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A.7.2 Project Summary

Intellectual Merit

This Small Business Innovation Research (SBIR) Phase | project will
demonstrate the feasibility of, and develop prototype computer code for,
increasing the speed and capacity of the SPICE circuit simulation computer
program. SPICE works by directly solving the differential equations that describe
circuit transistors. Exact equation solution is extremely accurate but capacity
limited. SPICE is the circuit simulation tool of choice because other approaches
are inaccurate or unstable but SPICE usage is limited because it is too slow and
uses too much memory. Therefore, SPICE capacity improvement has immediate
and wide spread value in solving the circuit verification problem.

To establish the feasibility of increasing SPICE capacity, the direct equation
solving SPICE computer code will be rewritten by first separating out the circuit
physics from the computer implementation to show the relationship between the
computer implementation and the underlying electrodynamics. Next, physical
characterizations developed by the founders of modern physics will be studied and
applied to improve SPICE equation solving. The new prototype computer code
will then be evaluated and measured using commercial circuits in order to develop
better characterizations and even better direct solution computer code.

Broader Impacts of the Study

The SPICE circuit simulation system is the de facto analog circuit
verification standard so any improvement in SPICE will be of immediate value to
every company that develops electronics. SPICE direct solution capacity
improvement will enhance the productivity of circuit designers. In addition, by
using the natural philosophy scientific method that led to the growth of modern
physics, scientific progress in areas that combine physics and computation will be
facilitated. The applicant plans to commercialize the technology by licensing
either computer code or technology.

Keywords: SPICE, Analog Verificition, Circuit Simulation, Direct Solution
Method
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SPICE Circuit Simulator Direct Solution Improvement
A.7.3 Project Description

A.7.3.1 Identification and Significance of the Innovation

Electronic systems are an important and growing part of the world economy.
Integrated circuits (ICs) are now so complex that design and verification is
impossible without use of Ecad software. The increasing popularity of
communication and consumer electronic systems has increased the need for
verification of analog and mixed signal circuits. Mixed signal ICs contain both
digital and analog components. Design and verification of the digital part of
mixed signal circuits is well understood, but little progress has been made in the
area of analog design and verification. Kundert[2000] is a good introductory paper
discussing analog and mixed signal design problems.

Analog verification using circuit ssmulation is the main analog verification
method. The SPICE circuit simulation system (Nagel[1975]) was developed in the
mid 1970s and remains, to this day, the most popular analog circuit verification
method. SPICE works by first converting circuit transistors and transistor
interconnections to a set of ordinary differential equations and then exactly solves
those equations using numerical methods. Although SPICE solves the analog
simulation problem, it is too slow and uses too much computer memory to
simulate modern large circuits.

A number of research projects have attempted to solve the analog circuit
simulation capacity problem, but in spite of claims of imminent success during the
1980s, al circuit simulation improvements are heuristic in the sense that they
either show inconsistent capacity improvement (better than SPICE for some
circuits, worse for others) or sacrifice accuracy. Sacrifice of accuracy is
particularly problematic because it misses catastrophic circuit failures and
instabilities and adds oscillations that do not occur in the physical circuit.
Heuristic methods also suffer from the problem that they are MOS transistor
specific.

During the 1980s so called third generation circuit simulation methods that
replaced exact solution of electrodynamic differential  equations with
approximations were proposed. The most prominent method was called relaxation
(Sangiovanni[1987] for example). However, the third generation methods were
not popular with circuit designers because they lacked accuracy. During the
1990s, the goal of circuit simulation improvement using approximate methods was
abandoned. Instead, methods that approximated circuit elements using some kind
of lumped circuit description but were much faster than SPICE were studied
(Shih[1991] and Lewig[1992]). The most popular commercia method is called
hierarchica simulation because it alows an entire IC to be approximately



simulated. This method works by evaluating interactions between simplifi ed
lumped (capacitive) models (Koh[1999] discloses commercial realization of this
idea).

