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Abstract

Employee or labor scheduling is associated with assigning an appropriate
number of workers to the jobs during each day of work. It requires deter-
mining when staff members will work and when part-time, full-time workers
will be needed to work. It is obvious that the number of employees wanted on
duty throughout the week may fluctuate depending on health or family issues
of the labor and the employer’s requirement for a particular job; Scheduling
forces us to systematically identify and analyze about all the tasks that need to
be done on a project, the expected time each task might take, the expected
requirement of the workforce for the job in terms of size and quality of em-
ployee personnel and the expected labor expenses. As the availabilities of the
employees may vary and change from week to week; hence the scheduling
becomes more essential for the smooth running of a project or shift. This pa-
per focuses on a constructive method for solving Labor Scheduling problem
encountered in a construction company, suggesting an estimated labor cost
over a week and the requirement of part-time labors in each shift, using linear
programming techniques, thus, providing a logical way to organize these
tasks and produce a new schedule each week, by the virtue of the changing
demand for service while minimizing labor cost and maximizing labor prefe-
rences.

Keywords

Optimization, Linear Programming, Staff Scheduling, Complex Scheduling
Problem, Business

1. Introduction

Employee scheduling problems are commonly faced in the service industry [1]
[2] which include the scheduling of nurses in hospitals [3] [4] [5] [6], scheduling
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of staffs in the hotel, check encoders in banks [7], airline [8] [9], and hotel res-
ervation personnel, telephone operators, patrol officers, scheduling of waiter or
waitresses in the restaurants, scheduling of laborers in the construction company
and others. In a construction company, the scheduling process helps the con-
tractor to formulate an overview of how the project is going to be laid. Detailed
planning of schedule is prepared before execution starts in an area.

In their simplest form, the Scheduling which is a classic operation research
problem provides the contractor with structured planning process while they are
reviewing the plans and figuring out the sequence for building the project or the
assignment of days-off, as in some of the less complex settings for the scheduling
of nurses.

In a service organization or in a Construction company the front-line manag-
ers or contractors have to perform the important task of cost-effective labour
scheduling. Serving the customers need, at a reasonable price requires a proper
forecast of labour requirement. At any given time, having an inadequate number
of employees or employees lacking the necessary job-skills—can result in subs-
tandard customer service; exasperated, overworked employees; and delay in
completion of the project and lost sales. On the other hand, having excessive
number of employees will increase: 1) the labour cost, 2) will reduce the operat-
ing margins, when extra hours are scheduled, or 3) from the employee's point of
view will lower their morale and hamper job satisfaction if the working hours of
the employees are fewer than they desire because the available work is spread
thinly among many employees. Thus, labour or workforce scheduling is the
process of balancing customer demand with employee work requests without

compromising much on profitability.

2. Literature Review

There has been a lot of research on the various aspects of staff scheduling and
rostering [1] [10]. Since this area has become increasingly important due to the
business becoming more service oriented and cost-conscious in a global envi-
ronment. Hence extensive Literature on Personnel scheduling [11] [12] [13],
general workforce planning problems [14] and so on. are available. To trace the
induction of staff scheduling and rostering we look into Edie's work on traffic
delays at toll booths [15]. Since then, the application of scheduling of staff and
rostering methods to transportation systems such as airlines [8] [9] [16] [17]
[18] and railways [19] [20], health care systems [3] [4] [6], emergency services
such as police [21], ambulance and fire brigade, call centers [22] [23] [24] [25],
and many other service organizations such as hotels, restaurants and retail stores
[26] [27] have increased manifold. This has led the foundation of focused studies
and surveys on the scheduling objective models [12] [28] [29] [30] constraints
[31] [32] and methodologies for each application area [10], leading to the future
researches on the extensive model and algorithm development. Over the years,
significant development of many computer software packages for staff schedul-

ing, ranging from spreadsheet implementations of manual processes through to
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mathematical models using efficient optimal [5] [33] or heuristic algorithms [34]
[35] [36] has taken place.

