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Supporting Capacity Management Decisions in Healthcare using Data-Driven Process Simulation

Journal of Biomedical Informatics Gerhardus van Hulzen, Niels Martin,
Benoît Depaire & Geert Souverijns

1) Centralisation of care activities ► 
Impact on utilisation of resources  
(equipment, waiting area & reception 
staff)

2) Omit drinking of contrast fluid ► 
Impact on throughput time & 
required waiting area

3) Implementation of online registration 
system ►
Impact on reception staff & waiting 
area requirements

1) Additional radiology equipment is 
required to ensure patient’s are served 
in a timely manner

2) Limited impact of drinking contrast fluid on 
Capacity Management decisions

3) 30% online registration allows to 
schedule 1 receptionist instead of 2
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� 
Healthcare m

anagers are confronted w
ith various Capacity M

anagem
ent decisions 

� 
W

e propose a m
ethod to use Data-Driven Process Sim

ulation to support such decisions 
� 

O
ur m

ethod explicitly includes data quality assessm
ent and the dom

ain experts’ role 
� 

O
ur m

ethod is dem
onstrated by a real-life case study at a Belgian hospital 
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n
th
a
t
th
e

d
a
ta

p
rov

id
es

sh
o
u
ld

b
e
co
m
p
lem

en
ted

w
ith

a
d
d
itio

n
a
l
in
fo
rm

a
tio

n
so
u
rces

su
ch

a
s
d
o
m
a
in

ex
p
ertise

[1
4
].

T
h
e
in
tera

ctio
n
b
etw

een
p
ro
cess

ex
ecu

tio
n
d
a
ta

a
n
d

5
5

d
o
m
a
in

ex
p
ertise

w
h
en

co
n
d
u
ctin

g
a
D
D
P
S
an

a
ly
sis

received
little

atten
tio

n
in
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ex
istin

g
resea

rch
o
n
D
D
P
S
.

In
th
is
p
a
p
er,

w
e
d
escrib

e
a
rea

l-life
D
D
P
S
p
ro
ject

b
y
m
ea
n
s
of

an
ex
ten

siv
e

ca
se

stu
d
y
a
t
th
e
ra
d
io
lo
g
y
d
ep
a
rtm

en
t
o
f
a
B
elg

ia
n
h
o
sp
ita

l.
W

ith
in

th
e
co
n
tex

t

o
f
th
e
co
n
stru

ctio
n
o
f
n
ew

fa
cilities,

th
e
d
ep
a
rtm

en
t
is

co
n
fro

n
ted

w
ith

sev
era

l
6
0

C
M

d
ecisio

n
s:

“
H
ow

m
u
ch

X
-ray

eq
u
ip
m
en
t
is

n
eed

ed
?

H
ow

la
rg
e
sh
o
u
ld

th
e

w
aitin

g
area

b
e?

H
ow

m
a
n
y
recep

tio
n
ists

a
re

n
eed

ed
to

en
su
re

a
sm

o
o
th

fl
ow

o
f

p
a
tien

ts?
...”

.
B
esid

es
rep

o
rtin

g
o
n
th
e
sim

u
la
tio

n
m
o
d
el’s

d
evelo

p
m
en
t
an

d

th
e
a
n
a
ly
sis

resu
lts,

w
e
w
ill

ela
b
o
ra
te

on
th
e
ex
p
erien

ced
ch
a
llen

g
es

a
n
d
fo
rm

u
-

la
te

reco
m
m
en
d
a
tio

n
s
to

m
ove

resea
rch

o
n
D
D
P
S
w
ith

in
a
h
ea
lth

ca
re

co
n
tex

t
6
5

fo
rw

a
rd
.
In

p
a
rticu

la
r,

w
e
d
raw

ex
p
licit

a
tten

tio
n
to

d
a
ta

q
u
a
lity

assessm
en
t,

a
s
w
ell

a
s
th
e
in
tera

ctio
n
b
etw

een
th
e
u
se

o
f
p
ro
cess

ex
ecu

tio
n
d
a
ta

a
n
d
d
o
m
a
in

ex
p
ertise,

tw
o
elem

en
ts

th
a
t
are

o
ften

n
eg
lected

in
D
D
P
S
litera

tu
re.

In
a
d
d
i-

tio
n
,
w
e
h
ig
h
lig

h
t
so
m
e
ch
a
llen

g
es

co
n
cern

in
g
th
e
op

era
tio

n
a
lisa

tio
n
of

D
D
P
S

a
n
d
d
irectio

n
s
fo
r
fu
tu
re

w
o
rk
.

7
0

T
h
e
rem

a
in
d
er

o
f
th
is

p
a
p
er

is
stru

ctu
red

a
s
fo
llow

s.
S
ectio

n
2
g
ives

an

overv
iew

of
th
e
rela

ted
w
o
rk
.
T
h
e
ca
se

stu
d
y
a
p
p
ly
in
g
D
D
P
S
to

su
p
p
o
rt

C
M

d
ecisio

n
s
is

o
u
tlin

ed
in

S
ectio

n
3.

T
h
e
resu

lts
of

th
is

ca
se

stu
d
y
a
n
d
ou

r
rec-

o
m
m
en
d
a
tio

n
s
tow

a
rd
s
th
e
ra
d
io
lo
g
y
m
a
n
a
g
em

en
t
a
re

p
resen

ted
in

S
ectio

n
4.

A
n
in
itia

l
co
n
cep

tu
a
lisa

tio
n
of

a
m
eth

o
d
fo
r
ap

p
ly
in
g
D
D
P
S
to

p
rov

id
e
h
o
sp
ita

l
7
5

m
a
n
a
g
em

en
t
w
ith

ev
id
en
ce-b

a
sed

C
M

reco
m
m
en
d
a
tio

n
s
is
p
rov

id
ed

in
S
ectio

n
5.

T
h
e
p
a
p
er

en
d
s
w
ith

a
co
n
clu

sio
n
in

S
ectio

n
6.

2
.
R
e
la
te
d

W
o
rk

T
h
is

w
o
rk

is
rela

ted
to

th
ree

k
ey

d
o
m
a
in
s,

i.e.
(i)

C
a
p
a
city

M
a
n
a
g
em

en
t
in

h
ea
lth

ca
re,

(ii)
D
a
ta
-D

riven
P
ro
cess

S
im

u
la
tio

n
,
an

d
(iii)

d
a
ta

q
u
a
lity

issu
es

in
8
0

even
t
lo
g
s.

T
h
e
fo
llow

in
g
su
b
sectio

n
s
g
ive

a
b
rief

overv
iew

of
p
rio

r
resea

rch
in

th
ese

d
o
m
a
in
s.

2
.1
.
C
a
pa
city

M
a
n
a
gem

en
t
in

H
ea
lth

ca
re

C
a
pa
city

M
a
n
a
gem

en
t
d
ecisio

n
s
in

h
ea
lth

ca
re

d
ea
l
w
ith

esta
b
lish

in
g
th
e
su
it-

a
b
le

reso
u
rce

levels
in

term
s
of

eq
u
ip
m
en
t
(e.g

.
sterile

in
stru

m
en
ts),

fa
cilities

8
5
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(e.g
.
op

era
tin

g
th
ea
tres),

an
d
sta

ff
(e.g

.
n
u
rses)

[3
,
4].

D
ep

en
d
in
g
o
n
th
e
tim

e

h
o
rizo

n
,
th
ese

d
ecisio

n
s
ca
n
b
e
(i)

stra
teg

ica
l,
(ii)

ta
ctica

l,
or

(iii)
o
p
era

tio
n
a
l

[4
,
1
5
].

S
tra

teg
ica

l
d
ecisio

n
s
h
ave

a
lo
n
g
p
la
n
n
in
g
h
o
rizo

n
an

d
ty
p
ica

lly
re-

q
u
ire

sig
n
ifi
ca
n
t
ca
p
ita

l
in
v
estm

en
t
[4
],

su
ch

a
s
reso

u
rce

ca
p
a
city

ex
p
a
n
sio

n
s

(e.g
.
th
e
a
cq
u
isitio

n
of

a
n
ew

co
m
p
u
ted

to
m
o
g
ra
p
h
y
(C

T
)
ra
d
io
lo
g
y
d
ev
ice

[1
6
],

9
0

ca
rd
io
to
co
g
ra
p
h
y
(C

T
G
)
m
a
ch
in
es

[1
7
],

or
ev
en

th
e
d
esig

n
o
f
en
tire

fa
cilities

[1
8
,
1
9
]).

T
actica

l
d
ecisio

n
s
are

situ
a
ted

b
etw

een
stra

teg
ica

l
an

d
o
p
era

tio
n
a
l
d
e-

cisio
n
s
co
n
cern

in
g
th
e
p
la
n
n
in
g
h
o
rizo

n
[4
].
T
y
p
ica

l
d
ecisio

n
s
m
a
d
e
on

a
ta
ctica

l

level
a
re

sta
ff
p
la
n
n
in
g
[1
7
,
2
0
,
2
1
]
o
r
b
lo
ck

p
la
n
n
in
g
fo
r
o
p
era

tin
g
th
ea
tres

[2
2
].

F
in
a
lly,

op
era

tio
n
a
l
p
la
n
n
in
g
in
volv

es
sh
o
rt-term

d
ecisio

n
s.

O
n
th
is
level,

th
ere

9
5

is
low

fl
ex
ib
ility

as
th
e
reso

u
rce

levels
a
re

fi
x
ed

[4
].

E
x
a
m
p
les

of
op

era
tio

n
a
l

d
ecisio

n
s
are

p
a
tien

t
a
p
p
o
in
tm

en
t
sch

ed
u
lin

g
[2
3
,
2
4
],
sta

ff
sch

ed
u
lin

g
[2
5
,
2
6
],

in
ven

to
ry

rep
len

ish
in
g
[2
7
],
an

d
em

erg
en
cy

sch
ed
u
lin

g
[2
8
].

S
evera

l
O
p
era

tio
n
s
R
esea

rch
(O

R
)
tech

n
iq
u
es

ca
n

b
e
ap

p
lied

to
su
p
p
ort

d
ecisio

n
s
m
a
kers

co
n
fro

n
ted

w
ith

C
M

assig
n
m
en
ts,

su
ch

a
s
M
a
rk
ov

p
ro
cesses,

1
0
0

q
u
eu
ein

g
m
o
d
els,

m
a
th
em

a
tica

l
p
ro
g
ra
m
m
in
g
,
an

d
co
m
p
u
ter

sim
u
la
tio

n
[1
5
,
1
7
].

D
u
e
to

th
e
sto

ch
a
stic

n
a
tu
re

o
f
h
ea
lth

ca
re

p
ro
cesses,

co
m
p
u
ter

sim
u
la
tio

n
–
in

p
a
rticu

la
r
D
iscrete-E

ven
t
S
im

u
la
tio

n
(D

E
S
)
–
is
on

e
o
f
th
e
p
referred

tech
n
iq
u
es

to
a
n
a
ly
se

th
ese

co
m
p
lex

p
ro
cesses

[2
9
–
3
1
].
In

a
D
E
S
m
o
d
el,

in
d
iv
id
u
a
l
en

tities

(e.g
.
p
a
tien

ts)
m
ove

th
ro
u
g
h
th
e
p
ro
cess

a
n
d
w
a
it

in
q
u
eu
es

to
b
e
served

b
y

1
0
5

reso
u
rces

(e.g
.
n
u
rses)

[8
,
3
0
].

T
h
ese

en
tities

ca
n
h
ave

attrib
u
tes

th
a
t
d
escrib

e

th
em

(e.g
.

a
g
e,

p
a
tien

t
ty
p
e,

d
ia
g
n
o
sis,

etc.)
a
n
d
ca
n
b
e
u
sed

to
d
eterm

in
e

th
eir

p
a
th
w
ay

th
ro
u
g
h
th
e
sim

u
la
tio

n
m
o
d
el

[3
0
].

U
n
like

oth
er

O
R

tech
n
iq
u
es,

su
ch

a
s
q
u
eu
ein

g
m
o
d
els

o
r
m
a
th
em

a
tica

l
p
ro
g
ra
m
m
in
g
,
D
E
S
en
a
b
les

m
ea
su
rin

g

th
e
in
d
iv
id
u
a
l
ch
a
ra
cteristics

o
f
en
tities

su
ch

a
s
th
e
w
a
itin

g
tim

e
o
r
trea

tm
en
t

1
1
0

o
u
tco

m
e.

T
h
is
m
a
kes

it
p
o
ssib

le
to

an
a
ly
se

th
e
p
ro
cess

in
d
eta

il
a
n
d
in
vestig

a
te

th
e
eff

ects
o
f
b
o
th

sm
a
ll

a
n
d

su
b
sta

n
tia

l
ch
a
n
g
es

a
p
p
lied

to
th
e
m
o
d
el.

F
or

fu
rth

er
referen

ce
o
n
th
e
u
se

of
sim

u
la
tio

n
in

h
ea
lth

ca
re,

th
e
rea

d
er

is
referred

to
o
n
e
o
f
th
e
ex
istin

g
rev

iew
p
a
p
ers

[3
2
–
3
6
].
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2
.2
.
D
a
ta
-D

riven
P
rocess

S
im

u
la
tio

n
1
1
5

In
D
a
ta
-D

riven
P
rocess

S
im

u
la
tio

n
a
sim

u
la
tio

n
m
o
d
el

is
b
u
ilt

b
y
ex
ten

-

sively
u
sin

g
p
ro
cess

ex
ecu

tio
n
d
a
ta

(i.e.
even

t
lo
g
s)

[9
],
orig

in
a
tin

g
fro

m
,
e.g

.

H
ea
lth

In
fo
rm

a
tio

n
S
y
stem

s
(H

IS
).

D
D
P
S
is

an
em

erg
in
g
fi
eld

in
P
rocess

M
in
-

in
g,

w
h
ich

fo
cu
ses

o
n
th
e
retrieva

l
o
f
p
ro
cess-rela

ted
in
sig

h
ts

fro
m

even
t
lo
g
s

[3
7
].

O
rig

in
a
lly,

P
M

resea
rch

m
a
in
ly

fo
cu
sed

o
n

d
iscoverin

g
th
e
co
n
tro

l-fl
ow

1
2
0

(e.g
.
p
a
tien

t
p
a
th
w
ay
s)

fro
m

even
t
lo
g
s.

O
ver

tim
e,

m
o
re

a
n
d
m
o
re

alg
o
rith

m
s

h
ave

b
een

d
evelo

p
ed

to
d
iscover

oth
er

co
m
p
o
n
en
ts

o
f
sim

u
la
tio

n
m
o
d
els

fro
m

even
t
lo
g
s
a
s
w
ell,

su
ch

a
s
a
rrival

p
a
ttern

s,
q
u
eu
ein

g
d
iscip

lin
es

a
n
d
reso

u
rce

sch
ed
u
les

[8
].

D
esp

ite
th
e
a
d
van

ces
in

p
ro
cess

m
in
in
g
resea

rch
,
co
m
b
in
in
g
all

th
ese

co
m
-

1
2
5

p
on

en
ts

(sem
i-)a

u
to
m
a
tica

lly
in
to

a
sin

g
le,

sim
u
la
tio

n
-rea

d
y
m
o
d
el

is
still

in
its

in
fa
n
cy.

A
few

resea
rch

eff
o
rts

h
ave

b
een

co
n
d
u
cted

on
th
e
d
iscov

ery
o
f
sim

u
la
-

tio
n
m
o
d
el

co
m
p
on

en
ts

fro
m

even
t
lo
g
s
a
n
d
co
m
b
in
in
g
th
em

m
a
n
u
a
lly

to
d
eriv

e

a
sim

u
la
tio

n
-rea

d
y
m
o
d
el
[3
8
,
3
9
].
O
n
ly

recen
tly,

th
e
d
iscovery

a
n
d
sim

u
la
tio

n
of

su
ch

m
o
d
els

fro
m

even
t
lo
g
s
w
ere

fu
lly

a
u
to
m
a
ted

b
y
C
a
m
a
rg
o
et

a
l.
[1
0
]
in

th
eir

1
3
0

to
o
l
S
im

od
,
w
h
ich

w
a
s
la
ter

ex
ten

d
ed

to
a
lso

ta
ke

th
e
p
resen

ce
o
f
m
u
ltita

sk
in
g

a
n
d
reso

u
rce

ava
ila

b
ility

in
to

acco
u
n
t
[1
1
].
W

h
ile

th
ese

stu
d
ies

d
em

o
n
stra

te
th
e

fea
sib

ility
of

so
lely

u
sin

g
even

t
lo
g
s
to

co
n
stru

ct
sim

u
la
tio

n
-rea

d
y
m
o
d
els,

m
a
n
y

a
ssu

m
p
tio

n
s
are

u
su
a
lly

m
a
d
e
th
a
t
oversim

p
lify

th
e
m
o
d
el
or

are
u
n
rea

listic
in

a

h
ea
lth

ca
re

settin
g
,
e.g

.
n
o
reso

u
rce

co
n
stra

in
ts

[3
9
],
or

w
a
itin

g
tim

es
are

ex
p
lic-

1
3
5

itly
m
o
d
elled

,
in
stea

d
of

d
elay

s
d
u
e
to

reso
u
rce

u
n
availa

b
ility

[3
8
].
In

ad
d
itio

n
,

th
ese

stu
d
ies

a
ssu

m
e
th
e
p
resen

ce
o
f
clea

n
an

d
h
ig
h
-q
u
a
lity

even
t
lo
g
s
[1
0
,
1
1
];

a
n
a
ssu

m
p
tio

n
th
a
t
o
ften

n
o
t
h
o
ld
s
in

p
ro
cess

ex
ecu

tio
n
d
a
ta

fro
m

h
ea
lth

ca
re

p
ro
cesses

[1
2
,
1
3
,
4
0
].

M
o
reover,

h
ea
lth

ca
re

p
ro
cesses

a
re

k
n
ow

led
g
e-in

ten
sive

a
n
d
h
eav

ily
rely

o
n
clin

icia
n
s’
ex
p
ertise

a
n
d
ex
p
erien

ce.
T
h
is
rich

k
n
ow

led
g
e
is

1
4
0

n
o
t
co
n
ta
in
ed

in
p
ro
cess

ex
ecu

tio
n
d
a
ta

[4
1
].

In
stea

d
o
f
d
iscoverin

g
a
n
d
sim

u
la
tin

g
m
o
d
els

fro
m

even
t
lo
g
s
in

a
fu
lly

a
u
-

to
m
a
ted

w
ay,

m
o
st

resea
rch

eff
o
rts

levera
g
e
in
sig

h
ts

o
b
ta
in
ed

fro
m

P
M

tech
-

n
iq
u
es

a
n
d
u
se

th
ese

to
co
n
stru

ct
sim

u
la
tio

n
m
o
d
els

m
a
n
u
a
lly.

In
th
is

m
a
n
-

n
er,

co
n
tro

l-fl
ow

d
iscov

ery
tech

n
iq
u
es

a
re

often
a
p
p
lied

to
d
eriv

e
th
e
p
a
tien

t’s
1
4
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jo
u
rn
ey

th
ro
u
g
h
th
e
ca
re

fa
cility

fo
r
sp
ecifi

c
d
isea

ses
[4
2
]
a
n
d
u
se

P
ro
cess

S
im

-

u
la
tio

n
to

an
a
ly
se

an
d
im

p
rov

e
th
e
p
erfo

rm
a
n
ce

of
th
ese

ca
re

p
ro
cesses.

F
or

ex
a
m
p
le,

A
u
g
u
sto

et
a
l.

