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2. Introduction

Simulation Tools are useful to introduce ”what if” event suddenly appear into the system and observe system reaction
from different points of view. The observation allows the user detect problems and possible opportunities areas to improve
the system operation at areas such as cost reduction, better product quality, and resources utilization without any risk.

Strategic manufacturing is a topic introduced by Steve Brown in [9] that is described as ”viewing production operations
capabilities as a core competence, having a long term view of the business, being fully aware of all market opportunities,
planning strategies to outperform competitors by targeting sectors in which it can compete while deliberately avoiding those
in which it cannot, and engage in horizontal and vertical partnerships”. Based on characteristics of Strategic manufacturing
such as product innovations, materials managements, process technology, and human resources, some researches [20] contend
that manufacturing simulation should be treated as a key component of strategic manufacturing.

The goal of this report is update a existing survey of simulation tools for computer-aided production engineering and
incorporate additional basic information that be useful to know which of them are according the requirements of ”new
manufacturing”. Our hypothesis is that the simulation tools that provide more functionalities related to requirements of ”new
manufacturing” will be better options to improve simulation of manufacturing environment instead tools that not offer them.
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3. Manufacturing and Simulation

Due to there are no standard features that allows the user select the better manufacturing simulation tool according its
needs, in this report we collect key information detected by some researchers to study current simulation tools and was taken
into account that manufacturing simulation applications include [20]: modeling and verification of discrete and continuous
manufacturing process, offline programming of robots and other machinery, site selection, layout planning, process and
system visualizations, ergonomic analysis of manual tasks and work area layout, evaluation of scheduling algorithm and
dispatching rules, and business process engineering.

Then, we take into account to the evaluation two applications related to a high level of abstraction: modeling and phys-
ical topics such as: modeling and verification of discrete and continuous manufacturing process, and offline programming
of robots and other machinery. According to this applications, the survey is based mainly on an established criteria by
Klingstam et al in [16] to evaluate manufacturing process and physical elements programming, that means that we evalu-
ate Discrete Event, Geometrical separately; we include Continuous Event Simulation tools at a new classification. Due to
our goal is identified simulation tools focused at its application on manufacturing, we include into the survey, the criteria
of requirements for next generation manufacturing systems presented by Shen in [22] such as: Enterprise Integration, Dis-
tributed Organization, Heterogeneous Environments, Interoperability, Open and Dynamic Structure, Cooperation, Integration
of humans with software and hardware, Agility, Scalability, and Fault Tolerant.

Moreover, there are variety of criteria applied to evaluate features of simulation software. Thus, some researchers like
Banks in [4, 6, 5, 7] , Breedam in [8], Davis in [10], Holder in [15], Kochlar in [17], Law in [1, 2, 3], Mackulak in [19],
Hlupic in [12, 13, 14], Kuljis in [18], and Nikoukaran in [21] have proposed a list of features to evaluate simulation software,
from different points of view.

Our survey extension was performed based on the following steps:

a)Spreadsheet Construction: Incorporate next generation manufacturing requirements to Klingstam evaluation spreadsheet.

b)Information Update: Update information about current tools of the base survey.

c)Tools Addition: Search current available manufacturing simulation tools and incorporate them into the spreadsheet.

d)Tools Evaluation: Evaluate new tools according Klingstam features and manufacturing requirements.

The evaluation includes some of the most representative simulation tools that are offered at market.

4. Evaluation of Manufacturing Simulation Tools

Following defined steps at Section 3 are detailed as follows:

a) Spreadsheet Construction

Due to associated features to Discrete and Continuous Event, and Geometrical simulation tools are different. The eval-
uation are divided into three different tables. Due to the Continuous simulation tools include continuous, discrete and can
include geometrical simulation, we have called this new type as Mixed Simulation Tools.

