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Abstract We propose a tool for managing tasks of Research and Development
(R&D) projects. We define an R&D project as a network of tasks and we assume
that different amounts of resources may be allocated to a task, leading to different
costs and different average execution times. The advancement of a task is stochastic,
and the management may reallocate resources while the task is being performed,
according to its progress. We consider that a strategy for completing a task is a
set of rules that define the level of resources to be allocated to the task at each
moment. We discuss the evaluation of strategies for completing a task, and we
address the problem of finding the optimal strategy. The model herein presented uses
real options theory, taking into account operational flexibility, uncertain factors and
the task progression. The evaluation procedure should maximize the financial value
for the task and give the correspondent strategy to execute it. The procedure and
model developed are general enough to apply to a generic task of an R&D project.
It is simple and the input parameters can be inferred through company and/or project
information.
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1 Introduction

Companies operating in dynamic markets, driven by technological innovation, need
to decide, at each moment, which projects to carry out and the amount of resources
to allocate to them. These decisions are crucial for the companies’ success. Projects
that create or improve an existing process, material, device, product or service,
or projects that aim to extend overall know-how or ability in a field of science
or technology, are considered as research and development (R&D) projects [19].
The nature of this kind of projects may lead to a high cost [19]. Furthermore the
R&D outcomes may take years to be realized. Hence, R&D projects should be
properly valued and managed, especially for firms that depend on innovation [12].
An effective evaluation of these projects allows allocating the limited resources
properly, as well as prioritizing the current projects, according to their expected
financial returns.

Traditional evaluation methods, such as the ones based on discounted cash flows,
are not adequate because they assume a pre-determined and fixed plan, which does
not allow taking into account both uncertainty and flexibility [20]. This kind of
methods estimate the future benefits, in terms of cash flows, usually on an annual
basis, and then the cash flows are discounted at a risk-adjusted rate so that the
present value is obtained. If the initial investment is subtracted, the net present
value is obtained [12]. However, predicting future cash flows is not easy in an R&D
environment, because the profitability also depends on how the projects are managed
during their lifetime [12]. The methods based on discounted cash flows reflect the
passive management of a project.

R&D projects are characterized by several types of uncertainty and by the
possibility of changing the initial plan of action, that is, R&D projects have two
important features that have to be taken into account: uncertainty and operational
flexibility. The flexibility of a project leads to an increase in the project value that
must be taken into account in its analysis or evaluation. When there is operational
flexibility, it may be better to change the plan of action when new information
arrives. Hence, it is very important to consider these features in the evaluation of
R&D projects.

Mostly, R&D projects are composed by different phases. We can also consider
that each project or phase is split into different tasks. Usually, the companies
undertaking those projects have different kinds of resources that can be allocated to
those tasks. The difference among resources can be qualitative, quantitative, or both.
Consequently the cost and the execution speed are different among different levels
of resources. Thus, both evaluation and resource allocation have to consider the
project flexibility. The flexibility during the execution of a project is very important
for seizing opportunities or avoiding losses upon the occurrence of unfavorable or
unexpected scenarios [1]. The flexibility can consider different actions at different
phases of an R&D project like defer, expand or abandon; but this flexibility is also
important to do an active and better resource allocation, that is, the allocation can be
changed according to the project progress or the occurrence of unexpected events.
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Hence, the flexibility is relevant in order to make optimal decisions, because it leads
to an increase in the project value that must be taken into account in its evaluation
or management. When new information arrives, the flexibility allows changing the
plan of action, if necessary.

In this paper, we intend to present a tool to evaluate tasks of R&D projects,
taking into account the resource allocation strategy. For each task, there are different
levels of resources that can be chosen. We define a strategy as a set of rules that
indicate which level of resources shall be chosen, at each moment, among the levels
of resources defined to execute the task.

The main condition to use the model behind the tool is the ability to define a
finite, discrete set of levels of resources that can be used at each instant, and to
define the cost per time unit of each level of resources.

The output of this tool helps management to allocate resources to tasks that
compose an R&D project. Although the tool presented evaluates a task of an R&D
project, it implies that the evaluation of the tasks that compose a project leads to a
financial evaluation of the project. The connection between tasks will be detailed in
future work, because it is necessary to determine how the tasks are linked to each
other and how codependent they are. Notice that some tasks can have precedents,
that is, some tasks can only begin when others are completed or if others have
obtained certain results.

