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Abstract

This paper explicates the Worker Selection GuideO@EG), that is, a functional branch of Holonic
Workforce Allocation Model (HWM). A case study israucted on reckoning the task urgency and skill
rating parameters in a job-shop setting, from whiok workforce performance data are acquired. The
destined performance measures encompass over@yavatage skill level, interpersonal and intrapeas
skill deviations, which can be generated via corapstmulation. The corresponding simulation model i
built with the software of Witness®, Visual Basic&)d Microsoft Access® for the input instructiordoay

and output analysis purposes.
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1. Introduction

“Holonic” is derived from the word “holon” introded by a Hungarian philosopher Arthur Koestler (3967
The word holon combines the Greletdlos meaningwhole with the suffix—on meaning garticle or part,

is used to describe a basic unit of organisatidnidiogical and social systems. In 1993-1994, itheh was
adopted in an international research programmeslliggnt Manufacturing Systems (IMS), due to the
collaboration of the United States (US), Europeam@unity (EC), European Free Trade Association
(EFTA), Australia, Canada, and Japan. The IMS @magne consists of six major projects, whereof tfile fi
one is entitled “Holonic Manufacturing Systems:teys components of autonomous modules and their
distributed control”, with its acronym HMS. In 199Vver the four years of feasibility study, HMS aewe

a fully endorsed project under the IMS programme.

As one of the HMS applications, the Holonic WorlkderAllocation Model (HWM) is composed of a
pre-active level: Workforce Sizing Plan (WOZIP) amdeactive level: Worker Selection Guide (WOSEG),
as delineated in Figure 1 (Liet al. 2008; Lim & Chin 2008; Lim & Chin 2011; Lim 2011&jm 2011b).

In particular, the WOSEG attempts to make qualieativorker-task matching decisions based on worker
skills and task urgencies, in view of both spesation requirements and cross-training opportusiitie

2. Computational Algorithm

Every scheduled task in the job-shop production lmardistinguished by the type of skill requiredcla
type of skill is considered unique as it pertainhly one type of machine. A number of manufaaiyri
variables are defined as follows.
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2.1 Processing Timeyd;

For a certain type of tadk the processing time can be estimated via timeysitiis normally distributed
and prorated based on the customer order quantityree inherent production variability.

2.2 Resultant Timeg{;

The resultant time for taskdepends on the relevant skill rating of the woitkandling the task. For this,
the Learning Curve theory is adopted and the eojuiddi

logx

tesj =7 |:Itpro,i I:Nan(i’j)@ | y=21 1)

Where, Ny is the number of attempts owned by worken taski; « is a fractional number indicating
the learning rate (e.g. 0.8 or 0.9)is a multiplying constant called “first attempaustiard ratio” to compute
the longest processing time for any worker whefirsetakes up the task.

2.3 Inter-arrival Time,f;

The time interval between two successive taskslied inter-arrival time. The demand for taskD; is
determined by the ratio of its mean processing tiomés mean inter-arrival time:
t
D, = =" )
t

int,i

2.4 Allowable Time 4f;

The difference between the arrival time and thetine of a task defines its allowable time. Anykiésat
spends more than the allowable time is consideveddoe. The urgency of taskC; is computed as the
ratio of the processing time to the allowable time:

t. .
C. = _Proi (3)

Y tan

2.5 Skill Rating, $

The skilli held by workelj can be rated in regard to his cumulative numbeat@mpts requiring skill,
Nau,, and the learning rate;

logx

S, = 1 Nayg,j) log2 (4)

2.6 Picking Index/Z;

To pick workerj for taski, the “picking index”,/7;; is formulated from Equations (3) and (4), inclesivf
the corresponding skilg; and the mean of the other skills held by work&:.on j ; the skill gap between
the minimum,S i, and maximumS ., Of all the workers; the task urgendy;, and the user-defined
mean urgencyCnean @ fractional random numbeR,(0 <R < 1). For an incoming task the picking index
associated with each available worker is calculdieéntually, the matching with the highest pickindex
will be accepted:

R(S. -S —
17” = Q S,j + M-F (CI - Cmean )(SJ = Si oth, j ) (5)

54



Computer Engineering and Intelligent Systems www.iiste.org
ISSN 2222-1719 (Paper) ISSN 2222-2863 (Online)
Vol 2, No.6, 2011

3. Performance Data

This section delineates four performance data itesasrdue rate, average skill level, interperscarad
intrapersonal skill deviations. Each of these penfince measures is defined and formulated as below.