[4
3
]
sim

u
la
ted

th
e
im

p
a
ct

o
f
d
iff
eren

t
im

p
la
n
ta
b
le

ca
rd
ioverter-d

efi
b
rilla

to
r
stra

teg
ies

fo
r
p
a
tien

ts
w
ith

ca
rd
iovascu

la
r
d
isea

ses,

M
a
n
s
et

a
l.
[4
4
]
d
eterm

in
ed

th
e
im

p
a
ct

of
d
ig
itisin

g
th
e
d
en
ta
l
p
ro
sth

esis
p
ro
cess,

1
5
0

K
ovalch

u
k
et

a
l.
[4
5
]
stu

d
ied

a
cu
te

co
ro
n
a
ry

sy
n
d
ro
m
e
p
a
tien

t
fl
ow

s,
T
a
m
b
u
ris

a
n
d
E
sp
o
sito

[4
6
]
a
n
a
ly
sed

p
ro
cess

ex
ecu

tio
n
d
a
ta

o
f
a
ca
ta
ra
ct

p
ro
cess,

a
n
d

J
o
h
n
so
n

et
a
l.

[4
2
]
a
p
p
lied

P
M

an
d

sim
u
la
tio

n
to

a
lco

h
o
l-rela

ted
em

erg
en
cy

a
d
m
issio

n
s,

g
ia
n
t-cell

arteritis,
an

d
fu
n
ctio

n
a
l
n
eu
ro
lo
g
ica

l
sy
m
p
to
m
s
ca
re.

W
h
ile

th
e
afo

rem
en
tio

n
ed

w
o
rk
s
fo
cu
s
on

a
p
a
rticu

la
r
d
isea

se,
o
th
er

stu
d
ies

1
5
5

a
n
a
ly
se

en
tire

d
ep
a
rtm

en
ts

o
r
ca
re

fa
cilities

to
red

u
ce

p
a
tien

t
w
aitin

g
tim

e
an

d

L
en
g
th

o
f
S
tay

(L
o
S
)
u
sin

g
P
M

a
n
d
sim

u
la
tio

n
.

Z
h
o
u
et

a
l.

[4
7
]
a
ltered

th
e

n
u
m
b
er

o
f
recep

tio
n
ists,

n
u
rses,

a
n
d
d
o
cto

rs
to

im
p
rove

th
e
p
erfo

rm
a
n
ce

of
an

o
u
tp
a
tien

t
clin

ic.
A

sim
ila

r
ap

p
ro
a
ch

w
a
s
u
sed

in
th
e
E
m
erg

en
cy

D
ep
a
rtm

en
t

b
y
A
n
tu
n
es

et
a
l.
[2
6
]
to

red
u
ce

p
a
tien

t
w
aitin

g
tim

e
b
y
d
eterm

in
in
g
th
e
op

ti-
1
6
0

m
a
l
p
h
y
sicia

n
sch

ed
u
lin

g
,
a
n
d
b
y
A
b
oh

a
m
a
d
et

a
l.
[4
8
]
to

id
en
tify

p
erfo

rm
a
n
ce

b
ottlen

eck
s
a
n
d
to

ex
p
lo
re

im
p
rov

em
en
t
stra

teg
ies

to
red

u
ce

L
o
S
.

2
.3
.
D
a
ta

Q
u
a
lity

Issu
es

in
E
ven

t
L
ogs

A
s
m
en
tio

n
ed

in
th
e
p
rev

io
u
s
sectio

n
,
even

t
lo
g
s
o
ften

co
n
ta
in

d
a
ta

qu
a
lity

issu
es,

esp
ecia

lly
in

a
h
ea
lth

ca
re

co
n
tex

t
[1
2
,
1
3
,
4
0
].

V
a
rio

u
s
ta
x
o
n
o
m
ies

a
n
d

1
6
5

fra
m
ew

o
rk
s
h
ave

b
een

d
evelo

p
ed

to
id
en
tify,

a
ssess,

a
n
d

h
a
n
d
le

th
ese

issu
es.

T
h
is
sectio

n
h
ig
h
lig

h
ts

so
m
e
key

resea
rch

eff
o
rts

on
d
a
ta

q
u
a
lity

in
th
e
P
ro
cess

M
in
in
g
fi
eld

.
A

m
o
re

in
-d
ep

th
overv

iew
ca
n
b
e
fo
u
n
d
in

M
a
rtin

[1
3
].

A
w
ell-k

n
ow

n
ta
x
o
n
o
m
y
of

ev
en
t
lo
g
q
u
a
lity

issu
es

is
p
resen

ted
in

B
o
se

et
a
l.
[4
9
],

w
h
ere

27
d
istin

ct
issu

es
a
re

su
b
d
iv
id
ed

in
to

fo
u
r
m
a
in

ca
teg

o
ries:

m
issin

g
,
in
-

1
7
0

co
rrect,

im
p
recise,

a
n
d
irrelevan

t
d
a
ta
.
T
h
ese

fo
u
r
m
a
in

ca
teg

o
ries

ca
n
a
p
p
ly

to

ca
ses

(e.g
.
m
issin

g
ca
ses

th
a
t
w
ere

n
o
t
reco

rd
ed

),
even

ts
(e.g

.
in
co
rrect

ev
en
ts

w
h
ich

d
id

n
o
t
h
a
p
p
en

in
rea

lity
),

an
d
a
ttrib

u
tes

(e.g
.

im
p
recise

tim
esta

m
p
s

reco
rd
ed

a
t
a
co
a
rse

level).
A

m
o
re

a
p
p
lied

ta
x
o
n
o
m
y
is

p
ro
p
osed

b
y
S
u
ri-

a
d
i
et

a
l.

[5
0
],

in
w
h
ich

eleven
fi
n
e-g

ra
in
ed

p
a
ttern

s
of

co
m
m
o
n
d
a
ta

q
u
a
lity

1
7
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issu
es

en
co
u
n
tered

in
even

t
lo
g
s
a
re

d
istin

g
u
ish

ed
,
e.g

.
“elu

sive
ca
ses”

,
w
h
ich

a
re

even
ts

th
a
t
a
re

n
o
t
lin

ked
to

an
y
ca
se;

o
r
“
d
isto

rted
la
b
els”

w
h
ich

o
ften

in
d
ica

te
a
ty
p
o
.

W
ith

in
th
e
co
n
tex

t
of

h
ea
lth

ca
re,

V
an

b
ra
b
a
n
t
et

a
l.
[4
0
]
d
ev
elo

p
ed

a
sy
n
-

th
esised

ta
x
o
n
o
m
y
b
a
sed

o
n
b
oth

g
en
era

l
an

d
h
ea
lth

ca
re-sp

ecifi
c
d
a
ta

q
u
a
lity

1
8
0

issu
es.

In
to
ta
l,
fo
u
rteen

sp
ecifi

c
even

t
lo
g
q
u
a
lity

issu
es

are
d
efi
n
ed
.
A

d
istin

c-

tio
n
w
a
s
m
a
d
e
b
etw

een
m
issin

g
a
n
d
n
o
n
-m

issin
g
d
a
ta
,
w
h
ere

th
e
la
tter

ca
teg

o
ry

is
fu
rth

er
su
b
d
iv
id
ed

in
w
ro
n
g
d
a
ta

on
th
e
o
n
e
h
a
n
d
,
w
h
ich

h
av
e
to

b
e
co
rrected

o
r
rem

oved
in

o
rd
er

to
fi
n
d
m
ea
n
in
g
fu
l
in
sig

h
ts

fro
m

th
e
d
a
ta

(e.g
.
tim

esta
m
p
s

v
io
la
tin

g
th
e
lo
g
ica

l
o
rd
er

o
f
a
ctiv

ities
or

va
lu
es

ou
tsid

e
th
e
d
o
m
a
in

ra
n
g
e),

a
n
d

1
8
5

“
n
o
t
w
ro
n
g
b
u
t
n
o
t
d
irectly

u
sa
b
le”

d
a
ta

on
th
e
o
th
er

h
a
n
d
,
w
h
ich

req
u
ires

m
in
o
r
p
rep

ro
cessin

g
(e.g

.
in
co
n
sisten

t
fo
rm

a
ttin

g
o
f
tim

esta
m
p
s
o
r
em

b
ed
d
ed

valu
es

w
h
ich

co
n
ta
in

a
g
g
reg

a
ted

in
fo
rm

a
tio

n
).

In
a
d
d
itio

n
to

th
e
ta
x
o
n
o
m
ies

of
va
rio

u
s
d
a
ta

q
u
a
lity

issu
es

en
co
u
n
tered

in
even

t
lo
g
s,

severa
l
fra

m
ew

o
rk
s
to

a
ssess

even
t
lo
g
q
u
a
lity

h
av
e
b
een

p
ro
-

1
9
0

p
osed

a
s
w
ell.

A
seven

-step
cy
clica

l
co
n
cep

tu
a
l
fra

m
ew

o
rk

is
p
rov

id
ed

b
y
A
n
-

d
rew

s
et

a
l.
[5
1
]
to

d
etect

q
u
a
lity

issu
es

su
ch

a
s
co
a
rse

g
ra
n
u
la
rity

(e.g
.
so
m
e

tim
esta

m
p
s
w
ere

reco
rd
ed

a
t
d
ay

-level,
w
h
erea

s
oth

ers
at

m
illiseco

n
d
-level

gra
n
-

u
la
rity

),
n
u
llva

lu
es,

a
n
d
th
e
level

of
u
n
iq
u
en

ess
o
f
a
ttrib

u
tes.

K
h
erb

ou
ch
e
et

a
l.
[5
2
]

im
p
lem

en
ted

an
ev
en
t
lo
g
q
u
a
lity

assessm
en
t
fra

m
ew

ork
in

P
ro
M

1
w
h
ich

co
n
-

1
9
5

sid
ers

co
m
p
lex

ity
(e.g

.
n
u
m
b
er

o
f
even

ts
o
r
avera

g
e
tra

ce
len

g
th
),

accu
ra
cy

(e.g
.

ra
te

of
erro

n
eo
u
s
tim

esta
m
p
s),

co
n
sisten

cy
(e.g

.
free

o
f
o
u
tliers),

a
n
d

co
m
p
leten

ess
(e.g

.
n
o
even

ts
or

attrib
u
tes

a
re

m
issin

g
).

O
th
er

fra
m
ew

ork
s
im

-

p
lem

en
ted

in
P
ro
M

b
y
F
isch

er
et

a
l.
[5
3
]
a
n
d
D
ix
it

et
a
l.
[5
4
]
fo
cu
s
sp
ecifi

ca
lly

o
n
id
en
tify

in
g
a
n
d
a
ssessin

g
tim

esta
m
p
-rela

ted
q
u
a
lity

issu
es.

F
ox

et
a
l.

[5
5
]

2
0
0

p
rov

id
ed

a
fra

m
ew

ork
fo
r
a
ssessin

g
E
lectro

n
ic

H
ea
lth

R
eco

rd
(E

H
R
)
d
a
ta

ca
lled

C
a
re

P
a
th
w
a
y
D
a
ta

Q
u
a
lity

F
ra
m
ew

o
rk

(C
P
-D

Q
F
)
u
sin

g
a
S
Q
L

d
a
ta
b
a
se

to

m
a
in
ta
in

a
d
a
ta

q
u
a
lity

reg
ister.

H
ow

ever,
th
e
d
iff
eren

t
ty
p
es

o
f
q
u
a
lity

issu
es

h
ave

to
b
e
m
a
n
u
a
lly

p
rov

id
ed

b
y
th
e
an

a
ly
st

b
efo

reh
a
n
d
.
A

sim
ila

r
ap

p
ro
a
ch

1
h
ttp

s:/
/
w
w
w
.p
ro
m
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o
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u
sin

g
S
Q
L

w
as

p
ro
p
o
sed

b
y
A
n
d
rew

s
et

a
l.

[5
6
],

in
w
h
ich

fi
ve

even
t
lo
g
im

-
2
0
5

p
erfectio

n
p
a
ttern

s
d
efi

n
ed

b
y
S
u
ria

d
i
et

a
l.
[5
0
]
a
re

d
etected

.
T
h
e
R
-p
a
cka

g
e
2

D
a
Q
A
P
O

b
y
M
a
rtin

et
a
l.
[5
7
]
su
p
p
o
rts

ten
im

p
erfectio

n
p
a
ttern

s
d
efi
n
ed

b
y

S
u
ria

d
i
et

a
l.
[5
0
]
a
lo
n
g
w
ith

ad
d
itio

n
a
l
even

t
lo
g
q
u
a
lity

tests,
su
ch

a
s
th
e
d
e-

tectio
n
of

b
a
tch

reg
istra

tio
n
s
an

d
m
u
tu
a
l
d
ep

en
d
en
cies

b
etw

een
a
ctiv

ities
in

th
e

p
ro
cess.

2
1
0

A
ll
afo

rem
en
tio

n
ed

fra
m
ew

ork
s
–
ex
cep

t
D
ix
it
et

a
l.
[5
4
]
–
fo
cu
s
o
n
ev
en
t
lo
g

q
u
a
lity

assessm
en
t.

It
is

u
p
to

th
e
an

a
ly
st

to
u
se

th
ese

in
sig

h
ts

w
h
ile

clea
n
in
g

th
e
d
a
ta
.
T
h
e
to
ol

im
p
lem

en
ted

in
P
ro
M

b
y
D
ix
it

et
a
l.

[5
4
]
is

a
lso

ca
p
a
b
le

o
f
“
rep

a
irin

g
”
th
e
even

t
lo
g
b
y
in
sertin

g
o
r
rem

ov
in
g
even

ts
to

m
a
ke

su
re

th
e

o
rd
erin

g
o
f
even

ts
is
co
rrect.

O
th
er

w
ork

s
also

p
ro
p
ose

d
a
ta

clea
n
in
g
h
eu
ristics,

2
1
5

ty
p
ica

lly
ta
rg
eted

o
n
a
p
a
rticu

la
r
even

t
lo
g
q
u
a
lity

issu
e.

F
or

in
sta

n
ce,

B
ay
-

o
m
ie

et
a
l.
[5
8
]
d
evelo

p
ed

an
ap

p
ro
a
ch

to
h
a
n
d
le

m
issin

g
ca
se

id
en
tifi

ers,
w
h
ile

D
i
F
ra
n
cesco

m
a
rin

o
et

a
l.

[5
9
]
fo
cu
sed

o
n

im
p
u
tin

g
n
o
n
-o
b
servab

le
activ

ities

in
a
n
even

t
lo
g
u
sin

g
a
co
n
tro

l-fl
ow

m
o
d
el

crea
ted

b
y
d
o
m
a
in

ex
p
erts.

M
a
r-

tin
et

a
l.

[6
0
]
p
ro
p
o
sed

a
n
in
tera

ctive
d
a
ta

clea
n
in
g
ap

p
ro
a
ch

w
ith

h
eu
ristics

2
2
0

to
so
lv
e
m
issin

g
tim

esta
m
p
s,
overla

p
p
in
g
tim

esta
m
p
s,

tim
e
ord

erin
g
v
io
la
tio

n
s,

a
n
d
in
va
lid

co
n
cu
rren

t
u
se

of
reso

u
rces.

E
ven

th
o
u
g
h

m
o
re

a
n
d

m
o
re

atten
tio

n
is

d
ev
o
ted

to
th
e
assessm

en
t
an

d

co
rrectio

n
o
f
d
a
ta

q
u
a
lity

issu
es

in
th
e
fi
eld

of
P
ro
cess

M
in
in
g
,
w
ith

in
th
e
co
n
tex

t

o
f
(a
u
to
m
a
ted

)
D
D
P
S
m
o
d
el

d
iscovery

little
ex
p
licit

a
tten

tio
n
h
a
s
b
een

p
a
id

to
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ev
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a
lity
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im
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b
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sim

u
la
tio
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6
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p
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b
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a
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2
,
4
5
,
4
7
]
b
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d
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e
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d
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b
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ro
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e
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o
m
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ex
p
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l.
[4
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]
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2
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e
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C
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W
e

d
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u
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e
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f
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o
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et
a
l.
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2
]
in
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e
m
eth
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.

W
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ile
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ro
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M
in
in
g
p
ro
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m
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P
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2
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2
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w
e
b
a
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r
m
eth

o
d
o
n
g
u
id
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es
a
n
d

b
est

p
ra
ctices

in
th
e
P
ro
cess

S
im

u
la
tio

n
litera

tu
re

an
d
d
escrib

e
ex
p
licit

a
ctio

n
2
3
5

p
oin
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to

b
e
co
n
sid

ered
fo
r
ev
ery

step
.

3
.
R
e
a
l-L

ife
C
a
se

S
tu

d
y
–
O
u
tlin

e

T
h
is
sectio

n
ou

tlin
es

a
rea

l-life
ca
se

stu
d
y
u
sin

g
D
D
P
S
to

su
p
p
o
rt

h
ea
lth

ca
re

m
a
n
a
g
em

en
t
w
h
en

co
n
fro

n
ted

w
ith

C
M

d
ecisio

n
s.

In
p
a
rticu

la
r,
th
e
ca
se

stu
d
y

fo
cu
ses

o
n
C
M

d
ecisio

n
s
at

th
e
ra
d
io
lo
g
y
d
ep
a
rtm

en
t
o
f
a
B
elg

ia
n
h
o
sp
ita

l.
2
4
0

F
irstly,

th
e
ca
se

stu
d
y
a
n
d

its
co
n
tex

t
is

b
riefl

y
in
tro

d
u
ced

.
S
eco

n
d
ly,

a

h
ig
h
-level

d
escrip

tio
n
o
f
th
e
sim

u
la
tio

n
m
o
d
el

is
p
rov

id
ed
.
T
h
ird

ly,
th
e
C
a
p
a
c-

ity
M
a
n
a
g
em

en
t
q
u
estio

n
s
a
re

fo
rm

u
la
ted

.
F
ou

rth
ly,

a
th
o
ro
u
g
h
d
escrip

tio
n
o
f

th
e
sim

u
la
tio

n
m
o
d
el

d
evelo

p
m
en
t
is

p
rov

id
ed

,
in
clu

d
in
g
th
e
d
a
ta

th
a
t
w
ere

u
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,
th
e
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n
fi
g
u
ra
tio

n
o
f
th
e
sim

u
la
tio

n
m
o
d
el,

a
n
d
assu

m
p
tio

n
s
an

d
sim

p
li-

2
4
5

fi
ca
tio

n
s
th
a
t
w
ere

m
a
d
e.

F
ifth

ly,
th
e
verifi

ca
tio

n
an

d
valid

a
tio

n
of

th
e
m
o
d
el

a
re

d
iscu

ssed
.
F
in
a
lly,

th
e
scen

a
rio

s
are

fo
rm

u
la
ted

b
a
sed

o
n
th
e
C
M

q
u
estio

n
s.

3
.1
.
C
o
n
text

A
B
elg

ia
n
h
o
sp
ita

l
is

p
la
n
n
in
g
th
e
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n
stru

ctio
n
of

n
ew

fa
cilities,

w
h
ich

im
-

p
lies

th
e
cen

tra
lisa

tio
n

of
ca
re

activ
ities

to
a
sin

g
le

h
ea
lth

ca
m
p
u
s.

W
ith

in
2
5
0

th
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n
tex
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h
o
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ita

l
m
a
n
a
g
em

en
t
is
co
n
sid

erin
g
m
erg

in
g
tw

o
of

th
eir

ra
d
io
lo
g
y

fa
cilities

in
to

o
n
e
lo
ca
tio

n
.
T
h
erefo

re,
th
e
m
a
n
a
g
em

en
t
o
f
th
e
ra
d
io
lo
g
y
d
ep
a
rt-

m
en
t
h
a
s
to

d
ecid

e
h
ow

m
a
n
y
reso

u
rces

th
ey

w
ill

n
eed

in
th
e
n
ew

fa
cility

to

serve
a
ll
p
a
tien

ts
in

a
tim

ely
m
a
n
n
er.

