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Assigning product manufacturing accor ding to wor ker s skillsand quality
constraints

A.Vuillemin, O. Ingremeau, J. Lamothe

Université Toulouse, Mines Albi,
Centre Génie Industriel,
Campus Jarlard—Route de Teillet, 81013 Albi CT Qedify
France

Abstract: This paper deals with the allocation of produdemences to workers according to their
abilities.. Workers skills are characterized by #islity to make a good final product and to woik a

quickly as possible. Our mid-term aim is to propasgynamical model that precisely takes into actoun
workers skills. Two ways are investigated to assigon-quality products: results show that the first
method which assigns bad products on the samedpéxionore effective than the second one which
assigns them on the next period. These data aeg lmawsan industrial partnership with a small buséne

Keywords:Planning, Skill, Multi-periods, Non-quality inteaffon.

1. INTRODUCTION

This paper deals with the difficulty to assign waniders to

the staff according to its abilities. Our aim isgoopose a
model that can help managers to solve capacitjzatiibn

problems according to workers skills, order boo# gnality

requirements. The model we propose is based oasaichl

linear programming method that makes assignment
product manufacturing according to workers skillada
availability. In this model we will express the ¢jta

constraint on two ways. These ways depend on the fbor

control of the company. First way assumes that angr
product will
manufacturing order has been launched. On the dthed,

the second way assumes that the wrong product hill
repaired during the next period. In this paper vié present
the tests run for those two methods.

Our study is led in the context of an industriattparship
with a small business that counts 90 employeeshilyh
quality products are made by hand and main higliueral
added operations are done thanks to know-how. Ttasdes
are done by workers of the assembly workshop whes u
small manual or electrical equipment rather tharchires.
Obtaining this know-how takes a lot of time (it végs a few
years of experience) since no specific training stsxi
Moreover, all the products are different and regursuited
know-how. Consequently, the main difficulty thatcda
planning and scheduling managers is to establishlanced
capacity utilization by taking into account thelkskbf each
employee. Facing recruitment and job learning diffies,
the company has the will to train and to develofhhts raw
and experienced workers.

After a short explanation on the notion of skilpported by
the reading of different authors, we will presanthie Second

Section the significant work dealing with the intgtipn of
competences’ features in planning and scheduliegti& 3
deals with the presentation of the model we propdse
main results will be treated in Section 4. Finallythe Fifth
Section we will draw up a general conclusion ors ttiudy
with its actual limits and we will suggest improvenmnts.

2. INTEGRATION OF COMPETENCE

of

Several studies in planning and scheduling have hegb to
optimize productivity of companies and their worlph.
Recently, thanks to their competences, human reseur
became a complementary and essential source

be repaired during the same period thperformance to take into account (Boucher X., Bonjg.,

Grabot B, 2007).

2.1 The notion of competence

Various authors tried to define the notion of cotepee with
accuracy. We have actually noticed a convergenc¢hef
definitions between main approaches: a sociologigaly
with Zarifian (1999 and 2004) and an engineeringy wéh
Le Boterf (2010 and 2011). Thus, we synthesize ¢higcept

Sin the following way. The competence is the capaoit an

individual placed in a professional and sometimieanging
environment to make use of its acquired resourgiesie or
in a workers network, so as to reach a result sasisfy a
specific issue. The professional environment inetud set
framework, material resources (machine tools, nater.)

and the individual has non-material resources (kedge,

know-how and inter-personal skills).

