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ABSTRACT: Healthcare systems are facing the human resources planning's problem as a result
of the budgets restrictions and the productivity improvement's need, while ensuring care services'
quality provided to patients. In this paper, we focus on the nurses’ schedule problem in a hospital
center in Morocco. Different works in the last years indicate that this assignment to the different
activities must comply with many constraints (professional rules, workload, individual preference,
skills, etc.) while optimizing one or several objectives (equity in the work, the costs etc.). We
present a description of the studied service as well as professional rules adopted and a
mathematical formulation with a mixed integer linear program (MILP). The problem is solved
using Ceplex software and the nurses' schedule is presented which achieve the expected balancing
of their workloads.

KEYWORDS: hospital management, decision support, mathematical modeling, the nurses’
assignment.

INTRODUCTION

Managers within the hospital organizations are interested to the personnel management in the short
term as well as the long term. It is a complex task which involves not only to plan and schedule
the personnel but also to meet their requirements, the patient needs and manage all hardware
resources. We aim in this research to provide aid to the manager in order to improve the planning
for polyvalent nurses. As nurses are a key resource in healthcare systems, the service quality they
provide depends on their overall satisfaction, especially with respect to the flexibility of schedules
they perform.

Several literature reviews have been published on the modeling of the personal schedules’
problem and particularly nurses ([1-4]). They present syntheses allowing a characterization of the
problems associated with the obtained results and a classification of the used tools. Also, [5] and
[6] have presented a decision support system for the nurse’s allocation to patients in order to
minimize the work overload. The problem has been modeled using a linear program resolved on
CPLEX.
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Thus [7] and [8] offer a problem modeling in a mixed integer linear program (MILP), whose
objective is to minimize the arduousness gap between the nurses and to find the best compromise

between: the cost, the service quality and the social satisfaction. In [9] has treated the same
problem but in allocation children to the nurses.

In emergency home service, the nurses’ assignment problem is always present. So [10] considers
a set of constraints and nurses’ assignment rules, in particular those related to the needs for daily
jobs and holydays. Then [11] based on the development of a mathematical model using mixed
integer linear programming (MILP). The model assigns the nurses to 7 posts and 4 teams according
to their number available per day.

So, we can see a very large variety of constraints, objectives and methods employed in the various

works depending on the viewpoint specificity of each author. Our model attempts to perform this
planning for a healthcare service in a Moroccan hospital. Scheduled and not scheduled days off
that can disrupt a previous planning are considered. Thus, the model integrates the workloads
history made by the nurses in order to meet the workloads balance.This work is presented as
follows. The second section provides the management process adopted in the medicine service of
the hospital 1bn Sina as well as current practices for staff management. Section 3 proposes a
mathematical formulation with a mixed integer linear program (MILP). The last section presents
the numerical results using llog Cplex software.

Service Description

We focus our study on one of the most important services in a hospital in Morocco. Its main
activities are centered on the infectious diseases, the hematology clinic, infection with HIV-Aids,
the inflammatory disease and the chronic pathology. The nurse staff management at the service is
based on simple rules without worrying about the good governance of the nurse resources. Each
nurse may perform all activities and be assigned to all posts, teams and days. The normal load per
week is 36.5 hours and the extra times are paid. The staff work at service is organized into 4 teams:
the morning, evening, night and weekend. Managers are often facing the lack of the nurses and
can’t provide the service with the adequate workforce. This is meeted mainly in the case of the
evening team, the nights team and days off or sickness periods.

So, it is crucial to make an efficient nurses’ assignment on these different posts and teams in order
to balance their workloads. The following table (Tablel) shows the nurses distribution in the teams
and posts by associating a workload in the range [0,2] depending on the available nurses number.
Thus, the notation n(p) means that each of (n) nurse.
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Table 1.
The nurses’ distribution in different teams and posts according to the available nurses’ number
and their associated workloads.