During the current decade, the superiority of original SPICE has been
acknowledged. Research has split into two areas. One area abandons accurate
circuit simulation and replaces circuit simulation with symbolic switch level
timing ssimulation (McDonald[2001] for example). Another approach attempts to
augment SPICE to adlow simulation of newer circuit element types
(Bhattacharya[2001] for example) or to use accurate SPICE simulation as
components of other programs (Phelpg[2000] for example). SPICE remains the
analog circuit ssmulation method of choice and the market for SPICE simulation is
extremely large because every company that designs electronics usesiit.

Accurate SPICE simulation of large analog circuits remains the most
important unsolved circuit verifi cation problem. SPICE improvement has
immediate economic value because SPICE is the de facto "gold" standard for
circuit smulation. SPICE development was fi nanced by US Government research
grants and is available under BSD software license so there are no intellectual
property (IP) impediments to achieving commercial success from improvements.
SPICE simulation runs often take hours and capacity is limited to at most a few
thousand transistors in spite of the ten or more fold computer speed improvements
during the last decade. The SPICE capacity problem has also limited automation
of analog circuit design and verifi cation. A speaker at arecent Design Automation
Conference panel called analog design and verifi cation "pre-scientifi c magic”
because analog verifi cation requires designers to verify large analog 1Cs from a
few SPICE runs of only small subcircuits. Finally, analog synthesis is impossible
because accurate SPICE simulation is too slow to allow fi gure of merit searching
of circuit design parameters.

A.7.3.2 Background and Phase | Technical Objectives

The proposed phase | program is directed at demonstrating the feasibility of
signifi cant speed and capacity improvement to the SPICE electrical circuit
equation solving computer code by improving the direct solution method. The
direct solution method has a number of advantages: 1) it is accurate and stable, 2)
it does not depend on the properties of MOS circuits, and 3) no instabilities and
oscillations are introduced by the simulation algorithm.

Approaches to SPICE circuit simulation speed improvement can
conveniently be divided into three categories. 1) direct solution methods, 2)
heuristic solution methods such as relaxation, and 3) hierarchical circuit
decomposition methods. Designers do not trust approaches 2) and 3) but are
forced to utilize Ecad tools that use those methods because direct solutions method



are capacity limited. Development of a fast direction solution circuit simulation
would have large commercial value.

So far, direct solution research has been aimed at analyzing and improving
speed of SPICE by improving only the Newton-Raphson integration algorithm
(Yu[1989], Eickhoff[1995] and Ngoya[1997]). All proposed changes are heuristic
in the sense that speed improvements depend on "equation ordering”.

It is believed that signifi cant progress is possible in the direct solution
method using the scientifi c method developed as part of early twentieth physics
which studied physics as natural philosophy. This approach allows circuit physics
and computational algorithm to be studied and improved independently. We
believe that the founders of modern physics solved problems that can be applied to
improve the direct solution method when implemented on modern computers.

The algorithms will then be further developed, implemented and optimized
for commercial size circuits during phase Il research. Such an improvement will
have large additional economic benefit because it would allow use of analog
circuit verifi cation techniques that are currently impossible. Phelps[2000]
discusses one such tool that would be signifi cantly better if faster SPICE direction
solution method simulation were possible.

A.7.3.2.1 Our Novel M ethodological Approach

After World War 11 and up to the period when SPICE was developed,
semiconductor circuit behavior was studied as physics within the natural
philosophy framework rather than engineering. Engineering disciplines do not use
the scientifi c method and are limited to computational methods developed outside
of engineering. Professor William Shockley, who invented the transistor, insisted
on separating himself from engineering and instead worked with theoretical
physicists at Stanford University. This decision leads us to believe that
reexamination of the direct solution circuit ssmulation method in terms of the
development of the physics of electrodynamics has promise. Also, physicists
during the early 1970s imagined new physical problem solving methods involving
computer science. One can see some of this anticipation of improved physical
computation in Schiff’s quantum mechanics text book (Schiff[1955]) and in the
Felix Bloch interview in the Archive for Quantum Physics (AHQP). Another way
of understanding the lack of circuit simulation progress is that current algorithms
use computers to implement only pre-computer era algorithms,

