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Abstract

Frameworks centered in languages or centered in a given design methodology
are very well known and used every day. However, when a simulation task is to
be accomplished, few of them give the user a perfect fit to his/hers problem.
Embedded microcontroller systems are characterized by a strong interaction
with the environment in which they are going to be used. Due to this great
interaction, the validation of the software and the hardware of microcontroller
based applications has much to do with the 'environment'. In the present article,
a prototype of a framework conceived with simulation as the main target is
described.

1.0 Introduction

Unlike 'standard' application, the task of verification and validation of a
microcontroller based application is rather complex. This is due to the testing
phase which requires a totally different approach. If a portion of an standard
system should be tested, a set of test data is supplied to it. In this case, the main
task is to choose the appropriate set of data based in some test coverage
criteria, such as instruction coverage, branch coverage, and others [1] [2]. The
problem of how to supply such data to the system under testing is usually
disregarded as a source of complexities, because it can be, in most cases, solved
using very simple pieces of software. When testing microcontroller based
applications, the selection of the test cases still remains, but the task to supply
these cases usually is hard to accomplish in an automatic and controlled fashion
without a painful user intervention. For these systems, a test case may become,
for instance, the presence of an input in a given port, during at least some time,
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74 Software for Electrical Engineering

but lasting less than a maximum period, while another input doesn't show up
and the value converted in the A/D is greater than some figure. To supply this
sort of data might be a problem by itself if the signals are coming from physical
equipment. Then, two sources of difficulties are present

On the other hand, embedded microcontroller system development is
usually done with some degree of concurrence in the hardware and the software
construction. Even in most cases, a first version of the hardware is ready before
software development, at that time it is not totally tested because of the need of
a fully operational software [3]. In addition to it, software testing would require
a totally operational hardware. The overlapping of the hardware and software
development takes place essentially during verification and validation phase, in
which the errors are mainly located in the software, but sometimes in the
hardware.

For the above reasons, the availability of testing aid tools is strongly
needed. Several approaches have been used with different degrees of users
satisfaction. It always seemed that simulations approach would be a promising
one, since no actual equipments have to be handled, at least during the early
stages of verification and validation process [4].

A tool to verify and validate microcontroller based applications, has been
developed. It was conceived as the integrated simulation of the microcontroller
and its environment This framework is composed by a set of cooperative tools.
Some of the components connected are: CAD's Post Processor, Macro
Expansion, Compilers, Editor, Program Transformation, Man Machine
Interface, help, etc. And, in the center of them, the Simulator, as the framework
engine.

Each component in this framework has a specific role in the verification
and validation task. By these means, it becomes possible to find faults in the
hardware design or in the microcontroller software in the same debugging
process. Besides, it can be accomplished without building the actual device,
making the developer task easier [5].

To simulate the system behavior, it is necessary to describe all the relations
between the microcontroller and its environment [6]. A close look to this
environment shows that it can be seen as composed by two halves. First one is
the nearby environment, which mainly comprises hardware components
connected to the microcontroller, and the faraway one, constituted by the
'actual' environment of the application. Then, the events coming from those
external worlds must be simulated [7]. The simulation of the external inputs has
many features in common with stochastic simulation languages [8] [9].

2.0 Framework Description

This framework use the joining effort of a set of tools, allowing the user to
simulate his application in a simple and efficient fashion, since each component
has been conceived to simplify the developing task.

                                                             Transactions on Engineering Sciences vol 11, © 1996 WIT Press, www.witpress.com, ISSN 1743-3533 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                                                           
 
 
                                                                                  
 
                                                                      
 
                                                                                  
 
 
 
 
 
 

                            
                                                                                  
                                                                                  
                                                                                  
 
 

 
                                                                                                                                         
                                                        

 
                   

 
 
 



Software for Electrical Engineering 75

In order to describe this framework, individual items conforming the tool
will be introduced. In the Figure 1, the interaction between the different
components is showed.

CAD's
Post Processor

Program
I Transformation

Man-Machine
Interface

Figure 1: Framework Configuration

The information flows among all these components, each one makes some
kind of processing on the data, with the simulation as a final target [10].
Following, a brief description is given for each component

2.1 CAD's Post Processor
To be able to begin with the simulation process, a model must be created [11]
[12]. The developer has to give the binary program that will run in the
microcontroller and a full description of its environment. The last one can be
obtained using three different approaches: using CAD output files, writing the
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76 Software for Electrical Engineering

boolean equations that model the system, or invoking macroinstructions of the
components used [13].

The first method consists in picking, if they are available, working files of
any of the supported CAD's, and then generating, without any user
intervention, macro invocations for each component involved [14]. This
framework includes a macro instructions library, containing entries for most of
the commercial component the designer may use.

The model can be also obtained writing the logical equations that link
inputs and outputs of the components connected to the microcontroller. These
equations have many points in common with those used in many Hardware
Description Languages [15][16][17].

Since the developer knows component's functionality, he can use a macro
invocation instead of writing the whole set of boolean equations for that
component. So, he can write the invocations instead of generating them
automatically. User written or automatically derived macroinstructions will
produce logical equations by means of the use of a macro expansion process.

The three described procedures, are not mutually excluding. In other
words, a given application can be partially described using CAD files generated
macro instructions invocations, with macroinstructions invocations and boolean
equations added by the user to complete the model. Also, sentences generating
asynchronical events coming from the faraway environment, may be introduced.

