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Abstract 
This paper deals with workforce planning to present a system dynamics model that allows the user to 
examine the effects of changes in the workforce planning problems associated with staff recruitment, staff 
shortages and staff surpluses and to study the behavior of the recruitment staff in the process. The work 
sets out to investigate the effects on the overall system dynamic behavior of recruit staff in process 
feedback and lead time variation in real time. Simulations results are presented to illustrate how this 
model may be utilized to select an optimum training rate by devising appropriate training policy 
parameters with reference to minimizing training time to achieve target levels for an organization. System 
dynamics models can be used as a flight simulator by the management to optimize organizational learning 
interventions such as knowledge creation, knowledge erosion recruitment, training, learning, staff hiring 
and attrition rates. We anticipate that system dynamics modeling would help the decision maker to devise 
medium to long term efficient workforce planning strategies. The major contribution of this paper is the 
development of Automated Pipeline Skill pool Model (APSKPM) as a new methodology of looking at 
system behavior by real time lead-time variation. 
 

Keywords: Workforce Planning, System Dynamics, Manpower Recruitment, Dynamic Behaviour. 
Simulation 

 

Introduction 
Most organizations under increasing pressure to find 
ways to recruit and forecast their workforce needed 
in a rapidly changing business environment, 
Companies often give more attention to the 
importance of workforce planning in the achievement 
of business objectives and necessary staff can always 
be recruited in the marketplace to meet future needs. 

Decision maker tends to focus on financial and 
marketing aspects of planning, parallel with linkages 
between human resource planning and business 
strategic planning. 
A good Human Resource Planning definition is given 
by Kastens (1979) who defined it as ñPlanning is a 
technique to establish and maintain a sense of 
direction. Planning would ensure that activities were 
oriented toward to chosen goal and, therefore, would 

create progress toward that goal. It would allow 
people to question current planning methods and 
would evoke new ways of thinking and acting 
strategically. Therefore, human resource planning is 
an effort to improve morale and productivity and 
limit job turnover, they also help their companies 
effectively use employee skills, provide training 
opportunities to enhance those skills, and boost 

employee satisfaction with their job and working 
conditions and its commonly referred to as training 
and includes employer sponsored efforts to improve 
the skill and competencies of employees through 
education, training and development. On the other 
hand, Human resource planning is forward looking 

analysis of current and future human resource 
development needs, issue and challenges facing a 
particular occupation such as the supply and demand 
of skilled people, the impact of changing technology, 
the need of skill upgrading and the efficiency of the 
existing training. Human resource planning is an 
effort to improve morale and productivity and limit 

job turnover, they also help their companies 
effectively use employee skills, provide training 
opportunities to enhance those skills, and boost 
employee satisfaction with their job and working 
conditions. 
 

Automated Pipeline Staff Pool Model 
(APSKPM) 
The system chosen for our study model is adopted 
from the Automated Pipeline Inventory and Order 

Based Production Control System (APIOBPCS). Much 
work in dynamic analysis of the APIOBPCS model has 
been carried out by Jhon (1992). Cheema 1994 has 
argued that this model is representative of much 
industrial practice with annual production control 
systems. Cheema (1994) shows how the APIOBPCS 
model can be shaped to satisfy those conditions under 
which analogues linear control systems for other 

applications have been regarded as optimum. The 
APSKPM concerned with how many people are 
undergoing training or under recruitment and what 
staff are on offer during the company training 
program. Hafeez&Abdalmajed 2003 has simulated the 
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response of the APSKPM model to a range of dynamic 
inputs and selected optimum parameters. 
 In this format the automated pipeline skill pool model 

is developed to improve our understanding the 
dynamics of staff behaviour especially during times 
when a company going through some major changes.,  
 

