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Problem definition

® Starting point = NSP solution

Day 1 Day2 Day3 Day4 Day5 Day6 Day7 Day8 Day9 Day 10
Nurse 1 E E F F E N F F L N
Nurse 2 N N N F F F F L L L
Nurse 3 E E L L F F L N F F
Nurse 4 L L F F L L L N F F
Nurse 5 F F E E L L F F E L
Nurse 6 F N N N F E N F F E
Nurse 7 F F F E N N N F N N
Nurse 8 F F L L N F F E E E
Nurse 9 N F E N F F E L N F
Nurse 10 L L F F E E E E F F
Yix'ye 2 2 2 2 2 2 2 2 2 2
>ixi 2 2 2 2 2 2 2 2 2 2
i Xy 2 2 2 2 2 2 2 2 2 2
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Problem definition

® Schedule disruptions disturb the original nurse roster

Day !l Day2 Day3 Day4 Day5 Day6 Day7 Day8 Day9 Day 10
Nurse 1 E E F F E N F F L N
Nurse 2 N N N F F F F L L L
Nurse 3 E E L L F F L N F F
Nuse4 | L L F F L L N F F
Nurse 5 F F E L L F F E L
Nuse6 | F° N N N F N F F E
Nurse 7 F F F E N N N F N N
Nurse 8 F F L L N F F E E E
Nurse 9 N F E N F F E L N F
Nurse 10 L L F F E E E E F F
>ix'ie 2 2 2 2 2 2 2 2 2 2
>ixi 2 2 2 2 2 2 2 2 2 2
>ix'in 2 2 2 2 2 2 2 2 2 2
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Problem definition

® Restore feasibility by changing the original roster

Day1 Day2 Day3 Day4 Day5 Day6 Day7 Day8 Day9 Day 10

Nurse 1 E E F F N N F F L N

Nurse 2 N N N F F F F L L L

Nurse 3 E E F L L, F L N F F

Nurse 4 L L L F B L L N F F

Nurse 5 F F F E L L N F E L Adapted
Nurse 6 F N N N F F F E E] E assignments
Nurse 7 F F E E E E E F N N

Nurse 8 F F L L N N N B E E

Nurse 9 N F E N F F E L N F

Nurse 10 L L F F E E E E F F

>ix'ie 2 2 2 2 2 2 2 2 2 2

Yix'iL 2 2 2 2 2 2 2 2 2 2

Yix'yn 2 2 2 2 2 2 2 2 2 2
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Problem settings

® Constraints

4+ Time-related constraints HARD
» cfr NSP

» Different constraint types (e.g. number of working assignments, number of consecutive assignments)

+ Staffing requirements SOFT

4+ Disruption constraints SOFT

» Deterministic environment
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Problem settings
® Objectives Importance

+ Infeasibilities due to schedule disruptions +++++
+ Service continuity 4+

+ Efficient staffing +4++

+ Fairness +

+ Nurse preferences ++

= Retain the original schedule as best as possible
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Initial population

® Constructive heuristic

+ Start from empty schedule

JiJ2]3]a[s[e[7[8]oJoJufiz[i]4

|c|w|\'|o‘|m|k|w|.\,|_7

>
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Initial population

® Constructive heuristic
+ Start from empty schedule

+ Schedule the nurses one by one in a random order

U234 [sJe7[8oJoJufr[n]

N F F F F E L F F F E N F F

=[] w|a]|wn|s]w]w]=]~
=) /
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Initial population
® Constructive heuristic

+ Start from empty schedule

+ Schedule the nurses one by one in a random order

4

JiJ2]3]a]s[e[7[8]oJoJufiz]i]i4

N F F F F E L F F F E N F F

L F F L L N F F F F E E L F

|c|w|\'|a\|m|p|w|.\,|

>
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Initial population
® Constructive heuristic

+ Start from empty schedule

+ Schedule the nurses one by one in a random order

U234 [sJe7[8oJoJufr[n]

N NN F F F F F L L F E L N

N F F F F E L F F F E N F F

L F F L L N F F F F E E L F

=[] w|a]|wn|s]w]w]=]~
=) /
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Initial population
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® Constructive heuristic

+ Start from empty schedule

+ Schedule the nurses one by one in a random order

NJ[ 1T [2]3 4567 [soJw[ufr]i3]

1 E E N F E N F F L N N F F F

2 N NN F F F F F L L F E L N

3 F E L F F L L N N F F F F F

4 N F F F F E L F F F E N F F

5 F F E E L L F F E N N F F F

6 L F F L L N F F F F E E L F

7 F F F E N N F F F E N F F F

8 F L L F E N F E N F L N F F

9 N F E E F F F L N F F F F F

10 N F F F E L F E N F E E L L
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Proliferation and Hypermutation

® Proliferation: Reproduction of existing rosters (no crossover)

