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This Master Thesis report describes the development of а modeling tool that епаЫеs IBM to analyze the 
revenue developments of their competitors within the IT services market and to ргераге revenue forecasts 
based оп the identified components. lnput data is puЬlicly availaЫe and consists of historical revenues and 
signings as well as individual contract details availaЫe through analyst's databases. 
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IBM employs an entire team of analysts to keep track of the actions of all major competitors and of 
developments in the market. This market intelligence team assesses the impact of these developments to 
IBM and regularly summarizes her findings in update presentations within IBM. These updates are then used 
to support decision-making processes elsewhere in the company. While tracking competitor's actions, the 
analysts gather a lot of detailed information about each competitor. 

In the second half of 2005 IBM initiated a 
master's thesis project to investigate whether 
this data can be used to sensibly predict 
future quarterly revenues. The project started 
in November 2005 with the goal of building a 
mathematica! model that can predict future 
quarterly services revenues for some of IBM s 
key IT-services market competitors for a 
planning horizon of three to five years. The 
project was carried out by an lndustrial 
Engineering student from the Technica! 
University of Eindhoven, The Netherlands, 
and has resulted in an excel tool, that enables 
the user to further analyze some of the 
published data and to generate forecasts for 
future revenues based on this data. The tool 
has been named CRe TA tool kit, which stands 
for Çompetitor Revenues Irend 8nalysis tool. 

The underlying report explains the models 
employed in the CReTA toolkit, the design 
choices made, it provides an overview of the 
results that can be achieved with the tool and 
it provides background information to the 
research project. 

News Release -- June 7, 2006 

CSC WINS $42 MILLION TASK ORDER FROM 
U.S. DEPARTMENT OF JUSTICE 

Company To Develop Litigation Case Management 
System 

EL SEGUNDO, Calif., June 7 - Computer Sciences 
Corporation (NYSE: CSC) today announced that it 
has won a task order to develop the Litigation Case 
Management System (LCMS) for the U.S. 
Department of Justice (DOJ). The award, which has 
a seven-month base period and four one-year 
options, is valued at approximately $42 million if all 
options are exercised and all incentives are 
achieved. The performance-based services contract 
was awarded under the Chief Information Officer -
Solutions and Partner 2 (CIO-SP2) contract. 

Source: www.csc.com/newsandevents/news/6349. shtml 14-jun-06 

Figure 1: CSC announces a new deal closure 

The CReTA Toolkit is based on two major sources of input data 
Two different models have been designed for forecasting revenues: one based on historica! reported 
revenues and the other based on details about individually announced deals. An example of such an 
announcement is shown in figure 1. The revenues model uses established time series analysis techniques 
with some modifications. Because little literature was available on the subject of forecasting from individual 
deals, the signings model is tailor made to the available input data and mechanisms attributed to the IT
services industry. The lack of guiding from literature on the second model made fora rather special master 
thesis project. Reasonable understanding of the mechanisms involved in the signings model was achieved, 
but proper testing could not be performed at this stage. 
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Revenues model 
Input for the revenues model is a series of historica! revenues measured at quarterly intervals. This series is 
then analyzed using time series analysis techniques and this analysis can then be used to forecast future 
realizations in the series. The aim of time series analysis is to decompose a time series into structural 
patterns and random variation. Structural patterns are caused by the specific behavior of the system under 
evaluation and can therefore be extrapolated as predictions for future realizations under the assumption that 
past behavior is a valid predictor for future actions. The random variation is caused by day-to-day fluctuations 
in the behavior that, on average, cancel each other out over time. These random fluctuations cannot be 
predicted, but they do determine the uncertainty in the forecasts made through the structural patterns. 

Within the series of revenues used as input data, three structural components can be identified: 
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Inherent Time series patterns 
CSC-Wor1dwide Reported Re-.enues 

-+- Reported Revenues 

- Linear trend 
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Figure 2: Structural patterns in the revenues data 

Level: All revenues have at least a 
fixed component of US$2.5b 

Trend: Revenues show growth over 
time 

Seasonality: Fourth quarters 
structurally show higher revenues 
than the other quarters. 

These effects are shown in figure 2. 

On top of the three structural components identified, there are two external influences that do affect the 
developments in revenues. Acquisitions and divestitures have a major impact on the series of revenues 
because the revenues may suddenly shift to a different scale when such an event occurs. In the series 
pictured in figure 2 such a sudden change can be observed at the end of 2003. This particular change was 
caused by the acquisition of Dyncorp by CSC and resulted in a sudden increase in revenues of roughly 25%. 
Sudden shifts would normally invalidate the model parameters before the shift, thus requiring initiation of a 
new model after the shift. In this case however, a sealing factor is used to account for the difference because 
the overall behavior of the competitor is not expected to change significantly when such an event occurs. 

The second external influence considers the development of the total market. The total market is measured 
as the sum of all revenues incurred by all vendors active in this market and the global IT-services market is 
currently valued at just over US$ 600 billion. Although the market has on average posted healthy growth rates 
for the last two decades, this growth rate is subject to variation. Fluctuations in the market growth likely 
reflect on revenues of individual competitors as well. Because market growth rates are monitored and 
forecasted by many different parties, they may serve as a useful variable in the model; therefore market 
growth has also been factored in. 

Signings model 
The real challenge of this project was to develop a mathematica! forecasting model based on individually 
announced deals. As there was very little literature available for guiding the development of such a model; 
the model had to be built from scratch using just the available data and the expertise of the analysts within 
IBM. 
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The first step in this development process was to establish how the revenues from a single deal should be 
modeled over time, knowing just the total contract value (TCV) and the duration. Generally speaking for any 
large deal two different phases can be distinguished: a transition phase in which the vendor installs and 
updates the required systems and a phase of normal operations in which the systems are used and 
maintained. During the normal operations some vendors manage to sell additional features and thus increase 
the scope of the contract. This effectively means that a vendor may sign a contract for US$ 100 mi Il ion and 
generate more than US$ 100 million in revenues from this contract. In the model thee types of revenues are 
distinguished: 

Transition revenues cover the 
expenses for installing the new 
systems. 

Normal revenues are incurred for 
the normal use of the systems. 

Additional revenues are incurred 
when additional scope is sold to the 
client somewhere during the 
duration of the contract. 
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Figure 3: Revenues of an individual deal over time 

TCV Add 

The modeled patterns for each of these revenues are pictured in figure 3; changing the associated model 
parameters can modify the exact shape for each of the patterns. 

The established revenues pattern is now applied to all contracts that were individually announced and are 
thus known in detail. From there to total expected revenues from known deals per quarter can be calculated. 
At the same time some other key statistics are calculated regarding the known deals; this includes the total 
signing value for announced deals, the average duration, the average TCV and the number of contracts 
signed per quarter. The revenues associated with the individually announced deals are marked as area I in 
figure 4. 

The second and most difficult step is to turn the expected revenues from known deals into forecasts for total 
quarterly revenues. In this process there are three issues to account for: 

1. Because competitors don't announce every contract they sign with their clients, the revenues 
calculated from the known deals cannot account for the full total revenues; Therefore up-sealing will 
be needed. 

2. The average contract duration for the announced contracts for the evaluated competitors was 
between four and seven years, with some contracts lasting up to 15 years. Therefore contracts 
signed a decade ago, may still influence today's revenues. Unfortunately the list of individually 
announced deals does not report contracts signed before 1998. Therefore we must somehow 
account for these missing contracts, which is done using an initia! backlog of contracts. This initia! 
backlog was set equal to the surface of area Il in figure 4. Because the optima! size of the initia! 
backlog varies with the settings for the parameters in the rest of the model, this backlog is subject to 
uncertainty, but the estimation process does allow to better estimate the percentage of additional 
revenues applicable to the competitor under evaluation. 
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T u / e technische universiteit eind hoven -3. Because contracts eventually expire, the percentage of future revenues accounted for by contracts 
known today will decrease over time (following the blue curve in figure 4) . In order to maintain 
revenue levels, the competitor needs to close new deals to replace expiring contracts. To enable the 
estimation of future revenues, forecasts are needed for these new signings and the resulting 
revenues as identified by area 111. Because signings show much quarter-to-quarter fluctuation only a 
simple method was used for estimating future signings and in this case a simple exponential 
smoothing procedure on the average was selected. 
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Figure 4: Revenues from individually announced contracts 

Several methods for dealing with each of the three issues have been developed and the promising ones are 
discussed in the report. Unfortunately all methods are subject to considerable uncertainty, but in different 
parts of the modeled process. Understanding these uncertainties is key to proper interpretation of the 
resulting forecasts of quarterly revenues. At this stage proper testing could not be performed to establish 
which of the options would inherit the least uncertainty, but some genera! understanding was developed and 
this is presented in the report. 
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The IT services market is a very dynamic market that has seen many changes in the resent two decades. 
Competitors come and go and new services are developed constantly. In 1991 IBM has entered the IT 
services market and saw the market rise to a true hype during the early 2000's. This rise was inevitably 
followed by a dip around the year 2003 and since then the market has been consolidating. All competitors are 
evaluating their positions in the market and are realigning themselves for the new demands they are facing. 

In this process it is very important to monitor what positions and developments the major competitors are 
pursuing; therefore IBM has established a Market lntelligence department. The Market lntelligence 
department keeps track of every piece of competitor information that becomes publicly available. All these 
pieces are then combined to yield a summarized overview of each competitor's activities within the market, 
which can be used for decision-making processes elsewhere in the company. 

Starting 1st of November 2005, IBM has initiated a master thesis project to establish whether the collected 
data holds enough information to sensibly predict quarterly revenues of individual competitors for a long term 
planning horizon. The aim of this project was to develop insight into the mechanisms that drive revenue 
developments and to use these mechanisms to develop a mathematica! model that can provide such 
predictions based on the publicly available data being collected. Apart from establishing forecasts for future 
revenues the developed tool also enables the user to evaluate and quantify specific aspects of the behavior 
of the competitor under evaluation. 

This report presents the results of a somewhat unusual master's thesis project. First of all this was because 
of the setting where the student actually worked from the University rather than from within the company. 
More important however was the approach adopted in the modeling process. This modeling process was 
entirely guided by the available input data and because little literature could be found addressing the specific 
problem at hand, a significant part of the model had to be tailor made. Two types of models were developed: 
one based on historica! revenues using established time series analysis techniques and one based on details 
about individually announced deals, for which a new model was developed. Although reasonable 
understanding about the concepts that play apart in the second model was established, proper testing of the 
predictive power of the signings model could not be performed at this stage because of limitations in time and 
available input data. 
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Orientation -
The development of any model requires that significant insight in the situation at hand be developed. For the 
modeling project at hand this includes good understanding of the key players in the IT Services Market and a 
feeling tor the dynamics that play a role in this market. The following section will subsequently introduce the 
focal company for the model, being IBM Services, the competitive arena, being the IT Services Market and 
finally the major contestants in this arena, represented by CSC and EOS. 

1.1 IBM Company Profile 
Having been in business for roughly a century, IBM has experienced many changes and has changed 
regularly itself over the years. The most recent large change was the entrance to the IT services market in 
1991. The division of IBM that has been concerned with this market soon grew to become the largest within 
the company and now generales nearly half of the total revenues. The following section provides a brief 
summary of the path that has led to the company as it is today. From there the current business model and 
strategy will be explained and the section will conclude with an overview of the company structure as it was in 
2005 and key financial figures. 

A century of IBM 
International Business Machines Corporation was officially founded in 1911 under the name of Computer
Tabulating-Recording Company (C-T-R). The company adopted its current name in 1924. However, its roots 
trace back to the end of the 19th century. Already in 1885 J.E. Pitrap patented his first computing scale, which 
was later acquired by one of the forerunners of IBM. C-T-R was a merger of three companies: International 
Time Recording Company (founded in 1902), Computing Scale Company {1891) and the Tabulating Machine 
Company (1896), which clearly defines the three lines of products they produced. 

First application of the tabulating system was in the 1890 U.S. Census. The main products for C-T-R focused 
on using punch cards and tabulators in accounting settings. Mechanization and later automation of these 
processes evolved during the beginning of the 20th century resulting in the first calculators and accounting 
machines. 1919 brought the introduction of the electronic synchronized time clock system. The Flagship of 
the inter-war period was the 405 Alphabetical Accounting Machine. With the introduction of production 
facilities in Germany and the Philippines the company also became a true global company. 

The first large scale computer, the Automatic Sequence Controlled Calculator (ASCC) was presented to 
Harvard University in 1944 resulting in the first production computer 6 years later. This computer (701) was 
primarily designed for scientific calculations. In 1957 the first computer programming language (FORTRAN) 
was made available to customers. In 1964 IBM introduced a new concept in computers: mainframe 
computing, known as System/360. This family of computers incorporated the IBM designed Solid Logic 
Technology Microelectronics. During the 1970's IBM continued to improve its computers in speed and storage 
capacity and added features to facilitate easy communication with users and other computers. IBM finally 
made computing power available to virtually anybody through the introduction of the Personal Computer on 
the 12th of August 1981. 