In scientific literature, some other authors trtedstructure
and to formalize the features of competence. Pégtical.
(2004) propose a splitting up structure of worksh#ls. The
model integrates both the skills dependency tocihmtext,
and it distinguishes the acquired skills by workieosn those



required by the operations. Others authors as Bekgal.
(2006) have featured the influence of the contewttich is
working context) on characterization of competeneach
competence includes different interactions in a&gigpecific
working context. The qualitative knowledge of auatton
helps to determine the linked competence. This aiemte

Scheduling Problem) by taking into account various
constraints that are linked to a particular project to
resources. A dynamical model is proposed in Atida &t al.
(2011), it allows a flexible assignment of workeiscording
to their skills (multi-skilled workers) in order toptimize
costs. This model takes into account human resource

is then defined by the mobilization and the dynamiflexibility, working time adaptability, and the dgmical

organisation of multiple mixed cognitive resourcéfose

resources lead to the production of an admittediymtivity

in relation with a given situation in a delineateahtext of

activities. From an operational point of view, &kitan be
assessed through various tools (Le Boterf, 201d9essment
of non-material resources (knowledge,
assessment of know-how in ordered operations augir

instructions, assessment of practical experieneeacterized
by knowing how to behave (taking initiatives, maingg
complex situations...), and assessment of results dha
often called performances and measured with ingiisat
Although the concept of competence is more prettiaaks

to those definitions, the review written by Boucheéret al.

(2007) clearly points out that skills integratiomtd

production planning models has been and is stithetomes
restricted to the temporal productivity of workgisld and is
usually far to represent in depth the whole conddptvever,

since our approach aims to help decision-makers
management of load and capacity, we will propopeiat of

view centered on the results of worker’s skillso$é results
will be presented in the following model and chéeazed by
two indicators: yield and quality rate.

2.2 Integration of competence in planning and satied

In planning, two quoted studies show the interdstaking
into account competence in the success on planairdy
scheduling. The first one, Grabot B., Letouzey 20Q0),
proposes a decision support system

capacities..

evolution of competence. A genetics algorithm aide find
a solution in an acceptable time but the yield iispe
time/standard hours) is the only criteria used teasure
skills. In the same RCPSP problematic and by cenisid
disjunctive resources (as in scheduling field), @enet al.

.02011) try to minimize required human resourcesaf@iven

activity. It is based on skills profiles which aaeceptable for
an assignment. Operational skills are assessed lewts.
Several versions are proposed and vary whetherityris
given to size of the team, to inferred costs, or to
unavailability rate of workers. Lastly, in her.Bh Gruat La
Forme- Chretien F.A. (2007) assesses the impact of
management of skills on productivity. She proposes
scheduling model which is based on heuristic rulEse
model takes into account quality of final product,
productivity and rarity of know-how and proposes
performance indicators. Finally, on a wider poifiview, we
@an quote Lovén et al. (1997)'s article in whicktady was
done to show the influence of the diversity in deded
tasks, on improvement of skills. They also devetbplee
influence of feed-back to workers concerning thaligy of
their works, this way they improve their skills. &laim of
our proposal is to integrate worker's skills in Kas
assignment. This assignment is done by schedulimd a
planning managers. However, our approach is madegiu
several periods. Indeed, the model allows to chatinge
number of periods taken into account in the re$eafcthe
solution. The approach is also multi-products, witlriable

includingomplexities that vary according to available skibut we

workers’competence so as to manage short-term e8P0 || speak of one kind of working station since eyevorker

under annualised hour’s constraint. Competencaked to
technical resources of the manufacturing process, @

operations (like the set up or the use of machingslt is

then estimated on a scale that varies from onévéo The
proposed system calculates the remaining time impetence
for each worker in the above context mentioned abdwhis
is based on a general MRP reasoning. Constraipagedion
is used to assign multi-work station to workersu3the aim
is similar to our as it helps to realize capacitjiaation, but
the assessment of skills' approach is differentd ahe
general context that is taken into account is chffie (35h and
the MRP approach varies). The second one, Franthiat

al. (2001), proposes a model
competence’s load and to deduce the required dyaaoii

workers needed. After a classical machine scheglulin

workers are assigned to machine tools. Here, skildinked
to a specific operation (transport, set up, martufaug,

quality control ...). Also, the assessment of sk#lsot based
on the result of the use of competences, and thsideration
of skills takes place in a second part, after aedahing of
machines is developed.

In scheduling, several studies on integration ahgetence

that allows to obtai

realizes the same kind of operations. Our will isoato
propose a dynamical model that takes into account
improvements in workers skills. Here, we will dissuthe
competence in term of temporal productivity andadlity of

the final product, for each product manufactured dach
worker.

