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This thesis investigates Cierto VCC, a tool for design exploration from Cadence Design Systems
Inc. The intention was to find out if VCC can be used to improve the design flow at EMW UN,
ASIC Technology and System on Silicon, mainly by creating a model of an existing ASIC design
with VCC. 

The conclusion is that Cierto VCC is the most mature tool on the market for true design explora-
tion. It is already useful for design exploration. Negative is that there is no support for static anal-
ysis, ie. data collection and analysis of the model without running a simulation. VCC will surely
become useful for IP sharing and formal descriptions of complex digital systems. The gap between
the executable system models in VCC and hardware implementation tools is also closing rapidly.
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The design of complex systems on a single chip involve a number of difficulties today. Often a
mixture of formal and informal specifications at different levels of detail are used to describe a
system. Some parts are most likely incomplete, or even worse, inconsistent with each other. Unex-
pected effects of early decisions may be discovered late and force changes of the entire design.
Prototyping iterations are expensive and failure to hit market windows or product specifications
may lead to product death. Over-design reduces the profits.

There is a need for a methodology which can be used to gather all known specifications and con-
straints and make use of this information, especially in the early design phase.

���� 	�$������

The goal of this thesis is to investigate if Cierto VCC, a tool for co-design and design exploration
from Cadence, can be used to improve the design flow at Ericsson Microwave Systems AB, Core
Unit ASIC Technology and System on Silicon. 

The main part of the investigation was to create a model of an existing design, the MOMIX 16 [1]
modem ASIC in VCC. The intention was to exercise VCC, not to make a “complete” model of the
MOMIX ASIC. 

���� ����������������

Chapter 2, "System Design", is a description of system design, the problems encountered today,
and some criteria that are to be fulfilled by a design exploration tool.

Chapter 3, "The VCC Environment", is a description of VCC and the parts a VCC model consists
of.

In chapter 4, "Modeling Approach for Data Transfer", a method for modeling of a clocked pipe in
a discrete-event simulator is presented.

Chapter 5, "The MOMIX16 SDH Radio Modem ASIC", describes the functional blocks of the
MOMIX 16 ASIC.

Chapter 6, "The MOMIX16 VCC Models", describes the modeling of the MOMIX 16 modulator
sub-system behavior and simulation results.

Chapter 7, "Tests", is a summary of modeling and analysis experiences during the work.

APPENDIX C is a short survey of other tools in the nearby area.
1 / 30
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The term “system design” refers to the design of the functionality of a system as well as the archi-
tecture and the partitioning of the functionality onto to this architecture.

���� ��������	
��	��

The input to the initial stage of the system design flow1 often is a mixture of different specification
formats. The function is described using everything from natural language requirements to com-
plex technical ���1��� or ���#���� standards or simulation models. The level of detail varies a lot
and some of the specifications are most likely incomplete or inconsistent with each other. Hard-
ware is most probably described using only natural language, i.e. text and pictures. It is of course
troublesome to use static description methods for a dynamic system.

All this information is handed to people with key knowledge in all phases of the design process.
These architectural “gurus” carry out partitioning and perform preliminary studies of the entire
system. Much effort is spent on exploring a few different alternatives and how they affect develop-
ment time, manufacturing cost, etc. Experience and extrapolation from old designs is crucial to get
a good result. Reuse from old designs might be possible, but often the functional description and
architecture description are too intertwined with each other.

The primary tools used to create the system specifications have been word processors, spreadsheet
programs, and drawing tools but there are evolving new alternatives.

When the system specification is ready the hardware and software implementation teams can
begin their work. They work in parallel with their own version of the specification, often with poor
communications between each other.

Initially a lot of investigations have to be done in the implementation phase too, in order to under-
stand and verify implications of different decisions. Different kinds of simulators like SDT [9],
SPW [10] and Cossap [11] are used for functional verification but architecture descriptions are
rarely formalized. Closer to implementation co-simulation [8] environments like Seamless [12]
are used to verify the correctness of the entire system. Simulations at this level are very time con-
suming and many iterations are needed.

���� ��	�����

The design of complex systems on a single chip involve a number of difficulties.

It is not a trivial task to decide which partition of the functionality, into hardware and software,
that will give an optimal result. Non-functional requirements like flexibility and reconfigurability
may be as important as the functional requirements. Software solutions are more flexible and
faster to implement than hardware. Hardware solutions offer higher speed.

Besides from the pure technical point of view there are also market driven forces which affect the
design methodology [8]. Product lifetimes are constantly shrinking. Decisions made at system
level are critical for the cost, performance and viability of the product.

1. Design flow within Ericsson, see [4].
2 / 30
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Complex interoperability standards and the overall increased complexity of designs force a shift of
focus onto core technological competence while expertise in complementary areas is hired. Virtual
prototyping is becoming vital, due to the higher degree of intellectual property (IP) exchange and
to guarantee acceptance at type approval or product qualification.

���� ����������	����	�

As described above, exploration in the initial stage of the system design flow is today done with-
out any significant tool support. A design exploration tool helps the designer make use of all infor-
mation available in the stages down to implementation and integration. The intention is to reduce
the risk of problems in the implementation and integration stage. Design exploration is a method-
ology for system design. 

Some criteria that are to be fulfilled by a design exploration tool:

• It should be possible to implement a function in both hardware and software. This means that 
the function and the architecture have to be described without interdependencies. A bonus is that 
it will be easier to reuse both functions and architecture from old designs.

• To be able to make use of the incomplete information available in early stages of a design, it is 
important that both architecture and functions can be described at many different levels of 
abstraction and used together in simulation.

• The model must be very robust with respect to changes. The idea is that major changes can be 
made in the model at any stage. It is an exploratory process where the model is refined continu-
ously (“System design is to implement something which is not fully defined on a platform that 
moves” [3]).

• Tests of implementation dependent aspects should be possible to perform, both through static 
analysis and simulation. (To actually implement a partitioned system in order to evaluate it is 
costly and time consuming).

The principles behind design exploration are described in more detail in [4,5].
3 / 30
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Cierto™ Virtual Component Co-design, VCC, is a commercial product from Cadence Design Sys-
tems Inc. It is developed in collaboration with more than 15 companies who participated in a
project called the Felix initiative. Among other ARM, BMW, Ericsson, Magneti Morelli, Motor-
ola, Nokia NMP and Thomson CSF. Version 1.0 was released just before Christmas 1998. VCC
1.2 was released in january 2000 and is the first release on the open market.

