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Generalized assignment problem (GAP) is a well-known problem in the combinatorial optimization. +is problem is a specific
form of assignment problem (AP) when the employees can carry out more than one task simultaneously or each work can be
assigned to more than one employee. In this paper, a new model is proposed for reassigning tasks on the available employees of
Iraq companies when at least one of the jobholders is absent. Likewise, the returning workers from long holidays assumption are
incorporated. Finally, a heuristic algorithm for solving reassignment tasks on laborers is introduced.

1. Introduction

Generalized assignment problem is one of the well-known
problems in combinatorial optimization, which has been
widely applied in many real-world situations.+e significant
achievement of the GAP came in 1975 when Ross and
Soland introduced a new perspective of assignment problem
(AP) [1], following which substantial papers have been
published. In 1976, Sahni and Gonzalez [2] proved that GAP
is an NP-hard problem. +erefore, many papers have been
presented to solve this problem based on heuristic algo-
rithms. Cattrysse and Van Wassenhove had an excellent
survey about algorithms could be used to solve this problem
[3]. Romejin and Morales [4] also introduced some greedy
algorithms to solve this problem. Because being applicable,
the GAP was influenced by many real-life problems. Bala-
chandran, in 1976, used the GAP model to assign jobs to
computer networks [5].

From the scratch of GAP, many different models of GAP
have been introduced. Mozzola and Neebe [6] proposed a
min-max GAP, and it was called bottleneck GAP (BGAP). In
this model, they tried to minimize the maximum fines of

assignment of n jobs to m workers. In 1993, Mozzola and
Neebe [7] introduced some algorithms to solve the BGAP. In
1989, Mozzola et al. [8] proposed a new model of GAP,
where constraints had the nonlinear structure. +is non-
linear feature was because of the interaction property be-
tween works which should be carried out by the same
worker. Fu et al. [9] investigated the BGAP when works and
workers were considered under uncertainty, and they
proposed a state-of-the-art algorithm to solve their problem.
Glover et al. [10] suggested a GAPmodel when performing a
work by workers who have different efficiency levels, and it
was called multilevel GAP (MGAP). Laguna et al. [11]
proposed a Tabu search algorithm to solve this problem.
+eir algorithm was based on neighborhoods with ejection
chain structure, and this feature reduces time consumption.
Another GAP model was introduced by Nauss [12] in 2004.
In this model, workers can violate the capacity constraint in
exchange for extra costs, and they suggested a branch and
bound algorithm to solve it. By investigation in the literature
of GAP, we can meet many other types of GAPs ranging
from dynamic to stochastic GAPmodels. In 2017, Xiong and
Huai [13] considered a new outlook about GAP. +ey
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presented a nonlinear integer GAP model in which one or
more than one person is required to carry out one single
task. In this way, they suggested a new branch-and-bound
algorithm to solve the quadratic integer GAP. See other
models of GAP in [14–16].

+e model proposed in this paper is a combination of
some previously discussed GAPs, and it is not similar to the
other models. We attempt to model a prevalence problem of
Iraq’s companies. In this country, employees require to have
a long holiday because of their country’s policy and envi-
ronment as well. +is problem is a challenging problem for
Iraq’s companies. +erefore, finding an excellent way to
manage this phenomenon is essential, and it can increase the
performance of Iraq’s firms. To deal with this problem, here,
a comprehensive model is presented, where it can help
managers of companies to find the best way to minimize the
overtime of current employees, maximizing correlation
between employees’ work and finally maximizing the
workers’ skills.

+e rest of the paper is organized as follows: in Section 2,
a new GAP model for reassignment of tasks to available
laborers is introduced. In Section 3, amodel for employees to
come back from vacation is suggested. We conclude in
Section 4. Some numerical solution will be surveyed in the
Appendix.

