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ABSTRACT:

Conventional logic simulators calculate node logic and delay values in separate processes. The
delay value is used for scheduling the logic value on the node. In this paper we will present the Timed
Logic Simulation (TLS) method, which allows us to combine logic and delay computation processes into
one process. In addition to a faster simulation, using this method a netlist can be converted into a set of
Boolean expressions, containing detailed timing and logic information. VHDL implementation of this
method allows extracting functional models from netlist descriptions, the simulation accuracy of which is
identical to netlist simulation.

1. Introduction

Conventional logic circuit simulation computes logic values and delay values separately. When
these values are obtained for a node, logic values are applied to the node of the circuit at the relative
time at which they are supposed to happen. Such simulators’ software performance is inherently slow
because delayed event scheduling is more costly than zero-delay or unit delay scheduling.

To overcome such limitations, we have developed a method for concurrent computation of a
node's timing and logic values. These values are attached to a node as information fields and are
propagated forward to all atfected circuit nodes. This method schedule values on nodes in zero delay
mode. It allows for the concurrent computation of logic values and delay values, while maintaining the
functional correctness of the description. We will refer to this method of simulation as Timed Logic
Simulation or TLS.

VHDL is a suitable language for the implementation of this method. VHDL can be used to
describe complex logic functions and can support composite data values. Composite data values makes
it possible to aggregate delay values and logic values.

The TLS method uses the behavioral capabilities ot VHDL. Specifically, a logic function is
described as a collection of concurrent Boolean equations. This logic function uses a composite data
type in order to calculate delay values at the same time as logic values. In order to integrate TLS model
with other simulation techniques, full support is provided for scheduling "real” delays on output signals on
the boundaries of a particular circuit. The logic simulation ot the TLS model is done in zero delay mode.
As a result, it is possible to achieve higher levels of simulation performance.
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Implementing TLS in VHDL allows the use of Boolean expressions in place of gate instantiations
in a circuit description. This enables us to convert netlists to a readable set of Boolean expressions
without any loss of timing accuracy. The TLS method also support register elements.

2. TLS method -

2. 1 Methodology-

At the hearn of the TLS method is the understanding that zero (unit) delay simulation is faster
then true delay simulation. This faster simulation is especially useful in cases where timing is important
only on the boundaries (from primary inputs to primary outputs) of logic functions. In order to exploit fast
unit-delay simulation while still keeping track of actual delays, TLS uses a composite data type. The data
type contains the current logic value, the old logic value, the effective delay, and a time stamp
(representing the time of last change) as an aggregate.

TLS uses a modified a truth table, which we refer to as the Timed Truth Table. Such a table
includes, in addition to a new logic value, a column for the effective delay and for the previous logic
value. Using a modified table for each logical (or arithmetic) operator, it is possible to describe complex
functions in which delay is an integral part. These complex functions can be evaluated quickly, without
the penalty of true delay simulation, because effective delays are computed simultaneously with logic
values using the modified truth table. Time stamps, old logic values, and current logic values are used to
compute the new logic values and the new effective delay. Finally, the eftective delays are used on the
boundaries to create a "real" delayed assignment.

For an illustration of this method consider the Timed Truth Tables (TTT)
for the AND and OR operators as shown in Figure 2.1 and in Figure 2.2 respectively.

A’ A B’ B c’ C | D(delay)
0. 0 0 0 0 0 -
0 9 0 1 0 0 -
9 0 1 0 Q 0 -
00 1 1 0 ol -1
B 1 0 0 0 0 -
0 1 0 1 0 1 |9ns
L0 1 1 0 0 0 -
I o 1 1 1 0 1 |9ns
T 0 0 0 0 0 -
: 0 0 1 0 0 -
B 9 1 0 1 0 ;7ns_ |
L 9] 1 1 1 0 i7ns
11 0 0 0 0 -
L 1 o) 1 Q 1 19ns
1 1 1 0 1 0 {7ns
1 1 1 1 1 1 -

Figure 2.1 - TTT for a two input AND gate.
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