System dynamics in workforce planning 
System dynamics is a method for developing 
management flight simulators to help us learn about 
dynamic complexity and understand the sources of 

policy resistance to design more effective policies 
(Sterman, 2001).This is a methodology for studying 
and managing complex feedback systems its means 
exactly what its name implies, its concerned with 
creating models for representations of real world 
systems of all kinds and studying their behaviour in 
particular its concerned with improving "controlling" 
problematic system behaviour, system dynamics is 

that part of management science which deals with the 
controllability of managed systems over time, usually 
in the face of external shocks., However, successful 
intervention in complex dynamic systems requires 
technical tools and mathematical models. This 
process is fundamentally interdisciplinary, because it 
concern with the behaviour of the complex system, 
and is based on the theory of non-linear dynamics 

and feedback control developed in mathematics and 
engineering. (Coyle, 1996).On the other hand,itôs a 
modelling approach that considers the structural 
system as a whole, focusing on the dynamic 
interactions between components as well as the 
behaviour of the system at large.There are many 
authorswho have used system dynamics to various 
areas for example Hafeezet. al., (2003) have used 

system dynamics to help understand the dynamic of 
skill acquisition and retention, particularly during 
times when a company is going through some major 

change. Coyle (1999) has used system dynamics to 
manage and control the assets and resources on major 
defense procurement programs .Moorecroft (1999), 
has used system dynamics to model the management 
behavioural resource system in order to analysis a 
diversification strategy. Mason-Jones et al (1995), 
have extended Hafeez et al (2000),work to show its 
applicability in an Efficient Consumer Response 

(ECR) environment by linking it to point of sale 
inventory triggers Aburawi and Hafeez (2009) also 
has used System dynamics to describe how may be 
used as an effective tool to model and analyze the 
human resource management problems associated 
with staff training, staff surpluses and staff shortages. 
Furthermore, ,the System Dynamics approachh 
provides a means of describing rich, complex 

problem situations in a way that ensures all 
assumptions are consistent, explicit and easily 
communicable, as well as providing the analytical 
power to process this rich model without complex 
mathematics. The use of simple flowcharting 
techniques and spreadsheet models avoids all the 
problems of alienation and distrust associated with 
ñblack boxò techniques. This not only produces 
better models but courageôs a healthy modeling 

process with a close relationship between modular 
and decision makers (Brian and Cain, 1996). The 
research methodology is based on the SD 
methodology proposed by Forrester (1961) and is 
depicted in Figure 
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To start with, we performed the situation analysis, 
which included problem identification of workforce 
scenario with the case study Company to study the 

staff behaviour per year and their absorption rate. We 
then developed the causal loop diagram for KM & 
HRM (Figure 2). Jay Forrester (1961) did the 
pioneering work of system dynamic theory. Senge 
(1994) has used this theory very widely in 
developing the concept of the Learning Organization. 
Through the reference of these two, we developed the 
causal loop diagram (Figure 2). This considered the 

parameters which have significant influence on 
knowledge, skill and attitude development that 
provides the required level skilled staff. We also 
considered, absorption of these staff  based the 
competency thus gained. Various influences are 
represented in the form of feed-forward and feedback 
loops. A computer simulation of this model is 
possible but is of limited use as the individual 

parameters change (e.g. Recruiting rate) cannot be 
isolated easily (Hafeez&Abdelmeguid, 2003). 

 
System input-output analysis 
Input-output analysis has been found to be a 
powerful and comprehensive tool in system analysis 

and system investigation work.  The use of input-
output analysis is helpful in building up both a 
conceptual as well as more concrete, block diagram 

model, (Parnaby, 1979).   Once the conceptual model 
has been produced, the next step of producing the 
block diagram is made that much easier.  The most 
common use of input-output analysis is to evaluate 
the impact of exogenous changes in the external 
components of the interdependent (internal) 
components.  Input-output analysis has most 
frequently been used in the study of economic 

systems (Correa and Craft, 1999). 
Figure 2 shows the input-output block diagram of the 
case companies' staffing scheduling system. The 
planning methods used by human resource planning 
managers were investigated by means of 
interviewing and observing the managers at work. 
The philosophy of our approach to human resource 
design, summarized in the input-output diagram, are 

divided into three categories: system inputs (design 
constraints), system inputs (optimization process) 
and system outputs (recommended design settings), 
as shown in Figure 2 

 
Figure 2: Input-output analyses indicating the sources of company data for the system analysis process 

 

 
Influence diagram representation of 
APSKPM in Ithink 
Influence diagrams are a method of sketching out 

what causes what in the system. The emphasis is 
on understanding the overall behaviour of a 
complex system in terms of stability, response 
time, etc.  The Influence diagram is a pictorial 
display of how the variables in the system 
influence one another (Coyle, 1977). Causal loop 
diagrams are used to develop causes and effect 
relationships between the main variables of 

systems. In our view, key components of a 
human resource planning model should represent 
links between staff level, training, recruitment, 
staff leaving rate and recruit staff in the process. 

