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Abstract

This paper proposes a strategy to implement a parallel VHDL simulator for fast simulation on the
Connection Machine. The VHDL description for a circuit is translated into an intermediate form for
simulation. The intermediate form is simulated with discrete event simulation techniques, such as
Time Warp and the Chandy-Misra algorithm, on the Connection Machine. Signal assignment
statements in the VHDL description are transformed into gate processors, and component instan-
tiations are handled by their expansion into a combination of basic elements. Experimental results
of VHDL simulators with several simulation techniques are given. Compared with the VHDL simu-
lator on the Sun 3/280, the parallel simulator using the Chandy-Misra algorithm on the Connec-
tion Machine is much faster by several orders of magnitude.

Categories
1.2 Discrete Simulation
5.1 Behavioral and Hardware Description Languages

1 Introduction

In the behavioral simulation of digital circuits, the behavior of a circuit is described using a hard-
ware description language. The VHDL is a standard hardware description language [9]. As one of
ways of achieving fast simulation, we present a strategy for a parallel VHDL simulator that runs on
the Connection Machine. Our parallel VHDL simulator consists of two parts, VHDL translator and
parallel simulator. The translator translates a VHDL description into a predefined intermediate
form. The parallel simulator uses the intermediate form as its input. The simulator can be imple-
mented based on one of distributed discrete simulation techniques on the Connection Machine.
While VHDL programs include both behavioral and structural descriptions, our initial translator,
because of constraints imposed by our simulator, accepts a subset of the VHDL structural descrip-
tions. This subset includes the simulation of inertial delays and guarded statements.

There are two general simulation approaches for distributed discrete event simulation [14]: syn-
chronous and asynchronous. In synchronous event simulation, there is a global event queue which
contains all the events sorted by their timestamps. The events with smallest timestamps are cho-
sen and executed in parallel. In asynchronous parallel simulation, each process has its own input
message queue(s) and local clock. More than one event can be executed simultaneously without
concerning about event processing precedence. A process executes arriving events according to a
certain scheduling policy.

Again, asynchronous simulation can be divided into two common simulation paradigms: conserva-
tive and optimistic. The Chandy-Misra algorithms [3] are the most well-known conservative para-
digms. A logical process will block until it has been confirmed that no other logical processes’
simulation time is less than its own. This kind of blocking can lead to deadlock and requires that
simulations run in parallel with deadlock breaking mechanisms. The Time Warp mechanism, pro-
posed by Jefferson [10], [11], [12], is the most popular optimistic paradigm. Logical processes exe-
cute events asynchronously, not blocking to wait for other logical processes to “catch up,” until
conflicting information appears; i.e. event precedence has been violated. When this happens a roll-
back must occur, reverting back to a previous state that existed before the event precedence viola-
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