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Abstract. Product design projects involve multiple team members with various 

knowledge and competencies that have to evolve with time, due to rapid 
organizational, technological and marketing changes. Project managers require 
management methods to optimize the assignment of tasks to human resources 
according to their competency levels and the need for competency evolution. In this 
paper, we tackle this optimization problem in the context of multiple design projects 
and multiple periods. The model we propose seeks to minimize two function 
objectives: (i) minimize the supplementary salary cost due to the extended task 
duration when using under-competent employees and (ii) minimize the financial 
penalties when the competency goals have not been reached. This problem has been 

solved by means of a simulated annealing -based optimization algorithm.  

Keywords: Project management, Design project, Task assignment, Multi-skilled 
Resource allocation, Competency modeling 

1 Introduction 

In product development projects, project managers face highly complex situations in 

which they have to deal with a great number of components with their interactions, a 

multiplicity of design tasks with their interdependencies, and a great number of team 

members with their evolution in competencies. They have to make difficult decisions 

concerning the allocation of numerous team members to design tasks.  

The rapid evolution of technology in product design and business process re-

engineering often results in a change in the definition of design tasks. Consequently, R&D 

departments can suffer from a lack of competencies and may be unable to design future 

innovative products. In this paper, we are interested in tackling the problem of managing 

the team members' competencies and their evolution during the execution of design 

projects. This issue becomes one of the greatest concerns of project managers. 

It has been commonly accepted that an appropriate task assignment can either maintain 
or improve the competency level of the team member assigned to the corresponding task. 

So project managers need methods to help them to optimize task assignments and to 

ensure that the evolution of team members' competencies is relevant to the objectives of 

future projects.  

Research works concerning task assignment problem can be classified according to two 

criteria: “single-period” or “multi-period” task assignment and “static” or “dynamic” 
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competency modeling. “Single-period” task assignment refers to the situation in which all 

tasks are considered as a single group, in other words, when time constraints between 

tasks have not been taken into account. “Multi-period” task assignment concerns the 

situation in which precedence constraints have been considered. “Static” competency 

modeling represents the situation in which the levels of competency for each actor are 

unchanged during the execution of tasks. “Dynamic” competency modeling aims at 

representing and simulating the evolution of the competency level for each actor during 

the execution of tasks.  
These criteria, when combined, help us to divide related works into four categories.  

The first category concerns “mono-period” task assignment with “static” modeling of 

competency. This is the easiest case because there is a single group of tasks to be assigned 

and competency levels are unvaried during the task execution.  

The second category concerns “mono-period” task assignment with “dynamic” 

competency modeling [1]. This category concerns the evolution of competency levels but 

these competency levels are measured and followed during only one period (at the 

beginning and at the end). So, this task assignment model is not aimed to plan competency 

levels of actors in the long term. However, it needs incorporating learning and forgetting 

curves in the decision model.  

The third category deals with “multi-period” task assignment with “static” competency 

modeling [2-3]. In project scheduling problems, this problem is called MSPSP which 
stands for Multi-skill Project Scheduling Problem. For instance, Bellenguez-Morineau [2] 

proposes a method that solves the MSPSP problem and ensures that the assigned actors are 

competent enough to carry out project tasks. This method seeks to minimize the total 

completion time of the project (Cmax). 

The fourth category concerns “multi-period” task assignment with “dynamic” 

competency modeling [4-5]. The authors propose a model that optimizes the long term 

resource allocation. The evolution of competency (learning effect and knowledge 

depreciation) is also considered. The authors assume that the competency level of the 

assigned person will increase in accordance to the number of periods he/she activates this 

competency and his/her learning rate. Similarly, the competency level of a particular actor 

will decline in accordance to a knowledge depreciation rate if this actor has not been 
assigned to tasks corresponding to this competency. However, the authors have not 

modeled design project environments [4] or they have not focused on competency-based 

objectives [5]. 

Because of the increasing importance of competency evolution in the field of project 

management and due to a lack of research works concerning this issue, we are interested, 

in this paper, in dealing with the latter type of problem described above.  

In competency modeling, Harzallah et al. suggests the CRAI model (Competency, 

Resource, Aspect, Individual), associated with axioms based on set theory [6]. 