The VCC environment is developed on Windows NT but is available for both Unix and Windows
NT-based workstations. Only the Windows NT version is considered here.

The main objective with VCC is to explore complex HW and SW trade-offs, analyze product per-
formance, and evaluate different product architectures early in the development cycle. 

Today Cadence provides libraries with generic blocks but there is a lack of third party IP. The idea
is that a design will be built with mostly third party IP blocks in the future.

���� 	������


The VCC environment consists of a discrete event simulator, editors, import tools, a tool for data
viewing, and a standard C++ compiler. The main tool which invokes the editors and the simulator
is called VCC Create.

A VCC system model can be divided into three parts: an architecture model, a behavior model,
and a description of mapping between them.

The behavior model represents the function of the system and has no dependencies to the architec-
ture on which it later may be implemented. The architecture model is described with hardware
entities such as processors, buses, asics, schedulers, arbiters, etc. The mapping specifies how the
behavior should be partitioned and implemented on the architecture.

����� �%&'('%)*

VCC, like most Cadence tools, uses a library cell view structure. It is organized using the standard
directory structure of the file system. Each symbol in a behavior or architecture diagram represents
a ����. The cell itself consists of a number of 2����. The cells are grouped together in ���������
(Fig. 3.1).

�������������
����������
����
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All data except for diagrams and symbols is stored in a textual format.

It is possible to further divide libraries physically without affecting the library cell view appear-
ance in VCC.

����� �)++*�(,-��%).*

A cell is the smallest building block in a VCC behavior or architecture diagram. Each cell consists
of a number of views. A behavior cell, for example, must contain at least a symbol view, a behav-
ior view, and an interface view. Fig. 3.2 is a visualization of such a cell within a behavior diagram. 

���������������� ��!��

Multiple views of the same type can co-exist in a cell model, eg. Behavior 1 and 2 in Fig. 3.2.
Which particular view to use is specified at simulation time. All views are bound together through
the interface view, which defines ports for signal transfers and parameters accessible through the
symbol. If it is changed the other views must also be updated to maintain consistency. Editing of
ports and parameters is normally done in the symbol editor, which in turn updates the interface
view.

����� �-%/0'*

Each kind of view has its own editor. They are all integrated in the VCC Create GUI, which con-
sist of a single window with resizeable sections for toolbars, design browser, editors and a status
output area.

In addition to the editors for architecture, behavior, and mapping diagrams there are also editors
for symbols and input languages like state transition diagram, and text editors. 

A drawing editor is also provided for creating drawings and shapes without meaning or connectiv-
ity. It is not possible to insert these drawings into the architecture, behavior or mapping diagrams.
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The system structure of a behavior is captured graphically using block diagrams. Symbols repre-
senting cells are instantiated in the diagram and then interconnected with wires between pre-
defined ports.

VCC supports both bottom-up modeling, using IPs from libraries, and top-down modeling. There
is no real difference between using own or predefined cells, they are all stored in libraries. When
using top-down modeling there are template support for the different implementation languages
provided.

����� �(,34(3)*

The behavior of a cell can be described using many different languages. It is also possible to create
hierarchical behavior diagrams. The languages supported are classified into three categories:
clearboxes, whiteboxes, and blackboxes (Table 3.1).

"��������#���$���� ��!���
��������

Blackboxes are intended mostly for IP models, not exposing any internal details to the user, and
for creating testbenches. The behavior code is executed during simulation but it is not possible to
estimate execution delays automatically. Whiteboxes are used for modeling functionality. The lan-
guage used, Whitebox C, is a subset of ANSI C. Automatic delay estimation is possible. Clear-
boxes are described as state-machines and are useful to model functionality of control logic. The
modeling is done using state transition diagrams or a subset of SDL. Direct output of clearbox
implementations to hardware and software synthesis are planned.

Both the delay of whiteboxes and clearboxes can be automatically estimated with mapping to a
virtual instruction set. (See chapter 3.5.2, "Virtual Processor Models")

����� (/(��56)*�(,-��0'/*

All communication between cells in a behavior diagram takes place through the ports defined in
the interface view. Every port has an associated data type, defined in a separate editor, which is
independent of the behavior modeling language. If a connection is modeled between ports with
different data types the GUI highlights these ports as a warning.
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New data types can be created by the user and are also stored using the model library structure.
There is good support for different types, for example enumerated types, composite types, and
aliases. Ranges can be defined for integers.

In behavior views it is possible to define viewports which can be used to export internal states or
other data of interest to the user. Unlike normal ports these viewports can not be seen or connected
to other cells, they are intended for debugging or data collection purposes.

���� ��������������	�����

Architecture descriptions are also done using a block diagram editor. Computational resources,
schedulers, and storage resources are connected to each other through buses. Computational
resources can be ASICs, processors, or sub architectures. 

There are no behavior descriptions for architecture cells. The characteristics of an architecture cell
are specified with a set of parameters, either pre-defined or defined by the user. These parameters
are used to determine the performance (eg. execution time) of a behavior mapped to the architec-
ture cell.

An architecture cell in itself is not of much use. This will be explained further in the following sec-
tions.

���� ��������	��������	���	�������������

When both a behavior and an architecture is defined a mapping diagram can be created.
The mapping diagram defines how the behavior will be partitioned and implemented on the archi-
tecture. The schematic view of a mapping diagram in Fig. 3.3 is not far from the appearance in the
mapping editor in VCC (compare to Fig. 6.8 on page 23).
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It is possible to use multiple instances of a behavior or architecture diagram to simplify visualiza-
tion. Hierarchical designs can be expanded. Mapping is done graphically or with a text-based
table. Unmapped communication ports can be automatically mapped to bus models based on pat-
tern categories and data types (see VCC manual for more details).

���� ������	���

A delay model can be seen as a wrapper around the behavior model, see Fig. 3.4. In fact it is the
delay model that is executed by the simulator in performance simulation mode.

���������'�����(�������

The delay model defines when the input ports are sampled and how long the delay is before the
behavior is executed (Delay 1 and 2 in the figure). The behavior code is then called and finally
data to the output ports are delayed (delay 3 and 4).

It is not possible to create a delay model for a hierarchical behavior diagram (there is no behavior
function to call). If such a cell is mapped it must have delay views for all the sub-cells. 

Delay models for all kinds of behavior implementations can be modeled by the user in a scripting
language. White and clearbox implementations can be mapped to a virtual instruction set to auto-
matically determine the execution delay. Both methods are described below.