The influence diagram for The Automated 
Pipeline Skill Pool Model (APSKPM) is shown 
in Figure 6.1 using the standard Ithink software.  

The model is a time varying extension for the 
baseline IOBPCS.  It is adapted from the 
simplified work in progress model of Disney and 
Towill (2001).  As with the SKPM model, the 
actual staff leaving rate is forecast using 
exponential smoothing to give the forecast staff 
leaving rate.  The smoothing constant involves 
the same quantity Ta as before.  This forecast is 

then used to arrive at a target recruit staff in 
process value.  This value is taken to be a simple  
Multiple of the forecast staff leaving rate. The 
multiplier is the value Tc, which is arbitrarily 
chosen by the decision maker and is therefore 
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used as a control parameter.  The actual recruit 
staff in the process value compared to the target 
for this quantity will give rise to a gap. If we wish 

this gap to be reduced in time Tw, then we need 
to feed this through to the recruitment demand 
rate.  The recruitment demand rate will thus be 
influenced by the forecast staff leaving rate, the 
staff gap and the time reduce this (Ti) together 
with the recruit staff in process gap, and the time 
to reduce this gap, which is the Tw quantity.  
This recruitment demand rate will influence the 

recruitment completion rate as before, and 
involve the control parameter Tr.   Therefore, in 

this model, the company can control its 
recruitment process by varying the control 
parameters Ta, Ti, Tr, Tw and Tc. 

The major difference is that here (compared to 
the SKPM situation) we are explicitly concerned 
with recruit staff in the process.  Such staff is a 
reality.  They need to be trained up and inducted 
into a company, which takes time.  The APSKPM 
model allows the company to control this aspect 
of its recruitment process. 
 

 

.

 
Figure 3: Influence diagram of the APSKPM

Apskpm Block Diagram 
Figure4 shows a simplified Automated Pipeline Skill 
Pool Model (APSKPM) block diagram model, the 
model shows that the recruitment rate schedules are 

derived as afunction of current staff leaving rate ,  
 
 

 
Staff level and recruit staff in the process and this 
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error is
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This model is implicit link with the organization 
environment to develop new policy, also it aims to 
respond the training and hiring needs as a result of 

present staff leaving rate (feed forward) as well as 
actual stall level and staff training completion rate 
(feedback).  Therefore the essential aim of using 
system dynamics as an effective tool in HRP to find  
The polices which will control the companies 
effectively in the face of shocks which will fall upon 
it from the outside world, which will make things 
worse than they need to be. 

Dynamic Analysis of the APSKPM model 
A simulation model was written usingthe standard 
Ithink software package, which allows anyone with 
elementary control theory knowledge to construct an 
equivalent model to present time-based dynamics. In 
order to anticipate the staff leaving replacement 
requirements, some kind of averaging is useful. We 
have used exponential smoothing function to average 

the present staff leaving rate over time Ta and added 
back to the original recruitment rate to reflect the 
staff loss history in the recruitment planning. , the 
APSKPM model and simulation analyses presented 
in this paper relate to an overseas petrochemical 
company. The main purpose of this analysis was to 
find optimum policy parameters for the company to 
maintain its target staff pool and the recruit staff 
policy. The experiments were designed to set 

parameters Ti, Ta, Tr, Tw triplets in a given range to 
observe and record the dynamic response in order to 
determine their optimum setting. Once selected, the 
system would determine staff recruitment 
automatically governed by Ta and Ti according to a 
present staff leaving rate and staff gap. Table 2 
shows the performance index of the SKPM and 
describe the related system behaviour. 