Alongside rapid extensions to their computers, IBM really focused on building network capabilities. Starting 
with communicating between individual computers, the company soon developed the Local Area Network and 

- 1 -



T u / e technische universiteit eind hoven 

Orientation -added to the development of the World Wide Web, which was popularized by the introduction of Netscape's 
Navigator in 1994. 

IBM's activity in the market of IT-services is said to date back to 1989, the year that IBM entered a contract 
with Kodak Company to design, build and manage a state-of-the-art data center in Rochester, N.Y. In 1991 
IBM officially decided to jump into this market and become a world-class services company. Not much later 
the company also moved into the Consulting Services business with Cooper & Lybrand. 

In January 1995 IBM unified its services business into IBM Global Services, a single, global team to deliver 
integrated solutions worldwide, and thereby became the largest IT services provider. From this moment 
onwards, IT business really started to grow with increased signings of key-contracts, attribution to several 
Olympic games and global involvement with many worldwide companies. With the acquisition of 
Pricewaterhouse Coopers Consulting in 2002, IBM strengthened its high-end business consulting activities in 
order to pursue large-scale Business Transformation Outsourcing contracts. 

Over the years IBM Global Services steadily grew to become IBM's largest contributor to revenue. IBM Global 
Services generated 48% of IBM revenue and employed 58% of IBM corporate headcount in 2004. Where in 
the early years the services departments mainly existed for the purpose of maintenance and after sales, this 
shifted toa whole new product of assisting business processes and business change through the use of IT. 

IBM Business model 
After a dip in the early 2000's the IT-industry is believed to move into a new era that IBM describes as On 
Demand. IBM distinguishes three historie developments that drive this change: Network Ubiquity, Open 
Standards and New Business Designs. The Internet, arguably the most visible evidence of an increasingly 
networked world , has reached about 800 million people within the first decade of its existence and is rapidly 
becoming the world's operational infrastructure. lt is linking people, businesses and billions of devices 
including computers, satellites, cars and all sorts of equipment. To enable this network development open 
standards need to be adopted. This implies that content should be produced, distributed and stored according 
to standards that are not controlled by one single company or entity. The simultaneous development of a 
networked world and open standards enables entirely new business designs focused on flexibility and rapid 
response. 

IBM refers to this new way of conducting business as On Demand. On demand business is associated with 
the following . va lues: responsive, variable, focused and resilient. On demand businesses are constructions of 
dynamically reconfigurable building blocks of processes, assets, resources, strategies and people. These 
building blocks can be swiftly rearranged as needed to incorporate new demands and developments. 

Within the flexible IT-Market, IBM distinguishes roughly two ways for surviving: lnnovate or commoditize (See 
Figure 1-1) Throughout its entire history IBM has always successfully focused on innovation. lt has proven to 
be able to invent and commercialize new technology as well as being able to help clients in transforming their 
enterprise for competitive advantage. IBM is committed to reinvent itself as their clients needs evolve and 
constantly seeks new solutions and develops new technologies. IBM emphasizes this leadership position in 
innovation by providing extensive education to its employees and by being a forerunner when it comes to 
issues related to corporate citizenship. 
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Orientation 

The Rdentless Forces of 
Innovation and Commoditization 
BIFURCATION IN THE IT INDIJSTAV 

From its start , the IT industry has been characterized 

by the cycle of innovatio n and commo ditizat ion - and 

with it. high r isk and high re•1,•ard. Companies that create 

new, high-d em and techno lo gies and services enjoy , 

fora time, barriers to entry and superior margins and 

prici ng per.ver, for the si m ple re aso n that there are fe,,11 

or no othe r providers o f that techn ology o r serv ice. 

However, altem at ive t echnologies or capabilities inev i

ta bly em erge. decreasing or elim in ati ng the i nn ovator 's 

advantages. In short, that segment of th e industry co m

moditizes. There are still attractive oppo rtunities to be 
pu rsued. b uH,..ith m uch less profit po tenti al. 

This in novation-commoditization cycle h as never been 

mo re pronoun ced than it is today. and it forc.-s d isti nct 

choices for both competitors and investors in th e IT 

Figure 1-1: The Dynamic Forces of IT 

IBM structure and Financials1 

industry. 'vli'i nners can be the innovators- these with t he 

capacity to invest, manage and lever age t he creati on of 
intellectual capital -or the commodit)· p layers, who d if

ferent iate thro ugh lo•o\' price, .-co no mi es of scale and 

efficient distri bution of other parties' intell ectual capital. 

Perhaps the greatest ri sk is t o get squeezed in t he 

m idd Ie-bei n g attacked by low-price com petitors, •o\•hi Ie 

lacld ng the e.xpertise and intellectual capita l to keep up 

with the most aggressive inn ovators. 

Und ersta nding, antici paling and ma nag in g the farces 

of innovation and co mmoditizatio n are essential t o 

increasing shareholder value and mitigating risk . This i s 

a coreaspect o f IBM's business model, and it has allowed 

th.- company to create value forclients and investors for 

nea rly a century. 

-

IBM is currently structured around three major pillars: Hardware, Software and Global Services that together 
generate 96% of its total of $96,3 billion in revenue. The other 4% comes from Global Financing activities 
(2,7%) and other activities (1,3%). Covering 48% of total revenues and 58% of corporale headcount, IBM 
Global Services (IGS) has become the largest pillar of the company. Hardware comes in second at 32,3 % of 
total revenue and software activities account for 15,7% of total revenue. 

Formerly each business unit had its own maintenance department, but with the establishment of IBM Global 
Services these became a single sub department of the new unit. The core activities of Global Services evolve 
around three areas: Strategie Outsourcing Services (41 ,8% of IGS revenue) , Business Consulting Services 
(29,9%) and lntegrated Technology Services (16,0%). A copy of the pruned organizational chart can be found 
in appendix 1 

Strategie Outsourcing Services focus on all major full scope IT outsourcing and IT infrastructure management 
services. lt implies automating and managing a client's IT processes in separate outsourcing hubs. lncluded 
in Strategie Outsourcing are two subdivisions: Application Management Services and E-Business Hosting 
Services. 
Business Transformation Outsourcing is concerned with the transformation of business processes using IT. 
Focus is on redesigning clients' processes and providing consulting activities. 
lntegrated Technology Services mainly concern the provision of support for the client's IT-infrastructure by 
maintaining software, keeping networks up-to-date, etc. 

As can be seen from Figure 1-2 the contribution of services to total revenue has increased significantly over 
the past 14 years. From $13 billion in 1991 , being 20% of total IBM revenue, earnings increased to $46,2 
billion in 2004 and now make up nearly half of IBM's total revenue. Currently total net income is $8, 1 billion. 

1 IBM is currently restructuring its services department, so the numbers presented may not be accurate. 
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Figure 1-2: Revenue Contribution of IBM-Global Services 

1.2 IT Services Market 
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According to KPMG analysts IT services are the oil to lubricate the IT economy: "White hardware and 
software serve as the cornerstones of modern information processing, IT services are essential for putting 
these systems info place by analyzing the user's requirements, designing the best possible architecture, 
integrating the various strategies and operating established infrastructure. "2 

The IT services market may be thought of as a continuum running from infrastructure support to full business 
consulting and integration services. Determining parameter in this case would be an increasing involvement 
of the IT services provider in the client's business processes. Unfortunately not all companies use the same 
terminology, but generally a distinction between outsourcing, transformational services and systems 
integration may be observed. Services typically accounted towards the IT services industry are: hosting 
services, hardware and software support, networking, application management, outsourcing, storage, 
maintenance etc. Appendix Il provides a detailed overview of the services on offer within the market. 

IT services market dynamics 
Although the first IT services offerings date back to the early 1960's the market really started growing during 
the 1990's resulting in a true hype at the end of that decade. This growth was primarily due to the change 
from a client-server structure towards a true network structure ultimately represented by the introduction of 
the Internet. This change enabled the provision of applications and storage space off-site and has facilitated 
a move towards standardization. 

After the global collapse during the early 2000's, the market has now started a process of consolidation and 
Information Technology is becoming an integrated aspect of every business. The market still shows 
considerable fragmentation with the market leader having a market share of only 7.6%. (See Table 1-1) The 
spending on IT services is highly dependent on the overall economie environment, which results in a cyclical 
market. 

According to Gartner the IT services market totaled roughly US$ 600 billion in 2004 and is expected to grow 
at a rate of 6-7% annually for several years to come. Strongest growth will be observed in Asia and more 
specifically in India and China; Gartner expects a compounded annual growth rate of 19.8% for this region 
until the year 2009. Weakest growth is expected in Europe; from a size of US$ 186 billion the market is 

2 See 'IT services' by KPMG's Information , Communications & Entertainment group 
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Orientation .. 
forecasted to grow at a compounded rate of 3% annually. Although Europe has shown considerable growth in 
US dollar terms, the region is actually underperforming because most of the growth was due to a dip in the 
Dollar/Euro exchange rate 

Outsourcing is expected to be the main driver of growth because outsourcing activities transfer IT spending 
from internal resources to external services. Business process outsourcing and consulting services are 
usually not in the internal budget and will therefore not grow very much as long as companies need to focus 
on managing IT costs strictly. 

2004 2003 
Company Revenue Market Share Revenue Market Share Growth (%) 

IBMGS 46,432 7.6 42,635 7.5 8.9 
EOS 20,601 3.4 20,610 3.6 0.0 
Fujitsu 16,860 2.8 15,934 2.8 5.8 
HP 14,193 2.3 13,105 2.3 8.3 
Accenture 14,142 2.3 12,150 2.1 16.4 
csc 14,032 2.3 13,005 2.3 7.9 
Others 481,565 79.3 452,173 79.4 6.5 
Total Market $607,816 100.0 $569,612 100.0 6.7 

Source: Gartner Dataquest (February 2005) 
Table 1-1 Worldwide IT-Services Vendor's revenue estimates (millions of US$) 

1.3 Main Competitors 
As may be observed from Table 1-1, IBM is by far the largest IT-Services provider. Major competitors are 
EOS, CSC, Fujitsu, Accenture and HP. Other competitors include: LogicaCMG, Atos Origin, Getronics, 
Capgemini, Deloitte, Oracle, lndra, ITTelecom, and many more. 

Where the model will be designed to apply to any competitor in the IT services market, only a few companies 
will be taken as reference during the development of the model. Two of these competitors will be introduced 
and characterized in the following sections. These companies were selected based primarily on their 
importance to the industry and availability and level of detail of reported data. Although Fujitsu is among the 
top three in the market, too little is known about this company for guiding modeling efforts. The majority of the 
competitors is US based, but competition is faced from companies all over the globe and especially Indian 
based companies are growing fast. 

Unless mentioned otherwise, all numbers given are reported 2004 figures. 

Computer Sciences Corporation; "Best Total Solutions that work for You" 
Back in 1959 fewer than 4000 computers existed in the world and usage was restricted to large companies 
that could hire specialized computer analysts who were able to program these machines. lt was in this year 
that two young computer analysts, working in the Aerospace industry, founded CSC in pursuance of their 
common dream: to make it easier to use computers and thereby increase their potential market. 

CSC has a strong focus on the Aerospace & Defense industry, the Banking & lnsurance industries and 
generales a large part of revenues from US Federal deals. Compared to the majority of the competitors, CSC 
has a strong focus on IT & Professional services rather than Outsourcing services. The company focuses on 
large companies that are looking to incorporate business strategies with corporate information technology. 
CSC claims to provide customer centric solutions through a collaborative culture. Her Hardware and Software 
independence also acts as a bonus to clients. Throughout history the company has shown to be able to 
manage mission-critical and complex programs, which is needed for the industries they operate in. 
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Currently CSC is the number 6 in terms of revenue. For the fiscal year ending 31 st of March 2005, the 
company reported US$ 14.1 billion in revenues with a net income of US$ 519 million. Last year the company 
had around 78,000 employees and is still growing through acquisitions and organically. 

Electronic Data Systems; "Manpower, Brainpower, Wil/power" 
In 1962 Ross Perrot founded Electronic Data Systems that has since evolved to be one of the leading 
companies in the IT-Services market. EDS's first act was to buy unused computing time from Southwestern 
Life lnsurance's IBM 7070 mainframe computer and the company started processing data for its own clients. 
The company soon bought own computing power and in the early 1970's the first data center was opened. 
First focus has been on the public sector, followed by the airline industry. In 1984 EOS was taken over by 
Genera! Motors, which owned the company for roughly twelve years and facilitated entry of the Manufacturing 
market. GM still has a minority shareholding in EOS and currently, as a client, accounts for around 10% of 
total revenue. In 1995 the company acquired A.T. Kearney to facilitate its move into Business Consulting 
Services but has always kept this branch at arms length from the rest of the business. 

