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Zusammenfassung / Abstract:
Personnel scheduling is an important and challenging task that arises in a variety of application areas.
Scheduling quality, however, strongly depends on the results of the preceding activities of staffing and
shift design. This paper presents a novel approach that integrates staffing, shift design and scheduling
into one optimization problem for the first time, providing a holistic view of the workforce planning
process. By applying an evolutionary multi-objective bilevel algorithm, the three objectives staffing
costs, number of shifts and scheduling quality are optimized simultaneously. The experimental results
show that the presented holistic approach is suitable to support decision making regarding staffing as
well as shift design by showing the decision maker tradeoffs between different solution alternatives.
Furthermore, applying the holistic approach reveals new promising solution areas and valuable

individual solutions, which would not have been found when optimizing sequentially.

Schliisselworter: Multicriteria Optimization, Bilevel Optimization, Metaheuristics,
Scheduling, Staff Planning
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Holistic Workforce Planning: Integrating Staffing, Shift Design and
Scheduling using Evolutionary Bilevel Optimization

Julian Schulte * Volker Nissen

Abstract Personnel scheduling is an important and challenging task that arises in a variety of
application areas. Scheduling quality, however, strongly depends on the results of the preceding
activities of staffing and shift design. This paper presents a novel approach that integrates
staffing_ shift design and scheduling into one optimization problem for the first time, providing
a holistic view of the workforce planning process. By applying an evolutionary multi-objective
bilevel algorithm the three objectives staffing costs, number of shifts and scheduling quality are
optimized simultaneously. The experimental results show that the presented holistic approach is
suitable to support decision making regarding staffing as well as shift design by showing the
decision maker tradeoffs between different solution alternatives. Furthermore, applving the
holistic approach reveals new promising solution areas and valuable individual solutions, which
would not have been found when optimizing sequentially.

1 Introduction

Getting the right people to the right place at the right time is a challenging task of high practical
relevance, arising in a variety of industries such as service, transportation or manufacturing.
Therefore, the problem of personnel scheduling has received significant attention in research
[10, 24]. However, the activity of scheduling is only the last step in a series of preceding
workforce management tasks, especially staffing and shift design [13, 23, 25].

Based on workload forecasting, the purpose of staffing is to determine the size and structure
{e.g. skill-mix and confract types) of a company’s workforce, i e. the adequate future number of
emplovees required in different categories. Since this is not an easy task even with just one type
of emplovee, it becomes even more difficult with a heterogeneous workforce due to different
qualifications or contracts [3]. Because staffing decisions have direct impact on scheduling
quality, integrated planning approaches have been developed (see [16] for an overview on
integrated staffing and scheduling problems and solution methods). Considering planning
horizons from one day up to one year, these integrated problems are mainly solved by iteratively
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alternating between the staffing part and the scheduling past of the problem as they are creating
and evaluating personne] schedules based on cerfain staffing decisions [1, 12, 16].

Shift design in general aims at finding a suitable set of working shifts, with a shift being
defined by ifs start time and length [13]. The problem that has received most attention in the
literatuge is the minimmm shift design problem [8, 9]. Here, the objective is to find a nunimal
aumber of shifts and to determine the oumber of employees needad per shift while minipuzing
over- and understaffing. The nummuzation of shafts 15 argned by the fact that fewer shifts result
in schedules that are easier to read and manage (see [9] for an overview on shift design and
related problems).

The work on shaft design shows that finding a switable set of shifts is far from trivial and
has high impact on the subsequent scheduling tasl: Within the problem of integrated staffing
and scheduling, however, the shuft setting is already predefined. This paper atms at closing this
gap by proposing a novel approach for integrating all three stages of the worlforce management
process: staffing, shift design, and scheduling. Using an evolutionary mmlti-objective bilevel
algorithm, the three objectives staffing costs, number of shifts as well as scheduling quality are
optinzed simultanecusly. To the best of our knowledge, there 1s no such approach in the
literature combining all three worlforee planmng tasks Fusthermore, evolutionary bilevel
optinuzation is applied to shift design (and related problems) for the first time, showing a new
possibility of solving this type of problems.

