The Josai Journal of Business Administration (2015), Vols. 11 & 12, No.1, 29-37
©2015, Josai University

Optimized Schedule Allocation of Regular
and Irregular Employees

to Deal with Demand Quantity Fluctuation

Toshitake Kohmura

Josai University, Japan

Meilong Le

Nanjing University of Aeronautics and Astronautics, China

Abstract

We discuss the problem of whether the schedule allocation of only regular employees can
efficiently deal with weekly fluctuating demand without the use of irregular employees. Con-
ducting manufacturing operations seven days a week solves the problem. A new algorithm is
presented to determine the minimal number of workers necessary for the fluctuating demand.
The minimal numbers of workers are compared between the two Labor Allocation Models, i.e.,
Model a: Only regular employees are allocated, and Model b: Both regular and irregular em-
ployees are allocated. The present analysis shows that the schedule allocation of only regular
employees can efficiently deal with fluctuating demand.
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1. Introduction

Demand quantity for products fluctuates seasonally, weekly and by the statistical out-
come of consumers’ arbitrary purchasing. The employment and scheduling of irregular em-
ployees is an inexpensive system to deal with fluctuating demand. Actually, enterprises,
pursuing fierce competition on a global scale, allocate irregular employees in an aim to reduce
the cost due to the superfluous hiring of regular employees because of fluctuating demand
[1]. As a result, presently in Japan, the number of irregular employees has risen up to 40%
of the labor force. Irregular employment is giving rise to social differentials, and discouraging
young people from getting married, among other things. The hiring and scheduling of regular
employees is a proper employment in enterprises. On this note, as for the problem of whether
the schedule allocation of only regular employees can efficiently deal with fluctuating de-
mand, we will show that the allocation of only regular employees does not necessitate a
superfluous number of workers compared with the use of irregular employees as filling in the
demand fluctuation. For the purpose of this study, we define a regular employee as full-time
employee working five days a week. An irregular employee is defined as part-time employee.

The scheduling of workers has been studied to deal with fluctuating demand quantity in
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the literature. The algorithms have been developed substantially for the two cases, i.e., for (1)
a restricted set of demand requirements and (2) the general cases of arbitrary cyclic demands.
Baker and Magazine developed the work force scheduling for the restricted case where de-
mand requirements are constant across weekdays and constant across weekends. They gave
a formula for the minimal work force size and a special scheduling algorithm to allocate the
work force such that the demand requirements are met [2]. As for the case of scheduling for
arbitrary cyclic demands, Bechtold presented an iteration method to allocate the minimal
number of full-time workers on a seven-day week demand cycle, while allowing the workers
to have two consecutive days off per cycle. Their method has some arbitrariness in allocating
workers in the iteration procedure. Hence, the minimal number of workers is not determined
until the end of the iteration procedure [3]. Burns and Carter determined the work force size,
imposing three constraints on the lower bound, i.e., weekend constraint, total demand con-
straint and maximum daily demand constraint. After the determination of the work force size,
they go to the second procedure to schedule the work force for operation [4]. Now, various
types of software are available such that work force scheduling is worked out even under
complicated scheduling constraints. Any of these algorithms do not have a universal frame-
work to determine the minimal number of workers and the schedules simultaneously which
can be implemented on a manual basis for any arbitrary cyclic demand. The development of
algorithms is necessary to invent a new technology for future software.

In the present paper, we propose a new algorithm to determine the minimal number of
employees to deal with the weekly fluctuating demand quantity. The advantage of the present
algorithm is to have a general framework of scheduling to determine the minimal number of
employees and their schedules for any arbitrary cyclic demand. This algorithm, which is
based on mathematical integer linear programming, is applied to the comparison between the
minimal numbers of employees required in the two Labor Allocation Models, i.e., Model a:
the hiring of only regular employees, and Model b: the hiring of both regular and irregular
employees. The present algorithm formulates a framework to determine the minimal numbers
of employees symmetrically in the two Models. This algorithm can be implemented on a
manual basis. Hence, we determine generally the minimal number of employees for any
arbitrary cyclic demand.

