming processor time continuously, have 
their priority reduced to their base priority, while 
threads which are "well behaved", i.e., giving up 
the processor to w ait for events, have their 
priority increased.

Fairness
This scheme is fair, but not necessarily what is 
required to reflect business priorities—often a 
greedy application (e.g. a database server) is the 
most important for the business. One option is 
to run such applications on stand alone servers, 
so that they do not have to compete with any 
other applications. Unfortunately, this can result 
in a proliferation of servers, leading to higher 
management costs.

What alternatives are there to fair scheduling?

Fixed Scheduling

Processor Binding
Threads can be bound to (sets of) processors by 
setting their affinity mask, causing Windows to 
restrict them to running only on the processors

specified. In this way, key applications can be 
allocated dedicated processors or processor sets.

This approach can squander resources, and is 
difficult to manage reliably.

Fixed Partitioning
Some servers are capable of being partitioned into 
several distinct systems, each running a separate 
image of the Operating System. This approach 
can be valuable in  reducing the num ber of 
physical systems that need to be managed, and 
in allowing some sharing of peripherals.

At present, such facilities are not available on 
Windows servers, although some systems of this 
type are likely to be introduced over the next few 
years.

Percentage Systems
Some Operating Systems use a system whereby 
a minimum allocation of CPU time can be set for 
different classes of work—this kind of partitioning 
will be possible in Windows 2000 Data Centre 
Edition. This can be useful in some situations, 
but raises the question of how these allocations 
are set; analysing the resource requirements of 
applications is a very complex and costly business. 
As workloads change, the allocation appropriate 
to each also changes (the changes that occur when 
a clustered system fails are a good example of 
this).
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For many similar workloads this can work well, 
but the "fair" approach is satisfactory for most 
of these cases.

All the above schemes are ways of partitioning 
the system in a fixed way—fixed scheduling. 
They do not respond dynamically to changes in 
resource requirements and are difficult to manage 
reliably. Is there another alternative to fair 
scheduling?

business priorities such that the system  can 
implement them.

Processes Map to Policies
The ICL Policy Scheduler introduces the concept 
of policies to address this. A database contains 
the allocation of processes to policies such as "on­
line", "batch", "back-up" or whatever is required, 
on the basis of process name.

Policy Scheduling

Policies
On Open VME, ICL's mainframe Operating System, 
the w ord policy is used to describe types of 
w orkload, for exam ple, on-line transaction 
p rocessing , dev elo p m en t users and  batch  
processing. For each policy, priority ranges, 
memory quotas and other resource boundaries 
are defined to allow the use of the system by a 
large num ber of different applications to be 
managed. This protects the level of service pro­
vided for business critical work.

The ICL Policy Scheduler introduces this concept 
to Windows by defining policies, and using them 
to control the allocation of processor time.

Policy—a New Concept
Windows has no concept of collections of processes 
to define an application or an application type. 
Such a concept is needed in order to capture

Policies Map into Priority Classes
The same database maps these policies onto the 
priority classes, defining how each of them is to 
be allocated processor resource. This "double 
mapping" (from processes to policies, then policies 
to priority classes) allows application types to be 
captured and then left unchanged, while the 
mapping of these applications onto the available 
resource can be managed independently.

Dynamically Updated
The ICL Policy Scheduler service uses this database 
to adjust dynamically the classes to which processes 
are allocated, as the system runs.

Unfair Scheduling!
Each application is therefore m apped to the 
appropriate priority class, giving it preference 
over applications running in the lower classes. 
Those within the same class are still scheduled 
fairly. The processor is allocated to the thread 
with the highest priority across all classes.

Figure 4: Allocation of Resources under Policy Scheduling
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Benefits

Connects the Business to the System View
Policies describe a business view of the different 
applications on the system, while Priority Classes 
are a system construct, used to allocate processor 
time. The Policy Scheduler connects these 
together, allowing the system to apply business 
priorities.

Makes Full Use of the IT Investment
Instead of allocating separate servers to every 
application, the Policy Scheduler allows spare 
processor time to be used safely by lower priority 
applications.

Protects Response Times
The scheduler protects the response times of key 
applications by ensuring that applications running 
in selected policies are given priority for managed 
resources.

Enables Consolidation
By providing a tool for managing the processing 
resources allocated to multiple applications, some 
applications which would not work well together 
under a "fair" scheduling scheme can be consoli­
dated together. This reduces the costs of manag­
ing separate servers while maximising the return 
on IT investment.

Simplifies Management of Clusters
When a cluster fails to transfer work from one 
node to another, the work is consolidated together. 
This "involuntary consolidation" can be managed 
by the Policy Scheduler so that response times 
stay protected while all applications carry on run­
ning.

Makes Full Use of the IT Investment
The graph below shows an application running 
on a Windows system, using about 40% of the 
available processor resource. This represents 
an on-line application and, for such business 
critical applications, it is imperative that this level 
of resource continues to be available.

Running a different application (twice in succes­
sion) provides the following graph of processor 
utilisation. This represents a batch job—perhaps 
the provision of a report, which has no on-line 
users waiting for its output. This job uses almost 
70% of processor resource when running.

Running both together illustrates why Windows 
applications are often run on separate servers. 
The batch application severely impacts the on­
line application while it runs—being given its 
"fair share" of processing resource.

Easy to Use and Effective
Once policies have been defined and allocated to 
priority classes, the Policy Scheduler does the rest, 
m anaging the processes on the system  and 
responding dynam ically to changing resource 
requirements.
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Using the Policy Scheduler allows the on-line 
application to receive the resources that it needs, 
while the batch application uses up the remainder. 
The business critical application is protected and 
both applications can run concurrently on the 
same server.

Protects Response Times
To prove the effect of the Policy Scheduler on 
response tim es for a realistic w ork load , an 
e x p e rim en t w as  set u p  u s in g  a M icrosoft 
Exchange mail system. In a production environ­
ment, there is a commitment to Service Level 
Agreements (SLAs). An SLA would typically 
specify a response time target in which 95% of 
requests should be met—this is called a 95th per­
centile response time. For this system, a mean of 
one second and a 95th percentile of four seconds 
might be set.

Running on its own, response times of less than 
one second were achieved for 96% of transactions, 
and over 99% achieved less than four seconds. 
This meets the SLA without problems. Typically, 
other work would not be run on such systems 
for fear of reducing  the response tim es of on­
line users, and breaking the SLA. What happens 
if you do?

Fair Scheduling Allows Batch Work to 
Interfere
The runs were repeated with another workload— 
a heavy batch application—running alongside 
the Exchange system, w ithout the use of the 
Policy Scheduler.

Response times increased significantly, with 7% 
of transactions taking over four seconds (and 
some taking very much longer). Note that this is 
not impacting performance for 7% of the user 
population, but rather all users for 7% of the time; 
in other words, delivering unpredictable per­
formance. This lack of predictable performance 
is often far worse than poor absolute performance. 
C om pare th is to  a tra in  service—w o u ld  you 
prefer a reliable service or an unreliable one 
which was 20% faster?

The traditional way to deal with such interference 
would be to separate the applications, running 
them on different servers.

Figure 9: Flow the Policy Scheduler protects response tim es
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Figure 10: Response Times

Can a reliable service be provided on a single 
server?

A Reliable Service
Using the Policy Scheduler, the batch processes 
were placed in a lower policy than the Exchange 
work. When the runs were repeated again, the 
response times for Exchange were recovered— 
with 94% of transactions completing in less than 
one second, and 99% in under four seconds. This 
was achieved despite the fact that both applications 
were running concurrently on the system.

Looking at the change in the 95th percentile 
response times makes the difference clear. If you 
listed all the response times seen by users in best 
to worst order, the 95th percentile would be the 
response time that you saw when you had gone 
95% of the way down the list. It is a good indicator 
of w hether the perform ance of the system is 
predictable and under control. See Figure 10.

This w ork dem onstrates that the ICL Policy 
Scheduler can p ro tec t the response tim es of 
on-line app lications against being  ex tended  
by the resource demands of less business-critical 
workloads.

These other workloads may be associated with 
the same business applications—it might be that 
on-line w ork needs to be protected from the 
resource demands of report production, virus 
checking or automated back-up, for example.

Simplifies Management of Clusters

Involuntary Consolidation
When a node in a cluster fails, and runs all its 
work on the remaining systems, applications can 
be brought together which have not been planned 
to be run together, particularly if the use of the 
cluster has changed over time—this can be a kind 
of "involuntary" consolidation.

The 95th percentile response tim e run n in g  
Exchange on its own is 800ms. Running along­
side the batch workload gave 5,800ms, which 
breaks the SLA and is therefore unacceptable. 
Adding the ICL Policy Scheduler brings the 95th 
percentile response tim e back, com fortably 
w ith in  the SLA, to 1,100ms—not a noticeable 
difference for the users.

The Policy Scheduler is ideal for use on such 
systems. Each system  w ithin the cluster is set 
u p  w ith  th e  p o lic y  in fo rm a tio n  fo r a ll th e  
app lications w ith in  the  cluster. In  n o rm al 
operation, each node only runs a subset of these 
applications.
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If a node of the cluster should fail, and its work 
fail over to an o th er n o d e  (using  s tan d a rd  
clustering mechanisms), the scheduler will ensure 
that the extra work is given the appropriate level 
of priority.

All Applications Keep Running—While 
Key Applications are Protected
Where there is any spare resource in the failed 
over case, applications in the lower priority 
policies can take advantage of this, continuing to 
run, albeit with a reduced level of service. Response 
times for key applications in the higher priority 
policies remain protected by the scheduler.

In many clustered configurations, the less business 
critical applications are abandoned completely in 
the failed over case. This is done to ensure that 
the most important applications can be guaranteed 
to receive adequate resource. With the Policy 
Scheduler, this is no longer necessary—giving 
less priority to the policies in which less business- 
critical applications run  will ensure that they 
cannot lock out key applications from access to 
managed resources.

Easy to Use and Effective

Policy scheduling allows business priorities to be 
used in ranking the processes on the system. This 
eases consolidation, where applications which 
w ould not run  together on W indows, w hen 
"taken out of the box" (perhaps because one of 
them  blocks o u t the other), m ay ru n  together 
under the scheduler.