��)�� )+(5��7'%6/%,3��(,34(3)

Delay scripts are useful to model the delay of cells where the function is not yet implemented in
detail. A delay script is a separate view, but parameters can be transferred to the script from both
the behavior view and the architecture view to which the behavior is mapped (see Fig. 3.5).
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���������)�������
���"����*���
������(�	���&
��

The performance view contributes with architectural parameters (arrow 1, eg. clock rate) and the
behavior view with implementation dependent parameters (arrow 2, eg. clock cycles used by a
specific algorithm). Parameters which have to be changed often or varies for different instances of
a cell can be transferred from the interface view (arrow 3 and 4) or via the mapping assignment. 

A delay script must sample all input ports before the behavior code is called. This is done using
“Input” and “Delay” calls. The function is then executed with a “Run” call and finally the outputs
are posted using “Output” (and “Delay”). Conditional statements can be used, but a huge limita-
tion is that there is no support for local variables in the scripting language.

��)�� �%'/4(+��'07)**0'��0-)+*

Automatic delay estimation is useful when the behavior of a cell is implemented in detail and the
cell is mapped to a processor. VCC compiles the behavior to a virtual instruction set, defined for
the processor, and then inserts delay statements into a copy of the behavior model. During simula-
tion these delay statements represent the behavior being executed on the processor.

The instruction set consists of operations which accesses data of different sizes (memory opera-
tions, ALU operations, multiplications, and divisions). The sizes supported are char, short int, int,
long int, single float, and double float. Other instruction categories are test and branch, uncondi-
tional branch, branch to subroutine, and return from subroutine.

For each instruction the number of clock cycles used is defined, see APPENDIX A for an example
of a processor basis file.

There are many other parameters available. clock speed, memory latencies, fetch mode, etc. It is
possible to map memory accesses for data and instructions to different ports on the processor cell.

��)�� �488('5�09��('(8)/)'��'(,*9)'*

Every view and diagram may have parameters which are visible to other views according to cer-
tain rules. Fig. 3.6 shows a somewhat simplified view of these rules. The arrows represent paths
where parameter data can be transferred.
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���������+�	��&��*���� ��!��*�������
���"����*����

The first four arrows represents parameter transfers needed to take advantage of VCCs delay script
concept (See chapter 3.5.1, "Delay Scripting Language"). The thick arrow represents a mapping
definition. It is possible to define parameters for single mapping connections (Arrow 5). This can
be used to specify priorities for multiple behavior cells mapped to a single scheduler, clock fre-
quencies, etc.

The rest of the transfer paths (Arrow 6-14) are used for parameters that should be easy to change
or are used in many different cells. Notice the extra layer around the behavior and architecture dia-
grams introduced in the mapping diagram.

���� ��������	�

The VCC environment is built around a simulation kernel based on the BONeS [10] kernel. The
system model is compiled into a C++ object file which is executed during simulation. 

Simulations can be started either as batch simulations from a prompt or directly from VCC Create
where both background and interactive simulations can be made. At the simulation stage the user
can easily define which view of a cell to use. 

��+�� �4,7/%0,(+��%84+(/%0,

Functional simulation is used to verify that the function of the design is correct. No architecture,
timing or performance issues is considered.

��+�� �)'90'8(,7)��%84+(/%0,

A soon as a mapping is created it is possible to switch from functional to performance simulation
mode. In this mode the effects of a particular architecture are taken into account.
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Design Exploration of Systems on Silicon Using Cierto VCC The VCC Environment
In the architecture model the hardware resources are connected through ports. Worth noting is that
there is no delay on transfers between mapped behavior cells unless the ports are explicitly
mapped to a bus.

Data types and communications can be refined (without changing the functional models) to a level
where actual data tokens are transferred over a bus. These refinements can also be used in func-
tional simulation mode if a mapping diagram is provided. In this case the simulation runs only on
the refinements and ignores the mappings.

�� � ��������	��
�������

There is an interactive simulation mode in which the user can place breakpoints and visualize
states and signals. Simulation can also be run one step at a time. In interactive mode the last active
port or cell is highlighted in the editor when the simulator is paused. It is possible to move around
in the model while the simulation is running. There is support for detecting new parameter values
during simulation, but if a view is edited the whole model has to be re-initialized before the
changes take effect.

The user can attach probes for data collection to any port or viewport in the design. The outputs
are stored in a results file during simulation. There are generic probes as well as special probes for
buses and schedulers provided. Probes are designed in C++.

The results are stored in a database. Provided with VCC is a data viewing tool called Visualize
which can view 2d plots, time lines, tables, and Gantt charts. For example the “Bus Gantt Probe”
in the VCC_Test library collects bus events which later can be viewed in a Gantt Chart.

It is possible to make repeated simulations and sweep parameters automatically.

It is possible to attach a debugger to the VCC simulator process to debug C models. Print state-
ments and outputs through viewports can also be used for debug purposes.

��,�� �)50,-����

As mentioned, VCC analysis results are stored in a relational database. On the Windows NT plat-
form it is possible to use Microsoft Access to view the database. 

VCC stores all modeling data except diagrams and symbols in ASCII-format. There is also a
detailed mapping description provided by each simulation session which simply is a text file
describing all the mappings and configurations in use.

It is not difficult to extract useful information from the ASCII files but the format is probably not
stable (models created with older versions of VCC has to be migrated into newer versions). There
are plans for an open API to access VCC models.

��!� ����	����	��	���������	��	���	���

A HTML file (help.htm) created outside VCC can be added to any view and then be viewed from
the library browser in VCC.
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Since it was known that the input/output data rates were of interest it was decided that some sort of
clocking would be needed to compute the amount of data transferred in the model.

���� �������	��������������:�������������������	�

VCC models are organized in cells which have a number of input and output ports. Activity on any
input port will cause execution of the behavior model associated with the cell and may result in
activity on the output ports.

A chain of operations on some data is easily modeled by connecting cells in the proper order. 
Fig. 4.1 is an example with four operations.

�������'�����
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Transfer of data between the cells is what keeps the model running. Therefore, to make simulation
possible, some sort of test environment must be provided. The Producer generates data every time
it receives a trigger signal from the T1 cell.

Assume that the output of T1 is activated when the simulation is started. In functional simulation
mode VCC will execute behavior models without any time delays. This means that data leaving
the producer (Cell1) arrive at the input of Cell6 at the very same instant.

When no more output ports are active the simulator will check a list of asynchronous events. If the
list is empty the simulation is finished, otherwise time is advanced to the time of the next event
and the cell associated with that event is activated.

