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ABSTRACT. The rotating crew scheduling problem can be modeled as an optimization problem in which there are several constraints regarding the shifts
of the workers and one commonly used objective function is to balance the number of hours per week for every worker. Often, managers prefer to be presented
with an array of solutions from which they can make a selection, and there are constraints which reduce the feasibility space more than others. Our aim is to
provide the set of all solutions rather than a unique optimal solution as well as to analyze the effect of the constraints in this solution set. For that aim, we
follow an algebraic computational approach that solves both days off and shift assignment problems related to the design of rotating schedules. Specifically, we
determine a set of Boolean polynomials whose zeros can be uniquely identified with the set of rotating schedules related to a given workload matrix and with
the constraints imposed to them.

INTRODUCTION.,
e Shift: Team of employees who work for a specific ~ Several constraints are necessary to preserve ~ Methods to design rotating schedules:
period of time: equal opportunities among workers and to pre- e Manual approach.

t health risks |L te, 1999, 2004. .
Day (D), Evening (E), Night (N), Rest (R). vent health risks [Laporte. ’ | e Integer programming.

C.1) Schedules should contain as many full week-

ends off as possible. Network f
e Schedule: Timetable which shows the distribution (.2) Weekends off should be well spaced out in the ® NeTWOrk Iows.

of shifts. cycle.

e Scheduling: Process of creating a schedule by min- C.3) A shift change can only occur after at least Advantages:
imizing costs and maximizing employee sat-

e s: Number of shifts (including Rest). o Heuristic procedures.

: Fcti one day off. e 'ind the optimal rotating schedule by mini-
isfaction. . . .

. . . . C.4) The number of consecutive work days must mizing costs and maximizing employee satis-
— It has to be caretully designed in services available not exceed 6 days and must not be less than faction.

24/7. N
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TATING SCHEDULES. with the set of zeros of the tfollowing zero-
C.2 = Full weekends off well spaced. dimensional ideal of Q[x111, ..., T47s).
e RSy: Set of rotating schedules of s shift works and Ly g =
t team works, which have W = (w;;) as workload W= (w;:) (1= 2jje,.c 1 €[t],7 €[T],€55 € [s]) +
matrix. tJ (z;i: 1 € |t],7 € [T],e;; € [s],k € |s]\
_ R — (7“' ) c RSWE 17k 3 19 -
o s| = {1,...,s}: Set of shift works of RSy in for- K ! {eij})+ | B
ward rotation order. The s/ shift correspond to E = (eij) <513ijk'(1 - xijk) v ety €Tk € ls| ey =
rest periods). 0)+ | N
® RSy = Set of ¢ x 7 arrays R = (r;;) on |s| such that, ~ Variables of the Polynomial Method: (1= 2 kel | Tijk: t € 1,5 €17, ei; =0)+
- - - th f : <$23k ZG[]]E[7]/€E[]wk]—O>
given i € [s] and j € [7], the """ column of R contains : S el kels £0)
: : w 17 w .
w;; times the symbol . {17 if r;; =k, kj = Zuielt] Yijk- J kj
Tijk = |
0, otherwise.
. T T4 ) Moreover,
111111 212141413133 .
W=l 17711411 | = B=[44[2[2[2]2]2 | | RSy gl = dimg(Q|z111, - - -, 2476}/ Iw E)
22222292 dlajdjaiaitil veltl jelll kels]
31313134144
IMPLEMENTATION OF THE METHOD IN Constraints References.
SINGULAR Examples, [Lapofte7 1999} C3 C4 C5 C6 ‘RSWLEl‘ r.t. (sec) |RSW2’E2‘ rt. (sec) e N. Alon, Combinatorial Nullstellensatz, Recent trends in combi-
15,552 0 648,000 0 natorics (Matrahaza, 1995). Combin. Probab. Comput. 8 (1999)
X 3 0 360 97 no. 1-2, 7-29.
X 30 0 216 8 e D. A. Cox, J. B. Little and D. O’Shea, Using Algebraic Geometry,
vu b v oL X 15,552 0 145,152 650 Springer-Verlag, New York, 1998.
W, — 0011100 W — 0011100 < 31 0 x " )
1 0002229 2 0002222 < x 3 | 49 A e W. Decker, G.-M. Greuel, G. Pfister and H. Schonemann, SIN-
44920011 5531129 < < 3 | 69 14 GULAR 4-0-2. A computer algebra system for polynomial compu-
< < 3 | 260 03 tations, 2016. http://www.singular.uni-kl.de.
X X 36 1 48 7 e R. M. Faleon, E. Barrena, D. Canca and G. Laporte,
X X 9 1 108 27 http://personal.us.es/raufalgan/LS/crew.lib.
fXCCOTdng;tO Constraints C)l_aIKi(j.Q)\Ne ﬂIHDOSGI xX 51 1 " ’ e R. M. Falcon, E. Barrena, D. Canca and G. Laporte, Counting
S 3 1 10 3 and enumerating feasible rotating schedules by means of Grobner
X X g 1 g; 1? bases, Math. Comput. Simul. 125 (2016), 139-151.
0000000 ( 000000 O\ : < z i 9 1 30 3 e G. Laporte, The art and science of designing rotating schedules,
0000044 Journal of the Operational Research Society 50 (1999) no. 10,
0000044 X X X X 3 1 10 5
Ev=| 0000000 E=10000000 1011-1017,
0000000 00000414 e G. Laporte and G. Pesant, A general multi-shift scheduling sys-
\O 00000 O) Table 1: Distribution of rotating schedules. tem, Journal of the Operational Research Society 55 (2004) no.

11, 1208-1217.




