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ABSTRACT

In this research, we develop two short-term manpower supply
models from air cargo terminal perspectives.  The models are ex-
pected to be effective tools for air cargo terminals to plan their
manpower supplies and shift schedules.  We first incorporate two
flexible management strategies and the related operating constraints
into the development of a mathematical programming model.  By
suitably modifying the model, we then construct a strategic model,
involving different combinations of manpower supply principles,
which can help air cargo terminals manage more effectively their
terminal manpower supplies.  To evaluate the models in practice, we
perform a case study using real operation data from a Taiwan air cargo
terminal, with the assistance of C computer programs and a math-
ematical programming solver.  The preliminary results are good,
showing that the models could be useful for planning air cargo
terminal manpower supply.

INTRODUCTION

The air cargo industry has been expanding rapidly
and is forecast to continue in the near future, making the
air freight markets more competitive than before.  Un-
der these circumstances, the air cargo terminals (for
convenience, hereinafter called terminals) have to pro-
vide better service with lower cost in order to maintain
their competitive edge.  However, terminal crew costs
involve a large investment among all operating costs.
Hence, terminals are continually seeking better ways to
allocate efficiently their crew resources.  A good termi-
nal manpower supply plan helps air cargo terminals deal
with their cargoes efficiently and maintain excellent
service quality, which could help terminals reduce their

operation cost efficiently, and is therefore a very impor-
tant issue to terminals.

In practice, terminal manpower supply plans are
usually classified into short- and long terms ones.  The
short-term terminal manpower supply plan, which in-
volves the current terminal’s operations, is usually per-
formed before the beginning of the next period (generally
seasonally).  On the other hand, the long-term terminal
manpower supply plan is usually performed at the be-
ginning of the year (or several years in advance), ac-
cording to the predicted cargo/manpower demands based
on historical information.  The constraints in these two
types of plans are different.  In particular, the manpower
available for a short-term plan is constrained by current
manpower resource.  How to set a good manpower
supply plan for short-term operations is more difficult
than for long-term ones.  Therefore, in this research we
focus on a short-term manpower supply plan.  Using a
domestic Taiwan air cargo terminal (Terminal C) as an
example, we introduce the procedure for determining
short-term terminal manpower supply plan in practice.

As shown in Figure 1, there are several depart-
ments in Terminal C, such as cargo receiving, cargo
loading, and so on.  In practice, these departments’
manpower supply plans are independent, mostly be-
cause different operating times are required.  Currently
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Fig. 1. Diagram of a Taiwan air cargo terminal (http://www.cksairport.
gov.tw/).
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among these departments, three shifts are the number
normally used (although sometimes up to six shifts are
occationally used) and there are normal seven different
flexible working hour types, from 4 to 10 (although
sometimes 11 and 12 working hour types are occationally
used).  In theory, more shifts would increase the degrees
of freedom in scheduling, thus conserving manpower,
but this results in a more complicated manpower supply
plan.  Therefore, for ease of scheduling, Terminal C
simplifies its manpower supply plan to have three shifts,
which is one of the reasons why the terminal operations
are not efficient and is one of the motivations for this
research.

The planning procedure for terminal short-term
manpower supply is defined as follows: (1) the initial
cargo demand estimation, (2) the terminal manpower
supply plan, and (3) the crew assignment.  The first
stage is to establish the distribution of cargo/manpower
demands according to historical information.  The sec-
ond stage is to set up a terminal manpower supply plan
to meet the required demand, as determined in the first
stage.  A plan is generated, specifying the number of
shifts and the shift starting times, which facilitates the
assignment of individual terminal crew into appropriate
shifts.  Owing to the inherent complexity of the sched-
uling problem, it is both difficult and time-consuming
to set up efficiently a terminal manpower supply plan
that meets the required demand.  The final stage is to
assign individual crew members, while still satisfying
vacation schedules and any associated regulations.