Then, due the related features to each one of the types of Simulation Tools are different, the features that we have take into
account to the evaluation are shown in Table 1:

b) Information Update

The information of simulation tools included at original survey of Kligstam was updated by verifying features on their
web internet pages as well as by their vendor contact electronical address. Some of them have been bought by other com-
panies, has changed their name, or have been incorporated into other simulation tool has an extramodule. For example [11],
Flexsim was founded in 1993 by Bill Nordgren (Co-Founder Promodel Corporation, 1988), Roger Hullinger, and Cliff King.
Initially the company was named F&H Simulations, Inc. and sold, supported, and conducted training courses for Taylor II
simulation software in North America. In 1998, F&H Simulation B.V. in Holland developed the first generation 3D object
oriented simulation engine called Taylor ED (Enterprise Dynamics). F&H Simulations, Inc. assisted in this development by
developing robust objects for use in Taylor ED, and continued to sell, consult, and train in the new software. In 2000, F&H
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Tools Classification
Features Discrete Event Geometrical Event Mixed
Extramodules Yes No
Specific Application modules No Yes
Manufacturing Application Yes Yes
Hardware platform Yes Yes
Software platform Yes Yes
User Interface Yes Yes
Integration Interface Yes Yes
Programming Language Yes Yes
Shop-floor integration Yes Yes
Reporting possibilities Yes Yes
Ling GS software Yes No
Robot language support No Yes
Other features Yes Yes
Enterprise Integration Yes No
Distributed Organization Yes No
Application at Heterogeneous Environments Yes No
Interoperativity Yes No
Open and Dynamic Structure Yes No
Cooperation Yes No
Integration of humans Yes No
Agility Yes No
Scalability Yes No
Fault tolerant Yes No
Vendor contact Yes Yes
Home page Yes Yes

Table 1. Features to Evaluate

Simulations B.V. was purchased by a Dutch consulting company. At this time F&H Simulations, Inc. became independent.
Dr. Eamonn Lavery was brought on to oversee product architecture and begin development of a new, second generation, 3D
object oriented simulation software called Flexsim. F&H Simulations, Inc. changed its name to Flexsim Software Products
Inc. Flexsim simulation software was released in February 2003. Simple++ is a tool of Aesop company that was acquired
by Tecnomatrix[23] (a comprehensive portfolio of digital manufacturing solutions, is built on an open product lifecycle man-
agement (PLM) foundation called the Teamcenter) of UGS company and its name was changed to eM-Plant. There are no
available any information related to Robot Simulations Company manufacturer of Workspace4. Factor/Aim information can
not be updated because Wintek company do not provide information about it. The web address Rosl company owner of
Workspace4 is not available today, so we can not update its information.

The final results of the initial list of simulation tools updating are incorporated into the detailed tables of step (d).

c) Tools Addition

After our searching the found some additional representative related to each type of tools, as follows:
Discrete Event simulation tools: Dosimis3,Taylor ED(Enterprise Dynamics), GPSS/H, G2-Rethink, MMS, Schedula,

Ses/Workbech, ShowFlow, SIMASII, SimBax, SimFlex, SimProcess, SIMUL8, SLX, and Spar.
Geometrical simulation tools: AMESim, Delmia, FoCs, HCADWin, ITI-SIM, ProDyn, Simplorer, Softmachines and

UniversalMechanism.
Mixed Event simulation tools: AweSim, MLDesigner, SimcriptII.5, 3DCreate, and gProms.

d) Tools Evaluation
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According available information related to the simulation tools identified, we extract and relate the information to the
specified features. Due some information was no available or was incomplete, some of the features rows still in blank. The
detailed information related to Discrete Event, Geometrical and Mixed Simulation tools is shown according list of figures in
Section 1.

5. Conclusion
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Figure 1. Discrete Event Simulation Tools (1)
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Figure 2. Discrete Event Simulation Tools (1a)
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Figure 3. Discrete Event Simulation Tools (2)
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Figure 4. Discrete Event Simulation Tools (2a)

9



O
ve

rv
ie

w
 o

f d
is

cr
et

e 
ev

en
t s

im
ul

at
io

n 
so

ftw
ar

e 
to

ol
s

G
P

S
S

/H
 (

La
ng

ua
ge

)
S

LX
 (

La
ng

ua
ge

)
M

M
S

S
ch

ed
ul

a
S

E
S

/W
or

kb
en

ch
 

S
ho

w
F

lo
w

S
IM

A
S

II

E
xt

ra
m

od
ul

es
P

rim
e:

