N
. Hasso
"3 Kol Plattner
" am Institut

Mixed Integer Programming versus
Evolutionary Computation for Optimizing a
Hard Real-World Staff Assignment Problem

Jannik Peters = Daniel Stephan = Isabel Amon = Hans Gawendoicz = Julius Lischeid = Lennart Salabarria
Jonas Umland = Felix Werner = Martin S. Krejca = Ralf Rothenberger = Timo Kétzing = Tobias Friedrich



Professional Service Providers

Deloitte.
= EY

pwec

Building a better

- o




10001

Staff Scheduling

18W38

18W39 18w40 18w 18w42 18W43 18w44 18W45 18w4s 18W4g 18W50 18W51

Employees

Cooz: F EREEE tees 22  Eas 3
10003 D\_“E"E ] | o e | | e e e P P P S S P - A i
to0s e Cooon dazz EEEEN
- o8 ~ oOEH memmen A0SR m i s
o7 EzEE uuuuuu@@@u@@@@@@Dﬂﬁu@@@@H\MHW|QUUW\Wwwnlggwul
10010 @I;‘ l;‘@ @@@

10012 EEEEE I‘H‘H H‘H‘\ B 3 A R 4 A A 3 - o [ [ o e [ |

10015 = O == - (- - === == s EEEEE EEEEE 0] ]

s EiEEE E@m 5 S Y o N 2z E2aly B
1oos 2=z = SR EEEEE EEEEE fElrl HaEE EEE LEEEEErEEEEEEEE
- a Rl 2 2= 2 iz aEEEa

10021 2ias ez 2 dEEE gEEEL o 2z e
o \MHHH\MHHH|Muw\uuuuuuuuu@""'""'uuuuufﬂﬂﬂ\Hﬂwn\ s
10026 [ [alallalialre] T =l e Il [ I



Employees

10001
10002
10003
10004
10005
10006
10007
10008
10009
10010
10011

10012
10013
10014
10015
10016
10017
10018
10019
10020
10021
10022
10023
10024
10025
10026

Staff Scheduling

Weeks
18W38 18W39 18W40 18W4d1 18W42 18W43 18W44 18W45 18W46 m 18W48 18wW49 18W50 18W51
Y| AR = A= 2 S
OOl === FaeE e HEEEE FREEEEEEEE FEEEE EEEEE EEEEE
] L a]a)la] COCCd
OO EEECOEEEEOE Eaae)e DaamEe) L))
O== EEEE EEEE
EEEEE @@@u@@@@@u@@@@@guuuL@@@@@JuuuuggggulMHH}%%W"|
== == ==
‘MHHHﬁﬁﬁﬁﬁ&A@@@@@@@@@@@@E@@@@@E@@@@@@mw@@@@@@@@@
Eaaa O0od == aaa Ta= === DMMasfidedsdddes fsasa (e &1
@@@@@@@ == ==& === ..._.@@@@@a@ %%@@@@@@@@@@@@@
=3 = D EEEEE EEErE RrEEE FrEE i LFEriEEEEEiEEEEE
= RREEE ) = =zl aalalalal [alalalal]
HE= ] ] = EEEE EEEEE = EE EEEE
OO OO OO EEEEE e HREEN \-H-II-H-H [ H—H 1] :;
I R EEEEE EREEEIEEE mEE T I




Employees

10001

10002
10003
10004
10005
10006
10007
10008
10009
10010
10011

10012
10013
10014
10015
10016
10017
10018
10019
10020
10021
10022
10023
10024
10025
10026

Staff Scheduling -

18W38 18W39 18w40 18w 18w42 18W43 18w44 18W45 18W46 18wW47 18w4s 18W4g 18W50

18W51

lalalal  CIEEee e

= K [
OOl === FaaE e HEEEE FREEE FEEEE FEEREE FEEEE EEEEE
1] allalala] CICCIC]

OEE Yy
EEEEE EEEEE EEEEE EaaEE

0 EEEEE AR DR EEEEE =

EEE O]
L memes SR e e DL
EEE

assda accal [ LI CIEEI

== == ==l

O0od == asa
FEE E= A3y

RaE  Ohes Eaalss sla)aelis
o e [

e

b
b
b
b
K
[0
B
K
K
I
K
[0
]
]
]
I
[
[0
]
]
]
I
(3
[0
I
K
E
[
I
]
K
[0
I
0
K
K
K
[0
I
K

- =0
- [e]p
e D

)

)

be

)

)

be

)
Il 0=]lRe D5
Delbebe 0D

= EeE EEEEE ElEa] Llaalaa [SalaE] (S]]
ey == 2zl

=== = EEEE EEEEE = —1=

HHWHIMHWH\HHWH\@@@@@@@@@A uuuuu}“waHmpn\

[ ey [ I ST e [ T



Objectives

» Assign employees according
to their skill levels to
engagements
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Objectives