After being faced with several unprofitable years, the board decided to engage in a company wide 
rejuvenation plan halfway 2003. This plan consists of three pillars: 1) stabilize and grow the care business of 
IT-outsourcing (accounting for roughly 80% of revenues), 2) evolve a broader business perspective, 
especially focusing on Business Process Outsourcing and other attractive options and 3) Strengthening the 
companies balance sheet and equity position. Focus will be on becoming the most cost effective, high value 
IT-outsourcing company that is able to deal with the toughest client's challenges. Part of the rejuvenation 
process has been the divestiture of several non-strategie departments and the company intents to decrease 
its headcount towards roughly 100.000 employees. 

With its headquarters in Texas USA, EOS naw employs around 130.000 people and generales a revenue of$ 
20,6 billion. Just over half of the global revenue is generated in the US and roughly half of the EMEA3 

revenue comes from the United Kingdom. The company has a strong focus on the Public and Manufacturing 
sectors that account for 36% and 27% of total revenue respectively. Fiscal year ends 31 st December. The 
company is currently organized along three lines of business: Portfolio Management, Global Sales & Client 
Solutions and Service Delivery. 

3 EMEA = Europe, Middle East and Africa 
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Project Definition -
Within IBM Global Services a lot of effort goes into monitoring competitor's actions and keeping track of 
market developments. A special team gathers every piece of relevant information, which is then summarized 
and interpreted to serve as input for the decision-making processes of business unit managers and deal 
teams. The setting of this project will be the Market lntelligence department covering the IT services market 
with a focus on Europe, Middle East and Africa. This department wishes to establish a forecasting model that 
can predict future quarterly revenues of major competitors in this market for a planning horizon covering 3 to 
5 years. First of all the Market lntelligence department will be introduced, covering her key tasks and 
activities. Then the Revenue Prediction project assignment will be discussed, followed by the planning of the 
project. 

2.1 IBM Market lntelligence 
Because of confidentiality reasons, this section of the report is not publicly available. 

2.2 Proiect Assignment 
IBM is continuously involved in Request For Proposal processes, in which she competes against a limited 
number of large competitors. Since customers offer large deals involving substantial revenues, winning a deal 
or not has a great impact on overall IBM revenues. A deal team preparing a single deal can be as large as a 
medium sized company, which also has its impact on the need for winning deals. 

To gain insight in the expected developments of competitor's revenues, IBM has launched this master thesis 
project. The key question that the project should answer is whether it is possible to sensibly predict expected 
revenues of selected individual competitors based on limited, publicly available data. This insight, arguably, 
may help IBM to establish effective measures to increase market share and profitability. The goal of the 
project is to build a mathematica! model that can be used to predict competitor's quarterly revenues for a 
horizon up to five years. One approach may be to establish an econometrie model and derive model 
parameters trom statistica! analysis of the input data. However, IBM prefers to establish underlying processes 
first and base the prediction model on the observed cause-effect relationships. The resulting assignment may 
be described as follows: 

Establish what mechanisms drive competitor's revenue developments and use these mechanisms to build a 
mathematica/ model that predicts quarterly services revenues of individual competitors. Predictions should be 
based on publicly available data and cover a planning horizon between 3 and 5 years, subject to the 
predictive value of input data. 

Further requirements are that the model is repeatable over time and easily maintainable. Results should be 
provided at an EMEA level of detail rather than Worldwide only. lf possible a further breakdown of results by 
lndustry sector, type of service offering, deal type or smaller regions would provide valuable additional 
insight. The model should provide basic reports and results visualization, historica! error analysis and it 
should enable consistency checking of results. IBM data will be used as a benchmark for model performance. 
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Project Definition -2.3 Proiect Planning 
The revenue prediction project has been approached in five phases that are briefly explained below. 

1. Orientation Phase; duration 1 month. 
The aim of this phase was to develop initia! understanding about IBM Services, the IT service market and the 
main competitors. Thereto available mathematica! prediction techniques were evaluated at an early stage so 
they could guide data collection and the first modeling efforts. 

2. Problem definition and framework development phase; duration 1 month 
In the second phase the project requirements were finalized and a framework was developed for guiding 
further modeling efforts. Treating the prediction model as a black box, this phase was used to define inputs 
and desired outcomes of the project and the model. Thereto an approach to the model-building phase was 
developed. 

3. Model building phase; duration 3-4 months 
The major part of the project concerns the iterative process of modeling itself. Firstly causal relationships 
between individual variables will be established. These relationships will then be transformed to mathematica! 
equations yielding simple models that cover only a few of the variables. This includes parameter estimation 
and validation. Once several of these simple models have been established, they will be combined to yield 
the overall revenue prediction model, which will of course be tested against available historica! data. 

4. Model finalization phase; duration 1-2 months 
Permitted a valid and useful model has been established; this phase focuses on enhancing the usability of 
the model. Since a simple model is generally preferred over a complex one because it is easier to understand 
and to maintain, it will be checked whether variables can be omitted without seriously jeopardizing model 
performance. Once the final model has been established, a user interface will need to be developed to enable 
the forecaster to enter new data and modify some of the input variables. 

5. Reporting phase; duration 1 month 
All modeling choices and underlying assumptions will be documented in a final report. 
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At the heart of any model lie the dynamics and causa! relationships that characterize the processes to be 
represented. An essential step in the modeling process is to develop a cadre of reference that enables the 
embedding of the model in reality. Murdick and Georgoff4 (1993) have developed a genera! framework for 
predictive modeling that may serve as guidance for this project. The authors suggest that predictive 
forecasting should focus on the total forecasting system rather than trying to optimize individual techniques; 
the desired results should define the technique rather than having the technique define the results possible. 
They introduce a modeling framework that has four basic components that are called defining dimensions and 
six components determining the actual outcomes and limitations of the model. Figure 3-1 shows the genera! 
forecasting model they have developed. The grey rectangles represent the defining dimensions that form the 
heart of the model. The other six establish the model's area of use and its limitations. 

Definition of 
basic problem 

Application Req uire ments 
for Output-data 
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Data 
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Source: Murdick and Georgoff (1993) 
Figure 3-1: General forecasting model 
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Especially the integral approach will be useful as well as an early recognition of the fact that modeling efforts 
will be constrained by the available data. As has been established in section 2.2 the aim of the model is to 
predict quarterly revenues for individual competitors based on the mechanisms that can be established from 
publicly available competitor's data for a planning horizon between 3 and 5 years. 

This chapter will provide a modeling framework that defines what effects were considered during modeling. 
Section two provides an overview of the input data generally available. The last section introduces the most 
important complicating issues. 

4 R.G. Murdick and O.M. Georgoff (1993), Forecasting: A Systems Approach, Technological Forecasting and Social 
Change 44, pg 1-16 
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3.1 Modeling framework 
The forecasting model will likely consist of two parts. The basic part will be concerned with the primary 
process of signing deals, delivering services and generating revenues trom these services. This part of the 
model will be designed to transform historica! reported data to forecasts using mathematica! equations, with 
parameters based on this historica! data or comparable IBM data should the required data not be available 
trom competitors. 

Because all competitors are operating in a dynamic market, the underlying processes are likely to change 
over time. The second part of the model will be concerned with updating the model for these changes. Two 
sources of change can be distinguished: market developments and competitor's strategy changes. Both types 
of changes may have rebound effects on the other competitors and thus may influence model parameters of 
these competitors. 

Figure 3-2 presents a graphical overview of the modeling framework. The block at the left represents the total 
IT services market from which all competitors derive their slice of signings and revenue. These signings and 
revenues enter the model as part of the historica! data and are then transformed to forecasts using 
established model parameters. The observed situation or expected future situation may cause competitors to 
modify their strategy, thereby leaving all the others to evaluate their response to this change. These rebound 
effects may also be observed due to changes in the market. 

gy changes 

l 

Figure 3-2: Modeling Framework 

3.2 Available input data 
Since the revenue prediction model specifically concerns individual competitors, it should be based on 
competitor specific data. The majority of competitors is registered at the New York Stock Exchange which 
requires them to report certain key figures about their company on a quarterly basis. These reported figures 
will be used as input data to the prediction model, along with other relevant publications. This section 
provides an overview of the data that is generally available trom the selected competitors. 

Quarterly Revenues 
Each quarter the competitor reports total revenues during the last three months and usually adds numbers for 
the same period in the previous year or the current year up to date. Many companies also provide a 
breakdown of these figures by geographic region, client industry, service type or business unit; however, 
each company in its own way. 
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Methodology and Framework -Contract Signings 
The establishment of a contract describing the deal at hand always precedes any service delivery within the 
industry. Part of the companies reports the total value of contracts they have won each quarter. Thereto they 
also announce some of the larger contracts in more detail covering total value, duration and a description of 
the deal. 

Contract Backlog and Pipeline 
Contract backlog represents the remaining value of all signed contracts together. This implies that each 
contract is added to the backlog at the moment it is signed . After each payment by the client the value of the 
backlog is reduced by the paid amount. Backlog is not reported as regularly as revenues and signings, but 
can be derived from those two. lnstead of backlog, some companies present a book-to-bill ratio that is 
defined as the amount of signings divided by the revenues for the same period. Book-to-bill ratio essentially 
represents the same measure but is relative rather than absolute. A ratio greater than one indicates growing 
backlog, whereas a value smaller than one indicates shrinkage. 

Contract pipeline represents the contacts that are still under negotiation and of which award is expected 
within an announced timeframe. 

lncorne statement & Balance sheet 
Every quarter an income statement is presented showing revenues, expenses and net income. At least 
annually this is complemented by a full balance sheet that provides insight in the financial position of the 
company. 

Press Releases and News Articles 
Apart from the articles describing signings details, competitors also announce issues like acquisitions & 
divestitures, strategie changes to the organization or service offerings, some of the problems experienced 
with key accounts and sometimes they reveal some of their strategie intentions for the future. 

Analyst Reports 
IBM has subscriptions to several analyst companies that provide detailed information of market developments 
as well as assessments of individual competitors. These reports highlight important trends and strategie 
changes, they provide forecasts for market developments and usually present a bit more detail about 
individual competitors than can be derived from the publicly available reports. 

Other lnfluencing factors 
Several other factors exist that may have an impact on the development of revenues and may therefore need 
to be incorporated in the model. These factors include stock level developments of competitors, the overall 
economie situation, economie developments in certain regions or industries and currency exchange rates, 
especially between the euro and the US dollar. 

3.3 Model Development 
The aim of any modeling effort is to capture the typical characteristics and behavior of the system under 
evaluation and then develop a simplified representation of this system using these typical characteristics and 
behavioral elements to yield better insight into the real system. In this case the system under evaluation 
considers the generation of revenues by individual vendors in the IT-services market. The ultimate goal of the 
model is to answer the question: Is it possible to sensibly predict future competitor's revenues fora planning 
horizon of three to five years using publicly available data? 

In order to answer this question, we will need to investigate several competitors and establish which elements 
in their behavior drive revenue developments. Since a mathematica! model will be designed, all behavioral 
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e Methodology and Framework -elements and characteristics must be quantified and therefore quantitative input data is needed. Since the 
model considers systems that are beyond the control of IBM, input data is limited to the figures made 
available by the competitors and other public sources. Where relevant outside data cannot be found, IBM 
data may be used as estimation instead, but at the cost of increasing uncertainty. 

The CReTA Toolikit will be designed around two main sources of data: Historica! revenues and signing 
details tor individually announced deals. Historica! revenues are sourced trom quarterly and annual reports 
published by the competitor under evaluation. Signing details are sourced trom a database managed by 
Computerwire. This database stores details about individual deals as announced in newspapers and on 
company websites. Bath types of input data provide different characteristics about the competitor and 
because of the difference in nature between the two sources, two different models were developed, bath 
providing a forecast of total quarterly revenues. These two models can be used individually tor analyzing 
specific characteristics and behavioral elements, or the models can be combined to yield a more robust 
forecast of future revenues. 

3.4 Considerations 
Before explaining the models in detail, two general considerations regarding the input data must be made. 

Calendar quarters versus fiscal quarters 
All companies report their key financial data in fiscal quarters rather than calendar quarters. Because 
companies are free to adopt their own definition of a fiscal year, fiscal quarters can deviate trom calendar 
quarters, which in tact is the case tor several competitors under consideration. Figure 3-3 shows the 
definitions currently in use tor the competitors selected tor guiding modeling efforts. 

