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Abstract

We describe a method to quantify the value of investmentsfimare systems.
For that, we adopted the classical risk-adjusted discaucésh flow model and
geared it towards the field of information technology. Thasuited in a scenario-
based approach incorporating two IT-specific risks thatstdrstantially influence
IT-appraisals. They are requirements creep and time ca@sjme To account for
the risk of failed IT-projects and overrun risks we proposied Weighted Aver-
age Cost of Information Technology (WACIT). WACIT adjustsetwell-known
Weighted Average Cost of Capital, commonly used in discedicash flow mod-
els. We proposed several methods to approximate WACIT ngnigom an invest-
ment-specific rate to a (company-wide) one inferred fromangjtative IT-portfolio
analysis. We illustrated our quantitative IT-investmergnagement approach by
way of a published example. For various risk-scenarios, ateutated using this
example the impact on the firm's share price, standard ecmnimicators like
NPV, IRR, PBP, ROIl, RAROC, and more, in order to come to grifth the ap-
praisal of information technology—the largest productiactor of today.

Keywords and Phrasesvaluation, discounted cash flow (DCF), net present value
(NPV), internal rate of return (IRR), payback period (PBf}urn on investment
(ROI), risk-adjusted return on capital (RAROC), weightegrage cost of infor-
mation technology (WACIT), IT-investment management,rjitative 1T-portfolio
management, total cost of ownership (TCO), requiremergspgrtime compres-
sion, failure risk, overrun risk.

INTRODUCTION

Anyone with a background in economics knows that there atiabbshed tools and
techniques to determine the value of proposed investmeftsne investments are
harder to appraise than others, but continuous researchandial economics is car-
ried out to increase insight in such hard cases. Normallysiness case is valuated
using adiscounted cash flo(©CF) analysis. Roughly, the cost are subtracted from the
benefits, time value for money is taken into account, ang sk dealt with. The out-
come of such an analysis is thet present valu@NPV), giving the net value in terms
of today’s money. If the NPV is positive, and a few other iradars are favorable, for
instance thgay back periodPBP) is not too long, thinternal rate of return(IRR) is
not too close to the used discount rate, and if the apprepvitiant of thereturn on
investmen({ROI) is not too low, you can decide to invest.

Of course, such economic indicators are a model only, andtioaed to reflect re-
ality accurately. For instance, during the dotcom hype a-fgenerating free-software



reseller could have a higher market value than the entiren@erautomotive indus-
try. For those hard cases additional analysis is requidnitance usingeal option
valuation(ROV), where despite a zero NPV still a positive appraisamfnvestment
can be found due to the value that options can representntamice, the stock price
of Netscape at thanitial public offering (IPO), could be valued at $14 using a very
optimistic DCF appraisal, but was set to $28 by its major uwdiéers. Via an ROV-
augmented DCF it turned out to be possible to justify thidibigvalue [4].

The problem While financial economics is well-established and applmechany ar-
eas, why do we hardly ever see quantitative financial anafgsenajor IT-investments?
After all, not every IT-investment can be as complicatedhasIPO of Netscape. The
answer is that you need data for such analyses, which seepassible to determine
for IT-investment proposals. There are a few causes for that a start almost all
organizations have a completely immature level of IT-depeient and maintenance.
About 75% are still at the ad hoc level, and 15% are able toakpeertain devel-
opment process [21, p. 31]. At these levels, there is no dvakgtrics program,; this
prevents a meaningful data analysis. With such an analysis¢ould for instance re-
veal the ratio of failures to successes, and with that deterthe return that a success
must have in order to compensate for the failed investmértis. obvious solution is
to establish a full-blown metrics program, but this fails8i@% of the cases [30]. On
top of that, working with software is not a licensed professiso that anyone who
gets hired can join in managing, building, and maintainirfgimation technology. In
such a situation, it is not a surprise that there is no strefaghistorical) data enabling
guantitative insights, so that a rational IT-investmenhagement practice could have
emerged in the past.

The last few years IT-investments became so substantibithby are attracting
the attention of executive management. For instance, fitetliout among the large
Dutch banks that 22% of their operational costs were attaite to information tech-
nology [8]. In fact, IT has become the main production faétothe financial industry,
and this pattern is similar in other industries. Moreoveerg few years you see the IT-
budgets increase with double digit percentages, so it is fom proper IT-investment
management. But there is no data, no hope for rapid sustaim@lprovement, so
the worst executive nightmare imaginable, when you needtoecto grips with the
largest production factor of the firm: information techngjo The author is advising
large organizations on these problems, and has developédand techniques to al-
leviate some of the problems. The surrogates for real datésligpbenchmarks—are
utilized to obtain an idea of cost, duration, risk, retunmg §inancing of IT-investments,
and on these surrogates we base the DCF-appraisals thag@@@ssary to rationalize
IT-decision making.

Goal In this paper we will show how to deploy financial techniquesjtiantify the
value of IT-investments. We will focus on tailor-made saite, and not on computer
hardware investments, networks, or package acquisitidfesuse an existing running
example to illustrate the approach.

Related work It was hard to find a running example in the literature, sirfeee is
not much related work in this area. We mention the effortsheyGeneral Accounting
Office regarding ITIM, their IT Investment Maturity Model T2 This work is com-
plimentary to ours, in the sense that we dive into the tediities of IT-investment



management, and the GAO addresses how to embed this witlurganization. Fur-
thermore, we used an example from Gardner and Trotta [1(hl]as we will see,
this example makes assumptions on IT-development costsatignal costs, its lifes-
pan, and more that are not in accordance with industry beadksn Then there is
a textbook by Gardner on the value of information technolagyich also does not
take such issues into account [12]. It discusses netwoekslware, and other issues
which are better understood than valuating custom-madevdstments, which is our
focus. Pisello and Strassmann [29] wrote an e-book, whiehtes awareness for the
economic perspective in information technology. It give®gerview of standard eco-
nomic performance metrics every CIO should know about. Tessdr extent this
was also touched upon in the textbook by Boehm from the e&804, where net
value, marginal analysis, time value for money, and distedinash flows were briefly
mentioned [3]. The focus of this book is on models for sofevanst estimation, not
valuation. This paper dives much deeper into valuation tijues, taking IT-specific
aspects into account via benchmarked relations. Our woitdan a body of work
by the author and his co-workers. We mention an elaboratéiqation on quantita-
tive IT-portfolio management [35], recent work on quariita aspects of outsourcing
deals [36], and a few related contributions [34, 25, 24].

Organization of the paper In the next section we will discuss the running exam-
ple, and derive via benchmarks data on the size of the sadteystem. From the size
estimate we calculate benchmarked key indicators: dewsop costs, duration, risk,
operational costs, and lifespan. Then we discuss discatag,rtaking IT-specific risks
into account. Subsequently, we devote a section to two oiles: requirements creep
and time compression, and their combination, leading toe@dos. In the next sec-
tion we use the derived information to carry out risk-adgastliscounted cash flow
analyses for the original example and the 4 scenarios. Nextliscuss the internal
rate of return, the payback period, cost-benefit curvegkeven points, return on in-
vestment, its risk-adjusted version RAROC, and more fottginal example and the
four scenarios. Finally, we vary the business case itsetfisyounting the cash flows
that contain a benefit part. Then, we conclude and proviggeates to the literature.