3. PROPOSED MODEL

With this model we will test different objectivebat a
company can choose when assigning works orders. The
El:oposed method is based on linear programmirgyoftoses
ultiple periods, various products, and a uniquekvgbation
since we consider that all the workers realize aldhe
assembly tasks of the assigned lot. Otherwise, vgh W0
introduce in this model a dynamic that will takéoimccount
the development of workers skills.

3.1 Indexes

i index of the product to manufacture € [1..N,.| with

have also been led. Most of them deal with MSRCPS¥er the quantity of product references that can be
problem (Multi-Skilled Resource Constrained Projecihanufactured.



j: index of the shop workerj € [1..N,,| with N,, the
number of shop workers.

k: index of the period, on a daily, weekly or mdptbasis;

Six - On-hand product i at the beginning of k periddis
always positive.

R; : Shortage of product i at the beginning of k peyiib is

k € [0.. Nperioas] With Nperi0as the length of the planning always positive.

horizon.

L; : Losses due to non-quality products that canedixed.

As we tested our model on MS Excel 2010 software, wf the product is repaired several times, it can rhere

limited the dimensions of those indexes to five. #® set
Nyefy Nop, aNdNperings to five.
3.2 Data

Ta;: Standard hours for each product i. They are gearb
expert.

Qf : Minimal number of products which belongs to anily

Fp of products that a worker has to manufacture. Tikips
to develop and keep workers skills.

n; j - Mean yield of a worker j to manufacture a pradudt

is a productivity rate that represents proportidrrumning

time on net time. It is updated at each period & ean be
based on statistics.

q; j - Worker’s efficiency in terms of quality: propasti of
good products i achieved in the past by operatdt js
updated at each period k and can be based onistatis

economical to throw and make a new one rather than
repairing it. If we consider that the wrong prodisctepaired
during the same period, the number of time it {gamed is
set, soL;, is always positive. Whereas if we consider the
second case where product is repaired during tkiepagiod,

our model repairs products towards infinity, and.sp value

is always zero.

hi = hy X Pij: Forecasted working hours of worker j during
period k.

3.4 Constraints

3.4.1 Quality and inventory balance constraints:

As noted above, we will present here the two ways f
expressing the quality constraint. The first wayevehwrong
products are repaired during the same period (K) bva
called M1, and the second one, where wrong prodaies
repaired during the next period (k+1) will be cdlld?2.

3.4.1.1 First way

7,5 =1—gq;; : Proportion of wrong products i achieved in

terms of quality by operator j.

Time a worker needs to do the assigned work mudesse
important than forecasted working hours of the work

h, : Working hours demanded by the company for most

workers during a period k.

Pij : Proportion of attendance of each worker j dusagh
period k that schedulers can forecast with littlgoiecision
(correspond to vacation, known absences ...).

vy, . Quantity of customer orders of products i foe theriod

Fp : Family of products created by experts. Products a

sorted by level of complexity or similarity of oeions.
CR;, : Costs of shortage in product i during period k.

Ty : Turnover generated by the sale of a productrindu
period k.

E;. : Expenses due to the production of product i rdyri
period k.

3.3 Variables

vi]}{: Quantity of product i assigned to worker j duritige
period k.

Vj € [1..Nop], Vk € [1.. Nperiods],

1+t .
() <
1_Tij

n is the number of repairing of a product in shafl It is
assumed that, during a period, a same worker \aillehto
work again on a given product until it is of goagadity. This
rework results in an increase of the worker loadr the

n+1

. . 1-TH
experiment we set at one. The coefficiert—— represents
“u;

1)

Nij

j
Nref | Vik
Zi:l <# X Tai X

the proportion of time the worker will theoretigaliake for
working or reworking n times a product. Initialthe worker
j has to makevijk products and he misses; X szk products.
If during the same k period he repairs a first tithe
T j X vijk quantity, he will theortically missr?;; x vijk
products. Consequently the load during the k peviddbe
equal to v/, x XIZhtl; (withr € N*), and YIZRtl; =

n+1
l—rij

1—Ti]' ’

The moren is important, the less is losses due to non-gualit
This coefficient can also be false when is equal to zero. It
matches with the case the worker j has never dbee t



product i. To avoid this situation and help theveolwe
propose to replace zero by a smaller enough valoig for

example. The solver will consider this value simila zero
and won't take it into account as it is very sn@impared to
other values.