For each task, we assume that different resource levels can be allocated, which
have different costs and different average execution times. The advance of the task
is stochastic and the project manager can reallocate resources while the task is in
progress. The progression of a task defines, at each moment, which is the best
level of resources to choose. The difference between the resource levels can be
quantitative, qualitative or both. Different strategies are analyzed, and the objective
is to find the optimal strategy to execute an R&D task.

This paper is structured as follows: Sect. 2 reviews some literature about
evaluation and management of R&D projects; Sect. 3 presents and characterizes
the model, Sect. 4 describes the analysis procedure, Sect. 5 presents some examples,
Sect. 6 describes the usage of the procedure, and Sect. 7 concludes.

2 Evaluation of R&D Projects

There are several models and techniques to evaluate R&D projects and tasks, but it
is difficult to aggregate all issues that characterize this kind of projects in a single
model.

If the project evaluation is required to be mostly financial, real options theory
seems to be quite promising, since it integrates the operational flexibility and the
uncertainty into the evaluation process, assisting in the best decisions [19]. A real
option gives the right (but not the obligation) to perform a determined action. For
example, an R&D laboratory gives to the company the right to research and develop
new products but not the obligation to do so [19]. Real options valuation is based on
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financial options theory and allows assessing investments under uncertainty, because
it takes into account the risks and the flexibility value for making decisions when
new information arrives [1].

For the valuation of R&D projects, real options consider that managers have the
right but not the obligation to act upon the development process. The evaluation
models based on real options emphasize the flexibility and the options available to
management [15]. The recognition that the financial options theory can be used to
evaluate investment projects was made by Myers [11], who used the expression real
option to express the management flexibility under uncertain environments. Real
options theory allows us to determine the best sequence of decisions to make in
an uncertain environment, and provides the proper way to evaluate a project when
such flexibility is present. The decisions are made according to the opportunities
that appear along the project lifetime, which means that the optimal decision-path
is chosen step by step, switching paths as events and opportunities appear [7].

The models to evaluate real options can present some difficulties like finding
the right model, determining the model inputs and being able to solve the option
pricing equations [15]. Although some evaluation aspects could be defined through
qualitative assessment, it is quite hard to capture interactions among factors or multi
period effects during the project. Still, following a real options perspective on R&D
projects has a positive impact on both R&D and financial performance.

Many authors use real options to evaluate R&D projects in different areas. Brach
and Paxson [2], for example, use real options to evaluate pharmaceutical R&D, Lint
and Pennings [9] also use a real options model in the Philips Electronics, Schwartz
and Zozaya-Gorostiza [17] use real options in information technology, and Lee and
Paxson [6] in e-commerce. However, these models and other similar ones, cannot
be flexible enough to adapt to all companies.

To evaluate or analyze an R&D project through real options theory, management
has to evaluate the sequential real options that appear along the lifetime of the
project. To evaluate these options, it is important to incorporate the associated
risk. This risk may be related to prices, costs and technology, among others. There
are several processes to model these variables, like Brownian motions [6], mean
reversing models [5], controlled diffusion processes [17], or even combinations
between diffusion and Poisson processes [13]. The Poisson processes are also
widely used to model technological uncertainties [13] or catastrophic events that
make it impossible to proceed with the project [17]. The revenues may also be
uncertain, and it may be necessary to model them with stochastic processes [16].

The real option value can be determined through closed-form valuation models,
like the Geske model [14] or the Carr model [3]. In general, real options are
American, which means that they may be exercised over a period of time instead
of being exercised in a given moment. The value of such options is the solution
of partial differential equations. The analytic solution or construction of such
equations can be hard and an alternative is to use numerical techniques, analytical
approximations or simulation. Notice that real options models mostly have a high
complexity, because they integrate a set of interacting options, complicating their
evaluation. It can be very hard to define or solve some kind of equations that
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represent the real options value. Simulation is a good alternative to evaluate real
options, because it allows to consider the state variables as stochastic processes and,
nowadays, the simulation techniques are easy to use, transparent and flexible [10].
For example, Schwartz and Moon [16] formulate the model they use in continuous
time and, then, they define a discrete time approximation and solve the model by
simulation.

The model and the procedure we present intend to find the optimal strategy
in terms of resource allocation to tasks of R&D projects. This optimal strategy
maximizes the task value and this value characterizes and evaluates the task. In tasks
of R&D projects, it is important, when different levels of resources are available, to
choose the most appropriate one at each moment, that is, it is important to choose
the level of resources that maximizes the task value. The evaluation is financial
and to incorporate the operational flexibility and uncertainty, we use real options
theory. Furthermore, we used simulation (Least Squares Monte Carlo – LSM) in
the evaluation process to deal with different state variables. We elected the LSM
method, because it allows making decisions according to future expectations.