2. Mathematical Model

In this section, we propose a new model to reassign work to
available workers. +is problem is a challenging problem in
the Iraq country, and it goes back to their policies and rules.
+e cause of providing this correlation is that, in many of
Iraq’s firms, it is prevalence that one or more than one
employee needs long vacation. +erefore, managers follow
to find the best way for reassigning work to current job-
holders which can be considered as a special form of GAP.
+ere exist following assumptions which should be em-
bedded in the model:

(i) In the proposed model, employees are put into two
different categories, namely, skillful and
semiskilled

(ii) Employees have limited overtime
(iii) +e amount of time required for each work is

determined
(iv) +e cost of overtime for each member is specified
(v) Each work needs a specific skill
(vi) +e works which can be carried out by each em-

ployee are determined
(vii) +e amount of current overtime for each jobholder

is specified
(viii) +e works of members, who need a long holiday, is

also determined.
(ix) Each worker has specified overtime, and more cost

should be paid if needed to work more than it
(x) +is plan is constant and unchangeable until the

new holiday does not hold

(xi) +e cost of workers is different, and it goes back to
their skills.

With respect to the abovementioned assumptions,
managers try to find the model which has the best perfor-
mance. Before introducing our model, we require to define
some parameters and variables which are utilized in our
model.

2.1. Parameters

(i) I: the number of employers (I � 1, 2, . . . , m{ })

(ii) J: the number of jobs (J � 1, 2, . . . , n{ })

(iii) Hi: the maximum overtime of the i-th employee
(iv) πi: the overtime cost paid for the i-th employee in

the common time
(v) ti: the amount of time required by the i-th em-

ployee each day
(vi) Pi: the uncommon overtime cost of the i-th em-

ployee (Pi � 3πi)

(vii) Ai: the set of current tasks of the i-th employee
(viii) O: the set of works of members who required a

long holiday should be assigned to available
jobholders.

(ix) Cij: the amount of correlation among i-th and j-th
works.

(x) aij: the amount of skill of the i-th employee to do
j-th work.

(xi) M: a big number.

2.2. Variables

(i) xij is a Boolean variable which can be defined as
follows:

xij �
1, if i − th employee carries out j − th task,

0, O.W.
􏼨

(1)

(ii) wi: the amount of overtime of the i-th employee:
(iii) δi: a Boolean variable.
(iv) fi � min wi, Hi􏼈 􏼉.

2.3. Objective Functions of SuggestedModel. In the proposed
model, we endeavor to optimize three objectives:

(i) +e first of all is minimizing employee overtime. It is
because that many works, which can be reassigned to
current employees, should be done in their overtime.
+erefore, the first objective is as follows:

min Z1 � 􏽘
i∈I

fiπi + δi wi − Hi( 􏼁Pi, (2)

where fi � min wi, Hi􏼈 􏼉. Because this objective func-
tion has a nonlinear structure, we can change it to linear
form by defining the following constraints:
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fi ≤wi, ∀i ∈ I, (3)

fi ≤Hi, ∀i ∈ I, (4)

wi ≤fi + δiM, ∀i ∈ I, (5)

Hi ≤fi + 1 − δi( 􏼁M, ∀i ∈ I. (6)

Suppose if wi ≤Hi, then one must have δi � 0. Con-
straints fi ≤wi and wi ≤fi + δiM guarantee that
fi � wi. Similarly,When Hi ≤wi, we can guarantee that
fi � Hi, with respect to fi ≤Hi and
Hi ≤fi + (1 − δi)M constraints.
δi(wi − Hi)Pi is another nonlinear structure. +is ex-
pression can be linearized by defining the following
constraints:

μi ≤MδiPi, ∀i ∈ I,

μi ≤ 1 − δi( 􏼁M + wi − Hi( 􏼁Pi, ∀i ∈ I,

− 1 − δi( 􏼁M + wi − Hi( 􏼁≤ μi ∀i ∈ I.

(7)

(ii) +e second objective of managers is to maximize the
correlation between works of employees. +is ob-
jective can be formulated as follows:

max Z2 � 􏽘
i∈I

􏽘
j∈Ai

􏽘

j′∈O

Cjj′xij. (8)

(iii) Finally, in the third objective, managers try to in-
crease the skill level of employees, and its objective
function is as follows:

max Z3 � 􏽘
i∈I

􏽘
j∈J

xijaij. (9)

2.4. Constraints of Suggested Model

(i) Each current employee should carry out at least one
task which is as follows:

􏽘
i∈I

xij′ ≥ 1, ∀j′ ∈ O. (10)

(ii) Each jobholder has official hours in which he/she can
accomplish his/her work. We can formulate this
constraint as follows:

􏽘
j∈J

Tij + 􏽘

j′∈O

Tij′xij � ti + wi, ∀i ∈ I.
(11)

+is constraint actually expresses that the total time each
worker requires to perform his/her works and also new task
after reassignment should be equal to t + w.