3.1 Overdue RatéODR)

As the primary concern among others, the overdte neflects the capability of the production flcor
meet delivery times with no additional aid or coss$. mentioned ir2.4, any task that is unfinished at the
due time (i.e. the task’s resultant timg,; exceeds the allowable timg,;) is an overdue task. The overdue
rate can be calculated through dividing the nunab@verdue tasks by the total number of finishesksa

Let O = 1 ;tres,i > tall,i (6 1)
' 0 ; otherwise '
20
OverdueRate = ZI_T (6.2)

3.2. Average Skill LevéhSL)

Every skilli held by workerj is given a ratingS;, as accounted i@.5. The personal skill meanS_j is
given by the sum of all his skill ratings over toéal number of skillsNs. Upon that, the average skill level,
S can be calculated per the total number of workeys,

S el 7.1

NG (7.1)

oI5

s =1 7.2
Ny (7.2)

3.3 Interpersonal Skill DeviatiofinterSD)

The interpersonal skill deviatiom;., is the indicator of workload balance among tharenwvorkforce.
This measure is computed with the standard dewviatfoeach and every personal skill mean from the
average skill level:

8

3.4 Intrapersonal Skill Deviatio(intraSD)

The intrapersonal skill deviatiorgi,., is @ measure reflecting the inherent cross-trgirgchances. In
practice, a great intrapersonal skill deviation lglobe expected from a selection method with limited
cross-training chances, and vice versa. At fitsg, standard deviation of every skilheld by worker,
Oiniraj IS COMputed; and then, the collective standardadiens are averaged out @gya:
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2(S, - S)°
Uintra,j = N _1_ (9.1)
S
Zaintra,j
Ointra = N— (9-2)
W

The rationales of the above equations have alrbadyg provided in Lim (2011a).

4, Manufacturing Simulation

Simulation is a technique that models a real-lifehgpothetical environment, in particular one with
dynamic and stochastic aspects, to enable thetoiggeview how a model works. A series of altenegi
can thereby be tested and assessed offline toidesttify the best solution for a specified problé@rtupic

et al. 2006). According to a survey made on selectedigatiins between 1992 and 1997, simulation has
already become a primary research methodology ératipnal management (Pannirselvaimal. 1999).
With regard to the workforce planning and reassigninZilchet al. (2004) stressed the effectiveness of
simulation to consider the plurality of possibégiand to exploit the flexibility of human resowgce

4.1 Strengths and Limitations

Although simulation does not assure optimal sohytibis the only proper analysis technique whemnizl
mathematical methods fail to reflect some charaties of a system (Lanner 2000). The strengths of
simulation (Yicesan & Fowler 2000) inclutleme compressiofpotential to simulate years of real system
operation in a much shorter timepmponent integratioability to integrate complex system components
to study their interactions)jsk avoidance(hypothetical systems can be studied on “what ifalgsis,
without financial or physical risks of a real sysde physical scaling(ability to study much larger or
smaller versions of a systemg¢peatability (ability to study different systems in identicaveronments or
the same system in different environments), aontrol (everything in a simulated environment can be
precisely monitored and exactly controlled).

On the other hand, Hlupit al. (2006) stated that simulation can generate olitpgtiantitative rather than
qualitative format to offer objective grounds fasalssion and support informed decision-making. For
instance, a simulation model may help the usecipatie the productivity (i.e. quantitative outpat)d then

it is up to the user to accept, reject or modifg tbntative strategy (i.e. decision-making). Acaogdto
Grewal et al. (1999) and Siow (2008), simulation is ideal foe thycle time study in semiconductor
manufacturing, whereby it allows the user to matiel complex system behaviour, identify the minimum
resource requirements, analyse the loading capapitydict the throughput, and gather the tool
performance statistics.

Aside from the inherent strengths mentioned, sévesaies or difficulties might be encountered when
modelling and simulating a manufacturing systemerknf incorporation of detail can increase the
credibility of the model, excessive levels of detaay render a model hard to build, debug, undedsta
deploy, and maintain (Chaneg al. 1996). The whole process to collect data, buikceate, and analyse
the model can be very time consuming (Fowler & R23@4). By and large, knowing the proper amount of
detail is paramount in designing a simulation modlae experimentation time can be reduced by exgjor
simpler models that still hold realistic results, well as using distributed and parallel simulatién
simulation of relatively low complexity can be pmmhed without a computer, using pencil and paper
instead (Symankiewicet al. 1988). There is no need to include all the salieatures in the beginning of
simulation, wherein the progressive model buildinlg is recommended- start with a simplified version
to introduce detail step-by-step until the modelaspletely built (Brooks & Tobias 2000).
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4.2 Witness Modelling

Witness®, as one of the simulation software packdigeirishing in this computer era, provides a mn§
drag-and-drop manufacturing elements with animasplay. Calinescuet al. (1999) observed that
Witness® is a leading software tool that holds afaitity-related capabilities, hence admitting ofvigost
rapid development of flexible and generic simulatioodels.

For this research, a case study has been conductadocal carton manufacturer. Each carton regdive
major tasks: laminate the structure, make thertidke the legs, make the box, and assemble the final
product. To simulate the job-shop situation, outn@s® model contains three types of manufacturing
elements: part, machine and labour. There are e in total, representing the five tasks (TT%) and

two disturbances (absence and turnover), while eddine parts has a specific machine to process its
material or information. The Withess® elements tradr flows are shown in Figure 2.