The model we present is flexible enough to apply to tasks of different R&D
projects. The state variables were modelled without very strong assumptions, and
the necessary parameters can be inferred from the information concerning other
projects of the company.

3 The Proposed Model

We present a tool that can be applied to evaluate tasks of R&D projects, in order to
help management making decisions concerning resource allocation.

We consider that an R&D project is composed by different tasks, and to evaluate
a project, we must evaluate its tasks. The tool herein presented intends to evaluate
those tasks.

As mentioned before, the result of such evaluation is a set of rules that helps
management choose the level of resources, at each moment. These rules allow
maximizing the task value. To apply this procedure, it is necessary to define the
finite set of levels of resources and the respective cost per unit of time.

We assume that each task is homogeneous and needs a certain number of
identical and independent work units to be completed. These work units can be
seen as small parts of the task and the set of these parts composes the task. The
work units can also be executed by different resource levels, which lead to different
average times to finish the task and different costs per time unit.

We consider, in our model, that there is uncertainty in the time it takes to
complete a task, and consequently, in the costs, because they depend directly on
the time to complete the task.

The costs are deterministic, per unit of time, and depend on the level of resources.
We also assume that there may be a cost inherent to switching between different
resource levels.
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In the model herein presented, we do not model the revenues, but the cash flows
resulting from the completion of the task. The expected operational cash flows
resulting from the exploration of the investment project follow a stochastic process
and depend on the time it takes to complete each task.

Notice that a set of tasks composes a project. From now on, the present value
of the cash flows resulting from the lifetime of each task (cash inflows and cash
outflows) is termed the task worth. These cash flows represent a portion of the
total cash flows of the entire project. The concept of instantaneous task worth is
used, which represents the present value of the task worth, assuming that the task
was already finished. We also assume a penalty in the task worth according to its
completion time, that is, the task worth is more penalized as the task takes longer to
be completed. We incorporate this penalty, because we assume that R&D projects
can turn more profitable if a product or a service is launched earlier. Finally, the task
value is calculated through the costs, time and task worth.

Before presenting the evaluation process we define the relevant variables. Thus,
the next subsections describe in detail how we handle the time to complete a task,
the task worth, the costs and the net present value of the task.

3.1 Time to Complete a Task

The time to complete a task is not deterministic because it is impossible to know
it with certainty, due to unpredictable delays or technical difficulties. Considering a
specific level of resources along the entire task, we define the time to finish the task
as T.k/.

T.k/ is a random variable and it is the sum of a deterministic term, the minimum
time to finish the task, M.k/, with a stochastic one. Let D be the number of work
units to complete the task. The time it takes to complete each work unit is composed
by a constant part and a stochastic one, the latter being defined by an exponential
distribution. This distribution is adequate because we assume that the average
number of work units completed per unit of time is constant and there is no a priori
expectation as to the nature of the distribution [8]. We also assume that the time it
takes to complete one work unit is independent of the time it takes to complete the
other work units. Thus, it is immediate that the necessary time, T.k/, to complete the
task, using the level of resources k, is defined by

T.k/ D
DX

iD1

Ot.k/
i (1)

where Ot.k/
i is the time that each work unit takes, considering the level of resources k.

Each term can be written as

Ot.k/
i D M.k/

D
C t.k/

i (2)
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where t.k/
i follows an exponential distribution with average 1=�.k/. Replacing Ot.k/

i in
(1)

T.k/ D M.k/ C
DX

iD1

t.k/
i (3)

The time to finish the task is composed by a sum of a deterministic term, which
represents the minimum time that is necessary to finish the task, with a stochastic
one. This latter term is defined as the sum of D independent and identically
distributed exponential variables.

3.2 The Costs

The costs we consider are related to the usage of the resource levels. Thus, these
costs depend on the level of resources used and on the necessary time to complete
the task. We assume that the costs are deterministic per unit of time and that they
increase at a constant rate, possibly the inflation rate. Considering a specific level of
resources k, let C.k/

x be the instantaneous cost, at instant x. The model for the costs
can be defined by

dC.k/
x D �C.k/

x dx (4)

where � is the constant rate of growth of the costs. Thus the value of C.k/
x is

C.k/
x D C.k/

0 e�x (5)

where C.k/
0 is a constant dependent of the level of resources.