Nurses” Teams Post1l | Post2 | Post3 | Post4 | Post5 | Post6 Post
number 7
Morning 1(2) 1(2) 1(1)
N=6  Evening/weekend 1(2) 1(1,6) -
Night 1(2) -
Morning 1(1,6) | 1(2) | 12 | 10
N=7  Evening/weekend 1(2) \ 1(1,6) -
Night 1(2) -
Morning 1(1,6) | 1(2) 1) [ 1@ | 1@
N=8  Evening/weekend 1(2) 1(1,6) -
Night 1(2) -
Morning 1 (1,6) \ 1(2) 11 | 2@ | 1
N=9  Evening/weekend 1(2) 11,6) -
Night 1(2) -
Morning 1(1,6) 1) [1Q) 1) [ 20 | 1)
N=10 Evening/weekend 1(2) 1(1,6) -
Night 1(2) -
Morning 1) 10 ] 1) [1Q 1) [ 20 | 1@
N=11 Evening/weekend 1(2) 1(1,6) -
Night 1(2) -

Several constraints must be observed in the studied service. This is to ensure the availability
of daily capacities in terms of nurses by recognizing the associated workload. These constraints
achieve the regulations of work which limits to 12 hours the daily nurse load, and 48 hours the
weekly one and ensures a day off after a night shift. It is also expected to reduce the nurses’
number during the holidays, one for each team, while associating a workload factor equal 2.
For fairness, the planning must take into account the workloads history and the planned days
off presented in the table 2 for each nurse during the planning horizon. The time arranged for
teams is fixed: morning team: 7 hours, tonight team: 5 hours, night team: 12 hours, weekend
team: 9 hours. Therefore, the problem’s purpose is to generate the nurses’ schedule that
complies with all the constraints while minimizing the workload deviations. We structure our
model in the sub-programs called according to the nurses’ availability. The mathematical
formulation presented below, takes into account a number of nurses equal 11, 10, 9, 8, 7 and 6.
The example shown in this work considers a minimum of 6 nurses available to working when
the total number is 12 nurses.
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Table 2: The planned days off for each nurse during three weeks.

Day/Nur 1 2 3 4567891 1 11 1 1 111 1 2 2
se 01 2 3 45 6 7 8 9 01
Nursel 11111101100 01 11 1 01 1 11
Nurse2 0111000110 1 1 0 O0OO0OT11 1 1 0 O
Nurse3 11101001101 001 1 1 01 0 00
Nurse4 1110110101 1 1 01 1 1 1 01 0O
Nurse5 10011001101 11 01 01 1 1 11
Nurse6 1 01110001210 1 1 1 001 1 1 1 1 O
Nurse7 11111011100 0O0 01 1 1 1 0 00
Nurse8 1 111001111 1 1 001111 0 0O
Nurse9 0111101111 1 11 0001 01 0O
Nursel0 0 1 01 000111 1 1 0 1 0 01 1 1 0 O
Nursel1l 11 1 0111110 0 0 O0O0OO0OT1 10 1 11
Nursel2 1 1 01110110 1 1 0011 1 1 1 01

The mathematical programming model
The variables description.

The notations in our model are set out in Table 3. The model uses a mixed integer linear program
with four decision variables as it is shown in tables 4 and 5.

Table 3. Notations.

N: The nurses’ number.

D: The planning day number.

V. The teams’ number.

P: The posts’ number.

i Index representing the nurses.

J: Index representing the planning days.

p: Index representing the posts.

V: Index representing the teams.

T: The work time for the week.

Tmax Maximum permissible working time.

Nv: The hours’ number worked during the team v.
N;: The nurses’ number available for the day j.
JO: The working days.

JF: The holidays.

JW: The weekends.

PH;: The total nurses workloads during the previous planning days.

Cj; The planned days off for each nurse i during the day j (O if the nurse on day off
and 1 for Otherwise) (Table 2).
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Table 4: Binary Variables
1: The nurse i assigned to the post p, team v during the day j.
Xipyj = 0: Otherwise.