On-line response times can be protected from the 
interference of other applications by placing them 
in  app rop ria te  policies. This gives m ore p re­
dictable performance levels for those applications 
most important to the business.

On clustered systems, the policy scheduler can 
be used to ensure that the system keeps going in 
the event of node failure, with all applications 
giving some level of service, while response times 
are p ro tec ted  for key applications— m aking  
clusters safer and easier to manage.

Unlike the fixed scheduling approach, there is no 
fixed partitioning of resources (in hardware or 
software) which can lead to wasted processor 
tim e an d  can be com plex to set up. M ore
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importantly, it can be very difficult to change; for 
example, having to alter percentage values every 
time the workload changes.

M any system s have "spare" resources tha t 
remain unused for fear of impacting a business 
critical workload. Using the Policy Scheduler, the 
response times of the critical w orkload can be 
protected, allowing these resources to be used for 
other, less time-critical applications.

Future
There are several directions in which the ICL 
Policy Scheduler for Windows could be developed. 
The direction taken will be driven by customer 
needs and changes in the market.

Extensions to the NT4 Policy Scheduler
The m echanism s for allocating processes to 
policies could be extended to allow processes to 
be discriminated by the user under which they 
are running, as well as by their name. This would 
enable administrators, for example, to be given 
priority over other users running the same code.

Integration With Windows 2000
The scheduler could be enhanced to build on the 
new features within Windows 2000, in particular 
the Data Centre Edition, providing more advanced 
capabilities an d  be tter in teg ra tion  w ith  the 
Operating System.

allowing full use to be made of IT investment, 
and can simplify the management of clustered 
systems.
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Management of Further Resources
Resources other than processor time could be 
m anaged by the scheduler, such as m em ory 
usage. This would allow even further control 
over system resources.

These changes will take place within an integrated 
programme providing enterprise capabilities on 
top of industry standard components.

Conclusions
The ICL Policy Scheduler for Windows provides 
a m echanism  to connect a business v iew  of 
priorities to the system view, allowing response 
times to be protected for key business applications. 
This protection is an enabler for consolidation,
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Performance—an Engineer’s Guide
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Abstract

A common misconception is that performance problems rarely happen nowadays, because 
modern hardware is so fast and so cheap. Unfortunately, this is very far from the truth and an 
alarmingly high proportion of IT projects are badly affected by performance issues. Another 
misconception is that performance work requires a deep understanding of the internals of 
hardware, operating systems and applications. In fact, this is not generally necessary and it is more 
important to understand the business drivers than the details of the technology. This paper 
describes how to minimise the risks of bad performance, and how to resolve any issues which arise. 
It also aims to show that performance is not an esoteric skill, but is really all about common sense.

Introduction
This article describes the art of the performance 
practitioner. Perform ance is an overloaded 
w ord—some people say "the system does not 
perform" when they mean that it does not meet 
its functional requirements or that it is often not 
available. This article discusses performance in 
terms of responsiveness and throughput. It en­
compasses such diverse subjects as running 
benchmarks, building models, tuning software 
and analysing user requirements. Hopefully, it 
will give the reader a better understanding of the 
broad range of performance considerations and 
a first idea of how to resolve the problems that 
can be encountered.

The article is split into the following sections:

• What is Performance?
• Performance Engineering
• Performance Modelling
• Resolving Performance Problems.

The first section gives an introduction to what is 
meant by performance. The next two sections 
describe an approach to getting performance 
right—through performance engineering and 
performance modelling.

Performance Engineering describes the systematic 
process by which a correctly performing solution 
can be produced, and shows how this process fits 
into the development lifecycle.

Performance Modelling describes the cornerstone 
of any  perform ance eng ineering  activity— 
building effective performance models.

The last section on resolving performance prob­
lems looks at what to do when something has 
gone wrong; i.e., how to deal with performance 
problems. It describes a structured approach to 
this which allows simple problems to be resolved 
quickly and complex problems to be approached 
in a systematic way.

The order of the topics starts w ith  high-level 
abstract concepts and ends with low-level concrete 
advice. This is intentional—it is important to 
consider performance at every stage, and to carry 
out low-level activities with a clear understand­
ing of the higher-level rationale. These are themes 
which will be repeated throughout this article.

What is Performance?

Performance Perspectives
Different categories of people have different per­
spectives on performance.

The builders of a solution are the people that cre­
ate its various hardware and software compo­
nents. They are concerned with meeting the per­
formance requirements placed upon them. For 
this, they need the tools to assess performance, 
and to fix any problems.
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The u sers  of a so lu tion  are the people w ho  
actually make use of it. They are rarely interested 
in how it performs, as long as it performs well. 
Users want systems to be responsive and con­
sistently so.

Business managers are concerned that the needs 
of the business are met. They want business tasks 
to be completed in an effective and profitable way. 
Managers want low-risk and value for money.

The solution is given by service providers who 
are concerned with ensuring that system per­
formance requirements are met. They want to 
be able to size a system  w ith  the necessary 
capacity, see clearly how it is performing, and 
tune it to improve performance where necessary. 
Service providers need to be able to size systems 
and monitor and control performance.

Performance Attributes
Com puter systems and the components that 
make them up have a number of performance 
attributes. The following table gives some ex­
amples of these performance attributes alongside 
the authors' views of the perspective from which 
these attributes are most important.

A t t r i b u t e Per spect i ve

Fast response time User

Hardware buffer size Builder

Number of daily bills Service Provider

Value for money Manager

Sizing information Service Provider

System monitoring facilities Service Provider

Lines of code executed Builder

Bills reach customers on time Manager

Fast response time most directly affects the Us­
ers of the system, although Service Providers may 
have SLAs (service level agreements) which re­
quire them to provide a guaranteed response time 
to the Users.

Only those building the system are likely to be 
concerned with low level concepts like hardware 
buffer size or lines of code executed.

Value for money and bills reaching the customer 
on time are business concerns and therefore most 
relevant to the Manager.

The number of daily bills is likely to be of con­
cern to Service Providers in monitoring the sys­
tem and capacity planning.

Service Providers needing to provide the right 
configuration and run it effectively will use siz­
ing information and system monitoring facilities. 
Builders will be involved in providing this infor­
mation.

W hen decid ing upon a course of action, the per­
formance practitioner m ust consider both the 
different performance attributes and the differ­
ent perspectives.

Good Performance
What is good performance? Good performance 
is not just about fast response times or high 
throughput. Other qualities must also be con­
sidered.

Absolute: How rapidly does the system work? 
How quickly does it respond? How long do batch 
jobs take to run? How many transactions a sec­
ond can the system handle?

Predictable: How well is the performance of the 
system understood? Can customer solutions be 
sized? W hat h ap p en s if a com ponen t of the 
system changes or more users are added to the 
system?

M a n a g ea b le: W hat choice is there abou t the 
allocation of resources? A re there tuneable 
parameters available to improve performance? 
Can the performance on live systems be moni­
tored and understood? If a customer perceives 
performance problems can anything be done 
about it?

Scalable: How does the resource usage of the 
system increase with increasing load? Are there 
any resources (execution threads, data locks) 
which limit the maximum level of concurrency? 
Does the amount of CPU power required increase 
linearly or exponentially?

The different performance qualities can be illus­
trated with a travel analogy; see Figure 1.

For a road network absolute performance would 
correspond to the time taken to travel from A to B,
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Performance Engineering

Figure 1: Travel analogy

or the number of cars which pass a certain point 
every day.

However, these are not the only measures of per­
formance. It is important to be able to predict 
the amount of time that a journey will take. By 
having a model of the road network, such as is 
used in route planning software, journey time be­
comes much more predictable. For consistent 
performance, the train might be preferred over a 
motorway journey—although potentially longer, 
the improvement in predictability may be worth 
the loss in absolute performance.

Advantages can be obtained from the road net­
w ork  by  m aking  it m ore m anageab le . A n 
example of this is the variable speed limit on the 
M25. At peak times the speed limit is reduced, 
improving the throughput of the motorway. Off- 
peak  the speed  lim it is increased reducing  
journey times.

All transport systems can be extended to cope 
with increased demand, but the cost increases. 
If there are too many cars then new roads must 
be built. Similarly, new trains and railway tracks, 
new airports and air traffic control systems may 
be required. How scalable are these different 
transport systems? How do the costs of providing 
a road network increase with the number of cars 
on the road?

The Perception
A common misconception is that performance 
problems are things of the past—from the dark 
ages of com puting—and that nowadays they 
never or rarely happen.

The main reason for this belief is that hardware 
is fast and cheap. However, this is no guarantee 
that the performance of a solution will meet its 
requirements. Poor designs can eat up large 
amounts of CPU, respond slowly on the fastest 
hardware or not scale beyond a few users because 
of some limit or bottleneck.

A nother reason for the belief is th a t in the 
"unlikely event of problem s" the software can 
always be tuned. However, the reality is that it 
can be very  expensive to tune  code; m ajor 
performance improvements are likely to require 
major re-designs and repeated testing.

Some argue against spending effort on perform­
ance, saying th a t it is too expensive and  tim e 
consum ing  to p roduce  responsive system s. 
H ow ever, as system s th a t do  no t m eet their 
requirements are worthless, producing unrespon­
sive code is even more expensive.

Another argum ent is that responsive code is 
"tricky", difficult to understand and to maintain. 
This is not true, code which is designed to meet 
performance requirements will not be "tricky", 
whereas code which is "improved" later is far 
more likely to cause problems.

The Reality
The reality is that all too many projects suffer from 
performance problems. Long delays are intro­
duced as performance improvement exercises 
attempt to retrieve some form of acceptable per­
formance. Work may stop on the functionality of 
the product whilst the performance is improved, 
resulting in systems which may not have all their 
intended features.

Often some features perform so badly that they 
are withdrawn, or have other usage restrictions 
imposed, such as only ten users logging in at 
once, or reports being generated at night.
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The result of all this is likely to be that the budget 
is exceeded, sometimes to the extent that the 
project is cancelled. Surveys estimate that only 
about 16% of projects fully succeed, a further 53% 
are over budget, late or have reduced functional­
ity  an d  31% get cancelled. Problem s w ith  
performance are often the reason.