T
h
ese

reso
u
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in
clu

d
e
ra
d
io
lo
g
y
eq
u
ip
-

m
en
t,
w
a
itin

g
ro
o
m

a
rea

fo
r
am

b
u
la
to
ry

p
a
tien

ts
(i.e.

th
e
n
u
m
b
er

o
f
sea

ts),
a
n
d

2
5
5

recep
tio

n
ists.

S
evera

l
d
iscu

ssio
n
s
w
ith

th
e
tea

m
o
f
d
o
m
a
in

ex
p
erts

w
ere

h
eld

th
ro
u
g
h
o
u
t

th
e
p
ro
ject,

e.g
.

to
sp
ecify

th
e
p
ro
cess

a
n
d
sco

p
e
o
f
th
e
an

a
ly
sis,

d
efi
n
e
th
e

C
M

q
u
estio

n
s,

d
iscu

ss
d
a
ta

q
u
a
lity

issu
es,

valid
a
te

th
e
sim

u
la
tio

n
m
o
d
el,

a
n
d

rep
ort

th
e
resu

lts
an

d
ev
id
en
ce-b

a
sed

reco
m
m
en
d
a
tio

n
s.

T
h
is

tea
m

o
f
ex
p
erts

2
6
0

co
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of
th
e
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d
o
f
th
e
ra
d
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g
y
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a
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en
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th
e
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e
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ra
d
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ca
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er
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a
g
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D
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h
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u
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d
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d
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n
d
a
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m
ed
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l
im
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g
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p
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cess
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a
ra
d
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y
d
ep
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en
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p
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ro
cess
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ow
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in
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ig
u
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p
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b
e
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y
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e
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u
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F
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am
b
u
la
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ry
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ile
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erg

en
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p
a
tien

ts,
th
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p
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rm
ed

b
y

th
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fro

n
t
offi

ce
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th
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ter,

w
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ita
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d
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o
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ita
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an
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u
m
a
p
a
tien

ts
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re

reg
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0

b
y
th
e
b
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ck

o
ffi
ce.

T
h
e
b
a
ck

offi
ce

w
ill

a
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a
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th
e
fro

n
t
o
ffi
ce

d
u
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g
b
u
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p
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d
s.

O
u
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e
th
e
recep

tio
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o
p
en
in
g
h
o
u
rs,

th
e
reg

istra
tio

n
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p
erfo

rm
ed

b
y
a

n
u
rse.

N
ex
t,
am

b
u
la
to
ry

p
a
tien

ts
w
ill

w
ait

in
th
e
d
esig

n
a
ted

w
aitin

g
ro
om

u
n
til

th
ey

a
re

ca
lled

in
to

th
e
ex
a
m
in
a
tio

n
ro
om

.
A
ll
oth

er
p
a
tien

ts
eith

er
w
ait

in
th
e

em
erg

en
cy

d
ep
a
rtm

en
t
or

w
a
it
in

th
eir

ro
o
m

in
th
e
w
a
rd

th
ey

are
a
d
m
itted

to
.

2
7
5

S
o
m
e
a
m
b
u
la
to
ry

p
a
tien

ts
sch

ed
u
led

fo
r
a
C
T
ex
a
m
in
a
tio

n
are

req
u
ired

to
d
rin

k

co
n
tra

st
fl
u
id

a
n
d
w
a
it

o
n
e
h
o
u
r
b
efo

re
b
ein

g
ex
a
m
in
ed
.
W

h
en

th
e
p
a
tien

t
is

ca
lled

in
to

th
e
ex
a
m
in
a
tio

n
ro
om

,
o
n
e
of

tw
o
n
u
rses

w
ill

in
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ll
th
e
p
a
tien

t
on

th
e
eq
u
ip
m
en
t
a
n
d
ch
eck

s
th
e
p
a
tien

t’s
id
en
tity,

w
h
ile

th
e
oth

er
w
ill

u
se

th
is

in
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rm

a
tio

n
to

p
la
n
an

d
ex
ecu

te
th
e
ex
a
m
in
a
tio

n
.
If
a
p
a
tien

t
req

u
ires

m
u
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le
2
8
0

ex
a
m
in
a
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n
s,

e.g
.
a
n
X
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o
f
b
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k
n
ee

a
n
d
an

k
le,

th
e
p
a
tien

t
d
o
es

n
o
t
h
ave

to
leave

th
e
ex
a
m
in
a
tio

n
ro
om

,
a
s
th
ey

a
re

m
a
d
e
rig

h
t
a
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oth
er.

E
x
a
m
-

in
a
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n
s
o
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o
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o
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a
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n
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t
b
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a
d
e
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h
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re,
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e

p
a
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o
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ro
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b
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th
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leave
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ra
d
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o
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u
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d
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t
p
a
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t
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e
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d
el:

(i)
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m
bu
la
to
ry

pa
tien
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w
h
ich

a
re

ou
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a
tien

ts
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ith

a
sch

ed
u
led

a
p
p
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en
t;
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o
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i-

ta
lised
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tien
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w
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in
p
a
tien

ts;
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d
a
y
h
o
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ita

l
pa
tien

ts
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p
a
tien
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ith

a
sch

ed
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led

a
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en
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b
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t
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o
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F
ig
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1
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ed
p
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p
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ep

a
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en
t.
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e
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d
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sferred

fro
m
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E
m
erg

en
cy

D
ep
a
rtm

en
t.

T
h
e
p
a
tien

ts
ca
n

u
n
d
erg

o
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u
s
ex
a
m
in
a
tio

n
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p
es.

In
th
is

sim
u
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tio

n

stu
d
y,
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a
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six
d
iff
eren

t
m
o
d
a
lities:

co
n
e
bea

m
co
m
p
u
ted

to
m
ogra

p
h
y
(C

B
C
T
),

2
9
5

co
m
p
u
ted

to
m
ogra

p
h
y

(C
T
),

m
a
m
m
ogra

p
h
y

(M
A
M
M
O
),

m
a
gn

etic
reso

n
a
n
ce

im
a
gin

g
(M

R
I),

u
ltra

so
u
n
d
(U

S
),

an
d
X
-ra

y.
E
a
ch

ex
a
m
in
a
tio

n
ty
p
e
req

u
ires

a

sep
a
ra
te

ex
a
m
in
a
tio

n
ro
o
m
,
an

d
ea
ch

ex
a
m
in
a
tio

n
ro
om

co
n
ta
in
s
on

ly
on

e
ra
-

d
io
lo
g
y
d
ev
ice.

T
h
e
term

s
ex
a
m
in
a
tio

n
ro
om

,
ra
d
io
lo
g
y
d
ev
ice,

a
n
d
eq
u
ip
m
en
t

a
re

u
sed

in
terch

a
n
g
ea
b
ly

in
th
is

p
a
p
er.

In
ad

d
itio

n
to

th
e
fi
x
ed

X
-ray

eq
u
ip
-

3
0
0

m
en
t,
a
m
o
b
ile

X
-ray

d
ev
ice

is
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u
sed

to
ex
a
m
in
e
h
o
sp
ita

lised
a
n
d
em

erg
en
cy

p
a
tien

ts
w
h
o
ca
n
n
o
t
b
e
tra

n
sferred

to
th
e
ex
a
m
in
a
tio

n
ro
om

.
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ree

C
a
p
a
city

3
0
5

M
a
n
a
g
em

en
t
q
u
estio

n
s:

C
M

Q
1
.
W
h
a
t
is

th
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en

t,
w
a
itin

g
a
rea

(i.e.
th
e
n
u
m
ber

o
f
sea

ts),

a
n
d
recep

tio
n
sta

ff
?
T
h
ey

expect
th
ey

w
o
u
ld

n
eed

less
equ

ip
m
en

t
th
a
n
cu
rren

tly

a
va
ila

ble,
given

th
e
lo
w
er

u
tilisa

tio
n
ra
tes

o
f
so
m
e
d
evices,

a
n
d
th
ey

w
o
u
ld

like
3
1
0

to
kn

o
w

w
h
eth

er
th
is

p
resen

tim
en

t
is

co
rrect,

a
s
th
is

a
lso

h
a
s
a
m
a
jo
r
im

pa
ct

o
n
perso

n
n
el

co
sts.

C
M

Q
2
.
T
o
in
crea

se
pa
tien

t
sa
tisfa

ctio
n
,
th
e
ra
d
io
logy

m
a
n
a
gem

en
t
is

co
n
-

sid
erin

g
o
m
ittin

g
th
e
requ

irem
en

t
fo
r
so
m
e
a
m
bu
la
to
ry

pa
tien

ts
to

d
rin

k
co
n
-

tra
st

fl
u
id

o
n
e
h
o
u
r
befo

re
h
a
vin

g
th
eir

C
T

exa
m
in
a
tio

n
.
W
h
a
t
is

th
e
im

pa
ct

3
1
5

o
n
th
ro
u
gh
p
u
t
tim

e
a
n
d
requ

ired
w
a
itin

g
a
rea

w
h
en

th
is

po
licy

w
o
u
ld

be
im

p
le-

m
en

ted
?

C
M

Q
3
.
T
h
e
ra
d
io
logy

m
a
n
a
gem

en
t
is

co
n
sid

erin
g
im

p
lem

en
tin

g
a
n

o
n
lin

e

registra
tio

n
system

,
a
llo

w
in
g
a
m
bu
la
to
ry

pa
tien

ts
to

skip
th
e
recep

tio
n
a
n
d
go

stra
igh

t
to

th
e
w
a
itin

g
a
rea

o
f
th
e
exa

m
in
a
tio

n
roo

m
a
t
th
e
tim

e
o
f
th
eir

a
p
-

3
2
0

po
in
tm

en
t.

T
h
e
ra
d
io
logy

d
epa

rtm
en

t
is

in
terested

in
th
e
eff

ects
o
f
th
is

n
ew

registra
tio

n
system

o
n
recep

tio
n
sta

ff
requ

irem
en

ts
a
n
d
th
e
requ

ired
w
a
itin

g
a
rea

.

3
.4
.
S
im

u
la
tio

n
M
od
el

D
evelo

p
m
en

t

T
h
e
fo
llow

in
g
su
b
sectio

n
s
d
escrib

e
th
e
d
evelo

p
m
en
t
of

th
e
sim

u
la
tio

n
m
o
d
el.

F
irst,

w
e
d
escrib

e
th
e
d
a
ta

p
rov

id
ed

b
y
th
e
h
o
sp
ita

l
an

d
h
ig
h
lig

h
t
th
e
issu

es
w
e

3
2
5

en
co
u
n
tered

w
h
ile

w
ork

in
g
w
ith

th
is

d
a
ta
.

N
ex
t,

w
e
d
iscu

ss
so
m
e
tech

n
ica

l

d
eta

ils
a
b
o
u
t
th
e
co
n
fi
g
u
ra
tio

n
of

th
e
sim

u
la
tio

n
m
o
d
el

an
d
g
ive

a
n
overv

iew
of

th
e
a
ssu

m
p
tio

n
s
a
n
d
sim

p
lifi

ca
tio

n
s
w
e
ap

p
lied

to
alig

n
th
e
m
o
d
el’s

co
m
p
lex

ity

w
ith

th
e
d
esired

sco
p
e.
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3
.4
.1
.
D
a
ta

3
3
0

T
w
o
yea

rs
o
f
p
ro
cess

ex
ecu

tio
n

d
a
ta
,
fro

m
M
a
rch

2
0
1
7
–
M
a
rch

2
0
1
9
,
ex
-

tra
cted

fro
m

th
e
h
o
sp
ita

l’s
R
a
d
io
lo
g
y
In
fo
rm

a
tio

n
S
y
stem

(R
IS
)
w
a
s
u
sed

to

b
u
ild

th
e
sim

u
la
tio

n
m
o
d
el.

T
h
is

d
a
ta
set

co
n
ta
in
ed

va
rio

u
s
key

tim
esta

m
p
s,

su
ch

a
s
tim

e
o
f
reg

istra
tio

n
,
an

d
sta

rt
an

d
en
d
tim

e
of

ex
a
m
in
a
tio

n
,
fo
r
ea
ch

p
a
tien

t
v
isit.

In
ad

d
itio

n
,
th
e
p
a
tien

t
ty
p
e
an

d
ex
a
m
in
a
tio

n
ty
p
e
w
ere

also
3
3
5

reco
rd
ed
.

T
a
b
le

1
sh
ow

s
a
n
overv

iew
of

th
e
a
ttrib

u
tes

sto
red

in
th
e
d
a
ta
set

w
ith

th
eir

d
escrip

tio
n
.
E
a
ch

row
in

th
e
d
a
ta
set

rep
resen

ts
a
u
n
iq
u
e
ex
a
m
in
a
-

tio
n
,
a
n
d
m
u
ltip

le
row

s
co
u
ld

b
e
lin

ked
to

th
e
sa
m
e
p
a
tien

t
v
isit.

A
n
ad

d
itio

n
a
l

valid
a
tio

n
d
a
ta
set

fro
m

M
a
rch

2
0
1
9
–
M
a
rch

2
0
2
0
w
as

u
sed

to
valid

a
te

th
e
m
o
d
el.

L
a
b
el

D
escrip

tio
n

A
ccessio

n
n
u
m
b
er

A
n
o
n
y
m
ised

id
en

tifi
er

fo
r
ea

ch
in
d
iv
id
u
a
l
ex

a
m
in
a
tio

n

P
a
tien

t
n
u
m
b
er

A
n
o
n
y
m
ised

id
en

tifi
ca

tio
n
n
u
m
b
er

fo
r
ea

ch
p
a
tien

t
v
isit

E
n
tity

R
a
d
io
lo
g
y
fa
cility

th
e
p
a
tien

t
v
isited

A
H
D
S

P
a
tien

t
ty
p
e:

a
m
b
u
la
to
ry

(A
),

h
o
sp

ita
lised

(H
),

d
a
y
h
o
sp

i-

ta
l
(D

),
a
n
d
em

erg
en

cy
(S

,
fo
r
“
sp

o
ed

”
in

D
u
tch

)

E
x
a
m
in
a
tio

n
ty
p
e

T
h
e
p
erfo

rm
ed

ty
p
e
(e.g

.
C
T
,
U
S
,
X
-ra

y,
etc.)

E
x
a
m
in
a
tio

n
co

d
e

S
p
ecifi

c
co

d
e
o
f
th

e
ex

a
m
in
a
tio

n
(e.g

.
“
C
T
K
N
IE

L
”
,
a
C
T

ex
a
m
in
a
tio

n
o
f
th

e
left

k
n
ee)

E
x
a
m
in
a
tio

n
ro
o
m

T
h
e
ro
o
m

in
w
h
ich

th
e
ex

a
m
in
a
tio

n
w
a
s
p
erfo

rm
ed

T
im

e
b
o
o
k
in
g
a
p
p
o
in
tm

en
t

T
im

esta
m
p
w
h
en

th
e
a
p
p
o
in
tm

en
t
w
a
s
b
o
o
k
ed

T
im

e
sta

rt
a
p
p
o
in
tm

en
t

T
im

esta
m
p
o
f
th

e
a
p
p
o
in
tm

en
t

T
im

e
crea

tio
n
req

u
est

T
im

esta
m
p
w
h
en

th
e
p
a
tien

t
w
a
s
reg

istered
b
y
th

e
recep

tio
n

T
im

e
sta

rt
ex

a
m
in
a
tio

n
T
im

esta
m
p
w
h
en

th
e
p
a
tien

t
w
a
s
ca

lled
in
to

th
e
ex

a
m
in
a
-

tio
n
ro
o
m

T
im

e
sta

rt
sca

n
T
im

esta
m
p
w
h
en

th
e
ra
d
io
lo
g
y
d
ev

ice
w
a
s
sta

rted

T
im

e
en

d
sca

n
T
im

esta
m
p
w
h
en

th
e
ra
d
io
lo
g
y
d
ev

ice
w
a
s
fi
n
ish

ed

T
im

e
fi
n
ish

ex
a
m
in
a
tio

n
T
im

esta
m
p
w
h
en

th
e
n
u
rse

fi
n
a
lised

th
e
im

a
g
es,

in
clu

d
in
g

p
o
st-p

ro
cessin

g

T
im

e
crea

tio
n
rep

o
rt

T
im

esta
m
p
w
h
en

th
e
ra
d
io
lo
g
ist

sta
rted

w
o
rk
in
g
o
n
th

e
re-

p
o
rt

T
im

e
v
a
lid

a
tio

n
rep

o
rt

T
im

esta
m
p
w
h
en

th
e
ra
d
io
lo
g
ist

fi
n
a
lised

a
n
d
v
a
lid

a
ted

th
e

rep
o
rt

T
a
b
le

1
:
O
v
erv

iew
o
f
th

e
a
ttrib

u
tes

sto
red

in
th

e
d
a
ta
set

w
ith

th
eir

d
escrip

tio
n
.
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T
a
b
le

2
g
ives

a
n
overv

iew
of

th
e
n
u
m
b
er

o
f
p
a
tien

t
v
isits

an
d
ex
a
m
in
a
tio

n
3
4
0

ty
p
es

co
n
ta
in
ed

in
th
e
d
a
ta
set

u
sed

to
b
u
ild

th
e
m
o
d
el.

T
h
e
m
a
jo
rity

o
f
p
a
tien

ts

w
ere

a
m
b
u
la
to
ry,

a
n
d

th
e
m
o
st

co
m
m
o
n
ly

m
a
d
e
ex
a
m
in
a
tio

n
w
as

X
-ray.

A

to
ta
l
of

4
7
8
,3
4
2
ex
a
m
in
a
tio

n
s
w
ere

reco
rd
ed
,
w
h
ich

in
d
ica

tes
th
a
t
so
m
e
p
a
tien

ts

req
u
ired

m
u
ltip

le
ex
a
m
in
a
tio

n
s.

N
everth

eless,
th
e
m
a
jo
rity

of
p
a
tien

ts
on

ly

n
eed

ed
a
sin

g
le

ex
a
m
in
a
tio

n
.
O
th
er

m
o
d
a
lities

in
clu

d
ed

very
in
freq

u
en
tly

m
a
d
e

3
4
5

ex
a
m
in
a
tio

n
s,

su
ch

as
b
o
n
e
m
in
era

l
co
n
ten

t
(B

M
C
)
a
n
d

an
g
io
g
ra
p
h
y,

w
h
ich

w
ere

n
o
t
of

in
terest

in
th
e
sco

p
e
of

th
is

sim
u
la
tio

n
stu

d
y.

P
a
tien

t
ty
p
e

P
ro
p
o
rtio

n

A
m
b
u
la
to
ry

(A
)

6
0
%

H
o
sp

ita
lised

(H
)

2
3
%

E
m
erg

en
cy

(S
)

1
5
%

D
a
y
h
o
sp

ita
l
(D

)
2
%

T
o
ta
l

4
0
4
,7
5
0

E
x
a
m
in
a
tio

n
ty
p
e

P
ro
p
o
rtio

n

X
-ra

y
4
4
%

U
S

1
8
%

M
R
I

1
6
%

C
T

1
3
%

M
A
M
M
O

5
%

O
th
er

3
%

C
B
C
T

0
.6
%

T
o
ta
l

4
7
8
,3
4
2

T
a
b
le

2
:
P
ro
p
o
rtio

n
o
f
p
a
tien

t
a
n
d
ex

a
m
in
a
tio

n
ty
p
es

in
th

e
d
a
ta
set.

