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Abstract 
 
The purpose of this report is to implement and evaluate parts of the simulation 
software used in the SoCBUS project. In order to complete and evaluate the entire 
software package, a traffic model and a stimuli generator must be implemented. They 
are implemented and evaluated together with the entire simulator software.  
 
The purpose of the Traffic model is to model communication traffic as good and 
descriptive as possible. The output of the Traffic model is called a test case, which 
works as input for the Stimuli generator. The Stimuli generator computes and creates 
an event list for the Simulator. 
 
This report will investigate and motivate the presented traffic model and stimuli 
generator in detail. They are generic in their design, which means they can easily be 
adapted and used for other purposes. The simulator software is then tested with two 
separate test cases in order to investigate if the simulator software works properly. The 
results are promising and the simulator software behaves as expected. The two test 
cases are then evaluated and show the importance of organizing the chip layout in a 
suitable way. In this context it means that communicating Intellectual Property (IP)-
blocks should be grouped together.   
 
The report shows that the simulator software is useful and can model the on-chip 
Network (OCN) topology in an accurate way. The simulations reveal that the System 
on-chip Bus (SoCBUS) architecture is more suitable for embedded systems since 
scheduling significantly improves the performance of the OCN.   
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Chapter 1 -  Introduction 
 

1.1    Purpose of this work 
 
Theory about system simulation is a well-known concept today. A vast amount of 
various simulators are available for almost any kind of system. The testing, simulation 
and evaluation of new systems has been more and more crucial in the modern society 
of today. As the complexity and functionality of the systems increase, the importance 
of time to market does as well. In order to compete and gain access to the global 
market, it is important to have both good and advanced products as well as short 
introduction times of new products. To fulfill these requirements it is crucial to have 
appropriate development tools and a reliable simulation environment. 
 
The way to design new systems today is quite different compared to just a couple of 
years ago. Nowadays it is more common to design on a higher level. One design 
methodology is called component-based design. It basically means that the 
components such as processors, memories etc. are already provided as separate 
components. This means that the actual design work is to put them together in a 
working system. This task can be both complex and time consuming. To deal with this 
problem, a new hardware platform is introduced. It is called SoCBUS1 and is designed 
as a network on a chip. 
 
The purpose of this master thesis project is to design and implement parts of the 
SoCBUS simulator system. The Simulator software is used to test systems based on 
the SoCBUS platform. This is one of the steps in the SoCBUS design methodology2. 
The Simulator software is divided into two separate parts. They are the Stimuli 
generator and the Simulator.  
 
Figure 1 describes the main program flow of the entire simulation software. Daniel 
Wiklund3 already implemented the Network model and the Simulator. The remaining 
two parts were designed and implemented in this project. It is important to notice the 
distinction of the blocks in figure 1. The Stimuli generator is independent from both 
the Simulator and the Network model. This means that all hardware mappings are 
done in the Simulator based on the Network model. The purpose of the Stimuli 
generator is to provide stimuli to the Simulator based on a test case. This is convenient 
and means that the only relation between the test case and the network topology is the 
names of the communicating blocks. The test case does not specify where certain 
blocks are located, only how they are communicating. The Stimuli generator then 
creates an event list (stimuli) for the Simulator. The event list specifies when certain 

                                              
1 Chapter 2 
2 Chapter 2.7, figure 3 
3 The supervisor of this project 
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events take place, how long they last, and the names of the source and destination 
blocks.     
 

Test case (XML)

Stimuli generator Network model

Simulator

Result  
Figure 1. Main program Flow 

 
This master thesis project has the following main purposes: 
 

• Design a general traffic model that can be used to describe traffic and 
communication (test cases) on the SoCBUS. Investigate what to be modeled 
and how to model it. Decide a suitable representation for the Traffic model that 
is general, extendable, and reliable. 

 
• Design a stimuli generator that creates traffic and communication for the 

Simulator based on the Traffic model. The Stimuli generator should be 
extendable, reliable and modular. 

 
• Write a test case based on the Traffic model and generate stimuli with the 

Stimuli generator. Verify and test the stimuli with the Simulator.   
 
This report will also describe some of the basic theory to understand the problems and 
solutions presented. The main focus is on the Traffic model and the Stimuli generator. 
But it also contains some general SoCBUS information. The report is intended for 
technically interested people and students.    
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1.2    Report outline 
 
This report is divided into separate chapters with a specific subject described in each 
of them. Relevant references are presented at the end of some chapters. This can be 
either from books and reports, as well as webpages. Throughout this report, relevant 
words and concepts are explained or referenced to other parts of the report. To fully 
understand all concepts, it might be a good idea to look at the Appendix section where 
some issues are discussed more thoroughly. 
 
This chapter describes some background information and the purpose of this master 
thesis report. 
 
Chapter 2 explains the basics of the SoCBUS project. 
 
Chapter 3 describes how the final traffic model format was created and explains how 
all requirements were met.  
 
Chapter 4 focuses on the Stimuli generator and all its requirements. The chapter 
describes the basic design as well as the program flow. 
 
Chapter 5 and chapter 6 describe GSL and STL. They are used in conjunction with the 
Stimuli generator. 
 
Chapter 7 describes the Simulator and the Network model. 
 
Chapter 8 summarizes and discusses all results. The chapter investigates both the 
performance and memory utilization of the Stimuli generator, as well as the output 
results from the Simulator. 
 
Chapter 9 presents some possible extensions to this project. 
 
The final chapter is actually the Appendix section. Here are concepts like 
mathematical distributions, XML-parsing, DTD, and copyright.  
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Chapter 2 -  SoCBUS 
 
The SoCBUS project started on January 1st 2000. The basic idea with SoCBUS is to 
build a network on a chip. One of the main tasks in today’s system design is to reduce 
time to market. In order to achieve this goal, new ways of designing systems are 
required. Traditional design methodologies are often hard to adapt to the modern and 
complex design of systems. The silicon technology promises system level integration 
on a single chip (SoC4) with millions of gates. These complex systems often lead to 
very long design (verification) time because of the impact of “glue logic”. The term 
“glue logic” corresponds to custom designed hardware that is needed to link all 
functional IP5 cores6 and setting up communication between functional cores and off 
chip peripherals. The glue logic needs to be verified together with all functional cores 
connected and thus implies long verification time. Furthermore, interface functions 
and internal functions related to interfaces in cores must also be verified because the 
other part of the interface is custom designed.  
 
Many companies have proposed suggestions to deal with the design problems of 
today. The solutions are in general based on time-shared bus architectures. This gives 
bottlenecks because of the centralized arbitration and the shared communication 
media. Also, the emerging wire delay problems have not been considered in the 
present solutions. 
 

2.1    The basic idea behind SoCBUS 
 
Imagine that you want to connect a computer to the Internet. If we assume that you 
already have a computer and an Internet provider, all you need in that case is a 
modem. All necessary software is often included in the operating system. Basically 
you only need the modem as a link between your computer and the Internet. It will 
only take a couple of minutes until you are connected to the Internet (network) and 
have the ability to communicate with other resources attached to Internet. Would it not 
be nice if we could achieve the same efficiency and simplicity when designing a chip? 
This is what SoCBUS is all about. The implementation of new IP cores and the set up 
of communication should be really quick and simple. To explain this in more detail, 
we can relate to the Internet example by making a comparison. The computer is the IP 
core, the Internet is the SoCBUS and the modem is a wrapper. We will discuss these 
issues in more detail but first we will have a look at a schematic view of the SoCBUS 
architecture.  
 

                                              
4 SoC – System On Chip 
5 Intellectual property 
6 Chapter 2.3 
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Figure 2. Schematic view of the SoCBUS network  
 
 
The SoCBUS architecture is fixed, which means that the only thing that needs to be 
designed is the wrappers and some configuration in the nodes. The SoCBUS will not 
be explained in detail. Interested readers can look at “An on-chip network architecture 
for hard real time systems” [1]. Instead focus will be on the general idea behind 
SoCBUS and where and why the simulation is important. But to make these issues a 
bit more understandable, some concepts need further explanation. 
 

2.2    Wrappers 
 
The purpose of wrappers is to handle differences between the IP port and the network 
itself. There are an almost endless amount of different IP cores on the market from 
different manufacturers and with different functionality. In order to implement them in 
the design without spending time on glue logic, the wrappers need to be very versatile 
and adaptable. They must handle differences such as transaction handling, port width 
etc. They also contain any necessary buffers and do the bridging between the IP block 
clock domain and the network clock domain.  
 
In the SoCBUS architecture, the wrappers can be considered divided into two parts. 
On part is the interface to the SoCBUS network and one to the IP core. If the SoCBUS 
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architecture gets popular, the IP core manufacturer could provide the wrappers to the 
designer as well. That would really cut down the time to market.  
 

2.3    IP cores 
 
The term IP is an abbreviation for Intellectual Property. An intellectual property is a 
separate block that performs a specific task. An IP block can be almost anything and is 
used to describe a specific block that is designed separately. It could be a memory, 
processor, application specific integrated circuit (ASIC) etc. 
  
A core can mean many different things. Basically three different kinds of cores exist 
[2]. They are hard, soft and firm cores. A hard core is entirely validated by the 
supplier. The hard core is fully independent and not flexible since everything is 
already placed and routed on the chip. The firm core is a bit more flexible since it is 
possible to place and route it on the chip. It is sometimes delivered as gate-level net 
lists. Finally and most flexible is the soft core. It is more like a behavioral description 
of the core. The soft core is process independent, which means that it is more flexible 
for future modifications.  
 
It is quite obvious that the hard core is preferred if the reduction of time to market is 
important. The other cores are flexible and provide more design options regarding the 
physical layout. It is also possible to remove some features that will not be needed for 
the chip. The drawback is of course that such approach requires a lot more testing and 
validating. Since the hard core is fully validated it is often delivered with a timetable, 
which significantly reduces the design time of the wrapper. 
 

2.4    Nodes   
 
The SoCBUS architecture is shaped as a 2D-mesh. Every IP block is attached to a 
node via a wrapper. The purpose of the nodes is not just to connect IP blocks, it is also 
to route communication on the SoCBUS chip. Therefore it is convenient to refer the 
nodes as routers or switches. Every node contains information about the SoCBUS and 
all IP blocks connected to it. They basically contain a list of positions, which declares 
in what direction an IP block is connected. This is crucial in order to make a good 
routing of communication and to speed up the performance of the chip. The 
communication scheme is called Packet Connected Circuit (PCC). 
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2.5    Packet connected circuit 
 
To fully understand the benefits of PCC, it is a good idea to first look at the more 
classical communication schemes.  

Packet switched 
The packet switched network is widely used today and the most famous example is 
perhaps the Internet. The basic idea of a packet switched network is the fact that the 
routing of the communication is independent. When a sender transmits information to 
a receiver, the sender does not know or need to know how the information is delivered. 
Every packet will be independently routed from the sender to the receiver. Every 
routing decision is made locally at the routing nodes on the network. There are both 
advantages and disadvantages with this approach: 
 
+ There is a good utilization of the channel. It is possible to time-share the resources 
more aggressively. 
+ No central resource controller is needed. 
  
- Each switch in the network is more complex. 
- Buffers are needed to avoid deadlock. Some packets may be lost or arrive unordered. 
- The data latency is generally longer. 

Circuit switched 
A circuit switched network works in an almost entirely different way. The entire route 
from the sender to the receiver is decided in advance and maintained by a master 
controller. This gives almost the opposite advantages and disadvantages in comparison 
with the packet switched network: 
 
+ When a circuit has been established, the source has perfect knowledge of the 
available bandwidth and very good knowledge of the transmission latency. 
 
- The circuit has to be established before any transmission can take place and the 
resources occupied by the circuit are unavailable to other transmissions. 
- A central resource controller is needed. 
- Lower flexibility compared to packet switching. 

Combined communication scheme 
PCC is a combination of a circuit switched and a packet switched network. The idea is 
to send a request packet to establish a connection from the sender to the receiver. If the 
packet managed to reach the receiver, an acknowledgement (ACK) is sent back to the 
sender and the entire path is locked for that transmission. If the request packet fails to 
reach the destination a negative acknowledgement (NACK) is sent to the sender, 
which has to retry the request procedure. There are several advantages with PCC. The 
two major ones are perhaps the fact that there is no need for buffers in the switches 
and that the PCC scheme is inherently free from deadlocks. The reason is that there is 
no situation where a routing request will wait for another routing request to finish. The 
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payload7 transfer will only take one bus cycle per switch as soon as the route is 
established.  
 
