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Abstract. The simulation-based study of Cyber-Physical 
Systems or complex production systems leads often to a 
vast number of system variants. Each system variant is 
characterized by a particular model structure and pa-
rameter settings, although system variants may also 
share common parts. There are two main approaches for 
modeling such a set of system variants. On the one 
hand, all variants are mapped in a big model with varia-
tion points and on the other hand variants are specified 
on a higher level of abstraction using a metamodel that 
is processed with appropriate transformation methods. 
This paper proposes an approach for modeling system 
variants using the System Entity Structure (SES) Ontolo-
gy. It introduces new concepts and advances the SES by a 
procedural knowledge specification. Moreover, it pro-
poses a software infrastructure for the automated and 
reactive generation and execution of simulation models 
based on a SES in combination with a model base. Final-
ly, it refers to a prototype implementation within 
MATLAB/Simulink and forward-looking within Python. 

Introduction 
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System Entity 
Structure

1 Multi-variant Engineering 
Example 

Figure 1: (a) Overall engineering problem with a set of 
system variants; (b) Blocks from the Simulink 
blockset representing the MB; (c) Model struc-
ture of a concrete system variant. 

model base
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2 Metamodel-Based Variant 
Modeling 

SESFunctions

2.1 SES fundamentals and SES variables 

entity descriptive
attributes

mb

aspect, specialization  mul-
ti-aspect

Figure 2: SES tree for the example in Figure 1a 

alternating mode

SESVariables

SESVariables = {SPEC_CTRL,NSL} with 
SPEC_CTRL  {‘lc’,‘nc’} 
NSL  {(i),(i,j),(i,j,k) | 
 i  {‘sine[x]’,‘ramp’,‘step’}  
 j  {‘sine[x]’,‘ramp’,‘step’}  
 k  {‘sine[x]’,‘ramp’,‘step’}  
 x  {1,2,3}} 
auxiliarySESVariable = {NUM } with 
NUM = numel(NSL) 

SPEC_CTRL
NSL

x
sine

NUM
numel NSL

NSL = {‘sine[1]’,‘sine[2]’,‘step’} 
SPEC_CTRL = {‘nc’} 
 NUM = 3 

2.2 Decomposition of systems with variable 
coupling relations  

(mus)
musDEC

mus
sg ctrl scope
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{cplg=…} 

mus

{‘SrcEntity’,’FromPrt’,’SinkEntity’, 
’ToPrt’} 

mus
sg

SESFunctions

pruning

cplg = c_mus (Children,NUM) 
cplg = c_ctrl(Children,Parent,NUM) 

Children Parent

mus

function cplg = c_mus(children,num) 
%create empty data structure for 
%couplings 
cplg = cell(num+1,4); 
%set variable ICs btwn sg & ctrl 
for i=1:num %for 1 to num 
 cplg(i,1:4)={children{1},num2str(i),… 
              children{2},num2str(i)}; 
end 
%set fixed IC btwn ctrl & scope 
cplg(num+1,1:4)={children{2},’1’,… 
                 children{3},’1’ }; 
end 

sg ctrl mus
scope  scope

mb=’scope’
ctrl var

add ctrlDEC

ctrl

ctrlDEC
musDEC

2.3 Variable system attributes and the 
specialization of systems 

add
scope scope

in-

puts=add_fcn(NUM)

add

function inputs = add_fcn(num) 
   inputs(1)=‘|’; inputs(2:num+1)=’+’; 
end 

var
varSPEC

is-a-
relation

var dtfcn ltable

srule_ctrl = { 
     SPEC_CTRL==’lc’  dtfcn | 
     SPEC_CTRL==’nc’  ltable } 

inheritance

dtfcn ltable
ltable

2.4 Variable decomposition of systems 

sg musDEC

strict hierarchy
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sg
sgMULT

sgMULT
s

sgMULT s

sgMULT NSL

NSL = {‘sine[1]’,‘sine[2]’,‘step’} 

sgMULT
cplg=c_sg(…)

musDEC ctrlDEC
s type

s_fcn(NSL)

s_fcn

function [type] = s_fcn(NSL) 
   persistent idx %static variable 
   %init iterator 
   if isempty(idx), idx=1; end     
   type=NSL(idx); idx=idx+1; 
   %reinit iterator 
   if numel(NSL)==idx, idx=1; end  
end 

s

type=’sine[1]’ type=’sine[2]’ type=’step’

type s

sSPEC

srule_s = { 
 Parent.type==‘sine[x]’  sine[x] | 
 Parent.type==‘ramp’    ramp | 
 Parent.type==‘step’    step     } 

sSPEC
type

sSPEC

sine, ramp step

amp=#{1,2.5,3} sine

sine
x

amp

3 Selecting a Distinct System 
Variant 

pruning
Pruned Entity 

Structure

NSL = {‘sine[1]’,‘sine[2]’,‘step’} 
SPEC_CTRL = {‘nc’} 
 NUM = 3 

Figure 3: PES derived from SES in Figure 2 
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musDEC
cplg=c_mus(Children,3)

musDEC.cplg = { 
 ‘sg’  , ‘1’ , ‘ctrl’ , ‘1’; 
 ‘sg’  , ‘2’ , ‘ctrl’ , ‘2’; 
 ‘sg’  , ‘3’ , ‘ctrl’ , ‘3’; 
 ‘ctrl’, ‘1’ , ‘scope’, ‘1’ } 

sgMULT

NSL s

s valid brothers

type 
s_fcn  

NSL={‘sine[1]’,‘sine[2]’,‘step’}
s1 s2, 

s3
type

si  
srule_s

sSPEC
sine[1], sine[2] step
sine

amp

Figure 4: Part of ‘intermediate PES’ (sub-tree of sg) dur-
ing pruning of multi-aspect sgMULT 

inheritance

sine_s1{mb=’sine’;…; 
type=’sine[1]’}

sgMULT
cplg=c_sg(Children, Parent, 

NUM)

sgMULT.cplg = { 
 ‘sine_s1’, ‘1’, ’sg’, ‘1’; 
 ‘sine_s2’, ‘1’, ’sg’, ‘2’; 
 ‘step’   , ‘1’, ’sg’, ‘3’ } 

ctrl

ctrlDEC

ctrlDEC.cplg = { 
 ‘ctrl’      , ‘1’, ‘ltable_var’,‘1’; 
 ‘ltable_var’, ‘1’, ‘add’       ,‘1’; 
 ‘add’       , ‘1’, ‘ctrl’      ,‘1’; 
 ‘ctrl’      , ‘2’, ‘add’       ,‘2’; 
 ‘ctrl’      , ‘3’, ‘add’       ,‘3’ } 

type sine_s1 si-
ne_s2

flattened
sg, sgMULT, ctrl, ctrlDEC

cplg
musDEC

4 Software Infrastructure and 
Prototype Implementation 
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translation

Exe-
cution Unit

Figure 5: Infrastructure for multi-variant modeling and 
reactive model generation and execution. 

Experiment Control

merging
pruning flattening

validity checking
translation

5 Conclusion 
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