There is a'so some evidence going back to the end of the 19th century at
Humboldt University in Berlin that physicists such as Kirchoff and Planck, who
followed Kirchoff in the chair of natural philosophy, intentionally avoided
Newtonian computational methods. Unfortunately, since the Planck papers were
lost during the 1930s, the only evidence of this is correspondence between



Professor Runge (who taught at Tuebingen at the time) and Planck. The letters are
available at the Max Planck Archive of the Kaiser Wilhelm Institute in Berlin.
This may be signifi cant because al current circuit ssmulation algorithms assume
the use of Newton-Raphson integration.

Another reason to believe that progress is possible arises from the current
EECS (electrica engineering and computer science) methodology in which
engineering is viewed as mathematical formalism. This contrasts with the
experimental and critical thinking that dominated physics when SPICE was fi rst
developed. The following quotation from Niels Bohr (Bohr[1987], p. 550) from
his 1954 lecture "Mathematics and Natural Philosophy” presented at New York
University can be interpreted as specifi ¢ directions for improving electrodynamic
calculations.

The general lesson of the role that mathematics has played through the
ages in natural philosophy is the recognition that no relationship can

be defi ned without alogical frame and that any apparent disharmony

in the description of experience can be eliminated only by an appropriate
widening of the conceptual framework. Thislesson, familiar to
mathematicians, and conspicuous in studies in the foundations of their
science, has been enforced by the development of physicsin away

that has a bearing on many other fi elds of human knowledge and interest
in which we met with similar situations in the analysis and synthesis

of experience.

To understand the limitations of the current formalist view, contrast Bohr's
guotation with Professor Knuth's formalist view quoted in Nielsen[2001], p. 171
that computation algorithms must be proven and, although this is not explicitly
stated in quotation, that algorithm improvements must come from analysis of the
mathematical proof of algorithm effi ciency.

Like mathematics, computer science will be somewhat different from the
other sciences, in that it deals with artifi cial laws that can be proved,
instead of natural laws that are never known with certainty.

A.7.3.3 Phase | Technical Objectives

The overall goal of this program isto fi rst demonstrate the feasibility of, and
then to develop prototype computer code for, a fast SPICE direct solution solver.
Our godl is to develop a method which is at least 10 times faster than current
SPICE direct solver with the properties that it is not MOS circuit specifi c, that it
does not depend on equation order or other heuristics and that it is as accurate as
current SPICE.



In pursuit of this goal, we will address the following technical questions:

1. Can SPICE direct solution be improved by separating out physics from
computer science algorithm implementation?

2. What is the relationship in SPICE circuit simulation between physical
electrodynamics of circuits and numerical computer implementation
methods?

3. Determineif there are any legacy transistor models and circuit conventions
that prevent commercial use of an improved direct solver?

4. Are there any patterns or other information that can be learned from
systematic measurement of commercial SPICE circuit simulation
performance?

5. Were any discoveries made by the founders of modern physics that can be
utilized in circuit simulation?

The tasks necessary to answer the above questions are detailed in the next
section.

A.7.3.4 Phase| Research Plan

Task 1 - Set up SPICE 3f5 development environment and locate commercial
test circuits

The beginning of the project involves setting up a program to develop an
environment for rewriting part of SPICE 3f5. The task involves determining inter-
relationships between source fi les and either fi nding or developing methods for
tracing calculation steps and for quickly debugging problems. The task also
involves developing methodology for measuring performance that is repeatable
and isolates specifi ¢ problem areas.

Further more, part of this task involves locating commercial bench mark
circuits because nearly all the academic papers use only afew stylized benchmark
circuits. Pragmatic C may need to sign non disclosure agreements (NDAS) to gain
access to such commercial circuits. Pragmatic C has extensive industrial contacts
because its Verilog simulator was licensed as the digital engine for a mixed signal
(analog and digital) ssmulator.