When considering competitors individually the respective quarter definitions can be maintained. However 
care should be taken when introducing external variables such as genera! economie trends because these 
may be reported in a different time scale. When a need arises to compare competitor performance, 
information should be converted to a common time scale tor which the calendar quarters will be suited best. 

Calender 
Com 
IBM 

csc 
EDS 

Accenture 
HP 

FY ends Q1 '04 
31-Dec FQ1 '04 
31-Mar 

31-Dec 
31-Aug 

31-0ct 

Q2'0 

Figure 3-3 Fiscal Quarter declarations 

Differences in reporting styles 
One of the key complications in designing a model that is applicable to a range of different competitors is the 
tact that these competitors have not adopted a single standard tor reporting the required data. In tact they all 
use a slightly different selection of key figures to present. These differences mainly reside with the types of 
breakdowns of key values that are provided. Most common breakdowns are by geographic region, by client 
industry or by service offerings. Mixtures of these are used as well and competitors also define regions, 
industries and offerings in different ways. Therefore the model must be able to either adapt to the different 
definitions following the competitor's reporting styles or transform the data to a single standard tor which the 
IBM style could be taken as reference. 
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Every company registered at the New York Stock Exchange is required to prepare reports regarding their 
financial position and other relevant developments within the company on a regular basis. Required are a 
complete annual report at the end of the company's fiscal year and a short report covering the financial 
highlights at the end of each of the first three fiscal quarters. The quarterly financial reports usually provide 
insight in the revenues, costs and profit for the last quarter as well as some numbers on the development of 
the stock. Usually a comparison is made with the same quarter of the previous fiscal year and sometimes the 
results of previous quarters in the same year are included as well. 

The revenues reported in these quarterly updates are the major source of input data for the revenues model 
but also notifications on the impact of acquisitions and divestitures are taken into account. Special attention 
must be paid to these discontinuities because they have a big impact on the overall performance of the 
model. 

The revenues model is based on techniques employed in Time series analysis5 

The main assumption in Time series analysis is that the behavior of the system under evaluation is stable 
over time and therefore past behavior would be a valid predictor for future behavior. The aim of this type of 
analysis is to decompose a time series into structural components and random variation. The structural 
components can then be extrapolated into the future to yield forecasts for future values of the variable. The 
random variation should average to zero and cannot be predicted. 

The time series that forms the basis for the Revenues model consists of reported revenues in quarterly 
intervals. Although the main focus will be on worldwide revenues, the CReTA Toolkit is designed to handle 
revenues of other geographies and scopes equally well . Thus, provided that historica! revenues are available 
for the desired scope, the tool can also predict European revenues, Business Consulting revenues and any 
other scope desired. The examples presented within the explanation of the models consider CSC Worldwide 
revenues. CSC was chosen because they have good transparency in their data and their series of revenues 
clearly shows all patterns identified. The raw data is pictured in Figure 4-1 . 

The model has been developed using 24 quarters of data, running from the first quarter of 2000 until the last 
quarter of 2005. For some competitors a few extra quarters are available before 2000, but the presented 
results only cover the period indicated. The Revenues Model uses fiscal quarters instead of Calendar 
quarters as its basis for time; this is because data is reported in fiscal quarters and one of the structural 
components is also related to time in fiscal quarters. To enable comparison between different competitors the 
results within the CReTA Toolkit are also transferred to calendar quarters. 

5 Many references exist on times series analysis, including: L.A. Johnson and D.C. Montgomery, (1976), Forecasting 
and time series analysis and E.A. Silver, D.F. Pyke and R. Peterson, lnventory Management and Production Planning 
and Scheduling, (1998), P 74-83 
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Revenues Model -
CSC-Worldwide Reported Revenues 
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Figure 4-1: Reported Revenues for CSC; the raw input data 

Firstly this chapter will discuss the structural patterns that can be found within the data. Then the influence of 
acquisitions and divestitures will be discussed as well as the influence of market growth. A few words on 
testing the prediction power of the model will conclude this chapter. 

4.1 Inherent Parameters: Which components are found within the series? 
Figure 4.1 shows the reported revenues for CSC covering the period trom Fiscal Quarter four 2000 (FQ4 '00) 
until Fiscal Quarter three 20066. lnspection of this series reveals three structural components: 

Level: Revenues don't start at zero; each of the revenues has at least a fixed component of size US$ 2500 m 
Trend: Revenues show growth over time 
Seasonality: Revenues show seasonal fluctuation; they increase towards the end of each fiscal year and then 
drop a little at the beginning of the new fiscal year. 

The three structural components are identified in Figure 4-2. 
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Figure 4-2: Inherent Patterns in the revenues data 
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s CSC's fiscal year ends 31 st March, thus this period corresponds to the calendar period: Q1 '00 until Q4 '05 
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Revenues Model -Since we are trying to forecast for a long-term planning horizon, the most important structural component is 
the trend of the series. Getting the trend correctly means that the forecasts will, on average, remain on target. 
Getting the trend wrong will lead to increasing deviation trom future realizations. For the revenues model, two 
types of trends are evaluated: linear and exponential growth. Linear growth refers to revenues that increase 
by a constant amount each quarter, exponential growth applies when revenues grow by a constant 
percentage each quarter. For small growth rates, the two models will produce comparable forecasts, but 
when growth rates increase, considerable differences may arise, especially for the far end of the planning 
horizon. 

The level is a constant that is calculated in combination with the trend . The amount of the level depends on 
the moment in time that is taken as reference point. The seasonality is a component that comes on top of the 
trend and level. In this case the modeled revenues for the fourth quarter will be increased a little and modeled 
revenues for each first quarter will be adjusted downwards. Each of the four quarters has a different 
adjustment for seasonality, but the adjustment for the same quarter over different years is constant. Generally 
speaking there are two approaches for modeling seasonality: using additive or multiplicative seasonal 
components. The additive approach adds (or subtracts) a fixed amount to the modeled revenues depending 
on the quarter. The multiplicative approach accounts for seasonal fluctuation using a multiplication factor 
centered around one. Because the amount of fluctuation is expected to increase with an increase in total 
revenues, the multiplicative approach has been adopted. 

Mathematica! fonnulation of the model 
Because formulas cannot use the names as they are now (i.e. 01 '03, 02'03 etc) , the first step in quantifying 
the revenues model is represent time in an appropriate way. Therefore the quarters are numbered with period 
zero being the current quarter. The past quarters are then negatively numbered and future quarters are 
positively numbered. In the case of the example presented t=O refers to F03 '06. 

Given the two types of trends discussed in the previous section, there are two models representing the 
reported revenues by taking into account all three structural patterns: 

Linear: R(t) = (a + bt)F; + c, Exponential: R(t) = Ceb1 F; + &1 

Where: R(t) = Revenues in period t 
a = level C = Level 
b = linear trend b = exponential trend 
F, = Seasonal factor appropriate for period t 
e, = A random error component with mean O and variance cr2 

When forecasting, the error term is left out, because its expected value is zero. The estimate of future 

revenues using the linear model therefore becomes: R(t) =(à+ bt)F, 

Quantifying model parameters 
Now the mathematica! formulation of the models has been established, it is time to estimate the model 
parameters that best fit the reported data. The first structural component to be quantified is the seasonal 
pattern. Since a fiscal year consists of four quarters we expect the same seasonal pattern to occur every four 
periods. To quantify the seasonal variation in revenues, the initialization procedure of Winter's exponential 
smoothing procedure for a seasonal model was used7. This procedure calculates moving averages of 4 

7 This procedure is explained in: E.A. Silver, D.F. Pyke and R. Peterson, lnventory Management and Production 
Planning and Scheduling, (1998), P 98-102 
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Revenues Model -periods centered at the middle of each quarter; since these averages always cover a full cycle of four 
seasons; they cancel out the influences of the seasons. Then the observed value for each quarter is 
compared to their respective moving average to yield an estimate of the seasonal factor. Finally these 
seasonal factor estimates are averaged per quarter; i.e. all 01 factors are averaged to yield an estimate of 
the seasonal factor for 01 and the same goes for the other quarters. Finally the seasonal factors are 
normalized to add up to exactly four. 

The next step is to remove the seasonality trom the data by dividing all revenues by the estimate of the 
seasonal factor applicable to that period. Then the trend and level are estimated using the least squared error 
technique, both for the linear and exponential model. These techniques are readily available in Excel. 

Together this gives us six parameters for each model: four seasonal factors and one factor for the trend and 
level each. For the best fit to the CSC data over the reported timeframe the parameters are as follows: 

Linear model Seasonal factors Exponential model 
Level a = 3926.9 us$m F01 F1 = 0.993 Level 
Trend b = 64.4 us$m/O F02 F1 = 0.989 Trend 

F03 F1 = 0.975 
F04 F1 = 1.043 

Table 4-1: Optimal revenues model parameters to fit CSC worldwide reported revenues 

Note that the seasonal factors apply to both of the models. 

C = 3985.8 us$m 
b = 0.021 0-1 

4.2 External influences: What other factors influence revenue patterns? 
The mode Is as established in section 4 .1 are va lid under the assumption that no sudden changes occur in the 
behavior of the competitor and thus in the structural patterns of the data series. Unfortunately such changes 
do occur regularly and are mainly caused by acquisitions and divestitures. Normally when such 
discontinuities occur, the model parameters need to be re-estimated disregarding the part before the sudden 
change. However, in this case such discontinuities don't necessarily identify changes in behavior of the 
system and therefore it may not be necessary to start a new model after such a change. This section 
discusses the required modifications to adjust for acquisitions and divestitures. 

Another external factor that may help in explaining revenue developments is the development of the market 
as a whole. When the market is growing rapidly, revenues are also likely to grow rapidly and when market 
growth ceases, growth in the revenues of individual competitors is also likely to slow down. Since several 
outside parties predict market growth, this factor is included because it may help in predicting individual 
competitor's revenues. 

The influence of both factors is pictured in Figure 4-3 and the adjustments needed to accommodate these 
factors are explained in the sections below. 
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Figure 4-3: Extemal factors influencing revenues 

Adjustment for M&A factors 

.. 

As mentioned in the introduction, acquisitions and divestitures cause major distortions in the time series, but 
may not necessarily imply that the behavior of the competitor has changed. This means that the structural 
patterns in the time series could be the same, but on a different scale. Therefore an additional factor (MA1) 

has been added to the models to account for this difference in scale: R(t) = (a + bt)F; x MA1 + &1 for the 

linear model and R(t) = Ceb1 F; x MA1 + c1 for the exponential model. Where MA1 is a factor specific to 

period t, which is known as M&A factor within IBM and accounts for the impact of acquisitions and 
divestitures to revenues. 

When a competitor acquires another company we would initially expect the revenues of this competitor to 
increase by the amount of revenues from the acquired company. The M&A factor expresses this increase as 
a percentage of the original revenues. For example, when a competitor that makes US$ 6b in revenues 
acquires a company generating US$ 2b in revenues, then the M&A factor for this acquisition would be +33%. 
Currently disregarding any synergy effects, the M&A factor would simply be the revenues from the acquired 
company divided by the revenues of the competitor who acquired this company. Positive M&A factors refer to 
acquisitions, negative M&A percentages indicate a divestiture. M&A factors usually belong to only one 
quarter, but depending on the nature of the acquisition may be spread over a couple of quarters. The key is 
to assign the M&A factor to the quarter in which the reported revenues actually show the change; this is 
usually the quarter after the acquisition took place. 

To transform the M&A factors to the MA1 factor used in the model two simple steps are needed. First of all the 
MA1 factor for the current quarter (period zero) is set to 1.00 and the impact of any M&A factor is then taken 
relative to the factor in the current quarter. Consider the following sequence of events: a competitor acquires 
a company that yields to a 60% increase in revenues in period two and then divests part of the new company 
in period seven yielding a 25% decrease in revenues that period. Now the MA1 factors for all periods before 
period two are equal to 1.00, all MA1 factors from period two until and including period six are equal to 1.60 
and the MA1 factors from period seven onwards are then equal to 1.20 (1 .60 minus 25% of 1.60). Thus: 
MA1 = 1.00 fort < 2 
MA1 = 1.60 for 2S t < 7 
MA1 = 1.20 for R 7 
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Revenues Model -lt is of course possible that the originally calculated M&A factors don't fully account for the impact of the 
acquisition or divestiture because of synergy effects. In that case the M&A factors may need some 
adjustment to keep the model in line with the reported revenues. 