The remainder of the paper is structured as follows: In Section 2 the bilevel problem of
sinmiltanecns staffing, shift desizn and scheduling is presented. The applied algorithms are
described 1n Section 3. To demonstrate the advantages of the proposed holistic approach, in
Section 4 the computational results of the considered case study will be discussed. Finally, the
conclusions and suggestions for further research are presemted in Section 5.

2 Problem Description

The following problem is based on the strategic workdoree planning problem in the context of a
mudsized inbound call center of a German utility presented in [16]. The problem introduced 1n
this section involves staffing, shift design as well as scheduling of the company’s worlforce.

2.1 Bilevel Problem

Bilevel optinuzation in general can be considered as a form of hierarchical optimization
problem. whose hierarchical relationship 15 closely related to the problem of Stackelberg [20].
Here, a follower (lower-level optimization problem) optimmzes his objective based on the
parameters determined by the leader (npper-level optimization problem). The leader. in fun,
optinizes his own objective under consideration of the follower’s possible reactions [5]. Bilevel
optimization problems are proven to be NP-hard [11] and can generally be formmulated as follows
[3. 19, 22]:

i FE) (1)
st Glry)=0 {1b)
y € argmin{ f(x,y): g(x,y) =0} (1)

FEYF

Here, x and y are the vectors of decision variables determined by the upper- and lower-
level problem. respectively. Besides, F(x, ¥) and f(x, y) are the objective functions and G(x, ¥)
and g(x, ) the constraints of the vpper- and lower-level problem.

For the considered holistic wotldorce planning preblem, x represents the planning decision
regarding staffing and shift design. For each x, the scheduling problem f (x, y) will be optinuzed
vielding personnel schedules for the considered planning horizon (represented by v). Therefore,
the planning objective function F(x, ) is dependent on the costs due to the staffing decision,
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the mumber of implemented shifts as well as the quality of the created schedules at the lower
level, which in furn is influenced by the determined worldforce structure and the implemented
shifts.

2.2 Staffing and Shift Design Problem

The call center considered in this problem has a need of & different skill types s € 5. with § =
{31, 52, vnr Sy b The skalls are meant to be categorical, i.e. they deternune the tasks each employee
can perform However, it is possible to cross-train employees so they can perform more than cne
type of task [3]. The qualification of an employee can therefore be seen as set of different skill
combinations g € 5. The contract type £ € T of an employee determines his average weekly
working time.

Jithin its staffing decision. the company has to predefine feasible employee types E. Each
employee type &;; € E is defined by its qualification g and contract type t. Moreover, each
employee type gy 15 linked to costs Cggy that arise for emploving one employee of this type over
the considered planning horizon The mumber of emplovees of each type is represented by the
decision variable xgp.. Fegarding the shift design decision, the company firthermore has to
predefine a set of feasible shifts. Each shift pattern m € M is constrained by the operating times
of the call center and the mmninmm and maxinmm shift length. Whether a shuft pattemn 13
implemented or not is represented by the decision variable xm (2¢). The specific problem setting
will be described in Section 4.1.

The objective of the upper-level problem is to nunimize the overall staffing costs as well
as the munber of inplemented shifts (2a) subject to constraints (2b) - (2c) and the optimized
scheduling decision v at the lower-level problem (2d). The decision vector passed to the lower-
level is defined as x = (Xzg. X )-

FParameters
5 set of skalls (mdex 5)
q gualification of an employes (g £ 5)
T set of contract types (ndex £)
E set of employee types (index 84
Coge costs for an employee of type e,
M set of feasible shifts {index m)
Decision variables
Xege number of employees of type 8¢
X wnplemented shifts
Upper-level problem
B | 2 e ) xm oy @)
gl?rg TMed
st Xpgr = Dand integer Vg € E (21)
xmE{0.1} YmeM (2c)

= al;!gé'lgrin{ﬁaj — (3j} (2d)
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2.3 Scheduling Problem

The scheduling problem presented in this paper considers the daily staff scheduling of a call
center over a planning horizon W = [1.2,..., Wi, }. Each week of the planning honzenw € W
15 partitioned mio periods p € P = {1, 2, ..., Ppgx ). representing the operating days of the call
center. Moreover, each operating day again is segmented mto time intervalsi €l =
{i1:32s veus imaz . The specific scheduling problem setting will be described in Section 4.1.

