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1 INTRODUCTION 

Embedded control systems are becoming more and more complex due to new functionalities or features. 
The systems evolve over time driven by their changing system requirements.  Instead of being developed 
from scratch, many of these systems are based on previous versions. Managing system evolvement has 
become a major industrial challenge since the time and effort needed to change or extend a complex 
system is often huge and unpredictable. Reducing the time and effort for changing and extending 
complex systems is therefore a key issue. 
 
Embedded control systems usually consist of applications deployed on an execution platform. For 
instance, a printer system is composed of many application tasks used to control the printing deployed on 
a complex execution platform. A change or extension of such systems may concern a change of the 
application itself (e.g. tightening timing requirements or adding new functions), a change of the execution 
platform (e.g. upgrading a processor or communication network) or a change of the mapping of the 
application tasks on the platform. Hence a main issue to address concerns the way to adapt the 
application, the platform and the mapping in order to satisfy the new requirements. 
 
During the architecture and design process, important decisions are made how to incorporate the new 
requirements and these decisions can have a major impact on the quality of the end result. However, 
currently these decisions cannot be underpinned properly and their impact cannot be assessed 
adequately before the system is implemented and tested. For example, in the early stages of the design 
trajectory it is difficult to foresee whether an extension of the execution platform with an additional 
processor is required to improve the system performance as dictated by the new requirements and 
whether this solution is cost effective.    
 
Currently, the impact of these design decisions is only becoming clear only during the integration phase. 
Issues that show up in such a late stage of the design trajectory can result in costly and time consuming 
design iterations. A well known example is the bug in the floating point division units of the Intel Pentium 
chip which cost the company over 500 million dollars as there were many products need to be replaced 
[8]. 
 
The goal of this master’s project is to investigate whether such integration problems can be prevented 
through predictive performance modeling methods. In particular we investigate approaches based on the 
Y-chart scheme [11]. The Y-chart scheme is a model-based design approach. It enables the modeling of 
systems in the early stage of a design process. Based on executable system models, feedback on 
performance and correctness of systems can be obtained as early as possible.  
 
The key underlying principle of the Y-chart approach is separation of concerns. This implies that 
application models, platform models and mapping models are described separately. As a result a change 
in one of the models will not affect the other two. In this way the time and effort for a system modification 
is minimized. Hence design alternatives can be explored with relative ease by a local change of the 
model. 
 
The objective of this thesis is to investigate whether the impact of important design decisions can be 
predicted based on the Y-chart scheme. As a concrete implementation of the Y-chart scheme we have 
chosen the SHE (Software/Hardware Engineering) methodology. SHE provides a powerful modeling 
language (POOSL) to construct system models and to analyze system properties. In addition SHE 
supports a Y-chart based way of model building.  
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A system from industry is taken as the case study to implement the system modeling method SHE in the 
thesis project. However, due to the confidentiality, this report is just a summary of the whole thesis report. 
This summary focuses on the introduction of the methodology used, and the modeling, simulation and 
analysis of the case study system are not discussed here. This report summary is organized as follows:  
 

• In chapter 2 the prior art is investigated. The Y-chart scheme is briefly explained together with the 
basic requirements that have to be satisfied. Based on these requirements, the SHE method is 
assessed by illustrating the strong and weak points. To address the weak points, another Y-chart 
approach called Metropolis is investigated. Finally a proposal to enhance the SHE method with 
facilities to explicitly model topology as is done in Metropolis. 

• In chapter3 the SHE method is enhanced following the proposal of Chapter 2. The enhanced method 
is illustrated in detail including application modeling, platform modeling and mapping. 

• In chapter 4 some overall conclusions are analyzed including the prediction of system design by 
using Y-chart paradigm, the strong and weak points of the enhanced SHE method developed in this 
thesis.  

 
 
 

 
 
 



 5 

2 REQUIREMENTS AND RELATED WORK 

 
To prevent the problems occurring in the integration stage of the design trajectory, a powerful predictive 
performance modeling method is needed. In this chapter, several modeling methods are investigated to 
find and select a feasible and suitable method. The structure of this chapter is as follows.  
 
Some requirements for the modeling method are listed in Section 2.1. In Section 2.2, the Y-chart scheme, 
a model-based system-level design approach is briefly introduced. In section 2.3 the SHE method is 
presented in detail including the analysis of its strong and weak points. One of the weak points of the 
current SHE method is the difficulty to include complex switched network in the platform mode.  A 
suggestion to improve the weak points of the SHE method is given in Section 2.4, by studying the 
Metropolis approach. This approach allows complex switched network to be modeled. The proposal to 
improve the SHE method is worked out in detail in the next chapter. 
 

2.1 REQUIREMENTS 

To model the embedded system, the following requirements are to be satisfied by the modeling method: 
 
1. It is allowed to create models both for the application and the platform of a system and to map the application 

model onto the platform model 

2. The property of separating concerns should be satisfied during the system modeling which means it should 

ensure the independency between any two of the application model, the platform model and the mapping   

3. Effective analysis methods and tools should be available to analyze the performance and verify the correctness 

for the system based on the simulating results  

4. Be able to deal with the worst/best case and the average case analysis of a system 

5. It should provide a easy way to deal with a complex communication switched network 

 

2.2 Y-CHART PARADIGM  

 
Over the last decade, model-based design has been an excellent method to accelerate the design of 
systems. The Y-chart paradigm [10] is a principal model-based system-level design approach. Due to the 
simplicity and conciseness of the paradigm, it has been applied in various domains. 
 



 6 

  
 
 
 
 
As shown in Fig.2.1, the Y-chart paradigm provides a framework for building models and evaluating the 
behavior of systems. The design approach is described as the following four steps to reduce the overall 
design time: 
 
1. Create a model for the functionality of the system independent of the specified platform details. Generally, the 

application model is composed of computation and communication entities which represent the functional 

behavior and interactions between processes. 

 

2. Create a model for the platform composed of the processors, networks or memories. The platform model 

provides the key services (computation, data storage and communication) to the application model. 

 

3. Deploying the application on the platform by mapping computation tasks on processors, communication paths 

on communication networks and data management on memories. 

 

4. Analyze the system performance based on the result of the simulation by running the application on the 

platform. Then designer can modify the application model, platform model and mapping according the analysis 

result to improve the performance. Repeat the improvement until a solution is found to satisfy the requirements. 

 
It is clear that the Y-chart paradigm provides a way to implement the application modeling, the platform 
modeling and the mapping where the application model is independent from the platform model. The Y-
chart paradigm is implemented in several concrete modeling methods such as the SHE method and the 
Metropolis as discussed below. 
 
 
 
 
 
 

 

 

 

Application  
  Modeling   

   Platform  
  Modeling   

              Mapping 

       
               Analysis 

   Modify  
  Platform  
 Modeling 

     Modify  
   Application  
     Modeling 

   Modify  
  Mapping 

Figure 2.1 Y-chart paradigm 
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2.3 SOFTWARE/HARDWARE ENGINEERING 

 
Software/Hardware Engineering (SHE) [11] is a general purpose modeling method that supports the Y-
chart way of thinking. It builds a bridge between system requirements and the implementation of a 
system. Figure 2.2 (from [10]) describes the modeling flow of the SHE method from system requirements 
to system implementation. The modeling process consists of the Formulation, Formalization, Evaluation 
and Realization phases: 

 
 

Figure 2.2: Modeling and analysis flow of the SHE 

 
1. Formulization: The formulization phase focuses on documenting the design alternatives and requirements 

proposed. The Unified Modeling Language (UML) is usually used as the formulating tool. Both functional and 

non-functional desired properties can be expressed by UML annotations within the UML model. 