Among the three stages, the first stage is typically
simple, a statistical work.  The second stage is compli-
cated and its results serve as the basis of the third stage
− crew assignment.  In other words, crew assignment is
handled after the manpower supply problem is solved.
A good terminal manpower supply plan not only can
make crew assignment easy to apply, but also reduce the
terminal manpower crew cost.  However, in current
practice, Terminal C usually utilizes a trial-and-error
experience-based method for a feasible terminal man-
power supply plan, without optimization from a sys-
temic perspective.  In particular, a number of shifts
(traditionally three) are first set, based on experience.  A
set of different work types, each with a number of crew
members, are then calculated manually, via a trial-and-
error process, to meet the required demand, still being
constrained by the available manpower supply, for each
time slot.  Note that in short-term operations it is diffi-
cult to calculate available manpower supply for each
time slot before a detailed crew assignment is made.
Indeed, this is related to the current manpower resource
and crew assignment rules, which are in turn related to
personnel work/day-off/training/vacation regulations,
personnel seniority, and other associated information.

In current practices, Terminal C usually determines the
manpower supply available for each time slot based on
experience.  The available manpower supply for all time
slots, as well as the manpower supply plan, are then
used as a basis, and may be slightly adjusted, for the
crew assignment stage, at which point all formal em-
ployees in short-term operations are assigned to differ-
ent work type shifts.  As can be seen, such a trial-and-
error experience-based method is neither efficient nor
effective, especially for large terminals.  Therefore, this
research focuses on planning short-term terminal man-
power supply, which corresponds to the second stage of
the overall planning procedure mentioned above.

Much research has already been devoted to per-
sonnel scheduling problems, which can be classified
into  three  groups ,  according to  the  indust ry
characteristics: airline crew scheduling, mass transit
crew scheduling, and generic crew scheduling problems
[3].  Each group has often been discussed, e.g., the
airline crew scheduling [14, 16, 17, 22, 24-27], the mass
transit crew scheduling [11, 13], and the generic crew
scheduling [1, 4, 7, 8, 21].  Among the literature, the
study of [21] is more related to our research.  In particular,
they developed a model and a solution approach to the
freight handling personnel scheduling problem.
However, the planning period was set to be one day
which was difficult to apply to a week, as required in our
research.  Moreover, flexible management strategies,
which will be addressed later, were not incorporated in
the model.  Consequently, Nobert and Roy’s model and
solution approach do not satisfy the needs of this
research.  It should be mentioned that some models have
been developed to assist in airport apron service sched-
uling practices, for example, for ground staff schedul-
ing [20, 23] and aircraft line maintenance scheduling
[28].  Although these problems are related to ours, their
operating characteristics are different.  As a result, their
models or solutions cannot be directly applied to our
problems.  As to the other studies, they have focuses
different from that of this research, and thus cannot
provide efficient manpower plan solutions for air cargo
terminals.

Other than the above classification, personnel
scheduling problems have also been classified into shift
scheduling, day-off scheduling and tour scheduling prob-
lems [18].  Each problem has often been discussed, e.g.,
the shift scheduling problems [2, 15], the day-off sched-
uling problems [19], and the tour scheduling problems
[5, 9, 10, 12].  Among these three categories, although
our problem can be classified into the first category, the
past shift scheduling problems are different from ours,
and thus do not satisfy the needs of our research.  As to
the second and the third categories, they are related to
the crew assignment stage of the aforementioned plan-
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ning procedure, and therefore are different from ours.
There are many ways by which the efficiency of a

terminal manpower supply plan can be improved.  One
of these is the flexible management strategy.  Flexible
management strategies have become more and more
commonly used in modern business and industry.  Of all
the various flexible management strategies, the four
that have recently attracted the most attention and dis-
cussion are: (1) numerical flexibility, (2) temporal
flexibility, (3) wage flexibility, and (4) functional flex-
ibility [6].  They can increase the different degrees of
freedom in the schedule, thus conserving manpower.
To the best of the authors’ knowledge, no study has yet
addressed the particular issues of air cargo terminal
manpower supply, with flexible management strategies.
Moreover, applying the mathematical programming tech-
niques commonly used in personnel scheduling can also
be beneficial.  Therefore, in this research, we incorpo-
rate flexible management strategies and the related
operating constraints into the development of a math-
ematical programming model for terminal manpower
supply plan.  By suitable modification of the model, we
construct a strategic model, involving different combi-
nations of manpower supply principles, which can help
an air cargo terminal manage more effectively its man-
power supply.  The models are formulated as integer and
mixed integer linear programs and are solved using a
mathematical programming solver.  Finally, to evaluate
the models in practice, we performed a case study using
real operation data from Terminal C, with the assistance
of C computer programs and a mathematical program-
ming solver.