Continuous Variables
Pmax:  The total workloads of the busiest nurses among all nurses.
Pmin:  The total workloads of the lightest nurses among all nurses.
Pnipvj:  The workload of the nurse i to the post p to the team v during the day j.

The constraints description

The constraints (C1), (C3), (C4) and (C5) are considered as the mandatory constraints. The schedule
must respect these constraints for a nurse number available equal 11, 10, 9, 8, 7 and 6. The constraints
C1.1 to C1.25 propose that for each day j and team v, the post p must contain as many nurses as
necessary. The constraints C3.1 to C3.22 present the workloads distribution assigned to various posts,
teams and days. The constraints C4.1 to C4.4 ensure that the working time per day should not exceed
12 hours per nurse. The working time per week must not exceed 48 hours per week (C5).These
constraints shall formalize the management rules in the table 1 which establishes the requirements for
each post, team and day given in the case of 11, 10, 9, 8, 7 and 6 nurses available.

The constraint C2 ensures that any nurse assigned to the night, the next day is a day off.C6 treats the
days off and the constraints C7.1 to C7.4 model the holidays. The constraint C8 ensures that the
nurse workloads during the horizon D are limited by an upper and lower bound.

1-M(11-Nj)(11-N;) <IN, Xjp1; <1+ M(11-Nj)(11-N;); vj €],p= D

1.5
2-M(11-N))(11-N;) <IN Xi61; <2 + M(11—-N;)(11—N;); Vj €] (€12)
1-M(11-N;)(11 - N;) < ¥ Xi70p < 1+ M(11 - N;) (11— N;); Vj €] (c13)
1-M(10-N;)(10 = N;) < TN, X;p1; <1+ M(10 - N;)(10-N;); vj €],p= 9
3..5

2—-M(10 - N;)(10 = N;) < ¥ Xig1; <2 + M(10—N;)(10 —N;); Vj €] (CL3)
1-M(10 - N;)(10 = N;) < TN, ¥2 1 Xipaj < 1+ M(10 — N;)(10 — N;); vj €] (9