Adjustment for market growth 
Over the years the IT services market has proven to be very dynamic and, despite ups and downs, healthy 
average growth rates were maintained. Because the total market size and thus market growth are expressed 
in terms of total revenues for all competitors, variations in the market growth rate likely reflect on reported 
revenues for individual competitors as well; When the market is growing fast, revenues tend to increase 
rapidly as well and vice versa. Because a lot of analysts companies occupy themselves with predicting overall 
market growth, these forecasts may provide valuable input in predicting individual competitor's revenues. 
Therefore market growth was included as an additional factor similar to the MA1 factor, yielding the following 
models: 

Linear: R(t) = (a + bt)F; x MA.1 x Mgr, + &, Where Mgr1 = market growth factor applicable to period t 

Exponential: R(t) = Ceb1 F; x MA, x Mgr1 + &, 

Although the calculations of the market growth factors are similar to those of the M&A factors, there are two 
complicating issues: market growth is usually calculated as a year-on-year rather than quarter-on-quarter 
growth percentage and they apply to time in calendar quarters rather than fiscal quarters. To enable 
application of these market growth rates to the quarterly time series, the annual growth rates must be 
translated to quarterly growth rates . This translation is done by a moving average smoothing procedure that 
will be explained below. The smoothed growth rates are then applied to the fiscal quarter that has the largest 
overlap with the calendar quarter the growth rate was calculated for. Thus the growth rate calculated for 
calendar quarter Q1 '02 will be applied to the fiscal quarter that ends in February, March or April of that year. 
Please note that the possible end dates of the fiscal quarters are limited to the last day of any month only. 

1999 2000 2001 2002 2003 2004 2005 2006 2007 
13.4% 13.4% 8.0% -0.7% 0.7% 4.1% 4.7% 4.9% 5.4% 

Table 4-2: Worldwide IT services market growth rates Source: GMV update from April 2006 

Table 4-2 shows the year-on-year worldwide market growth rates that were used in the model. The presented 
rates indicate the growth relative to the previous year. To be more precise it has been assumed that these 
growth rates represent the change in total market size over the last two quarters of the previous year and the 
first two quarters of the current year. For example, it is assumed that the market grew 4.1 % trom Q3'03 until 
Q2 '04. Now these growth rates are decomposed to quarterly growth rates by dividing the growth equally over 

the four quarters, thus 1.0% per quarter (calculated as 1.041114 
). Each of the four quarters mentioned thus 

has a growth rate of 1.0%. 

All the mentioned growth rates are decomposed to quarterly growth rates in the same way. Then the market 
growth factor in the current quarter (period zero) is set equal to 1.00 and all other growth factors are taken 
relative to this period . Because market growth rates will in reality not change instantly when moving from the 
second to the third quarter and then stay the same for four quarters, the calculated rates are smoothed by a 
centralized moving average of four quarters. I.e. the smoothed factor for Q1 '02 is equal to: a quarter of the 
sum of: half of the factor for Q3 '01, the full factors for Q4 '01, Q1 '02 and Q2 '02 and half of the factor for Q3 
'02. Figure 4-4 shows the market factors for the case where Q4 '02 is taken as period zero. 
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Figure 4-4: Worldwide Market growth rates relative to Q4 '02 
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As shown in the table, estimates tor market growth rates are available tor two years to come. In case revenue 
forecasts are desired tor a planning horizon beyond two years, some educated guessing will be needed tor 
expected growth rates beyond the second year. Alternatively a model without market growth could be used 
for the far end of the planning horizon. 

4.3 Parameter estimation and forecasting 
With the three structural patterns and the two external influences, 16 possible combinations can be used tor 
forecasting revenues. All possible models are either based on the linear or the exponential trend model with 
related level. Then both models can be extended by adding any combination of seasonal factors, M&A factors 
and Market growth factors. Likely the models incorporating all three factors will provide the best torecasts on 
most occasions, but when a model with fewer factors provides equally good results, than the simpler model 
should be the model of choice because it requires less input data and is easier to maintain. 

The basic procedure for estimating model parameters is pictured in Figure 4-5. All possible models start with 
a series of reported revenues. lt is advised to use at least 12 quarters of data tor estimating model 
parameters, otherwise any outliers in the data will have too much impact on the results and 12 quarters only 
provides enough data tor two estimations tor each of the seasonal factors. 

The first step in the parameter estimation procedure is to establish the values of the external factors (Market 
growth and M&A) tor each of the quarters used tor estimating the model parameters. Then ad just the reported 
revenues by dividing by these factors. The adjusted revenues series is than taken as input for the 
determination of the inherent patterns (Seasonal factors, trend and level). The next step is to establish the 
value of the seasonal pattern using the procedure explained in section 4.1. Then the seasonal pattern is also 
removed from the data and the remaining deseasonalized data series is used tor determining the growth 
trend and level using least squared error techniques. 

Forecasts are then generated using the reverse process: First of all the established trend and level are 
extrapolated into the future and then the seasonal pattern and the predictions tor the external factors are 
added. M&A factors are not likely to be known in advance, but when an event causing such a disruption is 
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Revenues Model 1111 
expected, this may be included. The entire process of generating a forecast is pictured in Figure 4-5. 
Depending on the chosen model, part or all of the turquoise boxes may be skipped. 

Reported revenues (fitting period) 

Adjust for 
MA, Factors 

Adjust for 
Mgr, Factors 

Determine and Adjust for 
Seasonal Factors 

Determine trend and level 

Forecasted revenues 

Add expected 
MA, Factors 

Add expected 
Mgr, Factors 

Add 
Seasonal Factors 

Extrapolate trend and level 

Figure 4-5: The steps involved in generating a forecast through the revenues model 

4.4 Testing the prediction power of the revenues model 
Although determining the optima! parameters for the models to fit historica! data should provide insight into 
the competitor's behavior, the initia! purpose of the model was to answer the question whether it is possible to 
sensibly predict future competitors revenues. Therefore the prediction power of the models will need to be 
established. To do this the available reported data is split into two intervals and the data in the first interval is 
used to predict revenues over the second interval. Because reported revenues over the second interval are 
available, it is now possible to test the forecasts against real reported values. 

With the two different representations of growth (linear and exponential) and the three additional factors 
(seasonality, market growth and M&A), 16 different combinations are available for modeling revenues. In 
order to determine which of these 16 combinations provides the best forecasts, an indication of the 
goodness-of-fit is needed. This section will discuss both the testing procedure as well as the statistica! 
measures used for determining the best model. 

Model testing 
In order to test the prediction power of the different models, the available series of reported revenues was 
split in two intervals of 12 quarters: 
FQ4 '00 - FQ3 '03 will be referred to as the fitting period . 
FQ4 '03 - FQ3 '06 will be referred to as testing period. 

Figure 4-6 shows the results of the revenues model testing for situation identified above. The graph shows 
the results for both the linear and exponential model, both with and without seasonal factors and all adjusted 
for market growth. The reported values in this graph are adjusted for market growth as well, so the model 
shows that CSC reported revenues have grown a little on top of the market growth. 
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Figure 4-6: Revenues model testing 

The graph shows a very close fit to the reported values in the fitting period, however, this fit is lost 
immediately in the first quarter of the testing period. This loss of fit is primarily caused by a large acquisition 
made at the end of 2003. At the end of 2005 CSC divested part of the new acquisition and therefore, the 
reported revenues are again closer to the model. When the model is adjusted tor the impacts of the 
acquisition and divestiture, it does follow the reported revenues reasonably closely. This leads to believe that 
the behavior of the competitor is in fact stable over time. However, it must be observed that acquisitions and 
divestitures have a large impact on the model performance, especially because they cannot be predicted 
accurately. 

Please note that the presented testing procedure is only based on one observation, therefore statistica! 
conclusions of the model's fitness for use cannot be drawn. To get a better feeling tor the accuracy of the 
model and the stability of the performance over time, this test should be carried out fora relatively large set 
of different fitting and testing periods. Unfortunately not enough data was available to perform such testing, 
but since the toolkit enables the presented testing procedure for different moments in time, such thorough 
testing will be possible when more data becomes available. 
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Figure 4-7: Forecasts adjusted for the acquisition and divestiture 
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The first indication tor the goodness-of-fit between the models and the reported values would be a visual 
inspection of the graphical representations of the models against the reported values. However, small 
differences in performance will go undetected by visual inspection. Therefore the toolkit also provides 
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Revenues Model -statistica! measures quantifying the goodness-of-fit. These measures quantify the size of the errors in the 
forecasts. Basically two types of errors are determined: structural errors and unpredictable variability. The 
first one identifies how stable the behavior of the competitor is over time and the second one relates to the 
quarter-on-quarter random fluctuation in behavior. 

Especially when forecasting for a long term planning horizon, the structural errors are most important 
because they determine how close the forecasts, on average, stay to future reported values. A large absolute 
structural error means that forecasts structurally over- or underestimate future values and the fit generally 
worseness for forecasts further into the future. All measures presented below are calculated for both the 
fitting period and the testing period separately. Because the parameters are estimated to best fit the data in 
the fitting period, there should be no structural error in this period and the remaining variation is entirely due 
to randomness. For the testing period the structural error is the more important of the two. 

Within the Toolkit the structural error is measured using the Mean Percentage Error method (MPE) . This 
method calculates the errors between the model and the reported values as percentage of the reported 
values and averages these errors. When the model does not show any structural deviations from the reported 
values, the MPE measure equals zero. Note that small deviations from zero occur in the fitting period 
because the model parameters are estimated using squared errors rather than error percentages. 

Random variation is measured using the Mean Absolute Percentage Error method (MAPE). This method is 
similar to the MPE method, but now the absolute value of the errors is used; so opposing errors don't cancel 

each other out. Therefore: MAP E ~ IMP El . The tool also provides the sum of squared errors as well as 

the coefficient of determination (R-squared). The R-squared measure is an indication for the performance of 
the model relative to taking the average value of reported revenues as forecast. The R-squared measure has 
a value between zero and one, with one indicating a perfect fit and zero indicating that the average would be 
just as good. Generally speaking a higher R-squared indicates a better model, but when the best model is 
close toa horizontal line, than the R-squared will be small despite a possibly good fit. 

With these measures in place the testing period can now be used to select the model with the best prediction 
power; when establishing predictions for future revenues, this is the model that should be watched closely. 
The best model is the one that repeatedly generales the smallest errors. As mentioned the most important 
error measure is the structural error measured by the MPE. The best model has a MPE value close to zero. 
Of the models that have a MPE value equally close to zero, the model with the smallest random error should 
be selected as the best model; this would be the model with the smallest MAPE. 

To validate any general claim about the best model for a particular competitor, the test must be performed 
several times using different testing periods in order to rule out accidental good performance. The best model 
does not necessarily include all factors identified because some competitors may hardly show any 
seasonality or susceptibility to market change. When this is the case, the respective factors should not be 
included. M&A factors likely need to be included in any model because they have a very large impact on the 
performance of the model. When growth rates are small, there will be little difference in performance between 
a linear and an exponential trend, but for larger growth rates the difference should be clearly visible, 
especially further into the future. When market growth is low, its respective factor will have little impact. 

Please note that a good performance during the fitting period does not imply that the model necessarily works 
well during the testing period. Structural changes in the competitor's behavior invalidate all revenues models 
because the assumption that the past is a valid predictor for the future does no langer hold. Structural 
changes in behavior can be detected by the observation that the reported revenues suddenly and strongly 
deviate from the forecasted trend. When such an event occurs, a new model should be started, thereby 
ignoring data before the change. 
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Signings Model -
All major vendors within the IT-services market occasionally announce details about contracts they sign with 
their clients. These details include the total contract value (TCV) and the duration of the deal as well as other 
details such as a description of the deliverables, the geographic regions the contract applies to and other 
interesting details. The aim of the signings model is establish revenue forecasts based on these details about 
individually announced deals. 

Before going into the signings model, the concept of backlog must be introduced because signings become 
revenues through backlog. Backlog can be calculated at any moment in time and the amount of backlog 
represents the total sum of revenues still to be incurred from the total portfolio of contracts at that moment in 
time. For example: when a contract of US$ 100 million with a duration of four years is signed and revenues 
are expected to be equally spread over the entire duration, then the contribution of this contract to the total 
backlog would be US$ 100m just after it was signed, after one year it would be US$ 75m, after the second 
year it would be US$ 50m and so on until the contract expires. Thus the contribution of a single contract to 
the total backlog is equal to its signing value minus all revenues already incurred from this contract. Backlogs 
used in the model are calculated at the last day of the quarter they apply to. 

5.1 Timing of revenues trom individual contracts 
Usually the value of a contract is announced as a single number called the TCV. However, this TCV will be 
composed of several different components, each accounting for a different part of the deal; these parts may 
consider different geographic regions, different activities, different phases in the contract or whatever other 
parts the particular vendor identifies. What all deal announcements have in common is that the value 
associated with each of the parts is usually not announced; we only know the estimated total value. 