The Answer
The solution to all these problems is performance 
engineering: a systematic step-wise approach to 
ensure th a t a so lu tion  m eets its perform ance 
requirements.

Performance must be considered at every stage 
of the project from feasibility and requirements 
analysis all the way through to operation and 
evolution. This does not mean that great effort 
shou ld  be expended  at every  stage, b u t tha t 
sufficient work should be done to manage per­
formance risks in a cost-effective manner.

Central to effective performance engineering is 
building performance models. There is a com­
mon misconception that models are complex, dif- 
ficult to produce, and wildly inaccurate. In fact, 
a model should be the simplest possible encap­
sulation of the knowledge held about the per­
formance of the system. The model should only 
be complex if that is genuinely required in order 
to manage the performance risks. Complex mod­
els are rarely necessary. Modelling is described 
more fully in the next section of this article.

This section describes a 6-stage approach to per­
formance engineering:

1. Understand performance requirements
2. Set performance targets
3. Implement against targets
4. Measure against targets
5. Validate against requirements
6. Manage performance of live system.

The six-stage process proceeds through the prod­
uct life-cycle from requirements to the running 
of the live system. At every stage the process is 
backed up by performance modelling and at 
every stage the performance qualities of absolute, 
manageable, scalable and predictable perform­
ance must be considered. The six stages are de­
scribed in detail below.

Stage 1: Understand Perform ance  
R equirem ents
The performance requirements for the system 
must be fully understood and made specific and 
quantifiable.

An example of a vague requirement is "must sup­
port 1,000 users". To convert this to a specific, 
quantifiable requirement requires answers to the 
following questions.

• What are the users doing?
• How many transactions per hour?
• What sort of transactions?
• Are there any daily, weekly, monthly work­

load peaks?
• What response times are acceptable for the 

different transactions?

If the requirement is not properly understood and 
agreed between the customer and the project then 
developing the system is an open-ended commit­
ment. Furthermore, there is no way of knowing 
what constitutes a system with acceptable per­
formance, so there is no way one can be devel­
oped, except by chance.

Stage 2: Set Perform ance Targets
The overall performance requirements must be 
devolved into component targets. These targets 
must be realistic and achievable.

This is necessary as overall requirements may be 
clear, but to individual developers or teams it may 
not be at all clear what they, personally, have to 
do in order for the system as a whole to meet its 
requirements.

Similarly, if part of the solution is being bought 
in or sub-contracted then the performance re­
quirements for that part of the solution must be 
identified. If requirements are not placed on the 
sub-contractor then the project is taking on risks 
over which it has no control.

This devolution of targets can be an iterative proc­
ess. Component targets can be broken down into 
sub-targets for sub-components.

When setting targets it is important that they be 
realistic, achievable and have the buy-in of the 
developers. Targets can be produced in a variety 
of ways, for example, comparison with similar
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products or components, prototyping, by break­
down into "known" chunks, using information 
from suppliers or benchmark results (e.g. TPC- 
C, AIM, SPEC), by guessing or by considering 
best and worse cases. Performance modelling is 
important here to demonstrate that the compo­
nent targets combine to produce a solution that 
meets its performance requirements.

Stage 3: Implement Against Targets
The next step  is obviously  to try  to construct 
components that meet their targets.

Having targets clearly defined helps the devel­
oper to produce code with the right performance 
characteristics. The developer knows compo­
nents must be slick or must scale well, and which 
are not performance critical.

The developers can also flag performance prob­
lems at an early stage if they can see it is impos­
sible to meet the target. The earlier a potential 
problem is found the more that can be done about 
it. The options are trade-offs between complex 
functionality and performance, improvement of 
other components, re-design or a renegotiation 
of the requirements with the customer.

Again, performance modelling should be used 
to show what the effect of the component miss­
ing its targets has on the overall system perform­
ance. This time, targets are replaced by the new 
performance estimates.

Stage 4: Measure Against Targets
Once the components have been developed they 
must be measured to see whether they have met 
the targets. Any shortfalls must be investigated. 
This is analogous to functional unit testing.

The performance model can now be populated 
with actual performance measures and the over­
all system performance predicted. Any possible 
system performance problems can then be inves­
tigated.

The sorts of things measured include response 
time, resource usage, throughput and queue 
lengths. There are a number of different ways of 
collecting the information including counters, 
profiles and traces. Care should be taken to use 
the appropriate techniques for each case.

Measurement can be compared with traffic moni­
toring; see Figure 2 below. The measurements 
with the smallest overhead are counters; for ex­
ample, a strip on the road that records cars going 
over it, or a census taker counting traffic. These 
do not interrupt the flow significantly.

To get an idea of who uses a road and why, every 
Nth car is stopped, and the driver asked a number 
of questions. This is a form of profiling, which 
provides more information, without having too 
much impact on the throughput of the road.

Figure 2: Examples of m easurem ent
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Where a full trace is required—for example when 
there is a criminal suspected of being on the 
road—a roadblock may be set up, and every sin­
gle car stopped. This is similar to tracing, and it 
causes a very heavy performance overhead.

Stage 5: Validate Against Requirements
When the product is complete the performance 
must be measured against the requirements and 
against the model predictions. This is analogous 
to functional validation.

Any performance shortfalls must be investigated; 
performance models will be very useful in help­
ing to identify which parts of the system are not 
behaving as expected and in identifying possi­
ble improvements and the impact that each will 
have.

Stage 6: Manage Performance of Live System
Once the system goes live it is important to man­
age its performance to ensure that it performs 
well. It may turn out that the system is not used 
as was expected and this may result in perform­
ance problems. It is important to understand the 
cause of any problems and if possible to notice 
the potential for future problems so that action 
can be taken before the users notice.

The performance of the system should be moni­
tored to check that performance requirements are 
being met and that behaviour is as expected. This 
includes the workload, resource usage (CPU, IOs, 
network, memory), response times and elapsed 
times. Any discrepancies should be investigated 
using performance models.

This enables actual problems and potential fu­
ture problems to be identified. It is particularly 
important when a project is "rolled out" across a 
large user population over time. During the "roll­
out" phase it is possible to gather very useful in­
formation whilst the system is still lightly utilised. 
Information is collected on an ongoing basis and 
(combined with future strategies and business 
predictions) is fed into performance models used 
for capacity planning.

Development Life Cycle
The performance process must be taken into ac­
count a t every  stage of the developm ent life 
cycle. A typical 'V '— diag ram  representing  
the development life cycle is shown in Figure 3.

Figure 3: D evelopm ent Life-cycle

During the Requirements phase the performance 
goals are identified. In the Analysis phase the 
performance of alternative architectures is esti­
mated to see whether they meet these goals.

The D esign phase  causes the so lu tion  to be 
decomposed into sub-components—the perform­
ance goals must similarly be decomposed into 
performance targets for each of the sub-compo­
nents. Also, the meters necessary to understand 
and manage the performance are identified.

During Construction sub-components are imple­
mented or bought-in to meet their performance 
targets and in the Unit Test phase the perform­
ance of the components is measured against those 
targets.

In the Validation phase performance tests, bench­
marks and stress tests are used to prove that the 
performance goals have been met.

During O peration & Evolution, performance 
modelling is used to size solutions, and meters 
are used to manage system performance.

Issues and Benefits
The full performance engineering process is not 
necessary in absolutely every case. It is appro­
priate when there are strict performance require­
ments, when there is a high demand on the solu­
tion, or if the solution is mission critical, very large 
or uses new technology. In other words it is nec­
essary for most projects.

There are a num ber of common pitfalls to be 
avoided when using the performance engineering 
process. Firstly, if the performance requirements
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are insufficiently clear then this may lead to ar­
guments between the customer and the supplier 
about whether the performance really meets its 
requirements.

Secondly, performance models are often pro­
duced at the start of the project and then never 
looked at again. In this case the accuracy of the 
model is unlikely to be very high, and the chance 
of the performance requirements being met is 
very low. Responsibility should be allocated to 
som eone to m ain ta in  perform ance m odels 
throughout the project.

Another pitfall is when requirements are generated 
and targets set, the developers simply ignore the 
targets. This may be because the developers do 
not agree with, or are not aware of the targets. It 
means that performance problems will not be 
identified until system validation, at which stage 
it is far more expensive and time-consuming to 
do anything about them.

The final common pitfall is that the solution is 
not scalable. Single user performance is fantastic 
and simple performance models show that many 
users can easily be supported. However, because 
of some bottleneck which has not been modelled, 
the system can only support a few users. This 
can be a very difficult problem to solve late in 
the project—the scalability of the solution needs 
to be carefully analysed during the analysis and 
design phases of the developm ent life-cycle. 
Load testing beyond the m axim um  anticipated  
load should be factored into the project plan to 
give confidence in the scalability of the solution.

There are many benefits to performance engineer­
ing. It is a controlled way of system development 
which allows the project to meet its budget, 
tim escales an d  perform ance requirem ents. 
W ithout perform ance eng ineering  the costs 
incurred in getting the performance right tend to 
be wildly variable, and to be incurred at the back 
end of the project. Often a compromise solution 
is produced which does not quite meet its require­
ments and which is unresponsive. As a general 
rule fire prevention is twenty times cheaper than 
fire-fighting.

A further benefit is that the system is more likely 
to work, as performance engineering practitioners 
tend to have a cross-functional and cross-organi­
sational rule which allows them to spot functional

problems more easily than someone working on 
a single component of the solution. Often the 
performance people are the only ones who gain 
this helicopter view.

Some of the issues ra ised  are illu stra ted  in 
Figure 4.

Figure 4: Stuben Performance W indow

Too little modelling and measurement—you are 
denying the issue. Low measurement, too much 
m o d e llin g — you  are ju s t d r e a m in g . Low  
modelling, lots of measurement—you are drown­
ing in data. Too much of everything and you are 
delaying the project. Get the balance right and 
you will be delivering.

Summary
Performance problems are more common than 
you think. But do not despair, because perform­
ance engineering is the answer. Remember the 
perform ance qualities, a b so lu te , m a n a g ea b le , 
predictable and scalable, and follow the six-stage 
process.