The zet of shift patterns M and set emplovees E are determuned by the staffing and shift
design decision at the upper-level, with a concrete employee for each xggr and with by
determining whether a shift pattern is covering a specific time interval In addition variable ng;
determines if an employee’s qualification contains skill 5. The assiznment of an employee ¢ €
E to a shift m on day p in week w with skill 5 is controlled by using the binary decision variable
FYmpw- An employee can only be assigned to one shift each day (3e) and only if he iz available
and has the required skill (3c-3d). While emploveses may have nmltiple skills, each employee
can only contribute one skiall per shift (3e).

For each time interval i on day p in week w and each skill 5 a certain staffing level d,,,
has to be satisfied. The number of planned employees of each skill at time imtervali is
determined by variable ef,, (3f). If a deviation |ef,, — df,,| arises from the staffing target,
penalty points are generated by the fimction Py (3g). An additional penalty is added if no
emplovess are planned but required or vice versa.

To compensate overtime and minus howrs, each emplovee has a flextime account gy,
which is updated on a weekly basis. Therefore, the deviation of the employee’s actual working
time [, (3h) and contractually agreed weekdy working time h, 15 added to lus flextime account
(31). However, to provide an equal worklead distribution and to ensure that employees are staffed
according to their contract types, the penalty fimetion B, generates penalty points based en how
far emplovees exceeded or fell below their contractually agreed weekly workdng time 1gy, -
The weekly penalty 15 calculated by omiltiplying the absolute flextime value times the percentage
of deviation (3j).

The chjective here is to minimize the overall penalty points over the considered planning
herizon (3a) subject to given constraints (3b) — (31) deseribed above.

Farameters

W set of weeks in planning herizon (index w)

P set of periods in planming week w (mndex p)

I set of time intervals in planming period p (index §)

E set of employees (index ¢) determined by the upper-level

decision variable xz,,

5 set of slalls (index )

M set of shift patterns (index m)

b 1 if shift m covering time interval i, 0 otherwise

Mag 1 if employes’s qualification contains skill 5, 0 otherwise

A 1 if employee e is available on day p in week w, 0 otherwise

i demand of skill 5 at time interval { on day p in week w

Eiw number of planned employees with skill s at tune interval § on day p in
week w

Py demand penalty fonction

Uy flextime account of employee e in week w

Lo actual working time of employes e in week w

hy contractually agreed weeldy working time of employee e
E, working time penalty fiunction
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Derision variable

Ympw 1 if employee e is assigned to a shift m on day p in week w with
skill 5, 0 otherwize

Lower-level problem
rﬁ?}f&slﬂd’ +Fy) (3a)
st A Mese D Ympw € (0.1} VeeEseSmeMpePweW (3b)
Vmpw = Qg VeEEseSmeMpePweW (3c)
}ﬁ-ispwi ty VeEEseSmeMpePweW (3d)
ZZ}?&%E 1l vecEpePweW (Ge)

FES mMeM
pr.,,,:ZZy,?.fwbmi VselficelpePbweW (3

meM ecE
Py = ZZZ z |ldiw — el * va.  with
SE5 [l peP WEW
200, €ipw = 0 and dip, =0 (3g)
¥a¢ =500,  di,, >0andej,, =0
1, otherwise

gawzzzzzjﬁ,wm vecEweW (3k)

meM =5 [l peP

Ugw = Uaqw-1) + (Eﬂ'l-' - hﬂ'll.’:l- with ug =0 ﬁi}
VeeEweW
U™
b= o G
PEE weEW hﬂ

3 Evolutionary Bilevel Algorithm

Evoluticnary Algorithms (EA) are a conimon metaheuristic approach to compute good solutions
in an acceptable amount of time, especially when working with real world problems that
otherwise cannot be solved to optimality within reasonable computation time [14]. This also
applies to workforce planning and scheduling problems. with Genetic Algortthms (GA) as the
most often used class of metahennstics m this domain [3, 24]. Due to its widespread nsage and
successful application to similar problems, GA were chosen in this case, both to sclve the upper-
level staffing and shift design as well as the lower-level scheduling problem (see [15, 18, 21] for
more detailed mformation on metaheunstic optinuzation in general and GA in particular).

