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Summary

This paper presents a method for estimating the distribution of human resources to
be assigned to development projects. The estimation calculates the optimal distribution
from the economical point of view (i.e.: that which less costs). To accomplish this, we
built an economical model to distribute human resources among projects in one organi-
sation. The equations and algorithms used to do this are presented in the paper. We
also briefly present a tool which does these estimations.

1. Introduction

In the last few years, an increasing demand for personnel qualified in Information
Technologies has been observed, which greatly exceeds the offer: in 1998 there was in
Europe 500,000 free positions in IT, with an expected increase of up to 2.4 million peo-
ple for the year 2004 [1]. Some reports from the Europeam@ssion also confirm
this tendency [2][3], which is reviewed by daily newspapers almost every month. The
situation in the U.S.A. is quite similar: the yearly number of visas for foreigners quali-
fied in Information Technologies has been increased to the point of 300,000 ones, al-
though big software organizations have solicited a greater number of licenses.

With this situation, software organizations must do an adequate planning of their
human resources among the different projects that they are carrying out. An additional
difficulty is to fix the number of development projects to be accepted by a software or-
ganization, when many times it is known that the organization has not (and will not
have) people enough to execute all the projects in time and budget. However, the rejec-
tion of a software project will cause probably the loss of that customer for the organiza-
tion, and maybe a negative impact on other potential customers.

Therefore, it is important to accept projects, but it is also a basic activity to distribute
the human resources in an adequate way among all of them, and this one is the main
goal of this paper.

We propose to make an economical model of the portfolio of software development
projects, in order to estimate the optimal quantity of human resources to be devoted to
each project, during every day of the considered period. We have successfully tested the
method with several projects which use different life cycle models, although we have
reasons to believe that it can be easily adaptable to still-non-studied life cycles. This
method is a very advanced evolution of the work presented last year in this same forum
[4].

The paper is organized as follows: Section 2 explains the model we use to represent a
portfolio of development projects from an economical point of view, which includes
several equations. In Section 3, an algorithm to calculate the distribution is presented, as
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well as CRED, a tool we have developed to do estimations. Section 4 exposes our con-
clusions and future and immediate work lines.

2. Economical model of a portfolio of development projects

One of the primary goals of the software organization is to obtain economical bene-
fits from the developments. Independently of the life cycle selected for a given project,
this one can be considered as the union of several subprojects. Sometimes, the consecu-
tion of a subproject will be a must to start another one (in the waterfall life cycle model,
the requirement analysis comes before the design phase), but other times, the life cycle
selected allows to develop in parallel different parts of the system. Depending on the
contract between the customer and the supplier organizations, maybe some of those
subprojects must be delivered according to a previously signed scheduling. For exam-
ple, a system developed using the Unified Process can be delivered in several releases,
each one with some increment of functionality with respect to the previous one. These
successive releases constitute partial results whose date of deliver, prize and possible
sanctions by delay may be covenanted in the development contract.

2.1. Maximization equation

The software organization must take into account all these factors to do an adequate
resource assignment to each project and subproject, with the primary goal of maximize
its economical benefits. This can be represented by the following equation:

N
MaxB=1-C=3(li -Ci) Eq. 1

i=1

In Eq. 1.,B represents the benefits produced by kheevelopment projects in the
portfolio; | and C respectively are the total incomes and costs, whdieasd Ci repre-
sent the incomes and costs of iké project.

As every project is an aggregation of subprojects, Eq. 1 can be rewritten in this way:

N Ni
MaxB=Y3(lij -Cij)  Eq. 2

i=1 j=1

In Eq. 2,Ni is the number of subprojects if theh project, andij andCij are, re-
spectively, the incomes and costs of fié subproject of the-th project (thereinafter,
theij subproject). Depending so on the contract as on the selected life cycle, sometimes
lij will be zero, since not all subprojects will be delivered to the customer and they will
not produce any income. In the other sitlgjs typically covenanted in the development
contract, since the customer organization needs to know the project budget before its
assignment to the development organization.

Costs of each subproject are different: each one takes more or less time than another
one, and the people in charge of them have different levels and salaries (analysts, pro-
grammers, tests engineers...). Another influencing factor on the costs of a subproject
(and, therefore, on the costs of the complete project) is the existence of delays in the
date of delivering and of sanctions by delays. With this assumption, costs pfaiag-
ect can be represented in this manner:

Cij = Rij+Qij Eq. 3



Rij are the costs of the resources devoted to the subproject, wiijegashe quan-
tity to be paid by sanctions due to delays in theubproject. We suppose that a subpro-
ject needs only one type of resource (analysts, for example): otherwise, it could be di-
vided into more subprojects. With this consideratiBij,can be expressed in this way:

F

Rij=>(Tijitht)  Eq. 4

t=1

In Eq. 4,Tijt is the number of hours of thteth resource needed to execute thsub-
project; F is the number of different resources (analysts, programmers, test engineers,
etc.);ht represents the cost of one hour of resource of thee.