Competencies are characterized by sets of knowledge, know-how and behavior associated 

to a context and linked to individual actors. Based on a classical evaluation of the 

“knowledge”, “know-how” and “behavior” characteristics, a mathematical aggregation is 
suggested to provide a quantitative evaluation of competencies. Boucher et al. [7] propose 

a literature review of competency management from a performance point of view. They 

underline that the characterization of competency is a first step for modeling the 

development of competency and improving goals of competency management.  
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Different attributes of competency have been used in the field of team formation to 

model competency, such as qualification (0 or 1) [8], technical knowledge, skills and 

know-how [9-10], psycho-sociological capacities or personal traits [11]. In the rest of this 

paper, to simplify the terminology, the concept of knowledge will cover all these 

attributes.  

The organization of this paper is as follows: Section 2 presents the main steps of the 

task assignment modeling we propose. Section 3 outlines the mathematical formulation 

and the optimization approach for the considered problem. To illustrate the interests of this 
approach, simulation results are presented and shortly discussed in section 4. Section 5 

sums up the paper and opens new directions of research. 

2 Proposition for Modeling Multi-period Task Assignment 

The method we propose is decomposed into four main stages of modeling that will be 

shortly outlined in this part. 

2.1. Identifying Relevant Knowledge to Characterize Tasks and Actors 

We define a generic set of tasks, indexed by i (i=1,…,M), a set of projects, indexed by l (l 
= 1, ..., P), a set of periods, indexed by k, (k = 1, ..., K), a set of actors, indexed by j (j = 1, 

..., N) and a set of knowledge, indexed by c, (c = 1, ..., C).  

We can classify two types of tasks used in multi-period task planning: generic and 

specific tasks. Each generic task 
i

T  corresponds to one competency and covers a class of 

specific tasks ,k l

i
T  sharing the same knowledge but with different performance levels, 

depending on period k and project l. 

 

Task characterization. Performance levels concerning a task can be characterized by two 

types of expertise levels: competency level and knowledge level. The variable ,k l

irq  

represents the competency level required by specific task ,k l

iT . The variable ,
1

,

k l

i c
r  

represents the performance level in knowledge c required by specific task ,k l

iT . We assume 

that , ,
11 ,,

k l k l

i ci c i
rr rq= × , where 1 ,i cr  is the performance level in knowledge c required by the 

generic task i. 

Actor characterization. The variable 2 ,

k

c jr  represents the performance level in 

knowledge c that is acquired by actor j in period k. We assume that the performance levels 

in knowledge c evolve during the task execution and depend on period k.  

2.2. Calculating the “A priori” Compatibility Level and the Work Efficiency 

The compatibility level aims at estimating the similarity between specific task ,k l

iT  and 

actor j before the assignment of tasks in period k. This similarity is computed for each 

actor j by penalizing his/her insufficient performance level for each type of knowledge 

according to the performance level required by ,k l

iT  (Equation 1). This indicator has been 

presented in detail in [15]. The value of this indicator is included between 0 and 1. 
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The compatibility level helps to select the appropriate actor for the th
k  assignment by 

turning it into the coefficient of work efficiency. We suppose that the time spent on a task 

has to be adjusted according to the “a priori” compatibility level ,

,

k l
3i jv . Therefore, there will 

be additional costs due to the assignment of specific task ,k l

iT  to under-competent actor j. 

We introduce the coefficient of work efficiency ,

,

k l

i j
γ  (Equation 2 - note that ,

,

k l

i jγ =1 if 

,

,

k l
3i jv =1, that is, if the actor is competent). Then this coefficient is used to compute the 

actual execution time of specific task ,k l

iT  for actor j: , ,

,

k l k l

i j i
Lγ × , where the theoretical time 

,k l

iL is given. This indicator is explained in detail in [13]. 

, ,

, ,
2 .k l k l

3
i j i j

vγ = −  (2) 

2.3. Propagating the Evolution of Competency after Each Period of Task 

Assignment 

We assume that if actor 
jA  is allocated to task ,k l

iT  (that is, ,

,

k l

i j
x >0), this actor either 

maintains his/her performance level in knowledge c if ,
1

,

k l

i c
r  ≥ 2

,

k

c j
r  or develops this 

performance level in knowledge c if ,
1

,

k l

i c
r  < 2 ,

k

c jr . If actor j is not allocated to task ,k l

iT  (that 

is, ,

,

k l

i j
x  = 0), his/her performance level in knowledge c will decrease. To shorten this 

paper, we have not presented in detail how we have modeled the competency evolution. 

