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ABSTRACT
Discrete event simulation (DES) performance is a crucial factor 
when applying large scale simulation models. It limits the ability 
to produce high quality simulation results within given time 
bounds, and thus limits the ability for iterative model evaluation. 
In a holistic hierarchical modeling approach, models are built 
from basic building blocks, which define the model granularity. 
Hence, the resulting model granularity is not optimal with respect 
to the execution semantic, and thus has a limiting impact on simu-
lation performance (granularity gap). The Purpose of this article is 
to propose an automated model reduction approach to close the 
granularity gap. The key idea is to merge basic model entities in 
order to lower model granularity and improve simulation per-
formance. The article discusses requirements and limitations of 
model reduction in DES and presents the architecture of a re-
search prototype. 

Categories and Subject Descriptors
I.6 [Simulation and Modeling] Miscellaneous   
I.6.4 [Model Validation and Analysis]: Discrete Event -  
model reduction, synthesis, simulation performance optimization. 

General Terms
Performance
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1. INTRODUCTION
To design, analyze, evaluate, validate, and optimize systems and 
processes, modeling and simulation methodologies and techno-
logies are applied [1]. For this purpose the real world systems or 
systems to be designed are captured in form of executable models, 
also designated as virtual prototypes. Prerequisites to apply ex-
ecutable models are so called execution domains. In this context 
the execution domain DES has gained significance since comput-
ing power increases in a way that simulation based approaches 

can be utilized in operative planning. DES is used in a broad set 
of application areas, e.g. energy, telecommunications, production, 
logistics, avionics, automotive, business processes, and system 
design. Inter alia DES is applied for dimensioning of resources, to 
answer questions about topology, scalability and performance 
regarding operational scenarios, and to estimate risks. Hence, the 
simulation performance needs to keep up with the enormous 
complexity increase of executable models (size, granularity), 
which in turn comes from the complexity increase of systems and 
processes as well as the customer requirement to create holistic, 
integrated, high accuracy models delivering more expressive 
simulation results. Other performance demanding tasks are long 
term simulations, iterative optimization loops, test batteries, real-
time models (higher reactivity to market) and automated specifi-
cation and modeling processes [2]. Hence the model 
size/granularity as well as execution performance are crucial fac-
tors in successfully applying modeling and simulation.  

In the scientific community techniques used in DES approaches 
have been studied and constantly improved. Recent work is con-
centrated on scheduler optimization [3, 4, 5] and parallelization 
approaches [6, 7]. Nevertheless, even with parallelization ap-
proaches, the ability of runtime scaling is limited and long term 
simulation requires a lot of computing time, which rarely profits 
from the availability of computing-clouds, since the scalability is 
limited depending on model characteristics [8, 9].  

To reduce DES computation time the conventional approach is to
optimize performance critical parts by hand-written source code. 
This may be time consuming and error prone. Thus, the basic idea 
is to look on the ability to merge simulation entities, as depicted 
in Figure 1, and to develop an automatable method for model 
reduction prior to simulation runs. How such a method affects 
execution time for sequential and parallel DES simulations is the 
goal of an ongoing research project.

Model Reduction

Figure 1: Basic Model Reduction Concept 
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The idea of model reduction is related to causality analysis [10]
and model checking [11], since it is generally necessary to reason 
about the causality preserving compositionality of actor based 
systems. The structural decomposition regarding simulation se-
mantics and optimization based on it is related to the concept of 
models of computation (MoC) and to multi-domain simulation 
[12, 13, 14]. 
The paper is organized as follows. In section 2 the challenges of 
model reduction are explained. Section 3 introduces the overall 
concept and steps involved in the method. Preliminary results are 
discussed in section 4. The paper closes with a conclusion and an 
outlook to current and future work. 

2. MODEL REDUCTION CHALLENGE 
In actor-oriented holistic DES simulation systems state of the art 
is to distinguish between atomic model entities, which are de-
scribed in any programming language and compiled into binary 
code, and composite model entities, which describe the composi-
tion of atomic and composite models [10].  