Task 2 - Rewrite direct solver codeto separate out the physics

The current SPICE direct solver code implements the solver by calling
standard computational subroutines from numerical analysis. The origina SPICE
code was developed when only a few numerical subroutines were available so the
numeric calculations dictated the physical representations. In other words, pre-



computer physical representations were expressed using whatever numeric
subroutines happened to be available. By rewriting and simplifying direct solver
code, hopefully physical representations and algorithms can be matched to
improve solver speed and reduce memory usage. One possible problem with
current SPICE solver implementations is that the underlying physics and the
numeric algorithm are diffi cult to separate. Task 2 is feasible in a PHASE | six
month project because there are only about 10K lines of C source code involved.

Task 3 - Determineif old modern physics discoveries can be applied

There are a number of promising areas that require going back to study
historical results during the development of modern physics. Much of that
development was limited by calculation speed and anticipated the development of
digital computers. One promising area involves studying the original papers by
Kirchoff and Runge to see if they discovered better electro-physical methods that
have been lost over time. A related historical source that may contain discussions
of physical discoveries that can be applied to direct solution method is the Archive
for Quantum Physics (AHQP). It has interviews with and unpublished material by
the founders of modern physics. At Stanford and at SLAC, many computer
scientists were invited to visit because those founders of modern physics imagined
our current computerized world.

The Univerity of Minnesota has both the AHQP archive and an extensive
collection of physics periodicals from the late 19th and early 20th centuries.
Finally, computation methods used in cryptography may offer methods for
improving SPICE direct solution methods. In particular, the methods used in
inverting matrices as part of prime number factorization may be applicable (for
example Lenstra[1987] and Lenstra[1992]).

Task 4 - Useresults of task 2 and task 3 to develop prototype code
After completing tasks 2 and 3, the SPICE direct solver code will be
rewritten to achieve the speed and memory utilization improvements.

Task 5 - Set up measurement system and take measurements

A repeatable and automated measurement system is required for phase 1l
commercial algorithm development and debugging. It will also allow publication
of measurements which may assist other scientifi ¢ circuit verifi cation research.

Task 6 - Determineif new algorithms are inter-oper able

By running SPICE re-implementation with separated out physics and also
running current SPICE 3f5, determine if new algorithms can mimic results
expected by commercial electronic analog design flows. Locate any transistor
model or processing order dependencies. It will be known at the end of this stage



if legacy transistor model and circuit design properties limit the types of direction
solution algorithm changes that are usable in current commercial design flows. If
there are such barriers, we will attempt to develop direct solution methods that
remain inter-operable.

Task 7 - Preliminary commer cialization analysis and preparation of fi nal
report

In this task we will make use of data obtained in Tasks 2, 3, 5 and 7 to
perform technical evaluation. These evaluations will determine the feasibility of
the technology and the feasibility of proceeding with submission of a Phase Il
proposal. The results will appear in our final report. Since Pragmatic C intends to
license technology or software, licensees will be responsible for phase Il
commercialization.

The approximate time line for the proposed research requires one month for
Task 1. One month for Task 2. Then the main research effort of discovering the
faster direct solution algorithm that will take 3 months. Task 5 will overlap tasks 2
and 3. Tasks 6 and 7 plus further develop of the new algorithm will occur during
the last month of the project. Although, if possible, preliminary inter-operability
determination will start earlier than the last month.

A.7.3.4 Company Information

Pragmatic C Software was started in 1989 in California and moved to
Minnesota in 2000. It developed software with high mathematical content that is
sublicensed.

The First product from Pragmatic C was the Vcmp net list translator that
allowed digital circuits entered using the Valid Logic Scald schematic editor to be
simulated using Verilog. Before VVcmp, the translation process from proprietary
workstation hardware internal circuit net list into \erilog required hours of
computer time. Vcmp reduced translation time to seconds for medium size
circuits and to minutes for million gate circuits. Vcmp was originally developed
by the proposed principle investigator. The net list discovery is described in
Meyer[1988]. Vcmp was sublicensed to a Massachusetts company Gateway
Design Automation in exchange for per copy royalties. Vcmp intellectual
property was protected using Copyright and a sublicensing contract. Gateway was
then purchased by Cadence Design Systems. Cadence Design refused to pay the
contractual royalties. The dispute was arbitrated and Pragmatic C fi nally prevailed
in 1997 and was awarded $1.6 million in damages. Cadence Design was
eventually able to reverse engineer Vcmp functionality as part of their integrated
design environment but only after years of effort.