Figure 5 shows the dynamic response in the staff 
recruitment completion rate, actual staff level and 
recruit staff in the processfor the range values of Ti. 
As shown in Figure 5 (a), increasing Ti reduce the 
peak overshoot and the peak overshoot will occur 
with an under the damped system and is defined as a 
maximum value of the output and to achieve a level 
good control, large overshoots are to be avoided. A 

small overshoot has to be balanced against a 
moderate staff recovery rise time.Figure5 (b), shown 
the actual staff level behaviour for various values of 
Ti. As present staff leaving rate change causes the 
initial deficit whilst staff losses are met from the 
existing staff level. The response then shows a 
moderate overshoot before setting to its steady state 
value. This is due the initial staff loss being met from 

actual staff pool whilst extra staff is begin recruited 
in the training program, or new staff start recruited, 
as Ti increases the duration of staff pool deficit 
would increase, and the peak staff pool overshoot 
decrease as well. Figure 5 (c) shows the behaviour of 
recruit staff in the process, because the recruit staff in 
the process is one of the important controllers in the 
recruitment and training delay of unacceptable 
control programme, the response of recruiting staff in 

the process shows the similar properties to that 
recruitment completion rate but with the actual 
values multiplied by Tr. 
Figure 6examines the dynamic response of the staff 
recruitment completion rate, actual staff level and 
recruit staff in process for varying values of Ta. Ta is 
gradually varied between 1 month to 18 months, for 
fixed values of Ti, Tr, Tw, and Tc. As shown in 

Figure 6(a)shows the largest value of Ta gives less 
oscillatory response for the training completion rate, 
and as Ta decrease the recruitment completion rate 

overshoot increases, but the settling time decrease. 
Figure 6(b) shows the large value of Ta gives a slow 
actual staff level recovery, decrease in Ta would staff 
level drop decrease as well as settling time. Smaller 
value of Ta would induce instability in a real 
system.Figure6(c) represents the recruit staffs in 
process response, which aresimilar to the recruitment 
completion rate with the multiplied factor of Tr. 

Figure 7 illustrates the behaviour of the three 
controllers namely, staff recruitment completion rate, 
actual staff level and recruit staff in process at 
varying Tr. Figure 7 (a) illustrates that the training 
completion rate, as the Tr increase over 6 months the 
response is under the nominal value and it doesnôt 
recover completely, but at Tr at 2 months the 
recruitment completion rate has a good behaviour, 

therefore the maximum peak overshoot at Tr equal 
months is 2 % of the nominal value and the duration 
of overshoot about  25 months.Figure7(b)shows that 
at Tr =2 months the behaviour of actual staff level 
approaches from the optimum response, as Tr 
increase more than 4 months, the system response 
show a permanent overshoot, while for Trgrater than 
6 months the initial staff level drop get worse. Figure 
7 (c) shows the response of recruit staff in process for 

various value of Tr. As Tr increase the oscillatory 
response increase, and for Tr less than 2 months the 
recruit staff in process is under the nominal value and 
for Trgreater than 6 months the response are a 
pronounced overshoot. Obviously at Tr=2 months 
and 3 months the recruit staff in the process has a 
good response. 
Figures (8) show the recruitment completion rate, 

actual staff level and recruit staff in process at 
different values of staff pipeline control parameter 
Tw. The aim is to observe how the system recovers 
the input changes. Figure 8 (a) shows the recruitment 
completion rate behaviour, as shown in the figure 8 
(a) as Tw decrease the recruitment completion rate 
overshoot decrease, however the time is taking the 
system to reach a steady state value slightly increases 

and as Tw decrease the dynamic recovery to the input 
improves. Figure 8 (b) indicates that, as Tw less than 
3 months is less peak overshoot but the duration of 
overshoot is longer. For Tw greater than 4 months 
the actual staff level overshoot increase, the actual 
staff level response indicates that as Tw decrease, the 
overshoot damps down, at the same time the initial 
staff pool deficit increases slightly for smaller values 