4.3 Visual Basic and Microsoft Access

Further information about the tasks and workerg. (grocessing time and skill rating) are storedsnwell

as retrieved from a database Wgnamic Link Libraries(DLL) and Structured Query LanguageéSQL)
made with the Visual Basic® (VB). For the selectncess, thebject oriented programmin@OP) code

is written in VB. According to Wang (1998), an O@Rides a programme into isolated parts called
“objects”. There are two types of contents in eatlfect: the data (callegropertiesin VB) and the
commands to manipulate that data (caleethodsin VB). When the programme needs to get some data
(e.g. worker availability), it merely gives a commaato the object that contains the targeted dathsa the
main programme itself never accesses the dataireet manner. Such facility helps make computeteso
easier to write, modify, and reuse. Figure 3 indisahow VB is used to communicate Witness® to
Microsoft Access®. In more detail, the programmaungles and the statistical distribution patternsifitgal
into these computer tools are displayed in Lim31(Pa) Appendices A1-A3.

4.4 Experimental Setup

Through adjusting the demand, disturbance and workffactors, four scenarios or experiments woeld b
simulated:

Experiment 1: All Typical (AlTyp)
All the experimental factors are placed on a tyjpgcanedium level

Experiment 2: High Demand (HiDem)
Only the demand factor is elevated to high leveillemie rest remain typical

Experiment 3: High Disturbance (HiDis)
Only the disturbance factor is elevated to higlelevhile the rest remain typical

Experiment 4: Low Workforce (LoWof)
Fewer workers are recruited while the other factersain typical

Statistics of these experimental factors are ddrfv@n the case company’s production history, aslt&ted

in Lim (2011a). Moreover, several assumptions havee made on the working time: 8 working hours per
day, overtime hours out of use; 22 working daysmenth on average, including public holidays. As th
duration for each experiment is two years and tedopmance is measured half-yearly, there are four
intervals to trace the progress: 1Y1H, 1Y2H, 2YIid 2 Y2H.
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5. Results and Discussion

The performance data output (i.e. ODR, ASL, InteeBid IntraSD) of four distinct experiments (i.eTyp,
HiDem, HiDis and LoWof) with five trials each isa@rded in Table 1.

For each experiment, the WOSEG exhibits much réaluéh the overdue rate from 1Y1H to 1Y2H; and
then, the rate remains low till the end of 2Y2HeBR\vhough the initial overdue rate in the HiDemnsc®

is as high as 20.59%, it goes down to 8.62% insttond period, and below 6.25% in the subsequent
periods. Such reduction is attributed to the impworker skills and the shortened resultant tithes
better meet the task urgencies.

There is a gradual increment in the average skitll in the four experiments, from a minimum 45.28%
1Y1H to a maximum 58.30% in 2Y2H, despite the lattownover issue. This is because, the Equation (5)
of WOSEG can duly increase the randomness in thilkergelection process when task urgency is low and
vice versa, making the cross-training chances gpjate (i.e. inversely proportional to task urgen&uch

a strategy can gradually upgrade the average kil and promote the workforce flexibility (a.k.a.
“immunity” against disturbances) while exerting mnioim pressure on the overall productivity.

On the other hand, the WOSEG has a narrow intespalsskill deviation range between 9.19% and
13.99%, along with the range of intrapersonal sk@Viation between 6.34% and 12.72%. These two data
items are considered secondary as they merelyctéfe workload balance and the cross-trainingeaoy

in tandem, which make no direct influence to therall performance. In fact, it is very rare to hardy

one performance measure, like workload balanceassetraining chances, to be optimised.

6. Conclusion

The development of HWM is suitable for the subgfctvorkforce allocation, which is rarely studiedngs

the HMS paradigm. In a pre-active and quantitatoren, the WOZIP component was devised to estimate
the number of workers required in a certain prodacperiod; while in a reactive and qualitative man

the WOSEG component is intended to choose a bastisworker for every incoming task. It takes both
the worker skill and the task urgency into accaonsecure a good performance in terms of overdige ra
and average skill level. Computer simulation igiegrout to verify the effectiveness of WOSEG, vidrich

the experimental results obtained are satisfactewy.comparison with other selection models commonl
used in manufacturing industry, refer to Lim (2011a
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HiDem (20 59| 8.62| &.13| 624|48.72|53.88(56.12(57.92(| 2.82(10.97(11.80]11 54]11.01|10.41|10.30|10.14
HiDiz | 7.10| 2.34| 1.78( 1.71|(47.08(52.32|54.00(|55.12]| 3.19|10.20|13.058[12.88(12.72| 2.47| 8.52( 5.9
LoWof| 2.04| 2.05| 245| 2.07(51.50|56.10(5740(58.30( 241 2.93[1033|1001| &81| &38| &34 647
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Figure 1. WOSEG as a branch of HWM
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Figure 2. Witness® elements and flows
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