Once it became clear that Cadence Design was going to try to give away



Vcmp without paying royalties, it became clear that reverse engineering Vcmp
was not diffi cult enough. Pragmatic C then started developing a Verilog digital
circuit simulator. The simulator called Cver wasfi rst used as the original front end
elaborator during development of the VCS simulator by a small company named
Chronologic. Chronologic was later purchased fi rst by View Logic and then View
Logic was purchased by Synopsys Corporation.

In 1998 a venture capital fi nanced startup Antrim Design Systems of Scotts
Valley Cdlifornia licensed Cver as the digital engine for their planned Verilog-
AMS simulator (analog mixed signal). After evaluating the two digital Verilog
simulators developed by OEM companies. Antrim selected Cver and signed a
licensing agreement to link Cver-ams object code as the digital solver for their
planned Verilog-AM S mixed signal simulator.

Pragmatic C proposed extending Cver to read and elaborate Verilog-AMS
HDL and to connect the Cver digital smulation engine with the Antrim SPICE
Analog simulation engine using the IEEE P1364 standardized application
programming interface called vpi_ PLI 2.0 interface. The development project
was successful and Antrim Verilog-AMS product called ams started shipping in
1999. During the high tech downturn in late 2001 and early 2002, Antrim sales
fell and in late 2002 Antrim Design assets were sold to Cadence Design Systems.
At the time of sale, Antrim owed a considerable amount of money to Pragmatic C.
Antrim recently agreed to pay Pragmatic C to settle the federal court Copyright
case (ref. United States Federal Court Minnesota, Third Division, file No.
CV-02-2502). The preliminary injunction granted to Pragmatic C preventing
Antrim Design Systems from transferring Pragmatic C code to Cadence Design
Systems has been made permanent.

A.7.3.5 Commercial Potential

Since SPICE input and Berkeley SPICE 3f5 are the de facto industry
standard, any improvements will immediately have commercial value. Because
the project aims at direct solution approach improvement, any new algorithms will
be immediately popular with designers because they will not need to deal with
instabilities and other accuracy problems.

SPICE source code was developed under US government research grants
and therefore is publicly available and licensed under the BSD software license
that allows SPICE with improved equation solving code to be sold commercialy.
SPICE 3f5 is a small program. The SPICE 3f5 source directory is only about 8
MB and the integration and sparse matrix solver source code is only 11 thousand
lines of C source (the included header files add a few thousand more lines).
Therefore, a small company can feasibly focus on just improving the direct solver
part of the SPICE program. Any improvements can immediately be utilized by



large electronic or Ecad companies and the changes immediately fit into analog
electronic design flows. Ecad tools that fit into analog design flows must accept
SPICE circuit description input or they will not be used.

There are commercial SPICE simulators on the market but those programs
mostly add convenient user interfaces and better and more comprehensive device
models such as BSIM3. Except for a few cases, the commercial SPICE additions
will work with any improved direct solver. Commercial SPICE simulators and
Berkeley SPICE 3f5 can be used interchangeably because most large electronic
companies continue to run Berkeley version 3f5 SPICE as part of their design
flow. Therefore, any future extensions must remain compatible with 3f5.

Since Pragmatic C intends to remain a small R&D company, the best
opportunity for commercialization would be to license software code in object
form that can be linked with normal SPICE 3f5. Such linking is allowed because
SPICE 3f5 is distributed under the BSD software license. Another possibility
would be to license the technology discovered during this research project to a
company that would combine it with their technology. A third possibility would
be to license SPICE with improved direct solver to a company that markets and
supports Ecad tools. A fourth possibility would be to obtain commercial R&D
contracts with electronic companies who would benefi t from the improved SPICE
in developing non MOS electronic devices such as magneto-resistive memories.
Many small companies are trying to break into the Ecad software market but have
trouble succeeding. There would be large economic advantage to partner with a
company that has developed advanced technology.