Evolutionary bilevel optimization has been successfillly applied in varions areas such as
economics, transportation. engineering and management. especially in strategic or long-term
contexts (see [19] for a comprehensive review).
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3.1 Upper-Level Algorithm

According to the taxenomy given by Talbi [22], the algorithm used to solve the presented
problem of holistic worldforee planning can be defined as a nested constrocting approach with
metahewristics on both levels. In this type of bilevel model, an vpper-level metaheuristic calls a
lower-level metahewristic during ity fitness assessment. In deing se. the upper-level heuristic
determines the decision vector x (here the number of emplovees of each type and the set of
implemented shift patterns) as input for the lower-level algorithm which in tun determines the
decision vector ¥ (optimized schedules). Both decision vectors are subsequently nsed to sclve
the bilevel problem at the upper-level. An overview of the applied bilevel algorithm is shown in
Algorithm 1.

Algorithm 1 Cverview of nested bilevel GA in psendocode

1: popsize « desired population size

2: generations « number of generations to be evaluated

3: P« bmild initial population of random individuals with size popsize

4:Best— {]

5: for generations fumes do

&: for each individeal F; € P do

7 CalculateCosts(F;)

8: SumShifts(F,)

o: call lower-level GA with F; as input
10: end for

11: Best «— Fitness(P)

12: P « Reproduction(F, Best)
13: end for

14: return Best

Within the here discussed problem the three objectives staffing costs, oumber of shifts and
schednling penalty have to be minsmized. However. both upper-level objectives are in conflict
with the lower-level objective, as for example hiring multi-slalled, flexible part-time employees
will yield high quality schedules but also increase the staffing costs and on the other hand,
reducing the mumnber of employees will reduce labor costs but also the scheduling quality.
Furthermore, implementing a large munber of shifts may increase flexibility and therefore the
guality of the scheduling results.

The gesulting nmlti-objective problem can be solved by using the concept of Pareto
efficiency, which will yield a set of Pareto optimal solutions (approximated Pateto front, fusther
referred as Pareto fronf). The final selution to be selected will therefore be a tradeoff among the
three considered objectives staffing costs, shift connt and scheduling quality (zee [2, 4, 18] for
more detailed information on multi-ocbjective optinization).

To selve the upper-level mmlti-objective problem of mimimizing staffing costs, shuft count
and scheduling penalty, the WSGA-II [6] 15 uwsed. The chromosomes of the upper-level
mdividuals are composed of two one-dimensional wectors, each corresponding to one
subproblem. The integer encoded staffing vector 4 = (14, 4¢3, ..., 2ty contams g = |E| vatues
corresponding to the number of emplovee types. Each walue 1y Tepresents the mumber of
employees to be employed for this type. However, 1, € N should be limited in a reasonable
manner to reduce the search space. The binary encoded shift vector is dencted by 4 =
(47, 4y, o 4rg), with § = |M] . Each 17, is linked to one shift pattern m € M.

As 44 and ¢+ have different search spaces as well as different value ranges, they are handled
independently during reproduction However, for both vectors cne-peint and wniform crossover
are applied, randomly selected for each reproduction process. Furthermore, intermediate
crossover and randem walle nmtation are used for the reproduction of 44 (both as described in
[18]). For mutation of 4+ bit flip mntation is applied.
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32 Lower-Level Algorithm

At the lower-level, to selve the personnel scheduling problem. an elitist GA with the same elitizm
principle as NSGA-IT is wsed. Each individval is encoded as (|E| % (Ppax * Wipge ) )-0atro,
representing the schedunles of the considered planning horizon. Each row corresponds to one
concrete emplovee with each infeger value being linked to one of the shift patterns selected at
the upper-level. For reproduction. ene-point and uniform crossover as well as bit flip nmtation
are nsed.

4  Experimental Study and Discussion

In this section to demonstrate the usefulness of the proposed holistic approach, the tasks of
staffing and shift design will be carried out first sequentially and then sinmltanecusly.