No approach is perfect. There are some drawbacks with PCC as well. One of them is 
the fact that a failed request will result in a completely new routing attempt. Another 
drawback is that the resource will be locked as soon as a routing request has passed by 
and will not be unlocked until the routing request has failed or the transfer is finished. 
 
The solution to these problems is scheduling. In a general purpose computing platform 
interconnect, the designer has very little control of the communication scheduling. A 
hard real-time system generally has some communication scheduling in order to 
achieve the desired levels of bandwidth, latency, etc. It has been proven that with a 
perfectly scheduled communication pattern, it is possible to reach almost to the 
theoretical bandwidth limit with SoCBUS. This means that the SoCBUS is more 
useful for embedded systems rather than general ones. In other words it is desired that 
the designer knows the behavior of the final application to fully use the benefits of the 
SoCBUS.    
 

2.6    SoCBUS applications 
 
The idea behind SoCBUS is to support many types of applications. The way the 
architecture is assembled and the support for easy connection of IP cores makes this 
vision possible. The behavior of the PCC scheme and the need for good scheduling 
makes the SoCBUS more suitable for embedded applications. They are hard real-time 
applications, and often require low latency and high bandwidth to work properly. 
Since PCC, after a successful set up, provides a communication channel that offers 
these features, it is obvious that SoCBUS is really useful in those kinds of systems. 
Hard real-time systems are very common nowadays. They exist in everything from 
airplanes to medical equipment. They are often embedded which means that they are 
integrated in a larger system and performs a specific task.  
 
The physical layout of SoCBUS (2D-mesh8) makes it suitable for systems that need 
many communication channels open simultaneously. One is the voice over IP 
gateway. It has been proven that with perfect scheduling, a SoCBUS with only 7x7 
switches can support up to 48000 channels with no blocking at all. Perfect scheduling 
is not possible in a real system, but by significantly worse scheduling, it is still 
possible to support 5000 channels, which is more than enough to support OC-39. A 
more detailed description of such implementation can be found in “SoCBUS: Switched 
network on chip for hard real time embedded systems ” [3]. 
 

                                              
7 Extra information that is needed to communicate. 
8 The name of the layout in figure 2. 
9 The speed of fibre optic networks (155.52 Mbps) conforming to the Sonet standard. [4]. 
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2.7    Simulation of SoCBUS  
 
Throughout this chapter, basic SoCBUS issues have been discussed. The fundamental 
components and PCC was presented, along with the importance of time to market. The 
purpose of this report is to describe how the Traffic model and the Stimuli generator is 
implemented. So the real question is when and how they will be used? It is quite 
obvious that simulation is very important for many reasons. It significantly cuts down 
time to market since it is better to design a good and working chip from the beginning, 
instead of a trial and error approach. Good simulation also saves money, since it is 
both costly and time consuming to manufacture prototype chips. Figure 3 is a diagram 
of the SoCBUS design flow:   
 

Network
library and
constraints

Behavioral simulation, 
debugging, benchmarking

SoCBUS
programs

SoCBUS RTL code

Synthesis: Generate network,
wrappers, and communications

HW SW
System SpecificationSoC designer’s job

Included in SoCBUS

Physical design

 
Figure 3. SoCBUS design flow 

 
The design flow describes how to create a network on chip for a certain application. It 
describes when and what in the design process that needs to be simulated. The entire 
design process is iterative. This means that after each step in the design process, the 
system is simulated. If the requirements are not met, the process is restarted. The idea 
is that after each iteration, the design has improved and approaches the requirements of 
the system specification.  
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When looking at the design flow, one might think that this process could go on 
forever. Of course that is possible in theory. The aim however is to stop iterating when 
reaching the physical design phase. If the physical implementation does not meet the 
requirements the whole design needs to be modified. Therefore it is crucial that the 
simulation phase is accurate and really tests the design in a thorough way. The 
conclusion is that the simulation is important and cannot be neglected. It is better to 
test the design thoroughly and revise the earlier phases instead of moving on too 
quickly.   
 

2.8    References 
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Chapter 3 -  Traffic model 
 
The purpose of the Traffic model is to model the reality in the best way as possible. 
The term “traffic model” in this context does not imply a specific model of the traffic 
or a model for a specific chip. The Traffic model is more like a framework or template 
for writing a general model that can be adapted to almost any application. This means 
that the Traffic model described in this chapter supports many different features. It will 
be proved later on that everything required is possible to model in an easy way. To 
distinguish between these concepts, a specific model is therefore referred as a “test 
case”. The Traffic model is described as a document type definition (DTD) and the 
constructed or derived test case is described in extensible markup language (XML) [1]. 
 

3.1    Definition 
 
The purpose of the Traffic model is to describe traffic. Traffic could mean many 
different things, but in this context, traffic means events. Every communication 
between a source and a destination (IP-blocks) is referred to as an event. The events 
can have high or low intensity, and short or long duration. Each event correspond to a 
line in the event list (stimuli) for the Simulator. Each line specifies the source and 
destination for the event. Each line also specifies the start and duration time for each 
event. The purpose of the Traffic model is to describe how the traffic should be 
modeled, in order to create a valid test case for the Stimuli Generator. 
 

3.2    Why    
 
The Traffic model is used to write test cases. The traffic model defines how and what 
to specify in the test case. But why is the Traffic model and the derived test case 
needed? Why is the Stimuli generator required? Would it not be enough to provide an 
event list for the Simulator directly? The answer is obviously No. In theory it would be 
possible to skip the Stimuli generator and the Traffic model but it would not work in 
reality. It would be impossible to perform a useful simulation without the Stimuli 
generator and the Traffic model. Just imagine a simulation of 10 000 events for 1000 
000 simulation cycles. This small test would require 10 000 lines of stimuli in the 
event list for the Simulator. It would require a lot of time just writing it down, and it is 
really hard to model the desired behavior. If the simulated network consists of 64 IP-
blocks communicating in parallel, it is almost impossible to understand the behavior 
by just looking at the event list. Such case can be modeled easily based on the Traffic 
model and would only require 100-200 lines of code. The Traffic model also supports 
the possibility to model traffic based on mathematical distributions. Without the 
Traffic model and the Stimuli generator, this must be calculated manually for each 
single event. In other words, the Traffic model is needed to describe the traffic and the 
Stimuli generator is needed to calculate the start and duration of each single event. 
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3.3    Basic requirements 
 
The real question is how to model the traffic in a good and convenient way. This will 
be described in section 3.5 based on figure 4. But before any detailed description, it is 
good to investigate some basic requirements that need to be implemented in the model. 
Some of the most important features for a traffic model are listed below: 
 

• Extendable 
• Adaptable 
• Intuitive 
• Secure 

 

Extendable 
 
It is very important to make the Traffic model extendable. The basic idea is to make 
the Traffic model as general as possible. This means that it should be easy to 
implement new features and requirements in the future. Since it is almost impossible to 
anticipate the functionality of future chips and applications, it is important that the 
model can be adapted with minimal effort to future requirements. 
 

Adaptable 
 
The idea is that the Traffic model can be used to describe almost any kind of traffic. 
The reason is that it is almost impossible to model the behavior of a specific 
application without exhaustive testing. There is however a lot of research going on to 
find appropriate models for certain applications. These models are often described as 
mathematical distributions10. This means that a good traffic model must be able to 
model user-defined events and communication as well as communication based on 
mathematical models.  
 

Intuitive 
 
Although powerful and useful, very little effort should be required to construct a good 
model. Even users with limited experience or knowledge must be able to construct 
good test cases. Therefore it is important that the model is very intuitive. This means 
that just by looking at the DTD, it should be obvious how to construct a test case.  
 

                                              
10 Appendix A 
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Secure 
 
A test case based on the Traffic model is used as input to a stimuli generator. These 
issues will be described in more detail later on, but it is quite obvious that the Traffic 
model must be secure. This means that it is not allowed to model test cases not 
supported by the Simulator. This may lead to a program error or strange simulator 
behavior. In the worst case, this could lead to incorrect conclusions regarding the 
behavior of the chip. 
 

3.4    Final traffic model 
 
The different traffic model features constitute the most important requirements for a 
traffic model. Of course one could state even more features and requirements but if all 
of them are fulfilled, the Traffic model supports the most important features.   
 
Figure 4 describes the Traffic model that is used to construct various kinds of test 
cases. It is a graph notation based on the DTD in Appendix C. Just by looking at the 
names in the diagram, it is fairly obvious which kind of features that can be modeled. 
But to fully understand the model diagram, it is important that the notation is 
explained in more detail. 
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Figure 4. Traffic model diagram 
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3.5    Traffic model description 
 
First of all, the model diagram (figure 4) is read from top to bottom and left to right. 
The diagram is hierarchical which means that every test case starts with the tag11 
TMODEL which consists of the sub tags TITLE, BLOCKS, SIMULTIME and 
TRAFFIC in that strict order. Since the Traffic model is described in the DTD and the 
test case is described in XML, the tags correspond to the actual tag notation used to 
write a test case. The data tags are used to specify values or text for the test case. 
 
Some of the arrows are dashed and others have numbers associated to them. A dashed 
arrow means that the tag is optional, but if the tag exists, there can be only one tag of 
that kind. The numbers describes how many tags of a specific kind that are allowed. If 
no numbers are present the tag is said to be mandatory and therefore need to be stated 
in the test case. 
 
A TMODEL tag can consist of one or no TITLE tag. It needs to have a BLOCKS tag 
which consists of one or more BLOCK tags. The SIMULTIME tag is mandatory and 
must be specified only once. 
 
Some arrows point to a block of several tags. This can be observed when looking at 
the TASK tag that point to either IDLE or WORKING. This means that only one of 
them can be specified for each TASK not both. 
 
Finally, some tags have different characters associated to their name. This is actually 
an influence from the DTD notation. But it is useful when looking at the diagram. As 
explained in Appendix C, a plus sign (+) means that one or more tags are required. 
This leads to the conclusion that an EVENT_LENGTH tag must have either one 
MATH_MODEL tag or one or more VALUE tags. 
 
Before investigating the Traffic model in more detail, it is good to look at a little 
example. Just by looking at the diagram it should be possible to write a small yet valid 
test case. The notation is XML. 
 
 
 
 
 
 
 
 
 
 
 

                                              
11 Tag – A tag includes a name which refers to an element declaration in the DTD, and include 
attributes. 
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<TMODEL> 
  <TITLE>Example model</TITLE> 
  <BLOCKS> 
    <BLOCK>A<BLOCK> 
    <BLOCK>B<BLOCK> 
  </BLOCKS> 
  <SIMULTIME>100</SIMULTIME> 
  <TRAFFIC> 
    <SOURCE>A</SOURCE> 
    <DESTINATION>B</DESTINATION>  
    <PERIOD>50<PERIOD> 
    <TASK> 
      <DURATION>30</DURATION> 
      <IDLE></IDLE> 
    </TASK> 
    <TASK> 
      <DURATION>20</DURATION> 
      <WORKING> 
        <EVENT_QUANTITY> 
          <VALUE>2</VALUE> 
        </EVENT_QUANTITY> 
        <EVENT_LENGTH> 
          <VALUE>5</VALUE> 
          <VALUE>8</VALUE> 
        </EVENT_LENGTH> 
        <EVENT_POSITION> 
          <VALUE>2</VALUE> 
          <VALUE>11</VALUE> 
        </EVENT_POSITION> 
      </WORKING> 
    </TASK> 
  </TRAFFIC> 
</TMODEL> 
 
Example 1. Test case example 
 
The test case describes traffic between two general blocks A and B. These blocks 
could mean anything. That depends totally on the Network model12, since the Traffic 
model is fully independent from any type of chip or application. In a real test case it is 
required to use other block names instead of A and B. It must be the same block names 
used in the Network model. Otherwise the hardware mapping would not work.  