In some research, the study was concentrated in the adaptation and applica-
tion of conventional mathematical programming on workforce planning prob-
lem such as linear programming [13], mixed linear programming [3] [26] [29]
constraint programming [25] [30] [37] [38] mixed integer programming ap-
proach [17] [20] [27] [37] [39] [40] [41] [42] decomposition method [37] [43]
branch and bound techniques[44], dynamic programming [45], goal program-
ming [46] approaches in which the weighted coverage and shift satisfaction
terms were given importance in the objective function. The constraints enforc-
ing strict rules to be observed on shifts were discussed as well [30]. While some
focus their study on iterative algorithms [10] [47]. The key problems related to
staff/employee scheduling in different application area has been analyzed to ob-
tain an optimal solution. From the research done in construction companies, it
has been found that labor costs contribute for a large proportion of total project
costs, Ze. in a way it can be concluded that labor cost is the major direct cost
component in most of the companies. Though in construction areas or in indus-
trial organizations most of the employee or workforce scheduling deals with
full-time workers but now part-time employees [48] [49] are also extensively
compensating the labor requirement. Research [32] [50], in this sector, shows
that there are three types of problems namely, days off scheduling, shift sche-
duling [23] [51] [52], and tour schedule. Days off scheduling is related to the as-
signment of workers work and non-work days over the planning horizon. How-
ever, shift scheduling problem deals with determining the actual shifts (start and
end times, breaks, etc.) in a planning horizon. And Tour scheduling problems
combine features of both days off and shift scheduling. Here, it is to be noted
that typically, work shifts are assigned to cover the daily demand for each shift,
and each worker’s days off schedule are taken care of. In the research literature
of many key papers related to this area, integration of project task scheduling
and staff scheduling has been studied and attempts were made to provide solu-
tions. The objective in those papers was the determination of the number of
staffs required on each day, based on proper scheduling of tasks, which would
result in the minimization of the overall cost. Also in some papers research work
was reported in the scheduling of engineers to carry out a variety of jobs located
at different places where the main objectives were to maximize the amount of
work done while minimizing the amount of time that gets wasted while trans-
porting workers between locations [53]. Thus, enough researches regarding var-
ious aspects of labor or employee scheduling in various service sectors have in-

itiated the research of my paper.

3. Problem Formulation

A labor scheduling problem is a complex process with multiple and contradic-
tory objectives. In a labor scheduling problem generally, objectives are to Mi-

nimize the total labor cost, Minimizing the finishing time of the project while
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maximizing the laborer’s preferences and requests without hampering the
project schedule and ensuring equal distribution of workload between all the
available laborers. In these cases, work constraints or the working hours of the
laborers are according to the contracts and the laws of the Ministry of labor.

Constraints commonly occurring with Employee Scheduling Problems can be
divided into; hard constraints and soft constraints.

Hard constraints are defined to be those which usually include coverage re-
quirements (for example, labour demand per day per shift type per skill catego-
ry) while soft constraints are usually, those which involved with time require-
ments on personal schedules. Our purpose is to schedule resources to meet the
hard constraints while maintaining a high-quality result with respect to soft
constraints.

However, the constraints [31] [32] commonly applicable to labor scheduling
relates to:

1) Requirement of skilled labors in each shift.

2) Consecutive same working shift (minimum/maximum/exact number).

3) Shift type(s) assignments (maximum shift type, requirements for each shift
types).

4) Maximum number of consecutive working days.

5) The minimum amount of leisure time between two shifts.

6) Days off (In the Middle East Friday is a day off).

7) A maximum number of hours worked.

8) No consecutive shifts are allowed for a particular labor.