RUNNING EXAMPLE

There are not many public documents giving insight into peasive IT-investments.
Fortunately,CIO Insight—a business magazine—published a nice IT-investment ex-
ample [10, 9]. We will use and adapt this example to illustfadbw you can measure
the impact on the firm’s share price for a potential IT-invesht. We quote the intro-
duction of the example in its entirety:

Amalgamated Widgets, a fictitious manufacturing comparik 600 mil-
lion in annual revenues, was under pressure from its shitetsoand from
Wall Street to increase its profitability. One possibilignsidered by top
management: Install an online procurement system to cet@sing costs
for just about everything the company buys, from raw malerar its
widgets to such commoditized items as safety helmets, wimkeg and
office supplies, on which the company spends a total of ab®25 $nil-
lion a year. There's been a lot of hype surrounding e-puiidigaand the



company’s executives, ordinarily a pretty conservativadby were un-
easy about making a significant investment in a new—and giin thinds,
unproven—technology. So they asked their CIO and CFO a sinppés-
tion: How much actual value might such a system bring to Aialgted’s
shareholders?

Then the paper explains a standard discounted cash-flowIniduedata that were
used for this calculation were as follows. The IT-investingas outsourced at a price
of $1.2 million dollar. The developmenttime is not givent luthe case study we read
that:

Amalgamated’s new system would not be up and running for a lyea
cause of the time it would take to build and install the systaain the
company’s purchasing employees, connect the system tdistggnd ed-
ucate them in its use.

So, development time of the IT-system is apparently not ntea@ 12 months.
The operational lifespan of the ensuing system was estiratbe 4 years, and the
operational costs were fixed at $610,000 per annum. Additioosts for migration or
retirement are for the outsourcer. The cost savings of thprwere estimated at zero
in the first operational year, $850,000 in the second, $3Ikomiin year 3, and $7.4
million in the fourth year [9]. Tax rates are 32%, and the stweent cost is deducted
over the operational lifetime of the project: a tax break ®800 per annum (32% of
$1.2 million, divided by 4 years). The discount rate that waed is 20%: 10% for
the Weighted Average Cost of Capital (WACC), and another 16itce the history
has been that only one in two IT projects at Amalgamated teduh a return [10].
The risk-adjusted discounted cash flow model resulted intdPkeEsent Value (NPV) of
$2382686, which are the investment's net savings, disealinttoday’s money using
the 20% discount rate. Another given is that there are 23lkomishares outstanding
which implies a positive impact of $0.10 per share, or sifeeshare price was $10, a
1% increase on a single share (we will explain the calculatinade later on).

Estimating the software size

A reliable key metric in economic studies on informationheclogy is the function
point metric [1, 7, 11, 23, 22]. There are many and diversesaayrecover this met-
ric from information such as the minimal data of our runninguaple. For now, it is
not important to understand what a function point exactlynpdses, other than that
it is a synthetic metric giving an idea of the size of an ITteys. The function point
metric can then be used as an IT-currency converter for coma@mic analyses. For
our running example we will show how we can recover the amofifitnction points.
Since we have no full information, we use public benchmaoksdcovery of the lack-
ing data. For the sake of this example we assume that the l@itiened rate of the
outsourcer is $1000, and that there are 200 working days iaa, yach day is eight
hours of work. Then the amount of working hours for a $1.2 imnilI T-investment
amounts to 9600. Using this number, we can estimate the amodtunction points as
follows. First we must find some public benchmarks on avemgductivity of out-
sourcers. In[21, p. 274] we find that for 100 function poingteyns the average work
hours per function point is 4.33 hour. For 1000 function paiystems this amounts
to 10.41 working hours per function point, and for 10000 fiimrt point systems this



is 27.39 work hours per function point. We used standardmatac statistical tech-
nigues to fit a smooth curve through these three benchmasisgldn implementation
in Splus [33, 26] of a nonlinear least squares regressiaridgn [5, 17, 33, 28], the
three observations can be fitted to the following curve:

@) hfp(f) = 0.6141603. f0-4121902

In this equatiorhfp is short forhours per function pointand f is the amount of
function points. So for a given amount of function poinigp returns the average
work hours per function point. This formula is not a perfettlfiut the residual sum
of squares is 0.08664753 (zero represents a perfect fitgelhd/p(100) = 4.098851
which is 0.23 off the original data poinifp (1000) = 10.588937, which is 0.18 besides
the second observation, and finalfp (10000) = 27.355369, which differs only 0.03
from the original data point. Now the total effort is the ambaf function points times
formula 1: f - hfp(f) = 9600. Solving this equation leads to an IT-investment of
932.9265 function points according to benchmark. Note tan you are to invest
substantially in IT in an outsourcing context, formula 1 sldonot be used to settle
your contract, but for this example it will do. For elaboratéormation on closing
outsourcing deals we refer the interested reader to [36F dbes not dismiss us from
the task of checking whether the found amount makes sense.

Sanity check As a first sanity check we deploy the following benchmafk38 =

d, where the powe0.38 is specific for outsourcing contexts [20, p. 202]. So, for a
maximal development schedule of 12 months, we then find: G8&tion points. A
second sanity check is to use an empirical table [20, p. M8B&re scope, class and
type of the system are given a rating, and their sum to the pofv 35 gives a rough
indication of the amount of function points. For the scopeastmate it to be a stand-
alone program (rate = 6), for the class, we take outsourctract(rate = 13), and the
type is interactive with a GUI (rate = 5). Summing the ratedds 24, and to the power
of 2.35 we find 1752 function points. Finally, we size by aggtoin an empirical
table [20, p. 189], the closest we can find is a sales suppstesyof type MIS, to be
used in a business. This has a size of 975 function pointshdsame table we find
that an order entry system takes 1250 function points. Tbhleseks confirm the order
of magnitude of our estimate using formula 1.

Deriving key indicators

Inthe original example [10], a number of assumptions werdawm the prospective IT-
investment, and based on them, a discounted cash flow cideweas carried out. We
will use benchmarks to derive from our recovered functiompsize the key indicators
necessary for such valuations, and compare our finding®tortginal example’s data.

For a start, we use a few formulas to estimate duration, aadlojement costs de-
rived from industry benchmarks. We took the first 3 formulasf [35, p. 64, formulas
(49-51)]. Formula 5 is new.

) p(f) = 2.63431+ 21.36569 - ¢~ 0018058197 22T
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(4) ted1(f) =

Formula 2 takes an amount of function points, and return&ithreber of function
points delivered per staff month, $0932.9265) = 13.74478. Formula 3 returns the
benchmarked duration in calendar months for a given amotfitraction points, so
d(932.9265) = 12.00456 months. Formulas 4 and 5 are based on productivity bench-
marks: formulas 2 and 1 respectively. Both formulas retheiotal cost of develop-
mentfor a given amount of function points. Stid;(932.9265) = 1131250, which is
a little less than the quoted investment amount of $1.2 onilliOf course, the result of
formula 5 will be exactly $1.2 million, since we used its inse to recover the amount
of function points:ted2(932.9265) = 1200000. Given the complexity of formula 4,
we often use formula 5 for recovery activities, and formuldchecking the result.
The original example assumes a shorter development sehéthi we estimated us-
ing benchmarked formulas. Namely, development, ins@lliraining employees and
suppliers, and connecting the system to the suppliers sidene in 12 months. Note
that the original example does not include the costs foralaesivities, which can be
substantial if the number of users is large. Leaving ouhirg cost can mean the dif-
ference between a profitable and a loss-making investmeut.fdB the sake of this
example, we assume these costs to be zero.