A.7.3.5.1 Interoperability - Important Commer cialization Issue

Since every electronic design company uses SPICE many conventions and
legacy circuit designs have accumulated. If commercial transistor models and
legacy circuits depend on accidental properties of current 3f5 or commercial
SPICE solvers to such an extent that no algorithm changes are possible, this will
somewhat limit the commercial market size of direct solver improvements. An
important objective of the Phase | research project is to determine any
interoperability problems, but even if this interoperability problem is so serious
that current algorithms must be exactly mimicked, there are still many commercial
opportunities. For example, vertically integrated companies who develop their
own transistor and process models, will still be able to use SPICE with new solver.

For example, Pragmatic C encountered an example of an interoperability
problem while developing Cver. Cver implements the switch level algorithm
implemented by the original digital Verilog simulator called Verilog XL from
Cadence. The Verilog XL algorithm is close to the algorithm described in
Bryant[1984] but modifi ed so that digital loads and drivers can interact with the
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switch channel relaxation algorithm. It turns out that because customer design
fows rely on various implementation assumptions such as evaluation order of the
original XL algorithm, speed improvement is diffi cult.

A.7.3.6 Consultants and Subawar ds/Subcontractors

No consultants are presently foreseen for the Phase | program. If a need
should arise, mathematicians or physicists from University of Minnesota or other
Midwestern universities will be utilized.

A.7.3.7 Equivalent or Overlapping Proposalsto Other Federal Agencies
No work substantially similar to that proposed here is being conducted at
thistime, nor is any pending.
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A.7.5 Biographical Sketches

Principa investigator Steven Meyer was educated at Stanford Univerity by the founders of modern physics
at the end of their careers and has over 25 years research and development experience in computer science
and Ecad software. Steven Meyer and Andrew Vanvick research and develop all algorithms and following
natural philosophy physics tradition document their own algorithms and write their own computer code.

Steven Meyer has been president of Pragmatic C Software Corp. since its inception in 1989 after becoming
an independent consultant in 1986. Pragmatic C Software has developed two complex software products
that were sublicensed to small Ecad companies. In the 1980s, the Vecmp Valid Logic CAD System to
Verilog HDL translator was developed and sublicensed to Gateway Design Automation that was purchased
by Cadence Design Systems in 1990. The Vcmp program was based on discovery of a new method for
representing net lists described in a Design Automation Conference paper (see Meyer[1988]) but because at
that time software was not patentable, the method was not patented.

Then starting in 1992 Pragmatic C developed the Cver full IEEE P1364 standard Verilog digital HDL
simulator. Cver was licensed to venture capital financed startup Antrim Design Systems as the digital
engine for their Verilog-ams simulator until Antrim Design was purchased by Cadence Design Systems in
November 2002. Full P1364 Verilog simulators are so difficult that only five simulators exist.

From 1982 to 1984 Steven Meyer was employed by LSI Logic corporation where he developed the first
gate array (called logic array at the time) placement program. The algorithm and program are described in
a paper presented at the 1983 ICCD conference (Meyer[1983]). This algorithm was the first use of
minimum spanning treesin physical design and preceded the next use by nearly adecade. At LSl Logic, he
next developed the computer programs for the first engineering workstation logic array design system.
Prior to joining LSI Logic, Steven Meyer worked at Zilog Corporation where he wrote the PLZ compiler
code generator for the Z80 microprocessor.

Andrew Vanvick graduated from Univerity of Minnesota in 2002 where he received a B.S. degree in
computer science. He worked as an intern at Pragmatic C during summer of 2001 before his senior year.
Heisjoint author of the paper "A Verilog HDL Virtual Maching".