4. Application Area

In a construction company when we are estimating for a particular the job we
look for some vital information on the steps of production, an indication of what
materials we need, when we need, the current cost of the materials, Whether the
labor drivers are time variant or time-invariant, Determine the time interval for
tracking the time variant labor drivers, an indication of how long the job will
take, and any an unwanted situation which may affect the completion of the job.
Tracking such records will give us an indication of how much labors we will
need. In case, the work falls behind the permissible time, we may need more
workers to complete the job within the assured schedule, as two employees have
varying skills or desire to work the same number of hours and possibly avoid
larger financial loss from penalization. The manager also needs to abide by gov-
ernment regulations, company policies, and contractual obligations. In a typical
problem of this type, the scheduler needs to emphasize on appropriate days off
to each of a number of employees who work standard shifts with different start
times while assuring that the required number of employees are on duty
throughout the day and week.

In the recent few years, the skyline of most of the Developed Countries has

changed drastically. Many large-scale projects with the help of Local investors or
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international investors have been lined up to enhance the country’s business and
lifestyle. In a country like Bahrain, with Major construction projects like Expan-
sion of Bahrain International Airport, investment in power and water projects,
Gulf rail line development, the construction sector in Bahrain is expected to
contribute a huge growth in real GDP. The proper finishing of projects is de-
pendent on the scheduling process of laborers. And the goal in many researches
was to produce support tools to lessen the need for manual construction of La-
bor distribution.

In a construction company, it is to be noted that the available labor is distri-
buted into DIRECT LABOUR and INDIRECT LABOUR.

DIRECT LABOUR is related to the skilled labor operating machines and
whose absence may affect the working in an operation site. However INDIRECT
LABOUR is employees who are not directly related to the operation of ma-

chines.

5. Structure of Linear Programming Model

Generally, all LP problems [3] [17] [29] [31] [32] have these three properties in
common:

1) OBJECTIVE FUNCTION: The objective function of an LPP (Linear Pro-
gramming Problem) is a mathematical representation of the objective in terms
of a measurable quantity such as profit, cost, revenue, etc.

Optimize (Maximize or Minimize) Z =a,x, +a,x, +a,x; +---+a,x, . In most
of the typical form, we look for maximizing the profit. However, in labor sche-
duling problem we look for minimizing Labor Cost.

2) CONSTRAINTS: The restrictions or constraints in an equation limit the
degree to which we can pursue our objective.

ax, +a,x, +ax; +--+a,x, <b

where q,,a,,a;,---,a, are parameters that contributes to decision variables.

3) DECISION VARIABLES: The various activities within the linear equation
are represented by x,x,,x;,---,x, is known as decision variables.

Therefore, LP means to maximize or minimize a quantity (the objective func-
tion) subject to limited resources (the constraints). It is desirable to express the
objective and constraints in linear programming problems in terms of linear eq-

uations or inequalities.

6. Assumptions in a Linear Programming Problem

Certainty

All LP models are based on the assumption that all the model parameters such
as availability of resources, profit (or cost) contribution of a unit of decision va-
riable and consumption of resources by a unit of decision, the variable are
known and constant.

Divisibility (Continuity)

Either whole numbers (integers) or mixed numbers (integer or fractional) are
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generally used to represent the solution values of the decision variables and re-
sources. However, in some cases, Integer programming method may be em-
ployed depending on the desirability of only integer variables are solutions.

Additivity

The sum of the contributions (Profit or Cost) earned from each of the deci-
sion variables and the sum of the resources used by each decision variable
should be equal to the value of the objective function for the assigned values of
the decision variables and the accumulated sum of the available resources used,
respectively. Thus, it is to be accepted that an objective function is the direct sum
of the individual contributions of the different variables.