Asynchronous events are used in testbench cells. In this example the T1 cell simply adds itself to
the list of asynchronous events every time it is activated to be able to generate more than one out-
put.

���� ��	����	�����

Output signals might be needed at a higher rate than the input signals are received. Let Cell4 rep-
resent a data rate doubler (DRD), which has to produce output data twice as often as the input data
is received.

One way to achieve the double output rate would be to use asynchronous events here too, as in T1,
but this would limit the flexibility. The data frequency at the input port would have to be known
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Design Exploration of Systems on Silicon Using Cierto VCC Modeling Approach for Data Transfer
and built or parameterized into the DRD behavior model to generate the “extra” output in the time
slot between the inputs.

A better solution is to add an input port to the DRD which is used only for requesting outputs. Just
like the Producer, the DRD will be activated each time an output is requested and no internal tim-
ing will be needed.

To complete the system, another trigger, T2, with a frequency double that of T1 is added. Let us
for the moment ignore the question of whether T1 or T2 is executed first. The DRD cell will wait
for the data to arrive before any output is generated. 

Fig. 4.2 shows the complete system. As in the “asynchronous event solution” proper frequencies
have to be specified at two points in the model to get correct behavior.

�������'���������"�������	���
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Since the behavior of the DRD is very predictable it would be possible to add a “clock divider”
and use the output from T2 to trigger the producer too. 

A more general solution would be to let the DRD send a request when new input data is needed.
See Fig. 4.3. The trigger signal from T2 is transferred to the DRD and in this case every second
signal will be transferred through the DRD to the Producer.
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Let us assume that the Producer in the example is a testbench cell reading a byte from some data
file every time it is active. When the end of the file is reached it just ignores all trigger signals.

After the end of the data file is reached the T2 cell will continue to produce trigger signals. The
chain of execution will end in the Producer and asynchronous events will activate T2 again for-
ever.
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Design Exploration of Systems on Silicon Using Cierto VCC Modeling Approach for Data Transfer
By feeding the output of the DRD back to T2 it would be possible for T2 to detect when no more
data is delivered and stop adding asynchronous events. The simulation would finish in a natural
way.

This “loop connection” also adds other benefits to the model. A “T-cell” can be placed at different
places in the chain, depending on available information about rates. (T2 could for example have
been placed between Cell4 and Cell5).

Fig. 4.4 shows a system where the input and output data rates are specified using T1 and T2
respectively. Both T1 and T2 are equipped with feedback information.

�������'�'�����/����!�
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With more unpredictable operations than that of the DRD this kind of model can be used to
explore different aspects of system behavior. In this case, for example, the utilization of the FIFO.
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Design Exploration of Systems on Silicon Using Cierto VCC The MOMIX16 SDH Radio Modem ASIC
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I have modeled sections of an ASIC called MOMIX16 [1,2].

This ASIC is a central part of the SDH STM-1 [14] Radio and implements base band modulator
and demodulator functions. The models are based on the results of early design and pre-implemen-
tation studies of the digital signal processing part of this radio.

���� ����������

The MOMIX16 ASIC can be partitioned into three main functional subsystems. The modulator,
the demodulator and the processor subsystem. (Fig. 5.1)

 

�������)���%�%01�+�#���/���������

All descriptions of MOMIX16 in this report are simplified and stripped from most of the informa-
tion not directly relevant to the VCC models.

I decided to focus on the modulator and demodulator subsystems.

)���� �<)��0-4+(/0'��4&*5*/)8

The modulator subsystem receives the incoming STM-1 traffic, adds the radio frame overhead and
performs channel coding and modulation. The channel coding is a Reed Solomon code and the
modulation is a 16 quadrature amplitude modulation (QAM) scheme. Filtering and pulse shaping
of the in-phase and quadrature (I and Q) components are implemented in the ASIC. Digital-to-ana-
log conversion, filtering and IF modulation are performed off-chip.
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Data rates and widths at the block outputs are listed in Table 5.1.
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The demodulator subsystem receives the base band I and Q components from an external analog
IF stage. It performs coherent demodulation, channel decoding and radio frame overhead strip-
ping, delivering at the receive output the STM-1 traffic.

The demodulator includes RX filters, an adaptive equalizer to remove inter symbol interference, a
16 QAM demapper, a Reed Solomon decoder, and additional circuitry that performs automatic
gain control and carrier recovery functions.
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Data rates and widths at the block inputs are listed in Table 5.2.
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SDH RFCOH 19.728 50.689 8

SCRAMBLER - - 8

REED SOLOMON ENCODER - - 8

INTERLEAVER - - 8

16 QAM MAPPER - - 2*3

TX FIR 84.194 11.877 2*10
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RX FIR 84.194 11.877 8

FF EQ - - 8

DECISION - - 8

16 QAM DEMAPPER - - 3

DEINTERLEAVER - - 8

REED SOLOMON DECODER - - 8

DESCRAMBLER - - 8

SDH RFCOH 19.728 50.689 8

���	�����>�(02'8/$725��8%6<67(0

�(('
�2/2021
(&2'(5

(&,6,21 ���=��
(0$33(5

(6&5$0:
%/(5

��
�=

��
���	�

(
�17(5/�

������

�
�
�
:��

=

16 / 30



Design Exploration of Systems on Silicon Using Cierto VCC The MOMIX16 VCC Models
�� �����	�����������	���

Both the modulator and demodulator subsystem have been modeled. Only the modulator sub-
system is described here. The focus has been on exercising VCC, not on making extremely realis-
tic models.

���� ������	���	���������������	������������	�

The environment of the modulator was already defined. As much information as possible was used
from this specification, without making unnecessary constraints, to get as realistic results as possi-
ble.

+���� �)//%,3�46�/<)��0-)+

The functional block specification was studied and it was decided what kind of data would be
transferred between the cells.

A symbol for each block described in the functional specification was created. This include setting
up input and output ports and defining which data type each port would use. The symbols where
instantiated in a behavior diagram and connected to each other (Fig. 6.1).

Even though the cells are nothing more then just symbols at this stage, it is already possible to
detect connections with mismatching data types.

�������+���"���%�����
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The two small cells to the left and right are timed triggers used to model the input and output data
rates (See chapter 4.2, "Clock Modeling" for more details). The Bit8 FIFO and the RS Core can be
seen as the Reed Solomon Encoder.
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Finally a symbol for the entire modulator subsystem was made, using the hierarchical behavior
diagram feature, and instantiated in a testbench environment (Fig. 6.2).
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The testbench transfers data from a binary file to the modulator cell. The FIR Save cell converts
the output to text and saves it in an ASCII-file.

