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Abstract

This study aims to propose an original and flexible mixed
integer linear programming (MILP) model for scheduling jobs
and crews. The proposed model minimizes the costs of assigning
jobs to crews, employee workload heterogeneity and job lateness.
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1 Introduction

Scheduling jobs and crews is essential in manufacturing and the service
industry. Effective jobs assignment to crews can significantly reduce
costs and increase company productivity level.

Paper [1] presents an excellent comparative analysis of mixed in-
teger programming models (MILP) for the classical job shop schedul-
ing problem. Many studies have also been conducted in various areas
concerning job scheduling. Here are a few examples. The bus crew
scheduling problem is studied in [2]. The manpower scheduling prob-
lem in manufacturing is explored in [3]. Such studies propose MILP
models and heuristic algorithms to solve the problem and obtain opti-
mal or near-optimal solutions.

This paper presents an original MILP model for scheduling job
assignments to crews. The objective function is to minimize the total
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costs of assigning jobs to crews, employee workload heterogeneity and
job lateness.

Regarding the problem, we consider the following assumptions.
Each job is assigned to exactly one crew at a time. Each crew can
perform many jobs at once, so the number of crew employees partici-
pating in work can be at most the total number of crew employees. For
each pair of jobs and crews, there is a set of work options associated
with the number of crew employees allocated to perform the job. The
earliest start and the latest admissible end times are given for each
job. Job lateness is allowed, but it is penalized. For each job, some
predecessor jobs can be defined. There is a cost of assigning a job to a
Crew.

2 MILP notations

We consider time discrete, and the entire planning horizon is divided
into elementary time intervals of the same duration d,d > 0. The index
of an elementary time interval is associated with its start time, and it is
denoted by ¢t. The start time of each elementary time interval is found
by multiplying its time index by d.

Sets and parameters:

J - set of jobs

C - set of crews

Oj.. - set of work options of crew ¢ on job j. An option is associated
with the number of employees of crew ¢ allocated to perform job j

T - set of time interval indexes of planning horizon, T' = {0, 1, ..., |T|—
1}, where 0 and |T'| —1 are the planning horizon’s first and last indexes.
Here, 0 and |T'| - d are the planning horizon’s start and end times.

T - set of working time intervals of crew ¢, T5™ C T

e; - the earliest admissible time index for starting work on job j

l; - the latest admissible time index for ending work on job j

n& v - total number of employees in crew c

n@’k _ pumber of employees required to perform job j by crew c

J,¢,0 :
according to option o
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?lé ot - number of all (working and non-working) time intervals

during which work on job j is performed by crew ¢ according to option
o when work starts at the time corresponding to time index ¢

d;”g’;kt - number of working time intervals during which work on job
j is performed by crew c¢ according to option o when work starts at the
time corresponding to time index ¢

pj,jo - predecessor indicator. p;j; = 1 iff job j is an immediate
predecessor of job j’

gj.j' - gap time between ending of job j and starting of job j’

aj . - cost of choosing crew c¢ for performing job j. This cost may
express the skill of crew ¢ in performing job j

B; - lateness cost of job j

v - cost of employee workload heterogeneity

Decision variables:

Tj ot - binary variable that is equal to 1 iff crew ¢ performs work
on job j according to option o and starting at the time corresponding
to time index ¢

y; - non-negative integer variable indicating lateness of job j

Zlow Zhigh _ non-negative real variables indicating the lowest and,
respectively, the highest employee workload

3 MILP model

The objective (1) of the model shown below is to minimize the costs of
assigning jobs to crews, employee workload heterogeneity and job late-
ness. Constraints (2) ensure that a unique crew, work option (number
of employees), and start time are chosen for each job in the final so-
lution. Constraints (3) guarantee that the number of crew employees
assigned to the job at any given time interval is at most equal to the
total number of crew employees. Constraints (4) require that the start
time of any job be greater than the completion time of all its predeces-
sors plus a given gap time. Constraints (5) are used to calculate job
lateness. Constraints (6) and (7) are used to calculate the highest and
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the lowest workload per employee. Finally, constraints (8)-(10) define
types of variables.
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SN avekppekNT g >l Yee O (7)
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4 Conclusion

We proposed a precise MILP model for flexible scheduling jobs and
crews with employee workload balancing and job lateness. Modern
commercial MILP solvers (such as CPLEX and Gurobi) can tackle the
jobs and crews scheduling problem in case of small and medium-sized
instances. The near-optimal heuristic procedure can be used for large
instances of the problem. Our next task is to further develop the model
by adding job earliness and extending relationships between jobs.

Acknowledgments. This research was supported by the project
“011302: Analitical and numerical methods for solving stochastic dy-
namic decision problems”.

References

[1] W. Y. Ku and J. C. Beck. Mized integer programming models
for job shop scheduling: A computational analysis. Computers &
Operations Research, vol. 73, 2016, pp. 165-173.

[2] M. Chen and H. Niu. A model for bus crew scheduling problem with
multiple duty types. Discrete Dynamics in Nature and Society, vol.
2012, no. 1, 2012, pp. 1-11.

403



Radu Buzatu

[3] Q.K. Pan, P.N. Suganthan, et al. Solving manpower scheduling
problem in manufacturing using mized-integer programming with
a two-stage heuristic algorithm. The International Journal of Ad-
vanced Manufacturing Technology, vol. 46, 2010, pp. 1229-1237.

Radu Buzatu,

Vladimir Andrunachievici Institute of Mathematics and Computer Science,
Moldova State University

E-mail: radu.buzatu@usm.md

ORCID: https://orcid.org/0000-0002-2322-8740

404