2.4. Calculating the “A posteriori” Compatibility Level (Competency Level)  

The variable 3 ,

k

i jr  estimates the competency level of actor j for generic task 
iT (that is, the 

compatibility between actor j and generic task 
iT ). This variable is calculated at the end 

of period k when actor j has carried out the tasks he/she has been responsible for.  

1 2, ,

1
, , , ,

1

1

,

max(0, )

1 ,0 1.

O
k

i c c j

k k kc
3 1 2 3i j i j i jO
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3 Mathematical Formulation for the Task Assignment Problem 

The proposed model is based on the following assumptions:  

• An under-competent actor could be assigned to a task but he/she will be 

accompanied by a trainer (or teaching tutor), which will generate additional costs 

to the project.  
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• Each assigned task is supposed to be carried out with success. 

• There is no load constraint for tutors 

• The actor’s capacity can be estimated in any time unit (day, month, etc). This 

capacity is supposed to exclude all the absence time due to the unavailability of 

employees (planned/unplanned absence, legal and social constraints, etc.)  

The overall objective function, the cost functions and the constraints that are used in the 

proposed task assignment model are described as follows:  
 

, , , , ,

, , ,

1 1 1 1 1

Min ( ) ( 1) ( )
K P M N M

k l k l k l k l k l

i j i j i j i i j i i i

k l i j i

L S L ST x O Rγ γ ϕ
= = = = =

   
 × × + − × × + −   

   
∑∑∑∑ ∑ . (4) 

,

,

1

1 , 1,... , 1,..., , 1,...,  
N
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i j

j

x i M l P k K
=
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, , ,

1 1
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L x LM j N k Kγ
= =

≤ ∀ = ∀ =∑∑  (6) 

, ,

, ,
0 1, , , , ;k l k l

i j i j
x i j k l x R

+
≤ ≤ ∀ ∈  (7) 

 
The optimization of the assignment problem aims at minimizing the total project costs 

by determining the best assignment of tasks to actors. The overall objective function is 
split up into three criteria (or kinds of cost): the actors' salary, the tutors' salary and the 
financial penalties due to a lack of competent actors at the end of the horizon.  

Criterion related to actors' salary [ , ,

,( )
k l k l

i j i jL Sγ × × ] This criterion relates to the 

competency level of employees concerning the assigned tasks. It is calculated from their 
salary rates and their estimated work duration (based on the coefficient of work 
efficiency). The product of the coefficient of work efficiency and the theoretical work 

duration ( , ,
, ×
k l k l
i j iLγ ) represents an estimated work duration for specific task ,k l

iT  of actor j. 

This duration is longer than the theoretical work duration ( ,k l
iL ) if the person is under 

competent ( ,

,
1k l

i j
γ > ) for specific tasks. 

Criterion related to tutors' salary [ , ,

,( 1)
k l k l

i j iL STγ − × × ] This criterion is derived from 

the case when tutors have to help the under-competent actor to accomplish the assigned 
tasks. This cost is based on the tutoring duration (calculated from the coefficient of work 
efficiency) and the salary rate of tutors.  

Criterion related to financial penalties                   These penalties are explained as 
lost incomes that companies could have if their competency objectives have not been 
reached. Competency objectives iO  (i = 1,..., M) are used to describe the number of 

expected competent actors, required by generic tasks. To determine whether a person is 

competent, we define required performance thresholds, called thresi  (i = 1,..., M). Actor j 

is judged competent for task i if 3 , ≥
k

i j i
r thres . At the end of the horizon of task 

assignment (k= K), we have obtained the number of competent actors iR  for each task i 

(i= 1, ..., M): 
3 ,

1

max(0; [ 1])
=

= − +∑
N

K

i i j i

j

R E r thres
. The penalty rate for each missing competent 

actor is defined by constant iϕ . 