                                              
12 Chapter 7 
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SOURCE: A
DESTINATION: B

Idle

50

91

800 10030

Idle

8732 37 41 49 9982  
 

Figure 5. Timing diagram 
 
The figure 5 describes the test case in example 1. As stated in the test case, the output 
is periodic with period 50. Since the total simulation time (SIMULTIME) was set to 
100, this will result in two identical periods. As stated in the Traffic model, it is also 
possible to specify OFFSET, which will affect the start time of each period. 
 

3.6    The Traffic model in detail 
 
To fully realize the adaptability of the model, it is a good idea to investigate each tag 
separately and try to explain its purpose. 
 
TMODEL 
 
This is the starting tag and describes that the input is a traffic model. 
 
TITLE 
 
Since the input to the Simulator is a plain text file, it is good to separate them with 
different titles. The title could for instance contain information of the date when the 
file was created and information of what kind of traffic that is modeled.  
 
BLOCKS 
 
This tag contains information of all blocks present in the test case. This information is 
used by the Simulator. 
 
BLOCK 
 
This tag contains the name of one block in the test case. 
 
SIMULTIME 
 
This tag specifies the total simulation time. 
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TRAFFIC 
 
All information regarding the traffic is collected in this tag. Each test case can have 
many different TRAFFIC tags and thus simulate several events on a chip in parallel. 
 
SOURCE 
 
This tag specifies all the blocks that are sources. If more than one source is specified, 
the Stimuli generator will pick one of them in a random fashion to act as a source for a 
specific event.  
 
DESTINATION 
 
This tag specifies all the blocks that are destinations. If more than one destination is 
specified, the Stimuli generator will pick one of them in a random fashion to act as a 
destination for a specific event.  
 
PERIOD 
 
This tag specifies the length of a period. This length may not exceed the total 
simulation time. 
 
OFFSET 
 
If an offset is specified, all events will be delayed with the offset time. 
 
TASK 
 
Each TRAFFIC can contain many different TASK tags. The TASK tag contains 
information of the communication between two blocks. 
 
DEPENDENCY 
 
Here it is possible to model dependencies. For instance if some blocks are dependent 
of communication from other blocks etc. Dependencies are not handled at all in the 
Stimuli generator. They are just passed by to the Simulator. 
 
DURATION 
 
This tag specifies the duration of a TASK. If no duration is specified, the TASK is 
executed the entire period. 
 
IDLE 
 
This tag means that no communication is present. 
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WORKING 
 
This tag holds information of the events in the communication. 
 
EVENT_QUANTITY 
This tag contains information if the quantity of events is stated specifically or by a 
mathematical model. 
 
EVENT_LENGTH 
 
This tag contains information if the length of the events is stated specifically or by a 
mathematical model. 
 
EVENT_POSITION 
 
This tag contains information if the position of events is stated specifically or by a 
mathematical model. 
 
VALUE 
 
Each EVENT tag could contain either a value or a mathematical model. If a value is 
specified, it is important to make the model consistent. For instance, it is not allowed 
to specify more events (quantity) than positions. Each EVENT tag can consist of 
infinite number of VALUE tags, except for the EVENT_QUANTITY tag. Obviously 
it can only contain one value. 
 
MATH_MODEL 
 
This tag contains all the information to specify a mathematical model. 
 
MODEL_NAME 
 
This tag contains information of which model to use. 
 
PARAM 
 
This tag contains all the information of the parameters for the mathematical model. 
This tag could also contain a mathematical model. In other words, it is possible to 
either specify the parameters as values or as a mathematical model. 
 
PARAM_NAME 
 
This tag contains the name of the parameter. 
 
PARAM_VALUE 
 
This tag contains the parameter value. 
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3.7    Does the Traffic model fulfill its purpose? 
 
Since all communication can be specified down to each single event, it is clear that the 
Traffic model is very adaptable. Infinite number of blocks and communication can be 
tested and evaluated. It is possible to specify dependencies as well as mathematical 
models.   
 
All the tags in the model are almost self-explained. It will require very little effort to 
understand the model and the purpose of each tag. A first-time user will not have any 
problems to construct a new test case, since the Traffic model is very intuitive. 
 
One of the advantages with XML is that it is easy to validate it against the DTD. In 
other words, the test case is always validated against the Traffic model. If the 
validation fails, the Stimuli generator will halt and prevent program error or strange 
results. The Traffic model is secure in the sense that it is impossible to run the Stimuli 
generator if the spelling and order of the tags in the test case does not match the 
Traffic model. It will also detect if some tags are missing or occurs too many times. It 
will however not detect incorrect data (values or text) written in the leaf tags13. This 
will be checked in the Stimuli generator. 
 
The final question is whether the Traffic model is extendable. In order to add or 
change some functionality, it is only necessary to change the DTD and the validation 
program in the Simulator. This can be done easily in just a few minutes. Remember 
that the validation only checks the semantics between the XML and the DTD. This 
means that a new mathematical model can be implemented just by changing the 
Stimuli generator, not the Traffic model. 
 
It is now clear that the Traffic model fulfills all the important requirements and 
contains a lot of features to construct good test cases. 
 

3.8    References 
 
[1] Webpage: www.xml.com 
 

                                              
13 A leaf tag is a node with no children. This tag contains information specified by the user, such as 
numbers and text. 
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Chapter 4 -  Stimuli generator 
 
The purpose of the Stimuli generator is to interpret the Traffic model and create a 
stimuli output. The stimuli generated acts like an input to the Simulator together with 
the Network model. The Stimuli generator does not know anything of the network or if 
a specific event can or will be simulated. This might occur if there are dependencies 
between blocks or if there is some inconsistency in the Network model. These issues 
are totally irrelevant to the Stimuli generator. Its only purpose is to create stimuli 
(events) based on the Traffic model. In some cases this is really simple. If for instance 
a specific event is strictly specified in the Traffic model, the Stimuli generator just 
needs to pass this information to the Simulator. Some events are based on 
mathematical models and can have multiple sources and destinations. It is even 
possible to model parameter values as mathematical models. This makes everything a 
bit more difficult. This chapter will describe how issues like this can be solved and 
how the basic requirements of the Stimuli generator are fulfilled. There are also other 
interesting questions that needs to be answered here:  
 

• Why make a modular design? Why is the Stimuli generator separated from the 
Simulator?   

 
• Is the Stimuli generator extendable? Can it be modified and adapted in an easy 

way? 
 

• Can one trust the output from the Stimuli generator to be correct and reliable? 
 

• Is the Stimuli generator secure and stable? Is it free from program errors? What 
happens if the input test case is incorrect? 

 
• How much memory is consumed? What is the performance?  

   
All these questions need to be answered, but first it is time to look at the fundamental 
structure of the Stimuli generator. 
 

4.1    The general design of the Stimuli generator 
 
The Stimuli generator is a program written in ANSI C++14. The basic idea is to parse 
an XML-file and produce an output text-file. The stimuli output is actually just an 
event list containing information of when and for how long an event takes place. In 
order to make the design more extendable and understandable for a developer, 
different functionality has been divided into separate classes. As described in figure 6, 
the calculation and event functionality have been separated from the main program.  
   

                                              
14 ANSI - American National Standards Institute 
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MAIN

MATH_MODEL
(Calculation)

EVENT

XML-parsing

TEXT-file

XML-file

Stimuli
generator

 
Figure 6. Program structure of the Stimuli generator 

 
This is a very schematic view over the Stimuli generator, but it gives some perspective 
of the fundamental design. All of these parts will be discussed and explained in more 
detail, but already at this stage it is possible to notice some interesting features: 
 

• Since the calculation of the mathematical models is separated from the main 
block, very little effort is needed to implement new mathematical models. 
Basically it is only required to learn the main block the name of the new 
mathematical model and the number of parameters, since all calculations are 
separated from that block. 

 
• As mentioned before, the output from the Stimuli generator is a list of events. 

All information concerning an event is separated from the main block to an 
event class. This makes it easy to change the representation as well as contents 
and information of each event. 

 
• The parsing and validation of the XML and DTD are separated from the main 

block. If the Traffic model (DTD) is changed, all necessary changes concerning 
parsing and validation are separated from the main block. 

 
When looking at figure 6 some fundamental questions can be answered here. It is good 
to separate the Stimuli generator from the Simulator. One obvious reason is that since 
they have nothing in common, in terms of communication, they could just as well be 
separated. The Simulator is strictly hard timing based, which means that it only reacts 
on events generated prior to runtime. Therefore it is a good idea to separate those 
blocks, since it enhances the modularity in the design and makes it easier for future 
developers to implement new features.  
 
The basic idea with the design is that everything that can be separated into different 
blocks should be so. There is also another advantage to separate the Stimuli generator 
from the Simulator. It is possible to generate the Simulator input file in advance. This 
is good for several reasons: 
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• Interesting stimuli files can be stored, and used many times. 
 
• The user can manipulate the input files manually. This means that it is not 

necessary to rewrite the test cases.  
 

• It is possible to generate the stimuli files on other faster computers. This can be 
very useful for large test cases.   

 
• It is possible to rerun the simulations with the same stimuli.   

 
One other question discussed earlier is whether the Stimuli generator is extendable or 
not. Naturally any application can be extended or modified as long as the source code 
is available for the developers. The real question is how easily this can be achieved. 
The design is modular in the sense that parts that can be distinguished have been 
separated into different blocks. The main block just use those blocks needed to 
perform the task required. In this type of design, it is easy to add new blocks to the 
design and thus more functionality. So the conclusion must be that the Stimuli 
generator is extendable in the sense that new features or functionality can be added 
with minor effort.  
 

4.2    General program flow of the Stimuli generator 
 
Now it is time to discuss the general program flow of the Stimuli generator. The 
parsing of the input XML is described in more detail in Appendix B. Figure 7 
describes the fundamental program flow of the Stimuli generator. 
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Figure 7. Stimuli generator program flow  

 
Here are the basic steps of the program flow in relation to figure 7: 
 
1) Reduction of the tag-tree15. The purpose of this first step is to perform a depth first 
search16 and calculate all mathematical models. The result of this initial traversal is a 
new tree with all mathematical model nodes replaced by value nodes. After this step, 
all GSL17 calculations are complete and the tree is reduced and more convenient to 
handle. 

                                              
15 A tree consisting of pointers and nodes.  Every node is named after the corresponding XML tag. 
16 The child of each node is explored as deep as possible. This means that all children nodes are 
explored before the parent node. 
17 Chapter 5 
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Figure 8. Reduction and calculation 

 
Figure 8 describes how the reduction and calculation is done. The figure does not 
describe the entire tag-tree, just a subset from the tag WORKING and below. The 
inner dashed circle is calculated first. Let us assume that GSL calculates the inner 
circle to the value 6. That value is then inserted in the tree instead of the inner circle. 
The same procedure is then repeated for the outer dashed circle. This is a calculation 
based on the flat distribution and should return a value between 3 and the previously 
calculated value 6. Let us assume that GSL calculates the outer circle to 5. That value 
is then inserted together with the tag VALUE instead of the outer circle. This will 
result in the tree described in figure 9. 
 

WORKING

VALUEVALUE

EVENT_POSITIONEVENT_LENGTHEVENT_QUANTITY

2
3

VALUE

11
VALUE

5  
Figure 9. Initial tree after reduction and calculation 

 
The reduction and calculation procedure is repeated for every MATH_MODEL tag 
throughout the tag-tree. It is also clear why it is required to search the tree in a depth 
first search, since one mathematical model can be dependent of another. 
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2) Retrieve information. The tag-tree now contains all necessary information needed to 
create new events. The tag-tree is searched in a breadth first18 style from top to bottom 
since the tag-tree holds the most general information at the top and the more specific at 
the bottom. This means that information such as total simulation time and all blocks in 
the simulation is located at the top, while specific event information is located at the 
bottom19. The tree is traversed and the information is stored in variables. Figure 9 is an 
example of a subset that describes specific information. This subset would result in 2 
events that lasts for 5 cycles and starts at position 3 and 11. This information is enough 
to create 2 new events. The source and destination is already known since they were 
traversed earlier due to the breadth first search.  
 