Composite models provide the structuring and composition of 
models, but do not contribute to the execution semantics. Atomic 
model entities interface with the simulation kernel and contain the 
whole behavioral description, including event consumption and 
creation, time advance of events, manipulation of data entities, 
etc. Thus, without any further knowledge about the internal be-
havior of atomic model entities, a fusion of atomic model entities 
is not allowed. Equivalent behavior can be assured by checking 
the following properties:

1. The execution order (event scheduling) of entities is 
preserved, except hidden events of merged entities. 

2. The value and order of the global simulation state is 
preserved, except hidden states of merged entities.  

When the first requirement is fulfilled also for hidden events, the 
second requirement is also fulfilled, which requires to preserve 
the granularity, e.g. by hierarchical scheduling. 

2.1 Atomic Interface Definition 
Actor-oriented holistic DES simulation systems rely on a well 
defined interface for atomic and composite simulation interfaces 
[10]. An example interface, which is also used as prototype is 
presented in this section, which contains some extensions for 
model reduction (bold italic). 

An atomic entity can contain ports, states, parameters, and meth-
ods. The simulation entity definition is extended by a run-
condition property, which specifies the synchronization of incom-
ing events. Atomic entities can inherit from other atomic entities.  

A port represents a communication interface from or to another 
simulation entity by a logical communication channel (connec-
tion). Ports are characterized by data-type, direction, priority, and 
optional zero-delay. The zero-delay specifies that all tokens are 
transmitted without delay to the receiver.  

A state represents a data entity (memory), which contains a part 
of the simulation state. Depending on the visibility (inter-
nal/external) a state can be either only accessed locally or shared 
with other simulation entities. States are further characterized by 
data-type and access-type (read/write/snoop).

A parameter holds a data value, which is defined at modeling 
time and remains constant during simulation. A parameter is de-
fined by data-type and value can be calculated from other pa-
rameters.

A method encapsulates a user-defined functionality, which proc-
ess data or affect states. Methods are defined by signature and 
visibility.

Some features extend the basic DES simulation algorithm, in 
order to simplify modeling a certain behavior and avoid cumber-
some replacements by providing shortcuts in the simulation ker-
nel. Examples are event cancellation, state snooping (state event). 
The drawback of such advanced DES features is the increase of 
complexity and introduction of possible side effects when analyz-
ing possible behaviors of the model for model reduction and par-
allelization. As a result the utilization of advanced DES features 
have to be decidable, e.g. by port-type specialization, access-type
of states or restriction of utilized API functions. 

2.2 Decidability of the Equivalence Problem 
Deciding the functional equivalence of two models (submodels) is 
a nontrivial task. There exist several approaches to equivalence 
checking depending on the conceptional layer of the models, on 
which the equivalence checking is applied, see Table 1.
Table 1: Conceptional Layers for Model Analysis 

Conceptional
Layer

Vocabulary Decidability

DES Composition 
Layer 
[10] [18]

interconnection
of atomic ports, 
states,  
parameters

cycle free, causality 
dependencies, unused 
ports, read-write de-
pendencies for state 
access  

DES Atomic
Interface Layer  
[18]

Ports, States, 
Parameters,
Lifecycle Meth-
ods, Inheritance, 
entity types 

Restrictions on utili-
zation of kernel inter-
face features, model-
data type resolution, 
external references 

Code Layer 
(C, C++, Java) 
[15]

C++ Types, 
Variables, In-
structions,
Method calls,
Control- / Data-
flow, Inheri-
tance

Control-/ dataflow 
dependencies, reach-
ability of method 
calls, dead code, ini-
tialization, c++ type 
resolution, path cov-
erage, utilization of
external code 

Machine Layer 
(Object code) 
[16][17]

Register, Mem-
ory, Instruc-
tions, Jump/ 
Call Instructions 

Data values, reach-
ability, deep control-
/dataflow dependen-
cies, model checking 

The conceptional layers relate to the technical representation of 
the simulation entities, which defines the information available 
for analysis (vocabulary). The DES Composition Layer describes 
interconnection of atomic entities within a model, based on the 
atomic entities interface definition. The DES Composition Layer
allows analyzing structural dependencies and properties, e.g. 
Read-Write order on states or causality cycles [10].  



