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Abstract: The proper organization of work is to set the workflow to the slightest effort
of man and machine operation to obtain maximum results. The article presents the
problem of the allocation of personnel that occurs in a real company. The mathematical
model for this issue was formulated. An algorithm solving the problem of personnel
allocation is presented. The proposed analysis is a starting point for determining the
production capacity and load of each workstation, which is particularly important when
using multi-station work and balancing the production line.
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1. INTRODUCTION

The main production factors are labor resources, work items and human work, their
interdependence in the production process has a decisive impact on the efficiency and
effectiveness of the entire production system. This is especially important when used
in the production of multi-station work, where the human work and workstation must be
adapted in a suitable way (Grzelczak, 2018).

For human work to be effective, it should be properly organized. Proper organization of
work consists in setting the workflow so that, with the least amount of work and technical
means, and the least time wasted, maximum results can be obtained. Badly organized
work leads to unnecessary consumption of production means and human work, without
bringing economic effects commensurate with the incurred outlays, and also without
creating optimal conditions for the working person, which should translate into the
humanization of work (Klimek and tebkowski, 2011).

The organization of work is the sum of technical, economic and organizational activities
aimed at designing the optimal combination of human work and means of production
(objects and means of work) and ensuring proper working conditions for people.

2. THE ISSUE OF ALLOCATION OF EMPLOYEES TO WORK POSITIONS
The allocation of employees to workplaces is an important optimization issue, which
consists in delegating employees to individual positions (tasks), in such a way that the
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cost of task completion is minimal or the total efficiency of all employees is maximal.
The allocation should take into account the employee's characteristics, ie work
efficiency, skills, experience, etc. The criterion for assessing such an assignment is, for
example, achieving maximum personnel performance or filling all jobs taking into
account the employees' qualifications and skills (Knop, 2015).

The issue of employee allocation to posts is presented as a two-dimensional graph (Fig.
1), in which its disjoint parts are a set containing nodes representing employees and
a set containing nodes representing positions (Koziot-Kaczorek and Pietrych, 2016).
There are weighted connections between employees and positions. The weights of
employees' connections with positions determine the productivity or cost of an
employee when performing tasks in a given position (Krynke and Mielczarek, 2018).
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Fig. 1. The bipartite graph for the problem of allocation n = 4 employees P to m = 4 positions S

The mathematical model of the classical allocation problem can be presented as the
problem of minimizing the F¢ (1) or cost function or maximizing the F,, (2) performance

function:
n m
FC=ZZCU-xU—>min (2)
i=1j=1
n m
Ry = zz wij * Xij > max (2)
i=1j=1
Where:

Xxij — decision variable, zero-one value, indicating the allocation or lack of allocation of
the i"" employee to the j" position,

cij — the unit labor cost of the i"" employee at the | position,

wij — unitary work of the i"" employee's job at the j" position,

n — number of employees,

m — number of work positions.

3. RESEARCH PROBLEM

A certain architectural office must plan its monthly activity in order to get the most profit.
There are currently 4 orders available:
e Z1 — projects of single-family houses - permanent order,
e 72 - design of a production and office building - one-time order, which must be
completed in the nearest month,
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e Z3 —design of a car dealership - one-time order, completion date for 3 months.
To get the job done on time assumed that in each of the first two months will be
made at least 40% of the entire project,
e Z4 — - bridge design - a one-time order, must be completed in the next month.
To describe a given situation with a mathematical model, one should find a way to
characterize tasks using numbers. Important parameters are the employee's salary and
the time needed to perform a specific task (Table 1).

Table 1
Number of work units required for a given order and remuneration per unit of work for a given
order

Z1 z2 Z3 Z4

. . 150 (40% of th
number of service hours [h] optional 200 S?OEaIO o: d(;r)t © 50
gross income per 40 50 60 120

man-hour [PLN]
Source: own study

Five employees work in the company. Their characteristics are presented in Table 2.

Table 2
Working time and skills of employees

Anna A beginner designer, fluent in software support, experience in single-family
house designs. Full time employed (140h).

Beata Designer, experience in single-family house designs.
Full time employed (140h)

Cezary Designer, experience in various projects.
Part-time employee (70h), overtime if necessary.

Daniel A specialist in the bridges design.
A contracted employee, if necessary, is ready to take overtime.

Eugeniusz | Designer with long experience. A great sense of engineering.
Part-time employee (70h), overtime if necessary.

Source: own study

The working time and remuneration of employees can be clearly described numerically.
The more difficult issue is the assessment of work efficiency. The solution to this
problem is to determine the effectiveness coefficients of a given employee working on
a given task. Table 3 presents the preference matrix and employee remuneration.