The scope of this research is confined to the sub-
ject of terminal manpower supplying and shift setting,
given the projected manpower demands, the upper/
lower bound of shifts, the shift starting time, the work-
ing hours of work types, and the related cost data.  In
addition, since Terminal C’s schedule is rotated weekly,
we use one week (seven days) as the planning cycle.  For
the planning week, the shift starting time has to be the
same every day of the week.  In other words, if shift s is
assigned to time , then shift s occurs in the same time J
slot every day during the planning week, and has the
same starting time.  It should be mentioned that, in
practice, the salary structure is different due to different
personnel experiences, length of employment, educa-
tion and other factors.  It is complicated to model the
objective function of a minimum salary expense in the
stage of manpower supply plan.  For ease of modeling,
we focus on the minimization of manpower supply in
man-hours.

The rest of the paper is organized as follows: In
Section 2, we introduce the two models.  In Section 3, a
case study is conducted to evaluate the two models.

Finally, in Section 4, we offer some conclusions.

MODEL  FORMULATION

In this section, according to Terminal C’s current
practices, we first formulate a terminal manpower sup-
ply planning model (RM) incorporating two flexible
management strategies.  We then modify the RM to
construct a strategic model (SM), involving different
combinations of manpower supply principles.  The two
models are described as follows.

1. The terminal manpower supply planning model (RM)

We focus on modeling a complicated short-term
terminal manpower supply plan.  According to Termi-
nal C’s manpower demand profile per week, demand
will fluctuate from time to time.  Sometimes in off-peak
hours, there is even no demand.  Therefore, flexible
strategies are a good idea, allowing Terminal C to
improve the efficiency of their terminal manpower
planning.  If we take into consideration Terminal C
practices, two flexible strategies, developed from nu-
merical and temporal concepts, can be proposed: flex-
ible shifts and flexible working hours.  The flexible shift
strategy allows an employer to choose the preferable
number of shifts per day and the shift starting times,
while the flexible working hour strategy allows the
company to hire different employees for different work-
ing hour.  Both types of flexibility are incorporated into
our model.

An effective combination of shifts and their start-
ing times, and the number of different types of on-duty
crews for each shift is the key to a successful manpower
supply plan.  Using the two proposed flexible strategies,
we try to provide an effective terminal manpower sup-
ply plan, which can respond to wide variations in man-
power demand.  We list below the symbol notations of
parameters and variables that will be used in the model
formulation.

Parameters:
i : the ith day in a week.
j : the jth time slot in a day.
z : the objective value representing the mini-

mum total system cost.
Q : the set of different work types (there are

nine different work types, from 4 to 12
hours, respectively, in this research).

q : type q work; q ∈ Q.
rq : the working hours for type q work.
l : the lower bound of the total number of

shifts in one day.
u : the upper bound of the total number of

shifts in one day.
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c1 : the regular manpower cost per man-hour.
B : a very large value for ease of modeling.
C : the set of days in a week.  Since our plan-

ning period is one week (seven days), C ≡
{0: Sunday, 1: Monday, 2: Tuesday, 3:
Wednesday, 4: Thursday, 5: Friday, 6:
Saturday}.

N : the set of shift starting times in a day.  The
length of a time slot is set to be one hour.
Since there are 24 hours in a day;  N ≡ {0,
1, 2, 3, 4, 5, .., 23}.

s : the starting time of a shift s; s ∈ N.  If a
terminal does not prefer to specify starting
times for setting shifts (for example, to
prevent the yielding of shifts together too
close), then these starting times can be
removed from N.

dij : the manpower demand (in persons) in time
slot j on day i.

Dij : the upper bound of the manpower which
can be supplied in time slot j on day i.