The Atomic Interface Layer describes the interface of atomic enti-
ties (see section 2.1) as well as restrictions on features available 
for the functional description.
The Code Layer contains the functional implementation of a cer-
tain atomic entity, in the form of lifecycle methods and custom 
code sections. It enables deciding about data-flow and control-
flow dependencies by software model checking [15] with instru-
mented code. However, some dependencies cannot be discovered 
due to dependencies on external code and simulation APIs, or 
require to include the simulation kernel or an abstraction of it.
The Machine Layer contains preprocessed and compiled code for 
simulation entities and references to external runtime libraries. In 
principle, exhaustive analysis in terms of model checking is pos-
sible [16, 17].  
If two models are completely independent, e.g. different atomic 
entities and granularity, the equivalence must be decided on DES 
Atomic Interface Layer and Code Layer including the whole 
model, using model checking methods. We recognize such an 
approach as not feasible for deciding about equivalence, due to 
the potential state complexity of a model. When one of the two 
models is conducted from the other by transformations, such as 
composition and decomposition, the equivalence checking task 
may be reduced to decide the validity of compositionality [18]. In 
the application domain of DES simulation two models are not 
coupled directly, but by scheduler interaction, and the interface is 
designed for interoperability by a generic port interface method. 
Such methods alone are not feasible, because they do not consider 
state changes. Methods based on a tagged signal and model cau-
sality requires complete models to conduct decisions [10]. 

2.3 Combined Approach 
As a consequence we decided to develop an own approach for 
deciding the equivalence between an original and a composed 
model, which partly covers all conceptual layers by integrating 
existing techniques. The first step is to classify model entities 
regarding their conformance levels for composition based on its 
execution semantics/ MoC. This depends on the entity interface 
(DES Atomic Interface Layer), utilization of simulation kernel 
application programming interface features and behavioral prop-
erties (Code Layer / Machine Layer). The second step is to ana-
lyze the model structure regarding valid composition patterns, 
including scheduling priorities, to determine valid composed 
models (DES Composition Layer).  

2.4 General Restrictions on Model Reduction 
A real fusion of model entities with a changing of granularity is 
only valid when certain restrictions can be assured, e.g. no event 
delay, synchronization, data flow semantics, data access1.

This is exactly what manual optimization does, and we call it 
model reduction. When looking on nontrivial composition pat-
terns, a number of aspects, such as scheduling strategy, type and 
order of data accesses, hidden model states, etc. have to be con-
sidered. The validity of fusing model entities can be treated as 
solution of an equivalence problem. The change of granularity is 
accomplished by model synthesis. 

                                                                
1 Reasoning about delay and synchronization issues would re-

quires a global analysis scope including dynamic effects in of 
the global DES event queue, see section 2. 

3. MODEL REDUCTION CONCEPT 
The main goal of model reduction is to increase simulation per-
formance in terms of execution time2 by a fully automatic pre-
processing step prior simulation model execution. Figure 2 de-
picts the proposed model reduction process, consisting of four 
main steps. In the first and optional step, performance profiling 
and hotspot analysis, the model is profiled in conjunction with the 
desired target scenario, since the optimization may depend on a 
concrete parameterization of a system model, see section 3.1. In 
the second step behavioral analysis is applied to check whether a 
certain model entity conforms to preconditions for applying opti-
mization, see section 3.2. The next step, model optimization, in-
cludes the structural analysis of the original model, determination 
of optimization regions, and identification of an optimized model 
structure, see section 3.3. In the last step, model synthesis, the 
target model entities and back annotation are generated according 
to the optimized model structure. The model synthesis accom-
plishes a change of granularity by generating different code or 
defining a different scheduler, as explained in section 3.4. The 
current status of the concept implementation is explained in sec-
tion 3.5