With respect to the abovementioned information, the
proposed model is as follows:

min Z1 � 􏽘
i∈I

fiπi + μi( 􏼁, (12)

max Z2 � 􏽘
i∈I

􏽘
j∈Ai

􏽘

j′∈O

Cjj′xij (13)

max Z3 � 􏽘
i∈I

􏽘
j∈J

Xijaij, (14)

s.t. 􏽘
i∈I

xij′ ≥ 1, ∀j′ ∈ O, (15)

􏽘
j∈J

Tij + 􏽘

j′∈O

Tij′xij � ti + wi, ∀i ∈ I,
(16)

fi ≤wi, ∀i ∈ I, (17)

fi ≤Hi, ∀i ∈ I, (18)

wi ≤fi + δiM, ∀i ∈ I, (19)

Hi ≤fi + 1 − δi( 􏼁M, ∀i ∈ I, (20)

μi ≤MδiPi, ∀i ∈ I, (21)

μi ≤ 1 − δi( 􏼁M + wi − Hi( 􏼁Pi, ∀i ∈ I, (22)

− 1 − δi( 􏼁M + wi − Hi( 􏼁≤ μi ∀i ∈ I, (23)

xij ∈ 0, 1{ }, ∀i ∈ I, j ∈ J, (24)

μi ≥ 0, ∀i ∈ I, (25)

wi, ≥ 0 ∀i ∈ I, (26)

δi ∈ 0, 1{ }. (27)

Our proposed model is a combination of some previ-
ously proposed GAPs which are discussed in the Section 2
(see [5, 6, 9–12]). In this model, objective function (12) and
constraint (16) are now proposed. Our model is a multi-
objective optimization problem (it has three objective
functions), while the other proposed models are single-
objective optimization problems.

Example 1. Consider a company has 4 employees and 10
works. In this company, due to some reasons, the 4th
member needs to take a long holiday. Managers try to find
the best approach to assign his work to available workers. In
order to use the proposed model to solve this problem, we
need some information which is given in Tables 1–7.

+is problem was solved by using CPLEX package in
C++ in different states. First of all, we solved it when only the
first objective was considered. +e CPLEX result in this state
was 760000, and the result showed that the first employee
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should have 2 hours of overtime, whereas the second and
third jobholders should have 3 hours of overtime. +e
second state was when the second objective function was
considered and the optimal solution was 2.9, and with re-
spect to the third objective function, the optimal solution
was 1.4. In the final state, we considered three objective
functions simultaneously, and based on the importance of
each objective, we put the coefficient of 0.5, 0.3, and 0.2 to
the first, second, and third objective function, respectively
(based on their importance for decision makers). +e result
of CPLEX showed that the optimal solution for the first and
second objective function was stable, whereas the optimal
solution of the third objective function increased to 1.1.

3. Suggested Model for Employees to
Comeback from Vacation

In Section 2, a new model, which reassigns tasks to available
workers, was presented. In Iraq, employees who have a long
vacation should come back to their company. +erefore,
managers should find the best approach to cover this matter.
In this section, we want to incorporate this assumption in the
suggested method. As a result, we need to define the fol-
lowing parameters:

(i) S: the set of employees who need a long vacation
(ii) Oi: the set of tasks the i-th jobholder is responsible

for before going to vacation
+ere exist some notes which should be noticed
when the employees want to come back to their
work

(iii) Managers tend to assign tasks to employees, who
worked before vacation, if their skill level is higher
than current jobholders.

(iv) Managers try to reassign the remaining works with
the best possible way.

(v) +e skill level of each member is an increasing
function. It means that the skill level depends on
time which workers spend on the work.

Another important matter, which should be considered,
is the correlation among current tasks and works which are
carried out after reassignment. For this purpose, Ci

jj′
pa-

rameter is defined as follows:

C
i
jj′ �

Cj′ , xij′ � 0,

Cjj′ + l(t), xij′ � 1.

⎧⎨

⎩ (28)

Here j ∈ Ai∪Ai
′, where Ai

′ express the set of tasks which
do not concern the i-th employee, but the i-th jobholder
should do the tasks after reassignment. Furthermore, l(t) is
an increasing function depends on time.