A second constraint is that the quantities assigoegorkers
must match with the demand and with on-hand balamce
delays.

Vk € [1..Nperiods], Vi € [1..Nref],

. .
Z]-:f(vijk)‘f‘Sikq + R =i+ Rigo1 + Sik

(2)
3.4.1.2 Second way

Time a worker needs to do the assigned work mudese

than forecasted working hours of the worker. Hepaglity

come backs from the former period k-1, over voluofe
product due to non-quality is assigned to each @aork

Vj € [1..Nop],Vk € [1.. Nperiods],

j :
¥ (,,— x Tai> <h, @3)

The quantities assigned to workers must match it
demand and with on-hand balance and delays.

Vi € [1..Nref],Vk € [1.. Nperiods],
Z(CIU X Uijk) + Sikc1 TRk =vig +Rig1 +Si (4)
Jj
Consequently, the quantity of products assignedt rrale

into account the wrong products of the previousigoeso
that time will be spent in repairing products.

Vi € [1..Nref],Vk € [1.. Nperiods],
N DN ((1 —qij) X vijk—1) (5)

3.4.2 Upgrading abilities constraint:

This constraint depends on the industrial stratégyording - : . : . .
to Loven et al. (1997) study, people with multiksaskills Qij [Product 1 | )2 | 8 | 4] 05
have a better development of their knowledge. Some i1 |1.00/1.00{0.90/0.90/0.80
industrial_ managers can be_ int_erested by this cainstthat i 1.00/0.90/ 0.90/0.80!| 0.50
will contribute to make multi-skilled workers. Wegpose to B :
create families of productp (where the products are sorted k=1 i3 1.00/1.00] 0.90| 0.85| 0.50
into levels of difficulty for example). The managkas to i4 1.00| 0.90| 0.50| 0.50| 0.00
order to each worker a minimum of products of thens _ 1.00/ 0.00l 0.00l0.00l 0.00
family. This prevents the model from systematically 15 i i i i i
assigning the most difficult products to the bestkers, and i1 1.00|1.00|0.90(0.90|0.80
raw workers can improve their skills. - o 1.00/0.90/0.90| 0.85/ 0.60
- i3 1.00| 1.00|0.90| 0.85|0.70
i4 1.00| 0.90| 0.60| 0.55| 0.00

v Fp € [1..Np],Vj € [1..Nop], Z vl > Q7 (6)

k,i€Fp
3.5 Targets
Different targets can be tested and depend on@auopany’s
strategy. As our objective for planning is to fast for
which product we may risk a shortage, we propose tiie
target for this assignment model is to satisfy dieenand by
avoiding shortages (and so delays):
Min (

Nperiods xwNre
(PO T (1000 X Ry + Lye) )

(7)
The proposed coefficient 1000 is added to helpstileer to
distinguish shortages due to planning and humaouress
availability from those due non-quality productsittitannot
be repaired (losses). If we do not add this caoeffic the
solver prefers to launch orders of products tha aot
ordered or not in the same quantities.

4. RESULTS

4.1 Data

To test our model, we chose typical workers thatl we
represent the diversity of competence in a compahg. first
worker (j1) works slowly but makes high quality é&v
products; the second one (j2) works quickly and esalkigh
quality products; the third one (j3) works quiclklut quality
level of his products is quite bad, the fourth dj# works
well on easy products and his speed is normal forem
difficult products; the last one (j5) is a raw omerks slowly
and has not learned to do all references yet. @1sdme way
we chose typical products that are representafivheosales.
Product il is very easy to make, i2 is easy to mikds
rather difficult to make and products i4 and i5 aery
difficult to realize and require long years of esipace. The
dynamic of the model is represented by the podsikib
make evolve workers skills along the different pds. We
present in tables 1 and 2 the valuesdior and forn; ; rates
with their evolution along the five periods used tims
experiment.