O
n
e
o
f
th
e
b
ig
g
est

ch
a
llen

g
es

o
f
th
is

p
ro
ject

w
as

d
ea
lin

g
w
ith

d
a
ta

q
u
a
lity

issu
es.

B
eca

u
se

th
e
q
u
a
lity

of
th
e
in
p
u
t
d
a
ta

h
a
s
a
sig

n
ifi
ca
n
t
im

p
a
ct

o
n
th
e

relia
b
ility

o
f
th
e
sim

u
la
tio

n
resu

lts
[4
0
,
6
1
],
it

is
im

p
era

tive
to

d
ea
l
w
ith

th
ese

3
5
0

issu
es

a
p
p
ro
p
ria

tely.
T
h
e
tw

o
m
o
st

p
ro
m
in
en
t
d
a
ta

q
u
a
lity

issu
es

w
ere:

(i)

u
n
ava

ila
b
le

tim
esta

m
p
s,
su
ch

as
th
e
ex
a
ct

arrival
tim

e
of

th
e
p
a
tien

t
or

n
o
sta

rt

tim
esta

m
p
of

certa
in

a
ctiv

ities,
a
n
d
(ii)

in
co
rrectly

sto
red

tim
esta

m
p
s,

eith
er

ca
u
sed

b
y
th
e
sy
stem

or
“b

a
tch

reg
istra

tio
n
”
b
y
ra
d
io
lo
g
y
p
erso

n
n
el,

in
w
h
ich

a
d
m
in
istra

tive
ta
sk
s
a
re

p
ostp

on
ed

an
d
b
u
n
d
led

to
b
e
d
ea
lt
w
ith

la
ter

[4
0
].
T
h
e

3
5
5

fi
rst

issu
e
w
a
s
reso

lved
b
y
u
sin

g
a
d
iff
eren

t
tim

esta
m
p
a
s
a
p
rox

y
o
f
th
e
arrival

a
n
d
ask

in
g
th
e
d
o
m
a
in

ex
p
erts

to
id
en
tify

th
e
m
in
im

u
m
,
m
a
x
im

u
m
,
an

d
m
o
st

likely
tim

e
req

u
ired

to
co
m
p
lete

a
p
a
rticu

la
r
a
ctiv

ity,
w
h
ich

served
as

in
p
u
t

p
a
ra
m
eters

fo
r
a
tria

n
g
u
la
r
d
istrib

u
tio

n
.
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T
h
e
seco

n
d
issu

e
m
a
n
ifested

itself
m
a
in
ly

b
y
la
rg
e
o
u
tliers

o
f
so
m
e
a
ctiv

ity
3
6
0

d
u
ra
tio

n
s,

e.g
.
th
e
sca

n
n
in
g
tim

es.
B
o
th

sta
rt

an
d
en
d
tim

esta
m
p
s
w
ere

ava
il-

a
b
le

in
th
e
d
a
ta
set

a
n
d
reco

rd
ed

w
h
en

th
e
n
u
rse

sta
rts

a
n
d
sto

p
s
th
e
ra
d
io
lo
g
y

d
ev
ice,

resp
ectively.

A
n
ov
erv

iew
o
f
sca

n
d
u
ra
tio

n
tim

es
p
er

ex
a
m
in
a
tio

n
ty
p
e

is
g
iven

in
T
a
b
le

3
.
S
o
m
e
sca

n
s
to
o
k
p
recisely

zero
seco

n
d
s,

w
h
ile

o
th
ers

to
o
k

severa
l
yea

rs,
a
n
d
a
few

o
b
servatio

n
s
w
ere

even
n
eg
a
tiv

e,
in
d
ica

tin
g
th
a
t
th
e

3
6
5

en
d
tim

esta
m
p
o
ccu

rred
b
efo

re
th
e
sta

rt
tim

esta
m
p
.
In

o
u
r
p
rev

io
u
s
w
ork

[6
1
],

w
e
h
ig
h
lig

h
ted

th
e
im

p
a
ct

of
d
a
ta

q
u
a
lity

issu
es,

sp
ecifi

ca
lly

rela
ted

to
th
ese

sca
n
n
in
g
d
u
ra
tio

n
s.

C
o
m
p
letely

n
eg
lectin

g
th
ese

issu
es,

i.e.
d
irectly

u
sin

g
th
e

d
a
ta

w
ith

o
u
t
a
n
y
p
re-p

ro
cessin

g
o
r
fi
lterin

g
,
w
o
u
ld

resu
lt
in

sig
n
ifi
ca
n
tly

h
ig
h
er

th
ro
u
g
h
p
u
t
a
n
d
w
a
itin

g
tim

es
d
u
e
to

co
n
g
estio

n
[6
1
].
T
h
erefo

re,
it
is
n
ecessa

ry
3
7
0

to
ex
clu

d
e
a
n
o
m
a
lies

fro
m

th
e
d
a
ta
.

H
ow

ever,
it

is
n
o
t
triv

ia
l
to

d
eterm

in
e

w
h
ich

th
resh

o
ld

va
lu
es

sh
o
u
ld

b
e
u
sed

to
d
istin

g
u
ish

a
n
o
m
a
lies

w
ith

o
u
t
d
o
m
a
in

k
n
ow

led
g
e.

T
h
erefo

re,
d
o
m
a
in

k
n
ow

led
g
e
is

in
d
isp

en
sa
b
le

w
h
ile

a
n
a
ly
sin

g
an

d

p
ro
cessin

g
d
a
ta

fo
r
sim

u
la
tio

n
stu

d
ies.

N
o
n
eth

eless,
if
n
o
d
o
m
a
in

ex
p
ertise

is
availa

b
le,

sta
tistica

l
tech

n
iq
u
es

co
u
ld

3
7
5

b
e
a
p
p
lied

to
d
etect

a
n
o
m
a
lies,

su
ch

a
s
th
e
co
m
m
o
n
ly

u
sed

bo
x
p
lo
t
ru
le,

w
h
ich

m
a
rk
s
a
n
y
o
b
servatio

n
sm

a
ller

th
a
n
Q

1 −
1.5I

Q
R

o
r
la
rg
er

th
a
n
Q

3
+
1.5I

Q
R

as

a
n
a
n
o
m
a
ly

[6
3
].

H
ow

ever,
th
is

tech
n
iq
u
e
is

n
o
t
g
u
a
ra
n
teed

to
m
a
rk

a
n
o
m
a
lies

co
rrectly,

a
s
so
m
e
of

th
ese

o
b
servatio

n
s
m
ig
h
t
b
e
ex
cep

tio
n
a
l,
i.e.

u
n
likely,

b
u
t

n
o
t
im

p
o
ssib

le
[6
1
].

In
th
is

stu
d
y,

w
e
va
lid

a
ted

th
e
sca

n
n
in
g
d
u
ra
tio

n
s
w
ith

3
8
0

th
e
d
o
m
a
in

ex
p
erts

b
y
verify

in
g
th
e
d
u
ra
tio

n
s
fo
r
ea
ch

ex
a
m
in
a
tio

n
ty
p
e.

F
o
r

in
sta

n
ce,

th
e
d
o
m
a
in

ex
p
erts

p
oin

ted
ou

t
th
a
t
sca

n
n
in
g
d
u
ra
tio

n
s
th
a
t
to
o
k

ex
a
ctly

zero
seco

n
d
s
w
ere

m
o
st

likely
so
-ca

lled
“
o
n
e-sh

o
t”

im
a
g
es,

a
n
d
th
e
d
u
-

ra
tio

n
co
u
ld

b
e
su
b
stitu

ted
b
y
on

e
m
in
u
te

in
stea

d
.
F
or

ea
ch

ex
a
m
in
a
tio

n
ty
p
e,

th
e
d
o
m
a
in

ex
p
erts

a
lso

d
eterm

in
ed

a
m
a
x
im

u
m

d
u
ra
tio

n
,
e.g

.
C
T
ex
a
m
in
a
tio

n
s

3
8
5

a
re

u
n
likely

to
ta
ke

lo
n
g
er

th
a
n
tw

en
ty

m
in
u
tes.

3
.4
.2
.
C
o
n
fi
gu
ra
tio

n

T
h
e
h
o
sp
ita

l
is

op
en
ed

2
4
/
7
,
a
lth

o
u
g
h
reg

u
la
r
“
o
p
en
in
g
h
o
u
rs”

fro
m

8
A
M
–

6
P
M

are
u
sed

to
in
d
ica

te
th
e
tim

e
p
erio

d
w
h
ich

is
u
su
a
lly

th
e
b
u
siest.

H
o
s-
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E
x
a
m
in
a
tio

n
ty
p
e

M
in

M
a
x

M
ea

n
M
ed

ia
n

S
D

IQ
R

C
B
C
T

0
.0
0

3
2
.0
7

0
.0
6

0
.0
0

1
.0
9

0
.0
0

C
T

-7
2
6
.5
3

3
0
,6
0
5

7
.0
2

2
.0
7

2
0
1
.1
4

2
.2
2

M
A
M
M
O

-6
.4
8

4
0
,7
8
0

1
6
.4
1

2
.9
8

5
3
1
.0
0

1
.3
5

M
R
I

0
.0
0

9
4
6
,4
4
9

1
6
1
.2
2

1
1
.4
8

9
,6
8
0

6
.9
0

U
S

-7
9
.0
0

1
1
6
,6
8
5

7
1
.3
6

2
3
.3
8

6
3
6
.3
7

2
8
.4
8

X
-ra

y
-1
,0
3
1
.6
3

2
,1
0
9
,4
5
7

2
2
.6
9

0
.5
5

5
,1
1
1

1
.2
0

T
a
b
le

3
:
S
ca

n
n
in
g
d
u
ra
tio

n
p
er

ex
a
m
in
a
tio

n
ty
p
e
(in

m
in
s).

p
ita

lised
a
n
d
em

erg
en
cy

p
a
tien

ts
ca
n
arriv

e
a
n
y
tim

e
of

th
e
d
ay.

A
m
b
u
la
to
ry

3
9
0

p
a
tien

ts
o
n
ly

a
rrive

fro
m

7
A
M
–
1
0
P
M

d
u
rin

g
th
e
w
eek

a
n
d

fro
m

7
A
M
–
9
P
M

d
u
rin

g
w
eeken

d
s.

D
ay

h
o
sp
ita

l
p
a
tien

ts
a
rrive

b
etw

een
7
A
M
–
3
P
M

d
u
rin

g
th
e

w
eek

o
n
ly.

T
h
e
n
u
m
b
er

of
p
a
tien

ts
arriv

in
g
is

d
iff
eren

t
th
ro
u
g
h
o
u
t
th
e
d
ay,

w
h
ich

is

a
lso

sh
ow

n
in

F
ig
u
re

2
fo
r
am

b
u
la
to
ry

p
a
tien

ts.
T
h
e
m
o
rn
in
g
sta

rts
q
u
ietly,

3
9
5

a
n
d
gra

d
u
a
lly

m
o
re

a
n
d
m
o
re

am
b
u
la
to
ry

p
a
tien

ts
arrive

th
ro
u
g
h
o
u
t
th
e
m
o
rn
-

in
g
.
A
t
n
o
o
n
it
g
ets

a
little

q
u
ieter,

after
w
h
ich

it
gets

b
u
sier

a
g
a
in

in
th
e
co
u
rse

o
f
th
e
aftern

o
o
n
.
S
ta
rtin

g
fro

m
th
e
ea
rly

even
in
g
,
th
e
n
u
m
b
er

o
f
p
a
tien

ts
a
rriv

-

in
g
g
ra
d
u
a
lly

d
ecrea

ses
u
n
til

th
e
la
st

a
m
b
u
la
to
ry

p
a
tien

ts
arrive

b
efo

re
1
1
P
M
.

T
h
erefo

re,
w
e
m
o
d
elled

all
p
a
tien

t
arrivals

a
s
n
o
n
-sta

tio
n
a
ry

P
oisso

n
p
ro
cesses

4
0
0

w
ith

va
ry
in
g
h
o
u
rly

ra
tes

o
b
ta
in
ed

fro
m

d
a
ta
.
N
o
n
-sta

tio
n
a
ry

P
o
isso

n
p
ro
cesses

a
re

u
sed

to
m
o
d
el

m
a
n
y
rea

l-w
o
rld

sy
stem

s,
w
h
ere

th
e
a
rrival

ra
te

λ
(t)

va
ries

over
tim

e
t
[6
4
].

0 10 20 30 40

7
8

9
10

11
12

13
14

15
16

17
18

19
20

21
H

our

Ambulatory Patients

F
ig
u
re

2
:
N
u
m
b
er

o
f
a
m
b
u
la
to
ry

p
a
tien

ts
a
rriv

in
g
th

ro
u
g
h
o
u
t
th

e
d
a
y.
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S
im

u
la
tio

n
d
ep

en
d
s
o
n
th
e
co
n
cep

t
of

ra
n
d
o
m

n
u
m
b
ers

fo
r
in
p
u
t,
e.g

.,
d
raw

-

in
g
sa
m
p
les

fro
m

th
e
sp
ecifi

ed
p
ro
b
a
b
ility

d
istrib

u
tio

n
s
to

g
en

era
te

p
a
tien

t
ar-

4
0
5

rivals
o
r
d
eterm

in
in
g
th
e
req

u
ired

sca
n
n
in
g
d
u
ra
tio

n
s.

T
h
is

in
p
u
t
ra
n
d
o
m
n
ess

in
d
u
ces

ra
n
d
o
m
n
ess

in
th
e
ou

tp
u
t
a
s
w
ell

[6
5
].

C
o
n
seq

u
en
tly,

th
e
o
u
tp
u
t
m
ea
-

su
res

o
f
th
e
sim

u
la
tio

n
m
o
d
el
m
ig
h
t
d
iff
er

ea
ch

tim
e
th
e
sa
m
e
m
o
d
el
is
sim

u
la
ted

.

B
y
ex
ten

d
in
g
th
e
sim

u
la
tio

n
ru
n
len

g
th
,
th
e
varia

n
ce

in
th
e
ou

tp
u
t
m
ea
su
res

d
e-

crea
ses,

lea
d
in
g
to

sim
ila

r
resu

lts
ea
ch

tim
e
th
e
sa
m
e
m
o
d
el
is
sim

u
la
ted

[6
4
,
6
5
].

4
1
0

T
h
erefo

re,
o
n
e
lo
n
g
sim

u
la
tio

n
ru
n
o
f
7
3
0
d
ay
s
w
as

u
sed

to
lim

it
th
e
im

p
a
ct

of

ra
n
d
o
m
n
ess.

In
a
d
d
itio

n
,
co
m
m
o
n
ra
n
d
o
m

n
u
m
b
er

(C
R
N
)
strea

m
s
w
ith

a
fi
x
ed

seed
w
ere

u
sed

to
m
itig

a
te

th
e
eff

ects
of

ra
n
d
o
m
n
ess

w
h
en

co
m
p
a
rin

g
d
iff
eren

t
scen

a
r-

io
s.

C
R
N
s
a
re

th
e
m
o
st

co
m
m
o
n
ly

u
sed

varia
n
ce

red
u
ctio

n
tech

n
iq
u
e
(V

R
T
).

4
1
5

T
h
e
b
a
sic

id
ea

is
th
a
t
th
e
sa
m
e
ra
n
d
o
m

n
u
m
b
ers

a
re

u
sed

to
d
raw

sa
m
p
les

fro
m

d
istrib

u
tio

n
s
a
cro

ss
scen

a
rio

s,
en
su
rin

g
th
a
t
d
iff
eren

t
resu

lts
ca
n
n
o
t
b
e
at-

trib
u
ted

to
d
iff
eren

t
ra
n
d
o
m

sa
m
p
les,

b
u
t
b
eca

u
se

of
th
e
ch
a
n
g
es

to
th
e
p
ro
cess

p
u
rp
osefu

lly
in
tro

d
u
ced

b
y
th
e
m
o
d
eller

[6
4
].

T
h
e
sim

u
la
tio

n
m
o
d
el

w
a
s
b
u
ild

u
sin

g
A
ren

a
1
6
.1
0
[6
6
]
w
h
ich

h
a
s
a
ll
th
e
req

u
ired

fea
tu
res

to
crea

te
a
n
d
ru
n

4
2
0

sim
u
la
tio

n
m
o
d
els.

3
.4
.3
.
A
ssu

m
p
tio

n
s
&

S
im

p
lifi

ca
tio

n
s

T
h
e
fo
llow

in
g
a
ssu

m
p
tio

n
s
an

d
sim

p
lifi

ca
tio

n
s
h
ave

b
een

d
raw

n
u
p
in

co
n
-

su
lta

tio
n
w
ith

th
e
d
o
m
a
in

ex
p
erts

to
sim

p
lify

th
e
m
o
d
el

in
co
rresp

o
n
d
en
ce

w
ith

th
e
d
esired

sco
p
e:

4
2
5

•
O
n
ly

a
m
b
u
la
to
ry

p
a
tien

ts
w
a
it

in
th
e
d
esig

n
a
ted

w
aitin

g
area

.
A
ll
oth

er

p
a
tien

t
ty
p
es,

i.e.
h
o
sp
ita

lised
,
d
ay

h
o
sp
ita

l,
an

d
em

erg
en
cy

p
a
tien

ts,

w
a
it

in
th
eir

w
a
rd
ro
o
m

or
at

th
e
em

erg
en
cy

d
ep
a
rtm

en
t
(w

h
ich

are
n
o
t

in
clu

d
ed

in
th
e
m
o
d
el)

a
n
d
are

a
ssu

m
ed

to
b
e
p
resen

t
in

th
e
ra
d
io
lo
g
y

d
ep
a
rtm

en
t
w
h
en
ever

th
ey

a
re

ca
lled

in
to

th
e
ex
a
m
in
a
tio

n
ro
om

;
4
3
0

•
E
a
ch

ex
a
m
in
a
tio

n
ro
om

h
a
s
a
sep

a
ra
te

w
a
itin

g
a
rea

.
If,

in
rea

lity,
m
u
lti-

p
le

ex
a
m
in
a
tio

n
ro
o
m
s
w
o
u
ld

sh
a
re

a
co
m
m
o
n
w
a
itin

g
a
rea

,
th
e
req

u
ired
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ca
p
a
city

o
f
th
e
sh
a
red

w
a
itin

g
a
rea

ca
n
b
e
d
erived

a
fterw

a
rd
s
fro

m
th
e

sep
a
ra
te

w
a
itin

g
a
rea

s;

•
A
ll
q
u
eu
es

fo
llow

th
e
sa
m
e
p
rio

rity
lo
g
ic
in

w
h
ich

em
erg

en
cy

p
a
tien

ts
h
ave

4
3
5

th
e
h
ig
h
est

p
rio

rity,
fo
llow

ed
b
y

am
b
u
la
to
ry,

d
ay

h
o
sp
ita

l,
a
n
d

fi
n
a
lly,

h
o
sp
ita

lised
p
a
tien

ts.
O
n
g
o
in
g
ex
a
m
in
a
tio

n
s
a
re

n
ever

a
b
o
rted

w
h
en

a

p
a
tien

t
w
ith

a
h
ig
h
er

p
rio

rity
is

p
resen

ted
.
If

a
p
a
tien

t
req

u
ires

m
u
ltip

le

ex
a
m
in
a
tio

n
s
o
f
th
e
sa
m
e
ty
p
e,

th
ese

ex
a
m
in
a
tio

n
s
a
re

all
p
erfo

rm
ed

on

th
e
sa
m
e
ra
d
io
lo
g
y
d
ev
ice

rig
h
t
a
fter

ea
ch

oth
er.