1-M(10 = N))(10 = N;) < N, X; 745 < 1+ M(10 = N;)(10 — N;); Vj €] €L
1-MO-N)(O-N) <IN, Xip1; <1+MO-N)O-N); vje],p=57 2
2-M(9-N)(9-N) <IN Xig1; <2 +M(9—N)(9-N)); Vj €] (©19)
1-M(9-N)(9-N) <EN, Y2, Xip1; <1+M(9O—-N)(9-N,); vj €] (CL10)
1-M(9-N)(9-N;) <3, ¥ sXip1; <1+M(O-N)(9—-N;); Vj €] (L1
1-M(8-N)(8-N) <IN, Xip1;<1+M8-N)B-N); vj€],p=5.7 2
1-M(8—-N;)(8-N;) < ¥, 32 1 Xip1; <1+M(8-N;)(8—N;); Vj €] (C1.13)
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1-M(8—N;)(8 = Nj) < TN BpaXipaj < 1+ M(8 - N;)(8 = Np); vj €] 114
1-M(7-Nj)(7 - N;) < ZX 1X1p1]<1+M(7 N)(7—-N;); Vj €],p=67 (CL19)
1=M(7 = Nj)(7 = Nj) < B 21 Xipaj < 1T+ M(7 = Nj)(7 = Nj); Vj €] (C1.16)
1-M(7 - Nj)(7 - Nj) < 2 1Zp Xipr S 1+M(7=N)(7=N); vj €] cLa)
1-M(6 - N)(6 N) <IN Xiza; < 1+M(6-N)(6—N); Vj €] (€L19)
1-M(6 - N;)(6 - N;) < %I 12 1 Xip1; < 1+M(6-N))(6—N)); vj €] (€119
1—-M(6—Nj)(6—Nj) < %L, X5 Xip1j < 1+M(6—Nj)(6—N;j); Vj €] (C1.20)
pe1Xic Xipy; =1; Vj €lv=24 (c1.21)
ZS=5 2%11 Xipvj = 1; Vj€ev=24 (C1.22)
Y Xizy 0V ELv=24 (CL.23)
216):1 Z%\I:l Xi,p,g,j =1,; Vje€] (C1.24)
NiXizzy 0 5 V€] (C1.25)
211;:1 Xip3 +Zf§=1 Z¥=1Xi,p,v,(j+1) <1; vielVvje{1..7} (€2)
Xip1; ~M(A1-Nj)(11-Nj)< pnjp 15 < Xjp,1;+M(11-N;)(11-N;);vi € Vj € (C3.1)
J.p=1..7
Xip1j ~M(10—N;)(10—N;) < pnjp1j < Xip1,;+M(10—N;)(10—N;);vi € I, Vj € (C3.2)
J,p=3..7
1.6 * Xip1j ~M(10—N;)(10—N; < pnjp1; < 1.6 * X; 1, +M(10-N;)(10—-N;);vie (39
Ivj€], p=1..2
Xip,1, —M(9—N; )(9 N; )<pn1p1] = X1p1]+M(9—Nj)(9—Nj);Vi €l,Vvj€e]p=5.7 (C3.49)
1.6 x lell M(g N; )(9 N; ) pn1p1]<1 6 * Xi,p,1,j+M(9—Nj)(9—Nj);Vi elLvje], (C3.5)
p=1.2
2 % Xip1j —M(O—N;))(9—Nj)< pnjp 1< 2 * Xjp1;7M(9—N;)(9—N;);Vi € L,Vj € (C3.6)
J,p=3.4
Xip1j —M(B—N;)(8—Nj)< pn;,1;<X;p 1;*M(8—N;)(8—N;);Vi € I, Vj € ],p=5,7 (C3.7)
1.6 * Xip 1 =MB=N)B—N)<pnip1< 1.6 * Xip1;*ME-N)B-N);vie Lvj €], (=
p=1..2
2 *lell —M(8-N; )(8 N) pn1p1]<2 *X1p1]+M(8 N; )(8 N; ) VielVvje (C3.9)
J,p=3.4
2 * Xi61) ~M(8—N;)(8—Nj)< pnj 1< 2 * Xj 6,1;+M(8—N;)(8—N;);Vi € ,Vj €] (C3.10)
X171] _M(7 N; )(7 N; )< pn171]<X171]+M(7 N )(7 N )'Vi €l Vj € ] (c3.11)
]'p—l 2
2 % Xip1j —M(7—=N))(7—Nj<pn; p1;< 2 * X p,1;+M(7—N;)(7—N;);Vi € L vj € (C3.13)
J,p=3..5
2 % Xi61; —M(T=Nj)(7=Nj)<pnj1;< 2 * X; 6 1;+M(7=N;)(7-N;);Vi € Vj € ] (C3.19)
2 # Xip1j —M(6—=N;)(6—N;)<pn; 1< 2 * X p1;+M(6—-N))(6—N));Vi € LVj € J,p = (1)
1..4
2 % Xjp1j —M(6—N;)(6—Nj)<pn;p 1< 2 * X, 1;*M(6—N;)(6—N;);Vi € ,Vj € ],p = (C3.16)
5..6
Xi,7,1 —M(6— N')(6_Nj) =pnj7,1,;< Xi,7,1,j+M(6—Nj)(6—Nj);Vi eELVje] (C3.17)
Phipvi= 2*Xipyj Vi € LVj €], p=1.4,v=24 (C3.18)
pnipyi=1.6"Xi,v, Vi€ LVj €] ,p=5,6,v=2,4 (C3.19)
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pnj,yv;=0 ;VielVj €],v=24 (C3.20)
PNips;= 2*Xip3; Vi€ LV €],p=1.6 (C3.21)
pnjp3= 0 ;VielVvj €] (C3.22)
Xip1j+ XiijS]- ;ViEI,VjE], VpEP (C4.1)
Xip2j + Xip3j <1 Vi €el,Vj€E], VpeP (C4.2)
Xipj + Xipzj <1 ;Vi€LLVj €], VpeP (C4.3)
Xipsj + Xip4j <1 Vi€elVvjeg] (C4.4)
Y1 Ny Xipyj < Tmax Vi €1,Vp €P (C5)
¥=1Xipvj <Gy Vi elvj €] (c6)
Y Xipyy =1 ;Vj €JF, Vv €V, p=1.6 (€7)
YiciXizpsy =0 ;Vj €JF (€7.2)
PNipyi= 2*Xipv; Vi €JF,v=123p=1.6 (C7.3)
pnj7y;=0 :Vj €JF, v=1.23; (C7.9)