Hijq : the set of all shifts working for type q work
in time slot j on day i.  Hijq can be defined
by Eq. (1) as follows:

if

j = 0~(q + 1) H ijq = {(i′, s′)| i′ = (i + 6) mod 7, 23 – (q + 1)

+ j ≤ s′ ≤ 23}∪ {(i′, j′)| i′ = i , 0 ≤ s′ ≤ j
j = (q + 2)~23 H ijq = {(i , s )| j – (q + 2) ≤ s′ ≤ j }

∀i , ∀q

(1)

The purpose of Eq. (1) is to represent the relation-
ship between the manpower supply of shifts for differ-
ent work type and the working time slots.  Using Hijq, we
can identify all the shifts of type q work that will be on
duty in time slot j on day i.  To illustrate Eq. (1), in
Figure 2 we show two Hijq examples, for eight working
hours (type 1) and for four working hours (type 2).  For
example, suppose that shift represents the shift for type
1 work that starts on day 6, at 02:00 and ends on day 6,
at 10:00.  H691 contains shifts (6, 2, 1), (6, 3, 1), (6, 4, 1),
(6, 5, 1), (6, 6, 1), (6, 7, 1), (6, 8, 1), and (6, 9, 1), H691

= {(6, 2, 1), (6, 3, 1), (6, 4, 1), (6, 5, 1), (6, 6, 1), (6, 7,
1), (6, 8, 1), (6, 9, 1)}.  On the other hand, H051 involves
shifts that cross over two different days, H051 = {(6, 22,
1), (6, 23, 1), (0, 0, 1), (0, 1, 1), (0, 2, 1), (0, 3, 1), (0, 4,
1), (0, 5, 1)}.  Similarly, H052 = {(0, 2, 2), (0, 3, 2), (0,
4, 2), (0, 5, 2)} and H692 = {(6, 6, 2), (6, 7, 2), (6, 8, 2),
(6, 9, 2)}.

Variables:
Visq : the number of type q workers starting at

shift s on day i.
xs : The existence of a shift s in a particular

one-hour time slot.
The RM is formulated as an integer linear program

as follows:

Min z = c 1 × ( Σ
i ∈ C

Σ
s ∈ N

Σ
q ∈ Q

V isq × r q) (2)

s.t. d ij ≤ Σ
q ∈ Q

Σ
s ∈ H ijq

V isq ≤ D ij   ∀i ∈ C, ∀j ∈ N

(3)

l ≤ Σ
s ∈ N

xs ≤ u (4)

Σ
i ∈ C

Σ
q ∈ Q

V isq ≤ B xs  ∀s ∈ N (5)

xs = 0 or 1  ∀s ∈ N (6)

Visq ≥ 0 & Visq ∈ I  ∀i ∈ C, ∀s ∈ N, ∀q ∈ Q
(7)

Eq. (2) is the objective function that minimizes the
total man-hour cost and is equivalent to the minimiza-
tion of man-hours, since c1 is a constant and is used for
comparison with the second model addressed later.  Eq.
(3) states that the assigned crew members must be able
to meet the manpower demands within their bounds in
every time slot during their shift.  Note that, in short-
term operations, the maximum manpower which can be
supplied for each time slot is limited and is typically
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Fig. 2.  Example for Set Hijq.
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known before planning.  Eq. (4) constrains the number
of shifts within a reasonable range.  Note that the cost
resulting from different shifts is not significant for
Terminal C in its current operations and therefore can be
neglected.  If this cost is significant in other applications,
then the objective function can be modified as z = c1 ×

( Σ
i ∈ C

Σ
s ∈ N

Σ
q ∈ Q

V isq × r q) + Σ
s ∈ N

p sx s  to reflect this concern,

where ps denotes the cost for setting shift s.  Eq. (5)
means that the manpower is assigned to a shift only
when that shift exists.  Eqs. (6) and (7) are integer
constraints of variables.  Given the required demand
and the maximum supply of manpower for each time
slot of each day, the work types, and the feasible range
of shifts, the model determines the best set of shifts,
each with a number of work types, in each day of the
week.  The model is solved using the mathematical
programming solver, CPLEX.

2. The strategic model (SM)

In tradition, the carrier may only consider its man-
power supply to match the demand in its manpower
supply planning, neglecting the use of excess manpower.
However, in practice, surplus manpower may be used in
short-term operations by other departments, in order to
enhance the efficiency of the company’s operation.
Thus, without considering using such excess manpower
(as solved by the RM), the manpower supply plan may
not be effective from a system perspective.  On the other
hand, if the manpower demands for continuous time
slots fluctuate drastically (e.g. on the boundaries of
peak and off-peak periods), then supplying too much
manpower to meet the highest demand would result in
too much surplus manpower and a waste of human
resources, though they can be of use in some ways.

