Australian Journal of Basic and Applied Sciences, 4(10): 5154-5160, 2010 mm
ISSN 1991-8178 At ]

Tmiks b ookl i
——————

Optimal Workforce Scheduling
Mohammad Taleghani

Department of Management, Islamic Azad University, Rasht Branch, Iran

Abstract: The problem of workforce optimization has recently experienced a huge success in view
of its growing importance in the operations research community. More than ever before there has been
a high proliferation of research articles in the area of staff scheduling. The recent advancement is
heightened as a result of a special issue offered by an academic journal in the current year. Despite
the diversity of approaches and knowledge integration in the field of staff scheduling, little or no
research has been made relative to the determination of an optimal level of shifting jobs in service
organizations. This work is important in this direction. A linear programming model was developed
to determine the minimum size of the workforce of an organization. The focus is actually on jobs that
require shift schedules among the workers with the utmost aim of reducing operational cost. The
literature contains an update that reflects the recent rapid development of the field.
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INTRODUCTION

In the last two decades, dynamism, complexity, globalization, and international competition have been
putting enormous pressure on businesses to improve the efficiency of their operations. In achieving this,
research works have focused not only on the scheduling of jobs but also on the scheduling of personnel
(Aickelin and Dowsland (2000), Andrea and Meisels (2006), Beddoe and Petrovic (2003)). More recently,
production systems in their urge to meet up with the ever — increasing production demand have resolved to
work around the clock. The term Job shift is used to describe this phenomenon which has become part of
many production systems. Experience, coupled with research findings has shown that the bulk of operational
costs in many production systems are incurred from the desire to cater for the human resource.

The problem of workforce optimization has recently experienced a huge success in view of its growing
importance in the operations research community (James and kamiyama (2002), Mason and Nielsen (2007),
Meisels, Gudes, and Solotorevsky (2006), Wren (2006)). The recent advancement is heightened as a result of
a special issue offered by an academic journal in the current year. Despite the diversity of approaches and
knowledge integration in the field of staff scheduling, little or no research has been made relative to the
determination of an optimal level of shifting jobs in the small scaled service organizations (SMEs) (Meisels,
Gudes and Solotorevsky (2007), Rhian and Silvestro (2000), Warner (2006)). This work is important in this
direction.

The desired goal of most production systems is to utmost operate at a minimized cost. Personnel
scheduling have become a much recent focus to attaining the desired optimality in operations by most
production systems. For actualization of efficiency and effectiveness of operations, the application of personnel
scheduling models cannot be undermined especially when job shift is the basis of operations.

2. Problem Description:

The problem that all operations managers face day in and out is that of optimality in allocating (human
and material) resources. The challenges posed by the limitation of resources on the global level constitute a
threat to managers. Such problems as provision of basic and modern working facilities, development and
implementation of training programmers, avoidance of delayed payment of wages and inadequacies in paid
wages, provision of motivating incentives, constraint on space availability for operations and the effectiveness
and efficiency of organizational span of control are only a few of the key problems faced by managers with
poor personnel scheduling skills.
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The attainment of optimality in personnel scheduling is the focus of this paper. Consider a system with
N workers operating on a daily routine of j shifts on different days i. The utmost goal of the management of
this system is to ensure that size of her workers is on the optimal level. With this, losses associated with low
productivity resulting from undersized workers population as well as costs incurred due to oversized workers
population would be minimized.

Idleness on the part of any shift worker while on duty is against the interest of the management. The
occurrence of this phenomenon is an indication of oversized workers population. Workers off duty are
permitted to be either absent from work or idle while in the system. The inability of workers to meet the target
for a particular shift j could be attributed to undersized workers population. These problems as highlighted thus
far have motivated this research work.

3. Model Formulation:

A shift model, developed by Beasley as presented in his Operations Research (OR) note, formed the basis
for the development of the shift model for this paper. Some significant differences that exist between the
present work and Beasley's lie in the following:

(i) a shift system already in existence was considered in his model however, in this work the focus is on a
newly intended shift system.