+���� ���%'*/��%84+(/%0,

To get the model running, behavior views for all the symbols were made in whitebox C. The func-
tion implemented was a direct transfer of the input data directly to the outputs. At this stage the
transparent bypassing of data exercises every behavior view and makes it possible to begin behav-
ior implementation anywhere in the model.

+���� �)9%,%,3�(/(��'(,*9)'*

The next step was to get the amount of data transferred between the cells closer to the behavior of
the real system. The RS Core (Reed Solomon Encoder Core) uses a 255/239 encoding scheme.
This means it will transfer 239 bytes and then add 16 control bytes before the next byte is trans-
ferred. (This is why the elastic buffer, the Bit8 FIFO, is placed in front of the RS Core.)

Parameters were added to the symbol in order to be able to specify any encoding scheme (in this
case 255/239). There is no value added to this exploration by doing a real encoding. Basically the
first 239 trigger signals causes requests for data from the FIFO, while dummy bytes are sent for
the 16 last trigger signals (255-239=16 control bytes). 

The Mapper is coding four bits at a time to the I and Q channels. Since the Mapper receives eight
bit data it was implemented with two cells (Fig. 6.3). The cell to the left divides the input into four
bit pieces and doubles the frequency. The second (16 QAM) performs the actual quadrature ampli-
tude modulation.

�������+���"���%�&&��������
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Design Exploration of Systems on Silicon Using Cierto VCC The MOMIX16 VCC Models
In the TX FIR cell the situation is a bit different (Fig. 6.4). Each FIR Taps cell produces two 10 bit
output signals which have to be transferred over one 10 bit data connection (the interface of the
modulator subsystem is defined this way). The Resampler interleaves the two input signals and
propagates them at twice the input rate.

�������+�'�"���"1��0-������

The Merge cell which receive the trigger signals is used to check that both the I and the Q channel
has been processed before new data is requested to the TX FIR cell.

+���' )+(5��0,*/'(%,/*�(,-��+07?��')@4),7%)*

The model is now transferring the correct amount of data between the cells with respect to the trig-
ger signals which means that the throughput can be measured between the cells.

In Table 6.1 the output frequencies as well as the resulting maximal propagation delay time for the
cells are listed.
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These values give a first impression about what kind of hardware will be needed to implement the
cells. It is up to the designer to “understand the model” and decide if a block must execute within
this time-limit or if other partitions (e.g. pipelines) are allowed.
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�200(17

SCRAMBLER 19.728 50.689

RS CORE 21.049 47.509 DUE TO THE 255/239 SCHEME

INTERLEAVER 21.049 47.509

QAM 42.097 23.755

FIR TAPS 42.097 23.755

TX FIR 84.194 11.877
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There are two cells in the model, the Interleaver and the QAM Mapper, which are refined to such a
level that automatic estimation of the delay (using annotated C) will give results of some rele-
vance.

Although these blocks are not very suitable for implementation on a processor it is still interesting
to find out if it is possible. A mapping of these cells to an architecture with a single processor is
pictured in Fig. 6.5. (See APPENDIX B for a full page figure).
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The behavior cells are mapped to a round robin scheduler which is connected to the micro proces-
sor. The scheduler associates a static priority value with each task (behavior cell) assigned to it.
The task with the highest priority is executed. If two active tasks have the same priority they are
interleaved using a specified time slice. No overhead is specified unless explicitly stated.

The virtual processor executes all instructions in one clock cycle except for multiplications, divi-
sions, and “store to data memory” which use two cycles. All memory widths are set to 16 bits. See
3.5.2 "Virtual Processor Models" on page 9 for more details.

Without considering the actual software implementation it is known that the QAM Mapper must
operate at a minimum speed of 43 MHz. It was decided that the design would be evaluated with a
processor clock speed of 600 MHz. This gives the QAM Mapper 13 processor cycles and the
Interleaver 27 cycles which despite the high frequency is not generous.

Separate evaluations of both cells were done. Table 6.2 shows the delay time measured from input
to output for the two cells, mapped one at a time.

"����+�������(�"�����
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(NS)

INTERLEAVER 47.5 30.0 18.0

QAM 23.7 8.4 5.0
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According to these measured delay times it should be possible to implement the interleaver and
the QAM together on the 600 MHz processor with appropriate scheduling:

30.0 + 8.4 + 8.4 = 46.8 < 47.5 nS (Eq. 6.1)

(The QAM executes twice and the Interleaver executes once in the same time span.)
Although the QAM-task was assigned a higher priority than the Interleaver this did not work at all.
Data was not propagated through the model fast enough and one of the frequency analyzers, which
all were set up to warn about to low data rates, aborted the simulation right away.

I decided to change the clock frequency to 1000 MHz and if it worked better find out how much of
the available processor capacity that were used. The total delay of both cells now were given by:

18.0 + 5.0 + 5.0 = 28.0 < 47.5 nS (Eq. 6.2)

This time everything worked fine. Delay time for the QAM and the Interleaver was measured to 5
and 30 nS respectively. The long delay time of the Interleaver might be explained by the higher
priority of the QAM. Overhead in the scheduler was specified to 0 nS. Still, the total delay time
was slightly longer than expected (30-18-2*5 = 2 nS). 

A Gantt chart probe was attached to the scheduler and the execution times of the cells were
checked one at a time. Compared to the in-out times measured before (Table 6.2) these execution
times differed greatly.
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The major cause of this difference is no strange bug or false measurements. The explanation is that
the interleaver is not finished when data is sent to the output. A counter is increased and stored to
memory afterwards. The origin of the extra cycle for the QAM have not been investigated further.

Not even the 1000 Mhz processor has much reserve capacity. Recalculation of Eq. 6.2 with execu-
tion time instead of delay time gives:

26.0 + 6.0 + 6.0 = 38.0 < 47.5 nS (Eq. 6.3)

Which is also confirmed by the Gantt chart of the scheduling scheme over three cycles shown in
Fig. 6.6.
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The true execution time explains the difficulties in getting the 600 MHz model to work. The time
limit is 47.5 nS and the total execution time:

43.4 + 10.0+ 10.0 = 63.4 nS (Eq. 6.4)

Since the functions implemented are very simple operations performed on a data stream an ASIC
solution is probably much more suitable.