Performance
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Behavioral 
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Model
Optimization

Optimized System 
Model

Graph
Rewriting 

Engine

Static Code
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Model
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System 
Model

+
Performance
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System 
Model

+
Classification,
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System 
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with
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Structure
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Figure 2: Model Reduction Process 

                                                                
2 Other aspects, e.g. memory consumption may also be interest-

ing, but this usually requires changes in the modeling concept 
and is thus not considered in this article. 



3.1 Performance Profiling
Performance profiling is suggested to be a preprocessing task in 
order to provide information for the optimization step. Perform-
ance profiling assesses CPU utilization and event statistics and 
thereby block-granularity and communication-density produced 
during a certain simulation scenario. The required information can 
be collected by the simulation kernel, simulation log and per-
formance profiling tools. This information may be used to provide 
a better tailoring of the model for optimization alternatives or 
parallel DES simulation. E.g. a large optimization model reduc-
tion may be split in order to enable parallelization, or an identified 
optimization region may be skipped due to size or lack of impact. 
Performance profiling is not generally necessary for model reduc-
tion and model optimization, but the gained information can be 
used to influence the optimization process and improve the opti-
mization results, see section 3.3.

3.2 Behavioral Analysis 
Deciding about the compositionality of model entities requires 
knowledge about the behavior of atomic entities as well as their 
interaction and scheduling, see section 2. Behavioral information 
is derived from: 

Structural model information, e.g. state access, connectivity. 
( DES Composition Layer) 

Dynamic model information, e.g. static synchronization, 
priorities, event order. (DES Composition Layer) 

Structural user code information, e.g. custom code sections, 
simulation kernel APIs utilized in user code. (DES Atomic  
Interface Layer) 

Dynamic behavior of user code, e.g. port queue limitation, 
dynamic synchronization. (Code Layer, Machine Layer) 

The structural information can be gathered from the internal struc-
ture (definitions, methods, attributes) and external dependencies 
(object symbol table) of user code.  

3.2.1 Classification of Model Entities 
The three conformance classes DES scheduling (D), Hierarchical
scheduling (H), and Dataflow based Synthesis (S) are considered 
for atomic model entities, based on the simulation semantics 
(model of computation) required to preserve a correct simulation. 
Between the conformance classes the subset relation SHD
holds, e.g. all model entities in classes H and S can also be used 
without optimization, i.e. with standard DES scheduling of class 
D. The resulting classified model structure is comparable to a 
multi-domain simulation model, with computation domains DES, 
hierarchical DES (HDES) and synchronous dataflow (SDF), as 
depicted in Figure 3.

DES

HDES HDES SDF

SDF SDF

Figure 3: Layering of Conformance Classes 

3.2.1.1 DES Scheduling (D) 
DES scheduling is the basic conformance class, which means that 
no optimization is possible for a certain atomic block and thus the 
standard scheduling algorithm is used.

3.2.1.2 Hierarchical DES Scheduling (H) 
In hierarchical scheduling, timed and untimed regions (optimiza-
tion regions with zero-delay, depending on structure and priori-
ties) are handled by different scheduling algorithms in a hierar-
chical manner. Globally, timed DES scheduling is applied, 
whereas the untimed regions can be managed by a simpler local 
scheduling algorithm based on a priority queue. If an atomic 
block conforms to hierarchical DES Scheduling, it can be applied 
for local scheduling, which avoids some of the overhead coming 
with a global event queue and maintaining time. Instead, a local 
event queue is used for respective untimed regions. For elements 
without utilization of a time delay, we basically need to ensure the 
absence of advanced DES features, see section 2.1. Analysis of 
Restrictions regarding dynamic behavior is not required. Another 
advantage is that hierarchical scheduling can be applied using 
original simulation model objects, without changing any line in 
the user code.