3) Create events. When reaching down to specific event information, a new event is 
created and inserted at the end of a global event vector. Each event is instantiated from 
the event class (figure 6) and holds all necessary information of an event. The vector is 
created using STL20, which basically means that it is dynamically allocated. This 
procedure is performed each time the tree search reaches specific event information 
and does not end until the entire tree has been searched/traversed.  
 
4) Sorting of event vector. The Simulator is hard timing based and requires a sorted list 
of events. The events are sorted from top to bottom based on their start times. The 
sorting is performed using the sort21 function provided by STL. 
 
5) Printing of output file. The final step is the creation of output file (event list). The 
output file is modified so the Simulator can read it. This is a separate step and can 
easily be adapted and changed to match the current or newer versions of the Simulator. 
 

4.3    Requirements for the Stimuli generator 
 
Now it is time to discuss the basic requirements of the Stimuli generator.  
 

• What kind of special libraries is required for the Stimuli generator? 
 

• On which computer platforms can the Stimuli generator run?   
 
As mentioned before, the Stimuli generator is very versatile and can support many 
different kinds of communication. It is easy to understand that the difficult task is not 
to design a stimuli generator that produces output only based on user-defined events. 
The real task is to design one that also produces events based on mathematical models. 
A C++ library called GSL is used for this purpose and will be discussed in chapter 5. 
After reading chapter 5, it will also be clear which kind of computer platforms that is 

                                              
18 The nodes are explored level by level. 
19 Chapter 3, figure 4 
20 Chapter 6 
21 Chapter 6.1 
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required for the Stimuli generator. The other library required is called STL and will be 
discussed in chapter 6. 
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Chapter 5 -  GSL 
 
The GNU Scientific Library (GSL) [1] is a library of scientific subroutines. It aims to 
provide a convenient interface to routines that do standard (and not so standard) tasks 
that arise in scientific research. More than that, it also provides the source code. Users 
are welcome to alter, adjust, modify, and improve the interfaces and/or 
implementations of whichever routines might be needed for a particular purpose.  
 
The subroutines and source code in the GSL package are "free"; this means that 
everyone is free to use them and free to redistribute them on a free basis. The GSL-
related programs are not in the public domain; they are copyrighted and there are 
restrictions on their distribution, but these restrictions are designed to permit 
everything that a good cooperating citizen would want to do. What is not allowed is to 
try to prevent others from further sharing any version of these programs that they 
might get from you. This means that: 
 

• If you distribute copies of the GSL-related code, you must give the recipients 
all the rights that you have. You must make sure that they, too, receive or can 
get the source code. And you must tell them their rights. 

 
• You have the right to give away copies of the programs that relate to GSL, that 

you receive source code or else can get it if you want it, that you can change 
these programs or use pieces of them in new free programs, and that you know 
you can do these things. 

 

5.1    What are the advantages of GSL? 
 
GSL is very convenient to use. Since the source code is available to everyone it is 
really easy to implement it into the design. The GSL is also a public program in the 
sense that many users have contributed with bug reports which has lead to 
improvements. The fact that it is so widely used indicates that it is very reliable and 
accurate. The library is written exclusively in ANSI C. This means that it is general in 
the sense that it can be compiled on every platform supporting the C language. GSL is 
also very extensive. It includes much different mathematical functionality such as: 
 
Table 1. Supported mathematical calculations 
Complex Numbers  Roots of Polynomials  

Special Functions  Vectors and Matrices  

Permutations  Combinations  

Sorting  BLAS Support  

Linear Algebra  CBLAS Library  

Fast Fourier Transforms  Eigensystems  

Random Numbers  Quadrature  

Random Distributions  Quasi-Random Sequences  
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Histograms  Statistics  

Monte Carlo Integration  N-Tuples  

Differential Equations  Simulated Annealing  

Numerical Differentiation  Interpolation  

Series Acceleration  Chebyshev Approximations  

Root-Finding  Discrete Hankel Transforms  

Least-Squares Fitting  Minimization  

IEEE Floating-Point  Physical Constants 

 
However, the Stimuli generator only uses a small part of the functionality. These are 
random numbers and random distributions functionalities. But many other kinds of 
functionality are available and can just as easily be implemented.  
 
The library can be used in multi-threaded22 programs. All the functions are thread-safe, 
in the sense that they do not use static variables. Memory is always associated with 
objects and not with functions. 
 
Where possible, the routines in the library have been written to avoid dependencies 
between modules and files. This should make it possible to extract individual functions 
for use in your own applications, without needing to have the whole library installed. 
In the current design, the entire library is linked to the Stimuli generator. This is an 
advantage if a developer wants to add new functionality to the Stimuli generator. Since 
everything is included it is only required to call the desired GSL function in order to 
use it. The drawback is obviously that it is required that GSL is installed on the 
computer. This basically answers the question of supported computer platforms for the 
Stimuli generator. The Stimuli generator can be compiled and used on every platform 
where: 
 

• GSL is installed. 
 

• An ANSI C++ compiler is present. 
 
The Stimuli generator is of course also dependent on available disk space and memory. 
 
 
 
 
 
 
 
 
 

                                              
22 A thread is a lightweight process. A multi-threaded program runs several threads simultaneously. 
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5.2    Using GSL to create events based on distributions 
 
In the Poisson23 case, GSL returns either a k value based on a user specified m and a 
number between zero and one, or the probability of obtaining k from the distribution 
with mean m. In the Stimuli generator it is interesting to look at the first situation. 
According to the definition of the Poisson process24, the time intervals should be 
independent and Poisson distributed. But how is this adapted to create events for the 
Simulator? The following test case will reveal how this is done:  
 
For duration of 20, we shall have 5 events with a fixed length of 2. Their position shall 
be based on a Poisson distribution with m = 10. What will be the positions of the 
events? 
 
GSL will calculate the k value depending on m = 10 and a random number between 
zero and one. According to formula 2 in Appendix A, the result will be how many 

)( jpX that can be summarized without reaching above the random number. Let us 
assume that the random number is 0.4. This means that the distribution function )(kFX  
is 0.4. GSL calculates the following: 
 
Px(0) = 0.0000  < 0.4 
0.0000 + Px(1) = 0.0005 < 0.4 
0.0005 + Px(2) = 0.0028 < 0.4 
0.0028 + Px(3) = 0.0104 < 0.4 
0.0104 + Px(4) = 0.0293 < 0.4 
0.0293 + Px(5) = 0.0671 < 0.4 
0.0671 + Px(6) = 0.1302 < 0.4 
0.1302 + Px(7) = 0.2203 < 0.4 
0.2203 + Px(8) = 0.3329 < 0.4 
0.3329 + Px(9) = 0.4580 > 0.4 !! 
 
Example 2. Calculation with GSL 
 
Example 2 reveals that 8 iterations are needed to reach the limit of 0.4. This means that 
GSL will return the number 8. This value will then be added to the local time of the 
Stimuli generator. The local time is just an internal clock for the Stimuli generator to 
prevent it from generating events outside the range of the total simulation time 
specified in the test case. The local time is increased for every new period or when 
there is an idle timeframe specified.  
 
If the local time is 500, it is clear that the first event will start 508 and last for 2 time 
instances. This will be repeated for the other four events as well and may result in an 
event list like table 2. 
 

                                              
23 Appendix A 
24 Appendix A 
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Table 2. Event list containing only Start and Duration 
Start Duration Source Destination Dependency 

508 2 - - - 
505 2 - - - 
501 2 - - - 
517 2 - - - 
511 2 - - - 

 
The events are independent since they are calculated separately with different random 
numbers. They are also based on a Poisson distribution. 
 
It is possible to specify both the duration of each event and the amount of events on 
distributions as well. It is even possible to specify every parameter as the result of a 
mathematical model, but this is just a simple example to explain how GSL can be used 
to create Poisson processes. But is this really the result of a Poisson process? The 
answer is probably no. First of all, there is also a co-variance requirement for the 
Poisson process. However, it is not really interesting if that requirement is fulfilled or 
not. The real issue is whether the events are really independent. The independency of 
the events is based on the fact that for every new event, a new random value is used. 
The random value obviously decides the number of iterations and thus the return 
value. The problem with random values in computers is well known and a lot of 
research has been done. But so far, no perfect random number generator has been 
invented. The Poisson process in the example is not perfect but good enough.  
 

5.3    References 
[1] Webpage: http://sources.redhat.com/gsl/ 
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Chapter 6 -  STL 
 
The Standard Template Library (STL) [1] is another library used by the Stimuli 
generator. The STL is a C++ library that provides a set of easily composable C++ 
container classes and generic algorithms (template functions). The container classes 
include vectors, lists, deques, sets, multisets, maps, multimaps, stacks, queues and 
priority queues. The generic algorithms include a broad range of fundamental 
algorithms for the most common kinds of data manipulations, such as searching, 
sorting, merging, copying, and transforming. 
 
In July 1994, the ANSI/ISO C++ Standards Committee voted to adopt STL as part of 
the standard C++ library. This means that this library is not a “special” library that 
needs to be installed separately like GSL, it is included in the C++ standard. But the 
STL is used in such a fundamental way in the Stimuli generator that it needs to be 
discussed in more detail. 
 
There is a fundamental problem that can be solved really easy by using the STL 
vector. In the Stimuli generator, every event produced based on the test case is stored 
in an array. This representation has been chosen to make it easy to keep track of all 
events. This makes it possible to perform operations on the events prior to writing the 
output file. This could be an operation like sorting or removing some events. Since the 
number of events can be defined either directly in the test case or based on a 
mathematical model, it is impossible to know how many events that will be produced. 
In other words, a dynamically25 allocated array of events is needed. It is when dealing 
with problems like this; one can really gain the benefits from STL. The STL library 
solves this problem since it is not needed to declare dynamic arrays or implement 
sorting algorithms. STL also provides much other useful functionality. This could be 
removal of certain elements or iterate the vector and at the same time applying user 
defined functions on each element. The memory is managed by STL and no dynamic 
allocation needs to be done by the user.  
 

6.1    The sorting algorithm  
 
Earlier versions of STL sort [2] used the quicksort26 algorithm, using a pivot chosen by 
median of three. Quicksort has O(N log(N)) average complexity, but quadratic worst-
case complexity. The current implementation of sort, however, uses the introsort 
algorithm whose worst case complexity is O(N log(N)). Introsort is very similar to 
median-of-three quicksort, and is at least as fast as quicksort in average. 
 
One important aspect of the STL sort is that it is unstable. This is no problem in the 
current implementation of the Stimuli generator, but it could be important in other 

                                              
25 The memory is not allocated prior run-time. 
26 A popular and fast sorting algorithm. Quicksort was used in earlier GSL versions. 
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situations. It basically means that two elements that cannot be distinguished by the 
sorting algorithm are sometimes switched individually and sometimes not.  
 

6.2    References 
 
[1] Webpage: http://www.cs.rpi.edu/projects/STL/htdocs/node1.html#stlwhat 
 
[2] Webpage: http://www.sgi.com/tech/stl/sort.html 
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Chapter 7 -  Simulator and network model 
 
The Simulator has two separate inputs27. One input is the Stimuli generator output file 
that contains information of the traffic, such as events and possible block 
dependencies. The other input comes from the Network model. The purpose of the 
Simulator is to present and investigate the traffic on the simulated chip. The network 
model represents the physical structure and limitations of the chip. The output of the 
Simulator is based on both the Network model and the Stimuli generator. This means 
that given a certain network model, the Simulator presents when and where a 
communication took place based on the input stimuli. In order to get a useful 
simulation it is very important that both the generated stimuli as well as the Network 
model are relevant. This chapter will investigate how the network is represented in the 
Network model and how the Simulator performs the simulation. 
 

7.1    Network representation 
 
The network has a powerful but yet rather simple network representation. The network 
is actually divided into separate components. Each of those components has a 
corresponding class. Remember that the Simulator is implemented in C++. This means 
that for instance every node is actually just an instantiation of a node class. This is the 
case for every network component such as links and IP cores etc. This is very 
convenient in many ways. It is really easy to add new network components or to adapt 
the simulated network in an easy way. 
 