41 Preblem and Algonthm Sefting

fithin the investigated scenario, the call center is planming its worldforce for a 4 week planning
horizon W ={1.2.....4} Furthermore, the operating days are Monday till Frday P =
{12,....5} from 8 am to 6 pm [={12,...,10} (due to the strategic context. hourly
scheduling intervals were chosen). Shifts are allowed in the range between 4 and 8 hours,
resulting in 25 possible shift patterns. Regarding its staffing decision the company has a need
of two different slalls § = {agent, support}. The forecasted demand of agents is highly volatile
both durng the day and across the planning horizen The demand of support enplovees 13
calculated based on a staffing ratic of one support for each fowr agents. Table 1 shows the
predetermined enyployes types with related costs. The costs of each emploves type are
represented by a relative factor semming up anmual wages, payroll taxes, overhead and training
costs.

Table 1 Setting of the staffing problem

Contract type Oualification Costs

20h/40h agent 06/1
20h/40h support 065/1.1
20h/40h0 agent - support 0.75/1.3

For the upper-level GA, a population size of 60, a generation smmber of 100 and =10
restarts were chosen, with each restart having a random initial population. Since all results en
the upper level are evalnated according to the same algonthm the goal on the lower level is not
to find the best overall solution. but to achieve stable results in order to avoid outhers. Therefore,
considering the tradeoff regarding conyputation time, solution guality and selution noisze, the
lower-level GA was configured with a population size of 50 and a generation mumber of 200.

On both levels, the nmtation rate was set to 1/v, with v being the number of genes of the
encoded individual, and the application of the available crossover operators was uniformly
distributed. The fitness at the upper-level was evalnated by Eq. (2a), for the fitness evalnation at
the lower-level Eq. (3a) was used.

The optimization software was wiitten in Python/Cython and all experiments were
executed on a cluster of 12 Windows 10 machines with Intel Core 17-8700 machines (& cores,
maximmm clock rate 3.19 GHz) and 16 GB FAM. The evalvation of the lower-level fitness
function was spread among all available cores. Chae restart took about 1 hour, ten restarts about
8 hours (due to the better explottation of cores).
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42 Sequential Worldforce Planning

In this subsection the workforce planning tasks of staffing and shift design are executed one
after the other as usnal The sequential problems can be considered as medifications of the
problem described in Section 2, taling into account either the staffing or shift design problem
and chjectives, respectively.

The sequential worldforce planning study starts with the staffing task. For this, at first an
initial shift setting had to be chosen. Using problem specific insights and considering the velatile
demand, four shifts were selected. Two 8 hour shifts covering the base demand starting at 8 am.
and 10 am and two 4 hour shifts covering peaks in the morming and the afterncon. starting at
10am and ? pm  Using this setting, the algorithm was executed while ignoring the objective
of shift connt. resulting in a conventional integrated staffing and scheduling problem (see [16]).
As final result, the Pareto fronts of all restarts were combined and a new Pareto front was created
(zee Fiz. 1).

Fl?g. :1} shows the expected behavior of higher quality schedules with increasing staffing
costs, due to more flexible employess. The best pessible staffing setting (with the selected shuft
sefting) is marked as solution A Solution B is selected as an efficient alternative, which reduces
staffing costs by 13% with an increase of penalty points by only 3%, The details of both schutions
are shown i Table 2. The two staffing decisions. namely the best possible and the more efficient
one, will be referred to in the following as scenario A and B. The shifts are encoded as “starting
hour” "duration (k)" (24h clock).

A

L

£
Hﬂ‘: E ‘\"'\1
£ T
¥ — -,

& e

\‘.‘\.-_\- .
'I-__\_‘.--\-‘-
4 ~~— .
00 B [ [ 200y L0

Scheduling Penaliy

Fig. 1 Possible staffing decisions (Pareto front of n=10 optimization mns)

Table 2 Selected staffing solntions

Costs Penalty  #Shifts Agent  Sopport Ag-Suop.  Shifis
40 20 40 20 40 20

A 1275 3856 4 5 5 0 3 1 2 88108104
14 4
B 111 6036 4 4 6 2 0 1 0 §8108104

14 4
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For the shift design task. the algonthm was executed again with the staffing decisions of
solutions A and B. Here_ in contrast to the previous experiment, the staffing setting is fived and
only the objective of minimizing the number of shifts i3 considered. The results of both
experiments are shown in Fig. 2 and Fig. 3 as well as in Table 3 and 4, respectively.

