INCREMENTAL TOOLS FOR THE DESIGN AND
VERIFICATION OF VLSI CIRCUITS

A DISSERTATION
SUBMITTED TO THE DEPARTMENT OF ELECTRICAL ENGINEERING
AND THE COMMITTEE ON GRADUATE STUDIES
OF STANFORD UNIVERSITY
IN PARTIAL FULFILLMENT OF THE REQUIREMENTS
FOR THE DEGREE OF
DOCTOR OF PHILOSOPHY

By
Arturo Salz
May 1993



© Copyright 1993
by
Arturo Salz
All Rights Reserved



I certify that I have read this dissertation and that in my
opinion it is fully adequate, in scope and quality, as a dis-
sertanon for the degree of Doctor of Philosophy.

Lo Ao )

Mark Alan Horowitz
(Principal Advisor)

I certify that I have read this dissertation and that in my
opinion it is fully adequate, in scope and quality, as a dis-
sertation for the de of Doctor of Philospphy.

/ ¥ John Hennessy )

I certify that I have read this dissertation and that in my
opinion it is fully adequate, in scope and quality, as a dis-
sertation for the degree of Doctor of Philosophy.

%ﬁ/d»é

Bruce Wooley

Approved for the University Committee on Graduate Studies:

e Fhy & Mol
3




Abstract

Although shrinking geometries and larger VLSI chips have produced faster systems,
they have also imposed greater demands on the speed of the design tools. These de-
mands are exacerbated by the iterative nature of the design process whereby circuits are
repeatedly modified and verified.

The VLSI design tools described in this thesis reduce design time by operating in-
crementally. An incremental tool takes advantage of the fact that most design changes
affect only part of the circuit; thus, many of the computations performed while verifying
a modified design are identical to those performed during previous verification runs. By
reusing previous results, incremental tools can confine their work to the sections of the
design affected by the changes, thereby allowing modifications to be verified in a time
proportional to the size of the changes rather than the size of the design.

The incremental system described in this thesis consists of two components: simulator
and circuit extractor. The simulator, I7sim, is a logic plus timing simulator that employs a
switched-resistor MOSFET model that accurately simulates circuits at the transistor level.
Irsim allows designers to modify the circuit being simulated and then incrementally update
the waveforms of the sections of the circuit whose behavior is altered by the changes. To
accomplish this, Irsim maintains a history of circuit activity during simulation and only
resimulates the sections of the circuit that deviate from their history.

The circuit extractor is embedded within a hierarchical layout editor; it operates by
identifying circuit changes from the layout modifications, and producing the circuit-level
transformations needed to update the circuit’s network. To accomplish this, the extractor
keeps track of the modified layout areas and then extracts only the circuits contained
within the modified areas from the layouts before and after the modifications; it then
compares the graphs of the extracted subcircuits and reports the differences as network
transformations.

Applicability of the system is demonstrated by stepping through the final phases of
a large VLSI design. The results show that the incremental tools reduced design cycle
runtime by an average of two orders of magnitude.
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