3.2.1.3 Dataflow based Synthesis (S) 
For advanced optimization in terms of dataflow based code syn-
thesis, it must be assured that an atomic block provides determi-
nistic behavior, which conforms to the synchronous dataflow 
(SDF), Boolean dataflow (BDF) or scenario-aware dataflow [14]
(SADF) model of computation. The SDF model of computation 
states, that on availability of a given number of data tokens 
(events) for input of an atomic block, the computation produces a 
given number of output tokens (events) at each output. This al-
lows a predictive scheduling, allows replacing ports by local vari-
ables, and completely removes the need for dynamic scheduling 
within such an optimization region.  

3.2.2 Formal Behavioral Analysis 
The absence of advanced simulation features can be ensured on 
DES Atomic Interface Layer by a restricted set of kernel API 
functions which is available within the use code. 
Checking that the dynamic behavior of ports conforms to the syn-
chronous dataflow MoC states, that during an execution of the 
entity a certain number of event tokens is consumed a the input 
ports, and eventually a certain number of event tokens is produced 
at the output ports according to the specified synchronization 
behavior, for any (repeated) sequence of execution. For simple 
SDF models the number is one for all ports. 
Checking dynamic behavior with model checkers like the Static
Driver Verifier Research Platform [17] or SATABS [16] requires 
additional steps, in order to provide proper platform model and 
test setup for analyzing atomic model entities. Figure 4 depicts the 
proposed test setup. The simulation kernel is replaced by a non-
deterministic kernel model (platform model), which provides all 
possible interactions to the atomic model entity under test, includ-
ing event generation, state access, and triggering of the atomics 
simulation methods (test patterns). The behavior is checked by 
state machines for ports and states, which are coupled with the 
Event and State APIs by hook methods. The state machines check 
the kind and number of accesses to ports. This, together with a set 
of properties allows verification of expected results and validity 
of interactions. 
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(Device under test)

Event API

Simulation API
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Simulation API Simulation API
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Figure 4: Test Setup for Behavioral Analysis 
We are going to use the Static Driver Verifier Research Platform 
[17] as a static code checker. This requires generating interaction 
models and conformance rules (property checker) for each atomic 
entity, depending on its interface. For simple SDF models, which 
consume and produce exactly one event token in each simulation 
step, the interaction model and conformance rules can be gener-
ated automatically. The kernel model and generic state machines 
for ports and states need only be provided once. The result of 
behavioral analysis is a classification of atomic model entities 
which can be used for model optimization. 

3.3 Model Optimization 
After classification of atomic model entities, the structural analy-
sis and tailoring into optimization regions takes place. An optimi-
zation region determines a connected part of the model, which 
belongs to a conformance class. This does not only depend on the 
atomic model entities, but also on the structure, such as the prior-
ity of ports/connections, structural cycles, and interference of 
state accesses. For simplicity we assume a flattened model hierar-
chy. The optimization regions are determined by recursively 
merging optimization regions with the same conformance level, 
starting with conformance level S:
1. Each optimization regions consists of at least one entity. 
2. Two optimization regions can be merged, if they are connec-

ted to each other and belong to the same conformance class 
and all interconnections are without delay and have a higher 
priority than other connections outside of the optimization 
regions. Merging entities of conformance class S also re-
quires the synchronization condition to be unchanged.

3. When no further merging is possible, all regions consisting 
of one entity are shifted to the next lower conformance level, 
and the algorithm is repeated with the next conformance 
level, until D has been reached.  