The cost, NC.kj/

j , of a work unit j that uses the level of resources kj, and that begins
on instant xj and ends on instant xjC1 is

NC.kj/

j D
Z xjC1

xj

C
.kj/
x dx D

Z xjC1

xj

C
.kj/

0 e�xdx D
�

1

�
C

.kj/

0 e�x

�xjC1

xj

D C
.kj/

0

�
.e�xjC1 � e�xj/

(6)

The present value of the cost of the work unit j, that uses the level of resources kj,

with respect to an instant x0, and assuming a discount rate r, is OC.kj/

j;x0
and it is given

by

OC.kj/

j;x0
D

Z xjC1

xj

C
.kj/
x e�r.x�x0/dx D C

.kj/

0 erx0

� � r
.e.��r/xjC1 � e.��r/xj/ (7)
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The expression above is valid when � ¤ r. In the case � D r,

OC.kj/

j;x0
D

Z xjC1

xj

C
.kj/
x e�r.x�x0/dx D C

.kj/

0 erx0.xjC1 � xj/ (8)

We also assume that costs related to changes of the level of resources can occur.
That is, if there is a change in the level of resources from one work unit to another,
it may be necessary to incur a cost. The cost for changing the level of resources from
kj, in the work unit j, to other level of resources, kjC1, in the next work unit j C 1 is
given by �.kj; kjC1/. We also assume that these costs are deterministic, depend on
the level of resources and grow at the same rate �. If the change occurs at moment
xjC1, that is, at the moment that work unit j C 1 begins, the value of the respective
cost is �.kj; kjC1/e�xjC1 and the present value of this cost, with respect to an instant
x0 is

�.kj; kjC1/e
�xjC1e�r.xjC1�x0/ (9)

In our evaluation procedure, it is necessary to calculate the present value of the total
remaining costs, that is, it is necessary to determine the total costs from a certain
work unit j until the last one, D. We assume that, for all work units, j D 1; : : : ; D,
the present value of the remaining costs is determined with respect to xj, which is the
instant in which the work unit j starts, and it is denoted as TotC.j; xj/. The expression
of TotC.j; xj/ can be given by

TotC.j; xj/ D
D�1X

aDj

Œ OC.ka/
a;xj

C �.ka; kaC1/e
�xaC1e�r.xaC1�xj/� C OC.kD/

D;xj
(10)

where:

• xj is the instant in which work unit j starts;

• OC.ka/
a;xj is the present value of the cost of the work unit a, with respect to the instant

xj. The work unit a begins at instant xa and uses the level of resources ka;

• OC.kD/
D;xj

is the present value of the cost of the work unit D with respect to instant xj.
The work unit D uses the level of resources kD;

• �.ka; kaC1/ defines the value of the cost to change from the level of resources ka

used in work unit a to the level of resources kaC1 used in work unit a C 1. Notice
that if the level of resources is the same in the work unit a and in the work unit
a C 1, this cost is zero;

• r is the discount rate.
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3.3 The Task Worth

Many authors define the price process of an R&D product through the geometric
brownian motion (GBM), dP D ˛PdtC�Pdz. The GBM assumes that uncertainties,
with respect to the project, are solved along the project lifetime. This assumption
can be very strong in an R&D environment, because the expected value may not
be adjusted continuously. Thus, the use of a GBM would not be suitable. Notice
that the expected task value may vary with shocks (positive or negative), such as
the discovery of a new technology, a competitor’s entry or technological difficulties,
among others. These shocks occur at certain discrete moments of time, and not
continuously as it is assumed when a GBM is used.

We define the task worth as the present value of the cash flows resulting from
completing the task (including both cash inflows and cash outflows). The task worth
does not depend on the level of resources used to undertake the task, but on the
time to complete it. We also define the related concept of instantaneous task worth
(or instantaneous worth), which is the value of the task worth assuming that the
task is completed at the instant being considered. We assume that the instantaneous
task worth changes according to a pre-defined rate and with some stochastic events.
The rate can be positive or negative, depending on the nature of the project, and
it can be inferred from historical data or knowledge and experience of managers.
In R&D projects, new information can arrive, or unexpected events can occur, that
change the course of the project and, consequently, the expectations regarding to
the instantaneous task worth. Thus, we chose to model the instantaneous task worth
by using a Poisson process. The parameter associated with the Poisson process is
constant along the task because it is considered that, at each moment, the likelihood
of a “shock” is the same. So, there is no specific information on the ongoing progress
of the cash flows.

