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Summary

Petri nets, a convenient formal tool for modelling the dynamic behaviour of asynchronous structures, have
been used for both designing digital hardware [1,2,3] and specifying/verifying parallel bus interface
protocols [4]. Since the latter are supposed to be implemented in digital hardware controllers, it seems
topical to establish a strict semantical relationship between these two applications of Petri nets, thus
aiming at a unified theoretical framework that will enable a mechanical translation of Petri net protocol
specifications into logical circuits for protocol controllers. A characteristic feature of bus interface
controllers is that they represent a class of hardware modules whose behaviour is essentially reactive, as
opposed to another class of hardware which can be called transformational. In this dichotomy we follow
the ideas outlined in [5]. Therefore, in the design of such objects as bus controllers, the use of Petri nets as
a specification language for reactive circuit behaviour is laudable, provided that the design process
effectively separates the reactive parts of the controller from its purely transformational parts, whose
paradigmatics is much more adequate to the techni used in combinatorial function modelling rather
than o event-oriented notations.

|

This paper tackles the problem of filling the above-mentioned semantical gap by:

- studying the underlying semantics of Petri net specifications of reactive hardware behaviour and parallel
bus protocols;

- analysing the control flow semantics of Petri net specifications defined in terms of the so-called signal
graphs, which are a signal-labelled version of marked graphs (a subclass of Petri nets that is capable to
represent partially ordered actions of the underlying asynchronous structure);

- demonstrating the example of deriving a self-timed implementation [6] of controller circuits from a Petri
net specification of the VME-bus data transfer protocol.

The major theoretical results of the paper are aimed to be a methodology for analysis of signal graph
specifications that could then be, in a rather straightforward way, tailored to an automated design process.
-
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1 Petri Nets and Parallel Bus Protocol Specification
1.1 Transactons, Cycles, Actions

In order to show how Petri nets can be put into work for the modelling of the lower layers of an
asynchronous bus protocol, we follow the notation and meaning of the layered model of bus protocols
used in [4]. This model suggests that each layer produces a sequence of requests to the lower layer, thus
being the user of the latter. The layers which are typical for many asynchronous busses (a synchronous
bus, where actions are ordered with respect to some clocking mechanism, can in fact be treated as a special
case of asynchronous bus with the clock signals just being viewed as independently generated signals) are:
transaction, cycle and action layers.

The transaction layer usually involves cycles of the following types: arbitration, addressing, data ransfer
and interrupt handling. Each of these types uses its own set of bus lines, thus forming its own domain of
discrete variables, or signals, that are subject to changes, in their values, in order (o represent particular
messages between the interacting modules on the bus. For example, the data transfer cycle may utilize
such lines as Data lines, Command line(s), Synchronization lines and Data Transfer Error line(s). In
addition to the bus signal domain, each type of cycle implies the existence of its own operational structure
domain which supports the implementation of the protocol cycle inside the bus controller. For the above
data transfer example, the inside operational part includes such units as data transceivers, error and
command decoders, internal registers for storing the various components of the data path.

At the cycle layer, a particular cycle is carried out. A data transfer cycle typically involves transferring a
single data item between a pair of modules. The module which initiates the cycle is often called the master
and the module executing the master's command is the slave. We emphasize here on the fact that our
interest is focused on asynchronous bus protocols, for which the cycle layer uses the request-
acknowledgement pairs of synchronization signals, and no explicit timing or clock signals are present.

Each cycle consists of a sequence of actions which are performed on the variables belonging to the cycle
domain. In asynchronous busses such actions are temporally ordered by causal relationships. Practically,
an action is a transition of a finite-state signal associated with a single bus line, a set of functionally
grouped bus lines or some auxiliary internal status variables.

1.2 From Timing Diagrams to Petri Nets

The most common way of describing protocols at the cycle layer is using timing diagrams where the
falling and rising edges of waveforms stand for the corresponding protocol actions performed on the cycle
domain variables. These diagrams are often a starting point for the process of digital interface circuit
design. Unfortunately, such diagrams cannot be efficiently used in specifying hardware modules which
exhibit concurrent behaviour. Therefore we suggest that the protocol actions, as well as the internal
actions of the bus controller, such as strobing a data item from the data lines into a register, sending a
request [0 the target device eic., need to be associated with transitions of a Petri net built for a given
protocol cycle. Topologically, for the data transfer cyCles, this net consists of the three parts: master
subnet, slave subnet and bus subnet (see Section 6.1).

There are two main reasons why Petri nets can be successfully used in specifying both protocols and the
corresponding logic controller behaviours. First, they provide a clear formal way of protocol verification
due to their natural purpose of defining concurrent and causally ordered activities. Second, they enable the
designer to use some formal techniques for circuit implementation of protocols.

The problems related to the verification of bus protocols by extended Petri nets have been discussed in [4].

Thus, here, our major attention is focused on the problem of designing a self-timed logical
implementation for the bus controller from a given Petri net specification.
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