For modeling purposes it is not necessary to account for all the parts separately, but some distinctions must 
be made, because they identify different aspects of a competitor's way of doing business. An IBM pricer was 
consulted in the process of determining the relevant elements of behavior. The results of this interview can be 
found in appendix IV. Within a typical large deal, as most of the announced deals are, one can usually 
identify two different phases: a transition phase and a period of normal operations. During the transition 
phase the vendor will analyze the current situation, modify the client's systems, take over any hardware and 
install new systems where required to bring the system up to current standards. Once that is all done, the 
involvement of the vendor will decrease to a level of normal operation, where the desired services are 
delivered and some maintenance is carried out to keep the systems running. The transition phase usually 
lasts anywhere between 6 and 24 months, depending on the deal and the vendor; the normal operations last 
the entire duration of the contract. 

During the normal operation phase, the client sometimes decides to add extra features or extend the 
involvement of the vendor to other areas of the business and therefore increase the scope of the contract. 
These extensions of the scope of the contract generate additional revenues that were originally not included 
in the announced TCV. This effectively means that a vendor may sign a contract worth US$ 100m and get 
US$ 120m of revenues out of it. Where some companies are very good in generating additional scope, others 
struggle to actually get the US$ 1 oom they bargained for and some may even end up with less than that. 
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Signings Model -The model as described below requires the following input data for each contract: the signing date, the start 
date (set equal to signing date if unknown), the TCV in US$m and the duration of the contract in months. The 
client name is included for your reference. As with the revenues model the availability of input data 
determines the scopes that can be evaluated, thus when evaluating the impact of individual deals for EMEA 
only; the set of contracts should be EMEA contracts only. 

Modeled behavior 
Revenues trom each contract are modeled as consisting of three parts: 

1. Transition Revenues are incurred during the transition period. The typical length of the transition 
period is taken to be 12 months, but this can be adjusted to fit the behavior of the competitor under 
evaluation. Transition revenues are equally spread over the transition period. 

2. Normal Revenues are incurred during the full duration of the contract and cover the normal use of 
the systems. Normal revenues are modeled as remaining stable during the transition period. After 
the transition period normal revenues are subject to annual erosion. The erosion percentage can be 
adjusted to fit the competitor under evaluation and the standard value is set to 5% annually. 

3. Additional Revenues are incurred when the scope of the contract is increased by selling additional 
components. Additional revenues start after the transition period and are modeled as linearly 
increasing towards the end of the contract. They start at zero just after the transition period and the 
rate of increase is selected such that the additional surface equals a selected percentage of the total 
TCV. 

The different revenue components are pictured in Figure 5-1 . 
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Figure 5-1: Modeled revenue pattern 
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= Total value of transition revenues (US$ million) 
= Total value of normal revenues (US$ million) 
= Total Value of additional revenues (US$ million) 
= Amount of the normal payments during the transition period (US$ mil) 
= Total Duration of the Contract (months) 
= Length of the transition period (months) 

The amount of total transition value (TCVrrans) is taken as a percentage of the reported total contract value. 
This percentage is typically set to 8% but may be adjusted to the competitor under evaluation. The sum of 
TCVrrans and TCVNorm is equal to the reported total contract value. Additional TCV comes on top of the 
reported value and is calculated as percentage of the reported TCV. The standard value used is 5% but again 
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Signings Model -this may be adjusted to fit the behavior of the competitor. Please refer to appendix 111 for the full mathematica! 
formulations for the presented decomposition. 

5.2 Overview of the revenue forecasts method based on individual deals 
This section explains the construction of the signings model in genera! terms. As mentioned in he 
introduction, the main source of input data for the signings model is a detailed list of individually announced 
deals for the competitor under evaluation. As well as for the revenues model, the available input data 
determines the scopes that can be evaluated. The first step is to apply the revenue pattem as discussed in 
section 5.1 to all known contracts yielding quarterly revenues for every contract for a number of periods in the 
past as well as for the entire planning horizon. The revenues of all the individual deals are then added up to 
yield total 'known' revenues per quarter. These revenues are represented by area I in figure 5-2. Although 
this seems straightforward, it already involves the estimation of several different variables, including the 
percentage of additional revenues, the percentage of transition revenues, the typical duration of the transition 
period and the typical annual erosion rate of normal revenues. 

Once the expected revenues from known deals are established, there are three other issues to account for 
when transforming these results into forecasts for the reported total revenues: 

1. Because competitors don't announce every deal they close, the sum of revenues calculated from 
individually announced deals cannot add-up to the reported total revenues per quarter (RRep(t)). To 
yield a forecast for total revenues, some up-sealing will be needed. 

2. For the competitors analyzed, the average duration of an announced deal is between four and seven 
years, with the longest deals lasting up to 15 years. This means that contracts signed a decade ago, 
may still have an influence on today's revenues. Unfortunately the list of contracts used, does not go 
back any further then 1998. Therefore it is likely that there are contracts signed before 1998 that are 
still active and thus influence today's revenues. Therefore we must account for these deals. 

3. Current contracts will eventually expire and, in order to maintain revenue levels, will need to be 
replaced by new deals in the future. In order to get proper estimations of revenues in the future, an 
estimation of new contract signings is needed. Naturally this cannot be done on an individual deal 
level, therefore aggregate signings trom contracts to be announced in the future will be forecasted 
and used to construct a fictive backlog of future contracts. 
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Figure 5-2: Issues associated with revenues forecast based on signing details 

Several methods were designed for dealing with the three issues identified, but unfortunately all subject to 
considerable uncertainty. The relevant options will be discussed in section 5.3 and special attention will be 
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Signings Model -paid to the strengths and limitations of each method as understanding these factors is of key importance to 
proper interpretation of the results. The next section should be interpreted as an exploration of the key 
concepts involved in forecasting revenues based on individually announced deals' details. Claims about any 
optima! method cannot be made at this stage because insufficient data was available for proper testing of the 
results. 

5.3 Modeled concepts 
This section presents the concepts that play a role in the transformation of details about individual deals to 
forecasts for total reported revenues. As each of these concepts is a source of uncertainty, understanding 
them is crucial for proper interpretation of the results. The selection of the optima! parameters in the 
decomposition procedure will be briefly addressed, but the section will be structured around the three issues 
indicated in section 5.2. The relevant options for dealing with each of the three issues will be discussed, at 
the same time introducing some additional concepts required in the processes. 

The impad of the unknown part of the signings 
Because none of the competitors announce every contract they sign with their clients in detail, the revenues 
calculated from known deals will not add up to the reported quarterly revenues. Therefore the question is for 
how much the individually announced contracts do account. Because the revenues calculated from the known 
deals depend on parameters that cannot be known with certainty, the 'known' part of the revenues is subject 
to uncertainty as well. Especially the percentage of additional revenues will have a considerable impact on 
the total revenues calculated from known deals; the additional revenues directly influence the height of the 
revenues shown in the blue graph in Figure 5-2. The other parameters only determine the timing of the 
revenues and will therefore have less impact on the height of the graph, but they may influence individual 
quarter's fit to the reported data. 

To determine the part of the revenues that should be explained by the known deals, the known signings are 
compared to the reported signings. For every quarter the model establishes what percentage of the reported 
signings is accounted for by the individually announced deals. For CSC individually announced deals account 
for 89% of the total reported signing value on average as indicated in Figure 5-3. For CSC this percentage is 
reasonably stable over time, however for some other companies the percentage actually changes over time, 
thereby adding another factor of uncertainty. 
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Figure 5-3: Signings of known deals as percentage of total signings 

Generally speaking two methods for dealing with the unknown part of the signings can be distinguished: 
Method 1: Scale-up the revenue forecasts from the known deals to account for the unknown deals. 
Method 2: Create artificial contracts to cover the gap. 

Method 1: Up-sealing of the results 
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Signings Model -Under the assumption that individually announced deals have the same percentage of additional revenues as 
deals that were not announced in detail, one would expect that the revenues from individually announced 
deals account for the same percentage of total reported revenues as the individual signings account for the 
total reported signings. In the case of CSC revenues from individually announced deals should therefore 
account for 89% of the reported total revenues on average. This implies that the revenues calculated from 

individually announced deals should all be up-scaled by a factor of -
1
- . 

0.89 

Using this option implies that the optima! setting for the percentage of additional revenues is valid for all 
contracts, not only for the announced ones. The uncertainty of this method lies in the delay incurred between 
a signing and the resulting revenues; knowing 89% of this quarter's total signings in detail does not imply that 
we can also expect that revenues from known deals explain 89% of the reported revenues in this quarter. 
These percentages can only be safely matched when they are stable over time. In case this percentage 
trends over time the delay will be a factor to recon with and this method loses credibility. 

Method 2: Create artificial contracts 
Because the up-sealing factors are determined based on signings, the problem of the delays mentioned in 
method 1 can be overcome by applying the correction to the signings rather than to the resulting revenues. 
To do this, artificial deals must be created every quarter to account for the unannounced part of the total 
signings that quarter. These artificial deals are then also decomposed in the same way as the known deals 
and the resulting revenues are added to the ones calculated from the known deals. The sums of these 
revenues should now, on average, add up to the total reported revenues. 

The major factor of uncertainty in this method is the contract duration that should be assigned to the artificial 
contracts. lt seems straightforward to simply take the average contract duration applicable to all other 
individually announced contracts that quarter, however, chances are that this gives a serious overestimation 
of the true duration of the average unannounced contract. Most likely the announced deals are the larger 
deals in the portfolio of contracts because, arguably, they will make more impact on potential clients and 
competitors than small deal announcements would do. Small deals are expected to have a shorter duration 
than large deals. 

This could be verified by comparing the calculated backlog of known contracts to the reported total backlog of 
contracts in case this competitor announces this. The shorter the duration of a contract, the faster the impact 
of this contract on the total backlog will decrease, because the TCV will be consumed faster. When the 
percentage of the reported total backlog that can be accounted for by the backlog of individually known deals 
is much larger than the percentage of the reported total signings accounted for by individual deals' signings, 
this indicates that the unannounced contracts have a shorter average duration. For instance IBM announces 
on average a stable 39% of their signing value as individual deals. The backlog calculated from these 
announced deals, however, accounts for roughly 69% of the reported total backlog measured at the end of 
Q3 '05. This means that the other 61% of the signings must account for the remaining 31% of the reported 
backlog, which can only be the case when these unannounced contracts have significantly shorter contract 
durations. 

Detennination of Initia! backlog 
The initial backlog refers to the portfolio of contracts signed before 1998. Since some of these contracts are 
still active today, their impact should be accounted for. When the model will be taken back to past quarters for 
testing model performance, this initial backlog plays an even bigger part, because more of those early 
contracts were still active. In order to judge the impact of the initial backlog an estimation of its original size is 
needed as well as an indication of the remaining impact. 
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When no new contracts are added to a backlog, this backlog will decrease following a certain pattern and 
eventually will expire completely. The first task in establishing the size of the initial backlog is to determine 
this pattern of decrease over time. Therefore the decomposition procedure as discussed in section 5.1 is 
used on known contracts. Only signings up to a certain date are evaluated and from there the decrease in 
backlog is monitored over time as the contracts generate revenues and eventually expire. This pattern of 
decrease is denoted by the variable a(llt) which indicates the remaining percentage of the backlog llt 
quarters after the last contract was added to this backlog. Figure 5-4 shows this pattern of decrease for CSC 
for the backlog of known worldwide contracts for which the last contract was added on 31-December-2000. 
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Figure 5-4: The decrease of backlog over time 

Note that this pattern is independent of the percentage of additional revenues because additional revenues 
are not included in the backlog. However, the identified pattern is not stable over time, because the average 
duration of new contracts slowly decreases which results in a steeper decrease of the backlog. Therefore the 
pattern must be established for a backlog of known contracts close to the moment in time of the initial 
backlog . On the other hand, choosing a moment too close to 1998 would mean that the pattern is determined 
based on a portfolio of contracts that all just started and therefore not properly represent the average make
up of the initial backlog, which consists of new contracts as well as old ones. Currently 31-December-2000 
seems a good moment to determine the alpha pattern because it is close to the moment in time of the initial 
backlog and three years of contract signings are taken into account, so the average make-up of the backlog 
should be a fair representation of the make-up of the initial backlog. 

After the up-sealing as discussed in the previous section, the remaining gap between the up-scaled revenues 
from known contracts and the reported total revenues should be explained by revenues coming from the 
initial backlog; provided that the percentage of additional revenues is set correctly and thus the graph of the 
calculated revenues has the proper height. The revenues from the initial backlog for each quarter are now 
determined using the alpha estimates: the revenues from the initial backlog for any quarter are equal to the 
decrease of the initial backlog over that quarter. The decrease of the initial backlog over quarter t is equal to 
the difference between the alpha for period t and the alpha for period t-1. Linear regression is now used to 
determine the value of the initial backlog that yields the best fit to the revenues that must be explained by the 
initial backlog. This fit is shown in Figure 5-5. 