At the end, the simulation model is tailored into optimization 
regions, which can be optimized using model synthesis or a hier-
archical scheduling, as explained in section 3.2.1 and depicted in 
Figure 3. There is only one DES region, containing HDES and 
SDF optimization regions. We propose to use a graph rewrite 
engine [19] to implement the model optimization algorithm. Us-
ing a graph rewrite engine instead of direct coding allows operat-
ing on model level in a declarative way.  
In certain conditions the optimizations regions may not be unique, 
but depend on the order of rule applications.3 Another important 
point is, that an improvement requires a certain size of the optimi-
zation region, e.g. more than one element, otherwise there will be 
no effect or even a performance degradation due to increased 
overhead. On the other side, one Optimization region is bound on 
one computing resource (logical processor), which affects the 
granularity and parallelism available for parallel DES (PDES). 
This may also result in performance degradation, if the granular-
ity of optimization regions becomes too large. We will need to 
add heuristics and include performance profiling results to solve 
these issues in future work. 

3.3.1 Debugging and Datamining 
Debugging and datamining during simulation are two important 
aspects for the model optimization process, since the model re-
duction should be as transparent as possible. I.e. the modeling 
engineer should not care about code objects and possible restruc-
turing during optimization.
For datamining a separate layer is considered, which determines 
the location for extracting data which is used for data visualiza-
tion and data analysis. This means the datamining objects do not 
contribute or inference with the simulation it selves, but utilize the 
data generated by the simulation. This allows decoupling simula-
tion and datamining. When the model is changed during optimiza-
tion, the datamining must be relocated and if necessary additional 
ports must be provided. Supporting datamining as additional layer 
is optional. If not supported, according elements are regarded as 
normal simulation objects 
Model based debugging allows following the execution according 
to the scheduling strategy and model granularity. During model 
execution the physical granularity and structure of the model is 
changed, so the debugging must provide a feedback about the 
simulation-step-granularity and associate debugging information 
to the correct model entity. 

3.4 Model Synthesis 
The model synthesis consists of two parts. First, the new model 
structure resulting from the model optimization must be estab-
lished. For each optimization region a composite containing the 
atomic model entities is created, with one top-level composite of 
type D, which is controlled by the original DES scheduler. Re-
gions of optimization type H are annotated with a local scheduler, 
resulting in hierarchical scheduling. 
The second part is to apply synthesis for the regions of type S.
This step requires creating new atomic entities which combine the 
functionality of the region, while avoiding the overhead resulting 
from simulation kernel API and dynamic scheduling. Technically 
this means replacing ports by local variables, and merging the 
original state sets. The practical implementation requires a 
                                                                
3 E.g. an element might be legally merged into more than one 

region. However, so far we could not produce such a situation. 



number of detail solutions, e.g. for providing replacements for 
equal port names, equal state names and providing access to inter-
faces via pointers.  

3.5 Tool Support and Current Status 
The DES modeling and simulation tool Modeling and Simulation 
Architect (MSArchitect) [20] is considered to implement the pro-
posed model reduction process. MSArchitect was chosen, since it 
brings layered APIs with access to model manipulation, simula-
tion kernel interaction and a rigid code synthesis mechanism, 
which enables to structurally analyze features and dependencies 
in the generated code. Thereby, utilization of advanced DES fea-
tures, access to the kernel API and access to external code are 
decidable.

Currently, the implementation and integration of the model reduc-
tion process is in progress. Behavioral analysis and model optimi-
zation have been implemented for conformance classes D and H.
Static scheduling has been implemented as lightweight extension, 
by annotating a composite entity of conformance class H with a 
local scheduler which takes control during simulation time. The 
extension to conformance class S and realization of its model 
synthesis is currently work in progress. 

4. Preliminary Experimental Results
To validate the overall concept, we applied model reduction on 
two basic test cases manually. Both test cases contain a composite 
for optimization, which is executed in a loop. The purpose of the 
tests is to validate feasibility and effect of optimizations by exam-
ple. Therefore we compare results from the original composite 
model with DES scheduling, with the hierarchical scheduling 
approach, and with a manually conducted atomic model as re-
placement for the original composite. The original composite 
represents the conventional DES scheduling approach without 
optimization. The manually conducted model reduction represents 
the reference for an automated synthesis solution. All results were 
obtained using a Workstation with an Intel i7-990X processor and 
12 GB RAM running MSArchitect [20] on Windows 7 Profes-
sional.