® Hypermutation: Change parts of rosters randomly

HMI: Mutation of single nurse schedules HM2: Mutation of day rosters
N T [2[3[4[s[e[7[s[oo[u[i[B14 NJ[T[2]3[4[s5]e[7 8ol s
T |E ENF ENTFPFLNNTFF F T |E ENF ENTFFLNNTEFF
2 INNNF F F F F LLFELN X 2 [N NN FEF F F L LFETLN .
T ErET LR E D e NN E e EEE| Randomize 5 JF et r E L L ~NGFF F ¢ r| Randomize
4 N F F F F E LFF F ENFF 4 N F F F F ELFF F ENFF
5 |F FEELLTFETFENNTFTFF 5 |F FEELLTFTFENNTFTFF :
6 |L F F L LNFTFTFETFTETETLF RCSP 6 |L F F L LNTFTFTFTFETETLF Assignment problem
7 |F F F ENNEFFF ENF F F 7 |F F F ENNFF F ENF F F
8 |F L LFENTFTENTFTLNTFF 8 |F L L F ENTFENTFTLNTFF
9 |NF EEFF F LNFTFTFFF 9 N F EEE F F LNFTFF F F
0 [N F F F EL F ENFEE L L 0 [N F F F E L F ENFEE L L
HM3: Mutation of pairs of day rosters HM4: Mutation of single assignments
NI T2 [3[4 567 [s[ofwo][u]re]n]e NI T2 ]3[4 s ]e[7[s[ofwo[u]r]n]e
T |[E ENFENTFTFLNNF F F T |E ENF ENTFTFLNNTFF F
2 N NNFFF F F L LFETLN . 2 N NNF FF F F L LFETLN .
G 1F eELrriLciNNT FFEFF F r|Randomize G 1F ELrFriLtiLNNT FFEF r r| Randomize
[« N F FFFELFTFTFENTFF [+ [N FFFFELFTFEFTFENTFF
5 F F E L F F E NN F F F Swap 5 Fr e e L L FF e NNTFFFL_LELNF
S L F F FF FEETLF 6 |L F F LILNF F F F EELF
7 |F FOF N F F F ENTF F F 7 |F FF ENNTFTFF ENTFF F
8 |F L L FJE NF ENF L NF F 8 |F L LFENTFENTFTLNFF
9N F F F L NFF F FF 9 N F EEF F F LNFF F F F
0[N F FE F ENF E E L L W0 [N F F F E L F ENGF EE L L
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Immune response

® Match immune response and roster based on antigenic pattern

.

recognition

+ Evaluation of objective function components

4+ Evaluation of roster characteristics

Immune Response

+ Immune cells

Antigen

,2013

April 5

Broos Maenhout -

In response to a specific identified epitope,
immune response 3 is applied
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Immune response

® 3 complementary improvement methods
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Immune response
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( N AN ERES B A N AN ERER ER KA R
1 E E N F E N F 1 E E N F E N F
2 N N N F F F F 2 N N N F| F F F
Service continuity [~ | F E L F F L L 5 |F E L F F L L
Efﬁcient Stafﬁng 4 N F F F F E L 4 N F F F F E L
5 F F E E L L F 5 F F E E L L F /
[ L F F L L NF [ | F F L L NF N 2356 [7
1 E E N F E N F
Violations IR1 Violations IR2 FIN N N F F FF
> < Infeasibilities due > | F EDE F L L
N2 7] Violations N2 7] Violations to disruptions  |— N F P F F E L
T E E F T |E E F P S EoF e E LXE
5] N N ¥ ) N N F 6 L F F L L N F
3 F E L 3 F E L Th d cell: infeasibl -
= 3 e 5 L e oy s 1RL
G ]F F F 5 |F F F -
6 L F F 6 L F F N2 [4[s5[6[7 Violations. N 234567 Violations
1 E E N F E N F 1 E E N F E N F
Violations IR3 Violations IR1 and IR3 iy NONTETEF ok N NNFF F F
Nurse preferences 3 O|F EfL F EiL L S |F E L FF L L
= Minimize roster [NJ[ | [2 [3 [4 [5[6]7 ] Violatons N [2[3[4[5]6]7 Violations Fairness 4 N FiF F FJ E L 4+ N F F F F E L
changes [ EENTF ENF 1 EENTF ENF 5 |F FEE L L F 5 F F E E L L F
2 N N N F F F F 2 N N N F F F F 6 L F F L L N F 6 L F F L L N F
3 F E L F F L L 3 F E L F F L L
4 N F F F F E L 4 [N F F F|F E L N\ IR2 and IR3 IR1
5 F F E E L L F 5 F F E E L L F
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Test design

® Original rosters: NSPLib

® Schedule disruptions are controlled
+ Total number of disruptions (between 0 and 1)