 

2. Formalization: Formalization is a process transforming the models produced by formulation into executable 

models for analysis purposes. SHE provides an expressive language, POOSL (Parallel Object-Oriented 

Specification Language) [11], to formalize the system’s behavior specified in informal UML diagrams into a 

formal executable model. 

 

3. Evaluation: After the executable model is produced, the evaluation is needed to analyze if the system 

requirements are satisfied. If so, a feasible design solution is found and the system can be realization. If this is 

not the case, the formulization and the formalization should be checked and analyzed to find out the problems. 

 
The Y-chart paradigm is used in the formalization and Evaluation stages of the modeling flow of the SHE 
method. The remaining part of this section will introduce how the Y-chart paradigm is implemented in the 
formalization stage of the SHE method and how the resulting models are analyzed. The evaluation stage 
in the SHE method is not discussed in this report. 

 

2.3.1 MODELING OF SYSTEMS USING Y-CHART PARADIGM 

The formalization by using the Y-chart paradigm in the SHE method [15] mainly consists of three steps: 
application modeling, platform modeling and mapping which are illustrated as follows. 
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� Application modeling: In an application model, the basic modeling elements are tasks and 

unbounded-FIFOs and they can be modeled by using the process and data statements of POOSL. 
Tasks are used to model processes in the application which have communication or computation 
behavior and the FIFO channels are defined as communication path between tasks. By using tasks 
and FIFOs, an application composed of several processes and the interaction between processes 
can easily be modeled.  

 
� Platform modeling: The basic elements for the platform model are the processor (P), the storage (S) 

and the communication (C) resources. Processors and memory in the platform can be separately 
represented by the P and S resources. A communication network can be seen as the combination of 
multiple buffers and links. Therefore a communication network can be modeled with the S and C 
resources where the S and C resources represent the buffers and the links separately. In the platform 
model, the P, S, and C resources are not connected together.  

 
� Mapping: The mapping is a process to map the elements of the application model onto the elements 

of the platform model. The computation behavior of a system can be implemented by mapping tasks 
onto processors. On another hand, the communication behavior is accomplished through mapping 
the FIFOs onto the storage resources (S) and mapping the connecting lines between two FIFOs onto 
the communication (C) resources.  

 
The SHE method provides a powerful modeling tool (the POOSL language) to implement the three steps 
above. To create the basic elements in the application model and the platform model we refer to [11]. To 
make the modeling process more clear, a system is implemented by using the three steps as an 
example. As shown in Fig. 2.3 the system is composed of two processes each running on a separate 
processor. The processes communicate with each other through a bus connecting the two processors. 
 

 

Figure 2.3: A small system with two processors and one bus 

 
The modeling structure of the system with the SHE method is shown in Figure 3.4. In the application 
model, the two processes are represented by two tasks (Task1 and Task2), the communication path of 
the two processes is modeled by two FIFOs (FIFO1 and FIFO2) and the connecting line between the two 
FIFOs. In the platform model, two processor elements (P1 and P2) are used to model the two CPUs. The 
bus can be seen as the combination of two buffers and one cable connecting the buffers. Then in the 
platform the two buffers and the cable are modeled with two storage resource (S1 and S2) and one 
communication resource (C1). The mapping is represented by the arrows in Figure 2.4. The tasks are 
mapped onto P1 and P2 for computation and the communication behavior is accomplished by mapping 
the FIFOs onto S1 and S2 and the cable onto C1. After the mapping, the functionality of the system can 
be simulated through the executable model produced.  
. 

CPU 1 CPU 2 Bus 
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Figure 2.4: Modeling structure of the system in Fig. 2.3 with the SHE method 

 

The modeling process introduced here is to show to the basic idea how a system is modeled with the 
SHE method. The detailed construction of the executable model with the POOSL tool is not discussed in 
this section. In the following, the positive and negative points will be analyzed according to the 
requirements listed in Section 3.1.  

 

2.3.2 STRONG POINTS OF THE SHE METHOD 

In general, requirements 1, 3 and 4 mentioned in section 2.1 are met by the SHE method. As a Y-chart 
approach, obviously the SHE method supports the application modeling, the platform modeling and the 
mapping which can be seen from the example in the Figure 2.4. Therefore the requirement 1 is satisfied 
by the method. 
 
The SHE method offers simulation-based analysis techniques for analyzing correctness and performance 
properties of a system. Simulations are not exhaustive however and the obtained results are only valid for 
part of the state-space covered by the simulation. So it needs to be ensured a simulation run is long 
enough to deliver accurate results. To address this issue, the SHE method includes techniques to 
evaluate the accuracy of results based on confidence intervals and to ensure that estimation results 
converge to the same results that could be obtained with exact techniques (refer to [12]). In this way, the 
simulation-based analysis provided by SHE becomes an effective technique for system performance 
evaluation, especially for a large systems. So the SHE method satisfies the requirement 3. 
 
The simulation-based analysis method offered by SHE can deal with worst/best case analysis and with 
average case analysis of systems. By extending the executable model with performance monitors (see 
Section 4.5), the worst, best and average value of performance metrics can be obtained through model 
simulation. So requirement 4 is also met.  
 
Except for the requirements stated above, the SHE method has another strong point. The resources in 
the platform model are not connected explicitly (see in Figure 2.3). The topology information for the 
resources is implicitly expressed in the application model with the mapping specifications. This gives 
much flexibility when evaluating the alternative mappings during design space exploration. The resources 

                                                                Application Model 
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Task1 Task2 FIFO1 FIFO2 

     P1      P2 S1 C1 S2 

Mapping 
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in the platform model are not interconnected and then no modification of the platform model needs when 
the topology of resources changes caused by the modifications of the mapping. The modifications in the 
mapping itself are able the keep the connecting consistency for platform resources.  
 

2.3.3 WEAK POINTS OF THE SHE METHOD 

 
As discussed above, the SHE method is a good modeling method with many strong points. However it 
has some problems concerning the dependency between application and platform models and the 
difficulty to deal complex switched networks. This implies that requirements 2 and 5 are currently not 
satisfied. This is further explained in the next subsections. 
 

2.3.3.1 DEPENDENCY BETWEEN APPLICATION MODEL AND PLATFORM MODEL 

The platform model is independent of the application model for the SHE method because the platform 
model remains the same when the application model changes. However the application model needs to 
be changed when a network or memory is changed in the platform model. As such the application model 
is dependent on the platform model. 
 
The reason is that a FIFO in the application model corresponds to a buffer in the platform model during 
the mapping. When the number of the buffers changes, the number of the FIFOs also needs to be 
changed. The change of the number of buffers is possibly caused by the change of the communication 
network or memory. As an example the platform of the system in Figure 2.3 is modified by extending the 
bus network and adding a shared memory and a cache. 
 

• Change of the communication network  
 
 

 

Figure 2.5: Extend the bus network of the system in Figure 2.3 

 
Figure 2.5 shows the result by extending the bus network of the system in Figure 2.3. The application of 
the system remains the same. The bus network in the new system can be constructed with three buffers 
and two cables. As a result when modeling the new system, the platform model needs one more 
communication resource (C2) and one more storage resource (S3) to model the change of the bus 
network (see Figure 2.6). Due to the modification of platform model, both the application model and the 
mapping need to be changed. One more FIFO needs to be added into the application model to 
correspond to the new storage resource S3 in the platform model. Two more mappings (from FIFO3 onto 
S3 and the link between FIFO1 and FIFO3 onto the C2) are added during the mapping.  