GENERAL MATHEMATICAL MODEL FOR LPP

Optimize (Maximize or Minimize) Z=CX, +C,X, +---+C X,

Subject to constraints,

€ X Xy +o 4, X, (S Z)b]

)b,
)

Cp X HCpXy +000+ 0y, X, (S >

\%
S

Cy X HCpX, +o00 40y, X, (S

lexl +Cr712 mn”'n m

X, e+ 0,x, (S 2)b

and x,x,,":,x, >0.
Steps followed for formulating Linear Programming model [3] [17] [20]
* Identifying and defining the decision variable of the given problem.
* Defining the objective function.
» Stating the constraints to which the objective function needs to be optimized
(i.e. Maximization or Minimization).
* Adding the non-negative constraints.
Non-negative values have a physical interpretation; however negative values

of the decision variables lack valid physical interpretation.

7. Results

Labor Scheduling aim is to allocate the sufficient number of staffs for each des-
ignated task while minimizing Labor cost. Reconstruction of the schedule with
available staff is usually simple, however changing the schedule may lead to ad-
justments to other Job schedules as well. This is the daily report of the require-
ment of different categories of manpower for a particular job to be done on a
particular shift in a day in a construction company (1, 0) represents the availa-
bility of that particular manpower for a particular shift. 1 for a particular cell
represents that the particular category of employee is required for a scheduled
job and 0 represents non-requirement of the particular category of employee
[31]. The figs. in columnl for S1, d1 represents that the job assigned for dayl,
shift 1 requires FOREMAN, CARPENTER, MASON, LABOUR SITE
ENGINEER and ELECTRICIAN. However, DRIVERS are not required for
shiftl. The data used for this study has been assumed.
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Table 1. Labour availability per shift.

We now formulate this as a linear programming problem by setting up suita-
ble constraints and objective function [3] [20] [21]. We first Identify and define
the decision variable of the problem. Let /be the index for different types of la-
bor employed in a project. Where 1<7 <7. X, denotes No of Foreman, X, de-
notes No of Carpenter, X; denotes No of Masons, X; denotes No of Labors, X;
denotes no of site engineers, X; denotes no of Electrician and X, denotes the
number of Drivers.

Let d be the number of days in a scheduling period. Here we have considered
6 days in a period and we assume that the solution schedule is repeated. Where
1<d <6. Let each day have 2 shifts denoted by § = {51, $2} where S1 is the
morning shift and S2 is the evening shift [31].

Xias e[O,l]

for each category of labour 7 day d, shift S those section of labor is either work-
ing the shift or not.

That means we can refer the scheduling by the 3-tuple (/ d, ), as shown in
Table 1.

X (l,l,S 1) =1 can be interpreted as that for the shift S1 all the available
FOREMAN are working the shift 1 on day 1.

X (3,2,52)=0 means that no LABOURS are working on shift 2 of day 2.

We Define the objective function

Min labor required in a day

z=3" X,,s when d={1,2,--,6} and shift = {81, 2}

Min labor cost in a day
Y= ZZ:l(ZjV:] CIXI)

where C, is the daily wage of each type of labor depending on their rank in the
office.

We now state the constraints which will determine the optimization of the
objective function. In this case, the objective function is subjected to the follow-

ing constraints, as shown in Table 2.

per day wage of  different types

the labors (BD) of labors (X)) St Saa Sia Soa2 Sias Saas Stas Saa4 Stas Saas Sias Sas
8 FOREMAN 1 0 1 1 1 1 1 1 0 1 1 1
6 CARPENTER 1 1 0 0 1 1 0 1 1 1 1 1
6 MASON 1 1 1 1 1 1 1 0 1 1 1 1
7 LABOUR 1 1 1 1 1 1 1 1 1 1 1 1
10 SITE ENGG 1 1 1 0 1 1 1 0 0 1 1 1
5 ELECTRICIAN 1 0 0 0 1 1 1 1 1 1 0 1
6 DRIVERS 0 1 0 1 0 1 0 1 1 1 0 0
max labors 171 205 189 200 176 208 189 200 198 178 195 200
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Table 2. Labour availability per shift with minimum labour cost.