» Assign employees according to
their skill levels to
engagements

» Employees should work on
similar engagements as last
year
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Objectives

» Assign employees according to
their skill levels to
engagements

» Employees should work on
similar engagements as last
year

» As few employees per
engagement as possible

SRS 18W45 18W46 18wW47 18w4s 18W4g 18W50 18W51

o8 N NN NN S % 33 3
]@@@@@@@@@@--@@@@UuuIIIIIIIIIIIIIIIIIIII
3 3 alalas]

DDDDDIIIDDDDDDDHUMMMLMUIEUUMH
EEEs EEEE O
”mmmmmmmmm=IIIIIIIIIIIIIIIIIIIIIIIIIII

22222 RSN
] =5 ] ]

=l
el fEEEE el el e e R S

| H BN
sas uuu..uuuu.@@IIIIIIIIDDDII@D
=== FIEAEAE e e el
llll@@ll H NN
285 ) ) - 3 - R Y S N
ol alalal == 3 3 S R T Y Y LY X Yy Y Y

uu@@m@@@@@ oo
== mm I I i IO i I I




»

»

»

»

Objectives

Assignh employees according to
their skill levels to
engagements

Employees should work on
similar engagements as last
year

As few employees per
engagement as possible

Employees should work
consecutively
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Objectives

Assignh employees according to
their skill levels to
engagements

Employees should work on
similar engagements as last
year

As few employees per
engagement as possible

Employees should work
consecutively

Minimize the travel distance
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Objectives

Assignh employees according to
their skill levels to
engagements

Employees should work on
similar engagements as last
year

As few employees per
engagement as possible

Employees should work
consecutively

Minimize the travel distance

Working hours of employees
should be fully utilized
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Assignh employees according to
their skill levels to
engagements

Employees should work on
similar engagements as last
year

As few employees per
engagement as possible

Employees should work
consecutively

Minimize the travel distance

Working hours of employees
should be fully utilized

Minimize overtime working
hours
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year
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Employees should work
consecutively
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Previously done manually by
managers.



A Two-stage Approach

— Using a Memetic EA

1 EA assings staff to
days and projects
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A Two-stage Approach

— Using a Memetic EA

1 EA assings staff to 2 Min-cost Max-Flow assigns
» days and projects » skills and hours per day
Week Week
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Mutation Operators

Add a block



Mutation Operators

Add a block



Mutation Operators

Add a block Remove a block



Mutation Operators

Add a block Remove a block



Mutation Operators

Add a block Remove a block Unify engagements



Mutation Operators

Add a block Remove a block Unify engagements



EA versus Gurobi
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Our Tool

Ubersicht

Berechnen

Dispo Visualizer v0.8.0
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Opportunity Mitarbeiter KPIs (global)

Mitarbeiter Grade Skillabdeckung UMK 39%

Mitarbeiter (Vorjahr) UMK 76% Strafpunkte: 3221

Cluster: UMK Distanz: Entfernung 7.0 Durchschn. Entf.: 70.4 km

Projektleiter: UMK Dispositionsgrad: ~ 87%

MVG: Mittl. Entfernung, LS-Passgenauigkeit: 67% LS-Abdeckung:  42%

MVGCAT: Dispograd PL-Abdeckung: 24% Strafpunkte: 122473

Normen: PL-Strafe Uberstunden: 39% Uberstunden 6451

LS-Abdeckung: Ls-Passgenauigkeit:

Durchschnittliche Mitarbeiterzahl je Mandat: 2.1




ur Tool

Ubersicht ~ Berechnen
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Opportunity Mitarbeiter KPlIs (global)

Mitarbeiter: Grade Skillabdeckung UMK 39%

Mitarbeiter (Vorjahr) UMK: 76% Strafpunkte: 3221
Cluster: UMK Distanz: Entfernung 7.0 Durchschn. Entf. 70.4km
Projektleiter UMK Dispositiensgrad: 87%

MVG: Mittl. Entfernung: LS-Passgenauigkeitt 67% LS-Abdeckung:  42%
MVCAT: Dispograd: PL-Abdeckung: 24% Strafpunkte: 122473
Normen. PL-Strafe: Uberstunden 39% Uberstunden 6451
LS-Abdeckung: L&-Passgenauigkeit Durchschnittliche Mitarbeiterzahl je Mandat: 2.1




Our Tool

Disposition Hannover_1

UMK UMK Entfernung Dispograd LS-Passg. PL-Abd. Uberstd.

Berechnungsauftrage

test1 test2

04:31 0314

Dispograd LS-Passgen PL-Abdeckung Uberstd UMK UMK Dispograd Ls-Passgen PL-Abdeckung Uberstd

test3

03:07

UMK UMK Dispograd Ls-Passgen PL-Abdeckung Uberstd