of Tw. The recruit staff in the process has the similar 
behaviour as the training completion rate but with a 
multiplying factor of Tr as shown in Figure 8 (c). The 
peak overshoots decrease as Tw decrease from 
infinity. 
Figure 8 illustrates the influence of the parameter Tc 
on the three controllers, staff recruitment completion 
rate, actual staff level and recruit staff in the process. 
This parameter is used to estimate the recruitment 

lead time to control the desired value of recruit staff 
in the process. Figure 9 (a) shows that at Tc less than 
10 months the starting value is less than the nominal 
values. As Tc increase the peak overshoot increases 
as well as the duration of overshoot increase. Clearly 
for all Tc values the recruitment completion rate is 
completely recovered to the nominal value. 
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Figure 9 (b) shows that at Tc less than 12 months the 
actual staff level decrease below the nominal value. 
The staff level pool has satisfactory behaviour from 

Tc between 12 and 15 months and the actual staff 
level drop and the duration of the staff deficit are 
small compared by other values, for Tcgreater than 
15 months the actual staff level increase and doesnôt 
get to a steady state value. 
Figure 8 (c) shows the recruit staff in process 
response for different value of Tc. By inspection 

ofFigure9 (c) at Tc= 14 months it is acceptable 
behaviour, as Tc decrease less than 12 months the 
initial recruit staff in process level drop increase and 

as Tc increase above 15 months the recruit staff at 
process level overshoot increase permanently. The 
result shown in Figure 9 (c) indicated that Tc should 
be equal 14 months. 
 
 
 

 
(a) Staff recruitment completion rate behaviour 

 
(b) Staff level behaviour 

 
(c) Recruit staff in process behaviour 

Figure 5:  response of SKPM for (Ti=Ta=Tw=4 
months) and varying values of Ti  

 
(a) Staff recruitment completion rate behaviour 

 
(b) Staff level behaviour 
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Figure 6:  response of SKPM for (Ti=Ta=Tw=4 
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(a) Staff recruitment completion rate behaviour 

 
(b) Staff level behaviour 

 
(c) Recruit staff in process behaviour 

Figure 7:  response of SKPM for (Ti=Ta=Tw=4 
months) and varying values of Tr 

 

 
(a) Staff recruitment completion rate behaviour 

 
(b) Staff level behaviour 

 
(c) Recruit staff in process behaviour 

Figure 8:  response of SKPM for (Ti=Ta=Tr=4 
months) and varying values of Tw 

 
(a) Staff recruitment completion rate behaviour 

 
(b) Staff level behaviour 

1

1
0

1
9

2
8

3
7

4
6

5
5

6
4

7
3

8
2

9
1

0
.5

3 5
.5

8

1
0
.5

1
3

1
5
.5

1
8

135

140

145

150

155

160

R
e
c
ru

it
m

e
n
t 
c
o
m

p
le

ti
o
n
 r

a
te

 

(U
n
it
s
/M

o
n
th

)

Time (Months)
Tr (Months)

1

1
0

1
9

2
8

3
7

4
6

5
5

6
4

7
3

8
2

9
1

0
.5

3

5
.5

8

1
0
.5

1
3

1
5
.5

1920

1930

1940

1950

1960

1970

1980

1990

2000

2010

2020

A
c
tu

a
l 
s
ta

ff
 l
e
v
e
l 
(U

n
it
s
)

Time (Months)
Tr (Months)

1

1
0

1
9

2
8

3
7

4
6

5
5

6
4

7
3

8
2

9
1

0
.5

3 5
.5

8

1
0
.5

1
3

1
5
.5

1
8

1900

1950

2000

2050

2100

2150

2200

S
ta

ff
 i
n
 p

ro
c
e
s
s
 l
e
v
e
l 
(U

n
it
s
)

Time (Months)
Tr (Months)

1

1
0

1
9

2
8

3
7

4
6

5
5

6
4

7
3

8
2

9
1

0
.5

3 5
.5

8

1
0
.5

1
3

1
5
.5

1
8

140

142

144

146

148

150

152

154

156

158

R
e
c
ru

it
m

e
n
t 
c
o
m

p
le

ti
o
n
 r

a
te

 (
U

n
it
s
/M

o
n
th

)