T
h
is
fl
ow

is
n
o
t
ab

orted
4
4
0

in
th
e
p
resen

ce
o
f
a
h
ig
h
p
rio

rity
p
a
tien

t;

•
A
n
y
ex
a
m
in
a
tio

n
ty
p
e
ca
n

o
ccu

r
at

an
y
tim

e
o
f
th
e
d
ay,

i.e.
n
o
tim

e

b
lo
ck
s
a
re

reserved
fo
r
sp
ecifi

c
ex
a
m
in
a
tio

n
ty
p
es,

w
h
ile

th
e
la
tter

is
co
m
-

m
o
n
p
ra
ctice

in
a
ty
p
ica

l
ra
d
io
lo
g
y
d
ep
a
rtm

en
t.

H
ow

ever,
in
clu

d
in
g
a
n

a
p
p
oin

tm
en
t
sy
stem

w
ith

reserv
ed

tim
e
b
lo
ck
s
w
o
u
ld

sig
n
ifi
ca
n
tly

in
crea

se
4
4
5

th
e
co
m
p
lex

ity
of

th
e
m
o
d
el

an
d
is,

th
erefo

re,
n
o
t
im

p
lem

en
ted

;

•
A
n
y
p
a
tien

t
ca
n
u
n
d
erg

o
a
m
a
x
im

u
m

o
f
fo
u
r
ex
a
m
in
a
tio

n
s,

as
m
o
re

th
a
n

fo
u
r
ex
a
m
in
a
tio

n
s
p
er

p
a
tien

t
is

h
ig
h
ly

ex
cep

tio
n
a
l,
i.e.

less
th
a
n
0.15%

o
f
th
e
reco

rd
ed

p
a
tien

t
v
isits

in
th
e
d
a
ta
set

req
u
ired

m
o
re

th
a
n
fo
u
r
ex
-

a
m
in
a
tio

n
s.

T
h
ese

fo
u
r
ex
a
m
in
a
tio

n
s
d
o
n
o
t
h
av
e
to

b
e
all

o
f
th
e
sa
m
e

4
5
0

m
o
d
a
lity

;

•
T
h
e
d
u
ra
tio

n
of

th
e
ex
a
m
in
a
tio

n
is
in
d
ep

en
d
en
t
o
f
th
e
p
a
tien

t
ty
p
e,
h
ea
lth

co
n
d
itio

n
,
ra
d
io
lo
g
y
d
ev
ice,

tim
e
o
f
th
e
d
ay,

etc.;

•
T
h
e
m
ov
em

en
t
of

p
a
tien

ts
fro

m
th
e
recep

tio
n
to

th
e
ex
a
m
in
a
tio

n
ro
o
m
s

a
n
d
b
etw

een
ex
a
m
in
a
tio

n
ro
om

s
is

n
o
t
in
clu

d
ed

in
th
e
m
o
d
el,

a
s
th
e
im

-
4
5
5

p
a
ct

o
f
th
ese

m
ov
em

en
ts

on
th
e
p
ro
cess

fl
ow

is
d
eem

ed
m
in
im

a
l;

•
P
a
tien

ts
a
rrive

a
lo
n
e.

T
h
is
ca
n
h
ave

an
im

p
a
ct

on
th
e
n
u
m
b
er

o
f
sea

ts
u
sed

in
th
e
w
a
itin

g
ro
o
m
s,
a
s
p
a
tien

ts
a
re

often
a
cco

m
p
a
n
ied

b
y
th
eir

p
a
rtn

er,

a
p
a
ren

t,
o
r
ch
ild

(ren
).

H
ow

ev
er,

n
o
in
fo
rm

a
tio

n
w
a
s
ava

ila
b
le

on
h
ow

freq
u
en
t
p
a
tien

ts
a
re

acco
m
p
a
n
ied

.
M
o
reover,

in
clu

d
in
g
th
is

w
ou

ld
m
a
ke

4
6
0
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th
e
m
o
d
el
v
ery

co
m
p
lex

,
a
s
n
o
t
all

“
v
isits”

w
ou

ld
req

u
ire

ex
a
m
in
a
tio

n
s
a
n
d

leave
w
h
en

th
e
p
a
tien

t
th
ey

acco
m
p
a
n
y
h
a
s
u
n
d
erg

o
n
e
all

ex
a
m
in
a
tio

n
s;

•
In

rea
lity,

ea
ch

ex
a
m
in
a
tio

n
ro
om

h
a
s
tw

o
d
ressin

g
ro
o
m
s
allow

in
g
th
e

n
ex
t
p
a
tien

t
to

ch
a
n
g
e
w
h
ile

th
e
p
rev

io
u
s
p
a
tien

t
is
b
ein

g
ex
a
m
in
ed

.
T
h
is

w
ay,

n
o
tim

e
is

lo
st

w
h
en

th
e
ra
d
io
lo
g
y
d
ev
ice

b
eco

m
es

availa
b
le

a
g
a
in
.

4
6
5

T
h
erefo

re,
d
ressin

g
ro
o
m
s
an

d
tim

e
lo
st

d
u
e
to

(u
n
)d
ressin

g
a
re

n
o
t
in
-

clu
d
ed

in
th
e
m
o
d
el;

•
T
h
e
b
a
ck

o
ffi
ce

recep
tio

n
is
a
lso

resp
o
n
sib

le
fo
r
h
a
n
d
lin

g
in
co
m
in
g
ca
lls

o
f

th
e
ca
ll
cen

tre.
H
ow

ever,
w
e
d
id

n
o
t
in
clu

d
e
th
e
ca
ll
cen

tre
op

era
tio

n
s
in

th
e
m
o
d
el

b
eca

u
se

th
is

w
o
u
ld

in
crea

se
th
e
m
o
d
el’s

co
m
p
lex

ity.
In
stea

d
,

4
7
0

th
e
u
tilisa

tio
n
ra
tes

o
f
th
e
b
a
ck

offi
ce

ca
n
b
e
u
sed

to
d
eterm

in
e
w
h
eth

er

th
ere

is
en
o
u
g
h
ca
p
a
city

left
fo
r
h
a
n
d
lin

g
in
co
m
in
g
ca
lls;

•
W

h
en

a
n

ex
a
m
in
a
tio

n
ro
om

is
op

en
ed
,
it

is
a
ssu

m
ed

to
b
e
sta

ff
ed

b
y

th
e
req

u
ired

n
u
m
b
er

o
f
n
u
rses.

T
h
erefo

re,
n
u
rses

a
re

n
o
t
m
o
d
elled

as

reso
u
rces.

N
eith

er
fo
r
th
eir

d
u
ties

in
th
e
recep

tio
n
;

4
7
5

•
T
h
e
in
terp

reta
tio

n
of

th
e
im

a
g
es

b
y

a
ra
d
io
lo
g
ist

d
o
es

n
o
t
im

p
a
ct

th
e

u
tilisa

tio
n
of

ra
d
io
lo
g
y
eq
u
ip
m
en
t
an

d
is,

th
erefo

re,
n
o
t
in
clu

d
ed

in
th
e

m
o
d
el.

3
.5
.
M
od
el

V
erifi

ca
tio

n
&

V
a
lid

a
tio

n

T
o
en
h
a
n
ce

th
e
cred

ib
ility

of
sim

u
la
tio

n
m
o
d
els,

ea
ch

m
o
d
el

sh
o
u
ld

b
e
v
er-

4
8
0

ifi
ed

to
m
a
k
e
su
re

th
a
t
it

co
n
ta
in
s
n
o
erro

rs,
an

d
valid

a
ted

to
g
u
a
ra
n
tee

th
a
t

th
e
ou

tp
u
t
co
rresp

o
n
d
s
to

th
e
rea

lity
[6
4
,
6
7
–
7
1
].

A
co
m
b
in
a
tio

n
of

sta
tisti-

ca
l
va
lid

a
tio

n
an

d
fa
ce

valid
a
tio

n
b
y
th
e
d
o
m
a
in

ex
p
erts

w
a
s
ca
rried

o
u
t.

F
or

valid
a
tio

n
p
u
rp
oses,

th
e
o
p
era

tio
n
s
of

th
e
la
rg
est

fa
cility

w
ere

m
o
d
elled

as
it

co
n
stitu

tes
th
e
sta

rtin
g
p
oin

t
fo
r
th
e
scen

a
rio

a
n
a
ly
sis.

4
8
5

E
sp
ecia

lly
th
e
n
u
m
b
er

o
f
p
a
tien

ts
arriv

in
g
,
th
e
th
ro
u
g
h
p
u
t
tim

es,
a
n
d
w
a
it-

in
g
tim

es
w
ere

th
e
k
ey

sta
tistics

to
co
m
p
a
re.

F
ig
u
re

3
sh
ow

s
a
co
m
p
a
riso

n
o
f

w
eek

ly
p
a
tien

t
v
isits

b
y
p
a
tien

t
ty
p
e
b
etw

een
h
isto

rica
l
d
a
ta

fro
m

th
e
va
lid

a
-

tio
n
d
a
ta
set

a
n
d
th
e
sim

u
la
tio

n
m
o
d
el’s

o
u
tp
u
t.

B
o
th

m
ea
n
an

d
m
ed
ia
n
w
eek

ly
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p
a
tien

t
v
isits

a
re

very
clo

se
to

on
e
a
n
o
th
er,

b
u
t
th
e
h
isto

rica
l
d
a
ta

h
a
s
a
h
ig
h
er

4
9
0

varia
tio

n
th
a
n
th
e
sim

u
la
tio

n
d
a
ta
.
N
everth

eless,
a
s
sh
ow

n
in

T
a
b
le

4
,
th
e
n
o
n
-

p
a
ra
m
etric

W
ilco

xo
n
-M

a
n
n
-W

h
itn

ey
(W

M
W
)
test

co
u
ld

n
o
t
d
etect

sta
tistica

lly

sig
n
ifi
ca
n
t
d
iff
eren

ces
b
etw

een
th
e
m
ea
n
s
a
t
a
9
5
%

sig
n
ifi
ca
n
ce

lev
el.

U
n
like

th
e
t-test,

w
h
ich

a
ssu

m
es

th
a
t
n
o
rm

a
lity

is
sa
tisfi

ed
,
th
e
W
M
W

-test
d
o
es

n
o
t

a
ssu

m
e
a
n
y
u
n
d
erly

in
g
d
istrib

u
tio

n
[7
2
].
A

sim
ila

r
assessm

en
t
of

th
e
co
rresp

o
n
-

4
9
5

d
en
ce

b
etw

een
h
isto

rica
l
d
a
ta

a
n
d
th
e
sim

u
la
tio

n
m
o
d
el’s

o
u
tp
u
t
fo
r
th
ro
u
g
h
p
u
t

tim
es

an
d
w
aitin

g
tim

es
resu

lted
in

sim
ila

r
fi
n
d
in
g
s.

A
H

D
S

H
istorical

S
im

ulation
H

istorical
S

im
ulation

H
istorical

S
im

ulation
H

istorical
S

im
ulation

300

400

500

600

700

20 40 60

400

500

600

700

800

800

1000

1200

1400

P
atient Type

Weekly Patient Visits

F
ig
u
re

3
:
C
o
m
p
a
riso

n
o
f
w
eek

ly
p
a
tien

t
v
isits

b
y
p
a
tien

t
ty
p
e
b
etw

een
h
isto

rica
l
a
n
d
sim

u
la
-

tio
n
m
o
d
el.

T
h
e
d
ia
m
o
n
d
rep

resen
ts

th
e
a
v
era

g
e
w
eek

ly
p
a
tien

t
v
isits.

P
a
tien

t
ty
p
e

H
isto

rica
l
m
ea

n
S
im

u
la
tio

n
m
ea

n
p
-v
a
lu
e

S
ig
n
ifi
ca

n
ce

A
1
,1
8
4
.8

1
,2
1
5
.0

0
.7
0
2

n
s

H
6
6
6
.0

6
6
6
.2

0
.1
2
8

n
s

D
4
5
.1

4
2
.8

0
.1
2
9

n
s

S
5
6
2
.0

5
5
7
.0

0
.8
0
6

n
s

T
a
b
le

4
:
M
ea

n
w
eek

ly
p
a
tien

t
v
isits

p
er

p
a
tien

t
ty
p
e
o
f
th

e
h
isto

rica
l
d
a
ta

v
ersu

s
th

e
sim

u
la
tio

n

m
o
d
el

(n
s
=

n
o
t
sig

n
ifi
ca

n
t
a
t
9
5
%

sig
n
ifi
ca

n
ce

lev
el)

.

In
a
d
d
itio

n
to

th
e
sta

tistica
l
valid

a
tio

n
,
w
e
a
lso

p
resen

ted
an

d
d
iscu

ssed
th
e

resu
lts

of
th
e
valid

a
tio

n
m
o
d
el

w
ith

th
e
tea

m
of

d
o
m
a
in

ex
p
erts.

D
u
rin

g
th
e

valid
a
tio

n
,
th
e
d
o
m
a
in

ex
p
erts

id
en
tifi

ed
so
m
e
issu

es
w
ith

th
e
op

en
in
g
h
o
u
rs

of
5
0
0

th
e
ex
a
m
in
a
tio

n
ro
o
m
s.

T
h
ese

w
ere

ex
tra

cted
fro

m
th
e
p
ro
cess

ex
ecu

tio
n
d
a
ta

o
f
th
e
R
IS
.
H
ow

ever,
d
u
e
to

d
a
ta

q
u
a
lity

issu
es,

th
ese

w
ere

m
o
d
elled

to
o
b
ro
a
d
.
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T
h
ey

a
lso

p
oin

ted
ou

t
th
a
t
th
e
recep

tio
n
ist

sta
ff
w
o
rk

w
ith

altern
a
tin

g
ro
les

in

th
e
fro

n
t
o
ffi
ce,

b
a
ck

o
ffi
ce,

a
n
d
ca
ll
cen

tre.
A
s
th
is

w
ay

of
w
o
rk
in
g
w
a
s
h
ig
h
ly

a
p
p
recia

ted
b
y
th
e
recep

tio
n
sta

ff
,
th
ey

w
a
n
ted

to
p
reserve

th
is

p
ra
ctice.

A
fter

5
0
5

tw
o
itera

tio
n
s
of

va
lid

a
tin

g
an

d
a
d
ju
stin

g
th
e
m
o
d
el,

th
e
d
o
m
a
in

ex
p
erts

w
ere

co
n
v
in
ced

th
a
t
th
e
m
o
d
el

a
ccu

ra
tely

refl
ected

rea
lity.

3
.6
.
S
cen

a
rio

A
n
a
lysis

C
o
n
sisten

t
w
ith

th
e
C
a
p
a
city

M
a
n
a
g
em

en
t
q
u
estio

n
s
fo
rm

u
la
ted

in
S
ec-

tio
n

3
.3

w
e
d
efi
n
ed

th
e
fo
llow

in
g
scen

a
rio

s
in

co
n
su
lta

tio
n

w
ith

th
e
d
o
m
a
in

5
1
0

ex
p
erts:

S
1
.
“
F
a
cility

M
erger”

:
W
h
a
t
is

th
e
requ

ired
ca
pa
city

fo
r
ra
d
io
logy

d
evices,

w
a
itin

g
a
rea

(i.e.
th
e
n
u
m
ber

o
f
sea

ts),
a
n
d
recep

tio
n
sta

ff
w
h
en

m
ergin

g
th
e

tw
o
la
rgest

ra
d
io
logy

fa
cilities

to
o
n
e
loca

tio
n
to

a
cco

m
m
od
a
te

a
ll
pa
tien

ts
in

a

tim
ely

m
a
n
n
er?

5
1
5

S
2
.
“
C
o
n
tra

st
F
lu
id
”
:
S
o
m
e
a
m
bu
la
to
ry

pa
tien

ts
requ

irin
g
a
C
T

exa
m
in
a
tio

n

n
eed

to
d
rin

k
co
n
tra

st
fl
u
id

o
n
e
h
o
u
r
befo

re
th
ey

ca
n
be

exa
m
in
ed
.
W
h
a
t
is

th
e

im
pa
ct

o
n
th
ro
u
gh
p
u
t
tim

e
a
n
d
requ

ired
w
a
itin

g
a
rea

if
th
is

po
licy

is
n
u
llifi

ed
?

S
3
.
“
O
n
lin

e
R
egistra

tio
n”
:
T
h
e
h
o
sp
ita

l
is

co
n
sid

erin
g
lettin

g
(a

p
ro
po
rtio

n

o
f)

th
e
a
m
bu
la
to
ry

pa
tien

ts
register

th
em

selves
o
n
lin

e
befo

re
th
ey

visit
th
e
h
o
s-

5
2
0

p
ita

l.
T
h
is

a
llo

w
s
th
em

to
go

stra
igh

t
to

th
e
w
a
itin

g
a
rea

o
f
th
e
exa

m
in
a
tio

n

roo
m

in
stea

d
o
f
h
a
vin

g
to

pa
ss

by
th
e
recep

tio
n
.

W
h
a
t
w
ill

be
th
e
im

pa
ct

o
n

w
a
itin

g
tim

e,
w
a
itin

g
a
rea

d
im

en
sio

n
s,

a
n
d
recep

tio
n
sta

ff
requ

irem
en

ts
if

th
is

n
ew

registra
tio

n
system

w
ere

to
be

a
d
o
p
ted

?
W
e
w
ill

eva
lu
a
te

th
e
im

pa
ct

w
h
en

3
0%

o
f
a
m
bu
la
to
ry

pa
tien

ts
w
o
u
ld

register
o
n
lin

e
u
p
fro

n
t.

5
2
5

4
.
R
e
a
l-L

ife
C
a
se

S
tu

d
y
–
R
e
su

lts
&

R
e
c
o
m
m
e
n
d
a
tio

n
s

In
th
is

sectio
n
,
w
e
d
escrib

e
th
e
a
p
p
ro
a
ch
,
p
resen

t
th
e
n
u
m
erica

l
resu

lts,

a
n
d
p
rov

id
e
o
u
r
reco

m
m
en
d
a
tio

n
s
tow

a
rd
s
th
e
ra
d
io
lo
g
y
m
a
n
a
g
em

en
t
fo
r
ea
ch

scen
a
rio

o
f
th
e
rea

l-life
ca
se

stu
d
y.
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4
.1
.
S
cen

a
rio

1
–
F
a
cility

M
erger

5
3
0

S
cen

a
rio

1
sta

rts
w
ith

th
e
sa
m
e
n
u
m
b
er

o
f
ex
a
m
in
a
tio

n
ro
om

s
a
s
th
e
va
l-

id
a
ted

m
o
d
el.

H
ow

ever,
th
e
p
a
tien

t
v
isits

of
th
e
seco

n
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e,
as

th
e
u
tilisa

tio
n
ra
tes

w
ere

a
lrea

d
y
rela

tively
h
ig
h
.

W
ith

th
e
a
d
d
itio

n
o
f
th
e
recep

tio
n
ists

a
lrea

d
y

sch
ed

u
led

in
th
e
seco

n
d
fa
cility,

th
e
recep

tio
n
is

ca
p
a
b
le

of
serv

in
g
all

p
a
tien

ts

in
a
tim

ely
m
a
n
n
er.

In
fa
ct,

th
e
u
tilisa

tio
n
ra
tes

in
d
ica

te
a
red

u
ced

w
ork

lo
a
d

6
3
5

d
u
rin

g
th
e
w
eeken

d
s
a
n
d
fo
r
th
e
ca
ll
cen

tre.
H
ow

ever,
th
e
d
iff
eren

ce
in

u
tilisa

tio
n

ra
tes

is
co
n
sid

ered
to
o
low

to
red

u
ce

th
e
sch

ed
u
le

w
ith

on
e
recep

tio
n
ist.