We also want to derive operational costs, and the life exgmastof the system. We
do that using the following formulas taken from [36] and [p9419] respectively.

wr

©®) meo(f) = oo f1E

(7) y(f) = %

Theminimal cost of operation m¢takes an amount of function points, and returns
the minimal operational costs over the entire operatidfetline, somco(932.9265) =
$1374922. And this amount is spent in(932.9265) = 5.526649 years. Notice the
large difference between the annual 610000 dollar and onuan248780.4 dollar.
The reason for the high number is that it is a fixed price, iditig exit and migration
costs. For operational costs this is at the very high sidd @ rational negotiations
this amount could have been less (see [36] for a way to rdtimnautsourcing deals).
We will use this lower amount of operational costs in our &dilon calculations.

RISKS OF FAILED OR RUNAWAY PROJECTS

The original example contains a risk premium above the cbsapital of 10%. We
will show how you can quantify this risk premium more accehat First, we need
an indication of thechance of failed projectécf), and thechance of late projects
denotedcl. The following formulas are based on outsourcing benchmaakd taken
from [35, pp. 46 and 48, formulas (30) and (34)]:

(8) cf (f) 0.3300779 - (1 — exp (—0.003296665 - f0-6784296))
9 c(f) = 0.4018422- (1 — exp (—0.009922029 - f0-5657454))



Both formulas take a function point total as input and retarnumber between
zero and one as an output. If you multiply that number by 10@ gbtain a per-
centage indicating the chance of failed or late projects, t&® chance of failure is
¢f(932.9265) = 9.540125%, which is indeed almost 10%. And the chance of serious
cost/time overruns is somewhat highe932.9265) = 15.19656%.

Discount rates In discounted cash flow calculations, a discount rate is .udeat
many investments, it is known what the company-wide Weidjteerage Cost of Cap-
ital (WACC) comprises. The cost of capital is based on thé ebsquity, debt, market
value of the equities and debts, the percentages of finanmeirgquity and debt, and
the corporate tax rate. The CFO can inform you what the WACGiixe this is an
indispensable number for valuating investments. But itde anportant information to
shareholders and lenders to the firm. Since informationneldlyy can make or break
a company these days, it is important for investors to unidedsa premium on the
WACC for major IT-investments. After all, the failure rate$ software projects are
high: Standish Group reported that about 30% of softwargepts fail, 50% are twice
as expensive, take twice as much time, and deliver half thetionality, and only 20%
of the software projects are on time, within budget, and i desired functional-
ity [18, 13, 14, 15]. In absolute figures, it was estimated983 that this costed in the
USA $ 81 billion on failed projects, and another $59 billiom gerious cost overruns.
It is our experience that using the WACC for discounting iWdstments leads to an
over-valuation of the IT-investment. Indeed, in the oraiaxample, the premium on
the WACC is 10%, since only half the IT-systems actually hadsitive return. But is
ten per cent enough? Too high, too low? Pisello and Strassf2@np. 41] propose to
add 0% for no-risk investments, 10-15% for low-risk ones;3®% for medium risks,
and for high risk investments 30% or higher. But how do youwtioe risk category?
To address these issues, we developed the WACIT.

WACIT Normally, you have a portfolio of IT-investments. Some adrihwill be suc-
cessful, some of them not. This needs to be accounted for gatéing overall thresh-
olds on potential returns. The threshold for each investmeeds to be at least the cost
of capital (WACC), plus the average risks. These risks caaveeaged over the entire
portfolio, and this premium could be called the Weighted rage Cost of Information
Technology (WACIT). Within companies it is often known whhe average cost of
capital comprises. However, it is not known what the WACITnwises. Note that
if you wish to calculate a risk-adjusted ROI, like RAROC, #osingle IT-investment,
you actually have to carry out an IT-portfolio analysis téireste the WACIT, so that
you can use the proper discount rate for DCF-appraisalshétitne of writing this
paper, we noticed that IT-investments are sometimes aggutaia WACC-based NPV
calculations, which is too positive given the risk-profild G-investments.

For instance, suppose we have ten projects like the runxiagnple, and only half
of them deliver a return of at least the profitability threkhof the firm. For the sake
of the example we set the return on the failing systems andWhe€C both to zero.
Still, the net profits need to be much higher to compensatéhfofailures. Suppose
the firm demands an annual return of $2 per invested dollar.tHeten IT-systems,
only half will have a return. If that is indeed $2 per dolldnetoverall profitability
is zero: only one dollar per invested dollar. So the entireggstem portfolio is then
underperforming. In order to have the $2 net return, the Besys need to make $4
per invested dollar. So the WACIT is then 50%. In the idealatibn, you need a



rich IT-portfolio database to accurately measure the WAQiTpractice, IT-portfolio
databases do not contain many data points, so we need taxappte the WACIT. We
do this as follows:

(10) WACIT(P) = ﬁ S () + ellfy)

peEP

Let us explain this formula. We denote the IT-portfolio with |P| the num-
ber of records in the portfolio, ang represents the information on an individual IT-
asset, an going IT-project, or an IT-investment proposalrnlly this comprises of
3 data points: initiation date, delivery date, and costr{p&d or actual, or both). Us-
ing recovery techniques, like the one we showed with formdu{ar other techniques,
see [35, 36]), we recover function point totals. We derfptéo be the function point
total we recovered from the information in recqgrdThen we calculate for each func-
tion point total in the portfolio the chance of failure andisas overruns. We can
use formula 8, if it concerns an outsourced project, or simibrmulas depending
on the context. For example, we can use an MIS benchmarkiedefaisk formula
as published in [35, p. 45, formula (28)], for business aggtlons. If we cannot re-
cover function points, we can use alternative formulasiimgeof project duration (see,
e.g. [35, p. 46, formulas (29) and (31)]). Similarly, we cdéte for each element in
the IT-portfolio the chance of late projects. Then we talkeaherage, by summing and
dividing by the number of entries in the IT-portfolio datalkea You can use this number
as a premium on top of the WACC. So the discount rate to usesgodinted cash flows
is WACC + WACIT(P).

If you cannot perform a quantitative IT-portfolio analykisapproximate the WACIT,
here are some alternative techniques. If you are to actavskse, you could use the
80% as indicated by Standish, but we have never seen WACHishigh. You can
also use different approximations. For instance, the aeesi&e of in-house built MIS
systems is 950 function points [21, p. 185], and the chandailofe for such projects
is 16.48714%, and the chance of serious cost overruns i4088%. We calculated
this using the formulas below (taken from [35]):

(11) cf(f) 0.4805538 - (1 — exp (—0.007488905 - f0-587375))
(12) ci(f) = 0.3672107 (1 — exp (—0.01527202 - f0-5535625))

So, then the WACIT for an in-house IT-portfolio can be set406®722%. We can
do the same thing for an outsourced IT-portfolio. The aversige is there 2750 func-
tion points [21, p. 269], which yields using formulas 8 and 8:78399 + 23.44573 =
40.22972%. But of course, no IT-portfolio consists entirely of in-hemy or outsourced
projects, the portfolios we analyzed contain many smakétment proposals and only
a few very large ones. To give you an impression, in [35] aisgéall T-portfolio sam-
ple is given. This sample portfolio has a chance of failur& 3%, and a 14% chance
of serious cost overruns [35, p. 49]. For that portfolio wieta WACIT of 27%. A
final rule of thumb for approximating the WACIT is to calcwdahe individual risks of
the investment, add them, and take that as the WACIT. We withis in the running
example, so the WACIT for that investment 540125 + 15.19656 = 24.73669%.
For the WACC we assume the 10% as in the original example. Velditional risks
emerge, we adapt the WACIT with an extra premium. But, of seuit is better to
carry out an IT-portfolio analysis, and calculate the oll&k#&\CIT.