The creation of a simulation network is done in the beginning of the Simulator 
program flow. The network topology is based on a XML configuration file written by 
the user. The Simulator then instantiates all needed components with a unique 
identification. All components can have different abilities. It is for instance possible to 
specify delay of connecting links. The nodes (routers) are automatically provided with 
a routing table using Dijkstra28, but the tables can also be specified explicitly. A 
system object controls all the components in the network. This means that all 
simulated communication is created using a message server via the system object.  

                                              
27 Chapter 1.1, figure 1 
28 Popular algorithm for finding shortest path in a graph. 
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Figure 10. Message flow in the simulation network 

 
 

7.2    A message passing example 
 
Figure 10 displays not only the relations between different objects, but also how they 
communicate. The system object controls all the components and the message server is 
used to keep track of all messages. The messages are actually the events created by the 
Stimuli generator. 
 
Figure 10 describes a situation where a source wants to send messages to a router: 
Source -> Link -> Router. The entire chain of communication can be viewed by 
starting at 1 and follow the dashed arrows until state 6 is reached. This clearly 
emphasizes the purpose of the message server, since it is involved in every message 
transaction. The opposite situation Router -> Link -> Destination works in a similar 
way. 
 

7.3    Program flow of the Simulator 
 
Figure 11 describes the program flow of the Simulator. This is the basic flow of the 
Simulator and does not describe the actual behavior of the hardware mapping and the 
simulation procedure. 
 
The program flow starts with a configuration step followed by a mapping of the 
network. The network is organized according to figure 10. After the initial network set 
up, it is time to read the stimuli file. The stimuli file is not read completely in one step. 
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It is not necessary since it is already sorted by the Stimuli generator and would just 
consume extra memory. Instead, it is read in sections during the entire simulation. The 
information in the stimuli file is stored in the source blocks. This means that the 
sources themselves are responsible for the transmission. This is committed in a 
message-style way with the message server. The simulation result is stored in the 
source blocks and the routers. This could be information such as amount of failed set 
up attempts or overhead29. At the end of the simulation, all statistics are “flushed” and 
it is possible to draw conclusions like channel utilization and the number of blocked 
set ups etc.  

Read network description 
and setup network models

Read a set of stimuli

Dispatch events to models and
handle according to subcharts

Write statistics

Need more 
Stimuli?

No

Yes

Stop

Start

More messages 
In queue?

Yes

No

 
Figure 11. Program flow of the Simulator 

                                              
29 The time that the locked channel between source and destination was not used. 
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7.4    Simulator behavior 
 
A more detailed behavior of the Simulator will not be described in this report. This 
means that the block “Dispatch events to models and handle according to subcharts” 
will not be investigated in detail. This is where the actual hardware mapping is 
performed. It basically means that the block names from the stimuli file are associated 
to the corresponding blocks in the Network model. A more detailed description with 
flowcharts can be found in “SoCBUS Simulator User’s Manual” [1]. 
 

7.5    References  
 
[1] D. Wiklund, “SoCBUS Simulator User’s Manual“. 
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Chapter 8 -   Results and discussion 
 
This chapter will evaluate the entire simulator software. This means that a number of 
tests will be conducted to verify that the Stimuli generator works together with the 
Simulator. The test cases are adequate in the sense that they can be used to evaluate 
the performance and functionality of a real SoCBUS network to a certain extent. This 
chapter will be divided into two main sections. The first one is the test section. The 
results of the test section will then be discussed and evaluated in the second part of this 
chapter. 
 
The test section will focus on two cases. The first one is Random testing which 
basically means that the simulated network will be tested to its limit. The second test 
aims to simulate the reality and in some extent provide more interesting result. The test 
is called Data + Control and is similar to the behavior of some real-time systems. 
 
The various test cases provide a lot of simulator statistics that can be used to evaluate 
the system. This chapter will mainly focus on two different issues. They are utilization 
and overhead. The utilization is a measurement, which describes the usage of 
resources, while the overhead describes the amount of unproductively locked links. It 
basically means that a link was locked without any data transferred on the link.  
 
All tests will be performed on a 8*8 mesh network. This means that there are 64 
routers in total. Every router has five ports. Four of them are connected to another 
router, while the last one is connected locally to an IP-block. This is of course not the 
case for routers at the edges of the network30. The choice of a 8*8 mesh network is just 
to make the simulation more realistic. It would be faster to just simulate a 4*4 
network, but a larger network seems more realistic for real applications like voice over 
IP. Every simulation is executed for 1000 000 clock cycles and 800 000 of them are 
evaluated. This means that some cycles in the beginning are ignored. This is just to get 
a “snapshot” of the actual behavior. Otherwise it is likely to get too optimistic results 
since the SoCBUS probably behaves better in the beginning of an execution before 
possible traffic congestion is developed. This report will not present all statistics or 
results from the tests. The presented results will be enough to get a good understanding 
of the behavior.  
 

8.1    Memory consumption and performance 
 
Now it is time to have a look at the memory consumption and performance of the 
Simulator software. This section evaluates the performance of the Simulator software 
itself. It does not evaluate the behavior of SoCBUS. In this context, performance is 
considered to be execution time, while memory consumption refers to the amount of 
working-memory required. It is obvious that the execution time is very dependent on 

                                              
30 Chapter 2, figure 2 
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the computer used to run the software. This report will not investigate either the 
memory consumption or performance in detail for several computers. Instead it will 
investigate these concepts on the computer used when developing the Simulator 
software. This means that at least the performance will be significantly different when 
using either a faster or slower computer. Despite this, it can be interesting to see at 
least the memory management on the “reference” computer: 
 
Table 3. Features of the reference computer. 
Operating system Linux 
Processor Pentium 4 (2,4GHz) 
RAM Memory 1GB 
 
When considering the program flow of the Stimuli generator31, it is obvious that both 
the performance and memory consumption is very dependent of the test case. The 
reason is that if a lot of mathematical models are used, more calculation is required, 
both in terms of pure GSL calculations and the fact that there is a larger tag-tree to 
reduce. This will affect both the performance and also the memory consumption since 
a large tag-tree requires more memory. A large number of events also affect the 
sorting of the event vector. According to chapter 6.1, Introsort used in STL has a worst 
case complexity of O(N log(N)). The following table describes both performance and 
memory consumption for the Stimuli generator and the Simulator. 
 
Table 4. Memory and performance data 
 Stimuli generator Simulator 
Test 
description 

Memory Performance Memory Performance 

Random test, 
50000 events 

20Mb 3 seconds 4Mb 33 minutes 

Random test, 
100000 events 

27Mb 17 seconds 7Mb 33 minutes 

 
This test reveals two things. The Stimuli generator requires a lot of memory, while the 
Simulator takes longer time to execute. The results are expected since the Stimuli 
generator handles all events at once in a tag-tree. The Simulator on the other hand, 
only reads small chunks of the input stimuli and does not require storing much 
information in the memory. Simulating a shorter period can significantly shorten the 
simulation time required. Both test were simulated for 1000 000 cycles. 
 

8.2    Blockings 
 
Before evaluating the results of the conducted tests, it might be good to analyze some 
fundamental concepts. This section will explain blockings and their impact on the 
Simulator results. In the following test sections32, issues like “Total transfer tries” and 
“Total blockings” will be investigated. It is easy to realize that Total transfer tries is 

                                              
31 Figure 7, chapter 4.2 
32 Section 8.3 and 8.4 
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actually the sum of “Number of data transfers” plus Total blockings. But it might not 
be obvious that there are two kinds of blockings. The Total blockings is actually the 
sum of blockings due to busy destinations (Destination blockings) and busy routers 
(nodes). This is described in figure 12. 

Wrapper

IP

Wrapper

IP

Wrapper

IP

Wrapper

IP

Destination 1 Destination 2

Router 1
Router 2

Router 3

1

2

Total blockings + 1
Dest. blockings + 1

Total blockings + 1

1

2

 
Figure 12. Router blockings vs. Destination blockings 

 
Figure 12 describes a situation, which could result in two different blockings. In both 
situations a routing request is sent via Router 1 and is blocked at Router 2. The 
blockings actually occurs inside Router 2, not after as stated in the figure. The first 
blocking occurs when a routing request is intended for Destination 1 and the 
destination is busy. This will result in an increase of Total Blockings and Destination 
Blockings. It will also increase Total transfer tries33 for the Source IP. The second 
blocking occurs if the routing request is intended for Destination 2 and Router 2 is 
busy. This will result in an increase of Total blockings and Total transfer tries. It is 
important to distinguish between these different blocking situations, since both of them 
affects the Total transfer tries. This means that the first blocking situation is due to the 
lack of scheduling and could be greatly improved if the sources and destination where 
synchronized. If scheduling were introduced, a source would never try to communicate 
with a busy destination. The second blocking situation is more due to the limitations of 
the SoCBUS network. 
 

                                              
33 The sum of Number of data transfers and Total blockings. 
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These blocking concepts must be realized when analysing the results of the tests. It 
will be obvious that the destination blockings have a huge impact, at least on the 
second test (Data + Control). This means that introducing scheduling could 
significantly reduce the Total transfer tries. Therefore it is dangerous to draw 
conclusions of the SoCBUS behavior based on the committed tests, since SoCBUS is 
intended for embedded systems with scheduling.  

8.3    The random test 
 
The random test is the first of the two categories of tests that will be conducted. These 
tests aim to evaluate the SoCBUS behavior, not the simulator software. The random 
test is actually a worst-case test. It basically means that this test reveals the capacity 
when using completely random stimuli with no scheduling at all. The random test 
consists of several tests in order to get a full and reliable behavior of the SoCBUS 
system. As mentioned before, the simulated network is a 8x8 mesh with an IP block 
connected to every router. The test is called random since: 
 

• Every source can act as a destination and the choice of source and destination 
IP is entirely random for every stimuli event. 

 
• The size of a communication packet is random in the interval 32 to 1200 cycles. 

Each cycle is supposed to transport 16 bits. So the transfer rate is between 32 to 
1200 words per transfer. 

 
• The starting times of the events are randomly distributed over the entire 

simulation time interval. 
 
The only thing specified is the intensity, i.e. the number of events. The task is to vary 
the intensity and investigate when significant problems arise. If the intensity is low, it 
is obvious that almost no failed routing attempts will occur and that everything works 
as expected. But what happens when the intensity changes and how much can it be 
increased? As the intensity increases, the utilization of the SoCBUS increases as well. 
This will result in more traffic and failed route attempts. This will also lead to more 
overhead, since much time is spent on trying to set up new routing paths. 
 
As discussed in chapter 7, all statistics are flushed at the end of the simulation. The 
random test was therefore conducted as a set of independent tests with unique result-
files created after each session. The test cases were equivalent except for the intensity 
factor. The first test simulated 5000 events. This is considered to be a low intensity 
since the entire simulation is 1000 000 cycles. The next test was incremented with 
1400 events to 6400. This might seem strange, but 6400 event intensity matches one of 
the intensities in Data + Control test, and thus makes it easier to compare the two tests. 
The intensity factor was increased about 1000 events per test session. This went on up 
to 100 000 events, which is considered to be a very high intensity in this context. In 
some cases 100 000 events for 1000 000 cycles would be impossible even with perfect 
scheduling. This is obvious since each source needs to transmit more than 1000 events 
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each (100 000/64 = 1563). Considering that each transfer could be up to 1200 words, 
this is not realistic (1200*1563 > 1000 000). This can be observed in the results, where 
problems arise at much lower intensities. The tests were then put together and 
investigated. The result of the tests can be investigated in many ways. The Simulator 
provides information for each router and source in the network. In order to get a 
correct result material, every router and source should be considered for each test run. 
This is important since the stimuli are random based and changes for each test run. 
 
One alternative solution could be to just consider a limited number of routers and see 
how they change in behavior for different stimuli at different test runs. This approach 
will save significant time and does not really affect the evaluation too much. Although 
one must realize that the stimuli varies between different simulations. This means that 
some results will indicate lower overhead and utilization despite higher intensity 
compared to a previous test. This will not be a problem if many test sessions are 
conducted. The selected routers should preferably be located in the center, since they 
are more likely to handle traffic (figure 13). This is obvious since a router in the center 
has the lowest worst-case distance to all other routers. 
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Figure 13. Router utilization example. Higher peaks indicate more data. 