We also assume that a penalty in the instantaneous task worth may occur, due to
the duration of the task. That is, we assume that it may be the case that the earlier
the product is launched in the market, the bigger is the worth obtained. The task
worth may be more penalized as the task takes longer to complete. The reason for
such penalty may be related to the existence of competition: if a competitor is able
to introduce, earlier, a similar product in the market, the task worth might be lower.
Let the model of instantaneous worth, R, be defined by:

RdR D ˛Rdx C Rdq (11)

The parameter ˛ included in the model represents the increasing or decreasing rate
of the instantaneous worth, in each lapse dx. The term dq represents a Jump process,
that is

dq D
�

u; with probability pdx
0; with probability 1 � pdx

(12)
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with u defined by an uniform distribution, u � U.umin; umax/, umin � umax. Notice
that, if the instantaneous worth would depend only on the rate ˛, it would be
continuous and monotone increasing (assuming the rate positive). But, besides the
rate ˛, there is the possibility of occurring jumps in the instantaneous worth, due
the nature of these projects and/or the behavior of the market. New information can
drastically modify the course of the project and the entry of new competitors can
change the value of the project. In order to handle the model, we assume a discrete
version of the instantaneous worth. Without the jump process, the solution of (11)
would be Rx D R0e˛x, and therefore we would have RxC1 � Rx D R0e˛x.e˛ � 1/.
Considering low values for ˛, we can assume that e˛ � 1 � ˛, and the expression
would become RxC1 � Rx � ˛Rx. In order to incorporate the jump process, we
assume that in a lapse of time that is not infinitesimal, more than one jump may take
place. So, the discrete version of the model of the instantaneous worth becomes

RxC1 � Rx C ˛Rx C Rx�q (13)

where �q D
�X

iD1

ui, with ui � U.umin; umax/, and � is defined by a Poisson

distribution with parameter p, that is, � � P.p/.
The present value of the instantaneous worth in a given moment depends on the

instantaneous worth of the previous moment. Thus, the instantaneous worth of the
first period is R1 � R0 C ˛R0 C R0�q. It is necessary to know the initial value
R0, which is an input parameter for the model. Assuming that the task is finished at
the moment T, we define RT as the task worth, which is calculated according to the
model previously presented.

The penalty mentioned initially can be expressed by a function g.x/, where x
denotes the time. This function is positive, decreasing, and it takes values from the
interval Œ0; 1�. Thus, assuming this feature, the final expected task worth is RT �g.T/.
Notice that, if there is no penalty, g.x/ D 1, 8x.

3.4 The Net Present Value of the Task

For the model, it is necessary to calculate the expected value of the net present value
of the task, for each work unit j, j D 1; : : : ; D, and with respect to the initial instant
of that work unit, xj. The net present value of the task in each work unit includes the
present value of the expected task worth at the end of the task and the present value
of the total remaining costs. These present values are calculated with respect to the
instant xj. Thus, assuming that the instant to finalize the task is T, the net present
value of the task, at the beginning of the work unit j is Val.j; xj/ and it is determined
as follows:

Val.j; xj/ D RT � g.T/e�r.T�xj/ � TotC.j; xj/ (14)
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4 Procedure for the Task Evaluation

The procedure we propose intends to define the optimal strategy to execute an R&D
task. We consider that there are different levels of resources, and the aim of this
procedure is to choose which level of resources should be used at each moment, in
order to maximize the task value.

The procedure considers the models presented in the previous section and uses a
method similar to the Least Square Monte Carlo [10]. We selected this method for
being simple, for considering different state variables and for capturing the future
impact of current decisions.

The least-squares Monte Carlo (LSM) method was presented by Longstaff
and Schwartz [10] and it estimates the price of an American option by stepping
backward in time. At any exercise time, the holder of an American option optimally
compares the payoff from immediate exercise with the expected payoff from
not exercising it. This approach uses a conditional expectation estimated from
regression, which is defined from paths that are simulated with the necessary state
variables. The paths are simulated forward using Monte Carlo simulation, and
the LSM performs backwards-style iterations where at each step it performs a
least-squares approximation from the state variables [4]. The fitted value from the
regression provides a direct estimate of the conditional expectation for each exercise
time. Along each path, the optimal strategy can be approximated, by estimating this
conditional expectation function for in-the-money paths and comparing it with the
value for immediate exercise. Discounting back and averaging these values for all
paths, the present value of the option is obtained.