2. Schedule Allocation of Employees optimized to Deal with
Fluctuating Demand

In order to discuss the problem of whether the schedule allocation of only regular em-
ployees can efficiently deal with fluctuating demand, we will determine the minimal numbers
of employees necessary for the work operation such that the following constraints are satis-
fied:

a) The enterprise operates their manufacturing activity for 7 days a week, including the

weekend.

b) An example of the number of workers required for working on any given day of the
week is given in Table 1. The uneven distribution of the required number of em-
ployees on days of the week is a mathematical model standing for weekly fluctua-
tion of demand quantity. The present algorithm determines the optimal numbers of
workers for any other cases of arbitrary cyclic demands, as will be shown later.

¢) The regular employees work for five consecutive days a week.

d) The regular employees are divided into 7 groups. Each a group starts working on
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a given day of the week.
e) The enterprise may employ irregular workers to work on the days which the enter-
prise decides of their own accord.

Table 1 The number of employees required for working on any given day of the week

M Tu W Th F Sa Su

17 13 15 19 14 16 11

We will compare the necessary numbers of workers between the following two Labor
Allocation Models in order to study the efficiency of regular employment to deal with the
fluctuating demand:

Labor Allocation Model a: Only regular employees are allocated to satisfy the number of
workers required on any given day of the week shown in Table 1. The number of employees
should be minimized.
Labor Allocation Model b: Regular and irregular employees are allocated to meet the number
of workers required on any given day of the week in Table 1. The number of irregular em-
ployees is minimized.

In Subsections 1) and 2), we will determine the number of employees necessary in Labor
Allocation Models a and b, respectively.

1) Labor Allocation Model a

In the Model a [5], more employees than the number required on a day of the week in
Table 1 should be supplied by five groups of regular employees. Hence, the following cou-
pled inequalities are set up:

T, +x,trstxgta, = 17,
T, +x, +xt+xsta, = 13,
T, tx,+x, +x,+x, = 15,
T, tr, T+, +x,= 19, (1)
T tr,tx,+x,+x; = 14,
Tyt x,+x,+x+x, = 16,
rytx,trstrstr, =11,

where a non-negative integer x; stands for the number of regular employees in the group who
start working on day 7 of the week. Ordering the days of the week in the order starting with
Monday, we express Monday as ¢ = 1, Tuesday as ¢ = 2 and so on.

Using the mathematical integer linear programming method, we will minimize the total
number of the regular employees,

Z =X, Xy T3+, T2 2y,

subject to the inequality condition (1) expressed in terms of non-negative integers ;.

As a first step for the optimization, supposing that the number of employees required on
a day of the week in Table 1 is met by supplying five groups of regular employees, we solve
the following coupled equations to estimate the number of employees in each group:
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I, +x,txstxgta, = a, = 17,
T, tx, +xstxstx, = a, = 13,
T, tx,tx, +xstx, = a; = 15,
x, tx,tx,+x, +x,= a, = 19, (2)
T, tx,tr,+x,+x; = a; = 14,
Tyt x,+x,+x+ 2, = aq; = 16,

rytx,trstrstr,=a; = 11,

where a; is the required number of workers on day j of the week in Table 1. The solution of
the above coupled equations is

x,= 3/b (a,*+as;+a;) —2/5(a,+a,+a,*ay) =4,

x,= 3/b (a,*a,+‘ay) —2/5 (a,+as+a;+a,) =6,

x3=3/b (ay+as+a,) —2/5 (a,+a,tas+a,) = —2,

x,= 3/b (a,‘tagta,) —2/5 (as;+as+a,+a,) = 10, (3)
xs= 3/b (as+a,+a,) —2/5 (a,‘agta,+a;) = —4,

xs= 3/b (ag+a,+ay) —2/5 (as+a,+a,+a,) =6,

x;,= 3/b (a,+a,+a,) —2/5 (as+a,+as;+a;) =1,

The estimated numbers x3 = —2 and x; = —4 in the above solution are not acceptable for
the workers in groups ¢ = 3 and 5. The lowest component x; = —4 of the solution (3) is
denoted as the most singular. The singularity of the estimated x5 is originated from the small-
est triplet a; = 14, a; = 11 and a, = 13 of the numbers of employees required for working
on every other day of the week in Table 1. In any general case of arbitrary cyclic demands,
the lowest of z;’s (such as x5 in the present case) in the solution (3) of the coupled equations
determines the optimum number of employees as will be shown later.