 Bus1 Bus2 

 
CPU2   CPU1 
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Figure 2.6: the change of modeling result caused by the change of the platform model 

 
• Adding of the memory and cache 
 
As seen in Fig. 2.7 one memory and one cache are added into the platform of the original system. The 
application behavior of the system remains the same. 
 

 

Figure 2.7: Extend the system in Figure 2.3 with shared-memory and cache 

 
The result of the adapted system modeling using the original SHE approach is shown in Figure 2.8. The 
platform model is changed by adding two storage resources and two communication resources according 
to the change of the platform of the system. Because the application of the system stays the same, the 
application model should be the same. But in fact two more FIFOs are introduced into the application 
model by using the SHE method. 
 

 

Figure 2.8: System model structure of the system in Figure 2.6 

                                                                                      Application Model 
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The two FIFOs (FIFO3 and FIFO4) are introduced because of the two storage resources (S3 and S4) 
added. It is clear that the application model is dependent on the platform model, which is undesirable. 
 

2.3.3.2 MODELING A SWITCHED NETWORK 

In the SHE method it is difficult to handle communication networks as platform resources. As shown in 
Figure 2.9 the platform of a system is composed of two processors (CPU1 and CPU2) and two switches. 
The application of the system consists of two tasks running on the two processors and communicating 
through a simple switched network consists of two switches. 
 

 

Figure 2.9: A system with a simple switched network 

 
To model a switch in a platform model, the structure of a switch should be known. Figure 2.10 shows the 
breakdown structure of a 4-port switch which is composed of 8 FIFO buffers and a crossbar. The FIFO 
buffers on the left side are used to accept inbound data traffic and they can be considered as the input 
ports of the switch. Similarly the FIFO buffers on the right side correspond to the output ports delivering 
the outbound traffic. Actually the input ports and the output ports are paired in one port of a switch and for 
this reason a 4-port switch has 8 FIFO buffers. A forwarding algorithm is implemented in the Crossbar to 
deal with packet forwarding.  
 

 

Figure 2.10: Structure of a 4-port switch 

 
When modeling the switch, the FIFO buffers inside the switch are modeled by storage resources and the 
Crossbar is represented by a communication resource. Then a 4-port switch can be built with 8 S and 
one C resource. The switches in Figure 2.9 can be considered to be 2-port switches because only two 
ports are used for communication. Therefore 4 storage resources and 2 communication resources are 

CPU1 Switch2 CPU2 Switch1 
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needed to construct the small switched network in Figure 2.9. On another hand, the bus connecting the 
CPU and the switch can be built with only one buffer and one cable because there is already one FIFO 
buffer on the side of the switch. Then 6 storage resources and 4 communication resources are required 
all together to model the communication network in Figure 2.9. 

 
 

Figure 2.11: Modeling structure of the system with a simple switched network  

 
The modeling result is shown in Figure 2.11 and it can be seen that 6 additional FIFOs are introduced in 
the application model to correspond to the 6 storage resources in the platform model. The communication 
paths between the FIFOs are mapped onto the communication resources to enable the communication 
behavior. As we see the modeling result of the simple switched network becomes very complex. 
 
Therefore it is very difficult to deal with a complex switched-network by using of the SHE method. The 
difficulties are analyzed by considering two aspects (the application modeling and the mapping) as 
follows: 
 

1. In the application model, every one 4-port switch in the platform will introduced 8 FIFOs into the 
application model if all the ports of the switch are connected to other resources.  It means that a 
switched network with N 4-port switches will introduced 8 * N FIFOs into the application model. It 
is a lot of work to construct so many FIFOs and connect them together in an application model.  

 
On one hand, there are three kinds of FIFOs needed to modeling a switched network. The first 
kind of them just has the function requesting room to the storage resource in the platform model. 
For the second kind, except for the function of the first kind, it also needs to request to the 
communication resource for a communication delay. The last kind is used as the input FIFOs in a 
switch which also needs to analyze the routing information for every packet transfer. It is very 
difficult to construct a large number of FIFOs with three types. 
 
On another hand, the connecting of the FIFOs in the application model is also very complex. The 
topology of the resources in the platform model is implicitly expressed by the topology of the 
FIFOs in the application model with the mapping specification. Therefore the connecting of the 
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FIFOs should be accomplished one by one referring to the connections of the resources in the 
platform of the system designed.  Above all, it is very difficult to construct and connect so a large 
number of FIFOs. 
 

2. During the mapping, all the FIFOs and the communication paths between FIFOs need to be 
mapped to the resources in the platform model. For a switched network with N 4-port switches, 
about 9 * N mapping need to be implemented If N is 10 then about 90 mapping are needed which 
is totally difficult to handle.  

 
All in all, the current SHE method is not suitable to deal with a complex switched network due to the 
complex modeling of the application model and platform model. Hence requirement 5 is not satisfied. The 
critical reason is that to implement the communication behavior lots of artificial FIFOs are introduced into 
the application model to implicitly define the topology of the resources in the platform model through the 
mapping specification. The detail information can refer to [15]. 
 
To address this shortcoming, the way to define the topology of resources in platform models should be 
changed. The Metropolis approach uses another way to handle this issue and it is discussed in more 
detail below. 
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2.4 IMPROVE THE SHE METHOD  

The SHE method can be improved by another way of platform modeling which has an explicit topology 
for the resources in the platform model. This way of platform modeling is used in Metropolis. The 
Metropolis [12] project runs since 1999 and it focuses on modeling and design of systems using a 
platform-based approach. The main objective of Metropolis is to enable the development of design flows 
for different applications. It strongly relies on the Y-chart paradigm and follows a five steps design 
approach.  
 
 

 

Figure 2.12: Modeling structure of the system in Fig. 2.2 by using the Metropolis approach 

 
To compare the structural modeling result by using the SHE method with that of the Metropolis approach, 
the system in Figure 2.3 is used again. In Figure 2.12 the modeling result by using the Metropolis is 
shown. Compared to the results in Figure 2.4, there are no additional FIFOs introduced in the application 
model and the resources in the platform model are connected explicitly in Fig. 2.12. Of course, the 
detailed method the Metropolis uses to construct the application model and platform model is different 
from that of the SHE method. Therefore the basic elements of the models are different. 
 
The platform model in Figure 2.12 has an explicit resource topology where processors are interconnected 
via communication network. Then the mapping specification does not specify the topology for the 
resources in the platform through the mapping. Therefore there is no FIFO introduced in the application 
model any more. The way the Metropolis specifies the topology of platform resources can be using to 
address the current shortcomings of SHE which is further explained in detail in Chapter 3. 
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3 THE ENHANCED SHE METHOD 

 
To obtain the enhanced SHE method, the platform modeling needs to be modified by adding explicit 
topology of resources. As a result, no additional elements are introduced into the application model and 
no separate mapping of the individual segments of a communication path is required. The enhanced 
SHE method is different from the original SHE method on the application modeling, the platform modeling 
and the mapping. However the basic elements for both the application model and the platform model 
remain the same as explained in Sections 3.3 and 3.4. 
 

 

Figure 3.1: Modeling structure of the system in Fig. 2.3 using the enhanced SHE method 

 
In Figure 3.1 the modeling structure of the system in the Figure 3.3 by using the enhanced SHE method 
is given. A bus component is modeled with one communication resource and two storage resources. By 
comparing to the modeling structure using the SHE method in Figure 3.4, the differences are apparent. 
One difference is that there is no artificial element (or FIFO) introduced anymore in the application model. 
Another is that the resources are connected explicitly together in the platform model. The third difference 
is that there is no mapping of the segments of the communication path during the mapping stage. 
 