���� ���������	������
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When a behavior is mapped to an ASIC it is not possible to use the automatic delay estimation
anymore. The delay script designed for this model instead estimates the delay by:

Delay = CycleTime * (InsCnt*CPI + MemCnt*CPM) (Eq. 6.5)

InsCnt and MemCnt represents the number of instructions and memory accesses used by a behav-
ior cell. These values are estimated by the designer and entered into the behavior view.

In the architecture view the three other values are specified: CycleTime, cycles per instruction
(CPI), and cycles per memory access (CPM). For a schematic view of how parameters are trans-
ferred to delay scripts, see Fig. 3.5.

There are no “real” memory accesses taking place here, this is just a coarse way to model the delay
caused by such accesses. To investigate other aspects of the memory accesses, e.g. bus traffic or
access frequencies, the behavior has to be built with much higher level of detail.

Fig. 6.7 shows how the script can be used to estimate delay in a piped ASIC. The only modifica-
tion in the behavior is that it has to be designed with a FIFO at the output port. The length of this
FIFO represents the length of the pipe.
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Although this model is very simple it offers at least some flexibility. It can be used to estimate the
delay of a general algorithm executed on a processor as well as the delay on a piped ASIC. This
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model also shows the advantages of separation between behavior, architecture and delay descrip-
tions.

+���� �<)��'7<%/)7/4')

An architecture a little bit more suitable for this behavior model is the one shown in the bottom left
corner of Fig. 6.8.

The architecture consists of six separate ASICs connected to each other through two buses. The
system bus (the lower one) acts as an interface to the environment and the modulator bus (the
upper one) is used for internal traffic (See APPENDIX B for a full page figure).
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The three ASIC cells on the left operate at 40 MHz and the other three at 80 MHz. All of them exe-
cute an instruction in one cycle and a memory access in two cycles. 

The behavior cells will use only one “instruction” each, i.e. they are designed to execute in one
clock cycle of the ASIC to which they are mapped.

+���� %8),*%0,%,3�/<)��0-4+(/0'��4*

After the function is executed by a cell there is a small “time-window” in which the output has to
be transferred over the bus. The delay time and the size of this window for all cells using the mod-
ulator bus are listed in Table 6.4.
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The bus is 16 bits wide and all transfers are less than 16 bits. Between each transfer one bus cycle
is used for arbitration. Taking this extra cycle into account, the frequency of the bus must be at
least:

(2*3.5) / 12.5 * 1000 = 560 MHz (Eq. 6.6)

The figures used here are not exact, but simulation experiments give good approval. If the bus is
clocked at 550 MHz the model does not work, and if it is clocked at 570 MHz everything works
fine. 

The same kind of estimate for the system bus (the lower one in fig Fig. 6.1) gave a bus frequency
of 320 MHz. Calculations of the amount of data transferred over both buses were also made. The
estimates are shown in Table 6.5.
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Insertion of a “Bus Stats Probe”, one of the predefined probes in VCC, gave the result summarized
in Table 6.6.
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SCRAMBLER 19.728 50.6 40.0 25 25.6 1/2

RS CORE 21.049 47.5 40.0 25 22.5 1/2

INTERLEAVER 21.049 47.5 40.0 25 22.5 1/2

QAM OUT 1 42.097 23.7 80.0 12.5 11.2 1

QAM OUT 2 42.097 23.7 80.0 12.5 11.2 1

�80 3.5
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(MBIT/S)

DATA GEN. 19.728 8 158

SCRAMBLER 19.728 8 158

RS CORE 21.049 8 169

INTERLEAVER 21.049 8 169

QAM MAPPER 42.097 2 * 3 253

TX FIRS 84.194 2 * 10 1683

----------------------- -----------------------
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These measured values match almost exactly the values in Table 6.4 and Table 6.5.

Using buses this way in the design is obviously not an effective solution. Depending on the envi-
ronment the System bus may have to be used this way, but the Modulator bus is superfluous since
the cells in the pipe can be connected directly to each other.

�<67(0��86 �2'8/$725��86

MEAN TRANSFERS (MHZ) 188 146

MEAN TRANSFERS (MBIT/S) 1840 750

MEAN LATENCY (NS) 4.8 4.8

MEAN UTILIZATION (%) 59 51

MOST UTILIZED CONNECTION FIR - SAVE QAM - FIR

LEAST UTILIZED CONNECTION LOAD - SCRAMBLER CORE - INTERLEAVER /
INTERLEAVER - MAPPER

TRANSFERS ABORTED 0 0
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During the creation of the MOMIX16 models many aspects of VCC were investigated. The results
of these investigations are summarized in this chapter.

 ��� �	�����

Some requirements are very difficult to specify in exact terms. Is there good support for IP reuse
and mixing of different levels of abstraction in a model? Is a VCC model useful for understanding
a complex system? What kind of design flow is supported to and from VCC?

,���� �0,7+4*%0,*>��0-)+%,3�%,����

The impression is that VCC can be quite powerful for reaching results fast. The clear separation
between behavior and architecture models brings reuse of IP closer to reality. There are no stan-
dards yet for IP sharing, common data types etc. These will be needed, but it looks very promising.

Multiple parallel views are allowed for a cell (e.g. multiple behavior implementations). This
means that there is good support for evolving models and mixing different abstraction levels.
Since simulation sessions are not a part of the mapping or behavior model, different views can be
used in different simulations of the same model.

Models are parameterizable. Two scenarios with different bus widths are easily explored by just
changing the bus width parameter. Parameters can be swept over repeated simulations automati-
cally and exported to the mapping level.

VCC is definitely useful for sharing information about a complex system. Of course this is highly
dependent on how the model is built and which info is included, other than the behavior models.

According to [3] Cadence plan for a standard interface to a configuration management system. A
problem is that the common “CM platform” within Cadence currently does not support Clearcase
which is one of the most used CM tools within Ericsson.(Configuration management systems are
used for organizing data files, associate them with releases, and in many other ways make it easier
when there are a number of people involved in the development)

 ��� ���������������

Static analyses are of great interest since they can be performed very early in the design flow.
Through the entire design flow they can be refined and give continuous feedback to the system
designer. They are also useful in making summaries for documentation of the design.

Basically it is a form of automatic collection and processing of data from the system model. Exam-
ples of data that should be possible to gather this way are rough estimates of gate count, area,
power consumption, and estimated time for implementation of the system.

Static analysis can be done as soon as a schematic diagram of the behavior is available, but it does
not become really useful until parts of the behavior model are mapped to architecture.
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The mapping description adds information needed to make estimates for single hardware ele-
ments.