Performance Modelling

What is a performance model and why are 
they used?
Model: A simplified description of a system etc. 
to assist calculations and predictions.

A performance model is any simple description 
or rep resen ta tion  of a system  that is u sed  to
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increase understanding about the performance 
of the system. It need only describe those aspects 
of the system that influence its performance (for 
example, rare transaction types might be ignored). 
It can be anything from a few calculations on the 
back of an envelope to a spreadsheet to a complex 
computer program that simulates the behaviour 
of the system.

The complexity of the model depends upon the 
complexity of the system, the amount of infor­
mation available, the importance of an accurate 
understanding of the system's performance and 
the amount of time (and effort) available. Even 
for a complex system, the process will start with 
simple models, and increase in complexity. These 
simple models are useful for validating the more 
complex models later on.

Performance models are used to predict the per­
formance of proposed systems, systems under 
development and changes to systems. They are 
used to help identify performance improvements 
and to choose between design and implementa­
tion alternatives. Typically performance models 
estimate things such as the response time a sys­
tem will deliver or the maximum workload it can 
support.

Without building models, the only options are to 
guess or to build the system and measure its per­
formance, with the inevitable expense and delay 
that this will create.

Performance Indicators and Queuing 
Theory
The key indicators of performance are:

Throughput: Mean jobs completed per unit 
time

Service Time: Mean time taken to handle a job 
(excluding queuing)

W aiting Time: Mean time taken for a job to com­
plete including queuing (this is 
also known as Response Time, 
Elapsed Time or Existence Time) 

Utilisation: Percentage of time a resource is
used; i.e., ratio of throughput to 
capacity

Population: Mean number of jobs in the sys­
tem  (this is also know n as 
Concurrency).

Maximum throughput is also known as capacity.

To illustrate what these indicators mean consider 
a bank with a number of counters, each with a 
clerk. The meanings of the performance indica­
tors are:

Throughput: 
Service time:

W aiting time:

Utilisation:

Population:

Customers processed per hour 
Mean time a clerk takes to han­
dle a customer
Mean time spent by a customer 
in the bank
Mean proportion of time when 
clerks are serving customers 
Mean num ber of customers in 
the bank.

These indicators can then be used to describe the 
performance of the bank. Given that there are 4 
counters (each with a clerk), that 180 customers 
are handled in a typical hour and that a clerk takes 
a mean time of 1 minute to handle a customer 
then:

Throughput = 180 custom ers/hour 
Service time = 1 minute per customer.

The Utilisation can also be worked out. If each 
clerk takes a mean time of 1 minute to handle a 
customer, then on average they can each handle 
60 customers in an hour. They are handling 180 
customers per hour, which is 45 customers per 
hour for each clerk. The clerks are, therefore, each 
handling 45 customers per hour when they could 
handle 60 customers. This means they are uti­
lised 75% (45/60) of the time.

Insufficient information has been provided to 
work out either the Population or the Waiting 
Time.

For example, if all 180 customers entered the bank 
at the start of each hour then it would take 0.75 
hours to handle them all (180 /  (60 x 4)). During 
these 45 m inutes there would be an average 
number of customers in the shop of about 90 (180 
at the start, 1 at the end). For the other 15 min­
utes of the hour there will be no customers in the 
shop. This gives an average Population of about 
67 (=(45 x 90 + 15 x 0)/60).
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Alternatively, if 3 customers came into the bank 
every minute (making 180 in total in an hour) and 
each was handled in exactly 1 minute then there 
would always be exactly 3 customers in the bank. 
This gives an average Population of 3.

In order to work out the Population and Waiting 
Time more information is required such as arrival 
distribution (e.g. Markovian), service distribution 
(e.g. constant, Normal), queuing discipline (e.g. 
first come first served) and number of queues (e.g. 
one queue for each counter, or one queue for all 
the counters).

However, if the mean number of customers in 
the bank (Population) is known, then the Wait­
ing Time can be calculated using Little's Law, 
which says that:

Waiting time = Population/Throughput.

Little's Law can be intuitively explained by say­
ing that the Population is the number of jobs that 
arrive whilst a job is waiting in the queue. A more 
rigorous explanation is as follows. Allocate each 
job a point for each second it spends in the sys­
tem. In time T seconds the mean points scored 
by each job is Waiting Time. The number of jobs 
is T x T hroughput. The to tal po in ts is T x 
Throughput x Waiting Time. But the total points 
is also the Population x T. So Throughput x Wait­
ing Time = Population.

There are far more complex formulae for analys­
ing systems—this is a whole branch of mathemat­
ics. Models which look at a system using math­
ematics in this way, are called "analytical" mod­
els. However, mathematics can only go so far. 
For a precise analysis of a complex system a com­
puter simulation may be necessary.

To show the relevance of all this to IT the indica­
tors can be mapped onto some computer system 
concepts. For example:

W aiting time:

Utilisation:

Throughput:
Population:

TP response time, batch elapsed 
time
total CPU used, network band­
width consumed 
transactions per second, IO /s 
buffer sizes, number of users.

Approach to Modelling

There are many different types of performance 
model for solving different types of problem. For 
example, a simulation of a processor pipeline may 
be produced in order to predict the performance 
of the CPU before it has been built. This section 
describes the production of a performance model 
for a complete customer solution (rather than for 
a component). This is the sort of model referred 
to in the section on Performance Engineering.

The steps in  bu ild in g  a m odel are described 
below. It is important to note that it may not be 
necessary to go through all the steps depending 
on the level of accuracy required. A complex 
queuing model is only necessary either where 
great accuracy is required or where there is great 
contention for resources in the system  and  
therefore much queuing. See Figure 5.

The whole system need not be described in the 
same model. For example, if only one part of the 
system has substantial queuing then a separate 
complex queuing model can be built just for that.

resource model end to end model

simple queuing model

complex queuing model

Figure 5: Q ueuing m odels

Resource Model
A resource model calculates the utilisation of all 
key resources in the system. It does this be using 
the formula:

utilisation = throughput/m axim um  throughput.

A resource model has the following elements:

Workload: volume of services e.g., how
many TP enquiries per hour?
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Design: what operations are required to
do each service? 
ivhat sub-operations are required  
to do each operation?

Implementation: w hat resources are used by 
each operation?

Technology: the capability of each compo­
nent of the system to deliver 
resources; e.g., MIPS, IO/sec, 
network bandwidth.

A resource model will usually be a spreadsheet 
which contains numbers for all the above ele­
ments. By multiplying up the numbers the total 
u tilisation  of all the system  resources can be 
identified. Alternatively, the technology required 
(e.g., speed of CPU, number of disks), so that the 
utilisation of all resources is not too high, can be 
calculated.

A n exam ple of a resource m odel is show n in 
Figure 6 for a simple library computing system 
w hich allows books to be registered online as 
either loaned or returned.

The usage of resources can then be calculated as 
shown in Figure 7.

This gives the m inim um  am ount of resources 
required to run the system. In practice, in order 
to achieve a reasonable response time a faster 
processor and more discs would be required. The 
model also makes lots of assumptions such as 
there being no workload peaks, all I/O s being 
d is tribu ted  evenly  over the discs, an d  there 
being no database page lock contention.

End to End Model
The End to End Model simply calculates the wait­
ing times for all the key processes by ignoring 
queuing. It does this by adding together all the 
service times.

In the library example it would be used to give a 
simple first estimate of the response time to the 
user of the system.

The End to End m odel w orks o u t w h a t the 
waiting time would be if there were only a single 
job in the system at any time; e.g., a single user 
system. This waiting time can often be verified 
by single user testing.

The model produces a minimum possible value 
for the waiting time. If that minimum value is 
higher than the requirement then a performance 
problem has already been identified.

Simple Queuing Model
The sim ple queu ing  m odel recalculates the 
waiting times for all the key processes by adding 
som e sim ple queu ing  for all the im portan t 
resources. It does this by using the formula W=S/ 
(1-U) to find the waiting time for all the resources. 
These can then be added  together to give the 
total w aiting  time. The u tilisation  U of each 
resource is taken from the Resource Model.

In general the formula W=S/(1-U) is just an ap­
proximation, although it is exact under certain 
m athem atical constraints. The w aiting  tim es 
calculated by the simple queuing model are still 
not precise, but give a much better estimate than 
the End to End Model.

Complex Queuing Model
On occasions when an accurate answer is required 
for the key process w aiting  tim es, a p roper 
queuing m odel m ust be produced. This can 
sometimes be done mathematically or a simula­
tion model can be produced. The complex model 
should be validated using the simple queuing 
model and the resource model.

Some Modelling Tips
• Start broad & shallow; go deeper only where 

necessary.

• If the worst case is all right use it. If the best 
case is not all right, then there is a problem.

• Use as little queuing theory as possible, it is 
difficult and error-prone.

• Only simulate if necessary; it is very complex 
and time consuming.

• Document the model and its assumptions and 
get them reviewed.

• Remove model bugs by looking at trends and 
extreme cases and by comparison with expec­
tations and simpler models.
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□ Workload
• 30 book loans per second

(5 books per loan on average)
• 20 book returns per second 

(8 books per loan on average)

□ Design
• book loan

—  start
—  loan_book x no. of books
—  end

• book return
—  start
—  return_book x no. of books
—  end

□ Implementation
• start: 100K insts, 0 lOs
• loan_book: 150K insts, 2 lOs
• return_book: 300K insts, 4 lOs
• end: 150K insts, 0 lOs

□ Technology
• servers available at 50 MIPS, 

100 MIPS & 200 MIPS
• disks support 50 lOs

Figure 6: Example of a resource model

Figure 7: Resource model calculation

• Verify the m odel inputs by unit testing and 
validate the m odel outputs by load testing 
and m easurem ents from live system s.

• D o not overestim ate the accuracy o f the 
m odel. The accuracy of the m odel depends 
on the accuracy of its inputs and m easure­
m ents are m uch better than estimates. It is 
also depends on the detail of the m odel and 
the am ount of resource contention— queuing  
for resource is difficult to m odel and tends to 
make the m odel outputs more inaccurate.

Resolving Performance Problems

The previous tw o sections describe how  to get 
performance right. This section looks at w hat to 
d o w h en  perform ance go es  w rong, in other  
words, how  to deal with performance problems.