REQUIREMENTS CREEP & TIME COMPRESSION

We have now discounted for failures and cost/time overrlig there are more IT-

specific risks that can influence the value of an IT-investregmificantly. These risks
are the requirements creep risk, and the time compressé&n You can choose to
incorporate them into the WACIT, by doing an IT-portfolioaysis to estimate the
requirements creep risk at the portfolio level, and the fpic time compression ex-
posure. But these risks can also accumulate, making théoportalculations hard.

Instead, we opt for a scenario-based valuation, where wduezira discounted cash
flow analysis for 4 scenarios: one in the absence of requings@eep and time com-
pression, one for each separate risk, and one when bothaiskgresent. Moreover
since the risk of failure and cost overruns increases whae tompression and/or

requirements creep play a role, we add a 10% to the WACIT.

KPls none | time comp.| req. creep| both risks
d 12.00456 11.00| 12.43987 11.00
wh 9600 13289.13| 11449.56| 18095.74
tedq 1131250 1592391 1328041 2158814
teds 1200000 1661141 1431195| 2261968
mco 1374922 same| 1606969 same
FP 932.9265 same| 1056.893 same
Y 5.526649 same| 5.701745 same
cf 9.540125 same| 10.23667 same
cl 15.19656 same| 16.04986 same
WACIT | 24.73669 +10% | 26.28653 +10%

Table 1: Various scenarios for an IT-investment.

No additional risks The estimates that we have conducted so far are summarized in
the second column of Table 1. THestands for the duration in calendar monthh, is

short for working hours, bottcds are outcomes of formulas 4 andcois calculated

with formula 6, FP is short for function pointg,is the number of operational years
calculated with formula 7, and the chance of failue,(is calculated with formula 8,

and the chance of runaway project$) (s calculated with formula 9. Finally, we sum
both risks, to approximate the WACIT.

Time compression risk  Time compression of a software project is trying to do more
work in a time frame than you would normally do from a pure tealogy viewpoint.
We can quantify this risk using the following relation besmetime and effort, which

is taken from [32, 31]:

e d>™' = constant

(13)

wheree stands for effort, and is again the duration of a project. We use this
empirically found relation to estimate the effect of a shodeadline than would be
normal according to benchmark. In Table 1 we can find the nusnfoe the nor-
mal effort and duration. From that we can calculate the @onistet's call itc =
9600 - 12.004563 72! = 99659480. Using this constant we can estimate the effort if



the duration of the development is different than our tedbgng-driven estimate. Re-

call that the running example assumed that not only devedmpnbut also installing,

training, connecting, etc were done in 12 months. Therefbeetime to implement the

system is going to be less than 12 months. We conservatigtityte 11 months. Letus

now calculate the increase in effort by having an 11 monthlilea This is calculated

as follows:e = 99659480/113721 = 13289.13 working hours. So, 3689.13 additional
working hours are required, just to make the deadline of 1t The cost per work-

ing hour is 125 dollar, which implies an additional cost 0fl481.2, yielding a total

cost of development of 1,592,391 for the first estimationhuéf and $1,661,141 if

we use the development cost estimation formula 5. We knotillesoperational costs
will probably be higher, since rushing an IT-project seldpincreases the quality of

the delivered product. To compensate for higher maintemaosts, more delivered
defects per function point, and other risks, we add 10% taltkeount rate for a time

compression-adjusted WACIT.

Requirements creep This is the addition of features after the requirements -engi
neering phase is finalized. This is so endemic in softwaretcoction that there are
benchmarks per industry for monthly growth rates. In ouming example this bench-
mark is fairly low, since in a contracting situation, a moogrhal process of change
is common. Still, the average monthly rate of requiremengée for the outsource
industry is 1.10% [21, p. 269]. For our running example thiglies the following. We
know that the total effort of the requirements phase foreyst in the 1000 function
point range is around 7% [20, p. 179], and we set the impadhes¢hedule at 5% of
the time. Then there i$2.00456 - 0.95 months time for growing at a rate of 1.10%.
This amounts to the following requirements creep-adjuiiadtion point total:

932.9265 - 1.01111:40433 = 1056.893

So, an increase of 123.9665 function points. This increaseam impact on the
development schedule, number of working hours, cost of l[dpmeent, operational
cost, the lifespan, the risk of failure, risk on serious ouas, and can induce other
risks. We summarized the impacts in Table 1 under the saemarmereq. creep
The numbers are found by filling out the formulas for the regmients-creep adjusted
function point total.

Both risks When there is requirements creep, and the deadlines are dsually
there will also be an exposure to time compression. We aggithe development
schedule to 11 months. We calculated the numbers as follmgsused the require-
ments creep estimates and calculated via equation 13 tlisoaddlworking hours and
development cost. And we added ten percent to the requirsnceeep WACIT to
adjust for the time compression.

Total cost of ownership (TCO) Since we have the development costs and the mini-
mal cost of operation, we can estimate the minimal TCO. AlffoTCO is being seen
as an important indicator to many, we think TCO itself is rfw trucial issue. The
crucial issues are in a TCO versus benefits analysis: givetotal costs, and the total
benefits, are we creating more benefits than incurring coatgPthe second issue is
also important: when are we earning/investing and how mu¥b@ could compare
this to the TCO of a house: the cost of building it, and livingtican be calculated,
this leads to the TCO of the house. But more important is howhmuaortgage you
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can afford given your income and potential future earningisis monthly amount is
what counts. In the end, you can add all the costs to calcli@@. In IT-investment
management, the time dimension is important to evaluats eosl benefits. This time
value for money is expressed in risk-adjusted DCF models.

RISK-ADJUSTED DISCOUNTED CASH FLOWS

In Table 1 we calculated various alternatives, where westdglifor the requirements
creep risk, the time compression risk, and their combimatibhe cost difference be-
tween the least risky scenario and the most risky scenadbdasit 90%. This is why
we separated requirements creep and time compression fitumef and challenged
projects. We need to know whether we should mitigate thesriakd this can be done
via DCF appraisals: if the value is too low with a risk, but pkeithout it, it is worth
mitigating it. Of course, this comes at a cost, too, but ofiarery low cost: a change
control board, or a less tight deadline.

We need the business case to obtain an idea of the value ofsitendrios. In this
section we will use the business case of the original exafoplealculating the NPVs
for the various scenarios.

Y1 Y2 Y3 Y4
benefits 0 | 850000 | 3500000 | 7400000
ops. 610000 | 610000 | 610000| 610000
gross earn.| -610000 | 240000 | 2890000 | 6790000
inv. 1200000
tax break 96000 | 96000 96000 96000

net taxes -291200 | -19200 | 828800 | 2076800
cash flows | -1518800 | 259200 | 2061200 | 4713200
rate 1.2 1.44 1.73 2.07
NPV -1265667 | 180000 | 1191445| 2276908

Table 2: Original discounted cash flows and NPV.