As for the coupled inequalities (1), assigning c; as the number of supplementary (slack)
employees on day 7 of the week, we replace the coupled inequalities by the following coupled
equations:

x, +x,tx,+xs+x,= 17+¢,
r, +x, +x,tx,+x,= 13+c,
T, +x,+x, +xs+x;, = 15+cy,
T, tr,tr,tx, +z,=19+¢, (4)
r, tx,tx;+x,+ x5 = 14+c,,
Tyt X3+, T2+ 24 = 16+c,

rytx,txrs+x,+x,= 1l1+c,

where the number ¢; of supplementary workers should be non-negative integers. In terms of
the numbers x; of the workers in group 7, the sum of ¢;’s is expressed as

¢, teytestce,testegtoe;
=bn>0 (5)

with a positive integer 7.
Now we start to minimize the number of the employees,

Z =X, Xy T3+, T2 2y,
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i.e., the sum of ¢;’s, subject to the condition of equations (4) expressed in terms of non-
negative integers x;. The solution of the coupled equations (4) is

x,= 4+3/5(¢c;+este;)—2/5(c;+c,+ce,+cy),
x,= 6+3/5(c,+c,+teg)—2/5 (¢, +cyt+ces+e,),
23 = —2+3/5 (¢cy+cs+ce;)—2/5 (¢, +c,+cstey),
x,= 10+3/5 (¢, +cstc,)—2/5 (cy+cs+c,+cy), (6)
xs= —4+3/5 (¢cs+c,+c,) —2/5 (¢, +cs+c+ey),
2= 6+3/5 (cst+c,tey)—2/5(cs+c,+c,tcy),
x;= 1+3/5 (¢c;+cy,+te,)—2/5 (cg+c,+cytcy),

where the supplementary terms ¢; are necessary to make the component x; non-negative that
was the most singular in the solution (3). The non-negative integer constraint of x; restricts
the values of the ¢;’s so that

x; = —4+3/5 (¢y+c;+¢,) —2/5 (¢, cstc,+¢;) =0, (7)
which requires
cstce, e, = 4Xx5/3+2/3 (cytcgte,tey) = 4X5/3.
Hence,
c,te,teste,testegte; = 4X5/3 = 6.66. (8)

Owing to the relationship of (5) and (8), the optimization requirement that the number of
employees is minimized is satisfied by setting the sum of ¢;’s

¢, e, ey te,estegte; =5m =10 (9)
with 7 = 2. Therefore, Eq. (5) leads to the minimal number of regular employees

r,tx,trstx,+x,+x,+x,
= 21+1/5 (¢, +cyteyteytestegtc,)
=21+n=21+2 = 23.

These results indicate that the sum of the required numbers of workers on 7 days of the
week in Table 1 is 105. Since regular employees work on 5 days a week, regular workers of
105/5 = 21 are required at the least. In addition to the 21 workers, however, Eq. (9) shows
that supplementary n = 2 workers are necessary. Therefore, totally 23 regular employees are
necessary.

The non-negative integers x5, Z; and x, in the solution (6) of the coupled equations
restrict the values of the supplementary variables ¢;, The non-negative integer,

2y = —2+3/5 (¢yt+es+e;)—2/5 (cyte,+cstcy)
—2+3%X10/5—(cy,te,+cst+cy) =0,

which requires

¢y e, tegte, <4 (10)
Similarly, z; = 0 and x; = 0 require respectively

¢, tegte ey <2, (1)
and
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cetciteste < 7. (12)

The combination of constraints (9)—(12) yields the redundant solutions of the coupled
equations (4). One example of the optimized schedules of 23 regular employees is shown in
Table 2.