F
in
a
lly,

w
e
an

a
ly
sed

th
e
req

u
ired

n
u
m
b
er

of
sea

ts
in

th
e
w
a
itin

g
a
rea

s
fo
r

ea
ch

ex
a
m
in
a
tio

n
ro
o
m
.
F
o
r
all

ro
o
m
s,
tw

o
or

th
ree

sea
ts

a
re

su
ffi
cien

t
to

allow

a
ll
w
a
itin

g
a
m
b
u
la
to
ry

p
a
tien

ts
to

ta
ke

a
sea

t
in

9
5
%

o
f
th
e
ca
ses.

O
n
ly

in
6
4
0

ex
cep

tio
n
a
l
ca
ses,

th
is

n
u
m
b
er

o
f
sea

ts
w
ou

ld
b
e
in
su
ffi
cien

t,
b
u
t
even

th
en
,

p
a
tien

ts
o
n
ly

h
av
e
to

sta
n
d
fo
r
a
few

m
in
u
tes

at
m
o
st.

H
ow

ever,
w
e
sh
o
u
ld

n
o
te

th
a
t
in

th
e
sim

u
la
tio

n
m
o
d
el,

w
e
assu

m
ed

th
a
t
p
a
tien

ts
arrive

a
lo
n
e
(cf.

su
p
ra

S
ectio

n
3.4

.3
).

A
s
p
a
tien

ts
a
re

often
a
cco

m
p
a
n
ied

b
y
th
eir

p
a
rtn

er,
a
p
a
ren

t,
o
r

ch
ild

(ren
),

th
e
n
u
m
b
er

of
o
ccu

p
ied

sea
ts

w
ou

ld
b
e
h
ig
h
er

in
rea

lity.
T
h
erefo

re,
6
4
5

th
e
n
u
m
b
er

of
req

u
ired

sea
ts

n
eed

s
to

b
e
m
u
ltip

lied
b
y
th
e
n
u
m
b
er

o
f
p
eo
p
le

u
su
a
lly

a
cco

m
p
a
n
y
in
g
a
p
a
tien

t.

4
.2
.
S
cen

a
rio

2
–
C
o
n
tra

st
F
lu
id

F
or

S
cen

a
rio

2
w
e
co
n
tin

u
e
w
ith

co
n
fi
g
u
ra
tio

n
S
1
c
o
f
S
cen

a
rio

1
an

d
eva

lu
a
te

th
e
eff

ect
o
f
o
m
ittin

g
th
e
req

u
irem

en
t
fo
r
so
m
e
am

b
u
la
to
ry

p
a
tien

ts
to

d
rin

k
6
5
0

co
n
tra

st
fl
u
id

on
e
h
o
u
r
b
efo

re
th
ey

ca
n
h
ave

th
eir

C
T

ex
a
m
in
a
tio

n
.

4
.2
.1
.
N
u
m
erica

l
R
esu

lts

T
h
e
avera

g
e
th
ro
u
g
h
p
u
t
tim

es
of

am
b
u
la
to
ry

p
a
tien

ts
req

u
irin

g
a
t
lea

st
on

e

C
T

ex
a
m
in
a
tio

n
a
re

sh
ow

n
in

T
a
b
le

9
.
In

co
n
fi
g
u
ra
tio

n
S
2
,
n
o
n
e
of

th
e
a
m
-
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b
u
la
to
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p
a
tien

ts
h
a
s
to

w
ait

o
n
e
h
o
u
r
b
efo

re
th
eir

C
T

ex
a
m
in
a
tio

n
s(s)

ca
n
b
e

6
5
5

p
erfo

rm
ed
,
w
h
ich

resu
lts

in
an

av
era

g
e
red

u
ctio

n
o
f
9
.0
8
m
in
u
tes,

o
r−

2
2
%
,
in

th
ro
u
g
h
p
u
t
tim

e
fo
r
all

a
m
b
u
la
to
ry

p
a
tien

ts
req

u
irin

g
a
t
lea

st
on

e
C
T

ex
a
m
i-

n
a
tio

n
.

C
o
n
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g
u
ra
tio

n
C
F
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o
C
F
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ll
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T

M
ea

n
±

M
ea

n
±

M
ea

n
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S
1
c

7
6
.7
7

0
.2
4

3
2
.9
3

0
.2
4

4
1
.9
1

0
.2
8

S
2

-
-

3
2
.8
5

0
.2
1

3
2
.8
5

0
.2
1

T
a
b
le

9
:
A
v
era

g
e
th

ro
u
g
h
p
u
t
tim

es
(in

m
in
s)

w
ith

9
5
%

co
n
fi
d
en

ce
in
terv

a
ls

o
f
a
m
b
u
la
to
ry

p
a
tien

ts
req

u
irin

g
a
t
lea

st
o
n
e
C
T

ex
a
m
in
a
tio

n
(C

F
=

req
u
ired

to
d
rin

k
co

n
tra

st
fl
u
id

a
n
d

w
a
it

o
n
e
h
o
u
r
b
efo

re
b
ein

g
ex

a
m
in
ed

).

P
atien

ts
w
h
o
cu
rren

tly
n
eed

to
d
rin

k
co
n
tra

st
fl
u
id

h
av
e
to

w
a
it
th
is
h
o
u
r
in

th
e
w
a
itin

g
a
rea

o
f
th
e
ex
a
m
in
a
tio

n
ro
o
m

w
h
ere

th
ey

w
ill

u
n
d
erg

o
th
eir

ex
a
m
-

6
6
0

in
a
tio

n
(s).

T
h
erefo

re,
ch
a
n
g
in
g
th
is

p
o
licy

also
im

p
a
cts

th
e
req

u
ired

ca
p
a
city

o
f
th
e
w
a
itin

g
a
rea

s,
i.e.

sea
ts.

H
ow

ever,
as

T
a
b
le

1
0
sh
ow

s,
th
e
im

p
a
ct

is

rela
tively

lim
ited

in
a
b
so
lu
te

term
s,

ty
p
ica

lly
req

u
irin

g
on

e
sea

t
less.

C
o
n
fi
g
u
ra
tio

n
E
x
a
m
.
ro
o
m

M
ea

n
M
ed

ia
n

Q
2
5

Q
7
5

Q
9
0

Q
9
5

S
1
c

C
T

1
1
.3
9

1
1

2
3

3

S
1
c

C
T

2
1
.1
5

1
0

2
2

3

S
2

C
T

1
0
.9
4

1
0

1
2

2

S
2

C
T

2
0
.8
5

1
0

1
2

2

T
a
b
le

1
0
:
N
u
m
b
er

o
f
sea

ts
ta
k
en

b
y
a
m
b
u
la
to
ry

p
a
tien

ts
w
a
itin

g
fo
r
C
T

ex
a
m
in
a
tio

n
ro
o
m
s

p
er

co
n
fi
g
u
ra
tio

n
.

4
.2
.2
.
R
eco

m
m
en

d
a
tio

n
s

E
ven

th
o
u
g
h
so
m
e
o
f
th
e
am

b
u
la
to
ry

p
a
tien

ts
h
a
d
to

w
ait

a
fu
ll
h
o
u
r
less,

6
6
5

th
e
avera

g
e
red

u
ctio

n
in

th
e
th
ro
u
g
h
p
u
t
tim

e
fo
r
all

a
m
b
u
la
to
ry

p
a
tien

ts
is
on

ly

9
.0
8
m
in
u
tes

–
o
r
2
2
%

–
fo
r
a
ll
am

b
u
la
to
ry

p
a
tien

ts
req

u
irin

g
a
t
lea

st
on

e
C
T

ex
a
m
in
a
tio

n
.

T
w
o
elem

en
ts

th
a
t
co
n
trib

u
te

to
th
is

ex
p
la
n
a
tio

n
a
re:

(i)
on

ly

2
1
%

o
f
a
ll
a
m
b
u
la
to
ry

p
a
tien

ts
req

u
irin

g
a
C
T

ex
a
m
in
a
tio

n
h
av
e
to

d
rin

k
th
e
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co
n
tra

st
fl
u
id
,
a
n
d

(ii)
w
h
en

th
ese

p
a
tien

ts
n
eed

m
u
ltip

le
ex
a
m
in
a
tio

n
s,

th
e

6
7
0

o
th
er

ex
a
m
in
a
tio

n
s
are

m
a
d
e
fi
rst

su
ch

th
a
t
th
e
p
a
tien

t
lo
ses

less
tim

e
d
u
e
to

w
aitin

g
.

T
h
erefo

re,
th
e
req

u
ired

n
u
m
b
er

of
sea

ts
in

th
e
C
T

w
a
itin

g
a
rea

s
is

o
n
ly

m
a
rg
in
a
lly

im
p
a
cted

b
y
th
is

ch
a
n
g
e
a
s
w
ell,

ty
p
ica

lly
req

u
irin

g
on

e
sea

t

less.
F
ro
m

th
e
p
rev

io
u
s,
it
fo
llow

s
th
a
t
th
e
d
ecisio

n
reg

a
rd
in
g
th
e
co
n
tra

st
fl
u
id

p
olicy

h
a
s
a
fa
irly

lim
ited

im
p
a
ct

o
n
th
e
C
M

d
ecisio

n
s
th
a
t
n
eed

to
b
e
m
a
d
e.

6
7
5

H
en
ce,

th
is

im
p
a
ct

ca
n
b
e
d
isreg

a
rd
ed

w
h
en

d
evelo

p
in
g
th
e
p
la
n
s
fo
r
th
e
n
ew

fa
cility.

4
.3
.
S
cen

a
rio

3
–
O
n
lin

e
R
egistra

tio
n

S
cen

a
rio

3
eva

lu
a
tes

th
e
im

p
a
ct

of
allow

in
g
3
0
%

o
f
th
e
am

b
u
la
to
ry

p
a
tien

ts

to
reg

ister
th
em

selv
es

on
lin

e
b
efo

re
th
ey

v
isit

th
e
h
o
sp
ita

l.
T
h
is
a
llow

s
th
em

to
6
8
0

sk
ip

th
e
recep

tio
n
a
n
d
g
o
stra

ig
h
t
to

th
e
w
aitin

g
area

of
th
e
ex
a
m
in
a
tio

n
ro
om

fo
r
th
eir

a
p
p
o
in
tm

en
t.

W
e
co
m
p
a
re

th
is

to
co
n
fi
g
u
ra
tio

n
S
1
c
o
f
S
cen

a
rio

1
.

F
irst,

w
e
m
a
in
ta
in
ed

th
e
sta

ffi
n
g
sch

ed
u
le

of
th
e
recep

tio
n
fro

m
co
n
fi
g
u
ra
-

tio
n
S
1
c
a
n
d
evalu

a
ted

th
e
im

p
a
ct

on
u
tilisa

tio
n
ra
tes

o
f
th
e
red

u
ced

n
u
m
b
er

o
f
a
m
b
u
la
to
ry

p
a
tien

ts
th
a
t
w
ere

served
b
y
th
e
recep

tio
n
in

co
n
fi
g
u
ra
tio

n
S
3
a
.

6
8
5

N
ex
t,

w
e
slig

h
tly

a
d
ju
sted

th
e
n
u
m
b
er

o
f
sch

ed
u
led

recep
tio

n
ists

in
co
n
fi
g
u
ra
-

tio
n
S
3
b
to

a
n
ticip

a
te

th
e
red

u
ced

w
ork

lo
a
d
.

4
.3
.1
.
N
u
m
erica

l
R
esu

lts

A
s
ex
p
ected

,
th
e
u
tilisa

tio
n
ra
tes

o
f
b
oth

th
e
fro

n
t
a
n
d
b
a
ck

offi
ce,

a
s
w
ell

a
s

th
e
w
a
itin

g
tim

e
b
efo

re
reg

istra
tio

n
,
d
ecrea

sed
in

co
n
fi
g
u
ra
tio

n
S
3
a
.
T
a
b
le

1
1

6
9
0

p
rov

id
es

a
n
overv

iew
o
f
th
e
avera

g
e
h
o
u
rly

u
tilisa

tio
n
ra
tes

p
er

recep
tio

n
.
In

co
n
fi
g
u
ra
tio

n
S
1
c,

th
e
u
tilisa

tio
n
ra
te

of
th
e
fro

n
t
offi

ce
d
u
rin

g
op

en
in
g
h
o
u
rs

w
as

rela
tively

h
ig
h
a
t
8
4
%

o
n
av
era

g
e,

w
h
ich

in
d
ica

tes
little

m
a
rg
in

fo
r
a
n
in
-

crea
sed

w
ork

lo
a
d
.
W

h
en

3
0
%

o
f
th
e
am

b
u
la
to
ry

p
a
tien

ts
w
o
u
ld

reg
ister

th
em

-

selves
o
n
lin

e
in

co
n
fi
g
u
ra
tio

n
S
3
a
,
th
e
av
era

g
e
u
tilisa

tio
n
ra
te

of
th
e
fro

n
t
offi

ce
6
9
5

d
ro
p
s
to

7
0
%
.

A
s
th
e
b
a
ck

offi
ce

h
elp

s
th
e
fro

n
t
o
ffi
ce

d
u
rin

g
b
u
sy

p
erio

d
s,

a
su
ffi
cien

tly

la
rg
e
w
o
rk
lo
a
d
red

u
ctio

n
fo
r
th
e
fro

n
t
offi

ce
w
ill

a
lso

resu
lt

in
a
red

u
ctio

n
o
f
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b
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b
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b
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b
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b
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ra
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te

th
e
C
M

7
7
5

q
u
estio

n
s
[7
7
].

In
a
d
d
itio

n
,
th
e
b
o
u
n
d
a
ries

o
f
th
e
m
o
d
elled

p
ro
cess

n
eed

to
b
e

set
[6
5
,
6
7
,
6
9
,
7
3
,
7
8
],

e.g
.

b
y
d
iscu

ssin
g
w
h
ich

activ
ities

are
im

p
orta

n
t
fo
r
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th
e
an

a
ly
sis

a
n
d
w
h
ich

a
re

ou
t
o
f
sco

p
e
g
iven

th
e
d
efi
n
ed

C
M

q
u
estio

n
s.

T
h
ese

q
u
estio

n
s
a
lso

g
u
id
e
d
ecisio

n
s
reg

a
rd
in
g
th
e
req

u
ired

level
o
f
d
eta

il
o
f
th
e
sim

u
-

la
tio

n
m
o
d
el
[6
4
,
6
5
,
6
7
,
7
9
].
T
h
e
fo
rm

u
la
ted

C
M

q
u
estio

n
s
m
ig
h
t
b
e
stra

teg
ica

l,
7
8
0

ta
ctica

l,
o
p
era

tio
n
s,

o
r
a
co
m
b
in
a
tio

n
o
f
th
ese

d
ecisio

n
levels

(cf.
S
ectio

n
2.1

).

T
y
p
ica

lly,
stra

teg
ica

l
d
ecisio

n
s
ca
n
b
e
m
o
d
elled

on
a
h
ig
h
er

level
of

ab
stra

ctio
n
,

w
h
erea

s
o
p
era

tio
n
a
l
d
ecisio

n
s
req

u
ire

a
h
ig
h
level

o
f
d
eta

il.
F
in
a
lly,

th
e
p
ro
ject

p
la
n
n
in
g
ca
n
b
e
m
a
d
e
b
y
estim

a
tin

g
th
e
req

u
ired

tim
e
to

p
erfo

rm
th
e
D
D
P
S

a
n
a
ly
sis

[6
5
,
7
4
,
7
5
].
T
h
is

also
en
ta
ils

settin
g
p
ro
ject

m
ilesto

n
es

[6
5
].

7
8
5

5
.2
.
D
a
ta
-D

riven
P
rocess

S
im

u
la
tio

n
A
n
a
lysis

T
h
e
D
a
ta
-D

riven
P
rocess

S
im

u
la
tio

n
a
n
a
lysis

co
n
sists

o
f
fo
u
r
key

sta
g
es:

(i)

d
a
ta

q
u
a
lity

assessm
en
t,
(ii)

m
o
d
el
d
evelo

p
m
en
t,
(iii)

m
o
d
el
va
lid

a
tio

n
,
a
n
d
(iv

)

scen
a
rio

a
n
a
ly
sis.

5
.2
.1
.
D
a
ta

Q
u
a
lity

A
ssessm

en
t

7
9
0

In
th
e
d
a
ta

qu
a
lity

a
ssessm

en
t
sta

g
e,

th
e
p
ro
cess

ex
ecu

tio
n
d
a
ta

is
ex
p
lo
red

a
n
d
in
sp
ected

fo
r
d
a
ta

q
u
a
lity

issu
es.

B
eca

u
se

th
e
q
u
a
lity

of
th
e
in
p
u
t
d
a
ta

h
a
s
a

p
ro
fo
u
n
d
im

p
a
ct

o
n
th
e
relia

b
ility

of
th
e
o
u
tp
u
t
resu

lts
[4
0
,
6
1
],
th
e
d
a
ta

q
u
a
lity

h
a
s
to

b
e
a
ssessed

a
t
th
e
ea
rliest

p
ossib

le
sta

g
e.

W
h
ile

so
m
e
issu

es
ca
n
b
e
ea
sily

d
etected

,
e.g

.
n
eg
a
tive

activ
ity

d
u
ra
tio

n
s
o
r
m
issin

g
d
a
ta
,
oth

er
p
ro
b
lem

s
a
re

7
9
5

m
u
ch

h
a
rd
er

to
fi
n
d
w
ith

o
u
t
sp
ecifi

c
d
o
m
a
in

k
n
ow

led
g
e,

e.g
.
th
e
ra
n
g
e
w
ith

in

a
n
a
ctiv

ity
d
u
ra
tio

n
is

fea
sib

le.
A
s
th
e
q
u
a
lity

of
th
e
in
p
u
t
d
a
ta

is
ty
p
ica

lly

a
ssessed

in
fu
n
ctio

n
o
f
th
e
in
ten

d
ed

u
se,

a
clo

se
rela

tio
n
sh
ip

ex
ists

b
etw

een
d
a
ta

q
u
a
lity

a
ssessm

en
t
an

d
th
e
d
evelo

p
m
en
t
o
f
th
e
m
o
d
el,

i.e.
th
e
n
ex
t
sta

g
e.

A
s

th
e
d
evelo

p
m
en
t
o
f
th
e
m
o
d
el

p
ro
g
resses,

th
e
su
ita

b
ility

of
th
e
ava

ila
b
le

p
ro
cess

8
0
0

ex
ecu

tio
n
d
a
ta

fo
r
th
e
m
o
d
ellin

g
ta
sk

at
h
a
n
d
(e.g

.
a
ctiv

ity
d
u
ra
tio

n
s,
reso

u
rce

ava
ila

b
ilities,

o
r
th
e
a
rrival

ra
te

of
n
ew

ca
ses)

w
ill

n
eed

to
b
e
(re-)a

ssessed
.
T
h
e

vario
u
s
to
o
ls

a
n
d
fra

m
ew

ork
s
on

d
a
ta

q
u
a
lity

assessm
en
t
(cf.

S
ectio

n
2.3

)
ca
n

su
p
p
o
rt

th
is

sta
g
e
in

o
rd
er

to
d
etect

a
va
riety

o
f
d
a
ta

q
u
a
lity

issu
es

w
h
ich

are

releva
n
t
fo
r
th
e
co
n
stru

ctio
n
o
f
th
e
sim

u
la
tio

n
m
o
d
el.