The second variable of Eq. 8ij, depends on the scheduled date of delivering (or
scheduled duration) for thig project and on the real date (or real duration). At a first
sight, Qij can be expressed in this way:

Qij = Sij-(Eij - Pij) Eq. 5

In EqQ. 5,Sijj is the covenanted sanction for tihesubproject (obviously, if such subpro-
ject will not be delivered, it will not have any sanction, although it could have some
influence on next subprojectd]ij is the real number of days used to finish thproj-

ect, wherea®ij is the scheduled duration, also in daysich depends on the total number of

F
hours of effort required by thig project (ZTijt ).
t=1

Pij was estimated by the software organization using some estimation method and is
covenanted in the contract. The valuekif depends on the number of hours devoted to
the subproject. In a given subproject, we will reach the valugipivhen the sum of the
hours devoted each day to tipgroject will be equal to the number of required hours of
thet-th resourceTijt. In other words:

m F F
Eij=m /> > g, =D Tiit Eq. 6

k=1 t=1 t=1

In Eq. 6,€x is the number of hours of theth resource devoted to thigproject in
thek-th day.
At his point, we have characterized all the variables we need to rewrite Eq. 1:

MaxB=1-C :i(li ~Ci) :ii(nj ~Cij) :ii[nj - Rij - Qij] =

i=1 j=1 i=1 j=1

:ii[nj —(i(Tijt-ht)j—Sij-(Eij —Pij)}

i=1 j=1 t=1

Eqg. 7

In Eq. 7, the only unknown quantity &ij, since the rest have previously assigned
values.

2.2. Constraints
To estimate the optimal distribution of resources, we must identify now the possible
constraints to be applied to Eq. 7.



The first constraint represents the fact that the sum of the hours of a given resource

devoted during a concrete day to all subprojects cannot be greater than the available
number of hours of that kind of resource in that day, A....):

eij1+e;j1+"'+e:\ljlsp\l DtD[l’F]'Dj
eij2+et2j2+"'+e:\lj2SA2 DtD[l’F]'Dj

Thet subindex is used to group resources by its type (i.e.: analysts, programmers...).
Eq. 8 summarizes the previous equations:

N
> el < A¢, Otk Eg. 8
i=1

The next constraint means that the time devoted to a subproject must be equal to the
time required by it:

Ni
e, =Tijt, Oik,t Eq. 9
j=1

The following simple constraints determine the minimal values of the variables that
intervene in Eq. 7:

lij =0 [, ]
hij=0 [, j
Sij=0 i ]
T, 20 Oijt
g 20 0Oijk
A, =20 0O,k

Eqg. 10to 15

2.3. Complete model (for reference)

With all the equations stated in the previous subsections, the portfolio of projects can
be modelled with the following equation:
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i=1 j=1
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The meaning of each variable in the left side is the following:
* N = number of projects in the portfolio
* Ni = number of subprojects in theh project
* lij = incomes by théj subproject
* F = number of different types of resources
* Tijt = number of hours required of resource typ®y theij subproject
» ht = cost of each hour of resource devoted toiflsibproject
» Sij = sanction to be paid by each day of delay in the deliver ofjtlsebpro-
ject
Eij = real number of days used to finish tipgroject
Pij is the scheduled duration (in days) of itheubproject

qtj = resources devoted tketh day to theij subproject

Ak = available resources of the typ@ thek-th day

It is important to remember the following definition oEij (Eg. 6):

F
Eij=m /Zqu > Tijt . This equation is the basis to estimate the optimal distribu-
k=1 t=1 t=1
tion of resources.

3. Resources estimation

All we need to estimate the resources to be assigned to every development project in
the portfolio is to resolve the equation shown in Section 2.3. As not all the constraints
are lineal (see Eg. 6), the simplex method cannot be used. Some of the candidate meth-
ods to resolve this kind of equations are Genetic algorithms or Simulated annealing.
However, as the number of unknown values is very little, we can find a very good ap-
proximation to the optimal solution testing all the possible combinations.



3.1. Algorythm
A “coarse” version of the algorithm could be the following:

max =-MAXDOUBLE
for k=0 to maxDuration
for i=1 to N do
for =1 to F
for e=0 to A[tK]
eli,j,ktf]=e
if Benefit()>max then
max=Benefit()
saveParameters(i,j,k,e)
endif
end
end
end
end

Figure 1. First version of the algorythm.

Obviously, the code in Figure 1 can be very optimized through the application of the
constraints and some other rules. For example:
* We will assign resources (assignment of values todlray in Figure 1)
when:
o0 Theij project needs them
o Inthek-th day, there are available resources of the type which is be-
ing tested.
* We will calculate the benefit (Eg. 7) when the current combination which is
being tested implies the finalization of all the projects in the portfolio.
» Theearray can be a vector (with the consequent memory saving): only some
transformation rules are required.

3.2. CRED: a tool for estimating resources distribution

In order to do the automatic estimation of resources, we have developed CRED, a
tool which helps in the calculus of the resources distribution. It implements an opti-
mised version of the algorithm previous. Figure 2 shows one the CRED’s screens, in the
moment of doing an estimation.
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Figure 2. CRED during the calculus of a distribution.




CRED allows the tracking of the projects, to change the assignation, etc. In this man-
ner, several kind of reports, statistics and graphics can be obtained, in order to analyze
efforts, resources, etc., and compare them against a baseline. Figure 3 shows the screen

used to change the temporary availability of resources.
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Figure 3. Changing resources availability.

Figure 4 shows a view of the class diagrams used to build the tool: resources needed
by a subproject are determined by the association with the “ResourceNecessity” class.
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Figure 4. Conceptual diagram.

3.3. Context of CRED

CRED is now being adapted to allow its full integration in MANTIS [5], an integral
environment for managing maintenance projects. MANTIS uses XMI to exchange in-
formation among the tools that compose it. In this context, CRED should be capable of
sending its information to MANTIS in a standardized format based on XML, which is
one of our current works.



4. Conclusions and future work

This paper has presented a method and a tool to estimate the distribution of resources

to be assigned to development projects. The estimation attempts to assure an optimal
distribution from the economical point of view.

Both the method and the tool must be modified in order to take into account:

» Dependencies (i.e.: a subproject cannot begin before the end of another one)
* Indirect costs (i.e.: the organization cannot accept a project because it will
not have available resources)
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