 F
or

 fi
tti

ng
 B

éx
ie

r-
cu

rc
e-

ba
se

d 
pr

ob
ab

ili
ty

 fu
nc

tio
ns

 to
 d

at
a 

ob
se

rv
at

io
ns

M
M

S
 G

ra
ph

ic
al

 M
od

el
 B

ui
ld

er
,  

M
M

S
 

C
om

p-
G

en

W
B

 A
ni

m
at

ed
 S

im
ul

at
or

 W
B

 S
ys

te
m

 
R

eq
ui

re
m

en
ts

 W
or

kb
en

ch
 L

ib
ra

ry
, 

C
M

F
(C

om
m

on
 M

od
el

in
g 

F
ra

m
ew

or
k)

S
IM

A
S

II 
R

ep
or

t W
iz

ar
d

M
an

uf
ac

tu
rin

g 
A

pp
lic

at
io

n
M

an
uf

ac
tu

rin
g,

 tr
an

sp
or

ta
tio

n,
 

di
st

rib
ut

io
n

S
im

ul
at

io
n 

en
gi

ne
 in

 a
 p

ro
pr

ie
ta

ry
 

as
se

m
bl

y 
lin

e
A

na
ly

si
s,

 e
va

lu
at

io
n 

an
d 

m
od

ifi
ca

ct
io

n 
of

 p
la

nt
 p

er
fo

rm
an

ce
 

B
us

in
es

s 
pr

oc
es

s 
re

-e
ng

in
ee

rin
g

A
na

ly
si

s 
pr

oc
es

s 
in

 lo
gi

st
ic

s,
 

m
an

uf
ac

tu
rin

g 
an

d 
m

at
er

ia
l h

an
dl

in
g

M
an

uf
ac

tu
rin

g 
pr

oc
es

s,
 fl

ow
 c

on
tr

ol
, 

au
to

m
at

ed
 a

ss
em

bl
y

H
ar

dw
ar

e 
pl

at
fo

rm
P

C
,S

un
 S

pa
rc

 w
or

ks
ta

tio
s

P
C

P
C

P
C

P
C

P
C

P
C

S
of

tw
ar

e 
pl

at
fo

rm
W

in
do

w
s 

98
/M

e/
N

T
4/

20
00

/X
P

, 
O

S
/2

,U
ni

x
W

in
do

w
s

W
in

do
w

s
W

in
do

w
s

W
in

do
w

s
W

in
do

w
s

W
in

do
w

s 
95

/9
8/

N
T

4

U
se

r 
In

te
rf

ac
e

T
ex

t f
ile

s 
an

d 
te

xt
 e

nt
ry

 d
ire

ct
ly

 b
y 

ke
yb

or
ad

W
in

do
w

s 
S

ty
le

, T
ex

t f
ile

s
W

in
do

w
s 

S
ty

le
M

en
u 

T
re

e 
S

ty
le

, b
ot

on
s

W
in

do
w

s 
S

ty
le

W
in

do
w

s 
S

ty
le

, i
co

n 
to

ol
ba

rs
, d

ia
lo

g 
bo

xe
s,

2D
 a

nd
 3

D
 a

ni
m

at
io

n
W

in
do

w
s 

S
ty

le

In
te

gr
at

io
n 

In
te

rf
ac

e
A

S
C

II 
fil

e 
I/O

D
LL

, C
/C

+
+

M
ic

ro
so

ft 
V

is
ua

l  
C

+
+

Im
po

rt
-E

xp
or

t s
er

vi
ce

s 
to

 F
ile

s
O

pe
n 

in
te

rf
ac

e 
fo

r 
cr

ea
tin

g 
an

d 
ex

tr
ac

tin
g 

m
od

el
 d

at
a

T
ex

t F
ile

s 
 

W
or

d/
E

xc
el

 F
ile

s

P
ro

gr
am

m
in

g 
La

ng
ua

ge
G

P
S

S
/H

.E
xp

er
t F

it,
C

,F
or

tr
an

S
LX

M
ic

ro
so

ft 
V

is
ua

l  
C

+
+

C
C

S
ho

p-
flo

or
 in

te
gr

at
io

n
M

an
uf

ac
tu

rin
g,

 tr
an

sp
or

ta
tio

n,
 

di
st

rib
ut

io
n

P
ow

er
 p

la
nt

s 
an

d 
pr

oc
es

s 
ch

em
ic

al
 

pl
an

ts
A

na
ly

si