The remainder of this chapter is organized as follows. Firstly in Section 3.1 the enhanced SHE method is 
analyzed by comparing it to the original SHE method. Then the modeling flow of the enhanced SHE 
method and the modeling language used are explained briefly in Section 3.2. In Section 3.3 the 
application modeling method is described and then the platform modeling method is discussed in detail in 
Section 3.4. The implementation of the mapping is described in section 3.5. Then in Section 3.6 a 
simulation method is given which can stop a simulation automatically when the desired accuracy of the 
performance metrics involved is obtained. Finally, in Section 3.7 the simulation of a system model is 
briefly discussed. 
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3.1 ANALYSIS OF THE ENHANCED SHE METHOD 

 

3.1.1 DEPENDENCY BETWEEN APPLICATION AND PLATFORM MODELS 

The dependency between the application and platform models consists of two aspects: the application 
model should remain the same when the platform model changes and the platform model also need to 
stay the same when the application model is modified. These aspects are discussed separately by 
comparison to the examples described in Section 3.3.   
 
� The application model remains the same when the platform model changed 
 
Taking the system in Figure 2.5 as an example which adds a bus to the system in Figure 2.3, the 
modeling structure with the enhanced SHE method is shown in Figure 3.2. The two buses are modeled 
with the hardware resources in the platform model, where the resources are connected explicitly. By 
comparing the modeling results in the Figure 3.1 and Figure 3.2 it is easy to see that both the application 
model and the mapping remain the same when the platform model changes. The platform model in 
Figure 3.2 has one more storage resource (S3) and one more communication resource (C2) than that in 
Figure 3.1 according to the changes of the platform. 
 

 

Figure 3.2: Modeling structure of the system in Fig. 2.5 

 
Another example concerns the adaptation of the platform by modifying the memory. The platform in 
Figure 2.7 is constructed by adding a memory and a cache to the platform in Figure 2.3. The modeling 
structure of the system in Figure 2.7 using the enhanced SHE method is shown in Figure 3.3. The 
memory and cache are modeled with two storage resources (S3 and S4) and the communication path 
from cache to memory is represented with one communication resource (C3). Compared to the modeling 
structure in Figure 3.1, the platform model is extended with two storage resources and one 
communication resource due to the changes of the platform. However the application model and the 
mapping are left unchanged.  
 

                                             Application Model 

                                                  Platform Model 

Task1 Task2 

    P1     P2 S1 C1 S2 

Mapping 

S3 C2 
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Figure 3.3: Modeling structure of the system in Fig. 2.7 

 
From the two examples mentioned above, we can see that the application model is independent from the 
platform model by using the enhanced SHE method. The key reason is that no artificial elements are 
introduced into the application model when the platform model changes. 
 
� The platform model stays the same as the application model changed 
 
The platform model is also independent from the application model by using the enhanced SHE method. 
For example, the application of the system in Figure 2.7 is modified by adding another task Task3 
running on the same processor as Task1. Task3 can communicate with Task1 through the shared 
memory or cache. The modified system is modeled and the result can be seen in Figure 3.4. By referring 
to the modeling structure in Figure 3.3, the platform model in Figure 3.4 remains the same, although the 
application model has changed. Task1 and Task3 are mapped onto the same processor and they can 
communicate with each other through the shared-cache (S3) and the shared-memory (S4). A packet sent 
from T1 to T2 can be stored in the shared-cache or shared-memory firstly and then reaches T2 later.  
 

 

Figure 3.4: The modeling result of a modified system  
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In conclusion, there is no dependency between the application model and the platform model by using 
the enhanced SHE method. 
 

3.1.2 MODELING OF THE COMPLEX SWITCHED NETWORK  

By introducing the platform modeling with an explicit topology of resources, the SHE method can easy 
handle the modeling of complex switched networks. Taking the system discussed in Figure 2.9 as an 
example, two tasks T1, T2 separately run on two processors P1 and P2 and they communicate through a 
simple switched network consists of two switches Switch1 and Switch2. The modeling structure of the 
system with the improved SHE method is shown in Figure 3.5. 

 

Figure 3.5: Modeling result of the system in Fig. 2.9 using the new approach 

 
A switch can be modeled as a combination of the communication and storage resources as introduced in 
detail in Section 3.4.4.2 where a switch can be represented as a basic element SwitchN (N is 1, 2, 3 …) in 
the platform model.  The switches are connected to the processors according to the platform of the 
system. A more complex switched network can be modeled simply by adding more basic elements 
SwitchN into the platform model to represent the added switches. It is clear that a complex switched 
network is easy to model in the platform model.   
 
The application model is also easy to construct according to the system behavior where processes are 
modeled by tasks and tasks are connected together to accomplish communications. The tasks are 
mapped onto the processors during the mapping and no mapping of segments of the communication 
path is needed. The communication behavior can be implemented by transferring a packet through the 
platform model which will be explained in more detail below. The problem that a switched-network will 
introduce a large number of artificial elements in the application model has been solved with the 
enhanced method.  
 
 
 
 
 
 
 

                                              Application Model 

                                                     Platform Model 

Task1 Task2 

    P1     P2 Switch1 Switch2 

Mapping 
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3.2 THE MODELING FLOW AND THE MODELING LANGUAGE POOSL 

 
By improving the weak points of the SHE method, the enhanced SHE method satisfies all the 
requirements listed in Chapter 2 and it is suitable for the case study. The modeling flow of the enhanced 
SHE method is completely the same as the original SHE method which consists of the formulization, 
formalization and evaluation stages as shown in Figure 2.2. The master’s project is composed of the 
formulization, the formalization and the evaluation stages. 
 
In the thesis the formulization of the system is accomplished with a UML tool and the UML models 
produced. Based on the UML model, executable models can be built, a process which is called 
formalization. The POOSL (Parallel Object-Oriented Specification Language) is chosen for the 
construction of the executed model by using the enhanced SHE method. After the formalization, the 
system is evaluated according to the system requirements.  
 

Table 3.1 POOSL Primitives 

parallel  composition Par … and … rap; 

non-deterministic selection Sel …  or   …  les; 

guarded execution [Ec] … 

abort statement Abort … with …; 

choice statement If … then … else … fi; 

loop statement While … do … od; 

time synchronization Delay … 

 
The POOSL [8] language is a formal, expressive system-level modeling language. It provides a set of 
powerful primitives (see Table 3.1) to construct models. The powerful primitives include parallel 
composition, non-deterministic selection, guarded execution, abort, loop, conditional and delay 
statements. By using these powerful primitives, the application modeling, the platform modeling and the 
mapping can be expressed in a succinct way as discussed in Section 3.3, 3.4 and 3.5. The SHE method 
also supplies techniques perform verification of correctness properties and performance analysis, 
typically based on model simulation, explained in Section 3.6.  
 

3.3 APPLICATION MODELING 

 
Different from the original SHE method, there is no unbounded FIFO buffer introduced in the application 
model (as shown in Figure 3.1) by using the enhanced method. The reason is that there is no need to 
specify the topology of resources in the platform model implicitly through the mapping of the FIFO buffer 
introduced. By using the enhanced SHE method, the application model is composed of connected tasks 
where the tasks can communicate with each other. According to the modeling flow, the system behavior 
has been modeled using the UML tool (refer [16]). The application model can be built based on the UML 
models where the objects in the Sequence Diagram model can be specified with tasks in the POOSL 
model. 
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The tasks in the application model are used to specify the system behavior. There are two kinds of tasks. 
One is used to model the computations running on a processor. The computation behavior is modeled by 
requesting a computation service to the processor in the platform model after the mapping. The other one 
is used to model a queue for data management which will be mapped onto a memory. The 
communication behavior of the tasks will be mapped onto the communication network in the platform 
model with the mapping specification. 
 