Per day wage Different types
of the labours of labours (Xi)
8 X1-FOREMAN
6 X2-CARPENTER
6 X3-MASON
7 X4-LABOUR
10 X5-SITE ENGG
5 X6-ELECTRICIAN
6 X7-DRIVERS

labours Available per shift

per shift labour requirement

day1 day 2 day 3 day 4 day 5 day 6
S1 S2 S3 S4 S5 S6 S§7 S8 S9 S10 S11  S12 No of labours required
1 0 1 1 1 1 1 1 0 1 1 1 Xl= 2
1 1 0 0 1 1 0 1 1 1 1 1 X2= 5
1 1 1 1 1 1 1 0 1 1 1 1 X3= 10
1 1 1 1 1 1 1 1 1 1 1 1 X4= 178
1 1 1 0 1 1 1 0 0 1 1 1 X5= 1
1 0 0 0 1 1 1 1 1 1 0 1 X6= 4
0 1 0 1 0 1 0 1 1 1 0 0 X7= 11
Obj. Func

171 205 189 200 176 208 189 200 198 178 195 200 Min. Labours 211
200 205 191 201 200 211 195 200 208 211 196 200 Min.Labour COST 1448

ZZ=127:1 Xl,d,S 2 KdS

where K'is the maximum labor available in each day din each shift S.

Xl,l,Sl +X2,1,S1 +X3,1,S1 +X4,1,Sl +X5,1,S1 +X6,1,Sl +0 2 171 (1)
0+ X, 60+ Xy 0t Xyt X150 O+ X, 2205 (2)
X t0+ X, 0+ X, 60+ Xs,0+0+02189 (3)
Xipsat0+ X550+ X, +0+0+ X, 6, 2200 (4)
Xl.3,Sl +X2,3.Sl +X3.3,S1 +X4,3,Sl +X5,3,Sl +X6,3,S1 +O 2 176 (5)
Xl.3,S2 + X2,3,S2 + X3,3,S2 +X4,3,5'2 +X5,3,S2 + X6,3,S2 + X7,3,S2 2 208 (6)
X0+ X, 0+ X, 40+ X0+ Xoas T02189 (7)

Xyt Xpu0 0+ X, 4 +0+ X, 50 + X, 450 2200 (8)
0+X2,5,S1 +X3,5,Sl +X4,5.Sl +X5,5,Sl +X6,1,Sl +0 2 198 (9)

XI,S,SZ +X2,5,S2 +X3,5,S2 +X4,5S2 +X5.5,S2 +X6,SS2 +X7,5,S2 2 178 (10)
X1,6,Sl +X2,6,S1 +X3.6,S1 +X4,6,Sl +X5.6,S1 +0+0 2 195 (11)
X2t Xogs0t g0 T Xygs0 + Xsg50+ X650 702200 (12)
X, 20 forall 7(1=12,---,7) (13)

X, =integer (14)

X, 22,X,25X,210,X,>40,X,>1,X,>4,X,>2 (15)

Since the designed model has much Decision variables so the Excel Solver is
used to solve LPP, the Optimal solution is to Minimize Z = 211, asserting that
211 people are required when all the different kinds of manpower are used in the
shift and Y= 1448 is the minimum labour cost per day. It can be stated from the
solution found by the linear programming algorithm (Excel-shown below) that
the minimum number of 211 employees/staff are required to meet the daily re-
quirement in a particular shift. And the minimum labour cost is 1448 units
(BD). Also, from the constraints showing cell value less than the available em-

ployees for that shift and status, not binding can be explained that the particular
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shift is running short of a certain number of employees and the extra number of
employees that need to be hired for the smooth running of the particular shift.

Answer Report:

Worksheet: [Ipp solver.xlsx] Sheet 1

Report Created: 01-06-2018 10:40:38

Result: Solver found a solution. All Constraints and optimality conditions are
satisfied, as shown in Figure 1.