s 

pr
oc

es
s 

in
 lo

gi
st

ic
s,

 
m

an
uf

ac
tu

rin
g 

an
d 

m
at

er
ia

l h
an

dl
in

g
A

na
ly

si
s 

pr
oc

es
s 

m
an

uf
ac

tu
rin

g 
an

d 
F

lo
w

 c
on

tr
ol

 a
t A

ss
em

bl
y

R
ep

or
tin

g 
po

ss
ib

ili
tie

s
B

as
ic

 s
im

ua
lti

on
 d

at
a,

 q
ue

ue
in

g 
st

at
is

tic
s.

 C
us

to
m

 fo
rm

at
te

d 
te

xt
 a

nd
 

da
ta

 fi
le

 to
 a

 fi
le

B
as

ic
 s

im
ul

at
io

n 
da

ta
, q

ue
ue

in
g 

st
at

is
tic

s.
 C

us
to

m
 fo

rm
at

te
d 

te
xt

 a
nd

 
da

ta
 fi

le
 to

 a
 fi

le

S
um

m
ar

y 
re

po
rt

s,
 L

og
fil

e 
of

 e
ve

nt
s,

 
T

im
e 

se
rie

s 
by

 b
at

ch
,a

ct
iv

ity
 o

r 
re

so
ur

ce
 in

to
 a

 p
la

in
 F

ile
s

R
ep

or
t w

rit
te

r 
in

te
gr

at
ed

 w
ith

 
F

ra
m

eM
ak

er
. S

ta
tis

tic
s 

br
ow

si
ng

A
ut

om
at

ic
 m

od
el

 d
oc

um
en

ta
tio

n.
 

C
us

to
m

iz
e 

do
cu

m
en

ta
tio

n
S

ta
nd

ar
d 

S
ta

tis
tic

s,
 C

us
to

m
iz

e 
re

po
rt

s 
us

in
g 

E
xc

el
 a

nd
 W

or
d

Li
ng

 G
S

 s
of

tw
ar

e

O
th

er
 fe

at
ur

es
M

an
ag

e 
te

h 
co

nc
ep

tu
al

 fl
ex

ib
ili

ty
 to

 
m

od
el

 s
ys

te
m

s

It 
is

 im
pl

em
en

te
d 

as
 a

 m
en

u 
sy

st
em

 
th

at
 g

ui
de

s 
yo

u 
in

 e
ve

ry
 p

ha
se

 a
nd

 
av

oi
ds

 in
co

si
st

en
t

H
ar

dw
ar

e 
ar

ch
ite

ct
ur

e 
an

d 
de

si
gn

 , 
so

ftw
as

re
 r

eq
ui

re
m

en
ts

, a
na

ly
si

s 
an

d 
de

sg
in

, d
is

tr
ib

te
d 

sy
st

em
 p

er
fo

rm
an

ce
 

an
al

ys
is

, n
et

w
or

ks
 p

er
fo

rm
an

ce
 

an
al

ys
is

 a
nd

 d
es

ig
n,

 c
om

pu
te

r 
sy

st
em

s 
an

d 
ne

tw
or

k 
ca

pa
ci

ty
 

pl
an

ni
ng

, d
at

ab
as

e 
pe

rf
or

m
an

ce
 

pl
an

ni
ng

Figure 5. Discrete Event Simulation Tools (3)
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Figure 6. Discrete Event Simulation Tools (3a)
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Figure 7. Discrete Event Simulation Tools (4)
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Figure 8. Discrete Event Simulation Tools (4a)
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Figure 9. Geometrical Simulation Tools (1)
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Figure 10. Geometrical Simulation Tools (2)
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