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ABSTRACT

This paper presents a study on obtaining high level behavioral models that have accurate timing behavior. The primary
concentration is on Finite State Machines (FSM), and we will use timing information from gate—level implementation of these state
machines to back—annotate the high level models. The implementation of Mealy and Moore machines is studied, and encoded state
assignments versus one—hot state assignments for these machines are compared. Feasibility of timing back annotation of high level
FSM descriptions with the information obtained from gate level is analyzed.

1. INTRODUCTION

Efficient simulation is an important feature of the functional or high level models of digital systems. On the other hand,
the gate level models which simulate much slower than their functional equivalents offer a much greater accuracy. The timing
information required to write accurate models at any level of abstraction is not available until after the circuit is realized.
Consequently, the design process of digital circuits involves a down—-flow of design information, which includes requirements,
constraints, etc., from abstract models, such as functional or dataflow, to the circuit realization and an up-flow of information from
the circuit realization to the higher level models. Clearly, the up—flow of timing information can be carried to gate level models
without much difficulty. However, to gain better simulation speed, we shall investigate the feasibility of back annotating
behavioral models with timing information.

Since considerable research effort has been channeled into identifying synthesizable subsets of VHDL [1, 2], there has
been an emergence of various subsets of VHDL [3, 4] each more suitable for describing a certain class of circuits than if the
language is used freely in its entirety. Some of these subsets are in the form of a template which the modeler can use and fill in the
blanks. In this paper, we shall consider the subset of VHDL which is designed for describing Finite State Machines effectively and
efficiently. This choice is made as the focus of our study primarily because State Machines are used in nearly all digital circuits,
and their influence on the overall timing of a circuit is more pronounced. Moreover, the style used in this paper is an accepted style
by many VHDL tool developers.

Using VHDL, we shall present our findings on high level and gate level simulation tradeoffs, and explore the possibility
of timing back—annotation of high level models. We begin by discussing our modeling methods. We will then concentrate on
analysis of the simulation of various FSMs and their implementations. The models considered in this study are a Mealy and Moore
machines implemented by encoded state assignment and one-hot state assignment

2. BACK ANNOTATION

The process of extracting information from low level descriptions of a circuit, and using this information to correct
inaccuracies of upper level models is back-annotation. If the information extracted from a gate level description is related to
timing, then the upper level model is said to have been back—annotated with gate level timing information.

A gate level description consists of multiple levels of nesting of gates and hardware components. The simulation,
therefore, involves many component invocations and signal assignments. This causes simulation of the gate level descriptions to
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