(ii) the scheduling process of his model allows for a continuous flow of new workers into each new day as
long as the span of their working duration in a particular shift is yet to be completed. This however may
not always be the case in reality where each new day and shift is faced with the entry of new set of
workers considering the fact that the older workers are yet to complete the total number of working days
requires of them. Our context, of a new worker as regards Beasley's work is not necessarily a new
employee, but someone new to the group of workers in the different shifts of each working day.

The model presented in this paper, is a case of reality for most shift systems. However, it would precisely
be of much benefit to newly intended shift systems. We considered the fact that a set of shift workers is first
employed into the system's units where worker's scheduling is practiced. The management timetabling policies
for the workers as in the assumption acts as a guide to knowing when another set of workers would be needed
since the currently employed workers would certainly go on job off. As such, we tend to optimize the use of
the workforce resources.

The model formulation is oriented around a cyclic process. Cyclic in the sense that the first working day
and shift schedule for each worker is noted and used as a base mark or datum for determining when the
scheduling operation of a particular worker in the system would be terminated. This is based on the fact that
any further shift schedule would be a repetition of the initial ones. A cycle is completed when a worker,
having participated in the three different shifts and on different days, returns back to the actual day and shift
as it was at the inception stage. Subsequent shift schedules may only result in repetition. Since the employment
of shift workers into the system varies, it implies that the attainment of the cyclic process would very among
the workers. However, workers employed on the same day and on the same shift, would complete the cyclic
process at the same time.

3.1 Model Assumptions and Limitations:
The workforce — scheduling model presented in this work is feasible and applicable in several knowledge
domains, only if the conditions discussed hereunder are met. The conditions are:
1. A three — shift system of 8, 6, and 10 hours respectively is operated. This sums up to 24hrs. Below is
a sequential breakdown of the shift flow:
*  Morning shift between 8:00am and 4:00pm;
*  Afternoon shift between 4:00pm and 10:00pm; and
*  Night shift between 10:00pm and 8:00am
The duration per shift is eight hours for the morning shift and six hours for the afternoon shift. The night
shift has duration of ten hours since it is starting two hours earlier than the expected time i.e 10.00pm instead
of 12.00am. This is meant to prevent the night shift worker from some likely constraints associated with that
period of time e.g. live insecurity and transportation scarcity.
These constrains among others vary from one city to the other.
2. A worker is assigned to work in only one shift schedule per day.
3. A worker is expected to work for five days in a week after which an off is observed.
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4. A worker goes on a day off after a morning shift has been completed and resumes on the next shift on
the sequence as shown in 1 above.

5. A worker goes on a two — day after an afternoon shift has been completed and resumes on the next shift
on the sequence as shown in 1 above.

6. A worker goes on a three — day after a night shift has been completed and resumes on the next shift on
the sequence as shown in 1 above.

7. Any day of the week could be considered as the inception stage of the model development. In this study,
Sunday was used as the inception stage of the model.

8. A new worker can be employed to the system on a particular day d, to fill a particular shift j. If it would
be partly or wholly void of workers as a result of workers going on an off without any substitute available
for the concerned shift, workers ejection, workers transfer or deliberate resignation of workers from the
system.

9. All the days of a week are working days.

3.2 Model Notations:
N;- number of workers that would start work on day i and shift period j.
C;- constraint on the number of workers needed for current day i and shift j.
d.- different working days in which the shift schedules are carried out.
The general problem formulation is that of a linear optimization i. e. maximizing or minimizing a linear
objective function subject to a set of linear constraints on the variables.
The following is a statement of the generalized linear programming problem.

Generalized Objective Function:

The objective function of model takes the form as shown below
Optimize Z= N; N ;N ot NG N 0 PN o

The above is a set of variables whose numeric values are to be optimized. At the inception of the shift
system, the number of workers employed on the first working day d, for the different shift schedules j are
represented as N;; N, ., and N;;, for the morning, afternoon and evening shifts respectively. The need to
employ new workers as the shifting operations advance has resulted in the following notations as used in the
model namely; N;,,; Ny, 5,y and N, ;,,. These notations represent the number of workers that may be employed
into the system at a latter day » from the inception day of the shift schedule as the need arises. In the context
of this work, the employment of new shift workers or the scheduling of existing workers into a new days
operation may not necessarily affect the entire shift schedules of that day. This phenomenon, as seen in the
constraint equations, depends primarily on two factors, namely:(i) the need on ground for new workers to be
employed into the system; and (ii)the timetabling routine structure of shift schedule in the case of already
employed workers.