 
The alternative method is not used in this report, since the tests are too different in 
their behavior. The alternative method is just a suggestion and will not give as accurate 
results compared to an investigation of every router. The routers are easier to evaluate 
if the result from the entire simulated network is considered. Not only parts of it. The 
basic idea is to see how the simulated network behaves in general when the intensity 
increases. The following tables show some of the test results for the sources and 
routers. The values in parenthesis are the mean value for each source and router.  
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Table 5. Statistics from the IP-blocks using Random test. 
Event 
intensity 

Total 
overhead 

Total words 
transferred 

Number of 
data 
transfers 

Total 
Transfer 
tries34 

5000 
 (78) 

302870 
(4732) 

2489138 
(38892) 

4004 
 (63) 

10253 
 (160) 

6400 
(100) 

436027 
(6813) 

3111325 
(48614) 

5087 
 (79) 

15200 
 (237) 

7000 
(109) 

503109 
(7861) 

3419593 
(53431) 

5587 
 (87) 

17608 
 (275) 

10000 
(156) 

960275 
(15004) 

4887970 
(76374) 

7986 
(125) 

37128 
 (580) 

12000 
(188) 

1346338 
(21036) 

5937295 
(92770) 

9563 
(149) 

54935 
 (858) 

15000 
(234) 

2100474 
(32819) 

7366824 
(115106) 

11960 
(187) 

90039 
 (1407) 

22000 
(344) 

5526199 
(86346) 

10883400 
(170053) 

17613 
(275) 

269196 
 (4206) 

26000 
(406) 

9651997 
(150812) 

12854782 
(200855) 

20822 
(325) 

514191 
  (8034) 

28000 
(438) 

13330557 
(208289) 

13741480 
(214710) 

22366 
(349) 

738730 
 (11542) 

30000 
(469) 

17781482 
(277835) 

14404725 
(225073) 

23305 
(364) 

1037651 
 (16213) 

35000 
(547) 

21055831 
(328997) 

14633881 
(228654) 

23798 
(372) 

1265362  
(19771) 

40000 
(625) 

21893009 
(342078) 

14569236 
(227644) 

23616 
(369) 

1330236 
 (20785) 

50000 
(781) 

22128074 
(345751) 

14557431 
(227459) 

23679 
(370) 

1343009 
 (20985) 

 
 
The following table displays the statistics from the routers. The values in parenthesis 
are the mean value for each router. 
 
Table 6. Statistics from the routers using Random test. 
Event 
intensity 

Total 
transfers 

Dest. 
Block-
ings 

Total 
block-
ings 

Amount 
of 
router 
block-
ings % 

Data 
per 
router 
port % 

Lock 
per 
router 
port % 

5000 
 (78) 

39849 
(623) 

1399 
(22) 

6249 
 (98) 

77.61 6.06 6.48 

6400 
(100) 

56628 
(885) 

1755 
(27) 

10115 
 (158) 

82.65 7.55 8.13 

7000 
(109) 

65162 
(1018) 

2093 
(33) 

12024 
 (188) 

82.59 8.41 9.08 

10000 
(156) 

119367 
(1865) 

5402 
(84) 

29145 
 (455) 

81.47 11.94 13.06 

12000 
(188) 

163428 
(2553) 

6652 
(104) 

45380 
 (709) 

85.34 14.49 15.97 

15000 
(234) 

248909 
(3889) 

10448 
(163) 

78080 
(1220) 

86.62 18.11 20.24 

                                              
34 Dependent on both destination blockings and router blockings. See 8.2. 
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22000 
(344) 

612116 
(9564) 

20473 
(320) 

251586 
(3931) 

91.86 26.74 31.32 

26000 
(406) 

1013694 
(15838) 

25582 
(400) 

493368 
(7708) 

94.81 31.21 38.12 

28000 
(438) 

1363611 
(21306) 

24519 
(383) 

716365 
(11193) 

96.58 33.77 42.67 

30000 
(469) 

1754224 
(27410) 

24156 
(377) 

1014342 
(15849) 

97.62 35.06 45.85 

35000 
(547) 

2031660 
(31745) 

24025 
(375) 

1241572 
(19399) 

98.06 35.18 47.21 

40000 
(625) 

2094500 
(32727) 

23675 
(370) 

1306620 
(20416) 

98.19 34.98 47.31 

50000 
(781) 

2118620 
(33103) 

23427 
(366) 

1319336 
(20614) 

98.22 34.85 47.27 

 
It is possible to derive several conclusions from the results: 
 

• At 30000 events the overhead and data transfer becomes saturated. The 
simulated network has reached its maximum capacity. Higher intensity only 
results in more failed routing attempts, without gaining increased data capacity 
(figure 14). At this stage, the overhead has exceeded the data transfer for the 
sources. 
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Figure 14. Data utilization per router for the Random test. 
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• It seems like 35-40 % is the maximum data utilization for a router. This 
corresponds to ~60% for the routers located in the center. Remember figure 13, 
which displays the utilization of the simulated network. 

 
• Already at an intensity of 5000 events, the total data transfers for the sources 

are only 4004. This can be explained by several reasons. First of all the 
Simulator only simulates 800 000 cycles out of 1000 000. This means that some 
events will not be considered. Another possibility could be blockings, which 
prevents data transfers. At this low intensity, it seems like the first explanation 
is more likely: 800 000/1000 000 = 4/5; 4/5 * 5000 = 4000.  

 
• The maximum data transfer capacity seems to be ~14.5 million words for the 

sources (table 5). This is the case since all IP-blocks are busy. Figure 15 shows 
that 30000 events is the maximum intensity that can be handled. A higher 
intensity does not result in more words transferred.  
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Figure 15. Words transferred per source for the Random test. 

 
It is hard to determine whether the test results are promising or not. Just by looking at 
the 5000 event intensity one might think that 6249 blockings (table 6) is way too 
much. But one must remember that this test is a worst-case situation and just tries to 
stress the network to its limit. A router blocking occurs when another transfer occupies 
a destination. It is obvious that without scheduling or smarter organization of the IP-
blocks, this test reveals just as bad results as expected. Table 6 shows that the impact 



49 
 

of busy destinations (due to no scheduling) is not that significant. The majority of the 
blockings and therefore source transfer tries are due to router blockings (see Amount of 
router blockings). The Data + Control test will show a completely different blocking 
behavior. 
 

8.4    The Data + Control test 
 
This test aims to be a little bit more realistic and closer to a real SoCBUS 
implementation. It tries to simulate the behavior of a real-time operating system. This 
test introduces some smart thinking in general that hopefully will boost the 
performance of the simulated network. The term DATA indicates useful data that 
needs to be sent between IP-blocks. The term CONTROL indicates small control 
transfers that are used by the real-time operating system (OS). As the name implies, 
control transfers are used to decide the general behavior of the system and could 
include commands like wake, sleep, interrupt etc. to various IP-blocks. The data and 
control transfers can be categorized in the following way: 
 

Data 
 

• The communication is local. Each IP-block may only communicate with other 
neighboring35 IP-blocks. 

 
• The communication intensity is high. 

 
• The transfer size is rather high. Each transfer is about 256 to 1500 words.  

  

Control 
 

• Two IP-blocks runs the real-time operating system. They communicate with all 
other IP-blocks in both directions. 

 
• The communication intensity is low. It is 100 events per simulation. 

 
• The transfer size is low. Each transfer is about 1 to 30 words. 

 
This test does not try to optimize the performance of the network. No scheduling is 
used, just some realistic limitations. It is quite obvious that a SoCBUS designer tries to 
group IP-blocks that communicate much. It is also realistic that the control transfers 
are small and not so common. This test will be more realistic than the random test and 
it will be interesting to compare the results between them.   

                                              
35 Each IP-block may communicate with other IP-blocks connected to a neighbouring router. This 
means three hops: IP->Router->Router->IP. 
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Table 7. Statistics from the IP-blocks using Data + Control test. 
Event 
intensity 
per 
source 

Total 
Overhead 

Total words 
transferred 

Number of 
data 
transfers 

Total 
transfer 
tries36 

50 72880 
(1139) 

2207083 
(34486) 

2654 
 (41) 

4487 
 (70) 

100 194362 
(3037) 

4403469 
(68804) 

5135 
 (80) 

12860 
 (201) 

200 611357 
(9552) 

8684243 
(135691) 

10043 
(157) 

43213 
 (675) 

300 1368625 
(21385) 

12977025 
(202766) 

14975 
(234) 

99259 
 (1551) 

400 2552098 
(39877) 

17418023 
(272157) 

19992 
(312) 

188663 
 (2948) 

500 4087128 
(63861) 

21727460 
(339492) 

24928 
(389) 

304176 
 (4753) 

600 6555291 
(102426) 

26256107 
(410252) 

29903 
(467) 

491001 
 (7672) 

700 9039614 
(141244) 

29960550 
(468134) 

34147 
(534) 

680265 
(10629) 

800 9987384 
(156053) 

31408761 
(490762) 

35889 
(561) 

752921 
(11764) 

900 10136485 
(158383) 

31570646 
(493291) 

36120 
(564) 

763380 
(11928) 

1000 10137564 
(158399) 

31719808 
(495622) 

36411 
(569) 

760478 
(11882) 

 
 
Table 8. Statistics from the routers using Data + Control test. 
Event 
intensity 
per 
source 

Total 
transfers 

Dest. 
block-
ings 

Total 
block-
ings 

Amount 
of 
router 
block-
ings % 

Data 
per  
router 
port % 

Lock 
per 
router 
port % 

50 7794 
(122) 

1809 
(28) 

1837 
 (29) 

1.52 1.73 1.77 

100 19099 
(298) 

7624 
(119) 

7729 
 (121) 

1.36 3.46 3.54 

200 54823 
(857) 

32812 
(513) 

33168 
(518) 

1.07 6.82 7.01 

300 117283 
(1833) 

83365 
(1303) 

84277 
(1316) 

1.08 10.18 10.57 

400 211866 
(3310) 

166944 
(2609) 

168676 
(2636) 

1.03 13.66 14.33 

500 334536 
(5227) 

276426 
(4319) 

279248 
(4363) 

1.01 17.04 18.06 

600 529515 
(8274) 

453679 
(7089) 

461090 
(7205) 

1.61 20.59 22.18 

700 724079 
(11313) 

636862 
(9951) 

646124 
(10096) 

1.43 23.49 25.63 

800 797803 
(12465) 

705932 
(11030) 

717029 
(11204) 

1.55 24.62 26.97 

                                              
36 Dependent on both destination blockings and router blockings. See 8.2. 
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900 810535 
(12664) 

717912 
(11217) 

727256 
(11363) 

1.28 24.75 27.14 

1000 814170 
(12721) 

712910 
(11139) 

724070 
(11313) 

1.54 24.86 27.29 

 
When comparing the two test cases, it is possible to distinguish some significant 
differences. They will be discussed in the following section. 

8.5    Discussion and comparison of results  
 
This section tries to interpret some of the results and if possible compare the different 
test results. It is not that trivial to compare the Random test with the Data + Control 
test, since they are quite different in behavior. This will be extra obvious when looking 
at the test cases written in XML. The Data + Control test is much more detailed and 
requires over 2000 lines of code, since each of 64 IP-blocks are specified 
independently.  
 
The Random test has limitations on a higher level. This means that the intensity is 
somewhat specified for the entire network. The test case only specifies that a certain 
amount of events should be transmitted, it does not say anything about which specific 
sources or destinations that are involved. Its restrictions in terms of intensity hold for 
the entire simulated network. It is a very different situation when considering the Data 
+ Control test. The test case specifies the intensity on an IP-block level. This means 
that each block is required to send a certain amount of events to a limited number of 
destinations.  
 
There are also other major differences in the test cases. The Data + Control test 
transmits more37 data per transfer. This results in longer “locking times”, which means 
that a path between two IP-blocks will be occupied for a longer time. If one consider 
that the Data + Control is not scheduled at all, this might lead to more blockings 
(NACK:s) than the random test, when using the same intensity. 
 