= ]
- \
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- |
i I" -
=] Y i
i ’
g ~—
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| Te—
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500 510 5 530 544 550 Sl

Scheduling Penaliy

Fig. 2 Possible shift design decisions for scenario A (Pareto front of n=10 optimization mins)

Table 3 Shift design solutions for scenario A

Costs Penalty  #Shifts Agent  Sopport Ag-Sup.  Shifis
40 20 40 20 40 20

1275 5005 8 5 5 0 3 1 5 848588096
9810813 5
14 4
A 1275 5051 5 55 0 3 1 5 848798108
14 4
1275 5192 4 55 0 3 1 5 8498108135
1275 5396 3 55 0 3 1 5 84108134
1275 5644 2 5.5 0 3 1 5 84108

10
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Fig. 2 Possible shift design decisions for scenario B (Pareto fromt of n=10 optimization muns)

Table 4 Shift design solutions for scenario B

Costs  Penalty  #Shifts  Agent  Support Ag-Sup.  Shifis
40 20 40 20 40 20

B 111 5576 5 4 6 2 0 1 0 8488096108,
14 4
111 572 4 4 6 2 0 1 0 8488108144
111 5924 3 6 2 1 8488108
111 6268 2 4 6 2 0 1 0 88108

Examining the shift design results of both scenarios, it becomes apparent that the
scheduling quality could further be improved by selecting different shift patterns. The second
soluticn of scenario B (see Fig. 3 & Table 4) shows that the initial shift decision (see Table 2)
was already quite reasonable. However, this decision was improved by letting the short shift
104 (start at 10 a.m , duration 4 hours) start 2 hours earlier (8_4). Looking at the second solhution
of scenario A (see Fig 2 & Table 3), the scheduling quality as compared to A in Table 2 was
improved by about 14% by adding only one more shift. As the 4 6 additional penalty points seem
neglectable compared to the three additional shafts (in compansen to the first solution), this
solution will be used in the further discussion. In the remainder of this section, the solntions of
both scenarios with 5 shifts will be referred as solutions A’ and B”

It may be assumed that, doe to the higher flexibility, with an increasing number of shifts
the scheduling quality increases as well, which i1s reflected by the results of both scenarios.
Nevertheless, in both scenarios the maxinmm munber of shifts (5 and 8) is way below the
maxinmm amount of 23 possible shifts, which at least relativizes this assumption.

43 Holistic Workforce Planning

In this subsection, the entire problem described in Section 2 will be solved and compared to the
results of both scenarios described above. Fig. 4 shows the three-dimensional Pareto front for
the objectives staffing costs, shift count. and scheduling penalty. As within the previous

11
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sequential steps, the pattern of decreasing penalty with increasing staffing costs and number of
shifts of the previous sequential steps can be found.
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Fig. 4 Possible staffing and shift design decisions (Pareto front of =10 optimization rens)

The most interesting part, however, is the target area below the penalty of 600 (zee Fig 5
& Table 5). While the smallest penalty found dunng sequential workforee planning was 3003
(zee Table 3), sinmiltaneously optimizing staffing and shift design was able to further reduce the
minimal penalty by about 10% to 452 (see Table 3, Sol C). In general, applyving the holistic
wotkforce planning approach reveals the circled area, which would have remained undiscovered
by the sequential approach (see Fig. 3). Providing a broader basis for decision maling can
therefore be considered as main advantage of mtegrating all aspects of worlforce planning into
one optinization problem For further discussion, sohutions C to F are exemplarily selected from
this area (see Table 5).

The solutions which are closest to those selected in the previous scenarios are labeled as
A and B (see Fig 5 & Table 5). When comparing these results to those from the sequential
steps. it becomes apparent that latter ones are dominating those from the holistic approach. Ths
could be explained by the fact that by combining the staffing and shift design problem the search
space increases, which would have required an evalwation of a larger mumber of solutions to
better exploit this more complex search space.