Solver Engine

Engine: Simplex LP

Solution Time: 0.047 Seconds.

Iterations: 13 Subproblems: 0

Solver Options

Max Time Unlimited, Iterations Unlimited, Precision 0.000001

Max Subproblems Unlimited, Max Integer Sols Unlimited, Integer Tolerance
1%, Assume Nonnegative

Objective Cell (Min)

Cell Name  Original Value Final Value

$C$13 S1 200 200

Variable Cells

Cell Name Original Value Final Value  Integer

$P$4 FOREMAN 2.00 2.00 Integer

$P$5 CARPENTER 5.00 5.00 Integer

$P$6 MASON 10.00 10.00 Integer

$P$7 LABOUR 178.00 178.00 Integer

$P$8 SITE ENGG 1.00 1.00 Integer

$P$9 ELECTRICIAN  4.00 4.00 Integer

$P$10 DRIVERS 11.00 11.00 Integer
Solver Results X

Solver found a solution. All Constraints and optimality
conditions are satisfied. Reports

Answer
@ Keep Solver Solution

(o] Restore Original Values

[ Return to Solver Parameters Dialog [ outline Reports

:; Cancel I Save Scenario... I

Solver found a solution. All Constraints and optimality conditions are satisfied.

When the GRG engine is used, Solver has found at least a local optimal solution. When Simplex LP
is used, this means Solver has found a global optimal solution.

Figure 1. Solver results.

DOI: 10.4236/jmf.2019.93016 280 Journal of Mathematical Finance


https://doi.org/10.4236/jmf.2019.93016

0. Y. M. Al-Rawi, T. Mukherjee

Constraints

Cell  Name Cell Value Formula Status Slack
$C$13 S1 200 $C$13 > $C$12  Not Binding 29
$D$13 S2 205 $D$13 > $D$12  Binding

$E$13  S3 191 $E$13 > $E$12  Not Binding 2
$F$13  S4 201 $F$13 > $F$12  Not Binding 1
$G$13 S5 200 $G$13 2 $G$12  Not Binding 24
$H$13 S6 211 $H$13 > $H$12 Not Binding 3
$I$13  S7 195 $I$13 = $1$12 Not Binding 6
$J$13 S8 200 $J$13 > $J$12 Binding

$K$13 S9 208 $K$13 > §K$12  Not Binding 10
$L$13 S10 211 $L$13 = $L$12 Not Binding 33
$M$13 S11 196 $M$13 > $M$12 Not Binding 1
$N$13 S12 200 $N$1>$N$12  Binding 0
$P$10 DRIVERS 11.00  $P$10=2 Not Binding  9.00
$P$4 FOREMAN 2.00 $P$4>2 Binding 0.00
$P$5 CARPENTER  5.00 $P$5=5 Binding 0.00
$P$6 MASON 10.00 $P$6=10 Binding 0.00
$P$7 LABOUR 178.00 $P$7 =40 Not Binding  138.00
$P$8  SITE ENGG 1.00 $P$8=>1 Binding 0.00
$P$9 ELECTRICIAN 4.00 $P$9 >4 Binding 0.00

$P$4:$P$10 = Integer

8. Conclusion

As discussed, Staff Scheduling is a complex scheduling problem that often affects
the completion of a project in the construction farms all over. In this paper an
overview of the planning and staff scheduling problem in a construction com-
pany is shown, which shows the minimum requirement of manpower for the
proper execution of a job in each shift, the temporary employees that need to be
hired from outside in order to meet the shift demands and the particular type of
deficit employee that needs to be hired can also be stated, also the extra amount
of money paid on temporary hire can be calculated. It is to be noted that the
constraints described in this system are in terms of requirement of skilled labour
and piece of works. The aim of this problem is to maximize the fairness of the
schedule, while respectively all the constraints, thus, aiming at utilizing the time
and effort efficiently, balancing the workload to lead more contented and effec-

tive outcomes.
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