A different setting for the percentage of additional revenues in the decomposition procedure will result in a 
different gap between the up-scaled known revenues and the total reported revenues. Therefore a different 
setting for this percentage will result in a different size of the initial backlog that best fits the remaining gap. 
Therefore the best estimate for the percentage of additional revenues can now be determined through the 
same procedure; this optimal setting is the percentage of additional revenues that yields the smallest 
standard error between the two lines of Figure 5-5. The presented graph shows the optimal fit, which was 
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Signings Model -achieved for an additional revenue percentage of +15%, resulting in a standard error of 226 US$m. The initia! 
backlog then has an estimated size of US$ 31.3b on 31-December-1999. With the available data it was not 
possible to establish a confidence interval on the percentage of additional revenues, especially because this 
factor is also influenced by some other factors including the percentage of transition revenues and the 
erosion rate used in the decomposition as well as the up-sealing method used. Appendix V gives an 
indication of the fit for different percentages of additional revenues, keeping the other factors equal. 
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Figure 5-5: Revenues from initial backlog (CSC Data) 

The method used for up-sealing determines which revenues should be used for determining the initia! 
backlog. The reported total revenues should be scaled down by the up-sealing factor when the first method is 
used; the initia! backlog then represents deals that have been announced before 1998 but for which the 
details have been lost. Contrary to the normal definition of backlog, the initia! backlog now does include 
additional revenues. When the second method is used for up-sealing, then the up-sealing is already included 
in the known revenues and therefore the initia! backlog should be determined for the gap between known 
revenues and total reported revenues directly. The initia! backlog now represents all contracts, announced 
and unannounced, signed before 1998 and again includes additional revenues over these contracts. 

Revenues trom future Signings 
Before revenues can be incurred, a vendor must first win deals and sign contracts. Therefore gaining insight 
in deal singing behavior should help to better understand and forecast revenues. Unfortunately signings occur 
much more randomly than revenues and are therefore much harder to predict, as can be seen in Figure 5-6. 
However, because deals are usually closed for a number of years, they will always flow through a backlog of 
contracts. The backlog smoothes out the quarter-to-quarter fluctuations in signings before tuming these 
contracts into revenues. Therefore it is not necessary to accurately forecast every single pattern in signings, 
provided that this is even possible. In facta reasonably accurate forecast of the average trend should suffice. 

The simplest model available would be the extrapolation of the average of historica! signings. Trending 
models were tested, but proved unreliable given the limited number of data points and the large random 
variation. Therefore the extrapolation of the average has been adopted, but the average will be determined 
through exponential smoothing8 in order to give more weight to the recent data and thus capture some of the 
possible trending in the data. The smoothing model could be initiated by taking the average level of the 

s Reference on the use of exponential smoothing in forecasting can be found in: LA. Johnson and O.C. Montgomery, 
(1979), Forecasting with exponential smoothing and related methods, TIMS studies in management sciences 12, p31-44 
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Signings Model .. 
signings over the first eight quarters. Using a multiple of four quarters is suggested to cancel out any possible 
seasonality in the signings. A relatively high smoothing factor is needed to make sure the average does not 
bounce too much; in the example below a factor of 0.9 was used. This implies that each quarter the new 
estimate of all future signings is equal to 90% of the previous estimate plus 10% of the new signings in that 
quarter. 
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Figure 5-6: Reported and individual signings for CSC 

Now forecasts are available for future signings, they should be transformed to forecasts of future revenues. 
Therefore a fictive backlog of future signings is created on top of the backlog of known signings. There are 
again several ways of transforming these future signings into revenues. Basically there are two choices to be 
made, yielding four possible approaches to modeling revenues from future signings, all with their advantages 
and limitations: 

Selection 1: Reported or known signings 
Signings forecasts can be established for both the reported total signings as well as the sum of the signing 
values calculated in the decomposition procedure, which represents the signings from the individually 
announced deals. 

Selection 2: Use the decomposition procedure or apply a fixed percentage to the fictive backlog 
The forecasted signings can be treated as individual contracts with a TCV equal to the signings forecast. 
These artificial contracts can then be fed through the decomposition procedure to yield revenues forecasts for 
future signings that should then be added to the revenues calculated from the known deals. The other option 
would be to create a fictive backlog of future contracts and then subtract a fixed percentage of this backlog as 
revenues for each quarter. Each future quarter this fictive backlog then increases by the forecasted new 
signings for that quarter and each quarter a fixed percentage of this backlog turns into revenues (on top of 
the revenues calculated from the known deals) This percentage would be equal to 1-a(1). 

The optimal set of selections depends on the available input data and the uncertainty in the different concepts 
explained in this entire section. Proper testing of all four options should reveal which selections provide the 
best forecasts, however, this could not be performed at this stage. However, some general comments can be 
made that could guide an initial selection. 

Using reported total signings rather than known signings as input eliminates the need for up-sealing. 
However, when combined with the decomposition procedure for selection 2, we would face the problem of 
estimating the average contract durations properly. Generally speaking the decomposition procedure would 
be favored for selection 2 because this procedure properly accounts for delays in transforming signings to 
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revenues and additional revenues are properly applied9. When using the fixed percentage method revenues 
will be calculated without additional revenues; therefore additional revenues need to be added afterwards. 
This can be done by increasing the revenues by the percentage of additional revenues that would be used in 
the decomposition procedure; however, this does not take into account that no additional revenues are 
incurred in the first couple of quarters of a contract. 

Using the known signings instead of the reported total signings means that reasonable estimates of the 
average duration of future contracts can be made, thus allowing the use of the decomposition method for 
selection 2. Good estimates of the average contract durations can be made because the average duration of 
known deals is monitored in the procedure used for decomposing the known deals. However, using the 
known signings as input returns the need for up-sealing. 

The most promising combination seems to be to use known signings with the decomposition procedure 
because reasonable estimates for the average contract durations are available and this method properly 
accounts for delays in tuming signings to revenues. On the other hand using reported total signings would be 
simpler, but results heavily depend on the proper estimation of the average contract durations. Therefore it 
may be better to combine the reported total signings method with the fixed percentage method for selection 
two. Testing will be needed to judge both options properly. 

5.4 Mathematica! formulation of the signings model 
To illustrate the procedures of the signings model, this section derives the mathematica! formulations for the 
scenario of a fixed up-sealing percentage, signings forecasts based on known signings and applying a the 
fixed percentage method to the backlog of future contracts. 

As with the revenues models, the quarters are again numbered with period zero being the current quarter, 
positive periods are in the future and negative periods in the past. The forecasts of revenues based on the 
signings model consist of three parts: Revenues from known deals, revenues from the initial backlog and 

A 1 (A A A ) 

revenues from future announced signings. R s;g (t) = - R 1BL (t) + RKnown (t) + R FBL (t) with: 
p 

A 

R s;g (t) = Revenues forecasts for quarter t based on the signings model (US$m) 

R1BL (t) = Estimated revenues from the initial backlog in period t (US$m) 

R.Known (t) = Estimated revenues from known deals in period t (US$m) 
A 

R FBL (t) = Estimated revenues from contracts to be signed and announced in the future. (US$m) 

~ = The up-sealing percentage established from comparing individual deal's signings to total reported 
signings. 

1. The revenues from known deals are directly generated from the procedure explained in section 5.1 
and are determined by RKnown (t). 

2. The revenues from the initial backlog in period t are determined by taking the decrease in the initial 
backlog from period t-1 to period t as revenues; because of the nature of the process for determining 
the initial backlog, this already includes additional revenues. Therefore 

RIBL (t) = [a1 (I -t)-a1 (1-t + l)}BL1 where: 

a ; (M) =The percentage of the backlog that remains after ilt quarters, when the last contract to this 

backlog was added in period i. 

s Note that no additional revenues are expected to be incurred from future signings for the first year of the forecasts. 
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ÊL1 = The estimated size of the initia! backlog (US$m) 

I = The period representing the quarter for which the initia! backlog was determined. 

3. The backlog of future contracts starts at zero at the end of period zero and each quarter it increases 
by the amount of the forecasted new signings and decreases with the normal revenues in that 
period . This becomes: 

R FBL (t) = (1- a 0 (t) )ÊLNs (t) With: ÊLNs (t) = a 0 (I)ÊLNs (t -1) + Sig(t) where: 

ÊLNs (t) = The estimated size of the backlog of future contracts in period t (US$m) 
A 

Sig(t) = The estimate of future announced singings using the exponential smoothing method. 

Figure 5-7 pictures the results obtained trom the signings model using the selections above. The smoothing 
factor used was 0.9. ~=0.89. The forecasts for all signings based on the known signings were US$ 3122 m. 
The initia! backlog at the end of 1999 was determined based on the full dataset rather than the first 12 
quarters only because estimating this on 12 quarters of data would be too unreliable; the value of the initia! 
backlog was estimated to be US$ 27b for an additional revenues percentage of 15%. These forecasts 
resulted in an MPE of +2.9% and a MAPE of 8.6%, which is around five times larger than the best revenues 
model. 
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Figure 5-7: Revenues predictions based on the signings model 

5.5 Combined forecasts 
Two separate models are now available for forecasting total revenues: one using the revenues model and 
one using the signings model. These forecasts can be used independently, but combining them may increase 
the accuracy of the overall forecasts. The combined model uses a linear combination of the individual 

forecasts: Rcom (t) = p1R. Rev (t )+ fi2 Rs;g (t) where: 
A 

Rcom (t) = Revenues estimate for period t through the combined model 
A 

R Rev (t ) = Revenues forecasts for period t using the revenues model 

Rs;g (t )= Revenues forecasts for period t using the signings model 
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Signings Model -p1, p2 are weighting factors. 

The weighting factors don't necessarily add up to exactly one, because of possible structural bias in the 
torecasts. 
To establish the weighting factors, past data must be split into two intervals. During the first interval the 
individual model parameters are estimated. Then torecasts are made tor the second interval and linear 
regression is used to determine the optima! weighting factors tor the combination of the two series of 
torecasts. Once the weighting factors are established the second interval becomes the fitting period tor the 
individual models and torecasts are made tor future quarters. The combined torecast is then the weighted 
sum of the two individual torecasts, using the weighting factors established previously. Through this scenario, 
the individual model with the best predictive power will have the highest weighting factor. The further these 
factors are apart, the greater the difference in predicting power. 

When the optima! revenues model tor CSC, which was the linear trend model with season, market growth and 
adjustment tor future M&A's, is combined with the signings torecasts shown in Figure 5-7, the optima! 
weighting factors are: 1.06 tor the revenues model and --0.06 for the signings model. Because the revenues 
model was very good in this case, the signings model will not contribute much to increasing torecasting 
accuracy and has thus received a very low weighting factor. The results are pictured in Figure 5-8. 
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Figure 5-8: The optimal combination of models for CSC data 

Because the signings model is subject to more uncertainty than the revenues model, the weighting factor for 
the signings part will likely be small tor any competitor. But when the revenues models show more variability 
adding the signings model may help in establishing better torecasts. 

Please note that Figure 5-8 only shows the fit of the combined model tor the optima! weighting factors; no 
torecasts were established using the combined model because insufficient data was available tor testing and 
also time did not permit this. 
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e Results & Additional features -
The models as discussed in the previous two chapters were incorporated into an excel tool to enable the use 
of the models to data tor different competitors, tor different (geographical) scopes and for different moments 
in time. This excel tool was named CReTA Toolkit, which stands for Competitor's Revenues Trend Analysis 
tool. The use and design of the tool itself is described in a manual that comes with the tool. The tool is 
designed in such a way that it can be used tor torecasting revenues though either of the two models or a 
combination of the two. Thereto the tool can also be used tor the evaluation of specific aspects of the 
competitor's behavior and some additional features are added to enhance these evaluation options. This 
chapter will present some of the torecasting results achieved with the two models explained in the previous 
two chapters and a short overview will be given on the additional features available. 

6.1 Results 
Some preliminary testing of the revenues model was performed. The revenues model was tested tor tour 
vendors: CSC, EOS, IBM and Capgemini. For each competitor revenue torecasts were made for the period 
from calendar 01 '03 until 04 '05 based on the twelve quarters preceding this period. A worldwide scope was 
selected tor each. 

Because the size of the acquisitions determine the reduction in errors possible, the effect of including M&A 
factors is hard to quantify. However, the results clearly show that it is absolutely necessary to adjust tor 
acquisitions and divestitures when using the revenues model because huge reductions in the errors are 
achieved when proper M&A factors are applied. Only the pattern without any such events can be predicted 
reasonably accurately. Theretore the model may not be expected to properly account tor unknown future 
acquisitions. The models will be compared based on the MPE and MAPE measures, representing the 
structural bias and total variation respectively. 