This method can be applied to estimate the value of real options. It constructs
regression functions to explain the payoffs for the continuation of an option through
the values of the state variables. A set of simulated paths of the state variables is
generated. With the simulated paths, the optimal decisions are set for the last period.
From these decisions, it is built, for the penultimate period, a conditional function
that sets the expected value taking into account the optimal decisions of the last
period. With this function, optimal decisions are defined for the penultimate period.
The process continues by backward induction until the first period is reached. The
use of simulation allows integrating different state variables in an easy way.

The procedure herein presented is based on LSM method, but some adaptations
were necessary, for example in the way time is handled.

The process consists in the following: we start by building many paths with
different strategies. The strategies used to build the paths include executing all work
units with the same level of resources or using different resource levels to finish
the task. For each strategy, and for each path, we simulate the values of the time to
execute the task, through the model we presented in the previous section. With the
time and the level of resources used, we can determine the costs, and through the
model for the task worth, we can simulate the values for the instantaneous worth;
finally, we can determine the net present value of the task, for each path, and for
each work unit.
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In this procedure we build, by backward induction and for all work units,
regression functions for values previously calculated for the paths. These functions
explain the net present value of the task as a function of different state variables: the
elapsed time, the instantaneous worth and the number of work units already finished.

The evaluation procedure begins in the last work unit. For all paths initially
simulated, it is considered the instantaneous worth observed in the beginning of
the last work unit, as well as the time elapsed until the start of that work unit. For
all paths, assuming a specific level of resources, kD, to complete the last work unit,
the time to complete the task is redefined, as well as the net present value of the
task in the beginning of the last work unit. Taking the net present value of the task
recalculated in all paths, VjkD, the elapsed time until the beginning of the last work
unit, Y1;D, and the instantaneous worth observed in the beginning of the last unit,
Y2;D, a regression function, FD;kD , is built. This function explains the net present
value of the task, in the last unit, as function of the elapsed time until the beginning
of the last work unit and of the instantaneous worth observed in the beginning of
that unit. We regress VjkD on a constant, and on the variables Y1;D, Y2;D, Y2

1;D, Y2
2;D

and Y2;DY1;D, that is,

FD;kD D a0 C a1Y1;D C a2Y2;D C a3Y2
1;D C a4Y2

2;D C a5Y2;DY1;D (15)

We assumed these basis functions for the regression, but other basis functions could
be selected without interfering with the process or altering it [18].

This procedure is repeated assuming the other resource levels to perform the last
work unit. Thus, considering that there are N resource levels, in the last work unit,
for each level of resources kD; kD D 1; : : : ; N, we define a function, FD;kD , which
explains the net present value of the task as function of the elapsed time (until the
beginning of the last unit) and of the instantaneous worth observed in the beginning
of that unit.

For the earlier work units, the procedure is based on the same principle: it is
considered that the work unit under consideration, say j, is executed with a specific
level of resources, kj. Next, the net present value of the task in the beginning of that
unit is recalculated, through the definition of the best strategy from the following
unit until the last one. The definition of the best strategy is done using the regression
functions already determined (Fig. 1) and the costs for switching levels: for each of
the following work units, the level of resources chosen is the one that leads to a
higher value in the difference between the respective regression function and the
cost of switching the level (if the level of resources is different from the level used
in to the previous work unit), that is, for a D j C 1; : : : ; D, the level of resources
chosen ka is

max
kaD1;:::;N

fFa;ka � �.ka�1; ka/e�xag (16)

Assuming the specific level of resources used in the unit j, and with the best
strategy defined from the work unit j C 1 until the last one, we recalculate the net
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Fig. 1 Functions that allow the definition of the best strategy from unit j C 1 until the last unit D

present value of the task in the beginning of the unit j. Taking the recalculated values
of the net present value of the task, Vjkj, the values of the elapsed time until the
beginning of the unit j, Y1;j, and the values of the instantaneous worth observed in
the same moment, Y2;j, a regression function is defined. This regression function
explains the net present value of the task as a function of the elapsed time until the
beginning of work unit j and of the instantaneous worth observed in the beginning
of work unit j.

For this work unit j the procedure is repeated, assuming the other resource levels
to execute it. In this way, we construct regression functions for all resource levels
in the work unit j. These functions explain the net present value of the task as a
function of the elapsed time and of the instantaneous worth. The process proceeds
by backward induction until the second work unit. This procedure allows having, for
each work unit and for all resource levels, a regression function that estimates the
net present value of the task, through the elapsed time and through the instantaneous
worth observed (Fig. 2).