 

Figure 3.6: an example of the application model 

 
As stated in Fig. 3.6 the application of a system is modeled with the basic Task elements. Task1 
communicates with Task2 through Queue2 (Task4) where Task1 sends data to Queue2 and Task2 can 
read the data from Queue2. Queue1 is used to manage the data from Task1. The modeling of the 
application with the POOSL language is shown in Table 3.2. The communication behaviors of tasks can 
be implemented by the primitives A?message and B!message. The computation behavior and data 
management is not implemented in the application model at the beginning of the modeling. They will be 
added into the application model during the mapping stage as discussed in section 3.3. 
 

Table 3.2: Modeling of the application using POOSL 

Task1      B1!requestData;    B1?data;   B2!data;  B2?dataTransfered; 

Task2      B2?data;    B2!receiveData; 

Queue1(Task3)      T1?requestData;   T1!data; 

Queue2(Task4)      T1?data;    T2!data;     T2?receiveData;  T1!dataTransfered; 

 
 
As shown in Table 3.2 Task1 sends a message requestData to Queue1 through port B1 (B1!requestData) 
and the communication action can be completed when the Queue1 is ready to accept the requestData 
message from Task1 through port T1 (T1?requestData).  Similarly, Queue1 sends back the data to Task1 
through statement T1!data and Task1 sends the data to Queue2 through statement B2!data after it 
receives the data through B1?data. Then Queue2 sends the data to Task2 through statement T2!data and 
it receives a message when Task2 receives the data.  
 
 
 
 
 
 

Queue1 

(Task3) 

Queue2 

(Task4) 

Task1 Task2 
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3.4 PLATFORM MODELING  

 
The basic elements for the platform model by using the enhanced SHE approach are as follows:  
 

• Processing Resource (P): A P resource represents a processor which provides the computation 
and communication service to the tasks in the application model. For a computation service, it 
receives the number of cycles requested for the computation from the task and delays for the 
corresponding time. For a communication service, it receives packets from the task and transfers 
them to the destination through the communication network. 

 

• Communication Resource (C): A C resource assigns a communication delay to communications 
taking place in the C resource. The delay is proportional to the size of the data and the bandwidth 
of the resource. 

 
• Storage Resource (S). An S resource represents either a memory or a buffer in a communication 

network. It reserves space when receiving data and releases this space when the corresponding 
data is read. 

 
The processor, network and memory can all be composed of the three basic resources mentioned above. 
For example, a switch can be composed of several storage resources and one communication resource, 
and a switched network consists of many switches. In the following sections the explicit topology of 
platform resources and the modeling of the processor, memory and communication networks are 
discussed. 
 

3.4.1 THE TOPOLOGY OF PLATFORM RESOURCES 

Differing significantly from the original SHE method, the platform resources are mutually connected in the 
platform model, in a similar way as resources are connected in the hardware platform in the real system. 
Processors and memories are all connected to a communication network for communication and a 
network is constructed by connecting basic communication resources and storage resources together. As 
shown in Figure 3.1, processors P1 and P2 are connected together via the communication network which 
is composed of communication resources (C1) and storage resources (S1 and S2).  
 
By defining an explicit topology for the platform resources according to the realistic system, the 
communication network is determined. Therefore no artificial element will be introduced to the application 
model as in the original SHE method to define the communication path implicitly. 
 

3.4.2 PROCESSING RESOURCE MODELING 

Processing resources provide computation and communication services to the tasks in the application 
model through a mapping channel. An interface of the processing resource supplies the service to the 
tasks. There are two types of interfaces computation and communication interfaces.  
 

3.4.2.1 COMPUTATION INTERFACE 

A computation interface is used to handle computation requests from the tasks. Requests from several 
tasks can be handled in parallel and the task to be served first is dependent on the scheduling algorithm 
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used. As shown in Table 3.3, a computation interface is implemented with the POOSL language. Four 
task requests are handled by the methods pri1o()(), …, prio4()() and the parallel composition primitive is 

used to enable several tasks to request in parallel. Two scheduling algorithms are introduced in this 
report: preemptive and non-preemptive scheduling algorithms. The implementation of the two algorithms 
in the POOSL language is also shown in Table 3.3. 
 

Table 3.3: POOSL model of the processor’s scheduling algorithms 

ComputationInterface()() prio4()()  

            prio1Busy:=false; 

            prio2Busy:=false; 

            prio3Busy:=false; 

            prio4Busy:=false; 

            cpuBusy := false; 

 par 

  prio1()() 

 and 

  prio2()() 

 and 

  prio3()() 

 and 

  prio4()() 

 rap.  

 

prio4?compute(cycles);    

  if            policy = "FCFS" 

  then       [cpuBusy not] cpuBusy := true; 

                delay (cycles / frequency);                      

                cpuBusy := false 

  else  if   policy = "Preempt"  

 then      prio4Busy:=true; 

               [prio1Busy not & prio2Busy not & prio3Busy not]  

                                                  delay (cycles / frequency); 

     

               prio4Busy:=false 

  fi fi; 

 prio4!ready;  

 prio4()(). 

 

 
 
� Non-Preemptive scheduling 
 
By using a non-preemptive scheduling algorithm, a task should not be preempted when it is running on 
the processor. For a non-preemptive scheduling algorithm, the service of the processor is assigned to 
one of the requesting tasks non-deterministically and when one task is served it can not be preemptive. 
In the POOSL model in Table 3.3, a flag cpuBusy is used to represent the status of the processor which is 
initialized as “false”.  All the requests from the tasks need to check the flag first and they will be blocked if 
the processor is not available. If the processor is available the service will assigned to one of the 
requesting tasks non-deterministically. When a task receives the service, the flag will be set to “true” and 
the computation service is executed.  As soon as the service completes, the flag is set to “false” and the 
processor is available again.  

 
� Preemptive scheduling 
 
A preemptive scheduling algorithm is used to enable a preemptive action of the service of the processor. 
By adopting the algorithm every task is assigned a priority and the task with the highest priority will be 
served first. When a new request arriving, if it has the highest priority, it will be served by preempting the 
task been served. Otherwise, it will be blocked until it has the highest priority. 

 
In the POOSL model of the algorithm, the four methods prio1()(), prio2()(), prio3()() and  prio4()() are 
used to handle the requests of tasks. They have priorities from high to low and will serve the tasks in the 
application with the priorities from high to low. They all have the flags (prio1Busy, prio2Busy, prio3Busy and 

prio4Busy) representing their statuses. Only one method can provide service at once and it only can do it 
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when the methods with higher priorities are not providing service. For example, the prio4()() method has 
the lowest priority and before it provides the service, it needs to check the statuses of the other methods 
by using the guarded execution statement. As soon as no method with a higher priority is busy, it can 
supply the service to its task.  
 
During the mapping stage, all the tasks will be assigned a priority by connecting them to different ports of 
the processor resource which corresponds to the different methods. When the task needs a computation 
service, it sends a request through the mapping channel including the number of the cycles needed. The 
corresponding method in the computation interface will handle the request according to the scheduling 
algorithm. The frequency of the processor and the scheduling policy are parameters which can be 
changed easily by designers. 
 