One of the approaches to dealing with such drastic
fluctation of demands is to provide manpower that can
satisfy most of the demands, supplemented by tempo-
rary manpower from outside the company, whose unit
man-hour cost is normally higher than the regular unit
man-hour cost, c1.  However, to determine how much
manpower that trade-offs the surplus and insufficient
manpower for each slot for each work type is very
complicated and can hardly be solved without a system-
atic model.  Since the RM is not applicable, we further
construct a strategic model (SM) by modifying the RM
as appropriate, taking into consideration both types of
manpower supply, in order to help the carrier manage
more effectively its terminal manpower supply under
different circumstances.  Contrast to the RM, the SM
does not restrict the manpower supply to be greater than
the manpower demand in each time slot.  Therefore,
excess or insufficient manpower could happen in some

time slots.  By suitably trading off the surplus and
inadequate manpower cost, the SM could help manage
manpower more effectively, thus reducing the cost.
Apart from the previous parameters/variables, we de-
fine the new parameters and variables used in the SM as
follows.

c2 : the value per surplus man-hour for man-
power supply exceeding demand.  Note
that the excess manpower may be used for
supporting other departments to reduce
the operating cost.  Therefore, c2 is in the
form of a negative cost.  In practice, |c2| is
smaller than c1, because c2 is the deriva-
tive value.

c3 : the cost per temporary man-hour supply
for insufficient manpower.  Note that in-
sufficient manpower may be supplied by
temporary manpower from outside the
company.  In practice, c3 is greater than c1

in short-term operations.
αij : the excess manpower (in persons) in time

slot j on day i.
βij : the insufficient manpower (in persons) in

time slot j on day i.
SM is formulated as a mixed integer linear pro-

gram as follows:

Min z = c 1 × ( Σ
i ∈ C

Σ
s ∈ N

Σ
q ∈ Q

V isq × r q) + c 2

× Σ
i ∈ C

Σ
j ∈ N

αij + c 3 × Σ
i ∈ C

Σ
j ∈ N

β ij (8)

s.t. Σq ∈ Q
Σ

s ∈ H ijq
V isq – d ij – αij + β ij = 0

∀i ∈ C, ∀j ∈ N (9)

Σ
q ∈ Q

Σ
s ∈ H ijq

V isq ≤ D ij   ∀i ∈ C, ∀j ∈ N (10)

l ≤ Σ
s ∈ N

xs ≤ u (11)

Σ
i ∈ C

Σ
q ∈ Q

V isq ≤ Bx s ∀s ∈ N (12)

xs = 0 or 1  ∀s ∈ N (13)

Visq ≥ 0 & Visq ∈ I  ∀i ∈ C, ∀s ∈ N, ∀q ∈ Q
(14)

αij & βij ≥ 0  ∀i ∈ C, ∀j ∈ N (15)

To save space, we only introduce below the SM
equations that are different from the RM ones.  Eq. (8)
is the objective function that minimizes the total system
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cost, including the regular manpower cost, the negative
surplus value of excess manpower, and the temporary
manpower supply cost for insufficient manpower.  Eq.
(9) states that the assigned crew members, substracting
excess manpower and adding temporary supplied
manpower, must be able to meet the manpower demands
in every time slot during thieir shift.  Eq. (10) ensures
that the amount of manpower in every time slot during
their shift does not exceed its available amount of
manpower.  Eq. (15) is a non-negativity constraint of
variables.  Note that αijs and βijs are not constrained to
be integer.  However, due to constraint (9) and the
integrality of dijs, they are naturally integers.  Given the
required demand and the maximum supply of manpower
for each time slot of each day, the work types, the
feasible range of shifts, and the related cost, the SM
determines the best set of shifts, each with a number of
work types, and the excess or temporary supplied man-
power in each time slot, in each day of the week.  The
model is solved using the mathematical programming
solver, CPLEX.