As already discussed, it is not simple to compare the test results, since they are based 
on different test cases. But it is possible to draw some conclusions. When considering 
the total results for the simulated network, it is quite obvious that the Data + Control 
test performs much better. Even at low intensity, the result is very revealing despite the 
fact that the Random test works pretty good at low intensities. This can be observed in 
table 9. 
 
Table 9. Comparison at 6400 events in total. 
 Data + Control Random 
Total transfers 4403469 words 3111325 words 
Total overhead 194362 cycles 436027 cycles 
Total router blockings 7729 blockings 10115 blockings 
 

                                              
37 Data + Control test: 256-1500 words. Random test: 32-1200 words. 
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Table 5 and 6 showed that an intensity of 6400 events was no problem for the random 
test. This really proves the advantages of grouping communicating IP-blocks together. 
Although the Data + Control results could be much better by just adding some 
scheduling, it is obvious that it is superior compared (table 9) to the Random test. The 
Data + Control test transmits more data per event which in some sense explains the 
higher data transfer in total. But although the total transfer increased by 41%, the 
overhead and router blockings decreased by 56% and 24%. The saturation takes place 
at ~44000 event intensity (62 * 700 + 2*100) for Data + Control (table 7), compared to 
30000 events for the Random test. The data transfer is also much better, up to 31 
million words (table 7). 
 
Figure 16 shows a comparison between the two tests. The values are based on table 9. 
 

4403469 3111325

194362 436027

7729 10115

0% 50% 100%

Amount of total

Total
transfers
(words)

Total
overhead
(cycles)

Total
router

blockings

Comparison of tests

Data + Control
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Figure 16. Comparison of tests at 6400 event intensity. 

 
Another interesting observation is the amount of blockings due to busy destinations 
compared to busy routers. In comparison to the Random test, the Data + Control test 
behaves quite differently. Table 8 reveals that almost every blocking is due to busy 
destinations. This is the case since the Data + Control transmits a lot of data locally 
compared to the Random test. This means that data does not travel far in the network, 
and does not interfere much with other attempted transmissions. The result is very 
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promising for SoCBUS and really shows the benefit of grouping communicating 
blocks together. The reason is of course that blockings due to busy destinations can be 
significantly reduced by the introduction of scheduling.   
 

8.6    Final discussion 
 
The basic requirements for this report were stated in chapter 1.1. They can be 
summarized as follows: 
 

1) Design a general traffic model 
2) Design and implement a stimuli generator. 
3) Evaluate the entire simulator software with interesting test cases. 

 
All the basic requirements were fulfilled in this thesis report. Both the Traffic model 
and the Stimuli generator have been thoroughly described and investigated in their 
respective chapters. They both fulfills their respective requirements such as 
adaptability, extendibility etc. This chapter tries to evaluate the entire system 
assembled. 
 
As mentioned previously, it is hard to fully evaluate the SoCBUS for specific 
applications. This requires a lot of knowledge about the actual behavior of the 
application considered. This chapter tries to evaluate a SoCBUS network in more 
general terms. Two test cases were created and evaluated. The first one is referred to 
as the Random test. The purpose is to model a “worst-case” situation, since it is fully 
random and does not use the benefits of the SoCBUS network at all. The SoCBUS 
aims for several things in terms of performance. The PCC approach provides very 
good knowledge of the available bandwidth and latency of a locked link between two 
routers. This knowledge is not considered at all in the Random test.  
 
The second test conducted was the Data + Control test. The purpose was to see how 
much better results a more realistic design would provide. Although no 
communication scheduling was committed, the result was better both in terms of data 
transfer, blockings and overhead. 
 
It is important to realize that neither of these approaches is realistic for real 
applications. The Random test is just a way to simulate a worst-case situation and will 
hopefully never be implemented in reality. The Data + Control test is more realistic 
but the PCC approach performs significantly better with communication scheduling. 
This is obvious when considering that a source needs to perform an entire new route 
setup as soon as a NACK is received. The scheduling case wasn’t tested since it is 
already evaluated [1].  
 
The Data + Control test is realistic in the sense that it is likely to be intensive data 
transfers locally and smaller control transfers globally. It is probably not that likely to 
have a fixed number of destination blocks for each source. Although the heavy 
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transmissions are local, it is more likely that some IP-blocks communicate with more 
blocks than others, in a real application. 
 
This chapter has provided lots of interesting material and results. They can be 
summarized as follows: 
 

1) The entire simulator software is complete. All required parts are implemented 
and works together. 

2) It is possible to write various kinds of test cases and retrieve appropriate and 
expected results from the Simulator. 

3) The performance and memory consumption is reasonable in terms of 
generated events. An event list containing 100 000 events can be generated in 
17 seconds on the reference computer. 

4) As expected, a smart grouping of communicating IP-blocks resulted in better 
performance. At an intensity of 6400 events, the Data + Control test had 41 % 
higher data transfer and at the same time much lower overhead and router 
blockings. 

5) In order to fully benefit from the architecture and the PCC communication 
scheme of SoCBUS, it is almost necessary to introduce scheduling. That 
would have a huge impact of the SoCBUS performance, since blocked 
destinations totally dominates the result from the Data + Control test. 

 

8.7    References 
 
[1] D. Wiklund, “An on chip network architecture for hard real time systems”, LiU-
TEK-LIC-2002:69 
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Chapter 9 -  Future work 
 
One of the goals with this project has been to support future modifications. A lot of 
effort has been done to make the design extendable. The main reason is that it is 
impossible to predict all future requirements and desired features. The project already 
supports a lot of things that are both useful and required to fully test the SoCBUS 
behavior. Some of the future modifications might be minor, but it is also possible to 
make major changes with just a small effort. But what is likely to be implemented in 
the future? Is it already possible to predict some features that most likely will be added 
later on, and can they be implemented?    
 

9.1    Mathematical models 
 
In the current design, only two mathematical models are implemented. They are 
Poisson distribution and the Flat distribution38. It is both easy and convenient to use 
GSL for the implementation of mathematical models. GSL already supports many 
different distributions and will probably support many more in the future. If a specific 
model is not supported by GSL, it is up to the designers to use another library like 
GSL or to implement it by themselves. In either case, it is important that the design is 
modular in the sense that adding new models is both simple and not time consuming. 
This has been focused upon throughout the design of this project. So the conclusion 
must be that new mathematical models will be implemented in the future and can be so 
with just a minor effort. 
 

9.2    GUI 
 
A graphical user interface (GUI) is a very useful tool for many reasons. The current 
project is entirely text-based. This means that both the input of the Traffic model and 
the result from the Simulator is represented in plain text. One of the drawbacks with 
this approach is usability. It is not a surprise that almost every application today is 
connected to a GUI.  The GUI is often just a shell that makes it easier for the user to 
interact with the applications. This is the case from small and simple programs to large 
operating systems. It has been proven, at least for commercial programs, that a GUI is 
necessary to attract the customers and really helps understanding the use of the 
software.  
 
In many cases GUI based software is selected although both cheaper and sometimes 
more reliable non-GUI applications exist. But is a GUI really needed for this project? 
That really depends on the users. The software of this project is intended mainly for 
designer that have good knowledge of SoCBUS and that probably have fairly good 
computer knowledge. The use of XML also contributes to a simple and convenient 

                                              
38 Appendix A 
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way of writing various test cases. Nevertheless, a GUI can be useful for all users, 
especially when it comes to the Simulator. In order to get a more solid understanding 
of the behavior and to interpret the Simulator results more easily, a GUI could really 
make the difference. Although all results can be found in the Simulator output, 
graphical images like graphs or tables enhances the result and makes them easier to 
interpret by the user. The modular design and the fact that the GUI can be 
implemented as a shell running on top of the current application, makes the GUI 
component both easy and likely to be implemented in the future.  
 

9.3    Event based communication 
 
The current implementation of the Simulator is timing based. It is not strictly timing 
based since there is a possibility to model dependencies. This means that if an event is 
specified to take place at a certain time, it is not obvious that it will be executed. There 
could be a dependency between some blocks, which prevents a transmission to take 
place. For instance block A wants to send to block B, while block B needs to wait for 
block C. But the basic idea is that the Simulator is timing based. The events are 
scheduled in advance and the Simulator tries to execute them as good as possible.  
 
If the system were event-based, it would behave quite differently. In an event-based 
system, the blocks are dependent on specific events, rather than an entire block. If the 
Simulator also supported event-based communication, this would lead to a more 
sophisticated simulation and thus increase the usefulness of the Simulator. The current 
implementation does not support event-based communication. The reason is that it 
depends on what to test and simulate. The current implementation aims to model the 
SoCBUS with PCC in a good way. In PCC, the only “message passing” between 
blocks is the set up and break down procedure. This means that when a link has been 
set up, it exist until the transfer between the blocks is completed. So, if the scheduling 
is good, the feature to react on certain events is not really needed. But since the 
SoCBUS do support message passing, even just in a minor way, it could be possible 
that this will be modified in the future to support a higher degree of message 
communication. I.e. it could be more like a packet switched network. In such situation, 
it would be desirable to have a simulator that can simulate an event-based (message-
based) system. 
 
This feature can be implemented fairly simply, since the event representation is 
entirely separated from the main stimuli generator program. In order to make the 
event-based simulation work, each event must be unique. It must be possible to 
distinguish different events in order to react on them. This means that it is necessary to 
provide the event with an identification number in the Stimuli generator and to modify 
the Traffic model in order to support this new feature. This could be done in several 
ways. Some events could be specified as crucial, which mean that they need to be dealt 
with in a certain order. It is also possible to specify events from some blocks at certain 
times to have higher priority. The number of modeling and simulation possibilities 
would be huge, and the Simulator could be used for almost any system. The current 
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design can be modified to support also this feature, since the event representation is 
separated and can be changed rather easily. Of course it is also necessary to extend the 
Traffic model and to make some adjustments to the Simulator. 
 
These were examples of future modifications for the SoCBUS simulator application. It 
is impossible to predict all future demands but the ones stated in this chapter are all 
rather realistic. The most important thing is that all of them can be supported without 
too much work. This is due to the fact that extendibility was a major corner stone 
during the design phase. 
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Chapter 10 -   Appendix 
 
Appendix A -  Mathematical distributions 
 
In this context, a mathematical model is more specifically a mathematical distribution. 
The reason why it is not referred to as a distribution is that the Traffic model as well as 
the Stimuli generator supports not only distributions but also any kind of mathematical 
models. This section will only focus on some mathematical distributions and why they 
are useful. Mathematical distributions will not be explained in detail, since it is 
impossible to explain a subject of that extent in this report. Even though the reader of 
this chapter has no knowledge in this area what so ever, it still should be possible to 
understand the basic ideas and advantages.  
 

A.1    Why use mathematical distributions? 
 
Over the years, designing and building complex technical systems and applications 
have become more and more important. This is the result of harder competition 
between companies and more demanding customers. It is crucial to have a good and 
competitive product in all aspects as soon as possible on the market. In order to 
achieve this goal, many steps in the design process must be really effective. The 
possibility to test and simulate the product prior to manufacturing is one key to 
success. This is just as important in the SoCBUS project. One of the problems is to test 
and simulate the SoCBUS in good and reliable way, without knowing so much of the 
actual behavior of the applications it will support. One solution to this problem is to 
use the existing theory of mathematical distributions or processes [1]. 
 
A mathematical distribution is a description of the probability for a certain result. In 
probability theory one central term is the random variable. Every random test often 
produces a number that is based on the result of the test. This number is not known 
prior to the test and it is fully dependent of the result of the test. In other words it is 
random. Therefore it is called a random variable and will be notated X in this section. 
But what is the purpose of a random variable, why is it useful? The interesting part is 
to see how the random variable varies. This leads to the definition of the distribution 
function: 
 

∞<<−∞≤= xxXPxFX ),()(  
Formula I. Distribution function 
 
This describes the possibility that X is smaller or equal to a given value x. The 
decision is made for every x, which means that the function is defined for every value 
in the interval ∞<<∞− x . 
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The random variable X could be either discrete or continuous. This chapter we will 
only describe the discrete case. 
 
Definition: A random variable is discrete if it can enact a limited or a countable 
infinite number k of different values.  
 
To get some further understanding, it is required to define the probability function. 
 