Table 2 A. The number x; of regular employees in group Z, and B. The number of employ-
ees working on a day of the week in Labor Allocation Model a are shown.

A
Group 1 2 3 4 5 6 7
No. Regular Employees 3 5 1 6 1 3 4
B
Day of Week M Tu W Th F Sa Su
No. Regular Employees 17 16 16 19 16 16 15

The present algorithm to determine the minimal number of regular employees is applica-
ble to any arbitrary cyclic demand fluctuation. If a cyclic demand fluctuation yields a lowest
component ; = — s in the solution (3), the minimal number of regular employees is deter-
mined to be the upper integer part of N/5+s/3, where N is the total number of employees
required on seven days a week for the cyclic demands.

2) Labor Allocation Model b

In the Model b, the sum of the numbers of regular and irregular employees is minimized.
Since irregular employees are hired by the enterprise decision to deal with the demand fluctua-
tion, the optimized number of employees working on a day of the week can be equal to the
required number of employees in Table 1. Therefore, we set up the following coupled equa-
tions for the numbers of regular and irregular employees required on a day of the week:

x, +x,tx;+xs+x, +b, = 17,
T, tx, +xstxstx, +0, = 13,
T, tx,tx, +xstx;, +by = 15,
x, tx,tx,+x, +x,+b, = 19, (13)
T, tx,txs+x,+x4 +b;, = 14,

Tyt Xyt x, T2+ 2, + b, = 16,
r,tx,trstrstx, +b, =11,

where 0; stands for the number of irregular employees working on day j of the week. In terms
of the number z; of the regular employees in group 7, the sum of b,’s is expressed as

b,+b,+b,+b,+b;,+bs+ b,
= —5(x,tx,txytz, +x+xs+x,—21)
=5n>0 (14)

with a positive integer 7.
Using the mathematical integer linear programming method, we will minimize the num-
ber of irregular employees,

2 =0, b, t byt b+ b+ b+ b,
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subject to the condition of the coupled equations (13) expressed in terms of non-negative
integers x; and b;. The optimization of z is carried out in a way symmetric to that in Subsec-
tion 1).

The solution of the coupled equations (13) is

x,= 4+2/5 (b, +b,+b,+b;)—3/5(b,+by+by),
x,= 6+2/5(b,+by+bs;+0b;)—3/5(b,+b,+by),
3= —2+2/5 (by+b,+bs+b,)—3/5(bs+bs+b,),
x,= 10+2/5 (by+b,+b,+b,) —3/5 (b, +bs+b)), (15)
5= —4+2/5 (b,+bs+b,+by) —3/5 (b;+b,+by),
xs= 6+2/5(by+b,+b,+b,)—3/5(bs+b,+by),
x,= 1+2/5 (bg+0b,+by,+0b;)—3/5(b,+b,+b,),

where the component z; that was the lowest in the solution (3) should be non-negative.
Therefore,

xs = —4+2/5 (b,+bg+b,+by)—3/5 (bs+b,+b,) =0, (16)
which requires
b, +bg+b,+by, =4x5/2+3/2 (by+b,+b,) = 4X5/2,
Hence,
b, +b,+by+b,+b;+bg+b, = 4x5/2 = 10. (17)

Owing to the relationship of (14) and (17), the number of irregular employees is minimized
by setting the sum of b,’s,

b+ byt byt byt byt bgt by = 5n = 10 (18)
with n = 2. Therefore, Eq. (14) leads to the optimum number of regular employees,

T, tx,txstx, T+t 2,
=2l—n=21—-2=19.

These results indicate that 10 irregular employee-days and 19 regular employees are neces-

sary.
The non-negative integers x,, X5, s and x; in the solution (15) of the coupled equations
restrict the values of the supplementary variables b;. The non-negative integer,

2, = 4+2/5 (by+by+b,+by)—3/5 (b,+bs+by)
= 4+2X10/5— (b, +bs+by) = 0,

which requires

b,+b,+0b; <8. (19)
Similarly, 3 = 0, x; = 0 and z; = 0 require respectively

byt b;+ b, <2, (20)

bs+b,+b, <0, (21)

and
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b,+b,+b, <5 (22)

The combination of constraints (18)—(22) yields the redundant solutions b;’s for the
optimized number of workers. We obtained an optimum solution that 3 irregular employees
are necessary in addition to 19 regular employees. 2 irregular employees work for 3 days a
week and another 1 works for 4 days. One example of the optimum numbers of the regular
employees in groups, and of the regular and irregular employees working on a day of the week
are shown in Table 3.