CASE  STUDY

To test how well the models may be applied in the
real world, we performed numerical tests using operat-
ing data from Terminal C, with reasonable assumptions.
We used the C computer language, coupled with the
mathematical programming solver, CPLEX 8.1, to build
the model and to solve the problems.  The tests were
performed on a Pentium 4 − 2G with 1Gb of RAM in the
environment of Microsoft Windows XP.  We first used
the operating data to construct the models, and then
solved the problems.  Finally, we performed several
sensitivity analyses.

1. Data analysis

We use the manpower demand of Terminal C’s
cargo receiving department during September of 2004
as our test data.  Note that, there are several departments
in Terminal C.  All of them are independent in personnel
scheduling, due to different operating times.  Among
these departments, the cargo receiving department is
responsible for handling the out-bound freights, which
plays a key role in Terminal C’s operations.  Figure 3
illustrates the average hourly terminal manpower de-
mand in man-hours per week (1-168 hours).  The largest
terminal manpower demand appears on Friday, because
most carriers need to send their cargos before the
weekend.  On the contrary, the least terminal manpower
demand appears on Sunday when most companies are
on holiday.  In addition, the inputs, such as the upper
bound of manpower supply in each time slot, the work-

ing hours of different work types, and the upper/lower
bound of shifts, were primarily adopted from actual
operating data and government regulations of Taiwan,
with reasonable simplifications.  Note that, according to
the real practices, the upper bounds of the manpower
(Dij) in constraints (3) and (10) vary within eighteen.
Nine different work types are set for the flexible work-
ing hour strategy (from 4 to 12 working hours).  The
lower and upper bounds of shifts (l and u) in constraints
(4) and (11) are equal to 3 and 6, respectively.  In the RM
and the SM, the three cost parameter values, which are
relative to each other, are set as follows.  The regular
manpower cost per man-hour (c1) is set to be 10.  The
value per surplus man-hour for manpower supply ex-
ceeding demand (c2) is set to be zero in this research,
because Terminal C does not consider the use of excess
manpower in their short-term manpower supply plan.
Moreover, since it is not easy to supply temporary
manpower from outside the company in short-term
operations, the cost per temporary man-hour supply for
insufficient man-power (c3) is set to be 300 in this
research to reflect the real practice.  Note that, the three
cost values are adjustable in other applications to meet
the company’s operating requirements.

2. Test results

Table 1 shows the problem sizes and test results.
Note that to evaluate preliminarily the two models (the
RM and the SM), the real manpower supply of Terminal
C is used and its results obtained are referred to as
“actual operations” for simplicity.  As shown in Table 1,
OBJ represents the system cost for the optimal solution
obtained by CPLEX.

Models RM and SM yielded the same best solution,
with an objective value of 6840.  Note that the objective
values of the two models are the same, because there is
no temporary manpower to supply and the surplus value
of excess manpower is set as zero.  The actual opera-
tions performed worse, with an objective value of 7210.
The results show that the two models outperformed the
current trial-and-error method by a reduced cost of
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Fig. 3.  Average hourly terminal manpower demand profile per week.
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5.4% (= (7,210 − 6,840)/6,840).  Moreover, the excess
and insufficient manpowers, which are 33 and 0,
resecptively, can be directly obtained from the SM’s
results, showing that SM is more flexible for planning
terminal manpower supply.

For the number of shifts, there were currently three
shifts for Terminal C.  We set the feasible range of shifts
from three to six.  As shown in Table 1, both models
yielded six shifts (i.e. starting at 01:00, 06:00, 09:00,
13:00, 14:00 and 20:00, respectively), showing that a
larger number of shifts indicate more manpower flex-
ibility and thus more feasible combinations.  For the
computation times, though the SM (424.25 seconds) is
better than the RM (716.69 seconds) by 292.44 seconds,
both are efficient for solving realistic problems in the
planning stage.

To illustrate the model solution, we show the SM
solution, the manpower demand and their difference
(supply minus demand) in Figure 4.  Note that the
required demand for each time slot in each day is
satisfied; therefore, the differences were all greater than
zero.  That is, there is excess manpower in some time
slots, without insufficient manpower (or temporary
manpower supply) in any time slot.