Time (Months)

Tw (M
onths)

1

1
0

1
9

2
8

3
7

4
6

5
5

6
4

7
3

8
2

9
1

0
.5

3

5
.5

8

1
0
.5

1
3

1
5
.5

1
8

1960

1965

1970

1975

1980

1985

1990

1995

2000

2005

2010

A
c
tu

a
l 
s
ta

ff
 l
e
v
e
l 
( 

U
n
it
s
 )

Time (Months)
Tw (M

onths)

1

9

1
7

2
5

3
3

4
1

4
9

5
7

6
5

7
3

8
1

8
9

9
7

0
.5

3 5
.5

8

1
0
.5

1
3

1
5
.5

1
8

1990

2000

2010

2020

2030

2040

2050

2060

2070

2080

S
ta

ff
 i
n
 p

ro
c
e
s
s
 l
e
v
e
l 
(U

n
it
s
)

Time (Months)
Tw (M

onths)

1

8

1
5

2
2

2
9

3
6

4
3

5
0

5
7

6
4

7
1

7
8

8
5

9
2

10

12.5

15

1900

2000

2100

2200

2300

2400

2500

A
c
tu

a
l 
s
ta

ff
 l
e
v
e
l 
(U

n
it
s
)

Time (Months)
Tc (

Month
s)



 

93 

 

Modelling Recruitment, Training In Workforce Planning Using 
System Dynamics 

 

 

Izidean  Aburawi, Khalid  Hafeez, Awad  Abdulsadig 

 
 

 
Academy of Contemporary Research Journal 

l 

Volume II, Issue III, 2013, 86-97  

 
(c) Recruit staff in process behaviour 

Figure 9:  response of SKPM for (Ti=Ta=Tr=Tw=4 
months) and varying values of Tc 

 
Conclusion:- 
The model developed and employed in this paper is 
an automated pipeline staff pool model which allows 
firms to recognize how to manage staff level and to 
manage recruit staff in the processto reach the 

desired value by tuning parameters Ti, Ta ,Trand Tw 
to determine the optimum setting results also the 
decision maker can minimize the current and future 
staff gap by ordering appropriate recruitment 
program. From the dynamic analysis developed 
above illustrates that the optimum parameter setting 
(Ti=Tr, Ta=2Tr and Tw=2Ta) since unnecessary 
fluctuation in actual staff level have been avoided 
and the time to recover the target staff level is not too 

long. Therefore human recourse managers should use 
the identified design parameter to develop 
recruitment policies and the staff gap can be 
identified by auditing the organizations existing staff 
and devising training for basic organization 
requirement. Therefore the model incorporates 
complex, dynamic causal factors and the model can 
be used to provide insight to a company manager. 

This study shows that using the dynamic analysis 
techniques and computer simulation model of 
APSKPM model, greatly improve the understanding 
of system behaviour. This model leads to better 
system design in terms of staff level control without 
excessive fluctuations in staff recruitment. 
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Table: Performance index and associated dynamic behaviour for the Skill Pool Model (APSKPM) 

 
 

 
 

Performance index  Automated Pipeline Staff Pool Model (APSKPM) 
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Rise Time 
(Months) 

Increasing Ti increases 
slightly the rise time 

Increasing Ta increases 
the rise time 

Increasing Tr increases the 
rise time 

Increasing Tw increases 
the rise time 

Increasing Tc increases 
the rise time 

Peak overshoot 
(Percentage from the 
nominal value) 

Increasing Ti slightly 
increase the peak 
overshoot 

Increasing Ta decrease the 
peak overshoot 

Increasing Tr increases the 
peak overshoot 

Increasing Tw slightly 
increase the peak 
overshoot 

Increasing Tc slightly 
increase the peak 
overshoot 

Duration of overshoot 
(Percentage from the desired 
value) 