In the beginning of the design flow estimates have to be based on experiences from prior designs.
When the model becomes more complete data from simulation and implementation tools can be
fed back to improve accuracy.

,���� �0,7+4*%0,*>��/(/%7��,(+5*%*�%,����

Today VCC does not offer any support for static analysis, but the model structure and data types
used in VCC give a good foundation for development in this direction.

All information needed for static analysis is stored in ASCII format. There are plans for an open
API to access VCC models. A stand-alone tool could theoretically be developed right away. 

The author guesses that support for static analysis will be included in future versions.

 ��� ���������������

How are delays modeled? Is it possible to measure clock frequencies, scheduling, memory usage
etc. 
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Delays can be modeled either using code estimation or by creating delay scripts manually. The
models for automatic estimates are continuously refined and support of instruction set simulators
and HDL co-simulators are under development.

Automatic delay estimation can be done for clearboxes and whiteboxes. The behavior is compiled
to a simple virtual instruction set to estimate the delay which is inserted into a copy of the original
model.

The delay scripting language is sufficient but could have been much more powerful if local vari-
ables and output to the status window were supported.

In the interactive simulation mode probes, breakpoints, displays, etc. can be inserted. It is possible
to probe both behavior and architecture.

���(+$9,25��(//6 ���5&+,7(&785(��(//6
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When debugging the models test cells attached in parallel to the behavior cells, were created.
These test cells were used mostly for measuring frequencies and delay times, and to generate
warnings or abort the simulation under certain conditions. A special cell for checking how the
FIFO is used was also designed.

It was sometimes a bit troublesome that these test cells were a part of the behavior model and not
the simulation session when working with different mappings and simulations. Probes are bound
to the simulation session, not the model, but they can only be connected to a single port/cell, which
makes it more difficult to measure things like delay from one port to another.

It should be possible to model memories fairly well with standard ASICs. Real memory models
will be supported in the next release (June 2000). Usage of internal buffers can be calculated in the
behavior models and passed through a viewport to a probe for later analysis.
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The design methodology used today is described as very “guru-intensive”. Design exploration
tools will not change this, knowledge will just be needed at a higher level of abstraction. There is
definitely need for human expertise when qualitative measures such as flexibility, maintainability,
future-proofness, etc. are considered.

!��� ���

The conclusion is that VCC seems to be the most suitable tool for true “design exploration” of
complex systems on a single chip. Other tools in the nearby area are either at a too high level of
abstraction (e.g. concerning data types) or at a level too detailed to be useful for abstract models.

There are two major things that make VCC a promising solution. Most important is the clear sepa-
ration between behavior and architecture descriptions. This is a basic condition for design explora-
tion. It also simplifies reuse of prior designs and integration of IP blocks.

Secondly, the support for parallel descriptions (views) of the same cell is very valuable. Multiple
algorithms for a function cell can be implemented. As a behavior model is refined older imple-
mentations of the behavior can be kept together with newer versions. At simulation time the view
in use can easily be selected.

Less positive is that VCC is developed on Windows NT. We did not succeed with installing the
UNIX version of VCC 1.1 despite a lot of work. 

There still is a gap between VCCs behavior models and actual hardware implementation. The first
impression was that VCC would have a hard time competing with the detail richness offered by,
for instance, “N2C” from CoWare [13]. The “links to implementation” and memory modeling
capabilities are just recently introduced and not fully developed yet but the future plans looks
promising.

VCC supports many different ways to model behavior, which is good since the level of abstraction
and the level of domain-specificity of design software rise.

VCCs strength is the ability to explore complex HW and SW trade-offs, analyze product perfor-
mance, and evaluate different product architectures early in the development cycle. 

!��� �������
	��

• Evaluation of the “links to implementation” and memory modeling capabilities in the next ver-
sion of VCC (planned to be released in June 2000).

• Team work and refinement methodology in VCC. (View name conventions, standard types for 
IP exchange, etc.)

• Investigation of languages for uniform descriptions of HW and SW. Superlog from Co-Design 
seems promising. It is intended to provide a “common currency” in which systems architects, 
hardware designers, software engineers, test and tools methodology teams can all communicate. 
Research has also been done with JavaBeans [6]. 
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/* Processor Basis File, Version 1.0 */
/* Syntax is inst,<instruction>,<cycle count> */

// Load From Data Memory
inst,LD,1.0
// Load Immediate Value
inst,LI,1.0
// Store To Data Memory
inst,ST,2.0

// Simple ALU Op (char, short int, int, long int, single float, double float)
inst,OP.c,1.0
inst,OP.s,1.0
inst,OP.i,1.0
inst,OP.l,1.0
inst,OP.f,1.0
inst,OP.d,1.0

// Multiplication (char, short int, int, long int, single float, double float)
inst,MUL.c,1.0
inst,MUL.s,1.0
inst,MUL.i,1.0
inst,MUL.l,1.0
inst,MUL.f,1.0
inst,MUL.d,1.0

// Division (char, short int, int, long int, single float, double float)
inst,DIV.c,2.0
inst,DIV.s,2.0
inst,DIV.i,2.0
inst,DIV.l,2.0
inst,DIV.f,2.0
inst,DIV.d,2.0

// Test and branch
inst,IF,1.0
// Unconditional branch
inst,GOTO,1.0
// Branch to subroutine
inst,SUB,1.0
// Return from subroutine
inst,RET,1.0
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There are a number of tools and environments on the market which are more or less aimed at sys-
tem level modeling, simulation, and design exploration. This is a brief summary, mainly based on
the companies own descriptions of their tools. The tools are described from these aspects:

• Design exploration: How is behavior and architecture modeled? Is it easy to test different solu-
tions? Is there support for reuse of old models?

• Performance modeling and design evaluation: How is delay and performance modeled? What 
kind of data can be collected? Is it possible to run simulations at mixed levels of detail?

• Links to implementation: How close is the connection to HW and SW implementation tools.

Since there are big differences in methodologies and terminology it is very difficult to make a
good comparison. Bear in mind that this is summary is made from a “design exploration” point of
view and that some of these tools are intended for co-design.

The tools included in this summary are “N2C” from Coware, “Nitro VP” from Cardtools, “eArch-
itect” from Innoveda, and “Foresight” from Nu Thena Sytems Inc.

�� ���

N2C (“Napkin-to-chip”) is a co-design and co-simulator tool from CoWare Inc [1]. 