As seen in the test results, both the RM and the SM
could improve over the current manual trial-and-error
method.  The SM was better than the RM in terms of
computational efficiency and flexibility.  In summary,
both the RM and the SM are efficient and effective for
terminal manpower supply planning and shift setting in
short-term operations.  Note that the results of the two
models are the same.  The reasons are twofold: 1) the
regular manpower cost per man-hour (c1 = 10) was set to
be relatively small compared to the cost per temporary
man-hour supply for insufficient manpower (c3 = 300);
2) the required demand for test data is relatively low

compared to the available manpower supply for each
time slot, resulting in no insufficient manpower (or
temporary manpower supply) in any time slot.  Therefore,
the two model solutions are not distinguishable.
However, when the required demand increases, the
performance of the two models may differ.  To varify
this, we will now perform a sensitivity analysis on the
manpower demand.

3. Sensitivity analyses

To understand the influence of the parameters
on the model solutions, we performed a sensitivity
analysis of the manpower demand, the flexible working
hour shifts, the upper bound of shifts, and the man-
power cost, all of which are essential inputs to the two
models.

(1) The manpower demand (dij)

To examine the influence of manpower demand on
both model solutions, we tested four scenarios, ranging
from 70% to 160% of the original manpower demand.  It
should be mentioned that if the manpower demand for

Table 1.  Test results

Actual operations Model RM Model SM

Number of variables NA 1,536 1,872
Number of constraints NA 362 362

OBJ (NT$) 7,210 6,840 6,840
Computation time (sec.) NA 716.69 424.25

Regular manpower (man-hours) 721 684 684
Excess manpower (man-hours) 70* 33* 33

Insufficient manpower (man-hours) 0** 0** 0
Required demand (man-hours) 651 651 651

Number of shifts 3 6 6

Shift starting times 01, 09, 17
01, 06, 09 01, 06, 09
13, 14, 20 13, 14, 20

*The excess manpower for the actual operations and RM are externally calculated to be 70 and 33, recpectively.
**The insufficient manpower for the actual operations and RM are both 0 by definition.
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all time slots is greater than the upper bound of man-
power supply, then the RM is not feasible for solving the
associated scenarios, because insufficient manpower
supply is not allowed in the RM.  For comparison
purpose, in addition to the SM, we also use the RM to
solve the five scenarios under the above condition.  The
application of the RM is as follows.  First, if there are
manpower demands greater than their upper bound for
some time slots, then we set these manpower demands
to be their upper bounds and calculate the insufficient
manpower (equal to the total manpower demands minus
their upper bounds) and its temporary manpower cost
(equal to the insufficient manpower multiplied by c3).
We then solve the modified problem using the RM.  The
final objective value for the RM is then equal to the the
RM’s objective value on the modified problem plus the
temporary manpower cost for the aforementioned insuf-
ficient manpower.  Note that since c2 is set as 0, the
excess manpower is not calculated.  In addition, the
application of the RM, which incorporates a manual
adjustment without system optimization, generates only
a feasible solution instead of the optimal solution ob-
tained by the SM.  Therefore, in theory, the RM will
never be better applied than the SM.  As shown in Figure
5, as the manpower demand increased from 70% to
130%, both the model objective values were the same
and increased gradually from 5,510 to 10,870.  For the
scenario of 70% and 100%, there is no insufficient
manpower.  For the scenario of 130%, there is an
insufficient manpower of 4 man-hours for both the RM
and the SM.  Although the manpower demand increased
from 70% to 130%, the available manpower supply can
meet most of the manpower demand for each time slot.
Consequently, the results of two models are still the
same.  As the amount of required manpower increased
from 130% to 160%, the RM’s objective value in-
creased to 22,560 with an insufficient manpower of 38
man-hours, while the SM’s objective value increased to
21,060 with an insufficient manpower of 33 man-hours.
The SM yielded a significantly better solution than the

RM, with an improvement of 1,500 (7.12%).  The above
results show that the SM was more flexible and more
effective than the RM, especially when the available
manpower supply is insufficient for the required demand.

(2) The flexible working hour shifts

To examine the influence of flexible working hour
shifts on the model solutions, we tested three types of
working hour shifts, such as full-time employees with
eight working hour shifts, half-time employees with
four working hour shifts and full-time employees with
eight working hour shifts, and employees with shifts of
flexible working hours ranging from 4 to 12.  The results
of the two models were all the same.  As shown in Figure
6, when the types of working hours increased, the
objective value of the two models decreased.  In
particular, when pure full-time employees were modi-
fied to flexible working hours, the objective value
decreased from 8,320 to 6,840 (an improvement of
21.6%).  The results showed that the models containing
the flexible working hour strategy were more effective
for terminal manpower supply plan.