Table 3 A. The number of regular employees in a group, and B. The numbers of regular and
irregular employees working on a day of the week in Labor Allocation Model b are

shown.

A
Group 1 2 3 4 5 6 7
No. Regular Employees 4 4 1 5 0 3 2

B
Day of Week M Tu W Th F Sa Su
No. Regular Employees 14 13 14 16 14 13 11
No. Irregular Employees 3 0 1 3 0 3 0

We have seen that Labor Allocation Model a requires 23 employees and Model b 22
employees. The allocation of only regular employees does not necessitate a superfluous
number of workers compared with the case of using irregular employees.

The present algorithm is applicable to determine the minimal value of employee-days of
irregular employees for any arbitrary cyclic demand fluctuation. If the lowest component of
the solution (3) of the coupled equations is x; = —s, the minimal value of irregular em-
ployee-days is determined to be N—5 [N/5—s/2], where N is the total number of employ-
ees required on seven days a week for the cyclic demands and (x] is the lower integer part
of . The optimum number of regular employees is (N/5—s/2].

3. Concluding Remarks

We have presented a new algorithm to determine the minimal number of employees
necessary to deal with the fluctuation of demand quantity. By optimizing the numbers of
employees necessary in the Labor Allocation Models a and b, we have found that the schedule
allocation of only regular employees does not necessitate a superfluous number of workers
compared with the case of using irregular employees as filling in the demand fluctuation. The
present algorithm can be applied to general cases of demand fluctuation, whatever the fluctua-
tion cycle is. Hence, it is applicable to the cases of demand quantity fluctuating seasonally.
In the application to any case, the reader will obtain the optimized number of employees from
Eq.’s (8) and (17). The general structure of the present algorithm shows that the minimal
numbers of employees are almost equal to each other between the two Labor Allocation
Models. This algorithm may be applicable to non-cyclic demand fluctuation. Even in the
extended cases, the enterprise can allocate employees by predicting the fluctuation pattern of
demand quantity in each a period [6].
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It is concluded that regular employment can deal with fluctuating demand as efficiently
as irregular employment. This conclusion may suggest a hint for enterprise managers to take
a step to promote the proper employment, i.e., the allocation of regular employees, which
would get rid of the social differentials and encourage young people to get married without
fearing unstable employment.

(1]
[2]
[3]
[4]
[5]
(6]

References

Xiao Jie Li: “Analysis of Working Hour and Handling Efficiency in a Logistic Company,” Thesis, Josai
University (2011).

Kenneth R. Baker and Michael J. Magazine: Workforce Scheduling with Cyclic Demands and Day-off
Constraints, Management Science, Vol. 24, No. 2 (1977), pp. 161-167.

Stephen E. Bechtold: Work Force Scheduling for Arbitrary Cyclic Demands, Journal of Operations
Management, Vol. 1, No. 4 (1981), pp. 205-214.

R. N. Burns and M. W. Carter: Work Force Size and Single Shift Schedules with Variable Demands,
Management Science, Vol. 31, No. 5 (1985), pp. 599-607.

Toshitake Kohmura and Meilong Le: “Redundancy in the Optimization of Labor Disposal and Working
Efficiency,” Josai J. Business Administration, Vol. 10, No. 1 (2013), pp. 17-28.

Toshitake Kohmura, Hai Huang, Masaki lijima, Kazunobu Fukushima and Masamitsu Kiuchi: “A
Production Adjustment Method that Treats Both Backlog and Inventory Equally to Respond to Fluctua-
tions in Product Demand,” J. Japan Industrial Management Association, Vol. 61, No.2 (2010), pp.
31-45.

37