Subject to Constraints:

The constraint equations as represented below for each day, are made up of three distinct equations. Each
of these equations represents the three shift schedules as practiced daily in the system studied. They are the
morning, afternoon, and night shifts. Three distinct cases are associated with the constraint equations. These
are described in the generalized forms of the constraint equations as thus:

3 i
Case L: ZZNZJ > Cij. In an elaborate form, this could be written as
j=1 i=1

Day lel] > Clj

NG, j+1)=CG, j+1)
NG, j+2)=C(i, j+2)

This is an inception stage of the system. Here, the first set of workers is employed into the different shift
schedules. The shift schedule for each day has its own characterized constraint of workers size.

3 itn
Case 2: ZZN(H— l’l,j) > C(i+ n,j). In an elaborate form it could be written as

j=1 i=1
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Day d,, N(i+n,j)=C(i+n,j)
N(i+n,j+1)=C(i+n,j+1)
N(i+n,j+2)=2C(i+n,j+2)

This case describes a situation where by the system's management, as a result of shortage of shift workers,
decides to employ new workers into the system. This could result from some probable factors such as: (i)
workers going on job off without any assurance of substitute on ground for replacement, (ii) workers ejection

and (iii) workers transfer or deliberate resignation of workers from the system. The period » denotes a latter
day from the inception of the shift in which a new worker is employed the system.

3 i 3 i
Case 3: ZZIZNU+ Zin:N(l‘+ I’l,]) 2 C(i+n,j) An extension of this equation could be

j=1 i=1 Jj=1i=1
Written as:

Day d,, Nij+N(i+n,j)=C(i+n,j)

+n
N(i,j+1)+N(i+n, j+1)=C(i+n,j+1)
N(i,j+2)+N(i+n,j+2)=C(i+n,j+2)
The three sub — equations as seen in case 3, which are representing the three shift periods may not be
functional at the same time. The condition for functionality of any one of these equations is based on the fact

that workers from different shift groups (usually by employment difference) though of the same shift have a
convergence in the timetabling of their shift schedule such that they would have to work together as a group.

Model Objective Function:
The interest is in minimizing the workforce size benefit of the firm i. e.
Minimize Z= N;;#N,+N;+Ng+Ng,+Ng,

Constraints: Case Example:

Sunday d,: iiNl] = Clj;

j=1 i=1

Monday d,: izl:Nl] >C2j

j=1i=1

31
Tuesday ds: ZZNI] >(C3j

j=1 =1

3 1
Wednesday d,: ZZNU >C4j

j=1 =1

3 1
Thursday ds: ZZ Nij >C5j

j=1 i=1
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Friday dg: ZS:ZG:NU >2Coj

Jj=1 i=6

36 2k 2-
Saturday d,: ZZNU+ Nij>C7j:k=0,1,2

j=1 i=6 Jj=k i

;v.

I
=~

Sunday dy: iiNlJ-i_i ; Nij > (C8j
7=0 =0

j=1 i=6

3 6 3k 1
Monday dy: > > Nij+» > Nij>C9j:k=3,2,1
j=k

j=1 i=6 =k i=l

306 3k 1
Tuesday d,: ZZNZ]+ ZNijZCle:k=3,2,1

j=1i=6 j=k i=1

1
Wednesday d,: ZZNU >Cllj:k=3,2,1

j=k i=1
3—k L
Thursday d,: ) > Nij=Cl12j:k=3,2,;L=6,1
Jj=k i=1
3—k L+5
Friday d,; » Y Nij>Cl13j:k=3,2,1:L=1
Jj=k i=L
3-L 6 k=1 k-1
Saturday d,,; Y Y Nij+ Nij>Cl4j:k=0,1,2:L=3,2,1
Jj=L i=6 Jj=k i=k
ko k-l
Sunday d,: ZNy+ > Nij=Cl5):k=3,2;L=3,2,1
Jj=L i=6 J=k-3i=k-3
L 6 k+1 1
Monday d,: Y Nij+ Z Nij>Cl16j:k=1,2;L=1,2s
j=3 i=6 J=k+1 i=1
m+l 2L—6 K+1
Tuesday dii: ., > Nij+ Y ZNZJ>C17] k=1,2;L=3,6;m=1
j=3 i=6 J=k+1 i=1
L-2j L—6 K+l
Wednesday dy, > Nij+ Y. ZNy>C18] k=1,2L=6
j=3 i=6 J=k+1 i=1
m—1 L+3 k 2-m
Thursday d,: ZZNU+Z Nij>C19j:k=3,0;L=3;m=1,2
j=0 i=0 j=2 i=l
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mxl L