For the sake of comparison, we display the calculationsebtiginal example [10,
9] in Table 2. In the first column the meaning of the numbersiarows is explained.
We have benefits, operational costs (ops.), gross earntismgfreaks, net taxes, the
cash flows, the discount rate of 20%, and the NPV. In the tablesme, we use the
same notions in the first column. The other 4 columns show fyear to year what
happens to the numbers. In the first row we see the expecteditserin year 1 (Y1),
there are no benefits, since this is the investment periodgi¥2s a first small benefit,
and this grows to almost ten times more in 2 years to $7.4 anilliIn the second
row the operational costs are listed. The strange thing tathigiis that also during
the software construction phase, where the system is noatipeal (hence the zero
benefits), operational costs are taken into account. In alautations we will leave
out these costs during development, since they are not nfdaenext row shows the
investment of $1.2 million, and no additional investmers maecessary, so the rest
of the columns are empty (meaning zero). The tax break isutzkd as follows in
this example: the tax rate is 32%, and for the investmentritéans a 384000 tax
benefit over four years. This is amortized evenly over thattframe leading to an
annual tax break of $96000. The net taxes are then calcutstéaking 32% of the
gross earnings and subtracting the tax break. For the filstoothis amounts to
—195200 — 96000 = —291200. The other cells in this row are calculated analogously.
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In the next row, we subtract the investment costs and therétdm the gross earnings,
yielding the cash flows:-610000 — (—291200) — 1200000 = —1518800, and so on.
In the next row we give the discount factor& + 0.20)", forn = 1,...,4 (in the
original example these numbers are rounded to 2 digitshérfihal row we adjust the
cash flows with the rates calculated in the row above-it518800/1.2 = —1265667
etc. If we total the annual present value we obtain an ovBiaV of $2382686. The
example assumed 23.5 million outstanding shares whiclslead 10 cent impact per
share.

time (yrs) 1.000 Y1 Y2 Y3 Y4 Y5 0.5266
benefits 850000 | 3500000 7400000 7400000 7400000 3897200
ops -248780 | -248780| -248780| -248780| -248780| -131020
gross earn. 0 601220 | 3251220 | 7151220 | 7151220 7151220| 3766180
inv. -1131250

tax break 55462 55462 55462 55462 55462 55462 29209
net taxes -55462 | -247852 | -1095852 | -2343852 | -2343852 | -2343852 | -1234387
cash flows | -1186712 | 353368 | 2155368 | 4807368 | 4807368 | 4807368 | 2531794
rate 1.348 1.816 2.446 3.296 4.441 5.984 7.001
NPV -880664 | 194628 881078 | 1458528 | 1082502 803420 361635

Table 3: Discounted cash flows and NPV for scenario 1.

In Table 3, we display similar calculations as in the origiegample. Based on
our quantitative analysis we found different numbers foralepment costs, different
operational costs (much lower than the original exampldédnger expected lifespan
of the operational life of the proposed investment, andedéiit discount rates. A
longer lifespan implies potential longer benefits. For thkesof ease, we assumed a
sustainable profit once the full cost savings of $7.4 milimreached in year 3.

The first row represents a time line in years, the second emtilyis row is not a
year, but is taken to be the development time (coincidgntajlear), then we see five
12-month periods, and the final entry does not comprise ayteta as well: 0.526649
of a year, which is the remaining fraction of the benchmaitkedpan for this scenario.
We separated the investment period from the operation@gein the development
period there are no operational costs, since the systent ispsoational. This means
that these costs will only be taken into account after théesyss operational. The tax
benefits on the investment are amortized over the entirejitde: development time
plus operational phase. For the rates we usee-)'*%/12, fort = 0,..., 5, y; whered
is the development time in monthsis the rate, ang is the operational lifetime.

time (yrs) 0.917 Y1 Y2 Y3 Y4 Y5 0.5266
benefits 850000 | 3500000 | 7400000| 7400000| 7400000| 3897200
ops -248780 | -248780| -248780| -248780| -248780| -131020
gross earn. 0 | 601220 | 3251220 7151220| 7151220| 7151220| 3766180
inv. -1592391

tax break 79084 79084 79084 79084 79084 79084 41650
net taxes -79084 | -271475 | -1119475 | -2367475| -2367475 | -2367475| -1246827
cash flows | -1671475| 329745 | 2131745 4783745| 4783745| 4783745| 2519353
rate 1.403 2.031 2.940 4.255 6.159 8.914 10.831
NPV -1190976 | 162331 725072 | 1124178 776706 536633 232611

Table 4: Discounted cash flows and NPV for scenario 2.

Tables 4-6, represent the same calculations as the scdneai®e, but with differ-
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time (yrs) 1.037 Y1 Y2 Y3 Y4 Y5 0.7017
benefits 850000 | 3500000 7400000| 7400000| 7400000| 5192910
ops -281838 | -281838 | -281838 | -281838| -281838| -197778
gross earn. 0 | 568162 | 3218162| 7118162| 7118162| 7118162 | 4995131
inv. -1328041

tax break 63067 63067 63067 63067 63067 63067 44257
net taxes -63067 | -244879 | -1092879 | -2340879 | -2340879 | -2340879 | -1642699
cash flows | -1391109 | 323283 | 2125283 | 4777283 | 4777283 | 4777283 | 3352432
rate 1.378 1.879 2.560 3.489 4.755 6.481 8.054
NPV -1009206 | 172087 830098 | 1369117 | 1004588 737114 416258

Table 5: Discounted cash flows and NPV for scenario 3.

time (yrs) 0.917 Y1 Y2 Y3 Y4 Y5 0.7017
benefits 850000 | 3500000 7400000| 7400000| 7400000| 5192910
ops -281838 | -281838 | -281838 | -281838| -281838| -197778
gross earn. 0 | 568162 | 3218162| 7118162| 7118162| 7118162| 4995131
inv. -2158814

tax break 104379 | 104379 104379 104379 104379 104379 73247
net taxes -104379 | -286190 | -1134190 | -2382190| -2382190 | -2382190| -1671689
cash flows | -2263192| 281971 | 2083971 | 4735971 | 4735971 | 4735971 | 3323442
rate 1.417 2.073 3.033 4.437 6.490 9.494 12.399
NPV -1596924 | 136008 687141 | 1067478 729717 498827 268039

Table 6: Discounted cash flows and NPV for scenario 4

ent input parameters. Table 7 summarizes the cumulatives\#?id their impact per
outstanding share for the original example, and the 4 s@nafmhe numbers in the
second column are found by summation of the NPV rows in theipus tables. The
third column is found by dividing the NPV by the number of datgling shares (23.5
million).

Speed-to-market does not pay off Ranking the alternatives in NPV, we see that sce-
nario 1 is the most valuable. There we mitigated requiresergtep and time compres-
sion, by a technology driven deadline. Next in ranking isnse® 3: here we adjusted
for requirements creep risks. The difference in NPV gives wa idea of how much
money you can afford to invest in mitigating this risk. Nodfgayou can mitigate
this risk at a low cost, by the installment of a formal chanoatml board, and for-
mal change requests. If the size of the investment is lahger 1000 function points,
you need additional investments to mitigate requiremenetsiclike automated change
control tools, Joint Application Design sessions for majardifications, requirements
inspections, sizing major changes, planned evolutiom&bicost estimates for major
changes, and more [21, pp. 287-8].

The original example and scenario 2 (fourth rank) are vewge] the original being
slightly better off: ranked 3rd. We note that the lower opierzal costs and the longer
operational phase (plus benefits), cancel out the highet fixee contract and shorter
life time. Obviously, if you not only negotiate a better @im your outsourcing deal
(see [36] for help with that), but also take the life expectanenchmarked operational
phase into account, the investment scenario 1 is much mdrehia than the original
example.