Table 1. Evolution of quality rate along the k pels




i5 1.00| 0.00| 0.00| 0.00| 0.00 We have decided to run those tests on MS Excel 2010
- software as our objective is to check if the preubsodel
11 1.001.00| 0.90/0.90| 0.80 gives logical result, so as to go further in a sectbme. This

i2 1.00/0.90|0.92/0.85/0.60 software limit us in the number of variable modeftit limit
- . 1.00! 1.00! 0.90/ 0.85/ 0.70 is 200). That is why we chose to limit our studybtavorkers,
k=3 i3 5 products and 5 periods. In this case there abevaBables.

i4 1.00/0.90| 0.60| 0.55| 0.00 Values ofg;; andn;; are based on first measurements and

i5 1.00| 0.20| 0.00| 0.00| 0.00 observations that come from the worker’'s suppoaotvicied

i1 |1.00]1.00]0.95]0.90]0.80 by managers.

i2 |1.00/0.90/0.92/0.85|0.65 To understand the main differences between the two
k=4| i3 |1.00|1.00|/0.90|0.85|0.70 methods M1 and M2 about management of wrong prsduct

we set most parameters: orders and qualificatiérveookers

i4 1.00] 0.90| 0.60| 0.60) 0.00 do not vary along the k periodgp is constant too (we do not

i5 1.00| 0.50| 0.00{ 0.00| 0.00 impose a minimum for familyF1 but we set minima in
1 100/ 1.00/0.95/0.90 0.80 family F2: 5 for j2, 10 for j3 and j4. We chose some qugntit
! . . . . : of orders a little more important than the avaiéabluman
i2 |1.00/0.90/0.92/0.85|0.65 resources, so that a solution can theoreticalljoned and
k=5| i3 1.00| 1.00/ 0.90| 0.85| 0.70 shortages are noticeable. For each period k weog®fn set

- orders to those values in Table 3. They are basethan
14 1.000.90| 0.65/ 0.63] 0.00 annual percentage of sales and the total loacske (in the
i5 1.00{ 0.50| 0.00| 0.00| 0.00 virtual case where all workers work perfectly).

Table 2. Evolution of productivity rate along th@ériods Table 3. List of orders for each product i and eaefiod k

nj | product| 1| j2| 3| 4| 5 i1 ]i2 |i3 |i4 |i5
i1 |o050| 1.200 0.8 0.80 0.7 70]42|70)42|12
i2 | 050] 1.00] 0.80 060 0.2
k=2| i3 |050] 1.30] 0.90 0.80 05
i4 | 060] 0.70] 0.80 020 0.0
i5 | 0.60| 0.00] 0.00 000 0.0
i1 | 050| 1.20] 0.80 0.80 0.7
i2 | 050] 1.00] 0.80 065 0.4
k=2| i3 |050| 1.30] 0.9 0.80 0.5
i4 | 060] 0.70] 0.80 030 0.0
i5 | 0.60| 0.00] 0.00 000 0.0
i1 |052| 1.200 0.82 080 0.7

4.2 Results

We first checked that the two models works whemngiray
guantity of ordered products &p minimum of products for
improvement. As the quantity of ordered producteéases,
both models reduce quantity of assigned producs liave
the longest standard hours. This is in phase vatiigament
method of the model that consists in taking shostdard
hours products first. Changing tligp parameter has not any
impact on the assignment method of solver. If thiges find
a better solution by giving work to a more expecish
worker, it will just give the minimum imposed b¥p
parameter to the less experienced worker decidertswi