8
0
5

B
esid

es
d
etectin

g
d
a
ta

q
u
a
lity

issu
es,

d
ecisio

n
s
n
eed

to
b
e
m
a
d
e
o
n

h
ow
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to
h
a
n
d
le

th
em

a
p
p
ro
p
ria

tely.
T
h
is

req
u
ires

d
o
m
a
in

k
n
ow

led
g
e
as

w
ell,

w
h
ich

h
ig
h
lig

h
ts,

o
n
ce

a
g
a
in
,
th
e
in
d
isp

en
sa
b
le

ch
a
ra
cter

o
f
in
volv

in
g
d
o
m
a
in

ex
p
erts

d
u
rin

g
th
is
sta

g
e.

B
efo

re
rea

ch
in
g
an

accep
ta
b
le

q
u
a
lity

lev
el,

severa
l
itera

tio
n
s

o
f
d
a
ta

q
u
a
lity

a
ssessm

en
ts

a
n
d
co
rrectio

n
s
m
ig
h
t
b
e
req

u
ired

.
In

a
d
d
itio

n
,
th
ese

8
1
0

n
ew

ly
u
n
covered

in
sig

h
ts

fro
m

th
e
d
a
ta

m
ig
h
t
trig

g
er

ad
d
itio

n
a
l
p
olicy

q
u
estio

n
s

o
r,
d
u
e
to

th
e
severity

of
d
a
ta

q
u
a
lity

issu
es,

so
m
e
p
olicy

q
u
estio

n
s
m
ig
h
t
n
eed

to
b
e
refo

rm
u
la
ted

.
M
o
reover,

a
s
th
e
d
evelo

p
m
en
t
o
f
th
e
sim

u
la
tio

n
m
o
d
el

p
ro
g
resses,

n
ew

issu
es

m
ig
h
t
co
m
e
to

lig
h
t.

T
h
erefo

re,
severa

l
o
f
th
ese

itera
tio

n
s

o
f
d
a
ta

q
u
a
lity

assessm
en
t
an

d
d
a
ta

clea
n
in
g
m
ig
h
t
b
e
req

u
ired

th
ro
u
g
h
o
u
t
th
e

8
1
5

D
D
P
S
an

a
ly
sis.

C
o
n
seq

u
en
tly,

th
is

sta
g
e,

in
w
h
ich

th
e
p
ro
cess

ex
ecu

tio
n
d
a
ta

is
co
llected

,
an

a
ly
sed

,
a
n
d
p
rep

a
red

,
ty
p
ica

lly
req

u
ires

a
sig

n
ifi
ca
n
t
am

o
u
n
t
of

tim
e
[6
8
,
6
9
].

W
h
ile

litera
tu
re

on
th
e
em

erg
in
g
b
ra
n
ch

o
f
D
D
P
S
in

P
ro
cess

M
in
in
g
o
ften

refers
to

th
e
fu
lly

a
u
to
m
a
ted

d
iscovery

o
f
sim

u
la
tio

n
m
o
d
els

fro
m

ev
en
t
lo
g
s

8
2
0

[1
0
,
1
1
,
3
8
],
th
e
d
a
ta

q
u
a
lity

issu
es

o
f
h
o
sp
ita

l
p
ro
cess

ex
ecu

tio
n
d
a
ta

im
p
ed
e

th
is

fu
lly

a
u
to
m
a
ted

d
eriva

tio
n
,
a
s
m
a
n
y
im

p
orta

n
t
d
eta

ils
a
re

n
o
t
reco

rd
ed

(e.g
.
th
e
ex
a
ct

arriva
l
tim

e
of

p
a
tien

ts
or

w
h
en

a
p
a
rticu

la
r
a
ctiv

ity
sta

rted
)

o
r
a
re

in
a
ccu

ra
tely

reco
rd
ed

(e.g
.
in
verted

tim
esta

m
p
s,

sy
stem

erro
rs,

or
b
a
tch

reg
istra

tio
n
).

N
o
tw

ith
sta

n
d
in
g
th
e
in
crea

sin
g
resea

rch
atten

tio
n
d
ev
o
ted

to
th
e

8
2
5

d
evelo

p
m
en
t
of

ta
x
o
n
o
m
ies

an
d
fra

m
ew

o
rk
s
to

id
en
tify,

assess,
a
n
d
h
a
n
d
le

d
a
ta

q
u
a
lity

issu
es

(cf.
S
ectio

n
2.3

),
th
ere

are
still

su
b
sta

n
tia

l
im

p
rovem

en
ts

to
b
e

m
a
d
e
to

th
e
fi
eld

of
D
D
P
S
b
y
ex
ten

d
in
g
a
n
d
in
teg

ra
tin

g
d
a
ta

q
u
a
lity

assessm
en
t

a
n
d
co
rrectio

n
a
lg
o
rith

m
s
in
to

tech
n
iq
u
es

a
n
d
to
ols.

5
.2
.2
.
M
od
el

D
evelo

p
m
en

t
8
3
0

In
th
e
m
od
el

d
evelo

p
m
en

t
sta

g
e,

th
e
sim

u
la
tio

n
m
o
d
el

–
w
h
ich

rep
resen

ts

th
e
o
p
era

tio
n
a
l
b
eh
av
io
u
r
o
f
th
e
rea

l-life
p
ro
cess

in
a
co
m
p
u
ter

m
o
d
el

–
is

d
e-

velo
p
ed

[7
,
6
4
,
7
3
,
7
4
].

T
o
th
is

en
d
,
a
w
id
e
va
riety

o
f
m
o
d
ellin

g
ta
sk
s
n
eed

s

to
b
e
co
n
d
u
cted

,
su
ch

a
s
th
e
sp
ecifi

ca
tio

n
of

th
e
co
n
tro

l-fl
ow

(i.e.
th
e
o
rd
er

o
f
a
ctiv

ities),
th
e
a
rrival

ra
te

of
n
ew

ca
ses,

a
ctiv

ity
d
u
ra
tio

n
s,

an
d

reso
u
rce

8
3
5

ava
ila

b
ilities

[8
].
Id
ea
lly,

th
ese

m
o
d
el

co
m
p
on

en
ts

sh
o
u
ld

b
e
m
o
d
elled

b
a
sed

o
n
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in
sig

h
ts

fro
m

p
ro
cess

ex
ecu

tio
n
d
a
ta

a
s
m
u
ch

a
s
p
o
ssib

le
as

th
is
d
a
ta

refl
ects

th
e

rea
l-life

ex
ecu

tio
n
o
f
th
e
p
ro
cess.

H
ow

ever,
a
s
th
is
m
ig
h
t
n
o
t
a
lw
ay

s
b
e
p
ossib

le

d
u
e
to
,
e.g

.
d
a
ta

q
u
a
lity

issu
es,

th
e
in
p
u
t
o
f
d
o
m
a
in

ex
p
erts

is
lik

ely
to

b
e
re-

q
u
ired

a
lo
n
g
sid

e
th
e
d
a
ta

fo
r
so
m
e
m
o
d
ellin

g
ta
sk
s
[7
5
].
A

stru
ctu

red
overv

iew
8
4
0

o
f
th
ese

m
o
d
ellin

g
ta
sk
s
a
n
d
h
ow

P
M

ca
n
b
e
u
sed

to
su
p
p
o
rt

sim
u
la
tio

n
m
o
d
el

co
n
stru

ctio
n
is

p
rov

id
ed

b
y
M
a
rtin

et
a
l.
[8
].

D
u
rin

g
th
e
d
evelo

p
m
en
t
o
f
a
sim

u
la
tio

n
m
o
d
el,

ab
stra

ctio
n
s
of

rea
lity

w
ill

n
eed

to
b
e
m
a
d
e
[6
4
,
6
8
,
7
4
,
7
9
].

In
th
is

resp
ect,

it
is

essen
tia

l
th
a
t
a
ll

as-

su
m
p
tio

n
s
a
n
d
sim

p
lifi

ca
tio

n
s
th
a
t
w
ere

m
a
d
e
are

th
o
ro
u
g
h
ly

fo
rm

u
la
ted

a
n
d

8
4
5

d
o
cu
m
en
ted

[6
4
,
6
5
,
6
7
,
6
9
,
7
4
,
7
9
].

W
h
ile

sta
te-o

f-th
e-a

rt
D
D
P
S
m
o
d
el

d
iscovery

[1
0
]
d
em

o
n
stra

tes
th
e
fea

sib
il-

ity
of

u
sin

g
p
ro
cess

ex
ecu

tio
n
d
a
ta

to
co
n
stru

ct
sim

u
la
tio

n
-rea

d
y
m
o
d
els,

m
a
n
y

a
ssu

m
p
tio

n
s
are

still
m
a
d
e,

en
ta
ilin

g
th
e
risk

o
f
g
en
era

tin
g
ov
ersim

p
lifi

ed
m
o
d
-

els
a
n
d
u
n
rea

listic
b
eh

av
io
u
r
in

a
h
ea
lth

ca
re

settin
g
.
E
sp
ecia

lly
th
e
reso

u
rce

8
5
0

p
ersp

ective,
su
ch

a
s
reso

u
rce

req
u
irem

en
ts,

ro
les,

a
n
d
sch

ed
u
les,

are
in
d
isp

en
s-

a
b
le
w
h
en

m
a
k
in
g
accu

ra
te

C
M

d
ecisio

n
s.

C
u
rren

t
sta

te-o
f-th

e-a
rt

D
D
P
S
m
o
d
el

d
iscovery

o
ff
ers

lim
ited

su
p
p
o
rt

fo
r
th
e
reso

u
rce

p
ersp

ective
[8
0
].

5
.2
.3
.
M
od
el

V
erifi

ca
tio

n
&

V
a
lid

a
tio

n

T
h
e
m
od
el

verifi
ca
tio

n
a
n
d
va
lid

a
tio

n
sta

g
e
in
volv

es
a
ssessin

g
w
h
eth

er
th
e

8
5
5

sim
u
la
tio

n
m
o
d
el

op
era

tes
a
s
in
ten

d
ed

an
d
co
n
ta
in
s
n
o
erro

rs
(i.e.

verifi
ca
tio

n
),

a
n
d
w
h
eth

er
th
e
m
o
d
el’s

b
eh
av
io
u
r
a
n
d
ou

tp
u
t
rep

resen
t
th
e
rea

l-life
p
ro
cess

in

a
su
ffi
cien

tly
accu

ra
te

w
ay

(i.e.
va
lid

a
tio

n
)
[6
4
,
6
7
–
7
1
].

In
th
is

sta
g
e,

a
co
m
b
in
a
tio

n
of

sta
tistica

l
a
n
d

d
o
m
a
in

ex
p
ert

verifi
ca
tio

n

a
n
d
va
lid

a
tio

n
ca
n
b
e
u
sed

[7
6
].
S
o
m
e
ou

tp
u
t
m
ea
su
res,

su
ch

a
s
th
ro
u
g
h
p
u
t
o
r

8
6
0

w
aitin

g
tim

es,
ca
n
ty
p
ica

lly
b
e
sta

tistica
lly

valid
a
ted

u
sin

g
a
va
lid

a
tio

n
d
a
ta
set

th
a
t
h
a
s
n
o
t
b
een

u
sed

d
u
rin

g
th
e
m
o
d
el

d
ev
elo

p
m
en
t
p
h
a
se.

O
th
er

asp
ects

of

th
e
m
o
d
el,

esp
ecia

lly
th
e
p
a
rts

th
a
t
ex
ten

sively
req

u
ired

th
e
in
p
u
t
o
f
d
o
m
a
in

ex
p
erts,

ca
n
n
o
t
b
e
sta

tistica
lly

valid
a
ted

a
s
lim

ited
o
r
n
o
d
a
ta

w
as

availa
b
le
an

d

h
ave

to
b
e
va
lid

a
ted

b
y
th
e
d
o
m
a
in

ex
p
erts.

T
h
is
va
lid

a
tio

n
b
y
d
o
m
a
in

ex
p
erts

8
6
5

ca
n
,
fo
r
in
sta

n
ce,

b
e
o
p
era

tio
n
a
lised

b
y
m
ea
n
s
of

a
stru

ctu
red

w
alk

-th
ro
u
g
h
,
in
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w
h
ich

th
e
co
rrectn

ess
o
f
th
e
m
o
d
el

is
in
sp
ected

b
y
d
iscu

ssin
g
it

w
ith

d
o
m
a
in

ex
p
erts

[6
4
,
7
5
].

In
ad

d
itio

n
,
th
e
a
ssu

m
p
tio

n
s
an

d
sim

p
lifi

ca
tio

n
s
th
a
t
w
ere

a
p
p
lied

d
u
rin

g
m
o
d
el

d
evelo

p
m
en
t
sh
o
u
ld

b
e
d
iscu

ssed
w
ith

a
n
d
u
n
d
ersto

o
d
b
y

th
e
d
o
m
a
in

ex
p
erts

to
d
eterm

in
e
w
h
eth

er
th
ese

a
b
stra

ctio
n
s
w
ere

valid
to

b
e

8
7
0

m
a
d
e
[6
7
,
7
1
].

If
th
e
sim

u
la
tio

n
m
o
d
el

is
n
o
t
rea

ch
in
g
th
e
d
esired

accu
ra
cy

lev
el,

eith
er

sta
-

tistica
lly

o
r
d
eem

ed
b
y
th
e
d
o
m
a
in

ex
p
erts,

th
e
m
o
d
eller

n
eed

s
to

retu
rn

to
th
e

m
o
d
el

d
evelo

p
m
en
t
sta

g
e
to

im
p
rove

th
e
sim

u
la
tio

n
m
o
d
el

[6
4
,
7
1
,
7
6
].
S
evera

l

itera
tio

n
s
o
f
verifi

ca
tio

n
a
n
d
valid

a
tio

n
,
a
n
d
sim

u
la
tio

n
m
o
d
el
co
rrectio

n
s
m
ig
h
t

8
7
5

b
e
req

u
ired

to
a
tta

in
th
e
d
esired

accu
ra
cy

level.

W
h
en

m
o
d
ellin

g
co
m
p
lex

o
p
era

tio
n
a
l
sy
stem

s,
su
ch

as
h
ea
lth

ca
re

p
ro
cesses,

d
o
m
a
in

ex
p
ertise

is
in
d
isp

en
sa
b
le

to
give

m
ea
n
in
g
to

p
a
ttern

s
arisin

g
fro

m
th
e

d
a
ta

a
n
d
p
rov

id
e
ad

d
itio

n
a
l
in
fo
rm

a
tio

n
reg

a
rd
in
g
th
e
p
ro
cess.

S
im

u
lta

n
eo
u
sly,

sp
ecifi

c
ex
p
ertise

is
req

u
ired

w
h
en

co
n
d
u
ctin

g
D
D
P
S

[6
4
,
7
4
],

w
h
ich

is
n
o
t

8
8
0

w
id
esp

rea
d
in

m
a
n
y
h
o
sp
ita

ls.
H
en
ce,

d
o
m
a
in

ex
p
erts

n
eed

to
rely

o
n
sim

u
-

la
tio

n
m
o
d
ellers

to
b
u
ild

th
e
sim

u
la
tio

n
m
o
d
el

a
n
d
co
n
d
u
ct

th
e
a
n
a
ly
sis.

W
h
ile

th
is
th
ird

p
a
rty

h
a
s
th
e
req

u
ired

co
m
p
eten

cies
to

co
n
d
u
ct

th
e
D
D
P
S
,
th
ey

ty
p
i-

ca
lly

d
o
n
o
t
h
ave

th
e
sa
m
e
ex
p
ertise

ab
ou

t
th
e
p
ro
cess

u
n
d
er

stu
d
y.

T
h
is
crea

tes

a
n
in
terd

ep
en
d
en
cy

b
etw

een
th
e
sim

u
la
tio

n
m
o
d
ellers

a
n
d
th
e
d
o
m
a
in

ex
p
erts.

8
8
5

C
o
n
sid

erin
g
th
a
t
th
e
in
tera

ctio
n
b
etw

een
th
e
sim

u
la
tio

n
m
o
d
ellers

a
n
d
d
o
m
a
in

ex
p
erts

ten
d
s
to

o
ccu

r
a
sy
n
ch
ro
n
o
u
sly,

th
e
p
ro
ject

d
u
ra
tio

n
is
often

sig
n
ifi
ca
n
tly

ex
ten

d
ed
,
p
a
rticu

la
rly

w
h
en

severa
l
itera

tio
n
s
a
re

n
eed

ed
,
e.g

.
to

h
a
n
d
le

d
a
ta

q
u
a
lity

issu
es

or
va
lid

a
te

th
e
m
o
d
el.

5
.2
.4
.
S
cen

a
rio

A
n
a
lysis

8
9
0

F
ou

rth
ly

a
n
d
fi
n
a
lly,

on
ce

a
valid

a
ted

m
o
d
el

is
ob

ta
in
ed

,
vario

u
s
scen

a
rio

s

a
re

d
efi
n
ed

in
an

eff
o
rt

to
a
n
sw

er
th
e
C
M

q
u
estio

n
s
u
n
d
er

in
v
estig

a
tio

n
.
E
a
ch

scen
a
rio

d
escrib

es
a
p
o
ten

tia
l
fu
tu
re

situ
a
tio

n
th
a
t
w
ill

b
e
sim

u
la
ted

u
n
d
er

a

sp
ecifi

c
set

o
f
co
n
d
itio

n
s
[6
4
,
6
7
,
6
9
,
7
5
],

e.g
.

th
e
a
d
d
itio

n
o
f
a
n
ew

m
ed
ica

l

d
ev
ice,

a
n
in
crea

se
o
f
th
e
n
u
m
b
er

of
p
a
tien

ts
w
ith

a
p
a
rticu

la
r
p
ro
fi
le,

or
an

8
9
5

a
d
ju
stm

en
t
in

sch
ed
u
led

sta
ff
.
T
h
e
scen

a
rio

s
sh
o
u
ld

a
lso

b
e
ex
p
la
in
ed

to
an

d
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d
iscu

ssed
w
ith

th
e
d
o
m
a
in

ex
p
erts

to
d
eterm

in
e
w
h
eth

er
th
ese

scen
a
rio

s
a
re

su
ita

b
le

fo
r
d
eterm

in
in
g
a
n
sw

ers
to

th
e
C
M

q
u
estio

n
s
[6
7
].

In
a
d
d
itio

n
to

th
e
scen

a
rio

s,
th
e
ru
n
p
a
ra
m
eters

o
f
th
e
m
o
d
el

n
eed

to
b
e

sp
ecifi

ed
.

T
h
ese

in
clu

d
e
th
e
len

g
th

of
ea
ch

sim
u
la
tio

n
ru
n
,
in

term
s
o
f
tim

e
9
0
0

u
n
its

in
th
e
sim

u
la
tio

n
m
o
d
el

[6
4
,
6
5
,
6
7
,
6
8
,
7
4
,
7
8
,
7
9
],
th
e
w
arm

-u
p
p
erio

d

n
eed

ed
to

a
tta

in
a
sta

b
le

sta
te

in
th
e
m
o
d
el

[6
4
,
6
5
,
6
7
,
7
4
,
7
9
],
an

d
th
e
n
u
m
b
er

o
f
rep

lica
tio

n
s
n
eed

ed
to

red
u
ce

th
e
varia

b
ility

of
th
e
o
u
tp
u
ts

[6
4
,
6
5
,
6
7
,
7
4
].

E
a
ch

scen
a
rio

is
th
en

sim
u
la
ted

,
w
h
ich

gen
era

tes
o
u
tp
u
t.

T
y
p
ica

lly,
a
sta

-

tistica
l
o
u
tp
u
t
a
n
a
ly
sis

is
p
erfo

rm
ed

to
an

a
ly
se

th
e
p
erfo

rm
a
n
ce

m
etrics

o
f
ea
ch

9
0
5

scen
a
rio

[6
4
,
6
5
,
6
8
,
6
9
,
7
3
,
7
4
,
7
8
].