Regarding to the prior information, the new model for
reassignment of tasks for available workers after coming
back jobholders, who were in vacation, is similar to (12)
except the second objective function and constraint (6)
which are as follows:

max Z2 � 􏽘
i∈I

􏽘
j∈Ai

􏽘

j′∈O

C
i
jj′xij′

􏽘
j∈Ai

Tij + 􏽘

j′∈O−O′

Tij′xij � ti + wi, ∀i ∈ I.
(29)

We suggest the heuristic algorithm to reassign works to
current employees in the Appendix.

4. Conclusions and Future Work

In this paper, a new model is proposed for reassigning tasks
on the available employees of Iraq companies, when at least
one of jobholders was absent. Likewise, the returning
workers from long holidays assumption were incorporated.
Finally, a heuristic algorithm for solving reassignment tasks

Table 1: Maximum overtime.

i � 1 i � 2 i � 3 i � 4
Hi 2 3 4 4

Table 2: Current employees’ tasks.

i � 1 i � 2 i � 3 i � 4
Ai 2{ } 1, 4{ } 5{ } 3, 6{ }

Table 3: Work hours of employees.

i � 1 i � 2 i � 3 i � 4
ti 8 7 5 4

Table 4: Common and uncommon overtime costs.

i � 1 i � 2 i � 3 i � 4
πi 15000 50000 50000 35000
pi 215000 150000 150000 105000

Table 5: Required time to carry out tasks by employees.

j � 1 j � 2 j � 3 j � 4 j � 5 j � 6
i � 1 8 8 7 5 6 2
i � 2 5 4 5 6 5 3
i � 3 6 7 4 5 8 4
i � 4 8 2 3 5 5 7

Table 6: Skill level.

j � 1 j � 2 j � 3 j � 4 j � 5 j � 6
i � 1 0.9 0.8 0.5 0.7 0.1 0.6
i � 2 0.7 0.6 0.5 0.5 0.3 0.7
i � 3 0.8 0.7 0.6 0.9 0.9 0.9
i � 4 0.9 0.8 0.7 0.8 0.8 0.3

Table 7: Correlation among tasks.

j � 3 j � 6
i � 1 0.8 0.9
i � 2 0.4 0.7
i � 3 1 0.5
i � 4 0.9 0.3
i � 5 0.9 0.5
i � 6 0.8 1
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on laborers was introduced. Some algorithms such as
branch-and-bound algorithm and heuristic algorithms can
be developed for solving multiobjective optimization
problems.

Appendix

Here, a new efficient algorithm is presented to solve (12). As
mentioned earlier (Section 2), in the MGAP, we follow up to
minimize the overtime cost, maximize the correlation be-
tween works of each worker, and alsomaximize the skill level
of each jobholder simultaneously. As observed from ob-
jective functions, one of the objective functions should
minimize overtime cost, and we can transfer the

minimization version into equivalence maximization form
(Zhang 2007). But, before introducing the algorithm, we
need to define some definitions which can help us to propose
out the algorithm.

Suppose X be the feasible solution of (12); we define
Z(x) � −z1(x), z2(x), z3(x) : x ∈ X􏼈 􏼉 as an objective space
of problem (12). A feasible solution of x ∈ X of MGAP is
efficient if and only if there does not exist any x′ ∈ X such
that (−z1(x′), z2(x′), z3(x′))≥ (−z1(x), z2(x), z3(x)) and
z(x′)≠ z(x). +e image of an efficient solution Z is called a
nondominated point. +e set of all efficient points is called
the efficient set, and it is represented by Xex. Similarly, the
set of all nondominated points is called the nondominated
set or Pareto front, and it is represented by Zex.

(1) Determine the number of iterations.
(2) Repeat steps until the condition is not hold.

Generate the random number (sum of numbers becomes one), and assign them to objective.
Using CPLEX, solve the problem and compare its results. Exclude the set of worse solutions form the set of solutions, and add the
current solution to feasible solutions.
Go to step 2.

(3) Consider the remaining solutions as the Pareto set.

ALGORITHM 1: +e heuristic algorithm to reassign works to current employees.

Table 8: Numerical result of the proposed algorithm.