3.4.2.2 COMMUNICATION INTERFACE 

The communication interface provides communication services to the tasks through the mapping 
channels. There are two kinds of communication services: the shared-memory communication and the 
network communication.  
 
The shared-memory communication is used for the communications between tasks which are running on 
the same processors. The communicating data is stored in cache or memory firstly and then it will be 
read out by the destination task running on the same processor. The communication delay is very little for 
this kind of communication and it is hard to predict whether the data will be stored in cache or memory 
where the communication delay for these two situations is different. Therefore in this thesis, this kind of 
communication is not implemented in the POOSL model. 
 
The network communication handles the communications between tasks running on different processors. 
The data needs to be transferred through the network and the communication delay will be executed 
automatically by the network. How to deliver the data for the network will be introduced in detail in 
Section 3.4.5. 
 

Table 3.4: POOSL model of communication interface of the processor 

                                                            CommunicationInterface()() 

         InputBuffer := new(Queue) init() setSize(1000);        

         OutputBuffer := new(Queue) init() setSize(1000); 

         par 

                   sel 

              ReceiveFromNode()() 

                   or 

                        ForwardToNode()() 

       les 

         and 

                   sel 

              ForwardToBus()() 

                  or 

                         ReceiveFromBus()() 

                  les 

         rap 
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As shown in Table 3.4 the communication interface is accomplished using the POOSL language. Two 
communication buffers InputBuffer and OutputBuffer are used to store the temporary data for 
communication. The methods ReceiveFromNode()() and ForwardToNode()() are deal with the data access 
to the communication buffer from tasks. The data transfer between the communication buffer and the 
network is handled by the methods ReceiveFromBus()() and ForwardToBus()(). The non-deterministic 

selection primitive is used to ensure that the read access and the write access to the same target are 
executed in sequence. 
 
For a network communication, the ReceiveFromNode()() receives data from a task and stores it in the 
OutputBuffer. Then the ForwardToBus()() method  will deliver the data to the network. Similarly the 
ReceiveFromBus()() method receives data from the network and stores it in the InputBuffer to wait for the 
ForwardToBus()() to deliver it to the target task. The detailed content of these four methods is listed in 
Table 3.5. 
 

Table 3.5: The implementation of the four methods in Table 3.4 

ReceiveFromNode()() ForwardToNode()() ReceiveFromBus()() 

[InputBuffer isNotFull]  

                   bus?packet(p);  

delay ((p getSize)/linkRate);  

InputBuffer put(p); 

 

ForwardToBus()() 

[OutputBuffer isNotFull]  

       sel 

                 prio1?packet(p)  

       or 

                 prio2?packet(p) 

       or 

                prio3?packet(p) 

      or 

                prio4?packet(p) 

        

      les; 

OutputBuffer put(p); 

[InputBuffer isNotEmpty]  

             p := InputBuffer inspect;   

 if          d = 1  then     

             prio1!packet(p) 

 else if  d = 2  then       

             prio2!packet(p) 

 else if   d = 3  then    

            prio3!packet(p) 

 else if   d = 4  then    

            prio4!packet(p) 

 fi fi fi fi; 

 InputBuffer remove; 

[OutputBuffer isNotEmpty]     

          p := OutputBuffer inspect;  

 

bus!packet(p);  

OutputBuffer remove; 

delay ((p getSize)/linkRate); 

 
The guard primitive [ ] is used to implement the behavior that certain actions are done as soon as some 
conditions are satisfied. In this case, it is used to check the status of a buffer to enable the sending or 
receiving of data. In the methods ReceiveFromNode()(,), the selection primitive is used to read in only one 
packet from the tasks at one time. In the ForwardToNode()() the port number of the target task can be 
obtained from the packet and the obtaining way is discussed in section 3.4.5. For the other two methods, 
the communication delay for a packet is executed according to the size of the packet and the bandwidth 
of the link connected to the network. 
 

3.4.3 STORAGE RESOURCE MODELING 

A storage resource (memory or cache) provides both the data management service and the 
communication service to the tasks, so it has two corresponding interfaces. The tasks used for data 
management in the application model will be mapped to the storage resources. The POOSL modeling of 
the storage resources is shown in Table 3.6. 
 
As seen in Table 3.6, for the data management interface, the storage resource can receive multiple 
requests from the tasks in parallel by using the parallel composition primitive. However just one task can 
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be served at one time. The reason is that one flag variable memBusy is used to represent the status of the 
memory and just when the memory is not busy, a service can be provided. Once a task receives the 
service, the memBusy will be set as true and no other task can be served. The occupyRoom is used to 
record the size of the room occupied.  
 
The communication interface of the storage resource is almost the same as that of the processor 
resource. Therefore for the POOSL model of the communication interface can we refer to Tables 3.4 and 
3.5.  
 

Table 3.6: POOSL model of the storage resource 

           Data management interface           HandlePort1()() 

       memBusy := false; 

        occupyRoom :=  0; 

        par 

              HandlePort1()() 

        and 

              HandlePort2()() 

        and 

              HandlePort3()() 

        and 

              HandlePort4()() 

        and 

              HandlePort5()() 

        rap. 

       Sel 

             p1?ReserveRoom(size); 

             [memBusy not ] memBusy := true; 

             occupyRoom := occupyRoom + size; 

             memBusy := false; 

             p1!ReserveRoomDone 

        or 

             p1?ReleaseRoom(size); 

             [memBusy not ] memBusy := true; 

             occupyRoom := occupyRoom - size; 

             memBusy := false; 

             p1!ReleaseRoomDone 

 

        les; 

 

 

3.4.4 COMMUNICATION NETWORK MODELING 

As basic communicating networks, the modeling of the bus network and the switched network is 
introduced in this thesis. Both the two networks can be constructed by the basic hardware resources 
(processor resource P, storage resource S and communication resource C) as follows. 
 

3.4.4.1 BUS NETWORK 

A bus network can be seen as the combination of some node interfaces and one arbiter as shown in the 
Figure 3.7. The node interfaces communicate with each others through the single bus connecting them 
together. Therefore only one communication can be executed through the bus at one time and the 
communicating contentions are handled by the arbiter. Another port of the node interface (node) is 

connected to the corresponding node which is possible a processor or a memory. 
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Figure 3.7: Structure of a bus network 

 
The bus network in Figure 3.7 can be seen as the integration of storage resources S and communication 
resources C. Every node interface has a buffer to store the temporary data during the communication and 
it can be seen as a storage resource. The bus connecting all the node interfaces can be represented as a 
communication resource which executes the communication delay. The arbiter is used to control the 
communication between different node interfaces, so it can be modeled with a processor resource. As 
shown in Fig 3.8 the module of the bus network is given.  
 

 

Figure 3.8: Bus network composed of hardware resources 

 
The POOSL model of a bus network is shown in Table 3.7 including the code of the arbiter and the node 
interface. In the arbiter a request queue is maintained to store the requests from node interfaces for 
communications and the sequence of the requests is determined by the arbitration algorithm. The 
algorithm used here is the FCFS where the requests are stored in sequence according to their arrival 
times. Every time the arbiter assigns the grant to the first request in the requesting queue by the reqQueue 

inspect statement and delays some time for the arbitration. Before receiving the release message from the 
node interface, the arbiter can not grant another request. Finally the request is removed from the queue 
when the corresponding communication completes. 
 