5
.3
.
E
vid

en
ce-B

a
sed

C
a
pa
city

M
a
n
a
gem

en
t
R
eco

m
m
en

d
a
tio

n
s

T
h
e
resu

lts
fro

m
th
e
scen

a
rio

a
n
a
ly
sis

a
re

u
sed

to
fo
rm

u
la
te

C
M

reco
m
m
en
-

d
a
tio

n
s
as

d
ecisio

n
-su

p
p
o
rt

in
fo
rm

a
tio

n
fo
r
th
e
h
o
sp
ita

l
m
a
n
a
g
em

en
t
[7
5
].

A
s

sh
ow

n
in

F
ig
u
re

5
,
th
ese

reco
m
m
en
d
a
tio

n
s
ca
n
sp
aw

n
a
d
d
itio

n
a
l
C
M

q
u
estio

n
s,

9
1
0

w
h
ich

co
u
ld

in
stig

a
te

a
n
o
th
er

itera
tio

n
th
ro
u
g
h
th
e
D
D
P
S
m
eth

o
d
.

T
h
e
scen

a
rio

a
n
a
ly
sis

resu
lts

sh
o
u
ld

b
e
p
resen

ted
to

th
e
d
o
m
a
in

ex
p
erts,

a
lo
n
g
w
ith

ev
id
en
ce-b

a
sed

reco
m
m
en
d
a
tio

n
s
an

d
su
g
g
estio

n
s
fo
r
im

p
rovem

en
t

reg
a
rd
in
g
th
e
d
efi
n
ed

C
M

q
u
estio

n
s
[6
4
,
6
7
,
7
3
,
7
5
,
7
7
,
7
9
].
T
h
e
a
ctu

a
l
d
ecisio

n
-

m
a
k
in
g
a
n
d
im

p
lem

en
ta
tio

n
o
f
th
e
ev
id
en
ce-b

a
sed

C
M

reco
m
m
en
d
a
tio

n
s
is
th
e

9
1
5

co
m
p
eten

ce
o
f
th
e
d
o
m
a
in

ex
p
erts

a
n
d
,
th
erefo

re,
o
u
tsid

e
th
e
sco

p
e
o
f
th
e
p
ro
-

p
osed

m
eth

o
d
[7
5
].

5
.4
.
R
efl

ectio
n
s
o
n
D
a
ta
-D

riven
P
rocess

S
im

u
la
tio

n
A
n
a
lysis

D
D
P
S
an

a
ly
sis

is
a
p
ro
m
isin

g
w
ay

to
su
p
p
ort

h
ea
lth

ca
re

m
a
n
a
g
ers

in
th
eir

C
M

d
ecisio

n
s.

N
everth

eless,
th
e
afo

rem
en
tio

n
ed

ch
a
llen

g
es

–
(i)

d
a
ta

q
u
a
lity

9
2
0

issu
es,

(ii)
lim

ited
su
p
p
o
rt

fo
r
th
e
reso

u
rce

p
ersp

ective,
a
n
d
(iii)

a
sy
n
ch
ro
n
o
u
s

in
tera

ctio
n
–
h
ig
h
lig

h
t
th
e
n
eed

fo
r
fu
rth

er
resea

rch
to

d
ev
elo

p
to
o
ls

en
a
b
lin

g

h
ea
lth

ca
re

m
a
n
a
g
ers

to
rea

p
th
e
b
en
efi
ts

o
f
D
D
P
S

an
a
ly
sis

fu
lly.

A
n

in
ter-

estin
g
p
ersp

ective
to

ex
p
lo
re

in
fu
tu
re

w
o
rk

is
in
tera

ctive
D
a
ta
-D

riven
P
ro
-

cess
S
im

u
la
tio

n
[6
1
].

T
h
is

im
p
lies

th
a
t
th
e
m
o
d
ellin

g
,
valid

a
tio

n
,
a
n
d
an

a
ly
sis

9
2
5
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in
D
D
P
S
is

co
n
d
u
cted

syn
ch
ro
n
o
u
sly

a
s
th
e
d
o
m
a
in

ex
p
ert

d
irectly

in
tera

cts

w
ith

a
sim

u
la
tio

n
to
o
l,
g
u
id
in
g
th
e
ex
p
ert

d
u
rin

g
th
e
d
a
ta
-d
riven

d
evelo

p
m
en
t

a
n
d
va
lid

a
tio

n
o
f
a
sim

u
la
tio

n
m
o
d
el.

O
n
ly

lim
ited

resea
rch

h
a
s
b
een

d
evoted

to
in
tera

ctiv
ely

in
vo

lv
in
g
d
o
m
a
in

ex
p
erts

in
d
evelo

p
in
g
d
a
ta
-d
riv

en
sim

u
la
tio

n

m
o
d
els.

M
a
rtin

et
a
l.
[6
0
]
p
ro
p
o
sed

,
at

a
co
n
cep

tu
a
l
lev

el,
a
n
in
tera

ctive
d
a
ta

9
3
0

clea
n
in
g
a
p
p
ro
a
ch

to
id
en
tify

an
d
co
rrect

d
a
ta

q
u
a
lity

issu
es

in
even

t
lo
g
s.

S
im

ila
rly,

B
en
even

to
et

a
l.
[8
1
]
p
ro
p
o
sed

a
n
In
tera

ctive
P
ro
cess

D
iscovery

tech
n
iq
u
e
in

w
h
ich

th
e
m
o
d
eller

h
a
s
co
m
p
lete

co
n
tro

l
over

d
iscoverin

g
a
p
ro
cess

m
o
d
el

fro
m

a
n
even

t
lo
g
.
H
ow

ever,
th
e
resu

ltin
g
p
ro
cess

m
o
d
els

a
re

P
etri

N
ets,

w
h
ich

are
ty
p
ica

lly
ra
th
er

d
iffi

cu
lt

to
u
n
d
ersta

n
d
fo
r
d
o
m
a
in

ex
p
erts

w
ith

o
u
t

9
3
5

p
rio

r
k
n
ow

led
g
e
a
b
o
u
t
th
is

m
o
d
ellin

g
tech

n
iq
u
e
[8
2
,
8
3
].

E
ven

th
o
u
g
h

alg
o
-

rith
m
s
ex
ist

to
co
n
vert

P
etri

N
ets

to
m
o
re

co
m
p
reh

en
sib

le
n
o
ta
tio

n
s,

su
ch

as

B
u
sin

ess
P
ro
cess

M
o
d
el

a
n
d
N
o
ta
tio

n
(B

P
M
N
)
[8
4
,
8
5
],
th
ese

a
lg
o
rith

m
s
often

crea
te

la
rg
e
a
n
d
co
m
p
lex

m
o
d
els

[8
4
,
8
5
].

T
h
e
in
tera

ctive
in
volv

em
en
t
of

d
o
m
a
in

ex
p
erts

d
u
rin

g
D
D
P
S
an

a
ly
ses

w
ill

9
4
0

req
u
ire

th
e
d
evelo

p
m
en
t
of

n
ew

to
o
ls

w
h
ich

o
p
era

tio
n
a
lise

an
in
tera

ctive
a
p
-

p
ro
a
ch

th
ro
u
g
h
o
u
t
th
e
vario

u
s
sta

g
es

of
a
sim

u
la
tio

n
stu

d
y.

In
th
e
fi
rst

sta
g
e,

to
o
ls

co
u
ld

b
e
d
evelo

p
ed

th
a
t
su
p
p
o
rt

en
h
a
n
ced

in
tera

ctio
n
b
etw

een
m
o
d
eller

a
n
d

d
o
m
a
in

ex
p
ert,

e.g
.,

fa
cilita

tin
g
jo
in
t
d
a
ta

q
u
a
lity

assessm
en
t
an

d
d
a
ta

clea
n
in
g
.
T
h
is

also
req

u
ires

ad
d
itio

n
a
l
resea

rch
on

in
tera

ctively
in
volv

in
g
d
o
-

9
4
5

m
a
in

ex
p
erts

a
t
a
co
n
cep

tu
a
l
level

[8
6
],

i.e.
b
est

p
ra
ctices

w
h
en

v
isu

a
lisin

g

sta
tistics

fo
r
va
lid

a
tio

n
to

d
o
m
a
in

ex
p
erts

a
n
d
elicitin

g
in
p
u
t
to

b
u
ild
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á
n
d
ez-L

la
ta
s
(E

d
.),

In
tera

ctive
P
ro
cess

M
in
in
g
in

H
ea
lth

ca
re,

n
o
.
1
1
1
4
in

H
ea
lth

In
fo
rm

a
tics,

S
p
rin

g
er

In
tern

a
tio

n
a
l
P
u
b
lish

in
g
,
C
h
a
m
,
S
w
itzerla

n
d
,
2
0
2
1
,
p
p
.
5
3
–
7
9
.

1
0
2
5

d
o
i
:
1
0
.
1
0
0
7
/
9
7
8
-
3
-
0
3
0
-
5
3
9
9
3
-
1
_
5
.

[1
4
]
N
.
M
a
rtin

,
B
.
B
en
ô
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Ö
ren

(E
d
s.),

P
ro
ceed

in
g
s
o
f
th
e
4th

In
tern

a
tio

n
a
l
C
o
n
feren

ce
O
n

S
im

u
la
tio

n
A
n
d
M
o
d
elin

g
M
eth

o
d
o
lo
g
ies,

T
ech

n
o
lo
g
ies

A
n
d
A
p
p
lica

tio
n
s,

1
0
3
0

V
ol.

1
o
f
S
IM

U
L
T
E
C
H
’1
4
,
S
ciT

eP
ress,

V
ien

n
a
,
A
u
stria

,
2
0
1
4
,
p
p
.
4
5
6
–
4
6
2
.

d
o
i
:
1
0
.
5
2
2
0
/
0
0
0
5
1
0
0
4
0
4
5
6
0
4
6
2
.

[1
5
]
P
.
J
.
H
.
H
u
lsh

o
f,

N
.
K
o
rtb

eek
,
R
.
J
.
B
o
u
ch
erie,

E
.
W

.
H
a
n
s,

P
.
J
.
M
.

B
a
k
ker,

T
a
x
o
n
o
m
ic

C
la
ssifi

ca
tio

n
of

P
la
n
n
in
g
D
ecisio

n
s
in

H
ea
lth

C
a
re:

A

S
tru

ctu
red

R
ev
iew

o
f
th
e
S
ta
te

of
th
e
A
rt

in
O
R
/
M
S
,
H
ea
lth

S
y
stem

s
1
(2
)

1
0
3
5

(2
0
1
2
)
1
2
9
–
1
7
5
.
d
o
i
:
1
0
.
1
0
5
7
/
h
s
.
2
0
1
2
.
1
8
.

[1
6
]
M
.
S
h
a
ko

o
r,

U
sin

g
D
iscrete

E
ven

t
S
im

u
la
tio

n
A
p
p
ro
a
ch

to
R
ed
u
ce

W
a
it-

in
g
T
im

es
in

C
o
m
p
u
ted

T
om

o
g
ra
p
h
y
R
a
d
io
lo
g
y
D
ep
a
rtm

en
t,
In
tern

a
tio

n
a
l

45

 
1
 

 
2
 

 
3
 

 
4
 

 
5
 

 
6
 

 
7
 

 
8
 

 
9
 

1
0
1
1
1
2
1
3
1
4
1
5
1
6
1
7
1
8
1
9
2
0
2
1
2
2
2
3
2
4
2
5
2
6
2
7
2
8
2
9
3
0
3
1
3
2
3
3
3
4
3
5
3
6
3
7
3
8
3
9
4
0
4
1
4
2
4
3
4
4
4
5
4
6
4
7
4
8
4
9
5
0
5
1
5
2
5
3
5
4
5
5
5
6
5
7
5
8
5
9
6
0
6
1
6
2
6
3
6
4
6
5



J
o
u
rn
a
l
o
f
In
d
u
stria

l
a
n
d
M
a
n
u
fa
ctu

rin
g
E
n
g
in
eerin

g
9
(1
)
(2
0
1
5
)
1
7
7
–
1
8
1
.

d
o
i
:
1
0
.
5
2
8
1
/
z
e
n
o
d
o
.
1
3
3
8
0
4
4
.

1
0
4
0

[1
7
]
B
.
V
ieira

,
E
.
W

.
H
a
n
s,
C
.
van

V
liet-V

ro
eg
in
d
ew

eij,
J
.
va
n
d
e
K
a
m
er,

W
.
van

H
a
rten

,
O
p
era

tio
n
s
R
esea

rch
fo
r
R
eso

u
rce

P
la
n
n
in
g
a
n
d
-U

se
in

R
a
d
io
th
er-

a
p
y
:
A

L
itera

tu
re

R
ev
iew

,
B
M
C

M
ed
ica

l
In
fo
rm

a
tics

an
d
D
ecisio

n
M
a
k
in
g

1
6
(1
)
(2
0
1
6
)
1
4
9
.
d
o
i
:
1
0
.
1
1
8
6
/
s
1
2
9
1
1
-
0
1
6
-
0
3
9
0
-
4
.

[1
8
]
H
.
C
a
i,

J
.
J
ia
,
U
sin

g
D
iscrete

E
ven

t
S
im

u
la
tio

n
(D

E
S
)

T
o

S
u
p
p
o
rt

1
0
4
5

P
erfo

rm
a
n
ce-D

riven
H
ea
lth

ca
re

D
esig

n
,

H
E
R
D
:
H
ea
lth

E
n
v
iro

n
m
en
ts

R
esea

rch
&

D
esig

n
J
o
u
rn
a
l

12
(3
)

(2
0
1
9
)

8
9
–
1
0
6
.

d
o
i
:
1
0
.
1
1
7
7
/

1
9
3
7
5
8
6
7
1
8
8
0
1
9
1
0
.

[1
9
]
S
.
T
.
P
o
n
is,

A
.
D
elis,

S
.
P
.
G
ay
ia
lis,

P
.
K
a
sim

a
tis,

J
.
T
a
n
,
A
p
p
ly
in
g
D
is-

crete
E
ven

t
S
im

u
la
tio

n
(D

E
S
)
in

H
ea
lth

ca
re:

T
h
e
C
a
se

fo
r
O
u
tp
a
tien

t
1
0
5
0

F
acility

C
a
p
a
city

P
la
n
n
in
g
,
In
tern

a
tio

n
a
l
J
o
u
rn
a
l
of

H
ea
lth

ca
re

In
fo
rm

a
-

tio
n
S
y
stem

s
an

d
In
fo
rm

a
tics

8
(3
)
(2
0
1
3
)
5
8
–
7
9
.
d
o
i
:
1
0
.
4
0
1
8
/
j
h
i
s
i
.

2
0
1
3
0
7
0
1
0
4
.

[2
0
]
R
.
C
a
rm

en
,
M
.
D
efra

eye,
I.
V
an

N
ieu

w
en
h
u
y
se,

A
D
ecisio

n
S
u
p
p
o
rt

S
y
stem

fo
r
C
a
p
a
city

P
la
n
n
in
g
in

E
m
erg

en
cy

D
ep
a
rtm

en
ts,

In
tern

a
tio

n
a
l
J
o
u
rn
a
l
of

1
0
5
5

S
im

u
la
tio

n
M
o
d
ellin

g
1
4
(2
)
(2
0
1
5
)
2
9
9
–
3
1
2
.
d
o
i
:
1
0
.
2
5
0
7
/
i
j
s
i
m
m
1
4
(
2
)

1
0
.
3
0
8
.

[2
1
]
I.
M
.
Ib
ra
h
im

,
C
.-Y

.
L
io
n
g
,
S
.
A
.
B
a
ka
r,
N
.
A
h
m
a
d
,
A
.
F
.
N
a
jm

u
d
d
in
,
M
in
-

im
izin

g
P
a
tien

t
W
a
itin

g
T
im

e
in

E
m
erg

en
cy

D
ep
a
rtm

en
t
o
f
P
u
b
lic

H
o
sp
ita

l

U
sin

g
S
im

u
la
tio

n
O
p
tim

iza
tio

n
A
p
p
ro
a
ch
,
in
:
Z
.
H
.
Z
a
m
zu
ri

(E
d
.),

P
ro
-

1
0
6
0

ceed
in
g
s
o
f
th
e
4th

In
tern

a
tio

n
a
l
C
o
n
feren

ce
on

M
a
th
em

a
tica

l
S
cien

ces,
V
ol.

1
8
3
0
o
f
A
IP

C
o
n
feren

ce
P
ro
ceed

in
g
s,
A
IP

P
u
b
lish

in
g
,
P
u
tra

jaya,
M
a
lay

sia
,

2
0
1
7
,
p
p
.
0
6
0
0
0
5
–
1
–
8
.
d
o
i
:
1
0
.
1
0
6
3
/
1
.
4
9
8
0
9
4
9
.

[2
2
]
B
.
B
.
S
a
leh

,
G
.
B
.
S
a
leh

,
O
.
B
a
ra
kat,

O
p
era

tin
g
T
h
ea
ter

M
a
n
a
g
em

en
t
S
y
s-

tem
:
B
lo
ck
-S
ch
ed

u
lin

g
,
in
:
M
.
M
a
sm

o
u
d
i,

B
.
J
a
rb
ou

i,
P
.
S
ia
rry

(E
d
s.),

1
0
6
5

46

 
1
 

 
2
 

 
3
 

 
4
 

 
5
 

 
6
 

 
7
 

 
8
 

 
9
 

1
0
1
1
1
2
1
3
1
4
1
5
1
6
1
7
1
8
1
9
2
0
2
1
2
2
2
3
2
4
2
5
2
6
2
7
2
8
2
9
3
0
3
1
3
2
3
3
3
4
3
5
3
6
3
7
3
8
3
9
4
0
4
1
4
2
4
3
4
4
4
5
4
6
4
7
4
8
4
9
5
0
5
1
5
2
5
3
5
4
5
5
5
6
5
7
5
8
5
9
6
0
6
1
6
2
6
3
6
4
6
5



A
rtifi

cia
l
In
tellig

en
ce

an
d

D
a
ta

M
in
in
g
in

H
ea
lth

ca
re,

S
p
rin

g
er

In
tern

a
-

tio
n
a
l
P
u
b
lish

in
g
,
C
h
a
m
,
S
w
itzerla

n
d
,
2
0
2
1
,
p
p
.
8
3
–
9
8
.

d
o
i
:
1
0
.
1
0
0
7
/

9
7
8
-
3
-
0
3
0
-
4
5
2
4
0
-
7
_
5
.

[2
3
]
A
.
L
eg
ra
in
,
M
.-A

.
F
o
rtin

,
N
.
L
a
h
rich

i,
L
.-M

.
R
o
u
ssea

u
,
O
n
lin

e
S
to
ch
a
stic

O
p
tim

iza
tio

n
o
f
R
a
d
io
th
era

p
y
P
atien

t
S
ch
ed
u
lin

g
,
H
ea
lth

C
a
re

M
a
n
a
g
e-

1
0
7
0

m
en
t
S
cien

ce
1
8
(2
)
(2
0
1
5
)
1
1
0
–
1
2
3
.
d
o
i
:
1
0
.
1
0
0
7
/
s
1
0
7
2
9
-
0
1
4
-
9
2
7
0
-
6
.

[2
4
]
D
.
P
etrov

ic,
E
.
C
a
stro

,
S
.
P
etrov

ic,
T
.
K
a
p
a
m
a
ra
,
R
a
d
io
th
era

p
y
S
ch
ed
u
l-

in
g
,
in
:
A
.
Ş
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