Increasing Ti slightly 
increases the duration of 
overshoot 

Increasing Ta increases 
the duration of overshoot 

Increasing Tr increases the 
duration of overshoot 

Increasing Tw slightly 
decreases the duration 
of overshoot 

Increasing Tc slightly 
decreases the duration 
of overshoot 
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Initial staff level drop 
(Percentage from the desired 
value) 

Increasing Ti increases 
the initial staff droop 

Increasing Ta increases 
the initial staff drop 

Increasing Tr increases the 
initial staff drop 

Increasing Tw 
decreases the initial 
staff drop 

Increasing Tc decreases 
the initial staff drop 

Duration of staff inventory 
deficit 
(Month) 

Increasing Ti increases 
the settling time 

Increasing Ta increases 
the settling time 

Increasing Tr increases the 
settling time 

Increasing Tw 
decreases the settling 
time 

Increasing Tc decreases 
the settling time 

Peak staff inventory 
overshoot 
(Percentage from the 
nominal value) 

Increasing Ti decreases 
the peak staff inventory 
overshoot 

Increasing Ta decreases 
the peak staff inventory 
overshoot 

Increasing Tr increases the 
peak staff inventory 
overshoot 

Increasing Tw 
decreases the peak staff 
inventory overshoot 

Increasing Tc decreases 
the peak staff inventory 
overshoot 
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Increasing Ti increases 
slightly the rise time 

Increasing Ta increases 
the rise time 

Increasing Tr increases the 
rise time 

Increasing Tw increases 
the rise time 

Increasing Tc increases 
the rise time 

Peak overshoot 
(Percentage from the 
nominal value) 

Increasing Ti slightly 
decrease the peak 
overshoot 

Increasing Ta decrease the 
peak overshoot 

Increasing Tr increases the 
peak overshoot 

Increasing Tw slightly 
increases the peak 
overshoot 

Increasing Tc slightly 
increases the peak 
overshoot 

Duration of overshoot 
(Percentage from the desired 
value) 

Increasing Ti slightly 
increases the duration of 
overshoot 

Increasing Ta increases 
the duration of overshoot 

Increasing Tr increases the 
duration of overshoot 

Increasing Tw slightly 
decreases the duration 
of overshoot 

Increasing Tc slightly 
decreases the duration 
of overshoot 
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Table: Performance index Performance index and associated dynamic behaviour for the Automated Pipeline Skill Pool Model (APSKPM), in case study Table: Performance index and associated 
dynamic behaviour for the Skill Pool Model (APSKPM) 

 

, where the shaded region shown the optimum response 

Performance index at the design 
Parameters 

 

Automated Pipeline Skill Pool Model (APSKPM) Design parameters  
 

Ti=1, 

Ta=2, 
Tr=1 
Tw=7 

Ti=2 

Ta=4, 
Tr=2 
Tw=7 

Ti=1, 

Ta=4, 
Tr=4 
Tw=7 

Ti=2, 

Ta=2, 
Tr=2 
Tw=7 

Ti=4, 

Ta=8, 
Tr=8 
Tw=7 

Ti=4 

Ta=8 
Tr=4 
Tw=7 

Ti=3, 

Ta=6, 
Tr=3 
Tw=7 

Ti=2, 

Ta=4, 
Tr=8 
Tw=7 

Ti=3, 

Ta=4, 
Tr=4 
Tw=7 

Ti=3, 

Ta=4, 
Tr=8 
Tw=7 

 
Recruitment 
completion rate 
measurements 
 

Rise Time 

(Months) 
4 3 3 3 7 5 5 5 4 7 

 
Peak overshoot 
 

21.6% 6.08% 18.9% 7.4% 31.7% 15.5% 10.8% 42.5% 23% 37% 

Duration of overshoot 
(Months) 

4 5 4 7 20 15 14 13 10 16 

Staff level 
measurements 
 

Initial staff level droop 
 

1.5% 1.8% 2.5% 1.65% 21.4% 9.45% 5.2% 17.15% 2.55% 19.5% 

Duration of staff inventory 
deficit 
 

4 5 4 9 20 16 15 13 10 16 

Peak staff inventory overshoot 
 

0.75% 0.25% 0.35% 0.8% 6.6% 1.3% 0.8% 8.65% 7.6% 8% 

Recruit staff in 
process  
measurements 
 

Rise Time 
(Months) 

