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Methodology

® Combining simulation and optimization

Non-iterative models
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® Objective: Robust hospital layout with short travel distances and times

® Assumption: Worse objective function value under uncertainty
» DES: Additional patient arrivals with uncertain pathways
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Models: Quadratic assignment problem (QAP)

m m m m )
minZ =% > > > fiduyiry  Minimize total travel distance | (1)
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( m ] N\
St Zyﬂ'r _ 1 Each department assigned vie{l,....m} ()
1 to one room |
i Each room igned \
Sy, =1 Eachroom assigne vre{1,...,m}|(3)
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\.7— J
yir € 10,1} Vi,re{l,...,m}
(4)
. 4 ~\
@ Parameters: fix | flow between departments j and k
d,; | distance between rooms r and [
J
® Decision Variables: [ . .. . A
' 1, if department j is assigned to room r
Yir )
! 0, otherwise
\ y,
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j=1k=11=1 r=1 from simulation

min 7 — Y?:ymdﬂyﬂym[@wz]Pena't_v: Feedback ()

s.t. Zyjrzl Vie{l,...,m} (2)
r=1
> oy =1 vre{l,...,m} (3)
j=1
yer{O,l} Vj,TE{l,...,m}
(4)

@ Parameters:

[Nn | impact of uncertainty found by simulation for candidate solution n ]

® Decision Variables:

7 binary variable for incorporating cost of uncertainty for candidate solution n:
n - . - . . -
1, if layot currently considered by QAP was suggested in a previous iteration
0, otherwise
\_ J
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Models: Quadratic assignment problem (QAP)
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1, if binary variable y;, in candidate solution n is 1
® Parameters: | Thnjr

0, otherwise
I # iterations
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min Z = ?T:yfjkdrlygrykl +ZN Zn (1)

jlklll'f’l

s.t. Zyjrzl vie{l,....,m} (2)
r=1
Y yir=1 vre{l,....m} (3)
71=1
yir € {0, 1} Vi,re{l,...,m}
(4)
> Y @Tojrtir — Yjr — Tnge) < Zn — 1 vne{l,...,I} (5)

Z Z (2Tnjryj9" — Yjir — Tnjr) > M(Z’n T 1) vn € {17 T [} (6)

[Z < @min Min. cost of QAP < best found solution of DES ](7)

B Parameters: [Qmm | minimum total cost obtained so far from simulation]
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Models: Quadratic assignment problem (QAP)
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Model: Discrete event simulation (DES)

B Parameters

19

3 patient types: Walking, wheelchair, bed

Individual speed per patient type

Individual weights for elevator usage per patient type
Arrival rates per patient type

Transition probabilities
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Preliminary results:

Simulation-optimization approach

B Setting

B Layout: One floor: 6 rooms and entry/exit

® Randomly generated flow matrix
® Random transition probabilities
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Room 2 Room 3 Room 4
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Simulation-optimization approach

B Performance measures
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Preliminary results:
Simulation-optimization approach ﬂ("'
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Preliminary results:
Focusing on elevators in DES model ﬂ(".
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B Setting -

1st floor

« 4 different layouts where locations of
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Focusing on elevators in DES model
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® Robust hospital layout via simulation-optimization approach

Improved operational processes,
e.g. more efficient transport of
Patient patients and material

Utilize working time more
effectively and efficiently

-
For people in charge of W (
hospital planning (architects,
hospital managers, and
engineers)
L satisfaction
Decision and
support tool economic
efficiency
Considering x\éﬂ{k'ggd
p the _dynamic 9 stgff
. Addltlon.al patients environment e
* Uncertain pathways
(changing diseases, courses of
diseases as well as treatment
methods) J L
-
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Next steps

® Modify QAP to solve larger instances
® Practically relevant constraints
B Symmetry breaking constraints

® DES model: Measurement of other relevant KPI's

® Travel times

® Personnel: Travel distances/times with/without patients
® Fair layout: Regarding KPI’s for different patient types
]

® Tests on real-world data
® Flow data
® Transition matrices and transition probabilities
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Hospital layout planning: Example
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Methodology

B Iterative optimization and simulation-based optimization

Input

Parameters
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4 e
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Optimization | simulation Objective Meta-heuristic
model | model value ~ based
_ | improvement
A :\
| T Decision
| variables
______________ =
Feedback
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Hybrid models

® Non-iterative optimization and simulation

Input
parameters

e N
Interval
Optimization (MIP Optimal _ _ estimates on
P model (MIP) decision | Simulation model  Iohiective
variables value

N J N\ J
Delay and non-delay Non-delay solutions by
solutions default Kulkarni (2012)

Institute of Operations Research
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Hybrid models

AT

Karlsruhe Institute of Technology

® Non-iterative simulation-based optimization and optimization

Input

Parameters

>

Meta-heuristic
based
optimization
model

|
: 4 )
1 ) )
| Simulation |Objective
| model value
|
: \_ J
|
| T Decision
: variaples
[ I
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Hybrid models ﬂ(".

Karlsruhe Institute of Technology

B Iterative simulation-based Optimization

Input
parameters

Stochastic parameters

______________________________________ .
s N 4 ' on
I — Meta-heuristic  Optimal
: Simulation model Objective based optimization : valule.,
: value , decision
| model | variables
L\ J \_ E
: T Decision :
L e __ _yariables _______________!
Kulkarni (2012)
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Models: Quadratic assignment problem (QAP) ﬁ(".

mooMmoMmm

min 7 = YY?Ykadrzyﬁyu +ZN Zn (1)

J=1k=110=1r=1

s.t. Zyjrzl Vie{l,...,m} (2)
r=1

Zyjrzl vre{l,...,m} (3)
j=1

yir €1{0,1} Vi, r e {1,...,m}
(4)

ZZ (2Tnjfryjfr — Yjr — Tnjr) < Zn —1 Vin € {17 c 7I} (5)

® Parameters: 110, otherwise

I # iterations

{1, if binary variable y;, in candidate solution n is 1

[ (Lrjr = yjr ¥V jir) = (Zn = 1) ]
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Models: Quadratic assignment problem (QAP) '-\g(".

mooMmoMmm

mnZ=% > Y Y fixduyiryu +ZN Zn (1)

J=1k=110=1r=1

s.t. Zyjrzl Vie{l,...,m} (2)
r=1

Zyjrzl Vre{l,...,m} (3)
j=1

yir € 0,1} Vi,re{l,...,m}
(4)
> Y @Tujryir — Yjr — Tnje) < Zn — 1 vne{l,...,I} (5)
7 T

Z Z (2T njrysr — Yjr — Togr) =2 M(Zn — 1) vn e {l,...,I} (6)

[(3 Tojr # Yjr) = (Zn = O)J
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Model: Discrete event simulation (DES)

B Parameters

39 28.11.2013

3 patient types: Walking, wheelchair, bed

Individual speed per patient type

Individual weights for elevator usage per patient type
Arrival rates per patient type

Transition probabilities

20 departments on 4 floors:
® Fixed
m
® Variable
® 3 surgical units, laboratory
® 4 functional departments
m 12
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1st floor
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