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1. Introduction

These notes are where I am jotting down matters of interest regarding the possible use of VHDL in describing systems for SoftFMEA. The aim is primarily to raise issues of interest to the project, rather than provide a general guide to VHDL, though the notes do give a very brief introduction to VHDL.

2. VHDL

VHDL is an acronym for VHSIC Hardware Description Language, where VHSIC is itself an acronym, for Very High Speed Integrated Circuit. It is a large VLSI design language with an Ada like syntax, not surprising as the DoD seem to have been involved. It is standardised as IEEE 1076 [4]. There is a standardised extended form to allow description of analogue and mixed signals, known as VHDL-AMS whose IEEE standard is IEEE 1076.1. This extension to VHDL is discussed in section 3 below. VHDL was promoted by an organisation, VHDL International, which has merged with the Verilog people, to form one standards body for the electronic design automation (EDA) industry, with the descriptive name Accellera [1] for the electronic design people. There is an EDA working group website [2].

According to Hunter and Johnson [5], VHDL is a “textual language for determination of structure or definition of [electronic] devices (models) and their connectivity”. It is a rich language, there are 97 key words. This implies complexity, which perhaps suggests that Ford engineers are not going to be keen, unless it can do things that state charts (or SDL?) cannot. Use of a subset is not impossible and the engineers will presumably use tools as a simpler front end to VHDL.

VHDL can be used to create hierarchical models of electronic circuits from system down to switch level. It also supports all levels of timing specifications and constraints. This might be useful as it can therefore presumably be used to model late messages. It allows a top down approach to the design of electronic systems.

2.1. VHDL models

According to Bhasker [6], VHDL describes a model for a digital hardware device. It has both an external view (the entity) and an internal view (the architecture) that describes the device’s functionality and structure. An architecture belongs to a specific entity while an entity can have several architectures. For example it might have a structural one and a behavioural one. Which architecture will be used in the configuration of an instance of a component of that entity will depend on the view wanted in the model being built.

These two views, entity and architecture are perhaps the two most basic building blocks of a VHDL model, but there are others, listed by Perry [7]. His list of VHDL building blocks contains:-

· Entity – the most basic building block, represents the external view of a device.

· Architecture represents the internal view of the device, its behaviour and structure.

· Configuration binds a component instance to an entity/architecture pair.
· Package – a grouping of commonly used elements.
· Bus is a signal that can have its drivers turned off.
· Driver is the source of a signal
· Attribute – data attached to a VHDL object or predefined data about VHDL objects
· Generic a parameter that passes into an entity.
· Process a unit of execution.
A high level subsystem (or complex component) can have its architecture (structure) composed of lower level components (defined in terms of their entities, and specific architectures) and might therefore derive its behaviour from the behaviours of these lower level components.

There are three object concepts, of variable, constant and signal. A signal can be likened to a wire in electronic circuits. A signal therefore models the connectivity between components’ ports. The ports are defined in the entity, as being part of the external view of the device. The types these data objects can take are similar to Ada: -

· Scalar

· Integer

· Real

· Enumerated type, a user defined set of possible values. Useful in state machines.

· Physical, a representation of a physical quantity, such as distance, current, time. Time is predefined, in terms of femtoseconds, picoseconds, nanoseconds, microseconds, milliseconds, microseconds, seconds, minutes and hours.

· Composite

· Array

· Record, as in Ada a collection of associated variables of different types.

· Access, as in Ada, so like a pointer in C.

· File, a subset of variable. A stream of data of a given type. Can be read from, written to and checked for end of file.

I imagine we might use an enumerated type to define qualitative values (such as for resistance). The modelling of time might well be the most interesting feature of VHDL, but how well does this fit with qualitative simulation?

3. VHDL-AMS

VHDL-AMS provides extensions to VHDL for simulation of analogue and mixed-signal systems. As an illustration, the VHDL-AMS website [3] uses an audio system in its tutorial. This site used to be sponsored by Analogy and they offered a demonstration CD of their tool. Since the Avant! take over, this CD is no longer available. The principal sources consulted [7, 8] were found at this site.

VHDL-AMS is a strict superset of VHDL IEEE 1076-1993, so any model in that will run in VHDL-AMS yielding the same results. While VHDL 1076 is suited for modelling discrete systems, the extensions allow it to be used for systems with continuous elements, such as: -

· Mixed signal electrical systems

· Mixed electrical/non-electrical systems (interesting?)