. (C.8)
l:)min < 23:1 Zg=1 Z}:l Ci,jpnipvj + PHL' < l:)max ; Vi el

The objective function is to minimize the difference between the upper and lower bound (Pmax and
Pmin).
Minimize Z=  Ppax - Punin

Numerical results

The study example proposed the allocation of 12 nurses on a three weeks horizon when the days off,
the holidays and the workloads history are known.

This model has 14451 variables and 288588 constraints resolved with ILOG CPLEX 9.0 solver on a
PC Core i5 1.70 GHz with 4 GB of RAM and the Windows 7 operating system. This data set provides
a feasible solution equal 0.2, this after a run time of 10 minutes. Table 6 presents the results of the
same data with the execution times ranging from 10 minutes at 8 hours. We found that:

e The optimal solution is not obtained within a reasonable time; this is justified by the
importance of the variable number in our model.

e The feasible solution obtained in term of Xi,p,v,j and Pni,p,v,j is invariant relative to the
execution time.

Table 7 presents the assignment results of each nurse in each post, team and day of the week as well
as their workloads. The notation adopted in this table p (pn) specifies that the nurse held the post p
with a load pn.

The days 6, 7, 13, 14, 20 and are the weekends and the 10th day is a public holiday.
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Table 6. Results with different execution time
Execution  lterations

Gap Pmin Pmax

Time Number
(0.2

10 Min 1,728,633 ) 134 136
(0.2

2H 44,573,074 ) 134 136
(0.2

4H 63,437,568 ) 134 136
(0.2

5H 75,000,508 ) 13.4 136
(0.2

8H 93,994,523 ) 134 136

Table 7. The assignment of each nurse for each post, team and day as well as their workloads on a horizon
of three weeks

J9
6

Z
c
=
o &

teams J1 J2 J3 J4 J5 J6 J7 J8

w
w

Morni 5 5 1( 7 3
ng @) @) 16 @) @

~
~

1) 2

~

Night @ @ @)

Week 4 5(1
end ) 6)
Morni 11 32) 3 6 6 6 7 3 11
ng 6) ) @ @ 1) 1 @ 6
Eveni 5(1 6(1
2 ng .6) .6)

Morni 3 5 (1) 1(1 5 3 3 7

ng (2 6) 1) 2 @ 1)

Eveni 6(1 5(1 6(1

ng .6) .6) .6)
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end .6)

Morni 7 3 11
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Eveni 1 1(2 3 1

ng (2 ) @ @
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Week 1

end )

Morni 6 6 7 4 3
ng (1) @ 1) 1) 2

Eveni 5( 4

T 1.6) )

Night 5 5 6

) ) )

Week 5(1

end 6)
Morni 7 6 11 6 7

ng 1 @ 6) (2 1)
Eveni 6(1

ng 6)

12 . 2 1 1 4
Mgt ) @ @ @
Week 5(1
end .6)

CONCLUSION

In this work, we have presented nurses’ assignment problem in a care service from the hopital

Ibn Sina in Morocco; we used a mathematical model with a mixed integer linear program

(MILP). The proposed model would like account of the days off, holidays and the loads history

executed on a predefined horizon. The numerical results illustrate the feasibility of the

problem as well as the observance of different constraints.

The improvement's ways exist to bring this work to the reality. In particular, we intend to

validate the results on the other hospital and integrate the constraints with take into account

the nurse’s preferences and skills as well as for the taking into account of the random aspect

of the care request.
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