4.1 Hamming Number Generator 
The first example a Hamming number generator, which produces 
an ordered sequence of integer numbers, which can be written as 

.
The whole model is depicted in 

kji 532
Figure 5. The white rounded rec-

tangles represent atomic model entities. The arrow shaped penta-
gons represent ports according to their direction, which are con-
nected according the solid lines. The grey rounded rectangle con-
tains the composite containing the main computation, which also 
represents the optimization region. The composite is embedded in 
a loop structure and executed once for each Hamming number. 
The simulation is terminated by the DumpValue1 block, if a cer-
tain count of hamming numbers has been generated. All output 
ports except Impulse1.out emit Events of data-type integer. All 
atomic entities except Impulse1 and DumpValue1 conform to the 
Dataflow based Synthesis class and can be optimized.  
Table 2 contains the execution time, the relative performance 
improvement to the original model, and number of simulated 
events for generating 10 million Hamming numbers. The granu-
larity of atomic simulation steps within the composite, which are 
handled by the conventional DES scheduler, is evaluated in aver-
age CPU cycles. With hierarchical scheduling on the composite 

the execution time is reduced by 16.5 %, the utilization of the 
DES scheduler is reduced by 75 %, although the granularity in-
creases by 600%. It can be concluded, that the reduced overhead 
outweighs the increase of granularity. The manually conducted 
atomic model is able to reduce the execution time by 78 %, with 
the same scheduler utilization. A decreased granularity is ob-
served in the atomic model, indicating the presence of low-level 
effects in the small model. 

Figure 5: Hamming Number Generator Example Model 

Table 2: Hamming Number Generator Results 
          Version 
Results

Composite 
(D)

Hierarchical
Scheduling (H) 

Atomic Model,  
manual (S) 

Execution Time  20.71 s 17.92 s 4.53 s 

Improvement  -  16.5 % 78.1 % 

Events (DES) 80 million 20 million 20 million 

Granularity 708 CPU cycles 4203 CPU cycles 613 CPU cycles 

4.2 One-To-Go Example 
The second example contains the generic functionality “One-To-
Go”, to filter out duplicate events occurring at the same time in-
stance. Figure 6 contains the according “One-To-Go” algorithm. 
Keywords are bold italic (var, void, if, else), API functions are 
italic, e.g. hasEvent(), receive(), send(), getCurrentTime().
Elements of the atomic entity interface are bold, such as ports 
(In1, Out1), states (LastTime) and the simulation function run().

var LastTime = 1; //internal state

void run() { // simulation function
if (In1.hasEvent()) {

var time = getCurrentTime();
if (time > LastTime) {
LastTime = time;
Out1.send(In1.receive());

} else {
In1.receive();

}
}

}

Figure 6: One-To-Go Algorithm 
The simulation model is depicted in Figure 7. It contains the grey-
shaded composite, which realizes the “One-To-Go” algorithm. All 
atomic model entities in the composite conform to the Dataflow
based Synthesis class, whereby the ConditionGate is associated to 
the BDF/SADF MoC domain. The atomic model entities Read-



State and WriteState access the internal state LastTime storing the 
timestamp of the most recent incoming event. The model contains 
two event generators Clock1 and Clock2 with equal parameteriza-
tions, such that for each time instance one event is filtered out. 

Figure 7: One-To-Go Example Model 
Table 3 summarizes the results of simulating 2 million incoming 
and 1 million outgoing events. We can observe a 33 % perform-
ance increase when using hierarchical scheduling instead of pure 
DES scheduling. Thereby the utilization of the DES scheduler is 
reduced by 77 %, while the granularity increases by factor 8.65. 
The manually optimized model provides a performance increase 
by approximately 80 %, providing the same model granularity. 