1

( )
M

i i i

i

O Rϕ
=

−∑
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Two types of constraints are used in this model. 
Workload constraint (Equation 4) This constraint aims at ensuring that each task is 

completely assigned.  
Resource load constraint (Equation 5) This constraint aims at ensuring that the total 

assigned load concerning an actor does not exceed his/her capacity.  
To solve this problem, we have to face two difficulties: the non-linearity in competency 

evolution and the objectives in competency development at the end of the horizon of task 
assignment. To deal with these difficulties, this N-P hard problem can not be solved by the 
known exact optimization methods. Therefore, we develop a meta-heuristic approach to 
solve the problem. Simulated annealing (SA) is a generic probabilistic meta-algorithm for 
the overall optimization problem, namely locating a good approximation to the minimum 
of a given function in a large search space [14-15]. 

The choice of using the simulated annealing is justified by the fact that we are able to 
find an initial solution to the global problem and to generate neighbors. The initial solution 
of this task assignment problem is found by considering k sub-problem separately (for 
each period k). The optimal solution of each sub-problem is found by using the linear 
programming successively for each period k and by propagating the evolution of 
competency (the algorithm starts from k=1,…, K).  The parameter setting of SA (such as 
neighbor function, acceptance probabilities, annealing schedule) is described in detail in 
[13]. When the SA algorithm reaches the stop condition, it returns the final assignment 
solution. 

4 Computational Results 

The case study concerned two projects that have been planned over three periods. The lists 
of 15 generic tasks, 20 actors and 23 types of knowledge have been generated. The 
performance levels in knowledge have been defined for each task and each actor. The 
project managers are in charge of defining these data for their projects. To shorten this 
paper, we sum up the results according to two viewpoints: competency-based aspect and 
financial aspect. For more information, please see [13]. 

4.1. Competency-Based Viewpoint.  

 

 
Figure 1: Evolutions of the performance levels in knowledge and in competency 

(2) (1) Knowledge index  Competency index  

Performance level Performance level 
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Figure 1-(1) shows the variation of performance levels in knowledge acquired by actor 
N°1 after 3 periods of assignment (initial period, k = 0; last period, k = 3). Figure 1-(2) 
shows the variation of competency levels (concerning generic tasks) acquired by actor N°1 
after each period. These results confirm that knowledge and competencies that have been 
activated to carry out tasks have been developed. The performance levels in knowledge 
that have not been mobilized in order to carry out tasks have declined. 

4.2. Financial Viewpoint 

By using the simulated annealing based algorithm, the total cost obtained by the partial 
optimization of the k sub-problems has been decreased about 3%. The variation of the 
total cost is presented by the first graph in Figure 2, and the variation of three sub-costs is 
presented by the other graphs. Concerning the financial penalty, we found that, before task 
assignment (k=0), 9 competent actors were missing. At the end of the horizon, the number 
of competent actors was increased and only 5 competent actors were still missing.  

 

number of simulations number of simulations

number of simulationsnumber of simulations

tutors' salary cost financial penalties

total project cost actors' salary cost

 
Figure 2 : Financial viewpoint 

5 Conclusion 

In this article, we have proposed a model of the multi-period task assignment problem 
with the modeling of the evolution of competencies. The short literature review that we 
have presented reveals that this problem has been rarely studied. This NP-hard problem 
has been solved by a simulated annealing -based optimization algorithm. The main 
assumption of this model is justified by psychological studies: an actor develops his/her 
knowledge when he/she has to carry out the task that activates this knowledge. Two types 
of tasks have been defined: generic tasks for modeling competencies and specific tasks for 
modeling their occurrences. Tasks have been characterized according to two levels: 
performance level in knowledge and competency level. A compatibility indicator between 
tasks and actors has also been proposed in order to calculate the coefficient of work 
efficiency that is used to penalize under-competent actors in the assignment problem. 

The obtained results confirm that this method is convincing from the financial and 
competency-based viewpoints. Globally, we decreased the project costs, even if this 
decrease seems to be rather low. On the one hand, this can be explained by the fact that 
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this decrease depends on how we fix the penalty rate. On the other hand, the initial 
solution (obtained by linear programming) is a good solution. From the competency-based 
viewpoint, the increase in the number of competent actors after the horizon of task 
assignment has proved that the proposed algorithm tried to reach the objectives of 
competency development.  

Further work will concern the sensitivity analysis of the proposed algorithm. Project 
managers' estimations concerning the performance level in knowledge and the competency 
level that is required by a specific task may be imprecise. Due to the way of computing the 
compatibility level (Equation 1), we have good reasons to assume that the proposed 
method is few sensitive. Other experimentations will be led to prove this point.  
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