Table 3
Employee preference matrix for particular tasks
Anna Beata Cezary Daniel Euginlus
Working time [h] 140 140 >70 >0 >70
Salary per man-hour
[PLN] 20 25 65 80 40
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Z1 12 1,3 1,2 11 1,2
Z2 0,8 1 11 11 1,3
Z3 0,8 0,9 1 12 1,3
Z4 0,5 0,7 0,5 15 0,9

Source: own study

The monthly total profit of the realization of the project orders are described as:
F=hi(ziir1 - wi) + hz1-(Z21r2 — wi) + h31:(Z3103 - W1) + Baz+(Zarrs — wy)
+ hiz2(Zip2r = W2) + h22+(Z2212 = W2) + h32+(Z3203 = W2) + Haz+(Zazrs — w3)
+ hiz(Zisr1 = W3) + B2z (Z23rz — W3) + h33+(Z3353 — W3) + Haz (Za3rs — W3) 3)
+ h14(Z1ars = W) + hza(Zoarz = Wa) + B340 (23453 — We) + Haa (Zgals — Wy)
+ his(Zisr1 = Ws) + hz2s5+(Z2srz — Ws) + B35+ (23553 — W5) + Has(Zasrs — W5)
where:
h;j — number of possible employee's working hours i for task j,
zji — employee performance coefficient i performing task j,
r; — cost of man-hour for task j,
w; — salary for an employee i.

Itis a function that should be maximized. At the same time, the available standard hours
of work:

hir + hz; + hsr + hey = 140

hir + hz; + hsr + hey = 140

his + ho3 + hss + hezs > 70

hig + hoy + hzs + s > 0

his + hos + hss + hes > 70 4)

hiz + hos + hze + hes < 140

hig + hzs + hse + heg < 140

his + hos + hzs + hys < 140

and requirement concerning production order — limitations of work units:
hiiai + hizaiz + hizaiz + hisdie = 0
hz1az1 + hz2azz + hz3azs + hzsaze = 200
hsias; + hszasz + hssass + hssasze = 150 (5)
hz1a31 + h3zasz + hzsazs + hzaze < 375
hyias + hyzasz + hazass + heass = 50

Defined task is possible to be solved in the environment Octave. Octave is a free
programme for numerical calculations (mathematical and engineering calculations).
This language is intuitive and friendly (for a mathematician) (Nagar, 2018). With basic
functionality in Octave there are operations on matrices and number of numerical
methods solving linear and non-linear problems. Octave is software featuring a high-
level programming language, primarily intended for numerical computations. Octave
helps in solving linear and nonlinear problems numerically, and it is used for performing
other numerical experiments with the use of a language that is mostly compatible with
MATLAB.

The issue of assigning employees to particular tasks was solved using the glpk
command. The GNU Linear Programming Kit (GLPK) is a software package intended
for solving large-scale linear programming (LP), mixed integer programming (MIP), and
other related problems (Piechna, 2012).
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GLPK uses the revised simplex method and the primal-dual interior point method for
non-integer problems and the branch-and-bound algorithm together with Gomory's
mixed integer cuts for (mixed) integer problems.

4. ANALYSIS OF THE RESULTS

After doing calculations, the optimal values of working hours of individual employees
was obtained. In Fig. 2 optimal assigning project tasks to employees was described.
For a planned process, realization of the project Z1 will be the most effective only by
Anna with a little help from Beata, realization of the project Z2 by Beata and Cezary,
realization of the project Z3 will be the most effective by Eugeniusz with a help from
Cezary. In turn, realization of the project Z4 will be the most effective only by Daniel.
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Fig. 2. Optimal assigning tasks to individual employees

In Fig. 3 the use of the time fund by individual employees the background of available
standard hours of work was presented. It can be seen that in order to execute the
entrusted tasks, Cezary and Eugeniusz have to work overtime. In Fig. 4 the profit
generated by the individual employees was presented. An interesting situation occurred
in the case of Cezary. As a highly qualified employee, it has relatively high pay. So
much that the execution of such tasks entrusted to him bring loss.
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Fig. 3. The use of the time fund by individual Fig. 4. Profit generated by the individual
employees employees

In Fig. 5 a graph that compares the total cost of the realization of the order program for
two extreme cases was presented. The first situation concerns the optimal solution,
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when profits are subjected to the maximization. For comparison, the second one shows
a situation when profits were minimized.
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Fig. 5. Total profit of the realization of the order program in the case of the criterion
of minimization and maximization

5. CONCLUSION

The normalization of work fulfils a fundamental role in both management of the whole
enterprise and human work. It allows to calculate the length of production cycles, to
determine the planned tasks of individual positions, to calculate the demand for
employees, taking into account their skills and qualifications, to determine the needs of
machinery and equipment, to calculate labor costs, determine work efficiency and its
dynamics.

The above mathematical model and the method of its solution is applicable in many
engineering problems, eg the problem of optimal use of resources, implementation of
the cheapest order, etc.

The presented example can be analogously extended to a larger number of employees
and tasks as well as months.
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