Every node interface has its own ID number and before communications take place, a node interface 
sends a request to the arbiter including its own ID number. Then it will wait for the grant of the arbiter to 

S1 S2 

S4 S3 

 C 

  P 
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forward the packet for the communication to the bus. On the other hand, all the node interfaces are 
always monitoring the bus to check if there is a packet sent to them by comparing the target ID of the 
packet with its own ID. If the target ID is the same as its own ID, they will accept the packet and complete 
the communication. Once a communication is finished, the source node interface will send a release 
signal to the arbiter. The communication delay is done by the node interface according to the size of the 
packet and the bandwidth of the bus. 

Table 3.7: POOSL model of bus network 

                   Arbiter                                      Node Interface 

     

 [ reqQueue isNotEmpty ]  

       ID := reqQueue inspect; 

delay processTime; 

NI!grant(ID); 

NI?release; 

reqQueue remove; 

 

                         (1)    

[InputBuffer isNotFull]   

      cm?packet(p, ID | My_ID = ID ); 

delay ((p getSize)/linkRate); 

InputBuffer put(p)             

 

 

                    (2) 

[OutputBuffer isNotEmpty]               

               p:= OutputBuffer inspect;         

cm!request(My_ID); 

cm?grant(ID | My_ID = ID); 

cm!packet(p, d); 

cm!release; 

delay ((p getSize)/linkRate); 

 

3.4.4.2 SWITCHED NETWORK 

The structure of a 4-port switch is shown in Figure 2.10 where the switch is composed of several FIFO 
buffers and one crossbar. The buffers are used to store temporary data for the communication and the 
crossbar handles the forwarding of the data. A switch can be modeled by using the basic processor 
resource, communication resource and storage resource as shown in Figure 3.5. A FIFO buffer is 
represented by a storage resource (S) and the link between buffers can be modeled with a 
communication resource (C). The crossbar needs to handle the communication, so it is modeled with a 
processer resource (P). It is impossible to build switch module like this by using the original SHE method 
because the FIFOs in the application model will be mapped onto the storage resources during the 
mapping stage. If the storage resources are integrated in the switch module, the mapping is difficult to 
accomplish. 
 

 

Figure 3.9: A switch consisting of the basic platform resources 
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S4 
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As shown in Table 3.8 the FIFO buffer and the Crossbar for a switch are implemented with the POOSL 
language. The receiving and sending behaviors of packets of the buffer are accomplished with the 
methods Input()() and Output()(). The two methods are composed with the non-deterministic selection 
primitive because the reading and writing of a buffer can not be executed at the same time. The status of 
the buffer needs to be checked before sending or receiving data. The communication delay for the partial 
bus connected to the buffer can be executed in the POOSL model with the delay primitive. 
 
The main functionality of the Crossbar is to find out the target port for a packet by using the source 
routing method for packets addressing, which is explained in Section 3.4.5. A flag port1Busy is used to 
prevent that two packets are sent to the same target FIFO at the same time, so the flag of the target port 
needs to be checked after the target port is determined. There are two switching method for packet 
switching systems; cut-through switching and store-and-forward switching. By using the first one the 
forwarding of a packet starts before the whole frame has been received and for the latter one the switch 
needs to wait until the whole packet has been received before forwarding it. So cut-through switching has 
less latency through the switch than store-and-forward switching. In case of cut-through switching, the 
latency of passing a packet through the switch is assumed as a parameter. 
  

Table 3.8: POOSL model of the switch 

                                 FIFO                            Crossbar 

Input()() | p: Packet | 

 

        [Buffer isNotFull] in?packet(p); 

        delay ((p getSize)/ linkRate); 

        Buffer put(p); 

Input()(). 

 

Output()() | p: Packet | 

 

        [Buffer isNotEmpty] p := Buffer inspect; 

        out!packet(p); 

        Buffer  remove; 

Output()(). 

If       d = 1 

        then  [ port1Busy not ] port1Busy := true; 

                 if cutThroughMode then  

                            delay processTime 

                 else    delay (processTime  

                                     + (p getSize)/ switchRate) 

                 fi ; 

                 o1!packet(p); 

                 port1Busy := false   

fi; 

 

3.4.5 ADDRESSING WAY 

The method of source routing is chosen for the transfer of packets through the communication network. 
The principle of this method is that the routing information is integrated in the packet before it is sent out. 
The packet is initialized by a task in the application model and then sent to the network through the 
communication interface of the processor or storage resources. The network can read the routing 
information from the packet and find out the correct path. The packet is transferred to the target task 
through the communication interface of the processor the target task is running on. 
 
As shown in Table 3.9 the POOSL model of the source routing method is given which contains the 
Destination Initialize and Destination Analysis. A list of destination addresses (destination1…) is 
integrated in a packet which is initialized by tasks in the application model before a packet is sent. The 
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destination address represents the target port number inside a switch, the node number of a node in a 
bus network or the port number of a communication interface. The size and a hop number of the packet 
are also initialized, where the hop number is used to determine which destination should be used in the 
destination list. For example, if the hopping number is 2, it means the destination2 is the current 
destination needed. 
 
Destination analysis is used to analyze the routing information for every hop during data transfer. First the 
hop number is read using the method getHop. Then according to the hop number the corresponding 

destination is selected from the list and the addressing information is determined. For every hop, the hop 
number should be increased by one. The Destination Analysis method can be integrated in a network 
component in which a hop happens, like as a switch or a communication interface. 
 

Table 3.9: POOSL model of the source routing 

                 Destination Initialize                     Destination Analysis 

p2 := new(Packet) setSize(1024*8)  

                   setHop(1) setDestination(2,1,0);   

 

setDestination(d1,d2,d3 :Integer):Packet 

 

 destination1 := d1; 

 destination2:= d2; 

 destination3:= d3; 

setDestination()(). 

      i :=  p getHop; 

      if       i = 1 

      then  d := p destination1 

      else if i = 2 

      then d := p destination2 

      else if i = 3 

      then d := p destination3 

      fi; 

      setHop(i+1); 

 

3.5 MAPPING 

Different from the original SHE approach, the mapping in the enhanced SHE method just includes the 
mapping of tasks without the mapping of the communication paths. A communication network in the 
platform model has been explicitly connected, so no mapping specification is needed to specify the 
communication paths as the original SHE approach.  
 
After the constructions of the application model and the platform model, the mapping is executed by 
making some modifications to the tasks in the application model and by connecting the mapping ports of 
the application model to the corresponding ports of the platform model. The connection between the two 
ports is called as the mapping channel. The mapping is implemented with the POOSL language by using 
the request-service methods where tasks request computation or communication services from the 
resources in the platform model. The resources supply the services to the tasks according to certain 
scheduling algorithms as discussed in Section 3.4. The mapping of tasks can be divided into two sets: 
the mapping onto processor resources and the mapping onto storage resources as shown in Table 3.10. 
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Table 3.10: POOSL model of mapping 

          Processor resource mapping            Storage resources mapping 

   Application model      Platform model    Application model      Platform model 

map!packet(p1);  

 

map?packet(p1);  

 

map!compute(2793 +  

                      564*20);  

map?ready; 

cpu!packet(p); 

 

cpu?packet(p); 

 

cpu?compute(cycles);  

 

cpu!ready;  

 

map?packet(p1);       

map!packet(p2);      

 

map!ReserveRoom(size); 

map?ReserveRoomDone; 

 

map!ReleaseRoom(size); 

map?ReleaseRoomDone; 

p1?packet(p) 

p1!packet(p); 

 

p1?ReserveRoom(size); 

p1!ReserveRoomDone; 

 

p1?ReleaseRoom(size); 

p1!ReleaseRoomDone 

 
For the mapping to the processor resources, the tasks in application model should be extended with the 
actions for requesting computation and communication services. The tasks send requests through the 
map port which is connected to the cpu port in the platform model by the mapping channel. For a 
communication request, the task sends a packet initialized to the communication interface of the 
processor resource which will send it out to the communication network. The packet is transferred 
through the network automatically according to the routing information it contains. When the packet 
reaches the target processor resource, it will be sent to the target task through the mapping channel. For 
a computation request, the task sends the number of cycles for computation to the processor resource 
through the mapping channel and the latter one executes the delay action and sends back the message 
of computation completion to the task.   
 