2.2 Editor
A simple source program editor is included to write from scratch or to modify
macro invocations or logical equations. This editor may be also used to input
the source program for the assembler compiler which creates the binary
program of the microcontroller.

2.3 Macro Expansion
The user written or the automatically derived macro instructions become inputs
to a macro instructions preprocessor that expands them. As a result, a macro
invocation is traduced to one or more boolean equations, and they will look
like:

output = F(inputs) (1)

These functions express what input combination produce high (1), low (0)
or third state output. Also, for the output value 1, it can be 'regular' or 'Open
collector'. In other words, for each output pin there will be at most three out of
the following four equations:
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Software for Electrical Engineering 77

output _0 = g(inputs)

output_!„ = /„ (inputs) (2)

output _\c = fc(inputs)

output _ T = h(inputs)

2.4 Program Transformation
Once the model was built, it appears as a set of equations that will become the
source code for the simulation compiler. However, before compiling it, the
equations will be searched in order to check if there are more than one equation
with the same output. If they are found, a transformation of the original model
at source code level is produced, to ensure that every variable is only one time
on the left side of an equation [18]. In most cases, the existence of more than
one equation with the same output is not due to user errors, but to the wiring of
several outputs to the same point purposely by the designer. This connection is
widely used and adds functionality to the application.

The search of connected output is easier than it may look like after a first
sight, because the language that is going to run the model is non procedural,
and for that reason, the order in which equations are written is meaningless.

2.5 Simulation Compiler

As usual, the simulation compiler performs a lexical analysis of the source code,
and then a parsing phase, looking for syntax errors, making types verification,
and generating run time code. Some of the equations will produce one or more
events that make the simulation engine to run. These events are stored in the
Future Events Table. An entry in this table tells when a signal is going to
change.

2.6 Assembler Compilers
For every supported microcontroller there is an assembler compiler which
creates binary code that is later "loaded" into the simulated PROM or EPROM
of the processor. The outputs of these compilers may be sent directly to an
EPROM programmer to test the software in the actual application or even to be
used in a small scale production.

2.7 Man-Machine Interface
This framework allows the developer to validate simultaneously the
microcontroller software and hardware [19].

The internal states and outputs presentation is made by means of
metaphors, bringing the user the sensation of really being proving his system.
The developer can see the system behavior in such a way that he feels like
working with a virtual oscilloscope. Each channel may be assigned to any of the
system inputs, outputs, and internal states.
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78 Software for Electrical Engineering

Microcontroller registers, clocks, counters and other internal components
may be displayed at any time in several formats by the microcontroller
simulator.

User may stop the simulation at any wished time, at a given simulated time
or when a condition is accomplished.

The simulation may proceed as fast as possible, slowed down by a given
factor or executed step by step.

2.8 Simulator
The whole design of this framework has been done taking simulation as the
goal. In other words, all other subsystems were conceived to provide the
required services needed by the simulator.

A bug found during the simulation phase in the microcontroller software or
in the hardware, can be traced back until the source code program or the
original CAD data. This allows a high level maintenance of the design and the
software.

Usual software debugging techniques such as break-points, can be freely
combined with user creation of events at any simulated time, or any of the usual
user inputs needed during simulation, to force the appropriated test of both
sides of the device under development

During the simulation, the earlier event is taken from the Table, and every
routine containing the changing input is calculated. In this procedure new events
are generated and included in the table. So, the simulation engine acts as a "task
scheduler" among generated routines.

2.9 Simulation Manager
The complete simulation of the application is not restricted to a set of equations
modeling the device and its inputs and the microcontroller itself. It may include
more than one, even different, microprocessor and more than one set of
equations describing different "boards".

Every set of equations has its own Future Events Table telling which signal
is going to change, isolated from the other sets of equations. In the same way,
every microcontroller has its own loaded program, its own registers, etc.

All the blocks made of microcontrollers or set of equations interchange
information through their inputs and outputs. On the other hand, each block
"exports" the top of its Future Events Table to the Simulation Manager Future
Events Table, as it can be seen in Figure 2.

The Simulation Manager determines which is the first event that will take
place and in which block. Control is transferred to the block having the earlier
future event to simulate one step. The Manager and the affected blocks Future
Events Tables, are recalculated and a new step of simulation is performed. The
number of microcontroller blocks (ri) and the environment blocks (m) may be
different Most likely m will be larger than n if there are present non
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Software for Electrical Engineering 79

microcontroller based circuitry, or if the actual world surroundings (faraway
environment) is described in a dedicated block.

Envi FET

SIMULATION

MANAGER

Block

Block

Block

•

Block

Time

Time

Time

Time

Simulation Manager
Future Events Table

SIMULATOR

MPU = Microcontroller Block
Env = Environment Block
FET = Future Events Table

Figure 2: Simulation Manager

3.0 Conclusions and Future Work

Because of the strong interaction between most microcontrollers and the
environment it becomes necessary to model those interactions. A tool
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80 Software for Electrical Engineering

representing the nearby and faraway environment constitutes a good solution to
do this task.

This framework allows developer to validate the design's specifications
without physical implementation. Then, the developer's task becomes easier.
Furthermore, he can easily modify his design.

The process of automatic model transformation seems to be a valuable tool
in hardware simulation.

In the near future, FORTH interpreters and compilers and C compilers are
going to be included and all supported microcontrollers simulators are going to
be joined in one generalized MPU simulator.
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