For the first work unit we do not construct the regression functions, due the fact
that, for all paths, the instantaneous worth observed in the beginning of the first
unit is R0 and the elapsed time in that moment is 0, that is, the instantaneous worth
observed and the elapsed time are constant. Thus, to determine the best level of
resources in the first work unit, a specific level of resources is assumed. Then, with
the regression functions of the following work units, the best strategy is defined
for all paths. With the best strategy in each path, the net present value of the task
is calculated for the first work unit. The average of these values provides the task
value, assuming that specific level of resources for the first unit. This evaluation is
repeated, assuming the other resource levels for the first work unit. Notice that it is
necessary to decide which level of resources may be used to begin the task. The level
leading to a bigger average value of the task in the first unit is chosen to initialize
the task. After this procedure, the regression functions allow defining rules which
can guide management in the decisions about the strategy to use. Thus, with the
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Fig. 2 Regression functions, explaining the task value as function of elapsed time and instanta-
neous task worth

regression functions and knowing which level of resources was used, we can define
rules, indicating management which is the level of resources to use next.

5 Numerical Example

To test the evaluation procedure, we consider a project that is being executed. It is
necessary to evaluate one of its tasks and define the best strategy for undertaking
it. There are two different resource levels (level 1 and level 2) to execute the task.
For this specific task, D D 20 work units were defined, that is, the task is divided in
20 identical parts. We assume that, in average, level 1 can conclude 1.5 work units
per unit of time, and level 2 can conclude 3 work units per unit of time. The costs
increase at a rate of 0.5 % per unit of time, and the discount rate is r D 0:1 %, per
unit of time. We assume that the instantaneous task worth increases 1 % per unit of
time. The penalty function for the instantaneous worth punishes it up to 10 %, if the
task takes less than 10 units of time; if the task takes between 10 and 15 units of
time, the task worth is penalized up to 30 %; if the task takes longer than 15 units of
time, the penalty is fixed: 30 %. Thus, the penalty function, g.x/, where x represents
time, is the following:

g.x/ D

8
ˆ̂<

ˆ̂:

1 � x

10
� 0:1; if x � 10

0:9 � x � 10

15 � 10
� 0:2; if 10 < x � 15

0:7; if x > 15

The input parameters are in Table 1.
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Table 1 Input parameters for the numerical example

Time Costs Task worth

M.1/ D M.2/ D 0 C.1/
0 D 10I C.2/

0 D 40 R0 D 2000

�.1/ D 1:5; �.2/ D 3 �.kj; kjC1/ D C
.kjC1/

0 ˛ D 1 %

� D 0:5 % 	 � Po.0:4/

ui � U.�0:2; 0:2/

Fig. 3 Percentage of the
paths that chose each level of
resources, after applying the
evaluation process
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To run the evaluation procedure, 700 paths were considered and we used the
following initial strategies: to execute the whole task with the first level of resources;
to execute the whole task with the second level of resources; to execute half of the
task with one level and the other half with the other level of resources. This led to
a total of 2100 paths. The paths built, using only the level 1, led to an average time
of 13.28, with a net present value of 1637.6. The paths built, using only the level
2, led to an average time of 6.64, with a net present value of 1708.5. After running
the procedure described in the previous section, the average time to execute the task
is 8.4 and the net present value of the task is 1728.58. Analyzing the results of the
strategy used, level 2 is the only one chosen in the first units, but afterwards level 1
is chosen in many paths (Fig. 3).

In order to analyze the procedure, we can assay which one is the indicated
level of resources for the next work unit. If we know the level of resources used
before and the regression functions of the next work unit, it is possible to choose
the level of resources that should execute the next work unit, taking into account
the state variables information. The best decisions can be plotted as regions in the
two-dimension space defined by the instantaneous worth and by the elapsed time.
Such plot can provide some intuition about the best choices concerning the level of
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Fig. 4 Strategy for work unit 17, when level 1 is used in the work unit 16

resources to be used in the next work unit. If in a certain work unit d, level 1 was
used, the equation to determine the frontier lines between “continuing with level
1” and “change to level 2” regions are is FdC1;1.�/ D FdC1;2.�/ � �.1; 2/e�xdC1 .
Similarly, if in a certain work unit d, level 2 was used, the equation to determine
the frontier lines between the “continuing” and “change” regions is FdC1;1.�/ �
�.2; 1/e�xdC1 D FdC1;2.�/.