For the mapping to the storage resources, the tasks in application model should be extended with actions 
for requesting data management and communication services. The communication request process is 
similar as that of the mapping to the processor resources. For the request of the data management, the 
task sends the size of the data to the storage resource and the latter one reserves the corresponding 
space for the task and returns the completion message of the service. 
 
After completing the mapping from the application model to the platform model, the executable model 
produced can be simulated. To generate an accurate simulating result, performance monitors can be 
added to the POOSL model as will be discussed in the next section. 
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3.6 PERFORMANCE ANALYSIS METHOD 

The models of the real-life industrial systems are often complex and the execution of the models are 
exhaustive. Simulation results only have a proper meaning if their accuracy is known. To generate an 
accurate simulation result and terminate the simulation automatically when the accuracy required is 
obtained, confidence intervals are used [7]. Based on the properties of the Markov chain underlying a 
POOSL model, confidence intervals are defined as a library class by POOSL to enable the accuracy 
analysis. POOSL also includes performance monitor classes for common long-run metrics as shown in 
Table 3.11.  

Table 3.11: Performance monitor classes 

Performance monitor LongRunSampleAverage: expected latency between successive events,      
                                           mean time between failures 
LongRunTimeAverage: throughput, average utilization of processor 
LongRunSampleVariance: square root of variance in latency between  
                                            successive events 
LongRunTimeVariance: variance in processor utilization 
 

Initializing monitor Monitor := new (PerformanceMonitors)  

                 withParameters(Accuracy, ConfidenceLevel) 

                 setBatchSize(DesiredBatchSize) 

                 logTo(“FileName”); 

 

Registering reward 
values 

rewardRC(Reward, RecurrenceCondition)   

rewardRC(Reward, currentTime, RecurrenceCondition) 

rewardBM(Reward)   

rewardBM(Reward, currentTime)  

   

Checking accuracy Monitor accurate(): To check whether the obtained accuracy is not larger 
than the desired accuracy  
 

Automatic Termination abort 

        par 

              negotiate (1)() 

        and 

              [Monitor accurate()]  A!accuracy(); 

        rap 

with 

         A?stopSimulation. 

 

 
For different performance metrics, certain types of the performance monitor can be chose like as the 
LongRunSampleAverage and the LongRunTimeVariance. To extend POOSL models with performance 
monitors, the type of performance monitors, the desired accuracy, the confidence level and the desired 
batch size should be determined to initialize the performance monitors. After that the reward values to be 
monitored should be input to the monitor by one of the registering expressions [14]. For example, if the 
average value of variable Time is needed, the expression rewardBM(Time) should be added to the 
POOSL model. Once the desired accuracy is got, the simulation can be stopped automatically by using 
the abort … with … primitive as shown in Table 3.11.  
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3.7 SIMULATION OF THE SYSTEM MODEL 

For the simulation of the POOSL model, two kinds of simulations can be applied. The first kind is the 
simulation of the application model without the platform model and the mapping model. By using this kind 
of simulation, the system behavior can be verified based on the simulation result in the early stage of the 
modeling process. It is helpful to ensure the correctness of the system behavior during the modeling of 
system. The other kind is the simulation of the whole system model including the platform model and 
mapping model.  
 

� Simulation of application model  
 

The application model of the system can be executed to generate the system behavior as a result. The 
result of the simulation can be seen from the Interaction Diagram of the SHEsim (the simulation tool of 
POOSL). Based on the simulating result, whether the modeling of the system behavior is correct can be 
checked. 
 

� Simulation of the whole system model  
 

After the mapping of the application model onto the platform model, the executable system model is 
produced and it can be simulated for the analysis of the system. Before the simulation, the configuration 
of the system model should be accomplished according to the system design. After the system model is 
configured, the simulation can be executed by running the model. The result can be monitored through 
the following three methods:  the Inspectors on processes, the Interaction Diagram and the output files.  
 
The processes of the model can be inspected during the simulation in SHESim. For instance, the data 
transfer time for a communication or the execution of actions in a process can be monitored by using the 
inspector during simulation. Through the inspectors, the system behavior and performance can be 
verified in detail. 
 
However it is not so convenient to check the overall system behavior through the inspector. To get a 
general idea of the behavior, the Interaction Diagram can be used. All the processes from both the 
application model and the platform model and the interactions among the processes can be seen from 
the Interaction Diagram. Through the Interaction Diagram, the computation and communication behavior 
of processes can be verified. On another hand, the performance of the system also can be analyzed from 
timing information of different actions in the Interaction Diagram.  
 
Obviously it is difficult and unpractical to verify the system behavior and analyze the performance for a 
complex system by using the Interaction Diagram. To solve the problem, monitors can be added into the 
POOSL model to monitor the system. If some errors happen during the simulation, the error information 
can be produced into the error.txt file by the monitors. By checking the error file, the system behavior 
can be verified. Similarly, by adding the performance monitors the performance metrics can be calculated 
in the model during the simulation and produced into the output files. Based on the performance metrics 
in the output files, the performance of the system can be analyzed.  
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4 CONCLUSION 

The goal of this thesis is to investigate whether the impact of important design decisions for a realistic 
embedded system can be predicted based on the Y-chart scheme. To answer the design questions, the 
SHE (Software/Hardware Engineering) methodology is chosen as a concrete implementation of the Y-
chart scheme to model the system.  
 
By analyzing the specification of the case study system, the requirements that need to be satisfied by the 
modeling methodology have been analyzed. The platform has a complex communication network which 
is difficult to model by using the traditional SHE methodology. To solve this problem, the SHE 
methodology is enhanced by modifying the way platforms are modeled in correspondence to the 
Metropolis methodology. The enhanced SHE methodology is used to model, simulate and evaluate the 
system. 
 
The system behavior is verified and the performance is evaluated based on simulation results for the 
case study system. The impact of important design decisions for the system is predicted. According to 
this prediction, we can conclude that the system will perform well with the current design decisions. 
Hence the goal of the thesis has been obtained. 
 
In the enhanced SHE method resource topologies in the platform model are modeled explicitly, in 
contrast to the original method. In this way two important points of the original method are improved. One 
is that there are no artificial elements introduced in the application model anymore, making the 
application model independent from the platform model. The other one complex switched communication 
networks can now be modeled with relative ease.  
 
However the methodology also has weak points. For example, during exploration of design alternatives, 
a change in a mapping may require a platform change because the resources in the platform model are 
connected. This would not have been necessary in the original SHE method. Another weak point is that 
the processor resources are quite complex in the enhanced SHE method because processor resources 
need to provide both computation and communication services to the application model.  
 
In conclusion, the impact of important design decisions for a realistic embedded system can be predicted 
based on the Y-chart scheme and the enhanced SHE method. Although the enhanced SHE method has 
some weak points, it is still a good methodology to model complex systems. 
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