+ Spread of disruptions (between 0 and |)
® Full factorial design: 864 problem instances

® Constraint set and objective weights
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Test design

® Total number of disruptions = # Disruptions / # Duties

Day 8 Day 9 Day 10 Day 11 Day 12 Day 13 Day Nll)ay 15 Day 16 Day 17 Day 18 Day 19 Day 20 Day 21fDay 22 Day 23 Day 24 Day 25 Day 26 Day 27 Day 28
F F L N E 3 NOOF
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F E N F
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Test design

® Spread

[Day 1 Day2 Day3 Day4 Days Day6 Day7|Days Dayo Day 10 Day 11 Day 12 Day 13 Day 14fDay 15 Day 16 Day 17 Day 18 Day 19 Day 20 Day 21fDay 22 Day 23 Day 24 Day 25 Day 26 Day 27 Day 28

Norse e & f f E N F|F L N~ E E F F|E N F F L N E|E F F E N F F

Nurse 2 NN Foror | oL NN [ R S A S AN IEVEN FOFF L

Nurse 3 e e v L Fr F L|N F ¢ E & L r|F F L N F F E|lE L L F F L N

R e N E T R I .
N P T T T (Y S S O IS S Spread = High
Nurse 7 For oF e oxn N NlFox o~ F P oF o E]N N N F N N F|lF F E N N N F

Nurse § L T A T O (VU S R I

Nurse 9 N F E N F F E N F N F E N|F F e L N F N|F E N F F E L

N Y T T T I I

Diy 1 Day2 Day3 Dayd DayS Day6 Day7|Day§ Day9 Day 10 Day 11 Day 12 Day 13 Day 14fDay 15 Day 16 Day 17 Day I8 Day 19 Day 20 Day 21Day 22 Day 23 Day 24 Day 25 Day 26 Day 27 Day 28

Nurse 1 E £ F F E N F[|F N & & fF F|lE N F F L N E|E F F E N ¥

Nurse 2 NN N P P P F L Lo oNx N FlFoFr P LoLoL NN N FOF P P L

Nurse 3 e e v L r ¢F L|~ F ¢ e e L t|F ¢ L x ¢ F el L L F F L N

Nurse 4 L A I T VN T A T N I A SN

Nure s L I I A T T A T S Spread = LOW
Nurse 6 Fox o~ v F o NlFoF e r o on o N]F B N F F B FIN N N F E N F

R N I T T T N T [ NN

Nurse § For oL oo~ f orle = e ¢ r o ot~ ¢ ¢ o2 & e F|F L L N F F E
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Test design

® Re-rostering size parameters

Day 1 Day2 Day3 Day4 Day5 Day6 Day7 Day8 Day9 Day 10
Nurse | F E N F F L N A
Nurse 2 F F F F L L L
Nurse 3 L F F L N F F
Nurse 4 F L L N F F
Nurse 5 E L L F F E L Re-rostering = All personnel
Nurse 6 N F N F F E | personnel staff members
Nurse 7 E N N N F N N
Nurse 8 L N F F E E E
Nurse 9 N F F E L N F
Nurse 10 F E E E E F F YW

>

Re-rostering
planning horizon
= From the day of the first schedule
disruptions until the end of the horizon

cfr. Maenhout, B., and Vanhoucke, M., 2013, “Reconstructing nurse schedules: Computational insights in the problem size
parameters”, Omega
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Algorithmic performance

Strategy Overall| %Dev |CPU

This procedure|| 27,631 | 0.00% | 16.4

HM1 36,354 (31.57%| 17.0

Hypermutation HM2 30,593 |10.72%| 15.2
HMS3 31,518 [14.07%| 15.8

HM4 37,260 34.85%| 13.6

Intmune response This procedure|| 27,631 | 0.00% | 16.4
AIS_LS_Fixed || 28,281 | 2.35% | 19.8
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Comparison

AlIS vs literature AlS vs GA
AlS GA
All 0.04% (*)
Procedure Overall| CPU : _ low 0.99%
Pato and Moz (2008) (GA) 01,478 | 22.2 g medium 231%
Maenhout and Vanhoucke (2011) (GA)|| 27,640 | 16.0 high 4135 () m—
Multi-start heuristic 358821209 | »  iow 8.62% (%)
This procedure (AIS) 27,631 |16.4 & medium
g high 3.55% (*)
e e
5 medium 2.48%
3 high ) ) 0.65% (*) ) )
10% 5% 0% 5% 10%
(*) The difference between the performance of AIS and GA is significant (with a < 0.05) determined
by the Wilcoxon signed rank test.
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Conclusions

® Heuristic nurse re-rostering tool

+ AIS is competitive/outperforms traditional optimization methods

+ Roster-specifc improvement procedure

® Future research

+ New optimisation techniques and hybridisation

+ Robust personnel scheduling
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