Friday d,: ZZNIJ +

0
Nij>2C20j:L=6;m=2
Jj=0 i=0 j=2 i

0
=1

m*l 6
Saturday d,,: ZZNU >C2lj:m=2

Jj=m i=6

mtl 6
Sunday d,y; » D Nij>C22j:m=2

Jj=m i=6

m*xl 6
Monday dyy: » D Nij>C23j:m=2

Jj=m i=6

m+l 6
Tuesday d,,: ZZNZ] >2C24j :m= 2C24J.

Jj=m i=6

0 0
Wednesday d,s: ZZNZ] > C25] .

j=2 i=6

4.Conclusions and Future Directions:

Latest experiences in industrial applications have shown that the synthesis of workforce scheduling
problems and solutions can break new grounds in the field of personnel scheduling as well as in operations
research generally. In this context, the new paradigm of workforce roistering is presented as a new approach
to the control and supervision of workforce in an organization, our motivation for writing this article came
from several sources. The main driver behind this work was the uneasy feeling that something was wrong with
the present approach to scheduling of workforce, particularly, for small businesses. The popular consensus
among professional managers is the use of intuition rather than scientific based methodologies.

The application of scientific principle has numerous benefits, primarily: (i) a clear understanding of the
problem; and (ii) proper planning for project implementation. There is therefore the growing need for
systematic approaches, one of which is treated here. This problem is least attended to in the literature. Thus,
there is a need to create a depth of understanding necessary to improve on the monitoring and controlling of
small business workforce scheduling.

Second, even though the problem of scheduling workforce has been the focus of some studies, there is
no documentation to show that the novel approach presented here has ever been reported. The idea behind our
model is to reduce the operational cost and ensure optimality. For future directions, the application of
techniques of sensitivity analysis for minimum and maximum sensitivity parameter estimation may present an
interesting direction for navigation. A difficulty with sensitivity analysis as currently practiced is that its utility
depends entirely on the validity of the test criteria used. As such the concept of validity must be well explored
as a means of further improving on the quality of results generated by the models.

The future holds promising results for researchers and practitioners in the development of new
methodologies based on the existing mathematical frameworks presented in this work. If this area is
successfully developed and applied, the emerging results are expected to save billions of dollars by enabling
modelers to find optional solutions to large and complex applied workforce scheduling problems. Again,
workforce roistering research can be a focal point for development, application, and evaluation of combinatorial
procedures, simulation techniques, network methods and heuristics.

For those newly entering this area of study or those young in its pursuit, there is an exciting future filled
with important discoveries. Good beginnings have been made, but there are ,more challenges in recognizing
how far one has to go than in drawing satisfaction from past accomplishments in literature. The workforce
scheduling should attack the problems of inability in developing user friendly proprietary packages. A large
amount of efforts and financial investments should be employed in the development of workforce scheduling
software. This paper is a call to rethink the way develop software.
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Consequently, researchers and practitioners should refocus efforts on the relevant dimension of software
from both producer perspectives are: accuracy, capacity, features, completeness, conformance, flexibility,
serviceability, stability and structure ness. From a consumer perspective, relevant dimensions include: capability,
communication, completeness conformance, features, flexibility, simplicity and stability. Thus, we have a
population of problems that should keep researchers and practitioners investigating into workforce scheduling
measurements for decades to come. The paper offers an authentic and below — the — surface explanation and
insight into this fascinating and rapidly evolving field of personnel scheduling. The paper is recommended not
only to the curious new entrants, but also to the practitioners since it offers a well — integrated overview of
roistering.
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