To verify the assumption of a better search space expleitation within the sequential
approach, the staffing task is repeated with a shift setting found in the circled area. To keep a
reascnable amount of shifts, the shift sefting of sclutions E and F were chesen. This decision 1s
supported by the fact that most of the shifts can also be found in solations C and D,
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Fig. 5 Target area of holistic workdforce planning solutions

Table 5 Selected holistic workforee planning solutions

Costs  Penalty #Shifts Agent  Support Ag-Sup.  Shifts
40 20 40 20 40 20

A® 13 5412 5 2 9 0 2 1 4 8485105108
14 4

B 1165 35644 5 4 3 1 2 0 3 § 48589381038,
14 4

C 1525 452 11 1 10 0 0 O 11 848588035,

D 1565 4538 o o 6 0 3

S

10 8 48359404
1

E 1485 4638 ] 0 12 0 2 2 5 & 4.5 5961038
4

F 14 4739 & o121 1 1 53 8483509

Fig. 6 shows the results of the integyated staffing and scheduling experiment with the shift
setting of solutions E and F. Here, solution A* is dominating solution A’ in respect of staffing
costs and scheduling penalty. Solutions B* and B” are almost sindlar, with B* having slightly
lower costs and slightly higher penalty. Solution G has the smallest penalty at lughest costs
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across all experiments, with H being seen as an efficient alternative. Solution I donunates all
solutions shown in Table 5.

Furthermore, it becomes apparent that due to the selected shift setting with only one finll
time shift, part time employees are favored. If one might prefer a more full time workdforee, this
should erther be reflected in the staffing costs or a different shiff setting of the holistic planning
results (Fig. 5) should be chosen.

When looking at the highlighted solutions, the assumption of a better search space
exploitation during the sequential experiments can be venified. The advantage of the holistic
approach, however, comes to bear again in this last experiment, as without it the selected shaft
design decision would not have been discoversd. Moreover, by adjusting the upper-level
algorithm to the increased complexity (e.g. larger population and more generations) the holistic
approach very likely would achieve the same search space exploitation.
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Fig. 6 Possible staffing decisions 2 (Pareto front of n=10 optinization mmns)

Table 6 Possible staffing decisions 2

Costs  Penalty  #5hufts Agent  Support Ag-Sup.  Shifts
40 20 40 20 40 20

G 159 4307 6 1 10 0 1 0 11 84850956108,
13 5,14 4

H 145 4324 6 1 8 0 3 0 9 84850956108,
13 5,14 4

I 1375 44845 6 1 13 0 3 0 4 84850956108,
13 5,14 4

A* 127 48125 6 1 10 0 3 0 5 84850956108,
13 5,14 4

B~ 1105 55775 6 1 11 0 3 0 2 84850956108,
13 5,14 4
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3 Conclusion

In this paper, a novel approach was proposed for integrating three main stages of the workdorce
management process: staffing. shift desion and scheduling. To demonstrate the advantages of
the holistic approach, the tasks of staffing and shift design were first executed sequentially and
afterwards sinmltaneously. The results indicate that when performing staffing and shift design
sequentially. the staffing decision is limited by the predefined shifts. The shift design decision,
on the other hand. 15 limdted by the selected staffing setting. The proposed holistic workdorce
planning approach solves this dilemma and shows the decision maker the ‘biz picture” of the
considered problem by revealing tradeoffs regarding staffing and shift design decisions. as well
as new promising solution areas and valvable individual solutions, which would not have been
fornd when optimizing sequentially.

For well-founded decision making, however, deeper insights into the problem stmuctore are
beneficial [7]. Further research should therefore focus on analyzing the decision variables of the
upper-level problem. e g. for interaction effects, as initially proposed in [17]. Possible questions
here could be whether there is a set of dominant shifts, which shifts harmonize with each other
or if there are shifts that work better for certain staffing settings. Furthermore, additional
parameters could be integrated into the upper-level problem. such as policy making as shown in
[12]. In order to achieve best possible results and to aveid an additional optinization step (see
Fig. &), finther research should also focus on optimizing the settings of the upper-level algonthm
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