i2 0.52| 1.00] 0.89 0.65 0.4 upgrade.
k=3 i3 0.50| 1.30] 0.92 0.80 0.5 W vsed then the behavi f both d vad
; e analyse en the behavior of both propose ys
14 0.60| 0.70) 0.83 0.3p 0.0 taking into account wrong products, M1 and M2. Wespnt
i5 0.60| 0.15{ 0.00 0.00 0.0 in Table 4 our results of target value in differeahtexts. We
i 052 120 083 080 07 first tested the model when skills of workers avaestant and
: : : : : : equals to the values of the first period. In lidesind 5 of
i2 0.52| 1.00] 0.8 0.65 0.4 Table 4 we make evolve skills of workers along fhve
k=4 i3 0.56| 1.30] 0.92 0.80 0.7 periods. Finally we tested the impact of the remgvbf
ia 060! 070l 088 045 00 worker of the model.

i5 0.60| 0.30] 0.0 0.0
i1 0.52| 1.20| 0.8 0.8
i2 0.52| 1.00f 0.83 0.6
k=5 i3 0.56| 1.30] 0.9 0.8
i4 0.60| 0.75| 0.83 0.5
i5 0.60| 0.40[ 0.0 0.0

0.0
0.7
0.5
0.7
0.0
0.0

Table 4. Values of target cells in different sitoas; values
are expressed in number of products.

z R; Z Lig
Method Scenario Tk Tk

M1 Skills are constant 62.1|54.1
M2 Skills are constant 90.6|0

O TO O T T O T O T O T U OO OO OO OO0 OO TOTOo1ToTO
O O 01 O O O O O O O O O Ul OO O O Ul O O O O O O O




M1 Skills evolve 28.9|46.1
M2 Skills evolve 69.2|0
M1 Skills evolve without j1| 297.8|46.2
M2 Skills evolve without j1| 378.4|0
M1 Skills evolve without j2 | 447.7 |27.0
M2 Skills evolve without j2| 502.1|0
M1 Skills evolve without j3| 184.5|129.1
M2 Skills evolve without j3| 306.6|0
M1 Skills evolve without j4| 173.7(29.4
M2 Skills evolve without j4| 212.3|0
M1 Skills evolve without j5| 143.9|22.0
M2 Skills evolve without j5| 167.6|0

We can say with table 4 that for both models, a&s kills
evolve, quantity of shortages is significantly wedd.

really takes into account their improvements. Hosveit
allows work only if the worker is enough qualifietihat is
where the number Fp can be useful for managersuseo
practically one of the two models, values of prdility and
quality will evolve along the time. If we couldricast them
as precisely as possible, planning systemwill beenpoecise
than if we just consider skills of the last peridthe two
methods seem to react to changes on a similar waghky
differ by the assignments and results. On TableeLan see
that results of method M2 are always worse tharsehof
method M1. This must be due to method for managig
quality products. As the model rework products taiva
infinity, its load of work is more important thahase which
rework only one time products. Table 4 also shdat
logically, with method M1 the quantity of non-qugli
products decreases when skills upgrade. More owercan
shows the impact of the absence of a worker orefosEhe
absence of well skilled workers slows down the eyst
( and increase), whereas the absence of raw workers

The assignment evolves as workers skills increasedtasks Makes the system lighter.

can be given to different workers. That means oodeh

Repartition of ordered products i within periods k and workers
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Figure 1 : Assignments in case M1, workers skillgrade

Repartition of ordered products i within periods k and workers j

100
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i1 i1 Q2

2 I !
k=2
mj5/735/ 0,0/ 00 00
mj4 12,4] 0,0 |57,2] 0,0 |
300467/ 00 6,2
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mj1 00 0000 152

0,0 735/ 00/ 00
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Figure 2 : Assignments in case M2 workers skillgrape

With figures such as figures 1 and 2 we first obsdrthat the always in shortage, and if we increase the totat|athe
two methods first assign easiest products with telsbr second complex product will be in shortage too.sTikithe
standard hours. Indeed, the most complex productsi5 same method applied by managers when they do not pa



attention to products similar to product i5. Thensecutive sous contrainte de compétenck¥SIM’11, Saint-Etienne :
risk is to not satisfy demand of a category of cosrs. France

Moreover, we can observe that the two methods MilLN#

propose different assignments of the work. The onlBoucher X., Bonjour E., Grabot B.. (février 2007).
difference between the two figures is the loaddflach week. Formalisation and use of competencies for industria
Indeed, in method M2, the impact of wrong produstsiore performance optimisation: a surve§omputers in Industry
important. 58, no. 2: 98-117.