What Is a Performance Problem?
A performance problem is any situation where a 
sy ste m  d o e s  n o t  co n fo rm  to  its  p erform an ce  
requirements. This applies not only for absolute 
p erform an ce  (i.e. p o o r  resp o n se  t im es  or the  
in a b ility  to  sca le  b e y o n d  a certa in  n u m b er
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o f users), but also for unpredictable or unm an­
ageable performance.

A Structured Approach
W hen dealing w ith performance problems it can 
be very tem pting to leap straight in to taking 
measurements and running tests—often, there is 
a great pressure to get results quickly (a customer 
m ay be on "red alert" for example). As w ith the 
development of a solution, however, performance 
problems are solved more reliably and, overall 
more quickly, by following a structured approach.

Such an approach, in three steps, is now  de­
scribed.

1. Define the problem:
It is surprising how  often the root problem is 
not a problem  w ith  the com puter system . 
Id en tify in g  the real p rob lem s (i.e., if th ese  
issues were resolved, w ould  you be happy?) 
and getting all interested parties to agree to 
them at the beginning, is a very good invest­
ment of time.

2. Fix the immediate problem:
The main focus of this section is identifying a 
fix for the im m ediate problem.

3. Solve the long term problem:
As important as the im m ediate fix is the long  
term solution, often om itted until the same 
problem  recurs. Solutions to perform ance 
problem s are typically  built on  im proved  
processes rather than technology changes, 
such as capacity planning to anticipate re­
source shortfalls before they occur.

Step 1: Define The Problem
This is a vital step before attem pting to fix what 
you perceive to be the problem. Unless you have 
an agreement about w hat the problem is, you are 
m aking an open-ended  com m itm ent of your  
time— not to be recommended. These problems 
m ay not be problems w ith the computer system  
at all, for example:

O ne custom er w as unhappy because the 
throughput of their UNIX system  w as higher 
than their more expensive mainframe system  
for the same test programs. It was pointed  
o u t that th e  m ain fram e h a d  m a n y  other  
benefits—  security, reliability, etc.— w h ich

justified its higher cost. There was no per­
form ance problem  w ith  the m ainfram e as 
such (the response times were fast enough). 
To solve this problem did not need any IT 
skills at all.

A n oth er  cu stom er w a s  u n h a p p y  w ith  the  
performance of their new  system. It had been  
expected that they w anted their new  system  
to be faster, but in fact they had bought the 
new  system  to attach more disks—so they  
w ould be happy if performance remained the 
same w hile the file system  w as much larger. 
A sim ple configuration error w as found to be 
the problem—performance in fact improved  
som ewhat w hen their previous configuration 
w as reinstated on the new  system — and the 
customer was happy. M uch time could have  
been wasted trying to im prove performance 
relative to their old system  if their require­
ments had not been agreed at the beginning.

Many projects which are close to delivery still 
have unclear requirements. In one project, 
for example, very different response time tar­
gets had been agreed for "client" operations 
and "processing" operations—once the sys­
tem w as ready to be deployed, the debate 
opened about which operations were "client" 
an d  w h ic h  w ere  "processing" . In th ese  
situations, it is vital that the requirements are 
agreed before you attempt to tune the system  
to m eet them.

M any "performance problems" can be solved at 
this stage, typically w ith a non-technical solution  
such as changing requirem ents or scheduling  
work at other times. For m ost projects, finding  
o u t the real req u irem en ts is  an  e y e -o p e n in g  
process.

Step 2: Fix The Immediate Problem
Listed below  are com m on approaches to fixing 
performance problems.

• Repeatedly doing "good " performance things 
until the problem is fixed:
T his ap p roach  in v o lv e s  lo o k in g  for g o o d  
advice which seem s to relate to the current 
sy ste m  an d  a p p ly in g  it; e .g ., en larg in g  a 
database cache, ap p ly in g  a service pack, 
configuring m ore threads or m oving files 
around to reduce contention.
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• Changing the application until the perform­
ance is acceptable:
This approach involves m odifying the appli­
cation wherever performance can (allegedly) 
be im proved, often including cutting back 
functionality or placing arbitrary restrictions 
and, as a consequence, destabilising the ap­
plication.

• Generating a large am ount of "performance 
data" to find out where the problem m ight 
be:
This approach involves turning on every form  
of available metering and generating m any 
gigabytes of output.

These approaches are all extrem ely inefficient, 
although one m ay eventually stumble across a 
solution to a problem. The key to dealing w ith  
p rob lem s e ffec tiv e ly  is  to  u n d ersta n d  th em , 
allow ing both the short term fix and a long term  
solution to be put in place. As understanding of 
the problem grows, whether a "good" perform­
ance ch an ge  is appropriate  can  b e  ev a lu a ted , 
application changes can be avoided unless vital 
to delivering against performance requirements. 
Performance data can then be lim ited to that re­
quired to confirm or enhance understanding.

In order to  u n d ersta n d  the p erform an ce o f  a  
system , and thus be able to address its problems, 
a sc ien tific  app roach  sh o u ld  b e  ad op ted ; i.e. 
developing an hypothesis about how  a system  
behaves, testing this hypothesis through experi­
m en t an d  rev is in g  the h y p o th e s is  b a sed  on  
available evidence.

The follow ing process is proposed to master per­
formance.

• Measure: obtain data about current system  
behaviour.

• Analyse: extract evidence from this data.

• Structure: use performance m odels to build  
understanding—a theory.

• Tune: u se  th is u n d ersta n d in g  to tu n e  the  
system.

• Examine: does the system  m eet its perform­
ance requirements? Can it ever do so?

• Repeat: until the system  m eets requirements, 
or this is know n to be impractical.

The follow ing sections look at each of these steps 
in more detail. N ote that, in practice, these steps 
inevitably blur into one another— they are not a 
sequence to follow  slavishly in all cases.

Measure
M easurem ent should be about gathering data 
through experiment. The approach should be to 
undertake test runs to confirm a theory, or to pro­
vide base data in order to form a theory. In short 
you  should have an expectation before you take 
m easurem ents, based on your current level of 
understanding. It can be all too easy to fall into 
the trap of running test after test to little effect, 
generating huge am ounts of data w ith little idea  
of how  to go about analysing it.

W h atever  m ea su rem en ts  are taken  m u st  u se  
repeatable testin g  in  order to  u n d erstan d  the  
effects of changes to the system  in a controlled 
environment. The m ost practical w ay to ensure 
this is to automate testing as much as is possible, 
u s in g  lo a d  g en era to rs  to s im u la te  u ser  
populations. In order to understand measure­
ments, it is often helpful to start w ith  sim ple tests, 
using, for exam ple, only a single user and then 
build up to more com plex ones.

Results should be m anaged in a structured w ay  
(unique run identifiers, organised storage and 
archiving of results etc.). This w ill allow  you to 
go back and answer questions about past runs 
w hen you gain new  insights later on. A  short 
summary of the run (a text file w ith the purpose 
of the run, number of users, any software changes 
for example) can be invaluable. All meters that 
can be switched on w ithout a significant impact 
on system  performance (say, over 5% of process­
ing ), should initially be collected— m ost counters 
fall into this category. For m ost system s, a fre­
quency of one m inute for sam pled counters w ill 
be appropriate. A  w ide range of counters should  
be collected to cover the main areas where per­
formance problems can occur.

Think about the information that w ill be required 
for confirmation or extension of your current level 
of understanding. Application statistics in par­
ticular are vital, for exam ple to analyse in terms 
of costs per transaction rather than overall re­
source usage on the system. Collecting CPU us­
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age on a per-thread or per-process basis can also 
allow  problem s to be narrow ed d ow n  very  
quickly.

As taking measurements can be dull and error- 
prone, again, automate as m uch as possib le. 
Have a standard set of metrics that are collected 
which you can m odify over time. Start by col­
lecting w hat you  can do easily, and put more 
work in if there are problems which require fur­
ther information. Make sure that the appropri­
ate meters are actually working (e.g., turn disk  
statistics on in W indows). Check that measure­
ments make sense for a sim ple test that you un­
derstand, before relying on them for analysing a 
more com plex situation.

Analyse
O nce data  h as b e e n  co llected , it n e e d s  to be  
analysed in order to provide evidence to support 
or alter your current understanding of how  the 
system  behaves. This is a m uch easier task if you  
have ensured that you have expectations of meas­
urements beforehand, and undertake them for a 
specific purpose.

Sim ple inspection of data can provide useful 
insights. U sing a spreadsheet to display data 
v isu a lly  can  b e  a great h e lp  here. E xam p les  
include spotting "glitches" in a graph, and being  
able to collate the time that these happened with  
other data— for example a reduction in through­
put happening at the same time as a database 
checkpoint. Using traces, flaws in program logic 
can often be seen  b y  inspection , for exam ple, 
calling the same function twice (this happens!). 
Another com m on problem  is w hen tracing or 
other debug information is left on by mistake—  
inspection of logs etc. can reveal this.

In sp ection  is all ab ou t com p arison  w ith  you r  
ex p ecta tio n s— ex p ec tin g  a sm o o th  graph , a 
particu lar f lo w  o f  log ic , a certain  p attern  o f  
resource usage etc.. In general, comparison is the 
other m ethod of analysis, including comparison 
with:

• itself; for exam ple, looking across several 
samples within a run

• output from a model
• historical statistics from the same system  be­

fore a problem arose
• statistics from other systems

• pub lished  inform ation from white papers or 
benchmarks

• theory; for example, does Little's Law hold? 
(If not, your data is wrong).

All these can be useful sources in analysing the 
data and coming up with appropriate information 
and insights into system  behaviour. For deeper 
insight into behaviour, it is important to struc­
ture data and look for "gaps"— for exam ple, 
elapsed time not accounted for in the sum  of time 
allocated to individual resources.

Structure
The evidence obtained from analysis of system  
m ea su rem en ts  n e e d s  to b e  structured  u s in g  
performance m odels. These need not be at all 
complex—it might sim ply m ean summarising re­
sults in a spreadsheet.