The two lowest ranking scenarios, both suffer from time cogspion. The of-
ten heard business demand for speed-to-market does notffpiytiois case, as our
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rank

cum. NPV

impact share price

original

scenario 1
scenario 2
scenario 3
scenario 4

3

1
4
2
5

2382686.633
3901127.931
2366555.157
3520056.631

1790285.471

0.101390894
0.166005444
0.100704475
0.149789644

0.07618236

Table 7: Net present value and share price impact for all@ten

guantitative analysis shows. Although the benefits comieeahe incurred cost and
additional risk turn the investment into the lowest rankimg if you look at NPV. This
implies that when an IT-investment is time-critical, thislwome at a cost. And maybe
the cost and risks are so high, that a little bit more relax@adktbpment schedule turns
out to be much more valuable. Of course, when market shatestalke, the costs can
be justified. The nice thing about analyses like the one weudisin this paper is that
you can now opt for a strategy: if lower value compensatesday, loss of market
share, then a time compression risk should be accounte@®fberwise, we think it is
better to slow down on development, and speed up on value.

INTERNAL RATE OF RETURN

rate used IRR
original 0.2 | 0.833688
scenario 1| 0.3473669| 1.32909
scenario 2| 0.4473669| 1.05109
scenario 3| 0.3628653| 1.18742
scenario 4| 0.4628653| 0.841652

Table 8: Used discount rate and internal rate of return fosa@narios.

The internal rate of return (IRR) is the discount rate suett the net present value
in a discounted cash flow analysis is zero. You can use it tchegesensitive the
used discount rate is for unforeseen risks. If the used satdose to the IRR, this is
riskier than if there is a certain gap. You can rate diffenerestment proposals to
their gap between IRR and the actual discount rate. Or yodararulate a simple IT-
governance rule that the IRR should be 30% higher than tleedig rate, but the exact
numbers should be based on an IT-portfolio analysis of a redfuportfolio database.

For the original example, the IRR is 83.4%. We will show howctdculate this
rate at which the invested amount of money is precisely e®pet come back. For
the original example this amounts to solving the followingthrematical equation:

14 ~1518800 , 259200 | 2061200 , 4713200 _
A+r) @+ O+rp  Otrt

You can use a spread sheet program and find the-rayetrial and error. We used
the computer algebra system Mathematica [37] to solve thiaton. For that you have
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to give the computer algebra system a first guess. In all siosnae used- = 0.5
as an initial value, which converged to a solution. The omtemf this exercise is
r = 0.833688, so indeed 83.4%. We did not use pure years in the other femasos,
but the development tim&, for scenariod, . . ., 4, and in the last time period we used
the expected operational lifetimg;, for scenariod,,...,4. As an example we give
the equation for scenario 1:

—1186712 353368 2155368
4807368 4807368 4807368
(1 +T)d1/12+3 + (1 _’_71)d1/12+4 + (1 +T)d1/12+5
2531794
(1 + T)d1/12+y1 -

(15)

We solved equation 15 using Mathematica. The rate turnsoohbetl.32909, so
the IRR is 133%. In Table 8 we summarized the used discouat aaid the accom-
panying IRR for all the scenarios. The difference betweenubed discount rate and
the IRR gives you an impression how much risk you can takerbdfee net present
value becomes negative. According to our simple IT-goveceaule, all scenarios are
okay. But of course, IRR is not the only indicator, and thetrsmction shows another
important one.

PAYBACK PERIOD

The payback period is the time it takes for an investment tmb® cash flow posi-
tive. Itis an important economic indicator providing inistgn the time it takes before
value creation can commence at all. A related number is teakoeven point: the
amount of money that is invested up to the time of the paybacio@. In [36], we
defined thepayback period riskvhich is the risk that the payback period is so long
after the initial investment that the chance the environrhes changed is substantial.
This implies that you probably have to invest more before gan create value with
the investment; this in turn will prolong the payback perean further, up to a point
where a positive cash flow is never generated. Sometimesitiasghockey stick effect
is used for this phenomenon, referring to/ecurve on the side, so no positive cash
flows will ever emerge (we will come back tb-curves later on). Mitigating this effect
by only allowing short-term value-creating investmentsissially not recommended,
since long-term investments are opportunities enablirsgasuable growth and busi-
ness continuity. Therefore a balance between long-termsaod-term investments
is necessary. Finding such a balance is out of scope for HpgIp it comprises an
IT-portfolio analysis [35] and more.

We will calculate the payback periods of each scenario, angpare them in terms
of the payback period risk. For the original example, theeere benefits when devel-
opment ends, but one year after its launch, the benefits &@0BE®, and so on for the
other years. At the end of year 4, the cumulative benefits ate8dmillion. Similarly,
at the end of the development period (1 year in this case) pspts$1.2 million, plus
610000 on operational costs, accumulating to the end of4/a@&o $3.64 million.

We display the cumulative amounts in Figure 1. Along theivaltaxis we set
out money in millions of dollars, and the horizontal axis negents elapsed time in
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Figure 1: Visualizing the effort allocation over time fortloriginal example.

years. For cash flow rates we assume a smooth continuouswhigh is, in our
viewpoint, nicely approximated by cubic splines [2, 16]. #s alternative—easier—
approximation you can connect the points in Figure 1 by liegnsents, e.g., using a
simple spread sheet program (then you assume linear caslefieswvith intermediate
jumps). No matter what approximation you choose, for consparpurposes you need
to be consistent and apply one method for all scenarios. dlieespline in Figure 1 is
the cumulative benefit curve, and the dashed one representsinulative costs. We
used Splus [33, 26] to derive the cubic splines and to caieulee intersection point,
which gives us the payback period and the break even poimtthEooriginal example
the payback period is 2.7 years, and the break even point&irfiflion.

An IT-portfolio analysis can reveal how large the risk of ¢ppayback periods is,
and how it affects the overall created value at the portftaiel. From that you can
derive guidelines with respect to payback periods and begek points. For instance,
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IT-governance rules regarding these aspects could loektiis:

e The payback period should not be longer than half the enskeadjusted life
cycle of an IT-investment. Risk-adjusted means that shortéonger lifespans
due to time compression and/or requirements creep shouékba into account.

e The break even point should not be more than twice the risk-investment
costs. Risk-free means the exclusion of the additionalscdse to time com-
pression and/or requirements creep.

According to the above IT-governance rules, the investrpéant laid out in the
original example should be sent back to the drawing board, tRe payback period
is more than half the total lifespan, and the break even psiniore than twice the
initial investment ($1.2 million). So, having a positive MBs not necessarily the sole
decision making criterion.

Now let us look at these economic indicators for the othenates. In Figure 2
we derived cubic splines for scenario 1. The payback petodHis scenario is 2.3
years, at a break even point of $1.4 million dollar. So we be¢ the lower and later
operational costs and the longer expected lifespan caérito a payback period and
break even point that are in accordance with the above I'Bg@mnce rules.