5. CONCLUSION AND IMPROVEMENTS Franchini L., Caillaud E., Nguyen P., Lacoste @O0Q1).
Workload control of human resources to improve potidn
The proposed model allows us see gradually the émphh managementlinternational Journal of Production Research
different parameters. With the two proposed methausthe 39, no. 7: 1385-1403.
tests run, we can conclude that skills of each waohave an
impact on scheduling that can be taken into accthwotv the Grabot B., Letouzey A.. (August 1, 2000). Short¥ter
dynamic aspect of our model (in terms of periofwever manpower management in manufacturing systems: new
the second method could be upgraded as we canmyiaze requirements and DSS prototypingomputers in Industry
it with method 1. In M2 case, we cannot really @iéintiate 43, no. 1: 11-29.
wrong products from new launched products.
Gruat La Forme-Chretien F.A.. (December 2007). Féfiéel
This model could become more exact. . A lot of pamters d'évaluation de la performance d'une chaine logisti
can be added so as to upgrade precision of thisnjplg Application a une entreprise de 'ameublemétit.D These.
system. For example, our model considers that atdnaburs Institut National des Sciences Appliquées de Lyon.
are identical for making products or repairing thewe
know that the repairing products takes more time, e will e Boterf G. (2002). Construire les compétences
include this new parameter in short term. We caegier the individuelles et collectives. Editions d’Organisati
fact that a product has fewer chance to be defediier
having been repaired a first time than after itstfguality Le Boterf G. (2010). Repenser la compétencePour
control. Last, we think it is important to integeahe will of a dépasser les idées reclied5 propositions. M é&d. Eyrolles.
worker to make a product. It is possible that akeoido not
like (for different reasons) manufacturing someerefces of
product, and could have more difficulty to make dways |e Boterf G. (2011). Ingénierie et évaluation des
without being motivated. But the main important eg@ to  compétences. 6e  édition. Paris, France: Editions
continue our research is to implement a trustaptesn to  g'Organisation.
acquire and to manage dynamic data in the companig.
should allow us to lead experiments on a largelesdzhose | ovén E. M., Helander M. G.. (April 1997). Effectf o
tests could be performed on a more high-performanbeer.  gperator competence on assessment of quality doimtro

manufacturing. International Journal of Industrial
This model helps us to understand its usefulness fgrgonomicsl9, no. 4: 307-316.

managers. It can be used to help them in plannimg a

scheduling decisions.. For example, on mid-termmiley  pépiot G., Cheikhouhou N., Glardon R.. (2004). Mede

level, managers can know for which product theyeekfio compétences : vers un formalismslOSIM'04, Nantes:
suffer from a shortage of skills availability. lar also help France September 1-3.

managers to follow and upgrade skills of their verskat the
shop floor level. Zarifian P. (1999). Objectif Compétence. Editionaisons.

REFERENCES Zarifian P. (2004). Le modéle de la compétenc¥. &.

Editions Liaisons.
Attia EA., Duquenne P., Le Lann J.M.. (March 2-012).

Probléme d’affectation flexible des ressources hoes: un
modele dynamique MOSIM’'11, Saint-Etienne : France

Belkadi F., Bonjour E., Dulmet M.. (2006). A fuzapproach
for competency characterisation based on a woratsitn
analysis.9th Symposium IFAC on Automated Systems Based
on human Skill and Knowledge, ASBHS’06, Nancy: Eean

Benour M., Sid-Ali A., El Mhamedi A.. (March 2-4021).
Aide a la décision pour I'affectation des ressosiigemaines