(3) The upper bound of shifts

In current practices, there are three shifts for Ter-
minal C’s operations.  To examine the influence of the
upper bound of shifts on model solutions, we tested four
scenarios, ranging from 3 to 6.  The results of the two
models were all the same.  As shown in Figure 7, when
the upper bound of shifts increased from 3 to 6, the
objective value decreased from 7,400 to 6,840 (an im-
provement of 8%).  This implies that, more shifts would
result in greater manpower flexibility, and thus better
solution.

(4) The manpower cost

In this research, the three manpower costs (c1, c2,
and c3) were set relatively according to Terminal C’s
practices.  Therefore, we performed three sensitivity
analyses of these manpower costs to one or both models.
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A. The regular manpower cost per man-hour (c1)

Five scenarios, for c1 ranging from 10 to 90, were
tested.  Both models generated the same solutions.  No
insufficient manpower was found in these solutions,
because c3 is significantly higher than c1 and c2 was set
as 0.  As shown in Figure 8, the objective value in-
creased as c1 increased.

B. The value per surplus man-hour for manpower sup-
ply exceeding demand (c2)

The excess manpower may be effectively used by
the terminal to improve its operations.  Five scenarios,
for c2 ranging from 0 to -8, were tested to examine the
influence of c2 on the SM solution.  As shown in Figure
9, when c2 decreased (i.e. the value per surplus man-
hour increased), the SM objective value decreased,
because there was excess manpower and the terminal
could use excess manpower more effectively.  No insuf-
ficient manpower was found in these solutions, because
c3 is significantly greater than c1 and c2.

C. The cost per temporary man-hour supply for insuffi-
cient manpower (c3)

Five scenarios of c3 ranging from 200 to 400 were
tested on the SM.  The results showed that the SM
objective value was not affected by the c3 changes.  In
particular, no temporary manpower (i.e. insufficient
manpower) was found in these scenarios, because c3 is
significantly greater than c1 and c2, and the available

manpower is enough to supply the demand in short-term
operations.

CONCLUSION

A good manpower supply plan of terminal officers
helps air cargo terminals deal with their cargoes effi-
ciently and maintain excellent service quality.  In the
past, most of the cargo terminals depend on the staff
experience in establishing the manpower supply plans
and shift schedules, without optimization from a sys-
temic perspective.  Therefore, in this research, we in-
corporate flexible management strategies and the re-
lated operating constraints into the development of a
mathematical programming model.  By suitable modifi-
cation of the model, we further construct a strategic
model, associated with different combinations of man-
power supply principles, which can help an air cargo
terminal manage more effectively its terminal man-
power supply and set its shift schedule.  The models are
formulated as integer and mixed integer linear programs
that are solved using a mathematical programming
solver.

A case study utilizing the operations of a domestic
Taiwan air cargo terminal was conducted to illustrate
model application in the real world.  The results showed
that both the RM and the SM could improve over the
current manual trial-and-error method.  Moreover, the
SM was better than the RM in terms of computational
efficiency and flexibility.  In summary, both the RM and
the SM are efficient and effective for terminal man-
power supply planning and shift setting in short-term
operations.  To understand how the essential parameters
could affect the model solutions, several sensitivity
analyses were also performed.  Although the prelimi-
nary test results show that the models are potentially
useful for manpower supply planning and shift setting,
especially for Taiwan’s domestic air cargo terminals,
more tests or case studies should be conducted, so that
users may grasp their limitations, before putting them to
practical use.  The models, the case study, and the
sensitivity analyses, should all be useful references for
air cargo terminals when determining the most optimal
short-term manpower schedule.

Finally, the scope of this research is confined to
the second stage of the procedure for short-term termi-
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nal manpower supply plan.  How to integrate the man-
power supply plan and the crew assignment into an
integrated terminal manpower scheduling model could
be a topic of future research.  In addition, in actual
operations, some of the model parameters, such as
manpower demands, are stochastic.  Therefore, how to
modify the deterministic models to become stochastic
models for a closer match of actual operations could
also be a topic of future research.
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