��� )*%3,��B6+0'(/%0,

The description of system functions are clearly separated from descriptions of how they intercom-
municate. N2C is good at interface synthesis. For each block a function view, an architecture view,
or both can be described depending on whether focus is on functional design or performance mod-
eling.

Input is done using the C language. Two levels of abstraction is supported: Untimed C, which
essentially is ANSI C with extensions for structure and concurrency and Cycle-accurate C, which
adds notions needed to support hardware design (clocking etc.). The basic idea is that C functions
can be mapped to either hardware or software, depending on the eventual system partition chosen.

There seem to be intentions to include higher levels of abstraction and design exploration capabil-
ities.

��� �)'90'8(,7)��0-)+%,3�(,-�)*%3,��C(+4(/%0,

Co-simulation with HDL and instruction set simulators is supported. N2C also facilitates the trans-
parent use of integrated software development environment (IDE) tools, and real time operating
systems.

Designers can study numerous aspects of system behavior including overall system response and
throughput, memory utilization, the frequency of bus contentions and re-tries, data latency, and
processor loading. The analysis capabilities are fully customizable through an open API. 
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The links to implementation seems to be one of N2Cs strengths. Cycle-accurate C is automatically
translated into synthesizable Verilog or VHDL.

�� ����	���

“Nitro VP”, a co-design tool used to build and simulate design models, is one of the tools in an
environment from CARDtools Systems [2]. 

��� )*%3,��B6+0'(/%0,

This tool seems to be best suited for situations where all partitioning decisions have been taken
and the task is to implement the different components in a way that guarantees a functioning sys-
tem.

Hardware and software components can be defined and connected graphically. Components can
communicate with each other in three different ways: with signals, variables, and function calls. It
might be difficult to understand a new model since only communication through signals is shown
in the GUI.

The behavior model of a bus must know about all signals going through the bus and explicitly
move them from an input to an output port. The whole design model is stored in a single file and
there are no way to maintain multiple models for a component. It is impossible for multiple users
to share a design. Reuse of a component is not supported in any other way than that it can be cop-
ied in the editor [5].

Nitro VP does not seem to be sufficient for design exploration purposes, not even hierarchical
copying of components is supported. Updating of systems with multiple instances will be
extremely time consuming and risky.

��� �)'90'8(,7)��0-)+%,3�(,-�)*%3,��C(+4(/%0,

Delays are expressed as absolute numbers or in terms of clock cycles, one does not have to provide
a complete behavior of a component. It is possible to define timing constraints and use external
code emulators or simulators to estimate the number of cycles used for a particular function call.
Implementation-independent models cannot be written.

Data type information defined for signals is not used at all during simulation. The user has to
model explicitly the effects of data moving around in the system. (Buses etc.)

The result from a simulation is stored in a log file from which time line reports can be generated to
visualize how the different system parameters evolve over time and how the model lived up to the
timing constraints. It is possible to gather utilization information for processors. (application code,
polling, and RTOS overhead)

The tool seems to have very good support for visualization of signals and system states. A draw-
back is that the behavior models have to be changed to specify what data to track (Modeling and
simulation are not separated).
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There seems to be good support for low-level models, but the flow down to hardware implementa-
tion is not fully developed yet.

�� �	�������

Foresight is a family of system modeling tools from Nu Thena. Modeling, simulation and visual-
ization are separated from each other.

The main idea with foresights executable system models is to ensure the correctness of system
requirements and designs, but foresight executable system models can also be used to develop
operational prototypes.

��� )*%3,��B6+0'(/%0,

System modeling is done with different input forms such as hierarchical flow diagrams, state dia-
grams, and procedural descriptions. There is a collection of pre-built library elements available
and the user has also the possibility to create own reusable library elements.

Foresight supports successive refinement of the system model. As the model is refined, system
designers may transition to discipline-specific notations and tools, such as CASE tools for soft-
ware and EDA/VHDL tools for electronic hardware. Dynamic links to the foresight models can be
maintained at all times. The executable system model can be of use throughout the whole system
development.

The system model objects can communicate with a variety of connection types, such as flow of
data, material, and energy. Both time-continuous and time discrete flows are supported.

There is good support for multi user modeling with various access permissions.

��� �)'90'8(,7)��0-)+%,3�(,-�)*%3,��C(+4(/%0,

There is an interactive simulation engine for executing system models and performing a wide vari-
ety of analysis: functional verification, performance analysis, behavioral correctness. Fast batch
simulations as well as stand alone prototypes of the system can be created.

The simulator allows you to stimulate the model interactively through input library elements, such
as slider bars, alphanumeric inputs, and selection buttons. Input stimulus patterns may be stored as
test cases. These test cases can be reused throughout model development, as well as when the
component designs are inserted into the system model for verification testing. 

There is also a tool for creating human interfaces to the models and a tool for automatic generation
of documents from the system model. Data collected from the simulation can be displayed as x-y
plots, strip charts, time lines, and histograms, etc. 

��� �%,?*�/0��86+)8),/(/%0,

EDA tools such as VHDL simulators can be linked to Foresight and allow system designers to
incrementally test component designs against the system architecture specified with Foresight.
Similarly, software modules are called directly from Foresight system models, thus enabling
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design verification of embedded software. There seems to be good support for co-operation with
implementation tools.
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E-Architect is a product from Innoveda Inc [4], a company formed by the merging of Viewlogic
Systems Inc and Summit Design Inc in march 2000. Innoveda’s system-level design suite consists
of a number of tools in which eArchitect is at the top.

'�� )*%3,��B6+0'(/%0,

Software is described as a block diagram representing communication between various software
tasks. The diagram is refined using either hierarchical block diagrams or textual descriptions.

There is a parameterizable library of common processors, busses, and networking elements and
customized devices and sections of the design may be stored as user library elements for later use.

'�� �)'90'8(,7)��0-)+%,3�(,-�)*%3,��C(+4(/%0,

Software utilization is modeled as instruction count estimates and cycletime budgets. The software
designer is only required to estimate the number of CPU operations required to capture the perfor-
mance of a particular algorithm (simulation occurs at an architectural level).

It is possible to gather utilization statistics of data processing, memory, and communication and
system performance characteristics like data path latencies, component utilization, data through-
put, and response times of critical interrupts.

'�� �%,?*�/0��86+)8),/(/%0,

The outputs from eArchitect can be used in tools like E-Sim, Virtual-CPU or Visual HDL. E-Sim
is a simulation and testing environment for embedded software. Virtual-CPU is a co-verification
environment. The modeling methodology promotes collaboration between hardware software and
system designers.

�� ����������
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