Structuring the available evidence leads to an 
understanding of system  behaviour, rather than 
a collection of unrelated information. It closes 
the loop, either demonstrating that the information 
available "makes sense", or highlighting areas for 
further investigation by giving expectations for 
further runs and suggesting appropriate experi­
ments. Building up understanding about how  
the system works is the most important part of 
performance engineering—and one frequently 
omitted.

W hen trying to produce this kind of structured 
description of system  behaviour, shortfalls in the 
statistics being collected are often discovered—  
this requires an assumption to be made about the 
m issing area w ithin the m odel, which then needs 
to be checked through further experiment with  
additional metering. M odelling also provides 
expectations to use w hen analysing data.

An example of this kind of structuring is to build  
an end-to-end m odel of response time. This 
m ig h t co n sist  o f so m e  tim e w a it in g  for the  
network, som e processing time, som e disk time, 
an d  so m e  n etw o rk  tim e c o m in g  back. If th is  
simplistic analysis comes out much lower than 
the o b serv ed  resp o n se  tim e, q u e u in g  tim e  
waiting for the processor or disks m ight be the 
answer—further runs m ight then be undertaken 
to provide the information needed to calculate 
this, or to suggest alternative reasons for this "lost 
tim e". O nce all the tim es a d d  u p  (w ith in
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reasonable error bounds), tuning can focus on the 
larger com ponents of the total cost.

In order to do this structuring properly, it w ill be 
necessary to understand the business context in 
w h ic h  the sy ste m  is  operating; i.e ., w h a t the  
system  is for. This often m eans that performance 
experts spend a lot of time talking to people about 
the system  at a non-technical level before going  
into the technical details. This becom es particu­
larly important in the tuning phase as the changes 
proposed to tune the system  are almost always a 
compromise, w hich m ust balance technical and 
non-technical issues; for example, performance 
versus cost, throughput versus response times, 
response to on-line users versus batch perform­
ance, security versus response, etc..

Tune
Tuning should be based on an understanding of 
the sy stem , g a in ed  from  a n a ly s in g  data in  a 
structured way. All too often, people tune by  
d o in g  "good"  p erform an ce th in g s u n til the  
performance is perceived to be "good enough"  
(or u n til th ey  run  ou t o f tim e, m oney , or their  
customer runs out of patience). A lthough it can 
seem  frustrating to be spending time gaining an 
understanding of the system , and in particular 
its non-functional requirements (security, reliabil­
ity, user response tim es, expected scalability etc.) 
at a tim e w hen people are dem anding improved  
performance immediately, this is vital to putting  
appropriate tuning in place. It m ight seem  a good  
approach, for exam ple, to tune the operations 
w ith the longest response times, w hile in reality 
the custom er's priority m ay be to deliver good  
resp o n se  to a certa in  grou p  of u sers (e .g ., 
telesales) rather th an  a particu lar se t o f  trans­
actio n s. Id e n tify in g  su c h  req u irem en ts  is 
therefore paramount.

W hen m aking changes to the system , try to tune 
one thing at a time wherever possible, in order 
to be clear about the effects of each individual 
change. In practice, although it is often difficult 
to do this (e.g., requiring too many runs) thinking 
carefully about w hich changes are m ade in what 
order can  sp e e d  u p  th e  rate o f im p rovem en ts  
sign ificantly . In a n y  case , u se  perform an ce  
m odels to develop a theory about what effect the 
tu n in g  w il l  h a v e— in  oth er  w o r d s  to  form  an  
expectation of what results you w ill obtain.

Examine
W hen analysing statistics and making detailed  
changes to a system , it is easy to lose sight of the 
wider picture. This makes it important to step 
back at intervals and consider:

• have the requirements been m et— should w e  
stop? Tuning system s beyond their require­
m ents is unnecessary, but not uncom m on

• have the requirements changed? Often the 
initial requirements (or your understanding 
of them) w ill change over the course of the 
exercise

• are w e still able to m eet the project plan? 
Sometimes your understanding of the system  
w ill reveal that certain requirements can never 
be practically met; e.g., the system  cannot 
scale beyond 64 concurrent users— these need  
to  b e  co m m u n ica ted  as so o n  as th ey  are 
discovered.

C h eck  w ith  y o u r  cu stom er to  se e  if th ey  are 
satisfied w ith  w hat you are doing.

Repeat
Go back around the loop until your requirements 
are m et and your customer is satisfied.

Step 3: Solve The Long Term Problem
The exercise described above provides a short 
term fix for the system , based on an understand­
ing of its behaviour. This understanding should  
th en  b e  e m p lo y e d  to  d eterm in e the lo n g  term  
solution to ensure that the sam e problem does 
not occur again.

There are a number of mechanisms for doing this.

• New processes:
Change processes, and automate them  where 
appropriate, to avoid problems. This can be 
som ething sim ple such as running reports as 
a se rv ic e  o v e r n ig h t  rath er th a n  a d -h o c  
d u rin g  th e  day, or c lo s in g  an d  restarting  
services automatically every night to work  
around m em ory leaks.

• Monitoring and regular analysis:
P u t m eter in g  in  p lace  to  track im p ortan t  
parameters, to avoid being surprised by the 
same problem again; e.g., tracking disk free 
space, m em ory utilisation etc. These m ust be 
regularly analysed if they are to be effective.
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• Alerting:
Use system s m anagem ent tools to send alerts 
(via m anagem ent workstations, email, pager 
etc.) w h en  resources being monitored cross 
critical boundaries.

• Capacity plan:
A s resource requirem ents grow  over  tim e, 
capacity planning m ethods should be used  
(trend analysis for example), to anticipate the 
need for further resource, and put it in place 
before problems occur.

Hints And Tips
This section provides som e practical advice on 
h o w  to  ap p roach  p erform an ce p rob lem s o f  
different types.

Low Throughput
The first step is to understand w hat the require­
ments are— w hy is the throughput considered to 
be low? What are you aim ing to achieve? What 
is the business impact if this proves impractical? 
This gives you a context w ithin w hich to work.

In order to understand throughput, ask "where 
is time being spent in the system?" The possible 
a n sw ers  to th is can be su m m ed  up w ith  
"MANIC" below. Build a sim ple resource cost 
m odel using these elements.

• Memory:
M emory is a very com m on problem area on 
W indows system s. Collect statistics on total 
occupancy, free m em ory and paging.

• Application:
This is the area m ost often overlooked, but it 
is vital for analysis. It includes user applica­
t io n s , d a ta b a se s , tra n sa ctio n  m o n ito rs , 
q u e u in g  sy s te m s  etc.. C o llect sta tistics  
relevant to the application, e.g., user interac­
tions, lock activity. Often the statistics that 
you w ould like are not there—this is w hy it 
is so important to build application meters in 
at design time.

• Network:
It can be difficult to capture the right network 
information using standard software. Collect 
basic network statistics (bytes and packets 
sent and received). Consider recording key 
tim es in the application, or look for other

bu ilt-in  statistics, for exam p le , tim e stam p  
req u ests sen t to  a server, a n d  w h e n  the  
response is received.

• I/O:
Typically disk traffic, but includes tapes and 
other devices. Collect transfers per second  
and service time for each device.

• CPU:
This is the most commonly monitored resource. 
However, lack of CPU resource is often not 
the root problem. Collect overall utilisations, 
time under interrupt, process/thread based  
statistics. Consider using profiling to break 
dow n CPU time further.

The resource cost m odel looks at the utilisation  
of each of the com ponents of the system. If the 
utilisation of any com ponent is very high, this is 
probably the performance bottleneck. Options 
in each of the areas are discussed below.

• Memory:
If the sy ste m  is  p a g in g , m ore  m em o r y  is  
required by the application. This can be  
achieved by (i) reducing the m em ory used by 
other applications, (ii) changing application 
behaviour, or (iii) adding more mem ory to the 
system. If there is a mem ory leak, option (iii) 
sim ply defers the problem rather than fixing 
it. Other options include restarting services 
autom atically each night to clear m em ory  
leaks, reducing the m em ory configured for 
file system  or database caches and limiting 
the number of concurrent users (or processes, 
threads etc.) on the system.

• Application:
If the application is waiting for a resource, 
such  as a database lock, op tion s include  
configuring m ore or reorganising existing  
resource (e.g., spreading a highly contended  
database table across more database blocks) 
and ch an g in g  ap p lication  b eh av iou r  (e.g., 
report unavailable or provide approxim ate  
information rather than wait).

• Network:
It is important to separate problems waiting  
for what is on the other end of a network (e.g., 
an oth er  server) an d  p r o b lem s w ith  the  
netw ork  itself. A  netw ork analyser can be 
invaluable in assisting w ith  this. If you do
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have a bottleneck, options include separation 
o f sectio n s o f  the n etw o rk  to  red u ce  other  
traffic, ch an g in g  b eh av iou r (e.g ., to use  
unicast rather than broadcast m essages) and 
configuring more capacity.

• I/O:
Disk bottlenecks m ay be the result of (i) un­
even distribution of load across disk devices 
(ii) contention betw een m ultiple dem ands on 
the same device (iii) inappropriate applica­
tion behaviour or (iv) not enough resource. 
Options for (i) include striping files across 
m ultip le d isk  sp ind les (e.g., RAID-0) and 
changing the placem ent of database tables or 
other files. Options for (ii) include changing  
file placem ent and m oving applications on to 
different sets of spindles altogether. For (iii), 
options include caching in the disk controller 
or more disk spindles. A s disks become larger 
this problem becom es more prevalent, w ith  
fewer disks being configured to m eet storage 
requirements.

• CPU:
Processor cycles m ay be being consum ed for 
activ ities that are not required. C ontext 
switching betw een threads or processes, for 
example, can consum e a lot of resource. This 
can often be reduced, for example, by reduc­
ing the number of concurrent threads in the 
system, and thereby lowering CPU utilisation.

If there is no obvious bottleneck, consider the
follow ing questions.

• As you increase the load on the system , how  
does its behaviour change? Look for increased 
q u e u in g  (e .g ., lo n g er  d isk  serv ice  tim es)  
indicating a bottleneck. Alternatively, look for 
errors as connections are refused.

• H ow  m uch concurrency can be supported, 
and what is lim iting this? Look for thread 
p o o ls  o f  a f ix ed  s iz e , lock s o n  d atab ase  
objects, etc..