Definition:  The probability P that X enacts a certain value k is denoted )(kpX  
where ,...)1,0( =k . )(kpX  is called the probability function for the random variable X. 
 
The distribution function is closely related to the probability function. The relation 
looks like this: 
 

) 1, 0, (k ,)()( …==�
≤kj

XX jpkF
 

Formula II. Probability function 
 
This means that the probability function is summed over all j, where j is at most equal 
to k. The reverse relation is described in formula III. 
 

{ )0(
)1()()( X

XX

F
kFkFX kp −−=  

Formula III. Reverse relation  
 
Another important observation is  
 

�
∞

=

=
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j

X jp
 

Formula IV. Probability function behavior 
 
This means of course that the sum of all the probabilities is 1 or 100%. 
 
During many years of mathematical research, a vast number of different distributions 
have been derived. The distributions describe certain situations and can be used to 
model various cases based on randomness. Some of them are really simple and is 
almost intuitive like the flat distribution. 
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m), 2, 1, (k 
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Formula V. Flat distribution 
 
The flat distribution describes a situation when picking for instance a number strictly 
randomly from an interval. When thinking of a number between one and ten, it is 
equally possible that one will think of any number in that interval. 
 
But some of the distributions are not that intuitive. One is the Poisson distribution, yet 
it is very useful. 
 

) 1, 0, (k 

!/)(

…=
= − kmekp km

X

 

Formula VI. Poisson distribution 
 
The Poisson distribution is closely related to the so called Poisson process. A Poisson 
process is good at describing queuing situations. 
 
If )(tX  and 0≥t has the following properties, it is a Poisson process: 

1) Additions over disjunctive time intervals are independent and Poisson 
distributed. 

2) The co-variance is ),min(*))(),(cov( tstXsX λ=  
 
Formula VII. Poisson process  
 

A.2    References 
 
[1] G. Blom, ”Sannolikhetsteori och statistiskteori med tillämpningar”, ISBN 91-44-
03594-2 
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Appendix B -  XML Parsing 
 
The input to the Stimuli generator is called a test case. The test case is written in XML 
and parsed by the Stimuli generator written in C++. One might wonder how this 
parsing is done and how the information is retrieved from the XML file to the Stimuli 
generator. The answer is the programs Lex and Yacc [1]. A compiler or interpreter for 
a programming language is often decomposed into two parts:  
 

• Read the source program and discover its structure.  
 
• Process this structure, e.g. to generate the target program.  
 

Lex and Yacc can generate program fragments that solve the first task. The task of 
discovering the source structure is also decomposed into subtasks:  
 

• Split the source file into tokens (Lex).  
 
• Find the hierarchical structure of the program (Yacc).  

 

B.1    Lex - A Lexical Analyzer Generator  
 
Lex helps write programs whose control flow is directed by instances of regular 
expressions in the input stream. It is well suited for editor-script type transformations 
and for segmenting input in preparation for a parsing routine.  
 
Lex source is a table of regular expressions and corresponding program fragments. 
The table is translated to a program, which reads an input stream, copying it to an 
output stream and partitioning the input into strings, which match the given 
expressions. As each such string is recognized the corresponding program fragment is 
executed. A deterministic finite automaton generated by Lex performs the recognition 
of the expressions. The program fragments written by the user are executed in the 
order in which the corresponding regular expressions occur in the input stream.  
 

B.2    Yacc: Yet Another Compiler-Compiler  
 
Computer program input generally has some structure; in fact, every computer 
program that does input can be thought of as defining an input language, which it 
accepts. An input language may be as complex as a programming language, or as 
simple as a sequence of numbers. Unfortunately, usual input facilities are limited, 
difficult to use, and often are lazy about checking their inputs for validity.  
 
Yacc provides a general tool for describing the input to a computer program. The Yacc 
user specifies the structures of his input, together with code to be invoked as each such 
structure is recognized. Yacc turns such a specification into a subroutine that handles 
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the input process; frequently, it is convenient and appropriate to have most of the flow 
of control in the user's application handled by this subroutine.  
 
In the Stimuli generator, the XML file is represented as a tree. Each tag of the XML 
are interpreted with Lex and then transformed to a tree structure with Yacc. The nodes 
of the tree are the corresponding XML tags with a leaf holding the information or data 
specified by the user in the XML file. In order to retrieve particular information such 
as the simulation time, the tree is traversed until the SIMULTIME node is found. The 
information is then retrieved from the leaf of the node and stored as a variable in the 
program. The tree is bi-directional which means that it is possible to traverse the tree 
from parent node to child node and vice versa.  
 
Both Lex and Yacc are powerful and free to use. They can rather easily be adapted to 
many different kinds of data representation [2]. In this particular case they are used to 
parse an XML file to a tree. The choice of XML adds the ability to validate the test 
case with the Traffic model (DTD). This feature is also implemented in the parsing 
procedure, since it was not that much extra work required implementing. However, 
validation between XML and a corresponding DTD is often provided and done 
automatically when using XML editors.  
 
The choice of a tree structure as output is pretty logical. When using a tree, it is 
possible to apply different kinds of tree searching algorithms, in order to find and 
retrieve information. This is one of the main tasks of the Stimuli generator and 
therefore seems to be the most suitable data structure.  
 

B.3    References 
 
[1] Webpage: http://dinosaur.compilertools.net/ 
 
[2] John R. Levine, Tony Mason, and Doug Brown “Lex & Yacc”, ISBN: 1-56592-
000-7 
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Appendix C -  DTD 
 
The purpose of a DTD (Document Type Definition) is to define the legal building 
blocks of an XML document. It defines the document structure with a list of legal 
elements. A DTD can be declared inline in your XML document, or as an external 
reference. 
 

C.1    The building blocks of XML documents 
 
XML documents (and HTML documents) are made up by the following building 
blocks [1]: Elements, Tags, Attributes, Entities, PCDATA, and CDATA. This is a 
brief explanation of each of the building blocks: 
 

• Elements are the main building blocks of both XML and HTML documents. 
Examples of HTML elements are "body" and "table". Examples of XML 
elements could be "note" and "message". Elements can contain text, other 
elements, or be empty. Examples of empty HTML elements are "hr", "br" and 
"img". 

 
• Tags are used to markup elements. A starting tag like <element_name> mark up 

the beginning of an element, and an ending tag like </element_name> mark up 
the end of an element. Here is one example: A body element: <body>body text 
in between</body>. 

 
• Attributes provide extra information about elements. Attributes are placed 

inside the start tag of an element. Attributes come in name/value pairs. The 
following "img" element has an additional information about a source file: 
<img src="computer.gif" />. The name of the element is "img". The name of 
the attribute is "src". The value of the attribute is "computer.gif". Since the 
element itself is empty it is closed by a " /". 

 
• PCDATA means parsed character data. Think of character data as the text 

found between the start tag and the end tag of an XML element. PCDATA is 
text that will be parsed by a parser. Tags inside the text will be treated as 
markup and entities will be expanded.  

 
• CDATA also means character data. CDATA is text that will NOT be parsed by 

a parser. Tags inside the text will NOT be treated as markup and entities will 
not be expanded. 

 
• Entities are variables used to define common text. Entity references are 

references to entities. Most of you will know the HTML entity reference: 
"&nbsp;" that is used to insert an extra space in an HTML document. Entities 
are expanded when an XML parser parses a document. 
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In order to fully understand the final traffic model, it is required to know something 
about the declaration of elements. To create a correct XML-file, it is required that the 
number of elements matches the DTD. Here are the rules for element declaration: 
 
Table 10. DTD syntax  
Syntax Description 
+ Declaring minimum one occurrence 

of the same element. 
* Declaring zero or more occurrences 

of the same element. 
? Declaring zero or one occurrences 

of the same element. 
| Declaring one occurrence of one of 

the elements. 
 
If none of the syntactic notations in the table are used, only one element can be 
declared. It is also important that the order of the elements in the DTD matches the 
elements in the XML-file. 
 

C.2    The Traffic model (DTD) for SoCBUS 
 
Example 3 is the actual DTD written in correct syntax. However, this is just another 
way of the describing the actual traffic model. If one would compare this DTD with 
figure 4 in chapter 3, it is clear that this is actually just a description of the Traffic 
model diagram. 
 
<!ELEMENT TMODEL (TITLE?, BLOCKS, SIMULTIME, TRAFFIC+)> 
<!ELEMENT TITLE (#PCDATA)> 
<!ELEMENT BLOCKS (BLOCK+)> 
<!ELEMENT BLOCK (#PCDATA)> 
<!ELEMENT SIMULTIME (#PCDATA)> 
<!ELEMENT TRAFFIC (SOURCE+, DESTINATION+, PERIOD, OFFSET?, TASK*)> 
<!ELEMENT SOURCE (#PCDATA)> 
<!ELEMENT DESTINATION (#PCDATA)> 
<!ELEMENT PERIOD (#PCDATA)> 
<!ELEMENT OFFSET (#PCDATA)> 
<!ELEMENT TASK (DEPENDENCY*, DURATION?, (IDLE | WORKING))> 
<!ELEMENT DEPENDENCY (#PCDATA)> 
<!ELEMENT DURATION (#PCDATA)> 
<!ELEMENT IDLE (#PCDATA)> 
<!ELEMENT WORKING (EVENT_QUANTITY, EVENT_LENGTH, EVENT_POSITION)> 
<!ELEMENT EVENT_QUANTITY (VALUE|MATH_MODEL)> 
<!ELEMENT EVENT_LENGTH (VALUE*|MATH_MODEL)> 
<!ELEMENT EVENT_POSITION (VALUE*|MATH_MODEL)> 
<!ELEMENT VALUE (#PCDATA)> 
<!ELEMENT MATH_MODEL (MODEL_NAME, PARAM+)> 
<!ELEMENT MODEL_NAME (#PCDATA)> 
<!ELEMENT PARAM (PARAM_NAME, (PARAM_VALUE|MATH_MODEL))> 
<!ELEMENT PARAM_NAME (#PCDATA)> 
<!ELEMENT PARAM_VALUE (#PCDATA)> 
 
Example 3. The final DTD 
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C.3    References 
 
[1] Webpage: http://xmlfiles.com/dtd/ 
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Appendix D -  Copyright 
 

D.1    Copyright information 

På svenska 
 
Detta dokument hålls tillgängligt på Internet – eller dess framtida ersättare – under en 
längre tid från publiceringsdatum under förutsättning att inga extra-ordinära 
omständigheter uppstår. 
Tillgång till dokumentet innebär tillstånd för var och en att läsa, ladda ner, skriva ut 
enstaka kopior för enskilt bruk och att använda det oförändrat för ickekommersiell 
forskning och för undervisning. Överföring av upphovsrätten vid en senare tidpunkt 
kan inte upphäva detta tillstånd. All annan användning av dokumentet kräver 
upphovsmannens medgivande. För att garantera äktheten, säkerheten och 
tillgängligheten finns det lösningar av teknisk och administrativ art. 
Upphovsmannens ideella rätt innefattar rätt att bli nämnd som upphovsman i den 
omfattning som god sed kräver vid användning av dokumentet på ovan beskrivna sätt 
samt skydd mot att dokumentet ändras eller presenteras i sådan form eller i sådant 
sammanhang som är kränkande för upphovsmannens litterära eller konstnärliga 
anseende eller egenart. 
För ytterligare information om Linköping University Electronic Press se förlagets 
hemsida http://www.ep.liu.se/ 
 

In English 
 
The publisher will keep this document online on the Internet - or its possible 
replacement - for a considerable time from the date of publication barring exceptional 
circumstances. 
The online availability of the document implies a permanent permission for anyone to 
read, to download, to print out single copies for your own use and to use it unchanged 
for any non-commercial research and educational purpose. Subsequent transfers of 
copyright cannot revoke this permission. All other uses of the document are 
conditional on the consent of the copyright owner. The publisher has taken technical 
and administrative measures to assure authenticity, security and accessibility. 
According to intellectual property law the author has the right to be mentioned when 
his/her work is accessed as described above and to be protected against infringement. 
For additional information about the Linköping University Electronic Press and its 
procedures for publication and for assurance of document integrity, please refer to its 
WWW home page: http://www.ep.liu.se/ 
 
© Joakim Wallin 
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