4 4 3 5 8 6 5 6 4 7 

 
Peak overshoot 
 

21.6% 0.35% 1.3% 0.45% 2.2% 1.05% 0.7% 3.05% 1.6% 2.65% 

Duration of overshoot 
(Months) 
 

4 6 4 7 17 14 10 12 10 15 
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Present staff leaving rate PSLR 
It is a rate of losing staff due to staff leaving or staff 
obsolescence. The units of staff leaving rate is staff 
unit/month and it is refers to present staff leaving rate 

Predict staff leaving rate 
 

FSLR 
It is the time average of staff leaving rate and it is refers 
predict staff leaving rate. The units of staff leaving rate are 
staff units/month 

Target staff level 
 

DSL 
It is the level of target staff level. The unit of target staff level 
is staff unit. 

Staff gap 
 

SG 
It is the difference between desired staff level and actual staff 
level. The unit of staff gap is staff unit. 

Recruitment rate 
 

SRR 
It is the demand recruitment rate and it is refers to staff gap. 
The units of recruitment rate are staff units/month. 

Recruitment completion 

rate 
 

SRCR 

staff recruitment completion rate it is refers to the acquired 

staff and it is units are staff /month 

Actual staff level 
 

ASL 
It is the actual staff number which company needs to run its 
work. The units of actual staff level are staff unit. 

Desired recruit staff in 
Process 

DRSIP 
It is a level of target staff in process and it is refers to staff 
obsolescence and staff leaving rate 

recruit staff in Process RSIP 
It concerned about how many staff re under the recruitment. 
The units of recruit staff in process is Unit/month 

recruit staff in Process 
adjustment 

RSIPA 
It is difference between target and actual recruit staff in 
process 

Ti  time reduce staff gap deficit to zero 

Ta  time over which staff leaving rate are averaged 

Tr  recruitment process exponential delay 

Tw  time reduce recruit staff gap deficit to zero 

Tc  Estimated recruitment lead time 

1/ Ti 
 

1/ Ti 
 

It is the proportionalconstant to deal with the discrepancy 
between target staff and actual staff level 

1/Tw  
It is the proportional constant to deal with the staff in process 
adjustment 

1/S 

 

1/S 

 

This represent the actual staff level accumulated over time 
through the recruitment and training development and 
imported by the present staff leaving rate 

1 / (1+ Ta *S) 
 

Ŭa 
 

Multiplier used in simulation to take account of Ta to average 
the staff leaving rate over the demand average time 

1 / (1+ Tr*S) 
 

Ŭr 
 

Multiplier used in simulation to take account of Tp, and it is 
the recruitment process to acquire staff during recruitment 
session 

 

Table (1) Glossary of terms used in SKPM block diagram  

 

Appendix B. difference equation required for APSKPM 
Forecast staff leaving rate equation 
FSLR k+1 = FSKR k + Ŭa(PSLRk+1 - FSLR k)    ----( 1 ) 
Where  Ŭa = 1 / (1+ Ta *S) 
Staff gap equation 
SG k+1 = DSLk+1 - ASLk+1                                                       ---( 2 )   
Recruitment demand rate 
RDR k+1 = SGk+1 / Ti + FSLR k+1 +DRSIP k+1 /Tw--( 3 ) 
Recruitment completion rate 

RCR k+1 = RCR k + Ŭr ( RDR k+1 - RCR k )         ---( 4 ) 
Where Ŭr= 1 / (1+ TP*S) 
Actual staff level 
ASLk+1 = ASLk + RCR k+1 - PSLR k+1---( 5 )    
Recruit staff in process 
RSIP k+1= RSIP k + (RCR k+1 ïRCR k+1)          ---(6) 
Desired recruit staff in process 
DRSIP k+1= FSLR k+1*(Tc)                              ---(7) 

Recruit staff in process adjustment 
RSIPA k+1 = DRSIP k+1 - RSIP k+1                    ---(8) 

 