PBP | % of life | break even| frac. risk-

cycle (mn) | freeinv.

original 2.68758 67.19 2.823 2.35
scenario 1| 2.273006 34.82 1.431 1.26
scenario 2| 2.361726 36.65 1.920 1.70
scenario 3| 2.4067 35.72 1.694 1.50
scenario 4| 2.550362 38.53 2.586 2.29

Table 9: Payback periods and the break even point for allastaEs

We carried out these inferences for all scenarios, and suinethathe results in
Table 9. We also calculated the data necessary to decidéarmt not the scenarios
satisfy the IT-governancerules. The original example aedario 4 (time compression
and requirements creep) are not satisfying the criterises€hscenarios should not be
approved. For instance, the original example needs a kmitsourcing contract, and
scenario 4 shows that you need to mitigate both exposures firs

To gain a little bit more insight, we depict in Figure 3 the nention between the
break even points and payback periods of the different seenaso, for thesamel T-
investment you can either end up in the upper-right corrfez:longest payback time
and highest break even point. And with a different scenaa, can be at the lower-
left corner: the fastest payback and lowest break even pdihe original example
ends up in the bad corner, scenario 1 in the good corner, andtkier three scenarios
somewhere in between. The numbers attached to the dots tutlie represent the
different scenarios. Depending on the business landscapecgn opt for a good,
bad or ugly scenario. But then at least you have an idea of dtenfial economic
implications.
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Figure 2: Visualizing the effort allocation over time foresaario 1.

J-curves

If we subtract the benefit spline from the cost spline, we iobtfae characteristid/-
curve: showing the net cash-flow over time. The payback peasithen the intersection
of the J-curve with the horizontal axis. In Figure 4 we displayed theurves for all
scenarios.

Itis hard to see differences between the varigtuirves—they all dive under zero
for some time, and then resurrect and move up. Note that tiysplotted .J-curve
ends at year 4. This is the original example. The other stenaave longer tails,
since a longer benchmarked life cycle was assumed. We glgsae more insight in
the payback periods by showing the serpentine line in Figurt is also interesting
to understand the maximum negative cash flow, and when tgedainegative flow is
due. This amounts to finding the minimum of ecurve. We approximated these points
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Figure 3: Break even distribution over payback period fbsetnarios.

numerically using Splus. In Figure 4 we plot those points] ae summarized their
numerical values in Table 10.

minimum time
original -1990746| 1.38587
scenario 1| -1176144| 1.207866
scenario 2| -1684888| 1.16649
scenario 3| -1386181| 1.266477
scenario 4| -2304831| 1.198008

Table 10: Maximum negative cash flows and when this is reafdreadl scenarios.

To gain more insight in these numbers, we plotted anothgesdine line in Fig-
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Figure 4:J-curves for all scenarios.

ure 5. This wavy line shows that for scenario 4 most money isduliin a short time
frame: more than 2.3 million dollar negative, in 1.2 yearddrd this scenario suffers
from compounded requirements creep and time compressks. riThen the original
example is next with a maximum negative flow of almost 2 millaollar. but it takes
slightly more time to burn that. Then scenario 2 follows: abb. 7 million is the lowest
point, which is like the other time compressed scenarioingrthe fastest of all other
scenarios. Then follows scenario 3 with an even less negatimimum, taking more
time than all the others, except the original example. Bnatenario 1 has the lowest
negative cash flow, which is reached at almost the same tirseeasrio 4. Knowing
the low end of the negative cash flows is important, since wherbusiness case turns
out to be not as solid as expected, it can be the case that noatr less value creation
will be created after the IT-investment has become operatioA very low negative
cash flow takes then substantially more time to recover thla@raise, since you have
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Figure 5: Distribution of minima of thg-curves for all scenarios.

to recover more costs.

RETURN ON INVESTMENT

The return on an investment (ROI) is defined as its net bemlifited by its total cost.
Although this is a simple metric, there are more sophistidaariations of the classical
definition necessary for IT-investments, due to the higksriavolved.

You can risk-adjust benefits, the necessary capital, or leatting to the variants
RAROC, RORAC, and RARORAC. RAROC means risk-adjusted natar(economic)
capital. RORAC is the return on risk-adjusted (economigjiteh RARORAC is the
combination; risk-adjusted return on risk-adjusted apitWe will restrict ourselves
to a discussion of ROI and RAROC, and not dive into financikgi(is the money
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borrowed by a bank, or via a venture capitalist?), since ithisut of scope for our
paper. Needless to say that if an appraisal of an IT-investmpmposal involves a
financing strategy that bears financial risks deviating fithiw nominal WACC, you
should risk-adjust for that, too.

cum. netben| its NPV | cum. cost| itsNPV | ROI | RAROC
original 8110000| 2382687| 3640000| 2579232 2.23 0.92
scenario 1 27941028| 3901128| 2506172 1956014| 11.15 1.99
scenario 2 27479887| 2366555 2967313 2394245| 9.26 0.99
scenario 3 28807899| 3520057 2935010| 2275028 9.82 1.55
scenario 4 27977127| 1790285 3765783| 3062465| 7.43 0.58

Table 11: ROl and RAROC for all scenarios.

To calculate the ROI for the original example, we took theessary data from
Table 2. We accumulated the benefits (11750000), and c@t9(®0), and subtracted
them for the cumulative net benefit, which is $8110000. Th&/lPalso taken from
this table: $2382687. We discounted the cumulative codts aviate of 10%, leading
to an NPV of the costs of $2579232. Now the ROI is the divisibthe cumulative
net benefits and the cumulative cosgs:10000/3640000 = 2.23. The risk-adjusted
version that we use takes the NPV of the benefits, and the N\eafosts, and divides
that. This leads to a RAROC @B82687/2579232 = 0.92. In the original example a
discount rate of 10% was used for the benefits, and we usedhe ste for the costs.
We summarized these numbers in Table 11.

For scenarios 1 to 4, we used a slightly different approacte uaed different
discount rates: for the NPV of the benefits we used the WACG tiie WACIT, and
for the costs, we only used the WACC. This is because the lerfar an IT-risk,
whereas the cost of capital is assumed to satisfy the norritatia of riskiness, so
that we can use the WACC-rate. Of course, when the cost ofatdpialso bearing
additional risk (maybe via venture capital, or expensivenopt financing constructs)
the discount rate for capital should be adapted accordingly

We summarized the results of these calculations for all te@arios in Table 11.
An issue that is worth mentioning, is that the differencen®stn ROl and RAROC is
substantial. This shows in a quantitative manner the riskilprof IT-investments. For
scenario 1 this differs by a factor of more than 5. We also katthe original example
has a very low RAROC, but still higher than the time comprdsaed creep exposed
scenario 4. To gain more insight in the various scenarios vllestow a connection
between RAROC and the payback period.

RAROC - PBP We now connect the risk-adjusted returns with their respegay-
back periods. This leads to another viper trace as display&igure 6. Obviously,
you want the combination of the shortest payback period imlgoation with the high-
est return on investment. A short payback period bears arlowestment risk than a
longer payback period, and if that can be combined with a regirn, this is ideal. The
scenario that fits this description best is scenario 1: wiRAROC of about 2, and a
payback of about 2.3 year, this is the most favorable scenAs we know, scenario 2
is a time compressed version of scenario 1. Scenario 2, $ateRAROC, and has
a longer payback period. This unequivocally illustratest tinis business case is not
going to be more profitable by optimizing it to a speed-tokeascenario: the extra
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Figure 6: RAROC over payback period for all scenarios.

effort is not worth the lower benefits, which take longer togemerated. Of course, if
there is no way out, you have to pursue this scenario, butybarat least understand
the implications. Scenario 3 lowers the RAROC by about 258 mared to scenario 1,
and also prolongs the payback period. So you see what thk iefi not mitigating
the requirements creep risk. Scenario 4 is the worst in theesef the lowest RAROC:
a little over 25% of scenario 1, but it does not have the lohgagback. This is for the
original example, with a RAROC a little less than half of th&ROC of scenario 1.