While we certainly are going to want to model such systems, how interested are we in continuous effects if we are modelling systems qualitatively? VHDL-AMS allows the same language to be used to model both digital and analogue parts of a system, and the interface between them.

Analogue modelling is not restricted to electrical systems, so it could model the hydraulic side of an ABS system. It can presumably also be used to model, say, the effects of heating on an electrical system.

3.1. VHDL-AMS additions

The analogue part of the language is based on the theory of differential algebraic equations which means that exactly how a simulator must solve an equation need not be specified, allowing flexibility in choosing a suitable algorithm. To support this, VHDL-AMS introduces the idea of a quantity to represent an unknown in the system of equations. These quantities are of various kinds. Across quantities describe effort like effects, such as voltage across a resistor, while through quantities describe flows, such as current. Other kinds may be used to describe charge in a capacitor etc. The derivatives of quantities are themselves quantities.

Simultaneous statements are used to represent the constituent equations of a device. Support for hierarchical modelling is provided by extending the VHDL notion of a port to include quantities and terminals as well as signals.

Interaction between analogue and digital parts of a system is done by creating an event when an analogue quantity reaches a threshold value or by causing an analogue quantity to ramp up linearly to the new value on the signal, in response to an event.

4. Matters arising

The EDA website [2] has a link to a working group on the Open Model Forum which might warrant further investigation?

5. Some thoughts

It is tempting to suggest that its very name indicates that VHDL might not be the ideal medium for adding models of software components to system models! Actually as much of CAN can be implemented in hardware this suggestion is perhaps a wee bit glib. However it does seem as though VHDL might well support modelling the systems we are interested in at an inappropriate level of abstraction, given that the actual CAN components will be bought in and so details of their design can (should?) be abstracted away from the system engineers. However there is no reason why VHDL should not be used at a chosen level of abstraction.

It seems reasonable to suggest that VHDL allows the construction of more detailed models than a state machine based language, such as SDL. This is why the level of abstraction may be inappropriate. However it might be found that this level of detail is necessary? It might also be that using VHDL at fairly high level of abstraction is suitable. In other words I wonder whether we will benefit from the richness of VHDL.

Do we need to give some more thought to how we are going to model systems such as ABS and ignition timing with continuous elements? I do not propose to discuss this here, beyond suggesting that it might be possible to model them adequately using state charts, provided the resolution is considered sufficiently fine.

I suggest a possible next step is to try to build an informal model of a plausible (and simple!) CAN type subsystem (SoftFMEA’s equivalent to the headlamps example!) and use this as a starting point for looking at modelling this subsystem with VHDL, SDL and state charts. Even better would be an actual example of a suitable subsystem, of course. This would not only give us some notion of the suitability of these languages, but also give a basis for further learning of their syntaxes.

6. Sources

[1] Accellera, the unified Open Verilog and VHDL body, is at http://www.accellera.org/

[2] The EDA website, at http://www.eda.org/, has various working groups and links to free VHDL models and tools.

[3] The VHDL-AMS website is at http://www.vhdl-ams.com/default.htm. The example and tutorials can be reached by selecting the “Avant!, TheHDL” link on the home page, or directly at http://www.vhdl-ams.com/Analogy/Default.htm.

[4] IEEE std 1076-1993 IEEE Standard VHDL Language Reference Manual, IEEE 1994 is in the Physical Sciences Library cat no TK7887.5.I2 Qto. As the standard is balloted every five years, there should be a more recent version of the standard by now.

[5] Hunter, R D M and Johnson, T T, Introduction to VHDL, Chapman and Hall, 1996. There is a copy in the Physical Sciences Library, cat no TK7885.7.H9

[6] Bhasker, J, A VHDL Primer, Prentice Hall, 1995. The Physical Sciences Library has a copy, cat no TK 7885.7.B3

[7] Christen, E, Bakalar, K, Dewey, A M and Moser, E, Analog and Mixed Signal Modeling using the VHDL-AMS Language, presented at the 36th Design Automation Conference, 1999. To be found as a pdf at http://www.vhdl-ams.com/Analogy/Literature.htm.

[8] A web page on Understanding mixed signal simulation is at 

http://www.vhdl-ams.com/Analogy/MixedSignalSimulationGd/Output/default.htm