For example, assume that unit 16 of the task is completed. Supposing that
level 1 was used in unit 16, we can provide a plot that defines how the level
of resources should be chosen for work unit 17. This plot defines two regions,
“continue with level 1” and “change to level 2”, with the frontier lines obtained
through F17;1.�/ D F17;2.�/��.1; 2/e�x17. Besides these frontier lines, we also plotted
the level of resources chosen for work unit 17, in the different paths in which level
1 was used in work unit 16 (Fig. 4). The little stars in Fig. 4 correspond to the paths
that used level 1 in unit 16 and continue with level 1 in unit 17. The little balls
correspond to the paths that used level 1 in work unit 16 and changed to level 2 in
work unit 17. According to the region in which the pair (elapsed time, instantaneous
worth) is situated, it is possible to define the level of resources to use in unit 17.

The procedure herein presented can be analyzed according to others aspects. We
can analyze the net present value of the task when the input parameters change.

For example, we can analyze the changes when the costs to switch level exist or
not; or when the penalty of the task worth exists or not. Taking the example above
we obtain the following results, displayed on Table 2.

The most significant increase in the net present value of the task occurs when we
remove the task worth penalty. The removal of the cost of switching level might not
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Table 2 Net present value of the task considering the existence or not of a penalty in the task
and/or the costs to switch level

Costs to switch level Penalty Net present value of the task in its beginning

Yes Yes 1728.6

No Yes 1733.0

No No 2097.3

Yes No 2097.7

Fig. 5 Percentage of the
paths that chose each level of
resources, after applying the
evaluation process without
costs to switch level of
resources

120

100

80

60

40

20

P
er

ce
n

ta
g

e

0
1 3 5 7 9 11 13 15 17 19

Work units

% of paths that
chose level 1

% of paths that
chose level 2

change the net present value of the task very much, but changes the strategy to use.
Notice that the absence of these costs leads to more changes of level of resources,
like shown in Fig. 5. This happens if there is not a dominant level, that is, if there is
not a level that leads to a higher net present value of the task in all work units.

6 Usage of the Procedure

The evaluation procedure herein presented allows managing tasks of R&D projects.
Knowing the levels of resources available to execute a task, the evaluation procedure
provides a strategy to complete the task. The main utility of this approach is to help
managers to understand what level of resources should start the task. Furthermore,
analyzing the results, managers can see whether it is useful or not to change the level
of resources during the task. If circumstances change, throughout the execution of
the task, managers can reapply the evaluation procedure, considering a “subtask”
of the initial task, that is, considering a smaller number of work units, since some
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of them have been completed. In this case, managers can decide on the level of
resources that should execute the rest of the task.

This evaluation process provides two useful results: the expected net present
value for the task and the corresponding strategy to execute it. For the application of
this approach, information is needed to allow the inference of the model parameters
and is also necessary to know what levels of resources are available to execute the
task. The input parameters of the evaluation model can be inferred from historical
data of the company. The construction of this approach was made, taking into
account it would be possible to infer these parameters. A major difficulty in applying
evaluation models to real projects is the knowledge of the required parameters.
Furthermore, many models consider assumptions that are difficult to be encountered
in reality. This procedure tried to rely on realistic and simple assumptions.

7 Conclusions and Future Research

We developed a financial approach to evaluate homogeneous tasks of R&D projects.
This approach takes into account one single criterion, which is financial; it is based
on real options and its result defines the strategy to execute the tasks as well as
the correspondent financial value. The strategy to execute the task consists on a set
of rules that allows defining, at each moment, which is the level of resources that
should be chosen, among the available levels of resources.

The resource levels impose different average speeds, as well as different costs per
unit of time. The model incorporates the completion time of the task, the cost, the
task worth and the net present value of the task. The evaluation procedure is based
on a simulation process and uses, in their regression functions, information observed
at each moment. If new information appears or the course of the task changes, the
procedure can be reapplied. Managers can reapply the procedure whenever it is
necessary.

This approach can be improved by introducing an abandonment option, when the
expected net present value is equal to or lower than a certain reference value. This
option must be integrated and interpreted in the context of the project that contains
the task.

Considering that an R&D project is a set of interdependent tasks, this evaluation
procedure can be the basis to analyze the strategy to execute an R&D project, as well
as the financial value associated to it. However, there are some aspects that must be
taken into account: the result of the evaluation of a task influences the evaluation
of the next task. On the other hand, the connections between the tasks and the way
these connections influence the evaluation of an R&D project must also be taken
into account.
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