• Check out resource costs per transaction as 
load varies; does it increase linearly? If not, 
investigate the com ponents w h ich  do not 
scale.

• Look at all the com ponents in the end-to-end  
system ; is the bottleneck within the scope that

you are considering? A n application server, 
for example, m ay be waiting for the database, 
without having any performance problems 
itself.

Long Response Times
The first step is to understand w hat the require­
m ents are and w h y are response tim es consid­
ered to be low? Are they poor across the board, 
or only for certain transactions, users, tim es of 
day, etc.. What are you  aim ing to achieve? What 
is the business impact if this proves impractical?

In order to understand response times, build a 
sim ple end-to-end m odel for each of the opera­
tions that the customer is m ost concerned about. 
The end-to-end m odel looks at the time spent at 
each stage. Start w ith network delays (do not 
forget it goes both w ays), CPU time, and I /O  
time; does this add up to the response tim es seen? 
If so , fo cu s  o n  th e  larger a n d  m ore  e a s ily  
tu n ed  com ponents. For exam ple, a 20 second  
response time could be broken dow n as show n  
below  in Figure 8.

If individual service tim es don't add up to the 
response times seen, add in time queuing for CPU 
and queuing for disk. If that doesn't account for 
the time, there m ay be delays in the application  
(e.g., polling a lock or a physical device until it is 
ready), or the statistics m ay not mean what you  
think. Try to get the statistics to "make sense" 
(e.g., do the individual CPU costs by process add 
up to the total CPU cost? If not, perhaps a proc­
ess is created and destroyed betw een monitor­
ing sam ples, using resource in a w ay that is not 
recorded).

If there is no obvious problem area, consider the 
follow ing questions.
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• What are the response tim es w ith  a single  
user? If these are also poor, the problem is 
probably w ith the application, otherwise the 
problem is probably scalability or system con­
figuration (e.g., size of database cache).

• Is response time bad for all transactions; if not, 
what m akes these different? For example, 
updating transactions m ay be slow, w h ile  
read-only ones are fast.

• If you run the operation locally (e.g., on the 
server) is it much faster? This could indicate 
a network or protocol problem.

Variable Performance
The first step is to understand what the require­
ments are. Is the worst response time considered  
to be unacceptable? Do all operations vary in 
performance, or only for certain transactions, 
users, times of day, etc.. What are you  aiming to 
achieve? W hat is the business im pact if this 
proves impractical? Variable performance is par­
ticularly unpopular w ith users, even if the worst 
performance seen w ould  have been satisfactory 
if it was consistent.

Dealing w ith variable performance is all about 
correlating data. What is it about the tim es w hen  
the system  performs w ell that is common? What 
is the difference betw een these times and those 
w hen the system  performs poorly?

If the differences are unclear, consider the follow ­
ing questions.

• Can you reproduce the variability in a test 
run? This can help, because you can change 
a test environment more readily.

• Take s ta tis t ic s  and structure them  in  a 
m odel—which com ponents are variable? If 
you cannot "catch" the system  m isbehaving, 
how  could com ponents vary?

• Do the operations w ith  poor perform ance 
share com m on parameters? For example, all 
accessing a particular database table or all 
customers from one region.

• Do you need to reorganise your data? For 
exam ple, rebuilding tables, rem oving disk  
fragmentation.

• Consider som e possibilities. Are other appli­
cations running on the server interfering? Is 
a periodic function running (e.g., database 
checkpoint)? Are other users of this applica­
tion interfering (e.g., reports versus on-line)? 
Is a buffer or cache fillin g  up and being  
cleared? Are som e areas of a database over 
full (e.g. chained blocks or hash buckets)?

Some Common Problems
This section describes a few  com m on perform­
ance problems to look out for and indicates what 
can be done about them.

Memory leak
If the free m em o ry  o n  th e  sy ste m  is  s te a d ily  
red u cin g , there m a y  b e  a m em o ry  leak  (other  
possibilities include m em ory not being freed by, 
for exam ple, user connections w hich log out). If 
there is a leak in a service, this can be restarted—  
co n sid er  u s in g  a sch ed u ler  to  cau se  th is to  
happen automatically each night.

Poor file layout
If different files which are accessed heavily are 
placed on the sam e devices (typically the same 
disk spindles), they w ill interfere w ith each other. 
A com m on exam ple of this is having several 
stripe sets across all the disks which interfere with  
each other. Another problem w ith layout can be 
a "hot" file or database area— this can som etim es 
be fixed by striping the file across several disk  
spindles. Alternatively, database blocks can be 
depopulated (set a high "free" percentage) to 
"space out" the data.

Log file bottleneck
Transactional system s (m ost often databases) 
keep a log of all the changes m ade to the system. 
T his is v ita l in  reb u ild in g  the sy ste m  after 
failure. In a system  with much updating, this file 
can becom e a bottleneck. Ensure that it runs on 
its o w n  (m irrored) sp in d le(s). O p tion s for 
further improvem ent include splitting the data­
base into several partitions (each having its ow n  
lo g  file), u s in g  a storage sy ste m  w ith  a cache  
(supported by an Uninterruptible Power Supply) 
and scheduling bulk updates to a later time (or 
other application and configuration changes to 
reduce updating).

Tracing (or debug etc.) left on
It happens; so it's worth checking.
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Operations packaged poorly
This is very common with multiple tier database 
applications—many separate requests are sent 
between client and server, the client processing 
the da ta  tha t the server re tu rns. D ram atic 
perform ance im provem ents can be obtained 
through the use of database procedures, which 
perform  several operations for a single client 
request, and move data processing onto the 
server. Rather than send 100 rows over the wire 
to process on the client, for example, a database 
procedure can process these locally and send only 
the result. There are other analogous situations 
to this where many client-server conversations 
are had unnecessarily.

Failure to take expert advice
Another common failing is to employ technology 
in an inappropriate way due to lack of experi­
ence. Getting an expert to provide a "sanity 
check" can be very valuable, but is often over­
looked.

Database query execution plans
This area can provide performance im prove­
ments of several orders of magnitude. Having 
an expectation of system performance is particu­
larly important here. Long database queries may 
well be the result of an inappropriate algorithm 
for processing the data—called a query execu­
tion plan. These can be improved as a result of 
"hints" on the query, by improving the statistics 
used by the database to arrive at its plans, or by 
changing the way the query is phrased to return 
the same data in a different way.

Conclusions
M any people  th ink  th a t perform ance is an 
esoteric art, but in reality it is all about common 
sense, keeping a level head and seeing the wood 
for the trees. This article has tried to give some 
systematic approaches to performance, but there 
follow some simple truths which if observed will 
avoid many issues with performance.

1. Consider Performance Engineering at every 
stage of the development life-cycle.

2. Whenever you do some performance work, 
step back and think about what questions you 
are trying to answer.

3. Performance is all about understanding. What 
are the requirements? Where is the evidence 
of poor performance? How does the system 
work?

4. Capture your understanding in performance 
models.

5. Take a broad view. Some performance meters 
may seem a bit high, but what is the effect on 
the user performance? Is the computer sys­
tem the root cause of perceived problems?

6. Whenever performance issues are identified 
they must be given an owner or they will not 
be resolved.
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Obituary—Jack Howlett

Dr Jack Howlett, CBE, the founding editor of the 
ICL System s Journal an d  an  early  com puter 
pioneer, died on 5th May 1999 at the age of eighty 
six.

Professor Victor M ailer (present Editor of the 
System s Journal) writes:

Jack rem ained  on the Editorial Board after 
he retired from the editorship and continued to 
make an immense contribution to the success of 
the Journal. I first met him some twenty five 
years ago and wish to take this opportunity to 
express m y particu lar appreciation  for the 
unfailing help, encouragem ent and support I 
always received. His colleagues on the Board will 
greatly miss both his wise counsel and his friend­
ship.

Jack w as a m an  of m any  parts. H e w as a 
m athem atician by profession, w hose first job, 
after gain ing  his PhD  in 1936, w as to app ly  
statistical methods to coal consumption on the 
London, Midland and Scottish Railway. During 
the Second World War he was a member of a team, 
under Professor Hartree at Manchester University, 
engaged in applying mechanical computational 
methods, such as the "differential analyser", to 
various wartime problems, including work on 
"Tube Alloys", the atomic bomb project, although 
Jack was very reticent about discussing this work.

A fter the w ar, he  jo ined the A tom ic Energy 
Research Establishment at Harwell to lead the 
C om puting Section of the Theoretical Physics 
Division and then, in 1961, he became the first 
Director of the A tlas C om pu ter Laboratory, 
w here he remained until his "first" retirement 
in 1975. Jack was recruited by Peter Hall to ICL 
as a consultant and started the ICL Technical 
Journal, as it was then called, producing the first 
issue in 1978.

Jack was also a linguist with a fluent command 
of French and  used  this facility to translate 
books on computing into English. He had a wide 
know ledge of literature, m usic and  art and  
w ou ld  speak  with equal authority on subjects 
ranging from the unaccom panied violin w orks 
of Bach to the paintings of Renoir.

He was appointed CBE in 1969, was a Fellow of 
St Cross College, Oxford from 1966, a Fellow of 
the British C om pu ter Society, a Fellow of the 
Statistical Society, a M em ber of the London 
Mathematical Society and a Member the Institu­
tion of Electrical Engineers.

I asked Jack, not so long ago, what his recipe was 
for continuing physical and mental alertness. He 
looked at me with a twinkle in his eye and said, 
"Plenty of good food, good wine and a job with 
commitment." There was no answer to that.

Jack is survived by his wife, Joan, four sons and 
a daughter.

Friends and colleagues of Jack, who knew him 
for at least part of his professional career, offered 
the following contributions to this obituary, for 
which I am extremely grateful.

M ichael Kay (ICL Fellow  and m em ber of the 
Editorial Board) writes:

Jack Howlett was the founding editor of the ICL 
Technical Journal, which became the ICL Systems 
Journal in 1996, and remained an active member 
of the Editorial Board from its inception in 1978 
until his death in May 1999 at the age of 86.