Resumefor Principal Investigator Steven Meyer

Education:

No Ph.D. but passed orals and wrote intended thesis (intended thesis available at http://www.pragmatic-
c.com/docs/StructProgBook-IntendedThesis.pdf). After EE Department annexed computer science
department in the school of literature and science, thesis was rejected and appeal to chancellors office was
denied (appeal correspondence available upon regquest).

M.S., computer science, UC Berkeley, Berkeley, CA, 1972.

B.S., physical science individually designed major that included math, physics and computer science,
Stanford Univerity, 1970. Won Freshman honors calculus best final score award.

Publications

Meyer[1978] Meyer, S. A failure of structured programming. Zilog Corporation Technical Report
No. 5, Zilog Corporation, 1978 (available on web as chapter 1 of intended. Ph.d. thesis
url http://www.pragmati c-c.com/docs/StructProgBook-1 ntendedThesis.pdf).

Meyer[1978D] Meyer, S. Should computer programs be verified. ACM Sgsoft Newsletter, 1978.

Meyer[1983] Meyer, S. A constructive placement algorithm for logic arrays. Proceedings |IEEE
ICCD Conference. |EEE, 1983, 58-61.

Meyer[1986] Meyer, S. Some open questions from PD86. ACM SIGDA newsletter. vol. 16(2), June
1986, 6-7.

Meyer[1988] Meyer, S. A data structure for circuit net lists. Proceedings 27th Design Automation



Meyer[1990]
Meyer[1990b]
Meyer[1991]
Meyer[1991b]
Meyer[19933]

Meyer[1993b]
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Meyer[1998]

Meyer[2003]

Meyer[2003b]

Conference. ACM/IEEE, 1988, 613-616.
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newsletter. vol. 20(1), June 1990, 51-59.
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newsletter. vol. 20(2), September 1990, 25-39.

Meyer, S. Using controlled experiments in layout. ACM S GDA newsletter, vol. 21(1),
June 1991, 46-55.

Meyer, S. The master slice benchmark experimental system. Unpublished (available
from Pragmatic C), 1991.

Meyer, S. Against the silicon structures 1C design methodology. Unpublished, 1992
(available at http://www.pragmatic-c.com/docs/silicon_struct.pdf).

Meyer, S. The argument for leaving the Verilog language unchanged. 1993 OV Verilog
HDL  Conference, 1993, 154-159 (available a  http://www.pragmatic-
c.com/docs/AgainstVerilog2001.pdf).

Meyer, S. The one million gate ASIC challenge: not with behavioral modeling and
synthesis. 1994 OVI Verilog HDL Conference, 1994, 72-79 (avalable at
http://www.pragmatic-c.com/docs/one_million_gate.pdf).

Meyer, S. Verilog plus C language modeling with PLI 2.0: the next generation
simulation language. Verilog HDL Conference 1VC'98, 1998. (available at
http://www.pragmatic-c.com/docs/verpli.pdf). (won best paper award).

Meyer, S. and Varvick, A. Verilog HDL virtua machine. (available at
http://www.pragmatic-c.com/docs/ver-vm.pdf). In preparation, 2003.

Meyer, S. Cryptography, CS, and quantum computing research program testing. Slides
and sceptical side annotated bibliography from rump session talk given at Eurocrypt
2003 in Warsaw Poland, 2003 (available at  http://www.pragmatic-
c¢.com/docs/QuantCompSceptical .pdf).

Pending Patent Applications (both published)

US0138244A1 Priority date 09/1999, Simulator Independent Object Code HDL Simulation using PLI.

US0049576A1 Priority Date 07/2000, Digital and Analog Mixed Signal Simulation Using PLI API (also
published as WO0203310A 1 Mixed Signal Simulation).

Resumefor Andrew Vanvick

Education:

Taking classes at University of Minnesota toward graduate degree.

B.S., computer science, Univerity of Minnesota, Minneapolis, MN, 2002.

Publications
Meyer[2003]

Meyer, S. and Vanwick, A. Veilog HDL virtua machine. (available at
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