Table 3: One-To-Go Example Results 
           Version 
Results

Composite 
(D)

Hierarchical
Scheduling (H) 

Atomic Model,  
manual (S) 

Execution Time 5.63 s 3.76 s 1.14 s 

Improvement  -  33.1 % 79.8 % 

Events (DES) 22 million 5 million 5 million

Granularity 455 CPU cycles 3936 CPU cycles 455 CPU cycles 

4.3 Result Interpretation 
While the expressiveness of the experiments is limited due to the 
small size of the models, we can draw some conclusions regard-
ing the general applicability of a model reduction method as pro-
posed in this paper.

The result of model reduction is a decreased number of computed 
events and thus a reduced simulation overhead. Hierarchical 
scheduling produces a coarser model granularity with respect to 
conventional DES scheduling. However we can expect only a 
fairly constant reduction of overhead, which also depends on the 
concrete scheduling algorithm implementation. Nevertheless, the 
reduction may become more significant, when considering large 
event queues. 

The synthesis method is yet not fully implemented. However, we 
can expect a significant effect for fine grained simulation models 
containing optimization regions which can be used for dataflow 
based synthesis. 

4.4 Supposed Advantages for PDES 
Some advantages are supposed to occur when combining model 
reduction with PDES simulation. The main advantage is reduced 
simulation overhead. Hierarchical scheduling result in a coarser 
model, thus PDES simulation may benefit, e.g. the potential num-
ber of rollback events is reduced. However, the effect strongly 
depends on the model structure and distribution of model entities 
onto processing resources. Potentially model reduction reduces 
the applications inherent parallelism by synthesizing parallelly 
executable entities into one entity. Another aspect is the distribu-
tion of memory requirements by PDES, which may be changed by 
model reduction. Balancing between model reduction and paral-
lelization will be necessary, and can be achieved by using struc-
tural information and performance profiling information. Model 
reduction is expected to be in principle more flexible than manual 
optimization, e.g. it may depend on model structure or utilize 
profiling information from previous simulation runs.

4.5 Limitations
Compositional data flow synthesis cannot reduce the inherent 
computational complexity and effort of a simulation (time and 
memory), but only reduce or eliminate the overhead which is 
introduced by a holistic modeling and simulation approach. Opti-
mization regions must not contain advanced DES features which 
require kernel interaction, such as cancelable events. The model 
entities must not use features, which evaluate or manipulate the 
model structure on run time.

5. Conclusions and Future Work 
In this paper an automated model reduction method for improving 
execution performance of DES models has been proposed as work 
in progress. The steps for analyzing models and conducting an 
optimized structure have been explained. Preliminary results, 
based on small examples, indicate the feasibility of the approach. 
We expect that the improvement for real world models will be 
slightly smaller, than in the examples presented in this paper.

In fact, classification of model entities and having access to the 
required structural and behavioral information is the crucial point 
of our approach. Nevertheless, we think the approach could be 
adapted to other tools without loss of generality. The effort re-
quired for porting will strongly depend on the target platform, e.g. 
for implementing the model entity classification and the synthesis, 
while the structural model optimization could be easily reused.  

The next steps are the completion of the model reduction ap-
proach for MSArchitect, exhaustive experimental analysis, e.g. 
with the toll collect model [2]. During these steps some refine-
ments on the proposed methods will be developed, e.g. extensions 
on the set of restricting interface features, refinements on the be-
havioral analysis model, and extensions on the set of model opti-
mization option. We expect that the proposed model reduction 
approach can be conducted automatically. The feasibility of ex-
tended optimization ideas requires experimental validation after 
finishing the implementation, e.g. loop handling, time shifting, 
and considering new conformance classes, e.g. state machines. 

Future work will also contain quantification of effects on PDES 
simulation, when PDES is available for MSArchitect. Some as-
pects have been discussed in section 4.4, such as influence on 
rollback events, inherent parallelism, and memory distribution. 
We expect that techniques for balancing between model reduction 
and parallelization must be integrated to avoid side effects.  
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