Jack's vision for the Journal was established 
clearly in the Foreword to the first issue, which 
a p p ea red  above the  s ig n a tu re  of the  then  
Managing Director, Christopher Wilson:
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The electronic digital computer is one of the most 
important inventions of all time. ICL has been 
in this development from the very beginning, and 
has made some of the most important contribu­
tions. This has been possible because we have al­
ways had on our staffs people of great technical 
excellence and lively imagination, and we must 
have people of this kind if we are to continue as 
one of the leaders in this complex, exacting and 
fast-changing industry.

Such people are always thinking independently 
and along novel lines, whether producing new 
ideas or looking afresh, and often critically, at 
existing products, practices and concepts. A great 
amount of this type of thinking, with attendant 
discussion, is always going on inside ICL, far 
more than is generally realised. Much of it should 
be more widely known because it contributes to 
the knowledge and development of the computa­
tional art.

Throughout his time as Editor, and subsequently, 
he strove to achieve these tw o complementary 
objectives: of com m unicating ICL's technical 
ideas to a w ider audience, and of encouraging 
and recognising ICL's best engineers.

G ettin g  the Journal e sta b lish ed  in  ICL w a s  a 
significant achievement, especially for a man w ho  
w as not an ICL insider. H e had to persuade the 
technical people to contribute papers, he had to 
p ersu a d e  th e  m a n a g em en t to  m a in ta in  the  
funding, he had to persuade the sales force to 
make it available to the customers, and he had to 
persuade som etim es sceptical marketing people  
that releasing all this technical information w as  
in the com pany's best interests. H e had to do all 
this, moreover, w ithout sacrificing the integrity 
and q u a lity  o f  th e  p u b lica tion . T he fact that 
the Journal still exists more than tw enty years 
later show s just how  w ell he succeeded— there 
are very few  products or publications in ICL that 
have lasted as well.

Jack achieved this by charming everyone. H e had 
a w a y  o f  m a k in g  p e o p le  fee l ap p recia ted , o f  
seeing things from their point of view, and quite 
sim ply of m aking everyone w ant to help him  
achieve his objectives.

He had a very strong vision of what the Journal 
should be: a serious publication worthy to take

its place on the shelves of a University Library, at 
the same time a promotional vehicle for ICL to 
demonstrate its engineering achievem ents to the 
world; a journal that existed for the benefit of its 
readers but also a training ground for its authors.

Jack's contribution to ICL w as recognised last 
year w h e n  h e  b eca m e a m em b er  o f the ICL 
majority club, which em ployees are invited to join 
after 21 years w ith the company. To acknowledge 
the u n iq u e  feat o f g iv in g  21 years o f serv ice , 
having only joined the com pany at the age of 65, 
h e  w a s  aw a rd ed  the ex cep tio n a l h o n o u r  o f  a 
double majority, normally attained only after 42 
years of service.

Before com ing to ICL, Jack had a distinguished  
career as D irecto r  o f  th e  A tla s  C o m p u te r  
Laboratory at AERE Harwell. Born in 1912 and 
educated at Stand Grammar School, Manchester 
and at Manchester University, his early training 
w as in M athematics, and his abiding interest in  
num erical analysis. H is first job w a s  w ith  the  
R esearch  D ep a rtm en t o f  th e  LM S R a ilw ay  
Company. H e often described his relief w hen one 
of his calculations— on the efficiency of a new  
braking system — w as tested successfully w ith a 
real l iv e  steam  lo co m o tiv e , co m p le te  w ith  an  
experienced an d  scep tica l foo tp la te  crew  w ith  
little  inclination to show  respect for a youngster  
an d  h is  p ap er  ca lcu la tion s. A p p a ren tly  the  
e n g in e  cam e to  a s to p  w ith in  in ch es  o f  the  
predicted place.

In 1940 Jack jo in ed  a team  under Professor  
Hartree at M anchester U n iversity  b u ild in g  a 
mechanical differential analyser, and using it to 
perform a variety of complex calculations, includ­
ing som e that contributed to the atomic bomb 
project. This work led naturally to Jack's appoint­
m ent as head of the Com puting Section in the 
Theoretical Physics D ivision at Harwell in 1948. 
In  se rv in g  all the co m p u ta tio n a l n e e d s  o f  the  
esta b lish m en t, the C o m p u tin g  S ection  so o n  
outgrew its parent department.

Harwell acquired a Ferranti Mercury m achine in 
1958, but the growing computational needs led  
to the planning of the Atlas project, a collabora­
tion with Manchester University and Ferranti. A  
d e c is io n  w a s  m a d e  that th e  m a ch in e  sh o u ld  
be installed  at H arw ell, but controlled  b y  the 
National Institute for Research in Nuclear Sciences, 
an d  that it sh o u ld  m ak e co m p u ter  facilities
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available to all UK universities. What m ight have 
been an uneasy management compromise turned 
in to  a great su ccess  u n d er  Jack's lead ersh ip , 
m aking the Atlas Computer Laboratory into a 
powerful research centre and a m agnet for the 
most able academics, particularly in numerical 
methods. Jack w a s  D irector o f  th e  Laboratory  
from  its  creation  in  1961 u n til 1975, w h e n  h e  
relinquished the post in order to chair the National 
Committee on Computer Networks.

Jack's interests were very wide. H e always stayed 
abreast of new  ideas in com puting, and applied  
a firm  critical ju d g e m e n t to ev e ry  p ap er  he  
edited . H e w as keen  to pub lish  good  quality  
historical research, but kept this very m uch in a 
secondary role, a policy which the Journal has 
m aintained to this day. In retirement, as well as 
editing the ICL Technical Journal, Jack exercised 
his linguistic abilities by translating books on 
com puting from French, often improving them  
as h e  d id  so. H e  lo v e d  w a lk in g  in  the Lake 
District, and took a great interest in m usic and 
painting. He combined a sharp intellect, which  
never faded, with a thoroughly practical approach 
to g e ttin g  th in gs d o n e , and  an  o ld -fa sh io n ed  
courtesy to all those he worked with. He hosted  
m eetings of the Editorial Board with panache in 
the relaxed  an d  c iv ilised  a tm osp h ere  o f h is  
London club, ensuring that there w as alw ays 
food, w ine and conversation to enjoy after the 
official business had been efficiently disposed of. 
Between m eetings, he got the Journal out on time 
w ith unfailing regularity, helping errant authors 
to achieve their deadlines, and doing anything 
that needed doing cheerfully: if all else failed he 
w ould  address the envelopes himself.

ICL w as privileged that a man of Jack's stature 
should take on the task of editor, should perform  
the role in such a d istinguished manner, and 
should continue to support the Journal for such  
a long period of time.

Peter H all (retired Director o f ICL) writes:

I w ou ld  like to describe an event which occurred 
in the early 60s which I think illustrates the fact 
that Jack co u ld  in sp ire  su ch  trust in  people  
and organisations that bureaucracy and red tape 
were sw ept aside and things got done, which, in 
his absence, w ould never have happened, or, if 
they did, it w ould  be years later.

In the early 1960s w e in Ferranti found ourselves 
spending a fortune on the developm ent of the 
M anch ester  U n iv ers ity  "fastest and  largest  
computer in the world". The trouble was that 
the University and ourselves had only aspirations 
as to how  fast it w ould  actually go, and it w ould  
be som etim e before w e knew. M eanwhile I w as  
co m m ittin g  m ore and  m ore o f the Ferranti 
fo rtu n e— at that tim e it rea lly  w a s  fam ily  
m oney— w ith no certainty of getting any of it 
back. M eanw hile a gu y  called Jack H ow lett 
seem ed to want one—he w as obviously our best 
bet.

I explained to Jack that to order an Atlas w e  
n e e d e d  a contract from  the au th ority  w h ich  
comm itted them  to over £3 m illion for a machine 
w h ic h  w e  c o u ld  n o t sp e c ify  in  perform an ce, 
reliability or delivery date. £3 million was, I think, 
about thirty tim es w hat any one had paid for a 
computer before. Jack, as you w ou ld  expect, did  
his best to get a comm itm ent from us, but all w e  
could offer w as our "best endeavours". So he 
worked on the contracts m en w ith  the result that 
w e got a contract for the price w e wanted, for 
delivery som etim e, of a m achine of unspecified  
performance and reliability, but which performed 
to the satisfaction of the authority— which meant 
Jack—and no nasty small print. This contract 
depended totally on trust betw een Jack and the 
a u th o r ity  on  the on e  h an d , and Jack and  
Ferranti— essentially m e— on the other. It all 
worked out. It enabled the Atlas Laboratory to 
get off the ground, and Ferranti to establish the 
Atlas computer in the market place; and impor­
tantly to rescue som e of the Ferranti fam ily's 
money.

To m y  k n o w le d g e  there h a s  n e v er  b e e n  a 
computer contract like it since. I truly believe it 
w ould  never have been possible without Jack. It 
w as not just his understanding of the technical 
issues, but more importantly his obvious honesty 
and integrity. The authority knew  that Jack 
w ould  not accept anything which was less than 
could reasonably be expected, and I knew that 
he w ould  not dem and of us anything that was 
unreasonable.

It w a s  m y  rela tion sh ip  w ith  Jack d u r in g  the  
Atlas days that led m e, on his retirement, to ask 
h im  to jo in  u s  an d  start the ICL Technical 
Journal. The success of the Journal ow es every­
thing to Jack. I m ention this on ly because it
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clearly illustrates w hat w as perhaps m ost dom i­
nant in his character—his ability to get on with  
people of all sorts— m ake them  feel at ease—  
make them  feel great—and to get the m ost out of 
them.

Our friendship, born out of the Atlas contract 
nearly 40 years ago, lasted until the end. I shall 
remember him  for lots of things. Staying w ith us 
on the w ay to his annual walking holiday in the 
Lake District; w ith Joan entertaining m y w ife and 
m e at concerts in Abingdon; the four of us at the 
opera in London; our annual lunch w ith a few  
ICL colleagues; great tim es together at Dickens 
Pickwick Club dinners and, not least, fine w ine, 
good food and good com pany at his favourite 
place in London— the Savile Club.

I sh a ll a lso  rem em b er h im  as o n e  w h o  w a s  
a lw a y s  con cern ed  w ith  the h ea lth  an d  w e ll  
being of his m any friends. We w ill m iss him.
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