(w1, w2, w3) R1 R2 R3

(1, 0, 0) 0.76 0 0
(0, 1, 0) 0 2.9 0
(0, 0, 1) 0 0 1.4
(0.019835, 0.539768, 0.440397) 0.76 2.9 1.1
(0.625278, 0.154152, 0.220571) 0.76 2.9 1.1
(0.525885, 0.258046, 0.216069) 0.76 2.9 1.1
(0.498206, 0.339664, 0.162129) 0.76 2.9 1.1
(0.134175, 0.797075, 0.0687499) 0.76 2.9 1.1
(0.205021, 0.62102, 0.17396) 0.76 2.9 1.1
(0.429176, 0.0643542, 0.506469) 0.76 2.9 1.1
(0.336741, 0.224421, 0.438838) 0.76 2.9 1.1
(0.319582, 0.249133, 0.431285) 0.76 2.9 1.1
(0.471634, 0.221087, 0.307279) 0.76 2.9 1.1
(0.799539, 0.0728225, 0.127638) 0.76 2.9 1.1
(0.296287, 0.396561, 0.307151) 0.76 2.9 1.1
(0.183481, 0.593191, 0.223328) 0.76 2.9 1.1
(0.0858455, 0.547486, 0.366669) 0.76 2.9 1.1
(0.342783, 0.227764, 0.429454) 0.76 2.9 1.1
(0.539787, 0.30268, 0.157532) 0.76 2.9 1.1
(0.32345, 0.217402, 0.459148) 0.76 2.9 1.1
(0.0879102, 0.421627, 0.490463) 0.76 2.9 1.1
(0.1489, 0.56454, 0.28656) 0.76 2.9 1.1
(0.350991, 0.346375, 0.302634) 0.76 2.9 1.1
(0.35439, 0.276669, 0.368941) 0.76 2.9 1.1
(0.35822, 0.176733, 0.465047) 0.76 2.9 1.1
(0.27762, 0.299194, 0.423186) 0.76 2.9 1.1
(0.451428, 0.515206, 0.0333662) 0.76 2.9 1.1
(0.433581, 0.501109, 0.0653108) 0.76 2.9 1.1
(0.370163, 0.384579, 0.245258) 0.76 2.9 1.1
(0.386831, 0.226022, 0.387147) 0.76 2.9 1.1
(0.759748, 0.191847, 0.0484055) 0.76 2.9 1.1
(0.027265, 0.724018, 0.248717) 0.76 2.9 1.1
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Here, we propose an algorithm to solve the MGAP by
generating Pareto front. +e proposed algorithm is to assign
a random number between 0 and 1 for each objective
function, and the problem is solved by using CPLEX; then,
this solution is compared with the existing solutions. If the
current solution is better compared with each of existing
solutions, then the existing solutions are excluded from
solutions and the current solution is added to the list of
existing solutions.+e structure of the proposed algorithm is
as follows.

Algorithm 1 is utilized to solve Example 1. +e problem
is implemented in Notebook core i5 and Ram 6 and by using
CPLEX 12.6 in Visual Studio 2010.+e numerical solution is
as follows.

In Table 8, for each objective function, a random co-
efficient is considered. For instance, the result of triple
(1, 0, 1) means that only the first objective is important for
decision makers and others are not considered, and the
objective values are 0.76, 0, and 0, respectively. Triple
(0.019835, 0.539768, 0.440397) is the coefficient of each
objective function, and the optimal values of objective
functions are 0.76, 2.9, and 1.1, respectively.+e result shows
that when all of the objective functions are considered si-
multaneously, only the value of the third objective function
changes and it may be small size of instance.
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“Tabu search for the multilevel generalized assignment
problem,” European Journal of Operational Research, vol. 82,
no. 1, pp. 176–189, 1995.

[12] R. M. Nauss, “+e elastic generalized assignment problem,”
Journal of the Operational Research Society, vol. 55, no. 12,
pp. 1333–1341, 2004.

[13] S. Xiong, Y. Yang, and K. Huai, “A new model of generalized
assignment problem and its method,” in Proceeding of the
2017 IEEE 2nd Advanced Information Technology, Electronic
and Automation Control Conference (IAEAC), IEEE,
Chongqing, China, pp. 2379–2384, March 2017.
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