VARYING BUSINESS CASES

Our valuation approach is based on the cash-flow predictignthe business, and
benchmarked relations regarding costs, durations, aksl rigntil now, we investigated
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different risk scenarios and their impact on the value, bryivay the IT-side of the
equation. Indeed we found these scenarios will affect aataln significantly. In this
section we explain how we vary the business-side of an [Tiatan.

For a start, it is important to know the difference between déistimated benefits
and the actuals so that we can adapt the proposed busineswitiasghis factor. We
call this theROI IT-portfolio’s organization-wide fantasy factabbreviated RIPOFF.
This is the factor with which the estimated benefits diffemirthe actual benefits. If
you have historical data, and a good reporting system, yaurt@asure the RIPOFF.
Namely, the IT-investment plans project certain benefitg] By measuring the IT-
performance of the materialized IT-assets, the actualfiieiaee known, and their quo-
tientis the RIPOFF. Unfortunately, this is an ideal sitoato you have to approximate
the RIPOFF. For instance, by looking at a few large investmand their estimated
and actual value creation. Or you can define a simple IT-g@mere rule stating that a
business case should be beneficial even if we divide the behgf@2 (but this has its
own issues, as we will see later on).

Even without proper data, you want to know how sensitive amV&stment is to
lower returns than projected. To obtain an idea about thes,uge a similar idea as
calculating the internal rate of return. There we calculate discount rate for which
the NPV becomes zero, and compared it to the original disaate. This gave an idea
of the sensitivity to higher risks. So, you challenge thkirisss as perceived/used for
constructing the information technology. Now we will cleadbe the business case: by
discounting the cash flows with an amount of money such tlealNfV becomes zero.
So that we can see how sensitive the business case is fopdiatipg returns. To do
this, we need to solve the following equation:

n
R R At —ti
(16) & i(zt‘zl)zo
= 0+
In equation 16, there are+ 1 time unitstg, t1, ..., t,, cashflows:;,i =1,... n,

andr, is the used discount rate. For aJlwherec; contains nonzero benefits, we
take R, = R, and for the othei, we setR;, = 0. So, for the original example,
equation 16 is instantiated as follows:

(17) —1518800—0 n 259200 — R n 2061200 — R n 4713200~ R 0
(1+7r) (1+7)2 (147r)3 (1+4r)* N

The discount rate is = 0.2. Now we solve equation 17 using Mathematica [37].
Therefore, we have to make a first guess, and we used a mildbdardor R. The
solution with this initial value for the root finding algdhiin is then:R = 1355879.6.
We correct for the tax rate leading1855879.6/(1 —0.32) = 1993940.5 million dollar
per year. If we miss this amount of benefit per year the NPVlvélzero. The estimated
cumulative benefits for this investment are 11750000, ardzéro NPV benefits are
this amount minus 3 times the 1993940.5, which is 57681 7@&l4rd This means that
the RIPOFF should be smaller thain750000/5768178.4 = 2.037. In other words,
if the business is exaggerating with a RIPOFF of 2, and youecbffor that in the
business case, then the investment is doubtful.

For the first scenario, equation 16 looks similar:

—1186712 -0 353368 — R 2155368 — R

(18) (14 r)d1/12 + (14 r)d1/12+1 + (14 r)d1/12+2
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4807368 — R 4807368 — R
(1 + r)di /1244 T (1§ p)di/1245
2531794 — R - 0.526648671 0
(1 + r)dr/124u -

4807368 — R
(14 r)d1/12+3

In equation 18 we use the discount rate: 0.3473669. Again, using Mathematica,
we find thatR = 2254359.1 dollar, the tax correcte® is then 3315233.9 dollar. If
we subtract this amount per year plus its appropriate foadti the last year, the NPV
will turn out to be exactly zero. Since there is 5.5266486@&arg of operational life,
we have a cumulativ® of 18322133.0 dollar. If we subtract that from the estimated
cumulative benefits (30447200), we find 12125067 dollar,ttrdRIPOFF should not
exceed30447200/12125067 = 2.511. So in this scenario, if the business is boosting
its proposals with a fantasy factor of 2, then still this sm@mwill have a positive NPV,
so this scenario is less sensitive to disappointing ben#fas the original example.

cum ben. R | taxcorr.R cum.R | max. RIPOFF
original 11750000| 1355879.6] 1993940.5| 5981821.6 2.037
scenario 1| 30447200 2254359.1| 3315233.9| 18322133.0 2.511
scenario 2| 30447200{ 1701834.1| 2502697.3| 13831528.5 1.832
scenario 3| 31742910| 2118989.9| 3116161.7| 17767557.9 2.271
scenario 4| 31742910| 1322733.8| 1945196.8| 11091015.2 1.537

Table 12: The maximal RIPOFF for all scenarios.

We summarized the results of the maximally permissible FAP€Xor all scenarios
in Table 12. According our fictitious IT-governance ruletttlze zero NPV RIPOFF
should not exceed 2 you can conclude that scenarios 1 and&eeptable, that the
original example is at the edge of being acceptable, andsteatarios 2 and 4 are not
acceptable.

Ripped off by RIPOFF  An unwanted side-effect of using an IT-governance rule like
a RIPOFF of two to discount for the business case, is thatubméss will correct for

it. Namely, if you use a RIPOFF of 2 (divide the cumulativeérested benefits by two,
and amortize that over the benefit-containing cash flows)ptisiness will sooner or
later adapt their estimates to compensate for this effeatn DeMarco [6] proposed
the so-calledestimating quality factqror EQF, meant to reward people on the quality
of their estimates rather than the estimates themselvesidBa is to divide the actual
value (that we find in retrospect), by the difference with &stimate, and this over
time. So, suppose thatturns out to be the actual value, a#{d) represents the various
estimates over time, arig is the time when the actual value is known, typically at the
end of a project. Then the following calculation gives usHgF:

ta 1
B0r) = |

Equation 19 expresses that if the estimates are at all tineetlg a, the estimating
quality factor becomes infinite. So, in practice, the cleserestimate approximates
the actual value, the higher the EQF will become. You coukdthss trick to prevent
people from compensating for this governance rule, singdliin the end be exposed

(19) dt
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by the estimating quality factor for the RIPOFF, which is witee incentive is based
on. Apart from this potential side-effect, we think that RE°OFF calculations give a
good impression of the sensitivity for a business case &amhointing returns.

CONCLUSIONS

In this paper we illustrated how you can appraise IT-invesita. We explained our
approach using an existing published IT-investment prahasd we adapted and ex-
tended this example to illustrate how to obtain the most jinemt quantitative aspects
of estimating net tangible benefits of IT-investment pla@sir approach extends ex-
isting methods known from financial theory on the one hand, @m the other hand
makes use of quantitative IT-portfolio management to syppportant input to con-
duct the economic calculations. Importantly, based onmahdata points, we are still
able to carry out a credible financial analysis of the costgatibn, and financing of IT-
investments, based on benchmarks. Moreover, we use berichtoaisk-adjust costs,
durations, and financing of such investments. Thereby, &énaa position to provide
insight into the standard economic indicators: net pregaioie, internal rate of return,
return on investment, its risk-adjusted variants, the patperiod, break even points,
cost-benefit analysis over timg;curves, and comparisons of different risk scenarios.
We also addressed the idea of discounting the projectedite@d obtain an impres-
sion of how much lower the benefits can become before we hagad ifestment. We
think that this paper brings us one step closer to a commagtipesof IT-investment
management.
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