IBMresults 
For IBM models without the seasonal factors perform slightly better than models that do include these 
patterns, despite that tact that this seasonal pattern is reasonably consistent. MPE and MAPE worsen by 
roughly 1% point when seasonal factors are included. This is mainly due to the fact that a somewhat smaller 
trend is estimated tor the seasonal models and since all models underestimates future revenues, the 
underestimation becomes bigger when seasonal factors are included. However, given that the average trend 
could be captured accurately, seasonal factors should help to reduce torecasting errors. 

Figure 6-1 shows that for the year 2004 IBM performed better than it was expected to do based on the data 
over the years 2000 until and including 2002. By the end of 2005 performance revenues were back to the 
predicted level. Adding market growth rates did not help in reducing the errors, but since market growth was 
very small tor the major part of this period, its influence was not expected to be big. The best model for IBM 
in this setting was the exponential model without seasonal factors and market growth, resulting in a structural 
error of-0.14% and a MAPE of 2.7%. 
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Figure 6-1: Revenues model applied to IBM data 

EDS results 

Testing Period (Fiscal Quarters) 

For EOS all models overestimate 'future' revenues, thus indicating that EOS is struggling to keep healthy 
growth in their revenues. Partly due to this over estimation the errors tor the best model are much higher than 
tor IBM. The best model includes all factors mentioned and there is hardly any difference between a linear 
and an exponential trend. For the best model the structural error was 9.2% and MAPE was 10.9%. Both the 
market growth factor and the seasonal factors help reduce the errors although the seasonal pattern seems 
overestimated due to the large peak in revenues in 03 '00. 
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Figure 6-2: Revenues model applied to EOS data 

CapGemini results 

Testing Period (Fiscal Quarters) 

CapGemini underwent major modifications in 2003 that resulted in significantly different behavior. This 
change in behavior clearly influenced revenues. Because of this change in behavior old rules don't apply 
anymore and thus the revenues model was not able to accurately predict future revenues. The best option for 
this competitor would be to disregard all data betore 03 '03 and thus only use the last 10 quarters tor 
estimating future revenues. 
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The best performance was achieved for CSC data. The best model for CSC was a linear trend with season 
resulting in a MPE of 0.33% and a MAPE of 1.8%, but the exponential trend with season scored equally well. 
The seasonal factors on average reduce the errors by 1.5% points. The inclusion of market growth did not 
result in any significant decreases in error. Again this is largely due to the tact that there was hardly any 
market development over the evaluated period. 

Overall it may be concluded that the inclusion of M&A factors is essential. Especially IBM and CSC are very 
stable in their behavior and therefore revenues can be predicted reasonably accurately. EDS shows a bit 
more random variation and some change in behavior, thus is harder to predict accurately. Seasonal 
fluctuations are not always significant and for the period identified the inclusion of market growth did not help 
much in reducing the forecasting errors, but as mentioned this may be due to the fact that market growth over 
this period was rather limited. 

Naturally the best model cannot be selected based on one observation of model performance, but this gives 
at least some insight in the results that may be expected. General conclusions can be drawn after the same 
test is run for other fitting and testing periods as well. 

6.2 Additional features 
In the discussion of the models in the previous two chapters the primary focus was on generating forecasts 
for future quarterly revenues. In this process several concepts related to the typical behavior of the 
competitor under evaluation were discussed. Because these concepts must be quantified to serve as input to 
the forecasting models, the CReTA Toolkit also provides valuable insight as an evaluation tool for individual 
aspects of the competitor's behavior related to signings and revenues. To add to the evaluating options of the 
tool some additional measures are calculated next to the ones discussed before. These additional options will 
be addressed in this section. 

Developments in deal signing behavior 
The procedure for decomposing the TCV's of individually announced deals to quarterly revenues (As 
discussed in section 5.1) generates some additional indicators related to the developments in deal signing 
behavior. The tool provides graphs of the average contract durations of announced deals, the number of 
contracts signed and announced each quarter, the development in TCV for new contracts. For all competitors 
these graphs indicate a trend towards a larger number of shorter contracts with smaller TCV's. The graphs for 
CSC are shown in figure 6-4. 
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Results & Additional features 
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Conclusions 

Three of the four competitors analyzed show reasonably stable behavior in their revenues, thus leading to the 
belief that revenues can be predicted with reasonable accuracy. Acquisitions and divestitures however have a 
major impact on revenues and can therefore really distort the performance of the models. The inclusion of the 
M&A factor in the models enables the user to correct for known acquisitions and divestitures, but reliable 
predictions for future acquisitions and divestitures cannot be made based on the available data. Therefore the 
developed models only forecast revenues for the most recently known configuration of the competitor; normal 
organic growth will be captured by the trend in the models, but the models cannot account for sudden shifts in 
the future. 

When used on past data the inclusion of the M&A factor does allow the analyst to evaluate the true impact of 
the acquisition or divestiture by modifying the M&A percentage to best fit the data. This of course under the 
assumption that no structural change in the behavior of the competitor occurred. 

The revenues models have been tested for one moment in time and the results are encouraging. However, 
insufficient data was available to test the performance of the model over time, therefore a confidence interval 
on the forecasted values could not be established at this stage. These intervals can be established when 
realizations for future quarters become available and forecasts can be made trom different moments in time. 

The revenues estimates based on the signings model are subject to more uncertainty than those from the 
revenues model. Therefore forecasts trom the signings model will be less reliable than forecasts made by the 
revenues model. Despite the higher uncertainty, the signings model does provide valuable insight into the 
deal signing behavior of competitors and may therefore be appreciated for evaluation purposes. 

The answer to the question whether it is possible to sensibly predict future revenues based on publicly 
available data would be a prudent positive, provided that proper adjustments are used for acquisitions and 
divestitures. Thereto it should be emphasized that working the models on past data can develop much insight 
in the behavioral elements of the competitor. 
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Appendix 1 

IBM 
Employees: 
Revenue: 

329.000 
$96,3b 

Americas: $40,1 b (42%) 
EMEA: $32,1b (33%) 
APAC: $21 ,3b (22%) 

-

IBM-Ine investment ie--------r---------..t IBM-Global Finance 

IBM-Hardware IBM-Global Services IBM-Software 
Employees: 180.000 
Revenue: $46,2b 

i------~ IGS-Maintenance 

Business Consulting Strategie Outsourcing lntegrated Technology 

Application Management E-Business Hosting 

Note that IBM Global Services is undergoing organizational restructuring. 
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Appendix Il -
Because of confidentiality reasons, this appendix is not public/y availab/e. 
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Appendix 111 -
111 l\J I ~I tr 1 3 ffl ~I ti (; ~tl r (J r ffl IJ 1 ~I ti IJ fl :j f IJ r t r 13 r 3 '/ 3 fl IJ 3 p ~I tt 3 r r 1 (J 3 r i 1/ ~ (J f r IJ ffl 

:u1<J'//fl JÎ~flÎfl~:j 

In this section the transformation of the presented behavior to mathematica! formulations is presented. The 
three types of revenues will be discussed separately. The total contract value as reported (TCVRep) is 
modeled to consist of transition revenues and normal revenues. Additional contract value comes on top of the 
reported TCV. Variables are explained when introduced and a complete list of variables is included in 
appendix A. 

Transition Revenues 
The total value of transition revenues is modeled as a fixed percentage (Tr) of the reported total contract 

value: TCV Trans = Tr X TCVRep 

The total value of transition revenues is then spread evenly across the transition period (Sp), thus the 
monthly transition revenues are: 

TCV 
RevTrans(t) = Trans tor 1 s t s Sp 

Sp 

Nonnal Revenues 
The total value of the normal revenues is the part of the reported total contract value that remains after 

deduction of the transition revenues: TCVNorm = (1-Tr) x TCVRep 

Normal revenues remain stable during the transition period and erode at a certain rate after this period. Since 
the total contract value and duration are given, the objective is to find the level of the normal payments during 
the transition period (StVaij that yields the given TCVNorm according to the behavior presented. Theretore two 
parts are distinguished: Part 1 covers the transition period and Part 2 covers the remaining contract duration. 

Since normal revenues remain stable during part one: TCVParti = StVal x Sp Erosion is applied to the 

whole remaining duration of the contract of lenght: Dr-Sp. Theretore: 
"Ç'Dr-Sp n 

TCVPar1 2 = L.n=I (1 + k) x StVal , Where k equals the monthly erosion rate equal to: 

k=(l+GE) 12 -1 
With GE being the annual erosion rate (typically -5%) 

Since the sum of both parts equals the total value of normal revenues: 
"Ç'Dr-Sp n 

TCVNorm =StValxSp+ L.n=I (l+k) xStVal 

Solving for the starting value yields: StVal = T~~1orm 
Sp+ Ln~I p(l+kf 

Which may be written as: StVal = TC~Not 
1 (1 + k) r- p+ 

Sp+ k 
l+k - --

k 
Monthly normal revenues then become: 

Re v Norm (t) = St Val tor 1 s t s Sp and 

RevNorm (t) = StVal X (1 + k)1-Sp tor Sp < t s Dr 
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Appendix 111 -Additional Revenues 
On top of the agreed TCV, competitors can earn additional revenues by selling additional services. The total 
value of these additional services (TCVAdd) generally starts at 5% of the agreed TCV and is limited by the 
client's IT-budgets only. In the model, these additional revenues will be treated as follows: Starting after the 
stable period these additional revenues will be taken into account, starting at zero and linearly increasing 

towards the end of the contract. The additional area equals: TCVAdd = Ta x TCVRep with Ta being the 

mentioned percentage. 

The rate of increase equals a per month and is derived as follows: 

'T"cv -IDr - (Dr-Sp+l)x(Dr-Sp)(F Il . ·IN _N(N+l)) 
.1. , Add - s at - a--'-------'-~---'- o owmg. t - -----'-----'~ 

1= p+l 2 1=1 2 

. . . 2 x TCVAdd 2 x TCVAdd 
Solvmg fora y1elds. a = ( ) ( ) = 

Dr-Sp+l x Dr-Sp (Dr-Sp)2 +Dr-Sp 

Monthly additional revenues then become: 

Re v Add = a(t - Sp) for Sp < t ~ Dr 

Total Monthly Revenues 
Adding the three sources of revenues yields: 

TCV 
RevTo, (t) = StVal + Trans tor 1 ~ t ~ Sp 

Sp 

Revr
0

, (t) = StVal x (1 + k )i-sp + a(t - Sp) for Sp < t ~ Dr 

. 
1 2xTCV 

W1th: k = (1 + GE) 12 -1 and a = 
2 

Add 
(Dr-Sp) +Dr-Sp 
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Appendix IV -
Because of confidentia/ity reasons, this appendix is not pub/ic/y avai/ab/e. 
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Appendix V 1111 

The graphs below give an indication of the uncertainty in the percentage of additional revenues for CSC. The 
percentage of transition revenues was set to 8%, the erosion rate was set to -5%, the transition period was 
12 months and up-sealing was done by multiplying the results by 1.236. 

The boxes to the right indicate: The percentage of additional revenues (Ta), the standard error between the 
two graphs (Se) and the size of the initial backlog that provides the best fit (BL). 
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Ta=Oo/o ➔ Se=264 US$m 
BL=36 US$b 
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Revenues from initia( backlog (10"/o additional revenues) ,------~------------, 

- Total reported revenues-know n revenues 

- Revenues from intial backlog using alphas 

Ta=10% ➔ Se=231 US$m 
BL=33 US$b 
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Revenues from initia( backlog (15% additional revenues) ,------~--------- ---, 

- Total reported revenues-know n revenues 

- Revenues from initial back!og using atphas 

Ta=15% ➔ Se=226 US$m 
BL=31 US$b 
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Appendix V -
$1 .6 

$1 .4 

.0 $1.2 
* UI $1 .0 ::, 
.!: $0.8 
UI 
CII 
::i $0.6 
C: 
CII 
> $0.4 tl. 

$0.2 

$-

$1 .6 

$1 .4 

.0 $1 .2 
* UI $1 .0 ::, 

.!: $0.8 
UI 
CII 
::i $0.6 
C: 
CII 
> $0.4 tl. 

$0.2 

$-

Revenues from initial backlog (20% additional revenues) 
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Ta=30% ➔ Se=257 US$m 
BL=26 US$b 
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The graphs indicate that the optima! setting tor the percentage of additional revenues, given the selection of 
the ether variables, would be 15%, however a considerable uncertainty margin must be taken into account 
because the graphs tor 10% and 20% show very similar errors. Only the two extremes, i.e. 15% on either side 
of the optima! value show a weaker fit. 
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